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MWHWUCTAPCTBO OABPAHE PEMYBNNKE CPEUNJE
MEOWJA LIEHTAP ,O0BPAHA®

OvpekTop
Cmesuya C. KapanaHLmH, NyKOBHUK

YHUBEP3UTET OOBPAHE Y BEOIPAY

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

HauenHuk oaceka 3a nagaBayky AenaTHOCT
[pazaHa Mapkosuh

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

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

Appeca pepakunje: BOJHOTEXHUYKU MACHWK, Bpahe Jyrosuha 19, Beorpaa
http://www.vtg.mod.gov.rs
http://aseestant.ceon.rs/index.php/vtg/issue/current

http://scindeks.nb.rs/journaldetails.aspx?issn=0042-8469 4 Poccuic maEKG ,. INDEXED IN
http://elibrary.ru/titie_about.asp?id=53280 e 9 R AD
http://doaj.org/toc/0310c0550a134f2baba53e54ab177224  Cpnow uymarin e Science Index

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

HauanbHuk YnpasneHus no genam napatenbcrsa:
[parana MapkoBu4

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

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

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

Cmambu, npucnaHHbie pedakyuu XypHana He e0o3spaljalomcs

JKypHana BbinyckaeTcsi exekBapTaribHO

MepBbIt HOMep BoeHHO-TexHUYeckoro BeCcTHMKa BoinyLleH 1.1.1953 ropa.

MepBasi anekTpoHHas Bepcus XypHana pa3MelleHa Ha nHTepHeT ctpanuue 1.1.2011 ropa.

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

Tin-zinc alloy deposits are recognised as a potential alternative to
foxic cadmium as corrosion resistant coatings. Tin-zinc alloy layers offer
outstanding corrosion protection for steel by combining the barrier
protection of tin with the galvanic protection of zinc. Tin-zinc coatings have
been used on the chassis of electrical and electronic apparatus and on
critical automotive parts such as fuel and brake line components. In this
study, tin-zinc alloy deposits were successfully prepared from alkaline,
pyrophosphate-based electrolytes. The plating process gives a compact
and fine grained deposit. The desired proportions of tin and zinc in the
deposited alloy are determined by the bath composition and the operating
conditions during plating. Three electrode systems were used for the
electrochemical investigation. The mechanism of Sn-Zn electrodeposition
was studied by linear and cyclic voltammetry. The corrosion parameters,
including open-circuit potential-time curves, corrosion potential and
corrosion current density of electrodeposited tin-zinc alloys of different
compositions have been examined in a brine medium containing 3 wt. %
NaCl. The corrosion resistance depends on the plating composition. The
Sn-28Zn deposit showed the best anticorrosive properties.

Key words: electrodeposition, corrosion, galvanic layers, zinc, tin.
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Introduction

Because of outstanding corrosion resistance, tin-zinc layers are
mostly used in aerospace, automobile and electrical applications
replacing toxic cadmium (Ashiru and Shirokoff, 1996, pp.159-169). The
previously used cadmium is not permitted for usage, except for military
applications. Additionally, tin-zinc layers have shown excellent
solderability and high electrical conductivity.

Because of some disadvantages, the previously mostly used sodium
stannate-zinc cyanide plating bath was not widely accepted for industrial
applications. In this work, tin-zinc layers were produced in analkaline, non-
cyanide, pyrophosphate-based bath. This work contains a description of the
synthesis of tin-zinc layers, a detailed analysis of the influence of the
deposition parameters and the mechanism of synthesis, a morphological
characterization of the formed layers and their corrosion stability. The studied
electrolyte contains tin sulphate, zinc sulphate, potassium pyrophosphate as
a complexing agent and an additive of gelatine. The formation of tin-zinc
layers was performed in a Hull cell. At the same time, X-ray fluorescence
was used for a chemical analysis of the electrochemically formed layers. The
analyses of the corrosion stability via the open-circuit potential-time curves,
the corrosion potential and the corrosion current density of the
electrodeposited tin-zinc layers with different chemical compositions have
been performed in a brine medium containing 3 wt. % NaCl.

The most important aim of this study was to find a relationship
between the process-determining parameters and the characteristics of
the electrochemically formed Sn-Zn-layers.

The following partial activities were performed:

* Process design and the analysis of the influence of different
parameters on the synthesis of Sn-Zn layers

» Determination of deposition kinetics as well as the stability
(corrosion resistance) of the formed Sn-Zn layers

* Investigation of the metal distribution as well as the morphology of
layers depending on the chemical composition of the baths used

Synthesis of tin-zinc layers in the Hull cell

The Hull cells are small transportable electrolytic cells. The
simulation of different electrochemical processes was mostly performed
in the Hull cell. The investigations of electroplating were performed in a
range of current density (Andrle and Jelinek, 2007). As the anode plate
and the cathode test panel are placed along the non-parallel sides, it is
possible to investigate different current densities at the same time in only
one performed experiment (Figure 1).
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Figure 1 — Principle of work for the Hull cell (Volume of 250 ml)
Puc. 1— TpuHuun paboTel s4eikn Xynna(Ha obbem 250 mn)
Slika 1 — Princip rada Hulove ¢elije (zapremine 250 ml)

The container of the Hull cell consists of a non-conductive material
(e.g., Plexiglas). A brass or steel test panel is usually used as a cathode
(cathode dimensions: 0.3 x 70 x 100 mm). The anode material is
adjusted to the used electrolyte. As an anode,either a soluble anode
based on the material to be coated can be used or an unsoluble anode
made from the material such as stainless steel or lead (anode
dimensions: 3 x 70 x 65 mm).

Influence of different parameters
on Sn-Zn electroplating

« Influence of the metal ion concentration

The concentration of alloying elements in an electrolyte has an
important influence on the chemical composition of formed coatings
(Despic, & Jovic, 1996, pp.239-248). The metal ion concentration in a bath
can be varied in three different ways (Vitkova, et al. 1996, pp.226-231):

1. Change of the metal ions ratio, in which the total metal content
stays constant

2. Change of the total metal content, in which the metal ion ratio
stays constant

3. Change of the concentration of one alloying element, in which the
concentration of the other element stays constant

The chemical compositions of the baths studied are given in Table 1.
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Table 1 — Variations of the metal and complexing agent concentration in the baths
Tabnuya 1 — BapuaHTbl KOHLUEHTPaUMn MeTarnmnoB 1 CMiaBoB AMs NOKPbITUSI BaHHbI
Tabela 1 — Varijacije koncentracije metala i kompleksiraju¢eg sredstva u kupatilima

metal content total metal content complexing agent
sn** zn* sn?t + zn®* content P,0;"
[mol] [a/ [mol/l] [a/ [moll] [a/ [moll] [a/l
0.05 3.3 0.1 9.2 0.25 43.5
0.1 6.5 0.15 124 0.375 65.2
0.05 59 0.15 9.8 0.2 15.7 0.5 87
0.2 13 0.25 18.9 0.625 108.7

* Influence of temperature

The variation of temperature affects the polarization of the electrode
and, consequently,the deposition potential. The influence of temperature
on the chemical composition of deposited layers and cathodic efficiency
was studied at 40°C and 60°C.

Experimental work and procedure

For each experiment, a freshly prepared electrolyte was used. The
main components in the bath were metal salts: tin sulphate (as 95.5 %
SnSO,) and zinc sulphate (as ZnSO, * 7H,0), as well as potassium
pyrophosphate (as 98 % K,P,07) as a complexing agent.Firstly, a volume
of 200 ml de-ionized water was put into a glass beaker placed on a
heating plate with a magnetic stirrer. After a heating up to 60°C, the
complexing agent was firstly added in order to be completely dissolved.
Then the metal salts were put into the glass beaker and filled to 300 ml
with de-ionized water. The prepared electrolyte was finally added to the
Hull cell, where the pH value was adjusted. Finally, the filled electrolyte
was mixed with gelatin hydrolysate.The experimental work was
performed in the equipment shown in Figure 2.
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| | B/ b %
Waterbath with circulation thermostat

Figure 2 — Electroplating in the Hull cell
Puc. 2 — ManbBaHu3auus B syerike Xynna
Slika 2 — Galvanizacija u Hulovoj celiji

The electroplating parameters in the Hull cell are shown in Table 2.

Table 2 — Electroplating parameters in the Hull cell
Tabnuya 2 — MapameTpbl rarnbBaHN4ECKOro MOKPLITUS B A4elike Xynna
Tabela 2 — Parametri galvanizacije u Hulovoj ¢éeliji

Deposition conditions in the Hull cell
Duration 20 min
Current strenght 1A
pH-value 9.3
Additive gelatine 1 g/l
Anode stainless steel
Cathode carbon steel
Flow conditions without bath stirring

The characterization of layers was performed using the X-ray
fluorescence analysis XRF, scanning electron microscopy (SEM) and
energy dispersive X-ray spectroscopy EDXS. The X-ray fluorescence

653

Stopi¢, M., Electrodeposition, characterization and corrosion investigations of galvanic tin-zinc layers from pyrophosphate baths, pp. 649-669



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

analysis was used for the determination of the thickness and the
chemical composition of the prepared Zn-Sn layers. The measurements
were performed using aFischerscope X-ray-XDL-device (Company
Fischer, Germany). Before the measurement, a required calibration was
done using the Fischer standards. The morphology of the deposits and
the elemental composition was examined with a ZEISS DSM 982 Gemini
scanning electron microscope with an EDX-System, Oxford.

Observations, results and discussion
of the Sn-Zn electrodeposition in the Hull cell

During the experimental work, the gas formation was observed on
both electrodes. The foam formation on the bath surface was observed
during the electroplating process. The experimental design in the Hull cell
with the simplified anode and cathode reactions is shown in Figure 3.

Sn-pyrophosphate-
complexion 1

Zn-pyrophosphate-
| complexion

0, OH

(-) Cathode (steel) (+) Anode (stainless steel)
Sn2* + 2e- — Sn A0H — O, + 2H,0 + 4e-
Zn?t + 2e- — Zn
2H* + 2¢- — H,
Figure 3 — Schematic illustration of the anode and cathode reactions in the Hull cell

Puc. 3 — Cxema peakuuii aHoga v katofa B siueike Xynna
Slika 3 — Sematski prikaz reakcija anode i katode u Hulovoj ¢eliji
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All coatings have a bright gray/silver appearance. The influence of
the addition of gelatine was investigated, as well. In the absence of
gelatine, a gray sponge-like layer was formed in the range of the studied
current density (as shown in Figure 4).

Figure 4 — lllustration of the Sn-Zn layer surface obtained from an electrolyte
with 0.05 mol/l Zn; 0.05 mol/l Sn and 0.25 mol/l K4P207 at pH = 9.3 with 1 g/l gelatine
(left) and in the absence of gelatine
(right) (Working parameters: 1A; 60°C; 20 min.)
Puc. 4 — INoBepXHOCTHbLIN CIOW NOKPbITMS Sn-Zn, NOMYYeHHbIA U3 anekTponuTa
npu 0.05 mol/l Zn; 0.05 mol/l Sn n 0.25 mol/l K4P207 npwu 3Ha4yeHnn pH = 9.3 ¢
npumMeHennem 1 g/l xenatuHa (cnesa) n 6e3 npMMeHeHns xenaTuHa (cnpaea)
(paboune napameTpbl: 1A, 60°C; 20 MUH.)

Slika 4 — llustracija povrsine sloja Sn-Zn dobijena iz elektrolita sa 0.05 mol/l Zn;
0.05 mol/l Sn i 0.25 mol/l K4P207 pri vrednosti pH = 9.3 sa1 g/l Zelatina (levo)
i u odsustvu Zelatina (desno)

(Radni parametri: 1A, 60°C; 20 min)

In Figure 5, a dependency of the chemical composition of the Sn-Zn
layers on the electrolyte chemical compositionand the current density is
presented. An increase in the current density and the zinc content in the
bath led to a decrease of the Sn-content in the deposited Sn-Zn coatings
in all cases.
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Figure 5 — Tin content in the Sn-Zn layers, depending on the zinc content in the bath and
current density, at 60°C; pH = 9.3 with 0.05 mol/l Sn,
c(P2074-)/ c(Sn2+ + Zn2+)= 2.5 and 1 g/l gelatine; 1 A, 20 min.

Puc. 5 — CopepxaHue onoBa B NOKPbITUM Sn-Zn, 3aBUCUT OT COAepKaHUS LiMHKa
B BaHHOW M NNOTHOCTM TokaHa 60°C;
npu 3Ha4eHun pH = 9.3 ¢ 0.05 mol/l Sn,
c(P2074-) / c(Sn2+ + Zn2+)= 2.5 n 1g/l xenatuHa; 1 A, 20 MuH.

Slika 5 — Sadrzaj kalaja u slojevima Sn-Zn, zavisno od sadrzaja cinka
u kupatilu i gustine struje na 60°C; pri vrednosti pH = 9.3 sa 0.05 mol/l Sn,
c(P2074-)/ c(Sn2+ + Zn2+)= 2.5 i 1g/l zelatina; 1 A, 20 min.

For nearly all studied current densities, the electroplating at 40°C in
comparison to that at 60°C led to a decreased content of tin in the layer
(Figure 6). This is probably connected with a faster dissociation of the
zinc pyrophosphate complex compared to that of the tin pyrophosphate
complex, at higher temperature.
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Figure 6 — Tin content in the Sn-Zn-layer depending on temperature and current density
(electroplated from an electrolyte with 0.05 mol/l Sn; 0.1 mol/l Zn; 0.375 mol/l K4P207
and 1 g/l gelatine; pH = 9.3; Hull cell: 1A; 20 min.)

Puc. 6 — CogepxaHue orosa B NoKpbITUM Sn-Zn, 3aBUCUT OT TeMNepaTypbl U MIOTHOCTA
TOKa (anekTpoxumumyeckoe ocaxaeHue us anekrtponuta 0.05 mol/l Sn; 0.1 mol/l Zn;
0.375 mol/l K4P207 ¢ npu npumeHeHun 1g/l xxenatuHa;
pH = 9.3; ayerika Xynna: 1 A, 20 MuH.)

Slika 6 — Sadrzaj kalaja u Sn-Zn sloju, zavisno od temperature i gustine struje
(elektrohemijski natalozeno iz elektrolita sa 0.05mol/l Sn; 0.1 mol/l Zn;
0.375 mol/l K4P20O7 i 1 g/l zelatina; pH = 9.3; Hulova ¢elija: 1A; 20 min)

As shown in Figure 7, the deposited layer thickness and,
consequently,the current efficiency increased with an increase in
temperature from 40°C to 60°C. This behavior can be explained by an
inhibition of diffusion of metal ions for discharging from the electrolyte
inside the cathode, as well as by a greater reaction overvoltage at a
lower temperature, which is caused through a slow dissociation of metal
complexes. The increase in the current density led to a reduction in the
cathodic current efficiency, which can be caused by the hydrogen
favored deposition at higher current densities, probably provoked by the
decrease of metal ions to be discharged at the cathode.
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Figure 7 — Cathodic current efficiency and thickness of the Sn-Zn-layer depending on
temperature and current density (electroplating from an electrolyte with 0.05 mol/l Sn;
0.1 mol/l Zn; 0.375 mol/l K4P207 and 1 g/l gelatine;
pH =9.3; 1A; 20 min.)

Puc. 7 — 3 eKkTMBHOCTb KaTOQHOMO TOKa M TONLWMHA Sn-Zn crosi NOKPbITUS 3aBUCAT OT
TemnepaTypbl ¥ NAIOTHOCTM TOKa (ANEKTPOXMMMUYECKOe OCaXaeHWe 13 anekTponmTa
0.05 mol/l Sn; 0.1 mol/l Zn; 0.375 mol/l K4P207 ¢ npu npumeHeHnmn 1g/l xenatuHa;
pH =9.3;1 A, 20 MuH.)

Slika 7 — Efikasnost struje katode i debljina Sn-Zn sloja zavisno od temperature i gustine
struje (elektrohemijsko taloZenje iz elektrolita sa 0.05 mol/ISn; 0.1 mol/IZn;

0.375 mol/IK4P207 i1 g/l Zelatina;
pH = 9.3; 1A; 20 min)

The EDXS analysis of the electrochemically deposited Sn-Zn-layers
has confirmed the presence of both metals (Figure 8).
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Figure 8 — EDX-spectrum of the Sn-Zn layer electrochemically
deposited from an electrolyte with 0.05 mol/l Sn; 0.1 mol/l Zn;
0.375 mol/l K4P207 and 1 g/l gelatine
(60°C; pH =9.3; 20 min) at 2 A/dm2
Puc. 8 — EDX cnekTp Sn-Zn croes, 0CaX4eHHbIX Npu
AneKkTpoxummuyeckoM npotecce m3 anektponuta ¢ 0.05 mol/l Sn;
0.1 mol/l Zn; 0.375 mol/l K4P207 n1 g/l xenaTnHa
(60°C; pH=9.3; 20 MuH.); pri 2 A/ldm2
Slika 8 — EDX spektar Sn-Zn sloja natalozenog elektrohemijskim
procesom iz elektrolita sa 0.05 mol/l Sn; 0.1 mol/l Zn;
0.375 mol/l K4P207 i 1 g/l zelatina
(60°C; pH =9.3; 20 min) pri 2 A/dm2

The SEM images of the Sn-Zn layers, deposited in two different
baths at 2 A/dm? and 4 A/dm? are presented in Figure 9 and Figure 10.
The SEM analysis of the Sn-Zn layers shows a fine-grained structure. An
increase of the Zn-content in the layer led to the formation of a rough
granular structure.
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Figure 9 — SEM analysis of the Sn-Zn layers obtained from an electrolyte with
0.05 mol/l Sn; 0.1 mol/l Zn; 0.375 mol/l K4P20O7 and 1 g/l gelatine
(60°C; pH=9.3; 20 min.); magnification: 1.000 x
Puc. 9 — SEM aHanu3 Sn-Zn crnoes, nonyyeHHbIX 13 anektponuta ¢ 0.05 mol/l Sn;
0.1 mol/l Zn; 0.375 mol/l K4P20O7 un 1 g/l xenaTtunHa (60°C; pH=9.3; 20 MuH.);
mMacwwTab ysenuyenusi: 1.000 x
Slika 9 — SEM analiza Sn-Zn slojeva dobijenih iz elektrolita sa 0.05 mol/l Sn;
0.1 mol/l Zn; 0.375 mol/l K4P207 i 1 g/l Zelatina (60°C; pH=9.3; 20 min.);
uvecanje: 1.000 x

4.00KkU %1000
GEMINI #44763

9 um Snzn41-Layer / 2 A/dm? 15 um SnZn62-Layer / 4 A/dm?

Figure 10 — SEM analysis of the Sn-Zn layers obtained from an electrolyte with 0.05 mol/l
Sn; 0.2 mol/l Zn; 0.625 mol/l K4P207 and 1 g/l Gelatine (60°C; pH=9.3; 20 min);
magnification: 1.000 x
Puc. 10 — SEM aHanu3 Sn-Zn croes, nony4eHHbIx 13 anektponurta ¢ 0.05 mol/l Sn;
0.2 mol/l Zn; 0,625 mol/l K4P207 un 1 g/l xenaTtunHa (60°C; pH=9.3; 20 MuH.);
macwTab ysenunyenus: 1.000 x
Slika 10 — SEM analiza Sn-Zn slojeva dobijenih iz elektrolita sa 0.05mol/l Sn;

0.2 mol/l Zn; 0,625 mol/l K4P207 i 1 g/l Zzelatina (60°C; pH=9.3; 20 min.);
uvecanje: 1.000 x
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A SnZn28layer was analyzed using the EDX analysis and a mapping
function. Figure 11 shows a SEM image in gray. The element distribution
images are shown in different colors: Zn-(red) and Sn-(green). The
constituent parts are identified in the common layer in accordance
wththeir ratios. The mixed elemental map shows that the layer is
composed of a zinc layer located at the bottom and of many granules rich
in tin. During the electrodeposition, zinc is preferentially deposited at the
beginning, which is caused probably by an irregular co-deposition
mechanism.

ol s g . i
SEM-image Sn La1

20mm mixing ' Zn Ka1
Figure 11— SEM image and elemental maps in a SnZn28- layer (6 um)

Puc. 11 — SEM n3obpaxeHue 1 kapTodka aneMeHToB OAHOro crost SnZn28 (6 ym)
Slika 11 — SEM fotografija i mape elemenata u jednom sloju SnZn28 (6 um)
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Electrochemical studies of the
electrodeposition of Sn-Zn layers

The most important aim of the electrochemical investigations is a
detailed analysis of different partial processes in order to arrange and
understand them. The electrochemical behavior is studied using the
following methods:

* Linear-Sweep-Voltammetry (LSV)

* Cyclovoltammogrammetry /CV)

Experimental setup for measurements

The experimental setup for the recording of the current-potential
curves contains the following components (as shown in Figure 12):

* electrochemical three-electrode cell

» waterbath with thermostat

* potentiostat (typ: lviumsoft)

* electronic dataacquisition

computer|

potentiostat

Figure 12 — Experimental setup for the electrochemical measurement
Puc. 12 — SkcnepumeHTansHoe o6opyaoBaHve Anst ArNeKTPOXMMUYECKMX U3MEPEHNN
Slika 12 — Eksperimentalna oprema za elektrohemijsko merenje
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The electrochemical cell consists of a double walled glass beaker of
100 ml volume, connected with a waterbath and covered by a plastic lid.
The five bore holes on the lid are required for the positioning of three
electrodes, a thermometer and an injection tube for gas. The
usedmeasuringcellisshown in Figure 13.

reference electrode
(Ag/AgCl)

H0—

AE = working electrode

RE = reference electrode

F 4

GE = counter electrode

Figure 13 — Temperature-controlled 100 ml glass measuring cell with
a three electrode setup
Puc. 13 — CteknsiHHas nameputenbHas svenka — 100 ml ¢ KoHTponupyemoi
TemnepaTypoun 1 Tpems anekTpoaamm
Slika 13 — Staklena merna celija od 100 ml sa kontrolisanom temperaturom
i povezane tri elektrode

In the voltammetric studies, a copper disc was used as a working
electrode (surface area 0,785 cm?). The working electrode potentials
were referred to as an Ag/AgCl electrode. The counter electrode was a
platinum rod.

The cathodic current- potential curves of tin, zinc, and tin-zinc
deposition from a pyrophosphate electrolyte are shown in Figure 14.
In the mixed Sn-Zn electrolyte, the deposition began at a more
positive potential in comparison with the electrolytes containing only
one metal.

663

Stopi¢, M., Electrodeposition, characterization and corrosion investigations of galvanic tin-zinc layers from pyrophosphate baths, pp. 649-669



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

potential, V vs. Ag/AgCl

-1.8 -06

(0]
current density, mA/cm?

ry ----- zinc = —tin —tin-zinc

!

" —t 12

/ | |

! -14
Figure 14 — Polarisation curves of tin, zinc- and tin-zinc deposition on copper at 60°C

and pH =9.3; v=1 mV/s (0.05 mol/l Me + 0.25 mol/l K4P207 with 1 g/l gelatine)

Puc. 14 — lNonspusaumoHHble KpyBble OCaXAEeHHOro 0f10Ba, LIMHKa U Crnasa OrnoBO-LIMHK

Ha meam npm 60°C, co 3HaveHnem pH = 9.3; v =1 mV/s (0.05 mol/l Me + 0.25 mol/l
K4P207 ¢ npumeHeHuem 1 g/l xenatuHa
Slika 14 — Polarizacione krive natalozenog kalaja, cinka i legure kalaja i cinka na bakru na

60°C pri vrednosti pH = 9.3; v =1 mV/s (0.05 mol/l Me + 0.25 mol/l K4P207
sa 1 g/l zelatina

The cyclovoltammetry allows a determination of electrode kinetics in
a wide potential range using only one measurement. All measurements
were performed at a scan rate of 5 mV/s, scanning towards negative
potentials. In Figure 15, the cyclic voltammograms obtained from
pyrophosphate electrolytes are given. After comparing the single
diagrams for pure zinc, pure tin and the Sn-Zn alloy, it can be concluded
that, in the case of a co-deposition, the reduction peaks for both alloying
elements were shifted about 100 mV to the positive potential value in
comparison to the single deposition. This indicates that, in a mixed
electrolyte, a strong interdependency happens between the adsorbed
zinc and tin species.
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Figure 15 — Cyclic voltammogramms of zinc-, tin and tin-zinc electrodeposition in a
pyrophosphate electrolyte with 0.05 mol/l Zn or/and 0.05 mol/l Sn, 0.25 mol/l K4P207 and
1g/l gelatine at 60°C and pH=9.3; AE: copper; v =5 mV/s.

The arrows indicate the scan direction.

Puc. 15 — Uuknuyeckass BonbTamneporpaMmma 3neKTpoXMMmnYecknx ocaxaeHum LuHKa,
0rioBa v cnrnaBsa LMHK-0M0BOo B nupodocdatHom anektponuty ¢ 0.05 mol/l Zn n/vnun 0.05
mol/l Sn, 0.25 mol/l K4P207 n 1g/l xenatuHa npu 60°C n pH=9.3; AE: meap;

v =5 mV/s. CTpenka obo3HayaeT HanpaBneHne CKaHNPOBaHWSI.

Slika 15 — Cikli¢ni voltamogrami elektrohemijski natalozenog cinka, kalaja i legure cinka i
kalaja u pirofosfatnom elektrolitu su 0.05 mol/l Zn i/ili 0.05 mol/l Sn, 0.25 mol/l K4P207 i
1g/l Zzelatinana 60°C i pH=9.3; AE: bakar; v =5 mV/s.

Strelica oznaCava pravac skeniranja.

Electrochemical behavior of the Sn-Zn layers
in 3 wt.%NaCl

The corrosion behavior of the Sn-Zn layers with different chemical
compositions was studied by means of potentiodynamic polarization tests
(Wang, Pickering, &Weil, 2004, pp.34-37). An evaluation of the corrosion
parameters with the aid of the Tafel extrapolation method has shown that
all investigated Sn-Zn layers can be utilized for the protection of steel
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substrate in chloride-containing media as a sacrificial anode (Taguchi,
Bento &Mascaro, 2008, pp.727-733)

Between the three Sn-Zn layers, the layer with 28.5 wt. % zinc has
exhibited the lowest corrosion rate (Table 3).

Table 3 — Comparison of the corrosion parameters of Sn-Zn layers obtained from different
pyrophosphate baths (corrosion medium: 3 wt. % NaCl solution at room temperature)
Tabnuuya 3 — CpaBHEHME KOPPO3NMHBLIX MAPaMeTPOB MOKPLITUSA N3 CMITAaBOB LUHKA U
0r10Ba, NOJyYeHHbIX U3 pasnnyHbIX NMpodocdaTHbIX BaHH (KOppo3uiiHasi cpeaa:

3 Bec % pacteop NaCl npu koMHaTHOM TemnepaType)

Tabela 3 — Poredenje korozivnih parametara slojeva legure cinka i kalaja dobijenih iz razlicitih
pirofosfatnih kupatila (korozivna sredina: 3 tez% rastvor NaCl na sobnoj temperaturi)

Steel |SnZn 13.5% |SnZn 28,5% | SnZn 48%

corrosion potential, Vgcg -0.781 -1.159 -1.137 -1.18

corrosion current density, Alcm?  |4.92E-07| 2.92E-06 2.35E-06 | 5.43E-06

Conclusions

This work studied the electrodeposition of Sn-Zn layers from a weak
alkaline sulphate-pyrophoshate electrolyte. The deposition of the layers
was performed in the Hull cell. The electrochemical characterization was
performed in a measuring cell with a three electrode setup employing
Linear-Sweep-Voltammetry (LSV) und Cyclovoltammetry (CV). The
corrosion behavior of the deposited Sn-Zn-layers was investigated using
the potentiodynamic method in order to determine the current-potential
curves.

The most important findings are presented below:

» During electroplating, a gas formation was observed on both
electrodes. All coatings had a gray/silver bright look with a fine striation.

* The chemical composition of deposits varied depending on
different bath compositions and current densities.

* An increase in current density and zinc content in the bath
increased the content of zinc in the deposited Sn-Zn layer. For example,
an increase in current density from 1 A/dm? to 5 A/dm? at the same
chemical composition of the bath led to an increase of about 20 wt. % of
zinc in the layer. At the same current density, an increase of tin content
from 30 to 65 wt. % in the bath led again to an increase of tin content of
about 35 wt % in the layer.

* An increase of current density led to a decrease of current
efficiency at all studied bath compositions.
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* The SEM analysis of the Sn-Zn layers showed a dense, fine-
grained structure. An increase of the zinc content influenced the
formation of a rough crystalline arrangement.

* In the absence of gelatin-hydrolysate, the sponged structure was
formed, which confirms that the limited current density was overpassed.
An addition of colloid admixture led to a formation of smooth layers.

* In the mixed Sn-Zn electrolyte, the deposition began at the more
positive potential in comparison to that for each single metal, which
means that a strict interdependence exists between absorbed tin and
zinc species. An increase of zinc in the bath led to a replacement of the
deposition curves again to the negative values of potential.

* The obtained results of electrochemical investigations reveal that
the corrosion potential of all studied Sn-Zn alloys was more negative than
the one for the steel sample. Therefore, it is possible to use all three
investigated tin-zinc alloys as an anode for protection of steel substrate in
a chloride medium.

At the end of this conclusion, it might be pointed out that Sn-Zn-
layers with good corrosion characteristics can be deposited from a
sulfate-pyrophosphate bath (Stopic, 2015, pp.101). Using different
characterization techniques (Hull cell, RFA-, SEM- and EDX-analysis,
Linearsweep- und Cyclovoltammetry) enables a complete study of very
important parameters and their interdependency (Dubent, et al. 2007,
pp.146-152).
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SJIEKTPOXUMNYECKME OCAXKOEHWA, KITACCNPUKALINA

N NCMNbITAHNA KOPPO3NW MOKPLITUA HA OCHOBE LINHKA
1 ONOBA, OEPA3OBAHHOW HA MOBEPXHOCTU
MUMPO®OCHATHOM BAHHBI

Munena [1. Ctonny®, GepHo T Cbpw:l,pl/lx6

@ MEAB Chemie Technik GmbH, Aachen, Germany,

® IME Process Metallurgy and Metal Recycling,
RWTH Aachen University, Germany

OBJIACTb: xumnyeckme TEXHOMNOMM, ANEKTPOXUMUS, KOPPO3US
BUOCTATDBW: opurMHanbHas Hay4Hasi cTatbsi
ASBIKCTATBW: aHrnunckui

Pe3some:

lMokpbimusi U3 or108a U YuUHKa S18/I1I0Mcs nomeHyuasbHbIM aHa-
J1020M MOKCUYHO20 KadMusi O aHmMUKoppo3UulHOU 3awjumsl.

lMokpbimusi Ha ocHoge crislaga 0/1080-UUHK S8/ISIFOMCST OMITUYHOU
aHmMukoppo3uliHol 3awumod 0rs cmarbHbiX u3denud. Npu ocaxde-
Hues Kavyecmee bapbepHO20 CJI0Sl UCIMOJSIb3yemcsl 071080, a 8 Kaye-
cmee 2arnb8aHU4eCcKo20 3auUMmHO20 COS—UUHK.

lNMoKpbIMusi Ha OCHOBE 0J1080-UUHK Mep8OHaYasibHO MPUMEHSIUCH
0nis 3awUmel Wwaccu 3571eKmpoobopydo8aHusi U 31IEKMPOHHOU MEXHU-
Ku, a makxe Ofig 3awumbl Kpumudeckux aesmodemarnel, Harpu-
mMep,mopMo3HOU cucmemsl.

B daHHol pabome npueedeHbl pe3yribmamai yCriewHo20 rnpume-
HEeHUs crilaea Ha OCHOBE 011080-UUHK 8 Kadecmee MOKpbIMus nupo-
ghochamHbIX 8aHH.

Coomeemcmsyrowue npornopyuu crjasa os08a U UYuHKa orpe-
OesieHbl COCMasoM 8aHHbI U OfepayUoHHbIX rnapamMmempo8 HaHeCEHUS
Kax0020 omoOesiIbHO20 Criosl MOKpbIMUS. s 371eKmpoxumMu4ecKux
ucrnbimaHul npuMeHsnach s4etika u3 mpex 351eKmpodos.

UcnbimaHusi MexaHu3Ma 371eKMPOXUMUYECKO20 ocaxx0eHus1 Sn-Zn
MOKPbIMUSI MPO8OOUNUCKH JTUHEUHOU U YUKIUYeCcKoU 80/ibmamMmMmozpam-
mod. lNapamempbl KOpPpPO3UU, 8K/IHOYasa erusHUe rnomeHyuan-epems,
KOPPO3UUHbIU NomeHyuasn u niomHOCMb MoKa KOppo3uu 371eKmMpoXu-
MuYeckue ocaxOeHus criyiasa 0/1080-UUHK pasfiudHo20 cocmaea me-
cmuposarnucek 8 pacmeope ¢ codepxxaHuem 3% NaCl.

KoppoautiHas cmolikocmb 3asucum om cocmaga omoesibHbIX
croes. Criod, codepxawul Sn-28Zn omnuyaemcsi fyqWwumMu aHmu-
KOppo3uliHbiMU ceolicmeamu.

KnioueBble crioBa: 371eKmpoxXuMuYecKoe ocaxo0eHue, Koppo3us, 2allb-
8aHU4YeCKuUe rNnoKpbimusd, UUHK, OJ1080.

668



ELEKTROHEMIJSKO TALOZENJE, KARAKTERIZACIJA |
ISPITIVANJA KOROZIJE SLOJEVA NA BAZI CINKA | KALAJA
NASTALIH TALOZENJEM IZ PIROFOSFATNIH KUPATILA

Milena D. Stopi¢®, Bernd G. Friedrich®
a MEAB Chemie Technlk GmbH, Aachen, Germany,
®ME Process Metallurgy and Metal Recycling, RWTH Aachen University, Germany

OBLAST: hemijske tehnologije, elektrohemija, korozija
VRSTA CLANKA: originalni nau¢ni ¢lanak
JEZIK CLANKA: engleski

Sazetak:

Slojevi kalaja i cinka oznaleni su kao potencijalna alternativa za
otrovni kadmijum koris¢en kao zastitni korozivni sloj. Slojevi na bazi lequre
kalaj-cinka poseduju izuzetnu korozivnu zastitu za Celik, kombinujuci zasti-
tu koris¢enog kalaja kao barijere zajedno sa galvanskom zastitom od cin-
ka. Previake na bazi kalaja i cinka prvobitno su koris¢ene za 3asije elek-
tricnih i elektronskih aparatura ili za kriticne delove i kocCione sisteme. U
ovom radu legure na bazi kalaja i cinka uspesno su proizvedene iz baznih
pirofosfatnih kupatila. Proces /zdvajanja metala daje kompaktan i finozrna-
sti deposit. Zeljen/ odnosi cinka i kalaja u nanesenoj leguri odredjeni su od
sastava kupatila i operacionih parametara tokom izdvajanja slojeva. Si-
stem od tri elektrode koriSCen je za elektrohemijska istraZivanja. Mehani-
zam elektrohemijskog taloZenja Sn-Zn sloja ispitivan je linearnom i ciklic-
nom voltametrijom. Parametri korozije, ukljucujuci zavisnosti potencijal—
vreme, korozivni potencijal i gustinu struje korozije elektrohemijski taloZe-
ne kalaj-cink legure razli¢itih sastava izvodeni su u rastvoru koji sadrzi 3%
NaCl. Korozivna otpornost zavisi od sastava izdvojenog sloja, a sloj koji
sadrzi Sn-28 Zn pokazao je najbolja antikorozivna svojstva.

Klju€ne reci: elektrohemijsko taloZenje, korozija, galvanski slojevi, cink,
kalaj.
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Abstract:

The paper describes a new phenomenon of the generation of the
double electrical layer above the cathode spot surface. The
neutralization of this layer leads to the reverse current of free electrons,
generated due to negative ions ionization. The negatively charged flame
of the cathode spot periodically ignites and attenuates, so the duration of
the cathode spot existence is defined by this oscillating process. The
reverse motion of the cathode spot in the longitudinal magnetic field
takes place owing to the generation of the reverse high-power
neutralization current of the double electrical layer by the electrons
appearing during the negative ions ionization in the cathode flame.

Key words: electric discharge, cathode spot, cathode flame, negative
ions, double electrical layer.

Introduction

The vacuum plasma coatings technique is widely used for constructional
materials hardening and friction force decreasing (Baldaev, Borisov,
Vachalkin, 2007), (Mrochek, Vershina, Ivashchenko, et al, 2004),
(Grigoryants, 1989). The ion plasma technique is mainly applied for the
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vacuum plasma coatings deposition. In this case, the vacuum arc burns in the
plasma material of the cold cathode due to its discharge current sputtering.
This technique is quite complicated to be applied as it is difficult to determine
the processes taking place inside the cathode spot and which plasma
composition can occur in the cathode flames of the arc discharge.

The processes occurring inside the cathode spot were studied in
detail by (Kesaev, 1968). As a result, the fundamental characteristics of
the cathode spots were determined as well as the main directions of
further investigations. The spectroscopic investigations of the cathode
spots and the explosive processes occurring in the cathode flames were
specially investigated by Kesaev. He investigated in detail the effect
found by Shtark in 1903, where the cathode flames in the tangential
magnetic field are not deflected in accordance with Ampere’s law (even
nowadays this effect has no convincing explanation).

The problems raised by Kesaev are solved to a certain extent, but
not completely. The spectroscopic investigations of the cathode flames of
the arc and sparkle discharges were carried out by Gretchikhin together
with colleagues in the middle of the 1960s and it is shown that the
plasma generation in the cathode flames is determined by the presence
of negative ions inside the flames (Gretchikhin, Tyunina, 1967),
(Gretchikhin, Davydov, Minko, Ya, 1968 ), (Gretchikhin, 1974).

The explosive processes investigations in the cathode flames were
carried out by Mesyats with colleagues and it was found that micro explosions
can be generated inside the cathode spots on separated low-sized particles,
called ectons, (Mesyats, 2000), (Mesyats, 1993), (Mesyats, 1995).

During the vacuum plasma technique development, some new
problems appeared, such as: 1 — why there is the presence of the liquid
phase under micro explosions in the cathode spot; 2 — what processes
determine the electron energy distribution, and, consequently, why the
percentage ratio of the ions with a different degree of ionization does not
correspond to Saha equation; 3 — why the cathode flames under the
longitudinal magnetic field application do not deflect in accordance with
Ampere’s law, etc. In this regard, there is a goal to develop the model of
erosion plasma generation which could quite convincingly describe the
character of the plasma generation in the high-current vacuum arc. So,
the following actions should be taken to solve the given tasks:

- to develop the exact model of the micro explosion in the cathode
spot with regard to negative ions generation;

- to study the effect considering the cathode spot heating and liquid
phase generating;

- to find out the processes leading to the electronic component
plasma heating and to prove the percentage ions composition in the
cathode flame in accordance with experimental data; and
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- to find the cause of the reverse motion of the cathode flame in the
longitudinal magnetic field.

Therefore, we consistently considered all the raised issues as
applied to the erosion plasma of the cathode spots.

Negative ions in the explosive processes

Only the external atoms of the separate cathode material cluster are
in contact with surrounding atoms during an explosion in the cathode spot.
Cluster ionization energy is lower than 2 eV (Gretchikhin, 2008), while the
energy of the electron affinity of an atom is slightly lower (Messi, 1979).
Under the melting point, due to the tunnel-effect, the valence electrons of
the surrounding atoms and clusters transverse to the atoms of the
explosive cluster. The cluster is split onto separate free atoms in the
moment of explosion. The built-in dipole electrical moments of the free
atoms in the electric field of the cathode potential drop are lined in the field
so the positive charge is in contact with the cathode material surface. The
energetic scheme of the cluster atom interaction with the cathode surface
is shown in Fig.1. The probability of this is determined by the transparency
ratio of the potential barrier during the tunnel-effect:

na

W=—= exp[—% 2m,(E, — E, )] (1)

a

where d = r, — i, —difference between the atom radius and its covalent
radius; E, — cluster energy ionization of the cathode material; E, — energy
of the electron affinity of an atom; m, — electron mass.

As an example, the following cathode materials can be examined:
iron, titanium, and copper”.

Not all of the cluster atoms of the surface layer are directly in contact
with atoms and clusters of the surroundings. Taking this into
consideration, the general probability of the fact that titanium atoms leave
the cathode spot by means of negative ions is:

_ N, —AN

W Ly 2)

gen.
Ncl.

Here N, — general number of particles in the cluster and AN, -
number of particles of the surface layer which are not in direct contact
with surrounding atoms of the cathode material.

" The choice of these materials is explained by the difference in the crystal structure.
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Figure 1 — Scheme of the negative ions generation in the cluster explosion process:
a) — model of the cluster atoms interaction with the substrate and b) — model of the
electrical charge separation during vapor ejection after a cluster explosion
Puc. 1— Cxema 06pasoBaHus oTpuLaTeNbHbLIX MOHOB B MPOLIECCE B3pbIBa KnacTtepa:
a) — MoJenb B3aMMOoZeNCTBMSA aTOMOB Krnactepa ¢ OCHOBOW U 6) — mogenb pasgeneHnsi
3MIEKTPUYECKMX 3apsAA0B Npu BbIGpoce napa nocne B3pbiBa Knactepa
Slika 1 — Sema obrazovanja negativnih jona tokom procesa eksplozije klastera
a) — model interakcije atoma klastera sa substratom i b) — model separacije naelektrisanja
tokom izbacivanja pare nakon eksplozije klastera

For example, iron clusters have the bcc structure, where there are 9
diatomic molecules, out of which only 4 molecules are in contact with the
cathode material. The cluster radius is r,, = 3.78 A, the cluster ionization

potential - £, =1.46 eV (Gretchikhin, 2008), the negative ion potential —
E,=0.163 eV, and the difference between the atom radius and the
covalent radius is — d =r, —r, =0.455 A. On the basis of these data, the

concentration of negative iron ions in the cathode flame of the vacuum
arc is Wgen, ~ 0.261

Titanium clusters have the fcc close-packed structure, where only 9
from 13 triatomic molecules are directly in contact with the surroundings.
So only these 9 molecules are negative ions, and the cluster radius is rg,

= 4.38 A, the cluster ionization potential - E, =1.53 eV, th e negative ion
potential — £, =0.079 eV and Wge,=0.115.

Copper clusters have the fcc structure, where there are 13 triatomic
molecules, out of which only 8 molecules are in contact with particles
from the surroundings. The cluster radius is r,, = 3.84 A, the cluster

ionization potential - £, =1.633 eV (Gretchikhin, 2008), the negative ion
potential — £, =1.228 eV, and the difference between the atom radius
and the covalent radius — d =r, —r, =0.482 A. On the basis of these

data, the concentration of negative copper ions in the cathode flame of
the vacuum arc is Wyen,~ 0.150
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The passage of discharge current of the cluster length, i.e. its
diameter is:

t=2r,/v=2-r,-.J¢, /c, sec. 3)

Here ry — the minimum radius with a separate emissive cell in the
cathode spot i.e. the cluster radius, ¢ — speed of light in vacuum, and &, -

relative dielectric medium permeability.

The electric polarization theory for metals was developed by
(Gretchikhin, Physics, 2008) and the calculations were made for the
relative permeability for natrium, aluminum, iron and copper, while the
relative dielectric permeability for titanium was calculated separately and

was £~ 3.965-10". On the basis of (3), the passing time of the

electromagnetic wave through the cluster is 7 - 1.085-10™"" sec for iron,
7 = 1.84-10"" sec for titanium and 7 = 5.51-10™"" sec for copper.

This time is necessary for the cluster to absorb discharged current
energy. Since the process time is ~ (1+5)-10"" sec, the cluster
destruction process has an explosive behavior. The pressure, emerging
at the cluster explosion moment, can be calculated by the formula:

N k.T (4)

max. (2_7/01.)3 B* boil. "

Here N, — number of cluster particles multiplied by the number of
atoms in the particle. Considering the overall atoms number in the
cluster, the pressure at the cluster explosion inside the cathode spot is
1.82-10° Pa for iron, 1.98-10° Pa for titanium and 3.35-10° Pa for copper.
Such pressure values can occur during the explosive blast (Gretchikhin,
Rubleva, 2006), (Litvinskiy, 2006).

During the cluster explosion, a number of negatively charged
particles are emitted from the cathode spot®. In this case, the electric
current density of the charge separation during the flame discharge in the
cluster explosion with double electrical layer generation is:

. Nchgene (5)
=Yy ,
Jk v, Ja

where V. — the cluster volume and v, - the flame emission rate from the
cathode spot and it is determined by using the point explosion model.

2 The attention was paid to this effect in the late 19th and at the beginning of 20th century
(Kesaev, 1968).
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The shock wave rate in solids for the point explosion is determined
by the formula (Korobeinikov V. P., Melnikova N.S., Ryazanov E.V. 1961)
and (Kostenboim X.S. 1974)

2 E 1/2 1
Vohw. = g( . j 372 0 (6)

’
apc rcl.

where o’ =0.851, E; - energy emitted in the cluster during the current
discharge flow and p. — the cathode material density.
The energy emitted in the cluster is:

rd;

W, =L, 7.4, (7)
where L., — the Poynting vector, dx — the cathode spot size and 7 - the
electromagnetic wave passage time through the cathode material cluster.

On the basis of the cathode spot “autographs”, it is shown in this
work (Kesaev |I.G. 1968) that the cathode spot diameter is increased due
to arc current and film thickness. When the arc current and films
thickness are quite small, the ratio of the discharge current to the
“autograph” width is sufficiently small, and it is stabilized with a current
and film thickness increase. When the arc current and films thickness are
high, the ratio of the discharge current to the “autograph” width increases
quickly. In the first case, not all the discharge current power is used for
the film evaporation, while under the high currents and film thicknesses
the spot size significantly enlargers due to “autographs” edges melting.
Taking this into consideration, the probable “autograph” size of the

separate copper cathode spot is (1+2)-10~ m (the average value for
further evaluations is d, =1.5-10"m?®).

The cathode spot is only influenced by the arc discharge current, so
the average current density is - J, =41/ zd; .

In this case, the Poynting vector is defined by the Joule law

Lmax = JkUk’ (8)

where U, — a near-cathodic potential drop. The average values of the
near-cathodic potential drop are listed here (Kesaev, 1968) and it is quite

% Since the magnetic pressure of the current discharge is equal to the gas-kinetic pressure in
the cathode flame, then the pressure in the cathode flame at this spot diameter ~ 9.0-10° Pa.
Such a quick pressure drop in the cathode flame while exiting the cathode spot is caused by
the discharge-like “vacuum expansion”.

675

Grethchikin, L., et al, Double electrical layer in the cathode spot , pp. 670-689



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

convincingly shown that this potential drop coincides with first atoms
ionization potential of the cathode materials for most metals.

As a result, the flame discharge rate of the cathode flame can be
calculated by means of the point explosion model and it is 4324 m/s for iron,
4652 m/s for titanium and 7820 m/s for the copper cathode. During cathode
processes modeling of the pulsed discharge by laser, the flame discharge
rate at some distance from the surface turned out to be 3900 m/s
(Gretchikhin, Minko, 1967), while in the vacuum arc — 12.5 km/s under an
arc current of 115 A (Kesaev, 1968). The flame discharge rate was 8.8 km/s
for the iron cathode under an arc current of 142 A (Kesaev, 1968), while
these investigations were not carried out for the titanium cathode. 1968).
The found values are quite reliable and they can be used in further
calculations. Then the current density, caused by the negative ions
discharge from the cathode spots is ~ 4.6-10"2 A/m? for the titanium cathode
spot, ~ 1.37-10" A/m? for iron and ~ 1.3-10" A/m? for copper. Exactly the
same current densities were experimentally found during the ecton
explosion (cluster) (Mesyats, 2000), (Mesyats, 1993) and (Mesyats, 1995).

The energy to be transferred to the cluster to disintegrate it into
separate atoms is:

mcl.

AQ =
U

A]{boil ' (9)

where m_, - the cluster mass, u - the cathode material molar mass AH, ;, -

the sublimation heat. This energy is 1.75 eV for the iron cluster, 3.46 eV for the
titanium one and 1.92 eV for the copper one. Using these values of energy, it
is possible to determine the maximum current density which leads to the
complete cluster disintegration into separate atoms by the formula:

a0 (10)
UkSka

]max. =

Here U,,S, and 7, - the cathode potential drop, the cluster area and

the passage time of the cluster length by the discharge current, respectively.
The near-cathodic potential drops are listed here (Kesaev, 1968) and
(Kolesnik, Kolesnik, 2009), while the cluster radius values are given in
(Gretchikhin, 2008). The passage time is determined by the rate of the
electromagnetic waves in the cathode material and is equal to

T, = 2’21‘\/5 /¢ (& - relative dielectric permeability of the cathode material
and c- the speed of light). The limit current density leading to the complete
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cluster destruction is respectively 1.4-10° A/m? for the iron cluster, 2.3-10°
A/m? for titanium and 4.7-108 A/m? for copper. Therefore, the current density
emerging during the cathode cluster explosion in the vacuum arc is
significantly higher than the current density of complete cluster destruction.
The average current density on the cathode spot is about ~ 10" A/m? when
the discharge current is 100 A. The clusters of almost all cathode materials
explode and disintegrate into separate atoms under this current density and
they are discharged as a vapor-gas phase from the cathode spot.

The electric current is generated by every cluster explosion —
I, = j,S,, and the number of clusters to be exploded simultaneously in

the cathode spotis — n, =1/1, =1/ j,S, . When the current discharge is
100 A, the total number of clusters is n, =2.86:10" for the titanium
cathode, n, = 1.63-10" for iron and n, =1.32-10" for copper. When the
cathode spot diameter is 10° m, the total number of clusters is M=

1.3:10° for the titanium cathode, n,, = 1.75:10° for iron and n, =

1.7-10® for copper. It should be no more than 5 erosion cells for the
titanium cathode, no more than 10 for the iron cathode and no more than
12 for the copper cathode under a current discharge of 100 A (Kolesnik,
Kolesnik, 2009). It was found that the number of erosion cells in the
cathode spot was within 4-12, depending on the discharge conditions.
This is confirmed by estimations on the basis of negative ions emission.

The electric current is generated by every exploded cluster, and all
these currents produce the emission cell with public electric current
which is equal to the current discharge to that fact. Owing to this, parallel
currents are integrated by the Ampere force, and this effect is called
current discharge pinching.

During the clusters explosion, the electric current is conducted by
negative ions, but not free electrons. The magnitude of the pulse current
during every separate cluster explosion corresponds to experimental
data, found by (Mesyats, 2000), (Mesyats, 1993) and (Mesyats, 1995).

The negative ions ionization takes place during flame discharging. Free
electrons can be generated and they try to neutralize the positive charge on
the cathode spot surface. The reverse electric current can be generated and
its value is several times higher than the main discharge current.

The enormous reverse current is caused by the free electron flow
and this flow is spread all over the whole cathode spot area. Having
passed the near-cathodic potential drop, these electrons penetrate into
the skin depth and transform this layer into a liquid film.
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Liquid phase generation in the cathode spot

During a cluster explosion, the explosive emission of the negative
charge from the cathode is defined by the electric current conducted not
by free electrons, but by negative ions. At the same time, the positive
charge is by the negative charge flame, and the double electrical layer is
formed. The negative ions disintegration in the vacuum arc electric
discharges takes place owing to the following reactions:

A +B < AB+e;

A +es A+ 2e.

Both reactions (11) occurred in the vapor-gas phase. Based on the first
reaction, the concentration of generated free electrons per unit time is equal to:

dn _,
d; =kmnn, =k W, (1- Wgen_)nj . (12)

Here k; — the constant of the first direct reaction (11). The activation
energy of the fist reaction (11) is determined by the empiric formula
(Benson S., 1962).

E,=0,29D-222 KJ/mole, (13)

(11)

where D — the dissociation energy of the formed diatomic molecule (AB).
The dissociation energy is 1.2 eV for Tiy, and — 2.05 eV for Cu, (Radtsig,
Smirnov, 1980). So the activation energy is 11.38 kJ/mole for titanium,
and 35.16 kJ/mole for copper. The constant of the direct chemical
reaction (Benson S., 1962) is:

1/2
2k, T E
k, =2, +7,)} —2—| exp|l——%|. (14)
‘ u k,T
here r. and r, — the covalent radii of the interacting particles,
U = MMy the reduced mass and m,, m, — the interacting particles
m, +m,

masses. So the constant of the first chemical reaction (11) under the
boiling temperature is 3.245:10"® m®sec for titanium, and 6.283-10™"
m°/sec for copper.

The mass loss from the solid surface in the presence of negatively
charged particles in the flow should be considered as a charged
continuum flow with a double electrical layer creation. In this case, the
mean free path of every negative ion in the flow must be significantly
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smaller than the distance, i.e. the negative ions to be removed without
the collision in the double electrical layer. So

2
m,vy

2el

e

[ <<l, = (15)

N
Here m, — the particle mass in the cathode flame, E, :S;"e -
k€0

the electric field strength of the charged cathode spot surface Sy and ¢, =
8.854-10"? F/m — dielectric vacuum permeability.

There are the electric field intensity values in the double electric
layer and its layer size in Table 1.

Table 1 — Main parameters of the double electrical layer

Tabnuua 1 — OcHoBHbIe NapamMeTpbl ABONHOMO 3MEKTPUYECKOro Cros
Tabela 1 — Nominalni parametri dvostrukog elektricnog sloja

Parameters
Uxk, Ee, Vs, A, Co, Pe, lo, Tp,
ﬁ%t{‘e"r?j \Y V/m | m/sec m J/kg-K V-:m mm K
iron 11.8 | 481 | 4324 [2.35-10™ 975 8.6:10° | 11.2 2650

titanium 6.8 | 459 | 4652 |3.55-10" 684 4.210" | 11.7 2270
copper 11.3 ] 1060 | 7820 [4.84-10" | 451/513 | 1.6:10° | 19.5 2070

The mean free path in the discharge chamber is:
4r,
\/ENCIW .

where P¢ — the cathode flame pressure and r, — the radius of particles of
the cathode flame (atoms for titanium and copper). The mean free path in
the cathode flame is 2.76-107'° m for titanium atoms, 2.28-10"° m for iron
and 1.86-10" m for copper, while the distance, the negative ions to be
removed from the cathode spot surface, is 5.5 mm, 11 mm and 12 mm for
iron, titanium, and copper, respectively. The condition (15) is satisfied, so
the cathode flame should be considered as a charged continuum flow. In
such a flow, the negative ion range distance from the cathode spot surface
is determined not only by the slowing down of the charged particles in the
electric field of the double layer, but also by their ionization due to the
reaction (11). Then the free electrons concentration along the axis X at the
distance x in the layer dx is defined from the chemical reactions and
slowing down in the double electrical layer in the following way:
dx

dl’le:kfl’lal’li_T. (17)

maVO

[ = (16)

Vo — x
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The solution of the differential equation in terms of the boundary
condition offers the following approximate dependence for the first and
second reaction (11) to occur in the flame

n,(x)=n,,+ 2kﬁ1nagrad(ni_)%x;
‘ (18)
n,(x)=n,, +2k, ,n,grad(n;) Mooy,
’ o ek

e

where n. o — the initial free electrons concentration to be determined by
the boiling temperature using the Saha equation.

The first reaction (11) takes place at the beginning and the high-
energy ions are generated. After their appearance, the negative ions
ionization by an electron impact is stimulated with the decreasing of the
quick energy of exciting and forming electrons. Thus, free electrons are
generated at the distance of A/~ 102 m from the cathode spot surface in
accordance with reaction (11). Free electrons under the influence of the
positively charged cathode spot surface are directed to the cathode,
generating a reverse electric current which is equal to:

I=en, v,S,. (19)

ex e

where v, - the drift electron velocity in the cathode flame plasma.

The following equality is true under stationary conditions on the
basis of the charge conservation law

VS p =N, v,S; . (20)

On the basis of (20), the reverse electric current is equal to the
electric current to be generated during a cluster explosion, i.e. to the
electric charge separation current with creating a double electrical layer.
The difference is that the charge separation current lasts during the
clusters explosion, while the reverse current lasts during the creation of
the double electrical layer. The direct current is determined by the
complex exploded cluster, while the reverse current — by the whole
cathode spot surface. As a result, the reverse current density is an order
of magnitude lower than the charge separation current.

The complete ionization of negative ions takes place at the distance
of the full ions slowing down and in fact the reverse current stops. In this
moment, the cathode spot stops its functioning at the given place and the
cathode spot is generated alio loco. The cathode spot duration is 2.6-10°
sec without dependence on the cathode material and it turns out to be
the cathode spot lifetime. If the breakdown of the near-cathodic space
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takes place inside the cathode space, then the cathode spot lifetime
increases. This fact was experimentally proved and the most probable
value was in a great agreement with data listed here (Kesaev, 1968).

Since the reverse current is transferred by electrons, they can penetrate
to the skin depth (A). The specific skin layer values for some materials are
listed in Table 1. The temperature of the skin layer to be heated, is:

JeUlo

T, =T,+ :
7Y ApCLy,

(21)

The results of the temperature evaluations and the skin layer to be
heated in the cathode layer are listed in Table 1. The surface layer
heating in the cathode spot for all the metals is not higher than the boiling
temperature and is slightly higher than the melting point.

The cathode spot temperature measured experimentally by an optical
pyrometer under different discharge conditions was in the range of 1300 —
2300 K, and 2300 — 3700 K for the copper arc. The temperature evaluations
listed in Table 1 are in good agreement with experimental data and are
within the melting point and the boiling temperature.

Electronic component temperature
in the cathode flame

As a result of the first reaction of (11), the electrons are in the
surroundings with average energy, which is equal to the difference between
the diatomic molecule dissociation energy and the affinity energy:

E =D-6". (22)
E =12-0.163=1.037 eV for iron, E,=12-0.079=1.121 eV for

titanium and E,=2.05-1.228=0.822 eV for copper. Such average

energy of the generated electrons is enough for titanium and copper to
effectively ionize by the electron impact the remaining negative ions in
accordance with the second reaction (11). These free electrons during
negative ions ionization generate a cloud of free electrons with an
average energy of (Gretchikhin, Kudryashov, 1970)

6. =0,556" eV. (23)

For example, in the cathode flame, consisting of iron vapor, where
the continuous negative ions disintegration due to the electron impact
takes place, the average electrons energy in plasma is 0.09 eV, and it
corresponds to the electron gas temperature T,, = 1040 K; , the average
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electrons energy for the titanium vapor is 0.0435 eV, so the electron gas
temperature is T., ~ 505 K; while for the negative copper ions it is ~
0.452 eV with an average-effective temperature of T., ~ 5243 K. So, for
the vacuum arc discharge plasma in iron and titanium vapor, the electron
gas energy is primarily defined by the first reaction of (11) and the values
are 0.570 and 0.616 eV, while the temperatures are ~ 6620 and 7152 K,
respectively. For the arc discharge copper plasma, in the first reaction
the electrons are generated into plasma with 0.452 eV, while in the
second reaction, with 0.675 eV. The second reaction of (11) leads to a
quick electron gas temperature drop in the titanium atmosphere, just on
the contrary to the copper atmosphere. So, the electron subsystem in the
vapor-gas phase of iron, titanium and copper in the cathode flame has an
expressed two-humped energies distribution.

Every electron generated after the first reaction (11) excites the following
number of direct negative ions by means of the second reaction of (11):

1 E 7
=L E.T)dE . 24
=33 Ejf( D (24)

where E; — the average energy of the generated electrons owing to the
first reaction of (11) and E, — owing to the second reaction of (11). The
factor 3.5 is determined by the maximum ionization cross-section during
the electron impact. (Physical magnitudes: Handbook, 1991)

The final distribution of the generated electrons due to negative ions
ionization:

[/,(E,T)+ f,(E,T,)E

oo

[[A(E. 1)+ £,(E.T,)ldE

S(E)dE = (25)

In copper vapors, the electron gas temperature corresponds mainly to
the second reaction of (11). Bearing in mind that there is the electron
subsystem in the thermodynamic equilibrium, the average temperature of
the vacuum discharge electron component in the copper vapors is ~ 7830 K.
The average electron flame temperature was calculated near the surface by
modeling the energy fluxes to occur in the cathode spot of the vacuum arc
by means of laser, carried out by (Gretchikhin, Minko, Ya, 1967), and it was
7900 K. This coincidence was quite convincing within measurement errors.

So the electron component temperature is defined by the negative
ions ionization processes. When the flame leaves the cathode surface
drop, it has the temperature which is equal to the cathode material boiling
temperature. And the electron flame temperature increases when the
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distance from the cathode surface increases too. This was experimentally
found here (Gretchikhin, Tyunina, 1967), (Gretchikhin, Davydov, Minko,
Ya, 1968), (Gretchikhin, Minko, Ya, 1968), (Gretchikhin, 1974).

The following fact was found experimentally in these studies
(Gretchikhin, Tyunina, 1967), (Gretchikhin, Davydov, Minko, Ya, 1968),
(Gretchikhin, Minko, Ya, 1968), (Gretchikhin, 1974). High-power
continuous radiation can appear near the cathode surface, but the spectral
lines and bands radiation of atoms and molecules are absent. So the flame
emission near the cathode surface corresponds to the condensed media,
i.e. in this case it is a liquid phase. The separation between the vapor-gas
and the liquid phase takes place as the distance from the cathode surface
increases. The temperature quickly increases in the vapor-gas phase and
atoms and molecules radiation takes place, while the liquid phase radiation
disappears due to its cooling under the dispersion.

The electrons are directed onto the cathode as the negative ions
disintegration and they neutralize the induced positive charge, spread all over
the cathode spot. The positive ions from the discharge gap cannot reach the
cathode surface, since they are neutralized during the impact with the
cathode flame. The current from the discharge onto the cathode stops and
so the near-cathodic area breakdown takes place in the other place and this
is determined by the fact that the opposite currents are mutually repelled.

If we assume that there is vacuum arc discharge plasma in the
thermodynamic equilibrium, the ion plasma composition in the cathode
flames vapor inside the discharge gap can be defined by the Saha equation:

, ,27Z, &, —E&
nl+lne — C i+1 exp _ Tt i , (26)
n, Z. k,T
, 2 T 332
where C :M =2,415-10"'7%? — the dimensional constant;

Z.1, Zi — the statistical partition function; ¢,,,,&, - the energy of state j+1

and J the degree of ionization of plasma particles, k, — the Boltzmann
constant, T — the corpuscular heated vapor temperature, m, — the
electron mass and h — the Planck constant.

Table 2 — lons per cent of different degree of ionization

Tabnuya 2 — NpoueHT NOHOB pa3HOW KPaTHOCTU MOHM3aLUN
Tabela 2 — Procenat jona razli¢itog stepena jonizacije

Element Uk, lons fraction, %
V | Il 1]
Ti 6.8 27/27 72/67 1/6
Cu 11.3 30/30 68/54 1.9/15

683

Grethchikin, L., et al, Double electrical layer in the cathode spot , pp. 670-689



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

The direct measurements of the composition by percentage of ions
with different degrees of ionization were carried out in the vacuum arc
discharge at a current of 100 A. (Mrochek, Vershina, lvashchenko, et al,
2004) and (Kolesnik, Kolesnik, 2009) and the results are listed in Table 2
(the lower row). If we make the association with the composition by
percentage of ions with the first degree of ionization, then, in accordance
with the Saha equation, the temperature is ~ 4100 K for the titanium
cathode and 6830 K for the copper cathode. Under these temperatures,
the composition measurements by percentage of ions with consequent
degrees of ionization in the vacuum discharge are listed in Table 2 (the
upper row). The found results of the composition by percentage using the
Saha equation do not obviously correspond to the composition by
percentage obtained by direct measurements. It indicates that the
generated plasma in the vacuum arc discharges is essentially no
equilibrium. There is a difference between the electronic temperature and
the atomic temperature obtained by the Saha equation. The electronic
component in the vacuum arc plasma discharge has the electrons with
different energy, i.e. their generation takes place due to the different
mechanisms on the basis of reactions in (11).

Electric current reverse motion in the cathode
flame under the tangential magnetic field

It was found experimentally by Shtark and then by Keasev in detail,
that the reverse current rate of the cathode spot under the longitudinal
magnetic field depends on:

- cathode material;

- cathode material surface condition;

- arc current;

- oxide film;

- cathode temperature; and

- pressure of reaction discharge gas in the chamber.

The simultaneous explosions of several clusters (emission cells
systems) in the cathode spot leads to the double electrical layer
generation above the cathode spot of a sufficiently great size (/, Table 1).
The electrical current of neutralization of the positive charge on the
cathode spot surface in the double electrical layer is directed oppositely
to the principal discharge current. The Ampere force appears under the
magnetic field superposition along the cathode surface:

F, =7 Bls,. 27)
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Hence, the cathode spot rate of motion is:

2
v, :il_o - _ ly [jé]gk, (28)
m v, myv,

where m, - the cluster mass.

Let it be examined in what way the above-mentioned changing
parameters have the influence on the cathode spot velocity of reverse
travel under the longitudinal magnetic field.

The material cathode dependence is directly proportional to the
dependence on the squared double electrical layer width and inversely
proportional to the dependence on the cluster mass and flame rate of
motion for different materials. The titanium cathode spot rate of motion is 5.8
times higher than the one for iron, while for copper it is 7.2 times higher.

The dependence on the surface condition (i.e. roughness) occurs
when the cathode spot fails and recovers in another area, but the
transition from one hill to another with a roughness increase cannot take
place and the cathode spot motion stops.

The cathode spot rate of motion increases directly proportionally to
the arc current under constant other parameters.

The oxide film on the cathode material prevents the near-cathodic
space breakdown and it can lead to the quick cathode spot motion stop.

The cathode temperature increase leads to the thermo emission
current increasing, which reduces the reverse electron neutralization
current of the double electrical layer. Therefore, it decreases the Ampere
force and, consequently, the cathode flame rate of reverse motion.

The increase of the pressure of reaction discharge gas in the
chamber leads to the increase of the positive ions concentration in the
discharge gap. The cathode flame is bombarded by positive ions, the
negative ions concentration is decreased and, consequently, free
electrons concentration during the negative ions ionization is decreased,
too. The reverse electric current is reduced and the cathode spot rate of
reverse motion is decreased.

Conclusion

Therefore, the investigations of the vacuum arc discharge with the cold
cathode allowed finding out a new phenomenon. During the generation of a
defined complex clusters explosion in the cathode spot, a fraction of certain
atoms is as negative ions. As a result of this, a double electrical layer is
formed above the cathode spot, and its neutralization leads to reverse
current of free electrons generated owing to the negative ions ionization.
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This phenomenon in the cathode spots of the arc discharges
allowed finding out the following:

1. The negative charged flame with frequency, defined by the
cathode spot life time discharges from the cathode spot,

2. The double electrical layer is generated above the cathode spot
surface, which is neutralized by the reverse electrical current, generated
by free electrons owing to the negative ions ionization,

3. All the phenomena taking place during the cathode spot motion
under the longitudinal magnetic field are explained by the high-power
reverse neutralization current generation of the double electrical layer.
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Sazetak

U radu se opisuje novootkrivena pojava stvaranja dvostrukog
elektricnog sloja iznad povrSine katodnog spota. Njegova neutralizacija
dovodi do reverzne struje slobodnih elektrona, generisane usled joni-
zacije negativnih jona. Negativno naelektrisan plamen katodnog spota
periodi¢no se stvara i gasi, tako da je duZina postojanja katodnog spo-
ta definisana ovim osciliraju¢im procesom. Reverzno kretanje katod-
nog spota u longitudinalnom magnetnom polju deSava se zahvaljujuci
generisanju reverzne struje neutralizacije velike snage dvostrukog
elektricnog sloja pomocu elektrona koji nastaju tokom jonizacije nega-
tivnih jona u plamenu katode.

