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MWHWUCTAPCTBO OABPAHE PEMYBNNKE CPEUNJE
MEOWJA LIEHTAP ,O0BPAHA®

OvpekTop
Cmesuya C. KapanaHLmH, NyKOBHUK

YHUBEP3UTET OOBPAHE Y BEOIPAY

PekTop
Mpod. ap MnadeH BypyHa, renepan-majop, ©http://orcid.org/0000-0002-3558-4312

HauenHuk oaceka 3a nagaBayky AenaTHOCT
[pazaHa Mapkosuh

YPEOHWK BOJHOTEXHUYKOI FMACHUKA
Mp Hebojwa Mahelwa, NOTNYKOBHUK
e-mail: nebojsa.gacesa@mod.gov.rs, tel.: 011/3349-497, 064/80-80-118, ®http://orcid.org/0000-0003-3217-6513

YPEBVBAYKN OABOP
— reHepan-majop npod. ap BojaH 3pHuh, HavenHuk Ynpase 3a oabpambeHe TexHonorvje Cektopa 3a maTepujarnHe pecypce
MuHuctapcTBa on6paHe Peny6nuke Cpbuje, npeacegHuk Ypehusaukor oabopa, “http://orcid.org/0000-0002-0961-993X,
— pou. ap faHko JoBaHoBwWh, reHepan-majop y NeH3unju, 3ameHuK npeaceaHuka ypehueaykor oadopa,
— ap CresaH M. Bep6ep. The University of Auckland, Department of Electrical and Computer Engineering, Auckland, New Zealand,
http://orcid.org/0000-0002-2432-3088,
— Hay4Hu capagHuk ap O6paa Yabapkana, nykoBHUK y neHsuju, ©http://orcid.org/0000-0002-3949-8227,
— npodcp. Ap Bnagumup YepHos, Bnagumumpckuin rocyaapcTBeHHbI yHuBepcuTeT, Bnagumup, Poccuiickas cdeaepauus (Via-
dimir State University, Vladimir, Russian federation), ©http://orcid.org/0000-0003-1830-2261,
— NyKOBHWK BaHp. npod. Ap MopaH Jukuh, npopekTop YHUBep3uTeTa onbpaxe, Beorpaa, ©http://orcid.org/0000-0002-0858-1415,
— npodh. Ap AnekcaHap [lopoxoB, XapbKOBCKUI HALMOHambHbI 3KOHOMUYECKUI yHUBepeuTeT, Xapbkos, YkpauHa (Kharkiv
National University of Economics, Kharkiv, Ukraine), ©http://orcid.org/0000-0002-0737-8714,
— npod. Ap XKersko byposuh, EnektpotexHuyku dbakynteT YHusepauteTa y bBeorpagy, ©http://orcid.org/0000-0002-6076-442X,
— npodd. Ap Jleonua W. MpeunxuH, MUHCKuI rocyAapCTBEHHbIN BbICLIWIA @aBUALMOHHbIN konneax, MuHck, Pecny6nvka bena-
pycb; akagemuk Akagemuu ctpoutenbctea YkpauHbl (Minsk State Higher Aviation College, Minsk, Republic of Belarus;
academician of Academy of Construction of Ukraine), ©http://orcid.org/0000-0002-5358-9037,
— ap JoBaH Vcakosuh, BojHoTeXHUYKM MHCTUTYT, Beorpaa,
— npodp. Ap Cno6oaan Japamas, wed Katedpe 3a cucteme Haopyxarwa MalumHckor dpakynTteta YHusepauteta y beorpagy,
— npod. Ap Muogpar JeBTuh, reHepan-noTnykOBHUK Y NMEH3Wju,
— pou. Ap Bykuua M. Josarosuh, Trine University, Allen School of Eaaineering and Technology, Department of Engineering
Technology, Angola, Indiana, USA, ®http://orcid.org/0000-0002-8626-903X,
— npod. Ap Mupko KomaTuHa, wed Kategpe 3a TepmomexaHnky MawumHckor dpakynteta YHuepauteta y beorpagy,
— Hay4Hu caBeTHUK Ap AHa KoctoB, VIHCTUTYT 3a pygapcteo u MeTanyprujy, bop, ©http://orcid.org/0000-0003-1893-7187,
— npod. Ap Mutap KoBay, reHepan-majop y neHsuju,
— npod. Ap BpaHko Kosauesvih, nekaH EnextpotexHuukor cakynteTa YHueepanteta v Beorpaay, @http://orcid.ora/0000-0001-9334-9639,
— ap Bacvnuje M. Manosuh, Combustion and CCS Centre, Cranfield University, Cranfield, UK, ©http://orcid.org/0000-0002-8377-7717,
— npod. Ap Momumno MunuHosuh, KaTteapa 3a cucteme Haopyxata MalumHckor chakynteta YHuBepsuteta y bBeorpagy,
http://orcid.org/0000-0002-5361-7544,
— npod. Ap Mpagumup B. MunosaHoBuh, penosHu ynaH Cpricke akagemuje Hayka U yMeTHOCTU, MaTemaTuyku UHCTUTYT
CAHY, Beorpag, ©http://orcid.org/0000-0002-3255-8127,
— npod. Ap Mutap Hosakouh, pektop YHuBepauteta y MictouHom Capajey, Penybnuvka Cpncka, BocHa 1 XepuerosuHa,
— Hay4Hu caBeTHuk ap lMpeppar Metposuh, N3BpLUHM AMPEKTOp 3a Hay4HO-UCTPaXWBaYKkM Dad U paanoKOMYHuKauwuje WH-
CTUTYTa 3a TenekomyHwukauuje n enektpoHuky MPUTEN ALl, Beorpag, ©http://orcid.org/0000-0002-0455-7506,
— npocb. ap Cnaeko MokopHW, Bucoka Lukona 3a MHhopMaLIMoHe TEXHOMOrMje, padyHapcku An3ajH 1 caBpeMeHo nocriosakse, beorpap,
http://orcid.org/0000-0002-3173-597X,
— nykoBHUK foul. Ap CtesaH Papojunh, HauenHuk BojHoreorpadhckor nHeTuTyTa, Beorpap, ©http://orcid.org/0000-0001-7203-0637,
— nykoBHWK gou. Ap 3opaH Pajuh, aupektop BojHoTexHuukor nHcTuTyTa, Beorpaa,
— Hay4Hu caBeTHWK Ap AnekcaHaap Poauh, pykosoaunal LieHTpa 3a po6oTtuky MHctutyta ,Muxajno Mynux“, Beorpag,
http://orcid.org/0000-0002-5595-9724,
— npod. Ap CtaHko CtaHuh, pektop YHueepanteta y bawoj JIlyumn, Penybnuka Cpncka, BocHa n XepuerosumHa,
— npod. ap JoHen Crapery, Transilvania University of Brasov, Romania, ©http://orcid.org/0000-0001-5947-7557,
— HayyHn caBeTHuk ap Cpehko C. Ctonuh, RWTH Aachen University, Facultv for Georesourcen and Materials Engineering,
IME Process Metallurgy and Metal Recycling, Aachen, Deutschland, ©http://orcid.org/0000-0002-1752-5378,
— npod. ap Mupocnas TpajaHosuh, wed KaTegpe 3a npon3BogHO-MHGOPMALIMOHE TEXHOMOrnje 1 MeHalmMeHT MalumHckor
dakynteTa YHusepauteta y Huwy, ©http://orcid.org/0000-0002-3325-0933,
— reHepan-majop npod. Ap MnageH BypyHa, pektop YHuBepsuteTa oabpaHe y Beorpagy, ©http://orcid.ora/0000-0002-3558-4312,
— npodp. Ap Anekca 3ejak, PakynTeT TEXHUYKNX Hayka YHuBepauTeTa y Hosom Cagy, ©http://orcid.org/0000-0001-5114-2867,
— NoTnVkoBHWK Mp Heboilwa Mahelwa. vpeaHvk BojHoTexHnykor rmacHuka, cekpetap Ypehusaukor onbopa,
http://orcid.org/0000-0003-3217-6513.
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MpeTnnarta Ha LuTamnaHo nspanse: e-mail: pretplata@odbrana.mod.gov.rs; Ten.-cbax: 011/3241-009; Texkyhu pauyH: 840-312849-56
Pykonucu ce He spahajy

Yaconuc nsnasm TpomeceyHo

MpBu wWTamnaxu 6poj BojHomexHu4Ko2 enacHuka objasrbeH je 1. 1. 1953. roguHe

MpBo enekTpoHcko usfarwe BojHomexHu4koe anacHuka Ha IHTepHeTy objasrbeHo je 1. 1. 2011. roguHe

BojHomexHu4Ku enacHuk je niueHumpaH kog EBSCO Publishing-a, Hajseher ceeTckor arperatopa Yaconumca, nepuoavike 1 octanmx
13BOpa Yy NyHOM TekcTy. KomnneTaH TekcT BojHomexHu4Koe aracHuKa foctynaH je y 6asama nogataka EBSCO Publishing-a.
LLitamna: BojHa wramnapuja — Beorpag, Pecascka 406, e-mail: vojna.stamparija@mod.gov.rs



MWHWUCTEPCTBO OBOPOHbI PECMYBINVKN CEPBEUA
MEOWA LEHTP ,O0BPAHA"

OVNPEKTOP

CreBuua C. KapanaHmpkvH, NONKOBHUK

YHUBEPCUTET OBOPOHbI B I'. BENMTPALE

PEKTOP
npodeccop A-p MnageH BypyHa, reHepan-mariop, ©http://orcid.org/0000-0002-3558-4312

HauanbHuk YnpasneHus no genam napatenbcrsa:
[parana MapkoBu4

PEOAKTOP BOEHHO-TEXHUYECKOIO BECTHUKA
KaHaupaT TexHnyecknx Hayk Hebolwa Mavelua, noanonkoBHWK
e-mail: nebojsa.gacesa@mod.gov.rs, Ten.: +381 11 3349 497, +381 64 80 80 118, ©@http://orcid.org/0000-0003-3217-6513
COBET PEJAKTOPOB
— leHepan mariop npodeccop A-p BosiH 3pHnY, HauanbHYK YnpaBneHnst 0G0pPOHUTENBHBIX TEXHONOMI Npy [enapTamMmeHTe MaTtepuarbHbIX
pecypcos MuHncTepcTea 060poHs! Pecnybnukm Cepbus, npeacenatens Coseta pegaktopos, ©http://orcid.org/0000-0002-0961-993X,
— poueHT a-p [laHko VloBaHoBUY, OTCTaBHOW reHepan mMaviop, 3aMecTuTens npeaceaatens Coseta peaakTopos,
—[-b CreBan M. Bepbep. The University of Auckland, Department of Electrical and Computer Engineering, Auckland, New Zealand,
http://orcid.org/0000-0002-2432-3088,
— leHepan maiop npocbeccop A-p MnageH BypyHa, pextop YHuBepcuteTa 0b6opoHbl B . Benmpage, @ http://orcid.org/0000-0002-3558-4312,
— Mpodbeccop a-p Jleonna MpeunxuH, MUHCKUI rocyAapCTBEHHbIN BbICLLINA aBUALMOHHBIN konnemk, MuHck, Pecnybnvka Benapyce,
http://orcid.org/0000-0002-5358-9037,
— MNpodpeccop a-p AnekcaHgp [JopoxoB, XapbKOBCKWIA HALMOHamNbHbIA SKOHOMUYECKUIA yHUBEPCUTET, XapbKoB, YKpauHa,
http://orcid.org/0000-0002-0737-8714,
— MonkoBHWK AoueHT a-p MopaH Ovkuy, npopekTop YHuBepcuteTa 060poHsl, . Benrpag, ©http://orcid.org/0000-0002-0858-1415,
— Mpodpeccop a-p XKenbko [kypoBud, AnekTpoTexHn4ecknin dakynbTeT benrpagckoro yHBepcuteTa,
http://orcid.org/0000-0002-6076-442X,
— Mpodreccop A-p Muoagpar EBTu4, oTcTaBHOM reHepan-mainop,
— Mpodeccop a-p Anexca 3eiak, PakynbTeT TEXHUYECKUX HayK YHuBepcvTeTa B r. Hosu Cap, ©http://orcid.org/0000-0001-5114-2867,
— Mpodeccop a-p NosaH NcakoBuy, BoeHHO-TEXHWUYECKWA MHCTUTYT, Benrpaga,
— Mpodpeccop a-p CroGopaH Napamas, HauansHuk Kadbeapbl no BOeHHOMY MalLMHOCTPOeHUo MalLmHOCTporTeNnbHOTO dhakyrbTeTa
npv benrpaackom yHuBepcuTeTe,
— A-p Bykuua M. NosaHosuy, Trine Universitv. Allen School of Eaaineerina and Technology, Department of Engineering
Technology, Angola, Indiana, USA, ®http://orcid.org/0000-0002-8626-903X,
— MNpodpeccop a-p Mutap Kosau, oTcTaBHOM reHeparn-marnop,
— Mpodpeccop a-p BpaHko KoBaueBuy, fekaH OnekTpoTexHudeckoro dhakyrnsteta benrpaackoro yHuBepeuteTa,
http://orcid.org/0000-0001-9334-9639,
— Mpodbeccop a-p Mupko KomatuHa, HavanbHuk Kadeapbl TepMomexaHukn MalumHocTpoutensHoro cakynsteta benrpag-
CKOro YHMBEPCUTETA,
— HayuHbin coBeTHUK A-p AHHa KocTtoB, MIHCTUTYT ropHoro aena v metannyprum, r. bop, ©http://orcid.ora/0000-0003-1893-7187,
— [O-p Bacunuin M. Manosu4, Combustion and CCS Centre, Cranfield University, Cranfield, UK, ©http://orcid.org/0000-0002-8377-7717,
— lNMpodpeccop A-p Momuuno MunuHoeudy, MalmHocTpoutensHuin hakynsteT Benrpagckoro yHuBepcuteTa,
http://orcid.org/0000-0002-5361-7544,
—Mpodbeccop a-p MNpagmumup B. MunosaHoBmd, uneH CepGekort akagemmn Hayk, Benrpag, @http://orcid.org/0000-0002-3255-8127,
— Mpodeccop A-p Mutap HoeakoBwy, YHuBepcuteT B . BoctouHoro CapaeBo, Pecnybnvka Cepbckasi, BocHusi n lepLerosuHa,
— HayuHbiii coBeTHuk a-p Mpepapar MNeTpoBuy, Ynpaensiowmii AMPEKTop Mo Bompocam uccreaosatensckux pabot UHctutyta
TenekoMMmyHwukauumin n anektpoHuku «IRITEL AD» r. Benrpag, ©http://orcid.org/0000-0002-0455-7506,
— Mpodeccop A-p Cnaeko MNokopHu, Konneax MHMOPMALUMOHHBIX TEXHOMOIMIM, KOMMBIOTEPHOTO AM3aliHa U COBPEMEHHOrO
6usHeca, benrpag, ©http://orcid.org/0000-0002-3173-597X,
— MonkoBHWK foueHT A-p CteBaH Panonuny, HavyanbHWK BoeHHo-reorpaduyeckoro MHCTUTYTa, r. benrpag, dakynsteTta npu
Benrpapckom yHusepcutete, ©http://orcid.org/0000-0001-7203-0637,
— MNonkoBHWK goLueHT A-p 3opaH Painny, aupektop BoeHHo-TexHMYeckoro MHCTUTYTa B . Benrpage,
— HayuHbili coBeTHVIK A-p AnekcaHap Poawvd, pykoBoautens LieHTpa poGotoTexHukn HeTuTyTa umenn « Muxauno MynuH» B 1. Benrpage,
http://orcid.org/0000-0002-5595-9724,
— Mpodeccop a-p Ctanko CtaHny, YHueepcuter B . bans-yka, Pecny6nuka Cepbckas. BocHus n MepuerosuHa.
— Mpodpeccop a-p Vionen CrapeTty, TpaHcunbBaHUIACKWiA yHUBEPCUTET B T. Bpaluos, PymbiHus, Ghttp://orcid.org/0000-0001-5947-7557,
— HayuHbiii coBeTHuk a-p Cpeyko C. Ctonny, RWTH Aachen University, Faculty for Georesourcen and Materials Engineering,
IME Process Metallurgy and Metal Recycling, Aachen, Deutschland, ©http://orcid.org/0000-0002-1752-5378,
— Mpodeccop a-p Mupocnae TpasiHoBwY, HauanbHUK Kadeapbl UT 1 meHemxkmeHTa MawwmHocTpouTensbHoro dakynsteTa B . Huwe,
http://orcid.org/0000-0002-3325-0933,
— HayuHbi coBeTHuk a-p O6pag Yabapkana, oTctaBHoOM nonkoBHUK, &http://orcid.org/0000-0002-3949-8227,
— Mpodeccop a-p Bnagumup YepHor, Bnagumupckuii rocyaapcTBeHHbI yHMBepcuTeT, Bnagummp, Poccuiickas dbepepaums,
http://orcid.org/0000-0003-1830-2261.
— NoanonkoBHWK kaHAMAAT TeXHUYecknx Havk Hebolwa Mavelwa, peaakrop BoeHHO-TeXHNYECKOro BECTHUKA, CeKpeTapb
Coserta pepaktopos, ©http://orcid.org/0000-0003-3217-6513.
Agnpec pepakunu: BOJHOTEXHUYKN MMACHWK, Bpahe Jyrosuha 19, Beorpaa
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e-mail: vojnotehnicki.glasnik@mod.gov.rs

Moanucka Ha nevyaTHyto Bepcuto xypHana: e-mail: pretplata@odbrana.mod.gov.rs;

Ten.-dakc: +381 11 3241 009; Ne pacuyeTHoro cyeTa: 840-312849-56

Cmambu, npucnaHHbie pedakyuu XypHana He e0o3spaljalomcs

JKypHana BbinyckaeTcsi exekBapTaribHO

MepBbIt HOMep BoeHHO-TexHUYeckoro BeCcTHMKa BoinyLleH 1.1.1953 ropa.

MepBasi anekTpoHHas Bepcus XypHana pa3MelleHa Ha nHTepHeT ctpanuue 1.1.2011 ropa.

BoeHHO-TeXHUYECKM BECTHUK BKItoYeH B cnuctemy EBSCO — BcemupHasn akagemudeckas 6asa faHHbIX U CEPBUCOB.
MeuataeT: BojHa wramnapuja — Beorpag, Pecascka 406, e-mail: vojna.stamparija@mod.gov.rs
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Summary:

The atmospheric plasma spray process is one of the procedures
used for the deposition of coatings resistant to wear due to friction,
erosion, cavitation and corrosion. In this paper, the APS process
produced a Cul10wt.%Al intermetallic coating which is a reliable
candidate for use in tribological environments because of a
combination of low price and exceptional resistance to abrasion under
different work conditions. The aim of this study was to investigate the
mechanical properties and the structure of the Cu10wt. %Al
intermetallic coating and develop an efficient method for repairing and
improving light alloy resistance to wear. Many components of copper
alloys tend to be degraded due to corrosive environment, friction,
erosion and cavitation. Such components can be saved by surface
engineering with the use of appropriate coatings on surface areas
exposed to degradation. A typical microstructure of a coating for the
APS process is lamellar, with micro pores, unmelted patrticles, inter-
lamellar oxides and precipitates present in it. The mechanical
properties of Cu10wt.% Al coatings were investigated by measuring
the microhardness of coating layers using the HV, 3 method while the
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bond strength was tested on a tensile machine. The morphologies of
powder particles and the coating surfaces were analyzed on a
scanning electron microscope (SEM). The analysis of the coating
microstructure was carried out with the use of an optical microscope,
and a share of micro pores was determined by analyzing the
micrographs through an optical microscope (OM).

Key words: wearing, intermetallics, erosion, corrosion, coatings,
cavitation, Al, abrasives.

Introduction

APS - atmospheric plasma spraying is one of the technological
processes used to manufacture coatings with a thickness between 0.1
and 0.5 mm. Plasma spray technology is one of possible solutions to
produce copper-based coatings because of afordable production costs
and possibilities to produce coatings on parts of complex shapes. The
APS process includes the injection of powder particles into a plasma jet,
its melting or semi-melting, and then accelerating and collision with the
substrate where powder particles are deposited, forming a coating
(Mrdak, 2015a, pp.137-159), (Mrdak, 2015b, pp.46-67). The
microstructure of plasma spray coatings is characterized by a lamellar
structure with limited inter-lamellar bonding due to the presence of micro
pores. The coating microstructure and its mechanical properties are
influenced by a large number of process parameters which directly affect
the phase composition and porosity content for a specific powder and a
range of powder particles (Mrdak, et al., 2015, pp.337-343), (Mrdak,
2016a, pp.1-25), (Mrdak, 2016b, pp.411-430), (Vencl, et al., 2011,
pp.1281-1288), (Vencl, et al., 2010, pp.591-604). Copper is a metal that
is widely used in many applications because of its excellent thermal and
electrical conductivity. The mechanical properties of copper can be
improved by alloying. Some copper alloys such as Cu-Al, Cu-Si and Cu-
Al-Fe are used for wider industrial applications, because they are quite
resistant to wear and corrosion. Cu10wt.%Al alloys are widely used in the
chemical industry thanks to their high corrosion resistance. In this alloy
type, besides the a structure, there is the B structure as well. Wear
resistant Cu10wt.%Al coatings are used on working parts to reduce
damage due to friction, erosion, corrosion and cavitation (Bartuli, et al.,
2007, pp.175-185). Cu-Al intermetallic coatings are good candidates for
use in tribological environments because of a combination of low prices
and exceptional resistance to abrasion under different work conditions.
Optimum protection against wear of light metal substrates can be
provided with effective application of thermal spray processes for coating
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and powder depending on the working environment and working
conditions (Sartale, Yoshitake, 2010, pp.353-360), (Wang, Seitz, 2001,
pp.755-761). Intermetallic coatings or metal-ceramic composite coatings
can be obtained by thermal spray powder spraying. Cu-Al intermetallic
systems have been actively researched for use in aircraft, automotive,
marine, construction, etc. The Cu-Al system have long been used for
wheel bearings for planes and screws for ships because of its resistance
to wear and corrosion (Sartale, Yoshitake, 2010, pp.353-360).
Cu10wt.%Al powder marked Metco 445 is mechanically coated
aluminum bronze which shows self-bonding for substrates during the
thermal spray process as a result of the chemical reaction of the coated
components which build intermetallic phases. The powder contains
aluminum from 7.0 to 12.0 wt%Al (Material Product Data Sheet
Aluminum Bronze Thermal Spray Powders Thermal Spray Powder
Products Metco 445, 2012, DSMTS-0103.0, Sulzer Metco). Coatings
have good resistance to friction and scuffing at low and moderate
temperatures and excellent resistance to abrasion and cavitation. Testing
of Cu10wt.%Al coatings to abrasive wear and sliding wear using the ring-
on-disk method and a load of 150 g over the sliding speed of 4.5 cm/s
showed that the abrasive coating wear is 0.52mgm™, and that sliding
wear is 2.8x10°mm®m™. The main coating wear mechanism is plastic
deformation (Limpichaipanit, et al., 2011, pp.123-126). Coatings machine
easily and excellently. Typical components covered by Cu10wt.%Al
coatings are: supports of bearings, sleeves of hydraulic presses, piston
guides, air compressor seals, water pumps, turbine nozzles, etc. The
presence of aluminum in bronze increases the resistance of the coating
to corrosion because of the formation of a thin cohesive surface oxide
which acts as a protective layer on the alloy rich in copper (Material
Product Data Sheet Aluminum Bronze Thermal Spray Powders Thermal
Spray Powder Products Metco 445, 2012, DSMTS-0103.0, Sulzer
Metco). To understand better the reaction processes which occur
between Cu and Al during the process of powder melting and the
formation of intermetallic phases, it is necessary to know the Cu-Al
equilibrium diagram. In the equilibrium phase diagram of Cu-Al, there are
five stable intermetallic phases, i.e.: CugAls, CusAl,, CusAl;, CuAl and
CuAl;, with two solid solutions Cu(Al) which are often described as o—Cu
and Al(Cu) (ASM Handbook, 1992, Volume 3, Alloy Phase Diagrams,
ASM International, Metals Park). Studies have shown that in the process
of powder melting in plasma, due to the reaction of Al and Cu, various
intermetallic phases are formed, such as: CuAl,, CugAls, CusAl,, Al,Cug
(Altuncu, et al., 2012, pp.181-183). The main intermetallic phases which
affect the wear resistance of the coating are CugAl, and CusAl,. Plasma
spray deposited Cu10wt.%Al coatings have a lamellar structure, with
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present unmelted particles, precipitates, and inter-lamellar pores.
According to the authors (Hang, et al., 2008, pp.416-424), (Li, Sun, 2004,
pp.92-101) in the microstructure there are present intermetallic phases of
CuAl, and CuoAl,. The alloy base is a solid solution of a-Cu (90.6-100wt%Cu)
and 3-Cu (85.0- 91.5wt.%Cu). In the microstructure of the coating, there
are not black oxide lamellae of Al,O3; oxide (Li, Sun, 2004, pp.92-101).
Cu10wt.%Al coatings consist of a bright phase of copper and a dark
phase of copper oxide Cu,O. Copper oxide is primarily formed when
temperatures = 1000 °C and in the presence of oxygen, which occurs
when using the plasma spray process (Hang, et al., 2008, pp.416-424),
(Li, Sun, 2004, pp.92-101).

In this paper, plasma spraying at atmospheric pressure was used to
deposit an aluminum bronze coating which contains 7.0 to 12.0 wt.%Al.
The coating microstructure was analyzed with a light microscope and the
coating surface was analysed with the SEM - scanning electron
microscope. The aim of this study was to investigate the mechanical
properties and the microstructure of the Cu10wt.%Al intermetallic coating
and to develop an economically efficient method of depositing
intermetallic coatings for improving resistance of worn aircraft parts made
of Cu alloys exposed to a combination of corrosion and wear.

Materials and experimental details

The material on which layers of Cu10wt.%Al(7.0 to 12.0 wt%Al)
intermetallic coatings were deposited was made of stainless steel
X15Cr13 (EN 1.4024) in the thermally unprocessed state. Powder of the
Sulzer Metco company labeled Metco 445 was used to produce the
Cu10wt.%Al coating. The powder was manufactured using mechanical
coating and spheroidization to a specific granulation density of 3.1-4.3
g/cm®. The powder melting point is 1040 °C. Powder with granules in a
range of 45 -106 um was used for the experiment (Material Product Data
Sheet Aluminum Bronze Thermal Spray Powders Thermal Spray Powder
Products Metco 445, 2012, DSMTS-0103.0, Sulzer Metco). Figure 1
shows the (SEM) scanning electron photomicrographs of the Cu10wt.%
Al powder particles morphology. The powder particles are approximately
spherical in shape. The testing of the mechanical properties of the
Cu10wt.% Al coating was done in accordance with the Pratt & Whitney
standard (Turbojet Engine — Standard Practices Manual (PN 582005),
2002, Pratt & Whitney, East Hartford, USA). The bases on which were
deposited layers of coatings for microhardness testing and evaluation of
the microstructure in the deposited state are made of steel C.4171
(X15Cr13 EN10027) in the thermally unprocessed state with the
dimensions of 70x20x1.5 mm.
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Figure 1 — (SEM) Scanning electron micrography of a Cu10wt.%Al powder particle
Puc. 1 - (SEM) GnekTpoHHasa Mukporpadus vyactuy nopowka Cu10sec.%Al
Slika 1 — Skening elektronska mikrografija (SEM) Cestice praha Cu10tez.%Al

. The substrates for testing the bond strength are also made of steel
C.4171 (X15Cr13EN10027) in the thermally unprocessed state with the
dimensions of @25x50 mm.The microhardness of layers was tested
using HVy3 and bond strength tensile testing. The microhardness
measurements were performed along the lamellae. Five readings of
microhardness values of the layers were performed in the middle and at
the ends of the samples while two extreme values were rejected. Out of
three remaining values, the average value is shown. The bond strength
was tested at room temperature with a tensile speed of 1cm/60s. Five
specimens were tested, out of which two extreme values were rejected.
Out of the three remaining values, the mean value of the bond strength
is shown. The morphology of the powder particles and the surface of
the deposited coating was examined using scanning electron
microscopy (SEM). The microstructure of the deposited layers was
examined on an optical microscope (OM). The share of micro pores in
the coating was analysed by analysing 5 photos at 200x magnification.
In this paper, the mean value of the share of micro pores in the coating
is presented.

Cu10wt.%Al powder is deposited with the atmospheric plasma
spray system of the Plasmadyne company and the plasma gun SG-100,
with controlled plasma spray parameters. The plasma gun SG-100
consists of a cathode type K1083-129, anode type A 2083-175 and the
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gas injector type Gl 1083—130. Ar in combination with He was used as an
arc gas, and the power supply was 40kW. The plasma spray deposition
parameters of Cu10wt.%Al powder are shown in Table 1. Before the
deposition process, the substrate surfaces were roughened with white
aluminum oxide particles of the size 0.7-1.5 mm. Coatings were
deposited on the test samples with a thickness of 0.45-0.5 mm.

Table — 1 Plasma spray parameters
Tabnuya 1 — MNapameTpbl NNa3MEHHOro HamnbINeHNs
Tabela 1 — Plazma sprej parametri

Deposition parameters Values
Plasma current, | (A) 700
Plasma Voltage, U (V) 35
Primary plasma gas 50
flow rate, Ar (I/min)

Secondary plasma gas 12
flow rate, He (I/min)

Carrier gas 56
flow rate, Ar (I/min)

Powder feed rate (g/min) 50
Stand-off distance (mm) 100

Results and discussion

The microhardness and the tensile bond strength of the coating had
values characteristic for this type of coatings. The Cu10wt.%Al
Intermetallic coating had an average microhardness of 176 HV,3. The
measured average value of microhardness was higher than the value
specified by the powder manufacturer - 158 HV, ; (Material Product Data
Sheet Aluminum Bronze Thermal Spray Powders Thermal Spray Powder
Products Metco 445, 2012, DSMTS-0103.0, Sulzer Metco), which
indicates that a large share of micro pores was not present in the coating.
This was confirmed by metallographic examinations of the coating layers.
The mean value of the tensile bond strength measured on the samples
with coated Cu10wt.%Al was 35 MPa. The coating was destroyed at the
substrate / coating interface because of good bonding with the substrate.
The measured values of the microhardness and the tensile bond strength
of Cu10wt.%Al coatings were correlated with the microstructure of the
deposited layers.
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Figures 2 and 3 show the micrographs of a typical microstructure of
the plasma spray coating.

Figure 2 — (OM) Cu10wt.%Al coating microstructure
Puc. 2 — (OM) MukpocTtpyktypa Cu10Bec.%Al nokpbiTus
Slika 2 — (OM) Mikrostruktura Cu10tez.%Al previake

Oxide Cu,O

Figure 3 — (OM) Cu10wt.%Al coating microstructure
Puc. 3 — (OM) MukpocTtpyktypa Cu10Bec.%Al nokpbiTus
Slika 3 — Mikrostruktura (OM) Cu10tez.%Al previake
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The photomicrographs clearly show the interfaces of coating layers and
the substrate. The substrate/coating interface is very clean indicating a very
good bonding of the coating with the substrate, which indicates a good
substrate surface preparation. Because of good surface preparation, the
interface does not show the presence of corundum particles left from
roughening, which resulted in good adhesion of the coating with the
substrate. At the interface between the substrate and the deposited coating
layers, there are no defects such as discontinuities of deposited layers,
microcracks, macrocracks, coating peeling and separation from the
substrate. Generally, the layers are uniformly deposited on the substrate.
The coatings have a lamellar structure, inter-lamellar oxides and inter-
lamellar pores. The microstructure of the coating showed that powder
particles are uniformly and homogeneously distributed. Through the coating
layers, coarse micro pores, micro cracks and macro cracks cannot be seen.
The average share of micro pores in the coating layers was 8%. At a higher
magnification, in Figure 3, we can see the light gray lamellae of oxide Cu,O
with a uniform distribution in the coating (Hang, et al., 2008, pp.416-424),
(Li, Sun, 2004, pp.92-101) as well as micro pores in black. In the coating,
unmelted powder particles were not detected, which indicates that powder
particles had been deposited with the optimal deposition parameters. The
Cu10wt.%Al coating base consists of solid solutions a-Cu and 3-Cu rich in
copper containing CuAl, and CugAl, intermetallic phases (Hang, et al. 2008,
pp.416-424), (Lee, Sun, 2004, pp.92-101).

Figure 4 shows a SEM photomicrograph of the surface of the
Cu10wt.%Al intermetallic coating.

Figure 4 — (SEM) Surface morphology of the Cu10wt.%Al coating
Puc. 4 — (SEM) Mopdonorusi nosepxHoctn Cu10Bec. %Al nokpbITUsi
Slika 4 — (SEM) Morfologija povrSine Cu10tez.%Al previake

956



The analysis of the surface morphology of the Cu10wt.%Al
intermetallic coating shows complete melting and regular melting of
powder particles on the previously deposited layer. The red lines in SEM
micrographs mark boundaries between the melted particles. The molten
powder particles formed thin discs - splates in a collision with the
substrate. Thus formed shapes of deposited particles have good
cohesive bonding with the previously deposited particles, indicating that
the powder particles were deposited with the optimum deposition
parameters. Coarse micro pores cannot be seen on the coating surface.
SEM micrographs clearly show black micro pores surrounded by yellow
color of a size up to 10um. The coating surface shows precipitates
formed as a result of the collision of molten droplets with the substrate. At
the moment of the collision of molten droplets with the substrate, the
ends of molten particles chip and solidify as precipitates in the deposited
coating layers.

Conclusion

In this paper, the APS - atmospheric plasma spray process
produced a Cu10wt.%Al intermetallic coating based on copper with a
content of aluminum from 7.0 to 12.0wt.%Al. The coating deposited on
the test samples had a thickness of 0.45-0.5 mm. We analyzed the
mechanical properties and the microstructure of the coatings in the
deposited state, which led to the following conclusions.

The Cu10wt.%Al intermetallic coating had good mechanical
properties, with a microhardness value of 176 HV, 3 which was above the
value of 158 HV,3; prescribed by the powder manufacturer. The bond
strength was 35 MPa. The microstructure is lamellar, consisting of
lamellas of oxide Cu,O formed by Cu oxidation in the process of
deposition of the powder and inter lamellar pores with an average
proportion of 8%.

The base of the Cu10wt.%Al coating consisted of solid solutions a-
Cu and B-Cu rich in copper with CuAl, and CugAl, intermetallic phases as
a result of the thermal reaction between Cu and Al in plasma during
melting and deposition.

Applying Cu10wt.%Al coatings on aircraft parts made of light alloys
and exposed to a combination of corrosion and wear has significantly
improved the efficiency and reliability of the parts in exploitation and also
significantly reduced the costs of repair.
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XAPAKTEPU3ALUMA NMHTEPMETAJTTIMYECKOIO NMOKPbLITUA
Cu10Bec.%Al HAHECEHHOIO MNASMEHHbBLIM HAMBITEHNEM

Muxauno P. Mpaak
LleHtp uccnegosanui u passutusa A.O. «MUMTEJT koMMyHMKauum»,
Benrpag, Pecny6nuka Cepbusi

OBJTACTb: xumMmn4eckue TexHonornm
B[O CTATbW: opurmHanbHasa HayyHas ctaTbsl
A3bIK CTATbW: aHrnunckuin

Peswome:

lNnasmeHHoe HanblneHue sensemcs OOHUM U3 Memodos
HaHeCceHUs1 U3HOCOCMOUKUX MOKpbimul, ycmol4usbix 8 m.4Y. K
ucmepaHuto, 3po3uu, Kasumauuu u Koppo3uu. B daHHoOU pabome
onucaH rpoyecc co30aHusi UHMepMemasisiudeckoao MoKpbImus
Cu10sec.%Al, senswoweaocsi HalexHbIM kaHOudamom  Ons
npumeHeHuss 8 mpubosioeuUYEeCKUX yCII08USIX  3KCrslyamauyuu.
lNpeumywiecmeom nokpbimusi daHHO20 8uda A8/IIemcs codemaHue
HU3KOoU cmoumMocmu U [108bIWEHHOU cmolkocmu K abpasuu 8
pasnuyHbIX pexumax akcrinyamayuu. Llenb daHHo20 uccriedogaHust
3aK/r4Yaemcs 8 U3y4YeHUU MexaHUYecKux ceolcme U CmpyKkmyp
uHmepmemannu4yeckux nokpbimuti Cu10sec. %Al u passumuu
agppekmusHol memodorsioauu HaHeCeHUs MOKPbIMUS, a makxe 8
rnosbiWeHUU  U3Hococmoulkocmu  fiegkux  crnasos. MHozue
KOMMOHeHmMbl  crylaea MeOu 8  KOPPO3UUHbLIX  yCr108UsiX
rnodsepaaromcsi kKagumayuoHHOMY U 3PO3UUHOMY paspyuweHuto, HO
ceoespeMeHHasi UHXEHepusi [M0B8epXHOCMU COOMmMeemceyrwum
rnokpbimuem Oezpadupyroujux crioes, MOMOXem COXpaHUMb UX.
TunuyHass  MUKpocmpykmypa  [OKPpbIMuUsi  HarblieHUeM  —
namennsapHas, C MUKporopamu, HecraefieHHbIMU 4Yacmuyamu,
MeXxnamesnnsapHbeIMU  Ookcudamu u npeyunumamamu. YicnbimaHus
MexaHU4YeCKuUX xapakmepucmuk MnokpbImusi Cu10sec. %Al
nposodunuce MmMemodom HV,3 a ucnbimaHus npoYyHocmu

coeduHeHull - MemodoMm pacmskeHus. Mopghonoeus ydacmuy
ropowka U [108epXHOCMU [MOKPbLIMUS UCMbimaHbl Memooom
3/1€KMPOHHOU MUKpoepaguu (SEM). UcnbimaHus

MUKPOCMPYKMYypPbl MOKPbIMUS NpogedeHbl MemoOoM Onmuyeckol
MUKPOCKOMuUU, a MUKporopbl uccredogaHbl MemodoM ornmuyeckol
mukpoepaguu (OM).

KnioueBble cnoBa: u3HOC, UHMepMemasnnudbl, 3PO3Usi, KOPPO3US,
rnokpbimue, kasumauusi, Al, abpasusi.

959

Mrdak, M., Characterization of Cu10wt.%Al intermetallic coatings applied by the atmospheric plasma spraying process, pp. 949-965



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 4

KARAKTERIZACIJA INTERMETALNE PREVLAKE Cu10tez.%Al
NAPRSKANE ATMOSFERSKIM PLAZMA SPREJ POSTUPKOM

Mihailo R. Mrdak
Istrazivacki i razvojni centar IMTEL Komunikacije a.d., Beograd,
Republika Srbija

OBLAST: hemijske tehnologije
VRSTA CLANKA: originalni naucni Clanak
JEZIK CLANKA: engleski

Sazetak:

Atmosferski plazma sprej je jedan od postupaka koji se koristi za
depoziciju previaka otpornih na habanje usled trenja, erozije, kavitacije i
korozije. U ovom radu, APS postupkom proizvedena je intermetalna pre-
vlaka Cu10teZ.%Al, koja je pouzdana za primenu u triboloSkim okruZe-
njima zbog kombinacije niske cene i izuzetne otpornosti na abraziju pri
razli¢itim uslovima rada. Cilj ovoga rada bio je da se izuée mehanicka
svojstva i struktura intermetalne previake Cu10tez. %Al i razvije efikasan
metod za reparaciju i poboljSanje otpornosti lakih legura na habanje.
Mnoge komponente od legure bakra imaju tendenciju da se degradiraju
zbog korozivne sredine, trenja, erozije i kavitacije. Takve komponente
mogu se spasti inZenjerstvom povrsina sa primenom odgovarajucih pre-
vlaka na povrsinama izloZzenim degradaciji. Tipi¢na mikrostruktura pre-
vlake za APS postupak je lamelarna u kojoj su prisutne mikropore, neis-
topljene Cestice, medulamelarni oksidi i precipitati. MehaniCke karakteri-
stike previake Cu10tez. %Al ispitane su merenjem mikrotvrdoce slojeva
prevliake metodom HV, 3 i évrstoce spoja metodom ispitivanja na zateza-
nje. Morfologija ¢estica praha i povrsina previake analizirana je na ske-
ning elektronskom mikroskopu (SEM). Analiza mikrostrukture previake
uradena je uz koris¢enje opticCkog mikroskopa, a udeo mikropora odre-
den je analizom mikrofotografija sa opti¢kog mikroskopa (OM).

Uvod

Atmosferski plazma sprej (APS) jedan je od tehnoloskih postupaka
koji se koristi za proizvodnju previaka debljine izmedu 0,1 i 0,6 mm. Pla-
zma sprej tehnologija je jedna od mogucih reSenja proizvodnje previaka
na bazi bakra zbog povoljnih troskova proizvodnje i sposobnosti da se
proizvedu previake na delovima sloZenih oblika. APS proces ukljuuje
ubacivanje ¢estica praha u mlaz plazme, njegovo topljenje ili polutopljenje,
a zatim ubrzavanje i sudaranje sa podlogom, gde se Cestice praha depo-
nuju i formiraju previaku (Mrdak, 2015a, pp.137-159), (Mrdak, 2015b,
pp.46-67). Mehanicke karakteristike i mikrostruktura previaka pod utica-
jem je velikog broja parametara procesa koji direktno uticu na fazni sastav
i sadrzaj poroznosti za odredeni prah i raspon Cestica praha (Mrdak, et al.,
2015, pp.337-343), (Mrdak, 2016a, pp.1-25), (Mrdak, 2016b, pp.411-430),

960




(Vencl, et al., 2011, pp.1281-1288), (Vencl, et al., 2010, pp.591-604). Ba-
kar je metal koji ima Siroku primenu u mnogim aplikacijama zbog svoje od-
licne toplotne i elektricne provodljivosti. MehaniCke osobine bakra mogu
se poboljsati legiranjem, $to karakteriSe legure bakra. Neke legure bakra,
kao $to su Cu-Al, Cu-Si i Cu-Al-Fe, koriste se za Siru industrijsku primenu,
Jer su prilicno dobri materijali kada je u pitanju ofpornost na visoko habanje
i koroziju. Legura Cu10tez.%Al mnogo se upotrebljava u hemijskoj indu-
striji radi velike ofpornosti na koroziju. U leguri Cu10tez. %Al, pored a
strukture pojavijuje se i B struktura. Previaka Cu10tez. %Al otporna na ha-
banje koristi se na radnim delovima da smaniji Stetu usled trenja, erozije,
kavitacije i korozije (Bartuli, et al., 2007, pp.175-185). Prah Cu10tez. %Al
oznake Metco 445, jeste mehanicki obloZena aluminijumska bronza koja
pokazuje samovezivanje za substrate za vreme termo-sprej procesa kao
rezultat hemijske reakcije obloZenih komponenti koji grade intermetalne
faze. Prah sadrzi aluminijum od 7,0 do 12,0tez. %Al (Material Product Data
Sheet Aluminum Bronze Thermal Spray Powders Thermal Spray Powder
Products Metco 445, 2012, DSMTS-0103.0, Sulzer Metco). Previake ima-
Ju dobru otpornost na trenje i zaribavanje na niskim i umerenim tempera-
turama i odli¢nu otpornost na abraziju i kavitaciju. Ispitivanje previake
Cu10wt. %Al na abraziono habanje i habanje k/izanjem gde se Koristila
metoda prsten - na - disku i opterec¢enje od 150 g pri brzini kI/zanja od 4,5
cm/s pokazalo je da je abraZIOno habanje previake 0,52 mgm a habanje
klizanjem 2,8x10° *mm’m™". Glavni mehanizam habanja prevlake Je plastic-
na deformacija (L/mp/cha/pan/t etal., 2011, pp.123-126). Previake se lako
i odliéno obraduju masinski. Tipicne komponente na kojima se koristi
Cu10tez. %Al previaka su: oslonci leZajeva, rukavci hidrauli¢nih presa, vo-
dice klipova, zaptivaCi kompresora vazduha, pumpe za vodu, turbinske
mlaznice i dr. Prisustvo aluminijuma u bronzi uvecava otpornost previake
na koroziju usled formiranja tankog kohezivnog povrSinskog oksida koji
deluje kao zastitni sloj na lequri bogatoj bakrom (Material Product Data
Sheet Aluminum Bronze Thermal Spray Powders Thermal Spray Powder
Products Metco 445, 2012, DSMTS-0103.0, Sulzer Metco). Da bi se bolje
razumeli procesi reakcije koji se deSavaju izmedu Cu i Al za vreme proce-
sa topljenja praha i formiranja intermetalnih faza, neophodno je znati rav-
notezni dijagram Cu-Al. U ravnoteZznom dijagramu faza Cu-Al postoji pet
stabilnih intermetalnih faza, kao $to su: CugAl, CusAl,, CusAl;, CuAl i
CuAl,, sa dva Cvrsta rastvora Cu(Al), koji se Cesto opisuju kao a-Cu i
Al(Cu) (ASM Handbook, 1992, Volume 3, Alloy Phase Diagrams, ASM In-
ternational, Metals Park). IstraZivanja su pokazala da se u procesu toplje-
nja praha u plazmi, usled reakcije Cu i Al, formiraju razlicite intermetalne
faze kao Sto su: CuAl, CugAl, CuzAl,, Al,Cuy (Altuncu, et al., 2012,
pp.181-183). Glavne intermetalne faze koje uticu na otpornost na habanje
previake su CugAl, i CuzAl,. Plazma sprej deponovana Cu10tez. %Al pre-
vlaka ima lamelarnu strukturu, sa prisutnim neistopljenim ¢esticama, preci-
pitatima i interlamelarnim porama. Po autorima (Hang, et al., 2008,
pp.416-424), (Li, Sun, 2004, pp.92-101) u mikrostrukturi su prisutne inter-
metalne faze tipa CuAl, i CugAl,. Osnovu legure ¢ini Cvrsti rastvor
a-Cu(90,6-100tez.%Cu) i B-Cu(85,0-91,5tez.%Cu). U mikrostrukturi pre-
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vlake nisu prisutne crne oksidne lamerle oksida Al,Os (Li, Sun, 2004,
pp-92-101). Previake Cu10tez. %Al sastoje se od svetle faze bakra i tamne
faze oksida bakra Cu,O. Oksid bakra se, pre svega, formira kada je tempe-
ratura 21000 °C i prisutan kiseonik, Sto se deSava pri primeni plazma sprej
postupka (Hang, et al., 2008, pp.416-424), (Li, Sun, 2004, pp.92-101).

U ovom radu plazma sprej postupkom na atmosferskom pritisku
deponovana je prevliaka aluminijumske bronze koja sadrzi 7,0-12,0
tez.%Al. Mikrostruktura previake je analizirana na svetlosnom mikrosko-
pu i povrSina previake na skening elektronskom mikroskopu. Cilj ovoga
rada bio je da se izu¢e mehaniCka svojstva i mikrostruktura intermetalne
prviake Cu10tez. %Al i razvije ekonomski efikasan metod deponovanja
intermetalne prevlake za poboljSanje otpornosti pohabanih vazduhoplov-
nih delova od legura Cu izloZenih kombinaciji korozije i habanja.

Materijali i eksperimentalni detalji

Materijal na kojem su deponovani slojevi intermetalne previake
Cu10tez. %Al (7,0-12,0tez.%Al) bio je od nerdajuceg Ccelika
X15Cr13(EN1.4024) u termi¢ki neobradenom stanju. Za proizvodnju
Cu10tez. %Al previake upotreblien je prah firme ,Sulzer Metco” sa
oznakom Metco 445. Prah je proizveden metodom mehani¢kog obla-
ganja i sferoidizacije na odredenu granulaciju gustine 3,1 — 4,3 g/cms.
Temperatura topljenja praha je 1040°C. Za eksperiment se koristio
prah koji je imao raspon granulata od 45 do 106 um (Material Product
Data Sheet Aluminum Bronze Thermal Spray Powders Thermal Spray
Powder Products Metco 445, 2012, DSMTS-0103.0, Sulzer Metco).

Ispitivanje mehanickih karakteristika prevliake Cu10tez.%Al rade-
no je prema standardu Pratt&Whitney (Turbojet Engine—Standard
Practices Manual (PN 582005), 2002, Pratt & Whitney, East Hartford,
USA). Osnove na kojima su deponovani slojevi previake za ispitivanje
mikrotvrdoCe i za procenu mikrostrukture u deponovanom stanju izra-
dene su od &elika C.4171 (X15Cr13 EN10027) u termicki neobrade-
nom stanju, dimenzija 70x20x1,5 mm. Osnove za ispitivanje ¢vrstoce
spoja takode su izradene od Celika C.4171(X15Cr13EN10027) u ter-
micki neobradenom stanju, dimenzija @25x50 mm. Mikrotvrdoca sloje-
va ispitivana je metodom HV, 3 a CvrstoCa spoja ispitivanjem na zate-
zanje. Merenje mikrotvrdocCe izvr$eno je u pravcu duz lamela. Uradeno
je pet oCitavanja vrednosti mikrotvrdoce slojeva u sredini i na krajevima
uzoraka od kojih su odbacene dve krajnje vrednosti. Od tri preostale
vrednosti prikazana je srednja vrednost. Ispitivanje ¢vrstoce spoja ra-
deno je na sobnoj temperaturi sa brzinom zatezanja 1 cm/60 s. Ispita-
no je pet epruveta od kojih su odbacene dve krajnje vrednosti. Od tri
preostale vrednosti prikazana je srednja vrednost &vrstoce spoja. Mor-
fologija Cestica praha i povr§ina deponovane previake uradena je ske-
ning elektronskom mikroskopijom, a mikrostruktura deponovanih sloje-
va ispitana je na optickom mikroskopu. Analiza udela mikropora u pre-
vlaci uradena je obradom 5 fotografija na uvelicanju 200x. U radu je
prikazana srednja vrednost udela mikropora u previaci.
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Depozicija Cu10tez. %Al praha uradena je sa atmosferski plazma
sprej sistemom firme ,,Plasmadyne” i plazma pistoljem SG-100, sa kontro-
lisanim plazma sprej parametrima. Plazma pistolj SG-100 sastojao se od
katode tipa K 1083A-129, anode tipa A 2083-175 i gas injektora tipa G/
1083A-130. Kao luéni gas koristio se Ar u kombinaciji sa He i snaga napa-
janja do 40kW. Plazma sprej parametri depozicije Cu10wt.%Al praha pri-
kazani su u tabeli 1. Pre procesa deponovanja povrsine substrata su hra-
pavijene Cesticama belog korunda veli¢ine od 0,7 do 1,5mm. Previake su
deponovane na ispitnim uzorcima sa debljinama od 0,45 do 0,6mm.

Rezultati i diskusija

Mikrotvrdoca i zatezna cCvrstoca spoja previake imale su vrednosti
koje su karakteristicne za ovaj tip previake. Intermetalna previaka
Cu10tez. %Al imala je prose¢nu vrednost mikrotvrdoée 176 HV, 3. Iz-
merena prosecna vrednost mikrotvrdoce bila je veca od vrednosti koju
propisuje proizvoda¢ praha 158 HV,s; (Material Product Data Sheet
Aluminum Bronze Thermal Spray Powders Thermal Spray Powder
Products Metco 445, 2012, DSMTS-0103.0, Sulzer Metco), $to ukazuje
na to da u prevlaci nije prisutan veliki udeo mikropora. To su potvrdila
metalografska ispitivanja slojeva previake. Srednja vrednost zatezne
cvrstoce spoja izmerena na uzorcima sa prevlakom Cu10tez.%Al bila
je 35 MPa. Prevlaka je razorena na interfejsu supstrat/previaka zbog
dobrog spoja sa substratom. Izmerene vrednosti mikrotvrdoce i zate-
zne Cvrstoce spoja Cu10tez. %Al previake bile su u korelaciji sa mikro-
strukturom deponovanih slojeva. Na mikrofotografijfama se jasno uoca-
vaju medugranice spoja slojeva previake i substrata. Medugranica iz-
medu substrata i slojeva previake je izuzetno Cista, ukazujuci na izu-
zetno dobru vezu slojeva previake sa substratom, S$to govori o dobroj
pripremi povrSine substrata. Zbog dobre pripreme povrSine substrata
na interfejsu nisu prisutni ostaci ¢estica korunda od hrapavijenja, Sto
se odrazilo na dobru adheziju prevlake sa substratom. Na interfejsu iz-
medu substrata i deponovanih slojeva previake nisu prisutni defekti
kao Sto je diskontinuitet deponovanih slojeva, mikropukotine, makropu-
kotine, ljustenje i odvajanje previaka sa substrata. Generalno, slojevi
su ravnomerno deponovani na podlogu. Previake imaju lamelarnu
strukturu, interlamelarne okside i interlamelarne pore. Mikrostruktura
previake pokazuje da su Cestice praha ravnomerno i homogeno distri-
buirane. Kroz slojeve previake ne uoCavaju se grube mikropore, mikro-
pukotine i makropukotine. ProseCan udeo mikropora u slojevima pre-
vlake bio je 8%. Pri vecem uveli¢anju (slika 3) jasno se vide svetlo- si-
ve lamele oksida Cu,0O sa ravhomernom raspodelom u previaci (Hang,
et al., 2008, pp.416-424), (Li, Sun, 2004, pp.92-101) i mikropore crne
boje. U previakama nisu uoCene neistopljene ¢estice praha, ukazujuci
da su cCestice praha deponovane sa optimalnim parametrima depozici-
je. Osnova previake Cu10tez. %Al sastoji se od ¢vrstih rastvora a-Cu i
B-Cu bogatih bakrom u kojima se nalaze intermetalne faze CuAl, i
CugAl, (Hang, et al., 2008, pp.416-424), (Li, Sun, 2004, pp.92-101).

963

Mrdak, M., Characterization of Cu10wt.%Al intermetallic coatings applied by the atmospheric plasma spraying process, pp. 949-965



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 4

Analiza morfologije povrsSine intermetalne previake Cu10tez. %Al
pokazuje potpuno topljenje i pravilno razlivanje ¢estica praha na pret-
hodno deponovani sloj. Na SEM mikrofotografiji crvenom linijom su
oznacene granice izmedu razlivenih Cestica. Istopliene Cestice praha
formirale su tanke diskove — splates u sudaru sa podlogom. Tako for-
mirani oblici deponovanih Cestica ostvaruju dobru kohezivnu vezu sa
prethodno deponovanim ¢esticama, ukazujuci da su Cestice praha de-
ponovane sa optimalnim parametrima depozicije. Na povrSini previake
se ne uocavaju grube mikropore. Na SEM mikrofotografiji jasno se vide
crne mikropore, zaokruZzene Zutom bojom veli¢ine do 10 um. Na povr-
Sini previake uoCavaju se precipitati koji su nastati kao posledica suda-
ra istopljenih kapi sa substratom. U trenutku sudara istopljenih kapi sa
podlogom dolazi do odlamanja krajeva istopljenih Cestica, koji o¢vrsca-
vaju kao talog u deponovanim slojevima prevlake.

Zaklju€ak

U radu je atmosferskim plazma sprej procesom (APS) proizvede-
na intermetalna previaka Cu10teZ.%Al na bazi bakra sa sadrZzajem alu-
minijuma od 7,0 do 12,0teZ.%Al. Previake deponovane na ispitnim
uzorcima bile su debljine od 0,45 do 0,5 mm. Analizirane su mehanic-
ke karakteristike i mikrostrukture previaka u deponovanom stanju, na
osnovu ¢ega se doSlo do odredenih zakljucaka.

Intermetalna previaka Cu10tez. %Al imala je dobre mehanicke
osobine, Cija je mikrotvrdo¢a od 176 HV,3 bila iznad vrednosti 158
HV, 3 koju propisuje proizvodac€ praha, i ¢vrstocu spoja od 35 MPa. Mi-
krostruktura prevlake je lamelarna, a sastoji se od oksidnih lamela
Cu,0 formiranih oksidacijom Cu u procesu depozicije praha i interla-
melarnih pora sa prosec¢nim udelom od 8%. Osnova Cu10tez. %Al pre-
vlake sastoji se od Cvrstih rastvora a-Cu i B-Cu bogatih bakrom u koji-
ma se nalaze intermetalne faze CuAl, i CuyAl, nastale kao rezultat ter-
micke reakcije izmedu Cu i Al u plazmi u toku procesa topljenja i depo-
novanja.

Primenom Cu10tez. %Al prevlake u remontu na vazduhoplovnim
delovima od lakih legura izloZenih kombinaciji korozije i habanja znat-
no se poboljsala efikasnost i pouzdanost rada delova u eksploataciji i
smanijili se troS§kovi remonta.

Klju€ne reti: habanje, intermetali, erozija, korozija, prevlaka, kavitacija,
Al, abrazija.
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Summary:

This paper presents the new way of fuzzification of the Saaty’s
scale. In this model of fuzzification, the confidence interval of fuzzy
numbers that describes the comparison in pairs’ degree is not
determined before the comparison. It is defined (calculated) during and
after the comparison, based on the degree of certainty of decision-
makers/experts. Thus, the confidence interval can vary depending on
the comparison, no matter if it refers to the same degree of comparison.
Also, in group deciding, confidence intervals differ depending on the
decision-maker/expert’s opinion. Such explanation is supported by the
new fuzzyficated Saaty's scale. The application of the new scale is
shown in the hybrid fuzzy AHP-TOPSIS model when choosing firing
positions of an artillery brigade group in a defensive operation. Finally,
the impact of the degree of certainty on the final decision is analyzed,
where it is demonstrated that this element affects output results. The
impact is reflected in the change of the size of weight vectors, i.e. output
results (the distance from the ideal alternative), as well as in the change
of the rank of alternatives, but only at limit values.

Key words: Fuzzy logic, Firing position, Hybrid model, TOPSIS, AHP.
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Introduction

Decision making is one of the most important management
elements. It has been empirically proven that decision making makes
even 92% of a manager's job structure (Cupi¢, Suknovi¢, 2010, p.xxv).
Considerable attention is paid to the decision-making process in military
organizations. The reason for this can be found in the fact that a man is
in the center of every decision, and it is not expected that all people
respond equally to situations in which they find themselves, as expressed
particularly in combat operations, where the consequences of wrong
decisions can often be irreparable (Pamucar, et al., 2011a, p.3). In the
Army of Serbia many decisions are made in the processes of planning,
organization and preparation for the execution of missions and tasks.
The useful tools which support the decision-making process are the
methods of multi criteria decision making.

This paper presents a hybrid model, using the fuzzificated Saaty’s
scale and the TOPSIS method (Technique for Order Preference by
Similarity to Ideal Solution). The paper is focused on the demonstration
of a new way of fuzzification of the Saaty’s scale used for comparison in
pairs with varying a confidence interval depending on the comparison.
The scale is used for obtaining criteria weight coefficients, while the
TOPSIS method is used for the final ranking. This model is illustrated by
an example of decision making during the selection of a brigade artillery
group (BrAG) firing position area in a defensive operation. The example
presents only one segment from a series of decisions that decision
makers face in the preparation and execution of (military) operations.

Fuzzy logic and fuzzy sets

In conventional logic, belonging of an element to the given set is
strictly defined, i.e., an element can belong or not belong to the set. In
fuzzy logic, belonging of an element to the specific set is not precisely
defined - the element can be more or less part of the set; therefore, it is
closer to human perception than conventional logic (Pamucar, et al.,
2011b, p.594). Fuzzy logic allows quantification of seemingly imprecise
information, which is a very common situation when describing social
phenomena.

The first step in designing fuzzy sets is defining the degree of the
membership of an element x (xeX) to the set A. This is described with

the membership function u, (x), which in the classic theory has a value of
0 (does not belong) or 1 (belongs), while in a fuzzy set the membership
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function can have any value between 0 and 1. So, it can be said that the
closer the u, (x) is to 1, the belonging of the x to A is greater, and vice
versa. Every fuzzy set is completely and uniquely defined by its
membership function (Zadeh, 1965). A fuzzy set is defined as a set of
ordered pairs

Af(x. 1, (x))|xe X,0< 1, (x)<1}. (1)

where:

— X is a universal set or a set of considerations based on which the fuzzy
set A is defined:;

— Ua (x) is a membership function of the element x to the set A.

The membership function forms and the width of the confidence
interval are usually selected on the basis of subjective assessment or
experience, so that they best describe the phenomenon they represent.
In practice, a variety of membership functions is used: triangular,
trapezoidal, Gaussian, etc.

In this paper, triangular fuzzy numbers will be used. They will be
presented in the form T = (4, t,, t3), where (Figure 1):

— t, is where the membership function of a fuzzy number has a value
of 1;

— t, is the left distribution of the confidence interval of the fuzzy
number T, and

— 13 is the right distribution of the confidence interval of the fuzzy
number T (Pamucar, 2011, p.45).

MO

1

v

Picture 1 — Triangular fuzzy number T
Queypa 1 — TpeyronbHoe He4veTkoe yncno T
Slika 1 — Trouglasti fuzzy broj T
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The membership function of the fuzzy number T is defined in the
following way:

0, X<t
xX—
, t<x<t
Lt l ’ (2)
mx=1" L x=
t3_x, L, <x<t,
-1, ‘
0, x>t

For its final purpose, the fuzzy number T= (t,, t,, t3) is converted into
a real number. Different methods are used for this procedure (Herrera,
Martinez, 2000).

Fuzzification of the Saaty’s scale

The Analytical Hierarchy Process method belongs to the group of light
optimization methods. It is based on the interpretation of complex problems
in a hierarchy, with an aim at the top and criteria, sub-criteria and
alternatives at the levels and sub-levels of the hierarchy (Saaty, 1980). One
of the key phases in the application of this method is the development of the
comparison matrix by pairs, corresponding to every level of the hierarchy. A
pairwise comparison is performed according to the data collected and by
measuring them, as well as based on the beliefs, estimates or experiences
of those who carry out the assessment (Cupic, Suknovi¢, 2010). The main
problem in the pairwise comparison is to quantify linguistically formulated
selections or phrases (Kujaci¢, 2001). Different evaluation scales are
developed for this purpose. Basic approaches in its development are: linear
(Ma, Zheng, 1990) and exponential (Lootsma, 1988). Previous analyzes
have shown that there is no ideal scale, but their quality varies from case to
case (Triantaphyllou, et al., 1988). The standard for the AHP method
presents the Saaty's scale, Table 1 (Saaty, 1980).

Table 1 — Saaty's scale for comparison in pairs
Tabnuuya 1 — lWkana CaaTtu napHbIX cpaBHEHU
Tabela 1 — Saaty-jeva skala za poredenje u parovima

Definition Standard values Inverse values
The same importance 1 1

Low dominance 3 1/3

High dominance 5 1/5

Very high dominance 7 117
Absolute dominance 9 1/9
Intermediate values 2,4,6,8 1/2,1/4, 1/6, 1/8
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The Saaty’s scale is applied by decision-makers or analysts performing
comparisons in pairs on the basis of semantic preferences from the left
column of the Saaty’s scale, or by direct association. Number values in
columns two or three of Table 1, which correspond to the semantic
preferences in the left column, are entered in the square comparison matrix.

¢ C ... C,
G |lay ap, ... q, (3)
A4=C, |a, ay a,
(o a, a a

Since it is true that a; =1/a, and a, =1 for everyi, j=1, 2,...n, the

matrix A is positive, symmetrical and reciprocal. The essential
information on elements of preferences is located only in the upper
triangle of the matrix, but all methods for its further analysis use the
reciprocal value from the lower triangle (Bozanic, et al., 2013).

When applying the classic Saaty’s scale, relations in the pairwise
comparison are strictly defined. However, very often, when defining these
values, one cannot be completely sure of the relations of the pairs
compared. Therefore, in the literature there is an increasing number of
papers which approach the fuzzification of the Saaty’s scale in various
ways ((Ray, Triantaphyllou, 1999), (Zhu, et al., 1999), (Chen, 2007),
(Srdevi¢, et al., 2008), (GardaSevi¢-Filipovic, Saleti¢, 2010), (Janackovic,
et al., 2013), (Rezaei, et al. 2014), (Janji¢, et al., 2014) and others). Most
authors use a predetermined interval of a fuzzy number in the fuzzification,
i.e., preset the left and the right distribution of the most commonly used
triangular fuzzy number T = (14, t5, t3). Some authors have recognized the
necessity to leave the possibility of some uncertainty, such as in (Bozanic,
et al., 2011), (Bozani¢, et al., 2013), (Pamucar, et al., 2011¢) (Pamucar, et
al.,, 2012), (Pamucar, 2013) (Pamucar, et al.,, 2015), (Bozani¢, et al.,
2015b), where the level of uncertainty for the whole scale is pre-defined,
based on which the left and right distribution of the fuzzy number T are
calculated. This level of uncertainty, i.e., the confidence interval, changes
depending on the case or depending on the decision-maker.

On the basis of the Saaty’s scale and the idea that the confidence
interval of the fuzzy number does not always have to be identical, as shown
in (Bozani¢, et al., 2011), (Bozani¢, et al., 2013), (Pamucar, et al., 2011c)
(Pamugar, et al., 2012), (Pamucar, 2013) (Pamucar, et al., 2015), (Bozanic,
et al,, 2015b), a new scale is defined, Table 2 (Bozani¢, Pamucar),
(Bozani¢, et al., 2015a), (Bozani¢, et al., 2016). Defining this new
fuzzyficated Saaty’s scale has started from the assumption that decision
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makers and analysts have a different degree of certainty y; concerning the
accuracy of comparisons in pairs. This degree of certainty differs from one
comparative pair to the other. The value of the degree of certainty belongs
to the interval [0, 1]. In the cases when 7;=0, it is considered that the
decision-maker/analyst has no data about this relationship, so it should not
be used in the decision-making process, because it points to the absolute
ignorance of the decision-making subject. The value of the degree of
certainty where y;=1 describes the absolute certainty of decision-makers and
analysts in the defined comparison. The lower the certainty in the performed
comparison is, the lower the element v;.

Table 2 — Fuzzified Saaty's scale for comparison in pairs (BoZani¢, Pamucar),
(Bozani¢, et al., 2015a), (Bozanic, et al., 2016)

Tabnuya 2 — d®a3s3nduuyupoBaHHas wkana Caaty napHbIX cCpaBHEHWUN
(Bozani¢, Pamucar), (Bozani¢, et al., 2015a), (Bozanic, et al., 2016)
Tabela 2 — Fazifikovana Saaty-jeva skala za poredenje u parovima
(Bozani¢, Pamucar), (Bozani¢, et al., 2015a), (Bozanic, et al., 2016)

Definition Standard Fuzzy number Inverse values of the
values fuzzy number

The same importance 1 (1,1,1) (1,1, 1)

Low dominance 3 (37,,3.(2-7,)3) (1/ (2-7,)3.1/3, 1/37/1,)
High dominance 5 (57,.5.(2-7,)5)  (V(2-7,)5.1/5.1/57,)
Very high dominance 7 (77,.7.2-7.)7)  (V(2-7,)7.1/7.1/77,)
Absolute dominance 9 (9}/ji,9,(2— }/ﬁ)9) (1/(2-7,)9.1/9,1/97,)
Intermediate values 24,6, 8 (xy"’ ’(Z_yj‘)x)’ (l/ 2 7//’ x,1/x, l/xyj,)

x=2,4,6,8

By defining different values of the parameter v;, the left and the right
distribution of fuzzy numbers change from comparison to comparison,
according to the expression:

L=, 4 <t,, t,t,€[1/9,9] @)
T =(t,,t,,1;) =41, =t,, t,e[1/9,9]
t,=(2-7)t,, t,<t,, t,,,€[1/9,9]

the value of t, represents the value of linguistic expressions from the
classic Saaty’s scale, which in a fuzzy number has a maximum
membership t, = 1.
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The fuzzy number 7 =(,1,,1,) = (x7,.x.(2-7,)x), xe[1,9] is defined
by the expressions:

Xy, V1<xy,<x
L=xy,;= ! ! (5)
' I, Vuxy, <1
t,=x, ¥V xe[L,9] (6)
t,=(2-7,)x.Vxe[L9] (7)

The inverse fuzzy number 77 = (1/¢,,1/4,,1/1,)=(1/(2-7,)x.1/x,1/y,x)>
xe[1,9] is defined as follows:

1/(2-7,)x, ¥V 1/(2-7,)x<1
1/t3=1/(2—7ji)x= /( }’ﬂ)x /( 7{/1)x< (8)
LV 1/(2-7,)x21
1/t,=1/x, ¥ 1/xe[1,9] (9)
1/t =1/y,x,V1/xe [1,9] (10)

The defined scale is further used in standard steps of the AHP
method, which is described in a number of papers (Saaty, 1980),
(Lootsma, 1988), (Nikolic, Borovi¢, 1996), (Srdevi¢, Srdevi¢, 2004)
(Cupi¢, Suknovi¢, 2010), (Karovi¢, PuSara, 2010), (Devetak, Terzi¢,
2011), (Indi¢, et al., 2014) and others.

Based on the pre-defined scale, decision-makers and analysts fill in
the new, modified matrix:

G C, C,
o A AV e Qs N
_ . . . 11
A=C, | a3V Ap3Vn o G330, (11)
Cn anl; 7)11 anZ; }/712 A ann; nn

As it can be seen, the matrix is extended with the degree of certainty
in the comparison made, whereby vy;-y;, where v,[0,1]. After the
calculation is finished, the defuzzification can be performed using one of
well-known methods. Some of well-known expressions for defuzzification
(Seiford, 1996) are the following ones:

A=((t;—1)+(t,—1,))/ 3+, (12)
A=[ A+, +(1-2)1, /2 (13)
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where A represents the degree of optimism (Bozanié¢, et al., 2015b). Also,
it is possible to perform further calculations using fuzzy weight
coefficients without defuzzification, which would be done at the end of the
calculation of the criteria functions of alternatives.

The scale presented can be implemented in the classic application
of the AHP method, where weight coefficients are calculated first, and
then criteria functions are evaluated for every alternative studied. The
scale is also suitable for the evaluation of criteria weights with the aim of
later implementation of some other method.

The defined scale is also suitable for group decision making, which
has recently become more and more popular. Involving experts greatly
improves the quality of decisions made because knowledge and
experience are collected and consolidated into a single unit. The most
widely used approach in data collecting by experts is the Delphi method
(Lootsma, 1988). The scale defined in this paper is applied in group
decision making, as well as in the standard AHP method (more
information in (Srdevi¢, Zoranovi¢, 2003) (Zoranovi¢, Srdevic, 2003)).

The TOPSIS method

The TOPSIS method was developed by Hwang and Joon (1981).
This method consists in ranking alternatives by multiple criteria
comparisons based on the distance from the ideal solution and the
negative ideal solution. The ideal solution minimizes the cost type criteria
and maximizes the benefit type criteria, while the negative ideal solution
is reverse (Srdevi¢, et al., 2002). The optimum alternative is the one that
is the closest in a geometrical sense to the ideal solution, i.e., the farthest
from the negative ideal solution (Srdevic, et al., 2002).

The starting point of this method is the initial decision-making matrix.

C C C - C,

Wl W2 W3 N N 'Wm

Alfr. ro 1o - - - T

Aslry In In - - I

A1y v Ty - - ¢ T

P= . . . . .
Ally Tw Tw - - T (14)

With the decision-making matrix, the n alternatives and the m criteria
are defined. The weight of the criteria w; is joined to each criterion.
Criteria weights should meet the following requirement:

anwizl (15)
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After defining the decision-making matrix, the TOPSIS method can
be implemented. The application of the method can be divided into six
steps:

— First step: normalization of the decision-matrix values:

4
xz-j=’i{wjz"zf} (16)

After the application of expression (16), a new dimensionless matrix
is obtained:

¢ G G ---C,

Wi W, W; ot Wm
AlXn Xe Xo o+ 0 0 X
Az X2 X2 X - : © Xom
As X Xn Xsinoc 0 0 Xim
P'= . . . . .

AnlXm Xo: X 0 0 Xom)

— Second step: multiplication of the normalized values and the
criteria weight coefficients:

v, =x,w5 ) =1,2,...,m (18)
After the application of expression (18), a new matrix is obtained:
C1 Cz C3 ot Cm
W, W, W; P Wm
A1>V11 Vi Vi - =+ Vi
A Vy Vo Vi - - - Vo
As Vi Vn Vi - : © Vin
P"= . . . . .
R A (19)
A, LVar Va2 Vs =+ - Vg

— Third step: determination of ideal solutions. The ideal and negative
ideal solution are obtained using the following expression:

<l e Cmimy e C)imL2 =il @)
i =miny ey e C)imt2 ) <pri) (@1

where: C is the set of benefit type criteria, and C' is the set of cost type
criteria.
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— Fourth step: determination of the distance of alternatives from the
ideal solution.

= [, V=12 (22)
J=1

Sz’7: Z(Vii _V;)z,izl,za“"n (23)
Jj=1
— Fifth step: determination of the relative proximity of alternatives to
the ideal solution. Determination of the distance from the ideal alternative
is performed by applying the expression:

0= SS+ =12 (24)

— Sixth step: ranking alternatives. Alternatives are ranked on the
basis of the results obtained by applying expression (24). The best
alternative is considered the alternative whose value Q" is the highest,

and vice versa.

Selection of a BrAG firing position area by
using the hybrid FAHP-TOPSIS model

Description of the problem and defining the criteria

A brigade artillery group is a temporary formation of artillery units,
formed at the tactical level. It is intended for artillery firing support of one's
own forces in combat operations of a land forces brigade and territorial
brigades (Vojni leksikon, 1981, p.72). A BrAG performs its tasks from firing
positions (primary, suplementary, alternate, temporary). A firing position
(FP) is a part of the land in the area of the operation, prepared and
occupied or intended to be occupied by the artillery units for the execution
of firing support (Vojni leksikon, 1981, p.658). An FP area of a BrAG is
determined depending on its purpose, type of weapons and ammunition,
targets of artillery firing support, combat, space, time and other conditions.

There are rules and regulations governing fundamental criteria of
grouping artillery and its deployment into action, as well as a part of the
conditions an FP area should meet in order to be selected as an
alternative. However, in the available literature, this problem has not
been fully developed, systematized, nor the method of selection of an
FP area has been elaborated (neither criteria are precisely defined, nor
their weight values and their relationship, nor the particularities of various
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combat operations). Consequently, decision-makers usually have to
select an FP of BrAG area relying on the acquired theoretical knowledge,
experience and assessment in the specific situation. A number of criteria
that influence the ranking and selection of alternatives indicate a
possibility of applying multiple criteria methods.

For the purposes of the selection of the best firing position for a
BrAG in a defensive operation, the following six criteria are defined
(Kurtov, et al., 2014, p.708):

C, - "distance from the ideal location for action" - the ideal location is
generally defined as 1/3 of the rank of artillery weapon from the front end
of one's own forces;

C, - "sheltering height" - represents the height of the obstacles that
allow hiding or masking combat effects from the survey instruments,
electronic effects and enemy fire;

C; - "masking conditions" - terrain features that enable successful
masking of the BrAG and movement of parts or the whole BrAG;

C, - "fortification conditions" - terrain features that allow successful
fortification of artillery to enhance force protection;

Cs - "conditions for maneuver" — terrain features based on which the
assessment of the possibility of fast moving to the following firing position
is performed;

Cs - "average height difference between individual instruments" - for
successful actions, it is necessary for all individual instruments in BrAG
artillery batteries to be located on the height difference less than 20m.

The values of the criteria C4, C, and C¢ are described numerically
and the values of the criteria C;, C4 and Cs are described with fuzzy
linguistic descriptors, Figure 2.

‘ ‘Very

poor

0.6

0.4

0.2

© 1 2 3 4 5
Picture 2 — Graphic display of the fuzzy linguistic descriptors
Queypa 2 — padmyeckoe n3obpaxeHne HEYETKOro NMHIBUCTMYECKOro AeckpunTopa
Slika 2 — Grafi¢ki prikaz fuzzy lingvistickih deskriptora
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The membership functions

defined through the expressions:

B x—=1, 1<x<L2
=132k, 2<x<3
x—2, 2<x<Z3
Mis \a-x, 3<x<4
B x—=3, 3<x<4
Hip, = 5—-x, 4<x<5
_ x—4, 4<x<5
Hio = 1, x5

of the fuzzy linguistic descriptors are

(25)

(26)

(27)

(28)

(29)

Calculation of the criteria weight coefficients

The first step in defining the weight coefficients is to define the
square comparison matrix. Two elements of the hierarchy (models) are
compared using the Saaty’s classic scale and by defining the degree of
certainty of a given claim (according to expression 11). The degree of

inconsistency of the given matrix is 0.08.

C C, C, C,
G 1.0 402 602 504
C, | 4502 1,10 306 509
A=C, |67':02 3'06 ;1.0 2,04
C, | 504 509 2704 110
C, | 2705 304 406 604
C, | 97502 605 706 47:1.0

CS
2:;0.5
3704
47,06
67;0.4
;1.0
7704

Cﬁ
9,0.2
6,0.5
7;0.6
41.0
7;0.4
;1.0

The values of the matrix A are converted into fuzzy numbers by
applying the fuzzyficated Saaty’s scale (Table 2), so a new matrix A' is

obtained.

¢ C ¢ C C C,

C 1 4 6 5 32 9

G |4 1 3 53 6

A4'=¢C, |6' 3 1 2 4t 7

¢, |55 3 16 4

C, |27 3 4 6 7

Ko |9 &' 7 4t 7t
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The weight vector w of every criterion of the matrix A' is the sum of
the linguistic expressions that describe the criteria in the same row of the
matrix A', which is divided by the sum of all linguistic expressions that
describe the criteria of the matrix A'.

After the calculation is performed, the weight vectors of the criteria
are obtained:

w, | [0.282;0.393;0.382]
w, 0.212;0.159;0.162
| w 0.112;0.093;0.105
lw, 0.089;0.060;0.058
s 0.272;0.269;0.254
ws | 10.033;0.026;0.039 |

Ranking alternatives

The model is applied using the illustrative values of seven
alternatives shown in the initial decision matrix and taken from (Kurtov, et
al., 2014, p.709).

C] CZ C3 C4 CS Cé

W

\ w,

o W,

6
min  max max max max min

4 [1100 15 i a 3 3
. 4, (2000 23 4 3 4 6
4, 3800 27 3 5 a 2
A4, | 500 5 2 4 2 1
A, 1850 32 5 i 3 4
A 3200 10 3 i 3 9
4, | 900 20 3 3 5 5]

The six-step TOPSIS method application results in the values of the
distance of alternatives from the ideal alternative, based on which they
are ranked:

0;[0.578;0.664;0.658 |
0,]0.597;0.573;0.574
0;0.410;0.293;0.300
0 =0;|0.538;0.650;0.647
Q:] 0.611;0.591;0.598
0;]0.276;0.242;0.252
0,]0.748;0.812;0.802 |
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Finally, defuzzification is performed by applying expression 12, and
the final values of the distance of alternatives from the ideal alternative
are obtained:

0;[0.633]
0;]0.581

0:]0.334

0 =0;|0.612
0:0.600
0;]0.257

0;]0.787 |

Based on the obtained distances from the ideal alternative, it can be
concluded that alternative seven (A;) is the most appropriate alternative,
i.e., alternative six (Ag) is the least favorable one.

Discussion and Conclusions

A practical example of the new scale demonstrated a possibility of
using the hybrid fuzzy AHP-TOPSIS model, i.e., its performance in
ranking the offered alternatives. In order to determine the differences
between the application of the classic Saaty’s scale and the scale
demonstrated in this paper, a comparative overview of the output results
is presented (Table 3).

Table 3 — Comparative summary of the solutions
Tabnuua 3 — CpaBHUTENbHbIN 0030p peLLeHn
Tabela 3 — Upredni pregled dobijenih reSenja

Classic  Saaty’s | Fuzzyficated
Alternatives | Scale Saaty’s scale
o) Rank o Rank
A 0.664 2 0.633 2
Az 0.573 5 0.581 5
Az 0.293 6 0.334 6
Aq 0.650 3 0.612 3
As 0.591 4 0.600 4
As 0.242 7 0.257 7
Az 0.812 1 0.787 1
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Analyzing the output results, it can be observed that the rank of
alternatives has not changed. However, the values obtained by applying
the classic Saaty’s scale and the fuzzyficated Saaty’s scale are different.
The differences between the alternatives A;, A, and As are significantly
reduced, and the difference between the alternatives A; and As is
reduced more than twice. It is also evident that the difference between
the alternatives A; and Ag increased.

