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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, reHepan-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, HauenHuk 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 CtesaH 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 rocyaapcTBeHHbIn yHuBepcuteT, Bnagumup, Poccuiickas cdeaepauus (Via-
dimir State University, Vladimir, Russian federation), ©http://orcid.org/0000-0003-1830-2261,
— NyKOBHWK BaHp. npod. Ap MopaH [ukuh, npopekTop YHUBep3uTeTa onbpaxe, Beorpag, ©http://orcid.org/0000-0002-0858-1415,
— npodh. Ap AnekcaHap [lopoxoB, XapbKOBCKUI HAaLMOHambHbI 3KOHOMUYECKUI yHUBepeuTeT, Xapbkos, YkpauHa (Kharkiv
National University of Economics, Kharkiv, Ukraine), (“http://orcid.org/0000-0002-0737-8714,
— npod. Ap XKersko byposuh, EnektpoTtexHuykn 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 YHuBepauteta y Beorpagy,
http://orcid.org/0000-0002-5361-7544,
— npod. Ap Mpagumup B. MunosaHoBuh, penosHu ynaH Cpricke akagemuje Hayka U yMeTHOCTH, 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 paanoKOMYHuKauuje WH-
CTUTYTa 3a TenekomyHwukauuje n enektpoHuky MPUTEN ALl, Beorpag, - http://orcid.org/0000-0002-0455-7506,
— npodb. ap Cnasko MokopHW, Brcoka Lukona 3a MHhopMaLIMoHe TEXHOMOr1je, padyHapcku An3ajH 1 caBpeMeHo nocriosakse, beorpap,
http://orcid.org/0000-0002-3173-597X,
— nykoBHUK foul. Ap CtesaH Papojunh, HauenHuk BojHoreorpadbckor nHcTuTyTa, Beorpag, ¢ 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 NHctutyta ,Muxajno MynuH“, Beorpag,
http://orcid.org/0000-0002-5595-9724,
— npod. Ap CtaHko CtaHuh, pekTop YHueepanteta y bawoj JIlyumn, Penybnuvka Cpncka, BocHa 1 XepuerosumHa,
— npod. ap JoHen Crapery, Transilvania University of Brasov, Romania, ©http://orcid.org/0000-0001-5947-7557,
— HayyHu 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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e-mail: vojnotehnicki.glasnik@mod.gov.rs

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
npodpeccop 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@maod.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 Mpy [enapTamMmeHTe MaTtepuarbHbIX
pecypcos MuHncTepcTea 060poHs! Pecnybnnkm 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,
— lexHepan 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 BbICLLIA aBUALMOHHBIN konnemk, MuHck, Pecnybnvka Benapyce,
http://orcid.org/0000-0002-5358-9037,
— MNpodpeccop a-p AnekcaHgp [JopoxoB, XapbKOBCKWI HALMOHaMbHbIA SKOHOMUYECKUIA yHUBEPCUTET, XapbKoB, YKpauHa,
http://orcid.org/0000-0002-0737-8714,
— MonkoBHWK AoueHT a-p MopaH Ovkuy, npopekTop YHuBepcuteTa 060poHbl, . Benrpag, ©http://orcid.org/0000-0002-0858-1415,
— Mpodpeccop a-p XKenbko [xypoBud, AnekTpoTexHuvecknin 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 benrpazckoro 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,
— [-p Bacunuin M. Manosu4, Combustion and CCS Centre, Cranfield University, Cranfield, UK, @ http://orcid.org/0000-0002-8377-7717,
— lMpodpeccop A-p Momuuno MunuHoeudy, MawmHocTpoutensHuin dhakynsteT Benrpagckoro yHuBepcuteTa,
http://orcid.org/0000-0002-5361-7544,
—Mpodbeccop a-p MNpagumup 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 Mpeppar MNeTpoBuy, Ynpaensiowmii AMPEKTop Mo Bompocam uccrieaosatenbckux pabot UHctutyta
TenekoMMmyHwukauumin n anektpoHuku «IRITEL AD» r. Benrpag, ¢ http://orcid.org/0000-0002-0455-7506,
— Mpodeccop A-p Cnaeko MNokopHu, Konneax MHMOPMAaLUMOHHBIX TEXHOMOIMI, 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 poGotoTexHuki HeTuTyTa umenn «Muxauno MynuHy» B 1. Benrpage,
http://orcid.org/0000-0002-5595-9724,
— Mpodeccop a-p CtaHko CtaHny, YHusepcuter B . bans-yka, Pecny6nuka Cepbckas. BocHusa n MepuerosuHa.
— Mpodpeccop a-p Vionen CrapeTty, TpaHcunbBaHUIACKWiA yHUBEPCUTET B T. Bpaluos, PymbiHus, ©http://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 meHemkmeHTa MawmHocTpouTensHoro dakynsteTa B . Huwe,
http://orcid.org/0000-0002-3325-0933,
— HayuHbi coBeTHuk a-p O6pag Yabapkana, oTcTaBHOM NonkoBHUK, http://orcid.org/0000-0002-3949-8227,
— Mpodeccop a-p Bnagumup Yepros, Bnagumupckuii rocyaapcTBeHHbIN yHMBepcuTeT, Bnagummp, Poccuiickas dbepepaums,
http://orcid.org/0000-0003-1830-2261.
— lNoanonkoBHWK kaHAMAAT TexHUYeckux 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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Abstract:

Multiuser communication techniques are used in modern wireless
networks like cellular and wireless sensor networks. The design of the
physical layer for these networks was based on the application of binary
spreading sequences and a correlation receiver. This paper presents a
design of a multiuser code division transceiver using a new method of
communication based on the application of chaotic spreading sequences
that can increase security of the system, and on a new technique of
detecting the received signal using a support vector machine and a
traditional correlation receiver. The two receivers are theoretically
analyzed, including the derivation of the probability of error expression in a
closed form for the fading channel, and then implemented in DSP
technology on a 32-bit floating-point TigerSHARC DSP platform. The
comparison of two implemented systems showed that the support vector
machine solution improves the robustness of the system, sacrificing the
speed of processing. The achievable bit rate for the correlator receiver
was up to two times higher than for the support vector machine receiver.

Key words: Chaos-based communication; SVM and correlator
receivers; CDMA systems; DSP desing of COMA system.
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Introduction

Due to high demands on mobile communications, wireless
communication systems and networks are developing faster than ever. Main
requirements are to increase capacity of communications links and reduce
power consumption of devices, which led to the integration of different types
of networks (Sunjevaric, et al, 2013) an their analysis targeted to increase
their reliability (Jevtovic and Pavlovié, 2011). To reduce energy
consumption, new techniques of communications are developed and new
methods of signal detection are investigated. A support vector machine
(SVM) is a machine learning technique which originates from statistical
learning. This technique is immensely popular and highly recognized in the
fields of data-mining for applications such as speech/music classifier (Lim, et
al, 2012), text recognition and DNA micro-array analysis (Kecman, 2001),
(Wang, 2005). Recently, there have been some preliminary investigations
on applying the SVM as an alternative receiver for CDMA systems because
of its ability to mitigate multi-user interference, increase security in signal
transmission and adapt to the dynamic communication requirements related
to the number of users and characteristics of spreading in the system (Kao
and Berber, 2008), (Kao, et al, 2008 and 2010), (Hanzo, et al, 2001), (Yang,
et al, 2005), (Kuh, et al, 1999), (Markagi¢, 2010). However, until now, there
is no report on hardware implementation or practical realization of this
receiver, which motivated the author to report the research results related to
a prototype design of the system.

Recently, chaos-based communication systems have been under
extensive development (Tam, et al, 2004), (Cimatti, et al, 2007), (Kaddoum,
et al, 2012, 2013), (Berber, et al, 2013) and in particular multi-user CDMA
systems that use classical and chaotic spread sequences (Chen, et al,
2001), (Xiao, et al, 2010), (Torrieri, et al, 2010), (Yue, et al, 2010), (Mazzini,
et al, 1997), (Rovatti, et al, 1998), where the problem of robust system
synchronization was extensively investigated (Kolumban, et al, 1997, 1998,
2000), (Setti, et al, 1999), (Rovatti, et al, 2001), (Berber, et al, 2006), (Jovic,
et al, 2007), (Kaddoum, et al, 2009), (Vali, et al, 2010), (Sokolovi¢, et al,
2011). The majority of these papers analysed the systems with a flat fading
channel. A detailed analysis of a CDMA system with an assumed wideband,
frequency selective channel, was investigated by (Berber, 2014). Due to the
limited orthogonality of the spreading sequences, the interuser interference
increases with the increase of the number of users in CDMA systems. To
overcome this problem of interference, the multiuser detectors are
developed (Buehrer, et al, 2000), (Moshavi, 1996), (Poor and Verdu, 1997),
(Verdu, 1998), and in particular detectors based on the application of the
support vector machine (SVM) technique (Hanzo, et al, 2001), (Yang, et al,
2005), (Kuh, et al, 1999), (Chen and Hanzo, 2002), (Yang and Hu, 2006),
(Zhao and Kuh, 2002).
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Although the SVM technique was applied for signal detection, there
are no publications presenting its implementation in DSP technology.
This fact motivated the author to present his results related to the
prototype design and testing of a chaos-based CDMA system. The
system with a correlator receiver was also implemented in order to make
comparison of this system with the system based on SVM. The bit error
rate (BER) properties of both prototypes are compared with the
corresponding properties of the theoretical and simulation model. The
conducted theoretical and practical analysis showed the advantages of
the SVM receiver and good matching of the theoretical and practical
results, which presents the first contribution of this paper.

Since the probability of error expression in SVM CDMA systems has
not been derived yet, the author made an additional contribution by
deriving this expression in a closed form. It was further confirmed that the
BER graphs comply with the corresponding graphs obtained by
numerical integration (Kao, et al, 2010), which proves the validity of the
obtained expression and makes an additional contribution of this paper.

Two systems are compared, one with the SVM and another one with
a correlator receiver. It was shown that the correlator receiver can
accommodate a higher bit rate than the SVM receiver. As far as
complexity is concerned, the SVM requires longer processing time than
the correlator receiver. The procedure of comparison and related findings
are a valuable contribution of this paper.

This paper has seven sections. Section Two presents the basic
characteristics of the chaotic sequences and the operations of a CDMA
system. Theoretical modelling and derivative of BER for the correlator and
the SVM receiver are presented in Section Three. In particular, a detail
derivative for the BER expression of the SVM receiver is shown, which has
not been derived yet. A prototype of the system is developed and presented
in Section Four. The specific properties of the DSP design of the SVM
system are presented in Section Five. The results of the prototype testing
and its comparison with the theoretical and simulation models are presented
in Section Six. The conclusions are presented in Section Seven.

Multi-user chaos based system operation with
the SVM receiver

Chaotic sequences and their properties
Chaotic sequences are non-binary sequences with a statistical

structure that depends on their initial conditions. Due to their correlation
properties, these chaotic sequences, generated using chaotic maps, can
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be used in spread spectrum systems to spread message bits. The maps
used to generate chaotic sequences are based on Chebyshev degree-L

maps defined by this recursive equationc,,, = cos(Lcos'c,). The discrete
random samples in the sequence c¢; can take the values between -1 and
+1. For L = 2, one obtains the logistic map that will be used in this work as
the spreading sequence. The samples for this map are generated
according to this recursive expression

Cry1 = 20/3 -1

: (1)
The density function for this map is

1

Je ()= ﬁ , (2)

In order to compare chaotic systems with the classical binary system,
the chaotic samples need to be generated with the unity average power.
There are two methods to achieve this. The first method is to generate
chaotic sequences with the average power equal to the power of a binary
sequence. In this case, the sample of the chaotic sequence, in this paper
denoted by ¢, is defined as a linear function of ¢, i.e., :\/Eck, with a
related density function (Berber and Feng, 2013)

1
fci(ci):ﬂz—m,for-ﬁScis J2, (3)

which is symmetric in respect to zero and has the mean square value of
one, i.e.,

2 |
E{c}= [  ——=dc,=1, @)
h T 2—cl.2

The second method is to generate chaotic sequences using the
recursive expression like (1) and then applying the simple rule: generate
+1 if the generated sample is positive or generate -1 if the generated
sample is zero or negative. In this case, using different initial conditions,
the orthogonal binary sequences of ones and minus ones can be obtained,
which has good correlation characteristics. As such, they can be used as
spreading sequences in CDMA systems.
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The degree of orthogonality between two sequences generated by
the logistic map can be seen in Fig. 1 in which the cross and
autocorrelation functions are shown.

1.2 ‘ :
Auto-correlation

1 — Cross-correlation

Normalised 0.
Correlation
Functions

0.6

0.4 A

0.2 4

‘\,‘ H‘\“ I ‘WM 1,“ il “ ‘ i \‘” il Ht M ‘ H\' “M \‘“‘ | "“ “‘ ““
il b A

_02 | | | | | | | | |
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Figure 1 — Autocorrelation and crosscorrelation functions (Berber, 2014)
Puc. 1 — AsToKkOoppensuMoHHas 1 B3aumokoppensaunoHHas dyHkumm (Berber, 2014)
Slika 1 — Funkcije korelacije i unakrsne korelacije (Berber, 2014)

As it can be seen, the cross-correlation of two chaotic sequences
generated with different initial conditions is close to zero and the auto-
correlation function of the same sequence has a peak when it is aligned in
time by itself.

Communication system structure and operation

The basic structure of multi-user communication system, consisting of
a transmitter (Tx), a channel and a receiver (Rx) is presented in Fig. 2. The
system allows the transmission of N user signals simultaneously. The
message bits of N users are spread by N orthogonal spreading chaotic
sequences. All spread signals are added to form the transmitter signal s;.
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Figure 2 — CDMA sistema structure
Puc. 2 — Ctpyktypa CDMA cuctembl
Slika 2 — Struktura CDMA sistema

The chips are transmitted through the channel characterized by
additive white Gaussian Noise (AWGNC) and Rayleigh fading. This type
of channel is adopted due to its possible complex behavior related to the
propagation of signals between the transmitter and the receiver and
random distribution of bit errors (Radonji¢ and GaceSa, 2011). The
received signal, containing up to N user signals, is multiplied with the
corresponding synchronous spreading sequence to take out the
message of a particular user. For example, if only the g-th user signal is
transmitted, the output of the multiplier for j-th chip value can be
expressed as

X =6 = yCi2 +nc;, (3)
where ¢ = ¢; is the locally generated spread sequence and r; is the received
chip. The SVM soft output for this user is d(x) = d(x)? that contains the
transmitted message bits (Kao, et al, 2010). This soft value is applied to the
input of the decision circuit (DC) which regenerates the estimate of the
message bit y? at its output. The / bit of the g" user is denoted by y=y°,
which can have one of two values taken from the set {-1, +1}.
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In the case of a correlator receiver, the system structure remains the
same except that the SVM block is replaced by an adder that forms the
correlator inside the users’ receivers (Sandhu and Berber, 2009). The
structure of the transmitter remains the same as in Fig. 2.

SVM detector operation

Unlike the correlator receiver, the SVM receiver has two stages of
operation: the initial training or the learning stage, which needs to be
performed once only, and the testing stage in which the estimation of the
unknown noisy signal actually takes place. The operations of the two
stages will be further discussed in the following sections.

1) Training Stage: During this stage, the goal of the SVM is to seek for
a separation (hyper) plane which maximizes the margin between the two
data-sets of (+1) and (-1) in a 24-dimensional space (Kao, et al, 2010).
The input training sequence x is a vector of length 24, with the elements
given as x; = ric; where ¢; are chips in a periodic chip sequence of the
length 23 (the notation for the user g is omitted in this section for
simplicity). Each data sequence x is associated with a binary message y €
{+1, -1} to indicate the desired output.

After the training is completed, the decision function of the linear SVM
used here is expressed as (Kao, et al, 2010),

d(x):ZL:y,a,(xiTx+l)+b, (6)

=1

where L is the number of training sequences, o, (oy = 0) is the Lagrangian
dual variable which contributes to the slope of the separation plane and b
is the intercept term of a decision hyperplane called bias (Kao, et al, 2010).
The small sets of training sequences with non-zero o; are called support
vectors (SVs). The training stage only needs to be completed once
throughout the entire communication life-cycle, unless the underlying
parameters such as the total number of users or the spreading factor have
been changed significantly.

2) Testing Stage: When the training is completed, the SVM receiver
can begin to estimate the transmitted symbol by making a hard decision in
accordance with this decision rule (Kao, et al, 2010)

y'=sign[d(x)], ()

The receiver based on the SVM application solves a classification
problem and does not need any knowledge of the spreading sequences of
other users (Kao, et al, 2010).
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Probability of error derivations for the SVM
and the correlator receiver for a noisy channel

The theoretical BER of such SVM receiver calculated for the g-th
user under AWGN has been already derived (Kao, et al, 2010) in this
form

2 Ngy Ngy 2
1 ( ZySaSQS,i +Zysas +bj
pn :Eei’ﬁ i=l s=1 s=1 (8)

2 ( Ngy 2 ’
NOZ(Zysasqs,ij

i=1 \_s=1

where Ngy is the number of support vectors and N, is the noise power
spectral density. In the case when a correlator receiver is used, the
probability of error is derived in this form (Sandhu and Berber, 2009)

L2

1 N-1 [ E

po=—erfe 1’+—+[—b] , (©)
27018 B N

where the value of @ determines the statistical characteristics of the

spreading sequence, N is the number of users in the system, and 28 is
the spreading factor.

Probability of error derivations for the SVM
and the correlator receiver for a fading channel

In the case of Rayleigh fading presence in the channel, the
expression for the probability of error for the SVM receiver has not been
published yet. In this case, the presence of fading will affect the received
single user signal in such a way that the output of the receiver multiplier
(5) will now have this form

x, =ayc! +nc,, (10)

where a is the fading coefficient that affects all chips inside a bit interval.
This expression refers to the signal of a single user. It is important to note
that when deriving the probability of error for the SVM receiver, it is
sufficient to consider a single user case because the influence of the multi-
user interference is not contained at the output of the SVM detector. This
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coefficient will affect the output of the SVM detector expressed by (6),
which can be sufficiently accurately expressed as

d(x)za(Zy,aq(xiTx+l)+bj, (11)

and further simplified to (Kao, et al, 2010)
NSV NSV
d(x)= a{Zya(Zx X, +1j+b}—a(2x2yaxﬂ+2;»a+b} (12)
s=1 i=l  s=l s=1

Then, the probability of error can be expressed as a random function
of the Rayleigh fading coefficient a in this form

2 Nov Ngy

2
1 ? (Zzysasqm + Zysq +bj
p(@) =S erfe |

NSV 2 ’

N Z(Zys qs,i}
as derived in (Kao, et al, 2010). This expression will be further simplified
in this paper and the probability of error in the fading case can be derived

in a closed form in accordance with the following procedure. If the signal
to noise ratio part in this expression is denoted by

2 Ny Ny 2
[Zzys QS,i + Zysas +bj
X =

(13)

i=l s=1 s=1

N, Z[nys QJ |

the expression for the probability of error can be simplified and expressed
as a function of the fading coefficient a as

(14)

pl@)=> Lerferla? x = e;fcﬁ (15)

where Y has a Chl -squared probability distribution with two degrees of
freedom because a° has the same distribution, which can be expressed as

fy<y)=§exp(;fyj- (16)

361

Berber, S., Prototype of a multi-user chaos-based system with correlator and support vector machine receivers, pp. 353-382



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

The probability of error for the Rayleigh fading channel can then be found
as the mean value of function (15) and expressed in an integral form as

P, =Elp, (y)}—— j effcﬁexp[ yj (17)

This integral can be solved using numerical integration. The results
of this integration and simulation are presented and discussed in (Kao, et
al, 2010). In order to avoid numerical integration, the closed form
expression is found in this paper.

By using the property of the error complementary function and its
derivatives, and then integrating relation (17) by parts, the expression for
the probability of error can be derived in this closed form

1W?
P 18
%22yﬂ (18)

where the mean of Y is y=Y =FE{a’} X=X, expressed by (14),

because the mean power of fades is equal to one.
In the case when a correlator receiver is used, the probability of
error is derived in the closed form (Sandhu and Berber, 2006)
2

nw%aﬁg%;&$j : (19)

where a is the fading coefficient,  determines the statistical characteristics
of the spreading sequence, N is the number of users in the system, and 28
is the spreading factor. The mean value of this function in respect to the
Rayleigh random variable a, which is obtained in an integral form (Sandhu
and Berber, 2006), gives the probability of error in the fading channel.
However, this integral cannot be solved and numerical integration needs to
be used. It is important to note that the probability of error increases
enormously due to the fading presence in the channel. Thus, some
techniques to mitigate fading should be used. If the block chip interleaving
techniques are used, with the block dimensions 23%X283, the probability of
error can be obtained in a closed form as (Berber and Vali, 2011)

2+4N—1 2E‘1_l/2
r= e'f{ P T[Noj] ’ (20

where the influence of fading expressed as b°=1/2 due to the unity power of
the fading in the channel. It was proven that the substantial improvement
can be achieved using the interleaving technique (Berber and Vali, 2011).
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Design and implementation of the system
with both SVM and correlator receivers

DSP platform for prototyping

For the design and the implementation of the chaos-based
communication system, the ADSP-TS201S TigerSHARC processor from
Analog Devices was used (Analog Devices Inc., 2014). Two processors
are installed on an evaluation board named TS201S EZ-KIT Lite. The
designed CDMA system was implemented on one of these processors.
The processors support floating-point data formats, both single-precision
32-bit and extended precision 40-bit, and 8, 16, 32 and 64-bit fixed point
data formats. The 32-bit floating-point data format was used in this
design because it provides adequate precision for chaotic signal value
generation. Although a fixed-point processor is generally faster in
executing arithmetic operations, a floating-point processor is necessary
when implementing a CDMA system, as a chaotic signal generator and a
noise generator would require a wide dynamic range and high precision.
Each processor on the EZ-KIT Lite platform has a clock speed of
600MHz, which is capable of executing 2400MIPS, 3600MFLOPS and
1200MMACS (Analog Devices Inc., 2014, Simic and Berber, 2006). This
clock speed guarantees that the prototype of the CDMA system will be
able to accommodate investigations of the multi-user signal transmission
and the probability of error estimation.

The TigerSHARC processor is supported with development tools
such as the VisualDSP++ environment, which allows programmers to
develop and debug an application. The environment includes an
assembler, a library builder, a linker, a loader, a cycle-accurate
instruction level simulator, a C/C++ compiler and a C/C++ run time library
that includes DSP and mathematical functions (Analog Devices Inc.,
2014, Simic and Berber, 2006). The evaluation platform comes with a
power supply and a USB connector cable that connects the user's PC
with the evaluation board, which allows the user to program the
processors and debug applications.

The developed prototype was designed using high—level C
programming language. The developed software was fed into the
processor as an assembly code using the Visual DSP++ environment.
The developed code was loaded into the DSP platform and executed
under the control of the external personal computer that was connected
to the DSP board.
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System prototype operation

The CDMA system based on the SVM receiver is designed and
implemented in DSP technology. The block schematic of the systems is
presented in Fig. 3. The structure of the prototype follows the structure of
the theoretical and simulated model presented in Fig. 2. The prototype
operates according to this brief description.

. ST
™ 1* user 1

; user | PNRZ SVM || estimate Ble user ;
e "|Generator f§ DC E ) e
s| - s
t| - el Chaotic GAWGIt\I Chaotic ol R t
Generator chcrator ¥ Generator
B gth : gth user gm B
% user| [ PNRZ S . . SVM | estimate ||E |user i
s "| Generator _’? NNV '% DC ; X s
: iog Chaotic Chaotic o I
G Generator 4 Generator £ M G
eIl ' N"user |[A| [ ][e
g user| [ PNRZ SVM ||estimate | T| |user 2
r "|Generator DC o[ ;
a - R
t N Chaotic < Chaotic N t
(r) Generator | Generator ?
Y. L
L] > Sequences Synchroniser i » |

Figure 3 — Structure of the designed and implemented SVM CDMA system
Puc. 3 — CtpykTypa pa3paboTaHHol 1 BHegpeHHorn cuctemsl SVM CDMA
Slika 3 — Struktura dizajniranog i razvilenog CDMA sistema sa SVM prijemnikom

The independent test pseudorandom sequences, representing
users’ sequences, are generated for all users and transferred into polar
non-return to zero form. The sequences are multiplied (spread) by
chaotic orthogonal sequences generated for different initial conditions
(ic). Spread signals of all users are added and then transferred through
the channel characterized by the Additive Gaussian Noise, obtained for
the designed noise generator.

At the receiver side, the blocks of Chaotic Generators, SVM
detectors and decision circuits (DC) are implemented for the reception of
the signals and generation of the estimates of the bit received.
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The estimated bit samples are compared with the synchronous
locally generated user sequence and the bit error rate (BER) values are
calculated as the ratio of the number of errors counted and the number of
bits transmitted. The test bit generators at the transmitter side are
synchronized with the bit samples obtained at the output of the decision
circuit.

When the receiver operates with the correlator instead of the SVM,
the SVM detector is replaced by an accumulator. In this case the
remaining structure of the transmitter and the BER estimator are the
same as in Fig. 3.

Test Bit Generator

The Test Bit Generator is designed as a 16-bit Fibonacci linear feed-
back shift register (LFSR), which has taps at the position of bits 11, 13, 14
and 16. With an even number of taps, it is possible for the LFSR to cycle
through all possible states (2"-1 states, where n is the length of the LFSR)
except when all values are zero. In this design, the Bit at LFSR tap 10 was
extracted as the output, and used as a user bit value. The following
condition was set on generated bits: if the input bit value is zero, then the
output bit value would be equal to —1. This established the function of a
polar non-return to zero (PNRZ) encoder, as shown in Fig. 3. Every time
the bit generator function was called, another bit value would be outputted.
The bit generator function was used to generate message bits to feed into
the transmitter function, and was also used to compare these bits in the
BER calculator function with the received bit values. The bit generator
would be reset (i.e. started from the beginning) when the BER calculation
for a particular SNR value was complete. For this purpose, the
synchronization between the estimated bit values at the receiver and the
generated message bit values was established.

Chaotic sequence generators

Chaotic sequence generators were implemented in the discrete time
domain where a particular chaotic signal value is derived from the chaotic
signal value at the previous sampling time instant. For the chaotic
generators implemented in DSP, the chaotic logistic map was used that is
defined according to expression (1).

The values of a certain sequence are highly dependent on the initial
condition (ic) which is independently generated for each user. According to
the theory, by altering the initial condition slightly, the resultant sequences
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can be a completely different and aperiodic. However, due to the inherent
limited precision of DSPs, chaotic sequences tend to become periodic.
Previous investigations of chaos-based communication systems have
observed a range of initial conditions, and recorded corresponding discrete
time periods, after which each sequence would start repeating itself
(Vukadinovic and Berber, 2006). In the design presented in this paper, in
order to avoid this periodicity, the following rule was applied: if the
sequence reaches the time period value specified for that particular initial
condition, the sequence is restarted with the same initial condition. The
chaotic sequence generators are reset upon the completion of the BER
calculation for a single SNR value.

Gaussian Noise samples

Gaussian noise samples are generated using the Box-Muller method
which is based on generating two uniformly distributed samples U, and U,
using the rand(-) function. These variables were then normalized by
dividing by the RAND_MAX constant, which is defined in the library header
file. U; and U, were then utilized by the Box Muller transform stated by (21)
to produce the sample W which is a sample of a random variable having
Gaussian distribution

W =(2In(U,) cos(27U,) . (21)

The generated samples are having zero mean and unity variance. To
generate samples for different SNR values, the Gaussian samples need to
be multiplied by the value of the noise variance (Simic and Berber, 2006).
The Gaussian value generator outputs the Gaussian sample. It is reset
after each bit is decoded.

The signal to noise ratio (SNR) was changed by changing the noise
power. For that purpose, a generator function was implemented that
calculates the noise variance value for the desired SNR. The function
takes the current SNR value and a reset value as inputs. It then calculates
the energy of the current message bit, by squaring and summing the
chaotic sequence values for the current message bit. Then it calculates the
sigma value required for noise generation as

E
o=\ 710 &
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The sigma generator then outputs the sigma value calculated to the
noise generator function. The sigma generator function is reset once the
BER calculation for a single SNR value is complete.

The noise generator takes in the sigma value generated from the
sigma generator for a particular message bit and a reset value as inputs.
By multiplying the sigma value with the Gaussian sample generated, the
resulting noise sample is then obtained at the output. In the main file, the
noise generator is called on a per chip basis, and is added to the output
of the transmitter function.

BER estimator

To evaluate the performance of the prototype system, the bit error
rate (BER) was estimated by firstly setting an error threshold of 1000
errors, which gives a very high level of estimation accuracy obtained
according to the method presented in (Berber, 1989).

The BER calculator function takes in the decision value from the
SVM detector (or the correlator) and the bit generator output, and
compares the two. If the values are not equal to one another, an
implemented error counter increments by 1. Message bits are generated,
transmitted, received and decoded until the error counter equals the error
threshold. Once this happens, the total number of bits sent to achieve the
threshold of 1000 errors is recorded. By dividing the error threshold by
the number of bits sent, the BER for that particular SNR value, for
defined both the number of users and the spreading factor, is calculated.

Once the theoretical BER and the BER of the system in DSP are
calculated for a certain SNR value, the system repeats the same
procedure for other SNR values if specified. The BER results are then
stored in a text file in the debug folder.

Specific DSP design of the SVM detector and
the decision circuit

Training phase

To generate support vectors, training data for a defined number of
users and the spreading factor had to be generated first. Training data is
made up of a number of samples from the output of the correlator
function. A block diagram of the program implemented on the DSP to
generate the training data is shown in Fig. 4.

367

Berber, S., Prototype of a multi-user chaos-based system with correlator and support vector machine receivers, pp. 353-382



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

Bit B
Generator
) L) )

SVM Bit > Transmitter L Corre!ator | csv
Generator > Receiver file

Chaotic — Receiver
Sequence Chaotic
Generator Sequence

Figure 4 — Functional block diagram of the system for the training phase
Puc. 4 — dyHkumoHanbHas 6rnok-cxema cuctemel Ans dasbl NOArOTOBKM
Slika 4 — Principski blok dijagram sistema u fazi treninga

The number of samples required for training depends on the SNR
value. For this design, training data was subjected to no noise. Hence,
200 sample message bits sufficed: a hundred message bits of value +1
and a hundred message bits of value -1. The spreading factor was set to
20 as an appropriate number for this purpose (Kao, et al, 2008). The
message bits were generated using a function called the SVM Bit
Generator, as shown in Fig. 4, which generated 200 message bits that
were assigned to the desired user only, while the interferers’ user bits
were generated from the Bit Generator function. Message bits for the
desired user and message bits for interferers are spread with a chaotic
sequence (Kao, et al, 2008), which was taken as an input from the
Chaotic Sequence Generator.

The output of the transmitter function was taken as an input by the
correlator function. The Receiver Chaotic Sequence block generates the
desired user’s chaotic sequence to be correlated with the incoming
received sequence. The results of this correlation are stored in a csv file.
Hence, after all 200 sample message bits are transmitted, the csv file
would contain the each message bit value and the corresponding
correlation values, which represents the training data that can be used to
generate support vectors.

To generate support vectors using the training data stored in the csv
file, training was carried out by the iterative single data algorithm (Kao, et
al, 2008). The result of this training is a data file that contained the
parameters such as weights, centers and bias values of the support
vectors. To extract these parameters, a program created in Matlab was
fed with this data file, and the parameters were stored in separate text
files, which were then read by the program in DSP.
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SVM receiver design

The implemented program first reads the weights, centers, bias
values and the number of support vectors from the text files, which have
been generated from the training data for a particular number of users. For
additional users, or a change in the spreading factor, the training phase
would have to be repeated to get a different set of support vectors,
because the number of support vectors depends on the spreading factor
and the number of users in the system. For example, for 2 users, and a
spreading factor of 20, 3 support vectors were generated. However, if the
number of users increases to 8, 20 support vectors would be generated.

The purpose of the SVM function is to compute the decision function
defined by (6). At this point, it is necessary to make these observations. In
equation (6), L is the number of support vectors generated for a particular
number of users and the spreading factor, the variable y,a; is the weight
that is generated for each support vector. The variable x; represents the
centers generated for each support vector. The number of centers for each
support vector is of the spreading factor length, and each center is
multiplied with each corresponding output value of the correlator denoted
by x. The value b is the bias value. The SVM function computes the
decision function for all the support vectors generated, and outputs a value
which is fed into the decision circuit. This decision function is used to
calculate the probability of error in (13) and (18), where the appropriate
notation is used.

Results of the investigation and the
comparison of the prototype with the theoretical
and the simulation model

Probability of error analysis in the noisy channel

The bit error rates, for the system with the SVM and the correlator
receiver implemented in DSP technology, are calculated after the support
vector parameters were loaded onto the DSP. The BER for the CDMA
system performance with the SVM incorporated in the receiver was
measured for the SNR value range of -1dB to 8dB and the results are
presented in Fig. 5 for a single user system. This BER curve is plotted
against the simulation and theoretical curves investigated previously in
(Kao, et al, 2008, 2010). The theoretical curves for the system with a
correlator receiver, and with the SVM incorporated into the receiver are
shown, along with the BER results from the Matlab simulations and the
DSP prototype.
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The SVM receiver has better BER performances than the correlator
receiver. The SVM BER curves obtained by the theory are overlapping
with the curve obtained by the simulation. The BER curve obtained by
DSP SVM receiver follows quite closely the simulation curve. The
improvement in the BER of the SVM in respect to the correlator receiver
increases when the SNR increases.

This improvement in the BER is expected to be higher when the
number of users increases due to the ability of the SVM receiver to
eliminate the interuser interference. For this reason, the communication
system was investigated for 4 active users in the system and the related
BER curves are presented in Fig. 6

Number of users = 1, SF =20
Train SNR = INF, SV =3

107

102

BER |
107}

107 _;
- | —— Correlator - theory 5

. | —&— SVM - simulation j
10°} | - © - SVM - theory
; SVM - DSP design :

10_6. 1 1 1 1 1 1
-2 0 2 4 6 8 10

Ey/No

Figure 5 — BER curves, theoretical, simulated and DSP results for the system with the SVM
for 1 user
Puc. 5 — KpuBble BeposiTHOCTM BuTOBOW OWMGKM (BER), nonyyeHHble npu
TeopeTuyeckoMm mogenvposaHum n DSP pesynbTtatax ans cuctemsl SVMc ogHum
nonb3oBartenem
Slika 5 — Grafovi verovatnocée greSke bita (BER) dobijeni prema teorijskim, simulacionim i
DSP rezultatima za sistem sa SVM i za slu¢aj jednog ucesnika
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Firstly, it can be observed that the DSP BER curves match perfectly
the simulation and theoretical curves obtained by relation (8). Secondly,
the figure shows that the improvement in the BER of the SVM in respect to
the correlator receiver increases substantially when the SNR increases.
This matches perfectly well the theory which states that the SVM receiver
eliminates the influence of the inter user interference. Namely, when the
SNR is small, less than 2 dB in this case, the noise dominates and the
BER is close to the correlator receiver.

Number of users = 4, SF =20

| o-li\‘\' Train SNR = INF, SV = 7
102
BER | :
107 ) 3
104 ] ]
E Correlator - theory 5

I | —2— SVM - simulation
105 | - © - SVM - theory
SVM - DSP design

1090 ‘ ‘ ‘ ‘ ‘
2 0 2 4 6 8 10

Ew/Ny
Figure 6 — Theoretical, simulated and SVM DSP BER curves for the CDMA system
for 4 users. A theoretical BER curve for the correlator receiver is added for comparison.
Puc. 6 — KpuBble BeposiTHOCTM BuTOBOW OWMGKM (BER), nonyyeHHbie npu
TeopeTnyeckoMm moaenmposaHumn n DSP pesynbTtatax ans cucteMCDMA n SVMc
YeTbIpbMs Nonb3oBaTensamu. Teopetnyeckas BER kprBas kKoppensaumMoHHOro NpuemMHuKa
npvBeaeHa AN CpaBHEHUS!
Slika 6 — Grafovi verovatnoce greske bita (BER) dobijeni prema teorijskim,
simulacionim i DSP rezultatima, za CDMA sistem sa SVM i za slu¢aj Cetiri u€esnika.
Teorijska BER kriva za korelatorski prijemnik je dodata radi uporedenja

However, when the SNR increases, then the BER improves in the
SVM receiver due to the elimination of the inter-user interference. The
curves for the correlator receiver have significantly higher BER values in
this case due to the presence of interuser interference.
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Probability of error analysis in the fading channel

In this paper, the closed form theoretical expression for the probability
of error is derived in Section Three and expressed by (18). The BER
graphs obtained by both that expression and the simulation are presented
in Fig. 7 for two cases, when the number of users in the system is either
10 or 30.

.................. ..... S-vl\l‘[—all‘(ll)7ticflll-

Figure 7 — BER curves obtained by both the theoretical expression in the closed form
and the simulation
Puc. 7 — KpuBble BeposiTHOCTU B1TOoBOW owmnbkm (BER), nonyyeHHble npu
TeopeTnYeckoM MOAENMPOBaHNM B 3aKPbITOM KaHarne
Slika 7 — Grafovi verovatnoce greske bita (BER) dobijeni prema teorijskom izrazu u
zatvorenom obliku i na osnovu simulacije

In both cases the theoretical curves are matching very well the
simulation curves. These curves are matching also the curves obtained by
numerical integration as presented in reference (Kao, et al, 2010). The
difference between a 10-user and a 30-user system are close to 1 dB. This
result is expected because the CDMA system with the SVM detector
eliminates the inter-user interference very well.
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Speed estimation

The main purpose of this investigation related to the speed
estimation was to compare the difference between the bit rates of the
CDMA system implemented using the correlator receiver and the system
with the SVM receiver. For this purpose 10* message bits were
transmitted and received in both systems. The time taken for processing
was measured for the spreading factor of 20. Fig. 8 shows the bit rates
as a function of the number of users for both systems. The clock cycles,
which are necessary to execute the relevant code, were measured and
converted to the bit rate according to this expression

R =5
C-N

where R, is the bit rate, B is the number of bits sent, f, is the clock
frequency, C are clock cycles and N is the number of users.

(23)
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Figure 8 — Speed estimation for the system with the correlator receiver and the SVM
receiver for a different number of users
Puc. 8 — CpedHsisi ckopocmb Orisi cucmemMbl KoppensauuoHHo2o u SVM npueMHuka
C pasHbIM KoM-80M rosib3o8ameneli
Slika 8 — Prose¢na brzine za sistem sa korelatorskim i SVM prijemnicima za razli¢iti
broj u¢esnika
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It was found that the bit rate was 1.5 to 2 times higher for the system
with the correlator receiver than for the system with the SVM. Namely, in
the SVM receiver, more computation is involved, and hence more
processing time is required.

Therefore, from the BER performance results, it can be concluded
that, by incorporating the SVM into the receiver, the performance of the
system increases significantly in respect to the correlator receiver.
However, the execution speed on DSP reduces considerably.

Conclusion

The design of a prototype CDMA system with a SVM receiver is
implemented on the 32-bit floating point ADSP-TS201S TigerSHARC
processor. The prototype was developed by creating functions in C
language, and was programmed on the processor situated on a TS201S
EZ-KIT Lite evaluation platform. It was confirmed that the robust
prototype can be designed on this platform.

The training phase was performed to generate the support vectors
via programs in Matlab software. The theoretical expression for the
probability of error was derived in the closed form in the case when
fading is present in the channel. The bit error rate (BER) measurement in
the prototype system confirms that the SVM receiver performs better
than the corresponding correlator receiver. The BER performance of the
prototype matches theoretical and simulation results for varying both the
spreading factor and the number of users.

The expected problem of the periodicity of spreading sequences due
to the finite resolution of the DSP operations was solved by the re-
initializing the chaotic sequence generators. Because the theoretical and
simulation results matched very well the DSP results, it is obvious that
the DSP resolution does not influence the performance of the system.

The results of the speed estimation analysis show that the CDMA
system with the correlator receiver has a higher bit rate than the CDMA
system with the SVM receiver, due to larger computation with support
vectors. The speed in signal processing of the presented prototype is not
sufficient to accommodate increasing demands in bit rates. However, a
valuable experience is gained in system design and a possible speed
increase through both the optimization of the existing processing
algorithms and the application of the new DSP technologies. One of the
streams of future research could be to make a prototype of the system in
the case when fading is present in the channel and the methods of fading
mitigations are applied, like chip interleaving.
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NPOTOTWUI MIjOFOI'IOJ'IbSOBATEJ'IbCKOI?l CNCTEMBbI,
OCHOBAHHOW HA KOPENNAUMOHHBLIX MPUEMHUKAX
NI OMOPHbBIX BEKTOPAX

CmeesaH M. bepbep
The University of Auckland, ECE Department, HoBast 3enaHgus

OBJIACTb: TenekommyHukaumu, 6ecnpoBofHasi cucTeMa KOMMYHUKaLIMM
BWL CTATbW: opurnHanbHasa HaydHas ctatbsi
A3bIK CTATbW: aHrnuiicknn

Pestome:

TexHo02UsI MHO20I10/1b308amesIbCKOU CUCMeEMbI KOMMYHUKaUuuU
¢ KoOoebiM pacripedeneHuem kaHanoe (CDMA) ucrionb3yemcs 6 cospe-
MeHHbIX 6ecrpo8o0HbIX Cemsix, Mmakux Kak comoebie, paduomeie¢hoH-
Hble cemu u 6ecripo800OHbIE CEHCOPHbIE cemul.

Paszsumue nepedayu cuzsHana Ha hu3U4eCKOM ypoeHe 8 cemu,
OCHOBaHO Ha MpuMeHeHUU 080UYHLIX rocriedosamerisHocmel 8 pac-
WUpEeHUU 30HbI cuz2Hara U rnpuMeHeHUU KOPPEsSUUOHHbIX MPUEMHUKOS.

B danHolU pabome onucaHa paspabomka npuemonepedamyuka
CDMA cueHanos, rnpu rpuMeHeHUU HO8bIX KOMMYHUKaUUOHHbIX MEmo-
008, OCHOBaHHbIX Ha xaomu4eckol rnocredoeamesibHOCMU 8 pacuiupe-
HUU 30HbI cu2Haros, obecrieqyugasi mem caMbiM 3auumy repedadyu co-
obuweHutli 8 cucmeme, rMpUMeHsIS Memodbl HOBbIX MEXHOM02UsIX ObHa-
PYXKEHUSI CugHarso8 rpu UcCofib308aHUU MauUHb! ONOPHbLIX BEKMOPOS 8
npuemHuke (SVM — npuemHuk) u mpaduyuoHHO20 NpUMEHEHUSI Koppe-
JIAYUOHHBIX MPUEMHUKOS.

lMposedeH meopemudeckuli aHanu3 obeux modesiel rMpUeMHUKOS,
8K/Itoqast 8bI800 8bIHUCIIEHUS 8epOSIMHOCMU 6umosbIx OWUbOK 8 KaHa-
J1ax ¢ 3amupaHusimu (¢peduHeaom) cuzHarnos, 3amem rpou3eedeHo eHe-
OpeHue 8 yughposble mexHonoauu (DSP) Ha 32-6umosyto npoueccop-
Hyro rinamegopmy TigerSHARC.

ConocmaeneHue amux cucmem rokKasaso, 4Ymo peweHue rnpume-
HEHUS1 MawUuHbI OrOPHbIX 8ekmMopoe8 (SVM — npueMHuk) ynyduiaem po-
bacmHocmb cucmeMbl 3a CHem CHUXXEHUST CKOpoCmu romoka.

B mo epemsi kak ocyuwiecmeneHHbIlt nomok 6umoe KoppesssyuoH-
HO20 MpueMHuUKa 8 0ea pa3sa rnpesbiwaem MomokK 6umos rnpueMHuUKa
MalUHbI OTOPHbIX 8EKIMOPOS.

KntoueBble crioBa: rnpsiMoxaomuyveckue cucmemsl cesasu; SVM koppersi-
UUoHHbIU npuemHuk; CDMA cucmewmbi; DSP paseumue CDMA cucmem.
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PROTOTIP VISEUCESNICKOG SISTEMA BAZIRANOG
NA PRIJEMNICIMA SA KORELATORIMA ILI MASINOM
PODRZAVAJUCIH VEKTORA

Stevan M. Berber
The University of Auckland, ECE Department, Novi Zeland

OBLAST: telekomunikacije, bezi¢ni komunikacioni sistemi
VRSTA CLANKA: originalni nauéni ¢lanak
JEZIK CLANKA: engleski

Sazetak:

Tehnike viSeucesnickih komunikacija sa kodnom raspodelom kana-
la (CDMA) koriste se u modernim beZi¢nim mreZama kao $to su mobilne
radio-telefonske mreze i bezi¢ne senzorske mreze.

Razvoj prenosa signala na fizickom nivou u ovim mreZama za-
snovan je na primeni binarnih sekvenci za proS$irenje signala i primeni
korelatorskih priemnika. U ovom radu prikazan je razvoj primopredaj-
nika za prenos CDMA signala kori§¢enjem nove komunikacione meto-
de zasnovane na primeni haoti¢nih sekvenci za proSirenje signala, Ci-
me se moZe povecati zastita u prenosu poruka u sistemu, i razvojem
nove tehnike detekcije signala koriS¢enjem masina sa podrZavajucim
vektorima u prijemniku (SVM prijemnik) i tradicinalno koriS¢enog kore-
latorskog prijemnika. Oba razvijena prijemnika su teorijski analizirana,
uklju¢ujuci izvode izraza za verovatnocu gre$ke bita u zatvorenom obli-
ku u slu¢aju kanala sa fedingom, a zatim je izvr§ena njihova implemen-
tacija u digitalnoj tehnologiji (DSP) na 32-bitnoj procesorskoj platformi
TigerSHARC. Poredenje ova dva sistema pokazalo je da reSenje sa
masinom sa podrzavaju¢im vektorima (SVM prijemnik) poboljSava ro-
bustnost sistema po cenu smanjenja brzine procesiranja. Medutim,
ostvarljivi protok bita kod prijemnika sa korelatorom bio je dva puta ve-
¢i nego kod prijemnika koji koristi maSinu sa podrZavaju¢im vektorima.
Uvod

Ovih godina porastao je interes da se optimizuju prijemnici u beZzic-
nim komunikacijama radi potrebe za prenosom velike koli¢ine podataka i
ostvarenja energetske efikasnosti, posebno u podrucju mobilnih komuni-
kacionih sistema i beZicnih senzorskih mreZa. Radi ovih zahteva o¢eku-
Je se novi razvoj u oblasti dizajna prijemnika kako bi se smanjila njihova
sloZenost i povecala energetska efikasnost.

Da bi se ostvario prenos veSeucesnickih signala mozZe da se koristi
tehnika prenosa sa kodnom raspodelom kanala (CDMA), koja omoguca-
va istovremenu komunikaciju vise ucesnika u istom komunikacionom si-
stemu tako da se svakom ucesniku dodeli jedinstvena kodna sekvenca
kojom se proSiruje signal poruke u predajniku i koja se koristi u prijemni-
ku kako bi se otkrio sadrZaj poslate poruke. Razvoj priiemnika ovih siste-
ma tradicionalno se zasnivao na primeni uskladenih filtera i korelatora.
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U poslednje vreme doSlo je do preliminarnih istraZivanja o mogu-
¢oj primeni masSina sa podrzavaju¢im vektorima (SVM), kao jednoj od
alternativa za dizajn prijemnika za CDMA sisteme, zbog njihove spo-
sobnosti da previadaju medu-ucesnicku interferenciju i da se prilagode
na dinami¢ne komunikacione zahteve u odnosu na broj uesnika i ka-
rakteristike sekvenci za proSirenja signala. Medutim, do sada nema ra-
dova koji govore o hardverskoj implemantaciji ili prakti¢noj primeni ova-
kvih prijemnika, sto je bila dodatna motivacija autoru da objavi rezulta-
te istraZivanja o dizajnu prototipa ovog sistema.

Kommunikacioni sistemi koji koriste haoticne sekvence bili su pred-
met znacajnih istraZivanja, a posebno CDMA sistemi koji koriste klasi¢ne i
haoticne sekvence za proSirenje signala, pri cemu je problem robustne
sinhronizacije naSiroko ispitivan. Vecina radova analiziralo je ove sisteme
za slucaj prisutnosti ravnog fedinga u kanalu prenosa. Detaljna analiza
CDMA sistema sa Sirokopojasnim, frekvencijski selektivnim kanalima ura-
dena je tek u poslednje vreme. Zbog ograni¢ene ortogonalnosti sekvenci
za proSirenje signala dolazi do povecanja interucesnicke interferencije sa
povecanjem broja ucesnika u CDMA sistemu. Da bi se previadao ovaj
problem razvijeni su multiu¢esnicki detektori, a posebno detektori koji su
zasnovani na primeni mas$ina sa podrzavajucim vektorima (SVM).

Uprkos tome $to su SVM tehnike primenjene za detekciju signala, nije
bilo objavijenih radova koje prikazuju razvoj ovih uredaja u digitalnoj (DSP)
tehnologiji. Ova Cinjenica motivisala je autora da prikaZe svoje rezultate u
vezi s dizajnom i testiranjem prototipa CDMA sistema uporedo sa rezultati-
ma analize sistema koji koristi korelatorski prijemnik radi uporedenja ovih si-
stema. Karakteristike oba prototipa sa aspekta stepena greSke bita (eng.
BER) uporedene su i prikazane odnosne karakteristike teorijskog i simulaci-
onog modela. Provedena teorijska i simulaciona analiza pokazale su pred-
nosti tehnike SVM-a i dobro slaganje teorijskih i prakticnih rezultata.

Posto izraz za verovatnocu greske bita nije jo$ bio izveden u zatvo-
renom obliku za SVM CDMA sistem, autor je izveo ovaj izraz i prezentirao
grafove za stepen greSke bita (BER). Pokazano je da se ovako dobijeni
grafovi za BER slazu sa odgovaraju¢im grafovima koji su dobijeni nume-
rickom integracijom, Sto dokazuje validnost izvedene teorijske formule.

U radu su uporedena dva sistema — sistem sa SVM prijemnikom i si-
stem sa korelatorskim prijemnikom, i pokazano je da korelatorski prijemnik
ostvaruje veci digitalni protok. Sto se tice kompleksnosti dizajna, dokaza-
no je da SVM priemnik zahteva duZe vreme za procesiranje signala. Pri-
kazana procedura poredenja i dobijeni grafovi su rezultati vredni paznje.

Viseucesnicki sistem zasnovan na kori¢enju haoti¢nih sekvenci
i SVM prijemnika

U ovom odeljku prikazana je blok-Sema SVM prijemnika i objaSnjen
princip rada svih blokova. Objasnjen je princip generisanja haoti¢nih se-
kvenci i prikazana funkcija korelacije i unakrsne korelacije u grafi¢koj for-
mi. Posebno je objasnjen princip rada SVM detektora. Izvedeni su izrazi
za verovatnocu greSke bita u zatvorenom obliku za SVM prijemnik u slu-
Caju kada je u kanalu prisutan Sum i ravni feding.
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Razvoj i implementacija sistema sa SVM i korelatorskim prijemnikom

Definisan je uskopojasni kanal sa ravnim fedingom.Takode, izvrse-
na je matematiCka analiza sistema, tako $to su prikazani signali na kljuc-
nim tackama prijemnika i predajnika. Prikazan je izraz za signal na izla-
zu korelatora sekvenci, a zatim izveden izraz za verovatnocu gre$ke bita
u zatvorenom obliku i analiziran sa aspekta uticaja broja u¢esnika u si-
stemu i sa aspekta vrednosti faktora proSirenja signala.

Prikazane su karakteristike DSP platforme na kojoj je uraden proto-
lip sistema, tako Sto su objasnjene osnovne karakteristike DSP ploce
proizvodaca Analog Devices. Prikazana je blok-Sema razvijenog sistema
i objasnjen princip njenog rada. Naglaseno je da struktura prototipa veo-
ma dobro prati strukturu teorijskog i simulacionog modela o kojima je bi-
lo reci na pocetku rada. Objasnjena je procedura generisanja haoti¢nih
sekvenci sa posebnim osvrtom na problem generisanja aperiodi¢nih se-
kvenci. Pri razvoju sistema kori§¢ena je Boks-Milerova metoda za gene-
risanje Gausovog Suma, koja se zasniva na generisanju dva niza neza-
visnih sluCajnih uzoraka koji imaju uniformnu funkciju distribucije vero-
vatnoca. Poslednja sekcija posvecena je problemu taéne estimacije
vrednosti BER -a za definisanu vrednost odnosa signal-sum.

Razvoj SVM detektora i sklopa odluke

U ovom delu objasnjeno je kako se generidu vektori podrske i podaci
freninga za definisani broj ucesnika i odredeni faktor proSirenja signala.
Podaci treninga prikazani su u formi izvesnog broja uzoraka kao rezultat
obrade u korelatoru. Broj uzoraka zavisi od vrednosti odnosa signal-sum.
Da bi se generisali vektori podrske na osnovu ovih podataka, koji su me-
morisani u posebnom fajlu, nastavijen je trening uz kori§cenje iterativnog
algoritma. Rezultat ovog treninga je fajl podataka koji sadrzi parametre
kao $to je teZinski faktor, centralna vrednost i pristranost vektora podrske.

Rezultati ispitivanja i uporedenja prototipa sa teorijskim i simulacionim
modelom

U ovom odeljku prikazani su procedura i rezultati testiranja prototi-
pa, uklju¢ujuci: analizu verovatnoce greSke bita u kanalu sa Sumom sa
odnosnim grafovima za sluCajeve kada su jedan ili Cetiri u¢esnika prisu-
tani u sistemu, zatim verovatnoéu greske bita kada je ravni feding prisu-
tan u kanalu sa odnosnim grafovima za 10 i 30 uc¢esnika, i na kraju, krat-
ku analizu stepena gre$ke bita koji se moze ostvariti kori§¢enjem korela-
torskog prijemnika u odnosu na SVM prijemnik, ¢ime je pokazano da
SVM prijemnik ostvaruje maniji bitski protok nego korelatorski prijemnik.

Zakljudak

Uraden je razvoj prototipa CDMA sistema, koji koristi haoticne sekven-
ce i SVM prijemnik, pri éemu je koriS¢ena razvojna platforma 32-bitnog
ADSP-TS201S TigerSHARC procesora. Ovaj prototip razvijen je tako Sto su
funkcije sistema implementirane u C jeziku na procesoru koji je smeSten na
TS201S EZ-KIT Lite razvojnoj platformi. Potvrdeno je da se na ovoj platfor-
mi moZe implementirati prototip koji sledi simulacioni i teorijski model.
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Koricena je faza treninga da bi se generisali podrZavajuci vektori
koriste¢i Matlab program. Izveden je izraz za verovatnocu greSke bita u
zatvorenom obliku za slucaj kada je ravni feding prisutan u kanalu pre-
nosa signala. Merenjem na prototipu sistema pokazano je da je stepen
greSke bita bolji kod priemnika sa SVM nego kod korelatorskog prijem-
nika. Vrednosti stepena greske bita prototipa, za razliCite faktore prosire-
nja i promenljivi broj ucesnika, slazu se sa odgovarajucim vrednostima
dobijenim na simulacionom i teoriiskom modelu.

Ocekivani problem periodi¢nosti haoticnih sekvenci proSirenja sig-
nala zbog konacne rezolucije u DSP dizajnu reden je tako $to se vrSila
ponoviljena inicijalizacija generatora sekvenci. Posto su se teorijski i eks-
perimentalni rezultati dobro poklopili o¢igledno je da DSP rezolucija ne-
ma uticaja na performanse sistema.

Rezultati ocene brzine obrade signala pokazali su da CDMA sistem
sa korelatorskim prijemnikom ima veci bitski protok nego SVM prijemnik,
Sto je rezultat duzeg procesiranja signala pri racunanju podrZzavajucih vek-
tora. Ova brzina procesiranja ostvarena na prototipu ne moze da zadovolji
povecane potrebe za bitskim protokom u realnim sistemima. Medutim, ve-
oma korisna iskustva steéena su prilikom razvoja ovog pototipa i sagleda-
ne mogucnosti kako da se procesiranje ubrza kroz optimizaciju algoritama
i primenu novih digitalnih tehnologija. Moguci pravac buducih istraZivanja
mogao bi da bude usmeren ka izradi prototipa sistema koji koristi metode
eliminacije fedinga, kao Sto je metoda ucesljavanja Cipova.

Kljuéne reci: haoti¢ni komunikacioni sistemi, SVM i korelatorski prijem-
nik, CDMA sistemi, DSR razvoj CDMA sistema.
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Summary:

Yitrium is a silvery transition metal and has similar chemical properties
fo lanthanoids. Because of this similarity, yttrium belongs to rare earth
elements. Yittrium and yttrium oxide are mostly used in fluoroscent lamps,
production of electrodes, in electronic filters, lasers, superconductors and as
additives in various materials to improve their properties. Yttrium is mainly
recovered from the minerals monazite [(Ce,La, Th,Nd,Y)PQO,] and xenotime
YPO,.The presence of radioactive elements such as thorium and uranium
in the ore makes it difficult to separate yttrium oxide from primary raw
materials. Environmental regulations are getting stricter every year, thus
increasing the risk of lacking the supply of rare earths. Therefore, recovery
of yttrium oxide from secondary sources such as red mud, coatings from
ceramic industry and phosphors is extremely important. The main aim of
this study is to examine the yttrium dissolution kinetics from waste ceramic
dust using hydrochloric acid.

Key words: yttrium, recycling, hydrometallurgy, ceramics.

Introduction

Yttrium is always found with rare earth elements in minerals. Rare
earth metals are increasingly establishing themselves as crucial
industrial materials, with unique applications in numerous fields (Kim

" ACKNOWLEDGMENT: | would like to thank M.Sc. Marc Spinnréaker for his work on
selective dissolution of yttrium from waste materials at the IME Process Metallurgy and
Metal Recycling of the RWTH Aachen University in Germany.
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and Osseo-Asare, 2012, pp.67-78). The feasibility of using yttrium oxide
as a crucial material or a coating for induction melting of titanium is
widely used in metallurgy. The native source of yttrium can be found in
hard rocks and placer sands. Hard rock deposits are mined by open pit
and underground methods. The aim of physical beneficiation is
increasing the necessary mineral content by exploiting some physical
processes. During physical beneficiation, accompanying minerals such
as ilmenite, rutile, zircon, magnetite, and quartz are separated, which
results in the formation of a concentrate with an increased content of
rare earth elements. During a chemical treatment of a concentrate, rare
earths are separated from impurities, especially thorium and uranium
from minerals. This is accomplished by attacking minerals with some
leaching agents. The process parameters such as temperature,
pressure, chemical type and concentration of the leaching agent differ
in accordance with the mineral type. In monazite applications, sodium
hydroxide and sulfuric acid are mostly used as leaching agents. In the
dissolution process, rare earth elements and thorium are precipitated in
the hydroxide and sulfate forms. In the alkali application, the formed
rare hydroxides are dissolved in the next step with either hydrochloric or
nitric acid where thorium is not soluble (Sung-Don, 2010, pp.70-76).
Cold water is used to dissolve rare earth sulfates in an acid treatment.
The dissolution of xenotime is similar to monazite digestion. It requires
more concentrated leaching agents and higher process conditions.
During the subsequent separation, individual rare earth elements are
separated from their mixtures. Fractional crystallization and solvent
extraction (Amaral and Morais, 2010, pp.498-503) are mostly used for
this separation.

Yttrium is generally recovered from monazite or xenotime minerals
via an acid and an alkaline route as shown in Figure 1.

A full process for the recovery of rare earth elements from a
composite ore containing rare earth elements, including a monazite
mineral group and an apatite mineral, contains the pre-leaching of the
composite ore with an acid in order to substantialy dissolve the
apatite mineral into the leach liquor and precipitate rare earth
elements from the pre-leach liquor (Mackowski et al, 2009, US Patent
0272230 A1). An analysis of a combined hydro-pyrometallurgical
route for the processing of ores resulting in the production of rare
earth elements was investigated using the Chuktukon ores in East
Siberia in Russia (Kuzmin et al., 2012, pp.1-16). The main aim of this
work by Kuzmin was to develop methods of unlocking rare earth
elements in refractory ores and to study some methods for their
further chemical processing.
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REE hydroxides REE purification
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Figure 1 — Flow diagram of the dissolution of monazite and xenotime
Puc. 1 — dnarpamma npouecca pacTBOPEHNst MOHOLMTA U KCEHOTMMA
Slika 1 — Dijagram toka rastvaranja monazita i ksenotima

The precipitation of a cleaned solution with oxalic acid and the
thermal decomposition of a formed metal oxalate after filtration with its
previous drying represent the final steps in the production of rare earth
oxides (lbrahim and El-Hussaini, 2007, pp.11-17).

The importance of yttrium and other rare earth elements is
increasing in the transition to green economy because of their essential
role in permanent magnets, lamp phosphors, catalysts, rechargeable
batteries, etc. Due to the fact that China presently produces more than
90% of the global REE output and has an increasingly tight export quota,
the rest of the world is in the risk of lacking REE supply. Because of the
absence of economical and/or operational primary deposits on their
territories, many European countries have to be included into the
recycling of REEs from pre-consumer scrap, industrial residues and
REE-containing End-of-Life products. Despite considerable, mostly lab-
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scale research effort to recycle REEs, less than 1% of REEs were
recycled by 2011. This is mainly due to inefficient collection,
technological problems and, especially, a lack of incentives. A drastic
improvement in the recycling of REEs is, therefore, an absolute demand.
This can only be realized by developing efficient, fully integrated
recycling routes, which can take advantage of the rich REE recycling
literature. In Table 1, secondary materials for REEs are listed
(Binnemans, 2013, pp.1-22.)

Table 1 — REE-containing streams for recycling
Tabela 1 — Vrste otpada kao izvori retke zemlje za recikliranje
Tabnuya 1 — Bnapl 0TXOA0B KakK UCTOYHWK Cbipbsl AN PELMKINPOBAHUS

Present / future

Materials stream & application REEs contribution

1. Preconsumer production scrap and residues

REE containing residues arising

during metal production/recycling All REEs Increasing

Postsmelter and Electric Arc
Furnace residues

Future levels depend on End-

Ce, La, critical REEs . .
of-Life presmelter recycling

Industrial residues

(phosphogypsum, red mud, etc.) All REEs Relatively stable

2. End-of-Life products containing

Eu, Tb, Y (Ce, Gd,

Phosphors La)

Fluorescent lamps (straight/curved) E;J) b, ¥ (Ce, Gd, Relatively stable
Compact fluorescent lamps (CFLs) E:) b, Y (Ce, Gd, Increasing

LEDs Ce, Y Increasing

LCD Backlights E;) b, Y (Ce, Gd, | pojatively stable
Plasma Screens Eu, Tb, Y (Ce, Gd, La)| Relatively stable
Cathode-ray tubes (CRTs) Eu, Y Sharply decreasing
CRT phosphors, fluid, glass

polishing powders, optical All REEs

glass, cracking catalysts,
3. Landfilled REEs containing residues
Industrial residues

All REEs Depending on a residue type

(phosphogypsum, red mud, etc.)

One of the major challenges in the processing of used phoshors for
the extraction of rare earths lies in a large number of different
compounds and their individual chemical properties such as solubility in
an aqueous phase (Poscher, 2013, pp.1217-1222). The summary of this
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work showed that the hydrochloric leaching of a screened luminophore
powder followed by the precipitation of a contaminated RE oxalate,
converting the mixture into their oxides and subsequent raffination in
order to dissolve most of the alkali metal oxides leads to a RE
concentrate which could be applied as a new raw material for the
subsequent process steps of refining.

The dissolution of non-ferrous metals from ores into a solution
during high pressure leaching in an autoclave was described in detail
(Author, 2011, pp.29-44.) for some nonferrous metals such as nickel and
cobalt. A hydrometallurgical treatment has a lot of advantages compared
to a pyrometallurgical treatment.

In this work, a dissolution of yttrium from waste ceramic dust under
atmospheric and high pressure was studied in detail. The influence of
different process parameters such as leaching temperature and time,
concentration of hydrochloric acid and operating pressure was analyzed.
The main aim is to study the kinetics of yttrium dissolution with
hydrochloric acid in the temperature range from 20°C to 70°C at
atmospheric pressure.

Experimental Work

Material

Ceramic materials remain from a knock-off of cast parts containing a
high amount (up to 15 %) of yttrium oxide from the upper layers of shells.
The elements such as titanium, aluminium, and iron are regarded as
impurities in these waste materials.

Figure 2 — The waste ceramic dust
Puc. 2 — OtxopHas kepamuyeckasi nbinb
Slika 2 — Otpadni keramicki prah
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The chemical composition of the waste ceramic dust studied in this
work amounts to (in %): 1.34 Y; 0.56 Fe,O3, 0.5 TiO,; 0.48 SiO,; and
97.12 Al,Os. This fine dust fraction was approx. below 250 pm.

Experimental Procedure

Leaching tests were performed under a) atmospheric pressure in a
glass reactor at 20°C, 45°C and 70°C and b) high pressure in an
autoclave at 150°C (pressure about 5 x10° Pa) using hydrochloric acid.
The temperature was controlled within + 1 °C by a temperature control
system which controlled a water cooling system as well (see Figure 3).

Figure 3 — a) a glass reactor b) an autoclave
Puc. 3 — a) cteknsHHbIA peakTop 6) aBTOKNaB
Slika 3 — a) stakleni reaktor b) autoklav

Agitation was provided by a motor-driven impeller. A certain amount
of waste dust was mixed with a pre-calculated amount of deionised
water. The slurry was then heated up to a predetermined temperature
under continuous agitation. Upon temperature stabilisation, a certain
amount of different concentration of hydrochloric acid was injected into
the reactor under atmospheric and high pressure. Using the sampling
system, 20 ml of liquid was periodically withdrawn through a dip tube and
then rapidly cooled. After the end of the experiments, the solutions
aliquots were filtered and analysed, aiming at Y, Fe, Al and Ti by
inductively coupled plasma ICP spectrophotometry and X-ray
fluoroscency.
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Results

The influence of different experimental parameters such us the
leaching time, the leaching temperature and the concentration of
hydrochloric acid on yttrium dissolution were investigated. The
obtained results between 20°C and 150°C were shown in Figure 4 and
Figure 5:

¢
®

o
[

leaching efficiency
o o
> o

o
[SIN)

0 50 100 150

Time (min)

—@—2mol/l HCI - 20°C ——@=—2mol/| HCI - 45°C

2mol/I HCl - 70°C  =—=@=—2mol/I HCI - 150°C

Figure 4 — Influence of temperature and time on the yttrium dissolution
Puc. 4 — BnusiHne Temnepartypbl 1 BpEMEHM Ha NMPOLEeCC pacTBOPEHWE UTTPUS
Sliika 4 —Uticaj temperature i vremena na rastvaranje itrijuma

The minimum efficiency of yttrium dissolution is found at room
temperature. An increase of leaching time to 120 min and temperature
from 20°C to 150°C using 2M HCI solution leads to an increased
leaching efficiency of yttrium up to 98.6 %. At 70°C and under
atmospheric pressure, the leaching efficiency amounts to about 80 %
in 120 min. An increase of the concentration of hydrochloric acid from
0.5 mol/L to 2.0 mol/L leads to an increased yttrium dissolution
efficiency.
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—®—0,5mol/l HC| - 70°C—®— 1mol/l HCI - 70°C
2mol/I HCI - 70°C

Figure 5 — Influence of the concentration of hydrochloric acid on yttrium dissolution
Puc. 5 — BnusHue koHUEHTpauumn ConstHOM KUCMNOTbI Ha NPOLLeCC pacTBOPEHUS UTTpUst
Slika 5 — Uticaj koncentracije hlorovodoni¢ne kiseline na rastvaranje itrijuma

Under the same conditions, the dissolution of iron with hydrochloric
acid is very high at 70°C for all used concentrations.

o
[0.1]

—#— 0,5mol/I HCI - 70°C

o
i

—— Tmol/I HCI - 70°C

leaching efficiency
o
[sa]

2mol/l HCI - 70°C

o
[R=]

0 50 100 150

Time (min)

Figure 6 — Influence of the concentration of hydrochloric acid on iron dissolution at 70°C
Puc. 6 — BnusiHne KoHUEHTpaLMN COMNSIHOM KMCMNOTbI Ha NPOLLECC pacTBOPEHUst Xernesa
npu Temnepatype Bbiwe 70°C
Slika 6 — Uticaj koncentracije hlorovodoni¢ne kiseline na rastvaranje gvozda na
temperaturi od 70°C
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We assumed that the chemical reaction at the phase boundary solid-
liquid is the limiting step. The solid phase is yttrium oxide on aluminium
oxide as a matrix. Therefore, a kinetic analysis of the dissolution process
of waste dust was performed using the next mathematical model.

1- (1-X)"=k t (1)

Where:

X — Leaching efficiency of yttrium dissolution (between 0 and 1)

k — Rate constant, min™

t — Leaching time (min).

A graphical representation of the experimental data of the leaching

processes in the coordinate system which corresponds to the chemical
rate control for spherical particles is shown in Figure 7:

0,45
@ 1mol/IHC -70°C
04
@ 2mol/IHCl - 70°C °
0,35 2mol /I HCl - 45°C y =0,0032%+0,0067
3 Bl
- 03 ® 2mol/IHCl - 20°C R*=0,9854 L) ®
~ Linear (1mol/I HCI - 70°C)
T 025 -
= Linear (2mol/I HCI - 70°C) Y =0,0026x+0,0117
- 02 Linear (2mol/I HCI- 45°C) R?=0,9861
- GaE —— Linear (2mol/I HCI - y =0,0012x+0,0137
‘ RZ=0,9613

y=0,0005x+0,0104
=0, 8

0 20 40 60 80 100 120 140

Time (min)

Figure 7 — Testing of kinetic model for dissolution of yttrium
Puc. 7 — TeCT KMHETUYECKON MOLENN PaCTBOPEHUS UTTPUSA
Slika 7 — Ispitivanje kinetickog modela rastvaranja itrijuma

Good linearization exists for all three investigated temperatures. In
all three cases, at 20°C, 45°C and 70°C, the straight lines begin from the
origin of the coordinate system. The slopes of these lines correspond to
the rate constants of the corresponding reactions of yttrium dissolution in
hydrochloric acid (Eq. 2).

Y203 + 6 HCI = 2 Y* 10+ 6 Cl'aqy+ 3 H20 )
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The reaction rate constants for yttrium dissolution at different
temperatures were graphically determined:

kzo-c= tan (0,0032)= 5,585*10"° min™
kss -c= tan (0,0012)= 2,0944*10%10° min™’
kao «c= tan (0,0005)= 8,7266*10*10° min™

The statement on the rate-limiting step was further investigated
using the Arrhenius plot.

k= ko-exp (-EA/RT) 3)

If in k over 1000/T is applied, the apparent activation energy E, can
be determined (as shown in Figure 8).

12
y =3,7551x - 1,108
2=0,9946 .* 11649

11,5

11 -

= <" 10,77365835

10,5

10

9,792841032
9.5
2.8 2.9 3 3.1 32 33 34 35

(1/T)*1000 KA-1

Figure 8 — Arrhenius plot for the dissolution of yttrium with hydrochloric acid between
20°C and 70°C
Puc. 8 — 'paduk ypaBHeHMs AppeHunyca a5s pacTBOPEHUS UTTPUS B COSIIHOW KUCnoTone
npu Temnepatype 20° C-70°C
Slika 8 — Graficki prikaz Arenijusove jednacine rastvaranja itrijuma u hlorovodoni¢noj
kiselini na temperaturi izmedu 20°C i 70°C

The calculated activation energy amounts to 31.2 kJd/mol. The
dissolution of yttrium as yttrium oxide with hydrochloric acid from
aluminum oxide as matrix depends on a reaction at the solid-liquid
phase.
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Conclusions

The present study summarized the influence of different reaction
parameters such as leaching temperature, time and concentration of
hydrochloric acid on yttrium dissolution from waste ceramic dust. An
increase of dissolution time and temperature increases yttrium
dissolution. The maximal yttrium dissolution efficiency was obtained
using 2M HCI at atmospheric pressure at 70°C (about 80%). An
increase of pressure from atmospheric pressure to 0.5 MPA at 150°C
leads to the maximum dissolution of yttrium (about 98.6 %). A kinetic
analysis revealed that the dissolution of yttrium with hydrochloric acid
can be described using a kinetic model based on the reaction at the
solid-liquid phase as a limiting step. The calculated activation energy
Ea between 20°C and 70°C amounts to 31.2 kdJ/mol. The selectivity of
the dissolution process regarding the presence of iron will be studied
in our future work. Precipitation and solvent extraction will be used in
particular for a production of a cleaned solution based on yttrium
chloride.
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KWHETWKA PACTBOPEHUA NTTPUA N3 OTXOAHOM
KEPAMMYECKOMU MblJTN

Cpeuko P. Ctonuy, bepHd I'. dpuegpunx
TexHuYeckuit yHuBepcuUTeT ropoaa AxeH, IHCTUTYT MeTannypruyeckux
MPOLIECCOB 1 PELMKIMPOBaHNa MeTannos, FepmaHus

OBNACTb: xummnyeckne TeXHONormm
BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl
A3bIK CTATbW: aHrnuiickuin

Pe3swome:

Ummpuli ceemio-cepebpucmbili pedKo3eMernbHbIU memarn rno-
6oyHoU epynnbl, obradarowull aHano2udHbIMU aHmamaooudy xumu-
Yyeckumu ceolicmeamul.

Ummpul u okcud ummpusi UCrosib3ytomcecsi 8 rnpou3soocmae Jsio-
MUHECUEEeHMHbIX namr, 371eKkmpodos8, 3MeKMPOHHbIX  buibmMpos,
C8EepPXMPOBOOHUKO8 U 8 Kadecmee yKpennsouwux 006asok K pasrnuy-
HbIM Mamepuarnam.

bonbwas yacme ummpus useriekaemcsi U3 e2o MuHeparsnos, ma-
Kux kak moHauyumni [(Ce,La, Th,Nd,Y)PO.,] u kceHomumbl YPO,,

Hanu4ue paduoakmueHbix 3/1IeMEHMO8 MOpPUSs U ypaHa, a makxe
ummpusi yCrI0XKHSIem pouecc rosiydeHusi okcuda ummpusi u3 pyod u
KOHUeHmpamoe.

Tak kak cmaHOapmbl 10 OXpaHe oKpyxaroujel cpedbl ¢ KaxObiM
OHeM roebIWarmcs, u3eredyeHue OaHHbIX 3/1IeMEHMO8 CMaHo8UMCs
PUCKOBAHHBIM.

lMoamomy peuuknuposaHue okcuda ummpusi U3 8MOPUYHbIX pe-
Cypco8, maKuX Kak: KpacHbIU wiiam, nokpbimue Osl KepaMuKu U Ucro-
JIb308aHHbLIE Mamepuarsibl 8 MPou38oocmee fIIOMUHECUEHMHbIX flaMmrl
umeem bosibwoe 3HaYeHue.

OcHosHoU yenbto daHHOU pabomel sierissemcsi usydeHue KUHemu-
KU pacmeopeHusi ummpusi ¢ consiHoU Kucromol u3 omxoOHol Kepa-
Mu4eckoU rbifu.

KnioueBble cnosa: ummputl, peyuknuposaHue, 2udpomemarniypaus,
Kepamuka.

KINETIKA RASTVARANJA ITRIJUMA IZ OTPADNOG
KERAMICKOG PRAHA

Srecko R. Stopi¢, Bernd G. Friedrih
Tehni€ki Univerzitet u Ahenu, Institut za procesnu metalurgiju
i recikliranje metala, Nemacka

OBLAST: hemijske tehnologije
VRSTA CLANKA: originalni nau¢ni ¢lanak
JEZIK CLANKA: engleski
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Sazetak:

Itrijum je srebrnasti prelazni metal sa hemijskim svojstvima slic-
nim lantanoidima. Zbog ovih sliénosti itrijum pripada elementima retkih
zemalja. lItrijum i itrijumoksid koriste se u fluoroscentnim lampama, u
proizvodnji elektroda, u elektronskim filterima, superprovodnicima i kao
dodatak u razli¢itim materijalima radi poboljSanja njihove stabilnosti.
Veliki deo itrijluma dobijen je iz njegovih minerala kao $to su monazit
[(Ce,La, Th,Nd,Y)PQ,] i ksenotim YPO, Prisustvo radioaktivnih eleme-
nata torijuma i urana, zajedno sa itrijumom, predstavija teskocu u dobi-
jJanju itrijumoksida iz ruda i koncentrata. Regulisanje zastite Zivotne
sredine je sve stroZe i povecava rizik u njihovom snabdevanju. Zbog
svega toga recikliranje itrijumoksida iz sekundarnih izvora, kao $to su
crveni mulj, previake u keramici i istroS§eni materijali u fluoroscentnim
lampama, ima veliki znacaj. Osnovni cilj ovog rada jeste da prouci ki-
netiku rastvaranja itrijuma sa hlorovodoni¢nom kiselinom iz otpadnog
praha keramickih materijala.