Kljuéne redi: elektricno prazZnjenje, katodni spot, plamen katode,
negativni joni, dvostruki elektri¢ni sloj.
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Abstract:

The paper presents the research into the causes of increased
heating in bearings and troubleshooting further exploitation of a Short
Break diesel generating set with a power of 450 kVA at Belgrade Airport.
The diesel engine is a type of Short Break, which means that in the event
of an interruption in the electricity supply from the city network, there is a
certain interruption of about 40 seconds until diesel generators start to
supply electricity to the equipment and systems at Belgrade Airport. The
main function of the diesel engine is to serve as a backup source power
supply for devices and systems in case of limited visibility (lighting around
the runway and many other devices and systems).

Key words: diesel generating set, elevated warming in bearings,
measurement and analysis of vibration, vibration levels, vibrodiagnostics,
vibration parameters, technical correctness of diesel generators .

Introduction

The paper presents research into the causes of increased warming of
bearings as well as the solution for continuing the exploitation of a 450 kVA
Short Break diesel generating set at Belgrade Airport.
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This diesel engine is of a Short Break type, which means that in the
event of an interruption in the electricity supply from the mains, there is
some interruption of 40 seconds until powering devices and systems start
using diesel generators.

The main function of the diesel generator is to serve as a backup
power supply for devices and systems in conditions of limited visibility at
Belgrade Airport (lighting around the runway and many other devices and
systems), in order to increase air traffic safety.

Description of the unit and the measuring points
on the 450 kVA Short-Break diesel-electro
generating set

A Short-Break generating set is presented in Fig.1 (Technical
documentation for Short Break generating sets, 1974). The diesel generator
elements were mounted on a frame, i.e. a chassis of the electric generator:
a diesel engine and a flywheel connected with a diesel engine by means of
an MBM 500 electromagnetic coupling (see Fig. 2) of the German
manufacturer Stromag (Technical documentation for electromagnetic
couplings, Stromag, 1973), (Flender Betriebsanleitung BA 3100 DE 07.03
fur Hochealastiche Kupplung, Bocholt, Deutschland, 2003).

The generator and the electric motor are connected to the generator
flywheel with rubber flexible couplings, the German manufacturer Vulkan
(Technical documentation for flexible couplings, Vulkan, 1973).

The electromotor drives the generator through the belt transmission.
In case of deterioration of visibility conditions for aircraft landing at
Belgrade Airport, staff on duty put the power generator into operation,
even if there is no interruption in the electricity supply from the city power
grid. This is a security measure for safe air traffic.

The electric motor drives the generator and the generator flywheel.
Power devices and systems continue to be supplied from the city power
grid. In the event of power interruption from the city grid, the diesel engine
is immediately put into operation over an electromagnetic coupling and it
provides further functioning of the power set. In this case, all the devices
and systems are supplied with electricity from the generator unit.

The diesel generating set is from the German production company
MWM - Germany Motoren Werke Mannheim, (Technical documentation
for diesel engines, MWM, 1973).

During the work of the diesel engine, the problem of increased
warming of flywheel bearings occurred, endangering the further
exploitation of the generating sets.

Many of these phenomena can be detected with a vibrodiagnostic
analysis of the unit.

Zegarac, N., Research into the causes of overheating of bearings and solving the problem of further operation of a 450 kva short break diesel-generating set at Belgrade Airport , pp. 690-704
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Figure 1 — Schematic presentation of the unit and the measuring points on the 450 kVA
Short-Break diesel-electric generator
Puc. 1 — CxemMa aneKTpOoCTaHUUM 1 pacnosioXeHne n3aMepuTernbHbIX TOYEK Ha AN3eNTbHON
anekTpocTaHuum Tuna Short-Break, ¢ mowHocTbio 450 KBA
Slika 1 — Sema postrojenja i merna mesta na dizel-elektroagregatu tipa Short-Break,
snage 450 kVA
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Figure 2 — Electromagnetic coupling of the German manufacturer Stromag, MBM 500 type
Puc. 2 — QnekTpomarHuTHasi MydTa HemeLkoro npomssoautenst Stromag, MBM 500 type
Slika 2 — Elektromagnetna spojnica nemackog proizvodac¢a Stromag tip MBM 500
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Description of the measuring equipment,
measurement points and recorded values

This document is a detailed plan for vibrodiagnostic measurements
and a subsequent analysis. We performed the measurements in the
mode of the electric motor drive and in the diesel engine drive mode
(Zegarac, 2010).

The description of the measuring chain:

- dual channel portable vibration analyzer MOVIPACK, Premium,
French manufacturer, 01 dB (Figure 1),

- piezoelectric accelerometers with integrated electronics (ICP):
ASH201, French manufacturer ,01 dB, and SA6200, US manufacturer
Metrix,

- for recording generator speed: Movipack contactless integrated
laser speed sensor,

- for measuring bearing temperatures: Movipack integrated non-
contact laser pyrometer,

- for the post-processing of the results: Vibrograph Premium
software, French manufacturer 01 dB.

The vibrations were measured on all seven bearings in all three
coordinate directions. The vibration measurements included recording of
the following values:

1. First RMS value of vibration velocity expressed in mm / s. Taking
such defined summary vibrations is prescribed by reference standard
ISO 10816, which also prescribes the limits of permissible vibration levels
for a given machine (Li¢en, 2003). RMS- Root Mean Square - value.

2. Kurtosis second factor: the scalar factor that directly shows the
degree of damage to rolling bearings, defined in such a way that its value
does not depend on the speed and load of a machine.

3. Time display of vibrations (frequency range up to 10 kHz, 16,383
points).

4. Frequency display of vibrations (frequency domain to 1 kHz,
3,200 frequency lines) as follows:

- The FFT frequency spectrum with amplitudes expressed by the
RMS value of vibration velocity in mm / s.

- On the bearings, the cross-spectra of vibrations were recorded in
two orthogonal radial directions.

- In the adjoining bearings, the cross-spectra of axial vibrations were
recorded.

5. Measurement of the generator speed.

6. Temperature of the generator bearing housing.

Zegarac, N., Research into the causes of overheating of bearings and solving the problem of further operation of a 450 kva short break diesel-generating set at Belgrade Airport , pp. 690-704
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VIBRATION SEVERITY PER ISO 10816

Class |l
medium
machines

Class IV
large soft
foundation

Class Ill
large rigid
foundation

Class |
small
machines

Machine

infs | mm/s

0.01/ 0.28
0.02| 0.45
0.03/ 0.71
0.04| 1.12
0.07] 1.80
0.11] 2.80 satisfg
0.18] 4.50 :
0.28| 7.10 unsati
0.44| 11.2
0.70| 18.0
0.71| 28.0
1.10| 45.0

Figure 3 — Recommendations for vibrations according to ISO 10816
Puc. 3 — BubpaumoHHoe cocTosiHMe cornacHo ctaHgapty ISO 10816
Slika 3 — Preporuke za vibracije po standardu ISO 10816

Vibration Velocity Vrms

Results of the measurements
and their analysis

Figures 1-4 give the graphical presentations of the frequency
spectra of the recorded vibrations as well as their analysis in the
directions x, y and z, for the L1 bearing- electromagnetic coupling, for the
L2 bearing — the flywheel side to the diesel engine, for the L3- bearing
the flywheel side to the generator.

Because of this work extensiveness, the otherv results of the
vibration measurements will be displayed only in tables (Zegarac, 2010).
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Figure 4 — Frequency spectrum of the recorded vibrations and their analysis
for the L1 bearing
Puc. 4 — CnekTp 3aMepeHHbIX BUbpaumii n aHanva sBubpauuin nogwmnHuka L1
Slika 4 — Frekventni spektar snimljenih vibracija i njihova analiza za lezaj L1
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Figure 5 — Frequency spectrum of the recorded vibrations and their analysis
for the L2 bearing
Puc. 5 — CnekTp 3aMepeHHbIx BUOpaLMin 1 aHanu3 Bubpauuii nogwmnHuka L2
Slika 5 — Frekventni spektar snimljenih vibracija i njihova analiza za lezaj L2
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Figure 6 — Frequency spectrum of the recorded vibrations and their analysis
of the L3 bearing
Puc. 6 — CnekTp 3aMepeHHbIX BUOpaLmin 1 aHanu3 Bubpauumii nogwmnHuka L3
Slika 6 — Frekventni spektar snimljenih vibracija i njihova analiza za lezaj L3
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Table 1 presents the results of the measurements of the vibration
scalar values:

Tabela 1 — Results of the measurements of the scalar values of vibrations
Tabnuya 1 — Pe3ynbTaTbl U3MEPEHUiA CKansipHbIX BENUYNH BUGpaLmm
Tabela 1 — Prikazi rezultata merenja skalarnih veli€ina vibracija

Horizontal x Vertical y Axial z Assessment|Bearing condition| Temperature
RMS | Kurt | RMS | Kurt | RMS | Kurt by ISO °C
mm/s mm/s mm/s 10816

L1]| 234 | 296 | 3.84 | 2.94| 2.22 | 3.19 | Acceptable Satisfactory 56

L2| 0.743 | 3.11 | 1.02 | 3.21|0.772 | 3.08 Good Satisfactory 79

L3 | 0.996 | 2.98|0.974| 3.36 | 0.782 | 7.57 Good Satisfactory 76

L4 | 0.659 | 3.03|0.688|3.11| 1.3 | 3.05 Good Satisfactory -

L5| 0.709 | 344 | 2.3 | 2.85| 1.85 | 2.96 Good Satisfactory -

L6 | 1.58 | 3.17 | 2.83 | 2.88| 3.53 | 4.09 | Acceptable Satisfactory -

L7 | 1.51 | 3.11| 2.08 | 3.04 | 4.73 | 3.56 | Acceptable Satisfactory -

According to ISO standard 10816-3, the test of this machine belongs to
class 4, with the following levels and areas of tolerance limits of vibrations:

<2.8 mm/s — GOOD

<7.1 mm /s — acceptable

<18 mm /s — ONLY ACCEPTABLE

>18 mm / s — unauthorized

In the same way, the measurements were performed in the mode of
the diesel engine drive.

Conclusion

Based on the summary levels of vibrations in accordance with 1ISO
standard 10816, the condition of this machine can be assessed as
satisfactory.

The vibrations on the bearings in the diesel engine drive mode did
not significantly change. However, the temperature of the L2 bearing on
the flywheel on the diesel engine side significantly increased to 96 °C
and the L3 bearing had a temperature of 80 °C, which was a sign that the
problem was in the generator flywheel bearings.

The permissible L2 bearing temperature, according to the technical
documentation for the generator in the diesel engine drive mode, is 85 °
C (Technical documentation for Short Break generating sets, German
company MWM, 1974).
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Troubleshooting further operation
of diesel-generator sets

It was concluded that the further exploitation of the generating set
would be very risky. It was obvious that the main problem was in the
bearings of the generating set flywheel. The next step was to open both
flywheel bearing housings to visually inspect the bearings. It was noticed
that both bearings had changed their colour. The outer and inner rings of
both bearings had changed their colour into dark or black, as a result of
bearing elevated temperatures. These bearings are self aligning
(Germany Pendelrollenlager), spherical rollers, in double rows, with a
brass cage for better heat dissipation (Hauptkatalog SKF Gruppe-
Pendelrolenlager, pp.695-777, Sweeden, 2007).

Heat effects and color changes were more pronounced in the bearing
on the side of the diesel engine, because it suffers greater impact dynamic
loading when the diesel engine is switched into operation.

The user of the generating set had already thought of disassembling
the elements, the electromagnetic coupling and the generator flywheel
and of replacing the bearings in the coupling as well as the bearings on
the flywheel and of replacing the flexible coupling (rubber elements)
between the flywheel and the generator of the generating set, since it
had not been done since 1974, when the unit was put into operation.

However, the main problem was related to the dismantling of the
generating set elements. The problem was the height of the aggregate
hall, which was only 2.9 meters. The hall was not equipped with a crane
hoist. The user was trying to devise a system of lifting the elements using
some scaffolding which were very heavy and could not be entered into
the aggregate hall through the front door.

To solve the problem, the author of this paper came up with the idea
to construct scaffolding for dismantling assemblies.

The system for dismantling the parts of generators is shown in
Figure 7 (Zegarac, 2009).

The system consisted of a handheld device for lifting that is set in
place, position (1) in the figure, and three-pronged scaffolding.

Each leg of the scaffolding consisted of two pipes, position (3), that
could be pulled in and pulled out, (telescopic system) thus providing the
required height for lifting assemblies. At the top of the scaffolding, the
telescopic tubes were fastened to the star element, position (4).

After the determination of the required height for lifting assemblies,
the pipes were fixed with cross pins, position (2). In order to avoid
slipping of the pipes on the concrete floor, holes were drilled in the floor
of the aggregate hall and equipped with metal profiles, position (5), & 10
mm in diameter. One part of the metal profile enters the concrete floor
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and the other part goes into the metal pipe. In this way, the pipes were
prevented from slipping on the concrete floor during lifting.

The assemblies were lifted using a hoist tied to a metal ring on the
top of the scaffolding where three pipes were connected. The mass of
the generator flywheel is 900 kg.

When the generator flywheel was lifted to a certain height, it was
rotated for 90° and lowered onto the unit chassis. After that, the
electromagnetic coupling, weighing 600 kg, was dismantled.

Both bearings on the flywheel were replaced as well as the bearings
in the electromagnetic coupling.

Slight traces of wear and tear were noticed on the internal and
external rings of both bearings.

The thermal effect of overheating was very pronounced. The good
thing was that the cages were made of brass, so they had better
properties of heat dissipation and cooling. If the cages had been made of
steel, accidents cannot have been avoided.

We had such an experience with the aggregate at Airport Tivat in
Montenegro (Zegarac, Licen, Zuber, 2000).

Figure 7 — The system for dismantling the power unit assembly
Puc. 7 — N3o6paxeHne cuctembl Ans pasbopku ysna arperata
Slika 7 — Prikaz sistema za demontazu sklopova agregata

700




What was a problem with these bearings?

Flywheel bearings are lubricated with grease of certain gradation.
On bearing housings, there is a system to extract excess grease by
pistons and rods built in bearing housings. It often happens that the staff
in charge, as soon as they hear some sound in the bearing, immediately
lubricate it. They do not have enough knowledge in this field. It is
important to know that, if a bearing is soaked in grease, it warms up, and,
if there is not enough grease, friction occurs.

Different types of bearing grease were used, of various basic types
and gradations. When the bearing is lubricated with some other grease
type, chemical disintegration occurs and the lubricant properties are lost.
Users need to know that oils and grease from different manufacturers
should never be mixed, even when they have the same gradation. Each
manufacturer of oil and grease adds its own additives that are different
from those of other manufacturers.

The generator was moved back so that the rubber flexible coupling,
Vulkan type, could be replaced. The flexible coupling consists of two
plate-shape parts.

This flexible coupling had never been changed. It is known that
rubber products are subject to aging and should be changed every 4
years, which was not the case here.

After the replacement, the elements were assembled and centered.
The aggregate was again put into operation and tested in the electric motor
drive mode and the diesel engine drive mode at maximum power. Vibrations
and bearing temperatures were measured in the same places. The
vibrations of the system were considerably lower than before replacing the
bearings and other parts of the aggregate. The temperature of the bearing
on the generator flywheel on the side to the diesel engine was 85°C, and
that of the flywheel bearing on the generator side was 76° C. The values of
vibration and temperature parameters matched the performance standards
prescribed by the generator technical documentation.

In this way, the problem of research into the causes of elevated
temperatures of generator bearings was successfully solved as well as the
problem of further exploitation of the generator (Zegarac, LiCen, Zuber, 1999).

Conclusion

This paper presents a very useful example of research into the
causes of increased warming of bearings and of the troubleshooting for
further exploitation of the diesel generating set of Short-Break type at
Belgrade Airport. Modern vibrodiagnostic methods were used for
determining the technical condition of the unit.
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A very interesting system for lifting and dismantling generator
elements was designed. It is a portable system that is assembled in an
aggregate hall on site.

The main characteristic of this easily-usable system is a possibility of
adjusting the height of lifting and dismantling parts of generators.
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NCCIEQOBAHWE MPUYH NEPEIPEBA NMOAWWMNHNKOB
N PELWEHWE NMPOBJEMbI JANTBHEWLIEWN SKCITYATALNA
ON3ENBHOW SNETPOCTAHLNU TUTMA SHORT BREAK
MOLLHOCTBIO 450 kBA B I'T1 ASPOIMOPT BENMPAL

Hukona 1. XXerapauy,
Cepbckas akagemus nobpetatenen n ydeHblx, benrpaa, Pecnybnvka Cepbus

OBJNACTb: MalLUMHOCTPOEHUNE, NEKTPOTEXHUKA
BWO CTATbW: opurmHanbHasa HayyHas ctatbs
A3bIK CTATbW: aHrnumnckmn

Pe3some:

B daHHoU pabome npedcmasrneHsbl uccriedo8aHus NpuUYUH nepe-
epeesa MnodWUNHUKO8 U pelweHue rpobriemsi danbHelwel 3Kcrniyama-
yuu duzenbHol anekmpocmaHuyuu muna Short Break mowHocmbro
450 kBA e 'T1 Asporiopm Bernepad.
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HusenbHas anekmpocmaHyusi muna Short Break e criydae nepe-
605 anekmpocHabxeHuUs1 om 20podckux cemeli ocmaHemcs 6e3 numa-
Husi 8 meyveHue 40 cekyHO, roka cucmeMHble ycmaHo8Kku Aaporiopma
Benepad He HaYyHym 3apsikambCsi C MOMOWbIO QU3€eslb-2eHEPamopos.

Lu3senb-zeHepamop s85151emcsi pe3ep8HbIM UCMOYHUKOM 371eK-
mponumaxus ycmpolicme u cucmem 8 ycriogusix ogpaHu4eHHou 8udu-
mocmu (oceeuwieHue 831€MHO-N0cadoyHOU Nonockl, PynéExHol Aopox-
Ku u np.).

KntoueBble crioBa: Qu3esibHbIe 3rieKmpocmaHyuu, rnepespes noowiur-
HUKO8, U3MepeHuUe U aHanus subpauul, ypoeeHb subpayutli, subpodu-
asHocmuka, eubpaluoHHbIe fapamempsbl, MEXHUYECKOe COCMOsHUEe
Ou3sernbHbIX 3rIeKmpocmaHyul.

ISTRAZIVANJE UZROKA POVISENOG ZAGREVANJA LEZAJEVA
| RESAVANJE PROBLEMA DALJE EKSPLOATACIJE
DIZEL-ELEKTROAGREGATA TIPA SHORT BREAK,

SNAGE 450 kVA, U JP AERODROM BEOGRAD

Nikola P. Zegarac
Srpska akademija izumitelja i nau¢nika, Beograd, Republika Srbija

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

Rezime

U radu su prikazana istraZivanja uzroka povisenog zagrevanja le-
Zajeva i reSavanje problema dalje eksploatacije dizel-elektroagregata
tipa Short Break, snage 450 kVA, u JP Aerodrom Beograd.

Dizel-agregat je tipa Short Break, koji u slu¢aju prekida u napaja-
nju elektricnom energijom iz gradske mrezZe, nakon oko 40 sekundi,
pocinje da napaja uredaje i sisteme na Aerodromu Beograd.

Osnovna funkcija dizel-agregata jeste da sluzi kao rezervni izvor
napajanja uredaja i sistema u uslovima ograni¢ene vidljivosti (rasveta
oko piste i mnogi drugi uredaji i sistemi).

Kljuéne redi: dizel-elektroagregat, poviSeno zagrevanje leZajeva,
merenje i analiza vibracija, nivoi vibracija, vibrodijagnostika, vibracioni
parametri, tehni¢ka ispravnost dizel-agregata.
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Summary:

The paper proposes a hybrid model, FAHP-MABAC. The
fuzzyficated Saaty's scale with the AHP method (FAHP) is used for
defining the weight coefficients of criteria. The MABAC method is
applied in evaluating and ranking the alternatives. This hybrid model is
developed in order to support decision making while selecting locations
for the preparation of laying-up positions (facilities intended for
concealment, protection and maneuvering of military ships).

Key words: location selecton, fuzzy AHP, MABAC.

Introduction

The decision making process is usually followed by a large number
of uncertainties. This is particularly characteristic of combat operations
involving different units and different types of modern military equipment.
Therefore, the development of a decision making model has an important
role in the operational planning process.

This paper presents a hybrid model using the fuzzyficated Saaty’s
scale, the analytic hierarchy process method (FAHP) and the MABAC
(Multi-Attributive Border Approximation area Comparison) method - the
FAHP-MABAC model. Herein are briefly explained the methods used,
with a more detailed elaboration of the fuzzyfication of Saaty’s scale and
the MABAC method. The hybrid FAHP-MABAC model is made in order
to support decision making while choosing the location for the
development of laying-up positions.
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Problem description

During the preparation of combat operations, various kinds of
masking are carried out in order to protect forces and resources from
enemy's surveillance and effects. This term is defined in the literature in
different ways, but essentially it refers to the same or similar activities. The
most general definition is provided in the Military Lexicon (Vojni leksikon,
1981, p.275), where the term masking refers to "a set of measures and
procedures used to conceal the intentions of one’s own forces, movements
and placements of combat and other means and the facilities from the
enemy's surveillance from land, sea, air and cosmic space, achieving a
surprise effect and deceiving the enemy." In other words, by means of
masking, the enemy is misled into erroneous conclusions, decisions and
actions (Milosavljevi¢, 1985, p.129). This is accomplished in several ways-
by hiding, concealment or deception (Rkman, 1984, pp.21-26).

A large number of war experiences speaks in favor of the
importance of including masking in combat operations. In this regard, the
Vietnam War (1954-1975) is extremely impressive. Also, the experience
from the wars in the former Yugoslavia, and especially the NATO
bombing of Yugoslavia in 1999, demonstrated how even small-scale
masking protection techniques in the era of electronic means for
surveillance can result in the reduction or even avoidance of losses.

One of the elements of masking is the development of laying-up
positions. These are "arranged parts of the coast that provide concealment, a
partial degree of protection and quick maneuver of river flotilla forces" (Vojni
leksikon, 1981, p.276), i.e. military ships. In accordance with the general
purpose of masking, the main objective of construction of laying-up positions
is leading the enemy to erroneous conclusions, decisions and actions related
to the deployment of our military ships (Bozanic¢ et al., 2015a).

The literature generally describes a part of criteria that a location of
laying-up positions should meet. However, their precise definition, weight
values and relationships are missing. Therefore, the decisions made on
this problem rely on the knowledge and experience of decision makers
(DM) and their associates. Such a situation represents a field for the
application of multiple criteria methods.

Description of the methods used in the hybrid
FAHP-MABAC model

The described model is based on the knowledge of several decision-
making methods (areas), fuzzy logic, the AHP method (Saaty's scale)
and the MABAC method. Fuzzy logic covers successfully vagueness and
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uncertainty that are often present in decision-supporting models. The
Saaty's scale, which is an indispensable part of the AHP method, shows
good results in the criteria weight coefficients defining, and it is
increasingly applied with other methods (Ertugrul, Karakasoglu, 2009),
(Das, et al.,, 2012), (Beikkhakhian, et al. , 2015), (Zhu, et al., 2015),
(Sara, et al., 2015), (Kazan, et al. 2015), (Knezevi¢, et al., 2015). The
MABAC method provides stable (consistent) solutions and it represents a
reliable tool for rational decision-making (Pamucar, Cirovi¢, 2015).

Fuzzy logic and fuzzy sets

In fuzzy logic, unlike in conventional sets, belonging of one element
to the given set is not precisely defined; the element can be more or less
a part of the set (Pamucar, et al., 2011a, p.594). Therefore, fuzzy logic is
closer to human perception than conventional logic (Pamucar, et al.,
2011a, p.594). This feature allows fuzzy logic to quantify the information
which, in classic logic, is considered imprecise. The existence of
apparently imprecise information, which in fuzzy logic is very well
handled, frequently occurs in social sciences, including decision-making
processes.

The creator of fuzzy logic is Lotfi Zadeh. In a series of papers, he
presented the basics of fuzzy logic (Zadeh, 1965), (Zadeh, 1972),
(Zadeh, 1973) and others. These basics were enough to empower fuzzy
logic and now cause it to constantly evolve and increasingly be applied in
practice. For the purposes of this paper, several segments of fuzzy logic
are significant: definition of fuzzy set, selection of a membership function
form and confidence intervals.

The fuzzy set A is defined as a set of arranged pairs

A:{(x,,uA(x))|xe X,OS,LLA(x)Sl} (1)

where:

- X - is a universal set or a set of considerations based on which a
fuzzy set A is defined;

- 1a (x) is @ membership function of the element x (xe X) to the set A;
A membership function can have any value between 1 and 0; so, as the
value of the function is closer to 1, the membership of the element x to
the set A is greater, and vice versa.

Each fuzzy set is completely and uniquely defined by its
membership function (Zadeh, 1965). Membership functions may have
different forms, but the most commonly used are triangular, trapezoidal
and Gaussian. The selection of the membership function is carried out so
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that it best describes the phenomenon it represents, for which there are
no certain rules. In this paper, triangular fuzzy numbers T = (t,, t,, t3), will
be used (Figure 1), where t; represents left and t; right distribution of the
confidence interval of the fuzzy number T and ¢, represents the point
where the membership function of the fuzzy number has its maximum
value, or value 1.

A
i)
My =1 x=t,
xX—t l,—X
Hyy =T h<x <t Hyy =7 s b <x <t
2 1 3 2
o
,um):O,xSt T(x)=0,x>t3
0
t T t T t

Figure 1 — Triangular fuzzy number T (Pamucar et al., 2016, p.77)
Queypa 1 — TpeyronbHoe HeuveTkoe yncno T (Pamucar i dr., 2016, p.77)
Slika 1 — Trouglasti fuzzy broj T (Pamucar i dr., 2016, p.77 )

The elements of fuzzy sets are taken from the confidence interval.
The confidence interval contains all the elements that can be considered.
Therefore, a fuzzy variable can have only the values from the confidence
interval. Determination of the confidence interval of each fuzzy variable is
the task of the designer and the most natural solution is to adopt the
confidence interval so that it matches the physical limits of the variable
(Pamucar, et al., 2016). If the variable is not of physical origin, one of the
standard ones is adopted or an abstract confidence interval is defined
(Bozani¢, Pamucar, 2010), (Pamucar, et al., 2011a).

For the purpose of end use, the fuzzy number T = (t;, t,, t3) is
converted into a real number. For this operation, a number of methods
are used (Herrera Martinez, 2000). Some of the well-known expressions
for the defuzzyfication are the following ones (Seiford, 1996)

Az((t3_t1)+(t2_t1))/3+t1 (2)

A=[ 2, +1,+(1-2)1, /2 (3)
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where A is the optimism index, which can be described as the
belief/attitude of DM considering the risk in decision making (Mili¢evic,
2014, p.186). The most common optimism index is 0, 0.5 or 1,
corresponding to the pessimistic, average and optimistic view of the
decision-maker (Milicevi¢, 2014, p.186).

Analytical Hierarchy Process and the Saaty’s scale

The AHP method was developed by Thomas L. Saaty. It is based on
the decomposition of a complex problem through the hierarchy approach,
with the goal at the top, criteria, sub-criteria and alternatives at the levels
and sub-levels of the hierarchy (Saaty, 1980), Figure 2.

GOAL

Level 1

Kim | Level 2

.........................

Level p-1

Level p
A| Az oot An
Figure 2 — General hierarchical model in AHP

Queypa 2 — Nlepapxnyeckas mogens AHP
Slika 2 — Hijerarhijski model AHP

The key element of the AHP method is the development of a
comparison matrix in pairs. It is made at each level of the hierarchy.

K K, .. K,
K |a a, a,,
A=K, |a, ay a,
S % 4)
K a, a a

Pairwise comparison is performed according to the data collected and
their measurement, as well as based on own beliefs, estimates or
experiences of those who carry out the assessment (Cupic, Suknovic,
2010). A so-called Saaty's scale, Table 1 (Saaty, 1980) is used for pairwise
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comparison. Since it is true that a,;=1/a, and a,=1 for every

i,j=1,2,..,n, the matrix A is positive, symmetrical and reciprocal. The
essential information on element preferences E ,E,,...E, is located only in

S
the upper triangle of the matrix, but all procedures for its further analysis use
also the reciprocal values from the lower triangle (Bozanic, et al., 2013).

Table 1 — Saaty's scale for a comparison in pairs
Tabnuua 1 — Wkana Caatu gna napHoro cpaBHeEHUs!
Tabela 1 — Saaty-jeva skala za poredenje u parovima

Definition Standard values Inverse values

The same importance 1

Weak dominance 1/3

Strong dominance 1/5

1/7
1/9

Very strong dominance

O N W~

Absolute dominance

Intervalues 2,4,6,8 1/2, 1/4, 1/6, 1/8

The AHP method is outlined in detail in a number of papers. More
details can be seen in (Saaty, 1980), (Lootsma, 1988), (Nikoli¢, Borovic,
1996), (Srdevi¢, Srdevi¢, 2004) (Cupi¢, Suknovi¢, 2010), (Karovi¢,
Pusara, 2010), (Devetak, Terzi¢, 2011), (Indi¢, et al., 2014), (Gajovi¢, et
al., 2014) and others.

Fuzzyfication of the Saaty's scale

The Saaty's scale, although it is a standard of the AHP, has its
drawbacks. It often happens that DM/experts are not entirely sure of the
accuracy of comparisons by pairs. Therefore, in the literature, there are an
increasing number of papers which in various ways elaborate fuzzyfication
of the Saaty's scale (Zhu, et al., 1999), (Srdevic, et al., 2008), (GardaSevic-
Filipovi¢, Saleti¢, 2010), (Pamucar , et al., 2011b), (Bozanic, et al., 2013),
(Janackovi¢, et al.,, 2013), (Rezaei, et al. 2014), (Janji¢, et al., 2014),
(Pamucar, et al., 2015), (Bozani¢, et al., 2015c) and others. A part of
presented fuzzyfications, or scales, is fuzzyficated so that the confidence
interval of the membership function is determined prior to research. The
second part of papers leaves the possibility that the confidence interval
depends on the specific parameters determined in the course of research.

In order to define the weight of criteria, in this paper the fuzzyficated
Saaty's scale shown in (Bozani¢, Pamucar), (Bozani¢, et al. 2015b) is
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applied. With this scale, it is defined that DM/experts have a different
degree of certainty vy; in the accuracy of comparisons in pairs they
perform. This degree of certainty differs from one to another pair of
comparison. The value of the degree of certainty belongs to the interval
vi€[0,1]. In cases where y;=0, it is considered that DM/experts have no
data on this relationship, so they should not use it in the decision-making
process, because it points to the absolute ignorance of the decision-
making matter. The value of the degree of certainty where ;=7 describes
the absolute DM/expert certainty in the defined comparison, so, in such
cases, a fuzzy number is not used but the standard values of the Saaty's
scale. As the certainty in the comparisons lowers, so does ;.

Table 2 — Fuzzified Saaty's scale for a comparison in pairs (Bozani¢, Pamucar),
(Bozani¢, et al. 2015b)
Tabnuya 2 — ®a33ndurumpoBaHHas wkana Caatu Ans napHOro cpaBHEHUS
(Bozani¢, Pamucar), (Bozani¢, et al. 2015b)
Tabela 2 — Fazifikovana Saaty-jeva skala za poredenje u parovima (Bozani¢, Pamucar),
(Bozani¢, et al. 2015b)

Definition S\t:?j:srd Fuzzy number Inverse :i'n‘i‘;se:’f fuzzy
The same importance 1 1. 1,1) (1,11
Weak dominance 3 (37-3.2-%)3) | (/(2-7%)3.1/3.1/3%,)
Strong dominace 5 (57,5.(2=%)3) | (V(2-%)5.1/51/5%,)
Very strong dominance 7 (77.7.2=%)7) | (V(2-%)7.1/7.1/7%,)
Absolute dominance 9 (97,.9.(2-7,)9) | (1/2=%,)9,1/9,1/97,)
Intervalues 24,68 (xzj;x;,(i,— Zf );) (v (2; Z,z)x; /6)’@;/ x7,)

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

L=, 4 <t,, t,t,€[1/9,9] (5)
T =(t,,t,,1;) =41, =t,, t,e[1/9,9]
t,=(2-7)t,, t,<t,, t,,,€[1/9,9]

t, value represents the value of the linguistic expression from the classic
Saaty's scale, in which a fuzzy number has its maximum membership t, = 1.
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A fuzzy number T:(;1,;2,;3):(x%j,x,(z_%l_)x), is defined with
experessions:
h=27, ={i7’” ; ; = ©®)
i
t,=x, Vxe [1,9] (7)
t3=(2—7l.j)x,Vxe[l,9] (8)

The inverse fuzzy number
T :(1/t3,1/t2,1/t1)=(1/(2—7/U)x,1/x,1/}/ljx), xe[1/9,1)
is defined as:

(2-y,)x, Vx<1/(2-y,)x<1
1/t3=1/(2—7/[,.)x= /( %/)x x</( 7)x< (9)
' LY 1/(2-7)x>1
1/t,=1/x, ¥ 1/xe[1/9,1] (10)
1/t,=1/y,x,V1/xe[1/9,1] (11)

On the basis of the previously defined scale, DM/experts fill a new,
modified matrix:

K, K, K,
K, AV Qs e Qs Ny
_ . . . 12
A=K, |a);V Ap3Vn - G337, (12)
Kn anl; 7/111 anZ; 7/112 A ann; nn

A new scale can be applied in group decision-making, which has
significantly improved the quality of decision-making. In specific cases,
the data collected by the Delphi technique are analyzed separately for
each expert. The data analysis is performed by the AlJ synthesis
(Aggregating Individual Judgments), where numerical ratings of element
preferences are aggregated at the local level (for each matrix
separately), in order to obtain a synthetic set of matrices for a fictitious
("group") decision-maker representing the group, and then the standard
AHP synthesis could be executed (Zoranovi¢, Srdjevi¢, 2003). After all
members of the group have performed the necessary comparisons in
pairs of elements of the hierarchy, the filled matrices of type A(e)={a;(e)}
(e =1, 2, ..., E, where e represents the number of group members), are
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aggregated into the correspondent unique matrices for the group

4°={af] by applying, at each position (i,j), a micro aggregation by

geometric averaging (Zoranovi¢, Srdjevi¢, 2003) using the formula:
E VE
a; =[Haf,- (e)} (13)
e=1

The MABAC method

The MABAC method was developed by Pamuéar and Cirovié
(2015). The basic setting of the MABAC method is reflected in the
definition of the distance of the criterion function of each of the observed
alternatives from the approximate border area. The text that follows
shows the procedure of implementation of the MABAC method in six
steps, i.e. its mathematical formulation:

Step1. Creating the initial decision matrix (X). In the first step, the
evaluation of the m alternatives by the n criteria is carried out. The alternatives

are presented with vectors 4, =(x,,,X,,,...,x, ), where x, is the value of the i

12 7vi29 0

alternative according to the j criteria (i =1,2,...,m; j =1,2,...,n).

K, K, .. K,
A Xy Xy e X,
A | x X X

x="2|" 22 2n (14)
Am xl m x2 m M xmn

where m indicates the number of alternatives, and n indicates the total
number of criteria.
Step 2. Normalization of the elements of the initial matrix (X).
K, K, .. K
Al ZLll ZLl2 1n
t

=Az TR by, (15)

n

N

A |t

m 1m t
The elements of the normalized matrix (N) are obtained using the
following expressions:
a) For the "benefit" type criteria
X, —X.
t, =—1 (16)

i + -
X =X

2m b mn
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b) For the "cost" type criteria

xl.j—xf
= (17)

where x,, x; and x; are the components of the initial decision matrix
(X), where x; and x; are defined as:

x; =max(x,x,,...,x, )and represents the maximum value of the
observed criteria by alternatives.
X, =min(x,x,,..,x,)and represents the minimum value of the

observed criteria by alternatives.
Step 3. Calculation of the weighted matrix elements (V).

Vit Voo Wi
V= Var Voo e Yy (18)
vml va an

The elements of the weighted matrix (V) are calculated on the basis
of expression (19):

v, =wlt, +w, (19)

where 7, are the elements of the normalized matrix (N), and w,

represents the weight coefficient of criteria. By applying the expression
(19), we get the weighted matrix V that otherwise can be written as:

wlh, +w wl, +w, o owlt, +w,

y = wlt, +w, wlt,+w, .. wlt +w, (20)

wlt,, +w, wlt

m2

+w, .. wl +w

n mn

where n is the total number of criteria, and m is the total number of
alternatives.

Step 4. Determination of the approximate border area (G) matrix.
The border approximate area (BAA) for each criterion is determined by
expression (21)

A
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where v, are the weighted matrix elements (V) and m represents the
total number of alternatives.

After determining the value g, according to the criteria, we form the
matrix of approximate border areas G (22) size nx1 (n is the total number
of criteria by which the election of the offered alternatives is made).

K K, .. K

n

G=[g, & - &l (22)

Step 5. Calculation of the matrix elements distance from the border
approximate area (Q)

49, 49 - 4y,
0- 9 Y9n 92n (23)
qml qu qmn

The distance of the alternatives from the border approximate area
(g, ) is defined as the difference between the weighted matrix elements

(V) and the values of the border approximate areas (G).
o=V-G (24)

which otherwise can be written as:

Yn=8&8 VYo—& - VY, —&,
0= V=& V=8 - V5,78, (25)
le_gl va_gZ vmn_gn

where g, represents the border approximate area for the criterion K.,

v, is the weighted matrix elements (V), n represents the number of

criteria, and m represents the number of alternatives.

The alternative 4, may belong to the border approximate area (G),
the upper approximate area (G") or the lower approximate area (G ),
respectively 4 e {G\/G+ vG’}. The upper approximate area (G") is an

area in which the ideal alternative is found (A4"), while the lower

approximate area (G ) is an area in which the anti-ideal alternative ( 4™)
is found (Figure 3).
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Upper approximation area

\4

Figure 3 — Presentation of the upper (G+ ), lower ( G ) and border (G ) approximation
areas (Pamucar, Cirovi¢, 2015
Queypa 3 — V306paxeHne BepxHen (G+ ), HWKHen ( ( ") n npegensHon (G )
annpokcumaTtumeHon obnactu (Pamudar, Cirovi¢, 2015)
Slika 3 — Prikaz gornje (G ), donje (G ) i graniéne (G ) aproksimativne oblasti
(Pamucar, Cirovi¢, 2015)

Belonging of the alternative 4, to the approximate area (G, G or G™)

is determined on the basis of expression (26)
G if q,>0
4,€1G if ;=0 (26)
G if ¢;<0

In order for the alternative A4, to be chosen as the best from the set,
it is necessary that, according to as many criteria as possible, it belongs
to the upper approximate area (G"). If, for example, the alternative 4,
according to 5 criteria (out of 6) belongs to the upper approximate area,
and according to one criterion belongs to the lower approximate area
(G7), this means that by 5 criteria the alternative is close or equal to the
ideal alternative, while by one criterion it is close or equal to the anti-ideal
alternative. The higher the value g, € G* , the closer the alternative 4, is
to the ideal alternative, while the lower the value g, G~ , the closer the
alternative A, is to the anti-ideal alternative.

Step 6. Ranking alternatives. Calculation of criteria function values
by alternatives is obtained as the sum of the distances of alternatives

from the border approximate areas (g,). Summing the elements of the
matrix Q by rows gives the final values of the criteria function alternatives

Si :Zqif’ ] :1a2a-"ana i:172""’m (27)
j=1

where n represents the number of criteria, and m represents the number
of alternatives
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Ranking alternatives - location for the
development of laying-up positions by applying
the hybrid FAHP-MABAC model

Creating a hierarchical network model represents an important
creative stage in the problem solving process, because the consideration
of all factors and their interactions is a necessary condition for making a
proper solution. Due to the complexity of the problem, the FAHP-MABAC
model is proposed as a relevant option of the system analysis and
rational decision making when choosing a location for the development of
laying-up positions. From a methodological point of view, the proposed
FAHP-MABAC model includes two phases, shown in Figure 4.

z
© | Identification of limit and evaluation criteria o Forming initial decyswn matr_lx 1_eyaluat|on of
2 2 alternatives by criteria;
2 JT g
2 — e - 5
6 Definition of evaluation criteria comparison T | Normalization of initial matrix elements
s matrices and the degree of certainty of experts E
5 8yt oE &y
-] i i i ) ) .
& | Calculation of fuzzyficated comparison = O | calculation of weighted matrix (V, elements
< 3 matrices of evaluation criterie L J\|<©
= © c
© 8 By =5 Ry
o g Calcuation of aggregated comparison matrixof | | | ~ @ | Determination of border approximatior
E 5 the evaluation criteria for fictitious DM % 2 area matrix (C)
= el
=3 , IRy — £2 T
& | Calcuation of weight fuzzy coefficients S | Calculation of the distance of alternatives
S of the evaluation criterie = from border approximation area
2 1 =
© - P—— n - Y
5 | Calculatior (deffuzification; of final weight o Ranking and selection of optimal
g coefficient of the evaluation criteria alternative

Figure 4 — FAHP-MABAC model
Queypa 4 — Mogenbs FAHP-MABAC
Slika 4 — FAHP-MABAC model

Phase 1 - criteria identification and the calculation
of criteria weight coefficients

For the full implementation of the model, it is necessary to define two
types of criteria — the limit criteria and the evaluation criteria. In the set of the
limit criteria, the criteria are classified on the basis of which the acceptance
of specific locations as an alternative is made, or its rejection. After passing
through the limit criteria assesment, the alternatives are further ranked using
the evaluation criteria. The limit criteria are difficult to define as universal,
because they depend on a number of circumstances based on which the
decision is made, such as: type of operation, balance of powers, time it
takes to create laying-up positions, etc.
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In the most general sense, a certain location will not be considered
as an alternative in the following situations: when it cannot provide even
the minimum conditions for the protection and masking, when it cannot
provide even the minimum conditions for the stay of military ships in all
meteorological and hydrological conditions, when it is located next to
visible objects, when it is not at a sufficient distance from the existing
laying-up positions or other protection and masking facilities on the coast
and along the coast, when the volume of work is so large that the
production can be considered unrewarding, etc.

The evaluation criteria in the selection of the most suitable location
for the development of laying-up positions are defined based on the
analysis of the available literature. The most detailed description of the
conditions which a location for making laying up positions should meet is
given in (Milovanovi¢, 1971, pp.169-170). Through a detailed analysis of
all conditions, five key evaluation criteria stand out (Milovanovi¢, 1971,
pp.169-170), (Bozani¢ et al., 2015a, pp. 695-696):

» C1 - masking conditions - the place where the laying up position is
going to be placed should provide a good concealment of military ships,
and during masking, as simple mask base as possible should be used
(one that can be quickly set and removed);

* C, - scope of work - a place where production of laying up
positions is carried out must ensure the most favorable conditions for its
development, ie. as small as possible volume of work, especially when
performing underwater works;

» C; - degree of protection — laying up position should provide the
best possible protection from enemy effects from the air, by land or by
river;

» C, - benefits for sailing in and out- approaches to laying-up
positions should be safe for quick sailing in and out;

* Cs - terrain conditions for the immediate security organization - the
surrounding terrain should provide favorable conditions for possible
defense against an imminent attack of a military ship, primarily from
sabotage and terrorist groups.

The set of criteria C; (i = 1, .. 5) consists of two subsets:

* C + - a subset of the "benefit" type criteria, which means that the
higher value of the criteria is preferable or better (criteria: C4, C3, C4, Cs), and

» C - a subset of the "cost" type criteria, which means that the lower
value is preferable or better (criterion C,).

The following step is to define a matrix of comparison of the
evaluation criteria in pairs and the degree of certainty for each
comparison. The matrix is filled by every expert for themselves. In the
specific case, the matrix of comparison is provided only for the first
expert, Table 3.
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Table 3 — Comparison matrix in the pairs of the first expert
Tabnuya 3 — MaTtpvua napHOro cpaBHeHUsi NepBOro aKkcnepTa
Tabela 3 — Matrica poredenja u parovima prvog eksperta

C4 G, Cs Cs Cs
C1 1;1 2;0.7 2;0.6 4,09 7;0.4
Co 1/2; 0.7 1:1 2:0.6 4:0.8 5;1
Cs 1/2; 0.6 1/2; 0.6 1:1 3;0.7 3;0.7
Cs 1/4; 0.9 1/4; 0.8 1/3; 0.7 1; 1 2;0.9
Cs 1/7;0.4 1/5; 1 1/3; 0.7 1/2; 0.9 1;1
Inconsistency degree 0.02

Further follows the calculation of the fuzzyficated matrices of the
evaluation criteria based on the expressions set out in Table 2. In the specific
case, the fuzzyficated matrix is shown only for the first expert, Table 4.

Table 4 — Comparison matrix in the pairs for the first expert after fuzzyfication
Tabnuua 4 — MaTpvua napHOro CpaBHEHMWS A1 MEPBOro aKcrnepTa nocne gassvgukaumm
Tabela 4 — Matrica poredenja u parovima za prvog eksperta nakon fazifikacije

C4 Ca Cs Cq Cs
Cq 1;1;1 1.4;2;2.6 1.2;2;2.8 3.6;4;4.4 2.8;7;11.2
Cz 0.38;0.5;0.71 1;1;1 1.2;2;2.8 3.2;4;4.8 5:5;5
Cs 0.36;0.5;0.83 0.36;0.5;0.83 1:1:1 2.1;3;3.9 2.1;3;3.9
Cs 0.23;0.25;0.28 | 0.21;0.25;0.31 | 0.26;0.33;0.48 1;1;1 1.8;2;2.2
Cs 0.09;0.14;0.36 0.2;0.2;0.2 0.26;0.33;0.48 | 0.45;0.5;0.56 1;1;1

In the following step, the calculation of the aggregated comparison
matrix of the evaluation criteria is performed for a fictitious decision
maker. The values of all the experts who evaluated the evaluation criteria
are aggregated, Table 5.

Table 5 — Comparison matrix in the pairs after the aggregation of experts’ matrices
Tabnuya 5 — MaTpuvua napHOro cpaBHeHUsi NOCMe arperauum MaTpuL, 9KCNepToB
Tabela 5 — Matrica poredenja u parovima nakon agregacije matrica eksperata

C4 Ca Cs Cq Cs
Cq 1:1;:1 2.02;2.21;2.36 | 1.17;1.5;1.86 | 2.97;3.72;4.46 | 3.2;5.86;8.28
C, | 0.42;0.45;0.49 1:1:1 0.67;0.93;1.2 | 2.75;4.23;5.56 3;3.87;4.46
Cs | 0.54;0.67;0.86 | 0.84;1.07;1.49 1:1:1 2.3;3.46;4.57 | 3.87;4.58;5.26
C4 | 0.22;0.27;0.34 | 0.18;0.24;0.36 | 0.22;0.29;0.43 1:1:1 2.6;3.56;4.41
Cs | 0.12;0.17;0.31 | 0.22;0.26;0.33 | 0.19;0.22;0.26 | 0.23;0.28;0.39 1:1:1

Based on the data from Table 5, with the standard steps of the AHP
method, the calculation of the weight coefficients of the evaluation criteria
is carried out. The resulting weight coefficients of the criteria are
presented in Table 6. The label "I" represents the left distribution of the
fuzzy number; "d" represents the right distribution of the fuzzy number
and "s" - a place where the level of the membership of the fuzzy number
has a value one.
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Table 6 — Fuzzy weight coefficients of the evaluation criteria
Tabnuuya 6 — HeueTkne BeCoBble KOIPULIMEHTLI KPUTEPUER OLIEHKU
Tabela 6 — Fuzzy tezinski koeficijenti kriterijuma evaluacije

() (s) ()
Ci 0.364 0.387 0.357
Cz 0.228 0.216 0.227
Cs 0.254 0.239 0.255
Cq 0.101 0.102 0.104
Cs 0.052 0.057 0.057

In the end, by the application of expression (2), the defuzzyfication
of the weight coefficients of the evaluation criteria is performed. The final
values of the weight coeficients of the criteria are given in Table 7.

Table 7 — Final values of the weight coefficients
Tabnuya 7 — KoHeYHble 3HaYeHns BeCOBbIX KO3 durLumneHToB
Tabela 7 — Konacne vrednosti tezinskih koeficijenata

Weight coeficients of the
criteria
Cq 0.370
C, 0.224
Cs 0.249
C4 0.102
Cs 0.055

Phase 2 - evaluation and selection
of the optimal alternative

Through the second phase, the evaluation and ranking of
alternatives is performed by the application of the MABAC method. The
first step in the implementation of the method is to define the initial
decision matrix. Since the evaluation criteria have a qualitative character,
for the evaluation of alternatives by all criteria, the fuzzyficated Likert
scale was used (Campari, 2013), Table 8.

Table 8 — Fuzzyfied Likert scale for the evaluation of alternatives
Tabnuuya 8 — ®as3ncurumpoBaHHas Wkana JlarkepTta 4ns OUeHKN anbTepHamue
Tabela 8 — Fazifikovana Likertova skala za evaluaciju alternativa

Linguistic description
for ,cost” type

Linguistic description

for ,benefit* type Triangular fuzzy

number

criteria criteria
very good (4.5;5;5) Very small
good (3.5;4;4.5) small
medium (2.5;3;3.5) medium
bad (1.5;2;2.5) big
very bad (1;1;1) Very big
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In the specific case, the fuzzyficated Likert scale is applied to
provide the assessment of ten illustrative alternatives, whose values are
defuzzyficated by using expression (2) and shown in Table 9.

Table 9 — Initial decision matrix (X)

Tabnuua 9 — NcxogHasa matpuua NpuHATUA pewleHnn (X)
Tabela 9 — PoCetna matrica odlucivanja (X)

C4 Ca Cs Cs Cs
A4 4.83 1 4 2 1
A 4 2 4.83 1 3
As 2 4 1 4.83 2
Aq 3 3 4.83 2 4
As 1 2 2 3 4.83
As 3 4.83 1 4 3
Az 4 3 3 4 4.83
As 4.83 1 2 3 1
Ag 1 4.83 4 1 4
A1o 3 4 3 4.83 2

The next step is the normalization of the initial matrix elements by
the application of expressions (16) and (17). The normalized matrix (N) is
presented in Table 10.

Table 10 — Normalized matrix (N)

Tabnuya 10 — HopmuposaHHas maTpuua (N)
Tabela 10 — Normalizovana matrica (N)

C1 Cz Cs Ca Cs
A 1.00 1.00 0.78 0.26 0.00
Az 0.78 0.74 1.00 0.00 0.52
Az 0.26 0.22 0.00 1.00 0.26
Aq 0.52 0.48 1.00 0.26 0.78
As 0.00 0.74 0.26 0.52 1.00
As 0.52 0.00 0.00 0.78 0.52
A7 0.78 0.48 0.52 0.78 1.00
Ag 1.00 1.00 0.26 0.52 0.00
Ag 0.00 0.00 0.78 0.00 0.78
A1o 0.52 0.22 0.52 1.00 0.26

The weighted matrix (V) is calculated using expression (19), Table 11.

Table 11 — Weighted matrix (V)
Tabnuya 11 — Heuetkasa matpuua (V)
Tabela 11 — Otezana matrica (V)

C1 C2 C3 C4 C5
A4 0.74 0.45 0.44 0.13 0.06
Az 0.66 0.39 0.50 0.10 0.08
Az 0.47 0.27 0.25 0.20 0.07
Ay 0.56 0.33 0.50 0.13 0.10
As 0.37 0.39 0.31 0.16 0.1
As 0.56 0.22 0.25 0.18 0.08
A7 0.66 0.33 0.38 0.18 0.1
Ag 0.74 0.45 0.31 0.16 0.06
Aog 0.37 0.22 0.44 0.10 0.10
A1o 0.56 0.27 0.38 0.20 0.07
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Then the approximate border areas are calculated using expression
(21), Table 12.

Table 12 — Border approximation area matrix (G)
Tabnuya 12 — MaTpuua npegenbHbIX annpoKkcMmaTnBHbIX obnacten (G)
Tabela 12 — Matrica grani¢nih aproksimativnih oblasti (G)

C1 Cz C3 C4 C5
GAO 0.55 0.32 0.37 0.15 0.08

The penultimate step is the calculation of the distance of alternatives from
the border approximate area by the application of expression (24), Table 13.

Table 13 — Distance of the alternative from the border approximation area
Tabnuya 13 — PacctosiHue anbTepHaTMB OT NPeAeribHbIX annpoKCUMaTUMBHbIX obnacTen
Tabela 13 — Udaljenost alternativa od grani¢nih aproksimativnih oblasti

C1 C2 Cs Cq Cs
A4 0.19 0.12 0.08 -0.02 -0.03
Az 0.11 0.07 0.13 -0.05 0.00
As -0.09 -0.05 -0.12 0.05 -0.01
Aq 0.01 0.01 0.13 -0.02 0.02
As -0.18 0.07 -0.05 0.01 0.03
As 0.01 -0.10 -0.12 0.03 0.00
A7 0.11 0.01 0.01 0.03 0.03
As 0.19 0.12 -0.05 0.01 -0.03
Ag -0.18 -0.10 0.08 -0.05 0.02
A1 0.01 -0.05 0.01 0.05 -0.01

In the end, expression (27) is applied for ranking the alternatives,
Table 14.

Table 14 — Rank of the alternatives
Tabnuuya 14 — PEATUHr anbTepHaTMB
Tabela 14 — Rang alternativa

Si Rank
Aq 0.342 1.
Az 0.259 2.
As -0.212 9.
A4 0.145 5.
As -0.135 7.
As -0.172 8.
Az 0.188 4,
As 0.239 3.
Ag -0.236 10.
Ao 0.014 6.

Based on the obtained values Si, the alternatives are ranked from
the most suitable alternative (A,) to the most unfavorable one (Ag).
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Sensitivity analysis of the output results

A logical sequence in most multi criteria decision-making processes is to
analyze sensitivity. It is recommended as a means of checking the stability of
the results against the subjectivity of decision-makers (Meszaros, Rapcsak,
1996). The sensitivity analysis of the results is carried out by changing the
initial weight coefficients of the evaluation criteria. The situations of changing
weight coefficients, from A to F, are provided in Table 15.

Table 15 — Scenarios with different weights of the criteria
Tabnuua 15 — CueHapuin U3SMeHeHNsi Beca Kputepust
Tabela 15 — Scenariji promene tezina kriterijuma

A B C D E F
K1 0.2 0.6 0.1 0.1 0.1 0.1
K2 0.2 0.1 0.6 0.1 0.1 0.1
Ks 0.2 0.1 0.1 0.6 0.1 0.1
Ky 0.2 0.1 0.1 0.1 0.6 0.1
Ks 0.2 0.1 0.1 0.1 0.1 0.6

Ranks of alternatives using different situations are given in Table 16.

Table 16 — Ranks of alternatives by the application of different situations
Tabnuya 16 — PenTnHrn anbTepHaTUB Npu NpUMEHEHUN pasnnyHbIX CLieHapueB
Tabela 16 — Rangovi alternativa primenom razli¢itih scenarija

Rank from

Table 14 A B © D E F
A4 1 2 1 1 3 7 8
Az 2 2 4 3 1 9 4
A3 9 9 8 8 10 3 10
Ay 5 2 5 6 1 7 3
As 7 7 8 5 8 6 2
As 8 8 7 9 9 5 6
Az 4 1 2 4 4 1 1
As 3 5 3 2 7 4 9
Ao 10 10 10 10 6 10 5
A1 6 6 6 7 5 2 7

Table 16 shows a significant result stability compared to situations A, B,
C and slightly less D (especially when it comes to the first five alternatives).
The stability of the results compared to situations E and F is much smaller,
which could be expected if we bear in mind that the importance of the
favored criteria in the developed model is several times smaller.
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Conclusion

The review of a practical application of the FAHP-MABAC model
and its sensitivity analysis indicate the potential of the application of the
created models in real situations. Based on the already-made hybrid
model, the proposed alternatives are successfully ranked.

The hybrid model uses the advantages of several methods. The first
one is the fuzzyficated Saaty's scale, which has been used for obtaining
the weight of criteria functions, which successfully covered the
uncertainty of experts in claims based on paired comparison.

Also, the new MABAC method is shown as well as its successful
implementation in practice. The analysis of the output results sensitivity
has shown that the hybrid FAHP-MABAC model provides stable solutions
to the problem of choice of laying-up positions. The model is applicable in
the process of operational planning for different situations and provides
reliable solutions.
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MBPUOHAA MOEJb FUZZY AHP (FUZZY ANALYTICAL
HIERARCHY PROCESS) METOJA AHAJITUYECKOW MEPAPXNW
B HEYHETKNX YCJITOBUAX — MABAC (MULTI-ATTRIBUTIVE
BORDER APPROXIMATION AREA COMPARISON) AJ1A
PAHXUPOBAHWA MOTEHLUWATBbHBIX MO3NLNNA
YCTPOWCTBA 3AMACKV/IPOBAHHbIX NMPUYAIOB

Hapko WN. Boxanud, [pacanx C. Namyyap, Camed M. Kaposu4
YHuBepcuTeT obopoHbl B I. benrpaa, BoeHHasi akagemus,
Benrpag, Pecnybnuka Cepbus

OBJNACTb: maTtematuka, onepaumoHHbIe UCCriefoBaHus
BWO CTATbW: opurmHanbHasa HayyHas ctatbsl
A3bIK CTATbW: aHrnumnckmnin

Peswome:

B pabome npedcmasneHa aubpudHass modens FAHP-MABAC.
®a3z3uguyuposaHHasi wkana Caamu ¢ memodom AHP (FAHP) npume-
Hsiemcsi Onis oripedesieHUs1 8eCO8biX KoaghghuyueHmoes Kkpumepues. Me-
mod MABAC npumeHsiemcsi 8 npouecce OUEHKU U paHXuposaHUsl allb-
mepHamus. ['ubpudHas modesnb paspabomaHa 01 M0OOepPXKKU MPUHS-
mus peweHul npu ebibope rno3uyuli dns ycmpolicmea 3amacKuposaH-
HbIX rpuyasios (06bekmbl, npedHa3HayeHHble Ol CKPbIMus, 3aujumsal
u MaHespos 6oesbix kopabnel).

KntoueBble crioBa: ebibop nosuyu, fuzzy AHP, MABAC.

HIBRIDNI MODEL FUZZY AHP-MABAC ZA RANGIRANJE
POTENCIJALNIH LOKACIJA ZA 1IZRADU MASKIRNIH VEZOVA

Darko |. Bozani¢, Dragan S. Pamucar, Samed M. Karovi¢
Univerzitet odbrane u Beogradu, Vojna akademija, Beograd, Republika Srbija

OBLAST: matematika, operaciona istrazivanja
VRSTA CLANKA: originalni naucni Clanak
JEZIK CLANKA: engleski

Sazetak:

U radu je predloZzen hibridni model FAHP-MABAC. Fazifikovana
Saaty-jeva skala sa metodom AHP (FAHP) primenjuje se za definisanje
tezinskih koeficijenata kriterijuma. Metoda MABAC primenjena je u
procesu evaluacije i rangiranja alternativa. Hibridni model razvijen je za
podrsku odlucivanju pri izboru lokacija za izradu maskirnih vezova (objekti
namenjeni za prikrivanje, zastitu i manevar vojnih brodova).
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Uvod

U ovom radu prikazan je hibridni model koris¢enjem fazifikovane
Saaty-jeve skale i metode analitickog hijerarhijskog procesa (FAHP) i
metode MABAC (Multi-Attributive  Border  Approximation area
Comparison) — model FAHP-MABAC. U radu su ukratko opisane
metode koje se primenjuju, sa detaljnijom razradom fazifikacije Saaty-
jeve skale i metode MABAC. Hibridni model FAHP-MABAC izraden je za
podrsku odluéivanju prilikom izbora lokacija za izradu maskirnih vezova.

U delu pod nazivom Opis metoda koje se primenjuju u hibridnom
modelu FAHP-MABAC opisane su primenjene metode kroz nekoliko
podnaslova:

U tekstu pod naslovom Fuzzy logika i fuzzy skupovi ukratko je
izvrSeno definisanje fuzzy skupa, izbor oblika funkcije pripadnosti i
intervala poverenja.

U tekstu pod naslovom AnalitiCki hijerarhijski proces i Saaty-jeva
Skala ukratko su predstavijene osnove analitickog hijerarhijskog procesa
i prikazana klasicna Saaty-jeva skala.

Fazifikacija Saaty-jeve skale

U literaturi se moZe pronaci veliki broj fazifikacija Saaty-jeve skale.
Fazifikacija se najceSce vrsi tako $to se umesto stepena poredenja
definiSu fuzzy brojevi sa unapred definisanim intervalima poverenja.
Osnovna ideja fazifikacije Saaty-jeve skale u ovom radu jeste da
intervali poverenja budu definisani nakon zavrSenog poredenja u
parovima od strane donosilaca odluke —eksperata. Stoga je definisano
da je interval poverenja svakog fuzzy broja, koji definiSe stepen
poredenja, povezan sa Stepenom uverenosti donosilaca odluka —
eksperata u datu tvrdnju. Drugim recima, interval poverenja proradunava
se na osnovu stepena uverenosti donosilaca odluka y;, a prema tabeli 2.

Metoda MABAC

U ovoj celini prikazani su standardni koraci metode MABAC: 1)
formiranje pocCetne matrice odlucivanja (X), 2) normalizacija elemenata
pocetne matrice, 3) proracun elemenata oteZane matrice (V), 4)
odredivanje matrice granicnih aproksimativnih oblasti (G), 5) proracun
elemenata matrice udaljenosti alternativa od grani¢ne aproksimativne
oblasti (Q) i 6) rangiranje alternativa.

Rangiranje alternativa — lokacija za izradu maskirnih vezova primenom
hibridnog modela FAHP-MABAC

U ovoj celini prikazana je prakticna primena hibridnog modela
FAHP-MABAC. Prikaz primene izvrSen je kroz dve faze.U prvoj fazi
identifikovani su kriterijumi i proracunati teZinski koeficijenti kriterijuma.
Po identifikovanim kriterijumima vrsi se ocena alternativa. Identifikovano
je pet kriterijuma (uslovi maskiranja, obim radova, stepen zaétite,
povoljnost za uplovijavanje i isplovljavanje i uslovi terena za organizaciju
neposrednog obezbedenja) i definisani njihovi tezinski koeficijenti (
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tabela 7).U drugoj fazi izvrSena je evaluacija i izbor optimalne
alternative. Rangirane su ocene i deset alternativa.

Analiza osetljivosti rezultata sprovedena je promenom pocetnih
tezZinskih koeficijenata kriterijuma evaluacije. Takode, pokazala je
stabilnost rezultata u odnosu na veci broj scenarifa.

Hibridnim modelom FAHP-MABAC uspes$no je izvr§ena evaluacija i
rangiranje predloZenih alternativa.

Klju€ne redi: izbor lokacije, fuzzy AHP, MABAC.
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Abstract:

Effective functioning of organizations depends on the quality of
management of interconnected and interdependent business processes.
The key problem in the projects implementation is associated with
ignorance of business processes of a business itself. The paper provides
an approach for modeling business processes through a selection of tried
and tested methods and models for coping with the complexity of systems.
Business high-level features are decomposed into smaller functional units,
resulting in a hierarchical structure of business functions of different
granularity. At the bottom of the functional decomposition hierarchy, there
are so-called primitive functions which are in fact managing processes. The
specifications of the interactions between the systems participants are use
case diagrams. The specification of business processes has been realized
through BPMN diagrams (choreographies and collaboration diagrams). An
automated solution improves the quality of operations and coordinates all
participants in this business system. In this paper, the business analysis
method has been presented as well as the results of the design of the
segment called “a ride order for passenger vehicles” and the business
processes closely associated with it.

Key words: company car, ride order, vehicle, BPMN, UMM, BPM,
business process management systems, business process.

Introduction

The task of a business analysis is to define a quality method to
recognize business needs, to define requirements and design solutions to
meet the set requirements necessary to solve business needs.
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A key problem in all implementation projects of any solutions for any
organization is associated with the ignorance of business processes of
the organization itself (Anicin, Pantovi¢, 2014). This ignorance does not
only concern the implementer’s team headed by the project manager, but
it is also related to employees who need to instruct the implementer’'s
team how the business process functions and what their real needs are
(Anicin, Pantovic, 2014).

Existing software solutions in this area are mostly realized on outdated
software platforms, without a necessary analysis and applying the
methodology of information systems. Also, most of the existing solutions do
not possess software documentation, making it difficult to maintain them.

The main goal of this paper is to present a method of business
analysis and the results of applying the methodology of the
implementation tool Access / SQL server. It elaborates in particu ar the
design results in the segment of ride orders for passenger vehicles and
closely related business processes.

The paper provides an approach for modeling business processes
through a selection of tried and tested methods and models for dealing
with the complexity of the system.

In order to obtain a holistic view of the problem of managing
interdependent business processes in a complex system, let us first
explain the systems for managing business processes (Business
Process Management - BPM). Business Process Management aims to
improve operational business processes, possibly without the use of new
technologies. Below are the definitions of modeling business processes,
followed by an approach for modeling business processes. This paper
presents a choice of methods and models for dealing with the complexity
of the system. The application of the proposed methods and models is
illustrated by a decomposition of business processes and a detailed
specification of the business process of the ride order for passenger
vehicles. The next chapter provides the specification of the business
process management of the ride order through BPMN (Business Process
Model and Notation) diagrams.

The following chapter lists the results for the system design VozIS -
screen forms application. The final chapter gives the conclusion that
outlines the main contribution of this work and plans for future work.

Methodology

BPM is a system and a platform for connecting architecture
organization, models of business processes, systems management
workflow and information infrastructure to support execution of business
processes.
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A modern BPM system allows users to model the analysis and
simulation processes, transform models into the program code, integrate
with business applications, perform process control and monitoring
workflows, optimize business processes, increase customer satisfaction,
reduce inefficiencies, and analyze the performance of business
processes after performing (Weske, 2007).

BPM must be deeply embedded in the organizational structure and it
requires a professional and efficient approach to the management
process as well as the involvement of all relevant target groups.

Custom modeli paslovail
procesa | workflow
Proces menadiment

i ketrola Obrada pedataka

o realnoam
V) '\.m

Loternd | eksternd izvestaji

smanjena neefikasnost

—

=5 BUSINESS PROCESS
~ MANAGEMENT

Povecanan , i
radovoljstve klijenata e s OVECRILE il?‘-'d “I‘-’ll"l"-'-'ﬂ

e i kontrola

II u informacija

Optimizacija postovnih “ Menadiment bariran na rolama
procesa ¥ g

Figure 1 — Business Process Management
Puc. 1 - YnpasneHune busHec-npoueccamm
Slika 1 — Upravljanje poslovnim procesima

It can be seen (Figure 1) that business process management results
in real-time processing, generating internal and external reports as well as
in realized increased productivity and information control. Management is
based on the management of roles, implemented process optimization,
reducing inefficiency which leads to increased customer satisfaction.

Models are simplified real-world performances, such as models of
airplanes, building plans, and database schemas.
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Models are presented in a language (language modeling) which can
be a textual notation (models in the text format) and a graphic notation
(models in the form of diagrams). Modeling business processes means a
consistent application of graphic methods and appropriate software tools
to show the reliability of business processes, but also a concrete way of
their performance (Tumbas, 2006).

Business functions of higher levels can be decomposed into smaller
functional units, resulting in a hierarchical structure of business functions
of different granularity. At the bottom of the functional decomposition
hierarchy there are so-called “primitive functions” (Lazarevic et al., 2006),
which are in factexecutive processes.The process of breaking up a large
fraction of functions into fine (smaller) granularity is traditionally called
functional decomposition.

This paper uses the UN / CEFACT (United Nations Centre for Trade
Facilitation and Electronic Business) Modeling Methodology (UMM),
which is normally used in modeling business processes in e-business.

The UML package is a general mechanism for grouping any
elements in the group, and, through it, for performing a decomposition of
functional domains and complex processes. It has various levels of
decomposition for specifically defined, specific stereotypes of business
processes. The entire model is presented as package <<Business
Domain>> (still in operation <<b Domain>>, which is an aggregation of
all sub-processes. <<b Domain>> is decomposed so that it can contain
one or more types of complex sub-processes <<Business Area>> (<<b
Area>>) and <<process Area>>, or a primitive type process <<Business
Process>> (<<b Process UC>>). One process stereotype <<b Area>>
can be decomposed to one or more complex processes stereotypes
<<process Area>> or a primitive process stereotype <<b Process UC>>
(Lazarevic, et al., 2006).