Although the differences shown are significant, there is no change in
the rank of alternatives. However, it would be important to determine
whether changes in the elements of the initial decision matrix may result
in a change of the rank of alternatives when using the classic and
fuzzyficated Saaty’s scale. These changes will be presented with two
examples.

Example 1: Changing the value of the alternative A; by the criterion
C, in the initial decision-making matrix from 15m to 11m would lead to a
different way of ranking alternatives (Table 4).

Table 4 — Comparative summary of the solutions with the change of the initial elements
Tabnuya 4 — CpaBHUTENbHBIN 0630p PELLEHNI C U3BMEHEHNEM UCXOAHBIX 3NEMEHTOB
Tabela 4 — Uporedni pregled dobijenih reSenja sa promenom pocetnih elemenata

Classic ~ Saaty’'s | Fuzzyficated
Alternatives | Scale Saaty'’s scale
o) Rank X
A1 0.646 3 0.611 2
Az 0.574 5 0.582 5
As 0.295 6 0.336 6
A4 0.648 2 0.610 3
As 0.592 4 0.601 4
As 0.242 7 0.257 7
A7 0.811 1 0.786 1

In the mentioned example, it is noted that, when the classic Saaty’s
scale is used, the alternative A, is ranked as the third. However, when the
fuzzyficated scale is used, it is ranked as the second, while the alternative
A, switched the position with the A;.

Example 2: Changing the value of the alternative As by the criterion C;
in the initial decision-making matrix from 1850 m to 1500 m would lead to a
different way of ranking alternatives (Table 5). In the mentioned example, it
is noted that when using the classic Saaty’s scale the alternative A, is
ranked as the second, while when using the fuzzyficated scale the
alternative As is ranked as the second, and vice versa.
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Table 5 — Comparative summary of the solutions with the change of the initial elements
Tabnuya 5 — CpaBHUTENbHBIN 0630p PELLEHNI C UBMEHEHNEM UCXOAHBIX ANEMEHTOB
Tabela 5 — Uporedni pregled dobijenih reSenja sa promenom pocetnih elemenata

Classic  Saaty’s | Fuzzyficated
Alternatives | Scale Saaty’s scale
o Rank o Rank
A 0.667 2 0.636 3
Az 0.573 5 0.580 5
As 0.290 6 0.331 6
Aq 0.654 4 0.616 4
As 0.661 3 0.661 2
As 0.241 7 0.256 7
Az 0.813 1 0.789 1

Both examples show the importance of the degree of certainty of
decision makers when ranking alternatives. Of course, the degree of
certainty should not be the deciding factor in ranking, but an additional
element that comes to the fore at the limit values. This can be analyzed
through the already given examples.

If we consider the calculation with the values from the initial decision
matrix, it can be noted that the rank of alternatives is identical when using
both classic and fuzzyficated scale. In examples 1 and 2, the rank of
alternatives has changed. If we continue and further reduce the value of
the alternative A, by the criterion C, in the initial decision-making matrix
from the original 15 m, and next 11m, to 10, new solutions would be
obtained (Table 6).

Table 6 — Comparative summary of the solutions with the change of the initial elements
Tabnuya 6 — CpaBHWUTENbHLIN 0630P PeLLEeHNin C UBMEHEHNEM UCXOAHbIX 3NIEMEHTOB
Tabela 6 — Uporedni pregled dobijenih reSenja sa promenom pocetnih elemenata

Classic  Saaty’s | Fuzzyficated Saaty’s
Alternatives | Scale scale

o Rank o) Rank
A 0.641 3 0.605 3
Az 0.574 5 0.582 5
As 0.295 6 0.337 6
Aq 0.648 2 0.609 2
As 0.592 4 0.602 4
As 0.242 7 0.257 7
A7 0.811 1 0.786 1
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Table 6 shows that, when using different scales, the rank of
alternatives is identical again, except that the alternatives A; and A,
switched their positions (which is considered to be expected because the
characteristics of the alternative A, improved). The situation is similar in
example 2. If the values of the alternative As by the criterion C; in the initial
decision-making matrix are reduced from 1850 m, and 1500 m, to 1400 m,
the identical situation occurs as in the previous case (Table 7). The ranks
of alternatives are identical applying either scale, except that there is the
expected replacement in the rank of alternatives due to improving the
alternative value by one criterion.

Table 7 — Comparative summary of the solutions with the change of the initial elements
Tabnuya 7 — CpaBHUTENbHbIN 0630p peLleHNin C U3BMEHEHNEM UCXOHbIX 3NIEMEHTOB
Tabela 7 — Uporedni pregled dobijenih reSenja sa promenom pocetnih elemenata

Classic  Saaty’s | Fuzzyficated
Alternatives | Scale Saaty’s scale
o) Rank o Rank
Aq 0.668 3 0.637 3
Ao 0.572 5 0.580 5
Az 0.289 6 0.330 6
Ay 0.655 4 0.617 4
As 0.680 2 0.677 2
As 0.241 7 0.255 7
Az 0.814 1 0.789 1

In all cases it can be observed that Q changes, i.e., that the

differences between the alternatives increase/decrease depending on the
degree of certainty of decision makers.

From all of the above mentioned, it can be concluded that the new
fuzzyficated Saaty’s scale improves decision making taking into account
the degree of certainty of decision makers in the shown pairwise
comparison. Considering the degree of certainty of decision makers, a
change occurs in ranking alternatives at the limit values, thereby
maintaining the decisive role of the comparison itself, which is the
essence of the Saaty’s scale.
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DAI3NDVKALINA CKANBI CAATU U OB3OP T’MBPUOHON
MOLENW FUZZY AHP — TOPSIS: MPUMEPbI BbIEOPA OrHEBOW
MO3nUNV BPUTAOHOW APTUNNEPUNCKOW rPYNMbI B
OBOPOHUTEJIbHBLIX OMEPALINAX

[pazaH C. Mamyyap, Japko V. bBoxaHwy, [esiH B. KyptoB
YHuBepcuteT obopoHbl B benrpage, BoeHHasi akagemus,
Benrpag, Pecnybnuka Cepbus

OBNACTb: matematuka, onepaumoHHbIe UCcrieqoBaHus
B[O CTATbW: opurHanbHasa HayyHas ctaTbsl
A3bIK CTATbW: aHrnuinckuin

Peswome:

B Hacmosiwet pabome npedcmasrieH HO8bIli Memo0 ¢haz3uchukauuu
wkanebl Caamu. B daHHOU ¢hassucpukayuu OosepumerbHbIl UHMepaarl
HeYemKux 4Yuceri, OrucChl8alOWUX CmereHU napHbIX CPpasHeHUl He
orpedesieH 3apaHee — 00 Hayarna rpoyecca cpasHeHusi. OH 8bI4uUCIssemcst
8 MeYeHUe U [0 OKOHYaHUU CpasHEHUsl, Ha OCHOBaHUU CmerneHu
y8epeHHOCMU uya, NMPUHUMaKWe20 peweHue (3Kcriepma).

Takum  obpasom,  OogepumersibHbIl ~ UHMeps8ar  MoXxem
omnu4ambCs 8 CPaBHeHUsIX, HEeCMOmpsi Ha OOUHAKoB8YK CmereHb
cpasHeHus. [JosepumeribHbie UHMep8sarbl makxe Mo2ym omiu4amscs
fpu 2pynnosoM MPUHAMUU peweHul, 8 3asucumocmu om enibopa
peweHusi akcriepma. [aHHbie ronoxeHus roddepxusaromcsi HO8oU
ghaszzuguyuposaHHoli wkanol Caamu.

lpumeHeHuUe HosoU wKarbl npedcmassieHo 8 2ubpudHol modenu
fuzzy AHP — TOPSIS, npu ebibope ozHesgol mno3uyuu bpuzadHol
apmurnneputickod  epynnbl 8 o0bopoHumesnebHoU  orepayuu. B
3aseplieHUU rpou3sedeHa oueHKa 8/IUSHUSI CmerneHu y8epeHHoCmu Ha
KOHe4YHoe peweHue, U dokasaHO, Ymo OaHHbIU JneMeHm efnusem Ha
8bIXO0HbIE Pe3yibmamai.

BnusHue ompaxaemcsi 8 U3MEHEHUsIX 3Ha4deHul 8eco8bix
8EKmMopos8, MmO ecmb, 8bIXOOHbIX pe3y/bmamos (paccmosiHue om
udeanbHoll anbmepHamusebl), a makKxe Ha U3SMEHeHUe paHea
anbmepHamue, HO MOJIbKO PU ePaHUYHbIX 3HaYEHUSIX.

KnioueBble cnoBa: ¢has3u Jsio2uka, OzHesas Mno3uuus, 2ubpudHas
modenb, TOPSIS, AHP.
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FAZIFIKACIJA SAATY-JEVE SKALE | PRIKAZ HIBRIDNOG MODELA
FUZZY AHP — TOPSIS: PRIMER IZBORA VATRENOG POLOZAJA
BRIGADNE ARTILJERIJSKE GRUPE U ODBRAMBENOJ OPERACIJI

Dragan S. Pamucar, Darko 1. Bozanié, Dejan V. Kurtov
Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Republika Srbija

OBLAST: matematika, operaciona istraZivanja
VRSTA CLANKA: originalni nau¢ni ¢lanak
JEZIK CLANKA: engleski

Sazetak:

Osnowvu rada €ini prikaz novog nacina fazifikacije Saaty-jeve skale. U
ovoj fazifikaciji interval poverenja fuzzy brojeva, kojima su opisani stepeni
poredenja u parovima, nife odreden pre samog procesa poredenja. On se
definise (proracunava) u toku i nakon poredenja, a na osnovu stepena
uverenosti donosilaca odluka — eksperata. Tako se interval poverenja mo-
Ze razlikovati od jednog do drugog poredenja, bez obzira na to Sto se radi
o istom stepenu poredenja. Takode, intervali poverenja se razlikuju od jed-
nog do drugog donosioca odluke — eksperta, kada je re¢ o grupnom odlu-
Civanju. Ovakvo obrazloZenje podrZzava nova fazifikovana Saaty-jeva ska-
la. Primena nove skale prikazana je u hibridnom modelu fuzzy AHP —
TOPSIS prilikom izbora vatrenog poloZaja brigadne artiljeriiske grupe u
odbrambenoj operacifi. Na kraju je analiziran uticaj stepena uverenosti na
konacnu odluku, gde je dokazano da ovaj element utiCe na izlazne rezul-
tate. Uticaj se ogleda u promeni veliCine teZinskih vektora, odnosno izla-
znih rezultata (udaljenosti od idealne alternative), kao i na promeni ranga
alternativa, ali samo na grani¢nim vrednostima.

Kljuéne redi: fuzzy logika, vatreni polozaj, hibridni model, TOPSIS, AHP.
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Summary:

Accelerated technical and technological development of civilisation
during the twentieth and the beginning of the twenty-first century has
fundamentally contributed to an uneven distribution of total world resources.
Such distribution of resources has led to frequent armed confiicts which
resulted in the use of both conventional weapons and those of mass
destruction. Unlike conventional weapons, this kind of weapons possesses
specific characteristics that make it very afttractive for terrorist purposes. The
best example for this is the terrorist attack in March 1995, when the ,,Aum
Sinrikjo® cult used sarin (toxic chemical from a lethal chemical weapons
group) in the Tokio subway which resulted in 12 deaths and over 5,000
exposed to intoxication. This paper aims to present a model of using
interational nuclear chemical biological defence forces in case of the
application of chemical weapons for terrorist purposes. Oppinions of CBRN
experts were used for determining the criteria for the selection of a nuclear
chemical biological defence forces model. The analytic hierarchy process
(AHP) method was used to obtain optimal results. The obtained results can
be used as a starting point for modeling nuclear chemical biological
defence forces at international exercises with similar content.

Key words: international forces, terrorism, CBRN units, weapons,
nuclear, chemical.
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Introduction

Increasing disparities between rich and poor regions have created
conditions for the application of the "asymmetrical method", where the
fight against the rich uses everything available to individuals,
organizations or countries. Terrorist groups are trying to procure and use
weapons of mass destruction (WMDs). Events worldwide have brought
terrorist attacks with WMDs into focus. There is hardly any global
scientific, technical, political and economic gathering where new risks
and threats to global and national securities are not a topic.

The danger of the use of WMDs for terrorist purposes is reflected in
uncontrolled events in the form of explosions, fires, radiation, leakage
and spillage of materials. Emergencies caused by using WMDs for
terrorist purposes are unpredictable and can result in a large number of
casualties, contaminated and injured. Also, material damage that can
occur in these situations is not small. Fear and panic among the
population can cause immediate collapse in traffic. These facts contribute
to actualizing the problem of protection from the use of WMDs for
terrorist purposes as well as a problem of an adequate response.

Chemical, biological, radiological and nuclear (CBRN) defense units, in
most armies of the world, are intended for nuclear, chemical and biological
(NCB) observation, radiological, chemical and biological (RCB) survey,
laboratory analyses and RCB decontamination of sites targeted with WMDs
in combat. In peace, in the event of the application of WMDs for terrorist
purposes, these units would also have an important role in eliminating the
consequences of the application of this weapon. Because more than one
country could be affected by a terrorist act, an integrated approach of
international CBRN forces to eliminating the consequences of WMDs usage
becomes increasingly important. However, there are not enough data on
how to model international CBRN defence forces in such situations.

This paper will analyze the use of international CBRN defence
forces in eliminating the consequences of the chemical weapons
application for terrorist purposes.

Presentation of chemical weapons usage
for terrorist purposes

In the current conditions of global social changes and tendencies of
treating terrorism as a global security problem, there is an increasing
possibility of chemical terrorism, especially if it is taken into account that
certain forms of chemical terrorism have already appeared. The USA Federal
Agency for Emergency lists several reasons for this: the first - chemical
agents are easier to produce than nuclear weapons or radioactive material,
the second - 26 nations managed to develop chemical weapons, and another
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12 are trying to do it, and the third - chemical agents are easier to transport
and purchase. For the possibility of being used for terrorist purposes,
chemical agents must have the following characteristics: they must be highly
toxic by its unit weight, relatively resistant to various atmospheric conditions
and possible to be mass-produced (Petkovi¢, 2009, pp.248-275).

Chemical means and toxic chemical agents may be used for terrorist
purposes when terrorists carry out chemical contamination® of particular
areas, the air, water or food, causing fear on a large scale.

A large number of toxic chemicals (TCs) when entering the human
body manifest adverse effects, but not all are suitable for use in terrorist
activities, because, after entering the body, chemicals must remain outside
the sensory perception of the victim until the appearance of poisoning
symptoms. General conditions to be met by TCs are their toxicity and
favorable physicochemical properties, poor ability for detection and
identification, and difficulty to provide first aid. A comparative review of the
toxicity of some agents is shown in Table 1 (Lazarevi¢, Radovanovi¢, 2015).

Toxic chemicals from chemical weapons are an effective tool for
terrorist purposes. Their advantages are that they can be used en masse,
can cause rapid contamination of a large number of people and are easy to
synthesize. The most important classes of highly toxic chemicals — poison
gases are: nerve (sarin, soman, tabun, VX and F-poisons), Vesicant/Blister
(sulfur and nitrogen mustard, lewisite), choking/pulmonary (phosgene and
diphosgene) and incapacitating (psilocybin, mescaline, BZ, LSD 25) agents.

Table 1 — Comparative review of the toxicity of some agents

Tabnuya 1 — CpaBHUTENbHbLIN 0630P TOKCUYHOCTU HEKOTOPbIX COEANHEHNI
Tabela 1 — Uporedni pregled toksi¢nosti nekih jedinjenja

Class of agent Agent name Origin Dose (ug/kg)
Botulinum toxin bacteria 0.00003
Tetanus toxin bacteria 0.01
Ricin bacteria 0.02
Toxins Diphtheria toxin bacteria 0.2
Koko toxin frog 2.7
Bufotoksin frog 390
Curare plant 400
Strychnine plant 3000
VX synthetic 7.5
. . Soman synthetic 50
Toxic chemicals Sarin synthetic 63
Tabun synthetic 150
LSD-25 synthetic 2
o ALD-52 synthetic 2
Incapacitating BZ synthetic 24
DMHP synthetic 60

' The term "chemical contamination” implies the presence of chemical agents in the form of
droplets, vapors, fumes or gases in dangerous concentrations in a particular area, the air, the
population, food and water or indoors.
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For terrorist organizations, it is particularly important that chemicals are
easily available and that they can be produced by simple chemical processes,
known to every student of chemistry. This kind of terrorism can be performed
not only with chemical war agents, but also with "ordinary" chemical
compounds that are normally used in the production of chemical,
petrochemical, pharmaceutical, oil and other industries. Pesticides, phosgene
and chlorine were the chemical warfare agents of the First World War, and
today there is a huge amount of these substances used in the chemical
industry. In the so-called concealed terrorism, i.e. "Silent doing", chemicals
are used or facilities damaged, which is subsequently declared as a chemical
accident caused by human factor. Even poor terrorist organizations can easily
obtain and use chemical weapons (Lazarevic et al, 2003, pp.13-36).

Besides having several times higher efficiency than conventional
weapons, they are impossible to be detected effectively and easily. Only a
small number of TCs can be detected during their usage. Two of their
properties, extremely convenient for terrorists, are their low purchase price
and relative ease of purchase. "Chemical weapons proved their lethality even
in the First World War, when millions of people were exposed to chemical
weapons, among which there were even 90,000 victims" (OPCW, 1998).

It is characteristic of terrorists who are planning a chemical attack that
they neither have help from outside nor there are authorities who can retain
and prevent the execution of their terrorist activities. Religiously motivated
sects, for example, are cut off from the outside world, and their leaders are
charismatic and indisputable authorities. In 1986, a white racist Christian
group known as ,The Covenant, the Sword and the Arm of the Lord" (CSA),
wanted to destroy the American administration and accelerate the return of
the Messiah. lts members bought 30 gallons of cyanide in order to,
according to the leader of the group Jim Ellison, poison the water supply in
several major US cities, believing that God would direct death from cyanide
only to selected individuals: non-Christians, Jews and black people in the
capital. Although the desire for causing mass loss is one of the specific
factors that may motivate terrorists to use chemical weapons as opposed to
usual guns, hand grenades and explosive devices, there are other reasons
for terrorists to apply chemical weapons (Willkinson, 1986).

Today it is easy to obtain chlorine, phosgene, and organophosphate
toxic compounds which are used in agriculture. The lethal dose of this
class poison is 10-50 times higher than the doses of toxic chemicals
suitable for terrorist purposes and it amounts to 1.05 to 7 mg/kg, which
for a man of 100 kg is about 0.4 grams. The third drawback is the safe
use of TCs for the execution of terrorist acts. However, the level of
technical complexity for the TC usage may be lower than, for example,
the production of more complex explosive devices.

Chemical accidents usually occur in chemical industry plants due to
technical and technological shortcomings and human factor, but also due

990



to possible diversion and sabotage of various terrorist organizations.
Examples of previous accidents at chemical plants indicate potential
catastrophic consequences for people and the environment, and a profile
of today's terrorists who do not hesitate to recur to mass destruction
indicates that the risk of terrorist attacks on chemical plants is real. Many
incidents in the last years indicate the need to fight against terrorism. In
the former World Trade Center, a bomb was placed in February 1993,
and sarin was placed in the Tokyo subway in March 1995. The statistics
presented by an American state representative based on the data of the
Federal Bureau of Investigation (FBI) shows that the number of terrorist
acts has decreased in recent years, but the number of victims has been
growing dramatically. During 1994, 321 acts of international terrorism
were reported, out of which 66 were committed against the United
States. A year earlier there were 431 terrorist actions, out of which 88
were against the United States, with 109 deaths and about 1,500 injured,
which was the highest number in the previous five years. This fact
indicates that terrorists use modern weapons and tactics during their
actions. Terrorists are increasingly giving up bombings and turning
towards the use of more efficient means (Petkovi¢, 2009, pp.248-275).

The most difficult terrorist attack in which a chemical weapon was
used took place on 20" March 1995 in the Tokyo subway. The attack
was launched in a primitive manner, so that eight plastic bags out of
eleven prepared were so damaged during drilling with sharpened
umbrellas that sarin (purity of only about 30%) largely evaporated. This
was the main reason why the outcome was "only 12 dead" and more
than 5,500 seriously injured people. Many of these people still suffer from
permanent nerve damage.

Presentation of the effects of a terrorist attack
on a chemical facility

Let us assume that a chemical accident occurred in a chemical
industry building due to a terrorist attack (at a chlorine-alkale complex),
where 30 tons of chlorine were spilled from an above-ground tank, under
the following conditions:

- pouring into a concrete receiving vessel - a protective pool, without
chemical interactions and absorption of chlorine,

- wind speed at a height of 2 m above the ground is 2 m/s,

- wind direction 270 ° - Western,

- vertical stability of the atmosphere: isotherm,

- terrain: urban area, mainly low buildings,

- relief: flat terrain, open.
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The "HESPRO" software package for the evaluation and chemical
situation prognosis gives the results shown in Table 2 (Lukovic, et al, 2004).

Table 2 — Data on a designed terrorist attack on a chemical facility
Tabnuya 2 — [JaHHble 0 CMOAENNPOBaHHOM TepaKkTe Ha OOBbEKTE XMMUYECKOW
NPOMbILLIIEHHOCTU
Tabela 2 — Podaci o modelovanom teroristickom napadu na objekat hemijske industrije

ACCIDENT DATA

Time and date of accident 19:00 21.07.2015.
Hazardous substances chlorine

Quantity 30t

The average thickness of the puddles 1.5m

HOTSPOT

Radius 99m

Surface of evaporation 14.5m°

Speed of evaporation 2921.8 g/s
Converted into the fume phase 5.89t

Time of natural decontamination 02:18 (hour:min)
PRIMARY CLOUD

Depth propagation / surface area | 3.5 km/5 km*
SECONDARY CLOUD

Depth propagation / surface area | 7 km/40.3 km”
OBSERVED POINT

Distance from the hotspot / direction 2.00 km/90° (E)
The time and date of arrival of the 1915 / 21.07.2015.
primary cloud

Weather facts 99s

The concentration of fumes 9.85 g/m®
Inhalation doses 97.03 g s/m° (2.7 toxic dose)
HAZARDOUS SUBSTANCE DATA

Hazardous substances chlorine

Molecular weight 71 g/mol

Boiling temperature -34°C
HAZARDOUS SUBSTANCE DATA

Vapour pressure at 20 °C 680000 Pa
Median lethal concentration 360 mg/m°
Maximum permitted concentration 3 mg/m’

Limit values of emission 0.1 mg/m°

2 "HESPRO" - a software package for a quick evaluation and prognosis of chemical situations at
chemical accidents (in the process industry facilities or in the transport of dangerous goods). It
exists in the units of the Serbia Armed Forces and in other institutions of the Republic of Serbia.
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Median threshold toxic dose 36000 mg/m°
Density at the liquid phase 1380 kg/m°
Specific volume 0.34 m°/kg
Converts into the vapor phase at 30 °C 225 %
WEATHER DATA 19:00 21.07.2015.

Wind (speed / direction) 2m/s - 270° (3)
Temperature (2 m) 20°C

Vertical stability Isotherm (neutral)

The obtained results are analyzed and the situation is assessed —
the chemical situation is analysed.

The terrorist attack point is located approximately 2km to the west
from the observed point, in a settlement with prevailing low buildings. The
transportation infrastructure affects the propagation of TC vapor clouds,
carrying them towards the observed point. The relative height difference
compared to the observed point is small so it does not affect the
propagation of clouds.

Meteorological conditions favourably influence the fume
propagation. It takes TC vapor clouds 15 minutes and 20 seconds to get
to the observed point, so that the personnel in the military facilities have
enough time to take adequate protection measures, depending on the
warning speed.

The local population has no shelter and the buildings are old so the
windows do not have a required level of air-tightness. Since collective
shelters are inadequate due to the conditions of the buildings, the local
population is completely exposed, which causes the need for evacuation.

As the cloud approaches the observed point, and the buildings are
not air-tight, evacuation is necessary. The population must be evacuated
as soon as possible either to the north or to the south. The distance zone
for the evacuation should be 10 km minimum from the accident spot,
bearing in mind that the depth of propagation of the primary cloud is 3.5
km and that of the secondary cloud is 7 km. The evacuation can be
carried out with or without vehicles, depending on the assessment,
because the cloud reaches the observed point in 15 minutes and 20
seconds. It is safest to walk, but it is necessary for the population to
gather as soon as possible and go towards the specified regions before
the expiration of this time. The evacuation by vehicles will be difficult due
to the increased frequency of traffic.

From the obtained results — the summary report, it can be concluded
that chlorine produces a primary and a secondary cloud and that it takes
9.9 seconds of the inhalation of these vapors to receive 2.7 toxic doses
at the observed point. The evacuation is necessary because the
buildings are not adequate for protection.
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Local residents have enough time to organize the protection through
timely evacuation to safe regions. During the contamination event, all
regular activities in the city would be cancelled, except providing building
security. After 2 hours and 18 minutes, which is the time of natural
decontamination of 30 tons of chlorine, residents can go back to their
homes.

This situation happens when there is no decontamination of the
place were an accident occurred. Its decontamination reduces the risk
and the likelihood that people will inhale the subsequent fumes; they will
be exposed only to those fumes that evaporated prior to
decontamination.

The analysis of the assessed chemical event shows that these
amounts of chlorine form zones of high contamination through the effects
of primary and secondary clouds. After the formation of the primary
cloud, a considerable amount of chlorine in the liquid form remains in the
protective pool, so it is necessary to take measures for the elimination of
accident consequences, by refilling into the spare tank, by blocking the
evaporation surface, by neutralizing hazardous materials, etc.

CBRN service units

CBRN service units are organizational units, formed, equipped and
trained individually or as part of other defense units to successfully carry
out tasks and special NBC protective measures and protection from
nuclear and chemical accidents (Ruti¢, 2009).

The implementation of WMDs, their huge power of destruction,
speed of manifesting effects, the scale and diversity of effects and
consequences on people and material resources requires the
organization of NBC protection commands, units and institutions of the
Serbian Armed Forces in order to reduce losses and preserve their
operational and functional capabilities. This important protection of the
Army of Serbia includes general and special measures for the protection
of human power, material goods and resources from nuclear, chemical
and biological events as well as the reduction of their consequences. The
NBC protection content is shown in Figure 1 (Ruti¢, MiloSevi¢, 2015,
pp.443-455).

General NBC protection measures are implemented by all members
of the Army of Serbia in accordance with the tasks and responsibilities in
assigned missions. General measures are realized by reconnaissance,
use of equipment for personal and collective protection, force
maneuvering dosimetry control, organization of control and protection
services, and decontamination.
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Figure 1 — Content of the CBRN protection measures
Puc. 1 - Cnucok meponpusatum no PX63
Slika 1 — Sadrzaji PNHB obezbedenja

Special measures of NBC protection are carried out by specialized
units and institutions of the Republic of Serbia. Special measures are
carried out through nuclear-chemical-biological control and radiological-
chemical-biological decontamination.

The CBRN service units of the armed forces of foreign countries are
mainly designed for the realization of the same tasks as the SAF units.
Units capabilities are directly related to the organizational structure and
modern equipment for NBC protection, detection and identification of TCs
and toxic industrial chemicals, detection and dosimetry of ionizing
radiation, RCB decontamination and means and equipment for the
purposes of carrying out laboratory testings and controls.

A comparative display of CBRN service units of foreign countries
and the SAF, through the prism of means for RCB reconnaissance and
protection, laboratory work and biological decontamination, is given in
Table 3 (Indji¢, 2014.).

In the analyzed countries, there are mostly CBRN service units at
the rank of battalions with a similar organizational and formation
structure.

995

Indi¢, D. et al., Modeling international nuclear chemical biological defence forces in case of chemical weapons application for terrorist purposes, pp. 987-1008



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 4

Table 3 — Comparative display of the CBRN service units of the armed forces of foreign

countries and those of the SAF

Tabnuuya 3 — CpaBHUTENbHbIN 0630p OTEYECTBEHHbIX M MHOCTPaHHbIX B3BOAOB PX63
Tabela 3 — Uporedni prikaz jedinica ABH sluzbe VS i stranih zemalja

RCB reconnaissance and
protection means

Means for
laboratory work

RCB decontamination
means

1. Republic of Serbia

Vehicle for RCB reccee: AR
55 RC without an NBC
protection system.

C detectors: CD M11B,
ACD. Protection means: PO
M-5, PM M-3, PG M-4.

Mobile laboratory LH M-
3U, very modest
capabilities.

Automobil tank for
decontamination M-78:
- Dc personnel — 192/h
- Dc vehicle — 6 go 10/h
- Dc route— 12000 m?

2. Republic of Austria

Vehicle for RCB reccee:
,DINGO* with complete NBC
protection and IC sensors
for reccee.

C detectors: CAM, Drager,
RAID.

Protection means: similar as
in the SAF.

The ,DINGO* vehicle
contains: gas
chromatograph, ionization
and mass spectrometer,
which determine DCMin a
very short time.
Information is instantly
available.

Decontamination vehicle
,OAF S-LKW*

- Dc personnel-42/h

- Dc vehicle — 4 go 8/h

- Dc route— 2000 m?

3. Republic of Slovenia

Vehicle for RCB reccee:
~SKOV HC 400" with
complete NBC protection.

C detectors: CAM, RAID.
Protection means: protective
suits SARATOGA, other
similar as in the SAF.

Mobile laboratory
+PJRKBALAB" with
modern means for CBRN
analyses, connected with
the NRC alert system.

Decontamination system
LSanijet* on m/v TAM:

- Dc personnel- 60/h

- Dc vehicle — 6-12/h

- Dc route— 12000 m?

4. Republic of Latvia

Vehicle for RCB reccee:
PATRIA* with complete
NBC protection.

C detectors: CAM, Drager,
SVG2.

Protection means: protective
suits ,Seintex” and ,Zodiac".

Similar characteristics as
in the SAF.

Device for group Dc —
,PSDS-10 and
decontamination system
»1S5/S%

- Dc personnel- 100/h

- Dc vehicle — 10/h

- Dc route— 1000 m?

5. Republic of Italy

Vehicle for RCB reccee:
,VBR - NBC* with complete
NBC protection.

C detectors: CAM, Drager,
Toxi Rae.

Protection means: ,Drager”
for full protection from DCM.

Mobile system "GC-MS"
for quick CBRN analyses,
connected with the alert
system. Automobile lab
"Cyclone" for complete
analyses of DCM in the
field.

Decontamination system
LSanijet ¢.921“ on m/v
IVECO:

- Dc personnel- 50/h

- Dc vehicle — 10/h

- Dc route— 15000 m?
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The analysis of the CBRN service units in the Serbian Armed Forces
and those from other countries leads to the conclusion that they have
similar organizational structures (CBRN service battalions), but the
considered foreign armies are better equipped with modern means for
RCB reconnaissance and protection, RCB decontamination and
laboratory analyses (except a small number of means for protection and
decontamination).

Capabilities of CBRN service units

The SAF CBRN service units can remove consequences of
chemical weapons usage for terrorist purposes through chemical
reconnaissance, chemical decontamination and chemical analysis and
control. The multinational exercise "Balkan response 2015" was carried
out in 2015 at the CBRN centre (Krusevac) with a topic: "Rescue action
in terms of contamination caused by terrorism action using weapons of
mass destruction and accidents." The exercise aimed at presenting the
training level and a model of joint reaction of civil and military structures
in the prevention and elimination of radiological and chemical
contamination due to effects of terrorism and WMDs accidents.

One of the aims was the improvement of interoperability, mutual
understanding and training of NBC members from the countries in the
region at the tactical level, governmental and non-governmental
organizations and the Organization for the Prohibition of Chemical
Weapons (OPCW) in a joint action for elimination of radiological and
chemical contamination consequences, caused by the effects of
terrorism and WMDs accidents.

At the exercise there were:

- members of CBRN service units of the armed forces of the Republic
of Slovenia, Bosnia and Herzegovina, Montenegro, the Republic of
Macedonia and the Republic of Austria,

- OPCW,

- representatives of the Reﬁ)ublic of Serbia — members of Serbian
Military Medical Academy, 246" CBRN Battalion, Training Command,
CBRN Centre, Ministry of Internal Affairs Special Anti-Terrorist Unit, Police
Department Krusevac, Ministry of Internal Affairs National Crime Technical
Centre, Fire-rescue units, Department for Emergency Situations
specialized units of Civil RCB Protection in Krusevac, Krusevac General
hospital and the Red Cross of the Republic of Serbia. The exercise was
attended by numerous observers from home and abroad.

The exercise was carried out as a representation of the reaction of
civil-military structures through 31 suppositions, which was planed by the
List of major events and suppositions. The realised activities focused on
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the removal of terrorist attacks effects on the chemical industry facilities
(chemical contamination of workers and the population, extensive
damage). Another practiced scenario concerned the removal of
consenquences caused by a terrorist "dirty bomb" and toxic chemicals,
after which the OPCW carried out an investigation in the case of the
alleged use of weapons of mass destruction.

The exercise was based on practicing work and coordination of all
relevant institutions in the Republic of Serbia, which are included in a
response to the crisis caused by the use of WMDs, with a special
emphasis on the combined risk (chemical and radiological accident due to
a terrorist act), large potential consequences for the population, material
resources and the environment.

A survey of the organizational structure and equipment of CBRN units
of the armed forces of the countries participating in the exercise "Balkan
response 2015" points to certain differences which have a decisive impact
on their overall capabilities while removing the consequences of a terrorist
attack on the chemical industry facilities. The comparative capabilities of
the CBRN units of the armed forces of the countries participating in the
exercise "Balkan response 2015" are shown in Table 4.

Table 4 — CBRN units capabilities — participants of the ,Balkan response 2015" exercise
Tabnuua 4 — BoamoxHocTn B3BogoB PXE3 - yyacTHMKOB ydeHun «bankaHckuii oteeT 2015»
Tabela 4 — Moguc¢nosti jedinica ABHO oruzanih snaga zemalja u€esnica vezbe
.Balkanski odgovor 2015”

. . . Army | Military of
Enga_g!r!g Type of SAF Slovenian | Macedonian of | Montenegr
possibility engagement Army Army BiH o

Detection + + + + +

Chemical Identification + + + + +
reconnaissance Remote +

reconnaissance | ] ] ]

. Operational + + + + +

Sampling Forensic - + - - -
People + + + + +
The wounded | + + - -
and the sick
Aircraft - + - - -
Chemical Vehiclesand | + + + +
decontamination equipment
Electronic } + . - -
instruments
Land and
buildings | * * ¥ * *
Spectrometric | + . . .
Chemical (rJnIztshs(iJc(:j:I
identification chemical + + + + +
methods
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International CBRN units model for a removal
of chemical weapons consequences

In case that chemical weapons used for terrorist purposes cause
chemical contamination of several countries (mainly bordering areas) or
in case one country cannot solve this problem alone, international CBRN
units can be involved for consequences removal (on request and in
compliance with international agreements).

In order to realize the tasks of removing consequences, various
CBRN international forces (CBRN IF) may be engaged. A decision-
maker responsible for accident relief must choose adequate CBRN units
out of existing alternatives in order to use the best possible solution
(Indi¢, et al, 2014, pp.23-41).

The paper discusses the employment of various CBRN units (for
RCB reconnaissance, RCB decontamination and laboratory work), as
well as temporary units (forces formed to implement a specific task and
then to return to their original units). The resulting consequences, time
and other parameters when using CW for terrorist purposes also
influence the way of organizing CBRN IF.

The problem of selecting CBRN IF for removing CW consequences
is defined as follows:

Level 1: choice of CBRN international forces (decision)

Level 2: attributes (decision criteria) are defined through the
operational capabilities of forces:

o A1 - Leadership;

A2 - Timeliness;

A3 - Mobility;

A4 - Use of information;
A5 - Efficiency;

A6 - Force protection, and
o A7 - Sustainability.

Then the attribute importance can be provided at the second level
through the following matrix, Table 5:

O O O O
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Table 5 — Comparison of the attributes at the second level
Tabnuua 5 — CpaBHeHue aTpMbyTOB HA BTOPOM YPOBHE
Tabela 5 — Uporedenje atributa na drugom nivou

Eﬂ Expert Choice  C:\Users\dejan\Desktop\Lzbor med. snaga ABHO.ahp Jﬂﬂ

Fle Edit Assessment Inconsistency Go Tools Help ‘

=1" K ‘ =] @lé‘ il e "§ Reorder Sructural adjust Freeze Judgments ‘

&3 = F RN
9B7654321234567839
Komandovanje R R Pravovremenost
Compare the relative importance with respect to: Model medj. snaga ABHO

Komandov Pravnvrem\Mnhilnnst \Kuriscenie\Eﬁkasnnst|Zastita snz\Odrzivnst
Komandovanje 20 20 1.0 20 20 1.0
Pravovremenost -- 30 2 20 1.0 10
Mobilnost [ I I 30

Koriscenje informacija , | 20
Efikasnost
Zastita snaga
Odrzivost

where the index of inconsistencies is CR = 0.03 < 0.10.

Level 3: attributes (alternatives) are defined as:

o B;-CBRNIF 1 (one RCB reccee section; three RCB
decontamination sections and one RCB laboratory section);

o B,-CBRN IF 2 (two RCB reccee sections; two RCB
decontamination sections and one RCB laboratory section);

o Bs;-CBRN IF 3 (one RCB reccee section; two RCB
decontamination sections decontamination and two RCB
laboratory sections).

After entering the criteria for the selection of the CBRN IF into the
programming package "Expert Choice", the results shown in Figure 2 are
obtained. It can be seen that, in the selection of CBRN IF, a dominant
criterion is power efficiency (0.228), which is understandable considering
the type of WMDs applied (chemical weapons). It is followed by force
protection (0.194), timeliness (0.168) and the force sustainability (0.153),
which is also to be expected, taking into account the danger forces are
exposed to during the removal of consequences incurred by CW. After
that comes command (0.107), use of information (0.077) and mobility
(0.073), which have a certain influence in solving this problem, but to a
lesser extent compared to the previously mentioned criteria.

Of course, the extent of the consequences given in Table 2 must be
considered and implemented when making a selection of alternatives in

relation to the offered criteria.
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Figure 2 — Priorities when selecting the criteria for international CBRN forces
Puc. 2 — MpuopuTeTbl Npy BbIOOpe KpUTEPUEB MEXAYHAPOAHbIX Bonck PXB3
Slika 2 — Prioritet prilikom izbora kriterijuma medunarodnih snaga ABHO

The corresponding matrices of comparing the alternatives from the
third level for each attribute and their priorities are presented from Table
6 to Table 12:

Table 6 — Matrix of the relevant importance of alternatives to attribute A4 (Leadership)
Tabnuuya 6 — MaTpuua peneBaHTHON 3HAYMMOCTU anbTepHaTUB MO OTHOLLEHUIO
K aTpubyTy A¢ (KomaHgoBaHue)
Tabela 6 — Matrica relevantne vaznosti alternative u odnosu na atribut A1 (komandovanje)

=] B Bs Weight
By 1 5 3 0.109
B, 15 1 2 0582
Bs 13 12 1 0.309

where is: CR = 0.00352 < 0.10.

Table 7 — Matrix of the relevant importance of alternatives in relation to attribute A, (Timeliness)
Tabnuuya 7 — MaTpuvua peneBaHTHON 3HAYMMOCTU anbTepHaTUB MO OTHOLLEHUIO
K aTpubyTy Az (CBOEBPEMEHHOCTD)
Tabela 7 — Matrica relevantne vaznosti alternative u odnosu na atribut A, (Pravovremenost)

B B Bs Weight
By 1 3 2 0.169
B, 13 1 1 0443
B3 12 1 1 0387

where is: CR =0.02 <0.10.
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Table 8 — Matrix of the relevant importance of alternatives in relation to attribute As (Mobility)
Tabnuya 8 — MaTtpuua peneBaHTHOW 3HAYMMOCTU anbTepHATUB MO OTHOLLEHUIO
K aTpubyTy Az (MobunbHoCTb)
Tabela 8 — Matrica relevantne vaznosti alternative u odnosu na atribut Az (mobilnost)

By B> Bs Weight
By 1 3 12 0.163
B> 13 1 2 0540
B3 2 12 1 0297

where is: CR =0.00877 < 0.10.

Table 9 — Matrix of the relevant importance of alternatives in relation to attribute A4
(Use of information)
Tabnuya 9 — MaTpuua peneBaHTHOW 3HAYMMOCTU anbTePHaTVB MO OTHOLLEHWUIO
K aTpubyTy A4 (Micnonb3oBaHue AaHHbIX)
Tabela 9 — Matrica relevantne vaznosti alternative u odnosu na atribut
A4 (kori$¢enje informacija)

By B> Bs Weight
By 1 4 3 0122
B> 14 1 2 0558
B3 13 12 1 0320

where is: CR =0.02<0.10

Table 10 — Matrix of the relevant importance of alternatives in relation to attribute As
(Effectiveness)
Tabnuua 10 — MaTpuua peneBaHTHON 3HAYMMOCTU anbTepHaTMB MO OTHOLLEHUIO
K aTpubyTy As (O heKTUBHOCTL)
Tabela 10 — Matrica relevantne vaznosti alternative u odnosu na atribut As (efikasnost)

B B> Bs Weight
B4 1 4 3 0126
B> 1/4 1 1 0458
B3 13 1 1 0416

where is: CR =0.00877 < 0.10.

Table 11 — Matrix of the relevant importance of alternatives in relation to attribute As
(Force Protection)
Tabnuuya 11 — MaTpuua peneBaHTHON 3HAYNMMOCTU anbTepHaTMB MO OTHOLLEHUIO
K aTpnbyTy As (3aluuta BOMCK)
Tabela 11 — Matrica relevantne vaznosti alternative u odnosu na atribut As (zastita snaga)

B B> Bs Weight
By 1 3 1 0210
B, 13 1 2 0550
Bs 1 12 1 0240

where is: CR =0.02 <0.10.




Table 12 — Matrix of the relevant importance of alternatives in relation to attribute A7
(Sustainability)
Tabnuya 12 — MaTpuua peneBaHTHON 3HaYMMOCTUN anbTepHaTMB MO OTHOLLEHMIO K
aTpnbyTy A7 (YCTOMYMBOCTL)
Tabela 12 — Matrica relevantne vaznosti alternative u odnosu na atribut A7 (odrzivost)

where is: CR = 0.00527 < 0.10.

B B Bs Weight
By 1 5 4 0.100
B> 15 1 1 0466
B3 14 1 1 0433

The process ends with the synthesis of the problem of choosing
CBRN IF for the removal of consequences caused by the use of CWs for
terrorist purposes. All given alternatives are multiplied by the weights of
individual decision-making criteria, and the results are summarized thus
giving the optimal alternative. In this case, it is the alternative B2 — CBRN
IF 2 (0.496), followed by B3 (0.358) and B1 (0.145). The final procedure
of applying the AHP method and the software package "Expert Choice" is
shown in Table 13 and in Figure 3.

Tabela 13 — Sintezna tabela za izbor optimalne alternative

Table 13 — Synthesized table for the selection of the optimal alternative
Tabnuuya 13 — CeogHas Tabnvua Bbibopa onTUMarbHbIX anbTepHaTUB

- Criteria Weight Weight Weight
Criteria weight B x B B> 5 B3 x Bs
Aq 0.107 0.109 0012 0582 0062 0.309 0033
Az 0.168 0.169 0028 0443 0073 0.387 0065
As 0073 0.163 0011 0540 0039 0297 0022
Aq 0077 0122 0009 0558 0042 0320 0025
As 0228 0.126 0029 0458 0.104 0416 00%
As 014 0210 0041 0550 0.106 0240 0047
Az 0.153 0.100 0015 0466 0070 0433 0066
0.145 0496 0.358
Laly
File Edit Assessment Synthesize Semsifivity-Graphs View Go Tools Hep |
DEE 80 AUT) 0 Gumphs|a
& 1= %= \F e (B
1 | Altematives: |deal mode i[
-] Komandovanje (L: ,107) Model 2 196
- Pravovremenost (L: ,168) Model 3 '358
I Mobilnost (L: ,073) ’
-Ml Koriscenje informacija (L: ,077)
I Efikasnost (L:,228)
-Ml Zastita snaga (L: ,194)
W Odrzivost (L: ,153) J—Iﬂ

Figure 3 — Priority during the selection of a model of international CBRN forces
Puc. 3 — MpuoputeTebl Npu BbIGOPE MoAeNen MexayHapoaHbix Bock PXBE3
Slika 3 — Prioritet prilikom izbora modela medunarodnih snaga ABHO

Indi¢, D. et al., Modeling international nuclear chemical biological defence forces in case of chemical weapons application for terrorist purposes, pp. 987-1008



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 4

On the basis of the selected model of CBRN IF (model 2) which
would be engaged in solving the problem of the removal of
consequences caused by the use of CWs for terrorist purposes, further
activities would be implemented as follows:

— selected CBRN forces go to the place targeted by CWs as a part
of the forces that carry out the removal of consequences,

— forces carry out chemical reconnaissance tasks on the place
targeted by CWs (area of CW usage, access routes, chemical
contamination marking, sampling, etc.),

— taken contaminated samples are analysed and based on that, the
need for further engagement of the forces is determined, and

— if necessary, chemical decontamination of the place targeted by
CWs is performed (primarily people, vehicles and structures, and then, if
necessary, communication routes with the emphasis on the one for
evacuation).

This paper does not specially consider time required to engage
CBRN IF in the implementation of these tasks, because it is defined by
the international standards of CBRN units (in this case, adequate
equipment and force capabilities do not come into question).

Conclusion

As one of huge plagues of the twenty-first century, terrorism
imposes a need for fast operation of the international community in its
"eradication".  Unfortunately, we are witnessing large-scale
consequences terrorist acts may cause.

The paper presents a possible situation of chemical weapons
application for terrorist purposes, its consequences and a way of creating
international CBRN units for solving the problem. The engagement of
international units is determined by the United Nations Charter,
international agreements or other documents, but the time of their
engagement can be a specific problem.

Of course, the paper starts from the fact that the engagement of
CBRN IFs has all the necessary preconditions.

When solving the problem of the removal of consequences caused
by CW usage for terrorist purposes, criteria for selecting international
CBRN units (their operational capabilities) were determined first, and
based on that alternatives (three unit models) were offered. After that, the
analytic hierarchy process method was applied to find the optimal
problem solution. The authors took the criteria values from CBRN experts
engaged in the multinational exercise ,Balkan response 2015




A precise implementation of the AHP method gave the following
order of alternatives in the CBRN IF model:

= B, (second alternative) — 0.496 (first in rank),

= Bj; (third alternative) — 0.358 (second in rank),

= B, (first alternative) — 0.177 (third in rank).

From this, it can be concluded that the second alternative has the
highest value (0.496), which is why it is the best (the most applicable).
This option, model CBRN IF 2, presents a combination of two CBRN
reccee sections, two CBRN decontamination sections and one CBRN
laboratory section. It is the most applicable model for the created
situation, since, due to short time of natural decontamination
(approximately 2.5 hours), the foxus is on chemical reconnaissance and
the laboratory analysis of samples. Decontamination is carried out to the
necessary extent and in order of priority: personnel, equipment and
materials, followed by evacuation routes.

The third alternative, model CBRN IF 3, which presents a
combination of one RCB reconnaissance section, two RCB
decontamination sections and two laboratory sections, has a value of
0.358 and is not far behind in comparison to the previous one. In it, the
focus was on a quick analysis of the contaminated samples.

The first alternative, model CBRN IF 1, which presents a
combination of one RCB reconnaissance section, three RCB
decontamination sections and one laboratory section, has the lowest
value 0.177 and is far behind compared to the previous two. This is
understandable when taken into account that in this variant the focus was
given to RCB decontamination which is not a dominant measure in the
modeled situation.

It can be concluded that the engagement of international CBRN units
for solving problems of chemical wepons use for terrorist purposes is
possible and justified; there are, however, certain limitations that must be
taken into consideration when deciding upon the engagement of these units.
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OBJTIACTb: xumun4yeckmne TexHomnornm
BWO CTATbW: opurmHanbHas HayyYHas ctaTbsl
A3bIK CTATbW: aHrnunckuin

Peswome:

YckopeHHoe ~ mexHornosuyeckoe - passumue yesioseyeckoli
yusunuzauyuu 0eadyamozo U Ha4yana 0eaduamb [epeo20 BeKa
CYWeCmeeHHO oeMusizio Ha HepasHOMEPHOE UMOosb308aHUE MUPOBbLIX
pecypcos. Takoe pacripedenieHue  pecypcos  criocobcmeosarsno
pas32opaHU0  BOOPYXKEHHbIX  KOHGh/IUKMO8, &8 xo0e  KOmopbIX
ucronb3yemcsi, Kak KOHBEHULOHa/IbHOE OpyXue, maK U Oopyxue
Maccogoe0 MopaxeHusi. B omau4uu om KOHBEHUUOHAaIbHO20 OpYXKUs,
opyXxue maccoso20 riopaxxeHusi obnadaem YHUKaIbHbIMU
Xapakmepucmukamu, rnooxoosiuumMu ons UCrosib308aHUsi 8
meppopuUCMUYECKUX UENsX. SPKUM MPUMEPOM MPUMEHEHUST OPYXKusi
Maccogoso  ropaxeHusi — siefisemcss  mepakm 8  MOKULUCKOM

mMemporonumeHe 1995 200a, OopaaHU308aHHO20 cekmodu
«Aym CuHpuke»,  nocsiedogamerniu  Komopou  pacnbiiuiu — ea3
3apuH (¢hocghopopeaHudeckoe ompasrnsoujee seuyecmso,




MPUYUCIIEHHOE K 2pyrne CMEPMOHOCHO20 XUMUYECKo20 Opyxus). B
pesynbmame ea3oeol amaku rnoaubno 12 yenosek, a 5000 yerosek
rosyyusiu  ompasernieHue passiudHol cmerneHu mspkecmu. B daHHOU
pabome npedcmaesnieH 0630p Modenel NPUMEHEHUST MeXOyHapOOHbIX
8olicK paduayuoHHOU, xumudeckoU u buosio2udeckol 3aujumal

MpU UCM01b308aHUU XUMUYECKO20 OPYXUS 8 MEPPOPUCMUHECKUX
uensx. lNpu onpedeneHuu Kpumepuees 8bibopa modenu solick PXB3
y4yumsbigasniocb MHeHue akcriepmog 6 obmacmu PXB3, a 0ns
Moy4YeHUs1 ONMuMaribHbIX Pe3yibmamos NpUMeHeH Memood aHanusa
aHaumu4yeckux uepapxu4eckux rpoyeccos. lMonyyeHHsbIe
pesynbmambl Mo2ym bbimb UCMO/Ib308aHblI 8 Ka4ecmee OCHO8bI Ors
modlenuposaHusi eolick PXBE3 & MexOyHapoOHbIX Y4YeHUsX 1o
paduauuoHHoU, xumudeckol u buonoau4yeckol 3awume.

KnioueBble cnoBa: MexOyHapoOHble cunbl, meppopusm, PXBE3,
opyxue, 10epHoe, XUMUYECKOE.

MODELOVANJE MEDUNARODNIH SNAGA ATOMSKO-BIOLOSKO-
HEMIJSKE ODBRANE PRILIKOM PRIMENE HEMIJSKOG ORUZJA
U TERORISTICKE SVRHE
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OBLAST: hemijske tehnologije
VRSTA CLANKA: originalni naucni Clanak
JEZIK CLANKA: engleski

Sazetak:

Ubrzani tehni¢ko-tehnoloSki razvoj ljudske civilizacije, tokom
dvadesetog i pocetkom dvadeset prvog veka, sustinski je doprineo
neravnomernoj podeli ukupnih svetskih resursa. Takva raspodela
resursa dovela je do Cestih oruZzanih sukoba koji su imali za posledicu
upotrebu konvencionalnog oruZja, ali i oruZja za masovno unistavanje.
Za razliku od konvencionalnog oruZja, ovo oruZje poseduje jedinstvene
karakteristike koje ga ¢ine veoma atraktivnim za upotrebu u teroristicke
svrhe. Najbolji primer predstavija teroristiCcki napad u martu 1995.
godine, kada je sekta ,,Aum Sinrikjo” u tokijskom metrou primenila
sarin (toksi¢nu hemikaliju iz grupe smrtonosnog hemijskog oruZja),
zbog Cega je umrlo 12, a intoksikovano preko 5.000 lica.
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Cilj ovog rada je prikaz modela upotrebe medunarodnih snaga
atomsko-bioloSko-hemijske odbrane (ABHQO) u sluéaju primene
hemijskog oruzja u teroristicke svrhe. Prilikom odredivanja kriterijuma
za izbor modela snaga ABHO koris¢eno je miSljenje eksperata, a za
dobijanje optimalnih rezultata primenjena je metoda analitickih
hijerarhijskih procesa. Dobijeni rezultati mogu se koristiti, kao polazna
osnova, za modelovanje snaga ABHO na medunarodnim veZbama sa
slicnim sadrZajem.

Kljuéne reci: medunarodne snage, terorizam, ABH odbrana, oruZje,
nuklearno, hemijsko.
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Summary:

This paper describes how motivational processes affect students
from the point of view of acquiring knowledge and skKills, transfering
them and using them in distance learning systems. Research in the
social-cognitive framework illustrates the flexibility of the system and
adequate adjustment of motivational patterns. A model of motivational
processes, based on research, is presented as a function of learning
objectives. The didactic-methodical approach to teaching was changed
and adapted parallelly with monitoring the impact of the motivational
factor on cognitive task performance and on students’ responses, i.e.
with the motivational factor influence on the success or failure of the
cognitive outcome and the learning process quality. This work
investigated the influence of specific knowledge areas and the
interests of students on understanding professional or scientific
lectures. The implications in practice and interventions done through
the design of software of distance learning systems were aimed at
correcting the educational process.Two forms of prior knowledge
(expert knowledge and general thematic knowledge) were checked at
the start as entrance tests and a preparatory course. After problem
solving, a feedback analysis was carried out to determine the effects of
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prior professional knowledge, general thematic knowledge and
interests on understanding and solving problems. The analysis of the
results showed that for solving professional and technical tasks, prior
knowledge of the domain, general thematic knowledge and interests
were significant predictors of understanding and success.

Key words: motivation, learning, cognitive functions, emotions, prior
knowledge, distance learning, affectivity.

Introduction

The educational process is a very complex and complicated process
that involves the operation and interaction of many factors, the most
significant ones being certainly course lecturers and participants,
followed by other factors which in many ways can and should contribute
to quality education. Among them are curricula, resources, forms of work,
as well as factors related to personal characteristics of those who directly
participate in the educational process, such as interests, openness, trust,
etc., and, ofcourse, motivation. Motivation of participants in the
educational process is an important precondition that can greatly
contribute to a better realization of the educational process, so that better
results are achieved as well as progress in learning. Therefore,
motivation is one of the most important factors in the educational process
because its presence can greatly facilitate and improve the teaching and
learning process while its absence leads to devastating results.

Modern systems of education are increasingly based on newly
developed techniques of learning, such as e-learning (EL), distance
learning (DL), distributed knowledge centers, "cloud" systems, etc. In the
future, it is also expected to see their further development and
implementation as well as modern technological solutions for wider
availability of education, specialization, teaching, training, etc. In these
circumstances and this environment, methodological approaches to
knowledge transfer must be adapted to the fact that there is no direct
interaction, and that "on-line" lectures and consultations are replaced by
specialized automated systems for learning, for example, Tutoring
Systems (TS). Consequently, one of the leading challenges in the
successful implementation of the concept of modern education is to
recognize motivation, and how to keep up or increase the factor of
motivation, and how to adjust the educational process to individual needs
of course participants.

Adaptability, flexibility, understanding of individual characteristics
and abilities of course participants are the characteristics that currently




favor "live" teachers more than automated tutoring systems (TS).The
process of education realized by the principles of intelligent tutoring
systems (ITS) must follow and analyze cognitive experiences, emotional
experiences and motivational experiences which determine a reaction to
do "something" or manage the process of learning. The strength of this
motivation often depends on how strongor important certain stimuli
(emotions) are.

Emotional states have an important role in decision making, and
problem solving, and communication, and negotiation, and motivation;
therefore, recognition of emotionsis essential for the development of an
intelligent interaction between people and computers. Positive emotions
which arise during the educational process have a strong positive impact
on learning for two reasons. First, positive emotions in general allow
more creative and flexible thinking processes, increasing motivation so
that course participants work harder and quitmore rarely. Another reason
is that students consciously want to retain and possibly increase the
intensity of the positive emotional state (which in this case comes from
the education system) thus maintaining concentration and motivation for
learning. In the case of externally generated positive emotions that are
not directly related to the learning process and an automated system,
student are not necessarily motivated or focused on keeping
concentration to learn. So there is less motivation. The positive effect of
these emotions is therefore less strong, and can even turn into a
negative one if emotions are too intense (deconcentration). R. Kvas¢ev
discusses the following features of an individual who is well motivated in
the educational process:

- Development of powerful motivation to learn,

- Well integrated personality,

- Self-confidence, emotional stability, self-control, independence,
- Developed strong character and super ego,

- Developed risk taking and tolerance to frustration, and

- Mastering the methods and techniques of learning.

Communication and Exchange of Information
in the Process of Distance Learning

The main challenge for teachers and learners alike is how to
teach learners to learn. This is particularly evident in the case of
application systems based on information and communications
technologies (ICT) and DL technologies. Flexibility, personalization
and different learning styles can be combined, and learning can be
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authentic, motivational and conceived as a part of a social process,
creating an informal network of peer interactions. This leads to
learning from each other (Punie et al, 2006). The process of learning,
as much as it seems, is not isolated and limited to the world of ICT. An
interaction with the environment is a constant. An additional reaction
that developed through a new educational process is a human-
computer interaction.

Technical achievements in the development of ICT technologies
enable learning materials to be chosen in desired forms for learning.
Choosing an appropriate methodological and didactic approach to
learning in a combination with determined individual differences in
learning, detection of emotional intelligence and emotional states,
learners can raise their performances in learning, which should lead to
increased motivation and improved efficiency of the educational process
(Grimley, Riding, 2009, pp.1-24).

For example, if proofing goes in a wrong direction, how to correct it,
or how to implement these corrections, but not in the traditional manner
(not to discard all effort), i.e. without negative effects such as
demotivation, deconcentration, resentment, etc.? Future DL technologies
must have solutions for the development of higher cognitive functions for
mathematical or information theories, including concepts of motivation,
emotions, instincts, intelligence, imagination and intuition. The intention is
to activate the mechanisms of instinctive knowledge that provide a basic
understanding of the world (Perlovsky, 2007).

How learners react to knowledge extended by DL technology and
how they manifest reactions through the process can be found out only
from feedback information. Reactions can be presented in various
forms: a sound context, a visual context or through problem solving,
tests, etc. Feedback (as a confirmation of understanding the message
meaning) is sent to a system or to a person whose work is commented
(eg. employee performance in a business environment). The
communication process involves a two-way communication, which is
the main advantage of modern tutors, so that the learning process is
raised to a higher level, providing immediate feedback like reactions of
learners on the course material, reactions through problem solving, but
also a reaction on the system itself. Based on feedback and
identification of differences between learners in the approach to solving
problems and coping with the material, the system will adequately
respond to the individual needs of the user through tutors, and correct
or build on, for example, proofing so that it guides the user to the
conclusions, in accordance with the prior knowledge and applying a

coherent chain of logic.
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Communication

Figure 1 — Feedback cycle (Lawrence, Wiswell, 1995)
Puc. 1 - ,Feedback” unkn(Lawrence, Wiswell, 1995)
Slika 1 — ,Feedback® ciklus (Lawrence, Wiswell, 1995)

There are two types of feedback. The first is motivational feedback that
stimulates the learner for something that has been done (praise). This
reinforces good performance and increases the probability that it will happen
again in the future. It must be given immediately after the completed task so
that a person who is praised gains confidence and satisfaction of
achievement. Another type of feedback is information feedback which
advises the learner what to correct (improve). This points to a specific
problem to be effectively solved. The best is to start with positive aspects
that should encourage and motivate to continue the attempts to realize the
educational process, notifyng the improvements. It must be stressed that too
much negative feedback provokes defensiveness, and therefore may
undermine the established flow of learning.

The analysis and discussion, in addition to providing examples of
practical application of the results and solving methods, have a very
important role in creating favorable conditions for the development of

intrinsic motivation.
1013
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Motivation and Factors of Motivation

Every learning is associated with prior knowledge and personal life
experience. The dominant learning methods are: practical, working, or
manual activities, expressive actions, laboratory work, social activities,
field work, and observation of natural phenomena. Human behavior is
purposeful and this purposefulness determines motivation in human
behavior. Motivation to learn can be internal or external. Every objective
that satisfies motivated behavior, and is located outside the body, can be
called an external motive, regardless of whether it also meets some
internal needs. M. Paleksi¢ believes that an external stimulus in the
education process should be an enhancing effect, one that encourages
the promotion, development and enrichment of personality. Improving
functions ensure not only the preservation and improvement of acquired
competences, but also the acquisition of new types of skills. External
motivation is the result of imposed actions, and therefore brings more
relief than real pleasure brought by intrinsic motivation.

The most well-known definition of intrinsic motivation was givenby E.
L.Deci: Intrinsically motivated activities are those for which there is no
apparent reward except the activity itself. People engage in activities for
their own account, and not because these activities lead to an external
reward. The very activity is the aim rather than the means.

The basic questions about intrinsic motivation are how to develop it with
a help of a variety of educational, methodical and didactic resources, and how
to encourage short-term motivation in order to develop long-term motivation.

In terms of the educational process, extrinsic motivation is:

- Focused on fulffilling the obligations in the educational process,

- Heavily influenced by external incentives or pressures,

- Leads to a surface approach to learning and to a fear of failure,

- The learning outcomes are not flexible and cannot be easily
transformed into different contexts and fields of application.

The most common forms of extrinsic motivation are material rewards,
grades, praise, awards, certificates, etc.

The intrinsic motivation:

- Reflects the personality,

- Arises from the interest for the field of study,

- Depends on the personal engagement in tasks that can be selected,

- Depends on one’s own feelings of competence and self-
confidence,

- Leads to an in-depth approach to learning and understanding of
concepts,

- The learning outcomes are flexible and can be easily transformed
into different contexts and fields of application (Lungulov, 2010, pp.294-305).




Modern research shows the importance of improving the impact of
intrinsic motivation and intrinsic incentives, especially among students,
sincethey are not properly developed although they considerably
contribute to academic success and motivation for learning (Maric,
Sakac, 2014, pp.63-79).

The learning process is accompanied not only by cognitive reactions
but also by affective ones. From the viewpoint of gain in the educational
process (the acquisition of knowledge and skills), affective reactions have a
major impact on the motivational outcome (Lepper et al., 1993, pp.75-105).
Previous studies mainly analyzed the influence of affective reactions on
cognitive functions and processes. With the development of modern ITS,
it became clear very quickly that the outcome of learning (among others)
is in correlation with motivation, and that motivation is a function of
emotional (affective) states. Keller's theory confirmed that motivation of
the course participant plays a crucial role in the learning process.
Therefore, it is now the central problem in ITS research and development
to determine the tutorial strategy which can appropriately make a balance
and compromise between cognitive, motivational and affective reactions
of learners. Consequently, knowledge of the impact of the phenomenon
of affective learning has led to the identification of a need to understand
the phenomena of "bad timing" as a short time of disconcerting and the
influence of affective states on cognitive and motivational characteristics
in the learning process (Grafsgaard et al., 2013, pp.159-165).

Research has confirmed that motivational factors cannot fit into any
template. Depending on feedback, ITS must first sort the purpose -
whether feedback has the purpose of increasing the overall efficiency of
learning or solving a particular task. Positive "feedback" does not have
the same effect (Boyeret al, 2008, pp.239-249). For example, a course
participant without motivation due to low self-esteem can be encouraged
to continue working with the DL system and the ITS system so that the
system provides positive feedback (Tan, Biswas, 2006, pp.370-381). In
contrast, some teaching tactics which require explicit security are best
avoided for course participants who already have high motivation
(Rebolledo-Mendez et al, 2006, pp.545-554). Studies have shown that
students who had more control and corrections of affective states,
experienced greater increase of self-confidence and achieved more in
the learning process. With the ITC and the ITS through DL technology,
teaching strategies can have a significant impact, not only on the
success of pure cognitive learning outcomes, but also on an important
motivational aspect such as self-confidence, which directly affects the
environment of the educational process, and indirectly the achievement

of learning process results.
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During modeling and testing modern ITS with adaptive
characteristics, it was observed that the course participants willing to face
the challenge of problem-solving tasks were considerably more involved
in the learning process. Also, the ITS adaptivity, i.e. adapting ITS
strategies to the course participant motivation, is a promising direction for
improving dialogue with tutoring systems, which directly affects the
efficiency of the educational process (Ezen-Can, Boyer, 2015, pp.105-114).
An example of a model of such a system for monitoring and controlling
the process of motivation and self-confidence is presented through the
scheme of the clarifications of ambiguities, doubts, and prejudices -
theusual causes of uncertainty and motivation loss, Figure 2.

individual differences
(aptitude, prior knowledge,

hints, explanations N motivation, etc.)

Learning

Environment

I contradictions, > A A
| erroneous information, . o .
i 7 confusion ! :
| false feedback H . partial or complete

resolution e . confusion resolution

learning N
outcomes . deep learning
«€ and conceptual
change
‘confusclion ST negative or
B e .y negligible
hopeless confusion REETPIRRRIENEE . learning

Figure 2 — Model of Confusion, Prejudice and Misunderstanding Induction and Resolution
(Rus et al, 2013, pp.42-54)
Puc. 2 — Mopgenb HeCOOTBETCTBUIN, HETOYHOCTEN, COMHEHUIN, HESICHOCTU,
obbsacHeHui(Rus et al, 2013, pp.42-54)
Slika 2 — Model indukovanih nejasnoca, predrasuda i nedoumica, i razjasnjenje
(Rus et al, 2013, pp.42-54)

Methodology of Research Work

Four dimensions of motivation can influence the improvement of the
educational process: control, curiosity, challenge and trust (Lepper et al.,
1993, pp.75-105). For this reason, this paper is an attempt to explore the
relationship between emotional, motivational, intellectual, and psycho-
physical characteristics of course participants and the interaction with the




tutorial system at defined time or thematic sessions (there are dialogue
tutors, texttutors, combined tutors, etc.). For the research study, a group
of students attending the first year of study was divided into two
subgroups. The first subgroup was with a lower motivational factor, and
the second one was with a higher motivational factor.

The underlying idea is to analyze the recordings of exercises during the
course and the consultations taken by an improvised automated center for
distance learning with a simulated tutoring system. The environment was
created as an interactive workshop through audio-vido sessions (Skype)
and text conversations (chat). Cognitive processes were monitored through
exercises where the agents, teaching staff of the course, led the sessions.
Affective reactions and behavioral changes were monitored by agents
simulated by psychological-pedagogical staff of the college.

For a more detailed analysis, the sessions were recorded audio-
visually. The speech analysis software was used to monitor the emotional
states of the course participants. Emotions in speech are reflected through
the variations of voice characteristics at three levels: (1) prosodic, i.e.
suprasegmental level through specific changes in frequency, intensity and
duration, (2) segmental level (changes in the quality of articulation) and (3)
intrasegmentnal level (global voice quality, acoustic correlates as a form of
the glottal pulse and the distribution of its spectral energy, variations in
amplitude (shimmer) and frequency (jitter)). In the man-machine dialogue in
which machines analyze the emotional reactions of users, using the ESR
(Emotional Speech Recognition) algorithm, the key words are recognised in
their answers as well as the level of satisfaction (based on the identification
and classification of emotions), the dialogue is led and the answers given so
as to successfully accomplish the initiated communication.

Software for the analysis of video clips, i.e. analysis and monitoring
of gestures, facial expressions, movements, body postures and looks,
confirmed the detected emotional states, and more accurately described
the emotional reactions already detected through the speech analysis.

Figure 3 — The basic emotions (by Ekman)
Puc. 3 — basosble amouumm (no JkcaHy)
Slika 3 — Osnovne emocije (po Ekmanu)
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Figure 4 — Facial Expressions
Puc. 4 — BbipaxeHue amouun Ha nuue
Slika 4 — Facijalne ekspresije

The formation of subgroups

In order to understand and analyze the research results in a few
steps, we determined the data which were to be viewed and which were
essential in our analysis. Information technologies is the subject area in
which testing was performed and the results analysed. The input data
on the basis of which the students were divided into preliminary
subgroups were: the entrance test results in the subject area, the
compatibility of the curriculum of the previous level of education with the
subject area and the results achieved in the previous level of education
in the subject area.

Table 1 — Background Informationon the Course Participants—Prior Knowledge, Interest
Tabnuua 1 — [laHHble o criywaTensx Kypca — npeas3HaHns, NHTepecshl
Tabela 1 — Polazni podaci sluSalaca kursa — predznanje, interesovanje
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technicianof |Computers x 2
computers |Computer data
transmission
Digital electronics




rr.::‘:n Success
Secondary _ | Compatibility . in the
No | Student | school- Secont.lary scho.ol of curriculum | S€0T€ N | entrance | Sum
orientation | Professional subjects (1-5) pro- test
fessional 30
subjects | (Max 30)
Secondary
School of
3 | Student 3 EC&E‘I’:“_'CS' Computers & ITx 2 2.50 5.00 220 [29.50
Business
Adm.
Technical
School Kula —|Computer programming
4 | Student4 | Mech. tech. |x 2 Computer graphic 4.00 400 | 215 |29.50
for design Automation
computational [and robotics
construction
Computers & ITx 2
Computer programming
Technical |Digital electronics
School, Microcontrollers
5 | Student5 | Sombor- |SCADA systems 5.00 4.00 23.0 |[32.00
technician of |Measure transducers
mechatronics |Programmable logical
controllers
Robotics
6 | Student6 H'gf\pz‘ii?]“" Computers & ITx 4 450 3.50 18.0 |26.00
Computers & ITx 2
. Computer programming
ngﬂg'glal Digital electronics
7 | Student 7 | Sombor- |SGASA vetoms 5.00 300 | 210 |29.00
techrr]uman.of Measure transducers
mechatronics | poqrammable logical
controllers Robotics
Secondary
vocational
school, |Computers & ITx 2
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The following data and activities were analyzed:
- inputs

- boundaries

- entropy

- state of cognitive balance

- feedback mechanism

- adaptation mechanism

- development path, and

- gradual finalization.

The candidates with fewer than 20 input points and with more than 35
input points (shadowed in Table 1) were not taken into consideration, in
accordance with the previously mentioned "Tan & Biswas" and
"Rebolledo-Mendez, Boulay & Luckin" research works. In the preliminary
activities, before the start of the course, professional orientation (aptitude)
and learning styles were tested. Subgroups of students who had more or
fewer points than the arithmetic mean (27.5 points) were formed. The first
subgroup consisted of the students with less motivation, i.e.:

- students with a smaller number of input points than the average

(27.5),

- students for whom aptitude and competence tests do not point to
be those who learn through research and whose learning leads to
concrete and tangible results,

- students whose learning style is not logical.

Games, quizzes, and tests were used in the research for detecting
competencies, skills, and enhance incentives to make it easier to assess
the reactions in order to make a right decision on the selection of tutorials.

Corrective Changes of Subgroups

In mathematics, the problem solving strategy is analysed while in
informatics the code is analysed. In the code analysis, the tutor can use
either the cause-consequence model, i.e. queries and statements or just
state whether it is accurate or not. The decision is made based on the
information about the motivation and emotional state of the student.
Table 2 and Table 3 give the template swhich show the problem solving
flow as well as the statements of the student during the problem solving
and their occurrence frequency.

In the communication (dialogue), there are queries, statements,
declarations, etc., based on which the current state of the learning flow
can be described (Greetings, prepared questions, affirmative question,
direct question, information request, observation, correction, clear
feedback, unclear feedback, explanation, other, Yes-No answer, answer,
positive feedback, clarifications).
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Table 2 — Students’ dalogues, their features, sample statements and frequency of their

occurrence

Tabnuya 2 — Quanor crywaTenen Kypca, XxapakTepUCTVKM, BbIpaXXeHnsl nuua

1N YaCTOTHOCTb UX NOoABNEHNA

Tabela 2 — Dijalog slu$alaca kursa, karakteristike, uzorak iskaza i frekvencije

njihovih pojava

Dijalogue Example Distr. (%)
Answer | am satisfied, but there is a lot of work at 43.28
home
Statement Personally, to me it is very interesting 20.46
Confirmation Ok. 20.20
Query How do | fix mistakes and fails? 14.16
Clarification LiveChat messages 0.90
The request for the feedback | /s it clearer? 0.50
Other l.e. laugh 0.50

Table 3 — Excerpts from the corpus of dialogues with the tag: characteristics

of communication

Tabnuya 3 — Beibopka 13 kopryca AuanoroB ¢ 0603Ha4YEeHHLIMU XapakTepucTUKaMmm

KOMMYHUKauUuunun

Tabela 3 — Izvod iz korpusa dijaloga sa oznakom karakteristike komunikacije

The Student made the coded program

He received an error message after compiling the program

Recognizable gesture

Student What should | change first Query
Tutor Try here Statement
The Student changed the definition of a library
After compiling the program again he received an error message
Tutor Similar mistake Statement
Tutor Go back and add a mathematical library Statement
The Student changed the code
Compiling executed successfully
Student Is it a good order Query
Tutor Not consistently Statement
Student The name of the variable is Statement
The Student changed the code
The Student ran the program successfully
Tutor This is excellent Positive feedback
Tutor A couple of tasks are ahead of us Statement
A distinctive facial expression
Student This is very interesting Statement
Tutor Try not to repeat the same mistakes in future Statement
tasks

A new screen and a task

A recognizable gesture




Preliminary Teaching

. ' - - ' Professiona ' I_earnu;\;L Styles
Priorknowledge Motivation Erfemic iemn ‘ Definitions

Formation Subgroup of Teaching ‘

[ Teaching |

1st Fase of Teaching

| 1
Instructions ' ‘ Tasks

Corrective Amendments of Subgroups

Nth Fase of Teaching

Analysis of Results at
The And of Course

Figure 5 — Flowchart (SDL Diagram) of Forming Subgroups and Choice of Learning
Environment, ITS
Puc. 5 — Npouecc dopmmnpoBaHnsa noarpynnel 1 Bei6op ycnosuin obyyexus, ITS
Slika 5 — Tok procesa formiranja podgrupa i izbira okruzenja u€enja, ITS
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In our research, we were oriented to determine the data dominant in
determining the ITS modules. The aim is to define an ITS module
(determined by its basic characteristics, dynamics, type, and style of
presentation) as early as possible (preferably at the start of the realization
of the course - at the first class), and to implement individual corrections
during the course on the assigned basic ITS model. In this way, we try to
avoid changing a tutor model, which is often compared to the effect of
changing a live lecturer, resulting in demotivation, fear, or insecurity.

So, all the reactions in characteristic situations are monitored, i.e. at
which levels the characteristic reactions appear (type of emotions,
intensity, rationality, motivation, etc.), and based on this information
micro adjustments are carried out in the ITS module and the student
subgroups, in accordance with the observed responses. Then the style
and methods of work with individual subgroups are defined.

Further classifications are carried out based on the responses to
tasks that come as "feedback", the reactions to erroneously solved tasks,
the reactions to the advice that leads to the solution, and finally the
reactions to the task when successfully solved. The aim is to analyze and
review (based on feedback) which features should be implemented into
tutorial learning systems, and to determine the standard deviation of the
parameters of creating groups for which the system could successfully
operate independently.

Creating Alternative Goals

The database of emotional algorithms and states is continuously
upgraded and updated with models of behaviour and events for certain
scenarios. The analysis of patterns for motivational groups in terms of
timelines of events, types and intensities of students’ emotional states
and on the basis of the achieved results and goals, provides the system
with the information about the events, i.e. which emotional change
preceded the successful completion of a task. Also, if a student achieves
targets B and C in time of communication (t), but fails in achieving target
A, the system must compare the type and intensity of emotions which
were present at that moment, so that it can create an algorithm of a
successful scenario, as an alternative to failure. The goal of the system is
not only the successful completion of the task at any cost, but also
maintaining a fair duration and mode of communication. In the knowledge
base, the system must contain phase algorithms as well. If the goal is
hardly feasible, interphases are sought. Those interphases will ensure
the successful implementation of training programs, i.e. through realizing
targets B and C in a certain period of time, it is expected that target A will

also be realized.
1024



In our research, this represents a so-called normalization, a variation
of the educational process regarding emotional states and achieved
results, i.e. success (if the goal Ais unattainable, to redirect the flow of
learning tothe goal B and create an alternative, i.e. the goal C, with the
possibility of eventually achieving the goal A).

Research

Monitoring and analyzing multimodal affective expressions enable
monitoring of verbal and nonverbal behavior. These analyses have given
us a potential to detect more early affective consequences regarding the
detected learning performances (activity, frustrations and meticulous
learning) and affective outcomes in the context of tutoring. In terms of
initial information, the same affective expressions can have different
causes by depending on the context of tutoring.

The students were monitored during the sessions, by monitoring
their engagement and effectiveness in solving problems, Table 4. In
addition, all sessions initiated by students themselves were recorded
(their number, length, quality, time frame, during the classes separately
and the whole semester as well.

Table 4 — The records of sessions and activities by subject areas
Tabnuuya 4 — Y4eT ceccuii 1 feaTenbHOCTM No obpasoBaTenbHbIM 06nacTsam
Tabela 4 — Evidencija sesija i aktivnosti po nastavnim oblastima

Learning sesr:?ons Change in
No |Student th_e Consultations Progress Emotional by meth_odology
subject | (frequency) changes subiect during the
material J session
area
1 Student Partly NO Poor Before the 0 NO
1 test
Before
Student YES-before .
2 > YES the test Independent | exercise 1 NO
classes
At the
Student By occurrence .~
3 3 YES YES consuitation of the 5 2x - efficiently]
problem
Student By For each -
4 4 YES YES consultation |homework ! 3x - efficiently
Before
Student YES-before . .
5 5 Partly the test Unsatisfactory| exercise 1 NO
classes
At the
Student By occurrence 3x - partially
6 6 Partly DA consultation of the 5 successful
problem
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Learning ses':?ons Change in
No |Student the |[Consultations Prodress Emotional b methodology
subject | (frequency) 9 changes sub');ct during the
material ) session
area
Before
7 Stu?ent Partly YEE:;S;?G} No progress | exercise 1 NO
classes
8 Student YES YES By For each 5 4x - partially
8 consultation |homework successful
At the
Student By occurrence 3x - partially
9 9 Partly YES consultation of the 5 successful
problem
10 Student NO NO Poor Before the 0 NO
10 test
11 Stuﬂent NO NO No progress NO 0 NO
Student YES —on Before the
12 12 Partly demand Poor test 2 NO
At the
Student YES-before occurrence 1x -
13 13 Partly the test o] of the 1 unsuccessful
problem
At the
Student YES —on occurrence
14 14 YES demand Independent of the 2 NO
problem
15 Stu1cz_)ent NO NO No progress NO 0 NO
16 Stu‘%ent NO NO No progress NO 0 NO
17 Stu1d7ent NO NO No progress NO 0 NO
Student YES-before Before the 1X -
18 18 Partly the test No progress test 1 unsuccessful
19 |Student| e | YES-—on | qe0endent| NO 4 NO
19 demand

motivation (starting enthusiasm).

During the sessions, there were corrective actions in order to adapt
teaching (ITS simulation), in order to adjust to the level of prior
knowledge, affective states, interests (whether a student joined the
course because of intellectual curiosity or needs for a degree), style of
learning in order to increase or at least preserve the initial level of




Students who actively participated in the sessions maintained or
increased the starting level of motivation, with occasional oscillations
overcome by corrective adjustments of the educational process in
accordance with individual needs and current affective reactions. The
success of these students, regardless of the subgroup (S3, S4, S6, S8,
S9) was better (Be) or much better (MB). The exception is Student 19
(S19), with the initial assessment of the success of the implementation of
the educational process very good (VG), whose emotional state during
the course was closest to neutral. With a constant level of motivation,
high quality level of prior knowledge, adequate professional orientation,
and exceptional activities in regular classes, he achieved a much metter
(MB) result.

Students who did not actively use the simulated DL system
experienced a drop in motivation, which was detected at the periods of
reporting (normally before the mid-term test or the exam). Affective states
developed during the semester, the length, and the frequency of
sessions (with exceptions) did not provide the time or the opportunity for
corrective actions in order to return to the initial motivational level or at
least to improve it a little. Those students (regardless of the subgroup),
finished the course with bad (B) results, worse than expected (WE)
results or in a few cases, with the expected results (E) which were at the
start of the course assessed as poor (P).

