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YPEBVBAYKN OOBOP
— reHepan-majop npod. ap bojaH 3pHuh, HauenHuk Ynpase 3a oabpambeHe TexHonorvje Cektopa 3a maTepujarnHe pecypce
MuHuctapcTBa on6paHe Peny6nuke Cpbuje, npeacegHuk Ypehusaukor oabopa, - http://orcid.org/0000-0002-0961-993X,
— pou. ap faHko JoBaHoBwWh, reHepan-majop y NeH3unju, 3ameHuK npeaceaHnka ypehueaykor ogbopa,
— ap CreBaH M. Bepbep, The University of Auckland, Department of Electrical and Computer Engineering, Auckland, New Zealand,
http://orcid.org/0000-0002-2432-3088,
— Hay4Hu capagHuk ap O6pap Yabapkana, nykoBHUK y neH3uju, - http://orcid.org/0000-0002-3949-8227,
— npodcp. Ap Bnagumup YepHos, Bnagumumpckuin rocyaapcTBeHHbI yHuBepcuTeT, Bnagumup, Poccuiickas cdeaepauus (Vla-
dimir State University, Vladimir, Russian federation), " http://orcid.org/0000-0003-1830-2261,
— NyKOBHWK BaHp. npod. Ap MopaH [ukuh, npopekTop YHUBep3uTeTa onbpaxe, Beorpag, - http://orcid.org/0000-0002-0858-1415,
— npoch. Ap AnekcaHap [lopoxoB, XapbKOBCKUI HAaLMOHambHbIN 3KOHOMUYECKUIA yHUBepeuTeT, XapbkoB, YkpauHa (Kharkiv
National University of Economics, Kharkiv, Ukraine), ©http://orcid.org/0000-0002-0737-8714,
— npod. Ap XKersko byposuh, EnektpotexHuykn dbakynteT YHusepauteTa y Beorpagy, - http://orcid.org/0000-0002-6076-442X,
— npodd. Ap Jleonua U. MpeunxuH, MUHCKUI rocyAapCTBEHHbIV BbICLUWIA @aBUALMOHHbIV konneax, MuHck, Pecny6bnvka 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 Cno6oaaH Japamas, wed Katedpe 3a cucteme Haopyxarwa MaluumHckor dpakynTteta YHusepauteta y beorpaay,
— npod. Ap Muogpar JesTuh, reHepan-noTnykOBHUK Y NMEH3Wju,
— pou. Ap Bykuua M. JosaHosuh, 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 Kateape 3a tepmomexaHnky MawmHckor dpakynteta YHusepauteta y beorpagy,
— Hay4Hu caBeTHUK Ap AHa KocToB, VIHCTUTYT 3a pygapcTtso u MeTanyprujy, bop, © http://orcid.org/0000-0003-1893-7187,
— npod. Ap Mutap KoBay, reHepan-majop y neHsuju,
— npod. Ap BpaHko Kosayesvih, nekaH EnextpotexHuukor chakynteTa 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 bBeorpagay,
http://orcid.org/0000-0002-5361-7544,
— npod. Ap Mpagumup B. MunosaHoBuh, penosHu ynaH Cpricke akagemuje Hayka v yMeTHOCTU, MaTemMaTuykm 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-UCTPaXVBaYKkM Dad U paanoKoMyHuKauvje WH-
CTUTYTa 3a TenekomyHwukauuje n enektpoHuky MPUTEN ALl, Beorpag, « http://orcid.org/0000-0002-0455-7506,
— npocb. ap Cnaeko MokopHW, Brcoka Lukona 3a MHhopMaLIMoHe TEXHOMOruje, padyHapcku An3ajH U caBpeMeHo nocriosakse, beorpap,
http://orcid.org/0000-0002-3173-597X,
— nykoBHUK foul. Ap CtesaH Papojunh, HauenHuk BojHoreorpadbckor uHeTuTyTa, Beorpag, - http://orcid.org/0000-0001-7203-0637,
— nykoBHWK gou. Ap 3opaH Pajuh, aupektop BojHoTexHuukor HcTuTyTa, Beorpaa,
— Hay4Hu caBeTHWK Ap AnekcaHaap Poauh, pykosoaunay LieHTpa 3a po6oTtuky NHctutyta ,Muxajno MynuH“, Beorpag,
http://orcid.org/0000-0002-5595-9724,
— npod. Ap CtaHko CtaHuh, pektop YHueepanteta y bawoj Jlyumn, Penybnuka Cpncka, BocHa 1 XepuerosumHa,
— npod. ap JoHen Ctapery, 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 MeHalMeHT 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 YHuBep3auTeTa y Hosom Cagy, - http://orcid.org/0000-0001-5114-2867,
— NoTnNVkoBHWK Mp Heboilwa Mahewwa. vpeaHvk BojHoTexHnykor rmacHuka, cekpetap Ypehusaukor onbopa,
http://orcid.org/0000-0003-3217-6513.
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CreBuua C. KapanaHmpkvH, NONKOBHUK

YHUBEPCUTET OBOPOHbI B I'. BENMPALE

PEKTOP
npodpeccop A-p MnageH BypyHa, reHepan-mariop,  http://orcid.org/0000-0002-3558-4312
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[paraHa MapkoBu4

PEOAKTOP BOEHHO-TEXHUYECKOIO BECTHUKA
KanamoaT TexHuyeckmx Hayk Hebonwa Mavelua, noanonKoBHWK
e-mail: nebojsa.gacesa@maod.gov.rs, Ten.: +381 11 3349 497, +381 64 80 80 118,  http://orcid.org/0000-0003-3217-6513
COBET PEJAKTOPOB
— leHepan mariop npodeccop A-p BosiH 3pHnY, HauanbHUK YnpaBrieHnst 060pPOHUTENBHBIX TEXHONOMI Npy [enapTamMmeHTe MaTtepuarbHbIX
pecypcos MuHncTepcTea 060poHs! Pecnybnnkm Cepbus, npeacenatens Coseta pegaktopos, - http://orcid.org/0000-0002-0961-993X,
— poueHT a-p [laHko VloBaHOBUY, OTCTaBHOW reHepan mMaviop, 3aMecTuTens npeaceaatens Coseta peaakTopos,
—[-b Cresan M. Bepbep. The University of Auckland, Department of Electrical and Computer Engineering, Auckland, New Zealand,
http://orcid.org/0000-0002-2432-3088,
— leHepan maviop npocbeccop A-p MnageH BypyHa, pextop YHuBepcuteTa 06opoHbl B . Benmpage, - http://orcid.org/0000-0002-3558-4312,
— Mpodbeccop a-p Jleonna MpeunxuH, MUHCKUI rocyAapCTBEHHbIN BbICLLNA aBUALMOHHBIN konnemk, MuHck, Pecnybnvka Benapyce,
http://orcid.org/0000-0002-5358-9037,
— MNpodpeccop a-p AnekcaHgp [JopoxoB, XapbKOBCKWI HALMOHaMNbHbIA SKOHOMUYECKUI YHBEPCUTET, XapbKoB, YKpauHa,
http://orcid.org/0000-0002-0737-8714,
— MonkoBHWK AoueHT a-p MopaH Ovkuy, npopekTop YHuBepcuteTa 060poHbl, . Benrpag, * http://orcid.org/0000-0002-0858-1415,
— Mpodpeccop a-p XKenbko [xypoBud, AnekTpoTexHudeckuin dakynbTeT Benrpagckoro yHMBepcuteTa,
http://orcid.org/0000-0002-6076-442X,
— Mpodpreccop A-p Muoapar EBTuY, oTcTaBHOM reHepan-mainop,
— Mpodeccop a-p Anexca 3eiak, PakynbTeT TEXHUYECKUX HayK YHuBepcyvTeTa B r. Hosu Cap, - http://orcid.org/0000-0001-5114-2867,
— Mpodeccop a-p NosaH NcakoBuy, BoeHHO-TEXHWUYECKW MHCTUTYT, Benrpaga,
— Mpodpeccop a-p CroGopaH Napamas, HauanbHuk Kadbenpbl no BOeHHOMY MalLMHOCTPOeHUo MalLmHOCTpouTenbHOTO dhakyrbTeTa
npv benrpaackom yH1BepcuTeTe,
— A-p Bykuua M. MosaHosuy, 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, oTcTaBHOW reHeparn-marnop,
— Mpodpeccop a-p BpaHko KoBaueBuy, aekaH SnekTpoTexHudeckoro dakyrnsteta benrpaackoro yHuBepeuTeTa,
http://orcid.org/0000-0001-9334-9639,
— Mpodbeccop a-p Mupko KomatuHa, HavanbHuk Kadeapbl TepMomexaHukn MalumHocTpoutensHoro cakynbteta benrpag-
CKOro YHUBEPCUTETA,
— HayuHbin coBeTHUK A-p AHHa KocTtoB, MIHCTUTYT ropHoro aena v metannyprum, r. bop, © http://orcid.ora/0000-0003-1893-7187,
— [-p Bacunuin M. Manosu4, Combustion and CCS Centre, Cranfield University, Cranfield, UK,  http://orcid.org/0000-0002-8377-7717,
— lMpodpeccop a-p Momuuno MunuHoeu4y, MalimHocTpoutensHuin dhakynsteT Benrpagckoro yHuBepcuteTa,
http://orcid.org/0000-0002-5361-7544,
—Mpodbeccop a-p MNpagumup B. MunosaHoBmd, uneH CepGekort akagemmn Hayk, Benrpag, - http://orcid.org/0000-0002-3255-8127,
— Mpodeccop A-p Mutap HoeakoBwy, YHuBepcuteT B . BoctouHoro CapaeBo, Pecnybnivika Cepbckasi, BocHusi u lepLierosuHa,
— HayuHbiii coBeTHuk a-p Mpeppar MNeTpoBuy, Ynpaensiowwii AUPEKTOp Mo BOMpocam uccrenosatensckux pabot UHctutyta
TenekoMMmyHwukaumin n anektpoHuku «IRITEL AD» r. Benrpag, © http://orcid.org/0000-0002-0455-7506,
— Mpodeccop A-p Cnaeko MNokopHu, Konneax MHMOPMAaLUMOHHBIX TEXHOMOIMI, KOMMBIOTEPHOTO AM3aliHa U COBPEMEHHOrO
6usHeca, benrpag, *http://orcid.org/0000-0002-3173-597 X,
— MonkoBHWK foueHT A-p CteBaH Panonuny, HavyanbHUK BoeHHo-reorpaduyeckoro MHCTUTYTa, r. benrpag, dakynsteTta npu
Benrpapckom yHusepcuteTe, - http://orcid.org/0000-0001-7203-0637,
— MNonkoBHWK goueHT A-p 3opaH Painny, aupektop BoeHHo-TexHMYeckoro HCTUTYTa B . Benrpage,
— HayuHbIli coBeTHVIK A-p AnekcaHap Poawvd, pykoBoautens LieHTpa poGotoTexHuki HeTuTyTa umenn «Muxauno MynuH» B 1. Benrpage,
http://orcid.org/0000-0002-5595-9724,
— Mpodeccop a-p CtaHko CtaHuny, YHusepcuteT B . bans-lyka, Pecny6nuka Cepbckas. BocHusa n MepuerosuHa.
— Mpodpeccop a-p Vionen CrapeTty, TpaHCUnbBaHUIACKWIA yHUBEPCUTET B T. Bpaluos, PymbiHus, - http://orcid.org/0000-0001-5947-7557,
— HayuHbiii coBeTHuk a-p Cpeuko C. Ctonuy, 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 TpasHoBwY, HadanbHUK Kadeapbl UT 1 meHemkmeHTa MalwumHocTpouTensHoro dakynsteTa B r. Huwe,
http://orcid.org/0000-0002-3325-0933,
— HayuHbi coBeTHuK a-p O6pag Yabapkana, oTcTaBHOM NONKOBHUK, - http://orcid.org/0000-0002-3949-8227,
— Mpodeccop a-p Bnagumup Yepros, Bnagumupckuii rocyaapcTBeHHbIN yHMBepcuTeT, Bnagummp, Poccuiickas dbepepaums,
http://orcid.org/0000-0003-1830-2261.
— NoanonkoBHWK kaHAMAAT TeXHUYeckunx Havk Hebolwa Mavelwa, peaaktop BoeHHO-TEeXHUYECKOro BECTHUKA, CeKpeTapb
CoseTa pepakTopos, ‘- http://orcid.org/0000-0003-3217-6513.
Agnpec pepakumu: BOJHOTEXHUYKW MMACHWK, Bpahe Jyrosuha 19, Beorpaa
http://www.vtg.mod.gov.rs
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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, npucrnaHHble psBaKuuu XypHana He eo3epauwjaromcs
JKypHana BbinycKkaeTcs exekBapTanbHO
MepBbIt HOMep BoeHHO-TexHUYeckoro BecTHuKa 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 gaHHbIX U CEPBUCOB.
MeuyataeT: BojHa wramnapuja — Beorpag, Pecascka 406, e-mail: vojna.stamparija@mod.gov.rs
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Summary:

The plasma spray process is used extensively in the aerospace
industry for manufacturing key components exposed to excessively
high temperatures, aggressive chemical environments, wear, abrasion,
erosion and cavitation. The process covers a large field of parameters
so that almost every layer can be combined with any other as well as
with the base material. Coatings can be deposited uniformly; therefore,
they allow worn components to be brought to final dimensions in the
process of aircraft repair. This research shows an effective procedure
of the application of plasma spray coatings on the parts of the Astazou
Il B turbo - jet engine in the process of repair.The engine
manufacturer, Turbomeca, has prescribed that powders should be
deposited by plasma spray systems under designation Metco 3M and
7M for the prescribed parameters of powder deposition, so that during
the application of other plasma spray depositing systems the
parameters must be tested and optimized. The aim was to apply the
Plasmadyne plasma spray system during the repair process and to
optimize the parameters, which will enable producing coatings that
fulfill all the criteria prescribed in the engine manufacturer standard.
The optimization of the parameters was carried out with a plasma gun
MINI - GUN Il with a large number of samples. This paper presents the
optimal parameters of the deposition on the ASTAZOU IIl B engine
casing, casing frame, duct and oil tank. The assessment of the coating

ACKNOWLEDGEMENT: The author is thankful for the financial support from the Ministry
of Education and Science and Technological Development of the Republic of Serbia
(National projects Ol 174004, TR 34016).

Mrdak, M., Study of the application of plasma sprayed coatings on the sections of the Astazou Il B turbo - jet engine, pp. 1-25

1o



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

mechanical properties was done by the HV,3 microhardness testing
method. Tensile bond strength of the coatings was investigated by a
tensile test. The microstructures of the coating layers were evaluated
on an optical microscope - OM. The analysis of the microstructures
and the mechanical characteristics of the coatings was done in
accordance with the TURBOMECA standard. The quality of the
deposited coatings was confirmed by a 42-hour test of the ASTAZUO
Il B engine parts on a test stand. The performed tests have confirmed
the quality of the coatings thus enabling the application of the plasma
spray technology in the process of the ASTAZOU Il B engine
overhaul.

Key words: spray coatings, repairs, plasmas, engines, deposits, coating.

Introduction

The development of jet engines and the demands for increased
resistance to oxidation, hot corrosion and sulphuring of engine parts
influenced the development of the thermal spray process and nickel-
based powders. For the protection of parts of jet engines, NiAl, NiCr,
NiCrAl, NiCrAlY, CoCrAlY, NiCoCrAlY, etc. plasma spray coatings are
commonly used today. The most effective protection of substrates from
oxidation at temperatures above 800°C is provided by coatings which
form oxides of the a-Al,O; and Cr,O; type. In most cases, coatings
forming a continuous layer of a-Al,O3 are applied since this type of oxide
is superior and more reliable as compared to other types of oxides
(Mrdak, 2012, pp.182-201). At the beginning of the oxidation, NiO, a-
Al,O3 and Cr,0; oxide types are rapidly formed as well as spinel phases.
The relative ratio of these phases is determined by the initial composition
of the alloy. As oxidation continues, the diffusion processes are
beginning to show their effects. The nature of these effects depends on
the content of the chemical elements in the coating and the diffusion
parameters. When the coating has a low content of chromium and
aluminum, protective continuous a-Al,O; and Cr,O; oxide layers cannot
be formed on the coating surface; instead, undesirable continuous NiO
oxide layers are formed. The mechanism of the NiO oxide growth causes
the formation of micro pores in the oxide / alloy interlayer. Micro pores
grow and merge into large macro pores. The mechanism of the NiO
oxide growth creates significant stress which eventually leads to cracks
in the oxide layer. The coefficient of the thermal expansion of NiO oxide
and that of metal vary considerably. NiO oxide is subjected to tensile
stresses as a metal base, so that the elastic deformation of the metal
substrate causes breakage and peeling of the oxide layer on the coating
surface (Mrdak, 2012, pp.182-201). In order to build up continuous o-
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AlLO; and Cr,O; oxide layers on the coating surface, a minimum of
20%Cr and 5%Al should be used for nickel alloys. NiCrAl alloy is added
as well as yttrium for better cohesive oxide strength and better adhesive
strength of the oxide coating on the substrate. Depending on the alloy
type, the content of yttrium in the alloy ranges from 0.1 to 0.5% (Mrdak,
2012, pp.182-201). In exploitation, coatings are often exposed to the
influence of impurities in the fuel and air. Depending on gas impuirity,
coatings can be exposed to a greater or lesser influence of Na, S and V.
At high temperatures, diffusion processes occur at the interface between
the coating and the gaseous environment, accelerating deposit corrosion.
As far as air impurities are concerned, salt sucked by a turbojet engine is
in the first place. Salt has the greatest impact on the corrosion of the
parts of the turbojet engine that runs on distilled fuel without vanadium
content. Salt sucked into the engine reacts with sulfur in the fuel to form
sodium sulfate. In gas turbines that operate in the medium where
chlorine is present, sodium chloride can also occur. This concerns air
vehicles with a gas turbine developing a temperature at the turbine exit of
about 750 °C, stationed on aircraft carriers or in coastal areas. Vanadium
can also occur as impurity originating from fuel combustion. During fuel
combustion, ash with a low melting point is created and deposited on the
gas turbine components. Sulfur in fuel reacts with chromium from the
alloy, thus forming chromium sulfate which precipitates on grain
boundaries. During oxidation, chromium bonds with oxygen,
simultaneously releasing sulfur that diffuses into the depth of the surface
layer. In this way, new sulfides are formed beneath chromium oxide.
Sulphur never goes into the atmosphere, but still diffuses through the
surface layer, causing hot corrosion (Mrdak, 2012, pp.182-201). The
experience of Turbomeca company which, in the production of the
Astazou Ill B engine, applies plasma spray coatings resistant to oxidation
and hot corrosion, as well as coatings for the repair of parts made of Al
alloys, enabled the usage of plasma spray technology in the process of
engine overhaul. The engine manufacturer prescribes that powder is to
be deposited by plasma spray systems labeled Metco 3M and 7M for the
prescribed parameters of powder deposition; therefore, the parameters
must be optimized when applying other plasma spray depositing systems
in order to meet all the criteria set by the Turbomeca standard. For
saving and repairing engine parts from oxidation and hot corrosion, the
manufacturer of the Astazou Ill B engine uses Ni/5Al, NiCr/6Al and
Ni22Cr10AI1Y powders, and, for recovery of dimensions and repair of
parts from aluminum alloys, it uses Al12Si powder. Composite Ni/5Al
powder, due to its exothermic reaction during deposition, provides good
bonding of the coating to the substrate. The products of this reaction are
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intermetallic compounds NiAlz, NiAl; and NiAl which add to the strength
of the coating. These are thick coatings with metallurgical bond at the
interface with the base material. The coating consists of lamellae of a
solid solution of aluminum in nickel a-Ni (Al), and inter-lamellar oxides
NiO and y-Al,O; uniformly distributed over the boundaries of solid
solution lamellae (Knotek, et al., 1980, pp.282-286), (Mrdak, 2015, pp.32-
55), (Mrdak, 2013, pp.7-22), (Svantesson, Wigren, 1992, pp.65-69).
Coatings are resistant to oxidation, gas corrosion, wear, abrasion and
erosion at temperatures up to 980°C. Bond strength with the substrate
remains adequate to 700°C (Giriffiths, et al., 1980). Coatings deposited in
accordance with the Turbomeca standard have values of microhardness
of min.140HV,; and bond tensile strength of min.35MPa. NiCrAl types of
coatings in a deposited state consist of a solid solution of chromium and
aluminum in nickel y-Ni (Cr,Al). NiO, a-Al,O3, Cr,O3, and CrOj; oxide
types are present in layers as well as Ni(Cr,Al;)O, spinel phases
(Badrour, et al., 1986, p.1217), (Brossard, et al., 2009, pp.1-9), (Mrdak,
2010, pp.5-16), (Mrdak, 2012, pp.182-201), (Mrdak, 2013, pp.7-22),
(Tran, et al., 2008, p.701). Tensile bond strength of the coating stays
adequate to the operating temperature of 980°C (Mrdak, 2012, pp.182-
201). Coatings deposited by the Turbomeca standard have values of
microhardness of min.170HV, ; and tensile bond strength of min.35MPa.
NiCrAlY alloy is used to protect parts from hot corrosion and high
temperature oxidation up to 1100°C (Material Product Data Sheet, 2013,
Nickel Chromium Aluminum Yttrium (NiCrAlY) Thermal Spray Powders
Amdry 963, DSMTS-0102.1, Sulzer Metco). Addition of yttrium is
essential because it significantly increases the adhesion of Al,O; and
Cr,05; oxides that are formed in the coating with the coating base, thus
preventing cracking and separation of the protective surface oxide layer
at thermal fatigue (Mrdak, 2012, pp.182-201). The structure of the inner
layers of the coating consists of a solid solution of chromium and
aluminum in nickel y-Ni(Cr,Al) and the intermetallic compound y'-NizAl.
NiO, a-Al,Os, Cr,05 and NiCr,03 oxides are also present in the structure
(Badrour, et al., 1986, p.1217), (Leea, 2005, pp.239-242). Coatings
deposited by the Turbomeca standard have microhardness values of
min. 200HV,; and tensile bond strength of min. 35 MPa. Al12Si coating
is of a general purpose and is applied for the protection of new aviation
parts and in the repair process to restore dimensions of aluminum and
magnesium alloy parts changed due to wear (Material Product Data
Sheet, 2011, Aluminum 12% Silicon Thermal Spray Powders Metco 52C-
NS, DSMTS - 0045.2,Sulzer Metco), (Pramila Bai, Biswas, 1987, p.61).
In the deposited state, the coating microstructure consists of two phases:
a-Al solid solution and a-Al + Si eutectic mixture. Fine eutectic grains of
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a-Al + Si are uniformly formed on the boundaries of the a-Al solid
solution (Laha et al. 2005, pp.5429-5438). Coatings deposited by the
Turbomeca standard have microhardness values of min.70HV,; and
tensile bond strength of min. 25 MPa. For all coatings, the allowed share
of micro pores in the microstructure is max.8% and that of unfused
particles is up to 15% of a particle size below 60um (Turbojet engine-
standard practices Manuel, Turbomeca).

The aim of the research was to apply the plasma spray system of the
Plasmadyne company in repair of the Astazou lll B engine and to optimize
the powder deposition parameters, in order to produce coatings that will
fulfill all the criteria prescribed in the standard of the engine manufacturer.
The optimization of the parameters for a MINI - GUN Il plasma gun was
performed on fixed samples in a special tool. A large number of samples
was made to obtain the microstructures and mechanical properties of
coatings that will fulfill all the criteria prescribed by the Turbomeca standard.
This paper presents the optimum parameters with which coatings are
deposited on turbine casing, casing frame, duct and oil tank as well as the
mechanical and structural characteristics of the coatings tested on the
Astazou lll B turbojet engine on the test stand. The performed tests have
confirmed the quality of the coatings thus allowing the application of plasma
spray technology in the Astazou Ill B engine overhaul.

Materials and experimental details

For testing and applying coatings on the parts of the Astazou Ill B
turbo-jet engine, four types of Sulzer Metco powders were used: Metco
450NS, Metco 443NS, Amdry 963 and Metco 52C-NS. Metco 450NS
powder (Ni/5Al) based on Ni is intended to protect the turbine casing
from the influence of high temperature, hot corrosion and erosion. The
powder Ni/5Al particles coated with the Ni content of 95.5% and the Al
content of 4.5% had a distribution of the granulate of 45-88 ym (Metco
450NS Nickel/Aluminum Composite Powder, 2000, Technical Bulletin
10-136, Sulzer Metco). For the protection of the turbine casing frame
from the impact of sand at lower temperatures, Metco 443NS powder
(Ni19Cr/6Al) containing 19% Cr and 6% Al was applied. The powder
had a grain range of 45-120 um (Metco 443NS Nickel-
Chromium/Aluminum Composite Powder, 2000, Technical Bulletin 10-130,
Sulzer Metco). To produce a coating resistant to high temperature
oxidation and hot corrosion up to 1200 °C, applied to the duct,
Ni22Cr10AI1Y powder alloy with a range of granulation of powder
particles of 53-106 ym was used (Material Product Data Sheet, 2013,
Nickel Chromium Aluminum Yttrium (NiCrAlY) Thermal Spray Powders
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Amdry 963, DSMTS-0102.1, Sulzer Metco). To restore the size of the
opening in the Astazou Il B engine oil tank, Metco 52C-NS powder was
applied, which is aluminum alloy with 12% Si. The granulation of the
powder particles was from 45-90 pym (Material Product Data Sheet,
2011, Aluminum 12% Silicon Thermal Spray Powders Metco 52C-NS,
DSMTS — 0045.2,Sulzer Metco).

The investigation of the structural and mechanical characteristics of
the coatings was done in accordance with the Turbomeca standard
(Turbojet engine-standard practices manuel, TURBOMECA). The
substrate material of the samples where Ni5AI, Ni19Cr6Al and
Ni22Cr10AI1Y coating layers were deposited was stainless steel
X15Cr13 (EN 1.4024) in the thermally unprocessed condition. The
substrates of the samples where Al12Si coatings were deposited were
made of AMS4117 aluminum alloy (AIMg1 EN5005). For microhardness
testing and evaluation of the microstructure of the deposited state,
70x20x1.5 mm samples were made. The bases for examining tensile
bond strength were @25x50mm. The investigation of the microhardness
of coatings was done using the HV,; method. In order to assess the
homogeneity of the coating layers, the microhardness measurement was
carried out in a direction along the lamellae. Five readings of
microhardness values were performed, in the middle and at the ends of
the samples, out of which the two extreme values were rejected. The
minimum and maximum values of the three remaining values are
presented. Tensile bond strength was examined using the tensile test.
The tests were performed at room temperature at a tensile speed of 10
mm / min on the hydraulic equipment. Every part of the Astazou Il B
engine was tested by five specimens. The engine parts samples were
rotated at the same rotational speed to ensure the same conditions of
coating deposition. The obtained results were averaged and the paper
presents the average tensile bond strength values.

The microstructure of the deposited coating layers was examined on
an optical microscope - OM. The analysis of the micro pores share in the
coating was performed by treating 5 photos at 200X magnification.
Through tracing paper, micro pores were labeled and shaded, with a total
area of micropores calculated for the total surface of micrographs. The
paper presents the mean values of the micropores share in the coatings.
Table 1 shows the parts of the Astazou Il B turbojet engine, the types of
materials used for its parts and the operating conditions for the oparating
parts on which coatings were deposited. All Astazou Ill B engine parts
are made of special purpose aircraft materials. The oil tank is made of
AG5 - EN AW-5083 aluminum alloy, the casing frame and the turbine
casing of 15CDV6 - EN 1.7734 stainless steel, and the duct of AFNOR
Z3NCT25 - ASTM A638 nickel alloy.
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Table 1 — Parts of the ASTAZOU Il B turbo-jet engine
Tabnuya 1— [detanu TypbopeakTtusHoro asuratens ASTAZOU Il B
Tabela 1 — Delovi turbo-mlaznog motora ASTAZOU Il B

No. Part name Material Operating conditions
Temperature
1. Turbine casing 15CDV6 t=500-700°C erosion and hot
corrosion
2. Casing frame 15CDV6 Air =200°C, sand particles

High temperature
3. Duct Z3NCT25 tmax =1200°C,
hot corrosion

Synthetic oil

4, Oil tank AG5 t =80-120°C, wear

Turbomeca, engine manufacturer, prescribed that on the Astazou Il B
engine parts powders are to be deposited with Metco 3M and 7M
equipment for the prescribed parameters of powder deposition and the
standards on the quality of deposited coatings. Powder deposition
parameters were optimised for an atmospheric plasma spray system of
the Plasmadayne company that uses a specially designed plasma spray
gun MINI - GUN Il with the dimensions of @25 X 600 mm. A large
number of samples were used and the paper shows the optimal
parameters with which coatings were deposited on the Astazou Il B
turbojet engine parts tested on the test stand.

Powder was deposited on the samples and the parts under the
same conditions in specially designed and manufactured tools. Coatings
were deposited on the preheated rough samples and engine parts at a
temperature of 90-120 °C. The MINI - GUN Il plasma gun consisted of:
anode A 2084-F45, cathode K 1083-129 and gas injector Gl 2084 B — 103.
The coating deposition was performed with the power supply of 40KW.
All coatings were deposited with a plasma gas mixture of Ar-He. The
layer thickness of NiAl, NiCrAl and NiCrAlY coatings with a single plasma
gun pass was 25um. The thickness of the Al12Si alloy layer with a single
pass of the plasma gun was 30 um.

Figure 1 shows the APS - atmospheric plasma spray system of the
Plasmadyne company used to produce coatings. The figure shows the
process of powder deposition with a MINI GUN Il plasma gun on the
Astazou Il B turbine engine in a cabin protecting from ionic radiation and
noise. The deposition process is performed with a RISE robot.
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Puc. 1 — HaHeceHune nopoluka Ha kopnyc TypbopeakTuBHoro gsuratens HaHeceHve
nopoLlKa Ha kopnyce TypouHbl B B TypbopeakTmBHbIx Astazou I
Slika 1 — Depozicija praha na kuéistu turbine turbomlaznog motora ASTAZOU 1l B

Table 2 shows the plasma spray parameters for depositing powders
with a MINI - GUN Il plasma gun. The thickness of the deposited NiSAl
coating on the turbine casing and the Ni19Cr6Al coating on the casing
frame was from 0.55 to 0.6 mm. The coating thickness was increased by
0.3 mm for extra machining. The Ni22Cr10AI1Y coating thickness on the
edges of the duct ranged from 1.2 - 1.5 mm. It was increased by 0.3 mm
for coating machining. At the opening of the oil tank, the Al12Si coating
was deposited with a thickness from 0.54 to 0.6 mm with additional
thickness for machining.

The investigation of the effect of the deposited coatings on the parts
of the ASTAZUO Il B turbojet engine was done at the test stand with the
engine operation time of 42 hours. The wear of the coatings was
determined on the basis of the change in the dimensions of machined
surfaces after testing the engine parts. The change in dimensions was
measured on a coordinate measuring machine MAUSER ML 28 at eight
measuring points around the perimeter of cylindrical parts. This paper
presents the mean values of coating wear in mm, compared with the
values of allowed tolerances of machined parts.

Table 2 — Plasma spray parameters
Tabrnvua 2 — MNapameTpbl NNasMEHHHOrO HanbINUTENS
Tabela 2 — Plazma sprej parametri

Parameters Ni5Al Ni19Cr6Al Ni22Cr10AI1Y Al12Si
Electric 800 800 750 800
Current, (A)
Arc voltage, (V) 38 37 40 36
Primary plasma gas, Ar (I/min ) 75 75 50 75
azc(m%ﬁ;y plasma gas, 12 17 37 12
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Parameters Ni5Al Ni19Cr6Al Ni22Cr10AI1Y Al12Si
Carrier gas powder,
Ar (I/mir?) P ’ 12 10 !
Rotation of th'e disc for 3.2 25 25 23
powder, (o/min )
Distance of plasma guns, (mm) 60 60 65 60
Circumferential speed of the 500 500 500 340

parts, ( mm/s )

Plasma gun speed, (mm/s ) 3 3 3 3

Results and discussion

Figure 2 shows the turbine casing of the Astazou Il B turbojet
engine and the microstructure of the deposited Ni5Al coating. Red lines
on the casing mark the inner surface protected by the plasma spray
Ni5Al coating from hot corrosion and erosion caused by particles carried
by gas. The microstructure of the Ni5Al coating is lamellar. The light blue
lamellae of the coating consist of the a solid solution of aluminum in
nickel a-Ni (Al). At the inter-lamellar boundaries of the a solid solution,
there are evenly distributed nickel oxide NiO and aluminum y-Al,O3
marked with red arrows (Knotek, et al.,1980, pp.282-286), (Mrdak, 2013,
pp.7-22), (Svantesson, Wigren, 1992, pp.65-69). Between the lamellae
boundaries of the solid solution and oxide lamellae, there are irregularly
shaped dark blue inter-lamellar pores. There are also spherical
precipitates of a size of 18 to 25um, which are always smaller than the
granulation of deposited powders. The precipitates did not affect the
mechanical properties of the coating. The layers of the deposited Ni5SAl
coating had the microhardness values of 155 - 179HV, ;. The mean value
of the tensile bond strength of the coating was 72MPa. The mechanism
of destruction was that of adhesion on the substrate / coating boundary.
The values of the microhardness and tensile bond strength of Ni5Al
coating are above the minimum values prescribed by the Turbomeca
standard (min.140 HV,3 and min.35 MPa) (Turbojet engine-standard
practices manuel, TURBOMECA). The analysis of photomicrographs of
NiSAl coatings showed that the proportion of pores was 2.5%. The
content of pores was significantly lower than the value set by the engine
manufacturer Turbomeca (max.8%pores). In the microstructure, there
were no unfused powder particles of 45-60 ym, whose presence is
allowed in a content of up to 15% by the Turbomeca standard (Turbojet
engine-standard practices manuel, TURBOMECA).
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Figure 2 — Turbine casing of the ASTAZOU Il B turbojet engine and the microstructure
of the NiSAl coating
Puc. 2 — Kopnyc Typ6uHbl TypbopeaktusHoro gsuratens ASTAZOU IIl B
1 MUKPOCTPYKTYpa nokpbiTust NiSAl
Slika 2 — Kuciste turbine turbomlaznog motora ASTAZOU Il B i mikrostruktura prevlake
Ni5Al

Figure 3 shows the casing frame of the Astazou Ill B engine and the
microstructure of the deposited Ni19Cr6Al coating. The inner surface of
the casing frame marked with red lines has the deposited Ni19Cr6Al
coating which protects the surface from abrasion of sand particles up to
200°C. Coating layers are deposited uniformly on the inner surface, with
the coating mechanical properties and its microstructure showing the
quality better than that prescribed by the Turbomeca standard. The
values of microhardness and tensile bond strength in the Turbomeca
standard are min.170HV,; and 35MPa (Turbojet engine - standard
practices manuel, TURBOMECA).
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Figure 3 — Casing frame of the ASTAZOU Il B turbojet engine and the microstructure of
the Ni19Cr6Al coating
Puc. 3 — BxogHas kpomka kopryca TypbopeaktusHoro asuratens ASTAZOU Il B n
MUKpocTpykTypa nokpbitnsa Ni19Cr6Al
Slika 3 — Medukuciste turbomlaznog motora ASTAZOU Il B i mikrostruktura prevlake
Ni19Cr6Al

The microhardness values of the coating were in the range of 278-315
HV,3. The distribution of microhardness was directly related to the
distribution of oxides and pores in the coating layers. The mean value of
tensile bond strength of the coating was 52MPa. The character of
destruction was adhesion. The structure of the coating layers is lamellar.
The coating base consists of light blue lamellae of the solid solution of
chromium and aluminum in nickel y-Ni. At solid solution lamellae
boundaries, there are the lamellae of oxides NiO, a-Al,O3, NiCr,O3; and a
small amount of Cr,O3; marked with red arrows (Brossard, et al., 2009,
pp.1-9), (Mrdak, 2012, pp.5-16), (Mrdak, 2012, pp.182-201). Between the
boundaries of solid solution lamellae and oxide lamellae there are inter
lamellar pores in dark blue. The analysis of photomicrographs showed
that the Ni19Cr6Al coating layers had a share of micro pores of 3.5%.
The analysis of the coating microstructure showed that the coating
microstructure did not contain unfused powder particles whose presence
is permitted by the Turbomeca standard in the amount up to 15% and of
size under 60 pum (Turbojet engine-standard practices manuel,
TURBOMECA). Figure 4 shows the duct of the Astazou Ill B turbojet
engine and the microstructure of the deposited Ni22Cr10AI1Y coating.
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Figure 4 — Duct of the ASTAZOU Il B turbojet engine and the microstructure
of the Ni22Cr10AI1Y coating
Puc. 4 — NpomexyTouHbIn KOHTYp TypbopeakTnsHoro asuratenss ASTAZOU IIl B
1 MukpocTpykTypa nokpbitus Ni22Cr10AI1Y
Slika 4 — Sprovodni aparat turbomlaznog motora ASTAZOU Il B i mikrostruktura prevlake
Ni22Cr10AIMY

The red lines mark the surfaces of the duct ridges where
Ni22Cr10AI1Y coating layers were deposited, protecting the surface from
high temperature oxidation and hot corrosion up to 1200°C. The
microstructure of the deposited Ni22Cr10AI1Y coating is lamellar. The
coating base consists of light blue lamellae of the y-Ni and y'-Ni;Al solid
solution. The internal structure of the coating is a heterogeneous mixture
of the metal basis (y-Ni + y'-NizAl) with precipitates, micropores and NiO,
a-AlL,O3, Cr,03 and NiCr,O3; oxides (Badrour, et al., 1986, p.1217) (Leea,
2005, pp.239-242). At the interlamelar boundaries of the y-Ni solid
solution, there are oxides distributed, in darker shades of blue than the
coating base. Dark blue, irregularly shaped pores are present between
the boundaries of solid solution lamellae and oxide lamellae. Fine
spherical precipitates of the size of 5 to 10um are present in the
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microstructure. The microhardness values of the deposited layers were in
a range of 297 - 328HV, 3. The mean value of the coating tensile bond
strength was 49MPa. The mechanism of destruction was adhesion on
the substrate / coating boundary. The values of microhardness and
tensile bond strength of the Ni22Cr10AI1Y coating are above the
minimum value prescribed by the Turbomeca standard ( min.200 HV,3
and Min.35 MPa) (Turbojet engine-standard practices manuel,
TURBOMECA). The analysis of the micrographs of the Ni22Cr10AI1Y
coating showed that the pore share was about 3%. The content of micro
pores was lower than the value set by the engine manufacturer
Turbomeca (max.8% pores). Unfused powder particles up to 60um,
whose presence is allowed in the content up to 15% by the Turbomeca
standard (Turbojet engine-standard practices manuel, TURBOMECA),
were not found in the microstructure. Figure 5 shows the oil tank of the
Astazou Il B turbojet engine and the microstructure of the deposited
Al12Si coating. The hole in the oil tank is marked with a red circle, the
inner surface of which is protected by the plasma sprayed Al12Si coating
against the effects of synthetic oils and wear.

Figure 5 — Qil tank of the ASTAZOU Il B turbojet engine and the microstructure of the
Al12Si coating
Puc. 5 — MacnsHbii pe3epByap TypbopeaktusHoro gsuratenst ASTAZOU Il B
N MUKPOCTPYKTypa nokpbiTnst Al12Si
Slika 5 — Rezervoar za ulje turbomlaznog motora ASTAZOU Il B i mikrostruktura
prevlake Al12Si

The microstructure of the Al12Si coating consists of two phases, the
a-Al solid solution and the a-Al + Si eutectic mixture. At the boundaries of
the a-Al solid solution, dendritic solidification resulted in a-Al + Si eutectic
grains (Laha et al. 2005, pp.5429-5438), (Pramila Bai, Biswas, 1987,
p.61). The content of pores in the coating was negligible, which is why
the coating microhardness value was at the upper limit of 130 HV,3. The
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mean value of tensile bond strength of 27MPa was in accordance with
the coating microstructure. The mechanism of destruction was adhesion
at the substrate / coating boundary. The values of microhardness and
tensile bond strength of the Ni12Si coating are above the minimum value
prescribed by the Turbomeca standard (min.70HV,3; and min.25 MPa)
(Turbojet engine-standard practices Manuel, Turbomeca). In the
microstructure there are no unfused powder particles, although the
Turbomeca standard allows their presence up to 15%, with a size below
60um (Turbojet engine-standard practices Manuel, Turbomeca).

After the tests at the test station, the wear of the coatings was
significantly lower than the allowable tolerance for engine parts. The
NiSAl coating wear on the turbine casing of 0.002 mm is significantly
lower than the allowable tolerance of 0.3 mm. The Ni19Cr6Al coating
wear on the casing frame was 0.0025 mm, while the allowed dimension
tolerance for the casing frame is 0.3 mm. The Ni22Cr10AI1Y coating
wear on the duct ridges was 0.001 mm, while the tolerance for the
Ni22Cr10AI1Y coating on the duct ridges is 0.05 mm. At the opening of
the oil tank, there were no changes in the size of the Al12Si coating,
which is understandable because the coating is subjected to wear during
opening and closing of the the tank when changing oil. The wear of the
coatings on all tested parts was low. Based on the test results, plasma
spray coatings have been successfully applied in the process of the
general repair of the Astazou Il B turbojet engine.

Conclusion

The research into the characteristics of coatings deposited on the
Astazou lll B turbojet engine parts by the atmospheric plasma spray
system of the Plasmadyne company, with a MINI GUN Il plasma gun,
showed that they fully meet the criteria established by the engine
manufacturer Turbomeca for coatings deposited by the Metco 3M and
7M plasma spray systems. The analysis of the structural and mechanical
characteristics of the coatings in the laboratory and the testing of the
components within the Astazou Ill B engine on the test station for a
period of 42 hours showed that:

The deposited coating layers had good microhardness, tensile bond
strength and microstructure values that meet the criteria prescribed by
the Turbomeca standard. All coatings had the microhardness and tensile
bond strength values above those prescribed by the Turbomeca
standard. The microstructure of the deposited coatings does not show
the presence of unfused powder particles up to 60 uym, which is allowed
by the Turbomeca standard up to 15%.
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During coating testing on the engine parts at the test station, all
coatings showed good adhesion and cohesive strength of layers. After
dismantling the engine, delamination of coatings, coating peeling through
layers and separation of layers from the surface of the engine parts were
not found. On the surface of the coatings there are no networks of micro
cracks. The coating surfaces on the casing, the casing frame and the oll
tank opening showed no traces of burrs. On the duct ridges there are no
traces from blade galling.

The average value of wear of the Ni5Al coating on the turbine casing
was 0.002 mm. On the casing frame, the average value of wear of the
Ni19Cr6Al coating was 0.0025 mm. On the duct ridges, the average
value of wear of the Ni22Cr10AI1Y coating was 0.001 mm. At the
opening of the oil tank, there were no changes in the size of the Al12Si
coating. For the Astazou IIl B engine parts, coating wear was much lower
than the allowable tolerances for machining.

The wear of the coatings on all tested parts was low. Based on the
test results, plasma spray coatings have been successfully applied in the
process of the general repair of the Astazou Il B turbojet engine.
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NCCNEQOBAHWE MO NPUMEHEHWIO MNA3SMEHHOIO
HAMbBINTEHWA MOKPLITUA OETANEN TYPBOPEAKTMBHOIO
OBUTATENA ASTAZOU Il B

Muxauno P. Mpaak
LleHTp nccneposaxuii n paspabotok AO ,MMTEJT KommyHukauum®,
r.benrpag, Pecny6nuka Cepbus

OBNACTb: xumu4eckue TeXHonornm
BWO CTATbW: opurmHanbHas HayyHas ctaTbsl
A3bIK CTATbW: aHrnuiickun

Pe3some:

lTna3meHHOe HarbifieHUe WUPOKOo npumMeHsemcsi 8 obrnacmu asu-
aUUOHHOU MPOMbIWIIEHHOCMU U rpou3godcmee Krdeabix demarned,
ro08ep>KeHHbIX 8030elicmBUI0 8bICOKUX memrepamyp, XUMUYECKU
aespeccusHbIX cpedcme, U3HOCY, Mo8pexO0eHUsIM, 3po3uu U Kasuma-
uuu.

lpouecc nnasmMeHHO20 HarlbIIeHUs B8K/IYaem WUpoKoe osie
rnapamempos, makum obpa3oM e20 803MOXHO MPUMEHSIMb K KaXKOoMy
C/100, 8 MOM 4uUC/Ie U 3aWiUmHOMY CJ100 MOKpbIMusi. B npouecce pe-
MOHMa camosiema niaa3MeHHOe MNOKPbIMUE HaHOCUMCS pagHOMEPHO,
mem cambIM 8bipasHUBast Hacmu Mo8pPeXXOeHHbIX MOKpbIMul 00 Heob-
XO0UMOU MOJIUWUHBI.

B O0aHHOM uccniedosaHuu npedcmasrneH achhekmusHbili Memod
MPUMEHEeHUSs MasMeHHO20 Harblf1eHUs NoKpbimul Yacmeul mypbope-
akmusgHbix 0suezamenieli ASTAZOU Il B e npouecce pemoHma.
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lNpoussodumerb dsuzamerneli TURBOMECA pexkomeHOyem drisi rio-
Kpbimusi ceoell npodyKUuUU MopPOLKO8bIe rla3MeHHbIe Harbliumesu cu-
cmembi Metco 3M unu 7M, npednuckigasi napamempbl HaHECEHUST MOKPbI-
musi, makum 06pa3om fpuU MPUMEHEHUU UHbIX MIa3MEHHbIX Harbiiumerib-
HbIX cucmem HeobxoduUMO MPO8ECMU MECMUPO8aHUST U UCTbIMaHUs.

Llenb GaHHOU pabombl cocmoum 6 pa3spabomke U npou3eool-
cmee rnnasmMeHHo20 Hanblnumess om KomnaHuu Plasmadyne, komo-
poe bydem coomeemcmeosamb eceM cmaHOapmam U y0oeriemeopsi-
mb mpebosaHusi npoudgodumesis 0guszamesiel, C Uesbio e20 rnpume-
HeHusi 8 peMoHme dguzameried.

lMposedeHa onmumu3ayusi napamempos Onsi nnasMeHHbIX Mu-
cmonemos MINI — GUN II, e npouecce komopoli 6b1510 mecmuposaHo
bonbwoe Konudecmeo obpasyos. B pabome npedcmasrieHbl Coo-
meemcmeyowue napamempbl HaHEeCEeHUSl MOKPbIMUS Ha Kopryc,
8XO0HYI0 KPOMKY KOpriyca, fpoMeXymOoYHbIU KOHMYP U MacisiHbIlU pe-
3epsoap mypbopeakmusHoz2o dgueamenss ASTAZOU Ill B. Tecmupo-
8aHUe MexaHUYeCcKUxX XxapakmepucmuK [OKpbimusi rposodunock
ucrnbimaHuemMm Mukpomeepdocmu rnokpbimusi, Memodom HV ;.

lMpoyHocmb COEOUHEHUS MOKPbIMUS mecmuposaHa o mMemoody
ucrisimaHul Ha codsue rpu pacmsikeHuu. Mukpocmpykmypa Crioes rokphbi-
musi Habrrolanace Mod onmuvyeckum Mukpockoriom — OM. AHanu3 MUKpo-
CMPYKMYypbI U MEXaHUYECKUX XapaKmepucmuk rnokpbimusi 6bi1 rnpoeedeH
8 coomeemcmeuu co cmaHdapmamu u pekomeHdayusimu TURBOMECA.

Kauecmeo HaHeceHHO20 nokpbimus nodmeepx0eHo 42-x 4daco-
8bIM ucrbimaHuem 4acmel 0suzamens ASTAZUO Il B, npogedeHHo-
20 8 ucrnbimamesibHoU cmaHuyuu. BbinonHeHHble ucrnbimaHusi rnoo-
meepdunu Ka4Yecmeo MOoKpbimusi, makum obpa3om OoKa3aHO, 4Ymo
MEeXHOJI02UI0 M/1a3MEHHO20 HarbIIeHUE MOKPbIMUU MOXHO MPUMEHS-
mb 8 npouecce pemoHma dguzamenelt ASTAZOU Il B.

KntoueBble crnoBa: rns1a3mMeHHoe oKpbimue; PeMOHM; 1a3MeHHOe Ha-
nbineHue; dsuzamernu; 0erno3umsl; MOKpPbIMue.

STUDIJA PRIMENE PLAZMA NAPRSKANIH PREVLAKA NA
SEKCIJAMA TURBOMLAZNOG MOTORA ,ASTAZOU lII B”

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

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

Sazetak:

Plazma-sprej proces intenzivno Koriste avio-industrije u proizvodnji
kljuénih komponenti prekomerno izloZzenih visokim temperaturama, he-
mijski agresivnim sredinama, habanju, abraziji, eroziji i kavitaciji. Proces
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pokriva veliko polje parametara, tako da se moZe kombinovati skoro
svaki sloj sa svakim i sa osnovnim materijalom. Previake mogu da se
deponuju ravnomerno i stoga omogucavaju da se pohabane komponen-
te dovedu na konacne dimenzije u procesu remonta vazduhoplova. U
ovom istraZivanju prikazan je efikasan postupak primene plazma-sprej
previaka na delovima turbomlaznog motora ASTAZOU Ill B u procesu
remonta. Proizvoda¢ motora TURBOMECA predvideo je da se prahovi
deponuju plazma-sprej sistemima sa oznakom Metco 3M ili 7M za koje
Je propisao parametre depozicije prahova, tako da se kod primene dru-
gih plazma-sprej sistema parametri deponovanja moraju ispitati i optimi-
zirati. Cilj rada bio je da se u remontu motora primeni plazma-sprej si-
stem firme Plasmadyne i izvrsi optimizacija parametara, koja ¢e omogu-
Citi da se proizvedu previake koje Ce ispuniti sve kriterijume propisane
standardom proizvodaca motora. IzvrSena je optimizacija parametara za
plazma pistolj MINI — GUN I, pri éemu je uraden veliki broj uzoraka. U
radu su prikazani optimalni parametri depozicije sa kojima su deponova-
ne previake na kucistu, medukucistu, sprovodnom aparatu i rezervoaru
za ulje motora ASTAZOU Ill B. Procena mehanickih karakteristika pre-
vlaka uradena je ispitivanjem mikrotvrdoce previaka metodom HV, ;. Za-
tezne &vrstoce spoja previaka ispitane su metodom kidanja na zateza-
nje. Mikrostrukture slojeva previaka procenjene su na opti¢kom mikro-
skopu — OM. Analiza mikrostruktura i mehanickih karakteristika previaka
uradena je u skladu sa standardom TURBOMECA. Kvalitet deponova-
nih previaka potvrden je 42-Casovnim ispitivanjem delova u sklopu moto-
ra ASTAZUO Ill B na ispitnoj stanici. IzvrSena ispitivanja potvrdila su
kvalitet previaka i na taj nadin omogucila primenu plazma-sprej tehnolo-
gije u proces remonta motora ASTAZOU Il B.

Uvod

Razvoj turbomlaznih motora i zahtevi za povecanu otpotnost na
oksidaciju, vrelu koroziju i sulfidizaciju delova motora uticali su na raz-
voj termo-sprej procesa i prahova na bazi nikla. Danas se za za$titu
delova turbomlaznih motora naj¢eSce primenjuju plazma-sprej prevla-
ke NiAl, NiCr, NiCrAl, NiCrAlY, CoCrAlY, NiCoCrAlY i dr. Najefikasniju
zaStitu substratima od oksidacije na temperaturama iznad 800 °C pru-
Zaju previake koje formiraju okside tipa a-Al,O3i Cr,0s. U vecini sluca-
Jjeva, primenjuju se previake koje formiraju kontinualni sloj a-Al,Os, jer
je ovaj tip oksida superiornifi i pouzdaniji u odnosu na druge tipove ok-
sida (Mrdak, 2012, pp.182-201). Kada je u previaci nizak sadrZaj hro-
ma i aluminijuma, na povrsini previake ne mogu se formirati zastitni
kontinualni slojevi oksida tipa a-Al,O3 i Cr,O3, ve¢ se formiraju nepo-
Zeljni slojevi kontinualnih oksida NiO. Mehanizam rasta oksida NiO
uzrokuje nastanak mikropora u medusloju oksid/legura. Mikropore ra-
stu i spajaju se u velike makropore. Mehanizam rasta oksida NiO stva-
ra velika naprezanja, koja na kraju postaju dovoljno velika da prave pr-
skotine u oksidnom sloju. Da bi se nagradili kontinualni slojevi oksida
a-Al,O3 i Cr,O3 na povrsini previake, za legure nikla potrebno je naj-
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mnje 20%Cr i 5%Al. Legurama NiCrAl dodaje se i itrijum radi bolje ko-
hezione cvrstoce oksida i adhezione ¢vrstoce previlake sa supstratom.
Zavisno od tipa legure, sadrzaj itrijuma se krec¢e od 0,1 do 0,5% (Mr-
dak, 2012, pp.182-201). Iskustvo firme Turbomeka koja u proizvodnji
motora ASTAZOU Il B primenjuje plazma-sprej previake otporne na
oksidaciju i vrelu koroziju, kao i previake za opravku delova od legure
Al, omogudilo je da se pristupi primeni plazma-sprej tehnologije u po-
stupku remonta motora. Proizvoda¢ motora predvideo je da se prahovi
deponuju plazma-sprej sistemima sa oznakom Metco 3M ili 7M za koje
Je propisao parametre depozicije prahova, tako da se kod primene dru-
gih plazma-sprej sistema parametri deponovanja moraju optimizirati,
da bi previake ispunile sve kriterijume koje propisuje standard Turbo-
meca. Za spasavanje i opravku delova motora od oksidacije i vrele ko-
rozije proizvoda¢ motora ASTAZOU Il B koristi prahove Ni/5Al, Ni-
Cr/6Al i Ni22Cr10AI1Y, a za obnavljanje dimenzija i opravku delova od
legure aluminijuma koristi prah Al12Si. Kompozitni prah Ni/5Al zbog
egzotermne reakcije u procesu depozicije omogucava dobro vezivanje
previake za supstrat. Produkti te reakcije su medumetalna jedinjenja
NiAl;, NiyAlzi NiAl koja dodatno uvecavaju cvrstoc¢u previake. To su gu-
ste prevlake sa metalurS§kom vezom na interfejsu sa osnovnim materi-
Jalom. Prevlaka se sastoji od lamela ¢vrstog rastvora aluminijuma u ni-
klu a-Ni(Al) i medulamelarnih oksida NiO i y-Al,O3; ravnomerno raspo-
redenih po granicama lamela ¢vrstog rastvora (Knotek, et al., 1980,
pp.282-286), (Mrdak, 2015, pp.32-25), (Mrdak, 2013, pp.7-22), (Svan-
tesson, Wigren, 1992, pp.65-69). Previake su otporne na oksidaciju,
gasnu koroziju, habanje, abraziju i eroziju na temperaturama do
980°C. Cvrstoca spoja sa supstratom ostaje adekvatna do 700 °C (Grif-
fiths, H., et al., 1980). Deponovane previake po standardu Turbomeca
imaju vrednosti mikrotvrdo¢e min. 140HV, 3 i zatezne cCvrstoce spoja
min. 35MPa. Prevlake tipa NiCrAl u deponovanom stanju se sastoje od
¢vrstog rastvora hroma i aluminijuma u niklu y-Ni(Cr,Al). U slojevima
su prisutni oksidi tipa NiO, a-Al,Os; Cr,0; CrOs; i spinel faze
Ni(Cr,Al,)O, (Badrour, et al., 1986, p.1217), (Brossard, et al., 2009,
pp.1-9), (Mrdak, 2010, pp.5-16), (Mrdak, 2012, pp.182-201), (Mrdak,
2013, pp.7-22), (Tran, et al., 2008, p.701). Zatezna Evrstoca spoja pre-
vlake ostaje adekvatna do radnih temperatura od 980 °C (Mrdak, 2012,
pp.182-201). Deponovane previake po standardu Turbomeca imaju
vrednosti mikrotvrdo¢e min. 170HV, 3 i zatezne C¢vrsto¢e spoja min.
35MPa. Legura NICrAlY se koristi za za$titu delova od tople korozije i
visokotemperaturne oksidacije do 1100 °C (Material Product Data She-
et, 2013, Nickel Chromium Aluminum Yttrium (NiCrAlY) Thermal Spray
Powders Amdry 963, DSMTS-0102.1, Sulzer Metco). Dodatak itrijuma
ima sustinski znacCaj, jer bitno povecava adheziju oksida Al;Ozi Cr,0;
koji se formiraju u previaci sa osnovom prevlake i tako spre¢ava puca-
nje i odvajanje za$titnog povrsinskog oksidnog sloja pri dejstvu toplot-
nog zamora (Mrdak, 2012, pp.182-201). Struktura unutra$njih slojeva
previaka sastoji se od évrstog rastvora hroma i aluminijuma u niklu
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y-Ni(Cr,Al) i medumetalnog jedinjenja y™-NisAl. U strukturi su prisutni i
oksidi NiO, a-Al,Os, Cr,Os i NiCr,O3 (Badrour, et al., 1986, p.1217),
(Leea, 2005, pp.239-242). Deponovane previake po standardu Turbo-
meca imaju vrednosti mikrotvrdo¢e min. 200HV, ; i zatezne &vrstoce
spoja min. 35 MPa. Prevlaka Al12Si je opSte namene i primenjuje se
za zaStitu novih vazduhoplovnih delova i u procesu remonta za obna-
vijanje dimenzija delovima od legura aluminijuma i magnezijuma uzro-
kovanih habanjem (Material Product Data Sheet, 2011, Aluminum 12%
Silicon Thermal Spray Powders Metco 52C-NS, DSMTS — 0045.2,Sul-
zer Metco), (Pramila Bai, Biswas, 1987, p.61). U deponovanom stanju
mikrostruktura previake sastoji se od dve faze a-Al évrstog rastvora i a-
Al + Si eutektikuma. Po granicama a-Al &vrstog rastvora ravnomerno
se formiraju fina eutekticka zrna a-Al + Si (Laha, et al., 2005, pp.5429—
5438). Deponovane prevlake po standardu Turbomeca imaju vrednosti
mikrotvrdo¢e min. 70HV, ; i zatezne &vrstoce spoja min. 25 MPa. Za
sve previake, u mikrostrukturi dozvoljen je udeo mikropora maks. 8% i
nestopljenih Cestica do 15% veli¢ine ispod 60um (Turbojet engine-
standard practices manuel, TURBOMECA).