Kljuéne redi: itrijum, recikliranje, hidrometalurgija, keramika.
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Abstract:

This work presents the results of the investigation into deuterium
retention and thermal release in low activation ferritic-martensitic steel
EUROFER and its main components, Fe and Cr, using ion
implantation, nuclear reaction depth profiling and the thermal
desorption spectrometry technique. The samples were exposed to
deuterium ECR plasma of 6.5x10%* Dm? fluence. Our NRA results
show that, at 300 K, most of deuterium is trapped in the near-surface
region. A part of the implanted deuterium diffuses into the bulk and is
trapped by defects beyond the implantation range. The results of the
TDS measurement of the Cr sample confirm the formation of an
ordered Cr-hydride phase.
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Introduction

Reduced activation ferritic-martensitic (RAFM) steels are presently
the leading candidate materials for the first wall and breeding blanket
structural application for ITER and future power plants. This class of
steels has been selected mainly because of their improved radiation
resistance and the potential of reduced activation. These materials have
been developed by replacing alloying elements like Mo, Nb and Ni in the
commercial martensitic steels by other elements which exhibit faster
decay of induced radioactivity such as Ta, W and V (Kohyama, 1996,
pp.138-147). They also show excellent mechanical and thermo-physical
properties (Lindau, 2005, pp.989-996) and swelling resistance (Baluc,
2007, pp.33-41).

EUROFER’97 is the RAFM steel developed for the requirements of
the European fusion technology program (Gasparoto, 2003, pp.129-
137). lts chemical composition has been designed to achieve good
activation properties and irradiation resistance (Van der Schaaf, 2003,
pp.197-203), (Tavassoli, 2004, pp.257-262). It is expected that Fe and
Cr, as its main components, will have the most impact on its overall
properties. As a structural material for the future fusion application,
EUROFER will be exposed to intense fluxes of energetic hydrogen
isotope ions and neutrals as products of nuclear reactions (Yao, 2005,
pp.1285-1291). Retention and further transport of the hydrogen
isotopes will have implications on material stability, environmental
safety and recycling to the plasma. Hydrogen transport and trapping in
EUROFER have been recently studied by means of the gas evolution
permeation technique (Esteban, 2007, pp.473-477) assuming that
martensitic steel is close to a bcc structure where H occupies only
tetrahedral interstitial positions (Seeger, 1976, pp.137-138).

An experiment has shown that the H transport is limited to diffusive
phenomena rather than surface effects, though a complete lack of
surface effects cannot be proven. Activation energy (E.), found to be
close to 59 kJ/mol, corresponds to high angle grain boundaries (Esteban,
2000, pp.34-41). This indicates that the governing cause of the H
trapping in EUROFER may be grain boundaries and/or fine martensitic
laths, characteristic for this type of steel.

This paper presents a study on the retention and thermal release of
deuterium in Fe, Cr and EUROFER irradiated with D ions by means of
ion beam analysis techniques and thermal desorption spectroscopy
(TDS).
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Experimental details

Polycrystalline Fe and Cr foils of quoted purity 99.99%, 0.5 mm in
thickness delivered by Goodfellow and EUROFER steel foil, 1 mm in
thickness, were used in this work. Note that the main alloying elements of
the EUROFER are Fe and 9.2 at.% Cr. Rectangular-shape samples
12x15mm in size were cut from the foils and then mechanically polished
prior the measurements.

The samples were exposed to deuterium plasma in an electron-
cyclotron-resonance source PlaQ in IPP, Garching (Manhard, 2011,
pp.015-010). Thus source is equipped with a biased sample holder and is
well suited for the implantation of deuterium ions. A PlaQ experiment
consists of a stainless steel chamber where plasma is confined in a
cylindrical steel mesh cage with a height of 15 cm and a diameter of 14
cm. A plasma beam consisting mainly of Ds;" ions reaches a sample
holder through a circular aperture of the steel plate placed at the bottom
of the cage. The whole sample is homogeneouslzy irradiated. A typical
achievable deuteron flux is in the range 10" to 10 D m?s™. Achievable
energies range from several keV up to 200keV per deuteron.

The surface morphology of the samples subjected to the D plasma
exposures was examined using scanning electron microscopy.

Deuterium depth profiles were determined using the nuclear reaction
analysis technique (NRA) at a Tandem Accelerator in IPP, Garching. The
analysis was carried out by directing a *He beam normally on the
samples and measuring the proton yield from the induced nuclear
reaction D(*He,p)*He as a function of an incident *He energy beam.
Series of seven different *He energies were used in the range from 0.5 to
4.5 MeV, following the reaction cross section which was obtained from
the literature (Alimov, 2005, pp.169-175) and which exhibits a maximum
at around 0.65 MeV. The computer program NRADC was used for the
analysis of the data (Schmid, 2012, pp.64-71). Here, a deuterium
concentration profile was extracted from the proton yield using an
iterative deconvolution procedure.

Protons from the nuclear reaction D(*He,p)*He were counted with a
Si surface barrier detector which subtended a solid angle of 0.106 Sr at
150° from the incident-beam direction. This detector was covered with
0.4 mm of Al foil to range out unwanted charged particles. The detector
acceptance angle was calibrated by Rutherforf backscattering from a C
film on a Be substrate, with the intervening Al foil removed.

Thermal desorption spectroscopy (TDS) measurements were
performed with a custom built set-up in INN Vin¢a, Belgrade, consisting
of a quartz tube placed inside the furnace. The samples were outgassed
at 293 K under 1.9x10® Pa and subsequently subjected to a linear
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heating rate of 20 K/min to 1273 K under high vacuum. The partial
pressures of H,, H,O and D, released were monitored with a quadrupole
mass spectrometer (Extorr 3000).

Results and Discussion

D retention in Fe

In the first set of experiments, two Fe samples were used: the first
Fe sample as prepared, i.e., mechanically polished, and the second one
additionally annealed at 1120 K for 1 h in vacuum under ~ 10 Pa to
enlarge grains and remove the cold-work damage. The SEM
micrographs of the samples show that in the case of the sample without
previous heat treatment, no pronounced surface structures were
observed. On the other hand, the microstructure of the annealed sample
consists of anisotropically distributed grains of white boarders. The mean
grain size observed by SEM was 50-100 pm.

After that, both samples were simultaneously exposed to deuterium
plasma in PLAQ at room temperature. The energ}/ of deuterium ions was
< 5 keV/D and the irradiation flux was 5.6 x10"° Dm?s™. The total ion
fluence was 4x10%* Dm™.

The calculations performed by the SRIM code (Ziegler, 2004,
pp.1027-1036) indicate that this energy corresponds to the approximate
deuterium penetration depth (projected range) of 400 nm. A
displacement damage (damage distribution profile) peak is located at 50
nm from the surface. The projected range of D is increasing
monotonically with increasing ion energy. Along its trajectory, ion is
producing damage which can serve as trapping sites for deuterium. In
most ion irradiations in Fe, the damage region is usually within a few
micrometers of the irradiated surface (Horton, 1981, pp.1343-1347). The
defect structures significantly depend on the distance from the irradiated
surface. However, a comparison to binding energies of deuterium to
various traps in iron and ferritic-martensitic steels indicate that probably
in both cases vacancies are the major traps (Forcey, 1990, pp. 357-363),
(Pressouyre, 1979, pp.1571-1573).

Deuterium is highly mobile in Fe with a diffusion activation energy of
~0.05 eV and a room-temperature diffusivity of ~ 10° m?s™.

Hydrogen diffusivity in iron and martensitic MANET Il shows a
pronounced dependence on gas pressure and a deviation from Arrhenius
type temperature dependence at temperatures below 300°C (Wedig,
1997, pp.138-146). For the case of hydrogen transport and trapping in
austenitic stainless steels, Langley (Langley, 1984, pp.622-628)
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proposed a two-region diffusion model where the solid is considered to
consist of two components, a surface layer and a bulk material. In this
model, the surface layer is characterized by a smaller diffusion coefficient
than the bulk. This was confirmed by the measurements of Wilson and
Baskes (Wilson, 1978, pp.291-297) on deuterium trapping in 316
stainless steels. Their desorption data showed that there are two
dominant mechanisms: bull migration of mobile deuterium atoms with ~
0.6 eV migration energy and release from near surface traps with a net
detrapping energy of ~ 0.9 eV. Here, the diffusivity was determined to be
Do = 0.12cm?/s and E.\ = 0.61 eV.

After the plasma exposure, the concentration of D in each sample
was determined by the nuclear reaction analysis (NRA). The NRA results
are shown in Figure1.

3 ---A---TFe annealed
—B— Fe not annealed

1E3 |

1E-4 |

Concentration

1E-5

T
A0
Ll

v

1E-6 . | . | . | . | .
0 2 4 6 8 10

depth (um)

Figure 1 — Deuterium depth profile for the Fe samples exposed to deuterium plasma at
300 K to a fluence of F = 4x10% Dm™ (-) not annealed and (----) annealed in vacuum at
1120 Kfor 1 h
Slika 1 — Dubinski profil deuterijuma za uzorke Fe ozracene plazmom deuterijuma
na 300 Ki pri fluksu od F = 4x10** Dm? (-) nezagrevani i (----) zagrevani u vakuumu
na 1120 K u trajanju od 1 h
Puc. 1 — rnybuHHbIN npocunb aentepusa obpasua Fe,
00ny4éHHbIN aenTepueon nnasmon Ha 300K 1 npu dntoeHce F = 4x10% Dm? (-)
He pasorpeTbivi 1 (----) pa3orpeThii B Bakyyme Ha 1120 K B TeyeHune 1 yaca
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The depth profiles in the both samples are characterized by a very
high concentration of deuterium in the near surface region, probably due
to the trapping at the plasma irradiation induced defects. At depths above
1 um, the concentration exponentially decreases due to the D diffusion
into the bulk. The only unusual feature is the increase of the
concentration in the bulk which appears for both samples at around 1 um
and will be discussed later in the text.

D retention in Fe, Cr and EUROFER

In the second set of measurements, five different samples were used:

* two Fe samples (one unprocessed and another additionally coated
with a 130 nm thick Au layer on one side)

« two EUROFER samples (one unprocessed and another
additionally coated with a 130 nm thick Au layer on one side)

» one Cr sample, as prepared

The reason for using Au coating is that a hydrogen barrier is planned
to be placed between the plasma facing material and EUROFER which is
planned to be used as the first wall in future fusion reactors. This barrier
will prevent tritium transport and retention through the first wall. The study
on alumina (Levchuk, 2004, pp.103-106) has shown that this material is a
promising candidate for this purpose. It showed a significant decrease of
the permeation flux compared to the bare material (~10° factor) where
surface effects seem to play an important role. With this experiment, we
wanted to test Au as a potential diffusion barrier for D in a combination with
EUROFER as a substrate. Similarly to the mentioned study, a very thin Au
coating was used to prevent the neutron induced activation from Au.

All samples were annealed at 873 K for 3 h in vacuum under ~ 10° Pa
to enlarge grains and remove the cold-work damage. SEM micrographs of
the EUROFER and Cr samples show that Fe samples look basically the
same as in the first measurement (the formation of a grain structure is
observed after the annealing procedure). In the case of the EUROFER
sample, the structure of the alloy did not change significantly after the
heating procedure. In the case of the Cr sample, a network crack structure
was observed before the annealing procedure. The microstructure of the
annealed sample consists of additional anisotropically distributed grains.
The mean grain size observed by SEM was 1 pm.

After that, all samples were exposed simultaneously to deuterium
plasma in PLAQ at room temperature. The energy of deuterium ions was
38 keV/D and the irradiation flux was 9 X10"™ Dm?s™. The total ion
fluence was 6 X 10** Dm™2
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The calculations performed by the SRIM code indicate that this
energy corresponds to the approximate deuterium penetration depth of
500 nm in Fe. A displacement damage peak is located at 300 nm from the
surface. Deuterium trapping in stainless steel occurs in radiation induced
damage sites (e.g., vacancies, interstitial loops, etc.), in voids, grain
boundaries and impurities (Wilson, 1981, pp.453-463). The previous
measurements indicate that two dominant radiation damage traps exist
with binding energies of ~ 0.1 and 0.3 eV (Bohdansky, 1980, pp.594-600).

After the plasma exposure in our experiment, the D concentration in
each sample was determined by means of the nuclear reaction analysis
(NRA). Figure 2 gives the D depth profile in the Fe samples. The depth
profile is similar as in the first experiment except that an unusual step-
structure appears at a greater depth of ~4um. This indicates the structure
is not constant and is related to the energy of the injected ions.

E ~--A--Fe coated with Au at the back side ]
=—Hl—Fe pure -
1E-3 |- 4
- 1
I& -
E 4
S 1E4 5
5 3
= 3
g Y ]
@] ]
1E-5 |- -
L ]
SSRR——— 1

| | | |
0 2 4 6 3 10

depth (um)

Figure 2 — Deuterium depth profile for the Fe samples annealed in vacuum at 873 K for
1h and then exposed to deuterium plasma at 300 K to a fluence of F = 6x10** Dm™
Slika 2 — Dubinski profil deuterijuma za uzorke Fe zagrevane u vakuumu na 873K

u trajanju od 1h, a zatim ozracene plazmom deuterijuma na 300 K pri fluksu
F = 6x10°* Dm™
Puc. 2 — rny6buHHbI Nnpodunb aenitepus obpasua Fe, pasorpeThivi B Bakyyme Ha 873 K
B TeueHue 1 4yaca, a 3atem obnyyeHHbI aenTepueBor nnasmoi Ha 300K npu drtoeHce
F = 6x10°* Dm™

Figure 3 and Figure 4 give the D depth profile in the EUROFER and
Cr samples. The depth profile of EUROFER shows a similar structure as
in the case of the pure Fe samples except that the concentration is about
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two times higher than in Fe. The peculiar peak-like structure in the
concentration profile of EUROFER probably comes from Fe as the main
constituent of this steel. Our measurements are supported by the results
of (Spitsyn, 2014, pp.561-567) who have performed a similar kind of
measurements on the RUSFER (a Russian version of EUROFER). They
have observed similar structures in the depth profiles measuring them for
different temperature and energy series. They also showed that, by
increasing the temperature, the concentration decreases and already at
200° is below the sensitivity of the detector.

0.17 ---A---EUROFER coated with Au at the back side E

—HE—EUROEFER pure

1E-3

1E-4

Concentration

1E-6 | 1 | 1 | 1 | 1
0 2 4 6 8 10

depth (um)

Figure 3 — Deuterium depth profile for the EUROFER samples annealed in vacuum at
873 K for 1h and then exposed to deuterium plasma at RT to a fluence of F = 6x10%
Dm? (-) not coated with Au and (---) coated with a 130 nm thick Au layer
Slika 3 — Dubinski profil deuterijuma za uzorke EUROFER-a zagrevane u vakuumu na
873K u trajanju od 1h, a zatim ozra¢ene plazmom deuterijuma na sobnoj temperaturi i
fluksu F = 6x10** Dm™ (-) neoblozeni slojem Au i (---)oblozZeni slojem Au debljine 130 nm
Puc. 3 — rnybuHHbIi npodunb aeritepusi obpasuos EUROFER, pasorpeTbix B Bakyyme
Ha 873 K B TeyeHue 1 yaca, a 3aTeM 06]'Iyl'IeHHbIX4£lel7lTepVIeBOI7I nrasMon Ha KOMHaTHOW
Temneparype npu gntoeHce F = 6x10% Dm™ (-) HeoGNUUOBaHHLIE
Au i (---)obnmuoBaHHble Au coated TonwmHorn 130 nm

The D concentration profile in the Cr sample is characterized by a

very high concentration peak in the near surface region (almost 10
magnitudes of order higher than in the pure Fe samples!) and the further
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exponential decay of the concentration in the bulk. This suggests that in
the case of Cr there is probably the formation of the chromium hydride on
the surface of the sample.

0.1£ E
0.01 4 -
- i
2 1E3 b E
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g 1E-4 7 } 7
o T ]
1E-5 | N
1E-6 f | f | f |
0 3 6 9

depth (um)

Figure 4 — Deuterium depth profile for the Cr samples annealed in vacuum at 873 K for 1h
and then exposed to deuterium plasma at 300 K to a fluence of F = 6x10% Dm™
Slika 4 — Dubinski profil deuterijuma za uzorke Cr zagrevane u vakuumu na 873K u
trajanju od 1h, a zatim ozracene plazmom deuterijuma na 300 K pri fluksu
F = 6x10°* Dm™
Puc. 4 — TnybuHHbIN Npodwunb genTepus obpasua Cr, pasorpeTbivi B Bakyyme Ha 873 K B
TeyeHume 1 yaca, a 3aTem obNny4eHHbI genTepreBor nnasmon Ha 300K npu cdntoeHce
F = 6x10° Dm™

Formation of Cr-hydride

Metallic chromium metal normally has a body-centered cubic crystal
structure. In the interaction with hydrogen, it forms chromium-hydride
which appears in two phases: face centred cubic (fcc) CrH,, and
hexagonal closed packed (hcp) CrH, both having a high hydrogen
concentration (Baranowski, 1978, pp.157-200). Both these hydrides were
originally formed by the cathodic electrodeposition of Cr (Snavely,1947,
pp.537-577), but one of them was later synthesized by a direct reaction
with high pressure H, gas as well (Baranowski, 1972, pp.525-527). The
fcc hydride prepared this way was reported to be unstable whereas the
hcp hydride could be stored indefinitely under ambient conditions. In
addition, recent X-ray diffraction measurements with the use of
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synchrotron radiation (Fukai, 2002, pp.1079-1084) gave evidence of
superabundant vacancy (SAV) formation, as observed in several other
metal-hydrogen alloys.
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Figure 5 — Thermal desorption spectra of deuterium from Cr exposed to deuterium
plasma at 300 K with a fluence of F = 6x10%* Dm™. The temperature ramp was 0.3 K/s.
Slika 5 — Spektar termalne desorpcije deuterijuma iz uzorka Cr izloZzenog plazmi
deuterijuma na 300 Kii pri fluksu F = 6x10% Dm™. Temperaturski koraci bili su 0.3 K/s.
Puc. 5 — CnekTp TepmanbHoi aecopbummn gentepus obpasua Cr, 06ny4yeHHoOro
nentepueson nnasmon Ha 300 K npu cntoeHce F = 6x10%* Dm™. TemnepaTypHbIA pocT
coctasnan 0,3 K/c.

We have performed TDS measurements of the Cr sample in order to
reveal the presence of the hydride phase on the surface of the sample.
The result of this measurement is shown in Figure 5. Deuterium
desorption as HD, HDO and D,0 was not found to be significant to the
total deuterium desorption. As it can be seen, deuterium release peak
appears at 720 K. Using the Redhead formula (Redhead, 1962, pp.203-
211) for first order kinetics, which assumes a linear change of sample
temperature with time (T=Ty+ft):

13
E. =RT, | In| 10 Do |_364 (1)

B
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one can estimate the activation energy of the trapping site. In equation
(1), R is the universal gas constant, T,.x temperature which corresponds
to the desorption peak and B is the heating rate, which in our case is
20K/min. For our data, the formula gives the value of 2.3 eV. The 2.3 eV
trap corresponds to D at the near-octahedral interstitial site, where it is
believed to be associated with a vacancy. In addition, a less pronounced
peak from H, appears at 610 K.

Proton spectra of the coated samples

In order to study the influence of the Au coated layer on the
diffusion of D in the samples, we rotated the samples for 180° and
recorded the proton spectra for the *He energy of 3.2 MeV.

N channel
ok
It
—d

Figure 6 — Proton spectra from (a) the back side of the Fe samples, coated with a 130 nm
thick Au layer (-) and pure (---), (b) the back side of the EUROFER samples, coated with
a 130 nm thick Au layer (-) and pure (---), (c) back side of the Cr sample (-)

Slika 6 — Protonski spektar sa (a) zadnje strane uzorka Fe, oblozenog slojem Au debljine
130 nm (-) i Cistog Fe uzorka (---),

(b) zadnje strane uzorka EUROFER-a, obloZzenog slojem Au debljine 130 nm i istog
EUROFER uzorka(---), (c) sa zadnje strane uzorka Cr (-)

Puc. 6 — CnekTp NnpoTOHOB C (a) 3agHen cTopoHbl obpasua Fe, o6nuuoBaHHoro cnoem Au
TonwwuHon 130nm (-) n unctoro Fe obpasua (---),(b) ¢ 3agHel cTopoHbl obpasLa
EUROFER, o6nuuoBaHHoro crioem Au tonwmHon 130nm n ymctoro EUROFER o6pasua
(---), (c) c 3apHel cTopoHbl obpasua Cr (-)
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Figures 6(a) and 6(b) show the proton spectra for the pure and Au
coated Fe and EUROFER samples. As it can be seen, the signal from
the coated samples was considerably higher than in the case of the pure
samples which indicated the diffusion and higher retention and also the
reduction of losses on the back side. On the other hand, in the case of Cr
(Figure6(c)) there was almost no signal on the back side indicating the
absence of diffusion.

Conclusions

This work deals with deuterium retention in EUROFER and its main
components, Fe and Cr, to be used as structural materials for future
fusion reactors. Two sets of measurements performed at different
implantation energies of D showed the following results:

*Retention in Cr is much higher than in Fe (due to the strong
formation of hydride on the surface of the sample)

* Retention in EUROFER is higher than in Fe for a factor of 2

* A peculiar structure is observed in Fe and EUROFER at a depth of

~4 um (similar observation by Golubeva et al. for RUSFER)

* Comparison of the Au coated samples and the pure samples
showed a higher degree of diffusivity and the retention of D indicating the
role of Au as a diffusion barrier.

References

Alimov, V.Kh., Mayer, M., Roth, 2005, Differential cross-section of the D(3He,p)4He
nuclear reaction and depth profiling of deuterium up to large depths, Nucl. Instr. Meth. B,
234, pp.169-175.

Baluc, N., Gelles, D.S., Jitsukawa, S., Kimura, A., Klueh, R.L., Odette, G.R., van
der Schaaf, B., Yu, J., 2007, Status of reduced activation ferritic/martensitic steel
development, J. Nucl. Mater., 367-370, pp.33-41.

Baranowski, B., Bojarski, K., 1972, Hydride formation at high hydrogen pressure,
Rocz. Chem., 46, pp.525-527.

Baranowski, B., 1978, Hydrogen in Metals Il, pp.157-200. Ed. By G. Alefeld and J.
Vélkl, Springer, Heidelberg, Germany.

Bohdansky, J., Wilson, Esteban, G.A., Perujo, A., Douglas, K., Sedano, L.A., 2000,
Tritium diffusive transport parameters and trapping effects in the reduced activating
martensitic steel OPTIFER-IVb, J. Nucl. Mater. 281, pp.34-41.

Esteban, G.A., Pena, A., Urra, |.,,Legarda F., Riccardi, B., J., 2007, Hydrogen
transport and trapping in EUROFER'97, J. Nucl. Mater. 367-370, pp.473-477.

Forcey, K.S., lordanova, I., Ross, D.K., 1990, Investigation of structure dependence
of diffusivity, solubility and permeability of hydrogen in hot rolled low carbon steels, Mater.
Sci. Technol. 6, pp.357-363.

Fukai, Y., & Mizutani, M. 2002. Hydrogen Absorbing Materials. Phase Diagram and
Superabundant Vacancy Formation in Cr-H Alloys. Mater. Trans., 43(5), pp.1079-1084.
43(5): 1079-1084. doi:10.2320/matertrans.43.1079.

407

Korica, S., Presentation of the results for deuterium retention and thermal release in a new type of low activation ferritic-martensitic steel EUROFER, pp. 396410



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

Gasparoto, M., Andreani, R., Boccaccini, L.V., Cardella, A., Federici, G., Giancarli,
L., Le Marois, G., Maisonnier, D., Malang, S., Moeslang, A., Poiterin, Y., van der Schaaf,
B., 2003, Survey of in-vessel candidate materials for fusion power plants — the European
materials R&D programme, Fusion Eng. Des. 66-68, pp.129-137.

Horton, L.L., Bentley, J., Jesser, W.A., 1981, J. Nucl. Mater. 104, pp.1343-1347.

Kohyama, A.,Hishinuma, A., Gelles, D.S., Klueh, R.L., Dietz, W., Ehrlich, K., 1996,
The depth distribution of displacement damage in a-iron under "triple beam" ion
irradiation, J. Nucl. Mater. 233-237, pp.138-147.

Kohyama, A.,Hishinuma, A., Gelles, D.S., Klueh, R.L., Dietz, W., Ehrlich, K., 1996,
Low-activation ferritic and martensitic steels for fusion application, J. Nucl. Mater. 233-
237, pp.138-147.

Langley, R.A., 1984, Hydrogen trapping, diffusion and recombination in austenitic
stainless steels, J. Nucl. Mat. 128-129, pp.622-628.

Levchuk, D., Koch, F., Maier, H., Bolt, H., 2004, Deuterium permeation through
Eurofer and a-alumina coated Eurofer, J. Nucl. Mater. 328, pp.103-106.

Lindau, R., Mdslang, A., Rieth, M., Klimiankou, M., Materna-Morris, E., Alamo, A.,
2005, Present development status of EUROFER and ODS-EUROFER for application in
blanket concepts, Fusion Eng. Des. 75-79 pp.989-996.

Manhard, A., Schwarz-Selinger, T., Jacob, W., 2011, Quantification of the deuterium
ion fluxes from a plasma source, Plasma Sources Sci. Technol. 20, pp.015-010.

Pressouyre, G.M. 1979. A classification of hydrogen traps in steel. Metallurgical
Transactions A, 10(10), pp.1571-1573. 10(10): 1571-1573. doi:10.1007/BF02812023.

Redhead, P. A., 1962, Thermal desorption of gases, Vacuum 12, pp.203-211.

Schmid, K., Von Toussaint, U., 2012, Statistically sound evaluation of trace element
depth profiles by ion beam analysis, Nucl. Instrum. Meth. B 281, pp.64-71.

Seeger, A., 1976, On the location of positive muons and solute hydrogen atoms in
alpha iron, Phys. Lett. A 58, pp.137-138.

Snavely, C.A., 1947, Theory for the mechanism of chromium plating; A theory for
the physical characteristics of chromium plate, Trans. Electrochem. Soc. 92, pp.537-577.

Spitsyn, A.V., Golubeva, A.V., Bobyr, N.P., Khripunov, B.l., Cherkez, D.l., Petrov,
V.B., 2014, Retention of deuterium in damaged low-activation steel RUSFER(EK-181)
after gas and plasma exposure, J. Nucl. Mat. 455, pp.561-567.

Tavassoli, A.-A.F., Alamo, A., Bedel, L., Forest, L., Gentzbittel, J.-M., Rensman J.-
W., 2004, Materials design data for reduced activation martensitic steel type EUROFER,
J. Nucl. Mat. 329-333, pp.257-262.

Van der Schaaf, B., Tavassoli, F., Fazio, C., Rigal, E., Diegele, E., Lindau, R.,
LeMarois, G., 2003, The development of EUROFER reduced activation steel, Fusion
Eng. Des. 69, pp.197-203.

Wedig, F., Jung, P., 1997, Effects of irradiation and implementation on permeation
and diffusion of hydrogen isotopes in iron and martensitic stainless steel, J. Nucl. Mat.
245, pp.138-146.

Wilson, K.L., Baskes, M.l., 1978, Deuterium trapping in irradiated 316 stainless
steel, J. Nucl. Mat. 76-77, pp.291-297.

Wilson, K.L., 1981, Hydrogen recycling properties of stainless steels, J. Nucl. Mater.
103, pp.453-463.

Yao, Z., Liu, C., Jung, P., 2005, Diffusion and permeation of deuterium in
EUROFER97: Effect of Irradiation and of implanted helium, Fusion Sci. Technol. 48,
pp.1285-1291.

Ziegler, J.F., 2004, 2004, SRIM 2003, Nucl. Instr. Meth. B 219-220, pp.1027-1036.

408




PE3YNbTATbI ICCITEAOBAHUA MO YOEPXKAHUIO ,EI,VEI7ITEPI/IFI “n
TEPMUYECKOW OECOPBLN B YCITIOBUAX HN3KOU
AKTUBALMN ®EPPUTHO-MAPTEHCUTHOW CTAJIM EUROFER

CaHs I1. Kopuua
YHusepcuteT YHoH — Hukona Tecna, ®akynbTeT 3KoNornm n oxpaHsl
oKkpyxatowen cpeabl, benrpaa, Pecnybnvka Cepbus

OBNACTb: maTepuansl
BWO CTATbW: opurmHanbHas HayyYHas ctatbsl
A3bIK CTATbW: aHrnuinckmin

Pe3some:

B daHHolU cmambe nipusedeHb! pe3ynibmamsi uccredosaHul rno
yoepxaHuto U mepmuyeckol decopbyuu delimepusi 8 Xxesese, Xpome
u crinase EOROFER — npedcmasnsowem Hoselwul mamepuar 0ns
¢y3uoHHO20 (mepmosiOepHO20) peakmopa. MccnedosaHusi nokasasnu
cnedyouue pesyrnbmamal.

*YOepxxaHue delimepusi 8 XpOMe HaMHO20 8bille, YeM 8 )Xeslese
(us-3a obpasoeaHus eubpudos xpoma)

*YoepxxaHue Oelimepus e crinase EUROFER ebiwe Ha ¢ghakmop
2, 4yeM 8 xxernese

*BoisienieHa crieyugbueckass cmpykmypa 8 KOHUEeHMpPauyUOHHOM
npogure xenesa u crnnasa EUROFER Ha anybuHe ~ 4 um

*Bbicokull yposeHb Oughgpy3suu u ydepxaHus Oelimepusi ceude-
mernbcmeyem 0O NMomeHyuarbHOM rpuMeHeHUU Au 8 kadyecmee Ough-
¢py3uoHHO20 bapbepa 8 (hy3UOHHOM (MepMOsIOEPHOM) peaKkmope.

KntoueBble cnoBa: mamepuarbi 0511 10epHO020 peakmopa, paduayuoH-
Hbie aghghekmnbl, Oughpy3usi, 90epHbIl PE30HAHC.

REZULTATI ZADRZAVANJA | TERMALNE DESORPCIJE
DEUTERIJUMA U EUROFER-U, NOVOJ VRSTI FERITNO-
MARTENZITNOG CELIKA NISKE AKTIVACIJE

Sanja Lj. Korica
Univerzitet Union — Nikola Tesla, Fakultet za ekologiju i zastitu Zivotne sredine,
Beograd, Republika Srbija

OBLAST: materijali

VRSTAVCLANKA: originalni nauéni ¢lanak
JEZIK CLANKA: engleski
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Sazetak:

U ovom radu ispitivano je zadrZavanje i termalna desorpcija deu-
terijuma u gvozdu, hromu i EOROFER-u, leguri koja se razmatra kao
najnoviji materijal za buduce fuzione reaktore. Studija je pokazala sle-
dece rezultate:

— zadrZavanje deuterijuma u hromu je mnogo vece nego u gvo-
Zdu (usled formiranja hidrida hroma),

— zadrZavanje deuterijuma u EUROFER-u je za faktor 2 vece ne-
go u gvoZzdu,

— primecéena je specificna struktura u koncentracionom profilu
gvoZda i EUROFER-a na dubini ~ 4 um,

— veliki stepen difuznosti i zadrZzavanja deuterijuma govore o po-
tencijalnoj upotrebi Au kao difuzione barijere u fuzionom reaktoru.

Klju€ne reci: materijali za nuklearne reaktore, radijacioni efekti, difuzija,
nuklearne rezonance.
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Summary:

This paper presents the results of the examinations of TBC -
ZrO,MgO / MgZrO3NiCr / NiCr thermal barrier layers deposited by the
plasma spray process at the atmospheric pressure on substrates of Al
alloys. In order to obtain the structural and mechanical properties of
layers, which will provide a good heat and abrasion protection of the tail
elevators of aircraft J-22 when firing "Lightning” and "Thunder" rockets,
the deposition of three powder types was performed on 0.6 mm thick Al
alloy substrates. This study describes a procedure of using triple-layer
TBC coatings as a good combination among many available ones,
which gives a good compromise between thermal protection and
resistance to abrasion for protecting aircraft tail elevators. The study is
mainly based on the experimental approach. The evaluation of the
mechanical properties of layers was done by the examination of
microhardness by method HV,3; and bond strength on the tensile
machine. The structure of layers was examined by the method of light
microscopy while the surface of ZrO,MgO ceramic layers was examined
by the method of scanning electron microscopy (SEM).The thermal
protection of TBC layers and resistance to abrasion were tested in the
tunnel of the MilitaryTechnical Institute, Zarkovo. The obtained
characteristics of the surface layers and the rocket firing simulations
have proven the triple-layer system of TBC coatings reliable.

Key words: substrates, protective, property, layers, coatings, barriers, alloys.
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Introduction

TBC - thermal barrier plasma spray coatings are widely used to
protect parts of turbo jet engines and other engine parts exposed to high
temperatures, oxidation, corrosion and erosion of gas particles. Plasma-
deposited TBC ceramic coatings are a good solution for the thermal
protection of diesel engine parts such as pistons, valves, etc. (Celik, et al.,
1997, pp.361-365), (Demirkiran, Avci, 1999, pp.292-295), (Miyamoto, et
al.,, 1999, p.100). Oxide ZrO, was selected because of its high strength
and fracture toughness compared to other oxides, and physical
characteristics such as a thermal conductivity of A = 1.7 W/mK, a
coefficient of thermal expansion of o. =~ 9 x 10°1/K and a melting point of
2710°C (Boutz, et al., 1994, pp.89-102), (Chevalier, et al., 2009, pp.1901-
1920). The polymorphism of pure ZrO, is an important feature
(Johner, Schweitzer, 1984, pp.301-315). At the atmospheric pressure,
there are three crystallographic phases: the monoclinic, the tetragonal and
the cubic one. When alternating heating and cooling, the thermal fatigue of
the ZrO, material occurs due to the volume changes caused by the phase
transformation. As a result of the reversible transformation of the
monoclinic phase into the tetragonal one, the occurrence of microcracks
spreading and converting into macro crevices was observed in the
temperature range of 950°C-1170°C (Garvie, et al., 1975, pp.703-704),
(Garvie, 1970, pp.117-166). For this reason, pure ZrO, is not suitable for
the preparation of the TBC coating. In order to reduce the effect of the
tetragonal transformation into the monoclinic one, other oxides such as
MgO, CaO, Y,03;, CeO,, HfO,, and In,O3 are added to pure ZrO.. These
additives stabilize the ceramic layer partially or in full by forming a cubic
structure stable from the room temperature up to more than 2000°C. ZrO,
with addition of magnesium oxide MgO is often used as a TBC due to its
high coefficient of linear expansion that is 11 x 10°1/K, a coefficient of
thermal conductivity of 1.5 W/mK, high resistance to thermal cycles,
resistance to corrosion, and easy preparation of the coating by plasma
spray spraying. When the TBC is subjected to elevated temperatures, this
induces mechanical degradation that involves the stratification and
cracking of ceramics as a result of the factors such as stresses due to
thermal expansion conflicts related to the changes in the microstructure
because of thermal cycles. TBC coatings consist of at least two layers.
The outer, generally thicker layer is made of a ceramic material or a
mixture of ceramics and fire-resistant metals, the primary purpose of which
is to provide thermal insulation and resistance to thermal shocks. The
material of the ceramic layer which is in a direct contact with the working
fluid, has a drop of temperature per cross section even to 400-500°C
(Mrdak, et al., 2013, pp.559-567), (Mrdak, et al., 2015, pp.337-343). That
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layer should also have resistance to erosive effects and good bonding with
the substrate material. The inner, thinner layer provides protection from the
oxidative degradation of the base material, but also provides a good bond
between the base metal and the outer ceramic layer. In order to reduce
stresses, triple-layer systems of TBC coatings are often produced; they
consist of the bonding NI20%Cr layer, the transitional MgZrO3;35%NiCr
cermet inter-layer and the top ZrO,24%MgO ceramic layer. This study
describes a method of using the triple-layer TBC coatings as a selection of
a good combination among many available options, which provides a good
compromise between the thermal protection and the resistance to erosion
of the Al alloy substrate for protecting the tail elevators of aircraft J-22. The
study is mainly based on the experimental approach. The properties of the
deposited materials are generally functions of their microstructures.
According to previous studies, plasma deposited ceramic deposits show a
lamellar structure with limited inter - lamellar bonding (Li, Ohmori, 2002,
pp.365-374) (Mrdak, et al., 2013, pp.559-567). Because of this, micro
pores are present in the deposit as volume errors.

This paper presents the examination of a ZrO,MgO/MgZrO;NiCr/NiCr
triple-layer system of TBC coatings deposited by the atmospheric plasma
spraying (APS) process on the substrates of Al alloys, which serve as the
thermal abrasive barriers of the tail elevators of aircraft J-22. The aim of
the study was to produce the TBC coatings of such structural and
mechanical properties of the layers which will provide a good heat and
abrasion protection on the aircraft tail elevators when firing "Lightning" and
"Thunder" rockets. The microhardness and bond tensile strength of the
triple system of TBC coatings and layer microstructures were examined.
The obtained characteristics of the TBC layers and rocket firing
simulations have proven the triple-layer system of TBC coatings reliable.

Materials and experimental details

The material on which layers of the ZrO,MgO/MgZrO;NiCr/NiCr
triple-layer TBC coating were deposited was aluminum alloy ENAW-
AIMg1(C)(ENAW-5005). For the production of the top ceramic coating
layers, the ZrO,24%MgO powder of the Sulzer Metco company, labelled
Metco 210NS-1, was used. The powder is produced by the method of
casting into blocks and subsequent grinding of these blocks to obtain a
specific granularity. The melting point of powder is 2140°C. The powder
with a range of granules of 10-53um (Metco 210NS-1 Powder
Magnesium Zirconate, 2000.Sulzer Metco.Technical Bulletin 10-289) was
used for the experiment. Figure 1 shows a (SEM) scanning electron
photomicrography of the morphology of ZrO,24%MgO powder particles.
The powder particles are of an irregular angular shape.
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Figure 1 — (SEM) Scanning electron micrography of ZrO; 24%MgO powder particles
Slika 1 — (SEM) Skening elektronska mikrografija Cestica praha ZrO, 24%MgO
Puc. 1— (SEM) SnektpoHHas mukporpadums vyactuy, nopowka ZrO, 24%MgO

For the production of inter-layer TBC coatings, MgZrO3;35%NiCr
cermet powder of the Sulzer Metco company, labelled Metco 303NS - 1,
was used. The powder is a mechanical mixture of ZrO,MgO powder and
NiCr in relation 35%(80Ni20%Cr) + 65%(ZrO,24%MgO). Powder with a
range of granules of 11-90 ym (Material Product Data Sheet, 2012.Metco
303NS-1 Magnesium Zirconate-Nickel Chromium Cermet Blends.Sulzer
Metco DSMTS- 0070.0) was used for the experiment. For the production
of the lower bonding layer, the powder type labelled Metco 43F-NS (an
alloy of nickel and chromium NI20%Cr) was used. The melting point of
the powder is 1400°C. The powder with a range of granules of 10-63 um
(Material Product Data Sheet, 2012. Metco 43F-NS Nickel-20%
Chromium Powders. Sulzer Metco.DSMTS-0109.0) was used for the
experiment.

Testing the mechanical properties of the ZrO,MgO/MgZrO;NiCr/NiCr
TBC coating was done according to the Pratt & Whitney standard
(Turbojet Engine — Standard Practices Manual (PN 582005), 2002. Pratt
& Whitney, East Hartford, USA). The bases with deposited coating layers
for the microhardness testing and the evaluation of microstructure in a
deposited condition are made of ENAW-AIMg1(C)(ENAW 5005)
aluminum alloy with the dimensions 70x20x1.5 mm. The bases for testing
bond strength are also made of ENAW-AIMg1(C)(ENAW-5005)
aluminum alloy with the dimensions @25x50mm. The investigation of the
microhardness of the layers was done by the method HV, ; and the bond
strength was tested on a tensile machine. Microhardness measurements
were performed in the direction along the lamellas. 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, minimum and maximum values are shown. The
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bond strength testing was done at room temperature with a speed of
tensile testing of 1cm/60s. The bond strength testing was performed for
each individual coating 43F-NS (80Ni20%Cr), 303NS-1
(MgZrO335%NiCr) and 210NS-1 (ZrO,24%MgO). The bond strength of
the ZrO,MgO/MgZrO;NiCr/NiCr triple system of TBC coatings was tested
as well. Five test pieces were examined for all types of coatings, out of
which two extreme values were rejected. The average bond strength
value is shown for the three remaining values. The morphology of the
Zr0,24%MgO powder particles and that of the deposited coating surface
were determined by using scanning electron microscopy (SEM). The
microstructure of the deposited layers was examined on the optical
microscope (OM). The analysis of the share of micro pores in the coating
layers was done on five photos at the 200X magnification. Over tracing
paper, micro pores were labelled and shaded and their total area was
counted in relation to the total surface of the micrographs. This paper
presents the average value of the shares of micro pores in the TBC
coating layers.

The deposition of powders was done with the atmospheric plasma
spray system by the Plasmadyne company and the SG-100 plasma gun
with controlled plasma spray parameters. The SG-100 plasma gun
consisted of the cathode type K 1083A-129, the anode type A 1083-165
and the gas injector type Gl 1083-113. Ar as an arched gas was used in
combination with He and the power of supply of 40 KW. The plasma
spray parameters of the deposition powders are shown in Table 1.
Before the depositing process, the surface of the test samples and the
surface of the substrate of the thermal abrasive barrier for the aircraft tail
elevators were not roughened, due to the small thickness of the substrate
of 0.6 mm. The bonding layers were deposited with a thickness of 60-
80um, the cermet layers with a thickness of 40-60um and the top
ceramic layer with a thickness of 280-300um.

Table — 1 Parameters of the deposition of powders
Tabela 1 — Parametri depozicije prahova
Tabnuya 1 — NapameTpbl HamnbIfeHUsA NopoLUKa

Parameters 43F-NS 303NS-1 210NS-1
Electric Current, | (A) 700 900 900
Arc voltage, U (V) 30 43 43
Primary plasma gas, I/min 50 50 50
ﬁr?]ci;:ndary plasma gas, 12 12 12
Carrier gas powder, I/min 7 7 7
Powder feed rate, g/min 50 50 50
Distance of plasma guns, mm 90 100 100
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Figure 2 — Section of the edge of the aircraft rear wing with a TBC coating
Slika 2 — Sekcija ivice zadnjeg krila aviona sa TBC prevlakom
Puc. 2 — YacTb 3agHero kpbina camoneta ¢ TBC nokpbitnem

Figure 2 shows one section of the edge of the aircraft tail elevators
with a deposited TBC coating.

Results and discussion

The values of microhardness and bond strength of TBC coating
systems are shown in Figures 3 and 4. The metal bonding coating 43F-
NS (NI120%Cr) had the lowest values of microhardness of 238-254HV, 3,
which are within the limits of values prescribed by the powder
manufacturer and by the standard (Material Product Data Sheet, 2012.
Metco 43F-NS Nickel-20% Chromium Powders, Sulzer Metco. DSMTS—
0109.0) (Turbojet Engine—Standard Practices Manual (PN 582005)
2002.Pratt & Whitney, East Hartford, USA). The measured values of the
microhardness of the bonding layers indicate that the share of micro
pores is within the prescribed limits, which was confirmed by the analysis
of the shares of micro pores. Due to ceramics content, the layers of the
cermet coating 303NS-1 (MgZrO;35%NiCr) had higher values of
microhardness, in a range of 293-330HV,3; and in accordance with the
Pratt & Whitney standard(Turbojet Engine—Standard Practices Manual
(PN 582005) 2002. Pratt & Whitney, East Hartford, USA).
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The layers of the ceramic coating Metco 210NS-1 (Z2rO,24%MgO)
had the highest microhardness values of 478-519HV,; that are
characteristic for this type of the coating. These layers had the highest
share of micro pores because ceramic particles create a weaker inter-
lamellar contact in comparison to metal particles. Figure 3 shows the
minimum and maximum values of the microhardness of TBC coatings.

Hv0.3

Microhardness

max. .
303N 5-1 min.
210NS1

Plasma spray coatings

Figure 3 — Microhardness of Zr0»24%MgO, MgZrO3; 35%NiCr and Ni20%Cr coatings
Slika 3 — Mikrotvrdo¢a Zr0224%MgO, MgZrO3; 35%NiCr i Ni20%Cr prevlaka
Puc. 3 — MukpoteepaocTb Zr0224%MgO, MgZrO3z 35%NiCr i Ni20%Cr nokpbITus

The tensile bond strength of coatings was directly related to the
powder type. The highest bond strength values of 31 MPa were found in
the metal bonding layers of 43F-NS(NI20%Cr) coating. The layers of
cermet coating 303NS-1 (MgZrO335%NiCr) had a tensile bond strength
of 22 MPa, while a minimum value of 17 MPa was found in the ceramic
layers of Metco 210NS-1 (ZrO,24%MgQO). For all coatings, the bond
strength values were good because the coatings were deposited on the
non-roughened substrates of Al alloy which reduce the tensile bond
strength in relation to roughened substrates based on Fe or Ni alloys.

The average tensile strength value of the ZrO,MgO/MgZrO;NiCr/NiCr
system of TBC coatings was 30 MPa. The TBC coating was destroyed at
the substrate/coating interface, which was expected due to two different
materials. The measured values of microhardness and tensile bond
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strength of the ZrO,MgO/MgZrO;NiCr/NiCr system of of TBC coatings
were in correlation with the microstructure of deposited layers.

MP

Bond strength

Plasma spray coatings

Figure 4 — Bond strength of ZrO,24%MgO, MgZrOs3 35%NiCr and Ni20%Cr coatings
Slika 4 — Cvrstoéa spoja Zr0224%MgO, MgZrO3 35%NiCr and Ni20%Cr previaka
Puc. 4 — Mukponpo4HocTb coegunHenuin ZrO224%MgO, MgZrO3z 35%NiCr
and Ni20%Cr nokpbITus

Figures 5 and 6 shows the microstructure of the triple system of
thermal barrier coatings TBC — Zr0,24%MgO/MgZrO335%NiCr/Ni20%Cr.
The photomicrographs clearly show the boundaries of the interface between
the bonding coating layers and the substrate, the bonding coating and the
cermet coatings, as well as between the cermet coatings and the ceramic
coatings. The interface between the substrate and the bonding coating
layers is very clean, which indicates a good bond between the coating layers
with the substrate. At the interface between the substrate and the bonding
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.
Along the following interfaces: the substrate / the bonding coatings, the
bonding coatings / the cermet coatings and the cermet coatings / the
ceramic coatings, there are no microcracks and macrocracks present. The
bond between all layers is good.
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Figure 5 — Microstructure of the triple layer of ZrO,MgO/MgZrOsNiCr/NiCr coatings
Slika 5 — Mikrotvrdoc¢a troslojne prevlake ZrO,MgO/MgZrOsNiCr/NiCr
Puc. 5 — MukpoTBepaoCTb TpexcrnonHoro nokpbitns ZrOMgO/MgZrOsNiCr/NiCr

In the layers of deposited coatings, there were no unmelted powder
particles observed, which indicates that the powders were deposited with
the optimal deposition parameters. The analysis of the photomicrographs
showed that in the layers of bonding coatings 43F-NS (NI20%Cr) there
were micro pores with an average share of 2.6%. The share of micro
pores in the layers of cermet coatings 303NS-1 (MgZrO3;35%NiCr) was
7%, and the layers of ceramic coatings 210NS-1 (Zr0,24%MgO) had the
content of micro pores of 12%.

The microstructure of the NI120%Cr bonding coating is lamellar. The
coating base is a solid solution of chromium in nickel y - Ni(Cr). Between
the lamellas of the solid solution in the coating layers there are light gray
oxides: NiO, NiCr,O4, Cr,O; and CrO; (Nicoll, 1984), (Mrdak, 2015,
pp.32-55) due to oxidation of powder particles in plasma during the
process of coating formation. In most cases, the oxide of chromium
Cr,03 is present and, in rare cases, oxide CrO3, formed in a thin layer on
the surface of NiCr lamellae (Brossard, et al., 2010, pp.1608-1615). In
the middle cermet inter-layer, there are clearly visible light gray lamellae
of the bonding coating, evenly distributed between ceramic lamellae in
dark gray. The top ceramic layer is uniformly deposited on the cermet
layer in which black micro pores can be seen.
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Figure 6 — Microstructure of the triple layer of ZrO.MgO/MgZrOsNiCr/NiCr coatings
Slika 6 — Mikrotvrdoca troslojne prevliake ZrO,MgO/MgZrOsNiCr/NiCr
Puc. 6 — MukpoTBepaocTb TpexcnonHoro nokpbitua ZrO,MgO/MgZrOsNiCr/NiCr

Figure 7 shows a SEM photomicrograph of the surface of a
ZrO,MgO molten particle. The SEM analysis of the morphology of the
surface of the deposited ceramic ZrO,MgO powder particle shows a
complete melting and casting of ceramic particles on the previously
deposited ceramic layer.

Figure 7 — (SEM) Morphology of the ZrO,MgO coating surface
Slika 7 — (SEM) Morfologija povrsine ZrO.MgO previake

Puc. 7 — Mopdonorus nosepxHoctu ZrO,MgO nokpbITus
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The surface of the molten ZrO,MgO powder particle was circled with
a red line on the SEM micrograph. The molten powder particle formed an
almost circular shape in the collision with the surface of the previously
deposited layer. The surface of the particle shows a fine net of
microcracks which cannot be avoided and which always occurs in the
deposition process (Guo, et al., 2011, pp.161-174).

Microcracks are formed during the cooling of molten particles to the
coating temperature. The inner coating layers, which have a higher
temperature compared to that of the coating surface, are exposed to
tensile stress and are opposed to the shrinkage of the particles on the
coating surface. On the other hand, the particles on the coating surface
while cooling and shrinking during solidification, are exposed to
compression stresses. Microcracks on the particle surface are caused by
tensile stresses of deposited layers which are always higher than
compression stresses of the particles while cooling Guo, et al., 2011,
pp.161-174), (Mrdak, et al. 2013, pp.559-567), (Mrdak, 2013, pp.426-
432), (Mrdak, et al., 2015, pp.337-343). In the microstructure, there are
fine precipitates of irregular shapes with a size up to 5 um, circled in
yellow. On the SEM micrograph, micro pores of irregular shapes in black
with a size up to 5 ym are clearly seen and circled in green.

Conclusion

This paper describes how the APS - atmospheric plasma spray
process was used to produce a triple-layer system of thermal barrier
coatings TBC - Zr0,24%MgO/MgZrO3;35%NiCr/Ni20%Cr. The system of
the deposited coatings consisted of the Ni80%Cr bonding layer, the
intermediary MgZrO3;35%NiCr inter-cermet layer and the top
Zr0324%MgO ceramic layer. The coatings were deposited on the test Al
alloy samples on the surfaces without roughening. The mechanical
properties and the microstructures of the coating layers were analyzed in
the deposited condition, which led to the following conclusions.

The ftriple-layer system of the thermal barrier coatings had good
mechanical properties with the bonding layer microhardness values of
238-254HV 3, the intermediary cermet layer microhardness values of 293-
330HV, 3 and the top ceramic layer microhardness values of 478-519HV 5.
The microhardness values were within the limits prescribed by the
Pratt&Whitney standard. The bond strength of the deposited coatings on
the non-roughened Al alloy samples had good values. The tensile bond
strength was 31 MPa for the bonding layer, 22 MPa for the cermet coating
and 17 MPa for the ceramics. The bond strength of the triple-layer system
of TBC coatings is 30 MPa. The analysis of the photomicrographs has
shown that the average share of micro pores was 2.6% in the bonding
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layers, 7% in the cermet layers and 12% in the ceramic layers. The
microstructure of the deposited coating layers is lamellar.

The coating base consists of a solid solution of chromium in nickel y
- Ni(Cr). There are light gray NiO, NiCr,O4, Cr,O; and CrO; oxides
between the solid solution lamellae in the coating layers due to oxidation
of powder particles in plasma during the coating formation process. In
most cases, the oxide of chromium Cr,O; is present and, in rare cases,
oxide CrOs, formed in a thin layer on the surface of NiCr lamellae. The
cermet inter-layer had a uniform distribution of bond coating lamellae
between ceramic lamellae. The top ceramic layer is uniformly deposited
on the cermet layer without the presence of unmelted particles.

The triple-layer system of thermal barrier coatings - ZrO,24%MgO /
MgZrO3;35%NiCr / Ni20%Cr, deposited on the Al alloy substrate as the
thermal abrasive protection of the tail elevators of aircraft J-22, proved to
be reliable protection against the jet temperature and jet abrasive
particles during firing of "Lightning" and "Thunder" rockets.
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XAPAKTEPUCTUKN TPEXCNOWHBIX TEPMOBAPLEPHbIX
NOKPbLITUN ZrO,MgO/ MgZrO3NiCr/ NiCr, HAHECEHHbIX
BO3OYLUHO-MNTA3SMEHHbLIM HAMbLINEHWEM

Mwuxauno P. Mpaak
LleHTp uccnegosanun u passutusa A.O. «MMTEJ1 kommyHukauun», Benrpaga,
Pecny6nuka Cepbus

OBJNACTb: xumMn4eckue TexHONornm
B[O CTATbW: opurvHanbHas HayyHas ctaTbsl
A3bIK CTATbW: aHrnunckuin

Pe3some:

B daHHOU cmambe rnpedcmaeneHbl pesyrnbmambl UchbimaHuli
mepmobapbepHbix nokpbimuti TEC ZrO,MgO/MgZrO;NiCr/NiCr, HaHe-
CEHHbIX 8030YWHO-MIa3MEHHbIM HarbIlIeHUeM rnpu ammocgepHoM da-
8/leHUU Ha cybecmpamel crinagos Al.

UcnbimaHus npogodusuck € Uesbko MoayYeHUs CMpPyKMypPHbIX U
MexaHU4YecKux xapakmepucmuk crioes, obecrnieyusaruux Kade-
cmeeHHy U abpasusHyr 3aujumy 3adHUX Kpblibee camoriema J-22
rpu ebInycKe pakem, a makxe om 2pomMa U MosiHUl. HaHeceHo Harbl-
JIeHuUe mpex muroe rnopowkos Ha cybcmpamsi crinasos Al, monuju-
Hou 0,6mm.

423

Mrdak, M., Properties of the ZrO,MgO/MgZrO;NiCr/NiCr triple-layer thermal barrier coating deposited by the atmospheric plasma spray process, pp. 411—430



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

B daHHOM uccniefosaHuu npedcmassieH Memood MpuUMEHEeHUs
mpexcnotiHoeo TBC nokpbimusi, Komopoe obradaem nyYwumu
3awumHbIMU ceolicmeamu, Kozda pedb udem O MepMou3onsuuu u
3awume om abpa3usHo20 U3Hoca 3a0HUX KpblIbeg camoriema.

AHarnu3 MexaHuU4YecKUX xapakmepucmukK roKpbImusi nposedeH Ha
OCHOB8aHUU ucrnbimaHuli mMukpomeepdocmu memodom HV, 3 u
npo4yHocmu coeduHeHul MemoOoM pacmsixeHusi. Cmpykmypa crioes
ucrnbimaHa MemoOOM OfnNMUYeCcKOoU MUKPOCKOMNUU, a [Mo8epxXHOCmb
ZrO,MgQO ucnibimaHa Memodom 351eKmpPOHHOU Mukpozpaghuu (SEM).

UcnbimaHus mennou3onsayuOHHbIX T6C croes u
cornpomuerieHUsi  abpa3usHoOMy  U3HOCYy Obiiu  rposedeHbl 8
aspoduHamuyeckoll mpybe BoeHHO-mexHU4Yeckoeo uUHcmumyma
Kapkoeo. Ha ocHogaHUU NOMy4YeHHbIX XapakmepucmuK rnoeepxHocmu
cri0ee U MolenuposaHus 8bifycka pakem, MOXHO ymeepxdamb, 4mo
mpexcrnolHble cucmembl TBC sensomcess HadexHbIM criocobom
MOKpPbIMUS.

KnioueBble crosa: cy6cmpambl, 3awjuma, Xapakmepucmuka, criou,
rnokpbimue, 6apbep, crnassl.

SVOJSTVA TROSLOJNE TERMOBARIJERNE PREVLAKE ZrO,MgO/
MgZrO;NiCr/NiCr DEPONOVANE ATMOSFERSKIM PLAZMA SPREJ
PROCESOM

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

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

Sazetak:

U radu su prikazani rezultati ispitivanja termobarijernih slojeva
TBC — ZrO,MgO/MgZrO;NiCr/NiCr koji su deponovani plazma sprej
procesom na atmosferskom pritisku na substratima od legure Al. Radi
dobijanja strukturnih i mehanickih osobina slojeva, koji ¢e obezbediti
dobru toplotnu i abrazivnu zastitu zadnjim krilima aviona J-22 pri ispa-
liivanju raketa munje i groma, izvrS§ena je depozicija tri tipa praha na
substratima od legure Al debljine 0,6 mm. Ova studija opisuje postupak
koriséenja troslojne TBC previake kao izbor dobre kombinacije od
mnogo raspolozivih mogucnosti, koja predstavlja kompromis izmedu
toplotne zastite i otpornosti na abraziju za zastitu zadnjih krila aviona.
Studija se, uglavnom, zasniva na eksperimentalnom pristupu. Procena
mehanickih osobina slojeva uradena je ispitivanjem mikrotvrdo¢e me-
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todom HV, s i Cvrstoce spoja ispitivanjem na zatezanje. Struktura sloje-
va ispitana je metodom svetlosne mikroskopije i povrsina ZrO,MgO ke-
rami¢kih slojeva metodom skenirajuce elektronske mikroskopije
(SEM). Toplotna zastita TBC slojeva i otpornost na abraziju ispitana je
u tunelu Vojnotehni¢kog instituta iz Zarkova. Na osnovu dobijenih ka-
rakteristika povr$inskih slojeva i simuliranja ispaljivanja rakete, troslojni
sistem TBC prevlake pokazao se pouzdanim.

Uvod

TBC termobarijerne plazma sprej previake uveliko se koriste kao
zaStita delova turbomlaznih motora i za druge delove motora izloZene
visokim temperaturama, oksidaciji, gasnoj koroziji i eroziji cestica. Pla-
zmom deponovane TBC kerami¢ke prevlake dobro su reSenje za to-
plotnu zastitu delova dizel motora, kao $to su klipovi, ventili, itd. (Celik,
et al, 1997, pp.361-365), (Demirkiran, Avci, 1999, pp.292-295),
(Miyamoto, et al., 1999, p.100). Izbor oksida ZrO, izvrSen je zbog viso-
ke ¢vrstoce i Zilavosti loma u odnosu na druge okside i fizickih karakte-
ristika, kao $to je toplotna provodijivost A = 1.7 W/mK, koeficijent ter-

micke ekspanzije o= 9x1 061K temperature topljenja 2710°C (Boutz,
et al., 1994, pp.89-102), (Chevalier, et al., 2009, pp.1901-1920). Na at-
mosferskom pritisku postoje tri kristalografske faze: monoklinicna, te-
tragonalna i kubna. Prilikom naizmeniénog zagrevanja i hladenja dolazi
do toplotnog zamora ZrO, meterijala usled zapreminskih promena
uzrokovanih faznom transformacijom. Kao posledica reverzibilne tran-
sformacije monoklini¢ne faze u tetragonalnu u temperaturnom opsegu
od 950° do 1170°C uocen je nastanak mikropukotina koje se Sire i pre-
tvaraju u makropukotine (Garvie, et al., 1975, pp.703-704), (Garvie,
1970, pp.117-166). Zbog toga cCisti ZrO, nije pogodan za izradu TBC
previaka. Radi smanjenja efekta tetragonalne transformacije u mono-
kliniénu, ¢istom ZrO, dodaju se drugi oksidi, kao Sto su: MgO, CaO,
Y>03 CeOz HfO, i In;O3. ZrO, sa dodatkom magnezijumoksida MgO

Cesto se Koristi kao TBC zbog velikog koeficijenta linearnog Sirenja koji
je 11 x 1 0°1/K, koeficijenta toplotne provodljivosti 1,5 W/mK, velike ot-
pornosti na toplotne cikluse, otpornosti na koroziju i lake izrade previa-
ke plazma sprej prskanjem. TBC previake sastoje se najmanje od dva
sloja: spoljasnjeg, po pravilu debljeg sloja, saginjenog od keramickog
materijala ili meSavine keramike i vatropostojanih metala, koji pre sve-
ga treba da obezbedi toplotnu izolaciju i otpornost na termoSokove.
Materijal keramickog sloja koji se nalazi u direktnom kontaktu sa rad-
nim fluidom ima pad temperature po preseku i do 400-500°C (Mrdak,
et al., 2013, pp.559-567), (Mrdak, et al., 2015, pp.337-343). Da bi se
smanijili naponi ¢esto se proizvode troslojni sistemi TBC previaka koji
se sastoje od veznog sloja Ni20%Cr, prelaznog kermet medusloja
MgZrO335%NiCr i gornjeg keramickog sloja ZrO,24%MgO. Ova studija
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opisuje postupak koriscenja troslojne TBC previlake kao izbor dobre
kombinacije, od mnogo raspolozZivih mogucnosti, koja daje dobar kom-
promis izmedu toplotne zastite i otpornosti na eroziju substrata od le-
gure Al za zastitu zadnjih krila aviona J-22. Studija se uglavhom zasni-
vala na eksperimentalnom pristupu. Svojstva deponovanih materijala
su generalno funkcije njihovih mikrostruktura.

U ovom radu ispitan je troslojni sistem TBC prevlaka
ZrO,MgO/MgZrO3NiCr/NiCr koji je deponovan atmosferskim plazma
sprej (APS) postupkom na substratima od legure Al, koji sluZe kao ter-
moabrazivna barijera zadnjim krilima aviona J-22. Cilj rada je bio da se
proizvedu TBC prevlake strukturnih i mehanic¢kih osobina slojeva, koji
¢e obezbediti dobru toplotnu i abrazivnu zastitu zadnjim krilima aviona
pri ispaljivanju raketa munje i groma. Ispitane su mikrotvrdoce i zate-
zne cvrstoce spoja trojnih sistema TBC previaka i mikrostrukture sloje-
va. Na osnovu dobijenih karakteristika TBC slojeva i simuliranja ispalji-
vanja rakete troslojni sistem TBC prevlake pokazao se pouzdanim.

Materijali i eksperimentalni detalji

Materijal na kojem su deponovani slojevi troslojne TBC -
ZrO,MgO/ MgZrO;NiCr/NiCr previake bio je od legure aluminijuma
ENAW-AIMg1(C)(ENAW-5005A). Za izradu slojeva gornje kera-
micke previake upotrebljen je prah ZrO,24%MgO firme Sulzer Metco
sa oznakom Metco 210NS-1. Prah je proizveden metodom livenja u
blokove i naknadnim mlevenjem blokova na odredenu granulaciju.
Temperatura topljenja praha je 2140°C. Za eksperiment se koristio
prah koji je imao raspon granulata od 10 do 53um, a Cestice praha su
nepravilnog uglastog oblika (Metco 210NS-1 Magnesium Zirconate
Powder, 2000. Sulzer Metco.Technical bulletin 10-289). Za izradu
srednjih  slojeva TBC previake upotrebljen je kermet prah
MgZrO335%NiCr, firme Sulzer Metco, koji nosi oznaku Metco 303 NS-
1. Prah je mehanicka meS$avina praha ZrO,MgO i NiCr u odnosu
35%(80Ni20%Cr)+65%(Zr0,24%MgQ). Za eksperiment se Koristio
prah koji je imao raspon granulata od 11 do 90um (Material Product
Data Sheet, 2012. Metco 303NS-1 Magnesium Zirconate — Nickel
Chromium Cermet Blends. Sulzer Metco. DSMTS-0070.0). Za izradu
donjeg veznog sloja koristio se prah oznake Metco 43F-NS, kaji je le-
gura nikla i hroma Ni20%Cr. Temperatura topljenja praha je 1400°C.
Za eksperiment se koristio prah koji je imao raspon granulata od 10 do
63um (Material Product Data Sheet, 2012. Metco 43F-NS Nickel - 20%
Chromium Powders, Sulzer Metco. DSMTS-0109.0).

Ispitivanje  mehanickih karakteristika slojeva TBC previake
ZrO,MgQO/ MgZrO;NiCr/NiCr radeno je prema standardu Pratt & Whit-
ney (Turbojet Engine — Standard Practices Manual (PN 582005), 2002.
Pratt & Whitney, East Hartford, USA). Osnove na kojima su deponova-
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ni slojevi prevlake za ispitivanje mikrotvrdoce i za procenu mikrostruk-
ture u deponovanom stanju izradene su od legure aluminijuma
ENAW-AIMg1(C)(ENAW-5005A)dimenzija 70x20x1,5 mm. Osno-
ve za ispitivanje ¢vrstoce spoja takode su izradene od legure aluminiju-
ma ENAW-AIMg1(C)(ENAW-5005A), dimenzija @25x50 mm. Is-
pitivanje mikrotvrdoce slojeva radeno je metodom HV, 3 i ¢vrstoc¢e spo-
Jja ispitivanjem na zatezanje. Merenje mikrotvrdoce izvrSeno je u prav-
cu duz lamela. IzvrSeno je pet oéitavanja vrednosti mikrotvrdoce sloje-
va u sredini i na krajevima uzoraka od kojih su odbacene dve krajnje
vrednosti. Od tri preostale vrednosti prikazane su minimalne i maksi-
malne vrednosti. Ispitivanje ¢vrstoce spoja radeno je na sobnoj tempe-
raturi sa brzinom zatezanja 1cm/60s. IzvrSeno je ispitivanje ¢vrstoce
spoja pojedinacno svake previake 43F-NS(80Ni20%Cr), 303NS-
1(MgZrO335%NiCr) i 210NS-(Zr0O,24%MgO0), kao i ispitivanje ¢vrstoce
spoja trojnog sistema TBC — ZrO,MgO/MgZrOs;NiCr/NiCr previaka. Is-
pitano je po pet epruveta za sve tipove previaka od kojih su odbacene
dve krajnje vrednosti. Od tri preostale vrednosti prikazana je srednja
vrednost ¢vrstoce spoja. Morfologija Cestica praha ZrO,24%MgO i po-
vr§ina deponovane previake uradena je skening elektronskom mikro-
skopijom (SEM). Mikrostruktura deponovanih slojeva ispitana je na op-
tickom mikroskopu (OM). Analiza udela mikropora u slojevima previake
uradena je obradom 5 fotografija na uveli¢anju 200x. Preko paus papi-
ra mikropore su oznacene i osencene, a njihova ukupna povr$ina racu-
nala se na ukupnu povrSinu mikrofotografije. U radu je prikazana sred-
nja vrednost udela mikropora u slojevima TBC prevlake.

Depozicija prahova uradena je sa atmosferski plazma sprej siste-
mom, firme Plasmadyne, i plazma pistoliem SG-100, sa kontrolisanim
plazma sprej parametrima. Plazma pistolj SG-100 sastojao se od kato-
de tipa K 1083A-129, anode tipa A 1083-165 i gas injektora tipa Gl
1083A-113. Kao luéni gas koristio se Ar u kombinaciji sa He i snaga
napajanja do 40 KW. Pre procesa deponovanja povrsine ispitnih uzo-
raka i povrSina substrata termoabrazivne barijere za zadnja krila avio-
na nisu hrapavljene, zbog male debljine substrata od 0,6mm. Vezni
slojevi su deponovani sa debljinom od 60 do 80 um, kermet slojevi sa
debljinom od 40 do 60 um i gornji keramicCki sloj sa debljinom od 280
do 300 um.

Rezultati i diskusija

Vezna metalna previaka 43F-NS(Ni20%Cr) imala je najmanje
vrednosti mikrotvrdoce od 238 do 254 HV, 3, koje su u granicama vred-
nosti koje propisuje proizvodaé praha i standard (Material Product Data
Sheet, 2012. Metco 43F-NS Nickel - 20% Chromium Powders. Sulzer
Metco. DSMTS-0109.0), (Turbojet Engine—Standard Practices Manual
(PN 582005) 2002. Pratt & Whitney, East Hartford, USA). Izmerene
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vrednosti mikrotvrdoce veznih slojeva ukazuju na to da je udeo mikro-
pora u propisanim granicama, Sto je potvrdila analiza udela mikropora.
Zbog sadrZzaja keramike slojevi kermet previake 303NS-
1(MgZrO335%NiCr) imali su vece vrednosti mikrotvrdoce, koje su bile
u rasponu 293-330HV, 3 i u skladu sa standardom Pratt & Whitney
(Turbojet Engine — Standard Practices Manual (PN 582005)(2002),
Pratt & Whitney, East Hartford, USA). Slojevi keramicke previake Met-
co 210NS-1(Zr0,24%MgO) imali su najvece vrednosti mikrotvrdoce od
478 do 519HV, ;3 koje su karakteristiCne za ovaj tip previake. Ovi slojevi
su pokazali najvecCi udeo mikropora, jer keramicke Cestice ostvaruju
slabiji medulamelarni kontakt u odnosu na metalne Cestice. Zatezna
¢vrstoCa spoja prevlaka bila je u direktnoj vezi sa tipom praha. Najvece
vtrenosti ¢vrstoCe spoja od 31 MPa imali su metalni vezni slojevi pre-
vlake 43F- NS (Ni20%Cr). Slojevi kermet previake 303NS-
1(MgZrO335%NiCr) imali su zateznu ¢vrstocu spoja od 22 MPa, a naj-
manju vrednost od 17 MPa imali su keramicki slojevi Metco 210NS-1
(ZrO,24%MgQO). Za sve previake vrednosti ¢vrstoce spoja bile su do-
bre, jer su se previake deponovale na neohrapavijenim substratima od
legure Al koji umanjuju zateznu ¢vrstocu spoja u odnosu na hrapavije-
ne substrate na bazi legura Fe ili Ni. Srednja vrednost zatezne ¢vrsto-
Ce sistema TBC — ZrO,MgO/MgZrOsNiCr/NiCr previaka bila je 30 MPa.

Na uzorcima se jasno uocCavaju granice meduspoja izmedu sloje-
va vezne previake i substrata, vezne prevlake i kermet prevlake i ker-
met prevlake i keramicke previake. Medugranica izmedu substrata i
slojeva vezne previake je izuzetno Cista, ukazujuci na dobru vezu slo-
jeva previake sa substratom. Na interfejsu izmedu substrata i slojeva
vezne previake nisu prisutni defekti kao $to je diskontinuitet deponova-
nih slojeva, mikropukotine, makropukotine, ljuStenje i odvajanje previa-
ke sa substrata. Generalno, slojevi su ravnomerno deponovani na pod-
logu. Duz interfejsa izmedu substrata/vezna previaka, vezna previaka/
kermet previlaka i kermet previaka/kerami¢ka previaka nisu prisutne
mikropukotine i makropukotine. Veza izmedu svih slojeva je dobra. U
slojevima deponovanih previaka nisu uocene neistopljene Cestice pra-
ha, ukazujuéi da su prahovi deponovani sa optimalnim parametrima
depozicije. Analiza mikrofotografija je pokazala da su u slojevima ve-
zne previake 43F-NS(Ni20%Cr) prisutne mikropore sa srednjim ude-
lom od 2,6%. Udeo mikropora u slojevima kermet previake 303NS-
1(MgZrO335%NiCr) bio je 7%, a u slojevima keramicke prevlake
210NS-1 (Zr0,24%MgQ); sadrzaj mikropora bio je 12%. Analiza mi-
krofotografija je pokazala da su u slojevima vezne previake 43F-
NS(Ni20%Cr) prisutne mikropore sa srednjim udelom od 2,6%. Udeo
mikropora u slojevima kermet previake 303NS-1(MgZrO3;35%NiCr) bio
je 7%, a u slojevima keramicke previake 210NS-1 (ZrO,24%MgQ) sa-
drzaj mikropora iznosio je 12%. SEM analiza morfologije povrsine de-
ponovane keramicke Cestice praha ZrO,MgO pokazuje potpuno toplje-
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nje i razlivanje keramickih Cestica na prethodno deponovani keramicki
sloj. Istopljena Cestica praha je u sudaru sa povrS§inom prethodno de-
ponovanog sloja formirala priblizno kruZan oblik. Na povrsini Cestice vi-
di se fina mreZa mikropukotina koja se ne moZe izbeci i uvek se javija
u procesu depozicije (Guo, et al., 2011, pp.161-174). Mikropukotine se
formiraju za vreme hladenja istopliene Cestice do temperature previa-
ke. Unutrasnji slojevi previake koji imaju vecu temperaturu u odnosu
na povrsinu prevlake izloZeni su naponima na istezanje i suprotstavija-
ju se skupljanju &estice na povrsini prevlake. S druge strane, Cestica
na povrsini prevliake koja se hladi i skuplja tokom ocvr§¢avanja izloZe-
na je naponima na sabijanje. Naponi na istezanje deponovanih slojeva
koji su uvek veci od napona na sabijanje Cestice koja se hladi na povr-
Sini prevlake uzrokuju stvaranje mikropukotina na povrS$ini Cestice
(Guo, et al., 2011, pp.161-174), (Mrdak, et al. 2013b, pp.559-567),
(Mrdak, 2013a, pp.426-432), (Mrdak, et al., 2015a, pp.337-343). U mi-
krostrukturi su prisutni fini precipitati nepravilnog oblika veli¢ine do 5
um, koji su zaokruzZeni Zutom bojom. Na SEM mikrofotografiji jasno se
vide mikropore nepravilnog oblika crne boje, veli¢ine do 5 um, zaokru-
Zene zelenom bojom.

Zakljugak

U ovom radu je atmosferskim plazma sprej procesom (APS)
proizveden troslojni sistem termobarijernih prevlaka
TBC-Zr0,24%Mg0O/MgZrO3;35%NiCr/ Ni20%Cr. Sistem deponovanih
previlaka sastojao se od veznog sloja Ni80%Cr, srednjeg prelaznog
medukermet sloja MgZrO3;35%NiCr i gornjeg kerami¢kog sloja ZrO,
24%MgO. Previake su deponovane na ispitnim uzorcima od legure Al
na povrSinama bez hrapavijenja. Analizirane su mehanicke karakteri-
stike i mikrostrukture slojeva prevlaka u deponovanom stanju, na osno-
vu ¢ega se doSlo do odredenih zakljuéaka.

Troslojni sistem termobarijernih previaka imao je dobre mehanic-
ke karakteristike sa vrednostima mikrotvrdo¢e veznog sloja od 238 do
254HV, 3, prelaznog kermet sloja od 293 do 330HV, ;i gornjeg kera-
mic¢kog sloja od 478 do 519HV, 5. Vrednosti mikrotvrdoce bile su u gra-
nicama koje propisuje standard Pratt & Whitney. Cvrstoce spoja depo-
novanih prevlaka na neohrapavljenim uzorcima od legure Al imale su
dobre vrednosti. Za vezni sloj zatezna ¢vrstoca spoja bila je 31 MPa,
za kermet previaku 22 MPa, a za keramiku 17 MPa. Cvrstoéa spoja
troslojnog sistema TBC previaka bila je 30 MPa. Analiza mikrofotogra-
fija je pokazala da je srednji udeo mikropora u veznim slojevima bio
2,6%, u kermet slojevima 7% i u keramickim 12%. Mikrostruktura de-
ponovanih slojeva prevlaka je lamelarna. Osnova prevlake sastoji se
od ¢&vrstog rastvora hroma u niklu y — Ni(Cr). Izmedu lamela évrstog
rastvora u slojevima previake prisutni su svetlosivi oksidi tipa NiO, Ni-
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Cr,04 Cr,03 i CrOs, usled oksidacije Cestica praha u plazmi tokom
procesa izrade previake. U vecini sluCajeva prisutan je oksid hroma
Cr,03, a rede oksid CrOs, koji se formiraju u vidu tankog sloja na povr-
Sini NiCr lamela. Kermet medusloj imao je ravnhomernu raspodelu la-
mela vezne previake izmedu keramickih lamela. Gornji keramicki sloj
ravnomerno je deponovan na kermet sloju bez prisustva neistopljenih
Cestica.

Troslojni sistem termobarijernih prevlaka
Zr0,24%MgO/MgZrO335%NiCr/ Ni20%Cr deponovan na substratu od
legure Al kao termoabrazivne zaStite zadnjih krila aviona J-22 pokazao
se kao pouzdana zaStita od temperaturnog mlaza i abrazivnih Cestica
raketa munje i groma.

Kljuéne redi: supstrati, zaStita, svojstvo, slojevi, previake, barijere,
legure.
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Abstract:

In this work, a variant of the method of the multicriteria alternative
choice ELECTRE, which allows taking into account uncertainties of
expert estimates, was developed and studied. The modified method
ELECTRE was tested on a problem solution of the logistics
management transportation system "point of departure — point of
destination”. The suggested approach can increase the effectiveness
of logistic management of goods delivery transport systems and
reduce delivery time.

Key words: method ELECTRE, fuzzy sets, neural network, logistics,
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Introduction

Although logistics has deep historical background, it is a rather
young science. It developed significantly during World War Il when it was
applied to solving strategic tasks and organizing a successful
cooperation of defense industry, rear supply bases and transport for
providing troops. The concepts and methods of logistics began to be also
applied in the civilian sector in the following years.
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Logistics as a science and as an area of practical knowledge is of a
great value nowadays. The activity in the field of logistics includes
different areas: management of transport, warehousing, inventory and
personnel management, organizational and information support,
commercial activity and many others. It is difficult to determine more or
less significant areas in the list above because a logistic system can be
only a uniform system for delivering materials. A transport
system or transport logistics provides such a unity, increasing
concurrency of direct participants of logistic processes. The tasks of
transport logistics are:

— creation of transport corridors,

— choice of a type of transport,

— choice of a cargo transport route,

— timetable scheduling.

The analysis of this list shows that 1%, 2¢ and 3¢ tasks can be
solved by means of the graph theory, the methods of network planning,
and the combinatorial theory. However, a task of choosing a transport
type is a task of a multicriteria alternative choice for which these
mathematical methods cannot be used because of their characteristics
(Kosko, 1992).