A primitive business process can be presented through a Unified
Modeling Language (UML) diagram of a use case to define the
specification of the interactions between the system actors (participants),
together with a description of the system actions in this interaction.

The methods and models are applied to illustrate the decomposition of
business processes of organization, with a detailed specification of the
business process management system for a vehicle management system.

The process is any activity or group of activities that takes an input,
adds value to it and provides an output to any internal or external
customers. Business processes use organizational resources to
accomplish planned results (Harrington’s, 1991). There are different
types of business processes: (Tumbas, 2006)

- Operational processes - production, purchase, sale,

- Support processes - maintenance, accounting, IT support,

- Control processes - planning, control.
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Cilievi, planovi ’ UPRAVLJACKI PROCESI
[ S oo

PROCESI PODRSKE

Figure 2 — Different types of business processes
Puc. 2 — PaanuyHble Tunbl 6u3Hec-npoueccos
Slika 2 — Razli¢ite vrste poslovnih procesa

Business processes are the "heart" of an organization and the entire
business of an organizational system (e. g the organization) is done
through business processes.

The model shown represents the current state of the process, which
can be improved in future versions. The model is dynamic, due to the
related processes with other organizational systems in order to optimize
operations.

An existing business process can be innovated (Business Process
Improvement), or fundamentally improved (Business Process
Reenginering).

To create the project, the standards for functional modeling IDEFO,
realized through the BPwin CASE tool, were also used. (IDEF0 Standard,
www.idef.com).The IDEFO is a modeling technique based on a
combination of graphics and text presented in an organized and
systematic manner in order to increase user-friendliness and provide
logic for potential changes and specified requirements, ie. to support the
analysis of the system according to the levels (Veljovi¢, 2002).

The activity tree shown in Figure 3 represents a strategic decision of
the company management and is not an organizational chart. To
abandon the "organizational" approach and adopt the process approach,
it is necessary to imagine that only one person performs all tasks in the
organization.

Jobs at the top (root) are always marked with 0. The numbers are
used to show how much detail a job contains. Business AOQ is
decomposed (separated) to 1, 2, 3, etc. Job 1 is composed of 11, 12, 13,
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etc. A higher-level job is called a “parent”, and subordinate jobs are
“children”.

The activity decomposition of parents to their children should
have 3 to 6 subordinate activities. More than six out of a certain activity is
an attempt to fit too much detail into one level.

MANAGEMENT
VEHICLE SYSTEM
0
RECORDING USAGE MAINTENANCE | PREGISTRATION| P~ ANALYSIS
ADMINISTRATION VEHICLE VEHICLE VEHICLE CONFLICT AND REPORTING
1 2 3 4 5 6
O SYSTEM O RECORDING O OPENING 0 OPENING
ADMINISTRATION  VEHICLE ACCOUNT FOR  WORKING
O RECORDING REGISTRATION  USE VEHICLE ORDER
DRIVER USERS ANDVEHICLE o RECORDING ~ © RECORDING
AND SALES INSURANCE FUEL AND REQUEST FOR
SERVICE O TAKING OTHERCOSTS ~ WAREHOUSE
VEHICLE O CLOSING 0 RECORDING
O DELIVERAGING ~ ACCOUNT FOR  ACCOUNT OF
VEHICLE USE VEHICLE SUPPLIER
O DISPOSALS 0 CLOSING
VEHICLE WORKING

ORDER

Figure 3 — Activity tree
Puc. 3 — BeTBu geatenbHOCTU
Slika 3 — Stablo poslova

This approach makes it easy to connect with the future development
of an integrated IS and it meets the requirements of ISO 9000 quality
management system.

In the phase of the system functional decomposition, there were
used decomposition diagrams that show the place / position of abusiness
process in the organizational structure of the organization, as well as
guidance and examples for the design of business processes and
systems for a vehicle management system(van der Aalst, 2013).

The decomposition of functional domains and a complex process of
<<Business Domain>> to primitive process stereotype <<b Process UC>>
is described in the paper (Terzi¢, 2015). In this paper, theprocess area
vehicle management systemis presented in Figure 4.
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<<processArea>>
VEHICLE SYSTEM

<<bProcessUC>>
ADMINISTRATION

<<bProcessUC>>
RECORDING
VEHICLE

<<bProcessUC>>
USAGE
VEHICLE

<<bProcessUC>>
MAINTENANCE
VEHICLE

<<bProcessUC>>
REGISTRATION
CONFLICT

<<bProcessUC>>
ANALYSIS
AND REPORTING

Figure 4 — Process Area — company vehicle
Puc. 4 — MNpoueccHasi obnacTb — cnyebHbl aBTOMOOUIb
Slika 4 — Procesno podrucje — sluzbeno vozilo

A primitive business process can be performed using the Unified
Modeling Language (UML) diagram of a use case to define the
specification of interactions between the system actors (participants),
together with a description of actions in this system interaction. The Use
Case diagram is shown in Figure 5.
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Director of the institution
Repair companies

A

<< Participates >>

A

<< Participates >> Supplier parts for cars

<< Participates >>

<< Participates i

Users of vehicles

<<bProcessUC>>
IS VEHICLE SYSTEM

<< Participates >>

i << Participates >> \
a car mechanic / %

Financial service

Chief of technical Services

<< Participates >>

Figure 5 — Use Case Diagram
Puc. 5 — narpamma npeueneHToB
Slika 5 — Dijagram sluc¢aja kori§éenja

The Use Case diagram (Figure 5) shows the business process and
all the actors / participants in the business process VP.

After performing the functional decomposition of the system and the
alobal description of the primitive process through the model use cases,
it is necessary to identify business processes precisely, in detail and
possibly to formalize the min order to allow the automation and execution
of the system for business process management.

Specifications of business processes are implemented into BPMN
(Business Process Model and Notation) diagrams.

A graphic-oriented language was used here for modeling business
processes BPMN 2.0 (Allweyer, 2010) and (OMG 2010) and (OMG 2011).

Version 2.0 BPMN modeling language business process has a very
rich set of concepts and provides several different types of diagrams for
expressions of choreography and orchestration at different levels of
abstraction.

BPMN has “elementary and complex concepts for modeling
business processes”. BPMN elementary concepts can be classified into
one of the following five basic categories (Neskovi¢, Petrovi¢, 2009) Flow
Objects, Connection Objects, Swim Lanes, Data Objects, and Artifacts.
From these elementary concepts, complex concepts can be built:
Orchestration, Collaboration, Choreography and Conversation.
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BPMN diagramming of the ride order
management process

For the purpose of this article, the business process management of
a ride order is described in detail.

A flowchart / Collaboration (Figure 6) is used to display orchestration
because the dates of BPMN 2.0 process orchestration means the activities it
is composed of. This type of standard diagrams contains the flow of objects
(activities, events and dates) that are associated with the flow of sequences.
Collaboration describes the interaction between two or more business
entities. It usually contains two or more partitions (pools).

Actors / participants in this context are the user of the vehicle, an
administrative worker, the Head of the Vehicles System, a car mechanic
and a central warehouse operator.

The ride order business management process starts when a customer
comes into the Vehicle Technical Service with a request to use a vehicle. The
vehicle user first makes a request to use a vehicle. After checking the
roadworthiness of vehicles and their availability, the process continues.

An administrative worker records the received request and forwards
the request to the Head of the Vehicles System. Depending on the
technical validity / availability of the vehicles system, the Head approves
or refuses the vehicle use.

In the event that a technical defect on the vehicle is detected, or that a
vehicle has already been in the process of defect detection, parts are required
from the central storage and the fault is repaired. Upon completion of this
process, the Head of the Vehicles System or the Head of the Technical
Service is informed that the vehicle is repaired and ready for use.

In the event that the request for the use of vehicles is refused, the
user is notified about it.

If the request for the vehicle use is approved, a ride order is created
and the further use of the vehicle is monitored.

During the use of company vehicles, fuel costs and repair costs can
occur due to malfunction or damage to the vehicle. In both cases, upon
returning to the organization, the bills of incurred costs during the use are
submitted.

At the end of the process of using a company vehicle, the vehicle is
parked in a parking lot, the keys are handed over, the ride order for that
particular passenger vehicle is completed as well as any proofs of costs if they
have occurred during the use of the vehicle and the vehicle parking place is
recorded.

The last stage in the process of managing a ride order is to
update the database and change the status of the vehicle at leisure for
the next usage.
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Choreography (Figure 7) observes the process through a set of
messages exchanged between the participants. It defines the expected
behavior among participants. Unlike internal processes that exist within a
single partition (pool), choreography exists between partitions (pools) and
participants. We will define the sequence of messages which are exchanged.

The documents o the
use ofvehicle

—
[™] pocuments

[ ccountpaid
[ st

Puc. 7 — Cxema xopeoezpaghuu

Figure 7 — Choreography diagram
Slika 7 — Dijagram koreografije
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The first message in this process is a request for the use of the
vehicle. That request is forwarded to the chief administrative officer (the
Head) of the Vehicles System. On the basis of the vehicle operational
state and availability check, the subsequent messages are generated.

If the vehicle has a defect, an order for the fault removal is written.
Upon the failure detection, if a spare part for the vehicle repair is needed,
a mechanic fills in an order for a requisition / purchase of the particular
spare part(s).

When purchasing the required spare part, the operator dispatches the
required part through the central warehouse. After the vehicle repair, a car
mechanic sends a certificate of roadworthiness for the vehicle.

Defect-free vehicles are taken on the basis of an open ride order.

During the use of company vehicles, additional costs may occur.
These are the costs for repairs of unplanned failures and the costs for
filling up the tank.

Upon completion of the use of the vehicle, the handover is
completed with the bills of costs incurred during the use of the vehicle as
well as the vehicle keys.

If you do not approve the use of the vehicle, the vehicle user
receives a negative response.

Design results

The VozIS information system is used for recording data on the use of
vehicles, recorded registration processes, servicing, ride orders for passenger
vehicles, costs related to vehicle fuel consumption and system created /
produced documents - reports based on ISO standards (e.g. Receipt form).

Data is entered when necessary. All the required information on
individual vehicles can be recorded in a very simple and clear way.

The program itself informs the user when it is time for the
registration service, the predefined number of days or the number of
kilometers in advance. It is possible to record an unlimited number of
vehicles, vehicle data, periodic maintenance, driving and vehicle
operating costs. The program includes a full set of supporting records in
which the data is sufficient to be defined only once, and then any
number of times entered in the register simply by selecting from the
drop-down list. Therefore, entering data into the program is simplified
and fast, while a manual entry of the same data is completely
eliminated.
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At any time, entered data can be viewed, changed, print or sent by
e-mail. The program generates a lot of useful reports and is suitable for
the planning of future expenditure and a number of reports such as:

-View all costs within a certain time interval for all or a specific
vehicle. This refers to services, registration, fuel and other costs.

- Only the cost price per day for one or more vehicles.

- Only the cost per driver or all the drivers.

- Control and supervision of the finance concerning fuel, maintenance
and other costs, average fuel consumption by one or more vehicles.

- The information required to create long-term and short-term work
plans in this business segment,

- More efficient business management system, analyzing and
processing reports,

- No data redundancy,

- Eliminate unclear, incomplete, undefined requirements and
overcome the problem of technological backwardness at work,

- The quality of operations is better as well as the mutual
coordination of all users of company vehicles.

- Implemented reports in the IS should provide relevant information on
the state of the observed business system, and will be the basis for faster
management and a more efficient decision-making and management system.

The implementation process,
its execution and automation

Defining the shape and appearance was realized in Access, while
the external data sources were stored in the SQL server database.

The on-screen forms that represent the results of modeling business
processes are shown further on.

After a successful login to the app, the home screen shows all the
programmed functions. The content is visible: the system (part of the
entire management information system), administration (management of
all application objects), business partners (recorded by all business
partners and persons in the application), lists of values (here is the
skeleton system updated), registration of vehicles (entry on organization
vehicles), the use of vehicles (recorded use of the vehicle), vehicle
maintenance (these entries show routine servicing and repair), reports
(starting programmed reports for work analysis), Description (part of the
application), search (fast access to different information in this system).
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Figure 8 — Home screen applications
Puc. 8 — MMaBHbIN 3KpaH NPUNoXeHus
Slika 8 — Pocetni ekran aplikacije

Form programmed to be displayed on the screen:
Record of the vehicle technical data
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Figure 9 — Entering the technical data of the vehicle
Puc. 9 — Y4eT TeXHNYECKNX AaHHbIX TPAHCMOPTHOrO CPeacTBa
Slika 9 — Unos tehnickih podataka o vozilu

The most important technical data for each company vehicle used in
the organization is entered into this programmed form.
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Form programmed to be displayed on the screen:
Vehicle registration
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Figure 10 — Entry of data on vehicle registration
Puc. 10 — Y4eT faHHbIX O perMcTpauumn TpaHCNopTHOrO CPpeAcTBa
Slika 10 — Unos podataka o registraciji vozila

Data relevant to the process of renewing the registration of vehicles
is entered into this form.

Form programmed to be displayed on the screen:

Entry of accessories
B it =
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Figure 11 — Entering accessories
Puc. 11 — BBop akceccyapbl
Slika 11 — Unos dodatne opreme

Data on accessories which go along with the borrowed vehicle is
entered into this programmed form.
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Form programmed to be displayed on the screen:
Use of the vehicle
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Figure 12 — Overview of the vehicle use
Puc. 12 — CBOAHbIV OTYET NO TPAHCMOPTY
Slika 12 — Pregled upotrebe vozila

This display form can quickly show the data on the use of vehicles,
the mileage and expenses incurred during the use of vehicles.

Form programmed to be displayed on the screen:
Costs during the use of the vehicle

A Eadim dobadais o |

» DolamentiD: | 201 1100200001 Vards BG11111 - Ststus OVEREN
Blegy dedourmands. 201, JP00500001 Dituen shabuma | 26 00 0. 220506
Diatorm doburmenta 26 02 20 | QU CENTARZA. . .ocow wm = =]

Tadulens  igsorps sl

Dobadal .~ " "2 =] (L MALOG LA UPOTREBU VOILA

Konamle === C & = ."j Depigrmaed oamy 1D 2915000000000 1

Ry Predmel poslovanss Sl Mohima  Lomoa Pllam
B 1 BEMEN MBS = LT - 500000 O Da 7] Ne
Prramasdg

Figure 13 — Input of costs during the vehicle use
Puc. 13 — HaknagHble pacxofbl BO BPEMS MCMOSb30BaHWSA TpPaHCMOPTHOrO cpeacTea
Slika 13 — Unos troSkova tokom upotrebe vozila

Costs for each vehicle in the fleet are entered into this form.
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Form programmed to be displayed on the screen:
Costs

Figure 14 — Overview of costs for a selected vehicle
Puc. 14 — O630p pacxogoB no BbIGpaHHOMY TPaHCMOPTHOMY CPEACTBY
Slika 14 — Pregled tro8kova za izabrano vozilo

This form shows a summary for each document created during the
vehicle usage. There are dates and suppliers for each document as well
as a total amount of costs.

Form programmed to be displayed on the screen:
Allocating vehicles

3 Revens
Taduli =]
DokumentiD). 2 0000004 | Verlo: BG11111 -j Status: OTVOREN
By dokumenta J0° 0100200004 Dt cneere Datem statusa: | 09 1120 .. 2419
Datum dokumenta: 09 11.20 . QJ L=

e

Zatulenm  isiorgs statuss

Iaduden ....c.e... . =]
Iaduby T w | Mapomena kod zaduten
Ladulenps Km 30
Datum raduteng 1001 20" -

Figure 15 — Procedure of allocating vehicles
Puc. 15 - MNpoueaypa oopMneHns TpaHCNOPTHOroO CpeacTea
Slika 15 — Procedura zaduzenja vozila

Vehicle allocation data is shown in this form: the name of the person
the vehicle is allocated to, how many kilometers the vehicle has ordered
in time duties, the time and any notes on the condition of the vehicle at
the time of borrowing.
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Form programmed to be displayed on the screen:
Overview of the liabilities for vehicles

Padubi | Jabewid Makig bd epoteeles  (Wept Radad sali  Hibus
4 Veslall | 1 [T ———— - -1 . =
Bagaioshs arnaba B511101 Ll rapats b o Maiaal T="
Maka OPEL Skaten waila LU UPOTRES -
Te ASTRA Tt i .
el 1 60 Ciotiors siaiena 20022 . 115048

by podtis Eisgaticgd - Onaparangs Dodairg sprema Upobeba wris Odfmaegs  Todiow  Sachrsdsps rergods CRANE0S o statens

L Ciarem et ¥ Fralen
ot et TEdaler Sl riaf et wh =
b ren . e . RN AN NN O

Figure 16 — Procedure of allocating vehicles
Puc. 16 — MNpouenypa oopMneHns TpaHCMOPTHOroO CpeacTea
Slika 16 — Procedura zaduZenja vozila

This form shows the listing tasks and the use of each vehicle.

Each vehicle in the organizationis allocated with a receipt and the
liability for each vehicle is determined. This screen contains the history of
the vehicle usage.

Form programmed to be displayed on the screen:
Return of the vehicle

[ kerm =
Razduli =
’ DokumentiD: | 201.. 2100200004 | Vozie: BG11111 -] Sistus: ZADUFEN
Beoy dokumenta: 207 0100200004 | Datum overe Datum statusa: | 09,9120 .. 14:2507
Datum dokumenta: 09.11.20°°| QJ =

Rardulenie 1ptoigs statusa

Zaduben v ... DEJAN -

Zadutio: | (=] Napomena kod zadutenjs
Zadudenpe Km 30

Datum zadudenja: | 09.11.20.. 14:25:07

Rardubio: ~_"_. . ....
Razdudengs Km

= Mapomena kod razdulenia

Datum razadulena

Figure 17 — Paperwork procedure for officially returning vehicles
Puc. 17 — MNpoueaypa 3aKkpbITUsS NyTEBbLIX NINCTOB
Slika 17 — Postupak razduzZenja vozila
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After a period of vehicle use, a person liable for the vehicle is to
return it. At that point, the following data is entered: date of the official
return of the vehicle, the person who returned the vehicle, the mileage on
the date of return, as well as the description of the condition of the
vehicle at the time of return.

Form programmed to be displayed on the screen:
Vehicle ride order

4 DukuingsilD. | 2012 1020020000 Visils EG11191 = Simus- (AT |
Besj dokusnenta: (2011000200002 Caaltiims slalugs | 07 052017 131123

Dalum daksersnla, 07 2221 | == R

Chaiumn rwis
MR ERTIR:. > — ee  e e Ta ee E |=
Tatwaraale | [siorja staiuss

lzdzsane: :
(o=

[l

]

Rl o T

-

Cigie posla. 1

Rslacja: 1

Wrsana prlsaka

Patelna Km

Catum polzska:

Thanje gorea podelak,

07 252
cann

=an
TR EETVRTTE

Napzmena kod izdzvanm:

Eean: .. = s =]

Wracarme:
= T A a0
Datum posratka: 07 2520 Hapamana ked ko
Wreme povratka
Faaina Kim

Slans guike ks =

Wealn paikiceriy =|

Hazducho =]

Leralia. | e e

|T| i, | T

Figure 18 — Procedure of opening a vehicle ride order
Puc. 18 — MNopsiaok BbINUCKU NYTEBOrO NMCTaHa TpaHCNOpTHOE CPeaACcTBO
Slika 18 — Procedura otvaranja naloga za upotrebu vozila

When the use of a company vehicle has been approved, a ride order
for a passenger vehicle is opened. The entries are: ground vehicle use —
the purpose for using the vehicle and the distance, the date and the time
of taking over the vehicle, the initial state of the odometer, fuel level in
the tank and the person who approved the use of the vehicle.

Upon completion of the vehicle usage, the date and the time of
return of the vehicle are recorded. In addition, the final entries are the
mileage, fuel level upon return, a place to park and the person who took
the car keys.
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Output document:

Printed ride orders for passenger vehicles

I8 Matog upnrrr"nu verila

SEOCPAD,

Tas, +1

e AR Owwn
Emal

[o &5

aiRtaung a

T T

=T
Bop 20T NGEIZ00004

0 & IR0 ]

Mapomens kod ZElSmans

ST =

Dt pore st |07 06,301
o e b |
Starjs brojils pri pore st :

Mapn e | ol viadenja
T

NALOG ZA UPOTREBU VOZILA

Kiwkex QOPEL A5TRA 160
Polmn e, par Emrg. po podmic e GRAHAFA
Regabanks conek s BEATHA
Dt pobakes: G705
Vrmrm ok G20
Stinje brogle i polme s 300
ani gorka ne pelsku TRICETVATINE

2 Rt 5 POVLABCENS PARKING RARTA
3 [ A, BT A EALTA,
bt aDRESa

Figure 19 — Procedure of handing in a vehicle ride order
Puc. 19 — MNopsagok ohopMrieHns 3asBKM Ha UCMOMb30BaHWe TPaHCMOPTHOrO CpeacTea
Slika 19 — Procedura predaje naloga za upotrebu vozila

At the beginning of the process, the employee receives initially filled
ride order. Upon completion of the use of the vehicle, the employee
returns the completed ride order for passenger vehicles with the data on
kilometers ordered, a place to park the vehicle and the date and the time

of the vehicle delivery.
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Conclusion

Completely new directions in the organization of business processes
are being created and of particular importance is the development of a
system for managing business processes, based on explicitly designed
processes and providing support in the execution and management of
operational business processes.

An important requirement is knowledge of business processes. The
main contribution of this paper is defining the approach for modeling and
implementing business processes through a selection of tried and tested
methods and models for dealing with the complexities of system
selection and implementation of executive decisions.

This paper presents an approach for modeling business processes
through a choice of methods and models for coping with the complexity
of the system (Mayer, et al., 1995). The application of the proposed
methods and models is illustrated through the decomposition of business
processes and a detailed specification of the business process in
creating ride orders for passenger vehicles.

The presented example of defining the process model of a ride order
for passenger vehicles is a way to simultaneously describe the dynamics of
information for the IS development. Using contemporary design and the use
of CASE tools can be extended and modified, because all changes are
easily installed. The presented methodology for the design of information
systems and CASE tools can be used for any system or phenomenon
studied and implemented on a computer (Lazarevic et al., 2006).

Precisely and formally defined business process models were the
basis for configuring the IS, but will be used for the analysis, understanding
and continuous improvement of the process they describe. It is important
to identify and describe all the processes; otherwise, the system will be
incomplete. Being living organisms, business processes are not
standardized, but they can be optimized.

Establishing business process management is not only an aspect of
understanding the flow of operations and other elements of
organizational design. Other dimensions of establishing business
processes are accurate implementation of functionality to the design of
business processes, business process improvement and alignment with
the solution of this improvement, management of changes in the design
process that arise during the implementation of solutions, the introduction
of end-users to work and training about specific functionalities related to
administration for a process in which they are protagonists.

This paper presents a combination of theory and practice as
theoretical aspects are exposed to real results. The paper shows the
implementation processes, their implementation and their automation.
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The executive specification of the program is realized on the Access /
SQL Server platform.

The appearance of screen forms was implemented on the MS
Access platform, while the external data sources were stored in the SQL
server database.

The automated solution increases the quality of operations and
coordinates all the participants in this business system.

The ultimate goal is the development of an IS which will be based on
business processes, i.e.in which business processes will be first-order
entities. Precisely and formally defined business process models will be
the basis for configuring the IS, but will also be used for the analysis,
understanding and continuous improvement of the process they describe
(Terzi¢, et al., 2014). This IS concept will be able to continuously offer an
adequate support to business systems and it will enable successful
achievement of business objectives of organizations.
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Abstract:

Tunnels are passageways built for different purposes: road tunnels,
railway tunnels, subway tunnels or similar. Their dimensions are becoming
more and more considerable, depending on technology improvement.
According to the fact that many people and vehicles pass continually
through these structures, there was a logical question about a possible
evacuation in case of disasters such as fire, explosion or similar. This is a
constantly open and actual problem, confirmed by many people who
perished in disasters because they could not be evacuated or because an
evacuation was delayed for some reasons. This paper has been written to
show a possible evacuation situation and to calculate the minimum time
for the evacuation in the case of 772 m long StraZevica tunnel.

Key words: evacuation, simulation, tunnels.

Introduction

Tunnels, generally, present underground objects, with both ends
opened, positioned horizontally or with a slight gradient, which serve for
railway, road, water ways, or similar, and connect two parts of the road
separated by an obstacle that could not be overcome in some other way.
The biggest number of tunnels, often the longest of tunnels, was built for
railway transport and transport by water, while a smaller part was built on
roads and pedestrian crossings. Tunnels, as well as bridges, present the
most complicated architectural structures. Their construction demands great
knowledge, detailed planning, many different measurements and huge
material expenses. Some examples of tunnels are presented in Figure 1.
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Figure 1 — Tunnels for traffic in Baltimore (left) and Switzerland (right), figure sources:
https://fen.m.wikipedia.org/wiki/Cut_and_cover#Cut-and-cover (left),
https://www.ethz.ch/en/news-and-events/eth-news/news/2013/11/a-land-of-tunnels.html

(right)

Puc. 1— ABTogopoxHble TOHHenu B bBantumope (cnesa) u Lsenuapun (cnpasa),
ncToyHUK dooTo: https://en.m.wikipedia.org/wiki/Cut_and_cover#Cut-and-cover (cnesa),
https://www.ethz.ch/en/news-and-events/eth-news/news/2013/11/a-land-of-tunnels.html

(cnpaga)

Slika 1 — Tuneli za saobracaj u Baltimoru (levo) i Svajcarskoj (desno), izvor slike:
https://en.m.wikipedia.org/wiki/Cut_and_cover#Cut-and-cover (levo),
https://lwww.ethz.ch/en/news-and-events/eth-news/news/2013/11/a-land-of-tunnels.html
(desno)

Tunnels can be divided in several ways, depending on different factors.
Depending on their position in respect to the ground, tunnels are divided to
hill tunnels, underwater tunnels and city tunnels. Depending on their
structure, tunnels can be divided to completely constructed tunnels, partly
constructed tunnels and no constructed tunnels. As far as the applied
construction method is concerned, there are Belgian, Austrian, English,
German, ltalian and other methods of tunnel construction. There are also
many other different divisions of tunnels. From the historical aspect, it was
known that tunnels were built in 2500 B.C. under the rivers Tigris and
Euphrates. Today, there are many tunnels with different purposes all over
the world. Some of the longest tunnels are presented in Table 1.

Table 1 — The longest tunnels in the world
Tabnuya 1 — Camble ANWHHbIE TOHHENW B MUpe
Tabela 1 — Najduzi tuneli na svetu

Name of . Length of
the tunnel Location of the tunnel the tunnel Purpose Year
Delaware
Aqueduct New York, USA 137 km | Water supply 1945
Paijanne
Water Finland 120 km Water supply 1982
Tunnel
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Name of Location of the tunnel Length of

the tunnel the tunnel Purpose Year

Dahuofang
Water Liaoning Province, China 85.32 km | Water supply 2009
Tunnel

Orange—
Fish River | South Africa 82.8 km | Water supply 1972
Tunnel

Bolmen
Water Kronoberg/Scania, Sweden 82 km Water supply 1987
Tunnel

Tunnel
Emisor Mexico City, Mexico 62.5 km Water waste 2012
Oriente

Guangzhou
Metro: Guangzhou, China 60.4 km | Metro 2010
Line 3

Beijing
Subway: | Beijing, China 57.1km | Metro 2012
Line 10

Seikan
Tunnel

Railway Single

Tube 1988

Tsugaru Strait, Japan 53.8 km

Zelivka

Water Central Bohemian Region,

Czech Republic 51.075 km | Water supply 1972

Tunnel

The StraZzevica tunnel presents a component of Belgrade’s detour and it
is the largest and the most modern tunnel in Serbia. It presents an integral
part of the KORIDOR 10 highway. The tunnel was built in accordance with the
latest world standards. The length of the tunnel is 772 m while the complete
width is 13 m and the width of the roadway is 11.5 m. It is only the right tunnel
tube. The left tunnel tube was realized for only 115 m. The both tunnel tubes
should be connected with two pedestrian tunnels with a tunnel cross-section
of 25 m?, intended for evacuation in emergency cases. The tunnel is equipped
with complete light and traffic signalization equipment. It also has a very
modern system for fire detection, burglary detection, air control, audio and
radio system, ventilation system and a system for traffic control. Six lighting
systems accommodate the tunnel light to the day light and, in that way, sto
the “blindness” of drivers. The complete quantity of dug earth was 70,000 m®.
In order to stop the ground moving, it was necessary to concrete a protective
inclined plane of 120 m in length, with 147 tensioned anchors with a length of
9 m. The tunnel excavation was realized by a new Austrian tunnel method.
Some of important data for the tunnel are presented in Table 2, while the
tunnel is presented in Figure 2 (left and right) (http://www.energoprojekt-
ng.rs), (http://www.novosti.rs/vesti/beograd.74.html:378392-Strazevica).
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Table 2 — Major data for the Strazevica tunnel
Tabnuya 2 — nasHble napameTpbl TOHHeNs CTpaxesuua
Tabela 2 — Glavni podaci za tunel Strazevica

tunnel length 745m +115m
tunnel cross-section 110 m2

tunnel excavation 843,377.00 m3
open-cut excavation 150,390.23 m3
earth fill 79,175.05 m3
gravel fill 80,128.86 m3
concrete lining 18,945.39 m3
concrete MB 30 2,547.61 m3
sprayed concrete MB 30 3,753.08 m

Figure 2 — The entrance at the Strazevica tunnel (right) and its inside look (left) (Figure source):
http://www.telegraf.rs/vesti/beograd/1083872-obustavljen-saobracaj-kod-tunela-
strazevica (left),
http://glassrbije.org/sr/ unaHak/3a-3aBpLueTak-TyHena-cTpaxesmua-obe3beheHo-450-
mMunuoHa (right)

Puc. 2 — Bxop B ToHHenb CTpaxesuua (cnpasa) BHyTPeHHWUI BUA (Cresa) (UCTOYHWUK dhOTO)
http://lwww.telegraf.rs/vesti/beograd/1083872-obustavljen-saobracaj-kod-tunela-
strazevica (cneBa),
http://glassrbije.org/sr/ unaHak/3a-3aBpLueTak-TyHena-cTpaxesmua-obe3beheHo-450-
MUnMOoHa (cnpasa))

Slika 2 — Ulaz u tunel Strazevica (desno) i unutrasnji izgled (levo)(izvor slike):
http://www.telegraf.rs/vesti/beograd/1083872-obustavljen-saobracaj-kod-tunela-
strazevica (levo),
http://glassrbije.org/sr/ unaHak/3a-3aBpLueTak-TyHena-cTpaxesuua-obe3beheHo-450-
MunuoHa (desno))
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Pathfinder 2012 simulation software

Pathfinder presents an agent-based on egress and human
movement simulator. There are several different versions of this
program. Pathfinder provides a graphical user interface for a simulation
design and execution as well as 2D and 3D visualization tools for a result
analysis. The movement environment is a 3D triangulated mesh
designed to match the real dimensions of a building model. This
movement mesh can be entered manually or automatically based on
imported data (e.g. FDS geometry). Walls and other impassable areas
are represented as gaps in the navigation mesh. The construction of
curved walls could be realized as a construction of several straight wall
segments. These objects are not actually passed along to the simulator,
but are represented implicitly because occupants cannot move in places
where no navigation mesh has been created. Doors are represented as
special navigation mesh edges. Every door has its own length. In all
simulations, doors provide a mechanism for joining rooms and tracking
the occupant flow. Depending on the specific selection of simulation
options, doors may also be used to explicitly control the occupant flow.
Stairways are also represented as special navigation mesh edges and
triangles. Stairways can connect different floors and levels. The occupant
movement speed is reduced to a factor of their level travel speed based
on the incline of the stairway. The occupant speed could be defined for
different evacuation scenarios. Each stairway implicitly defines two
doors. These doors function just like any other door in the simulator but
are controlled via the stairway editor in the user interface to ensure that
no geometric errors result from a mismatch between stairways and the
connecting doors.

Occupants are modeled as upright cylinders on the movement
mesh and travel using an agent-based technique called inverse
steering. Each occupant calculates movements independently and can
be given a unique set of parameters (maximum speed, exit choice, 3D
model, etc). Pathfinder supports two movement simulation modes. In
"Steering" mode, doors do not act to limit the flow of occupants;
instead, occupants use the steering system to maintain a reasonable
separation distance. In the SFPE mode, occupants make no attempt to
avoid one another and are allowed to interpenetrate, but doors impose
a flow limit and velocity is controlled by density. Simulator users can
freely switch between the two modes within the Pathfinder user
interface and compare answers. The example of occupants’ movement
in a simulation model of the Strazevica tunnel at 385 m from the tunnel
exit/entrance is presented in Figure 3.
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Exited: 18/1638

Figure 3 — Modeled occupants in the tunnel simulation model after 14.2 seconds from the
start of the simulation
Puc. 3 - CMoaenvpoBaHHble NacCaXupbl B CUMYNSALMOHHOM MOAENW TOHHENS CMYyCTS
14,2 cekyHabl OT Havana cuMynsuumn
Slika 3 — Modelovani ljudi u simulacionom modelu tunela posle 14,2 sekunde od pocetka
simulacije

A very important software possibility is importing files created in 3D
CAD, FDS and PyroSim. These files have their own geometry which can
be used in Pathfinder and significantly save time needed to complete the
whole evacuation and fire project. The imported geometry is sent as-is to
3D Results, resulting in a clean and fast graphical representation of the
data. The used version of Pathfinder for paper results was 2012 version
(Thunderhead, 2012, pp.1-4).

Simulation model

The simulation model was realized in Pathfinder 2012 in
accordance with its real dimensions. Because of the program
possibilities, the curves of the tunnels were not completely realized but
that did not influence the simulation results. The similar approximations
were used in some earlier published papers (Jevti¢, Nickovi¢, 2014,
pp.RT6.6.,1-4), (Jevti¢, 2014b, pp.537-541), (Jevti¢, 2015, pp.545-550).

The simulation was realized for different occupants’ speeds (1.25 m/s,
1.5 m/s, 1.75 m/s, 2m/s, 2.5 m/s, 3m/s, 3.5 m/s and 5 m/s) in the case of
a collision. The occupants were positioned in their vehicles at the start of
the simulation. According to the postulated scenario, the tunnel was full
with different vehicles. There were 199 cars, 14 buses and 15 trucks.
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Every car had 4 occupants inside, every bus had 58 occupants inside
and every truck had 2 occupants inside. The complete number of
occupants was 1,638. The dimensions (length, width, height) of every car
were 4.2 m x 1.8 m x 1.6 m, the dimensions of every bus were 13 m x
2.65 m x 3.2 m and the dimensions of every truck were 18.75 m x 2.85 m
x 3.2 m. Every vehicle had a determined number of doors- cars had 4
exit doors, busses had 3 exit doors and trucks had 2 doors. The distance
between every two vehicles was 1m. The vehicles were positioned in two
separate roadways. The collision between a bus and a car was in the
middle of the tunnel, at 386 m after the entrance/exit of the tunnel. The
vehicles in the middle of the tunnel and the collision situation are
presented in Figure 4.

Exited: 0/1638

o
L,

Figure 4 — The simulation example for the second scenario with the noted location
of crash at the start of the simulation
Puc. 4 — CuMynsiUMOHHBIV NpUMEp MO BTOPOMY CLieHapuio ¢ 0603HaYeHHbIM
MECTONNOSIOXEHNEM aBapuK B Havarne cumynsiLum
Slika 4 — Simulacioni primer drugog scenarija sa obelezenom lokacijom sudara
na poCetku simulacije

Simulation results

Some scenes from the case where the occupants’ speed was 1.5
m/s are presented in Figures from 5 to 12, while the complete simulation
results were presented in Figure 13.
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Exited: 0/1638
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Figure 5 — The simulation example for the noted case with the noted location of crash
at the start of the simulation
Puc. 5 — CuMynsUMOHHbIV NpUMEpP NPUBEAEHHOTO CryyYast C 0603HaYEeHHbIM
MECTOMOSIOXKEHNEM aBapum B Havane cuMynsumm
Slika 5 — Simulacioni primer za pomenuti slu¢aj sa obelezenom lokacijom sudara
na poc¢etku simulacije

Exited: 4/1638

5M

Figure 6 — The simulation example for the noted case after 5.4 seconds from the start
of the simulation
Puc. 6 — CuMynsiUMOHHbIV NpUMeEp NPUBEAEHHOTO cryyas cnycta 5.4 cekyHabl
OT Hayana cumynsuum
Slika 6 — Simulacioni primer za pomenuti slu€aj posle 5,4 sekunde od pocetka simulacije
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Exited: 44/1638

=

Figure 7 — The simulation example for the noted case after 20.7 seconds from the start
of the simulation
Puc. 7 — CumMynsiuMOHHbIV NpuMep NpyBeAeHHOro cnyyas cnyctsa 20.7 cekyHa
OT Hayana cumynsuum
Slika 7 — Simulacioni primer za pomenuti slu¢aj posle 20,7 sekundi od pocetka simulacije

Exited: 152/1638
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Figure 8 — The simulation example for the noted case after 56.6 seconds from the start
of the simulation
Puc. 8 — CuMynsiuMOHHbIV NpUMep NPUBEAEHHOTO cryyas cnycts 56.6 cekyHa
OT Ha4ana cuMynsuumn
Slika 8 — Simulacioni primer za pomenuti slu€aj posle 56,6 sekundi od pocetka simulacije
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Exited: 577/1638

i2e,

Figure 9 — The simulation example for the noted case after 122.7 seconds from the start
of the simulation
Puc. 9 — CumynsiuMOHHbIV NpUMep NPUBEAEHHOTO cryyas cnycta 122.7 cekyHA,
OT Hayana cumynsuum
Slika 9 — Simulacioni primer za pomenuti slu¢aj posle 122,7 sekundi
od pocetka simulacije

Exited: 941/1638

=

Figure 10 — The simulation example for the noted case after 174.2 seconds from the start
of the simulation
Puc. 10 — CuMynsiLMOHHBLIN NpUMep NpuBeaeHHoro cny4vas cnyctsa 174.2 cekyHabl
OT Hayana cumynsauum
Slika 10 — Simulacioni primer za pomenuti slu¢aj posle 174,2 sekunde
od pocetka simulacije
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Exited: 1287/1638

=N

Figure 11 — The simulation example for the noted case after 225.7 seconds from the start
of the simulation
Puc. 11 — CuMyNaumMOHHBIN NpUMeEp NpuBeaeHHOro cnyyvas cnycTtsa 225.7 cekyHz
OT Hayana cumynsauum
Slika 11 — Simulacioni primer za pomenuti slu¢aj posle 225,7 sekundi
od pocetka simulacije

Exited: 1629/1638

EiE

Figure 12 — The simulation example for the noted case at the exit/entrance of the tunnel
after 301.8 seconds from the start of the simulation
Puc. 12 — CumynaumnoHHbIn npumep npusegeHHoro cnydvas cnyctsa 301.8 cekyHa
OT Hayana cumynsuum
Slika 12 — Simulacioni primer za pomenuti slu¢aj posle 301,8 sekundi
od pocetka simulacije
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Figure 13 — Simulation results for realized cases
Puc. 13 — Pe3ynbTaTbl MOAENEPOBaHUS CUMYMSLMOHHBLIX CODbLITUI
Slika 13 — Rezultati sumulacije za realizovane slu¢ajeve

Analysis of the results

The simulations were realized on a laptop Lenovo IdeaPad G50-80
80E502F3YA, with the Intel Core i5-5200U processor (2 cores, 2.20GHz,
3MB cache), DDR3L memory controller (up to 1600MHz), Intel Turbo
Boost 2.0 (2.70GHz) and 8GB of DDR3 RAM. The realized simulations
for the presumed cases showed mostly expected results. The simulations
presumed a collision in the tunnel that barricaded the tunnel, without
human victims. Lower occupants’ speeds (1.25 m/s and 1.5 m/s) implied
calm occupants, while higher occupants’ speeds could imply occupants
in panic (3.5 m/s, 5 m/s). The realized results showed that, for the
chosen occupants’ speeds, the evacuation time would be shorter for
higher occupants’ speeds; however, it does not mean that a very high
occupant speed would imply very short evacuation time; on the contrary,
in that case, the possibilities for unpredicted situations rapidly increase
and evacuation time rapidly increases (Helbing, et al, 2000, pp.487-490).

Also, in the case of some collision with victims or some other
consequences, such as fire, explosion, gas leakage or similar, speeds of
occupants would be much different and their behavior would be chaotic
and pretty unpredictable. That would imply different situations, such as
panic, jams, injuries and similar. For example, it is very hard to leave a
bus with jammed doors, since it is necessary to break the glass on the
windows to leave the bus. Also, it is very hard to leave the tunnel with
injured occupants that often have to be carried, which implies higher
possibilities for jams and slower evacuation.
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Conclusion

An analysis of evacuation times and evacuation routes using
proper software presents a very helpful tool in evacuation realization
because it gives a good presentation how the available evacuation
routes could be used for different accidents (fire, earthquake,
etc)(Jevtic, 2014a, pp.153-158). It is also possible to locate new
evacuation routes that could be used in accidents (pedestrian tunnels)
for successful evacuation. Testing these factors for different occupants’
speeds and behaviors gives a good real presentation of a potential
evacuation scenario inside the object and it offers great advantages in
projecting and installing complete protection systems, such as fire
protection systems, smoke protection systems, and similar (Netcu, et al,
2011, p.277). The application of this program for different objects puts it
in the line with necessary engineer’s tools for calculating and projecting
safety evacuation systems for any type of evacuation causes (Serban,
et al, 2014, pp.48-52).
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OBAKYALNA N3 TOHHESA — HA NMPUMEPE TOHHENA
CTPAXEBMLA

Padoe B. EBTWY
OneKTpOoTeXHNYECKNIn TexHnkym «Hukona Tecnay,
r. benrpag, Pecny6nuka Cepbus

OBJIACTb: nytv coobLieHus
B CTATbW: opurvHanbHas HayyYHas ctaTbsl
A3bIK CTATbW: aHrnumnckmn

Pe3some:

ToHHenu npedcmaesnsiom coboli Mo03eMHbIe COOPYXeHUs] pas-
JIUYHBIX MUMNO8 HAa3Ha4YeHUs: Xes1e3HOOOPOXHbIE, asmoOOPOXKHbIE,
MOHHeu Onsi MempornosiumeHos u 0p. brazodapsi mexHoI0au4eCcKo-
My passumuio pas3mepbl MOHHeNeU ¢ Kax0biM OHEM y8eslu4u8aromcs.
Yuumsbigas mom ¢hakm, 4mo 60s1buwiol MoMOoK naccaxupos u mpaH-
CropmHbIX cpedcme HernpepbIBHO rnpoesxaem 4Yepe3 0aHHble 0Obek-
mbl, 803HUKaem ecmecmeeHHbIlU 80rnpoc 06 ux 3gaKyayuu 8 criydae
upessblyaliHbix cumyauuli, makux Kak: rnoxap, e3pbig u rp. Bornpoc 06
3eaKyauuu bornee YeM akmyarsieH, mak Kak no0obHble puUCKU Hecym 3a
cobol 6orbwoe KOIu4ecmeo 4esio8eYeCcKUX Xepme, ecriu ceoeepe-
MEHHO He rnpednpuHImMb MepPbI 110 38aKyayuu.

B pabome npedcmasrieHbl 803MOXHbIE 38aKyaUUOHHbIE cumyayuu
U MUHUMarbHbIU pacdem epeMeHU OJ1s1 38aKyauyUOHHbIX Mepornpusmull
Ha npumepe moHHerns Cmpaxesuua 772 M.

KntoueBble crnoBa: 38akyayusi, ModesiupogaHue, MoHHesu.

EVAKUACIJA IZ TUNELA - PRIMER TUNELA STRAZEVICA

Radoje B. Jevti¢
Elektrotehnicka $kola ,Nikola Tesla”, Beograd, Republika Srbija

OBLAST: saobraéaj
VRSTA CLANKA: originalni nauéni &lanak
JEZIK CLANKA: engleski

Sazetak:

Tuneli su objekti sagradeni za razli¢ite svrhe. Mogu biti putnicki,
ZelezniCki, tuneli za podzemne Zeleznice i sluZiti za slicne namene.
Njihove dimenzije postaju sve vece zahvaljujuc¢i tehnoloSkim
poboljSanjima. Uzimajuéi u obzir Cinjenicu da mnogo ljudi i vozila
kontinualno prolazi kroz ove objekte, postavilo se pitanje o mogucoj
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evakuacifi u sluCaju katastrofa, kao $to su poZar ili eksplozija. Iskustva
govore da je mnogo ljudi izgubilo Zivot jer nisu mogli biti evakuisani ili
Jje evakuacija zbog nekog razloga kasnila. U ovom radu opisuje se
moguca evakuaciona situacija i izraCunava minimalno vreme potrebno
za evakuaciju u tunelu Strazevica koji je dugacak 772 m.

Kljuéne redi: evakuacija, simulacija, tuneli.
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Abstract:

Landfills are one of the most common ways of waste disposal.
Selecting a landfill site is a complicated and long process that involves a
legal framework as well as environmental, economic and social
parameters aimed at reducing a negative environmental impact. The
landfill site selection in the municipality of Nevesinje (Republic of Srpska),
dealt with in this paper, was performed using the analytic hierarchy
process (AHP) and GIS technology. Eight criteria were analyzed: geology,
distance from settlements, distance from road networks, distance from
water bodies, vegetation, slope, elevation and aspect. Relative weighting
factors for each criterion were defined by applying the AHP and their linear
combinations, with the range of each cell determined by the suitability
index. The suitability index has been reclassified in five classes where
67% of the territory belongs to the restricted area, 11% of the territory has
low suitability, 6.1% has moderate suitability, 5.9% high suitability, and
10% very high suitability. Two potential landfill sites are proposed, but
before a final decision is made, it is necessary to analyze additional
parameters.

Key words: landfill, site selection, AHP, GIS.
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Introduction

A lack of land for waste disposal, inadequate landfill sites and rapid
population growth are some of the biggest problems of urban areas in the
world. Landfills are an important element in the waste disposal management
system. According to the Law on Waste Management of the Republic of
Srpska (RS), a landfill is a site for waste disposal on the surface or below the
surface where waste is disposed of, and that includes: internal storage areas,
and a permanent site (over a year) which is used for temporary storage of
waste (Official Gazette of the Republic of Srpska, 28/1994). The landfill site
selection includes social and economic parameters, environment and
legislation (Zamorano, et al, 2008, pp.473-481). An inadequate site selection
causes: transfer of disease, pollution of water, soil and atmosphere, disruption
of landscape value, unpleasant smell and economic losses. A site selection is
a multi-criterion process which considers different criteria for the selection of
suitable areas between different alternatives (Melo, et al, 2006, pp.83-92),
(Nazari, et al, 2012, pp.1631-1642). The integration of GIS technology and the
multi-criteria analysis is a powerful tool for the selection of a landfill site,
because GIS enables an efficient manipulation and presentation of spatial
data and the MCDA (multi-criteria decision analysis) consistently ranks
potential sites based on different criteria (Kontos, et al, 2005, pp.818-832) and
(Sener, et al, 2006, pp.376-388). Researchers use different MCDA methods
for a landfill site selection. Siddiqui, et. al. (1996, pp.515-523) applied the
combination of GIS and the Analytic Hierarchy Process (AHP). In (Chang, et
al, 2008, pp.139-153) GIS and the fuzzy MCDA are integrated for a choice of
locations in suburban areas, Tayyeb, et.al. (2010, pp.1073-1078) uses the
MCDA and the analytic network process (ANP). Sener, et. al. (2006, pp.376-
388) uses a combination of the AHP and linear combinations of weight,
whereas (Akbari, 2008, pp.39-47) applied a combination of GIS, the Fuzzy
multi-criteria analysis and the System Supporting Spatial Decision-making
(SDSS). Mahini and Gholamalifard (2006, pp.435-445) described the multi-
criteria analysis, called a linear combination of weight in the GIS environment.

In the site selection, it is very important to consider natural, social,
political, economic and technical factors; therefore, a choice must be
made by a multidisciplinary team of experts.

Methodology
Study area
Nevesinje is located in the southeastern part of the Republic of

Serbian (BiH), east of Mostar and south of Sarajevo. It is located
between latitude 43°04'- 43°29' N and longitude 17°58'- 18°25' E (Figure 1).
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The Mulicipality is a mountainous region of High-Herzegovina with an
average altitude of 860 m, and is characterized by a large karst field of
17,000 ha. The area of the Municipality of Nevesinje is 923.4 km?. The
Municipality Nevesinje has a population of 13,713 inhabitants
(http://www.opstinanevesinje.rs.ba/,nd).

Figure 1 — Geographical location of the Municipality of Nevesinje in RS
Puc. 1 —Teorpacuyeckoe nonoxerHne MyHuumnanuteta HeBecuHbe, Pecnybnuka Cepbckasi
Slika 1 — Geografski poloZaj opstine Nevesinje, Republika Srpska

Method

A landfill site selection was carried out by a combination of GIS
technology and the Analytic Hierarchy Process - AHP. GIS technology
combines spatial data (maps, photogrammetric imagery, topography and
satellite imagery) with quantitative, qualitative and descriptive databases
and it supports a wide range of spatial analyses. In the decision making
process, a large number of factors must be considered, and GIS is ideal
for such studies because it allows easy manipulation of large amounts of
spatial data from different sources. The AHP is a technique that,
integrated into GIS, allows a consistent estimate, based on the factors
that contribute to the analysis of problems. A schematic presentation is
shown in Figure 2.
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Figure 2 — Scheme of a landfill site selection using GIS and the AHP
Puc. 2 — Cxema npouecca BblIbopa MECTHOCTU Ansi 0OyCTPOMCTBA CBarku
no N’MC texHonorum n metogam AHP
Slika 2 — Sematski prikaz procesa izbora lokacije za deponiju
primenom GIS tehnologije i AHP

The AHP is a powerful tool for consistent evaluation and entails four
steps (Saaty, 2008, pp.83-98). The first step defines a problem. The
second one is based on a representation of the problem in the
hierarchical structure. The hierarchy structure consists of several levels:
goal, criteria, sub-criteria and alternatives. The definition of the hierarchy
structure for a landfill site selection includes environmental, economic
and legal factors. In the third step, a matrix of comparison is generated
as a result of a pairwise comparison of the elements of the hierarchy in
the top-down sistem. The AHP provides a possibility to find relations
between significant factors, establishes priorities with their relative
importance in real conditions and determines the predominance of one
factor. The goal is at the top of the hierarchy and it is not comparable. At
the first level, n criteria were compared in pairs and with respect to a
pattern element at a higher level. If an element A is n times preferred
over B, then B is preferred 1/n over A. The comparison of two elements
of the hierarchy, at the same level, is performed using Saaty’s
fundamental scale with 9 levels of relative importance - Table 1 (Saaty,
2008, pp.83-98).
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Table 1 — Saaty’s fundamental scale
Tabnuuya 1 — dyHaoameHTanbHas wkana Caatu
Tabela 1 — Sartijeva fundamentalna skala

Importace Definition
1 Equal importance
3 Weak dominance
5 Strong dominance
7 Demonstrated
dominance
9 Absolut dominance
2,4,6,8 Intermediate values

The results of the comparisons of elements at a given level of the
hierarchy are placed in the appropriate matrix A.

The fourth step uses the comparison matrix to weigh priorities. In a
completely consistent evaluation, the pairwise comparison matrix A,
containing the comparison results, would be identical to the matrix X:

Wi o Wa
X=| .o
Wn “ee Wn
W, w

where w, denotes the relative weighted coefficient of the element i. The
weight vector w, can be calculated by solving the following system of
homogenous linear equations: A-w=n-w or (A-n-I)-w=0
where n is the eigenvalue of the comparison matrix A.

The AHP allows the user to identify and analyze the consistency of
decision-makers in the process of discernment and evaluation of the
hierarchy elements. Also, it is possible to determine errors of judgment

by calculating the consistency index (ClI) for the comparison matrix, and
then calculating the consistency ratio (CR).

CI

CR=—
RI
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where Rl is the random consistency index and it depends on the order of
the matrix A.

Cl= M ) )

n-—1

where A, is the largest eigenvalue of the comparison matrix. The closer
the value of the computed Amax is to n, the more consistent the observed
values are. If the consistency ratio is CR<0.1, all results should be
analyzed again (Indi¢, et al, 2014, pp.23-41).

Finally, the sensitivity index is calculated using the linear
combination of weight (WLC method), by multiplying the rank of each
alternative with the weight factor:

S, =Y w, 2)
i=1

Where S, is the suitability index for a landfill site selection, w,—the
weight coefficient i, r,— the rang j cells of the raster within the criteria i.
Using equation (2) model expAhp 2.0.
(http://www.arcgis.com/home/item.html?id=bb3521d...,nd) automatically
calculates the sensitivity index S.. A higher suitability index points to a
higher possibility that a raster cell becomes a part of the landfill.

Criteria

After defining the goal, based on legislation and recommendations
from literature, 5 limitations and 8 criteria (Table 3) were defined:
geology, distance from settlements, distance from road networks,
distance from surface streams, vegetation, slope, altitude and aspect
(Zamorano, et al, 2008, pp.473-481), (Kontos, et al, 2005, pp.818-832),
(Nazari, et al, 2012, pp.1631-1642), (Akbari, 2008, pp.39-47), (Gorsevski,
et al, 2012, pp.287-296), (Zelenovi¢, et al, 2011).

Geology

A landfill should be located in areas with a low risk of groundwater
contamination. The contamination of groundwater primarily depends on
the permeability and the depth of the strata beneath the Ilandfill
(Gorsevski, et al, 2012, pp.287-296). High permeability of the strata
occurs in karst formations (such as limestone) and sandy soil, low
permeability is characteristic for clayey soils, while the clay shales are
impermeable (Kontos, et al, 2003, pp.267-277).
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Distance from settlements

Landfills should not be built near urban or rural areas because of a
negative impact on people's health, odor and noise. Studies have shown
that with increasing the distance from inhabitated zones, the opposition of
the population to landfill construction decreases (Akbari, 2008, pp.39-47).
The EU Directive defines the minimum distance from residential areas which
is 500 m (Official Journal of the European Union, Directive 2008/98 / EC).

Distance from road networks

An access to a landfill should be provided through alternative roads
in all weather conditions (Sener, et al, 2010, pp.2037-46). On the other
hand, landfills should be located near existing road networks because a
construction of new roads leads to additional costs (Nas, et al, 2010,
pp.491-500). Closer distances to the existing roads have higher weight.

Distance from water bodies

The Water Law of the Republic of Srpska prohibits the construction
of landfills near water bodies (springs, rivers, lakes, wetlands) (Official
Gazette of the Republic of Srpska, 50/2006 and 92/2009), (Nas, et al,
2010, pp.491-500). The EU Directive defines the minimum distance from
permanent water streams and water sources, which is 500 meters
(Official Journal of the European Union, Directive 2008/98/EC).

Vegetation

The Forests Law of the Republic of Srpska, prohibits waste disposal
in forests and forest lands (Official Gazette of the Republic of Srpska,
66/2003, 75/2008 and 30/2010). Pastures, irrigated and non irrigated
fertile areas are not suitable land for landfills.

Slope and elevation

Slope and elevation are the basic parameters for landfill construction
(Kontos, et al, 2005, pp.818-832). Areas with high altitudes and slopes
are not suitable for landfill sites. The best locations for landfills are areas
of a medium altitude, surrounded by hills and with a slope less than 20%
(Gorsevski, et al, 2012, pp.287-296). The slope affects the amount of
water in the soil, the possibility of erosion rate, surface runoff and
groundwater. The slope is crucial for the construction of landfill sites,
because a higher slope causes higher costs of construction.
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Aspect

The effect of wind must be taken into account because odors arising
from landfills should not be felt in urban areas. Aspect oriented to the
direction of prevailing winds is not suitable for a landfill site. By analyzing
the strength and frequency of wind in the municipality of Nevesinje, it was
found that the dominant direction of wind is north (N) and south (S), and
the areas with this aspect have the lowest suitability.

Date collection and processing

After defining the goal, limitations and criteria, it is necessary to collect
and enter data into GIS. In GIS, each of the limitations and criteria is
presented in the form of a spatially defined vector or a raster map, the cells
of which represent different alternatives. All GIS processes (digitalization,
conversion, 3D analysis, etc.) during import and building of the spatial
database, are accomplished using the tools of ArcGIS 10.2 software of the
ESRI company (Nas, et al, 2010, pp.491-500). The sources and the
process of generation of GIS data sets are given in Table 2.

Table 2 — Date sources
Tabnuua 2 — ICTOYHUKN JaHHbIX
Tabela 2 — Izvori podataka

Criteria Source
Basic geological map of 1: 100,000 (Released by the
Military Geographical Institute, Belgrade)

Geology

Distance from settlements
Distance from road
networks
Distance from rivers

Topographic map 1:50,000 (Military Geographical
Institute, Belgrade)

Corina LandCover 2006 100 x 100 m

Vegetation (http://lwww.eea.europa.eu/, nd)
Slope

Elevation Digital terrain model !
Aspect 20x20m

Creating a distance from settlements, road networks and rivers was
carried out using Multi Buffer tools. The slope and aspect have been
created using the Slope and Aspect tool.

1 Digital terrain model, resolution 20 m x 20 m, based on: ortho-photos (2011, 2013) and a
digitized topographic map 1:50,000.
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Criteria evaluation

After entering data into GIS, criteria were standardized and
evaluated. In accordance with practice, experts experience and literature,
the suitability of criteria, in this study, was determined using linear
standardization in a score range from 1 to 5, where 5 is the highest and
1 is the lowest suitability (a cell) for a landfill site (Table 4). The
reclassification (evaluation) of the criteria was carried out using the
Reclass software package ArcGIS 10.2 tool
(http://www.esri.com/software/arcgis/arcgis-for-desktop, nd).

Table 3 — Criteria and limitations
Tabnuua 3 — Kputepun v yaenbHble 3Ha4eHUs
Tabela 3 — Kriterijumi i ograniCenja

very low moderate very high
Criteria Suigb“ity low suitability sutapiy | oM sutabilty Sui?;b“?ty
2M1+2,
Ci | al K1,2,2)K - |Pr+al, aRab, 38 - 2:&"1;33
JK 3JK
C. <500 500-1000 1000-1500 | 1500-2000 2000<
Cs 1000< 750-1000 500-750 250-500 250
Cs <500 500-1000 1000-1500 | 1500-2000 2000<
Cs* (131121”531122,’23; 13 | (211.242243) | (222,321,324) | (333) (332)
Cs 20< - 10-20 0-10
C; 1925< 1600-1925 | 1250-1600 | 900-1250 550-900
Cs N S W,SW NW E,SENE,T

*CORINA 2006 legend

Determination of criteria weights in the AHP

The matrix A is the result of the pairwise comparison of 8 criteria
(ArcGIS-for-desktop). After the formation of the comparison matrix,
which was executed in expAt 2.0.
(http://www.arcgis.com/home/item.htm|?id=bb3521d775c94b28b69a10cd
184b7c1f, nd), the weights of criteria (wi) are calculated for each
criterion. The comparison matrix and the weights of criteria are given in
Table 4.
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Table 4 — Comparison matrix and the weights of criteria
Tabnuua 4 — ConoctaBuTenbHas MaTpula U BECOBOW KO3 PULIMEHT
Tabela 4 — Matrica poredenja i tezine kriterijuma

C1 C: Cs Cs Cs Cs C; Cs Wi
C4 1 3 4 12 2 4 8 6 0.25
C 13 1 2 1/2 1 2 3 2 0.11
Cs Va V2 1 1/6 1/5 1 3 2 0.06
Ca 2 2 6 1 3 4 6 2 0.29
Cs V2 1 5 13 1 3 4 2 0.14
Ce Ya Va 1 Va 113 1 12 2 0.06
C; 1/8 1/3 13 1/6 Ya 2 1 1/3 0.04
Cs 1/6 1/2 1/2 Va 1/2 1/2 3 1 0.05

Taking the weights into consideration, it can be concluded that the
distance from the surface flows is the most important criterion; on the
other hand, the distance from the road network, altitude, slope and
aspect have a minimum weight because they do not significantly affect
the environment, but since they determine the cost of construction, they
are taken into account.

The value of the consistency ratio CR = 0.062 was determined on
the basis of equation (1). The value CR =< 0.1 points to the overall
consistency of the comparison matrix.

The generation of a landfill suitability map based on the eight
criteria was accomplished in the GIS environment. The final realization
used the Weighted Linear Combination (WLC) that is integrated into
ArcGIS 10.2. (http://www.esri.com/software/arcgis/arcgis-for-desktop), in
accordance with equation (2). As a result of multiplying weighted criteria
obtained as a result of the AHP, with a cell score of each criterion, the
final forest fire risk map is generated. The suitability index is classified
into five classes: restricted area, low, moderate, high and very high
suitability (Figure 3).
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Reclassified criteria

Figure 3 — Potential locations for landfills in the Municipality of Nevesinje
Puc. 3 — KapTa noTteHumanbHbIX y4acTKOB ANs oOyCTponcTBa cBarsku,
MyHuumMnanuteT HeBecuHbe
Slika 3 — Karta potencijalnih lokacija deponija, opstina Nevesinje

The analysis of the results shows that 67.0% of the territory belongs
to the restricted zone, 11.0% of the territory has low suitability, 6.1% has
moderate suitability, 5.9% has high suitability and 10.0% has very high
suitability. Two potential sites suitable for the construction of a landfill are
proposed. Both belong to the very high suitability zone. The visibility of a
landfill from the settlements was also taken into account. The visibility
was determined using the Viewshed tools.

However, before the final decision is made, it is necessary to visit
the site as well as to analyze the ownership of the land, the land price
and the opinion of the public and community structures.

Conclusion
Landfills are treated as objects of non-economic activities, while a

landfill site selection is a special task in terms of the use of building plots
and their price.
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In this paper, the selection of sites suitable for the construction of a
landfill was carried out using GIS and the AHP. GIS was used for spatial
statistics and grouping the most suitable areas, as well as for managing
large amounts of spatial data collected from various resources. On the
other hand, the AHP allows solving complex problems which depend on
many factors. The paper defines two potential locations for the
construction of a landfill in the Municipality of Nevesinje. The analysis
was based on eight criteria: geology, distance from settlements, distance
from road networks, distance from surface water bodies, vegetation,
slope, altitude and aspect. Larger weights are assigned to environmental
parameters (geology, distance from surface flows, etc.). The study
identifies five suitable zones out of which 67.0% of the territory belongs
to the restricted areas, 11.0% has low suitability, 6.1% has moderate
suitability, 5.9% has high suitability and 10.0% has very high suitability.

The results can be used as a model for the landfill site selection in
an area with similar characteristics, because it provides to the decision-
maker an analysis and support in solving problems related to waste
management. Although a comprehensive analysis of the given factors for
landfill site selection requires a lot of time and funds, the authors
recommend its implementation. In this case, in order to comprehensively
protect the environment and human health, it would be necessary to
conduct the analysis of environmental risk assessment.
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METObI TMC TEXHONOIMN AHATIMTUYECKOIO
NEPAPXUYECKOIO NPOLECCA MNP ONPEOENEHNA
MECTOMNOJIOXEHUA CBAJIOK

[Jpazosnio6 N. Cekynosuy®, Mopdana J. Akoenesny®

? YuusepcuteT 060poHsl I. Benrpaa, BoeHHas akagemus, r. Benrpag,
Pecny6nuka Cepbus,
YHuepcuteT B r. baHsa-llyka n ApXuTeKkTypHO-CTpOUTENHO-reoae3nyyeckmn
WHCTUTYT, BaHs-Jlyka, Pecny6nvka Cepbckas, BocHusa n MepueroBuHa

OBNACTDb: reoHayku
B[O CTATbW: opurmHanbHasa HayyHas ctaTbsl
A3bIK CTATbW: aHrnunckmn

Pe3some:

Cearnku Hauboriee pacrpocmpaHeHHbIU 8Ud pasmeLieHusi omxodos.
Beibop ywyacmka Ons pasmeweHusi ceanku rnpedcmaesnsem cobol
onumerbHbIU U muamerbHbIl rpouecc, mpebyrouwull 8bINosIHEHUST Uesio-
20 psida meporipusimutl npu cobrrodeHuUU 3aKkoHoOamerlbHbIX akimos, KO-
JI02UHECKUX, 3KOHOMUYECKUX U CoyuaribHbIX HOpMamueos U cmaH0apmos,
C UesIblo CHUXKEHUST He2amugHo20 8030elicmeusi Ha OKpYy»Karoulyro cpedy.
B daHHol crmambe ripugedeHb! UCTbimaHHbIe MeCmHOCMU Ha meppumo-
puu myHuyunanumema HeesucuHbe (Pecriybriuka Cepbcekasi) Onsi 0by-
cmpoticmea cearnok. [eoMOHUMOopUHE MeCmMHOCMU rpo8oousicsi Memodom
aHanumu4eckoz2o uepapxudeckoz2o npouecca (AHP) npu rmomowu TMC
mexHosioauu. AHanu3 ucrbimyemMol MeCmHOCMU 8K/IrYar criedyroujue
Kpumepuu: 2eosioeudeckue u3bickaHusi, 6e30rnacHoe paccmosiHue om Ha-
CerneHHbIX MyHKmMo8, be3oracHoe paccmosiHue om rymel COObLWEHUs,
be3ornacHoe paccmosiHue om 8000eM0o8, 8e2emaujusi, CKIIOHbI U Or10sI3HU,
8bicoma Hal ypOBHEM MOPSI U 3KCMO3UUUS Ha MECMHOCMU.

Ha ocHosaHuu npumeHeHHo20 AHP memoda ornpederieHbl OMHOCU-
meribHble 8eco8bie KO3ghghuUUEHMbI KaO020 U3 Kpumepues, a ux JluHe-
liHasi cCOOMHeCeHHOCMb C paHaoM Kaxdou sdelku orpederiiem 8eco-
goli kKoaghcbuyueHm 6nazonpussimHocmu. Becosol koaghghuuueHm 6bna-
eonpusimHocmu pacripedersieH criedyrouwum obpasom: 67,0 % 3anpeuw-
eHHasi mecmHocmb, 11,0% Hecoomeemcmeyrowas mecmHocms, 6,1%
ymepeHHasi mecmHocmab, 5,9% 6nazonpusmHas mecmHocmb U 10% Hau-
boree brazonpusmHas MecmHocmb. Ha ocHosaHuUuU OaHHbIX uccriedoea-
Hul bblirio npednoxeHo dea yyacmka Or1s1 0bycmpolicmea ceariku, Ho 0111
OKOHYameJsibH020 coa/1acosaHusi HeobxoOuMo rposecmu pas3sedoyHbie
uccriedosaHusi U aHanu3s 0ornonHUMmMeribHbIX napamempos.

KntoyeBble cnosa: ceaska, mecmornosoxeHue, AHP, T'MC.

ODREDIVANJE LOKACIJE DEPONIJE PRIMENOM GIS
TEHNOLOGIJE | ANALITICKOG HIJERARHIJSKOG PROCESA
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OBLAST; geonauke
VRSTA CLANKA: originalni naucni Clanak
JEZIK CLANKA: engleski

Sazetak:

Deponije su jedan od najéescih nacdina odlaganja otpada. Izbor lo-
kacije deponije je komplikovan i dug proces koji ukljuéuje zakonske re-
gulative, ekoloske, ekonomske i socijalne parametre radi smanjenja
negativnog uticaja na Zivotnu sredinu. Izbor test-podruéja pogodne lo-
kacije za deponiju na podruéju opStine Nevesinje (Republika Srpska)
izvrSen je primenom analitickog hijerarhijskog procesa (AHP) i GIS teh-
nologije. Analizirano je 8 kriterijuma: geologija, udaljenost od naselja,
udaljenost od putne mreze, udaljenost od reka, vegetacija, nagiba tere-
na, nadmorske visine i ekspozicija.