Cilj rada bio je da se u remontu motora ASTAZOU Il B primeni pla-
zma- sprej sistem firme Plasmadyne i izvrSi optimizacija parametara de-
pozicije praha, koja ¢e omoguciti da se proizvedu previake koje ce ispu-
niti sve kriterijume propisane standardom proizvodaca motora. Izvr§ena
je optimizacija parametara za plazma pistolji MINI-GUN Il na fiksnim
uzorcima u posebnom alatu. Uraden je veliki broj uzoraka da bi se dobile
mikrostrukture i mehanicke osobine previaka koje Ce ispuniti sve kriteri-
Jjume propisane standardom proizvoda¢a motora Turbomeca. U radu su
prikazani optimalni parametri sa kojima su deponovane previake na ku-
Gistu turbine, medukucistu, sprovodnom aparatu i rezervoaru za ulje i
mehanicko-strukturne karakteristike previaka, koje su ispitane u sklopu
turbomlaznog motora ASTAZOU Ill B na ispitnoj stanici. IzvrSena ispiti-
vanja potvrdila su kvalitet previaka i na taj nacin omogucila primenu pla-
zma-sprej tehnologije u procesu remonta motora ASTAZOU Il B.

Materijali i eksperimentalni detal;i

Za ispitivanje i primenu prevlaka na delovima turbomlaznog motora
ASTAZOU Il B upotrebljena su Cetiri tipa praha firme Sulzer Metco sa
oznakama: Metco 450NS, Metco 443NS, Amdry 963 i Metco 52C-NS.
Prah Metco 450NS (Ni/5Al) na bazi Ni namenjen je za zastitu kucista tur-
bine od uticaja visoke temperature, tople korozije i erozije. Cestice oblo-
Zenog praha Ni/5Al sa sadrzajem 95,5% Ni i 4,5%Al imale su raspodelu
granulata od 45 do 88 um. Za zastitu medukucista turbine od uticaja pe-
ska na niZim temperaturama primenjen je prah  Metco
443NS(Ni19Cr/6Al) koji sadrzi 19%Cr i 6%Al. Prah je imao raspon gra-
nulacije od 45 do 120 um. Za izradu previake otporne na visokotempera-
turnu oksidaciju i vrelu koroziju do 1200°C, koja se primenila na spro-
vodnom aparatu, koristio se prah legure Ni22Cr10AI1Y sa rasponom
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granulacije Cestica praha od 53 do 106 um. Za obnavljanje dimenzija
otvora na rezervoaru za ulje motora ASTAZOU Ill B primenjen je prah
Metco 52C-NS, koji je legura aluminijuma sa 12%Si. Raspon granulacije
Cestica praha koji se koristio bio je od 45 od 90 um. Ispitivanje struktur-
nih i mehaniCkih karakteristika prevlaka radeno je prema standardu
TURBOMECA (Turbojet engine-standard practices manuel, TURBOME-
CA). Materijal substrata uzoraka na kojem su deponovani slojevi previa-
ka Ni5AI, Ni19Cr6Al i Ni22Cr10AI1Y bio je od nerdajuceg Ccelika
X15Cr13 (EN 1.4024) u termicki neobradenom stanju. Osnove uzoraka
na kojima su deponovane previake Al12Si napravijene su od legure alu-
minijuma AMS4117 (AIMg1 EN5005). Za ispitivanje mikrotvrdoce i za
procenu mikrostrukture u deponovanom stanju napravijeni su uzorci di-
menzija 70x20x1,5 mm. Osnove za ispitivanje zatezne ¢vrstoce spoja bi-
li su dimenzija @25x50 mm. Ispitivanje mikrotvrdoce previaka radeno je
metodom HV, ;. Da bi se procenila homogenost slojeva previaka, mere-
nje mikrotvrdoce izvrdeno je u pravcu duZ lamela. Obavljeno je pet ocita-
vanja vrednosti mikrotvrdocCe slojeva u sredini i na krajevima uzoraka, od
kojih su odbacene dve krajnje vrednosti. Od tri preostale vrednosti prika-
zane su minimalne i maksimalne vrednosti. Ispitivanje zatezne évrstoce
spoja radeno je metodom ispitivanja na zatezanje. Testovi su radeni na
sobnoj temperaturi na hidraulicnoj opremi sa brzinom zatezanja od 10
mm/min. Uz svaki deo motora ASTAZOU Il B radeno je po pet epruve-
ta. Uzorci su sa delovima motora zajedno rotirani istom obimnom brzi-
nom kako bi bili isti uslovi deponovanja previaka. Dobijeni rezultati su
usrednjeni i u radu su prikazane srednje vrednosti zatezne ¢vrstoce spo-
Ja. Mikrostruktura slojeva deponovanih prevlaka ispitana je na optickom
mikroskopu — OM. Analiza udela mikropora u previaci uradena je obra-
dom 5 fotografija na uvelicanju 200X. Preko paus-papira mikropore su
oznacene i osencene, Cija se ukupna povrSina racunala na ukupnu povr-
Sinu mikrofotografije. U radu su prikazane srednje vrednosti udela mikro-
pora u prevlakama. Svi delovi motora ASTAZOU Il B napravijeni su od
namenskih vazduhoplovnih materijala. Rezervoar za ulje izraden je od
legure aluminijum AGS5-EN AW-5083, medukuciste i kuciste turbine od
nerdajuceg Celika 15CDV6-1.7734 EN, a sprovodni aparat od legure ni-
kla AFNOR Z3NCT25 - ASTM A638. Proizvoda¢ motora TURBOMECA
predvideo je da se na delovima motora ASTAZOU Ill B deponuju praho-
vi sa opremom Metco 3M ili 7M za koje je propisao parametre depozicije
prahova i standarde o prihvatljivosti kvaliteta deponovanih previaka. Za
atmosferski plazma-sprej sistem firme Plasmadayne koji koristi specijal-
no projektovani plazma-sprej pistoli MINI-GUN Il dimenzija @25 X 600
mm, izvr§ena je optimizacija parametara depozicije praha. Uraden je ve-
liki broj ispitnih uzoraka, a u radu su prikazani optimalni parametri sa ko-
Jima su deponovane previake na delovima koji su ispitani u sklopu turbo-
mlaznog motora ASTAZOU Il B na ispitnoj stanici. U posebno projekto-
vanim i napravijenim alatima, pod istim uslovima uradena je depozicija
praha na uzorcima i delovima. Prevlake su deponovane na ohrapavijene
i predgrejane uzorke i delove motora na temperaturi od 90 do 120°C.
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Plazma pistolj MINI- GUN Il sastojao se od : anode A 2084 — F45, kato-
de K 1083A — 129 i gas injektora Gl 2084 B — 103. Depozicija svih pre-
vlaka uradena je sa snagom napajanja od 40 KW. Sve previake su de-
ponovane sa meSavinom plazma gasovima Ar-He. Debljine slojeva NiAl,
NiCrAl i NiCrAlY previaka sa jednim prolazom plazma pistolja bila je 25
um, a debljina sloja Al12Si legure sa jednim prolazom plazma pistolja 30
um. Ispitivanje efekta deponovanih previaka na delovim turbomlaznog
motora ASTAZUO Il B radeno je na ispitnoj stanici sa vremenom rada
motora od 42 ¢asa. Pohabanost previaka odredena je na osnovu prome-
ne dimenzija masinski obradenih povrsina posle ispitivanja delova u
sklopu motora. Merenje promena dimenzija radeno je na koordinatnoj
mernoj masini MAUSER ML 28 na osam mernih mesta po obodu cilin-
dricnih delova. U radu je prikazana srednja vrednost pohabanosti previa-
ka, izrazena u mm, koja je uporedena sa vrednostima dozvoljenih tole-
rancija maSinski obradenih delova.

Rezultati i diskusija

Na kucistu je crvenim linijama oznacCena unutra$nja povrSina koja
je zadticena plazma-sprej previakom NiSAl od tople korozije i erozije
Cestica koje gas nosi sa sobom. Mikrostruktura previake Ni5Al je lame-
larna. Svetloplave lamele previake sastoje se od a cvrstog rastvora
aluminijuma u niklu a-Ni(Al). Na medu-granicama lamela a ¢vrstog ras-
tvora ravnomerno su distribuirani oksidi nikla NiO i aluminijuma y-
Al,O3 oznaceni crvenim strelicama. Izmedu granica lamela Cvrstog
rastvora i oksidnih lamela prisutne su medulamelarne pore nepravilnog
oblika tamnoplave boje. U mikrostrukturi su prisutni precipitati sfernog
oblika, veli¢ine od 18 do 25 um, koji su uvek manji od granulacije pra-
ha koji se deponuje. Prisutni precipitati nisu uticali na mehanicke ka-
rakteristike previake. Slojevi deponovane previake Ni5Al imali su vred-
nosti mikrotvrdoc¢e od 155 do 179 HV, 5. Srednja vrednost zatezne Evr-
stoc¢e spoja previake bila je 72 MPa. Vrednosti mikrotvrdoce i zatezne
cvrstoce spoja NibAl previake iznad su minimalnih vrednosti koje propi-
suje standard TURBOMECA (min.140 HV, 3 i min. 35 MPa) (Turbojet
engine-standard practices manuel, TURBOMECA). Analiza mikrofoto-
grafija NibAl prevlake pokazala je da je udeo mikropora bio 2,5%. Sa-
drZzaj mikropora bio je znatno manji od vrednosti koje propisuje proiz-
voda¢ motora TURBOMECA (max. 8% pora). U mikrostrukturi nisu
uocene nestopljene Cestice praha od 45 do 60 um Cije je prisustvo do-
zvoljeno u sadrZaju do 15% po standardu TURBOMECA (Turbojet en-
gine-standard practices manuel, TURBOMECA).

Na medukucistu je unutraSnja povrSina oznacena crvenim linija-
ma na kojoj je deponovana previaka Ni19Cr6Al koja $titi povrSinu od
abrazije Cestica peska do 200°C. Slojevi previake deponovani su rav-
nomerno na unutradnjoj povrsini sa mehani¢kim karakteristikama i mi-
krostrukturom prevlake, koji po kvalitetu pokazuju bolje karakteristike
od karakteristika propisanih standardom TURBOMECA. Vrednosti mi-
krotvrdoce i zatezne ¢vrstoce spoja po standard TURBOMECA su min.
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170HV, 3i 35 MPa (Turbojet engine - standard practices manuel, TUR-
BOMECA). Vrednosti mikrotvrdoce prevlake bile su raspona od 278 do
315 HV, 3. Raspodela mikrotvrdoce bila je u direktnoj vezi sa raspode-
lom oksida i mikropora u slojevima previake. Srednja vrednost zatezne
cvrstoce spoja prevlake bila je 52 MPa. Osnova prevlake sastoji se od
svetloplavih lamela Evrstog rastvora hroma i aluminijuma u niklu y-Ni.
Po granicama lamela Cvrstog rastvora prisutne su lamele oksida NiO,
a-Al,03, NiCr,03, Cr,03 i u manjoj koli¢ini CrO3 oznalene crvenim
strelicama (Brossard, et al., 2009, pp.1-9), (Mrdak, 2012, pp.5-16),
(Mrdak, 2012, pp.182-201). Izmedu granica lamela ¢vrstog rastvora i
oksidnih lamela prisutne su i medulamelarne pore zagasito plave boje.
Analiza mikrofotografija je pokazala da je u slojevima previake
Ni19Cr6Al udeo mikropora bio 3,5%.

Crvenim linijama obeleZene su povrSine venaca sprovodnog apa-
rata na kojima su deponovani slojevi previake Ni22Cr10AI1Y, koji Stite
povrSine od visokotemperaturne oksidacije i vrele korozije do 1200°C.
Mikrostruktura deponovane previake Ni22Cr10AI1Y je lamelarna.
Osnova previake sastoji se od svetloplavih lamela ¢vrstog rastvora y-
Ni i y-NisAl. UnutradSnja struktura previake je heterogena meS$avina
osnove metala (y-Ni + y'-Ni;Al) sa precipitatima, mikroporama i oksidi-
ma NiO, a- Al,O3, Cr,03 i NiCr,O3 (Badrour, et al., 1986, p.1217) (Le-
ea, 2005, pp.239-242). Vrednosti mikrotvrdo¢e deponovanih slojeva bi-
le su u rasponu od 297 do 328HV, ;. Srednja vrednost zatezne cCvrsto-
¢e spoja previake bila je 49 MPa. Vrednosti mikrotvrdoce i zatezne Evr-
stoc¢e spoja previake Ni22Cr10AI1Y iznad su minimalnih vrednosti koje
propisuje standard TURBOMECA (min. 200 HV, 3 i min. 35 MPa) (Tur-
bojet engine-standard practices manuel, TURBOMECA).

Otvor na rezervoaru za ulje oznacen je crvenim krugom, Cija je
unutradnja povrsSina zaSticena plazma-sprej previakom Al12Si od uticaja
sintetickog ulja i habanja. Mikrostruktura Al12Si previake sastoji se od
dve faze, a-Al ¢vrstog rasatvora i a-Al + Si eutektikuma. Po granicama
a-Al évrstog rastvora dendritskim oc¢vrscivanjem formirala su se eutektic-
ka zrna a-Al + Si (Laha, et al., 2005, pp.5429—5438) (Pramila Bai, Bi-
swas, 1987, p.61). Sadrzaj mikropora u previaci bio je neznatan, zbog
Cega je previaka imala vrednost mikrotvrdo¢e na gornjoj granici od 130
HV, 3. Srednja vrednost zatezne Evrstoce spoja previake od 27MPa bila
je u saglasnosti sa mikrostrukturom previake. Vrednosti mikrotvrdoce i
zatezne CEvrstoce spoja previake Ni12Si iznad su minimalnih vrednosti
koje propisuje standard TURBOMECA (min. 70HV,3 i min. 25 MPa)
(Turbojet engine-standard practices manuel, TURBOMECA).

Pohabanost previaka posle ispitivanja delova na ispitnoj stanici
bila je znatno manja u odnosu na dozvoljene tolerancije za delove mo-
tora. Pohabanost NibAl previake na kucistu turbine od 0,002 mm znat-
no je manja od vrednosti dozvoljene tolerancije od 0,3 mm. Pohaba-
nost Ni19Cr6Al previake na medukucistu bila je 0,0025 mm. Dozvolje-
na tolerancija dimenzija na medukuCistu je 0,3 mm. Pohabanost
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Ni22Cr10AI1Y previake na vencima sprovodnog aparata bila je 0,001
mm. Tolerancija za previaku Ni22Cr10AI1Y na vencima sprovodnog
aparata je 0,05 mm. Na otvoru rezervoara za ulje nije do$lo do prome-
na dimenzija previake Al12Si, $to je razumiljivo, jer se previaka haba
kod naizmeniénog otvaranja i zatvaranja rezervoara pri zameni ulja.
Potro$nja prevlaka na svim delovima bila je mala. Na osnovu dobijenih
rezultata ispitivanja, plazma-sprej prevlake su uspes$no primenjene u
postupku opSte opravke turbomlaznog motora ASTAZOU Il B.

Zakljugak

IstraZivanja karakteristika prevlaka deponovanih na delovima tur-
bomlaznog motora ASTAZOU Ill B atmosferskim plazma-sprej siste-
mom firme Plasmadyne, koji koristi plazma pistolj MINI-GUN II, poka-
zala su da u potpunosti zadovoljavaju kriterijume koje je propisao pro-
izvoda¢ motora TURBOMECA za previake deponovane plazma-sprej
sistemima Metco 3M i 7M. Analizom strukturnih i mehanickih karakteri-
stika prevlaka u laboratorijskim uslovima i ispitivanjima delova u sklopu
motora ASTAZOU Il B na ispitnoj stanici u trajanju od 42 ¢asa ustano-
vijeno je da su slojevi prevliaka u deponovanom stanju imali dobre mi-
krotvrdoce, zatezne évrstoce spoja i mikrostrukture koje zadovoljavaju
kriterijume propisane standardom TURBOMECA. Sve previake imale
su vrednosti mikrotvrdoce i zatezne ¢vrstoce spoja iznad vrednosti koje
propisuje standard TURBOMECA. U mikrostrukturi deponovanih pre-
vlaka nisu prisutne nestopljene Cestice praha do 60 um, Cije je prisu-
stvo dozvoljeno u sadrZaju do 15% po standardu TURBOMECA.

U toku ispitivanja previaka u sklopu motora na ispitnoj stanici sve
prevlake su imale dobru adhezionu i kohezionu ¢vrstocu slojeva. Posle
rasklapanja motora na njegovim delovima nije uoceno raslojavanje
prevlaka, ljustenje previaka kroz slojeve i odvajanje slojeva prevlaka sa
povrsina delova. Na povrS§inama previaka nisu prisutne mreze mikropr-
skotina. Povrsine prevlaka na kucistu, medukucistu i otvoru rezervoara
za ulje bile su bez tragova riseva. Na vencima sprovodnog aparata ni-
su prisutni tragovi i brazde od struganja lopatica.

Prosecna vrednost pohabanosti previake Ni5Al na kucistu turbine
bila je 0,002 mm. Na medukucistu prosecna vrednost pohabanosti pre-
viake Ni19Cr6Al bila je 0,0025 mm. Na vencima sprovodnog aparata
prosecna vrednost pohabanosti previake Ni22Cr10AI1Y bila je 0,001
mm. Na otvoru rezervoara za ulje nije doslo do promena dimenzija pre-
viake Al12Si. Na delovima motora ASTAZOU Il B pohabanost previa-
ka bila je mnogo manja od dozvoljenih tolerancija za maSinsku obradu
delova.

Potrosnja prevlaka na svim delovima bila je mala. Na osnovu do-
bijenih rezultata ispitivanja, plazma-sprej prevlake uspe$no su prime-
njene u postupku opSte opravke turbomlaznog motora ASTAZOU IlI B.

Kljuéne rei: sprej previaka, popravka, plazma, motori, depoziti, previaka.
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Summary:

Making decisions about dangerous goods positioning is crucial when it
is necessary to minimize environmental risks. In this paper, a specific
problem of locating various kinds of dangerous goods (with different
characteristics) has been considered. Such goods should be located in a
known discrete set of potential storage sites, under condition of the minimum
safety distance (MSD) between selected locations. The existence of the
MSD is a consequence of the possibility that dangerous goods transfer their
undesirable effects to the objects in the neighborhood. The objective here is
fo maximize the quantity of different kinds of dangerous goods stored
meanwhile respecting MSDs. For some dangerous goods, the MSD may be
determined as a constant value, which depends only on the dangerous
goods’ characteristics. On the other hand, the MSD may vary depending on
quantity and characteristics of particular dangerous goods. Mixed integer
linear programming models are proposed for these two types of MSDs. The
spirit of the anti-covering location problem (ACLP) is present in the proposed
formulations and thus these models can be viewed as a modification and
extension of the ACLP. Finally, a randomly generated numerical example
has been used to verify and illustrate the proposed models.
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Introduction

Various widely used goods can be dangerous. Different kinds of
gases, liquids, and explosives represent some examples of dangerous
goods. Such goods generate different undesirable effects which can
be felt over a certain geographical area, so making decisions about
their positioning is crucial when it is necessary to minimize all types of
risks.

In this paper, the specific problem of storing dangerous goods in a
known discrete set of potential storage sites has been considered. This
problem is modeled and solved as a location problem. In this process,
the minimum safety distance (MSD), both among the storage sites
themselves and among the storage sites and other neighboring objects,
should be respected. The existence of the MSD is a consequence of the
possibility for dangerous goods to impact the objects in the
neighborhood. These impacts spread spherically from the source within a
certain radius called the MSD. For some dangerous goods, the MSD can
be determined as a constant value, which depends only on the
dangerous goods’ characteristics, and for some others, the MSD is not a
constant value, but depends on quantity and other characteristics of
dangerous goods. In this paper, both versions of MSDs are considered;
therefore, two types of location problems have been analyzed and
formulated: the location problem with MSDs as constant radii, and the
location problem with MSDs as variable radii. The objective in both
location problems is to maximize the quantity of different kinds of
dangerous goods stored, meanwhile respecting their different
requirements related to MSDs.

The contributions of this paper are threefold. First, we made a
comprehensive literature review, with the effort to include all the most
relevant papers for the considered problem. Second, for the location
problem with MSDs as variable radii, the mathematical formulation given
in our previous research outcome (Dimitrijevi¢ et al., 2013) is improved.
Finally, we proposed a mathematical formulation for the problem with
MSDs as constant values.

The paper is organized in seven sections. Two following sections
are devoted to literature review related to undesirable facility locations in
general and the anti-covering location problem relevant for this research.
In the subsequent sections, a detailed problem description, problem
formulations and computational examples are given. The concluding
remarks are presented in the last section.
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Literature review

Numerous single undesirable facility location models use maximin or
maxisum objectives. The maximin objective is to find a location of the
undesirable facility such that the least (weighted) distance to all associated
nodes is maximized (Drezner and Wesolowsky, 1980), (Tamir, 1991),
(Berman and Drezner, 2000), while the maxisum objective is to site a
facility so as to maximize the (weighted) sum of the distances from the
facility to all associated nodes (Church and Garfinker, 1978), (Brimberg
and Weselowsky, 1995). For the multiple facilities case, there are many
models, depending on how one defines the objective function. For
example, one version of the maximin problem is the p-dispersion problem,
in which there are p facilities to be located on the network in a way that the
minimum distance between any two facilities is as large as possible (Moon
and Chaudhry, 1984). Another version is the maxisum dispersion problem
which maximizes the sum of minimum separation distances, with one
separation distance defined for each facility, while locating p-facilities,
called the p-defense problem (Moon and Chaudhry, 1984). Kuby (Kuby,
1987) expanded this concept to a problem that maximizes the sum of all
separation distances between all pairs of facilities. A very comprehensive
review of distance maximization models for undesirable single facilities as
well as multiple facility locations can be found in (Erkut and Neuman,
1989). Later on, Erkut and Neuman (Erkut and Neuman, 1991) considered
all previous dispersion problems adding a fourth p-facilities location
problem in which each facility is represented by the sum of separation
distances to the other p-1 facilities and where the objective is to maximize
the smallest of these sums. Curtin and Church (Curtin and Church, 2006)
proposed general forms of problems which involve the location of different
types of facilities, where the interaction between different types has a
defined repulsion weight. Lei and Church (Lei and Church, 2013) have
shown that all four models compared by (Erkut and Neuman, 1991) can be
viewed as special cases of a general dispersion model using a concept
based on vector assignment.

“Coverage” of the node assumes the existence of a facility within a
pre-specified coverage radius. In the cases when the idea is to locate
the desirable facilities in networks, analysts try to cover the clients'
demand as much as possible. Farahani et al. (Farahani et al., 2012)
presented a comprehensive review of models, solutions and
applications related to the covering problem. Undesirable facility
location problems with a covering concept are called Minimum Covering
Location problems. Drezner and Wesolowsky (Drezner and
Wesolowsky, 1994) considered the Minimum Covering Location
problem on the plane. Berman et al. (Berman et al., 1996) studied the
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problem on a network and presented an algorithm to solve the problem.
They also analyzed the sensitivity of the coverage radius. Berman et al.
(Berman et al.,, 2003) investigated the Minimum Covering Location
problem which they called Problem 2 of the Expropriation Location
Problem on a network and generalized the search for the optimal
solution to a dominant set of points. They defined all demand nodes as
covered if the weighted distance from the facility is less than a pre-
specified radius. Plastria and Carrizosa (Plastria and Carrizosa, 1999)
formulated a bi-objective undesirable facility location problem in the
plane. In this problem, an undesirable facility must be located within
some feasible region; the region can have any shape in the plane or on
a planar network. The objective functions of the problems are:
maximization of a radius of influence and minimization of the total
covered population. Berman and Huang (Berman and Huang, 2008)
investigated the Minimum Covering Location Problem with Distance
Constraints (MCLPDC). The objective function minimizes the total
demand covered through locating a fixed number of facilities with
distance constraints on a network. The major constraint of this problem
is that no two facilities are allowed to be closer than a pre-specified
distance. Another location problem with the same distance constraint
but with the aim to find maximally weighted set of location sites is the
Anti-Covering Location Problem (ACLP) (Moon and Chaudhry, 1984),
(Maurray and Church, 1997). A brief description and formulation of the
ACLP will be given in the following section, since its spirit appears in
location models presented in this paper.

The Anti-covering location problem

The ACLP, introduced by Moon and Chaudhry (1984), belongs to
the class of discrete location problems and could be defined in the
following way: for a given set of potential facility location sites, a
maximally weighted set of facilities is located in such a way that no two
placed facilities are inside a pre-specified distance of each other. In the
case of ACLP, the total number of facilities to be sited is not given in
advance.

There are a few mathematical formulations of the ACLP proposed in
literature (Moon and Chaudhry, 1984), (Murray and Church, 1997).
Let us introduce binary variables x; defined in the following way:

{1 if node i is chosen to be a facility location site

0 otherwise

5
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Consider the following notation:

n — total number of potential location sites,

w; — potential location site’s weight (benefit associated with the use of
location )

d; — the shortest distance between potential location sites / and j,

R — pre-specified minimum distance, and

; ={j|d,.j SR/\i;tj} — locations that are at a distance less than or equal

to R, excluding a particular location site J
M — a large positive number.

The following mathematical formulation of the ACLP is proposed by
Moon and Chaudhry (1984):

max Z =3 w;X; (1)

Mx;+ % x; <M Vi (2)
Jjem;

X; € {0,1} Vi (3)

The objective function (1) maximizes the total weighted selection of
the location sites. Constraints (2) are referred as Neighborhood
Adjacency Constraints (NAC). If the location site i is selected (i.e. x; = 1),
then the term Mx; equals the right hand side term, M, and forces

> x;=0.Thus, if the location site / is used, then all sites j within the R
JET;
distance, in the neighborhood of the site i, m;, are restricted from use.
Constraints (3) define problem binary variables. Other mathematical
formulations of the ACLP (Murray and Church, 1997) differ from the
original ACLP formulation in the specification of the NAC (2), because of
the impact that the NAC structure has on problem solvability.

Niblett (Niblett, 2014) proposed a new and improved optimization
model for the ACLP when applied to a discrete set of points in the
Cartesian plane using a combination of separation conditions called core-
and-wedge constraints. Equally, he developed a new model when less
than optimal sites are employed in a dispersive pattern called the
Disruptive Anti-Covering location model. Carrizosa and Téth (Carrizosa
and Téth, 2015) analyzed and solved the continual Anti-Covering Location
Problem. They formulated a bi-objective optimization model which
minimizes a sum of "facility - individual" interactions, and a sum of "facility -
facility" interactions. Atypically, in this problem, individuals affected by
facility placement are not located at a finite number of known points.
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The ACLP, as the convenient NP-hard problem (Garey and
Johnson, 1979), is solved by various heuristic and meta-heuristic
algorithms: Greedy Heuristic algorithms (Chaudhry et al., 1986),
Lagrangian relaxation (Murray and Church, 1997), Genetic Algorithm
(Chaudhry, 2006), Column Generation (Ribeiro and Lorena, 2008),
Greedy Randomized Adaptive Search (Cravo et al., 2008) and Bee
Colony Optimization meta-heuristic (Dimitrijevi¢ et al., 2012).

A wide variety of particular applications of the ACLP can be found in
literature. The applications include forest management (Barahona et al.,
1992), telecommunications (Balas and Yu, 1986), military defense location
and various planning problems (Moon and Chaudhry, 1984), (Chaudhry et al.,
1986). The spirit of anti-covering restrictions appears in the literature
examining separation or dispersion of entities as well, such as land
management areas, solution selection, franchise distribution, etc. (Murray and
Church, 1997). Grubesic and Murray (Grubesic and Murray, 2008) proposed
its use in analyzing policies that dictate the separation of sex offender
residences from each other as well as from selected fixed elements on the
landscape. Downs et al. (Downs et al., 2008) used the ACLP to analyze the
carrying capacity of a population of sandhill cranes. Williams (Wiliams, 2008)
employed a separation distance in the selection of biological reserve sites.
Church (Church, 2013) has used the ACLP in estimating the size and extent
of a core habitat. Grubesic et al. (Grubesic et al., 2012) analyzed the impacts
of alcohol outlet distribution in Philadelphia based upon the ACLP.

Dimitrijevi¢ et al. (Dimitrijevi¢ et al., 2012) presented an illustration of
the ACLP application in a dangerous goods’ warehouse location
problem. They showed that when the MSD is given as a constant value
and only one type of dangerous goods has to be located in warehouses,
with the aim to maximize its quantity, then the “classical” ACLP
formulation is suitable for the problem description. Dimitrijevi¢ et al.
(Dimitrijevic et al.,, 2013) considered a specific version of the ACLP
through its modifications and extensions, whose objective is to locate the
maximum quantity of different kinds of dangerous goods, with safety
distances as variable radii, in the existing storage sites. A Mixed Integer
Linear programming model is proposed for this kind of problems.
Meanwhile, in this paper, M (M= sufficiently large number) is removed
from constraints from the previous approach, which improves the
problem solvability. This paper also introduces a formulation of the
problem with the same objective function but with safety distances as
constant radii of undesirable effects.

Thus, this research focuses on one class of real problems dealing
with the distribution of maximum quantities of different kinds of
dangerous goods in the existing storage sites. The undesirable impact of
different kinds of dangerous goods imposes restriction requirements

i

Dimitrijevi¢, B., et al, Locating dangerous goods with constant and variable impact radii, pp. 26—44



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

between storage sites. These requirements are different MSDs, both with
constant and variable radii. Since the ACLP has been characterized by
the presence of “interactions” between locations sites, its basic principles
are used in our problems formulations. Consequently, a classical ACLP
is significantly upgraded so as to sustain the above mentioned
requirements and to enable solving the described problems in case when
dangerous goods are different kinds of explosives. Similar problems
(storing other dangerous goods including dangerous waste, parking
vehicles carrying different kinds of dangerous goods, etc.) require small
adjustments to the models presented hereafter.

Problem description

Storing and keeping dangerous goods like explosives, flammable
materials and compressed gasses is characterized by the opportunity to
transfer undesirable effects to the objects in the neighborhood thus
causing destruction, serious damage and fire in these areas. Those
effects spread spherically from the source, reaching the surrounding
objects within a certain radius known as the MSD. In this paper, MSD
values correspond to explosives’ type and/or amount.

In case when the MSD depends on the quantity of explosive stored,
it can be calculated in the following way (AFMAN 91-201, 2011):

R=P-Q" (4)

where: R is the minimum safety distance required; P is the protection
factor depending on the degree of risk assumed or permitted; Q is the net
explosive weight for the given quantity of certain explosive.

There are a few types of safety distances related to explosives
(AFMAN 91-201, 2011): inhabited building distance (IBD)', public traffic
route distance (PTRD)?, intraline distance (ILD)? and intermagazine distance
(IMD)*. They differ in the value of the protective factor P. Very often the IBD,
PTRD and ILD have the same P and are larger than the IMD. That is why

" This is the minimum distance required to protect facilities and personnel not directly related to
explosives storage and operations.

2 This is the minimum distance required to protect public traffic routes and other designated
exposures. At this distance, damage and personnel injury is expected.

% This is the minimum distance required to protect activities associated with explosives storage
and operations.

4 This is the minimum distance between potential explosion sites required to prevent one
potential explosion site from simultaneously detonating an adjacent potential explosion site.
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the MSD is divided into distances between the storage sites (internal safety
distance - ISD), and distances between the storage sites and the
neighboring objects (external safety distance - ESD). The ESD is larger than
the ISD in the cases of other dangerous goods, as well as in situations when
their MSDs are constant values. One example is shown in Figure 1.

LEGEND:

y  Region of storage sites

. Internal storage sites

7 External neighboring objects
ISD Internal safety distances

ESD External safety distances

., P ————
=S

Figure 1 — Potential storage sites and external objects
Puc. 1 - MNoTeHumManbHble MECTOMONOXEHNS AN CKNaaMpoBaHusi  06bekTbl B6Nm3n
Slika 1 — Potencijalne lokacije skladi$ta i objekti u njihovoj okolini

Usually when there are several types of dangerous goods, it is
necessary to respect (apply) certain rules regarding compatibility groups’
requirements.

According to (AFMAN 91-201, 2011), compatibility groups are also
used for segregating explosives on the basis of similarity of function,
features, and accident effects potential. In developing the various
compatibility groups, these factors are considered: chemical and physical
properties, design characteristics, inner and outer packaging
configurations, hazard class and division, net explosive weight, rate of
deterioration, sensitivity to initiation, and effects of deflagration, explosion,
or detonation. The compatibility group assigned to explosives indicates
what can be stored with the explosive without increasing significantly either
an accident's probability or, for a given quantity, the magnitude of an
accident’s effects. Explosives of different compatibility groups may only be
mixed in storage as indicated in the storage compatibility mixing chart. For
a mixture of compatible explosives with variable MSDs, the MSD depends
on the total net explosive weight and the largest P among them.

The problem considered in this paper can be defined in the following
way: elect storage location sites to be used, and determine the type and
quantity of dangerous goods to be stored in these locations, in a way to
maximize the total amount of stored dangerous goods, while respecting
safety and compatibility constraints.
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Problem formulations

Let N ={1, ..., i, j, ..., n} be the set of all locations relevant for this problem
and dj (i,jeN) the Euclidean distance between them. The set N is partitioned
into two subsets N=N,_Ng, where N, represents a set of sites inside a
designated area which are candidates for storing dangerous goods (internal
storage sites), and Ng represents a set of external objects that must be kept at
a safe distance from the dangerous goods stored in internal sites. To each
ieN,, is associated C;, which represents potential storage or location's capacity
restriction or the maximum quantity of dangerous goods that can be stored in
a specific location. Let D={1, ..., k, r, ..., m} be a set of different types of

dangerous goods. Two scalars R/, Rf are associated to each dangerous
good keD, which represent the ISD and the ESD, respectively, and Rf > R} .
In the case when the MSD depends on the quantity of explosives stored, R,f
and R,f are calculated by relation (4), shown in the previous section. It is
assumed that the protection factor P, for each explosive keD, has two values:

P! and BE, for the ISD and the ESD, respectively, and P > P/ . Also, for
practical reasons, for each type of dangerous goods, we defined the minimum

min

quantity that must be stored and denoted with ¢;"". Finally, let I, be the

compatibility index which takes a value of 1 if explosives keD and reD can be
stored at the same location, otherwise it takes a value of O.

Let us introduce the variables:

x, — quantity of explosive & stored at the location i

_ |1 if any quantity of explosive & is stored at the location i
= 0 otherwise

1 if explosives k and r are stored at the same location i
“ 10 otherwise

1 if any quantity of any explosive is stored at the location i

z. =
" |0 otherwise

In this paper, based on previous research by Dimitrijevi¢ et al.

(2013), in the case when the ISD and the ESD depend on the quantity of
explosive stored, the location problem analyzed here, called the Quantity
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Dependent ACLP (QDACLP), is formulated as the following improved
version of the mixed integer linear programming (MILP) problem:

max Y XX ()

ieN; ke D

subject to:

d,\
ink—(2—yir—zj)-Ci S(P—”Ij Vie N,;je N,;i# j;re D(6)

keD r

d,
ink—(l—yir)-CiS( ”j VieN,;je N,;i# j;re D (7)

keD P_,E

x;, <y, C, VieN,;keD (8)
Yx <C; VieN, 9)
keD

Dxzq" VkeD (10)
Syp<zi-m VieNj (11)
ke D

Vo +y,—t,. <1, VieN,;ke Dyre D (12)
y, ={,0} Vie N,;ke D (13)
t,. ={,0} Vie N,;ke D;re D (14)
z,e{0,1} VieN, (15)

The objective function (5) that should be maximized presents the
total quantity of explosives stored at selected internal storage sites.
Constraints (6) can be referred to as internal NAC which provides that
the maximum amount of explosives stored at the observed location i is
limited and will not put in danger other internal location sites with
explosives stored, and vice versa. Similarly, constraints (7) can be
referred to as external NAC which provide that external objects are not
put in danger by the maximum amount of explosives stored at any of
internal storage sites. Constraints (8) do not allow storing dangerous
goods at the observed location i if it is not a chosen candidate for storing
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dangerous goods. The quantity of dangerous goods stored at the
observed location cannot exceed location's capacity restriction
considering constraints (9). The minimum quantity of each explosive type
that must be stored internally is determined by constraints (10). These
constraints are important in order to prevent storing only explosives with
minor MSDs. Constraints (11) enable that the variable z; takes a value of
1 if any quantity of any explosive type is stored in the observed location i.
Constraints (12) allow that compatible explosives can be located at the
same storage site. Constraints (13, 14, 15) define variables as binary.

In the case when the ISD and the ESD are constant values (do not
depend on the quantity of dangerous goods stored), the location problem
called the Quantity Independent ACLP (QIACLP) is formulated in the same
manner as the QDACLP. Exceptions are internal and external NAC, (6) and
(7), which become as follows, and are denoted as (16) and (17), respectively.

(¥, +2z,) R <d,+R/ VieN;jeN;i#jreD (16)
y, R <d, VieN,;jeNyreD (17)

For a mixture of compatible explosives with different constant MSDs,
the ISD takes the value of the largest among ISDs, and the ESD takes
the value of the largest among ESDs.

Computational examples

In this section, the proposed MILP formulations for the QDACLP and
the QIACLP are tested on one hypothetical numerical example. The input
data for a hypothetical numerical example are given in Tables 1, 2, 3, and 4.

The set N, consists of fifteen storage sites whose (x,y) coordinates
and capacities are given in Table 1. The set Ng contains ten external
objects, and their (x,y) coordinates are presented in Table 2.

Table 1 — Characteristics of potential internal storage sites (Dimitrijevi¢ et al., 2013)
Tabnuya 1 — XapakTepynCTUKM NOTEHUMANbHBIX BHYTPEHHNX MECTOMOMOXEHUI OIS
cknaguposaHus (Dimitrijevi¢ et al., 2013)

Tabela 1 — Karakteristike potencijalnih internih lokacija za skladistenje (Dimitrijevic et al., 2013)

Characteristics Internal storage sites

No. 1 2 3 4 5 6 7 8 9 10

Coordinate X 803 | 761 | 270 | 409 | 755 | 474 | 651 | 309 | 572 | 362

Coordinate Y 483 | 397 | 603 | 479 | 829 | 466 | 711 | 954 | 367 | 792

Capacity [kg] 8030 | 5060 | 4550 | 4480 | 4830 | 3550 | 4290 | 4420 | 7960 | 4500
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Characteristics Internal storage sites
No. 11 12 13 14 15
Coordinate X 233 538 605 556 419
Coordinate Y 840 681 676 990 758
Capacity [kg] 5000 | 9750 | 4600 | 4280 7380

Table 2 — Characteristics of external objects (Dimitrijevi¢ et al., 2013)
Tabnuuya 2 — XapakTepucTuku BHelHMx o6bekToB (Dimitrijevic et al., 2013)
Tabela 2 — Karakteristike eksternih objekata (Dimitrijevi¢ et al., 2013)

Characteristics External objects

No. 16 17 |18 | 19 | 20 | 21 | 22| 23 | 24 | 25
Coordinate X 187 121|418 | 747|210 298|620 | 139 | 119|170
Coordinate Y 217 961|127 | 131 | 598 | 204 | 136 | 342 | 642 | 521

There are four types (groups) of explosives and their characteristics
are given in Table 3. The protection factors should be used in the case of
the QDACLP, while internal and external safety distances should be used
in the case of the QIACLP.

Table 3 — Characteristics of dangerous goods
Tabnuya 3 — XapaKkTepuCTUKX ONacHbIX Matepuanos
Tabela 3 — Karakteristike opasnih materija

Characteristics Explosives
Explosive types 1 2 3 4
Minimal quantity to be stored [kg] 5000 5000 5000 5000
Internal safety distance [m] 250 190 190 170
External safety distance [m] 280 220 240 210
Protection factor for internal locations 17 11 11 10
Protection factor for external objects 18 16 15 18

Different groups of explosives may only be mixed in storage as
indicated in Table 4. Table 4 presents a hypothetical storage
compatibility mixing chart in which value 1 at an intersection indicates
that explosives may be combined in storage, while 0 stands for prohibited

mixing.
€
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Table 4 — Storage compatibility mixing matrix (Dimitrijevi¢ et al., 2013)
Tabnuya 4 — Matpyua KOMBUHMPOBAHUS COBMECTUMbIX B3PblBYaTbIX BELLECTB NpU
cknagmpoBaHum (Dimitrijevi¢ et al., 2013)

Tabela 4 — Matrica kombinovanja kompatibilnih eksploziva pri skladiStenju

(Dimitrijevi¢ et al., 2013)

Explosive 1 Explosive 2 Explosive 3 Explosive 4
Explosive 1 1 0 0 1
Explosive 2 0 1 1 1
Explosive 3 0 1 1 0
Explosive 4 1 1 0 1

The same hypothetical example is used for both cases: QDACLP
and QIACLP. These problems are solved by using the academic version

of the CPLEX.

In the numerical example, for the QDACLP case, the binary decision
variables z;, zs, z4, Z5, Zs, Zg, Z11, Z12 @nd Z44, take a value of 1. Thus, the
internal storage sites 1, 3, 4, 5, 8, 9, 11, and 14 should be used for
storing dangerous goods. Table 5 shows the quantity of each type of

explosive which should be stored in these sites.

Table 5 — Solution of the QDACLP numerical example
Tabnuya 5 — Pelwenune yicnenHoro npumepa QDACLP
Tabela 5 — Resenje numeric¢kog primera QDACLP

Intern:iltes;orage Type of explosive Stored quantity [kg]
1 2 4343.4
4 3420.7
3 3 64.7
4 3 3693.5
5 1 3413.8
8 3 1932.4
9 3 3891.3
11 2 656.6
3 437.7
12 3 9750
14 1 1586.2
4 1579.3

As shown in Table 5, two types of explosives are located in storage
sites 1, 11, and 14, while only one in 3, 4, 5, 8, 9 and 12. For example,
4343.4 kg of type 2 explosive (x;o = 4343.4), and 3420.7 kg of type 4
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explosive (x74 = 3420.7) should be located in storage site 1, while 64.7 kg
of type 3 explosive should be located in storage site 3, etc. The total
quantity of dangerous goods stored in all storage sites is 34769.6 kg. An
illustration of the solution is depicted in Figure 2.

1200 5

100 LEGEND:

800

Internal storage sites
500 - External neighboring objects
Internal safety distances

External safety distances
400 -

200

T T T 1
200 400 600 800 1000 1200

Figure 2 — lllustration of the QDACLP solution
Puc. 2 — Wnnioctpaums pewenns QDACLP
Slika 2 — llustracija re$enja QDACLP

The optimal solution of the numerical example in the case of the
QIACLP is shown in Table 6. The decision variables z;, z4, zs, z9, Z10, Z12,
and z,, take a value of 1. Thus, internal storage sites 1, 4, 5, 9, 10 and
12 should be used for storing explosives.

Table 6 — Solution of the QIACLP numerical example
Tabnuya 6 — Peluenune yicnenHoro npumepa QIACLP
Tabela 6 — ReSenje numeri¢kog primera QIACLP

Internal storage sites Type of explosive Stored quantity [kg]

1 2 7530

3 500
4 2 4480
5 1 4830
9 2 7960
10 3 4500
12 4 9750
14 1 4280

5
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As shown in Table 6, two types of explosives are located in storage
site 1, while only one in 4, 5, 9, 10, 12 and 14. For example, 7530 kg of
type 2 explosive (x;, = 7530), and 500 kg of the type 3 explosive (x5 =
500) should be located in storage site 1. Besides, type 2 explosive
should be located in storage sites 4 (x> = 4480) and 9 (xg, = 7960), and
so on. The total quantity of dangerous goods stored is 43830 kg. The
QIACLP solution is illustrated in Figure 3.

1200 <

1000
LEGEND:
800

600 - o Internal storage sites

®  External neighboring objects
100 — Internal safety distances
—— External safety distances

200 —

200 400 600 300 1000 1200

Figure 3 — lllustration of the QIACLP solution
Puc. 3 — Unnioctpauns QIACLP
Slika 3 — llustracija re$enja QIACLP

Conclusion

In this paper, the authors studied the location problem implemented
on storing dangerous goods. A known discrete set of storage sites is
used for storing different types of dangerous goods. They are
characterized by the opportunity to transfer their undesirable effects to
the objects in the neighborhood. These effects define separation
distances among objects with dangerous goods called minimum safety
distances (MSDs). The observed undesirable effects spread spherically
from the sources with constant and variable radii. Some classes of
explosives are assumed to be good representatives the MSD of which
depends on the quantity and/or characteristics of the activated material.

a0



The objective is to maximize the quantity of different kinds of explosives
located at existing storage sites, while respecting MSDs.

MILP models for the observed problems (QDACLP and QIACLP) are
developed. The spirit of the ACLP is present in the proposed formulations
and thus the QDACLP and the QIACLP can be viewed as modifications
and extensions of the ACLP.

Future research will include a more comprehensive model testing to
establish CPLEX boundaries and potentially to “open the door” to
heuristics and meta-heuristics for problem solving. Also, possible
uncertainties of MSDs could be considered by introducing appropriate
stochastic models.
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PASMELLEHWE OMACHbIX MATEPWAJIOB C NMOCTOAHHBLIM
N NMEPEMEHHbBIM PANYCOM BO3AENCTBUA

BpaHka C. Qumutpuesnd, Munow J1. Hnkonuy,
Kamapu+a C. BykagnHoBud, MeaHa I. Byknyesuny
YHuepcuteT B benrpage, ®akynbTeT TpaHcnopTa

OBNACTb: noructuka, mateMatuieckoe nNporpaMMmmpoBaHme
B[O CTATbW: opurmHanbHasa HayyHas ctatbs
A3bIK CTATbW: aHrnunckmin

Pe3some:

g mMuHuMU3ayuu  yeposbl BHELHEe20 OKPYXeHUs Heobxodumo
paspabomampb cucmemy pelweHul 8 obracmu pasMmeuwleHusi OnacHbIX
sewecms. B daHHoU pabome paccmompeHb! npobriemMbl, Kacaroujuecs
pa3MeweHUs1 pasfuyHbIX U008 OracHbIX eewecms (C pasfuyHbIMU
Xapakmepucmukamu).

OnacHble mamepuaribi 00/mKHbI Bbimb pasMeuieHbl 8 OUCKPEMHOM
rpocmpaHcmee romeHyuarnbHbIX MecmOorosioXeHul  ckriados, npu
ycnosuu cobsmodeHusi MUHUMasIbHbIX 6e30rmacHbIX paccmosiHUl MeXoy
8bI6pPaHHLIMU MyHKMamu.

MuHumarnsHoe 6e3onacHoe paccmosiHue paccyumbigaemcsl Ha
OCHOBaHUU 8epOSIMHOCMU Hebra2onpusmHoao eo30elicmausi eewecms
Ha BHeWHee OKPYyXeHue u npunezarowue obbekmbl. Llenb pabomebi
3aKk/moYaemcss 8  Makcumusauyuu  Koruyecmea  CKiadupO8aHHbIX
Mamepuarnos, cobmodas MuHuMarbHoe 6e30rmacHoe paccmosiHue.

MuHumarnbHo 6e3ornacHoe paccmosiHue 8 Crlydae HeKomopbIX
8ud08 8eLecms UMeem roCmOosIHHbIE 3HAYEHUS], KOmMopbIe 3asucsim om
Xapakmepucmuk oracHbIX 8eUleCcme.

C Opyeol cmOpOHbI, MUHUMaNbHO 6e3ornacHoe paccmosiHue
Moxem kosebambCs 8 3asucuMocmU Om  Kojudecmea OracHbIX
gewiecms u Opya2ux xapakmepucmuk.

Hns onucaHHbIX 8Ud08 MUHUMarbHO 6e30racHo20 PacCmMOsIHUS
npednazaromcsi ~ MoOenu  CMEeWaHHO20  YUC/IeHHo20  Memolda
rnpoepamvmuposaHusi. [aHHble MoOenu OCHOBaHbl Ha npobneme
onpedenieHUU MecmorionioXeHUs1 cknados, makum obpasoM UX MOXHO
cyumamp  pacuupeHHbIM OorosiHeHUeM 3adadyu  rpoepaMmuposaHust
eblbopa MecmorionoxeHus. Bepudbukauuss modenu 8bINofiHeHa Ha
2uromemu4eckoM rpumMepe, pesyribmambl KOMmOopo2o npueedeHbl 8
pabome.

KntoueBble crosa: CKJ'IBOUPOG&HUG ornacHbIx eeujecms, be3ornacHoe
paccmosHue, I'IpO5I76MbI be3onacHoz20 pasmeweHus

LOCIRANJE OPASNIH MATERIJA SA KONSTANTNIM
| PROMENLJIVIM RADIJUSIMA UTICAJA

Branka S. Dimitrijevi¢, Milo$ Lj. Nikoli¢,
Katarina S. Vukadinovié, Ivana P. Vuki¢evi¢
Univerzitet u Beogradu, Saobracajni fakultet
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OBLAST; logistika, matemati¢ko programiranje
VRSTA CLANKA: originalni naucni ¢lanak
JEZIK CLANKA: engleski

Sazetak:

Donosenje odluka o prostornom rasporedivanju opasnih materija
neophodno je zbog minimiziranja rizika po okolinu. U ovom radu razmatran
Je problem lociranja razli¢itih vrsta opasnih materija (sa razlicitim karakteristi-
kama). One mogqu biti locirane unutar poznatog diskretnog skupa potencijal-
nih lokacija skladista, pod uslovom da budu zadovoljena minimalna bezbed-
nosna rastojanja izmedu odabranih lokacija. Minimalno bezbednosno rasto-
Janje je posledica postojanja verovatnoce da opasne materije neZelieno de-
luju na objekte u okolini. Cilj je da se istovremeno maksimizira uskladistena
koli¢ina razlicitih opasnih materija, vodeci rauna o minimalnim bezbedno-
snim rastojanjima. Za neke opasne materije minimalno bezbednosno rasto-
Janje je konstantna vrednost, koja zavisi samo od karakteristika opasnih ma-
terija. Sa druge strane, minimalno bezbednosno rastojanje moZe da varira u
zavisnosti od koli¢ine opasne materije i njenih ostalih karakteristika. Za ova
dva tipa minimalnih bezbednosnih rastojanja predloZeni su modeli meSovi-
tog celobrojnog programiranja. Ovi modeli zasnovani su na lokacijskom pro-
blemu nepokrivanja, pa se mogu tretirati i kao njegova modifikacija i proSire-
nje. Verifikacija modela sprovedena je i ilustrovana na generisanom hipote-
tickom primeru Ciji su rezultati prikazani.

Kljuéne redi: skladistenje opasnih materija, bezbednosno rastojanje,
lokacijski problem nepokrivanja.
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Sazetak:

U ¢&lanku se razmatra postupak reSavanja problema viseatribut-
nog odlucivanja na jednom nivou Kriterijuma i prezentuje metod zasno-
van na elementima kompromisnog odlucivanja, Lp metrici i TOPSIS
metodu. Daju se preporuke za formiranje pocetne matrice odlucivanja i
transformaciju raznorodnih kriterijumskih vrednosti. Kompromisna re-
Senja dobijaju se na osnovu vrednosti funkcija Lp metrike i njihovih
kombinacija sa koeficijentima — funkcijama relativne verodostojnosti
zavisnim od dimenzija problema. Dobijena reSenja zavisna su od para-
metra p u Lp metrici koji je balansirajuci faktor izmedu re$enja sa naj-
vecom ukupnom koristi i reS§enja sa minimaks odstupanjima kriterijum-
skih vrednosti od ideala i antiideala. Ako se zahteva jedinstveno reSe-
nje, ono se dobija objedinjavanjem svih funkcija Lp metrike i primenom
vektora sliCnosti varijanata idealu, kojim je obuhvacen i uticaj antiidea-
la. Prikazan je i postupak dobijanja kompromisnih reSenja na osnovu
vrednosti elemenata parcijalnih vektora sli¢nosti idealu i uticaj subjek-
tivno odredenog antiideala na reSenja. Primena metoda prikazana je
numerickim primerom.

Klju€ne reci: visekriterijumsko odlucivanje (VKO), transformacija kriteri-
jumskih vrednosti, kompromisno reSenje, idealno reSenje, Lp metrika,
vektor slicnosti idealu (VSI).

Uvod

Problemi viSeatributnog odlucivanja (VAO) definiSu se kao klasa pro-
blema viSekriterijumskog odluc€ivanja (VKO) za koje se formira odgova-
rajuc¢i matematicki model, ali ne postoji jednoznacno optimalno reSenje.
Za razliku od problema viseciljnog odlucivanja (VCO) kao ,dobro struktui-
ranih“ problema VKO, kada se formira matemati¢ki model i primenom po-
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znatih metoda odreduje optimalno reSenje (ako postoji), metodima VAO
(,meki“ metodi) reSavaju se ,loSe strukturirani problemi VKO (Nikoli¢,
Borovi¢, 1998).

Metod aditivnih tezina je najstariji, najjednostavniji, ali i Siroko prime-
njivan za reSavanje problema VAO. Od slozenijih metoda kod nas su naj-
vise primenjivani metodi ELECTRE, PROMETHEE i AHP, a manje meto-
di koji se zasnivaju na Lp metrici, iako se njihovom primenom dobijaju
kompromisna reSenja, pogodna za dodatnu analizu i poredenja varijana-
ta. Iz grupe metoda kompromisnog rangiranja varijanata kod nas je naj-
poznatiji metod VIKOR (Opricovi¢, 1998).

Posebnu klasu metoda VAO sacinjavaju metodi koji se baziraju na
odnosu kriterijumskih vrednosti varijanata prema vrednostima ideala i/ili
antiideala. Obi¢no se podrazumeva da su to ,opazeni“ ideal i antiideal,
odredeni na objektivan nacin i sa elementima koji su ekstremne kriteri-
jumske vrednosti varijanata. Na taj nacin formira se primarno podrucje
varijanata (PPV). Donosilac odluke (DO) moze da odredi ideal i/ili antii-
deal i izvan PPV, €ime se formira sekundarno podrugdje varijanata (SPV);
u problem se unosi subjektivizam DO i mogucée su subjektivhe preferen-
cije nekih kriterijuma.

U radu su kao osnov postupka za reSavanje problema VAO prime-
njeni: Lp metrika (Zeleny, 1982), kompromisno programiranje (Opricovi¢,
1986), (Yoon, 1987) i TOPSIS metod (Hwang, Yoon, 1981). Kompromi-
sna reSenja dobijaju se na osnovu parametra Lp metrike (p) koji predsta-
vlja i parametar uravnotezenja izmedu ukupne korisnosti i pojedinacnog
odstupanja kriterijumskih vrednosti od ideala i antiideala. Linearnim kom-
binacijama vrednosti funkcija Lp metrike za razliCite vrednosti parametra
p, za svaku varijantu dobija se objedinjeno rastojanje varijante od ideala i
rastojanje od antiideala i dva nova kompromisna resenja. Konaéno rese-
nje (najbolja varijanta) dobija se prema vrednostima elemenata vektora
sli€nosti varijanata idealu (VSI), koji objedinjava parametre odnosa varija-
nata prema idealu i antiidealu. Elementi VSI su koeficijenti slicnosti vari-
janata idealu (KSI) u intervalu [0,1]) i predstavljaju udaljenost varijante od
antiideala i kvantitativan su pokazatelj koliko je varijanta dobra u porede-
nju sa idealom. Na taj nacin se odreduje i koja od referentnih tataka ima
veci uticaj ili pod Cijom ,kontrolom ” je varijanta.

U radu je prikazan deo Sireg istrazivanja primene metoda VSI ko-
je obuhvata i analizu osetljivosti reSenja na promenu tezina kriteriju-
ma, uticaj proSirenja podrucja varijanata na reSenja, kao i postupak re-
Savanja hijerarhijski strukturiranih problema VAO primenom metoda
VSI. Zbog ograni¢enog obima rada navedeni delovi istrazivanja nisu

prikazani.
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Matrica odlucCivanja i podrucja varijanata

Ako je skup varijanata V'={V|i =1,m} i svaka od njih je opisana sa n

atributa koji se u procesu odlucivanja koriste kao kriterijumi g ;s j=1,n, pro-
blem VAO sastoji se u odredivanju varijante J7,, koja je najbolja u odnosu
na sve kriterjume g ;. Matrica odludivanja je C={c;;i=1m; j=1n},
gde su ¢, € R poznate numeriCke vrednosti varijanata J/; prema svakom
od kriterijuma K ; (kriterijjumske vrednosti), a mogu biti realne vrednosti,

njihove ocene ili ocene kvalitativnih pokazatelja. Kriterijumima su pridru-
Zene tezine ;€ (0,1) ilogicki operatori (min/max kriterijumi: L ; = +1).

Ako to priroda problema zahteva, reSenjem problema VAO moze se
odrediti i grupa povoljnih varijanata ili rang-lista svih varijanata.

Uopsteno, varijante su nezavisne, a kriterijumi medusobno mogu da
budu i zavisni. U radu ¢e se kriterijumi smatrati nezavisnim, osim pri utvr-
divanju njihovih tezina.

Pocetna matrica odlucivanja

Priprema matrice odlu€ivanja za primenu metoda VAO zahteva si-
stemsku preliminarnu analizu problema koji se reSava, pri c¢emu treba de-
talino da se sagledaju svi faktori koji uti€u na razmatrani problem VAO,
kao i njihova meduzavisnost.