Table 5 — One Look at the Results Achieved Through the Monitoring of Motivational
Factors During the Course Realization by a Simulated ITS
Tabnuya 5 — O630p pesynbTaToB M HabngeHVe 3a N3MEHEHNSIMU MOTUBALIMOHHOTO
hakTopa B npoLecce nNpoBeaeHns Kypca, nyteM mogenvposanus ITS
Tabela 5 — Pogled na ostvarene rezultate uz pracenje promena motivacionog faktora
tokomrealizacije kursa kroz simulirani ITS

Subgroup 1 Subgroup 2

The Initial | Student | S1|S2| S3 |S4|S5|S7|S14|S15/S19]S6(S8|S9(S10|S11|S16|S17|S18
Prerequi-

sites for

Success | Expected
Success VG| E | G VG|E |E| E | G |VG|G|P|P| P | P P |G| P

Flow of |Positive or|
Motivation| negative

The Relation to
Achieved | the Initial | B | E |MB |Be| B | B |WE|WE | MB|Be|Be|Be|WE| E | B E E

Result Estimate

LEGEND:
E-Excellent; VG-Very Good; G-Good; P-Poor
B-Bad; WE-Worse then Expected; E- Expected; Be-Better; MB-Much Better
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Conclusion

Negative emotions, poor skills, and inadequate environment of the
educational process cause a drop in motivation. Without individualized
corrective actions in the educational process, regaining motivation will not
by itself lead to success; also, applying individualized corrective actions in
the learning process without regaining motivation will have no effect.

In this study, it was observed that individual motivational expressions
and actions during poblem solving increase the likelihood of raising self-
efficacy and success in learning. The fact is, also, that this motivational
tactics has a limited possibility to increase self-efficacy and gain in
students who start the course with high quality and high initial self-efficacy.

The example of S19 student, a good course participant despite being
a single case and not representative for the discussion, should be taken as
a warning signal. Quality students with high abilities often think they do not
need motivation or they do not appreciate the role of motivation,
motivational sessions and tactics. In addition, it was noted during the
sessions that the motivational components of curiosity and challenges
hould be explored together with confidence and self-control in the context
of the application of distance learningsystems.

Balancing and mainaining the environment of coupled cognitive and
motivational functions has become a key issue in the theory of intelligent
tutoring systems and systems of distance learning. Among other things,
this work was guided by the idea to suggest how to determine the most
efficient use of motivation in the context of feedback for students with
problematic (affective) actions.

The research indicates that the application of ICT technologies and
ITS in education in terms of adapting teaching strategies can have a
significant impact not only on purely cognitive learning outcomes, such as
the gain in knowledge and skills, but also on an important motivating
aspect such as self-confidence.

The primary limitation of this study (similar to some previous research)
comes from two drawbacks: 1% the absence of control groups, and 2™ an
abundance of factors omitted or permitted to vary from a treatment to a
new session appointment (Boyer et al, 2009, pp.111-136). These other
factors (except those investigated) are probably responsible for the lack of
a broader active participation and motivation of the course participants in
the use of a simulated DL system. However, this work, among other
things, reveals the breadth of the hypothesis of intelligent tutoring systems
and their application in systems of distance learning, and may be the basis
for future research and experiments.
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BITMAHVE MOTUBALIN HA NPOUECCbHI OBNAOEHWA

SHAHUAMN, YMEHNAMW N HABBIKAMW B CUCTEME

ONCTAHUMOHHOIO OBPA3OBAHUA

Boxa [1. Munbkosuy®, Anexcardp B. rleTpOBVI‘-IS, Manuwa P. XXuxosny®

@ Yuusepcutet B r. Hosu-Cap, Mepgaroruyeckuin hakynstet r. Com6op,
Kadeapa nHcdbopmaTnkm n megmnartexHonorun, r. Comoop,
Pecny6nuvka Cepbus

SYHVIBepCVITeTB r. Hoeun-Cag, Meparornyeckuin doakyneteT r. Combop,
Kadenpa matematukn, r. Combop, Pecnybnvka Cepbus

® YuusepeuteT «CuHrnoyHym», Kacdbenpa nHbopmaTki U MaTemaTukm,
r. benrpag, Pecny6nuka Cepbus

OBJIACTb: o6pa3oBaHue, TEXHOMNOMMYecKkoe pa3BuTme
B[O CTATbW: opurmHanbHasa HayyHas ctaTbsl
A3bIK CTATbW: aHrnuiickni

Pesrome:

B daHHOU cmambe onucaHo, KakuMm o0bpa3oM MomueayUOHHbIE
rpoyeccel enustom  Ha  ciywamenel  Kypca — cucmemsbl
ducmaHUuUoOHHO20 o0bpasoeaHusi, 8 Mm.4. Ha eocrpusmue 3HaHul,
ognadeHue UMU U Ha MPUMEHEeHUe 3HaHul, YMEeHUU U HagbIKOo8.
CouuarnbHo-Ko2HUMUBHbIe — uccrnedoeaHusi ceudemernbecmeayom o
8bICOKOU cmerneHu rnpucrnocobrieHHoCmMu cucmeMsi U coomeemcmeuu
npuMeHsieMbIX MomueayuUoHHbIX Modenel. Modernb MomugauyUOHHbIX
npoueccos 8 uccriedosaHuu npedcmasneHa c uersbto
cosepuieHcmaogaHusi QucmaHUUoHHOU cucmembl  0bydeHus. [lpu
HabnoleHUU 3a B/IUSHUEM  MOMUBAUUOHHbIX  ¢hakmopos Ha
8bIMOSIHEHUE KO2HUMUBHbLIX 3aday, U 10 eblpaxeHue peakyull
criywamernel Kypca, MOXHO orpedenumb Kakue MOomueayUOHHbIe
ghakmopbl  crrocobecmeyrom OCYUW,eCmesieHUr0  MOoJIOKUMEbHbIX U
ompuyamesibHbIX KO2HUMUGHbIX pe3y/bmamos, 8 C853U C 4Yewm,
dudakmuyeckue MemoObl U rpuemMbl 8 [pouecce 0by4eHus
nepuoduyecku nodeepaanuck U3MeHeHusIM. Llenb GaHHOU pabomei
3aKrroyanack 8 uccredogaHuU 8/USHUS MOmuU8ayUoOHHO20 ¢hakmopa
Ha osnadeHue 3HaHUSIMU U [pogheccUoHarnbHbLIMU Hasebikamu, a
makxe 8 HabnleHUU 3a Mposi8lIeHHbLIM UHMepPecoM crywamersel
Kypca K HayyHbIM JieKyusMm. Ha  ocHoeaHuu  ebisierieHusi
Hecoomeemcmeusi MomugayUuOHHbIX MPOYEeCcco8 ¢ NoMowbio dusalHa
rnpoepaMmMHO20 obecrieqeHus, paspabomaHHO20 onsa
oucmaHUyuoHHo20 06pa3osaHus, MpPoeoOUMCs KOpPeEKmMuUposaHue
ycnosul u memodos obyyeHusi. Cam rpouyecc 8bisi8rieHUs1 OCHO8aH Ha
HabnrodeHUU pocma 3HaHul Mo cpasHeHuro ¢ npedeapumeribHbIMU,
mak  HasblgaeMbiMu  nped3HaHusmu: 1.  npogheccuoHasibHbIe
nped3HaHus u 2. obujeobpasosameribHbie ped3HaHUsl, NMPo8epPeHHbIEe
ecmynumesibHbIMU mecmamu U Ha rnod2omosumersibHbIX Kypcax. B
pesynbsmame peweHuss 3aday o 0OaHHbIM egorpocaMm rposedeH




aHanus 8rusiHUsI rnpogheccuoHarsbHbIX nped3HaHud,
obweobpaszosameribHbIX 3HaHUU U 3aUuHMepPeco8aHHOCMU ydYaujuxcs
Ha eocrnipusimue, [rIOHUMaHuUe U peweHue 3adady u OocmuXxeHue
pesynbmamos. Pe3yrnbmamsi npogedeHHO20 aHanu3a rnokasasnu, 4mo
8 yCrnewHoM MOHUMaHUU U peweHuU rnpogeccuoHanbHO-mexHU4YeCcKUX
3aday obueobpazogameribHbie nped3HaHuss U 3auHmMepeco8aHHOCMb
yqawuxcsi ugparom Kio4esyro posib.

KnioueBble crnoBa: momusayusi, obyyeHue, KO2HUMUBHbIE (hbyHKUULU,
amouuu, 6asoesie 3HaHus, ducmaHUyUoHHOe obpa3osaHue, agbgbeKkmabl.
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Sazetak:

U radu je opisano kako procesi motivacije utiCu na sluSaoce kursa
sa stanovisSta apsolviranja znanja, te prenosa i koriS¢enja znanja i ve-
Stina u sistemu ucenja na daljinu. IstraZivanja, u socijalno-kognitivnom
okviru, ilustruje prilagodljivost sistema i adekvatno prilagodavanje moti-
vacionih obrazaca. Model motivacionih procesa predstavijen je u funk-
ciji ciljeva u€enja sludalaca kursa. Pracenjem uticaja motivacionog fak-
tora na izvr§avanje kognitivnih zadatka, te kako se oblikuju reakcije
sluSalaca kursa, tj. kako motivacioni faktor utice na uspeh ili neuspeh i
kvalitet kognitivnog uéinka u procesu uc¢enja, menjan je i prilagodavan
metodicko-didaktiCki pristup nastavi. U ovom radu istraZivan je uticaj
Znanja iz uzZe stru¢ne oblasti, ali i interesovanja sluSalaca kursa za raz-
umevanje struénog ili nauénog izlaganja. Implikacije u praksi i interven-
cija, kroz dizajn softvera sistema uéenja na daljinu, usmerene su na
korekciju obrazovnog procesa na konstatovanu neprilagodenost moti-
vacionih procesa u okruzenju ucenja ili stru¢nog osposobljavanja, pra-
teci kroz istraZivanje dva oblika predznanja: stru¢no predznanje i opSte
tematsko predznanje, koja su proveravana ulaznim testovima predzna-
nja, te kroz pripremnu nastavu. Nakon reSavanja problemskih zadata-
ka izvrSili smo povratnu analizu utvrdivanja efekata struénog predzna-
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nja, opSteg tematskog znanja i interesovanja na razumevanje i reSava-
nje problemskih zadataka, te analizu ostvarenih rezultata. Za zadatke
vi§e stru¢no-tehniCke orijentacije, predznanje iz domena opSte temat-
sko znanje i interes bili su znacajni prediktori razumevanja i uspeha.

Klju€ne reci: motivacija, ucenje, kognitivne funkcije, emocije, predznanje,
ucenje na daljinu, afekti.
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Summary:

Nickel production is a very important activity for the European
Union because nickel is a unique constituent of stainless steel. Europe
has lateritic (oxidic) ore deposits along a very well-known belt starting
from the Alps and ending to the Himalayas. The lateritic belt passes
through western Balkans and Greece and continues through Turkey to
Asia. The known lateritic deposits in Serbia are located in three
different areas called: Zapadna Morava (Rudjinci, Veluce, Ba),
Sumadija (Lipovac, Kolarevici, Bucje) and Mokra Gora, which have
many natural resources such as forests, rivers, etc. Therefore, it is very
important to understand and show hydrometallurgical treatments of
lateritic ores via mining and metallurgy in different parts of the world. In
this paper, several exploitation scenarios for hydrometallurgical
treatment and benefication of lateritic ores will be shown: Direct Nickel
Process, Ravensthorpe and Murrin Murrin in Australia and Meta Cobalt
Nickel in Turkey.

Key words: nickel, cobalt, lateritic ore, hydrometallurgy, autoclave.
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Introduction

Nickel is a naturally occurring, silvery-white metallic element widely
used in over 300,000 products for catalysis, consumer, industrial, military,
transport, aerospace, marine and architectural applications. Nickel has been
used since ancient times. Because of its resistance to corrosion, nickel has
been occasionally used historically as a substitute for decorative silver.
Pure nickel was extracted by Axel Cronstedt from the ore niccolite (nickel
arsenide, NiAs) in 1751. Because of its presence in copper ores, this
element got its name from the German word 'kupfernickel' meaning Devil's
copper. It is the fifth most common element on earth and occurs extensively
in the earth's crust. In this work, different hydrometallurgical processes for
the treatment of nickel laterite ores will be presented. Nickel is not a
cumulative toxicant. Some people may show an allergy sensibility to nickel,
affecting their skin (about 5 to 10 % in Europe).

As a result of high nickel production costs associated with traditional
pyrometallurgical techniques and the depletion of high-grade sulfide ores,
a renewed interest has developed concerning the production of nickel and
cobalt by high pressure acid leaching (HPAL) of nickel laterites. More than
one third of the world’s nickel is nowadays produced from laterite ores
(Bergmann, 2003, pp.127-138). Laterites account for two thirds of the
world’s nickel resources. It is therefore likely that increasing amounts of
nickel will be produced from laterites. Since laterite type ores naturally
occur close to the surface, economical open pit mining techniques are
employed to recover the ore after the removal of the overburden
(Whittington & Muir, 2000, pp.527-600). The laterite ore consists of fresh
saprolite, limonite and nontronite. These ores represent various layers in
the laterite bedrock. Limonite consists mainly of goethite, a hydrated iron
oxide such as FeO(OH), HFeO2, or Fe203-H20. This continues to a
nontronite rich zone. Saprolite is the next layer, which is distinguished
from its rich magnesium silicate content. The chemical analyses of a few
chosen ores are shown in Table 1 (Stopi¢, 2004, pp.257-266)

Table 1 —ICP Analyses of the Average Content of Laterite Ore from “Rudjinci”,

Serbia and from “Silcrete”, Australia
Tabnuya 1 — ICP AHanu3s cpeHero ob6bemMa natepuTHbIX pya B « PYIMKUHLbID,
Cepbusa u B “Silcrete”, ABcTpanusa

Tabela 1 — ICP analize prose¢nog sadrzaja lateritnih ruda nikla u ,Rudinci“ (Srbija)
i ,Slicrete” (Australija)

Element “Rudjinci”, Serbia (wt %) “Silcrete”, Australia (wt %)
Si 25.33 17.40
Fe 14.90 26.42
Al 2.12 4.16
Cr 1.30 0.67
Ni 1.13 0.78
Co 0.05 0.05
Mg 3.22 1.70
Mn 0.37 0.25
Na 0.04 0.04
K 0.04 0.05




As shown in Table 1, the nickel content in oxidic ores amounts to
between 0.78 and 1.13 wt. %. The main accompanying elements are
silicium, iron, magnesium and aluminium. The above mentioned ores
were investigated under high pressure conditions in an autoclave. The
comparative analysis of different minerals shows a different content of
important elements, what is very important for the choice of leaching.

Table 2 — Chemical composition of nontronite and limonite
Tabnuya 2 — XMMNYeCKUin COCTaB HOHTPOHUTA W NIMMOHUTA
Tabela 2 — Hemijski sastav nontronita i limonita

[%] Fe Al MgO Ni Co
Nontronite 10-30 8-10 5-15 0.6-2 0.02-0.1
Limonite 40-50 7-9 0.5-5 0.8-1.5 0.1-0.2

Leaching Methods

In hydrometalurgical processes, three different methods are usually
used: tank leaching, heap leaching and high pressure acidic leaching
HPAL. Tank leaching uses a stirrer and reagents to get the reaction
started. An overflow leads the suspension to another tank, where the
pregnant solution and the slurry are separated by a solid/liquid
separation process.

Heap
(3° Slope) Lifts

Pregnant Solution

Geomembrane Liner

— Pregnant
Pond

Figure 1 — Leaching under atmospheric pressure: tank (left) and heap (right)
Puc. 1 - MNpombiBKa Npu atMocdepHOM AaBneHun: B 6ake (cneea) 1 B kyde (cnpasa)
Slika 1 — LuZenje pri atmosferskom pritisku: u tanku (levo) i na gomilama (desno)

Heap leaching is a very slow process, where the acid is spread
dropwise on a heap, slowly pouring to the bottom. Superiadi had some
remarks about the following heap leaching processes (Superiadi, 2008,
pp.-25). During this reaction time, the used acid reacts with the minerals.
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Table 3 — The most known heap leaching processes
Tabnuya 3 — Camble pacnpocTpaHeHHble METOAbI MPOMBIBKU py4 B Kyye
Tabela 3 — Najpoznatiji procesi luzenja na gomilama

Project Chvmner | Country Remarks

Caldag European Turkey First Heap Leach
Mickel project

Havansthclrpa” I ELHF’-B' - :ﬁLlstfalié ' l Part 6f"ﬂr.1'1r-.r' shéat

Murrin-hurrin Minara : Expansion of project

Piaui Brazil tracked for

Leaching under high pressure was performed in special devices
(autoclaves). Slurred, crushed ore from the mine is conveyed to the
processing plant to be pressure leached with sulphuric acid. The High
Pressure Acid Leaching HPAL area receives the slurred feed, heats it up
to 225-270°C and mixes it with hot concentrated sulphuric acid inside
four titanium-lined autoclaves. Nickel and cobalt are dissolved into the
solution.

NiO + H,SO, > NiSO, + H,0 (1)
CoO + H,S0,4 > CoSO, + H,0 2)

Acid, Steam

\ Il Il u I 'm
e (bl Ly L
Pressure acid leach

autoclaves
(HPAL)

Figure 2 — High Pressure Leaching of nickel lateritic ores HPAL
Puc. 2 — lNpombiBKa naTepuTHbIX PYA NO4 BbICOKUM AaBlEeHUEM B aBTOKaBe
Slika 2 — LuZenje pri visokom pritisku u autoklavu




The hydrometallurgical processing of nickel lateritic ores begins with
an acidic solution (Dry &Haris, 2012, pp.20-35). The dominant acid so far
has been sulphuric acid, but research work has been published on the
process using hydrochloric acid or nitric acid. Sulphuric acid, hydrochloric
acid, and nitric acid are the three major mineral acids for the leaching of
laterites. The comparative analysis has shown that both the chloride and
the nitrate circuits examined have appreciably lower operating costs than
the sulphate circuits. The dissolution kinetics of nickel lateritic ore in an
aqueous acid solution of three metabolic acids, i. e. citric acid, oxalic acid
and acetic acid was investigated in a batch reactor individually (Sahu et
al., 2011, pp.251-258). The percentage of nickel leaching for different
acids at the time intervals of 40, 80 and 120 hours at a concentration of
1M was studied. Oxalic acid was the most efficient leaching agent
compared to the other two used acids. The maximum leaching efficiency
was about 30% under the above mentioned conditions. Superiadi has
performed a comparative analysis of different leaching processes for
lateritic ores.

Table 4 — Comparative analysis of different leaching processes for lateritic ores
Tabnuua 4 — ConoctaBuTESNbHbIA aHaNM3 pasnuyHbIX METOA0B NMPOMbIBKM NATEPUTHBIX PYA
Tabela 4 — Uporedna analiza raznih procesa luzenja za lateritne rude

Main Electricity Capital Operating
Feed Require Cost Cost

HPAL Limonite

Caron Saprolite | Moderate | Very High

Process

El:ai'?-. Limonite | VeryLow | Moderate | Low

i ég‘;‘?{?ﬂﬁi Moderate | High ‘

The Caron process contains a thermal pretreatment and the final
ammoniacal leaching. Therefore, this process needs more capital
costs. This process is not a subject of this paper. HPAL, Heap Leach
and Chloride leach have low electricity request and operating costs.
The high pressure leaching process is considered in our previous
publication (Stopi¢, 2011, pp.29-44). One detailed analysis of different
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deposits confirms an advantage of the used HPAL-processes
regarding the maximum leaching efficiency of nickel and cobalt
(approx. above 90 %).

Table 56 — Comparative analysis of the leaching efficiency of Ni and Co
Tabnuua 5 — ConoctaBUTesnbHbIN aHanmM3 3eKTMBHOCTM MPOMBIBKM HUKENSs 1 kobanbTa
Tabela 5 — Uporedna analiza stepena luZzenja za nikal i kobalt

Acid Req. Ni Rec. Co Rec.
Process Ore Type (kg/tonne ore) Leach Time ) )
Tank Nontronite 856 5h 92.8 77.0
Leaching  Limonite 907 24 h 85.2 87.0
Heap Nontronite 462 144 days 83.9 55.2
Leaching  Limonite 560 534 days 65.5 57.1
Nontronite 536 90 min 98.1 94.4
HPAL Limonite 300 90 min 889 90.5
Blend (Pilot Scale) 315 60 min 90.0 97.0

The study aims to compare three different hydrometallurgical
processes for the treatment of nickel lateritic ores: Direct Nickel, Meta
and Minara HPAL processes, as well as to point out a significance of the
beneficiation processes in order to increase the leaching efficiency of
nickel and cobalt.

Direct Nickel Process, Australia

The Direct Nickel Process was developed in Australia representing a
revolution in nickel production and a frontier advance in the processing of
lateritic oxidic nickel ores (McCarthy & Brock, 2011, pp. 2-11). The Direct
Nickel Group from Australia has created a new, simple and efficient
process for extracting nickel from oxidic ored from Indonesia, which will
bridge the global nickel supply gap. Most steps in the verstaile flowsheet
have been tested at a pilot scale. In 2007, a pre-feasibility study
conducted independently by Kvaerner and studies by several
independent experts confirmed its economic potential. The full process
was demonstrated at a five tonnes a day scale.




Direct Nickel Process

SIMPLIFIED SCHEMATIC

Fresh HNOy u
HNG, @ 9 ron Aluminium Mixed Nickel/Cobalt O Jiin
Leaching hydrolysis precipitation Hydroxide precipitation Reagent recyling
Gre Supply g Solid/Liquid
separation
Comminution Thickener Sal tior
- O—o-0- :
B Evaporation HNGy, Recovery
Mine Leaching = A systam
Tanks .
Prassure
Stockpile Residue Fiter e ‘F r;
Demmos«mn

Mixed Hydroxide Precipitate
(35-40% N

Fa Product Al n raguct

< MgD

|

Sale

Figure 3 — Flowchart of the Direct Nickel Process
Puc. 3 — Cxema onepauun Direct Nickel Proces
Slika 3 — Pregled operacija u ,Direct Nickel Procesu”

The DNi Process leach is operated at atmospheric pressure at
110°C in 304 stainless steel tanks at temperatures below the boiling
point. Leaching takes between 2 and 4 hours.

2. Insoluble residue is separated from the pregnant leach solution
(PLS), which now contains most of elements such as Ni, Co, Fe, Al and
Mg. The residue goes to a tailings disposal facility.

3. Iron Hydrolysis takes the pregnant leach solution and removes
iron and chromium, making a hematite (Fe,O3) product at temperatures
about 170°C. This is separated from the PLS by filtration at 50°C.

4. Aluminium is precipitated in two steps by MgO addition and
filtered from the solution in a form of white product- aluminium hydroxide.

5. A Mixed Hydroxide Product (MHP) is precipitated using MgO and
filtered out of the solution. This MHP (40-45 wt.% Ni, ~2% Co) is the final
product from the DNI.

6. The barren solution is passed through a series of evaporation
vessels and then through thermal decomposition where magnesium nitrate
converts to MgO and NOx gases. These gases are recycled back to nitric
acid and reused in the leach circuit. Some of the produced MgO is recycled
back to aluminium precipitation and mixed hydroxide precipitation, the
remainder is available for sale as a high quality magnesia product.

The process is environmentally friendly because almost all the
reagent is captured and recycled. The mass of waste residues is less than
half that of HPAL processes due to minimal disposal of reagent and
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neutralization agents — and the production of saleable co-products.
Valuable co-products are produced such as magnesium oxide.
Maintenance costs are reduced by the low intensity of the process, and the
simple materials of construction in comparison to titanium in an autoclave.

Ravensthorpe Nickel Project, Australia

Beneficiation is the process where a low-grade component of
mineralization is separated from the rest and rejected, leaving a
component with a higher grade to be treated in the leaching process.
This is analogous to making a concentrate from a sulfide ore, but the
concentration factor is much smaller for nickel laterite ores. A major
difference between laterite (oxide) and nickel sulfide processing is that
the sulfides ores are amenable to beneficiation producing high grade
concentrates (10 to 26 % Ni). This reduces both the size of the
processing facilities (especially the front end processing facilities) and
overall processing costs for sulfides. Only a limited upgrading (by a factor
of <3, but mostly < 2) can be carried out with laterite ores.

The combined Ravensthorpe Nickel Project RNP and Yabulu
Refinery Expansion (BHP BILLITON 100%) was a US$ 1.4 billion project
in regional Australia in 2004 that has produced high quality nickel metal
and cobalt for global export markets. The Ravensthorpe orebody is
distinctive in that it has a high silica content which enables the limonite
ore to be upgraded to almost twice the mined grade through a
beneficiation plant-a simple scrubbing and screening process to remove
the barren hard silica (Adams, et al., 2004, pp.193-202).

The saprolite ore also upgrades but to a lesser extent. Limonite and
saprolite are to be treated separately in two purpose-built beneficiation
circuits, thereby increasing the nickel grade of the ore prior to leaching. The
average grade of ore shipped from Berong has been greater than 1.5% Ni.
The Ravensthorpe Nickel Project consists of 152 million tonne-resource of
nickel laterite of the south coast of Western Australia. The project involves
the mining and beneficiation of the nickel laterite ore, hydrometallurgical
processing using Pressure Acid Leaching (PAL) technology and marketing
of nickel and cobalt products. The project gives a PAL plant feed grade of
2.0 % Ni, produces 25,000 tonnes per annum of LME grade nickel metal
cathodes and 1,900 tonnes per annum of cobalt sulphide by—products.
Screening and classification processes are used to separate out the finer
higher grade fraction from the coarse grade fraction from the Run of Mine
ROM. The aim of the beneficiation circuit is to maximise Ni and Co recovery
in the minimum weight fraction obtainable, while rejecting minerals
containing quartz. The unit operations are: primary crushing, scrubbing,
screening, cycloning, attritioning, classification, and thickening.
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Meta Nickel Cobalt Process, Turkey

Meta Madencilik Ltd. S$ti. was founded in 2000 by a group of
professional engineers and it developed the Turkey’s first nickel project.
Meta has been carrying out the activities under the name of Meta Nikel
Kobalt Madencilik Sanayi ve Ticaret A.S. since 2007. The Turkish “Meta”
company is part of the “ZORLU Group”, which is active in many different
industries.

“Meta” has 3 project sites at which nickel and cobalt are extracted:
» Gordes nickel cobalt investment project

* Eskisehir nickel ore production & exploration project

* Usak nickel exploration project

All plants extract metals from the Iateritic ore. The previous
investigation of nickel extraction from lateric ores was performed under
atmospheric pressure (Blylkakinci & Topkaya, 2009, pp.33-38). The
project area is located in Western Turkey, within the boundaries of
Manisa Province, between Akhisar and Goérdes Towns and around
Fundacik - Cicekli — Kabakoz and Kalemoglu Villages. The mine site is
20 km away from the town of Gdrdes by an asphalt road and it is nearly
45 km from the town of Akhisar, 115 km from Manisa and 160 km from
izmir. The nearest state railway is about 40 km away.

A total of 230,000 tons of nickel ore has been produced from two
open pits and 150,000 tons of ore have been exported to Greece,
Macedonia and China since 2003. Approximately 80,000 tons of the
remained nickel ore were stocked at the mine site, to be used during a
trial production of the process plant, which is under construction. A world
class laboratory was set up on the mine site in 2007, to conduct chemical
analyses on the samples obtained from the exploration and drilling
program. The following operations are used:

1) Ore Preparation - classification of ore particles

2) High Pressure Acid Leaching (HPAL)-> leaching method to
extract nickel and cobalt

3) Primary Iron Removal & Re-Leach Area Solid Liquid Separation
(CCD or SX)

4) Secondary Iron Removal (Secondary Neutralization)

5) MHP (Mixed Hydroxide Product) Precipitation-1

6) MHP (Mixed Hydroxide Product) Precipitation-2

7) Manganese Removal

8) Final Neutralization
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Figure 5 — Flowchart of the META Cobalt Nickel Process
Puc. 5 — Cxema META Cobalt Nickel Process
Slika 5 — Sema za ,META Kobalt Nikal Process”

For the following neutralization, calcium carbonate is used. After
that, nickel and cobalt are recovered from the solution in 98 — 99 % yield
by precipitation at 120 °C with hydrogen sulfide at a pressure of 1.1 MPa
in a three-compartment, brick-lined autoclave in accordance with the
following reaction:

NiSO, + H,S - NiS + H,SO, (3)
The final product has the following chemical composition of the
mixed precipitate

Table 6 — Chemical composition of the final product
Tabnuuya 6 — XMMUYECKMIA COCTaB KOHEYHOM NPOAYKLMMK
Tabela 6 — Hemijski sastav kona¢nog produkta

[%]

Ni

Co

Fe

Al

Mg

Mn

MHP-2

30-40

1.5-2

<0.5

1-2

1.3

0.8

The advantages of the META-process:

1) Capital expenditure and operational expenditure are relatively low

2) Sulphuric acid consumption is low

3) Reagent types and consumption is low

4) Metal extractions (Ni and Co) with respect to time are above 90 %

The disadvantages of this process are related to the precipitation
process:

1) Low Mg concentration necessary (<4%)

2) Low Al concentration necessary (because Al is high acid consumer)
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Murrin Murrin Project, Australia

Minara is the fully integrated nickel laterite producer in the world. The
Murrin - Murrin  nickel-cobalt project, 60km east of Leonora, was
commissioned by Anaconda Nickel Ltd. The project is now a joint venture
between Murrin Murrin Holdings Pty Ltd, a wholly owned subsidiary of
Minara Resources Ltd (60%), and Glenmurrin Pty Ltd, a wholly owned
subsidiary of Glencore International AG (40%). It is based on the mining and
processing of lateritic ore for the production of up to 40,000t/y of nickel and
2,500t/y of cobalt briquettes. After mining from the nearby open pits, the ore
is delivered to the run of mine (ROM) pad, where it is sorted depending on
its grade and blended to ensure consistent feed to the feed preparation
circuit. The ore is then mixed with water to form slurry for processing in the
High Pressure Acid Leach (HPAL) circuit. (four titanium autoclaves in a line).

The most important operations in the Murrin Murrin process contain:
. mining and rehabilitation

. ore preparation

. High Pressure Acid Leach (HPAL)

. solid/liquid separation-counter current decantation
. solution neutralization

. mixed sulfide precipitation

. tailling neutralization

. oxygen pre-leach of nickel and cobalt values

. hickel and cobalt separation

10. nickel and cobalt refining

11. metal package

Mr. Johnston from Minara Resources reported he had finally laid the
ghosts of the company’s troubled past to bed, nearly 14 years after the
first nickel was produced at its Murrin Murrin mine (Evans, 2013, pp.63).
Murrin Murrin produces nickel and cobalt briquettes that easily meet the
highest grade standards of the London Metals Exchange and are highly
regarded and in strong demand from consumers around the world
(http://www.minara.com.au/about/operations-overview/technology).

OCONOOPR,WN =

Conclusion

Hydrochloric, nitric and sulphuric acids were successfully used for
the leaching of laterite ores. The dissolution kinetics of lateritic ores in an
acidic solution of three metabolic acids confirmed low leaching efficiency
of nickel and cobalt. Tank leaching, heap leaching and high pressure
acidic leaching are mostly used for the hydrometallurgical treatment of
lateritic ores. The Direct Nickel Proces, the Meta Cobalt Nickel Process




and the Murrin Murrin Process show a high potential for the production of
nickel and cobalt. The application of HPAL for laterites is expected to
continue - especially for large projects and high grade deposits.
Regarding lower grade deposits, further development of the heap
leaching process for small projects is expected. The beneficiation
process of laterite ores was successfully performed in the Ravensthorpe
plant in Australia in order to produce a nickel concentrate. Finally, nickel
and cobalt have become essential materials in modern life.
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Pe3stome:

lMpouseodcmeo Hukerns rnpedcmasnsem 8axHy O0mpacsib
npombiwrieHHocmu 8 [Eepocorwse, maxk kKak Hukenb sensgemcs
cocmasnsirouuM 37IEMEHMOM 8 Npou3eoocmee Hepxaesetowel cmarnu.
Espona obnadaem pecypcamu OKCUOHbIX pPyO, Haxo0sWUXCs Ha
bonbwol meppumopuu om Anbn 0o [umanaes, oxgambieasi 3anadHyro
yacmb bankaH u [peyuro, npocmunasice 4epe3d Typuuro 0o Asuu.
U3gecmHble pesepebl ramepumHbix pyd Haxodsmcsi e Cepbuu,
pacrionazasicb 8 mpex 3oHax: 3anadHass Mopasa (PyxduHubl, Benyue,
ba), Lllymadusi (flunosau, Konapesuuu, bydbe) u Mokpa [opa,
npedcmasnsowux cobol rnpupodHbie pecypchbl, Makue Kak: J1ec, PeKu u
rp. O4YeHb BaXHO MOHUMaMb U OUEHUMb MPUMEHeHUe flamepumHbiX
pyd 8 obracmu 20pHOU MPOMbIWIEHHOCMU U Memarnypauu 8 pa3sHbIX
yacmsax Mmupa. B daHHOU cmambe npedcmasneHo HECKO/ILKO
3KcrislyamayuoHHbIX — CUeHapuee namepumHbix pyd e obmacmu
audpomemannypeuu: Direct Nickel Process, Murrin  Murrin  u
Ravensthorpe e Aecmpanuu, u META Process e Typyuu.

KnioyeBble  cnoBa: Hukerb, Kobanbm, namepumdsie  pyosl,
a2udpomemarniypausi, asmokrae.

HIDROMETALURSKO TRETIRANJE LATERITNIH RUDA NIKLA

Srecko R. Stopi¢, Bernd G. Friedrich
Institut za procesnu metalurgiju i recikliranje metala,
Tehnicki univerzitet u Ahenu, Nemacka

OBLAST: hemijske tehnologije
VRSTA CLANKA: pregledni Clanak
JEZIK CLANKA: engleski

Sazetak:

Proizvodnja nikla je vrlo zna¢ajna aktivnost u zemljama Evropske
unije, jer nikal je vaZan dodatak u nerdaju¢im Celicima. Evropa ima re-
surse oksidnih ruda duz dobro poznatog prostora koji zapocinje od Al-
pa i zavrSava se na Himalajima. Ovaj opasac prolazi kroz zapadni Bal-
kan i Gréku i nastavilja se kroz Tursku do Azije. Poznati depoziti laterit-
nih ruda u Srbiji smesteni su u tri zone: Zapadnoj Moravi (Rudinci, Ve-
luce, Ba), Sumadiji (Lipovac, Kolarevici, Bucje) i Mokroj gori, koje pred-
stavijaju prirodne resurse, kao $to su Sume i reke. Lateritna ruda tretira
se u rudarstvu i metalurgiji u raznim podrudjima sveta. U ovom radu bi-
¢e predstaviljeno nekoliko eksploatacionih scenarija preko hidrometa-
lurSkog tretiranja: ,Direct Nickel Process”, ,Murrin Murrin” i ,Raven-
sthorpe” u Australiji, i ,META Process” u Turskoj.

Klju€ne reci: nikal, kobalt, lateritne rude, hidrometalurgija, autoklav.
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Summary:

For many years, huge attention has been paid to the problem of
corrosion damage and destruction of metallic materials. Experience shows
that failures due to corrosion problems are very important, and statistics at
the world level shows that the damage resulting from the effects of various
forms of corrosion is substantial and that, for example, in industrialized
countries it reaches 4-5% of national incomes. Significant funds are
determined annually for the prevention and control of corrosion. In the
case of ignoring the problem of corrosion, in some cases the penalty is
financial, whereas in other cases it is the loss of human lives.

This review presents several cases of failures in engineering
structures and installations of catastrophic proportions, where
corrosion was responsible for the occurrence of failures and the loss of
hundreds of lives.

Key words: catastrophe, failure, corrosion, corrosion pit, pesticide,
explosion, pipeline, helicopter, aircraft.

Introduction

Failures occur when a component or a structure is no longer able to
withstand stresses imposed during exploitation. Usually, failures are
related to stress concentration and they can occur for many reasons,
including structural faults such as holes, notches and transitional
curvatures of small diameters, cavities in the microstructure of materials
as well as corrosive attacks, such as pitting, which generate local stress
concentrations.




Based on the research and statistical data, it is possible to estimate
the frequency of failure mechanisms (Table 1). It is evident that
corrosion, in all its forms (general corrosion, pitting corrosion, corrosion in
the gaps, stress corrosion cracking, corrosion fatigue), dominates with
42% when it comes to the frequency of failure mechanisms in
engineering structures. Also, in aircraft structures, where the largest
number of failures is a result of fatigue, corrosion is the cause of even a
quarter of the total number of failures (Findlay, Harrison, 2002).

Table 1 — Frequency of failure mechanisms
Tabnuua 1 —YacTtoTa MeXaHM3MOB OTKaA30B
Tabela 1 — Ucestalost pojave mehanizama otkaza

Percentage of Failures
Failure mechanisms Engineering Aircraft
Components Components
Corrosion 29 16
Fatigue 25 55
Brittle fracture 16 -
Overload 11 14
High temperature corrosion 7 2
SCC/Corrosion fatigue 6 7
Creep 3 -
Wear/abrasion/erosion 3 6

Table 2 presents a few accidents caused by corrosion.

Table 2 — Overview of several characteristic accidents caused by corrosion
Tabrnuya 2 — O630p HECKOMBKMX XapaKTEePHbIX HECHACTHBIX CIy4aeB, BbI3BAHHbLIX KOPPO3WEN
Tabela 2 — Pregled nekoliko karakteristi¢nih nesreca prouzrokovanih korozijom

= 05/19/2015 Oil spills (Santa Barbara / California)

 On one of the most biologically diverse coastlines in the United
4 States, there was a discharge of 540 m® of crude oil.
| Investigations indicated the presence of serious corrosion. In the
: ' ¥ 4. lower quadrant of the pipeline, the thickness of which was
4 e o s reduced by 45% due to corrosion, there was crack propagation

e

11/17/2014 The fall of railway traffic lights (Newbury /
England)

— T

A train traveling at 180 km/h crashed into a railway traffic light that
fell over two tracks. Corrosion caused almost a complete loss of
the wall of the hollow pylon.

4 08/15/2014 Landing of a Jetstreamay from th unway
(England)

Immediately after landing, the left leg of the landing gear
separated from the shackles. The aircraft slid off the runway into
the grass. The results of the investigation showed that the failure
had been caused by stress corrosion.
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06/24/2013 Damage of a turbine engine (England)

During Airbus A330 running at the airport in Manchester, at a
speed of 190 km/h, the right engine caught fire. The investigation
showed that there had been a fracture of one of the turbine

blades. The blade failed due to high cyclic fatigue initiated by [ ===
corrosion pittin y

08/19/2000 The explosion of a gas pipeline (New Mexico)

Near the city of Carlsbad, New Mexico, there was damage to the
pipeline company El Paso Natural Gas Company. The released
gas ignited and 12 people got killed. In the pipeline there was
evidence of the existence of damage caused by corrosion.

12/12/1999 Sinking of the tanker Erika (Bay of Biscay |
France) S

On 12 December 1999, the oil tanker Erika broke in two and sank
in the Bay of Biscay. There were no casualties. However, the oil
spill led to a great environmental disaster. The main cause of the
accident was significant corrosion of the internal structure of the
vessel.

08/21/1995 ASA Embraer crash (Georgia / USA)

While climbing to a height of 5,500 m, an Embraer turboprop
airplane of the ASA airline company, on flight 529, lost a propeller
blade. The plane crashed near Carrollton, Georgia, killing 8 and
injuring 21 people. A broken blade failed due to high cyclic fatigue
initiated by corrosion pitting.

10/04/1992 EL AL Boeing 747 crash (Netherlands)

A cargo plane Boeing 747-258F operated by El Al crashed on a
residential block in a suburb of Amsterdam with 43 human victims.
After a takeoff, engine No 3 separated from the right wing and hit
motor No 4. The reason for separating the two right engines is .
damage on an internal safety pin in the compound of engine No 3 _.&
carrier and the middle spar of the right wing, caused by corrosion §
pits and fatigue.

04/22/1992 Explosion of sewer (Guadalajara / Spain)

- In a number of explosions of gas in the city sewerage system, 8
kilometers of streets were destroyed. 252 people were killed,
nearly 1,500 were injured and 15,000 people were left homeless.

04/28/1988 Aloha Boeing 737 plane crash (Hawaii)

While flying at 8,000 m above the ground, a large segment of the
upper fuselage of the plane was literally torn off making a big hole
in the passenger cabin. The aircraft inspection found separation,
corrosion and cracks in the lap joints of the fuselage skin.

e
o
o

12/03/1984 Bhopal accident (Bhopal / India)

Toxic glas was released into the atmosphere from the Union
Carbide India Limited (UCIL) pesticide plant in Bhopal in the state
- Madhai Pradesh. The official death toll is 2,259, while unofficially
the number is much higher, about 8,000. The main culprit for this
disaster is corrosion.




05/10/1974 Sikorsky S-61N helicopter crash (North Sea)

In May 1974, a helicopter Sikorsky S-61N PH-NZD crashed into
the North Sea, where six people were killed. A fractographic
analysis of blade No 3 found that the blades broke due to high :
cyclic fatigue initiated by corrosive pitting. ’

01/06/1974 Flixborough disaster (Lincolnshire / England)

A massive explosion rocked the Nypro plant in Flixborough,
England. The explosion was caused by a burning vapor cloud
formed by leaking cyclohexane from one of the reactors. The
explosion and subsequent fire damaged the plant, which resulted
in 28 deaths. The metallurgical tests showed that the critical crack
# in the reactor had been caused by stress corrosion.

12/15/1967 Demolition bf the Silver Bridge (Ohio river / USA)

Point Pleasant bridge that connects West Virginia and Ohio,
known as the Silver Bridge, collapsed on 15 December 1967. The =
accident resulted in 46 fatalites and 11 serious injuries. The
disaster was caused by stress corrosion of the compound of the
bridge construction and the bridge chain.

The article further presents in detail several catastrophic accidents,
in which corrosion was responsible for the occurrence of failure and
losses of human lives, from one to several thousand lives.

Aloha Boeing 737 plane crash

Structural damage to the plating on the Boeing 737 aircraft, operated by
the US airline Aloha Airlines, which took place on 28 April 1988, undoubtedly
contributed to the creation of awareness of aircraft aging. This aircraft suffered
very serious damage caused by explosive decompression during flight. At
8,000 m above the ground, a large segment of the upper fuselage was literally
torn off and it made a big hole in the passenger cabin (Miller, 1990).

Figure 1 — Simulation of the flight of an airplane Boeing 737 Aloha Airlines, Flight 243
Puc. 1 — MogenupoBaHue noneta camoneta Boeing 737 Aloha Airlines Flight 243
Slika 1 — Simulacija leta aviona Boeing 737 Aloha Airlines Flight 243
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The crew landed the plane safely on the island of Maui in Hawaii.
One flight attendant got killed, while 65 out of 94 survivors were injured.
In the remaining structure of the aircraft, in several lap joints of the
fuselage skin, in the holes of the upper row of fasteners, subsequent
investigations discovered more cracks caused by fatigue (Wildey, 1990).

In the skin of the Aloha Boeing 737 aircraft, multiple damage was
found in the form of cracks caused by fatigue which had led to the final
structural damage. The report of the National Committee for Traffic
Safety, made after the completion of the investigation in 1989, attributed
the responsibility for the incident to the program of maintenance and
detection of damage from corrosion. Earlier, in 1981, a similar plane
suffered an in-flight break-up with more than one hundred fatalities.
Investigations have indicated the existence of damage mechanisms to
the fuselage skin panels caused by fatigue assisted by corrosion
(http://www.corrosion-doctors.org/Aircraft/Aloha.htm).

Lap joints join large panels of the fuselage skin together and run
longitudinally along the fuselage. Fatigue cracking was not anticipated to
be a problem, provided the overlapping panels remained strongly bonded
together. A review of other similar aircraft discovered separation,
corrosion and cracks in the lap joints.

Figure 2 — Fuselage skin of the Boeing 737 Aloha
Puc. 2 — ObwwuBeka crozenspka camoneta Boeing 737 Aloha
Slika 2 — Oplata trupa aviona Boeing 737 Aloha

Figure 2 clearly shows that the corrosion process and subsequent
extensive accumulation of corrosion products within the lap joints led to
the creation of so-called "pillowing", which finally led to the separation of
the contact surfaces and uplifted the fuselage skin panels above the
surface of the rivet heads (Komorowski, 1996).

This accident drew attention of aviation inspectors to airplanes of
somewhat older age. The Aloha plane had flown for 19 years in a very




unfavorable environment which is favorable for corrosion, typical for
interislands aircraft. With an average flight duration of 20 to 40 minutes,
the plane had 88,000 take-off-landing cycles.

El Al Boeing 747 crash

In October 1992, an EI Al Boeing 747-258F cargo plane crashed on
an apartment block in a suburb of Amsterdam with the loss of 43 lives
and many injured.

About five minutes after the take off, engine No 3 and its pylon
separated from the right wing in an outboard and rearward direction.
Engine No 3 hit engine No 4, causing this engine and its pylon also to
separate from the wing. Both engines and pylons fell into a lake about
25 km of Schiphol. During the engine separations, the wing leading edge
was extensively damaged. This damage and loss of the two engines
made control of the aircraft extremely difficult. An attempt was made to
return to Schiphol, but tragically to no avail.

Figure 3 — Simulation of the EI Al Flight 1862 crash in Amsterdam
Puc. 3 — MogenupoBaHue aBapum camorieTa El Al Flight 1862 B AmcTtepname
Slika 3 — Simulacija udesa aviona na letu 1862 avio-kompanije EI Al u Amsterdamu

The investigation of the accident involved a variety of organizations,
including manufacturers of aircraft and engines, the operator of the
aircraft, airtraffic authorities, the National Aerospace Laboratory - NLR
from Amsterdam, etc.

The NLR’s Department of Structures and Materials was responsible
for investigating the components connecting engine No 3 pylon on the
right wing. It turned out that these components were the key to explaining
this complicated accident (Wanhill, 2009).
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A possible reason for the shearing away of the two right engines is
damage to an internal safety pin of the mid spar (Figure 4) caused by
corrosion pits and fatigue.

Pitting corrosion is defined as an extremely localized corrosion
attack leading to the formation of corrosion holes (pits). Very small
(limited) metal surfaces are subject to pitting corrosion, while the rest of
the surface is in a stable, passive state, which leads to the creation of
damage - spots, holes, pits, and craters. Pits are formed in the places of
destruction of passive films on metal surfaces.

Figure 4 — Internal safety pin of the mid spar
Puc. 4 — BHyTpeHHWUI NpeaoxXpaHnTenbHbIN LWTUMT CpeaHero fioHXepoHa
Slika 4 — Unutras$na sigurnosna osovinica srednje ramenjace

The inboard and outboard pylon fittings and the partial fuse pin were
made of AISI 4330M low alloy steel. The inboard pylon fittings were made of
high strength steel 1517 — 1655 MPa, and the safety pin was made of
medium strength steel 869 — 958 MPa. This design of the fuse pin had been
used from 1982 and in a seven year period there were fifteen reports of
cracked pins (http://www. corrosion-doctors.org/Aircraft/el-al.htm).

After this accident, Boeing introduced several changes for the pylon-
to-wing connections, including a newly designed safety pin made of
corrosion-resistant stainless steel.

Sikorsky S-61N helicopter crash

In May 1974, the helicopter Sikorsky S-61N PH-NZD crashed into
the North Sea, and six people were killed. Figure 5 shows the crashed
helicopter during its recovery from the water. All the main rotor blades
were broken, but blade No. 3 was an exception because of low
deformation at the fracture (indicated in Figure 5).




Figure 5 — Recovery of the helicopter Sikorsky S-61N PH-NZD from the North Sea
Puc. 5 — N3BneyveHue BepTtoneta Sikorsky S-61N PH-NZD n3 CesepHoro mops
Slika 5 — Spasavanje helikoptera Sikorsky S-61N PH-NZD iz Severnog mora

Figure 6 shows a cleaned fracture surface of the blade spar No.3,
made of aluminum alloy AA6061-T6. The spar is adhesively bonded to
the sheeting in the form of a ribbed aluminum pocket, as shown in Figure
6b. The fractographic analysis determined the phases of the spar fracture
and their order. The first phase was high-cycle fatigue initiated by
corrosion pits on the spar lower surface under the bonded area (indicated
by the red arrow in Figure 6b) (Wanhill, 2009).

a) -
$uplja ramenja&a pod pritiskom azota
hollow spar nitrogen-pressurised in service
b)
Ivica dzepa
Edge of pocket ™\
Faze zamornog loma ramenjace (Phases of the spar fatigue life)

1. inicijacija: korozijski pit + zamor (initiation: corrosion pit + fatigue)

2. proboj kroz debljinu (thickness penetration)

3. ravna povrsina preloma zaptivanja dzepa (pocket-sealed flat
fatigue fracture)

4. ravan zamorni lom: pokazivanje gubitka pritiska (flat fatigue
fracture: pressure loss "detectable”)

5. kosi zamorni i konadni lom (slant fatigue and final fracture)

Al-oplata i
orebreni
dzep
Al-skinned
and-ribbed
pocket

Figure 6 — Recovered blade spar fracture surface and the phases of the fatigue life
Puc. 6 — NoBpexaeHHasa NOBEPXHOCTb NOHXepeHa nonacTtu 1 asbl ycTanoctu
Slika 6 — O8tecena povrsina preloma ramenjace lopatice i faze zamornog loma

Bhopal accident

Bhopal is probably the biggest industrial disaster in history. In the period
between 1977 and 1984, the Union Carbide India Limited (UCIL) pesticide
plant, located at a distance of 5-6 kilometers from the center of Bhopal, the
state of Madhai Pradesh, was producing phosgene, monomethyl amine
(MMA) methyl isocyanate (MIC) and the pesticide carbaryl, known as Sevin
(http://www.corrosion-doctors.org/Pollution/ bhopal.htm).

Petrovi¢, Z., Catastrophes caused by corrosion, pp. 1048-1064




VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 4

In the night between 2 and 3 December 1984, there was a
penetration of large amounts of water into the tank with methyl
isocyanate (MIC), with over 40 tons of MIC. The addition of water into the
tank caused a runaway chemical reaction, resulting in a rapid rise in
pressure and temperature. Heat generated by the reaction, chloroform
concentrations higher than normal and the presence of an iron catalyst
caused by the corrosion of the stainless steel tank wall, resulted in the
opening of the safety valve. Toxic gas composed of MIC, hydrogen
cyanide, monomethyl amine, carbon monoxide and other chemicals was
released into the atmosphere. The wind blew the cloud of gas and more
than 500,000 people were exposed to toxic effects of its ingredients. The
parts of the town with dilapidated houses surrounding the plant were
most affected, and the victims were exclusively from poor communities.
The official death toll is 2,259, while unofficially the number is much
higher, about 8,000.

Figure 7 — Elements of the UCIL pesticide plant in Bhopal
Puc. 7 — 3aBopg no npoussoactey nectuuugos UCIL B Bxonane
Slika 7 — Elementi postrojenja za proizvodnju pesticida UCIL u Bopalu

As already mentioned, the immediate cause of the chemical reaction
was the rush of 500 liters of water into the MIC storage tank. Many
researchers and scientists have agreed that the corrosion of the pipelines
and other safety equipment are the main culprit for this disaster. The
following facts support this statement (Nitin, nd):

- MIC was stored in three double-walled stainless steel tanks,
codenamed 610, 611 and 619. One of the third shift workers noticed that
the pressure in tank 610 (the tank from which all MIC leaked) increased
from 2 psi as it had been recorded one hour before, in the previous shift,
to about 10 psi. Pressure increase for more than five times in an hour
was not taken seriously because of the belief that the instrument for
measuring pressure was faulty. Shakil Qureshi, the supervisor on duty,
said later: "The instruments were often not working. They were

corroded."
1056



- How water entered the pipeline connected to the MIC tank made of
stainless steel is a different story, but its entry inside the tank was related
to improper maintenance of the valve between the pipeline and the tank.
In this case, the valves were made of carbon steel which easily corrodes
in acidic media, which actually happened in the factory. In addition,
sliding back panels, which should have prevented the entry of water
through faulty valves had not been installed.

- The exact sequence of events in the tank remained unexplained.
The Carbide’s report states that what happened was a unique
combination of large amounts of water (120 to 240 gallons), chloroform in
an amount greater than normal (a few percent instead of the maximum of
0.5%) and an iron catalyst, which led to a violent reaction in the MIC. The
heat released by the reaction of water and MIC raised the temperature in
the tank. At the same time, the reaction was accelerated by iron as a
catalyst, resulting from the corrosion of the tank wall under the influence
of high temperatures. The UCIL claimed that the corrosion rate was
significantly increased due to the presence of an incredibly high level of
chloroform. The rapid release of carbon dioxide in large quantities then
helped to build up high pressures, which forced the foaming mass of
chemicals out of the tank.

- The final blow was the fact that the tower designed to burn MIC was
not usable due to the corrosion of a pipe which had not been replaced.

The explosion of a gas pipeline

On August 19, 2000, a 76 cm diameter natural gas transmission
pipeline operated by the El Paso Natural Gas Company (EPNG) ruptured
adjacent to the Pecos River near Carlsbad, New Mexico. The released gas
ignited and burned for 55 minutes. Twelve persons who were camping
under a concrete-decked steel bridge that supported the pipeline across
the river were killed and their three vehicles destroyed. Two nearby steel
suspension bridges for the pipeline crossing over the river were quite
damaged. According to the EPNG, the damage amounted to $ 998,296.

The force of the rupture and the violent ignition of the escaping gas
created a crater 16 meters wide and blew out three large pieces of the
pipeline. All three ejected pieces showed evidence of internal corrosion
damage, but one of the pieces showed significantly more corrosion
damage than the other two. Corrosion pits were visible on the inside
surface of this piece, and the pipeline wall was significantly thinned at
several locations. A perforation of the wall was visible at one location. No
significant corrosion damage was visible on the outside surfaces of the
three pieces or on the two ends of the pipeline remaining in the crater
(National Transportation Safety Board, 2003).
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Figure 8 — The crater that was created in the explosion
Puc. 8 — KpaTep, o6pa3oBaHHbIi B pe3ynbTaTte B3pbiBa
Slika 8 — Krater koji je nastao prilikom eksplozije

Interconnecting pits were observed on the inside of the pipe in the
ruptured area (Figures 9 and 10). Striations characteristic for
microbiological corrosion were observed in these pits. A pit profile
showed that chloride concentration in the pits increased steadily from the
top to the bottom. Increased concentrations of chloride can be caused by
some kind of microbial activity. All four types of microbes (sulfate
reducing microbes that produce acid, aerobic and anaerobic) which may
affect the corrosion process, were found in the samples collected from
the pits in one piece from line 1103 with internal corrosion, discovered
after the incident 630 m away from the place of explosion. Although the
individual contribution of various microbes in the corrosion process could
not be estimated, the damage morphology and the corrosion product
analyses data suggest that microbiological activity contributed to the
corrosion process (Nitin, nd).

Figure 9 — Corrosion pitting on the inside of the pipe near the rupture site
Puc. 9 — MNMuTTUHroBas KOPPO3usl Ha BHYTPEHHEW CTEHKe TPYObl B 30HE pa3pbiBa
Slika 9 — Piting korozija na unutrasnjoj strani cevi u zoni kidanja




The El Paso Natural Gas Company (EPNG) committed itself to
spend $ 86 million on the replacement of 10,000 miles of the gas
pipelines destroyed in the incident. Also, after this accident, the EPNG
company developed a program to train staff on internal corrosion and
implemented a program for integrity management which applies to
46,000 miles of the gas pipelines of the company. The EPNG identified
60 segments of the pipelines with the estimated risk of internal corrosion.
These segments were inspected by non-destructive methods and internal
corrosion was discovered on 8 pipelines. In the metallurgical laboratory
of the company, on one of these lines, the experts found general internal
corrosion which had reduced the thickness of the pipe wall for about 42%
(https://abduh137.wordpress.com/2008/04/28/the-50-major-engineering-
failures-1977-2007-part-3).

Figure 10 — Microscopic view of a corrosion pit in the Carlsbad pipeline
Puc. 10 — Mukporpacduyeckoe nsobpaxeHve NUTTUHIOB Ha Tpyb6onpoeoae B Kapncbane
Slika 10 — Mikrografski snimak korozivnog pita u cevovodu Carlsbad

Guadalajara sewer explosions

The explosions took place in Guadalajara on 22 April 1992, in the
downtown district Analko. In a number of explosions of gas in the sewage
system, 8 kilometers of streets were distroyed. Officially, by the Lloyd's of
London accounting, 252 people were killed, nearly 1,500 were injured
and 15,000 people were left homeless.

The sewer explosion was traced to the installation of the water pipe
which had been placed above the gas installations several years before
the explosion. The corrosion of the water pipes caused water leaks out of
them, which subsequently caused the corrosion of the gas pipes and gas

leaks in the sewers (Nitin, nd).
1059
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Figure 11 — Aftermath of the Guadalajara sewer explosions
Puc. 11 — NocneacTteus B3pbiBa kaHanusauuu B [Baganaxape
Slika 11 — Posledice eksplozije kanalizacije u Gvadalahari

Figure 12 — Corrosion pits in the water pipelines
Puc. 12 — Koppo3auiiHble NUTTUHIM Ha Tpybe Bogonposoaa
Slika 12 — Korozivni pitovi u vodovodnim cevima

The explosion in the Gaylord Chemical Corporation

On October 23 1995, at 15:55, at the Gaylord Chemical Corporation
factory in Bagalusi, in Louisiana, there was a leak of yellow-brown steam
out of the dome of the tank railway wagon. The tank contained a mixture
of water and nitrogen tetroxide which is very toxic and corrosive. The
initially formed "mushroom" of vapor had a diameter of 3-4 m. The staff of
the factory notified the agency for emergency response and started the
spraying of vapor by water from fire protection systems. Around 16:30 a
fire crew arrived at the factory.

At 16.45, damage occured to the rear of the tank wagon, resulting in
breaking of a part of the tank jacket and its rejection at about 350 m. At the
same time, the tank wagon started to move, and after a 35 m ride, it
derailed. A large red-brown cloud of steam was released from the tank.
Vapors proceeded to go out through the hole in the tank wagon for the next
36 hours, until the chemical reaction was not put under control. Out of 4,710
people admitted to local hospitals, 81 were kept for treatment
(http://www.corrosion-doctors.org/Processindustry/Bogalusa-explosion.htm).

Prior to the accident on 12 October 1995, nitrogen tetroxide was
decanted from the rail tank to a storage tank. While this transfer was
taking place, the material from the storage tank was simultaneously




being transferred into the plant. At 09:00, the security system switched
off the chemical reactor. The internal investigation into the cause of the
security interruption of work of the chemical reactor revealed that
nitrogen tetroxide had been contaminated by water. In order to prevent
corrosion damage caused by the action of nitric acid, formed in the
reaction of water with nitrogen tetroxide, the Gaylord management had
decided to relocate the contaminated material from the tank wagon and
the storage tank into the stainless steel cargo tank.

Overnight, between October 12 and 13, 1995, the measuring
instrument showed that about 38,200 liters of the product were transferred
from the storage tank into two cargo tanks. No other check was made on
the storage tank or the cargo tanks to determine how much material had
been transferred. When the transfer operation was finished, a material
sample was taken from the transfer system. The sample contained a small
amount of green liquid and foam. At 4:00 on 13 October, believing that the
tank wagon was empty, factory employees poured water into it to dilute a —
what was believed to be - small amount of residual material that had
remained in the tank to push it along the transfering pipe. Measurements
after the accident showed that only 1,900 liters of material had been
transferred into the cargo tanks, while the testing of the tank wagon after
the accident showed that the transfering pipes were corroded and that only
a small portion of each pipe near the top of the tank remained intact.

On October 19, the material samples obtained from the tank wagon
and the three cargo tanks were taken to the Vicksburg Chemical Company
for a chemical analysis. On October 20, the Gaylord employees began the
transfer of the remaining material from the tank wagon, and by 18:00 that
day, the mesuring instrument indicated that 25,400 liters of the material had
been transferred from the tank wagon to the cargo tank. At the end of the
transfer, the sample of material taken from the transfer system showed the
presence of a small amount of foam and green liquid. Measuring of the
material transferred into the the cargo tank, conducted after the accident,
revealed that only about 3,200 liters of the material had been transferred.

Water for cleaning and washing the tank wagon was poured into it with
a fire hose. Adding water was stopped when the pressure in the tank wagon
reached a value of 4-4.5 bar. Gaylord employees vented out steam and
reduced the pressure in the tank. Later, in the evening of 20 October, the
staff in charge started emptying the tank wagon into the factory sewage
system. After 2 or 3 minutes, a large vapor cloud was released, and the
unloading was stopped. On 21 October, the workers added water twice in
order to dilute the material in the tank wagon and they vented the tank.
Every addition of water resulted in an increase of pressure in the tank.

On October 23, the measuring instrument on the tank wagon showed
that the internal pressure was 1.24 bar. At 12:54 p.m., the Gaylord company
received the results of the chemical analysis of the material sample obtained
from the tank wagon on October 19. The results indicated that the material
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was nitrogen tetroxide. These results were unexpected because it was
believed that on October 13 nitrogen tetroxide had been unloaded from the
tank wagon and that the minimum residue had been diluted with water. The
Gaylord staff concluded that there was an error in the Vicksburg Chemical
Company during the chemical analysis and that the analyzed sample had not
been the one taken from the material from the tank wagon.

Between 13:30 and 13:45 On October 23, the workers add more water
into the tank wagon, and in 4-5 minutes the internal pressure increased from
1.2 bar to 5.5 bar, after which pouring water was stopped. Around 14:00, the
pressure reached a value of 6.3 bar and began to decline slowly. At 14:30, the
internal tank pressure was 3.8 bar. When one of the workers reused a fire
hose and started pouring water again, the pressure increased to 7 bar, which
was the maximum value of the measuring instrument. Water was turned off
and the vapors were again vented. At 15:00, it seemed that the pressure was
decreasing. However, at 15:30, the pressure was still over the limit and it
began to rise again. At 15:55, yellow-brown vapor was observed leaking from
the dome of the tank wagon. At 16:45, damage occurred to the rear of the
tank wagon, resulting in the release of a huge red-brown vapor cloud. The
examination conducted after the accident revealed a corroded opening 20 cm
high and 170 cm wide at the head of the rear of the tank wagon, near the top
of the tank. In addition, at least three distinctive horizontal bands of corrosion
were found near the top of the interior tank wall, whereby one band was at the
same level as the opening in the tank head (http://www.corrosion-doctors.org/
ProcessIndustry/Bogalusa-explosion.htm).

Conclusion

Although the mankind made remarkable progress in the last century,
there have been cases stemming from this development and leading to
losses of human lives. Corrosion in itself is not important, but the
consequences of corrosion failure may be very serious. This paper presents
the events in which corrosion was responsible for the loss of human lives.
The investigations showed that the described disasters were the result of a
combination of legal, technological, organizational and human errors. It has
also been shown how much control and prevention of corrosion are
important in order to prevent both financial losses and losses of human lives.
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KATACTPO®bI B PE3YJIbTATE BO3HMKHOBEHWA KOPPO3WA

3opan L. MeTpoBuy
BoopyxeHHble cunel Pecny6nuku Cepbus, PB MNMBO,
204-as BoeHHO-BO3ayLWHasA 6bpuraga, bartanHuua, Pecnybnuka Cepbus

OBNACTb: maTepuanu, XuMu4eckme TeXHONorm
BWO CTATbW: 0630pHas ctates
A3bIK CTATbW: aHrnunckuin

Pesome:

lNpobrnema paspyuweHusi Memarinu4ecKux Mamepuasos
8criedcomeue 803HUKHOBEHUSI KOPPO3uU rpusriekaem 60sbuwoe eHUMaHue
yxe Ooreue 200b1. Ornbim r1oKkasars, 4mo omkasbl UHXeHepHbIX cemel 8
pesynbmame 8o30elicmeusi Koppo3uu Sesmces 8axkHou npobnemod, a
C02/1aCHO CMamuCMUKe MUPOB020 YPOBHSI 8bISIBIIEHO, YMO yuiepb om
go3delicmeusi  KOppOo3UU 8  [POMbILWIEHHO pPa3eumbiX  CmpaHax
cocmaensiem 4-5% HauuoHanbHo20 0oxoda. B cessu ¢ OaHHol
npobriemol, Ha 200080M yposHe ebidensomcs cpedcmea Ha
npedynpexoeHue U KOHMPO/b  KOPPO3UUHO20  eo30elicmausi.
UeHopuposaHue oracHocmu om Koppo3uu eriedyem 3a cobol ¢huHaHcosble
romepu, a 8 0moOesibHbIX CIlyHasiX U Yerl08EeYECKUE XKepmeabi.

B daHHoU pabome npedcmasrieHo HECKOIIbKO Crlydaes MaculmabHbiX
0MKa308 UHXEHEPHbIX cemell U yCmaHOB0K ecriedcmeue Koppo3UliHO20
8030elicmeusi, KOMOopPbIe YHECIIU COMHU YerI08e4ECKUX XU3HEU.

KnioueBble cnoBa: kamacmpogha, omkas, Koppo3usi, o4az Koppo3uu,
necmuyud, 83pbie, mpybornposod, eepmosniem, camosiem.
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KATASTROFE IZAZVANE KOROZIJOM

Zoran C. Petrovi¢
Vojska Srbije, RV i PVO, 204. vazduhoplovna brigada, Batajnica,
Republika Srbija

OBLAST: materijali, hemijske tehnologije
VRSTA CLANKA: pregledni &lanak
JEZIK CLANKA: engleski

SazZetak:

Problemu korozivnog oStecenja i razaranja metalnih materijala vec go-
dinama se posvecuje velika pazZnja. Svetska statistika pokazuje da je Steta
koja nastaje usled delovanja razlicitih oblika korozije ogromna i da, na pri-
mer, u industrijski razvijenim zemljama dostize 4 do 5% nacionalnog dohot-
ka. Za prevenciju i kontrolu korozije izdvajaju se znatna sredstva na godi-
Snjem nivou. U sluCaju ignorisanja problema korozije izricu se finansijske
kazne, a moZe dodi i do katastrofalnih posledica — gubitka ljudskih Zivota.

U ovom ¢lanku predstavijeno je nekoliko slu¢ajeva otkaza inZenjer-
skih struktura i postrojenja katastrofalnih razmera, u kojima je korozija od-
govorna za pojavu otkaza i pogibiju stotine ljudi.

Kljuéne reci: katastrofa, otkaz, korozija, korozivni pit, pesticid, eksplozi-

Ja, cevovod, helikopter, avion.
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Summary:

The aim of the research is to provide proactive mitigation of safety
risk to people and property of the effects of explosions of explosive
materials in the Serbian Army based on a large number of relevant
collected data. Achieving these research goals requires the use of
appropriate methods and techniques for understanding and studying the
existing theoretical and practical solutions as well as proposing new
solutions in the area of interest. The research includes possibilities to
mitigate risk to people and property from the effects of explosive material
explosions. These possibilities aim at reducing danger, risk and threat to
the population, their property and the environment, as well as at mitigating
the consequences of possible emergencies. The following methods have
also been discussed.: avoidance, retention, reduction, division, transfer
and reduction of hazards, risks and threats, where for each method a
detailed theoretical explanation is provided with appropriate examples of
good practice. The formulated hypothesis is also being proven, with the
aim to — with a scientific objectivity towards one’s own research results -
accept or reject the proposed methods.

Key words: threat, danger, army, property, explosive.
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Introduction

One of the properties of explosive materials is that in a short period of
time, under certain external influences, through chemical decomposition,
they create a lot of pressure and release a lot of energy in the form of heat
or gases capable of performing mechanlcal work over the environment
and thus achieve the effect of explosion’. This chemical process partially
or completely damages or destroys the environment in a closer or farther
area, causing casualties and damage to material goods. Therefore,
explosive materials are considered to be one of potential causes of safety
vulnerability of people and property from the effects of explosions of
explosive materials. Above all, since it is known that the majority of the
Serbian Army personnel are exposed to some form of danger, risks and
threats from explosion effects of explosive materials that can occur in
different forms and affect the functioning of the whole system,
opportunities for mitigating these phenomena become significant.

Since the process of mitigation of safety vulnerability of people and
property from explosive material explosions is complicated, complex and
interdisciplinary, and since it is not fully defined in relevant literature, this
paper tends to comprehensively and systematically deal with all the
relevant issues (with appropriate examples from practice) which affect
the modern process of mitigation of danger risks and threats. By
analyzing the views of several authors who were engaged in risk
management and experlence guidance®, we have searched for a solution
closest to the subject area in order to ensure improvement in the field of
increasing the safety of people and property which is important for
mitigation of explosion effects of explosive materials in the Serbian Army.

Mitigation of safety vulnerability of people from
the effects of explosions of explosive materials
Mitigation of safety vulnerability of people and property from the

effects of explosions of explosive materials is a mental process built on
early detection and acknowledgement of danger, risk and threat from

" Explosives (lat. Exploder - decay) are gaseous, liquid or solid chemical compounds or
mixtures which decompose under the influence of specific activation energy with the release of
large amounts of heat and heated gases the expansion of which leads to an abrupt increase of
pressure in a very short time interval. Explosives are materials used for demolition, divided into
|n|t|al (primary) and brisant (secondary) ones (Radovanovi¢, 2011).
2 The emphasis in this paper is given in (Mijalkovski, Dordevi¢, 2010) and (Kekovié, Nikoli¢, 2006).

% Acquired during the perlod of temporary work by Dejan Stojanovic as a protection of
resources officer in the 4" brigade of Land Forces, Vranje.




explosive material explosions based on the assessment of locations in
which explosive materials can be found. In the decision-making process,
before an actual explosion of explosive materials has occured, personnel
in charge® tend to determine a character of real or potential safety
vulnerability of people and property from explosive material explosions in
order to make proper decisions and thus provide optimal protection to all
the members of the Serbian Army. This is why each assessment needs
to be objective since wrong or unrealistic assessments can lead to wrong
decisions and pose danger, risk and threat to all the subjects in the
system.

The research of the safety vulnerability of people and property from
explosive material explosions in the Serbian Army has led to the
assessment’ that danger, risks and threats from the effects of explosive
material explosions, in a certain period of time and under certain
circumstances, can have an effect on the entire safety situation in the
Serbian Army. This is why the personnel from commands, units and
institutions have to decide on how to react in critical situations. They
make their decisions in accordance with the existing structure and
jurisdiction of the management and the executive department of the
system of defence, defined by the Constitution of the Republic of Serbia,
the Law on Defence and the Law on the Army of Serbia. The decisions
are made in order to reduce the level of danger, risk and threat of
explosive material explosions to the minimum, or to a moderate level.
Methods for mitigation of safety vulnerability of people and property from
the effects of explosive material explosions are recommended for the
purpose of reducing the possibility of explosions with a disastrous
outcome.

The proposed methods to mitigate safety vulnerability of people and
property from the effects of explosions of explosive materials are:
avoidance, retention, impairment, division, transfer and reduction of
hazards, risks and threats (Figure 1).

4 Persons who are, in accordance with laws and regulations, authorized to govern or
command military units (institutions), commands, units or institutions i. e. their personnel.
Other persons in units (institutions) are subordinates. Superiors are those with higher
ranks. If they are of the same rank or without ranks, a superior is the one on a higher level
of duty, and if they are on the same duty level, the superior one is the one who has been
promoted first (Pravilo sluzbe Vojske Srbije / Service Regulations of the Serbian Armed
Forces, 2008, p.10).

® The assessment of the situation of vulnerability of people and property from the effects of
explosions of explosive materials in the Serbian Army, made in earlier assessment stages, has
shown that the level of hazards, risks and threats from the occurrence of the effects of large
explosions of explosive materials is high and as such is not acceptable for the Serbian Army

(Stojanovic, 2015, p.159).
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Mitigation of safety vulnerability of people
and property from the effects of explosions

of explosive materials

Avoiding
hazards,
risks and
threats

Retention
of hazards,
risks and
threats

Impairing
hazards,
risks and
threats

Division
of hazards,
risks and
threats

Transfer
of hazards,
risks and
threats

Reduction
of hazards,
risks and
threats

Figure 1 — Methods for mitigating safety vulnerability of people and property
from the effects of explosive material explosions
Puc. 1 —MeTogpl No NpeaoTBPALLEHUIO M CMAMYEHUIO NOCMNEeACTBUI B3pbiBa
B3pbIBYATbLIX CPeacTB
Slika 1 — Metode za ublazavanje bezbednosne ugrozenosti ljudi i imovine
od efekata eksplozije eksplozivnih sredstava

In this case, mitigationof safety vulnerabilityof people and property
from the effects of explosionsof explosive materials includes a theoretical
treatment of certain methods applied in practice in a combination with
several others (when they depend on each other) or individually when
referring to a specific event. Which of the proposed methods will be
applied in a particular period and to what extent will be a decision of the
commander or other persons responsible for mitigating safety vulnerability
of people and property from the effects of explosive material explosions at
a critical moment. It is necessary to provide a continuous adjustment of
planned methods to new conditions in order to mitigate potential hazards,
risks and threats of unwanted events as much as possible and to prevent
possible human casualties due to explosive material explosions.

Avoiding hazards, risks and threats

It is possible to put the mitigation of hazards, risks and threats by
avoidance into practice only by avoiding an activity for which it is
estimated that can lead to the explosion of explosive materials. This
assessment is made by commanders of particular units or by the Ministry
of Defence who observe to what extent the safety measures have been
violated and can lead to potential dangers, risks and threats from
explosions of explosive materials. After that, the decision is made to
avoid certain activities in order to overcome the situation. It has to be
kept in mind that avoiding the implementation of one activity may lead to
a creation of other hazards, risks and threats from the occurrence of the
effects of explosions of explosive materials. Therefore, the basic rule is




that it is best to put into practice an activity the damage of which is
estimated to be of lower intensity, and avoid danger, risk and threat likely
to cause damage of higher intensity. In some instances, this is the only
possible practical alternative.

Example: There is a real danger, risk and threat from the effects of
explosions on the Combined-Arms training ground “Pasuljanske livade*
due to unexploded ordnance that can be foundon the training ground
around the Krcora hill, where targets are placed (while performing tactical
exercises with live firing). The most acceptable method that mitigates any
danger, risk or threat of explosion effects of explosive devices at the test
site is to put a target in a safer place to avoid any form of danger, risks
and threats of having effects of explosions of explosive materials.

It should also be noted that the Serbian Army completely alleviates
dangers, risks and threats by avoiding activities assumed to bea cause of
unwanted events. In some cases this can be effective, but not practical
for the functioning of the Serbian Army which represents defence system
armed forces and the armed opposition to military and non-military®
forms of en dangering the state security (Kekovi¢, Nikoli¢, 2006, p.421).
Therefore, it is necessary to avoid only those forms of danger, risks and
threats with assessed high probability of unwanted events occurrence
during the effects of explosion.

Retention of hazards risks and threats

While working with explosive devices, individuals as well as entire
teams are faced daily with virtually unlimited hazards, risks and threats
mitigated by subconscious or conscious retention. If individuals or teams
during the implementation of tasks in such work environment are not
aware that they are exposed to hazards, risks and threats from the
appearance of the effects of explosive material explosions, then in such
situations they subconsciously react to danger, risk or threat, since the
brain creates a defense mechanism that warns them against risk at a
certain point and sends signals that they should be careful to avoid any
unintended consequences. In such situations, danger, risk and threat are
subconsciously retained, which in certain jobs (such as jobs with special
working conditions’ or, jobs that cannot be avoided due to their

® The strategic documents of potential challenges, risks and threats to national security are
defined and may be of a military (aggression, armed conflicts, armed rebellion escalation of
terrorism and other conflicts with the use of weapons) and anon-military nature (national and
religious extremism, organized crime, corruption, natural disasters, industrial and other
accidents and epidemics).

7 Jobs with special working conditions include jobs with particularly difficult tasks, dangerous to
life and health, harmful jobs, or jobs in which professional military personnel are exposed to

specific efforts and increased risks.
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importance) is not enough, so each activity needs to be consciously
considered during work. In such a case, individuals or teamsaware of
hazards, risks and threats do not want to accept them to the extent
required from them in order to put the entire activity into practice, so they
consciously postpone the activity when they estimate that their lives are
in danger from the explosion of explosive materials, until the change of a
decision. This is how a safety situation is created for the continuation of
planned activities and the safety of people and property is increased.

Example: An order was issued by the superior command thattargets
should be placedon Krcor hill. When issuing orders, a superior is required
to consider whether they can be carried out or not (Pravilo sluzbe Vojske
Srbije / Service Regulations of the Serbian Armed Forces, 2008, p.20).
Targets are placed at designated places, and attention is subconsciously
paid to movement areas and the place where targets are set. But if
prudent thinking, perception and reasoning prevail, then it is easy to
realize that the area in which the target is placed is very risky to stay in,
because of unexploded projectiles which can be activated due to
negligence and cause unwanted consequences. In such situations, an
individual deliberately slows down the implementation of the task and
points to the problem in order to change the decision or possibly correct
it. In a situation where the decision is not changed, the task is
subconsciously completed or consciously rejected because it threatens
the safety measures. After wards, the explanation for such behavior and
task rejection is given to the superior command.

As a rule, hazards, risks and threats mitigatedby conscious retention
result in unwanted events with relatively small human and material
losses, and as such are favorable for the Serbian Army, while dangers,
risks and threats mitigated by subconscious retention result in greater
human and material losses and as such are not favorable for the Serbian
Army. It is certain, however, that retention of hazards, risks and threats is
not desirable in the case of severe hazards, risks and threats, and is
acceptable only in a situation where the probability of occurrence of
hazards, risks and threats is small (Karovi¢, Komazec, 2010, p.237).

Impairment of hazards, risks and threats

Impairment of hazards, risks and threats from the occurrence of the
effects of explosive material explosions can be put into practice only if the
activity in the workplace is interrupted when the human body experiences
too much physical and psychological stress. Practice has shown that most
of damage caused by the explosion of explosive materials in the Serbian
Army occurred due to the weakness of the human organism during
increased physical and mental strain. Creating appropriate working




conditions and organizing living and working as intended, in line with the
tasks and conditions of units and institutions of the Serbian Army, reduces
the load on the human body. The load during working processes and the
objective capabilities of the human organism are often in great discord which
results in fatigue, tiredness, exhaustion, moodiness, tension and the lack of
desire to work. Therefore, in areas where there is increased danger, risk and
threat of the occurrence of the effects of explosionsof explosive materials,
the following measures should be taken: making more frequent breaks,
reducing work intensity and improving the functioning of the system by
adapting the work process to real conditions (this can be achieved by
adjusting the maximum speed of work to the workflow, adjusting the working
temperature to the working conditions, reducing the noise to the permitted
level, etc.). The Serbian Army has very responsible and complex tasks: to
create a system functioning in the prescribed working conditions as well as
to enable and motivate individuals to work in certain situations based on
defined working conditions, thus preventing human and material losses.

In order to reduce threats, risks and hazards from the explosions of
explosive materials, it is important for the commander or other persons
responsible for making decisions in critical situations, to make decisions
on the working process until the moment when the body fatigue appears
due to in adequate working conditions. This is the way to reduce the
number of accidents (frequency) or the amount of danger (intensity),
because it is virtually impossible to fully prevent all losses.

Example: One member of the military personnel did not make a right
decision while clearing the remaining cluster bombs on mountain
Kopaonik. On that day when he became an invalid, he had already
destroyed 106 cluster bombs. There was one more, 107th, a fatal one
which had a contactless, seismically activating fuze. If he had stopped
working when experiencing fatigue due to in adequate working
conditions, he would probably have both hands now. This is just one of
many events having occurred in recent years.

Therefore, in order to reduce hazards, risks and threats from
explosions of explosive materials, it is important to recognize moments of
too much physical and mental pressure and to stop work in order to
reduce consequences from unwanted events, i.e. minimise material and
economic losses.

Division of hazards, risks and threats

Mitigation of hazards, risks and threats by division is conducted by
dividing hazards, risks and threats from explosion of exlosive materials
into several partial, less dangerous hazards, risks and threats which are
individually much easier to control. This is how unwanted events are
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restricted in intensity and area so that human losses and material
damage are kept to the minimum.