Primenom AHP definisani su relativni teZinski faktori za svaki Kri-
terijum, a njihovom linearnom kombinacijom s rangom svake celije od-
reden je indeks pogodnosti. On je reklasifikovan u pet klasa pogodno-
sti, pri c¢emu 67,0% prostora pripada podrucju zabrane, 11,0% niske
pogodnosti, 6,1% umerene pogodnosti, 5,9% visoke pogodnosti i
10,0% podrucju veoma visoke pogodnosti. PredloZzene su dve potenci-
Jalne lokacije za izgradnju deponije, ali pre donoSenja konacne odluke
potrebno je izvrsiti obilazak lokacije i analizirati dodatne parametre.
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Summary:

Aircraft construction experts must not neglect the behavior of aircraft
in extreme or closely extreme flight conditions, such as flights at critical
angles of attack, where a normal flight can be easily converted into a stall.

This paper highlights the essential factors that influence the
behavior of aircraft in flight at critical angles of attack. Based on the
available experimental results and estimations, the performances of
airfoils were analysed depending on air flow conditions (categorized
according to Mach and Reynolds numbers), airfoil shapes, dynamics of
the transition of angles of attack, description of the flow around airfoils
with increasing the angle of attack upon reaching a critical value, and
the effect of roughness of airfoil surfaces at critical angles of attack.

The paper gives a physical interpretation of a lift decrease and a
stall. It minutely describes the origin of flow separation and categorizes
airfoil sections by type of separation and their behavior during the flow
at the critical angle of attack.

Based on modern aerodynamics, this paper aims to show and
explain the issues and the most important characteristics of the flow past
the body at critical angles of attack and give practical recommendations
for airfoil design. As such, it may be of interest to pilots and engineers as
well as to educational and research institutions.

Key words: aerodynamic, performance of airfoils, fluid dynamics, airfoil
shape, critical angles of attack.
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Introduction

A value of the lifting force of the wing (of a body in flow) obtained at
the moment when further increase of the angle of attack (a) does not
increase it any more is called the maximum lift force of the body for given
flow conditions (Gretchikhin, 2014). The angle of attack at which
separation of the laminar flow occurs on the curverepresents the point of
falling of the C,/a curve angle (chart C,/a Figure1).

Figure 1 — Change of the lift coefficient CL when increasing the angle of attack a
Puc. 1 — N3meHeHne koapduumeHTa nogbemHon cunel CL Npu yBenuyeHun yrna atakm o
Slika 1 — Promena koeficijenta uzgona C sa povec¢anjem napadnog ugla a

A value of the angle attack at which the lift coefficient has the
maximum value represents the angle of the maximum lift. A further
increase of the attack angle causes that the lift force decreases slowly in
the beginning, then more steeply. For certain values of the angle of
attack (ay,), the lift force is lost.

The maximum lift depends on various factors:

- Airfoil shape (of a body in flow);

- The flow conditions (modeled by Reynolds and Mach numbers);

- The shape of the wing (of a body in flow), slenderness, the position
of the wings in relation to the flow and the aircraft fuselage (the angle of
the arrow, curl wings);

- Aerodynamic additions to wings;

- The engine; and

- Flight dynamics of the body.
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The value of the maximum lift coefficientis a complex function that
depends on the geometric size of the airfoiland the Reynolds number;
therefore, it cannot be calculated analytically. The wind tunnel testing has
led to the empirical equations that apply to a specific area of the
Reynolds number, so that usual airfoils for approximate calculations can
be determined from the equation:

2
C. :1.73—2.4{1—14(%j +5o(%) }2(?)

The above formula applies to the value of Re=3-10° while for other
values of the Reynolds number it is necessary to make corrections.

An approximate value of the critical angle of attack is obtained from
the equation:

a, =(11+a)+50 L] +70[ €
- ! l max l max

As shown in Figure 2, C is from 1.5 to 1.6, i.e. less than 10% of the
theoretically possible values (Cone,1985).

&
Ck Ch=dn

12
theory ;
' C]x=1,94£l;\ :/" }Cj'q
0./
| ﬁ = plown flap
& ﬁ;
P
VLI mecharica g

2F L wing —

......................................

Figure 2 — Potential maximum lift force coefficient
Puc. 2 — lNoTeHumManbHoe MakcuMmarbHoe 3HavyeHne KoadpduumeHTa NogbLEMHON CUnbl
Slika 2 — Potencijalni maksimalni koeficijent uzgona

With aerodynamic accessories (slats and flaps) and an additional
impact of jet (engine), the values of about 30% of the theoretical value
are obtained.
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The physical interpretation of a stall

An increase in the angle of attack observed along the airfoil leads to
the following:

- Large vacuum near the leading edge;

- Strong positive pressure gradient between the negative peak and
the trailing edge;

- Increase of the boundary layer along the upper side of the airfoil.

An increase of the angle of attack of the flow at the airfoil cross-
section leads to two critical points in the stream where the separation of
flow can be expected:

1. At the leading edge, where a streamline must flow around the
attack “nose", which corresponds to a loss of momentum;

2. In the vicinity of the trailing edge, where there is a noticeable
increase in the thickness of the boundary layer.

The loss of lift due to the separation of flow occurs in one of these
points or at both points at the same time. In Figure 3, the CL-a diagram
(Kosti¢, 2010) shows three specific ways of flow separation.

aeponpodmi:

NACA 63-018(oasajamke 011 U3J1a3HE UBHUIIC )

NACA 63-012(oaBajamk€ HA HANAJAHOj UBUIIH)

0.2 NACA 63-009(xoMOMHOBaHHM O/IBajarb€ CTPpYyjamka)

cUMeTpHYaH KJIMH(OABAaja Ha HAIAIHOj UBUIIH,
Ayradak Mexyp)

(02
0 4 8 12 16 20
Figure 3 — Types of the separation flow of the A-profile, Re= 5.8 - 10°

Puc. 3 — Bugpl cpbiBa notoka Ha A-npodune,Re=5,8¢ 108
Slika 3 — Tipovi otcepljenja strujanja A-profila, Re=5,8-10°

The selection included the airfoils whose CL-o curve values coincide
up to a=60, after which there is a characteristic discrepancy.
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Separation from the leading edge - elongated
bubble shapes

Separation from the leading edge isgradually formed on thinner
airfoils with relatively sharp leading edges, as a form of an elongated
laminar separation bubble;

Adouble-fold curve, characteristic for flow separation at the leading
edge in a shape ofelongated bubbles, ca be noticed. Lift rises, almost
linearly, then gently falls and remains constant for values o = 8.5-10°,
then the lift force continues to decline slightly, followed by an increase.

transition
_]_ turhulent wake
- .i_!"_"h’._'
il
/_’——— —_——
-
_— Ho=tIN
constant pressutre
& indicates the separation Sl
-l | ——— —_—
transition
0
ot CFOT Cd=007
Ch=0.25 et w20
+1
Ce
T

Figure 4 — Example of stalling a thin, sharp airfoil
Puc. 4 — MNMpuMep cBanuBaHns TOHKOTO CTPEIoBMAHOIoKpbIna
Slika 4 — Primer prevlacenja tankog, o$trog aeroprofila

The reason for this behavior of airfoils lies in the short distance
between the stagnation point (when o>0, it is located on the underside)
and the leading edge, so that the boundary layer in this zone is very thin.

The Reynolds number is low for the given case.We take into account
the existence of a strong negative pressure gradient between the stagnation
point (where Cp=+1) and the leading edge (where probably Cp=-10). The
airflow over the sharp leading edge is laminar in the boundary layer until
abrupt flow separation (McCullough, 1955). Namely, the usual transition to
turbulent flow inside the bubble is not typical for this case. After flow
separation, as shown in Figure 4, the boundary layer next to a newly formed
bubble becomes significant space created by mixing with the fluid within the
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separation bubble. The result of this mixing is the reduced thickness of the
separation bubble as the flow moves away from the leading edge to the
place where it again joins the boundary layer of the upper airfoil.

The presence of bubbles is recognized through pressure distribution
along the airfoil, Figure 4, presenting a constant area of the negative pressure
coefficient, where, if the bubble did not exist, there would occur a sudden
change in pressure (peak on the curve), which in this case does not exist.

1,0n

Cl

0,8

0,6

0,4

0,2

o Cds X/c
L | >
0 2 4 6 8 10 0 0.1 02 o 0.5 1.0
Figure 5 — Lift, drag and the separation bubble characteristic for the NACA 64A006 airfoil
a) Lift with discontinuity at C.=0.56
b) Section drag showing sudden increase at C.=0.56
c) Length of the separation bubble from the leading edge
Puc. 5 —NogbeMHas cuna, conpoTMBrneHne n obnactb oTpbIBa
a) PaspbIB HEMpepbIBHOCTM NogbeMHon cunbl npu C=0,56
b) Peskuin ckayok koadpduumeHTta conpotusnenHus npu C.=0,56
¢) [lnvHa oTpbIBHOMO Ny3bIps yrnepeaHen KpoMKu
Slika 5 — Uzgon, otpori, separacioni mehur za aeroprofil NACA 64A006
a) Diskontinuitet uzgona pri C.=0,56
b) Naglo povecanje koeficijenta otpora pri C.=0,56
c) Duzina mehura otcepljenja od napadne ivice

In the diagram CL-o,, CD, x/c (bubble) for the NACA 64A006 airfoil shown
in Figure 5, it can be noted that in the section ~6% x/c for CL=0.56 acurve
discontinuity appears, showing the moment of the creation of initial separation
and a bubble, which is reflected in a sudden increase of the drag coefficient.

With a further increase of the angle of attack, the area affected by the
separation bubble grows proportionally to a critical moment which
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corresponds to the maximum lift, after which it extends along the entire
length of the upper airfoil, followed by the reduction in lift and transit to a stall.
In the previous case, the separate bubble extends to 60% of the airfoil chord
(x/c), then the increasing of o leads to the 75% of the airfoil chord (x/c).

Separation from the leading edge - short
bubble shapes

Short bubble shapes occur as sudden separation when flow passes
airfoils with a sharp leading edge, or at flow past a low curved airfoil;

For airfoils characterized by an abrupt onset of a small flow bubble,
it is characteristic, as shown in the diagram for the NACA 63-012 airfoil
(Figure 3), that the lift force increases almost linearly up to the maximum
and then falls sharply.

Separation from the trailing edge

Separation from the trailing edge is characterized by slight gradual
separation. It starts from the trailing edge and moves towards the leading
edge, proportionally to the increase of the angle of attack. The NACA 63-018
airfiol, Figure 3, with a rounded leading edge, is a typical representative of the
airfoil group in which separation occurs at the trailing edge. It is characterized
by an almost linear increase of lift, then a gradual transition to lift loss and
complete flow separation. The length at which a separation bubble is formed
depends primarily on the airfoil shape. In the case of flow past the airfoil,
Figure 4, the length extends up to 60% of the airfoil chord, while with further
increase of the angle of attack separation occurs starting from the airfoil
trailing edge. A stall occurs after the moment when the separation begins from
the trailing edge and comes to a point of 25% of the leading edge.

For airfoils used for subsonic flows, the length of the separation
bubble varies from 15% to 25% of the length of the airfoil chord.

If a rounded leading edge is used, and the airfoil thickness and
curvature are increased, the risk of separation bubble formation on the
leading edge is eliminated.

The next critical zone for flow separation due to an increased angle
of attack is near the trailing edge.

Figure 6 (Pinkerton, 1996) introduces the distribution of pressure
along the airfoil at the time immediately prior to reaching the maximum
coefficient of lift (Cpx).

The distribution of the pressure coefficient depends on the shape of
the airfoil, Reynolds number, angle of attack, relative thickness, curvature
of the center line and the relative curvature of the leading airfoil edge.
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Figure 6 — Characteristics of the lift force of the NACA 4412 airfoil and the distribution of
C|_, CN, Cm
Puc. 6 — XapakTtepuctukm nogbemHon cunbl npoduns kpbina NACA 4412
n pacnpegenenune Ci, Cn, Cm
Slika 6 — Karakteristike uzgona aeroprofila NACA 4412 i raspodelaC.,Cn,Cm

Let us consider the values of the local maximum speed using the
equation:

WA =1+ 2t/c + 0.2 C./ () (3)

where r/t is the ratio of the radius of the leading edge and the airfoil
thickness (typically between 0.5 and 2.0 t/c). A possible maximum local
velocity w, the maximum dynamic pressure g and the minimum pressure
coefficient can be obtained from this equation.

Both parts of the right side of equation (3) produce a positive
pressure gradient while approaching the trailing edge of the airfoil. Under
the influence of this gradient, the boundary layer increases significantly
and the trailing edge has a total thickness of 3, which can be written as:

8c = 5C,+ k(Cy)"

where C;= 0.03 is the coefficient of friction resistance, n=2, the coefficient
k of the order of 10.

791

Kosti¢, C., et al, Aerodynamic airfoil at critical angles of attack, pp. 784—811



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

After the boundary layer thickening, it reaches the critical moment
when its movement against pressure cannot continue and flow
separation occurs in the accumulated boundary layer. As a result, there
has been a cessation of circulation increase with the increase of the
angle of attack and the lift reaches its maximum.

Figure 6 shows the NACA 4412 airfoil in the C,,C,-axdiagram. Before
reaching its maximum, the lift coefficient diagram diverges from the
straight line, initiating flow separation from the trailing edge. An increase
of the angle of attack through Cy results in a gradual lift decrease,
without discontinuity, down to the angle of attack after which a complete
separation flow occurs, which corresponds to the scenario when the
separation from the trailing edge is extended to the leading edge.

Airfoils with circular sections

Let us consider the behavioral characteristics of the lift of the airfoil
section with a circular shape, with a curvature of 10%, for three values of
the Reynolds number, shown in Figure 7 (Kosti¢, 2010).

When the airfoil lower sideis flat, the degree of curvature is equal to
0.5 of the airfoil slenderness. The maximum thickness located at 50% of
the length of the chord gives airfoils with the prominent wedge-shaped
trailing edge at the site of potential vacum, which easily leads to initial
separation. Symmetric thickening with the maximum curvature in the
middle of the airfoil, combined on the side with lower pressure, increases
sensitivity towards separation flow while approaching the trailing edge.

It can be noticed that, under the sameflow conditions, the behavior
of the airfoil depends on the Reynolds number, therefore:

1. When the value of Re=10°, the laminar type of separation occurs.
The point with the minimum pressure corresponds to the half of the airfoil
tendon. Under these conditions, the minimum drag coefficient is 0.02,
which confirms the separation of flow.

2. When the value of Re=3-10°, at the angle of attack corresponding
to the lift coefficient of 0.575, which is identical to the theoretical
CLsym=0.115(f/c)%.

The value of the drag coefficient (Cps=0.008=min) clearly confirms
that this is a completely clean, pressed flow, which represents in this
case optimum.

Increasing the Reynolds number over Re=3-10° gradually reduces
the lift coefficient for a minimum resistance value and for Re=5-10° the lift
coefficient is C,0=0.46. In the separation layer, turbulent
flowappears.
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Figure 7 — Characteristics of lift and the mechanism of stalling
an airfoil with 10% of curvature

Puc. 7 — XapaKkTep1CTUKM NOABEMHON CUMbl U MeXaHn3m obTekaHus kpbina ¢ 10% -on

KpMBM3HOM npouns
Slika 7 — Karakteristike uzgona i mehanizam prevlacenja
aeroprofila sa 10% zakrivljenosti

For the observed cases, Figure 7, the graph of the lift coefficient
decreases in all three cases. The angle of zero lift at Re=10°h as a value
of -3% while an increase of the Reynolds number to Re=3-10° results in a
decrease of the angle of zero liftto the value of -6°. However, at the value
of Re=5-10°, the angle of zero lift increases to -5°.

This variation of the angle of zero lift value depends on the coefficient
of the resistance to friction from the lower value of 10° for laminar flow
separation, through the part with turbulent separation for which the
minimum drag coefficient (optimum) is valid, to the value where turbulent
separation is dominant, i.e. a value of 5-10°.
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The curvature of the leading edge of the observed airfoils is possible
to reduce the drag coefficient, so the curvature of r/c=1-2% gives a
reduction in the drag coefficient of Cps=0.038 atCps=0.017 for Re=4-10°.

N CI

0’8 Clopt
Clsim | —6-12)%

0,6

Clopt 3a A=5-6
0,4

02}

(le)%
| L

2 4 6 8 10

>
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Figure 8 — Optimum lift coefficient as a function of the airfoil camber, t/c = 6-12%
Puc. 8 — OnTumMarnbHbIn KO3 MULMEHT NOABEMHONM CUMbl XOpAbl NPOdUIIA Kpbina,
t/c=6-12%

Slika 8 — Optimalni koeficijenti uzgona u funkciji srednje linije aeroprofila, t/c=6-12%

The diagram in Figure 8 shows the influence of the airfoil camberand
the position of the airfoil maximum thickness to the values of the lift
coefficient. The diagram is obtained using the equation C,,,=0.115(f/c)%
and compared with the graphs obtained by equations experiments, where
it can be concluded that the optimal position of the maximum thickness of
subsonic symmetric airfoils is between 30-40% of the mean airfoil chord.

Maximum lift depending on the shape and Re

Changing the boundary layer and the drag coefficient is directly
dependent on the Reynolds number and roughness of the flowsurface.
The loss of lift of flow around the body directly depends on the body’s
shape. The transition from the laminar flow of the boundary layer into the
turbulent one can be caused by an external factor (turbulence of the flow
field, turbulence inside the wind tunnel, etc.) or by increased surface
roughness of the leading airfoiledge.
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C_.x as a function of the shape of the leading edge

Figure 9 shows the dependence of the maximum lift coefficient (C.y)
on the leading edge radius (r/c) of symmetric airfoils.
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Figure 9 — Maximum lift of symmetric profiles, depending on the leading edge radius r/c
Puc. 9 — MakcMmanbHas nogbemMHasi cuna CMMUTPUYHOro nNpoduns Kpbina B
3aBMCUMOCTM OT paauyca 3akpyrneHus ero nepegHein KpoMKur/c
Slika 9 — Maksimalni uzgon simetri¢cnog aerodinamickog profila, u zavisnosti od radijusa
napadne ivice r/c

The radius which produces the largest lift coefficient is between 1.5
and 2.0% of the tendon (r/c=1.5-2.0%) for the airfoils with t/c=6-18%.

For NACA 0012, NACA 0018 and NACA 63-012 airfoils shown in
Figure 10 (Hoerner, Borst, 1985), it is evident that, with an increase in the
r/c, the value of C,xgrows. From a value of r/c>1.6%, the gradient of the
curve decreases.

It should be considered that, as the curvature of the leading edge of
the airfoils increases, the drag coefficient also increases, as shown in
Figure 10 (Kosti¢, 2010), which displays the values of C, and C for the
airfoils of relative thickness of t/c=6% and r/c=0.81% and r/c=0.24%
depending on the change in the angle of attack. It is noticeable that the
drag coefficient increases as the angle of attack increases.

Airfoils with rounded leading edges have a greater coefficient of lift
and a lower drag coefficient at the same angles of attack, so it is only for
a=18° that the ratio is C,/ Cp<1.
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Figure 10 — Lift and drag t/c = 6% of airfoilswith different leading edges, Re =5 - 10°
Puc. 10 — NoabemHas cuna v conpoTueneHue t/c = 6% npoduns Kpbina ¢ pasnnyHbIMm
nepegHMMmM KpoMKamu, Re=5-10°
Slika 10 — Uzgon i otpor t/c=6% aeroprofila razli¢itih napadnih ivica, Re=5-10°

It is noticeable that the values of the Cp,..i, are of approximately same
values, and that flow separation at lower values of the angle of attack has
resulted in a rapid increase of the drag coefficient for the airfoil with a
sharper leading edge.

The mechanism of separation of flow around a thin airfoil can be
considered the same as the one in airfoils with sharp leading edges,
especially for the values of Re<10° (von Karman, 2001).

Figure 11 shows the dependence of the curvature of the leading
edge of the airfoil (r/c) and Re. It can be seen that the methods of flow
separation can be grouped depending on the values (r/c) and Re. For the
curvature of the leading edge from 0.25% to 1.60%, it can be concluded
that, at Re<10°, separation flow corresponds to the model of thin airfoil
separation, while for Re>2-10° separation flow corresponds to the model
of thin airfoil separation and trailing edge separation.
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Figure 11 — Stall domains due to the leading edge radius r/c and Re
Puc. 11 — Mopgenb cpbiBa NOTOKa B 3aBUCUMOCTM OT 3aKPYrfEeHHOCTN NepeaHen KPOMKU
r/c v 3HaveHus Re
Slika 11 — Model otcepljenja strujanja u zavisnosti od zaobljenosti napadne ivice r/c
i vrednosti Re

A typical example of application of sharp leading edges is seen when
creating ship propellers, where the value of the Reynolds number is below
the critical value of Re<10°.

The curvature of the airfoil leading edge sectors

Also, C.x is a function of the curvature of the airfoil leading edge
sector (camber line of the airfoil), f/c, and the shape of the leading edge,
i.e. r/c. Around the thin airfoil leading edge, a flat plate, flow bends from
the lower side through the leading edge to the upper side. At larger
Reynolds numbers, laminar separation and the bubble effect of the
boundary layer can be reduced.

Figure 12 shows the change in the lift coefficient of airfoils with
sharp leading edges for different values of the curvature of the center line
of the airfoil in the conditions of flow of similar Reynolds numbers.
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Figure 12 — The maximum lift coefficient of an airfoil with a sharp leading edge,
as a function of the degree of curvature of the camber line of the airfoil
Puc. 12 — MakcumanbHbI KO3PULMEHT NOABEMHON CUIbI KpbIfa ¢ OCTPON NepeaHen
KPOMKOW, KaK DYHKLMSA CTENEHN OKPYTMEHHOCTN CPeaHen NnHUM npoduns
Slika 12 — Maksimalni koeficijent uzgona aeroprofila oStre napadne ivice,
kao funkcija stepena zakrivljenosti srednje linije aeroprofila
It can be said that there is no difference in the examples shown in
terms of the location of the maximum curvature of the camber line of the
airfoil for the maximum lift between 30% and 50% of the chords of the
airfoil. This is illustrated by graphically presenting the C./(f/c) relations,
obtained by testing airfoils in the wind tunnel, (Doenhoff, 2015) Figure 13.
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Figure 13 — The maximum lift coefficient, relative maximum lift coeff|C|ent the relative
thickness of airfoil 6-9% and 12-24% for Re, f = 4 + 10°
Puc. 13 — MakcumanbHasi nogbeMHast cura, OTHOCUTENbHLIN MakCUMarbHbIN Koacpcbvlu,meHT
OTHOCUTENbLHOW TOMNLLMHBLI NPohuns6-9% n 12-24%, ona Re, f=4 » 10°
Slika 13 — Maksimalni koeficijent uzgona, relativni maksimalni koeflcuent uzgona,
relativne debljine aeroprofila 6-9% i 12-24%, za Re,f=4 10°
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After the adjustment to A = 5 in accordance with the equation
(Kosti¢, 2010):

(t/0)%=(1.4+0.2)C,=1.6%C,

the characteristics of thin airfoils, with t/c=6 and 9%, are shown in Figure
13, which shows that, for the degree of curvature of the camber line of
the airfoil between -1% and +1, the maximum lift coefficient corresponds
to the critical angle of attack of separation flow (of 30°).

Practical use of thin airfoils and the curvature of sections in aviation
is limited by structural conditions (providing the necessary wing capacity
for the required airfoil thickness), but they are applicable in the
construction of turbine blades and fan blades.

The coefficients of the maximum lift decrease with the increase of
the maximum relative thickness of airfoils of 12% or more are shown in
Figure 13. The maximum lift coefficients grow as a function of a relative
airfoil curvature, to the airfoils with the highest tested curvatures, those
of 10%.

The curvature of the nose
(leading sections of airfoils)

The study of the NACA 63012 airfoil, Figure 14, at Re=5(10)° and
M=0.18, leads to the conclusion that at C,, = 1.36 separation flow occurs
suddenly, with strong shocks and shaking for angles corresponding to the
values immediately prior to the occurrence of separation. This can also be
anticipated by observing the diagram in Figure 8.

Increasing the radius of the leading edge nose of 1.1% to 2% of the
length of the camber aerodynamic chord, makes C,grow to a value of
1.50, while a sudden stall is still present.

To avoid a sudden stall, the airfoil leading section was folded, Figure
14. The values of C,, grow again, but a sudden stall is still present.
Separation occurs following the model of a thin airfoil with a separation
bubble which does not change from the initial shape to the moment when
it suddenly increases and extends towards the trailing edge. The
distribution of the pressure coefficient shows that separation occurs at
Comin=-10.
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Figure 14 — Modifications to the leading edge, NACA 63-012, Re =4.9 » 10°
Puc. 14 — Mogudpumkaums nepegHen kpomkn, NACA 63-012, Re=4,9 « 108
Slika 14 — Modifikacije napadne ivice, NACA 63-012, Re=4,9 « 108

Changing the curvature and the radius of the airfoil leading edge
increases the value of the maximum lift approximately, but it does not
change the separation mechanism. As a sudden entry intoa stall is
unfavorable, it is recommended that a combination of the relative
thickness and the airfoil curvature is used to transfer the mechanism of
sudden separation occurrence in the attack sector to gradual separation
which is a characteristic of the separation from the trailing edge.

The critical Reynolds number

When choosing airfoils (any aerodynamic form), it is important to
know the values of the Reynolds number for which they can be used. The
critical Reynolds number at which turbulent flow occurs in the boundary
flow field of the upper wing surface for thin airfoils is Re=10°, Figure 15
(Kosti¢, 2010). It is noticeable that airfoils with a smaller curvature have
higher values of the critical Rewith an increase in C,y.
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Figure 15 — Maximum lift of rectangular Figure 16 — Critical Re as a function of the
wings as a function of Re, t/c = 8-10% radius at the leading edge of the airfoil
Puc. 15 — MakcumaneHas nogbemHas cuna  Puc. 16 — Kputnyecknii Re, kak doyHKLMSA
NpaBOYrofibHOro Kpbina kak dyHkums Re, paauyca 3akpyrneHus nepeaHei KpoMKm
t/c = 8-10% Slika 16 — Kriti¢ni Re, kao funkcija
Slika 15 — Maksimalni uzgon pravougaonih radijusa napadne ivice
krila kao funkcija Re,
t/c = 8-10%

Airfoils such as the NACA 0009 have the same critical way of
changing the image of the flow at higher values of Re. The transition from
laminar to turbulent flow occurs at ten times higher values of Re than in
airfoils with higher relative thickness and the radius of the leading edge.

The radius of the leading edge with the increase decreases the
values of the critical Re, as shown in Figure 16 (von Karman, 2001).
Airfoils with smaller curvature have a higher value ofthe critical Re with an
increase in C.x. For larger Reynolds numbers (10° to 107), they represent
aircraft at low speed during landing and takeoff. TheC,x values are shown
in the diagrams above.

The characteristics of airfoils for Reynolds numbers in this range are:

- Flat planes and airfoils with thickness up to 3% have the same
approximate maximum lift coefficient, with separation characteristic for thin
airfoils;

- Thin airfoils (£/c=5-10%) are characterized by increasing C,x as their
camber line curvature increases from 0% to 2% (Figure 16). Loss of lift
varies from sudden to gradual, depending on the shape and dimensions of
the airfoil and on flow past an airfoil conditions;
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As it can be seen in Figures 16 and 17, airfoils with a relative thickness
between 8 and 12% and the curvature of the camber line between 0% and
2% have a strong tendency towards increasing the maximum lift. Increasing
the angle of attack leads to the characteristic flow around the leading edge
and to a gentle transition from laminar to turbulent flow.

For airfoils with larger curvature and with aprominently rounded
leading edge, flow continues around the leading edge, while the maximum
lift coefficient is in a function of the angle of attack at which the laminar
boundary layer extends towards the trailing edge. C,x depends on the
coefficient of friction along the profile of the upper side of the airfoil. For
Reynolds numbers whose value exceeds 10°, the drag coefficient
increases as a result of an increase in the thickness of the boundary layer.

It is noticeable that, depending on the tendencies of C,x change,
different types of separation flow occur:

— Airfoils with separation flow of the thin airfoil type are characterized
by a fairly constant value of the maximum lift coefficient;

— Airfoils with rapid separation flow tend to increase C,x with an
increase of the Reynolds number;

— Airfoils in which the separation bubble is formed towards the airfoil
trailing edge with increasing Re grows slowly, so that the maximum lift
coefficient decreases for cases with larger curvature of the camber line.

Theoretical analysis

In the early theoretical studies of the boundary layer around the
leading edge of the airfoil, the maximum lift was analyzed as a function of
the Reynolds number and turbulence flow for thin and curved airfoils.The
theory was applicable for Reynolds numbers at which there occurs
separation flow characteristic for separation in the leading edge
characterized by a laminar separation bubble.

For the case where separation is in relation to the trailing edge, the
maximum lift coefficient is the result of the balance between kinetic and
pressure forces. Potential energy is represented by an increase in
pressure between the point of minimum pressure and the trailing edge.
For sections with a pronounced curvature and a rounded leading edge,
separation can be determined as a function of the kinetic energy inside
the boundary layer. Therefore, while the kinetic energy inside the
boundary layer is a function of the Reynolds number and grows in line
with the decline in the value of the frictional drag, it can be said that:

C.x =1/,JC, R ~R/

where n=0.5(1/6)=1/12 and 1/6 is the equivalent ratio during turbulent
flow. On the basis of the aforementioned, the above equation can be
applied to the value of R,<10’.
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The relative thickness of airfoils

For Reynolds numbers of 4(10)°,Figure 17 shows the dependence of
the maximum lift coefficient and the relative thickness of the airfoil.

zA Clx

RAF-89 (25/1,96) F=2, A=6
AVA 0025-40, =1, A=5 Re

>

10° 106 107

Figure 17 — Airfoil maximum lift, as a function of t/c, at Re =4 » 108
Puc. 17 — MakcumanbHasa nogbemHas cuna Kpbina, kak dyHkums t/c, npy Re = 4 « 10°
Slika 17 — Maksimalni uzgon aeroprofila, kao funkcija t/c, priRe = 4 » 10°

The maximum lift coefficient is rising sharply in line with the relative
curvature of the camber line of the airfoil between 0% and 2%, and for
the relative thickness of t/c=5-8%. For values of t/cover 8% and f/cover
4%, the airfoilis characterized by stalling as in thin airfoil. The peaks of
the curves can be obtained for values t/c=10%. The source in literature
stated that during the experiment, for the values of t/c=12%, airfoils
showed more efficiency, especially at high subsonic speeds.

Airfoils with /c=(0 no 10)% are most common, and thus most tested,
representing a compromise between the aerodynamic and structural
demands of an object in an air stream.

Depending on structural needs, the relative thickness of airfoils
increases; consequently, the value of t/c=18% is characteristic for the
root of the wing of subsonic aircraft. Over the value of t/c=18%, the
maximum lift coefficient gradually declines; therefore, a stall is gradual
and predictable.
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Figure 18 — Maximum lift of airfoils of series 63 and 64, Re =6 106,
as a function of the relative thickness and curvature of the airfoil, for A = 5-6
Puc. 18 — MakcmanbHas nogbeMHas cuna kpbina cepumn 63 1 64, Re =6 « 106,
KaK OYHKLMS TOMNLWMUHBLI a3poAvHaMNYECKOro NPOdUnsa U KpMBM3HBI Xopabl, Ana A= 5-6
Slika 18 — Maksimalni uzgon aeroprofila serija 63 164, Re =6 * 10°, kao funkcija relativne
debljine aeroprofila i zakrivljenosti srednje aerodinamicke tetive, za A=5-6

High-speed airfoils

Increasing the relative thickness of the airfoil and increasing the
camber line lead to the increase of the torque of the resulting
aerodynamic forces; therefore,a special attention is given to airfoil
sections exposed to high speeds.

The position of the maximum camber is not that important for the
maximum lift value, it is important that it is between 0.30 and 0.50 of the
aerodynamic chord. On the other hand, the position of the maximum
thickness has a significant impact, especially if the radius of the leading
edge changes at the same time.

Figure 18 indicates the relation between the maximum lift coefficient
and the relative thickness of the airfoils of the NACA airfoil series 63 and
64 and Re=6(10)°.
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The influence of surface roughness

In theoretical studies of aerodynamic characteristics of an object in an
air stream, the object surface is taken to be absolutely smooth. However,
in real conditions, there is not an absolutely smooth surface. The following
examples will show how uneven airfoil skin influences the occurrence of
separation flow, i.e. the value of the maximum lift.

Increasing the roughness of the upper side leads to increased lift for a
given angle of attack. On the other hand, increasing the roughness of the
lower side reduces the lift for a given angle of attack. The increase of
roughness directly affects the thickness of the boundary layer, as well as
the flow in it.
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"I C1 =zurface area
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Figure 19 — Airfoillift, A=6, R=6* 108 for smooth and rough surfaces
Puc. 19 — NogbeMHas cuna kpbina, A=6,R=6+ 106nn9| rnagkon
1 LLEPOXOBATONMNOBEPXHOCTUKPbLINA
Slika 19 — Uzgon aeroprofila, A=6, R=6* 10°za glatke i hrapave povrSine

K]

Figure 19 shows an C,/a diagram of the airfoil observed under the
same conditions, but with a different state of skin. It is clear that, with
increasing roughness of the skin, the maximum value of the lift coefficient
reduces together with a slight decrease of the lift gradient. It is noticeable
that in this case airfoils behave similary after the decline of lift.

In real conditions, roughness is caused by aircraft production
technologies and as such can be controlled and avoided on desired
surfaces. During flight, there is damage to aerodynamic surfaces (to a
lesser extent due to sand or insects and to a a greater extentdue to
impacts of birds, which can lead to significant changes in the airfolil
geometry).
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A special case is the appearance of ice on leading edges, as a result
of specific meteorological conditions of flight. Figure 20 shows the results
of flow past the NACA 2212 airfoil, at Re=4(10)*, with and without the
effect of ice (Kosti¢, 2010).
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Figure 20 — C,, Cp with and without simulation of ice on the leading edge of the NACA
2212 airfoil
Puc. 20— C,Cp ¢ u 6e3 cumynsayuu nnb0a Ha nepedHel kpomke kpbina NACA 2212
Slika 20 — C,, Cp sa i bez simulacije leda na napadnoj ivici za aeroprofil NACA 2212

Ice on the leading edge of the airfoil significantly reduces the value
Cimax from 1.3 to 1.0; it increases the coefficient of resistance due to the
increased turbulence of the boundary layer and increases the frictional drag.

In addition to the changes of the final values of the C, and Cp, there
are changes of their functions as well. TheC,/C,?ratio is affected, causing
directly a change in the position of the aerodynamic center forward, which
in flight requires an additional deflection of the rudder height, and thus a
change of the angle of attack, which further complicates the problem of the
spread of ice-affected areas.

The aerodynamic characteristics
of the airfoil after stalling

Reaching the maximum lift with a further increase in the angle of
attack leads to a faster or slower lift decline (depending on the observed
flow past airfoils and its conditions). When the pitch-stall, or when a
propeller pitch is increased, and also when there is a need for a reversible
propeller pitch, the angle of attack increases.

In Figure 21, the behavior of the airfoil for given conditions of a=0° up
to a=180°is shown (Critzos, 1985).

806




©d NACA 0012 (29.a)
S HACA 0015 (29,8}
X NACA 4815 Douglas A/C Data —

RN = 55108

-5
[
12 1 | 1 1 1

" 1 1 ! ) L 1 n )
[ 30 60 o0 120 50 80

-t

Figure 21 — Variations of the lift coefficient for a = 0°-180°
Puc. 21 — Bapuauum 3HaueHnii koapmumerTa nogbemHon cunbl npm 6=0°-180°
Slika 21 — Varijacije koeficijenta uzgona za a=0°-180°

The value of the airfoil lift coefficient is similar, but it can be seen
that:

- After separation, the resultant force is approximately perpendicular
to the chord;

- Lift force reaches the second maximum at a=45° ( Cp=1.0) so that
the normal force is Cp=+'2=1.43.

- When a=90° , C;=0 and Cp=1.8, which is close to the value of the
drag for a flat plate of the same angle of attack (Cp=1.95);

- For the value of the angle of attack between 90° and 180° it is
characteristic that the sharp trailing edge has become a leading one, and
the rounded leading edge has become a trailing edge, which is
characterized by increased lift and reduced drag, but with different values
and similar behavior.

Influence of the dynamics of the stall

In the previous analyzes of a stall, we started from the assumption
that the change of the angle of attackis is gradual, so that we have
considered stationary flow. But in real conditions of exploitation, changes
of the angle of attack do not correspond to this assumption, especially if
working conditions of helicopter rotors are taken into account, or parts of
wing machinery during sudden maneuvers.

Figure 22 illustrates the changes in the lift coefficientat gradual and
sudden changes in the angle of attack (Kosti¢, 2010).
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Figure 22 — Dynamic effects of changes in CL-a(t)
Puc. 22 — AnHamu4deckune adpdekTbl nameHeHnn CL-a(t)
Slika 22 — Dinamicki efekat promena CL-a(t)

It is noticeable that a sudden increase in the angle of attack leads to
a short-term lift increase. Keeping the angle of attack leads to a uniform
flow past the airfoil, which leads to a stall.

A sudden increase in the angle of attack followed by return to its
initial value shows that the value of the lift coefficient reduces compared
to the stationary change of the angle of attack.

The diagram CL-a depends on the mode of airfoil entry into a stall.
The cases of separation characteristic for the trailing edge have a more
rounded shape of the curve than separation cases that occur at the
leading edge.

The reduced frequency of changes of the angle of attack is
k=cw/V, where c is the chord line, w is frequency of changes of the
angle of attack, and V represents velocity.

This equation is valid for non-compressible flow. For compressible
flow, it is written as:k=cw/Vy(1-M)"*.

Conclusion

The selection of an aerodynamic shape of an object in an air stream
is a complex task. It is in relation to the conditions and purpose of flow
past an objectas the starting factors. One of the limiting factors in
exploitation is turbulence.
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The analysis of experimental aerodynamic characteristics of different
types of airfoils at different flow conditions categorized according to the
Reynolds number has led us to a physical interpretation of the formation
of laminar and turbulent flow separation.

We can conclude that the behavior of the airfoil at critical angles of
attack:

- directly depends on the type of the airfoil and the local
characteristics for the defined conditions of the flow;

- depends on the dynamics of the angle of attack increment at its
critical values.

Based on the systematically presented results, it is possible to
optimize the airfoil selection and reduce the number of iterations in the
process, thus reducing the time and cost of design.
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Pestome:

lNpu paspabomke nemamersibHbIX arrapamos Hecrnedyem rpeHe-
bpezamb ¢haKmMopoM 803HUKHOBEHUST Ype3abidalHbIX cumyayul, a mak-
XKe  ycrosusMu 6rIU3KUMU KpUMUYECKUM, mak Kak rpu Kpumu4yeCcKoM
yare amaku, 06bI4HbIU 1os1em Moxem rnepelimu 8 agapuliHbIl PEXXUM.

B daHHol pabome ripusedeHbl 8axHble ¢hakmopbl, erusrouue Ha co-
CMOsIHUE Kpblfia 8 meveHue rosiema rpu Kpumu4yeckoM yane amaku. Ha
OCHO8aHUU OOCMYrHbBIX UCTbIMamesibHbIX Pe3ysibmamos U pac4yemos,
npoussedeH aHasiu3 rnoeedeHus1 Kpbliia 8 3agucumMocmu om ycriosutl ob-
mekaHusi (8 coomeemcmeuu ¢ Kraccugbukayuel qucen Maxa u PeliHosmb0-
ca), chopmbl Kpbinia, QUHaMUKU yerna amaku. B pabome makke ornucaHo
obmekaHue Kpblina rpu KpUumu4YyecKoM y8esludeHuUU yana amaku, U ernus-
Hue HeposHocmel Ha r08ePXHOCMU Kpbiria 8 MoO0OHbIX YCII08USIX.

B daHHol pabome maioke ripedcmaerneHb! (husudeckue rnapamempsl
KpUumu4yeckoeo pexuma rosiema, 8 m.4. CHUXeHUs MoObeMHOU curbl U
cearnusaHusi. [1oOpobHO ornucaH MPoUecc 0bmeKaHus Kpbiria ¢ 0OmpbI8OM
romokKa U 8bIrnosIHeHa Kriaccugbukayusi muros npogbesiell ¢ y4emom cpbi-
8a cmpyu U 1osedeHUs] Kpbisia 8 KpUMUYECKOM pexuMe rosema.

Llens pabomsi 3aknodaemcs 8 8bisisrieHuu Haubornee 3Ha4YuMbIX
Xapakmepucmuk obmekaHusi Kpbifia fpu KpUmu4YyecKoM yere amaku u
aHariuse, npoeedeHHO20 Ha OCHOBaxX COBPEMEHHOU aspOoduHaMUKU, & pe-
3yribmame KomopbIx rfpednazaemcs npakmuyeckass peKomeHOayusi
0r151 8bibopa aspoduHamuyeckoeo rpoghurisi. Pe3ynbmamei daHHOU pabo-
mbl Mo2ym ripedcmassnisimb UHMEPEC Kak Ofisl JIEMYUKO8 U UH)XEHEPOS,
mak u 015 obpasosameribHbIX U UccriedosameribCKUX y4pexoeHud.

KntoueBble croBa: aspoduHamuka, ¢hopma u eud Kpbina, OuHaMuKka
¢priroudos, npou3eoduMeNbLHOCMb Kpbliia, Kpumu4ecKul y20s1 amaku.
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PRI KRITICNIM NAPADNIM UGLOVIMA

Cedomir Lj. Kosti¢®, Bosko P. Rasuo®
@ Generalstab Vojske Srbije, RViPVO, 204. vbr, Batajnica, Republika Srbija,
® Univerzitet u Beogradu, Masinski fakultet, Beograd, Republika Srbija

OBLAST; masinstvo
VRSTA CLANKA: pregledni Clanak
JEZIK CLANKA: engleski

Sazetak:

Prilikom konstrukcije vazduhoplova ne sme se zanematriti ponaSanje
letelice u ekstremnim, odnosno blisko ekstremnim uslovima leta, kakav je
let pri kriti€nim napadnim uglovima, gde se normalan let moZe lako
preobratiti u prevucen let.
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U ovom radu naglaseni su bitni Cinioci koji utiCu na ponaSanje
aeroprofila u letu pri kritiénim napadnim uglovima. Na osnovu dostupnih
eksperimentalnih rezultata i proracuna izvrSena je analiza ponaSanja
aeroprofila u zavisnosti od uslova strujanja (kategorisanih prema
Mahovom i Rejnoldsovom broju), oblika aeroprofila, dinamike prirastaja
napadnog ugla, opstrujavanja aeroprofila sa povec¢anjem napadnog ugla
nakon dostizanja kriticne vrednosti, kao i uticaja povrSinskih neravnina
aeroprofila pri kriticnim napadnim uglovima. Prikazano je i fizicko
tumacenje pada uzgona i pojave prevucenog leta. Detaljno je opisan
nastanak oftcepljenja strujanja oko aeroprofila i izvrSena kategorizacija
aeroprofila prema tipu otceplienja i njegovom ponaSanju pri kriti¢nim
napadnim uglovima opstrujavanja.

Cili ovog rada jeste da na savremenim osnovama aerodinamike
prikaZe i obrazloZi problematiku i najznacajnije osobenosti opstrujavanja
aeroprofila pri kriticnim napadnim uglovima, da da prakticne preporuke
prilikom izbora aeroprofila, a moZe biti koristan i pilotima, inZenjerima i
istraZivacima.

Kljune redi: aerodinamika, performanse aeroprofila, dinamika fluida,
oblik aeroprofila, kriti¢ni napadni ugao.

Paper received on / lata nony4yeHus pabotbl / Datum prijema ¢lanka: 09. 04. 2015.
Manuscript corrections submitted on / [Jata nonydeHus ncnpaeneHHon sepcumn paboTbl/
Datum dostavljanja ispravki rukopisa: 24. 04. 2016.

Paper accepted for publishing on / [lJata okoH4aTensHoro cornacosaHus pabotsl / Datum
konac€nog prihvatanja ¢lanka za objavljivanje: 26. 04. 2016.

© 2016 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2016 AsTopbl. OnybnmkoBaHo B "BoeHHO-TexHu4eckuii BecTHUK / Vojnotehnicki glasnik / Military
Technical Courier" (www.vtg.mod.gov.rs, BTr.Mo.ynp.cp6). [laHHasi cTaTbsi B OTKPLITOM AOCTYNE U
pacnpocTpaHsieTcs B COOTBETCTBUM ¢ nuueHanen "CreativeCommons”
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2016 Autori. Objavio Vojnotehnicki glasnik / Military Technical Courier (www.vtg.mod.gov.rs,

BTr.mMo.ynp.cp6). Ovo je €lanak otvorenog pristupa i distribuira se u skladu sa Creative Commons
licencom (http://creativecommons.org/licenses/by/3.0/rs/).

811

Kosti¢, C., et al, Aerodynamic airfoil at critical angles of attack, pp. 784—811



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

CRITICAL INFRASTRUCTURES:
THREATS, VULNERABILITIES
AND PROTECTION

Danijela D. Proti¢

General Staff of Serbian Army, Department for Telecommunication
and Informatics (J-6), Centre for Applied Mathematics and Electronics,
Belgrade, Republic of Serbia

e-mail: adanijela@ptt.rs,

ORCID iD: ©http://orcid.org/0000-0003-0827-2863

DOI: 10.5937/vojtehg64-9986

FIELD: Electronics, Telecommunication, Security, Transportation
ARTICLE TYPE: Review Paper
ARTICLE LANGUAGE: English

Abstract:

This paper presents six critical infrastructure sectors: electric power
systems, energy sources and supply, manufacturing, transport and
storage of hazardous substances, traffic and transportation, information-
telecommunication infrastructure, and supply with basic viands. The
sources of adverse unwanted events due to accidents, technical faults,
natural disasters, and human error are presented. Prediction and
prevention of these events are explained in details.

Key words: ftransportation, protection, vulnerabilities, threat, critical
infrastructure, hazards.

Introduction

Critical infrastructures are important infrastructures the destruction
or incapacity of which can have tremendous consequences for national
security, economy, environment and people. Critical infrastructure relates
to assets, physical facilities, systems, communication networks,
processes and supply chains which, if destroyed or degraded, would
significantly affect the well-being of the nation. Disruption of critical
infrastructure can result in catastrophic loss of life, adverse economic
effects, etc.

Critical infrastructure protection involves programs and activities
implemented by government, regulatory bodies, research institutions,
users and owners, in order to reduce vulnerability in case of an unwanted
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event. It also includes crisis management in order to strengthen
resilience of critical infrastructure (Lewis, 2006). The European Union
(EU) (2006) has adopted the action plan for the protection based on the
prevention of incidents which may disrupt critical infrastructure security.
The plan relates to detection and response to security breaches,
recovery from accidents, and international cooperation. According to this
plan, critical infrastructure consists of activities, networks, services,
material goods and information technology that, if destructed, can have
significant impact on health, safety and economic prosperity of the
citizens and/or the economy of the member-states. Also, national critical
infrastructures of member-states are defined as systems, networks and
facilities of national importance whose disruption may have serious
impacts to national security, health, property, environment, security,
economic stability and governments (Proti¢, 2012, pp.82-101). In Great
Britain, Sweden, Netherlands and Switzerland, the most common critical
infrastructure is telecommunications. In Germany, one of the most
important critical infrastructure sectors is also communication
infrastructure, (O Neil, Dempsey, 2000, p.12), Canada and Australia also
included mass media. In the United States of America (US) critical
infrastructure sectors are agriculture, food, water, public health,
emergency services, government, defense industrial base, information
and telecommunications, energy, transportation, banking and finance,
chemical industry, postal and shipping (Kljaji¢ et al., 2010, pp.75-78).
Considering that disasters and adverse unwanted events most often
occur locally, national strategies ensure that the first response to
emergencies is local. On the other hand, federal authorities have
responsibilities to manage emergencies at the national and global level
(Sluzbeni glasnik, 86/2011). Also, their jurisdictions are laws and
regulations in this field, as well as strategy for increasing resilience of
critical infrastructures. In 2012, Gospi¢ et al. summarized critical
infrastructures in information and communications, electric power,
transportation, oil & gas, banking and finance, water & emergency
services, and government (Gospi¢ et al., 2012, pp.51-59). Moreover, the
authors refer to the standards in risk management which are also the
scope of this work.

In accordance with the literature rewiev and the good practice, six
critical infrastructure sectors are presented here, respectively: (1) electric
power systems, (2) energy sources and supply, (3) manufacturing,
transport and storage of hazardous substances, (4) traffic and
transportation, (5) information-telecommunications infrastructure, and (6)
supply with basic viands (NIPP, 2013). Threats, vulnerabilities and
protection of these infrastructure sectors are shown in the following text,
respectively. The last chapter concludes the paper.
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Electric power systems

Electric power systems belong to the world’s most complex man-
made systems. Power generation, long-distance transmission lines and
local distribution systems must all work together to deliver electricity to a
range of users (https://mitei.mit.edu/). Electrical power outages
significantly affect society and economy, causing cascading effects.
Protecting this critical infrastructure implies the preservation of its basic
functions in a way that is consistent with appropriate risk assessments,
which are carried out in several phases. First, the sources of risks are
examined. They may be technical or mechanical, natural disasters,
human errors, and the like. Then, the following impacts of accident are
estimated: 1) rapidity (constant, slow, fast speed), 2) duration
(intermittent, continuous), 3) spread effects (local, national, global), 4)
frequency (event happens frequently, sometimes, again), 5) reliability
(deterministic, heuristic, unknown), etc. The protection is carried out at
power sources, generators, transmission lines, distribution systems,
information and communication systems, etc. Protective equipment is
used, as well as mechanisms for switching electrical circuits, protective
relays, protective chambers and SCADA (Supervisory Control and Data
Acquisition) systems, for generator monitoring, whereas consoles which
monitor production no longer have to be in the vicinity of the
manufacturing plant (Inductive automation, 2016). The problem that
arises is a cyber-attack.

Production and distribution of electrical energy

Electrical energy is generated by production plants where the
primary source of energy is converted into electrical energy.
Conventional power plants can be hydro, thermal and nuclear power
plants (Rajkovi¢, Kukulj, 2011). Hydroelectric energy is converted by
hydraulic turbine coupled with a generator. In a thermal power plant,
fuel is burned in steam boilers in which high-pressure steam is
produced. A steam turbine converts steam into mechanical energy. A
nuclear power plant consists of a nuclear reactor which generates heat
by nuclear fission of uranium. Heat passes to liquid carbon dioxide,
water or sodium. Processes that follow are similar to those in thermal
power plants. Figure 1 gives a diagram of a typical system for the
generation, transmission and distribution of electrical energy from
power plants to industrial, commercial and residential users, i.e.
consumers (www.kids.eb.com).
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Picture 1 — Production and distribution of electrical energy
Puc. 1 —Npoun3BOACTBO 1 pacnpeaeneHne arneKTpU4ecKon SHeprum
Slika 1 — Proizvodnja i distribucija elektri¢ne energije

Electric power networks consist of a distribution system that includes
low-, medium-, and high-voltage networks, substations, information and
telecommunication systems, and other energy facilities for maintenance
and management of the network and equipment.

Safety in the production and distribution of electrical energy is based
on the resilient system and surveillance, guard, duplication of the most
important equipment, because the outage of any part of the system may
cause long-term losses and consequences on health and environment.
Losses can be (1) related to the IT sector, (2) material (3) destruction of
equipment, (4) various damage in urban areas, etc.

Renewable energy

Hydropower, wind, solar energy, biomass energy and geothermal
energy are all renewable energy sources (Jovanovi¢, 2013). In contrast
to energy sources such as coal, oil, or gas that pollute environment and
cause the greenhouse effect, renewable energy sources are
inexhaustible and do not pollute the environment. Protection of
renewable sources is identical to the principles of the protection of other
energy power systems (physical security, monitoring, SCADA). Special
attention is paid to possible damage of pipelines for hot water in urban
areas.
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Energy sources and supply

Energetic stability is a subject of growing global concern because a
large number of countries do not have their own sources to ensure
energy independence (Kolev, 2013, pp.31). Instead, they often rely on
energy sources located in other countries, which are often away and
sometimes unstable. Today, considering complicated modern energy
security challenges, decision-makers of every state should first learn
scientific approaches to the new field of protection in energy policies in
order to be able to deeply understand the national-level cooperation on
economic, political, infrastructure and military aspects. In this regard,
energy planners are responsible for critical energy infrastructures
regarding the protection of energy facilities and infrastructures in state
territories (see Figure 2), involving measures oriented to prevent damage
and restore safe and reliable energy supply sources under the best
conditions. (Hazard strateji enstitutsu, 2014).
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Picture 2 — Energy sources and supply chains
Puc. 2 — QHeproncTo4HNKN 1 CETU UCTEMBI CHaBXEeHUS!
Slika 2 — I1zvori energije i lanci snabdevanja

Measures and actions taken in order to achieve a reliable and safe
energy supply, qualitative distribution of electricity, environment projects,
cooperation with other countries, market development, etc. represent the
energy policy of any state and are preventive measures for protection.
Three paragraphs that follow describe the protection of gas supply, oil
and petroleum product supply and supply of solid fuels, respectively.
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Gas supply

From an economic and ecological point of view - gas is the most
acceptable energy source. It is produced by dry distillation of coal, by-
products of agricultural waste or by gaseous fuel from other gases by
purification, or blending. Gas supply is a chain that consists of natural or
synthetic gas production, pipelines and distribution network. In this chain, a
big role is also given to dealers who organize the sale of gas through the
distribution network to customers. Gas supply does not include the
extraction of natural gas, coke ovens operation, manufacturing petroleum
derivatives and technical fuel, and distribution of gaseous fuels through
transport pipelines. Customers of natural gas, the facilities of which are
connected to the distribution system and customers who buy small
quantities of gas are entitled to public supply, and the rest of the customers
buy gas from the licensed supplier (Agencija za energetiku RS, 2015).

To connect to a pipeline, one should have a house connector, a
control/measurement set, gas installation and a consumption counter.
Communal inspectorate, sanitary inspectorate and fire police are
responsible for safety of gas distribution and gas supply. The very fact
that these inspectorates exist clearly indicates the system with a high
risk. The prevention measures needed for this system are the following:
employees have to be familiar (or educated) with technical regulations,
connectors and distribution network, they need to know protective
measures against fire, first aid, etc.

Oil and petroleum products supply

In accordance with the objectives of energy policy, it is necessity to
increase supply of oil and petroleum products and thus facilitate
development of a competitive market, which encourage the development
of economy and at the same time retain economic control in the transport
via pipelines, and transport of derivatives through product pipelines. The
overall structure of petroleum products is dominated by motor fuels
(gasoline, diesel, jet fuel, liquid petroleum gas), fuel oil, etc. (Komisija za
zastitu konkurencije RS, 2012).

Facilities for oil and petroleum derivatives must be constructed to
follow technical rules for manufacturing space, equipment, devices,
storage, and sale. Protection is performed as follows: the fuel pump must
have indoor and outdoor space, the surface must be built on solid
materials (concrete, stone, asphalt), the space should be illuminated, and
the pumping machine must be marked clearly and connected to the tanks
for dispensing. Facilities for wholesale trade of oil must be fenced having
tanks whose volume depends on the derivative.
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Storage of oil, petroleum products and biofuels are in a direct
relation with trade so economic entities engaged in this activity must
have appropriate permissions to trade (Sluzbeni glasnik RS, 57/2011).
However, since the requirements for obtaining such licenses are rigorous
in terms of security measures, this is the first line of defense against
accidents, errors or malicious attacks on supply and storage.

Solid fuels supply

Solid fuels are used for electricity generation in thermal power
plants, in agriculture, industry, heating plants, and in households as
firewood (Markovi¢, 2011). The combustion of solid fuels has one of the
largest impacts on health and the environment. Solid fuels are a complex
combination of chemical and biological substances so their combusting
result in the emission of sulfur oxides, carbon monoxide, nitrogen oxide,
flying particles of ashes, organic materials, gases, microelements, and
halogens (fluorine and chlorine).

Large-scale fires are rare in solid fuels supply chain. Nevertheless,
industry has to apply the prevention measures by training personal for
fire protection, the first aid, handling combustible materials, maintenance
of storages, and similar.

Manufacturing, transport and storage of
hazardous substances

Critical infrastructure that consists of manufacturing, transportation
and storage of dangerous, hazardous materials, is one of critical
infrastructures that influence economy and relate to other critical
infrastructures. One of the reasons is that hazardous materials, during
manufacturing, transportation, storage or handling, can be extremely
dangerous to the health and environment. On the other hand, hazardous
substances are important and used on a daily basis in households,
agriculture and industry. Depending on their chemical characteristics,
their aggregate state, and a degree of hazard, dangerous substances are
classified in 13 classes as follows: (1) Class 1 — explosives and objects
with explosive materials, (2) Class 2 - gases, (3) Class 3 — flammable
liquids, (4) Class 4.1 — flammable solids, self-reactive substances and
de-sensitivity explosives, (5) Class 4.2 - substances liable to
spontaneous combustion, (6) Class 4.3 — substances that emit
flammable gases in contact with water, (7) Class 5.1 — oxidizing
materials, (8) Class 5.2 — organic peroxides, (9) Class 6.1 — Toxic
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materials, (10) Class 6.2 — infectious substances, (11) Class 7 -
radioactive substances, (12) Class 8 - corrosive substances and (13)
Class 9 — other dangerous substances (Zakon o prevozu opasnhih
materija, 2002). Chemicals are classified as elementary, special,
agricultural, pharmaceutical and those for consumer usage (Sluzbeni
glasnik RS, 36/2009, 88/2010 and 92/2011).

Products of chemical industry are used as fertilizers, chlorine for
water treatment, polymers for oil derivatives manufacturing, product for
households, industry and many more. Considering the diversity of
industry, it is very difficult to determine the profile of protection in general.
Instead, risks are assessed for each production-consumption chain, due
to the variety in manufacturing technology, design of products and
relevant manufacturing processes. Vulnerabilities are related to: 1)
terrorist attacks and the release of dangerous chemicals that could
potentially endanger human lives, 2) chemical weapons or products that
can be used as weapons, and 3) psychological effects of the
consequences of accidents on the population. Threats can be natural
disasters, caused by human factors, technical threats or malfunctions,
disruption of electricity, and similar. Natural disasters can be
earthquakes, eruptions, windstorms and hurricanes. Human accidental or
intentional errors can be terrorism, cyber attacks, explosions, bombing,
as well as traffic accidents, breakdowns, etc. Law, rules and standards
regulate safety of manufacturing, usage and storage of hazardous
materials in order to reduce the probability of accidents. Attacks on
critical infrastructure, technical errors and malfunctions result in large
pollution so it is extremely important to ensure all processes from
manufacturing to consumption. Numerous raw materials, by-products
and final products are carriers of risks in the manufacturing and handling
hazardous substances. Accidents concerned with them cannot be
predicted. For that reason, the necessity is education in areas related to
a specific vulnerable system, hazardous substances, policies, standards
and regulations. Additional education of personnel should be performed
periodically during their professional engagement.

Production of hazardous substances

A large number of manufacturing plants which use various raw
materials and products based on highly toxic chemicals are a serious
threat to a broad territory, with unforeseeable consequences for people,
environment and the economy, if an accident happens (GaceSa, 2012,
pp.312-315). For these reasons, production of hazardous substances has
to be ensured from any occurrence of incidents. That is why
manufacturing processes are separated one from another. (To prevent a
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possible cascade effect that could affect other parts of the industry
process.) For this purpose, a control system for monitoring and alerting
can be very useful and important. Also, a major role in a crisis that arises
from an unwanted event such as malfunction, technical errors, human
error, or similar, is played by staff trained to react quickly to accidents
(calling emergency services, fire fighting, first aid, etc). Panic in working
with hazardous substances must be reduced to a minimum.

Transport of hazardous substances

One of the risks of handling hazardous substances is moving them
from one place to another. Hazardous substances are transferred by
roads, railways, waterways and through the air, in accordance with
internationally agreed rules, recommendations and predefined procedures
for carrying out safe transport (Sluzben glasnik SRJ, 15/1995, 28/1996 and
37/2002). Senders, carriers and recipients participate in the transport of
hazardous materials and follow several steps: senders determine whether
the substances are classified in accordance with standards and give
information about them to carriers. Carriers must have permission to
transport goods. In addition, they are obliged to use appropriate packaging
for the transport and to ensure that empty packages are cleaned and
properly marked. Carriers note that hazardous materials fulfill legislations,
provide transport documents, visually inspect and check that everything is
according to standard, note if all permits are valid, verifiy that a vehicle is
not overloaded, etc. Recipients shall not postpone the receipt of goods
without any particular reason and must confirm receipt of hazardous
substances. They examine goods and documentation and provide
unloading only if there were not failures in transport. Finally, they clean and
decontaminate vehicles or containers. If there are changes in goods, the
recipient can refuse reception.

Storage of hazardous substances

Warehousing of hazardous substances ensures maximum protection
and minimum risks of serious injuries and damage to the environment
(Sluzbeni glasnik RS, 92/2010). Storage of hazardous materials is
performed by qualified personnel, responsible and licensed for handling
dangerous substances. The warehouse must be built in accordance with
regulations, standards, technical requirements, government planning,
and construction of warehouses. Access to the warehouse must be
protected from accidents. The space for storage must meet requirements
for humidity, temperature, air pressure and lighting. The warehouse must
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be cleaned, while explosive and flammable materials must be arranged
by type and kept at distance. Empty containers must be stacked
according to the type and packed to be sealed with the proper lids, and
resistant to the chemicals inside.

Traffic and transportation

Economy and quality of life depend on ftraffic and transportation
systems that function well. Traffic and transportation connect people to jobs,
family, medical care, education, and goods needed for everyday life. As with
other major critical infrastructures such as water or electricity supply, the
importance of traffic and transportation systems become apparent only
when problems arise (Transportation Research Board, 2005). Maintenance
and protection of this critical infrastructure is one of the key prerequisites for
achieving sustainable economic and social development.

Although the terms traffic and transportation are often used
interchangeably, in essence they do not have the same meaning.
Transportation is a commercial service activity were goods, passengers
or energy are moved, conveyed or carried from one place to another. On
the other hand, traffic is organized passage of people and vehicles along
routes of transportation, which is the result of applied technology and
transportation needs. It is a public service, which is tasked to meet the
needs of society, i.e. traffic is broader term than transportation.

Traffic and transportation belong to critical infrastructure because of
the function of connecting points/destinations, in order to transport
people, goods, products, semi-products and derivatives, in a variety of
transportation means. Roads, ports, railways, airports, power systems
and telecommunications in traffic and transport are most vulnerable to
physical damage. A significant part of this infrastructure is an information
system for accessing and processing information, maintaining
communication during transportation, accessing databases, positioning
and other services vulnerable to cyber attacks.

Traffic and transportation networks

Traffic covers provision of transportation services of passengers and
freight via roads and railways, waterways and air, as well as services on
terminals, parking lots, covering storage and handling cargo. Transport
refers to the land infrastructure (highways, bridges, tunnels, and
viaducts), aviation (planes and other aircraft, air traffic control, airports,
heliports, runaways), waterway infrastructure (coast, ports, waterways,
intermodal terminals) and rail transport (highways, secondary active rails,
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freight wagons, locomotives). In addition, postal transport is one of the
essential parts of the transport system.

Bridges, viaducts and tunnels are assessed as high-risk
infrastructure for transport. The protection is performed by building
flexible bridges with embedded systems for flood and fire protection,
help-lines, etc. Modern bridges are equipped with sensors for monitoring
the structure to avoid a crisis if the sensors detect the vibrations of the
cables, for example. Detectors can be accelerometers, strain gauges,
anemometers, temperature sensors, etc. The same principles of
protection apply to viaducts since they are bridges over the ground.
Tunnel protection is mainly carried out in the process of planning, in
accordance with standards for constructions and materials.

Airport operations rely on complex, bounded and stacked
infrastructures. An airport is a part of aviation that includes aircraft, air-
traffic control, commercial airports, additional airports, heliports, and
landing strips. Aviation also includes civil and joint use military airports,
heliports, short takeoff and landing ports and seaplane bases (Homeland
Security). Four types of events are closely associated with the airport
infrastructure: (1) a planned event, (2) an incident, (3) a disaster that
causes a lot of damage, but can be managed with an appropriate
assistance and (4) a large-scale disaster (catastrophe) that completely
disables communities or regions in which it has appeared. Catastrophes
can be caused by natural disasters (gale-force winds, floods,
earthquakes, landslides, eruptions, wild fires, ice storms), accidents
(falls, industrial accidents, infrastructure failures, mechanical failures,
human errors), pandemics (SARS, biological weapons), unrests (riots,
strikes, demonstrations, boycotts, sabotage), terrorism (explosives,
hostages, kidnapping, cyber-crime), and the like. What is most important
in protecting airports is to ensure continuity of operations in urgent
situations (prevention, preparedness, mitigation, response to crisis,
recovery from crisis and reconstruction). A quick reaction is the task of
response teams; however, the structure of the airport, organization,
management policies and defense must ensure normal functioning in an
emergency as well.

Information and telecommunication

infrastructure

Communications, energy, transportation, water supply and other
critical infrastructures largely depend on computer networks whose

functions of generation, processing, storage and data transmission are
very vulnerable to malicious attacks that can extremely destabilize the
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economy, jeopardize national security and disrupt the quality of daily life.
Generating, processing, and exchanging information are now fast and
efficient, which significantly reflects modern business and life in general.
At the same time, all the benefits provided by development and
implementation of new technologies have become a source of potential
attacks on sensitive information that can be available to unauthorized
users, modified, or destroyed. Figure 3 presents the architecture
overview of the interoperable communications platform that links together
police, fire, hospitals, schools, mails, and other community assets
(www.mutualink.net, 2009). This platform is one of various tools for
improving community safety and readiness.

Ctutuaiindy

Architecture Overview

Picture 3 — Mutualink platform
Puc. 3 — MyTyanuHk nnatdopma
Slika 3 — Mutualink platforma

The Mutualink is a comunity wide inter-operable multimedia platform
which links together two-way radios, telephones, and public address
systems is such a way that video and data files can be shared among
parties on a real-time incident basis, which enhances preparedness and
effectiveness in an emergency.

Telecommunications network

A telecommunications network is a structure of computing
telecommunication resources for communication and information
between distant locations. Telecommunications networks include
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terminals (for accessing the network), computers (that process
information and are interconnected by the network), links (that form a
channel through which information is transmitted from a sending device
to a receiving device), telecommunications equipment (that facilitates the
transmission of information), and telecommunications software (that
controls message transmission over the network) (http://www.umsl.edu/).

Two principal types of telecommunications networks can be
distinguished from the point of view of their geographical scope: Local
Area Network (LAN) and Wide Area Network (WAN), each of them
containing active equipment (switches, routers, PBX equipment, wireless
communications, optical converters), and passive equipment (optical and
copper cables, antennas, sockets). Telecommunications networks can be
public, mobile, cable, hybrid, optical access networks, low voltage
networks, etc (Vuji¢, Duki¢, 2015). The first one is used between
stationary terminal points. In a mobile network, terminal points are not at
specific locations and the terminal-points connections are carried out via
the radio. Cable networks are primarily designed for TV signals
transmission to the terrain where the classic reception is not possible (a
large number of users receive the same content). In the hybrid network,
the access network is realized with coaxial cables, while fiber optic
cables are used to connect the central hub and peripheral hubs. The
optical network provides a broad access solution with transmission based
on multiplexing. A low-voltage power network can be used as a
telecommunications network in suburbs or villages, with approximately
equal distribution of housing facilities throughout the territory, where
substations must be close to each other. A low-voltage network is a poor
transmission medium, having low bandwidth and high interference.

Telecommunications networks connect other critical infrastructures,
so that any potential vulnerability of these networks is a threat to
telecommunication networks and vice versa. Vulnerabilities occur at
devices, network infrastructures, data content, etc. so combating threats
requires a cooperation between manufacturers, operators, providers,
suppliers, users and the state, which must be focused on the prevention
and awareness of threats.