Donosilac odluke, u skladu sa definisanim ciliem VAO (rang-lista svih
varijanata, izbor grupe povoljnih varijanata ili izbor najbolje varijante), u
preliminarnoj analizi problema treba da odgovori na nimalo laka pitanja,
kao Sto su: koje su varijante moguce i realne, koliki je broj i $ta je sadrzaj
zahteva za kvalitet varijanata, koliko je vaznih kriterijuma i $ta je njihov sa-
drzaj, kakvi su im medusobni odnosi i uticaj na problem, koje kriterijume i
do kog nivoa treba dekomponovati, kako definisati kriterijumske vrednosti i
koliki je njihov pojedinacni uticaj na kvalitet varijanata, koje podatke treba
prikupiti o varijantama i drugo. Odgovori na ova i druga pitanja u vezi sa
problemom nisu jednostavni, pa je time i obaveza DO da u prethodnoj
analizi obradi sve relevantne faktore, ali i da izbegne neargumentovane
uticaje i preporuke koje mogu da dovedu do neobjektivnog reSenja.

Izbor cilja je vaZzan zato $to se pri odredivanju kompletne rang-liste ili pri
izboru grupe najpovoljnijih varijanata ne sme vrsiti test efikasnosti varijanata
(reSenja) zbog mogucnosti da dobre varijante, koje se pokazu kao neefika-
sne, budu odbacene. Kada je cilj VAO izbor jedne najpovoljnije varijante,
test efikasnosti je preporudljiv (ali nije neophodan) i njime se problem redu-

s
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kuje, a neefikasne varijante eliminidu iz daljeg postupka. Testom efikasnosti
moze se odrediti i superiorna (dominantna) varijanta, ako postoji.

Odredivanje teZina kriterijuma € (0,1) je posebno osetljivo pitanje
u VAO, jer imaju veliki uticaj na reSenja. Tezine se odreduju objektivnim
ili subjektivnim metodima ili njihovim kombinovanjem. Odredivanjem vek-
tora tezina objektivnim metodima olakSava se rad DO (Milicevi¢, Zupac,
2012a, str.39-56). Tada DO ne ispoljava uticaj na njihove vrednosti i one
se odreduju, uglavnom, za nepromenjene uslove. Subjektivni metodi (Mi-
licevi¢, Zupac, 2012b, str.48-70) ukljuCuju DO u odredivanje tezina kriteri-
juma i zasnivaju se na saznanjima o okruZenju i situaciji u kojoj i za koju
se reSava problem, ¢ime se ispoljava njegov uticaj na reSenje. To je po-
sebno vazno za sisteme i pojave podlozne promenama u kratkim periodi-
ma, kada se za promenjene uslove mora preispitati i ve¢ utvrdeni vektor
tezina kriterijuma. Tezine kriterijuma obicno su brojne vrednosti u interva-
lu (0,1), a mogu se zadati i kao stohasticke veli€ine, fazi brojevi ili inter-
valno oko nominalne vrednosti, posebno kada je za odredivanje tezina
primenjen grupni metod (Blagojevi¢, Mati¢-Keki¢, 2012, str.255-266) ili se
teZzine odreduju primenom viSe metoda.

Logicki operatori L;odreduju da li su kriterijjumi monotono rastuci

(L; =1) ili monotono opadajuci (L; =-1).Nemonotoni kriterijumi se odre-

denim postupcima prevode u jedan od dva oblika monotonih kriterijuma,
a logicki operatori zavise od novog oblika kriterijuma. Moguci nacin pre-
vodenja kvantitativnih nemonotonih kriterijuma u monotono opadajuce
(L;=1) jeste odredivanje vrednosti pomocnih kriterijumskih funkcija

ci= ey =Ml gde je u ; najpovoljnija vrednost kriterijum K ; .

Prikupljanje, selektovanje i analiticka obrada podataka uslovljena je
prirodom kriterijuma i moguénostima DO. Cilj je da se svaka varijanta
prema svakom od kriterijuma okarakteriSe brojem — kriterijumskom vred-
noscu. U toku prikupljanja podataka i njihovoj analizi moguce su i prome-
ne relevantnih kriterijuma (povecanje ili smanjenje njihovog broja, objedi-
njavanije vise kriterijuma u jedan ili eventualno utvrdivanje potreba za de-
komponovanje pojedinih kriterijuma) ili promene vektora tezina.

Kvantifikacija podataka kvalitativnih kriterijuma vr8i se ocenjivanjem
(pojedinacno ili grupno) na izabranoj skali ocenjivanja ili drugim metodima.
U ovoj fazi odreduju se pragovi kvaliteta za svaki kriterijum ili kriterijumske
vrednosti koje su prihvatljive za DO i koje svaka varijanta mora da ispunja-
va kako bi bila razmatrana (ne radi se ako je cilj odredivanje rang-liste svih
varijanata). Pragovi kvaliteta ili kriti€ne kriterijumske vrednosti osiguravaju
da se kao najpovoljnije reSenje ne izabere varijanta koja za jedan ili vise
kriterijuma nema minimum potrebnih kvaliteta, a prema svim ostalim krite-
rijumima je veoma kvalitetna. Ako se ideal i antiideal definiSu izvan PPV, u
ovoj fazi odreduju se i vrednosti njihovih elemenata.

<>



Primarno i sekundarno podrucje varijanata

Primarno podrucje varijanata (PPV) jeste viSedimenzionalni prostor (di-
menzije zavise od broja kriterijuma; varijanta je viSedimenzionalna tacka) i
sadrzi sve kriterijumske vrednosti skupa varijanata J/;, ograniceno je njiho-
vim ekstremnim vrednostima, a odreduju ga dve referentne tacke: primarni
(.opaZeni”) ideal i antiideal }y={¢;} i Vy={c;},saelementima:

c;=maxiicyij€ J+}ch=mini{c,~,-,'j€ J s
ci=mini{c; J€J I Acy=maxi{c; J€J )} (1
gde podskup J'={j|L;=1} predstavlja monotono rastuce, a podskup

J ={Jj|L;=-1} monotono opadajuce kriterijume (J 'uJ =J ).
Sekundarno podrudje varijanata (SPV) takode je viSedimenzionalni
prostor u kojem je sadrzano PPV, a Cije granice odreduju tatke sekun-
darnih (imaginarnih) ideala i antiideala (y;"; )5~ ). Donosilac odluke od-
reduje pozeljne i nepozeljne (kriticne) kriterijumske vrednosti izvan PPV
ili u kombinaciji sa grani¢nim kriterijumskim vrednostima PPV i definiSe
.Zelieni” ideal " ={¢;"} i ,zahtevani” antiideal yy~={¢;"}. Odnos

elemenata referentnih taCaka PPV i SPV je:

*

;S Aej2eyTijedT i e Ae ST jed . (2)

Prosirenje PV postoji ako je ispunjen bar jedan od uslova:

- u sekundarnom idealu ;" postoji makar jedna imaginarna kriteri-
jumska vrednost c/ koja bi bila povoljnija za kvalitet varijanata od kriteri-
jumske vrednosti istog kriterijuma c; u primarnom idealu y, (npr.: manji
troSkovi, ve¢a pouzdanost):

* *E . + * * ok, - .7

- u sekundarnom antiidealu }7y~ postoji makar jedna imaginarna
kriterijumska vrednost koja bi bila nepovoljnija za kvalitet varijanata od
kriterijumske vrednosti istog kriterijuma ¢; u primarnom antiidealu 7

(npr.: veéi trodkovi, manja pouzdanost):

c,>c; . jeJ Ve <c; . jeJ ;e

i
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U PPV je mogucée dodavanje novih varijanata sa kriterijumskim vred-
nostima koje ne prelaze njegove granice i time se poredak postojecih va-
rijanata ne menja. Dodavanjem novih varijanata sa kriterijumskim vred-
nostima izvan postojeceg PPV, ili isklju€ivanjem nekih od postojecih vari-
janata, postoji mogucnost da ¢e se formirati novo PPV sa novim referent-
nim tadkama (}'y, V), a poredak postojecih varijanata je podloZan pro-

menama. Pri povecaniju ili smanjenju broja varijanata ili zameni nekih po-
stoje¢ih novim varijantama, stalnost poretka postojecih varijanata osigu-

rava se formiranjem SPV sa stalnim referentnim tackama (¢ ;vy ),

koje je dovoljno ,prostrano” da prihvati i sve kriterijumske vrednosti novih
varijanata.

Odredivanjem ideala i antiideala na subjektivan nacin DO precizira
kriterijumski okvir vrednosti ili interval prihvatljivih vrednosti za svaki krite-

rijum. Definisanjem vrednosti elemenata antiideala s~ ={¢;"} u SPV

istovremeno se mogu definisati i kriticne kriterjumske vrednosti. Za jedan
kriterijum vrednost elementa antiideala i kritiCna kriterijumska vrednost
mogu (ali ne moraju) da budu jednake. Pri njihovim razli¢itim vrednosti-
ma, za definisanje kriti€nih vrednosti moraju se postaviti strozi uslovi, jer
SPV mora obuhvatiti sve kriticne vrednosti kriterijuma. Ako DO ne defini-
Se antiideal, potrebno je da definiSe kriti€ne kriterijumske vrednosti, osim
ako se zahteva samo rang-lista, a ne i izbor najpovoljnije varijante ili gru-
pe povoljnih varijanata.

Subjektivno odredivanje ideala i antiideala nije lak zadatak za DO i
zahteva njegovo dobro poznavanje svih faktora koji utiC¢u na problem koji
se reSava, jer pri tome treba odrediti moguce vrednosti kriterijuma kojih
nema u skupu realnih kriterijumskih vrednosti. Postoji rizik da se ideal i
antiideal odrede znatno izvan PPV, ¢ime se povecavaju razlike izmedu
realnih i referentnih vrednosti i gubi se na znacaju razlika parametara
kvaliteta realnih varijanata (gubi se ostrina ocene kvaliteta varijanata).

Mnogo je teze odredivanje ideala nego antiideala, pa ima smisla od-
redivati i polozaj varijante u odnosu na antiideal (ili: ako je varijanta dalja
od antiideala, verovatno je onda i bliza idealu, pa time i kvalitetnija). Pra-
vilno odredivanje antiideala izvan PPV omogucuje bolju transformaciju
realnih kriterijumskih vrednosti u bezdimenzionalne parametre.

Numericki primer. Metod vektora sli¢nosti varijanata idealu bice pri-
kazan na numeriCkom primeru sa Cetiri varijante i pet kriterijuma. PocCet-

na matrica kriterijumskih vrednosti C=/¢;;i=14;j=15}, sa teZinama

kriterijuma ;€ (0,1) i logiCkim operatorima L ;, prikazana je u tabeli 1. U

istoj tabeli prikazani su i elementi 7* i 7~ dobijeni primenom izraza (1),

>



a radi analize odnosa PPV i SPV uvodi se X={x;sJj =1,_n} , kao vestacka
varijanta i srediste PPV, sa elementima x, = (cj-+c})/2;Vj€ J.
Tabela 1 — Pocetna matrica odlu€ivanja C ={¢;}u primarnom PV

Tabnuua 1 — McxooHas matpuua npuHATUs pelennii C =/, } B nepsniHom PV
Table 1 — Initial decision-making matrix C ={¢, }in the primary S

j Kriterijumi

K K> K3 K+ | Ks
Vi | 405 90 1134 60 142
V, | 370 83 970 36 154
Vs | 418 72 990 44 144
V4| 352 62 1028 54 120
X | 385 76 1050 48 137
418 62 1134 36 154
V- | 352 90 970 60 120

Varijante

Refer
tacke
~

w; 0,13 | 0,22 | 0,28 | 0,20 | 0,17

L; 1 -1 1 -1 1

Tezine kriterijuma ocenjene su poredenjem po parovima i primenom
linearne celobrojne skale ocenjivanja.

Transformacija kriterijumskih vrednosti

Vrednosti elemenata pocetne matrice C={¢;} obi¢no su, prema

kriterijumima, izrazene razli€itim jedinicama mera (heterogeni kriterijum-
ski prostor), pa je radi moguée primene metoda potrebno da se oni
transformiSu u bezdimenzionalne veli€ine. Ovde se koristi transformacija

na osnovu raspona (duzine intervala) kriterijumskih vrednosti |cj—c;|,
pri Cemu se smatra da su cj najbolje, a ¢; najlosije kriterjumske vred-
nosti, a transformisane — normalizovane vrednosti su u intervalu [0,1].
Matrica C={¢;} transformiSe se u matricu 4={a;}, gde su a;=a;(i)
normalizovani bezdimenzionalni parametri:

ai/:(c,-,-'c;)/(ci-c}),OSa,-jSI, (3)

s
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kada se svi kriterijumi prevode u monotono rastuce (L ;=1,Vje J ). Tako
je: a;, =(¢, —c{)/(cl* —¢; ) =(405-352)/(418-352)=0,803 (tabela 2).

Tabela 2 — Matrice normalizovanih kriterijumskih vrednosti 4={4,} u primarnom PV
Tabnuya 2 — MaTpuLbl HOPMMPOBAHHBIX 3HAYEHMUIA N0 KPUTEPUAM A ={g, } B NepeuyHom PV

Table 2 — Matrices of the normalised criteria values 4={4,;} in the primary SA

j Kriterijumi
K K> Ks K4 Ks
V| 0,803 0,000 1,000 0,000 0,647 0,494

ZjeJ W;di

V.| 0,273 0,250 0,000 1,000 1,000 0,460

Varijante

V5| 1,000 0,643 0,122 0,667 0,706 0,559

V4| 0,000 1,000 0,354 0,250 0,000 0,369

X | 0,500 0,500 0,500 0,500 0,500 0,500

1,000 1,000 1,000 1,000 1,000 1,000

Refer
tacke
~

V~| 0,000 0,000 0,000 0,000 0,000 0,000

Wi 0,13 0,22 0,28 0,20 0,17 RA(i) .

Ri(i) | 31-24 | 4321 | 1-43-2 | 2-3-41 | 2314 | 3124

Ovakva transformacija je moguca kada su kriterijumi medusobno ne-
zavisni ili se njihova meduzavisnost ne razmatra. Transformacija ima ne-
dostatke, jer kriterijumske vrednosti za kriterijume sa manjim rasponom
dobijaju veci znacaj od vrednosti kriterijuma sa veéim rasponom, §to je
posledica izbora ideala i antiideala od poznatih kriterijumskih vrednosti
(,opazene” vrednosti). Ovaj nedostatak se delimi¢no kompenzuje samom
transformacijom, jer se ,gubici” koje varijante imaju kod kriterijuma sa ve-
¢im rasponom, delimi¢no nadoknaduju kod kriterijuma sa manjim raspo-
nom kriterijumskih vrednosti, a stepen kompenzacije raste sa poveca-
njem broja kriterijuma. Zbog ovog nedostatka transformacije, u pojedinim
slu¢ajevima je opravdano da DO odreduje ideal i antiideal (ili samo antii-
deal) izvan PPV, iako se time, ve¢ na poCetku procesa odlucivanja, unosi

dodatni subjektivizam DO.
52



Povecéanjem raspona kriterijumskih vrednosti i transformacijom dobi-
jaju se realniji odnosi izmedu transformisanih kriterijumskih vrednosti. Za
kriterijume sa velikim numeri¢kim vrednostima i relativno malim medu-
sobnim razlikama izmedu varijanata, pri ovoj transformaciji dobijaju se
velike razlike transformisanih vrednosti, $to nije opravdano. Radi otkla-
njanja ovog nedostatka, realne kriterijumske vrednosti mogu se posebno
oceniti na izabranoj skali ocena ili odrediti vrednost antiideala izvan PPV i
naknadno izvrsiti transformacija u interval [0,1].

Ideal y"={q4;} i antideala y~={4;} i imaju normalizovane ele-
mente: a;=max,{a;}=1 i a;=min{ a;}=0, prema kojima se mogu od-

rediti parcijalni rangovi varijanata Rf(i)zmaxi{a(,,-izLE} za svaki od

n

kriterjuma g ;. Na osnovu vrednosti Z_’;l W) ay ;i=1,m, moZe se ustano-
viti rang varijanata prema svim kriterijumima istovremeno, primenom jed-
nostavnog metoda aditivnih tezina (Hwang, Yoon, 1981), prema kriteriju-

mu: R*(i) = max.{ 15w, a; / (tabela 2).

Primena Lp metrike u VAO

Pri rangiranju i izboru najpovoljnije varijante prema svim zadatim krite-
rijumima, dobro je poznavati vise mogucih reSenja, kao i posledice izbora
jednog od njih. To omoguc¢ava primena Lp metrike kojom se definiSe uda-
lienost tataka 4A={4,,--*,a,} | B={b,,--,b,} U n-dimenzionalnom prostoru:

d,=L,(4:B)={Y7a;~b,;I" }'"; 1< p<co. Lp metrika u VAO je mera ra-

j=1
stojanja varijanata od ideala i antiideala i €ini osnov za odredivanje kom-
promisnih reSenja. Primenom razli¢itih vrednosti za parametar Lp metrike
pe [1,~) dobija se viSe reSenja (reSenje je najbolja varijanta), odnosno
kompromisna re$enja problema VAO.
Efikasno i kompromisno reSenje:

Efikasno reSenje (Pareto optimalno, neinferiorno, nedominirano) u
problemu VAO je ono reSenje - varijanta |/, iz skupa varijanata J/;, ako

ne postoji druga varijanta J7, koja poseduje bar jednu kriterijumsku vred-
nost koja je bolja od istovrsne kriterijumske vrednosti varijante 7, , a sve
ostale kriterijumske vrednosti nisu loSije od vrednosti varijante J/, . Pre-
ma normalizovanoj matrici 4={a;=a,(i)}, kada su svi kriterijumi preve-
deni u monotono rastuce ([;=1;VjeJ), efikasno reSenje je varijanta

s
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V. kada ne postoji varijanta |}/, za Kkoju je ispunjeno:
a;(k)<a;(1);NjeJ i q,(k)<q;(l);Fje J. Efikasno reSenje moze da
bude i dominantno, odnosno najbolje prema svim kriterijumima (po defini-
ciji, to je varijanta J7,, ako su u odnosu na nju sve ostale varijante
V.;i#[ neefikasne), kada je i optimalno i jedinstveno po kriterijumskim

vrednostima. Neefikasna varijanta je ona nad kojom dominira bar jedna
od preostalih varijanata. U primeru su sva reSenja (varijante J;) efikasna

i ne postoji optimalno (dominantno) reSenje problema VAO.
Kompromisno resenje problema VAO je varijanta J, koja je najbolja

iz skupa varijanata J7; na osnovu primenjenog postupka, parametra Lp

metrike 1< p <o i izabranih referentnih tacaka (y"; 17~). Kompromisnim

reSenjem moze se smatrati i rang-lista varijanata, grupa povoljnih varija-
nata i sli€no, ako je to definisani cilj VAO.

Rastojanja Lp metrike: NajCeSc¢e primenjivani parametri Lp metrike
su p=1,2,0o. U opstem slu€aju i bez obzira na PV, za ove parametre se

definiSu rastojanja varijanata J/,={g;}/ od ideala V*:{a;} i anti-ideala
V- ={a;/-
Rastojanja ¢4,(i) premaidealu y” su:
dy(1)=L,(Viv)=[Z3wi(a;=a;)"]"" 1za p=12, sledi:
a) p=1: d,(i)=X'Z'w/a;—a;) — pravougaono (Menhetn) rastojanje;
b) p=2: d,(i)=[3/w(a’ - a;)*]"* — Euklidovo rastojanje, i
C) p=oo: do(i)=max,[w;(d,~a;)] — Cebisevijevo rastojanje.  (4)
Rastojanja 4 ,(i) prema antiidealu p~ su:
d,(i1)=L,(V V)=[Z3wi(a;~a;)" 1", odakle sledi:
a) p=1 di(i)=X'Swila;—a;);
b) p=2; da(i)=[TFwila;—a;)’ 1"

C) p=o; d.(i)=max;iw;(a;—a;)}- ()

=
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Slika 1 = Funkcije Lp metrike varijante }/; u primarnom PV za dva kriterijuma

Puc. 1 — ®yHKUMU Lp MeTpukn anbTepHaTMBHbIX Noka3aTernen Ha nepsuyHomMm PV
AN ABYX KpuTepues
Figure 1 — Lp functions of the V', alternative metrics in the primary SA for two criteria

To su ,Cista” rastojanja Lp metrike, dobijena na osnovu pojedinaénih
vrednosti p=1, p=2 ili p=<. Prikaz elementarnih funkcija Lp metrike za

varijantu 7; i dva kriterijuma jednakih tezina (w,=w,=1) u primarnom PV,
kao i odnos sa sekundarim PV, gde su 0<4,(i)<2, dat je na slici 1.

Zasvaki p=12,0 i ¥, ,w;=1je d,(V')=d,(Vv )=0, a rastojanja
d,(V") i d,(V') su nezavisna od kriterijumskih vrednosti i zavisna
samo od tezina kriterijuma:

1/2

iV )=di(V)=X 5w =1 & (V) =d;(")=[Z5w |

de(V )=d=(V' )=max;{w;} - (6)
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U primeru je:
df(l):zjjwj(a*j—a{,):0,13-(1—0,803)+---+0,l7-(1—0,647):0,506;

d>y(V)=d>(V')=0461; d_(V )=d=(v )=0280,a vrednosti 4,(X )
i d,(X) su polovine Cistih rastojanja izmedu ideala i antiideala za
svaki p=12,.

Rangovi varijanata odreduju se prema kriterijumu:

Ry()=mindd,(1); i=tm} i Ry(i)=max{d,(i); i=tm}.  (7)

Vrednosti d;( i)id,(i) irangovivarijanata R ,(i) prikazani su u tabeli 3.

Tabela 3 — Vrednosti rastojanja Lp metrike
Tabnuuya 3 — 3Ha4YeHns paccTosiHUIN Lp meTpukn
Table 3 — Values of the Lp metrics distances

Varijante Referentne tacke Rang

d,(i) .
: Vi Vs Vs Va X v V- R,y (1)

d?(i) 0,506 | 0,540 | 0,441 | 0,631 0,500 | 1,000 | 0,000 3-1-2-4

d;(i) 0,304 | 0,338 | 0,271 | 0,318 | 0,231 0,461 0,000 3-1-4-2

dl(i) 0,220 | 0,280 | 0,246 | 0,181 0,140 | 0,280 | 0,000 4-1-3-2

di(i) | 0,494 | 0,460 | 0,559 | 0,369 | 0,500 | 0,000 | 1,000 3-1-2-4

d,(i) | 0,318 | 0,271 0,265 | 0,246 | 0,231 0,000 | 0,461 1-2-3-4

d.(i) ]| 0,280 | 0,200 | 0,141 | 0,220 | 0,140 | 0,000 | 0,280 1-4-2-3

Vrednosti 4,(i) opadaju sa povecanjem p:d,(i)2d,(i)2d.(i), a za

d,(i) vazi da je g4, (i)+d;(i)=C (ovde: g,(i)+d;(i)=1). Sa porastom
koeficijenta p smanjuje se uticaj varijantama sa manjim Kkriterijumskim
vrednostima i povecava se uticaj varijanata sa vec¢im kriterijumskim
vrednostima, tako da za p=< na vrednost (.(i) uticaj ima samo

varijanta sa najvecom kriterijumskom vrednoSc¢u. Lp metrika predstavlja
dopunski kriterijum prema 1< p<e kao parametru uravnotezenja

izmedu ukupne Kkorisnosti i pojedinatnog odstupanja kriterijumske

vrednosti od ideala i antiideala.
(560



Male vrednosti za p (posebno za p=1) formiraju takve rang-liste
gde prednost dobijaju varijante kojima se postize ve¢a ukupna korist, uz
mogucnost da neka od vrednosti kriterijuma bude i izrazito loSa (a; =0).
Veée vrednosti za p (posebno za p =) formiraju takve rang-liste gde

prednost dobijaju one varijante Cije kriterijumske vrednosti imaju manja
maksimalna odstupanja od ideala ili ve¢a maksimalna odstupanja od
antiideala, a ukupna korist je od manjeg znacaja.

Na osnovu datih mera rastojanja za skup varijanata J/; moze se

dobiti do Sest kompromisnih reSenja (najbolja varijanta) i Sest nezavisnih
rang-listi. Koju rang-listu ¢e DO da prihvati zavisi od uvazavanja uticaja
parametra p na ukupne efekte. Metod omogucéava da se za dobijanje

kompromisnih reSenja primenijuju i druge vrednosti parametra p .

Stvaranje dve nove rang-liste ,pomirenjem” neusaglasenih rangova
moguce je uvodenjem linearnih kombinacija vrednosti funkcija Lp
metrike, odnosno objedinjenim rastojanjem (,kombinovana” rastojanja)
prema idealu i antiidealu:

d ()=, 2,,d,(i); d(i)=2,4,,d,(i); p=12,00; i=1,m; (8)

gde je: A, ={ A, A2y’ Awyts N,y — koEficijenti linearne kombinacije koji
predstavljaju relativnu verodostojnost funkcije 4, za dimenziju y (npr.
broj kriterijuma, varijanata, klasa, rang-listi i sli¢no), za > 4,,=1.
Sopstvena rastojanja za ideal i antiideal su (v )=4(y)=0, a

rastojanja izmedu njih ne zavise od kriterijumskih vrednosti, ve¢ samo
od W; i Ay

AV )=d (V)= Ai,+ A, [ XI0W, 2 4 Ay max iiw,; } - 9)

Prema (Yoon,1987), na osnovu funkcije verodostojnosti i simulaci-
jom metodom Monte Karlo za 10.000 eksperimenata i 30.000 slucajnih
brojeva u intervalu [0,1], dobijene su vrednosti 4,,, kao koeficijenti
linearne kombinacije u sistemu tri metrike (4,, d,. d..), zavisne od

dimenzija reSavanog problema (tabela 4). Kod formiranja rangova varija-
nata, zbog A,,21,,2A..,, prednost se daje ukupnoj koristi nad

pojedinacnim minimaks odstupanjima kriterijumskih vrednosti od ideala

ili antiideala.
57D
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Tabela 4 — Vrednosti koeficijenata linearne kombinacije funkcija Lp metrike (Yoon,1987)
Tabnuya 4 — 3HaveHus KoadbduumeHTa nMHenHon dyHKumMmn Lp metpukmn (Yoon,1987)
Table 4 — Values of the coefficients of the linear combination of the Lp metrics functions
(Yoon,1987)

Dim y Ay A, Awy | Dim.y Aty Ao, Ay
0,3333 0,3333 0,3333 8 0,6154 0,2479 0,1367
0,4113 0,3146 0,2741 9 0,6328 0,2407 0,1265
0,4673 0,2992 0,2335 10 0,6479 0,2342 0,1179

0,5098 0,2861 0,2041 11 0,6616 0,2281 0,1103
0,5437 0,2747 0,1816 : : : :

0,5717 02647 0,1636 49 0,8302 0,1366 0,0332

N|olg|lbhlw|IN|=~

0,5951 0,2559 0,1490 50 0,8318 0,1356 0,0326

Ako DO ne zeli da primeni koeficijente iz tabele 4 i tako uvazi dimen-
zije reSavanog problema, moZe sam da odredi koeficijente 1,, Sto je po-

sebna pogodnost metoda. On bira vrednosti },, tako da se moZe prime-

niti samo jedna funkcija ili kombinacija dve ili tri funkcije Lp metrike
(d,.d,.d..), zavisno od prirode problema i od toga da li se zahteva veca

ukupna korist (), =1), geometrijska bliskost (), =1) ili pojedinacna mini-
maks odstupanja kriterijumskih vrednosti (A.=1), za > A1,=1 i
p=12,00.

Zbog naglog rasta koeficijenta ), sa porastom broja dimenzija v,

za dobijanje najverodostojnijih kompromisnih redenja sa matematicke
tacke gledista moze se prihvatiti i upotreba samo funkcije (4,(i). Ako se

uvazavaju tri funkcije Lp metrike, jedinstvena funkcija dobija se prime-
nom koeficijenata ), , kao njihovih tezina u linearnoj kombinaciji, prema

izrazu (8).

Dva nova kompromisna reSenja i dve nove nezavisne rang-liste do-
bijaju se prema rangu varijanata:

R (i)=min{d (i)} | R ()= max{d (i)}, (10)

U primeru, za dimenziju problema y=5 (pet kriterijuma, tabela 4) i
p=12,0, vrednost linearne kombinacije 4 (i) varijante J, je:
d ()= Zpﬂpd;(l) =0,5437-0,506 + 0,2747 - 0,304 + 0,1816 - 0,220 = 0,398 .

=



Tabela 5 — Vrednosti linearne kombinacije Lp metrike i vektor sli€nosti idealu
Tabnuya 5 — 3HaueHust koadhuLMeHTa IMHENHOM OYHKLMM Lp METPUKN 1 naearnbHbI BEKTOP
Table 5 — Values of the Lp metrics linear combination and the similarity to ideal vector

d(i Varijante Referentne tacke
(i) ) Rang R(i)

*

s(i) V, V, Vs Va4 X v V-

d*(l') 0,398 | 0,437 | 0,359 | 0,463 | 0,361 | 0,000 | 0,721 3-1-2-4

d (i) | 0,407 | 0,361 | 0,402 | 0,308 | 0,361 | 0,721 | 0,000 1-3-2-4

s(i) 0,505 | 0,452 | 0,528 | 0,400 | 0,500 | 1,000 | 0,000 3-1-2-4

s’(i) | 0,511 | 0,448 | 0,506 | 0,420 | 0,500 | 1,000 | 0,000 | 1-3-2-4

Iz tabele 5 se vidi da je varijanta }J/, najbliza idealu zbog najmanje
vrednosti d"(3)=0359, a varijanta J/, je najdalja od antiideala zbog naj-
veCe vrednosti 47(1)=0,407, Sto ukazuje na postojanje dva nova
kompromisna reSenja. Iz izraza (9) sledi da je rastojanje ideala i anti-
ideala d*(V‘)=d‘(V*)=O,721, nezavisno od kriterijumskih vrednosti.
Slediidaje d" (X )=d (X)=d" (V7 )]2=d (V" )]2=0,721/2=0361.

Kako su, s obzirom na referentne tacke, dobijena dva kompromisna
reSenja, potrebno ih je ,pomiriti” primenom jedinstvene mere koja bi

objedinila rastojanja ¢ (i) i 47 (i).

Vektor slinosti varijanata idealu

Vektor sli¢nosti varijanata J7; idealu 7* (VSI) prema svim kriteriju-

mima K, (za sistem) jeste visedimenzionalni vektor S ={s(i); i=1lm},

J
Ciji se elementi (koeficijenti sliCnosti varijanata idealu — KSI) odreduju na
osnovu mesovitih rastojanja 4" (i) i d(i):

s(i)=d ()/[d"()+d (i)]; 0<s(i)<1; i=Lm, (11)

(Hwang, Yoon, 1981).

Vektor sliénosti varijanata antiidealu y~ je: § ={s(i); i=Lm};
s (i)=d"(i)/[d"(i)+d (i)], tako da je i s(i)+s (i)=1. Vektorom
S={s(i)} odredeni su rangovi realnih varijanata prema kriterijumu:

RS (i)=max,{s(i); i=lm}. (12)

=
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Vrednost KSI predstavlja kvantitativni odnos varijante prema idealu (ili
stepen ,dobrote” varijante), a broj¢ano je mera rastojanja varijante 7, od

antiideala ~. Za s(k)>0,5 (kadaje i 4 (k)>d (k)), na varijantu J,

veci uticaj ima ideal i varijanta se smatra da je pod ,kontrolom” ideala.
Parcijalni vektori slicnosti varijanata idealu S,={s,(i); i =1,m)}

imaju elemente koji se dobijaju na osnovu ,Cistih” rastojanja Lp metrike:

Sp(i)=d;(i)/[d;(i)+d;(i)]; 0<g,(i)<1; p=12,00; i=1,m. (13)

Tri rang-liste varijanata i tri nova kompromisna resenja (V;s,(i))
dobijaju se prema kriterijumu:

Ry(i)=maxi{s,(i); i=1m]}. (14)

Prema vrednostima parcijalnih KSI, dovoljni ali i strozZi uslovi da je
varijanta J/, pod kontrolom ideala su s,(k)>0,5 za svaki p=12,0. Pre-
ma izrazima (8,13), definiSe se linearna kombinacija parcijalnih KSI:

S(1)=, Apysyp(i); 0SS()<1; p=12,00; i=Lm; (15)
kojom je odreden objedinjeni VSI: S"={s"(i);i=1,m}. Vrednosti koeficije-
nata 4,, treba odrediti prema broju kriterijuma, tako da je y =n, ili Ce
DO koeficijente 1,, (>,1,=1) odrediti prema tome da li Zeli vecu ukup-
nu korist ili kontrolisana pojedinaéna minimaks odstupanja kriterijumskih
vrednosti od ideala i antiideala.

Kako bi se sagledale karakteristike funkcije (13), uvodi se pretpos-
tavka da je s,(i)=C (konstantna vrednost), kada je:

C=dy(i)[[d(i)+d;(i)] i C-d\(i)=(1=C)-d,(i)=0. (16)

Za dva kriterijuma (K,,K,) sa teZinama (w,,w,; ), proizvoljno
izabranim Ce (0;1) i u odnosu na koeficijente matrice A={qa;, j=12}
kao promenljive varijable (krac¢i zapis: a;=a; i a,=a,), primenom
izraza (4,5,16) i sa g4,,4,€/01], ai=a;=0, g =a,=1, dobija se
funkcija a,= f(a,,w,C):

—-za p=I:

iz C=(wa+ Wzaz)/[(Wl(l —a)+wr(l=a)+ wa+wya,/ sledi da
ie a=—(w/w2)a;+C/w, i predstavlja skup paralelnih pravaca;

>



—-za p=2:

iz C=(wiai+wdad)" Wi (1=a)* +ws(1=a)* ] + Wi i +whdd]" }
dobija se skup hiperbola

Adiai + Arart Asai+ Asar+A45=0,
sa koeficijentima:

A=W (1-2C); A, =wy(1-2C); 4;=2C"wi s 4s=2C" w3}

As==C* (W, +w3).

Hiperbole su prema apscisi 4, konkavne za C<0,5 i konveksne za
C>05,aza C=05 odnos g, i g, je linearan:

ar=—(W, /w3 Ja, + 0.5(1+ wi/w3):
—za p=oco:
iz C=max(w,a;w,a)/{[max(w,(1- a); w,(1- @, )] + max[wia,; wra, ]}

odrede se oblasti definisanosti funkcije iz kombinacija odnosa (w,;w,);
(W,ai;wraz) 1 (w, (1= a);wy(1-a,)), kada je formira osam kombinacija

mogucih uslova u zavisnosti od primenjenih znakova < i 2. Neka su
uslovi: (1) wi <wy; Q) wiai<wya, 1 (3)wi(1-a;)Zwy(1-a,); iz uslova (2) i

(3) sledi a,>(wi/w2)ai T ar2(wi/ws) ai—wi/w, +1. Zbog uslova (1) sledi
(w,/wr) ar <(w/wr)ai—wi/w,+1, @ oblast definisanosti funkcije je

poluravan g, > (w,/w,)a;— wi/w,+1. Iz uslova (2) i (3) dobija se funkcija
C=wyar/[w,(1—a))+wra,] » @iz nje i konacna funkcija a,= f(a,,w,C):
a>=~(w/w)[C/(1=C)] ay+(w,/wy)[C /(1-C)] , izraz a) u tabeli 6.

Na isti naCin dobijaju se i vrednosti funkcije prema izmenjenim
uslovima (1), (2) i (3), tabela 6. Za C=(0,25; 0,50; 0,75), w,=04,
wra=0,6 i p=1.2,0, funkcije a,= f(al,w, C) prikazane su na slici 2.

Rangiranje varijanata prema VSI. Na osnovu izraza (11) dobija se
vektor S={s(i); i=1,m} sa elementima koji predstavljaju rastojanja
varijanata J/; od antiideala 7~ . Za varijantu J, je:

s(1)=d (1)/[d"(1)+d (1)] =0,407/(0,398 + 0,407 ) = 0,505 .

G
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Tabela 6 — Vrednosti funkcije g,= f(a,,w.w,,C) za s.(i)=C idva kriterijuma
Tabnuya 6 — 3HaveHns QyHKUMN g, = f'(a,, wi,w,,C) BNA s.(i)=C C AByMS
KpuTepusamMm
Table 6 — Values of the function 4,= f(a,,w.w,.C) for g.(i)=C and two criteria

o . ) Funkciie a,= f(a,w,C)
Wis Wy Oblast definisanosti funkcije i
za 5.(i)=C
wi wi w C w  C
8) a2t a=—Tt gt
w2 w2 wy 1-C wy 1-C
<
wi<wa gy W oo W W B=C
W2 w> 4%
w1 w1 1-C
c) @msS—a ar=——- ar+1
1%} w2 C
wy w C w C
d) a2>—a1 a, ——— aT—
Wz 2%%) I_C W» I_C
> Wi Wi Wi
W= w2 e)—al——+1Sa2S—al alzc
W2 w> 4%
wi wi w 1-C
) a<—a——+I1 ar=——" art+1
w> ws w2

Posto je s(1)>0,5, varijanta J/, je da je pod ,kontrolom” ideala .
Vrednosti KSI za referentne tacke su s(J7 )=1i s(J/~)=0 i predstavljaju
rastojanja tataka 7° i ;- od tacke J/~ prema meri s(i).

Prema kriterijumu (12), dobija se reSenje primarnog problema VAO
(V,;s(3)=0,528) i rang-lista varijanata ;- ,—V,-V,( tabela 5). KSI
za najbolju varijantu, predstavlja stepen ispunjenja najpovoljnijih realnih
vrednosti kriterijuma (vrednosti za 7). Kako je s(3)>0,5, smatra se da
je V5, kao najbolja u smislu predloZzenog postupka, dovoljno blizu idealu i
da je pod njegovom ,kontrolom”. KSI varijanata 7, i 7/, su s(i)<0,5 i
pokazuju da su te varijante izvan kontrole ideala (pod kontrolom
antiideala) i rizitne za prihvatanje i realizaciju. SrediSte primarnog PV
X ={x,;} zadrzalo je svoj pocCetni sredidnji polozaj (s(X)=05), $to
navodi na zaklju€ak da se polozaj veStacke varijante X ne menja tokom
postupka i da se moze Koristiti kao nova referentna tacka, posebno u

analizi odnosa PPV i SPV.
62>
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Slika 2 = Funkcije g,= f(a,,w.C) za s,(i)=C za dva kriterijuma
Puc. 2 — ®yHkuns g, = f(a;,w,C) ana s ,(i)=C C ABYMS KpUTEPUAMY
Figure 2 — Functions ¢, = f(a,,w,C) for g,(i)=C for two criteria

Metod VSI daje mogucnost za primenu razli€itih koeficijenata linear-
nih kombinacija },, bez obzira na dimenzije problema vy, kako bi se

prednost dala varijantama koje obezbeduju veéu ukupnu Korist ili varijan-
tama sa manjim maksimalnim odstupanjima kriterijumskih vrednosti od
ideala i/ili ve¢im maksimalnim odstupanjima kriterijumskih vrednosti od
antiideala. Izborom drugih vrednosti za },, dobijaju se i druga kompromi-

snha reSenja. Primenom izraza (8) i (11) dobijena su reSenja za razliCite
kombinacije 1, (¥,1,=12za p=12,-) (tabela 7).

G
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Tabela 7 — Vektor slicnosti varijanata idealu za razli¢ite vrednosti koeficijenata 4,
Tabnuya 7 — BekTop cxoACTBa BapuaHTOB C uaearnbHbIM NPy pasHbiX 3HAaYEHUAX

koabpuumenTa 4,
Table 7 — Similarity to ideal vector of alternatives for different values of the coefficients 4,

Koeficijenti sli¢nosti varijanata idealu s(i)

Koefic. linearne Rang

kombinacije ;ip varijante referentne tacke varijanata
- R (i)

A A | A Vi V, Vi Va X |4 V-

1 0 0 0,494 | 0,460 | 0,559 | 0,369 | 0,500 | 1,000 | 0,000 | 3-1-2-4

0.8 0,1 0,1 ]0,499|0,457|0,547 | 0,381 0,500 | 1,000 | 0,000 3-1-2-4

0,544 0,275 0,181 0,505 | 0,452 | 0,528 | 0,400 | 0,500 | 1,000 | 0,000 | 3-1-2-4

0.4 0,3 0,3 ]0,512|0,448 0,510 | 0,417 0,500 | 1,000 | 0,000 1-3-2-4

0 1 0 0,511 0,444 10,494 | 0,437 ] 0,500 | 1,000 | 0,000 | 1-3-2-4
0 0 1 0,560 | 0,417 | 0,365 | 0,549 ] 0,500 | 1,000 | 0,000 | 1-4-2-3
Kada su 1,, izabrani prema dimenziji problema y=35 (broj kriteriju-

ma) iz tabele 4, dobijeno je osnovno redenje 7, , koje prema tabeli 3 ima
najoolie  vrednosti:  d,(3)=min;{d|(i)}=0441, d>(3)=0271 i
d7(3)=0,5559, dok prema ostalim vrednostima d;(i) i d,(i) varijanta
V', nije najbolja.

Promena vrednosti 4,e/01/ za 3 1,=1 sa izabranim korakom
promena (npr: 44,=0,05)iakoje 4,=2 1,2 A.,vecza 4={0,4,03,03},
dobija se drugo kompromisno reSenje (V,,;s(1)=0,512) zbog veceg uti-
caja gistih rastojanja ds(1), d;(1), do(1) i d=(1) (tabela 3), dok je
istovremeno s(3)=0,510. Prednost dobija varijanta J/, Cije kriterijumske
vrednosti imaju manje maksimalno odstupanje od ideala i ve¢e maksi-
malno odstupanje od antiideala nego varijanta 775, a ukupna korisnost je
manje znacajna. Sa povecanjem J, raste uticaj di(i) i di(i) iprefe-
rira se veca ukupna korisnost, pa je pri tome osnovno reSenje }/, najbo-
lje zbog najpovoljnijih vrednosti Cistih rastojanjaza p =1.

Vrednosti s(i) za pojedinacne vrednosti 4,=1 jednake su s,(i) za
isti p, Sto proizlazi iz izraza (8,11,13,15), tako da su vrednosti s(i) za
A={1,0,0} iz tabele 7 jednake vrednostima s,(i), jer prema (13) za V,

<>



sledi Sl(l)zdl‘(l)/[d:(l)+ di(1)] =0,494 /(0,506 + 0,494 )= 0,494 . Isto vazi
i za vrednosti p=2,00. Inade je i §,(i)=d;(i) zbog di(i)+d,(i)=1
(ovo rastojanje se koristi i u drugim metodima VAO). Na osnovu vredno-
sti parcijalnih KSI s,(i) i prema izrazu (15) dobijene su jedinstvene

vrednosti KSI s(i)=% 1,.s,

Ovakav pristup problemu daje odredene slobode DO da utiCe na ko-
na¢no resenje, odnosno da formira novi skup kompromisnih reSenja u
zavisnosti od koeficijenta 1, i donese odluku zavisno od toga kakve

efekte oCekuje od reSenja. Kada postoji dilema oko izbora jednog od dva
ili viSe mogucih reSenja (ovde: 17, ili }7,) mora se uraditi dodatna analiza

kvaliteta reSenja uvodenjem dopunskih kriterijuma, preispitivanjem tezina
kriterijuma i drugo.

Prosirenje podrudja varijanata. Povoljno je da se problem sagleda i u
odnosu kriterijumskih vrednosti prema izmenjenom idealu i antiidealu, ka-
da se umanjuje i negativan uticaji transformacije (3), (slika 1). Pretpo-
stavka je da nema promena u kriterjumskim vrednostima realnih varija-

nata i da je cgj:cg’:c,.j;izl,m;jzl,_n (indeksi: (N) — primarno PV, (S) -

(i) i odreden rang varijanata (tabela 5).

sekundarno PV), tako da je prema (2), odnos elemenata referentnih taca-
kaPPViSPV: ¢ <S¢/ Ac;2¢;  jed i ci2ci nejSe; rjed .

Vrednosti elemenata primarnih referentnih tataka u sekundarnom
PVsu ¢ (Vy)=d5 20 i 45 (Vy)=a} <1, a elemenata sekundarnih re-
ferentnih tacaka: 45 (Vy )=ai" =0 i a}(Vs )=a;  =1. Transformacija
(3) ima oblik: g =(c;—c;7)/(c;"~c;7), avezaizmedu a; i aj je linear-
na: a;=(da5 —a; Jaj +a, -

Za svaki kriterijum definiSe se proSirenje na osnovu kriterijumskih
vrednosti: e;=(c} ~c¢;7)/(c;—c;)21, a parcijaina prosirenja u odnosu
na antiideal i ideal su:

e, =(c;i—c; )(c;=c;)20;5 &=(c; —c)[(c5=c;)20;

e;j=l+ej+e;21.

ProSirenje za kriterijumski sistem je:
0 =2weii ey=Swpe; e=2wje; jed i
J=1 J=l J=1 /
€0:1+€0_+€;21 .
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Sledi da je odnos a;) i a; izrazen preko prosirenja:

a§=(1/ej)af-,\-/+(€;/e,-); e 20; ;21 i=Lm; j=ln..

Sekundarno PV formira se i kada se odreduje samo novi antiideal sa
vrednostima izvan PPV ili u kombinaciji sa vrednostima na granici PPV:

Vg":{c;";jzl,_n}. Za vecinu monotono rastucih kriterijuma vrednosti
c; =0/je J , kao i za monotono opadajuc¢e kriterijume vrednosti

c’;*:o;je J , nisu realne niti opravdane; tako u primeru: za
K. j=le J - godisnji prihod, nema smisla razmatrati varijantu ciji je
prihod jednak O iliza x,,; j=2€ J~ — godisnji trosSkovi odrZavanja postro-
Jenja, nema smisla varijanta za koju ne postoje troskovi odrzavanja.

£

Ako su vrednosti elemenata ideala ostale nepromenjene: cjf*=cj [

Ve =Vy={418:62;,1134,36,154} (prema tabeli 1), a vrednosti elemenata
postojeCeg antiideala 7, ={352,90,970,60,120} zamenjene novim vred-

nostima koje su odredene kao najnepovoljnije kriterijumske vrednosti ko-
je DO moze da prihvati (kritine vrednosti  kriterijuma):

Vs~ ={290,105,850,72,90 ¢, prosirenja na osnovu kriterijumskih vrednosti i
prema pojedinacnim kriterjumima su e, ={1,485,1357,1,366,1,417,1,441},
parcijalna proSirenja ej:O;Vj eJ i¢;={0485/0357,0366,0417,0441}, a
ukupno za sistem proSirenje PV je ¢,=1,402.

Prosirenje PV prema metodu VSI' je:

go=1+d"(V)ld* (Vi vi)+d” (Vi)ld* (Vi) =1+ g+ e

Izmedu proSirenja ¢, i ¢, postoji nelinearna funkcionalna veza
go=f(w;.e;,,,). Prema metodu VSI prosirenje je ¢,=1397.

" Veligine su oznadene prema slici 1, a odnose se na sekundarno PV; rastojanje
dVy J.V*N):Zpﬂ/p,ydi(l/;\/ ;Vx) e ukupno rastojanje za p=12.0 izmedu

primarnog antiideala J/ i ideala Vjv u sekundarnom PV;  vrednosti dS_(V,_V),

dS*(Vjv) i dS(V]_v,'VjV) su iz intervala [0,1].

e



Prosirenje dobijeno prema vrednostima KSI za primarne i sekundar-
ne referentne tacke daje rezultate bliske veé opisanim proSirenjima:

eo=1s" Vs )=s (Vs )l /[s* (Vi) =s* (V)] ; ovde je e,=e,=1397,
zbog ej: 0,Vj €J . Znadi, prema svim primenjenim izrazima, na osnovu
novog antiideala, primarno PV je proSireno za oko 40%.

ProSirenja e, je nezavisno, a proS8irenja g, i 8(/) su zavisha od
koeficijenata 4,,, odakle nastaju i manje vrednosne razlike medu njima,

nebitne za prakti¢nu primenu, pa se mogu Koristiti sva tri izraza.

Posledica primene antiideala izvan PPV je povecéanje raspona
kriterijumskih vrednosti prema kojima se vrSe transformacije (3) i poveca-

nje vrednosti transformisanih koeficijenata g >a) (osim za

S*,*
a;

a; blize idealu a}""=1 i dalje od antideala 45 =0. Za p=12

= a?’ "=1), to prividno povecava kvalitet varijanata, jer su vrednosti

smanjene su vrednosti ,Cistih” rastojanja Lp metrike prema idealu
d3 (i)<dy (i) i pove¢ane vrednosti ,gistih” rastojanja Lp metrike prema
antiidealu ¢35 (i)>d) (i), a za p=e taj odnos moze da ostane i
nepromenjen g3 (i )<Y (i) i d57(i)=d¥ (i).

Za sekundarni problem VSI je §°=70,669,0,658;0,710,0,640} i
reSenje (V,;s°(3)=0,710). Vrednosti KSI su znatno veée od vrednosti

KSI u osnovnom resenju S =S5"=7/0,505,0,452,0,528,0,400}, smanjen je
raspon KSI max{ s5(i)}—min{ s°(i)}=0,710 — 0,640 =0,070 u odnosu na
osnovno resenje (max{ s" (i)} —min{ ¢" (i)} =0,128 ), €ime je smanjena i
ostrina ocena medu varijantama, ali je zadrzan osnovni rang varijanata.

Uvodenjem ,realnog” antiideala izvan PPV i formiranjem sekundar-
nog PV, ima smisla govoriti i o stvarnoj blizini varijante idealu ili njenoj
sli¢nosti sa njim (npr: ,varijanta 7,, prema primenjenom metodu i zbog

s(3)=0,710 , ispunjava maksimalne zahteve DO u obimu od oko 70%”").

Kompromisna reSenja i na osnovu njih dobijeno jedinstveno redenje
problema VAO treba da predstavljaju polazno stanoviste DO pre donoSe-
nja svoje konacne odluke za izbor reSenja. Donosilac odluke ima dobru
osnovu i argumente za svoju odluku, ali reSenja dobijena primenom me-
toda VSI (ili drugih metoda) ne moraju da se podudaraju sa njegovim iz-
borom. Konacnu odluku o prihvatanju reSenja za realizaciju ipak donosi
DO, a ovaj postupak samo treba da mu pomogne u tome.

G
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Zakljucak

U radu je prikazana primena Lp metrike za reSavanje problema
VAO. Na osnovu rastojanja izmedu n-dimenzionalnih taaka koje pred-
stavljaju varijante i referentnih tacaka (ideala i antiideala), za karakteri-
sticne vrednosti parametra Lp metrike (p=1,2,) dobijeno je Sest kom-
promisnih reSenja. ,Pomirenje” takvih reSenja izvrSeno je formiranjem
dve linearne kombinacije (prema idealu i antiidealu) sa koeficijentima koji
predstavljaju relativhu verodostojnost rastojanja Lp metrike i na taj nacin
su dobijena jo$ dva kompromisna reSenja. Primena linearnih kombinacija
funkcija Lp metrike omoguc¢ava DO da izvrSe rangiranje varijanata prema
zahtevima za ukupnu korist, geometrijsku blizinu ili minimaks odstupanja
kriterijumskih vrednosti od ideala i antiideala ili njihovim kombinacijama.
U tom postupku, kroz izbor koeficijenata linearnih kombinacija, DO moze
da izrazi i svoj odnos prema uticaju parametra Lp metrike (p) na reSenja.
Konacno reSenje dobijeno je poredenjem varijanata prema vrednostima
elemenata vektora sli¢nosti varijanata idealu, kojim je obuhvaéen i odnos
varijanata prema antiidealu.

lako se metodom dobija jedno reSenje kao najbolje, korisno je da se
poznaje i viSse kompromisnih reSenja, posebno u uslovima veceg broja
kriterijuma i varijanata. Postojanje vise kompromisnih reSenja vazno je za
DO, kako bi u odnosu na stvarne kriterijumske vrednosti sagledao posle-
dice izbora nekog od tih resenja.

U radu je izvrSena i analiza kompromisnih reSenja, dobijenih na
osnovu vrednosti parcijalnih KSI, pri Eemu su izvedeni i potrebni izrazi za
konstantnu vrednost KSI i p=12,~. Radi otklanjanja negativnosti koje
nastaju kao posledica transformacije realnih kriterijumskih vrednosti u
bezdimenzionalne parametre (na osnovu duzine intervala vrednosti po
kriterijumima), definisan je antiideal izvan PPV i primenom metoda VSI je
odredeno redenje. Dobijene vrednosti KSI predstavljaju realniju ocenu
kvaliteta varijanata u odnosu na idealno reSenje, pod uslovom da je se-
kundarni antiideal odreden na osnovu sistemske analize problema.

U daljem razvoju metoda VSI, o ¢emu nije bilo re¢i u ovom radu,
razmatrana je osetljivost reSenja na promenu tezina kriterijuma i uticaj
proSirenja podrucja varijanata na re$enja problema VAO.

Softverska podrSka metodu VSI pruza moguénosti izbora jedne, dve
ili tri funkcije Lp metrike, veliki broj kriterijuma i varijanata i omoguc¢ava
primenu metoda u realnom vremenu i kada se uslovi primene re$enja brzo
menjaju. Ugradnjom testa efikasnosti omogucéuje se odredivanje efika-
snih, dominantnih i dominiranih varijanata. Nadogradnjom softvera ele-
mentima razli¢itih oblasti ljudskog delovanja (sistem odbrane, ekologija,
obrazovanje, zdravstvo, privreda i dr.), mozZe se poboljSati efikasnost od-

lu€ivanja u tim oblastima.
(68
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METO BEKTOPA CXOOCTBA BAPUAHTOB
C WOEANbHbIM PELLEHVEM

Padomup P. [xykuy
r. Kpywesauy

OBNACTb: onepaTuBHbIE UCCNEAOBAHMS, MyNbTUATPUBYTHOE Cy)XAeHUe
B[O CTATbW: opurmHanbHas HayyYHas ctatbsl
A3bIK CTATbW: cepbekuin

Pe3some:

B pabome paccmampusaromces rnpouecchl peweHus npobriem my-
NIbmuampubymHo20 cyx0eHusi Ha 0OHOM U3 ypo8Hel Kpumepues, a
makxe rnpedcmasrieH Memo0d KOMIMIPOMUCCHO20 po2paMMUupO8aHUs,
Lp mampuubl u memod TOPSIS.

B pabome npedcmaesneHbl pekomeHdayuu Ons co30aHusi nep-
BUYHOU Mampuubl Cy>X0eHUs1 U mpaHcgopMayuu passiuyHbIX Kpume-
pues 3HaqyeHuUl. KOMIpoMuUCCcHbIe peuweHuUs 8b180051MCs1 HA OCHO8aHUU
3HayYyeHUl QyHKUUU Lp mempuku u ux KOMOUHUPOB8aHUSI C KO3(hghuyu-
eHmMoM — PyHKUUU omHocumesibHolU MOYHOCMU, 3aBUCsAWUX Om Xxa-
pakmepa rnpobremsi.

lMony4yeHHbie peweHuUs1 3asucsm om napamempos p u Lp me-
mpuku, senswuxcs banaHcHbIM hakmop mMexo0y cambiM briazonpu-
SAMHbIM peweHuUeM U PeweHUsIMU C OMHOCUMEbHbIMU (MUH/MakKc)
OMKIIOHEHUSIMU 8 3HaqyeHUsiX Kpumepuee om udeasibHO20 U aHmu-

udeasibHOeO0.
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B cnyyae, ecnu mpebyemcsi eQuHoe peweHue, Heobxodumo
06beduHUMb 8ce hyHKUUU Lp mMempuku U fpuMeHUmb 8eKmop
cxodcmea gapuaHmoe udeasly, KOmopbll 8Kr0Yaem 6/lUsIHUE aH-
mu-udearna.

B pabome npusedeH rowazosbil npoyecc MPUHIMUs KOMpo-
MUCCHbIX pelwleHul, NPUHSIMbIX Ha OCHOB8aHUU 3/1eMEeHMOo8 Yacmu4YHO-
20 cxodcmea ¢ udeasioM U 8/IUSHUSI Ha peweHue cCybbeKkmueHo orpe-
OeneHHo20 aHmu-udeana. [nsa HazansadHoOcmMu npumMeHeHuUss 0aHHO20
memoda npueedeHb! YUC/IEHHbIE MPUMEPHI.

KntoueBble crnoBa: MHO20KpumepuasbHoe rnpuHsmue peweHuti (MCDM)
mpaHcghopmayus 3HadYeHUl Kpumepues, KOMIMIPOMUCCHOE peuleHue,
udearnbHoe pelweHue, Lp mempuka, sekmop cxodcmea ¢ udeasnom (VSI).

METHOD OF THE VECTOR OF SIMILARITY TO IDEAL SOLUTION
IN ALTERNATIVES

Radomir R. Buki¢
Krusevac

FIELD: Operational research, Multiple-attribute decision-making
ARTICLE TYPE: Original scientific paper
ARTICLE LANGUAGE: Serbian

Summary:

A method for solving multiple-attribute decision-making problems
at one criterion level is discussed, followed by a presentation of a
method based on compromise programming elements, Lp metrics
and the TOPSIS method. Suggestions for forming the initial decision-
making matrix have been given as well as for the transformation of
multiple criteria values. Compromise solutions are obtained based on
the values of Lp metrics functions and their combinations with
coefficients — functions of relative credibility depending on solution
dimensions. The obtained solutions depend on the parameter p in Lp
metrics, parameter p being a balancing factor between the solution
with the highest total utility and the solution with minimax deviations
of criteria values from the ideal and negative-ideal solutions. If a
unique solution is required, it is obtained by encompassing all Lp
metrics functions and by applying the vector of similarity to ideal
solution, which also includes the negative-ideal solution influence.
The article shows a method for obtaining compromise solutions
based on the values of elements of partial similarity to ideal vectors
and the influence of a subjectivelly determined negative ideal on
solutions. The method application has been illustrated by a numerical

example.
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Introduction

Problems of multiple-attribute decision-making (MADM) are defined
as a class of multiple-criteria decision-making (MCDM) problems for
which there is a mathematical model formed but no unique optimal
solution. MADM methods (’soft’ methods) are used to solve ‘poorly
structured” MCDM problems. The procedure for solving MADM problems
is based on Lp metrics, compromise programming and the TOPSIS
method. Compromise solutions obtained by applying Lp metrics
parameters (p) further give the final solution (the best alternative) which
is obtained using the values of the elements of the vector of similarity to
ideal solution (VSIS) which encompasses the parameters of the relation
of alternatives with the ideal and negative-ideal solutions.