Example: Instead of storing explosive materials in one warehouse
(storage area) of larger capacity, it is better to store them in two
warehouses of smaller capacity placed at a sufficient distance from one
another® in order to prevent the effects of an adverse event which may
occur in one warehouse to affect what is stored in the other one.

The division is also carried out during some operational activities. It
is essential that a Serbian Army unit planning to work with explosive
materials consider the question of danger, risks and threats from the
effects of an explosion and divide the activity into smaller partial
operations.

Example: In the Department of Operations of Unexploded Ordnance,
the biggest problem for deminers is to assess the fuze condition, because
they cannot see inside the fuze mechanism and the phase its arming is in.
Aware of the importance and the responsibility for the work they do (in
their case there is no second attempt), they are forced to perform the job
slowly, with the division of their work into several partial operations.
Therefore, the demining of unexploded explosive devices cannot be
simultaneously operated by two or more men, but only by one at a time,
and to a certain moment, after which that person is replaced. Another
member of the team waiting for his turn to continue demining explosive
devices assists the deminer, while the other team members are in the
shelter. They use IT support from the headquarters to search the database
for missiles and fuzes based on the information they get from the field.
Deminers must be fully concentrated since any mistake could be fatal.

In the process of decision making, breaking perceived dangers, risks
and threats of the effects of explosive devices down into several partial
hazards, risks and threats, or dividing them into several partial activities,
is sometimes the only solution to avoid unwanted events.

Transfer of hazards, risks and threats

Mitigation of hazards, risks and threats from exlosions of explosive
materials by transfer is obtained when hazards, risks and threats are
transferred from one person to another person or to an organization.
Hazards, risks and threats from explosions in the working environment
are, therefore, transferred from one person, who is not certain of his or

® Inter-warehouse distances are distances between adjacent warehousesin which explosive
materials are stored. The minimum permitted separation distances between the warehouses
are those that effectively protect against transmission of the explosion from one warehouse to
the adjacent one, where the presence of staff is not taken into account (Upustvo za rad
skladista ubojnih sredstava / Manual for ordnance warehouses, 2002, p.63).




her ability to accept hazards, risks and threats to the requested extent,to
another person or organization ready to take responsibility in such a
situation. Thisother person ororganization differs from the first one in the
level of decisiveness, readiness and dedication. The one to whom the
hazards, risks and threats of the explosion are transferred to consiously
accepts responsibility that the one who they were transferred from wants
to avoid, and therefore is trying to mitigate or fully eliminate the possibility
of their occurrence in order to increase the safety of peple and property.
The person accepting this needs to be more experienced and skilled in
the field of hazards, risks and threats and ready to take full responsibility.

Example: Attillery firing from a self-propelled 122 mm howitzer is taking
place on the military training ground ‘Pasuljanske livade®. A battery
commander is in charge of firing. If the first projectile is unobserved firing,
then the division commander as the most responsible and the most
experienced officer, finds that a blunder has occurred and continues firing
until an observed hit occurs. The commander of the division thus takes
responsibility for the action and prevents occurrence of unwanted situations.

Hazards, risk and threats from the effects of explosions of explosive
materials are transferred to an organization by making an agreement or a
contract on taking responsibility. One of the parties agrees to take
responsibility in case of material damage or losses of human lives, which
is sometimes inevitable. These agreements or contracts are concluded
before the damage occurs (and must be realized in the stipulated period
of time). This ensures that unexpected expenses or damage which
occurred while performing the contracted activity, are reimbursed by the
other party. In such situations, hazards, risks and threats are mitigated by
transferring financial consequences of any explosive material explosions
from the Serbian Army to some other organization. Organizations which
accept these agreements first need to assess the frequency and intensity
of possible risks they are taking, based on previous experience and
accept all the conditions and actions in order the avoid the risk that has
been passed on to them (Vujovi¢, 2009).

Example: The risk of explosions during demining of mines and
cluster bombs left from NATO raids on Serbia was transferred from the
engineering units of the Serbian Army to specialized companies and
other organizations registered for these activities, with appropriate
technical equippment and trained staff. Therefore, with a purpose of
harmonizing activities related to humanitarian demining, the Mine Action
Centre has been established in Serbia. The Mine Action Centre was
founded in 2002, initially as a federal body within the Ministry of Foreign
Affairs, and in 2003, by a respective government decision, it became a
body at the republic level, first as a government department, and later as
a separate organization. It investigates locations suspected of being
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contaminated by cluster munitions, landmines and other unexploded
ordnance, develops projects for demining, submits them to donors or
international foundations to ensure donations for their implementation,
performs quality control of demining, performs international cooperation,
ensures the implementation of international standards and the
implementation of international agreements and treaties (Centar za
razminiranje / Mine Action Centre, http://www.czrs.gov.rs/lat/o-nama.php).

At workplaces where hazards, risks and threats of the effects of
explosive material explosions become increasingly common, many
persons resort to transferring the decision-making process to another
person or they resort to signing fixed-contract agreements with other
organizations ready to take the risk for a certain amount of financial
compensation.

Reduction of hazards, risks and threats

The most efficient way of mitigating hazards, risk and threats by
reduction is to implement preventive actions to reduce the frequency or
intensity of consequences in order to affect any possible occurrence of the
effects of explosive material explosions in the working environment
(Kekovi¢, Nikoli¢, 2006, p.421). Prevention represents a series of activites
directed to reduce the likelihood of the adverse event occurrence, i.e. to
reduce a possibility of its occurrence, and reduce its consequences in case
it does occur after all. These are the main characteristics and tasks of
prevention and the only way to purposefully conduct prevention and
ensure safety of people and property. Prevention of hazards, risks and
threats tends to reduce material losses and human casualties that the
Serbian Army has been facing lately. This depends especially on hazards,
risks and threats in work environments where explosives® are involved. It is
the Serbian Army's interest to widely implement activities that lead to the
increse of general safety and quality of life of its members and to reduce
expences for remediation of damage. Some events occur despite the
greatest efforts of the Serbian Army to predict future scenarios of
occurrence of unwanted events. This is why it is necessary to undertake
certain steps to reduce their intensity to the minimum. Preventive actions

® The timeline of unfortunate events in the industry for the manufacturing of explosive devices
in recent years was as follows: May 29th 2006, an explosion in “Prva Iskra“ in Baric claimed
three lives while three workers were injured; on September 4th 2009, in four powerful
explosions in the gunpowder department of “Prvi Partizan*“ Factory in Uzice, seven workers
were killed and thirteen were injured; on May 10th 2010, in the detonation in the “Krusik"
Factory in Valjevo two workers were slightly injured; on December 27th 2010, a series of
explosions in the “Sloboda“ Factory in Cacak caused significant material damage; on
September 21st 2011, June 25th 2012, and September 30th 2015, workers were injured in
explosions in the “Milan Blagojevic* Factory in Lucani (Stojanovi¢, 2015, p.153).




are implemented in order to reduce the consequences. A significant
preventive action would be to issue a set of provisions which regulate
protection from explosions at the Ministry of Defenceand in the Serbian
Army, which would successfully determine the rules of behavior in the
working environment, and also avoid the slightest possibility of the
occurrence of the effects of explosive materials explosion.

Accepting and implementing international, primarily European, as well
as the national rules and regulations in the field of protection from the effects
of explosive material explosions, will provide well-regulated prevention and a
possibility for quick and appropriate interventions. The activities will also be
directed towards issuing technical rules and regulations on the methods of
mitigating damageand providing functional integrity of all services.
Cooperation, coordination and availability of information will increase the
speed and efficiency of reacting to the occurrence of the effects of explosive
material explosions in the Serbian Army.

Example: A few years ago, explosions of explosive materials with
the disastrous outcome occurred in the industry for manufacturing
explosives. Those in charge then improved the safety program which
includes the implementation of rules on functioning of the industrial
system for manufacturing and trade of explosive materials and thus
prevented human casualties and material losses. The Regulations on
Fire Protection at the Ministry of Defence and in the Serbian Army
prescribe that in the premises where explosive materials are stored
certain preventive rules and regulations should be apllied in order to
prevent any kind of safety vulnerability of people and property in the
working environment (Sluzbeni vojni list/Official Military Gazette, 2015).
This contributed to avoidance of human casualties, reduction ofthe
amount of damage, and reduction of intensity of the damage that had
already occurred.

In places where explosive materials can be found, appropriate
methods of conduct had been prescribed, which resulted in avoiding
unwanted events with the disastrous outcome, while material damage
was reduced compared to previous years.

Results of the research and the discussion

In accordance with the subject of research and available information,
this paper sets a hypothesis:

- Certain methods for the mitigation of hazards, risks and threats
from the occurrence of the effects of explosive material explosions in the
Serbian Army are applied in order to increase the level of protection of
people's lives and health, material goods and the environment.
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In order to prove the hypothesis using the research results, a survey'®
was conducted online (https://docs.google.com/forms/d/1bGmu-PnrT4Y
gOIIBINOQ34jcGOcVWa8ahwiyLuDxsfl/viewform?usp=sendform). The aim
of the survey was to assess to which extent each method for the mitigation
of the effects of the explosive material explosions was really present in the
workplaces of the Serbian Army members and during the training of the
Military Academy cadets. The survey was based on the information
gathered on the views and opinions of the respondents. From the survey
results (Figures 2-8) it can clearly be seen that out of 117 surveyed
members of the Serbian Army, at the moment of the decision-making, a high
percentage of them decided to mitigate a hazard, risk and threat from the
explosion of explosive materials in one of the proposed ways.

B 85% B Positive

B Negative

w1y W§14% ® No opinion

Figure 2 — Assessment of the avoidance of an activityfor which it is estimated to be able
to lead to explosion of explosive materials
Puc. 2 — OueHka npekpalleHnaaeaTenbsHOCTW, KoTopas MOXeT NPUBECTU K B3pbIBY
B3pbIBYATbLIX CPEeaCcTB
Slika 2 — Ocena izbegavanija realizacije aktivnosti za koju se proceni da moze dovesti do
pojave eksplozije eksplozivnih sredstava

W 69% B Positive

B Negative

B 21% B No opinion

B 10%

Figure 3 — Assessment of the mitigation of hazards, risks and threats from the effects of
the explosion of explosive materials in a subconscious manner
Puc. 3 — OueHka cMsIrHeHUsi ONMAacHOCTU, PUCKOB U YTpO3 OT B3pbiBa B3pbIBYATHLIX
CpencTB, Ha NOACO3HATENbHOM YPOBHE
Slika 3 — Ocena ublazavanja opasnosti, rizika i pretnji od pojave efekata eksplozije
eksplozivnih sredstava na podsvestan nacin

' From a large number of different definitions of the survey, the most acceptable is the Moser's
definition: “The survey is a technical procedure for gathering factual material by
combiningstatistical sampling with the method of interviews or questionnaires* (Mozer, 1962, p.5).




B 83% B Positive
B 15% B No opinion

8 2%

Figure 4 — Assessment of the mitigation of hazards, risks and threats from the effects of
the explosion of explosive materials in a conscious manner
Puc. 4 — OueHka CcMSIrMeHUs1 ONAacHOCTU, PUCKOB 1 YTpO3 OT B3pbiBa B3pbIBYATHLIX
CpencTB, Ha CO3HATENbHOM YPOBHE
Slika 4 — Ocena ublazavanja opasnosti, rizika i pretnji od eksplozije eksplozivnih
sredstava na svestan nacin

]
69% m Positive
B 20% » 2% mNo opinion

Figure 5 — Assessment of the transfer of hazards, risks and threats from the explosion of
explosive materials to another party
Puc. 5 — OueHka nepeHoca onacHOCTW, PUCKOB 1 Yrpo3 OT B3pblBa B3pPbIBYATbLIX CPEACTBK
TpeTbM nuuam
Slika 5 — Ocena prenoSenja opasnosti, rizika i pretnji od eksplozije eksplozivnih sredstava
na drugo lice

B 58% -
m Positive
- m Negative
m 12% mNo opinion

B 2%

Figure 6 — Assessment of the division of hazards, risks and threats from the explosion of
explosive materials into more smaller ones
Puc. 6 — OueHka pa3noxeHnst onacHOCTU, PUCKOB 1 Yrpo3 OT B3pbiBa B3PbIBYATBLIX
CpencTB Ha cocTaBnsoLme
Slika 6 — Ocena ras¢lanjivanja opasnosti, rizika i pretnji od eksplozija eksplozivnih
sredstava na viSe parcijalnih
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B 85% e
m Positive

m Negative

m 119% B 4% m No opinion

Figure 7 — Assessment of the termination of the work with explosive materials when the
body fatigue is felt
Puc. 7 — OueHka npekpalleHnst paboTbl C B3pbIBYATLIMM CPEACTBaMU, NPU BbiSIBIIEHNM
cnabocTu B opraHuame
Slika 7 — Ocena prestanka rada sa eksplozivnim sredstvima kada se primeti slabost

organizma
| 79% -
B Positive
B Negative
B No opinion
| 13% B 8%

Figure 8 — Assessment of the reduction of hazards, risks and threats from explosive
materials by implementing regulative provisions
Puc. 8 — OueHka CHMXeHUS OnacHOCTH, PUCKOB M Yrpo3 OT B3pbiBa B3pbiBYATLIX CPEACTB,
B COOTBETCTBUM C perfnameHToM
Slika 8 — Ocena smanjenja opasnosti, rizika i pretnji od eksplozivnih sredstava primenom
pravilskih odredbi

A smaller number of the Serbian Army members, however, would not
decide to mitigate the hazards, risks and threats from the explosion of
explosive materials in any of the proposed ways. It is also important to
note that a higher percentage of the Serbian Army members would not
transfer the hazards, risks and threats to another person at a decision-
making moment. They would complete the task on their own responsibility
despite the awareness of the fact that they could bear -certain
consequences in case of making a wrong decision. Based on the views
and opinions of the respondents to the survey, the set hypothesis is
partially proven because the proposed measures for mitigation of hazards,
risks and threats from the effects of explosive material explosionsat the
decision-making moment are not applied at the requested level.




In order to reduce uncertainty in making timely and appropriate
decisions in situations where there is danger, risk and threat from the
effects of explosive material explosions, it has been suggested that
this area be included in the training of Serbian Army members and
cadets of the Military Academy. These research results could have
applications in monitoring and training of the staff of the Serbian Army
to make rational decisions in preventive activitiesin order to eliminate
the consequences of any explosion of explosive materials. Lectures
based on scientific knowledge would bea part of crisis management
adapted to the curriculum at the Military Academy so that the
members of the Serbian Army would be ready to respond to changes
and challenges, which requires a constant ability to improve the
process of mitigating safety vulnerability of people and property from
the effects of the explosion of explosive materials in order to ensure
optimal protection of the environment and increase the safety of
people and property.

A detailed program for the mitigation of the safety risk to people and
property from the effects of the explosion of explosive materials is a
result of considering all alternative methods studied in the paper, dealing
with the prevention from exposure to hazards, risks and threats of the
effects of explosive material explosions. A collaborative use of these
methods is a special contribution of this work to the community,
especially to the members of the Serbian Army who are exposed to
hazards, risks and threats of the effects of explosive material
explosionson a daily basis. The methods discussed in this work should
help employees who work with explosives or are in their immediate
vicinity to rationally make the right decision based on their abilities and
functions they perform. Unfortunately, practice has shown that not all
decisions were appropriate in specific situations; hence invalids and
those who got killed during cluster bombs clearing because they did not
make the right decision in the given moment of decision-making. If they
had applied the proposed methods for avoiding, retention, impairment,
division, transfer and reduction of hazards, risks and threats there would
have been fewer casualties and less property damage.

This problem has beenin the center of attention for the last couple of
years when the effects of explosions of explosive materials were
frequent, which indicates a high probability that they will occur in the
future. Therefore, the results of this research should be applied in
practice. Currently, this issue is not sufficiently considered for several
reasons (such as ignorance, insecurity, lack of understanding, etc.) until
the highest level of command in the Serbian Army takes greater care and
responsibility for protecting people, material resources and the

environment.
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Conclusion

Members of the Serbian Army improve their abilities for the purpose of
optimal defence of their physical and mental integrity, as a function of
preserving the independence, territorial integrity and sovereignty of the
country and its protection from external armed threats. During this complex
process, they face many dangers, risks and threats of possible occurrences
of the effects of explosive material explosions and mitigate them by making
right decisions the results of which maintain the necessary safety. However,
they sometimes fail to provide complete safety because at critical moments
they consciously expose themselves to dangers, risks and threats,
regardless of the possible outcome, which is why in the last few years some
events with the disastrous outcome have occurred. For these reasons,
members of the Serbian Army should enhance their knowledge in mitigating
safety vulnerability, in order to bring danger, risk and the threat from
explosions of explosive materials to the lowest possible level of appearance.

Based on the conducted survey on the views and opinions of a
representative sample, it was found that the proposed methods to
mitigate hazards, risks and threats of the effects of explosive material
explosions are not sufficiently represented in the Serbian Army.
Therefore, a solution has been proposed in order to increase the level of
their implementation through acquiring relevant knowledge during the
training of the Serbian Army members for the purpose of improving
constructive reasoning, decision making and taking appropriate actions.
The purpose of this would be to increase the safety of people and the
property. Taking concrete actions to eliminate hazards, risks and threats
from the appearance of the effects of explosions of explosive materials
represents the future direction of activities of the Serbian Army in order to
prevent negative consequences for particular areas in which explosive
materials are located or in which they could be found. This matter will be
dealt with in one of the next editions of the Military Technical Courier.
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CMAMYEHKME YIrPO3bl BE3SOMNACHOCTW HACENEHNA N MMYLLECTBA
OT MOCNEOCTBUW B3PbIBA B3PLIBYATHLIX CPECTB
B BOOPYXEHHbIX CUNAX PECIYBINNKN CEPBEUA

[esin C. CtosiHoBWY®, Memap J. Crounbkosny®

@ BoopyxeHHble cunbl PC, 4-ast nuxoTHas 6purana, r. BpaHbe,
Pecny6nuvka Cepbus
WNHCTUTYT oxpaHbl TpyAa 1 NPOTUBOMNOXapHON 6e3onacHocTy,
00O «BWIM LleHTp» r. NeckoBay, Pecnybnuka Cepbus

OBJNTACTb: oxpaHa oKpyXatoLlen cpeabl U KPUTUYECKUA MEHEXKMEHT
BWO CTATbW: 0630pHas ctates
A3bIK CTATbW: aHrnumnckmn

Peswome:

Ha ocHosaHuu 0OaHHO20 uccriedogaHusi  npedcmassieHbl
B803MOXHOCMU CMSsi24eHUsT yepo3bl b6e3onacHocmu HacesneHus U
umywecmea om 83pblea 83pbleyambix cpedcms. MccredosaHue
rnposedeHO C uernbio orpederieHUsT Mep o CHUXEHUK ornacHocmu,
PUCKO8 U y2po3 OnsiHacesieHuUs, uMyuiecmsa u okpyxarouwel cpedbl u
cMmsieyeHusi nocrnedcmeull  upessbidalHbix cumyayul. B cmambe
makxxe nodpobHO onucaHbl credyruue Memoobl: npogunakmuka,
omcpoyueaHue, CHUXeHue, pacripedenieHue, nepeHoc U yMeHblWeHUe
ornacHocmu, pUcKoe U y2po3, NooKpernieHHbIeE coomeemcmeayowumu
npakmuyeckumu rnpumepamu. B npouecce uccrnedosaHusi, asmop
cmpemursics Ookazamb 2uriome3y ¢ 0OBbEKMUBHOCMbIO Hay4YHO20
nodxola K pe3ynbmamam cObCmMEeHHbIX MmpyoGo8o MpuMeHeHuUU
npedcmasnieHHbIX Memooos.

KnioueBble croBa: onacHocmb, y2posa, 8olicka, UMyuwecmeo,
83pbi8yameble seujecmea.
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UBLAZAVANJE BEZBEDNOSNE UGROZENOSTI LjuDI | IMOVINE
OD EFEKATA EKSPLOZIJE EKSPLOZIVNIH SREDSTAVA
U VOJSCI SRBIJE
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OBLAS'IV': zastita zZivotne sredine i krizni menadzment
VRSTACLANKA: pregledni ¢lanak
JEZIKCLANKA: engleski

Sazetak:

IstraZivanjem su obuhvacene mogucnosti za ublaZavanje bezbed-
nosne ugroZenosti ljudi i imovine od efekata eksplozije eksplozivnih
Sredstava koje imaju za cilj da smanje opasnost, rizik i pretnju po sta-
novniStvo, njihovu imovinu i Zivotnu sredinu, kao i da ublaze posledice
moguce vanredne situacije. Razmotrene su sledec¢e metode: izbega-
vanje, zadrZzavanje, umanjenje, podela, prenos i redukcija opasnosti, ri-
zika i pretnji. Svaka metoda je detaljno teorijski objasnjena, uz ade-
kvatne primere iz prakse. Dokazivana je postaviljena hipoteza koja ima
za cilj da, prilaze¢i s nau¢nom objektivnoscu vlastitim rezultatima istra-
Zivanja, prihvati ili odbaci predloZzene metode.
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Abstract:

Nowadays there is almost no criminal offense in the investigation of
which digital evidence does not play a key role. Constant increase of the
capacity of media that store digital data leads to continuous increase of
the time necessary to identify and copy (acquire) digital evidence.
Selection of appropriate digital forensics software is gaining in importance.

Selection of adequate software includes a previous comparative
analysis of two or more digital forensics software tools and an
optimization process. The objective of the comparative analysis of
these software tools is to determine and compare each of their realistic
and comparable performances. Optimization aims to determine which
of digital forensics software tools has better performances.

This paper shows one of possible variants of selecting digital
forensics software, using the latest scientific achievements in support
of decision making based on the analytic hierarchy process (AHP)
method and the Expert Choice computer program.

Key words: forensics software, digital forensics, expert choice,
optimization, digital evidence, comparative analysis.

Stanivukovi¢, D. et al., Application of multiple criteria decision making in the selection of digital forensics software, pp. 1083—1101



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 4

Introduction

The implementation of a high-quality comparative analysis of
standard digital forensics software is a very complex task. A qualitative
analysis involves a larger number of the latest software programs to be
analysed. Since commercial software is rather expensive (McClure, et
al., 2002, p.614) this adds to the complexity of the problem.

In addition, there is a problem regarding professional usage and
experience in working with selected software. In under-developed and
developing countries, such as the Republic of Serbia, which consider
using digital forensics, there are practically no certified digital forensic
experts. This points to another significant problem.

Continuous development of digital forensics software and daily
improvements of their characteristics through new software versions and
generations make the results of these analyses "short of breath". This
imposes a need to base the selection of the optimal digital forensics
software on a preliminary analysis and a comparison of more digital
forensics software tools of the latest generation, which is often not
economically feasible and sometimes not even possible.

Such problems can be overcome in many ways. In this sense, there
are the results of comparative analyses of digital forensics software
published in the scientific literature and the results published in peer-
reviewed journals with a long tradition of comparative analyses. Both
methods have their positive and negative sides.

A positive characteristic of the results of comparative analyses of
digital forensics software published in the scientific literature is
comprehensiveness and scientific foundation while a negative side is that
they are often not up-tp-date due to the development of new versions of
software. A positive characteristic of the results of professional journals
with a long tradition of comparative analyses of such software is the up-
to-dateness of software choice while a negative side is a populistic
approach to the analysis due to different educational profiles of readers.

A comparative analysis of standard software programs of digital
forensics, viewed from the perspective of this study, is a function of
defining elements and indicators necessary to optimize the selection of
digital forensics software and to present the optimization process itself. In
accordance with the prevailing opinion of the scientific and professional
community, standard digital forensics software products are from
American Guidance Software and Data Access as well as from German
X-Ways, i.e. their digital forensics software tools named EnCase, FTK
(FTK Imager) and WinHex. The problem of securing legal software
necessary for comparative analyses is overcome by using their older
test, demo, and lite versions ie. versions EnCase Enterprise v4, FTK
v1.81.6 (FTK Imager 3.1.1.) and WinHex 18.5.




These versions of digital forensics software are limited in terms of
some advanced features and scope of analysis but not in their primary
functions which are identifying and copying (acquisition) of disks. These
functions are also the subject of analysis.

Specifying the above digital forensics software also defines the
alternatives for optimization. The first step in the optimization process is
to determine the optimization objective. In the scientific and professional
literature it is often stressed that EnCase, FTK and WinHex have similar
features i.e. performances. In order to determine which of the above
software programs has better performance, optimization is used to
identify an alternative that, according to the established criteria, has
better basic possibilities or primary performances. In this sense, the
objective of optimization is defined as" Selection of Digital Forensics
Software with better primary performances”. In short, to optimize means
to make the best decision when choosing between alternatives,
comparing them with each other according to certain criteria.

The selection of criteria is determined by the optimization objective.
In this case, criteria must be chosen to reflect performances. The
operating software speed when performing functions that precede the
analysis (of primary functions), expressed in the units of time, is certainly
one of the most important performances. "Live disk" Identification speed
for its preliminary analysis is important in taking emergency measures in
a process such as making a decision on the detention of the suspect. On
the other hand, the speed of making "live disk" copies for its detailed
analysis is important in taking measures to detain the suspect, where the
time available to collect evidence and submit it to the judge for
preliminary proceedings is limited to 48 hours. Since today's disk
capacity is measured in Terabytes (TB) and larger units of measurement,
it is important to note that the process of disk copying may take
considerable time. According to some authors, the length of time required
to create copies of a disk, in addition to capacity, is affected by the speed
at which the network cable transfers data contained on the disk
(Simeunovi¢, Risti¢, 2013, p.1009).

A selection of digital forensics software tools for digital forensic
investigation gains in significance due to the fact that digital forensics software
preparation, including the selection of appropriate software, stands out as a
new phase of digital forensic investigation that precedes and affects other
phases: evidence collection and examination, analysis and reporting (Delija,
2015). Evaluation and selection of tools for digital forensic investigation is still
a challenge and it is an insufficiently researched topic in the field of digital
forensics. The selection of appropriate tools to be used for digital forensic
investigation greatly influences the outcome in court. While the goal is clear -
to obtain valid digital evidence acceptable in court, in practice it appears that
this is not easy to achieve at all (Kaurin, Anucoji¢, 2012, p.715).
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Comparative analysis of standard digital
forensics software

Based on author’'s own experience, the optimization criteria are:
(1) identification of the disk, and (2) copying the disk. Each of these
criteria is evaluated using three sub-criteria: (1.1) time for the
identification of the 1 GB flash disk, (1.2) time for the identification of the
4 GB flash disk and (1.3) time for the identification of the 8 GB flash disk,
(2.1) time for copying the 1 GB flash disk, (2.2) time for copying the 4 GB
flash disk, and (2.3) time for copying the 8 GB flash disk.

Based on the values obtained by testing the Digital Forensics
software EnCase Enterprise v4, FTK v1.81.6 and WinHex 18.5, in terms of
the time necessary to identify the flash disks of 1, 4 and 8 GB, it is evident
that EnCase and WinHex software, under the same conditions (Table 1),
identify the disk in less than one second, or give proportional values which
remain the same when the disk capacity is changed (Table 2).

On the other hand, under the same conditions, FTK software takes
some time to identify the disk, i.e. gives slow progressive values that
grow with the increase of the disk capacity but at a smaller ratio
compared to the disk capacity increase (Table 2).

Table 1 — Conditions of testing the digital forensics software: EnCase, FTK and WinHex,
in terms of the time required to identify disks of 1, 4 and 8 GB
Tabnuua 1 — YcnoBwusi, B KOTOPbIX UCTMbITaHbl NpOrpamMMHble obecneyennst LMppoBom
dopeH3ukn EnCase, FTK n WinHex, ¢ yyeTom BpemeHu, Heobxoammoro ans
naeHTudukaumm Hakonutensa 1, 4 n 8 GB
Tabela 1 — Uslovi u kojima su testirani softveri digitalne forenzike EnCase, FTK i WinHex,
sa aspekta vremena neophodnog za identifikaciju diskova od 1,41 8 GB

Computer Windows edition — Windows XP Profesional (SP3)
configuration: System manufacturer — Acer
System processor-Intel(R)Pentium(R)DualCPU E2220@2.4 GHz

Installed memory (RAM) — 768 MB

System type — 32-bit Operating System

Alternative: EnCase Enterprise v4

FTK v1.81.6

WinHex 18.5
Criterion: identification speed disk
Sub-criteria: flash disk Kingston DTI/1GB

flash disk SanDisk Cruzer Edge 4 GB
flash disk Kingston DT101 G2 8 GB




Table 2 — Display of the values obtained by testing the digital forensics software: EnCase,
FTK and WinHex, in terms of the time required to identify disks of 1, 4 and 8 GB
Tabnuya 2 — N306paxkeHne 3Ha4eHWIn, Nony4eHHbIX MyTeM TECTUPOBAHNS MPOrPaMMHOro
obecneyeHus umdposon cdopeHsunkn EnCase, FTK n WinHex, ¢ yueTom BpemeHu,
Heobxoanmoro ans ngeHtTudmkauumn Hakonmtensa 1, 4 n 8 GB
Tabela 2 — Prikaz vrednosti dobijenih testiranjem softvera digitalne forenzike EnCase,
FTK i WinHex, sa aspekta vremena neophodnog za identifikaciju diskova od 1,4 i 8 GB

EnCase FTK WinHex Difference \
No. IDENTIFICATION DISK Enterprisevd  v1.81.6 18.5
: EC/FTK ECWH FTKMWH

1  Kingston DTI/1GB

< 00:00:01 00:01:02 <00:00:01 61 0 61
(==
2  SanDisk Cruzer Edge/4 GB
_ <00:00:01 00:03:50 <00:00:01 229 0 229
3  Kingston DT101G2/8 GB
I <00:00:01 00:05:01 <00:00:01 300 0 300

It is important to notice that the values in Table 2 are not unique
since all forensic software programs, to a lesser or greater extent, have
special options that are automatically executed. Since it is not possible to
deactivate all the options, the given values should be regarded only as
an indication to select the right forensic software for a particular case.

When it comes to the differences in the values obtained by testing the
EnCase and FTK software tools, expressed descriptively, it is evident that it is:
"moderately to very important” in favour of EnCase software for the 1 GB (61
s) disk; "very important to extremely important” in favour of EnCase software
for the 4 GB (229 s) disk and "extremely important" in favour of EnCase
software for the 8 GB (300 s) disk. The case is identical when it comes to the
difference between FTK and WinHex software, in favor of WinHex. Bearing in
mind that EnCase and WinHex software tools give equal values when tested,
regardless of the disk size, their values are "equally important”. The
aforementioned descriptive expression is necessary in order to adjust the
difference of the results obtained by testing to the text assessment scale of
Expert Choice program, which will be diskussed further on.

Based on the values obtained by testing the Digital Forensics software
EnCase Enterprise v4, FTK Imager 3.1.1. and WinHex 18.5, in terms of time
required to copy the flash disks of 1, 4 and 8 GB, it is evident that the
EnCase software tool, under the same conditions (Table 3), with the
increase of the disk capacity, gives first slow progressive values that grow
with the disk capacity increase but at a smaller ratio compared to the disk
capacity increase; with further disk capacity increase, its values become
rapidly progressive and grow with the increase of the disk capacity at a
greater ratio compared to the disk capacity increase (Table 4).

On the other hand, the FTK software tool, under the same conditions
(Table 3), provides constantly accelerated progressive values that grow
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with the increase of the disk capacity at a greater ratio compared to the
disk capacity increase (Table 4).

The WinHex software tool, under these conditions (Table 3),
changes the values identically to EnCase software; the only difference is
that the progression and increase of these values are less pronounced
with the disk capacity increase (Table 4).

Table 3 — Conditions under which digital forensics software tools -EnCase, FTK and
WinHex- are tested, in terms of the time required to copy the disks of 1, 4 and 8 GB
Tabnuya 3 — Ycnosus, B KOTOPbIX UCMbITaHbl MPorpaMmHble obecneveHust LndpoBom
dopeHsukm EnCase, FTK n WinHex, ¢ y4eTom BpemeHn, Heo6xoanMoro Ansi Co3aaHns
konuu anckoB 1, 4 n 8 GB
Tabela 3 — Uslovi pod kojima su testirani softveri digitalne forenzike EnCase, FTK i
WinHex, sa aspekta vremena neophodnog za izradu kopija diskova od 1,4 i 8 GB

System manufacturer — Acer

System processor-Intel(R)Pentium(R)DualCPU 2.4 GHz
Installed memory (RAM) — 768 MB
System type — 32-bit Operating System
EnCase Enterprise v4

FTK Imager 3.1.1.

WinHex 18.5

the speed of making copies of a disk
flash disk Kingston DTI / 1GB

flash disk SanDisk Cruzer Edge / 4 GB
flash disk Kingston DT101 G2/ 8 GB

Table 4 — Display of the values obtained by testing digital forensics software tools -EnCase,
FTK and WinHex - in terms of the time required to copy the disks of 1, 4 and 8 GB
Tabnuya 4 — N3o6paxeHne 3Ha4eHWn, Nony4eHHbIX MyTeM TECTUPOBAHWUS NMPOrPaMMHOro
obecneyveHns undposon opeHankn EnCase, FTK n WinHex, ¢ yueTtom BpemeHu,
HeobxoaMmoro ans cosgaHus konum auckos 1, 4 n 8 GB
Tabela 4 — Prikaz vrednosti dobijenih testiranjem softvera digitalne forenzike EnCase,
FTK i WinHex, sa aspekta vremena neophodnog za izradu kopija diskova od 1,4 i 8 GB

1  Kingston DTI/1GB

00:01:34  00:01:22 00:01:28 12 6 6
= ])
2 SanDisk Cruzer Edge/4 GB
- 00:04:50 00:06:00 00:05:45 70 55 15
3 Kingston DT101G2/8 GB
— 00:13:49  00:14:44 00:11:22 55 147 202




The difference in the values obtained by testing the EnCase and
FTK software tools, expressed descriptively, is the following: for the disk
of 1 GB (12 s) it is "moderately important" in favor of FTK software; for
the disk of 4 GB (70 s) it is "very important" in favour of EnCase software
and for the disk of 8 GB (55 s) it is "moderately to very important” in
favour of EnCase software.

The difference in the values obtained by testing EnCase and
WinHex software, expressed descriptively, is the following: for the disk of
1 GB (6 s) it is "equally to moderately important" in favour of WinHex
software; for the disk of 4 GB (55 s) it is "moderately to very important" in
favour of EnCase software and for the disk of 8 GB (147 s) it is "very to
extremely important” in favour of WinHex software.

The difference in the values obtained by testing FTK and WinHex
software, expressed descriptively, is the following: for the disk of 1 GB (6
s) it is "equally to moderately important® in favor of FTK software; for the
disk of 4 GB (15 s) it is "moderately important" in favour of WinHex
software and for the disk of 8 GB (202 s) it is "extremely important" in
favour of WinHex software.

Optimizing Digital Forensics
Software Selection

In the process of optimization, decision-makers have access to the
latest scientific achievements in support of decision making. One of such
developments is the analytic hierarchy process (AHP) method. This
method was developed by Thomas Saaty in the early seventies in order
to assist decision-makers in solving complex problems of decision
making with multiple criteria and the presence of a large number of
alternatives. The AHP method allows decision-makers to include a
subjective attitude, experience, knowledge and intuition in decision
making.

The AHP presents complex problems through a model in the form
of hierarchy. Each level consists of several elements, where the
elements of the same level are independent of each other but
comparable. In today's conditions, the AHP method is applied by
means of the Expert Choice 2011 computer program (hereinafter: EC
2011). This computer program was developed by a well-known
manufacturer of computer programs, the Decision Support Software
Company. It is such an important product that a part of the company
was named later by this computer program - Expert Choice (Cupic, et

al., 1992, p.131).
1089
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The process of using EC 2011 program includes the following
phases: defining the objective; defining (generating) alternatives; defining
criteria and sub-criteria (structuring the problem); comparing the criteria
in relation to the objective (determining the influence of the criteria on the
objective); comparing the sub-criteria with the criteria (determining the
influence of the sub-criteria on the criteria); comparing alternatives in
relation to the sub-criteria (determining the relative impact of each
alternative on a particular sub-criterion); synthesis of the alternatives
regarding the objective (aggregation of the solution) and a sensitivity
analysis (Fakultet organizacionih nauka, 2015).

In the phase of defining the objective, it is necessary to enter a
description of the previously defined objective "DIGITAL FORENSICS
SOFTWARE SELECTION" into the relevant program window.

In the phase of defining alternatives, it is necessary to enter the data
on the alternatives under consideration, or the names of the three leading
digital forensics software programs selected based on the opinions of
professional and scientific community, "EN CASE", "FTK" and "WIN
HEX". A more detailed description of the objective is preferable in order
to continually point to the purpose of optimization - "The comparison of
the leading digital forensics software programs selected based on the
opinions of professional and scientific community, in order to identify the
one with better primary performances" (Figure 1).
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Figure 1 — Definition of alternatives and a detailed description of the objective
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In the stages of defining criteria and sub-criteria, the hierarchy is
structured (Figure 2), and it is necessary to enter the data on criteria -
"DISK IDENTIFICATION" and "DISK COPYING" and the information on
sub-criteria: 1 GB flash disk, 4GB flash disk and 8 GB flash disk in the
form of "disk 1", "disk 4" "disk 8" (Figure 3).
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Figure 2 — Hierarchical structure of the problem of digital forensics software selection
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Figure 3 — Defining criteria and sub-criteria in EC 2011 program
Puc. 3 — Onpegenenue kputepues 1 cybkputepmes B nporpamme EC 2011
Slika 3 — Definisanje kriterijuma i potkriterijuma u programu EC 2011
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In the phase of comparing the criteria in relation to the objective,
their weight ratios are assessed in relation to the objective by comparing
pairs of criteria with the help of textual descriptions of the levels of
importance of one over the other’, taking into account the index
inconsistencies? in the assessment criteria.

Upon completion of the comparison of the criteria to the objective
and the sub-criteria in relation to the criteria, EC 2011 program
expresses each criteria/sub-criteria weight factor (importance) to the
object, or the criterion (Figure 4). When the criteria are compared, the
criterion of "DISK COPYING" (0.800) is more important than the
criterion of "DISK IDENTIFICATION" (0.200). In comparison with other
sub-criteria (in the case of both criteria) the most important sub-criterion
is "disk 8" (0.147 / 0.588), followed by sub-criterion "disk 4" (0.041 /
0.165) and the least important is sub-criterion "disk 1" (0.012 / 0.046).
The resulting weights indicate that EC 2011 followed the decision-
maker’s will.
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Figure 4 — Weights of criteria (sub-criteria) compared to the objective (criterion)
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Regarding the obtained results (coefficients), it is important to note
that EC 2011 was guided by the expressed will of decision-makers
(evaluators). It is this feature of EC 2011 that allows decision-makers to
create basic optimization parameters according to their interests and
needs. At the stage of comparing alternatives to the sub-criteria, unlike
the previous phase of comparing the criteria and the sub-criteria,
comparing alternatives is based on the quantitative indicators obtained
by testing, with a free will of decision-makers completely excluded.

Given the above, before comparing alternatives, it is necessary to
adjust the results obtained by testing to the text assessment scale of the
EC 2011 program (Table 5). It should be noted that the 2011 EC program
allows mutual comparison and evaluation of: the criteria in relation to the
objective; the sub-criteria with respect to the criteria, or the alternatives
with respect to the sub-criteria in different modes (options). In addition to
the text mode (option "ABC") decision-makers can use a graphical mode
(option "1"), or a numeral mode (option "3:1"). These modes of
comparison correspond to preferences of decision-makers who can
express themselves better either with numbers, words or visually.

Table 5 — Results obtained by testing adapted to the text scale of the EC 2011 program
Tabnuya 5 — Pe3ynbTathbl, NONyYeHHbIE MyTEM TECTUPOBAHUS, MPUCNOCOBNEHHble
nonb3oBaTensbckon wWwkane nporpammel EC 2011
Tabela 5 — Rezultati dobijeni testiranjem prilagodeni tekstualnoj skali programa EC 2011

PESYNTAT EKBMBAJIEHT  TEKCTYAIIHA CKATIA 3HAYEHE

300 —p Extreme - EKCTPEMHO 3HauajHo
229 —Pp - - BEoOMa jaKo [0 eKCTPEMHO 3HauajHo
202 ——p Very Strong - BEOMa jaKo 3Ha4ajHo
147 ——Pp - - jako oo BeOMa jako 3Ha4yajHo
70 —p Strong - jaKo 3HauajHO
5 —Pp - - YMepeHo A0 jako 3HavajHo
15 ——p Moderate - YMepeHo 3HavajHo
6 —p - - jeAHaKo OO YMepeHo 3HauvajHo
0 ——p Equal - jeAHaKo 3Ha4ajHo
6 —p - - jeAHaKo A0 YMepeHo 3HavajHo
%5 —Pp Moderate - YMepPeHo 3HavajHO
% —Pp - - YMEepEeHo A0 jako 3Ha4ajHo
0 —p Strong - jako 3Ha4ajHo
147 —p - - jako oo BeoMa jako 3HauYajHo
202 ——p Very Strong - BEOMA jaKo 3Ha4ajHo
229 —p - - BEOMa jaKo [0 eKCTPeMHO 3Ha4ajHo
300 ——p Extreme - EKCTPEMHO 3Ha4ajHo

The results obtained by testing are adapted to the text scale of the EC
2011 program in such a way that the smallest value obtained by testing (0 s)
is equal to the minimum value of the text scale of the program (equal) and
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the maximum value obtained by testing (300 s) is equal to the highest value
of the text scale of the program ( extreme). The values between the
minimum and maximum values obtained by testing, depending on their size,
are equal to the corresponding values of the text scale of the program.

The technique of evaluating alternatives with respect to the sub-criteria,
with the exception of the free will of decision-makers, is identical to the
previously described technique of assessing the criteria in relation to the
objective, or the sub-criteria with respect to the criteria. After the assessment
of the significance of alternatives with respect to all sub-criteria, by
positioning to "DIGITAL FORENSICS SOFTWARE SELECTION", the EC
2011 program shows the weights (importance) with respect to the objective
for each alternative (Figure 5).
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Figure 5 — Weights of alternatives in relation to the objective
Puc. 5 — BecoBble koatbdurLMeHTbI anbTepHaTUB Lenu
Slika 5 — Tezinski koeficijenti alternativa u odnosu na cilj

When comparing alternatives in relation to the objective, the most
important is the alternative "WIN HEX" (0.582), less important is the
alternative "EN CASE" (0.323) and the least important is the alternative
"FTK" (0.095). In the phase of the synthesis of alternatives with respect
to the objective, selecting the With Respect to Goal option in the
Synthesize menu results in a graph of the expected alternative values
with respect to the objective (Figure 6).
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Figure 6 — Graph of the anticipated alternatives in relation to the objective
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Slika 6 — Graf o€ekivanih alternativa u odnosu na cilj

In the final analysis, digital forensics software with the best
performance is the primary software "WIN HEX" (0.582).

In the phase of the sensitivity analysis, four graphic forms of the
sensitivity analysis of the obtained results can be used. These forms are
accessed from the Sensitivity Graphs menu: performance analysis
(Performance option), analysis of the impact of each individual criterion
on the final solution (Gradient option), analysis of para-alternatives with
all their criteria "forehead to forehead"(Head to Head option) and
dynamic analysis (Dynamic option) as well as the possibility to
simultaneously display all four graphs (Open Four Graphs option). The
sensitivity analysis of the obtained results was carried out by the
Dynamic option in the Sensitivity Graphs menu that can monitor changes
in the priorities of other criteria and alternatives (Figure 7).
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Figure 7 — Graph of the dynamic analysis
Puc. 7 — Npadmk guHaMmnyeckoro aHanmsa
Slika 7 — Grafik dinamicke analize
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During the dynamic analysis, changing the weights of multiple
criteria distorts the initial bases of the criteria priorities which results in
the creation of new alternative priorities. If small changes in weight for
multiple criteria lead to a shift in priorities for alternatives, it is considered
that the obtained solution is sensitive and, in this case, the first two
ranked solutions should equally be taken into account in the selection of
the final solution. Otherwise, it is considered that the solution is not
sensitive and, as such, final.

In order to check sensitivity, a significant change in the priority of the
"DISK IDENTIFICATION" criterion has been done from 20.0% to 80.0%,
when the program automatically calculates the values of the change of
the "DISK COPYING" criterion priority from 80.0% to 20.0%. It is also
automatically shown how these changes affect the change in the value of
the priority of alternatives. In this case, the change of the criteria priority
has led only to a change in the alternative value: "WIN HEX" alternative
was changed from 58.2% to 49.9%, "EN CASE" alternative from 32.3%
to 43.4% and "FTK" alternative from 9. 5% to 6.7%.

Bearing in mind that changing the criteria priority did not lead to
changes in the priority of alternatives, i.e. that the best solution is still the
"WIN HEX" alternative (Figure 8), it is considered that the obtained
solution is not sensitive to changes, and, as such, is the final selection.
"2, Facilitator: Dynamic Sensitivity for nodes below — Goal: IZBOR SOFTVERA DIGITALNE FORENZIKE (=[a] = J
I ESE =Ry

B80.0% IDENTIFIFACIJA DISKA
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| Sensitivity w.r.t.: Goal: IZBOR SOFTYERA DIGITALNE FORENZIKE Distributive Mode

Figure 8 — Revised graph of the dynamic analysis - the "DISK IDENTIFICATION" criterion
Puc. 8 — 'ameHeHHble rpaukn AMHaMN4eCcKoro aHanumaa - no KpuTepuro
"MOEHTUNOUNKALINA OUCKA"

Slika 8 — 1zmenjeni grafik dinamicke analize — po kriterijumu ,IDENTIFIKACIJA DISKA”

This model is applicable in the case of a large number of criteria,
sub-criteria and alternatives. Randjelovic's (2011, pp. 112-113)
comparative analysis of the authenticity and the verification of forensic
tools EnCase, FTK Sleuth Kit with Autopsy browser shows a possibility of
structuring the problem in the EC 2011 program in the case of a large
number of alternatives, criteria and sub-criteria (Figure 9 ).
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Conclusion

This paper presents a model of selecting digital forensics software using
most advanced scientific achievements in support of decision making based
on the method of the analytic hierarchy process. One of the major problems
in the application of this method is to define criteria and the evaluation of their
relative weights. The authors have defined criteria and assessed the values
of their relative weights based on their own experience gained in previous
scientific research and practical investigation of crimes of cybercrime.

A precise procedure of this method implementation has resulted in
the following order of alternatives in the model: "EN CASE" (first
alternative) - 0.323 (second in the ranking), "FTK" (second alternative) -
0,095 (third in the ranking) and "HEX WIN" (third alternative) - 0.582 (first
in the ranking). Particularly significant is the fact that changing the criteria
priority does not lead to changes in the priority of alternatives, i.e. that the
solution obtained is not sensitive to changes.

The first alternative has the highest rank (0.582), which is why it is
the best or the optimal one. This alternative is also acceptable with
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regard to the disk identification criterion and the disk copying criterion,
i.e. this alternative enables the shortest time for the identification and
copying of digital evidence. The advantage of this alternative is
particularly evident with the increase of the treated disk capacity.

The second alternative in the rank has a lower value (0.323) which
makes it less favorable. A change in the criteria priority does not lead to a
change in alternative priority, but further increases the value of this
alternative. This alternative is acceptable according to the criterion of disk
identification but not according to the criterion of disk copying; namely, this
alternative enables fast identification without securing digital evidence — this
drawback is more pronounced with the increase of the treated disk capacity.

The third alternative in the rank has a minimum value (0.095), which
is why it is the least favorable. This alternative is not acceptable either
according to the criterion of disk identification or according to the criterion
of disk copying, i.e. this alternative does not enable fast identification and
provision of digital evidence - this disadvantage is more pronounced with
increasing the capacity of the treated disk.

This conclusion applies only to the results of the tests carried out for
this study. The choice is narrowed down to mainly older versions of
Digital Forensics EnCase, FTK and a newer version of WinHex software
and their performances in disk identifying and copying.

Some software tools, such as FTK and, in certain segments, EnCase,
have options that cannot be deactivated and which are not necessary for
the disk identification and copying and which further extend these
processes. These background processes are the reason why for FTK
software it is not possible to predict the time required to copy the disk,
while the estimated copy time for EnCase is unreliable. Unlike the
aforementioned software tools, WinHex provides accurate time necessary
to copy a particular disk and warns the investigator if it is very long.

At the same time, the background processes carried out by FTK
improve its performance in the next phases of digital forensic
investigations, such as disk search and analysis. Significant advantages
of FTK are the functions to filter files in order to distinguish irrelevant
(system) files from the relevant (evidence) files, as well as a possibility of
decryption of encrypted files. This software is considered to be the best
software for searching and analysis of electronic messages (e-mails).

On the other hand, for the same phases of the investigation, EnCase
and WinHex use software modules (scripts) for the automation of
individual research. In addition to this, a significant advantage of these
software tools is a possibility to search disks of virtually unlimited capacity.

All of these and many other advantages of particular software tools,
both common and specific ones, are essential for a thorough and
complete digital forensic investigation. For this reason, for the needs of
particular digital forensic investigations, it is necessary to choose and use




the optimal digital forensics software for each stage of the investigation,
taking into account that optimization criteria and sub-criteria should meet
the needs of individual stages of the investigation.

It is important to mention that this is the case of an optimization
model with a minimum number of alternatives, criteria and sub-criteria,
from the viewpoint of the entire digital forensic investigation.
Consideration of a large number of alternatives, criteria and sub-criteria
and each individual phase of the investigation makes an analysis and an
optimization more complicated but guarantees better results and,
therefore, a more thorough and complete digital forensic investigation.
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Pe3some:

B Hawe epems nodymu He cywecmeyem rpecmyrieHud,
packpbimue komopbix obouwiock bbl 6e3 yughposbix doKazameribcma.
Tak kak 06bem Hocumersiel, XpaHauwux yugposbie 0aHHbIE eXXeOHEe8HO
yeenuyugaemcsi, mpebyemcsi 6orbule 8PeMEHU Ha Bbisie/ieHUe U
KornuposaHue (npuobpemeHue) uugposbix Gokazamesiscme. B amol
cesi3u, 8bIbop coomeemcmeyruUX po2paMMHbIX  obecriedeHul
uughposol ghopeH3uku boree Yem akmyarieH.

Bbibop coomeemcmsyroujeeo  npoepamMmMHO20  obecrieHeHusi
U3Ha4asibHO 8KJlioYaem cpasHumersbHbIU aHanu3 deyx unu 6onee
npozpaMmMHbIX obecriedeHul UuPoBOl (DOPEH3UKU, a makxe ux
onmumusayuto. Llenbo  cpagHUMENbHO20 aHanu3a npo2paMmMHO20
obecrnieyeHusi sierisiemcsi onpedesieHUe U CpasHeHUe uUx peasibHoU u
corocmasumou rpoussodumersibHocmu. Onmumu3ayusi npou3eooumcsi
C yenblo ornpedesieHUsT Kakoe U3 rpoepaMMHbIX obecriedeHul
yughposol ghopeH3suku obradaem ny4dwed npou3eodumesIbHOCMbIO.

B daHHOU cmambe npedcmaeneH 0OUH U3 8apuaHmos ebibopa
npozpaMMHoO20 obecriedeHusi yughposoli hopeH3UKU, Npu MPUMEHEHUU
rnocrnedHux OocmuxeHUU HayKu, KacamesibHO oO00epXKU MPUHSAMUS
peweHUl Ha OCHOBaHUU aHalumu4YecKo20 uepapxuyeckoeo rnpouecca
(AHP), u komnbromepHoU npozpammel Expert Choice.

KntoueBble cnoBa: cydebHo-npoepamMMHoe obecrieqyeHue, yughposbie
3Kcrepmusbl,  aKcriepm  8blbOp,  onmumu3sayus,  yugposbie
dokasamesnbcmea, cpasHUMerbHbIU aHanus.
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Sazetak:

U danasnje vreme gotovo da nema krivicnog dela u Cijem rasve-
tliavanju digitalni dokazi nemaju kljuénu ulogu. Konstantno povecanje
kapaciteta medija na kojima se skladiste digitalni podaci neprestano
povecava vreme neophodno za identifikaciju i kopiranje (akviziciju) di-
gitalnih dokaza. S tim u vezi, izbor adekvatnog softvera digitalne foren-
zike sve viSe dobija na znacaju.




Izbor adekvatnog softvera podrazumeva prethodnu uporednu
analizu dva ili vise softvera digitalne forenzike i proces optimizacije. Cilj
uporedne analize ovih softvera jeste utvrdivanje i medusobno uporedi-
vanje njihovih realnih i uporedivih performansi. Optimizacija ima za cilj
da se utvrdi koji od softvera digitalne forenzike ima bolje performanse.

U ovom radu prikazana je jedna od mogucih varijanti izbora soft-
vera digitalne forenzike, koris¢enjem najsavremenijih naucnih dostig-
nuca u podrici odlucivanju zasnovanih na metodi analiti¢ko-hijerarhij-
skih procesa (AHP) i racunarskom programu Expert Choice.

Kljuéne redi: forenzi¢ki softver, digitalna forenzika, expert choice, opti-
mizacija, digitalni dokaz, uporedna analiza.
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Abstract:

The paper describes the application of modern monitoring systems
in mini hydropower plants. Nowadays, special attention is paid to
maintaining existing systems, as well as to the construction and
installation of new mini hydropower plants. Mini hydropower plants are
incorporated into power supply networks. They are very important for
electricity production, as well as for the maintenance of power supply
systems. New monitoring systems that allow continuous monitoring and
supervision of technical correctness of mini hydropower plants have been
implemented. Moreover, monitoring systems prevent damage to the
system in case of major breakdowns and failures. Maintenance and
overhaul are performed depending on real needs and technical conditions
of hydropower plants. Modern equipment of renowned manufacturers,
personal experience and knowledge of many co-workers have been used
in this project realisation.

Key words: mini hydropower plants, modern monitoring systems,
technical correctness, diagnostic parameters, diagnostic methods, system
vibrations, devices, equipment.

Introduction

Modern monitoring systems in mechanical installations have a
primary goal to timely react in order to prevent damage to mechanical
assemblies or complete installations. Monitoring systems available on the
market have broad applications: they can be used for internal combustion
engines, hydroelectric power plants, thermal power plants, gas turbines,
turbine systems in the process industry, reciprocating compressors,
shipbuilding industry, cement factories, machine tools and for all other




systems with installed slide and roller bearings, gears and other machine
elements. The end user is offered a complete solution for monitoring
mechanical systems without dismantling, and only in some installations
partial disassembling is necessary in order to install a monitoring system
(Zegarac, 1993). Monitoring systems allow fast and reliable
measurement of the size of the gap in sliding and rolling bearings,
measurement of vibration parameters and powerful vibration analyses as
well as the measurement of speed, measurement of temperature of
lubricating oils and coolants, lubricating oil analysis, and the positioning
of the upper dead point in internal combustion engines. Since they are
multichannel systems, a large number of diagnostic parameters can be
monitored and measured.

The Electrical Industry Montenegro (EPCG) was offered two
conceptions of monitoring systems (Zegarac, 2005a), (Zegarac, 2005b):

1. ON-line monitoring systems for continuous measurement and
technical condition analyses. Measuring sensors (encoders) and
measuring systems are installed into mechanical installations.

2. OFF-line monitoring systems are intended for periodic evaluation
and analyses of the technical condition of machinery. Some sensors are
permanently built into systems, depending on measured values, while
other sensors are built into monitoring system portable parts for periodic
measurements.

ON-line monitoring systems were chosen as a better solution.

The concept and definition
of mini hydropower plants

Literature offers many definitions of small hydropower plants
(SHPs). It is very difficult to find two countries with identical classification
systems. The basic parameters that should be used in the classification
of SHPs include (Zegarac, 2005b):

- Installed power of hydro units,

- Aggregate type in relation to the turbine, and the method of
operation,

- Rpm (revolution per minute),

- Operation in relation to the overall energy system

- Installed head, etc.

Depending on turbine power, there are micro turbines (power up to
100 KW), mini turbine power systems up to 1 MW and small or medium-
sized turbines up to 10 MW. Also, regarding available power and head,
there are the following SHPs types (Table 1).
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Table 1 — Types of mini hydropower plants
Tabnuua 1 — Bugbl MuHK-IN3C
Tabela 1 — Vrste mini-hidroelektrana

Type HPPs | Power (KW) | Head (m)small | Head (m) middle | Head (m) large

Micro HPPs do 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

The MHPs division according to available head is accepted in most
countries which define equipment in accordance with the installed head.
So, for example, a number of manufacturers of electro-mechanical
equipment in the United States produce standardized aggregates that
include a turbine, synchronous generator with an automatic control
system, inlet valves, and a control panel for a maximum head of 15 m
and a power of 10 to 5000 KW.

MHPs are further divided:
a) Depending on the procedure:
- Flow with side grip from the main watercourse

- With the reservoir-dam, with daily, weekly, annual or perennial
smoothing,

b) Depending on the flow regulation:

- MHPs with adjustable flow control at the turbine inlet (manual or
automatic control)

- MHPs with a constant flow rate, either because of the actual nature
of the load or due to destruction of excess energy,

c) Depending on the network and operation mode:

- Isolated power plants - independent operation,

- Plants connected to the network-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,




Advantages and disadvantages of MHPs

The advantages of building MHPs in relation to the construction of
other energy sources are numerous:

- Compared to large hydropower plants, there is neither flooding of
wide areas (in order to provide space for water accumulation) nor
disrupting of local ecological systems,

- They can provide land irrigation, water supply to surrounding
villages, construction of ponds and flood protection,

- They reduce investments for electrification of remote settlements
from the general electricity grid so that the electrification of these rural
settlements can contribute to their development,

- They are exploited with very low material costs,

- Their operation life is very long, practically unlimited; the average
life is 30 years, although there have been MHPs in operation for 80
years.

As energy sources, mini hydropower plants, compared to other
similar sources, have drawbacks such as:

- High investment costs per installed KW,

- High research costs relative to total investment,

- Exploitation depends on existing resources,

- They require an integrated water supply system solution, where
systems for water supply and irrigation have priority; therefore, MHPs
must work with installed flow determined with respect to other
consumers,

- If they operate autonomously, production of electric power depends
on consumption, so the surplus remains unused.

Design and implementation of modern
monitoring systems in mini hydropower plants

The requests to implement modern monitoring systems in mini
hydropower plants within the Electrical Industry Montenegro (EPCG)
were justified (Zegarac, Zuber, 2002, 2004, 2005).

An  ON-line monitoring system was selected for the
implementation(Zegarac, 2005).

The delivery and installation of the monitoring system equipment
and devices were carried out by renowned international companies:

1. 01dB - Metravib, a member of the AREVA corporation, Lyon,
France - equipment and software for noise and vibration,
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2. Damalini AB, Sweden - laser alignment systems and laser
geometric measurement systems,

3. Metrix USA, Low - cost systems for monitoring and protection of
rotating systems,

4. CTC, USA - accelerometers and velocimeters with a lifetime
warranty!

5. Guide InfraRed, China - thermal imaging cameras and monitoring
systems,

6. VMI AB - Systems for dynamic balancing,

7. Technical Development Center (TRCpro) - Novi Sad, exclusive
agent of the given companies.

The system of the permanent monitoring of
temperature and vibrations in the MHP Savnik

A modern monitoring system for two hydro units in the MHP Savnik
was designed. The hydro units are in the same room. The power of each
aggregate is 100 KVA.

The monitoring system consists of:

-TRC PLC-based system,

- purpose-designed solution Areva 01dB-Metravib: MVX Oneprod in
the eight-channel variant and Vio software.

The TRCpro PLC-based system for monitoring the state of turbines
based on the RMS level of vibrations and temperature.

Description of the system

The system for protecting turbines from failure and damage is based
on the measurement and monitoring of a large number of mechanical
parameters of the plant. The measured and monitored values are the
following ones:

- level of vibrations on the bearings (Vrms)

- temperature of the critical pump bearings,

- turbine speed,

- output electrical parameters of the generator.

These parameters directly or indirectly help in detecting irregularities
in operation and in protecting plants from more possible errors. The
protection system is designed to:

- prevent overheating of the turbine bearings and their damage,

- detect turbine rotor imbalance and prevent operation in conditions

of high vibration levels.
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Table 2 — Configuration of the monitoring system of a mini hydropower plant
Tabnuya 2 — KoHdurypaums cuctemMbl MOHUTOPUHIa MUHK-IIC
Tabela 2 — Konfiguracija monitoring sistema mini-hidroelektrane

No | Pieces Description

1 6 CTC 200-1R, one axial sensors for measuring the vibration level on the
’ bearings, Vrms, the range of 65 mm / sec, loop powered 4-20mA output

2. 6 PT100 sensors for measuring temperature of the bearings

Acquisition and control system TRC VZ-D, which consists of:
-CPU / PLC module

- Analog input units (16 channels)

3. 1 - Digital input unit 8 x IN

- Relay output unit 4 x OUT

- HMI panel 5.7 "color touch panel

- Purpose-designed firmware

1 Communication GSM modem for sending an SMS alarm

5. 1 System installation, commissioning, operator training to work with systems

The Oneprod MVX protection system and Vio software for condition
monitoring and turbine protection based on the RMS level of vibrations
and temperature.

Description of the designed system

Figure 1 — Monitoring system OneproD — MVX
Puc. 1 — Cuctembl MoHUTOpUHra OneproD — MVX
Slika 1 — Monitoring sistem OneproD — MVX

The Oneprod-MVP is a modular monitoring system in 8, 16, 24 and
32-channel versions, shown in Fig. 1. Its superior possibility of
simultaneous acquisition on all channels, combined with the programming
of different operating modes and defining of alert thresholds for each
operating mode make the system an extremely powerful solution for
monitoring and on-line diagnostics of all complex rotating machines.

Zegarac, N., Application of modern monitoring systems in mini hydropower plants, pp. 1102-1118



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 4

The Oneprod-MVX allows acceptance of all types of vibration
sensors (accelerometers, velocity sensors, proximity probes for
monitoring relative vibrations in the hydrodynamic sliding bearings) as
well as the process inputs. The Oneprod-MVX includes a large number of
different onboard (analysis in the measuring system itself - neither
download to a PC is required nor postprocessing calculations of vibration
parameters) processing procedures applicable through various
techniques of monitoring and technical diagnostics of rolling and sliding
bearings: summary levels (RMS, Peak, Peak to Peak), narrowband
parameters (Narrow Band), broadband parameters (Broad Band),
Kurtosis parameter, Defect factor of bearings, Smax, frequency spectra,
time records, zoomed spectra, and envelop spectra. The recorder
module enables recording long signals for a subsequent analysis of the
harmonic lines (recording turbine starting and deceleration) of the
installed system (shown in Fig. 2).

Figure 2 — Built-in monitoring system for the protection of mini hydropower plants
Puc. 2 — BcTpoeHHas 3alimTHas cucteMa MoHUTopuHra ans muHn-roc
Slika 2 — Ugradeni monitoring sistem za zastitu mini-hidroelektrane

The configuration of the Oneprod-MVP system is performed on-site
or remotely (from the control room or by using the Internet) using the
included Oneprod CSM software. For realtime displays of all active
channels and all defined parameters on channels, the Oneprod-MVX
system uses Oneprod-XPR (Advanced vibro diagnostic) or Oneprod-VIO
(Viewer) software. The communication of the Oneprod-MVX system with
a control PC or PLC is carried out via RS485 or the Ethernet.




Options for

After installing the Oneprod-MVX system, the existing turbine
monitoring can be expanded by including the following measurement

values (Table 3):
- Measurement of output electrical parameters of the generator,
- Turbine speed,
- Additional channels for measuring vibrations and temperature,

- Measurement of water flow to the turbine of the mini hydropower

plant,

- Measurement and regulation of water flow at the hydropower plant

extending the monitoring system

dam - a new technical solution (Zegarac, 2004)
- Extension with advanced software and remote monitoring.

Table 3 — Expandable monitoring systems

Tabnuya 3 — BO3MOXHOCTW pacLUMpeHns CUCTEMbl MOHUTOPUHra
Tabela 3 — Mogucnosti prosirenja monitoring sistema

No. Code Description Quantity
1. | MVX2301000 \C/é(n)q-sdt\éirewer software for monitoring the results on a 1
2. AC102-1A Industrial ICP accelerometer 100 mV /g 4
3. |CB102-A2A-030-Z| Special cable AC102-1A sensor, 6 meters 4
4. MNTSTD 1/4-28 - M6: mounting stud 4
5. SwW Terminal boxes 2
6. PT PT100 sensors for measuring temperature of bearings 4
7. RCK Industrial cabinet for MVX 1
8. DOC Documentation in English and Serbian language 1
9. PC PC computer 1
10. INS System installation, commissioning, operator training to 1

work with systems
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. Ajoint monitoring system for two mini hydropower plants in the MHP
Savnik is given in Fig. 3.

Py Furg

Turbies - = Turtis

5 1
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'

x, ij — ReluxomEu'r(s) I

&

Figure 3 — The monitoring system for the mini hydropower plants in Savnik
Puc. 3 — Cuctema MoHuTopuHra Ha muau-MoC B LasHuke
Slika 3 — Monitoring sistem za mini-hidroelektrane u Savniku

Measurement results and their analysis

Fig. 4 shows the scheme of the plant and the measuring points in
one mini hydropower plant in the system of the EPCG Montenegro. The
system consists of the mini hydroelectric generator (A), momentum (B),
the multiplier (C), turbine (D) and the turbine regulator (E).

The assemblies are connected by flexible couplings and drive shafts.

Labels for the measuring directions: RH - horizontal,
RV — vertical, AX — axial

The designed monitoring system includes the measurement of
vibrations, temperature, operating parameters and output electric
parameters of the generator. The limit values of diagnostic parameters are
selected and new and classical diagnostic methods are applied
(Zegarac,1989). The monitoring system allows continuous monitoring and




measurement of diagnostic values, extremely large memory of measured
values as ell as wide possibilities of processing and analysing parameters.

The installation of devices and the equipment, final testing and
commissioning of the operational work under the supervision of the
designer were done by the TRCpro - Novi Sad.

Due to the volume of the measurement results, the paper shows
only some values of the measured diagnostic parameters as well as the
vibration parameters at characteristic measurement points (vibrations on
the multiplier bearings).

Figure 4 — Scheme of the plant and the measurement points at the mini hydropower plant
Puc. 4 — Cxema yCTaHOBKW 1 TOYKM 3amepa Ha MuHW [OC
Slika 4 — Sema postrojenja i mernih mesta na postorjenju mini-hidroelektrane

In the spreadsheets, high levels of vibration parameters are
displayed and marked in yellow and red.

Table 4 presents the measured values of the vibration parameters of
measuring point 5, the direction RV (bearing on the output shaft of the
multiplier, on the side of the flywheel) while Table 5 shows the results for
measuring point 7, direction RV (bearing on the multiplier drive shaft on

the side next to the turbine).
1111
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Fig. 6 is a graphical display of the frequency spectrum at measuring
point 5, in the directions RH, RV, AX, on the output shaft bearing, side to
the flywheel, where high vibration levels can be noticed.

Table 4 — The measured values of vibration levels, measuring point 5, vertical direction-RV
Tabnuua 4 — \amepeHHble 3HAYEHNsT YPOBHS LLYMa, KOHTPOSbHAs ToYKa 5, HanpaeneHue
RV-no septukanu
Tabela 4 — 1zmerene vrednosti nivoa vibracija, merno mesto 5, smer RV — vertikalno

SECTOR DEMO\MACHINE AREA\HE

MHE_ 13/12/2006 12:15:38

5RV 5RV

FO - Mass unbalance FO Soft 13/12/2006 12:15:38 0mm.s-1 0 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g 0 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .001g -001 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 A4g 14 High 0 0 3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 1.07g 1.07 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 1.05g 1.05 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 5.88 DEF 5.88 High 0 0 7 10
5AX 5AX

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 2.62g 262 High 0 [1] 3 5
Velocity - 10/1000Hz oL vv Hard 13/12/2006 12:15:38 7.95mm.s-1 7.95 High 0 0 43 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .031mm.s-1 .031 High 0 0 43 1.2
H2 - Misalignment H2 Soft  13/12/2006 12:15:38  .0012g 0012 High 0 0 24 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .0023g .0023 High 0 [] 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 4249 424 High 0 0 3 6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 [EEE 9 235 High 0 0 1E
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 .965¢g .965 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 5.77DEF 5.77 High 0 0 7 10
6RH 6RH

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 3.2g 3.2 High (] 0 3 5
Velocity - 10/1000Hz oL vv Hard 13/12/2006 12:15:38 4.18 mm.s-1 4.18 High 0 0 43 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .026 mm.s-1 .026 High 0 0 43 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38  .00037g 100037 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .0016g 0016 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 -189g 189 High 0 0 3 .6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 [NNERE] 9 27 High 0 0 1
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 1.92g 1.92 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 7.79DEF 7.79 High 0 0 7 10
6RV BRV

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 2199 219 High 0 0 3 5
Velocity - 10/1000Hz oL VWV Hard 13/12/2006 12:15:38 3.72mm.s-1 3.72 High 0 0 43 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .026 mm.s-1 .026 High ] 0 43 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38  .00062g 00062 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38  .00079g .00079 High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 A11g A1 High 0 0 3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 1.94g 1.94 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 .868g .868 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 7.53DEF 7.53 High 0 0 i 10
6AX BAX

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 3.049 3.04 High 0 0 3 5
Velocity - 10/1000Hz oL vV Hard  13/12/2006 12:15:38 8.54mm.s-1 8.54 High 0 0 43 1.2
FO - Mass unbalance FO Soft  13/12/2006 12:15:38 .097 mm.s-1 097 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g 0 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .0034g 0034 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 4239 423 High 0 0 3 6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 [ERE 9 278 High 0 0 1
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 1.19g 1.19 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 6.74DEF 6.74 High 0 0 7 10
7RH 7RH

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 149 1.4 High 0 0 3 5
Velocity - 10/1000Hz oL vV Hard 13/12/2006 12:15:38 3.82mm.s-1 3.82 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 0084 mm.s-1 0084 High 0 0 43 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g 0 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38  .00055g .00055 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 1969 -196 High 0 0 3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 1.2g 1.2 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 .483g .483 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 5DEF 5 High 0 0 7 10
7RV 7RV

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 1.06g 1.06 High 0 0 3 5
Velocity - 10/1000Hz oL vv Hard 13/12/2006 12:15:38 3.04mm.s-1 3.04 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 0mm.s-1 0 High 0 0 43 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g (1] High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .0012g 0012 High 0 0 1 238
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 129g 129 High 0 0 3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 .841g 841 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 4959 -495 High 0 0 3 5
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Table 5 — The measured values of vibration levels, measuring point 7, vertical direction —-RV
Tabnuua 5 — NamepeHHble 3HAYEHNsT YPOBHS LLYMa, KOHTPOSIbHAs TOYKa 7, HanpaefeHne
RV-no BepTunkanu

Tabela 5 — Izmerene vrednosti nivoa vibracija, merno mesto 7, smer RV — vertikalno

SECTOR DEMO\MACHINE AREA\HE

MHE_ 13/12/2006 12:15:38

7RV 7RV

DEF DEF Hard  13/12/2006 12:15:38 4.55DEF 4.55 High 0 0 7 10
7AX 7AX

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 2.83g 2383 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 8.44mm.s-1 8.44 High 0 0 43 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .01mm.s-1 01 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g L) High 0 0 21 5.6
H3 - Misalignment H3 Soft  13/12/2006 12:15:38  .0023g .0023 High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 .3639g .363 High 0 0 3 .6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 AL 9 2.58 High 0 0 1
HF - 2000/20000Hz BB HF Soft  13/12/2006 12:15:38 7289 728 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 4.73DEF 473 High 0 0 7 10
8RH 8RH

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.91g 1.91 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 3.91mm.s-1 3.91 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 016 mm.s-1 016 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft  13/12/2006 12:15:38 0g (] High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 0g (] High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 172g A72 High 0 0 .3 6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 1.57g 1.57 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 .807g 807 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 6.27 DEF 6.27 High 0 0 7 10
8RV 8RV

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.69 1.6 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 3.22mm.s-1 3.22 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft  13/12/2006 12:15:38 .025mm.s-1 025 High 0 0 43 11.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 .00031g 00031 High 0 0 21 5.6
H3 - Misalignment H3 Soft  13/12/2006 12:15:38 0g (] High 0 0 1 2.8
LF - 2/200Hz BBLF Soft  13/12/2006 12:15:38 A71g A71 High 0 0 3 6
MF - 200/2000Hz BBMF Soft 13/12/2006 12:15:38 1179 147 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft  13/12/2006 12:15:38 1.23g 1.23 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 6.36 DEF 6.36 High 0 0 7 10
9RH 9RH

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.55g 1.55 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 1.16 mm.s-1 1.16 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .0037 mm.s-1 .0037 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft  13/12/2006 12:15:38 0g L] High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 0g (] High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 0669 .066 High 0 0 3 .6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 6049 .604 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 1.28g 1.28 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 3.92DEF 3.92 High 0 0 7 10
9RV 9RV

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.46g 1.46 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 1.75mm.s-1 175 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft  13/12/2006 12:15:38 .025mm.s-1 025 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 .0003g .0003 High 0 0 21 5.6
H3 - Misalignment H3 Soft  13/12/2006 12:15:38 .00026g .00026 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 .104g 104 High 0 0 .3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 4569 456 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft  13/12/2006 12:15:38 1.5g 15 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 4.81DEF 481 High 0 0 7 10
9AX 9AX

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 6519 651 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 1.81mm.s-1 1.81 High 0 0 4.3 1.2
DEF DEF Hard ~ 13/12/2006 12:15:38 3.05DEF 3.05 High 0 0 7 10
10RH 10RH

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.26g 1.26 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 1.12mm.s-1 112 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 0mm.s-1 (] High 0 0 4.3 1.2
H2 - Misalignment H2 Soft  13/12/2006 12:15:38 0g (] High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 0g L] High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 .05g .05 High 0 0 .3 6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 187g 187 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 11g 11 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 4.5DEF 45 High 0 0 T 10
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Figure 5— Frequency spectrum of the measured vibrations and their analysis for bearing L5
Puc. 5 —YacToTHbI CNeKTp 3MepeHHbIX BUObpaumin 1 ux aHanus Ha nogwmnHuke LS
Slika 5 — Frekventni spektar izmerenih vibracija i njihova analiza za lezaj L5

Based on the measurement and the analysis of the measurement
results, registered by the monitoring system, the following was
determined:




. The general condition of both mini hydropower plants at the location
Savnik, from the point of reference of ISO Standard 10816 and ISO
Standard 2370, can be assessed as good or acceptable. On the flywheel
bearings, points 3 and 4, vibrations after reaching the operating
temperature of the bearings are within acceptable limits. The levels of
summary acceleration in the middle-frequency domain are elevated, but
due to increased vibrations on the multiplier, they are further transmitted
to the flywheel bearings. For the multiplier bearings, measuring points 5
and 6 (the output shaft) and measuring points 7 and 8 (the drive shaft),
vibration levels are elevated as well as summary acceleration in the
medium-frequency domain. Frequency spectra of vibrations on the
multiplier bearings indicate the presence of problems in the gears, most
likely due to their wear. For a definite confirmation of this claim, it is
necessary to provide information on the number of teeth on the gears for
a more precise diagnosis.

The monitoring system indicates that there is no need for balancing
rotating masses (Zegarac, Li¢en, Zuber, 1999); however, due to
increased levels of vibrations on the multiplier, it is necessary to plan the
overhaul of the mechanical assembly.

Conclusion

Nowadays, great attention is paid to the construction of new mini
hydropower plants. The paper presents the application of a modern
monitoring system on the mini hydropower plants in the system of the
Electrical Industry Montenegro. Regardless of the fact that these systems
were installed long time ago and that they have been in use for many
years, it was fully justified to carry out the modernization of these mini
hydropower plants. Mini hydropower plants have an important role in the
production of electricity and are networked in the electricity system. The
design and construction of mini hydroelectric power plants up to 700 KW
is very similar. These are hydro machines of horizontal construction and
installation. In all assemblies of hydro units, there are built-in roller
bearings. If power of mini hydropower plants exceeds the value of 1000
KW, the construction of such systems is in a vertical version. Embedding
assemblies in such hydropower plants is performed on sliding bearings.
In this case, a patented system for the diagnostics of sliding bearings is
applied as well as a new technical solution for measuring and controlling
the flow of water at the hydropower dam. Modern monitoring systems
presented in this work are fully applicable to the systems of mini
hydropower plants of higher power. On the territory of the Republic of
Serbia, there is a larger number of mini hydroelectric power plants in
private ownership. It is expected that, in the near future, modern
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monitoring systems could be applied in them. The paper presents some
examples of the application of modern monitoring systems. The function
of controlling the technical correctness of such systems as well as of their
overhaul is provided.The existing systems, installed in the 70s, do not
have a possibility of remote control. Malfunction alert is done by light or
sound signaling - ALARM system. The MHP control system is of a
manual type. A great advantage of modern monitoring systems is that
operators in hydropower plants can react in time and prevent damage to
the system in advance if they receive signals on major defects or failure
occurrence.
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NPUMEHEHME COBPEMEHHbLIX CUCTEM MOHUTOPUHIA
HA MNHW-T3C

Hukona . XXerapauy,
Cepbckas akagemus nsobpetatenei n yueHbix, benrpag, Pecny6nuka Cepbusi

OBJIACTb: MalMHOCTPOEHUE, SNEKTPOTEXHMKA, SNEKTPOHMKa
B CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnunckmn

Peswome:

B OanHOU pabome npedcmasrneHbl COBPEMEHHbIE CUCMEMbI
MoOHUMopuHaa Ha MuHu-I'9C. B cospemeHHOM mMupe ocoboe eHUMaHue
yoensiemcsi, Kak COXPaHeHUK CyWecmeyruwux cucmemM, mak U
cmpoumesniscmey U COOPYXeHU0  Ho8bIX  MUHU-TOC.  MuHu




eaudpoaniekmpocmaHyuu  exodssm 8 cocmae obuweld cucmemsl
annekmpocHabxeHusi. OHU ueparom B8aXHyl0 pofib 8 npou3sodcmee
3/1eKMPO3HepauU, a makke 8 noddepxke obuwel cucmemsbl
3Hepeonumaxusi. B yensx nocmosiHHo20 6ecriepeboliHo20 HabrodeHust
U mexHu4yeckoz2o Hald3opa 3a pabomol muHu-'OC paspabomaHbi Ho8ble
cucmemb! MOHUMOpPUHaa. Kpome ocHogHoU byHKUUU HabrirodeHusi, OHU
marxe rnpedHasHa4YeHb! s npedomepauieHus: asapud, 8 criydae cbos u
omka308 cucmemel. [Toddepxka u peMoHmM cucmembl rnpous3eoomcsi fno
Heobxodumocmu, 8 3asUcUMOCMU Om MEXHUYECKO20 COCMOSIHUSI
eudpoanekmpocmaHyul. B  ocywecmeneHuu OaHHO20  Mpoekma
npumMeHeHbl cospeMeHHoe 060pydosaHUe Om U38ECMHbLIX MUPOBbLIX
npouseodumernel, a makxe npogeccuoHarnbHbIli OfNbim U 3HaHUs
MHO2UX COmpyOHUKOS.

KnioueBble croBa: MUHU  2UGpPO3rIeKMpPOCmaHyulU,  CO8PEMEHHbIe
cucmemMbl MOHUMOPUH2a, MEeXHUYecKoe coomeemcmeue, rapamemps!
OuasHocmuku, mMemoObl QuasHOCMUKU, subpauyuu cucmembi, rnpubopel,
obopydosaHue.