The analysis of various works on transport logistics has shown that
mathematical models of a transport type choice are not explained
thoroughly. It is enough to use some numerical estimates which are, in
most cases, limited to a set of criteria. Such approach does not
consider at all uncertainty of expert estimates, different physical and
logical meanings of used criteria - for example, cargo delivery speed
can be presented by a numerical characteristic, and the cargo safety
condition can be presented by a verbal characteristic such as "high,
average, low".

It should be noted that, for experts estimating a type of transport,
verbal estimates can be more convenient. In this article, a model of a
transport type choice in logistic systems is considered, taking into
account uncertainty factors.

Problem description

As noted in the introductory section, the task of a choice of a
transport type for logistic system creation can be presented as a task of a
multicriteria alternative choice where the alternatives are automobile,
railway, air, and water (river or sea) means of transport. The following
criteria are usually used (Lubentsova, 2008):

— speed of cargo delivery,

— expenses of cargo delivery,
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— frequency of departures,

— safety of cargo,

— dependence on climatic conditions,
— reliability of timekeeping,

— ability to transport different freights,
— territorial availability.

It is easy to see that only three criteria can be calculated by
numerical estimates for a concrete type of transport, while other criteria
can be calculated in a marking system with a scale chosen in advance,
or by verbal estimates such as "low, average, high".

Thus, there is an uncertainty in the system of criteria estimates
having obviously expressed non statistical nature. That is why the
standard task of a multicriteria alternative choice is transformed to a task
of the best alternative choice with no statistical uncertainty of criteria
estimates.

Different criteria like Wald's, Gurvit's, Bayes-Laplace's and
Sevidzh’s criteria are usually used for decision making in the conditions
of uncertainty. It should be noted that their correct application is caused
by certain conditions which are rather far from practice of logistic
systems; besides, they cannot work with verbal estimates. The usage of
the fuzzy sets theory will be the most suitable in this situation.

The most often used methods of a multicriteria alternative choice are
based on the calculation of an integral estimate of alternatives by all sets
of criteria. As it was already noted, the criteria of estimation of a transport
type have different physical and logical nature; therefore, the correctness
of integral convolution demands additional proofs. In these conditions, it
is more preferable to use methods in which the choice of the best
alternative is based on determining the relations of preference between
alternatives, in particular the ELECTRE (Roy, 1996) method. At the same
time, the standard ELECTRE method does not assume an uncertainty of
criteria estimates.

Decision making procedure

The structure of a choice of a transport type for a logistic system is
presented in Fig. 1:
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Figure 1 — Structure of a choice of a transport type for a logistic system
Puc. 1 - WN3o06paxeHne Bbibopa B1aa TpaHCNopTa B CUCTEME NOrMCTUKM
Slika 1 — Slika izbora vrste transporta za logisti¢ki sistem

It is necessary to give a set of marks of criteria compliance to each
transport type, to define the criterion weight and the length of the
corresponding scales. The specified task parameters are estimated in the
expert way, so they will be represented as fuzzy numbers.

For this purpose, it is necessary to create a term set of variables and
the corresponding verbal-numeric scales (Tab. 1). It can be noted that
the numerical values given in Table 1 as well as in other tables have a
conditional character. However, this circumstance does not affect the
obtained results.
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Table 1 — Verbal-numeric scale of variables
Tabnuua 1 — BepbanbHo-4yncnosasi Lkana nepemMeHHbIX
Tabela 1 —Verbalno-numeric¢ka skala promenljivih

Designation Linguistic evaluation Numeric value
speed of cargo Low [0, 250]
delivery Medium [250, 500]
High [500, 750]
safety of cargo Low [0, 0.33]
Medium [0.33, 0.66]
High [0.66, 1]
dependence on Low [0, 0.33]
climatic conditions Medium [0.33, 0.66]
High [0.66, 1]
territorial availability Low [0, 0.33]
Medium [0.33, 0.66]
High [0.66, 1]
expenses of cargo Low [0, 250]
delivery Medium [250, 500]
High [500, 750]
frequency of Low [0, 33]
departures Medium [33, 66]
High [66, 100]
reliability of Low [0, 0.33]
timekeeping Medium [0.33, 0.66]
High [0.66, 1]
ability to transport Low [0, 0.33]
different freights Medium [0.33, 0.66]
High [0.66, 1]

A fuzzy set is determined for each linguistic variable with a membership
function set on the corresponding interval, e.g. for the linguistic variable
"safety of cargo" = {low, medium, high} = {un(X),Mcp(X),Ms(X),X€[0,1]}. One of
the types of a membership function is presented in Fig. 2.

low medium hi_nl;h
1

05t b
o 1 1 1 L5 1 1 1 1

0 0.1 0z 0.3 0.4 0.3 0.6 0.7 0. 0.4 1
Figure 2 — Type of a membership function
Puc. 2 — Tun dyHKUMM NPUHAANEXHOCTN

Slika 2 — Vrsta funkcije pripadnosti
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This type of a membership function is chosen only because of the
simplicity of graphical presentation. Other types are also possible, but
with an obligatory implementation of the rules of a membership functions
creation (Malyshev, et al., 1991). An expert determines a corresponding
linguistic variable based on concrete criteria for each type of transport.

In the ELECTRE method, it is necessary to set the criterion weight
and length of the corresponding scales, except for the estimates of
criteria compliance. Defining the criterion weight is a task which always
causes many questions (Venttsel, 1972).

The usage of the paired-comparison method with the subsequent
calculation of the evector coordinates allows checking of, at least, the
correctness of the creation of matrixes by calculating the conformity
relation. However, the method is rather time consuming. Besides, as
shown in research works (Tutygin, Boxes, 2010), for a large number of
criteria, it is rather difficult to provide the established value of the
conformity relation. Therefore, despite all shortcomings, expert estimates
of values of the criterion weight are still popular and they are also used in
the ELECTRE method.

In this research, the expert estimates of scales are presented in the
form of fuzzy numbers for the account of uncertainty. The scale length in
the ELECTRE method is a particular large-scale coefficient at which
various criteria are leveled. A value of the scale length has to be chosen
so as to reflect an approximately equal value (importance) of a decision-
making criterion, i.e. there is an uncertainty element at the determination
of this parameter, as well. For this purpose, scales lengths are also
represented by fuzzy numbers.

The usage of estimates in the form of fuzzy numbers allows
considering uncertainty of expert estimates, but it also demands to make
changes to the algorithm of the ELECTRE method.

There are the sets of alternatives 4={a; :i=1,N} and the sets of

criteria C={c;:j=1M}, the criteria estimates are set by fuzzy
numbers:

iy ={ 1y(x): xS S;,8; S Ref, (1)
where ,(x)is a membership function of a fuzzy number;

S, is a scale on which criteria estimates are set by the criterion C..
The weight of criteria is also set as a fuzzy number:

Wﬁ{/ij(y):yESw}- (2)
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In the ELECTRE method, the criteria of agreement and
disagreement for structuring alternatives (Roy, 1996) which take into
account formulas (1) and (2), are calculated in this way: the criterion of
agreement -

~ _ ZW(izk
dic = WSk Zq,j ; (3)

J

where XW(i >k ) is the sum of criteria weights on which the alternative i

is better than the alternative k.
It should be noted that the sum of criteria weights is not equal to 1 in
the ELECTRE method; the criterion of disagreement —

~ . m "’711“
ats) = mas™ ) @)
J

where m,; is an estimate of the j-criterion by which the alternative k is
more preferable than the alternative i;

Zj is the fuzzy length of the j-criterion scale.

The algorithm of calculations (3) and (4) is determined by a type of
fuzzy numbers (Borisov, et al., 2014). The simplest way is the usage of
fuzzy numbers in the LR-representation.

The criteria estimates of different transport types represented in a
linguistic form (Tab. 1) are defined on the basis of the apriori information
taken from (Tutygin, Boxes, 2010). The procedure for the criterion "the
frequency of departures" is presented in Fig. 3. Transformations for all
other criteria are carried out in the same way.

high |

medium

low

= -

Ay

Figure 3 — Transformation of numerical estimates to linguistic estimates
Puc. 3 — Npeobpa3oBaHne YNCNOBbIX OLLEHOK B MUHIBUCTUYECKNE OLLEHKN
Slika 3 — Transformacija numerickih estimacija u lingvistiCke estimacije
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As a result, there are sets of linguistic estimates values by criteria for
different types of transport (Tab. 2). Quantitative data have rather
conditional estimates. They can have other values in reality, but it does
not influence the algorithms of calculations and decision making.

Table 2 — Table of values estimates
Tabnuuya 2 — Tabnuua OLEHOK NO KPUTEPUAM
Tabela 2 — Tabela vrednosti estimacija

automobile | railway (B) river sea air
(A) (C) (D) (E)
speed of cargo Low Low Low Low High
delivery (kmph) (35) (15) (15) (17) (500)
safety of cargo High (0.7) High (0.8) Medium Medium High (0.9)
(points) (0.5) (0.5)
dependence on Medium Low Medium Medium Medium
climatic conditions (0.6) (0.3) (0.6) (0.6) (0.5)
(points)
territorial High (1) Medium Medium Medium Medium
availability (0.6) (0.5) (0.5) (0.5)
(points)
expenses of Low Low Medium Medium High
cargo delivery (15) (50) (150) (200) (500)
(rubles/km)
frequency of High (70) Low Low Low Low
departures (times (30) (10) (10) (10)
per day)
reliability of Low Medium Medium Medium High (0.9)
timekeeping (0.3) (0.5) (0.4) (0.4)
(points)
- Medium Medium Medium Medium Medium
ability to transport | (g 4) (0.5) (0.4) (0.4) (0.5)
different freights
(points)

As it was already noted, the ELECTRE method assumes that

experts set criteria weights and scales lengths on them, as well as these
procedures, need additional research. Let us suppose that experts have
chosen the weights and lengths of the scales presented in Table 3. As it
can be seen in the table, the weights of the criteria in the form of LR-
fuzzy numbers are somewhat different. The lengths of the scales in the
form of LR-fuzzy numbers approximately correspond to the criteria
estimates, and for the criteria where estimates are given in the form of
points, the length of the scale is approximately equal to 1.

438




Table 3 — Table of weights and lengths of the criteria scales
Tabnuya 3 —Tabnuua BECOB M AJVH LKA KpUTEPUEB
Tabela 3 — Tabela tezina | duzina kriterijumskih skala

Criteria Criteria weight Scales length
speed of cargo delivery [7,8,9] [450 500 550]
safety of cargo [6,7,8] [0.5,1,1.5]
dependence on climatic conditions [4,5, 6] [0.5, 1, 1.5]
territorial availability [5,6,7] [0.5,1,1.5]
expenses of cargo delivery [7,8,9] [450 500 550]
frequency of departures [5, 6, 7] [50 100 150]
reliability of timekeeping [7.8,9] [0.5,1,1.5]
ability to transport different freights [7.8,9] [0.5,1,1.5]

It is convenient to use the fuzzy table FuzzyCalc (Chernov, 1998) for
calculating formulas (3) and (4).

The results of the calculations of the agreement and disagreement
indexes are presented in Figs. 4 and 5.

A | B | C D E F
1 PaC‘-IE-‘T HMHAEK.COE COrnacHA:
2 2, ] C ] E
3 ) - 2 0505917 |k 0,867286|F 0.867286(r 0361369
4 B ¥ 0505917 - 2 1.01183(» 1.01183(» 0.596259
5 C ¥ [,373438| 0.144548| - » 0,867286(x 0,361369
b D » [0,373438| 0.144542(» 0,867286| - » 0,361269
Fi E » [, B504E5 [k 0560122 [,867206(» 0867286 -
Figure 4 — Matrix of agreement indexes
Puc. 4 — MaTtpu1ua nHaekcoB cornacus
Slika 4 — Matrica indeksa slaganja
17 i) B C 1] E
18 | A - 3 0.3 0.1 0.1[x 0493
19 | B 3 04| - ofe 0.004]k 0.4arv
20 C » 0.6[» 03] - » 0.004)x 097
21 | D 3 0.5/ 0.3(» 0| - [ 3 [,966
22 | E » 0.6|r 0.9 0.7 0.6 -

Figure 5 — Matrix of disagreement indexes
Puc. 5 — MaTpuua nHgeKkcoB Hecornacusi
Slika 5 — Matrica indeksa neslaganja

The main phases of the ELECTRE method:

— two indexes (agreement and disagreement) are counted on the
basis of the set estimates of two alternatives values. These indexes
define agreement and disagreement with a hypothesis that the
alternative A dominates the alternative B;
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— the levels of agreement and disagreement (to which the counted
indexes for each couple of alternatives are compared) are set. If the
index of agreement is higher than the set level, and a disagreement
index is lower, one of the alternatives dominates another. Otherwise, the
alternatives are incomparable;

— the dominated alternatives are removed from the set of
alternatives. The remained alternatives form the first base. The
alternatives entering the base can be either equivalent or incomparable;

— the “weaker" values of the levels of agreement and disagreement
(a lower value of the level of agreement, and a higher level of
disagreement) are entered to which the bases with a smaller number of
alternatives are allocated;

— the last base includes the best alternatives. The sequence of
bases determines the order of alternatives by quality.

The levels of agreement C and disagreement D for our example are
C=0.582571 and D=0.309467. The values below the level of agreement
C and higher than the level of disagreement D are rejected. The base of
the dominating alternatives includes the alternatives A, B, C and D
(automobile, railway, river and sea means of transport). On the basis of
these data, the preference graph is presented in Fig. 6, showing that the
automobile transport is the best one under the given conditions.

® )

Figure 6 — The preference graph
Puc. 6 — 'pad npegnoyTeHmn
Slika 6 — Graficki prikaz najboljeg izbora

A disadvantage of the ELECTRE method is a participation of a
decision maker in the formation of bases. A possibility to overcome this
disadvantage: the levels of agreement and disagreement form the square
tables NXN with the blank main diagonal QZH%”, E:H@“ the
elements of which are fuzzy numbers.

A fuzzy number is a fuzzy set defined on a real axis; therefore, it is
possible to apply a sum operation to fuzzy numbers for structuring
alternatives:

o, =Ugy

£ )
7, =Ur,
ko (6)
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The estimates received on formulas (5) and (6) are the integrated
values of the agreement and disagreement coefficients by all sets of
criteria. Thus, formula (5) characterizes a "soft" approach and formula (6)
a "rigid" approach. It is obvious that the most preferable alternative

should have the maximum value of a. (Fig. 7) and the minimum value of

7. (Fig. 8). The obtained values of these parameters confirm the result
obtained earlier.

0.967236

101185
0.967236
0.867286
0.967236

v v :wv:wv:w

Figure 7 — Maximum value of @
Puc. 7 — MakcumarbHoe 3HadeHune 0

Slika 7 — Maksimalna vrednost @,

b 01
3 0
3 0.004
b 01
b 0E

Figure 8 — Minimum value of ¥,
Puc. 8 — MyHmanbsHoe 3HaveHve Y,

Slika 8 — Minimalna vrednost 7

Thus the alternative B unambiguously has the maximum value of a;
(5), and the two alternatives (B and C) have the minimum of ;. Although
the results do not contradict each other, it is necessary to make
additional verification of the obtained decision.

One more solution of the considered task is possible, due to the
existence of uncertainty in the basic data and results (Fig. 9). The
matrixes of the agreement and disagreement coefficients can be
considered as the matrixes of the fuzzy values characterizing uncertainty
of a situation, so fuzzy entropy can be used for estimating alternative
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decisions (Chernov, 2014). It is determined by the classical formula of
Shannon (Deshmukh, Khot, 2011):

H = _Z ,ui,klogzlu;,k (7)
k

17 &, B C D E mnax ertropy
18 | A - b 0.3k 01| 01| 093] v 093 149026
19 | B » 04| - » 1] 3 0,004|» 0,97 i 097 IFMLA
20 | C » 06w 0.3 - » 0.004]» 097 » 037 IFhLA,
21 | D » 06|k 0,3 01 - » 0,966| ir 0,956:k 1.48077
22 |E » 0E|r 0.4k 07|k 0 - » 0.9k 1.48454
23

Figure 9 — Entropy calculation
Puc. 9 — Pac4yeT aHTpOnuu
Slika 9 — IzraGunavanje entropije

Entropy is an estimation of an uncertainty level, so the best decision
should have the minimum entropy value. The calculations which are
carried out by formula (7) confirm the already obtained results — the best
is the alternative B. Thus, three different methods of solving the same
task led to the same results, which is in full accordance with the
methodology of the stability theory according to which the result of data
processing is invariant concerning a method of data processing.

Conclusion

It has been proven that taking into account uncertainty in expert
estimates allows making a transport type choice more reasonable, based
on the example of the considered problem of a transport type choice for a
logistic system. The obtained results give the reason to discuss an
opportunity of practical application of the modified ELECTRE method in
the conditions of uncertainty of expert estimates. Obtaining the same
results by different independent methods confirms their validity.

References

Borisov, V.V., Fedulov A.S., Zernov M. M., 2014, Bases of fuzzy arithmetic,
Moscow, the Telecom.

Chernov, V.G., 1998, Solution of business tasks by means of fuzzy algebra,
Moscow, Diagramm.

Chernov, V.G., 2014, Entropy criterion of decision-making in the conditions of full
uncertainty, Management information systems, 6, pp.51-56.

Deshmukh, K.C., Khot, P.G., 2011, Generalized Measures of Fuzzy Entropy and
their Properties, Engineering & Technology, 56, p.994.

Kosko, B., 1992, Neural Networks and Fuzzy Systems, New York, Englewood Cliffs.

Lubentsova, V.S., 2008, Mathematical models and methods in logistics, Samara,
Samar university.

442




Malyshev, N.G., Berstein, L.S., Bozhenyuk, A.V., 1991, Fuzzy models for expert
systems in SAPR, Moscow, Energoatomizdat.

Roy, B., 1996, Multicriteria Methodology for Decision Aiding, Dordrecht, Kluwer
Academic Publisher.

Tutygin, A.G., Boxes, V.B., 2010, Advantages and disadvantages of the analysis
method of hierarchies, Natural and exact sciences, 1(122), pp.108-115.

Venttsel, E.S., 1972, Research of operations, Moscow, Soviet radio.

BbIBEOP BUOA TPAHCIMOPTA O1A MOCTPOEHNA
NOTMCTUYECKOW CUCTEMbI C YYETOM ®AKTOPOB
HEOMNPEOENEHHOCTU

Mapusi NeonnposHa Cokonoea, Bradumup Meopruesny YepHoB
Brnagumupckuii MocyoapcTBeHHbIM YHUBEpCUTET MMeHn AnekcaHgpa
[puropbesunya n Hukonas Mpuropeesmya CToneToBbix, kKadenpa ynpasneHus
N MHPOPMATUKN B TEXHUHECKNX N SKOHOMUYECKUX cucTemax, r. Bnagumwmp,
Poccuiickas depepauuns

OBJNACTb: koMMbloTEPHbIE HAayKW, HEYEeTKME MHOXeCTBa
BWO CTATbW: opurmHanbHas HayyHas ctatbsl
A3bIK CTATbW: aHrnuiickun

Peswome:

B pabome 6bina paspabomaHa u uccredogaHa Modughukauusi
mMemoda  MHO20KpumepuanbHO20  arnbmepHamueHozo  ebibopa
ELECTRE, yyuumsisatowjasi HeoripederneHHOCMU 3KCrepmHbIX OUEHOK.
PaspabomaHHbili  eapuaHm bbl1  npomecmupoeaH Ha peweHuu
3adayu J102UCmMUYECcKo20 yrpaerieHuss MmpaHCcnopmHoU cucmemou
«MYHKM OmMMpaesnieHusi — MyHKM Ha3HadeHusi». [1pednoxeHHbIl
nodxod nosegossiem Mnoebicumbs 3hPHEKMUBHOCMb J102UCMUYECKO20
ynpasneHuss mpaHcriopmHol cucmembl 0ocmasku  2py308 U
cokpamump epemsi d0CmasKu.

BesedeHue:

K 3adavyam mpaHcrnopmHoU s102ucmuKUu OmMHOCsIM:

- co30aHue mpaHCcrnopmMHbIX KOPUOOpPOs;

- 8bIbop suda mpaHcropma;

- 8b160p Mapwpyma mpaHcrnopmuposKU 2py308;

- cocmasreHue pacrnucaHudl.

AHanuaupysi amom nepeyeHb MOXHO OmMMemums, Ymo 3adayqu
1,3 u 4 moeym pewambCsi C MOMOWbI0 meopuu epagos, Memodos
cemegoeo nnaHuposaHusi, KombuHamopuku. B moxe epemsi, 3adaya
eblbopa suda mpaHcriopma — 3mo 3adada MHO20KpUMepuaibHO20
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anbmepHamusHo20 8blbopa, Onsi peweHuUss Komopol yKa3aHHble
Mamemamuydeckue mMemoOlbl He MO2ym UCr0/b308ambCs 8 Curly ee
crnieyuguku. B Hacmosiwel cmambe paccmampueaemcsi Mooesib
eblbopa suda mpaHcropma 8 JI02UCMUYECKUX cucmemax C y4emom
ghakmopoes HeorpedesieHHocmMu

NocTaHoBKa 3apayn:

Kak ommevanocb 60 eeedeHuu, 3adaya eblbopa euda
mpaHcriopma 0751 MOCMPOEHUsT JI02UCMUYECKOU CcucmeMbl MoXem
b6bimb  npedcmassnieHa Kak  3ada4Ya  MHO20KpumepuarbHO20
anbmepHamueHo20 8blbopa, 20e 8 Kayecmee aslbmepHamus
ebicmynaom; asmomMobusibHbIU, XKere3HOO0POXHbIU, 8030YWHbIU,
800HbIU (peyHOU unu MopcKol) eudbl mpaHcriopma. B amux ycrosusix
bornee npedrnodymumernbHbIM S681155emCcs UCrofb308aHue mMemooos, 8
Komopbix 6bibop Hauny4Ywel anbmepHamuebl OCHO8bIBAEMCs Ha
ycmaHoesneHuu omHoweHut rnpednoYymeHusi Mexoy
anbmepHamueamu, 8 4acmHocmu — memod ELECTRE. B moxe
spemsi, cmaHOapmHbili mMemod ELECTRE He npednonazaem
Heyemkocmb OUEHOK KpumepuabHO20 COOME8emcmeaus.

MeTopq pelleHus:

B Hacmosiwem uccnedoeaHuu Ons ydema HeoripedesieHHocmu
3KCrepmHbIX OUEHOK 8ec08, Komopble pedcmassisiiomcsi 8 8uoe
Heyemkux 4uces. Mcrionb3o8aHue OUEHOK 8 8ude He4Yemkux 4Huces
r1o3eosisiem yyecmes HeornpedesieHHOCMb 3KCMEPMHbIX OUEHOK, HO rpu
amom mpebyemcsi 6HeCMU U3MEHEeHUs 8 ajleopumm peanusayuu
memoda ELECTRE. Tpu pa3snuyHbix eapuaHma pelweHuss 00Hol u
mol xe 3adayqu bbinu npodemMoHcmpupo8aHbl 8 OaHHOU cmamee U
npusenu K coernadarouwum pesynbmamam, MOSTHOCMbI0
coomeemcmsyem mMemo0osio2uu meopuu ycmouyugocmu, coasiacHo
Komopol  pesynbmam  obpabomku  OaHHbIX  UH8apUaHMHbIU
omHocumesibHo Mmemoda obpabomku coomeemcmeayem peasibHOCMU.

3aknto4yeHue:

Ha npumepe paccmompeHHolU  3alaqyu  eblbopa  euda
mpaHcrnopma 0551 floeucmuyYeckol cucmembl 0oKa3aHo, 4mo ydem
HeoripedesieHHOCMU 8 3KCIePMHbIX OUEeHKax r1o3sosnisem coesnamep
8blibop euda mpaHcropma 6oree 060CHO8aHHbIM. [losyYeHHbIe
pesynbmambl  0aldm OCHO8aHUE 2080pUMb O  803MOXHOCMU
Mpakmu4yecko20  MPUMEHEHUsT  MoOuguUuupo8aHHO20  Memoda
ELECTRE 8 ycrniosusix HeornpederieHHOCMU 3KCrepPMmMHbIX OUEHOK.
CoenadeHue  pe3ynbmamos,  MOfYYEeHHbIX  pu  MposedeHuU
pasnuyHbIX U  He3zasucuMmbix Memodos rodmeepxdaem  UX
pearnbHOCMb.

KntoyeBble cnoBa: memoO ELECTRE, Heyemkue MHOXecmea,
HellpoHHasi cemb, flo2ucmuka, docmaeka 2py3086.
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IZBOR NACINA TRANSPORTA PRI STVARANJU LOGISTICKOG
SISTEMA S FAKTOROM NESIGURNOSTI

Maria Leonidovna Sokolova, Viadimir Georgievi¢ Cernov

Drzavni univerzitet u Vladimiru ,Aleksandar i Nikolaj Stoletov” (VISU), Katedra
za rukovodenije i informatiku u tehni€¢kim i ekonomskim sistemima, Vladimir,
Ruska Federacija

OBLAST: kompjuterske nauke, fazi skupovi
VRSTA CLANKA: originalni nau¢ni rad
JEZIK CLANKA: engleski

Sazetak:

Ovaj rad predstavilja razvijanje varijante metoda viSekriterijum-
skog izbora alternativa pod nazivom ELECTRE koji uzima u obzir nesi-
gurnosti ekspertskih procena. Modifikovan metod ELECTRE testiran je
na reSavanju problema logistiCkog upravijanja transportnim sistemom
po principu ,od vrata do vrata”. PredloZeni pristup mozZe da poveca efi-
kasnost logistickog upravijanja transportnim sistemima za isporuku ro-
be, kao i da smanji vreme isporuke.

Neki od zadataka logistike transporta su sledeci:

— stvaranje transportnih koridora,
— izbor vrste transporta,

—izbor rute kargo transporta i

— planiranje vremena transporta.

Uvod

Analiza liste pokazuje da se tri zadatka mogu reSiti pomocu teori-
je grafova, metoda planiranja mreZe, kao i teorijom kombinatorike. Me-
dutim, zadatak izbora vrste transporta je zadatak iz oblasti visekriteri-
Jjumskog odluéivanja o izboru alternativa zbog Cijih karakteristika nije
moguce koristiti matematicke metode. U &lanku se razmatra model iz-
bora vrste transporta u logistiCkim sistemima koji uzima u obzir faktore
nesigurnosti.

Opis problema

Kao $to je pomenuto u uvodu, izbor vrste transporta pri kreiranju
logistickog sistema moZe da se predstavi kao zadatak visekriterijum-
skog izbora izmedu alternativa koje mogu biti transport: motornim vo-
zilom, Zeleznicom, vazdusnim ili vodenim (re¢nim ili morskim) sred-
stvima.U takvim uslovima pozZeljno je koris¢enje metoda u kojima je
izbor najbolje alternative zasnovan na odredivanju odnosa preferen-
cija izmedu alternativa, a narocéito metoda ELECTRE. Pri tome, stan-
dardni oblik metoda ELECTRE ne uzima u obzir nesigurnost procene
kriterijuma.
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Postupak odludivanja

U ovom istraZivanju ekspertske procene skala predstavijene su u
obliku fazi brojeva kako bi se nesigurnosti uzele u obzir. Kori$¢enje
procena u obliku fazi brojeva omogucava razmatranje nesigurnosti
ekspertskih procena, ali zahteva i unoSenje promena u algoritam me-
toda ELECTRE. U radu su predstavijena tri razli¢ita nacina za reSava-
nje istog zadatka. Sva tri su dovela do istog reSenja, Sto je potpuno u
skladu s metodologijom teorije stabilnosti po kojoj je rezultat obrade
podataka invarijantan u odnosu na metod obrade podataka.

Zaklju€ak

Na primeru reSavanja problema izbora vrste transporta pri kreira-
nju logistickog sistema dokazano je da uzimanje u obzir nesigurnosti
ekspertskih procena doprinosi celishodnijem izboru vrste transporta.
Dobijeni rezultati ukazuju na mogucnost primene modifikovanog meto-
da ELECTRE u uslovima nesigurnosti ekspertskih procena. Isti rezulta-

ti, dobijeni razli¢itim metodama, potvrduju njihovu valjanost.

Kljune reli: metod ELECTRE, fazi skupovi, neuronska mrezZa,
logistika, isporuka robe
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Summary:

Electron affinity is not determined by solving the Schrddinger
equation, but by using a wide range of various types of interactions. In
atoms, the bound between the external electron and the integrated
electric dipole moment of a neutral atom mainly contributes to electron
affinity. In diatomic molecules, electron affinity is defined mainly by the
interaction of the external electron and the integrated electric dipole
moment of the nearest ion. In a triatomic molecule, the external electron
interacts with all integrated dipole moments of the positive core.

Key words: dipole moment, negative ion, atom, diatomic molecule,
triatomic molecule .

Introduction

At the present moment, due to the application of ion-plasma
sputtering of nano-sized strengthening layers using vacuum high-current
voltage arcs, there is a need for clarifying the role of negative ions in the
process of field-emission cathodes spattering. To manage these arcs,
one should know how negative ions are formed and how their existence
influences the plasma state of the voltage arc.

A serious consideration was paid to negative ions in the middle of
the 1950s for the first time, as a result of the beginning of outer space
development projects, when direct measurements helped to establish the
fact that there were only negative ions near the rocket vehicle surface in
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the area of the Earth’s shadow at flight altitudes of 90-130 km (Johnson,
1956). It led to detailed studies of negative ions formation and the
identification of physical and chemical processes occurring when
negative ions exist under different conditions (Massey, 1976) and
(Grethcikhin, 2003). Experimental works have been dedicated mainly to
measuring affinity energies and to chemical reactions behavior with
formation and decomposition of negative ions (Massey, 1976).

Theoretical studies have been oriented towards the development of
the calculation methods for the energies of electron affinity to atoms and
molecules using Hartree-Fock wave functions and self-consistent
potential by solving the Schrédinger equation in consideration of the
correlation interaction between valence electrons (Massey, 1976). The
conducted theoretical studies of negative ions formation gave no positive
results as the applied model of the centrally symmetric field did not
comply with actual interactions occurring in negative ions.

Formations of negative ions and chemical reactions behavior with
participation of negative ions were studied mainly on glow discharges, i.e.
an attempt was made to simulate in some way conditions of the upper
atmosphere layers in laboratory conditions. These studies have shown a
significant role negative ions play in many cases (Massey, 1976).

Theoretical and experimental studies of the negative ions influence
in the process of artificial Earth satellites flights were performed in 1960-
70s (Grethcikhin, 2003). As a result, a strong frontal luminescence of
artificial satellites, especially in the area of the Earth’s shadow
(Grethcikhin effect), was predicted and direct measurements were taken
on board of the long-term space station “Salyut-4” at a flight altitude of
350 km (Grethcikhin, 2003). These measurements proved the theoretical
prediction concerning the brightness of luminescence and the distribution
of luminescence intensiveness around a flight vehicle.

The role of negative ions in voltage arcs and electrical sparks under
atmospheric pressure and upon the effect of strong laser irradiation with
a formation of a double electric layer was studied by Professor L.I.
Grethcikhin  and his co-workers (Grethcikhin, Tyunina, 1967),
(Grethcikhin, Minko, 1967) and (Grethcikhin, 2008). These works show
that the temperature of flares flowing out of cathode spots is determined
by the process of the negative ions ionization and that occurring electrical
currents of the double electrical layer compensation form the voltage arc
plasma without electrical current flow.

At the present time, due to strengthening of construction materials
and a reduction of friction forces with a use of nanotechnologies, a need
for a detailed investigation of the plasma state formation arises again;
this time, the studies are to be conducted in the vacuum high-current
voltage arcs when negative ions are formed. The objective has been set
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out: to conduct a detailed investigation of the negative ions formation
process mainly in cathode flares taking into consideration the latest
achievements in the field of nanotechnologies. To achieve this objective,
it is necessary to solve the following issues:

- to consider the formation of negative ions in the process of electrons
and atoms interaction taking into account the occurrence of integrated
electric dipole moments in atoms and polarization of these moments;

- to clarify what interactions do determine the energies of electron
affinity in diatomic molecules in consideration of the occurrence of
integrated electric moments in the ions of the positive molecule core;

- to clarify what interactions do determine the energies of electron
affinity in triatomic molecules in consideration of the occurrence of
integrated electric moments in the ions of the positive core.

Let us consider the set tasks consistently.

Formation of Negative lons in
Complex Atomic Systems

It has been established so far in the works (Grethcikhin, 2003),
(Grethcikhin, Shmermbekk, 2010) that, in complex atomic systems, a
deformation of the spherically symmetric s-states occurs as a result of
the p-s, d-s or f-s interactions of the electron shells. It leads to the
creation of the integrated electric dipole moment relating to the complex
atom center. Table 1 shows the performed calculations of the integrated
electric moment for atoms and positive ions of carbon, oxygen, titanium
and copper, taking into consideration Hund’s rule.

Table 1 — Integrated electric moments for atoms and positive ions
of carbon, oxygen, titanium and copper
Tabnuua 1 —BcTpoeHHble anekTpuyeckne MOMeHTbI Ansi aTOMOB
yrnepoga, Kicrnopoga v TutaHa
Tabela 1 — Ugradeni elektri¢ni momenti atoma ugljenika, kiseonika i titana

Element Electric dipole moment, Cm x 10
Carbon[8] | 2p'= [ 2p"- [ 2p°— [ 2p?-28” | pec=3.935/
r,=0.904 A | 25 2s° 2s' -4.490 3.089
5.830 | -3.811 6.466 pe,C+ =
1.976
Oxygen 2p' - | 2p'- | 2p°- 2p° — | peo = 2.891
r,=0672A | 2s' 2s° 2s' 28° 2.705
[8] 9.375 | -7.252 | 18.775 | -17.985 Pe,o+=2-755
2p°— | 2p°- | 2p*- | 2p*-
2s’ 2s? 2s’ 2s?
8.684 | -7.715 -8.491 7.495
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Titanium 3d'— | 3d'- | 3d°- 3d°— | peri=4.080
r=1.992A | 4s' 4s° 4s' 4s° 4.705
[9] 5.506 | -3.446 | 5544 | -3.524 | p.1 =2.020
pe,Ti+ =
10.946
Copper 3d; — 3d, — 3d; — 3d,— 4s 3ds— 4s Pe result
r,=1.762 4s 4s 4s -12.225 9.904 Cu
20.48 - 14.926 | 3dg— 3dio— 4s 8.831
5 18.034 | 3dg— 4s 4s -4.196 10.132
3de— | 3d,- | -5.695 | 4.864 Pe resut
4s 4s cu’
-7.981 | 6.784 0;
9,39:4,6
0

According to Hund’s rule, the arrangement of electron spins for
carbon, oxygen, and titanium is shown in Fig. 1 and for copper in Fig. 2.

For carbon and oxygen, the interaction of 2p-electrons with the 2s'
electron is taken with the sign “+” and with the 2s® electron — with the
sign “-” (Grethcikhin, 2008) and (Grethcikhin, Shmermbekk, 2010). In
oxygen, the first deepest cell of the p-orbit contains two electrons with
opposite spins. It leads to the instance when the second electron in the
third cell has the opposite-by-sign interaction of the 2p’-electrone in the
first cell with the electrons in the 2s-state. The second, the third and the
fourth electrons after releasing of the first cell take positions in
accordance with Hund’s rule, i.e. with the maximum values of the
resultant spin. As for titanium, ionization leads to electron loss in the 4s
or in 3d core. Both cases are shown in Fig. 1.

Carbon Oxygen Titaniu

2D1f2p11f¢4sf¢
25 [N 25 | AR

Carbon Oxygen Titgnium
ion ion lon

o [4] 2p [ 4]t ]as (1[4
2 M) 2 |1 f t [t

Figure 1 — Arrangement of spins of electrons in accordance with Hund’s rule
Queypa 1 - PacnonoxeHne CN1MHOB 3MEKTPOHOB B COOTBETCTBUM C NPaBUIioM XyHaa
Slika 1 — Raspored spina elektrona, u skladu sa pravilom Hunda
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Figure 3 — Interaction of the additional electron with the integrated electric moment of a
neutral atomic system
@ueypa 3 — BaavmopgercTere AONOMNMHNTENBHOIO 3M1EKTPOHA CO BCTPOEHHBIM AWMONbHbLIM
ANEKTPU4ECKUM MOMEHTOM HENTpanbHOM aTOMHOW CUCTEMON
Slika 3 — Interakcija dodatnog elektrona sa ugradenim dipolnim elektricnim momentom
neutralnog atomskog sistema

The arrangement of electron spins for a neutral copper atom is
shown in Fig. 2. In the process of copper atom ionization, it is possible to
remove an electron from the 4s or 3d state. If an electron is removed
from the 4s state and a rearrangement of other electron cores in the d-
state does not occur, then the electrons in the d-state form a closed core
and that is the reason why their internal interaction does not lead to
additional deformation of electron states and, consequently, internal
integrated electric moments do not occur. In such a condition, the
integrated electric dipole moment of a single ion of an atom equals zero.
If a significant deformation of the electron cores occurs in the 3d states
and an ion of the copper atom tends to form a state characteristic for a
nickel atom, then the conditions of electron spins shown in Figs. 2 b and
¢ are possible. The calculated values of the integrated electric dipole
moment in the states of Fig. 2 b and Fig. 2 ¢ are given in Table 1. Most
probable is the occurrence of the state shown in Fig. 2 a.

When an unbounded electron is caught by a neutral atom, there is no
interaction with the positive atom nucleus as the atom nucleus is completely
shielded by the electrons around the atom. Nevertheless, the electron caught
by the atom polarizes the atomic system by its field and then an interaction
occurs not with the effective nucleus charge but with the displaced cloud of all
electrons of the neutral atom occurring as a result of polarization.
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When there is an integrated electric moment, the outer unbounded
electron interacts with the electrical dipole inside the atom (Fig. 3). In
such a case, the atom can attach the electron and then can be
transformed into a negative ion. The effect of the electrical field of this
electron causes a displacement of the electron cloud of the neutral atom
relating to its center of all energy states. If an external field is formed by
the additional electron, the condition of forces equity for the valence
electron of the atom in the k-state is as follows:

Figure 3 — Interaction of the additional electron with the integrated electric moment of a
neutral atomic system
Queypa 3 — BzaumogencTame JONOMHUTENBHOIO 3NEKTPOHa CO BCTPOEHHBIM ANMNOSbHbLIM
ANEKTPU4ECKUM MOMEHTOM HENTpanbHOM aTOMHOW CUCTEMON
Slika 3 — Interakcija dodatnog elektrona sa ugradenim dipolnim elektricnim momentom
neutralnog atomskog sistema

2 ® 2 ® 2
e _ Ze Z.e

dreyry  Arme,r;  Ame,(r, +Ar)’

(1)

where r, — the rotation radius of the electron of the atom in the k-state,
Z,- the effective atom nucleus charge in the k-state for the electron

under consideration, e — the charge, &, - the dielectric permittivity

constant and r, — the radius of the negative ion electron moving away
from the atom center.

Hence, the displacement of the outer electron cloud of the k energy
state relating to the atom center is

3
T

T 27

Ar, (2)
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The energy of the interaction of the outer electron with the integrated
electric dipole of the atom taking into account the energy input for
polarization is the electron affinity and it is as follows:

2 Z'e’
EAz— 2P 3 ZiC {l— 1 } 3)

dre,ry T Ame,|r, 1, +Ar

where p,—is the integrated electric dipole moment of the neutral atom. It

is obvious that the interaction potential (3) will bear the minimum;
otherwise, the system will not be stable. That is the reason why the
electron affinity and the negative ion radius are determined by the
minimum value of the interaction potential (3). The results of the
interaction potential calculation for the atoms of carbon, oxygen and
copper are given in Fig. 4a, while for titanium they are shown in Fig. 4 b.

The energy of electron affinity can be measured with high accuracy, i.e.
within the limits of 3%. That is why, when using the values of atom affinity to an
electron, one can obtain real values of the integrated electric dipole moments
of complex atomic systems and, at the same time, the negative ion radius.

The electron affinity for the carbon atom at the atom radius 7, = 1.091

A, the valence ion electron moving away from the atom center r, = 1.095 A
and p, = 3.935-10°° Cm, calculated by equation (3) equals the experimental
value — 1.263 eV. The radius of the carbon atom is slightly bigger than the
value obtained by the quantum-mechanical method: 0.905 A (Brattsev,
1966) and 0.922 (Radtsig, Smirnov, 1980). When the atom radius equals
0.905 A, the experimental value of the electron affinity has the effect when
the electron moves away from the atom center in the negative ion 1.02 A

and in the integrated electric dipole moment p, =3.089-10™° Cm. The
interaction potential for such a case is given in Fig. 4a.

EA, eV EA, eV

04 } 0.02 }

O 1. 1 L 0 - N

o 115 2.0 25r,A 2V 50 60 70rA

0.4 | 0.02 |

0.8 | 0.04 |

12 1 0.06 |

1.6 | 0.08 ] b)

Figure 4 — Potential of interaction of the valence electron in the negative ion for: a) atom
of carbon 1, atom of oxygen 2 and atom of copper 3; b) atom of titanium
@ueypa 4 — MNoTeHuman B3aMMOAENCTBIS BANEHTHOTO 3MEKTPOHA B OTPULLIATENBHOM MOHE a)
Ons atoma yrnepoga 1, ans atoma kucropoga 2 v anst atoma megu 3; 6) ana atoma tutaHa
Slika 4 — Potencijal interakcije valentnog elektrona u negativhom jonu a) za atome
ugljenika 1, za atome kiseonika 2 i za atome bakra 3; b) za atome titanijuma
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For the atom of oxygen with the value of the integrated electric
dipole moment p, o = 2.891:10°° Cm, the atom radius = 0.7073 A and the
negative ion radius r, = 1.04 A, the affinity energy equals -1.4611 eV,
which corresponds to the measured experimental value. The radius of
the oxygen atom in the reference book (Radtsig, Smirnov, 1980) equals
0.655 A, in the reference book (Brattsev, 1966) 0.672 A, and in the
reference book (Physical values: Reference Book, 1991) 0.74 A. For the

radius 7, =0.672 A, the experimental value of the electron affinity has an

effect at 7, =1.01 A and the electric dipole moment p, =2.755-10"°

Cm. The interaction potential of the valence electron of the negative ion
of oxygen is shown in Fig. 4a.

The calculated value of the electric dipole moment for the copper
atom is p, = 8.83:10°° Cm. When the atom radius equals 1.551 A, the
minimum of the potential curve corresponds to the experimental affinity
value 1.23 eV if the electron moves away from the atom center — 2.01 A.
When the copper atom radius equals 1.762 A (Radtsig, Smirnov, 1980),
the experimental electron affinity value has an effect when the electron
moves away from the atom center, 2.017 A with the integrated electric

dipole moment p, =10.132-107° Cm.

For titanium p, =4.08-10™" eV and r, =1.811A on the basis of

equation (3), we obtain EA = 0.079 eV at r, = 5.37 A. Taking into
consideration the fact that the calculation of the integrated dipole moment
is not accurate enough, it is known that when measuring the value of the
dipole moment one obtains the experimental value of electron affinity

equal to the experimental value, at r, =1.992 A (Radtsig, Smirnov,

1980), 7, =5.55 A and p, =4.702-107° Cm. The interaction potential
for the negative ion of titanium is given in Fig. 4b.

Therefore, the electron affinity energy for atoms is determined by the
interaction of the outer electron with the integrated electrical moment of a
complex atomic system as well as by the columbic interaction of the
valence electrons of negative ions and electrons of the neutral atom of all
energy states. Integrated electric dipole moments for one force center
are calculated by the quantum-mechanical method using actual values of
the electrons radiuses of the atomic system in different energy states,
and then affinity energy is determined using classic electrodynamics.
This is sufficient for a practical use of the obtained electron affinity
values.
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Electron Affinity of Diatomic Molecules

Electric dipole moments in diatomic molecules are oriented opposite
to each other, as shown in Fig. 5. Bound energy in diatomic molecules is
determined by the following interaction types: covalent, ionic, induced,
electron-dipole and dipole-dipole (Grethcikhin, 2008).

AQ
or — S5

< »
<« »

Figure 5 — General diagram of the valence electron interaction with the diatomic molecule
in the negative ion
Queypa 5 — O6Lwwasa cxema B3anMOLAENCTBNSI BaNEHTHOIO 3N1EKTPOHA C ABYXaTOMHOMN
MOJIEKYIION B OTPULLIATENBHOM UOHE
Slika 5 — Opsta Sema interakcije valentnog elektrona sa dvoatomskim molekulama
u negativnom jonu

Particular values of all bound types for the molecules of carbon,
oxygen, copper and titanium are given in Table 2. The internuclear
distance was considered as a variational parameter and was determined
based on a condition when the dissociation energy and the ionization
energy of the diatomic molecule correspond to the test data. The
internuclear distances obtained in such a way exceed the values
obtained on the basis of the vibration spectrums of diatomic molecules
relating to the common center of gravity”.

) The distance between atom nucleuses is determined by the interaction potential value and
the distance between the electron clouds in the molecule - by the position of the interaction
potential minimum.
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Table 2 — Value of the atoms bound energies in diatomic molecules and the ionization
potential of diatomic molecules
Tabnuya 2 — BenvunHa aHeprum cBs3vM atoMoB B AByXaTOMHbIX MOfeKynax u noteHuuan
MOHM3aLMN ABYXaTOMHbLIX MOJIEKY
Tabela 2 — Vrednost energije veza atoma u dvoatomskim molekulima | potencijal
jonizacije dvojatomskih molekula

Mole | Values of the various bound energies, eV re, A | AQle 6, le off,
CU|e Ecov. Eion Einduc Ee-d Ed-d Eresu eV
ed It

(o)) -4.45 - - 0.06 | 0.20 - 1.60 | 3.86-10 | 12.0 | 1.51
0.744 | 0.194 0 8 5.12 0 -3 8 6

Cz -5.44 | -0.86 - 0.01 | 0.11 - 157 [1.0110° | 119 | 1.49
0.026 2 3 6.20 0 7

Ti2 - - - 0.55 | 0.38 - 3.27 | 3.8-10° | 6.30 | 3.61
0.918 | 0.069 | 1.151 5 3 1.20 6 0

Cuy - - - 0.67 | 0.38 - 2.96 | 4.3-10° | 7.40 | 3.60
1.236 | 0.083 | 1.787 4 1 2.05 1 6

It follows from the composition of diatomic molecules (Fig. 5) that
they can attach two electrons and become a double negative ion. The
affinity energy for a single negative ion equals:

2ep,,  2ep, A Zee'| 1 1
EA, =- p’12+ p’22+ A0 | % -
' Are,r,  Ameyr,  Amegr, T AmE |\ nt+r, ntr, +An
(4)
7"3
where Ar, :e‘—fz and it determines the displacement of the valence
«

electron cloud in the molecule; Z k - the effective molecule charge in the k-

state; rox — the effective molecule radius; 7, - the distance to the center of
the nearest atom determined by the position of the interaction potential
minimum; r, - the distance to the molecule center, r, - the additional

distance to the following atom, equal to r,; pe1 and p., — the

corresponding integrated electric dipole moments of ions of the interacting
atoms; and AQ - the induced charge occurring as a result of the valence
electrons interchange in covalent atoms bound in the diatomic molecule.
The sum of potential (4) considers the energy input for polarization
of the valence electron cloud of the diatomic molecule and for the
polarization of the electron cloud of the positive core atoms. The electron
cloud of the positive core atoms is shielded by the common electron
cloud of the molecule. That is why, when an electron penetrates to the
distance shorter than a single ionization molecule radius, the energy
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input for the polarization of the molecule core ions is considered. When
the core polarization is taken into account, then the energies of the
electron-dipole interaction bounds are not sufficient to penetrate deeper
than the radius of the single ionization molecule ion.

In particular, the theoretical calculation of the electron affinity value
as per (4) for the carbon molecule at the effective radius of interacting
atoms of 0.905 A (Radtsig, Smirnov, 1980) and at the electric dipole
moment of a single atom ion of the molecule positive

core p,; =1.976 10 Cm amounts to the experimental value of —3.39 eV

(Physical Values: Reference Book, 1991) at the distance of moving away
from the nearest atom 0.7643 A, at which the electron approaches the
atom center in the diatomic molecule under the effect of electron-dipole
interaction, and the distance to the atom center amounts to 1.4975 A, i.e.
it is equal to the average effective radius of the molecule.

As for the oxygen molecule, the electron affinity amounts to 0.44 eV
(Physical Values: Reference Book, 1991).

EA, eV 2

0 : H
0.5 A
1.0 A
1.5 A
20 7
25 1
3.0 W

Figure 6 — Potential of the electron and molecule interaction: 1 - carbon,
2 —oxygen and 3 - titanium
Queypa 6 — [NoTeHuman B3aMMoAenCTBUA INEKTPOHa C Monekynown: 1 yrnepoaa;
2 — kucnopoga un 3 — TuTaHa
Slika 6 — Potencijal interakcije elektrona sa molekulom: 1. ugljenika; 2. kiseonika i 3. titanijuma

The electric dipole moment for the oxygen atom ion equals 2.755-10
% Cm (Grethcikhin, Shmermbekk, 2010). When the effective radius of the
oxygen molecule amounts to 1.615 A and the distance of the electron
moving away from the nearest atom is 0.964 A, a complete overlapping
of the theoretically calculated electron affinity with the experimentally
measured value is observed.

In the diatomic titanium molecule, the effective radius is r,, = 3.283 A
and the positive ion of the atom upon the electron absence in the 3d-state has
the integrated electric dipole moment p, =2.02-10 Cm (Table 1). The
distance between the atoms in the molecule is 3.4635 A, the effective radius
of the diatomic titanium molecule is 3.283 A, and the induced relative charge
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isAQ /e =0.0232. In such conditions, the interaction of the electron with the
molecule has positive energy and that is why it cannot be captured by the
titanium molecule, i.e. the diatomic titanium molecule will not have electron
affinity. If the electron detachment in the process of the titanium atom
ionization occurs not from the state 3d, but from the state 4s, the dipole
electric moment of the titanium atom ion will amount to p, =10.946-107°
Cm, and the affinity energy will equal £E4A=2.115 eV.

In the diatomic copper molecule, the positive ion of the molecule
core does not have any electric dipole moment. Therefore, the electron
affinity of the diatomic copper molecule equals zero.

The potential of the interaction of the electron with the neutral
diatomic molecules of carbon, oxygen and titanium is given in Fig. 6.

Through the example of the diatomic molecules of carbon, oxygen
and titanium, it is demonstrated that the electron affinity in diatomic
molecules is mainly determined by the interaction of the outer valence
electron of the negative ion with the integrated electric dipole moments of
complex atoms, with induced negative charge between interacting atoms
and with the electron cloud of the neutral atom and its core.

Electron Affinity of Triatomic Molecules

A triatomic molecule is formed as a result of an atom interaction with
a diatomic molecule. During this process, the common electron shell forms
all the three valence electrons of complex atoms. That is the reason why
the positive core of the triatomic molecule contains single positive ions of
the initial atoms. The integrated electric dipole moments of the single ions
are arranged so as to maximally increase the energy of the atom bound
with the diatomic molecule. The arrangement of the atom relating to the
diatomic molecule in the triatomic molecule is given in Fig. 7.

Figure 7 — General diagram of the negative ion of the unbounded triatomic molecule
durypa 7 — O6Lasn cxeMa oTpuLaTeNbHOrO MOHa CBOGOAHON TPEXAaTOMHON MOSEKYIbI
Slika 7 — Opsta Sema negativnog jona slobodnog troatomskog molekula
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At the same time, the distance between the atoms is a few times
bigger than the equilibrium distance between the atoms in the diatomic
molecule due to the attraction of the nearest atom and the repulsion of
the distant atom in the diatomic molecule. The nearest atom in the
diatomic molecule is considered as the central one.

Moving away of the atoms from the central atom is nearly the same
and is indicated in Fig. 7 by r.. Other distances are connected with the

distance r. in the f ' y: the distances BD =r, =2r,sin(a/2);
AD=BC =r, =r,41,25-cosa; AC=r, =r,sin(c/2).

The calculation of dissociation energies in consideration of the
data from Table 2 and the input data for the atoms given in (Physical
Values: Reference Book, 1991) is accomplished by the methods
described in (Grethcikhin, 2008) and demonstrated in Table 3.

Table 3 — Values energy of bounds of the various interaction types between the atom and
the diatomic molecule
Tabnuya 3 — 3Ha4YeHUs: HEPruii CBA3M pasHbIX TUMOB B3aMMOOENCTBUIN MeXOy aTOMOM
W OBYXaTOMHOW MOJSIEKYOMN
Tabela 3 — Vrednost: energije veza razli¢itog tipa interakcije medu atomom i
dvoatomskim molekulom

Parameters Chemical reactions
C+C, 0+0; Ti + Tiz Cu+Cu;

re, A 1.570 1.552 3.276 2.961
Ecov, €V -2.668 -0.856 -918 1.553
Eion., €V -0.862 -0.129 -0.066 -0.080
Einduced., €V -0.281 -0.176 -0.583 -0.832
Eoq eV -0.102 -0.066 0.488 0.544
Egq, eV -0.080 -0.055 0.280 0.279
Eresut, eV -4.00 -1.04 -0.98 -1.64
Agle 0.0101 0.00986 0.0387 0.0411
Pe, C'm 10% 1.976 2.755 10.95 9.39
0, eV 12.69 12.52 8.76 10.51
rerr. A 2.086 2.169 4.025 3.885

The triatomic molecule catches the electron to its outer orbit. The
energy of the triatomic molecule affinity is determined by the interaction
with the integrated dipole moments of all the three ions of the positive
core and by its polarization. The distance of the caught electron from the
molecule center does not exceed its effective radius. The electron affinity
energy with the positive core of the triatomic molecule is mainly
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determined by the interaction of the valence the electron has with the
integrated electric dipole moment of the nearest ion. The distance at
which the electron approaches the nearest ion of the atomic core does
not exceed the radius of the triple ion of the molecule. According to Fig.
7, the resultant bound energy of the valence electron of the triatomic
molecule negative ion equals

FA =-E, +E,+E,+E,-E, +E, (5)

2p, . eAQ . ehg
4reg® 0 dmey(r+r,/2)) T Ame,(r +1,)’

T—o
2ep, cos
_2cosm—a)ep, , _ ( 2 j

47[80(r+re)2 A 47&5‘0(r+r1)2

where E, =

4

Z,e& T
E6=Z £ L __ ! nAr =—: i -
T Ane, \r+r, /2 r+r/2+Ar, 2Z,(r+r,/2)

When the triatomic molecule becomes the double-negative ion, the
bound energy of the second electron weakens and can be determined by

the equation

2
e

EA, =FEA +—, 6
? ' 4rze,3r, (©)
Particular calculations by equations (5) in consideration of the input
data from Table 2 and Table 3 are given in Table 4. The appearance of
the potential of the electron interaction with various triatomic molecules is
given in Fig. 8.

Table 4 — Input data and the interaction energy of the electron affinity of various triatomic
molecules
Tabnuya 4 — V\cxofHble AaHHble N 3HEePrusi B3aMMOAENCTBUS CPOACTBA K 3MEKTPOHY
pas3HbIX TPEXaTOMHbIX MOSEKY
Tabela 4 — Inicijalni podaci i energija interakcije

Parameters Negative ions
C; 0N Ti;

re, A 1.523 1.552 3.276
ra, A 0.905 0.672 3.610
ro, A 1.497 1.516 1.992
Fefi, A 2.086 2.169 4.025
ro, A 0.838 0.857 1.992
EA, eV 2.500 2.100 3.383
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Figure 8 — Potential of the electron interaction with the triatomic molecule:
1 carbon, 2 oxygenand 3 titanium
@ueypa 8 — MNoTeHuman B3auMoaeNCTBMSA SMEKTPOHA C TPEXaTOMHON MOMEKYNOW:
1 — yrnepogaa; 2 — kucnopoga u 3 — TutaHa
Slika 8 — Potencijal interakcije elektrona sa troatomskim molekulom:
1. ugljenika, 2. kiseonika i 3. titanijuma

It appears that the greatest value of the electron affinity is found in
the triatomic molecules in the unbounded state.

Conclusions

As a result of the studies performed, the following was established:

1. In the process of the negative ion formation, one is to consider the
outer electron interaction with the integrated electric dipole moments of
separate atoms, the induced negative cloud in the contact area as well
as with the valence electron of the initial neutral particle. For such
interactions, it is not correct to perform quantum-mechanical calculations
with a use of the Schrédinger equation.

2. In the process of the determination of the electron affinity to the
atom, one is to consider the electron interactions with the integrated
electric dipole moment of the neutral atom and the repulsion force of the
neutral atom valence electrons and negative ions in accordance with
Coulomb’s law.

3. The electron affinity to the diatomic molecule is determined by the
electron interaction with two integrated electric dipole moments of the
atomic ion, the induced negative cloud at the border of atoms
segregation in the molecule as well as by the columbic interaction of the
valence electrons of the negative ion and the neutral molecule.
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4. In the process of the electron capturing by the triatomic molecule,
affinity energy is determined by the electron interaction with the
integrated electric dipole moments of all the three ions forming the
positive core of the molecule as well as by the columbic interaction of the
outer electron with the electron cloud of the triatomic molecule and the
induced charges.
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OTPUUATENBHbBIE MOHbLlI ATOMOB, IBYXATOMHbIX
N TPEXATOMHbBIX MOJIEKYIJI

Jleorud V. Mpeunxun®, Bukmopus M. KOMapOBCKaﬂ6

@ Bernopycckas rocyaapcTBeHHas akagemusi CBaau, r. MUHCK,
Pecnybnuka Benapych,

o Benopycckuii HauMoHanNbHbIN TEXHUYECKUIN YHUBEpCUTET, . MUHCK,
Pecnybnuka Benapycs,

OBNACTb: maTepuarnbl, HQHOTEXHONOMS, CTPYKTypa 1 CBONCTBA
oTpuuaTenbHbIX MOHOB

BWO CTATbW: opurmHanbHas HayyHas ctatbsl

A3bIK CTATbW: aHrnuiickui

Kpamkoe codepxxaHue:

Cpodcmeo K anekmpoHy He orpedenssiemcs nymem peweHus
ypasHeHusi LlipeduHeaepa, a onpedenssemcsi 6051bWOU COBOKYNMHOCMbIO
pasHbix murnoe e3aumoldelicmeull. B amomax OCHO8HOU 6knad 8
€cpodCcmeo K 371eKMPOHY 8HOCUM C8513b MEXOY 8HEWHUM 3/1€KIMPOHOM
U  8CMPOEHHbIM  OUMO/bHBIM  3JIEKMPUYECKUM  MOMEHMOM
HelimpasibHo20 amoma. B Jd8yxamoMHbIX MOJsieKynax 3Hepauro
cpodcmea  npeumywiecmeeHHo  onpedensem  g3aumodelicmeue
8HEWHE20 3/1IeKMPOHA CO 8CMPOEHHbLIM OUMOSIbHLIM 3/IEKMPUYECKUM
MomeHmom briuxatiweao UoHa. B mpexamomHOU MoneKyne eHewHul
371eKMPOH 83aumodelicmeyem cO 8CeMu 8CMPOEHHbIMU OUMONbHbIMU
MOMeHmaMu MosIoKUMeIbHO20 0Cmosa.

KntoueBble cnoBa: OQunosnbHbIU MOMEHM, ompuyameribHbIl  UOH,
amowm, 08yxamoMHasi MOJIeKysna, mpexamoMHasi MoJsieKyrna.

NEGATIVNI JONI ATOMA, DVOATOMSKIH | TROATOMSKIH
MOLEKULA

Leonid |. Gre&ihin®, Vktorija M. Komarovskajab
@ Beloruska drzavna akademija saobracéaja i veza, Minsk, Republika Belorusija
® Beloruski nacionalni tehnicki univerzitet, Minsk, Republika Belorusija

OBLAST: materijali, nanotehnologije, struktura i karakteristike negativnih jona
VRSTA CLANKA: originalni nauéni &lanak
JEZIK CLANKA: engleski

Sazetak:

Afinitet prema elektronu ne odreduje se putem re$enja Sredinge-
rove jednacine, nego uz pomoc velikih skupova razliCitih tipova kova-
lentnih veza.
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Najveci doprinos za afinitet prema elektronima imaju veze izmedu
spoljasnjih elektrona i ugradenih dipolnih elektricnih momenata neutral-
nog atoma.

U dvoatomskim molekulima energija afiniteta se primarno
odreduje interakcijom spoljasSnjeg elektrona sa ugradenim dipolnim
elektricnim momentom najblizeg jona.

U troatomskom molekulu spoljasnji elektron stupa u kovalentnu
vezu sa svim ugradenim dipolnim momentima valentnih ljuski atoma.

Klju€éne reci: dipolni momenat, negativni jon, atom, dvoatomski mole-
kul, troatomski molekul.
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Summary:

The paper presents the research into the causes of increased
vibration levels on the diesel-electric generators at the Air Traffic
Control-Belgrade Airport. The types of diesel generating sets are of the
175 KVA No-Break type (no interruption in electricity supply). Diesel
generators serve as a backup power source (duplex system) in case of
interruption in the regular electricity supply from the city grid for the
systems and devices of the Air Traffic Control at Belgrade Airport. One
diesel generator is in continuous operation, while the second diesel
engine serves as a backup power system. The determined
vibrodiagnostic methods for evaluating the technical functioning of
diesel generators are an integral part of the documentation for the
maintenance and overhaul of the No-Break diesel-generating set.

Key words: diesel-generator sets, measurement and analysis of
vibrations, vibration levels, vibrodiagnostics, vibration parameters,
technical functioning of diesel generators .

Introduction

During operation of the diesel generating set type No-Break power
175 KVA, the Air Traffic Control at Belgrade airport there was a problem
of increased vibration levels at certain places aggregates. Diesel
generators function as a reserve power source.

The working principle of No-Break diesel generators is such as to
enable supply of all equipment and flight control systems without
interruption in the power supply in case of disruption in the normal power
supply from the city network.
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This means that all customers are still supplied with electricity from
the generator diesel generating set, which is powered by an electric motor
which is in the generating system drive. Devices and flight control systems
must not remain any moment without power because in that case was
marred by a system of air traffic control and air navigation safety.

In the event of an interruption in the power supply from the mains
immediately starts using flywheel diesel generators, where there is
electromagnetic coupling. This part of the system is always in constant
rotation, along with an electric motor, an elastic tie rods and a generator
generating set. Only a system is shown in Figure 1.

The applied methods are vibrodiagnostics reviews roadworthiness
diesel generators set. Measurement and analysis of vibration on diesel-
electric generators is administered with other users on all civilian and
military airports in the territory of Serbia and Montenegro, and the diesel
engines used in special-purpose facilities.

Description of the plant and measuring point
on diesel-electric generating sets type no-break,
power 175 KVA

In Figure 1, shows a schematic plant and measuring points on diesel
generating sets type No-Break power 175 KVA (Zegarac, 1999),
(Zegarac, 2000). Arrangements of electric generators: diesel motor,
flywheel, electric motor and generator are mounted on a common frame
(chassis) of aggregates, which is located below 12 pieces vibroizolators

1 [} 2y ' : = '
- | Lezajl || Lezgj2 1! LeZaJ3 5 3 Lez‘aj i} Lezaj5 i Lezaib |

! l—j : e L L ST B Al B
’r Mm T i 1\- \ \ |‘ \‘ I‘
! A A A \ \ A
! \ \ \ A v
\ 1
)

Orc~r==rN

Vlbro izolator

Figure 1 — Generating assembly scheme and the measuring points on the No-Break
diesel-generating set
Puc. 1 — Cxema aneKTpoCTaHLUMM U pacronoXxeHne BMbpoaaTymMkoB Ha AN3enbHOM
. 9nektpocTaHuum Tuna No-Break, ¢ mowHocmsbtro 175 kBA
Slika 1 — Sema postrojenja i merna mesta na dizel-elektroagregatu tipa No-Break
shage 175 KVA
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Basic information about the diesel engine:

* Manufacturer MAN Germany, Niurnberg, 6-cylinder in-line, water-
cooled engine,

* Type D2156 MTL

* Br. 501935 drive | / O

* Year in 1974.

* Engine power 204 PS

* RPM 1500 (o / min)

Basic data on electric motor:

* Manufacturer AEG Germany

* Type A5 315 S4

* Number of el. Engine 30 073.01-1

* Power 160 KW

* RPM 1500 (o / min),

Basic information about the generator:

* Manufacturer AEG Germany

* Type DKBH 284/04

* Number generator 73-464067

« excitation current 50 V, 2.8 A

* Power 170 KVA,

* Nuber of revolutions 1500 / min

* Other features 3 ~, cos = 0.8, Y 400 V, 253 A

Research methodology

The studies were conducted at 2 diesel-electric generators of the
same type, the drive mode with electromotor- first case when there is
a regular supply from the city network and the second case, diesel-
powered engine when there is no regular supply of electricity from the
city network. Measurement results and analysis are presented
graphically and in tabular form. Applied Research Methodology is the
same on both diesel generating set.The study was conducted based
on the measurement of linear vibration: -bearings aggregates
measuring point 1 ....... 6 - dimensional places MM 7 and 9 (points on
the base of diesel generators), MM-dimensional areas 8 and 10 MM (
point on the upper side of the diesel engine). Research was
conducted in three phases: aggregate by an electric actuator,
measuring at working revs (1500 o / min), actuator aggregates using
diesel engines, measuring at working revs (1500 o / min) -monitoring
behavior first generator in during his STARTING, to achieve a working
speed in diesel engines.

Zegarac, N., Research into the causes of increased vibration levels on the diesel-electric generators set at the air traffic control- belgrade airport, pp. 465482
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For testing we used the following measuring equipment: -multi
channel analyzer-Gen Rad 2512 Computer Aided Test System, the
American manufacturer General Dynamics Radio Spectrum, amplifier-
dimensional Danish manufacturer Briel & Kjeer, -triaxial accelerometer
(vibration sensor), Briel & Kjeer, -optical speed sensors German
manufacturer Hottinger Baldwin Messtechnick, -measuring amplifier for
speed sensors, the manufacturer TRCpro - Novi Sad,

For the analysis and evaluation of data at the point of measurement,
were used the following diagnostic methods: Analysis of RMS value (root
mean square) speeds in all three coordinate directions, X, y, z score
sheet on the basis that according to the recommendations of Standard
ISO 2372. Analysis of Crest -factor to assess the current state of the
bearing unit. Spectrum analysis and harmonic analysis with the aim of
diagnostics in low frequency domain. Analysis vibration rotor system in
the unsteady state (empty promises or stopping), the generating I, (Li¢en,
2003).

”Spin”- measurement of vibrations on the bearings was conducted
in the frequency range from 0 ....512 Hz. Measurement of vibration
during the start of the generating |, was carried out in the range of 0
......... 1000 Hz.

Measurement and analysis of vibrations to electricity
generators and the electric drive mode

The ways in which we can describe, and therefore vibrations and
assess their impact on the mechanical construction:

* In the time domain,

* In the frequency domain, the frequency spectrum,

« Statistical indicators (scalar quantities).

Only vibration in the time domain may be from the standpoint of
their, but other than that does not provide ” impalpable” visualization, any
other benefits. Therefore, the image vibration signal in the frequency
domain, through various forms of frequency spectra much more
comfortable.

RMS value is particularly interesting because it has a dimension of
energy and talks about the energy content of the signal. Therefore, most
of the standards that have allowed defined vibration levels linked to the
RMS value as authoritative for the quantification of the vibration
(Standard ISO 2370, Standard ISO 10816).

Recommendations for vibration in accordance with ISO 2372, ISO
10816, are given in Figure 2 and 3.
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Just Tolerable

Just Tolerable

g Just Tolerable Allowable
g 22| Just Tolerable Allowable
e Allowable
Good
s [ F ] Allowable
Good
[ F
Good Lame aachives with
L E -1 rigit and heavy Lame machines
Good Medicar m ackine s foundations whoze opermating at speeds
| -3 1 15-75 KW or upto ratural freque ey above foundation
Smallmachines up o 300 KW on special exceeds m ackine natural fequency
wig| 15 KW foundations fequency (e-g Twrbom achines)
Gioun K Gioun il G roup G G roup T

Puc. 2 — PexomeHayeMble 3Ha4eHus1 BMbpauwii, cornacHo ctaHgaptam 1ISO 2372

Figure 2 — 1SO 2372 standard recommendations for vibrations

Slika 2 — Preporuke za vibracije po standardu ISO 2372

VIBRATION SEVERITY PER ISO 10816

Class Il

Machine

infs | mmls

Vibration Velocity Vrms

0.01{ 0.28

0.02| 0.45

0.03| 0.7

0.04| 1.12

Class |
small
machines

0.07| 1.80

0.11] 2.80

0.18] 4.50

0.28| 7.10

0.44| 11.2

0.70] 18.0

0.71{ 28.0

1.10[ 45.0

Puc. 3 — PekomeHayeMble 3Ha4YeHusi Bubpauumi, cornacHo ctaHgaptam 1ISO 10816

medium
machines

Class Il

large rigid
foundation

Class IV

large soft
foundation

Figure 3 —1SO 10816 standard recommendations for vibrations

Slika 3 — Preporuke za vibracije po standardu ISO 10816
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In the assessment of bearing condition, using a scalar indicator is
used the most so. CREST factor in the limited time block, defined as the
ratio of peak (Eng. Peak) value of the signal and its RMS value. The bed
is usually not present only one type of failure, but a combination of
several kinds of dismissal, as well as their number, the display is shown
in Figure 4.

T f Peak
'REST factor = ———
CREST factor 2MS
Pesk rrasts 3
mm
otkaza RMS rasts 3
nteanziviraniem
wroia atkaza
4 CREST lagtor —

e

|
|

-
>

Vreme

Figure 4 — Change of the CREST factor during the bearing life
Puc. 4 — NameHeHus amnnutygHoro cpaktopa paboyero noawumnHmka
Slika 4 — Promena CREST faktora u toku radnog veka leZaja

The results of vibration measurements on electric generating set |, in
an electric motor drive, are given in Table |, in a diesel engine facility in
Table .
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The first power unit: electromotor power

Table 1 — Measurement results for case 1: aggregate |, electromotor power
Tabnuya 1 — Pe3ynbTaTbl U3MepeHusi NepBOro aHanmanpyemoro criyyas: |
3MNeKTPOCTaHUMs C NPMBOAOM OT ANeKTpoABUraTens
Tabela 1 — Rezultati merenja za prvi analizirani slucaj: | agregat, pogon elektromotorom

VIERACIONO STAMNJE AGREGATA Tabela
F1e L O i . Pogan:
Daturn ispitivania ogirajenje; i
13.01.1999 god DIZELAGREGAT “SURGIN" glektromiotonom
Br. obrtaja: 1500
—_— ’:I- H-."-.
(Eay | Waa NS | poear | HARMONCH jas] [ STANJE |
E vrednost . I I / Vi o
8r braine[mmvs] | faktor | |50 2372
X 1588 11499
L 1 B 54 | 0.B18 DOZWO-
Fa 22 | 0475 - LJENOD
0.08 ) G
L2 i E 5,- B LMl
— — LIEMO
il ad
W 163 K
Vg 2 = Tors - DOZVO-
- T LJENO
x 157 | 0.068
L 4 ¥ 0.883 | 108 | OOZVO-
Fa KT 3.295 | 0.568 | | LIEND
X | 0447 | 438 | o7 |oarr | . =]
LS | ¥ | o358 | ze5 | 1307|4048 | - | - | i
g Z | 467 | as8 | 1508 |zee1 | - | - | LJENG
X | 0.414 350 | 0068 | o356 | - | T
LB v B.2T 451 | 328 | 299 | o | Dozvo-
i Z | 3089 | 431 | 2308 6783 | LIENO |

RMS level of speed shows that the behavior of aggregate to ISO 2372
guidelines for all beds aggregates within acceptable limits. Also, it can be
concluded on the basis of Crest factors, which lies in the range of 2 ... 4,
which is considered good for the behavior of the bearing Analysis Crest
factors do not suggest that either of the beds significantly damaged.

Harmonics analysis can be concluded that the energy contained
mainly in the first and the second harmonic (in the case of electric

drives), which leads to imbalance.

Semi harmonics higher harmonics are not present a measurable, so
that it can consider that the geometry (Alignment) system is relatively

good.
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Measurement and analysis of vibrations in the drive
mode diesel-generating set |

The first unit: Drive diesel engine

Table 2 — Measurement results for case 2: aggregate |, diesel engine power
Tabnuya 2 — Pe3ynbTaTbl U3MepeH1sl BTOPOro aHanm3vpyemoro crny4yas:
| aneKkTpocTaHumMs ¢ NPUBOAOM OT AN3ENbHOro ABuraTens
Tabela 2 — Rezultati merenja za drugi analizirani slu¢aj | agregat, pogon dizel motorom

VIBRACIONO STANJE AGREGATA Tabela |l
ey . 3 . Pogon: |
Datum ispitivanja Pastrojanja ] e -
13.01.199%9 god DIZELAGREGAT “SURCIN" Br. obriaja: 1500
@min
TE?,A J | Ukupna AMS | oo HARMONICI [mmvs] STANJE
VIEOn oot : I I i v W Wi pa
L Br brzinalmm/s] | faktor = 150 2372
X 2.88 3.32 068 120| 017 041 ] 018 ] 0.54 |
5 | W 3.28 2.40 102| 108) D23| 023| 028 042 | DOZVO-
[ 7 | 122 3.82 17| 030 | 004 0.L03| 064 | G014 | LIENOD
I % 2.1 184 | 0.78| 043 | 0.19| 0.08| 0.07 ]| 0.05
(5 P Iy 294 192 095 032 211 021 0.22| DOZVO-
Fi 1.55 210 | 031 062 | 0.18| 007 021 018 | LIENO
" 308 2 Ef 180 | 094 0.18| 0.16| 0.22| 0.15
L3 ] 356 3145 | 0439 | 085 | 0.32| 0.78| 0.34] 0.8 | DOZVO-
- an 1.43 076 | 1.85| 0.14] 007 0.15| 0.18| LJENO
X | 312 | 235 | 180 o088[ 017 047 0.21] 042
L4 W 421 3.50 D1z | 0.5 1.14| 1.84| 0.17| 058 DOZVO-
2 | 2m 208 | 087 0.60| 058 039] 017 00| LJENG
% 481 | 135 162 224| 025| 0.06] 037 027
LS ¥ | 566 | 253 | 1.00| 0.62] 1.46| 1.46| 043| 0.68| DOZVO-
a 4,41 3.25 107| 1.70| 053] 0.65| 0.33] 0.13 LJENO
| X | 482 | 213 | 1.80] 1.97] c20] 093] 047] 025
L8 Y 371 | 414 | 061| 0.71| 050 1.23| 0.28| 038 | DOZVO-
Z 444 | 254 | 210| 104| 011 ] O57] 0.19] 043 LJEND
X el - - - - S |
MMT ¥ 558 | 335 112 | 0.73 | 284 | 0.21 | 028 | 0.37 |
" : : : 1.90 = i -
MME ¥ | 606 | 428 | 072 | 1.96 | 1.97 | 0.60 | 0.63 | 3.18 | |
e v T, R, R 3 Tl
—5 ! e = : . |
L T I | 2 9.28 | - . - | .
2ol = 1 -

In the drive with a diesel engine, there is a strong increase in even
harmonics (ll, IV, VI), which is associated with the excitation of the
ignition stroke at 6-cylinder, four-stroke engine. Nevertheless vibration
levels lie relatively low, but some service or replacement parts on
aggregate at this stage is not necessary.
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It is obvious that when operating the generating set is in standby
drive with a diesel engine, vibratory situation differently, and that the
initiative even harmonics causes slightly increased vibration.

The analysis of radial deformation in the Y-Z level in all aggregate
bearings L1 ...... L6.

Due to the volume of research in this paper it is shown only for bed
L1 and L2, a general assessment of the technical condition of the entire
generating set and displayed through the final note.

Condition on the bearing L1: Energy radial movement of the first
bearing is the most concentrated within the first harmonic. The which phase
shift between the signals is close to the corner of 90 indicates the combination
of a mild imbalance and other disorders of the first order. There is an element
that was because of its location close to the fourth harmonic, and as such is
likely induced by diesel engines. The first two harmonics of vibration in the Y
direction are significantly higher than the corresponding ones of the Z-direction,
which is logical in view to the elasticity of the system is higher in the Y-
direction, which enables a large amplitude of vibration, the display on Figure 5.

Unakrsni spektar S.z(f) na lezaju 1

Y PRAVACXZ l"!if\\‘/‘f\ﬂ

0.0 | |

‘: WRIJ\\~
a \

PHASE
DEGREES

0.5000 |

ME CSPEC LIN |
CH 2%CH 3

2X+%3X+ |
MM/S*MM/S |

0.0 | | V.

0.0 LIN FREG (HZ) N 800.0
FREG (HZ): 26.00 AMPL: 0. 4352 PHASE: -81.33

Figure 5 — Syz(f) Cross spectrum on bearing L1
Puc. 5 — B3anmHbii cnektp Syz(f) Ha noawwmnHuke L1
Slika 5 — Unakrsni spektar Syz(f) na lezaju L1

Condition on the bearing L2: In the cross spectrum Syz, bearing L2
fall “in” eyes, frequency components around zero frequency (i.e DC
component). DC component is significantly more pronounced in the Y
direction than in the Z direction which indicates its origin: vibroizolators are
much ”“softer” in the Y direction than in the Z direction which creates a slow
pace so move. Swimming-rolling (rolling) system along the X-direction. This
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shift can be significant in relation to the vibration of the bed, but do not affect
its status (high DC component does not damage the bearing).