Decision-making matrix and spaces of alternatives

Initial decision-making matrix

A decision-making matrix for a MADM problem is given by real
criterion values, their estimates or estimates of attributes. A
preparation of the decision-making matrix for the application of the
MADM method requires a systematic preliminary analysis of a problem
in question. The initial decision-making matrix is possible to be formed
in many ways, but a usual sequence of phases is: preliminary analysis
and determination of MADM goals; problem structuring; data collection,
and determination of criteria values.

Primary and secondary space of alternatives

Spaces of alternatives are defined with reference to the chosen
referent points: the ideal solution and the negative-ideal solution. The
primary space of alternatives (PSA) is formed in the range of the
‘perceived’ ideal solution and the negative-ideal solution while the
secondary space of alternatives (SSA) is formed within the limits of the
‘preferable’ ideal solution and the ’requested’ negative-ideal one. By
determining the ideal and negative-ideal solutions subjectivelly, a
decision-maker (DM) determines the range of criteria or the interval of
acceptable values for each criterion. In reality, it is much more difficult
to determine the ideal solution than the negative-ideal solution, so it
makes sense to determine also the position of an alternative in relation
to the negative-ideal solution. For illustrating the VSIS method with a
numerical example, a decision-making matrix with four alternatives and
five criteria has been formed.

Transformation of criteria values

Since measurement units are different for different criteria
(heterogeneous criteria system), the elements of the initial matrix are
transformed into dimensionless parameters in the interval [0,1]. In this

i
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article, the author used the transformation based on criteria values
range (interval length), i.e. the absolute difference between the best
and the worst criterion value: 4 =(c,-c;)/(c;-c;)» 0<a;<1. Such a

transformation is possible when the criteria are mutually independent
or when their mutual dependence is not taken into account. The
transformation is not without flaws, since criteria values for criteria with
a narrower range become more prominent than those with a wider
range, which is due to the choice of the ideal and negative-ideal
solutions from known criteria values (‘perceived’ values).

Application of Lp metrics in MADM

Lp metrics in MADM is a measure of the distance of alternatives
from the ideal solution and the negative-ideal solution; it is the basis for
determination of compromise solutions. The application of different
values for the Lp metrics parameter pe [1,») results in more than one

solution (solution is the best alternative), i.e. compromise solutions of
MADM problems. The most frequently applied parameters are
p=12,, for which, regardless of SA, distances of alternatives

Vi={a;} fromtheideal ;5 (i)=r ,(v";v, and negative-ideal solutions
d,(i)=L,(v v, are defined, and based on their values up to six

different compromise solutions are obtained (the best alternative and a
ranking list of alternatives). Which ranking list the decision-maker is
going to accept depends on taking into account the parameter p
influence on overall effects. The method enables usage of other
parameter p values for obtaining compromise solutions. Two new
compromise solutions are obtained by ‘reconciling’ non-adapted ranks
and by applying the linear combination of Lp metrics function values.

Vector of similarity to ideal solution in alternatives

The vector of similarity to ideal solution (VSIS) in alternatives is,
according to all criteria, a multidimensional vector S={s(i); i=1,m},
the elements (coefficients of similarity to ideal solution — CSIS) of
which are determined based on diverse distances ;i) and ,i):
s(i)=d (D)][d"(i)+d (i)]; 0<s(i)<1. Based on a partial VSIS,
compromise solutions based on ‘pure’ Lp metrics distances are also
possible. The application of the VSIS results in a unique solution of an
MADM problem, with the influence of the negative-ideal solution taken
into account. By a further definition of the secondary negative-ideal
solution and a subsequent extension of the PSA, the drawbacks of the
applied decision-making matrix transformation are partially eliminated
and more realistic parameters of alternatives are obtained. It is also
possible to determine the values of the extension of the space of
alternatives, as factors influencing new coefficients of similarity to ideal

&>



solutions. The compromise solutions and, based on them, the obtained
unique solution of the MADM problem should represent a starting point
for decision-makers before they make a final decision. Decision-
makers have a good basis as well as arguments for a choice of either
one of compromise solutions or a unique solution;, however, these
solutions do not need to be their final choice. This procedure is to help
them in their final decision.

Conclusion

The application of Lp metrics for solving an MADM problem has
been shown in the article. Based on the distances between n-
dimensional points representing alternatives and referent points (the
ideal and negative-ideal solutions), six compromise solutions have
been obtained for the characteristic values of the Lp metrics parameter
(p=12,%). 'Reconciliation’ of such solutions has been done by forming
two linear combinations (based on the ideal solution and the negative-
ideal solution) with coefficients representing relative credibility of the Lp
metrics distance, thus resulting in two more compromise solutions. The
application of the linear combinations of the Lp metrics functions helps
the decision-maker to rank alternatives in accordance with requests for
overall utility, geometric proximity or minimax deviations of criteria
values from the ideal and negative-ideal solutions or their
combinations. During the procedure, while choosing coefficients of
linear combinations, decision-makers can express their attitude
towards the influence of the parameter p on solutions. The final
solution is obtained by ranking alternatives according to the values of
the elements of the vector of similarity to ideal solution, which
encompasses the relation of alternatives towards the negative-ideal
solution as well. Software support to the VSIS method enables a
choice of one, two or three functions of Lp metrics, a large number of
criteria and subcriteria as well as the application of the method in real
time under fast changing external conditions. Updating the software
with elements from different human activities (military issues, ecology,
education, health systems, economy issues, etc.) can enhance
decision-making in these fields.

Key words: multiple-criteria decision- making (MCDM), transformation
criterion values, compromise solution, ideal solution, Lp metrics,
vector of similarity to ideal solution.
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JE3UK YJTAHKA: cpncku

Caxemak:

JedHa 0d Hajyewhe kopuwheHux memoda 3a yHarnpehere eHep-
eemcKux Kapakmepucmuka objekama — 3epalda jecme cMar-eHe Mo-
mpowre eHepeuje 3a gpejare. Y ogom pady u3epuieHa je Komrapa-
mueHa aHasiu3a eHepeaemckux nompeba 3epade 3a epejarbe npocmo-
pa, Ha ocHogy cmyduja cry4daja y Kojuma cy spuieHe mModugbukauuje
u3onayuoHux Mamepujana oMomada 32pade u epcme fposopa. 3a
aHanu3sy je uzabpaH jagHU suulecripamHu objekam, Koju ce Hanasu y
beoepady. 3a duHamuyke cumyrnayuje u aHanuse egekama rnpumeHe
Mepa 3a yHarnpehere eHepzemcke eghukacHocmu objekma Ha cMma-
HeHe MompowHe eHepauje 3a epejarbe kopuwheH je npoepam Desig-
nBuilder. Pesynmamu pada noka3syjy da ce usonauyujom 3zpade u 3a-
MEHOM rIpo30Ppa MOXe ocmeapumu CMareHe eHepeuje 3a gpejarbe 00
61% eoduwrse.

KrbyuyHe peun: eHepeemcka ecbukacHocm, OUHaMuU4yke cumynauyuje,
DesignBuilder, uzonayuja, 3ameHa ripo3opa.

3AXBAITHULA: Aytop ce 3axBarbyje 3a duHaHcujcky nodpluky MuHucTapcTsy npocseTte,
Hayke n TexHornoLukor pa3soja Penybnuke Cpbuje. (Pag npeactasrba pesyntart npojekra
,YHanpeherwe eHepreTCKnx KapakTepucTka 1 KsanuteTa yHyTpaluHer npoctopa y 3rpaga-
Ma 06pa3oBHMX ycTaHoBa y Cpbuju ca ytuuajem Ha 3gpaerbe”, 11142008, Obnact: EHepre-
TUKa n eHepreTcka edmkacHocT, 2011-2015).
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YBop

Ha rno6anHom HuBoy oko 40% of yKynHe NOTpOLWHEe eHepruje
npegctaBrba TOMSIOTHA eHepruja Koja ce Tpowwu y 3rpagama. Y Cpbuju
npeko 60% yKynHe noTpowre uHanHe eHepruje KopucTu ce y srpaga-
Ma, LUTO je BULLIE HEro y CeKTopy MHaycTpuje n TpaHcnopTta. Nopen Tora,
rpaheBMHCKN CEKTOp je ¥ nopacTy, WwTo he goBectu oo nosehawa noTpo-
LWH-€ eHepruje, MoroToBo y ctTaMbeHMM 1 KoMepLmjanHuMm 3rpagamMa Koje
Cy HajBehun Kpajibu NoTpoLladn eHepruje 3a rpejate, OCBETIbEHE, Kao U
3a noTpebe paga kyhHux anapaTta u onpeme (Eftimie, 2015).

TexHnykn noTeHumjan 3a nobosbllake eHepreTcke ePUKaCHOCTU Y
cekTopy AoMahmnHCTBA, NOC/IOBHMM M jaBHUM 3rpagama je Benuvku. [a ou
ce 0b6e3beguna notpebHa KONUYMHA eHeprmje HEONXOOHO je NPUMEHUTH
cBe Mepe 3a yHanpehewe eHepreTcke edumkacHoCcT 3rpaga. 36or Tora
ce Mpu usrpagwy UnNu pesuTanusauuju srpaga Mopajy 3ag0BOSbUTH,
OCVM apXUTEKTOHCKMX yCroBa HEOMXOAHUX 3a U3rpagmky, U YCrioBu Koju
omoryhaBajy ocTBapmBaH€ eHepreTckn edomkacHor objekra.

HuckoeHepreTckn o6jekTn cy OHM Ynje cy roguwse notpebe 3a rpe-
jare npoctopa uamehy 40 1 60 kWh/m?. FnaBHM LN HUCKOEHEPreTCKUX
objekaTta jecTte ga ce MMHMMM3MpPA KOfMYMHa eHepruje Koja ce obesbehy-
je u3 cnosrballkbunx U3Bopa eHepruvje, a ga ce npu Tom obesbean notpe-
©aH HMBO TOMMOTHOr KOMd)opa KopuUCHUKa objekTa, 6e3 063mpa Ha rogu-
WwHe goba n cnorbawke knumartcke napametpe (Flodberg, et al., 2012).
HuckoeHepreTcke 3rpage Hajuewhe mmajy Beoma [oOpy usonauujy u
eHepreTckn epukacHe nposope, 36or yera je notpebHa eHepruja 3a rpe-
jane 1 xnahewe mana, na cy oBu 06jekTn eHepreTckn Beoma edhnkacHu.

3a noborbluake eHepreTcke euKacHOCTM 3rpaga Mopa ce NpUMeHu-
TV CKyn MeToda M TexHuka nomohy Kojux ce 3rpaga pasmartpa kao objekat
3a pa3MeHy eHepruje ca OKonMHoM. Noborbluarke eHepreTCKUX KapakTepu-
CTUKa 3rpage Moxe BUTN NOCTUTHYTO pasnMYNTUM MeTodama, Kao LUTO Cy:

— pobpa nsonaumja angosa v kopuwhewe Npo3opa ca BUCOKUM CTe-
NeHOM TepMUYKe 3allTuTe, YUMe ce Ha HUBOY 3rpage CTBapajy NoBOSbHU
YHYTpaLlbM YCNoBu Komadopa;

— nobosbluar-e eHepreTcknx nepdopmMaHcy cucTema rpejamsa;

— noborsblware nepdopmMaHc cuctemMa 3a kKnumaTtusauujy U enek-
TPUYHUX MHCTanauumja.

Y pagy he 6utn aHanuanpaHu Hekn of HajedpukacHujux MeToda 3a
noborbllake eHepreTcKUx Kapaktepuctuka 3srpage. AHanuaupahe ce
yTuuaj metoga pesuTanusauunje srpage Ha rpaheBUHCKOM HMBOY U TO
ynoTpebom TonnoTHe u3onauuje crnosballkbmx 3ugoBa M nposopa ca Bu-
LLIECIIOjHMM CTaKIoOM MyH-EHMM racom, Kako 6u ce o6e3beanno ogpxasa-
e TONMoTe y 3aTBOPEHOM NPOCTOPY TOKOM 3MMe, anu 1 cnpeyunnu npe-
KOMepHU 4obuum eHepruje y TOKy neta.

>



Cmatrben-e NoTpOLLH-E EHeprvje 3a rpejawe 1, y HOBYje Bpeme, 3a
xnahewe objekaTa, AMPEKTHO CMamyje U KpUTUYHa BpLiHa onTepehera
Yy eneKkTpoeHepreTckom cuctemy 3semrbe. VctoBpemeHo, noborbliane
eHepreTcke eMKacHOCTU Npyxa Benvke MOryhHOCTU 3a CMareHe eMu-
cuje racoBa ctakneHe bawTe.

Lnrb paga jecte ga ce kopuwherwheM AMHAMUYKUX eHepreTCKMx cu-
Myrauuja TONMOTHOr NOoHaLLaka 3rpage uspadvyHajy eHepreTcke nortpebe
3a rpejatbe, yoyaBajyhu pasnuke mamehy eHepreTcknx nepgopmaHcu
3rpage y pasnuuuTuM BapujaHTHUM pellersuma. Y TOM CMUCHY U3BPLUK-
he ce komnapaTuBHa aHanuaa eHepreTckux notpeba fobujeHnx kopu-
Wherwem pasnuunTUX BPCTa M30MauUoHNX MaTepujana crnorballibux 3u-
AoBa u npos3opa. HaBegeHe aHanuse m3Bpwunhe ce Ha usabpaHom jaB-
HOM 06jeKTy Koju ce Hanasu Ha noapyyjy rpaga beorpaga.

Mepe 3a yHanpehewe eHepreTcke
edmkacHocTn objekaTa

Hajsehu rybuum eHepruje y 3rpagama npeactasrbajy rybuumn To-
nnoTHe eHepruje. Haj6orbm HaumH 3a nobosbluarbe eHepreTcke eduka-
CHOCTW 3rpafe, KojuM ce OocTBapyje ywTena noTpoLlHe eHepruje, jecte
nsonaumja uene 3rpage, kao 1 KpoBa 1 NogpyMCKOr NpocTopa Koa Kojux
ce MOory OoCTBapuTu Benuku rybuum TonnoTtHe eHepruje (Perez-Lombard,
et al., 2008). [la 6u ce cmarwunu ryduumn TonnoTHe eHeprunje noTpebHo je
NPUMEHNTN HU3 oAaTHMX Mepa Koje y3umajy y ob3up cnegehe acnekre:

— TONNOTHU oMoTay 3rpage Tpeba ga obesbenm notpedbaH yHyTpa-
WHM KNMMaTCKM KoMcpop y3 mMany noTpowky eHepruje, 6e3 ob3npa Ha
roousse 0oba;

— npo3opu Tpeba ga nmajy HajmMawu moryhu koeduumjeHT nponasa
Tonnote, Aa ob6e3bene makcumanHe gobutke eHepruje og cyHua y 3um-
CKOM nepuoay 1 Aa UX KOHTPONULWY Y NeTHeM, Kako 61 ce cmarune no-
Tpebe 3a eHeprunjom 3a rpejame, Tj. xnaheme;

— KpoB Tpeba aa byae npaBUNHO M30MOBaH.

3a aHanu3y eHepreTcKor nNoHallakwa 3rpaga Mopajy ce umatu npe-
LUU3HM nogaun O CBMM KOHCTPYKTMBHUM ernemMeHTuma objekta, kao n o
MaTepujanuma 3vaoBa, TaBaHuua, NoaoBa, NPo3opa U KPOBHE KOHCTPYK-
unje (Petrovi¢, Vasic, 2012).

Hajuewhe kopuwheHa MeToda Koja ce KOpUCTU 3a eHEpreTcKy peBuTa-
nusaumjy 3rpage jecte msonaumja cnosballhsyx 3M4oBa, Tj. oMoTadva 3rpage
(Young, Altan, 2013). [lebsrbMHa 1 kBanuTeT oMoTava 3rpage nvajy 3HadvajaH
YyTULIj Ha KONMYMHY TOMMOTHE eHepruje Koja ce rydbun kpo3 3ugose. Y criydajy
HeKkBanuMTeTHE n3onaumje HacTajy 4ogaTHV rybrum TonnoTHe eHeprmje TOKOM
31me, MOryhHOCT HacTaHka KOHAEH3aumje Ha yHyTpaLltbuM 3140BMMa, Kao 1
npekoMepHa NoTpoLLHa eHeprvje 3a xnahewe y netkem nepuogy. Hajue-
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whe kopuwheHn M3onaumMoHn MaTepujanin Cy ekcnaHavpaHu MNoNMCTUPEH
(EPS) n exctpyampann nonuctupeH (XPS).

[a 6un ce n3Bpwno npasunaH M3bop BpCTe MaTepujana 3a cnosba-
WHY n3onauujy 3avgosa NnoTpebHO je NMo3HaBaT OCHOBHE KapakTepucTu-
ke Hajuyewhe kopuwheHnx wmsonaumoHmx matepujana (Mishra, et al.,
2012). Heka ocHoBHa CBoOjcTBa ekcnaHgMpaHor NosiMcTMpeHa cy:

— MOXe Ce YCMeLwHO KOPUCTUTK y 3rpajama Koje ce Hanase y nog-
pyyjuma ca BUCOKMM MPOLEHTOM BMaXXHOCTW Basayxa;

— OTNOpaH je Ha yTuuaj Bnare, ribmeuua n 6akrepuja;

— 1MMa fowa NpoTUBMNOXapHa CBOjCTBA 1 criaby OTNOPHOCT Ha yTULaj
BMCOKMX Temneparypa;

— NaponponycHOCT Martepujana, ako je MOHTMpPaH Ha CrosballhsOj
CTpaHu 3uga, crnpeyaBa CTBapare 3aTBOPEHUX AefioBa Koju omoryhasajy
pa3Boj Brare namehy nrnoya ekcnaHgmMpaHor NonmMcTMpeHa v 3uaa;

— LeHa eKkcnaHaupaHor nonmcTMpeHa Huje ce 3HaTHO Mensana y no-
crnearuX HEKONUKO roAnHa, 3a pasfnuky o4 MHOMUX APYruX rpafeBUHCKMX
MaTepuvjana.

OcHoBHa cBojcTBa eKCTpyAupaHor NonnMcTMpeHa cy:

— omoryhaea HacTaHak KoHAeH3aumje, jep He A03BoSbaBa nposias nape,
na BNaHOCT OCTaje 3apobrbeHa namehy anaa v n3onaumoHor matepujana;

— BEOMa je noysgaH U uma BUCOKY OTMOPHOCT Ha AECTPYKTUBHE yTU-
Laje npupoae;

— Mpy)Xa BENuKM 0TNop nponasy TonnoTe npu nagy Temneparype;

— y nopehewy ca ekcnaHgupaHum nonmcTMpeHom uma sehy otnop-
HOCT Ha yTu1Laj XEMUjCKMX CYMNCTaHLM, Kao LITO Cy KucenuHe, 6ase, anko-
xonu n 6oje Ha 6a3un ankoxona, cnaHy BoAy, LEMEHT 1 acdanr;

— CyH4YeBa CBETIOCT MOXe yTuuatu Ha NnpoMeHy 6oje nnove ekcTpy-
AMpaHOr nonucupeHa, anu He yTuye Ha TepMOM30SiauMoHe KapakTepu-
CTMKe nsonauuje.

Mopen HaBegeHux, gaHac MOCToje HOBM M30NauMOHM MaTepujanmu
KOju mMory 6utn edoukacHuju u jedpTUHNU 04 NOMEHYTUX, Kao LUTO Cy U30-
naumoHn matepujanu nspahenn og nonnypetaHa. Heke og OCHOBHMX Ka-
pakTepucTuka nosimypetaHcke TonnoTHe usonaumje cy (Federation of
European Rigid Polyurethane Foam Association, 2006):

— KoedmumjeHT nponasa tonnoTe joj je oko 0,020 W/mK y 3aBucHo-
CTW o ryctmHe maTepujana n npomssohaua;

OTNOPHA je Ha AejCTBO XEMUjCKNX CYNCTaHLUM;

He ropu, OTNOpPHa je Ha BaTpy U He NOTNOMaXKe CaropeBam-E;

— MOXe ce noctasBuTn 6e3 npeknaa, Ymme ce oHemoryhasa HacTaja-
He TOMMOTHUX MOCTOoBa M3Mehy naHena, Ha Lenoj noBpLiMHM 0b6jekTa,
6e3 063npa Ha HEeroBy BENUYMHY U 0BMNKK;

— 1Ma 3HaTHO 60rby 3BY4YHY M30Mauvjy O4 eKkcriaHaMpaHor NoONMCTUPEHa;

— BOLOOTNOPHA je 3a pasnuKy of ekcnaHgMpaHor NoncTupeHa Koju
Moxe ga ancopbyje Boay Koja MOXe OOBECTU A0 0ABajaka NOCTaBIbLEHOT

n3onaumoHor MaTepMjana.



M3onaumnoHn maTepujanu Ha 6a3u nonvypeTaHa peTko ce NpumMery-
jy 3a TONnOTHY M3onauujy, na 36or Tora Hehe BUTK pa3maTpaHu y NpuKa-
3aHUM JUHAMUYKUM CUMyrauunjama.

Y npouecy eHepreTcke pexabunutauuje srpage npo3opu npegcra-
BIbajy BaXkaH CermMeHT, jep Hajuyewwhe 3ay3vmajy Benuky noBpLUUHY OMO-
Tava 3rpaje, WTO je YecT cny4aj KoA MocrnoBHUX 3rpaga. [laHac cy cee
BULLE Y YyNnoTpebu Beoma KBanuTeTHU Npo30opu ca TPOCTPYKUM HUCKOEMU-
CVMOHUM CTakromMm, Koju omoryhaBajy 3HaTHO CMareH-e TPOLLKOBA 3a rpe-
jane npoctopa (Apte, et al., 2003).

Moborbluake TEPMUYKMX KapaKTEPUCTUKA KPOBHE KOHCTPYKLUMjE je BeOo-
Ma edoukacHa Mepa 3a noborsbluane eHepreTcke ednKkacHOCTU objekara, Ko-
ja ce Moxe NpPUMEHNTW Kako Kog, HOBWX objekaTa, Tako U Ha noctojehnm 3rpa-
Aama. MpaBunHOM 13onaumjoM KpoBa cMmaksyjy ce rybuum Tonmnore u omory-
haBa ce 3axTeBaHW TOMMOTHWM KOMAOpP yHyTap 3rpage. Yrpagwa gopaaTtHor
N30MaumoHOr cnoja y KPOBHY KOHCTPYKUM)Y je jedHoCTaBHa 3a u3Bohene, He
npeacTasrba BENUKY MHBECTULM)Y, a oTnnahyje ce 3a Beoma KpaTtak nepuoa.

PesynTtatn gnHamMn4kux cumynaumja

3a guHamMuuky cumynauujy TepMUYKor noHalwakwa ogabpaHor objekra
kopuwheH je nporpam DesignBuilder (www.designbuilder.co.uk). Hherosom
NPUMEHOM peanuayjy ce NnpopadyHu TONmnoTHor ontepehera objekta n no-
TpOLHE eHepruje 3a rpejawe U xnahewe, Koju ce kopuctun 3a ogpehuea-
He eHepreTckux kapaktepuctuka 3rpage (Shetal, Sharples, 2010). Mpo-
rpam omoryhaBa eHepreTcke cumynauuje objekata npu HUXOBOM MPOjek-
TOBay, anu 1 nNpu pesutanusaumjy noctojehmnx objekara ca moryhHowhy
nNpUMeHe NOoKanHWX eHepreTckux 1 rpaheBMHCKUX Nponuca 1 ctaHgapaa.
Y3 nomoh oBor nporpama npvMeHa mepa 3a noborbluake eHepreTcke
edrkacHOCTM 3rpaga MoXe ce KBaHTU(UKOBATU 1 BpeaHOBATHU.

EHepreTcka cumynauuja TONMOTHOr NOHaLlawa 3rpaje nsBpLueHa je
Ha npumepy jaBHor objekTa Koju ce Hanasn y beorpaay. 3rpaga nma npu-
3eMrbe 1 6 cnpaTtoBsa, YKynHe nospLlunHe 675 m? (cnuka 1).

C 0631poM Ha WCTK TOMIOTHU PEXMM KOju je AedUHUCaH Yy CBUM
npocTopujama 3rpage, Lena 3rpaga ce nocmartpa kao Je/:l,Ha TOMMoTHa
30Ha. lNMoBpLKnHa ceakor cripaTta 3rpage usHocu 96,37 m“. Ha ceBepHoj u
jy’KHOj CTpaHM Hanase ce Mpo3opy yKynHe nosplunHe 12,5 m?, a Ha uc-
TOYHOj W 3anafHOj CTpaHW MOCTaBIbEHU CY NPoO3opu nospLunHe 8,5 m?.
Ha npBom cnpaty Hanase ce kaHuenapwuje ca 25 cnyx6eHuka, a Ha ocTa-
numa no 10. KopucHuum kopucte 3rpagy 5 gaHa y Hegersu, o 7.00 go
19.00 yacoBa. Y nctum TepmunHuma npegsuheHa je n ynotpeba enek-
TPOHCKMX ypehaja n oceBeTrberwa. TemnepaTypa Koja ce ofgpxasa Y rpeja-
HOM npocTopy nofelleHa je Ha 21°C y nepuoanma kaga y 3rpagu mma
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MHOIO KOpWUCHUKa. [poTOK Basgyxa M3 crnosrballke cpeguHe y yHyTpa-
LWHOCT 3rpage geduHucaH je MHUNTpawmjom 1 yceojeH je 6poj nameHa
Basgyxa og 0,5 I/h.
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Cnuka 1 — Mogen 3rpage kpeupaH y DesignBuilder-y
Puc. 1 — Mogenb 3gaHus, co3gaHHas B nporpamme DesignBuilder
Figure 1 — Building model created in DesignBuilder

OunHamnuka eHepretcka cumynaumnja y DesignBuilder-y ypaheHa je
3a knumaTcke ycnose beorpaga nomohy 6ase mMeTeoponowkmx nogara-
Ka Koja je uHTerpucaHa y nporpam. Cumynaumja je usspLueHa 3a rpejHu
nepwog og 1. oktobpa oo 31. maprta. Kao pedepeHTHM objekaT y3eTa je
3rpaga 6e3 usonauuje cnorbalkux 3M40Ba, ca NPo3opuMa ca ABOCTPY-
KAM HWCKOEMWMCUOHMM CTaKIOM W KPOBOM Ca U30nauujoM oA CTakneHe
ByHe. CTpykTypa cnorballkux 3MA0Ba W paBHOr KpoBa pedepeHTHe
3rpage (o4 yHyTpa ka crnorba) npvkasaHa je y tabenum 1.
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Tabena 1 — CactaB TepMU4Kor oMoTaya pedepeHTHe 3rpage
Tabnuuya 1 — CoctaB TEPMOU3O0IIALOHHOIO CIoS 34aHUst
Table 1 — Elements of the referent building envelope

[eo Tepmuykor
omoTava

KoeduumjeHT nponasa

CprKTypa TEePMUYKOrr oMmoTa4a TonnoTe (W/mzK)

npoayXeHW KpeyHn mantep 2 cm
Cnorbawmu 3ng | 6etoHcku 3ua 20 cm 2,071
LeMeHTHM manTep 3 cm

LEMeHTHM manTep 2 cm
6eToH 20 cm

6utymeHcku npemas 0,1 cm
cTakneHa ByHa 15 cm
GutymeHckm npemas 0,1 cm

PaBaH kpoB 0,249

WSbyHaK 5 cm

Y tabenu 2 npukasaHu cy pesyntaTu peanv3oBaHuMX cuMmynauuja 3a
CcBa BapujaHTHa pellera. Y cumMmynauuvjama je BpLleHa aHanmsa noTpo-
LWH-e eHepruje 3a rpejakse, Kopuwhewem Be BpPCTE U30NauMoHNX maTe-
pujana pasnuuntux gebrbnHa Ha cnosballkbMM 3MgoBMMa U ca Npo3opu-
Ma ca pasnuunuTUM BpcTama ctakna. lNpeanoxeHe cumynauuvje mssplLue-
He Ccy 3a UCTy KoHdurypauujy srpage, y UCTOM nepuoay, anv ca npeano-
XeHuM uameHama. CumynupaHm mogen 3rpage npeacrasriba TpaHcdop-
Maumjy noctojeher pedepeHTHor objekta y HUCKOeHepreTcku objekar,
Bogehu padyHa ga gobunjeHn koedbunumjeHTr nponasa TonsoTe TEPMUYKOr
oMoOTaua 3rpage u nposopa He npenase Hajsehe 403BOSbeHE BpeOHOCTH
neduHncaHe MpaBUNHUKOM O eHepreTckoj eukacHocTu 3rpaga Peny-
6nuke Cpbuje 3a noctojehe 3rpage (Sl. glasnik RS br. 61/11).

Tabena 2 — BapujaHTa peluetnsa 3rpaje 3a Koje cy cnpoBefeHe eHepreTcke cumynauuje
Tabnuya 2 — OAnH 13 BapyaHTOB peLleHnin 34aHUs, ANs KOTOPOro BbINOMHEHO
3HepromofenvposaHue
Table 2 — Building solution variant for which energy simulations were carried out

CneumnduyHa noTpoLHa
BapujaHTta KapakTtepucTtuke 3rpage eHepruje 3a rpejawe
(kWh/m2/ rog.)

PedepeHTHa 3rpaga:

— b6es Msonau,mie crnorballtbnx 3uaosa
U=2,071 W/(m“K)

— NPO30pK ca ABOCTPYKMUM HUCKOEMUCUOHNM
Vo cTaknom, aebronHe 6 mm, NyHEHU aproHoMm 94,19
13 mm, U=1,322 W/(m?K)

— paBaH KpOB U30J10BaH CTaKIIEHOM
MUHEpPanHOM BZyHOM, nebrbnHe 15 cm,

U=0,249 W/(m°K)
(810
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CreundunyHa noTpoLHa
BapwujaHTa KapaktepucTuke 3rpage eHepruje 32 rpejare
(kWh/m ?/ rop. )

PedepeHTHa 3rpaga + ekcTpyanpanu
V1 NonuUCTUpeH (XPS) 5 cm pebroune, 50,34
U=0,512 W/(m K) 3a cnorsalumu 3ug,

PedepeHTHa 3rpaga + ekcTpyanpanu
V2 NonuUCTUpeH (XPS) 8 cm pebrbuHe, 44,67
U=0,353 W/(m?K) 3a criorballksi 3ua

PedepeHTHa 3rpaga + ekcTpyanpaHm
V3 NonNUCTUPeH (XPS) 10 cm pebrbuHe, 42,47
U=0,292 W/(m K) 3a cnorsalumu 3ug,

PedepeHTHa 3rpaga + ekcnanavpanu
V4 nonuUcTUpeH (EPS) 5 cm pebroune, 52,60
u=0,577 W/(m K) 3a cnorsalumu 3ug,

PedepeHTHa 3rpaga + ekcnaHgupaHu
Vs NOJNIMCTUPEH (EPS) 8 cm gebrbuHe, 46,46
U=0,403 W/(m?K) 3a criorballiksi 3ua

PedepeHTHa 3rpaga + ekcnaHavpaHnu
V6 NOJNINCTUPEH (EPS) 10 cm pebrbuHe, 44,04
U=0,335 W/(m K) 3a cnorsalumu 3ug,

PedepeHTHa 3rpaga + ekcTpyaupanm
NOJNIMCTUPEH (XPS) 10 cm gebrbuHe,
U=0,292 W/(m?K) 3a cnorbatuksu 3 +
v7 Nnpo30opu ca TPOCTPYKMM HUCKOEMMUCUOHNM 36,49
cTaknom, aebrenHe 3 MM, MyH-@HM aproHOM

13 mm, U=0,786 W/(m?K)

Pesyntatu cumynauuja nokasyjy ga npumeHa mepe 3a nobosblia-
e eHepreTcke emkacHoCTu 3rpage yrpagwom nsonaumje aebrouHe 5
Cm Ha cnosballke 314oBe He faje 3agoBosbaBajyhe pesyntaTte, jep cy
AobujeHn koedumumjeHT nponasa Tonnote 3a obe BpCcTe M3onaumoHor
MaTtepujana Behu o Hajsehe fo3BoOrbeHe BpegHOCTU Una=0,4 W/(mzK)
Koja je pedumHucaHa [MpaBunHukoM. MIctn cnydyaj jaBrba ce M ako ce
NPUMEHN n3onauuja og ekcnaHgupaHor nonucTupeHa, gebrouHe 8 cm,
AOK je 3a u3onauujy og ekcTpygupaHor nonuctupeHa, aebrouHe 8 cm,
BPeAHOCT koeduuunjeHTa nponasa TonnoTe 3a crnorballke 3uaoBe He-
WTO Mcnog nponucaHe BpegHocTu. Ha ocHoBy pgobujeHnx pesyntaTta
BMAM Ce Aa ce NMpUMEHOM u3onauuje o ekCTpyampaHor nonucTupeHa,
AebrbuHe 10 cm, gobujajy Hajborbu pesyntatu. [oguwHa NOTPOLLHA
eHepruje 3a rpejawe 3a CBe aHanuampaHe crnyyajeBe Koju 3agoBoSbaBa-
jy ycnose lNpaBunHuka o eHepreTckoj edpukacHocTn objekaTta HaBeaeHa

je y Tabenu 3.
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Tabena 3 — Nopguwha NOTPOLLKA EHEpPruje 3a rpejakbe 3a CBa BapujaHTe pellera
Tabnuya 3 — l'ogoBoe noTpebrneHne aHeprum No BCEM BapyaHTam peLueHni
Table 3 — Annual heating energy consumption for all variant solutions

BapwjarTa Mogunwma MOTPOLLHa I'o,c_l,mu.n-be CMatbetse NoTPOLLHe
eHepruje [kKWh] eHepruje 3a rpejamse (%) y ogHOCy Ha Vo
Vo 63.578 -
Vo 30.154 52,57
V3 28.665 54,91
V6 29.728 53,24
V7 24.630 61,26

Mopehere noTpolwre eHepruje 3a rpejawe 3rpage 6e3 nsonauuje
crnosballkbnx 3uaoBa U ca usonaumjom of ekcnaHavpaHor nonvcTupeHa
N ekcTpyaupaHor nonuctupeHa, aebrsuHe 10 cm, nokasyje ga je TOKOM
roguHe, Tj. jedHe rpejHe ce3oHe, Moryhe OCTBapuTWM 3HaTHY ywTeay
eHeprnje Ao 55%. AKO ce Ha Tako M30S5I0BaHO] 3rpaan U3BpLUM 3amMeHa
nposopa moryhe je octBaputy gogatHux 6% ywtene eHepruje 3a rpeja-
be. Ha cnvmum 2 npukasaHa je MecedHa aHanusa MnoTpoLH-e eHepruje
pedepeHTHe 3rpage u 3rpage ca yrpafheHoMm msonauunjom of ekcrnaHau-
paHor NONUCTUPEHA N eKCTpyaupaHor nonuctupeHa aebrouHe 10 cm.

Ako ce ynopege edektu npumeHe nsonauuje, oebromHe 10 cm, mo-
e ce younTu ga ce Ha rogukbem HUBoy moxxe ywteaetn 3,7% Buwwe
eHepruvje 3a rpejarbe ako ce KOpUCTU ekCTpyaupaHu NonmncTUpeH ymecTo
eKkcnaHampaHor NonmncTupeHa.

18000
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14000 4 ---------------(M- - -
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Cnuka 2 — Mece4yHa NoTpoLLHa eHepruje 3a rpejamse:
pedepeHTHa 3rpaga (vo), pepepeHTHa+XPS/10cm (v3) n pedepeHTHa+EPS/10 cm (ve)
Puc. 2 — MecsiyHoe noTpebrneHne aHeprumn 3a oTonneHve: pedepeHTHoe 3aaHune (vo),
pedepeHTHOE+XPS/10cm (v3) M pechbepeHTHOe+EPS/10 cm (vs)
Figure 2 — Monthly space heating consumption for:
reference building (vo), reference+XPS/10cm (vs) and reference+EPS/10cm (ve)
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MNopehewe pasnnuunuTmnx nsonaunoHnx matepujana moryhe je nsBp-
LUMTM Ha OCHOBY KoeduumnjeHaTa TonnoTHe NpoBoabUBOCTU. OCHOBHE
KapakTepucTvke Mn30MauMoHMX MaTepujana Koju Hamnase npuMmeHy y
npakcu HaesegeHe cy y Tabenu 4. Ako ce ynopene koeduumjeHTn To-
NNOTHE NPOBOASBLMBOCTU eKCnaHgupaHor NorMcTMpeHa, OOHOCHO eKcC-
TPyAUpaHOr NONMCTUPEHa U NonuypeTaHcKke NeHe, Koja je y cMucny oa-
Hoca koedumunjeHaTa TONNoTHE NPOBOASBMBOCTU ca 26,5% 6orba y oa-
HOCY Ha eKCTpyaupaHu NonucTupeH, Tj. ca 37,5% y ogHOCYy Ha ekcnax-
AvpaHu NonucTupeH, nobujajy ce NpoueHTH Koju He Npukasyjy OgHoC y
pasnukama mamehy notpebHe TONnoTe 3a rpejake Kaga ce Kopucrte
aHanuaupanu matepujanu. 36or Tora ce 3a npasunaH nsbop nonawmo-
HOr MaTepujana npenopy4yje komnapaTMBHa aHanusa notpebHe Tonno-
Te 3a rpejawe 3a pasnuuute BpcTe N AebrbuHe N3onaunuoHnx Matepu-
jana. Ha Taj HauuH y3aumajy ce y o63up n octanu 6utHn daktopu, Kao
LUTO Cy OpujeHTaumja U KOMNneTHa CTPYKTypa 3rpage, KnumaTcku ycno-
BU 1 Op.

Tabena 4 — OCHOBHM NapameTpy U3onaumnoHux maTepuyjana
Tabnuuya 4 — OCHOBHble NapaMeTpbl U30NALMOHHBIX MaTepuarnoB
Table 4 — Parameters of insulation materials

M3onauunoHn matepujan Koﬁ?omeiﬂig;:ciﬂo{m ryCTMH? OIS IRLE
(W/mK) p (kg/m®) |TonnoTa ¢ (kJ/kgK)
EkcTpyanpaHun nonuctupeH 0,034 35 1400
ExkcnaHavpaHu nonuctupex 0,040 15 1400
MonnypeTaH neHa 0,025 10 1500

[pyra mepa koja je npumen-eHa 3a nobosbLuake eHepreTcke edumka-
CHOCTW 3rpaje je 3ameHa nposopa. lNpema MpaBUNHUKY O eHepreTckoj
edmkacHOCTM objekaTa MakcMmarnHe A03BOSbeHe BPeAHOCTM Koedumum-
jeHTa nponasa TonsoTe 3a nNpo3ope M BankoHcKa Bparta rpejaHnx npo-
cTopuja 3a noctojehe n HoBe 3rpage je UCTU 1 U3HocH Upa,=1,5 W/(m*K).
Y cnpoBegeHnM aHanu3ama kopuwheHn cy ABOCTPYKU U TPOCTPYKM Npo-
30pU MyHEHN aproHOM, Ynju KoeuUMjeHTM Nponasa TonnoTe He npena-
3e MakcMMmarHy A03BOSbeHY BPEOHOCT.

Ha cnvumn 3 npukasaHa je ynopegHa aHanmsa noTpolUHse eHepruje
3a rpejakbe 3a pedepeHTHy 3rpagy ca yrpafeHoMm usonauujoMm of ekc-
TpyaupaHor nonuctupeHa, nebrouHe 10 cm 3a cny4yajeBe kaga ce Kopu-
CTe ABOCTPYKU M TPOCTPYKU npo3opu. Ha ocHoBy gobujeHnx pesyntata
MOXe Ce 3aKiby4uTu Aa ce ycneq 3ameHe ABOCTPYKMX npos3opa ca Tpo-
CTPYKUM MOXe ocTBapuTu ywteaa of 17% rogvre noTpoLLHe eHepru-

je 3a rpejambe.
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Crniuka 3 — Mece4Ha NOTpOLUH-a EHepruvje 3a rpejake ca ABOCTPYKUM (V3) U TPOCTPYKUM
nposopuma (vz)
Puc. 3 — MecsyHoe noTpebneHne aHeprum ¢ 3aaHnsX ¢ ABOVHbBIM (V3) U TPONHBIM
ocTekneHvem (vr)
Figure 3 — Monthly heating consumption for a building with double (v3) and triple
glazing (v7)

Ha cnvum 4 npukasaHu cy pesyntatv gMHamudke cumynaumje srpa-
Aae (v7) Kao BapujaHTHOr peluewa 3rpage Kog Koje je moryhe octBapuTu
HajBehy ywTeany eHepruje 3a rpejawe. Pesyntatn guHamuyke cumynauu-
je nokasyjy oa cy npomeHe gobutaka v rybutaka TonnoTe Kpo3 enemMeH-
Te TEPMUYKOr OMOTaya 3rpage U ocTanux enemeHarta KoOHCTpyKuumje y au-
PEKTHOj cpa3mMepn ca NPOMEHOM crnosballkbe Temnepatype Basgyxa. Ca
cnvike ce BYAM Aa cy ryévum TonnoTe Kpo3 crosballke 3ugose 1 nposo-
pe Hajsehu, 360r 4Yera ce y pagy v BpLUMia aHanusa ytuuaja HUxXoBux
TONOTHUX KapakTePUCTUKA Ha KONMMYUHY TonnoTe noTpebHy 3a 3arpesa-

Oparvhesuh, C., MNprMeHa AMHaMUYKUX CcMMynaumja y aHan1am mepa 3a yHanpehere eHepreTcke ecoukacHocTu objekara, pp. 75-91

He 3rpage.
85



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

adiant Temperature e Operative Temperature s Qutside Dry-Bulb Temperature

o ‘-“"'-—-___
s
o 15
3
8 9 M
o
s \
E § —_
o
K \ —_‘/"

0
g 5000
o
0
)
n
o
-
T 5000

mmmm 70n Hesting
7000 .
g 6000 7 \\
% 5000 !
3 4000 P N
@
&
w3000 B AN
E / \
£ 2000 /
;% 1000 >
oct Nov Dec 2003 Feb Mar

2002 Month

Cnuka 4 — Pe3ynTtaty guHamMmuyke cumyrnauuje arpage (v7): Temnepartype, ryovuum n
[obvum TonnoTe 1 NOTPOLLHa EHEpruje 3a rpejame
Pwuc. 4 — Pe3ynbTaTtbl AMHAMWUYECKOM CUMYNALMK 34aHKA (V7): TeMnepaTypa, noTeps u
3KOHOMWS TENMa 1 pacxo dHepruv Ans oTonseHns
Figure 4 — Results of a building (v7) dynamical simulation: temperatures, heat gains and
energy consumption

3akrby4vak

MoTpowra eHepruje 3a rpejawe objekata npeacTaBrba 3HavajaH
yA€EO Y YKYMHOj NOTPOLHM eHepruje. KnumaTtckm ycrnosu y obnacTtu y Ko-
joj cy nouupaHu o6jekTn nmajy 3Ha4ajaH yTuuaj, Kako Ha TOMSIOTHU KOM-
dop, Tako 1 Ha noTpoLwry eHepruje. C 063Mpom Ha OBaj acnekT, peanu-
30BaHe Cy AvHaMunyke cumynauuvje nomohy 6asa mMeTeoponoLwkux napa-
MeTapa Koje cy uHterpucaHe y kopmwheHom nporpamy DesignBulilder.
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EdekTe npumeHe pasnnumMTtux mepa 3a yHanpehewe eHepreTcke edu-
KacHocTu objekaTa Huje moryhe npeumsHo npoueHUTV 6e3 npuMmeHe Komnjy-
Tepckux cumynaumja. Kopuwherwem 6asa nogataka rpaheBMHCKMX MaTepuja-
na, Npo3opa, BpeMEHCKMX nofdaTaka v ctaHgapaa 3a ogpehvsare nepdop-
MaHcu 3rpage, nomMohy KOMMjyTEPCKMX cuMyraumja Mory ce MpOoLEHUTU CBU
napameTpu Koju ocurypasajy noborsbluane eHepreTcke edpukacHOCTU 3rpaje.

Y pagy cy npvkasaHe OuHamMnyke cumynauuvje eHepreTckor noHalua-
Ha aHanusupaHor BuLiecnpaTHOr objekTa, Kao 1 KoMnapaTuBHE aHanuse
n3menhy pedepeHTHOr objekTa 1 NpuKasaHUx BapujaHTHUX pellena, Koja
npeacrtaerbajy objekaT ca NpUMEHEHMM Pas3nNMuInTMM MepamMa 3a yHanpe-
herwe eHepreTcke edmkacHocTU. Ha ocHoBy JobuvjeHux pesynTtarta Moxe
Ce 3aKrbyynTu a ce M3osaumnjom cnosballibnux 3ngoBa of ekcnaHaupaHor
NONMUCTUPEHA UIN eKCTPyAMpaHor nonuctupeHa, aebrenHe 10 cm, moxe
OCTBapuUTW ylITeAa eHepruje 3a rpejawe og oko 55% y ogHocy Ha pedpe-
PEHTHY BapujaHTy 3rpage. Ha Tako n3ornoBaHoM 06jekTy, ako ce M3BpLLK
3aMeHa ABOCTPYKMX Npo30pa eHepreTckn ePUKacHUjyM TPOCTPYKUM Mpo-
30puMa, MOXe ce OCTBapuUTU yliTeda eHepruje 3a rpejawbe of oko 61% vy
ogHocy Ha pedepeHTHy BapuvjaHTy 3rpage. [obujeHn pesyntatn HeOBo-
CMUCNEHO Mokasyjy onpaBgaHoCT NpMMEHe NpukasaHux Mepa 3a noborbLua-
He eHepreTcke epmkacHOCTU pa3maTpaHor objekTa.
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NPUMEHEHVE OWHAMWYECKOIO MOLEJIMPOBAHNA N AHANING
MEP MO MOBbLILWEHNIO SHEPITO3®PEKTUBHOCTU 3JAHNA

CHexaHa M. [parnyeBund
YuusepcuteT B r.KparyeBau, PakynbTeT TEXHUYECKUX HayK B r.Havak

OBJIACTb: MalmHOCTpoeHUe, 3HEProadHEKTUBHOCTL
TUMN CTATbW: opurnHanbHas Hay4yHas cTaTbsi
A3bIK CTATbW: cepbekuin

Peswome:

O0HUM U3 ycriewHbIX Memod08 MoBbILEHUST 3HEP203QHGHEKMUBHO-
cmu 30aHull 518/515emcsi CHUXeHUe rnompebrieHus1 SHepauu rpu omoriie-
Huu. B daHHOU cmambe rnpusedeH cpasHUMerbHbIU aHanus Hyxo Ons
OmMOoneHUsi MoMeweHuUl, BbINMOMHEHHbIU Ha OCHOBaHUU UCC/Ied08aHUsI
obbekma, Ha KomopoM rpoussedeHa MoOugbuKkayusi U30MSAUUOHHbIX Ma-
mepuarnos U U3OMISIUUOHHO20 Criosl 30aHUsl, @ makKXe €20 OCMEKITEeHUS.
OkecnepumeHm 6bir1 poesedeH Ha MHO203MaXHoOM 30aHuu 8 2opode beri-
epad. lNpu ebinonHeHUU GUHaMUYeCKOU CUMYISUUU U OUeHKe aghghekma
MPUMEHHEHHbIX Mep Ol M0BbIWEHUS 3HEP203ghghekmuBHOCMU ObBBLEK-
ma, 8 sude CHUXxeHus1 nompebreHus s3Hepauu 07151 OMOIIeHUS UCHOIb-
3o08anack npoepamma DesignBuilder. Pe3ynsmamesl uccriedogaHusi roka-
3anu, 4mo b1a2o0aps usonayuu 30aHusi U 3aMeHe OKOH 200080l pacxod
3Hepauu Ha omorisieHue ymeHbueH 00 61%.

KrnitoueBble cnoBa: sHep20ahpekmueHocmb, OUHamMu4eckoe Mooesiu-
posaHue, DesignBuilder, uzonsyusi, 3ameHa OKOH.

APPLICATION OF DYNAMIC SIMULATIONS IN THE ANALYSIS
OF MEASURES FOR IMPROVING ENERGY EFFICIENCY
OF BUILDINGS

Snezana M. Dragicevic
University in Kragujevac, Faculty of Technical Sciences in Cacak

FIELD: Mechanical Engineering, Energy Efficiency
ARTICLE TYPE: Original Scientific Paper
ARTICLE LANGUAGE: Serbian

Summary:

One of the most commonly used methods for improving energy
performances of buildings is reducing heating energy consumption. This
paper shows a comparative analysis of building energy demand for
space heating based on case studies in which building modifications
were made with insulating materials of building envelopes and with
different window types. For the analysis, a public building with 6 floors,
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located in Belgrade, was selected. For a dynamical simulation and
evaluation of the applied energy efficiency measures to reduce heating
energy consumption, the DesignBuilder program was used. The results
show that the insulation of the building and the replacement of windows
can lead to an annual reduction of heating energy up to 61%.

Introduction

In this paper, some of the most effective methods for improving
energy performances of buildings are analyzed. It examines the
influence of methods of building revitalization at the building level with
the use of:

- Thermal insulation of external walls, and

- Windows with multiple glazing filled with gas in order to ensure
keeping heat indoors during winter, but also to prevent excessive
energy gains during summetr.

The aim of the paper is to show that, with a dynamic building
simulation of building thermal behavior, it is possible to calculate energy
requirements for heating, recognizing the differences between energy
performances of buildings in different variants. In this regard, a
comparative analysis of energy needs obtained using different types of
external walls insulation and glazing will be carried out. The analysis will
be performed in a case study for a public object located in Belgrade.

Measures for improveming energy efficiency in buildings

The most commonly used methods for energy revitalization of
buildings is the insulation of exterior walls, ie. building envelope
(Young, Altan, 2013). The thickness and quality of the building
envelope have a significant impact on the amount of heat that is lost
through walls. In the case of non-performing insulation, additional heat
losses in winter and the possibility of condensation on interior walls
occur, as well as excessive consumption of energy for cooling in
summer. The most commonly used insulating materials are expanded
polystyrene - Styrofoam (EPS) and extruded polystyrene (XPS).

Regardless of which type of exterior walls insulation is used, its
thickness has a significant impact on heat losses. Nowadays, the
minimum insulation thickness of 10 cm is recommended.

In the process of building energy rehabilitation, windows are an
important segment because they usually occupy a large area of the
building envelope, which is common in office buildings. Today, high-
quality windows with triple low-e glass panes are used more and more,
allowing a significant reduction of costs for space heating (Apte et al.,
2003).

Results of the dynamic simulation

An energy calculation was applied for a public office building,
located in Belgrade. The building has six floors with a space area of

675 m°. (Figure 1).
(89
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The simulation was performed, followed by calculating heating
energy consumption for two types of external walls, insulating
materials with different thicknesses and with different types of window
glazing. The proposed simulations were performed for the same
configuration of the building, in the same period of time, but with a
series of successive modifications. The simulated model of the building
represents the transformation of an existing reference object into a
low-energy building.

The simulation results show that the application of measures to
increase the building energy efficiency by installing insulation of a
thickness of 5 cm on external walls do not give satisfactory results. The
obtained results show that the application of extruded polystyrene of
10 cm in thickness gives the best results. The comparison of the
heating energy consumption for the building without insulation and for
the building insulated with 10 cm of expanded polystyrene and
extruded polystyrene shows that it is possible to achieve annual
energy saving up to 55%.

The comparison of the application effects of 10 cm-thick
insulation shows that 3.7% of energy could be saved annually for
heating if extruded polystyrene is used instead of expanded
polystyrene.

Figure 3 presents a comparative analysis of heating energy
consumption for the reference building and the building insulated with
10 cm-thick extruded polystyrene, as well as for the cases when the
building has double and ftriple glazing windows. Based on these
results, it can be concluded that due to the replacement of double
glazing windows with triple ones, saving of 17% of annual heating
energy consumption could be obtained.

Conclusion

This paper presents a dynamic simulation of the energy behavior
of the analyzed object and a comparative analysis between the
reference object and the presented alternative solutions, which
represent an object with applied various measures to improve its
energy efficiency. Based on these results, it can be concluded that the
insulation of external walls with 10 cm-thick expanded polystyrene or
extruded polystyrene results in energy saving of about 55% compared
fo the reference variant of the building. For such an insulated object, if
double-glazing windows are replaced with with energy-efficient triple-
glazing windows, energy saving of about 61% compared to the
reference variant of the building can be achieved. The results clearly
show the validity of the presented measures to increase the energy
efficiency of the object in question.

Key words: energy efficiency, dynamic simulation, DesignBuilder,
insulation, window replacement.
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Rezime:

U radu su prikazana iskustva u razvoju pronalaska, patenata i na-
ucnih dela sa aspekta naucne verifikacije i plasmana na trzistu. Opisa-
ni su problemi koji se uobi¢ajeno javljaju u procesu razvoja pronalaska,
kao i druga vrsta problema, koji prate pronalaske za vreme plasmana
na trziste.

Klju€éne reéi: pronalazak, patent, monitoring sistemi, tehni¢ka dijagno-
stika, dijagnosticki parametri, klizni leZajevi, motori sa unutra$njim sa-
gorevanjem, hidroelektrane, termoelektrane, uredaj za demontazu i
montazu teSko rastavijivih sklopova, metoda proraduna vibracione i
udarne zaStite, pogonski sistem radarske antene.

ZAHVALNICA: Veliku zahvalnost izrazavam generalu u penziji, opithom i borbenom pilo-
tu-lovcu Branku Bilbiji, koji je za vreme mog rada u Saveznoj upravi za kontrolu letanja
bio direktor te ustanove i pruzio mi sveobuhvatnu podr§ku u nauénoistrazivackom i struc-
nom radu. U tom periodu objavio sam nekoliko svetski priznatih patenata, izvrSio projek-
tovanje sistema, uveo nova tehnicka reSenja i tehnoloske inovacije u procesu moderniza-
cije, opremanja i odrzavanja tehnickih sistema kontrole letenja. General Bilbija je u svojoj
bogatoj karijeri leteo na mnogim savremenim borbenim avionima u na8oj zemlji i u svetu.
Aktivno je doprineo odluci da se u sistem odbrane naSe zemlje uvede borbeni avion MIG-
29. Poseban doprinos dao je Republici Srbiji kao visoki drzavni i vojni funkcioner, kako u
mirnodopskim uslovima, tako i u uslovima NATO agresije 1999. godine. U tom periodu je,
zahvaljujuci izuzetnom smislu za organizaciju rada, umec¢u u rukovodenju i komandova-
nju u Vojsci, sistem kontrole letenja odrzan na visokom nivou, uprkos brojnim ljudskim zr-
tvama i ogromnim neprijateljskim razaranjima.
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Uvod

U radu su prikazana iskustva u razvoju pronalaska, patenata i nauc-
nih dela, koja pripadaju oblasti masSinstva, brodogradnje i avio-industriji.
Prikazani su i odredeni problemi koji prate stvaranje novog pronalaska.
Pronalaza¢ ne moze predvideti sve detalje u momentu pojavljivanja ideje.

Posebno je vazno da se utvrdi $ta je sustina pronalaska, stanje tehnike,
ko su potencijalni korisnici, moguénosti realizacije pronalaska, uslovi rada za
stvaranje pronalaska, odnosno novog proizvoda, finansijski troSkovi i drugo.

U toku stvaranja pronalaska posebno su prikazani korisni momenti,
prekretnice — kako i¢i dalje u stvaranju pronalska.Ponekad se pojavljuju
situacije da li uopste uspeti u svemu tome?

U radu su pronalasci podeljeni i opisani po odredenim grupama iz
raznih naucnih oblasti.Rad ce biti koristan svima koji se bave tehnikom,
naucnoistrazivackim radom, projektovanjem sistema, nastavhom osoblju,
studentima, a posebno tehniCkom osoblju koje se bavi odrZzavanjem teh-
nic¢kih sistema i krajnjim korisnicima tehnike.

Monitoring sistemi na masinskim postrojenjima
Definisanje cilja

Na osnovu prikazane Seme tehni¢kog odrzavanja (slika 1) mogu se
odrediti ciljevi istraZivanja. Posebna paznja posvecena je preventivhom

odrzavanju: odrzavanje po stanju, odrzavanje po resursu i komplemen-
tarne tehnike (Zegarac, 1989a).

TIPOVI ODRZAVANJA @
£ )
P AY

* Korektivne mere nametnute

| | 524
NAKNADNO PREVENTIVNO _@
* Gubici u produktivnosti -ﬂ“».‘.»”;
= Slucajni otkazi I

[ Odriavanje po stanju | Odrzavanje po resursu |

+ Zamena ispravnih
delova

* Visoki troskovi
odrzavanja

Komplementarne tehnike
]

* Brza detekcija

DIJAGNOSTIKA

= Brza detekcija

* Real-time detekcija

* Ostecenja nisu slu¢ajna * Korektivne mere * Korektivne mere su
+ Korektivne mere su smisleno planirane precizno usmerene i

nametnute * Nema slugéajnih pojava isplanirane
ostecenja » Zastoji su
. kontrolisani
Slika 1 — Sema tehnic¢kog odrzavnja sistema
Puc. 1 — CxeMa TexXHU4YeCcKou Noaaep>km cUcTeMbl

Figure 1 — Schematic presentation of the system technical maintenance
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Ponalazak-patent pod nazivom ,Monitoring sistemi na masinskim
postrojenjima”, ima prevashodni cilj da se blagovremenim reagovanjem
sprece havarije na masinskim sklopovima ili kompletnim postrojenjima.