PRIMENA SAVREMENIH MONITORING SISTEMA NA MINI-
HIDROELEKTRANAMA

Nikola P. Zegarac
Srpska akademija izumitelja i nau¢nika, Beograd, Republika Srbija

OBLASTV: masinstvo, elektrotehnika, elektronika
VRSTA CLANKA: struéni ¢lanak
JEZIK CLANKA: engleski

Sazetak:

U radu je prikazana primena savremenih monitoring sistema na mini-
hidrolektranama. U dana$nje vreme posebna paZnja posvecuje se odrZa-
vanju postojecih sistema, izgradnji i instaliranju novih mini- hidrolektrana.
One su umreZene u zajedniCki sistem napajanja elektricnom energijom i
veoma su znacajne za proizvodnju elektricne energije, kao i za odrzavanje
celokupnog sistema energetskog napajanja. Primenjeni su novi monitoring
sistemi koji omogucavaju kontinualno pracenje i nadzor tehnicke ispravno-
sti mini-hidroelektrana. Pored toga, monitoring sistemi omogucavaju da se
spreCe havarije sistema u slucaju vecih kvarova i otkaza. OdrZavanje i re-
monti sistema vrSe se zavisno od stvarne potrebe i tehni¢kog stanja hidro-
elektrana. KoriScena je savremena oprema renomiranih svetskih proizvo-
daca, licno iskustvo i znanje mnogih saradnika na realizacifi ovog projekta.

Klju€ne reci: mini-hidroelektrane, savremeni monitoring sistemi, tehniCka
ispravnost, dijagnosticki parametri, dijagnosticke metode, vibracije siste-

ma, uredaji, oprema.
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Abstract:

Starting from the fact that the use of electronic content is an
imperative of our time, and from a general opinion that the application
of modern information technologies can establish a solution for a
reliable and simple organization and systematization of documentation,
it can be stated that the organization's success depends directly on the
achieved level of information management.

Timely, accurate, verifiable, readily available and consistent data
are more than necessary for business activities; however, the basic
problem of the use of these data is not their existence, but the place
and manner in which these data are stored and organized within
distributed business units. In addition, the introduction of information
technologies into business processes results in more and more useful
data; nevertheless, the question is the degree of their utilization.

The object of the study was to determine the degree of "maturity”
of business organizations for the implementation of information and
communication technologies, viewed through the prism of
organizational, personnel and technological maturity of an organization
for the implementation of an electronic content management system.
At the same time, the use of appropriate maturity models for electronic
content management aims at approaching the maturity model concept
to business organizations.

Key words: ICT, electronic content, content management system,
maturity models, business organizations.
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Introduction

One of the most important factors for successful business process
management is the amount of information and the method of its usage.
Information and knowledge are essential for successful management at all
business organization levels. This reduces uncertainty in the activities of
business organizations, saves material resources and leads to rational
engagement of human resources. During the implementation of business
processes, information exchange between business organization units is
required. Depending on the availability, accuracy and timeliness, information
can affect the acceleration or deceleration of activities performed.

Linking business units through information and communication
technologies enables an electronic access to relevant content as well as
to coordination, integration, delivery, analysis and presentation of
information. All this contributes to timely and high-quality decision
making.

Information contained in electronic content has enormous
significance for the business organization, regardless of its size or
industry in which this organization works. There are no high-quality
decisions without high-quality information. Since modern information and
communication technologies are highly developed, the problem is not
how to get information but how to identify useable information.

The subject of this study is to determine the degree of "maturity”" of
business organizations for the implementation of information and
communication technologies, as seen through the prism of
organizational, personnel and technological maturity of the organization
for the implementation of an electronic content management system.
Also, one of the objectives of applying relevant maturity models for
electronic content management is introducing the concept of maturity
models to business organizations.

ICT — basis for electronic content management

The development of information and communication technologies
leads to the adjustment of business organizations to the market in order
to be competitive, more efficient and more successful. In all markets of
the modern world soaked in information and communication
technologies, information plays a crucial role. The situation is similar with
business organizations where timely information and its processing are
crucial for the advantage on the market.

Modern management has less and less time to make decisions
about the activities of business processes. There is a large amount of




data that must be processed and transmitted. Preference is given to
business organizations which make decisions about their activities on the
basis of timely, reliable, accurate, verifiable, consistent and easily
accessible data (Milenkovi¢, 2015b, pp.7).

ICT — the concept, role and importance

Linking business units through information and communication
technologies (ICT) provides an opportunity for a comprehensive
approach to relevant data, to coordination, integration, delivery, analysis
and presentation of information. All this contributes to making timely and
high-quality decisions.

The main reason for the establishment of ICT is enabling storage
and sharing of data contained in the electronic form. Virtual organizations
are formed, with asynchronous, distributed and collaborative work teams
who cooperate in the development of projects (collaboration), in different
places (distribution) and at different times (asynchrony). As Katuu points
out (Katuu, 2013), ICT have contributed to the work of many
organizations to become more efficient and more successful.

The introduction of ICT leads to changes in the processes of
management and decision making. ICT help managers to perform their
functions more easily and efficiently. Changes in management reduce costs
of horizontal communication, enabling teamwork and flexibility. Monitoring
changes in the environment is critical, which means observing the real
environment, competition and financial conditions that business processes
and technology trends depend on (Klein and Methlie, 2009, pp. 18-22).

The importance of ICT for the business system is a common use of
decision support software, unified information access, enabled electronic
communication and data exchange, data management, increased
productivity and reduced costs in business systems.

The development of ICT has enabled faster and better
communication, improved business processes, secured storage of
information, and facilitated information search from any location in the
world, 24 hours a day. Thanks to ICT, quality computer connectivity of
organizational units is achieved through the capacity, speed and
efficiency of data collection, processing, transmission and data
protection. Computer networking of organizational units contributes to the
following (Milenkovi¢, 2013, pp. 4):

— the use of common data and unique understanding and knowledge
of a real situation;

— increased efficiency and shortened time required for decision-
making, and

— increased overall efficiency of the organization as a whole.
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The concept of electronic content management

Organizations use a variety of ways to manage their electronic
content, from network and local drives to specialized software such as the
content management system (Enterprise content management system,
ECMS). In an extremely negative sense, Katuu points out (Katuu, 2013)
that there are cases that electronic content is not managed in any way.

According to Pelz-Sharpe (Pelz-Sharpe et al, 2010), content
management systems are often used as a synonym for terms such as
Electronic Document Management System (EDMS), Electronic Records
Management Systems (ERMS), Integrated Document and Records
Management Systems (IDRMS) and Electronic Document and Records
Management systems (EDRMS).

In the context of this study, a content management system
represents the most sophisticated element in managing electronic data
essential to decision-making processes. The Content Management
System can be defined as a set of strategies, methods and techniques
used for creating, storing, processing and distributing content and
documents that are a part of the life cycle of organizational processes.

The results of the introduction of electronic content management
systems are increased availability and easier content control, information
access control, more efficient implementation of business processes,
saved material and human resources, reduced operating costs, and
certainly support to decision making.

Determining the maturity degree of electronic
content management systems

In order to make any decision on improving data management practices
and to began implementation of new or improvement of existing solutions for
data management, it is necessary to analyze a real situation of electronic
content management in an organization. So-called maturity models are used
for the evaluation, presentation and monitoring of the conditions and
capabilities of organizations in performing their functional processes. This
part of the work shows the dimensions (elements) of a maturity model of an
electronic content management system in the context of its implementation
within large business organizations such as a military organization.

The definition of the maturity model

Each complex business organization uses an electronic content
management system (which manages documents and other electronic
files). Such a system can range from storing unstructured files on local




disks or network devices, providing only the access rights to users, up to
highly sophisticated software components for the management of
corporate digital content in all business segments. The level of
development of content management in most business organizations is
between these two extremes.

In order to analyse real conditions of electronic content management
in an organization, it is first necessary to assess the content by
determining the type of the content, where and how this content is stored
and whether and how it is managed. The answers to these questions are
the key to determining the content "maturity”.

Since determining the "maturity" of a business resource is a complex
process which requires an analysis of multiple dependent and independent
parameters, special models, so-called maturity models, have been
developed. Initially, maturity models have been used for the purposes of
software engineering. Later, the application of maturity models extended to
other disciplines, such as: business process analysis, public administration
services, financial management, human resource management, health
sector, management of information technologies and project management.
Maturity models are used for monitoring, evaluation and presentation of
the current state of a corporation, such as, for example, a level of
"maturity” of the corporate ability to perform assigned functions.

The maturity model of business organization content management is one
of the models of information and data management, which developed in
accordance with the principles of maturity (Matthew, 2003). This paper shows
the dimensions (elements) of the maturity model of the content management
system in the context of its implementation within large business
organizations, with the aim of timely decision making in critical moments.

Dimensions of the maturity model
of the content management system

In this paper, the emphasis has been placed on maturity models
relating to electronic content management in terms of corporate
environment. In order to determine properly the level of maturity of the
organization in terms of its relationship to corporate content, it is
necessary to define the dimensions and elements of maturity.

According to Pelz-Sharpe and Katuu (Pelz-Sharpe et al, 2010)
(Katuu, 2013), the maturity of the content management system is
identified through the following dimensions:

— data i.e. content storage,

— system efficiency, and

— system flexibility.
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Where each of the above dimensions has some specific attributes.
In assessing the dimensions required for data storage, it is necessary to
identify the following attributes:

— locations where the content is located (Are data stored on local
hard disks or on network shared resources? Are data in the context of
already existing content management solutions?), and

— formats in which it is located (including outdated and specific
formats) or in what format the content will be kept in perspective.

When considering the location, i.e. data storage capacity, it is
necessary to examine the processes related to the access to the content.
In principle, this means that it is necessary to answer to the following
questions: What content is there? Is the content currently available to
customers? How are shared content locations controlled? How do users
share the same content?

Assessment of the dimensions for storing data from the content
management system also includes considering a plan for using storage
space. In organizations with low maturity, planning and development of
strategies for the management of storage capacities are rarely or almost
never done. In this case, solving the problem of how to maximize storage
capacity is left to information technology (IT) experts. In organizations
with a higher level of maturity, IT professionals have a possibility to
obtain systematic reports on system usage and storage space. In this
way, experts and managers can better and more easily perceive and
understand the effects and trends that the content management system
has on the overall operations of the organization.

Content management systems should cover the whole life cycle of
content, from its creation, through distribution and final withdrawal from
operational use (deletion or permanent archiving) (Milenkovi¢, 2015b, pp.
56-59). A critical characteristic in carrying out processes in the
organization is their efficiency. Business organization systems that use
manual data processing (due to which data are multiplied or there are
unnecessary activities within the process) contribute to excess spending
of resources, which can be either staff time spent in work processes with
the content (documents), or technological resources that must be
purchased to support management.

The business process automation is the first criterion for the
efficiency of the organization. In organizations with low maturity of the
content management system, content management processes are
mainly performed manually and require more (redundant and non-
automated) steps in all phases of the content lifecycle. In organizations
with a higher maturity level of the content management system, many
processes are automated, with no negative impact on their quality.
Organizations with a medium level of maturity are usually in the phase




of identifying bottlenecks and failures in managing content manually.
They are also in the initial stage of analyzing available technologies that
can simplify these processes. The result of the automation of the
content management process is easier identification and retrieval of the
content in a myriad of business documents. In most organizations,
transfer of content is a critical factor in achieving business goals. In
organizations with low maturity of the content management system,
there is no management of content transfer: electronic files are
exchanged several times; neither content versions are dealt with nor
the use of current versions is controlled; in addition, risk factors and
distribution costs are increased. In organizations with a higher level of
maturity of the system, content management processes are integrated
with information technologies within the content management system.
This contributes to the transfer of content to be managed in a reliable
and efficient manner, within the framework of optimized business
processes.

In organizations with a low maturity level, there are templates of
documents but files are managed in an inconsistent way. Implementation
of the content management system allows the use of the tool which
easily manages the design and formats of electronic content, using
standards of business organizations.

The synergy of the concept of content management with information
and communication technologies represents an ideal content
management system which achieves two goals: to create once-used
anywhere and content as you like on demand. (Milenkovi¢, 2015b, pp.
54). The organization with a high level of maturity system reaches these
goals by building tools and processes of maximum flexibility.

Creating arbitrary content (on the user's demand) in organizations
with a low maturity content management system is typically a difficult and
long process. It usually takes a long time to find the already existing
content that users need in order to create new content (document). Still
worse is the situation when the existing content cannot be found. As
organizations acquire higher levels of maturity in the implementation of
content management systems, their tools for content management not
only keep the content in structured standardized forms bur also enable
simple and efficient creation of different types of output documents with
the same content used in the proper context.

According to Katuu (Katuu, 2013) using metadata can improve the
creation of new content and its use through all stages of the life cycle. In
organizations with low maturity content management systems, metadata
represent only time of the creation and changes of documents as well as
basic information about their authors. Also, using metadata is limited to
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good practice and users’ skills. By achieving a higher maturity level of the
content management system, organizations become skilled in planning,
organizing and incorporating metadata in all their content. In this way,
working with corporate content becomes effective.

Applying consistent business rules combined with effective metadata
provides optimal flexibility and consistency of required content
(Milenkovié, 2015b, pp. 60). To achieve the highest level of maturity, it is
necessary to:

— constantly analyse business processes,

— continuously improve business rules on creating, storing and using
content, and

— carry out the integration of all these processes and rules in the
context of the content management system.

One example of the electronic content
management maturity model

To obtain effective content management systems of business
organizations, business strategy and development of the system
regarding technology must be clearly defined together with strategies of
applying best practices. There are many ways to determine the maturity
of the content management system, and "maturity" primarily stems from:
(Milenkovi¢, 2015a, pp. 206—210):

— the use of content management systems at all levels of
management in the organization,

— degree of the management of the document life cycle,

— development of organizational awareness of the importance of
managing unstructured information, and

— the amount of critical data which has been successfully managed.

An electronic service for the exchange of electronically signed
documents, established in the MoD and the SAF, has been used as an
example of the application of the maturity model for digital content
management. This service is a precursor of the Document Management
System for Digital Content in the MoD and the SAF (Milenkovi¢, 2014,
pp. 37-40).

Thirteen dimensions of maturity, largely affecting the content
management system, have been discussed. The maturity model dimensions
have been classified into three categories: personnel, information and
systems, as shown in Table 1 (Milenkovi¢, 2015a, pp. 207).




Table 1 — Review of the categories and dimensions of the maturity model
Tabnuya 1 — O630p kaTeropuii U pasmepoB MOAENW 3pPeNOCTH
Tabela 1 — Pregled kategorija i dimenzija modela zrelosti

Category Personnel Information Systems
o Professional competence Content/Metadata Volume
28 IT competence Depth Width
52 Process dimension Manage Security
g g Compliance of processes Reuse Usability
S Finding

Each of the dimensions is described further on. For a practical
application of the maturity model in a business organization and for the
assessment of the achieved level of maturity in a specific business process,
each of the dimensions is allocated a numerical value in an arbitrary
assessment range (for example, from 1 to 5). The numeric value represents
the evaluation of the achieved level of maturity (where a value of 1
represents the lowest level, and a value of 5 the highest level of maturity).

The Personnel category is described through four dimensions
(Cameron, 2011):

— Professional competence refers to the ability of employees to
understand the concept of content management systems.

— IT competence refers to the ability of employees to properly use
existing and new information systems.

— Process dimension means the achieved level of the analysis of
business processes in terms of content management.

— Process compliance involves a measure of the efficiency of
cooperation between business process experts and IT experts, or their
level of understanding and synchronization.

The Information category has five dimensions:

— Content / Metadata is a measure of the conducted analysis of
content and its metadata in the context of business processes.

— Depth refers to the completeness of the content life cycle
management.

— Management refers to the presence of rules and procedures for
the management of business information.

— Reuse means the possibility to use the content for other business
purposes.

— Finding means the possibility of finding the right content at the
right time.

The System category has four dimensions:

— Volume presents a collection of organization business processes
included in the content management system (for example, document
management, business process management, etc.)
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— Width represents the scope of business organizations vertically
and horizontally, in accordance with business needs.

— Security represents an extent to which access to business content
could be, in terms of security, reflected in the activities of the
organization.

— Usability is an extent to which the implemented system
corresponds to the actual business processes and needs.

Conclusion

This paper presents an overview of the connection of electronic
content necessary for decision making and information and
communication technologies. The work shows one of many studies on
the management of electronic content as well as information necessary
for decision making in complex organizational structures.

Starting from the fact that the use of electronic content is an
imperative of our time, and from a general opinion that the application of
modern information technology can establish a solution for a reliable and
simple organization and systematization of documentation, it can be stated
that the organization's success depends directly on the achieved level of
information management, i.e. information contained in documents.

Timely, accurate, verifiable, easily accessible and consistent data
are more than necessary for business activities: however, the basic
problem of the use of these data is not their existence, but the place and
manner in which these data are stored and organized within distributed
business units. In addition, the introduction of information technologies
into business processes results in more and more data: nevertheless, the
question is the degree of their utilization.

The emphasis is placed on maturity models regarding electronic
content management in organizations. In order to properly determine the
level of maturity of an organization in terms of its relationship to corporate
content or any other component of its business processes, it is necessary
to define the dimensions and elements of maturity. Dimensions vary
depending on the maturity of the sector the organization belongs to.
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TenekomMmyHukaumin n nHdopmaTtuku (J-6), r. Benrpag, Pecnybnuka Cep6us

OBNACTb: nHgopmatumka
BWO CTATbW: npodeccrmoHanbHas ctaTbs
A3bIK CTATbW: aHrnuiickui

Pesome:

Ucxodsi u3 chakma moe2o, 4mo UCrOoMb308aHUE 3/1€KMPOHHO20
KOHmMeHma S8risiemcs UMNepamueoM Hawea20 epeMeHuU, U obujez2o
MHEHUSI O IMOM, 4YMO [PUMEHEHUE COBPEMEHHbIX UHGHOPMAaUUOHHbLIX
mexHorioauli Moxem co30amb peweHue Ons HadexHol u rpocmou
opeaHusayuu u cucmemamusayuu GOKyMeHmauyuu, ycrnex opaaHusayuu
Harnpsimyro  3asucum om  GOCMU2HYmMO20 YpPOBHS  yrpaerneHusi
UHgbopmauued.

lMpuHumasi 80 6HUMaHuUe, 4mo Ons npPednpuUHUMamernscKol
OessimenibHocmu bornee, Yem HeObX00UMbI C80E8PEMEHHbIE, MOYHbIE,
nieeko docmynHbie U rnoddarowyuecs nposepke OaHHbIe, OCHOBHasl
npobrniema ucronb308aHUsi amux OaHHbIX 3aK/o4Yaemcs He 8 UX
cyujecmeosaHuU, a MeCMOHaxoX0eHUU U OpeaHU3ayUOHHOM Memode ux
XpaHeHusi 6 pamKkax busHec-eQuHuy. Kpome mozo, eHedpeHue
UHGOPMaUUOHHbIX MexHoro2ull 8 ocyujecmereHue 6u3Hec-rpoueccos
criocobcmeyem exxeOHe8HOMY HaKOIMIEeHUK ose3HOU UHGgbopmayuu, 8
C8513U C YeM 80O3HUKaem 80r1POC O CMENeHU UX UCMO0b308aHUs].

Llenb 0OaHHO20 uccriedogaHusi 3akiodaemcsi 8 ornpedesieHuU
CmeneHu «3pesiocmu» KOMMEPYECKUX opaaHu3ayul Ornsi 8HeOpeHUs
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UHGOPMAaUUOHHO-KOMMYHUKaUUOHHbIX mexHoroaul. [aHHbIl eonpoc
paccmampueaemcsi CKe803b pu3My oOpeaHu3ayuoHHoU, kadposol u
mexHorioau4Yeckol  3pesiocmu  opeaHulayuu  On1  8HEOPEHUs
3/1eKMPOHHOU  cucmeMbl  yripaeneHusi KoHmeHmom. [lpumeHeHue
coomeemcmeytowetl Modesiu 3pesiocmu 8 yrnpasieHUU 371eKMPOHHbIM
KOHMeHmMoM  HarnpaefeHa Ha  fpuHamue  OaHHoU  modenu
KOMMepYecKuMU rpednpusmusimu.

KnioyeBble  CroBa:  UHPOPMAUUOHHBIE U KOMMYHUKAUUOHHbIE
MexHOosI02uU, 37IeKMPOHHbLIL  KOHMEeHM, cucmeMbl  YrpaeneHus
KOHMeHmom, mModesiu 3pesiocmu, KOMMepYecKue opaaHu3ayuu.

UTVRDIVANJE STEPENA ZRELOSTI ORGANIZACIJE ZA PRIMENU
INFORMACIONO-KOMUNIKACIONIH TEHNOLOGIJA NA PRIMERU
UPRAVLJANJA ELEKTRONSKIM SADRZAJEM

Dejan S. Milenkovic
Vojska Srbije, General$tab, Uprava za telekomunikacije i informatiku (J-6),
Beograd, Republika Srbija

OBLAST: informatika
VRSTA CLANKA: stru¢ni ¢lanak
JEZIK CLANKA: engleski

SazZetak:

Polazeci od Cinjenice da upotreba elektronskih sadrZzaja predstavija
imperativ danasnjeg vremena, kao i od opSteg stava da se primenom sa-
vremenih informacionih tehnologija moZe uspostaviti reSenje za pouzdano
i jednostavno organizovanje i sistematizaciju dokumentacije, uspeh orga-
nizacije direktno zavisi od dostignutog stepena upravijanja informacijama.

Imajuci u vidu da su za obavljanje poslovnih aktivnosti vise nego
potrebni pravovremeni, tacni, proverljivi, lako dostupni i konzistentni
podaci, osnovni problem upotrebe tih podataka nije njihovo postojanje,
ve¢ mesto i nacin na koji su ti podaci smesteni i organizovani unutar di-
stribuiranih poslovnih jedinica. Takode, uvodenjem informacionih teh-
nologija u obavljanju poslovnih procesa, korisnih podataka je sve vise,
ali se postavilja pitanje stepena njihove iskori§¢enosti.

Predmet rada jeste utvrdivanje stepena ,sazrelosti” poslovnih or-
ganizacija za primenu informaciono-komunikacionih tehnologija, po-
Smatrano kroz prizmu organizacione, kadrovske i tehnoloske zrelosti
organizacije za implementaciju sistema upravljanja elektronskim sadr-
Zajima. Ujedno, primena odgovaraju¢ih modela zrelosti za upravijanje
elektronskim sadrZajima ima za cilj i pribliZzavanje tog koncepta poslov-
nim organizacijama.

Klju€ne reci: informaciono-komunikacione tehnologije, elektronski sadrzZaj,
sistemi upravljanja sadrzajem, modeli zrelosti, poslovne organizacije.
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Abstract:

Readiness for challenge and change, doing more with less as
well as focusing on quality and the customer - these are some of the
most important areas of the activities of industrial producers, which
military leaders in armies around the world have also developed to
make their work more efficient and effective. This article provides an
overview of the achievements in the United State of America (USA)
military and its suppliers and associates, where the implementation of
modern process management concepts has led to significant
improvements and savings in various areas. The article also suggests
possible applications of the existing successful business models in
related areas in the Serbian Army.

Key words: lean, suppliers, military, manager, user, field.




Introduction

Market competition, business conditions, contemporary problems,
threats and trends — they all require changes in the ways of thinking and
acting of entire nations, their governments, and large organizational
systems which produce complex technical systems or provide a variety of
services. Military systems are, by their own nature, large users of
resources and services. They mostly possess production and service
capacities that are often insufficient to cover their own needs, due to
changes in the execution of planned or unexpected or complex tasks, so
they have to meet their own needs by joining forces with respective
systems or in the open market. Approved resources are, like everywhere,
a limiting factor for the execution of tasks. The system's response to
emerging changes and needs in a fast, complete and high-quality way
has already become an imperative, which is particularly evident when it
comes to organizational systems that deal with the defense of a country,
its interests, territory and resources.

Management of processes in large organizational systems in the
traditional manner (decrease the cycle time, more intensive and more
dynamic work, recruiting, buying more machines, analysis of profits but not
losses, planning without taking into account limitations, etc.) does not give
satisfactory results in the modern time. Intellectual potentials of the Army, in
cooperation with industry representatives and other civilian organizations,
are trying to find a solution to this problem and manage to lead a fight for
quality and customers to an extent, by observing and analyzing processes,
encouraging and involving all members to make changes for the benefit of
both the system and their own, as well as by creating and using the
methods, techniques and tools that bring improvement.

This article is based on the theoretical assumptions of modern
concepts of process management in organizational systems, which have
found their implementation and have given very good results in large
organizational systems dealing with production of technical systems (TS)
and providing maintenance services to TS such as Toyota, Ford, Boeing
and others. The article presents the historical development of the Lean
and Six Sigma concepts of managing organizational systems, as well as
the most commonly used ones in the last decades. The principles,
methods, techniques and tools of these management concepts are
presented. The differences between the traditional organizational
systems and the Lean Six Sigma organizational systems are given as
well as significant results which can be achieved by applying the Lean
and Six Sigma concepts of managing organizational systems. Most of the
article deals with the display and the analysis of the startup and
implementation of Lean Six Sigma transformations in foreign armies,
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especially in the United States of America (USA) and the United Kingdom
(UK), presenting all the potential possibilities of the application of the
described conceptual approach through the implementation phases. At
the end of the article, the basic management functions and processes in
the Ministry of Defence (MoD) of the Republic of Serbia and the Army of
Serbia are briefly analysed, with the aim of developing models to improve
the situation on the basis of the Lean Six Sigma concepts, modeled on
the described large systems in the USA and the UK.

Business improvement based
on contemporary concepts

In order to survive in the market in contemporary business
conditions, production and service systems have to focus on customers
and strive to business excellence, especially in crisis conditions. A
response to new circumstances imposed by market can be found in the
Lean Six Sigma (LSS) concept management.

The Lean Six Sigma concept demands constant changes and
continuous improvements. The emphasis is on employee involvement
and teamwork, measurement and systematization of processes, reducing
variations and defects and shortening the duration of the process.

The Lean Six Sigma concept has more advantages than other
concepts of improvements. The concept of Six Sigma focuses more on
process quality than process speed in the organizational system. The
concept known as Lean is better at improving the rates of activity in the
process than at improving quality.

The concept of Lean in technical and professional literature in the
West first appeared in the early nineties of the twentieth century and is
associated with the results of five years of extensive research which
referred to the future of the automobile industry on a global level (John
Krafcik, MIT student - now CEO Hyndaia). The Massachusetts Institute of
Technology - MIT, USA, conducted research on the production system in
the Japanese car factory Toyota, Toyota Production System (TPS), which
was established under specific geographic, economic, political and cultural
circumstances as an attempt to increase Toyota's competitiveness in the
early 1950s and has continued to develop until today.

Books that stemmed as a result of this project represent real
industry best-sellers (Figure 1) and they resulted in significant changes in
the way how production is organized and viewed in the West.

The Lean management concept means to create greater values for
customers or users with fewer resources invested. Lean companies know
which values their customers or users require, and focus their key
processes in a way to continuously add value to their customers or users.
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Figure 1 — Authors of books, James P. Womack and Daniel T. Jones
Puc. 1— Astopsbl kHur, James P. Womack u Daniel T. Jones
Slika 1 — Autori knjiga su James P. Womack i Daniel T. Jones

The concept of Lean means "slim" and vividly describes the concept
basis: to produce or provide services with fewer supplies, facilities and
defective products, with less capital, labor, hault, waiting and all that does
not add value to a product or service. Lean production reduces
unnecessary activities and is directed to the customer order.

The Lean concept is most easily described by its five basic
principles: to determine the value for a customer or user, as illustrated by
the message in Figure 2, to map a way to create a new value, to make a
value flow, to establish that the flow meets the requirements (PULL or
withdrawal) and to constantly strive for perfection.

Lean also defines eight losses: overproduction, waste, unnecessary
movements, unnecessary supplies, excess processing, hold, transport,
and insufficient use of the potential of employees.

In order to eliminate losses, Lean management uses its tools such
as Kaizen, 5S, Kanban, value stream mapping, JIT, TPM and others.

With its tools, Lean achieves significant results, the most important
ones being:

—Total production or service time is shortened;

—Increasing work performance;

—Reducing supplies;

—Improving quality;

—Reduced time of placing a product on the market;

—Smaller space requirements;

—Smaller investments in storage;

—Faster response to market changes;

—Simplifying the planning function and reduction of business

documentation.
1135

Epler, I. et al., Real improvement processes in the army based on the Lean Six Sigma concept, pp. 1132-1156



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 4

4
£\
o

REMEMBER #

That SEXT INSPECTOR
s (R R SOLITHERSS

Figure 2 — A professional soldier needs a complete,
functional and reliable combat vehicle
Puc. 2 — [ina npodeccrnoHansHOro congata BaxkHee BCEro YKOMmnneKToBaHHOCTb,
MCMNPaBHOCTb N HAAEXHOCTb 6OEBOW MaLLWHBI
Slika 2 — Profesionalnom vojniku vazno je samo da je borbeno vozilo ispravno,
kompletno i pouzdano

The characteristic differences between Lean organizational systems
and traditional organizational systems can best be seen in the following

table (Rajkovi¢, 2012).

Table 1 — Difference between traditional and Lean organizational systems
Tabnuya 1 — OTnNnuna TpaguLUMOHHOW 1 Lean opraHn3auuoHHbIX CUCTEM
Tabela 1 — Razlike izmedu tradicionalnog i Lean organizacionog sistema

TRADITIONAL ORGANIZATIONAL
SYSTEM

LEAN ORGANIZATIONAL SYSTEM

complex

simple

Manages the budget

Is guided by demand

excessive supplies

Supplies based on demand

Accelerating activities that add value

Finding and maximum reduction of
activities that do not add value

Mass production or provision of large
scale and small assortment

Production of small series but more
models or the provision of various
services of a small scale

Long time from order to delivery

The minimum time from order to delivery

Quality is based on inspection and
achieved by upgrade

Quality is built into the design right from
the start

Functional services

Process organization




The Six Sigma (60) is a business concept and method for quality
improvement. The application of this concept began in the company for
telecommunication devices and systems Motorola, in the 1980s. Thanks
primarily to the successful implementation of the Six Sigma concept, in
1988 Motorola won the "Malcolm Baldrige Quality Award", the most
famous American Quality Award (Goetsch, Davis, 2006). The application
of this concept in organizational systems provides tools to make their
processes more successful. The ultimate goal is to achieve zero defects
in manufacturing some products, services or transactions. The 6 o quality
level corresponds to the appearance which is a variation equal to a half
of the default tolerance, with the allowed deviation from the mean of 1.5
o (Figure 3) (Lazi¢, 2006).

donja granica gornja
specifikacije granica
lower limit of specifikacije
specification upper limit of

specifications

66 -5¢6 40 36 -20 -lo X +lc 26 436 +40 +50 +60

Figure 3 — Dissipation of the process and the shift of the dissipation center
Puc. 3 — PacceuBaHve NpoLeccoB 1 NepeMeLLeHne LeHTpa paccerBaHus
Slika 3 — Rasipanje procesa i pomeranje centra rasipanja

Allowing deviation from the mean is very important because there is
no phenomenon occurring under perfect conditions. If the tolerance limits
are set to the level of +/- 6 o and the deviation from the mean value is
allowed to be +/- 1.5 o, the level of product defects per million (DPM) will
be from 3 to 4 defects. In Table 2 (Lazi¢, 2006), there are data for a
process in which a deviation from the mean is not permitted and for a
process with a permitted deviation of 1.5 o, typical for Motorola, where

Cp is the precision index.
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Table 2 — The defect levels of centered and shifted processes

Tabnuuya 2 — KoHueHTpaumsa aeddeKkToB NPOLIECCOB LIEHTPMPOBaHUSA
1 nepemMeLLeHns LieHTpa

Tabela 2 — Nivo defektnosti centriranih i pomerenih procesa

The Centered process The process shifted forthe £ 1.5 ¢
tolerance Cp

limits Chance dpm Chance dpm Cpk
to 68.27 317.300 |30.23 697.700 0.33
t20 95.45 45500 |69.13 308.700 |0.17 0.67
+30 99.73 2.700 |93.32 66.680 [0.50 1
t40 99.9937 63 99.379 6.210 (0.83 1.33
t 50 99.999943 0.57 |99.9767 233 1.17 1.67
t 60 99.9999998 0.002 [99.99966 3-4 1.5 2

The application of the 6 ¢ concept showed a close relationship with
financial results of companies. According to these results, companies, on
the world scale, can be classified as world class, middle class and
uncompetitive ones, as seen in Table 3 (Lazi¢, 2006).

Table 3 — The process capability impact on the competitiveness of companies
Tabnuya 3 — BnusiHne npoLeccoB Ha KOHKYPEHTOCMOCOBHOCTL KOMNaHUM
Tabela 3 — Uticaj sposobnosti procesa na konkurentnu sposobnost kompanija

The tolerance Number of defects per The price of low The level of
limits million quality competitiveness

60 3.4 <10 % OP World Class
50 233 10-15% OP
40 6,210 15-20% OP Middle Class
30 66,680 20 - 30% OP
20 308,700 30 - 40% OP Uncompetitive
10 697,700

Note: OP - volume of sales

The 6 o concept is not based so much on the number of defects per
million opportunities, but rather on the process of gradually reducing the
process dissipation.




Losses

Gubici

M

Figure 4 — Dissipation of the process and functions of losses
Puc. 4 — PaccenBaHune npoueccoB 1 yHKLMSA NOTepb
Slika 4 — Rasipanje procesa i funkcija gubitaka

In this way, losses are reduced and profits increased, which can be
seen in Figure 4 (Lazi¢, 2006).

Launching the Lean Six Sigma transformations
in foreign armies

Support of the highest level of command

As in private companies, at the very beginning of transformation
processes, support of the army leadership and its engagement in
educating and gaining support of employees is necessary for the
continuity, of, above all, cultural changes.

The USA Air Force adopts the basics of the LSS concept through the
entire organization. The Lean Six Sigma has expanded its functioning into
three USA Air Force Logistics Centers (Robin, Tinker, Hill Air Force Bases
(AFB)), where the Lean initiative brought exceptional improvements in the
life cycle of processes and other key indicators (Wetekam, 2006) .

For example, various Rapid Improvement Events (RIEs) at the
beginning of the 21st century in Robins AFB enabled employees to
reduce the average C-5 USA military transport aircraft overhaul time from
339 days to fewer than 180 (Wetekam, 2006). It used to take more than
10% of that time or 39 days to carry out aircraft inspection or defectation
before overhaul. The defectation time is today about 21 days. Although
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similar improvement was achieved in all these logistics centers, a lot of
work still remained for potential future improvements. For this reason,
AFB directors in charge of planning and programming have a permanent
task to directly involve managers in Lean transformations.

The need for cultural change

In RAFB, the beginning of LSS transformations started by seeing the
need to return to the Lean management concept from 1999, when Lean
was shaped and recognized as a concept for significant improvements in
industrial production by the MIT (Massachusetts Institute of Technology)
specialists. In RAFB, they today learn to adapt and use TPS as the basis
of the Lean concept, and to discover its real power. A look at the process
that takes place in this organizational system is not a new one, but the
whole process is involved in the PDCA (Plan, Do, Check, Act) cycle and
continuous improvement. In addition, the strength of the Toyota
Production System is properly understood not only as a process of
thinking, but also as a way to consider a work process in an
organizational system from the point of detection and elimination of
losses.

Mobilising resources in scientific work

It is crucial to reduce aircraft overhaul time in all three Army Aviation
Logistics Centers in the USA which deal with the highest level of aircraft
maintenance, i.e. the task of top management is to get aircraft
operational as soon as possible under the conditions of limited financial
resources.

Every five to seven years, C-5 military transport aircraft are repaired
at the highest level of maintenance. AFB workers dismantle them into
pieces, and after necessary replacements, repairs and adjustments, they
assemble them again. Every overhaul takes thousands of hours from the
aircraft flight time. The introduction of the LSS concept in AFB, in the
period from 2000 to 2006, saved more than 100 flight days to the US Air
Force, by reducing the number of days aircraft spent in the repair shops
for one third. In 2006, in RAFB, they achieved that 100% of the time
needed for the C-5 repair had 0% of changes in the overhaul schedule.

Analyzing numerous data related to C-5 aircraft (produced in 1960)
maintenance is a complex job and scientific work. Scientific work is an
area where the LSS concept has great potential. This is work that adds
value to a product or service, during which significant information helps
managers create a proper sense of when to use them, i.e. help them to
make decisions based on real facts (Wetekam, 2006).




Value Stream Mapping (VSM) is an essential LSS concept tool,
necessary to be applied at the beginning of business improvement in the
organizational system as well as later because of the need for continuous
improvements of any process. VSM is primarily a help in analyzing and
improving the flow of materials and information necessary for the
production of products or the provision of services to customers or users.
The need to apply initially VSM within scientific work does not seem
logical to some scholars until they see the benefits of such an approach.

Scientific work involves asking questions and answering them. It is
necessary to standardize questions in the right way to accomplish a
specific task in a more efficient manner. For example, when purchasing a
new weapons system, a panel discussion at the highest level of
management should be conducted for each individual purchase. The panel
should include a standard list of questions. Examples of panel applications
during the acquisition or development of new weapons systems in the US
Army are numerous. Only in this way functional technology can be
designed, delivered and made suitable for future improvements.

A very important segment of scientific research in RAFB is the
assessment of performed work as an important part of the process of
strategic planning and budgeting in a 5-year period with the purpose of
relentless pursuit and elimination of losses or activities that do not add value
within the Lean system transformation. This is accomplished by observing
how people perform individual activities, by eliminating weeks of lost time
during task clarification and by wondering where to find additional gain. The
RAFB leadership has a role to "clarify" the way in the introduction of Lean.

The management responsibilites and the problem solving methods
are given in Table 4.

Table 4 — Responsibilities of the management and the problem solving methods
(Wetekam, 2006)
Tabnuua 4 — OTBETCTBEHHOCTb PYKOBOACTBA M crocobbl peLueHus npobnem (Wetekam, 2006)
Tabela 4 — Nadleznosti rukovodstva i nacini reSavanja problema (Wetekam, 2006)

RESPONSIBILITIES

Developing an effective, sustainable development action plan that will solve the
problems identified in the phase of detecting the key cause and will eliminate a
possibility of their return.

SOLUTIONS

- Creating a dual communication,

- Developing a program of continuous self-control,

- Emphasizing the need of harmonization with the directives and regulations,

- Training to respect order and discipline,

- Company policy must be complete, valid and consistent,

- Standardization and harmonization of the control priorities on a weekly basis,
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Realization of improvements in the army of the
United States and the United Kingdom

Work on increasing flexibility and responsibility

As military targets are becoming more complex, fundamental
changes are increasingly necessary. Missions such as, for example,
destruction of an enemy's battalion clearly define the goal and the way
of destruction. In these missions, unmanned reconnaissance vehicles
are often used; however, they can be modified to carry missiles. The
effect to be achieved is considered as well as necessary means for its
realization. Lean, in this case, takes into consideration not only the
elimination of losses, but also thinking about values and providing the
necessary ones.

Development of the organizational system horizontally

Today, military environment requires more joint efforts and
cooperation than ever before because of many activities to be carried out
in complex conditions, for which multinational cooperation is often
necessary.

In order to meet this demand, while working on improvements, the
USA army has been adapting its organization from a vertical type of
organisation to a more horizontal one, developing a network type of
organisation of the LSS concept-based cooperation to become more
effective. Developing a network cooperation, combined with the LSS
transformation, enables creating a more effective and efficient system.
Leaders must be firmly committed to change and need to talk about
necessary changes from the lowest level in the organization.
Subordinates need to understand the importance of the quality of their
work. Acceptance of such work quickly returns through improving the
quality of their work and they see improvements in their own
workplaces.

Application of the Lean Six Sigma concept under

the condition of limited budget of the Navy of the
United States

A sense of necessity of transformation and greater readiness

prevailed throughout the USA Navy, through increased involvement of
personnel in the application of the LSS concept and through cultural




changes for continuous improvement. The Naval Sea Systems
Command (NAVSEA), together with the Program Executive Offices
(PEOSs), is responsible for the project of introducing the LSS in the USA
Navy. Their role is to equip the Navy ships and their weapons systems
and to ensure support throughout the entire life cycle. They develop,
design, procure, overhaul, maintain, modernize and finally distribute
vessels, platforms and appropriate weapons systems. They have the
prescribed basic procedures and contracts to act upon with the support
of government agencies for maintaining core competencies. This is the
basis of high responsibility. The NAVSEA has about 50,000 government
people, out of which about 27,000 work in four naval shipyards, about
19,000 work in eleven combat divisions, about 1,000 in four shipyard
support entities and about 2,400 people in the headquarters. Their
contracts also engage thousands of people in the industry. The
NAVSEA / PEOs annual volume of business is around $ 26 trillion, out
of which $ 20 billion goes to industry, and the rest to government
employees. The budget of shipyards and the number of ships have
declined since the end of the Cold War. The current USA fleet consists
of 283 ships. The growth rate is around 4 ships a year. Admiral Mike
Mullen, Chief of Naval Operations in the NAVSEA, aims to expand the
national fleet of naval ships to 313 in 2015 (Wetekam, 2006). This
formalized challenge (a long term plan) includes and unites all the
resources (government and industry) and requires a transformation that
will bring greater responsibility and assets for the existing budgets. For
such an undertaking, it is necessary to coordinate 50,000 people
working in the NAVSEA / PEOs, plus hundreds of thousands of others
in the rest of the Navy, plus the contractors. These are enormous
cultural changes that the Navy has been implementing for years. The
biggest change to be brought by the application of the LSS
management concept is an expectation that employees become
inspired for necessary changes by their daily tasks, as the leadership
reprograms the approved budget and learns how to be more efficient.
The goal is to reach the level when people come up with new, more
advanced ideas related to the job they do, from the top to the bottom. It
is necessary to find a better and easier way to do things, by eliminating
losses, improving quality, reducing discrepancies and avoiding
bottlenecks and constraints. In this process, the key word is
recapitalization (Wetekam, 2006).

The NAVSEA / PEOs apply the LSS tools in order to create value,
learning how to look at a process from its beginning to the end and to
make improvements. Some tools, such as VSM, have proven to be better
than other LSS tools (Figure 6).
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Competition

VSM

Time

~ 4 months

Figure 6 — Mapping the flow of creating new values
Puc. 6 — KapTupoBaHune TedeHus co3aaHus HOBOW LIEHHOCTU
Slika 6 — Mapiranje toka stvaranja nove vrednosti

The NAVSEA/PEOs argue that they are successful thanks to the
constant application of the LSS basic principles (Wetekam, 2006):

— providing value to the user;

— making and analyzing the road map for creating value from one
end of the organizational system to the other;

— making value creating journey without delay;

— enable the user to go to meet the created value (PULL);

— strive for perfection.

The continuity of improvement until the maturity
of the whole system

The next step in NAVSEA is reaching a critical mass, i.e.
encouraging more employees to take part in Lean events, individual
cases within the company, by managers. They try to achieve the best
utilization of the equipment and readiness in each of navy area activities.

In the Norfolk naval shipyard, the Lean transformation was carried out
in the activities related to drydocking, ships, engine rooms, etc. What the
user requests from the facility is to see how all these improvements in the
shipyard are translated into finished work - preferably with more added value
- on time and within the approved budget. This can save up to 1,000,000 $.




Significant improvements have been achieved in the field of
reporting. They have developed VS reporting (reporting on the activities
of organizing value creation streams). Instead of reporting on 1,000 Lean
events, events are grouped according to their types. The Naval Aviation
Facility was the first to do that. Requirements for achieving the same
level spread to other facilities and the entire NAVSEA.

Joint efforts and comparisons with other providers of similar services
to the US military such as Raytheon, Lockheed Martin, Naval Air
Systems Command Depots and Northrop Grumman speeded up the
learning about the LSS concept implementation.

The development of the highest level of maintenance,
overhaul and modernization of the facilities

In the Norfolk Naval Shipyard (NNSY), the Lean team applies the
LSS concept to three completely different working models.

The first model consists of "background drives" which encompass
classical machining and repair of components as well as services /
protection by applying coatings. This model is more than a classic
application of Lean techniques and tools. The work is executed by
workforce organized into related units (cells).

The second model includes transaction-type activities whose main
function (supply and delivery) is to support the vital mission of the work
process. Thousands of technical drawings and work instructions,
hundreds of thousands of spare parts and pieces are needed per year
as support to mechanics in the right place and at the right time. Many
other similar support processes also take advantage of the LSS
methodology.

The third model refers to activities related to the deck and hull, which
constitute the main task of the shipyard, and it significantly differs from
the previous two, since hundreds of resources must move effectively on
a daily basis through a very different scope of demands required for the
five major ship classes. The fact that core processes and support
processes result in the delivery of the right product, at the right time and
the right place with the required quality makes this segment of work in
the NNSY full of responsibility. It is important that all employees in the
NNSY realize that their job is to support the fleet of ships and finish
(deliver) complex work on schedule, with quality at the source and within
the approved budget. They are helped by the LSS tools and methods to
improve results in all three areas.

For the aircraft carrier Harry S. Truman (CVN-5, Figure 7), a major
requirement for an overhaul in the NNSY has been recently completed.
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Figure 7 — An aircraft carrier is connected to electrical cables in the port due to the
removal of a magnetic field (time saving)
(http://www.maritimequest.com/warship_directory/us_navy_pages)

Puc. 7 — ABnaHoceL, Np1Bsa3aH K npuyarny anekTpuyeckum npoBoaoM Anis
pasMarHM4MBaHnsi (3KOHOMUSI BPEMEHM)
(http://www.maritimequest.com/warship_directory/us_navy_pages)

Slika 7 — Nosa¢ aviona povezan na elektriCne kablove u pristaniStu zbog uklanjanja
magnetnog polja (usteda vremena)
(http://www.maritimequest.com/warship_directory/us_navy_pages)

The project team with their co-workers (subcontractors), supported
by yellow and black belt carriers in the NNSY, received that request and
developed a plan for the improvement of prices, quality and safety, using
the LSS tools, methods and techniques, even before the aircraft carrier
came for repair. During more RIEs, they managed to complete the re-
engineering process for the removal of the main shaft and the
installation, which reduced the number of people involved for 1,000 per
day during the assessment process (inspection and defectation). This
allows the user to increase the amount of work required when selecting
the NNSY for a contractor.The RIEs team in the NNSY cooperate with
other naval shipyards such as Puget Sound in order to provide double
application of best practice and innovations.

The inclusion of soldiers from combat units and junior
officers in the Navy of the United Kingdom

Military personnel on the front line are particularly focused on and
interested in improvements. When not in combat, they work on
improvements every day (Wetekam, 2006). Mapping the road to the
creation of value, a spaghetti diagram and other Lean tools were used to




detect losses in steps and time in different areas of a career. One of the
improvements is the realization that the carrier deck can hold no more than
9 Harrier jets simultaneously in order to allow each of them to move
independently. Earlier, more than 16 jets of this type were on the deck,
under the assumption that this number may be even higher. The
application of Lean showed that this was not the case. Standardized work
has become a goal and a reality in many work areas. Everything that is an
output of the aviation industry, the design of hangars or workshops for
aircraft armament (shortening of the time to prepare air bombs by 80%)
was evaluated for the purposes of eliminating losses. Quite simple, low-
tech solutions such as painting the positions for tool shelves helped
improving the flow. When lifting an aircraft in order to repair its fuselage,
employees learned how to reduce the operator error by 84% and reduce
the repair time by lifting the aircraft for 37% (Figure 8).

Figure 8 — The highest programmed level of the C-5 aircraft maintenance in RAFB
Puc. 8 — Bbiclumii 3anporpammMmupoBaHHbIN YpOBEHb coaepxaHnst camoneTta C-5 B RAFB
Slika 8 — Najvisi programirani nivo odrzavanja vazduhoplova C-5 u RAFB

Due to the increasing number and scope of activities, the Air
Management Organisation (AMO) developed a mission planning
department and a sector dealing with squadron operations. The work
standardization and working space optimization helped in reducing
planned activities that do not bring value (by 50%) and created more
flight activities that bring value. Even the dining room underwent a Lean
analysis, which led to a reduction in waiting times.
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Improving the highest level of maintenance of combat
systems in the Red River Army Depot

The Red River Army Depot (RRAD) is a facility for the highest and
most complex level of maintenance of a large part of military equipment
in the USA Army. It is a part of the command for armored vehicles and
weapons. The RRAD has the task of maintaining the highest level of the
entire fleet of vehicles and the missile shelf-life extension.

In the RRAD, mechanics working alongside engineers, technicians and
managers managed to increase productivity from five vehicles (small size
vehicles) per month to 16 vehicles per month, using the LSS tools. The labor
cost is reduced by half as a result of shortening the previous length (13
miles) of the total travel process (spare parts, work at different locations) for
more than 70%. A Lean tool, the Spaghetti diagram, helped in recognizing
the excess travel and consolidating the process into the flow process.

Another example of a successful application of the LSS concept in the
RRAD is the reduction of the repair cycle time of the light multipurpose
tactical truck (HEMTT, Figure 9), from an average of 120 days to 30 days.

—~

Figure 9 — Light multipurpose tactical truck (HEMTT)
Puc. 9 — MHoroLeneBo TpaHCMOPTHbIA aBTOMOOUIb TakTU4eckoro HasHadveHuns (HEMTT)
Slika 9 — Laki viSenamenski taktic¢ki kamion (HEMTT)

Over a period of 15 months, there were several RIEs with a focus on
the elimination of losses from the process in order to consolidate
operations, make standard and balanced flow unities and establish visual
inspection. A conversion of the accumulated process of performing
operations into the form of flow had a significant impact. A better
organization of the shop floor also led to the reduction of the HEMTT repair
cycle time: placing necessary tools next to workers; correction; proper
adjustment; scrubbing and cleaning; standardization; and a focus on safety.




Lean improvement in the accounting and financial
activities in the Coast Guard of the United States

In the financial center of the USA Coast Guard as well as in many
institutions of this type, there are often queues, backlogs and errors in
accounting operations, as in any factory, due to millions of different
payment activities per year. Since the LSS concept had been
successfully applied in other military activities, the Financial center
decided to start the journey of learning and applying the LSS techniques
in financial accounting and transactions. All 525 employees have
undergone the initial training for the LSS. In addition, first-level controllers
in accounting operations had an eight-hour tour of the factory, a
manufacture-related simulation and other trainings. The goal is to unite
all the accounting payment processes in one, more uniform process.

Suggestions for applying the Lean Six Sigma
concept in the Serbian Army and the
Ministry of Defence

In the Serbian Army (VS) and the Ministry of Defence (MO) of the
Republic of Serbia, there are positive examples of significant progress in
the transformation of certain processes, so that the user (the whole
defense system) can satisfy its requirements in an efficient manner. The
intensity and extent of these changes are not in line with modern trends
and requirements imposed by similar processes in other organizational
systems and armies in the region.

Problems and resistance to the improvement of processes in the VS
and the MO occur mostly because there is no strong and clear
commitment to effective and efficient changes either with the leadership or
process executors. There is not enough knowledge about the possibilities
of modern concepts of process management in organizational systems,
whatever they may be called, because there is no necessary exchange of
information and experiences with the outside world, there is no comparison
with the best in the profession (benchmarking) and trading in knowledge.
This is due to saving on education and training, in line with the general
tendency of treating education as cost, rather than looking to profit from
that investment in a longer period of time.

Examples from the VS and MO practice, given below, have been
recognized as a good basis to start improvements using the LSS
concept; in all cases, it is necessary for the whole system to be
committed to transformations of key processes in the VS and the MO,
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based on the same concept. Introducing the concept to all employees is
the next step, together with their motivation and continuous training of
many years in order to obtain a quality product or service tailor-made for
the defense system, within the designed limits.

Administrative tasks

Serbian army is a hierarchical complex system with many types of
administrative models, procedures, forms for the same activity that takes
place in different organizational units. This diversity makes it difficult for
daily administration activities and operational work of the whole system,
as well as for standing up for personal and business rights of individuals.
There are improvements in the system development and upgrading, but
bureaucratization prevails because of the resistance and different
interpretations and applications of prescribed procedures. There should
be a strategic commitment by the top management to make the
administration system more effective and efficient through systematically
breaking old habits, starting the analysis from the top downwards, finding
redundant activities and patterns, defining the shortest flows of
information, encouraging employees to propose changes and applying
and adopting best practices on a daily basis.

Overhaul of technical systems of special purpose

The Serbian Army has overhauling institutions responsible for
maintaining the highest level of its technical systems of special
purpose (TSSP). Years of analyses have shown that there are various
problems in their work, mostly organizational, conceptual and
technological ones. That is why processes in overhauling institutions
represent a great potential for improvement on the basis of the model
shown in (Mari¢, 2010).

Maintenance of technical systems of special purpose

TSSP maintenance occupies most of their life cycle and requires
significant financial means. In the TSSP maintenance theory and
practice, there is a long battle for the level of optimization of TSSP
maintenance costs and reliability. Maintenance management based on
the model shown in (Epler, Andreji¢, 2014) and (Epler, 2013, pp.121-137),
can increase the effectiveness and efficiency of TSSP maintenance,
without compromising maintenance quality.




Military Nutrition in the Serbian Army

In the cadet restaurant at the Military Academy, there has been an
infrastructural and organizational disbalance in the capacities for the
preparation and distribution of food, which makes the cadet feeding
system unprofitable. The existing capacities were designed to enable the
preparation and distribution of 40% more meals than the real needs are,
which is, economically speaking, an unnecessary financial burden on the
limited funds allocated for this purpose. In terms of meeting the economic
requirements, it is possible to reduce or completely eliminate the
negative effects of excess capacities by finding them other purposes or
by finding alternative ways to organize nutrition at the Military Academy
in @ more rational way (Arsi¢, 2014, pp.168-186). With the support and
commitment of the top management to improve business dealings in this
area, the analysis given here provides a good basis for a successful
transformation based on the LSS principles.

Material and financial operations

Material supply chain management in the Serbian Army is an area
which has not experienced any improvement for many years, although
there are daily numerous problems that the system neither answers, nor
reacts to (incomplete and inefficient nomenclature of materiel, excess
and inefficient documentation for disposition, the lack of a unified
information system, etc.). The whole process should be fully analyzed
and designed for the future in order to improve the existing situation
using modern management methods, tools, techniques and IT support.

The parallel codification system of material resources
(http://www.dskm.mod.gov.rs/sr/nato-kodifikacija/prednosti-kodifikacije),
developed and introduced by the Directorate for Standardisation,
Codification and Metrology of the Ministry of Defence of the Republic of
Serbia represents a good start for the LSS quality transformation of
materiel management in the Serbian Army which has thousands of
various TSSP and milions of different spare parts and other materiel
which has to be identified and delivered on time in required quantities.

Financial operations and the procurement process in the Serbian
Army represent a regulated system with a daily circulation of a large
number of various payment documents which might be consolidated and
unified. Public procurement procedures are also very complex and often
slow down and hinder the execution of core processes. Financial
operations in the Serbian Army represent an area suitable for a
transformation on the LSS principles.
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Training, education and further training

In recent years, training of the Army of Serbia personnel has been
unified and coordinated, which makes it high quality, more effective and
more efficient. The Command for Training and the Directorate for
Training and Doctrine of the SAF Headquarters (J-7) should make a VSM
for the whole process of training, with the aim of detecting bottlenecks
and their elimination on the basis of LSS.

Graduate and postgraduate levels of education at the University of
Defence are in the process of harmonization with the global trends in the
higher education system of the Republic of Serbia. Everyday processes
that accompany education are often slow, complicated and do not go to
meet the users, i.e. students and trainees. The whole process of higher
education at the University of Defence should be visible from the
enrollment to the graduation; appropriate methods, techniques and tools
should be applied in order to make the system customer-focused, with
higher quality and efficiency. A model presented in literature (Radosevic,
2013) can help improving the education process.

Conclusion

Defects or losses are a common feature for different organizational
systems providing either products or services, as well as for different
processes in an organizational system. They are the ones that cause
refinement, scrap, extra work of employees, increasing costs, etc.
Identifying and preventing the appearance of defects or losses and their
efficient and effective removal will reduce workload and costs of the
process, so that available resources can be used for other investments
and possible expansion of the scope of work.

Past decades of application of classical concepts and models of
management of organizational systems and processes to achieve greater
effectiveness and efficiency (reduction of cycle time, increasing the
volume and intensity of work, hiring new people, buying more machines,
analysis of gains but not losses in processes, planning without taking into
account the constraints, etc.) have not brought results in organizational
systems, no matter which activity they deal with.

In addition, modern business conditions, high and varied
requirements of customers and users pose new and complex demands to
production and service systems (companies) so that, if they want to play a
part on its core business market, they must be focused on customers and
strive to achieve business excellence, i.e. the quality at the source.
Responses to new circumstances imposed by contemporary conditions
can be found in the LSS concept of managing organizational systems.




The Lean Six Sigma concept requires continuous improvements in
the organizational system, involvement of all employees in the work on
improvements and changes throughout their teamwork on the
measurement and systematization of processes, reduction of deviations
in product quality or process duration, reduction of product defects, and
everything else that can make this process of better quality and more
valuable. Continuous improvement is not easy to achieve, but it is the
only way to survive in the market.

The Lean Six Sigma concept has many advantages compared to
other well-known concepts for improving management of organizational
systems. The concept of Six Sigma focuses on quality, not on the
process speed in the organizational system. The concept of Lean is
better at improving speed than quality. It is therefore not surprising that
the practice merged these two concepts of the management of complex
and significant organizational systems that will operate on the principle of
carrying out the best work in the best possible way.

Taking into account the available literature and everything said so
far about the LSS concept of managing organizational systems, it can be
said that the LSS management concept is the synthesis and upgrade of
management in the most important elements of the organizational
system, namely the concept and the organization.

The Lean Six Sigma concept of managing organizational systems
represents a standardization of the proven best practices of process
management through the introduction of new techniques, methods and tools.
The comprehensiveness of its fundamental principles, tools, and application
effects is what makes the LSS ideal for use in all types of companies i.e.
organizational systems regardless of their core business and size.

The Lean Six Sigma management concept has proven its worth, as
stated in the mentioned literature sources. Buyers of goods or service
users get a better product or service and they become more loyal to the
manufacturer or service provider. Prices are falling.The application of the
LSS concept requires time, effort and money.

The Lean Six Sigma transformation in the armies around the world is
sorting and cleaning equipment and optimizing inventories. This involves
teaching managers, mainly by experts in this field outside the system of
defense, how to see processes more clearly and comprehensively, with
the aim of initiating a change in thinking and action (cultural change).
First of all, it is necessary to initiate such a challenge, to invest in the
training of young decision-makers, and then all the employees, because
their knowledge, energy and persistence will be crucial on the long road
to success and transferring the initiative to all partners and
subcontractors of the army outside the military system. By applying the
LSS concept of process management, troop military units would probably
reach the same level of readiness with more rational and efficient
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engagement of resources. Service providers in the army and their
subcontractors outside the defense system would greatly increase
efficiency and productivity, which would certainly contribute to their
competitiveness in the domestic and international market.

There are numerous examples from the practice of the VS and the
MO that can serve as a good basis to start improvements based on the
proven LSS concept, which requires a commitment to system
transformation, perseverance along the way, getting to know the goal,
motivation of all employees, training, and long-term continuous work.

Such a systematic approach to the management of the above functions
and processes in the VS and the MO, through the transparency of its
results, will have a positive impact on the rest of the civil service and will
make the state more successful, more effective and more efficient.
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PEAJIbHbBIE MPOLIECCbHI COBEPLUEHCTBOBAHNA B
BOOPY>XXEHHbIX CUNAX HA OCHOBAHWW LEAN SIX SIGMA
KOHLEMTA

Wzopb . dnnep?®, Parxo L. Boxwukosud®, Criasuwa H. Apcny?®, Enera B. OuHny®
? YHusepcuTeT 06opoHbl B Benrpage, BoeHHas akagemus,

r. benrpag, Pecny6nuka Cepbus

YHuepcuteT B BoctouHom CapaeBo, ®akynbTeT TpaHcnopTa,

BocTtouHoe CapaeBo, Pecnybnuka Cepbekasi, bull




OBNACTb: noructuka (opraHu3aumsi, SKOHOMUS, MEHEXKMEHT B NTOrMCTUKE)
BWO CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnunckuin

Peswome:

lomosHocmb K 8bi308aM U repemMeHam, MosbileHuUe Kavyecmea
npodykyuu  umu  obcry)ueaHuss € UCMOb308aHUEM  MEHbLIE20
Kornudecmea pecypcos, a makxke 00807bHbIl nompebumerns 3mo
saxKHelwue nocmynamsl 8 obsiacmu MPOMbIWIEHHO20 npou3godcmea.
HaHHbie nipasuna, 8 Uesisix pa3sumusi U CO8eplUEHCMB8o8aHusi ceoell
CrI0XHOU U omeemcmeeHHoU OesimeribHOocmu u docmuxeHusi 6onbuwel
aghghekmusHoOCMU, NMPUHSIIO U BOEHHOE PyKOBOOCMBO 80 8cem mupe. B
OaHHoU pabome npedcmasrneH ob3op ocyu,ecmerneHHbIX
mpaHcghopmayuli 8 800pyxeHHbIx cunax CoeduHeHHbIX Llimamos
Amepuku (CLUIA), omHOCAWUXCA KaK K B0EHHOCIyXauwum, mak Uu
rnocmaswukam u Opyeum compyOHUKaM. B cmambe makxe onucaHbl
ronoXXumersibHble pesyribmambl 8HEOPEHUSI COBPEMEHHO20 KOHUernma
yrpassneHusi poueccamu, makue Kak rosblueHUe Kadecmea U
CHWXKeHue pacxodos 8 pasHbix obsacmsx OesmenbHocmu. B
3aKrrYeHUUCmambU  8bIHOCSIMCS  MPEOIOXKEeHUsT 110 8HEOPEHUIO
nodobHoU Modernu yrpasrieHYeCcKUX MpoUecco8 8 800PYKEHHbIX curax
Pecniybnuku Cepbus.

KnioueBble cnoBa: lean, nocmaswiuKku, B0€HHbIl, pPyKosoOUMerb,
rnonb308amerib, obrnacme.

REALNI PROCESI UNAPREDENJA U VOJSCI NA OSNOVAMA
KONCEPTA LEAN SIX SIGMA

Igor J. Epler®, Ranko C. Bozigkovic®, Slavisa N. Arsi¢®, Jelena B. Dini¢?

@ Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Republika Srbija
Univerzitet u Istoénom Sarajevu, Saobracajni fakultet, Isto€no Sarajevo,
Republika Srpska, BiH

OBLAST: logistika (organizacija, ekonomija, menadzment u logistici)
VRSTA CLANKA: stru¢ni ¢lanak
JEZIK CLANKA: engleski

Sazetak:

Spremnost na izazove i promene, stvaranje vise dobara ili usluga
sa manje resursa, usmerenje na kvalitet i na Korisnika predstavijaju
Jjedne od najvaznijih oblastii delovanja industrijskih proizvodaca, a koje
su vojni rukovodioci u vojskama Sirom sveta, po uzoru na njih, razvili
sa svojim pripadnicima i snabdevacCima, u teZnji da celokupan, veoma
sloZen i znaCajan rad ucine efikasnijim i efektivnijim.
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U ¢lanku se daje pregled dostignutih transformacija u vojsci Sjedi-
njenih Americkih Drzava (USA), kod njenih pripadnika, snabdevaca i sa-
radnika, gde se implementacijom savremenih koncepcija upravijanja
procesima doSlo do znacajnih unapredenja i usteda u raznim oblastima.
Na kraju rada predloZena su unapredenja u srodnim oblastima u Vojsci
Srbije, primenom navedenih uspesnih modela upravijanja procesima.

Kljuéne reci: lean, snabdevaci, vojni, rukovodilac, korisnik, oblast.
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Abstract:

This paper presents solving heuristically conceived problems in
the Civil Defence by making adequate decisions in an emergency and
the state of emergency with a special emphasis on the application of
the heuristic model of training emergency teams-headquarters and on
the role of a leader as a factor of good leadership. It is intended for
command and teaching staff of the Civil Defence: local authorities
(mayors of districts, cities and municipalities - commanders) and the
system of protection and rescue (the Sector for Emergency
Situations).The heuristic approach to problem solving should enable
command staff-leaders from the local to the national level to make
adequate decisions in emergency situations after the proclamation of
emergency and the state of emergency in a territory part or the whole
territory of the Republic of Serbia - functioning of the civil defense and
the third mission of the Army of Serbia, as well as to point out the
necessity of coordination between the local and national level.

Key words: civil defense, leadership, heuristics.
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Introduction

The modern world (industrial, technological, informational, global)
need leaders, trained, ready and able to: use new complex tools; quickly
and efficiently acquire, build and implement a variety of knowledge;
actively and responsibly participate in complex social and economic
relations and processes in everyday life; and make adequate, rational and
best decisions, especially in emergency situations and after the declaration
of a state of emergency in the territory of the Republic of Serbia.

On the territories of local government units-LGUs (cities, municipalities)
there can be an outbreak of all types of emergencies (wars, threat of natural
disasters such as floods, fires of larger scales, earthquakes, landslides, etc.)
as well as technical accidents i.e. emergencies (identified as 36) (Beres et
al, 2015, p.71) which should be timely detected for the purpose of taking
measures to protect and evacuate people and goods.

Timely, accurate and precise information in these situations means
life. Therefore, the headquarter staff for emergency situations are given
special attention when it comes to their level of training, skills in handling
the most modern and versatile equipment, resourcefulness in emergency
situations and timely transfer of information to entities responsible for
rapid intervention in the above-mentioned situations.

This work was created in the framework of the research primarily
aimed at determining the relationship between learning and training
emergency situation teams-headquarters after the proclamation of a
state of emergency and the performance of leaders in the implementation
of protection and rescue measures in these situations.

In such situations, leaders as creators of ideas and as builders of
awareness about the necessity of realization of ideas have always had a
crucial role in the development of the mankind. Leaders focus their abilities
on technical progress, development and meeting the needs of the mankind
in general and in emergency situations they focus on protecting and
rescuing people, animals, material and cultural goods. These are the
values that cannot be questioned, but they must not be realized at the
expense of nature, environment and population, which often happened in
the past. Today we are witnessing the harsh effects of such attitude of the
man towards the natural world, which undoubtedly leaders are largely
responsible for. Amidst ecological crises and natural and manmade
disasters, when there is still no real solution to the problems in emergency
situations, leaders are more often than not required to be change agents in
this area. The prerequisite for changing the attitude of the man towards
nature and the environment is the existence of environmental awareness
and responsibility in all strata of the society in peace and emergencies
alike. This work is dedicated to defining factors of environmental




awareness and responsibility and obligations of leaders to develop and
apply a comprehensive policy of improving the ecological awareness and
responsibility of all and at all levels in all situations.

Definition of the term

Civil Defence is a part of a unified defense system, organized for the
successful functioning of government bodies, autonomous provinces, local
authorities, companies and other legal entities, with the aim of protecting
and rescuing citizens, providing conditions for life and work and meeting
the needs of defense forces in emergency and war conditions.

Leadership in this case - the state (state leadership) as a base and
system integrator of meeting the needs of the society, must take the
leadership role in the development of environmental awareness,
protection and rescue and responsibility to defend the country through its
elected representatives (the president of the state, prime minister, etc.).
To fulfill its leadership role, the state transfers its powers to local
authorities (mayors of districts, cities and municipalities - commanders of
emergency situation headquarters — i.e. leaders from the local to the
state level) with the task of motivating the team members and the
population in the endangered territory so that preventive measures and
protection and rescue measures can be performed with ease and
satisfaction, doubts about the future are replaced by belief,
disagreements are turned into cooperative work, safety is replaced by
self-confidence, and activities are implemented with the necessary
quality thus providing high performances of respective organizations-
local authorities units for emergencies from the local to the state level.

Heuristics - "Eureka" is defined as "l found, | discovered". The term
"heuristics" means "science of the ways of finding new scientific
knowledge" (Hotomski, 1995) and comes from the idea of eureka.

The integrated protection and rescue system establishes a uniform
system of management, organizing citizens and logistic support in protection
and rescue with an efficient system of information in peace, emergency,
state of emergency and state of war (Beres, Bere§, 2014, pp.152-164).

Leadership and Personality

In order to explain the relationship between the leadership and the
personality, we analyzed the theory and some research in this field in the
world and in our country:

1. Determination of leadership in terms of personality relates to the
identification of personal characteristics or personality traits of leaders.
Studies have shown that there are some features that are desirable for
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every leader because they increase the chances of success; on the other
hand, possessing certain qualities is not sufficient for becoming a leader.
"Some properties, therefore, increase the likelihood that someone will
become a leader, but they are not a guarantee for it" (Petkovié, et al.,
2002). Studying the characteristics of leaders was not in focus for a
while, but with transformational and transactional leadership, that
approach regained its importance. In recent years, in addition to
personality traits, skills and abilities have been studied (they are often
treated as one in literature). Here is some research on personality traits
in leaders which may be influential in their business success.

According to Bennis (Bennis, 1991), there are a number of
competencies which make a leader, but four stand out as the most
significant ones. These are:

- Management of meaning, refers to the interpretation of reality to
their followers,

- Management of attention, refers to drawing attention to themselves so
that they could fullfill the first requirement which concerns personality traits,

- Trust management, refers to the consistency of followers because
in this way they gain trust,

- Self-management, refers to the existence of a real image of
themselves and their capabilities.

Benis talks about competencies, but the subtext shows that they
depend on the personality traits of leaders and their skill to present
themselves in the best possible way. Also, this definition is entirely
related to the followers, which highlights the view that there is no
leadership without followers.

Other authors consider personality traits of leaders as one of
possible factors of leadership.The personal characteristics, leadership
factors, (Petkovi¢, Jovanovi¢, 2002) include:

- Personal values, a system of values and convictions of individuals,
which are related to the shaping of perception, problem diagnosis,
decision making and personal preferences,

- Propensity to risk refers to mastering reality,

- Skills, ability to influence others to follow them,

- Decision making, refers to speed and effectiveness or informedness
and efficiency.

According to Luthans (Luthans, 2005), research distinguished the
following features as the most important ones in leaders successful in
business:

- Motivation to persevere in achieving the objectives,

- Motivation to lead the people,

- Integrity, which includes the desire for truth and converting words

into action,
1160



- Self-confidence that makes others have confidence in them,

- Intelligence that often consists in the ability of information
processing, problem solving and discovery of solutions,

- Knowledge of the business of a particular organization,

- Emotional intelligence.

Kirkpatrick and Locke (Kirkpatrick, Locke, 1991) considered that the
combination of characteristics of leaders and other factors contributes to
the success of leaders in business. According to them, the most
important characteristics of leaders for achieving success are as follows:

- Energy, as a desire to prove oneself, ambition, perseverance,
initiative,

- Honesty and integrity, as reliability, trustworthiness, openness,

- Leadership motivation, as a desire for domination in order to
achieve common goals,

- Self-confidence, as faith in their own abilities,

- Ability to perceive, as intelligence, the ability to summarize and
interprete large quantities of information,

- Knowledge of the business, as knowledge of the entire industry,
appropriate technical achievements, and the like.

The leaders’ attributes that stood out on the basis of research are:

- Creativity, as in originality,

- Flexibility, as an ability to adapt to the needs of followers and to the
demands of the situation.

2. It is interesting to see what kind of reputation today's leaders in
Serbia have, how citizens see them, what they think about them and their
role in the society. The study, which was conducted in December 2007
(Ajdukovi¢, 2007), generally speaking, has shown that citizens do not
have a high opinion of today's leaders in Serbia. Although they agree that
leadership is necessary, they do not see today's successful people as
leaders in the true sense of the word. Even 60 percent of respondents to
the question whether there are leaders in our country gave the answer -
no. In this context, the respondents' answers to the question about the
most common qualities of the Serbian leaders were not surprising
(Ajdukovi¢, 2007, p.22).

The author of the study notes that "leaders typically show,
unfortunately - at least the respondents think so - greed,
unscrupulousness, the ability of manipulation and avidity. Only 9.2% of
the respondents thought that our leaders have rightousness as a feature,
and even fewer (7.1%) thought they have sincerity" (Ajdukovi¢, 2007,
p.23). This study suggests that the essence of success is the possession
of power, because affiliation to political parties, money or important
contacts are some of the sources of power (Table 1).
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Table 1 — Which of the following characteristics usually characterize Serbian leaders?
(Ajdukovi¢, 2007)
Tabnuua 1 — Kakne Hanbonee pacnpocTpaHeHHble YepTbl cepbcknx nnaepoB?
(Ajdukovi¢, 2007)
Tabela 1 — Koje od navedenih osobina naj¢esée odlikuju srpske lidere? (Ajdukovi¢, 2007)

ANSWER % ANSWER %
Unscrupulousness 70.3 Dynamism 20.5
Moneygrubbing 69.1 Diligence 14.3
The ability to manipulate 60.2 Objectivity 13.3
Greed 58.2 Righteousness 9.2
Forcefulness 40.3 Sincerity 71
Intelligence 38.5 Competitive spirit 6.6
Charisma 30.3 Some other 6.5

3. The results of the study on the characteristics of Serbian leaders
or leaders in transition are given further on for possible comparisons.
Since the sample is specific, a brief overview of the methods and
techniques used in the study is given first.

The descriptive and empirical methods were used in this research, a
so-called multiple case study. The technique used was the interview. The
interview was structured, including a pre-prepared framework for asking
questions. Due to the variety of respondents’ jobs as well as their
different social, political and life experience, the questions were not quite
the same for each interviewee, but were tailored to specific situations.

Through a guided interview, data were collected on the education
and the development path of the respondents. The development path
refers to the work and life biography of the leader. Career information
and key life events were obtained through interviews.

The performance of leaders was estimated through a set of leadership
characteristics. We nvestigated the personality traits such as intelligence,
work energy, vision, charisma, intuition, anxiety, depression and anger, self-
esteem, desire for leadership, communication skills, creativity, ambition,
persistence, consistency, informedness, and interest in politics.

The study included ten case studies, i.e. an interview was conducted
with ten respondents.

For the purpose of interviewing, the questionnaire represented the
basic structure and the database of questions based on which the
interview was conducted. Depending on the situation, the questions were
supplemented, extended, or changed. The questionnaire contains three
sections: personal information and education, working biography and

personality traits.
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In this study, the sample consisted of ten respondents. Nine of them
were male and one was female.

The research results suggest that in Serbia, males are the dominant
population from which leaders come. Serbia is still perceived as
patriarchal environment in which the role of women is primarily related to
the family, and then to professional tasks.

All ideas about leadership are based on people, influences and
targets to be achieved. It involves the use of influence to achieve
particular targets.

Influence means that interactions between people are governed by
the power of authority, position and knowledge.

Hence, the leadership can be understood as the ability to influence
employees to strive for the achievement of a particular goal (Nikezic,
2011, pp.202-203). It is a dynamic process that involves the use of power
to lead people towards a goal.

Table 2 shows a number of personal characteristics of leaders. A way
to approach the key characteristics of a leader is to analyze the autocratic
and democratic styles of leadership.The autocratic leader seeks to
centralize authority and to make people focus on achieving objectives using
legitimate power, reward and punishment. The democratic leader delegates
authority to others, encourages participation and relies on expert and
reference power. The first studies on these leadership characteristics were
performed at the University of lowa by K Levin (Nikezi¢, 2011, p.203).

Table 2 — Some personal characteristics of leaders (Nikezi¢, 2011, p.159)
Tabnuua 2 — HekoTopble NUYHOCTHbIE XapakTepuctuku nuaepos (Nikezi¢, 2011, p.159)
Tabela 2 — Neke licne karakteristike lidera (Nikezi¢, 2011, p.159)

Physical characteristics:
- activity
- energy

Personal characteristics:
- creativity
- originality

Social features:
- cooperation
- prestige

Social features -
background:
- mobility

Operating characteristics:
- responsibility
- Orientation to the task

Interpersonal skills:
- participation
- tact

Intelligence and ability:
- making conclusions

- determination

- knowledge

- oratory skills

In modern business conditions, leadership was studied by more than
one author, starting from the contingency approach developed by Fidler,
Hershey-Blanchard and the path-goal model developed by Evans and
Haus. Haus also developed the model of charismatic leadership.
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Three-dimensional leaders with "full-range leadership" reflect the
essence of the transformational leadership profile in which capabilities to
preserve the "complex structure" and make necessary changes are
expressed to the maximum.

Figure 1 shows the key attributes of the transformational leadership
(Nikezi¢, 2011, p.82).

Nowadays, international competition is on the increase as well as
the importance of strategic positioning of leaders.

1. Creativity

2. Team orientation
3. Respect

4. Educating

5. Responsibility

6. Recognition

Figure 1 — Key attributes of leaders
Puc. 1 - Knrouesbie kayecmea nudepos
Slika 1 — Kljuéni atributi lidera

In our case, 247 citizens of the Republic of Serbia (125 males and
122 females), aged 18 to 65, were interviewed through the Web research
service in the period from 01.02.2014 to 07.02.2014. The survey aimed
at the elimination of shortcomings in the functioning of these entities
(winter service, the MIA, the Army and HQs at all levels) and the
contribution of leaders from the state level to achieve better results.
Comparing our results with the results of other published studies given
above (without taking into account how representative the samples of
these studies are), we concluded that the ability to communicate is one of
the most important features of our leaders, because without the ability to
communicate there is no charisma nor transfer of their vision to their
followers and the others. This also applies to their ability to connect the
system with communications, both vertically and horizontally, in various
stages of implementing quality measures in emergency and other
situations (e.g.: blizzard in Voivodina, floods in Obrenovac, etc.).

In applying the concept of quality, there are three relevant leadership
roles:

1) Diagnosis, which identifies the current situation, perceives future
conditions through selecting strategic actions and makes a scenario for
preventive actions in emergency situations. The ability of leaders is to
establish a functional link between the work oganisation of headquarters
for emergency situations and the environment, to identify threats and
opportunities, i.e.to anticipate and define trends in the environment which
are new to headquarters as a necessity for strengthening their own
position and achieving leadership through quality.




2) Adapting also means redesigning the HQs organizational
structures, a higher technological level and a combination of other
relevant factors, starting with the leadership capacities based on
multinational and multicultural knowledge, skills, power and influence.

3) Communication involves transmission of vision, ideas and
mission, attitudes and values in a clear, concise, compelling and
concrete way. This leadership role is based on educational and
charismatic skills to establish and maintain interpersonal relations and
affection of followers, their respect and willingness to offer support. The
concept of quality is based on the mutual interaction of all the functional
parts of the structure that connect specialized teams-headquarters that
address various aspects of quality in the stages of preparation, planning
and implementation.

There are some questions:

1. What is the role and responsibility of leaders in the relation of the
mankind towards nature and natural disasters?

2. Is it important for leaders to have a proper attitude towards nature
and natural disasters, i.e. to have environmental awareness and
responsibility?

These questions are answered through an analysis of the event of a
heuristically conceived problem (Fig. 4) in the territory of responsibility
and beyond, ie. the territory of the Republic of Serbia. The problem is
illustrated with the photos of various events in peace and emergencies,
diagrams and the analysis and comparison of our results with the results
of other researchers (Fig. 2: a, b, ¢, d).

Figure 2a — The state support of scientific research work for the 60th anniversary of the
Military Technical Courier (http://www.vtg.mod.gov.rs/60godina-fotogalerija-2.html)
Puc. 2a — l'ocypaapcTBeHHast noaaepkka Hay4YHo-uccrnegoBaTtensckon paboTe,
npuypoyeHHasi 60-Tu neTuio xXypHana ,BoeHHO-TeXHNYECKUI BECTHUK'
(http://www.vtg.mod.gov.rs/60godina-fotogalerija-2.html)

Slika 2a — Podr8ka drzave nauc¢noistraZivackom radu povodom 60. godiSnjice
Vojnotehni¢kog glasnika (http://www.vtg.mod.gov.rs/60godina-fotogalerija-2.html)
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Leadership in the Civil Defense

In this region, leaders still do not pay enough attention to this topic,
as evidenced by opinion polls and recent developments of emergencies
such as storm winds and snow drifts, as well as the recent floods in the
Republic of Serbia.

Country and Leadership

Without the impact and contribution of leadership of the country,
personal example, the development of the system of defense and the
support to scientific research in this field, the efforts of other members
of society may be negligible, and the results of their work can be
reduced and brought down to a local character from case to case, if the
state does not encourage leaders at all levels by giving its support to
scientific research, by raising environmental awareness and
responsibility, and by reacting in emergency situations — disasters. The
examples are as follows: marking the 60th anniversary of the Military
Technical Courier, snow drifts in Banat and Backa, floods in
Obrenovac, etc., where the state showed what the action should be in
such situations (Fig. 2: a, b, c, d).