Other frequency components by an amount similar to the amplitude
condition as the previous bearing, the phase shift is slightly different, the
first radial harmonic vibrations in Y and Z direction are very close to the
stage, is associated with the excitation of the diesel engine, see Figure 6

Unakrsni spektar S,;(f) na lezaju 2

¥ PRAVAC*Z PRAVAC
|

PHASE
DEGREES

ME CSPEC LIN |
CH 2%CH 3
2X+%3X+

MM/S%MM/S

\
T i e T T
. LIN FREG (HZ) 800.0
FREQ (HZ) : 26.00 AMPL: 0.5217 PHASE:

Figure 6 — Syz(f) Cross spectrum on bearing L2
Puc. 6 — BzaumHbii cnektp Syz(f) Ha nogwmnnHuke L2
Slika 6 — Unakrsni spektar Syz(f) na lezaju L2

Measurement and analysis of vibration during start-up
and operation of a diesel engine

In plants from the standpoint of the vibrating “passport” order to obtain
sheet were measured at the aggregate of vibrations in the STARTING-
powered diesel engine. The measurement was carried out by the analyzer
GenRad 2515 and SPIN software package. The method consists in the fact
that continually during STARTING (or stopping) measures the vibrations to
defend bearings, while the number of revolutions.

In addition, the program for a given speed change (for example, 20 r
/ min), shall record the vibrations of the same frequency spectra account.
, so-called ” look up ”.

These spectra are shown in three-dimensional form (spectral maps)
or in the form of Campbell's diagram. These presentations provide insight
into the forced frequency (rows) and their own interest-frequency system,
as well as the resonance phenomenon, or critical speeds, from “order
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tracking ” In addition, it is possible to follow the lines where it is possible
to identify the resonances that are excited harmonics.

The measurement was carried out on a bed L2 (Z and Y direction), as
well as on the bearing L5 (Y-direction). Only spectral maps, auto spectrum
for bed L2, LAS is given in Figure 7, but for bed L5, SYY in Figure 8 and
Campbell's diagram of the FFT, SYY, for bearings L2, in Figure 9.

m/s2**x2

0.0000

APS CH3 (VIBRAGCTJA 3) »
Window: Hann/Powr 11703/

GENERATOR SUK

Figure 7 — Spectral map, Szz autospectrum, bearing L2
Puc. 7 — CnekTpanbHas kapTta, Szz aBTO-CNeKTP, NOALINMHMK L2
Slika 7 — Spektralna mapa, autospektar Szz, lezaj L2

m/s2%%2
10.51 =
]
0.0000 1 — e
0.0000 FREQ HZ
APS CH1 (VIBRACIJA 1)

Window: Hann/Powr 11/09/98 00: 17: 38

GENERATOR SUKL

Figure 8 — Spectral map, Syy autospectrum, bearing L5
Puc. 8 — CnekTpanbHasi kapTa, Syy aBTO-CNeKTp, nogwunHuk L5
Slika 8 — Spektralna mapa, autospektar Syy, lezaj L5
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gog, " T Tt otppmt T T T 1800.
GENERATOR SUKL
LIN FFT CH2 (VIBRACIJA 2) P.A.P. = NO
= 4.00 m/s2 Threshold = 5.000 %

Figure 9 — Campbell diagram, FFT, Syy, bearing L2
Puc. 9 — Onarpamma Kamn6enna, FFT, Syy, nogwmnHuk L2
Slika 9 — Campbell-ov dijagram, FFT, Syy, lezaj L2

From the diagram it can be observed the following.
1. It can be seen several natural frequencies:

«from2 ...... 3 Hz, elastic suspension of the entire plant,
*ca..... 180 Hz, elasticity support structure,
*ca.... 500 Hz, elasticity support structure.

2. In the field of high frequency (over 500 Hz), you can not see any
component that initiated the wear of the bearing.

3. The spectral map to bed L2, it is clearly of one spectral component
of about 500 Hz, at a very low RPM, which is not relevant to the work unit.

Conclusion of the technical state of diesel generating set |

Based on tests conducted vibration state of the diesel engine, it can
be concluded the following: -state aggregates can be characterized as
GOOD, Vibration (although male) are characterized by: imbalance that is
virtually always present to some extent, secend and fourth harmonic,
during the operation of a diesel engine.
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The unit can be used in operational work. Given the long life is
necessary to the exploitation of aggregates every 12 months to exert
control technical condition of the unit.

Measurement and analysis of vibrations in regime drive
electric motor-generating set Il

After a certain time (every 12 months, so we specify measurement
intervals) was performed vibrodiagnostics and electromotor I, and to
determine the technical soundness and the need for repair of
aggregates.

The second unit: electric drive

Table 3 — Measurement results for case 2:
aggregate ll, electromotor power
Tabnuuya 3 — Pe3ynbTaTbl U3MepeHnsi BTOPOro aHanu3npyemoro criyyas:
Il anekTpocTaHuMsi ¢ NPMBOAOM OT ANEKTPOABUraTens
Tabela 3 — Rezultati merenja za drugi analizirani slu¢aj:
Il agregat, pogon elektromotorom

VIBRACIONO STANJE AGREGATA Tabela Il

T : = Pogon
alektromotorom
El.Agregat Mo-Brake, Il, SURCIN Br. ocbrtaja: 1500

Cia pitivania: | Pastrojenje

HARMONICI [mmis] [ STANJE
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The second unit: Drive diesel engine

Table 4 — Measurement results for case 2: aggregate Il, diesel engine power
Tabnuya 4 — Pe3ynbTaTbl U3MepeHUs BTOPOro aHanunampyemoro cnyyasi: Il
3MEeKTPOCTaHUMA C NPUBOAOM OT AM3eNbHOro ABuraTens
Tabela 4 — Rezultati merenja za drugii analizirani slu¢aj: |l agregat, pogon dizel motorom

|| VIBRACIONO STANJE AGREGATA Tabeia |

|I Datum ispitivanja: | Postrojenje: I Fogon:
dizel-motoram

| B.02.1999 god. ElLAgregat No-Brake, Il ,SURCIN Br. cbrtaja: 1500

| avrmiin |

STAMNJE

LEZay | Ukupna AMS | ~peor

wrednost Po
Br. brzine{mm/s] IS0 2372
x 7.91 | BTl
x :_? e TOLERA-
z ] MNTIC
%] E = |
L2 _'r'_ | =1 T-:,JI:—E_%-_
- z L
5 =
Ls [y [ Gaz| ai7] j Pl
z 7.72 3.0 i S
X ~ a.08 2.96
L4 ¥ 16.12 3.54 | NEDCE-
i 230 3.&3" - VOLJEND
* 8.36 268 = |
Ls [ ¥ 24,85 a7 | '],E‘:"'.?':
= 5.04 i 133 I VOLJENO
% 9.36 4.56 =
Le | 1B.41 1.72 \IE:"":(
| :: S I BEE VOLJEMO
» E = = >
MM Y 11,865 | a.89 3487 399 | 4571 Z08 ] = \cl:-FT_jE)jJ:D
i z 11.749 | 368 8800 744 | 1.967 | 0.163 | 0.998 |orag |
z ey A, ]
MME v - ! : - - g e NEDOZ-
Z 15.702 7 B2 G784 | 0306 | 1261 | 0355 [ozas | iaar] YOWENC
X - = | E T = [ e ] e
MM3 | ¥ [ Goags| ava 10.22 | 3.027 | 6.089 | 0.328 | 0.218 l 2616 | ”%tgggo
| Z 7.224 4.51 0.26 | 1.285 | 5.305 | 0.a74 | n 1 <
x - - £ AL - = I | = —
MM10 Y i = | NEDOZ-
! E = = = b ! VOLJENG
. 23.327 5,93 1324 | 1973 | 4738 | 0.409 | 0.470 | 2.616 8

On the basis of the examination of the vibrating sheet aggregates, it
can be concluded the following:

— general sheet aggregates can be characterized according to the
ISO standard as BAD,

— basic Cause of elevated levels of vibration should be sought on
the insufficient quality of elastic joints (rubber and metal parts should be
replaced immediately) and requires tration of the generating circuits,

— perform replacement friction linings electromagnetic couplings.

— perform replacement of roller bearings: the flywheel aggregates,

— electromotor and generator units.
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Conclusion: The unit is not suitable for further use.

After the overhaul of the generating set is again done the
measurement and analysis of vibration parameters. It was found
that at the right time repairs done, the values measured vibrations
were in accordance with the prescribed norms and standards for
vibration. The unit is put into operational work in air traffic control
system.

It was found that practically every other year should be made a
general overhaul of engines, if it is used in continuous operation. After
some time, it has been shown that it is not possible extended exploitation
resources of aggregates, although done very well maintain. We had at
the end of the case, in one of the aggregates that were changed all roller
bearings, couplings, friction linings, but could not reduce the excessive
level of vibrations. After many measurements were found to be worn
vibroizolatoras (combination of rubber elements and cylindrical springs in
a block) under the chassis on which aggregates are aggregates all the
circuits ......... 12 pieces.

Worn under the vibroizolators generator aggregates, where we are
always measured the highest levels of vibration during use of
aggregates.

Accelerated procedure should be accessible procurement of new
generating set.

Conclusion

The paper applied modern vibrodiagnostic methods of measurement
and analysis of vibration, in order to determine the technical correctness
of diesel generating set, which are of particular importance for the Safety
of Air Navigation in the Air Traffic control. Vibrodiagnostic methods for
the assessment of the technical safety can be applied in research on all
types of generating set: No-Break, Break-short (short interruptions in the
power supply), automatic diesel electric generators, mini-hydro power
plants in your system are part of the turbine, a variety of flexible
couplings, roller bearings, flywheel and generator. The system is similar
to a fed-No Break aggregate.

In this way it is done in a planned and preventive maintenance of the
generating set, to exclude possibility of occurrence of system failure.

Generating set type No break-in time when they were introduced in the
operational work, have proven to be very reliable systems. The main lack
was their, high consumption of electricity. Continuously rotating electromotor
which in turn drives a generator to which they are all consumers, and in the
case a regular supply of electricity from the city network.
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In the event of an interruption in the power supply from the city
network, system No-Break aggregate drives a diesel engine. If a longer
period of interruption in the normal power supply from the mains, diesel
engines consume a significant amount of fuel. What happened was that
interruptions last for 2 days. For such cases must be provided large
quantities of fuel. For these two No-Break aggregate in reserve is always
bilo10.000 liters of diesel fuel in the underground tanks.

In recent years, No-Break generators are replaced with new types of
diesel engines, although they still have many locations to use.

The new diesel generators automatically aggregates having a break
in the power supply and up to 20 seconds, but after that time included in
the system work. To do this would not have happened with diesel
engines in the system set UPS systems (uninterruptible power supply),
so there is no interruption in the electricity supply.

However, it turned out that these systems have certain
disadvantages. If used in conditions on the hills, the mountains where the
large atmospheric discharges, very quickly deplete the UPS system
modules, which are later very difficult to obtain, since the manufacturers
of these devices are changing very quickly and produce new types of
UPS systems. It is a very expensive component.

His lack did not have a No-Break sets.
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NCCJIEJOBAHUE MPUYMH MOBLILLEHOIO YPOBHA BI/IEPALI,I/II?IV
HA ON3ENBbHbIX 3JIEKTPOCTAHUNAX B ABUAOVNCTIETHEPCKOU
CNYXBE — ASPOMNOPT BENMPALA

Hukona I1. XXerapauy,
Cepbckas akagemus nsobpetatenei n yueHbix, benrpag, Pecny6nuka Cepbusi

OBJTACTb: MalLUMHOCTPOEHUNE, NEKTPOTEXHUKA
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Pe3stome:

B pabome npedcmaerneHsbl uccriedosaHusi nMpuUYHUH Mo8bILEHHO20
ypoeHs1 subpayuli Ha OusesnibHbIX 351IeKmpocmaHyusix 8 Aguaducrnem-
yepckol cnyxbe — Asporiopm benepad. UccnedosaHbl du3eribHble
anekmpocmanHyuu muna No-Break (6ecriepeboliHast nodada anekmpo-
numaHxusi), MmowHocmbio 175 kBA.

HusensHble anekmpocmaHyuu Ucrosib3yrmcs 8 Kkayecmse pe-
3ep8HO20 UCMOYHUKa numarus (duplex sistem), e crnydyae nepebos
anekmpocHabxeHuss om eopodckux cemed, cucmeMm U yCrmaHOBOK
Aesuaducrniemyepckol ciyx6bl 8 Asporiopmy benzpad.

lpu amowm, odHa u3 Ou3esribHbIX 3feKmpocmaHyull pabomaem 8
becripepbisHoM pexume, a emopasi npedcmaesrisem cobol pe3epeHyro
cucmemy 3reKkmpocHabxeHusl.

Ymeepx0eHbl Memodbl OUEHKU eubpayuu, mexHUYecKoz2o Co-
cmosiHUs1 Ou3eribHOU 3rIeKmMpocmaHyuu, Komopble S68/I1I0mcsi HeOMb-
emnemol yacmeto O0KyMeHmauuu o codepxxaHuu u pemoHme No-Bre-
ak dusernbHbIX 3r1eKmpocmaHyud.

KntoueBble cnoBa: Ou3esibHble 3fieKmpocmaHuuu, UuaMepeHue U aHa-
nu3 subpayud, yposeHb gubpauyul, subpoduasHocmuka, napamempsi
gubpayuoHHOU XxapakmepucmuKu, mexHU4ecKkoe cocmosiHue Ou3erib-
HbIX 3r1ekmpocmaHyud.

ISTRAZIVANJE UZROKA POVISENIH NIVOA VIBRACIJA
NA DIZEL-ELEKTROAGREGATIMA U KONTROLI LETENJA
— AERODROM BEOGRAD

Nikola P. Zegarac
Srpska akademija izumitelja i naucnika, Beograd, Republika Srbija

OBLAST: masinstvo, elektrotehnika
VRSTA CLANKA: originalni nau¢ni Clanak
JEZIK CLANKA: engleski

Rezime

U radu su prikazana istraZivanja uzroka poviSenih nivoa vibracija
na dizel-elektroagregatima u Kontroli letenja-Aerodrom Beograd. Dizel-
elektroagregati su tipa No-Break (nema prekida u napajnaju elektric-
nom energijom), snage 175 KVA. Dizel agregati sluze kao rezervni iz-
vor napajanja (duplex sistem), u sluCaju prekida u redovnom napajanju
elektricnom energijom iz gradske mreze, sistema i uredaja Kontrole le-
tenja na Aerodromu Beograd. Jedan dizel agragat je u neprekidnom
radu, dok drugi dizel agregat sluzi kao rezervni sistem napajanja. Utvr-
dene su vibrodijagnosticke metode ocene tehnicke ispravnosti dizel
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agregata i one su sastavni deo dokumentacije za odrZzavanje i remont
No-Break dizel-elektroagregata.

Klju€ne reci: dizel-elektroagregati, merenje i analiza vibracija, nivoi vi-
bracija, vibrodijagnostika, vibracioni parametri, tehni¢ka ispravnost di-
zel agregata.
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Abstract:

Neural cryptography based on the tree parity machine (TPM) is
presented in this paper. A mutual learning-based synchronization of
two networks is studied. The training of the TPM based on the
Hebbian, anti-Hebbian and random walk as well as on the secure key
generation protocol is described. The most important attacks on the
key generation process are shown.

Key words: Tree parity machine; Neural networks; Cryptography.

Introduction

Information security (IS) is a set of processes, methodologies and
procedures for protecting the information and information systems from
unauthorized access, use, modification, or destruction. Protecting
information in potentially hostile environments is a crucial factor in the
growth of the information-based processes in the industry, business, and
administration. Cryptography is a key technology for achieving IS in
communications and computer systems (Basin and Peterson, 2015)
defined as the exchange data into a mingle code that can be deciphered
and sent across public and private networks (El-Zoghabi et al., 2013).
Cryptography provides four services: privacy, authentication, data
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integrity and non-repudiation. Privacy ensures that communication
between two parties remains secret; authentication is required to ensure
that information is exchanged with a legitimate party; data integrity refers
to overall completeness, accuracy and consistency of data while non-
repudiation assures that parties in communication cannot deny the
authenticity of their signatures on a document or sending a message they
generated (Rouse, 2015).

In recent years, cryptography as the application of artificial neural
networks (ANNs) has become more attractive and more widely studied
(Zhou et al. 2004), (Klein et al., 2004), (ElI-Zoghabi et al., 2013). Initially
inspired by neuroscience to imitate neural structures of the brain, ANNs
have been used to solve problems where analytical solutions have failed.
They are powerful tools for finding the decision automatically by
calculating appropriate parameters (weights) to make the compatibility of
one system to another (Abed, 2012).

Neural networks learn from examples. A “teacher” network is
presented by input/output pairs of data and a “student” network is being
trained on this data. After training, the “student’s” weights overlap with
the “teacher’s”. As a consequence, the “student” can classify an input
pattern that does not belong to the training set. It was shown that two
randomly initialized feedforward neural networks (FNNs), with one layer
of hidden units (Proti¢, 2015), which are trained on their mutual output,
can  synchronize identical time-dependent weight vectors.
Synchronization can be used for a creation of a secure secret key as well
as to construct a key exchange protocol for a secure transmission of
secret data using a public channel (Rosen-Zvi et al., 2002). In
comparison with traditional supervised learning, there is no fixed target
function in mutual learning, because each of communicating parties acts
as a “teacher” and a “student” simultaneously. Both of the two parties’
statuses are chaotic, driven by a random input (Zhou et al., 2004).

The advantage of neural cryptography is that the algorithm used in
generating a secret key can be a simple perception of the Tree Parity
Machine (TPM). Synchronization of TPMs by mutual learning only works
if both machines receive a common sequence of (random) input vectors.
For that purpose, each communication party uses a separate, but
identical pseudo-random number generator (PRNG). By mutual learning,
two parties synchronize their networks without transmitting inputs over a
public channel. Having reached full synchronization, parties can
authenticate each other by knowing weight vectors which are identical,
and represent a secret key.

This article presents the mutual learning of two TPMs based on the
Hebbian, anti-Hebbian and random walk learning rules. The following
paragraph presents the structure of the TPM. The secret key generation
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and the attacks on TPMs are described in Chapter 3. The analytical and
statistical results are presented in Chapter 4. The last chapter concludes
the paper.

Tree parity machine

The parity machine (PM) is a neural network applied in cryptography
to generate a secret key. It is also used for a key exchange protocol. The
TPM network is in fact an FNN that has input layer neurons constructed
in the McCulloh-Pitts model (Proti¢, 2015), (Dolecki and Kozera, 2015).
In the second layer, the network has neurons with specific activation
functions. The outcome of the output neuron is the results of the entire
PM network. Each PM network is described by three parameters: the
number of hidden neurons - K, the number of input neurons connected to
each hidden neuron - N, and the maximum value for weight {-L, ... L}. A
PM consists of KN random input elements x; = 1, j = 1...N, K binary
hidden units 0; = £1, i = 1,..., K, and one binary output unit 7=[;0;,, where
0; is determined via the function o; = sign(% ;w;x;). A PM that has three
neurons in the hidden layer (K=3) is called the three parity machine,
shown in Figure 1.

1={-1,1}
O, G, Oy ={-1,1}

WKN:{_LI . 'IL}
Wll WlN WZN

Xll XlZ Xl3 XJ.N XZl XZZ X23 X2N XKl XK2 XK3 XKN={_]" l}

Figure 1 — Tree parity machine
Slika 1 — Tree parity masina
Puc.1 — Tree parity malumHa
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Function sign(x) is given with the formula
-1, x<0
sign(x)=10, x=0
I, x>0

To calculate the output value, the following method is used (1)

K N
7= Hsign(Zwy.xi/.J 1)
i=1 Jj=1

Training the tree parity machine

Both communication parties, A and B, are using a TPM with K
hidden units (Kinzel and Kanter, 2002). In this example, each network
consists of three o units:

o/ =sign(wfxi) o’ =Sign(wiB xl.)

i,j

WA/BG{—L, —L+1, ... L1, L}, x, ef1, 1}

Three hidden bits o are combined to an output bit r of each TMP
output bit
' =0/0jo! 1’ =000}

The two output bits are used for a mutual training process. At each
training step, A and B receive identical input vectors x4, X2, X3 and the
corresponding output bit of their partner. The training algorithm goes in
this way (Ruttor et al., 2004):

1) if the output bits are different, T nothing is changed
2) if ¥ =7" =7, only hidden units which have an output bit

identical to the common output o*’* =7*'# are trained

3) to adjust the weights, consider three learning rules
a. Hebbian learning rule

wy = g(wk + DCkG(GkT)G)(TATB ))
b. Anti-Hebbian learning rule

wy = g(wk - DCkG)(O-kT)@(TATB ))
¢. Random walk

W; = g(Wk + ka(O-kT)@(TATB ))
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© is a special function:

0, a<b
G)(a,b): 1, a=b
0, a>b

Only weights are changed by these learning rules, which are
connected to hidden units with g; = 7. By doing so, it is impossible to tell
which weights are updated without knowing the internal representation (o,
0> ... Ok). This feature is especially needed for the cryptographic
application of neural synchronization. The learning rules have to assure
that the weights stay in the allowed range between -L and +L. If any weight
moves outside this region, it is reset to the nearest boundary value *L
(Ruttor, 2006). This is achieved by the function g(w) in each learning rule:

sign (W)L, |w| > L
g(w)= .
w, otherwise

Afterwards, the current synchronization step is finished. This process can
be repeated until the corresponding weights in A's and B's TPM have equal
values w/* = w. Further applications of the learning rule are unable to destroy
this synchronization, because the movements of the weights depend only on
the inputs and weights, which are then identical in A's and B's networks.

Secret key encryption

Compared to other algorithms based on the number theory, the neural
algorithm has several advantages. lts simplicity is the most important of them.
Also, it is easy to implement in hardware. Moreover, the number of
calculations is low. For every communication, a new secret key can be
generated. In this way, no secret information has to be stored for a long time.
The safety of algorithm is based on short time to train the TPM. Attackers who
know all details of the protocol and the information exchanged over the public
channel should not have the computational power to calculate a secret key.

Secret key generation

After a relatively small number of training steps, all pairs of the
weight vectors are identical, w’ = wp. The two multilayer networks have
identical synaptic weights. Weights can be used as a key for encryption,
a seed for random bit generators (RBGs) or a key in other encryption
algorithms (AES, DES, 3DES).
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Attacks

Security of neural synchronization is put at risk if an attacker E is
capable of synchronizing with any of the two parties during the training of
TPMs. The learning time of the attacker that is trying to imitate one of
parties in communication is reported to be much longer than
synchronization time (Abed, 2012).

Assume that E knows the algorithm, the sequence of input vectors
and the corresponding output bits. In time =0, E could start from all of
the (2L+1)>N initial weight vectors and calculate the one that is consistent
with the input/output sequence. It has been shown that all of these initial
states move toward the same final weight vector (Kinzel and Kanter,
2002). This task is, however, computationally infeasible.

A given protocol can be broken by geometric, probabilistic, and
genetic attacks (Kilmov et al.,, 2002), as well as under regular and
maijority flipping attacks (Zhou et al., 2004) and as such it is not entirely
secure. One of the attack strategies involves a large number of
cooperating attackers that succeeds in revealing the secret key.
However, in each time step, every attacker is multiplied to cover 2"
possible interpretations of ;.

Analytical and statistical results

Analytical calculations show that the attacker E can synchronize with
A and B after some learning time which is about 1000 times slower than
synchronization (Kanter et al., 2002). Why is that? The answer is simple:
The difference between the communication parties and the attacker is
that partners can influence each other’s network, while the attacker only
listens. Some attacks are presented here.

1. Klimov et al. (2002) proposed theGenetic attack in which a large
population of attackers is trained, and every new time step each attacker is
multiplied to cover 2“" possible representations of {g}} for the current output.
As dynamics proceeds, successful attackers stay while others are rejected.

2. The same group of authors has described the Probabilistic attack
in which the attacker tries to follow the probability of every weight
element by calculating the distribution of the local field of every input and
using the output.

3. In the Regular flipping attack (RFA), the attacker imitates one of
the parties. In a step in which his output disagrees with the imitated party,
he alters (negates) the sign of one of his hidden units. While the
synchronization time increases with L? the probability of finding a
successful flipping-attacker decreases exponentially with L.
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4. The strategy of the Majority flipping attack (MFA) is to use attackers
as a group rather than as individuals who cooperate. All weights are
updated in accordance with the majority’s results. Wang (2015) defines the
attacker to be successful if he is able to guess 98% of the weights.

5. Up to now, the most successful attack on neural cryptography is
the Geometric attack. The attacker uses the same TPM and training step
as A and B. Only for 7 = 1%, E performs the training step. When 7= agrees
with the two parties that communicate, E trains hidden units which agree
with the common output. For 1= # 7" the attacker first inverts the output
bit o; of the hidden unit with the smallest absolute value of the internal
field and then performs the training step. In this case, the probability that
an attacker can synchronize with A or B is non-zero. Consequently, if the
attacker uses an ensemble of sufficient TPMs, there is a good chance
that he can find a secret key (Mislovaty et al., 2002).

Conclusion

In the last decade, mutual learning based on the parity machine has
become popular to be used for cryptography. In this paper, a three parity
machine that is a special type of a feedforward neural network with three
artificial neurons in the hidden layer, one output neuron and KN input
elements is presented. Inputs to the network are binary numbers, while
the weights between inputs and hidden neurons take predefined values.
The output of the hidden neuron is calculated as a weighted sum of all
multiplications of inputs and weights. If the scalar product is zero, the
output of the hidden neuron is mapped to -1, otherwise it is mapped to 1,
in order to ensure a binary output from the network. The output bit of the
network is a product of the three bits of the hidden units.

Mutual learning is used for synchronization between two parties that
communicate across a public or private channel. During the synchronization,
both communication parties use the same tree parity machines, receive
common binary inputs generated randomly from the same random number
generator, and exchange output bits. Adjusting the weights according to the
learning rules leads to full synchronization in a finite number of steps.
Networks trained on their mutual inputs synchronize to an identical time
dependant weight vectors. This phenomenon is used to generate a secret
key. The learning rules presented in this paper are the Hebbian learning
rule, the Anti-Hebbian learning rule, and the Random walk.

An attacker who knows the input/output pairs can derive weights, by
learning with his own tree parity machine. Still, even if he eavesdrops a
message between the two parties, he cannot change it. The
communication parties benefit from mutual interaction so the passive
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attacker is usually unable to learn the secret key in time. This essential
mechanism allows synchronization but prohibits learning. However, it is
shown that some attacks such as the genetic attack, the probabilistic
attack, the regular and majority flipping attacks, as well as the geometric
attack can crack the tree parity machine protocol. Therefore, some
additional cryptographic functions can be combined with the tree parity
machine protocol to enhance security. Recent research presents the
results on combining a neural network and chaos synchronization (Klein
et al.,, 2004), splitting the mutual information and the training process
against flipping attacks (Zhou et al., 2004), adding feedback (Ruttor and
Kinzel, 2004) using tree parity machines of various sizes (depths),
applying delayed chaotic neural networks (Yu and Cao, 2006).
Prabakaran et al. (2008) used different learning rules with different units.
Additional research shows that various techniques for software
development and hardware implementation can also improve the security
of the tree parity machine (CyberTrone, 2009), (Godhavari, 2010).
Nevertheless, the specificity of the presented theme suggests that further
development of this topic is needed.
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HEMPOKPUMTOIPAGUS

HaHuena . MNpoTny

[eHepanbHbIi WTab BoopyxeHHbIx cun Pecnybnuku Cepbus,

YnpaBneHne nHopmaTukm u TenekoMmyHukaumii (J-6), LleHTp npuknagHon
mMaTeMaTVKu 1 anekTpoHukmn, Benrpag, Pecnybnuka Cepbus

OBJIACTb: TenekommyHukaLmm, MHopmaLmoHHasi 6e30nacHoOCTb
TUMN CTATbW: 0630pHas ctatba
A3bIK CTATbW: aHrnuiickui

B pabome npedcmaeneHa HelpoKkpunmoepaghusi, OCHOB8aHHas
CUHXpOHU3ayuu Ha 08yx Opeso8uUdHbIX MawuH YyemHocmu (TPM, tree
parity machines). lNpedcmasneH aHanu3 CUHXpOHU3ayuu memodom
dsyHaripasnieHHo20 0by4eHusi. OnucaH TPM mpeHuHe, OCHO8aHHbIU
Ha: npasune Xebba, aHmu-rpasusne Xebba u crny4daliHom bnyxdaHuu,
a makxe Ha [POMOKO/ie 2eHepayuu CKpbImo2o Krroya. B pabome
npusedeHbl caMble 3HaYUMbIE amaku Ha rpouecc 2eHepayuu Koya.

KnioueBble crnoBa: free parity mawuHa, aHanu3 pedu, HeUPOHHble
cemu, Kpunimoepachusi
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NEURONSKA KRIPTOGRAFIJA

Danijela D. Proti¢
General$tab Vojske Srbije, Uprava za telekomunikacije i informatiku (J-6),
Centar za primenjenu matematiku i elektroniku, Beograd, Republika Srbija

OBLAST: telekomunikacije, informaciona bezbednost
VRSTA CLANKA: pregledni &lanak
JEZIK CLANKA: engleski

Sazetak:

U ovom radu prikazana je neuronska kriptografija, zasnovana na
tree parity masini (TPM). Prouéavana je sinhronizacija dve mreze bazi-
rana na medusobnom obucéavanju. Opisan je trening TPM zasnovan
na Hebbovom, anti-Hebbovom i random walk protokolu, kao i na proto-
kolu za generisanje tajnog klju¢a. Prikazani su najznacajniji napadi na
proces generisanja kljuca.

Uvod

Informaciona bezbednost je skup procesa, metodologija i proce-
dura za zaS$titu informacija i informacionih sistema od neautorizovanog
pristupa, kori$¢enja, modifikacije ili uniStenja. Zastita podataka u po-
tencijalno neprijateljskim okruZenjima osnovni je faktor u napretku na
informacijama zasnovanih procesa u industriji, poslovanju i administra-
ciji. Kriptografija je klju¢na tehnologija za postizanje informacione bez-
bednosti u komunikaciji i racunarskim sistemima, definisana kao raz-
mena kodovanih podataka koji mogu da budu deSifrovani i preneseni
kroz javnu ili privatnu mrezu.

Kriptografija obezbeduje Cetiri servisa: privatnost, autentifikaciju, in-
tegritet podataka i nemogucnost pobijanja. Privatnost obezbeduje da ko-
munikacija izmedu strana ostane tajna, autentikacija je zahtevana da bi
bilo osigurano da informaciju dele legitimne strane, integritet podataka
odnosi se na celovitost, tacnost i konzistentnost podataka, a nepobijanje
obezbeduje da strane u komunikacifi ne mogu da poreknu autenticnost
njihovih potpisa na dokumentu ili prenos poruke koju su generisale.

Poslednjih godina kriptografija je, u smislu primene ve$tackih ne-
uronskih mreZa, postala atraktivnija i Siroko prouc¢avana. Pocetno in-
spirisane imitacijom neuronskih struktura mozga, vestacke neuronske
mreZe bile su koris¢ene za reSavanje problema tamo gde nisu bila mo-
guca klasi¢na analiticka reSenja. One su snazZni alati za nalaZenje re-
Senja automatski, proracunavajuci parametre (teZine) da bi se postigla
kompatibilnost jednog i drugog sistema. Neuronske mreZe uce iz pri-
mera. ,UCitelj” je predstaviljen parom ulazno-izlaznih podataka, a ,uce-
nik” je treniran na tim podacima. Nakon treninga ucenikovi parametri
odgovaraju uciteljevim, pa uc¢enik moZe da klasifikuje ulazne paterne
koji ne pripadaju obuéavaju¢em skupu.
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Dokazano je da dve slucajno inicijalizovane feedforward neuron-
ske mreZe sa jednim skrivenim slojem, koje su trenirane zajedni¢kim
izlazom, mogu da sinhronizuju istovetne vremenski zavisne teZinske
vektore. Sinhronizacija moze biti koriS¢ena za generisanje tajnog klju-
Ca, kao i za formiranje protokola za razmenu kljuCeva za zasti¢eni pre-
nos tajnih podataka koris¢enjem javnog kanala. U poredenju sa tradici-
onalnim supervised obucfavanjem, u medusobnom obucavanju nema
fiksirane ciljne prenosne funkcije, jer se svaka strana u komunikaciji
ponasda i kao ucitelj i kao ucenik.

Prednost neuronske kriptografije jeste da algoritam koriséen u gene-
risanju tajnog klju¢a mozZe biti rezultat TPM-a. Sinhronizacija TPM-ova
medusobnim obucavanjem radi iskljucivo ukoliko TPM-ovi dobiju istovetnu
sekvencu ulaznih vektora. U tu svrhu, svaka strana u komunikaciji koristi
Svoj, istovetan generator pseudoslucajnih brojeva. Medusobnim obucava-
njem dve strane sinhronizuju svoje mreZe tako da ne prenose ulaze jav-
nim kanalom. Dostizanjem pune sinhronizacije strane mogu da se identifi-
kuju, jer znaju teZinske vektore koji su identi¢ni i predstavijaju tajni kljuc.

Tree parity masina

Parity maSina (PM) jeste neuronska mreZa koja se primenjuje u
kriptografiji za generisanje tajnog kljuca. Takode, koristi se za protokol
razmene klju¢a. To je, u stvari, feedforward neuronska mreZa koja u
prvom sloju sadrzi neurone generisane po McCulloh-Pitts ovom mode-
lu. U drugom sloju nalaze se neuroni sa specificnom aktivacionom
funkcijom. Izlazna vrednost izlaznog neurona je istovremeno izlazna
vrednost PM-a. Svaku PM opisuju tri parametra: K — broj neurona skri-
venog sloja, N — broj neurona ulaznog sloja povezanih sa svakim neu-
ronom skrivenog sloja i maksimalna vrednost teZina. Parity maSina ko-
Ja ima tri neurona u skrivenom sloju naziva se tree parity masina.

Trening tree parity maS$ine odvija se na sledeci nacin: ako su izla-
zni bitovi razliciti niSta se ne menja; ako su isti menja se vrednost skri-
venim neuronima skrivenog sloja i to isklju¢ivo onima koji imaju istovet-
ne vrednosti sa svojim izlazima. Za podeSavanje vrednosti teZinskih
parametara koristi se jedno od sledecih pravila obu¢avanja: Hebovo,
anti-Hebovo ili random walk. U svakom koraku ulazi u obe TPM su isti.
Nakon $to je izvedena sinhronizacija, parametri TPM-ova (teZine) slu-
Ze za generisanje tajnog kljuca. Obucavanje mora da obezbedi da tezi-
ne ostanu u granicama dozvoljenih vrednosti.

Kriptozastita bazirana na tajnom kljuéu

U poredenju sa drugim algoritmima koji su zasnovani na teoriji
brojeva, neuronski algoritam ima nekoliko prednosti. Jednostavnost je
najbitnija od njih. Takode, laka je implementacija u hardver. Pored to-
ga, broj kalkulacija je mali. Na kraju, za svaku komunikaciju moguce je
generisati novi tajni klju¢. Na taj nacin ni jedna tajna informacija ne mo-
ra da bude pohranjena dug period. Sigurnost algoritma zasnovana je
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na kratkom vremenu za obucCavanje TPM-ova. Napadac koji zna sve
detalje protokola i informacija koje ¢e biti razmenjene javnim kanalom
nema dovoljnu racunarsku snagu da izracuna tajni kljuc.

Nakon malog broja koraka za obucavanje dve mreZe imaju iste
parametre koji mogu biti iskori§ceni za klju¢eve za Sifrovanje, genera-
tore slucajnih brojeva ili kljuceve za druge kriptografske algoritme. Bez-
bednost moze biti narusena ukoliko napada¢ moZe da se sinhronizuje
sa makar jednom od strana u komunikaciji. Medutim, vreme obucava-
nja je znatno duze. Cak i ako se pretpostavi da napadac zna algoritam
i sve parove sluéajnih ulaznih sekvenci i odgovarajucih izlaznih bitova
potreban mu je znatno veci broj kalkulacija, pa je sinhronizacija teska.
Medutim, dokazano je da su moguci napadi na TPM-ove. Dati protokol
moguce je napasti geometrijskim, propabilistickim i genetskim napadi-
ma, kao i klasi¢nim i vecinskim flipping napadom. Nova strategija na-
pada podrazumeva da se ukljuci veci broj udruZenih napadaca koji mo-
gu da uspeju da otkriju tajni kijuc.

Analitiki i statistiCki rezultati

AnalitiCki rezultati pokazuju da napada¢ mozZe da sinhronizuje sa
A i B nakon odredenog vremena obucCavanja koje je oko 1000 puta du-
Ze od vremena sinhronizacije. To je zbog toga Sto partneri u komunika-
ciji mogu da uti¢u jedan na drugog dok napadac samo slusa. U radu su
prezentovani sledeci napadi: genetiCki napad koji je zasnovan na veli-
kom broju multiplikacija; probabilistiCcki napad koji je baziran na prace-
nju verovatnoce pogadanja svake teZine; RFA gde napadac imitira jed-
nu od strana; MFA koji koristi viSe napadada kao grupu; geometrijski
napad Koji koristi pracenje izlaza obe strane u komunikaciji i izvodi tre-
ning alternacijom izlaznog bita skrivenog sloja sa najmanjom apsolut-
nom vrednoScu.

Zakljugak

U poslednjoj deceniji medusobno obucCavanje zasnovano na tree
parity masini postaje popularno za koris¢enje u kriptografiji. U ovom radu
prikazana je sinhornizacija dve neuronske mrezZe sa tri elementa skrive-
nog sloja i jednim izlaznim neuronom. Ulazi u mreZu su binarni brojevi,
dok su tezine brojevi predefinisanog skupa. Izlaz iz mreZe je proizvod iz-
laza iz neurona skrivenog sloja, koji su racunati kao suma proizvoda po-
Jedinih teZina sa odgovaraju¢im ulazima. Ukoliko je skalarni proizvod nu-
la izlazu se dodeljuje vrednost -1, u suprotnom dodeljuje se vrednost 1.
Medusobno obucavanje koristi se za sinhronizaciju izmedu dve strane
koje komuniciraju javnim ili privatnim kanalom. Strane Koriste iste tree
parity masine, primaju istovetne ulazne bitove i razmenjuju izlazne bito-
ve. Podesavanje teZina po pravilima sinhronizuje sistem na identi¢ne
vremenski zavisne teZine u konaénom broju koraka. Ovaj fenomen kori-
sti se za generisanje tajnog kljuca. Pravila obu¢avanja koja su prikazana
u radu su Hebbovo, anti-Hebbovo i the Random walk.
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Napada¢ koji zna izlazno-ulazne parove moZe da odredi teZine
obucavajudi tree parity masinu. Ipak, i ako presretne poruku, on ne
moZe da je menja. Komunikacija izmedu dve strane obezbedena je
medusobnom interakcijom tako da pasivan napadac¢ obi¢no nije u mo-
gucnosti da odredi tajni klju¢. Medutim, postoje napadi na ovakav pro-
tokol. To su genetski napad, probabilisti¢ni napad, regularni i vec¢inski
flipping napadi i geometrijski napad. Zbog toga je moguce kombinovati
protokol tree parity masine sa drugim kriptografskim funkcijama, kao
Sto su haoticna sinhronizacija, deljenje medusobne informacije u pro-
cesu obucavanja protiv flipping napada, dodavanje povratne sprege,
odlaganje, koriS¢enje masine razli¢itih veli¢ina (dubine), koris¢enje raz-
licitih pravila obucavanja, itd. Dodatno, istraZivanja pokazuju da razli¢i-
te softverske tehnike i hardverske implementacije takode doprinose
bezbednosti tree parity masine. U svakom slucaju, specificnost prezen-
tovane teme ukazuje da je istraZivanje u ovom pravcu i dalje potrebno.

Klju¢ne redi: tree parity masina, neuronske mreze, kriptografija.
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Abstract:

Over the last two decades, the need for the alignment of business
needs and opportunities of information technology (IT) has been
considered one of the key issues in IT management. Research in the
field of business and IT alignment gained momentum in the last
decade of the last century when it was realized that the cost-
effectiveness of IT investments directly contributed to the so-called
strategic alignment, ie. alignment between business strateqgy and IT
strategy. It is recognized that IT changes the direction in which
companies organize their business processes, communication with
customers and deliver their products and services.

The aim of this study is to investigate the current situation in
solving the problem of business and IT alignment in order to allow a
comparison of different definitions and a conceptualization of this
phenomenon, and also to consider the efforts made so far in order to
solve this problem. The conceptualization of the phenomenon of
alignment of business and IT is given through the strategic alignment
model that had the biggest impact in this area. The question of the
applicability of the model and the framework developed for the purpose
of alignment stems from the challenges facing the problem of
alignment of business and IT. These challenges are categorized and
particularly elaborated in this paper.

Key words: alignment, IT strategy, business strategy, strategic alignment
model.

Introduction

Annual Research Society for Information Management
(www.simnet.org) ranked ,Business and IT alignment’” among the top ten
concerns of senior management in the period from 2003 to 2010. Out of
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these 8 years, five years saw it as the ,biggest concern" (Silvius, 2013).
Despite many studies over several years on the topic of business and IT
alignment (the work (Chan, Reich, 2007b) analyzed more than 150
studies on this subject), the fact remains that this topic is at the top of IT
and business managers concerns(Silvius, 2013 ).

Alignment in the academic literature is conceptualized in different
directions (Chan, Reich, 2007a). One, perhaps the dominant direction, is
advocating the principle that IT should be organized and managed in such
a way that it reflects business management (Sauer, Yetton, 1997). In
(Reich, Benbasat, 1996) alignment is defined as the degree of agreement
between the mission, objectives and plans contained in the business
strategy with IT strategy. In (Henderson, Venkatraman, 1993) alignment is
seen as a level of fit and integration between the business strategy, IT
strategy, business infrastructure and IT infrastructure. The authors
(McKeen, Smith, 2003) represent the view that strategic alignment exists
when the objectives and activities of the organization (the business
system) and the supporting information system are in harmony.

In the literature, informal definitions of alignment can also be found.
For example, (Campbell, 2005) "Alignment is the joint work of business
and IT in achieving a common goal". Similarly, in (Abraham, 2006)
"Strategic alignment is when everyone is rowing in the same direction".
These perspectives do not refer to the vision, strategy, plans, etc., which
are mentioned in many subsequent academic definitions of alignment, but
their intuitive meaning is clear. However, due to their lack of precision,
these definitions are less helpful in articulating what exactly makes a good
alignment and how it can be measured (Chan, Reich, 2007a).

In the literature, in addition to the term alignment, there are also
terms such as: fit (Henderson, Venkatraman, 1993), (Wang, 2014),
linkage (Reich, 1993) and integration ( Henderson, Venkatraman, 1993).
The terms of harmony, bridge and fusion are also used in a similar
context and meaning, although there are differences in small details
(Chan, Reich, 2007a). In national literature, this area is not specifically
addressed regarding this aspect, so this paper adopts the term
alignment, starting from the fact that the development of business and IT
can be presented and monitored in the vertical plane, and the ultimate
goal is that they are at the same level, ie. aligned.

Taking into account the main components of different definitions of
the concept of alignment in the literature, (Silvius 2013) gives a wide view
of the alignment of business and IT, as well as the extent to which IT
applications, infrastructure and organization enable and shape the
business strategy and processes, as well as the process, ie. activities or
methodologies to achieve a certain degree of alignment.

For studying any complex problem, it is important to do its
conceptualization, for example, through the development of appropriate
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models. Models provide a comprehensive and prescriptive approach to
the study of the problem of alignment. Since the nineties, many
alignment models have been developed, and this paper will focus mainly
on the SAM (Strategic Alignment Model) model, which had a great
impact in this area (Chan, Reich, 2007a), and served as the basis for
many subsequent expansions.

The second chapter of the paper gives an overview of studies
related to the problem of alignment of business and IT. The third chapter
is dedicated to the conceptualization of the alignment problem. The
already mentioned strategic alignment model is presented. The
dimensions through which the model describes the alignment of business
and IT are defined as well as the fundamental domains of these
dimensions and the components of these domains. Some critical reviews
of this model are also given, as well as criteria (ie, variables) for
measuring the maturity of settling in the Strategic Alignment Maturity
Model (Luftman, 2000), which is the most quoted and applied empirical
model (Mekawy , et al., 2009). The fourth chapter presents the efforts
made to overcome the problem of business and IT alignment and the
effects of these efforts. The final chapter gives a conclusion stating the
main contributions of this work and possible directions for further
research.

Literature review

Henderson and Venkatraman (Henderson, Venkatraman, 1993)
presented a model for the conceptualization and strategic
management of information technology (called the Strategic Alignment
Model - SAM). The proposed framework is applied broadly and
generally considered as a key reference model alignment. The model
is defined by four fundamental models. These are: business strategy,
information technology strategy, organizational infrastructure and
processes, and infrastructure and information technology processes.
The interaction of these four components in two dimensions, the
integration of strategies and functional integration, form a state space
model. From this model, four alignment perspectives are derived with
specific implications for management practice (Strategy execution,
Technology transformation, Competitive potential and Service level).
This context does not present solution artifacts, nor the situational
differences of the business and IT alignment problem are considered.
The model provides neither constructions for measuring alignment nor
the instruments for its achievement. Therefore, empirical studies on
alignment generally apply models that can be seen as an extension of
the SAM model (Silvius 2013).
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Luftman (Luftman, 2000) developed a tool to measure strategic
alignment based on the maturity model which covers six different areas:
(1) communication, (2) competence / value, (3) management, (4)
partnership, (5) technological environment, and (6) the maturity of skills.
This approach enables, to a certain degree, the assessment of the
maturity of business and IT alignment in companies. This work was later
expanded (Sledgianowski, Luftman, 2005) into the framework of the
strategic alignment maturity assessment (SAMA). The assessment tool
can be seen as an artifact that supports the solution of the problem, but
the approach does not cover the characteristics of different situations in
the real world (Saat, et al, 2010).

Chan and Reich (Chan, Reich, 2007a) provide an overview of
literature related to the alignment problem in IT. They first discuss the
motivation for researching alignment. The dilemma of how much attention
should be given to research in this area was highlighted, ie. whether it is
always advisable to have strict business and IT alignment. The situations
and arguments when strict alignment is not desirable or is generally not
possible are given. The authors, however, take the view that alignment is a
challenge that deserves attention and study, and that alignment is a value
in itself, and that it contributes to the success of the organization. Standing
on the view that alignment is neither a static, nor one-dimensional factor or
process, being difficult to achieve at the same time, the authors expose
many perspectives of alignment and suggest a direction which researchers
and practitioners should follow. The definition of alignment is then
discussed followed by the presentation of the key alignment dimensions
and levels. The following dimensions of alignment are dealt with: strategic /
intellectual, structural, informal structural, social and cultural. When it
comes to the levels of alignment, the authors point out that it would be
ideal to have alignment at all levels of the organization, including the
organizational level, the system level, the project level and the individual /
cognitive level. The aspects of internal and external alignment are defined
and the importance of external alignment is stressed regarding the
relations with business partners such as customers and suppliers. The
importance of measurement is emphasized and different approaches for
assessing alignment are presented. Considering the measurement as
granular and descriptive, the authors describe the most significant
alignment models, believing that they provide comprehensive and
prescriptive approach to the alignment problem. Starting from the fact that
alignment can be seen as a construct measured at a given point of time as
well as an ongoing process, the authors elaborate the conditions and
outcomes of alignment, as well as models of the alignment process. A
special value of this detailed alignment literatuture review is a
systematization of advice for business managers and IT practitioners.
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The Cuenca at. al. (Cuenca, et. al., 2009) work was based on the
thesis that the IT strategy usually depends on the business strategy and
that the alignment of the two strategies improves their strategic plans. This
paper presents an overview of the strategic alignment between business
and IT and proposes the use of EE (enterprise engineering) approach to
achieve this alignment. It identifies necessary components for modeling IT
strategy and increasing the alignment of business strategy and IT. In
accordance with the EE approach, specific building blocks are defined as
well as new phases of the life cycle required for incorporating IT strategies
into the EA (Enterprise Architecture) framework. These suggestions are
illustrated on an example of a company for ceramic tiles.

A business and IT alignment problem analysis done in (Saat, et.
Al., 2011), using a prescriptive approach, showed that the alignment of
business and IT is not sufficiently specified to allow for a systematic
construction of artifacts that would represent a solution to the problem.
Also, the existing approaches are not situational and do not reflect the
diversity of the alignment problem in the real world. The authors use the
decomposition of the target in order to qualitatively characterize the
business and IT alignment from the following perspectives: (i) IT system,
(ii) business and (iii) IT management. The research study included 174
professionals from different European countries who helped in the
identification of four different situations of business and IT alignment. The
authors point out that the results of the study can be used to build models
and methods that would allow the alignment operationalization as well as
its adaptation to the needs of different situations.

Ula and Lai (Ula, Lai, 2011) have presented an objective-oriented
framework for the specification of requirements, which takes into account
the organizational context, and which should enable that the IT department
better understands the business objectives of the organization, so that the
IT system can better meet business requirements. The process of
managing the procurement of an automobile company is presented as a
case study to illustrate the approach.

A framework and a literature review from Aversano et al. (Aversano,
et al.,, 2012) are useful for the evaluation of different approaches to
alignment. Referring to the results of some studies that have addressed this
issue, they noted that the performance of business and IT is closely linked
and that a company cannot be competitive if its business and IT strategy are
not aligned.These studies are oriented to different abstract levels, from the
functional to the strategic one. Strategic alignment exists when the goals,
activities and processes of business organizations are in harmony with the
information system that supports them (Croteau, Bergeron, 2001). On the
other hand, the functional level of the analysis of alignment between the
existing business processes and software systems is necessary to optimize
the effectiveness of software support (Aversano, et al., 2012).
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Alignment models

Models provide a comprehensive and prescriptive approach to the
study of the alignment problem. Since the 1990s, many alignment models
have been developed; this paper focuses on the SAM (Strategic Alignment
Model) model which had a significant impact in this area (Chan, Reich,
2007a) and was the basis for many subsequent expansions.

Initially, IT had a strictly supportive function in business systems and
it was the department for assistance. However, with advances in
technology, many have realized a new IT potential in executing strategic
functions. Strategy is a very interesting and complex discipline. There are
different definitions of strategy, depending on the point of view. This
paper starts from the following definition: "Strategy is creating a synergy
between the company's activities (business system)." Namely, according
to (Porter, 1996), if there is no connection between the activities, there is
no specific strategy in the company. In such a case, management is
reduced to a simpler task of monitoring unrelated functions, and
operational effectiveness determines the performance of an organization.
Of course, business environment of an organization also plays a
significant role in the definition of its strategy.

Business IT

=
Functional Integration

Business Strategy @&——» IT Strategy

External

Strategic
fit

Organisational
Infrastructure
and Processes

Infrastructure
and Processes

Internal

Slika 1 — Strategijski model poravnanja (Silvius, 2007)
Figure 1 — Strategic Alignment Model (Silvius, 2007)
Puc. 1 — Mopgenb cTpaTternyeckoro BoelpaBHuBaHus (Silvius, 2007)
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The SAM model, defined in (Henderson, Venkatraman, 1993), is a
model for the conceptualization and strategic management of information
technology. This model describes the alignment of business and IT in two
dimensions (Figure 1) (Silvius 2007). The strategic fit differentiates an
external focus, aimed at the business environment, and an internal focus,
directed towards administrative structures. Thus, the strategic fit
represents a vertical link in the SAM model. The second dimension, a
functional integration, separates business and IT. Thus, the functional
integration represents the horizontal link in the SAM model. Together with
these dimensions, the model defines four fundamental domains: business
strategy, information technology strategy, organizational infrastructure and
processes, as well as infrastructure and information technology processes.

Each domain has its own components. The following is a brief
overview of these components (Luftman, 2000).

Business strategy

The business area comprises the market, products, services,
customers / clients and the locations where the company operates, as well
as current and potential competition that affect the business environment.

Characteristic competencies: critical success factors and key
competencies that provide a competitive advantage to the company. This
includes brands (special types of products in the enterprise), research
potential, production and product development, cost and price structure
of products as well as sales and distribution channels.

Business management: the way the company establishes the
relationship between management, shareholders and board of directors.
It also includes the impact of legislation on the company and how the
company manages connections and alliances with strategic partners.

Organizational infrastructure and processes

The administrative structure of the organization represents a way to
organize a business organization. It may be: centralized, decentralized,
matrix, horizontal, vertical, geographic, functional, etc.

Processes are models of business activities (eg. The mode of
execution of work by employees). In fact, the main activities are the ones
that bring a new value to the organization. An important aspect in this
field is the improvement of the process.

Skills are the domain of human resources management, which
includes recruitment / dismissal, motivation and training / education of
workers.
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IT strategy

The technological scope is the most important software and
hardware components.

System competence are special features (eg. access to information
that is important for creating / achieving the company's strategy), which
are characterized by IT services.

IT management is a way to share the responsibility for resources,
risks, conflict resolution in the context of IT, between business partners,
IT managers and service providers. Also, project selection and prioritizing
for their realization belongs to this component.

IT infrastructure and processes

Architecture: technological base, the choices and decisions that
enable the interaction between software, networks, hardware and
management into a cohesive platform.

Processes: actions and activities aimed at the development and
maintenance of applications and at managing IT infrastructure.

Skills: Domain of human resources management in IT, which
includes hiring / firing, motivation and training / education of workers.

Analysis and criticism of the SAM model

Although the concept of strategic alignment in the SAM model caused
great attention and constituted an important research direction for people
from business and IT, both in academia as well as in industrial circles, it
has undergone certain criticism (FADE, 2008). Thus, (Ciborro, 1997)
points out that the concept of the SAM model does not reflect the reality of
the current management practices of real business. The author sees the
SAM model as an attempt to merge two extremely unstable variables that
represent business and IT strategy. Conceptually, strategic alignment may
be well placed, but in everyday business there are significant difficulties in
its implementation. Frequent changes in business strategies have resulted
in permanent patching of IT support, which results in a shift in the field of
IT strategy, ie. its instability. Alignment is a conceptual bridge that makes
us appreciate the true nature of the coast that need to be overcome: the
management strategy and technology. The strategy seeks to link different
things in order to achieve the objective, and the technology embodied in IT
infrastructure is prone to constant "detours", since IT is constantly
changing, so it is often out of control. Thus, even if the strategic alignment
produces some results, they do not last long (Ciborro, 1997).
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Despite the criticism the SAM model experienced, its contribution
(and the contribution of models based on its extensions as well) cannot be
denied for conceptualizing the problem of business and IT alignment.
However, the weakness of this model is reflected in the limited possibilities
of application in practice. Therefore, the problem is their operationalization.
In order to overcome this problem, there have been developed models and
frameworks that represent an empirical elaboration of the alignment
problem. The aim of these models is to offer practical tools for measuring
the achieved level of alignment. In this context, the most quoted and
applied empirical model (Mekawy, et. Al., 2009) is the Strategic Alignment
Maturity Model (Luftman, 2000). It defines six criteria (ie, variables) for
measuring the alignment maturity. The respective criteria (variables) are
listed below together with their brief description.

* Communication. How well the IT and business staff understand
each other? Was it easy to make a contact, and how often? Does the
company communicate effectively with consultants, vendors, and
partners? Is both existing and newly acquired knowledge shared
internally, within the organization?

* Value measurement. How well do companies measure their own
performance and values of their projects? Are the project strengths and
weaknesses assessed on their completion? Are internal processes
improved so that the following projects can be better?

* Management. Are the current projects stemming from the
understanding of the business strategy? Do they support this strategy? Are
IT projects transparent, and is there a responsibility for their outcomes?

* Partnership. Is there a genuine partnership of business and IT,
based on mutual trust, sharing risk and success?

» Scope and architecture. To which extent did technology evolve and
become something more than just support for business? How and how much
did it help business to grow, become more competitive and more profitable?

* Skills. Do staff have the skills necessary to be effective? How well
do the technical staff understand the needs of business and speak its
own language? How much do the business personnel understand the
relevant technology concepts?

Efforts to overcome the business and IT
alignment problem and the effects of these efforts

Silvius (Silvius 2013) performed an analysis of the results achieved in
the field of measuring the actual impact of the alignment made in the context
of creating a new value. Alignment should contribute to business results
from the use of IT, thereby increasing business performance. However,
measuring the contribution of IT and investment in IT yields has powered
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intensive research in recent decades. The research results show that the
issue is an open problem for IT management and business in general.

Empirical studies have shown different results of the contribution of IT
investments to new business values. Several studies have demonstrated
the absence of the link between IT investments and the performance of
organizations (Silvius 2013). It was concluded that this problem has social
and organizational dimensions. Specific IT investments can have positive
effects in the organization A, but not in the organization B, depending on
how IT is used. Therefore, IT synergistic effects with other organizational
factors must be considered. In addition to the approaches that value the
contribution of IT to creating new values in the organization, there are
specific approaches that focus on the conditions and situational aspects
under which IT creates value in the organization. These approaches are
known as procedural approaches to the evaluation of IT (Mooney, et al.,
1995). In these approaches the focus is on the issues - why, how and
when IT creates value in the organization. The process approach links the
value, IT evaluation and alignment. Henderson and Venkatraman
(Henderson, Venkatraman, 1993) also suggest that the cost-effectiveness
of IT investments is a function of strategic alignment.

Challenges in business and IT alignment

Despite numerous studies, an apparently "logical" connection
between alignment and newly created values of the organization is not
sufficiently explored. So, the question remains how alignment affect, or
should affect, IT evaluation in the organization. This unexplored
connection may be one reason why the alignment of business and IT
remains the dominant concern of business and IT menagers. Research by
the Society for Information Management (www.simnet.org) showed that,
despite the conceptualization and operationalization of alignment,
alignment of business and IT remains a challenge for many organizations.
This fact raises the question of the applicability of models and frameworks
developed for alignment. Silvius (Silvius 2013) analyzed the reasons for
this situation. Below is an outline of the main challenges for alignment of
business and IT that follow from empirical studies (Silvius 2013).

The problem of the lack of a generally accepted framework or model

After several years of research in the field of alignment, there is still
no recognized, generally accepted framework or model. It should provide
a common ground for researchers and practitioners in understanding and
study of alignment, in order to acquire further theoretical knowledge and
lead to practical applications of this concept. As noted above, the SAM
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model (Henderson, Venkatraman, 1993) can be considered as the
starting point for the models and frameworks of alignment of business
and IT. Although this model helps in understanding the components that
cause alignment, it does not give a way and directions on how to achieve
alignment. The models which are an empirical elaboration of the problem
of alignment, such as the Strategic Alignment Maturity Model (Luftman,
2000), represent efforts to overcome this problem.

Descriptive and prescriptive models of alignment

The SAM model as well as the derived models representing a
conceptual elaboration of the alignment problem are mainly descriptive by
their nature. These models provide a view or perspective of what alignment
is, i.e. they define the different components that contribute to alignment. Their
application in practice requires "translating" from the descriptive theory to the
prescriptive theory. The term prescriptive here refers to a way of providing a
roadmap or guidance on how to achieve alignment (Silvius 2013). The
implementation of alignment models in organizations requires more detailed
interpretations and definitions than those already available, for example the
SAM model. The maturity model for strategic alignment (Luftman, 2000)
provides a more prescriptive approach. However, its implementation requires
taking into account a specific organizational context.

Limited ability to measure alignment

For anyone interested in the management of alignment in the
organization, it is important to have a clear picture of what alignment is and
how it is assessed. This follows from the proven truth that we cannot
change something we cannot manage, and one cannot manage
something that cannot be measured. An important condition for improving
alignment of business and IT is the availability of tools for measuring
alignment. The models listed indicate the components that contribute to
alignment. However, there is no agreement about how these components
can be assessed in a concrete alignment analysis (Silvius 2013).

Alignment requires a comprehensive approach

Another reason why alignment is hard to attain is that professionals often
look for a simple solution to achieve this goal. In different moments and
situations, this "magical solution" is expected from the framework for
processes (such as eg. ITIL and COBIT), from IT architecture or, for example,
from IT management. The conceptualization and operationalization of
alignment discussed above require, however, a comprehensive approach in
which there are very few easy solutions (Silvius 2013).
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The problem of lack of knowledge
and weak definitions of business

Alignment is not possible if the business strategy is not known or is
in the process of creating (Chan, Reich, 2007a). Most alignment models
start from the identification of the business strategy as one of the
organizational components with which alignment should be performed.
An unknown business strategy, or if the business strategy is unclear,
represents the logical challenge for the alignment of business and IT.
Thus, the lack of a business strategy or its vague definition can keep the
problem of business and IT alignment at its beginning.

Dynamic reality

Practical problems of business and IT alignment stem from an
increase in dynamics and volatility of markets and organizations.
Organizations are trying constantly to adapt to changes in the market,
technology, customer requirements, etc. Since this is a continuous
process of change, in (Chan, Reich, 2007a) it is noted that: ,there is no
such a thing as a 'state' of alignment”. In such environment and context,
alignment of business and IT can never be reached. Several authors
emphasized that alignment is a process rather than a 'state’' (Silvius
2013). With this in mind, organizations need to continuously and
adequately manage the process of alignment of business and IT.

Evolutionary role of IT

A particular reason for the disconnection between theory and
practice of alignment can be found in the altered role of IT in
organizations. Many studies were conducted on alignment 10 to 20 years
ago. However, in the last decade there has been a change in the role of
IT in organizations. For example, the Internet enables organizations to
create new outlets for their products or services, to develop new services
that affect retention and loyalty of the existing ones, as well as to acquire
new customers. In short, IT is changing business organizations, and from
a factor that enables business, which is a traditional view of IT, it
becomes an instrument that develops and improves operations. Since IT
is increasingly integrated into products, services and market
organizations, its changed role has resulted in an increased impact on
achieving alignment. Alignment means no more how much IT is aligned
with business, but how much business is aligned with IT (Luftman,
Kempaiah 2007).
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Conclusion

For a long time, business and IT alignment has been attracting the
attention of both academic communities and companies that want to
become and stay competitive in the market competition. The
performances of business and IT are closely linked, and companies
cannot be competitive if their business and IT strategies are not aligned,
ie. coordinated. The aim of this study is to determine as precisely as
possible the phenomenon of conceptual alignment, make its
conceptualization and define the problems and challenges that stand in
the way of successful implementation of business and IT alignment.

In order to fulfill this objective, the author has reviewed extensive
contemporary and relevant literature related to the problem of alignment.
The analysis of research in this area has led to the conclusion that there
is no single definition of the concept of alignment. In addition to the
formal, substantiated corresponding models, there are informal
definitions, which are intuitive and help to understand this phenomenon,
but are less helpful in articulating what exactly makes good alignment
and how it can be measured.

In addition to the precise definition of the term alignment, this paper
gives different approaches to the conceptualization of this problem
through the presentation of the most significant models of alignment. In
fact, the greatest attention was paid to the strategic alignment model that
had a great impact in this area (Chan, Reich, 2007a) and was the basis
for many subsequent expansions.

The special contribution of this work is the systematization of efforts
made in solving the problems of business and IT alignment. We analyzed
the results achieved in this field, and identified the problems and
challenges that stand in the way. The identified problems and challenges
are the motivation for further work of the author in this domain. In order to
seek solutions that will alleviate the problem of alignment of business and
IT, and that will enable this alignment to be realized to a greater extent,
the following approaches are to be researched and applied:

* enterprise architecture as a way of a comprehensive and unified
modeling of an organization, its business and IT,

« formal modeling of the business processes of the organization and
their execution, analysis, monitoring and upgrading using the system for
business process management.

As expected, these approaches should enable the continuous
management of the problem of alignment of business and IT. Krstajic et.
al. (Krstajic, et. al., 2014) used an approach based on enterprise
architecture (EA) as a direction of the alignment of business and IT in the
field of insurance industry. Given the growing importance of service-
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oriented business, the results of the planned research could be used to
create a specific methodological framework for the development of EA in
the field of service-oriented business and for contributing to its
operationalization through the definition and implementation of software
tools for business process management.
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BbIPABHNBAHWE BU3HECA N UHOOPMALIMOHHbLIE
TEXHONOIrnn

Munocae H. MancTtoposuy
Konnemx nHdopmMaumoHHbIx TexHonoruii, benrpaa, Pecnybnuka Cepbus

OBNACTb: nHgpopmaumoHHbIe TEXHOMNOMK
BWO CTATbW: 0630pHas ctates
A3bIK CTATbW: aHrnuiickni

Pesiome:

bonee dsyx decsmunemuli HeobXO00UMOCMb Bbipas8HUBaHUS r10-
mpebHocmel 6usHeca U 803MOXHOCMeU UHGOPMaUUOHHbIX MEXHOIIO0-
auli (UT) paccmampusaemcsi, Kak 0OUH U3 KITH0HYEBbIX 80IMPOCo8 8 obra-
cmu ynpaeneHusi UT. MiccnedosaHusi 8 obnacmu ebipagHugaHusi bUsHe-
ca u UT cmanu pacwupssmcsi 3a nocredHee Oecssmusiemue rpowsioeo
8eka, koeda cmario SICHO, YmMo 3KOHOMUYECKasi 3¢hgheKmusHOCMb UHSe-
cmuyul 8 UT HerocpedcmeeHHO ydYacmeyem 8, mak Ha3sbleaemol,
cmpameau4eckoU opueHmauuu, 3akmroyarouelcsi 8 8bipagHUBaHUU Me-
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X0y 6usHec-cmpameeaueli u UT-cmpamezuel. Cmano 04e8UOHbIM,
umo UT HanpaerieHusi MeHsItomcsl, 8 C8s13U C YeM KoMraHuu cmarsu ca-
Mu ocyuwecmersnsimb cobcmeeHHbie BU3HEC-MPOUECChI, KOMMYHUKaUU
C KnueHmamu, rnocmasky rnpodykyuu u rnpedocmassieHue ycriye.

Llenbro aHHO20 uccredosaHusi S8/19emcsi U3ydyeHue mekywiel cu-
myauyuu 8 peweHuu rpobriem ebipagHugaHusi busHeca u UT, cornocma-
gumeribHbIU aHanu3 pasrnuyHbiX orpedesieHul U KoHuenmyanusayuu
3Moe0 s18MIeHUs], @ maKXe aHasnu3 rpuMeHsieMbiX Memodos rpu pelue-
Huu OaHHbIX rpobrem.

KoHuenmyanu3sayusi ebipasHueaHusi busHeca u UT ocywecmers-
emcs 4yepe3z MoOeslb CmpameauqyecKoeo 8blpasHUBaHUsl, Komopasi
[ensemcs saxHelwum ghakmopom 8 amol obnacmu. B cmambe npu-
8edeHbl U rpoaHanu3uposaHsl paspabomaHHble mModenu U mMemoosbl,
npumeHsiemble 8 obriacmu eblpasHugaHus busHeca u UT.

KntoueBble crioBa: ebipagHusaHue, UT-cmpameauu, 6usHec cmpame-
euu, Mmodesib cmpameau4yecko20 8bipagHUBaHUs.

PORAVNANJE POSLOVANJA | INFORMACIONE TEHNOLOGIJE

Milosav N. Majstorovi¢
Visoka $kola strukovnih studija za informacione tehnologije,
Beograd, Republika Srbija

OBLAST: informatika
VRSTA CLANKA: pregledni Clanak
JEZIK CLANKA: engleski

Vise od dve decenife neophodnost poravnanja poslovnih potreba i
mogucnosti informacione tehnologije (IT) razmatra se kao jedno od kljucnih
pitanja u upravijanju IT-om. IstraZivanja u oblasti poravnanja poslovanja i IT
dobijaju ha zamahu u poslednjoj deceniji proslog veka, kada se uvidelo da
Je isplativost ulaganja u IT u direktnoj funkciji tzv. strategijskog poravnanja,
{j. poravnanja izmedu strategije poslovanja i strategije IT-a. Uvidelo se da
IT menja pravac u kojem kompanije organizuju njihove poslovne procese,
komunikaciju sa kupcima i isporuku svojih proizvoda i servisa.

Cilj ovog rada je istraZivanje trenutnog stanja u reSavanju problema
poravnanja poslovanja i IT, kako bi se poredile razliCite definicije, i predstavi-
la konceptualizacija ovog fenomena, kao i sagledavanje napora koji se Cine
radi reSavanja ovog problema. Konceptualizacija fenomena poravnanja po-
Slovanja i IT predstavijena je kroz strategijski model poravnanja koji je imao
najveci uticaj na ovu oblast. Pitanje primeniljivosti modela i okvira razvijenih
radi poravnanja sledi iz izazova koji stoje pred problemom poravnanja po-
slovanja i IT. Ovi izazovi su kategorisani i posebno elaborirani u radu.

Kljuéne reci: poravnanje, IT strategija, poslovna strategija, strategijski
model poravnanja.
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Abstract:

The Kali Linux operating system is described as well as its
purpose and possibilities. There are listed groups of tools that Kali
Linux has together with the methods of their functioning, as well as a
possibility to install and use tools that are not an integral part of Kali.
The final part shows a practical testing of web applications using the
tools from the Kali Linux operating system. The paper thus shows a
part of the posibilities of this operating system in analysing web
applications security, which presents the goal of this work.

Key words: security, web applications, Kali Linux.

Introduction

Web applications contain many vulnerabilities that can compromise
integrity of web pages, reveal confidential information and disrupt the
operation of the application itself. Although there are different
mechanisms of protection, new vulnerabilities are revealed dailly and
attackers can use them for various attacks.
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Due to the emergence of new security threats in the area of cyber
security, the creators of the BackTrack operating system created a new,
specialized Linux distribution intended for Penetration testing, called Kali
Linux.

Kali Linux operating system

Born and released on March 13th, 2013, Kali Linux is based on
Debian and an FHS-compliant filesystem. (Muniz, Lakhani, 2013).
Debian was created in 1993 as a Linux distribution. It is completely
democratically organized, in hands of community, and its users are
generally enthusiasts and Linux experts, because Linux administration, in
comparison to other operating systems, is more complicated. Filesystem
Hierarchy Standard (FHS) defines the structure of folders and it is
primarily intended for Unix programmers.

Kali has many updated tools, synchronized four times a day. This
means that users have the latest package updates and security fixes.
Kali Linux is essencially a Linux distribution intended for penetration
testing. Kali Linux has many possibilities and different types of tools - it
can test network security, security of operating systems,
communications, applications, etc. It can be downloaded from the
Internet in a few different ways.

Kali Linux can be used in a virtual environment, by installation on a
virtual machine. Also, it can be run without installation software on the
hard disk, accessing an external source such as a USB or DVD.
However, this is not reliable, due to a negative effect on the setup and
operations of some tools. Because of its speed, accuracy and other
performances, it is highly recommended to install Kali Linux on a host
hard drive.

There is a possibility of parallel existence and use of two
operating systems on one computer, the dual boot method, which is
desirable for Windows users and Linux beginners. It is recommended
to install Kali Linux in a virtual machine. This paper uses the VMWare
Workstation 10 virtualization software and the Kali Linux 1.0.7
operating system.

Kali Linux offers many customized tools designed for penetration
testing, categorized in the following groups, (Muniz, Lakhani, 2013), as
seen in Figure 1:
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Figure 1 — Kali Linux group tools
Puc. 1 — cnucok nHctpymeHToB Kali Linux
Slika — 1 Grupa alata Kali Linux-a

= Information Gathering: these are reconnaissance tools, used to
gather data on target networks and devices. Tools range from
identifying devices to protocols used.

= Vulnerability Analysis: tools from this section focus on
evaluating systems for vulnerabilities. Typically, these are run
against systems found using the tools from the previous section.

= Web Applications: these are tools used to audit and exploit
vulnerabilities in web servers. However, these tools do not
always refer to attacks against web servers, they can be web-
based tools for testing network services.

= Password Attacks: this section of tools is primarily used for
perfoming Brute force attacks on passwords used for
authentication.

= Wireless Atacks: these tools are used to exploit vulnerabilities
found in wireless protocols. In most cases, tools from this section
require a wireless adapter that can be configured by the Kali
Linux operating system, to be put in a particular operation mode.
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Exploitation Tools: these are tools used to exploit vulnerabilities
found in systems.

Sniffing and Spoofing: these are tools used for network packet
captures and network packet manipulation.

Maintaining Access: tools to be used after establishing access
to the target network or system. They provide alternative paths
and approaches, if the vulnerability used for access by attacker is
found and removed.

Reverse Engineering: the purpose of these tools is analyzing
how a program was developed so it can be copied, modified, or
so that it can lead to development of other programs. Reverse
engingeering is also used for malware analysis or by researchers
in discovering vulnerablities in software applications.

Stress Testing: these tools are used to evaluate how much data
a system can handle. Undesired outcomes could be obtained,
such as causing a device controlling network communication to
open all communication channels or a system shutting down
(also known as a denial of service attack).

Hardware hacking: this section contain Android tools, which
could be classified as mobile, and Ardunio tools that are used for
programming and controlling other small electronic devices.
Forensics: forensics tools are used to monitor and analyze
computer network traffic and applications.

Reporting Tools: these tools serve to deliver information found
during a penetration exercise.

System services: this is where Kali Linux services can be
enabled or disabled.

Using Kali Linux tools in Web application testing

A web application containing vulnerabilities threatens the security of
a database and the entire computer system, because the web page must
be constantly available to provide services to users. Firewall and other
similar programs do not provide protection against malicious activities in
such a case, because web applications often have direct access to user
databases, but also must be available outside the local network, so it is
difficult to ensure security. One of the main problems is to detect web
application vulnerabilities before attackers exploit them. (CARNet, 2007),
(CARNet, 2008).

Vulnerability scanning uses various tools, both commercial ones and
those available on the Internet, which are free for using. The main
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advantage of commercial tools is the automatization of the scanning
proccess offered by almost all commercial versions. The efficiency of
each tool depends on the content to be searched, but most tools can
conduct basic vulnerability scanning. By studying the basic features of
tools, it is easy to find a suitable scanner that should be used to search
vulnerabilities of individual applications.

It is recommended to start the specific tools and test web applications
to detect and correct security holes prior to its use. Kali Linux is an
excellent solution that contains many tools intended for scanning
vulnerabilities and web application security testing. This article covers
tools: Burp Suite, XSSer, Nessus, Nikto and Vega. Damn Vulnerable Web
Application and Mutillidae application are used as test applications.

Burp Suite

Burp Suite is an integrated platform for performing security testing of
web applications (Burp Suite, nd). Its various tools support the entire
testing process. It allows the combination of advanced manual
techniques and automated attacks that accelerate the testing process
and make it more effective. Burp Suite includes the following tools:

= Proxy — analyzes and modifies the traffic between the browser

and the target application. It intercepts and modifies HTTP traffic,
easily analyzes content and manipulates requests sent to the
server by a client;

= Spider — analyzes the traffic that goes through the Proxy server

and sends requested content to other Burp Suite tools. It keeps
the entire work and allows the operation to continue where it
stopped the last time;

= Scanner — scans web applications. It provides a complete control

of the scanned content and displays the results of scanning;

= Intruder — allows performing improvized attacks that exploit

vulnerabilities;

= Repeater — tool for modifying HTTP requests and analyzing the

received responses;

=  Sequencer — tool for testing randomness of session tokens of

applications;

= Decoder —simple tool for encoding and decoding text strings;

= Comparer — this tool is used to compare data, for example to

compare two or more HTTP responses;

= Extender — allows different extensions of the functionalities of the

Burp Suite platform.
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Burp Suite can be run in two ways:
= Dby typing the burpsuite command in the terminal,
= under Applications | Kali Linux | Web Applications |
Application Fuzzers | burpsuite.

Web

After launching Burp Suite, this launch dashboard will be presented:

(Figure 2).

Burp Suite Free Edition v1.6.01
Burp Intruder Repeater Window Help
Targst | Proxy | Spider | Scanner | intruder | Repeater | Sequencer | Decoder | Comparer | Extender | Options | alerts |

_[ Site map | Scope |

‘ Filter: Hiding not found items: hiding CSS. image and general binary content: hiding 4xx responses: hiding empty folders

Host | Method | URL | Params | Stat... 4 | Length | MIME type

| Title

<<

Request | Response

Raw  Hex

& (=) 2] (5] [we 2 searchzem

kb
v

0 matches

Figure 2 — Burp Suite — initial screen
Puc. 2 — Burp Suite — HayanbHbI 3KpaH
Slika 2 — Burp Suite — pocetni ekran

This paper describes a tool Intruder, which is used to perform an
automated brute force attack on the dvwa (damn vulnerable web

application) test application. Before performing the attack,

it is

necessary to configure Proxy. It is necessary to set the IP address and
the port on which Proxy works, the localhost address and a specific port
number. These settings should match the settings of the web browser

(Figure 3).
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Connection Settings
Configure Proxies to Access the Internet
2 Mo proxy
2 Auto-detect proxy settings for this network
O Use system proxy settings

@ Manual proxy configuration:

HTTP Proxy: [ 127.0.0.1 ] Port: 2020 E.
[ Use this proxy server for all protocols

SSL Proxy: [ I Port: (o] F

ETP Proxy: [ ] Port: ﬁF,

SOCKS Host: [ I Port: ﬁF

SO CKS w4 @ SOCKS vs [ Remote DNS
Mo Proxy for:

Example: .mozilla.org, .net.nz, 192.16&.1.0/24

2 Automatic proxy configuration LRL:

[ Do not prompt for authentication if password is saved

Help Cancel O K

Figure 3 — Proxy server configuration
Puc. 3 — Hactpowku Proxy-cepsepa
Slika 3 — PodeSavanje Proxy servera

As seen in Figure 3, Iceweasel uses the HTTP Proxy server active
on port 8080 and the IP address of the localhost, 127.0.0.1. Burp Suite
Proxy must be configured in the same way. It is necessary to select
Options on the tab Proxy and enter the required parameters. After that, it
is necessary to enable Intercept on the same tab, to intercept requests
sent to the server. By a click on the Brute Force tab in the dvwa
application, the authentification window shows up.