Krajnjem korisniku nudi se kompletno redenje za monitoring masin-
skih postrojenja bez rastavljanja; samo kod nekih postrojenja potrebno je
izvrsiti delimi¢no rastavljanje radi montaze monitoring sistema. Patent je
zasticen kod Zavoda za inetelktualnu svojinu-Beograd br. 48216-P-
640/93, pod nazivom: ,Postupak i uredaj za odredivanje zazora u kliznim
leZajevima, merenjem dinamiCke putanje glavnih rukavaca kolenastog
vratila motora sa unutrasnjim sagorevanjem’.

Novi monitoring sistemi treba da omoguce brzo i pouzdano merenje
veli€ine stepena istrodenja, odnosno zazora u kliznim lezajevima, mere-
nje vibracionih parametara i moénu analizu vibracija, merenje brzine vrt-
nje, merenje temperature ulja za podmazivanije ili temperature tecnosti za
hladenje, analizu ulja za podmazivanje, pozicioniranje gornje mrtve tac-
ke, ako se radi 0 motorima sa unutrasnjim sagorevanjem. Posto se radi o
viSekanalnim sistemima mozZe se pratiti i meriti veliki broj dijagnostickih
parametara.

Na osnovu izmerenih veli€ina vrSi se dijagnostika stanja maSinskih
postrojenja. Dobijaju se podaci o stepenu istroSenja i oste¢enju masin-
skih elemenata (zup&anika, rukavaca vratila i osovina, kliznih i kotrljajnih
lezajeva), podaci o debalansu, koji su veoma vazni da se izvrSi balansira-
nje sistema u jednoj ili dve ravni balansiranja.

Odabrani simptomi kvarova markiraju relevantne frekvencijske linije i
stvaraju veliCine simptoma kvarova Ciji se trend moze pratiti. Uslovi alar-
miranja mogu biti zasnovani i na statistickim procenama odabranih para-
metara.

Monitoring sistem kliznih lezajeva na motorima
sa unutrasSnjim sagorevanjem

Na slici 2 prikazan je monitoring sistem kliznih lezajeva na motorima
sa unutrasnjim sagorevanjem.

U toku razvoja pronalaska trebalo je resiti problem da merni sistem
ne zavisi od toga da li je motor sa unutrasnjim sagorevanjem 2-taktni ili
4-taktni, koju vrstu pogonskog goriva trosi, da ne zavisi od nacina grad-
nje motora tj. da li je motor linijske ili V-izvedbe i da se uredaj moze kori-
stiti i za dijagnostiku kliznih lezajeva na drugim masinskim postrojenjima.
Vazno je napomenuti da se za realizaciju ovog pronalaska morao kon-
struisati poseban mehanicki uredaj za centraciju davaca pomaka (senzo-
ra) i kalibraciju mernog sistema pre merenja (Zegarac, 1989b).
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1-4 Beskontaktni davaci pomeranja
5 Fotocelija (referenca)

6 Kolenastovratilo motora
7 Klizni lezaj

A S . 8 Davac temperature lezaja
Patentni model: Duagnostlka 9-12 Predpojacala )oscilatori)

kliznih lezajeva u motoru SUS 13.14 Diferencijalna pojacala
15 Uredaj za merenje vibracija

Slika 2 — Prikaz monitoring sistema kliznih lezajeva
Puc. 2 — N3o0bpaxeHne cucteMbl MOHUTOPUHIA MNOALMIMHUKOB CKOJTbXKEHUS
Figure 2 — Plain bearings monitoring system

Ovaj uredaj (slika 3) takode predstavlja patent.

U toku razvoja novih dijagnosti¢kih metoda i uredaja veliki je problem
da se odrede kriticna merna mesta. Veliki broj mernih mesta znacajno uslo-
Zava merni sistem i onemogucava da se prate ostali vazni dijagnosticki pa-
rametri. U ovom slucaju, pronasao sam da su merenja dinamickih parame-
tara (dinamicke putanje rukavaca u kliznom lezaju) vrSena na najoptereceni-
jem kliznom lezaju, a da su merenja vibracionih parametara vrSena na odre-
denim mernim mestima na spoljadnjim povrS§inama postrojenja gde se mogu
registrovati najveci stepeni istroSenja kliznih leZaja.

Na osnovu ovih merenja formiraju se baze podataka za svako po-
strojenje: vrednosti parametara koje pokazuju da li se radi o novom po-
strojenju (pocetne vrednosti parametara), izmerene vrednosti parametara
koje pokazuju da li su vrednosti u propisanim granicama nakon odrede-
nog vremena rada, izmerene vrednosti parametra kada su u blizini gra-
ni¢nih vrednosti, kao i da li treba postrojenje planirati za remont ili ga is-

kljuditi iz dalje upotrebe.
950
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Slika 3 — Uredaj za centraciju davac¢a pomaka i kalibraciju mernog sistema
Puc. 3 — Npnbop Ans NO3VLMOHNPOBAaHUS AaT4MKa NepeMeLLeHUSABMKEHNS
N KanMbpoBKM N3MEPUTENIBHOWN YCTAaHOBKU
Figure 3 — Device for displacement sensor positioning and measurement system calibration

U toku razvoja nove dijagnosticke metode i monitoring sistema za klizne
leZajeve, bilo je potrebno izvrsitii kompletna dinami¢ka modeliranja maSinskih
postrojenja. Ako je u pitanju motor sa unutradnjim sagorevanjem, trebalo je
saciniti kompletan dinamicki model motora sa svim ulaznim veli€inama, izvrsiti
dinamicki proracun, izvrsiti hidrodinamicke proracune u kliznim leZajevima, a
zatim proracune dinamickih putanja rukavaca kolenastog vratila motora.

U pocetku istrazivanja dobijeni rezultati proracuna i merenja uopste
se nisu slagali. Detaljnim analizama utvrdeno je u kojoj meri nije dovoljno
opisan dinami¢ki model motora, pa su u proraCune naknadno uzete u ob-
zir i te komponente.

Kod merenja se pokazalo da se za korekciju izmerenih veliina mo-
raju uzeti nepravilnosti oblika rukavca (geometrijska odstupanja na ru-
kavcu kolenastog vratila motora prikazana su na slici 4), posto se radi o
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mikronskim mernim veli€inama. Nakon toga dobijen je visoki stepen po-
dudaranja rezultata proracuna i merenja u granicama od 5%, Sto je veo-
ma precizno i pouzdano za odredivanje stepena istroSenja kliznih lezaja.

To je bila prekretnica na ovom polju istrazivanja i razvoja novog pro-
nalaska.

Malezuci cilindar

Mecilindnénost

NaleZuca ravan =___________’_,_ } s
} lll. /' ./

7 Meuravnjencst

/ .
/[ Realna povriina . Re_?“ff?‘f'f"."‘?_

Hawdudi pndl

Malezudi krug
- ]

stz profls vedudreg meees

gnuast

Odstupanje od kruga

siedanioet

Slika 4 — Prikaz geometrijskih odstupanja na rukavcu kolenastog vratila motora
Puc. 4 — N306paeHne reoMeTpU4ECKMX OTKIIOHEHWI Ha LLIEKW KONEHYATOro Bana Asuratensi
Figure 4 — Presentation of geometrical deviations on the engine crankshaft sleeve

Nova dijagnostitka metoda ima osnovno reSenje izvodenja, da se
merenje dinamickih parametara vrsi sa 4 davaca i varijantna reSenja, da
se merenja mogu vrsiti sa 2 beskontaktna ili sa jednim beskontaktnim da-
vacem pomeraja (pomaka).

Postupak i uredaj za odredivanje zazora u kliznim leZajevima motora
sa unutra$njim sagorevanjem je specijalizovana i uspesna tehnika moni-
toringa kliznih leZajeva. Ona pokazuje stvarne informacije tehni¢kog sta-
nja leZaja kroz njegov eksploatacioni period. To znacCi da je pronalazak u
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potpunosti pripremljen za trZiste i jednostavno se moze koristiti. Jedini
trud koji treba uloZziti jeste instalacifa dijagnostickog sistema na odabrano
masinsko postrojenje Ciji ¢e parametri biti praceni tokom eksploatacije.
Patent se koristi na brodskim motorima u inostranstvu

Monitoring sistem na rotoru hidroagregata
(hidroelektrane)

Monitoring sistem na rotoru hidroagregata prikazan je na slici 5. Ob-
uhvata Citav niz novih reSenja i postupaka u toku dijagnosticiranja. Novi
izum sadrzi nove metode merenja dinamickih veli€ina (vibridijagnostiku,
merenje relativnih i apsolutnih vibracija sistema) u 3D sistemu i po tome
se razlikuje od drugih proizvodaca uredaja i opreme.

Posebno je odredena pozicija mernih mesta, Sto takode predstavlja
novu metodologiju u merenju, analizu i obradu izmerenih veli€ina. Na slici
5 prikazan je primer on-line monitoring sistema (Li¢en, 2003).

Sluzba nadzora / dijagnosticki centar
(lokalne f udaljenc - internet veza)

o Wi o “ Q:Lm..{
Alarm ‘.;FT‘J
(BE

TCP/IP (Ethermet il Internet)

|

Sistem za permanentni
monilering parcjalnog
razelekinsanja

Slika 5 — Prikaz monitoring sistema na rotoru hidroagregata
Puc. 5 — N3obpaxeHne cucteMbl MOHUTOPWHIa poTopa rmgporeHepaTopa
Figure 5 — Presentation of the monitoring system on the hydrogenerator rotor
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Ako se radi o monitoring sistemu na parnim turbinama, kao $to su
termoelektrane, veoma je bitan izbor dijagnostic¢kih parametara u delu ni-
skog pritiska, srednjeg i visokog pritiska turbine.

Od posebne je vaznosti dijagnosticki parametar, toplotna diletacija
rotora turbine u toku rada, &ija vrednost moze biti i do 25 mm. Na osnovu
toga moze se zakljuciti u kakvom su stanju klizni lezajevi, uravnotezenost
turbinskog rotora zbog oStecenja turbinskih lopatica u toku rada, koja
prouzrokuju poviSene nivoe vibracija i temperature leZajeva i remete dru-
ge radne parametre sistema.

Trebalo je reSiti problem kompatibilnosti novih sistema (hardver i
softver) sa postoje¢im koncepcijama monitoring sistema:

1. on-line monitoring sistem — sluzi za kontinualno merenje i analizu
stanja na masinskim postrojenjima. Merni senzori (davaci) i merni sistem
ugradeni su na masinsko postrojenje (slika 6.)(Li¢en, 2003);

Slika 6 — On-line monitoring sistem na masinskim postrojenjima
Puc. 6 — On-line cuctema MOHUTOPUHIa Ha MexaHM3aumu
Figure 6 — On-line monitoring system on mechanical systems

=
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2. off-line monitoring sistem — namenjen je za periodi¢na merenja i
analize tehniCkog stanja masina. Neki senzori ugradeni su u sistem (zavi-
si koje veli€ine merimo), a drugi se postavljaju zajedno sa prenosivim de-
lom monitoring sistema kada Zelimo vrSiti merenje (slika 7).

OneproD MVP-2C OneproD MVP-2EX Multivib

Slika 7 — Off-line monitoring sistem na masinskim postrojenjima
Puc. 7 — Off-line cuctema MOHUTOPUHIa Ha MexaHm3aumu
Figure 7 — Off-line monitoring system on mechanical systems

Inteligentni prenosivi sistemi za vibrodijagnostiku

Ovi instrumenti, koji mogu da stanu u dzep, imaju mo¢ne performan-
se koje olakSavaju svakodnevni rad vibrodijagnostiara.

Monitoring sistemi mogu se Koristiti za daljinsko upravljanje i nadzor,
Sto je vrlo korisno kod sistema koji se nadziru bez prisustva posade, na
primer dizel elektriCni agregati i drugi sistemi.

Posebnu pogodnost i ekonomsku opravdanost primene pronalaska
imaju veliki pogonski sistemi (veci gabariti motora omoguéuju lakSu
ugradnju mernog sistema), kao $to su brodski motori, motori koji se kori-
ste u vojnim vozilima, tenkovima, transporterima, tegljaima, gradevin-
skim masinama, naftne platforme, posebno dizel elektri¢ni agregati koji
poseduju automatiku za pracenje funkcionalnih parametara, ali nemaju
opciju pracenja istro$enja kliznih lezajeva radi zastite motora. Mnogi na-
vedeni sistemi rade bez prisustva posade, tako da u slu€aju nastanka ha-
varije motora Stete mogu biti velike.

Pronalazak je visoko ocenjen u zemlji i inostranstvu. Savez pronala-
zacCa i autora tehni¢kih unapredenja — Beograd dodelio je autoru zlatnu
medalju ,Nikola Tesla” za izuzetna ostvarenja u razvoju i unapredenju
pronalazastva.
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KORAK 1. Sta je bilo potrebno za razvoj novog pronalaska —
proizvoda?

U okviru ovog dela ukazujemo da je:

* prvenstveno trebalo razviti novu dijagnosticku metodu, a zatim ure-
daj za merenje zazora u kliznim lezajevima. U okviru toga treba izvrsiti
potrebna testiranja i pripremiti uredaj za isporuku kupcima.

KORAK 2. TRZISTE
Koja je veliéina i potencijalni rast izabranih cilinih segmenata?

- on-line monitoring

sistem - on-line
50+30+5 kom., monitoring sistem
- do sada su koristili 26+30 kom., - on-line
komercijalne uredaje - do sada su - on-line monitoring | monitoring sistem
za vibracifje koristili sistem 400 kom.,
komercijalne 30+80 kom., i off-line
uredaje za - do sada su monitoring sistem
vibracije koristili 400 kom.,
komercijalne -do sada su
uredaje za vibracije | koristili
komercijalne
uredaje za
vibracije

Uredaj za demontazu i montazu delova
teSko rastavljivih masSinskih sklopova
na masinskim postrojenjima

Zbog potreba odrzavanja i remonta na velikim i malim hidroelektra-
nama u Srbiji i Crnoj Gori razvijen je uredaj za demontazu i montazu te-
Sko rastavljivih sklopova na masinskim postrojenjima.

Poseban problem predstavljali su radovi na izvodenju demontaze i
montaze sistema koji su na terenu, gde ne postoji moguénost koriséenja
radioniCke i fabricke opreme, uredaja i masina za demontazu i montazu.

Vreme za remont nije dozvoljavalo da se sklopovi odvoze sa lokacije
u radionice videg stepena. Remont je trebalo obaviti u $to kraéem roku
kako bi se sistemi ukljucili u pogon i proizvodili elektricnu energiju.
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Zbog toga je bilo potrebno da se osmisli i razvije specijalan uredaj. U
ovom slucaju koristi se isti uredaj za demontazu i montazu na svih 16
elektrana u Elektroprivredi Crne Gore.U toku koriS¢enja uredaja, menjaju
se njegovi sastavni delovi, odnosno prilagodavaju se veli€ini sklopova ko-
ji se demontiraju, a nakon toga montiraju na prvobitno mesto.

Na slici 8 prikazani su takvi sklopovi nemacke firme Flender, koji se
ugraduju u sistem malih hidroelektrana. Nemacka firma Flender proizvodi
odredene pribore i naprave, alate i uredaje za demontazu i montazu sklo-
pova, ali nema takav univerzalni uredaj, $to je velika prednost i odlika
ovog uredaja.

Novi uredaj korisnicima omogucava laku, brzu i kvalitetnu demonta-
Zu i montazu tesko rastavljivih delova, prikazanih na slici 9 (Tehnische
dokumetacionelastischekupplung). Nema moguénosti da se oStete delovi
tokom rastavljanja i ponovne montaZze.

Uredaj za demontazu i montazu teSko rastavljivih sklopova na ma-
Sinskim postrojenjima visoko je ocenjen kod nas i u svetu.
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Slika 8 — Prikaz tesko rastavljivih masinskih sklopova nemacke firme Flender
Puc. 8 — N3obpaxeHne CroXHbIX y3rOB Ha MexaHu3aumu,
Hemeukoro npoussogutensa Flender
Figure 8 — Presentation of not easily separable mechanical assemblies
of the German Flender company
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Fig.1 Assembly and removal fucility for components of mechanical construction of mechanical systems
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View A-A

1 — Separable difficulty part 6 — Screw 11— Nut
2 — Cylindrical screw 7 —Holes

3 — Hydraulic device 8 - Screw

4 — Press plate 9 —Pres plate

5 — Press plate 10 — Tapered roller bearing

Slika 9 — Uredaj za demontazu i montazu teSko rastavljivin sklopova na masinskim postrojenjima
Puc. 9 — YcTaHoBKa AN MOHTaXa M AEMOHTaXa CMOXHbIX y3M0B Ha MexaHu3aumm
Figure 9 — Device for mounting and demounting not easily separable assemblies on
mechanical systems

Metoda proraCuna vibracione i udarne zastite
pogonskih sistema, uredaja i opreme

Patent pod nazivom Metoda prora¢una vibracione i udarne zastite
pogonskih sistema, uredaja i opreme, predstavlja nau¢no delo. MoZe se
primeniti u masinstvu, brodogradnji i ostalim granama industrije.

Razvijene su vlastite metode proracuna vibracione i udarne zastite,
koje su koriséene prilikom projektovanja i proracuna brodskih pogonskih
sistema. Metode prora¢una vibracione i udarne zastite brodskih sistema,
usled podvodnih eksplozija na moru, dale su izuzetne rezultate u proiz-
vodnji novih brodova, na primer veliki patrolni brodovi i novi minolovac.

Novi minolovac imao je prakticno spoljasnji i unutradnji trup broda
ugraden jedan u drugi, a izmedu njih nalazili su se elementi vibracione i
udarne zastite. Nova metoda omogucava optimizaciju nivoa parametara
vibracija i udara, s obzirom na karakteristike, odnosno vrstu elasti¢nih
elemenata (gumeni, Zi¢ani ili hidrauli¢ni elementi), njihov broj i raspored.
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Moze se primeniti za proraCune dinamickih parametara za sisteme
ugradnje, ako se uredaji ugraduju na temelje, odnosno patose ili za slu-
Cajeve visece ili bo€ne ugradnje. Verifikacija metode proracuna izvrSena
je na mnogim primerima rezultata merenja, gde je dobijena podudarnost
rezultata proraCuna i merenja.

Nova metoda proracuna ima velike moguénosti primene za reSava-
nje brojnih problema prilikom eksploatacije postojecih brodova.

Metoda ima niz prednosti u primeni u odnosu postoje¢e metode pro-
racuna CAD/CAM.

. Dinamicki model vibracione i udarne zastite prikazan je na slici 10
(Zegarac, 1994).
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Slika 10 — Dinamicki model vibracione i udarne zastite pogonskih sistema, uredaja i opreme
Puc. 10 — IMHaMmu4eckasn moaens BUOpo3aLmThl, 3aLUKTbl OT YAapOB S3HEPTOCUCTEM,
060py0BaHNS U MEXaHV3MOB
Figure 10 — Dynamic model of the vibration and impact protection of power systems,
devices and equipment

Novi pogonski sistem radarske antene

Na osnovu zahteva koji su postavili korisnici radarskih stanica, tre-
balo je projektovati i osmisliti novi sistem pogona radarske antene, kako
bi se postigao pouzdan rad i bezbednost vazdusnog saobracaja u siste-
mu kontrole letenja.

Ideja da se osmisli novi pogonski sistem radarske antene nastala je
zbog potrebe da se reSe brojni tehnicki problemi postoje¢ih pogona na
radarskim sistemima. Poznato je da u svetu postoji nekoliko proizvodaca
radarskih sistema koji se koriste za potrebe kontrole letenja i za vojne po-
trebe. Svaki proizvodac radara ima svoje konstrukcije pogonskih sistema

104




koji se medusobno razlikuju. Koliko god izgleda da je neka konstrukcija
savrSena, kroz dugogodisnju eksploataciju pokazu se stvarne karakteri-
stike — prednosti i nedostaci. Upravo je to bio problem na nadim radarima
u Kontroli letenja Srbije i Crne Gore. Novim reSenjem pogona postignuta
je znac€ajna usteda elektriCne energije. Antenski sistem pokrece se elek-
tromotorom snage 3 kW, umesto 30 kW.

Realizovan je sistem dupleks pogona radarske antene. Pogon ante-
ne sa elektromotorom snage 30 kW koristi se ako radarska stanica nema
kupolu, a pogon sa elektromotorom snage 3 kW vrsi se kada je sistem sa
kupolom, kao $to je prikazano na slici 11 (Zegarac, 1999).

Novi obrtni mehanizam ima mnoge prednosti u odnosu na dosada-
Snje sisteme. Pored novog sistema pogona, problem je da se reSi sistem
centracije postolja elektromotora u odnosu na pogonsko vratilo. Patenti-
ran je novi sistem centracije elektromotora u odnosu na pogonsko i go-
njeno vratilo antenskog sistema. Pokazalo se da je sistem vrlo kvalitetno
izveden. U sistemu neprekidnog pogona antene, za vise od godinu dana
bilo je potrebno izvrsiti blago podeSavanje pogonskog remena. Nisu
uocCeni tragovi troSenja na ostalim elementima u pogonu.

I-pogonski clektromotor 6

2-originalno ugradjeni clektromotor

3-prenosnik snage

4-kardansko vratilo \
S-zupeasti reduktor \B

O-antenski sistem

/2— 4 B 5
I amE A e

3

E/_

Ll
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1
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Slika 11 — Kinematska $ema pogona antenskog sistema radara
Puc. 11 — Kunematnyeckasi cxema npuBofa paguosiokaunoHHOM aHTEHHbI
Figure 11 — Kinematic scheme of the radar antenna drivesystem
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Zakljucak

Naucni i struéni radovi, autorska dela, pronalasci, patenti i drugi ra-
dovi nastali su kao rezultat dugogodiSnjeg rada i iskustva u remontnim
zavodima, proizvodnim firmama, naucnim institutima: Brodarski institut —
Zagreb, Vazduhoplovnotehnicki institut -Beograd, Vojnotehnicki institut —
Beograd i drugim renomiranim kompanijama kod nas i u svetu.

U radu su prikazana vlastita iskustva u razvoju pronalska, patenata,
naucnih dela sa aspekta nau¢ne verifikacije i stvaranja trzista. Mnogi pro-
blemi pojavili su se u procesu stvaranja i realizacije pronalaska; jedan
deo problema vezan je za struku, a ostali su komercijalnog karaktera:
plasman na trzistu, potencijalni kupci, finansijski troSkovi, administrativni
problemi — prijava, odnosno zastita pronalazaka u zemlji i inostranstvu.

Tehni¢ka dijagnostika je nedovoljno istrazeno podrucje i privliaci pa-
Znju mnogih struénjaka. Izum koji se odnosi na monitoring sistem na ma-
Sinskim postrojenjima omoguéava ocenu kvaliteta rada i stanja rotirajucih
masina pracenjem razliCitih parametara, koji se mogu oceniti kao:

* osrednji (ocenjene promene u nacinu rada masine u skladu sa pro-
pisanim standardima za svaku vrstu masine za ovakvo tehni¢ko stanje i
ostale subjektivne metode),

* dobri (procesne veli¢ine izmerenih parametara, vibracije i buka, gu-
bici, elektri¢ne veli€ine, u skladu sa propisanim standardima za ovaj nivo
vrednosti parametara) i

* odli¢ni (nivoi vibracija i buke, porast radne temperature, vreme za-
letanja, broj obrtaja, vreme zaustavljanja, snaga, obrtni moment u skladu
sa propisanim standardima za ovaj nivo vrednosti parametara).

Pokazalo se da je razvijeni monitoring sistem na masinskim postro-
jenjima ekonomic¢an, nadogradiv i univerzalan.

U radu su ukratko opisani i prikazani ostali pronalasci: nova tehnicka
reSenja, sa svim prate¢im problemima koji su uspesno reSavani, a odno-
se se na uredaj za demontazu i montazu teSko rastavljivih sklopova, no-
ve metode proracuna vibracione i udarne zastite, kao i nove konstrukcije
i reSenja pogona antenskih sistema i sistema centracije postolja pogona.

Nova reSenja za centraciju postolja, koja su primenjena u obrtnom
sistemu radarske antene, mogu se uspesno primenjivati u svim pogoni-
ma gde su ugradeni mehanicki sklopovi, reduktori, multiplikatori i sl.

Pronalazagi i nau¢ni radnici susrecu se sa brojnim problemima koji
utiCu na plasman novih reSenja i proizvoda. Veoma je teSko stvarati nove
vrednosti u sredini i okruzenju gde su ugasene mnoge proizvodnje i goto-
vo da nema mogucnosti za razvoj i primenu pronalazaka u mnogim pri-
vrednim granama. Stvaraoci su prepusteni sami sebi, nemaju podrsku od
nadleznih drzavnih struktura i institucija. Trebalo bi sami da finansiraju iz-
ume i proizvodnju, $to je nemoguce. Jedina moguénost za uspeh jeste
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da se sami pojave na inostranom trzistu, $to je u danasnjim uslovima ve-
oma tesko, skoro nemoguce.

Svedoci smo vrlo loSih primera da ¢ak pojedini strani kvazistuénjaci i
trgovacke firme plasiraju na naSe trziste proizvode koji su mnogo loSijeg
kvaliteta od pronalazaka i proizvoda koje mi nudimo. U svemu tome po-
mazu im ljudi koji su na pozicijama vlasti.

Postoje brojni problemi u vezi sa prijavama i zastitom patenata kod
Zavoda za intelektualnu svojinu u Srbiji. U Zavodu su zaposlena lica koja
ne poznaju dovoljno struku i procedure zastite intelektualne svojine, to
otvara mogucénost za kradu intelektualne svojine.

Za naucCnoistrazivacki rad, odnosno stvaranje novih pronalazaka i
novih vrednosti neophodno je da istrazivaci i pronalazacdi imaju uslove za
rad: odgovarajuée okruzenje, ,zdravo drustvo”, timski rad sa nau¢nicima
iz raznih oblasti, tehni¢ku opremljenost, saradnju sa proizvodnim firma-
ma, institutima i raznim laboratorijama, kao i mogucénosti ispitivanja novih
proizvoda u stvarnim uslovima primene pre plasmana na trziste.
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Introduction

Repairable assemblies are parts of complex technical systems that can
be repaired after failure. Repairable assemblies, the repair of which is cost-
effective, have a special significance within the inventory spare parts system
for a number of reasons. Some of the reasons are: the price of assembly
recovery is in most cases lower than the price of a new one, the aggregation
principle of maintenance is possible, highly qualified personnel at lower
maintenance levels is reduced, the time of the assembly not in use is
reduced, the amount of spare parts for the repair of components that must
be kept in the inventory is also reduced, etc. (Milicevi¢, 2000).

In a complex spare parts inventory system, repairable assemblies
are commonly deployed into a few hierarchically organized levels. At the
top of the hierarchy, there is one central warehouse that supplies more
peripheral warehouses at the lower levels of hierarchy.

Depending on a system organization, communication and exchange
of repairable parts between warehouses at the same level of hierarchical
organization is either allowed or forbidden. Repairable assemblies, after
failure, if it is cost-effective, are sent for repair to a workshop. After repair,
assemblies are returned to the system in the central warehouse, in the
peripheral warehouse, or combined, within the both hierarchical levels.

For a successful management of a multi-echelon inventory of
maintainable parts, it is necessary to know the characteristics of system
functioning and the intensity of changes in the inventories, depending on
the changes in conditions of system functioning. Of all the conditions in
which the system works, possibilities of replenishment and disorders of
demand are most commonly of crucial importance. The characteristics of
system functioning are also affected by a nominal level of inventories in
a warehouse. Predicting management actions depends on the changes
in system characteristics as well as on the changes in the conditions of
system functioning. The following characteristics of the inventory system
can be identified as relevant: the fill-rate of storage, the number of
requests and the waiting time, the cost of the system and the probability
of waiting in line until a certain time. Also, the characteristics of system
functioning are affected by the flow of repaired components, and the
place of their return into the system.

Determining the relationship between the properties of the system
and the change in the intensity of demand for a repairable assembly and
the change in the flow of repaired parts is very difficult to describe
analytically and solve. One possible way of solving this kind of problems
is the use of modeling and simulation.

The paper is structured as follows: there is an overview of the
relevant literature in the area of repairable parts inventory management,
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and the application of simulation to solve the problem with the stock of
repairable parts, followed by a brief explanation of operating parameters
of a multi-echelon inventory system of maintainable parts. After the
model and simulation description, the results of the simulation are given
as well as their analysis. The paper also includes a brief conclusion.

Models of inventory management of maintainable parts have
attracted the attention of many scientists and researchers who, in
addition to theoretical considerations of the problem, have dealt with their
practical applications in many fields. In a pioneering study in this area,
Sherbrooke has developed a well-known METRIC (Multi-Echelon
Technique for Recoverable Item Control) model for inventory
management of multicomponent (multi-item) two-level inventory systems
of maintainable parts (Sherbrooke, 1968). The demand for parts
represents a complex Poisson process. In their books, Sherbrooke
(2004), and Muckstadt (2005) gave a detailed review of the literature and
developed models of inventory management of maintainable parts. The
original METRIC model experienced a variety of modifications and
extensions, such as in (Wang, et. al. 2000), (Wong, et. al. 2005), (Lau, et.
al. 2006), (Huang, et. al. 2011). In order to test the validity and impact of
modeling, a simulation model is used.

Simulations, as one of the most used techniques in the field of
operations research, have been successfully applied for the analysis and
solution of various problems in the area of inventory management of spare
parts. A comprehensive review of the application of simulation techniques
in the production and business is given by (Jahangirian, et. al. 2010). In
(De Smidt-Destombes, et. al. 2011), the authors present a variant of a
spare parts inventory model with cold stand-by redundancy on a system
level. The model analysis of inventory management of spare parts, in one
level or multilevel systems, based on the simulation is shown in (Lu, et. al.
2012), (Curtis, et. al. 2013), (Tako, 2012), (Klingebiel, 2012). Rossetti et.
al., discussed the development and implementation of an object-oriented
framework for simulating multi-echelon inventory systems (Rossetti, et. al.
2006). Two examples demonstrate a possibility of applying the developed
object-oriented model.

Djordjevic et al, present the material and information flows in a two-
level inventory system of repairable assemblies with the aim of choosing the
best variant of repaired assemblies flow (Djordjevi¢, et. al. 2013). Applying
the simulation technique to the inventory management model, the authors
determined the values of the characteristics of inventory management
functioning. The demand for repairable parts is modeled as a simple
Poisson process, i.e. the time between two requests for assemblies is
modeled by an exponential law of probability distribution with the parameter
A. The best solution for the flow of repaired assemblies was selected using
the method of analytic hierarchy processes.
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Characteristics of multi-echelon inventory
system functioning

This paper considers a two-level inventory system of repairable spare
parts systems. The first level of supply consists of spare parts stored in
peripheral warehouses, while the second level of supply consists of spare
parts stored in a central warehouse. There is a workshop for the repair of
defective repairable spare parts, located outside the central and peripheral
warehouses. The peripheral warehouses are not connected to each other
and can be filled only from the central warehouse. The central warehouse
is filled from an inexhaustible source of supply. Requests for repairable
spare parts by the user are sent only to the peripheral warehouses. The
peripheral warehouses distribute repaired spare parts to the user, but only
through the exchange with the defective spare parts. If some spare parts
cannot be repaired, they are discarded. The defective spare parts that
meet the requirements for repair are sent to the workshop and after repair,
they are returned to the supply system. If in the peripheral warehouse, a
required spare part is not in stock, unrealized demand is recorded and a
backlog is formed. The central warehouse provides the peripheral
warehouses with the specified assortment and a number of spare parts,
where the partial delivery is permitted. The unrealized demand in the
central warehouse is recorded and a backlog is formed.

As relevant for the functioning of the defined supply system of
repairable spare parts, the following characteristics are distinguished:

coefficient of peripheral storage fill-rate,

the average waiting of demand,

total costs in the supply system.

In this study, we analyzed a one-component supply system of repairable
spare parts. Based on this constraint these characteristics are determined.

The coefficient of storage filling is the ratio of the number of requests
fulfilled without delay, relative to the total number of requests and it is
given as:

K,="1, (1)

where B; — the number of requests fulfilled without delay, and B - the
total number of requests. The average time of waiting in a queue is the
ratio of the total waiting time and the number of requests in the queue.
The average waiting time is calculated as:

W= ":ln : (2)
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where W, - waiting time of the ith request, n - the number of requests in the
queue. Total costs in the spare parts supply system are the sum of the costs
of purchase of spare parts from an inexhaustible source, transport costs,
storage costs and repair costs. The cost is suitable to be shown on an
annual basis, and can be counted per structure for each element of the
system. The total annual cost of the system (L) is calculated as:

d NJ
L =L _+> L _+1L , 3
g cg ; P& rg |:y€a7':| ( )

where L - total annual costs of the central warehouse, L, - total annual
cost of the jth peripheral warehouse, L, the total annual cost of repair of
spare parts.

Description of the model

The model consists of a central warehouse, four peripheral
warehouses that keep repairable spare parts of a certain type and a
workshop for the repair of defective parts. The peripheral warehouses
operate on the model (s, Q). When the stock level drops to the value of s, a
Q value of the parts will be purchased. The time when the request is sent to
the central warehouse is a random variable and is described by the
probability distribution. Based on requirements, the peripheral warehouses
deliver spare parts to the users if they are in stock. An unsatisfied demand is
queued. The realization of requests in the queue is done on the principle of
first - in first - out. At the same time with the delivery of the correct parts,
defective parts are also received. Defective parts which meet the repair
conditions to some extent are sent to the workshop for repair; if not, they are
discharged. The time when defective spare parts are sent to the workshop is
a random variable described by the probability distribution. On receiving the
repaired spare parts or those from the central warehouse, if there is a
queue, it is completely or partially emptied.

The workshop for repair does diagnostics and then, with a certain
probability, repairs defective parts that are received from the peripheral
warehouses. The time period of repair of a spare part is a random
variable described by the probability distribution. Repaired spare parts
are returned to the central warehouse or the peripheral ones, depending
on the defined options for sending the repaired parts. The time of return
of the repaired part from the workshop is a random variable described by
the probability density distribution.

The central warehouse operates on the model (S, T) for stock
management. During the time period T, the level of inventories is controlled.
If at the time of control the inventory level is higher than the nominal level of
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S, then there is no order. If at the time of control there is a queue, the order
of size Y=S+R, (R, is the length of the queue) is given to an inexhaustible
source. If there is no queue, and the current inventory level is lower than the
nominal one, the order of size Y=S-X\(T) is given, where X,(T) is the current
inventory level. Filling the central warehouse from inexhaustible sources is
complete, and the time to fill out is a random value described by the
probability distribution. Upon receipt of assemblies by an inexhaustible
source, the queue is emptied completely or partially. The central warehouse,
on request, delivers assemblies to the peripheral storage, where there is a
possibility of partial delivery. An unmet demand is placed in the queue. The
queue is emptied by the FIFO principle. The exact time for sending the
assemblies to the peripheral storage is a random variable described by the
probability distribution. The central warehouse can also receive assemblies
from the workshop, where the procedure is the same as when receiving
parts from an inexhaustible source.

For a description of the model of a complex supply system of
repairable assemblies, a form of an object-oriented model can be used,
which uses the classes of models for describing the structure of the
system and dynamic behaviour of the system - a description of the
interdependence and interaction of some objects and a description of the
internal "dynamics" of each object (Pejanovic, 2011).

For a description of the structure of the model, it is suitable to apply
a class diagram. A class diagram for the defined model of the supply
system of repairable assemblies is shown in Fig. 1. The diagram shows
the class of objects with associated attributes and operations and
relationships between the classes.

For a description of the interdependence and interaction of objects in
the model, it is possible to apply the collaboration diagrams, which
include a description of the context - the static structure of objects that
are important to show the dynamics of operations and a description of
the sequences of messages exchanged between objects, to realize the
operation. An example of a collaboration diagram, which describes the
receipt of parts in central and peripheral storage, is given in Fig 2.

For a description of the internal dynamics of these objects, state
transitions diagrams are used, representing the state of objects, events
and conditions that produce changes in conditions and actions that can
"trigger," or messages that are generated during the transition from one
state to another. As an example, Fig. 3 shows the state transition
diagram for a workshop that repairs spare parts.

The experiments were performed on a model implemented in the
software package MODSIM 1l (The Modular Simulation Language, today
SIMSCRIPT). “The software package, MODSIM Il is a modular language
of block-structure and general purpose, which provides support for object-
oriented programming, discrete-event simulation and animated graphics. It
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is intended for use in development of large-scale process-based models of
discrete events simulation, through modular and object-oriented
development techniques” (MODSIM Ill Reference manual, 1997).

periferial warehouseObj warehouse DemandsObj
(from Model (from Model )
& name: char &Number : int = 0
generatorObj & level of true stock : int
ce=on & level of fictiv stock : int
& TheupperLimit: int user & No. of demands : int requestForRepear
&ThelowerLimit : int (trom Model)
S 4 approve the request(:reqObj)
4 putin queue(: requestObj)
@nerateRequests () : requestob; & receivesRequest ()
g q ():req 4 4 replenishment ()
generating 4 vacate queue() returning of repaired parts
% ReceiveRegenerated ()
requestObj +demand
d gueue sending for repear
&number of request : int d
&pstart waiting : float +deliver
B centralwarehouseObj workshopObj
request (om|Model)| (from Model)
& stock level : int
object is a partof queueRequest : Ipemlmfoff s(md: cuknvn‘olt»ﬂua: srepairPart (store : periferialWarehouseObj)
MODSIM Il (from Mode)) ERIEE EEEsE (0 “repairCosts () : float
& optimal stock : int
& stock:int
g receive Requisition (requisition: sending of repared parts
deliver to Warehot isition : isitionObj)
put on a backlog (trebovanje : trebovanjeObj) " q
QueueObj “periodic replenishment () orderForm Obj sourceObj
{from Modal ) receive Parts(amaunt : int) (from Model)) (fom Model 5/
numberin : int ‘emplyQueue() &amount: int
SreceiveRepearedPart() «filfull()
collectStatistics ()
“Add() M
“First()
“Remove()

requisition

queue of Requisition
(from Model si)

Figure 1 — Class diagram for the model of an inventory system of repairable parts
Puc. 1 — CTpykTypHas guarpamma MOAENWN CUCTEMbI CHabXEHUS PEMOHTHBIX 3anyacTen
Slika 1 — Strukturni dijagram modela sistema snabdevanja popravljivim delovima

2: update stocks
>

7\ 6: first removed from the ranks of
[ \ >
| |

1: receiveParts— . 3: whether unrealized requisition
>

: source LN : central > ueue :queue
Obj

arehouseOby P Requisition
l 5: WAREHOUSE

4: first requisition
7: Replenishment of approved amount \L

|

First:regqisition

Obj
: periferial
rarehouseObj

Sequence that is

repeated
3,4,56,7
Figure 2 — Collaborative diagram: receipt of parts in central and peripheral storage
Puc. 2 — narpamma koonepauuu: NpueM 3anyacTen Ha LeHTpanbHbIA 1 nepndepuiiHbie
Slika 2 — Kolaboracioni dijagram: prijem delova u centralno i periferno skladiste cknagbl
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. Spare part set for regeneration
According to the model it
assumed that 90% of the parts is

Send ina workshopw repair works \
entry: WAIT transport timej entry: ‘

return the repaired part \

entry: Where is sent to J
entry:WAIT transport to warehouse

Figure 3 — State transition diagram for a workshop
Puc. 3 — narpamma n3ameHeHun Hanuuns 3anyacTtemn B Liexe
Slika 3 — Dijagram promene stanja u radionici

Simulation experiment

Prior to the experiment, it is necessary to do some preparations on
the model and to plan experiments. The preparation includes calculation
and determination of qualitative indicators for certain parameters. It is
necessary to calculate and determine the values of the parameters so
that the system is balanced and gives valid results. The following values

of the parameters are defined:

The values of inventory levels in the central warehouse S2 vary

between 7 and 23 with step 4,

The values of inventory levels in the peripheral warehouse S1 vary

between: 4 and 12 with step 2,
Reordering point from the peripheral warehouse s=1,
Period of ordering from the central warehouse T=15[day],
Price of the spare part c=10000[NJ/pc],
Fixed costs of ordering T=500[NJ/orders],
Cost of transport ctr=16[NJ/km],
The cost of storage i=0.2[NJ/year],
Cost of repair cr=(0.3-0.6)c [NJ/pc],
Probability that the spare part will be sent for repair Pr=0.9,
Probability that the spare part will be repaired Po=0.75,
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The distances between the central and peripheral warehouses as
well as the distance between the workshop and the central or peripheral
warehouse is 50 [km],

The time of sending orders from the peripheral to the central
warehouse is subject to a normal probability distribution with parameters
TNPC-N (2;0.5),

The time of sending spare parts from the central to peripheral
warehouse is subject to a normal probability distribution with parameters
TSCP-N (3, 0.5),

The time of sending spare parts for repair is subject to a normal
probability distribution with parameters TSPR-N (3, 0.5),

The time of spare parts repair is described by normal probability
distribution with parameters TSR-N (5, 1),

The time of return the spare parts after repair is subject to a normal
probability distribution with parameters TSRPC-N (2, 0.5),

The time of filling in the central warehouse is subject to a normal
probability distribution with parameters TNIC-N (15;2).

The variants for return of repaired spare parts are as follows:

— Variant V1 — all repaired parts are returned to the peripheral
warehouse, from which they were sent for repair,

— Variant V2 — all repaired parts are sent to the central warehouse,

— Variant V3 — half of repaired spare parts are returned to the
peripheral warehouse, from where it was sent for repair and the other
half is sent to the central warehouse.

The size of demand in the first version Q1 is 3,5,7,9 and 11 spare
parts. The second option is Q2=0.37Q1. In the third variant, the size is
Q3=0.685Q1.

Demands for assemblies have a stream of seasonal changes. The time
picture of the intensity of demands for assemblies has the following form:

A

<

~ ~
\ \
V~N(0.42125:0.035) / V~N(0.42125;0.035)
\

/
S~N(0.29:0.035)
\

M~N(0.15875;0.025)

A 4

Figure 4 — Stream of requests for repairable parts
Puc. 4 — BeposiTHOCTb 3asiBKM HA PEMOHTHbIE 3an4yacTy
Slika 4 — Verovatnoéa pojave zahteva za popravljivim delovima
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Analysis of experimental results

The changes in the mean values of the coefficient of availability of the
peripheral storage K, depending on the value of the nominal level of
inventories in the central (S2) and peripheral (S1) stores for all three variants
of the flow of repaired components are shown in Figs. 5, 6, 7, 8 and 9.

In all graphs, it can be clearly observed that the mean value of the
coefficient of availability of peripheral storage is greatest in the first option of
sending reparaible assemblies, or when repaired assemblies are returned
into the peripheral warehouse from which they were sent for repair.
Somewhat lower are the mean values, Kp in the third option, while in the
second option of sending reparaible assemblies the Kp mean values are the
smallest. The results are logical, and they are an expected consequence of
specific variants of the flow of repaired components. This is an indication of
the validity of the functioning of the process model.

In variant V1, the mean value of Kp shows a slight deviation for all
combinations of the nominal value of inventory levels in the peripheral (S1)
and the central warehouse (S2). The difference between the maximum and
minimum values of Kp is 6.15 %. Also, the increase in the nominal level of
stock in the central warehouse does not lead to a significant increase in the
coefficient of availability of the peripheral storage. For all values of S2, the
increase in the value of S1 leads to an increase of the availability coefficient.

As noted above, the return of repaired components from the
workshop to the central warehouse (variant V2) causes the least mean
values of the coefficient of availability of peripheral warehouses.
Reducing the value of the nominal level of the stock in the central
warehouse, for low values of the nominal stock levels in the peripheral
storage (S1=4), causes a significant reduction in the mean value of the
availability coefficient, Kp. The difference between the maximum and
minimum values of Kp amounts to 32.29 %.

The third variant for the flow of repaired components gives the value of
the coefficient of availability which is always between the value of Kp for the
variants V1 and V2. By increasing the value of S2, the values of Kp slighty
increase. A larger increase in Kp is achieved by increasing the nominal
value of inventory levels in the peripheral warehouses S1. The difference
between the maximum and minimum values of Kp amounts to 15.42 %.

Dependencies of the total annual cost on the change in the value of
nominal stock levels in the central and peripheral storage is given in Figs.
10, 11, 12, 13 and 14. The variant of flow of repaired components from the
workshop to peripheral warehouses V1 always gives the lowest value of the
total annual cost of Lg. Sending all repaired components from the workshop
to the central warehouse (variant V2) gives the highest total annual cost of
Lg. It is not possible to draw a clear conclusion about the impact of changes
in the value of nominal stock levels, S1 and S2, on the cost, Lg.
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Figure 5 — Values of K, for S2=23

Puc. 5 — 3Havenue K, za S2=23
Slika 5 — Vrednost K, za S2=23
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Figure 6 — Values of K, for S2=19

Puc. 6 — 3Havenue K, za S2=19
Slika 6 — Vrednost K, za S2=19

1.0000
0.9500
0.9000
0.8500
ey
3
0.8000
0.7500
0.7000

0.6500

8§2=15

Figure 7 — Values of K, for S2=15

Puc. 7 — 3Havenue K, za S2=15
Slika 7 — Vrednost K, za S2=15
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Figure 8 — Values of K, for S2=11
Puc. 8 — 3HaueHnue K, za S2=11
Slika 8 — Vrednost K, za S2=11
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Figure 9 — Values of K, for S2=7
Puc. 9 — 3Hauenue K, za S2=7
Slika 9 — Vrednost K, za S2=7

However, the greatest overall cost of the system for any variation in
the flow of repaired components and for all the selected values of S2 is
obtained for the value of S1=4. It is only for variant V2 that, with the
increase in the value of S1, for all values of S2, the value of total annual
costs declines. The difference between the maximum and minimum
values of the total annual cost for the variant V1 is 2.26 %, the variant V2
is 4.14 %, and the variant V3 is 2.28 %.
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Figure 10 — Values of L for S2=23
Puc.10 — 3Ha4yeHune L pna S2=23
Slika 10 - Vrednost L za S2=23
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Figure 11 — Values of L for S2=19
Puc.11 — 3HavyeHune L pna S2=19
Slika 11 — Vrednost L za S2=19
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Figure 12 — Values of L for S2=15
Puc. 12 — 3Ha4veHune L gna S2=15
Slika 12 — Vrednost L za S2=15
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Figure 13 — Values of L for S2=11
Puc.13 — 3Hauyenune L gna S2=11
Slika 13 — Vrednost L za S2=11
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Figure 14 — Values of L for S2=7
Puc. 14 — 3HadeHune L ana S2=7
Slika 14 — Vrednost L za S2=7
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In Figs.15, 16, 17, 18 and 19, the change of the mean waiting time for
the requests in the peripheral storage W, depending on the level of the
nominal stock in the central and peripheral storage, is shown. Based on
these results, it is not easy to draw a clear conclusion about the impact of
variations in the flow of repaired components on the mean time queuing
W. The values of W range from 1.76 to 4 days, except for the variant V2
where, at low values of the nominal stock level S2=11 and S2=7 and low
values S1=4, the values of W amount to 4,3 and 8 days, respectively. If the
mentioned values are exceptions, it can be concluded that customers will
wait for a spare part up to 4 days maximum.
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Figure 15— Values of W for S2=23
Puc.15 — 3HauyeHne W gna S2=23
Slika 15— Vrednost W za S2=23

4.0000

3.5000

3.0000

2.5000

2.0000

1.5000

$2=19

Figure 16 — Values of W for S2=19
Puc.16 — 3HayeHne W gna S2=19
Slika 16 — Vrednost W za S2=19
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Figure 17 — Values of W for S2=15
Puc.17 — 3HauyeHne W gna S2=15
Slika 17 — Vrednost W za S2=15
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Figure 18 — Values of W for S2=11
Puc. 18 — 3HaveHne W ona S2=11
Slika 18 — Vrednost W za S2=11
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Figure 19 — Values of W for S2=7
Puc. 19 — 3Hayenne W ana S2=7
Slika 19 — Vrednost W za S2=7

The mean values of the inventory levels in the warehouses Ypi
(i=1,...,4), Yc, and Ys of the system, are given in Tab. 1. The return of
repaired components to peripheral storage leads to an increase in the
mean value of the stock in the peripheral warehouses, which is the
expected result. This, however, results in an increase in the mean value of
the total inventory of the system which, for all combinations of the values
S1 and S2, is greater than the value obtained by the variants of V1 and
V2. The return of repaired components to the central storage results in the
lowest average value of stocks in the stock system of repairable parts. The
increase in the nominal value of the stock at the central warehouse S2
does not necessarily lead to an increase in the mean value of inventory in
the system Ys. There is no statistically significant difference between the
mean values of the stocks in the peripheral warehouses, Ypi (i =1, .., 4)
for any value of S2 and the variation of flow of repaired components.
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Table 1 — Average levels of inventory in the central warehouse, the peripheral

warehouse, and in the whole system

Tabnuya 1 — CpefHuit ypoBEHb 3aMacoB Ha LEHTpanbHOM U NepudepritHOM cKnagax

1 B o0Llen cucreme

Tabela 1 — Srednji nivo zaliha u centralnom i perifernom skladistu, i u celokupnom sistemu

V1 V2
S2| 81
Yp2| Yp3| Ypa| Yo | YS | Yp1| Yp2!| Yp3| Ypa| Ye | Ys | Yp1 Yp3| Ypa| Yo | Vs
4 5|5|5|20(40| 22|22 |20(28| 3|3 |3]|3 /20|32
6 7|7 |71]22{50|3|3|3[3|21{33|5|5|5]|5](22|42
23| 8 10|10 9 |26|64| 5 | 5| 5|5 (24|44 7 |7 | 7 |6 |26|53
10 13|13 |11|27|75| 6 | 6 | 6 |6 (24|48 8 | 8 | 8 | 8 |28]|60
12 16|14(13|31/88|8 |8 |7 |8 (31|62|11]|11[11|10|32|75
4 6|6 |6|19(42| 22| 2|2 |17|25/3 |3 |3 |3 (18|30
6 8[18(81(21|52|3|3|3|3(17|29|/5 |5 |5 |5 /18|38
19| 8 110|119 |21|/61| 5|5 |5 |5 (21|41 6 |7 |6 |7 [23|49
10 13|113[(11|26|75| 6 | 6 | 6 | 6 [20(44| 9|9 | 8| 9 |26]|61
12 15|114(15|28 86| 8 | 8 | 7| 8 29|60 (11|11[11|10[29 |72
4 5|6 |6|16(39| 22|22 |13|21|3 |3 |3 |3 |15]|27
6 8|8 |8 |17(49|3 |3 |33 |17(29|5 |5 |5 |5 (21|41
15| 8 111121 9 |17|58| 5 |5 |5 |5 (21|41 7 |7 |7 |7 |20|48
10 14113(13|23|74| 6 |7 |6 | 6 (22|47 9|9 | 8|9 [24|59
12 19117(15|29|93| 8 | 8 | 8 | 8 24|56 (12|11[10|11[30|74
4 6|6 |6|13(36|2 2|12 |11(18|3 |3 |3 |3 |15]|27
6 8|8 |8|16(48| 33|33 |14|26|/5|5|5 |5 /18|38
11| 8 10|12(11|19|64| 5 | 5| 5|5 (16|36 |7 |7 |7 18 | 46
10 15|114(12|15|70| 6 | 6 | 6 | 6 (17|41 8 | 8 | 9 21| 56
12 16|16 (141978 | 8 | 8 | 8 | 9 |24 |57 [ 11|11 |11 20 | 64
4 7|6 |6(12(37|1 (2|22 |8[1513 |3 |3 11|23
6 8198 |11(45|/ 33|33 |14(26|5 |6 |5 17 | 39
718 12112 |11|15|61| 5| 5|5 |5 (17|37 |8 | 7 | 7 19| 49
10 16|16 (12|17 |74 | 6 | 7 | 7 | 7 (19]|46(10| 9 | 9 21|59
12 19|16(15|17|81| 8 | 8 | 8 | 8 (19|51 13|13 |11 23|71
Conclusion

Knowledge of the operating parameters for a multi-ecshelon
repairable parts inventory system is necessary for managing such a
system. Determining the values of the operating parameters and testing
the impact of changes in certain parameters on the parameter values is a
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complex problem that can be solved by using modeling and simulation.
Object-oriented models allow the description of a multi-echelon inventory
system, suitable for the development of a process simulation model.

In the considered two-echelon, one-component inventory system of
repairable parts, one can clearly see the influence of the flow of repaired
components on the mean availability ratio of the peripheral storage Kp,
and the value of the total annual cost of the system Lg. However, it is not
possible to draw a clear conclusion regarding the impact of the flow of
repaired components on the mean waiting time W, but it is possible to
assume the mean value of maximum waiting time for spares.

Taking into account the results obtained by the simulation, and from
the standpoint of rational management of the monitored supply system, a
logical choice is a selection of an optimum flow of repaired components
from the workshop to the peripheral warehouse V1.
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MOTOK PEMOHTHbIX 3ANYACTEW B MYJIbTUILLENOHHOW
CUCTEME CHABXXEHWA

Mwunny P. Munuyesuy, Bnaga C. Cokonosuy, MapbsiH A. MuneHkoB
YHuBepcuteT o6opoHsl B r. benrpaa, BoeHHasi akagemus

OBJNTACTb: BbluMcAnTENbHAA TEXHUKA, MHpOPMAaTKKA, TEOPUS NMPUHATUSA
peLLEeHUIA N KONMYECTBEHHbIE METOAbI

BWO CTATbW: opurmHanbHas HayyHas ctatbs

A3bIK CTATbW: aHrnunckmn

Pe3some:

B 0daHHoU pabome paccmampugaemcsi npobriema, Kacarouwiasics
u3MeHeHuUlU cmouMocmu 3aKyrnok 8 pabome 08yxypoeHeeol cucmeMbl
cHabxeHus 3anyacmed, 8 3agucumMocmu om obopoma 3anyacmedl 8 cu-
cmeme cHabxeHusl.

lposedeH aHanu3 euUsHUSI Ha MOMOK pPeaeHepuUpPO8aHHbLIX KOMIIO-
HeHmos8, 8 3as8UCUMOCMU OmM 3Ha4YeHUs1 KoaghgpuyueHma 3arofHeHuUst
nepugepuliHbix cknados, obuwux 3ampam U cpedHea0 8peMeHU oxuda-
HUS1 Ha riepuchbepuliHbix cKkrnadax, OMHOCUMEIbHO HOMUHaIbHOU CmMou-
MoCcmu pa3MeuleHUs1 8 UeHmMpasabHOM U rnepugeputiHom ckradax.

Cnipoc Ha 3an4yacmu 8 riepucbepuliHbix cknadax 3agucum om ce-
30HHbIX U3MeHeHUl, Komopble MOOenupyomcs 8 coomeemcmeuu C
yHKyuel sepossmHocmu.

KnioueBble cnosa: ModenupoeaHue, MyJibmu3WwersioHHasd cucmema
CcHabXeHus, PeMOHMHbIe 3arndacmu, CUMyrnsayus, 3andacmu.
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TOK POPRAVLJIVIH REZERVNIH DELOVA U MULTIESELONSKOM
SISTEMU SNABDEVANJA
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OBLAST; raCunarstvo i informatika, teorija odlucivanja i kvantitativne metode
VRSTA CLANKA: originalni nau¢ni Clanak
JEZIK CLANKA: engleski

Sazetak:

U radu se razmatra problem promene vrednosti odabranih parame-
tara na rad dvonivovskog sistema snabdevanja rezervnim delovima, za-
visno od protoka rezervnih delova u sistemu snabdevanja. Analiziran je
uticaj na tok regenerisanih komponenti u zavisnosti od vrednosti koefici-
jenta popunjenosti perifernih skladista, ukupnih troSkova i prosecnog
vremena ¢ekanja u redu u perifernim skladiStima, za razli¢ite nominalne
vrednosti stoka u centralnom i perifernom skladistu. Potraznja za rezer-
vnim delovima u perifernim skladistima zavisi od sezonskih promena,
koje su modelovane sa odgovaraju¢om funkcijom verovatnoce.

Kljuéne redi: modeliranje, multieSelonski sistem snabdevanja, popraviji-
vi rezervni delovi, simulacija, rezervni delovi.
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VRSTAV(VZLANKA: pregledni ¢lanak
JEZIK CLANKA: srpski

Rezime:

Uzimajuéi u obzir da su, zbog odsustva jedinstvene klasifikacije i
nomenklature korozivnih procesa, postojece klasifikacije nepotpune i
neprecizne, kategorizacija korozivnih procesa u ovom radu izvrdena je
na osnovu strukturno-elektrohemijske teorije, prema kojoj na elektrohe-
mijski proces korozije utice prisustvo heterogenosti na povrsini materi-
jala. U zavisnosti od prirode i dimenzije ove neuniformnosti, definisane
su tri razlicite kategorije korozije: uniformna, selektivna i lokalizovana i
prikazani njihovi oblici.

Razmotreni su i uslovi koji dovode do pojave odredenih vidova
korozije u razli¢itim korozivnim sredinama. Navedeni su primeri odvija-
nja korozivnih procesa i ukratko opisani njihovi mehanizmi.

Kljuéne redi: korozija, vazduhoplovna konstrukcija, uniformna, selektiv-
na, lokalizovana, naponska korozija, korozivni zamor.

Uvod

Pod korozijom se podrazumeva nezeljeno razaranje materijala koje
nastaje pri fizicko-hemijskom ili elektrohemijskom dejstvu sa okolnom
sredinom. Re¢€ korozija poti¢e od latinske reéi ,,corrodere”, $to znali na-
grizati. Problemu korozivnog osteéenja i razaranja metalnih materijala
ve¢ godinama se posvecuje ogromna paznja. Iskustvo pokazuje da su ot-
kazi usled problema sa korozijom veoma znacajni, a statistika na svet-
skom nivou pokazuje da je Steta koja nastaje usled delovanja razlicitih
oblika korozije ogromna i da, na primer, u industrijski razvijenim zemlja-
ma dostiZze 4-5% nacionalnog dohotka (Korozija, nd).