Information and communication system

The information and communication system consists of personnel,
hardware, software, cable connections, wireless connections, power
supply, and equipment. Each of the assets plays a role in maintaining
transmission between users or between other systems. For that reason,
processing and distribution of information have to be carried out in real
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time, thus meeting the needs of users, business and public services,
whose activities are related to the online communication.

The structure of the information and communication system
indicates the vulnerability of a large number of elements that can be
classified into: physical threats (architecture, hardware, power supply)
and cyber threats (information processing, decision-support systems, and
services). The information and communication system can be impacted
by natural disasters (physical destruction), industrial accidents
(construction collapse, fire), product or service failures (communication
failure, data centre failure), public relations (unwelcome media attention,
adverse publicity of media), business and management (hostile takeover,
sudden strike, competitor launches new product), etc. It is impossible to
protect information and communication systems from all threats.
However, prevention of some accidents (before they happen) and
response to them (after they occur) can be done. There are four steps to
ensure business continuum: (1) planning (getting business in the best
position to react to, and recover from, an emergency), (2) incident
response (processes put in place to ensure that business reacts properly
and orderly to an incident as it occurs), (3) accident management
(coordination of responses to an incident that threatens to harm, or has
harmed, people, structures, ability to operate valuables and reputation),
(4) business continuity (restore system to normal functions) (Holman,
Houser, 2011).

Absolute protection of information and communication systems is
impossible to achieve, but it is possible to achieve a high level of security
within a network, operating systems, applications, databases and
procedures. For information and communication systems, security can be
achieved by the CIA Triad (Confidentiality, Integrity, and Availability).
Moreover, protection are authentication, accountability, access control,
non-repudiation, intrusion-detection, Denial of Service, etc. (IBM, 2005).
That provides access control, identity verification, encryption,
confidentiality, etc.

Attacks to the information and communication infrastructure can be
diverse: passive and active, internal (insider) or external, and similar. The
most known attacks are (1) Denial of Service — the legitimate users are
not allowed to use the network because of overloaded network services.
This attack paralyzes the functions of the server, or a web site. The
attack reduces bandwidth and damages information about configuration.
The protection can be carried out by turning off some network services,
back upping, etc. (2) Phishing is a form of fraud in which the attacker
tries to learn information such as log in credential, or accounting
information, by masquering as a reputable entity or person in e-mail,
instant message, and other communication channels. A gateway e-mail
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filter can trap many targeted phishing e-mails. A web security gateway
can also provide another security layer by preventing users from
reaching the target of malicious link. (3) Botnet is a collection of
compromised computers often referred as zombies infected with malware
that allows an attacker to control them. Botnet owners are able to control
the machines in their botnet by means of covert channels such as
Internet Relay Chat, issuing commands to perform malicious activities
such as sending spam mail, and information theft. (4) Spam is an
electronic version of junk mail. An unsolicited e-mail involves sending
unwanted messages to a large number of recipients. To-do measures
against spam are installing spam filtering/blockage software, deleting e-
mails suspected as spam, reading e-mails in plain text, keep software
and security patches up-to-date, etc. (5) Sniffing and spoofing refer to
listening to a conversation. Sniffer is an application that can capture
network packets using a sniffer. Once the packet is captured, the
contents of packets can be analyzed. Sniffers are used by hackers to
capture sensitive information such as passwords, account information,
etc. The attacker can follow the path until he finds the switch to which he
is connected. From there, the attacker can enable a monitor port as the
port to which he is connected. Switch security is the first line of network
security from internal hacking. Switch security is the path attackers must
go through to get to the rest of the network (Tetz, 2015). Spoofing refers
to actively introducing network traffic pretending to be someone else. It is
typically used in a scenario where one generates network packets that
say they originated by computer A while they are really originated by
computer B. (6) Malicious software (malwer) is any software that gives
partial to full control of one's computer to do whatever malware creator
wants. Malwares are categorized as viruses, worms, trojans, and
backdoors. Adware and spyware seek to embed themselves to watch
what the user does, and act upon that data. Root kits seek to give full
access of one's machine to the attacker to do what they want
(http://www.seas.ucla.edu).

Supply with basic viands

Supply with basic viands has critical dependencies with
transportation systems, energy sector, water systems, chemical and
dams. This critical infrastructure comprises manufacturing, processing
and delivery systems,which consist of farms, restaurants, warehouses,
etc. Critical infrastructure of basic viands supply consists of two sub-
structures. One supplies people with water and the other one supplies
them with food. These two infrastructures are described in the chapters
that follow.
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Water supply

Water supply and quality of drinking water are indicators of
population’s health, thus confirming their important role in daily life.
Changes in water supply cause discomfort and anxiety in people, reduce
hygiene and affect life and economy in general. Consequently, water
supply is a critical infrastructure. The sector of water supply is sensitive
to a number of possible attacks including contaminations, physical
attacks, or release of toxic gases. The results of attacks are sick or dead
people, and disabled services such as fire fighting, working of hospitals,
storage of meat products, etc.

Water supply is a complex system that consists of hydraulic
structures, i.e. (1) wells (water supply systems that have water reservoir
and water distribution and fountains), (2) systems for raw water
transportation, (3) water treatment plants, and (4) distribution networks
consisting of tunnels for primary transport, water supply networks,
pumping stations and reservoirs.

The protection is carried out through prevention, control and
maintenance. Water used for public supply must be safe to drink,
according to the predescribed standards, recommendations and directives,
which are mandatory in the country. Water quality is determined by
inspection of physical, chemical and microbiological parameters. During
each inspection, data is taken from (1) sources (2) reservoirs, and (3)
distribution networks. Principles of risk assessment are monitoring and
reporting on water pollution indicators. Pollution is a chemical, physical or
biological change in water that has a negative impact on people and/or
environment. Water pollutants can be concentrated facilities such as urban
areas, industrial facilities, landfills, or can be spread out such as land with
pesticides and fertilizers, or dumps.

Food suply

Production, distribution, storage, and supply with food is one of the
most critical infrastructures that depends on many other critical
infrastructures, such as production and distribution of water,
transportation, energy, chemicals’ supply and others. Bases of this
critical infrastructure are (1) acquisition of raw materials, cultivation of
crops and livestock (2) manufacturing, processing and packaging of food,
(3) storage, and (4) transportation and distribution of products.

The protection is implemented in the food supply chains for livestock
and livestock food, in vegetable production chains (seeds, fertilizers), and in
other parts of infrastructure for manufacturing, storage and distribution of
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food. The focus of food safety is to protect the food supply from chemical,
biological, radiological and other contamination. Deliberated actions on the
food supply chain are unpredictable but accidental contamination can be
prevented or early detected to minimize the consequences of an accident.

Conclusion

Critical infrastructures have a significant role in national strategies of
many countries, which increasingly intensifies efforts in protection of
these vulnerable systems. Strategies for the protection of critical
infrastructures have become strategies of sustainability of government,
economic stability, prosperity, industry, public health and environment. In
the last two decades, the most important critical infrastructures were
electric power systems, transportation, water and food supply,
agriculture, and vital industrial plants. In the modern world, information
and telecommunications technology, mass media, banking and finance,
and the environment have also become critical infrastructures.

Each state determines its own critical infrastructures in accordance
with the requirements of its national policy. Unions, such as the EU, have
certain criteria for the Union, while each state is free to estimate their
critical infrastructures. Results from practice show that the most known
critical infrastructures are electric power systems, energy supply,
manufacturing, transport and storage of hazardous substances, traffic
and transport, information and telecommunication infrastructure and the
supply of basic viands, described in this paper.

Depending on the type of infrastructure, threats to critical infrastructures
can be classified into two groups: physical threats, and cyber attacks.
Pipelines, substations, warehouses, communications infrastructure and
industrial plants are mostly exposed to physical threats. Cyber threats
jeopardize systems for monitoring and control, databases, operating
systems, software, automated production facilities, and the like.

Vulnerabilities of critical infrastructures are determined by their
functions. Generators, distribution networks and information and
telecommunication networks are vulnerabilities of electrical power
systems. In energy sources and distribution networks, these are gas and
oil pipelines, manufacturing and warehouses. In the production and
treatment of hazardous substances, vulnerabilities are products as well
as transportation and storage of substances. In traffic and transportation,
the most vulnerable structures are airports, bridges and tunnels. Physical
infrastructure is one of the two vulnerabilities in the information and
telecommunication systems. The other one is related to the
communications. Manufacturing, supply and storage of food and water
are vulnerabilities of viands.
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Protection of critical infrastructures has to be carried out for each
infrastructure depending on its threats and vulnerabilities. It is necessary
to protect all parts of the critical infrastructure considering various
functions and physical infrastructure. It is essential that a risk is assessed
and that all employees are well trained. Physical protection of systems is
performed by fencing, guarding, blockades, or separation of production
processes because of the domino effect. Protection against cyber attacks
is important in infrastructure components which are controlled by
computer networks, connected to the Internet, or based on automated
production processes.
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Pe3some:

B daHHoU pabome npusedeHbl wecmp 8U008 KpUMUYECKOU UH-
ghpacmpykmypsbl: 37IEKMPOIHEP2EMUYECKUE CUCMEMbI, Cemu pacripe-
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JKeHue npodykmamu rnumaxus.
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rnomeHyuarbHbIX aeapul, 4YpessbidaliHbIXx cumyayul, Hec4YacmHbIX
c/lyqyaes, mexHU4YecKuUx ouwuboK, onacHbIX NMpuUpPoOHbIX s8NeHUU U 6rlu-
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KntoyeBble crioBa: mpaHcnopm, 3awuma, ys3eumMocme, y2po3sa, Kpu-
muuyeckasi uHghpacmpyKkmypa, criydad, pucku.

KRITICNE INFRASTRUKTURE: PRETNJE, RANJIVOSTI | ZASTITA

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

OBLAST: elektronika, telekomunikacije, bezbednost, saobracaj
VRSTA CLANKA: pregledni Clanak
JEZIK CLANKA: engleski

Sazetak:

U radu je prikazano Sest kritiCnih infrastruktura: elektroenergetski si-
stemi, mreZa distribucije i snabdevanje energentima, proizvodnja, promet i
skladiStenje opasnih materija, saobracaj i transport; informaciono-teleko-
munikaciona infrastruktura i snabdevanje osnovnim Zivotnim namirnica-
ma. Prikazani su izvori mogucih neZeljenih dogadaja usled nezgoda, ne-
sreca, tehniCkih greSaka, kvarova, prirodnih nepogoda i uticaja ljudskog
faktora. Detaljno su objasnjene prevencija i predikcija ovih dogadaja.

Uvod

Kritiéne infrastrukture su toliko vazne da njihova destrukcija ili zau-
stavijanje rada moZe imati ogromne posledice po nacionalnu bezbednost,
ekonomiju, Zivotnu sredinu i ljude. Kriti¢na infrastruktura odnosi se na
sredstva, sisteme, komunikacione mreZe, procese i lance snabdevanja
koji, ukoliko su unisteni ili privremeno onesposobljeni za rad, mogu znatno
da uticu na dobro stanje nacije. Prekid rada kriticne infrastrukture moZe da
rezultira ogromnim gubicima Zivota, da ima razlicite ekonomske efekte, itd.

Zastita kriticne infrastrukture ukljucuje programe i aktivnosti viade, re-
gulatornih tela, naucnih institucifa, korisnika i vlasnika, kako bi se smanijila
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ranjivost usled neZelienog dogadaja. Ona, takode, ukljucuje krizni me-
nadZment za podizanje otpornosti kriti¢ne infrastrukture. Evropska unija
usvojila je akcioni plan zastite koji je baziran na prevenciji pojave incidena-
ta koji mogu da naruse bezbednost kriticne infrastrukture, detekciji i odgo-
voru na krizu i medunarodnoj saradnji. Kriticne infrastrukture u EU su de-
latnosti, mreZe, usluge, materijalna dobra i informacione tehnologije Ciji bi
kvar ili uniStenje znatno uticao na zdravije, ekonomski prosperitet i ekono-
miju vlada drZava &lanica. Nacionalne kritiCne infrastrukture su sistemi,
mreZe i objekti od nacionalnog znacaja koji mogu imati uticaj i ozbiljine po-
sledice na zdravije i Zivote ljudi i ekonomsku stabilnost drzava clanica. U
Velikoj Britaniji, Svedskoj, Holandiji i Svajcarskoj primarne infrastrukture
su telekomunikacije, u Nemackoj je dodata i komunikaciona infrastruktura,
koja vaZi i za Australiju i Kanadu koje su ukljucile i masmedije. Kriticne in-
frastrukture u SAD su elektroenergetski sistemi, telekomunikacije, skladi-
Stenje nafte i gasa, bankarstvo i finansije, prevoz, sistem snabdevanja vo-
dom, hitne sluzbe, kontinuitet viasti, informacije i komunikacije.

U skladu sa navedenim, kao i principima dobre prakse, u ovom radu
su prikazane sledece kritiCne infrastrukture: elektroenergetski sistemi,
mreZa distribucife i snabdevanje energentima, proizvodnja, promet i skia-
diStenje opasnih materija, saobracaj i transport, informaciono-telekomuni-
kaciona infrastruktura i snabdevanje osnovnim Zivotnim namirnicama.

Elektroenergetski sistemi

Elektroenergetski sistem jedan je od najkompleksnijih svetskih siste-
ma. Napajanje elektricnom energijom uti¢e na drustvo i ekonomiju i izazi-
va domino efekat, ukoliko dode do prekida napajanja. Zastita ove kriticne
infrastrukture podrazumeva zastitu njenih funkcija od fizi¢kih i elektronskih
pretnji, na nacin koji je u skladu sa odgovaraju¢im procenama rizika. Prvo
Se proveravaju izvori rizika koji mogu biti tehnicki, prirodni ili izazvani ljud-
skim faktorom, a zatim se proverava uticaj moguceg rizika na funkcionisa-
nje elektroenergetskog sistema. Za zastitu se koriste uredaji da se sprece
oStecenja u slu¢aju kvarova, mehanizmi za prekid rada elektricnih kola,
zastitni releji, zastitne komore i veliki sistemi tipa SCADA.

Elektricna energija nastaje u hidroelektranama,,termoelektranama
ili nuklearnim elektranama. MreZe za proizvodnju elektricne energije sa-
stoje se od distributivnog sistema, podstanica, informaciono-telekomuni-
kacionog sistema i drugih sistema i opreme potrebnih za odrZzavanje
elektroenergetskog sistema. Bezbednost u proizvodnji i distribuciji elek-
tricne energije bazira se na primeni otpornog sistema, uz kombinaciju
aktivnih i pasivnih mera bezbednosti.

Snaga vode, vetar, Sunceva energija, biomasa i geotermalna energija
takode mogu da proizvedu elektricnu energiju, s tim $to su to obnovijivi izvo-
ri energije, koji ne zagaduju okolinu i ne izazivaju efekat staklene baste.

Izvori energije i snabdevanje

Energetski stabilnost je tema rastuce svetske zabrinutosti, jer veliki
broj drzava nema svoje izvore energije vec energetsku stabilnost obez-
beduje iz drugih drZzava koje su ¢esto na nestabilnim podrucjima.
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devanje gasom obuhvataju proizvodnju i distribuciju gasa distributivnom
mreZom do potro$aca, ukljucujuci prodavce i posrednike, a iskljucujuci va-
denje zemnog gasa, rad koksnih peci, proizvodnju derivata nafte, itd. Za pri-
klju¢enje na gasovod potrebni su kucni prikljucak, mernoregulacioni set, in-
stalacija u objektu, gasno trosilo i gasno brojilo. Za nadleZnosti su odgovor-
ne komunalna i sanitarna inspekcija, i protivpoZarna policija. Ove sluZzbe su
elementi preventivnih mera, uz strikino poStovanje tehnickih propisa za iz-
gradnju gasovoda, razvodnih i distributivnih mreZa i kucnih priklju¢aka.

U ukupnoj strukturi proizvodnje naftnih derivata dominira proizvod-
nja motornih goriva, loz-ulja, i dr. U objektima za trgovinu naftom i naft-
nim derivatima neophodno je postovati minimalne tehnicke uslove u po-
gledu prostora, opreme, uredaja i naCina prodaje. Zastita se izvodi na
sledeci nacin: stanica za snabdevanje mora imati zatvoren i otvoren deo,
podloga mora da bude izgradena od ¢vrstih materijala, prostor dobro
osvetljen, a pumpni automati jasno obeleZeni i povezani sa rezervoari-
ma za istakanje. Skladistenje nafte, derivata i biogoriva u direktnoj je ve-
zi sa trgovinom, pa privredni subjekti koji se bave ovom delatno$cu mo-
raju posedovati odgovarajuce licence. Uslovi za dobijanje licenci su rigo-
rozni u pogledu mera bezbednosti.

Cvrsta goriva koriste se za proizvodnju elektricne energije u termo-
elektranama, poljoprivredi, industriji, toplanama, za grejanje i u domacin-
stvima kao ogrevno gorivo. Sagorevajne ¢vrstih goriva ima veliki uticaj
na Zivot i zdravije ljudi i Zivotnu sredinu. Sagorevanjem se u atmosferu
izbacuju opasne materije kao Sto su oksidi sumpora i azota, ugljen-mo-
noksid, leteci pepeo, organske materije i drugi elementi koji izazivaju
efekat staklene baSte. Zastitu od poZara u industriji ¢ine poStovanje pro-
cedura i obuCavanje personala koji radi na utovaru, transportu, istovaru i
Skladistenju ¢vrstih goriva.

Proizvodnja, promet i skladiStenje opasnih materija

Kriticna infrastruktura koju ¢ine hemijska industrija i proizvodnja i tret-
man opasnih materija deo su svake nacionalne ekonomije i proZzimaju dru-
ge kritine infrastrukture. Opasne materije u toku proizvodnje, transporta,
Skladistenja i rukovanja mogu da budu opasne po zdravije i Zivotnu sredinu.
U zavisnosti od hemijskih osobina, agregatnog stanja i stepena opasnosti
opasne materije su grupisane u devet klasa (eksplozivne materije, gasovi,
zapaljive te¢nosti, ¢vrste materije, samoreagujuce materife i Cvrsti desenziti-
visani eksplozivi, materije sklone samozapaljenju i one koje u dodiru sa vo-
dom emituju zapaljive agense, oksidirajuce materije i organski peroksidi,
otrovne, infektivne, radioaktivhe materije, korozivne materije i ostale opasne
materije i predmeti). Rezultat proizvoda hemijske industrije jeste osnov dru-
gih privrednih grana i mogu biti dubriva, hlor, itd. Problemi u hemijskoj indu-
striji mogu izazvati velika zagadenja Zivotne sredine, pa je bitno osigurati
svaki proces od proizvodnje opasnih materija do njihove potroSnje. Pretnje i
ranjivosti ovih sistema vezani su za potencijalne teroristicke napade, hemif-
sko oruZje ili proizvode koji mogu biti koriS¢eni kao oruZje i dr.
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Jedan od segmenata rizika od neZeljenih dogadaja pri rukovanju
opasnhim materijama jeste i njihov transport. Opasne materije transportu-
Ju se i prevoze drumskim, Zeleznickim, plovnim i vazdusnim putem, a za
svaki tip transporta vaze pravila za spreCavanje akcidenata. Postoje re-
gulative koje moraju da zadovolje posSiljalac, prevoznik i primalac.

Skladistenje opasnih materija vrsi se na nacin na koji se obezbeduje
maksimalna zastita i najmanji rizik od povreda i ugroZavanja Zivotne sredi-
ne, u skladu sa zakonom i propisima. Obavijaju ga kvalifikovana lica odgo-
vorna za postupanje sa opasnim materijama. Skladiste mora biti izgradeno
u skladu sa planovima, a prostor za skladiStenje mora da ispunjava zahteve
koji se odnose na viaZznost, temperaturu, vazdusni pritisak i osvetljenje.

Saobraéaj i transport

Ekonomija i kvalitet Zivota zavise od saobracaja i transporta. Kao i
kod drugih kritiCnih infrastruktura, kao Sto su snabdevanje vodom ili elek-
tricnom energijom, znalaj saobracaja i transporta uodljiv je tek kad do
problema dode. Odrzavanje i zaStita ove kriti¢ne infrastrukture jedan je
od kljuénih preduslova za ostvarivanje privrednog i drustvenog razvoja.
Saobracaj je privredno-usluzna delatnost u okviru koje se prevoze roba,
putnici ili energija, u odredenom intervalu izmedu zadatih tacaka — desti-
nacija. Transport je, na drugoj strani, organizovano Kkretanje prevoznih
Jedinica po zadatoj ruti. To je javna sluZzba koja ima zadatak da zadovo-
liava potrebe drustva. Saobracaj je Siri pojam od transporta.

Saobracaj obuhvata pruZanje usluga prevoza putnika i tereta u
drumskom i Zelezni¢kom prevozu, u prevozu plovnim putevima i vazdu-
Snim putem, kao i pruZanje usluga na terminalima i parkinzima, kao i
SkladiStenje i manipulisanje teretom. Transportni deo kriticne infrastruk-
ture sadrzi kopnenu infrastrukturu, vazduhoplovstvo, plovnu infrastruktu-
ru i infrastrukturu Zeleznice. Jedan od bitnih elemenata ovog sistema je i
postanski transport.

Mostovi, vijadukti i tuneli su kriti¢ne tacke saobracCaja i transporta.
Zastita se izvodi izgradnjom elasticnih mostova, ugradenim sigurnosnim
sistemima, itd. Aerodrom je, takode, visokorizicna infrastruktura na koju
mogu uticati prirodne nepogode, nesrece, pandemije, nemiri u drzavi, te-
rorizam, rat i slicno. Ono $to je najbitnije u zastiti aerodroma jeste da se
obezbedi kontinuitet operacija u toku nezZelienog dogadaja prevencijom,
pripravnoscu, odgovorom na krizu, ublaZavanjem posledica krize, oporav-
kom i rekonstrukcijom. Brza reakcija na dogadaj je zadatak tima za brza
dejstva kaji treba da obezbedi normalno poslovanje na aerodromu.

Informaciono-telekomunikaciona infrastruktura

Komunikacije, energija, transport, vodosnabdevanje i druge kriticne
infrastrukture zavise od radunarskih mreZa koje su ranjive na maliciozne
napade. Sve prednosti koje nudi savremena informaciona tehnologija
istovremeno predstavijaju izvor potencijalnih napada. Telekomnikaciona
mreZa je skup resursa koji omogucuju prenos podataka na daljinu. Kom-
ponente telekomunikacione mreze su &vorovi, pristupna oprema i spojni
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put, jezgro mreZe i krajnji sistem i sistem za nadzor i upravijanje. Teleko-
munikacioni sistem cine hardver, softver, komunikacioni kanali i podsi-
stemi za prenos podataka izmedu lokacija. Sistem sadrzi aktivnu opre-
mu (sviCevi, ruteri, centrale, oprema za beZi¢nu komunikaciju, opti¢ki
konvertori) i pasivnu opremu (opticki i bakarni kablovi, antene, uticnice).

Informaciono-komunikacioni sistem, koji ¢ine personal, hardver, soft-
ver, Zicne i beZicne mreZe i prateCa oprema, imaju svaki svoju ulogu u
prenosu podataka i informacija izmedu korisnika ili izmedu drugih sistema.
Struktura sistema ukazuje na dve grupe ranjivosti: fizicke pretnje po arhi-
tekturu, hardver i napajanje i sajber ugroZenost informacionih procesa i
odlucivanja, sistema za podrsku i usluge. Potpuna zaéStita ovih sistema ni-
Je moguca, ali je dobro primeniti mere prevencije planiranjem, odgovorom
na incidente, upravijanjem neZeljenim dogadajima i kontinuitetom poslova-
nja. Stite se mrezni nivo, operativni sistemi, aplikacije, baze podataka i
procedure. Kod komunikacije treba odrediti mere autentikacije, autorizaci-
Je, kriptozastite, neporecivosti, itd. Napadi mogu biti pasivni ili aktivni, unu-
trasnji ili spoljasnji. Najpoznatiji su DoS, Phishing, Botnet, Spam, Sniffing,
Spoofing i maliciozni softveri tipa virusa, crva ili trojanskog konja.

Snabdevanje stanovnistva osnovnim zivotnim namirnicama

Snabdevanje osnovnim Zivotnim namirnicama zavisi od transporta,
energije, proizvoda hemijske industrije i slicno. Cine ga proizvodnja i
prerada prehrambenih proizvoda i stoke, farme, objekti za preradu i skla-
distenje hrane i vode.

Promena u snabdevanju stanovnika vodom izaziva prestanak rada
privrede, zabrinutost gradana, smanjenje higijenskih uslova i sli¢no. Sek-
tor vodovoda osetljiv je na niz mogucih napada kao $to su kontaminacifja
smrtonosnim agensima, fiziCki napadi, ispustanje toksicnih gasova i dru-
go. Rezultat napada su Zrtve ili bolesni i prestanak bazi¢nih usluga tipa
rada bolnica, pripreme i prerade hrane, itd. Vodovod je moguce zagaditi
na Cetiri nivoa infrastrukture.To su: izvori$ta, sistemi za transport sirove
vode, postrojenja za preciScavanje vode i distributivna mreZa. Zaétita se
izvodi prevencijom, kontrolom, odrZavanjem, izgradnjom nove i rekon-
strukcijom postojece distributivne mreze, odrZzavanjem kvaliteta vode,
itd. Kvalitet vode utvrduje se pregledima inspekcije i utvrdivanjem mikro-
bioloskih i fizicko-hemijskih faktora i pokazatelja.

Proizvodnja, distribucija, skladiStenje i snabdevanje hranom je kri-
ticna infrastruktura &iju osnovu &ine nabavka sirovina, gajenje poljopri-
vrednih kultura i stoénog fonda, proizvodnja, prerada i pakovanje, skladi-
Stenje i transport, kao i distribucija gotovih proizvoda ili poluproizvoda.
Zastita se izvodi u lancima snabdevanja hranom za Zivotinje i proizvodi-
ma Zivotinjskog porekla, biljnim proizvodnim lancima, i u onim kompo-
nentama infrastrukture koje podrazumevaju preradu, proizvodnju, pako-
vanje, skladistenje i maloprodajnu distribuciju. Fokus je u zaStiti uskladi-
Stene hrane od hemijske, bioloSke, radiolo$ke ili nuklearne kontaminaci-
Je. Zastita se izvodi analizom rizika, monitoringom i revizijom, uzorkova-
njem, nadzorom nad prometom hrane, nadzorom u fazama proizvodnje,
hitnim merama, itd.
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Zakljugak

Kriti¢ne infrastrukture imaju znacajnu ulogu u nacionalnim strategi-
Jama mnogih drZzava, pa se sve vi§e paZnje posvecuje zastiti ovih ranji-
vih sistema. Strategije zastite kriticnih infrastruktura postale su strategije
odrzivosti viasti, ekonomske stabilnosti, prosperiteta, industrije, zdravlja
stanovnistva i zaStite Zivotne sredine. Dve decenije najznacajnije kriticne
infrastrukture bile su elektroenergetski sistemi, prevoz, snabdevanje vo-
dom i hranom, poljoprivreda i vitalna industrijska postrojenja. U savre-
menom svetu kriti¢ne infrastrukture su postale i informaciono-telekomu-
nikacione tehnologije, masmediji, bankarstvo i finansije,kao i Zivotna sre-
dina.

Svaka drZzava odreduje svoje kriticne infrastrukture u skladu sa
zahtevima njene nacionalne politike. Zajednice drZava, kao $to je EU,
imaju odredene Kriterijume za zajednicu, dok svaka nacija moZe da pro-
ceni svoje kritiCne infrastrukture. Rezultati iz prakse pokazuju da su naj-
cesce kriticne infrastrukture elektroenergetski sistemi, izvori i snabdeva-
nje energijom, proizvodnja, transport i skladistenje Stetnih materija, sao-
bracaj i transport, informaciono-telekomunikaciona infrastruktura i snab-
devanje osnovnim Zivotnim namirnicama.

U zavisnosti od tipa infrastrukture, pretnje Kriticnim infrastrukturama
mogu se podeliti u dve grupe: fizicke pretnje i maliciozni (sajber) napadi.
Fizickim pretnjama izloZeni su uglavnom cevovodi, podstanice, skladi-
Sta, komunikaciona infrastruktura i industrijska postrojenja za preradu
vode. Sajber pretnjama ugroZeni su sistemi za nadzor i upravijanje, baze
podataka, operativni sistemi, softver, automatizovane proizvodne hale i
sli¢no.

Ranijivosti kriticne infrastrukture odredene su njenim funkcijama.
Kod elektroenergetskog sistema ranjivi su generatori, distributivna mre-
Za i informaciono-telekomunikacioni sistem. Kod izvora energije Stite se
gasovodi i naftovodi, proizvodni procesi i skladiSta, a u proizvodniji i obla-
sti tretiranja opasnih materija Stite se proizvodi, transport i skladista. U
saobracaju i prevozu ranjivi su transportna mreZa, posebno aerodromi,
mostovi i tuneli. Informaciono- telekomunikacioni sistem ranjiv je na dva
nivoa: fizickom i nivou komunikacija, dok su u oblasti snabdevanja
osnovnim Zivotnim namirnicama ranjivi proizvodnja, snabdevanje i skla-
distenje poluproizvoda i proizvoda.

ZalStita kriticnih infrastruktura izvodi se u zavisnosti od pretnji i ranji-
vosti, za sve delove kritiCnih infrastruktura ponaosob. Neophodno je da
postoji procena rizika i da personal bude adekvatno edukovan. FiziCka
zaStita sistema izvodi se ogradivanjem, ¢uvarima, blokadama ili odvaja-
njem proizvodnih procesa zbog domino efekta. Zastita od sajber napada
Jje bitna u svim onim delovima infrastrukture koji su kontrolisani racunar-
skom mrezom, povezani na internet ili su bazirani na automatizovanim
proizvodnim procesima.

Kljuéne reci: saobracaj, zastita, ranjivosti, pretnja, kriti¢na infrastruktura,
hazardi.
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Summary:

An important phase in missile systems development is flight
testing and simulation in the environmental conditions dictated by the
operation the system is made for. Since field testing of complex
systems means a big financial burden and a time consuming process,
hardware in the loop (HIL) simulations represent a very effective
solution for saving both costs and time. This paper presents an
implementation of a control application that integrates synchronized
data generation and acquisition on the five-axis missile and target flight
motion simulator owned by the HIL Ilaboratory. The described
simulation application is a result of a missile development engineer’s
need for a simple way to acquire information on a real missile
response, when desired control signals are provided. The solution is
realized in LabVIEW software using a robust software design
architecture named “classic state machine”.

Key words: tests, simulations, missiles, data acquisition, signal
generation, state machine, synchronized measurements, LabVIEW,
hardware in the loop.

838




Introduction

Surface-to-air missile systems are developed to meet specified
tactical and operational requirements in environmental conditions
dictated by the operation itself. From the initial formulation of the concept
for a new missile system to the end of the life cycle of the missile, there is
a continuous need to predict the performance of alternative designs of
the missile. It is important to emphasize that computational modelling and
simulations with a set of partial differential equations bring uncertainty
and errors when switching to realistic application (Oberkampf, DelLand,
Rutherford, Diegert, Alvin, 2001). This happens because it is not easy to
incorporate all environmental interactions into a mathematical model.
That is why the most valuable source of information is missile field testing
followed by missile flight simulation (USA, Department of Defense, 1995).
Since field testing presents enormous financial cost, especially in the
missile development domain, where field testing means a destruction of a
missile itself, hardware in the loop simulations have proven to be a very
cost-effective solution. Also, there is more pressure nowadays to get
products to market faster and to reduce design cycle time. This has led to
a need for dynamic testing, where components are tested while in use
with the entire system, either real or simulated, with real-time hardware
and software. A missile flight simulation is a way to find the missile
performance under varying dynamics that is impossible to find by flight
tests or by an analytical solution, so even nowadays this is a hot
research topic (Awad, Wang, 2014). So, hardware in the loop (HIL)
simulations become an integrated part of the design and testing cycle
(National Instruments, 2008).

The simulation application described in detail in this paper is a result
of a need of missile development engineers for a simple way to acquire
information on a real missile response when desired control signals are
provided.

HIL simulations

A hardware-in-the-loop simulation enables a highly realistic
simulation of equipment in an operational environment. A typical HIL
system includes sensors to receive data from the control system,
actuators to send data, a controller to process data, a human-machine
interface (HMI) and a development post simulation analysis platform
(National Instruments, 2008).
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Hardware in the loop laboratory, shown in Figure 1, is specialized for
the HIL simulation of missile guidance and control systems, with real
hardware, data acquisition, and signal processing.

Figure 1 — HIL laboratory with five axis missile and target flight simulator
Puc. 1 - NAM JlabopaTopHbIi NATUOCEBON MMUTATOP ABUXKEHUS paKeTbl U Lenu
Slika 1 — HIL laboratorija sa petoosnim simulatorom leta rakete i cilja

The laboratory is equipped with an S-450R-5 five-axis missile and
target flight motion simulator, as well as measurement, data acquisition
and signal processing systems (National Instruments, Data Translation).
All Series S-450R-5 Flight Motion Simulators include a control console,
hydraulic power supply with supply and air installation for high pressure
working. A HIL simulation enables a development of appropriate testing
and evaluation methods of guidance as well as a control systems
simulation in a closed loop. Yaw, pitch and roll motions of a missile are
realized by the inner three axes of the simulator. The outer two axes of
the flight simulator provide the azimuth and the elevation of translational
motions of the target (Acutronic, 2011). A HIL simulation is necessary in
order to determine important technical and operational parameters of
guided missiles. Since field testing is expensive, the usage of simulation
software and hardware platforms ensures savings in guided missile and
unmanned aerial vehicle (UAV) development.

LabVIEW technology introduction

LabVIEW is graphical programming language with its own
development environment. Numerous NASA scientists and engineers all
over the world use the LabVIEW language as a basis for instrument
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control, data acquisition, display, and data storage operations. With
recent releases, LabVIEW has evolved from an instrument control and
data acquisition tool to a general-purpose software development system
that can be employed for nearly any application. Additionally, the ability
to interface the LabVIEW source code and applications with other
programming languages (such as Visual Basic and Matlab) means that
software engineers can employ a combination of their favorite tools and
development environments while working on any project (Don, Bradford,
David, Hollis, Wei, 2001).

Problem overview and solution

The five-axis flight motion simulator is designed for high dynamic
testing and evaluation of small to medium sized missile guidance
systems (Don, Bradford, David, Hollis, Wei, 2001). In our case, the
testing consists of specifying and giving control command signals and
system response data acquisition. The given command signals are the
parameters of a desired missile flight, all written in a textual document.
Then, the data is processed and all the missing data is interpolated for
purpose of adjusting to application, system and measurement
requests. In the end, a system response is acquired and saved. It is
necessary to have real time measurements and that is why there is a
demand for synchronized command execution and data acquisition,
which means synchronized output data generation and input data
acquisition. For this realization, the chosen hardware is a National
Instruments NI USB 6259 data acquisition device and the software is
National Instruments LabVIEW v14.0. The acquired electrical signals
are saved and available in the most convenient form for further
analysis.

Global application structure and flowchart

Testing and measuring the structure organization is explained in the
following paragraph. Control command signals are given through the PC
application software written in LabVIEW programming language. A PC is
connected via USB to the data acquisition device NI USB 6259. Analog
inputs and outputs of the device are connected to corresponding inputs
and outputs of the flight motion simulator. This hardware configuration is
shown in Figure 2.
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Figure 2 — Hardware configuration of the presented solution

Puc. 2 — KoHdpurypauus o6opynoBaHus nNpeacTaBneHHOro peLleHus

Slika 2 — Hardverska konfiguracija predstavljenog reSenja

The main application flowchart is shown in Figure 3. The program
options are: show control command signal, set new parameters, control
commands generation, control commands generation and response data
acquisition. As it can be seen in the flowchart, except for the main
structure, there are also important subroutines (sub VI) explained in

detail in the next paragraphs.
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Figure 3 — Main flowchart
Puc. 3 — Qnarpamma HaberatoLiero notoka
Slika 3 — Dijagram toka glavnog programa

User Interface

The main task is to control the five-axis flight motion simulator,
where control data is given in a textual document, and to acquire missile
response data. The user interface is in Figure 4.

The simulator is controlled by the user through the main
application window, which means that commands are sent to analog
outputs and analog input data is acquired. The user has an option to
choose the file for signal generation (which is sent to the analog
output) and also to change general settings. As control command
signals sent to analog outputs have to be adjusted to appropriate
channel voltage levels, there are some additional settings (scale
factors) for analog outputs. Possible actions for the user are: set new
parameters, show signal waveform graphs, control commands
generation, control commands generation and response data
acquisition. The user can set and save new general parameters, or
use saved values from the last measurement. Before signal
generation and acquisition, the user is able to see signal waveform
graphs. If there is a need to generate signals without acquisition, there
is an option for this action, too, with its own interface.

By choosing the signal generation and acquisition action, the user
gets synchronized signal generation and data acquisition.
Simultaneous measurements involve different operations happening at
the same time, such as data acquisition on the input channels while
generating data on the output channels. However, these operations
are not necessarily correlated to one another. Synchronized
measurements, on the other hand, all need to start at the same time,
as well as to share a common clock for latching data among all
measurements (National Instruments, 2012).
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The data that the user wants to send to the simulator is in a form of
textual files containing commands and corresponding time samples. The
first step is to unpack the file and adjust the data for further processing in
LabVIEW. Since the data is raw, which means not prepared for
processing, very often it happens that time samples are not equidistant.
Therefore, there is a need for the interpolation of missing data, with a
previously chosen sample rate. Afterwards, the data is scaled, in order to
adjust to channel voltage levels defined in the device data sheet. The
processed data can now be sent to the outputs. The data acquired from
the analog inputs is also saved in a form of text files, for easier analyses
in any software package the user wants to use. The analysis can be
conducted directly, in LabVIEW software with addition of one more
subroutine for data analysis, but this request was not defined by the user.
The user requirement was to pack the acquired data in a proper form to
ensure an easy analysis in any kind of software used by engineers.

Software architecture

The main flowchart is shown in Figure 3. The used architecture is a
classic state machine. The state machine translates state transition
diagrams into a LabVIEW code that is readable, scalable and maintainable.

844




This way, the virtual instrument (VI) is organized into states which are
general functions and features of application, and transitions that map out
the ways that the VI can move from one state to another (Bress, 2013).

The described application has seven states. The states are defined
based on application functional requests in a way that each state is
independent and has a different function. The basic states that every variant
of the state machine architecture must have are: initialize, wait and
shutdown. When the application is started, the first state is “initialize state”
which initializes all controls and variables. Then, the “in wait state”
application waits for the user to select an action. The “shutdown state” shuts
down the application due to error or stop the button click. The requested
software functions, as it can be seen in the flowchart in Figure 3, are control
command signal waveform graph, add new settings parameters, output
generation, output generation and input data acquisition.

The basic states have a classic architecture which is almost the
same for every state machine design, while functional application states
have complex structures with additional subroutines, which differ from
case to case. In the flowchart diagram it can be seen that, for the states
control command signal waveform graph, output generation, output
generation and input data acquisition, there is mutual action data
processing, organized in one subroutine. This subroutine consists of
unpacking textual document with desired control commands and time
samples, adjusting the data for further processing, interpolation and
scaling. The next integral part is a subroutine for settings parameter
adding and saving. The output generation is a subroutine with its own
interface. In the end, we have output generation and input data
acquisition as a subroutine with its own interface, which enables
synchronized output generation and input data acquisition. This is how
the state machine with an error cluster data flow was formed.

Conclusion

This paper presents an implementation of a modern missile
parameter testing method by using a robust software design architecture.
The main advantages of this application are: it is easy to use, hardware
support is compatible with software development environment used, so
the probability of having hardware to software communication problems
is very low and that leads to the conclusion that the testing process itself
demands less time spent testing and preparing for it. The application is
developed completely in accordance with the user requests, processes
and saves the data in a form defined by the user. This software
architecture design is readable and clear and the consequences are
fewer problems with software inheritance which is certainly an advantage

845

Kljaji¢, N. et al., Open loop control of the five-axis missile and target flight motion simulator implementation, pp. 838—849



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

The described solution is only the beginning of further automation,
modernization and simplification of the flight simulation process using the
five-axis flight motion simulator. The goal is to have a completely
software control of the simulator axis, to be precise, its sensors and
actuators, with additional applications for different HIL laboratory users.
The main challenge for HIL simulation applications is the synchronization
of a very large number of such I/O functions at high speeds and the rapid
conversion of signal data to and from information for inputs and outputs,
respectively. With the power and flexibility of today's computers,
engineers and scientists are increasingly upgrading platforms for HIL
simulations, so the future solution certainly means more powerful
platform hardware configurations (National Instruments, 2008). The main
interest of the HIL laboratory, as a part of the Military Technical Institute,
for achieving this goal is cost reduction in missile systems and UAV
development, as well as decreasing development time.
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BHEOPEHWE CUCTEMbI YIMPABNEHUA MATUOCEBBLIX
NMUTATOPOB MNOJIETA PAKETbI M BO3QYLWHOW LIENA
B PASOMKHYTOM LIMKIE

Hamawa [0. Knany, Munow W. Koctuy, Munow B. MaBuy
MuHuctepcTBo 060poHbI Pecny6nukm Cepbus,
BoeHHo-TexHu4eckun nHCTUTYT, 1. Benrpag, Pecnybnuka Cepbusa

OBNACTb: enekTpoTexHuka

B CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnuinckmin
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Pe3some:

BaxHeliwum gpbakmopom 8 pazsumuu pakemHbiXx cucmem seris-
emcsi amarn MoOesIupPo8aHUsT U CUMynayuu O8UXXEHUSI pakembl 8 COO-
meemcmeyouux ornepayuoHHbIM rnapamMmempam ycroeusix. Ydyumseieas
8bICOKYI0O CMOUMOCMb 110/1€8bIX UcCrbimaHuli nodobHbIx cucmem, 60-
Nibwiue ¢uHaHcosble pacxodbl U nNpodormkumernbHocmb Mod20mosu-
meJibHbIX Mepornpusamud, cuMyuposaHue 8 pamMkax npospamMmMHo-ari-
napamHoz2o modenupoeaHusi (Hardware in the loop - HIL) sensemcs
Hauboree aghcheKmuBHbIM UCTbIMamersibHbIM PeUeHUEM.

B daHHOU cmambe onucaH rnpouecc eHeOpeHUs cucmemMabl yripa-
8/1EHUS, MO €CMb, CUHXPOHU3UPOBAHHO20 2EHEPUPOBaHUS U aKkmuea-
yuu OaHHbIX MSMUOCEe8020 uMumamopa 08UXEHUS pakembl U 8030y-
wHou uenu, paspabomaHHo2o 8 rlabopamopuu rnpospamMmMHo-arina-
pamHo2o modenuposaHusi. OnucaHHoe 8 pabome rpusioXeHue UMu-
mamopa obecriedqugaem 3hheKkmMuBHbIlU KOHMPOsb U 6e30rmacHyr
cpedy, mak Kak ucrosnb3ys 0aHHy0 cUCMeMY UHXEHep-ucrbimamersib
Moxem cocpedomoyumbcsi Ha (hyHKUUOHalbHOCMU ycmpoticmea u
b6bImb y8epeHHbIMU 8 pealibHbIX napamempax 08uxeHuUsi pakemsl. Pe-
weHue paspabomaHo Ha nnamgopme LabVIEW npoepamMmHo20 KOM-
nnekca, ¢ pobacmHol apxumekmypoul rnpoepaMMHO20 obecredyeHus,
o0 Ha38aHUEM «KlacCUYeCKull KOHEYHbIU agmomamy

KrntoueBble crioBa: ucrbimarusi, ModernupogaHue, pakemsbi, cbop OaH-
HbIX, 2eHEPUPOBaHUE CU2HAsI08, KOHEYHbIU agmomam, CUHXPOHU3UPO-
8aHHbIe usmepeHus, LabVIEW, INAM.

IMPLEMENTACIJA UPRAVLJANJA PETOOSNIM SIMULATOROM
LETA RAKETE | CILJA U OTVORENOJ PETLJI

Nata$a D. Kljaji¢, Milos |. Kosti¢, Milo$ V. Pavi¢
Ministarstvo odbrane Republike Srbije, Vojnotehnicki institut,
Beograd, Republika Srbija

OBLAST: elektrotehnika
VRSTA CLANKA: stru¢ni ¢lanak
JEZIK CLANKA: engleski

Sazetak:

Razvoj raketnih sistema podrazumeva vazne faze testiranja i si-
mulacije leta rakete u uslovima okruZenja koje diktira operacija za koju
je sistem izraden. Kako terenska ispitivanja ovako sloZenih sistema
zahtevaju veliki utroSak finansijskih resursa, a i mnogo vremena, simu-
lacije koje podrazumevaju hardver u petlji (Hardware in the loop — HIL)
predstaviljaju vrio efikasno reSenje za smanjenje troskova razvoja i te-
stiranja. U ovom radu predstavijena je implementacija upravljanja, od-
nosno sinhronizovanog generisanja i akvizicije podataka na petoo-
snom simulatoru leta rakete i cilja laboratorije za hardver u petlji (HIL
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laboratorije). Opisana aplikacija za simulaciju javila se kao rezultat po-
trebe inZenjera razvoja raketa za jednostavnim nacinom akviziranja in-
formacija o odzivu realne rakete na Zeljena i zadata upravijanja. ReSe-
nje je realizovano u LabVIEW softverskom paketu primenom robusne
arhitekture softvera, takozvane klasicne masine stanja.

Uvod

Kako su terenska ispitivanja ogroman finansijski trosak, pogotovo
prilikom razvoja raketnih sistema Cije poligonsko ispitivanje znaci uni-
Stavanje same rakete, simulacije koje podrazumevaju hardver u petlji
(Hardware in the loop — HIL) predstavijaju vrlo efikasno reSenje za
smanjenje troskova.

HIL simulacije

Laboratorija za HIL specijalizovana je za poslove istraZivanja i razvo-
Jja u oblastima simulacije sistema vodenja i upravijanja realnim hardverom
i akviziciju i procesiranje realnih signala. Unutar laboratorije instaliran je
petoosni simulator leta rakete i cilia S-450R-5 sa sistemima za merenje,
akviziciju i procesiranje signala. HIL simulacija omogucava razvoj pogod-
nih nacina testiranja i evaluacije prototipova hardvera sistema vodenja i
upravijanja raketom u zatvorenoj simulacionoj petlji. Simulacija kretanja
rakete po visini, pravcu i valjanju obezbedena je upravijanjem po tri ose.
Spoljasdnje dve ose simulatora predstavijaju azimut i elevaciju simuliranog
translatornog kretanja cilja. HIL simulacija potrebna je radi odredivanja
neophodnih tehnickih i operacionih parametara vodenih raketa.

Pregled postavke problema i reSenje

Ispitivanje u konkretnom sluc¢aju predstavija zadavanje komandi si-
mulatoru i pracenje, odnosno snimanje odziva sistema. Zadate komande
predstavijaju parametre Zeljenog leta rakete koji se zadaju u vidu tekstu-
alnog dokumenta. Zatim se podaci obraduju, interpoliraju oni koji nedo-
staju, odnosno izvrSava se prilagodenje podataka traZzenim zahtevima
sistema i samog merenja. Na kraju je potrebno snimiti odziv sistema.
Neophodno je da se merenja izvrSavaju u realnom vremenu, pa je zbog
toga bitno obezbediti sinhronizovano izvr§avanje komandi koje se Salju
simulatoru i snimanje odziva, odnosno sinhronizovano generisanje izla-
za i akvizicija ulaza. Za realizaciju je odabrana akvizicijska kartica Natio-
nal Instruments NI USB 6259, a kao softverski paket koris¢en je National
Instruments LabView v14.0. Akvizirani elektriéni signali memorisu se i
pakuju u format koji najviSe odgovara kasnijoj obradi.

Zakljudak

U radu je predstavijena implementacija savremene metode testira-
nja parametara rakete koriS¢enjem robusne arhitekture za dizajn softve-
ra. Prednost opisane aplikacije jeste $to je vrlo jednostavna za korisce-
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nje. Pored toga, hardverska podrska je kompatibilna softverskom paketu
koji se koristi, §to sve dovodi do znatnog skracenja vremena potrebnog
za pripremu i izvrSenje opita. Aplikacija je prilagodena traZzenim zahtevi-
ma korisnika, dakle obraduje i ¢uva podatke u formatu koji je sam kori-
snik odredio, a zatim i vr§i obrade nad podacima po zahtevanim kriteriju-
mima. Jo§ jedna prednost usvojenog reSenja jeste Cinjenica da je opisa-
na i kori§¢ena arhitektura dizajna softvera vrlo Citljiva i jasna, tako da se
umanjuju problemi prilikom nasledivanja softvera.

Opisano resenje predstavija samo pocetnu stavku u daljoj automa-
tizaciji, modernizaciji i olakSavanju procesa simulacije leta rakete petoo-
snim simulatorom. Cilj predstavija kompletno softversko upravljanje osa-
ma simulatora, odnosno svim njegovim senzorima i aktuatorima, sa do-
datkom aplikacija po Zeljama raznih korisnika ove laboratorije. Krajnji in-
teres za ostvarenje zadatog cilja ove laboratorije, kao i samog Vojnoteh-
ni¢kog instituta kojem ova laboratorija pripada, predstavlja umanjenje
velikih troSkova razvoja, kako raketnih sistema, tako i bespilotnih letelica,
a sa druge strane i uStedu vremena potrebnog za razvoj.

Klju€ne redi: test, simulacije, rakete, akvizicija podataka, generisanje sig-
nala, masina stanja, sinhronizovana merenja, LabVIEW, hardver u petiji.
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Abstract:

The management of resources is one of the three most important
areas of management in defense, besides the information management
and the human resources management.

By defining the concepts of Information Systems, decision support
systems, expert systems, as well as their component parts, the
possibilities they offer and the way of their functioning, we have made an
attempt to present the Logistics Information System as an Expert System.
The growing importance and the need for fast, timely and continuous
logistic support of military units imposes the need for introducing a
computer automated system which will increase the work efficiency and
will save time to managers and decision makers at all levels of the
Command and Control in the Ministry of Defense of the Republic of
Macedonia. Having accurate information in appropriate time, especially
regarding the availability of material resources, is a prerequisite for
effectively managing logistic processes and for successfully performing
tasks by military units.

Key words: information systems, systems, resources, military, manager,
management of resources, logistics, information use, expert systems.
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Introduction

The management of modern business processes must constantly
find solutions to all turbulence in the working environment and pay
attention to developing one’s own strategy in the area of: operations,
automation, integration, information and utilization of resources.

Knowledge, information and achievements are an imperative of our
time and a major precondition for success in the work of any individual or
organization. Today, business entities are trying to communicate quickly
and accurately to send all the information to necessary users.

This kind of needs exists in every sphere of the human activity:
defense, science, technology, economics, arts, history, and more. The
opportunity is available for instant access to information and its rapid
exchange today, which is not a privilege of individuals or groups, but
generally is a common good for everyone.

The rapid development of technology of computer systems created
an opportunity of their participation in the transmission of information.
Applications for this purpose are being developed in various fields of life.
Modern scientific and technological development imposes a substantial
change in the manner of data collection, processing and presenting.

The first rudiments of automated flow of information were made in
the logistics system in the United States Army in terms of planning. The
complexity of planning logistic support in multiple phase operations of
modern armies overcomes the method of board and pen that was used
before. Modern planning procedures depend on the use of automated
programs to ensure their speed and to include all the details which have
to match the pace of the operation (Edwards, 2004).

For quality management decisions, we need quality knowledge which
is inherent to human experts. This knowledge can be included in the
software for supporting decision making. Software that integrates the
knowledge from experts is called a support system in decision-making
based on knowledge (Knowledge Based Decision Support System -
KBDSS) or an intelligent system for supporting decision-making (Intelligent
Decision Support System - IDSS). Support systems for decision making
based on knowledge can increase the capabilities for decision-making by
supplying a software tool that will directly support the decision.

One of the main features of the decision-making process is based
on information. Timely and accurate information is a key element and a
prerequisite in the process of decision-making and the management of
resources. Without the necessary information, data and parameters, it is
impossible to make a decision.

A system for decision support is one of the most modern tools used
in decision-making because it allows the integration of knowledge and
experience of the decision-maker with the database, which facilitates the
decision-making process.
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The most commonly used software tools for supporting decision-
making are expert systems. They are used in all areas of operation, in
defense management as well, especially in providing logistic support.
Logistics information management is a continuous process of: collecting,
processing, preserving, analysing and presenting information on the
course of the operation of the planned logistical support at all levels of
command and control.

Modern logistics systems and processes are almost unimaginable
without adequate information support. A huge amount of information
which has to be processed daily, the need for quality management of
resources and quick decision-making cannot be realized without work
environment based on information technology. It supports the decision-
making bodies and optimizes the management of logistic support.

The duty of all responsible authorities is to define precisely information
objects (vehicles, persons, units, etc.), their characteristics that will be
monitored and the form of reports which will be submitted to higher levels.
The Logistics Information System as an expert system is a computer-
supported system the goal of which is to support the management of logistic
activities. It provides an opportunity for permanent optimization and
improvement of working processes and the logistic support operation in
general. Our aim is to present the logistic information system as an expert
system, which is an important link in the decision-making process in the
Ministry of Defense and the Army of the Republic of Macedonia.

Categories of research

Permanent social and technological development which attempt to
promote and facilitate work imply the need to introduce information
systems that contribute to speed, timely and accurate receiving,
processing and distributing information to all levels of management.

In the following part of our paper, we will examine several categories
relevant to the subject of research: information system, decision support
system, expert system, management, logistics management and logistics
information system.

The International Federation for Information Processing - IFIP
defines the information system as follows: The information system is a
system that collects, complements, stores, processes and delivers
information relevant to the organization and society, in order to be
available and usable by anyone who wants to use it, including the
management, customers, employees and others.

The Information System is an active social system that may or may
not have to use information technology (International Federation for
Information Processing: Technical Committees and Working Groups-
Information Systems, 2013).

852




The information system is a set of methods, procedures and resources
designed to facilitate the achievement of certain goals (Thierauf, 2001).

In terms of the systematic approach, the information system is a
sorted set of methods, processes and operations for: collection, storage,
processing, transmission and distribution of data in one organization,
including equipment used for these purposes and people engaged in
these activities (Pojam informacionog sistema, 2013).

The information system should be placed in a way that: it will be
understood by all users, will be simple in presentation of information, will
be secure and will allow presentation of the processed information in a
very short time interval.

There are different divisions of information systems. For example, some
authors are dividing modern information systems in: operational information
systems and systems for supporting decision-making in management.

Systems for decision support

Decision Support Systems-DSSs represent a powerful tool in
making complex decisions and they are used in many fields, including
defense. As an update of various disciplines, primarily management and
information science, they have roots in the decision-making theory and
are used in various areas of operation from natural sciences, technology,
economics to education (Veljovi¢, 2007, p.1).

Systems for decision support are supporting all stages in the decision-
making process, starting with the stage of formulating the problem through
the design phase and the phase of selection, to implementation.
Furthermore, they support various processes and styles of decision-making,
they are adaptive to new operating needs, easy to use, they enable greater
efficiency in the decision-making process, etc. They also need to provide
timely information to managers, which would also be accurate, relevant and
complete. The information should be shown in a proper form in order to be
easily understood and managed (Veljovi¢, 2007, pp.1-2).

Many authors during their development had different interpretations
of the term ‘system decision support. Turban gives a very precise
definition which, according to him, is: an interactive, flexible and adaptive
computer-based information system designed primarily to support the
solving of unstructured management problems for improving the
decision-making process (Turban, 1995, p.5).

Expert systems

Expert systems in the artificial intelligence are computer programs
designed to solve complex problems using reasoning based on expert
knowledge which does not follow the procedures developed in the case
of conventional programming (Turban, Aronson, 1988, p.15).
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The appearance of expert systems has greatly facilitated the work at
places where complex and important decisions are made. These
systems represent computer programs that simulate the behavior of
persons or organizations with expert knowledge and experience in a
particular area. Typically, these systems contain a knowledge base which
contains accumulated experience and a set of rules to change the basis
of knowledge of each particular situation described in the program.
Sophisticated expert systems can be improved by adding knowledge to
the base or set of rules.

According to Edward Feigenbaum from Stanford University, one of
the best experts in this area, who presents expert systems in the best
way, uniting both of the above aspects, expert systems are intelligent
computer programs that use the knowledge and procedures of locking to
solve complex problems, which require human expertise and skill. The
required level of knowledge along with locking mechanism for solving the
problem can be considered as a model which is simulating the best
expert in that area (Miskovi¢, 2013, p.150).

Besides the general division of expert systems which are divided
into those that analyze a problem and those which perform a synthesis in
the process of solving the problem, the expert systems are distributed
based on the type of information they offer, such as: independent,
consulting and systems "would be if ..." (MiSkovi¢, 2013, p.139).

The key components of each expert system are: (Fig.1) knowledge
base, deduction mechanism and user interface (King, 1989, p.21).

Knowledge Base

F 3

k4

Mechanism Working memory
deduction @ [~77°°TTTT7C
r
v
User interface User

Figure 1 — The basic structure of expert systems
Puc. 1 — Basoas CTpyKTypa 3KCNepTHON CUCTEMBI
Slika 1 — Osnovna struktura ekspertskog sistema
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The knowledge base is the basis of the expert system and contains
the necessary knowledge for understanding, formulation and problem-
solving, which contains information and regulations for the specific
problem area (real system) that we want to make. Besides general
knowledge, it contains special heuristics - rules and subjective
assessments that guide the knowledge.

A deduction mechanism has a task to find the right knowledge from
the knowledge base and to develop new knowledge. It can be said that
the mechanism of deduction is the most important activity which takes
place in the expert system. Thanks to this activity, expert systems are
intelligent systems. The process of locking is the one which animates
the otherwise lifeless knowledge stored in the knowledge base and
which knows how to apply it to the existing problems. Without the
process of locking, expert systems would be only an Encyclopedia of
information.

The user interface is the third major component of any projected
expert system. The main role of this component is to provide simple
communication between the system and the user, i.e. to provide the
following: easy communication, simple running of the program, control
of input and output and quality interpretation of results (King, 1989,
pp.22- 23).

The process of expert systems functioning can be divided into the
following five components: acquisition of knowledge, presentation /
exhibition of knowledge, knowledge processing, interface components
and explanation.

Management of logistics information

Management as a phenomenon is present in nearly every scientific
discipline and covers all functions that successful functioning of society
depends on. It represents a base of the modern approach to the
management and training of organizations in a line with the long-term
needs and requirements of the environment.

According to Shermerhorn (Schermerhorn, 2002), management is a
process of planning, organizing, managing and controlling the process
and use of resources to achieve the objectives. He provides a schematic
view of the management process, shown in Figure 2.
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Planning

h

Controlling MANAGEMENT Organizing

b4
Management

Figure 2 — Schematic representation of the process of managing
Puc. 2 — CxemaTtnyeckoe nsobpaxeHue npouecca ynpasneHus
Slika 2 — Sematski prikaz procesa upravljanja

According to Woodruff and Thomas (Thomas, Woodruff, 1999),
managers are responsible for four functions of the management process.
Decision-making is the primary job of any manager, no matter the level or
function. A decision is always a reaction to a situation, something that
should be taken or needs to be changed. In order to make good decisions,
managers must be familiar with modern methods and principles of decision-
making. Modern managerial decision-making is based on scientific
principles, quality information and effective assessment processes.

As we already pointed out, management is an essential feature of
modern activity of any organization, including the Ministry of Defense and
the Army of the Republic of Macedonia.

Logistic support management is a process that includes planning,
decision-making, organization, cooperation and coordination, monitoring
and reporting the implementation of logistic support. It is a segment in the
overall system of defense management, implemented at all decision-
making levels to optimize logistic support (Ministry of Defence of the
Republic of Macedonia, 2011, pp.22-26).

The management of logistics information connects the information
technology with logistics processes and enables the authorities to
facilitate decision-making, delivering actionable information in real time,
as well considering the actual needs for logistic support (Andrejic, et al.,
2009, p.59). The management of logistics information should cover all
logistic functions and should enable the link between them and with other
functional areas in the defense; hence the need to introduce an
information system in logistics or the Logistics Information System.

The logistics Information system is a computer-supported system
which completely provides support in managing integrated logistic
activities and management with the logistics system. Generating quality
reports and timely information necessary for decision-making is the
primary task of the logistics information system.
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The mission of the logistics information system in the sphere of
defense is seen in the planning, creation, development, monitoring,
maintenance or continuous support of efficient and effective defense
forces (Andreji¢, et al., 2009, p.60).

Logistics information system as an expert
system for managing logistics processes

Working with logistics information is a continuous process of collecting,
processing, preservation, analysis and presentation of information on the
course of operation of the planned logistic support at all levels. All this is
aimed at supporting the decision-making bodies and at the optimization of
logistics management support. The duty of all authorities is to define
precisely the information objects (vehicles, persons, units) and their
characteristics which will be monitored in the form of reports submitted to
higher levels. The periodic and additional records, reports and collected
information are in accordance with the needs and the available data.

Modern working processes, modernization of institutions, influences
from developed countries, emerging challenges and trends show the
need for keeping up with these developments in all spheres of society,
including the sphere of defense.

The problems of today’s working practices (characterized by
outdated methods, business techniques, technology and systems, data
inconsistency, poor visibility of fixed assets and supplies, lack of accurate
information and slow flow of information) have imposed the necessity of
introducing an automated information system that will satisfy the
following needs and requirements: compatibility with the NATO
standards, the need for accurate and timely data, precision in planning,
budget versus reality, better consumption control, sustainable and
proactive planning, procurement and monitoring of supplies.

In accordance with the Project for improvement of the Macedonian
infrastructure and business services (MIESU - Macedonian Infrastructure
and Enterprise Services Upgrade) two subprojects were initiated and
conducted, related to: upgrading the infrastructure of Global
Communications Information System (GCIS) and implementation of the
application for the Logistics information system (The Government of the
Republic of Macedonia, 2011, pp.4-5).

The aim of the project concerning the global information communication
system was building new IT infrastructure and improving the existing one in
the country for the needs of the Ministry of Defence and the Army of the
Republic of Macedonia. Now the entire network and communications
equipment and services are based on open standards and they are
compatible with the existing global information infrastructure.
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The purpose of the rest of the project was configuring, developing
and constructing a logistics information system which will be
implemented in the Ministry of Defense and the Army of the Republic of
Macedonia. It is planned that this system consists of three subsystems:
Information supply systems (ISS), Information maintenance system (IMS)
and Information system for movement and transportation (ISMT).

These three subsystems will be developed successively. The first phase
is currently being implemented, which is the development and implementation
of the Information Supply System. This system provides support for managing
materials, resources and requirements for procurement and supply of
background material items for the Ministry of Defense and the Army.

The Logistics information system provides support for the automated
information system for the following functional processes: forecasting and
planning materials, requirements for the purchase of stocks, origin of
supply, contracts, purchasing, receiving, inventory transfers between
units, delivery / dispensing material items, requests for supply recharge
and asset management.

These eleven procedural models are closely interrelated and there is
a need for exchanging information. The interconnection between the
processes is shown in the diagram below (Figure 3) in order to present
the flow of information between each model.

2. REQUEST FOR
PROCUREMENT

8. TRANSFER
BETWEEN
UNITS

3. SOURCES OF 10. REQUEST FOR
SUPPLY ] RECHARGE

a.
CONTRACTS 7. 9. DELIVERY {
INVENTORY ISSUE OF
PROPERTY

1. MATERIAL
FORECASTING AND
PLANNING

11. 5.
PROCUREMEN
PROPERTY T

6.
RECEPTION

Figure 3 — Procedural areas of the Logistics Information System
Puc. 3 — MNpoueccHble obnacTtn JIormctnyeckon MHOPMaLMOHHON CUCTEMDI
Slika 3 — Procesne oblasti Logisti¢kog informacionog sistema
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In the framework of the logistics information system based on the
needs for accessing data and their analysis in daily operations, the key
logistics customers are defined.

The logistics information system has led to changes in the performance
of daily tasks of employees in the military, especially those involved in the
logistics business processes. Documents and data which used to be
processed manually and on paper now are stored electronically in the
system for promoting greater efficiency and greater control.

It was already stated that the Logistics information system was
based on eleven contractual process areas classified in three modules:

* From finance to control - module which is covering the business
areas: integration with financial and material planning and forecasting;

* From procurement to payment - module which is covering the
business areas: procurement requirements, sources of supply, contracts,
procurement, requests for recharging;

* From admission to delivery - module which is covering the
business areas: reception of materials, inventory transfers between units
and issuing material delivery and asset management.

Additionally provided requirements are fuel and planning projects
(Government of the Republic of Macedonia, 2010).

Let us remember that according to the definition, the expert system is a
computer program that simulates the behavior of one person or organization
that has expert knowledge and experience in a particular area. Indeed, this
definition proves to be correct because the Logistics information system was
created by experts whose expertise and experience it incorporated and
transformed into a knowledge base which is the basis of this system.

Two groups of experts were involved in the creation of the Logistic
information system. First, many experts from different fields: finance, supply
management, logistics, procurement, cost management, warehouse
management, etc. This group of experts created the user software
Dynamics AX. The other group was composed of experts from the Ministry
of Defence from the respective areas who incorporated their expertise and
long experience to modify the Dynamics AX and to make an adequate
knowledge base which is the basis for the Logistic information system.

In the time of establishing the system, the experts provided an
opportunity for constant updating and modernization depending on the
needs and requirements brought by the new era.

Benefits from the use of the Logistics information system

Logistics management is considered as a critical link in the process
of defense management. For making better decisions and for proper
management of resources, the necessary information is required to be
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timely and accurate. Due to the need for the codification of assets and
compatibility of the domestic logistics system with the NATO systems,
and the need for the accuracy of inventory planning, a project was
launched for modernizing the way of working in the field of logistics which
resulted in the decision to implement the Logistics information system.

The new Logistics information system has these sets of capabilities:
development, construction, implementation and support of eleven agreed
processes / modules, fuel management, export data to other systems,
prototype of functionality for maintenance, repair and overhaul, as well as
determining the needs for the module of transport and distribution.

The list of benefits from the implementation of the Logistics
information system is remarkable, but, as some of the most important
and greatest benefits, we will mention the following:

* speed and accuracy of data;

« efficiency in the functioning;

* interoperability with NATO;

* reduced operating costs;

+ sustainable Logistics information system and architecture that is
easy to upgrade;

 benefit on the national level, and others.

In the following part of our paper, we will give a short description for
each of the benefits.

Speed and accuracy of data

The proper planning and forecasting of purposes are essential for the
proper resource allocation and management of courses to ensure their rapid
and accurate determination. Also an important element is the corresponding
warehouses for storing goods providing tactical and strategic flexibility.

The Logistics information system has replaced the outdated system
which consisted of a lot of data sources. Their inconsistency, poor
visibility of the underlying assets and consumables were replaced with
high precision in the planning process, improving the control over the
consumption and, very importantly, the sustainable and proactive
planning of procurement and monitoring of supplies.

Month-long data updates, slow flow and lack of accurate information
are replaced with accurate and timely data given in the Logistics
information system which maintains the accuracy in daily operations. All
this in reality means that daily transactions in terms of material resources
or material lists are transferred to a responsible person with one click,
instead of spending time in a time-consuming process. All this affects the
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accuracy of data, because in real time we have precise data about what
and where something can be found, going to the tiniest details, for
example: Which shelf, room or building has what we are looking for.

Efficient functioning

Defense forces must be ready at any time to carry out their tasks
and missions in a controlled manner, thereby avoiding unwanted
situations of lack of exact quantity supplies, ammunition, food, fuel and
spare parts. This system forms the basis for the efficient functioning of
the armed forces in a way that enables decision makers at every level to
have visibility of all necessary data.