By a click on login after entering the username and the password,
the authentification request will be sent to the server through Burp Proxy,
and Proxy will intercept that request. As a result, the intercepted request
will be displayed on the tab Intercept in the Burp Suite platform. In the
next step, the request is sent to the Infruder. It is necessary to mark the
areas over which the attack will be executed, and to select a type of
attack .

After creating the list of possible usernames and passwords, the
attack is launched (Figure 4).
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Burp Suite Free Edition v1.6.01

Burp Repeater Window Help
['rar r | Decoder T Comparer T Extender T Options TAIerts ]

— [Pr ersion only]
[ Actver s ned insertion points [Pro version onky]

Send to Repeater

Sawve attack config [Pro version only]
Load attack config [Pro version only]
=2

Copy attack config
[ New tab behavior
Autormnatic payload positions

kquest headers during attacks

yYvwyvy

Configure predefined payload lists [Pro version only]

[#] These settings control the engine used for making HTTP requests when performing attacks

Note: Some of these options are not available in the Free Edition of Burp

Mumber of threads: 3
Mumber of retries on network failure 3
Pause before retry (milliseconds) 2000
Throttle (milliseconds) Fixed
ariable: start |0 step
Start time: @ Immediately
©on (10| minutes

© Paused

Figure 4 — Burp Suite - launch attack
Puc. 4 — Burp Suite — 3anyck aTaku
Slika 4 — Burp Suite — realizacija napada

Figure 5 shows the results of an automated brute force attack. The
attack was successfully executed, the username is admin and the
password is password.

Intruder attack 1 - (O

Attack Save Columns

_[Results TTarget I Positions T Payloads I Options W

Filter: Showing all items L2}
Request & | Payloadl | Payload2 | Status | Error | Timeout|Length | pass.. | Comment

6 ad password 200 0] ()] 4898 ()] A
7 admin password 200 O O 4956 (]

8 administrator password 200 O ()] 4898 ()]

9 admins password 200 | O 4898 O

10 adm password 200 O ()] 4898 ()]

11 ad passwords 200 ] ()] 4898 ()]

12 admin passwords 200 0] ()] 4898 ()]

13 administrator passwords 200 ] ()] 4898 ()]

14 admins passwords 200 O ()] 4898 ()]

15 adm passwords 200 | O 4898 O

16 ad lozinka 200 ] ()] 4898 ()]

17 admin lozinka 200 ] ()] 4898 ()]

18 administrator lozinka 200 0] ()] 4898 ()] v
1 mdraine Laminlen ann = . asne

Request | Response
Raw | Params | Headers m

Figure 5 — Burp Suite — results shown
Puc. 5 — Burp Suite — oTyeT pesynbTatos
Slika 5 — Burp Suite — prikaz rezultata
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XSSer

XSSer is an open source tool used for penetration testing.
(http://xsser.03c8.net/). It automates the process of detection and
exploitation of XSS vulnerability on a web site or application (XSSer, nd).
By typing the xsser --gtk command into the terminal, the initial XSSer
screen shows up (Figure 6). It can also be accessed without typing
commands, by clicking on the tab Applications | Kali Linux | Web
Applications | Web Application Fuzzers | xsser.

XSSer v1.6b: "Grey Swarm!" — (http://xsser.s f.net)

XSSer || Expert Visor Wizard Helper Documen tation  About

Fly mode(s): @ Exploerer  C Intruder

Command(s): |xsser

Statistics O] Tweet ] Verbose ] Launch ] Shorters: o

Figure 6 — XSSer — initial screen
Puc. 6 — XSSer — HavanbHbIn 3kpaH
Slika 6 — XSSer — poCetni ekran

Before starting the attack, it is necessary to set certain parameters in
the URL of the site or the tested application. After displaying the startup
screen, it is necessary to click on the Expert Visor tab, choose Visor (s)
and set the Connect option to ON (include connection). Then, mark the
Intruder, enter the target URL and mark the Automatic.

After that, click on the button Aim!, then the button FLY!!l and XSSer
will begin attack. As a result of the attack, a list of possible XSS injections
will be displayed after certain time (Figure 7).
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XSSer v1.6b: "Grey Swarm!" - (http://xsser.sf.net)

X55er | Expert Visor Wizard Helper | Documentation | About

[*] List of possible XSS injections:

[I] Target: http://localhost/mutillidae/index.php?popUpNotificationCode=SL0&page=home.php

[+] Injection: http://localhost/mutillidae/index.php?poplUpNotification Code=5SL0&page=home.php/";!--"<51e5f3a23b7d6e80
[-] Method: xss

[-] Browsers: [IE7.0|IE6.0|NS8.1-IE] [NS8.1-G|FF2.0] [09.02]

[1I] Target: http://localhost/mutillidae/index. php?popUpNotificationCode=5SL0&page=home.php

[+] Injection: http://localhost/mutillidae/index.php?popUpMotification Code=SL0&page=home. php/</TITLE>a98 2a8b677b914
[-]1 Method: xss

[-] Browsers: [IEZ.0|IE6.0|NS8.1-IE] [NS8.1-G|FF2.0] [09.02]

[I] Target: http:/flocalhost/mutillidaefindex. php?popUpNaetificationCode=51 0&page=home.php

[+] Injection: http:/flocalhost/mutillidae/index.php?poplUpNotification Code=5L0&page=home. php/">d8a0b63918c6f40e28d
[-] Method: xss

[-] Browsers: [IE7.0|IE6.0|NS8.1-1E] [NS8.1-G|FF2.0] [09.02]

Figure 7 — XSSer — overview of a possible injection
Puc. 7 — XSSer — omyem 0 803MOXHbIX XSS UHBEKUUSIX
Slika — XSSer — prikaz mogucih XSS injekcija

Nessus

Nessus is a free tool for scanning and finding vulnerabilities in
computer systems. Nessus supports over 50,000 plugins for detection of
various types of vulnerabilities. A plugin typically contains information
about the vulnerabilities, guides the user to confirm the existence of
certain vulnerabilities and gives instructions for their removal.

Using the Nessus tool on the Kali Linux operating system requires
an additional installation of Nessus, because Nessus does not belong to
the set of tools contained in Kali Linux. After downloading the installation
file, the installation is launched from the terminal (Figure 8), by typing the
command dpkg-i in front of the file name.

Nessus operates using the Web server and the Nessusd server. The
web server communicates with the Nessusd server and it is used for
configurating and monitoring the scanning process, while the Nessusd
server contains a plugins database and realizes the scanning process
(Chuming, Manton, 2004).
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root@kalisa: ~/Desktop
File Edit Wiew Search Terminal Help

vinware=toals-distrib

xampp=Linux-x64-5.6.8-0installer. run

dpkg -i Nessus-6.3.7-debian6 amd&4.deb)
933 fi 11 C

3 fi installe

.deb)

Inc

Figure 8 — Nessus — installation
Puc. 8 — Nessus —ycTtaHoBKa
Slika 8 — Nessus — instalacija

A click on the New Scan displays a page with different types of scans
that Nessus can realize (Figure 9), which shows a wide range of its
capabilities. As shown in Figure 9, Nessus supports web application testing.

%09
)
: P
Advanced Scan Audit Cloud Infrastructure Bash Shellshock Detection Basic Network Scan

A A
@ _ D o%e

GHOST (glibc) Detection Host Discovery Internal PCI Network Scan Mobile Device Scan
2 2 [Z
— QOG, o QOQ "0,9
s, 5, 5,
-, Q Q
PCI Quarterly External Scan Policy Compliance Auditing SCAP and OVAL Auditing Web Application Tests

Figure 9 — Nessus — some of the possibilities
Puc. 9 — Nessus — HEKOTOpblE BO3MOXHOCTHU
Slika 9 — Nessus — neke od mogucnosti
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A click on the Web Application Tests displays a page where the user
has to set certain parameters and perform settings (Figure 10). The
BASIC card allows entering the name of scanning, the description and
the targeted URL address. The Muitillidae application is used as a test
application. Using Schedule options and Email Notifications, Nessus
allows periodical scanning and reporting via e-mail.

New Scan / Web Application Tests
Scan Library > Settings Credentials
BASIC ~ General
General
Schedule Name test
Email Matifications
Description skeniranje testne aplikacije
DISCOVERY
ASSESSMENT
REPORT Folder My Scans -
ADVANCED
Scanner Local Scanner -
Targsts httpr/www. mutillidae. c om/index. php?page=Ilogin. phpl

Figure 10 — Nessus — data entry
Puc. 10 — Nessus — BBOA, AaHHbIX
Slika 10 — Nessus — unos podataka

Nikto

Nikto is a very popular open source tool for testing web application
security. It is written in the Perl programming language. Nikto is platform
independent, so it can work on both Windows and Linux. Nikto's tools are
based on a Perl module called libwhisker that allows finding CG/ scripts
on web servers. The Libwhisker module is included in the standard Nikto
software package, but it is advisable to regularly update it with new
versions (CARNet, 2003).

Although it can be treated as deficiency, Nikto uses the CLI, which is
suitable for the remote start of the tool, using an SSH connection. There is no
graphical user interface. It is designed so that it does not require a graphical
access to the system to install and run. During the scan, Nikto sends a large
number of requests to the server and then analyzes the received responses.
Nikto is capable of sending data in the form of HTTP requests so it can test
the XSS (Cross Site Scripting) and SQL Injection vulnerabilities.

After starting, Nikto will begin scanning and results will be displayed
in the terminal (Figure 11).
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pont

/mutillic

Ll il

Figure 11 — Nikto - results shown in the terminal
Puc. 11 — Nikto — oTyeT BbISIBNEHHbIX pe3ynbTaToB
Slika 11 — Nikto — prikaz rezultata u terminalu

Based on the displayed results, the application is vulnerable. If the
user uses the command -o (output) and determines the output file, the
results will be saved in the output file. In this case, the results are stored
in the file testic.html. Opening the testic.html file using the web browser
allows an access to the scan results, which are presented in the form of
web pages (Figure 12).

localhost / 127.0.0.1 port 80

Target IP 127.0.0.1

Target hostname localhost

Target Port 80

HTTP Server Lpachef2.2.22 (Debian)

Site Link (Name) http:/focalhost:80fmutillidae/index.php/

Site Link (IP) http: /127 .0.0.1: 80/ mutillidasfindex . php/

URI Smutillidaefindex. phps

HTTP Method SET

Description Retrieved x-powered-by header: PHP/5.4.41-0+deb7ul

http:/flocalhost: 280/ mutilidae/index . php/
http: /127 .0.0.1 . 80/mutillidasfindex . php/

Test Links

OSVDB Entries osSWwDB-O

URI Srutillidaef/index.phps

HTTP Method SGET

Description The anti-clickjacking X-Frame-Options header is not present.

http:/flocalhost: B0/ mutilidaefindex . php/
http: /127 .0.0.1 :B0/mutilidasfindex . php/

Test Links

OSVDB Entries OSvwDB-0O

URI Smutillidaefindex. phps

HTTP Method SET

Description IUncommon header 'logged-inuser' found, with contents:

Figure 12 — Nikto — presentation of the report in the Iceweasel browser
Puc. 12 — Nikto — oT4eT B Gpay3epe Iceweasel
Slika 12 — Nikto — prikaz izvestaja u Iceweasel pretrazivacu
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Vega

Vega is a free tool designed to test the security of web applications.
It is used to check the vulnerability of web applications such as SQL
Injection, Cross-Site Scripting (XSS), Cross-Site Request Forgery
(CSRF) and many others. It is written in the programming language Java,
contains a graphical environment and runs on various operating systems
(https://subgraph.com/vegal).

Vega contains an automated scanner that conducts vulnerability
testing. According to many sources, this is one of the best free tools for
vulnerability assessment.

Vega has a very simple graphical environment. With the launch of
the new scanning and entering the target URL, the preparation for web
applications scanning is completed. Vega can be run in one of two ways:

= typing the vega command into the terminal,

= clicking on Applications | Kali Linux | Web Applications | Web

Vulnerability Scanners | Vega,

The initial screen is displayed after start (Figure 13).

Subgraph Vega
File Scan Window Help
@ e © Scanner ® Proxy

& website View = 0| @ scan Info =0

& VEGA

® = B B

@ Scan Alerts =0 Scan Alert Summary
o=
o 1
[+]
0 -
A Identities 83 B =0
= % Proxy is not runnin: g 71M of 248M o

Slika 13 — Vega — pocetni ekran
Figure 13 — Vega — initial screen
Puc. 13 — Vega — HavanbHbIN 9KpaH
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Vega contains Scanner and Proxy buttons in the upper right corner
of the initial screen. Clicking on the Scanner button in the upper right
corner and then clicking on the Scan button in the upper left corner will
display a window to enter the targeted URL address (Figure 14).

Scam Target

) Emter a base LIRI for scam:

[www.r‘r‘lutiLLidae.C:::r‘r‘l.ul'ir*lr.:lex.php ]

2 CThoose a target scopa for scam

Figure 14 —Vega — entry of the targeted URL
Puc. 14 — Vega — BBoa uenesoro URL
Slika 14 — Vega — unos ciljanog URL-a

The next step is to select a specific scanning mode so that
vulnerability can be tested (Figure 15).

Select Modules
Choose which scanner modules to enable for this scan VEGA

Select modules to run:
~ [=] Injection Maodules |
Format String Injection Checks

Cross Domain Policy Auditor

XKML Injection checks

Blind SQL Text Injection Differential Checks

XSS Injection checks
Integer Overflow Injection Checks
Shell Injection Checks

Blind OS5 Command Injection

Remote File Include Checks =
BElind SQL Injection Timing Analysis Checks

Directory Listing and Traversal Checks

DR E0REEED

< Back MNext > Cancel Finish

Figure 15— Vega - ways of scanning
Puc. 15— Vega — cnocobbl ckaHMpoBaHus
Slika 15 — Vega — nacini skeniranja
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During scanning, the Vega groups discovered vulnerabilities
according to the level of risk. Website View in the upper left corner shows
the tested applications and other URL addresses associated with the
tested applications (Figure 16). The Scan Alerts window in the lower left
corner displays the categories of the discovered vulnerabilities (Figure 16).

File Scan Window Help
o @ Scanner

@ Website View = 0 @ Scan Infa
® 4 B B
b & www. dvwacom -

e QVEGA

v @

L]
m - Scanner Progress

() Scan Alerts o s B =0

1 }0]

= @ 07/05/2015 03:40:23 [Completed] |

= @ httplhwww.mutillidae.com (23) hittp:/fwvewe. mutlllidas. com/indes. php
b @righ (14) 2 out of 26 scanned (7.7%)
b @ Medium (6)
b @ into (3) Scan Alert Summary

0 High {1 found)

Cross Site Sorpting 1

Figure 16 — Vega — scanning
Puc. 16 — Vega — ckaHupoBaHue
Slika 16 — Vega — skeniranje

As a scanning result, Vega will present a report on the discovered
vulnerabilities. The vulnerabilities are grouped according to the level of
risk to the tested application (Figure 17).

Scan Alert Summary

@ High (10 found)
Cross Site Scripting
Shell Injection
Local File Include
SQL Injection

Integer Overflow

F WHENN

Page Fingerprint Differential Detected -
Possible XPath Injection

@ Medium (3 found)

Local Filesystem Paths Found
URL Injection

H N

© Info (5 found)
Character Set Mot Specified
X-Frame-Options Header Not Set 2
Cookie HttpOnly Flag Mot Set

N

n

Figure 17 — Vega — report
Puc. 17 — Vega — ot4yeTt
Slika 17 — Vega — izvestaj
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Conclusion

The paper describes different tools used for security testing and finding
vulnerabilities in web applications. All tools are an integral part of the Kali
Linux operating system, except Nessus, which is additionally installed thus
showing a possibility of upgrading Kali Linux with new tools. This article
shows how the tools operate, demonstrates practically how to configure and
use different tools, and which vulnerabilities were discovered using these
tools. This paper presents only a part of the Kali Linux operating system
possibilities in the analysis of the web application security. It is shown that
the Kali Linux operating system is very efficient, considering the fact that it
contains enough tools to implement a complete web application test.
Although this paper describes only five, it should be noted that Kali Linux
contains over thirty tools for testing web applications.

For a detailed web application test, it is necessary to use all the tools
available. Detecting XSS, SQL injection and other vulnerabilities is a
laborious and time-consuming job. Therefore, it is useful to have several
automated scanners which will conduct an analysis of the application and
prepare a report for a relatively short period of time. The number of
vulnerabilities will be higher or lower, depending on the tools. Discovered
vulnerabilities should be manually checked.

Although automated scanners facilitate the work of conducting web
application tests, they have a deficiency since they are not able to
independently decide on the appropriate action to be taken on the basis of
the semantics of the content viewed and analyzed. For now, this can be
performed only by the user, but tools with this ability are being developed.

It is important to emphasize that it is not advisable to use only one
tool in the analysis of web application security. Scans show a lot of fake
vulnerabilities and some of them are not detected. The experience and
knowledge of the person who conducts testing is a crucial factor for
quality and a complete analysis of web applications.
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Pesrwome:

B cmamee Odaemcsi onucaHue ornepauuoHHou cucmembl Kali
Linux, ekmroyasi uesu U 803MOXHOCMU ee ucrosib3oeaHusi. lNpusedeH
crucok uHcmpymeHmos cucmembl Kali Linux, criocob pabombi ee
KOHKPEMHbIX UHCMPYMEHMO8, a MakxXe 803MOXHOCMb yYCMaHOB8KU U
UCronb308aHUsI UHCMPYMEHMO8, KOMOopble He SB/S0MCs 4acmbho
oriepauuoHHol cucmembl Kali Linux. B 3akno4umensHol 4Yacmu
cmambu, Haasi0Ho rnpedcmaessieHo mecmuposaHue 8eb-rpurioxeHul ¢
MpUMeHeHUeM UHCMpyMeHmos ornepayuoHHoU cucmemsbi Linux Kanu.
Takum obpasom, rnpedcmasrieHa 4Yacmb 803MoxHocmel Kanu Linux
orepayuoHHoU cucmeMel, rpumeHsiemol Onsi aHanu3a be3onacHocmu
8e6-rnpurnoxeHud, 4Mo S6s1/10Ck Uesbio daHHOU pabombi.
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U radu je opisan operativni sistem Kali Linux , njegove namene i
mogucnosti. Navedene su grupe alata kojima Kali Linux raspolaZe,
nacin rada odredenih alata koje ovaj sistem sadrZi, kao i mogucnost
instalacije i koris¢enja alata koji nisu njegov sastavni deo. U zavrSnom
delu rada prakti¢no je prikazano testiranje web aplikacija koriS¢enjem
alata iz operativnog sistema Kali Linux. Time je prikazan deo
mogucnosti ovog operativnog sistema u analizi bezbednosti web
aplikacija, §to predstavija cilj ovog rada.
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Summary:

The paper has analyzed different manifestations of terrorism with
nuclear weapons and ionizing radiation as a special kind of terrorism.
Possibilities that terrorist groups come into possession of nuclear
weapons and apply them for terrorist purposes have been analysed. The
forms and methods of terrorist activities with nuclear means have been
given as well. It has been concluded that nuclear terrorism includes
various forms of threats, including not only nuclear weapons but also the
sources of ionizing radiation used for terrorist purposes. It has been also
shown that the International Atomic Energy Agency (IAEA) and the
countries signatories of the Treaty on the Nonproliferation of Nuclear
Weapons and other international treaties seek to be an insurmountable
obstacle to terrorist organizations aiming at the purchase of nuclear
materials and equipment necessary for the construction of nuclear
weapons.

Key words: weapons, nuclear terorism, nuclear weapons, terrorism.

Introduction

A concise and accurate definition of terrorism cannot be determined.
There are several definitions in literature. The USA government defines
terrorism as premeditated, politically motivated violence against civil
targets, done by ethnic groups or secret services with intention to attract
public attention. In his book “Terrorism and free state”, Paul Willkinson
defines terrorism as “systematic killing and destruction of goods with the
aim to intimidate individuals, groups, communities, and governments in
order to achieve political aims” (Willkinson, 1986). Professor Milan
Mijalkovski in his book “Terrorism of Albanian extremists” (Mijalkovski,
Damjanov, 2002) pointed out to the problems in the determination of
terrorism in different bibliographic sources.
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According to a general definition from Vujaklija’s Dictionary of
Foreign Words, terrorism comprises a doctrine, methods and means of
causing fear and insecurity to citizens through systematic violence. It
stems from this definition that terrorism is any kind of action which
induces fear in a particular group of people.

Terrorism is today spreading steadily throughout the world despite
more and more organized efforts of the international community to take
measures to combat it. It spreads and improves its technological level,
with increasing efficiency. Modern technological development
characterizing the 21st century also puts nuclear assets into the hands of
terrorists. The permanent rise in deaths from terrorism can be seen in
Figure 1.
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Figure 1 — The number of the dead and the wounded in terrorist attacks 1998-2004
(Ferguson, 2004)
Puc. 1 — KonnyecTtBo nornbiumx n paHeHbix B Tepaktax 1998-2004 (Ferguson, 2004)
Slika 1 — Broj mrtvih i ranjenih u teroristiCkim napadima 1998-2004 (Ferguson, 2004)
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Terrorism is possible to have conventional, unconventional,
ecological and cyber forms (Figure 2). Although conventional terrorism is
the prevalent form across the world, the danger from unconventional,
ecological and cyber terrorism cannot be neglected (Gacinovi¢, 2012).

FORMS OF
TERRORISM
CONVENTIONAL UNCONVENTIONAL ECOLOGICAL CYBER
TERRORISM TERRORISM TERRORISM TERRORISM
MURDEROUS
e
ATTACK WITH
DISTANCE ¢
CHEMICAL
SUICIDE TERRORISM
TERRORISM
BIOTERRORISM

Figure 2 — Forms of terrorism (Gacinovi¢, 2012)
Puc. 2 — ®opmbl Teppopuama (Gacinovié, 2012)
Slika 2 — Oblici terorizma (Gacinovi¢, 2012)

Nowadays, the nuclear arms race in order to achieve power and
domination both at global and regional levels is proliferating. Not only
legal countries but also terrorist and criminal organizations tend to
acquire nuclear weapons in order to accomplish their goals. This kind of
weapons is used to threaten other countries as a means of achieving
political and other aims.

Nationalistic and ethnical groups, urban guerillas, and even some
countries will continue to try to achieve their national, political, religious,
social and government aims using terrorism with a new dimension of
possible usage of WMD.
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Nuclear terrorism and terrorism
with ionizing radiation

A nuclear terrorist attack is an attack in which a terrorist organization
uses a nuclear device or radioactive material to cause mass destruction
and damage. A nuclear terrorism attack involves a usage or a threat of
using radioactive materials. Nuclear weapons can provide significant
benefits to terrorists such as a large number of victims and the focus of
attention of the world media. Western countries are particularly
suspicious of blackmails of terrorists about undertaking a nuclear attack.
Decision makers have no possibility to fully comprehend to what extent
terrorists are really ready to carry out their threats.

The basic aim of nuclear terrorism is mass destruction of people,
goods and widespread contamination in order to accomplish aims of
terrorist organizations. Until recently, the threat of terrorist “nuclear
action” seemed unlikely, due to the counter-productivity of mass Kkilling
nonselectivity.

Therefore, it was considered that terrorists’ primarily use of nuclear
devices is not for killing a lot of people but for attracting a lot of attention
and general insecurity. However, terrorists probably will not think of
consequences, which should be taken into consideration when
discussing real dangers of nuclear terrorism. It is obvious that this new
danger should be in a particular focus of different international
organizations, all well-organized states, i.e. armies, police forces,
numerous experts and various social organizations.

Terroristic organizations can get radioactive material on the black
market. Radioactive material can be bought from other countries,
especially from revolutionary ones that support terrorism. Plutonium is
the most common radioactive material obtained as a side product, for
which resources and training are needed.

Terrorist organizations can get nuclear weapons is many ways; they
neither have ethical issues nor are afraid of a possible nuclear answer or
damage to their national interests in response to their attack. All this
makes terrorist organizations dangerous.

A terrorist attack on a nuclear facility can cause nuclear
contamination with serious consequences. (Radiological contamination
during the accident in the Chernobil reactor affected many European
countries and a part of Asia, Figure 3).
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CHERNOBYL:

=

Figure 3 — Radiological contamination after the Chernobyl disaster (Amidzi¢, 2006)
Puc. 3 — PaguoakTtBHoe 3arpsisHeHne nocrne YepHoObInbCKoW KaTacTpodbl
(Amidzi¢, 2006)

Slika 3 — Radioloska kontaminacija posle Cerobiljske katastrofe (Amidzi¢, 2006)

Nuclear terrorism includes many possibilities that do not have to
include nuclear weapons, so it is more appropriate to talk about the use
of nuclear materials for terrorist purposes. Therefore, three basic
principles of action can be defined:

— use of nuclear explosive devices (nuclear explosions),

— attacks or sabotage in the existing nuclear facilities, and

— use of dirty bombs (conventional explosions by which radioactive
material is dispersed into the environment) (Figure 4).
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Figure 4 — Model of a suitcase — dirty bomb (Bio¢anin, 2005)
Puc. 4 — Mogenb ,YemopaH — rpsisHast 6om6a” Biocanin, 2005)
Slika 4 — Model ,kofer — prljave bombe” (Bio¢anin, 2005)

Risk assessment is very important when analyzing each of the given
terrorist action methods. When assessing risks, it is necessary to foresee
the efficiency of the actions and consequences of each method at an
expert level as well the probabilities of their occurrence (Gadinovic,
2012).

The most important factors while assessing the risk from nuclear
weapons and sources of ionizing radiation used for terrorist purposes are
probability factors (securing medical institutions and other potential
sources, number of radiological sources, development of nuclear
programs at regional levels, complying with international agreements on
non-proliferation, etc.), influence factors (crisis menagement, availability
of equipment for ionizing radiation dosimetry, economic influence, etc.)
and other factors.

During WMD risk assessments, risks must be evaluated from two
standpoints: the first one is a qualitative approach to the risk which
investigates the characteristics of a possible risk, i.e. intensity and
seriousness of the event consequences, and the second one is a
quantitative approach used to determine the likelihood of the event.
(Caldarovic, 1995).

A risk is determined as a product of state actors, groups (non-
state actors, substate actors) and hostile unaffiliated individuals that
have a tendency to acquire WMD and a possibility that they possess
it. In other words, a risk is always present when such entities have
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access to these weapons. An additional risk factor includes means for
transport of these weapons (weapons — carriers), especially long
range ballistic missiles, that can perform ,projection of fear and power"
(Power Projection), inflicting casualties and physical damage from
great distance (Kamp, 2004).

It is important to emphasize that a WMD danger analysis cannot be
based on the mere fact that some country has WMD. This fact is crucial,
but it must be combined with intentions and strategies. For example, the
fact that France and the UK have nuclear weapons does not present a
risk for their European allies, because they already have traditionally
friendly relations with them and there is no assumption of nuclear threat
to any other European state. In order to understand the risk of WMD
proliferation, it is necessary to understand the situation that can force the
states that possess WMDs to use them against the European Union.

The third element in risk assessment is international legal
instruments. A threat that can be diminished by applying these
instruments is smaller that the one to which these instruments are not
applicable, which is the greatest difference between the state actor
threats and those coming from non-state actors. Therefore, a threat
assessment is performed by analysing all these elements and their
relations to the European Union (Klasan, 2012).

Manifestations of nuclear terrorism

Since nuclear terrorism is an activity carried out by means of high
technology, it was considered, almost to the end of the twentieth century,
that it was highly unlikely to occur since radioactive materials are
generally well protected, expensive and dangerous, so they used to be
difficult to acquire and possess, as well as to be expertly handled and
kept in secret. However, at the beginning of the 21st century, the
situation changed completely. Today's availability of information has
made nuclear technology available to thousands of scientists in
developing countries, which, with uncontrolled acquisition of nuclear
materials on the black market and weak international control, poses a
major threat. Also, designing an atomic bomb is fairly easy since
information is available in scientific literature and state archives.

At the end of the twentieth century, civilian factories were producing
annually 500 tons of plutonium-239, while for a bomb that can destroy a
medium-size town it takes only ten kilograms of plutonium. The
Washington Nuclear Surveilance Institute presents the information that
for a bomb the strength of which is equal to the one thrown at Nagasaki
is enough 14 kilograms of highly enriched Uranium or 9 kilograms of
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Plutonium. When the application of these isotopes for terrorist purposes
and their danger to civilian population is concerned, plutonium toxicity is
of significant importance. According to the fatal toxicity scale, plutonium
is 20,000 times more dangerous than cobra poison or potassium
cyanide. Only one inhaled particle, size of a pin head, can result in death
after a few days, and smaller amounts can cause cancer (BioCanin,
2004, p.136).

Instead of using atomic bombs, terrorists may poison people with
plutonium dust. If only a few grams of plutonium is put into a water supply
tank, water will become highly radioactive, or it will be unusable for
drinking, thus representing a risk to people's lives. In addition to
plutonium, radionuclides such as strontium, polonium, radium, actinium,
and iodine-131 are particularly dangerous as well as all other
radionuclides used in civilian organizations (for industrial and medical
purposes) and nuclear power plants.

A very soluble chemical substance known as uranil-nitate,
commonly used in chemical laboratories, can be also used for the
contamination of water supply systems.

A very significant aspect of nuclear terrorism presents an attack on
nuclear facilities (power plants, reactors) to take them under control so
that they can be used for blackmailing, threathening, instilling fear
among local population as well as for attracting publicity. In these
situations, antropogenic catastrophes can be created and expressed as
a large scale accident with heavy casualties. There were roughly 508
nuclear accidents from 1993 to 1999 worldwide, which presents more
than one per each of 434 nuclear objects in the world. It is known that
the first commercial nuclear reactor was built in Sellafield and openned
by Queen Elizabeth Il. It has been working for more than 54 years
although initially it had been planned to work for 25 years. Great Britain
is the first European country that decided to close one if its reactors —
Dounreay near Thurso in north Scotland. Its closure process will last for
100 years and will cost approximately 740 million pounds (Gacinovic,
2005, p.130).

During the aggression on Serbia, NATO used nuclear violence
against all citizens of the Republic of Serbia, and American General
Michael Short, head of the NATO Air Force operations in that period,
stated: ,War cannot be gained if we do not destroy a possibility of normal
life for most of the citizens. We must take them water, electricity, food, and
even the healthy air®. During that war, NATO fired over 30,000 projectiles
with depleted uranium, which is about 17 tones of uranium, and the
uranium halflife time is 4.5 billion years (Andri¢, Krsmanovi¢, 2000, p.127).
The locations in Serbia where the munition witih depleted uranium was
used during NATO bombings in 1999 are shown in Figure 5.
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Figure 5 — Sites in Kosovo and southern Central Serbia where NATO aviation used

forbidden munition with depleted uranium during the 1999 bombing

Puc. 5 - Oncnokauun B KocoBo u tore LieHTpanbHoi Cepbuu, rae Bo3ayLHbIe CUnbl
HATO ucnonb3oBanu 3anpeLleHHble 6oenpunackl ¢ 06e4HEHHbIM ypaHOM BO BpeMS

6ombapamposok 1999r.

Slika 5 — Lokacije na Kosovu i Metohiji i jugu centralne Srbije na kojima je NATO avijacija

koristila zabranjenu municiju sa osiromasenim uranijumom tokom
bombardovanja 1999. godine

Modern genetics says that such high concentrations of uranium can
leave consequences in the human organism even after 60 generations
after the exposure. Radiologists warn that one alpha particle can induce
one cancer cell which, by the cloning theory, does not destroy just tissue
but life itself. The fact that one company near New York was closed
because it used to release 500 g of uranium in the air monthly confirms
that the USA has a policy of protecting their own citizens. Only one
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projectile fired from an A10 aircraft has 300 g of uranium - the Serbian
territory was covered with over 30,000 of such projectiles during NATO
air strikes, which presents a serious life-long threat to many Serbian
citizens.

Since World War I, the world has not been able to escape nuclear
weapon threats in spite of signed agreements. Only in the second half of
20th century, 514 air nuclear explosions and 1,600 underground nuclear
explosions occurred. The Missile Technology Control Regime was
established in 1983 with the aim of preventing an increase of the number
of countries which possess technologies for nuclear missile production
(Taylor, Horgan, 2000, p.113).

According to Theodore Taylor, the author of arguably the most
comprehensive study about the dangers of nuclear terrorism, the only
problem in nuclear bomb production is nuclear material; however, it can
be procured on the black market with enough financial means.

A nuclear component of international terrorism is now reality which
all countries must take into consideration. Nowadays, at the beginning of
21st century, small but very dangerous weapons are being produced,
e.g. there are 0.1 KT nuclear bombs weighing only 37 kg (Gacinovi¢,
2012). There are indications that the USA and Russia possess nuclear
weapons of a very small strength of 0.1 KT whose weight is just 27 kg.
These are two types of weapons, SM-50 and D-444, which could be a
great danger if they become available to terrorists.

Nuclear weapons are weapons with the most destructive effects.
Unlike chemical and biological weapons, they can cause massive
destructions to civil engineering structures and infrastructures. On the
one hand, biological weapons, if used in a certain way, could be more
dangerous than nuclear ones. On the other hand, if they are detected
in time, it is easier to defend civilian population from biological and
chemical weapons than from nuclear weapons. Chemical weapons
must be used in large quantities to achieve similar lethal effects like
nuclear and biological weapons. Against well protected targets, they
could have even less deadly effects than conventional weapons.
Because of a great dependence on weather and protection levels, the
effects of chemical and biological weapons are less predictable than
those of nuclear weapons. Figure 6 presents the effects of nuclear,
chemical and biological weapons, with a presumption of using a
nuclear bomb with a mass of 1000 kg and strength of 12.5 KT, 300
liters of Sarin and 30 kg of Antrax for a teritory of 3,000-10,000
citizens/km?.
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Figure 6 — Lethal effects of chemical, biological and nuclear weapons
(Cordesman, 2002).
Puc. 6 — 3ddekTbl NopaxatoLero 4eNCTBNst XMMNYeCcKoro, Bonornyeckoro n agepHoro
opyxusi Cordesman, 2002).
Slika 6 — Efekti ubojnog dejstva hemijskog, bioloSkog i nuklearnog oruzja
(Cordesman, 2002).

Today’s information explosion makes nuclear technology available
to thousands of scientists from developing countries, which, with
uncontrolled smuggling of nuclear material on the black market and weak
international control, presents a great danger. Generally, making a
nuclear bomb is quite simple, and information about that is available in
literature and national archives. In 1976, Aristotel Filips, a student of the
third year of nuclear physics at Princeton university, USA, made a project
paper in which he showed how easy it was to make a nuclear bomb
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using a DIY approach. His work is full of detailed plans of production and
nuclear weapon experts concluded that such a bomb would be very
effective. Bomb shape: sphere, radius: 60 cm, mass: 38 kg, production
price (plutonium not included): 2,000 dollars, strength: 1/3 strength of the
bomb dropped on Hiroshima.

To make a nuclear weapon, it is necessary to have a certain amount
of fission explosive. Fission explosives are usually enriched uranium —
235 (**U) and plutonium — 239 (***Pu); uranium — 233 (***U) can also be
used. Uranium — 233 is the most appropriate for small explosive devices
such as tactical nuclear bombs. The quality of fission explosive is very
important. The least content of fission isotopes in the material for making
nuclear weapons is in a range of 10 — 20 %. Uranium with enriching
content of more than 20% for ***U is designated as highly enriched
uranium (HEU). Uranium used for this purpose is usually enriched 90 %
for ?°U. The critical mass (mass of the fission material needed for
maintaining a chain fission reaction) is necessary for nuclear weapons
production. The following values of the critical mass are needed for
nuclear weapon construction: 10 — 15 kg ?**U, about 5 kg of **Pu and
4.5 kg of ?°U. With enrichment decreasing, the critical mass of #°U
increases, which is not so important for ?°Pu (Lazarevié, et al., 2003).

Nuclear weapon construction based on plutonium has its own
difficulties:

— mechanical shaping of plutonium is more complex than shaping of
uranium,

— the complex implosive technique for creating an explosion is
needed for plutonium, while for uranium simple techniques can be used,

— for a plutonium nuclear bomb, it is necessary to carry out previous
research, while the first uranium bomb was used without previous
research.

Nuclear material can get into the hands of terrorists by hijacking
during the transport of nuclear material from countries that have nuclear
weapons, by illegal leaking over secret channels from nuclear reactors or
via the black market of nuclear material.

Highly enriched uranium is especially interesting for terrorists
because of a few reasons: it can be used in a simple nuclear weapon in
which plutonium cannot be used, it is less radioactive and dangerous for
handling than plutonium, and it is easier for transporting, stocking and
turning into a weapon.

Nowadays, the following countries possess nuclear weapons: the
USA, Russia, Great Britain, France, Israel, China, India, Pakistan and
South African Republic while potential producers are: Brazil, Argentina,
Mexico, Japan, Canada, Italy, South Korea and lIraq. Beside the
mentioned nuclear weapons, there are over 600 nuclear reactors for
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production of electrical energy and science research worldwide. There
are numerous sensitive spots on nuclear reactors where terrorists can
secretly take out nuclear material. This method of supplying necessary
amounts of nuclear material for nuclear weapon construction is done
unnoticeably in a long period of time.

In an incident in 1992, the amount of 1.5 kg of 90 % enriched
uranium was stolen from a production plant in Podolsk (Russia).

In an incident in 1994, the amount of 3 kg of 90 % enriched uranium
was stolen in Moscow.

The Czech police took almost 3 kg of enriched uranium in Prague in
December 1994.

Only during 1993 and 1994 in Germany, more than 300 cases of
smuggling of radioactive material were discovered, which worried
Western Europe because of a possibility that nuclear WMD can be sold
to interested countries or international terrorist groups. Smugglers of
radioactive materials were discovered in lItaly, and in 1997 in Skoplje,
Macedonia, three people were arrested under suspicion that they were
smuggling highly radioactive uranium. During that operation, 250 g of
uranium was found in one apartment.

During a theft of nuclear material in the Cheljin region, the Russian
official report stated that there was enough amount of nuclear material to
produce a nuclear bomb. That is the only theft of nuclear material
described in that way.

The Japanese sect “Aum Sinrikjo”, responsible for poisoning
thousands of people in the Tokyo metro, tried to dig uranium in Australia
in 1995 and to buy nuclear warheads in Russia. In one media story in
Sunday Times (6.10.2002, London), it was written that reporters (Jastin
Sparks and Peiter Konradi), under false identity, made an agreement to
buy a radio therapeutic device from the owner of one Czech company.
The bought device (with 70 g of Co) was to be sent to help a project in
Nigeria. Nuclear experts claim that, with that amount of Co, terrorists
could contaminate the London city center.

The incident in Moscow in November 1995, when Chechen terrorists
hid a small amount of cesium — 137 (radioactive substance used in
medical and industrial purposes) in a park, serves as proof that a
possibility of using different nuclear materials is not insignificant. Luckily,
they did not know how to activate it. Had that amount of cesium been
spread, the whole park would have been contaminated with a low level of
radiation; what is more important is the psychological effect which would
have been accomplished. In 1950s and 1960s, the technology of
production and application of combat radioactive materials and
radioactive poison gases was developing. Both of the mentioned
weapons were based on the usage of radioactive waste.
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Forms and methods of protection against
nuclear terrorism

The international community has been trying to gain control over nuclear
weapons for years through different forms of international agreements and
organizations, in order to stop their use in war actions, but also to erase a
possibility of its falling into hands of terroristic organizations. The International
Atomic Energy Agency (IAEA) was formed in 1957. With the development of
nuclear energetics, there appeared a danger of uncontrolled spreading of
nuclear weapons among countries that had not possessed them previously.
The Agreement on Non-Proliferation of Nuclear Weapons (Nuclear
Nonproliferation Treaty) was signed in July 1968, and two years later it
entered into force. It is believed that this agreement is essential in preventing
the spread of nuclear weapons (Sukovi¢, 2004, pp.291-308). It was signed
for the duration of 25 years but in 1995 it was changed to last without limit
and it became obligatory for the countries that had nuclear weapon at that
time (USA, USSR, Great Britain, France and China). On the meeting held on
July 31st 1985, organized by the IAEA, 84 states-members of Nuclear
Nonproliferation Treaty agreed on nonproliferation guarantees. India,
Pakistan and Israel did not sign this document, so they gained their nuclear
status without breaking this international obligation. North Korea withdrew
from the Treaty before getting its nuclear status, in 1993. This Agreement is
aimed to prevent the spread of nuclear weapons and to encourage
negotiations on effective measures to suspend the race for nuclear
armament and general disarmament under strict international control. The
Agreement has been signed by 200 countries.

However, the IAEA was not a sufficient barrier to prevent the spread
of nuclear weapons. Economic barriers were not insurmountable
obstacles either, because every country that has a peaceful nuclear
program can allocate sufficient financial and human resources for the
production of nuclear weapons. The most important measures for
preventing the spread of nuclear weapons and preventing the secret
removal of material from plants are:

— keeping records on the amount of nuclear material,

— measures to protect nuclear facilities and nuclear materials, and

— control measures.

For controlling the amount of nuclear material, a term “material
balance zone* was introduced. It is defined as a zone inside and outside a
nuclear facility (where the flow of material is being performed) in which a
material balance must be obtained. Material amount control was
significantly simplified and improved by importing special devices capable
of evaluating the amount of fission material in nuclear facilities. Specific
protection measures concern measures such as: physical protection,
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construction of special transport containers for transport of nuclear material
and other constructive solutions that have the task to increase the
protection of nuclear material. Control measures comprise information
gathered by special devices on nuclear facilities and the control of nuclear
material amounts exerted by supervising inspectors of the IAEA. Although
the work of the agency depends a lot on national bodies for achieving a
balance of nuclear material, the Agency itself also performs independent
controls and procedures. Guarantees do not encompass nuclear materials
obtained in ore extraction and processing. All states are obliged to inform
the IAEA on every exchange of materials containing uranium, plutonium
and thorium, with countries that do not possess nuclear weapons,
excluding cases of exchange of non-nuclear materials. By combining
technical and organizational obstacles, security of civil nuclear facilities is
increased, including stronger measures of physical security of nuclear
facilities, which presents a real approach to the problem of preventing
nuclear proliferation. Different devices, including ionizing radiation
detectors, placed at entrance and exit spots as well as all over a nuclear
facility, can present effiicient means for discovering a covert transfer of
nuclear material out of the facility (Lazarevi¢, et al., 2003).

Conclusion

Terrorism is a major problem of the modern society and an obstacle to
the development of the modern world. Simultaneously with the development
and progress of the mankind in technical, financial and cultural terms,
terrorism also develops, but at a faster pace. Terrorism is constantly
changing its form, content, types and forms of organization, methods of
operation, technical equipment, etc. Nuclear terrorism incorporates various
forms of threats, which may include not only nuclear weapons but also the
sources of ionizing radiation applied for terrorist purposes. The main
objective of nuclear terrorism is to use nuclear weapons for mass
destruction of people, material goods and for contamination of large areas,
in order to achieve the goals of terrorist organizations.

The use of nuclear weapons for terrorist purposes is possible and
realistic, taking into consideration that the level of technical knowledge in
the world is growing, that the methods of making such devices are
available to the public in a variety of professional scientific journals and
that the access to nuclear materials has become increasingly easier.

The International Atomic Energy Agency (IAEA) through the Non-
Proliferation of Nuclear Weapons and other international treaties,
together with the signatory countries, tends to be an insurmountable
obstacle to terrorist organizations for the purchase of nuclear material
and equipment necessary for the construction of nuclear weapons.
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In the incoming period, in order to improve the protection against a
possible use of nuclear materials for terrorist purposes, it is necessary
that the Signatory Countries:

— apply protective measures in accordance with the Treaty on the
Non-Proliferation of Nuclear Weapons,

— consistently implement the provisions of the Protocol to the
Agreement between the signatory states and the International Atomic
Energy Agency on the application of protective measures with regard to
the Treaty on the Non-Proliferation of Nuclear Weapons.
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AQEPHbIV TEPPOPU3M

CpoxaH 3. Pytny
BoopyxeHHble cunbl PC, LUTab no oby4venuto, LieHTp PXB3, r. Kpywesald,
Pecny6nuka Cepbus

OBJNTACTb: pagnaumoHHas, xummuyeckas 1 buonornyeckas sawmuta
B[O CTATbW: npodeccrmoHanbHas ctaTbs
A3bIK CTATbW: annuinckmin

Pe3some:

B cmamee npedcmasneH 0630p pasnuyHbIX rposerneHull S0epHo20
meppopusmMa U meppopusma ¢ npumMeHeHuUem UoHU3upyrouwezo obryde-
Husi, Kak ocobol ghopmbl meppopusma. lposedeH aHanu3 803MOXKHO-
cmeti docmyra meppopUCMUYECKUX pYyruUpPO8OK K S0ePHOMY OPYXKUKO U
€20 MPUMEHEHUS 8 mepakmax.

B cmamee onucaHbi popmbl U Memodbi 6opbbbl ¢ MepPOPUIMOM U
3awumsi om Odeticmeusi s10epHo20 opyxusi. CdenaHbl 6bl800bI, 4YMoO
0epHbIl meppopusm npedcmasnsem pasHblie (hopMbl yepo3, ces3aH-
HbIX HE MOJIbKO Om I0E6PHOZ0 OPYXKUST, HO U OM UCMOYHUKO8 UOHU3UpYye-
weao obsyyeHus.

B 3aknodyeHuu npedcmaesrnieHa OesimernbHocmb MexdyHapoOHO20
azeHmcmea rno amomHol sHepauu (IAEA), HanpasneHHasi Ha 60opbby ¢
S0ePHbLIM MEPPOPUIMOM Hepe3 U Opyaue MexX0yHapOoOHbIe CcoanalieHusl,
npedomepawiasi makum obpa3oM 803MOXHOCMb CHabXXeHUs1 meppopu-
CMUYECKUX OpeaHu3ayull siI0epHbIMU Mamepuanamu U Heobxo0uMbiM
obopydosaHuem Ot co30aHus1 SIOEPHO20 OPYXKUSI.

KrtoueBble crioBa: opyxue, S0epHbIli meppopusm, sidepHoe opyxue, me-
PPOPU3SM.

NUKLEARNI TERORIZAM

Srdan Z. Ruti¢
Vojska Srbije, Komanda za obuku, Centar ABHO, KruSevac, Republika Srbija

OBLAST; zastita od NHB oruZja
VRSTA CLANKA: strucni ¢lanak
JEZIK CLANKA: engleski

SaZetak:

U radu se govori o naéinima ispoljavanja terorizma nuklearnim
oruzjem | izvorima jonizujuceg zraCenja kao posebnom vrstom terori-
zma. Analizirane su mogucnosti da teroristicke grupe dodu u posed nu-
klearnog oruZja i da ga primene u teroristiCke svrhe. Sagledani su oblici i
metode zastite od teroristiCkih dejstava nuklearnim sredstvima. Zakljuce-
no je da nuklearni terorizam sadrZi razliCite oblike pretnji koje mogu
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ukljuc¢ivati ne samo nuklearno oruZje vec i izvore jonizujueg zracenja u
teroristicke svrhe.

Medunarodna agencija za atomsku energiju (IAEA) i zemlje potpi-
snice, kroz Sporazum o neSirenju nuklearnog oruZja i druge meduna-
rodne ugovore, nastoje da teroristiCkim organizacijama budu nepremo-
stiva prepreka za nabavku neophodnih nuklearnih materija i potrebnih
uredaja za konstrukciju nuklearnog oruZja.

Uvod

Danas je terorizam u stalnom porastu, bez obzira na sve organi-
zovanije suprotstavijanje medunarodne zajednice i na mere koje se
preduzimaju radi njegovog suzbijanja. On se obnavilja i usavrSava na
sve visem tehnoloSkom nivou, a efikasnost mu se stalno povecava.
Savremeni tehnolo$ki razvoj, koji karakteriSe XXI vek, stavio je u ruke
terorista

TeroristiCki napadi nuklearnim oruzjem i izvorima jonizujuceg zra¢enja

Nuklearni teroristi¢ki napad je onaj u kojem teroristicka organiza-
cifa koristi nuklearnu napravu ili radioaktivni materijal kako bi prouzro-
kovala masovna ubistva i Stete. Nuklearni terorizam prilikom napada
uklju¢uje upotrebu ili pretnju upotrebom radioaktivnih materijala. Nukle-
arno oruzje moZe teroristima omoguciti znatne prednosti, kao §to su
veliki broj Zrtava i fokusiranje paZnje svetskih medija. Zapadne zemlje
Ssu posebno sumnjiCave prema ucenama terorista u preduzimanju nu-
klearnog napada. Oni koji odlu¢uju nemaju nacina da u potpunosti sa-
gledaju koliko su teroristi stvarno spremni da ostvare svoje pretnje.

Defionisana su tri osnovna principa delovanja:

— upotreba nuklearne eksplozivne naprave (nuklearna eksplozija),

— napad ili sabotaZa na postojec¢im nuklearnim postrojenjima i

— upotreba tzv. prijave bombe — klasi¢na eksplozija pomocu koje
se radioaktivni materijal raspriuje u okolinu.

Nacin ispoljavanja terorizma nuklearnim sredstvima

Posto je nuklearni terorizam aktivnost koja se sprovodi pomocu
visoke tehnologije, smatralo se skoro do pred kraj XX veka da je to
malo verovatna aktivnost, jer su radioaktivni materijali u principu do-
bro &uvani, skupi su i opasni, tako da ih je bilo teSko nabaviti, imati u
posedu, njima struc¢no rukovati i sve to drzati u tajnosti. Medutim, na
pocetku XXI veka situacija se u tom smislu u potpunosti promenila.

Nivo tehni¢kog znanja u svetu sve viSe raste, uputstva za izradu
takvih naprava se javno objavljuju u raznim stru¢nim nauénim ¢asopi-
sima, a pristup nuklearnim materijalima postaje sve jednostavniji.

Pri kraju XX veka u svetu se u civilnim fabrikama proizvodilo go-
disnje 500 t plutonijuma-239, a za bombu koja moZe da unisti grad
srednje veli¢ine potrebno je samo deset kilograma plutonijuma.
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Za trovanje stanovni$tva teroristi mogu upotrebiti i plutonijumsku
prasinu. Ako se samo nekoliko grama plutonijuma ubaci u rezervoar vo-
dovoda voda c¢e postati visokoradioaktivna, odnosno bice neupotrebljiva
za pice i predstavijace rizik po Zivote ljudi. Pored plutonijuma, posebno
su opasni radionuklidi: stroncijum, polonijum, radijum, aktinijum, jod-131
i svi ostali radionuklidi koji se koriste u civilnim organizacijama (za indu-
strijske i medicinske svrhe) i nuklearnim postrojenjima.

Razli¢iti su putevi pomocu kojih teroristi mogu doci do nuklearnih
materijala — oruZanim putem preko otmica u toku prevoza nuklearnog
materijala koji organizuje drZzava koja poseduje nuklearno oruZje, ilegal-
nim oticanjem preko .tajnih kanala” iz nuklearnih reaktora nekih drzava
ili preko ,crnog trzista” nuklearnog materijala.

Oblici i metode zastite od teroristi¢kih dejstava nuklearnim sredstvima

Medunarodna agencija za atomsku energiju (International Afomic
Energy Agency, IAEA) formirana je 1957. godine.

Sporazum o nesirenju nuklearnog oruzja (Nuclear NonProliferation
Treaty) potpisan je u julu 1968. godine, a dve godine kasnije stupio je na
snagu. Smatra se da ovaj sporazum ima centralno mesto u reZimu spre-
Cavanja Sirenja nuklearnog oruZja (Sukovic, 2004, pp.291-308).

Ugovor je imao za cilj da spreci Sirenje nuklearnog oruZja i da pod-
stakne pregovore o efikasnim merama za obustavu trke za nuklearnim
naoruZavanjem i sveopStem razoruZavanju pod strogom medunarod-
nom kontrolom. Sporazum je do danas potpisalo 200 drzava.

Medutim, IAEA nije bila dovoljna prepreka da se spreci Sirenje nu-
klearnog oruZja. Takode, ni ekonomske barijere nisu bile nesaviladive
prepreke, buduci da svaka zemlja koja ima miroljubiv nuklearni program
mozZe izdvajiti dovoljne finansijske i ljudske resurse za proizvodnju nukle-
arnog oruzja. Najvaznije mere za spreCavanje Sirenja nuklearnog oruZja
i spreCavanje tajnog iznosenja materijala iz postrojenja su:

— vodenje evidencije o koli¢ini nuklearnih materijala,

— mere zastite nuklearnih postrojenja i nuklearnih materijala i

— mere kontrole.

Zakljudak

Terorizam je veliki problem savremenog druStva i prepreka na putu
razvoja savremenog sveta. Istovremeno sa razvojem i napretkom cove-
Canstva, u tehnickom, materijalnom i kulturnom pogledu razvija se i tero-
rizam, samo jo§ brZzim tempom. Neprestano se menja i po formi, sadrZi-
ni, tipovima i oblicima organizovanja, nacinima delovanja, tehnickoj
opremljenosti i slicno. Nuklearni terorizam sadrzi razliCite oblike pretnji
koje mogu ukljuéivati ne samo nuklearno oruzje vec i izvore jonizujuceg
zracenja primenjene u teroristiCke svrhe. Osnovni cilj nuklearnog terori-
Zma jeste da se upotrebom nuklearnog oruZja izvrSi masovno unistava-
nje ljudi, materijalnih dobara i kontaminacija velikih povrsina, radi ostvari-
vanja ciljeva teroristiCkih organizacija.
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Upotreba nuklearnog oruZja u teroristiCke svrhe je moguca i realna,
imajudi u vidu da nivo tehnickog znanja u svetu sve vise raste, da se naci-
ni izrade takvih naprava javno objavijuju u raznim stru¢nim naucnim ¢aso-
pisima i da je pristup nuklearnim materijalima postao sve jednostavniji.

Medunarodna agencija za atomsku energiju (IAEA) kroz Sporazum
0 neSirenju nuklearnog oruzja i druge medunarodne ugovore, zajedno
sa zemljama potpisnicama teZi da bude nesaviadiva prepreka teroristic-
kim organizacijama za nabavku neophodnih nuklearnih materijala i po-
trebnih uredaja za konstrukciju nuklearnog oruZzja.

Da bi se unapredila zastita od moguce upotrebe nuklearnih materi-
Jala u teroristicke svrhe u narednom periodu neophodno je da drzave
potpisnice:

— primenjuju zaStitne mere u vezi sa Ugovorom o neproliferaciji nu-
klearnog oruzja,

— dosledno sprovode odredbe Dodatnog protokola uz Sporazum iz-
medu nje i Medunarodne agencije za atomsku energiju o primeni zastit-
nih mera u vezi sa Ugovorom o neproliferaciji nuklearnog oruZzja.

Kljuéne redi: oruZje, nuklearni terorizam, nuklearno oruZje, terorizam.
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Caxemak:

Y osom rnipukasy Hagole ce OCHO8He UHopmauuje O yKyrnHUM
pesynmamuma, 3Havajy, MehyHapodHOM npozspaMckoMm 0060opy u
obnacmuma pada 18. mehyHapoOHe KoHgbepeHUuje ,Ynpasbarne Kea-
numemom u nioysdaHowhy ICDQM-2015" u 6. mefjyHapoOHe KOHgbe-
peHyuje ,Ynpaerbame U UHXeHepcmeo XueomHoa yukiyca” (padosu
Cy Ha CpricKOM, eHarieCKOM U PYCKOM je3uky), Koja je oOpxaHa rod
ucmum Hasugom ICDQM-2015. NpedcmasrbeHu cy 6poj u cmpykmypa
padosa obe KoHgbepeHuuje, a npukadaHu camo padosu rpurnaldHuUKa
Bojcke u MuHucmapcmea o0bpaHe Penybnuke Cpbuje y cekuujama:
80JHO UHXXeHePCMBO, UHXEeHepCmeo Keanumema, UHXeHepcmeo o-
y30aHocmu, UHOYCMPUJCKO UHXEeHepCcmeo, CUCMEMCKO UHXeHep-
€meo, eHepaemcka ehukacHOCm U eKOHOMUYHa npou3eodra. Ha oeoj
KoHbepeHyuju je 6uno, 0o cada, Hajeuwe objasrbeHux padosa rpu-
nadHuka Bojcke u MuHucmapcmea odbpaHe Penybrniuke Cpbuje.

KrbyuHe peun: keanumem, rnoy3daHocm, 80JHO UHXEH-epCmeo, KOH-
epeHyuja, npukas.

YBog

Y MpujeBopy, koa Yauka, y ctpaxmsadkom DQM ueHTpy je, og 25.
0o 26. jyHa 2015. rogunHe, ogpxaHa 18. DQM mehyHapogHa KOH(EepeH-
uuja ,Ynpaemarbe ksanuteTom 1 noyaaarowwhy ICDQM-2015" (18" Inter-
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national Conference Dependability and Quality Management ICQDM-
2015) u, ncroBpemeHo, 6. meflyHapoaHa KoHdepeHumja ,YnpaBibawe n
NHXEH-EPCTBO XMBOTHOT Lmknyca” (6™ DQM International Conference Li-
fe Cycle Engineering and Management)).

OpraHusatop koHdepeHuumje je, kao 1 o caga, DQM nctpaxusayku
ueHTap (MctpaxuBayku ueHTap 3a ynpasibake KBanuTteTom W noysaa-
Howhy) n3 lMNMpujeBopa kog Yauka.

KoHdbepeHuuja obyxBaTa 0611acTu: UHXKEHEPCTBO KBanNuTeTa, NHXe-
HEPCTBO MOY30aHOCTU, UHAYCTPUCKO WHXKEHEPCTBO, CUCTEMCKO WHXe-
HEPCTBO, BOJHO MHXEHEPCTBO, eHepreTcka epuKkacHOCT U EeKOHOMUYHa
npoussodra. [lo caga je y 36opHuMumma oBe koHdepeHumje nybnmkosa-
Ho 2142 paga.

O6nactn ICDQM koHdepeHuuje BeoMa Cy MHTepecaHTHe M 3Ha4ajHe
n 3a npunagHuke Bojcke Cpbuje n MuHuctapctea ogbpaHe Penybnuke
Cpbuje (MO), na Ha koHdepeHUMj NocToju u nocebHa obnact BojHo uH-
JXerepcmeo (yBedeHa Kao cekuumja npe 7 roguHa), 36or 3Ha4aja pagoBsa u
KOHTUHYyMTeTa ydewha npunagHuka Bojcke u MnHnctapcTea ogbpaHe.

Mporpamckn ogbopwn oBoroguvike KOHepeHuuje cy UCTU Kao Ha
npownoroankoj koHgepeHumju (Pokorni, 2015), (ICDQM 2015).

W oBse roguHe je Komucuja nporpamckor ogbopa, o4 pagosa caon-
LUTEHUX Ha MPOLUSIOroAMLK0j KOHhepeHUmnju, npornacuna asa Hajoorba
pagja — jegaH 13 obnactu akagemMckux UcTpaxusara, a jegaH u3 obna-
CTM NPUMEHEHUX UCTPaXKMBaHa y npuepeaun. To cy pagoBu:

1. ,Measuring Software Quality — State of the Art” unju je aytop Par-
mond K, Kapur n3a Amity International Business School, Amity University,
Indija;

2. ,Anatn kBanuteTa y ynpasrbaky PU3MKOM MHTErpucaHor cuctema
MeHalMeHTa y noctynky Habaeke y PB KonyGapa” unju cy aytopu [pa-
eaH Munadurnosuh v [ejan 3exkuh n3 Pb Konybapa, Jlazapesad,.

3a KoHepeHuMjy cy wTamnaHa gsa 30opHMKa pagoea, a noctoje u
Ha U[-uma. Y 36opHuumma nma ykynHo 160 pagosa (kao u npoLusie ro-
OWHe) ayTopa u3 7 3emarba (npowune roguHe 9).

Y 36opHuKy pagosa ,18. DQM mehyHapoaHa koHdepeHuuja Ynpa-
Brbake kBanutetom n noysgaHowhy ICDQM2018” (Ha cpnckom je3uky)
objaBreeHo je 120 pagosa (npowwne roguHe 119), n To 2 nneHapHa caon-
WwTera, 38 pagoBa y cekumjn nHxekepcTBo kBanuteta (Quality Engine-
ering), 7 y cekumju nHxerwepctao noysgaHoctu (Reliability Engneering),
28 y cekumjn nHgyctpujcko nHxerwepcteo (Concurent Engineering), 13 y
CeKUuMjn nHXewepcTBo cuctema (Systems Engineering), 26 y cekunjm
BOjHO MHXEHEPCTBO (NpoLusne roguHe 22), 3 y cekunju eHepreTcka edu-
KacHOCT, U 3 y ceKkumju ekoHoMMYHa npousBogha (Lean Production). Y
OBMM ceKkuMjama je 7 pagosa aytopa u3 bocHe n XepuerosuHe, 4 us Llp-
He Nope, 2 n3 Xpeartcke n 1 ns Mahapcke.

553

Pokorni, S., 18. medunarodna konferencija ICDQM-2015 (prikaz zbornika radova), pp. 552-573



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

Y 360pHuky paposa ,6" DQM International Conference Life Cycle
Engineering and Management” (Ha eHrneckom v jegaH pag Ha pyckom je-
3uky) objaBrbeHo je 40 pagoBa (npolune roguHe 41), og yera 11 nneHap-
HUX caonwTena (6 pagosa aytopa ns Pycuje, 4 ns Cpbuje, 1 ns LLnaHu-
je), 12 y cekumjn Quality Engineering, 4 u Reliability Engineering, 5 u In-
dustrial Engineering, 4 y Systems Engineering 2 y Military Engineering, 1
y cekunju Energy Efficiency, 1 y Lean Production. ¥ cekumju Industrial
Engineering je v jenax pag aytopa n3 Mahapcke.

3BaHNYHM je3numn KoHdepeHumje Bunm cy eHrneckn, pycku n Cprcku.

MpunagHuun Bojcke, ogHocHOo MwunuctapctBa oabpaHe Cpbuje,
nmajy ykynHo 47 pagoBa (npotune roguHe 42), WITO je HajBuLLE of noyeT-
Ka ogp)xaBaha KoHdepeHuuje. Y Tabenn 1 npukasaHun cy 6poj pagosa
npunagHuka Bojcke Cpbuje 1 MO 1 ykynaH 6poj pagoBa Ha KOHdepeH-
umjn, y nocnegwunx 7 roanHa, of kaga nocToju cekuuja BojHO uHxeHep-
cmeo (Aytop, 2015). Ocum Tora, oBe roguHe je 6poj pagosa npunagHuka
Bojcke n MO y cekumju BOjHO MHXKXEHEPCTBO HELTO BEhM HEro y octanum
cekumnjama (28 y ogHocy Ha 19).

Tabena 1 - lNpernen 6poja pagosa npunagHuka BC n MO
1 yKynHor 6poja pagosa Ha ICDQM
Table — Overview of the papers of the Serbian Army and MoD members and the overall
number of papers at the ICDQM
Tabnuua 1 — O630p konnyecTBa paboTt npeacrtasutenet BC n MO un obuiero konvyectea
paboT, NpeAcTaBneHHbIX Ha kKoHdepeHumn ICDQM

[ogvHa
2015. | 2014. | 2013. | 2012. | 2011. | 2010. | 2009.
Cekumja BOJHO NHXEH-EPCTBO 28 22 9 6 6 18 12
Ocrtane cekuuje 19 20 21 10 8 10 2
YkynHo BC n MO 47 42 30 16 14 28 14
YkynHo ICDQM 160 160 180 155 141 162 148

HaBoagunmo, ykpaTtko, cagpxaj pagoBa npunagHuka Bojcke n MuHu-
ctapcTtBa oabpaHe Penybnuke Cpbuje no TemaTckum obnactmma KoHde-
peHuunje, pedocnefoM Kako cy gatu y 36opHuuMma pagoBa, Koju cy
LUTaMMaHn Npe ogpXxaBaka KoHdepeHuumje.

MpunagHunun Bojcke n MO Penybnuke Cpbuje cy oBe roguHe, of
YKynHO 48 papgoBa, Hanucanu 7 pagoBa Ha €HrNeckoM jesnKy (npolune
roguHe 3) u jegaH pag Ha pyckom. PagoBu Ha €Hrieckom 1 pyckom jesu-
Ky LUTamMnaHm cy y 36opHuky ,6" DQM Life Cycle Engineering and Mana-
gement) ICQDM-2015".
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Ha HuBoy nneHapHux npedasarba NybrvKoOBaH je jegaH pag Ha cpn-
CKOM je3unKy:

HaHko JoBaHoBuh, YHuBepauteT ogbpaHe, BojHa akagemwuja, Beo-
rpaa,

BojkaH Pagoruh, TexHU4Ykn peMoHTHU 3aBof, Yavak,

MBaH Mwunojesuh, MNeHepanwTtab Bojcke Cpbuje, Ynpasa 3a noru-
cTuky, beorpag

lNpumeHa noaucmuyko2 KOHMPOIIUH2a Mpu Kpeupaksy
Mpou3sodHo2 UHGhopMaULUOHO2 cucmema

Y pesumey paga KoOHcTaTyje ce Aa NTIOrMCTUYKN KOHTPOSTMHT NpeacTa-
BIfba NPUCTYN yrpasrbakba CUCTEMOM Yy KOjeM ce npeTnocTaBrba fa ce
nogauuM nNpukynrbLajy camo Ha uU3Bopy UHdopMaumja, a y naHuy ogny4dm-
Baka KOPUCTE Ce Y CKragy ca xujepapxujomM fimua u cteneHom osrawhe-
Ha da HMBO nogartaka kopuctu, obpahyje n goHocu ognyke. Y pagy je
npuKasaH jegaH npuMmep Tako MNpPojekToBaHOr MHAOPMaLMOHOr cuctemMa
3a NpovsBoAHY Y jeAHOM Aeny Npou3BOAHOr npoueca y TexHUYKoM pe-
MOHTHOM 3aBogy ,Ha4ak".

Y Tematckoj 06nacTu uHxeHepcmeo Keanumema objaBrbeHa cy Ye-
TUPW pafia Ha CPIICKOM je3MKYy:

Mapko AHapejuh, YHuBepauteT onbpaHe, BojHa akagemuja, Beo-
rpag,

Cnob6ogaH NManunh, HapogHa 6aHka Cpbuje, Beorpag,

MapjaH MuneHkoB, YHuBepautet oabpaHe, BojHa akagemuja, beo-
rpaqd,

CumoHa AHgpejuh, ®dakynTeT 3a NOCnoBHe cTyamje u npaso, beo-
rpaq,

MapjaH Mupyescku, BojHomeauumHcka agagemumja, beorpag

WHmepHa KoMyHuUKauuja y pyHKyuju Momueucara
3arnocneHux

Y pagy ce obpahyje kako npeno3HaTv 4EMOTUBMCAHOCT, Havyena Kop,
npUMeHe KpuTuke kako 6u oHa Guna moTtueuwyha, kKako gatn Hapeaby
Koja MmOTMBULIE, N HaBoge ce obenexja moTmBmwyher npeHowerwa oba-
Be3a 1 04roBOPHOCTU Ha 3arnocrieHe.
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Cphax Oumuh, Munan KaHkapawl, YnpaBa 3a cTpaTerujcko nnaHu-
pake, MO PC, beorpag

Mepere nepghopmaHcu y npouecy cmpameaujckoe
yrnpassbarka mpaHcrnopmom

Monasehn of koHcTaTaumje ga TpaauuMoHanHM CUCTeEMU 3a Mepe-
e nepgopmaHcK opraHmsaumja, 3acCHOBaHM Ha ynotpebu donHaHCKjCKnx
nokasartesba, He 3a40oBoSbaBajy NoTpebe caBpeMeHUX opraHusauuja, jep
He npyxajy notpebHe nHdopmMaumje 3a yHanpeherwe nepdpopmaHcu op-
raHusauuje y 6yayhem nepuogy, a nonasehu og seher 6poja pasnmuntmnx
MoJena Koju YKYMHY YCNewHOCT opraHmsauuje nocmartpajy u3 pasnuyu-
TUX NepcnekTnea, Kopuctehn puHaHcmjcke, anm n HedoMHaHCKjCke noka-
3atesbe, a Koju Cy pasBujeHu nocrneawunx roguHa, y pagy je npukasad
Moryhu HaumH mepersa nepdopmaHcu y npouecy cTpaTerujckor ynpa-
BIbakba TPaHCNOPTOM.

Cphan bnarojesuh, Bnagnmup Puctuh, OparaH bojanuh, YHuBepau-
TeT ogbpaHe, BojHa akagemuja, beorpag

Memodcku npobnemu yrnpasrbara opaaHu3ayujom

Y pagy cy naeHTUdUKOBaHN, ONNCaHN N ObjallieHN HEKMN of, MOry-
hnx metoackux npobnema ynpasrbakba opraHnsaunjomM. lNocebHa naxkka
yCMepeHa je Ha npolece ycarnallaBara CTaBoBa U ycknahueama akum-
ja cybjekaTta opraHusaumje, KaoO OCHOBa 3a YCMNellHy KoopAauvHauujy y
rPYNHOM OANy4YMBaH-y.

[paran bojaHuh, YHmnBep3autet oabpaHe, BojHa akagemuja, beorpag

lNpoueHa ecbukacHocmu cucmema 6e36e0HOCHO2 MeHayMeH-
ma y opeaHu3ayuoHuUM cucmemuma

Y pe3sumey paga ce KOHCTaTtyje Aa je jeaaH oa MHOrobpojHMX npo-
6rnema ca Kojuma cy ce cyodaBare opraHusauuje y 3eMmrbama y TpaH3u-
umjn, npobnem pedopme cnctema 6e36egHOCTM 1 3alLITUTE Ha pagy, Kao
N 3alITUTe XMBOTHE cpeanHe 1 yBoherwe HOBWUX cTaHgapaa y oBoj obna-
CTW, Te Aa KIby4Hy YNnory y OKBMpY ynpaBrbaka U KOHTPOSe OBOr CUCTe-
Ma Tpeba ga vMa HajBMWKN MEHaLMEeHT, N TO HapO4YUTO MPEKo cucTema
6es3begHocHOr MeHaMeHTa. Y pagy je npukasaH anroputam 3a ogpehu-
Bake emkacHOCTM Mepa 3awTute y cuctemmma 6e3begHoCHOr MeHall-
MeHTa.
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Y Tematckoj obnactn uHxerepcmeo rnoy3daHocmu, objaBrbeHoO je
net pagoea (1 Ha CpNckoM 1 4 Ha eHrneckom jesnky). Ha cpnckom jesuky
je objaBrbeH pag;

BojkaH Pagoruh, TexHU4Ykn peMoHTHU 3aBof, Yavak,

CnobogaH bykuh, YHuepauteT y KparyjeBuy, TexHUYKM cakynTerT,
Yavak,

MBaH Mwunojesuh, NeHepanwTab Bojcke Cpbuje, YnpaBa 3a noru-
CTuKy, beorpag,

[aHko JoBaHoBuh, YHuBep3autet oabpaHe, BojHa akagemunja, Beo-
rpag

lMpumeHa kombuHayuje Memoda suweKpumepujyMcke
aHarnuse rpu u3bopy onmumarsiHe op2aHu3lauyuje
o0pxasarba paduo-periejHux ypehaja

Y pagy cy, Ha nsbop onTumanHe opraHusauvje ogpxasawa paguo-
penejHnx ypehaja y Bojcum Cpbuje, npumereHe mMeTofa aHanUTUYKNX
xunjepapxujckmx npoueca (AXI1), metoq PROMETHEE 1 wuxoBa Komou-
Hauwuja, Kao BULLEKPUTEPUjyMCKE METOAE OANy4YMBaka, Aa 6u ce nsabpa-
na Hajbosrba of YeTpu NpeanoxeHe BapujaHTe Xnjepapxmjcke opraHmaa-
uMje ogpxaBama ypehaja, npu 4emy je Behn 3Hayaj gaT Kputepujymy ro-
TOBOCTW (pacnonoXuBoCTK), He 3aHeMapyjyhu TpollkoBe ofgp)KaBaha
ypehaja TokoMm XnBOTHOr Beka. PaamaTtpaHo je cegam Kputepujyma Koju-
Ma ce MOXe OLEeHUTU CBaka o NpeanoXeHUX BapujaHTy.

Ha eHrneckom jesnky cy objaBrbeHn pagosu:

Munuh Mwunuhesuh, Bnaga Cokonosuh, MapjaH MwuneHkos, Wrop
Ennep,

YHuBepauteT ogbpaHe, BojHa akagemuja, beorpag

The influence of repairable parts flow on characteristic
of functioning of their multi-echelon inventory system

Y pagy ce pa3matpa npobnem npomeHe BpegHoOCTM ogabpaHux ka-
pakTepuCTUKa OBOHUBOjCKOI CUCTEMA 3annxa pe3epBHUX AenoBa of Toka
ONpaBIbMBUX AenoBa. 3axTeBU 3a Pe3epBHUM OenoBMMa MoAernMpaHn
cy ogrosapajyhmnm pacrnogenama seposaTHohe.
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Oparorby6 Byjuh, BojHOTexHWYkM MHCTUTYT, Beorpaa

Technology readiness level of structural health monitoring and
its application in aircraft structures

Pan ce 6aBn HoBoM obGnawhy npeguKTUBHOT ofp)KaBara MO3HATOM
kao Ctpyutypan Xeantx MoHutopuHr (CXM), Koja npeacraBrba HOB Ha-
YMH HeOEeCTPYKTUBHOI TeCcTUpara CTPYKType neTenuue Mpexom ceHsopa
yrpaheHnx y CTPyKTypy netenuue, ca TeXuwTeM Ha BPCTU CeH3opa U
ropt0j opekBeHUnju nNpuMmeHe. HaBegeH je npyMmep npuUMeHe OMTUYKUX
WU NUe3oenekTpuU4HUX CeH3opa Yy TecTupawy 3amopa anyMUHWjymcke

CTPYKTYype.

NopaH JaHaukoBuh, [ejaH Bacosuh, YHuBepsuteT y Huwy, dakyn-
TeT 3awTuTe Ha pagy, Huw.

CreBaH Mywwuukn, YHuBepsuteT oabpaHe, BojHa akagemuja, beo-
rpag

Information exchange in integrated safety systems based on
safety indicators

Y pagy je npeAcTtaBrfbeH Mogen pasmeHe MHdopMauuja y UHTerpu-
caHoM cuctemy 6e36e4HOCTM YMju je UWIb KOHTUHyanHo noborbliakse
edomKacHOCTW. 3aCHOBaH je Ha MHAMKaTopMMa Koju onucyjy edpeKkTMBHOCT
6e3begHocHoOr cnctemMa.

lopaH JaHnaukosuh, [ejan Bacosuh, YHuBepautet y Huwy, dakyn-
TeT 3awWTnTe Ha pagy, Hww,

CrteBaH Mywwuukun, YHusepauteT oabpaHe, BojHa akapgemuja, beo-
rpag

Models for data and adverse events analysis in integrated
safety systems

Y pagy cy npeacTtaBrbeHa ABa MoAaena NpMMeH-eHa Ha MHTerpucaHe
cucteme 6e3begHocTM pagun noborbllama HUXoBE ePUKACHOCTU: Mogen
aHanuse HexerbeHux gorahaja u mogen pasmeHe nogartaka, MHgopma-
uuja n 3Hama.
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Y Tematckoj obnactun uHOYCmpUjCcKO UH)XeHepcmeo 0bjaBrbeHO je
wecT pagosa npunagHuka Bojcke n Munuctapctea ogbpaHe (5 Ha cpn-
CKOM 1 1 Ha eHrneckom jesunky). Ha cpnckom jesunky objaBrbeHun cy pagoBu:

CHexaHa Kpctuh, YHuBepautet ogbpaHe, BojHa akagemuja, beorpag,

Mapko CtaHojesuh, CtedpaH Kouwmh, Beorpagcka nocnosHa Lwikona,
beorpag

Jlubepanu3sam u 8yrzapu3sayuja KracudyHe rnoaumuyke
eKkoHomuje y Cpbuju

Y pesumey paga KoHCTaTyje ce Aa cy nubepanuctuyke KoHuenumje
N BynrapHy eKoHOMWjy, HacTane y pasBujeHVM eBpOMCKUM ApxaBama, Y
EHrneckoj n ®dpaHuyckoj, koje cy Tpajane y nepmody oA Kpaja 18. go kpa-
ja 19. Beka, 3acTynanu MHOIMM CPrcKN €KOHOMCKW NMUcUK. YKpaTKo ce us-
HOCe CTaBOBW U uAeje CPMCcKMX ekoHomucTa Ypowa MwunaHkosuha, Ye-
nomupa MujatoBuha n Anekce Cnacuha.