Figure 2b — Government support in emergency situations
(snow drifts in Banat and Backa)
Puc. 26 — lNocypapcTBeHHas nogaepxka B Ype3BblHalHbIX CUTYaLMSAX
(cunbHasa meTtenb B baHaTte n Baukon)
Slika 2b — Podrska drZave u vanrednim situacijama
(olujni smetovi u Banatu i Backoj)




Figure 2c — Government support in emergency situations (floods in Obrenovac)
Puc. 26 — 'ocynapcTBeHHasi nogaepxkka B YpesBblHalHbIX CUTYaLUAX
(HaBogHeHwe B r. ObpeHoBaL)

Slika 2c — PodrSka drzave u vanrednim situacijama (poplava u Obrenovcu)
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Figure 2d — Support of the Government in all other situations
Puc. 22 — NocypapcTBeHHas noagepxka B APYrnx cuTyaumnax
Slika 2d — Podr8ka drZzave u svim drugim situacijama

Heuristics in emergencies and leadership

A "heuristic approach to solving problems" (Kvasc¢ev, 1978) and
heuristic modeling mean the creation of such a heuristic model that
represents more originals in one same model, ie. a model that enables
acquiring new knowledge and developing creativity by putting emphasis
on independence and previous knowledge in specific areas (for example,
frequent emergencies (Beres, Beres, 2014, pp.155-159).

The heuristic model determines very little action in the course of
solving problems, so it leaves team members of emergency situation
HQs a possibility to find one or all possible solutions, depending on their
prior knowledge, level of independence and creative capabilities. This
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approach to problem solving allows each individual - member of an HQ
for emergency situations to reach his/her peak, no matter how talented
he/she may be. The heuristic strategy means that a team member is
placed in a position to find out, using prrevious experiences in new
situations, new ways of creative problem solving (Beres, 2013, pp.46-57).

Putting such a model in the function of leadership, new quality in the
training is achieved. Also, a multi-media lecture with teaching topics and
units is conceived as a heuristic algorithm (Figure 3), which allows
listeners to select unknown matter and skip the already known, so that
they achieve their maximum individuality at work.

This heuristic model as a function of leadership at all levels allows
listeners a better understanding of leadership in emergency and all other
situations (Figures 2 a, b and ¢, Figure 3 and Table 3).

Problem solving and adequate
decision-making

The problem discussed is one of emergency situations (Figure 3)
that can occur in Europe, Serbia or the Central Banat region, ie. blizzard
with snow drifts, on the one hand, and the impact and contribution of the
leadership of the country, on the other hand.

The problem is heuristically designed and described by quantitative
methods to show the status or cause-effect relationships among
phenomena in each of possible emergencies.

Various emergency situations in Serbia and Montenegro (1989-
2006) given in the Final Report on the Risks in the Countries of South
Eastern Europe — Sout Eastern Europe Disaster Risk Management
Initiative - SEEDRMI, July 2007) have the following potential risks (Beres
et al., 2015, p.71, see Figure 1):

- Natural risks: - Dangerous meteorological phenomena: floods 34%,
blizzards-snow drifts 4%, high temperatures - drought and forest fires
12%, strong frosts - other 4%, destructive geological phenomena:
landslides, earthquakes 4% .

- Biological risks: epidemics, animal epidemics, zoonoses 8%.

- Technological risks: industrial accidents 8%, transport and storage
of hazardous products, mass fires and explosions, road and rail
transport, waterways, airways 26%, water pollution, potential
contamination, demolition of buildings or installations, accidents caused
by a cancellation of public services, objects falling from the atmosphere
or the outerspace, unexploded ammunition 4% - in total 36 risks, i.e.
emergencies which may happen in the European region of Banat (Beres,

2013, pp.46-57).
1168



Lidersive  Poplave  (fujnivetrovi Suiepefari Tehnio- n-vasrijanie
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Solution to the problem or task
Resavanje problema ili zadatka

Figure 3 — Problem situation - heuristic algorithm (Amaldi, et al, 2003)
Puc. 3 — NpobnemHas cutyauus - Ispuctudeckuii anroputm (Amaldi, et al, 2003)
Slika 3 — Problemska situacija — heuristi¢ki algoritam (Amaldi, et al, 2003)

Education-problem
solving-decision making

All units engaged in the protection and rescue, receive
assignments from the Headquarters for Emergency Situations in whose
territory the emergency, or, if necessary, the state of emergency was
declared. The actions of particular entities, from the local to the national
level, were rated in an anonymous questionnaire (Table 3; actions from
1 to 6). 247 citizens of the Republic of Serbia (125 males and 122
females), aged 18 to 65, were interviewed through a Web research
service in the period from 01.02.2014 to 07.02.2014. The survey was
aimed at the elimination of shortcomings in the functioning of these
entities (winter services, MIA, the Army and HQs at all levels) and the
contribution of the state leaders to achieve better results in problem

solving.
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Table 3 — Public opinion on the actions of the Civil Defence entities
Tabnuua 3 — MHeHve rpaxgaH 0 MeponpuaTUsX npeacraButener MpaxaaHckon 060poHbI
Tabela 3 — Misljenje gradana o postupanju subjekata civilne odbrane

| Actions / evaluation || Positive || Negative || No opinion |
Winter services 58.3 39.67 02.03
Gendarmerie 78.14 18.62 03.24
The Army of Serbia 88.67 08.09 03.24

| Government of Serbia I 44.65 I 47.20 I 08.15 |

Headquarters for

Emergency Situations 44.35 47.53 8.12

Prime Minister of Serbia 60.72 31.18 18.10

Based on the problem solution, adequate decisions are made at all
levels.

The survey was conducted via the Web research service, "Your
attitude," and its analysis aims at answering the questions, "How do you
rate the actions of: 1. winter services, 2 MIA - Department for Emergency
Situations, 3. Ministry of Defense and the Army Serbia, 4. Headquarters
for emergency situations at all levels, and 5. Prime Minister of the
Republic of Serbia (at that time the First Vice-President), in assisting the
elimination of the identified deficiencies in the functioning of these entities
(winter services, the MIA, the Army and the HQs at all levels).

The survey results (Table 3) clearly show that a large percentage of
the Ministry of Defense and the Army of Serbia met the expectations of the
citizens of the AP of Voivodina and the Republic of Serbia. In the second
place was the MIA of Serbia, and the winter services in the third. Since the
headquarters for emergency situations at all levels were in the fourth
place, it can be concluded that, in the opinion of citizens, they did not
perform well so they are suggested to practice more through exercises.

In the experiment, the analysis of the events on the ground and
heuristics helped to identify and define the problem, i.e. to determine a set of
alternative solutions and a set of criteria for evaluating alternatives in order
to select them and make appropriate decisions. The implementation of
selected alternatives is monitored and the results achieved are evaluated in
order to determine whether a solution to the problem is satisfactory from the
point of view of a leader as a factor of good leadership transferred from the
state level, ie. national level to the local level.

Satisfactory solutions to problems serve as an example in further
education of headquarters for emergency situations and preventive




planning in the system of civil defense, especially regarding leadership
(Figs. 2: a, b, c¢) qualities of HQ commanders at all levels through the
already presented heuristically conceived problem (Figure 3).

Conclusion

The main characteristic of good leaders is that they have great
power which is not based on force but on spreading clear ideas - this
makes them a key factor in the functioning of the system of civil defense
in emergencies and after the declaration of a state of emergency as well
as in everyday life (Figs. 2 a,b,c). The aim is to educate HQ members to
rationally use existing resources through team work on joint projects that
combine different ideas of team members. All subjects from local levels
should be engaged in order to manage emergency situations (floods,
stormy winds with snow drifts, droughts, fires, technological disasters,
etc.), and these models should find their place in emergencies through a
demonstration of their application on concrete examples with the aim of
making timely rational decisions in preventive actions and eliminating the
consequences of possible disasters.

The leaders in this study obtain the support of their followers thanks
to clear ideas in which many members of the society recognize their own
interests with ease, and accept them with faith, understanding and
enthusiasm in their implementation.

When these ideas are positive, such as the idea of improving the
attitude towards the environment, (Klemenovi¢, 2007, p.379) natural and
civilization disasters, leaders realize their mission which benefits the society.

At present turbulent times of globalization and multinational and
multicultural linking, the organization of headquarters for emergency
situations must be continually adapted, developed and innovated.
Leadership should not be viewed only from the perspective of local
authorities and economic organizations, but also at the national level. A
country, i.e. a wider community with a leader committed to the idea of
development, contributes to its implementation at the state level.
Leadership is important and is a key factor to improving the overall
quality of the whole society.
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POJ1b FPAXKOAHCKOW OBOPOHbI, NMOEPCTBA N SBPUCTUKU
B NMOAroTOBKE WTABOB YPE3BbIYANHBLIX CUTYALINA

MayH . Bepew®, Kpucmuar M. Bepemﬁ, Cpemen C. LiseTkoBuy®

& MuHncTepcTBO 060pOHBLI Pecnybnuku Cepbus,
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OBJIACTb: nogrotoBska
BWO CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnunckmin

Pestome:

B OanHOU cmambe npedcmaenieHoO  pewieHue  rpobrem
IpaxxdaHckol 060POHbI 38pPUCMUYECKUM MemodoM, criocobemeyrouwum
MPUHSMUKD COOMBEeMCMBYUUX peweHUl 8 Ype3abldaliHbiX cumyauusix
U npu 4Ype3sbiyaliHoOM MOI0XKeHUU, C 0CObbIM aKUeHMOoM Ha MpuUMeHeHUe
agpucmudeckol Molenu 8 nod2omoske WmabHbIX KoMaHO 1o
upesgblyaliHbiM  cumyauyusiM, a makxe ponu nudepa, Kak
M0J10XKUMErIbHO20 ¢akmopa  nudepcmea. HaHHasi  molernb
npedHasHa4yeHa KOMaHOHOMY U rperodasameribCKoMy cocmagy Kadpos




lpaxdaHckol OOOPOHbI: MECMHOMY CaMoyrpasneHuro (HadarbHUKam
palioHHbIX yripaeneHud, npedcedamensam palioHHbIx Cogemos, Mapam,
npedcedamensiM MyHUYUMNanbHbIX OKPy208 U KOoMaHAupaM), a makxke
aeaputiHo-criacamersibHbiM  criyxbam  (Cekmop o 4pessbiHaliHbIM
cumyauyusim). Bepucmuyeckuli memod pelweHusi npobnem
criocobcmeogyem  rpasusibHOMy  8blbopy  pelweHuli  KoMaHOHO20
repcoHana, rpu HacmymnneHuu 4pessbiyaliHbix obcmosimenscme u
06BsBMIeHUU Ype3sbiHaliHO20 rMOMIOXKEHUS, KaK Ha MEeCmHOM, mak U Ha
HauyuoHarbHOM  yposHe Pecnybnuku Cepbus, a makxe
yHKYUOHUposaHur cucmem [paxdaHckol 060pOHbI U mpembel
muccuu BoopyxeHHbix cun  Pecnybnuku Cepbusi, ykasbigass Ha
Heobxodumocmb  KOOpOUHaUuu  peauoHaslbHbIX U  HaUUOHasbHbIX
yposHel cucmemel.

KntoueBble crioBa: epaxdaHckasi 060poHa, Tudepcmeo, 38pucmuka.

CIVILNA ODBRANA, LIDERSTVO I HEURISTIKA U FUNKCUI
EDUKACIJE STABOVA ZA VANREDNE SITUACIJE

Paun J. Bere&?, Kristian P. Beres®, Sreten S. Cvetkovié?

@ Ministarstvo odbrane Republike Srbije, Uprava za obaveze odbrane,
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Intelliview AS, Oslo, Norveska

OBLAST: edukacija
VRSTA CLANKA: stru¢ni Clanak
JEZIK CLANKA: engleski

Sazetak:

U ¢lanku je prezentirano reSavanje heuristiCki koncipiranih proble-
ma civilne odbrane, dono$enjem adekvatnih odluka u vanrednim situa-
cifama i vanrednom stanju, sa posebnim osvrtom na primeni heuristic-
kog modela edukacije timova —$8tabova za vanredne situacije i uloge li-
dera kao faktora dobrog liderstva. Rad je namenjen komandnom i na-
stavnom kadru civilne odbrane: lokalnim samoupravama (nacelnicima
upravnih okruga, gradonacelnicima i predsednicima opS$tina — koman-
dantima) i sistemu zaStite i spasavanja (Sektoru za vanredne situacije).
HeuristiCki pristup reSavanju problema treba da omoguci komandnom
kadru — liderima od lokalnog do nacionalnog nivoa, dono$enje ade-
kvatnih odluka u vanrednim situacijama po proglasenju vanredne situa-
cije i vanrednog stanja na delu teritorije ili celoj teritoriji Republike Srbi-
je.Takode, treba da stvori uslove za funkcionisanje sistema civilne od-
brane i trece misije Vojske Srbije, kao i da ukaZze na neophodnost ko-
ordinacije izmedu lokalnog i nacionalnog nivoa.

Klju€ne reci: civilna odbrana, liderstvo, heuristika.
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Abstract:

This work describes the application of nuclear magnetic
resonance (NMR) in medicine and its influence on the work and life
environment. Nuclear magnetic resonance, a powerful research tool, is
based on the physical principle that cores of certain atoms (in this case
hydrogen) can absorb or emit radiofrequency waves when placed in a
magnetic field. This method is used for making high quality section
pictures of the inside of the human body; in addition, it shows high
sensitivity in revealing cancer, its position and its relation to the
surrounding tissue. It is characterised by the use of non-ionizing
radiation and a strong magnetic field, and, as explored by now, it does
not have harmful effects on the human body. Therefore, it is completely
noninvasive, comfortable and safe for patients as well for medical
workers.

Key words: nuclear magnetic resonance, NMR, cancer, non-ionizing

radiation.
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Introduction

The phenomenon of nuclear magnetic resonance (NMR) was
discovered in 1946 by two independent research groups from Stanford
and Harward who detected the NMR signal in condensed matter (Bloch,
1946, pp.127), (Purcell, 1946, pp.37-38). For that discovery, the leading
researchers, F. Bloch and E.M. Purcell, were awarded the Nobel prize for
physics in 1952. Soon after that, it became a powerful research tool in
different areas, from physics and chemistry, to biochemistry. It has also
been sucessfully applied in medical visualization for obtaining high
quality section pictures of the inside of the human body. In this fileld, it
reached its peak in 2003, when the Nobel prize for medicine was
awarded to P. Lauterbur and P. Mansfield for a discovery regarding soft
tissue images taken by NMR.

In this paper, we will review the principle of NMR, its application in
medicine, and its influence on the work and life environment.

The principle of NMR

Nuclear magnetic resonance is based on the phenomenon occurring
when the cores of certain atoms, placed in a magnetic field, absorb or
emit radiofrequency waves of characteristic frequency. The element of
choice for this case is hydrogen, precisely the proton (lvanovi¢, 1971,
pp.253-257). In an external magnetic field, the proton spin precesses
around the direction of the magnetic field at a certain angle. Therefore,
the precession frequency is equal to the resonant frequency (Georgijevic,
2005, pp.753-756).

Visualization by magnetic resonance is a contemporary, almost
completely noninvasive technique for screening the interior of the human
body. The apparatus consists of a strong magnet which produces a static
magnetic field with the induction B,. Three additional magnets, known as
gradient magnets, can adjust the value of the resulting magnetic field (in
which the patient is placed) in space and time. The radiofrequency coil
allows the emission of a short RF pulse towards the patient and the
capture of the signal which comes from him. After the emission of the RF
signal, which is of the same frequency as the one with which the protons
precess around the direction of the magnetic field, the protons from the
lower energy state jump to the higher one followed by the relaxation
process of returning of the proton into the lower energy state with the
emission of electromagnetic waves of the same frequency. Protons
outside these directions will not be activated because they have different
frequency from that of RF signals. By the same loop with which the RF
pulse has been emitted, the emitted waves are captured and recorded by




the acquisition system. After that, some other direction is activated and
the process is repeated in a number of directions. The image of the layer
is then reconstructed by the same algorithms as in the case of emission
tomography.

Figure 1 — NMR examination at the VMA Clinic (http://images2.kurir.rs/slika-
724x489/vma-magnetna-rezonanca-pacijenti-klinicki-centar-srbije-milorad-rabrenovic-
1328585176-34906.jpg)

Puc. 1 - O6bcneposaHue metogom AMP B BoeHHO-MeanumMHCcKom akagemmnn
(http://images?2.kurir.rs/slika-724x489/vma-magnetna-rezonanca-pacijenti-klinicki-centar-
srbije-milorad-rabrenovic-1328585176-34906.jpg)

Slika 1 — Pregled NMR-om na Klinici VMA (http://images2.kurir.rs/slika-724x489/vma-
magnetna-rezonanca-pacijenti-klinicki-centar-srbije-milorad-rabrenovic-1328585176-
34906.jpg)

The command console consists of monitors and an instrument board
(Figure 1). It serves for the selection of the necessary parameters, the
analysis of the obtained image and the selection of the data stored and
documented. A computer is a separate unit. The obtained data can be
saved on a magnetic tape or a laser disc thus being available for later
interpretations and analyses. The immediate documentation of the results is
performed by a multisport camera (x-ray tape) or by a polaroid camera.

Application of NMR in medicine
Application of NMR in oncology

Nuclear manetic resonance represents one of the most modern
visual modalities. Its basic technical possibilities - multiplanarity, high
space and tissue resolution in the combination with biological non-
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invasiveness - place it in the group of the most sensitive and specific
radiology methods for the most parts of the human body (Balti¢, 2002).

One of its most important applications is in the early detection of
breast cancer which is the leading cause of cancer death in the female
population, where each ninth gets sick (Dahnert, 1996, pp.398-41). The
procedure of breast screening involves the use of a special surface
dressing where the patient is in the prone position. The technique of the
inspection is somewhat different than for the other regions of the human
body. Namely, the application of the contrast is necessary for a dynamic
study where the contrast dynamics is monitored in the same, repeated
time intervals. Such technique is necessary since both types of lesions,
benign and malignant ones, give postcontrast signal intensity
amplification. However, unlike benign, malignant lesions have
characteristic signal intensity growth (Figure 2).

Figure 2 - Breast cancer in an NMR image.(clearly defined oval change in the right breast
with typical centrifugal amplification) (Balti¢, 2002)
Puc. 2 — Pak monouHow xenesbl Ha cHumke AMP (Ha npaBon rpyan OT4YETNMBO BUAHA
oBasbHas onyxonb C TUNUYHBIMK BYrpucTbIMK YNnoTHeHusamu) (Balti¢, 2002)
Slika 2 — Tumor dojke na NMR snimku (jasno definisana ovalna promena u desnoj
dojci sa tipi¢nim centrifugalnim pojacanjem) (Balti¢, 2002)

The application of the NMR imaging in the diagnostics of diseases of
the female genitourinary system started in the middle of the 1980s.
Although the visualisation of the female genital organs can be performed
by a number of radiological techniques (such as ultrasound and
computer tomography), radiological diagnostics of pathological




processes in the female genital system is a very complicated problem
(Rubin, 1993, pp.369-372). The advantage of NMR in comparison to
other techniques is especially considerable in the diagnostics of two
groups of diseases: congenital anomalies of the female reproductive
system and malignant gynaecological tumours such as ovarian tumours
which have high specific mortality. The major task of NMR here is the
detection of the changes in the projection of the ovarian vein: physiologic
cysts, primary cistoadenomas, dermoid cysts, and ovarian carcinomas.
Cervical cancer is one of the leading causes of death in the female
population, being in the second place of mortality just after breast cancer.
Here, the role of NMR is not in the detection, but in the evaluation of the
local spread of the disease.

Pancreatic cancer accounts for approximately 20% of new
registered carcinomas in the world and can be surgically treated in 10-
15% of cases (Kern, 1998, pp.74-78). For pancreatic cancer diagnosis,
the first step is CT-imaging with the contrast and then NMR screening. In
some cases, when pancreatic tumours are small and cannot be detected
by CT or NMR, additional examination is performed by endoscopic
ultrasound, or intraoperative ultrasound can be used for small endocrine
tumours (Figure 3).

Figure 3 — Cancer of the pancreas head (Balti¢, 2002)
Puc. 3 — Pak ronosku nogpxenynoyHon xenessl (Baltic, 2002)
Slika 3 — Karcinom glave pankreasa (Balti¢, 2002)
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Application of NMR in other areas of medicine

Soon after its introduction into clinical practice, NMR became a very
important technique (Lazi¢, 1997, pp.360-367). It is particularly useful in
the examination of the central nervous system for diagnostics and
characterization of numerous lesions. Brain contusions and intracerebral
hematomas are very well defined during NMR examination, which is
especially important if they are located in the brain stem or back fossa,
i.e. in the areas which give less diagnostic information during the
standard CT-examination. Diseases from the group of dementia, which
affect about 5-15% of the population over 65, with Alzheimer’'s disease
being the most frequent, are characterized in the NMR imaging by the
damage of the gray matter, deposits of iron and dilatation of the temporal
horn. NMR also provides reliable evidence of changes caused by
Multiple Sclerosis. The major manifestation of the disease are zones of
demyelination called plaques (Figure 4).

Figure 4 — NMR image of a pacient with Multiple Sclerosis (Lazi¢, Sobi¢, 1997)
Puc. 4 — NsobpaxeHne AMP naumeHTa, CTpagaroLero paccesHHbIM CKIIEpo3oM
(Lazi¢, Sobi¢, 1997) ;
Slika 4 -NMR snimak bolesnika sa multiplom sklerozom (Lazi¢, Sobi¢, 1997)

In the field of the diagnostics of the diseases of the torax and the
cardiovascular system, the advantages of NMR are a high-resolution, wide-
angle image, a possibility to choose a section plane, a high soft tissue
contrast and the contrast between the blood flow in the blood vessels and
the surrounding tissues. The usefulness of NMR has been verified in the
examination of heart tumours, cardiomyopathy, congenital heart diseases
and the diseases of the aorta and the pericardium. The ECG monitoring
enables constant image quality during the whole cardiac cycle.

The application for the diagnostics of lung diseases is still limited.




Influence of nmr on the work and life environment

A formal procedure, nowadays known as environmental impact
assessment, was established in the developed countries by the end of the
1960s, as a result of the increased awareness about the protection of the
environment. The Law on the Environment Protection (Sluzbeni glasnik RS,
Nos 135/2004a, 36/2009a, 72/2009, and 43/2011), in our country for the first
time established the obligation to analyze the impact of civil engineering
structures and activities on the environment. This system of assessment
was changed by passing the Law on Environmental Impact Assessment
(Sluzbeni glasnik RS, No 135/2004b and No 36/2009b), as well as by
passing a number of bylaws; therefore, it has been completely adjusted to
the environmental impact assessment process in the EU countries.

Strong magnetic fields and RF pulses are used in the NMR
technique, so it is necessary to comply with the Act on Preventive
Measures for Safe and Healthy Work during Exposure to
Electromagnetic Fields (Sluzbeni glasnik RS, No 101/2005). This Act
prescribes the requirements about preventive measures employers are to
meet in order to decrease or remove risks of damaging health during
exposure to electromagnetic fields of frequencies from 0 Hz to 300 GHz.
It also provides limit values and action values. According to this Act,
employers are required to ensure that employees are in no case exposed
to electromagnetic fields beyond the limit values defined by this Act.

The specific energy absorption rate (SAR), for the whole body or for
particular parts - the energy absorption rate for the mass unit expressed
in W/kg — is of particular importance. The specific energy absorption rate
(SAR) for the whole body is a known measure for linking unfavorable
thermal effects and exposure to radiofrequency waves (RF). Besides the
SAR averaged for the whole body, local values of the SAR are necessary
for the evaluation and limitation of the over-exposure of body parts during
specific conditions of exposure. This refers particularly to the protection
from acute exposure of the central nervous system, the head tissues and
the torso. This Act prescribes the following limit values of the SAR for the
20-100MHz RF wave range:

» Averaged SAR for the whole body: 0.4 W/kg

* Localized SAR (head and torso): 10 W/kg

* Localized SAR (extremities): 20 W/kg.

In the case of using NMR for clinical purposes, a magnetic field
with induction between 0.1 and 4.0 T is used, i.e. a magnetic field of
high intensity (in order to improve the signal-to-noise ratio). For the
sake of comparison, the Earth’s magnetic field has induction of 50T,
which means that the 1.5 T magnetic field is 30,000 times stronger
than the magnetic field of the Earth. There is a question about the
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impact of such a magnetic field on the human body. Investigations so
far did not show any negative effect on the body, except a few cases
of dizziness due to weaker electric current induction in some brain
neuron structures. In the case of a new generation of
superconducting magnets, which nowadays are in expansion, very
homogeneous magnetic fields may be created due to the loss of
electrical resistance. The disadvantage is very strong noise during
the examination which also needs to be taken into account. Magnets
themselves need to be separated from their environment, since
strong magnetic fields may have negative effect on sensitive
electronic equipment as well on patients with pacemakers and other
prosthetic devices. The device also has to be separated from a wide
range of radio-waves in order to avoid disturbance in radiofrequency
waves. Therefore, the whole system is set in the Faraday cage.
When it comes to the influence of this method on the environment,
nowadays when ecological awareness is increasing, it is necessary to be
aware of its possible negative effects. Radiofrequency waves used in
NMR devices belong to the group of non-ionizing radiations. Non-ionizing
radiations are electromagnetic radiations with energy lower than 12.4 eV.
This radiation does not have necessary energy to cause ionization in
living creatures. Natural sources of non-ionizing radiation are rare and
weak. They are: Sun, distant pulsars, other sources from the space and
the Earth (lighting). Epidemiological studies and experimental research
have shown that electromagnetic radiation, non-ionizing radiation as well,
presents a constant threat to our health even when it is within the allowed
limits (SCENIHR, 2007). The primary and the simplest negative effect of
the electromagnetic field is heating. Exposure to radio-frequency
radiation higher than mW/cm? can cause serious damage to the human
tissue due the over-heating. Long exposure can cause a whole number
of negative symptoms such as increased anxiety, nervousness,
insomnia, headache, exhaustion and chronic fatigue, tendency to
depression, problems with memory and concentration, loss of vitality,
weight and activity, etc. On the other hand, some studies have shown
that magnetic fields of the intensity used in NMR examination can cause
visual sensations such as flickering or can stimulate nerves and muscles.

Conclusion

Magnetic resonance (MR) represents a technique used in medicine
for obtaining high quality section images of the human body interior.
Nuclear magnetic resonance (NMR) is a spectroscopic technique used for
a long time for gathering information on the fine structure of the matter.
This method is based on the behavior of the proton spin in the magnetic




field. The spin and the magnetic moment attributed to it are the
fundamental characteristics of the particles such as protons and neutrons.

Magnetic resonance provides visualisation of the organs inside the
human body such as the head, the neck, the thorax, the abdomen, the
pelvis, muscles and joints.

The advantage of this method in comparison to other diagnostic
methods is a possibility of changing the image contrast of different tissues in
order to emphasize the most important elements as well as obtaining cross-
sections in different planes during the same examination without changing
the position of the patient. Also, this method shows high sensitivity in
revealing tumours, their position and relation to the surrounding tissue. In
accordance with research and taking into account that it is performed without
using ionizing radiation, NMR shows no harmful effects on the human body.

This method is completely nonpainful, non-invasive, comfortable and
safe both for the patient and the medical staff taking part in the examination.

When it comes to the effects of this method on the quality of the
environment, longer exposure to the sources of non-ionizing radiation,
where NMR devices belong, can cause damage to the tissue due to
overheating and lead to a number of psychological symptoms. Also,
magnetic field intensity values used during NMR examinations can cause
visual sensations like blinking or they can stimulate nerves and muscles.

The effect on the global environment is negligible since the applied
magnetic fields are of very low strength compared to the Earth’s
magnetic field and the diagnostic system itself is usually well insulated
from the surrounding area.
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NPUMEHEHME A0EPHO-MATHUTHOIO PE3OHAHCA B MEOVLINHE
W ErO BITIMAHNE HA PABOYYIO 1 OKPYXAROLLYIO CPELTY

Kpucmuna [. Nonoswuy, CaHs J1. Kopuuya
YHuepcuteT «YHNOH — Hukona Tecnay, ®akynbTeT 3KONOrMm n oxpaHbl
oKkpyxatowen cpeasbl, r. benrpag, Pecnybnuka Cepbus

OBJIACTb: apepHble TexHonoruu
BWO CTATbW: o630p
A3bIK CTATbW: aHrnuinckmin

Peswome:

B daHHOU pabome onucaHo npumMeHeHue 8 MeduyuHe s0epHOo-
MazHUMHO20  pe30oHaHca (5AIMP), A6M1AI0U,e20Cs  MOWHBIM
uccrnedosamesibCKUM cpedcmeoM 8 pas/iuyHbIX cghepax, a makxke
ornucaHo e20 erusiHUe Ha paboyyto U OKpyxatouwyr cpedy. Sl0epHo-
MagHUMHbIU  PEe30HaHC OCHOBaH Ha  (bu3UYeCcKoM  A8reHuUU

roa2riowjeHus 8€LLECMBOM 3/1eKMPOMacHUMHO20 U3I1yYeHusl,
amomHbIx 10ep, Haxo0sWUXCS 8 MOCMOSIHHOM Ma2HUMHOM rioJie.
LarHbit memod ucronb3yemcsi onsa rosnyyeHust

8bICOKOKa4YeCmeeHHbIX U306paxeHull op2aHo8 4es108e4EeCKo20 mena,
a makxe O0Onsa OuasHOCMUKU OHKoroaudeckux 3aboneeaHull U
sblsigrieHUs1  onyxoned. SIMP  omnuyaemcsi  HelUOHU3Upyowum
U3My4yeHUeM U CuslbHbIM MazgHUMHbIM [10fIeM, He rpedcmasisouux
ornacHocmu 0511 opeaHu3ma. CrnedosamersnbHo, npumeHeHue SIMP
b6e3bosie3HeHHO, be3spedHo, y0obHO u bes3ornacHo, Kak Ons
nayueHmos, mak u 0nsi MedcompydHUKO8, nposodsauiux npouedypy.

KnioueBble cnoBa: si0epHO-mMagHUMHBbIU pe3oHaHc, SMP, onyxons,
HeloHU3uUpyrouee Usny4deHue.




PRIMENA NUKLEARNE MAGNETNE REZONANCE U MEDICINI
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Sazetak:

U ovom radu opisana je primena nuklearne magnetne rezonance
(NMR) u medicini, kao moc¢nog istrazivackog sredstva u razli¢itim obla-
stima, i njen uticaj na radnu i Zivotnu sredinu. Nuklearna magnetna re-
zZonanca zasniva se na fizickom fenomenu da jezgra odredenih atoma (u
ovom slucaju vodonika), postavijena u magnetno polje, mogu apsorbo-
vati i emitovati radiofrekventne talase. Ova metoda koristi se za dobija-
nje visokokvalitetnih slika preseka unutradnjosti tela, a pokazuje i visoku
osetljivost u otkrivanju tumora, njihovog smestaja i odnosa prema okoli-
ni. Odlikuje se kori§¢enjem nejonizujuceg zraCenja i jakog magnetnog
polja, a prema dosadas$njim istraZivanjima nema Stetno dejstvo na orga-
nizam. Potpuno je bezbolna, neinvazivna, konforna i bezopasna, kako
za pacijenta, tako i za zdravstveno osoblje koje ucestvuje u pregledu.

Kljuéne redi: nuklearna magnetna rezonanca, tumor, nejonizujuce zracenje.
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CABPEMEHO HAOPYXAHE N BOJHA OIMPEMA
COBPEMEHHOE BOOPYXEHWE 1 BOEHHOE OBOPYOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

Kpcmapehe pakeme u 0arbe HenpukocHoseHe'

MHorv 3agaum MogepHUX paTHUX MOpHapULa NCTU Cy Kao Hekada. To cy cTpa-
TELWKO MPUCYCTBO, KOHTPONa Mopa, oMmoryhaBamwe cnobogHMX MOPCKUX KOMYHMKa-
uvja, cysbujarbe gejcTBa ApYrMx MopHapuvLa 1 NpojekToBake MOhn Ha KomHa.

OBy nocriegty CTaBKy paTHa MOpHapuLa je cnpoBoguna Ha BuLWe HavuHa
— Of, TOMNOBCKe BaTpe, Npeko ynotpebe netenuua, na oo ynotpebe HaBoheHUxX
OpYXHUX cCuCTeMa Kao LUTO Cy KpcTtapehe pakeTe naHcupaHe ca mopa (SLCM
Stand off sea launched cruise missiles).

Kako je jayana obanHa ogbpaHa, anu pacna un notpeba 3a UHTEPBEHLUjOM
no AybuHu KonHeHe Teputopuje, Kpctapehe pakeTte gyror gjometa omoryhune cy
Manom 6pojy paTHUX MopHapuua Ada rahajy yaarbeHe KOMHeHe LMibeBe ca Be-
her ogcrtojatba. C 063nMpom Ha MofepHe cucteme Bofera OBaKkBMX pakeTa, 40
caja je camMoO HEKONMKO paTHMX MOpHapwuua, Mefy kojuma cy amepuyka n 6pu-
TaHCcKa, KojuMa Cy Ce O HeAaBHO MpUKIbyyune cpaHLycka 1 pycka paTtHa Mop-
Hapuua, MOrfo Aa BpLUM Tako3BaHO MNPOjeKTOBaHe CUIe ca BEMUKAM MPOLEHTOM
NPeLM3HOCTH.

Amepuyku Tomahawk

OcHoBHM cucTem y nanetm kpcrapehux pakeTta je amepudkm Tomahawk
Land Attack Missile (TLAM). PakeTa je npojekToBaHa joLl KacHUX LUe3aeceTnx
rogvHa fpoLusnor Beka Kao HykrneapHo opyxje 3a Hanag Ha 6poaoBe U unrbese
Ha konHy. Kako je pa3Boj TexHonoruje omoryhrno cmamere 6ojeBunx rnasa v no-
Behare NPeunsHoCcT, CUCTEM je Hallao CBOje MeCTO Y CTpaTeLLKOM pacnopeny
CHara. JefaH of HajjauyMx agyTa oBe pakeTe je HeH MOrOHCKM CUCTEM KOju joj je
omoryhaBao Hanag Ha uwrbeBe ,ygarbeHe Buwe og 1,000 murba”. HajHoBuja
Bep3uja oBe pakete, Block IV Tactical Tomahawk (TacTom), Hanaga uwurbeBe
Ha garbuHama go rotoeo 1.500 mMurba, WTO je HAaBeno MHore Apxase Aa ce 3a-
WHTepecyjy 3a HabaBky OBe pakeTe, anu je 3a caga camo Benuka Bputanuja 3a-
Krbyuuna yroBop o Habasuw.

Block Il TLAM nojasuo ce npeu nyT 3a BpeMe pata y [ondy 1991. rogu-
He, kaga ce AMepukaHuMMa MpBWU MyT NPYXuna npunuka ga AeMOHCTpupajy
onepauuje Koje cy pasBujeHe jowl npef Kpaj xnagHor pata. Bepauja Block Il
nojaBuna ce 1993. roguHe, a weH GPS cucrtem je 3HaTHO ymawno notpebe 3a
nocTojakbeM BeNuKOr 6poja HaBMrauuoHWX Tadaka Ha nyTy npema uuiby. Of
1991. roguHe Bep3unja Block Il TLAM je penosHo ynoTpebrbaBaHa y 6opbeHnm
onepauujama.

" Jane’s Navy International May 2016.




JlaHcupare pakeme Tomahawk Land Attack Missile

Ynpkoc Tome, TLAM je goxumBeo 1 Kputuke. Hekn cy npurosapanu ga ce pagu
0 jeQHOKpPaTHOM OPYXjy KOje HEMa BENUKY YOapHY CHary HUTK ¢orieKCMBbUnHoCT y of-
HOCY Ha Heke Apyre cucteMe. Heku cy Yak U3HOCUIM apryMeHTe da opyxje ctapo
40 rogvHa Huje agekBaTHO Y OHOCY Ha MoAepHe, bp3e TakTu4Ke onepaduje.

OBe kpuTUKe Ccy jeaHUM Jenom yTtuuane Ha nojasy Bep3uje Block IV koja je
ylina y onepatmMeHy ynotpeby amepudke mopHapuue 2004. roguHe. OBO opyxje
je mocenoBano ABOCMEPHM AaTa-NMHK, WTO je omoryhaBano HakHagHu ogabup
uurbeBa u Behy TakTuuky cdonekcmbunHoct. [lata-nvHk je, Takohe, omoryhaeao u
ocmatpare ¥ npocnehuBarwe nogaTaka KOHTPOMEpy O HacTanoj WTeTu, WTo je
Beh ncnpobaHo y 6o0pbeHum ycnosuma.

HepasHo, y okBupy GylLieTckor nnaHa Habaske, OOLWWIO je A0 NpuUTUCKa 3a
cmarene 6poja paketa ca 196 Ha 100, na ce y amepudkom KoHrpecy nomumma-
na n MoryhHOCT 0 npecTaHKy npousBoawe paketa TLAM, anu ce og Tora oay-
cTano ¢ o63Mpom Ha HOBE CHare Koje Cy ce MnojaBuie Ha CLEHN — PYCKY U KnHe-
CKy paTHY MoOpHapuuy. AMEpUYKO MMHUCTapPCTBO odbpaHe 3akrbyyuno je Aa je
TLAM npBopaspeaHo opyxje u aa he 6utn notpebHo jow cnegehux 30 rognHa.

HacTtaBuhe ce eBonyTMBHM pa3Boj opyxja Tokom byletcke 2017. roguHe
TOKOM Kojer he Texuwite 61MTK Ha Nnobosbluaky KOMyHUKaLMje ca pakeToM TOKOM
neta. buhe pasBujaH HOBW, jaun gaTa-nNUHK Koju he omoryhutu onepatopuma ga
6orbe KOMyHUUMpajy ca pakeToM Y yCNoBMMa TELLKOr HemnpujaTerbeBor oMeTa-
ta. 3atum, 6uhe gogate HoBe HaBurauuoHe moryhHoctu, wTo he omoryhutu
ynoTpeby pakeTe y ycrnoBuma Henoctojawa GPS curHana, anu n pegykoBaHo
Bpeme nnaHupama mucuje. Ovekyje ce aa he oBa ABa cermMeHTa MoaepHusaLuje
O6uTun yrpaheHa Ha pakeTy u TecTupaHa o kpaja 2018. roguHe.
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Tpehu enemeHT MoAepHu3auuvje npeacTaBrba pasBoOj BULLEHAMEHCKOr
Tparaya ca onuujama nacMBHOI U aKTUBHOI Tpaxeka. Pa3Boj oBor gena omo-
ryhuhe pakeTu Oa noBrayM HuWlWAHCKe nopaTtke on Beher Opoja ceHsopa wu
nnatgopmu. OBa TexHomnorvja ykrbyvyje MOAynapHW, MYNTUAYHKLMOHASHM
npowecop Koju he omoryhutn amepu4dkoj paTHOj MOPHapuLUKW NHTerpaunjy suLle
CEeH30pa y 3aBUCHOCTU Of Kpajiunx 3axTeBa kopucHuka. OBa asa moaepHusa-
umnje 6uhe ykrbydeHa y 6yiyet 3a 2017. roguHy, ook he pagoBu noyeTu npes
Kpaj 2016. roanHe.

KoHayHu enemeHT MoaepHU3aLmje npegcraBrba HacTaBak pa3Boja yHanpe-
heHe 6ojeBe rnaee (Join Multiple Effects Warhead System — JMEWS). Y okBupy
OBoOr enemeHTa paguhe ce Ha yHanpeherwy NpobojHOCTN pakeTe, wTo he npo-
LUMPUTU NUCTY LUNIbEBa Ha Koje he ce pakeTa HaBoaUTH.

Kapa ce roBopu o npoTMBBPOACKOj yNno3um pakeTe, noctoju notpeba 3a ybauu-
BakbeM TepMUHanHor Tparaya koju he omoryhutu paketu aa Hanaga mobunHe Lu-
JbeBe Ha KorHy un mopy. lNpeTtxoaHa Bepanja pakete TLAM, Tomahawk Anti Ship
Missile — TASM, Hamer-eHa Hanaguma Ha bpogose yaarbeHe oo 1,000 murba Huje
Ouna Ha BUCMHM 3agaTka ¢ 003MpOM Ha TadallkW HMBO pas3Boja MpoLecopa Koju
Huje morao 06e36eanT 4OBOSBEHO NPoLLEcopcke cHare 3a obpay KOMMNEKCHUX no-
JaTtaka o nyTamwu 1 unrby. [aHaluwuy npouecopn cy y cTamwy Aa obpage Takse Ko-
nnynHe nHpopMaLmja aa je moryhe HacTaBuTK pag Ha MoaepHU3aumju.

®paHuycku MdCN

Kako cy ®paHuy3n 6unm mmnpecroHvpaHu MOryhHOCTMMa amepuyke 1
OpuTaHcKke paTHe MOpHapuue, ognyyunu cy ga ysegy moryhHoct gybokor yaa-
pa cBOjoj paTHOj mopHapuuu. Pagm ce o kpctapehoj paketu Missile de
Croisiere Naval (MdCN). OBy pakety je 2006. passuna komnaHunja MBDA Ha
OCHOBY YyroBopa (ppaHuyckor MmHuctapctesa oabpaHe. Paketa he 6utu ca-
CTaBHM [e0 Haopyxawa dpaHUYyCKUX BULIEHAMEHCKUX dperata knace
FREMM koje he ux naHcupaTu u3 BepTuKanHor naHcmpHor cuctema SYLVERA
70 1 HykneapHMX HanagHUX nogMopHuua knace Suffren, koje he nx naHcmpa-
TV U3 TOPMNEAHMUX LiEBMU.

KomnaHnuja MBDA je pakeTy npsobutHo Boamna nog o3Hakom Md/CN/NCM
SCALPNaval, wto ce ogHocuno Ha TexHonowky esonyunjy pakete SCALP EG
(Systeme de Croisiere Autonome a Longue Portee — Emploie General)/Storm
Shadow SCALP NCM, ogHOCHO KOHBEHLMOHanHe Kpctapehe pakeTe naHcupa-
He u3 BasaywHor npoctopa. OBaj Ha3uB caga je ogbadeH N 3amerseH Ha3nBOM
NCM.

Paketa MdCN notnye oa pakete SCALP EG/Storm Shadow, anu je camo
TEeno pakete NOTNyHO pasnuuuto. O6nKK je LumMnuHapuyaH (naHcupa ce u3 Top-
negHux uesn 533 mMm), uma Tpu npeknanajyha nepaja u kpunua yByyYeHa y pake-
Ty. Cam 065nuK, kao 1 pagapcko abcopOyjyhr KOMNO3UTHN MaTepujan, umajy 3a-
AaTtak Aa ymare pajapcky BUATBUBOCT pakeTe.

Oumensnje pakete MACN ycnosune cy npomeHy noroHckor aena. YrpaheH
je mawu Typboriet motop TR50 Microturbo ymecto motopa TR60-30 kojum je
onpemrbeH SCALP EG/ Storm Shadow. Wako ce He HaBoam paaujyc aejcTea Ho-
BE pakeTe, NPeTNoCTaBIba Ce Aa je OH peda BeNnMynHe ,HEeKONMKO CTOTUHA KUIO-
MeTapa”, na 4ak u oo ,Xxurbagy kurnomertapa”.




JlaHcupar-e pakeme MACN

Kao n paketra SCALP EG/Storm Shadow, MdCN pacnonaxe uHepuwujan-
HOM HaBuWraumjom Koja ce pekanubpuile 3a Bpeme KpcTapera nyTem pagapckor
mManupara TepeHa u kopekuunjama GPS cuctema, y kombuHaumju ca nHdppaup-
BEHWM Tparadem Kkoju omoryhaBa pakeTu HaBofewe ca MeTapCKOM MpeLm3HO-
why y TepMunHanHoj dasu.

[MpBo TecTupame obaBrbeHo je y majy 2010. roguHe 13 naHcepa SYLVERA
70. dpyrv TecT, NOOBOAHO NaHcupake, obaBrbeH je y jyHy 2011. rogmnHe. Tpehu
TecT m3BplleH je y jyny 2012. rognHe n cactojao ce y naHcupawy MNOTMAyHO
dyHkumnoHanHe pakete MACN u3 naHcepa SYLVERA 70 ca uHdpaupBeHum Ha-
YMHOM HaBofeHa y 3aBpLIHOj ha3u neTa. YeTBpTM TECT cneamo je y okTobpy
2012. roguHe 1 cacTojao ce of NoABOAHOr NaHcupaka ca nnaTtgopme Koja je
npeacTaBrbana 3apokeHy NogMopHULY.

Tokom oktobpa 2014. cnpoBefeH je hrHaNHN TECT KOjUM Cy 3a00BOSbEHU
CBW 3axTeBaHu KpuTepujymu, aa 6m y majy 2015. roamHe paketa 6una naHcupa-
Ha ca (pperaTe knace Aquitaine FREMM.

MpBOGUTHO je nnaHupaHa npousBoakwa M Habaska 250 pakeTa, anu je Taj
0poj, ycrieq wreawe, cmarweH Ha 200, a 3aTtum 1 Ha 150 komaga.

Pycku Kalibr

Op 2008. rognHe pycka MopHapuvua MOHOBO Ce MojaBSbyje y yrosu crpare-
wkor oaspahatba. HakoH 6opbeHunx onepauuja y 'py3ujn n YkpajuHu, npeko ycno-
CTaBSbama pPyTUHCKOr npucycTea y MegutepaHCckoM MOpy, pycke NOMOPCKe cHare
Cy no4ene cee BULLE Aa ce Hamehy NpMCycTBOM, MCKYCTBOM 1 BaTPEHOM MOhu.
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JlaHcupar-e pycke pakeme 3M-14T Kalibr ca 6poda Veliki Ustyug knace
Project 21631 Buyan-M

Ceawmor oktobpa 2015. rognHe, TOKOM onepauuja y Be3un ca kpusom y Cu-
puju, pycka paTtHa MopHapuLua je npsu nyT ynotpebuna kpctapehe pakeTe gyror
aomeTta. Yetupu 6poaa koja cy ce Hanasuna y Kacnuvjckom mMopy naHcupana cy
26 pakeTta 3M-14T Kalibr Ha 11 unrbeBa y Cupumju. Pagmnno ce y dpperatu Dage-
stan knace 1161K Gepard n natponHum 6pogoBuma Grad Sviyazhsk, Uglich n
Veliki Ustyug knace Project 21631 Buyan-M. lNocTojana je uHdbopmauumja ga osu
6poaoBu Hoce NOMeHyTe KpcTapehe pakeTe, anu Huje ce 3Hano ga cy ukaga pa-
HWje naHcupaHe, Tako [a je TO NPaKTU4YHO MpeacTaBrbanio MpBy OnepaTUBHY
ynoTpeby kpctapehux paketa Kalibr.

Pycuja je HacTaBuna ca usHeHaheHMMa Tako LITO je u3BpLumna npBo one-
paTMBHO NaHcupake KpcTapehux paketa BenvKOr gomeTa ca 3apOheHe MnoA-
MopHuue PocTtoB Ha [loHy, knace Project 636.3 ,Improved Kilo”. Y oBom cny4ajy
NoAMOpHULA je naHcupana 4veTupu Kpctapehe pakeTe M3 CBOjUX TOPNELHUX
naHcepa Ha uurbeBe MunutaHata y Cupuju ca ceoje nosvumje y MegutepaHy.

Nako je pycko muHucTapctBo oabpaHe TBpAMMO Aa pakeTa uma AoMmeT
2.000 km, TO HMje Buno moryhe NOTBPAMTU, KA0 HW HaABOAE O NMPELM3HOCTU U
nepdopmaHcama, jep cy ce ogmMax HakoH flaHcuMpaka nojaBunun n3seLlTajm o To-
Me [a jeaaH Opoj pakeTa Huje cTurao 4o CBOjUX LUMIbEBA.

Mo yrneny Ha cBOje aMmepuyke Korere Koje cy npukasusarne naHcupame Kp-
ctapehux pakeTta npunukom Hanaga Ha Wpak Tokom 1991. n 2003. roguHe u py-
CKO MMHUCTapCTBO oAbpaHe je mpukasano KOMMjyTEPCKU reHepucaHe CHUMKE
pakeTa koje nponase ogpeheHe HaBuUrauuMoHe Tadke, Kao M JHEBHEe WU HohHe
CHUMKe naHcupana ca 6pogoBa U NOAMOpPHULIE.

Mopen npukasvBaka AejcTBa HOBUX KpcTapehux paketa Kalibr, Pycuja je
npukasana u cBojy HoBy noamopHuuy PoctoB Ha [oHy, apyry u3 knace Project
636.3, KOja je HaKoH NaHcupara NpojeKkTuna HacTaBunia nyT Ka CBOjOj HOBOj Ny-

uu y LipHom mopy.
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Y mehyBpemeHy cy ce nojasune nHdopmauvje ga he HykneapHa HanagHa
noamopHuua knace ,Akula” Project 971 HakoH peMoHTa GMTU onpemMrbeHa npo-
TMBOpoAckoM Bep3njom pakeTe Kalibr, 4ok he HOBM NOBpLUMHCKM BpoaoBM krace
Project 11356M Admiral Grigorovich, Project 22350 Admiral Gorshkov n natpon-
H¥M 6popoeu knace Project 22160 61MTu HaopyxaHu Bep3njoM pakeTe 3a Hanaj
Ha KOMHY.

Momopcke Bepsuje kpcTapehmx paketa cy 3M-14 (Hato o3Haka SS-N-30A)
3a nogmopHu4ky Bep3ujy u 3M-14T 3a Bep3ujy koja ce naHcupa ca 6poaosa.
Mpetnoctaerea ce ga je 3M14 6a3snpaHa Ha aBocTeneHoj paketn 3M-54-1 koja
je oneT 3acHoBaHa Ha TpocTeneHoj Bep3uju pakete 3M54 Kalibr. U3rnepa na
OBe pakeTe BOAe Mopekno of pakete KS-122 (3M-10) ca HykneapHoM 6ojeBOM
rmaBOM KoOja ce Hanasuna Ha paketama S-10 Granat (3K10 SS-N-21 ,Sampson”)
naHcupaHMMm ca NoAMOpHMLUE M pakeTa ca MobunHmx cuctema RK-55 Relyef
(BK12, SS-X4 ,Slingshot”). Pycko muHuctapcTBo ogbpaHe je HaBeno ga cy pa-
keTe Kalibr nmane 60jeBy rnaBsy HocuBocTy o 500 Kr ca KOHBEHLMOHAMHUM UNn
HyKNeapHUM MyH-EeHEM.

lMpe camor Hanaga Huje o6jaBrbEH HUjedaH nofgaTtak o AJomeTy pakeTta 3M-
141 3M-14T, a payyHajyhu BennuuHy pakete, 60jeBy rnaBy v NOTeHUMjanHy Ko-
NNYUHY TOpYBa, aMEPUYKM 3BaHWYHMLM CYy MpPeTnocTaBunm aa 6u gomMeT pakete
mMorao ouTtu go 1,485 km.

Mako cy TexHonoruje, MoryhHocT n nepgopmaHce cuctema OTBOpPEHe 3a
nebate, onpema 3a HaBofhewe pakeTe Kalibr usarnega ga nma enemeHTe Koju ce
Hanase y noctojehoj nopoanumn kpctapehmx paketa. Cacrtoju ce of rnobanHor
HaBuraumoHor catenutckor cuctema GLONASS, uHepuwmjanHor HaBuraLMoHor
cucTema, akTUBHOT padapcKkor Tparada v pagapckor cuctema 3a npahewe tepe-
Ha. Y TpeHyTKy Kafa je pakeTa y 6nu3nHun uurba yKkrbyyyje ce akTMBHU pagapcku
Tparad Koju je HaBogu Ha LUrb.

HpazaH M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

Piranha 5 — noy3daHa nnamgopma?

MpBOGUTHO pasBuMjeHa kao 4e0 NopoaULE NAaKUX OKITOMHUX BO3una, KoHu-
rypauunja 6X6 n 8X8 komnaHuje General Dynamics European Land Systems —
Mowag (GDELS-Mowag) BapwujaHTa y KoHdurypaumju Piranha cnaga y pea Haj-
yCneLLHMjUX OKNonHux 6opbeHux Bo3una passujeHux Ha 3anagy TOKOM nocnea-
KX 25 rognHa.

CmaTpa ce ga je koHdurypaumnja 8X8 mngeanHa y cmucny kombuHauuje
BENWYUHe BO3una, mace, ynotpebHe nospLUMHE, HOCMBOCTU M LeHe. [lo mapTa
2016. roguHe npogaTto je yak 11.500 Bosuna Piranha y 40 pasnnuntnx sapwm-
jaHTn.

Piranha 5 6a3supaHa je Ha UCTUM MpUHUMNMMA Kao M NpeTxo4Ha Bo3una ca
nageanHum 6anaHcom 3alTuTe, NPOXOAHOCTM 1 KanauuTeTa.

2Jane’s InternationalDefence Review May 2016.
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Piranha 5 onpemrseHa Kyrioriom ca moriom 30 mm MK44 Bushmaster komnaruje Orbital ATK

Pagu ogroBopa Ha 3axTeBe KOPUCHMKA 3a BehOoM KOPUCHOM MOBPLUMHOM U
HocuBoLwhy, KoMnaHuja je npojekToBana Bo3uno Piranha 4 3a kojum je cneguno
n Bo3uro Piranha 5 koje noTuye of HanywTeHor nporpama 6puTtaHcke Bojcke UK
Future Rapide Effect System (FRES).

MpBo BO3Mno Piranha 5 npukasaHo je jaBHOCTM TOKOM u3noxte Haopyxa-
ta 2010. rognHe. O Tapa cy usspeHn 6pojHM TECTOBM Y YCrIOBMMa TOMNMOT U
xnagHor BpemeHa y Hopselwukoj, KyBajTy u YjeauweHum Apanckum EmupaTtuma.

YHympawrocm eosuna Piranha 5




Mocnepte y HU3Y TecTupara cnpoBeaeHo je y [laHckoj u pesyntupano je
HapyLGUHOM, jep JaHcka Bojcka MMa noTpedy Aa 3ameHu CBojy hroTy 3actape-
NNX OKMOMHUX TpaHcnopTepa M113. HakoH mefyHapoaHor TeHaepa cenekToBa-
HO je NeT BO3uma Koja Ccy yyecTBoBara y cepuvju Tectosa.

= A:.-I!..w- - e s

3admUu Kkpaj eo3una Ha KojeM ce sude pesepgoapu 3a 2opuso ca obe cmpaHe
u3nasHuUx epama

OBux net Bo3una cy: Piranha 5 y koHurypaumju 8X8, ASCOD 2 komnaHu-
je Santa Barbara Sistemas u3 LnaHunje, PMMC G5 komnanuje Flensburger Fa-
hrzeugbau Gesellschaft ns Hemauke, Armadillo komnaHnje BAE Systems u3
Lsencke u Vehicule Blinde de Combat d’Infantrie (VBCI) komnaHuje Nexter
Systems u3 ®paHuycke.

HakoH eBanyauuje nogaTtaka ca Tectupamna, [laHcka ogbpambeHa opraHu-
3auuja 3a NorucTuky M Habaeky ogryymna je ga CKionu yroBop 3a MCMOPYKOM
309 Bosuna Piranha 5 y koHdurypaumju 8X8 ca onumjom noeehawa 6poja Ha
450 komaga.[laHckn yroBop Koju npegsuha ucnopyke og 2018. go 2023. nogpa-
3ymeBa UCMOPYKY LLecT Bep3anja Bo3una Piranha 5 y koHdurypaumju 8X8: oknon-
HO BO3uUnO nelwaauvje, ambynaHTHO BO3WUNO, KOMaHAHO BO3WMO, UHXWHEPCKO BO-
3o, BO3uUNo ca MrHobalayem 1 BO3Wmo 3a onpaske.

KomnaHuja he nocnatu Boauna Piranha 5 y koHdurypauunjy 8X8 y [aHcky,
roe he 6Gutn uHaNM3o0BaHO cknanake 1 ornpemMare AaHCKOM KOMYHMKaLMOHOM
onpemoM. HakHagHo he 61TK ogny4yeHo o HabaBuM opyXHor cuctema. Piranha 5
he ce npuapyxutn noctojehoj aaHckoj dpnotn og 113 Bosuna Piranha 3 y koH-
durypaumju 8X8 kao n sosunuma Eagle IV u Eagle 1 y koHdurypaumju 4X4 ucre

KOMMaHuje.
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LlInaHcke nompebe

Y mehyBpemeny, LLinaHuja je Hapy4yuna Yetupwm Bosuna Piranha 5 y koHdu-
rypauuju 8X8 koja he 6utn ncnopydeHa tokom 2017. rogMHe n TectTMpaHa y ca-
rmacHoctu ca notpebama LunaHcke apmuje y okBupy nporpama Vehiculo de
Combate sobre Ruedas koju npegsuha Habasky namehy 300 n 400 Bosuna. Yko-
NNKO Ce yCneLlHOo nokaxy oBa Bo3una he 3ameHutn 6opbeHo Bo3umo newaauvje
BMR-600 y koHdurypauuju 6X6.

LLinaHcke nupaHe 6uhe nponseoheHe y LLnaHunju, a komnanmja GDELS-Mo-
wag 06e36eanhe KOMNNETHY NPOU3BOAHY JIMHMjy Kao WTO je ypaheHo y criyyajy
npoussoawe Bo3una y LWeajuapckoj, Kanagn, CAl u Benukoj bBputanumju.

LnaHcku mapuHumM Beh pacnonaxy ca 39 oknonHux TpaHcnopTepa Piranha
3 8X8 koju cy nm mncnopyumsanu og 2003. rogmHe. Mako je HajHOBMWja Bep3nja
CNU4YHa NPeTXO4HNM Bep3uvjama, pagu ce 0 HOBOM BO3uy ca BehoM HocmeoLhy
W pa3BojHOM MOTeHUMjany.

Pa3BojHu noteHumjan nobuja Ha BaXxKHOCTU ¢ 063MpOM Ha TO Aa je npeasuhe-
HY pok cnyxbe oknonHux 6opbeHux Bosuna 30 rognHa u aa he GuTM HeonxoaHo
BPLUUTU XUTHE onepaTMBHE NpoMeHe. TO 0OMYHO 3Ha4M yrpadky AoOAaTHE OKITOMHe
3awTuTe, WTO OOBOAM OO0 noBehawa TexuHe BO3una, a LITO HeraTMBHO yTu4e Ha
MobunHocT, 6p3nHy U ogHoc cHare n mace. Maca Bo3una obu4Ho ce kpehe oko
30.000 «r, og 4era 18.000 kr oanasn Ha 6a3uuHy Bep3ujy Bosuna. HocneocTt noapa-
3ymeBa nocafy, ropuso, opyxje 1 MyHWLMjy, Kao 1 NakeT OKMonHe sawTute. Piran-
ha 5 je npojekToBaHa ga nogHece gonatHu TepeT og 3.000 kr.

Bosay ce Hanasu Ha npear0oj NeBoj CTpaHu, a NOrOHCKN An3en arperaT Ha
JeCcHoj CTpaHu, JOK je ocTaTak Tpyna npasaH. [peasuheHo je n gogaTtHO MecTo
3a unaHa nocage. 3aamu Oeo je npeasufeH 3a CMeLTaj AeCaHTHOr oferbewa
N ONPEMIbEH je ca YeTMPU KPOBHA OTBOpPA KOjU Ce MOry 3akrbyvyaTu y BepTuKar-
HY no3uunjy. Makcumanuu kanaumteT nocage je 13, ykibyyyjyhu Bo3aya, komaH-
AVpa, HUWaHLnjy 1 gecaHTHO oferbewe. Kynoma ca garbuHCKM ynpaBrbaHUM
OPYXHUM CUCTEMOM Hamnasu ce Ha Kpajy MOroHCKOr oferbewa, anu je moryhe
NPOMEHUTM MNOSIOXa]j y CKNagy ca 3axTeBUMa KrujeHTa.

Bosauno Piranha 5 nokpehe gusen motop koju pa3ssuja 585 KS n nosesaH je
ayToMaTCKMM MeraveMm Koju nma cegam 6p3vHa 3a xod yHanpeg v jegHy 3a xogq
yHasag.MakcumanHa 6p3uHa Ha nyTy je 100 km/caT. Pe3sepBoapu ropmusa og 450
nutapa Hanase ce Ha obe cTpaHe u3nasHe pamne ca onuujoMm godasara joLl
jedHor gena y MOTOPHOM oferbewy U Aajy Bo3uny pagujyc aejctea Ao 550 km
Ha nyTeBuMa un BaH nyTtesa. Piranha 5 nocefyje n cuctem 3a witewy ropmea.

MpBa 4eTnpy 1 3adha ABa TOYKa Cy ynpaBrbadka, WTo omoryhaBa OKpeT y
Kpyry oa 19 go 15 m. Ynpasrbame 3aaHiM TOHYKOBMMA Ce NOCTENEHO CMakbyje Kako
ce nosehasa 6p3uHa. Bosau moxe ogabpaTty ynpasrbarwe ca CBUX 8 To4koBa Yy
YCINOBMMA TEPEHCKE BOXH-E UIN Ca YETUPM TOYKA Y YCIOBUMA BOXH-E MO MyTEBMMA.

Boauno je obu4Ho onpemrbeHo rymama 14.00R20 wnm 16.00R20, gok je
LeHTpanHo HagyBaBawe cTaHgapAHa onpema. Moryhe je yrpagntn u cuctem 3a
X04 Ha npasHum rymama. CBux ocam TOYKOBa OMPEMIbEHO je XMApOMnHeymart-
CKOM aMOpTK3aLMjOM 1 MHTerpucaHum Lok abcopbepuma.

Bosuno nocenyje nHeymatcke ABOKOSHE KOYHMLE Ca LUECTOCTPYKUM CUCTE-
moMm ABC kao genom ctaHgapaHe onpeme. TecTupara Cy Jokasana Aa je npo-
XOAHOCT BO3UIa jeJHaka unm cyrnepuopHa CBUM ryceHnyapvma y 3aBMCHOCTU Of

ycrioea Ha nyTy.



Piranha 5 nma 14,5 ky6bHuUX meTapa npoctopa koje je moryhe nosehatu y
ambynaHTHOj Unu KoMaHAHOj Bep3unju. YHYTpallHOCT Bo3una je peamsajHupaHa
Tako ga ce ynotpebu mMakCMmMyMm npocTopa, LUTO je MOCTUTHYTO MOMeparem pe-
3epBoapa ca Av3en ropuBoM BaH Bo3una.

lpexusrbasame

Piranha 5 Hygu BMCOK HMBO 3allTUTE NPOTUB BANUCTUYKMX, MUHCKUX U NM-
NPOBM30BaHNX MUHCKO- EKCMII03MBHMX CPEACTaBa.

OCHOBHM Tpyn je NpPou3BEeAEH Of, 3aBapeHUX YeNMYHUX Mnfiova Ha Koje je
mMoryhe npukadnTn ogrosapajyhn mMogynapHu OKrnon Koju nokpmea 6o4He, kao u
npegry v 3agty CTpaHy Bo3una.

Cepuwta 3a ybnaxaBare eKCMro3vBHOI yaapa OKpeHyTa Cy jeAHa npema
Jpyrmma u uMmajy nojacese ca neTt Tavyaka BeauBambAa.

Bosuno je onpemrbeHO nonvuama 3a CMeLUTaj opyxja, WTo oHemoryhasa
OO0AaTHY WTeTy MPUIIMKOM €KCMio3unje MWHE WM MMMNPOBM3OBaHOM €KCMo3uB-
HOr cpeacTBa.

YHyTpawHOCT BO3UMa je ojayaHa, a 4oaar je U yHyTpallHhu NPOTUBMUHCKM
nog 3a 3aWwTuTy Of ekcnnosvja muHa. CBM XugpaynuyHu U ropvBHM BOLOBM
YKINOHEHU CY M3 MPOCTOpa 3a Nocaay 1 CMeLUTeHW y ABOCTPYKM Noj, paaum nose-
hata 6e3begHoCTM nocage.

MocTtoju moryhHocT yrpaghe applique okrnona, Kao LUTO je eKCN03UBHO pe-
aktusHu okrnon (EPO) n nakn 604HM oknon HameweH oabpaHu of KymynaTtus-
HUX NPOjEeKTMIA KOju je MHCTanupaH Ha AaHCKMM OKITONHUM Gop6eHnm Bo3nnmma
Koja ce Hanase y ABraHUCTaHy.

Komnanunja GDELS-Mowag npukasana je Bo3uno Piranha 5 onpemrbeHo
aKTMBHMM cucTtemom 3awTute Saab Land Electronic Defence Systems 150
(LEDS 150) n npecpetaunma Denel Dynamic Mongoose 1.

WN3paenckn cuctem akTMBHe 3awwTtute Trophy yCrnelwHo je AeMOHCTpUpaH
Ha OKMNOMHUM BO3UNMMa 1 NpeAacTaBrba 4O4ATHY ONuujy 3awTuTe.

Bosuno je onpemrbeHo cuctemom 3a AeTekuujy U rawlerwe BaTpe 3a ge-
CaHTHO oferbere, Kao U 3a NPOCTop BO3aYa.

OpyxHu cucmem

Kaga je Piranha 5 npsu nyT nprkasaHa jaBHOCTU, BO3WIO je B1ro HaopyxaHo
JarbMHCKM ynpaBrbaHUM OPYXHUM cucTeMoM komnaHuje Konsberg, ca Tonom
cpenmer kannbpa 30 mm MK44 ca OBOCTPYKMM MyH-EHEM U KOAKCHjanHUM MU-
Tparbe3om 7.62 MM, Kao U JarbMHCKK ynpaBrbaHuM MuTparse3om M2 kannbpa 50.

Bo3nno y oBOj KOHGMrypaunj MHTEH3NBHO je TecTupaHo y HopseLlkoj, a
ucnpobaHa je koHdurypaumja ca NPpOTUBTEHKOBCKOM HaBohjeHOM pakeToMm Ja-
velin koja omoryhaBa Hanag Ha UWIbEBE KOjU Ce Hanase Ha garbMHama Ao
2.500 m.

Bosuno moxe 6utn HaopyxaHo kynonom Lance komnaHuje RheinmetallDe-
fence, onpemrbeHo Tonom Mauser MK30 u koakcujanHum Mutparbe3om 7.62 Mm
Kojum je onpemMrbeHo 1 Bo3uno Piranha I1IC 8X8 y noceay wnaHcke MOpHapuyke

newaguje.
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Boaurno HaopyxaHo Kyrnonom Lance, onpemrbeHo mornom Mauser MK30

Kynona Lance uma kommjyTepusoBaH CUCTEM 3a ynpaBibake BaTpoOM U
OHEBHO-HONHY HMLIAHCKY crnpaBy ca yrpaheHum nacepckum AarbMHOMEpOM 3a
HULIAHLN)Y 1 KOMaHAMpa KojeM je Ha pacnofiaraky M naHopamcka ocMmaTtpadka
cnpasa.

Piranha 5 moxe 6uTn onpemrbeHa u HajHoBWjoM kynornom Samson Mk I
nspaencke komnaHuje Rafael Advanced Defence Systems ca tonom 30 mm
MK44 Bushmaster, komnaHuje Orbital ATK, ca agBocTpykum nywerem. Bosuno
je onpemrbeHo 1 KoakcujanHuM mMuTparbesom 7.62 MM unu OnuMoHO ayToMarT-
ckum 6auadvem rpaHaTa 30 unu 40 mm. MNMopep Tora, moryhe je gogaT n NpoOTUB-
TeHKOBCKY BofeHy pakeTy Spike Ha kynony Samson Mk I

Ha cajmy Haopyxawa IDEX 2015 y YjeanweHum Apanckum Emwupatuma
npukasaHa je Bepsuvja BO3ura onpemrbeHa ModynapHuUM KyrnomHUM CUCTEMOM
Cockerill 3000 komnanuje CMI Defence. OBa kynona moxe 6utn HaopyxaHa To-
noesuma og 25 mm, na go tona 105 MM ca ony4yeHoOM LIeBU koOja, nopep, ynoTpebe
CcTaHgapAHe TOMOBCKE MyHWUMje, MOXe NnaHcupaTtu 1 nacepckun HasoheHe npo-
jekTune Ha garbmHama go 5.000 m.

KomnaHwuja je HanpaBuna un Behmn mogen Piranha y koHdurypaumju 10x10,
onpemMIbeH KynosioM HaopyxaHom Tonom 105 mm dpaHuycke komnaHuje Nexter
Systems.

WUspaheHa je cepuja Bo3una y koHdurypaumnju 10x10, onpemrbeHa paja-
pom 3a LBeAcKy obarnHy apTurbepujy, anu cy Ta Bosuna, ymecto y LliBeackoj,
3aBpLuMna y OputaHckoj apMuju n nocnata y ABraHuUCTaH.




MpeknHyT je paa Ha koHdurypaumjy 10x10 ¢ 063Mpom Ha HOBY TEXHOMOIHjY
Tona 105 MM KpaTKor noBpaTtHor Tp3aja Koju je moryhe yrpaguTtu Ha Bo3uno Pi-
ranha y koHgurypauuju 8X8. OcHoBHa Bep3uja Bo3wma npenasm gybuHe og 1,5
M 6€e3 NpeTXoaHUX Npunpema.

KomyHukaumoHa onpema un paguo-ypehaju 3aBuce of Kpajher KOpUCHWUKa,
anu cy oTBopeHe onuuje 3a yrpagwy HBX cuctema, cuctema 3a ynpabrbake
6uTkoM, NOMOhHoOr arperaTa oA 5 kunosata u ypehaja 3a cevere xuua.

JemoHcTpauunoHa Bo3una buna cy onpemrbeHa cnnut knuma-ypehajuma,
cHare 30 kunoBaTa 3a ynotpe0y y 3emrbama Cpearer ucroka.

JeOoHo of AeMOHCTpauMoHMX BO3umna Buno je onpemsbeHo M kamepama y
60ju koje nokpuBajy 360 cTeneHn oko Bo3una. Crnuke ca kamepa npukasyjy ce Ha
ypehajuma Bosada, kKomaHaMpa v HULWaHLWje, a NocToju 1 gucnnej y aeny npea-
BUEHOM 3a JeCaHTHO OJerbeHse.

HpazaH M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ©http://orcid.org/0000-0003-1620-5601

[a nu je Hemoayha npou3sodr-a Hosux nosauya F-227%*

AMEpPUYKN KOHIPEC Xenu Aa NOHOBO MOKPeHe Npou3Boaky Hajborber HeBu-
OTbUBOT JTOBLIA@ Ha CBETY, anu je 3a Tako HELUTO BEPOBATHO CyBMLUE KaCHO.

KomuteT 3a opyxaHe cHare Tpaxxuo je o4 aMepuyKor paTHoOr Ba3dyxomnoBCTBa
Oa pasmoTpu MOrynHOCT NMOHOBHE NPOM3BOAHKE HEBMAILMBOT NoBua F-22 ca cynep-
COHUYHUM KpCTaper-eM HaMeH-eHOM OCTBapuBakby BasgyLuHe Hagmohm y onbpambe-
Hom ByuieTy 3a 2017. roamHy. OBaj kopak npeay3eT je ¢ 063MpoM Ha HoBY yrory Pycu-
je y Esponu 1 nosehaHe arpecvsHocTU KnHe y Aanjckonaumnmnykom permony.

KomuTeT je Hanoxuo cekpeTapy 3a aMepuyko paTHO Ba3gyxOmnJioBCTBO Aa
cnposefe NpoueHy M CTyaujy TPOLIKOBa y Be3n C OOHaBrbaweM Mpou3BOOH-E
nosua F—22 n ga HakoH Tora U3BecTu KOHIpecHe komuteTe 3a ofgbpaHy go 1. ja-
Hyapa 2017. roguHe.

KomuterT je, Takohe, HAaNoXno paTHOM Ba3gyxonsoBCTBY Aa NpoueHu dyay-
he notpebe 3a ocTBapvBake BasgylwHe HagMohu 3acHOBaHe Ha KpaTKOPOYHUM
N cpearopoYvHMM MpojeKkumjama noctojehux npeTu M3 Ba3gyLIHOr NpocTopa U
ca kornHa. KoHrpec Takohe xenu ga ce u3BpLlun npoueHa ynore noesua F-22 vy
A2/AD (anti-access/area denial environments) okpyxewy y MOMeHTY kaaa dro-
Ta HaBpLUM Kpaj CBOI OnNepaTUBHOT XWBOTA, 3aTUM y nepuoay kaga Oyae nosy-
YyeH nosauy F-15C n y TpeHyTKy Kaja HoBa reHepauuja nosaua F-X noctaHe one-
patuBHa.llopea Tora, KoHrpec je Tpaxuo npoueHy TPOLUKOBa, BpeMeHa noTpeb-
HOI 3a MOHOBHO MOKpeTake NPON3BoAHE NMHUje noeaua F—22. 3akoHogaBHO Te-
110 >XEenv 1 NPOoLEeHy TPOLUKOBa 3a Habaeky godatHa 194 nosua kojuma 6u duna
NcnyweHa KBOTa paTHOr Ba3gyxOmnioBCTBa npeaBuheHa u y ycnoBuma xnagHor
paTta. Y TOM crny4dajy amepuyko paTHO Ba3gyxonnoBCTBO pacnonarano 6u ca 381
netenuuom. AMepu4ko paTHO BasdyxOMnoOBCTBO TPEHYTHO pacnonaxe ca 186
onepaTmBHMX noeaua F-22, of kojux je camo 123 cnpemHo 3a 60pby.

® The War is boring 22 april 2016.
* The Washington Post July 2009.
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F-22

KoHrpec je Tpaxuo 1 npoueHy TPOLLUKOBa 3a NPOM3BOAKY 40AATHUX aBUO-
Ha kojuma 6u 6uno onpemrbeHo 10 6opbeHnx eckagpuna. Y OKBUPY OBUX MPO-
ueHa, KoHrpec je Tpaxuno nogatke o noctojehum anatuma 3a NponsBofry NOB-
ua F—22, ueHy no jeaMHunum n ykynHy LeHy kojom 6u 6una omoryheHa HabaBka
Beher nnu marer 6poja netenuua, kao n MoryhHocTMa 3a U3Bo3 aBMOHA gpXxa-
Bama NnapTHepuma YKOJIMKO ce TakaB (caga 3abpaneH) n3Bo3 omoryhu.

YunHn ce ga je cuTyaumja ca NpousBOAHUM anatuma o3burbaH npodnem. Mako
cy komnaHuja Lockheed 1 amepunyko paTHO Ba3ayxonsioBCTBO YYUHUIM CBE LUTO je Y
HUX0BOj MONK Aa 06e3befe NpaBUITHO CKNaguMLITee anaTa 1 ynyTcTasa 3a npoms-
BOAHY NnoBua F—22, HacTanu cy npobrnemun kaga cy ekune 3a ogpkaBarse MoKyLua-
ne [a 13ByKy OnpemMy HEeONxoaHy 3a nonpasky owTeheHnx nosava.

MpunagHuk paTHOr Ba3gyxonfoBCTBa, KOjU je OgHeAaBHO Y NeH3uju, a Koju
pacrnonaxe casHatbMMa O NoKyLlajuma nonpaske gsa owTeheHa nosua F-22 ns-
jaBuo je ga cy 6unu cyoveHu ca 030UrbHMM MpobremMmnma NPUIIMKOM MOKyLUaja
Hanaxera ogrosapajyhux anarta.y jeqHOM npumepy cepsBucepu paTHOr Basgy-
XONJIOBCTBA MManu cy 3ajaTtak Aa Hanpase oapeheHy KOMNOHEHTY Kojom 6u 3a-
MeHunn owTeheHn geo 3a jegaH F-22. OTvwnu cy oo MecTa Ha KojeM je 6uno
npensuheHo ga ctoje ogpeheHn anatv N MHCTPYKUKje, anu cy, Ha CBoje U3HeHa-
hewe, ycTaHOBUNN [a je KOHTEjHep npasaH.

WcTa cutyaumja ce noHOBWa HEKOMNWKO NyTa U OO AaHac HeMa casHaka O
TOMe [a N1 je oBaj npobnem pelleH. 3akrby4yeHo je Aa Yak 1 kaga 6u patHo Ba-
3[yXONSIOBCTBO XTEMO, HE MOCTOju (hr3myka MOryhHOCT 3a NOHOBHO MOKpeTawe
npou3BogHe nuHuje, 6ap He 6e3 BENMKUX MHBECTULMjA Y HOBLLY 1 BPEMEHY.

Hpyrv npobriem Koju je NoTpebHO pa3mMoOTPUTU jeCcy MHCTPYMEHTU Ha NoBLY
F-22. OHKM cy MHOrO CcTapuju y 0O4HOCY Ha BpeMe Kafa je 1noBal, MocTao ornepaTyBaH,
opfHocHo of aeuembdpa 2005. roamHe. Mako F-22 cnapa y HajcaBpemeHuje onepaTme-
He neTenuue y cactaBy aMepuyKor paTHOr BasoyXomnsioBCTBa, HeroBa KoMMjyTepcka
apxuUTeKTypa je Ha HUBOY U3 AeBeaeceTyX roguHa npoLunor Beka. [pouecopu kommnjy-
Tepa ca noBua pafe Ha 25 meraxepua (nopehera pagu, jedaH npocedaH komepuy-
janHu npouecop caga pagu Ha 6pavHama o npeko 4.000 meraxepua u To camo 3a




jeaHo jesrpo). 3a pasnuky o wera, F-35 ynotpebrsaBa mpexy o 5 myntunpoLecop-
CKMX MNoYa Ha Kojuma CBaku npouecop paam Ha bpamHama og 2.000 meraxepua.

Y ckragy ¢ MM, codTBep rnoBua (codTep je pafeH y NporpaMmckoM je3viky
Apna 3a pasnuky of codtBepa aBuoHa F-35 koju je paheH y nmporpamckom jesuky
C++) F-22 je Takohe 3actapeo v Bprio npobrnematuyaH 3a yHanpehuBawe, LUTO
npeacraerba jegaH of pasrora 360r kojux je 6uno Bpno npobnemaTtndHo omoryha-
Bare yrnotpebe paketa Basayx-sasayx AIM-9X n AIM-120D, a u garse je npucytaH
npobnem ocTBapuBara KOMyHMKaLMje NoBLUa ca ApyruM aBvoHMMa. KomyHukaumja
ca apyriMm nnatdopmama je nHade jedaH of npeaycrnoBa OCTBapvBaka BasfyLlUHe
Hagmohu noBsua F—22, jep je npeobuTHM nnaH npeaguhao ga nosaw, npymMa nogartke
of, BMLLIE pasnuuuUTUX nratgopmMu, He yrnoTpebrbaBajyhv CBOje aKkTMBHE CUCTEME
ocmatpatwba. Takohe, nnaH je npegsuhao Aa NoBUM KOMYHULIMPAjy ca OpyrM aBuo-
HVMMa aMepuyKOr paTHOr Ba3dyxOnioBCTBa Tako LWTO 6u um npocnehmeany nHdop-
Mauuvje notpebHe 3a Hanag Ha opabpaHe uwrbese. VHade, F-22 je jegnHn aBMOH
aMepUYKOr paTHOT Ba3gyxonmoBCTBa Koju HeMa Y MOTNYHOCTU pa3BujeHy OBy OMLUMjy.

Y cny4yajy NOHOBHE Npoun3Boatke 6mno 6u noTpebHO 3aMeEHNTH CBE MHCTPY-
MeHTe neTtenuue, He caMo 3aTo LWTO cy 3acTapenu Beh u 36or Tora WTO ce Ta-
KBW npouecopu 1 ogroeapajyhe komnoHeHTe Beh geLieHnjama He Npon3Boe.