Interoperability

The desire of Macedonia to become a NATO member and the
change of the mission of the armed forces are leading to the needs for
the Army to be flexible in terms of fulfilment of the standards. The
system is designed to enable complete management of logistics defense
processes and to allow a kind of transformation of the organization of the
defense at the strategic level. The Logistics information system
significantly improves the interoperability with allied Logistics systems
and the codifing standards.

Reduced operating costs

The possibility of obtaining accurate data for the assets in each
segment of the Army or unit, warehouse, etc, which contributes to more
accurate creation of financial plans and, accordingly, the plans for
procurement, which results in proper and economical use of the budget.
With visibility of materials on inventories in warehouses, managers are
allowed to perform restricted resources from the nearest storehouse,
which leads to reduced costs in terms of movement and transport.

Sustainable Logistics information system
and architecture that is easy to upgrade

The Logistics information system, as an expert system, is selected
for use in the defense sector because of its scalable architecture that
allows extensibility of processes, in addition to the latest trends of
modernization and transformation of the Army.
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After the implementation of the first stage, we have already seen a
possibility of extending the decision for closing the gap for financial
management, transportation and distribution and resources management
of selected tracking assets as the next stages of our engagement.

The benefits at the national level

The state will have a possibility to implement advanced technology
available from global partners, such as Hewlett Packard to identify,
design and implement technology for transforming and extending the
knowledge of employees in the government and in the military sector
using the best practices and leading technologies.

Conclusion

In the decision-making process, it is important to consider alternative
solutions, recognize possible consequences of their use and compare
options. The process is further complicated with the external environment
(new technologies, information systems, advanced research and
globalization) and the fact that everything is becoming more and more
complex.

Because of all the above reasons, managers are forced to use new
techniques and tools for the decision-making process and they need to
rely on information technology. Modern logistics systems and processes
are unthinkable without adequate information support.

A huge amount of information which needs to be processed daily,
the need for quality management of resources and quick decision-
making, and the reduction of personnel in order to use resources more
economically, cannot be realized without adequate support of a quality
information system.

Today we spent less energy, time and personnel for processing
simple information which would be adequately used in the process of
decision-making from the lowest tactical to the strategic level.

With the introduction of the Logistics information system, we will
have lower economic costs in the logistics support system. The rapid
transmission of information, timely locating the needs of units, available
data for the status of resources, affects on reduction of storage material
assets in stocks (Andreji¢, et al., 2009, p.15).

This application itself was a part of Microsoft software, specifically
Microsoft Dynamics AX. This solution was chosen because of several
key elements, such as: timing of implementation which entails reduced
costs; the fact that it is an integrated ERP (Enterprise Resource
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Planning)-solution concerning financial management, payment and
purchasing, and supply chain of logistics; its flexible configuration
(application which is global, but adapted to the Macedonian conditions),
and in particular the important ladder architecture which allows the
extensibility of processes and roles.

The last element relates to the intentions of the Ministry of Defense
to integrate all functions of the Logistics system though different stages.
Currently, the Logistics information system is in its first phase, which
supports the supply area with their supplying subsystems.
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Peswome:

MeHedxxmeHm pecypcos Hapsidy € UHGOPMaUUOHHbIM MeHeOo-
KMEHMOM U MeHEeOXMEHMOM fepcoHarsna si8/1siemcsi 0OHOU U3 8aXHe-
twux obracmedl ynpaesneHusi 8 cucmeme 060pOHbI.

B pesynbmame onpedeneHusi makux noHImMuul Kak: uHgphopmauyu-
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3ynbmame uccredogaHull ux 803MOXHOcmel u 3¢hghekmusHocmu,
npednpuHsama rnorbimka rnpeobpa3osaHus fioeucmu4yeckol uHgpopma-
UUOHHOU cucmeMbi 8 3KMePMHY cucmemMy yrnpassieHus.

Hns 6bicmpol, ceoespemeHHol u becriepeboliHol noaucmuye-
CKOU rnod0ep)xKku 80eHHbIX rnodpa3sdesieHuli bonbuwoe 3Ha4YeHue uepa-
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asi aghgpbekmugHocmb pabombl U 3KOHOMSIWAs 8peMsT MeHedxepam U
KOMaHOYIoWUM Ha MPUHSAMUS peweHul u MoHUmopuHe 8 MuHucmep-
cmee 060poHbl Pecriybnuku MakedoHus.

CeoespemeHHOe rosy4yeHue MmoyHolU UHgopMauyuu O Hanuduu
MamepuaribHbIX Pecypco8 s18/11emcs efagHbiM ycrosuem aghghekmus-
HO20 yripassieHusi 102uCmu4YecKuM rpoueccoM U yCreuwHO0 8bInor-
HeHuUs1 rnopyYeHul, 8bl0aHHbIX 80UHCKUMU Modpa3desieHUsIMU.
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Sazetak:

MenadzZment resursa predstavija jednu od tri najvaznije oblasti za
menadZment u odbrani, izmedu informati¢kog menadZzmenta i me-
nadZmenta ljudskim resursima. Preko definisanja pojmova informatic¢ki
sistem, sistem za podrsku odludivanju, sistem za eksperimentisanje,
kao i komponente koje ih sacinjavaju, mogucnosti koje nude i nacin nji-
hovog funkcionisanja, ucinjen je pokuSaj da se prevede logisti¢ki infor-
maticki sistem u ekspertski sistem. Veliki znacaj za brzu, pravovreme-
nu i kontinuiranu logistiCku podrsku vojnih jedinica namece potrebu za
uvodenjem informatiCki automatizovanog sistema koji ¢e da poveca
efikasnost u radu i ustedi vreme menadzerima i donosiocima odluka
komandovanja i kontrole u Ministarstvu odbrane Republike Makedoni-
je. Pravovremeno raspolaganje tacnim informacijama koje se odnose
na raspolozivost materijalnih resursa predstavija preduslov za efikasno
upravijanje logistiCkim procesima i uspe$no izvr§avanje zadataka voj-
nih jedinica.

Kljuéne redi: informacioni sistemi, sistemi, resursi, vojni, menadZer,
menadZment resursa, logistika, kori¢enje informacija, ekspertski si-

stem.
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Summary:

The paper deals with the basic concepts and characteristics of
external effects of traffic and transport, with an emphasis on the impact of
traffic noise as one of the main external effects of transport nowadays.
The main negative impacts of traffic noise on human life and social
activities are given as well as the causes of elevated levels of noise from
road, rail and tram traffic. In addition, the paper provides a review of the
common measures that can be applied to reduce the impact of noise
generated as a result of traffic and transport activities. In the end, we
made a short review of the current situation regarding the impact of traffic
noise in the Republic of Serbia and the Serbian Armed Forces.

Key words: traffic, noise.

Introduction

The rapid development of industry and technology has undoubtedly
led to a rise in the standard of living, which results in increased traffic
activity. This is primarily related to passenger and freight road transport,
but certainly to rail, water and air transport as well. However, as a part of
comprehensive technical development, problems related to the
preservation of the environment also increased. The increasing
concentration of traffic activity in urban areas has the effect of
endangering the working and living environment. The influencing factors
are: pollution of air and working environment, noise and vibration, traffic
accidents, uncontrolled discharge of harmful and hazardous substances,
traffic congestion and crowds.
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Noise is one of the major causes of a reduced quality of life,
especially in urban environments where its constant presence and
influence affect many aspects of everyday life. This is confirmed by the
fact that damage to hearing due to noise is among the most prominent
problems of professional pathology. If other effects of noise on human
organism are added, it is clear what possible consequences noise can
have. In today's world, traffic and transport are identified as one of the
main noise sources. Accordingly, special attention should be paid to
reducing the level of traffic noise; otherwise, there is a danger that the
noise level would remain high or even increase. This is corroborated by
the fact that the number of vehicles and kilometers traveled per vehicle
are constantly increasing from year to year.

Consequently, it is necessary to significantly concentrate on both
theory and practice to find ways of combating the harmful effects of traffic
noise, i.e. to find measures by which people and their environment can
be protected from them and that will allow the smooth progress of their
working, social, recreational, creative and other activities.

A large number of health studies and scientific papers deal with the
problem of noise impact on the quality of life such as the impact of road
traffic noise on sleep and mental health (Belojevi¢ et al., 2015), (Bodin, et
al, 2015, pp.1612-28), (Sygna, et al., 2014, pp.17-24), (Aasvang, et al.,
2011), (Basner, et al, 2008), (Griefahn, et al., 2006), (Kishikawa, et al.,
2009), the impact of air ftraffic noise (Hardoy, et al., 2004),
(Schreckenberg, et al., 2010), and the impact of rail traffic noise on the
quality of life and health of people (Aasvang, et al., 2008), (Aasvang, et
al., 2011). Of course, measures and actions to reduce traffic noise are
also research topics in the field of noise impact (Wijnant, Hooghwerff,
2015), (Yamamoto, 2015), (Paffen, et al., 2015), (Gani¢, et al., 2015,
pp.115-123).

External effects of transport

Efficient and well-developed transport systems contribute greatly to
the smooth functioning of the economy and its development, increasing
competitiveness, increasing employment, faster and better exchange of
goods and services, as well as increasing mobility of people in order to
achieve professional and social activities. An especially important
strategic role of transport is reflected in its contribution to the developing
of underdeveloped regions and their integration into the global economic
mainstream. It is one of the most important factors in achieving the
overall economic prosperity of a country and the economic welfare of its
citizens. The specificity of the transport sector is also reflected in the fact
that the benefits of the investment in the transport infrastructure are
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manifested not only in the transport sector but also in other economic
sectors. However, despite the great importance of transport and its
enormous contributions to the overall economic welfare, there are
significant external effects which, due to their size and possible
consequences, generate increasing interest.

In order to understand better the external effects of transport, it is
necessary to examine the costs incurred in the transport sector and to
make a clear distinction between internal and external costs, Table 1
(Kaplanovi¢, 2012). For the calculation of total costs, in addition to
internal ones, external costs should be taken into account. These costs
are not borne directly by those who have caused them, but they are
borne by other participants in transport (congestion, traffic accidents,
etc.) as well as the society in general (environmental costs of pollution,
noise, etc.). External transport costs arise when customers do not pay
the total cost of transport operations carried out or when they do not
receive the full benefit. In other words, external costs are created when
the benefit of individuals is affected by the actions of others who do not
take into account this influence during their activities (Kaplanovi¢, 2012).
This can result in the adoption of wrong decisions on the transport
market, and thus in inefficient use of available resources.

Table 1 — Classification of costs in transport
Tabnuuya 1 — Knaccudmkaums satpaT no TpaHCnopTy
Tabela 1 — Klasifikacija troSkova u transportu

Social costs
Internal costs External costs

The categories of costs

Expenditure on Costs relating to the vehicle

transport and the fuel Costs paid by others

User fees, taxes related to

) : Uncovered infrastructure costs
vehicle excise duty

infrastructure costs

Costs of traffic Costs covered by insurance, Uncovered costs of traffic
accidents own costs of traffic accidents accidents
Environmental costs Own loss of benefits Uncovered environmental costs

Delays / time costs imposed on

Cost of congestion Costs of one’s own time
others

A large number of negative external effects are connected to
transportation, the most important ones being: climate change, air
pollution, congestion, traffic accidents, noise pollution, loss of land,
generation of waste, vibrations, water pollution, etc. In addition, the
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negative impact is seen in degradation and fragmentation of land,
disposal of used transport vehicles and other transport equipment,
transport of dangerous goods, endangering the environment, etc. The
basic categories of external effects, the types and characteristics of
costs and the types of externalities are given in Table 2 (Pejcic,

Bojkovié, 2012).

Table 2 — Overview of the most important external effects of transport
Tabnuya 2 — MNepeyeHb Hanbonee 3HauYMMbIX HenpeaBnaeHHbIX 3 EKTOB TpaHcnopTa
Tabela 2 — Pregled najznacajnijih eksternih efekata transporta

Type of effect

The most significant cost
components

Type of externalities

Air pollution

The damage (cost) for human health
and agricultural goods

Completely external

Traffic accidents

Additional costs (medical care,
property damage, human resources)

Partly external (the part
that is not covered by
insurance)

Climate changes

Damage (expense) from global
warming

Completely external

Congestion on the
roads

Costs for additional time and
exploitation

External for individual
users, and internal
distribution by sectors

Processes "up-and

Additional environmental costs (air

Completely external

downstream" pollution, climate change)
The damage (cost) for human health
. and the reduction of the value of a
Noise Completely external

potential residential exposed to
noise

Additional costs in
urban areas

Costs in the form of additional time
for separation and / or lack of space
for non-motorized modes of
transport

Completely external

Soil degradation
due to construction
of transport
infrastructure

Additional costs of repairing the
damage, the costs of compensation

Completely external

The costs of energy dependence, aesthetic consequences, waste
generation, water pollution, vibration, land use, separation etc., are also
external effects of traffic and transportation to which, however, less
attention is now devoted.
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Traffic noise
The impact of noise

The sense of hearing has a big impact on the overall condition of the
human organism, in a physiological as well as psychological domain. It
connects people with the environment and allows them to communicate
with other people. In addition, hearing is the most sensitive and most
important mechanism for warning against danger, because at any time
humans receive impressions from the surroundings, regardless of
whether they are awake or asleep. Noise is one of the leading problems
in urban areas, because exceeding the permissible noise levels can
significantly affect the quality of life. Noise can affect human health in
many ways, causing nervousness, sleep disturbances, and disruptions in
communication, reducing working capacity, leading to the consequences
in social behavior, as well as to the loss of hearing. Also, noise can result
in a disruption of daily activities, thus causing general discomfort, stress
and frustration. Due to increased exposure to noise, physical, mental and
emotional health may be disturbed. People exposed to high levels of
noise, compared to those less exposed, have an increased number of
headache occurrences, higher sensitivity to small incidents, increased
dependence on sedatives and sleeping pills, increased level of mental
illness, etc. Exposure to noise is also associated with a number of
possible physical effects such as colds, changes in blood pressure and
other cardiovascular changes, problems with the digestive system, as
well as chronic fatigue, while prolonged exposure to noise levels of 80 dB
or more can cause deafness (ZateZi¢, et al., 2009). According to the
World Health Organization, it is estimated that 1.3 billion people
worldwide have hearing damage due to noise impact, while 10% of the
world population is currently exposed to noise levels that can cause
hearing damage (European Commission, 2015).

Intensive urbanization and industrialization in the modern world has
contributed that noise becomes one of the most damaging environmental
factors. At the beginning of this millennium, 50% of the planet's
population is living in cities, and it is anticipated that this number will
increase in 2025 to 75%. In 1960, there were only two cities in the world
with over 10 million inhabitants, while in 2025 there is a prediction for 28
mega cities (Zatezic¢, et al., 2009). There is a trend of noise level increase
in the underdeveloped part of the world and in developing countries
where extremely high noise levels between 90-100 dB occur as a result
of the dominant use of outdated engines, diesel vehicles and
motorcycles. It is generally accepted that a noise level of 55 dB is
considered disturbing, while a noise level of 65 dB is considered
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intolerable. In accordance with this classification, it is estimated that 30%
of the EU population live in conditions of unacceptable noise levels, while
about 170 million people live in so-called 'gray areas' with high noise
levels during the day (Radosavljevi¢, Vukadinovi¢, 2014, pp.925-930).

Also, cardiovascular diseases such as high blood pressure, heart
disease and stroke are associated with long-term exposure to noise. This is
corroborated by the results of the published studies showing that an
increase in traffic noise levels of 10 dB may increase the risk of high blood
pressure or heart disease from 7 to 17% (European Commission, 2015).
Exposure to noise from road, rail and air transport over a longer period may
also affect children's learning and development. A study conducted in 89
schools in the vicinity of major airports in London, Amsterdam and Madrid,
for children aged 9 to 10, showed that the traffic noise adversely affects the
ability of learning as well as memory (European Commission, 2015).

In Europe, in recent years, more attention has been paid to the
problem of external costs of noise. Costs of exposure to noise are mainly
related to the decrease in house prices, reduced possibilities of land use,
increased medical costs, costs of lost productivity in the workplace, etc.
In Switzerland, for example, the external costs of transport due to noise
have been estimated to around 1.5 billion euros, of which 81% are
attributable to road traffic, 15 % to rail and 4% to air traffic (European
Environment Agency, 2014). In Sweden, social annual costs caused by
road traffic noise are estimated at over a billion Swedish krona, 908
million are the estimated costs due to rail traffic and 62 million krona due
to air traffic (European Environment Agency, 2014).

In the modern world, transport has been identified as the main
source of noise pollution. Of all modes of transport, road transport, with a
share of about 65% in the total traffic noise pollution from transport
(Vukasinovic, 2013), appears as a major polluter. It is estimated that in
the EU about 125 million people are exposed to road traffic noise
exceeding 55 dB (European Environment Agency, 2014). The main noise
sources of this form of transport are noise from engines, noise generated
from the friction of wheels over the road surface and the noise from
exhaust systems (Figure 1). When observing road traffic, one of the most
important factors that affect noise intensity is the speed of vehicles. At
low speeds, the impact of the vehicle structure is more important for the
level of noise than the interaction of vehicles and the road surface. At
speeds above 30 kph for passenger cars and 40 kph for trucks, the
impact of tires on the road surface becomes significant, while at speeds
over 50 kph this influence becomes dominant (European Commission
Working Group 5, 2002). From the above, it can certainly be concluded
that the noise level increases with vehicle speed increase. For example,
a car moving at 20 kph emits 55 dB of noise, one that is moving at 40
kph generates 65 dB, a speed of 80 kph generates noise of 75 dB, while
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a speed of 100 kph generates up to 80 dB (Figure 2). Some studies have
shown that in urban areas, where speeds are from 30 to 50 kph, the
noise from the operation of vehicle engines plays an important role, while
on the highway, the above mentioned noise source can be ignored.

Figure 1 — Generation of noise by car
Puc. 1 — leHepupoBaHne JOPOXHO-TPAHCMOPTHOIO Lyma
Slika 1 — Generisanje buke koju emituje automobil

The intensity of the traffic noise of road vehicles depends on the
"content" of traffic. So, for example, a truck at a speed of 90 kph emits
noise intensity equal to 28 passenger cars which move at a speed of 90
kph (Bogojevi¢, et al., 2011).

20 I
------ noise from the interaction of the
wheels and the road
------ noise from engine
20 —

Noise level (dB)

L] L] ) 1

1] 20 40 =] 20 100
Vehicle speed (km/h)

Figure 2 — The dependence of the noise level due to the interaction of tires
and the road surface and due to vehicle engines
Puc. 2 — 3aBUCMOCTb YPOBHS LLyMa OT KOHTaKTa MoKpbILLEK
1 MOBEPXHOCTW AOPOXKHOIO MOKPbITUSA, a Takke oT paboTel ABuratens
Slika 2 — Zavisnost nivoa buke od interakcije pneumatika i povrsine kolovoza
i od rada motora vozila
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The second largest source of noise emissions in transport is air
transport in the total noise pollution from transport and it accounts for
about 20% (Vukasinovi¢, 2013). The problem of traffic noise in air
transport has come to a focus due to the forecast that the volume of
traffic in Europe by 2020 will increase by 3 times compared to 2000.
Operations of landing and takeoff of aircraft (airplanes and helicopters)
generate significant levels of noise near commercial and military airports.
Noise caused by the operations of landing and take-off is directly
dependent on the number of aircraft, landing and takeoff corridors and
atmospheric conditions. Also, noise sources are aircraft propulsion
systems and aerodynamic noise. Aerodynamic noise is dominant only in
the phase of flight, whereas in the phase of landing and takeoff a
dominant noise source is the propulsion system.

Rail transport accounts for about 15% of the total emissions in traffic
noise (Vukasinovi¢, 2013). The origin of this type of noise is linked to
locomotives (mainly those that use diesel engines), friction between wheels
and rails, locomotives and wagon braking, horns, crossing the railway
crossings, aerodynamic noise produced when trains move at high speeds,
and others. (Bogojevi¢, et al., 2011). The noise emitted by locomotives
mainly occurs during work of traction motors, engine cooling systems, gear
systems and ventilation systems. The interaction of wheels and rails is a
dominant noise source and directly depends on the speed and the
geometric configuration of tracks. On straight track sections, noise is mainly
generated as a result of surface roughness of wheels and rails, and their
mutual friction, while at overcoming curves, wheels create more noise due to
the sliding of metal wheels on rails. The cause for this phenomenon is of the
constructive nature of wagons where wheels are fixed in parallel axes, thus
taking the outer wheels more time to pass curves than the inner ones.

The noise generated by the braking process, in addition to the
roughness of contact surfaces of wheels and rails, significantly depends
on the type and kind of brakes used. So, for example, when braking with
wheel slippers brakes with inserts made of cast iron, the noise level is 10
dB higher than in the case of disc brakes with discs mounted on wheels.
In the case of wheels with slippers brakes with inserts of composite
materials, the noise level is less than half the level of that of wheels with
slippers brakes with inserts made of cast iron and disc brakes. The
majority of fans and their motors generate noise. It is important to
mention noise generated by sound signal alerts and notifications as well
as aerodynamic noise caused by train running. The noise level generated
by air turbulence is proportional to the speed of the train. Aerodynamic
noise is significant only at higher speeds. Additional sources of noise in
relation to rail transport are linked to the operations of loading, unloading
and reloading.
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The overview of the noise levels by types of specific means of
transport is shown in Table 3, where it can be seen that combat aircraft
and military vehicles emit the most noise (Zatezi¢, et al., 2009), (Zivkovic,
et al., 2000, pp.566-576).

Table 3 — Noise levels of means of transport
Tabnuua 3 — YpoBeHb LymMa JOPOXHO-TPAHCNOPTHLIX CPEACTB
Tabela 3 — Nivo buke prevoznih sredstava

The means of transport Exterior noise levels (dB)
Bus 72-75

Passenger car at a speed of 90 kph 82— 87

wagon train 85— 88

underground railway 98 — 103

truck 82 -89

plane (passenger) 97 - 113

helicopter 89 -110

a column of tanks 88 - 96

To estimate the costs caused by noise, it is necessary to solve first the
problem of noise measuring, which arises from the same noise complexity
as the external noise effects. In fact, one of the main characteristics of noise
is reflected in its multiple behavior and the fact that noise changes in time
and space. The difficulties in measuring noise are associated with the fact
that the noise level depends on the characteristics of transport (vehicle
types, traffic intensity, the behavior of drivers, etc.), on types, conditions and
quality of roads and also on the characteristics of the environment. In the
longer term, wind, weather and seasons also affect noise levels. This means
that it cannot be determined with certainty what the noise level will be at a
particular place at a particular time. However, if noise sources are defined
appropriately, then it is possible with a certain degree of confidence to
determine what the average noise level will be in the long term.

Reducing the impact of traffic noise

From the aspect of traffic external effects, transport policy is important
as a whole, as a set of measures to guide the development and operation of
traffic in desired frames. Specific measures which are of major importance in
terms of ecology, in the case of traffic, refer to the standards to be observed
by manufacturers of vehicles and parts, as well as those who invest or
exploit transport infrastructure (rail, road infrastructure, airports, ports, etc.).
In addition to technical innovations in engines, the application of quality
energy sources, stringent emission controls, and stricter air quality
standards, it is necessary to take measures to restrict car use and increase
the use of mass transport of passengers (Sluzbeni glasnik RS, 4/2008). As

874




traffic volume and noise levels are closely linked, a further rise in the volume
of traffic in cities can only continue to increase the level of noise. Reducing
the use of private cars and increasing the use of public transport and the
use of bicycles are some of the solutions to reduce the volume of traffic in
residential areas, and therefore the noise it creates.

Activities to be implemented throughout Europe in order to reduce
noise in the environment have a different priority compared to the
environmental problems, often because it was thought that such issues are
best handled at national or local levels. In the initial stages of the European
Union, the regulation on noise management was based on the objectives of
internal markets. As the information on the impact of noise on human health
is increasingly becoming available, the need for a higher level of protection
for citizens through a wider frame in the whole Europe is becoming more
distinct. A milestone in the European strategy to combat noise was the
adoption of the document "Green Paper" in 1996, which represents a new
strategy to combat noise. Its vision for the year 2020 shows that no person
should be exposed to noise levels which endanger health and quality of life,
and that is necessary to avoid harmful effects of noise originating from all
sources and to preserve quiet zones. The document "Green Paper"
proposed a new framework for understanding the impact of noise and
created opportunities for progress in three key areas:

- Raising the level of awareness about the impact of environmental
noise,

- Better and more detailed public information and involvement of the
public in solving the problem of noise, and

- Reducing noise levels as a part of an integrated strategy for better
life on the Earth.

Also, the "Green paper" has defined the target values of noise
reduction for four basic types of noise sources as well as the basic
guidelines for achieving the set goals:

a) Reduction of road traffic noise emissions to 10 dB:

- noise reduction that occurs in the interaction of tires and the road
surface in cooperation with constructors of tires and road linings,

- reduction of engine noise (machines, transmissions and exhaust
systems) by using new materials and active systems to control noise and
vibration,

- traffic management using modern systems which enable
functioning of traffic without congestion and delays, and

- improving regulations.

b) The reduction of noise emissions of rail transport up to 20 dB for
freight traffic and up to 5dB for fast tracks:

- reduction of noise generated by the interaction of wheels and rails
using new materials for rails and wheels and new technology to connect rails,

- reduction of aerodynamic noise of trains for high-speed railways, and

- reduction of noise generated during braking and overcoming curves.
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c) reduction of emissions of air traffic noise up to 10 dB per
operation during landings or takeoffs:

- noise reduction at aircraft using new aircraft constructions with
improved dynamics and active noise control measures, and

- optimization of landing and takeoff operations.

d) The reduction of noise emissions of equipment used outdoors to
10dB:

- identification of the parameters of certain categories of equipment
that affect the generation of noise,

- correlation of noise emissions and the identified parameters, and

- monitoring the effects of individual and combined effects of noise
sources on its perception.

On 25" June 2002, the European Parliament and the Council
adopted Directive 2002/49/EC on the assessment and management of
environmental noise, which is known as the "END". The Directive aims to
define a general approach to avoid, prevent or reduce harmful effects
stemming from exposure to noise and noise in the environment. In
addition, the Directive aims at establishing a basis for developing EU
measures to reduce noise emitted by the major sources, in particular
road and rail vehicles and infrastructure, aircraft, external and industrial
equipment and mobile machinery (Official Journal of the European
Communities, 2002).

The activities regulated by Directive 2002/49/EC are:

- Monitoring the environmental problem: the competent authorities
are obliged to draw up "strategic noise maps" for major roads, railways,
airports and densely populated agglomerations.

- Informing and advising the public about noise exposure, its effects,
and measures against noise.

- Addressing local issues related to noise by requiring the competent
authorities to draw up action plans to reduce noise in problematic areas,
as well as by maintaining the level of noise in the environment where it is
at a satisfactory level.

- Developing a long-term strategy of the European Union, which
includes targets for reducing the number of people vulnerable to longer-
term noise levels and creating a framework for the development of
existing policies on the reduction of noise at source.

There are four basic groups of measures to reduce noise levels from
traffic:

- noise reduction at source,

- reducing the propagation of noise,

- noise protection at the place of immission, and

- economic measures and regulations.
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The first group is a primary measure, while the other three are
secondary measures of protection against noise. The paper will set out
the measures considered for road and rail and trams.

Noise reduction at source

Road traffic

In road traffic, high noise levels arise as a result of the vehicle structure
and the interaction between the vehicle and the road surface, so when
talking about reducing noise at source, it is necessary to act on all these
components. The operations relating to the improvement of the vehicle
structure include a series of measures related to the reduction of noise
originating from engines, transmission mechanisms of vehicles, tires and the
like. In 1970, Directive 70/157/EEC was adopted about prescribed
permissible motor vehicle (cars, trucks and buses) noise levels, and it has
undergone several amendments until today. Vehicle production must meet
the requirements prescribed in that Directive. Attention is increasingly
focused on the possibility of reducing noise from the interaction between
tires and the road surface, which can be achieved by:

- reducing the speed of vehicles,

- selection of a particular type of road track surfaces,

- maintenance of roads and vehicles,

- traffic management, and

- behavior of drivers and the introduction of restrictions.

Reducing speed. The noise level can be reduced by limiting the
permitted speed of vehicles. This measure does not affect only the
reduction of the noise level, but also affects the increase of security of
traffic participants. Double reduction in vehicle speed can result in noise
reduction from 6 to 8 dB (Figure 3).
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Figure 3 — Influence of vehicle speed on noise levels
Puc. 3 — BnusiHme ckopocTu aBToMobuns Ha ypoBEHb LuyMa
Slika 3 — Uticaj brzine vozila na nivo buke
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Road surface. The road surface with an open and porous texture is
not suitable only for noise reduction, it also provides a better tire grip and,
consequently, better driving safety. Such a road surface reduces noise
levels from 2 to 4 dB. The disadvantage of this solution lies in the need
for intensive maintenance; in addition, considerable damage occurs
during winter as a result of freezing.

Maintenance of roads and vehicles. Good maintenance reduces the
dynamic effects of vehicles and load on the road, and affects the
reduction of noise levels as well. Poor maintenance of roads greatly
influences the increase of traffic noise, especially from the interaction of
tires and the road surface (Lakusi¢, et al., 2005, pp.1-9).

Traffic management. Traffic management means the operation of
reducing the traffic load by redirecting a part of the overall traffic or a
certain type of vehicles to other roads, limiting the time in which it can
operate (the ban on traffic of heavy vehicles during weekends and at
night), and ensuring a status of free traffic flow (shutting down traffic
lights). Free flow of traffic leads to noise reduction of up to 4 dB, while
shutting down traffic lights can have a twofold effect — it cannot be better
as it creates a possibility of increasing the speed of traffic, and the
reduction of the noise level in this way is rarely higher than 2 dB. The
effect of reducing the traffic load on the noise level is shown in Figure 4.

Reducing noise levels (dB)

] 10 20 30 40 S0 80 70 80 90 100
Reducing the traffic load (%)

Figure 4 — Effect of reducing the traffic load on the noise level
Puc. 4 — BnnsiHne CHUWXeHWs [OPOXHO-TPAHCNIOPTHOIO ABMKEHNS HA YPOBEHD LLyMa
Slika 4 — Uticaj smanjenja saobrac¢ajnog opterecenja na nivo buke

When speaking of diverting traffic, it should be noted that the
removal of traffic from one road causes an increase in the noise level on
other roads. This measure is somewhat justified if the traffic from smaller
urban traffic is diverted to bypass roads or to those intended for intense
traffic, which can result in a smaller increase in the noise level on the
road to which traffic was diverted. For city roads, the mentioned
measures can be significant.
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Driver behavior and the introduction of certain restrictions. The noise
level of an individual vehicle depends not only on its speed, but also on the
degree of transmission and the methods of acceleration and deceleration.
Passive driving can lead to reducing noise by approximately 5 dB for
passenger and commercial vehicles, and by 7 dB for motorcycles
(European Commission Working Group 5, 2002). Motorcycles are a
particular problem because of a potential increase in noise up to 20 dB, and
for this reason, driving bans can be introduced on certain roads at night or
driving without a special built-in silencer can be prohibited.

One way of overcoming the problem of noise that occurs as a result of
vehicle engines is the use of low-noise vehicles, such as hybrid vehicles,
electric ones, etc. Hybrid vehicles are vehicles with low emission (LEV - Low
Emission Vehicles), driven by two sources of energy: the energy conversion
aggregate (combustion engine or fuel cell) and the aggregate for the
accumulation of produced energy (Bankovi¢, 2010). Unlike hybrid vehicles,
electric vehicles use exclusively electric motors as the main and only
engines. The biggest car manufacturers are working intensively on the
development of vehicles with hydrogen fuel cells. Hydrogen drive is
particularly suitable for use in public transport vehicles. One of the
advantages of fuel cell vehicles is that they are tanked much faster and that
can cover more kilometers without refueling than electrically powered
vehicles (Bankovi¢, 2010). Although beneficial, a silent operation of these
vehicles can affect the safety of participants in traffic. Hybrid, electric and
vehicles using hydrogen are particularly silent, to the point that they are
silent even for pedestrians, which may affect their safety.

Railway and trams

The movement of railway vehicles, trains and trams, is also a significant
source of noise. Today, rail transport is becoming increasingly important
because freight traffic is trying to shift from road traffic to railways (European
Commission, 2011). This leads to an increase in the volume of rail transport
and the use of trains of considerable length. Without the application of
protective measures, especially in those places where the railroad passes
through populated areas, there would be a significant increase in noise
levels. "European Commission Green Paper" of 1996 criticised rail transport
for its contribution to the increase in noise levels and stressed that noise
reduction is a prerequisite for its greater exploitation (European Commission,
1996). Reducing noise due to rail traffic can be accomplished by:

- selection of a type of construction of rail track superstructures,

- maintenance of the running surface of rails and wheels of vehicles,

- selection of a type of vehicles (wagons), and

- reducing the speed of trains and trams.
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Type of construction of permanent tracks. The construction type of
tram and railway superstructures plays a very important role in reducing
noise emissions, especially types of rail mounting on the ground and a
method of closing (covering) tracks. The choice of sleepers also affects
the noise level. Research conducted in Germany has shown that the
level of noise due to a train running on the track with wooden sleepers is
up to 2 dB lower than in the case of the track with concrete sleepers. In
addition to the system of fixing rails to their support, a method of closing
(covering) the permanent track also has a very important role in reducing
noise propagation. Closing a classical successive track structure with
corresponding absorbent materials is mostly used for tracks on bridges
located near settlements or passing through them. In tram transport,
considerably more attention is devoted to a mode of closing tracks. This
is a particularly big problem in cities that use tram transport as the main
type of urban public transport. Therefore, setting up and closing tram
tracks in urban areas create a major requirement in order to obtain the
best possible construction of tram tracks which, in addition to aesthetic
requirements, meet the requirement of reducing noise emissions.

The rail running surface. In Brussels in 2003, a working group of the
European Commission dealing with noise from rail traffic formulated a
strategy and priorities for reducing noise from rail transport. The greatest
attention is given to noise due to the interaction of wheels and rails. The
various geometrical irregularities both on wheels (flat points, irregularities
in wheel shapes, mechanical damage) and rail running surfaces (wear,
composition of rails, errors on welds) significantly affect the increase in
noise levels. The Commission has adopted a strategy called 'smooth
wheels on flat rails', in order to take stricter measures of control and
maintenance of vehicle wheels and the running surface of rails. Of
course, the development of modern and contemporary electromagnetic
trains is one of the ways to reduce the noise impact of rail transport,
since it allows movement of trains without wheels. They float on magnetic
cushions without contact with the support; namely, they do not need
wheels or cylinders, which means no friction and therefore no noise that
occurs due to the interaction between wheels and rails. At a speed of
around 200 kph, an electromagnetic hovering train is barely heard
because its contactless technology does not produce neither noise nor
the rolling noise of the engine. At higher speeds, the sound of
aerodynamic wind can only be noticed; at a speed of 300 km/h
electromagnetic trains are still quieter compared to a car moving at a
speed of 70 kph and compared with a truck at a speed of 45 kph.
However, one of the biggest disadvantages of this system is the high
cost of construction. It is cost-effective only at railroad sections where
large quantities of passengers and goods are transported.

880




Type of vehicles (wagons). A very important role in noise abatement is
played not only by the type of construction of the tram track upper surface,
but olso by the type of rail vehicles (wagons). Research conducted in the
past has shown that different types of rail vehicles (tram, passenger or
freight trains) have different effects on noise level increase. The construction
of tram vehicles, stiffness and suspension characteristics of tram vehicle
wheels in particular, contribute to reducing the level of noise emitted.

Reducing speed. Lower speed of rail vehicles contributes to the
reduction of noise levels. At high speeds, a dominant noise source is the
interaction of wheels and rails. At low speeds, noise levels are 3-7 dB
lower than in the case of the train operating speed. Also, measurements
of noise levels in urban areas have shown that at low speeds the tram
noise level is lower by up to 10 dB.

Reducing noise propagation

As the reduction of noise levels at the source cannot often result in
the prescribed permissible level of noise, noise reduction measures are
applied involving the use of different barriers for protection against noise
and planned utilization of space in the vicinity of motorways. It is known
that roads and tram and railway roads generate high levels of noise in their
environment. When the construction of new or reconstruction of existing
roads is planned in populated areas, a special attention must be paid to
the protection of existing facilities. In such cases, it is necessary to
distinguish two situations: when the area near the road is less populated
and when it is a densely built-up area. Proper planning of roads through
sparsely populated areas can eliminate adverse effects of increased levels
of traffic noise. In densely built-up areas, a careful attention must be paid
to the protection of existing facilities. This includes urban planning of urban
areas and roads in relation to buildings, planning and defining permissible
noise levels for each zone, which can be regulated within the urban plans
for settlements (Sluzbeni glasnik RS, 88/2010).

In the process of planning and space management, in order to
reduce noise propagation, it is possible to take the following measures:

- provide sufficient distance between residential areas and noise
sources, and

- locate objects that are not affected significantly by noise (parking
lots, shopping centers, etc.) in areas between noise sources and
residential areas sensitive to high levels of noise.

The existing structures such as buildings, fences, billboards, tree
lines, embankments, etc., located next to roads, are also a kind of barrier
protection against noise even though it is not their primary function
(Figure 5). In this way, in some cases noise levels can be reduced up to
12 dB (Lakusic, et al., 2005, pp.1-9).
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Figure 5 — Reducing traffic noise with objects
Puc. 5 — CHWXeHne JOPOXHO-TPaHCMOPTHOTO LyMa C MOMOLLbIO 06BEKTOB
Slika 5 — Smanjenje saobracéajne buke pomocu objekata

Setting up barriers for noise protection right next to routes (roads or
railways) is one of the most common and safest ways to reduce noise
propagation (Figure 6). For instance, Dutch national legislation in 1979
started solving this problem at a level a lot stricter than the regulations of the
time. The result was the fact that in 2001 there were approximately 450 km
of barriers for protection against noise positioned next to the national roads
in the Netherlands, with the existing development plans to build additional
20 km every year. Barriers of sufficient height and sufficient length lead to
the effect of reducing noise levels from 7 to 12 dB (European Commission,
2015). These technologies are not only economical, but can also be
implemented in a relatively short period of time. Barriers for protection
against noise fulfill their purpose by interrupting or blocking the direct path
between the noise source and the receiver. Also, barriers may reflect noise,
thus increasing noise for people living on the opposite side of the road.
Therefore, a barrier against noise must have absorption characteristics.

Figure 6 — Barriers for protection against noise
Puc. 6 — lWlymo3awunTHbIn 6apbep
Slika 6 — Barijera za zastitu od buke
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Placing roads in recesses or constructing tunnels (when there is a
need for a high degree of reduction of noise levels), are also methods of
reducing traffic noise (Figure 7). Tunnels are built in urban areas where the
price of land is very high and they are the most effective way of protection
against noise. At the entrance, tunnel walls are usually lined with
absorbent panels to reduce the propagation of noise in the environment.
Wall cladding with panels is also widely used at the entrances and exits of
underpasses which are more commonly used in urban areas. Namely,
lining walls with absorbing panels can reduce noise levels by up to 10 dB
(European Commission Working Group 5, 2002). However, this measure
has its drawbacks which relate primarily to high construction costs as well
as to significant costs of tunnel maintenance.

L
i
L]
1

Figure 7 — Tunnels in the function of protection against traffic noise
Puc. 7 — ToHHenu B kayecTBe 3aLuTbl OT LWyma
Slika 7 — Tuneli u funkciji zaStite od saobracajne buke

Protection against noise at the site of immission

If there is no possibility to reeduce noise at source or prevent its
propagation, noise protection measures at the site of immission can be
applied, reducing noise levels from 6 to 16 dB (Radosavljevi¢, Vukadinovic,
2014, pp.925-930). This method of noise protection involves the use of
sound insulation, as well as greater attention to the design of buildings.
When using acoustic insulation, the best effects are obtained by insulating
walls, windows and doors. The use of sound insulation as well as noise
protection is mainly considered as a last option because of the high cost.
For example, the price of additional sound protection of a residential building
is about 15% of the price of the object itself when the external noise level is
75-77 dB (European Commission Working Group 5, 2002). More and more
attention is paid to the design of buildings. With objects placed along roads,
the biggest problem with high levels of noise occurs in premises directly
facing roads. To reduce the price of sound insulation in such a facility, at the
design stage less sensitive areas (kitchen, bathroom, storage) can be
oriented towards the road, so that the remaining parts (bedrooms, living
rooms and study rooms) are on the 'quieter' side of the building.
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Economic measures and regulations

Economic measures for the protection of the impact of traffic noise
include fees for vehicles with noise levels higher than prescribed,
incentives that support the reduction of noise level, fuel prices,
establishing funds whose assets are intended for the implementation of
measures for noise protection, research and development. Some of
possible economic measures are:

- Incentives - for each dB below the permitted limit value, the
manufacturer is provided a certain amount of money in the form of
incentives, so that manufacturers can introduce their products to market
at more competitive prices thus attracting more customers.

- Taxes - for each dB above the permitted threshold value, a vehicle
owner pays a fee.

- Establishment of funds where money is collected by taxes, which
can later be used for the implementation of measures for protection
against noise or research and development of new technologies.

- Fuel prices can encourage customers to use quieter fuels (diesel
engines produce more noise than gasoline ones), vehicles that consume
less fuel (generally newer, better maintained and quieter vehicles), or to
change their driving style (aggressive driving means that the engine rotates
faster, which results in higher fuel consumption and increased noise levels).

However, even in developed countries, economic measures are not
widely applied, although they represent an easier method of reducing
noise levels. The reason for this can be found in the fact that such
measures are difficult to control.

Situation in the Republic of Serbia

The issue of external effects of traffic and transport in the Republic of
Serbia is extremely complex because of the country’s unstable economic
conditions, lack of funds, regulatory mechanisms, ecological culture and
ethics. Despite the complexity of the problem, there are more reasons to pay
attention to resolving these problems (Public Enterprise Roads of Serbiaa,
2012). Since external costs are difficult to define, quantify and charge through
certain economic mechanisms, our theory and practice use European
experiences which show that economic, environmental and transport policies
are integrated to solve the problem of external costs of transport.

In the Republic of Serbia, traffic and transport are also the most
prominent source of noise in the environment. More than 60% of the
urban population in Serbia are exposed to traffic noise levels that are
considered to seriously jeopardize the quality of life. Approximately 25%
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of the population are exposed to such noise levels that have already
caused health problems, which was confirmed by the Institute for
Hygiene and Medical Ecology, Belgrade (izvestaj o realizaciji G2G
projekta za Srbiju, 2011). Unlike in developed countries, in our country
the concern about the problem of noise is still under-represented, often
omitted. Health problems, whether they are of objective or subjective
nature, reduced ability to work or even disability, are quite a sufficient
reason for noise to be treated as an alarming problem of environmental
pollution. Unfortunately, we must point out that in our country this danger
is still not understood with sufficient seriousness, and is sometimes
completely ignored. This is supported by the fact that, according to the
report of the Agency for Environmental Protection, in 2012, out of the
total investment in environmental protection, the percentage of funds
allocated for programs of protection against noise was 0% (Agencija za
zastitu zivotne sredine, 2014). Measurements of noise levels have been
carried out in Belgrade from 1970s (Gradski zavod za zastitu zdravlja
Beograd, 2002), (lzvestaj o realizaciji G2G projekta za Srbiju, 2011).
Noise measurements in 2012 in Belgrade showed that the measured
noise levels were higher than allowed during the day at 25 measuring
points, while during the night higher levels occurred at 34 measuring
points (Gradski zavod za javno zdravlje, 2013). Due to possible increase
in traffic caused by the development and possible growth of economic
activities, these numbers are expected to increase in the near future.

In 2013, the Institute of Public Health of Voivodina presented the
Report on the assessment of the noise impact on the health of the
population of Novi Sad within which citizens over 65 years of age were
surveyed. Among other things, the report has shown that the most annoying
is noise originating from transport (47%). Out of the total number of citizens
surveyed, 46% would change a flat because of traffic noise, and 6% of them
had already submitted a complaint to the authorities because of traffic noise.
Also, more than a half of interviewed citizens (51%) said that they were
awakened by traffic noise at night (Institut za javno zdravlje Vojvodine,
2013). The Institute for Material Testing, Belgrade, carried out noise
measurements in the same city at seven locations in the period from June
2014 to May 2015. The analysis results showed numerous deviations of the
measured noise levels from the presribed limits. This led to the conclusion
that all measuring locations were critical, given that, in relation to the noise
limit values, the deviations of the measured noise levels at all measuring
points for the night were greater than 3 dB, while three measuring points
were very critical given that their measured noise levels for day, evening and
night were constantly higher than 10 dB (Institut za ispitivanje materijala a.d.
2015). Also, a 2014 study states that the levels of traffic noise for the city of
Novi Sad in most cases are higher than 1 to 8 dB during the day, and from 1
to 9 dB during the night. Particularly worrying is the fact that the noise levels
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in school zones exceed the permissible noise levels for 12 to 16 dB, while in
residential areas noise is higher from 9 to 16 dB during the day and from 11
to 18 dB during the night (Djercan, et al., 2014, pp.977-986).

According to the European Committee for Environment and Health, in
Serbia there are difficulties associated with inadequate legislation and limit
noise values, inadequate monitoring of noise in urban areas, lack of activity
of noise zoning in the process of spatial planning, unfavorable locations of
industrial areas, lack of projects for the protection of noise, insufficient
monitoring of noise emitted by motor vehicles, as well as with inadequate
traffic management (Izvestaj o realizaciji G2G projekta za Srbiju, 2011).
There was also a lack of adequate knowledge about the development and
application of low-noise road surfaces, which is why technology and
knowledge related to the construction of this type of roads should be
developed. The EU and worldwide experience should be used and modified
to suit local conditions. Such an approach would create conditions for Serbia
to apply low-noise road surfaces and barriers for protection against noise. In
this way, the negative aspects of the impact of infrastructure development on
the environment will be significantly reduced, and the noise levels will remain
below the levels acceptable by the European Union standards and standards
for environmental protection of the Republic of Serbia.

The situation in the Serbian Armed Forces

Military transport, as a part of the transport system of the country, also
causes negative external effects of traffic and transportation. The noise of
military vehicles is the result of a large number of devices and systems,
each of which produces noise of more or less high intensity. The most
significant sources of noise are: exhaust and intake systems, combustion
noise and mechanical engine noise of military vehicles, cooling systems and
tires, power systems and aerodynamic noise of military aircraft, moving of
combat vehicles and others. Measures to reduce the noise external effects
in the civilian sector can also be applied in the Army, especially in peacetime
and in emergency conditions. However, research in the field of external
effects of traffic caused by military vehicles is at the very beginning. But
since these effects are more and more obvious, it is necessary to define at
least the basic measures for minimizing external effects at this level of the
development of the Army, such as:

- personnel training, analysis, public discussions, information,

- data monitoring,

- keeping a register of regulations and standards,

- limit exhaust gas emission,

- research and development of defense industry,

- acquisition of new and modern military vehicles,

- noise reduction, and

- resourcing and equipment in the function of traffic safety.
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In the context of this task, it is necessary to raise the awareness related
to the environment and development, which in the sphere of transport must
be supported by concrete facts and arguments and presented appropriately.
Similarly to former campaigns for traffic safety in the Army, it would be useful
to focus more attention on the problems of traffic noise and possible
directions for action and define complex programs to reduce the negative
effects of the transport system at all levels in the Army.

Within the information system for monitoring the use of motor vehicles
in the Ministry of Defense and the Serbian Armed Forces, it is necessary
to make certain adjustments that would include the collection of data
necessary for the analysis of noise. There is, however, a problem of
purposefulness of the application of the appropriate methodology
considering the existing structure of the Army’s outdated vehicle fleet.
Protective measures should follow from the knowledge about noise of
traffic, in the campaign to raise awareness about the importance of
protecting working and living environment. The application of new engines
and better fuel emission control could improve the situation in the Armed
Forces in the next decade. It is necessary to accept and try to apply the
experience of other armed forces and adapt them to our conditions. Also,
when carrying out peacetime tasks, the Army may be required to take into
account the aspects of noise impact (use of means of transport which
comply with the prescribed standards relating to noise).

Conclusion

The environment had long been considered a natural inexhaustible
resource to which all lay claim. However, today's society faces the
necessity to choose further steps to create conditions for the preservation
of working and living environment. To this end, it is necessary to finally
realize that all the nations are one family and one community on the
Earth with the same destiny and that it is necessary to create a
sustainable society based on the respect for nature and environmental
ethics with built in responsibility for future generations. To achieve this
goal, it is necessary that all people accept their share of responsibility for
other people, for a greater community, and especially for future
generations. In this context, environmental policy is not limited to the
control of pollution at the local level, but it also has a global character.

Nowadays, noise and its harmful effects are on the increase. This is
confirmed by the fact that damage to hearing by noise is among the most
prominent health problems in the human environment, and if other effects
of noise on the human organism are added, it is clear how serious possible
consequences of noise pollution can be.Therefore, it is essential for
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science and practice to find mechanisms for controlling harmful effects of
noise and measures against it, which will allow the smooth progress of
people’s business, social, recreational, creative and other activities.

A system approach to solving complex problems of adverse noise
impacts of urban traffic systems has no alternative. In order to efficiently
achieve tangible results in protection against noise, it is therefore necessary
that all relevant factors, besides theoretical analyses, implement adequate
measures to improve protection against noise impact, which would maintain
and possibly improve the overall quality of the human life. Accordingly,
measures such as reducing noise at source, setting up sound barriers,
setting up green buffer zones in areas between roads and residential
buildings, as well as adequate soundproofing of buildings, may contribute to
a significant reduction of traffic noise adverse effects.
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Sazetak:

U radu su prikazani osnovni pojmovi i karakteristike eksternih
efekata saobraCaja i transporta, sa teZiStem na uticaju saobracajne buke,
kao jednom od glavnih eksternih efekata saobracaja u drustvu danas.
Navedeni su osnovni negativni uticaji saobracajne buke na covekove
Zivotne i drustvene aktivnosti, kao i uzroci nastajanja povisenih nivoa buke
od drumskog, ZelezniCkog i tramvajskog saobracaja. Takode, navedene
Su uobicajene mere koje se mogu primeniti kako bi se smanjio uticaj buke
koja nastaje kao posledica odvijanja saobracajnih i transportnih aktivnosti.
Na kraju, nacinjen je i kraci osvrt na trenutno stanje po pitanju uticaja
saobracajne buke u Republici Srbiji i Vojsci Srbije.
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CABPEMEHO HAOPYXAHE N BOJHA OIMPEMA
COBPEMEHHOE BOOPYXEHWE 1 BOEHHOE OBOPYOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

ModepHusoeaHu uHdujcku mon M 46’

Mounrse ,HoBM xuBOT” 3a Tpu Tona M 46 koju noTuyy joww u3 BpemeHa CosjeT-
ckor Casesa. Tpu Tona M 46 130 MM MOOEPHM30BaHK Cy Tako LUTO je U3BpLUEHA 3a-
meHa Lesum ca 130 mm Ha 155 mm/gyxinHe 45 kanvbapa, LWTo NpeacTaBrba CtaHaapa
NHOVjCke BojcKe. 3aBpLUEHa je TEXHWYKA NPpoLieHa U o4 anpuna novnky TecTupara.

N

ModepHuzosaHu mon M 46 130 mm

WHauvjcka Bojcka nnaHupa aa mopepHusyje 300 TonoBa M 46 3a cymy of
153,84 mununoHa amepuykmnx gonapa. Tonosn he 6utn pacnopehermn y 16 nykosa,
wTto he 3HaTHO noBehaTh kUXOBY BaTpeHy mMoh.

Komnanuje Punj Lloyd, Bharat Forge n Ordnance Factory Board n3BpLunne cy
3aMeHy LieBM, cyrnpecopa Ha BpXy LieBu 1 NPOTUBTP3ajHOr cuctema tona M 46 paagu
kopuwhetsa rpaHata 155 mm no HATO craHgapay. JeaHa og komnanuja, Punj Lloyd,
capahyje ca cpnckom komnanujom Jyroumnopt COMP y oBom nocny, Aok Apyra KOM-
naHwuja, Bharat Forge, pagu 3ajegHo ca uspaernckom koMmnaHujom Enout. Tpeha kowm-
nanwuja, Ordnance Factory Board, Beh je paguna ca uspaenckom komnaHmjom Soltam

' Jane’s Defence Weekly 3 February 2016.

892



y nocny moaepHusoBara 180 Tonosa M 46 Ha kanubap 155/45 y nporpamy koju je
3aBpLueH 2001. roguHe 1 y kojeM je npeHaopyxaHo 10 apTurbepujcknx nykosa no
ueHu og 45,52 munuoHa gonapa. MHauwjcka KonHeHa Bojcka, Y YvjeM je noceny OKo
300 cuctema M 46, ogpeavna je pok o4 12 meceum komnaHujama ydecHvLama npo-
rpama 3a npefcraBrbarbe Nnatopme 3a TEXHUYKY eBanyauujy.

KonHeHa Bojcka nnaHupa Aa ce TecTrpare MogepH13oBaHux Tonosa M 46 oba-
BW Y Nepuogy of neT meceum, WTo 6u 3Haunno ga he ce go kpaja 2016. rognHe 3HaTu
ko he 6uTK ycnewaH noHyhay 3a nporpam ModepHu3aLuuje y Tpajakby og 60 meceum.

KomnaHuja Punj Lioyd TpeHyTHO je y dhasu nperosopa ca MHOWCKUM MUHUCTap-
CTBOM oabpaHe 3a nporpam MoaepHusaumje 428 npotmeeasayLUHuX Tonoea ZU-23 2
B. Y oksupy mMogepHusauuvje oBOr NpoTMBBa3gyXOMnsoBHOr opyha, MexaHW4yku Hu-
LIAHCKM cucTeM Buhe 3amerbeH eneKkTpOoONTUYKMM KOMMjyTEPU30BAHUM CUCTEMOM
3a ynpaerbake BaTpoM, WTo he omoryhmnti ga Ton raha uurbeee Ha JdarbuHama [o
2.500 m u Ha BrcnHama o 300 M, Aakby unm Hohy, Ha pasnUUUTUM TepeHUMa.

HpazaH M. Byuykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ©http://orcid.org/0000-0003-1620-5601

Buwecmpyke 6ojese anase 3a DF-5A%

KnHecka HapogHoocnoboamnadka Bojcka (KHB) mogepHusyje cBoje ctapuje
WHTEPKOHTUHEHTanHe 6anmMcTnyke pakeTe Ha TeYHO pakeTHo ropuso Dong Feng-
5A (DF-5A unu CSS-4 Mod 2) mogepHUm BULLECTPYKMM B0jeBMM rraBama ca Mo-
ryhHowhy HesaBucHoOr raharba uurbesa.

70

KuHecke uHmepkoHmuHeHmarsiHe basucmudke pakeme DF-5B

2Jane’s Defence Weekly 17 February 2016.
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Tokom cebpyapa 2016. roguHe npouypena je nHdopmMaumja fa ce jeqHocTpyke
6ojeBe rnase pakete DF-5A 3ametbyjy ca No Tpy He3aBWCHO BofeHe GojeBe rnase.

Cuctem HesaBuCHO BoheHMx 00jeBMX rMaBa BEpOBATHO je UCTW Kao OHaj Ha
pakeTn DF-5AB koja je npukasaHa Ha KMHECKOj BOjHOj napaaun y centembpy 2015.
roguHe. MNpeTtnocTtasrba ce ga obe pakete, nopef 60jeBVX rmaBa, HOCE TOMNMOTHE
N pagapcke Mamue paau KOHTpupaka NPOTUBHUYKE NPOTUB- pakeTHe oabpaHe.

Tokom 2009. roamHe npouerwunsano ce aa KuHa uma ,Herge oko 20” pakeTa
CSS-4 Mod 2, anu ykonuko je y ToKy npouec moaepHusauuje paketa DF-5A, mo-
ryhe je ga je paketa DF-5B notnyHo HOB Tun Koju je Tek y hasu npomssogre. Y
TOM KOHTEKCTY cacBuM je Moryhe aa je ykynaH 6poj MHTEPKOHTMHEHTaNHUX 6anu-
cTnykmnx paketa DF-5 MHOro Behu Hero WTo ce npeTnocTasiba.

KnHecka HapogHoocnoboannadka Bojcka je npen kpajem pasBoja MHTEPKOH-
TUHEHTanHUx 6anucTnyknx paketa DF- 41 Ha 4yBpCTO ropuBo, Ynju he ce naHcepu
HanasuT. Ha TPAHCMOPTHUM W LUMHCKAM BO3UNNMA.

HpaeaH M. Bydkosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

O36urbHa 6anucmuyka npomusbpodcka npema’

Pa3Boj 1 pasmeluTare Maker 6poja cnewmjanm3oBaHNX onepaTUBHUX MPO-
TMBOpoackux Ganuctudkux paketa (ASBM Anti-ship ballistic missile — MNMpoTne-
Opoacka banuctnyka paketa) mogena nop o3Hakama DF-21D (CSS-5) n DF-26
n3asBana je BenuKy naxmy y NocnegHe Bpeme.

7/ LCNGSHI

/" Aviation Photography

Kunecka npomuebpodcka 6anucmuyka pakema DF-21D

% Jane's Navy International April 2016.
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KuHecka 6anucmuyka pakema DF-26 ca domemom 0o 4.000 km

KnHa Huje npBa gpkaea koja je uHBectupana y nporpam ASBM. PaHux ce-
nampecetmx roguHa CosjeTckn CaBe3 je MoKyliao Aa NpojekTyje NMpBU CBETCKU
ASBM. Paguno ce o paketn R-27K (SS-NX-13) koja je 6buna npegeuheHa 3a naH-
cupatbe ca noamopHuue knace Project 629 ,Golf”.

WNako je CosjeTckn CaBes pacnonarao conuaHmm G6pojem catenvra 3a pa-
[apcko ocMaTpake okeaHa, kao M caTtenuMTiMa 3a HEeroBo enekTpoHCKO u3Buha-
H€, OBaj HyKIeapHU pakeTHN CUCTEM MMAao je Benuknx npobnema ca nounparem
unreeBa n CEP (Circular error probability — BepoBaTHOha LpKynapHe rpeLuke) og
yak 370 meTapa, WwTo je 6Guno MHOro Yak un 3a HykneapHy 6ojeBy rnaey. OBaj pa-
KETHM CUCTEM HMKaZ HUje yliao y onepaTuBHy ynotpeoy.

OBaj npumep, ca jeoHe cTpaHe, npukasyje notellkohe koje ce nojaBrbyjy
npunmMkom passoja onepatuHor ASBM, anu ykasyjy u Ha orpaHuyera Tagallie
€IeKTPOHCKE MHAOYCTpUje Koja ce, yrnaBHOM, 6a3npana Ha enekTpOHCKUM LeBuma
Unu NpBUM reHepaumjama TpaHauctopa. KuHa je ycaBpluuna TexHonornjy 6anm-
CTUYKMX pakeTa M nocefyje MHOro COUCTULMPaHUM CaTENUTCKM CUCTEM HEro
wTo je Taga noceposao CCCP.

Kunecka nutepatypa y Be3n ca ASBM He 6GaBu ce MHOro COBjeTCKMM Haro-
pyMa, HATU yKasyje Ha TO [a Cy Ta UCTpaxuBaka umana 3HauyajHujy yrnory y ka-
CHWjEM KMHECKOM pa3Bojy pakeTa OBOr Tuna. To je mano HeyobuyajeHo 3a Kuny
Koja je ogyBek rnefana Ha Pycujy kao Mmogen 3a pa3Boj CBOjUX OpYXaHUX cucte-
Ma. Y oBoM cnyuajy, KuHa je obpaTtuna Behy naxwy Ha CAL u To y nornegy
pasBoja 6anuctnuke pakete Pershing Il koja je 6una cHabaeBeHa maHeBapa-
6unHum 6ojeBum rnasama.

Kaga je 1983. roauHe yBeaeH y onepatusHy ynotpeby, Pershing Il 6una je np-
Ba Ganuctndka pakeTa Koja je buna onpemMrbeHa TEXHOSOMMjOM 3a TEPMUHAITHO Ha-
BoNhewe, ykby4vyjyhmn nogewasajyha KOHTponHa nepaja y CBOjUM aTMocdepCKum
ynasHmm Bosunuma (RV — Re-entry vehicle), wro je ytuuano na CEP oBe pakete
O6yne no 37 metapa. KuHecku cTpyyraln npoyyaBajy pasBoj OBe pakeTe jol of
1976. roavHe 1 YvHK ce aa cy ANPEKTHO NPUMEHUIN HEKE Of TUX TEXHOIOruja.
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Hekun kuHeckn apxaBHM U3BOPW EKCNNULMTHO HaBoze Aa je nporpam Pershing Il
OVPEKTHO MHCnnpucao pa3sBeoj kuHeckor ASBM-a oo Te mepe ga ce TBpaum Aa je pake-
Ta DF-15/CSS-6 mnarpaheHna no ocHoBy pakeTe Pershing Il. Heke Bep3uje yrnasHux Bo-
3una paketa DF-15 nmajy n KoHTpornHa nepaja no y3opy Ha aMepuyku1 mogern.

A2/AD cniocobHocm

Op cpeavHe geBeneceTyx roamHa lNekuHr je passujao ASBM cucteme kao neo
cuctema A2/AD npoTuB npuctyna/orpaHuderba 3oHe (A2/AD anti access/area denial).
CucteMm je 3amuLLIIbEH Aa OPXUW HenpujaTerbcke 6poaoBe Nog CTanHUM pU3MKOM pa-
30pHMX Hanaga u3 pasHux npaeaua kopuctehu Ganmctndke n kpctapehe npojektune
ca pPasnmMunTUX KOMHEHMX, Ba3AYyLLUHMX 1 MOMOPCKUX/MOAMOPHUYKIX nraTtchopmu.

CepxaA2/AD jecTe noctusawe KoHTpone ,onuncknx mopa” (PKytor, McTou-
HOKMHECKOT U Jy>KHOKMHeCKOr Mopa). Ha Taj HaumMH KMHeCkn cTpaTesn 3amuLlrba-
jy ekcnnoarauujy KMHecke ctpartellke aybuHe y cmucny ,kopuwherwa konHa 3a
KOHTpony mopa”.

Ha BojHoj napaan 2015. roguHe y NekuHry npykasaHo je ckopo ABaHaecT 6a-
NNCTUYKMX pakeTa, ykibydvyjyhn aBa kmHecka ASBM cuctema: DF-21D n DF-26 3a
Koje ce cMaTpa Aa cy onepaTuBHM.

3BaHNYHN KOMEHTaTOp napage Haseao je DF-21D ,mo0unHom npoTnBGpoa-
ckoM BanucTnykom paketom” WTo notephyje u MNMeHTaroH, koju Hasoau Ada je KuHa
yBena y onepatueHy ynotpeby ASBM ca paketama DF-21D kojuma je uwrb ga
yrpoxaBajy HenpujaTeroeBe Hocade aBMoHa Ha farbuHama 40 900 HayTUYKUX MU-
I'ba of KnHecke obane. 3aTum ce y UCTOM u3BeLlTajy Hasoam aa je DF-21D (CSS-
5) npotnBOpoacka 6anuctnyka paketa gometa og 1.500 km, Koja noceayje MmaHe-
BapabunHa atmocdepcka ynasHa Bo3una u omoryhyje kuHeckoj HapogHoocnobo-
Annadkoj BojcumM ga Hanaga 6popfose y 3anagHom geny MNaunduka.

lMeHTaroH je NpBe KOMeHTape 0 GanuCcTNYKoj pakeTn Benukor gometa DF-26
o6jasuo jow 2010. roanHe 1 KOHCTaATOBaO Aa ce paan O pakeTu ca moryhHowhy
yaapa Ha KOMHeHe 1 NomMopcke unrbeBe (OpoaoBe BENVKE U Cpeare TOHaxe) ca
cpearux 1 BENUKMX garbuHa.

Tokom 2016. roguMHe 3BaHWYHWM KMHECKM Yaconucu objaBunuv cy Oa je usBp-
LweHo cumynupaHo naHcupane 10 paketa DF-21D vy jyxHom geny Kune, 6e3 Ha-
Bohewa geTarba. Victpaxusaum cy 3aTum notepaunu ga DF-26 mory Hanactu y
MOMEHTY Kaja je AOoCTyrnHa nHdopmaumja o nosnoxajy époga, WTO ykasdyje Ha TO
Oa pakeTa noceanyje MHorobpojHe MexaHn3me ,6p3e 3amMmeHe” HyKneapHUX ca KOH-
BEHUMOHanHuUM 60jeBMM rrnaBama, 6p30 npemeluTake Mo KomnHy, op3e npunpeme
3a NaHcupare 1 6p30 NpemeLLTake Ha Apyre Nonoxaje.

[lo oBor TpeHyTKa He NOCToje 3BaHMYHM u3BeLlTaju 0 Tome aa je KunHa cnpo-
Bena MHTerpmcaHo Tectnpamwe cBojux ASBM cuctema, anu ce MHTEPHETOM LUMpE
npuye Aa je cnpoBefeH TecT rahara 6poaa 3a NoApLLKY CBEMUPCKUM onepauuja-
Ma 6e3 3BaHu4He notepae. Cee oBe MHopMauuje ykasyjy Ha To ga cy obe pake-
Te y ONnepaTMBHOM CTakby.

Ca ppyre ctpaHe, Huje moryhe carnegaty CnoCcoBHOCT KMHECKOr ocMaTtpad-
Kor/yoapHor KoMnmekca 3a npubaerbakbe TayHMX HULLIAHCKMX nojaTtaka 3a ynorpedy
ASBM cuctema. 3anagHu aHanutuyapm gonase Ao 3akrbyyka Aa KnHa Hema [oBorb-
HVX OoDaBeLUTajHMX, KOHTPOHMX, OCMaTpaYvkmx M KOMYHUKALMOHWMX CMOCOBHOCTM Aa
61 morna edmkacHo ynotpedutn pakety DF-26 y Hanagy Ha 6pogose. LUnekynuiwe
ce aa bv paketa morna 6utn ynotpebrbeHa Ha MHOro kKpahum pasgarbuHama.
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Ocmampayku u ydapHU KOMIIEKC

OcHoBHa koMmnoHeHTa npu ynotpedbu ASBM cuctema cy C4ISR (command,
control, communications, computers, intelligence and reconnaissance — komaHg-
He, KOHTPOSHEe, KOMYyHMKaLuuoHe, padyHapcke, obaBeluTajHe U ocMaTpadke Cro-
cobHocTn). To je HeonxoaaH NpenycrnoB 3a edukacHo aHraxoeawe ASBM cucte-
Ma. YcnewHo npubaBrbakbe NPeunsHnX caTenMTCKUX CHUMaka y pearnHom Bpeme-
Hy 1 NpubaBrbawe nofjaTaka O Nokauuju Unrba, Kao U HUXOBO HEOMXOAHO ympe-
XaBame, NpeacTaBiba OCHOBHY NPeAyCcrnoB 3a YCMeLwHOo aHcupamse.

Ocmatpadko-yaapHu komnnekc ASBM noppasymeBa yBe3aHe KOMHEHe pa-
Aape v catenuTte, kao 1 ynotpedy 6ecnmnoTHux netenvua n MMkpocarenura.

OBaj KoMnnekc 3axTeBa NpubaBrbawe MHpOpMaLMja ca pasnMunTMX U3BO-
pa, WTO je y Npakcu TeLKO U3BOAIbUBO, jep jedHO je OTKpuBarke U naeHTudurka-
uuja uurea, OOk je cacBuM apyro npaherwe 1 npocnefmeame TakBUx MHopMaLu-
ja y peanHom BpemeHy ASBM cuctemuma. N3beraBarwe konaTepanHe LwwiteTe
npegcrasrba U gogaTtHo ontepehemse.