Po verovatno najboljoj i najsiroj definiciji korozije ona predstavlja degra-
daciju mehanickih svojstava materijala u interakciji sa okolinom. U vazduho-
plovnim konstrukcijama korozija se mora posmatrati kao veliki problem, jer
direktno uti¢e, kako na bezbednost, tako i na ekonomiju i logistiku.

130



S obzirom na razli€ite materijale, okruzenja i mehani¢ka naprezanja,
vazduhoplovstvo predstavlja jednu od oblasti u kojoj se posmatra najveci
spektar tipova korozije (Halsne, 2004).

Cilj ovog rada jeste da se predstave naj¢eScéi oblici korozije, a na
osnovu iskustava iz proslosti, kako bi se sagledao Sirok spektar proble-
ma od neznatnih do katastrofalnih oStecenja. Posebna paznja bi¢e po-
svecena aspektima korozije u vezi sa pitanjima starenja vazduhoplova.

lako je korozija vazduhoplovnih konstrukcija stari problem i mnogi
pomaci su ve¢ uradeni u njenoj prevenciji i selekciji materijala (nerdajudi
Celici, aluminijumske legure, titanijum, itd.), ipak se €ini da je reSenje da-
leko. Na primer, pitanje korozije, koja predstavlja ozbiljan problem za
svaki visokoprojektovani sistem, u slu€aju vazduhoplovnih konstrukcija
postalo je jo§ vaznije u poslednjoj deceniji XX veka, kada je do starenja
vazduhoplova dolazilo zbog razli€itih faktora (http://www.udruzenjepilota.
org/arhiva/08/07/080726qgantas.htm, nd).

Slika 1 — Ostec¢enja nastala pod dejstvom korozije: a) oSteé¢enje oplate aviona Boeing
747-400 kompanije "Qantas", 25. jula 2008.godine; b) osStecenje noge stajnog trapa
aviona; c) oStecenje aviona Aloha Airlines Flight 243, 28. april 1988.godine
Puc. 1 —NoBpexaeHns nog BO3AENCTBUEM KOPPO3UK: B) NMOBPEXOEHUSA
o6wuBkncamorneta Boeing 747-400 aBnakomnaHum "Qantas”, 25 uona 2008 roaa;

0) noBpexaeHue waccu camoreTa; B) noBpexaeHne camoneta Aloha Airlines Flight 243,
oT 28 anpensa 1988 roga.

Figure 1 — Damage caused under the influence of corrosion: a) damage to the skin of the
aircraft Qantas Boeing 747-400, July 25, 2008; b) damage to the landing gear;

c) damage to the aircraft Aloha Airlines Flight 243, April 28, 1988.

Nedavno je procenjeno da proces korozije u troSkovima starenja va-
zduhoplova uCestvuje do 80%. Sa druge strane, korozija ima veliki utica;j i
na bezbednost, tako da se oko 45% oStecenja vazduhoplovnih konstruk-
cija moze pripisati koroziji (http://www.tailstrike.com/280488.htm, nd).

Korozija moze da bude izazvana razli€itim uzro€nicima i moze imati
viSe pojavnih oblika, zbog €ega se u literaturi sre¢e veliki broj razli€itih
klasifikacija korozije, najéeS¢e po mehanizmu i uslovima odvijanja.

Kod vazduhoplovnih konstrukcija korozija uglavhom predstavlja de-
strukciju metala i legura usled elektrohemijske reakcije sa okolnom sredi-
nom (slika 2).

131

Petrovi¢, Z., Korozija u vazduhoplovnim konstrukcijama, pp. 130-150



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

(ODENA SREDy,

e
Fe(OH), / v
Fe(OH), HY

ANODA ANODA KATODA

\/“\_/

GYO7DE

Slika 2 — Mehanizam korozije Celika u vodi
Puc. 2 — MexaHu3m Koppo3umn cTanu B BoAe
Figure 2 — The mechanism of corrosion of steel in water

Elektrohemijska korozija je posledica odigravanja elektrohemijskih
reakcija i podleze zakonitostima elektrohemijske kinetike. Bitan uslov nje-
ne pojave je dodir metala sa drugom fazom koja ima osobine elektrolita,
pri €emu na metalu dolazi do stvaranja tankog sloja sa osobinama elek-
trohemijskog dvosloja. Elektrohemijska korozija nastaje u vodi (prirodnoj i
tehnickoj), u vodenim rastvorima kiselina, baza i soli, u zemljiStu i atmos-
feri. Atmosfera nije elektrolit, ali se u atmosferskim uslovima korozija od-
vija u vodenom kondenzatu koji, zbog vlaznosti vazduha, nastaje na me-
talnoj povrsSini i ima osobine elektrolita. Ovde spadaju svi slu€ajevi korozi-
je u vlaznoj atmosferi (Rajakovié—Ognjanovi¢, 2011).

Slika 3 — Olupina aviona Curtiss P-40 Klttyhawk nadena u Sahari 70 godina nakon pada
Puc. 3 — OctaHku camoneTa Curtiss P-40 Kittyhawk, HangernHoro B Caxape cnycTs
70 neT nocne KpyLieHns
Figure 3 — The wreck of the aircraft Curtiss P-40 Kittyhawk found in the Sahara desert
70 years after the fall
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Kakvu ulogu ima prisustvo vlage, odnosno njeno odsustvo, na poja-
vu i Sirenje korozije pokazuje slu¢aj odli€no oCuvane olupine lovca “Cur-
tiss P-40 Kittyhawk” britanskog Kraljevskog vazduhoplovstva, otkrivene
2012. godine, 70 godina posle pada u Sahari (Harris). Avetinjski, ali savr-
Seno ocCuvani ostaci aviona pronadeni su u zapadnom delu pustinje u
Egiptu (slika 3).

Postojece klasifikacije, u zavisnosti od uzroka pojave korozije i obli-
ka o8tecenja, nepotpune su i nedovoljno precizne, 5to se objasnjava od-
sustvom jedinstvene klasifikacije i nomenklature korozivnih procesa.

Uprkos ovim ogranienjima, jedna od najkorisnijih teorija koja se mo-
Ze koristiti za kategorizaciju korozije je strukturno-elektrohemijska. U
skladu sa ovom teorijom, pokretacku snagu elektrohemijskog procesa
korozije Cini prisustvo heterogenosti na povrSini metala. U zavisnosti od
prirode i dimenzije ove neuniformnosti razlikujemo tri razliCite kategorije
korozije. To su:

— uniformna (opsta) korozija, koju karakteriSu podmikrostrukturne he-
terogenosti, sto je uporedivo sa dimenzijama kristalne graficke reSetke (ij.
razlika u polozZaju atoma, termicke fluktuacije metalnih jona u rastvoru, itd),

— selektivna korozija, koju karakteriSe prisustvo mikroskopske neho-
mogenosti od 0,1 mm do 1 mm, to je uporedivo sa veli¢inom krstalne gra-
ficke strukture metala (ij. granicama zrna, druge faze u legurama, itd.),

— lokalna korozija, koju karakteriSe prisustvo makroskopskih nehomo-
genosti vecih od 1 mm (The Research and Technology Organisation of NA-
TO, 2011).

Uniformna (opsta) korozija

Nehomogenosti na povrSini metala, u interakciji sa agresivnim okru-
Zenjem, toliko su male po dimenziji i potencijalu da Ce ista povrSina stal-
no menjati uloge — ulogu anode i ulogu katode (The Research and Tec-
hnology Organisation of NATO, 2011).

lako je to vrlo Eest mehanizam u mnogim korodiranim sistemima, on

se na vazduhoplovnim konstrukcijama ne posmatra tako Cesto, jer iza-
brani vazduhoplovni materijali uvek su manje podlozni tome.

Uniformna korozija je uobi¢ajena za rdajuci Celik i gvozde, gde se mo-
Ze lako prepoznati po crvenoj rdi. S obzirom na lako prognoziranje i otkri-
vanje, uniformna korozija ne moze se smatrati njenim opasnim oblikom.

Opsti napad obi¢no se javlja na delovima gde je originalni zastitni
sloj propao iz bilo kog razloga. Kao jedan od karakteristi¢nih slu¢ajeva je
pojava korozije na Celiku oblozenom kadmijumom nakon Sto je anodna
previaka potpuno unistena (slika 4).
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Slika 4 — Uniformna korozija na kadmijumom obloZenoj komori za sagorevanje aviona AM-X
Puc. 4 — PaBHoMepHas KOppo3us KaaMUEBOrO MOKPbITUS Ha kamepe cropaHusi camorieta AM-X
Figure 4 — Uniform corrosion on a cadmium plated AM-X Air combustion chamber

Erozija izazvana delovanjem te¢nosti koja se brzo kreée takode moze
dovesti do uniformnog ili kvaziuniformnog napada. Ovaj specifi€an meha-
nizam, nazvan erozija—korozija, postaje ozbiljniji na avionima koji lete u
uslovima visoke temperature, gde je visok sadrzaj vlage, posebno u no¢-
nim ¢asovima i gde ima peska (Cvrsta Cestica, obogacena solju, deluje kao
izuzetno abrazivan medij koji uklanja boju i proizvode korozije, nudedi
agresivnom okruzenju novu metalnu povrsinu).

Starenje aviona pogor$ava probleme uniformne korozije na elektri¢noj
i elektronskoj opremi gde su, radi dobijanja zahtevanih performansi, mate-
rijali kao 8to su aluminijum, Celik ili mesing, Cesto inferiorni u pogledu ot-
pornosti na koroziju.

Selektivna korozija

U selektivnu koroziju uklju€eni su svi fenomeni koji zavise od heteroge-
nosti hemijskog sastava. U tom smislu, mozemo govoriti 0 elektrohemijskom
napadu izazvanom unutrasnjom heterogenos$¢u materijala. Selektivha koro-
Zija razli¢itom brzinom napada pojedine komponente, odnosno faze vise-
komponentnih ili viSefaznih metala (mesing, sivi liv, aluminijumska bronza).

Interkristalna korozija

Na vazduhoplovnim konstrukcijama interkristalna korozija (slika 5)
mnogo je ¢eS¢e posmatran mehanizam ove klase korozije s obzirom na to
da je karakteristiCan za legure aluminijuma, i Al-Cu (2xxx) i Al-Zn (7xxx) le-
gure, gde je pokretacka snaga elektrohemijskog procesa u razlici potenci-
jala izmedu druge faze (bogatija bakrom — viSe plemenita ili bogatija cin-
kom — manje plemenita) i aluminijuma.
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Slika 5 — Interkristalna korozija: a) na AA2024 (160x); b) na Mg leguri AZ-91C (250x)
Puc. 5 — MexkpuctannutHas koppo3aus a) Ha AA2024 (160x); b) Ha Mg alloy AZ-91C (250x)
Figure 5 — Intergranular corrosion: a) on AA2024 (160x); b) on Mg alloy AZ-91C (250x)

U ovom slu€aju korozija napreduje uzduz granica zrna u unutra-
Snjost metala (slika 6) i mora se smatrati veoma opasnom, jer, uprkos mi-
nimalnom gubitku materijala, mehaniCke osobine drasticno degradiraju.
Pri ovoj vrsti korozije nema vidljivih promena spoljadnjeg izgleda me-
tala. Medutim, pri napredovanju interkristalne korozije metal postaje krt,
pa relativno lako moze da dode do razaranja i pri neznatnim statickim, a
posebno dinami¢kim optereéenjima. Interkristalna korozija se teSko otkri-
va metodama ispitivanja bez razaranja.

P

' 'f///////
",/’ L A/‘ ' 1
5. a0 ﬂ'/ ]
\%: W?/"’%// ;s
G572 Yool i,
P G
Slika 6 — Interkristalna korozija: A — povrsina legure; L — legura, G — granica zrna,
P — produkti korozije po granicama zrna.
Puc. 6 — MexxkpuctannutHasa koppo3us: A - NOBEPXHOCTb cnnaga; L - cnnas,
G - rpaHuubl 3epeH, P - npoayKTbl KOPPO3UN Ha rpaHMLax 3epeH.

Intergranular corrosion: A - surface of alloy; L — alloy, G — grain boundaries,
P - products of corrosion at the grain boundaries.

\\

Figure 6 —

Visokolegirani nerdajuci Celici osetljivi su na interkristalnu koroziju,
koja je posebno zastupljena kod nerdajucih €elika na bazi hroma, bez ob-
zira na njegovo povoljno dejstvo na povecanje otpornosti na koroziju
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(>12%Cr), jer se povrSina ovih Celika previadi pasiviziraju¢im filmom
Cr,0;. Medutim, tokom neodgovaraju¢e termiCke obrade ovih Celika ili
njihove eksploatacije u nedozvoljenom temperaturno-vremenskom inter-
valu, dolazi do migracije atoma hroma iz pograni¢nih oblasti u granice zr-
na gde se izdvajaju u vidu karbida Cry;Ce. Usled osiromaSenja pogranic-
nih oblasti na hromu (<<12%Cr) one viSe nisu zasti¢ene pasivnim oksid-
nim filmom, pa postaju anodne u odnosu na unutrasnjost zrna i sklone in-
terkristalnoj koroziji. Sklonost nerdajucih Celika interkristalnoj koroziji, od-
nosno njihova osetljivost na lokalnu promenu u sadrzaju hroma koja se
odvija u odredenom temperaturskom intervalu (450+480°C) poznata je
kao senzitizacija. Pojava senzitizacije Cesta je posledica zavarivanja (Ko-
rozija, nd).

karbidi hroma e
naslaga

metalni joni|

austenit

Cr>12% austenit L
Cr>12% BasiLan
zatitni sloj
CELIK Cal.uztelli'nt/o VODA
Slika 7 — Niskotemperaturna senzitizacija PH Slika 8 — Sematski prikaz procesa
17-7 nerdajuceg Celika senzitizacije
Puc. 7 — CeHcunounusaumsa PH 17-7 Puc.8 — CxemaTtuyeckoe nsobpaxeHve
Hep)XaBetoLLen CTanu Npy HU3KOM Temnepartype npouecca ceHcubnnmsaumm
Figure 7 — Low temperature sensitization on PH  Figure 8 — Schematic representation
17-7 stainless steel of the process of sensitization

Lokalizovana korozija

Kod lokalizovane korozije posmatra se najveci broj mehanizama koro-
zZije. Zajednicki faktor kod svih razli€itih oblika korozije u slu€aju lokalnog
napada je prisustvo stabilnih i jasno odvojenih katodnih i anodnih oblasti.

Pri lokalnoj koroziji rastvaranje metala moze da se odvija na jednom
mestu, redukcija na drugom, a stvaranje korozivnih produkata na tre¢em
mestu. U tom sluéaju korozivni produkti nece predstavljati zastitu metala
od dalje korozije.

Lokalna elektrohemijska korozija dovodi do mestimiénog nagrizanja
koje se manifestuje pojavom prskotina, jamica, itd.
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Piting (taCkasta) korozija

Piting korozija je izrazito lokalizovan korozivni napad pri kojem dola-
zi do stvaranja korozivnih jamica (pitova). Tackastoj (piting) koroziji pod-
loZzne su veoma male (ograni¢ene) povrSine metala (ostatak povrsine je u
stabilnom, pasivhom stanju), pri ¢emu dolazi do stvaranja osteéenja —
tacCkica, rupica, jamica i kratera (slika 9).

Piting korozija

nz\-::w.l:lul:l 0,
« T o
01 Na N e 2
+ a 1
§ NMer cr N !
O™ 1 Fe(OH) s Fe ow O
- TS —
\,; Y
Hie .
Toor pasivan film
o
Nerdajuci celik

Slika 9 — Mehanizam piting korozije
Puc. 9 — MexaHn3m To4e4Hon Kopposun
Figure 9 — The mechanism of pitting corrosion

Piting korozija po elektrohemijskom mehanizmu se, po pravilu, javlja
u rastvorima koji sadrze oksidanse (to moze da bude i kiseonik iz vazdu-
ha) i aktivne anjone (CI , Br , | , itd.). Osnovni uslov nastajanja pitinga je
pomeranje elektrohemijskog potencijala u prisustvu oksidansa u rastvoru
(anodna polarizacija) i priblizavanje kriti€noj vrednosti. PovrSina pitinga
je anoda i razara se velikom brzinom na ra¢un kontakta sa ostatkom po-
vrSine koja se nalazi u pasivhom stanju — nepolarizovana katoda. Posto
je istovremeno postojanje pasivne katode i aktivhe anode na povrsini jed-
nog istog metala, bez ikakvih dopunskih uslova, nemoguce, takav sistem
je elektrohemijski nestabilan.

Slika 10 — Piting korozija na HH-3F kompresorskoj lopatici
Puc. 10 — Toye4Has koppo3us Ha komnpeccopHow nonaTtke HH-3F
Figure 10 — Pitting corrosion on a HH-3F compressor blade
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Na odvijanje piting korozije, pored ve¢ pomenutih uzroka, utiCu i he-
mijski sastav materijala, njegova struktura i termiCka obrada, temperatu-
ra, stanje povrsine i nemetalni ukljucci. Pitovi se formiraju na mestima ra-
zaranja pasivnog filma na povrsini metala, u prisustvu jona.

Stepen zastite koju pruza pasivni film zavisi od njegove debljine,
kontinuiteta, koherentnosti i adhezije za metal, itd. Ako se film osteti me-
hanicki ili hemijski, mozZe doc¢i do njegovog ponovnog formiranja (repasi-
vizacije) ili do daljeg odvijanja korozivnih procesa.

Tackasta korozija razvija se u tri stadijuma koji obuhvataju:

* inicijalno stvaranje jamice (nukleacija),

* pocetni rast jamice (u odredenim uslovima moze da se okonc&a re-
pasivizacijom) i

» stabilni rast jamice.

Kod tackaste korozije pojavi vidljivih jamica prethodi dug inicijalni period.
Ovaj interval podrazumeva period od nekoliko meseci do godinu dana, u zavi-
snosti od toga o kojem je materijalu i kakvoj korozionoj sredini re€. Kada jed-
nom zapocne rast, jamice penetriraju u metal stalno rastu¢om brzinom (ukoli-
ko se ovaj proces ne narusi). Jamice obi¢no rastu u pravcu dejstva gravita-
cije, pa se zato razvijaju na horizontalnim povrdinama, rastu nadole. Zabe-
leZzen je veoma mali broj sluCajeva stvaranja jamica na vertikalnim povrsina-
ma ili na horizontalnim povrSinama sa rastom nagore. U slucaju piting korozije
gubitak metala (kao jedan od aktuelnih pokazatelja razvoja korozivnih proce-
sa) veoma je mali i ne moZe da ukazZe na dubinu prodiranja jamice.

Piting korozija se vizuelno uo€ava u drugom stadijumu, i to u vidu ostro
definisanih jamica. Medutim, na osnovu povrsinskog izgleda ne sme da se su-
di o stepenu ostecenja, zato Sto potpovrsinsko ostecenje moze da bude vece.

Medusobnim spajanjem nekoliko jamica formira se krater. Oblik pi-
tinga menja se od nepravilnog do pribliZno geometrijski pravilnog. Jamice
pravilnog geometrijskog oblika koriste se pri analizi mehanizma piting ko-
rozije i njenog modeliranja (Korozija, nd).

Korozija u pukotinama i zazorima

Tokom eksploatacije metalnih konstrukcija, uklju€ujuéi i konstrukcije
od Celika, moze da dode do pojave lokalizovane korozije koja podrazu-
meva intenzivno razaranje u zazorima. Zazori su u konstrukcijama neiz-
bezni, nastaju pri spajanju razli€itih delova koji mogu da budu od istog ili
razliC¢itog metala. Najvecu osetljivost na pojavu korozije u zazorima imaju
pasivni metali (korozivno postojane legure, Al-legure), jer u zazorima do-
lazi do njihove depasivizacije (slika 11).

Karakteristika korozivnih procesa u zazorima je snizenje koncentra-
cije oksidansa (kiseonika i dr.) u poredenju sa njegovom koncentracijom
u rastvoru i sporo odstranjivanje produkata korozivne reakcije iz zazora.
Lokalna gustina struje rastvorenog metala u zazoru je jako visoka, jer je
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preostala povrSina van zazora znatno ve¢a. Ovakvim mehanizmom obja-
Snjava se lokalno nagrizanje metala u zazorima i odsustvo nagrizanja ili
slabo nagrizanje ostale povrSine metala.

Joni hlora i vodonika ubrzavaju rastvaranje veéine metala i legura, odno-
sno imaju isto dejstvo kao i kod tatkaste korozije metala. Ova vrsta korozije
odvija se u gotovo svakoj sredini, ali najintenzivnija je u rastvorima hlorida.

Slika 11 — Mehanizam korozije u zazoru
Puc.11 — MexaHu3Mm LLeneBo Koppo3um
Figure 11 — The mechanism of corrosion in the crevice

Za razvoj korozije u zazorima, koja je u najve¢em stepenu odredena
difuzionim procesima, vazan Cinilac predstavlja Sirina zazora. Najveci
stepen korozije metala nije utvrden pri najmanjoj Sirini zazora (<0,05
mm), kada je dolazak oksidacionih sredstava jako otezan, ve¢ pri zazori-
ma srednje Sirine (0,05+0,5 mm). Ukoliko je Sirina zazora manja, narusa-
vanje pasivnog sloja odvija se na vecoj povrSini i naruSava pasivnost, pa
korozija postaje ravnomerna. U zazorima srednje veliine koncentracija
oksidacionog sredstva se u manjoj meri snizava, pasivnost se lokalno na-
ruSava, a korozija postaje mestimi¢na, Sire¢i se u dubinu. Tako se npr.
pri ispitivanju nerdajuceg Celika sa 13% Cr u morskoj vodi, u prisustvu
zazora veliine 0,05 i 0,1 mm, korozija u zazorima pojavila ve¢ posle tri,
odnosno Sest meseci. Kada je veli€ina zazora povec¢ana na 0,5, odnosno
1 mm, korozija u zazorima nije otkrivena (Korozija, nd).

o

Slika 12 — Korozija u zazoru na avionu Tornado
Puc.12 — WeneBas koppo3usi Ha camoneTte Tornado
Figure 12 — Crevice corrosion on Tornado
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Galvanska korozija

Galvanska korozija je najocigledniji oblik lokalizovane korozije, gde
su vrlo jasno identifikovana anodna i katodna podrucja (slika 13).

voda
; katoda
anoda\—e/w
gvozde kalaj

Slika 13 — Mehanizam galvanske korozije
Puc. 13 — MexaHn3M ranbBaHN4eCcKon Koppo3nu
Figure 13 — The mechanism of galvanic corrosion

Ova vrsta korozije nastaje kada su dva metala razli¢itog elektrohe-
mijskog potencijala u kontaktu u korozivnom medijumu, a nastala ostece-
nja manje plemenitog metala su ozbiljnija nego da je sam izloZzen u istom
medijumu.

Sirenje korodirane oblasti na anodi, kao i brzina korozije, zavisice od
razlike elektrohemijskog potencijala izmedu metala i provodljivosti agre-
sivnog medijuma. U svakom slu€aju, napad korozije je viSe koncentrisan
u delu anodnog metala blize katodi.

Slika 14 — Galvanska korozija na MB-339 izmedu nosaca od
Mg legure i zavrtnja od aluminijuma
Puc. 14 — lanbBaHn4yeckasi koppoansi Ha MB-339 mexay onopoii 13 Mg cnnaea
1 annioMUHNEBBIMY 3aKrenkamm
Figure 14 — Galvanic corrosion on the MB-339 between
an Mg alloy trim and aluminum rivets
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U vazduhoplovnim konstrukcijama Cesto je potrebno koristiti razli€ite
metale, tako da se galvanska korozija ne mozZe u potpunosti izbeci. Tipi¢an
primer pojave galvanske korozije je sluCaj kada se za zatvaranje otvora u
oplati od aluminijumske legure koriste CeliCni zavrtn;ji ili nitne (The Rese-
arch and Technology Organisation of NATO, 2011).

Povrsinska (filiform) korozija
Filiform korozije (slika 15) mogu se naci pod organskim premazima,

kao Sto su boje, usled prodiranja vlage kroz oblogu pod specifi¢nim tempe-
raturama (T=30°C) i uslovima vlaznosti (Hr=85%).

00000000

Ao/
- ik
Slika 15 — Filiform korozija

Puc. 15 — HuteBugHasi koppo3ausi
Figure 15 — Filiform corrosion

Naponska korzija i korozivni zamor

Naponska korozija

Naponska korozija je vid razaranja materijala u kojem se javljaju pr-
skotine usled zajedni¢kog delovanja korozije i deformacije metala zbog
zaostalih napona ili pod dejstvom primenjenog napona, $to predstavlja
definiciju zasnovanu na ISO.

Naponska korozija ne izaziva uvek krti lom (lom pracen malom duk-
tilnos¢u) i, kao korozivni proces koji nije vidljiv, prouzrokuje znacajan pad
mehanickih karakteristika metala uz njegov vrlo mali maseni gubitak.
lako korozivno naponska prskotina, kao osteé¢enje, ne moze da se uodi
pri kontroli stanja povrSine metala, ona moze da bude ,okida¢" brzog me-
hani¢kog loma ili razaranja komponenti i konstrukcija (Korozija, nd).

Prsline i razaranja usled naponske korozije metala mogu da se jave
samo ako su istovremeno ostvarena sledeca tri uslova:

* sredina koja ima takve karakteristike da kod konkretnog materijala
pogoduje pojavi naponske korozije,

» materijal koji je ,o0setljiv’ na pojavu naponske korozije,

* dovoljan zatezni napon.
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Svaki od ovih uslova mora se razmatrati individualno, sa svim deta-
liima. Na primer, ako se razmatra materijal, on ne moze da se posmatra
samo sa glediSta hemijskog sastava vec i sa gledista mikrostrukture koja
je ostvarena konkretnom termi¢kom obradom.

Prisutne prsline slabe konstrukciju, smanjujuci poprecni presek zida
komponenti, pa su mogucéa iznenadna razaranja. Brzina Sirenja prsline, u
zavisnosti od stepena i inteziteta sadejstva, moze da bude veoma velika i
da se proces razaranja, od pojave prsline, odvija u kratkom periodu (do
nekoliko dana). Naponska korozija Siri se u velikom opsegu brzina, od
10° do 10 mm/h, u zavisnosti od kombinacije legure i radne sredine. Ge-
ometrija prsline je takva da kada poraste do odredene duzine moze da
postigne kriti€nu duzinu i tada dolazi do prelaska od relativho laganog Si-
renja, koje ima odlike naponske korzije, do Sirenja velikom brzinom svoj-
stvenom za mehanicko razaranje (Hwangbo, 2014).

== Ugljenik sa H20, OH ili H
Formacija C-Hi C-OH veza

Disocijacija vode na o3te¢enom mestu

H
co, ‘« 2H,0 > 2H, + 02..02 ; L\":G A

Slika 16 — llustracija rasta potkriticne prskotine u grafenu nastale pod dejstvom naponske
korozije. 1) adsorpcija vodene pare u ugljeni¢ne veze u grafenu; Il) transport vodene pare
u grafen; lll) elektrostati¢ka interakcija vodene pare i garfena.

Puc. 16 — VinniocTpaumsa AOKPUTUYHOWN TPELLMHBI B rpadpeHe, BO3HUKLLEN NOA
HanpsihxeHnem kopposuun. 1) Aocopbuusi napos BOAb! B YrrepoaHOW CBA3M B rpadeHe;
I1) TpaHcnopT napoB BoAkl B rpadeHe; Ill) AnekTpocTtaTtnyeckoe B3aMMo4encTBNE NapoB
BOAbI U rpadeHa
Figure 16 — lllustration of subcritical crack growth in graphene formed under the influence of
stress corrosion. |) adsorption of water vapor to carbon bonds in graphene; 1) diffusive transport
of water vapor to graphene; lll) electrostatic interaction between water vapor and graphene.

Naponska korozija najceSce se javlja na:

» zavarenim spojevima (prelazna oblast/osnovni materijal, posebno
u ZUT-u,

 cevnim lukovima,

* na mestima naglih razlika u dimenzijama.
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Imajuéi u vidu da su procesi koji prethode vidljivoj pojavi naponske ko-
rozije jo$ uvek nedovoljno istrazeni, prema danasnjim saznanjima, postoji
nekoliko mogucih modela za opisivanje ove vrste korozivnog razaranja.

Ostecenje zastitnog sloja — stabilizacija

Ovaj model ima nekoliko varijacija, a karakteristiCan primer prikazan je
na slici 17. Konstantni zatezni naponi uzrokuju razaranje povrSinskog, za-
stitnog, oksidnog sloja. Razaranje zastitnog sloja mogu izazvati klizne trake
koje formiraju klizne stepenice na povrSini metala, ukoliko je spreeno viSe-
struko klizanje u strukturi metala zbog deformacionih procesa (slika 17. a).
Na taj nacin iniciraju se prskotine koje se Sire transkristalno. U ostalim sluca-
jevima stepenicu klizanja na povrsini metala prave pojedinacna zrna — grani-
ca zrna oslabljena taloZenjem karbida i nitrida (slika 17.b). Na ovaj nacin for-
miraju se prskotine koje se Sire interkristalno (Korozija, nd).

Hemijsko rastvaranje metala potpomognuto mehani¢kim dejstvom

Ovaj mehanizam prikazan je na slici 18. Rastvaranjem metalne po-
vrSine pod dejstvom korozivne sredine stvaraju se praznine koje, pod
dejstvom polja zateznih sila, migriraju i akumuliraju se pri vrhu prskotine i
dovode do njenog rasta.

a) formiranje stepenice klizanja povrsinski
transkristalne v zadlitni sloj KOROZIONA SREDINA

prsline

Rastvaranjem metala

Q
o8,
00
Migracija ./.
praznina (k)
0@

()

b) formiranje “
) . . ! povrainski Atomi
interkristalne N
zastitni sloj

prsline %— Praznina

Slika 17 — Mehanizam razaranja zastitnog Slika 18 — Sematski prikaz mehanizma
oksidnog sloja rastvaranja metala potpomognutog
Puc. 17 — MexaHn3M paspyLueHnsi mehanickim dejstvom
3aLlMTHOIrO OKCUAHOrO Crosi Puc. 18 — CxemaTnueckoe nsobpaxeHue
Figure 17 — The mechanism of destruction = mMexaHu3ma pacTBOpeHUs MeTannos nog
of the protective oxide layer MeXaHNYeCKMM BO3L4ENCTBMEM

Figure 18 — Schematic view of the
mechanism of dissolution of metals under
mechanical action
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Na slici 19 prikazan je nacin inicijacije korozivno naponskog oStece-
nja i faze napredovanja naponske korozije.

iy 3 S
= P! \q c—> (Naprezanje)
A \

Lokalno Obrazovanje )

razaranje  Korozionog pita . x _
oksidnog filma Iniciranje .

i rast SCC N
Zavrsni
mehanicki lom

Slika 19 — Faze napredovanja naponske korozije
Puc. 19 — 3tanbl 06pa3oBaHUsi KOOPO3NW NOA HAMPSKEHNEM
Figure 19 — Stages of progression of stress corrosion

Prskotina pri naponskoj koroziji moze da se Siri transkristalno (kroz
same kristale) i interkristalno (duz granica kristala).

s
s A5
o

Slika 20 — Transkristalna prskotina nastala kao  Slika 21 — Interkristalna prskotina nastala
posledica naponske korozije (oStra je i prava)  usled naponske korozije (x500 Inconel).

Puc. 20 - TpelumHa B pesynbTaTte Puc. 21 - MexkpucTtannutHoe
KOpPO3UOHHOro HanpshkeHus. OcTtpas KOPPO3MOHHOE pacTpecKMBaHme nog
TpeLUmHa C POBHbIMU KpasiMu. HanpsbkeHvem (x500 Inconel)
TpaHckpucTannuTHas TpeLwuHa Figure 21 — Intergranular stress corrosion
Figure 20 - Crack as a result of stress cracking (x500 Inconel).

corrosion. The crack is sharp and straight —
transgranular crack
Korozivni zamor

Korozivni zamor je rezultat kombinovanog delovanja promenljivih
napona i korozivhog okruzenja. Veruje se da usled delovanja zamora do-
lazi do prekida zastitnog pasivnog sloja, pa se korozija intenzivira. Prisu-
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stvo korozivnog okruzenja eliminiSe postojecu granicu ,zamorne ¢vrsto-
¢e” Celika i kreira kona€an radni vek nezavisno od napona. Korozivno
okruzenje utiCe na povecanje brzine rasta prskotine ili rast prskotine pri
nizim naponima nego u sredini koju €ini suv vazduh. Cak i uslovi veoma
slabe atmosferske korozije, npr. kod konstrukcija izradenih od aluminiju-
ma, dovode do smanjenja dinamicke ¢vrsto¢e na 25% od vrednosti na
vazduhu. Nijedan metal, ako se nalazi u korozivhom okruzeniju, nije imun
od izvesnog smanjenja svoje otpornosti na delovanje promenljivih napo-
na. Kontrola korozivnog zamora moze da se izvede ili smanjenjem broja
ciklusa ili kontrolom radne sredine.

Na povrsini metala formiraju se stepenice klizanja (slika 22). Na taj
nacin osteCuje se zastitni sloj, ¢ime zapocinje elektrohemijsko anodno
rastvaranje metala koji je doSao u dodir sa elektrolitom, Sto dovodi do po-
jave mikroprskotina.

Broj ciklusa do loma pri korozivnom zamoru zavisi od ucestalosti od-
vijanja ciklusa. Za odvijanje je potrebno vreme, pa je uticaj efekta koro-
zivne sredine veéi kada frekvencija ciklusa postaje niza, $to ukazuje na
to da korozivni zamor pokazuje svoj maksimalni efekat ako su i frekven-
cija i prisutno optereéenje niski (Korozija, nd).

stepenice iy
klizanja i
s

povrsina

S

/,;/ i ! _ ’

b/

klizne trake

Slika 22 — Mehanizam formiranja stepenica klizanja na povrsini metala
Puc. 22 — MexaHn3M BO3HUKHOBEHWSI CTYNEHN CKOMbXEeHWs Ha NOBEPXHOCTM MeTarnna
Figure 22 — The mechanism of creation of slip steps on the surface of metal

ZakljuCak

S obzirom na razli¢ite materijale, okruZenja i mehani¢ka naprezanja,
vazduhoplovstvo predstavlja jednu od oblasti u kojoj se posmatra najveci
spektar tipova korozije.

Ovaj rad predstavlja sazet pregled najéescih pojavnih oblika korozije
na vazduhoplovnim strukturama.
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Kako su, zbog odsustva jedinstvene klasifikacije i nomenklature
korozivnih procesa, postojece klasifikacije nepotpune i netacne, kate-
gorizacija korozivnih procesa izvrSena je na osnovu opste prihvaéene
strukturno-elektrohemijske teorije, prema kojoj na elektrohemijski pro-
ces korozije utie prisustvo heterogenosti na povrsini materijala. Obzi-
rom na navedeno, a u zavisnosti od prirode i dimenzije ove neuniform-
nosti, razlikujemo tri osnovne kategorije korozije: uniformna, selektiv-
na i lokalizovana.

Stalno proSirivanje znanja o problemima korozije, zasnovano na
prethodnim iskustvima i multidisciplinarnom pristupu projektovanju, kao i
razvoj metoda analize bez razaranja, od sustinskog su znacaja za uspe-
Sno suoCavanje sa ekonomskim i bezbednosnim izazovima starenja va-
zduhoplova.
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KOPPO3VA B ABUALIMOHHbBIX KOHCTPYKUUAX

3opaH L. MNMeTtposuny
BIMBO, 204. aBnauunoHHasa bpuraga, batanHuua

OBNACTb: maTepuanbl, XMMU4eckne TeXHoOnormm
BWO CTATbW: o63opHas ctatbs
A3bIK CTATbW: cepbekui

Peswome:

B 8g00HoLli enase npedcmasneH Kpamkuli 0630p MpuYvuH riosierie-
HUS1 KOpPO3UU U KOPPO3UOHHbLIX MOBPEXOeHUl Ha aguayuoOHHbIX KOH-
CMPYKYUSIX.

Yyumeieass omcymcmeue eduHol Knaccugukauyuu U HOMEHKa-
mypbl KOPPO3UOHHBIX MPOYECCO8 U MO, YMO Cywecmsyowue Knaccu-
ukayuu HernosHble U HeAoCmamo4YHO MOYHbIe, Kamezopu3ayusi
KOPPO3UOHHbIX npoyeccos 8 amol pabome rpou3gsedeHa Ha OCHOB8a-
HUU CMPYKMYPHO-3/1€KMPOXUMUYECKOU meopuu, coaiacHo Komopou
dsuxxyujeli cunioll enleKmpoxXuMu4ecKoa0 npouecca Kopposuu siensiem-
CS pucymcmeue 2emepo2eHHOCMU Ha Mo8epxHoCcmMuU Mamepuarna. B
3asucumMocmu om xapakmepa u pasmepos 0aHHOU HeOOHOPOOHOCMU,
8bI0EIAOMCA MPU Kameaopuu Koppo3uu: pasHoMepHasi, u3bupame-
JIbHasi U JloKasibHasi Koppo3usi.

Hanee npedcmasneHbl 8UObl KOPPO3UU, KOMOPbIE M0SI8ISIIOMCS
8 Mpéx paHee OMnuUCaHHbIX Kameaopusix Kopposuu. PaccmMompeHb! u
obcmosimenbcmea, criocobcmeyrouue Mosi8IeHUr0 ornpedennéHHbIX 8u-
008 KOppo3uu 8 pasfiudHol Koppo3uoHHoU cpede. NpusedeHsbi npume-
pbl MO020, KaK rpomekKarm KOPPO3UOHHbIE MPOUECCHI MPU KPamxkom
onucaHuuU Ux MexaHu3mos.

B nocniedHel enase, 8 kadecmee 3aknoyeHusi, 0606uieHb! pesy-
Jibmambi uccie008aHUsi 803MOXHbLIX MPUYUH MOSI8IEHUS KOPPO3UU Ha
asuaUUOHHbIX KOHCMPYKUUSIX.

KntoyeBble crioBa: Koppo3usi, aguayuoHHasi KOHCMPYKUUS, pagHoOMep-
Hasl, usbupameribHasi, loKasibHasl, KoppPo3us MO0 HarnpsiXKeHUeM, Kop-
PO3UOHHas1 ycmasnocme.

CORROSION IN AIRFRAMES

Zoran C. Petrovi¢,
AF and AD, 204th Aviation Brigade, Batajnica

FIELD: Materials, Chemical Technology
ARTICLE TYPE: Review Paper
ARTICLE LANGUAGE: Serbian

Summary:

The introductory chapter provides a brief reference to the issue of
corrosion and corrosion damage to aircraft structures. Depending on the
nature and dimensions of this nonuniformity, three different categories of
corrosion are defined: uniform, selective and localized corrosion.
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The following chapters present the forms of corrosion that can
occur in three defined categories of corrosion. Conditions that cause
certain types of corrosion in various corrosive environments are
discussed. Examples of corrosion processes are listed and
mechanisms of these processes are briefly described. And, as a
conclusion, the last chapter presents the summary of investigations of
corrosion and corrosion damage to aircraft structures.

Introduction

Probably the best and broadest definition of corrosion says that
corrosion is the degradation of mechanical properties of materials in the
interaction with the environment. Corrosion in aeronautical structures
must be considered as a significant problem, because it directly affects
both the security and the economy-logistics. In view of the variety of
materials, environments and mechanical stresses, aviation is one of the
areas where the widest range of types of corrosion can be found.

Depending on the nature and the dimensions of this non-
uniformity, three different categories of corrosion can be experienced:
Uniform corrosion, Selective corrosion and Localized corrosion.

Uniform corrosion

Although this is a very common mechanism in many corroded
systems, it is not so often observed on airframes because the chosen
aeronautical materials are always less prone to it. Uniform corrosion is
common for non-stainless steel and iron where it can be easily
recognized by red rust. Easily detectable and forecasted uniform
corrosion cannot be considered a very dangerous form of corrosion.

Selective corosion

This category includes all the phenomena depending on the
presence of heterogeneities in a chemical composition. In this sense,
we can also talk about this electrochemical attack as caused by an
intrinsic heterogeneity of the material.

On airframes, intergranular corrosion is a more often observed
mechanism of this class because it is a characteristic of aluminium alloys,
both Al-Cu (2xxx) and Al-Zn (7xxx) alloys, where the driving force for the
electrochemical process is the difference in potential between the second
phase (richer in copper — more noble, or richer in zinc — less noble) and
aluminium. In this case, a corrosion profile follows the shape of grain
boundaries, and must be considered very dangerous because, in spite of
minimum material loss, mechanical properties fall dramatically down.

Localized corrosion

This is certainly the class where the widest number of corrosion
mechanisms is observed. The common factor among the different
forms of corrosion in the case of a localized attack is the presence of
stable and clearly separate cathodic and anodic areas.
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In the case of local corrosion, dissolution of metals can be done in
one place, a reduction in the second place, and the creation of
corrosion products in the third; in this case, the corrosion products will
not protect the metal from further corrosion.

Pitting corrosion: Pitting corrosion is a dangerous attack which
occurs on passive materials when the protective oxide layer breaks. It
is often observed on stainless steel and aluminium alloys that
spontaneously form a protective film.

Crevice corrosion: During the exploitation of metal structures,
including steel structures, there may be the appearance of localized
corrosion, which means the intense destruction in crevices (gaps).
Crevices in structures are inevitable; they occur at connections of
different parts which may be the same or different metals. Passive
metals (corrosion resistant alloys, Al-alloys) have the greatest
sensitivity to signs of corrosion in gaps.

Galvanic corrosion: Galvanic corrosion is the most evident form of
localized attacks, where anodic and cathodic areas are clearly identified.

Filiform corrosion: Filiform corrosion can be found under organic
coatings such as paints, due to penetration of moisture through the
coated surface under specific temperature (T230°C) and humidity
conditions (Hr =2 85%).

Stress Corrosion Cracking and Corrosion-Fatigue: Unfortunately,
these two dangerous localized corrosion mechanisms are often
observed on airframes. Both produce cracks, different in shape and
pattern, whose growth is caused by the synergetic action of a moderate
corrosive environment and a mechanical stress: a static load (lower than
the material’s yield tensile stress) in the case of SCC, or a cyclic load in
the case of corrosion-fatigue (lower than the material’s fatigue limit).

Conclusion

In view of the variety of materials, environments and mechanical
stresses, aviation is one of the areas where the widest range of types
of corrosion is observed.

Because of the absence of uniform classification and nomenclature
of corrosive processes, existing classifications are incomplete and
inaccurate. The categorization of corrosive processes in this paper was
done on the basis of the structural-electrochemical theory, according to
which the driving force of an electrochemical corrosion process is the
presence of heterogeneity on the metal surface. Depending on the nature
and dimensions of this nonuniformity, three different categories of
corrosion are defined: uniform, selective and localized corrosion.

Constantly expanding knowledge about the problems of
corrosion, based on previous experiences and multidisciplinary
approach to the design, as well as the development of non-destructive
methods of analysis are essential for successfully confronting the
economic and security challenges of aging aircraft.

Key words: corrosion, aircraft structure, uniform, selective, localized,
stress corrosion, corrosion fatigue.
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Pe3some:

B Hacmosiwee spemsi 0OHUMU U3 OCHOBHbIX 80rpPOCco8 8 Kopabirie-
cmpoeHuuU ornpedensarowux CKpbIMHOCMb cunil ¢hrioma, Sersromcs:
YMeHbUWeHuUe WwyMHocmu, crieGHocmu, 3amemHocmu Kopabsiel u rnoo-
800HbIX JIOOOK, 4YmO 8 €80 o4Yepelb, docmuzaaemcsi NPUMeHeHUem
fpu cmpoumenibcmee crieyuarsnbHbIX Mamepuasnos U crijiagos, a mak-
XKe yMeHbWeHUEM UX 8000U3MELEHUS.

bonbwoe sHumaHue ydensemcsi ocHaweHuto kopabnel cospe-
MEHHbIMU KOMII/IeKcaMu pakemHo20 U apmursisiepulickoeo 800pyxKe-
Hus, cpedcmeamu MBO (npomueogo3dyuiHoli 060poHbl) u POE (padu-
03/1eKMPOHHOU 60pbbbl) O peweHuUss WUPOKO2o Kpyea 3adad.
OcHosHbIM Kpumepuem 60e8oe20 ucrionb3o8aHusi Kopabneli BM®
cmaHo8UMCs UX MHO20GhYHKUUOHaIbHOCMb.

KntoyeBble crnoBa: 8bICOKOMOYHOE opyxue, BoeHHo-mopckol ¢hriom,
KopabniecmpoeHue, npomugogo3dywHasi 0bopoHa.

BBeneHue

CpaBHUTENbHbBIVA aHann3 MUMPOBOro kopabernbHoOro cocraea, 3a ne-
pviof NepBoro AecATUNETU HOBOTO Beka, NoKasbiBAeT, YTO OAHMM U3 Ba-
KHEeNLLNX HanpaBneHui pasBuTua prioToB CTAaHOBUTCS 3amMeHa cneuuva-
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NM3MPOBaHHbIX Kopabnen MHoroueneBbiMU C TeM, YTOObl MEHbLUMM CO-
CTaBOM MOXHO ObIfio pelwsatb 6onee wmpokun kpyr 6oesbix 3agay (Mo-
3roeon, 2015).

B HacTosiwee BpeMs nepea BOEHHbIMW MOpsSikaMu U NpoeKTaHTaMu
60eBbIX HaABOAHbLIX KOopabnen 1 NoABOAHbLIX NOAOK NOCTaBMNEeHbl 3a4aun
3HAYUTENbHOrO paclUMpeHnss Bo3naraembiX Ha 3TU Kopabnu dyHKUUA.
MomMumo TpaanUMOHHBIX 3agad: 6bopbba ¢ HagBogHLIMK KOpabnamu, nog-
BOAHbIMM fIOAKaMK, NPOTMBOBO3AYLLHAA O0BOpoHa, orHeBas nogaepxka
CVN BbICadKM [ecaHTa — OHW [AOSMKHbl OCYLLECTBAATb: YHUYTOXEHUe
00BbEKTOB NPOTUBHMKA B AanbHEN MOPCKOM M OKEAHCKOW 30HE U Npu npo-
BeAeHUN onepauui CyxonyTHbIMW YacTSMKU, NMOUCK U YHUHMTOXEHNE MUH,
HabnogeHve 1 naTpynupoBaHUe B 3KOHOMUYECKOM 30He, obecneyeHve
OXpaHbl panoHoB HedpTeaobblun 1 pbl6ONOBCTBA, 3aWUTy CyA0X0ACTBa,
BeJeHVe MOUCKOBO-cnacaTesnbHbIX paboT, okazaHue NOMOLUW XepTBaMm
B6encTeun n gpyrne Mmccuu.

OcHoBHble HanpaBreHus
KopabnecTtpoeHus B Poccumn

YuntblBass coBpeMeHHble TpeboBaHUA No OrpaHWyYeHno BoAou3Me-
LLIeHMs1, CTOMMOCTM NOCTPOMKM W1 JKCMnyaTaumm kopabnen, ueHTpanbHoe
MECTO B pelleHUn 3agavv MogepHM3auumn u BoCrnornHeHns KopabenbHoro
coctaBa BoeHHo-Mopckoro dosiota Poccun HauynHaloT 3aHMMaTb MHOro-
uenesble dperatbl 1 kopseThl (LLUnsxTteHko, 2015).

YCnewHo HecyT cnyxby u NonosfHsT cocTaB BoeHHOro Mopckoro
dnota Poccun dperatel: npoekta 22350 tuna «Agmwupan [opLikoB»
(Admiral Gorshkov class frigate), npoekta 11356P tuna «Agmupan [pu-
roposu4» (Admiral Grigorovich frigate).

Ona BMC Ungumn noctpoeHo 6 doperatoB npoekTta 113563.

KopseTbl npeacraesneHsl B BM® Poccun HeckonbkuMn npoektamu,
N3 HUX:

npoekt 20380 tmuna «Cteperywmnn» (Steregushchy class corvette),
npoekt 11661 Tnna «"enapg» (Gepard class corvette).

Ona BMC BbeTHama noctpoeHo 4 efuHuMUbl KOPBETOB MpoekKTa
116613.

Bospocna orHeBas MoWb ManbiX pakeTHbIX kopabnen npoekTa
21631 Tuna «bysaH-M» (Buyan-M class corvette), BOOpYXEHHbIX HOBEN-
WnmMK KpbinateiMu paketamu «Kannbp» 3M14 n 3M54.

TeHoeHUMM AanbHenwero pasBuTUa U MOLEpHU3auuM BOEHHO-MOp-
CKVX (PrioTOB MUpa, NPUOPUTETHbLIE HanpaBfeHUs U OOCTUXEHUS B Kopa-
BGrecTpoeHun HarnsgHoO NPOCMaTpPUBAOTCA Ha perynspHO NPOBOAMMbIX Me-
XOyHapO4HbIX BbiCTaBkax n BoeHHO-Mopckux canoHax (Ympkos, 2015).

152




MexayHapoaHbIh BOEHHO-MOPCKOW
canoH MBMC-2015

B CaHkr-lNeTepbypre B naBurbOHax BbICTABOYHOrO KOMIMMeEKca, Ha
OTKPbITbIX Nnowaadax, aksatopum duHckoro 3anuea ¢ 1 no 5 nona 2015
roga npoweén odepenHon cegbMon MexxayHapoOHbI BOEHHO-MOPCKON
canoH MBMC-2015 (IMDS-2015), Ha KOTOPOM CBOW OOCTUXEHMWSI B CO-
3[4aH1UN HOBENLMX pa3paboToK BOEHHO-MOPCKON TEXHUKN U BOOPYXEHUS
npegctasunu 6onee 420 kKomnaHun ua 27 cTpaH.

Tematuka CanoHa Bkntovana: kopabnectpoeHne u cygocTpoeHume,
OpYyXVe U BOOPYXeHue, cuctembl 60eBOro ynpasneHwus, HaBuraumm u
CBSI3W, 3HEepreTMyecKkne yCTaHOBKU, MOPCKYIO aBuauuio, MHPPaCcTpyKTypy
obecneyvyeHuns, HoBble TEXHOOMMU N NepCrneKkTUBHbIE MaTepuarnbl.

®dopmart u ycnosua MBMC-2015 ganv BO3MOXHOCTb NO3HAKOMUTLCH
¢ obpasuamy BOOPYXEHMSA U TEXHUKN Ha CTeHAax pa3paboTynmkoB u npo-
n3BoguTenen, NnocetTuTb Kopabnu, HabngaTh 3a kKaTepamu 1 aBnaumnen
B AENCTBUK, NPUCYTCTBOBATb MPY AEMOHCTPALUN MOPCKUX apTUInepun-
CKMUX CUCTEM, MPOBECTM BCTPEYM C napTHEpaMu, MOCETUTb BedyLiune
npeanpuaTUS CyoOCTPOEHUs, y4acTBOBaTb B MeperoBopax, npuémax u
LUMPOKOW KOHIPECCHO-AEN0BOW Nporpamme.

BoeHHo-mopckon ¢not Poccuun B "MBMC-2015" Ha BbicTaBke npea-
ctaBnsano cebiwe 10 6oeBbix KOpabnewn, KaTeposB 1M CyaoB obecneveHus,
OLLUBAPTOBaHHbIX Yy NpMYanoB cneumanbHo ansa ydactmua B CanoHe.

YyacTtHukam dPopyma npeacTtaBunacb BO3MOXHOCTb MOObIBaTb Ha
nany6e kopseta npoekta 22380 «CTOMKMIA», KOTOPLIN ABMSETCA Kopa-
Gném HOBOro nokoneHusi, obnagalwumM cambiM COBPEMEHHBIM paKeT-
HbIM, MPOTUBONOAOYHBIM N apTUNNEPUNCKUM BOOPYXeHMeM. HaacTponkm
N KOpnyc 3TOro kopabns BbINOMHEHbI MO TEXHOMOrMU CHWXEHUS paguo-
NOKaLWOHHOM 3aMETHOCTW.

Mpenctasutenn CMU cmornu yBnaeTb AN3eNb-3NeKTpUIEeCcKyo nog-
BOOHYIO NloaKy npoekta 636 «Ctapbin Ockony», NOCTPOEHHYO Ans Yep-
HoMopckoro conota Poccun. bnarogapsa yHUKanbHbIM XapakTepucTnkam
CKPbITHOCTM M MarioWyMHOCTN, AaHHble NOABOAHbIE NOAKN B MUpPeE NOny-
YU HAMMEHOBaHWE «4YEépHas ablpay.

MoceTtutenu CanoHa nobbiBanun Ha 6opTy HoBenwero kopabns npo-
TMBOMUHHOW 060poHbI Npoekta 12700 - Tpanblimka «Anekcangp O6y-
XOB», MO CBOMM KOHCTPYKTUBHbIM XapakTepucTukam, He MMetoLLero aHa-
noros B mupe. Kopnyc atoro kopabns nsrotoBrneH MeTogoM BakKyyMHOM
NHPY3MM N3 KOMMO3UTHBIX MaTepuraros.

MoxHO 6bINO NOCeTUTb AECaHTHbIN kopabnb Ha BO3AYLUHOW Moay-
wke "3ybp" npoekta 12322, NpOTMBOAMBEPCUOHHBLIN KaTep MpoekTa
21980 «["'pa4oHOK».
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Y4yacTHuKaMm Bnepsble Obina npegocraBneHa BO3MOXHOCTLO CMOTPETb
HOBEWLUMIA OeCaHTHbIN KaTep Ha BO34YLUHOW KaBepHe Tuna «[lloroHb»,
KOTOPLIN paHee HUrae He SKCNOHMpOBarcs.

BbInn nokasaHbl: HE UMEIOLLNI aHanoroB B CBOEM Kracce AecaHT-
HbI kaTep «CepHa», BbicTpoxoaHbin katep «bJ1-820», naTpynbHbIN Ka-
Tep npoekta 03160 «Pantop».

BnepBble XypHanucTbl U NOCETUTENN YBUAENW MOLYSbHbIA MHOMO-
byHKUMOHanbHbIA KaTep NOUCKOBO-CnacaTenibHoro obecneyeHnss npoekx-
Ta 23370, koTopbI ncnonb3ytoTcd B BM® Poccun ona noarotoBKU aKu-
naxken kopabnen.

Ha MHOroumcneHHbIx cTeHgax v nrowagkax B NaBuibOHaxX BbiCTaB-
Kn Oblnn NpeacTaBfieHbl MakeTbl kopabrnen n cynos, obpasubl BOOpYyXe-
HUS U TEXHUKW, CUCTEMBI YNPaBNEHNs 1 aBTOMATUKMN.

3Kcnosnumm KoMnaHum opMmpoBanucb € y4ETOM ONbiTa JyyLlnx
MUPOBbLIX carioHOB. OHW oTpakaru OCHOBHble TEHAEHUUU pasBUTUSA CO-
BpeMeHHoro pblHka BMT (BOEHHO-MOPCKOW TEXHWKW), OPUEHTUPYS Mno-
TEeHUManbHbIX 3aKa34ynMkoB Ha npuobpeTteHne Hambonee nepcnekTUBHON
NPoayKUMK: NOABOAHBLIX NOAOK, operaToB, KOPBETOB, NATPyIibHbIX KaTe-
pOB, CUCTEM KOHTPOSSA NPUBPEXHON 30HbI 1 0OOPOHBI NOBEpeXbs, BOEHHO-
MOPCKNX BOOPY>KEHUA N BoenpunacoB, TEXHUYECKMUX CPeacTB 00yyYeHus
crneynanucTos u np.

Bcero B xoge MBMC-2015 roctaMm M yyacTHUMKaM MeponpusaTus
Obino npeacTtaeneHo 6onee 200 obpasuoB BOEHHO-MOPCKOM TEXHUKM
(«PocobopoHakcnopT» Ha MBMC-2015, 2015).

B0O3MOXHOCTN NPpUMEHEHUS1 BBICOKOTOYHOIO
OpYXus kKopabnsamu dnoTa

B nocnegHee BpeMs B Mupe oOTMedaeTcsl OecnpeueneHTHbIN
BCINJIECK TEPPOPUCTUYECKON aKTUBHOCTU. OCOBEHHO XapakTepHO 3TO AJs
cTpaH bnwkHero BocTtoka u CesepHon Adpukn. Teppopusam — obLimi
Bpar Bcex cTpaH, Bkrtodast Poccuto u ctpaHbl EBponbl. Bsaumopenicteune
rocygapcts B 6opbbe ¢ Takum rrnobanbHbiM 1 0CO60 OnacHbIM SBNEHNEM
He TOJbKO He NMpeKpallaeTcs, HO U HaobopoT, cTaHOBUTCA BCE Gonee ak-
TyarnbHbIM.

Poccusa BbicTynaeT 3a KOMMNMEKCHbIN noaxon K npobnemaTunke npo-
TMBOOEWNCTBUS MeXAyHapooHOMY Teppopu3My, KOTopasi He AOSMKHa cTa-
HOBUTBLCH 3aNOXHUKOM YbWX-TO TeornosIMTUYECKUX WHTEpecoB. BaxHyto
poSib B NPOTUBOAENCTBUKN rnobanbHON TeppopucCTMHeckon yrpose 6eay-
cnosHo urpatoT Apabckme cTpaHbl. B otnndmne ot 3anagHbix konner, Poc-
CUSA CYUTAET, YTO NPU PELLEHUM AAHHOW aKTyanbHenLWwen npodnemsl Heo-
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6X0OUM TECHbIN KOHTaKT C BEAYLUMMMW PErMOHanbHbIMU OpraHn3aLmaMmm —
Jluron apabceknx rocygapcte (J1AlN), OpraHunsauunen ncnamckoro cotTpya-
HuyectBa (OUNC), Takmmun rocygapcteamu, kak Cupua n UpaH.