Becko JlykoBau, [OparaH lMamydap, YHuBep3auteT opbpaHe, BojHa
akagemuja, beorpag,
MeaH CtedpaHoBuh, Bojcka Cpbuje, Beorpaa

[pewke npouerugara y cucmemy 3a npoueH-usaH-e rnep-
gopmaHcu 3arnocreHux — ubeHmudghukayuja u omkriarare

Y pagy ce nonasw of, KOHCTaTauuje Aa rpeLuxke npouermvsarba Mo-
ry 036urbHO yrpo3uTu KBanuTeT cuctema 3a npoueHy nepdgopmaHcu 3a-
nocneHnx, 0AHOCHO OBjEeKTMBHOCT pesyrnTaTta npoueHe, Te aa ux je usy-
3€THO TeLUKO eNMMUHUCATU U3 MpoLieca NpoLeHnBamba, jep Cy npouexu-
Bayu 4YeCTO HECBECHU YMHEHMLE Aa VX NpaBe. Y pagy cy npukasaHe rpe-
LUKe Koje npouehMBayun Hajyelwhe 4YnHe Npunkom npolermBaka nep-
dopmaHcK 3anocneHux, Kao U Ha4YMHU Ja ce OHe 3HaTHO yMane 1 cBefy
Ha HUBO KOju ce MOXe TonepucaTu.

Burbana MeaHoBa, YHuBepanteT ogbpaHe, BojHa akagemuja, Beorpag,
JlIngnja Bapjaktapesuh, YHusepsntet CuHrngyHym, beorpag
Qopmupar-e Kracmepa y pyHKUUjUu cMarbera pu3uka

Y pesumey paga ce KOHCTaTyje Aa KOHLENT knacTepa npeacrasrba
HOBMW HauMH pasMuLLIbaksa O APXKABHUM, PErviOHaNHUM U rpagckuM npu-
Bpedama v ykasyje Ha HOBY ynory KoMmraHuja, Bnaga u gpyrmx UHCTUTY-
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uMja Koje ce opraHusyjy pagu CMamwera pusunka, Te ga 6u nosesvBame
CBUX EKOHOMCKUX cybjekaTa, Kao M yKibyuMBawe HOBWUX 3auMHTepecoBa-
HWX CTpaHa, Morao 6uUTK NpedycnoB 3a CTBapawe Kractepa, Aa yapyxe-
He KoMnaHuje nakwe geduHuwy 1 pelwasajy npobnem, a pagoMm Ha 3a-
jeaHnYKMM npojekTma passuja ce MefycobHO noBepene, a pu3unK ce ge-
nn. Y pagy ce pasmaTpa opraHusaumja npuspege Ha 6asu knactepa,
pa3Boj knactepa y Cpbuju n knacmdpukaumja n ynpaBrbate pnsmumma.

Mwuogpar lNacnar, CnobogaH AHuuh, beorpagcka nocnoBHa LUKO-
na, beorpag,
Cno6opaH WerpT, YHuBepanteT ogdpaHe, BojHa akagemuja, beorpag

byyem Esporicke yHuUje Kao crieyuguKkyM jagHux ¢buHaHcuja

Lnrbs paga je carnepaBame cneuyndmnyHocTn Byieta EBponcke yHu-
je y ogHocy Ha byueTte gpxaBa. Pasmatpa ce npouenypa ycBajamwa 1
CTPYyKTypa OyueTta y EBponckoj yHuju.

Page XXyruh. MuHuctapctBo ogbpaHe, MiHcnektopat ogbpaHe, beo-
rpaq,
CwuHnwa Yabapkana, Bojcka Cpbuje, NeHepanwTab, Beorpag

OcobeHocmu riopeckoe cucmema CasesHe Penybriuke Hemauke

Y pagy ce npefctasrba nopeckn cuctem CasesHe Penybrnuvke He-
Mayke, kao yYnaHuue EBponcke YHuje. PasmaTpa ce cuctem n nonutuka
AVPEKTHOr onopesuBakba U MeCTO U yriora OUPEKTHUX nopesa y nope-
ckom cuctemy CasesHe Penybnuke Hemauke.

Ha eHrneckom je3nky objaBrbeH je paga;:

BojaH Bujenuh, MeaH KpcTtuh, Aua Boxnnos, YHusepsnteT y Huuly,
dakynTeT 3awwTUTE Ha pagy, Huw,

BecHa Jlazapesuh, BojHa 6onHuua, Huw,

Hejan Anoctonosuh, CI'C, beorpag

A path toward responsible recycling of electronic waste
— R2 standard

Y pagy ce nNpBO roBopy O M3BOPMMA ENEKTPOHCKOr oTnaga 1 nocne-
Avuama HeroBor HeoAroBOpHOr ynpasrbaka, a 3aTum npeacTtaerba P2
cTaHOapA Koju je yBedeH ca UMIbeM [ia ce yBe[e peq Ha TPXULITY peLu-
KnMpaHsa enekTpoHCKor oTrnaaa.
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Y Temarckoj obnactn cucmemcko uHxerepcmeo (Systems Enginee-
ring) objaBrbeH je jeaaH pag npunagHuka Bojcke n MO Ha cprickom jesunky:

Bojucnae BatuHuh, Onruua Jlazapesuh, Aua Panhenosuh, YHuBep-
3uTeT oabpaHe, BojHa akapgemuja, beorpaa

LHuHamuyka cmabunHocm dsocmerieHoe rniaHemapHo2
rnpeHocHuka 0obujeHa Kopuwherem modesia cucmema
y Ipocmopy cmarba

Y peanmey paga ce KOHCTaTyje Aa No3HaBae NPUPOAHUX yYecTaHo-
CTM 1 BUOpaunoHnx mogoBa 06e3behyje BaxxHy nHdopmaumjy 3a nogeLua-
Batb€ pe3oHaHuuje Aarbe of pagHux 6p3avHa, MUHMMU3Mparwe oA3MBa U
ONTMMU3auUnjy KOHCTpYyKUMje, Aa Y WHOYCTPUJCKOj MPaKCU KOHCTPYKLMOHU
obnvK nnaHeTapHOr NPeHOCHUKa ypaBHOTEXYje MHore nocrneavue uHep-
umje 1 KpyToCcTW crpera v ocrioHaua nsabpaHux KomrnoHeHaTa, Te Aa cy
npeontepehewa nM3mehy catenuta, usberaBawe pesoHaHUMje U CMane-
e TeXuHe Tpu rmaBHa 3afaTka. Takohe, npouec KOHCTpyucara Tpaxu
HGanaHcupare NpoMeHa Kiby4HUX KOHCTPYKLIMOHUX NapameTapa 3a Te Unm
Apyre cBpxe anTepHaTUBHO MOAArHUX CBOjCTaBa W yTuuaja AUHaMUYKOr
oaavea. ioeHTnduKyjy ce 1 concTBeHe y4yectaHoCcTu 1 Aajy nHpopmaumje
0 CTabunHOCTN cucTema, Koje Mory yrnpasrbati OBUM ofJfly4mBarmMma, Ko-
pywhewem moaena cuctema y npocTopy crama.

Y TemaTckoj ob6nacTtun 80jHO UHXeH-epcmeo 0b6jaBrbeHO je 28 pagoBa
npvnagHuka Bojcke n Munnctapctea ogbpaHe (26 Ha cprickom, 1 Ha eH-
rneckom n 1 Ha pyckom jesuky). Ha cpnckom je3unky ob6jaBrbeHM Ccy pagoBsu:

WBaH lMeTtposuh, Kpym LiBeTkoBuh, 3opaH CtojurbkoBuh, YHuBepau-
TeT ogbpaHe, beorpag,

LocmueHyha y obpa3oeary kadpa PamHoz ea3dyxoriios-
cmea u ripomueseas3dyxorisiogHe o0bpaHe

Y pagy je npukasaHa notpeba LkonoBawa ¥ ycaBpLuaBaka odu-
umpckor kagpa y PaTHoOM BasgyxonrnoBCTBY M MPOTMBBA3OyXOMNMOBHO]
oabpann (PB n NBO) y caBpemeHum ycnosmuma patoBansa. [pBo cy noj-
MOBHO ofpeheHn TepMUHN 3HaHa N TpaHcdepa 3Hawa, 3aTuM cy aaTe
CMepHMLE Yy AOKTPUHAPHUM NofasvwTnma obpasoBara OULMPCKOr Ka-
Apa, a Ha Kpajy je onucaHO TpeHYTHO cTawe W noTtpebe yHanpehena
LKonoBaka oduumpckor kagpa 'y PB un MNBO.

561

Pokorni, S., 18. medunarodna konferencija ICDQM-2015 (prikaz zbornika radova), pp. 552-573



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

3opaH Ctojurbkosuh, MeaH MeTtposuh, Kpym LiBeTkoBuh, YH1BEp3un-
TeT ogbpaHe, beorpag

lMpouec onepamueHoe nnaHupara y PamHom ea30yxornos-
cmey u npomugea3oyxoriogHoj 00bpaHu

Y pagy je npvkasaH Ha4uH nnaHupawa onepauuja y PatHom Ba3ay-
XOMMOBCTBY M MpOTMBBa3nyxonnoBHoj oabpanu (PB n MNBO), y3 ysaxa-
Bake chneundunyHocTn oBor Buaa. pBo je onucaHa opraHusauunja Buga
PB un MNBO, 3atum werose onepawuje n, Ha Kpajy, onepaTMBHO NnaHupa-
e y PB u MNMBO, 3akrbyyyjyhn ga ceaka oanyka o ynotpebu jeanHuua
OBOr BMAa, Yy KOHMIUKTHO] cuTyaumju mopa OMTM 3acHOBaHa Ha BuLle-
KPUTEPUjYMCKO] aHanma3n 1M caBpeMeHuM MeTojama ontuMmusauuje, y3
NpUMEHY MoAepHUX cpeacTaBa MHopMaTnuKke NogpLuKe.

Kpym LiBeTkoBuh, MeaH MNeTtposuh, 3opaH CtojurbkoBuh, YHNBEP3K-
TeT ogbpaHe, beorpag,

OnepamueHO OKpyXXere y orepayuju KoHmporsie u 3awmume
g8a3dywHoa rnpocmopa

TexuwTe paga je Ha MmpHogonckom, 6e36e4HOCHOM 1 EKOHOMCKOM
3Havajy peanusauuje 3agartka KOHTposie U 3aliTuTe Ba3gyLUHOr NpoCTo-
pa. [pBo je AaTto NojMoOBHO oApehere onepaunje KOHTpose 1 3awTuTe
Ba3ayLUHOr NpOCTOpa, 3aTMM je OMMcaHO OMnepaTUBHO OKPYXeke, ca Te-
XMULWTEM Ha yTuuajy KOMINoHeHaTa onepaTUBHON OKpYXKeHa Ha n3sohere
onepaumje KOHTpone 1 3alTuTe Bas3ayLHOr NpocTopa.

Wrop Ennep, Hoeuua Llonuh, Bnaga Cokonosuh, MapjaH Munen-
KoB, YHuBep3nTeT ogbpaHe, BojHa akagemuja, beorpag

[Npuka3 cagpeMeHuUx KOHUernuuja yrpassrbara 8es/iuKuUM 80j-
HUM cucmemuma u ripednosu npumeHe y Bojcuyu Cpbuje

Pan paje npernen pocturHyha tpaHcdopmaumja y Bojcum Cjeaunre-
HUX AMepuyknx [ipkaBa n keHnx cHabaeBava u capagHuvka, rae ce uu-
nnemMeHTaumMjom caBpeMeHUX KOHLenuuja ynpasrbakwa npouecuma no-
o, cmaTpajy aytopu, OO BenuyaHCTBEHMX yHanpehewa n ywrtena y
pa3HuMm obnactuma. Ha kpajy gajy npeanor moryhe npumeHe noctojehumx
ycnewHnx Mmogena nocrioeaka y Buwe obnactn y Bojcum Cpbuje.
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JacmnHa Munowesuh Ctonuh, Kcennja hypuh AtaHacuescku, Pan-
ko Jlojuh, YHuBep3antet oabpaHe, BojHa akagemuja, beorpag

Mompebe 3a meHayepckuM KomrnemeHyujama oguyupa pas-
nuqumux podoea u cryxéu

MpukasaHu cy pesynTatu UCTpaxuBaka MeHallepCkMx KoMneTeHumja
npocbecnoHanHnxX BojHMX Nnua, Kao jeaHor og npobrnema MeHalLMeHTa Yy BOj-
HOj opraHu3aumju. MNoTepheHa je nocTaerbeHa xunoTesa fa ce ouumpn —
cTapelunHe nsmehy cebe pasnukyjy y npoueHama notpeba 3a MeHaLepckum
KOMMNeTeHumMjaMma HeonxoaHUM 3a obaBrbabe MPOECUOHANHNX OY>KHOCTU
CTapeLUnHa y OOHOCY Ha HMXOBY NPUMNaAHOCT PoAY, OAHOCHO CyXow.

Camepg Kaposuh, Kcennja bhypuh AtaHacmneckn, PaHko Jlojuh, Xaj-
paguH PagoHunh, YHuBepauTeT oabpaHe, BojHa akagemuja, beorpaa

lpouec odnyyusarka y KpPU3HUM cumyauyujama

Y papgy ce onucyje npouec oasiydmBara y KpUsHUM cuTyaumjama ca
TEXULLTEM Ha OMWTMM CBOjCTBMMA MNpoLueca oanyynBama, KpusHe acnek-
Te oany4yvBawa W ase npoueca oanydmsawa. OnucaHn cy OCHOBHU
eneMeHTN KOju HenocpeagHo UMajy yTuuaj Ha npouec JOoHOLWeHa oanyke
Y pellaBamby KPU3HUX cutyaumja.

XajpagvH PagoHuvh, YHuBep3auteT ogbpaHe, BojHa akagemuja, be-
orpag

Cucmem o0bpaHe Penybriuke Cpbuje y cagpeMeHOM OKpYXery

Y pesumey paga ce KoHcTaTyje ga 6e3begHocT n ogbpaHa npedcra-
BIbajy OCHOBHe (DYHKUMje N Haj3HavajHuje enemMeHTe OPXaBHOCTU CBake
3emrbe. [pBO ce aaje Teopujcko ogpehere cuctema ogbpaHe, a 3aTuUM
H-erosa npojekuunja passoja.

[Hejan Panhenosuh, Mupocnas Tepauh, YHuBepautet ogdpaxe, Boj-
Ha akagemuja, beorpag,

Oparan CteBaHoBuh, NeHepanwTab Bojcke Cpbuje, MNapaa, Beorpag,

3opaH KpcmaHoBeuh, Akagemuja 3a gunnomatujy n 6es3begHoct, be-
orpag

JedaH npucmyn ¢pusuyko-mexHu4ykom obesbehery

Monasehn oa koHcTaTauuje Aa je PU3MYKO-TEXHUYKA 3awTuta (y
BOjHO] TEPMMHOMOMMjKU PU3NYKO-TEXHNYKO 0b6e3behene), kao geo 6es-
6eHOCHOTI MHXUHEPWHTa, Yy CTanHOM pa3Bojy, Aa MMa LUMPOKY NPUMEHY
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CKOpO y CBMM ApyLITBEHUM obractuma, of MOCHOBHOI OKpYXena, BOj-
cke, nonuumje, oo obesbenera BUCOKUX APXKaBHUX pyKoBoAMOLa, Y pagy
cy AeuHncaHn omsmnyko-TexHn4ko obesbehere u 3aTmuTa NMMYHOCTU U
objawHeHe Hajuelwwhe cutyaumje 6nucke sawTuTe.

CpeteH Wnwuh, Mwuoppar Wwukuh, MeHepanwTab Bojcke Cpbuje,
YnpaBa 3a noructuky, beorpag,

MapjaH MwupueBckn, MuHucTtapctBo oagbpaHe, BojHomeamumHcka
akagemMuja, beorpag,

HaHko JoBaHoBuh, YHuBep3uTeT oabpaHe, BojHa akagemuja, beorpaa

KoHuenm macosHe OekoHmamuHauyuje cmaHosHuUWmea
Yy MoKy caHayuje xemujckoe ydeca

Y pagy je npukasaH HOBM NPUCTYN AeKOHTaMUHALUMjU fbyan Ha OCHO-
BY NPaKTUYHUX pellera 3emarba EBponcke yHuje, npeHcTBeHO CP He-
mMaudke. OB6paheH je KOHLEeNT MacoBHE AEKOHTaMWHaUWje, NPUIINKOM Xe-
MUjCKOr yaeca y rpafckoj CpedvHu, ca TeXULWITEM Ha eneMeHTuMa fe-
KOHTaMMHaUWOHe CTaHuLe ca NnoTpebHOM onpemom.

Oapko boxanuh, Oywko Munojesuh, Josuua Munuhesuh, YHuBep-
3uTeT oabpaHe, BojHa akapgemuja, beorpaa

MN360p rokayuja 3a uspady MacKupHUX ee308a MPUMEHOM
memode BUKOP

Y paay je npukasaHa npumeHa metoge BUKOP npunukom nsbopa no-
Kaumja 3a nspagy MackumpHux Besosa Yy jeanHuuama Bojcke Cpbuje. Pas-
paheHn cy KpuTepujymmn Koju oBaj u3bop ycrnoBrbaBajy M MnpukasaHa je
npumMeHa MeToae Ha npumepy. N3gBojeHo je NeT Kiby4HUX Kputepujyma, a
HMXOBE BPEAHOCTU Onucyjy ce dhasn IMHIBUCTUYKUM AECKPUNTOPUMA.

Mapjan MuneHkos, YHuBepauTeT ogbpaHe, BojHa akagemuja, beorpag,
Hejan Hukonuh, Bojcka Cpbuje, Mapaa, Beorpag,

Munuh Munuheuh, YHusep3autet onbpaHe, BojHa akagemuja, Beorpag,
NopaH Kpctuh, Bojcka Cpbuje, Napaa, Beorpag

BupmyarnHa noaucmuka Kao KOHUenm yrnpassbara 3anuxama
y Bojcuu Cpbuje

Y pesnmey paga ce KoHCTaTyje Aa je KOHUENT BUPTYyarHe FIormcTuke
A06MO Ha BaXXHOCTW pa3BojeM UH(OPMALMOHMX Y TENEKOMYHUKALMOHMX
TexHonoruja. ObpaheHn cy caBpeMeHn TPeHAOBW NIOrMCTUKE, BUPTYanu-
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3aumja NOrmMCTUYKOr MNOCroBawa W NPeasioXeH KOHUENT BupTyanHor
ynpaBrbaka 3anmxama matepuvjana y Bojcun Cpbuije.

Mapko AHgpejuh, MapjaH MuneHkoB, YHuBep3nTeT ogbpaHe, BojHa
akagemuja, beorpag,

MapjaH Mupuyesckn, BojHomeauumHcka akagemumja, beorpag,

Cnob6ogaH MNManuh, HapogHa 6aHka Cpbuje, Beorpag

Paseoj koHuenuyuje noesucmuke Bojcke Cpbuje

Y pagy ce KOHcTaTyje Aa noructuka Bojcke Tpeba ga byne eduka-
CHa 1 edpekTUBHa, Aa je nocTojeha AOKTPUHA NOrMCTUKE HanpasrbeHa
6e3 npeTxoA4HOr nocTojaka NOrncTUYKe KoHuenuuje, Te Aa pagun ocTea-
peta Beher NorucTUYKor jeAnHCTBa U CUHeprmje n yHanpeherwa ksanu-
TeTa nocrtojehe norucTuyke JOKTpuHe Tpeba dhopmannsoBaT NOrMCTUY-
Ky KOHUenuujy. NaHeTa cy nonasHa pasmaTpaka koja Mory npodunmnca-
TW NOMNCTUYKY KOHLeNUujy.

Mapko AHgpejuh, MapjaH MuneHkoB, YHuBepauteT ogbpaHe, BojHa
akagemuja, beorpag,

MapjaH Mupuesckn, BojHomeauumHcka akagemuja, beorpag,

Cnob6ogaH MNManuh, HapogHa 6aHka Cpbuje, Beorpag

KoHuenuujcku cmaegosu rio2ucmuke

Y pesumey paja ce KOHCTaTyje Ada je nocTojake ajekBaTHe noru-
CTMYKe KOHLenumje 1 AOKTPUHE jedaH Of BaXXHUX Npeaycrosa 3a cTBapa-
e, pa3Boj U (pyHKUMOHNCaHe edhuKkacHe U epeKkTUBHe NorucTuke, Te na
je noctojeha gokTpuHa normctuke ndpaheHa 6e3 npeTxogHoOr NocTojara
NOrMcTUYKe KoHuenumje. AyTopun HaBode Heke A0 HajBaXHWjUX CTaBoBa,
npernopyka n cMepHuua, kKao AONMPUHOC AOCTU3awy jeAMHCTBEHOr rneja-
Ha Ha norucTuky onbpaHe, ocTBapewy Beher nornMcTuykor jeanHcTea u
CUHepruvje n yHanpehewy kBanuTeTa nocTtojehe ornmcTuyke JOKTPUHE.

MeaH PaHunh, Bojcka Cpbuje, 250. p6p 3a MNBL, B n NMBO, Huww,
BecHa Hukonuh, BbpaHucnas AdhernkoBuh, YHusepsuteT y Huwly,
®akynTeT 3awTUTE Ha pagy, Huw

Obpasosar-e 3a 3awmumy u criacasare y okeupy mpehe
mucuje Bojcke Cpbuje
Y pagy ce KOHCTaTyje Aa je opraHM3oBaHO aHraxoBawe Bojcke Cp-

Ovje y BaHpegHMM cuTyaumjama of HeNpoLEeHMBOr 3Havaja 3a 3awTuTy u
crnacaBar€ CTaHOBHULITBA M ybraxaBawe nocrneguua BaHpegHUX CUTy-
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aumja no rbyae, MMOBMHY M XXMBOTHY CpeauHy. YKa3yje ce Ha noTpeoby,
3Hauyaj n nporpamcke okBupe obpasoBar-a 3a 3alITUTY U cracaBame ca
nocebHMM OCBPTOM Ha MpaBHO-HOpPMATMBHE acnekTe ypehewa cucrtema
onbpaHe y oBOj obnacTu.

He6ojwa [Oparosuh, Cawa TpaHaadunosuh, MuHucrapcteo ogbpa-
He, CekTop 3a OyleT u puHaHcuje, beorpag,
Mapko AHgpejuh, YHneepantet ogbpaHe, BojHa akagemuja, beorpag,

BojHa moh y ¢yHKyuju eckanayuje arnobanHo2 momarnu3sma

Y pesnmey paga ce KOHcTaTtyje Aa carnefaBare CaBpPeMEeHUX TeH-
JeHumja un ynore BojHe Mohu y pellaBaky KOHMUKTHUX cuTyauuja npy-
a KOpUCHO MCKYCTBO 3a KpeaTope nonuTuke cuctema ogbpaHe Peny-
6nuke Cpbuje n ogpxmeor passoja Bojcke Cpbuje. Y pagy ce pasmaTpa
MuUnuTapusaumvja npuepege v gunnomatmja npuHyge, ogHOCHO BOjHU UH-
TepBEHLMOHN3aM.

Hukona Cumuh, Boxana Mypkosuh, MapjaH MuneHkoB, YHuBep3u-
TeT oabpaHe, BojHa akagemuja, beorpaa

MoeyhHocm yHanpehera rnpahersa cmara cpedcmasa
y noeucmuyu Bojcke Cpbuje

Y pagy je npukasaHa MOryhHOCT fia ce, MpeKo pasnnumTnx knacudgu-
Kauuja cpefcrtaBa HaopyXaha M BOjHe onpeme u dopmann3oBaHe U
ayTomaTtm3oBaHe obpaje nogartaka, MOXe yHanpeauTu HauvH npahewa
KBaHTUTATMBHUX U KBaNnUTaTUBHUX NapameTtapa cpeactasa, Ynme 6u ce
nosehana egukacHOCT paga opraHa formcTuke, y3 ykasmBarwe Ha ogpe-
heHe cnabocTtun noctojeher HaymHa.

Kcennja hypuh AtaHacunescku, JacmnHa Munowesuh Ctonuh, YHu-
Bep3nTeT oabpaHe, BojHa akagemuja, Beorpaga,

TaTjaHa Buwaukun, MnHuctapcteo ogbpaHe VNHCTUTYT 3a cTpaTteru;j-
CKa uctpaxusara, beorpag

PodHa nepcrnekmuea u obpasosare y cucmemy odbpaHe

Y pagy ce pasmaTpa obpasoBake O POOHUM NUTakMMa Kao jedaH
Of1 HajBaXXHUjUX YyCroBa 3a UHTerpaunjy poga y MHCTUTyLUMje cuctema oa-
OGpaHe. AHanuanpa ce cagpxaj pasnuunTtnx obnvka egykaumje n Hasoge
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caBpeMeHe MeTofe yyewa Koje Tpeba ga najy Hajgehu ecdekart y obpa-
30Bakby O pogHUM nuTawuma. lNpeacraBrba ce U NpuUMeHa metoda 3a
MepeH-€e NCX0Aa y4eHa 1 BpeAHOBaHe Hay4yeHor 0 poay Y pogHUM nuTa-
HMMa y cuctemy ogbpaHe.

Oparnwa Jahumosuh, MNeHepanwTtab Bojcke Cpbuje, Ynpasa 3a no-
rmcTuky, beorpag,

MapjaH MwupueBckn, MuHuctapctBo oabpaHe, BojHomeguumHcka
akagemuja, beorpag,

[aHko JoBaHoBuh, YHuBep3auteT oabpaHe, BojHa akagemunja, Beo-
rpag

Ynpaesbarbe pU3UKOM XUBOMHO2 YUKITyca

Y pagy cy HasHayeHa nNuTakwa NPOMeHe CTPYKType y noctojehum rno-
MMCTUYKMM NpoLecnma, Kako 6u ynpaerbawe pu3nkom 6uno yrpaheHo y
Te CTPYKType, paau nosnTMBHUX NpoMeHa. HaBeaeHn cy HeKU enemeHTu
ynpaBrbaka pusnumma y TOKY XXMBOTHOI LIMKIyca Yy CUCTEMY BOjHE Noru-
CTMKe Yy npopayvyHy MOroAHOCTM 3a OApXaBare KOHKPETHOr TEeXHWYKOr
cpefcTBa U BojHe onpeme.

AnekcaHgap Munuh, Cameg Kaposuh, Page Cnaekosuh, YH1Bep3u-
TeT oabpaHe, BojHa akagemuja, beorpaa

OueHa moOena 3a uspady MUHCKUX 0/ba NnpuUMeHOM
memode MEHOP

Y papgy je npeactaerbeHa MoryhHOCT nNpumMeHe MeTofe Hopmarnuaa-
umje kpuTepujymckmx yHkumja Ha suwe Hmeoa (MEHOP), kao nogpluka
oAJlyuYMBarby 3a OueHy mofena uspage npoTUBOKITONHMX MUHCKUX MOSba.
NaoeHTudrkoBaHu cy peneBaHTHU KpUTEPUjyMU, MPBEHCTBEHO nUMajyhu y
BUAY KapakTep CaBpeMeHVX orepauuja u Mucuja y Kojuma ce KopucTte
UHXNHEPUjCKE jeanHuLE.

PaHko Jlojuh, Cameq Kaposuh, Bnagumup Puctuh, JacmmHa Muno-
wesuh Ctonuh, YHuBepantet oabpaHe, BojHa akagemuja, Beorpag

Cenekuyuja u pa3eoj kapujepe y cucmemy o0bpaHe

Y pagy ce aHanusnpajy OCHOBHE aKTMBHOCTW Be3aHe 3a cerekuujy,
TPEHUHr, MnaHvpake U pPasBoj Kapujepe 3arnocrieHMx ca OCBPTOM Ha
npakTU4Ha peLleHa Koja ce NpUMeksyjy Y BOjHUM opraHusaumjama.
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Mwupocnas Tepsauh, CphaH OyBwak, YHuBepautet ogbpaHe, BojHa
akagemuja, beorpag,

BojaH KyamaHosuh, NeHepanwTad Bojcke Cpbuje, Ynpasa 3a OUI,
beorpag,

Bojucnas hophesuh, ®akynTteT 3a NPOjeKTHN U MHOBALWOHU MeHal]-
MeHT, beorpag

lpunoe Kpeupary op2aHu3ayuoHoe Modesia 8ojHoobasewmajHe
JjeduHuuye 3a NoopwKy o0ryquBarsy y onepauyujama 30pyKeHUX
CHaea

Y pagy cy aHanuampaHe crneunduyHoCTN oanyymBatsa y onepauuja-
Ma 30pYyXeHnx cHara, doyHkumje obaBeluTajHor obesbehera n BpcTe op-
raHM3aumoHux cTpykTypa. lNpumeHOM MeToda uHAyKumMje n geaykumje
OOLWIO Ce OO0 enemeHaTta 3a Mpukynybake obaBelTajHUX nogataka u
Kpenpare opraHM3aumMoHor mogerna BojHoobaseLTajHe jeanHuLe.

Mwunow Togoposuh, YHusepauteT y Huwy, EkoHomcku cpakynteT, Huw,
Cawa Thophesuh, Munuctapctso ogbpaHe, 3. LleHTtap BojHoGe-
36egHocHe areHuuje, Huiw

lNepcrniekmuge pa3goja OoOMUHaHMHUX 3emMasrba y meljyHapoo-
HUM O00HOocuMa

Y pesumey pafa ce KoHcTatyje Aa he noyetkoM 21. Beka cBeT npehu
y MynTunonapHy gasy ca 4yeTmpu JOMUHAHTHE BOjHE, eKOHOMCKE W1 Nosiu-
Tnuke cune: CALl, Pycka ®egepaumja, H. P. KuHa n EBponcka yHuja. Pag
aHanuampa nepcrnekTMee passoja BOjHUX, EKOHOMCKUX U NONUTUYKUX pera-
uuja namehy oBuMX JOMUHAHTHUX 3eMarba Y rnobanHum npouecmma.

Bennbop JosaHoBuh, Bojcka Cpbuje, LleHTpanHa noructnyka 6asa,
Bbeorpag,

HaHko JosaHoBuh, Mapko AHgpejuh, YHuBepauteT oabpaHe, BojHa
akagemuja, beorpag,

CnahaHa Muwuh, Bojcka Cpbuje, LleHTpanHa noructnyka 6asa, be-
orpag

MoeyhHocm aymomamu3auuje rornuca 0CHO8HUX cpedcmasa

y Bojcyu Cpbuje npumeHom RFID mexHornozauje

Y pagy cy npukasaHa UCKYCTBa HEKMX CTpaHMX apMuja 1 peLlersa Ha
6a3n RFID texHonoruje cuctem nHterpatopa u3 Cpbuje, 3a aytomaTtusa-

LMjy nonuca oCHOBHUX cpeacTaBa, pagum carnegasana notpebe n moryh-
HOCTM 3a HUXOBY NpuMeHy y Bojcun Cpbuije.

568




MwunuHko Benuukosuh, ®akynTteT 3a UHXKEHEPCKN MeHalMeHT, beo-
rpag,
Mupocnae TanwujaH, YHuBepanTeT ogbpaHe, BojHa akagemuja, beorpag

Keanumem u ycaspwasare kadposa y uHcmumyuyujama
6e3bedHocmu

Pag ykasyje Ha BaXXHOCT KBanuTeTHe efykauumje y UHCTUTyumjama
6e3begHocTu. [leTarbHuje ce pasmaTtpa UCTOpPUjCKM pa3Boj obyke n nogu-
3ah€e KBanuTeTa LWIKonoBaka nonuvumje y Cpbuju.

Bnagnmunp Puctuh, YHneepauteT ogdpaHe, beorpaga,

Panko Jlojuh, MopaH XKynau, YHuep3uTteT oabpaHe, BojHa akape-
Muja, beorpag,

Oparax bojaHuh, YHuBep3uTeT oabpaHe, beorpaa

MeHayumeHm rbydcKux pecypca — pa3eoj kapujepe

rnodoghuyupa y Bojcuyu Cpbuje

Y pagy cy ngeHTudunkoBaHun, onucaHu n objalleHn acnekTu passo-
ja kapujepe nogocumumpa y Bojcum Cpbuje. NocebHa naxrwa ycmepeHa
je Ha BaXXHOCT NpeaBMaNBOCTU Kapujepe 1 pasBoj kapujepe kpo3 moryhe
TUnoBe kapujepe nogoduumpa y Bojcun Cpbuje.

Ypow >Xuskosuh, CeetnaHa Jadkosuh, MuHucTapctBo ogbpaHe,
MHCTUTYT 3a cTpaTerujcka nctpaxmsawa, beorpag

Ynpaerbare rbydckum pecypcuma y obracmu HaydyHoucmpa-
Xueayke OennamHocmu cucmema o0bpaHe Pernybnuke Cpbuje
Y pagy ce pasmartpa HOPMaTUBHO-NMPaBHU OKBUP, Pa3BOj HAy4YHOr nog-

MnaTka u npegnaxy akTMBHOCTU yHanpefera 1 KBanuTeTHUjer ynpaeibakba
Hay4YHOUCTpaXKMBaYvkMM kagpom y MuHuctapctey ogbpaHe u Bojcum Cpbuije.

Ha eHrneckom jesuky je objaBrbeH pag;:

Hebojwa Hwukonuh, Ypow >XXuskosuh, Munuctapcteso ogbpaHne, VH-
CTUTYT 3a CTpaTerunjcka uctpaxusara, beorpag

Reserve recruitment pool vocational structure - reference for
military unit life cycle efficiency

Y pagy ce npBO roBopu 0 hasama XXMBOTHOI LUKNyca BOjHUX jeaANHU-
ua, 3aTuM ce Jaje Oeo pesyrtaTa UcTpaxuBana koje je cnposeo VHCTu-
TYT 3a cTpaTerujcka uctpaxmearma MmHuctapctea ogbpaHe O CKIOHOCTU-
Ma rpahaHa 3a aHraxkoBake y akTMBHOj pe3epBu U, Ha Kpajy, roBOpu O T3B.
CMapT perpytoBamy pagu nosehawa opraHusaumoHe ehnkacHOCTU.

569

Pokorni, S., 18. medunarodna konferencija ICDQM-2015 (prikaz zbornika radova), pp. 552-573



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

Ha pyckom jeanky ob6jaBrbeH je paa:

MwunuHko Benuukosuh, ®akynTteT 3a UHXKEHEPCKN MeHalMeHT, beo-
rpag,
Mupocnas TanujaH, YHuBep3auteT ogbpaHe, BojHa akagemuja, beorpag

ObyueHue u nosbiweHuUe Keanugukayuu 8 obpasogamesibHbIX
yypexoeHusix cucmemsl criyx6bbl 6e3onacHocmu

Pag ykasyje Ha BaHOCT KBanuTeTHe edykauuje y o6pasoBHUM UH-
cTuTyumjama cnyxbu 6esdbegHocTun. [letarbHuje ce paamaTtpa UCTOPUjCKM
pa3Boj 00yke 1 noamsakse KBanuteTa LWKonoBawa nonuvuumje y Cpbuju.

Y Tematckoj obnactn eHepeemcka eghukacHocm objaBSbeH je jeaaH
paz Ha CpriCKOM je3uky:

BbpaHko TewaHosuh, PakynTeT 3a 3a NOCMAOBHE CTyauje M Npaeo,
beorpag,

Cawa Josuh, BojHa yctaHoBa Moposuh, Beorpaga,

AnekcaHgap Hewesckn, YHuBep3auTteT ofgbpaHe, BojHa akagemuija,
Bbeorpaga

YrbHU WKpurbyu y ehyHKUUju rnpuspedHo2 pa3eoja ornwmuHe
AnekcuHay

Y pagy ce aHanuaupa MoryhHOCT ekcrnsioatauuje yrbHUX WKpubaua
Ha TepuTopuju onwTMHE AneKcuMHau M 3aKkrbydyje fa 3a caja YribHU
LUKPUIBLM U HUXOBA eKkcnnoartaumja HUCY y nnady, ga je notpebHo MHo-
ro ynarawa ga 6w ce ekcnnoatucanu n nobosbllao NpMBpeaHU pasBoj
AnekcuHua, a oHga u uene Cpbuje, ooBONEHEM CTPaAHUX MHBECTUTOPA.

Y TemaTckoj obnactn ekoHoMu4YHa npoussodr-a objaBrbeH je jeaaH
paj Ha CPriCKOM je3uKy:

MwunaH Muxajnosuh, YHuBep3auteT ogbpaHe, BojHa akagemuja, beo-
rean,

PaposaH JamwaHosuh, Munow Tomawwesuh, Bojcka Cpbuje, NeHe-
panwTab, beorpag

lpozpamcku byyem u npumeHa koHuernma Lean Six Sigma padu
rnoborsblwakH-a rocrioeHUX rnepgopmaHcu cucmema oo0bpaHe

Y pagy ce nonasu of KOHcTaTauuje ga ysohewe nporpamckor GyLie-
Ta y cucteMm oabpaHe Moxe AOBECTU 4O paumoHanHujer kopuwhewa pe-
cypca n pasmaTpa MoryhHoOCT npumeHe koHuenTta Lean Six Sigma pagwu
onTumMusaumje npoueca dyyetTuparwa cuctema ogbpaHe.
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Ha kpajy, Moxe ce koHcTaTOoBaTU Aa osorogvwka ICDQM nma yky-
naH 6poj pagoBa, kao 1 npeTxogHa. Mehytum, npunagHmum Bojcke n Mu-
HuctapcTtBa ogbpaHe Penybnuke Cpbuje nmajy Hajpehun 6poj pagosa o
caja y CBMM cekumjama KoHdepeHuuje. HactaBrba ce TpeHA capagre
ayTopa u3 pasHux nHctutyumja Bojcke n MO Cpbuje mehycobHo u ca mH-
ctutyumjama BaH Bojcke. BehnHa pagoBa je KONEKTUBHO Aefio Bulle
aytopa. MehyTum, HEKOMNKO UCTUX ayTopa jaBrba ce Ha Bue oa 3 paja
(Ha BehnHM Hay4yHMX CKyMnoBa je orpaHM4eHO Aa ce UCTU ayTop MOXe Mo-
jaBMTK Ha HajBuWe 2 paga, a Ha Hekuma 3). Kao 1 npeTxoaHnx roguHa,
Ha KOH(EPEHLMjN Cy y4eCcTBOBaNn Hekagallkn npunagHiumn Bojcke, Koju
caga page y BUCOKOOOpa3oBHMM MHCTUTYLMjama Yy LMBUIICTBY.
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18. MEXXOYHAPOOHAA KOH®EPEHLINA ICDQM-2015
(OB30P CEOPHUKA CTATEN)

Cnaexo V. MokopHw
Konnemx nHcopmaumnoHHbix TexHonornin, Benrpag, Pecnybnuka Cepbus

OBNACTb: MeHeaXMEHT, Ka4eCTBO, HAAEXHOCTb, KOMMbIOTEPHbIE HaYKW,
WH(OPMaLMOHHbIE TEXHOMOMM

BWO CTATbW: o630p

A3bIK CTATbW: cepbckuin

Kpamkoe codepxxaHue:

LaHHbI0 0630p 8KM0Haem OCHOBHYH UHGhopMayuro o pesyrbmamax
pabomsi u 3Hadyumocmu 18-ol MexdyHapodHol KoHgbepeHyuu “Yrpaesrie-
Hue kadyecmeom u HadexxHocmero” — ICDQM-2015 u 6-ol MexdyHapodHou
KOHgbepeHUuUU «YrpasreHue U UHXEHepUsT amaramu XUSHEHHO20 UUKIIa»
(Ooknadbl Ha cepbCcKoM, aHasIuUlICKOM U PYCKOM Si3blKax), Komopasi bbina
rposedeHa o0 o0HoUMeHHbIM Ha3gaHueM «ICDQM-2015». B 0630ope npu-
gedeHbl: HOMep U cmpykmypa 00krnados, 3a4umaHHbIX Ha KOHGhepeHUUsIX,
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HO paccmampuearomcsi UCKITIoYUMesIbHO cmambU, asmopamu KOmopbIX
sensiomcesi 0eHHocnyawue, npedcmasumernu MuHucmepcmea Obopo-
Hbl Pecrniybnuku Cepbusi. Pabomsi pacripedesieHbl o crieQyrouiuM CeKyu-
SIM BOEHHasl UHXEHEPUSs], UHXEHepUsl Kayecmea, UHXEHepusi HadexHO-
CMU, MPOMBIWIEHHAS UHXEHepUSs], CUCMEMHasi UHXEHEpPUs], 3Hepeoach-
ekmusHocms U bepexrueoe rpouzsodcmeo. Hacmoswuti c6OpHUK
ser1ss.emcsi 8e0yLWUM 10 Kosudecmsy orybriukosaHHbIX cmamed, asmopa-
MU KOmMOpbIX S18/11K0MCcs1 80EHHOCHyKauwjue, npedcmasumesiu MuHucmep-
cmea ObopoHb! Pecriybriuku Cepbusi.

KnioueBble crnoBa: kayecmeso, HadexHOoCMb, 80EHHOE UHXeHepHoe Oe-
J10, KOHgbepeHyusi, 0630p.

18" INTERNATIONAL CONFERENCE ON DEPENDABILITY AND
QUALITY MANAGEMENT ICDQM-2015 (PROCCEDINGS REVIEW)

Slavko J. Pokorni
Information Technology School, Belgrade, Republic of Serbia

FIELD: Management, Quality, Reliability, Computer Sciences, Information
Technology

ARTICLE TYPE: Review

ARTICLE LANGUAGE: Serbian

Summary:

The article gives an overview of the conference overal results and
its significance, presenting the international programme committee and
the working areas of the 17" DQM International Conference on
Dependability and Quality Management ICDQM 2014 and 5" DQM
International Conference on Life Cycle Engineering and Management
(papers printed in Serbian, English and Russian), which was held under
the same acronym ICDQM-2014. The number and structure of papers
presented at both conferences are given while the papers discussed in
more detail are only those from the participants from the Armed Forces
and the Ministry of Defense of the Republic of Serbia in Sections:
Military  Engineering, Quality Engineering, Reliability Engineering,
Industrial Engineering, Systems Engineering, Energy Efficiency and
Lean Production. This year’s conference has had the biggest number of
papers presented by the participants from the Armed Forces and the
Ministry of Defense of the Republic of Serbia so far.

Key words: quality, reliability, military engineering, conference, review.

HaTym npujema unaHka / Jata nonyyeHus paboTel / Paper received on: 25. 09. 2015.
[datym goctaBrearsa Mcnpasku pykonuca / [lata nonyyeHust ucnpaBneHHON BepCUm
paboTkl / Manuscript corrections submitted on: 02. 11. 2015.

[aTtym KoHayHoOr npuxeBaTara YnaHka 3a objaBromBarse / [laTa OKOHYaTENbLHOro
cornacoBaHusi paboTbl / Paper accepted for publishing on: 04. 11. 2015.
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CABPEMEHO HAOPYXAHE N BOJHA OIMPEMA
COBPEMEHHOE BOOPYXEHWE 1 BOEHHOE OBOPYOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

BojHa napada y Hby denxujy

OBe roguHe, 26. jaHyapa, ViHauja je obenexwna cBoj jybunapHu 70. OaH
penybnuke. HajBulle cBeYaHOCTN OPraHN30BaHO je U OAPXaHO Y rMaBHOM rpa-
ay, by Oenxwjy, roe je rmaBHa maHudecTaumja buna napaga Ha Kojoj cy, Kako
Cy TO Harmacwna cpefcrBa MHgopmucakwa VHgnje, npukasaHm cumobonu BojHe
cune TOr BENWKOT HApoda, y3 caB CneKkTap LMBUNN3aLMjCKOT, UCTOPUWjCKOT 1 Kyri-
TypHor 6oraTcTBa. HecymibmBO je aa je ynoxeHo MHoro Tpyaa, ymeha v Bewtu-
He oa 61 ce npunpeMuna napaga Koja je Tpajana Bulle of Tpu caTa.

'\o,‘e‘nu‘/v‘ Mo )
J )

e

Y napadu je yuecmeosarno u 100 8ojHUKa Ha kamurnama, obydeHux 3a bopbeHa dejcmea y
nycmurbcKuM derioguma 3eMrbe
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MpeTxoaHux 6 meceum yBe-
*6aHo je Buwe op 6000 yyecHu-
ka, 1200 y4yeHuka n 5000 ymeT-
HWKa 13 uene 3emrbe. buo je To
HauvH Ja ce CBe KyNnTypOJIOLLKe,
HaLMoHanHe U pernoHanHe cne-
UMUYHOCTU UCTaKHY Ha Toj, U3-
pasnTo crnekTakynapHoj npocna-
BM1, KOjoj je npucycteoBano 3200
3BaHWYHMKA, MHOLUTBO Hapoda v
KOjy je mpaTuno BuLIEe Of MUu-
japay myaov npen TB eraHmma1.

KoHmuHzaeHmu, ewarnoHu

Mpunpeme 3a napagy nove-
ne cy nona roguHe paHuje, a 06-
yxBaTtarne cy HeoOU4Hy cenekum-
jy yyecHuka. Hajnpe cy, og MHo-
robpojHux KkaHauMaaTa, opmmpaHa 42 KOHTUHreHTa ca 144 BOjHUKa KOju cy map-
LUeBanu CBakv aH, BULLE caTu, Kako Ou CTeknu HaBuKe, KOHAMUUY 1 omoryhmnm
a ce n3pasu 3aucTa LapornmKa perMoHarnHa pa3HonuKoCT. 3a NormcTuky n obes-
Gehere KOMMMETHMX YCINOBa 3a peanuaauujy napage aHraxxoBaHo je NpubnmxHo
10.000 nomohHor ocobrba y Aenxujy. 3aHUMILuBeo je 1 Aa cy Mehy ydecHuumma
napage maplimpana u Tpu KOHTMHreHTa oduumpa XeHa M3 cBa Tpu poaa UHAW)-
CKe BOjCKe — Ba3gyxOmnroBCTBa, paTHe MOpHapuvue U KOnHeHe Bojcke. [oaaTHy
cneunduUYHOCT MHAWjCKe Napaje npeacTaBuny cy NpyUnagHuLmM rapae Ha Kokwbmma,
MOTOLMKIIUCTMYKMX jeanHunLa, ann u rpaHnyapun Koju winte apxasHe mehe y pe-
rmoHuma lNyyiapat un PayactaH, koju cy aedunosanu Ha kamunama.

HeobuyaH ripu3op — ucrnped OKIoNHo2 ewarnoHa npodeguriosana je jeduHuua Ha KorumMa

' Http://vvv.militariparitet.com/html/data/ic_nevs/161/V Indiisostosilssigrandioznblivoennbiiparad
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CsuM npunpemama 1 LEMNOKYNHOM OpraHusauunjom napage pykosoauso je
MuHucTapcTBo ogbpaHe y capaghu ca nonvumjom Hby Oenxuvja. 3a obe3behe-
He Tpace ayre 8 kM ynotpebrbeH je nyk BojcKe.

MaHundecTtaumje Kojuma je MHaMjckn Hapoa obenexuo cBoj [JaH penybnuke
OoApXKaHe cy TOKOM Tpu AaHa, og 26. o 29. jaHyapa 2016. roguHe, Ha Tpry Paj-
natx y by Oenxujy. CBoj nyT yd4ecHMUM napage 3anovvmkwanv cy oA Aena rpaga
HassaHor PacxTtpanatu bxasaH ([MpeacegHunyka nanata), Mapumpanu cy Kpo3
cnukosuTe npegene aseHvje Pajnatx oo WHauwjcknx Bpata (India Gate), a cBoj
HacTyn 3aBpluaBarne cy kog ncropujcke LipseHe tBphaee y Ctapom [denxujy.

Cadpxaju napade

Mapaga je KoHUMNVMpaHa Tako Aa He npukasyje camo BOjHy Moh UHawje,
Beh 1 eHe HeusMepHe UCTOpMjCcKe, KynTypHe, HauMOHarnHe U pervoHanHe pa-
3HONNKOCTW.

[orahaj gaHa noyeo je nonarakbem BeHUa Ha MecTy AmMap JaBawMOTU Kop,
WHawnjckmx Bpata. LlepemoHujan je obyxBaTao n gonasak npeacefHvka v rnas-
HUX rocTWjy, OOHOCHO wWedoBa Apyrnx 3emarba. Ca 21. nnoTyHOM M3 TOonosa
ofaTa je noyacT HaumoHanHoj 3acTaBu, y3 ApxaBHY xvMHy. CaMm npeaceaHuk
apxase Npanab Kymap MykepLiv 04ao je n nowTy ypy4mMBameM 04JIMKOBaH-e 3a
XpabpocT Ha 60jHOM nosby 6pojHMM nornHynuM Gopumma 3a cnoboay v He3aBu-
cHocT MHawnje (Veer Chakra).

LlepemoHuja je HacTaBrbeHa NeTOM YeTUpU XenukonTepa U3 cacrasa opy-
XaHux cHara usHaj Tpace napage v noyacHe TpubuHe. CBaku xenmkonTep Ho-
CWO je 3acTaBy — NPBU MHAMW|CKY ApXaBHY 3acTaBy, a ocTana Tpu 3actase KonHe-
He BOjcKe, MOpHapuLe 1 MHAWjCKUX Ba3gyXONIOBHUX CHara.

MpencenHuky apxxaBe U KOMaHOAHTY OpyXaHMX CHara HavesHUK reHepan-
wTaba npenao je panopT Aa je Nnapaga CrpeMHa 3a rnoyeTak, a NnoToM je ycre-
OMO HACTyN MEeXaHU30BaHWX CHara KOHTUHreHTa KOMHEeHe BOjCcKe, Ba3dyXOnsoB-
CTBa, MOpHapwLe, napaBojHUX CHara, nonuuuje u HauMoHanHor KageTckor Kop-
nyca. Beoma cnektakynapaH 610 je M HaneT Ba3gyxoOnnoBCTBa M MOMOPCKMX
aBMOHa KOjuMa je 3a0Kpy>XeHa BOjHa uenvHa napage.

lpsu xenukonmep Hocuo je OpxasHy UHOUjCKYy 3acmasy
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HakoH BoOjHMX eLlanoHa ycrneawo je nponasak 6pojHUxX rpyna ca KynTypHUM
M YMETHUYKMM cafpXkajuMa Kojuma cy npefcTaBrbeHe CBe 0COBEHOCTU pasnuy-
UTUX MHAWJCKMX Hapoda v HapogHocTu. CagpkajHMM eKcroHaTuma npurkasaHe
CY aKTUBHOCTU FbyAM U3 pasHWX MHAOWjCKUX ApxaBa. CBaku eluarnoH je cagpx-
aBao MHOLLTBO pasHOBPCHOCT M GoraTcTBa KynType Te 3eMibe, a CBEYKYMHU H-
acTyn uMao je cBevyaHu kapakTep. /13a KynTypHOr ellanoHa CBOjUM MpOSiackom
CBe Cy OflywieBMa iella LKOSICKOr y3pacTa Koja cy, HapaBHo, Guna y npathu
CroHoBa®“.

Benu4daHcmeeH konopum y4ecHuka rnapade yknanao ce y crieyugudaH ambujeHm
UHOUjcKe npecmoHuye

JeOMHCTBEHOCT 1 KapakTep OBe napage MoXe ce carnegaT camo YKOMMKO
ce nocmaTpa Kao cacTaBHM AeO0 OCTanmx MaHudecTauuja kojuma je obenexeH
nHanjckmn Oan peny6nuke. CTpaHM KOMEHTATOpU Cy C OOYyLIEeBIbeHeM Harnala-
Banu Aa, HW Ha jeHoj napaan y cBeTy OO0 caja Huje NpPeacTaBibeHO TOMNWKO Be-
KO 6OraTCTBO ETHUYKMX PA3HOMMKOCTU, HU TOMUKO PasfMUMTUX TbYAU Y packo-
WH1M YHUpopMama Koje Kpace MHAMjCKe Opy»KaHe cHare™.

Y napagm cy ydecTtBoBarne Tpu ANBM3NjE UHAMJCKUX OpY>XaHUX cHara, ABa-
HaecT pasnuunTMX MNykoBa MHAMjCKE Bojcke, MPUNagHMLY MOpHapuLEe 1 Ba3gyxo-
NMOBCTBa Ca CBOjMM LUAPONMKUM YHUdOpMama u criyx6eHum oanukoBarkbuma.
Ceaka uHOvjcka ApxaBa W TepuTopuja yHuje je npeacTaBrbeHa PasHOMMKUM
eLlanoHoM Koju Harnawaea jegaH of OpojHMx acnekarta hUxoBe KynType.

2 http://vvv.militariparitet.com/html/data/ic_nevs/168/
% http://vvv.festivalsofindia.in/republicdai/Parade.aspk#sthash.LFzRitK1.dpuf
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Tokom napage npeacTaBrbeHoO je YKynHo 25 ewwanoHa ca pasnuyutum BOj-
HuM Bo3unuma, 30 aBMoHa BnactTuTe NPOU3BOAH-E UM NPOM3BOAHE Y Koonepa-
LMjn ca cTpaHuM ynaradmma un koonepaHtuma, 20 BojHUX opkectapa, 30 KynTyp-
Hux ewanoHa n 1200 yyeHuKa KageTcke LKore.

BpojHe cBeyaHOCTW ogpXXaHe Cy U Yy MHOMMM APYrMM KpajeBuMa v rnaBHuUM
rpagosvma LWmpom 3emrbe. Y badranopy je, Takohe, opraHusoBaHa napaga u
KynTypHU cajam, 3atum y KankyTtn, YeHajy, Mymb6ajy...

WHawja je, nHade, cBe maHupecTaumje npeacrasuna Kao usyseTaH Tpagu-
LMOoHanHn TYpUCTUYKM goranaj n nossasna rocte M3 Lenor ceeta ga npucycrayjy
N YXKNBajy Y YapyMa HauMOHaMHOr U KynTypHOT MUibea.

Bennko dwuHane napage npeAactaBrbao je  HacTyn  Ba3gyXOmnsfoBHE
akpobaTcke rpyne.

Haopyxare u 8ojHa onpema

Cawma napaga, y Kojoj je JOMUHaHTHY No3ununjy 3ay3Mmara uHamjcka Bojcka,
HuMje nmarna nocebHo M3pakeH BOjHO-MONUTUYKM KapakTep. MHOrM KomeHTaTopu
Cy BuLIE Naxke nocBehuBanu cagpxajyma eKOHOMCKE capafHe Yy MPou3BoaH:M
HaopyxaHa 1 KOPUCTUNM CTaTUCTUYKE NodaTtke O NNaHOBMMAa MHAMCKMX KOMMNa-
HuWja oa pasBujy capagky y Toj obnacTu.

Ha npumep, pycku meamju cy 3abenexunn ga, TpaguumoHanHo, Havja Ha
napagn npukasyje 70 oACTO COMCTBEHOr HaopyXaka M BOjHE onpeme, Koja je
npou3BegeHa y capagmwu ca Pycunjom n gpyrum koonepaHTuma LUMpom ceeTa.

Of BojHE TeXHWKe Ha napagu Cy Hajnpe npeacTaBrbeHa oknonHa 6opbeHa
BO3Wmna Koje je npegBoamo TeHk ,buwima” (Bhishma). To je 6opbeHo Bo3Mno y
KOje cy Brnactuta uHaycTpuja n pasBojHU UHCTUTYTU YNOXUIM MHOTO MHOBaLMja.

Mapagom cy gomuHupanu TeHkosu T-90 n T-72, 6opbeHa Bo3una newlagu-
je BMT-11, cneunduryHa TpaHCNOpPTHa BO3WUNa 3a KOMHEHY BOjCKY, BOjHY MOMMLU-
jy, NnapamunuTapHe jeaMHuue, Kao 1 caBpeMeHa cpeicTBa cHara 3a 6opby npo-
TUB Tepopu3ma.

Oeoroguwra napaga 6una je jyounapHa n objeguHuna je MHore npojekre
1 BojHa gocturHyha ca Beh je BuheHuM cTaHgapaHUM MacOBHUM HaopYXaHeM -
0f NO3HAaTUX UHOWjCKMX nyLlaka, Mutparbesa u 6auavya 6omM6uM, NPeKko HEKONUKO
mMogZerna BulleLeBHMX Gauada pakeTa, 40 NO3HATUX NPOTUBABUOHCKUX CUCTEMA
3a 3aWTUTY KOMHEHWX CHara o4 AejcTBa n3 BasayLLHOr NpocTopa.

WHaue, Hanja cBoje pa3BojHe NPojeKkTe caBpeMeHe BOjHE TEXHUKE, Haopy-
Xara 1 onpeme npeacraBrba Ha OpojHMM cajMoBUMa Te BpcTe npomssoga. UH-
avja je, yjeOoHo jeqHa of 3emarba Koja opraHusyje u MefyHapoaHu cajam BOjHe
onpeme n Haopyxawa [edekcno (DefExpo), y by Oenxujy. Tako je 2014, Ha
TOM CajMy Haopyxaha npeacTaBribeHa HoBa MHAMjcka xaybuua kannbpa 130
MM. Ta xaybuua NOoCTaBIbEHA je Ha Lacujy MHOMjCKOr TeHka U gobuno je nme
,DULLIMWH KaTanynt”. Pagu gogartHe 3awTuTe nocage ca npegke n Ha 604HUM
CTpaHama BO3ufia Hanasu ce gogartHu oknon. Taga je, Takohe, npeAcTaBibeH U
nosal, nete reHepauuje FGFA, koju ce pasBuja Ha OCHOBY pyckor npojekta T-50
MAK ®A. HajasrbeHo je 1 ga he NHaunja noveTtn n ca pa3BojeM NpojekTa BuLle-
HameHckor TpaHcnopTHor aBuoHa MTA (Medium transport aircraft), koju Boam
Nnopekrio o pyckor aBuoHa Un-214. O pakeTHMX CMCTEMaA Ha napagw cy npeg-
CTaBrbeHe NpoTuBOpoacke 1 BanucTuyke pakeTe 3a NOAPLUKY KOMHEHUX CHara.
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Hecymnugo je aa je ihamja, camom koHUenuunjoM npeacraBrbaka Haopyx-
akba 1 onpeme Ha napagu, nocnana nopyky ga Hema Hamepy Aa Y MUPHOAOO-
MCKMM yCrOBMMAa UCTU4YE CBOjy BOjHY shagu. Anu, HarnaweHa je ogbpambeHa
CMOCOOHOCT Aa, y cnydajy Hanaga, MoXe Aa [ejCcTByje Mo MPOTMBHUKY yaarb-
€HOM BULLE XuUrbada kunometapa. To je ycknaheHo ca MHOWCKUM CNOSbHOMON-
UTUYKUM CTaBOBUMA U YBepeweM [a TOj 3eMribUu, U noped HepeLleHux npobn-
emMa ca cyceayma, unak He npeTun 0306urbHa HenocpeaHa BOjHa onacHOCT. Anu,
cBako he cxBaTuUTU fa cy MHAMjCKke BOjHe cHare cnocobHe u yeBexbaHe aa opy-
Xje ynotpebe y cCBakOM MOMEHTY, YKONMMKO 3anpeTu OnacHOCT Ha rpaHuuama...

—————

OcHosHu 6opbeHuU meHK UHOUjCKUX KOMHeHUX cHaea ,buwuma”

.buma” T-90 je ocHOBHO GOpPGEHO BO3UIIO Yy KOMHEHMM CHarama UHOunjcke
Bojcke. YHanpeheH je 1 ocaBpeMereH ONpeMoM 3a yrnpasrbake BaTpoMm Tpehe
reHepauuje. Hactao je garsmum passojem ctapujer T-72. ma yrpaheH gusen mo-
Top V-92S2 op 810 kowsckux cHara. MiHamjcka BapujaHTa Tor TeHka 3awTuheHa
je ekcnnosmBHo-peakTMeHuM oknonoM (EPO) HoBwuje reHepauuje ,KoHTakT-5" ko-
jn je noctaerbeH No Kynonu n teny TeHka. Kag je 1993. roguHe novena npous-
BOAHA Y ManuMm cepuvjama, 0OagMax Cy ce 3avHTepecoBarne MHore apmuje LMpom
cBeTa 3a weroBy Habaeky. Kynune cy ra n opyxaHe cHare Amxupa, Asepbejia-
Ha, TypkmeHunje n YraHge. MlHanja cBoje ocaBpeMrbeHe TeHKOoBe npoaje Mo
cseTy u Ase BapujaHte — T-90E n T-90S.

Nhaue, Tpeba nmaTtn y BUOy Aa je ped 0 HOBOj BEP3UjU TEHKa, Ha KOjeM je
yrpafjeHa noTnyHO BapeHa Kyrnora ca ekcrnepumeHTanHor teHka ,O6jekat 1877,
yMecTo opurnHanHe kynosie T-90. Pycka BojHa nHaycTpuja npegcrasuna je jae-
HOCTM OBY MHoBauujy 1999. roguHe, a Ty Bep3njy npeysena je n Iuguja.

Pycka wramna Harnacuna je Aa je Taj TeHK nepcnektMBaH 1 aa he Hapepn-
HUX geceTak roguHa 6uTn ocaBpemeraBaH M yHanpehuBaH ca pa3BojeM BojHe
Hayke, HOBMX MaTtepujana u nHgopmaTtuykmx TexHonornja. C o063npom Ha To Aa
6u TeHk T-90 Tpebano ga ocTtaHe y akTMBHOj ynoTpebu cee oo 2025. roauHe, a
Ja Cy ce Ha CBETCKOj CLeHWN nojaBure HoBe reHepaumje 6opbeHnx Bosuna, no-
nyT pyckor TeHka ,ApmaTa”’, HeCyMHMBO je aa he kpajem npBor kBapTana 21. Be-
Ka HacTaTu npekpeTHuUa y noumatny oknonHe 6opbe n kopuwhery TeHKOBa U
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OPYrux oknonHux 6opbeHnx Bosumna y cBuUM Bojckama ceTa. MeRyTum, KOMeH-
TaTopu napage v cpencrtea MHOpMUCaka HUCY HasHavasanu ga nv ce no
npeacTaBrbeHOj TEXHULUM MOry npegsuhaTi TpeHO0BM pa3Boja HaopyKara Y UH-
OunjcKoj BojcuMm.

UHdujcku merk T-90 buwma

Kap je pey 0 TakTUUKO-TEXHUYKUM OCOOMHaMa MHAMJCKOr TEHKA OH je Haopy-
XaH Tornom 2A46M-1. Y akTuBHOj ynoTpebu y nHamjckoj Bojcum T-90S noueo je aa
ce kopuctu og 2001. roguHe. Taga je oa Pycuje kynrbeHo 310 TeHkosa T-90S, oa
Kojux je 120 6urno noTnyHo cactaerbeHo, 90 nonycactasrbeHo 1 100 y genosuma,
Koju cy no mcnopyum cknananiu y MHauju. Kachmje, 2006. roamHe HabaBrbeHo je
jow 340 TeHkoBa n3 Pycuje. Hawja je 2007. roamnHe Kynuna goaatHux 347 Kom-
nneta T-90S n T-90M y genosuMa, KOju Cy CKranaHun y BNacTUTUM NMOroHMMa Kao
nHaunjcka BapujaHta T-90S ,Buwma” (Bhishma, osHavaesaHa n kao T90S India2).
Cnepehnx neTHaecTak roamMHa HacTaBibeHa je NPou3BoAHba Mo NMLUEHUM, Tako aa
je TeHk ,buwma” noctao ocHoBHO 60pOeHO BO3MITO KOMHEHWUX cHara. Hguja je Te
TEeHKoBe yHanpefuBana ca notpebama Haopy>xaBata BOjCKe.

UHoujcku meHk ,buwima” HaopyxaH je moriom 2A46M-1 ca oxnebroeHom yesu 125 mm

Mepguju cy usHenu nogartak ga je suwe og 1000 teHkoa T-90S ,Buwma“
npoussegeHo y NHauju no pyckoj nuueHun. NHave, npsu TeHkosn T-90S 3a uH-
OMjcKy BOjcKy npou3Befenn cy y chabpuum ,YpansaroHsaBoa” ca yrpafeHum no-
6orbwaHmm motopuma og 1000 KorsCkMX cHara Koje je mpoussena dabpuka
TpakTopa y YerbabuHcky. OBa BO3una HUCY KynibeHa ca peakTUBHUM OKITOMOM
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,LTopa”, Beh camo ca mogenom ,KoHtakT-5" EPO Ha kynonu. Y jeaHom nepuo-
Oy KopuwheH je n akTMBHU NPOTUBOKIONHN cucteM u3 ®dpaHuycke. KacHuje cy
WHOWjCKN CTpy4YHsauM 3a NPOTUMBOKIOMNHY 3alITUTY pa3BWiM COMCTBEHU KOMMO-
31UTHU oknon ,KaHuyaH” (Kanchan). Y HoBuWje BpeMe Ha CBUM MHOMWjCKUM TEHKOBU-
Ma ,KoHTakT-5" 3amerseH je cynepmopHum cuctemom ,Kaktyc” EPO. Tokom Mo-
AepHusauuje yrpaheH je n cuctem 3a xnahewe 1 KOHTpony TemnepaTtype yHy-
Tap TeHka, Koju je npunaroheH 3a ynotpeby y nyctmkwckum ycrnosuma. Y 6opbe-
HM NPOCTOp ¥ A€o rae ce Hanasu nocaga yrpaheHa je onpema 3a xnahewe , Ta-
nec” (Thales). Hanwe, pycke BapujaHTe TEeHKOBa HaMeH-€He Cy 3a [ejCTBO U
6opb6eHy ynoTpeby y eBPONCKMM U CMOMPCKUM YCINOBUMA, TOe CYy pasrivke TeMm-
nepaTtype y ogHocy Ha NHanjy Beoma nspasute.

3a ynpaBrbatbe BaTpoM HabaBrbeH je cuctem mapaerncke gpupme ,Kinetics
Ltd”., a neo 3a KOHTpony BaTpe OCaBpPEMEHEH je TEePMOBU3UCKUM Kamepama
.Ketrin-FC”.

Y pyckum mMegmjuma HarnalwaBaHo je fa je uHamjcka Bojcka nsabpana T-90
KOju je pa3BujeH U3 Mogena TeHka T-72, 3aTo wTo je Beh 6uo y ynotpebu Te ap-
Muje. TuMe ce 3HaATHO ylWTeaerno Ha 00yuun nocaga u oapXkaBakwy TeHkoBa. Ha-
6aBky T-90 onpenenunu cy 1 NOBPEMEHN TEXHUYKO-TEXHOSOLLKM Npobrnemu ca
Npon3BOAHOM HOBOI MHAMJCKOT rnaBHor 60p6eHor TeHkKa.

5051134906

CrieyugpuyHa ¢popma meHka ,buwuma” T-90 npunaeoheHa je ynompebu
y UHOUJCKOj KOMHEeHOj 8ojcyu

WHauja je kpajem 2012. rognHe Hapyyuna jow 354 pycka TeHka T-90S/M.
O6jaBrbeHn cy nogauu ga ta 3emrba nnaHupa ga go 2020. roguHe y CBOM Hao-
pyxary nma oko 1500 TeHkoBa T-90C, a MuHucTapcTBo ogbpaHe caonwTumo je
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Aa je, oa maja 2014. rogunHe, 3anodena gomaha npoussoata 1.000 pogatHux T-90.
Takohe, 06jaBrbeHo je 1 To Aa he nHamjcka BojHa MHOYCTpUja ocaBpeMEHUTU BU-
we oa 600 pyckux T-90 TeHkoBa AogaBakeM M 3aMEHOM CUCTEMA 3a KOHTPOny
N ynpaerbakbe TeMnepatypom y Bo3uny. Knumartusaumja caBpeMeHnx TeHKOBa
Beoma je 6utHa, ¢ 063MpoM Ha To ga cy nocage oBux 6OpOGEHUX BO3Wa M3Mo-
)KeHe Beoma HErnoBOSbHUM YCITOBMMA LUMPOM ApXKaBe Yuju CEBEp je Y XIagHUM
NMaHWHCKMM Npegenuma, a jyr nog TonnuMMm ytuuajem MHamjckor okeaHa. Mopepq
Tora, y noctojehe TeHkoBe yrpaguhe ce HOBW HaBUraLMOHWN CUCTEM U KOMIMOHEH-
Te 3a ynpaBrbake 1 KOHTPOMy BaTpoM, 3a WTa je gpkaBa ogobpuna 250 munu-
OHa pgonapa. Mehy pasnosvMmMa 3a 3ameHy TepMokamepa HaBoAu ce ga cy no-
cTtojehn cucteMum y MHOMCKUM yCrioBUMa 6unm mamwe eduKkacHM of HOBMX KOju
he ce yrpagnti n nosehatn 6opbeHy ecmkacHOCT.

WHauvjckmn TeHk ,buuma”, nakne, HoBa je Bep3uja caBpeMeHOr pyCcKor TeHKa
Koju je [obno n MmopepaH AnsajH (cneunduyHy opmy npunarofeHy ynotpebu y
WMHOWjCKOj KOMHEHO] BOjCLM), U joLl YBeEK je y dha3n pa3Boja. Hanaswm ce y jeanHu-
uama y masnom 6pojy. Behu je n Texxn y ogHocy Ha T-90, wTo je nsassarno fnoru-
cTnyke npobneme. T TeHKOBM Hanase ce y nykosuma ,bonan” (Bhopal) n ,Am-
6ana” jypvLiHor kopnyca.

JeduHcmeeHu uHOuUjcKu okmonHU mpaHcrnopmep Mahindra MPV-I

Csum yHanpeheHuma, HagorpagHoM 1 ocaBpemersaBareM T-90 pykoBoau MH-
avijcka AreHumja 3a uctpaxvearse 1 paseoj ogbparHe MHaouje (DRDO). HajaerseHo je,
Takofe, ga he oo 2020. roguHe OUTK 3aMEHEHU MHOTU OpYr CUCTEMM Ha MOCTOje-
hmm TeHkoBuma T-90, of peakTMBHMX KOMMO3WUTHMX OKMona, ypehaju 3a Hasurauujy,
yHanpeauhe ce cuctemu 3a HohHa Aejctea v ycasplunhe ce cucTeM 3a yrnpaBrbare
BaTpoM. CaonwTeHo je ga cy npesasvjeHn 1 npobnemu koje je NHowja umana ca py-
CKOM MHAYCTpUjoM 360r orpaHnyeH-a NpaBa MHTENEKTyarHe CBOjUHE.

582



Cnepehe 6opbeHo BO3UIo, NpeacTaBrbeHo Ha napagu y by Oenxujy, 6uo je
crneundmryaH u jeAUHCTBEHN MHAWCKU OKMonHK TpaHcnopTtep MPV-I (Mahindra Mi-
ne Protected Vehicle-l), ca yHanpeheHom 3awTMToM of, NPOTUBTEHKOBCKMX MUHA
W OPYrux eKcrmo3vMBHUX Hanpasa. To BO3UIO pa3BujeHo je U Npon3BeaeHo Y HEKO-
JIMKO Bepauja, Na je nopen OCHOBHe MpeAcCTaBibeHa M MHXUHEPUjCKa BapujaHTa
npoussefeHa y komnaHuju ,0pbpambeHn konHeHu cuctemun” (Defense Land
Systems). OBa TexHuka npomnsBeaeHa je y koonepauuju ,Mahindra & Mahindra Li-
mited” u ,BAE Systems”, kao 3ajeaHnyku npojekat .

Bosuno je npeacTtaBfbeHO
jow 2010. rognHe, a pa3BujaHo je MHavjckn 13B0O3 Haopyxaka 1 onpemMe
pagu yHanpehuBawa npPOTUBO-

. MHavja y cBOM M3BO3HOM mporpam
KNOMHE 3aLITUTE UHANICKMX Bes- HajBVILIJe'qVIIJBBO:}BIVI nywke INSAS n nﬁqu Ha}f
6eaHOCHMX cHara AHraXoBaHUX Y | govsaie 3a Bojcky U noAMLM)Y (Mano Hao-
MpOTMBrepuncknuM — onepauunjama | pyxarwe — SmallArms), kamuoHe U naka
Ha HepaBHOM, MNOWYMILEHOM U [ GopbeHa Bo3una, pagape U KOMAOHEHTe 3a
6pooBuTOM TepeHy. [NoroweHo je | aBuoHe. Y nporpamy NpoLIMpeH-a U3BO3HOR
pobycHum pgu3en moTopom 230 | mporpama cy pakeTHUu cuctemu, cuctemu u
KC, ynapeHum ca TpaHcmucmjom | KOMIMOHEHTE 3a yrnpaBsbak-e BaTpoM, aBno-
6x6. Okrnon MPV-l o6esbehyje | HUKa 3a SU-30, MogepH/U30BaHU TEHKOBU U
OKMOMHY 3aWTUTy nocage v Boj- | MPOTMBABIOHCKIA CUCTEMM.

Huke y deny 3a npeso3. LUtutm
oA AejcTBa 6anUCTUMYKMX MpojeKkTurna ca cTpaHe U MyMHa ykonaHmx Ha nyty. Ko-
pUCTU npopayyHaTe KOCMHE Ha MacCMBHOj Yenu4yHoj] kKapocepuju ,V-obnuka”
(V-shapedmonohulichassis). Tume ce ymamyjy npobojHO AejcTBO NpojekTuna Ha
YenunyHo Teno u ckpehe yagapHu Tanac Ha genoBe Kapocepuje rae Hema nocage
W rbyacTBa Koje ce TpaHcnopTyje. OknonHa 3awTnTa TectupaHa je n obesbehyje
nocagy og ecdekata gejctea MyHuumje 7.62x51 mm HATO, 7.62x39 MM u pycke
5.56x45 MM myHuuMje, ncnarbeHe ca ygarbeHoctn 10 M. TecTupame je oba-
BSfbeHO nog yrnosuma of 45 n 90 cteneHn y ogHocy Ha SaLLITVITys. Moxe ga us-
Opxu ekcnnosujy eksmaneHTHy 21 kr THT ncnoa 6uno kojer Touka, 1 ekcnnosu-
jy 14 kr THT amnpekTHO ucnog aena 3a cmelwTaj nocage. Npeso3n go 18 notny-
HO OMNpPeMIbEHWX BOjHNKA ca NOCaaoM .

Kapa je 2011. roguHe Bo3uno y obnactu Jharkhand Hauwno Ha nmnpoBu-
30BaHy eKcnno3mBHYy Hanpasy oA 80 kr, WITO je 3HAaTHO M3Hag numuTa o 21 kr,
ynoTpeba je 6una orpaHmMyeHa, anu Cy MHXUHKEPWU NOYENN ca UCTPaXKUBaHeM
mMoryhHOCTK ga ce 3awTuTa noborbLia.

YkynHo ce roguwhe npoussoamno 100 Taksux Bo3una, Kojuma cy ogmax
cHabgeBaHe jeanHuUe Koje cy Bune akTuBHE Yy MPOTUBTEPOPUCTUYKNM OEjCTBU-
Ma y NojeaAMHUM genosuma gpxase 1 rpaHnYHUM obnactuma.

WHauja je paHac jeaaH of Behnx nM3Bo3HMKa Haopyxaha, BOjHE onpeme U
BO3uNa. Y W3BO3HOj MOHYyAW WHAMjCKMX BOjHWUX MpomssBohaya Hanasun ce sulle
MoAena OKnonHux TpaHcnoptepa. MiHanjcko opyxje n Bo3una npogajy ce Hajs-
nwe y Eksagopy, Henany, Omay u I/I3paeny7.

* http://www.mycity-military.com/Oklopna-tehnika/Mahindra-Mine-Protected-Vehicle.html

® http://www.mahindraarmoured.com/armored/apc/mpv.asp

® http://www.mahindra.com/business/defence

" http://defence.pk/threads/who-exports-more-weapons-india-or-pakistan.52684/#ixzz41 SRjxjfF
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sle

WHAujcku naku oknonHU mpaHcropmep Pero Lllepna

JepaH of NoceBHMX M3BO3HMX apTvKana je WHAM|CKU Naky OKIOMHWU TpaH-
cnoptep PeHo Lepna (Renault Sherpa Lite), ca TpaHcmucujom 4x4. MNpesosn 10
BOjHMKA, @ UMa JOAAaTHU MPOCTOp 3a HMxoBy 6opbeHy onpemy. Taj oknonHu
TpaHCMopTep MMa BENUKy YHYTpallky 3anpemMuHy Koja ce MOXe KOpUCTUTU 3a
HoLLEeHe cucTema Haopyxama. AllLl Bepsvja moxe ga npehe go 1.000 kunome-
Tapa, Bo3ehu makcumanHom 6panmHom of 110 km/y. MNMpounssoam ce y koonepauu-
ju ca dpaHuyckom drpmoM PeHo kammnoHmn (Renault Trucks). Bpyto maca Bo3u-
na je 10 ToHa, a Ha WacwKjy MOXe fa ce yrpaau Kapocepuja ca KabuMHOM Y KOjoj
Cy YeTUpu ceauLiTa u TepeTHU NPoCTop HocMBOCTH 1,5 ToHa.

MoroH ,MaxvHgpa oknonHa 3awTtuheHa Bo3una” EmupaTtn (Mahindra Armo-
red Mine Protected Vehicle) npovssoam v 6pojHa gpyra TakTuyka, TPaHCMopTHa,
KOMaHZHa v Bo3ura 3a Be3dy, NocebHo 3a nonvuujcke n napasojHe cHare 3a obes-
GehuBame rpaHMYHNX permoHa . Ha wux Mory ga ce nocraBe Nnaku pakeTHu cu-
cTtemu u bauaum 6ombu, MuTparbesn, kao BUAEO 1 TONOTHMU CUCTEMM 3@ LHEBHO-
HohHO ocmaTpame, Haasop 1 n3suhawe. Bosuna cy gobuna koHUenTyanHu HasvB
MEVA (Mahindra Emirati wehicles Armoring FZ LLC), a og 2014. roguHe cy y us-
BO3HOM nporpamy NHawje. To je, y TOj roanHu, 3eMribk 4oHeo 55 munvoHa gonapa
npuxopaa, WTO je Hajsehu NpUXO4 04 N3BO3a HEKe BPCTE HaopyXaka U onpeme of,
1968. roanHe, kaga je ViHavja novena ga n3Bo3su CBOjY BOjHY TEXHUKY .