JegaH of rmaBHUX Nnpobnema npeacTasrbajy MeTanHa onnaTa, MunMoHmma
BpedaH CnosbHU MeTarnHu Croj aB1oHa Koju je MpeKkpuMBEH MaTepujanuma 3a an-
copnuujy pagapckux eMucuja, OAHOCHO OCETIbUBOCT OBOr OMOTa4a Ha Kuy U
Ha gpyre abpasvBHe enemeHTe, LITO 3axTeBa Benukn 6poj pagHux catu ogpxa-
Bara. KoHKpeTHO ce nomukbe Aa je notpebHo Buwe of 30 catu oapxaBarba 3a
CBaku caT neTa, WTo nogwxe ueHy jegHor cata neta Ha 44.000 amepunykmx go-
napa v WTO NpeAcTaBrba HajBuLLY LIeHY oApXaBaka Yy OHOCY Ha CBE aBUOHE Y
aMepu4KkoM paTHOM Ba3dyXOMNsIOBCTBY.

lNoguHe 2005. komnaHuja BonHr oTkpuna je aedekTe y TUTaHUjyMCKUM HOCauu-
Ma Koju BeXy Kpura 3a Tpyn aBuoHa, LUTo 61 Mormno AoBecTu 4o KatacTpodharHor ry-
OuTka aBMOHa’. YMECTO Oa Tada 3aTBOPY NMPOU3BOAHE NUHMjE, koMnaHuja bouHr je
noTnMcana crnopasyMm ca paTHMM Ba3gyXOMnioBCTBOM Ja ce NpobrieM peLum Tako LUTO
he ce nosehatn 6poj nHCnekuuja aBMoHa y otk ¢ TuM WTo he oBe gogaTtHe Tpo-
LLKOBE NNaTtuTV paTHO Ba3ayxOnsioBCTBO. JefaH oA passiora jecte LWTo je KoMMnaHuja
Jlokmp, ynotpebrbaBana Benuku 6poj noamssohaya, 40K je caM NpoLec KOHTporie kBa-
nuteta 61O TOMMKO NoOW fa cy pagHuum abpuke y Llopumju camu mncnpaemanu
yOueHe rpeLlke Ha JioLle MPOojeKTOBaHNM WUIn JoLue n3pafheHrm genosmma.

NoanHe 2006. jegaH o nunota 6o je 3apobrbeH HEKONUKO caTh Y KOKMK-
Ty,jep ce 3armaBuo noknonay kynone. Cama kynona He Moxe Aa Tpaje Ayxe og
18 meceun, jep HakoH Tora rybu cBojy YBPCTUHY U MPOBUOHOCT. AMEpPUYKMN 3Ba-
HUYHWMLUM CY NOTBPAWMIM A BUMASBMBOCT Kynose onaga MHOro 6pxe Hero LWTo je
TO OYEKMBAHO N Aa Cce TaMHe Mprbe U JbyliTelwe MaTepujana nojaerbyje HakoH
camo 331 caTta neta ymecto ovekusaHux 800 caTtu.

Mpoueryje ce pga je camo 55 npoueHata ¢pnoTte nosaua F-22, BpegHe
ckopo 65 munujapgu gonapa, CNpemMHo 3a Mucuje.

MehyTtum, ako KoHrpec oaBoju 4OBOSBLHO HOBLIA, aMEPUYKO paTHO Ba3ayXo-
NMOBCTBO MOrfo 6u ncnnannpatv mogepHusaumjy noeua F-22 Ha 6a3n apxuTek-
Type nHcTpyMmeHaTa yrpaheHux y nosau F-35, wrto 61 omoryhuno lMeHTarony ga
ywTeau 3HaTHa cpeacTsa M ga xomornorusyje ypehaje y oba nosua, anv n ga
KOHa4yHO omoryhu noTpebHy KOMyHUKaLmMjy OBOr fioBUa ca ApYyrum netenvuama
aMepuyKor paTHOr Ba3gyxOnsoBCTBa.
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MpousseneHo je ykynHo 195 nosaua F-22, wto je MHOro mawe o npBo-
OUTHOr 3axTeBa paTHOr Ba3QyxonroBCcTBa Aa uM je notpebHo 750 noeava.

Ynpkoc Tome wTo F-22 cnaga y Hajborbm nkaga HanpaerbeHU NoBal, he-
roB Au3ajH gatupa jow u3 ocamgeceTux rognHa npoLusior Beka, O4HOCHO Hanasm
ce y cnyxbu Beh BuLe of geleHuje.

TexHornoruja je ctapa, napameTpu y Be3u HEBUAIBUBOCTU, MHCTPYMeHaTa n
On3ajHa aBuoHa y MeflyBpeMeHy cy 3HaTHO npomMereHn. YKonumko 6u paTHo Ba-
3[yXONSIOBCTBO MOpano Aa MHBECTUpa HEKONMUKO AeceTuHa Munujapav gonapa
y netenuuy, 6uno 61 BaXXHO ga ce yBepwu fa Ta TexHororuja Huje npeasufeHa.
F-22 he po 2035. roguHe 6uTtK Buwe og 30 rognHa y cnyxou, wTo 3Haum ga he
Taga OMTM NOTMNYHO 3acTapeo .

PaTHO Ba3gyxonnoBCTBO BEPOBATHO HUKaA HeEhe MOHOBHO NOKPEHYTU Npons-
BOOHY NWHWjy 3a nosay F-22. lNMocTtojeha TexHomorvja nma CBOj poK Tpajawa u
aBWOH HajBepoBaTHUje Hehe BUTK y MOryhHOCTM Aa napupa netenuvuama Kao LwTo
cy pyckn PAK-FA v knHeckn J-20, a y MehyBpeMeHy Cy 1 Heke apyre ApXXaBe Kpe-
Hyne ca pagjoBuMMa Ha CBOjUM JOBLMMAa HaMeH-EHVMM OCTBapuBaky BasayLuHe
HagMmohu. AMepunyko paTHO BasdyXxOMNSIOBCTBO Beh je no4veno ca pagoBuma Ha
cnegehoj reHepaumju nosua 3a ocTBapuBake BasayluHe Haamohu; To je F-X.

Hpaear M. Byuykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

HoBe pycke HanagHe nogMopHuLe®

HoBa pycka nogmopHuua K-329 Severodvinsk, knace Project 885 Yasen,
crnpemMHa je 3a npBy 60p6eHo- TpeHaXHy MUCHy.

Hoea pycka nodmopHuya K-329 Severodvinsk

® The National Interest 27 March 2016.




HoBa nogmopHuLa HefaBHO je 3aBpLuMria onepaTMBHO TECTUPaHE HAKOH LUTO
je noctana geo gnote 2014. roguHe. MNopTtnapon pycke cesepHe drnote Bagum Cep-
ra usjaBuo je Aa je nocaga nogmopHuue Severodvinsk m3spLuMna cBe NpUNpemMHe
pafHe HEONXOAHE 3a UCMITOBIbaBake Ha NiaHnpaHe 60pOGeHo- TpeHaxHe Mucuje.

Pycka nodmopHuua K-329 Severodvinsk

Severodvinsk nocenyje MHore aytomaTtusoBaHe TexHornoruje koje je CosjeT-
ckn CaBes pasBujao TOKOM cejaMmaeceTnx U ocamaeceTnx roamMHa ca nogmMopHu-
uama knace Project 705 Lira nog amepuykum kogHum Hasusom Alfa. NogmopHuue
knace Alfa, umju je Tpyn 6mo n3pahneH og TMTaHnjyma, bune cy onpeMrbeHe HykIe-
apHMM peakTopuMMa xrnaheHnm Te4yHnm meTanom. To cy bune Hajop)xe NOAMOpPHU-
Le y TO Bpeme 1 Morfe cy Hajaybree Aa 3apoHe of CBMX OCTanvx NoagMopHuLUa us
Tor nepuoga. M3ysetak je npeacraerbana camo jegHa NoAMopHMLA, ONeT pycka,
knace Project 661 Anchar, amepuukor kogHor HasvBa Papa.

“PAPA" Class

lModmopHuua knace Project 661 Anchar
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Russia, Project 661 Papa Class
(Darth Randa)

S0m 100m

s shipbucket.com

Hoea noamopHuLa Severodvinsk aytomaTtn3oBaHa je y BENUKOj Mepu, a noca-
4y 4nHe 32 ocpmumpa u 58 mopHapa nogMopHudapa. AMepuyKU NOMOPCKU UHCTUTYT
Combat fleets of the World npoueryje aa 6u nogMmopHuiLa mMorna nrnosuTn 6p3vHoOM
on 35 0o 40 4BopoBa, a Aa joj je MakcumarHa ,Tuxa” 6p3umHa oko 20 4YBoposa. Kao n
Kog APYrvX HyKIneapHUX NOAMOPHKMLA HOBWje reHepaLuuje, peakTop NoagMopHuue Se-
verodvinsk Tpaje konuvko u cama nogMopHuua. Takohe, npouewyje ce Aa je Hosa
pycka noagMopHuLa Tua y OAHOCY Ha amepuyke nogmopHuue knace Improved Los
Angeles anu He n Konuko nogmMopHuue knace Seawolf u Virginia.

3a pasnuky oA BehuHe nogmopHuMUa CcoBjeTcKor An3ajHa, krnaca Yasen He-
Ma gynnu Tpyn Beh uma xmbpmaHn AmsajH ca nakwom CTPYKTypom obasujeHOM
Npeko yHyTpalluker Tpyna noamopHuue. MNpumeTHa je jow jeaHa nsmeHa, a 7o je
cepudHM NpamyaHu coHap nof HasueoMm lrtysh Amfora. 36or TakBe nokauuje
COHapa ToprnefHe LeBW Hanase ce Herge Ha CpeavHu NMOAMOPHMLE, LWTO je pe-
LLEeH-E KOje je MPUCYTHO Ha aMepuyknm nogmMopHuuama. Severodvinsk Mma ocam
TopneaHux LeBu of Koju cy yetupu 650 mm, a gpyre vyetupn 533 mm. lNpouery-
je ce pa 6u oBa knaca nogMopHuULe morna Hocutu Yak go 30 Topnega.

Pycu cy ceecHu aa Bpeme Huje ctano of 1993. roguHe Kaga cy noyenu pago-
BM Ha 0BOj nogMopHuuu. Pycka mopHapuua he tokom 2016. rogMHe npyMmnt UCno-
pyKy HOBe HanagHe nogmopHuue knace Project 885M, nog HasmBom Kazan. OBo
nrnosuno buhe yHanpehennje og Severodvinsk-a. Ovekyje ce ga he Kazan nmatu
yHanpeheHe ceH3ope 1 opyXaHe cucteme, a 6uhe u Tuwm og Severodvinsk-a.

ANlANDS il Dominating the seas and coastlines, the VIRGINIA-class submarines
= will gather intelligence, deploy special forces, and attack land targets

e
BIG EARS

Hoea HanadHa nodmopHuue knace Project 885M




Pycka mopHapuua o4vekyje NCnopyky o MUHUMYM OocaM HanagHux nogmop-
Huua knace Yasen. YeTvpn nogMopHULE Cy HapyyeHe, a y jyny 2013. roguHe
noyenun cy pagosu Ha Tpehoj nogmopHMUM U3 oBe cepuje nog HasmeoM Novosi-
birsk.

Nako je nogmopHuua knace Project 885M Bpno nmnpecusHa, oHa Huje y
NOTNYHOCTU jedHaKka aMmepudkMm nogmopHuuama knace Virginia y nornegny aky-
CTUYKUX N CeH30pcKknx nepdgopmaHcu. OBa knaca ce MoOXe, y CMUCIY CUPOBUX
nepcopmMaHcu, MepuTu ca Tpu amepudke nogmMmopHule knace Seawolf koje cy
On3ajHnpaHe jow y BpemMe xragHor pata 3a 6opby npoTuB Taga HajMOAEPHUjUX
coBjeTCckux nogmopHuua knace Project 941 Akula, knace Typhoon Project 971
Schuka-B u knace Project 945 Sierra.

MoamopHuue knace Yasen cy 6p3e, TELKO HaopyxaHe MU poHe AyDokKo.
CjeoumeHe [pxaBe 6 Mopane nocegoBaTtv BuLe NOAMOpHMUA Knace Seawolf
3a 6opOy npoTue wux. NMogmopHuue knace Virginia Hemajy TakBe nepdopmMaHce
y nornepny oybuHe 3aparana, bp3vHe 1 okeaHCkUx nepcgopmMaHcy y ogHOCY Ha
knacy Seawolf.

Pycuja je 3anoyena ca pagom Ha MnpojekToBaky ABa HOBa TUNa Hykneap-
HUX nogMopHuLUa koje 6u Tpebano ga 3ameHe nogmopHuue knace Project 949
Antey, HATO o3Hake Oscar n nogmopHuue knace Project 945, HATO o3Hake Si-
erra. OBe nogmopHuue 6uhe 3a jegHy reHepauujy ucnpeg pyckux 6anmctuykux
nogmopHuua Project 955 Borei n HanagHux nogmopHuua knace Project 855M
Yasen koje cy npakTuyHO pa3sBujeHe jowl 3a Bpeme CosjeTckor CaBesa.

lModmopHuya knace Project 945, HATO o3Hake Sierra

MoamopHuua npefBufjeHa kao 3amMeHa 3a kracy Sierra o3HayeHa je Kao
,Apecpetay”’ n umana ou 3agartak ga WTUTK pycke HykneapHe banucTnyke noa-
MOpHUUe, Aok 6y noamopHuue npeasuheHe 3a 3ameHy knace Oscar 6une Hy-
KrneapHe nNogMopHuLe ca BoheHMM pakeTama, npefBufieHe 3a NoB Ha amepuyke

rpyne Hoca4a aBMmoHa.
1203
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OBe nogmopHuue npunagahe NeToj reHepauuju HykrneapHMX MNOAMOpPHMUA.
Ob6e knace umahe uct gm3ajH Tpyna. OcHoBHa pasnuka buhe y HUXOBUM Opyxa-
HVMM CUCTEMUMA, a MpecpeTayka Bep3uja Hehe HocuTK NpoTMBOpPOACKE UNM KpcTape-
he pakeTe Benukor gomeTta. OBa Bep3uja 3ameHuhe nogmopHuue knace Project 971
Schuka-B Akula, knace Project 945 Sierra n knace Project 871RTM Victor IIl. Opyra
Kraca koja he y CBOM Haopyxary nMaTti NpoTMBOPOACKe U KpcTapehe pakeTe Benu-
Kor gomeTa npeapuheHa je 3a 3ameHy noamopHuua knace Project 949A Oscar |I.

Pycn o4ekyjy nouyeTtak npousBoarwe OBUX noamopHuua uamehy 2017. wn
2018. roamHe, 0OK AMEPUKaHUM HUCY TOJIMKO OMNTUMWUCTUYKU PACMONOXEHN.
AMeprYKM MOMOPCKM EKCNEPTUN HE OYEKYjY yBONeHe 0BUX NOAMOPHMULA Y NPOU3-
BOAHY jOLL HEKO BpeMe.

HpazaH M. Bydykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

HoBa Bepauja aBnoHa Gripen®

Opf kako je, TOKOM AeBefeceTux rognHa, LIBeOcKO paTHO BasAyxOnsoBCTBO
[o6uno BuLLIeHaMeHcku noeal, 6ombapaep, OH je yBeaeH y onepaTuBHy ynoTpedy
y Yewkoj penyonuum, Mahapckoj, Jy>kHoj Adppuum, TajnaHay, Benvkoj bputanuju,
a yckopo he ce nojaButn u y bpasuny koju je Hapy4mo 36 HoBux noBaua Gripen
E/F. XpBaTtcka n CnoBayka Takofhe cy 3aMHTepecoBaHe, anu 3a ctapujy Bep3ujy
GripenC/D, a un y ®uHckoj noctojyu uHtepecoBare 3a mogen Gripen E. OBakaB
pa3Boj cuTyauuje oTBapa MOryhHoCT hopMupara MHTErpUcaHe eBporcke Basay-
LLUHe necHuLe HaopyxaHe nosuuma Gripen y oksupy cuctema HATO.

IpuneH onpemrbeH nodsecHuM HuwaHckum ypehajem Litening 11l

¢ Jane’s Defence Weekly 11 May 2016.




OBakaB cacTaB Ba3fgyLLHUX cHara y oksupy esponckor gena HATO-a omo-
ryhmo 6u noTeHuuWjanHe onepaTtuMBHE NPEOHOCTU Y MyNTUHALUMOHANHUM MUCHja-
Ma, anu 1 3Ha4vajHy ywrtegy y nornegy obyke nunota u ogpxxasara. OBu aBuo-
H1U Mornn 6m 6uTtn ynoTpebrbeHn 3a o0be3befhere BasayLWHOr NpocTopa M3Hag
pernoHa bantuka n ApkTuka, 6anTUYKMX OpXxaea, VicnaHga u jykHor gena mc-
TouHe EBpone rae 6u 6unu aHraxosaHu y 6n1ckoj Ba3gyLIHOj MOAPLULIM, NPeLm-
3HUM yOoapvmMa, TakKTUYKOM n3Buhakby, anu 1y pasHum Apyrum onepauujama.

Lseacko paTHO Ba3gyxonrfioBCTBO TPEHYTHO pacnonaxe ¢notom o 73
BMLWeHameHcka jegHoceda JAS 39 Gripen C n D u geocegmuma JAS 39 D. Behu-
Ha foBaua je ckopo npowusBefeHa, noctojeha rpyna og 120 aBuoHa JAS 39 Gri-
pen A 1 B caga je MmogepHM30BaHa, a MHa4Ye CBM aBUOHU U3 Te rpyrne Mory 6uTtu
yHanpeheHnn Ha koHdurypaumjy C/D. NoguHe 2013. LBeacka je Hapy4duna 60
HOBUX, HanpegHux jegHocena JAS 39 Gripen E koju he 6utn ncnopyyvmsanu og
2019. roguHe ca onuwmjom of goaatHux 20 netenuua.

Yewka penybnuka n Mahapcka umajy Ha nuamHry no 12 n 10 aBuona Gri-
pen C ca no 4yetupu gogaTHux mogena D. Mahapcka je y aBuoHcknm Hecpeha-
Ma usryouna jegaH mogen C v jegan mogen D, na cy Mahapu Ha ocHoBy Tora
TpaXxunu 3aMeHy jeqHor aBumoHa 1 nonpaeky gpyror. Ouekyje ce aa he oba par-
Ha BasgyxonnoBcTBa nosehatu 6poj aBuoHa Ha 18.

OwmeheHu mahapcku Gripen

OGe 3emMrbe KOpuCTe CBOje aBMOHE Yy MUCHjama BasAyLlHOr Haasopa Hag
Bantukom, Ook cy Yelwkn aBuoHn Tuna Gripen netenu un Hag Wcnangom. Ob6a
paTHa Ba3dyxoNnfoBCTBa pas3Bujajy AofAaTHE cnocoOHOCTM 3a yaapHUM Hanagu-
Ma cBojux aBuoHa Gripen.

Y mehyBpemeHy je CnoBavka ogabpana Gripen C/D 3a HacnegHuka cBoje
droTe muroea 29 koja noTunye jow of Bapluasckor nakta. CrioBayka je nopyymna
9 0o 12 aBMOHA, a NpeTnocTaerba ce aa he MM 6MTK NOTPEBHO joLl Kako Bu ce 13-
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jeoHaumnu ca permoHanHuM naptHepuma. Odekyje ce aa he aBuonu yhu y onepa-
TUBHY ynotpeby npef kpaj 2017. roguHe. Tokom oktobpa 2015. roanHe n Xpeat-
cka je 3anoyena nperoBope o nuanHry 8 go 10 aBuoHa Gripen C/D ca onuumjom
npowmnpmuBana pnote. Oyekyje ce aa y 6ygyhHocT cBa Ba3gyxonnoBcTea npehy
Ha HoBy Bep3ujy Gripen E/F, HapounTo ako ce ugeja o popmmpary EBponcke Ba-
3aywiHe HATO rpyne onpemrbeHe aBnoHumMa Gripen UCNOCTaBu Kao ycneLuHa.

Y cBeTny HajHOBUWje 3aTerHyTe cutyaumje ca Pycujom n ®uHcka pasmuiurba o
3ameHu cBoje dnote of 60 aBuoHa F/A-18 C/D asuoHuma Gripen E/F y okBupy
nporpamMa 3ameHe noBua. OcnM MOMEHYTUX KOPUCHUKA Ty je u AycTpuja Koja pas-
MULLIbAa O EKOHOMMWYHWjO]j anTepHaTMBM Yy OOHOCY Ha cBOj noBay, Eurofighter
Typhoon, a u LLBajuapcka Koja HacTaBrba ca crnpoBoferem nnaHa HabaeBke HOBOT
NOBLia HaKOH LUTO je ocTana 6e3 noapLuke jaBHOCTM 3a HabaBkom aBuoHa Gripen E.

Gripen C/D

Gripen C/D ywao je y onepatusHy ynotpeby 1997. roanHe kao HanpegHuja
Bep3uja aBumoHa Gripen A/B koju ce npoussoamo og 1993. go 1996. rogmHe 3a
LUBEACKO paTHO Ba3gyXxomnioBCTBO.

Hoeu Gripen C ucnopyyeH je y mapty 2015. roguHe, na je ocnoboheHa
npoussogHa nuHuja 3a Gripen E.

CynepcoHunyHun Gripen C/D nokpehe TypboBeHTMNATopcKkM MOTOp ca Ado-
JatHumMm caropeBanwem Volvo RM12, a ocnawa ce Ha MOAepHU30BaHy Bep3ujy
pagapa PS-05/A ca MeEXaHUYKUM CKEHMPAHEM Kao CBOI MPUMapHOr ceH3opa.
Gripen C/D moxe TaHKOBaTU ropuBo TOKOM neTa, nocenyje HATO komnatnbun-
HU Link 16, kOMyHUMKaLMjy ca Tpynama Ha 3eMSbM Y pexnmy BasayLuHe noapLuke,
noeHTnukauunjy cBoj-tyhn, pagno m cartenuTcke KOoMyHuKauuoHe ypehaje u
anMHKOBE, Kao 1 HanpeaHW CUCTEM 3a eNEKTPOHCKM paT. Takohe, onpeMrbeH je
aedaH3MBHUM CUCTEMUMA, CUCTEMOM 3a HULLAHEHE NPEKO NUNOTCKE Kauure, a
Heroea kabuvHa je npunarofeHa 3a pag ca ypehajuma 3a HORHO ocMmaTpamse.

HaopyxaH je nHTepHum aytomaTckmm Tornom 27 mm Mauser BK 27 onpemrbe-
HVMM pagapcknM pexvMMomMm rafjara, a ONpeMIbEeH je ca LUIECT EeKCTEPHMX NMOABECHMX
Tayka 3a pakeTe Basfyx-BasgyX U OpyXjeMm 3a AejCTBO y pexvMy Basgyx-3eMrba.
HaopyxaH je paketama Ba3ayx-Basayx cpeaner gfometa AMRAAM, AIM-120, kpat-
kor gometa AIM-9 Sidewinder n IRIS-T, kao n paketTama 3a rahamwe UMrbeBa BaH
BM3yenHor gometa Meteor. Y okBupy gejcTBa y pexumy Basgyx-3emrba,Gripen C/D
HaopyXaH je HaBofheHnm paketama Maverick, HeBoheHUM 1 BOheHUM pakeTama n
bombama. OBaj apceHan Haopyxara HaBoaW Ce Ha UMIbeBE NMPEKO MOLEPHOr Noa-
BecHor HuLuaHckor ypehaja Litening Il uHcTanupaHom Ha aBuoHe y Haopyxamy Ye-
wke, Mahapcke u LLBeacke. LLBeackn aBMOHU HAOPYKaHW Cy U pakeToM BasgyX-Mo-
pe RBS15F 3a rahawe uurbesa Ha mopy 1 noasecHum ypehajem Terma SPK 39
Modular Reconnaissance Pod Il 3a TakTnyko nasuharse.

Jloeay, 6ombapaep Gripen C/D pobwo je 2015. roguHe HajHOBMjU codpTBEP
MS20 koju My omoryhyje nHTerpauujy ca opy>kaHum cUcTeMUMa Kao LUTO Cy pakeTa
3a rahare unrbesa BaH BusyenHor gometa Meteor u GBU-39 MBD Small Diameter
Bomb y3 HM3 HaBuraumoHux noborbluaka, MoryhHoCcTU HOhHOM ocmaTpara nyTem
noasecHor ypehaja SPK 39 u cuctemom 3a nsberasamwe cyaapa Ha KonHy. Mefhy-
TUM, HajBaxkHuje noborbluake M3BPLUEHO je y obnactm pagapa PS-05/A Mk 3.
Codpteepckn naketr MS20 omoryhuo je yHanpehewe pagapa koju je caga onpe-




MIbEH HOBMM MpoLiecopumMa M CUrHarom, ayToMaTCKUM PEXUMOM OnTumMusauuje,
WTo My noborblLiaBa pexnM OTKpUBara LurbeBa, eNeKTpoHcke npoTueBmepe, 6orbe
nepdopmaHce y npahery UMrbeBa 1 noborbLiake y pexvMy paga CUHTETUYKOT pa-
bapa. Takohe, omoryheHa je HoBa onuuja npeTpaxunsarwba Ha BENVKUM AarbuHama.

Y mehyepemeny komnaHuja SAAB Electronic Defence pagu Ha pa3Bojy Ho-
Be BapujaHTe pagapa Mk4 koja he oTkpuBaTu LurbeBe Ha jowl Behum yaarbeHo-
CTMMa, nocefoBaty MoOryhHOCT OTKpMBaha LUurbeBa ca ManvMm pagapckum ofa-
pasom, NoborbLIaHN paa y pexumy Basayx-Basayx W joll ABa HOBa pexuma pa-
Oa CUMHTETUYKOr pagapa ca oCTBapuBakeM pes3onyuuje umrbeBa og 3 M 1 Ma-
HOM, Ucnog jeaHor meTpa. [logaT je HOBM pexum Tparaka 3a MasiuM noBpLUNH-
ckum 6poaoBMMa Ha BENMKUM JarbuHama.

KonauHo, Gripen C/D je MHOro noysgaHujyu aBUOH W Nak 3a ynpaerbakbe.
[obpo ce nokasao y onepauujama K 3axTeBHUM Bexbama kao wTo cy ,Red
Flag” u ,Trident Juncture” n octahe noteHTaH, MoaepaH BULLEHaMeEHCK/ noBaly,
n y cnegehoj peuennjn. Y cnegehum 3gpyxeHum onepaumjama Gripen C/D he
ce Nnako ykrnonutn y pagy ca nosuem Gripen E/F.

Gripen E/F

Gripen E MHOro nuum Ha npeTxogHe moaene, anu ce paan O NOTNYyHO HO-
BOM aBWOHY KOju NpecTaBrba BpX pa3Boja BuLleHameHckor nosua. [psu net
oBor nosua 6ombapaepa oyekyje ce npef kpaj 2016. rognHe, a TPEHYTHO ce UC-
nnTyje KoHBepToBaHM mogen D onpemrbeH cuctemmma koju he 6utu yrpahenu
Ha mogen E. lNpee komnjytepcke cumynauuje nokasyjy aa je Gripen E HagmohaH
y ogHocy Ha F-35, y MHOrMM acnekTtMma paBaH amepudkom nosuy F-22 u suwe
Hero JoCTojaH CynapHWK MHOro Behem u Texem nosuy Su-35.

Gripen E nma Behy noBpLuvHy kpuna, nosehaHy HOCMBOCT ropuvBa, ABe 40-
JaTHe noaBecHe Tauke, LWITO My noBehaBa HOCMBOCT YBOjHUX cpeacTasa Ha 7,2
TOHe, HOBM pasMellTaj cjajHor Tpana, HOBY OMpeMy 3a BOheHe eneKTPOHCKOr
paTa, HOB CMCTeM NpoTuBMepa, nosehaHe MOryhHOCTU 3a NpuKynibake NHgop-
Mauwuja, Hag3opa, 3axBaTa unrba v n3suhara, Kao U cCMakeHn pagapcky ogpas.

Hoeu Gripen E
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Tpu ocHOBHa cermeHTa aBuoHa cy motop F414-GE39E komnaHuje General
Electric koju je npobuTHO passujeH 3a F/A18-EF Super Hornet, cuctem 3a vH-
dpaupseHo Tparawe u npahewe Selex ES Skyward-G v pagap ca enekTpoH-
ckum pasmpameM Selex Galileo ES-05 Raven (AESA). OBaj pagap onpemsbeH
je HOBOM MHOBATMBHOM aHTEHOM koja 06e3befyje ocmartpauyko norbe og 100
cTeneHu, WTo oMoryhyje noBUy la Ce OKPeHe HaKOH NaHcupaka pakeTa, anuv aa
HacTaBu ca npaheweM pakeTe Npeko AaTa-nunHKa.

Papapcka enekTpoHcka aHTeHa crojeHa je MOTNyHO AUrnTanvM3oBaHUM
MyNTUKaHaMHUM yrasHuM U nsnasHum ypehajuma n npoLecopCKOM JIMHUjOM,
wTo obe3befyje HeCcMeTaH pag y pexumuma Basgyx-Basgyx W Basgyx-3emiba.
Takohe, obe3befheHa je MOryhHOCT cTanHor copTBEPCKOr axypupaha, WTto he
My omoryhutu garou passutak y cknagy ca 6ygyhum notpebama.

Cuctem 3a vHdpaupBeHO Tparawe U npahewe Selex ES Skyward-G je
HeonxoJaH paauv caBrnajaBara CcKyne ,HeBuaSbMBe” TEXHOMOruje Koja ce Hana-
31 Y MHOMMM MOAEpPHMM foBuuMa kKao wrto cy F-35 un Sukhoi T-50, Tako wto
omoryhaBa geTekuujy 1 npaherwe BasayLHUX N KOMHEHUX UuibeBa BaH BU3Yen-
Hor gomeTa 6e3 akTMBHMX pafjapCckux emMmmncuja koje bu ogane npucycTeo foBLa.
Cucrtem ce Hanasu ogmMmax ucnpea nNUoTcke Kynone, BaH UeHTparnHe nuHuje ca
oarosapajyhum nHct1pymeHTma cMmewteHum 6nusy pagapa. Gripen E/F he, Ta-
kofhe, OUTU onpemSbeH MOTPOLUHMM aKTMBHMM MaMuMMa 3a OoMeTake 3eMarb-
CKUX pagapa v pagapckv HaBofeHux pakeTa.

Ywmeoda

Komnanwuja Aeronautics Division Saab ouekyje npoaajy namehy 300 n 450
aBuoHa Gripen C/D/E/F Tokom cnepehux 20 roguHa. EBponcka paTHa Ba3gyxo-
nnoBcTBa nNnaHupajy Habasky 24 no 48 aBnoHa Gripen C/D, a o4ekyjy ce gopat-
He HapyLbuHe 13 Adpuke 1 gpyrux mecTta, LITO 61 AOBENO A0 CMakbeHa Npons-
BOOHUX TPOLLKOBA M YYMHWUIIO OBaj aBWOH jOLU MHTEPECAHTHUjUM 3a KYMNOBUHY.
Takohe, oyekyje ce HabaBka Hajmawe 60 aBuoHa Gripen E 3a LBeacky n go-
aatHux 100 go 150 mogena Gripen E 3a eBponcke 3emrbe.

C o63upom Ha 6poj aBMoHa y ynotpebu oTBapajy ce HoBe MoryhHocTu y
BMAOY UHTErpucaHor ogpxasata 1M obyke. Y TOM criyyajy aowwno 6u o cmame-
Ha TPOLLKOBaA M BpeMeHa ofpkaBara U onpaske. TexHu4ko ocobrbe 6u 3ajen-
HO Mo Ha obyKy Ha jegHO unm ABa mecTta y EBponn, noTnyHO onpeMrbeHo 3a
TakaB 3afaTak, WTo 6 3HaTHO CMakMIO TPOLLKOBE MH(PACTPYKType 1 yHanpe-
anno ctaHgapae obyke u nHteponepadbunHoctn. OBaj npouec ce Beh cnpoBoam
3a KOpUCHWKe aBnoHa y Yelwukoj, Mahapckoj u LLseackoj.

3ajedHuyka obyka nuioma

Tokom roamHa nojasurie Cy ce pasnuunte onuumje obyke NUnoTa y HOPAMCKUM
3emrbama, anu je nojaea esporickux HATO Gripen cHara oTBopuna MoryhHocT 06y-
Ke MOTNyHO KBanmnMUKOBaHNX U CTaHgapan3oBaHux nunoTa Gripen-a. LlBeacka je
y4yecTBOBana y npojeKkTy HanpegHe obyke eBPOMCKMX NUO0Ta MITa3HNX aBMOHa KOju
je npekuHyT 2012. roguHe 360r pasnuunTMX 3axTeBa y4YeCHUKa Kao LWTo je PuHcka.
MehyTum, 06e 3emrbe cy HacTaBume ca TpaxeweM AyropoyHor pellera obyke nu-
noTa rpuneHa 3a WBeACKO 1 PMHCKO paTHO Ba3gyXornnoBCTBO.
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YHympawrocm kabuHe nosua 6ombapdepa Gripen C

Y OKBMPY HOBOTI NOTEHLMjanHoOr nNporpama 3ajegHu4ke obyke nunoTa nomu-
te ce 1 6asa xpBaTCKOr paTHOr Ba3gyxonnoBcTBa y 3aapy y kojoj 6u ce oby4a-
Banu nunotn Gripen C n3 XpeaTtcke, Yewke, Mahapcke, Cnosauke, LLBeacke, a
moxaa u Ayctpumje. MNMunotu noeua Gripen E obyyaBajy ce y 6a3n F7 Satenas y
LLiBeacko;j.

OnepamuseHa uHmeezpauuja

®uHcka u LBeacka cy Tokom 2013. rognHe oGjaBune Hamepy 3a npoay-
6romBarmem ofbpambeHe capaghe. AKUMOHM nnaH u3 2014. roamHe npeasuhao
je noborblwaHy capagty y obnactu obyke, BasgyLHOr 1 NOMOPCKOr Haa3opa u
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ynoTpeby 3ajeaHuyKe MHMpACTPyKType. HanpaBrbeH je 3HayajaH Kopak y nose-
haHom cTeneHy nHTeponepabunHocTn namehy uHcKor u WBeACcKor paTHOr Ba-
30 yXOMITOBCTBa Kao OCHOBE 3a 34pYyXeHe onepauuje.

Opyrn dakTop je hopmmpare TakosBaHe rpyne Buiwerpag vetnpwu, rpyne
LeHTPanHOEBPONCKNX ApXaBa Yy OKBUPY KOje ce nnaHupa dopMupare opraHu-
3auuje BenuumHe Bpurage v gopgasake oprosapajyhe BasgyluHe KOMMOHEHTE
Koja 6u yyectBoBana y Bexbama u onepauujama HATO cHara 3a 6p3 oarosop.
pyna Buwerpag 4etvpu MMa Hamepy Aa ykibyuu m Xpsatcky u CrnoBeHujy y
CBOje pepoBe, LWITO OM goBeno Ao jow Behe BOjHE MHTerpauuvje BOjHUX cHara y
okBupy HATO-a koje 6u nokpuane noapyyje og Apktuka oo bantuka n garoe
0o JagpaHcKor Mopa YKOSMKO ce MOCTUrHe oarosapajyhu nonnMTUYKM KOHCEH3YC.

OcuM ounrnegHnx NpegHoCcTU No nNuTakwy obyke U ogpxaBaH-a, OBaKkBa Ba-
34ylWHa cHara cacTtaBribeHa of nosaua Gripen morna 6u 6utn ynotpebrbeHa n
3a oabpaHy ApxxaBa YnaHuua, pasHe onepauuje n sexbe y oksupy HATO-a.

HpaeaH M. Byuykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ©http://orcid.org/0000-0003-1620-5601

ModepHu3zauuja 6B BMP-1’

YKpajuHcka nHaycTpuja npukasana je HOBW MpOTOTMMN — MOLEPHU30BaHO
6opb6eHo Bo3uno newaauje 6BIMT BMP-1. MNpeu npototun Hocu o3Haky BMP-1
UM u TpeHyTHO je dasu TecTupara y YKpajuHu.

BMP-1 UM

7 Jane’s International Defence Review June 2016.




EkcTeHsnBHa mogudmkaumja ctapor pyckor BBl ykrbydyje 3ameHy kynone
Koja je ©Ouna HaopyxaHa Tonom 73 MM 2A28, koakcujarnHuMm Mutparbe3om 7.62
MM PKT n npotmBTeHkoBckoM BofieHoM paketom KBM 9K11 Malyutka (NATO
KOAHM Ha3uB Sagger) koja je paHuje buna cmeluTeHa n3Hag Tona.

Y oKkBWpY MoOAepHM3aumje, Kynona je 3amMereHa OpPYXHOM CTaHMLOM
Shkval «koja je 6una pa3sBujeHa 3a Bo3urno BTR-3 y koHdurypaumju 8X8. Opy-
)XHa CTaHuua je HaopyxaHa ctabunmnsoBaHum Tonom 30 MM ca OBOCTPYKMM Xpa-
teweM ZTM-1 30 mm, koakcujanHum muTparbe3oM 7.62 mm KT un 6auadvem
rpaHata 30 mm Ag-17 Koju je MOHTUPaH crnorba Ha NeBoj CTpaHu Kynone.

ZTM-1 uma erekTMBHM OOMET y pexumy 3emsba-zemrba o 2.000 m, a
MOXE aHraxxoBaTu W Heke BpCTe Ba3gylwHux meTa. MakcumarnHa 6p3uHa rpa-
HaTte je 960 m/c. MyHuumjckn komnneT cagpxun 225 rpaHaTta 30 mm 1 2.500 me-
Taka 7.62 MM, a Hocu u 116 rpaHaTa 3a 6auad 30 MM, oA Kojux je 29 cnpeMHo
3a ynoTpeoy.

Ha gecHoj cTpaHu Kynone Hanase ce ABe NpoTMBTEHKOBCKE BOfeHe pakeTe
ca nacepckvMm HaBofeweM, Tuna nonyayToMaTckor KomaHaHor Boherwa komna-
Huje Kyiev Design Bureau Bar'er. PakeTa nma makcmumanHiu gomeT 1o 5.500 m n
MuHuManHu go 100 m, a onpemMrbeHa je TaHaeMm 60jeBOM rnaBoOM Ca BUCOKOEK-
CMITO3VBHUM MyHEHEM U HaMEH-EHa 3a HeyTpanu3oBake MeTa ONpeMIbeHMX
€KCMNMO3MBHO- peaKTUBHMUM OKIOMOM.

Bauaun gumHmMx natpoHa 81 MM Hanase ce ucnopg npegker gena Kynosne.
Mocagy BBIT BMP-1 ynHe komaHamp, HULWIAHLIMja 1 BO3ay, Kao 1 ocaM YnaHoBa
OeCaHTHOr ogerbera.

Y opurnHanHoj Bep3nju Bosuna BMP-1 gecaHTHO ogerbere CMELUTEHO je y
3agHkeM Jeny Bo3una, a BOjHUUM CYy OKpeHyTu nehuma jegHu npema gpyruma
[JOK Cy Ha Kpajy Bo3ura ABoja BpaTa Yy Kojuma je cMeluTeHo ropuso. MogepHuso-
BaHn BMP-1 UM uma BuLLe mecTa 3a AeCaHTHO oJerbere U yMecTo ABOoja Bpa-
Ta Hanasu ce Wupoka manasHa pamna. [lecaHTHO oderbere je CMeLTEHO Yy ce-
OMwTMMma Koja ybnaxasajy pusuk oa ekcnnosuja. Ceguwta ce Hanase ca obe
CTpaHe Tpyna, a BOjHULIN CYy OKPEHYTU jedHUN Ka gpyrnma.

Maca Bos3una je 14 ToHa. OpurMHanHM MOTop 3aMehseH je gomahum Typ6o-
ansen-motopom 3TD-2 koju passuja 400 KC n paje ogHoc 28.57 KC/T, wrTo je
3Ha4ajHo yHanpehere y ogHocy Ha npeTtxogHn motop UTD-20 koju je omoryha-
Bao noctu3are 300 KC n ogHoc of 22.22 KC/T.

MakcumanHa 6p3vHa Ha nyty je 70 KM/C, a Bo3uno je y noThnyHOCTU
CMpeMHO 3a caBnajaBare BOAEHMX Npenpeka nyTemM ryceHuua n To Makcuman-
HOM OpP3NHOM [0 7 KM/Y.

Tpyn je Nnpou3BegeH 04 3aBapeHUX YEenMYHKX MIova ca yHyTpallhOoM 3a-
wTtuToM. Nnoye ekcrnno3nBHO- peakTUBHOr OKrona Hanase ce y ogpeheHum ge-
nosuma Tpyna pagu nosehaHe 3awwTuTe of AejcTBa NPOTUBTEHKOBCKOI OpYyXja
ONpPEeMIbLEHOr jeAHOCTPYKOM B0jeBOM [aBOM.

Oparax M. Byukosuh (Dragan M. Vuc&kovi¢),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601
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Hoeu kuHecku moykawu Y yro3u eampeHe I'IOOPLUKGS

KvnHecka nHaycTpuja HacTaBrba ca yBohjeheM HOBUX BO3WIa ONpeMIbeHUM
apTurbepujckum cuctemmma.Komnanwmja Poly Technologies passuna je HoBu Mo-
O6unHM MuHobGaLuaYkn cucTem nog HasvMBOM BP0 MOKPETIbLMBY NakM MMHobauau
120 MM’ Koju je uHTerpucaH Ha kuHeckom Boauny DongFeng EQ2025 Mengshi y
KoHGurypaumju 4x4 Koju je Bpno cnuyaH amepuykom xameujy (HMMWYV). Cu-
CTeM je onpemrbeH MuHobauadem 120 mm W86 ca MyHULIMjOM CIOXXEHOM XOpU-
30HTanHo ca obe cTpaHe Bo3una.

CSKO002 y koHpueypauuju 4x4 6asupaH Ha eosusy DongFeng EQ2025 HameHeH
s8a30ywHodecaHMHUM mpyrnama

MwuHo6auay 120 mm W86 nma ues gyry 1,54 M 1 yrnaBHOM ce NpeBoO3n Ka-
MMOHMMA Ha KOjMMa je yToBapeHa MyHuumja, a npu gonacky Ha 6opbeHun nomno-
Xaj noTpebHo je oTkaumMTn opyhe n npunpemuTn ra 3a narb0y. MoHTUpaH je Ha
3a4HEeM Kpajy TEePEHCKOr BO3uia U MexaHW4kum MyTeM ce CrnyliTa Ha 3eMiby U
npunpema 3a narbby, a Ha UCTU HAYUH Ce KacHuje, HaKOH M3BpLleHe narbbe,
Bpaha Ha BO3Mno.

8 Jane’s International Defence Review June 2016.




Makcumanuu gomet muHobauada W86 je 7.500 M 1 To npunukom ynotpe-
6e ctaHgapaoHe MyHe ca 60jeBOM rmaBOM OfF BUCOKOEKCMNNO3MBHOT NyHeHa, anu
je pomeT moryhe npoayxumTtn ynotpebom pakeTHuUX MmHa Ha jow 3.000 m.

Mopen crtaHgapgHe Bep3vje EQ2025, pasBujeHa je BasgylwHogecaHTHa
Bep3uja CSK002, koja je onpemrbeHa KpOBHMM MuUTparbe3om 12.7 mm, aytomar-
ckum Bauadem rpaHata 35 MM CMELLTEHUMM Ha AECHOj CTpaHM BO3Wra U peaom
6auava AMMHMX rpaHaTa CMELUTEHNM Ha KPOBY BO3una.

Mnatcopma EQ2025 kopuctn ce 3a Benukn 6poj 6opbeHnx mucuja, Kao
WTOo cy MmHobauay 120 MM, MOBUNHM MMHODauay 81 MM, BO3WIo 3a cneuujan-
He jeduHuUUe, BO3MITO 3a NPOTUBBA3AyXONMoOBHY oabpaHy, ambynaHTHO BO3WIIO,
Kao 1 y ynosu KoMaHOHO-KOHTPOSTHOr Bo3una. Cea Bo3una oBOr Tuna onpeMrbe-
Ha Cy LeHTpanHMM CMCTEMOM HagyBaBaka ryma u npegtum BUMTIIOM 3a U3BNa-
Yehe ca TELUKMX TepeHa.

Beh Hekonuko roguHa komnaHuja NORINCO kopucTtn ntanmjaHcky naky xa-
youuy 105 mm komnanuje OTO MELARA nog nokanHum Hasumeom AH3. Y mehy-
BPEMEHY je pa3BujeHa nokasnHa Bep3nja camoxogHe xaybuue AH3 koja je 3acHo-
BaHa Ha TepeHckoM Bo3uny Shaanxi Automotive SX21 00C y koHdurypaumju
4x4. Hoso Bo3uno nma osHaky 1 SP 105 mm Fire Assault Vehicle.

© Army RE(;_C.I-gnitiL'll'l www.ArmyRecog nition.com

Apmurbepujcku cucmem 1 SP 105 mm Fire Assault Vehicle unu 15P SP

Kunecka komnaHuja Sichuan Aerospace Industries Corporation npojekroBa-
na je oBo Bo3uno. Fopwa cTpaHa BO3una onpemMrbeHa je ponbdap KOHCTPYKLMjOM
3a 3alWTUTY y Cryyajy npeBpTaka. Xaybuua je cmellTeHa Ha 3adHeM Kpajy BO-
3una v raha 13 npasua 3agmer gena Bo3una.
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maBHW HepocTaTak xaybuue 105 mm AH3, y By4HOj MM caMoxogHoj Bapu-
jaHTwn je kpaTak gomet opyha, camo 10.2 KM, WTo je pasnor ga cy MHore 3emrbe
oany4yune ga sameHe opurmHanHy xayouuy 105 mm Model 56 opyhem ca Behum
paguvjycom aejctea U HanpeaHnjoM 1 epukacH1UjoM MyHULIMOM.

Benvka bputaHuja 3ameHuna je ceoje xaybuue 105 mm Model 56 Tonosuma
Royal Ordnance 105 mm L118 Light Gun koju nmajy gomet go 17.200 M 1 T0 HOBU-
jOM MYHULIMjOM KOjy KapakTepuLle 6orba dhparmeHTaLmja 1 eKCnro3mBHU edoekar.

KuHecka ocnobogunadyka Bojcka, o 1996. rogmHe, uma y CBOM HaopyKakby
camoxogHe xaybuue 122 mm Type 96. OBe camoxogHe xaybuue caga ce pekna-
MMPajy Ha N3BO3HOM TPXMLWTY nog o3Hakom CS/SH1 122. OBn cuctemm cy MoH-
TMpaHW Ha KaMUOHe 1 rahajy Npeko 3aae oce BO3una, a onpeMrbeHu cy ctabu-
nunsaTtopuma nnatdopme. Mehytnm, kabuHa Huje 3awTuheHa.

o

el oy

[

-
www.ArmyRacognition.com

CamoxodHa xaybuuya CS/SH1 122

-\D .l\rn-wI ecagnition

Tokom nocneghe Ase rogmHe komnanuja Poly Technologies noHyguna je
HOBO camoxogHo opyhe — nnatgopmy CS/SH2 HATO kannbpa 105 mm koja Ta-
kohe raha npeko 3agwe oce Bo3una. Oea nnatdopma ucnarbyje rpaHate 105
MM OyXer oMeTa ca BUCOKOEKCNNOo3nMBHOM 6ojeBoM rnaBom gomahe nponssoa-
te. OBa Bep3nja opyha onpemrbeHa je MHepuujanHuM HaBUrauuoOHUM CUCTEe-
MOM, a kao ¥ NpeTxoAHe Bepawnje 1 oHa raha npeko 3agwe oce BO3una.

KuHeckn n3Bopu HaBoge fa Bep3unja CS/SH2 moxe ucnarbmBaTn 00MYHE
rpaHaTe, anu U OHe ca pakeTHUM nykwereM. MehyTnm, nctn usBopu HaBogde Aa
[orasv oo CMakbeha NpeumnsHOCTU Norofgaka nponopumMoHanHo ca nosehawem
JarbuHe rahama.

KvHa je ycnena ga y noTnyHOCTM MCKOMUpa PyCcKu CUCTEM Ca ayTOMaTCKUM Mu-
Hobauayem Vasilyek (2B9) n aa no tom ocHoBy Hanpasu nnatgopmy NORINCO
CS/SM1 81 MM koja je nHcTanupaHa Ha 3agrwem geny sosuna EQ2025 y koHdury-
paumju 4x4. MuHobauay je cmewTeH Ha potupajyhoj nnatdopmn koja omoryhyje




Op30 3axBaTakwe HOBUX LMrbeBa M Hocn 64 muHe. MuHoOauad ce cHaboeBa m3
LIapXepa of, YeTUpy MMUHE Koje ce ucnarbyjy 3a aee cekyHae. MnHobauayke MuHe
OBOl cMcTeMa umajy MakcumasnHu gomet og, 6.200 M n mmHumanHm go 800 m.

IDEAS 2014 - idi. i il & M Asif Khan < super7 k>

lnamgopma NORINCOaCS/SM1 81 mm

KuHecka BOjHa uWHOyCTpuja novena je Aa HarnalwlaBa 3Ha4aj passoja opy-
XaHux cuctema 3a u3Bo3HO TpxuwwTe. KnHecka ocnobogmnadvka Bojcka ynotpe-
6rbaBa Benukn Bpoj By4HUX U CaMOXOLHUX apTUIbepujckux cuctema 122 m 3a
pasnuky oa apTureepujckmnx cuctema 105 MM Koju ce Hyae TPXULUITY.

KomnaHnuje NORINCO u Poly Technologies cy ABa rnaBHa U3BO3HWKA KUHE-
CKNX KOMHEHUX opyxXaHux cuctema. OBe [Be KOMMNaHWje N3Bo3e CBOje NpOon3BO-
ae y Adpuvky u gpyre genose cBeTa KOju Cy paHuje cMaTpaHy MHTEPECHOM 30-
HOM PYCKMX U 3anagHnNX N3BO3HUKa HAOpyxXaHa.

MpeOHOCT KMHECKNX KoMMaHuja je y Behoj NoHyam Npov3Boaa, LieHn 1 crnoboa-
HUWjeM Tymadeky pasHux NocTojehnx npaBuHMKa Koju perynuily oBy Matepujy.

HpaeaH M. Bydkosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

Hosa ¢bpaHuycka oknonHa so3una’

MnaH mogepHusaumje dpaHuycke Bojcke, nog Hasmeom SCORPION, npegn-
Bufla ympexaBare He CaMO KOMHEHMX OpYXaHUX NnatopmMu, Kao LWTO Cy apTu-
bepwvja u newagmjckm cuctemu, Beh n BasgywHux nnatgopmm y obnuky 6ecnu-
NoTHUX netenuua n 6opbeHor xenukonTtepa Tigre.

KrbyuHu geo nporpama SCORPION npefcrtaBrba pa3Boj 1 yBohene y one-
paTnBHY ynoTpeby HoBe nnaTdgopme: Jaguar, Engin Blinde de Reconnaissance
(EBRC) u Griffon, Vehicule Blinde Multi Role (VBMR) koje pa3sBujajy dopaHuycke
komnaHuje Nexter Systems, Renault Trucks Defence n Thales Communicati-
ons&Security Ha 0OCHOBY yroBopa BpeAHor 5 munujapau espa.

® Jane’s International Defence Review June 2016.
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Jaguar, Engin Blinde de Reconnaissance (EBRC) (GecHo) u Griffon,
Vehicule Blinde Multi Role (VBMR) (neeo)

Komnanwuja Nexter Systems 6uhe oaroBopHa 3a dpuHanHy MHTerpaumjy oba
Bo3una. KomnaHnuja Renault Trucks Defence o6e3beanhe noroHcky onpemy u
OarbUHCKM yrpaerbaHe OpyXHe cTaHuue, a 6uhe oaroBopHa M 3a oApXaBahe
BO3una u pesepsHe genose. KomnaHuja Thales Communications&Security 3aay-
)KEHa je 3a eneKTPOHCKM Ae0 nakeTa.

Ha ocHoBy noctojehnx nnaHoBa, ppaHuycka Bojcka Tpeba ga gobuje 248
Bo3una Jaguar EBRC koju he 3ameHnTn noctojeha Bosuna AMX-10RCR y KoH-
durypaumjn 6x6 ca Tonom 105 mm n Panhard Defence Sagaie y koHdburypaumju
6x6 ca Tonom 90 mm koje cy y dyHKumju Buwe og 30 rognHa.

Maca Bosuna Jaguar EBRC 6uhe oko 25 ToHa, a nocagy he caunmwasaTu
KOMaHaup, Bo3ay U HuwaHuunja. Jusen-arperat 6uhe cmewTeH y 3agwem Kpajy
Bo3una. Bosuno he 6utn onpemrbeHo Kynonom HaopyxaHom Tonom CTAI 40
mm Case Telescoped Weapon System n kpoBHMM MuTparbe3om 7.62 mm.Ha
KpoBy kyrnone 6uhe nHctanupaHe NnpoTMBTEHKOBCKe BofieHe pakeTe MBDA pagn
Hanaga Ha Behum parbmHama. Ocum onumje aupekTHor rahawa, pakete he pa-
OUTU N Y peXumy 1M3BaH BM3yenHor AoMeTa, rae he wuxoBe MeTe O3HavaBaTtu
Opyre KOMHeHe unu BasgyLuHe nnatdgopme.

Grifon VBMR he 3ameHunTu oknonHu TpaHcnoptep Vehicule de I’Avant Blin-
de (VAB) y koHgurypaumjn 4x4, a odekyje ce npomssogha og 1,732 Bo3una.

Bosuna Grifon VBMR nmahe 3awituheH noroHcku aeo koju he ce Hanasutu
y NpegHeM Aeny Bo3una, komaHamp 1 Bo3ad he 6UTK cMelTeHn oagmax nsa Mo-
TOpa, a [4ecaHTHO Oferbere Y MPOCTOPY U3a HUX.

Maca Bosuna Grifon VBMR 6uhe oko 24,5 ToHa n npeasuha ykpuaBame
OeCaHTHOr oferbera o ocaM JbyAu nopea kKomaHgupa un Bosada. Ceu npunag-
HWUUM Tor oferbenwa cefehe y ceguwiTuma NpojekToBaHMM 3a yonaxaBahe eKc-
NMo3nBHOT yaapa.

dpaHLycka Bojcka TPeHYTHO pacnonaxe ca oko 40 pa3nuunTux Bepaunja Bo-
3una VAB, tako aa he n sosuno Grifon VBMR 6utu npojektoBaHo 3a pasnuunte
yrore, Kao WTO cy aMOynaHTHO BO3UII0, KOMaHAHO BO3WUIIO, MHXUHEPCKO Kao n
BO3WJI0 3a MOMpaBke U U3Brnayemse.




Hosu koH30pyUjym

MpBK nporpam HOBOGHOPMMPAHOT KOH30pLIMjyMa, Koju YMHe KomnaHuje Nexter
Systems n Krauss Maffei Wegmann, morao 6u 61t pasBoj HOBOTr TeHKa Koju 6u 3a-
MeHno dpaHuycku Leclerc n Hemauku Leopard 2. OBa mnaeja ce ynpaBo pasMaTpa
Ha HuBOY Braga PpaHuycke n Hemauke. lNpeTtnoctaerba ce ga he HOBU TEHK BUTK
Haopy>aH TONoMm ca rnaTkom Lesu 130 MM 1 ayToOMaTCKUM NyHadeMm.

Hajsehun nporpam komnanunje Nexter Systems ynpaso je 6uo TeHk Leclerc.
YkynHo je npousseneHo 406 npumepaka 3a ppaHLycky Bojcky 1 436 Bo3una 3a Yje-
OnrbeHe Apancke EMupaTe Koju cy onTMMM30BaHuM 3a onepauuje Ha brimckom ucto-
Ky. Boauna cy onpemrbeHa HeMaykmm noroHckum arperatom og 1.500 KC, cucre-
MOM 3a ynpaerbake OUTKoM, Knuma-ypehajem, pasnuuntuM naketTom Okrona, no-
MORHOM MOrOHCKOM jeAUHULOM 1 YHanpeheHUM onTPOHUYKMM ypehajuma.

®paHuycka noTta TeHkoBa Leclerc peaykoBaHa je Ha 220 Bo3una, a 2015.
roaguHe komnaHuja Nexter Systems gobuna je yrosop 3a mogepHusaumjy 200
TeHkoBa Leclerc 1 18 oknonHux Bo3una 3a U3Brayere, WTo 61 NPOAYKUIIO HU-
XOBY onepaTusHy ynotpedy o 2035. ogHocHo go 2040. rogunHe.

KomnaHuja je 3aBpLumna mcnopyke cpaHuyckoj Bojcum ca 6pojkom og 630 Bo-
3una Vehicule Blinde de Combat d’Infanterie (VBCI) y koHurypaumju 8x8, og kojux
je 520 y koHdurypaumju VCI, ogHocHo 6opbeHux BO3una nellaauje, a octaTak of
110 Bo3una je y komMaHgHOj KOHdUrypauuju. Y Toky je moaepHusaumja crapujmx Mo-
aena sBosuna VBCI Ha kojuma ce Mewa noctojeha amopTtusauuja, wro he omoryhu-
TW yrpaaky Ao4aTHOr okrona un noeehawe Mace Bo3ura ca 29 Ha 32 ToHe.

Tokom centembpa 2015. roguHe komnaHuja Nexter Systems npukasana je
Bo3uno VBCI-2 y koHdurypaumju 8x8 npeasuheHo 3a u3B0O3HO TpxuwwTe. Bosu-
no MMa HOBWM AM3ajH Tpyna pagu ocTBapuBawa Horbe 3alTuTe, HOBUM CUCTEM
amopTum3almje, jaum noroHcku arperat of 600 KC u wupe ryme ontMMmn3oBaHe
Cy 3a ynoTpedy y nycTumbMun.

s fome

Bosuno VBCI-2 y koHebueypauyuju 8x8
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CraHgapaHa dpaHuycka Bepaunja dpaHuyckor Bosuna VCI onpemrbeHa je
Kyrnonom HaopyxaHom Tonom 25 mm M811 ca ABOCTPYKUM NyH-EHEM U KOAKCU-
janHumM muTparbesom 7.62 mm. KomaHaump je cMeLTeH y Tpyny Bo3una usa Bo3a-
Ya Ha IeBOj CTpaHM M ynpaBrba OpyXjeM ynotpebrbaBajyhiv maHOpamMCKu HU-
LLIAHCKM CMCTEM Ha BpXY Kyrore.

VBCI-2 je onpemrbeH kynorom HaopyxaHoMm Toriom CTAI 40 mm, a oBaj
Ton nu3abpanu cy n bputaHum 3a cBoj npojekat nasuhadkor Bo3una Ajax. lNpsa
cepuvja oBUX Tornosa npousBeeHa je noyetkom 2016. roanHe, a pagu ce o Haj-
BeheM eBpOrCKOM Mnporpamy Tona cpeawer kannbpa. MNMocaga VBCI-2 cacToju
ce of TpournaHe nocage, KOMaHaupa, HULWaHpnje 1 Bo3aya, kao 1 ocam npunag-
HVMKa JeCaHTHOr oderbera. Bo3mno moxe 6GuTn HaopyXaHO pasnuuMTum moge-
nnma BoheHnX NPOTUBTEHKOBCKMX pakeTa.

KomnaHnuja Nexter Systems npoussena je asa npumepka Bosuna Tactical
Infantry Transport&Utility System — TakTnuku TpaHCNOPTHU cUCTEM 3a MpPeBO3
newapguje n tepeta (TITUS), a pa3BujeHa cy paam nonykaeaka npasHuHe y rno-
Hyau namehy Bosuna VBCI 8X8 u Aravis 4X4. KomnaHuja cmatpa ga 6u oea BO-
31na Morfa 3aMeHUTX BENUKM OpOoj OKIMONHUX TpaHcnoptepa M113.

Bosurno Aravis y koHguaypauuju 4x4

Bosuno Aravis y koHdurypauujn 4x4 je jow jegHo of npousBofa NoMeHyTe
KOMMaHuje, a Npou3BeeHO je Ha OCHOBY wWacuje komnaHuje Mercedes Benz
UNIMOG y koHurypaumju 4x4 ca oKnonrbeHUM TPYNOM KOju HYAM BUCOK HUBO
BGanucTnyke 3alITUTE 3a ceaM byam Koje NpeBo3u.

MpBKM KOPUCHKK je hpaHLycka Bojcka koja je gobuna 15 Bo3una koja ce ko-
pucte 3a pawuunwhaBake nyteBa y ABraHuctaHy. OBa BO3una onpemsbeHa cy
JarbUHCKM ynpasSfbaHUM opyxHUM cuctemom Konsberg Protector HaopyxaHum
MuTparbe3om kanubpa .50 M2 HB. Cayaujcka Apabuja Hapy4dmna je 200 Bo3una
Yy OCHOBHOj Bep3uju OKMonHOr TpaHcrnopTtepa. aboH je jow jegaH KOPUCHUK U

pacnonaxe ca 12 so3una.
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KomnaHuja Renault Trucks Defence

Haj6orbe npopaBaHu Toukaw oBe komnaHwje je VAB, a npousBegeHo je
5.000 komaga. BehuHa je y koHurypaumjn 4x4, ann cy HEKN KNNjeHTU TpaKunm
KOHGuUrypaumjy 6x6 koja uMa 0orby TepeHcKy npoxogHocT. KomnaHuja je moaep-
Hu3oBana Benukn 6poj dpaHuyckmx Bosuna VAB Ha koHdwurypaumjy VAB Ulti-
ma, WTo 3Ha4M 6orby OKMOMHY 3alITUTY M yrpadwy ceguwiTa 3a yonaxaBahe
edekTa ekcnnosuje.

KomnaHuja je passuna n VAB Mk 3 y koHurypaumju 6x6 koju je mace 20
TOHa, ca mMoayrnapHMM okrornoM, nokpehe ra gusen-motop cHare 340 KC u, y3
ayTomaTckm Mewad, omoryhaesa BO3uny noctusakwe 6p3vHe go 105 km/y4 Ha
OTBOPEHOM MNyTy ca ogHocoM cHare n mace 17 KC/T. Bosuno moxe 6utm yno-
TpebrbaBaHO Kao OKMOMHW TpaHcnopTep, KOMaHAHO BO3WIO, Hocay MuHobaua-
Yya, Kao 1 ambynaHTHa Bep3uja.

VAT

L RS N;
VAB Mk 3 y koHebueypayuju 6x6

Bosuno VAB Mk 3 moxe 6uTn onpemMrbeHO OpYXHUM CUCTEMMMA Kao LUTO
cy TRT-25 ca Tonom 25 MM 1 cnperHyTMm mutparsesom 7.62 mm 1 TRT-30 ca
Tonom 30 MM 1 CAPErHyTMM MUTparbe3om 7.62 MM Koje Npon3BOaM jy>kHoappuy-
ka komnaHuja Land Systems.

Amcunbmjcky Bep3njy oBor Bo3una nokpehy aBe Typb6o-mMnasHule Koje ce
Hanase Ha o6a kpaja Tpyna.

HpazaH M. Bydkosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601
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Takmuuke ¢pymporne 3a nuwmosbe — cmaHdapou,
HameHe, yriompeba

Taktuuke gyTpone kapakrtepuwe nocebHa m3paga, a HamerweHe cy 3a
ymMeTake, a 3aTuM 1 ynotpeby pasnuumTe TakTU4ke onpemMe npunmnkom mnasofhe-
Hba TAKTUUKUX Paakbi Y OKBUPY 0BYyKe, OHOCHO MPUAMKOM MHTepBeHumja. ° Tako
Ce MOXe roBOpUTY O TaKTUYKUM hyTporamMa 3a pe3epBHe OKBMpE NyLuaka, ayTo-
MaTa, NMWTOrba, TaKTUYKMM PyTponamMa 3a HOoLleHe MULLITOIbA, TaKTUYKUM by-
Tponama 3a Hollewe HOXeBa UM ceumnBa, cpeacraBa Bese U cnnyHo. Mmajyhun
y BUAdy Aa og moganuteTta ynotpebe TakTuuke onpeMe MoXe 3aBUCUTU W Ibya-
CKM XMBOT, MOCEOHO aKko ce roBopu O TaKTUYKUM pyTponama 3a HOLLEHE OpYX-
ja, jacHo je oa BUXOBOj U3paan Tpeba NOCBETUTU MyHY Naxwy, y3umajyhu y ob-
3Mp NCKYCTBa Ca TepeHa, a Ha OCHOBY AeTalrbHUX aHanmaa.

Modenu cbympona

Cnyx6eHo nuue Hajuelwhe NoTexe opyxje camo Kaga HamepaBa fa ra 3au-
cTa ynoTpebu. To 3By4M NPUITMYHO jeHOCTaBHO, ann cutyaumje y npakcu 4ecto
Hucy TakBe. Hamnme, ynoTpeba opyxja Hekan je u nocneguua roile npoLeHe
cnyx6eHor nuua, ycnea HenosHaBawa Uy HenpasBuITHOT TyMadeka OKONTHOCTU
cnyvaja unu ycrnep M3rnoxeHocTu cTpecy, cammMm TM U yMakeHe CrocoBGHOCTU
pacyfhuBata n Tome crnmyHo. Ca gpyre cTpaHe, MOCTOje, HaXarnocT, U cuTyauuje
y Kojuma ynoTtpeba opyxja Huje edpmkacHO peannsoBaHa ycnen HeoBoSbHe 06-
yyeHoCTu cnyxbeHor nuua v 3akasuBarba onpemMe, NonyT camor opyxja, of-
HOCHO pyTpOrie HaMeHEHE 3a HErOBO HOLUEHE.

Takmuyke ¢pymporne 3a criywmeHo Howerse: ,5.11 Glock 17” (neeo) u ,BLACKHAWK,
Serpa Tactical Level 2”. ®omo: Munow Jesemuh

'® Mopepn oBor kpUTEPUjyMa, Yy NINTEPATYpU Ce UCTUYE U CTaHAAP/, YCKNaheHOCTHU OBUX dyTpo-
fa ca npUMpPoAdOM TaKTUYKUX padrsy Y CMUCTY Aa KOHCTPYKUMja dyTpona onakwasa ynoTpeby
YMETHYTEe TaKTU4Ke ONpeMe, jep je, Ha Npumep, eproHOMCKM 406po pelleHa, y cknagy ca 6uo-

MeXaHUYKMM MNOKPETOM YOoBEKa.
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Taktuuke pytpone 3a Howewe nuwTorba Tpeba aa obesbene npumapHO
ABa cTaHgappa: 6e30efHO Hollewe OpyXja W CUIypHO MoTe3are Opyxja npu
ynotpebn. TexHnka n Gp3uHa noTesaa, HapaBHO, Y BENNKOj Mepu 3aBUCK Of
yBex0aHOCTM CTpenua, anu KOHCTpykuuja dytpone Tpeba aa Oyae TakBa gda
CTperuy onakwia noTte3are Tako LUTO He 3aknaka pykoxBaT Opyxja, anu u Tako
LUTO ra cnpeyasa Aa NpucTynu obapayy NMLITOrba, AOK ra He u3ByYe U3 ytpone
y notnyHoctu. [logaTHo, nojeanHn npounssohayn onpemajy mogene TakTudkux dy-
TpOna u cucTemMmma Koju cnpevaBajy HeXXerbeHo MoBrayere HaBnake, Tj. peneTu-
parwe opyxja. - be3beaHo Hollewe OpyXja OQHOCKU Ce Ha Moy3faH cuctem Gpa-
BIbEH-a OpYXja kaga ce npaBuitHO ybaum y dyTpony n 6rnokMpawa opyxja y Tom
Moroxajy HEKMM CUrypHOCHUM MexaHn3mMoMm. Ca MCMXOSIOLLKOr acnekTa OBaj CTaH-
JapA je Beoma BaxaH 3a Hocuolua opyxja, jep My Aaje oapeheH HMBO camonoy-
30akba U CUrypHOCTU y onpeMy, OHOCHO omoryhaBa fa paghe U MHTepBeHLuuje
n3BoaM NyHUM KanauuteTom, 6e3 cTpaxa aa he My nMyHa onpemMa 3akasaTtu.

TakTnyke cyTpore 3a Holene NUWTOrba AaHac ce u3pahyjy y HEKONUKO Bp-
CTa, NpemMa Kputepujymy HameHe. Pasnukyjy ce dyTpore 3a NpuKpuBeHO HoLLEeHe
n dyTpore 3a ,0TKPUBEHO”, OQHOCHO Crosballkbe Howene. Mogenu 3a npukpuee-
HO HOLUEHE CY, MO MpaBuily, KOMNAKTHWUjU, NOCEOHO Kada je WwupuHa dyTpone y
nuTamy, jep Tpeba ga Oyay HeynaarbveBu MPUITMKOM HOLLEHsa WUCMOo4 OZEBHMX
npeameTta. [laHac ce cyTporne 3a NpUMKPUMBEHO HoLLeHe n3pahyjy 3a MOHTUpaHe
ca cnorballke CTpaHe TaKTUYKOr oracada unv kavwa, a cBe Cy nonynapHuju u
MOZJErM KOjU CYy HAMEHEHN 32 MOHTUPaHE ca YHyTpallke CTpaHe naHTanoHa, Ta-
kohe kauerem Ha onacad unm kamw. CynpoTHO MoAenuma 3a NPUKPUBEHO HOLLIE-
e, MOOENU 3a ,O0TKPMBEHO” HOLLEHE YEeCTO Aonase U y KoHdurypaumju ca dy-
TPOMOM 3a pe3epBHM OKBUP, a y MPaKCU ce MOHTMPajy ca Crosballkbe CTpaHe ona-
cava unu Kauvia, ogHOCHO OKO Hore. Y 0BOM cryyajy dyTpona ce 4oaaTHoO YTBp-
Ryje oko Hore nogecvsuM kauwesuma. Takohe, NpUMeTHa je u npakca, akTyenHa
Mehy npunagH1uMMa jeauHuua 3a cneumjanHe HameHe, OAHOCHO ,KOHTPaKTopK-

, Aa TakTndke oyTporie 3a HOLIEeHE NULITOIba MOHTUPAjY W Ha TakKTUdKe mny
6anv|cw|qr<e npcrnyke Koje Hoce MPWIMKOM M3BpLUaBaka 3agjataka u nocnosa
He3aBucHO o4 HameHe, TakTuyKe pyTpone ce V|3pal’]yjy Unn Kao yHMBepsanHe
MMM camo 3a TauHo oapefheHe Mofere 3a Heke KaTeropuje Haopyxara.

[aHac ce kynuuMma Hyge mogenu Koju ce nspahyjy og CUHTETUYKMX N KOM-
no3nTHux matepujana. Cee TpaxkeHuju cy Mogenun o KOMMNO3UTHUX MaTepujana,
a mehy 3a00BOSbHMM  KOPUCHMLMMA HajOpojHUjU Cy NpUnagHuuM jeamHuua 3a
cneuujanHe HameHe. 3a kbUX peHoMupaHu npoussohayun Hyge nocebHe moaene
TaKTUYKMX pyTpona, Koju Mopajy 6utn n3yseTHo noys3gaHu, a jeAHOCTaBHU 3a
ynoTpeby. Takohe, KOHCTpyKUuMje OBMX Mogena mopajy 6uTu, noped komnaTu-

" l/l y cuTyaumjama kaga cry>6eHo nuie HoCK opyXje ca METKOM Y LieBU.

2 Kao wWTO je cryyaj ca TakTUHKUM dhyTpornama 3a CryLUTEHO Hollehse nuiTorba ,BLACKHAWK,
Serpa Tactical Level 2"

® Oa npakca nokasana ce Beoma NPaKTVYHOM MPUMVKOM V3BpLLABaH-a 33AaTaka 1 Nocrioa 6rmcke
3awTute ogpeheHor nnua, nocebHo npu obe3benuBarby eckopTa, kaga Cy NpaTMoLM y BO3UnMma.
'y cMucny kaTeropuje Haopyxara, Ha NpuMep yTpore 3a NoNyayToMaTcke NULLITOMLE UK
dyTpone 3a peBoneepe, OAHOCHO ako Cy KoMmnaTtubunHe ca BuLe cepuja U3 Heke KaTeropuje
Haopyxaka, Ha npumep 3a nuwTosree ,Glock-17", ,Glock-19”.
' Ha npumep, byTporna 3a cnylTeHo Holeke ,Safariland Glock-17.
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OMNHOCTM Ca KOHCTPYKLUMjoM Hekor oapeheHor mogena cnyx6eHor opyxja, KOM-
naTubunHe n ca TaKTUYKOM OMNPEMOM Koja ce MOHTMPa Ha Opy»Kje, MoNyT TaKTW4-
KOr CBeTna, WM nacepckor obenexveaya uurba, = LWTO, HaXarocT, YecTo npe-
BuRajy n noaHatu npouasohaun.’’

Cpricku nuoHup

HepasHo ce y Cpbuju nojasuna komnaHuja ,Horned Viper”, koja je okynuna
TUM CTPYy4YHbaka, ca LMIbeM [a CPriCKOM M CTPaHOM TPXKWLUTY NMOHYAE BMCOKOKBA-
nuTeTHe, NpakTM4He U opuriHanHe npoussode. KomnaHuja je, 3a caga, cneuuja-
nn3oBaHa 3a Npou3BoAHY (hyTpona 3a HOLeHEe NULITOIba PasnMyMTUX HaMeHa 1
pe3epBHMX MULLTOILCKMX OkBupa. OB npousBoamn uapafeHn cy of KBanuTeTHor
KoMnoauTHor martepwujana ,kydex”, koju komnaHuja yBo3u mu3 CA[, 3ajegHo ca
CBMM OCTanuM enemeHTvMa — o LpadoBa A0 kauwesa. MaTepujanu u3 nHo-
cTpaHcTBa obujajy dhopmy hyTpona pasnmumtux HameHa Mckrbyunso y Cpbujn,
a Ha OCHOBY BuWLLErogMLIHEr UCKyCTBa CPMCKUX CTpy4Hbaka Koju Cy MOTUBMCAHM
Aa rbybutersuma opyxja, anv u cnyxbeHnm nuumma, noHyae BUCOKOKBaNUTETHE,
noysgaHe nNpous3BoAe MO MPUCTYNaYHOj LEeHW, a y3 AOXKMBOTHY rapaHuumjy! [lo
yrnegy Ha npoussofade y MHOCTPaHCTBY, @ Ha OCHOBY BoraTor UCKycTBa, CTpy4-
HoalM CBOje NPoM3BOAE M NPOjeKTe y pa3Bojy TeCcTMpajy y peanHuM ycnoBuma, Ha
MONMUroHnMa, a NPUIMKOM TakTu4ke yrnoTpebe opyxja. [logaTtHo, nocTojehe KOH-
CTpyKumje yHanpehyjy n Ha OCHOBY CyrecTuja KOPUCHUKA U CTPYYHWUX capagHuKa,
Koju umajy MoryhHOCT fa nopydyjy npoussoge uspaheHe npema SIM4HUM 3axXTeBu-
Ma. KomnaHuwja TpeHyTHO Kynunma Hy gV Mogene pyTpona 3a CNOSbHO U YHYTpa-
LK€ NPUKPMBEHO HOLLEHE NULITOIBA , Kao 1 yTpore 3a TPEHUHT, OOHOCHO MO-
Oene 3a cnyx6eHy ynotpeby. Y dasm ycaspluaBara cy 1 mogen dgyrporne 3a no-
Tpebe TakMuyapa y NPakTUYHOM CTperballTBy Yy KaTeropuju noryayTomaTCKux
nuwTorba 9 mm, kao U mogen yTposie Ha NNaTtgopMm 3a HOry 3a TaKTUYKY YMo-
Tpeby. Kaga je pey o cdyTponama 3a pesepBHe NULITOILCKE OKBUpe, ,Horned Vi-
per” 3a caga Hyam yTpony 3a jedaH OKBMP 3a YHYTpaLlHe MPUKPUBEHO HOLLEHE,
dyTpony 3a ABa OKBMPA 3a CMOoSballHe MPUKPUBEHO HOLLEHE, Kao 1 dyTpony 3a
cnyxbeHy ynoTpeby 3a jeaaH okBup. Y nnaHy je n uspaga cdyTtpona 3a nyLuyaHe
okBupe cuctema ,KanawmmnkoB”, 0ogHOCHO amepuykm ,AR”.

®ympona 3a aycmpujcke modene ,,Glock”

Cepuja aycTpujcknx NMLITOrba je Beoma nonynapHa mehy KopucHuumma y
Cpbuju, a Beoma noysgaHoM nokasana ce u npu cnyxbeHoj ynotpebun. Mogenu-
ma ,17” y Tpehoj n 4eTBpPTOj reHepauuju onNpeMIbeHe Cy eNUTHE jeanHuLe cpn-

'® TakTuuka onpema oBe BPCTe MOHTMPA C€, MO MPaBUMY, Ha LMHY Ha 10H0j CTPaHU pama ni-
LTOrba, UCMNoA LeBu opyxja.

" Ha npumep, nosHate TakTuuke dytpone ,BLACKHAWK, Serpa Tactical Level 2” HametbeHe
3a ,Glock-17", H1cy komnaTMbunHe 3a HOLLEHE OBOT MoZeNa ca MOHTMPaHOM TaKTUYKOM NlaM-
NnoM y cTaHAapAaHoOj Bep3unju ose dyTporne.

'® 3a mopene ,CZ-99”, ,CZ-998", ,Glock-17", ,Glock-19", ,Glock-22”, ,Glock-23", ,Glock-31",
,Glock-32”, ,CZ-75 SP-01 Shadow”, y kanmbpy 9x19 mm Parabellum/Luger. ®yTtpone oBe Ha-
MeHe 3a cBe Moferne Mory ce ynotpebuTy n 3a cnorballhe 1 3a YHyTpallke NPUKPUBEHO HO-
LUeH-e jeJHOCTaBHOM 3aMeHOM Hocadva dyTpore.




cke nonuuuje, CneuunjanHa aHTUTEepopucTnyka jeguHuua — CAJ u cneuuvjanu-
CTUYKe YeTe 1 poHunadka jeanHuua XXangapmepuje, kao un Bojcke, CneuujanHa
6puraga, ogHocHo baTarboH BojHe nonuumje cneyunjanHe HameHe ,Kobpe”.

®ympona 3a moden ,Glock-17". ®omo: Horned Viper

KomnaHwuja Hygu mogene cyTposia 3a NpMKPMBEHO YHYTpallke U Crosba-
WHe Hollekwe, o3Hake ,ExDATH”, kao u yTpone UCKIbYYMBO 3a yHyTpallhe
NPUKPUBEHO HoLlewe, o3Haka ,CCH” n ,ExDCCH”. Pasnuka nsmehy osnx moae-
na je y nebreuHun matepujana, na ce 3a mogen ,CCH” kopuctu ,kydex” nebrou-
He 1,5 mm (ykyrnHe mace 80 g), a 3a mogen ,ExDCCH” maTepwujan aebrouHe 2,4
mm (ykyrnHe mace 95 g). YMeLLHoWRyY KOHCTPYKTOpa OCTBapEHa je LUMprHa OBUX
mMogena og camo 8,5 cm, ok je, Ha npumep, 3a mogene ,ExDATH” octBapeHa
wupuHa of 12 cm. Jow jeaHa npefHOCT KOHCTpYKLMja pyTpona jecte Aa ce Mo-
ry, cxogHo notpebama 3agataka u nocnoea u/vnu admHUTETa KOPUCHMKA, KOPU-
CTUTW M Ko TakTU4Ke (PyTposie 3aMEHOM HOca4va U KavyereM Ha Kaull, TakTUYKK
onacay unm Ha ,MOLLE” cuctem.

Tpeba nomeHyTM fa ce yTpone 3a OKBUP, CITMYHO Kao 1M dyTpone 3a nu-
LWITOSbE, 3aMEHOM HOcaya MOry KOPUCTUTU U Kao TakTudke dyTtpone. Cee dy-
TPOJIe 32 OKBUPE KapakTepuLle Noy3faH nogecuBU CUCTEM PETEH3MjE KPO3 Npu-
Tesamwe/oTnylTamwe Wwpada 3a peTeHsunjy, YuMe KOpUCHUK ogpehyje cuny no-
TpebHy 3a n3Bnadewe okBupa. NMoOMeHyTU CUCTEM Ce TOKOM TecTupara U yno-
Tpebe dyTpona nokasao M3y3eTHO jeAHOCTaBHUM U Beoma noy3gaHum. dukcu-
PaHOCTU OKBUPA MPUITMKOM HOLLEHa y PyTponu OONPUHOCE M KapaKTepUcTuke
cneundurdHor matepujana kydex”.
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Kapakmepucmuke mamepujana ,Kydex”

Mnoye ,kydex” npeacTtaBrbajy M3y3eTHO M3OPXIbMB MMAAcTUYHWM MaTtepujan
Koju ce gobuja 13 nocebHe TepmonnacTMyHe MeLLaBMHE BESMKE MeXaHW4Ke CHa-
re. O noy3gaHOCTM OBOr MaTtepujana roBopu U Heroea LUMpoKa NpYMeHa y nspa-
OV caBpeMeHe MefUUMHCKe OMpeMe, Kao 1y aBnO-MHOYCTPUjU 1 MOGEPHOM rpa-
heBunHapcTBy. MaTtepujan je BeoMa OTNoOpaH Ha MexaHW4ke ygapue, rpedame u
xnebroewe, Te rapaHTyje AyroTpajHOCT Npou3Boda koju ce ynoTpebrbaeajy y
CKnagy ca HaMeHOM W npernopykama npoussohava. N3yseTHe AMMEeH3noHanHe
cTtabunHoctu, matepujan ,kydex” je Beoma oTnopaH Ha atmocdepcke ytuuaje u
Hesanasous je. [Nopen Tora, Beoma je jegHocTaBaH 3a yuwhere, a Hyau 1 Npeko
3500 moryhux 6oja npousBoaa, ykibydyjyhm n metanuk 60jy, a 3aHMMILUBO je U
ha omoryhaBa 8 TvnoBa perbeda 1 gusajHupare annvkauuja Ha NoBPLUNHN.