30 ceHTs6psa cero roga npesvaeHT Cupumn bawap Acag obpatuncsa
k Poccum ¢ npocbboi okasaTb BOEHHYHO NoMoLb B 6opbbe ¢ 6oeBrkamm
«Wcnamckoro rocyaapctesa». B 3TOT e AeHb poccuinckas aBnaumsa Ha-
Yana 6omGapanpoBkU NO3uLMA TeppopuctoB B CUpuK, HAHOCA ToYeu-
Hble yaapbl N0 HAa3eMHbIM LiensamM 60eBUKOB «Mcnamckoro rocygapcraa.

B xone BoeHHon onepauun Poccum B Cupum B HOYb Ha 7 OKTA6ps
2015 ropa 13 akBatopum Kacnuickoro mopsi 6bin npon3seaéH yaap Kpbi-
nateiMu paketammn «Kannbp HK» (puc. — 1)no nosuuyuam «Mcnamckoro
rocyaapcreay.

Puc. 1 - KpbinaTas paketa 3M14 (SS-N-27 Sizzler)
Figure 1 — 3M14 cruise missile (SS-N-27 Sizzler)
Slika 1 — Krstare¢a raketa 3M14 (SS-N-27 Sizzler)

KopabenbHasa ygapHasa rpynnuposka BM® Poccumn B coctaBe pakeT-
Horo kopabnsa «[arectaH» (Gepard class corvette), BbinoOnNHsABLUErO
dnarmaHckne yHKUMKU, MarnbiX pakeTHbIX kopabnen «Ipag CBUSHKCK»,
«Yrnuuy, «Benukuin Yctior» (Buyan class corvette) nponssena 26 nyckos
KpblniaTbIX pakeT no 3aBo4am no nNpov3BOACTBY CHapsS40B U B3pbIBYATbIX
YCTPOWCTB, KOMaHAHbIM NyHKTaM, ckragam 6oenpunacos, BOOPYXEHUS U
roproye-CMasoyHbIX Matepuarnos, a Takke narepsm noarotosku 6oesu-
koB «W/cnamckoro rocygapcteay. Ctpenbba Obina nposeaeHa kopabenb-
HbIMW KOMMeKcaMu BbICOKOTOYHOro opyxus «Kanubp HK», kpbinatble
pakeTbl 3M14 KOTOPOro ycneLwwHo 1 ¢ 605bLION TOYHOCTLIO Nopasuin Bce
3aJaHHble uenu Ha guctaHuum — noytm 1500 Km.
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PakeTbl nmponetenu Hag TeppuTOpuen OBYX CTpaH, KOpuAop Haa
0©e3ngHON MEeCTHOCTbIO Obin cornacoBaH 3apaHee (puc.—2). TOYHOCTb
nopaxeHus uenen Ha AanbHen AMCTaHUMM cocTtaBuna He Gonee 3 me-
TpoB. XKepTB cpeau rpaxgaHCKoro HaceneHms Her.
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Puc. 2 — TpaekTopusi HAHeCEHUS yaapa KpbinatbiMu paketamu 3M14
no McrnamckMm Teppopuctam
Figure 2 — Trajectory of 3M14 cruise missiles striking bases of Islamic terrorists
Slika 2 — Putanja navodenja krstarecih raketa 3M14 za pogadenje baze
islamskih terorista

[Monét pakeT npoxoausn no 3apaHee 3anoXeHHOMY MapLUpyTy, B CO-
OTBETCTBUM C AaHHBIMU pasBefKknm OTHOCUTENBHO NOSTOXEHUS Lenn n Ha-
nnunsa cpencTtB NPOTUBOBO3AYLIHON OOOPOHbI. ITWM pakeTbl CMNOCOOHbI
npeogoneBaTb 30HbI pa3suTon cuctemsl NBO npoTuBHUKa, 4YTO 0becne-
ynBaeTcsa npefenbHO ManbiMU BbICOTaMM NOMNéTa N aBTOHOMHOCTbLIO Ha-
BEAEHMS B peXume «MOnyaHusi», Korga paketa 4O Camoro rnocrnegHero
MOMEHTa He BKIYaeT CBOK rofloBKy HaBedeHUs U TeM caMbiM He pac-
KpblBaeT CBOEro NonéTa Ans cpeacts paanorokaumm NnpoTUBHUKA.

Mo 3aaBNEeHMsAM BOEHHbIX CMEeuManucToB MOpPCKas BEPCUst pakeT
3M14 moXeT NPUMEHATHCA Ha AanbHOCTU 4O 2,6 ThiCSY KMIOMETPOB.

Manble pakeTHble kopabnu npoekta 21631 (knacc BysiH-M) ¢ ocaakon
2,6 mMeTpa (peka-mope) sIBNATCA MaHEBPEHHOW CTapTOBOW MIIOLLAAKON
ANs Nycka KpbinaTbiX pakeT, Kak C OTKPbITOW akBaToOpuu MOpPS, Tak U C
peyHbIX NyHKTOB G6asmpoBaHus (OduumanbHbIn XypHan «HaunoHanbHas
obopoHa», 2015).
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Puc. 3 — Ctapt pakeTbl 3M14 pakeTHoro komnnekca "Kanmbp-HK" c kopseTa np.11661K
«[arectaH»

Figure 3 — Launch of the 3M14 missile complex "Caliber-NK" from Corvette pr.11661 K
"Dagestan"”

Slika 3 — Lansiranje rakete 3M14 raketnog kompleksa ,Kalibar-NK* sa korvete pr. 11661K
,Dagestan®

[MpoekT 11661 knacc 'enapa;

OCHOBHbIE XapaKTepPUCTUKN:
BogouamelleHue:

Onnna:

WnpwuHa:

Ocagpka:

CkopocTb xoaa:

[JanbHOCTb NNaBaHu4:
ABTOHOMHOCTbL NflaBaHUSA:
Jkunax:

2000 T

103 m

13 m

3,6 m

29 yanos

no 4 000 munb
20 cyTok
79-95 yenosek

Taktnyeckoe yaapHoe BoopyxeHue: 1x8 YBI1 PK «Kanubp HK»

ABnaumnoHHaga rpynna:

BEpPTONET.
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Puc. 4 — Ctapt pakeTbl 3M14 pakeTHoro komnnekca "Kanubp-HK"c MPK "'pag Ceusbkck”
Figure 4 — Launch of the 3M14 missile complex "Caliber-NK" from SMS "Grad Sviyazhsk"
Slika 4 — Lansiranje rakete 3M14 raketnog kompleksa ,Kalibar-NK* sa MRB ,Grad Svijazsk*

Manble pakeTHble kopabnu "lpag CeusKck
npoekta 21631

[MpoekT 21631 knacc bysaH-M:

, Yy, "Benuvkun YcTior

OcHoBHble XapaKTepUCTUKA:

BogouamelleHue: 1000T
Onnna: 75 M

WnpwuHa: 11m

Ocapgka: 26m
CkopocTb xopaa: 25y3noB
[anbHOCTb NNaBaHuA: no 2500 munb
ABTOHOMHOCTb NriaBaHuA: 12 cyTokK
Akmnnax: 29-36 yenosek

Taktnyeckoe yanapHoe BoopyxeHue: 1x8 YBI1 PK «Kannu6p HK».

3aknyeHue

Ynap no teppopuctam U1 cunamn Kacnuiickon conotunum mo-
)KHO cumMTaTb HacTosdlen ceHcaumen. [lo cerogHAwHero aHa Poccunckunn
BoeHHO-MOopcKon (hNoT HWU pasy He HaHOCWM, He TO YTO MacCOBbIX, HO U
€[VHUYHbIX YyaapoB no 6eperoBor MHpPaACTpyKType. Hurge n Hukorga He
advwmpoBanacb cama BO3MOXHOCTb Takoro yaapa. oatomy ong mMHo-
rmx HabniogaTtenen nopaxeHne uenen Ha Tepputopun Cnpumn ns akBaTto-
pun Kacnninckoro Mopsi Ctano HacTOsILLEN HEOXNOAHHOCTbIO.
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MpoBenéHHasi onepaunsa Co BCeN O4EBUOHOCTBIO NOATBEpAMNa npa-
BUSIbHOCTb BblOpPaHHbIX NPUOPUTETOB B HanpaeneHnn ganbHeEnLWero cTpo-
UTENbCTBa KopabenbHOro coctaBa U BOOPYXEHUs1 (brioTOB ANl PELUEHs
3agaud, CTosLWMX Nepes HUMK, BO MMSs TOCY4apCTBEHHbIX MUHTEPECOB, B TOM
yucne 3agadv NPoTUBOLAENCTBUSA MEXOYHAPOLHOMY TEPPOPU3MY.
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PITANJA MODERNIZACIJE BRODOVA ZA PRIMENU
ULTRAPRECIZNOG ORUZJA U SAVREMENIM USLOVIMA

Sergej A. Argunov
Sankt-Peterburg, Rusija

OBLAST; naoruzanje i vojna tehnika
VRSTA CLANKA: stru¢ni Clanak
JEZIK CLANKA: ruski

Sazetak:

Najaktuelnija pitanja dana$njice u oblasti brodogradnje, koja se
odnose na sakrivanje tragova brodova ratne mornarice, usmerena su
na: smanjenje buke, sakrivanje tragova, vidljivost brodova i podmorni-
ca, kao i smanjenje deplasmana. Svi ovi faktori postizu se zahvaljujuci
primeni odgovarajucih materijala i specijalnih legura u brodogradniji.

U reSevanju Sirokog dijapazona pitanja velika paZnja poklanja se
opremanju brodova savremenim kompleksima raketnog i artiljerijskog
naoruZanja, sredstvima PVO (protivvazduhoplovna odbrana) i REB (ra-
dioelektronska borba). Multifunkcionalnost brodova ratne mornarice
postaje osnovni kriterijum za njihovu bojevu primenu.

Kljuéne reéi: ultraprecizno oruZje, ratna mornarica, brodogradnja, pro-
tivvazduhoplovna odbrana.
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MODERNIZATION OF SHIPS FOR LAUNCHING ULTRA-PRECISION
WEAPONS IN THE CONDITIONS OF MODERN WARFARE

Sergey A. Argunov
St Petersburg, Russia

FIELD: Weapons and Military Technique
ARTICLE TYPE: Professional Paper
ARTICLE LANGUAGE: Russian

Summary:

The most modern shipbuilding issues concerning stealth
technology in navy ships are focused on wake and acoustic signature
reduction, reduction of visibility of ships and submarines as well as of
their displacement. Special materials and alloys are used in
shipbuilding for such purposes.

In solving a wide range of such issues, a special emphasis has
been placed on equipping vessels with up-to-date missile and artillery
systems, antiaircraft defence systems and electronic warfare and radar
systems. The multifunctionality of Navy vessels becomes the main
criterion for their combat deployment.

Key words: ultra-precision weapons, navy, shipbuilding, anti-aircraft
defence.
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AEROTUNELSKA ISPITIVANJA
AERODINAMICKIH | BALISTICKIH
KARAKTERISTIKA PROTIVOKLOPNE
AVIO-BOMBE

Zoran B. Novakovi¢

Vojska Srbije, Vojnotehnicki institut, Beograd
e-mail: novakoviczoca@gmail.com

ORCID iD: ‘http://orcid.org/0000-0002-7533-0149

DOI: 10.5937/vojtehg64-8352
OBLAST: masinstvo, balistika, aerodinamika
VRSTA CLANKA: strucni ¢lanak
JEZIK CLANKA: srpski

Sazetak:

Aerotunelska ispitivanja protivoklopne avio-bombe (PTAB) se vrse
se da bi se odredili aerodinamicki koeficijenti u reZimima podzvucnog i
transoni¢nog strujanja. U istim reZimima strujanja ispituje se i vreme ar-
miranja mehanizma upaljaca avio-bombe, koje direktno zavisi od uslova
opstrujavanja protivoklopne avio-bombe. Krajnji cilj ispitivanja je definisa-
nje pouzdane metode za odredivanje vremena armiranja upaljaCa u
aero-tunelu, ¢ime se iskljuCuju skupa letna ispitivanja. Za potvrdu meto-
de predvidena je i verifikacija istih karakteristika protivoklopne avio-bom-
be u realnim letnim uslovima, nakon aerotunelskih ispitivanja.

Kljuéne redi: vazduhoplovno naoruZanje, avio-bombe, upaljaci, vreme
armiranja upaljaca, aerodinamika, aerotunelska ispitivanja.

Uvod

Sve veca efikasnost sistema PVO namece avionu koji napada cilj
da, zbog svoje sopstvene bezbednosti, to izvede iz briSuéeg leta (sa Sto
je moguce manje visine) i §to je moguce ve¢om brzinom napusti rejon ci-
lja. To, sa druge strane, namece i dodatne zahteve pred vazduhoplovno
naoruzanje, avio-bombe, koje u tom slu€aju moraju biti koCene na svojoj
balistiCkoj putanji, a njihov upalja¢ daljinski (vremenski) armiran, kako
eksplozija avio-bombe kao slu€ajan — neZeljen dogadaj na putaniji ili eks-
plozija na cilju ne bi ugrozila sopstveni avion.

ZAHVALNICA: Autor se zahvaljuje kolegi dr Nikoli Zrni¢u dipl. inz., bivSem ucesniku na
ovom zadatku, na saradniji i nizu korisnih sugestija, naroCito na deo teksta koji se odnosi
na merenja u aero-tunelu i obradu rezultata ispitivanja.

161

Novakovi¢, Z., Aerotunelska ispitivanja aerodinamickih i balisti¢kih karakteristika protivoklopne avio-bombe, pp. 161-175



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

( Xa)t
e (xa)tq -
X Va vyo
RN tO:O
Va=(180+310) T 4
/ ~
£ vt1 t1
l N £
2 Ut t :IE:
te (t,, ty)
-~ t
W, 2
tk
KK XK XX XX X X xX
XD
'

Slika 1 — Grafi¢ki prikaz medusobnog rastojanja aviona i avio-bombe
Puc. 1 —'paduryeckoe nsobpaxeHne paccTosHUA Mexay camonetTom n asmabombon
Figure 1— Graphical illustration of a mutual position of an aircraft and an anti-armor bomb

Aerotunelska ispitivanja protivoklopne avio-bombe (PTAB) prethode
letnim ispitivanjima sa ciljem da potvrde projektovane balistiCke karakteri-
stike i vreme armiranja upaljaCa ili da se izvrSe eventualne korekcije na
svim uzorcima ovih avio-bombi pre skupih letnih ispitivanja prototipske
partije iz domaceg razvoja. Prethodni proracuni balistiCkih putanja proti-
voklopne avio-bombe, sa projektovanim aerodinamickim koeficijentima, a
sa usvojenom minimalnom visinom horizontalnog briSuceg leta, Hy,, i di-
japazonom brzina bombardovanja v,=(6501-100) km/h, za dati tip leteli-
ce, pokazuju medusobni polozaj aviona i avio-bombe na njenoj balistickoj
putanji, $to je prikazano na sl. 1. Mehanizam za impulsno odbacivanje na
avionu u trenutku t,=0, saopstava avio-bombama na izlasku iz potkrilne
kasete pocCetnu vertikalnu brzinu vy, koje tom brzinom izle¢u u horizon-
talnu vazdusnu struju (brzina aviona v,), ¢ime se startuje okretanje vetru-
Ske mehanizma za armiranje upaljaca. Kada vetruSka postigne odgova-
rajuci broj obrtaja (grani€nu ugaonu brzinu), tada se centrifugalni osigura-
¢i, razmesteni po obodu vetrudke, razmi€u i omogucavaju armiranje upa-
ljaca. Krilca stabilizatora, nakon izletanja avio-bombe iz kasete, trenutno
se otvaraju i stabiliSu avio-bombu na njenoj balisti¢koj putaniji.
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Prihvatljiv trenutak kada upaljaC treba da zavrSi armiranje je u inter-
valu vremena (t4, t;), mereno od trenutka pritiska bojevog dugmeta iz ka-
bine pilota. Vreme t; se odreduje se iz kriterijuma minimalnog bezbednog
rastojanja — I, aviona od avio-bombe, (Savezni sekretarijat za narodnu
odbranu, 1988), a vreme t, iz uslova pravovremenog armiranja upaljaca,
tj. pre udara avio-bombe u prepreku, odnosno cilj. Upalja¢ protivoklopne
avio-bombe je inercioni, sa prekidom inicijalnog lanca, daljinskim — vre-
menskim armiranjem i samolikvidacijom. Trenutak kada upaljaC treba da
zavrSi armiranje t je zbirno vreme deSavanja diktiranog niza dogadaja:
vreme odrade releja instalacije na avionu nakon pritiska bojevog dugme-
ta — T4, vreme odrade mehanizma za impulsno izbacivanje avio-bombi —
T,, vreme odrade mehanizma za armiranje — T3, vreme zauzimanja pozi-
cije inercionog udarnika iznad detonatorske kapisle u upaljacu avio-bom-
be — T,. Vremena T4, T,, i T4 su reda veli¢ine milisekunde, dok je vreme
T reda veliine sekunde.

t=T1+T+T3+Ty, Ta=T4, Ts=T,, T3=T4, T3 —dominantno vreme,

Zbog drastiCne razlike u redu veli¢ina moze se u prvoj pribliznosti
usvojiti da je:

t= T3, te (t1, tz)

Aerotunelska ispitivanja sprovode se na modelu protivoklopne avio-
bombe, koji je aerodinamicki i geometrijski sli€an originalu i istovremeno
prilagoden za dve vrste aerotunelskih ispitivanja:

1. Merenje aerodinamickih sila i momenata tenzometrijskom aero-va-
gom na konfiguraciji modela bez vetruSske mehanizma za armiranje (sl.3),

2. Merenje broja obrtaja n, odnosno vremena T3, od trenutka deblo-
kiranja vetruSke (tj. od trenutka kada je u aero-tunelu postignut Zeljeni
Mahov broj) do spadanja vetruske (sl.4).

Obe vrste aerotunelskih ispitivanja se sprovode se za karakteristi¢ne
vrednosti Mahovih brojeva 0,6, 0,7, 0,8 i 0,9 Sto pokriva interval brzina
(180-310) m/s aviona pri bombardovanju (Etkin, 1964).

Opis test modela

Model protivoklopne avio-bombe za aerotunelska ispitivanja je geome-
trijski i aerodinamicki sli€an originalu, u razmeri 1:1. Model je prilagoden
uslovima ispitivanja na repnom drzacu i prihvatu za ABLE MK XXV 1 aero-
vagu (Anastasijevi¢, et al, 2001). Protivoklopna avio-bomba ima cilindri¢no
telo sa ravnom ¢eonom povrSinom. Po obodu svog zadnjeg dela avio-bom-
ba ima Sest sklapajucih, simetricno rasporedenih krilaca koja Cine stabiliza-
tor (2), sl.2, a iza €ega se nalazi slobodno rotirajuca vetruska (1).
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Slika 2 — Test model PTAB (spoljni izgled): 1 — vetruSka sa centrifugalnim osiguracima,
2 — stabilizator sa sklapajuc¢im krilcima, 3 — telo bombe
Puc. 2 — TectoBasi mogens MNTAB (BHelwHW BUA): 1 — KpbinbyaTka ¢ LeHTpebpexHbIMu
npegoxpaHnTensMu, 2 — ctTabunmaatop co CKNafbIBaLLMMMNCS NIONacTaMm, Koprnyc 6omObl
Figure 2 — PTAB Test Model (exterior sideview): 1 — arming vane with centrifugal safety
pins, 2 — stabilizer tail unit with folding fins, 3 — bomb body

Centrifugalni osiguraci, radijalno rasporedeni po obodu vetruske,
razmi€u se pri grani€énom broju obrtaja kada se vetruska odvaja, te na taj
nac¢in omogucava uspostavljanje inicijalnog lanca, odnosno armiranje
upaljaca.

Nacin merenja i obrada podataka

Merenje aerodinamickih sila i momenata i vr.emena reakcije mehani-
Zzma za armiranje je sprovedeno je u trisonicnom aero-tunelu T-38 Vojno-
tehniCkog instituta Vojske Srbije (Samardzi¢, et al, 2014). Aerodinamicke
sile i momenti su mereni su ABLE-ovom tenzometrijskom Sestokompo-
nentnom aero-vagom na pravom stingu (sl.3), bez korekcije otpora baze
modela. Osim aksijalne komponente vage merene su normalna kompo-
nenta, bocna sila, moment propinjanja, moment skretanja i moment valja-
nja, $to se uslovima testa nije trazilo, a $to je predstavljeno u obliku aero-
dinamickih koeficijenata u tabeli 1 i tabeli 2, u funkciji napadnog ugla.
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Slika 3 — Test model PTAB na pravom stingu
Puc. 3 — TectoBas mogens NMTAM Ha npsimon Aepxaske
Figure 3 — PTAB test model on a straight sting

Merenje balistiCkih funkcionalnih karakteristika (T3, n) je sprovedeno
je na lomljenom stingu (sl.4), sa uglom pregiba od 15 stepeni. Oba ekspe-
rimenta obavljena su u transoni¢nom radnom delu aero-tunela T-38, pri br-
zini strujanja koja priblizno odgovara Mahovim brojevima M=0,6+0,9. Pri-
kupljanje podataka je obavljeno je sistemom za akviziciju TELEDYNE sa
racunarom PDP 11/34. Obrada podataka izvrSena je standardnim soft-
verskim paketom za obradu APS, raCunarom VAX 11/780.

i

Slika 4 — Test model PTAB na lomljenom stingu
Puc. 4 — TectoBas mogenb NMTAB Ha kprBOW aepxaBke
Figure 4 — PTAB test model on a broken sting

T
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Radi merenja broja obrtaja i vremena odvajanja vetruske, na telo
avio-bombe ugradena je cevcica Ciji se zavrSetak nalazi ispod rotirajuce
vetruSke, iznad koje preleéu grebenovi Cetiri centrifugalna osiguraca.
Cevcica registruje preletanje grebenova (rotaciju vetruske) kao ucesta-
nost promene pritiska, odnosno registruje trenutak odvajanja vetruske
kao skokovitu promenu srednje vrednosti pritiska preko posebnog dife-
rencijalnog davaca pritiska PRT ugradenog u telo avio-bombe (sl. 5).

Davac je filtriran digitalnim filtrom od 1000 Hz zbog o€ekivanog broja
obrtaja ustanovljenog bez duvanja u aero-tunelu (3000 min™). Za ostva-
renu brzinu strujanja od 200 m/s, koja priblizno odgovara M=0,6, dobije-
na je dominantna ucestanost f=190Hz, koja sa brojem grebenova vetru-
8ke N=4 daje broj obrtaja vetruske n:

n=fN, .  n=(190/4)x60=2850 min"".
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Slika 5 — Dijagram ucestanosti promene pritiska
() - Airflow acceleration, (Il) - Tz time, (lll) - arming vane separation (fuze arming)
Puc. 5 — Qnarpamma nameHeHun aasneHns
() - Airflow acceleration, (ll) - Tz time, (lll) - arming vane separation (fuze arming)
Figure 5 — Diagram of Pressure Changing Frequency
() - Airflow acceleration, (Il) - Tstime, (lIl) - arming vane separation (fuze arming)




Rezultati ispitivanja

Merenja aerodinami¢kom vagom su pokazala su neoéekivano veliki
koeficient otpora ( C,=4,41, Tabela 1), §to je posledica otpora krilaca sta-
bilizatora. Uloga krilaca stabilizatora je da uspore avio-bombu (smanje
njenu brzinu i stabiliSu je na putanji), odnosno zadrze je u odnosu na
avion. Da bi se potvrdio uticaj otpora stabilizatora pristupilo se merenju
aerodinamickih koeficijenata nakon demontiranja krilaca stabilizatora sa
modela i ispitivanjem blunt body konfiguracije. Pri tome se dobio oekiva-
ni koeficijent otpora (C,=0,79, Tabela 2), kao u referentnim aero-tunelima
u svetu (Hoerner, 1965), (Finck, 1978).

Tabela 1 — Ispitivanje protivoklopne avio-bombe u aero-tunelu T38
Tabrnuya 1 — VcnblTaHnsa NpoTMBOTaHKOBOW aBMabombbl B aspogmHamuyeckon Tpybe T38
Table 1 —Wind tunnel testing of anti-armor bomb

Aero-tunel T-38
Wind Tunnel T-38

ISPITIVANJE PROTIVOKLOPNE AVIO-BOMBE U AERO-TUNELU T38
WIND TUNNEL TESTING OF ANTI-ARMOR BOMB

Ispitivanje Duvanje broj: 2
PTABO1 Sequence Datum 12. APR.
PTABO1 Testing E%Tv?:gr-o; 00

Konfiguracija modela: kompletan model - Complete Model

i Ak': M| cx cy cz cl cm cn
20.12[0.603] 4.4049 | 0.029 | -0.015 | -0.0031 | 0.083 | -0.0950

1.92(0.603] 4.3538 0.010 0.184 -0.0134 -1.181 -0.1986
3.95|0.604{ 4.3883 0.105 0.247 -0.0093 -1.827 -0.0018
5.97 |0.603| 4.4299 0.116 0.223 -0.0158 -2.122 -0.0484
8.01/0.603| 4.4847 0.120 0.210 -0.0277 -2.305 -0.0743

OB |WIN|=

10.05/0.603| 4.5498 0.125 0.195 -0.0286 -2.488 -0.0695

i — indeks napadnog ugla (angle of attack index)

ALFA — napadni ugao (angle of attack)

M — Mahov broj (Mach number)

Cx — koeficijent sile otpora (drag force coefficient)

Cy — koeficijent bocne sile (side force coefficient)

Cz - koeficijent sile uzgona ( lift force coefficient)

Cl — koeficijent momenta valjanja (rolling moment coefficient)

Cm — koeficijent momenta propinjanja (pitching moment coefficient)
Cn — koeficijent momenta skretanja (yawing moment coefficient)
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Tabela 2 — Ispitivanje protivoklopne avio-bombe u aero-tunelu T38
Tabnuya 2 — VicnblTaHns NPOTUBOTaHKOBOW aBnabombbl B aapoanHammuyeckoi Tpybe T38
Table 2 — Wind tunnel T-38 testing of anti-armor bomb

Aerotunel T-38
Wind Tunnel T-38

ISPITIVANJE PROTIVOKLOPNE AVIO-BOMBE U AERO-TUNELU T38
WIND TUNNEL TESTING OF ANTI-ARMOR BOMB

Duvanje broj: 3

Ispitivanje
PTABO1 Sequence Datum 12. APR.
00
PTABO1 Testing | number of
blowing: 3

Konfiguracija modela: ¢isto telo - Blunt Body Model

i |AF M| ex Cy Cz cl cm Cn

-0.08(0.298| 0.7723 0.047 0.023 0.0023 0.026 0.0150

1.94(0.298| 0.7753 0.052 0.015 0.0030 -0.013 0.0107

3.95(0.298( 0.7933 0.087 0.015 0.0036 -0.012 0.0172

5.95(0.298 0.8139 0.081 0.011 0.0044 0.023 0.0179

7.95|0.296( 0.8515 0.049 0.043 0.045 0.041 0.0164

DA || PIN|(=

9.95|0.296( 0.8818 0.037 0.084 0.0044 0.062 0.0167

i — indeks napadnog ugla (angle of attack index)

ALFA — napadni ugao (angle of attack)

M — Mahov broj (Mach number)

Cx — koeficijent sile otpora (drag force coefficient )

Cy — koeficijent bocne sile ( side force coefficient)

Cz — koeficijent sile uzgona (lift force coefficient)

Cl — koeficijent momenta valjanja (rolling moment coefficient)

Cm - koeficijent momenta propinanja (pitching moment coefficient)
Cn — koeficijent momenta skretanja (yawing moment coefficient)
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Slika 6 — Rekonstruisani test model PTAB (poprec¢ni presek): 1 — vetruska,
1.1 — centrifugalni osiguraci, 2 — stabilizator sa sklapajuc¢im krilcima, 3 — telo bombe,
4 — elektromagnet |, 5 — elektromagnet Il, 6 — kotva, 7 — viljuska
Puc. 6 — PekoHcTpynpoBaHHas mogenb MTAB (nonepeyvHoe ceveHne): 1 — KpbinbyaTka,
1.1 - ueHTpOGEXHBIE NPEeaoXpaHUTENN, 2- CTabMUnM3aTop CO CKNaabiBaKLLMMUCH
nonactsimu, 3 — kopnyc 6om6bl, 4 — anekTpomarHut |, anektpomartuT Il, cbeMHuK,
Figure 6 — Redesigned PTAB Test Model (cross-section): 1 — arming vane,
1.1 — centrifugal safety pins, 2 — stabilizer tail unit with folding fins, 3 — bomb body,
4 — electro-magnet |, 5 — electro-magnet Il, 6 — lifter, 7 — locking fork 7 — Bunka-npegoxpanutens

Izmereno vreme T3 od 10s nije odgovaralo oCekivanom vremenu zbog
dva razloga:

1. ubrzanje vazdudne struje do postizanja Zeljenog Mahovog broja u
aero-tunelu, odnosno rotiranje vetruske u tom periodu ne odgovara realnim
uslovima upotrebe avio-bombe. U realnim uslovima, nakon izbacivanja avio-
bombe iz potkrilne kasete aviona, vetruska trenutno upada u vazdusnu stru-
ju koja odgovara brzini aviona (zeljeni Mahov broj u aero-tunelu),
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2. konstruktivna karakteristika mehanizma za armiranje ne dozvolja-
va visekratnu upotrebu, $to se nije moglo izbedi u ispitivanjima, jer je jed-
na te ista vetruska koris¢ena za viSe duvanja.

Zbog toga se pristupilo rekonstrukciji modela i ponavljanju eksperi-
menta, odnosno obezbeden je dovoljan broj uzoraka mehanizma za ar-
miranje za svako duvanje ponaosob. Rekonstrukcija modela izvedena je
tako da obezbedi mirovanje vetruske do trenutka postizanja Zeljenog pri-
tiska duvanja, tj. Mahovog broja u aero-tunelu. Kako je avio-bomba dela-
borisana, to je njen unutrasnji prostor iskoris¢en za smestaj elektromag-
neta (I i Il), (sl.6), koji pomocu svoje kotve (6) i viljuske (7), blokiraju/de-
blokiraju okretanje vetruske (1). Elektromagnet | preko kotve i viljuske dr-
Zi blokiranu vetrusku za vreme ubrzavanja vazdusne struje u aero-tunelu
do trenutka kada se postigne Zeljeni Mahov broj. Tada elektromagnet |
prestaje da deluje, a elektromagnet Il poviaci kotvu, odnosno viljusku i
deblokira vetrusku, tako da ona startuje sa obrtanjem pri Zeljenom Maho-
vom broju, a §to odgovara realnim uslovima upotrebe.

ZakljuCak

Predstoji ponovno ispitivanje u aero-tunelu sa ovako rekonstruisanim
modelom, kada ¢e za sva aerotunelska ispitivanja biti obezbeden dovoljan
broj uzoraka novih mehanizama za armiranje. Krajnji cilj ovih ispitivanja je
dobijanje krive zavisnosti broja obrtaja vetruSke od brzine opstrujavanja
avio-bombe (Zelienog Mahovog broja). Ako rezutati ispitivanja u aero-tunelu
sa rekonstruisanim test-modelom avio-bombe budu potvrdeni rezultatima
letnih ispitivanja sa realnim avio-bombama, ovaj nacin ispitivanja u aero-tu-
nelu moze se usvojiti kao pouzdana metoda za odredivanje vremena armi-
ranja ove vrste upaljaca, ¢ime se zamenjuju skupa letna ispitivanja.
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NCMbITAHNA ASPOONHAMUNYECKNX N BANNTMCTUYECKUX
XAPAKTEPUCTUK NMPOTVIBOTAHKOBbBIX ABUABOMB
B ASPOONHOMUNYECKOW TPYBE

3opaH [x. HoBakoBmy
BCPC, BoeHHO-TeXHU4eckuin MHCTUTYT, . benrpag

OBJIACTb: mawwmHocTpoeHue, 6annucTuka, aspoanHamvka
B CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: cepbekuin

Peswome:

UcnbimaHus e aspoduHamu4deckol mpybe npomueomaHKo8bIX
asuabomb (INTAB) nposodsimcsi ¢ uenbio orpedesieHUs asapoduHamu-
yeckoeo KoaghguyueHma 8 pexume 0038YKOB020 U OKOJI038YKOBO20
meuyeHus.

B mex xe pexumax medeHusi npoxo0sam u ucrbimaHusi Heobxo-
dumoeo spemeHuU Onsi cpabambigaHusi MexaHu3Ma 3axuz2aHusl asua-
6ombbI, KOmopoe 3asucum om ycroeuli 0bmekaHusi MPOMUEOMaHKO-
8ol asuabombbl.

KoHeuHolU uenbto daHHbIX ucnbimaHul sensemcs paspabomka
MOYHbIX Memodos8 oripedernieHUsI 8peMeHU cpabambi8aHusi MexaHU-
3Ma 3axueaHus 8 aspoduHamuyeckol mpybe, mak Kak ux npumMeHe-
Hue M0380J1UM CYUW,eCmBEeHHO CHU3UMb pacxolbl, 3@ cHem UCKIIHoYe-
Husi 00P0O20CMOAUWUX IEMHbIX UCrbimaHudl.

lposepka coomeemcmausi NpUMEHeHHo20 Memoda U xapakme-
pucmuk npomusomaxkoeoli aguabombel 6ydem rnposedeHa 8 pearib-
HbIX JIEMHbIX yCri08UsIX, r10Ce nNposedeHus ucrbimaHul 8 aspoduHa-
mudeckolt mpybe.

KritoueBble cnoBa: 80eHHO-8030yUWHOE 800PYyXeHUe; asuabombbi;
MexaHU3M 3axu2aHusi; peMsi cpabambigaHUsI MexaHU3Ma 3aXKu2aHUus;
aspolOuHaMmuKa; ucrbimaHusi 8 aspoduHamudeckol mpybe.

WIND TUNNEL TESTING OF THE AERODYNAMIC AND BALLISTIC
CHARACTERISTICS OF THE AIRCRAFT ANTI-ARMOR BOMB

Zoran B. Novakovi¢
Army of Serbia, Military Technical Institute, Belgrade

FIELD: Mechanical Engineering, Ballistics, Aerodynamics
ARTICLE TYPE: Professional Paper
ARTICLE LANGUAGE: Serbian

Abstract:

Wind tunnel testing of an aircraft anti—armor bomb (PTAB) is
performed to determine its aerodynamic coefficients at subsonic and
transonic flow regimes. In the same regimes, the fuze mechanism
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arming time is tested, directly depending on the local flow field around
the anti-armor bomb. The objective of this investigation is to define a
reliable method of determining the fuze mechanism arming time. A
verification of the same characteristics of the anti-armor bomb in real
flight conditions will be taken into consideration to approve the method
after wind tunnel testing.

Introduction

Growing efficiency of air defense systems imposes on attacking
aircraft to perform attacks at low altitude (at as low altitude as possible)
and to leave the target area as fast as possible. This, in turn, imposes
additional demands on aircraft weapons (bombs) which have to be
slowed on their ballistic path with remote/temporal armed fuzes in
order to avoid endangering aircraft by accidental bomb explosion on its
ballistic path or bomb explosion on the target.

Wind tunnel testing of anti-armor bombs precedes flight testing in
order to approve designed ballistic characteristics and fuze arming time
or to make some potential corrections on all samples of anti-armor
bombs of a nationally produced prototype lot, before expensive flight
testing. Preceding bomb ballistic paths calculations that include the
designed aerodynamic coefficients and the adopted aircraft low level
flight minimum altitude - H,, with a speed bombing range of
v.=(650 /1100)km/h for the given type of aircraft show a mutual position
of the aircraft and the anti-armor bomb (Fig. 1.). The impulse rejecting
mechanism deliver to the bomb the orthogonal starting velocity v,, to the
horizontal airstream (aircraft velocity v,). The bomb sweeps out from the
container into the horizontal airstream which causes the rotation of the
fuze arming mechanism vane, while body tail fins are deployed instantly
to stabilize and slow the bomb along its ballistic path.

The fuze arming time measured from the instant when the pilot
triggers the button is acceptable within the interval (t;, t;). The time t; is
determined by the criteria of the critical distance Iy,, from the aircraft to the
bomb (Savezni sekretarijat za..., 1988.) at the instant of fuze arming). The
time t, is determined from the condition of timely fuze arming, i. e. before
the bomb impacts the target. The anti-armor bomb fuze is a percussion
type of the fuze with initial chain interruption, remote-temporal arming and
self destruction. The fuze arming time is a cumulative time of a defined
chain of events (aircraft electrical installation relays the execution time-T;,
impulse rejecting mechanism the execution time-T, fuze arming
mechanism the execution time-Ts, fuze firing pin above percussion primer
relocation the execution time -T,).

The T4, Ty, and T, times are in miliseconds, while T3 is in
seconds. Since there is a significant difference in time orders of
magnitude, it could be adopted

tzTg.
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The wind tunnel test model geometric and aerodynamic
characteristics are similar to the original object. Also, the model is
modified for two kinds of wind tunnel testing:

1. Tensiometric sting-balance measuring of aerodynamic forces
and moments of the test bomb model configuration without the arming
vane mechanism, (Fig. 3),

2. T3 - time determination: The arming mechanism vane number
of revolutions measured from the instant of the vane unlock (a moment
when the wind tunnel achieves the desired Mach number) to the
instant of the vane separation from the tail stabilizer tail unit, (Fig. 4).

Both tests are performed with characteristic Mach numbers: 0.6,
0.7, 0.8, and 0.9, which covers the interval of aircraft motion speed
(180 810) m/s, (Etkin, 1964).

Test Model Description

The anti-armor bomb model with its own aerodynamic and
geometric characteristics corresponds to the original, in scale 1:1. The
bomb model is modified to be integrated with the ABLE MK XXV 1
sting-balance (Anastasijevic, et al, 2001.). The anti-armor bomb body
is of a cylindrical shape with a front flat surface. The bomb tail unit
comprises six radial folding fins located peripherally (Fig. 2), and the
arming vane mechanism on the back side.

Four centrifugal safety pins radially located on the arming vane
peripheral side are pulled out (at the critical humber of revolutions
when the arming vane is separated) to enable the initial chain set up
i.e. fuze arming.

Testing Description and Data Processing

The measuring of aerodynamic forces and moments as well as
the arming mechanism execution time-T; was performed in the
Trisonic Wind Tunnel T-38 MTI SA. Aerodynamic forces and moments
were measured on the ABLE tensiometric six-component sting-balance
on a straight sting, (Fig. 3) without test model base drag correction
(Samardzi¢, et al, 2014.). In addition to the axial force component of
the sting-balance, other characteristics (vertical force component,
lateral force, pitching moment, yawing moment, rolling moment) were
measured, which was not a requirement of the test. All characteristics
are presented in a form of aerodynamic coefficients as a function of the
angle of attack, Table 1 and Table 2.

Measuring ballistic functional caracteristics (T3, n) was performed
on a broken sting (Fig. 4) with a set-up angle of 15°. Both experiments
were perfomed in the transonic working sector of the wind tunnel T-38
wind tunnel, with airflow speeds corresponding to Mach numbers from
0.6 to 0.9. Data collecting was accomplished by the TELEDYNE
acquisition sistem. Data processing was performed using the APS
data processing software package.
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The tubule is installed onto the bomb body in order to verify the
arming vane number of revolutions and the arming vane separation
time (T3). Its one end is located close to the rotating arming vane over
which top four reefs of centrifugal safety pins are run. The tubule
records the reefs run over (rotation of the arming vane) as a frequency
of the air pressure changing, and records the instant of the arming
vane separation as an abrupt change of an average pressure amount
by means of a differential pressure transducer (PRT) installed into the
bomb body (Fig. 5). Since the expected arming vane number of
revolutions is 3000 r.p.m., the transducer signal is filtered by a 1000Hz
digital filter. At a wind tunnel airflow speed of 200 m/s, with the
equivalent Mach number of M=0.6, the dominant frequency =190 Hz is
obtained. Taking into consideration the number of arming vane reefs
N=4, the number of arming vane revolutions is obtained:

n=2850 min™
Test Results

The sting-balance measurements showed an unexpectedly large
drag coefficient (C,=4.41, Table 1), due to the deployed stabilizer fins. The
role of stabilizer fins is to slow down the bomb (to decrease its speed and
stabilize it on its balistic path), and to retard it with relation to the aircraft. In
order to confirm the drag influence of stabilizer fins, measurements were
repeated with the blunt body configuration after folding fins subassembly
dismantling the folding fins subassembly. The result was the expected
drag coefficient (C,=0.79, Table 2) as the referent wind tunnels achieved
world-wide, (Hoerner, 1965), (Finck, 1978).

The measured time of approximately 10s did not correspond to
the expected arming mechanism reaction time for two reasons:

1. Airflow acceleration to the desired Mach number in the wind
tunnel, i.e. arming vane rotation during this time does not correspond
to the real usage of the anti-armor bomb. The arming mechanism vane
falls into the aircraft speed horizontal airflow (the desired Mach number
in the wind tunnel) instantly in the real flight conditions.

2. Arming vane mechanism design characteristic does not permit
multiple usage, which could not be avoided in testing because one and
the same mechanism was used many times.

For these reasons, the bomb test model and the experiment were
redesigned. A sufficient number of samples of the arming mechanism
vane were provided for each individual wind tunnel blowing. The bomb
model redesign was perfomed in a way to prevent the arming
mechanism vane from rotating until the blow pressure and the Mach
number achieve desired values in the wind tunnel. Since the bomb
body was discharged, the interior bomb body room was used to
accommodate electro magnets | and Il, (Fig. 6) which lock/unlock the
arming mechanism vane by its lifter (6) and locking fork (7) . Electro
magnet | locks the arming vane mechanism durring airflow
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acceleration in the wind tunnel. At the instant of a wind tunnel airflow
desired Mach number, Electro magnet | releases the locking fork while
Electro magnet Il pulls the locking fork back in order to unlock the
arming vane mechanism. The arming mechanism vane starts to rotate
at a desired Mach number (aircraft speed) which corresponds to real
conditions of the anti-armor bomb usage.

Conclusion

New wind tunnel tests with a redesigned bomb test model are
upcoming after providing an adequate number of arming mechanism
vanes. The objective of these wind tunnel tests is obtaining a curve of
the arming mechanism vane number of revolutions depending on the
surrounding flow speed around the redesigned bomb test model. If the
results of wind tunnel tests (with the redesigned bomb test model) are
confirmed with the results of flight testing (with an actual anti-armor
bomb), this wind tunnel testing could be accepted as a reliable method
of fuze arming mechanism time determination of this kind of a bomb
fuze. This wind tunnel testing will replace the expensive flight testing.

Key words: aircraft armament; bombs; fuzes; fuze arming time;
aerodynamic coefficients; wind tunnel tests.
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Caxemak:

byka u subpayuje npedcmaesbajy jedaH 00 OCHOBHUX Hezamue-
Hux enieMeHama padHe cpeduHe. L{urb og8oe ucmpaxueara buo je Oa
ce Meper-eM ymepdu 8efluduHa moe ymuuyaja Ha nuaoma u 4siaHoee
rnocade xenukonmepa. [JobujeHu pesynmamu yrnopeheHu cy ca yno3o-
pasajyhum u epaHu4HumMm epedHocmuma Koje cy odpeheHe rnocmoje-
hum dupekmueama Egporicke komucuje u3 obrnacmu 6yke u subpayu-
ja. Ynopehusamem pesynmama dowrso ce 0o 3akbydka Oa cy usme-
peHe epedHocmu Herpuxeamsbuse ca acriekma bezbedHocmu u 30pa-
es/ba Ha pady u Oa npemawyjy 0o3sorbeHe. Mepewuma je ymepheHo
Oa nocmoju onacHocm 00 rojase rnpoghecuoHanHux obosbera Koo
yniaHoea nocade u da je nompebHOo rnpedy3uMamu Mepe 3a CMaH-eH-e
wmemHoe ymuuaja 6yke u gaubpauuja Ha rby0cmeo y Xeslukornmepy.

KrbyuHe peuun: xenukonmep, dupekmusa, subpauuje, byka, Meperse.

YBog

Byka n Bubpauuje cy cactaBHu 4e0 CBAKOOAHEBHOT XXUBOTa U AE0 YO-
BEKOBOI OKpYyXeHa. JaBrbajy ce Kao npaTtunayl, MHOMMX XUBOTHUX aKTUB-
HOCTU, @ HUXOBO NPUCYCTBO je eBUAEHTHO Y FOTOBO CBMM cdepama.

MpeomeT oBOr UCTpaXmBak-a je carnefaBare HMBoa byke 1 Bubpauwm-
ja koje ce cTBapajy y kabuHn xenukontepa Mu-8 n ytndy Ha nocagy. Liurs
ncTpaxueama je ga ce gohe oo pesynrarta koju he nokasaTt ga nm Gyka n
Bubpaumje y kabuHn xenukonTepa npenase LO3BOSbEHe rpaHuue 3ajarte
CTaHOapavMa, Aa ce 3aBpLUHa aHanusa noTKpenu pesyntatinMa Mepera u
yKaxke Ha LTeTaH yTuuaj 6yke 1 Bubpaumja Ha opraHu3am YoBeka.

3a mepewa je ogabpaH xenukontep Mu-8 ¢ 063upom Ha TO Aa je
0Baj TMN xenuKkonTepa Haj3acTynrbeHunju y Bojcum Cpbuje u3 kateropuje
T3B. CpeareTeLLKMX XenmKkonTepa u Aa ce Ha kemy obasrba Benvku 6poj
catn neta. 3a notpebe ncTpaxusara BpLUeHa Cy Mepera Oyke n Bu-
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Opaumnja y kabnHn xenukonTepa pagu yTBphvBaka Aa N je MOroHCKM
Aeo xenukonTtepa nU3Bop HeraTMeHOr yTuuaja byke n Bubpauuja y ogHocy
Ha NUMoTe U KOMWKK je Taj yTuua,j.

3a oueHy cTawa HMBoa ByKe MPOoLEHy HeHOr LITETHOr AejcTBa Ha Yo-
BEKa M npefysnmame HajagekBaTHUjUX MeToda 3a cMakee byke Heor-
XOAHO je pacnonarati WTo NOTAYHUUM U LUTO Ta4yHUjUM MHOopMaunjama o
KapaktepucTmkama came oyke. [1o 0BMX MHpOpMaLMja [oNasm ce MePEHEM
KapakTepUCTUYHNX BernuuuHa Oyke y amnnuMTygHOM, OpeKBEHLMjCKOM U
BPEMEHCKOM floMeHy. Meperrma je HeonxogHo oapeauTy TPy OCHOBHE Ka-
pakTepuCTUKe ByKe: jaunHy, PpEeKBEHLMCKN CrieKTap v Tpajare Byke.

Pagn cmanena HMBOa Byke y 3aTBOPEHOM NPOCTOPY BPLLN Ce aKyCTUY-
ka obpaga npoctopuja. MNMpaBunHa akycTuyka obpaga 3acHvBa ce Ha Npojek-
TOBakYy N U3BOhHeHY aKTMBHOCTM U3 AIOMeHa n3bopa matepujana, npumeHe
cneumjanHux KOHCTpyKUmja 1 n3bopa ageksaTHUX hopmm 1 obnuka.

MocToje Tpw KaTeropuje BubpaLmja kojuma je YoBeK U3noxeH. To cy
camonobyaHe, npuvHyaHe BubGpauuje npu NCUXOU3NONOLLIKOM aHraxo-
Baky (BUOpaLmje Kojuma je YoBEeK U3NOXEH Yy DYHKLMjM onepaTopa, Ha
npuMep NWUNoTK) 1 NpuHygHe BuGpauunje 6e3 NCxou3nonoLIKOr aHra-
XoBama (Bubpaumje Kojuma je YOBEK MU3NOXEH He3aBUCHO Of CBOje BO-
Ibe, Ha NpMMep NYTHUK Y NPEBO3HOM cpeacTsy). [peameT oBor nctpaxu-
Baka Cy NpuHyaHe Bnbpauuje npu NCUXon3MONOLLIKOM aHraoBamy.

3a KkBaHTUTaTUBHY NpoLEeHy yTuuaja Bubpauuja Ha SbyacCKo Teno mus-
BpLeHa cy BpojHa ucTpaxuBamwa M3 KOjUX Cy Mpou3alunin MHOTWU CTaH-
Japov n npennosu, koje je ypeaouna MefyHapogHa opraHusauuvja 3a
cTaHgapausauujy.

Mehy 6pojHMm cTaHaapaMma Koju Cy 3HadajHu 3a npakcy y obnactm
©e3beHOCTU 1 3apaBrba Ha pady HajsacTynibeHuju cy: ISO 2631 (ogHocu
ce Ha Bubpauuje uenor tena), ISO 5349 (ogHocu ce Ha Bubpauuje cucte-
Ma waka-pyka) n 1ISO 8041 (nponucyje kako Tpeba ga byae npojekroBaHa
1 KnacudpmkoBaHa MepHa onpema).

Ocum npoueHe WTeTHOr yTuuaja Ha 6e36eQHOCT 1 3gpaBibe Ibyau,
Mepehe BubpauMja MOXe Ce KOPUCTUTU Kao 3Ha4vajHO OMjarHOCTUYKO
cpeacTteo. Mepemwe Bnbpaumja moxe 3HaTHO Gpxxe goBectn oo gedekra-
uuje KBapa u cnpevaBara katacTpodanHux nocreguua no rbyAacTtBo U
TEXHUKY. TpeHyTHa npakca ogpXaBawa xenukontepa y Bojcum Cpbuje
3axTeBa NpoBepy paja M 3aMeHy AenoBa HakoH UCNyHera NponUcaHnx
BPEMEHCKMX UIM eKcnnoaTtauMoHuX pecypca, WTO je cKyna npoueaypa
ogpXaBana xenukontepa. Pelwwene oBor npobnema je passoj cucrema
npahewa ucnpasHoctn 1 kopuwherwa (eHrn. Health and Usage Monito-
ring Systems — HUMS) koju cnyxn 3a oTkpuBarwe No4YeTHMX KBapoBa Ha
AenosuMma xenuvkonTtepa, npeasuhamwe npeocTtanor Beka ynoTpebe u
CTBapam-e ycrioBa 3a npenasak ca ogpxaBaha 3aCHOBAHOr Ha nponuca-
HOj MPEBEHTUBWN, Ha ofdpKaBare npema ctamwy (Kasin, et al., pp.6-8).
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YTnuyaj 0yke Ha rbyacku opraHusam

byka je, npema Hajyewwhe kopuwheHoj oenHULMjN, CBAKN HEXEIbe-
HW 3BYK. Mopea Tora WTo uMa ncte usnyke KapakTepucTuke Kao U 3BYK,
pasnukyje ce oA 3ByKa Mo TOMe LUTO M3a3nBa 1 pasnuumrte ncmxogusamno-
nowke edekre (cmeTa, y3HEMMpaBa, yrpoxasa) W LUTETHa AejcTBa no
3gpaerbe YoBeka. (Prascevic, Cvetkovié., 2005, p.4)

YHYTpaLLH0CT XenMKonTepa je 3aTBOPEH NPOCTOpP Y KOjeM Ce jaBiba
BULLECTPYKa pedonekcuja 3Byka o rpaHMYHMX NOBPLUNHA.

MpunjemMHUK 3BYKa Y 3aTBOPEHOM NPOCTOPY U3SOXKEH je OejcTBY 3ByKa
KOju gonasv AMPEKTHO oA u3Bopa (AMpeKTaH 3BYK) U 3ByKa KOju gonasu
HaKOH BULLECTpyKe pedonekcnje (pednekroBaHn 3ByK). [IMpeKkTHN 3BYK je
jedvHo 3aBUCTaH o4 U3BOpa M pacTojaka U Ha Hera He yTu4e BenvynHa
3aTBOPEHOr NpocTopa, HUTK peduniekTyjyha moh nospLunHa.

PednekToBaHn 3BYK jakO 3aBUCK Of, BENIMYMHE 3aTBOPEHOr NPOCTO-
pa n of ancopbyjyhux kapaktepuctuka rpaHMyHNX NoBpLInHA. 3axBarby-
jyhu BuLwEeCTpYKMM pedriekcnjama, cHara pedriektoBaHor Tanaca goctu-
€ HMBO KOjU 3aBMCWU Of ancopruuoHe Mohu KOHTpyKUMje xenukonTtepa,
Kao 1 o octanux pednektyjyhmux nospLinHa.

OcHoBHa kapakTepuctuka pednektyjyher 3By4HOr nosba je Bpeme
peBepbepauunje, a To je BpeMe noTpebHO Aa MHTEH3UTET 3ByKa onagHe
3a 60 dB ucnog crtabunHor HMBoOa HaKOH WUCKIbyyYewa u3Bopa 3ByKa
(Cvetkovi¢, Prascevi¢, et al., 2005, p.182).

Bpeme peBepbepauuvje je 3HadajaH napameTtep 3a ogpehuBame
afeKBaTHUX KapakTepuCTUKa roBopa y YHYTpallHOCTU KabuHe xenukor-
Tepa. O n3yseTHor 3Ha4aja je ogpxaBake HMBOA 3ByKa Yy rpaHuuama y
Kojuma ce nocagu omoryhyjy 6e36egHn, pyHKUMOHANMHU U KOMAGOPHU
YyCNoBW pagHe cpeavHe.

Of BpemeHa peBepbepaumje 3aBuce pasyMibMBOCT U KBaNUTET 3ByKa
y kabuHn xenukontepa. Kako Bpeme pesepbepaumje gedmHuLe Bpeme 3a-
ApXaBara eHepruje 3Byka y kKabvHu, ogHOCHO Bp3unHy ,HecTaHka" eHepruje
HaKOH UCKIbyYera U3BOpa, TO 3Ha4M aa he ayxe Bpeme pesepbepauyje Ka-
OVHe y3pOKOBaTK OYXE 3afpaBare eHepruje y kabuHun. [dyxe 3agpxaBa-
e eHepruje y kabvHn yTnye Ha cMarere pasymrbMBocTy roopa. lNMpema
TOMe, AyXe Bpeme peBepbepauuje cmakyje pasyMrbMBOCT roBopa, LUTO
MOXKe UMaTu HeraTmeBaH yTuuaj Ha pag nocage xenvkontepa.

YTuuajn 6yke Ha rbyde dene ce Ha OU3MOSIOLKE W MCUXOSIOLLKE.
dusmonoLka gejctea, U ayauTMBHa U HeayaUTUBHA, M3a3nBajy NPOMeEHe y
PU3MONOLLKMM MEXaHU3MUMA UK pyHKUMjama Be3aHumM 3a Oyky. AyamuTue-
HW eheKkTn ANPEKTHO YTy Ha NepudepHn ayauTUBHU CUCTEM U Ha CITYLLHN
anapart. Manarake akyCTUYKOj eHeprnju Moxe nsassatu 1 ogpeheHe Heay-
OVTUBHE edekTe, Kao LUTO Cy: yTUuaj Ha BecTubynapHu cucTeM, Ha ayTo-
HOMHW HEPBHU cucTeM, nopemehaj cHa, U3asnBarbe 3aMopa, rnojaBa cTpeca.
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MehyTnm, n oBM HeayaUTUBHN eheKkTn, OCUM HEKOSTMKO n3y3eTaka, Takohe
ce npeHoce Kpo3 ayantneHu cuctem (Davis, et al., 2010, pp.110-141).

Byka He yrpoxxaBa camMo 34paBrbe nocage xenukontepa seh ytude 1 Ha
KBanuTeT KOMyHMKaumje namehy ynaHosa nocage. byka nsasmea noteHuujan-
He onacHocTn no 6e36edHOCT M OyHKUMOHUCAHE neTenuue, ymawyjyhm
eeKTUBHOCT N e(prKaCHOCT KOMyHUKaLMja, Kao 1 cnpeYyasajyhu ga ce anap-
MW 1 OCTarne nopyke yrnosopeka Ha BpemMe U Ta4HO Yyjy, NpUMeTe 1 npume.

Mpernen dusmonowkunx edekatra byke koju je yctaHoBuna NASA
(National Aeronautics and Space Administration) npukasaH je y Tabenu 1
(Davis, et al., 2010, p.131), y K0jOj je npukaszaHa nUcTa pasnn4nuTrX ycro-
Ba nsnarawa y norrneay 3By4HOr NpuUTUCKa, PPEKBEHTHOT ofncera u ayxu-
He nanaramwa, Koju nsasmeajy ogpeheHn 6poj HexerbeHnx edekarta.

Tabena 1 — ®uanonowkn edektn Gyke
Tabnuua 1 — dusmnonornyeckme agpdekTbl Lyma
Table 1 — Physiological effects of noise

Ycnosu usnarawa

YoueHn epektu rpmmi?/lgsglzg%r) CnekTap Tpajarwse
CwmarseHa Bu3yenHa moh, Bu-
Gpavumje rpyaHor Kowa, Tp3aju 150 1-100 Hz 2 min
Tena, NpoMeHa puTMa gncamwa
PednekcHn Tp3aju, rpumace, n
nokpuBame yLivjy u notpeba 100 - sHeHalwa

nojasa
3a cnpevyaBakem nnv 6erom
Bonosu y ywmma 135 20—2000 Hz -
Bonosu y ywmnma 160 3 Hz -
CmeThse y yBY 120 300-9600 Hz 2s
MpuBpemeHo nomepare npara .
MEHOETM 0 4B P P 94 4000 Hz 15 min
MpuBpemeHo nomepamre npara .
H)ZHO(ETVI 0 4B P P 100 4000 Hz 7 min
MpuBpemeHo nomepare npara .
MEHOETM T odR P 106 4000 Hz 4 min
OwrTehere TUMNaHcKe MeM- 2000 Hz Hucke
6paHe 155 dbpeKBeHLMje HenpekngHo
OwrTehete TUMNAHCKE MeM-
6 175 - -

paHe

MexaHu4yke Bubpaumje Tena 120-150 YH3M -
BpTornaBsuua n noBpeMeHo
,u,g3opjeHTau,mja P 120-150 1,6-4,4 Hz HenpekngHo
Wputauuja n samop 120 YHS3I -
[MpnBpemMeHo noMepan-e npara 65 LLiInpokonojacHu 60 gaHa
CwmpTHOCT 167 2000 Hz -
CmMpTHOCT 161 2000 Hz -
lMpuBpemeHo nomepane npara 75 8-16 kHz 5 min
MprBpeMeHO NoMepawe npara 110 20-31,5 kHz 45 min

rae je YH3I: YkynaH H1MBO 3By4YHOr npuTUCKa
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XpoHn4yHe akycTuyke Tpayme (npodecmoHanHa rnyesoha m Harny-
BOCT) jaBrbajy ce Ko, fbyan Koju Cy U3NOXEHN LITETHOM AejCTBY Oyke Hu-
xer HmBoa (npeko 90 dB) y ToKy oCMO4YacoBHOI pagHOr BpemMeHa, TOKOM
Ayxer nepuoga usnarama.