MNMosHaTo je Aa je n npeTxoaHa Jyrocnasuja kynuna of NHavje komaHaHa BO3w-
na NoYeTKoM cefamaeceTUX roamHa MPeTxXodHor Beka, LTo 300r nonutuke ocrna-

http://defence.pk/threads/who-exports-more-weapons-india-or-pakistan.52684/#ixzz41SRZxi1N

® https://www.bing.com/images/search?q=Mahindra+Armored+Mine+Protected+Vehicle&view=deta-
ilv2&id=901E37753B8672D78BD3260999D90F 10AD2B3FA2&selectedin-
dex=20&ccid=XSOFMHt0&si-
mid=608041175286155611&thid=0I1P.M5d2385307b74c65722da98dbb7dd64 1300&first=1

® http://www.indexmundi.com/facts/india/arms-exports:

Source: StockholminternationalPeaceResearch Institute (SIPRI), ArmsTransfersProgramme
(http://portal.sipri.org/publications/pages/transfer/splash).
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Hara Ha HecBpCTaHe 3emrbe, Ynjy je jeaa op nuaepa 6una n Mnawja, a wro 36or
TPEHYTHWNX NOBOSBHOCTW T€ BPCTE BOjHUX MPOM3BOAA HA CBETCKOM TPXMLLITY.

Ha lMapagu ce nsa TeHKoBa KpeTao MHAMCKU OKIonHM TpaHcnoptep BMI-II
Lapart. Peu je o mogeny BMII-1I/2K, pyckom npousBody Apyre reHepauuje, Koju je
HakoH gorosopa uamehy WHanje n Pycuje o UHTenektyanHom snacHuwTy 2005.
roguHe MHAWjcka MHAycTpuja noyvena Aa ModepHu3yje n ycaspLuaBa KOMMOHEHTE 3a
ynpaerbake BaTpoM, OCMaTpare 1 HenocpeaHy NPOTUBOKIONHY 3aLUTUTY.

EMIrI-1I Wapam

BMIM-II Wapart (Sarath — Bo3nno nobene nnu eng. Chariot of Victory) npega-
CTaBIba HajMacoBHMje aM¢UnBMjCKO OKIMONHO GopOEHO BO3MIO Y UHOWCKOj apMu-
jn. HaBegeH je nogatak ga ce y jeavHuMuama Hanasu 4ak 1900 Bo3wna Ttmna
BMI-11/2K, koju he ce kopuctutn go 2017. roguHe. UHaue, BMI-1I je oknonHu
TpaHcnopTep pycke Npou3Boare, NpBK NyT npeacTtaBsrbeH 1987. roguHe.

Mpe Hero wTO ce uHAMjcko MuHucTapcTBo oabpaHe oany4mno aa Habasu
Taj TMn oknonHor 6opb6eHor Bo3umna, MHOWCKE OpYXaHe cHare KopucTtune cy
BMI-I. Y nepuogy og 1976. po 1982. roguHe HabaBIbeHO je 745 OKMONHUX
TpaHcnopTepa Tor Tuna. Kako cy oknonHu TpaHcnopTepu BMI1, npeTxogHe reHe-
pauuje, umanu Bek Tpajata 10 go 15 roamHa, HAmMjCKa MHAyCTpKuja oanyymna je
Oa UM npogyxu ynotpebHe moryhHoctu. MiHoBaLmjama u ycaBplLuaBakeM Hag-
XuBena cy cBoj 6opbeHun Bek u kopuctunu ce go 1997. roguHe. YcaBplueHa cy
CaBpeMEHMWjM OTOENEKTPOHCKMM CMCTEMMMA 3a ynpaBibake BaTpOM, KOju Cy
noyenu ga ce npomssone y NHaumju no pyckoj nuueHun. Og 1993. roanHe Hacrta-
BIbEHa je COMCTBEHa NpouM3BOAH-a TOr OKMonHor TpaHcnoptepa no 100 go 150
npuMepaka roguwme. MNMpBu NpouereHn Bek ynoTpede TOr OKMOMHOr TpaHcnop-
Tepa 6uo je 15 rognHa, anu je ycaBplLuaBakeM COMNCTBEHE NMPOU3BOAHE MPOaY-
XeH Ha 32 roauHe.

CnieyujanHu uHOujcku oknonHU amgpubujcku mpaHcriopmep ,LLlapam”
y 8ep3uju komaHOHO2 go3ura
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PemoHT je npeasuheH ceaknx 12 n 22 roanHe unu HakoH npeheHnx 10.000 km.
Camu moTopu Mopanu cy aa ce peMoHTyjy HakoH 4800 km/c. ConcTBeHN peMOHT
ycnocTaereeH je 2000. roamHe, kaga je nnaHupaHo ga ce us ynotpebe nosy4ye 686
Bo3una BMI1. MNMpegsuheHo je 6uno ga ce peMoHT 3aBpLlumn o 2006. rognHe, anv
nnaH je NnpeHeT u Ha cnepehy roguHy. Nogaum cy nokasanu ga je Bek ynotpebe Ky-
nreHmx 6opbeHrx Bo3una 16 roguHa. Y npBoj roanHn peMOHTOBaHO je camo 56 Bo-
3una, anu cnegehux ce nosehana edukacHOCT MHAYCTpUje na je pemoHToBaHo 114
y 1981. roamHn. PeMOHT 1 ycaBpLuaBare JONPUHENN CY Aa Ce YKYMHW XXUBOTHU BEK
0BMX 60pOeHVX BO3uNa NpoayXun Ha BuLLE Of TPUAECET roguHa.

S
T

UHAUjcKu UHXURepUJCKU OKMonrbeHU amegubujcku 0o3ep passujeH u3 0CHO8HoO2 nodeo3a
3a oknonHu mpaHcriopmep 6PM-I1

YT1BpheHo je, Takohe, 4a TOKOM XUBOTHOr Bena 3actapeBajy 32 KOMMOHEH-
Te. MehyTuM, HAWjCKM CTPYYHaLM N UHXNHEPU Pa3Buin cy HoBUX 155 komno-
HEHTU Kojuma cy o6e3benmnu Behy 60pbeHy ePUKacHOCT U MOKPETIbMBOCT TOr
6opb6eHor Bo3una.

Y HoBemOpy 2005. roguHe OcHMBaYka MHCTUTYLMja 3a UCTpaXXmBaHe U Pa3Boj
VRDE (Vehicle Research & Development Establishment) nodena je aa, Ha wacuju
LWapat BMI-Il, pa3Buja joww jeaHO COMCTBEHO ,,OKMOMIBEHO MHXUHEPCKO U3BUNAYKO
Bo3uno” AERV (Armoured Engineer Reconnaissance Vehicle BRM-2) 3a nHaujcky Boj-
cKky. Pa3BujaHo je y ConcTBEHO] MHCTUTYLIM|U 3a UCTpaxmBare 1 pa3soj Bosusna VRDE,
y okBupy MuHucTapcTea ogbpaHe, ogHocHO Yy OpraHm3aumjn 3a UCTpakvBarsa U pas-
Boj ogbpaHe - DRDO (Defence Research and Development Organisation). Capahvea-
ne cy u gpyre nabopaTopuje 3a UCTPaXKMBaHe U pa3Boj BOJHUX KOMMOHEHTM.

AERYV je BuLLEHAMEHCKO BO3UMO 3a MHXUHEPUJCKU KOPMYC UHAM|CKE BOjcke 3a
obaBrbarbe 3emMarbCkmx pagosa, NpaBrberse npenasa 3a okrnonHa Bosuna, ypehusa-
He KopuTa peka pagv ogbpambeHnx npunpema v apyre pagoBe Mpe BOjHWUX onepa-
umja. Camo Bo3nrno AERYV, 3acHoBaHo Ha wacuju Lapat BMI-1I amdpmbujckor netua-
avjckor 6opbeHor Bo3una, Npor3BeaeHo je y ,ABaaun dabpuum 3a NpojekToBare yoo-
jutnx cpeacrasa Mepak” (Avadi and Ordnance Factory Project, Medak). Oga wacuja
nckopuwheHa je 1 3a Hocay MOCTOBa U Aipyre UHXWUH-epPUjCke MaLLnHe, kao NoaBOo3 3a
NPOTMBABUOHCKE CUCTEME Y NELLaAM|CKAM jeanH1Lama.
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andrei-bt.livejour]

CrieyujanHo ¢gpymypucmuyko newadujcko 6opbeHo eo3usno — FICV (moden)

Jow jegHo cneumjanHo newagujcko 6opbeHo BO3UNO, Ha3BaHo ,yTypu-
cTu4ko newagujcko 6opberHo Bosuno” FICV (Futuristic Infantry Combat Vehicle)
pasBujaHo je Tokom 2013. roguHe. Mpema npoueHn mnHamjckor MuHucTapcTBa
onbpaHe npousBoarka Tor HoBor GopbGeHor Bo3una peHTabunHuja je o4 Hago-
rpagHe pyckmx newagnjckmx 6opbeHnx sosuna bMI-11.

MpoToTun TOr Bo3urna NpeacTaBibeH je Ha UHOWCKOj M3NOXOM Haopyxaa
n BojHe onpeme DefEkcpo 2015. rogmHe y geuembpy. CaonwTeHo je, Takohe, aoa
je MuHuctapctBo onbpaHe pacnucano TeHaep 3a Habasky 2000 komaga ofro-
Bapajyher motopa. TakTnyko-TeXHUYKM Nodaum nocnatu cy dmpmama Mahindra
& Mahindra, Tata Motors, Force Motors, ASok Lejland, Maruti Udiog n Krompton,
MTU un3 Hemauke, Tanecy u3 ®paHuycke u PocobopoHekcriopTy y Pycuju.
OcHoBHe kapakTepucTuke moTtopa cy aa uma 350 go 380 koHsCKux cHara, nako
ce ogpkaBa U Aa pagu y eKCTPEMHUM BPEMEHCKMM YCroBUMa.

BojHuuyu uHdujcke 8ojcke Ha kamurnama, HaopyxaHu nyuwkama INSAS
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NHaujckn BOjHM cTpydraum cmatpajy ga noctojehu motop BEMI-Il og 285
KOH-CKMX CHara Huje norogaH 3a notpebHy MobGUNHOCT OKMOMHOr TpaHcnopTepa
FICV. Ocrtane kapakTepucTuke 3axTeBajy Aa To 6opbeHo BO3uo noceayje ca-
BpeMeHe cucTeme 3a OHEBHO M HOhHO ocmatpawse, ynpaBrbake BaTpoMm, a ga
okrion nocepyje noborbluaHy 3aWTUTY of pakeTa ca HaBohereM 1 of NpojekTu-
na 30 MM ucnarbeHux n3 aytomatckmx 6auava rpaHarta.

JypuwmHa nywka INSAS

Opf nu4yHor newagmjckor Ha-
OpyXaa BOjHUUM Ha napagun ov-
NN cy, MNpPEeTexHo, HaopyXaHu Kanm6ap, MM: 5.56x45 HATO
nywkama INSAS. Y kacHuM 50-um rac, potupajyhu
roaMHamMa npoLunor Beka, WUHAWj- 3areBapad
Cke OpyxaHe cHare ©6une cy YkynHa OyxuHa: MM
onpemMrbeHe ayToMaTtCKum ny-
wkama L1A1 kanubpa 7.62 mm
HATO, koje cy, y cTBapu, Gune — CaMPEKNONHIAM KyHAAKOM; MM, 960/750
nuueHumpaHe  Konuvje 4YyBeHe  [lyxuHa LeBu: MM, 464
6enmmjcke FN FAL nywke. Te ny-

JypuwHa nywka INSAS (MHawja)

nOBpaTHM CUCTEM:

— ca (bMKCHUM KyHOakoMm; MM, 945

) Maca: kr, npasaH 3,2
LUKe rno4yene cy Aa 3acTtapeBajy
1980. kaga je MUHUCTapCTBO Oa- Bp3uHa nam6e: meTak/MuH 650
OpaHe moyeno Aa vHUUMpa pas-  KanauuTteT okeupa: METak 20 nnn 30

Boj nywke INSAS (uHOvjckn Ha-

umMoHanHu manu cucteM opyxja — Indian National Small Arms System), koju ce 3a-
CHMBAO Ha HEKOJIMKO NMO3HATUX CTPaHMX NELIaamnjCK1X nyLuaka.

o, S : . ¥ Y npBobutHoj BapujaHTn INSAS
cucTeMm je uspaheH kao ctaHgapaHa ny-
Wwka, KapabuH K ayTomaTtcka nyLka
(LMG) kanubpa 5,56x45 HATO. Tokom
1997. roguHe nywka n LMG ©unm cy
CMPEMHMN 33 MacOBHY MpPOU3BOAHY, a
1998. rogmHe npBe jeguHuLe Hocune cy
TO Opyxje Ha napaau 3a HaH peny6nu-
ke. MacoBHOo yBohene nywke INSAS
npBoBGUTHO je oanoxeHo 36or Heno-
cTtatka gomahe MyHuunje kannbpa 5.56
MM, 360r Yera je MIHamja kynuna 3Hauaj-
He 3anuxe MyHuuuje of wu3paericke
komnaHuje IMI. o noyeTtka 2016. roau-
He ykynHo 300.000 uHAuWjckMx BOjHUKA
HaopyxaHo je nywkoM INSAS. To opyx-
je npousBoan ce y dabpuum Mwadpop
(Ishapore Rifle).

lpojekam F-INSAS npedsuha modynapHy
onpemy, odehy u Haopyxare UHOUjCKOo2
80jHuUKa buducnosti
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OkBupHo, INSAS nyuika 3acHoBaHa je Ha moaeny Kanawnukosa AK-47, y3
MHOro n3MeHa. OCHOBHa M3MeHa OJHOCHK Ce Ha OYXXM racHU LUNnHAap v Knvn un
poTupajyhu 3aTBapay. [aCHM CUCTEM OMPEMIBLEH je PYYHUM perynaTtopoMm raca,
cnuyHor koA nywke FN FAL. Pyyuua 3a nywere Hanasn ce Ha feBoj CTpaHu
nognakruue, Wro je ocodbmHa Hemavke HK G3 nywke. M kovHMLA, OOQHOCHO pe-
rynatop narb0e, Hanasu ce Ha NeBOj CTpaHu NpujeMHuKa u omoryhaea nojeau-
HayHy u padanHy nars0y ca Hajmarwe Tpu MeTKa. KyHaak ce cknana ca cTpaHe,
Kaga ce MyLlKa HOCW, a TOKOM AejcTBa ce ucnpasriba. CTaHgapaHe nywke umajy
KyHAaK 1 pykoxsaT of ApBeTa unuv nonvMepa.

OkBUpY Cy HAYMHEHM Of, MONYyNPOBUOHOT NONUMepa; y Kpahu ctaje 20, a 'y
ayxum 30 metaka. C roptbe CTpaHe Hanasu ce NnexuiuTe 3a HULLAHCKY cnpaBy
nnu nacepcky obenexvsad LMiba, a Ha BpXy LeBu Bofuua 3a CTaBrbake HOXa
unu nacepckor obenexneada uurba. Moryhe je KOpUCTUTM NacMBHU HOMHK OM-
TWUYKM HULLAH, KONMMAaTOPCKN pedbrieKCHU HULLIaH, nacepcku obenexmnsad uurba,
Kao 1 GMno Koju OpyrM HULWAHCKM cucTem npeasuheH 3a MoHTUpawe Ha Viver
(Picatini) wuHy. N 3a To opyxje pasBuja ce agekBaTaH CUCTEM 3a yrnpaBibake
BaTpom (CYB) Tpehe reHepaumje, koju omoryhasa BOjHUKY Bp30 OTKpuBawe, jea-
HOoCTaBHuWje rahawe N Benuky eduKacHOCT yHULUTaBawa LUuiba gaky M Hohy.
Mogcuctem 3a ynpaBrbake BaTpoOM omoryhaea Kopuwherwe Bulle TMnosa on-
TUYKMX N NACEePCKNX HULLIAHA.

F-INSAS cucmem 8ojHUYKO2 HaopyxaHa u orpeme

Mywka je pasBujaHa kao Aeo BojHUYKor 6opbeHor cuctema F-INSAS (Futu-
re Indian National Small Arms System)m. Cuctem BOjHMYKOr Haopyxawa U
onpeme F-INSAS npeacrtasrba npojekaT onpemara WMHOMCKUX BOjHMKA caBpe-
MEHUM HaopyXateMm, OMNPEMOM M ayTOHOMHUM MOACUCTEMMMA MO Y30py Ha
MHore cBeTcke nporpame. NHANCKO MUHUCTapCcTBO oabpaHe TUM NPOjekTOM Ha-
MepaBa fa 0be3beam edumkacHOCT AejcTBa BOjHUKA Ha OOjULLITY, yMakWU CMpT-
HOCT OoAHOCHO noBeha npexuBrbaBake M MoOUNHOCT. Nporpam ce peanusyje
noa MOTOM: BOjHUK Tpeba aa byae camoctanHa 6opbeHa malumHa . OCHOBHMU
aenosu 6opbeHOr BOjHUYKOr CUCTEMA Cy CaBPEMEHU LUMEM OTMNOpaH Ha nelua-
ONjCKY MYHMLMjY 1 doparMeHTe ekcnrosuja, ca BU3npom. 3awTuta wrema tpeba
Oa oprosapa HuBoY lll caBpeMeHMX CBETCKMX CTaHAapAa 3a 3alTUTHY Onpemy.
To 3Haum ga Tpeba ga cnpeun npobujare Koje 6 Morna ga usasose MyHuLMja
kannbpa 9 mm. Buanp mopa ga 3awTtntn, Kako og Aejctea 6anncTuyikor opyxija,
Tako M o4 nacepa, 04HOCHO TOMJIMHE KOjy n3a3nBa BaTpa Ha 6ojullTy.

Ha wnemy Hanasuna 61 ce namna 3a ocBeTI/baBake, TEPMUYKN CEH30PW,
Kamepe ca HanpegHum MoryhHOCTMMa OHEBHOTr M HORHOr ocmaTpara, CEH30pK
3a HXB onacHocT, a y weMy ayano cnywanuue u komnjytep. Buaup, takohe,
Tpeba ga ma BMpTyenHe ocobnHe, OAHOCHO Aa CIYXM U Kao MOHUTOP eKBUBa-
neHta 17 vH4a n omoryhu KOMnNjyTePCKO reHepucare u npukasmBame nogataka,
CNnvKa 1 TEeKCTa C YHYTpallkbe CTpaHe.

10http://www.defenseworld.net/news/1 1907/Indian_Army_to_Break_up_Future_Soldier_Program_int
o_Two_Parts#.VtMYsl_Uail
" http://www.thehindu.com/todays-paper/tp-national/tp-newdelhi/article3130405.ece
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JInuHa ogeha uHaujckor BojHUKa ByayRHOCTU, KaKo Kaxy OOKYMEHTM O Npojek-
Ty, buhe naraHa u o martepujana Koju je HenogepwB, a YjedHO cagpXu ocobuHe
HenpobojHoCcTK 3a HMBO V. Y3 To, Buhe OTNOpHa Ha BaTpy M BOAOOTMNOPHA, @ OMO-
ryhasahe koxu ga ,auwe”, a cagpxasahe 1 ogpeheHe enekTpoHcKe KOMMOHEHTE.

KomnoHeHme uHAujckoe cucmema 80jHUYKO2 Haopyxarka u ornpeme 6ydyhHocmu F-INSAS

Hopaum Ha jakHn Tpeba ga omoryhe pacnopepn TepeTta koju Hehe ontepe-
hnBaTtn BOjHMKOBO TenO Ha nojeguHMM MecTuma, a Hehe oTexaBaTu HU KpeTa-
te. MNocegoBahe ocobuHe Koje he je YnHUTK JoBpuM 3aWTUTHUKOM Of AejcTBa
PXB opyxja.

Ha genosrma koju Cy HajBuLIE N3MNOXEHW OHEBHOj CBETNOCTM Hanasuhe ce
henuje koje he ynujatn cyHYeBY eHeprnjy HamereHy 3a Nykere NPeHOCHOr BOj-
HWYKOT KOMMjyTepa 1 Apyre enekTpoHCKe onpeme.

CnoreHu pgeo opehe obesbeanhe, Takohe, cHabgeBawe KNMCEOHWKOM, a
caM maTepujan Tpeba Oa ce noHawa kKao pecnupaTtop Koju WTUTU Tero oA
OTPOBHWX racosa n guma. Ha koneHvmMa v naktoeMma Hanasuhe ce BaTpooTnop-
HY jacTyunhun. PykaBuue he 6uTtn nspaheHe oa cnnyHor matepujana.
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MnaHnpa ce n pa3Boj 3aWTUTHOr MPCyKa ca NexuwTnma 3a pnekcnbunHe
BGanucTnyke KepaMmuyke nro4de Ha npegweM geny Tena, nefjuma n npenoHama.
W npcnyk he cagpxaBat MHTErpucaHy efieKkTPOHCKY ONpeMy Kao U jakHa. Y but-
HuM genoBuma opehe 6uhe uHTerpucaH n nHTepdejc koju he omoryhaesaTtu ga
caBpeMeHa payyHapcka onpema aytoMaTu3yje nojeguHe 3awTutHe u GuornoLuke
cyHKUMje, Kao n cucteme 3a npahewe 3gpaBCTBEHOr cTakwa. buhe Ty n yrpaheH
cucTeMm 3a rnodanHo nosuumoHupare (GPS), nexuwta 3a npukibyvere kabno-
Ba ca nepudepHUM ypehajuma n KOHEKTOPMW.

Opeha he mohu ga mena 60jy y 3aBUCHOCTU 0f okornuHe. Beh je Ha Hekonu-
KO CBETCKMX M3NoX0bu BojHE onpeme npencTaBrbeH MHOWCKU MpojekaT MackupHe
jakHe xunepHeBugrbmee opehe MHawmja® (Hyper Stealth India). MpeaeuheH je n
CUCTEM KOHTPOSe TemnepaTtype 1 MUKPOKNMMaTCcKn ypehaj 3a rpejawse u xnahe-
te. Ha nojacy he mohu ga ce Hocu Goua 3a Bogy, a pydHe bombe u MyHuupja 6u-
he pacnopeheHun no Lenosnma Koju onTUMU3Yjy pacnogeny TeXUHe Ha BojHMKA.

HoBa yHudopma nmahe ceHsope 3a npahere 30paBCTBEHOr CTaka U AeTek-
unjy npomeHa koje he omoryhaBaTtu npyxane 6p3e agekBaTHe MeguLMHCKE MOMO-
hn. M pybrbe Mmopa umatu cnocobHOCT Aa ynuvja Bnary, anv u ga oyae oTnopHO Ha
BMCOKe TemnepaTtype v camoracuso. Linnene tpeba ga wtute cronana, ga He K-
3ajy, a y tbuMa he 6utu yrpaheHn ekcrnno3vBHM CEH30pU 3a OeTeKUMjy NpoTUBMEeLLa-
amjckux mmHa. Cuctem obyxsaTta u yrpaheH npeuncrad Boge 3a nuhe.

UHAujcko bydyhe opyxje

Mopen Beh pasBujeHnx nywaka v nywKoMuTparbesa y cacTtaBy MpojekTa
F-INSAS vnHaujcka BojHa nHAycTpuja passuja nogcucremMe opyxja, Koju umajy Bu-
wekannbapHe ocobuHe (Multi-calibar weapons). Takeu 6opbeHu neluagunjcku cu-
ctemu omoryhvhe ga nojeavHal AejcTeyje Ha pasnuunTMM darbvHama ca jeoHUM
BuLIeKkanubapHUM opyXjemM Koju noapasymeBa NyLIKy ca MnoTueBHUM Bauayem
rpaHata. Cuctem ykrbydyje opyxja y kanmbpy 5,56 MM, 7,62 MM 1 HOBUM 6.8 MM,
Koju ce no npBu nyta passuja y uanju. decduHncaHo je oa nogcuctem cagpxu u
nacepcku garsmHomep, kao n GPS ypehaj, wro Tpeba na obe3dbeaun npeLmnsHy nH-
OMpeKkTHy BaTpy. Y capaawu ca WM3paenom, nHaujcke pasBojHe nabopatopuje
NpojekTyjy ABe BpCTe HapefHe reHepaumje newagunjckux nywaka. Mehy wuma cy
CQB kapabuH (Close Qarter Battle carabine), npeacraBrbeH Ha UHAWCKOj U3IO-
X6u Haopyxara DefEkspo 2014. roguHe, kao NpoToTMN BULLEKannbapHor HAK-
BuayanHor cucrema Haopyxawa” ARDE-DRDO MCIVS (Multi calibar individual
weapons system). Cuctem je nakwu og nywke INSAS n texxu camo 3 kr. Noceny-
je notueBHn 6auay rpaHata UBGL (Underbarrel Grenade Launcher), kao u Tep-
MarnHe HuwaHe nnmn obuyHe xonorpadcke Red Dot HuwaHe. Jlacepcku obenexu-
Bay LuIba NOCTaBIba Ce C ropHe CTpaHe opyxja, Ha NMUKAHTUHU LWKHY. Tume ce
noborsLUaBa cBeCcTpaHoOCT ynotpebe BuLLekanMbapHux opyxja.

Mporpam F-INSAS cuctem BojHUYKOr Haopyxawa u ornpeme obyxsaTa U
Apyre KOMMNOHEHTE, NOACUCTEME U ONPEMY, KOja Y3 MHTErpucaHe BULLEHAMEHCKE
ypehaje 3a ocmaTpane 1 ynpasrbake BaTpoM noceayje MHOLUTBO CEeH30pa Koju
Tpeba ga obesbene BojHMKY Behy BepoBaTHOhy npexuBrbaBawa y 6opbu n
edmkacHuje AejcTBo No NPOTUBHUKY. Mehy huma cy CnekTpOoCKOMCKU, enekTpo-
MarHeTHW 1 ceH3opu paauo-pekseHuUmje Koju he BojHMKa yno3opaBaTu O ona-
CHOCTW Y KOjoj Ce Hanasu, oOMeTaTu NPOTUBHUYKE OCMaTpayke U HULLAHCKE CU-
cTeme n 06e36eanTn NPeLn3HOCT Y AejCTBY.
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Y janyapy 2015. roguHe o6jaBrbeHo je Aa je uHauvjcka Bojcka oasyynna ga
cnposoau nporpam F-INSAS y ase dase. Y npBoj pasun o0besbehyjy ce eduka-
CHM B6opOeHn cncTemm 3a KOMHEHY BOjCKYy Ca KBalMTETHUM MyLlKama un kapabu-
HUMa. Y TOj dha3n Bojcka he pasBujaTu U NIMYHY 3aLUTUTHY OMNpPEMY, Kao LUTO Cy
LUNEMOBM M 3alUTUTHU NPCAyUM a, TeXuTe je Ha CucTeMyMMa 3a ynpasrbame
BaTpom. [Nporpam obyxsata n Habasky nywaka Bereta ARKS 160 (UTtanwja),
Kolt CM 901 (CAL), CZ-805 Bren (Yewka) i Galil ACE (Uspaen).

PakemHu cucmemu

Oamax n3a TEeHKOBa M OKMOMHUX TpaHcrnopTepa Ha napagu cy y maplie-
BCKOM MOpEeTKy NpeAcTaBIbeHa ABa camoxodHa pakeTHa cucTema M3 apceHana
KpcTtapehux pakeTa n NpoTMBOPOACKOr HaopyXawa MHAMjCKe BoOjcke. BaTpeHu
Jeo cucTema npefcTtaerbajy Hag3ByyHe kpctapehe pakete Tuna ,bpamoc” (Bra-
hMos). Cuctem 3a ocmatpare, OTKpuBakwe Lurbesa u HaBohewe pakeTa, OaH-
OCHO 3a ynpaBrbarwe BaTpoM, Hanasuo ce Ha nocebHum Bo3unuma. Cam npoTtu-
BOpOACKM pakeTHM CUCTEM NPEACTaBIbEH je Ha MakeTn bpoaa.

Tume je HarnaweHo Aa je CMCTEM pas3BujeH Y HEKONWKO BapujaHTu. Ha napaaun
je npeacTaBrbeHa KOMHeHa Bep3uvja cuctema Ha BO3unMma, MakeToMm je npukasaH
CUCTEM Yy Haopyxamy paTHe MopHapuLe nocTaBibeH Ha 6podosuma, a y npatehoj
OOKYMeHTaumj1 Hanasu ce 1 nogaTak a ce Ta paketa naHcvpa u u3 asmoHa ,Cyxoj”
(Sukhoi-30MKI), koju ce Hanasm y BasgyxonnosHum cHarama UHawje. lMNMopyka je ja-
cHa — MiHgmja nocenyje caBpemeH kpctapehu pakeTHn ogdpambenn cuctem 3a gej-
CTBO M3 cBe Tpu bopbeHe aMmeHsmje. Y MHOUCKUM BOjHUM Haconvenva objaBrbeH
je n nogatak ga je TeCTMpaHo 1crnarb1MBare Te pakeTe U3 nogMopHuLe *.

lMpomuebpodcku pakemHu cucmem ,bpamoc” Ha Mmakemu 6poda

"2 http://economictimes.indiatimes.com/news/defence/brahmos-to-be-test-fired-from-su-30mki-in-
2016-heaviest-ever-missile-flown-on-that-jet-sudhir-mishra/articleshow/50848753.cms
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KonHeHa sapujaHma pakemHoe cucmema ,bpamoc” Ha eo3unuma

MpojekaT pa3Boja kpcTtapehe pakeTe ,bpamoc” peanu3oBaH je y capagu
ca Pycujom. ObjaBrbeHun cy u nogaum aa je ped o CynepCoHUYHoOM Kpctapehem
npojektuny gometa 0o 290 kM. Paketa netn 6p3vmHom of 2,8 maxa U HOCU KOH-
BeHuuoHarnHe 6ojese rnase ca 300 Kr ekcnnoauea.

Of npoTUBaBMOHCKUX PAKETHWX CUCTEMAa Ha Mapagu je BufjeH pakeTHu cu-
cTeM 3eMrba-Ba3gyx ,Akaw” (AKASH SAM, Akasa). Peu je 0 opyxjy Ha MOTOpPHUM
BO3WNMMa 3a ogbpaHy TepuTopuje y Cuctemy npoTMBpakeTHe ogbpaHe cpeanser
aomeTa. Pa3BujeH je no nnaHy MUHMCTapCTBa ofbpaHe y HUXOBUM UCTPaXmBad-
KAM M pas3BOjHUM WHCTUTYTMMA 3a UCTPaXUBaH-E PAKETHUX U ENEKTPOHCKUX CU-
ctema. [lomeT paketa je 30 kM, a epukacHO AejCTBO Ha neTenuue je Ha BUCUHU
0o 18.000 meTapa. CneumndnyHOCT TOr pakeTHOr CUCTeEMa jecTe Aa nocepyje cno-
COBHOCT Oa HeyTpanulie aHTEHe U eNeKTPOHCKE KOMMOHEHTE Ha aBUOHY W Tako
OHecnocobu ogbpambeHe cucteme netenuue, WTo obesbefyje 6orbm norogak m
Behy edmkacHocT. Moxe ce ynoTpebutn n npotus kpctapehux n 6anMcTUHKux
pakeTa. Hanaau ce y onepaTvBHOj ynoTpebu MHAM|CKNX Ba3oyXOMNroBHMX CHara.

BaTtepuja opyxja ,Akaw” cactoju ce oa vetupu 3[ nacvBHa enekTpoHcKa
pagapa v YyeTupu Bo3una, ca TpU NpojekTuna Ha csakoMm. Lleo cuctem je nose-
3aH Yy jeAMHCTBEHY MpeXy KOMaHOoBawa 1 ynpasrbawa. CBaka baTepuja moxe
Ja npatn oo 64 unrba n ga gejcteyje no 12 of wux. MNpojektun nma 60 Kr ekc-
nnosmea n npe-gpparmeHTncaHy 6ojeBy rnaBsy ca 6NM3NMHCKUM AeTOHaToOpoM. To
je moTnyHo mobunaH cuctem, cnocobaH Aa 3alTUTK jeanHuLe of HenocpeaHor
JejctBa aBujauuje, 6uno ga ce Hanase y MNokpeTy unu Ha 6ojuwty. OpyxaHa
nnartcopma je nHTerpucaHa Ha Bo3mnmMma ca ToykoBmmMa. NMpBoOGUTHO je cuctem
»+AKaw” 3amuiirbeH kao NBO CAM 3a paTHO Ba3gyxonnoBCTBO, anu je TecTupaH
M y ynosm TpynHe npotuBpakeTHe oabpaHe. Cuctem omoryhaBa npoTvBBasgy-
XOMMoBHY oabpaHy TepuTtopuje nospLunHe o 2000 km?2.
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Cucmewm ,Akaw” yeedeH je y oriepamusgHy yriompeby 2015. 2oduHe y npeom nyky NMBO,
y cacmagy pamHoe 8a30yxornnoscmea VHAuje

Taj cuctem passujaH je kao Bepsuja Mark-1 od 1990. u ycaspliaBaH je oo
1997. roamHe. HactasrbeH je passoj 2010. rogmHe kao BapujaHTa Mark-Il. Tpyn-
HO TecTuparbe cuctema o6aBrbLEHO je y HapeaHe ABe rouHe.

MpojekTun uma moryhHocT npecpeTtawa netenvua y oncery og 30 go 35
KM 1 noBehaHy Ta4HOCTM cucTema 3a HaBohewe n ynpasrbawe BaTtpom. Cama
pakeTa nma macy og 720 kr, npedHuk 35 um n ayxuHy 5,78 meTtapa. lNpojekTun
MOXe Aa n3gpxu ontepehewa o 15 r n ocnocobrbeH je ga npaT U3gyBHe ra-
COBE€ aBMOHCKOI MOTOpa, OOHOCHO, KaKo Kaxy WHXWHepu, Aa ce ynycTu y note-
py 3a penom aBuoHa. N3paheHa je oa koMno3utHMx matepujana. lNpoTuepakeT-
HW CMCTEM WMHTErp1caH je y ayTomaTu3oBaHu OCMaTtpayvky CUCTEM 3a paHo ymo-
30paBare ca gometom Ao 150 kunomeTapa.

MHanjckn BOjHKM CTpyyHaum yTBpAUKN Ccy Aa NOoCcToju Benukn 6poj moryhHo-
CTW 3a npumeHy ,Akall” opyxja y He3aB/CHOM nporpamy u y rpynom pexmmy 3a
HeyTpanucawe npeTku, U YTBPAMIU CYy BULLE LMIBbHUX CLiEHapuvja 3a ynoTpeoy.
Y rpynHoj popmauuju Yyetupmn 6atepuje mory 6utn pacnopeheHe y pasnuumtum
reomeTpujckum gpopmaumjama. Tako, y dpoopmMaumju kBagpaTta jegHa ,Akaw” 6a-
Tepuja Moxe OpaHMTU NOBPLUMHY of 62x62 kM, a Yy NMHeapHOj KoHdUrypaumju
noBpwuHy of 98x44 km. TpanesovaHa koHdurypauuja omoryhasa oabpaHy Haj-
Behe noBplMHe y ogHocy Ha Buno koju gpyrn obnuk pacnopehvBara 1 Nokpu-
Ba nospLumHy oz 5000 kBagpaTHUX KurnomMmeTapa.
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banucmuuku npojekmun cucmema ,AeHu

Ceaka baTepuja MOXxe AejcTBOBaATU Ha YeTUPKU MeTe UCToBpeMeHo. Cuctem
MOXe [a ce NPeBo3u U XKenesHnLoMm, ApyMoBMMa NN Ba3ayLLHUM MPOCTOPOM.

Taj cuctem je 2015. roanHe yBeaeH y Ba3gyxonnoBHe cHare ViHavje y jea-
Hom op NBO nykosa. Hajnpe je pacnopehen 3a NBO oabpaHy BOjHUX Basgyxo-
nnoBHMx 6asa y Banuopy, Xawumapy, Tejnypy, Jopxaty u lNyHy. Cnegehu nyk
6uhe onpemrbeH 1 onepaTtmBaH Ao kpaja 2016. roguHe .

Opa pakeTHMX OanucTUYKMX cucTemMa Ha napaguv je npukasaH MpojeKkTun
,,Agni-V”1 . Cnctem je jow yBek y dasm TecTupara, a YeTBpTa hasa nposepe
BanucTnyknx n gpyrux ocobeHocTn peannsoBaHa je Tokom ¢ebpyapa 2016. ro-
OnHe. Peu je o Ganuctnukoj paketn gometa og 5000 go 8000 km koja cnapga y
KaTeropujy MHTEPKOHTUHEHTaNHuX 6anuctnykmnx paketa (ICBM). NMpojektun mo-
xe pa noHece 3 oo 10 pasnmnunTux 60jeBux rmaea og 1 o 1,5 ToHa ekcnnosuea.
To 3Haumn ga Moxe fa noHece n HykneapHe d6ojese rnaee od 20 KT do 150 KT.

MapagHy konoHy oboraTuo je n nponas xuapoaBMOHa UHAMW|CKOr paTHOr Ba-
30yXONnoBCcTBa, ca MakeTama 6GopbeHux netenuua. Tume je npeacraBrbeHa
CMHTE3a TOr BMAA OPY)XaHWUX CHara, ocnocobrbeHor 3a BOjHE aKTUBHOCTW, Of
TpaHcnopTa go 6opbeHnx gejctaBa, Ha KOMHY, y Ba3dyLHOM NPOCTOPY U BOAW.

MHaunjcko BasgyxonnoBcTBo IAF (India Air Force nnu Bhartiia vaju Sena)
uMa gyry v xepojcky Tpaguumjy. YnHu 3HayajHy KOMMOHEHTY TPOjCTBa MHAWNjCKNX
OpY)XaHWX cHara, 3ajejHO ca KOMHEHOM BOjCKOM M paTHOM MOpHapuLuom. 3Ba-
HWYHO cy ocHoBaHe 8. okTobpa 1932. rogmHe, a oBe roauHe LleHTpanHa Ba3fgy-
WHa komaHaa npocnasuhe 84. roguinuLy CBOr NOCTOjakba Ha aepoapoMmuma
LUMPOM 3eMIbe Ca BelKUM €HTY3Mja3aMOM U XapoM, Kako TO MocebHO Harnawa-
Bajy MHAMWjCKN Meanju .

3 http://www.rediff.com/news/report/defence-news-indian-army-gets-some-serious-firepo-
wer/20150505.htm

1 http://www.defenceupdate.in/the-importance-of-agni-v-to-indias-security/

1 http://vvv.festivalsofindia.in/Air-Force-Dai/Indek.aspk#sthash.vwvBmKKg3.dpuf
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XudpoasuoH ca makemama bopbeHux nemenuua

Ha TtpaguumoHanHoj napagm nosogom HaHa penybnuvke Hactyn RV ce ogsujao
no npotokony kojuMm IAF npasHyjy cBoj AaH. BasayxonnoBHW KOHTUHIEHT ce cacToju
o[ YeTMpmn eckagpoHa nsabpaHnx M3 cactasa koprnyca. CBaka jeguHuua HacTyna ca
no OBe netenuue y Kojuma cy nsabpaHu uctakHyTy nunotu. [Jok cy aBvoHW netenu
HebOoM MpunagHMLM Ba3yXOMIOBHON eLLarioHa MapLUMpanu cy y KOMOHW Ha 3eMrbMy.

Hactyn IAF obenexwo je neT chopmaumje og 27 netenuua. Ha yeny ewianoHa
6una cy YetTnpn xenukontepa Mu-17 B5 koju cy Hocunu 3actaBe, a npatuna cy ux
Tpu xenukontepa Mu-35. Y cnegehem Hanety 6una cy Tpu TpaHCMopTHa aBMoHa
C-130J Super Hercules 1 Boing C-17, koje cy ¢ 0obe cTpaHe npaTtuna gsa 6opbeHa
aBnoHa Su-30MKI. Tokom npeneta C-17 HarnalweHo je goa je 2015. roguHe yde-
CTBOBAO Y eBaKyaumju Xxurbage MHOMCKMX JpxaBibaHa U3 paToM pasopeHor Jeme-
Ha, Kao M y cnacaBara NoBpefeHnx HaKoH CMPTOHOCHOT 3emrboTpeca y Henany.

MeT 6opbeHnx aBuoHa Jaryap neteno je y copmauumju ,cTpenuue”’, HakoH
Yyera cy CBOj HaneT u3Benu nunotu y net nosaua MWIM-29. MpaTtunu cy nx Tpu
aBuoHa Su-30MKI.

3aBpLueTak napage obenexuo je BepTukanuu yanet netenuue Su-30MKI,
MaHeBap Koju MHAMWjCKM NUNOTU Ha3uBajy ,Yapnujesa ponHa”.

BopbeHe nemenuue uHdujcke agujayuje Ha Heby Hby [enxuja
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Cam pedwmne BasgyxonnoBa Ha Heby usHag [enxuja npeacrasuo je mo-
JepHe neTenuue U cnocoBbHOCT nunoTa ga ux ynotpebe y cneunduyHum 3aga-
umma. O neTenvuama Koje cy naparne He6Go Haj rMaBHUM rpagoM CKOpO CBE je
nosHaTo. NpeacTaBrbeHe Cy Kao caBpeMeHe BasaylHe 6opbeHe maluvHe, a
nnoTM Kao BewwTn 6opuu, cnpemHn n ysexbaHn ga 6paHe gpxaBHoO Hebo.

UHdAujcka asujayuja y decpurney Had Hebom Hby [enxuja

BasgyxonnoBHu fedune 3aBpLUEH je HACTynoM MHAMJCKe akporpyne.

MHaunjcka mopHapuua je, nopea aedurea npunagHvka cBor Buaa, npeacrasu-
na MakeTy HOBOI Hocaya aBunoHa BukpaHT, Koju je y uarpagteum y 6pogorpagunuuty
y jykHoj IHamjn, a odekyje ce ga he duTtn 6opbeHo cnpemar 2018. roguHe.
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CneyugpuyHocmu napade

CneuuduyHocT napage npefcrasrbane cy n 6pojHe MakeTe Koje Cy CBOjoM
CMMOONMKOM M3pakaBarne HeOOUYHE 1 3HaYajHe geTarbe U3 MHONcKor Xxmneota. Hu-
je TO camo HauvH nokasuBarsa TpaguuMoHanHux BpegHocty Beh nva nocebaH 3Ha-
Yaj KOjUM Ce HarfallaBa NowTMBake MHOTOBPOjHMX KyNTYPOSOLWKUX Y APYLUTBEHUX
ocobeHoCTH, pasyMeBarsa NoNMTUKE 1 0gHOCa ca APYrMM HapogyMa v KynTypama.

MocebaH geTarb U3 BOjHOr AOMEHa npukasaH je, Takohe, nomohy makete. Ha-
UMe, Hocay aBMOHa Yy cacTaBy paTHe MopHapuvue npoaedunoBao je napagHom
MapLLpPYTOM Y BUAY Benvke MakeTe. Tume ce Harnacuno ga MHowja nma asa Hoca-
Yya y cacTtaBy paTHe MopHapuue. Hocaun aBroHa cy CV 1 (Vikramaditya ex-FSU Ki-
ev), Ha kojem cy 12 MiG-29K/KUB Fulcrum FGA; 6 Ka-28 Helix A ASWhel/Ka-31
Helix B AEW hel. pyru Hocay je CVS 1 (Viraat ex-UK Hermes) noceayje asa npo-
TuBpakeTHa cuctema VLS Barak-1 SAM, aABa aBuoHa 3a KOHTPOMy BasayLUHOr Npo-
ctopa AK230 CIWS, kao n 30 SeaHarrier FRS 1 (SeaHarrier FRS MK51); 7 xenu-
kontepa Tnna Ka-27 Helix ASW hel/Sea King Mk42B ASW hel).

P ALY o]

Makema Hocaya aguoHa ca rnopykom d0a MHOuja moxe Oa 6paHu
u ceoje mepumopujanHe eode

Mpu carnegaBaky ONLWITMX OKOMTHOCTU Y Kojuma je obenexeHa 70. roanitu-
La He3aBUCHOCTM Tpeba nmatu y Bugy Aa je inguja MHOFOJ‘by,DéHa W BULLEHaLMO-
HanHa 3emsba, OAHOCHO MOTKOHTUHEHT nospLumHe 3.287.590 km”, ca nonynaumjom
on 1.276.267.000 cTtaHoBHWKa. MaBHu rpag je Hby denxu. Y npuBpeaHOM pasBojy
Beh aoyxe BpeMeHa 6enexu eKOHOMCKM pacT Koju joj omoryhyje Beha nsgBajawa
3a BojHM Byuet. KanauuTteTe 3a Benuky M cHaxHy apmujy obesbehyje 6pojHocT
CTAHOBHULLTBA. Y aKTMBHOj BOjHOj criy»0u Hanaam 1.325.000 BojHuKa n odurumpa,
a 'y pesepBHOM cacTtaBy jow 1.155.000 reyan. Mognwkbm BOjHM n3gaum cy npmbnu-
xHo 37,1 munujapam eepa (nnm 2,5% BHL). To je 3emrba koja usaBaja BENMKU
0e0 CBOjMX HAy4YHUX U TEXHUYKMX CMOCOBHOCTY 1 KanauuTeTa y pa3Boj caBpeMeHe
Hayke, TEXHWKE W NpaTu CBETCKe TPeHAOoBe. Y BOjHOj MHOYCTPUjU aHraxyje 3Hadaj-
He kanauuTeTe. [Topen ocTaror, kKao 3anor cBoje He3aB1UCHOCTU 1 paaun odepaha-
Ha NOTEeHUMjanHUX NPOTUBHMKA, Noceayje N HyKneapHO opyxje.
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lMoaned Ha mpacy Kojom cy mapuwieganu ewanoHu UHOUJCKe 8ojcke U ocmaru y4ecHuUuuU
napade, mokom obernexagara Hajeehee dpxxagHoe rpa3Huka

OnbpambeHy nonuTuUKy onpeerbyjy, nopeg wupux MmefyHapoaHux 361Ba-
Ha M orpaHuYeHe TeH3Wje ca cyceauma, YHyTpallhe nogene, Kao 1 couujanHu
npobnemu. Y camom pasBojy BojCke [OCTa BpEMEHA OCrarana ce Ha paHuje Ha-
GaBrbeHy TEXHMKY U HAaOpyXake, na je, Ha NnpMMep, umana npobnema ca cucTte-
mMuma 3a NBO n onpemom cneuujanHux cHara. Mehytum, noTtewkohe cy npesa-
3ufheHe n nHamnjcka apmMuja nocraje cBe ocnocobrbeHunja y cknagy ca CBETCKUM
CaBpPEMEHUM BOjHUM TPEHA0BMMA.

MHauja je, TOKOM CBOr MNOCTOjaka BOAMIA paToBe, Kako ca CEBEPHUM Cyce-
AoMm KuHom, ca kojom ce 1 Aarbe cnopu Oko rpaHuua, Tako v ca 3anagHum MNaku-
cTtaHoM 36or Kawmupa. OgHocu ca lMakuctaHoM Hoce godaTHy onacHOCT, jep
obe 3eMrbe nocenyjy aToMcKo opyxje.

Ha mehyHapogHOM TpXULITY BOjHE onpeme n Haopyxawa WHauja je buna
BENWKM YBO3HUK. Anu, nokasyje amOuuumjy ga ce M3 yBO3HMKA OpyXja U BOjHE
onpeme npeTBopu y Bogeher cBeTCKor M3Bo3Huka. Ha npvmep, roguHama je mc-
Tpaxkueana MorynHOCTM ckranaka yroBopa o KynoBuHM Yak 200 xenukontepa
3a OKO Munujapay gonapa, ga 6u oBe roguHe obycrtaBuna notpary. YMecTo ga
nx Kynyjy, npoussogunhe nx camm — objasunun cy UHAUCKU Meanju.

Mpema npoueHama CTOKXONMCKOr MHCTUTYTa 3a UcTpaxusakwa mmpa SIPRI
(Stockholm International Peace Research Institute), y HapegHux cegam roguHa
WHounja he notpowutn 130 munuvjapou gonapa Ha KyrnoBUHY W MPOU3BOAHY
opyxja kako 6u cBoj apceHan MoaepH1M3oBana caBpeMeHnm npomssoauma .

HesepoBaTHO je jeanHCTBO pasHonukocTn NHauje, kojy apxaBa 0be3sbehyje
CBOjOM NONMUTUKOM, ynarawem u passojeM. OHa ce ofpaxasa U y Bojcum, na cy
cee npatehe maHudecTaumje nokasane fa Ccy pasfnuke KOXe3UOHW YMHWUNaL, u
Oa cy mehyycobHo Tako ncnpenneteHe Aa He npeactaBrbajy nocebaH npobrnem y
LLleNOoKyNHOj opraHm3auujy u pykoBohewy opyxaHuMm cHarama. LLita Buwe, oBako
MaHudecToBaHe Mpes LWMPOKOM jaBHOLWINY U LUMPOM CBeTa Yy Meaujuma, npea-
cTaBrbajy, Takohe, nocebHy aTtpakuumjy 3a 6pojHe noceTuoLe (napaga je pekna-
MupaHa 1 kao nocebHa TypucTuika MaHudecraumja og HaLmMoHanHoOr 3Havaja),

16 http://www.sipri.org/media/pressreleases/2016/at-feb-2016
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KOjuma oBakBa npunuvka npegcraBrba HeOOUYaH OOXMBIbAj. YYecHUMUuMa napa-
0a je npyxuna npunuky ga nokaxy CBOjy pasfiMynMTocT U OAHOC npema OnLwToj 1
nocebHoj NoNUTULUM 3emrbe, a NocedHO npema oadpaHn He3aBUCHOCTU. 360r To-
ra je nuTawe camoCTanHOCTU MHAMWjCKOr Hapoaa, cnobode og CTpaHor yrweTa-
Baktba M ekcnnoaTauuje Kojy je BekoBuMa Tprena of CBOjUX KOSIoHM3aTopa, Haj-
3Ha4ajHMjK YnHUNaLY pasyMmeBara U OAHOCa Npema CTBapHOCTU.

(2 i .

e n

= 3

Hecymmuso nocebHy crneyuguyHocm uHOujcKe sojcke npedcmasrbajy
MOMOUUKIUCMUYKe CmpyKmype y noauyuju u eojcyu

AKO ce nokyLla carfegati Kako Cy Meamju LWMpOM CBeTa u3BeLuTaBanm o na-
pagv noBogom gaHa Penybnuke MHawvje, youaBa ce Aa je WaposnmkocT, BU3yerHa
[0NaasbUBOCT CBUX Cafpikaja, MalITOBUTOCT M jeQHOCTaBHOCT M3paxkaBarba Ny-
TEM MakeTa n cumbona onyuMkbaBana nocetuoue 1 6pojHe rmegaoue meauvja Koju
Cy MpaTunn cam NpeHoc y peanHoMm BpemeHy. 3abenexeHo je Aa je BuLe o Mu-
nujapay JbyauM HenocpenHo npaTurio cam MnpeHoc napage. A Ha MHOrobpojHUM
cajToBUMa rge ce Hanase B1AeOo-CHUMUW, MUINMOHCKM Cy Nogaum O rnegaHocTy.

C pgpyre cTpaHe Hema U3pasnTUX KPUTUYKMX CTaBOBa HU KOMeHTapa, Koju
cy, Ha npMMep, NpaTun1 npoLunoroavllke napage y Mocksu u MekuHry.

Takohe, He Moxe ce pehu da je BojHM acnekT napage JOMUHMPAO Y Leno-
KYMHOj cagp>xajHocTW. Hak, HanpoTuB, BOjHA KOMMOHEHTa YKNOMNSbEHa je y OnwTK
aMbujeHT Kao HopmarnaH 1 yobudajeH cagpxaj. Anm, Nopyke Cy AOBOSBLHO jacHe.
BojHe Tpaauuuja cy cacTaBHU €0 CBUX KYNTYPHUX U UCTOPUjCKMX BPEOHOCTU W,
Kako je BufeHO, MHAM|CKM Hapoau nx ce He ogpwudy. LLTa Buwe, y 6pojHuM npu-
nvkama obenexasajy ceharwe Ha HauMoHarnHe jyHake.

O camom npefcTaBrbaky TEXHUKE U HAopyXaka y MHAMJCKOj BOjCLM MOTIIO
6u ce pehu ga je BewTo n3banaHcmMpaHa v Ada je nNpukasaHo CamMo OHO LUTO je
3Ha4vajHoO 3a ogbpaHy 3eMrbe, LWTO je HOBO M AOMPUHOCK javyakby yBeEpeHa aa ce
Ta 3emMSba MOXe yCMeLHO oa0dpaHnTK of eBeHTyarHux NnpotuBHuka. Huje ce ro-
Munana TexHuka Ha kydenxujckom byneBapy; AOMWHMPANo je rbyacTBO U pa-
3HONIMKOCTU KOje HarnalwlaBa NoBepeHEe y cHary 3ajegHuuke ogbpaHe. Opyxje je
caMo [e0 CBEYKYMNHUX ogdpambeHnx noTeHumjana.

Hukona Ocmojuh (Nikola Ostojic)
e-mail: nikolaos@sbb.rs
ORCID iD: “http://orcid.org/0000-0001-8537-931X
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UpaHcke 6anucmuyke pakeme'’

MocTtojehm cykob y JemeHy ncrakao je BaxxHOCT obpaHe of, 0anncTUYKuX pake-
Ta. Koannuuja Ha yeny ca Cayauvjckom ApabujoMm, y KOjoj ce Hamasu neT of, LecT
rondpckmnx apxasa, NOKPeHyna je BojHy MHTEpBEHLUjy ca UurbeMm Aa BpaTu Ha BnacT
36ayeHor jeMeHckor npeaceaHuKa. YNpKoc TBpAHK Koanvumje aa cy yHuLITmunm 6anu-
CTUYKe pakeTe y JeMeHy TOKOM NpBKX Ba3ayLUHUX yaapa, HakoH oapefeHor BpemeHa
nocTano je jacHo Aa cy BOjHe jeanHuue y cafejctay ca rpynom AHcap Anax ycneLuHo
M3BpLUMIIE OMCNEP3Njy NaHcepa U BanCTUYKMX pakeTa Nof CBOjOM KOHTPOIOM.

ﬂ;,:_:

lMpomuseasdywHu cucmem Nampuom MNAK 3

HakoH nHTepBeHuUmje y JemeHy, Cayaunjcka Bojcka je pasmecTtuna batepuje
BasaywHe oabpaHe MNaTpuoT y jyrosanagHoM aeny 3emrbe, 6nmM3y JemeHa, goK
cy paHuvje bune 6asnpaHe Ha UCTOKY KparbeBUHE.

Caygujcke pakete lNatpmoT npunagajy cuctemmma NMAK-2 1 HabaerbeHe cy
TOKOM feBefeceTux roguMHa. Pagu ce 0 UCTOj Bepanju Kojoj ce npunucyje npe-
cpeTawe BehuHe BanucTuykmx paketa koje je Wpak naHcupao Ha Cayaumjcky
Apabwjy Tokom pata y Nondy 1990-1991.

Tapa cy ce nojaBune cymwe 0 edukacHoctn cuctema NAK-2. Amepunuka
KOHrpecHa mncTpara ycTaHoBuna je aa je 6uno npobnema y Be3un ca pyHKLNOHU-
cawem OIM3MHCKOr yrnarbada u pacnpckaBajyhe 6ojeBe rnaBe 300r Kojux Huje
6uno moryhe eduKacHO YHULITUTM upadvke BapujaHTe OanMCTUYKMX pakeTa
,Ckan“ koje cy bune 6pxe o 6anucTuMYkMx pakeTa, a 3a Koje ce nogpasymeBarno
na he nx cuctem MNMAK-2 yHuwtntn. Mpadke pakeTte cy, Takohe, bune Hectabun-
He 300r noluer npojekToBakba U MMane cy TEeHAEHUMjy ypyliaBarwa NpUiNkom
MOHOBHOT yracka y atmocdepy. Pagapu cuctema lNaTtpmoTt nmanu cy npobnema
ca geTekumjom 6ojeBux rmaBa y obnaky HacTanmx KpXoTWHa, Tako Aa Ce YecTo
JellaBano fa cy pakete HaBoheHe Ha genose yHuwTeHe pakeTte. NocToju ocHo-
BaHa CyMka fa cy pakeTte [Natpuot yHuwtune camo 9% 6ojeBux rnaea pakeTa
,CKaa“ Ha koje cy HaBoheHe, a NuTawe je ga nu je 1 Ta umdpa KoHayHa, jep ce
CyMHha [a je YHWULUTEH Yak U MamW npoueHaTt oBux pakeTta. N3rmepa aa ce 3a
nobap 0eo npujaBrbeHMX YHULITEHUX pakeTa ,Ckaa” ncnocraBumnio ga cy ce pac-
npcne NpuMKoM NOHOBHOT yrnacka y aTmocdepy.

"7 Jane’s Defence Weekly 28 October 2015, Jane’s Defence Weekly 25 November 2015.
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Ynpkoc cBUX Cymwn y norneay paketa cuctema NMAK-2, cayamjckm 3saHNYHK-
Uy cy npujaBuny Ba ycneluHa npecpeTtara pakeTta tuna ,Ckag” Koje cy naHcmpaHe
Ha KparbeBWHY M3 npaBua JemeHa. LecTor jyHa npujaBrbeHo je yHULITeHe jeaHe
pakeTe, a 26. aBrycta gpyro npecpetare. Moryhe je aa ce pagu o jeMeHCK1M pake-
Tama nopeknom n3 Pycuje, ogHOCHO Aa je y nuTamwy pycka paketa P-17 (SS-1C
»ocud —B“) ns CesepHe Kopeje, Hwasong-6, ogHocHo Bepauje pakeTe Scud-C.

Y oba crniyyaja cayamjckvm BOjHU BPX je M3jaBMO [a CY PaKeTHWU NaHcepu oa-
MaxX YHULUTEHU HAKOH NaHcupaka. To 6u 3Haumno ga cy Cayaujum o6mnm y moryh-
HOCTW fa npaTe TpajekTopuvjy gonasehe pakeTe 0O MecTa flaHcupakwa U ga 3aTum
nowarey neTenuuy koja 6u je yHuwTuna npe moryhHOCTM cakpuBama. To ou Ta-
Kohe 3HayMno ga cy HajMawe ABa NaHcepa npexusena asno-ygape. lpetnocta-
BIba Ce Aa je JemeH umao wwecT naHcepa 6anncTUYKnX pakeTa npe noyeTtka Cyko-
6a. OBy nogaum ce He NogyAdapajy ca HacTaBkOM Hanaga 6anncTuykuMm pakeTa-
Ma, Tako da je moryhe ga je nogaTak O YHULLTEHY pakeTHUX naHcepa HeTadaH
unu ga je y meflyBpemeHy oLIo 4O NCMOpYKe HOBUX PaKeTHUX faHcepa.

Cayamjckn n3BellTajum ogHoce ce Ha Hanage rpyne AHcap Anax Ha Basgy-
xonnoeHy 6a3y King Khalid y npoBnHUMju Acrp 1 Ha cayaunjcKy enekTpudHy KOM-
naHuvjy 6nmsy rpaga LlnsaH.

MehyTnm, cayamjckm 3BaHUYHULM HACY NOTBPAUIIM NMpecpeTakwa pakeTa Ko-
je cy ncnareeHe 29. jyna Ha noctpojewse An Cynajun y kojem Caygujcka Apabu-
ja yyBa HabaBrbeHe kuHecke banucTuyke pakete [d-3. HaBogHoO HMjegHa pake-
Ta Huje noroguna 6a3y. OBa u3jaBa HaroBecTuna je MoryhHoCT da je npojekTun
ucnarbeH, anu ga Huje norogmo ceoj uurb. MNoctpojewse An Cyjanun Hanasm ce
350 km of rpaHuue ca JemeHoM, Tako Ada je BaH gomeTa paketa P-17 n Hwa-
song-5. Nako 6u paketa Hwasong-6 morna no ceom gomety 6e3 npobnema ga
noroam 6a3y 1 ga je naHcupaHa yHyTap jeMeHCKe TepuTopuje, Te pakeTe nosHa-
Te Cy MO MahKy NMPeLM3HOCTM, HAPOUYNTO Ha AYKMM NyTakama, LWTO 3Ha4M da je
BPJIO BEPOBATHO Aa je pakeTa npomaiuuna 6asy.

Huje 6uno Hukakeor oagrosopa Cayamjaua noBoooM TBpAHE Aa je Ganu-
CTUYKa pakeTa NaHcupaHa Ha nomopcky 6asy LlnsaH.

Helicopter deployment

Probable
Patriot radar

Patriot
launchers

. Patriot fire Damaged
unit structures

Destroyed
vehicles

Camernumcku cHUMaK rosioxaja xenukonmepa u rnpomueeasdyxonsiogHo2 cucmema
lNMampuom y JemeHy
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AHcap Anax je NOTKpenuo CBOje TBpPAHE EMUTOBaHkEM BMOEO CHUMKa Ha
kojem ce Buam cuctem OTP-21 Touka (SS-21 Scarab) koju naHcupa pakerty.
Touka Mma kpahu gomet og paketa Ckag, anu je npeuusHuja u ynotpebrbaea
YBPCTO YMECTO TEYHO ropmBO, LITO omoryhasa MHOro fnakwie onepaTtMBHO PyKoO-
Batbe. [10CTOjM HEKONMMKO MecTa y JEMEHY Koja ce MOry KOpUCTUTKM 3a flaHcupa-
e pakete 9M79 Touka pomeTta 70 kM, a BaH Tux mecta 6uno 6u moryhe yno-
Tpebutn un cuctem 9M79-1 Touka Y koju nma gomet og 120 km.

WUsrnepa fa je paketa Toyka oaroBopHa 3a Hajjauu yaapal, cayamjckoj koa-
nnumju Koju ce gecuo kaga je rpyna AHcap Anax, 4. centembpa 2015. roguHe,
naHcupana Ty pakeTy Ha koanuuujcky 6asy y obnactu Cadmp.

Koanuuuja Huje Hukaga noTtBpamna ga je Touka noroguna 6asy, anu je
npujaBuna Benukn 6poj xpTasa Tor AaHa. 3BaHWYHA HOBMHCKA areHumja Yjeau-
teHux Apanckux Emupata ussectuna je o 22 noruHyna BojHuka. W gpyre 3a-
NBCKE 3eMrbe, YHECHMUM Koanuuuje, npujaeune cy xpTee. CaTennTckm CHUMLM
cy noTBpaunu moryhm ygap pakete Todka Ha KojuMa ce Buae owTeheHn objekTun
n nsroperna Bosuna. Ha cHumuuma je 6uno moryhe BMaeTv u ase jeanHuLe cu-
ctema lNatpuort, cBaka ca pagapom AN/MPQ-53/65 n ca no gBa naHcepa pake-
Ta. Mlarmepa cy Ta ABa cucTeMa nocTaBrbeHa Nped caM Hanag Tako da je mory-
he ga Hucy 6una onepaTtuMBHa y TOM TPeHyTKy. YnoTpeba ABa cuctema ca mame
naHcepa Hero LWTO je TO yobuyajeHo oapakaBa HenpeaBUAMBY npupoay npet-
te. Pagapu cuctema Matpmotr AN/MPQ-53 Hucy poTtupajyhm u mory 3axesataty
unreeBe y cektopy o 90 cTeneHn, Tako Aa Cy 3aTo MHCTanupaHa ABa npumepka
pagu nokpueawa Behe Teputopuje.

UpaHcke pakeme

MoryhHOCT jeMeHCKuX 6anncTUYKuxX pakeTa Cy MUHOPHE Yy OOHOCY Ha
MpaHcke y Koje cy yrnoxeHa Benvka cpeicTtsa pagn KoMmneHsaumje cnaboctu Ba-
30 yXOMIIOBHMX CHara.

Pakema Qiam
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[ok npaHcke pakeTte gyror gjomeTta nyHe MmehyHapoaHe HOBUHCKE HacCroBe,
WMpaH je HacTaBuno ga pasBuja opyxja kojuma 6m morao ga raha semree Nonda.
Y okBMpY Aena pa3Boja Ha Koju ce obpahano mano naxwe, ipaH je Tokom aBry-
cta 2010. nprka3ao HoBy pakeTy Qiam koja je npegsufieHa Oa 3amMeHn pakeTy
Shahab-1 n Shahab-2 (Scud-C). WpaH je npukasao Benuku 6poj oBMX pakeTa
(44) y nBa HaBpaTa Tokom mapTa 2014. roavHe, LWITO AOBOSbHO rOBOPU O 030MIb-
HOCTM nNporpama.

Wako ce npeTtnocTaerrano ga ce pagu o pasBojy cepuja Ckag, paketa Qi-
am Hema cTabunusaumoHa nepaja kao HeHu NPEeTXO4HMLM, LUTO FOBOPK O TOME
Ja nma Behun gomeT 1 aa jy je Texe oTKpuTu pagapom. HbeH gomert je nosehaH
ca 300 Ha 800 km.

WpaH y npuHumny Hema Benukmx notpeba 3a paketom gometa 800 km ¢ 06-
31MpoM Ha To ga ce BehuHa uurbeBa y rondckum 3emrbama Hanasu Ha pasga-
TeuHM o 300 kM oa MpaHa n ga cy y Tom cry4ajy pakete OBOr JomeTa noTpeb-
He caMo 3a rafane M3paena. Ca gpyre ctpaHe, Behn gomeT omoryhmo 6mu Upa-
Hy ga naHcupa pakeTte Qiam u3 gybuHe cBoje Teputopuje, WwTo 6m oTexano He-
npujaterby OTKpMBaHe naHcepa N hUXoBO YHULLTABaHE.

UpaHcke pakeme Qiam 6e3 6ojesux anasa y Nno03eMHOM CKITOHUWMY

MoBehaH gomeT Takohe 3Haum ga 6u MpaHum mornu 3anoyeTy Hanage w3
npaBaua Koju HUCy NokpuBeHu cuctemmma latpuot. Ha npumep, meta paketa
Koje cy naHcupaHe U3 UcTovHe NpoBuHUMje CucTaH u banyyuctaH, ymecTo npe-
ko Mondpa, morna 6u 6utn obana YAE. Y Tom crniyyajy Heke of NMaHCUPHUX jean-
Huua cuctema laTpnot mopane 6u GUTU OKpPeHyTe ka WCTOKY paau onbpaHe,
WTO 6U yTULANo Ha ymarweHe pacnofioXnBux pecypca v npenpasky nocrtojeher
cucteMa ogbpaHe. Y TakBoM cueHapujy jeamHuue MatpuoT koje 6u 6une ycme-
peHe ka npasLUy Hanaga, oune 6u HeJoBOSbHE Aa UcnpaTe CBe UWIbLEBE U NaH-
cupajy A0BOSbLHO NpecpeTaYa.

3a pasnuky of paketa tvna Scud B/C, Qiam nocegyje ynasHy 6ojeBy rna-
BY KOja Ce ofBaja of CTeneHa pakeTe ca MOTOPOM BaH aTmocdepe 3emibe.
YnasHa 06ojeBa rnaea Mma Bprio CTabunHKM Kynactu obnuvk, Tako ga Hema npo-
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6rnema ca HectabunHowwnhy, WTo je 6una kapakTepucTUKa je4HOCTENEHUX pakeTa
Ckap kaga cy ynotpebrbaBaHe Ha BehuM garbvHama. CTabwunHoOCT ymMHorome
nosehaBa Npeun3HOCT NpojekTuna, AoK npouec pasfBajatba cTeneHa npasu gsa
uuIba Koje npaTe pagapu npoTuBBasgylLHe ogbpaHe, ¢ TUM [a je ynasHo BO3u-
110 MHOTO Mak-€ 1 MHOTO TeXe 3a yHULLTaBahe.

Cepuje pakema Fateh

WpaH je pa3Buo HGanuctuuke pakeTe KpaTkor JOMEeTa Ha YBPCTO rOpMBO,
anu je HacTaBvoO Aa pagum 1 ca TEXHOMOrnjom TevHor ropusa. lNpukasaHa je pa-
keTa Fateh-110, gomahu ekBmBaneHT Touke, TBpAehu Aa je y nuTakwy BpPIo npe-
LuM3aH opyxHu cuctem. Moryhe je ga je npeunsHocT ocTBapeHa Kopuwhewem
komepumjanHor cuctema GPS/GLONASS koju 6u ocBexaBao MHepLMjanHu Ha-
BMraLMoHN CUCTEM pakeTe, a Koju 6u 6o OCeTIbUB Ha OMeTame Yy KOHMMUKTY
BMCOKOI MHTeH3uTeTa. Y mefyBpemeHy je ypaheHO HEeKONnuKo mopepHusaumja
pakeTe Koje cy joj nosehane gomet o 200 Ha 250 km, a 3atum 1 Ha 300 kv 3a
mMogen Tpehe reHepauwmje Koju je npukasaH Tokom 2010. rognHe. YeTBpTa reHe-
pauuja pakeTe Fateh-110 npukasaHa je Tokom aBrycta 2012. roguHe 1 3a wy je
pedyeHo Aa nma npeumsHuju cuctem Bohewa, ann Huje HajaBrbeHo U noBehawe
aomerta.

Rl
cad B 1T
TV iy
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o =

UpaHcka pakema Fateh-313

WpaH je 22. asrycta 2015. roanHe oTkpmo HoBy pakeTy Fateh-313, TBpaehu
Oa oHa nma pomet o 500 km. Kao u ca paketom Qiam oBakaB fofdaTHU AOMeET
omoryhuo 6u VpaHy ga raha mHoro BuLe nokauuja y 3emreama londa, v 10 Ha-
naguma 13 BuLLe npasaua v ca pasnuuutum nytawama. Ca gpyre ctpaHe, pake-
Ta Fateh-313 nyweHa je UBpCTUM rOpMBOM KOje He 3axTeBa PeLOBHO MpaXh-eHe
N Ynwhere pagun NnpeseHumje onacHOCTM 04 Kopo3auje.
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C o63npom Ha noctojehe cHUMKe n3rneaa aa je paketa Fateh-313 ncte Be-
nunumHe kao n Fateh-110, wto 6u 3Haumno aa jy je moryhe naHcupaty U3 nctor
naHcepa. YKOMMKO je TO Cnydaj, AOAaTHM AOMET je MOCTUTHYT nobosbluakem
NEeTHUX KapaKTepucTuka, OOHOCHO aepoavHaMUYKOr y3roHa, ynoTpebom jayer u
edmKacHujer NOroHCKOr cuctTema W/unm ymaweseMm Mace, OQHOCHO yMareHeM
6ojeBe rnaBe U KOHCTPYKLIMjOM Tena pakeTe of Nnakwer MmaTepuvjana.

Ha doTorpacujama pakete Fateh-313 Buau ce na ce oHa pasnukyje og pa-
kete Fateh-110. 3agrwa nepaja cy kpaha, OOk cy npefha pasnuyutor obnuka.
JegmHuua 3a HaBohewe usrnega Beha, anu je To ypaheHo Ha padyH npeawer
Aena koju Hocu 6ojeBy rmaBy, @ He Ha payyH MoroHcke cekumje. To 6u 3Ha4UMNo
na je 6ojeBa rnaea pakete Fateh-313 3HaTHO mMawa of oHe Ha pakeTu Fateh-
110 3a Kojy ce npeTnocTasrba ga uma macy 500 kr.

HoBe Bep3unje pakete Fateh-110 pasBujeHe cy 3a Hanage Ha aMmepudke pa-
3apaye Koju cy onpemMrbeHn cucteMoMm oabpaHe of 6anucTnykmx paketa Aegis
KOju nspadyHaBa npecpeTawe Ha CpedreM Kypcy pakeTa, OOK Cy pakeTe BaH
3emrbmHe aTMocepe. Paketa Khalij Fars, koja je npukasaHa y pebpyapy 2011.
roauHe, ynotpebroasa VL Tparay 3a HaBoherwe Ha TONNOTHO 3padere bpoaa y
CBOjOj TEpMUHANHOj dhasu neTa.

Mako cy npaHcke TBpAHE 4a je cUMcTeM ycrneLwHo TeCcTupaH 1 aa je 3anode-
Ta cepwujcka Npou3BoAHa JoYeKaHe ca CKerNncoMm, MOBEPIbMBU U3BOPY aMePUYKOT
Ctej annapTmeHTa HaBofe Aa WpaH ,NpYKpUBEHO YBOAU Yy onepaTuBHY ynoTpe-
0y’ npoTnBGpoACKe pakeTe.

Tokom 2014. roamHe npukasaHe cy HoBe BpcTe pakeTta Fateh-110, Hormuz-
1 n 2. Nako cy HejacHe pasnuke namel)y oBe fBe pakeTe, uarnega ga je 6ap jen-
Ha of HMX NPOTUBpagapcka pakeTa Koja ce HaBOAM Ha pagjapcke cuctema 6po-
nosa. Y Teopwju, moryhe je ynotpedutn nctm cuctem Bohewa 1 3a Hanage Ha
pagapcke cTaHuLe Ha KOMHy, LTo 3Ha4vu Aa je moryhe aa WpaH passuja opyxje
kojum je moryhe rahaTtu ceHsope GuTHe 3a cucteme npoTuBpakeTHe oabpaHe.
Ynpkoc ceemy, NpaHuu jow HUCY NOTBpAMNM Aa Cy pakeTe cepuje Xopmy3 one-
paTuBHe.
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banucmuyka pakema Emad

HajHoBwja y cepuju banuctmykux pakeTta ,BofeHa BanucTnyka paketa” oT-
KpuBeHa je 11. oktobpa 2015. rognHe n uma gomet go 1.700 km.

banucmuuka pakema Emad

Kapa je oBa pakeTa npukasaHa, 6uno je jacHo fa ce He paau O NOTNYHO HO-
BOj pakeTu, Beh o ynpaBrbaHoj 60jeBoj rnaBu kojy je moryhe noctaBuT! Ha UpaH-
cke cepuje Shahab-3/Ghadr 1 Ha Taj Ha4MH MM 3HATHO NOBOsbLLIATU NPELU3HOCT.

MpeTnoctaBrba ce ga OOMET MpaHCke pakeTe ca ynpaBfbaHOM 6ojeBOM
rmaBoMm Emad 3aBucu oa TexuHe 6ojeBe rmaBe, 00nMka pakeTe, Kao U O cHare
n ecpmkacHOCTM MOTOpa. Y TOM CMUCNY pPYCkM u3Bopu TBpAae Aa Shahab-3 nma
aomeT go 1.300 km ca 6ojeBom rnaBom mace go 700 kr, pok CALl TBpae Aa pa-
keTa ca TakBom 6ojeBom rmasom uma gomet go 1.500 km, a ga 6u Bepauja ca
npogyXeHuMm goMeTtom Morna norahatu uureese Ha garbuHama o 2.000 kwm,
anu ca 6ojeBom rmaesom o 600 kr ykonuko 6u Teno pakete 6uno mspaheHo oa
anyMvHujyma ymecTo o Yernuka.

Kpcmapehe pakeme

YuHn ce ga ce 3emrbe onda caga Hanase nog NpeTHOM Hanaga Kpcta-
pehux pakeTa, a He camo BanucTuykmx paketa. ¥ mapty 2015. rogmHe UpaH je
npukasao CBOjy KpcTapehy pakeTy Soumar 3a Kojy TBpau Aa je Beh y cepujcKoj
NMPOU3BOHM.
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Kpcmapeha pakema Soumar

Hwnje nsHeHahyjyhe WTO je oBa pakeTa NOTAYHO UOEHTMYHA COBjETCKO] pa-
ket Kh-55. YkpajuHcku 3BaHM4YHULM Ccy Npu3Hanu ga je Tokom 2005. roguHe 12
paketa Kh-55 HeneranHo npogato MpaHy (a jow 6 n KuHu) 6e3 HykneapHux 6o-
jeBux rnasa. OCHOBHa pa3snuka je y ToMe LITO je Soumar pa3BujeH 3a naHcupa-
K€ Ca KOMHa, a He U3 BasgyLUHOr NpocTopa (kao NnpBobuTHa Bepauja koja je ou-
na uHTerpucaHa ca 6ombapgepuma Tu-95, Tu-160 n Su-24). KonHeHa Bep3uja
naHcepa pakeTa unak 6u nmana Behe waHce 3a oncTaHak y KOHMNNKTY BUCOKOT
WMHTEH3MTEeTa y KojeM 61 npaHcke BasgyxonsioBHe 6a3e Gune npee Ha ygapy.

MpaHum Hucy objaBunu nogaTke y Be3n ¢ AOMETOM pakeTe Soumar, Wro je
OOBENO [0 crekynauuwja Aa nu je JoMeT crvyaH OHOM KOZ COBjeTCKe pakeTe,
wTo nsHocu 2.500 km ca 6ojeBom rnmasom of 400 kr. Y TOM cMuUCny MOCTOju
3HaTHa pasnuka y AoMeTy ¢ 063MpoM Ha TO Ja Ce pakeTa faHcupa ca KOmMHa,
anu ce nocraerba u NuTawe ga nu je MipaH ycneo ga npovnssege MOTOP CIIMYHOT
KanauuTeTa Kao wto je R95-300 Ha pakeTn Kh-55.