®ympona 3a moden ,CZ-75 P-07 Duty”. ®omo: Horned Viper

YnoTtpeba maTtepujana ,kydex” y nspaam BMCOKOKBaNUTETHMX cpyTpona 3a
HoLLeHe OpyXja 1 OKBMpa onpaBaaBa ce YBpcTohoM maTtepujana, cammm TUM U
¢opme ¢yTpone, manoM mMacoMm n uspaxeHunjom mogynapHowhy. MNopen Tora,
,Kydex” dpyTpony je nako npukpuTtn ucnog opgehe, a BeoMa je BaXHO Aa je Tpe-
e n3mMeny matepujana u opyxja NpUIMKOM cTaBrbaka Yy yTpony n nssnade-
Ha 3HATHO YMaHEHO, LUITO Ce MO3UTUBHO OApaXkaBa Ha OyroTpajHoOCT u dyTpore
n opyxja. Takohe, oBe (hyTporne He NponsBoae 3BYK NPUITMKOM KpeTama .

3akrbyyak

Ynotpeba kBanuteTHor Mmatepuvjana ,kydex” y uspagm Taktndkmx doytpona tpe-
HYTHO je HOBWTET Yy CBETY, a UCKYCTBa U3 ynoTpebe 3a caa Cy yriaBHOM MO3UTHBHA.
Opn capa he kynum ns Cpbuje n pervoHa nmatu MoryhHOCT fia npaTe CBETCKe TpeHao-
Be, MPBEHCTBEHO 3axBasbyjyhu 3anaramwy TMMa cprcke komnaHuje ,Horned Viper”.

Murnow M. Jeemuh (Milos M. Jevti¢), ypeOHuk cajma specijalne-jedinice.com,
e-mail: info@specijalne-jedinice.com,
ORCID iD: “http://orcid.org/0000-0002-1305-7618




No3nB N YTIYTCTBO AYTOPUMA
NPUMAWEHNE N UHCTPYKLIMW ANTA ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3uB N YNYTCTBO AYTOPUMA O HAYUHY NMPUMNPEME YNAHKA

YnyTcTBO ayTopyMma O Ha4yMHy npunpeme unaHka 3a objaBromBarbe y BojHomexHuy-
KOM 2/iacHUKy ypaheHo je Ha ocHoBY AKTa O ypefuBawy Hay4Hux yaconuca, MuHuctap-
CTBa 3a HayKy WM TexHomnolwku pa3soj Penybnuke Cpbuje, eBuaeHumoHn 6poj 110-00-
17/2009-01, og 09. 07. 2009. roamHe. MNMpumeHa oBor AKTa MPBEHCTBEHO CIYXW yHanpe-
hekwy kBanuTeTa gJomMahux Yaconmuca u HUXOBOr NOTNYHUjEr yKIbyynBara y MeflyHapoa-
HW CMUCTEM pa3MeHe Hay4yHMX MHopmaumja. 3acHOBaHO je Ha MeRyHapoaHWM CTaHaap-
avma ISO 4, ISO 8, ISO 18, ISO 215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 n
ISO 5122, ogHocHo ogroBapajyhum gomahum ctaHgapavma.

BojHoTexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.M0.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wtamnaHo nsgame, e-ISSN
2217-4753 — online, UDC 623+355/359) jecte MyntuancumMninHapHu Hay4yHm yaconmc Mu-
HucTapcTBa oabpaHe Penybnuke Cpbuje, koju objaBrbyje HayvyHe U CTpyYHE YraHKe, Kao u
TEXHUYKE UHGOPMaUMje O CaBPEMEHUM CUCTEMMMA HaopyXaka U CaBpPEMEHWM BOjHUM
TexHornornjama. Yaconuc npatu jeauHCTBEHY UHTEPBUOOBCKY TEXHWUYKY noapLuky Bojcke Ha
NPUHLMMY NOTMCTUYKE CUCTEMCKE NoApLUKe, 06nacTn OCHOBHUX, MPUMEHEHMX U Pa3BOjHUX
UCTpaxuBara, Kao 1 NponsBoawy 1 ynoTpeby cpeacTaBa HaopyXaka v BOjHE onpeme, u
ocTarna Teopwujcka M MpakTM4Ha ocTurHyha koja LOMPUMHOCE ycaBpluaBaky npunagHuka
MuHucTapcTBa oabpaHe u Bojcke Cpbuje.

MwuHu1cTapcTBO MpOCBETE, Hayke U TEXHOMOLLIKOr pa3soja Penybnvke Cpbuje, carnacHo
oonyum 13 unaHa 27. ctaB 1. Tauyka 4), a No NpMbaBIbLEHOM MULLIBEHY M3 YrnaHa 25. cTtaB 1.
Tauka 5) 3akoHa O Hay4HOMCTpaxmBaykoj AenatHoctu (,Cnyx6eHn rmacHuk PCY, 6p. 110/05,
50/06-ucnp. n 18/10), yTBpanno je kateropusaumjy BojHoTexHuyKor rnacHuka, 3a 2013. roauHy:

3a 06racT TEXHOMOLLKM pa3sBoj:

— Ha NUCTM Yaconuca 3a MaTtepujarne u XxeMujcke TexHororuje:

kaTeropuja Bogehu Hay4Hu Yaconuc HaumoHarnHor 3Ha4vaja (M51),

— Ha NIUCTU Yaconuca 3a eNleKTPOHUKY, TerleKOMyHuKauuvje u nHcopmaumoHe
TexHonoruje:

KaTeropuja Hay4Hu 4aconuc HaunoHarnHor 3Ha4vaja (M52),

— Ha nUcTH Yaconuca 3a MalWMUHCTBO:

KaTeropuja Hay4Hu 4aconuc HaumnoHarnHor 3Ha4vaja (M52),

3a 06racT OCHOBHA UCTpaXuBaa:

— Ha NUCTM Yaconuca 3a MaTemMaTuKy, padyyHapcke Hayke U MeXaHUKy:

KaTeropuja Hay4Hu 4aconuc HaumnoHarnHor 3Ha4vaja (M52).

YcBojeHe nucte gomahux yaconuca 3a 2013. rogmMHy mMory ce BuaeTu Ha cajty Boj-
HOTEXHWUYKOT rfacHuka, cTpaHuua Kateropusaumja Yaconuca.

[eTarsHuje nHdpopmaumje mory ce npoHahu n Ha cajty MuHuctapcTBa npocseTe,
HayKe 1 TexHomoLkor pa3soja Penybnuke Cpbuje.

Mopaum o kaTeropusaumjym mory ce npatnti u Ha cajty KOBCOH-a (KoHsopuwmjym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

Kateropusauuja yaconuca usBplieHa je npema [NpaBunHUKY O NMOCTYMNKY U HAYUHY
BpeaHOBawa N KBAHTUTATMBHOM MCKasuBaky Hay4YHOUCTpPaXuBayKuMX pesyntaTta ucrpa-
XvBaya, Koju je nponncao HauuoHanHm caBeT 3a Hay4YHU U TeXHomMoLwku pa3eoj (Cnyxbe-
Hu rnacHuk PC, 6poj 38/2008).

Y cknagy ca OBMM MpaBUITHUKOM M TaberiomM O BPCTU U KBaHTUMKALMjK nHaMBMAayan-
HMX Hay4HOUCTpaxuBadkmx pesyntata (y cactasy lNpaBunHuka), objasrbeHun pag y BojHoTex-
HWYKOM TacHuKy BpeaHyje ce ca 2 6oaa (kateropuja M51) n 1,5 6opg (kateropuja M52).
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Yaconuc ce npatu y KoHTekcTy Cpnckor umMtatHor uigekca — CLimHaekc (6asa no-
Jartaka gomahux Hay4Hux Yaconuca) n Pyckor nHgekca HayyHor umtupara (PUHLL). Mo-
OBPrHYT je cTanHoM BpegHoBaky (MOHUTOPWMHIY) Y 3aBWCHOCTW Of YTULAjHOCTU
(vnmnakTa) y camum 6aszama u, nocpegHo, y mehyHapogHum (Thompson Reuters) yutar-
HUM uMHAekcuma. [leTarbM O MHAEKCUpaky MOry ce BuMAeTM Ha cajTy BojHoTexHuukor
rnacHuvka, ctpanuua Mingekcupate Yaconuca.

BojHoTexHW4YkM rmacHuk omoryhaea 1 npumensyje Creative Commons (CC BY) ogpenbe
0 ayTopckvM npaBuma. [leTtarbyM O ayTOPCKMM NpaBvMa MOry ce BUOETU Ha cajTy Yaco-
nuca, cTpaHuua AyTopcka npasa.

PapoBu ce npepajy nyTem OHNajH cucTemMa 3a enekTpoHcko ypehuBawe ASEE-
STANT, koju je passuo LieHTap 3a eBanyauujy y o6pasoBary 1 Hayum (LLEOH).

MpucTtyn n pernctpauymja 3a cepBuUC Bplle ce Ha cajTy www.vtg.mod.gov.rs,
npeko ctpaHuue ASEESTANT vnu CUMHOEKC, 0AHOCHO ANMPEKTHO Ha NUHKY

aseestant.ceon.rs/index.php/vtg.

[eTtarbHo ynyTcTBO O perucTpaumju n npujaBu 3a CEpPBUC Hanasn ce Ha cajTy
www.vtg.mod.gov.rs, cTpaHuua YnyTcTeo 3a e-Yp: EnektpoHcko ypehuBarwe — ASEESTANT.

[NoTpe6Ho je aa ce cBM ayTopu Koju nogHoce pykonuc 3a objaBrbuBare y BojHOTEXHWY-
koM rnacHuky pernctpyjy y permctap ORCID (Open Researcher and Contributor ID), npema
ynyTCTBY Ha CTpaHuLM cajta Peructpaumja 3a gobujare ORCID npgeHTdukaLmoHe wudpe.

BojHOTEXHMYKM rnacHWK objaBrbyje YnaHke Ha CPrCKOM, €HrNIECKOM, PYCKOM, He-
Ma4koMm Unu cppaHuyckom jeauky (arial, cpncka hupmnuua unu cpncka natuHuua, Benuyn-
Ha cnoBa 11 pt, npopen Single).

MocTynak npunpeme, nucawa 1 ypehusawa YnaHka Tpeba aa byae y carnmacHocTu
ca UsjaBom o etnukom noctynawy (http://www.vtg.mod.gov.rs/izjava-o-etickom-
postupanju.html).

UnaHak Tpeba Oa cagpxu caxeTak ca KibyYyHMM peuvvma, YBOA, paspagy, 3akiby-
Yak, nuTepaTypy M pes3ume ca Kiby4YHUM peyvnMma Ha eHrneckom jesuky (6es Hymepauuje
Hacnoea v nogHacnoea). O6uM unaHka Tpeba aa Gyge oko jeaHor ayTopckor Tabaka
(16 cTpanuua cdopmata A4 ca npopenom Single), a Hajsuwie 24 cTpaHuLe.

UnaHak Tpeba ga Gyge HanucaH Ha obpacuy 3a nucare YnaHka, Koju ce y enek-
TPOHCKOj hopMM MOXKe Npey3eTu ca cajTa Ha cTpaHuum Obpasal, 3a nncame YnaHka.

Hacnos

Hacnog Tpeba ga ogpaxaa Temy 4naHka. Y MHTEpecy je Yaconuca v aytopa Ja ce Kopu-
CTe peyu NprKnagHe 3a MHOEKCHpak-e 1 NPeTpaxvBare. AKO TaKBMX PEYM HEMA Y HACIOoBY, MO-
XErbHO je Aa ce npuaoaa v nogHacrnos. Hacnos Tpeba Aa 6yae npeBeaeH 1 Ha EHITIECKM je3ViK.
OBWU HacnoBu UCMNCYjy Ce Ucnpen caxeTka Ha ogroBapajyhem jesuky.

Tekyhun HacnoB

Tekyhun HacnoB ce ncnucyje ca cTpaHe CBake CTPaHWLE YnaHka paguv nakwe naeH-
Tudmkaumje, nocebHO konuja YnaHaka y enekrpoHckom obnuky. Cagpxu npeavme v UHU-
LumMjan nMmeHa aytopa (ako aytopa nma BuLLE, NpeocTanu ce o3HavaBajy ca ,et al.“ unu u
ap.“), Hacnose paga u Yaconuca u konauujy (roavMHa, BOyMeH, CBecka, noyeTHa v 3aBp-
WHa cTpaHuua). Hacnosu yaconvca v unaHka mMory ce AaTtv y ckpaheHom obnuky.

WAme ayTopa
Haeogm ce nyHo nme v npesvme (CBUX) aytopa. Beoma je noxersHo ga ce HaBedy 1 cpes-

Ha crioBa ayTopa. MimeHa 1 npeaumMeHa JoMahux ayTopa yBek ce UCTIUCYjY Y OpUTMHANHOM 06-
UKy (Ca CPMNCKAM AMjakpUTUYKMM 3HAKOBMMA), HE3aBUCHO Of je3UKa Ha KOjeM je HarnvcaH pag.

Ha3uB yctaHoBe aytopa (acbhunujaumja)

HaBoau ce nyH (3BaHW4YHU) HA3MB U ceauLTe YCTaHOBE Y KOjoj je ayTop 3anocneH, a
€eBEeHTyaslHO 1 Ha3uB yCTaHOBe Y KOjoj je ayTop 06aBMO UCTpaXuBame. Y CrOXeHUM opra-
HM3aLmjama HaBoawW ce yKynHa xujepapxuja (Hnp. YHuBepauteT oabpaHe y beorpagy, BojHa
akagemuja, Kategpa npupogHo-matemaTuuknx Hayka). bap jeaHa opraHusauuja y xujepap-




Xvju mopa 61TK npaBHO nuue. AKO ayTopa MMma BuLLE, a HEKU NMOTUYY U3 UCTE yCTaHoBe,
Mopa ce, NocebHUM 03HaKama Uy Ha ApYr HauvH, Ha3HaYUTK U3 Koje 0 HaBeaeHUX ycTa-
HOBa MOTWYE CBaku Of HaBedeHux aytopa. Adunuvjaumja ce ucnucyje HenocpeaHo HaKoH
MMmeHa aytopa. PyHKUWja 1 3Bake ayTopa Ce He HaBoZe.

KoHTakT nogauu

Afnpeca vnu e-agpeca CBUX ayTopa [aje ce Ha NpBOj CTPaHULM YraHKa.

KaTteropuja (Tun) unaHka

KaTeropusauumja unaHaka obaBesa je ypegHuMWTBa U of nocebHe je BaxkHocTu. Ka-
Teropujy unaHka Mory npegrarat peLeH3eHTM 1 YNaHOBU YpeaHULLTBA, OOHOCHO ypen-
HUUM pybpurKa, anv ooroBOPHOCT 3a KaTeropmsauujy CHOCU UCKIbYUMBO MMaBHU ypeaHuK.

UnaHuwm y Yaconucuma ce passpcTtaBajy y crieaehe kateropuje:

Hay4Hu unaHum:

1. opurHanaH Hay4Hu pag (pag y kojem ce usHoce NpeTxoaHO HeobjaBrbMBaHU pe-
3ynTaTh COMCTBEHNX UCTPAXMBakba HayYHUM METOAO0M);

2. npernegnu pag (paa Koju cagpxu opurHanad, netarbaH U KpUTUYKU Npukas uc-
TpaxwvBaykor npobnema unu noapydyja y kojeM je aytop octBapvo ofpeheHn JonpuHoc, BU-
OrbMB Ha OCHOBY ayTouumTaTa);

3. KpaTKO MNKN NPETXOAHO CaonwTeHe (OpPUrMHaNHM Hay4yHu pag nyHor cdopmara,
anu mawer obrvMa unv NpenvMMUHapHor Kapaktepa);

4. Hay4yHa KpuTMKa, OOHOCHO Monemuka (pacnpasa Ha ofpefeHy Hay4Hy Temy, 3a-
CHOBaHa UCKIbYYMBO Ha Hay4YHO] aprymMeHTaLuju) u ocBpTU.

M3y3eTHo, y HekMM oBGnacTuma, Hay4H1 pag y 4aconucy MoXxe nMatu oonmnk MoHorpad-
CKe CTyauje, kao U KpUTUYKOT U3fara HayvHe rpafe (McTopujcko-apxmBCKe, nekcukorpadicke,
6ubnuorpadpcke, npernena nogartaka v cn.) — AoTag HENo3HaTe UM He4OBOSBLHO NPUCTyNaY-
He 3a Hay4Ha UCTpaXuBakba.

PapoBu knacmdurkoBaHu kao Hay4yHn Mopajy nmaTtu 6ap ABe NO3MTUBHE peLieHsmje.

Ako ce y yaconucy 06jaBrbyjy U NpUno3n BaHHay4YHOr KapakTepa, Hay4yHW YnaHLum
Tpeba ga 6yay rpynvcanu 1 jacHo U3BOjEHN y MPBOM Aeny CBECKe.

CTpy4YHU YnaHuu:

1. cTpy4Hu paa (Mpunor y KojeM ce Hy[le UCKYCTBa KopucHa 3a yHanpeherwe npode-
CMOHarHe npakce, anu Koja HUCY HYXKHO 3acHOBaHa Ha Hay4HOM MeToay);

2. uHcbopmaTMBHY Npuror (YBOAHWK, KOMEHTap 1 cn.);

3. npukas (Kwure, padyyHapcKkor nporpama, cryyaja, Hay4Hor gorahaja, v cn.).

Je3uk papa

Jesuk paga mMoxe GUTU CPNCKW, EHIMECKU UK ApYru je3nK Koju ce Kopuctu y mehy-
HapPOAHO] KOMYHUKaLMju Yy oapeheHoj Hay4YHOj] 00nacTu (pPycku, HeMayky UM paHLyCcKu).

TekcT Mopa BUTK je3anykn 1 CTUNCKU JOTepaH, cMCcTeMaTu3oBaH, 6e3 ckpaheHuua
(ocum cTaHpapaHux). Cee unsmyke BenuymHe mopajy 6utu napaxere y MehyHapogHom
cucTeMy MepHux jeamHuua — Sl. Pegocnen obpasaua (dbopmyna) o3HayaBa ce peaHuM
6pojeBnma, ca gecHe CTpaHe y OKpyrnvMMm 3arpagama.

CaxeTak (ancTpakT) u peaume

CaxeTak (ancTpakT) jecte kpaTak MHpopMaT1BaH Npukas cagpaja ynaHka Koju untaouy
omoryhaBa ga 6p30 M TayHO OLIEHM H-EroBY PErneBaHTHOCT. Y MHTEpecy je ypeaHulTasa u
ayTopa Aa caxeTak caapv TEPMUHE KOjW Ce YeCTO KOpMCTe 3a UHAEKCUpaH-e 1 npeTpary yna-
Haka. CacTaBHM OerloBu CaxeTka Cy Wb UCTpaxvBarba, MeToam, pesyntaTtv 1 3akbydak. Ca-
xeTak Tpeba ga uma og 100 go 250 peun u Tpeba ga ce Hanasu M3Mehy 3arnaerba (Hacros,
MMeHa ayTopa 1 Ap.) U KIby4HUX PeYM, HAKOH KOjWX Crieau TEKCT YnaHka. AKo je pag HanucaH Ha
CPrCKOM (PYCKOM, HEMa4KoM W hpaHLyCKOM) je3nKy MOXerbHO je Aa ce, nopen caxeTka Ha
CPMCKOM (PYCKOM, HEMaYKOM M1 doPaHLIYCKOM), Aaje N CaxeTaK y MpoLuMpeHoM obnvky Ha eH-
rMECKOM je3uKy — Kao T3B. peauMe (summary). OBakaB pe3vme Tpeba fa 6yae Ha kpajy YnaHka,
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HakoH oferbka Jlutepatypa. BaxHo je aa peaume 6yde y CTpykTypupaHoM obnvky, a Herosa
Oy*uHa mMoxe 6utn go 1/10 gyxvHe unaHka (OMLMPHMjK je of CaxeTka ca NnoyeTka unaHka).
MoueTak oBoOr pesnmea Moxe BUTK NpeBeaeHN CaxeTak (Ca noyeTka YnaHka), a 3atmm Tpeba
Ja criefe npeBegeHy MMaBHW HAcnoBW, NOAHACIIOBY M OCHOBE 3aKibydka uYnaHka (nmuteparypa
ce He npesoan). MNoTpebHo je aa ce y CTPYKTypupaHoM pesvmMey npesege v 4eo TekcTa ucnog,
Hacrosa 1 nogHacrosa, Boaehu padyHa ga oH 6yae nponopumoHanaH hUX0BOj BEMNYNHW, a Aa
ofpaxaBa CylwTuHy. HakoH pe3nmea Ha eHrneckom jeauky (MpoLUMpeHOr caxeTka) Jodaje ce
H-ETOB MPeBO/, Ha CPrckoM, Aa 61 peJakumja 3spLUKIIa NPOBEPY U NEKTYPY.

Krby4yHe peun

KrbyyHe peun cy TepmuHu unu cpase Koje agekBaTHO NpeacTaBrbajy CaapXxaj
ynaHka 3a notpebe nHOeKcupara n npeTpaxmBarwa. Tpeba nx gogeromeaTtn ocrawajyhn
ce Ha Heku mehyHapoaHun u3Bop (NOMUC, PeYHKK UMK Tesaypyc) Koju je Hajlumpe npuxea-
heH unu yHyTap gate Hay4yHe obnacTtu. 3a HNp. Hayky YonLwiTe, TO je McTa Kiby4HUX pe-
un Web of Science. Bpoj kiby4yHux peun He moxe 6utn Behm op 10, a y uHTepecy je
ypeaHuLWTBa U ayTopa Aa y4yecTarnocT wuxoBe ynoTpebe Oyae wto Beha. KibyuHe peun
Oajy Cce Ha je3nKy Ha KOjeM je HamucaH YnaHak (CaxxeTak) U Ha EHITIeCKOM je3uKy. Y unaH-
Ky Ce NuLly HenocpeaHO HaKoH caXkeTka, OAHOCHO HaKoH pe3nmMea.

Cuctem ASEESTANT vy Ty cBpXxy kopucti cneupjandy anatky KWASS: aytomaTtcko ekc-
TpaxoBaH-e KIbYYHUX PEYM N3 ANCLIMNITMHAPHKX Te3aypyca/peqHuKka no n3bopy v pyTuHe 3a Hin-
XOB 0fiabup, Tj. NpMxBaTake OQHOCHO ofbaLvBaH-e O CTpaHe ayTopa Wunm ypeaHuka.

ﬂaTyM npuxpaTata YaHKa

[JaTtym Kaga je ypegHWLITBO MPUMWIIO YnaHak, AaTym Kafa je YpeOHWLITBO KOHa4yHo
NpUXBaTUIO YnaHak 3a objaBrbuBaHke, kao U AaTymuy kaaa cy y mefiyBpemeHy focTaBrbe-
He eBeHTyarnHe WCrpaBKe PyKOMMca HaBoAe Ce XPOHOMOLLUKMM PeaoCcriefioM, Ha CTanHoOM
MecTy, N0 NpaBuny Ha kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 0AHOCHO Ha3MB NporpamMa y OKBUPY KOjer je unaHak HacTao,
Kao 1 Ha3uB UHCTUTYLMje Koja je ouHaHcupana npojekaTt unv nporpam, HaBoau ce y no-
cebHOj HanoOMeHW Ha CTanHOM MecCTy, Mo NpaBuny Npu AHy NpBe CTpPaHe YnaHka.

MpeTxoaHe Bep3uje paga

AKO je unaHak y NpeTxofHoj Bep3uju G1o N3NOXeH Ha CKymy y BAOY YCMEHOr caonwite-
Ha (No4 UCTUM UMK CIIMYHUM HacroBOM), NoAaTak o Tome Tpeba aa 6yae HaBeneH y noceb-
HOj HaMoMeHW, No NpaBusly Npu OHY NpPBe CTpaHe YnaHka. Pag koju je Beh objaBrbeH y HEKOM

Yaconucy He Moxe ce 06jaBuTn y BojHOTEXHUYKOM FMacHWKy (NpewuTaMnaTi), HA Nog Crvd-
HWM HaCMOBOM U N3MEHEHOM OBIINKY.

TaGenapHu u rpachuyku npukasm

MoxersHo je Aa HacnoBu CBUX Npukasa, a No MOryhcTBYy M TEKCTyanHW cagpxaj,
6yny natv OBOje3NYHO, Ha je3nKy pafa M Ha EHrMEeCcKOM je3nkKy.

Tabene ce NuLLy Ha UCTU HAYWH Kao M TEKCT, a 03HaYaBajy ce peaHum bpojeBrma ca rop-
e cTpaHe. doTorpadhmje u LpTexxu Tpeba aa Gyay jacHu, NpernesHy 1 NorodHY 3a penpoayk-
unjy. Liptexxe Tpeba pagutu y nporpamy word unm corel. oTorpadmje 1 uptexe Tpeba nocra-
BWTU Ha XESbEHO MECTO Y TEKCTY.

HaBoRfewe (unTupame) y TeKcTy

HauvH no3vBara Ha M3BOpE Y OKBMPY YnaHka mopa buTtu jeaHoobpasaH.

BojHoTexHWYKkK rnacHyK 3a pedepeHumpatrse (LMTupare 1 Haoherwe nutepatype) npu-
Mehyje XapBapacku cucTeM pediepeHLm, OOHOCHO XapBapAcky NpUpyYHUK 3a ctun (Harvard
Referencing System, Harvard Style Manual). ¥ camom TekcTty, y 06u4HUM 3arpagama, Ha me-
CTY Ha KOjeM ce BpLUW Mo3vBake, OAHOCHO LMTUpaHe nutepatype HabpojaHe Ha kpajy YnaH-
Ka, obaBe3HO y 0OMYHOj 3arpaan HanvcaTu NpesuMe LUTUPaHor ayTopa, rogvHy nagaksa ny-
6nu1kaumje 13 Koje uMTMpaTe W, eBeHTyanHo, 6poj ctpaHmua. Hnp. (Petrovié, 2012, pp.10-12).
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[eTarbHo ynyTCTBO O HaYMHY UMUTUPama, ca NpMMeprMa, AaTto je Ha CTpaHuum caj-
Ta YnyTcTBO 3a XapBapAckv NpUpYYHUK 3a cTun. MNMoTpebHo je aa ce no3uBake Ha nuTe-
paTypy Yy TEKCTY ypaau y ckrnagy ca MoOMEHYTUM ynyTCTBOM.

Cuctem ASEESTANT y cBpxy KOHTposne HaBohewa (UnTMpawa) y TEKCTY KOPUCTU
cneuujanHy anaTky CiteMatcher: oTkpuBame M30CTaBIbEHUX LMTaTa y TEKCTY paga Uy
nonucy pedgepeHLm.

HanomeHe (cpycHoTe)

HanomeHe ce gajy npy AHy CTpaHe Ha Kojoj ce Hanasm TEKCT Ha Koju ce ogHoce. Mory ca-
OpXKaTn Marse BaxHe [eTarbe, AonyHcka objalukbersa, HasHake o kopuwheHum 13sopumMa (Ha
npyMep, Hay4Hoj rpafiu, MPMpyYHULMMA), anm He Mory GUTK 3amMeHa 3a LMTUpaHy nnutepaTtypy.

IucTa pecepeHumn (nuTepaTtypa)

Lintnpana nutepatypa obyxsata, no npaswurny, bubnmorpadcke nssope (4naHke, MOHO-
rpachuvje 1 cn.) U daje ce UCKIby4MBO Yy 3acebHOM OferbKy unaHka, y Bugy nmcte pedepeHum.
PedhepeHLe ce He npeBofe Ha je3nk pada 1 Habpajajy ce y NoceGHOM oferbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rMAcHUK, KAa0 Ha4yMH ucnuca nutepaType, NpuMeryje XapBapacku
cucTeM pedpepeHun, OOHOCHO XapBapAcku npupyvHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

JIntepatypa ce ob6aBes3HO nuile Ha NaTMHWUYHOM NUCMY U Habpaja no abeuegHoMm
pepocneny, HaBogehw Hajnpe npesumeHa aytopa, 6e3 Hymepauuje.

[eTtarbHO ynyTCTBO O HauMHy nonvca pedepeHuu, ca npumepuma, 4aTo je Ha
CTpaHuuM cajTa YnyTcTBO 3a XapBapAcku NpuMpyyYHUK 3a ctun. MNotpebHo je ga ce nonuc
nuTepaType Ha Kpajy YnaHka ypaau y cknagy ca noMeHyTUM yrnyTCTBOM.

HecTtaHaapaHo, HENOTNYHO M HeJOCNEAHO HaBoheHe NUTEpaType y cMcTeMrMva Bpes-
HOBaH-a Yaconuca cMatpa ce [OBOMbHMM PasfioroM 3a OcropaBakse Hay4qHOr cTaTyca Yaconuca.

Cunctem ASEESTANT y cBpXy KOHTPOMe npasuiHor ucnuca nucte pedepeHumn Ko-
puctu cneumjandy anaTtky RefFormatter: koHTpona ob6nukoBaka pedepeHLm y cknaay ca
XapBapACKUM NPUPYYHUKOM 3a CTUI.

MNponpaTtHo nucmMo

Mopep unaHka gocTaBrba ce NponpaTHO NUCMO Y kojem Tpeba ncrtahu o Kojoj BpCcTh
ynaHka ce pagu, koju cy rpadudku npunosu (poTtorpaduje 1 LPTEXKN) OPUTMHATIHK, a KO-
jn no3ajMrbeHu.

Y nponpaTHOM NMCMY HaBoAe Ce M Nojauun ayTopa: UMe, CPeaHse CIoBo, Npesume,
4YMH, 3Bakbe, e-maun, agpeca nocnogasua (BI1), kyhHa agpeca, TenedoH Ha pagHoOM Me-
CTy U kyhHM (MOGUNHM) TenedoH, pavyH N Hasme GaHke, CO mecTa cTaHoBawa, 6poj
nunyHe kapte u JMbB rpafaHa.

AKo je BuLe ayTopa uYnaHKka, y nponpaTtHOM NWCMY Ce HaBOAM MojeAuHayvHu npo-
LieHTyanHu yaeo pagm obpadvyHa xoHopapa.

CBu pagoBu noanexy CTPY4YHOj peueH3uju, a ob6jaBr.eHn pafgoBu U CTpy4YHe
peLeH3Mje XoHOpULLY ce npema Baxehum nponucuma.

Cnmcak peueHseHaTa BOiHOTEXHWYKOr rrmacHWka MOXe Ce BWAETU Ha CTpaHvum
caita Cnucak peueH3eHaTta. [lpouec peueHsvparwa objalwlkbeH je Ha cTpaHuum
cajTa PeLieH3eHTCKM nocTynak.

Appeca pepakuuje:

BOjHOTEXHMYKN rNacHuK,

Bpahe Jyrosuha 19, [lom Bojcke Cpbuije,

11000 Beorpag.

E-mail: vojnotehnicki.glasnik@mod.gov.rs.
YpenHuk
mMp Hebojwa Mahewa, ounn. nHx.
nebojsa.gacesa@mod.gov.rs
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NPUMMALLUEHME U MHCTPYKLUUA NA ABTOPOB O NMOPAOKE NOArOTOBKU CTATbU

WMHCTpyKUumMst AN aBTOpOB O MOPSAKE NMOArOTOBKM CTaTby K OMyOrvKOBaHWIO B XKypHane
«BOEHHO-TEXHNYECKNIA BECTHUK» pa3paboTaHa B COOTBETCTBUM C AKTOM O pefaKTpOBaHUU Ha-
YYHBIX XXypHaroB MuH1cTepcTBa Hayku 1 TEXHOMormyeckoro pa3sutus Pecnybnmkmn Cepbus, Ne
110-00-17/2009-01 ot 09.07.2009 r. NMprmeHeHnem aToro AkTa, B NEPBYHO o4epeab, obecrneym-
BaeTCs COBEPLUEHCTBOBAHME Ka4ecTBa OTEYECTBEHHbIX XYPHaroB M Mx Gornee MonHoro BKIto-
YeHUs1 B MEXOYHaPOAHYI0 CUCTEMY OOMeHa Hay4YHOWM MHopMaLmeit. VIHCTpyKUMS COOTBETCTBY-
eT MexgyHapoaHbiv ctaHgapTam ISO 4, ISO 8, ISO 18, I1ISO 215, ISO 214, ISO 18, ISO 690,
1ISO 690-2, ISO 999, ISO 5122 1 cooTBETCTBYIOLLIMM OTEHECTBEHHBLIM CTaHAAPTaM.

BoeHHo-TexHu4eckut BecTHUK (Vojnotehnicki glasnik / Military Technical Courier),
BTr.MO.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 — ne4yaTtHoe wu3spaHue,
e-ISSN 2217-4753 — online, UDK 623+355/359, aBnseTtca MynbTUAUCLUMUMIIMHAPHBIM Hay4YHbIM
XypHanom MuHucTepctBa 06opoHbl Pecnybnvku Cepbus, nyGnukytowmiA HayuHble cTateu 1
CTaTby CMEeLUManvcToB, B TOM Y/CIE TEXHUYECKue MH(OPMaLMmM OTHOCUTENBHO COBPEMEHHBIX
CUCTEM BOOPYXKEHMUSI M COBPEMEHHbBIX BOEHHbLIX TEXHOMOMUSIX. XKypHarn OTCrnexuBaeT 3a eauH-
CTBEHHOW UHTEPBUAOBOW TEXHUYECKOW NOAAEPNKKON BOOPY>KEHHBIX CUIM Ha MPUHLMNAX NormcTu-
YeCKOWM nopaepXkku, B 06racTy OCHOBHbIX NMPUMEHSIEMbIX HaYYHbIX WCCIEA0BaHWA, a Takke B
obracT Npon3BOACTBA BOOPYKEHWUIA U BOEHHOrO 060PYAOBaHNS Y OCTanbHbIX TEOPETUHECKUX
N NPaKTUYECKUX OOCTWDKEHWWA, COAEMCTBYIOLLMX MOBLILLEHWMIO KBanudmKaumin nepcoHana Mu-
HuctepcTBa OBopoHbI M BoopyxkeHHbIx cun Pecnyonvkmn Cepbus.

MuHucTepcTBo 06pa3oBaHns, Hayku KU TeXHorornmyeckoro passutus Pecnybnvku Cep-
©u1s, cornacHo peLLeHunto no cT. 27 absal 1, NyHKT 4 1 No nony4YeHHOMY TONKOBaHWUIO CT. 25
ab63ay 1 nyHKT 5 3akoHa 0 Hay4dHo-MccreaoBaTenbCKon aeaTensHocTU (,Cny0eHn rmacHuK
PC", Ne 110/05, yTBEepxauno kateropmnsaumio BoeHHO-TexHMYecKkoro BecTHuka 3a 2013 ropa;

Kateropuu B 06racTtu TEXHONOIMYECKOro pasBuTus:

— O6nactb MaTepuanoB U XMUMUYECKOWN TEXHOJIOTUN:

BeAYLLMIA Hay4YHbIV XXypHan HauMoHaneHoro 3HaveHus (M51),

— O6bnacTb 3NMEeKTPOHWKU, TeNIEKOMMYHUKaLMA U MHOPMALIMOHHbIX TEXHOJIO-
TMIA: Hay4HbI XXypHan HauMoHanbHoro 3Havenust (M52),

— ObnacTb MexaHUKK:

Hay4YHbIV XXypHaI HauMoHanbHOro 3HaveHus (M52).

Kateropun B 06racT OCHOBHbIX UCCIEA0BaHUIA:

— ObnacTb MaTeMaTuKa, KOMNbLIOTEPHbIE HAYKU, TEXHUYECKNE HAYKWU:

Hay4HbIV XXypHan HaunoHanbHoro 3HavyeHusa (M52).

MHdopmaumio oTHocuMTenbHO kateropusauumun 3a 2013 rog MOXHO MOCMOTpeTb Ha
CcTpaHuue canTa BoeHHO-TexHNYeCcKoro BeCcTHka KaTeropmsaums BeCTHUKA.

Bonee nogpobHyo MHGOpPMaLuo MOXHO NpoYnTaTh Ha canTe MuHuctepcTea obpa-
30BaHuWsA, HayK1 1 TEXHONMOrMYeckoro passutus Pecnybnvkm Cepbus.

MHdopmaumio o kaTteropmsauum MoxHO nocmotpeTb U Ha cante KOBCOH-a (Koh-
copumym 6nbnmnotek Pecny6nuvku Cepbusi no Bonpocam 00beaNHEHUS 3aKyMOK).

KaTteropusaumsa BecTHuka npoBefeHa cornacHo [lonoxeHunio o nopsigke v cnocobe
KaTeropusaumm Hay4YHO-UCCrneaoBaTeNbCKMX pe3ynbTaToB, yTBEPKAEHHOMY HaluoHansHbIM
KOMUTETOM MO Hayke u TexHonormam (Cnyx6enu rmacHuk PC, Ne 38/2008).

B cooTtBeTCTBUM C Bbileyka3aHHbIM [TonoxeHnem u Tabnuukon c nokasatensmu
KnaccudvkaumMm 1 Kateropmsaumm WHAMBMAOYyarnbHbIX Hay4YHO-MCCNeOoBaTernbCKUX pe-
3ynbTaToB (SBNSOLWENCcs HeoTbemnemoln uvactbto [lonoxeHus)), paboTa, onyGnuko-
BaHHasi B BOEHHO-TEXHWYECKOM BECTHWKE, OLIEHMBAETCA Criedytolmm crocobom: 2 Ganna
(kaTeropusa M51) n 1,5 6annos (kateropust M52).

XKypHan cootBeTtctByeT cTaHgaptam Cepbckoro umTtatHoro mHgekca — SCindeks
(ba3a paHHbIX OTEYECTBEHHbIX HayYHbIX >XypHanoB), a Takke Poccwuiickoro mHaekca
Hay4Horo umtupoBaHusa (PWHL). XypHan nocTosiHHO oueHuBaeTcs (MOHUTOPUHT) B
3aBMCUMMOCTM OT YNCIIEHHOIO NOKa3aTensi BaXXHOCTW HAay4YHOro XypHana B caMmux 6asax, B
T.4. ONOCPEAOBAHHO B MEXAYHapOoAHbIX LMTaTHbIX nHaekcax (Thompson Reuters).
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C vHdopmaumven 06 MHOEKCMPOBAHUM MOXHO O3HAKOMWUTLCS Ha CTpaHuue cawTa
XypHana «/HoekcMpoBaHue BECTHUKAY.

«BOeHHO-TEXHNYECKMNIA BECTHVK» obecrneurBaeT YuTaTensM BO3MOXKHOCTb OTKPBITOrO
OOCTyna, B COOTBETCTBUM C MOMOXEHMsIMM 00 aBTOPCKMX NpaBax, vTBepxaeHHbIMu Creative
Commons (CC BY). C nHcTDVKUMEN 06 aBTODCKMX MpaBax MOXHO O3HAaKOMMUTLCS Ha CTpa-
HUUe ABTopckue npasa, nepenas no ceoirnke http://www.vtg.mod.gov.rs/index-ru.html.

PaboTbl npeactaensitoTca nyteMm online cuctemor e-Yp: 3nekTpoHHOe M3naTenbCTBO
ASEESTANT, sanyweHHoe LleHTpoMm nopaepxviBalowMM pasBuTue obpasoBaHMst U Hayku
(LIEOH).

MpaBa poctyna u peructpaums B cucTteMe odopMnsaTCs No  agpecy
http://iwww.vtg.mod.gov.rs/index-ru.html, yepes ctpanmuy «ASEESTANT» unn « CLUMHOEKC»
(aseestant.ceon.rs/index.php/vtg).

C MHCTpyKUMEN No perncTpaumm u npaeBy AOCTYNa MOXHO 03HaKOMUTBLCS MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, = Ha  cTpaHuue «MHCTpykuMs no  e-Yp:
3nekTpoHHoe n3pnatensctBo ASEESTANT».

Bce aBTODbI, NPEOOCTaBMSIOLLME CBOU PYKOMMUCK HA NYONMKaLMIO B peaakumio XXypHana
«BOEHHO-TEXHNYECKMI BECTHUKY» LOMKHbI NpoiTu permctpaumio B peectpe ORCID (Open
Researcher and Contributor ID), B COOTBETCTBUM C WHCTPYKUMEN Ha CTpaHuue
canta Peructpauus B peectpe ORCID ans npycBoeHUst naeHTUOUKaLMOHHOIO Koaa.

BOEHHO-TEXHNYECKMI BECTHUK BbINycKaeT CcTaTbM Ha CcepOCKOM, PYCCKOM,
aHIMWINCKOM, HeMeLKOM unu dpaHuy3sckom s3bikax (Arial, wpndT 11 pt, npoben Single).

Mpouecc NoaroToBKU. HAMMCaHWS U DEOAKTUDOBAHWS CTaTbU JOIMKEH OCYLLECTBISITLCS B
COOTBETCTBMM C MpuHUMNaMu dtnyeckoro kogekca (http://www.vig.mod.gov.rs/etichyeskiy-
kodyeks.html).

CrtaTbs AOmMKHa cogepaTb CIOXKET C KIKYEBbIMM CIOBamMu, BBeaeHue, pa3paboTky,
BbIBOAbI, CIUCOK MCMOMb30BaHHOW NUTEPaTypbl U pe3toMe C KIoYEBBLIMU CIOBaMMU Ha aH-
rMUIRCKOM s3blke (6e3 HyMepauun 3arofioBKOB U noasaronioBkoB). O6bem cTaTbn He JoOr-
)KEH MpeBbILWaTh 0AUH aBTopCckuiA nucT (16 cTpanul chopmaTta A4 ¢ npo6enom Single).

CrtaTbsa gomkHa ObiTb HanmcaHa Ha obpasue HamMcaHus CTaTbM, KOTOPbIA MOXHO
ckavaTb Ha cTpaHuLe cavita «[MpaBuna n obpaseL, cocTaBnNeHUs CTaTbu».

3aronoBok

3aronoBoOK JOMMKEH oTpaxaTtb Temy ctatbl. IHTepecChl XypHarna u aBTopa COCTOSAT B UC-
Nnonb3oBaH CIrioB, y,D,O6HbIX AN nHaekcaummn n novcka. Ecnn Takme cnosa He coaepxaHbl B
3aroroBke, To XenatesibHO [00aBUTb 1 NOA3arorioBOK. 3arofoBOK AOIMKEH ObITh nepeseneH Ha
AHIMUNCKNIA A3bIK. DTW 3arosIoBKU NULLYTCA nepen CtoXeTaMn Ha COOTBETCTBYIOLLIEM A3bIKE.

TeKywui 3aronoBokK

TekyLuiA 3aronoBoK NULLIETCA B TUTYNE KaXaoW CTpaHuLbl cTaTby C Lenbio ynpo-
WeHNa uaeHTMUKaUMM, B MepBOii oYyepeadn KOMWIM cTaTbel B SMEKTPOHHOM BUAe.
ConepxuT B cebe phamunuio U MHMUMAN UMeHW aBTopa (B Cryyae ecnu aBTOPOB Hec-
KOJIbKO, OcTarbHble 06o3HavaloTes ¢ «et al.» unu «u Op.»), 3arofoBkn paboTbl U XypHa-
na (rog, o6beMm, TeTpadb, HayanbHas U 3aKMNoYUTENbHaA CTpaHuua). 3aronoBku XypHana
1 cTaTby MOTYT NPUBOAMTLCA B COKPaLLEHHOM Buae.

®PUO aBTOpPa

MpvBoaATcs nonHas haMunust U nonHoe umMs (Bcex) aBTopoB. OueHb XenaTenbHo,
yTOGbl GbINV NpuBeaeHbl U cpeaHue GykBbl aBTOPOB. PAMUNMSA U UMSI OTEYECTBEHHbIX
aBTOPOB Bceraa NULLYTCA B OpUrMHanbHOM Buge (C cepbckMMm ANakpUTUYECKUMU 3HaKa-
MW), HE3aBUCUMO OT SA3blka, Ha KOTOPOM paboTa HanucaHa.

HanmeHoBaHue yupexaeHusa aBTopa (addpunmnaums)

MpuBoanTCA MonHoe (oduumanbHOe) HaMMEHOBaHUE U MECTOHAXOXOEHUE Y4pex-
[AeHusi, B KOTOPOM paboTaeT aBTop, a Takke HauMeHOBaHWe yYpexaeH1sl, B KOTOpOM aBTop
npoBsen uccnegosaHve. B cnyyae CnoxHbIX opraHusauuii NpMBoAUTCH obLias vepapxust
(Hanp. YHuBepcuteT obopoHbl B . Benrpage, BoeHHas akagemusi, Kacdbeapa BOeHHbIX
3MEKTPOHHbIX cnctem). Mo kpariHen mepe, ogHa 13 3TUX OpraHM3aumMin B nepapxum AorkHa
MMeTb CTaTyC topuanyeckoro nuua. B cnyyae ecnv aBTopoB HECKOSBKO, Y €CNK HEKOTOpble
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paboTaloT B OOAHOM YYPEXOEHUW, HYXKHO OTAEMNbHBIMU 0603HAYEHUSIMU UNK KaKUM-HWUOY b
JpYyruM cnocoboM ykasaTb B KakOM M3 NPUBELEHHBIX YUPEXAeHUA paboTaeT Kaxaplid U3 -
npvBedeHHbIX aBTopoB. Addunuaums NueTcst HernocpeacTeeHHo nocre MO aBTopa.
JomkHOCTb 1 KBanudukaums no o6pasoBaHNio He YKa3biBAKTCS.

KoHTakTHble AaHHble

MoyToBLIN agpec W/MNM 3NEKTPOHHBLIN agpec aBTOPOB YKa3blBAlOTCS Ha NepBou
CTPaHunLpbl CTaTbi.

KaTteropus (Tun) ctatbun

KaTteropusauus ctatben siBnsetca 0653aHHOCTbIO pedakumm u umeet ocoboe 3Ha-
YeHue. KaTeropuio ctatbn MOryT npeanaratb peueH3eHTbl U YNeHbl pefakuum, T.e. pe-
AaKkTopbl pyOpuWK, HO OTBETCTBEHHOCTb 3a KaTeropusaumio HeceT UCKIMIOUYUTENbHO rnaBs-
HbIi pegakTop. CTaTbu B XypHanax pacnpefenstoTcs Nno crneaylowmmM KaTeropusm:

HayuHble cTaTtbu:

1. opurmHanbHas Hay4Has paboTa (paboTa, B KOTOPOW NPUBOOSATCH paHbLUe Heomny-
6nvKoBaHHbIE pe3ynbTaTbl CO6CTBEHHbIX NCCEA0BaHNIN HayYHbIM METOL0M);

2. HarnsgHasa paboTta (paboTa, cogepxallasi OpurMHanbHbIA, AeTanbHbIA U KpUTU-
Yecknn 0630p mccrnepoBaTenbCKonM MpobnemMbl unuM obnactn, B KOTOPLI aBTOP BHEC
onpefeneHHbI BKNag, BUAMMbIA Ha OCHOBE aBToLMTaT);

3. KpaTkas unu npegsaputensHas MHopMaums (opurMHanbHas HayyHas pabota
nonHoro popmata, HO MeHbLLero obbema Unu nmetoLLas NpeasapuTenbHbIN xapakTep);

4. Hay4yHas KpUTUKa, T.e. NonemuKka (AUCKYCCUsi Ha ONpeaerieHHYI0 HayyHylo Temy,
060CHOBaHHAas UCKNIOYNTENBHO Ha Hay4YHON aprymMmeHTaumn) n 6ernsie 0630pbl.

OpHako, B HEKOTOPbIX 0bnacTax Hay4yHas paboTta B XypHarne MoxeT umeTb hopmy
MOHOrpadumyeckon CTyaun, a Takke KpUTUHECKOro M3gaHusl HayvyHoro matepuana (McTo-
pVKO-apXMBHOIO, Nekcukorpaduyeckoro, Gubnuorpaduyeckoro, o63opa AaHHbIX U T.0.) —
[0 Tex Nnop HeM3BeCTHOro WM HeJOCTaTOYHO AOCTYMHOrO ANsi Hay4YHbIX UCCIIe[OBaHNNA.
PaboTbl, knaccuduumMpoBaHHbIe B Ka4ecTBe Hay4HbIX, AOIMKHbI UMETb, MO MEHbLUEN Me-
pe, OBE NOMOXMTENbHblE peLeH3nn.

B cnyvae ecnu B XypHane oGbABNSAIOTCA U MPUMOXEHNS, HE UMEIOLLNE HayYHbIN
XapakTtep, Hay4Hble cTaTby AOMKHbI ObiTb CrPYNNUPOBaHbI U YETKO BbigefieHbl B NepBoW
YacTu TeTpagu.

[podheccroHanbHble cTaTbu:

1. npodpeccnoHanebHas pabota (NpunoxeHus, B KOTOPbIX NpeanaraloTcs onbITbl, No-
nesHble ANS COBEPLUEHCTBOBAHWSA NMPOJEeCCUOHaNbHON MPaKTUKA, HO KOTOPbIE HE JOMMKHbI
B 06513aTenbHOM nopsigke ObiTb 060CHOBaHbLI HA HAyYHOM MeToAe);

2. UHbopMaTMBHOE NpUNoxeHue (nepegosas CTaTbsl, KOMMEHTapU 1 T.0.);

3. peueHsns (KHUM, KOMMBbIOTEPHOW NPOrpaMMmel, Criyyasi, Hay4Horo cobbITis 1 T.N.).

A3blk paboTbl

Pabota MoxeT ObITb HanvMcaHa Ha cepOCKOM, aHrMUACKOM WM ApYyrom si3blke,
MCMOMb3yeMOM B MEXAyHapO4HOW KOMMYHMKaLuMM B ONMpeaefieHHoW HayyHow obnactu
(pycckuin, HemeuKnU unu ppaHLy3cKui).

TekcT JormkeH 6biTb B MMHMBUCTUYECKOM U CTUIIMCTUYECKOM CMbICIIE YNOpsidoYeH, CUCT-
emMaTn3npoBaH, 6e3 CoKpaLLeHuni (3a NCKIoYeHneM cTaHaapTHbIX). Bce dmanyeckne BennunHbI
[OOMKHbI cOOTBETCTBOBaTE MexayHapoaHon cucteme eauHuL, namepeHust — C. OuepegHocTb
opmyn o60o3Ha4aeTcs NopsAKOBLIMU HOMEPaMW, C NMPaBOV CTOPOHbI B KPYTIbIX CKOBKaX.

CroxeT (abCcTpakT) u pestome

CroxeT (abCTpakT) ABNsAeTCs KpaTkuM MHAOPMaTUBHBIM 0630pOM coaepaHus cTaTby,
obecneuvBaloWMM YuTaTento HGbICTPO U TOYHO OLIEHUTL €ro pereBaHTHOCTb. B uHTepecax
pedakumm 1 aBTopoB, YTODbI CIOXET copepxarn TePMMHbI, YacTo MUCMoNb3yemble Ans UHOEK-
CMpOBaHWS 1 noucka ctatbe. COCTaBHBIMM YacTAMM CHOXeTa SIBMSOTCA Lierb MCCreoBaHus,
MeTodbl U 3aKntoveHne. B cioxete gomkHo 6biTb oT 100 go 250 cnoB, 1 O0MmMKeH HaxoaMTCs
Mexay Tutynamu (3aronosok, PO aBTOpOB U Ap.) U KNOYEBLIMU CI0BaMK, 3a KOTOPbIMU Crie-
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OyeT TekcT ctaTtbu. Ecnn pabota HanucaHa Ha cepBckom (pycckom, HeMeLkoM unu dpa-
HLLy3CKOM) 5i3blke, XenaTenbHO, YToObl KpoMe CloxeTa Ha cepbCkoM (PYCCKOM, HEMELIKOM Ui
paHLy3ckom) Gbin MPeAOCTaBNEH U CHOXET B PaCLUMPEHHOM BUAE HA aHITIMIACKOM S13blke — B
KayecTBe T.H. pestoMe (summary). Takoit pestome JOImKeH HaXOAUTLCS B KOHLLE CTaTbu, Nocre
pasgena Jlutepatypa. BaxHo, 4Tobbl pestome Bbifio B CTPYKTYpUPOBaHHOM BUAE, U €ro AfvHa
MOXeET cocTaBnsATb 40 1/10 AnvHbl cTatby (OHO Boree OBLLMPHO, YEM CHOXKET M3 Havana cTaTby).
Hayanom gaHHoro pestome MOXET ObiTb NepeBeAeHHbIN CIOXET (M3 Hayana cTaTtbu), a 3aTeM
OOIDKHbI  CriefoBaTb MNEePeBedeHHble [MaBHble 3arofioBkM, MOA3arofioBKM UM OCHOBBI
3aKIoYeHVs CTaTbk (NUTepaTypa He NepeBoanuTcs). B CTpyKTYpUpoBaHHOM pestoMe Hy)XHO ne-
PEBECTU YacTb TeKCTa MOA 3arofioBKOM M 3arofioBKOM, MPVHUMasi BO BHUMaHUe, YToObl OHa
Gblnia NponopLMoHarbHa UX pasmMepy 1 B TO JKe BpeMsi oTpakarna CyTb.

KntoueBble cnoBa

KnioueBbiMM crnoBamu sIBRSIOTCA TEPMUHbI WUNKM  dpasbl, afekBaTHO nNpeacTa-
BMSIIOLLME COAEpXKaHWe cTaTbu, HeobXxoanMoe ANst MHAEKCUPOBaHUS 1 noucka. MIx Hapo
npucyxaaTb, OMUPasiCb NPV 3TOM Ha KaKOW-TO MEXAYHApPOAHbIN UCTOYHUK (perucrp,
crnoBapb, Tesaypyc), Hanbonee npvemrembii BHyTPU OAHHOW Hay4HoW obractu. Yucno
KIOYEBbIX CMOB He MOXeT npesbiwaTe 10, a B UHTEpecax pedakumMu 1 aBTopoB, YTOObI
Mx yactoTa 6bina Kak MoxHO 6onblue. KnoveBble crioBa AaloTcs Ha A3blke, Ha KOTOPOM
HanucaHa cTaTtbs (CIOXKET), U Ha aHrMUMNCKOM A3blike. B ctatbe OHM nuwyTcs Hemno-
CpenCcTBEHHO MOocre CloXeTa, T.€. Mocrne pe3ioMe.

Mporpamma ASSESTANT npegocTaBnsieT BO3MOXHOCTb MCMOMb30BaHNUS cepBuca
KWASS: aBTomMaTnyeckoe UKCUpOBaHME KIHOYEBBLIX CITOB M3 UCTOYHUKOB/CrioBapen no
BbIGOPY, T.€., KOTOpble aBTOP/pPeAaKkTop BOCMPUHMMAET UM HeT.

OaTta non y4yeHus cTatbu

[aTa, korga pefakuust nonyduna cratbio, AaTta, Korga peaakumsi OKOHYaTenbHO
NpUHANA CTaTblo ONA ony6NMKOBaHMWs, a Takke OaTbl, KOr4a 3a UCTEKLWWin nepuog 6binu
npegocTaBneHbl 3BEHTyarnbHble WCMPaBMeHUs PYKOMUCKU, MPUBOAATCA B  XPOHOIO-
rMYecKoM Mopsiake, Ha MOCTOSIHHOM MECTe, KaK NpPaBumno, B KOHLE CTaTbM.

BhipaxeHue 6narogapHocTu

HavmeHoBaHMe M HOMep NpoekTa, T.e. HasBaHWe MpPorpamMmbl, B KOTOPOW CTaTbs
BO3HMKMA, KaK M HaMMeHOBaHME YYpexOeHusl, KoTopoe (OMHAHCUPOBArio MPOEKT WK
nporpammy, NPMBOAATCS B OTAENbHOM NPUMEYaHNU Ha NMOCTOSAHHOM MecCTe, KaK NpaBuio,
BHU3Y NMepBOIN CTPaHULbI CTaTbMU.

MNpeabiaywme Bepcumn paboTbl

B cnyyae ecnu cTaTbs B NpeablayLuei Bepcum Obina UaroxeHa B YCTHOM oBpaLLeHum (-
Nof, OAVMHAKOBLIM MW MOXOXMM Ha3BaHMEM), CBEAEHNE 06 3TOM [OIDKHO ObITb yKasaHo B OTae-
NbHOM MPUMEYaHUW, KaK MpaBuUro, BHU3Y MepBOM CTpaHWUbl cTaTbu. PaboTa, koTopas yxe
onyGnMKoBaHa B HEKOTOPOM U3 >KyPHArOB, HE MOXET ObITb OMyGrMkoBaHa B BoeHHO-TeXHUYeC-
KOM BECTHVKa (nepeneyaTtaHa), Hy Nof, NOXOXUM Ha3BaHWeM, HU M3MEHEHHOM BUE.

TabnuuHoe 1 rpachuyeckoe npeacraBreHme

XKenatenbHo, 4TOObI Ha3BaHUS BCEX NpeacTaBneHUn (MO BO3MOXHOCTU U TEKCTya-
NbHOe cofepxaHue) Obinn npeacTaBneHbl Ha ABYX sidblkax (Ha s3blke paboThl U Ha
aHrnmnckom). Tabnuupbl NULWYTCS TakUM XKe CnocoboM Kak M TeKCT u 06o3HavatTes no-
PSAKOBbIMM HOMEpPaMW C BEPXHEWN CTOPOHbI. doTorpacunm M PUCYHKU OOMKHbI ObITb NO-
HATHbI, HarMsgHbl U yaobHble Ans penpodykuun. PucyHkn Hapgo genatb B nporpaMmmax
Word nnu corel. dotorpadun n pucyHku Hago NoCTaBUTb Ha XenaeMoe MecTo B TEKCTE.

CcbInku (ULMTUPOBaHME) B TEKCTE

OdpopmrieHre CCbINOK Ha UCTOYHMKN B pamMKax CTaTbl JOMKHO ObITb OAHOOOPAa3HbIM.

BoEHHO-TEXHUYECKWIN BECTHUK ANt OCPOPMIIEHMST CCbINOK, LUMTaT M CnMcKa UCMomnb30-
BaHHOW NMTepaTypbl NONb3yeTcs rapapackorn cuctemon (Harvard Referencing System, Har-
vard Style Manual). B Tekcte B ckobkax NpuBoaMTCs haMunns UMTUpyemoro aetopa (Mnm
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hamunnusi nepBoro aBTopa, eCNv aBTOPOB HECKOSBKO), FOA U3faH1s 1 No He0BXOAUMOCTU HO-
mMep cTpaHuubl. Hanpumep: (MeTtposud, 2010., nn. 10-20). PekomeHgaumm o cnocode LmMTmpo-
BaHUsi pasMeLleHbl Ha cTpaHuue cavita «MHCTpyKuusi no mcnonb3oBaHuio [apBapackoro
ctunay. Mpy odhopMIEHNM CChINOK, UMTaT U CNMCKa UCMONb30BaHHON NuTepaTypbl Heobxoaw-
MO MPUOEPXKMBATBCH YCTAHOBMEHHbBIX HOPM.

Mporpamma ASEESTANT npegoctaenseT npu LMTMPOBaHNM BO3MOXHOCTb UCMOSb30Ba-
Hus1 cepBuca CiteMatcher: domkcMpoBaHme NponyLLeHHbIX LMTaT B paboTe 1 Crincke nutepartypbl.

MpumeyaHusa (CHOCKwM)

MpumeyaHusa yka3biBalOTCA BHU3Y CTPaHMWLbl, HA KOTOPOW HAXOAMTCH TEKCT, K KOTO-
pbIM OHM OTHOCATCA. MoryT cogepxaTb MeHee BaxHble AeTanu, AOMNOMHUTENbHbIE 06bs-
CHEHUs, ykasaHusa o6 MCrnonb3oBaHHbIX UCTOYHUKaX (Hanp. Hay4YHOM martepware, cnpa-
BOYHMKaX), HO HEe MOryT OblTb 3aMeHON AN LMTUPOBAHHOW NMTepaTypsbl.

INucT pechepeHumn (nuTepaTypa)

LinTnposaHHoM nuTepaTypor OXBayeHsbl, Kak NpaBusio, Gubnuorpadmyeckne MCTOYHUKN
(cTaTtbn, MoHOrpadum 1 T.M.) U OHa NPeACTaBNSAETCA UCKMHYUTENBHO B OTAENBLHOM pasgene
cTaTtby, B BUAE nvcta pedepeHumii. PedbepeHummn He nepeBoasTcs Ha A3biK paboThbl.

BoeHHO-TexHnYecknin BECTHUK Ans 0hOPMIIEHUS CNMUCKA UCMONb30BaHHOW nuTepa-
Typbl NPUMEHSIET rapBapAckyto cuctemy (Harvard Style Manual). B cnucke nutepatypbl
MCTOYHVKM AaloTcs B andaBnTHOM Mopsake aBTOPOB MMM peaakTopoB. PekomeHgaunm o
cnocobe UMTUPOBAHUS pasMelleHbl Ha cTpaHuue canta «VHCTPYKUMsS No MCronb3o-
BaHuo apBapackoro ctuns». [py oopMIeHMn cnmncka MCrnonb30BaHHOW nutepaTtypbl
HeobXxoaMMO NPUAEPKMBATECSH YCTAaHOBIEHHbBIX HOPM.

Mporpamma ASEESTANT npu odopmneHun crnucka nutepaTtypbl npegoctasnset
BO3MOXHOCTb Ucnonb3oBaHus cepBuca RefFormatter: koHTponb ocopmnexmns cnvucka nu-
TepaTypbl B COOTBETCTBMM CO CTaHdapTamu FapBapAckoro cTuns.

HectaHgapTHoe, HemnonHoe W HenocrneaoBaTeNlbHOE MPUBEAEHWE NUTepaTypbl B
cucTemMax OLEHKM >XypHarna cuvMTaeTcsl JOCTATOYHOW MPUYMHOM ANisi ocnapuBaHUs Ha-
Y4YHOro cTaTyca XypHana.

ConpoBoauTenbHoOe NMMCbMO

Kpome ctaTbn npegoctaBnsieTcsl CONpPOBOAUTENBHOE MUCbMO, B KOTOPOM HYXXHO
ykasaTb O KakOM BUAE CTaTbM pedb UAeT, KOTopble U3 rpadnyeckmx npeacraBneHnin (go-
Torpachmu 1 pUCYHKWN) opurnHarnbeHble, a KOTopble B3ATbI B3aMBbI.

B conpoBoguTenbHOM NcbMe NPUBOASTCS U CBeAeHUs 06 aBTope: UMs, cpeaHsst bykea,
bamunusi, YmH, 3BaHue, e-mail, agpec paboTtogatens (BOMHckasi novta), AOMalUHWIA aapec,
cnyebHbIn TenedoH 1 NUYHBIN (MOBUNEHLIN) TeNedoH, CHET U HAaMMeHOBaHWe GaHka, MyHU-
LmnanuTeT MecTa NpoXvBaHWS 1 eQUHbIA AEHTUUKALMOHHBIA HOMEP rpaXKaaHNHa.

B cny4yae ecnv aBTOpOB CTaTbW HECKOMbKO, B COMPOBOAUTENIBHOM MUCbME YKa3biBae-
TCS JONS y4aCTUsi KaXKAoro U3 HUX OTAENbHO B MPOLIEHTaXx, B LENsSX pacyeTa roHopapa.

Bce paboTbl nognexar cnewl. peLeH3MPOBaHUMIO, B TO BpeMs Kak
onybnuKoBaHHble PpaGoTbl M chel. pPeLeH3MM ONfayYMBalTCA COrnacHo
OeucTBylOWEeMy 3aKkoHoAaTeNbCTBY.

Cnncok peLeH3eHTOB BOEeHHO-TEXHMYECKOro BEeCTHMKA MOXHO MOCMOTpEeTb Ha
cTpaHuue caniTa Cnucok peueH3eHToB. pouecc peueH3npoBaHns onucaH Ha cTpaHuue
canTta lNMpaBuna peLeH3MpoOBaHUS.

MoyToBbLIN agpec peaakuuu:
«BojHOTEXHUYKN FMaCHUKY,
11000 Beorpag, Yn. bpahe Jyrosuha 19
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the Military Tec-
hnical 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 o July 2009.
This Act aims at improving the quality of national journals and raising the level of their complian-
ce with the international system of scientific information exchange. It is based on international
standards ISO 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,
BTT.MO.ynp.cpO, 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 pu-
blishes scientific and professional papers as well as technical data about contemporary weapon
systems and modern military technologies. Offering a logistic system support, the Courier is a
part of a unique technical support to the Army services in the field of fundamental, applied and
development research. It also deals with production and use of weapons and military equipment
as well as with theoretical and practical achievements leading to professional development of the
personnel of the Ministry of Defence and the Army of the Republic of Serbia.

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 2013

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 2013 can be viewed on the
website of the Military Technical Courier, page Journal categorization.

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).

The periodical is categorized in compliance with the Regulations on 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 Develop-
ment (Official Gazette of RS, No 38/2008). More detailed information can be found on the
website of the Ministry of Education, Science and Technological Development.

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51) 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
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monitored depending on the impact within the bases themselves and indirectly in the
international (e.g. Thompson Reuters) 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 copvright. The copyright details can be found on
the Copyright notice 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.

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 instituton 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
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It 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
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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.

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
listed alphabetically by author's name, without numeration. A detailed guide for listing
references, with examples, can be found on Military Technical Courier website on the
page Instructions for Harvard Style Manual. Reference lists at the end of papers should
follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

The covering letter

The article should be accompanied with a cover letter with the information about the
author(s): surname, middle initial, first name, citizen personal number, rank, title, e-mail
address, affiliation address, home address including municipality, phone number in the
office and at home (or a mobile phone number), bank account and the name of the bank.

If there are more authors, their share in the article should be given in percents for
honorarium calculation purposes.

The cover letter should state the type of the article and tell which illustrations are
original and which are not.

All articles are peer reviewed. All authors and reviewers are paid an honora-
rium on publication of the article.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review
Process page of the website.

Address of the Editorial Office:

Vojnotehnicki glasnik/Military Technical Courier,
Brac¢e Jugovi¢éa 19, Dom Vojske Srbije,

11000 Beograd,

Republic of Serbia.

E-mail: vojnotehnicki.glasnik@mod.gov.rs.

Editor

Nebojsa GaceSa MSc

nebojsa.gacesa@mod.gov.rs
http://orcid.org/0000-0003-3217-6513

tel.: +381 11 3349 497, +381 64 80 80 118
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OBABEWTEHA CAPAOHVLINMA N YNTAOLIMMA
INFORMATIONS FOR CONTRIBUTORS AND READERS
COOBLEHWA ANnA NMAPTHEPOB N YATATENEN

DOAJ gonenuo BojHomexHUYKOM 2/1aCHUKY
o3Haky ,Seal” (MevarT)

Oupextopuj DOAJ je, 20. jyna 2016. roguHe, goaenuo BojHomexHu4Ykom
anacHuUKy osHaky ,Seal” (Mevar).

~Seal” je o3Haka kojy DOAJ goperbyje Beh NpeTxoqHo MHOEKCUPaHUM Yaco-
nMcMMa y HeroBoj OCHOBHOj 6asun (y cknafy ca cTaHgapAHUM KpuTepujymuma), a
Koju ce oAaTHO NpYApPXKaBajy U3y3eTHO BUCOKMX HMBOA U3faBadkux ctaHgapaa v
Hajborbe nsgaBsadke npakce (Best Practice), wto npeacrasrba npusHawe TUM Ha-
nopuma. [la 6 gobuo o3Haky ,Seal”, Yaconuc Mmopa Aa vMa Hajeehu cTeneH oTBo-
PEHOCTM 1 Aa y MOTNYHOCTM ucnykwasa cnegehrx cegam ycnosa:

* kopuwhere DOI 6pojeBa kao CTanHMX naeHTMduKaTopa,

* npocneherwe DOAJ-y unaHaka ca 04BOjeHMM MeTanogaummva,

* nonarawe cagpxaja yaconuca ca AyropoyHOM AUIUTariHOM 3allTUTOM
UNy NPorpaMoM apxuBmparsa,

* yrpagha y YnaHke MallVHCKM YnuTibuBe nHdopmaumje o CC nuueHum,

» omoryhaBame HeorpaHuyeHe MoHoBHe ynotpebe u npeobnukoBaka ca-
apxaja, y cknagy ca CC BY, CC BY-SA nnmn CC BY-NC nuueHuama,

* BepudmrKoBake MONUTUKE apxXmBmpara cagpkaja Kkog penesaHTux mehy-
HapoAaHux peructapa (6asa nogaTtaka) koje gedUHULLY NONUTUKY apXMBUpahsa
yaconuca, Hnp. 6aza SHERPA/RoMEO,

» omoryhaBahe ayTopy Aa 3aApu aytopcka npasa, 6e3 orpaHunyemsa.

BojHOTEXHUYKM TMacHKK je TMMme noctao npsu Yaconuc u3 Penybnuke Cp-

6uje kojem je DOAJ goaenvo oBy NPECTUXKHY O3HAKY.
Buwe petarsa moxe ce BugeTtu Ha cajty DOAJ-a.

DOAJ npuceoun xypHany «BoeHHOo-TexHUYeckni
BECTHUK» 3HaK kayecTBa “Seal (lNevaTb)”

Oupektopun DOAJ 20. mons 2016 roga npucBoun xypHany «BoeHHo-
TEXHUYECKNA BECTHUK» 3HaK kadecTBa “Seal ([Mevatnb)”.

DOAJ Seal — 310 3Hak, KOTOpbIN B KavecTBe MPU3HAHUSA [OOCTKEHWUIA
nyénukauun, DOAJ npucBaeBaeT npenBapuUTENIbHO WHAEKCUPOBAHHLIM B €ro
OCHOBHOWN ©0ase >xypHanam (B COOTBETCTBUM CO CTaHOAPTHbIMU KPUTEPUSIMU),
COOTBETCTBYIOLUMM  BbICOKOMY  YPOBHI  pedakuMOHHbIX  CTaHOapToB U
OTNMYMBLLUXCA Hauny4dLwen npakTukon (Best Practice).




Ona nonyyeHuss 3Haka kayectBa Seal, nybnukaumm [JOMKHbI CTPOro
cobniogatb Bce TpeboBaHuA AOns obGecnedeHnst MakCUmarbHOW OTKPbITOCTU
CBOEro KOHTEHTA, 3aKITF0YalOLLMXCA B CIIeOYHOLLMX CEMUN MYHKTaX:

* Hanu4yme Homepa DOI, B kauecTBe LMGPOBOro MaeHTUPUKaTopa 0obEKTa,

* MalWMHOYNTAEMbIE METaZaHHbIe, yKa3aHHbIe B CTaTbe;

[JONrOCpOYHOE 3MNEKTPOHHOE apXMBMpPOBAHME COAEpXaHus KypHanos,
3alUyLLEeHHOe COOTBETCTBYIOLLUM NPOrpaMmMHbIM obecneyeHnem

* ICNOSb30BaHNE MaLLMHOYUTaAEMbIX AaHHbIX O NnueH3nm Creative Commons;

* HEeOorpaHM4YeHHOEe WCMoNb3oBaHMe U nepeodopMiieHne KOHTEHTa, B
cooTtBeTcTBUM ¢ nuueHsnamm CC BY, CC BY-SA nnu CC BY-NC

*  Hanuume WHQopMauMM O TMOMMUTUKE >KypHanma B  pPerieBaHTHbIX
MexXayHapoaHbIX 6a3ax AaHHbIX, TakmMx Kak, Hanpumep: Sherpa/RoMEO;

* COXpaHeHne aBTOPCKUX NpaB 3a aBTOPOM 6e3 kaknx-nnbo orpaHuyeHni.

KypHan «BoeHHO-TeXHUYECKNn BECTHUK» SIBNSIETCS NepBOn nybnvkauuen u3s
Pecnybnvkmn Cepbus, yAOCTOEHHBIN AaHHOrO NpecTukHoro npudHaHust DOAJ Seal.

[na 6onee nogpobHOro o3HakoMIeHus1, nocetTute canT 6asbl AaHHbIX DOAJ.

DOAJ Seal awarded to the Military Technical Courier

The Directory of Open Access Journals (DOAJ) awarded the Seal label to
the Military Technical Courier on 20th July 2016.

The DOAJ Seal is a mark of certification for open access journals, awarded
by DOAJ (in accordance with standard criteria) to journals already in its base
that achieve an additionally high level of openness, adhere to Best Practice and
high publishing standards. To receive the Seal, the journal must comply with the
following 7 conditions:

« uses DOlIs as permanent identifiers;

* provides DOAJ with article metadata;

+ deposits content with a long term digital preservation or archiving program;

» embeds machine-readable CC licensing information in articles;

» allows generous reuse and mixing of content, in accordance with a CC BY,
CC BY-SA or CC BY-NC license;

* has a deposit policy registered with a deposit policy registry e.g.
SHERPA/ROMEOQ;

« allows the author to hold the copyright without restrictions.

Military Technical Courier has thus become the first journal in the Republic of
Serbia with this prestigious designation.

More details can be seen on the DOAJ website.
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basa nogataka SHERPA/RoMEOQO Bepudukosana
NONIUTUKY apXuBupawa BojHOMexHU4YKo2 ariacHUKa
oapegHuyom “Green RoOMEO color”

M3paBadka nonuTrka OTBOPEHOr NPUCTYNa Hay4HUM cagpajuma v nonuTtuka ap-
xvBUparwa BojHomexHu4koe enacHuka sepudpukoBaHa je y 6asu nogataka SHER-
PA/RoMEO op 20. jyna 2016. roguHe. BojHOmMexHUYKU 21acHUK je KnacuuKoBaH Kao
3enenn mogen oteopeHor npuctyna ROMEO (Green RoMEOQO color) koju omoryhaea
apxvBuMpar-e pykonuca nodHeTnx 3a objaBrbmBarse (pre-print) 1 pykonuca npuxsahe-
HUX 3a objaBrbuBarbe (post-print) unu objaereeHnx pagosa (publisher’s version) / Bep-
3uja y PDF dpopmarty (http://www.sherpa.ac.uk/romeo/search.php?issn=0042-8469).

RoOMEO je 6a3a nogataka 3a npeTpaxuBare NonuTuka nsgasada koje ce
OAHOCE Ha CaMOapXxMBUpaHE YnaHaka U3 Yyaconuca Ha MpEeXu Kao 1 y penosu-
TOpUjyMUMa OTBOPEHOT NPUCTYNa Hay4yHUM cagpkajuma.

RoMEO je peo cepsuca SHERPA (Securing a Hybrid Environment for Re-
search Preservation and Access/Rights Metadata for Open Archiving), ca ceau-
wrem y HotuHremy, YK.

RoMEO ob6yxBaTta 4aconuce C peLeH3upaHuMm pagoBuMMa Kao U cepujcke
nyénvkauuje.

RoMEOQO cepBuc kopucTu jegHocTaBaH cuctem obernexasarwa 6ojama npu-
JTIMKOM Knacudumkaumje nonnutmka nsgasava:

3eneHa — omoryheHo je apxmBupawe pykonuca nogHeTux 3a objaBrbuBa-
e 1 pykonuca npmuxsaheHux 3a objaBrbmBame Unu objaBrbeHMx pagoBa/Beps3u-
ja'y PDF dopmary,

MnaBa — omoryheHo je apxuBupare pykonuca npuxsaheHux 3a objaBrou-
Bake (Tj. MHANHNX PyKONUca HaKoOH peLieH3unje) nnn objaBrbeHNx pagoBa/Bep-
3uja y PDF dopmary,

XKyta — omoryheHo je apxmBuparme pykonuca nogHeTux 3a objaBrbvBare
(Tj. Nnpe peLeH3upara),

Bena — apxuBunpare ce popmanHo He noap>kaea.

Buwe getarba moxe ce BugetTu Ha cajty 6ase nogataka SHERPA/RoMEO.

MexayHapoaHoun 6a3on gaHHbix SHERPA RoMEO
NoaATBEPXKAEHA NONUTMKA apXmBaLuum XXypHana
«BOEHHO-TeXHNYECKUIN BECTHUK» U NMPpUCBOEHa
«3eneHasa» upetoBas kateropus (Green RoMEO color)

PepakumoHHasi nonutuka OTKPbITOrO AOCTyna K HaydHbIM Nybnvkaumsm wu
MONUTUKA  apXMBMPOBaHWS  XXypHana «BoeHHo-TexHuYeckui BECTHUK»
nogTeepxaeHa 6ason gaHHbix SHERPA/ROMEO 20 uona 2016 roaa. >KypHany
«BoeHHO-TexHMYeCKNA BECTHUK» NpUCBOeHa «3eneHas» LuBeToBas Kareropus
oTkpbiToro goctyna RoMEO (Green RoMEO color), nossonstoLias apxmBauuto
pykonucen go nyonukaumm (pre-print) U pykonucem, NpuHATbLIX K nydnukaumm (post-
print) unn onybnukoBaHHbIX paboT (publisher's version)/ Bepcust B popmare PDF
(http://www.sherpa.ac.uk/romeo/search.php?issn=0042-8469).




ROMEO - 6asa paHHbIX, B KOTOpOM cobpaHa wHdopmauuss o6 3Tuke
nyonvKaumMmn n peaakumMoHHON MONUTUKE U3LaHUs, B CBA3M C CamOapXMBMPOBaHMEM
cTaTei B CETU 1 B PEMO3UTOPUM OTKPLITOrO A4OCTyna.

RoMEO - aensietcsa yactbto Sherpa cnyx6bl (Securing a Hybrid Environment
for Research Preservation and Access/Rights Metadata for Open Archiving),
OCHOBaHHOW B HOTTUHremckom yHuBepcuteTe, BenukobputaHus.

MepedeHo ROMEQO copepXut peueH3npyeMble HayyHble >XypHanbl Wt
nepuogunyeckie nsgaHus.

RoOMEQO npumeHsieT npoCcTyld CUCTEMY LIBETOBOW KaTeropusauum
peAaKUMOHHOW NOSTUTUKMN:

3eneHast — NoATBEPXKAEHA apXMBaLIMS PYKOMNMCEN A0 NyOnMKaLmMm N pyKonucen,
MPUHATBIX K NyOnmkaumm unn onyorinkoBaHHbIX paboT/Bepcusi B oopmate PDF,

lonybas — noaTBepxaeHa apxvBauusi pyKonucen, NpUHATBLIX K nyonvkaumnm
(T.e. pykonucen, npoweawnx peLeH3uio) unu onybnmnkoBaHHbeix paboT/Bepcus B
¢dopmaTte PDF,

XKentas — noaTBepxaeHa apxuBauusa pyKonucew, NpUHATBLIX K nybnvkaumm
(T.e. go nybnukaumm),

Benas — apxvBauus He nogaepXnBaeTcs.

Ons 6onee noopobOHOro o3HakommneHusl, noceTute cant 6asbl OaHHbIX
SHERPA/RoMEO.

SHERPA/RoMEO Database has coded the archiving
policy of the Military Technical Courier according to the
category: “Green RoMEO color”

The open access publishing policy and the archiving policy of the Military
Technical Courier have been verified in the SHERPA/RoMEO database since 20
July 2016. The Military Technical Courier is in the category Green RoMEO color
(can archive pre-print and post-print or publisher's version/PDF)
(http://www.sherpa.ac.uk/romeo/search.php?issn=0042-8469).

RoMEO is a searchable database of publisher's policies regarding the self-
archiving of journal articles on the web and in Open Access repositories.

RoMEQO is a part of SHERPA Services (Securing a Hybrid Environment for
Research Preservation and Access/Rights Metadata for Open Archiving) based
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