CeeMupcKO ocMaTpah-e jeHa je of OCHOBHUX Kapuka cuctema. KnHa je He-
JABHO NaHcuparna pasnuunte catenute y BennkoM opojy. bes o63mpa Ha 6poj ca-
TenuTa, pagu ce O KOMMMEKCHO] Ha30PHO] apXUTEKTYPU Ynje KOMMOHEHTE KOH-
TPOMULLY pasnnM4uTi onepaTopu, a 3aTMM ce nocTasrba npobnem dysuje cemx no-
cTojehux nogartaka ¢ 063MpoM Ha pasnuyuTe TUNOBE caTenuTa Koju ce Hanase y
pasnuunTMM opbutama n JOCTaBIbajy pasnmumTe BpcTe nHdopmaumja.

KuHeckn ocmaTtpadkm catenuTtu noceayjy enetkpoontuyke ceHsope. lNoctoje
MYNTW K XMNepcrnekTpanHe BapujaHTe, Kao U pagapcku catenutn. KuHa je naHcu-
pana ykynHo 39 catenuta Tuna Yaogan-9 Koju MOry Npy>X1Tu Crnke BOjHUX Lurbe-
Ba Yy CBUM TanacHUM AyXuHama W y cpearwum pesonyumjama. BehuHa oBux cate-
nuTa Hanasu ce y opbutn 1 y notTnyHocTu cy dyHKkumoHanHu. Hajsehu geo cate-
nnTa YMHe catenutu Tuna Yaogan-9, -16,-17,-20 n -25 A,B,C koju y TpuaHrynap-
HUM KOHpUrypaumjama YmHe Hajehn geo KMHeCKOr ocMaTpaykor cuctema.

CatenuTtu nete y TpMaHryrnapHMM KoHdurypawmjama of Kojux cBaka Tpojka ca-
OPXW jefaH caTenut ca eneKkTpoonTUYKUM CeH30opuMa — jedaH 3a pagapcko ocMma-
Tpake 1 jeaaH 3a ocMaTpane enekTPoHCKUX emMucuja. KuHeckn nssopu Hasogde aa
Cy caTenuTn HaMeHeHU 3a noumpare 1 npaherwe cTpaHux BOjHMX Bpogosa u Aa
06e30ehyjy TayHe nogaTtke 0 HMXOBMM Mo3uumnjama koje ce warsy ASBM cuctemu-
ma. lNpeTnocTaerba ce ga Cy OBM caTenuTy MO CBOjUM KapakTepucTMkama CrVYHU
NpBOj W ApYyroj reHepauuju amepudkux catenuta Trna White Cloud Naval Ocean
Surveillance System (NOSS) koju npecpehy wunxoBe enekTpoHCKe eMucuje 1, y 3a-
BMCHOCTW Of1 BpEMEHA CTU3ara curHana, oapehyjy UxXoBy nokauujy.

Of nNoMeHyTMX TUMOBa caTenuta jeaMHO pagapcku caTenutu Mory MnpuKy-
nrbaTh peneBaHTHe HULIAHCKe nogaTtke ¢ 063Mpom Ha TO da He 3aBuce of Bpe-
MEHCKNX NPOMeHa.

Mopen catenuta Tvna Yaogan, KuHa je naHcupana u cnegehy reHepauujy,
Tuna Gaofen-1, -2, 4, -8 n -9, pok ce 3a Tunose -3, -5 n -6 ovekyje ga he 6utn
naHcupanu Tokom 2016. n 2017. roguHe. MNMpema noysgaHum M3BopuMa pesonyLm-
ja catenuta Tuna Gaofen-1 je 2 meTpa y naHxpomaTckoj pesonyumju, 8 metapa y
MYNTUCNEKTPANHOj pe3onyumjn n 16 metapa y LWMPOKOYraoHOj MyMNTUCNEKTPASTHO]
pesonyumjn. Pesonyumja catenuta Gaofen-2 je 0,8 metapa y naHxpomaTtckoj pe-
3onyumju 1 3,2 metpa y myntucnektpanHoj. Catenut Gaofen-4 nma kamepy B1CO-
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ke pesonyuuje. Gaofen-8 ce Hanasn y HWXoj opbuTtn pagn cHUmara y Behoj peso-
nyumju, pok je Gaofen-9 npegsuheH 3a sameny catenuta Gaofen-1. Catermt Ga-
ofen-3 nma cuHTeTUYKKN pagap pesonyuumje og 1 metpa, a Gaofen-5 cHuma y WH-
dpaupseHom cnekTpy. Gaofen-7 BpLuM NOAMETaAPCKO cTepeo Manupare. KuHa je
OBe roguHe naHcupana 25 carenura tuna Beidou/Compass, of Kojux je TpeHyTHO
OeBeTHaecT onepatuBHo. O4yekyje ce ga octBapu Uurb o 35 caTenuta koju he
BpLWMTK rnobanHo nokpmeawe Ao 2020. rogmHe.

Pagu rahawa MobunHux nomopckux nnatcgopmm, KnHa mopa casnagatu ns-
Y3ETHO CIOXEH M Texak npouec kopenaumje n dysunje nogataka goduvjeHux y pe-
arnHoM BpeMeHy, a 3aTuM npocnehuBarwe ogroBapajyhmx nogataka y ogrosapajy-
hem 06nmKy koMaHgaHTMMa u nocagama ASBM cuctema. Yak nako ce nocturHe
KOMMIIETHO MOKPMBake peneBaHTHe NOMOPCKe 30He, NMPeHOoC nogartaka (og cate-
n1Ta J0 3eMarbCKMX CTaHuua), Tymadere nogartaka 1, Ha Kpajy, NpeHoc nopara-
ka 0o ASBM cucrtema 3axTeBa MHOro BpemMeHa.

Ynpkoc csum Moryhum orpaHuyersmma, KvHa je nocturna 3HadajaH nporpec u
HanopHO paau Ha npeBasunaxery npobnema. OHa HenpecTaHo yHarnpehyje CBOj
caTennTCcKn CUCTEM U NaHcupa caTenuTe TeMnom koju npate camo CAL n Pycuja.

KnHa je HegaBHO MHCTanMpana pagapcky MHCTanauujy BUcoke dopekBeHLmje Ha
octpsy Cuarteron Reef koju je y cactaBy Cnpetnu octpea. OBaj pagap uma eguka-
caH gomet o 370 kv, na he noctaBrbakbe BULLE OBaKBUX pagapa Ha OBOM apxune-
nary omoryhut getekumjy n nsselutaBare 0 LurbesrMa y Jy>KHOM KMHECKOM MOpY.

Uparcku ASBM cucmem

KnHa nocepnyje aBa dpyHkumoHanHa ASBM cuctema, anv v garbe passuja u
yHanpefhyje ocmaTpadko yaapHW KoMnnekc koju 6u omoryhmo edmkacHo naHcupa-
H€e pakeTa y peanHum u croxeHum ycrnosmma. MpaH nva cnvuHe A2/AD acnvpaliu-
je y norneny MNondpckor 3anuea, anu MHoro 3aoctaje 3a KnuHom. OHu dhakTopu Koju
npencTaerbajy n3asoB KnHu Henpemoctusm cy 3a MpaH. JegnHu oxpadpyjyhu dak-
TOp 3a VpaH jecTe LUTO OH e Aa KOHTPOSULLIE MHOMO Maksy NOBPLUMHY of, KuHe.

Uparcku ASBM cucmem Khalij Fars
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WpaHckn ASBM cuctem Khalij Fars (,Persian Gulf’) 3acHoBaH je Ha cepuju
BGanucTnukmnx paketa kpartkor gometa Fateh-110. Oe pakeTe, ¢ 063vMpom Ha
ynpaerbayke NoBpLUMHE, Makap 01 y Teopuju Morne ga u3BpLUE JOBOSbLHE NETHe
Kopekuuje paav yoapa Ha NokpeTHM MOMOPCKUN L.

Mpema HaBogMMa NPaHCKMX 3BaHUYHMKA, OCHOBHA OASMKa pakeTe je Yy HeHO)
CYNepCoHNYHO] Op3vHKM 1 nyTawu. [pyre pakete nete yrnaBHOM CyOCOHWYHOM
6p3anHoM, ook Khalij Fars yanehe BepTukanHo HaKoH faHcvpara, NeTu Cynepco-
HUYHOM BpP3MHOM, Hanasu Luure nytem codpTBepa, HaBoau ce 1 yaapa y uurs. [o-
MeT pakeTe Ha 4BpcTO ropuso je 300 kM 1 MoXxe BUTU NaHcMpaHa u3 TPOCTPYKUX
naHcepa. PakeTa mMoxe ycnewHo norogutn MoOurHy MeTy Koja je BenuynHe ge-
ceTor Aena Hoca4a aBuoHa.

N3rnepa pa je paketa gBa nyTta TecTupaHa, a oba TecTta cnpoBefeHa cy
NpoOTUB CTauMoHapHUX MeTa, bapxn nnn manux 6pogosa. Cee 1o Tpeba y3eTu ca
pe3epBoM ¢ 0631poM Ha TO Aa TexepaH YecTo npeTepyje kaga HaBOAM BOjHE
CNOCOBHOCTM CBOjMX OPYXKaHWX CMCTeMa.

Ca gpyre ctpaHe, VpaH curypHo He nocefyje [OBOSbHY ocMaTpadky nHdpa-
CTPYKTYPY Koja 61 My omoryhuna Hanag Ha NoKpeTHY METY Yy peasiHiM ycroBuma.

lNomeHuyujanHe KoHMpamepe

AmMepuryka Bojcka je Bpfio 030MIbHO CXBaTuila KMHECKE Harope y pasBojy
ASBM cuctema. 3a caga je KnHa npunmyHo ycnewHa. HbeHu nporpamu 6anu-
CTUYKUX pakeTa u ogbpaHe o 6anUCTMUKMX pakeTa Hanpeayjy.

Ynotpeba pa3Hux mepa Koje yTniy Ha CMakbere pafiapCknx U KOMyHUKaLIMO-
HUX emucuja, ynoTpeba Mamaua M oMmeTauykMx emuTepa, HenpeaBuamBu onepa-
TUBHW NOTE3M MOTY YTMLATK Ha OTeXaHo rafjaie NokpeTHe NoMopcKe MeTe, Hapo-
YUTO Ha BENUKUM JarbuHama.

Mepe aktuBHe oabpaHe Takohe cy npobnematuuHe. lNoTpebaH je Benuku
Opoj pakeTHWUX NpecpeTaya 3a yHuUwTaBakwe ASBM, a wuxoBa LeHa Takohe je Be-
oma Bucoka. TpeHyTHo CA[l Ha lMaumdmykom okeaHy Hemajy Benuku 6poj 6pono-
Ba KOjM Y CBOM HaopyXaky MMajy pakeTHe npecpetade .

CjeonneHe [pxxaBe 1 caBe3HMUM TPEHYTHO CTaBrbajy TEXULITE HA OMeTame
HEKMX Of, rMaBHUX KMHECKMX criabocTtu, a To Cy Bese Y okBMpy camor raHua ASBM
cuctema. Hanopu amepuyke MopHapuLe y norneany 30yHvBara COBjeTCKOr ocMa-
TpayKor cucteMa 3a Bpeme XJ1agHor paTta Mory MoCny>XuTh Kao OCHOBa 3a pasbu-
jarbe BP0 KOMMIEKCHOT NaHua yHKUMOHMCaHa OBOI CUCTEMA.

3akrbyyqak

KunHa je cBeTcku nugep y pas3Bojy bannctnykmx paketa, ok CALl Boou y pas-
BOjy ogbpaHe of oBux paketa. Takohe, KuHa je jeanHa 3emrba Koja gaHac noce-
ayje nocsehenu, dpyHkumoHanHn ASBM cuctem. OBaksun cuctemu gyro he ocratu
pesepBucaHu camo 3a Hajsehe BojHe cune. Mawe apxase mohu he ga passujy
camo 3HaTHO cnabuje ASCM (Shore-based anti-ship cruise missiles — obanHe
npotnBopoacke kpcrapehe pakeTe), LWITO je 3HATHO jedpTMHMja 1 NpucTynavHuja
BapwvjaHTa yrpoxxaBaHa NOKPEeTHUX MOMOPCKUX MeTa.

OparaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

899

CABPEMEHO HAOPYXAHE 1 BOJHA OMPEMA / COBPEMEHHOE BOOPYXEHWE 1 BOEHHOE OBOPYOBAHME / MODERN WEAPONS AND MILITARY EQUIPMENT, pp. 892-929



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

Pycuja je npedcmasuna Hosu SU-30 SME ,Flanker™

Pycka komnaHnuja United Aircraft Corporation (UAC) npeacraBuna je SU-
30SME ,Flanker”, ekcnopTHy Bep3ujy noBua Sukhoi ,Flanker” Ha oBoroavtbem
cajMy Ba3fyxomnnoBHOT Haopyxatsa y CuHranypy.

Jlosay SU-30 SME

Oeoceam nosay SU-30 SME je nssosHa BapujaHta aBnoHa SU-30 SM «koja je
HefaBHO ywuna y onepatuMBHy ynotpeby y Pycnju n KaszaxctaHy (a nperoeapa ce u
0 n3soasy y MpaH).

SU-30 SM je n3BeaeHa BapujaHTa nosua SU-30 MKI koju je pa3BujeH 3a WH-
amjcko paTHo BasgyxonnoBcTeo. OBa netenvua noceayje yHanpehenu pagap, Ho-
BE KOMYHUKaLMOHe cuctemMe, Kao 1 HOBO KaTanynTtupajyhe ceguwre. Nopea Tora,
KOHbUrypaumja Haopyxara aBnoHa npunarofeHa je pyckum cneundukaumjama, a
¢paHuycka onpema yrpaheHa Ha SU-30 MKI 3amereHa je pyckom.

C 063mpom Ha To aa he nosay SU-30 SME umaTu ucte, pycke cucteme, kao
OHe Koju ce Hanase Ha aBuoHy SU-30 SM, Huje jacHO konuko he ce oBa ekcrnopT-
Ha Bep3uja pasnukoBaTu o Bep3unje SU-30 MKI.

CosjeTckn CaBes M3BO3MO je aBMOHE CBOjMM CaBE3HWLIMMA, a OHW CYy yriaB-
HOM nocefoBanu NoLwwnju pagapckn 1 opy>KaHn cuctem. Y TOM KOHTEKCTy moryhe
je pa noeay SU-30 SME 6yne onpemMrbeH Makbe MOAEPHUM CUCTEMUMA Y OOHOCY
Ha pycky Bep3unjy SU-30 SM. TakaB nosav, Morao 6v 6UTN HaMeHEeH OHUM JpXa-
BaMa kKoje Hemajy ogroBapajyhmn GyLeT nnm TeXHUYKO 3Hawe 3a ynoTpedy Takse
nnardgopme, anu je moryhe na Mockea ogpeheHum gpkaBama He 61 H1 J03BONN-
na ynotpeby UCTOr aBUOHa Kao y CBOjUM OpYy)XaHWM cHarama.

*Jane’s Defence Weekly 24 February 2016.
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WNako je oBo HajHoBMWja Bepaunja SU-27, SU-30 SME Huje n HajMoaepHuja.
HajmoaepHuju noeau y pyckom Haopyxawy je SU-35S ,Flanker-E” koju cnapa y
reHepauuvjy netenuua 4+++ koja ynotpebrbaBa neTy reHepauujy TeXHoONoruja.
Pycwja je po capa pobuna 48 oBux mogepHux netenuua (ynpaeo je noyena umc-
nopyka crnegehux 50 komaga) n ¢ 063MpomM Ha KallkeHe Y pa3Bojy oBua Suk-
hoi T-50 PAK FA, o4dekyje ce oa he oHM npeacTaBrbaTv OKOCHULY PYCKOr paTHOr
BasgyxonnoBcTBa y bnmckoj byayhHocTu.

HpazaH M. Bydykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ©@http://orcid.org/0000-0003-1620-5601

OmkpueeHu Hosu Oemarbu y 8e3u ¢ meHkom T-90 MS®

Ha teHky T-90 MS yBepeH je ogpehenn 6poj MHoBauuja 1 noborbluawa y
0QHOCY Ha NPeTxoaHy U3Bo3HY BapujaHTy T-90 S.

Precise3DModeling.com

T-90MS

Faces 1,473,308
2 maps by 4096 X4096

TeHk T-90 MS

®Jane’s International Defence Review January 2016.
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WHcTanupaH je HajHoBwju gusen-motop B-92C2 ca cHarom oa 1.130 KC, wTto
je poseno Ao nosehaka ogHoca cHare n TexuHe. HoBM MOTOp nosesaH je ayTo-
MaTCKUM MeHsayeM, a foaaT je noMohHM MOTOPHW arperar.

T-90 MS onpemrbeH je HajHoBWjuMm TornoM 125 mm 2A46M-5 komnaHwuje Artil-
lery Plant No 9 ca rnaTkom LieBM 3a Koju ce cMaTpa Aa je Npeum3HnjM o4 NpeTxoa-
HuMx Bep3nja 125 mm. OBa Bep3nja OCHOBHOI TEHKOBCKOI TOMNa onpemMrbeHa je Tep-
MarnHoMm ob6oromMm, eKCTPakTopoM AMMHKX racoBa U pedepeHTHUM CUCTEMOM Ha
yCcTUMa LiEBW.

Ocum cTaHgapaHUX OBOAENHUX rpaHaTa Ton ucnarbyje n nacepcku BoheHe
npojektune Ao makcumanHe garbuHe og 5.000 m. Jlacepcku BoheHn npojekTun
MMa BMCOKOEKCMITO3MBHY MPOTUBTEHKOBCKY TaHAeM 0ojeBy rmaBy koja MOXe Hey-
TpanvcaTy UuibeBe ONpeMrbeHe eKCMT031BHO-PEAKTUBHMM OKITOMOM.

TeHkK je HaopyXaH KoakCcujanHuM MuTparbe3om 7.62 MM, 40K KOMaHaMp nma
Ha pacnonarawy JarbUHCKM yrnpaBrbaHy OPYXHY CTaHuLy ca MuUTparbe3om 7.62
MM, JOK cTaHaapaHu TeHkosu T-90 n T-90 S pacnonaxy mutparbesuma 12.7 Mm.

KomaHnawupy je, Takofe, Ha pacnonarawy cTabunmsoBaH naHopamcku ocMma-
Tpayku cuctem komnanuje Peleng JointStock koju nocenyje Tenesuanjcku n tep-
MariHu KaHarl, Kao 1 nacepcky garbuHomep.

OBa komnaHwja Hyau 1 TepMariHn CUCTEM Ca cpefrbeTanacHnM 1 gyrotana-
cHum UL Bepaunjama ca nacepckum garbvHapuvma Koju page Ha TanacHUM OyXXu-
Hama of 1,06 unu 1,54 mukpoHa.

TB kaHan onpemsbeH je LUMPOKOMOjacHMM M YCKOMOjaCHUM onuujama paja,
OOK OBa Apyra onuuja noceayje 1 ABOCTPYKO €MEKTPOHCKO yBehamse.

Jlacepckn garemHap nma makcumanHu gomeT o 7.500 M 1 Ta4HOCT y pacno-
Hy og nnyc-MuHyc 10 m.Ocum WTO cHabaeBa MHopMaLMjama, KOMMjyTepu3oBa-
HW CUCTEM 3a ynpaBSbake BaTpoOM, flacepckun garsmHomep takohe omoryhyje naH-
cvpatbe nacepcky BoheHor npojektuna y okBupy 3agaTux rpaHuLa.

HuwaHuuja nma Ha pacnonarawy CTabunm3oBaH HULLAHCKU CUCTEM ca Tene-
BM3UjCKUM 1 TepMarnHUM KaHanuma, nacepcku garsMHomep, kao u MoryhHocT Bo-
hewa nacepckn HaBoheHe pakeTe. [Npema HaBoauMa KOMMaHWje, OB HULLAHCKN
cuctemu omoryhyjy TeHky T-90 MS ga Hanaga ctaumMoHapHe U NMOKPEeTHE LUIbeBe,
[OOK je caM TeHK Yy MOKpeTy unn y mmpoBawy. Cucrtemu, Takohe, ob6e3benyjy u
ayTomaTtcko npahewe meTe.

Tpyn n kynona TeHka T-90 MS cacTtaBreeHu cy of 3aBapeHor Yenuvka, ojaya-
HOr HanpeaHWM OKIMOMNHMM nakeTuma. Ha npeaweM Aeny TeHka Hanasw ce HajHo-
BWja reHepaumja ekcnnosnsHo-peaktusHor oknona (EPA) koju 06e3behyje Bucoky
OTMOPHOCT NPOTUB KMHETUYKMX Hanaa, kao M MpoTMB NPOojeKTuIia ca eKkcnsosunBe-
HUM GojeBuMa rnaBama.

3apHuM 0e0 TEHKA U Kyrorie ONpPeMIbEH je peLleTKacT M OKornom kKoju 0oesbe-
fyje 3awTnTy o4 NPOTUBTEHKOBCKOI HAOPYKaka, YKIby4dyjyhn pakeTHe npojekTune.

Cnepehu HMBO 3alITUTE Aonasv o4 AUMHE 3aBece Koja ce fobuja ybpuara-
BatbeM Ou3en-ropvea y usayBHU cucteM. Boauno je, Takohe, onpeMrbeHo enek-
TpoONTUYKNUM AedaH3uBHUM oabpaMbeHnM CUCTEMOM KOju je noBe3aH ca unsba-
UMBaHEM aepOCOSIHE eKCMNIo3uBHe 3aBece. Pagm ce 0 cuctemy Tako3BaHe Meke
sawTuTe (soft kill) 3a pasnuky og cuctema TBpAe 3awTute (Hard Kill) koju je ca-
CTaBIbEH O NPOTUBPAKETHUX MpecpeTaya cagpkaHux y CUCTEMY HOBe reHepaum-
je ARENA-E kojum HoBM TeHK 3a u3Bo3T-90 MS unnak Huje onpemMrbeH.
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T-90 MS onpemsbeH je 1 cMcTEMOM 3a yrpaerbake 60pbeHum onepauuja-
Ma, Kao 1 KOMHEHUM HaBMraLMOHUM CUCTEMOM KOju Cy passujeHun y Pycuju.

HoBM TeHK NpukasaH je noTeHuujanHum KynumMma y Pycuju, anu je npukasaH
ny Kyeajty.

T-90 MS npepcTaerba nokywaj garber noeehaka ekcrnopTHOr NoTeHumjana
cepuje T-90, ka0 1 NOKyLLAj LUTO AyXKer oap>KaBaka NPOU3BOAHE NUHYjE.

HepoctaTak MogepHMX ocMaTpayvkmx cuctema ogyBek je buna cnaba crpaHa
PYCKMX TEHKOBA W CBE A0 HeAaBHO TO je BUno peluaBaHO yBO30M CTpPaHMX CUCTE-
ma. Mefhytum, nsrnega ga je Pycuja koHa4yHO npeBasuLunia oBaj npobnem.

HpaeaH M. Bydkosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ®http://orcid.org/0000-0003-1620-5601

Hosu mpaHcriopmep 3a pycke 8asdywHodecaHmHe mpyne BTR-MDM®

Pycka komnaHuja Kurganmashzavod 3anoyena je ca npoussoatOoM BULLIEHA-
MEeHCKOr jypuLuHor TpaHcnoptepa BTR-MDM HameneHor 3a pycke BasayLlHoAe-
CaHTHE jeanHuLe.

TpaHcrnopmep BTR-MDM

®Jane’s International Defence Review January 2016.

903

CABPEMEHO HAOPYXAHE 1 BOJHA OMPEMA / COBPEMEHHOE BOOPYXEHWE 1 BOEHHOE OBOPYOBAHME / MODERN WEAPONS AND MILITARY EQUIPMENT, pp. 892-929



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

OBo BO3WNO npeacTaBrba AYropoyHy 3ameHy 3a crtapujy BTR-D, oknonHu
TpaHcnopTep Tpyna Koju ce, kao CTaHAap4HO BO3WIO OBOT TUMa, Hanasu y pyckum
Ba3gyLUHOAeCaHTHUM Tpynama oa 1974. roguHe.

Kao n Boanno DMD-4M, jypuliHO BO3MO Ba3gyLLHOOECAHTHUX CHara, Tako-
he nponsBoa komnaHuje Kurganmashzavod, BTR-MDM cagpxu Benuvku 6poj noa-
cucTemMa Koju ce Hanase y bopbeHom Bo3uny newagnje BMP-3, kao wTo cy no-
FOHCKM arperat, eNneKTpUYHM CUCTEM U MHCPOPMALIMOHM YNpaBrbayku CUCTEM.

Nako je BTR-MDM npBeHCTBEHO HaMereH yrnoTpebu y BasaylHOOECAHT-
HUM cHarama, nocToju MOryhHOCT Aa ra kopucte u pycku mapuHum. OBO BO3WMO
odhopmmhe OCHOBY 3a MOPOAMLY Crneumjann3oBaHMX BO3wUMa, Kao LITO cy amby-
NaHTHa, KOMaHaHa U KOHTPOMNHa BO3uUNa, U pasHe NorncTuyke BapujaHTe.

Boauno he mohu ga ce Kopuct 1 kKao nnatcopma 3a NpPeBo3 Opy>KaHUX Cu-
CTeMa, Kao LUTO Cy TUMOBM 3a NPOTUBTEHKOBCKE BONEeHe pakeTe, TUMOBWU HaOPY-
XaHu aytomaTtckum Gauaumma paketa 30 mm AGS-17 nnm nocage MymHobauava
of 82 mm n 120 MMm. Y 0BOj ynosu Bo3umo 61 Mnak mopano 6utu ojadaHo pagu
KOMMeH3aLmje nospaTHor aejctea opyha ykonuko 6u ce pasmatpana vuaeja o uc-
narbuBaky MUHa U3 camor Bo3una.

Tpyn TpaHcnopTepa BTR-MDM uspaheH je o4 3aBapeHux YennyHnx nroya Ko-
je 06e30ehyjy 3awTnTy of, BaTpe neLlagujckor Haopyxaka W LpanHena pacnpcka-
Bajyhux rpaHaTta. Mehytum, 3a pasnuky og sBosuna BMD-4M, kojem je nopat gopat-
HWM applique okron, a moryhe je gogaTy U eKCnno3MBHO- peakTuBHU oknon, BTR-
MDM Hema, Ha npBu nornepn, HUKakBe BeE30Be Ha Koje Ou Morao OuMTy gogat OKIion.

Military-Today.com

Y30ueHym je npocmop 3a decaHmHO oderbere, anu mumparbe3s PKTM 7,62 mm
Huje cmabunusogaH
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Bosay ce Hanasn Ha cpeduHun npegwer Aena Bo3una, a ca cBake CTpaHe
CMELUTEH je NOo jedaH YnaH nocage. YnaH nocage ca AecHe cTpaHe Bo3ada pykyje
mMuTparbe3om PKTM koju ce Hanasun Ha npearweM Kpajy Bosuna. Mutparbe3om ce
HUWaHW npeko ocmatpaydkor cuctema TNP3VEOD1-01 koju je MOHTUpaH Ha KpoBy.
Mako je npernegHoCT ocMmaTpaykor cuctema marna, mnak je moryhe npyxuTtu Ba-
TPeHy MNOAPLLKY jYPULLHOM OOeSbEHY.

UnaH nocage Koju cegu ca neBe CTpaHe Bo3aya ynpasrba MUTParbe3om
PKTM 7,62 MM KOju je MOHTMpPaH Ha KPOBY, a HULLAHW NyTEM NEPUCKONCKOr OHEB-
Hor ocMaTpadkor cuctema PPB-2. MuTtparses je cHabaeeH ca 2.000 meTaka.

Pycuja je passuna jegaH 0poj cTabunm3oBaHNX AarbUHCKW yripaBrbaHuX Opy-
XHUX CTaHuua koje 6u morne 6utn yrpaheHe Ha BTR-MDM pagu noeehamna
0haH3MBHMX CMOCOBHOCTM BO3Una.

Ca obe cTpaHe Tpyna MOHTUpaHU Cy pefoBu CTaHOapAHUX pyckux Gauada
OnmHux rpaHata 81 mm, a kao 1 BehuHa pyckux Bo3una BepoBaTtHo je n aa BTR-
MDM uma moryhHOCT cTBapara AUMHe 3aBece yopuaraBakem Ou3en-ropmea y
N34yBHU CUCTEM.

Boauno vma kanauuteT npumaka 13 ynaHoBa gecaHTHOr oferbersa Koju
ynase nytem KpoBHUX OTBOPA WUIu ca 3afHe CTpaHe BO3una.

Bosuno nma komnaktaH gusen-arperat UTD-29T koju passuja 500 KC u yna-
PeH je xnapomMexaHM4KoM TpaHCMUCUOM ca YeTnpu Bp3vHe 3a xof yHanpea v jen-
HOM 3a xof yHasagd. MoTopHM MPOCTOp Hamasu ce ucnog 3agHe CTpaHe Bo3uwra,
OOK Cy Ba3AyLLUHN YCUCHMLW Ha FOPHs0j AECHOj CTPaHK, Kao U YETBPTaCTU U3OYBHMK.

PaHuju moden BTR-D

Ca macom of 13,2 ToHe BTR-MDM wnma ogHoc og 34 ToHe no KC, wto my
omoryhaBa 3HaTHy pe3epBy cHare y criyyajy Hekmx 6yayhux ycaepluaBama.

Bosuno nma nogewasajyhm xugpaynnyHn amopTU3aumoHn CUCTEM KOjU MOXe
OUTK OUrHYT UK cnywwTeH, 06e3denyjyhn Makcumannm knnpeHc og 500 MM U MUHK-
MarnHu og, 100 Mm. Y HOpMarHUM NyTHUM YCIioBUMa 0BUYHO je nogeLleH Ha 420 mm.

Kao n BTR-D, BTR-MDM je y notnyHocTn amcnbujcko BO3UNO 1 y BoaM ra
nokpehy aBe BoaeHe mnasHuue 6psmHom Ao 10 kM Ha yac. Npunpema 3a amdpu-
Bujcke onepauuvje CBOAM Ce Ha yKIby4mBare Nymne u noamsar-e npenpeke kKoja
ce Harnasv Ha npegHO0j CTpaHu Tpyna.
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lMpBa cepuja Bo3nna mcnopy4veHa je 3anagHoM BOjHOM OKpYry TOKOM MapTa
2015. roguHe.

Pycuja je yBek ynarana 3HaTHa CpeAcTBa 3a CBOje Ba3fyLHOOECAHTHE Tpy-
re, a HaKoH jeHOr Nepuoda cTarHaumje Aonasv 4o UCMOopyKe HOBUX CUCTEMa Hao-
pyxarsa u onpeme.

Kao u panuju mogen BTR-D n BTR-MDM wmma cnaby OKnonHy 3awtuTy u
CKy4deHM NPOCTOp 3a AEeCaHTHO ofderbewe. Tpyne Hemajy ceauviuTa Koja yonaxa-
Bajy edhekaT ekcnnosuje, nako To noctaje ctaHgapa kog 6opbeHux OKMNomnHMX Bo-
suna. Ca gpyre ctpaHe, BTR-MDM ce moxe cnyctuti nagobpaHom Ha MecTo rae
ra Henpwujaters Hehe oyeknBaTh U rae Moxe ynotpebuTn cBojy MmaHeBapabunHocT
3a NpexuBrbaBawe M MOAPLUKY APYIMM OPYXHUM cucTemMuma u nnatdopmama,
kao wto cy BMF-4M 1 2525 SPRUT ca Tornom 125 mMm. O4ekyje ce nojaBa HoBe
reHepaumje oBUX caMoxofHux Tonosa y Buay 2525 SPRUT SDM1 koju ce Hanase
y dhasu ucnutuBama, a cmatpa ce ga he 6utn npomsseaneHn y sehem 6pojy npu-
Mepaka.

Hpaear M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ©http://orcid.org/0000-0003-1620-5601

Hosa dumeH3uja nomMopcke KOHMpOre apyrne Hocaya aguoHa’

Cunctem NIFC-CA (Naval Integrated Fire Control-Counter Air — lNMomopcku nH-
TErpucaHm CMCTeM 3a KOHTPOIY Ba3AyLUHOr NpocTopa), NpOjekToBaH 3a BE3y W3-
mMefhy BasaywHuXx ceHsopa M 6poaoBa y jeaHy jeAMHCTBEHY MpeXy, 3aBpLUMO je
TecTuparsa y OKBUPY YOaApHE rpyne amepuykux Hocava aBnoHa.

MogepHu 6poaoBM Mopanu Cy Aa ce cyode 3a 3aKpyBIbEHOM MOBPLUMHOM
3eMIbe Kao MpUMpPOOHOM MpenpekoMm CBojux oabpambeHmx cnocobHoctn. Moryh-
HOCT OTKpMBah-a M aHra)koBarsa LMrbeBa NpocTuparna ce OHOMMKO AaneKo KOMMKO
cy 6poacku n apyru ceHsopu Morne aa ,Buae”. Kako cy noTeHuujanHu Henpujate-
TbW HanpegoBanu y pasBuTKy CBOjUX MOrYRHOCTU yaapa ca BENuKMX garbuHa, Ha-
npegoBany cy U cuctemm 3abpaHe NpucTyna v pasBunm ce y MHOro Behu 13asoB
3a 6poaoBe Kkoju cy, kao pesynTart Tora, Mopanu ga noeehajy 30Hy OTKpMBaHa U
JenoBarba Kako 61 ocTanv BaH AoMalliaja pakeTa.

Pagn npeBasunaxerwa oBux usasopa, CALl cy noyene ga passujajy HOBe
MoryhHOCTM 3a yaapHe rpyne Hocada aBuoHa, to ou nv omoryhmno ga ,.Buge” u
HanagHy unrbeBe Jareko BaH NMHWje XOPU30HTa.

KoHuent NIFC-CA je nporpam amepuyke paTtHe MOpHapuLe Koju je npojek-
TOBaH 3a npoLunpere opyxHor cuctema AEGIS nytem ympexeHux ceHsopa Luu-
poMm 6opbeHe 3oHe. OBaj koHUenT omMoryhyje BasgyxonnoBHUM CeH3opvMa Aa
NMpeHecy HULWIaHCKe nodaTtke Hasaf ka opyxHom cuctemy AEGIS koju 61 3aTum
OLroBOPUO Ha NpPETHY NaHcupaweM pakete SM-6.

MpBa 6opbeHa rpyna amepuyke patHe MOpHapuLe, Koja je ucnpobana oy
HOBY MOryhHOCT, jecTe rpyna oko Hocada aBuoHa ,Teogop Pyssent ” (Theodore
Roosevelt).

"Jane’s Navy International January-February 2016.
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Hocay asuoHa ,,Teodop Py3senm”

OcmompeHu yurb

CtaHgapaHu npobriem CBUX BOjHUX CHara je TEeLUKO npecpeTame Lurbesa Ko-
jv neTe Ha manuMm BucuHama. Of TpeHyTKa Kaja je TakBa NpeTHa OTKPMBEHA, Lin-
JTbeBU ce BeN Hanase y OKBMPY NMHWjEe XOPM30OHTa, Na NpeocTaje BPSiO mMarno Bpe-
MeHa 3a oaroBop. Y TOM KOHTEKCTY npoayxaBarwe MOryhHoctu gecdaHanBHe ae-
TeKUuje Ha BenvMKkMM JarbMHama, kao u MoryhHoCT 3axBaTa v Hanaga mMeTa Ha Be-
hnm garbuHama je oHO Ha YeMy ce paaw Beh aBe geueHuje.

Pa3Boj oBe MoryhHocTu 3anoyeo je Tokom 2004. roanHe kaaa je patHa MOpHa-
pyLa Tpaxuna HauvH Aa NpeHece TaKTUYKY CruKy BasayluHe oadpaHe Npeko Lwupe
WHTerp1caHe Mpexe nnatopMu U cucTeMa KOjU YKIby4yjy foBLE U ocMmaTpadke
aBWOHe, bpofcke pagape v pakeTHe naHcepe. Ha ocHoBy koHuenTa NIFC-CA, aBu-
OHM 61 neTenu BaH gomeTa BpPoOACKMX CEeH30pa M MpOoLMPUBanm CIVKY MHTerpuca-
Hor 6opbeHor npocTopa M3BaH NMHWje xopun3oHTa. OBaj koHLeNT, Takohe, omoryha-
Ba rahjare 1 ynotpeby ,naMeTHnX” Opy>KHUX CUCTEMa U Ha Taj Ha4uH nosehasa Ao-
meT BbopbeHe rpyne 6e3 npemeluTara cpeactaBa 6opbeHe rpyne y HenpujaTerbcko
oKpyxehe. Ca pa3BojeM KOHLENTa U NojaBoOM HOBUX TEXHOMOrMWja, MOMOPCKUN NHXKe-
Hepu page Ha Tome ga 06e3bene noTpedaH kBanUTET nogaTtaka JobvjeH of Basay-
LUHMX CeH3opa Koju Mopa buTu npeumsaH y mepu Aa OpOACKM OpyXaHW CUCTEMMU
MOry 3aXBaTWUTW U aHraxoBaTu NOTEHUMjarnHe uurbeBe.

NIFC-CA je omoryheH nyTem nocrojaka YeTupu TakTuyka ,cTyba” koju obes-
6enyjy nHTerpucaHo yrnpasrbakbe BaTpOM MPOTMBBA3AYXOMNSOBHMX M NpoTuBGpoa-
CKUX OPYXXHUX cucTema: opyxHor cuctema Lockheed Martin Aegis, pakeTHor cu-
ctema Raytheon SM-6, cuctema Raytheon Co-operative Engagement Capability
(CEC) v aBuoHa Northrop Grumman E-2D Advanced Hawkey, BasgyLuHor pagap-
ckor cuctema 3a BOJVMH (BasgylwlHO ocmaTtpame, jaBrbake U HaBofewe) ornpe-
mrbeHor pagapom AN/APY-9. OpyxaHu cuctem Aegis ce caga, Ha OCHOBY Moaep-
Hu3auuje Baseline 9, nojaerbyje y Tpu pasnuumta obnuka. HamereH je 3a yno-
Tpeby Ha kpcTtapuuama knace CG 47 Ticonderoga, Ha pasapayuma krnace Arleigh
Burke Flight | u Il, kao n konHeHoM cuctemy Aegis Baseline 9B koju je caga y us-
rpagtn y PymyHujn, a npegsuheHo je heroBo MHcTanmpane U y Norbckoj kao ae-
Ny €BPONCKOTr pakeTHOT LWTuTa.
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JlaHcupar-e npomusasuoHcke pakeme SM-6

Amepuyka paTHa MopHapuua nocefyje 84 6poaa ca cuctemom AEGIS. Mop-
HapuLa je y npoLecy MoaepHu3aLmje noBpLUMHCKe ¢roTe 1 Hagorpahyje cucteme
AEGIS koju ce Hanase MHCTanMpaHu Ha KpcTapuLamMa 1 pasapayuma Ha HMBO Ba-
seline 9A i 9C. PakeTHe kpcTapuue knace Ticonderoga, 6pogosu USS Normandy
(CG 60), USS Chancellorville (CG 62), USS Princeton (CG 59) n USS Cape St
George (CG 71) mogepHuM3yjy ce Ha HUBO Baseline 9A, ook je apyrmx cegam 6po-
noBa, of kpctapuue USS Bunker Hill (CG 52), na go 6poga Philippine Sea (CG
58), Ha peny 3a mogepHu3auumjy. Pasapad knace DDG 51 USS Arleigh Burke je y
NOCTYNKy MoaepHusaumje koju Tpeba aa Oyae saBplieH o maprta 2016. roguHe,
OOK Cy Opyra gBa pasapada Te krace Beh mogepHusoBaHu. OBu 6Gpogosu buhe
ONPEMIBbEHUN OPYXXHUM cucTemMom SM-6.

- — e

Pazapay knace DDG 51 USS Arleigh Burke

908




Papap AN/APY-9 koju ce Hanasu Ha aBumoHy E-2D Advanced Hawkey onpe-
MIBbEH je eneKTPOHCKOM/MEXaHNYKOM CKEHUPajynoM peLleTKoM Koja Moxe dyHK-
LUMOHMCATN Kao MPUMapHM CeH30p 3a BONere MpOTVMBBA3AyXOMSIOBHUX pakeTa
SM-6, anu moxe 1 HaBoguTh pakeTte Basgyx-sasayx AIM-120 AMRAAM koje nax-
cupa noeay F/A-18E/F Super Hornet 1 To nytem mpexe 3a pa3meHy nogartaka
Link 16.

E-2D Advanced Hawkey

Bpoacka mpexa CEC (Co-operative Engagement Capability) npeHocu no-
OaTKe KOoju Cy KoMnaTuburHu cuctemy 3a ynpasrbake BaTpom Ha Gpogose y ca-
CTaBy ygapHe rpyne.

PasBoj cucrtema NIFC-CA noueo je 2010. roguHe, a npBa ycneliHa AeMOH-
cTpauwja nsspLueHa je 2012. roguHe. Y okBUpYy AEMOHCTpaLmje CEH30PCKM CUCTEM
Ha BanoHy ynoTpebrbeH je 3a NPEeHOC HULLAHCKUX nofaTaka MHTerpnucaHor cucrte-
Ma 3a ynpaBrbake BaTpom o mpexe CEC koja je nHmumpana v naHcupana pake-
Ty SM-6. To je 610 NpBU NyT Aa je Ba3AyLLUHN CEH30P KOju He npunaga NoMOPCKUM
cHarama 6u1o ynotpebrbeH 3a aHraXXMaH LUurba BaH NIMHUjE XOPWU3OHTa MyTeM Cu-
ctema Aegis.

Tokom anpuna 2013. roanHe Haporpaghwa Baseline 9A nHcTtanupaHa je Ha
kpctapuuy Chancellorsville, npBy kpcTapuLy onpemMrbeHy HOBUM cuctemom Aegis.
Bbpop je cnpoBoano NpBu TECT NaHCcuMpaka pakeTe NyTemM HoBe Hagorpaghe Ba-
seline 9A. CucreM je geTekToBao, NpaTMo U HaBeo pakeTy SM-2 Ha GecnunoTHy
neTenuuy Koja je netena Ha cpegtuM BUCMHaMA.

Y cepuju TectoBa, ogpxaHux 2014. rognHe, paketa SM-6 ycneluHo je npe-
cpena mety BQM-74 koja ce Hanasuna Ha MakCMManHoM JOMETY pakeTe Koju je
n3Hocmo 370 Km.

Ha mopy

Tokom mapTa 2015. rogmHe 6opbeHa rpyna Hocaya aBuoHa USS Theodore
Roosvelt (CVN -71) ca npatehum 6pogosmma, Normandy, pasapadunma USS Win-
ston S Churchill (DDG 81), USS Forrest Sherman (DDG 98) n USS Farragut
(DDG 99) noctana je npsa 6opbeHa rpyna koja je onepaTMBHO pa3Buia CUCTEM
NIFC-CA. Tokom 06yke Ha HOBOM cucTemMy nMmana je npeko 200 cumynoBaHux 3a-
XBaTaka ¥ npecpeTara LUnrbeBa.
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Ca ducmaHue

Wako E-2D npeacraBrba LeHTap cuctema NIF-CA y norneay koHTpore Ba3ay-
LLHOT NpOCTOpa, TO HU uU3darneka Huje jeOuHM Ba3ayXOmnsioBHN CEH30P KOju omoryhyje
pag koHuenTa. Kako Tokom crieaehmx roguHa 6yay ctusanm nosuy F-35 Lighning I
Joint Strike Fighter (JSF), kao n HoBe GecnunoTHe neTenumue 3a NoAPLLKY NOMOPCKUM
onepauujama, pawihe 1 noTeHumjanHa KonminHa nHgopmadmja.

Ogaj nosay 6uhe jegHa of HajsaxHujux kapuka y cuctemy NIF-CA. C 063u-
pOM Ha H-eroBe enekTpoHcKe cnocobHoCcTM oyekyje ce aa he F-35 patn orpomaH
OOMPVHOC Yy MPUKyNibakwy M Aerberwy MHpopMauuja ca ApyrMMm neTtenvuama u
OpoaoBvMa NyTem Jata fmHKa.

Mogaum 13 aBnoHa Ay y Kpctapuuy onpemMrbeHy cuctemom Aegis, Tako aa
pagapcku cucteMm 6poaa Mma nogartke U nNpe Hero WTo ce Hafhe Ha ekpaHy npo-
TUBHWUYKMX BpoOBa UMW aBUOHA.

Papunjyc nosua F-35 n weroBa cmamweHa pagapcka BuarbueocT omoryhuhe
amepuykMm 6pofoBUMa da BUAE UUIbEBE Jarneko BaH NMHWjE XOPU30HTa U CMake
Bpeme pearoBara 6opbeHe rpyne. MehyTim noctoju 1 jegan npobnem. Hanwve, F-
35 kopuctn ampektHu nuHK (Multifunction Advanced Datalink — MADL — BuieHa-
MEHCKM HanpeoHW faTanvHK), CUCTEM AUrMTamnHWX FMacoBHMX KOMaHOM U MpPEXyY
nogaraka Kojom KomyHuumpa ca apyrum nosumma F-35. MNpobnewm je y Tome WwTo
6ponosu onpemrbeHn cuctemom NIFC-CA u Aegis Hemajy MADL, HuTK cy Komna-
TMOWHKM ca NuHKOM 16, cneumnduyHNM 3a NPEeHOC noaartaka usmehy netenuua.

Moryhe peluetse 6uno 6m koHpurypucame Hagorpagre Baseline 9 koja 6u uu-
Tana MADL. Taga 61 6uno goBOrbHO NPOBEPUTU Aa W Nofaum notudy of nosua F-35
1 cuctem B1 ra NpMxXBaTUO Kao jeaHOr 0, MHOMMX Ba3dyxOMioBHUX ceH3opa. [eMoH-
CTpauuja nHTerpaumje nogataka s F-35 npegpuhena je 3a 2016. roanHy.

3akrbyyak

Cunctem NIFC-CA npeacraBrba ogroBop Ha MnojaBy HOBMX pPakeTHUX cucTema
Benvkor gomeTta (npeko 400 kM) n Bennkux 6p3vHa (XMNepCoHUYHKX). Y yCroBu-
Ma nocTojaka OBaKBMX MPETHM CTENEH YrPOXKEHOCTW rpyrna Hocava aBuoHa Mo-
ctao je sprno Bucok. Cuctem NIFC-CA omoryhasa ga ce csu nogauu ca seher
Bpoja Ba3ayxonnoBHUX U APYr1X CeH3opa Cnujy y jedaH cucTem Koju 3atum bupa
afeksataH HauuH oaroBopa, 6wuno netenuuama, 6UNO HOBMM pPaKETHVWM CUCTe-
mom SM-6.

Oparax M. Byukosuh (Dragan M. Vuc&kovi¢),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

Pycku modynapHu opyxHu cucmem®

Pycka nHgycTpuja passuna je n Tectmpana HoBY AarbMHCKM yripasibaHy opy-
XHy ctaHuuy (AYOC) nog o3Hakom 6S21.

OYOC je mogynapHor ausajHa U HaMeHleHa je UHCTanaumju y HOBUM U Mo-
ctojehum oknonHum 6opbeHnm Bosnnmuma (OBB) paan noseharwa BaTpeHe mohu.

8 Jane’s International Defence Review February 2016.




HarbuHcku ynpaerbaHa opyxHa cmaHuya 6S21 Ha eo3uny BTR-80

PasBujeHe cy vetnpu koHdurypaumje AYOC. Cee pacnonaxy enekrtpoor-
TUYKUM/MHGpaLpBeHnM ypehajumMa Ha NeBoj CTpaHM CUCTEMA Ha KOjoj ce Hamnasm
n nacepcku garsuHomep. Noctoje age onumje ocmatpadkux ypehaja CAM n CAM
1. Ocmatpauku ypehaj osHake CAM pacnonaxe TB kamepom 1 nacepckum garsu-
HomepoM, aok je CAM 1 onpemrbeH TB/WL, kamepom 1 nacepckum garsMHome-
pom. Y onumju je n TepmanHa kamepa, LTo 61 omoryhmnno aHraxosawe Uurbesa y
CBVM BPEMEHCKUM YCIIOBUMA.

OcmaTpayku cuctem moxe BUTU MOHTUPaAH XOPU3OHTAITHO MW BEPTUKAITHO.
Y cnyyajy kaga je nocTtaBibeH BEpPTUKANHO, onpeMsbeH je TB kamepom ca ycknum v
LUMPOKMM BUOHMM MOSbLEM, AOK Cy Nacepcku garbmHap u VL kamepa noctaBrbeHm
nsHag. Y oba cnyyaja ontuuku ypehaju cy sawTvheHu 3awTUTHUM noknonumMMa
Kaga Hucy y ynoTpeou.

OcHoBHa Bep3unja [IYOC HaopyxaHa je Tewkum mutparbe3om 14.5 mm
KPVT, Bepanja 6S21 01 HaopyxaHa je muTparbesom 12.7 mm Kord ok cy Bepauje
02 1 03 onpemrbeHe muTparbeanma 7.62 mm PKTM. OBe gBe Bep3uje pasnukyjy
Ce Mo KONMUYUHM YKpLaHe MyHuLmje.

Nako OYOC Huje onpemMrbeH cuctemom ctabunusauumje opyha, 1o je moryhe
HaKHaZHO MHTerpucaTy, Wwro 6m oMmoryhuno cuctemy aa raha umroese oK je y no-
KpeTy.

CBe Bep3uje onpemMrbeHe Cy CUCTEMOM Hanvhbara opyxja, a Bepanjy 03 mo-
ryhe je NyHWUTU U3HYTpa, NOA OKMOMHOM 3awTuToM. Cnuctem 6S21 nma enexkrTpuy-
HWM CUCTEM OKpeTaka Kyrnorne 3a nyHux 360 cteneHn 1 eneBaLmjoM opyxja koja ce
Kpehe og —5 0o 75 creneHu.

Y cniyyajy MoHTUpara cuctema Ha BTR-80 opyxHu cuctem Boge HuLWaHLvja
unu komaHamp. Komangmp cegm y npegswemM geny Bo3wna ca AecHe cTpaHe, no-
pen Bo3aya Koju noceqyje HaBuraumoHn CUCTEM.
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HuwaHyrja nma cBoj aucnnej, ca ogrosapajyhvm koHTponama, Koju ykrbyuyje
GanucTnyky KoMMjyTep ca ayToMaTCKMM NpopayvyHaBaHheM HULLAHCKMX YrnoBa U Ko-
pekuyja, a Be3aH je 3a 6opbeHn MHOPMaLMOHN U KOHTPOSTHM CUCTEM BO3WNa.

KoHTpornHe jeanHunue 06e36ehyjy KOHTpony enesauuje 1 asnumyTa, a NPUCYTHU
CYy 1 CEH30pM KOj1 YKIby4yjy Opojay MyHMLMje, Kao 1 CEH30pK yria enesawuje 1 asu-
MyTa, 0K je CBe TO Be3aHO enekTpuyHuM kabnosrmMa ca mutparsesom y YOC.

HpazaH M. Bydykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

Mompe6a 3a xunepcoHu4yHoM 6p3uHOM’

AmMepnyko MUHUCTaApCTBO oabpaHe M Apyre amepuyke BnaguHe areHuuje
pasBujajy XMNepCoHUYHY TEXHOMOMWjy y NpaBLy pasBoja XUNEPCOHUYHOr opyXja
n 6ecnunoTHe netenuue 3a Hag3op, Koje 6u morno GuTn onepaTUBHO A0 Kpaja
2030. roguHe, JOK Ce nojaBa XMMEPCOHUYHUX CBEMMUPCKUX BO3MMa OYEKyje OKO
2050. roguHe. Ny oBOM cry4ajy pa3BojHa cTpaTernja novmMkise ca Opy>KaHum cu-
cTeMnMa, na je Tek HakoH oapeReHor BpemeHa moryhe passujaTi TEXHONOMMjy
3a ynoTpeby y UMBUITHE CBPXe.

AmMepuyko paTHO Ba3dyxonnoBCcTBO criposellhe TecT CBOr yaapHOr opyxja
BMcokux 6pamHa (High Speed Strike Weapon — HSSW) HakoH 2020. rognHe. Taga
he ce 3HaTM kaga he HoBa TexHororvja GuTM npetodeHa y nporpamM 3a Habaeky
XUMNEePCOHMYHOr npojekTuna. [emMoHcTpauurja npojektuna HSSW kpehe ce y gBa
cmepa. Npsu je nporpam komnaHuje Lockheed Martin Raytheon, Taktuuku paket-
Ho nnaHupajyhn npojektun (Tactical Boost-Glide— TBG), ook apyru nporpam crpo-
BOAM koMnaHuja Boeing, a paam ce o KOHLENTY XMNepCoHUYHOr OpyXja ca ycuca-
BatbeM Basgyxa (Hypersonic Air-breathing Weapon Concept — HAWC).

=

Odesajarbe xunepcoHu4Hoe gosuna HSSW

®Jane’s International Defence Review April 2016.




Y OKBUpY OBUX Nporpama pagu ce Ha UCTpaxuBaky HOBUX MaTtepwujana, Ha-
POYMTO KOMMO3UTHUX KEPAMUYKMX MaTepujana Koju cy 1 HajBaXkHUju ¢ 063npom Ha
BUCOKe TemnepaType ca kojuma he ce CyouMTu HOBE XWMMEPCOHUYHE neTenuue,
kao wrto cy X-51 WaveRider n REACH.

Benuke memnepamype Ha HanaGHUM desio8uMa XurnepcoHu4Hoe goduna HSSW

HemoHcTpauuja neta X-51 WaveRider npeacraBsrba oCHOBY MraHOBa amepuy-
KOr paTHOT Ba3yxOmnfoBCTBa 3a pa3Boj HAOPYXXaHNX XMNEPCOHNYHMX NneTenuua.

Mpunukom paseoja netenuue X-51 WaveRider, pasHe areHuuje Beh cy 3ano-
Yyene pag Ha jauMMm MoTopuma koju 6u omoryhaeanu 6p3vHe n 10 nyta Behe oa
Op3vHe 3ByKa, LWITO 61 BKUNO naeanHo 3a onpemare nnatopmMu koje 6u ce 6asu-
ne obaBeLLTajHUM 1 Hag30pPHUM MOCIIOBUMA, anu v 3a UmMBUIHE aTtMocdepcKe Kp-
ctapuue. Beh caga ce pasmuiba 0 NpojekToBaky MOTOpa Koju Ov 6unun ctotu-
Hak nyTa 6pxw, a koju 6u omoryhmnnm netenuuamMa v Nyt y CBEMUP.

Tokom maja 2013. roamHe X-51 WaveRider je umao ycnewaH ner. Jletenuua
je oTkayeHa ca 6ombapaepa B-52H u gocturna je 6p3vHy oa 4,8 maxa nomohy
OycTtep pakeTe. Taga ce ogBojuna og OycTtep pakeTe M yKibyymna cBoj MOTop. X-
51 WaveRider je 3atum ybp3ao Ha 6p3vHy og 5,1 maxa n neteo cnegehmx 210
CEeKyHAM OOK H1je NOTPOLLMO ropu1BO.

Tokom npeTxogHux roguHa komnaHuja Lockheed Martin je capahuBana ca
amepuykom areHumjom DARPA Ha pa3sBojy koHuenTa Falcon Hypersonic Techno-
logy Vehicle-2. 3a ybp3aBate netenuue kopuwheHa je paketa 6ycrep, Tuna Mi-
notaur IV, na cy Tokom 2010. roguHe NpuKynibaHyu No4auu y Be3n C aepoamHamm-
KOM, MaTepujanvMa OTNOPHMM Ha BMCOKe TemnepaTtype, cucteMuma 3a TEPMUYKY
3alWTUTY, ayTOHOMHUM 6e36e4HOCHUM NETHUM CMCTEMUMA W HanpeaHUM HaBohe-
HEM, Ka0 1 CUCTEMUMA 3a KOHTPOMY XMNEPCOHWNYHOT feTa.
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X-51 WaveRider Ha 6bombapdepy B-52

[lBa gemoHcTpaumoHa neta ogpxaHa cy Tokom 2010. n 2011. rogunHe, anm
oba nyTa je u3rybrbeH KoHTaKT ca netenuuama Tuna Falcon.

TpeHyTHO ce pesyntaTtu nporpama X-51 ybauyjy y nporpam HSSW, nok ce
pasBujajy cuctemu Bohewa npeko ABa AeMOoHcTpaumoHa nporpama: HAWK wn
TBG. AreHumja DARPA pgopenuna je yroBope komnaHujama Raytheon n Lockheed
Martin 3a HacTaBak pa3Boja nporpama TBG, ok komnaHuja Boeing y mefyBpeme-
Hy HacTaBrba ca pasBojem nporpama HAWC. Liurb o6a nporpama je goctusame
6p3uHe oa 5 maxa u Behe, ¢ TM LWITO ce oA oba opyxaHa cuctema oyekyje aa oy-
Oy OTMOPHM Ha TOMMOTY M MaHeBapabunHu. Takofe, opyxaHu cuctemmn Tpedano
6w ga pocerHy BUcKHy of oko 60 kM, ok 61 BojeBa rmaBa XMNepCoHWYHOT Npojek-
Tuna 6una y paHdry knace og 250 gyHTH, kao 6oMmba manor npeyvHuka (Small Dia-
meter Bomb SDB).

ok je X-51 ycnewHo AeMOHCTPUpao MHTerpaumjy BasgyLuHOr Bo3una un xu-
MepPCOHMYHOr MOroHCKOr cuctema, ¢okyc npojekata HAWK n TBG 6uhe Ha Ha-
npegHoM cucTeMy HaBofera M KOHTpOre, WTO A0 caa HUje UCTpaXKmnBaHo y npe-
hawmum npojektnma. Mpojekat TBG nokylwaea ga pasBuje TexHonoruje Koje 6u
KOPUCTMO CMCTEM Ba3fgyLIHO NaHCMpaHe feTenuue ca TakTUYKUM JOMETOM Koja
6u 6una ecvkacHa y peneBaHTHUM OnepaTMBHMM YCIIOBUMA U Koja Bu ce, HakoH
AoCTu3akwa MakcumarnHe 6p3vHe nyTem pakeTHor byctepa, ogBojuna og Gyctepa
1 npeLuna y nnaHupare 6ps3nmHama sehum og 10 maxa.

Ca gpyre ctpaHe, npojekat HAWK, HactaBak nporpama X-51, HacToju pa
OEeMOHCTpUpa paj XunepcoHudHe kpctapehe pakete Kojy nokpehe ckpamier mMo-
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TOp Ha HeLTOo MawuM Bp3nmHama, oko 5 Maxa unu mano nsHag. Oea TexHosnoruja
Morna 6u ga ytudye Ha pasBoj 6yayhux BuLIEKpaTHUX XUNEPCOHUYHMX Ba3gyLUHMUX
nnatgopmm Koje bu ce KacHWje Morre KOPUCTUTU y PasBojy LMBUIHUX U CBEMUP-
CKuX neTenuua.

WNako je ocHoBHM unrb areHuunje DARPA pa3sBoj opyxaHuxX XMnepCoHUYHUX
netenuua, Tokom 2013. rogmMHe 3anodeT je pasBoj BULLUEKpATHOr HeBoheHor pa-
keTHor GycTepa koju 61 mMorao MoHeTW caTenuTe mawe HocvMBocTu, of 1.360 go
2.270 kr y HUXy 3emIbuHy opbuTy, a UICTOBpeMeHO BU CMYXMO Kao TECT BO3UIIO 3a
NCMMTVBaKE XUMEPCOHNYHMX Bp3anHa. Pagu ce o netenuum XS-1 Experimental
Spaceplane kojy pa3ssujajy komnanuvje Northrop Grumman, Scaled Composites u
Virgin Galactic. Ouekyje ce ga he netenuua mohu ga Hocu TepeTe Mo LieHn geceT
nyTa man0j of LeHe ynotpebe AaHallkbMX pakeTa Hocadva, a uctospeMeHo he no-
Mohu pasBojy HOBUX XMNEPCOHUYHUX neTenuua. OBa netenuua goctmnsana ou 6p-
3uHe Behe og 10 maxa, anu crietana Kao aBMOH Ha CTaHOapAHUM aepogpomMuma,
LWTO 61 3axTeBano MMHUMarnHy nocagy u nHdpacTpykTypy. [psu opbutanHm Tect
nnaHupaH je 3a 2018. roguHy.

OBaj npob0oj HauMheH je 3axBarbyjyhy nojaBu HOBMX JNTAKMX HaNpegHUX KOM-
NO3UTHMUX MaTepujana Benuke TepMmnYKe 3allTUTe KOju HUCY NOCTOjann ocamaece-
TUX rOOQVHa Kaga Cy BpLUEHW MPBM TECTOBU ca feTenvuama oBor Tuna.

Cesemupcka nemenuya XS-1, komnaHuje Northrop Grumman
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Jletenuua XS-1 npeactaerba Hanop [leHTaroHa 3a ymarberwe TPOLUKOBa
naHcupara catenuta. Ynotpeba Tellkux pakeTa Hocauya je Bpo cKyna u 3axTteBa
NaxXrbMBO NraHupawe. OBM TpaguuMOHanHU faHcepu KOLITajy Mo HEKOSNKO CTO-
TMHA MUNMOHA Joapa 1 3axTeBajy NocTojake CrioXxeHe uHdpacTpykrype. Cutya-
uMjy JOAaTHO KOMMIUKYje TO LUTO aMepUYKO paTHO Ba3dyxOMnioBCTBO pagun Ha To-
Me Aa ctonupa ynotpeby pyckux Tellkux pakeTHux motopa tuna RD-180, koju ce
TPEHYTHO KOpPUCTE 3a NaHcupake caTenuta Koju Cy HajoCeTIbMBUjU 38 aMepUdKy
oabpaHy.

Pycuja HadokHahyje nporywmeHo

Mpen kpaj noctojara CosjeTckor CaBesa, komnaHuja Raduga nspaguna je xu-
NepcoHnYHO ekcnepumeHTanHo netehe Bo3uno GELA (Giperzvukovy Ekspreimen-
talnyi Letatelnyi Apparat) koje je npakTu4HO 61O NPOTOTWN CTpPAaTELLKOr NPojeKTuna
Kh-90 (izdeliye 40) koju je nokpeTao pamiiet motop TMKB Soyuz izdeliye 58 n omo-
ryhasao my 6p3unHy of 4,5 maxa Ha garbmHama og 3.000 km. buno je npeasuheHo
Oa ctpaTewkn O6ombapaep Tu-160M Hocu e pakeTe Kh-90. Pag Ha TvM pakeTa-
Ma cycnehgoBaH je 1992. roguHe, ook je GELA netenuua npukasaHa 1995. roguHe.

Tokom 2013. roanHe Pycuja je objaBuna ga pagu Ha nporpamMy pasBoja Xu-
nepcoHn4Hor npojektuna. MNpeu aeo nporpama npeasuia pa3Boj pakeTe NoAcTpa-
Tewkor HMBoa, gomeTta 0o 1.500 km 1 6p3nHe oa oko 6 maxa u To go 2020. rogun-
He. OBOM nporpamy cneamo 6u passoj opyxja 6panHe 12 maxa Koju 6u Nnokpueao
ueny nnaHery.

Kaga je y nutamwy paketa Op3nHe 6 Maxa BEpOBaTHO je fa ce paau O Npojek-
Tuny lzdelye 75 GZUR (Giper-Zvukovaya Upravlaemaya Raketa — xunepcoHnyHa
BOheHa pakeTa) koju je y dasm TEXHWYKOr npojekToBaka y komnaHuju Tactical
Missiles Corporation team. Ouekyje ce aa he npojektun lzdelye 75 6utn gyxuHe 6
M, LUTO je MakCMMyM cKnaauLiHor npoctopa 6ombapaepa Tu-95MS, a BennunHa
oprosapa n 6ombapaepy Tu-22M. PakeTa je Tewwka oko 1.500 kr, nokpehe je pawm-
et izdeliye 70 komnaHvje TMKB Soyuz. AKTMBHUM pagapcky Tparad nog HasvBoM
Gran-75 passuja komnanvja UPKB, ook nacuBHu Tparad passuja komnaHuja Detal
TSKBA n3 Omcka.

Tokom 2012. roguHe Pycuja je 3anodvena ca TecTuparbeM ekcriepumMeHTanHor
XWNEPCOHWYHOI NpojekTuna koju je Hocno Bombapaep Tupolev Tu-22M3 Backfire.
NognHe 2013. 0BO BO3WMO je NpBW NyT caMocTanHo fieteno. XMnepcoHUYHO TecT-
BO3Wso 6mno je cmeluTeHo y npegwem aeny pakete Kh-22 (AS-4 Kitchen) koju my
je cnyxumo kao pakeTHu 6yctep. OBa koMOUHaLUuja pakeTe BycTepa v Bo3una gyra je
12 M 1 Texmn oko 6 TOHa, a XMNEPCOHNYHM eNEMEHT je AyxXuHe oko 5 M. KomnaHuja
DMZ je 2012. roguHe nspaguna 4 pakete Kh-22 (6e3 Tparaya u 6ojese rnase) koje
Cy NnaHvpaHe 3a ynotpedy y XMNepcoHUYHMM npojekTunuma. PakeTa je naHcupaHa
ca 6bombapaepa Tu-22M3 ca 6p3nHe of, 1,7 maxa u BucuHe oa 14 kM, na je Tect-Bo-
3110 JOCTUIIIO MakcumarnHy 6p3uHy oa 6,3 Maxa Ha BUCUHM of 29,557 M npe Hero
LUTO je FTaHCMpaHOo TECT-BO3UIIO Koje je aocturno 6p3uHy og 8 maxa.

OuekuBano ce ga he Pycuja yyectBoBaTH y CNMYHMM TECTOBMMA NaHcupa-
ba paHuyckor xunepcoHudHor Bos3una MBDA LEA ca 6ombGapaepa Backfire,
anu Hema nogaTtaka [a je TakBO NaHCcMpare 1 U3BPLLEHO.

Tokom okTobpa n HoBeMOpa 2012. roguHe Pycuja n MHamja cy Hanpaswune
npenuMuUHapHN JOroBop Y BE3N C pagoM Ha XMNepCcoHUYHO] pakeTn BrahMos-II.




UHduja: Hosu uepay Ha cueHu

WHaujcku nporpam pa3soja pakeTte BrahMos 3anouyeo je 1998. roanHe, HakoH
cnopasyma o 3ajeJHUYKoM pasBojy ca Pycujom. Ha ocHOBY Tor cnopasyma rraBHu
napTHepu 6une cy pycke komnanunje NPO Mashinotroyeniya n nHgujcka komnanm-
ja Defence Research and Development Organisation — DRDO.

MpBa BapujaHTa — CynepcoHWYHa, pajapcku BofjeHa KpcTapeha pakeTa,
[ABOCTENEHOr je Au3ajHa u ynoTtpebrbaBa YBPCTO pakeTHO ropvBoO Koje yOp3aBa
pakeTy A0 CYNepCOHWYHMX Op3uHa, OOK OpYrv cTeneH ynotpebrbaBa pamiyeT ca
TEYHMM PaKeTHUM TFOPMBOM KOju MOrOHM pakeTy 6p3vHom go 2,8 maxa. Ty ce,
NpakTUYHO, paau O UHOWjCKOj BapujaHTu pycke pakeTte Yakhont.

Paketa BrahMos Beh je ucnopydeHa nHanjckoMm paTtHOM Ba3gyXxornsioBCTBY, KOM-
HEHOj BOjCLIM 1 MOPpHapWLK, a oaslyka O pa3Bojy XMNEPCOHNYHE BEP3Wje pakeTe JOHe-
Ta je 2009. roguHe, kao 3ajegHUYKM NodyxBaT NPBOOUTHMX MOCMOBHMX NapTHepa.

Pycko-uHdujcku npojekam BrahMos-II

BrahMos-II (Kalam) pasBujeHa je pagu noctusarba 6p3nHa npeko 6 maxa u no-
cTn3ama Behe NpeLm3HoCcTU of npBobuTHOr Mogena. Paketa he nmatn makcuman-
H1 gomeT og 290 KM KOju je uHaye NUMUTUPaH CropasymMoM O PEXUMY KOHTpore
pakeTHe TexHosoruje Ymju je noTnncHuK Pycnja n kojum ce 3abpatrbyje pa3Boj pake-
Ta pomeTta Beher og 300 kM 3a gpxaBe napTHepe. Pagun noctnsarwa Behnx 6p3unHa,
paketa BrahMos-Il he kopuctuTi ckpamileT MOTOp, a NpeMa HeKUM U3BeLLTajumMa
pycka nHayctpuja Beh passuja ogrosapajyhy popmyny 3a pakeTHO ropumso.