WpaHum 61 mornu, kao anTepHaTuBY, MCKOPUCTUTK CBOje TypOomMriasHe moTope
13 nopoauue Tolou koju ce Hanase Ha HUXOBUM NPOTMBOPOACKMM pakeTama. Wako
je jeoHocTaBHWje NPOU3BECTM TypOoMazHe MOTOPE, OHWU TPOLLE BULLIE FOPVBA, TAKO
0a bu y Tom crny4ajy huxoB JOMET 610 Marun. To He 61 NpefcTaBbano BEMUKA NPo-
6riem 3a VpaH, Yak 1 y cnydajy ga Soumar uma yrorna Mawu gomet og Kh-55, jep
Ou 1y Tom cryyajy Benukm 6poj meTa y rondyckum apyxasama 61o JocTynaH.

YkuOar-e caHKkyuja

Ouekyje ce ykmaamwe caHkuuja VipaHy Ha yBo3 Hajseher gena BojHe onpe-
Me, a CaHKUWje Ha TEXHOMOorMjy 6anncTnykmx paketa buhe yknHyTe KacHuje.

Yknaawe embapra Ha Haopyxarwe omoryhuhe VpaHy fa passuje mogepHe
Ba3gyxOMnJloBHE CHare Ha OCHOBY 4Yera he ce 3HaTHO Make ocnawaTu Ha banu-
CTUYKe pakeTe. Ynpkoc Tome, 6uhe noTpebHe orpoMHe MHBECTULUMjE Y onpema-
H€ MpaHCcKe Ba3gyxonnoBHe droTe, kako ou, 6ap npnbnmxHo, buna nsjegHade-
Ha ca 3emrbama [fonda.
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Ca ppyre ctpaHe, nonuTtudku daktopu he, Takohe, ytuuaTtn Ha pacnogeny
cpeactaBa. MohHa mcnamcka peBonyLMOHapHa rapia OMPEKTHO KOHTponuiie
GanucTnyke pakete, anv He U paTHO Ba3gyxOMJIOBCTBO U CUrypHO je ga Hehe
npuctatM Ha ymaweHe CBOje cTpaTeluke ynore n ogrosapajyhux cpeacrtasa.
OHKn he cuUrypHo KOpuUCTUTK aprymMmeHT ga je WpaHy notpebHO Aa oapXu npous-
BOAHY CBOjUX OpPYXaHMX CUCTEMA YKONMKO fofje A0 MOHOBHOr yCrnocTaBlbaka
caHkuuja. Huje saHemapuBa HM MOTYRHOCT Npofaje npaHCKUX pakeTHUX cuctema
apyrum 3emroama. Y ToM CMUCNY BPIio je BepoBaTHO Aa he VpaH HacTaBuTu ca
BENMKMM ynarakynma y CBOj Nporpam CTpaTeLlKux pakeTa.

Twu nporpamu mory 6ut M 3HadajHo yHanpeheHu oHor TpeHyTka Kaga Oyay
YKUHYTE CaHKUMje Ha TexHonorvjy 6anuctnykmx paketa. Taga he Mpan mohu ga Ha-
6aBun onpemy Kao LUTO Cy MOOEPHM XUPOCKONN 1 akuenepomeTpn noTpebHn 3a Ha-
npegHe vHepumjanHe HaBuraumoHe cucteme Koju he omoryhutu Behy npeumsHocT
pakeTa n Maky 3aBMCHOCT o4 caTtenutckor HaBohewsa. MpaH he Taga 6utun y moryh-
HOCTV 1 [a yBe3e MeTarie BUCOKE U3OpXXibMBOCTY KOju 61 um oMoryhunu usrpagmy
HOBMX pakeTa of Nakwmx matepujana, a Tume u noctusare Behnx gomeTa.

lpoepamu npomuspakemHe odbpaHe y ongy

YeTtupu gpxase Nonda — Kyeajt, Katap, Cayaujcka Apabuja u YAE, Tpe-
HYTHO ce Hanase y cha3u ogroBopa Ha pacTyhy MpaHCKy NpeThy U MOAEPHU3Y]Y
CBOje NpoTMBpakeTHe cucteme oabpaHe nnu Habasrbajy HoBe.

Ipyre gBe 3emrbe Nondga — baxpenH n OmaH He pa3Bujajy cMcteme NpoTu-
BpakeTHe ogbpaHe. BaxpeuH He noceayje cpeacTBa 3a HabaBKy Tako CKyMnuX Cu-
CTeMa M ocrfaka ce Ha amepuyky baTtepujy cuctema laTpuoT koja OpaHu 6asy
nete dnote (CA, nopepn Tora, nmajy 6atepuje MNMatpuot n y Kysajty, Katapy u
YAE).

C ob3upom Ha cBojy ynory meaujatopa OmaH cmaTpa ga Hehe 6uTn Ha meTu
npaHckmx banucTuiknx paketa. [ipxxaBa je nopyynna cuctem BasgyliHe ogbpaHe
NASAMS ca paketama AIM-120, nako 10 Huje cucTem Koju 6 morao npecpetaTtu
Gannctuyke npojekTune, anu 6u ce morao CynpoTCTaBUTU KpcTapehum paketTama
koje 6y npenetane OmaH Ha ceBom nyTy Npema YAE wunu Cayawmjckoj Apabuju.

Kysajm

KyBajT je Tpaxno moaepHusaumjy wect pagapa cuctema lNatpuot. dpxaBsa
noceayje net 6asa onpemrbeHux cuctemmma laTpuoT, of Kojux cBaka uMma jegHy
BaTpPEHY jedMHULy KOja ce cacToju o4 pagapa v net naHcepa. KyBajT je 3aTpaxumo
MoaepHusaumjy ceojux 60 paketa PAC-2 Ha ctaHgapg GEM-T koju nogpasymeBa
HOBW AWMrMTanHy ynarbad ca MHoro 6or-um edekToM NpoTUB BanUCTUYKNX pake-
Ta. OBaj cTtaHdapn nogpasymeBa M nocebaH ocumnaTtop Koju noborbliaea cro-
COBHOCT cucTema 3a npaherwe Manux aBMoHa 1 kpctapehux npojektuna.

KyeajT je, Takohe, Tpaxmo 80 paketa PAC-3 koje cy mawe og mogena
PAC-2, a npojekToBaHe Cy 3a yHULUTaBake NpeTHe ANPEKTHUM KUHETUYKUM yaa-
pOM YMECTO eKkcnnoauje nytem 6nunsmHckor ynareada. CBakv MoanUKOBaHN naH-
cep Moxe 6utn HanykweH ca no 16 paketa PAC-3 unu vyetupn pakete PAC-2. Y
TOKY je paj no CKMonrbeHNM yroBopumMa 3a MoaepHusaumnjy n ucnopyky Haesene-
HUX OPY)XXHUX cucTema.
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YAE

CnuyaH nporpam Boau ce n y YAE ¢ TuM WITO ce Ty paau O AeBeT BaTpe-
HVX jeOuHMLa ca No YeTvpu faHcepa W jedHVMM pe3epBHMM NaHCepoM U paja-
pom — ykynHo 288 paketa PAC-3 n 216 paketa GEM-T.

YAE je otvwna n kopak garbe of KyBajta, Tako WTO je nopy4yuna cuctem
THAAD (Terminal High Altitude Area Defence) kojum je moryhe npecpetatu 6a-
NUCTUYKE NpojekTune AoK cy jow BaH 3emrbuMHe atmocdepe. Cnctem naHcupa
pakeTy Koja pa3Buja ersoatmMocdepcko ,KMHeTUYKO YOOjHO BO3MNO” Koje ynoTpe-
6rbaBa MHppaUpBeHO HaBoNeHwe y TepMUHANHOj dha3n 3a HaBohewe U npecpe-
Takbe pakeTe. OBaj cuctem obesbefnyje gogaTHuM nojac 3awTute u omoryhaea
naHcupatrse paketa [laTpnoTt Ha npeocTane unrbeBe Koju ynase y 3emrbuHy art-
mMocdepy.

YAE je 3auHTepecoBaHa 3a WCMOPYKY TpW BaTpeHe jeAunHuLe cuctema
THAAD, cBaka ca no Tpu naHcepa v pesepsHum pagapom AN/TPY-2, wto HaBo-
On Ha 3akrbyyak ga YAE uma Hamepy da pasBuje LIecT flaHcepa 3a CBaky o[,
cBOje Tpu BaTpeHe jeguHuue. Tume he YAE 6uTy npBu M3BO3HM KITMjEHT 3a Cu-
ctem THAAD.

Cucmem THAAD

Y mehyBpemeHy, TauHuje 14. HoBembpa 2015. rogunHe, 3BaHn4YHUUM YAE
npujaBunu cy ycneLHo npecpeTarwe ABe banucTnyke pakete y JemeHy of ctpa-
He cuctema [artpuor.

Kamap

KaTap je usabpao ncty komouHaumjy MNatpuot/ THAAD kao n YAE. 3atpa-
XeHa je HabaBka aBe BaTpeHe jeguHuue THAAD, cBaka ca Mo LUEeCT flaHcepa u
150 npecpeTaya. Y okBuMpy naketa Habaeke cuctema THAAD Hanasm ce u pa-
Jap 3a paHo ynos3opaBake HernosHaTor Tuna nospx pagapa AN/TPY-2 koju je
WHCTanupaH Ha CBaKy of, BaTpeHux jeanHuua. Y ncto speme Katap je 3atpaxumo
11 BaTpeHux jegmHuua NatpuoTt ca no Yetupu jeauHuue n 768 paketa PAC-3 n
246 paketa GEM-T.
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Caydujcka Apabuja

MsHeHnahyjyhe je oa cuna kao wTo je Cayamjcka Apabuja kacka 3a CBOjUM
cyceavma y nornegy HapyubeHuua 3a HOBMM pakeTHMM cucTemuma opbpaHe.
Tokom 2014. rogmHe KparbeBuHa je 3atpaxuna 202 pakeTe n ogrosapajyhe na-
KeTe mogudmkaumja 3a cBoje naHcepe cuctema lNatpmot. Y mehyBpemeHny Cay-
avjcka Apabuja je noTnmMcana cnopasym ca amepuykoMm Bnagom o Habasum 320
paketa PAC-3, a ouekyje ce HabaBka joww 280 pakeTta Tor Tuna Tokom 2017. ro-
avHe.

Pagn 6orbe koopavHauuvje n edmkacHujer genoBawa pakeTHe opdpaHe,
3emMrbe 'ondga mopane 6u ga ycrnoctaee jegaH onepaTtMBHU LEeHTap Koju On KOH-
Tponuncao cBa pacronoXxvBa CpeAcTBa, anv nokauuja TakBor NoCTpojera curyp-
Ho he npeacTaBrbaTv BPIio OCETIbUBO MOMUTUYKO NUTaHE.

HpaeaH Bydkosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ““http://orcid.org/0000-0003-1620-5601

Pycku HykneapHu mopnedo’®

HeseTtor HoBembpa 2015. rogmHe oBa kaHana dgenepanHe Tenesmsuje npu-
Kasana cy nogartke O MOTEHLMjarlHOM HOBOM HYKNeapHOM Toprnegy pycke mMop-
Hapwve. Pa3Boj oBor Toprneaa OTKPMBEH je TOKOM noceTe npeaceaHuka MyTtuHa
n muHucTtpa ogbpaHe Cepreja Lojrya Couwjy, roe cy BoheHn pasroBopu o nuta-
bMMa oabpaHe, ykibyuyjyhn pycku byleT onbpaHe.

ToKOM CHMMKa, cagpXaj HeKMX AOKyMeHTa Ouo je HamepHo 3amyheH, anm
jedAaH of KX HUje n Ha weMy je nucano ,OKkeaHCKM BULLEHAMEHCKM CUCTEM
CraTtyc-6. Mako je cHMMakK NoByYeH, MHOIM Cy ra CHUMWUIN TOKOM eMUTOBawa U
3aTUM je OO KOMEeHTapUCaH y pyckum v y opyrum Meaujuma.

CHumum cyrepuwy gda je cuctem CraTyc-6 HykneapHu Toprneao Benukor
aomeTa 1 Benuke Gp3nHe koju pasBuja LieHTpanHu npojekTHn oupo PyouH u3
CeHT lNeTepbypra.

Topneno nokpehe Manu HykrneapHW peakTop, a usrneja ga je onpemsbeH
HykneapHom 6ojeBom rnasoM. Topneno uma gomet oko 10.000 km, 6p3uHy of
npeko 90 km/4ac n makcumanHy AyouHy 3apakama of npeko 1.000 metapa.
PasBuja ce n oknonseeHa Bepsuja koja 61 6una umyHa Ha npoTtusmepe. petno-
CTaBrba ce Aa Toprneao nokpehe manu HykrneapHu peakTop.

Ha ocHoBYy onuca cuctema, OH je MpojekToBaH 3a OCTBapuBake 30He 3a-
OpareHOr npucTyna eKoOHOMCKMM MOCTpOjerrMa Ha HenpujaTerbeBoj obanw.
Topnego 6u 6mo y moryhHOCTU Aa pagvMoakTMBHO KOHTaMUHMpa TakBy obnacr,
wTo 6m HenpujaTerby oHemoryhuno ynotpeby Tokom Beoma gyror nepuoga. Cy-
aehun no nogaummMa M3 CHUMIbEHOT MaTepujana, UCNUTMBaka Ha OBOM OPYXXHOM
cuctemy Tpebano 6u ga 3anoyHy Tokom 2020. roguHe.

Ha vHTepHeTy cy ce nojaBunm MHOrMM KOMeHTapu o cuctemy CrtaTtyc-6. Ha
crnvkKama cy npukasaHe nogMopHuLe Koje 6u morne 6utn Hocaum Topnega. Paam
ce noamopHuum npojekat 09852, 6asmpaHoj Ha nogmopHuum knace Ockap 2,

'8 Jane’s Defence Weekly 18 November 2015.
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anu n o nogMopHuumM cneunjanHe HameHe [Npojekat 09851 ,Kabaposck®. MNoa-
MopHULY knace Kabaposck Takofe je npojekTtoBao npojektaHTcku 6upo PybuH, a
pagu ce Takohje 0 MOAMOPHMLUM Ha HyKIleapHW MOTOH Koja MOXe 3apakaTu J0
BENUKMX ayOuHa.

*¥ np.09851 ( Project 09851)
" 'Khabarovsk' special purpose sub

np.09852 ( Project 09852)
Midget sub mothership based on
OSCAR-II SSGN

lpojekam 20180.

pr.20120 - SAROV

BepoBaTtHo je oa he HykneapHu Topneno 6uTu TecTMpaH Ha NOgMOPHULM
Capos.
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Ctpyumwauum lNMeHTaroHa npeTtnoctaerbajy Aa he 6ojesa rmaea Topnena 6u-
TW CHare o HEKONWKO MeraToHa, a ¢ 063upom Ha To gda ce kpehe nogsoaHO 6u-
he y cTawy ga 3aobuhe amepuyky nNpoTMBpakeTHy oabpaHy HameweHy obapa-
HbY PYCKMX MHTEPKOHTUHEHTAIHMX CTPaTELLKMX pakeTa.

OBakaB Opy>XHW CMCTEM BULLIE cnafa y NogBoAHO 6eCnuioTHO NIoBUIIO U
6uno 6u HamerEeHO yHULLTaBaky BENUKMX NyKa Ha Henpujaterbesoj obanu koje
HaKoH HykneapHe geToHaumje He 61 Morne ga ce KOpUcTe MHOro roauHa.

[paear Bydykosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ““http://orcid.org/0000-0003-1620-5601

Kypearey 25 Ha mecmuparby’®

Pycka Bojcka je 3anoyena vucnvtuBamwa 6opbeHor Bo3una newaauvje Kypra-
teu 25. Ovekyje ce, y cknagy ca byyeTtckum moryhHoctuma, aa oso EBI1 3ame-
H¥ cBa Bo3una BMI1-2 n BMI-3 koja ce Hanase y pyckoj BojCcUM.

GopbeHo sosurno newaduje Kypearey 25

Kyprarweu 25 npojektoBana je u npomussena komnaHvja KypraHmalusaBsog,
koja je nponssoguna bMI1-3 u BM[-4 pecaHTHO jypuLLIHO BO3WNO.

BpyTo maca Bo3una je 25 ToHa, anu oHa 3aBUCK O, BapujaHTe U UHCTanu-
paHor opyXaHor cuctema.

BMI1-3 ce Huje Npomn3BOANO Y BENUKNUM KOMMYMHaMa 3a PYyCKy BOjCKy, anu
jecTe 3a U3BO3HO TPXMULUTE.

'® Jane’s International Defence Review November 2015.
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Y nopeherwy ca BEBIN BMI1-3, Kyprarwey 25 nma noTnyHO HOBU An3ajH Tpy-
na, BO3ay ce Harasu Ha npeH0j NeBoj CTpaHu, a Au3en MoTop Ha npeawoj Ae-
CHOj CTpaHu, LITO OCTaBrba Npa3HMMm ocTaTak Tpyna 3a yrpaghy nsabpaHor opy-
XKaHor cuctema v 3a 4eCaHTHO oferbeme.

OcHoBHM HepgocTaTak Bo3una BMI1-3 6uo je wto je ogerbak 3a moTop 6mo
NocTaBIbEH MCNOA 3aAHe nnaTopmMe, LWTO je 40BOAUIIO A0 BENUKE CKYYEHOCTU
y LECAHTHOM Of€erbemy.

Ha Bo3uny Kyprawel 25 Tpyn ynasu 1 nsnasm npeko nokpeTHe pamne, AoK
npvnagHiumM JecaHTHOr oferbera cefe Ha ceguliTuma koje ybnaxasajy geTo-
Hauujy Ha cTpaHama BO3una 1 OKPeHyTU Cy jedHn npema apyruma.

HoBoO BO3uSI0 je onpemMIbeHO HOBOM AaSbMHCKMU YpaBibaHOM KYMNOOM KOjy
je pasBuo npojektaHTckn 6upo KBI1. OBa kynona Hamasuv Ce U Ha TELUKOM
OKIonHomM TpaHcnopTtepy T-15 koju je nspaheH Ha ocHoBy TeHka T-14 Apmara.

Kynona je onpemrbeHa notnyHo ctabunucanum Tonom 30 mm 2A42 ca aso-
CTPYKMM XpakerneM. Ton uma 160 npobojHMX rpaHaTa cnpeMHux 3a ynoTpeby un
340 BMCOKOEKCNMO3MBHUX rpaHaTta. Ha neBoj cTpaHW Hanasu ce KoakcujarHu
MuTparbes 7.62mm ca 2.000 meTaka cnpemMHux 3a ynotpeby.

Y cnyvajy Hanaga Ha TEHKOBE W1 Apyre BpeaHuWje MeTe, ca CBake CTpaHe Ky-
none Hanase ce MO OBe facepckn BofjeHe MpoTMBTEHKOBcke pakeTe Kop-
HeT/KopHeT-EM gomeTta og 8.000 go 10.000 m y 3aBucHoCcTM of Bep3anje. Mako
Cy OBe pakeTe HamereHe Hamnagdy Ha KOMHEeHe UMibeBe, OHe nocedyjy cnocoob-
HOCT Hanaza Ha crnope u Huckonetehe xenukonTepe.

PakeTta KopHeT-EM Beh je y ynoTpebu y pyckoj Bojcum, Npy newaguju, anm
N MOHTMPaHa Ha KPOB Nakor OKMnonHor sosuna Turp.
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BpcTe 60jeBux rmaBa cy BMCOKOEKCNNoO3nBHa TaHaem GojeBa rnaesa u Tep-
mobapuyka 6ojeBa rnasa. TaHoem 6ojeBa rmaesa KOpUCTWU ce Y Cnydyajy Hanaga
Ha UuIbeBe OMpemIbeHe eKCMI03UBHO-PEaKTUBHMM OKITOMNOM, OOK je Tepmoba-
puyka 6ojeBa rnaBa Bpno ecukacHa y ypbaHum onepavumjama.

Kynona kyprakweua onpemibeHa je flacepckum geTtektopuma, gedaHaus-
HUM CMCTEMOM Kao u Bauayuma rpaHarta Koju nokpueajy paauwjyc og 360 ctene-
HW. Kynona ce okpehe nomohy enekTpnyHux MoTopa 1 noceayje KoMmnjyrepunso-
BaHW CUCTEM YynpaBrbakba BaTpoOM KOju, Mopen ocTanux, KOpUCTU U CeH3ope
CMeLUTEHE Ha KPOBY, Kao LUTO je MeTeOPOSIOLLKMA CEH3O0P.

KomaHaup 1 HULWaHLIMja cefie Ha Kpajy NOroHCKOr Aena 1 Mory aHraxosaTu
uurbeBe ynotpebrbaajyhu cdnat gucnneje. Ceakm nma ctabunmsoBaHn OHEB-
HO-TepMarnHu ocMmaTtpadku ypehaj y koju je yrpaheH nacepcku garbmHomep.

OcmaTtpayku ypehaj komaHampa je naHopaMcku n omoryhaea cuctem Hana-
Ja ,nosau-ybuua”.

Hucy objaBrbeHu getarun y Be3u OKnonHor naketa so3una Kyprametl, 25.

Pycuja je ynoTpebrbaBana Tpyn o4 anymMmHujymMa 3a OKIlone CBOje cepuje
BM[, anu je Tpyn Kyprameua 25 BepoBaTHO o Yenuka ca nakoBarweM appliqué
OKrona Koju je BepoBaTHO MeluaBuHa nacusHor n EPA oknona.

OknonHo BO3MNO nellagmje onpeMIbeHo je AarbMHCKU ynpaBrbaHoOM Kymno-
JIOM Haopy>XaHo MuTparee3om 12.7 MM 1 6auaymma rpaHara.

Tpehu npunagHuk nopoauue Kyprawbel je BO3UINO 3a M3Bnayewe u no-
npaBKy Ha KOjeM je MOHTMpaHa Ausanuua u npegwn golep-ctrabunmsartop. Ha
KpOBY Ce Hanasu paBaH €0 KOju CNYXMW 3a CKnaguliTere.

Kao u npetxogHuum BEMI1-3, cea Bo3una Kyprawel 25 cy y nOTNyHOCTU aMm-
¢ubujcka n nokpehy ce nomohy BOoAeHMX MrasHuLa Koje ce Hanase ucrnop 3ag-
Her gena Tpyna.

Hpaear Bydkosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ““http://orcid.org/0000-0003-1620-5601

M3paencku nacepcku cucmem?

Uspaencka komnaHvja Rafael Advanced Defence Systems HacTaBrba ca
pa3BojeM ¥ ycaBplLUaBakeM CBOI BMCOKOEHepreTcKor rnacepckor cuctema lron
Beam pok yeka Ha ognyky o pvHaHcupaky 1 HabaBLuM U3paerickor MMHUCTap-
cTBa ogbpaHe.

KomMmnaHuja je TpeHYyTHO y npoLecy oMHOr nogellaBaka anroputama u pas-
Bvjatba nNporpama mMofepHusalmje 3a nacep Koju je HamereH oHecrnocobrbaBa-
Ky pakeTa, MMHoBauavknx MMHa u 6ecnunoTHUx netenuua. lron Beam kopucty
nap BULLEKMINOBaTHUX nacepa 3a oHecnocobrbaBawe gonasehux npojektnna Ha
AarovHama go 2 km. lNokpeTHa 6aTtepuja cuctema Iron Beam cactoju ce o pa-
Aapa, KOMaHOHO-KOHTPOSHE jeAMHULE M BULLE NTAacepCKMX CUCTeMa 3a yHuTa-
Bake LMIbeBa.

% jane’s International Defence Review December 2015.
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U3spaerncku nacepcku cucmem Iron Beam

Jlacepcku cuctem lron Beam uma BuLe NpeaHOCTM Y OOHOCY Ha KOHBEHLN-
OHarHe pakeTHe cucteme. Cuctemu pakeTHe ogbpaHe Cy U3y3eTHO CKynu, AOK
jefaH xuTay cuctema Iron Beam He KollTa roToBO HULLITA, @ He NOCTOje pearnHe
rpaHuue y nornegy 6poja ncnareeHmx xvutaua. Ca gpyre ctpaHe, 3a pasnuky o
pakeTHUX CUCTeMa OBAE He MOCTOoju MOryhHOCT KonaTepanHe LwreTe.

b

Jlacep koju je HamereH oHecriocobrbasarby pakema, MuHobayaykux MuHa
u becnunomHux nemenuua
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Kako MuHuctapcTtBo oabpaHe joll 3BaHUYHO HMje NpuxBaTumno CUCTeM, joLu
Hunje ogpeheHo kako he ce yknanaTtu y noctojehu cuctem crnojeBute pakeTHe oa-
OpaHe koju ce cacTtoju oa cuctema lron Dome, David’s Sling un Arrow 3.

Ca gpyre cTpaHe, y nornefy noTeHuujanHor n3so3a, MacoBHuWja ynotpeba
GecnunoTHuX netenvua yMHOroMe Aaje Ha 3Ha4vajy OBakBUM CUCTEMUMA.

KomMmnaHuja He xenn ga usHece nmeHa noTeHumjanHux KnujeHata, anun Ha-
BOAW CKOPWMjM CIyyaj y KOjeM je ceBepHOKopejcka becnmnnoTHa netenuua gowna
00 3BaHU4YHE pe3unaeHuMje jy»kHoKopejckor npepcenHuka y Ceyny. Y oBakBUM
crnyvajesvmMa 6uIo je n3y3eTHO ONacHo naHcmpaTu pakeTy koja 6u obopuna bec-
NUNOTHY NeTenuuy u3Hapg rycto HacerbeHor rpaga. OBaksu crny4yajeBu ce ybp3sa-
HO MOHaBIbajy, 8 HAPOUMTO OMAacHO je npeneTake HyKkrneapHUX enekTpaHa Ma-
num 6ecnunoTHUM neTtenuuama y kKoje je moryhe cmectutn ogrosapajyhe konu-
YMHE eKCMo3unBa.

3BaHNYHNLM KOMMNaHWje Takofe MHCUCTUPajy Ha TOMe 4a je, nako NocToje Cu-
cTeMu 3a oMeTare BecnunoTHUX netenuua, moryhe ometaT cuctem 3a catenut-
CKO HaBoheke, anu je Hemoryhe oMeTaTn MHepLWjanHi HaBUraLMOHN CUCTEM.

Wako je cuctem npBoOMTHO HameHeH 3a oHecnocobrbaBake pakeTa, apTu-
bepUjCKMX rpaHata n mMuHobauavkux MuHa, Iron Beam moxe 6e3 npobnema
OHecnocobrbaBaTtn u 6ecnunoTHe netenuue ¢ 063MpoM Ha HUXoBY Many 6paun-
HY 1 cnabujy KOHCTPyKLHjY.

HpaezaH Bydykosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ““http://orcid.org/0000-0003-1620-5601

Pycke ga3dywHodecaHmHe jeduHuue dobujajy SPRUT?

Pycke BasgylwHopecaHTHe jeguHuue gobune cy manu 6poj Bosuna 2S25
SPRUT-SD, ceera 15 go 25. Y mehyBpemeHy komnaHuja Volgograd Machine
Building Joint Stock Company nspaguna je MogepH1M3oBaHy Bep3njy OBOI BO3U-
na nop osHakom 2525 SPRUT SDM1 ca HOBOM Kynonom Koja KOpuCTu Aernose
BasayLwHoaecaHTHor Bo3una BMD-4M koje je Beh y npou3Boawum 3a pycke Ba-
34yLlWHe jeanHuLe.

Pa3Boj n npoussoawa Bo3una 2S25 SPRUT-SD paheHa je y Bonrorpaay,
anu je npomnseBoata HOBE Bep3uje y NocTpojewMa koMnaHuje Kurganamshza-
vod rage ce npousBoge 6opbeHa Bosuna newagvje BMD-4M 1 BMP-3.

Pycku n3sopu HaBoae ga ce ovekyje npomseogwa Ao 150 npumepaka 2S25
SPRUT SDM1 3a pycke Ba3gylLHOOAECaHTHE jeauHuLe.

HoBuM cuctem cnuyaH je opuriHany, Bo3ad ce Hanasu Ha nNpegHoj CTpaHu,
Kyrnora ca [Ba uynaHa nocaje Ha cpeuHu Bo3una, a gu3en MoTop Ha kpajy. Mo-
TOP je UCTK Kao OHaj KOju ce Hanasn Ha NPBOOUTHOM NMPUMEPKY.

2S25 SPRUT SDM1 uma Teno mnspaheHo of, 3aBapeHOor Yenuka u Kyrnomny
koja o6e3behyje 3aWITUTY O NeLlaaunjCKor Haopyxara 1 renepa ¢ TUM Aa je Haj-
Behu cTeneH 3alTuTe Ha NpegHemM Aeny Kynone.

2! Jane’s International Defence Review December 2015.
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Bosurno 2525 SPRUT-SD

Kynona Hosor Bo3una 2S25 SPRUT SDM1 je gpyradujer obnuka. OCHOBHO
Haopyxare npegctaerba Ton 125 mm 2A75M ca rmatkom uesu, ctabunmnsoBaH
y OBE paBHMW, OMPEeMIbEH EKCTPaKTOpPOM AMMa, TepMariHom obrorom m cucre-
MOM pecbepeHun LeBu Tona. Y Bo3uno je moryhe cmectutn go 40 rpaHaTa 3a
TON, 0f KOjux ce 22 Hanasu y aytomaTcKoM Mnykayy, AOK je octatak of 18 no-
TPeBHO Py4YHO CMECTUTU Y NyHsaY.

paHaTe ce NyHe y 3aBMCHOCTU Of TakTUYke cuTyaumje, anu ce 60jeBn KoM-
nnet obmyHo cactoju oa 20 pacnpckaBajyhux rpaHaTa, 14 notkanmbapHux npo-
OOjHUX rpaHaTa ca NeHeTpaToOpOM M LLUECT BMCOKOEKCMNIIO3MBHMX NPOTUBTEHKOB-
ckux rpaHarta. Nopeq Tora, moryhe je ycknaguwTuTh OO LWecT nacepckn sohe-
HUX npojekTuna. HuwaHumnja uma ctabunmsoBaHy gHeEBHO-HOhHY jeanHuuy SO-
SNA-U, MOHTMpaHy Ha KpoBY Ca nacepckum AarbMHOMEPOM M KaHarom 3a na-
CepcKko HaBohene npojekTuna.

KomaHgup vma, Takohe, naHopamMcKy AHEBHO-HONHY HMLLAHCKY cnpaBy Koja
je MOHTMpaHa Ha KpoBy.

HajHoBwWja Bep3unja nacepckun BoheHor npojekTnna nma BUCOKOEKCMNITO3MBHY
TaHaem 6ojeBy rmaBy ca MakcMmarnHom garbvHom o 5.000 m.

MuTtparses NKT 7.62 MM je MOHTUpaH KoakcujanHo ca rraBHUM TOMOM U Hee-
roB 6opbeHn komnneT je 2.000 MeTaka, fOK Ce Ha KPOBY Hanasv AarbMHCKWU yrnpa-
BrbaHu mutparees NKTM 7.62 Mmm koju ce Huje Hanasmo Ha NpBoOMTHOj Bepanju. Ha
CTpaHu Kyrnorie Hanase ce Tpu naHcepa rpaHata 81 mm. Bo3nno moxe nomnaratu
OVIMHY 3aBecCy U AMPEKTHUM ybpusraBatemM Ousen ropusa Ha U3gyBHU CUCTEM.

KrbyyHa ocobuHa Bo3una 2S25 SPRUT SDM1 je nogecvBu xuaponHey-
MaTCKM amopTM3auMOHN CUCTEM Koju oMoryhaBa Bo3ady Mehare KrmpeHca of
100 go 500 mm.
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MoroHckn Bnok cactoju ce op ansen motopa UTD-29 koju passuja 500 KC
M NoBe3aH je XMAPOMEXaHNYKOM YeTBOPOCTENEHOM TPaHCMMUCUOM, LUTO OMOry-
haBa BO3usy JocTM3ame MakcumanHe 6p3vnHe go 70 kM Ha vac.

BopbeHa maca Bosuna je 18 ToHa ca OgHOCHOM cHare/mace op 27.77
KC/TOHa.

Mopepn Tora WITO je BO3WMO NPEHOCKBO Ba3AyLUHWM MyTEM, OHO je y NoTny-
HOCTU amdnbUjCcKo U MOXE Ce KOPUCTUTK Yy onepaLmjama TakBe BpCTe.

Y Boam ce nokpehe nyTem ABe BoAeHe MNasHuLe Koje ce Hanase Ha CBakKoj
CTpaHu 3agwer Tpyna. BogeHe mnasHuue rypajy Bo3uno 0p3vMHOM Koja Huje ma-
Ha 0 7 KM Ha 4ac.

Moryhe je rahatu Tonom og 125 Mmm oK ce BO3WIO Hanasu Ha NoBpLUXHK BOAE,
anv camo Npeko Npegxser Aena so3una y pasmaky og 30 cTeneHu neso v AeCHO.

Pa3Boj oBor Bo3una, kao u ysohewe Bosuna BMD-4M, nokasyje aa pycka
BOjCKa HacTaBrba ca 3Hay4ajH!M onpemMareM CBOjUX Ba34yLIHOAECAHTHUX CHara.

Y 3emrbama HATO He nocTtoju cuctem koju 6u ce morao nopeanTth ca 2S25
SPRUT SDM1. Amepuyka BojcKa je y jegHOM nepuopy nocegosana TeHk M 551
Sheridan koju je 3BaHWYHO HOCMO Ha3MB OKIMOMHO U3BMNAYKO Ba3gyLUHOOECAHT-
HO jypuLLIHO BO3UIO, a kera je Tpebano aa sameHn M8 cuctem nokpeTHor Tona.
MehyTum, Taj npojekar je YKNHYT.

AMepunyka Bojcka capa ce Tpyau Aa pa3Buje CMCTEM HOBOI MOOMHor 3a-
wTtuheHor Bo3umna ca BaTpeHMM cuctemom, Wwto he npegcraBrbatv MogepHU30-
Batbe nocTojehe nnatdopme.

[paezaH Bydykosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ““http://orcid.org/0000-0003-1620-5601

Hemuu passujajy Ho8u meHkoscku mon??

TeHKOBCKM TOMOBU ca rraTkom uesBu komnaHuje Rheinmetall Defence L/44
n L/55 noctanu cy rmaBHo opyxje 3a BehnHy TEHKOBa ca 3anaja.

RH 120 LLR L/47 120 mm komnaHuje Rheinmetall

2 Jane’s International Defence Review December 2015.
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MeRyTuMm, ynpkoc KOHCTaHTHO] MOAepHM3aumju Tonosa 1 npojekTuna gohum
he TpeHyTak kaga 4ak Hu Ton L/55, HnTn werosa myHuumja, Buwe Hehe oarosa-
paTn caBpeMeHMM 13as3oBrma.

KomnaHuja Rheinmetall noyena je uctpaxmsama y Be3u ¢ HOBUM TOMOM 3a
Koju ce Bepyje Aa he outn y kannbpy 130 MM ca ayTOMaTCKUM Myh,a4yeM, LUTO
he nogvnhu 6p3nHy narbbe u cmarwuT Nocagy Ha TpU YnaHa — KoMaHampa, Hu-
LWaHL1jy 1 Bo3ava.

MpeTtnocTtaBrba ce Aa he HOBO opyXje BUTU MHCTanMpaHo Ha NOTMYHO HOBO
BO3WNO, MOXJa OHO Koje he 3aMeHUTN HeMadku TeHk Leopard 2 n dpaHuycku
Leclerc.

Y mehyspemeny, komnaHnja Rheinmetall Weapon and Munitionpagn Ha
npojekTUMa Koju garbe passujajy nopoauuy npojektuna 3a Tonose L/44 wn L/55,
anuv yrnaBHOM 13 CONCTBEHUX POHA0BA.

1 CRTG
| 120 MM
|  MP-HE-T
DM

1 LT RegmB000-0!

lMpojekmun APSFSDS-T DM11
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Ha npumep, nowwje gejctso npsobutHor npojektuna DM12 (HEAT-MP-T)
NpoTuB NobyHEHNYKNX MeTa LOBEO je 4O pa3Boja HoBor npojektuna DM11 To-
kom 2011. roguHe.

OBaj NpOojeKkTnn OMpPeMIbEH je BUCOKOEKCMIO3MBHOM OOjeBOM rnaBoOM ca
MELLaBMHOM YENUYHUX U AenoBa of Tewkux metana. Moxe 6utn nporpammpaH
3a JeTOoHWpare Y Ba3ayxy, HakoH yaapua unm ca oanoXeHum AejcTBOM noroa-
HUM 3a Hanage Ha TMMOBe ca HaBoheHMM NPOTUBTEHKOBCKUM pakeTama unu no
NCKpLaHoj AeCaHTHOj newaauju Ha Behum garbuHama. OBaj npojekTun norogaH
je n 3a npobujare ojayaHux DETOHCKUX 3ngoB.a.

JeouHCTBEHA CrOCOOHOCT OBOr MpOjeKkTuna jecte MOryRHOCT mporpamupana
OOK ce Hanasu y uesu. Kog craHgapAaHnx TonoBa TO ce 0BMYHO pagu pydHo, anu y
OBOM Cryyajy nporpammpare ce paau Npeko cuctema 3a ynpasrbake BaTpoM.

Mpojektn DM 11 uma kpunua 3a cTabunmaoBare NyTakwe, MakcUMarnHm go-
meT go 5.000 m 1 caga ce cepujcku Nnpomnseoam 3a NoTpebe amepuyKor MapuHCKor
kopnyca 3a TeHkoBe M1A1 Abrams, kao 1 3a KOpUCHUKe TeHkoBa Leopard 2.

Amepuyka Bojcka oanydmna ce 3a npojektun 120 mm (AMP)XM1147
(HEMP-T) koju he 3ameHuTn Yyetupm noctojeha npojektmna 120 mm. OBaj npo-
jektun kopuctuhe Ton rnatke uesn M256 Ha TeHkoBuma M1A1/M1A2 Abrams
Koju npeactasrba Bepaunjy tona 120 mm L/44 Rheinmetall koju no nuueHumn npo-
n3soau komnanHuja Watervliet Arsenal.

Kako camo gomahu (amepuykn) npomnssohaum Mory y4ecTBoBaTU y TEHAEPY
3a HabaBky npojektuna XM1147, komnaHuja Rheinmetall ce ygpyxnna ca kom-
nanvjom General Dynamics Ordnance and Tactical systems (GDOTS) unju he
noHyfheHn npojektun 6utn 3acHoBaH Ha npojekTuny DM11.

Ton L/55 Hana3u ce Ha HajHo8Ujoj sep3uju meHka Leopard 2A7 +
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KomnaHuja Rheinmetall passuna je wect reHepaupja npojektuna APSFSDS-T.
MpBy reHepaunja DM13 cneagune cy DM23, DM33, DM43, DM53 n DM63. Nocnea-
HMX NET NpojekTuIa kapakTepule seha npobojHOCT okrona, LWTO je pe3ynTar OgHo-
ca AyXUHe 1 anjameTpa neHeTpaTopa, anu 1 ynotpeba HanpegHujux Matepujana.

DM63 cnaga y HajHoBwjy reHepaumjy APFSDS-T npojektina un uma 0p3vHy og
1,650 m/c kapa je ucnarbeH U3 TeHkoBa Leopard 2A4 onpemrbeHux Tornosuma L/44
L/55, kao u n3 TeHkoBa Leopard 2A6, ogHocHo 2A7. KrbydHa ocobuHa oBor npojex-
Tumna je HenpomereHa 6anucTnyka KapakTepucTka TOKOM rafarba Ha Temneparty-
pamMa koje Bapupajy o4 —46 go 71 cteneHa 3a pasnuky of NPEeTXOAHMX NpojekTuna
ynje cy banuctnyke nepcpopmaHce onagane Ha BUWMM TemnepaTtypama.

KomnaHuja Rheinmetall TpeHyTHO pagm Ha HoBom npojektuny APFSDS-T
ynju he an3ajH ytmuaTtn Ha noBehaHy cnocobHOCT neHeTpauumje okrona.

lMpojekToBare, pasBoj 1 NPou3BOAHAa TEHKOBCKUX TomoBa U oaroBapajyhe
MyHuUUuMje, HapoumTo npojekTuna APFSDS, Bpno je cnoxeH noctynak. Mehytum,
eBofyumja XOMOreHor oknona, a Hapo4MTo pPasBoj MAaCMBHOI U EKCMNII03MBHO-pe-
aKTMBHOI OKJS0Ma, U3UCKYyje pa3Boj HOBE MyHUUUje.

Nako pasBoj Hoeor Tona o 130 mm u npojektuna RH73 Tpaje Beh Heko
Bpeme, 3BaHWYHa NoTeBpAa Aona3sn HENOCPEeaHO HAKOH MpukasnBaka HOBOT pYy-
ckor TeHka Apmata T14 3a Koju ce TBpAM ga nocepyje oknon HenpobojaH 3a
npojektune DM53 DM63, WwTo Huje cny4yajHoCT.

HpaeaH Bydykosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ‘“http://orcid.org/0000-0003-1620-5601

HanpedHu momnoscku cucmem Ha 6pody Zumwalt?®

AMepuuka paTHa MOpHapuLUa ronarana je Benvke Hafe y Krnacy NoBpLUMHCKU
6opbeHux 6pogosa DDG 1000 Zumwalt nnanunpajyhm Habasky dak go 32 6poaa.
HoBa TexHonorvja nogpasymeBana je aytomaTcku cucTem 3a cysbujare noxapa,
HOBMW OU3ajH TOoMa, HanpedHW pagap U HOBWM GPOACKM KOMMjyTEPCKU CUCTEM Y HO-
BOM, paavKan13oBaHoOM GpoACKOM Tpymny ¥ HOBUM CTPYKTYPariHiM AU3ajHOM.

DDG 1000 Zumwalt y 6podoepadunuwmy General Dynamics Bath Iron Work

2 Jane’s International Defence Review December 2015.
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lpsu 6pod us knace DDG 1000 Zumwalt no4yurse ca mecmuparuma moKoM
Oeuembpa 2015. 200uHe

Tokom BpemeHa TPOLUKOBW 1 HOBe npoleHe 6e3beaHocHe cutyaumje ytuua-
ne cy Ha TO Aa ce paTHa MOpHapuLa 3a40Borby ca camo Tpu 6poaa 13 oBe krace
1 3ano4yHe NOHOBHY Npon3BoAakYy pasapada knace DDG 51 Arleigh Burke, nako he
Heke uHoBauuje krace Zumwalt 6uTK NpumeneHe Ha Gyaoyhe GpogoBe. Haxa-
1OCT, jeQHa of HajHOBMjUX TexHonoruja yrpaheHa Ha Zumwalt knacy — HanpegHu
TonoBcku cucteM (Advanced Gun System — AGS) n npunagajyhm noTnyHo ayTto-
MaTM30BaH CUCTEM NyHeHa ca MaraumMHoM npectahe ga ce NpousBoau U npe He-
ro WTo npeu 6poa 13 oBe knace 6yae NPUMILEH Y ONepaTUBHY ynoTpeoby.

AGS je npojekToBaH 3a ucnarbuBake Bpno cneunguyHe MyHuumje, npojex-
TMna nopg HasmeBoM Long Range Land Attack Projectile (LRLAP). lNMpojekTun 3a-
jeaHnykm npounseoge komnaHuje BAE Systems n Lockheed Martin.

Long Range Land Attack Projectile (LRLAP)

623

CABPEMEHO HAOPY)XAHSE 1 BOJHA OIMPEMA / COBPEMEHHOE BOOPY>KEHWE Y BOEHHOE OBOPYJOBAHVE / MODERN WEAPONS AND MILITARY EQUIPMENT, pp. 574-633



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

KomnaHuja BAE Systems npojektoBana je npojektun AGS kanubpa 155
MM. [Jo oBOr TpeHyTKa OBaj CUCTEM je UCMOPYYEH M MHCTanupaH Ha npea ABa
6pona DDG 1000 n DDG 1001. DDG 1000 je 3ano4eo ca NpoOHMM TecTUpatem
Tokom geuembpa 2015. roguHe kaga he 6utn ncnpobaH cuctem AGS.

KomnaHuja je ucnopyumna ykynHo LLecT OBakBMX CMCTeEMa — ABa no 6poay,
a camo TOIUKO KX je n npousBeaeHo. He nnaHvpa ce npov3Bota 1 Ucnopyka
OBWX CUCTEMA 3a MOpHapuLue Apyrux Apxasa.

AGS 155 MM je y noTNyHOCTM ayTOMaTU30BaH, Tako Aa Hema nocaje Koja
61 Ovna ykrby4YeHa y NnocTynak nykwera Tona. Ton ce Hanasu Ha ropk0oj nanyou
Opona y ,pagapckM HEBUOIBUBO]” KyNnormnu, LiEeB je CnylTeHa y nocebHo nexuwite
paau cmareHa pagapckor u nHdpaupBeHor ogpasa, a nocegyje UHTerpMcaHm
pacxnagHu cuctem Koju omoryhaBa ogpXuBy kageHLy narb6e.

Lle Tona, ocum Bpxa, CKOPO je y MOTMYHOCTM yBydeHa y hMKCUpaHy 3a-
wTmnheHy kynony. Mo notpebu, ABOCTpyka BpaTa Ha BpXYy Kyrnone ce oTBapajy,
omoryhyjyhn nognsame, okpeTake U ucnasromBate 13 LIEBU.

AGS cripemaH 3a naroby

Wcnog nanybe AGS uma notnyHO ayTOMaTM30BaHW €NEKTPUYHM CUCTEM
nywena ca naneTnsosaHWM MaraumHoM. CBaka naneta cagpXu ocam npojeKkTu-
na LRLAP 1 ocam NOroHCKunx nykemsa.

MaraupHu cy TOnUKO BENWKM Aa ce MOoHekan Kaxe fa je opog uspaheH oko
tux. OHU cy MoaynapHu, a y crnydajy Aa opoa nma 3agatak 6ombapaoBara Luyrbe-
Ba Ha KorHy, cBaku cagpxm oko 300 npojektuna LRLAP 155 mm. Ceaku npojexktun
ca MOrOHCKNM NyHereM Uma 223 UM ayxuHe u Texxmn 102 kr. NpojekTnnu ce Hanase
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Ha naneTun, NpeHoce ce Ucnog Tona 1 3aTuM ce BePTUKanHO nyHe n ucnasoyjy. Ha-
KOH mcnarbuBarba Ton ce Bpaha y BepTukanHy nosvumjy paam NOHOBHOT NyHseHsa.

C ob63upom Ha TO Aa je marauuH NpojeKToBaH UCKIby4MBO 3a knacy DDG
1000, Huje moryhe npebaumTtun ra Ha gpyre 6pogose, anu je moryhe ycBojuTtu
Ccrnv4He Mogudukaumje 3a NpMMEHyY Ha ApYrMM NIoBMIMMa.

AGS moxe ncnanutu ceux 300 rpaHaTa no 6p3vHu og 10 npojekTuna y mu-
HyTW. To je omoryheHo nocebHum cucteMom xnahewa Koje nymna pacxnagHy
TEYHOCT AYXK LEeBM paau oapaBaka KOHCTaHTHE TemnepaTtype.

CBaku NoKpeT Tona W CBe pafghe MarauuHa perynuily enekTpuyHu MoTo-
pun. OBakBa ayTomMaTusaumja noctynka omoryhuna je MopHapuum ga cmamwn 6poj
nocnyxunaua Tona, a o4yekyje ce ga uHcrtanauumje cuctema AGS Tpajy 1 go 30
roauHa, LITO je XXMBOTHM Bek camor Opoga. 3ameHa ueBu Tona npegsuhena je
jeAHOM Y LWeCT roanHa.

Kao n BehuHa enemeHarta y cuctemy AGS, npojektunu HasBoheHu cucrte-
Mom GPS/INS pasBujeHun cy nckrbydmBso 3a oBaj cucteM. [pojektnn LRLAP uma
OomeT oko 64 HayTudke murbe (oko 100 KM) ca UUpPKynapHOM rpeLlkoM of oko 2
M Ha Tom gomeTy. [loMmeT je TeopeTcku jowl Behu, anu ce Taga cMmamyje npeum-
3HOCT noroTka. EkcnnosmeHa mMaca npojektuna jegHaka je rpaHati 155 mm (10,8
Kr ekcnmosmBa). YCKOpPO Ce O4eKyje Mcrnopyka NpBuX MpOojekTuna, a npBoOuTHa
nnaHupaHa NpousBoAHa O HEKONUKO AeceTuHa xurbaga komaga 3a 20 go 30
6poposa knace DDG 1000 Zumwalt 6uhe 3HavajHO yManeHa.

PelweH je Bennkn npobnem Koju ce cactojao of NpexvBrbaBakba 0CeTIbu-
BE €IIeKTPOHMKE Ha BPXY MPOjeKTUna Koju ce ncnasrbyje ca yopsarem of HeKo-
nuko xurbaga I (6.000 TI). Mpojektun LRLAP gobuja xerbeHo ybp3are nytem
paKeTHOr MOroHa, WTo My oMmoryhaea Behu fOMeT, anuv 1 cnopuje yop3ame.

Pag Ha oBoM npojektuny 3anodeT je jow 2005. rognHe, a jegaH of HajTeXmx
3afartaka 6uo je ynpaso oarosapajyhm pakeTHn MOTOp, anu u LieHa npojekTuna koja
joLL HMje KoHaYHa 1 3aBucuhe of yroeopa 3a npou3soany. MiHaye, odekyje ce ga he
AGS 6uTK nocneatmn xeMujckn cuctem 3a bombapaoBare LMIbEBaA Ha KOMHY KOju
he HacneauTn enekTPOMarHeTCKM LWMHCKK Tor. [lennmumyHo 300r Tora je n ctonmpa-
Ha npousBoaha cuctema AGS, jep noctoje nHamumje ga 6u Tpehm 6poa u3 knace
DDG 1000 morao nocny»kuTu Kao OCHOB 3a TECTMPaH-E LUMHCKOT Tona.

HpaeaH Byykosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: “http://orcid.org/0000-0003-1620-5601

Typcka 1o npsu mym mecmupa HaopyxaHe 6ecriunomHe nemenuye®*

Typcka je no nNpeW NyT ucnanuna BoheHe npojekTure Basgyx-3emrba ca
BGecnunoTHe neTenuue, WTO jy je cBpCcTano y pesd manor 6poja 3emarba Koje cy
pasBune goMahy HaopyxaHy 6ecnumnoTHy netTenuuy.

HaopyxaHa 6ecnvnoTtHa netenuua (HBJ1) Bayraktar TB2 ucnanuna je Ha-
BoheHe pakete Roketsan Smart Munition (SMM; MAM — Mini Akilli Muhimmat)
NpuUINKoM TecTupaka nssegeHor 17. geuemopa 2015. roguHe.

# Jane's Defence Weekly 6 January 2016.
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Mpema HaBoguma npoussohaya Baykar Makina, pakeTte cy ncnar.eHe ca Bu-
cuHe og 16.000 dmta (npeko 5.000 m) 1 norogune cy uurb Koju je 6o ygarbeH 8
kM. PakeTa je ucnarbeHa ca kpuna HBJ1 Bayraktar TB2 n noroguna je ueHTpanHm
Ae0 MeTe BennuuHe BenuumHe 2 nyta 3 metpa. HaopyxaHa 6ecnmnoTtHa netenu-
La je Ha gpyrom Kpuny Hocuna pennvky 6omoée SMM koja Huje ucnywtaHa.

Jlacepckn HaBofeHa nnaHupajyha 6omba SMM pasBujeHa je of npoTus-
TeHkoBcke pakete UMTAS komnaHuje Roketsan n nacepcku BoheHe pakete Ci-
rit. Pagn ce manoj 6ombu 6e3 pakeTHOr MoroHa koja KoOMOUHyje Tparad ca pake-
Te Cirit u BehuHy genosa ca pakete UMTAS 6e3 pakeTHOr noroxa.

Bayraktar TB2 je Taktndka HEJT, neTn Ha cpegwuvM BUCMHaAMa 1 noceayje Be-
Nk pagujyc gejctea. HaopykaHy 6ecnunoTHy neTenuuy nopyduna je Typcka Kom-
HeHa Bojcka. OHa je 6a3vpaHa Ha npeTxoaHoj TakTu4dkoj bJ1 Bayraktar, anu je 3a Tpe-
huHy Beha, uma pacnoH kpurna of 12 m n paauwjyc aejctea go 150 km (3aBucHa of
AaTanuHka). Tokom Hekonmko NnpobHux netoea, TB2 je netena oo BucuHe og 27.030
duTa (oko 9,000 m), a ocTana je y Ba3gyLLHOM nMpocTopy 24 yaca v 34 MuHyTa.

Typcka KorHeHa eojcka rnopydyurna je ykyrnHo 18 HBJ1 Bayraktar TB2

Ha pa3Boj oBe neTenuue 3HaTHO je yTuuana amepudka ogryka KojoMm je 3a-
6pareHa npogaja TexHonoruja HBJ1 Typckoj. OBa neTtenuua he 3HaTHO nomohu
TYPCKUM OpYXaHWM cHarama y obpadyHy ca KypauctaHckom pagHU4KOM napTu-
jom. lNMpoussoawa ose HBEJT cepctaBa Typcky y pea neT 3emarba (KuHa, Upa,
M3paen n CALl) koje npousBoge cBoje HaopyxaHe bJl. Maga 6u 6uno TtayHunje
pehu ga ce pagu O WeCT 3emMarka, jep je jykHoadpudka komnaHuja Denel Beh
n3BpLInna TecToBe ca HaopyxaHoM BJ1 Seeker.

HBJ1 Bayraktar TB2

HpaeaH Byukosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ‘“http://orcid.org/0000-0003-1620-5601
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Mpsu nem kuHeckoz J-16 EW?®

KuHeckn u3sBopu HaBenu cy ga je BapujaHTa nosua J-16 komnaHuje
Shenyang Aircraft Corporation, npegsufjeHor 3a enekTpoHCKU paT, U3BesNia CBOj
npeu NnpobHn net 18. geuembpa 2015. roguHe.

Cnuke HOBe BapujaHTe NnoBua NojaBuse Cy ce Ha HEKONUKO KMHECKUX BOj-
Hux cajtoBa. lNpumeheHe cy moaudukaumje Koje ce Hanase Ha Hocayuma Ha
KpajeBuMa kpuna koje nude Ha ALQ-218 Tactical Jamming Receiver (TakTndiku
omeTajyhu pucumeep) koju ce Hanasu Ha aBnoHy E/A-18G Growler Super Hornet,
a HaMeHEH je 3a eNneKTPOHCKM parT.

lMpomomun J-16 EW

YuHu ce pa npototuny J-16 EW HepocTaje aBUOHCKM TOM U CUCTEM 3@ UH-
dpaupBeHO Tparawe 1 npaheme, WTO je HejacHo, jep 6u J-16, Koju je nHaye Kn-
Hecka konwuja nosua SU-30 Sukhoi, Tpebano ga uma 4ak 10 nogBecHMX Tavaka
ucnog Kpuna v Tpyna aBuoHa.

[paeaH Bydykosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: “http://orcid.org/0000-0003-1620-5601

Hosu cucmemu demekuyuje kpo3 3udose®

Pycka komnaHuja Geotech passuna je HOBM pajapcku cuctem 3a OTKpuBa-
HE OPraHCKUX MeTa Kpo3 3uaoBe.

Ypehaju RO-400 n RO-900 mory oTkpmBaTu HenpujaTerba Koju ce Kpuje
n3a 3ugoBa of apmupaxor 6eToHa aebrbuHe go 0,6 M y3 aHanu3y nokpeTta v au-
carba. Pagapu Mory paguti u y pexxumy npoavpana pagapckor cHona y ayouHy
3eMSbe M OTKPMBATU 3aKOMaHO OpYXje U eKCrio3nBHe Hanpase.

% Jane's Defence Weekly 6 January 2016.
% Jane's International Defence Review January 2016.
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Papapckn cuctem RO-900 moxe npatuTu 1 noumMpaTtun MeTe npeko aHanu-
3e MokpeTa Ha garbmHama o 11 m kpo3 3ugoBe aebrbmHe go 0,4 M. Y pexumy
OTKpMBaka MeTa nomohy aHanuse usgucaja, CUCTEM MOXE OTKpMBATU MeTe Ha
JarbMHama o 5 M kpo3 npenpeke aebromHe 0,3 M. Ypehaj je aumeHsuja
24,5X10,4X7,8 um n pexum paga Ao 4Yetupu cata. Pagap paam Ha dpekBeHLu-
jama og 900 meraxepua.

£

GPR-DETECTOR RO-900

F  — jilh . /_ !

Padapcku cucmem 3a omkpugare op2aHCKux mema kpo3 3udose RO-900

Opyrn Behu ypehaj RO-400 2-D uma Behn pagujyc oTkprBaka mMeTa Koju je
capa noehaH Ha 21 M 1 Moxe BUTU MOHTMPaH Ha 6eCMNNOTHO KOMHEHO BO3MIIO KO-
jum ce ynpaBrba TabneTom 1 Ha KojeM ce NnojaBrbyje ABOANMEH3VOHANHa CrvKa Me-
Te y peanHom BpemeHy. Ypehaj pagu Ha dpekseHumjun og 400 meraxepua, a jean-
HMua mace 4,5 Kr uma gumeHsuje 96X29X15,5 um 1 Mmoxe paguTi 0o YeTupuy caTta.

Cuctem MOXe OTKpMBaTW CKnaguwiTa opyXja W eKCnno3uBHE Hanpase
ykrby4yjyhn n ypehaje Koju HUCY cacTaBrbeHU o MeTarna, a Hanase ce Ha oyou-
HM OO 5 M.

CneuujanHa Bep3uja ypehaja Beh je y ynotpebu y pyckoj begepanHoj 6e3-
©efHOCHOj criyxou.

[MaBHW KOHKYpPEHT OBOI CUCTEMA je M3paeriCku NpPeHOCHW pagjap cepwuje
Xaver Koju unak Hema MOryRHOCT OTKpuBah-a ,,Ancama” meTe.

Ypehaj RO-400 Beh je nobeamo n3paenckor KOHKypeHTa Y jeAHOM MHANCKOM
TeHAepy, a kKomnanuja je Beh ucnopy4duna net cuctema JyxHoj Kopeju, yetnpn Ka-
3axcTaHy u Nakucrany u jow no net ypehaja RO-900 BujetHamy u Tpu KnHu.

[paraH By4kosuh (Dragan Vuckovié),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ‘“http://orcid.org/0000-0003-1620-5601
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PedbriekcHU HUWaHu Kao esfieMeHm makmudke
crieyujanucmu4yke ornpeme

3axBarbyjyhun pasBojy TexHonorvje mogepHor goba nHdopmaumje nocrajy
nako goctynHe. 3Haka 1 UCKYCTBa ce bpxe cTuyy 1 gerne, WTO caMo Mojayasa
Beh akTyenHu npouec rnobanusaumje. Ynpaso 0Bu pasnosun omoryhunu cy caga
Beh M3paxkeHy npakcy npeysmmMmara Unu gerberwa pasnmyunTux TEXHONOLIKUX A0-
cturiyha, nateHaTa, TEOPUjCKMX akcuoma mamehy cybjekaTa NpousBoOAHE, Oa-
HOCHO HMXOBOT Npunarofaeara y pasnuuute cepe ApyLUTBEHNX AeNaTHOCTN.

Jowl noyeTkOM ABageceTor Beka HacTana je naeja o nspagu HULWAHCKUX ype-
haja koju 6y cTpenuMMa onakwanu TpaauuuoHanHo Huwawerwe™ . Cmatpa ce aa
Cy CTpaCcTBEHW JIOBLM CBOjUM UCKYCTBUMA U3 NpUpoAe 3HaTHO OOMPUHENKN yobnuya-
Bakby OBE MAeje, a y nutepaTtypu ce unak u3aeaja uMe Mpckor NnpoHanasadva Xayap-
na 'pyba (eHrn. Howard Grubb). Pesyntate cBojux uctpaxuBarwa 00jeanHmo je y
naTeHTy, nog perncrapckum 6pojem 12108, Tokom 1900. roguHe, aa 6u HapegHe ro-
OVHe Yy jeOHOM pecriekTabunHom JabnmHcKoM vaconucy objaBno ayTopCKM TEKCT Y
KojeM je n3Heo pasmuLLrbaka 0 Moryhum ynotpebama werosor nateHTa. YnaHak je
HauLlao Ha MO3MTUBHE KOMEHTape, a NpPUBYKao je NocebHy naxky TadallHsMX KOH-
CTpyKTOpa npu aBuo-uHAycTpuju. MpBa nosHata ynotpeba pedneKkCHUX HulaHa
Beayje ce 3a Hemayke bopOeHe aBMoHe TokoMm [pBor ceeTckor pata. [o3nuTneHa uc-
KyCTBa yTuLana Cy Ha 3HaTHO LUMPY ynoTpeby OBUX HULWIAHCKMX ypehaja Tokom [py-
ror CBETCKOT paTa, MocebHO HaKOH MNojaBe MIa3HUX aBUOHa.

YonwTeHo, pedrnekcHM HWULLaHW npeactaBrbajy BPCTYy onTudkux ypehaja
Koju omoryhaBajy cTpenuy Aa norrnegoM Kpo3 KOHKaBHO pedrekTyjyhe coumnso,
YMETHYTHO Yy Teno ypehaja, ocTBapyjy HULWakee METe NPEKOo KOHYaHWULe npo-
jekToBaHe Ha cTakneHoM couuBy. Mo npaBuny, y nuTawy cy HeyBenuyasajyhu
HULLAHCKW ypel’]ajm28 Koju cy ocrno6oheHn xmkHe garbuHe (BUOSbMBOCT KOHYaHM-
Ll,ezg)CTaje ncta 6e3 o63upa Ha ygarbeHOCT Oka CTpernua o4 HuLaHa) 1 napanak-
ce”. CamMum T1M, OBM HULLAHM NPUMapPHO CYy KOHCTPyMcaHu 3a ynoTpeby y ycro-
BuMa 6nucke 6opbe. MoHTUpajy ce, No npaBuny, Ha ropkwy CTPaHy opyxja Mno-
Mohy pasnnumMTux Hocava Unu MoHTUpaweM Ha cTaHaapaHe ,Picatinny” wuHe y
Cnyyajy MogepHujux Mogena nelwaavjckor Haopyxara. Ynyuasawe ce, no npa-
BWITY, BPLUKN MPEKO CMCTEMA KIMKOBA.

Y nutepaTtypu ce Mory U3gBojuTtv pasnuymnTi CTaBOBM O TOME KOoje BpCTe
MoOepHMX HULWAHCKUX ypeRaja ce cmatpajy pednekcHuM. Msrmepa ga Hajsuwe
3aroBopHUKa MMa CcTaB fda ce y pedrekcHe HuwaHe ybpajajy Tako3BaHu ,pef
O0T” HULLIAHK, Kao 1 XonorpadCckm HULLAHW.

YcaBpluaBakeM ONTUYKMX, ONTOENEKTPOHCKNX U Nnacepckux ypehaja y opy-
roj MONIOBMHU ABageceTor Beka oTBopuria ce MOryhHocT m3page KBanmuTeTHUX
pedrieKCHMX HULIaHa HaMEHEHMX 3a MOHTUpakwe Ha pasnuuuTe BpCTe newla-
AVjcKor Haopyxara ca 3HaTHO yBehaHuM pagHMM BEKOM M MOCTOjaHOM, Npeuu-

7 Hywatrberse Koje ce ocTBapyje noknanawem 3aaHer U NpeaHer MexaHU4Kor HuLaHa u ocTeapu-
BaH-EM T3B. HYLLAHCKE NUHWje.
% Ctora ce Mory ,koMGUHOBaTU
Brbajy ucnpep pedrekcHumx.

Mapanakca npeactasrba NpMBMAHY NPOMEHY Moroxaja objekTa y oqHOCY Ha No3aauHy ycnen pas-
NMKe nonoxaja Asa nocmaTpada unu ycnepn 6p3e kpeThe nocmaTpadya.

ca yBenu4yaBajyhum ypehajuma (Hnp. 2X unu 3X) koju ce nocta-
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3HOM KOH4YaHWLOM. MpBM HULIAHKM OBE HAMEHe KOPUCTUMK CY 3a pag WUn Make
GaTepuje Unu ce crivka KOHYaHWLLe ocTBapuBana npyu ambujeHTanHoM ocBeTIbe-
kY (HNp. cyHYeBa cBeTnocT). Kapaktepuctuka MoaepHMX pednekCHUX HuLaHa
jecte pa CIpenuy Hyne MoryhHOCT nopellaBara MHTEH3UTETa OCBETILEHOCTU
KOH4YaHuuUe™ ", WTo omoryhaea TakTuuky ynotpeby u y ycrioBuMa CMaheHe BU-
ObMBOCTM, @ HEKM MOENn MOry ce KOpUCTUTU 1 3ajeHo ca ypehajuma 3a Hoh-
HO ocmaTpatse (Ha npumep, moaen ,EOTech 558”).

Llleedcku nuoHuUp

logmHe 1975. pecnektabunHa weeacka komnanuja ,Aimpoint AB” npomoBu-
cana je npeu pedneKkCHN HULLaH HaMeHeH MOHTMpPaky Ha NyLwKy. HuwaHckn ype-
haj umao je o3Haky ,Aimpoint Electronic”, a KOHCTpyKUMja je pelueHa Mo y3opy Ha
ansajH LloHa ApHuja UrmyHpa Ekctpanga (eHrn. John Arne Ingemund Ekstrand).
Teno HuwaHa 6uno je 3aTBOpeHor, TybynapHor obnuka, a pagHu Bek 6atepuje ns-
Hocwo je nsmefy 1500 n 3000 catn. KacHujux geueHunja npojektu (Mefy HajnosHa-
Tujuma cy cepwmje ,peg oot Huwana ,CompM3”, 3atum ,CompM4”, Kao n KoMnakT-
Huju mogerm,Micro T-1" n ,Micro T-2") oBe kOMNaHuje OCTBapyjy OAnNn4YHe pe3yr-
TaTe, Na je gaHac ,Aimpoint” jeaaH of Hajno3HaTujux npomnseohaya OBE BPCTE Hy-
LUaHa, a HEKONMKO HE3aBMCHUX CTyAMWja je NOTBPAMIIO Aa Cy ,ped AOT™ HUlaHu
OBOr MpowusBofaya gaHac HajBuLLe 3acTynibeHun y cnyxbeHoj ynotpebn.

HuwaHu ,ped dom”

Huvwanwn ,pen ooT” npeacTtaerbajy BPCTY pednekCHMUX HULLIaHa Ko Kojux je
KOHYaHuLa npefcTaBfbeHa LpBEHOM Ta4ykOM Koja ce MpojekTyje noMonhy ceeTre-
he pguope. 3axBarbyjyhn KOHKaBHOM cchepuUyHOM CTakry mocTwke ce edpekart
(PMKCUPAHOCTM LIPBEHE Tauke, ngwle je moryhe ocTBapuTn HUWakewe jegHo-
CTaBHUM ycMepaBaweM y MeTy . Kynuuma ce, Hajuelwhe, Hyae TybynapHu (ue-
BaCTW) U OTBOPEHU MOLENMW.

TyBynapHvu Mofenu cy cnmyHor obnvka kao n Teneckoncku (yBenvyasajy-
hn) HUWaHK, OOK Ce OTBOPEHM MOJENUN cacToje o paBHe Ga3se U YOKBUPEHOT COo-
ynea. OcHoBHa npefHOCT TyBynapHUX Moaena je HhuxoBa nspaxeHuja pobycT-
HOCT, NocebHO Kagda Ccy y NuTawy nocneguue MexaHnyknx yaapauda. 3axesarbyjy-
An KOHCTPYKUMjK, Ha oBe Mogerne pedeKCHUX HuLaHa Mory ce MOHTMpaTu 3a-
LWTUTHWX NOKIONUM, OOHOCHO Mpexuue™™ Koje yjeaHOo cnpedvaBajy v OAcjaj onTuke
Ha cyH4eBoj cBeTnoctu. Ca apyre ctpaHe, obnuk 1 KOHCTpyKUUja OBMX Moaena
y3pOKYyjy u Behy Macy HuwiaHckor ypehaja, LuTo ce JoHeKNe ymambyje ynotpebom
anyMuHUjymckux nerypa y uspagm 6asa u tena osux mogena. NpegHocT oTBo-
peHNX Moena je Maka Maca, anu cy 3aTo 3HaTHO OCET/LUBUjU Ha pasnuunTe

% Mpumepa paaun, mogen xonorpadckor HuwaHa tuna ,EOTech 518" Hyan 20 nogewasaka 3a pag
npy AHEBHOM OCBETIbEHY.

Ha3une gonasu oa eHrnecke cuHtarme ,red dot”, WTO 3HauM ,LpBeHa Tayka” U O3Ha4YaBa LiPBEHY
TayKy KOH4YaHuLe oBe BpcTe pedriekCHMX HuwaHa. Kog HoBujux moaena oBe BpcTe pedeKCHUX Hu-
LWaHa auode YMECTO LpBEHe NPOjekTyjy Tauky japko3eneHe Goje, na ce cpehe n HasuB ,green dot
sight”, Aakne HULWaHK ca 3ef1eHOM Ta4ykoM KOHYaHu1Le.

%2 Tayka KOHYaHWLE Ce, HapaBHO, MOjaBrbyje Ha METW — Npeknana je.
% KoHCTpyKLMja MpeXuLIa 103B0MbaBa HULLAaHEHse.
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cnoseawme daktope (HNp. knumaTcke). BennwunHa HuwaHcke Tadke ogpefyje
ce 6pojem ny4Hux muHyTa (eHrn. Minute of Angle-MOA), na Tako, Ha npumep,
Tadka BenuumHe 2 MOA 3axBaTa Kpyr npeyvHrka 54 munmmeTtpa Ha MeTu ygarse-
Hoj 100 meTapa oA cTpenua.

—‘

k |

BusyernHo nopehere: Modenu ,Aimpoint CompM3" u ,Aimpoint CompMA4" (decHo).
®omo: Munow Jesmuh

JegHa og OCHOBHUX MPedHOCTN OBE BPCTE pedreKkCHMX HULWaHa jecte nsy-
3€THO Ayr pagHu BeK, jep MoAepHe AMoAe 3a MPOjeKTOBaHe KOHYaHMLEe KopuUcTe
Bpno mano kanauuteTta 6atepuje”. MaBHWM NpobneM, 3ajeaHuYku CBMM BpcTama
pednekcHNX HUWaHa, oMHaHcKjcke je npupode. Bucoka LeHa OBUX HULLAHCKUX
ypehaja™ no npaBuny yTu4e Ha OKONHOCT Aa OBW HULWIaHW JaHac Hajyelhe YnHe
cacTaBHW Oe0 crneuujanucTuike onpeme nonmumjcKMX 1 BOjHUX jeamHuua 3a cre-
umjanHe HameHe, NPBEHCTBEHO ycnen penaTyBHO Marnor onepaTusBHOr kagpa, na
je onpemamse y 0BUM CrlyvajeBMMa paumoHanHuje ca eKOHOMCKOr acnekTa.

Mehy npowusBohauMma ,pef AOT’ HULIAHA JaHac Ce Ha TPXULWITY UCTUYY
komnanuje ,Aimpoint”,,Trijicon”,,Bushnell’,,Meopta ZD” n gpyru. lNMpeacraBHmk
Peny6nuke Cpbuje je dmpma ,Teneontuk—Kupockonu” n3 beorpaga, unju mo-
aenu cy y cnyxbeHoj ynotpebu y >Xangapmepuju Penybnuke Cpbuje. Takohe,
enuTHe jeauHuue cprcke nonuuvje u Bojcke kopucte n mogene ,Aimpoint
CompM3”*, kao u ,Aimpoint CompM4™’.

* Ha npumep, npema TBpawama npoussohaya, pagHu Bek ,ped AOT  HuwaHa ,Aimpoint CompM4”
n3Hocu oko 8 roguHal

% Mpumepa paam, xonorpadckm ,EOTech 558” kowta 629 amepuukux gonapa.

% Ha npumep, CneuvjanHa aHTuTepopucTmyka jeguHmua — CAJ MuHncTapcTea yHyTpallhsMx NoCcnoBa.
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Xornoepaghcku HUWaHu

MpencTasrbajy BPCTY pednekCHMX HULWaHa Koju OYHKLUMOHULLY NO NPUHLK-
ny TPAHCMMCUOHUX Xoriorpama Ko Kojux ce NocTojaHa KoHYaHuua ocTBapyje no-
MORNy HanpeaHWX AMOOHUX nacepa, LWTO je yjeaAHO 1 OCHOBHa pasnuka y nopehe-
by ca ,pen OOT  HuwaHuma. Takohe, KOHYaHuLa XonorpadCcknx HuLaHa je He-
LWITO Apyrayuja, na Tako noapasymesa Kpyr y Ynjem LEeHTpY ce Hanasm HULWaHcka
Tayka. 3HavajHa kapakTepucTuka xonorpadCckmx HuaHa je moryhHoCT npojek-
TOBaHa KoHYaHuue y 6uno KoM Aeny ctakna, 4ak U kaga je oHo owTeheHo (Ha
npuMep, Kaga je ycnen MexaHudkor ygapua Hanpcno). Ha Tpxuwty npeghave
MOZENM ca TenvMma veTBpTacTor obnuka kKoja ce uspafnyjy og anyMuUHWjyMCKUX
nerypa wunu KBanuTeTHUX KOMMO3UTHMX MaTtepujana, a pagu ymawmMBarwa mace
HUwaHa. Kao v HuwaHu ,pea 00T 1 xonorpadcku HULLIAHW ce OAMVKYjy noysaa-
HVM pafioM y eKCTPEMHUM YCIOBUMA, anu je 3ato pagHu Bek oceTHo kpahwu. [o-
AaTHO, NMpoceYHa LeHa xonorpagckmx HULWaHa je MHOro BuLia y nopehemwy ca
,PeA OOT” Moaenuma, na Tako, npumepa paau, 3a xonorpadcku ,EOTech 512
Battery Cap” Tpeba 13gBojutu Yak 729 amepuykux gonapa.

Mehy cBeTckMM npounaBofaunma nocebHo ce nctnye komnaxuja ,EOTech”
unju mogenun ,EOTech XPS2-0” cy y ynoTpebu y enntHom BatarboHy BojHE Mo-
nvuuje cneuujanHe HameHe ,Kobpe” Bojcke Cpbuije.

Yrnompeba

3axBarbyjyhm KapakTepucTMkama KOHCTpyKUuMja pedneKkCHUX HULaHa
YMHOroMe je namereH 1 yHanpeheH HaunH Huwakwera. Mlako Huje 3axBanHo ro-
BOPUTU O yTULAjy HULLIAHCKNX ypehaja Ha NnpeLmM3HOCT NoroTka, jep MHOIM 3acTy-
najy ctae ga je Ty npecydaH Jbyackn hakTop, HECYMHUBO je Aa pednekcHU Hu-
WwaHu yHanpehyjy HuWawere Tako WwTo omoryhasajy cTpenuy aa ra octeapyje
Opxe n ca oba oTBOpeEHa oOKa.

Moden xonoepaghckoe HuwaHa ,EOTech XPS2-0" kao Oeo onpeme npunadHuka ,,Kobpu".
®omo: Munow Jesmuh

% Ha npumep, CneuujanHa 6puraga Bojcke Cpbuje, kao n BatarboH BojHe nonuumje cneumjanHe Ha-
MeHe ,Kobpe”.
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To ce Beoma MO3UTMBHO OApaxkaBa W Ha CTpenyeBy MNperfnegHoCT Hemno-
cpegHe OKOnuHe, WTO je y ycrnoBuma bnucke 6opbe M3y3eTHO BaxaH Kputepu-
jym. [okasaHa noysgaHoCT oBux ypehaja ycrnosuna je ga ce gaHac 4ecTto MOH-
TUpajy U Ha nofyayToMaTcKe MULITOIbE, OpYXja 3a NMWYHY 3awTuTy, ayTomaTe,
jypvilLHe nyLUKe, anu n Ha fake MuTparbese.

Kaga cy y nutawy TakTMUKO-TEXHWYKE KapakTepucTuke ypehaja, o uspa-
Xaja gonasn n nsyseTtHa pobycTHOCT oBuX ypehaja u nopep Tora WTO Ce O3Ha-
YaBajy kao onToenekTpoHcku. Havme, MHOrM npom3sohayy NpoMoBMLLY 3ancTa
OfAfIMYHE KapaKTepuCTUKe, Na ce Tako UCTuYe, Npumepa paau, ga mogenu ,Aim-
point CompM4” mory doyHKLUMOHUCATN Ha TemnepaTypama of -45 oo +71 crene-
Hu Llenaujyca, ogHOCHO Ha aybuHama go 45 metapa ucnopg Boge, LWTO je MMMo-
3aHTHO, nmajyhm y Bugy ga je y nutamwy ypehaj mace 268 rpama (6e3 gogatHe
MOHTaxe anu ca 6atepujoM), ykynHe ayxuHe 135 munumetapa, WwmnpuHe 72 u
YKYMHE BUCUHE 72 MunumeTpa.

Munow Jesmuh (Milo$ Jevti¢), ypeaHuk cajta specijalne-jedinice.com,
e-mail: info@specijalne-jedinice.com,
ORCID iD: ‘http://orcid.org/0000-0002-1305-7618
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No3nB N 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-
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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

http://orcid.org/0000-0003-3217-6513

Ten.: 011/3349-497, 064/8080-118
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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
E-mail:vojnotehnicki.glasnik@mod.gov.rs.
PEOAKTOP
Kangnpat TexHnyecknx Hayk Heboliwa MNavela
nebojsa.gacesa@mod.gov.rs
http://orcid.org/0000-0003-3217-6513
Ten: +381 11 3349 497, +381 64 80 80 118
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the Military 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.
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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
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