KreydyHa ognyka npunvkom npojektoBawa pakete BrahMos-Il jecte ogpxa-
Batbe PMINYKNX MapameTapa NpeTxogHe BapujaHTe, WTo 61 omoryhuno HoBoj pa-
KeTu ga kopuctu noctojehe naHcepe n MHPacTpykTypy.

HoBa BapujaHTa pakeTe npegBuheHa je 1 3a Hanag Ha yuBpwheHe objekTe
Kao LUTO Cy NOA3EMHM BYHKEPU M CKNaamLITa Haopyxara.

Mopen pakete BrahMos-Il nprkasaH je Ha cajMy Bas3ayxonroBHe Onpeme y
WHamnjn Tokom 2013. roanHe, a Tectupare NpoToTuna oyekyje ce Tokom 2017, ook
O pmHanu3oBaHa Bep3uja buna goctynHa 2022. roguHe.

JefaH o4 OCHOBHMX MaeHTUdMKoBaHMX Npobnema pakete BrahMos-Il ynpaso
je BMcoka TemnepaTypa Koja ce doopmupa NPUIMKOM XMMEPCOHUYHOr feTa, kao U
Hanaxere ogroeapajyhunx matepujana nomohy kojux 6u paketa 6una napahena.
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Sakrbyyqak

Kao npsa exkoHomcka v BojHa cuna, CAl Booe uctpaxueawa y cepu xu-
nepcoHnYHux 6p3nHa, OoK ce apyre 3emrbe, kao WwTo cy Pycuja u UHguja, Tpyae
[a He 3aoCTaHy.

XNepcoHMYHO opyxje 6uno 6u Bpro TELIKO 3a npecpeTawe n omoryhumno
6u ynape Ha Behum yaarbeHocTMMa 1 3a kpahe Bpeme y o4HOCY Ha cajallha pa-
KeTHa opyxja.

OBa opyxja Kopuctuna 6u ce 3a ygap Ha MeTe y Tellko BpakeHum nogpyq-
jMa y Kojuma 6um KnacuvHe pakeTte TELLKO nponasure.

lMeHTaroH je 4OOWO Hamor ga NoXypu ca pa3BojeM XUMEepPCOHUYHE TEXHOO0-
rmje ¢ 063upom Ha pasBoj Y Kunn, Pycuju, na yak n y iHamju.

AMepUuYKkM 3BaHMYHULM NpeaBuaeny cy Aa 6u BulekpaTHa XUNEepCOHUYHA
netenuua morna 6utn onepatusHa o 2040. roguHe, LWITO je N3y3eTHO BaXHO 3a
CA[, HapouuTo ¢ 0631MpoM Ha pa3Boj cutyaumje Ha Mauunduky n jadyarse KnHe kao
HOBE BOjHE cune.

AmepuKa je TpeHYTHO Y NpegHOCTM Y OAHOCY Ha CBOje noTeHuMjanHe NpoTmB-
Huke. Pycuja, KuHa n NHguwja pasBujajy camo XmnepcoHu4Hy pakeTy, nok CA[
pa3Bujajy BULLEKPATHY XUMEPCOHNYHY NeTenuuy, anu 1 XunepcoHUYHe pakeTe.

HpazaH M. Bydykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

ModepHu3zosaHu Mi-8 MSB-V'"°

YkpajuHcka koMmnaHuja Motor Sich Hyan Benukn 6poj nsmeHa 3a yKpajuHCKm
BOjHM BULLEHaMeHCcKku cpefmbn xenukontep Mi-8 MSB-V koje cy Hajsehum genom
HamekeHe 3a oabpaHy of MPOTMBBA3L4YXOMIIOBHOI OpYyXja NPOPYCKMX CHara u3
pervoHa [oreLka.

Xenukonmep Mi-8 MSB-V

°Jane’s International Defence Review May 2016.




KomnaHuja Hyam noborbwara y cmucny nosehaHe BatpeHe MOhu 1 nNpexu-
BrbaBatba OCHOBHE Bep3uje xenuvkonTtepa Mi-8 MSB-V koju kopuctu BojHa aBuja-
unja 1 HauuoHarnHa rapga YkpajuHe. Mogudukaumje ce cactoje o uUHcTanauuje
OUrMTanHor cuctemMa KoHTpore Haopyxakwa Adron SKZ-8V n uitaBe nanete Ho-
BMX yBOjHMX cpeacTaBa Ba3gyx-3emiba, kao wto cy GKKB Luch Baryer-V u pycku
Sthurm-V (koju notuye ca xenukontepa Mi-24).

Pagn noctnsarwa Gorber npexusrbaBakwa Ha bojuwTty, xenukonTtep he nma-
TV JoAaTHY OKMOMNHY 3alTUTy kabuHe 1 cMcTeM 3a cynpecujy MHpaupBeHor 3pa-
yerwa Adron Adros ASH-01V koju he GUTM MHCTanupaH Ha KpajeBMMa WU3gyBHOT
cuctema.

KomnaHuja passuja Tpu BapujaHte Mi-8 MSB-V, nog o3Hakama V-1, V-2 n V-
3. Mi-8 MSB-V buhe uctoBpemeHo jypuLLHN 1 Hanagayky xenvkontep. Hasurauu-
OHe cucteme onpema komnanuja Orizon Navigatsiya, 6enopycky enekTpoonTnyky
kynony Tsiklon Bel, ypehaje 3a nacepcko ynosopasarwe GKKB Luch, a pagap u
NPOTUBABMOHCKE pakeTe, Kao 1 NogBecHe pakeTHe Gauaye, komnaHuja Adron.

Mi-8 MSB-V2 Hametr€eH je 3a yrore naTposiHor U u3Bmhayvkor xenumkonrtepa
Koju je cnnyaH Bep3uju V-1, anv 6e3 NpoTMBTEHKOBCKUX pakeTa. YMEeCTO Tora, oBa
Bep3uja he, Ha NoABECHMM HOCa4YMMa, HoCUTK Marne 6ecnunoTHe netenuue n oa-
roBapajyhn KOHTPOSTHN CUCTEM.

3a pasnuky oa wera, Mi-8 MSB-V3 je npeasuheH kao Ba3gyLHO-KOMaHAHA
N KOHTpONHa nnaTtcopma onpemrbeHa BENUKNUM OpojeM KOMYHWKALMOHWX U WH-
HopMaLMOHUX cucTeMa ca JOAaTHOM OKIOMHOM 3alTUTOM Ha Aeny NyTHUYKE Ka-
OuHe.

Mi-8 MSB-V je BojHa Bep3uja UMBUMNHOr 1 TpaHcnopTHor xenukontepa Mi-8 T
N OMpeMIbeH je HOBUM 1 edmkacHujum motopuma TV3-117VMA-SBM1V-4E, Ho-
BMM CpeCcTBMMaA 3a camooabpaHy 1 moryhHoluhy Hollera opyxja.

KomnaHuja je Tokom 2014. rognHe gobuna npeu YroBop 3a KOHBEPTOBAH-E
13 xenukonTtepa Mi-8 T Ha cTtaHgapg MSB-V, of Kojux Tpy nay HaumMoHarnHoj rap-
on, a 10 sojcun. Ncnopyke cy 3aepLueHe go kpaja 2015. roguHe.

Hpaear M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

[asudosa npahka je onepamusHa'’

HakoH 3aBpLleTka pmHanHe ¢ase pasBoja M yCMNeLlHUX TecTupama Koje cy
Boamnu MuHnctapctso oabpaHe M3paena n amepuyko MMHUCTaApCTBO oabpaHe,
komnaHuja Rafael Advanced Defence Systems 3anodena je ca ucnopykama Kroyu-
HuUx genoBa cuctema David Sling Weapon System DSWS (opyxaHu cuctem [a-
BMOoBa npahka) nspaenckom paTHOM Ba3gyxonioOBCTBY M KOMaHAWN BasayLUHe o4-
OpaHe.

YeTtBpTU TecT JaBuaoBe npahke cnpoBeeH je Ha NONuUroHy y jyxxHom Uapa-
eny u npeacTtaerbao je (buHanHM Kopak npe MCMopyke onepaTMBHOr cuctema
n3paenckom paTtHom BasgyxonnoBcTBy. Ouekyje ce Aa CBU eNeMeHTU cucTema
Oyay komnneTupanu go nonosuHe 2016. rognHe.

"Jane’s International Defence Review May 2016.
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Wcnopyka DSWS npeobutHO je 6una npeasufjeHa 3a 2015. roguny, anu je
Buna ognoxeHa 360r HU3a TEXHUYKNX NpobrnemMa 1 n3asoBa KapakTEPUCTUYHUX 3a
yBOheHe HOBUX cUCcTeMa U TexHonornja. MHorm enemeHTn cuctema cy noTnyHo
HOBW, anu je oTkpuBeH 1 oapeheHn 6poj codpTBepckMx Npobnema Koju Ccy peLueHu.

TecToBM Cy yCMELWHO 3aBpLUEHM U CUCTEM je cnpemMaH 3a ucrnopyky. Npeu
ernemMeHTn Koju he BT UcnopyyeHn ykIby4yjy pagap ca enekTpoHCKoM dhasupa-
HoM peLueTkoM, Elta ELM-2084 Mobile S-Band 3-D Active Electronically Scanned
Array (AESA) myntn mucmjckn pagap, Multi Mission Radar (MMR), ueHTap 3a
ynpasreate 6utkom, Elisra Golden Almond Battle Management Centre, komyHu-
KaLMOHO 4BopuLITE KOMMaHuje Rafael, oBocteneHun npecpetad Stunner 1 naHcep
pakeTa Koju npeacTaBrba 3ajeQHWYKM pag mu3paencke komnanuwje Rafael n ame-
pynuke Raytheon. Mcnopyke komnoHeHaTa 6uhe npaheHe TecTupawbeM gernoBa cu-
cTema, WTo he NpeTxoanTu 3BaHUYHOM yBohewy y onepatusHy ynotpeby. Komna-
Hunja Rafael 3anounwe ca obykom npBux onepartepa cuctema Hasnaosa npahka.
Huvje HaBepneH 6poj nogcuctema DSWS «koju je ucnopydeH nspaenckoMm paTtHoOM
Ba34yXOrroBCTBY.

Mpecpetaun Stunner 6uhe moaepHu3oBaHuM Ha HUBO Brok 3 (anroputmun m
copTBEP), AOK je TPEHYTHO y TOKY pa3Bujare HMBoa bnok 1. bnok 3 he omoryhu-
TU cuctemy cnocobHocT 6opbe ca aHTUUMNMpaHum 6yayhum npetThama.

MpecpeTay Stunner je gBocTeneHa pakeTa ca BULLEMNYIICHAM PakeTHUM MO-
TopoMm. [NpBa gBa nynca gosoge pakeTy 40 MONOBWHE AoMeTa A0 uurba, a Tpehu
nync je akTMBMpaH y TPEeHyTKYy kaja je ogpeheH nmpecpeTayku Kypc M Cnyxu 3a
ybp3aBamwe pakeTe pagu nosehawa KMHETUYKOr yaapa no uurby. Komnanuja
Raytheon ncnopyunna je 0ycrtep pakeTe, HaBUraunuoHM CUCTEM N €NEKTPOHMKY 3a
HaBofere, OOK je komnaHuja Rafael ncnopyunna pakeTHu MOTOp, CKITON 3a HaBo-
fere 1 KOHTPOSHKU COOTBEP U pajdap ca enekTPOONTUYKUM Tparavem (koju je pas-
BMna komnaHwuja Israel Aerospace Industries). MHTerpaumjy cBmx nogcucrema npo-
jextnna Stunner ns3epuuna je komnaxuja Rafael y ispaeny.

DSWS je 3ajeagHunykn nporpam Koju cy comHaHcupanu uspaerncka opraHusauja
3a pakeTHy oabpaHy 1 amepuyka areHumja 3a ogbpaHy o paketa. Pagu ce o npo-
TUBPaKETHOM CUCTEMY cpedher AoMeTa 3a npecpeTare TaKTUYKMX BanmMcTUYKmnx
pakeTa, pakeTa cpegrer 0o Ayror AoMeTa, aB1MoHa, kao 1 kpctapehwvx npojektuna y
HMCKOM JETY KOju Cy NaHcvpaHu ca garbmHa of 70 go 300 km. DSWS je npeasuheH
Aa NonyHu npasHuHy n3meny nspaenckor cuctema ABocTpyke HameHe Iron Dome
3a rnpecpeTare pakeTa, Kao N apTUIbEPUJCKUX 3pHA U MUHOBAaL@YkMX MUHA U CU-
ctema Arrow Weapon System, cuctema 3a ogbpaHy of, 6anMcTuukmMx paketa Koju
cy Beh y onepaTuBHOj ynoTpebu y OKBMPY U3paernckor paTHOr Ba34yxOnoBCTBa.

DSWS Hehe 6utn ynotpebrbeH kao ,6atepwuja’, jep gedmHuumja 6atepuja
Huje ynoTpebrbMBa y OBOM KOHTEKCTy. JejaH cucTeM He Moxe OpaHuTh ueo
M3paen. To je 30HCKM cuUCTeM, €0 M3paesickor cuctema npoTUBBa3gyxonsioBHE
onbpaHe. Ca MUHMManHUM 6pojem noacucTema, Kao LUTO Cy CEH30PU, faHCepu U
KOMYHMVKaLIMOHE CTaHuue, CMCTeM MoXe LITUTUTK ueo M3paen. Paaum ce o cucte-
MY KOj1 YMHM OEeO0 u3paercke BULLECTOjHE NPOTMBBA3AyXONioBHe ogbpaHe.

KoHuenT BuwwecnojHor cuctema passujeH je 2001. roguHe v Taga je 6uo ca-
CTaBIbEH O ABa CIoja, a cafa ce roBopu 0 YeTupu cnoja, Iron Dome, David Sling,
Arrow 2 , a Ha kpajy n Arrow 3. OBae ce pagy camo 0 uspaernckum cuctemmma. Ka-
Ja ce goaajy 1 amepudkn cuctemu, kao wro cy Aegis Weapon System, Standard
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Missile 3 Terminal n High Altitude Area Defence (THAAD), nonasu oo 3HaTHoOr no-
Behara edmKacHOCTU yKynHe oabpaHe oA nNpeTHe 6anncTuykMm paketama.

KomnaHuje Rafael n Raytheon 3ajegHuukun page Ha pa3Bojy pakeTte Stunner
Kao jepTuHMje anTepHaTMBe amepunykom cuctemy Patriot. Cuctem Patriot Advan-
ced Affordable Capability 4 (PAAC 4) Huje HoB cuctem Beh npeacraBrba MHTErpa-
umjy pakete Stunner y cuctem Patriot, wuto 61 omoryhuno nHkopropauujy 1 npo-
Oajy Te pakeTe y okBupy noctojehux cucrema Patriot. Paketa Stunner npeacra-
BIba KOHLENT OTBOPEHE apXUTEKTYpPe N MOXe BUTU MHTErpucaHa y pasnuinte cu-
cTeme NpOTVMBBa3dyxomnoBHe ogbpaHe.

HpazaH M. Byuykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

Hosu cesepHokopejcku pakemHu mMomop'?

CeBepHa Kopeja TecTpana je HoBM pakeTHU MOTOP Ha TEYHO PakeTHO ropu-
BO 3a CBOje UHTEPKOHTUHEHTanNHe 6anuctuuke pakete.

CeBepHoKopejckv 3BaHWYHMLM K3jaBunn cy ga he caga 6utn y moryhHocTu
Ja ctaBe MHOro MohHujy HykneapHy 60jeBy rnaBy Ha HOBY UHTEPKOHTUHEHTANHY
BGanucTuuky pakeTy koja he nokpmsatu geo CAL.

Ha cnvkama je moryhe BuaeTu ga HOBM MOTOP KOPUCTU OBe rflaBHe NOTUCHE
KOMOpE 1 joLl YeTupm NOTUCHMKA Tuna Vernier Koju cryxe 3a ynpaBrbake pake-
ToM. Ha geny cHumka mMoTopa MHTEPKOHTMHeHTanHe Ganuctuuke pakete KN-08
BUAe ce, Takohe, ABe rmaBHe NOTUCHE KOMOPE 1 YeTMpK NOTUCHKKA Tuna Vernier.

Hoeu pakemHu momop Ha meyHo 2opuso 3a pakeme KN-08 KN-14

'2Jane’s Defence Weekly 20 April 2016.
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doTorpadmje koje aatupajy oa 6. mapTta 1 9. anpuna nokasyjy na ce rnaBHe
NOTMCHE KOMOpe Hanase y pesepBoapuma 3a ropmso. To je nHoBaumja pycke Kom-
naHuje Isayev Bureau koja je ynotpebrbeHa Ha moTtopy 4D10 koju moroHn noa-
MOPHMYKY DanmcTuyky pakeTy R-27.

MocToje nHanumje ga je CeepHa Kopeja gobvna Heke of 0BMX BaNUCTUYKNX
pakeTa u3 HykneapHe 6anmctuyke nogMopHuue Project 629 ,Golf” kojy je nesene-
ceTux rogmHa Pycuja ogpeguna 3a pacxog u npogana. CesepHa Kopeja je, YnHu
ce, ycrena aa koMObuHyje oBa ABa MoTopa paau gobujawa MoTopa koju 6u morao
nokpeTaTun Behy pakeTy.

Op mapTta 2016. roguHe CeBepHa Kopeja je oTkpuna MHore HoBe AeTtarbe y
BE3M Ca CBOjUM MWHTEPKOHTUHEHTaNHUM GanucTMYkMM paketama y Hamepu da
YYBPCTU KpeanbnnmTeT wbuxoBor Am3ajHa. OTKpMBEHa je HoBa MMNMO3MBHA HyKIe-
apHa 6ojeBa rnaea 3a pakety KN-08, a 3atum n getar-u o abnatMeHom martepuja-
ny Koju je ynotpebrbeH 3a npekpuBame 60jeBux rnasa 3a pakete KN-08 n KN-14
Koju 6u um omoryhaeao 6e36eaaH NOHOBHM yrasak y aTmocdepy.

AbniamusHu Mamepujanu Kojuma je rnpekpuseHa bojeea anasa pakeme KN-14

MosHaTo je ga CeBepHa Kopeja nma Hajmame LeCT MHTEPKOHTUHEHTANHMX
b6anuctnukmx paketa Tmna KN-14 ca npetnoctaBrbeHum gomeTom Ao 6.000 km.

Cepamor anpuna 2015. roguHe ceBepHoamepuyka KoMaHZa Ba3ayxornnoBHE Of-
GpaHe nogHena je M3BeLTaj O TOME Aa je CNOCOBHOCT CEBEPHOKOPECKNX MHTEPKOH-
TUHEHTANHUX BaNUCTUYKNX pakeTa, OLeH-eHa Kao ,onepaTnBHa’, anv 1 garbe Huje ja-
CcHo kako je CeBepHa Kopeja ycnena ga uckombrHyje ABa Bprio CrioxkeHa pakeTHa Mo-
Topa Yy jegaH koju he nokpeTaTn HMXOBE MHTEPKOHTMHEHTANHE GanmncTuuke pakete.
KuHa je, nHauve, jeauHa apyra gpkaea koja je passura NokpeTHe MHTEPKOHTUHEHTas-
He GanuncTryuke pakeTe Ha TEYHO rOpMBO Y OKBMPY CBOT nporpama DF-14/DF-22,

HpazaH M. Bydykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601
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3Hauaj epyna 3a KOHCMpPYKUUjy U ucrnumueare Haopyxara,
MyHUyuje u onpeme rnpu jeduHuuyama 3a crieyujasnHe HameHe

MogepHe enuTHe nonuuujcke, BOjHE, OAHOCHO BOjHO-MONUUMjCKE jean-
HUUe 3a cneumjanHe HameHe opraHusyjy ce paau onTuMmnsauunje LUxoBe one-
pPaTUBHOCTM U e(PUKACHOCTU, a NpU U3BpLUABaky HAjCIIOXEHNUX HAMEHCKMNX
3agaraka, nocrnosa M pagku Ha onepaTuBHOM U TakTUYKOM HMBOY. Unak, pa-
LMOHanusauuvja opraHusauuvje jeauHuue camo je jegHa of HyXHMX npeTno-
CTaBKM BuUcoke edmkacHOCTU. [1pumapHu KpuTepujymn cBakako jecy obyue-
HocT 1 6opbeHa roToBOCT onepaTUBHOr KaApa, Kao M JOCTYMNHOCT noysaaHe
crneumjanucTuydke onpemMe. YonwTeHo y3eB, cneumjanucTnyka onpema noapa-
3ymeBa TakTU4Ky ONpeMy HaMekEeHy 3a U3BpLUaBawe TaKTUYKO-ONepaTuBHUX
3aparaka, NocroBa U pagku y pasnmyntum ycnoBmnma, a koja ce uspafhyje no
nocebHMM KpUTEpUjyMMMa Yy OBOj KaTeropuju, gakne 3a notpebe jeguHuua 3a
crneuvjanHe HameHe. lNMocnegrwa KapakTepUCTUKa ONpemMe OBE BPCTE HYXHM
je Y3poK OCeTHO BUCOKEe LieHe Npou3BoAhe, LUTO MOTOM WU3UCKYyje 3HadvajHa
HamMeHcka cpefcTBa nNpu peanusauuju Habaske. N3 Tora cneam ga cy y npak-
cn macoBHuWje HabaBke onpeme 13 oBe KaTeropuje pehe, a Hajuyewhe cy orpa-
HMYEeHe Ha hopMaLnjCKN Make jeduHuLe, WTOo, MO NpaBuny, Baxu u 3a jegu-
HULe 3a cneynjanHe HameHe °.

Y6p3aHa rJ'|06ar||/|3aLu/|ja14 N TEXHOMNOLLKWN pa3Boj UMajy U 3HayajaH yTuLaj
Ha eBonyuujy 6e3beqHOCHUX u3a3oBa, OAHOCHO 6e36eQHOCHUX cucTeMa Koju
HenpekngHo n3Hanase MeTofe Kojuma ce CynpoTcTaBrbajy CBMM BpcTaMa Aa-
HawHMX npeTmn No 6e3begHocT rpaflaHa n ApyLWITBEHO-NOMUTUYKUX CUCTEMA.
M3y3eTHO je BaXXHO KOHCTaHTHO MpaTUTV HOBUTETE Ha TPXMLUTY Haopyxaka M
apyre onpemMe, anu n naejHe NpojekTe Koju cy y pa3Bojy, Kao N MeToae Kojuma
Ce v jegHa n gpyra cTpaHa cnyxe Ha TepeHy. Bpno vecto cy nojeavHe metone
N3 npakce OueHeHe Kao reHujanHe, a caMMMm TUM 1 Beoma edmkacHe °, 36or
Tora wTo cy bune Bpno jeaHOCTaBHe 3a npunpemy n nssohewe. CutyaunoHu
HOBMTETU YECTO Cy MOKpeTanu HWU3 CMYHUX MeToda y npakcu, OQHOCHO y3po-
KoBanu gpyrauyvje ycMepaBake pecypca Npou3BOAHE HaMeHCKe MHAYCTpuje.
Wmajyhmn To y BMay, jeOHOCTaBHO je 3aKkibyyuTu fa je npahewe u nsyyaBame
KOHCTPYKLMjCKMX HOBUTETA, naeja, kKao 1 NpakTU4YHNX MeTofa BeoMa 3axTeBaH
3ajaTak, Koju M3UCKyje 3HayajHe pecypce Yy norneny BpeMeHa, anv u Lwvpu
crnekTap cneuujannucTuYkMx 3Hawa 1 uckyctasa. Ctora MmogepHe jeanHuue 3a
crneuuvjanHe HaMeHe, Yy OKBMPY CBOje CTPYKTYpe, OpraHu3yjy 1 make cneumja-
NUCTUYKe rpyne 3a KOHCTPYKUWjY 1 UCMUTUBaHE Haopyxarwa, MyHuuumje, OgHO-
CHO creuunjanucTnyke TakTuyke onpeme. Mo npaBuny, pagun ce O KagpOBCKM
MakUM rpynama, 4vju 4naHosu Mory 6uMTKM M nNuua n3 UMBUICTBA Koja pacno-
naxy M3y3eTHUM cneLujanucTuykumM 3HawmMma Koja ce nocTaBrbajy Kao ycros

By cBeTy 6pojHuje TakTudke dhopMaLimje oBe BpcTe Hajdelhe cy BojHOr Tuna, nonyT cre-
ﬂmjanme 6puraga vnu nykosa.

MpBeHcTBEHO Y chepy casHaBara 1 pa3MeHe nHdopmaumja 1 UckycTaea.

3a cTpaHy koja je ussena ogpefieHy metogy unu ckyn metoga eukacHoCT ce npoLe-
HbYje y 0OfHOCYy Ha y3poKoBaHe nocrieauie, anv, HapaBHO, OHO LITO je ecbmkacHo 3a jeaHy
CTpaHy, CBaKaKo Huje 3a CynpoTHY.
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3a pag y rpynu. lNMopepn Tora, ynaHoOBU OBe rpyne mMory 6uTn n akTMBHW Npunaa-
HULM KOHKpETHe jeauHuLe, KBanudukoBaHW U3y3eTHUM TEXHUYKUM 3HabMMa,
OLHOCHO MCKYCTBOM K3 ynoTpebe HaopyxXawa u onpeme Ha 3agyXewy y KOH-
KpeTHOj jeanHnum.

YonwTeHo, HaMeHa OBUX TEXHWYKMX rpyna geduHvle ce npema HamMeHu
jeauHuLe Ynjn je rpyna opraHMsaunoHun 4eo, a No npaBuiy nogpasymMmeBa:

— npahere 1 aHanu3y gelaBaka Ha TPXULLTY Y 0611acTu HaopyXawa, My-
HUUWje 1 TakTM4ke onpeme, y3 NocebHO n3dyvyaBare HOBUX KOHCTPYKLIMjCKMX pe-
LWeHa 1 aHanuay npojekaTta Hagorpaawe, Tj. MoagepHusaumje noctojehunx;

— npaherwe n aHanu3y nckyctasa M3 ynotpebe Ha TepeHy y CBUM TepeH-
CKO-KNMMAaTCKUM YCIOBUMA;

— MOCNOBe M page pedoBHOr OApXaBaha, MonpaBke M yHanpehuBawa
onpeme Koja je y ynotpebu y KOHKpETHO] jeanHuuy;

— AaBare CTPYYHOr MULLIbEHA U CaBeTa Y Be3W Ca ONpemMoM Koja je Ha 3a-
OyXewy Y KOHKPETHO] jeanHnuu;

— AaBare CTPYYHOI MULLIIbEHA U caBeTa MpUIMKOM M3Bohewa TecTnpama,
O[HOCHO MNPWIMMKOM [OHOLWEHa oasiyke O HabaBuu HaopyXaha, MyHuuuje U
onpeme.

CseobyxBaTHUM carnegaBaweM 3ajaTtaka, NocrioBa MU pagwu Koje oBe
cneumjanucTuyke rpyne mMory obaBrbaTu, jacHO je KOMMKK 3Hadvaj umajy y npote-
Cy He caMO ornpemara KOHKPETHMX jeguHuua Beh M MpaBuiiHOr ofpkaBaka
onpeme Koja je Ha 3afyxemwy, jep npeTnoctaBka Aobpe OnpemMrbeHOCTU KOH-
KpeTHe jedunHuue u Te Kako nogpasymeBa U NpaBuUiiHO U pPeoBHO ogpKaBare
Haopyxara 1 onpeme y yrnotpeou.

lpahewe u aHanu3a dewasarba Ha mpxxuwmy

Y OKBMpY OBOr Aderna akTMBHOCTWU TeXHWYapu rpyna npaTe gellaBakba ak-
TUBHOCTU U NpousBohada U3 3eMrbe Yy KOjoj je KOHKpeTHa jeanHuua ycTpojeHa, v
npomssohava M3 cycegHux 3emarba, OAHOCHO cBeTa. Bpro je BaxHO uctahwu
3Hauvaj npahena npojekarta Koje passujajy u NPoOMOBULLY Npom3Bohayun cycegHux
3emarba.

Ha ocHoBy aHanusa Mory ce uspasut MULLIbEHA U Pa3NNYNTX Npeasiosu.
Tako TexHW4yapu MOry gaBaTu MULLIbEHa KOHCTPYKTOPMMA KOO HaLMOHAaIHUX
npoussohaya o moryhum yHanpehewunma noctojehux npojekata, unu peanusa-
UMju HOBMX, jep Mpey3anumara pasnumuntux mngeja , y3 Mawe unuv sehe nameHe,
AaHac cy Bpno 4ecta npakca Mehy npoussohaduma. Nopen Tora, Ha OCHOBY
MPaKkTUYHMX pellewa Apyrmx npoussohaya TexHu4apu MOry CamocCTariHO yHa-
npefuBaTN KOHCTPYKLMjE KOje Cy Y ynoTpebu y KOHKPETHOj jeamHmumn. Ha kpajy,
BPJ10 je BaXXHO uctahu 1 3Ha4aj yrnore TexHuyapa npunmkom nssohewa tectmpa-
Hba Haopyxaka 1 onpemMe, Kao 1 JaBaka KOHa4YHOr MULLIIbEHA O KBanuTeTy, oa-
HOCHO NPUIMKOM OAfy4MBara 0 HabaBLW HOBOI HaopyXara 1 onpeme.

16 Mpumepa pagu, cpnckm nponssohay ,3actaBa opyxje” us KparyjeBsua je 4yBeHy cepujy
nonyaytomartckux nuwrtorba ,L13-99” n3pagno no ysopy Ha KOHCTPYKUMjy LUBajuapckor
»SlG Sauer P-226".
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lpahere u aHanu3a uckycmaea ynompebe Haopyxara
u Opyae onpeme Ha mepeHy

MpojekTn 61 ocTann MPTBO CrIOBO Ha Nanupy, a KOHCTPYyKUWje cBedeHe Ha
3Hayaj ekcnoHarta, a ce naxwa He nocsehyje UckycTBMMa onepaTtusaua ca Te-
peHcke ynotpebe Haopyxara ¥ gpyre onpemMe. YnpaBo OBa UCKyCTBa Cy Haj3Ha-
YajHUjU KPUTEPUjYM 3a OLIEHY YCMELLHOCTM KOHKpPETHOr npojekta. OHKM Koju Heno-
CpegHoO KOpUCTE CMCTEME OBMX BPCTa Y CBMM YCIOBMMa MOTY W3HETWU HajMepo-
OaBHWje MULLIbEHE U OLeHY NOY34aHOCTU N MPaAKTUYHOCTU KOHKPETHE KOHCTPYK-
uunje. Bpno vecto cy u camn onepatmeLuM OuUnu nHMLmjaTopyn oppefheHnx KoH-
CTPYKUMJCKUX M3MEHA, UNN CY Ha OCHOBY HUXOBUX KPUTUKA/CYrecTuja KOHCTPYK-
TOpW camu BpLUMNK yHanpehema.

lNMomuckusay 3ameapaya Ha kapabuHy ,,Colt M-4 A4 Commando” y kanubpy 5,56 mm,
npunadHuka lNpee crneyujanucmuyke jeduHuye KaH0apmepuje Pernybrnuke Cpbuje
®doto: Munow JesTtuh

Mpumepa pagu, Benukn Opoj NpUTYKOM KOPUCHMKA MO3HATUX aMePUYKMX
kapabuHa ,Colt M-4” ogHocuo ce Ha 3acToje ycred HekoMmnneTHor BpaBrbena
MeTka. Ha ocHoBy goaaTHUX aHanu3a, KOHCTPYKTOPW Cy 3akibyuunu ga bu ce
ouurnenaH npobnem y pagy opyxja = HajpauMoHanHuje peluvo OoL4aBaHeM Ty-
OGynapHor NoTUCKMBaya 3aTBapaya ca AeCHe CTpaHe caHgyka nylike, ogmax m3-
Hag pykoxsara.

" HapounTo NpUMeTaH Npu ynoTpe6u y ycrioBMMa BENUKe 3anprbaHoCTy.
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PedosHo odp:xxasarbe, ronpaska u yHarnpehusare ornpeme
Koja je Ha 3adyXxery Yy KOHKPEemMHOj jeduHuUyu

MocnoBu 1 pagwe penoBHOr oAapXaBaka Haopyxkawa obaBe3HM cy 3a
cBe npunagHuke Koju ayxe onpemy. NpaBunHo ogpxaBawe je jegHa of npet-
NoCTaBKM TPajHOCTU U MOY34aHOCTM HaopyXawa W Apyre onpeme, ctora je
npasunHa obyka npunagHuka y oBoj cpepn Takohe 3HadvajHa. Obyka oBe Bp-
CTE U3BOAM Ce Ha cCaMOM MOYEeTKy, NO NpaBuIy TOKOM cenekuvje kaHaugarta 3a
pagHO MECTO Yy KOHKPETHO] jeOnHUuUN, Kaga ce npunagHuum n ynosHajy ca cu-
CTEMUMaA KOju cy y ynotpebu y jeauHuum. Y akTMUBHOCTUMA Koje ce Tudy oap-
XaBaa HaopyXawa U gpyre TakTudke onpeme npvnagHuummMa Mory acuctu-
paTt¥ TexHu4yapv gaBakbeM MULLIbEHA U CaBeTa, OOHOCHO MPaKTUYHMM MOoMa-
ratbem. To je nocebHO 3Ha4ajHO NPUITMKOM M3y4yaBaka EKCTPEMHUX TEPEHCKO-
KNMMaTCKMX yCrnoBa M HUXOBOT yTULAja Ha ,NOHallawe” Haopyxawa n gpyre
onpeme, Kaga TexHM4apu M3HOCe caBeTe O MeTogama 3alTuTe cucTema npu
ynoTpebu y 0BUM yCrnoBMMa.

lMonpaBka Haopyxaha Unu apyre TakTU4ke onpemMe M3BoAM Ce HaKOH yCTa-
HOBIbaBaka HEMNpPaBUITHOI (PyHKUMOHMCaka CUCTEMA, UM ycrieq owTtehena
pasnuuMTUX BPCTa, WM jeQHOCTaBHO ycnepn poTpajanoctu gena cucrema. O
CMpoBEeAEHNM MonpaBkaMa TEXHU4Yapu, Mo npaBuny, BoAe NMUCMEHY UMW enek-
TPOHCKY eBuaeHuUujy, Koja Takofe nma BULIECTPYKM 3Ha4Yaj, a HAaKoOH CBake pea-
nn3oBaHe norpaeke, NocebHO ako ce paauno o MHTepBeHUMjama Beher obuma,
CrnpoBoOAM Ce NOHOBHO TECTUpake CUCTEMA, Kao Kpajiwa nposepa npe Bpahaka
npunagHuKy Ha ynoTpeby.

Y capagwu ca npunagHuuMma jeguHule TexXHUYapu crneuunjanucTuykux
rpyna 3a KOHCTPYKLUMjy Y UICMUTUBaHE HaopyXara, MyHULMje n onpemMe Mory Bp-
wunTK ogpeheHe n3MeHe Ha cuctemuma pagu yHanpehuBamwba TEXHUYKO-TaKTUY-
Knx KapakTepucTuka. OBa npakca je Beoma 3HauvajHa U U3BOAM Ce y Ckragy ca
notpebama jeanHuue -, OAHOCHO MHAMBUAYanHUM noTpebama npunagHuka Koju
OY>XW KOHKPETHY onpemy.

NHTepBeHuuWje Ha cuctemmma mory Mt orpaHuyeHe ycnosuma cagp-
XaHWM y KyrnonpoAajHMM yroBopuMma, 4Yunju cy npeameT Ounu KOHKpPeTHU cu-
cTeMun. Tako, YKONUKO je npogasal, CBOjOM MOHYOOM nponwcao19 ycnose nog
Kojuma ce npegmeT KynoBMHE Moxe/Mopa ynoTpebrbaBaTu U ogp>kaBaTu, OH-
Ja ce Tu ycrnoBu Mopajy nowTtoBaTu y npakcu. lNpumepa pagu, moxe 6utn
YroBOpPEHO Aa ce pedoBHO UMW BaHPeOHO CepBuUCUpParke CUcTeMa CNpOBOAMU
y nHamBuayanHo ogpeheHum cepsucuma, nnu HakoH ogpefeHor BpeMeHckor
nepuoaa, UnNu ga ce He U3BOAE UKAaKBEe M3MEHE Ha KOHCTpyKuMjama n Tome
CINYHO.

'® MocebHo kapa je pey 0 CpeaCTBUMA Be3e, CPeACTBIMMA 3a 06e3GehuBatb-e BaTpeHe rno-
ApLUKe, MexaHU3auwmjy U CIIMYHO.

"9 Mogpasymesa ce fa je Kynav, NPUXBaTIO YCIIOBE.
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Cmpy4yHO MuWwIbeH-€ U casemu
y 8€3u ca orpeMoM Ha 3adyxetry

Ha ocHoBy cTpy4HOr 3Hawa, a nocebHo y criyyajy borator NCKyCcTBa, TEXHU-
Yapv Cy kagpv npunagHuuyMMa gaBaTtu CTpyYyHa MULLIbEHA U CaBeTe O HauvHy
ynoTtpebe, ogpxxaBara unv npunarofhasara opyxja aduHUTETMMA NpUnagHuKa.
OBOM npakcoM TexHu4yapu MOry nomaratu npunagHuumma ga 6orbe pasymejy
TEXHUYKO-TAKTMYKE KapakTepucTuke cuctema, ga borbe cxeaTe ,MoHawane”
OopyXja y CBMM YCIlOBMMa, NOCEOHO MpW EKCTPEMHWM TEPEHCKO-KMMMaTCKUM
YCNOBUMA W CIINYHO.

Cmpy4HO MUWIbere U cageme MpuiukoMm useohera mecmupama,
00HOCHO JoHoWeHa 00nyKe 0 Habasyu

Kao wTo je uctakHyto, npaheweM AeluaBara Ha TPXKULITY TEXHUYapU MO-
ry naeaTu npegnore u o Habasum ogpeheHnx cuctema 3a notpebe TecTupamsa,
OAHOCHO HabaBke. Y TOM criyyajy oHW, Mo npasuny, Aajy u obpasnoxera CBOjuX
npegnora, Tj. 3aWTO OV KOHKpPeTaH TUN cucTema OMo KopucTaH 3a obaBrbamse
HaMeHCKNX 3ajaTaka KOHKpeTHe jeauHuue. YcTarbeHa je npakca Aa CBakoj Ha-
6aBLM NPETX0AN TEMENBLHO TECTUPake Pafu YBepaBaka y KBanMTET KOHKPETHOr
cuctema. Mnak, y npakcu ce Moxe AecuTu u aa ce HabaBka peanuayje 6e3 npet-
XO[HOr TecTUpaka, Na 4Yak 1 caBeToBara, Te ce BPMO 4ecTo, nocne oapeheHor
BpemeHa ynotpebe, 03Hauun kao npomaruaj.

3aBuUCHO of kaTeropwvje onpeme u/vnu Haopyxaka, TecTupama ce u3soge
pa3aNMuMTUM MeTogama. 3ajefHUuKo UM je Aa ce U3Bofe Y CBUM ycrioBumMa
Aa cy Beoma pobycHa, y cMucny da ce y3eTa onpema HMMano He wteau, Tj. us-
naxe ce MakcummanHum ontepehewmma v nposepama. lMpomssohaum umju ce
npou3Boau y3nmajy 3a notpebe TecTupara LWITUTE CBOje MHTEpece AaBarem
OMWTUX CMEepHULA O HauYuHy ussohewa TecTupara, koje ce 4YeCcTo O3Ha4aBajy
(hpasom ,TeCTMpaTV Ha paLMoHanaH HauuH, y cknagdy ca HameHom™', y3 ucto-
BPEMEHO yrno3opele 0 00aBe3HOj HaKHaAOW LWTETE Y chny4yajy u3Boherwa Henpu-
MepeHux MeToda MpuIMKOM TecTupawa. [ogaTtHo, nameTHM npou3Bohaym 3a
notpede TecTMpaka yBeK nowlarby HajkBarnMTETHUjU KOHTUHIEHT CBOjUX NMPOU3-
BOJa, 3a Koje MOoCToju Benuka BepoBaTHoha Aa he 3ag0oBOfbUTU CTaHOapae Kea-
nuirteTa.

% Takohe, o6paha ce naxHa M Aa yCrioBUM TecTuparsa Gyay MPUBIIMKHIA pearHuM, Ti.
OHUMa Koju ce Ha ofpefeHoM nogpyyjy Mory Hajyewhe odekuBaTu NpUNUKOM u3ssohera
Jejctasa.

! Mpumepa paau, HepaLMOHarNHO TECTUPatLE ToNepaHLMje OpyKaHOr CUCTeMa Ha Mexa-
HUuke yoapue 6uno 6u y cnyyajy 6auara opyxja Ha 3emMrby U3 aBrOHa.
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Hemarb ca mecmupara makmuydkoe npcrnyka ,Dagur’,
criogeHaykoe rpouseohaya ,365 Plus d.o.0.”,
paheHoe 3a nompebe jeuHuya 3a crieyujasiHe HaMeHe
®oTto: Munow JeBTuh

TecTupane ce, No nNpaBury, NoBepaBa CTpyyraLMma y 00nacTtu y Kojoj
ce y3eTa onpema ynotpebrbaBa, kao U UCKYCHUM onepaTuBLMMa KOju n3Boae
HenocpefHe TecTtoBe. TOK TecTupawa ce AeTarbHO Genexun n LOKYMeHTyje
¢doTorpachujama u BMAeO-3anMcuMa, LITO Ce KacHWMje KOPUCTU U 3a KOHa4dHy
aHanu3y npe AOHOLWEeHa oanyke o HabaBuW, OAHOCHO ofycTajakwy o4 Habas-
ke. lMocebHO ce aHanuampa y3po4HOCT TEXHUYKO-TAKTUYKUX KapakTepucTumka
cucTtema Koje HaBoawm npousBofay M OCTBapeHux pesyrnrtarta TOKOM TecTupa-
wa. Kpajibn pesyntaTv npouekyjy ce npema HameHn cuctema Koju ce TecTu-
pao, Te ce M3BOAM MnpoueHa edumkacHocTu ynotpebe TecTMpaHoOr cucrtema
npunukom obaBrbaka HAMEHCKMX 3adaTtaka, NnocrnoBa u pagwu. Y nssohewy
KOHayHe oAJiyke TexHW4apu yy4ecTByjy AaBakeM CBOjuX yTucaka o 3abene-
XEeHUM pesyntaTuma, a of, Kputepujyma gpyre Bpcte y o63up ce y3numa u ue-
Ha LenuMx cuctema, Kao u cactaBHMX genosa (MocebHO OHUX KOju ce HajBuLe
Tpowe npu ynoTpebu un ynje je cepBucupare Hajuyewhe), anm n gaxkTopu no-
NUTUYKE NpUpoae.
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CneuujanMcTmykum rpynama 3a KOHCTpPyKUMje N MCNuTuBawe Haopyxa-
Ha, MyHMUMje U ONnpeMe HEeCyMHbMBO Ce NoBepaBajy BeoMa OArOBOPHU NO-
cnosu. lNMpeTnocTtaBka KBanMTETHOr paja CBakako jecTe BMCOKa CTPY4YHOCT
N oyroroguvilhe UCKYCTBO TexXHMYapa, anm u 4OCTYyNnHOCT MOAEpHOr anaTa u
HaMeHCKMX MallMHa nomohy KOjux TexHu4Yapum MOry u3BplLlaBaTu CBako-
OHeBHe nocnose u pagakwe. borbe onpemrbeHe jeauMHuLe pacnonaxy M Mo-
OepHUM npocTopujama, y Kojuma ce onuToBawa MOry U3BoauTu y CTPOro
KOHTPONMMCaHUM yCNoBMMa M Ha pasnuunTe HauyuHe. Mlako He TOonuko yna-
OrbUBK, TEXHUYAPU OBUX Fpyna BeoMa Cy BaxaH efieMeHT cBake jeauHuue
3a crneunjanHe HameHe U jegHa of NPeTNoCTaBKM HBUXOBE ONepaTUBHOCTU U
edmkacHocTu.

Murnow M. Jesmuh (Milo§ M. Jevtic), ypedHuk cajma specijalne-jedinice.com,
e-mail: info@specijalne-jedinice.com,
ORCID iD: ®http://orcid.org/0000-0002-1305-7618
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NCITPABKE
NCMNPABNEHNA
ERRATA

1. Y BojHomexHu4YKkoM anacHukKy, Bon. 64, 6p. 2, anpun—jyH 2016. roguHe, y
unaHky Negative ions of atoms and diatomic and triatomic molecules /
OTpuuaTenbHblie MOHbI aTOMOB, ABYXaTOMHbIX U TPE€XaTOMHbIX MorneKkyn /
Negativni joni atoma, dvoatomskih i troatomskih molekula (doi:10.5937-
/vojtehg64-9685) Ha cTp. 447 norpeLLHo je HanucaHo npesvmMe MNpBOr ayTopa u
ume n npesume gpyror aytopa. Ymecto Leonid I. Grethcikhin, Viktoriya M. Ko-
marovskaya Tpeba ga nuwe Leonid |. Gretchikhin, Viktoryia M. Kamarouskaya.

2. Y BojHomexHU4YKOM enacHuky, Bon. 63, 6p. 3, jyn—centembap 2015. ro-
AvHe, y YnaHky HaBeaeHHbIM NoTeHUMan Mexay B3aMmMoAeMCcTBYHOLWMMHY Ya-
cTuuamm Ha HaHoypoBHe / Induced potential between interacting particles
at nanolevels / Indukovani potencijal izmedu interaktivnih ¢Cestica u
nanonivoima (doi:10.5937/vojtehg63-7721):

— Ha cTp. 29 norpeLuHo je HanncaHo nme Tpeher aytopa. Ymecto BukeHTus

M. Komaposckas Tpeba aa nuwe Buktopua M. KomapoBsckas;

— Ha cTp. 40 norpelwHo je HanucaHo ume Tpeher aytopa. Ymecto Vikentija
M. Komarovskaja Tpeba ga nuwe Viktorija M. Komarovskaja;

— Ha cTp. 41 norpeLHo je HanucaHo Npesnme NPBOr aytTopa U UMe U npe-
3ume Tpeher aytopa. YmecTo Leonid I. Gretchihin Tpe6a ga nmwe Leonid I.
Gretchikhin, a ymecto Vikentiya M. Komarovskaya — Viktoryia M.
Kamarouskaya.

1. B xypHane «BoeHHO-TeXHU4YeCKMN BEeCTHUK» ToMm 64, Ne 2, 3a anpenb-
nioHb 2016 roga B ctaTbe Negative ions of atoms and diatomic and triatomic
molecules / OTpuuaTenbHble MOHbI aTOMOB, ABYXaTOMHbIX U TP€XaTOMHbIX
monekyn / Negativni joni atoma, dvoatomskih i troatomskih molekula
(doi:10.5937/vojtehgb64-9685) Ha cTpaHuue 447 ponylleHa onedyaTka B dhamu-
NUK NepBoro aBTopa U UMeHU U hamunuu BTOpOro aestopa. Bmecto Leonid I.
Gretchikhin, Viktoryia M. Kamarouskaya HanucaHo Leonid I. Grethcikhin, Viktoriya
M. Komarovskaya.

2. B xypHane «BoeHHo-TexHun4yeckunin BeCTHUK» ToM 63, Ne 3, 3a uUionb-cex-
Ta6pb 2015 roga B cTtaTtbe HaBepeHHbIW noTeHUuMan mexay B3aumopaen-
CTBYHOLMMM YacTMLaMu Ha HaHoypoBHe / Induced potential between interac-
ting particles at nanolevels / Indukovani potencijal izmedu interaktivnih
€estica u nano nivoima (doi:10.5937/vojtehg63-7721):
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— Ha cTtpaHuue 29 gonyweHa oneyaTka B UMEHU TpeTbero astopa. Bmecto
BukTtopusa M. Komaposckas HanucaHo BukeHTtns M. KomapoBckasi.
— Ha cTtpanuue 40 gonyuleHa onevaTtka B MMeHU TpeTbero aBTopa. Bmecto
Viktorija M. Komarovskaja HanucaHo Vikentija M. Komarovskaja.

— Ha ctpaHvue 41 ponyuwieHa onevatka B (hamunum nepBoro asTopa u
UMEeHUN 1 hamunum TpeTbero asTopa. Bmecto Leonidl. Gretchikhin Hanu-
caHo Leonid I. Gretchihin, a BmecTo Viktoryia M. Kamarouskaya Hanuca-
Ho — Vikentiya M. Komarovskaya.

1. In the Military Technical Courier, Vol 64, No 2, April-June 2016, in the
article

Negative ions of atoms and diatomic and triatomic molecules / OTpuu-
aTenbHble WMOHbI aTOMOB, ABYXaTOMHbIX W TpexaTOMHbIX Monekyn /
Negativni joni atoma, dvoatomskih i troatomskih molekula
(doi:10.5937/vojtehgb64-9685) on page 447, the surname of the first author and
the name and the surname of the second author are misspelled. Instead of
Leonid I. Grethcikhin, Viktoriya M. Komarovskaya, there should be written
Leonid I. Gretchikhin, Viktoryia M. Kamarouskaya.

2. In the Military Technical Courier, Vol 63, No 3, July-September 2015, in
the article

HaBeaeHHbIM noTeHUuan Mexay B3aMMOAeNCTBYHOLWMMM vacTuLaMm
HaH aHoypoBHe / Induced potential between interacting particles at
nanolevels / Indukovani potencijal izmedu interaktivnih d&estica u
nanonivoima (doi:10.5937/vojtehg63-7721)

— on page 29, the name of the third author is misspelled. Instead of
BukeHTnsa M. Komaposckasi, there should be written Buktopua M.
Komapogckas;

— on page 40, the name of the third author is misspelled. Instead of
Vikentija M. Komarovskaja, there should be written Viktorija M.
Komarovskaja;

— on page 41, the surname of the first author and the name and the
surname of the third author are misspelled. Instead of Leonid I.
Gretchihin, there should be written Leonid |. Gretchikhin, and instead of
Vikentiya M. Komarovskaya—Viktoryia M. Kamarouskaya.
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No3nB N YTIYTCTBO AYTOPUMA
NPUMAWEHNE N UHCTPYKLIWW 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 NpUMeprMa, AaTo je Ha CTpaHuum caj-
Ta YnyTcTBO 3a XapBapAcky NpUpYYHUK 3a cTun. MoTpebHo je aa ce no3uBake Ha nuTe-
paTypy Yy TEKCTY ypaau y ckrnagy ca MoOMEeHYTUM ynyTCTBOM.

Cuctem ASEESTANT y cBpxy KOHTposne HaBohewa (unTMpamwa) 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-
OpXaTn Makse BaxHe [eTarbe, AonyHcka objalukbera, HasHake 0 kopuwheHum 13BopumMa (Ha
npyMep, Hay4Hoj rpahu, MPMpyYHULMMA), ann He Mory GUTK 3amMeHa 3a LMTVpaHy nnutepaTtypy.

IucTa pecdepeHumn (nuTepartypa)

Lintnpana nutepatypa obyxsata, no npaswurny, Gubnmorpadcke n3sope (4naHke, MOHO-
rpachvje 1 cn.) 1 daje ce UCKIbY4MBO Yy 3acebHOM OferbKy YnaHka, y Bugy nmcte pediepeHum.
PedhepeHLe ce He NpeBofe Ha je3nk pada 1 Habpajajy ce y NoceGHOM oferbKy Ha Kpajy YnaHka.

BojHOTEXHUYKM TMACHUK, KAa0 Ha4YMH ucnuca nutepaType, NpuMekbyje XapBapacku
cucTeM pedpepeHun, OOHOCHO XapBapAcku npupyvHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce obaBesHO nuile Ha NaTMHWUYHOM NUCMY U Habpaja no abeuegHoM
pepocneny, HaBogehw Hajnpe npesumeHa aytopa, 6e3 Hymepauuje.

[eTtarbHO ynyTCTBO O HaudMHy nonvca pedepeHuu, ca npumepuma, 4aTo je Ha
CTpaHMuM cajTa YNyTCTBO 3a XapBapAcku NpupyyHuK 3a ctun. MoTpebHo je aa ce nonuc
nuTepaType Ha Kpajy YnaHka ypaau y cknagy ca moMeHyTUM ynyTCTBOM.

HecTtaHaapaHo, HENOTNYHO M HeJOCNEAHO HaBoheHe NUTEPaType y cucTeMrMva Bpes-
HOBaHsa Yaconmnca cMaTpa ce JOBOrbHMM pasfioroM 3a ocropaBakse Hay4HOr CTaTyca Yaconmca.

Cunctem ASEESTANT y cBpXy KOHTPOME NpaBuiHoOr ucnmuca nucte pedepeHumn Ko-
puctu cneumnjanHy anaTtky RefFormatter: koHTpona obnukoBama pedepeHun y cknagy ca
XapBapACKUM NPUPYYHUKOM 3a CTUI.

MponpaTHO nucmo

Mopep unaHka gocTaBrba ce NponpaTHO NUCMO Y kojem Tpeba ncrtahu o Kojoj BpcTh
ynaHka ce pagu, koju cy rpadudku npunosmn (poTtorpaduje 1 LPTEXKN) OPUTMHATIHK, A KO-
jn no3ajmrbeHu.

Y nponpaTHOM NMCMY HaBOAE Ce U Nnojaun aytopa: UMe, CPpedHE CIOBO, Npe3vme,
UYuH, 3Bakbe, e-mann, agpeca nocnogasua (BI1), kyhHa agpeca, TenedoH Ha pagHOM Me-
cTy u kyhHu (MoOGWUNHW) TenedoH, pavyH U HasuB GaHke, CO MecTa cTaHoBaHa, 6poj
nnyHe kapte n JMB rpahaHa.

AKO je BuLIe ayTopa 4naHka, y npornpaTtHOM MUCMY Ce HaBOAM NOjeAMHAYHM Npo-
LUeHTyanHu yaeo pagu obpavyHa xoHopapa.

CBM pagoBu noanexy CTPy4YHOj peLeH3uju, a 06jaBrbeHn pagoBu U CTPYUHe
peueH3Mje XoHOpULLY ce Npema Baxehum nponucuma.

Cnmcak peueH3eHata BOiHOTEXHWYKOr rracHWka MOXe Ce BWAETW Ha CTpaHvum
caita Cnucak peueH3eHaTta. [lpouec peueHsvparwa objallkbeH je Ha cTpaHuum
cajTa PeLleH3eHTCKM nocTynak.

Appeca pepakuuje:

BOjHOTEXHWYKN rNacHuK,

Bpahe Jyrosuha 19, [lom Bojcke Cpbuje,

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 U3faHWs U No HEOBXOAUMOCTU HO-
mep cTpaHuubl. Hanpumep: (MeTtposud, 2010., nn. 10-20). PekomeHgaumm o cnocode LmMTmpo-
BaHMA pa3MelleHbl Ha cTpaHuue cainta «MHCTpykums no wcnonb3oBaHuio [apBapackoro
ctvnsi». MNpn ocpopmneHnn ccoinok, UMTaT 1 Crncka 1Cnonb30BaHHOW NMTepaTypbl Heobxoam-
MO MPUAEPXKMBATBCHA YCTAHOBMEHHbBIX HOPM.

Mporpamma ASEESTANT npegocTaenseT npu LMTMPOBaHNM BO3MOXHOCTb UCMOSb30Ba-
Hust cepauca CiteMatcher: doukcMpoBaHme NponyLLeHHbIX LMTaT B paboTe 1 Crincke nurepartypbl.

MpumeyaHusa (CHOCKwM)

MpumeyaHusa yka3blBalOTCA BHU3Y CTPaHULbl, HA KOTOPOW HAXOAMTCH TEKCT, K KOTO-
pbIM OHM OTHOCATCA. MoryT coepXaTb MeHee BaXHble AeTanu, AOMNONHUTENbHbIE 06bs-
CHEHVs, yka3aHusa o6 MCrnonb3oBaHHbIX UCTOYHUKAX (Hanp. Hay4YHOM martepware, cnpa-
BOYHMKaX), HO HEe MOryT OblTb 3aMeHON AN LMTUPOBAHHOW NMTepaTtypsbl.

INucT pechepeHumn (nutepaTypa)

LinTnposaHHo nuTepaTypor oxBayeHsbl, Kak npaBusio, bubnuorpacmyeckne NCTOHHUKN
(cTaTtbn, MOHOrpadum u T.M.) M OHa NPeACTaBNAETCA UCKMHYUTENBHO B OTAENBLHOM pasgene
cTaTbu, B BuAe nucra pedepeHumin. PedepeHumm He nepeBoasaTcst Ha A3blk paboThl.

BoeHHO-TexHnYecknin BECTHWK Ans 0hOPMIIEHUS CNMCKA UCMOMb30BaHHOW nuTepa-
Typbl NPUMEHSIET rapBapAckyto cuctemy (Harvard Style Manual). B cnucke nutepatypbl
MCTOYHVKM AaloTcs B andaBnTHOM Mopsake aBTOpPOB MMM pedakTopoB. PekomeHgaunm o
cnocobe UMTUPOBaHUS pasMelleHbl Ha cTpaHuue camta «UHCTPYKUMS no MCrnonb3o-
BaHuo [apBapackoro ctuns». Mpu odopmneHun cnmcka UCnonb30BaHHOW NUTepaTypbl
HeobX0AMMO NPUAEPKUBATHECHA YCTAHOBINEHHBIX HOPM.

Mporpamma ASEESTANT npu ocopmneHun cnucka nutepaTtypbl npegoctaBnset
BO3MOXHOCTb Mcnonb3oBaHus cepsuca RefFormatter: koHTponb ochopmneHus cnucka nu-
TepaTypbl B COOTBETCTBMM CO CTaHAapTamu FapBapAckoro cTunsi.

HecTtaHpgapTHoe, HEMOMHOe W HemnocrnefoBaTeNbHOE NPUBELEHVE nuTepaTypbl B
cucTemMax OLEHKM >XypHamna cyMTaeTcsi JOCTATOMHOW MPUYMHOM ANs ocnapuBaHUs Ha-
Y4YHOro cTaTyca XypHana.

ConpoBoauTenibHOe NMMCbMO

Kpome cTtaTby npenocTaBnsieTcs CONpoOBOAWUTENBHOE MUCbMO, B KOTOPOM HYXHO
ykasaTb O KakOM BUe CTaTbM pedb UAeT, KoTopble U3 rpadnyeckmx npeacraBsneHunn (go-
Torpachmu 1 puUCyHKUN) opurnHarnbeHble, a KOTopble B3ATbI B3aMBbl.

B conpoBognTenbHOM NUCbME NPUBOASTCS U CBeAeHUs 06 aBTope: UMs, cpeaHsist bykea,
bamununsi, YmH, 3BaHue, e-mail, agpec paboTtodatens (BOMHckasi nouta), AOMalUHUIA aapec,
cnyebHbIn TenedoH 1 NUYHBIN (MOBUNEHLIN) TeNedoH, CHET U HAaMMEHOBaHWe BaHka, MyHU-
LMnanuTeT MecTa NpoXvBaHWS 1 eQUHbIA AEHTUUKALMOHHBIA HOMEP rpaXKaaHNHa.

B cnyyae ecnv aBTOPOB CTaTbW HECKOMNbKO, B COMPOBOAUTENIBHOM MUCbME YKa3biBae-
TCS1 JONS y4aCTUs KaXkKaoro U3 HUX OTAENbHO B MPOLIEHTaXx, B LENsSIX pacyeTa roHopapa.

Bce paboTbl nognexar cnewl. peLeH3MPOBaHUIO, B TO BpeMs Kak
onybnuMKoBaHHble PpaGoTbl M chel. pPeLeH3uuM OMfayvYvMBalTCA COrnacHo
OeucTBylOLWEeMY 3aKoHoAaTeNlbCTBY.

Cnncok peuLeH3eHTOB BOEeHHO-TEXHMYECKOro BEeCTHMKA MOXHO MOCMOTpEeTb Ha
cTpaHuue caniTa Cnucok peueH3eHToB. pouecc peueH3npoBaHNs onucaH Ha cTpaHuue
canTa lNMpaBuna peLeH3MpoBaHUS.

MoyToBbLIV agpec peaakunu:
«BojHOTEXHUYKN FNaCHUKY,
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

941

MO3MB N YIMYTCTBO AYTOPUMA / TIPUTTTALLEHWME N MHCTPYKL OJTA ABTOPOB PABOT / CALL FOR PAPERS, pp. 932-946



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 3

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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page(s) after the author's name, e.g. (Petrovic, 2012, pp.10-12). A detailed guide on
citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASESESTANT system uses a special tool
CiteWatcher to find out quotes left out within papers and in reference lists.

Footnotes

Footnotes are given at the bottom of the page with the text they refer to. They can
contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier
applies the Harvard System — Harvard Style Manual. All bibliography items should be
listed alphabetically by author's name, without numeration. A detailed guide for listing
references, with examples, can be found on Military Technical Courier website on the
page Instructions for Harvard Style Manual. Reference lists at the end of papers should
follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

The covering letter

The article should be accompanied with a cover letter with the information about the
author(s): surname, middle initial, first name, citizen personal number, rank, title, e-mail
address, affiliation address, home address including municipality, phone number in the
office and at home (or a mobile phone number), bank account and the name of the bank.

If there are more authors, their share in the article should be given in percents for
honorarium calculation purposes.

The cover letter should state the type of the article and tell which illustrations are
original and which are not.

All articles are peer reviewed. All authors and reviewers are paid an honora-
rium on publication of the article.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review
Process page of the website.

Address of the Editorial Office:

Vojnotehnicki glasnik/Military Technical Courier,
Brac¢e Jugovi¢a 19, Dom Vojske Srbije,

11000 Beograd,

Republic of Serbia.

E-mail: vojnotehnicki.glasnik@mod.gov.rs.

Editor

Nebojsa GaceSa MSc

nebojsa.gacesa@mod.gov.rs
http://orcid.org/0000-0003-3217-6513

tel.: +381 11 3349 497, +381 64 80 80 118
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OBABEWTEHA CAPAOHVLINMA N YATAOLIMMA
INFORMATIONS FOR CONTRIBUTORS AND READERS
COOBLUWEHWA AJTA MAPTHEPOB N YATATEJIEN

LIEOH popnenuo BojHOmMexHUYKOM 2/1iaCHUKY O3HaKy
,KK (KOHTpOMa KBanurteTa)”’ 4eTBpTY roguHy 3a peaom

Llentap 3a eBanyauujy y ob6pasoBawy u Hayum (LEOH,
http://ceon.rs/index.php/sr/), n3gasad Cpnckor umTaTHor WHOekca
(http://scindeks.ceon.rs/), nybnukosao je bubnuomeTpujckm n3BeLTaj] O HAy4YHUM
yaconucuma 3a 2015. roguHy. Y cknagy ¢ yctarb€HoMm rnpakcom, o Tome je oba-
BELUTEHO HaanexHo MuHucTapcTeo y Bnaan Peny6nuke Cpbuje, kako 6u ce pe-
3yntatm ynotpebunum y cknagy ¢ NpaBWiiHMKOM O BpeaHOBaky, OAHOCHO YTBp-
Ouna kateropusaumja gomahumx HaydHUX Yyaconuca 3a 2016. roguHy.

BubnuomeTpujckn n3sewwTaj 3a 2015. roguHy je KyMynaTMBHOT KapakTepa —
obyxBarta nogaTke 3a nepuog og 2002. Hagarse.

LIEOH je n y oBoroamwwem brubnmnometpumjckom nsseLTajy, kKao u y nsse-
wrajuma 3a 2012, 2013 u 2014. rognHy gogenno BOjHOTEXHWYKOM rFaCHUKY
03Haky ,KK (KoHTporna kBanuteta nocpeacteom LIEOH AcucteHTta)” koja o3Hava-
Ba KOHTPOMMCaHW KBanuTeT Yyaconuca y cuctemy esanyauuje. BojHOmexHu4YKu
e/lacHUK je jegaH of npBux vaconuca y CpnckoM LMTaTHOM MHAEKCY Koju je [o-
610 OBy O3HaKy.

Llentp LUEOH npucBoun xypHany «BoeHHO-TeXHMYeCcKni
BECTHMK» 3HAK KadecTBa «KK» (KOHTPOsb KavyecTBa). [JaHHbIN
3HaK npucBanBaeTCA XypHany

«BOEHHO-TeXHNYEeCKUN BECTHUKY

yXXe YeTBepThbIr rog noapsag,

LleHTp no sBanbBauum B o6nactm Haykm u obpasoBaHusa (LLEOH,
http://ceon.rs/index.php/sr/) — nsgarens Cepbckoro mHOeKca HayyYHOro LUTUpPO-
BaHus (http://scindeks.ceon.rs/), onybnmkoBan bubnmoMmeTpuyeckyto OLEeHKY Ha-
YYHbIX KypHanoB, BbINyLeHHbIX B TedyeHne 2015 roga. CornmacHo yTBepxae-
HHbIM HOpPMaM ¥ NpaBunam o pesynbTaTax uccnegoBaHns NPoUHPOPMUPOBAHO
KOMneTeHTHoe MuUHUCTePCTBO [NpaBuTenbctBa Pecnybnnkn Cepbus ¢ uenbto nx
OanbHenLwero NpUMeEHeHUs1 B 06r1acTu KaTeropmsaunm oTe4eCTBEHHbIX HayYHbIX
xypHanos B 2016 rogy, cornacHo NonoxeHuto o kaTeropusaumn. bubnmomeTtpu-
YyecKas oLeHKa Hay4dHbIX XypHanoB 3a 2015 rog nMeeT KyMynsTUBHbIA XapakTep
N ero oxBayeHbl JaHHble 3a nepuog ¢ 2002 roga.
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LeHtp LEOH B BrubnuomeTtpuyeckom otyeTe TekyLlero roga, a Takxke B OT-
yetax 3a 2012, 2013 n 2014 rogbl npuceoun xypHany «BoeHHO-TEXHUYEeCKUi
BECTHMK» 3HaK kadvectBa «KK» (koHTponb kayectBa nytem npunoxeHus LIEOH
ACCUCTEHT)», AaHHBbIM 3HaKOM 0DOO3Ha4yaeTCsl KOHTPOIbHOE KayecTBO nybGruvka-
UMM B cucteme aBanbBaunn. XKypHan «BOeHHO-TEXHUYECKUI BECTHUKY» ABNAET-
Cs1 OAHOM 13 nepBbIx Nybnvkauun B CepOCcKOM MHOEKCE HAYYHOIO LIMTMPOBAHMS,
YAOCTOEHHOW NPUCBOEHMS OAHHOMO 3HaKa.

CEON has marked The Military Technical Courier with
“kk (quality control)” for the fourth year in a row

The Center for Evaluation in Education and Science (CEON,
http://ceon.rs/index.php/en/), publisher of the Serbian Citation Index
(http://scindeks.ceon.rs/default.aspx?lang=en), published the Bibliometric Report
on Scientific Journals for year 2015. In compliance with established practice, the
relevant ministry in the government of the Republic of Serbia was notified so that
the results could be dealt with in accordance with the Regulation on Validation,
i.e. so that national journals could be classified for 2016.

The Bibliometric Report for 2015 is of cumulative nature, encompassing the
data from 2002 to the present.

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

administrativna bibliometrijska

u_} matematika, ratunarske nauke i mehanika v
r.br. naziv éasopisa 2] radstd oprema straAut stralez
1. JEMC 180,00 7,00 26,67 180,00
2. Kragujevac J Mathematics 100,00 7,00 95:45 100,00
3. 5ci Pub Univ Movi Pazar| kontrola kvaliteta posredstvom CEQM Asistenta (93 50,00 100,00
4. Vojnotehnicki glasnik ¥ 160,00 9,50 23,81 35:71
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