TakBo noBehaHo Manararbe NOCcTojU U y aBujaLmju’.

Ycneq gejctea Oyke jaBrba ce owTehewe ceH3opHux hennja Koptuje-
BOI opraHa y yHyTpawhemM yBy. Hajnpe HacTaje owTtehewe criyxa Ha 4000
Hz, a BpemeHom gonasu go rnyeohe (Arandelovié, et al., 2009, pp.58-60).

LupekmHe enacosHe KoMmyHukauuje. 3agoBorbaBajyha KOMyHUKaum-
ja, oko 90-95% Ta4yHO NPUMIBLEHUX peyn, O4eKyje ce ca HOpMarnHuMm rna-
COM Ha pacTojary 0/ 0ko 3 m ca HuBouMma 6yke o 55 dBA?. CaroBopHu-
un Mopajy Aa Buyy ga 6u ce pasymenu, Ha UICTOM pacTojaky, ca HUBOOM
Oyke y no3aguHu og 74 dBA. [la 6u 3agpxanu gobpy KoOMyHuUKauumjy, HK-
BO 3ByKka mopa nopactn og 3 dB (npu Hwxum HuBouma Gyke) oo 6 dB
(Mpy BUWIMM HMBOUMA Oyke), Npu cBakom nosehaky HMBoOa Oyke 3a 10
dB (Davis, et al., 2010, p.130).

HopmanHa rnacoBHa koMyHukauuja Huje moryha y BehuHu 6yqHux
OKpy>XeH-a, Ha pacTojarbnma Behum og oko 1 m. OKpyXere y aBno-cao-
6pahajy cTBapa TakBy ByKy koja 3axTeBa Of CaroBOpPHVKa rMacoBHE Ha-
nope nsHag HopMariHor, WTo UM CTBapa A0AaTHM CTpec. Y TakBUM CUTY-
aumnjama Tpebano 61 KOPUCTUTU ENEKTPOHCKE KOMYyHMKaLmje, Kaga je To
moryhe, pagu 3awTtuTe 3gpasrba fbyan 1 MMHMMU3Mpaka rpellaka Koje
HacTajy ycneq HeagekBaTHE KOMyHUKauuje.

[ejctBO GyKe Ha roBop un gpyre 3By4YHe CUrHane yrpoxasa onepaTo-
poBy 6e36egHOCT 1 noctynawe. Bucokn HuBom Gyke y yBy Mory nsasea-
Tn npeonTtepehere n NnpuBpemenHn rybutak cnyxa, npoyspokyjyhm gogar-
HO OMeTahe npujema 3Byka.

EdekTnBHOCT 0BUX CMeTH:M 3aBUCK 0f (DpEKBEHTHOr crnekTpa Byke
n oA ogHoca HuBoa curHana u Hueoa 6yke (S/N).

3a [obpy pasyMrbMBOCT CMrHana HMBO FOBOPHOr curHana mopa 6u-
Tn MHoro Behu o HMBoa Byke. PaymrbnBocT, kao dyHkumja ogHoca S/N,
3aBUCU U Of cagpXuHe roBopa. PasymrbMBOCT 3a peyn M3roBOpeHe Ha
6rimckom ofcTojamy je oko 0% TavHocT Ha 12 dB S/N, a Beha og 95%
TayHocTn Ha 0 dB S/N. CeeTcka 3gpaBCcTBEHA OpraHusaumja npenopyyy-
je SIN og 15 dB 3a nyHy pasymsbMBOCT KOA Criylwlaoua ca HOpMasnHum
cnyxom (Davis, et al., 2010, p.135).

EnekmpoHcke ayduo-KoMyHukayuje. Ayono-kOMyHUKaLUOHN CUCTe-
MU Cy ONTMMM30BaHW 3a SbYACKM rOBOP, KOjU je OCEeTIbMB Ha OKOMUHY U

' MpaBunHukoM O yTBPAMBAKY npodecuoHanHux Gonectn (,Cryx6eHu rmacHuk PC” 6poj
105/03), oborbena n3assaHa bykom cBpcTaHa cy y npodecuoHanHe bonectu.

2 dbA — M3MepeHU HMBO Gyke nomohy A-TexuHcKke KpuBe ((hpekBeHUMjCKa KapakTepucTuka
MepPHOT MHCTPYMEHTa KOjOM Ce BpLUM KopeKLuja 06jeKTUBHOr HMBOa Byke, Tako Aa NpUBIMKHN-
je oaroBapa cybjekTnBHOM ocehajy rbyackor yBa).




erieMeHTe NIMYHOCTU N NopyKa y BasdyXonnoBHOM OKpYXewy. AKYCTUYHA
n enektpmnyHa byka cy Hajuewhu ometajyhn daktop. Ybp3ane, Bnbpa-
uuje uenor Tena, BENVKN pagHu Hanop u npeTwe no nuyHy 6es3begHocT
Takohe mMory ometaTtn KoMyHukauujy. FoBopHe cnocoBbHOCTM onepartepa
CY YCrOBIbeHe akueHTUMa, anjanektom, ynotpebom peyun, rybutkom cny-
Xa, KONMMYMHOM M BPCTOM UCKYCTBa Yy KOMYHMKaUMjK, Na Yak U eMmoumo-
HanHWM CcTakweM nojeamHua.

YTnuaj Bubpaunja Ha SbyCKn opraHmsam

MunoTn xenukonTepa U3NoXeHu cy Bubpauunjama uenor Tena y ceo-
joj pagHoj cpeguHu. Ca Tum Bubpauujama nosesaHu cy 60roBu y AOHEM
Aeny nefa (NMNoTu umajy MHoro BuLle npobnema ca oBoMm BpcToM 6ono-
Ba y nopehewy ca octanum npodgecujama).

Xenvikontepu nMajy HEKONnuKO rmaBHUX M3Bopa BUbpauwja, kao LTO Cy:
rmaBHW POTOP, penHu poTop 1 MmoTop. OBe BMBpauuje npeHoce ce Ha nocagy
MPeKo CBUX KOHTaKTHUX MOBPLUMHA, YKIbyYyjyhv nog, cnpase 3a ynpaerbane
n ceauwTa. YTBpheHo je aa Bubpaumje nmajy pasnuuute edekre Ha rbyae,
a fa je 6on y powem geny neha Hajuewha Teroba ca kojom ce fbyam cycpe-
hy (Vidakovi¢, 2002, pp.74-80). To ce He ogHOCK camO 3a Nocajy XenuKon-
Tepa, Beh 1 Ha MHore Apyre npodpecuje, Ha rbyae Koju ynpasrbajy pasnuyu-
TUM TMNOBUMA BO3UMa, Kao LUTO Cy, Ha NpUMep, TakCUCTW, KaMUOHLInje, BO-
3a4¥ pa3HUX ApYrux BOjHUX BO3Wra. HOpBELLKM MHCTUTYT 3a aBUO-MeaULIMHY
NCTPaXMBAO je U3NOXEHOCT nocage xenvikontepa 6onectma gower gena
neha n nocage gpyrvx Tunosa netenuua (HepoTtupajyhunx) . 3akrbydeHo je
Aa je Takse 6onose y poky of Ase roavHe npujasuno 50% nunota xenukon-
Tepa , a camo 18% nunota asuoHa (Kasin, et al., pp.2-3).

Bubpauwmje uenor Tena nosesaHe cy ca 6bonewhy gower gena neha,
nwmnjacom, gereHepaTtMBHUM NpoMeHamMa KuimeHor ctyba. EBponcka au-
pekTMBa 3a u3narawe rbyAu MexaHW4kuM Bubpalmjama CBOjEBPCHU je
BOAMY 33 3alUTUTY paHMKa NPOTUB pU3MKa KOjU NPOUCTUYY U3 n3narama
Bnbpaumjama Ha nocny. Y Toj aupekTnem Bubpaumje uenor tena ce ge-
uHULWY Kao F“mexaHunyvke BMOGpauuje Koje, kag ce NpeHoce Ha ueno Te-
no, ysehaBajy pu3uk no 3gpasrbe n 6e36eHOCT pagHUKa, a HapouuTo
G6onose gower aena neha u nospeae kudme”. Mo AMpekTMBu pusmke oa
Bnbpaumja Tpeba cmawunTK, a 3anocneHn He 6u Tpebano aa 6yae mano-
XeH Buwe of 1,15 m/s? (A(8) rpaHMLa N3noXeHOCTM) TOKOM OCMOYaCcoB-
HOr pagHor BpemeHa, MepeHo npema ctaHgapay 1ISO 2631-1.

AKLMOHa BpeaHOCT” uanoxeHoctu je 0,5 m/s2. Ako ce npemawum rpa-
HMLa U3NOXEHOCTU MOopajy ce npeay3eTn NpeBeHTUBHE Mepe paan 13o-

® YnosopaBajyha BpegHOCT BenuumHe BUGpaLyja U3Haz Koje ce Mopajy Npeay3eTn MPeBeHTUB-
He mepe.
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nauuje nuua og subpauuja. Takohe, noTpebHo je npahewe 3gpaBcTBe-
HOr CTawa 1 obyka nvua o pusnuuma subpawmja.

BubpauunoHa Gonect npefcraerba ckyn nopemehaja koju ce jaBrbajy
npv QyroTpajHoM uanarakby fokanHum unu onwtm Bubpauujama (von Gier-
ke, et al., 2002, chapter 42). MaHndecTyje ce owteherwem nepudepHe Lmp-
kynauuje, kocTujy, arnobosa muLLmha, Hepasa 1 onLTuM nopemehajuva’.

Peanusauuja mepera byke n Bubpauuja

Mepemne 6yke n Bubpaumja BpLueHo je Ha xenukontepy Mu-8 Bojcke
Cpbuije (cnuka 1).
CBa mepersa BpLleHa cy Y kKabuHu xenukonTtepa 1 10 y Yetupu da-
3e nerta:
— NPUINUKOM paga y MecTy, Npe rnonetama,
— TOKOM npunpemMe 3a noretame,
—y (hbasu neterwa u
— Npw cneTamy.

Cnuka 1 — Xenukontep Mu-8
Puc. 1 - BepTtonet Mu-8
Figure 1 — Mi-8 helicopter

Meper-e subpauuja

Ounpektnea 2002/44/EC 0 MUHUMaNHUM 34paBCTBEHUM U CUTYPHO-
CHUM 3axTeBMMa KOjU Ce OfHOCEe Ha U3MNOXEHOCT pajiHuKa pusnumma ge-
noeawa BMbpauuja geduHne ase BpcTe Bubpauuja:

— Bubpauwmje uenor Tena (y garbem Tekcty WB BuGpauuje),

— Bubpauuje cuctema waka—pyka (y garoem tekcty HA Bubpaumje).

4 MpaBunHUkoM O yTBpAMBaKY NpodecuoHanHux Gonectn ("CryxGeHn rmacHuk PC 6poj
105/03) , o6orbera nsasesaHa Bubpaumjama cBpcTaHa cy y npodecuoHanHe 6onectu
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HaBegeHa gvpektnBa geduvHuULLE MUHUMYM CTaHAapAa 3a KOHTPOny
pusmka og WB n HA BubGpaumja. Takohe, gedumHuLE aKUMOHE BPEOHOCTH
N3NOXEHOCTU MU3Ha[, KOjUX je NOTPEeBHO NPUMEHNTU TEXHUYKE W/UIN OpraHu-
3aUMoHE Mepe Koje MMajy 3a Lnib CMarbeHse MexaHnykmMx Bubpaumja un npa-
Tehux pusmka Ha MMHUMYM U FpaHUYHe BPEAHOCTU U3NOXEHOCTU Koje ce He
cMejy npekopaynT. BpegHocTu cy HaBeaeHe y Tabenu 2.

Tabena 2 — AKUMOHE 1 rpaHU4He BPe4HOCTUN N3NOXEHOCTU
Tabnuuya 2 - NMpeaenbHO AONYCTUMbIE 3HAYEHUS BO3AENCTBUS
Table 2 — Exposure action and limit values

Tvn BpegHoOCTH WB Bunbpauuje HA BuGpauuje
EA 0,5 m/s? 2,5 mis®
aKLMOHa BpegHOCT U3MOXXEHOCTH
EL 2 2
rpaHM4YHa BPeJHOCT U3MOXEHOCTU 1,15 m/s 5 mis

C 0631pom Ha HauvnH Kopuwhewa xenukonTepa, rae je nocaga y ce-
Aehem nonoxajy Ha ceguwiTuma, 3a garby aHanuay 3HavajHe cy WB Bu-
Opauvje. PasamaTpara pesynrata Mepera U hnuxoBor nopehewa ca [u-
pekTnBom 6uhe Be3aHa 3a oBaj Tvn BMbpauuja.

Hueo Bnbpauuja Koje ce npeHoce Ha Lieno Teno o4rosapa HajBuLLIOj
BpeaHoCTM ybOp3aka NoHAepucaHe y ogHocy Ha dpekBeHuMnjy, yTBpheHe
y jeaHoj og Tpw opToroHanHe mepHe oce (1,4 awx, 1,4 awy unu awz) y
OKONTHOCTMMA Kada unaH nocage ceaun unu ctoju.

Mogaum npousBohaya, kao U nogaum JobujeHn M3 apyrux n3eopa,
MOry MOCNY>XWUTWU Kao KOPUCTaH nokasaTterb HMBOa BuOpauuja Kojuma je
N3noxeHa nocaga koja ynpaerba xenvkontepom. MefyTum, MHTEH3NUTET
BMOpauuvja Koje ce NMpeHoce Ha Leno Terno YBENnuko 3aBUCK Of Crorba-
WHKX ycrioBa, Op3nHe neta n apyrnx akropa, Ha Npumep HaymHa Ha
Koju ce ynpasrba feTenuuom.

36or Tora 6u NpBOBUTHY NPOLIEHY HMBOA U3NOXeHOCTH Tpebano no-
TBPAUTN MepeweM HuMBOa BuOpauuvja. Mepere M3NOXeHOCTU nocage
Bnbpaumjama koje ce nNpeHoce Ha ueno Teno notpebHo je ouewumBaTh
meTofgoM AeduHucaHom y EBponckoj Hopmu ISO 2631-1:1997, a ynyT-
CTBO O ynoTpebu Te MeToae mepera Bubpauuja Ha pagHOM MeCTy HaBe-
AeHe cy y Hopmu EN 14253:2003.

Hueo BuGpaumja, nspaxeH kao RMS spegHoct (RMS; oa eHrn. Ro-
ot-mean-square), nckasyje ce kao ybp3sawe MOHOAEPUCaAHO Y OAHOCY Ha
dpekBeHLMjY, N3MEPEHO Ha ceanwTy ocobe koja npu n3Boherwy pagHux
3ajartaka ceau, a uspaxasa ce y m/s?.

HuBo BuGpauuja uspaxeH kao RMS BpedHOCT jegHaka je npoceu-
HOM yBp3ary n3MepeHoM y nepuogy cnpoBofewa mepera. To je HajBu-
Wwa of Tpu BPeAHOCTU M3MepeEHe y Tpu opToroHanHe oce (1,4 awx, 1,4
awy nnn awz). Oce peneBaHTHE 3a Mepere N NpuKasMBare pesynrata
Mepeha Bubpaumja npukasaHe cy Ha crnvum 2.
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Cnuka 2 — \WB Bubpaumje
Puc. 2 - WB Bubpaumm
Figure 2 — WB vibrations

3a mepense BubpaLmja Ha xennkonTepy KopuwheH je aHanuaaTop B-
nbpaumja, Tmn 4447 (cnuka 3), nponssohava Briel & Kjeer.

Cnuka 3 — AHanusatop Bubpauuja, Tvn 4447, ca onpemom
Puc. 3 — AHanu3aTop Bnbpauuii Tuna 4447 c obopygoBaHnem
Figure 3 —Vibrations analyzer type 4447 with equipment

AHanunsaTop Bubpaumja, Tmn 4447, NPEHOCHU je CUCTEM 3a MepeH-E
N oueHy yTuuaja Bubpaumja. Micnopydyje ce 3ajegHo ca PC nporpamom
3a nNpopayyH HMBOA U3NOXEHOCTW BuMbpaumnjama pagn ynopehusara ca
aKUMOHUM W rpaHN4yHUM BpedHoCcTMMa Koje cy aeduHucaHe EU gupekr-
nesom 2002/44/EC.

184




VHCTpYMEHT je HaMeHCKM An3ajHupaH 3a Meperse N OLEeHy pusmka yTu-
uaja Bubpaumja Ha 3gpaBrbe n 6e3beqHOCT rbyan, Ha jegHocTaBaH, 6p3 m
noy3gaH HauvH.

Pesyntatn mepera Bubpaumja npmkasaHm cy Ha cnuum 4.
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Flapsed time: 02008
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Crniuka 4 — Pe3synTtatu mepera Bubpaumja
Puc. 4 — PesynbTatbl uamMepeHust Bubpauni
Figure 4 — Vibration measuring results

186




Mocmatpajyhu pesyntate mMepera, npukasaHux Ha crnvum 4, Moxe
ce KoHcTaToBatu criegehe:

— Ha npBOM Jdeny cnuke 4 npukasaHe cy BpegHocTn A(1), A(4) n
A(8). OHe npepacTaBrbajy M3noXeHoOCT nocage subpauujama npepavyHa-
Ty Ha Tpajarbe neta og 1, 4 unn 8 yacoea. 3a nNpoueHy puanka y kabuHm
Xenukontepa 3HadajHa je BpegHocT A(8) ¢ ob3mMpom Ha To ga npedcra-
BIba T3B. OHEBHY U3NoxeHOCT nocage ([dvpekTnBa nogpasymeBa npo-
CeyHo pagHo BpeMe o 8 yacoBa);

— BpegHocT A(8) je 7,264 m/s?, WwTo je Beha BpeaHOCT 1 04 akunoHe
BpeaHocTH (2,5 m/s?) n on rpaHnyHe BpeaHocTu (5 m/s?) nponucare [u-
pektneom 2002/44/EC;

— noTpebHo je camo 2 cekyHae ga 6u ce gocturna akumoHa Bpea-
HOCT, a camo 12 cekyHau 3a rpaHnYHy BpeAHOCT BUbpauuja;

— Hajseha BpegHoCT B1bpauuja je y npaBLly z-0Ce U OHa U3HOCK OKO
12 m/s? y cbasn neta, WTO je MHoro Beha BPeAHOCT o/ rpaHnyHe (Buam
avjarpam 3 Ha cnvum 4);

— npatehn gujarpame Mory ce younTun 4etupu gase neta (nywtawe
MOTOpa Y MOroH, yop3awe poTtauuvje npe noneTtawa, NeT u NpuseMrbere
n pag y mecty). lNpea ¢dasa Tpaje oko 4 muHyta n RMS BpegHoCT He
npenasn akunoHe BpegHOCTU. Y Apyroj dpasum feta Tpajakba OKo 5 MUHY-
Ta, BpeaHocT Bubpauuja Beh npenasm rpaHnyHe BpegHocTu. Y dasm ne-
Ta, OKO 7 MMWHYTa, BpeaHOCTM BuOpauumja Cy MHOro M3Hag rpaHuyHe
BpeaHocTu. Hajsehn ckok BuGpauuja je y TpeHyTKy cnetawa Ha YBpCTy
noanory, WTOo ce KapakTepule Kao yaap, ca MakCMMasriHOM Bg)e,EI,HOLIJhy
(y npaBUy z-oce) RMS 32,674 m/s? n Peak-om® o 52,713 m/s;

— nmajyhu y Buay npenopyke Adupektuse 2002/44/EC, jacHo je ga ce
Mopajy npeayseTtn oaroBapajyhe mepe pagn cmakewa LUTEeTHOr yTuuaja
Bnbpaumja Ha 6e3b6egHOCT 1 3apaBrbe Jbyaun, KopuwheeM NacMBHUX UMK
aKTMBHUX n3onatopa Bubpauwmja. 36or cnoxeHoctn npobnema Bnbpomnso-
nauuvje, getarbHa aHanu3a MoryhHOCTM CMahera Bubpauuja y KabuHm
xenvkonTtepa morna 6m 6utn Tema HeKor HapegHor UCTpaXnBarsa.

Meper-e byke

Peayntatn mepewa byke ynopefhueaHu cy ca BpegHOCTMMa Nponu-
caHnm y Oupektusn 2003/10/CE EBponckor napnameHTa u Beha o mu-
HUMaNHUM 34paBCTBEHUM W CUTYPHOCHUM 3axTeBUMa Yy OQHOCY Ha U3fo-
KEHOCT pagHuKa pusnumMma Koju npovsurnase n3 U3NYKMx YnmHunaua
(byke).

® MojepmHayHo Hajseha BpenHOCT y6p3atba 3a Bpeme Mepetba.
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Kako 6u ce ucnpasHO nNpoueHuna N3noXeHoCT nocage xenvkontepa
Oyun, notpebHo je NpumMeHnTn OBjeKTMBHY MeTody Meper-a npema on-
wre- npusHatom ctaHgapay 1ISO 1999:1990. MNpoueweHe nnn objekTns-
HO M3MepeHe BpegHocTn Tpeba ga 6yay oanydyjyhe 3a npegysnmarbe
Mepa npeasufeHnx y cnyyajy oHux U ropwux ynosopasajyhmnx BpegHo-
CTM U3NOXEHOCTU. 'paHn4He BpegHOCTU U3MOXEHOCTU HEONXoaHe cy Aa
Oun ce nsberna HenoepaTHa owTehena cryxa ko4 nocage; byka Koja go-
nasuv 4o yBa He CMe NpenasvTu rpaHnyHe BpegHOCTU U3NOXEHOCTMW.

Y cmucny oBe AUpeKTUBE, FpaHWyHe BPEeAHOCTU W3MOXEHOCTU U
yrno3sopasajyhe BpeAHOCTU U3NOXEHOCTU Yy norneay AHEBHOr HMBOA W3-
NoXeHoCTu Byun 1 BPLUHOT 3BYYHOT NpuUTUCKa Ccy crneaehe:

— rpaHnyHe BpegHocTu uanoxeHoctn: LEX,8h = 87 dB(A), ogHocHO
ppeak = 140 dB;

— ropw-€ ynosopanajyhe speaHoctn nsnoxeHoctu: LEX,8h = 85 dB(A),
oaHocHo ppeak = 137 dB;

— Oowe ynosopaeajyhe BpegHocTu manoxeHoctn: LEX,8h = 80 dB(A),
oaHocHo ppeak = 135 dB, rge cy:

— LEX,8h — gHEBHW HMBO M3MOXEHOCTU OyLM, BPEMEHCKN NOHAEPUCAH
NMPOCEK HMBOA M3MNOXEHOCTU ByuM 3a HOMUHANHW OCMOCATHW pPagHU AaH,
Kako je geduHucaHo mehyHapogHum ctaHgapgom 1ISO 1999:1990, Ttauka
3.6. obyxBaTta cBy GyKy NpUCYTHY Ha pagy, YKiby4dyjyhn n MyncHu wym,

— ppeak — BpwHa BpedHOCT 3BYYHOr MPUTUCKA, LUTO je MUHMMarHa
BpegHocT “C” — ppeKBEHUMCKM MOHOEPUCAHOT TPEHYTHOT 3BYYHOI MPUTKCKA.

3a mepemnse byke y xenukontepy kopuwheH je nuyHu gosnmertap Oy-
ke, Tun Wed007-01dB (cnuka 5), dppaHuyckor npomssohada. Cod1BEp-
Cka nogpluka y obpagum pesyntata Mepewa 3acHoBaHa je Ha EBponckoj
anpektnen 2003/10/CE, koja ce 6aBn MuHuManHum 6e36egHOCHUM U
3[paBCTBEHMM MPONUCMMa Yy OAHOCY Ha U3MOXEHOCT pagHuKa pusnumnma
360r om3nyKknx areHca.

Cnuka 5 — I'lnuan gosmmeTap byke, mogen Wed007 — 01dB
Puc. 5 — haneuagyanbHbIi LLymomep, mogens Wed007- 01dB
Figure 5 — Wed007- 01dB noise dosimeter




PesyntaTu Mepetsa Gyke npukasaHu cy Ha crnvum 6.
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Cnuka 6— Pe3yntatn mepena Oyke
Puc.6 — Pe3synbTaTbl M3aMepeHns wyma
Figure 6 — Noise measuring results

Mocmatpajyhu pesyntate mepemna, npukasaHe Ha cnuum 6, mory ce
YyOUUTW TPU KpUBE:

— KpuBa npukasaHa nnasom 6ojom npegcrasiba BpegHocT LEX,8h —
AHEBHU HMBO M3roxeHocTu Byuu. [NpaTtehn BpedHOCTM ca CruKe MoXe
ce koHcTaToBaTtu ga BpegHocT LEX,8h 3a cBe Bpeme paga moTopa xenu-
KonTepa npemaluyje rpaHMyHe BpedHoCTU manoxeHocTtun (87 dB) nponu-
caHe [Qupektnsom 2003/10/CE;

— KpvBa npukasaHa 3efieHoMm 60joM npeacTtaBiba ePeKkTUBHY Bpea-
HocT Byke “C” — (ppeKBEHLMjCKN NOHOEPUCAHE M HUjEe O HApO4YMTOr 3Ha-
Yyaja 3a OBO MUCTpaxuBamwe ¢ 063nMpom Ha To Aa Huje obyxeaheHa [upek-
TUBOM,;
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— KpuBa npukasaHa HapaHiacTtoMm 00jomM npefcTtaBba ppeak — Bp-
LWHY BpedHoCT 3By4HOr nputucka. Ca cnvke ce BMAM Aa BpLUHA Bpen-
HOCT HujegHOr TpeHyTKa He npenasu rpaHnyHy(140 dB),HuTK ynosopasa-
jyhe BpegHocTtu (135 n 137 dB).

Umajyhn y Bugy npenopyke Oupektnse 2003/10/CE, jacHo je ga ce
Mopajy npeay3eTn ogpeheHe mepe pagn cMameHa LITETHOr yTuuaja oy-
ke Ha 6e3begHoCT 1 3apaBrbe nocage xenukontepa. [pe ceera, Mucnu
ce Ha ynoTpeby agekBaTHUX cpefcTaBa fMyHe 3awTuTe (aHTUMOHK, Ka-
umre) Kkoja cMmamyjy HMBO OyKe, anu Koja He CMejy yTuuath Ha KBanuTteT
KOMYyHMKaLmje YnaHoBa nocage.

3akrby4vak

Lnrs oBor uctpaxueara 6o je oa ce Mmeper-eM yTBpAe HMBOM Byke n
Bnbpaumja y kabmHu xenukonTtepa 1 Tako 4obujeHn pesyntatu ynopege ca
aKLUMOHUM W rPaHWYHUM BpedHOCTMMA NponvMcaHnM ogrosapajyhum gupek-
TMBama EBponcke komumcuje koje ce ogHoce Ha Byky 1 Bubpaumje.

MepeneM 1 ynopehmBarkeM pesynrara SO0 ce 0 3aKibyyka ga 'y
KabunHu xenukonTtepa BpegHOCTU Byke 1 BMOpauuvja npemallyjy rpaHudHe
BpeaHocTn nponucaHe gupektmeama 2003/10/CE 3a 6yky n 2002/44/EC
3a Bubpauuje.

Wmajyhun y Buay witetHe ytuuaje 6yke 1 Bubpauuja no 3gpasrbe fbyau,
a [eo WTeTHUX yTuuaja je UCTakHyT 1y OBOM pagy, Hamehe ce Heonxoa-
HOCT:

— nepuoauYHor Mepera Huoa byke 1 Bubpavmja y Xxenukontepuma;

— nepuoaunyHor npaherwa 34paBCTBEHOr CTaka nocage Xenukonre-
pa, a Hapo4unTo obaBrbarwe CneurjanMcTUYKMX npernega noTeHumjanHo
HajyrpoXxeHujux opraHa og aejctea 6yke n Bubpauuja;

— aHraxxoBaha PacrorioXMBUX CTPyYHUX KanauuteTa Bojcke Cpbuje,
y3 NOMOh CTPYYHUX MHCTUTYLMja U3 LIMBUIMHUX CTPYKTYpa, Ha U3HanaXewy
HauMHa 3a cMarene byke 1 Bubpaumja, Hajnpe Ha M3BOPMMA HacTajaka, a
3aTUM 1 Ha NyTeBUMa NpeHoLLera. Y nuTepaTypu, anu 1 y npakcu, noctoju
BENMKN 6pOj HaUMHa 3a yMakeH€e LUTETHOT yTuuaja Byke n Bubpaumja Ha
IbyACKN OpraHu3am, na je noTpebHO NPUMEHNTU NCKYCTBa CTPYYH-aka,

— npegysvMama TEXHUYKUX, OpraHM3aunoHnX, HopMaTuBHUX, obpa-
30BHUX W ApYrMX Mepa 3a CMawehe n3narawa JbyAcTBa LUTETHUM YTU-
uajuma byke n BMbpauuja.

Lnre oBor paga Huje aa AoHece 3akibydak O KBanuTeTy pagHe cpe-
AnHe y xenukontepy Mu-8, Beh ga nocnyxu Kao OCHoBa 3a Jarba uctpa-
XuBama koja bu nmana 3a uurb 6nmxe oTKpMBare y3poka nojase U Ha-
UYMHa NpeHowewa byke n Bubpaumja 4o kabmHe xenukontepa u usHana-
Xewe MeToda 3a CMaret-e HMBoa byke n Bubpauuja.
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W3MEPEHME LWWYMA /1 BUBPALIW B KABMHE BEPTONETA MU-8

Ueuya C. CtosHOBUY
BCPC, TpeTuin cBaA3HoM 6aTanboH, r.Huw

OBJIACTb: 3awmTa oT Wwyma u Bubpaumn
BWO CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: cepbekuin

Peswome:

Llym u subpavyuu npedcmasnsom cobol 00uH u3 cambix Hebrazo-
npusimHbIX ¢hakmopos paboyel cpedbl sKunaxa eepmonema. Llernbio
OaHHO20 uccrnedosaHusi bbiro uamepums go3delicmeue Wyma Ha nuro-
ma u aKunax eepmorsiema, a makxe orpedesiums e20 Moc1edCcmeus.

Bamem MbI corrocmasurnu nosyYeHHbIe pesyribmamei ¢ rpedesibHO
OorycmumMbIMU 3Ha4YeHUsIMU, ycmaHoeneHHbIMU [Jupekmueoli Eeporied-
CKoU Komuccuu 8 obrnacmu wyma u subpayud.
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HaHHoe cpasHeHue rioka3arsno, Ymo 3aMepeHHble 3HadyeHus rpe-
ebiluaiom npeodrnucaHHbIe HOPMbI U pomueopeyYyam rnpasusam oxpaHb!
mpyda, npedcmaeriss yepoly 6e3onacHoCmu U 300p08bI0 CITyXKaujuXx.

Takxe ycmaHO8/IeHO, YMO YreHbl 3Kunaxa rnodeep)keHbl PUCKY
om rnipogheccuoHarnbHbix 3abonegaHul, 8 3mol cea3u Heobxodumo
MpUHAMb Mepbl MO CHUXEeHU0 eo3delicmeusi wyma u eubpauyul Ha
repcoHarn (akurax) eepmoriema.

KntoueBsble crnosa: eepmorsiem, OupeKmuea; su6pauuu; wym; usmepeHue.

MEASURING NOISE AND VIBRATION IN THE COCKPIT
OF THE Mi-8 HELICOPTER

Ivica S. Stojanovic¢
Serbian Armed Forces, 3rd signal battalion, Ni$

FIELD: Protection against noise and vibration
ARTICLE TYPE: Professional paper
ARTICLE LANGUAGE : Serbian

Summary:

Noise and vibration are among the main negative elements of the
working environment. The aim of this study was fto determine the
measurement of the size of their effect on helicopter pilots and crew
members. The results were compared with the warning and limit values
determined by the existing Directives of the European Commission in the
field of noise and vibration. The comparison of the results has led to the
conclusion that the measured values are unacceptable in terms of safety
and health at work and that the measured values exceed the limits. The
measurements have pointed out to a danger of occupational diseases
among crew members and to the necessity to take measures to reduce
the harmful effects of noise and vibration on helicopter personnel.

Introduction

Noise and vibration are by nature an integral part of everyday life
and a part of the human environment. They appear as a companion to
life's many activities and their presence is evident in almost all
spheres. The subject of this study was to assess the level of noise and
vibration generated in the cockpit of the Mi-8 affecting the crew. The aim
of the research was to obtain results that will show whether noise and
vibration in the helicopter cockpit exceed allowable limits set by standards,
fo support the final analysis with measurement results and fo illustrate a
detrimental effect of noise and vibration on the human body. The Mi-8
helicopter was selected for measurements. Noise and vibration were
measured in the cockpit of the helicopter so as to find out whether the

192




helicopter engine compartment is a source of the negative impact of noise
and vibration on pilots and how significant this negative impact is.

In order to implement the basic procedures of noise control, assess
the state of the noise level and the noise harmful effects on the human
body as well as to apply the most appropriate method for noise reduction,
it is necessary to have as complete and accurate information on the noise
characteristics as possible, which can be determined by measuring the
noise characteristic values in the amplitude, frequency and time
domains. Measurements are necessary to determine the three basic
characteristics of noise: strength, frequency and duration. The above three
parameters completely describe the character of noise.

Regarding vibrations, there are three categories of vibrations people
are exposed to. These are: self-excited (coming from every-day movements
such as walking, running or recreation), forced vibrations during psycho-
physiological involvement (vibrations to which operators, including pilots, are
exposed) and forced vibrations without psycho-physiological involvement
(vibrations to which people are exposed regardless of their will, e.g. in
transportation vehicles, offices, apartments, etc.).

In addition to assessing harmful effects on the health and safety of
people, vibration measurements can be used as a diagnostic
tool. Vibration measurements can lead to a significantly faster inspection
of failures and to the prevention from catastrophic consequences for
personnel and technical equipment. The current practice requires a
control of the functioning of helicopter parts as well as their replacement
after the prescribed time or exploitation periods. This makes helicopter
maintenance procedures expensive. The solution to this problem is the
development of the Health and Usage Monitoring Systems — HUMS, used
for detecting initial failures in parts of the helicopter, for predicting
remaining service life and for creating conditions for the transition from
preventive-based maintenance to condition-based maintenance.

The effect of noise on the human body

The impacts of noise on humans are divided into physiological
and psychological ones. Physiological effects, both auditory and
nonauditory, cause changes in physiological mechanisms or functions
related to noise. Auditory effects have a direct impact on the peripheral
auditory system and the hearing as a whole. Exposure to the acoustic
energy may cause certain nonauditory effects, such as effects on the
vestibular system and the autonomous nervous system, causing sleep
disturbance, fatigue and stress. However, these nonauditory effects,
except for a few exceptions, are also transmitted through the auditory
system. Not only does noise threaten the health of helicopter crew, but
also affects the quality of communication between crew
members. Noise represents a potential threat to the safety and
operation of the aircraft, reducing the effectiveness and efficiency of
communication, as well as preventing the alarms and other warning
messages to be timely and accurately heard and received.
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The effect of vibrations on the human body

Helicopter pilots are exposed to whole-body vibrations in the
working environment. Pain in the lower back is associated with whole-
body vibrations and pilots can be said to have more trouble with this
kind of pain compared to other professions. Helicopters have several
major sources of vibration, such as the main rotor, the tail rotor and the
engine. These vibrations are transmitted to the crew through all contact
surfaces, including the floor, control equipment and seats.

Realization of noise and vibration measurements

Noise and vibration measurements were performed on the Mi-8
helicopter of the Army of Serbia. All measurements were performed in
the helicopter cockpit in four phases of flight:

- during standing, before takeoff,

- during a preparation for takeoff,

- during flight, and

- during landing.

Vibration measurements

The results of measurements point out to the following:

- The value of A (8) is higher than the value of the action value
and limit values set in Directive 2002/44 / EC;

- It only takes 2 seconds to reach the action value, and only 12
seconds for the marginal value of vibration;

- The maximum vibration value is in the direction of the z-axis;

- Diagrams identify four phases of flight (engine start-up, acceleration
of rotation before takeoff, flight and landing and stationary work). The figure
shows that, even at the stage before takeoff, vibrations are above the
action value, and in the phase of flight they are far above the limit value;

- Bearing in mind the recommendations of Directive 2002/44 / EC,
it is clear that certain measures have to be taken to reduce the harmful
effects of vibration on the health and safety of people.

Noise measurements

The results of measurements indicate the following:

- the value of LEX,8h exceeds the exposure limit values (87 dB)
required by Directive 2003/10/CE;

- Bearing in mind the recommendations of Directive 2003/10/CE,
it is clear that certain measures have to be taken to reduce the harmful
effects of noise on health and safety of people.

Conclusion

The aim of this study was to determine the levels of noise and
vibration in the helicopter cockpit and to compare the obtained results
with the action and limit values required by the relevant directives of the
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European Commission relating to noise and vibration. Measurements
and comparisons of the results has led to the conclusion that in the
helicopter cockpit noise and vibration values exceed the limit values set
by Directives 2003/10 / CE for noise and 2002/44 / EC for vibration. Due
to harmful effects of noise and vibration on human health, some of which
were highlighted in this paper, there is a need for:

- periodic measurements of noise and vibration in helicopters,

- periodic monitoring of the health status of helicopter crews,
especially specialist medical check-ups of potentially most vulnerable
organs exposed to the effects of noise and vibration,

- activating the available technical capacity of the Army of Serbia
with the help of professional institutions of civil structures to find ways
to reduce noise and vibration at their sources as well as along their
transmission paths. In the literature and in practice there are a number
of ways of mitigating the harmful effects of noise and vibration on the
human body and it is necessary to apply the experience of experts on
the helicopters of the Army of Serbia,

- taking technical, organizational, regulatory, educational and
other measures to reduce personnel exposure to harmful effects of
noise and vibration.

This work should serve not as a definitive conclusion about the
quality of the working environment in the Mi-8 helicopter, but as a basis
for further research that would aim at discovering the causes of noise
and vibration and their transmission paths to the helicopter cockpit, in
order to find methods of their reduction.

Key words: helicopter; directive; vibrations; noise; measuring.
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Sazetak:

Ekonomska kriza, izuzetno veliko budZetsko izdvajanje za obezbedi-
vanje potrebnih energenata i usvojena zakonska regulativa iz oblasti ener-
getike namecu potrebu iznalaZenja i implementacije pozitivnih reSenja radi
dostizanja propisanog i poZeljnog stepena energetske efikasnosti. U radu
je izvrSena preliminarna analiza propisane zakonske regulative za oblast
energetike — energetske efikasnosti, izveStaja o problemima u zgradar-
stvu i projekata kojima su resavani energetski problemi objekata. Radi do-
bijanja preliminarnih podataka finansijskih efekata poboljSanja toplotne
izolacije objekta, a radi povecanja energetske efikasnosti zgrade, kori-
Scen je neprofesionalan programski paket, a dobijeni rezultati su u okviri-
ma republickog proseka za objekte analizirane starosti. Sagledavanjem
konstruktivnih karakteristika i geografskog poloZaja ustanovijen je i odre-
den potencijal zgrade za iskoriScenje obnovijivih izvora energije. Rad je
pokazao da postoji zakonska obaveza realizacije energetske sanacije
zgrade koju koristi Vojska Srbije i preliminarne ekonomske efekte realiza-
cije projekta energetske sanacije i iskoriS¢enja obnovljivih izvora energije.

Klju€ne reéi: toplotna izolacija; upotreba energije; izvori energije; ener-
getska efikasnost; zgrade.

Uvod

Dinamicne i intenzivne, €esto dramati¢ne promene u svim segmenti-
ma zivota, predstavljaju glavno obelezje savremenog sveta. Ove prome-
ne utiCu na sve sfere nekog drustva i njegove subjekte, a posebno je
uocljiv njihov zna€aj u domenu ekonomije. Sadasnje promenjivo i eko-
nomski nestabilno okruzenje ima veliki uticaj na uslove Zivota i rada pri-
padnika Vojske Srbije (dalje u tekstu: VS). Stvara se potreba za iznalaze-
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njem unutradnjih potencijala VS, Cijom eksploatacijom bi se obezbedili
Sto povoljniji uslovi za zivot i rad njenih pripadnika, bez dodatnog optere-
¢ivanja ekonomski iscrpljenog drustva.

Uzimajuéi u obzir, sa jedne strane, obim ovoga rada, a sa druge
kompleksnost i raznovrsnost namene, kvaliteta i kvantiteta svih materijal-
nih resursa kojima VS raspolaze, ovaj rad ¢e se ograniciti samo na jedan
njihov segment. U ovom slucaju to su energetski potencijali zgrada (Slu-
Zbeni glasnik RS, 61/11) koje koriste ustanove, komande i jedinice VS.

Pitanja na koja ¢e rad pokusati da da odgovor su: postoje li energet-
ski gubici zgrada i okvirni red njihovih veli€ina, postoje li nacini da se oni
smanje kroz energetsku sanaciju zgrade (Sluzbeni glasnik RS, 61/11) i
postoji li moguénost ostvarivanja ekonomske dobiti iskoris¢enjem odre-
denih pogodnosti zgrada koje se koriste za potrebe VS.

Trazenje odgovora na postavljena pitanja realizovano je kroz struktu-
ru rada. U prvom delu prikazane su teoretske odrednice bithe za razume-
vanje problema energetske efikasnosti zgrada. Drugi deo ukazuje na pri-
sutne, a ne dovoljno prouCene energetske probleme zgrada. Uop$tava-
njem problema dolazi se do saznanja o energetskim gubicima koji se ja-
vljaju po kvadratu spoljnih povrSina zgrada. Treci deo predstavija studiju
slu¢aja i ukazuje na energetske potencijale konkretne zgrade kroz imple-
mentaciju savremenih reSenja za povecanje njene energetske efikasnosti.

Rezultati rada pokazuju ekonomske dobiti koje se mogu ostvariti pri-
menom toplotne izolacije na zgradi. U zavrSnom delu prikazana je disku-
sija uz iznoSenje zaklju€aka proisteklih iz studije slucaja.

Teorijsko odredenje predmeta rada
Kategorizacija zgrada

Zgrada je objekat koji moze biti zidan ili izraden od montazno- demon-
tazne konstrukcije. Prevashodno je namenjena za smestaj i rad ljudi (Pra-
vilo sluzbe Vojske Srbije, 2008) ili neke druge namene (SSNO, Uprava voj-
nog gradevinarstva. 1986), koje su interesantne kada se razmatraju mo-
gucnosti iskoris¢enja njenih pogodnosti za ostvarivanje ekonomske dobiti.

Sve zgrade u odnosu na svoju projektovanu namenu moraju da obezbe-
duju odredene unutradnje uslove u zavisnosti od namene. Zgrade namenjene
za smestaj i rad ljudi moraju da obezbede propisane uslove komfora (Sluzbe-
ni glasnik RS, 61/11). Obezbedivanje propisanih uslova komfora namece po-
trebu zagrevanja, hladenja i ventilacije, odnosno, potrebu utroska odredene
koli¢ine energije radi obezbedenja propisanih uslova. Koli€ina energije koja ¢e
biti utroSena za obezbedivanje projektovanih uslova koris¢éenja zgrade zavise
od mnogih spoljnih faktora (npr. klimatskih uslova), ali i od energetskih karak-
teristika same zgrade i potrebnog vremena obezbedivanja propisanih uslova.
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Energetska karakteristika zgrade karakteriSe njenu energetsku efika-
snost (Sluzbeni glasnik RS, 61/11). Sto je manje energije potrebno za obez-
bedenje propisanog komfora unutar zgrade to je zgrada energetski efikasni-
ja. Zgrade sa najboliom energetskom efikasno$¢u nazivaju se pasivnim
zgradama. To su one Cija godiSnja potroSnja energije za grejanje po jedinici
korisne povrsine ne prelazi 15 kWh/m? (Sluzbeni glasnik RS, 61/11).

Neophodno vreme obezbedivanja propisanih uslova komfora odre-
duje vrstu zgrade — sa stalnim ili kratkotrajnim vremenom kori§¢enja (Slu-
zbeni glasnik RS, 61/11).

Energetska efikasnost

Energetska efikasnost odreduje karakteristike zgrade u odnosu na
energiju koja se troSi za obezbedivanje minimalnih uslova komfora za
njenu projektovanu namenu, a u skladu sa Pravilnikom o energetskoj efi-
kasnosti zgrada. Energetska efikasnost zgrade je veéa ukoliko su njene
energetske potrebe za obezbedenje uslova komfora manje, odnosno nje-
na toplotna svojstva bolja. Energetska efikasnost ne podrazumeva sma-
njenje utroSka energije zbog Stednje energije, jer usteda energije bez pri-
mene mera za povecanje energetske efikasnosti dovela bi do narusava-
nja uslova komfora zbog slabijeg zagrevanja, hladenja ili provetravanja.
Dakle, energetska efikasnost predstavlja skup mera i uredaja koji se pri-
menijuju radi postizanja propisanog nivoa komfora.

Toplotna svojstva zgrade proracunavaju se u skladu sa Pravilnikom
o energetskoj efikasnosti zgrada (Il energetska svojstva zgrada i Il nacin
izraCunavanja toplotnih svojstava zgrada) i po zadovoljavanju propisanih
uslova zgradi se izdaje energetski pasos.

Energetski pasos$ je dokument kojim se prikazuju energetska svoj-
stva zgrada, a ima propisan sadrzaj i izgled prema Pravilniku o energet-
skoj sertifikaciji zgrada, koji izdaje ovlaSéena organizacija koja ispunjava
uslove u skladu sa Zakonom o planiranju i izgradnji i Pravilnikom o uslo-
vima, sadrzini i nacinu izdavanja sertifikata o energetskim svojstvima
zgrada (koncept sertifikacije zgrada uklju¢en je u Direktivu EU,
2002/91/EU, ¢&lan 16).

Pravni aspekti energetske efikasnosti

Potpisivanjem Ugovora o osnhivanju Energetske zajednice Jugoistoc-
ne Evrope, 25. oktobra 2005. godine (dalje u tekstu: Ugovor), zemlje Ju-
goisto¢ne Evrope i evropske zajednice osnovale su Energetsku zajedni-
cu radi uspostavljanja stabilnog regulatornog i trZiSnog okvira u Jugoi-
stoénoj Evropi.
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Uslov za funkcionisanje panevropskog trzista energije je jedinstveni
pravni okvir na svim teritorijama na kojima se primenjuje ugovor. Potpisni-
ce koje nisu ¢lanovi EU imaju obavezu da usaglase svoje propise sa zah-
tevima direktiva EU koje se odnose na energetiku (povecanje energetske
efikasnosti za 20%) (Agencija za energetsku efikasnost Republike Srbije,
2014), konkurentnost trziSta, obnovljive izvore energije i zastitu Zivotne
sredine (ukoliko to vec¢ nisu uc€inile, Sto je slu€aj u vecini zemalja regiona).

U skladu sa obavezama koje proisti€u iz ovog ugovora, u Republici
Srbiji uskladuje se pravni okvir i obezbeduju drugi preduslovi za implemen-
taciju propisa o energetici, zastiti Zivotne sredine, konkurenciji i jacanju trzi-
Sta elektricne energije. Na taj nacin vrsi se planiranje razvoja delatnosti u
okviru energetskog sektora sa osnovom u smernicama energetske politike
i planovima razvoja energetike Republike Srbije, a sve u skladu sa Zako-
nom o energetici (Sl. glasnik RS, br. 84/2004 novi zakon objavljen u br.
145/2014). Nakon usvajanja Zakona o energetici vrSi se uobli¢avanje ener-
getske politike razradivanjem i sprovodenjem Strategije razvoja energetike
Republike Srbije (Sluzbeni glasnik RS, 57/11, 80/11 i ispravke 93/12 i
124/12), Programom ostvarivanja Strategije i Energetskim bilansom Re-
publike Srbije (Zakon o energetici, Sluzbeni glasnik RS, 145/2014).

Na 11. Ministarskom savetu Energetske zajednice (77th Energy
Community Ministerial Council), odrzanom 24. oktobra 2014. godine u
Beogradu, kojim je predsedavala Republika Srbija, doneta je Odluka o
produZenju primene Ugovora na dodatnih 10 godina, do 2026. godine.
Jednoglasna odluka doneta je po predlogu institucija Evropske unije i
Stalne grupe na visokom nivou, a u vezi sa odredbom ¢&lana 97. ugovora
po kojem je on prvobitno zakljuéen na period od 10 godina od momenta
njegovog stupanja na snagu, odnosno do 2015. godine. Odlukom o pro-
duzenju primene potvrden je znaCaj Energetske zajednice, a samim tim i
znacaj prakti¢ne realizacija preuzetih ugovorenih obaveza.

U tom smislu sva zakonska regulativa daje pravni osnov i obavezu
realizacije zadataka energetske sanacije u koju se u narednom periodu
moraju uklopiti i objekti koje koristi Vojska Srbije.

Termoizolacija

Pod pojmom termoizolacija najceS¢e se podrazumevaju razne vrste
termoizolacionih proizvoda (plo€e, vuna, sprejevi) koji su izradeni od ter-
moizolacionih materijala, a koriste se za toplotnu izolaciju konstrukcionih
segmenata ili celih uredaja i objekata. Medutim, neretko pod termoizola-
cijom se misli i na termoizolacione materijale, kao i na postupak posta-
vljanja termoizolacionih proizvoda na objekte.
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Termoizolacioni materijali

Sami termoizolacioni materijali dele se prema: poreklu sirovina za
proizvodnju (slika 1), koeficijentu toplotne provodljivosti, zapreminskoj
masi i mestu i na€inu primene.

TERMOIZOLACIONI MATERIJAL

v
v v v
MINERALNOG POREKLA ORGANSKOG POREKLA TI MALTERI I BETONI
¢ Termoizolacioni
Polimeri Prirodni - malteri
Staklena vuna materijali
Termoizolacioni
betoni
L p| Ekspandiran Trska N
i polistiren
EPS betoni
Drvena
| p| Ekstrudiran vlakna [
polistiren samin.veziv Gas-betoni
(siporeks)
| Poliuretan Recikli
eciklirana | ¢ |
celuloza

Slika 1 — Klasifikacija termoizolacionih materijala na osnovu porekla sirovine
za proizvodnju (Jevti¢, 2015)
Puc.1 - Knaccudumkauns TepmMonsonsuuoHHbIX MaTepuanoB Ha OCHOBaHUU
NPOUCXOXAEHUS MPON3BOACTBEHHbBIX pecypcoB (Jevti¢, 2015)
Figure 1 — Classification of thermal insulation materials based on the production
material origin (Jevti¢, 2015)

Toplotna provodijivost (A\)vecine toplotnoizolacionih materijala nalazi
se u opsegu 0,030-0,045 W/mK. Koeficijent toplotne provodljivosti poka-
zuje koliko toplote za 1s prode kroz 1 m~ materijala debljine 1 m pri tem-
peraturnoj razlici od 1C°. Na osnovu ovog koeficijenta (A) proradunava se
potrebna debljina termoizolacionih proizvoda za propisan koeficijent pro-
laza toplote (k)(W/m?K). Sto je koeficijent k maniji, bolja je termoizolacija
gradevinskog segmenta. S obzirom na to da se materijali razlikuju po
svojoj toplotnoj provodljivosti, proraCunima se dobijaju zna¢ajne razlike u
potrebnim debljinama izolacionog proizvoda za istu vrednost koeficijenta
prolaza toplote k (slika 2).
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Mineralna vuna 5,0 cm

Stiropor 5,2 cm Vrednosti su uzete prema JUS-u,
Ov¢ija vuna 5,3 cm proizvodackim podacima i iz
Celulozna vlakna 5,3 cm kataloga austrijskog Ministarstva
Pluta 5,8 cm 1 za gradevinu i tehniku
Kokos 6,7 cm

Ekspandirana glina 9,2 cm
Plo¢a od drvene vune 10,8 cm
lverica 14,3 cm

Perlit 14,3 cm

Drvo 16,2 cm =

Suplja opeka 54,2 cm
Betonski blokovi 59,2 cm
Puna opeka 69,2 cm e rrry

Armirani beton 248,0 cm e,

Slika 2 — Poredenje debljine materijala za isti koeficijent prolaza toplote
Puc. 2 — CpaBHeHwue TOMNWUHbLI MaTepuarnosB C OAMHAKOBbIM KO3 1UNEeHTOM
TENNoNpPoBOAHOCTU
Figure 2 — Comparison of the material thickness for the same heat transfer coefficient

U gradevinarstvu se pod zapreminskom masom podrazumeva masa
jedinice zapremine materijala zajedno sa porama i Supljinama, odnosno
masa jedinice zapremine u prirodnom stanju (Radonjanin, 2015). Smatra
se da specifitna zapreminska masa vecine izolacionih materijala nema
veliki uticaj na njihova izolaciona svojstva. Medutim, specificna masa ter-
moizolacionih materijala znatno odreduje otpornost na vlagu, pritisak po
jedinici povrSine, a u odnosu na to i mesto i nacin primene.

U odnosu na specifi¢ne karakteristike izolacionih materijala neka od
mesta njihove primene su spoljasnji zidovi, unutar dvostrukih zidova, is-
pod crepa i krovnih pokrivaca, ispod gipsanih i drvenih obloga, ispod po-
dova (sa malim ili velikim opterecenjem), podova hladnja¢a, odZaka itd.
Takode, specificnosti materijala odreduju i nacin postavljanja izolacije na
konkretan segment gradevinskog objekta, pa se one mogu postavljati po-
laganjem po povrsini (mineralna vuna u rolnama), lepljenjem (stiropol, sti-
rodur), uduvavanjem i nasipanjem (termoizolacija na bazi celuloze).

Termoizolacija objekata

Termoizolacija objekata podrazumeva niz mera i aktivnosti od projektova-
nja do zavrSne obrade fasade, a sve radi smanjenja toplotnih gubitaka. Perili-
kom projektovanja novih objekata danas se velika paznja posvecuje orijentaciji
objekta, a sa njom u vezi odreduje se i raspored staklenih povrsina. Poseban
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problem predstavijaju ve¢ izgradene zgrade, jer kod njih nije moguée menjati
orijentaciju objekta ili u potpunosti resiti problem neadekvatno postavljenih sta-
klenih povrSina. Medutim, kod izradenih objekata moguce je izvesti energetsku
sanaciju na osnovu termovizijskih snimaka objekta (Petojevic¢, 2014) i proracu-
na toplotnih gubitaka (Renduli¢, 2015). Ovim metodama toplotni gubici se mo-
gu svesti na najmanju mogucu meru ili u zakonom propisane granice. Toplotni
gubici starih zgrada uglavnom se kre¢u u granicama od 10 do 40% uloZene to-
plotne energije za zagrevanje po odredenom konstruktivhom elementu zgrade
(slika 3). Na osnovu podataka sa slike moguce je izvrsiti izbor mesta za reali-
zaciju energetske sanacije zgrade, vodeci raCuna o vremenu i svrsi kori§éenja
prostora unutar zgrade, ekonomskoj isplativosti, istorijskoj vrednosti objekta
(objekti pod zastitom drzave) i drugih faktora. U skladu s tim, naelna mesta
postavljanja toplotne izolacije prikazana su na slici 4.

25% - 30%

25% - 30%

25% - 30%

10% - 20%

Slika 3 — Gubici toplote kroz konstruktivne elemente zgrade
Puc.3 — TennonoTepu Yepe3 CTPOUTESNIbHbIE KOHCTPYKLMMW 34aHUS
Figure 3 — Heat losses through the building structural elements

Kao Sto se moze videti sa slike 4, a na osnovu teorijskih analiza i spro-

vedenih proracuna, najbolie je izvoditi toplotnu izolaciju sa spoljne strane
objekta. Na taj nacin obezbedice se da se plafon, pod i zidovi prostorije koja
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se greje izoluju spolja, tako da se grejanjem prostorije obezbeduje i njihovo
zagrevanje. Ovako postavljena izolacija obezbeduje zadrzavanje toplote u
prostoriji i po prestanku rada grejanja, jer se toplota akumulirana u ovim de-
lovima objekta odaje zraCenjem u prostoriju. Takode, toplotna izolacija sa
spoljadnje strane objekta spre€ava kondenzaciju vodene pare na unutra-
Snjim stranama prostorije, spre€ava propadanje konstrukcije objekta usled
variranja temperature konstrukcije i usled smrzavanja.

Izolacija izmedu

Izolacija iznad
rogova krovne

rogova krovne

{zt\:’:r::ii‘j:z onstrukcije konstrukcije
prema Izolacija
potkrovlju ventiliranih
i
Izolacija neventiliran
kontaktnih ih fasada
fasada
Izolacija : Izolacija
pregradnih | | | [P podova
zidova
Izolacija

Izolacija
tavanica u
podrumu

spoljnih zidova
iznutra

Slika 4 — Nacelna realizacija toplotne izolacije zgrade (Jevti¢, 2015)
Puc.4 — OcHoBHoOe crnocobbl Tepmonsonsumm 3ganui (Jevtic, 2015)
Figure 4 — General realisation of the building thermal insulation (Jevti¢, 2015)

Medutim, ponekad u praksi nije moguce realizovati toplotnu izolaciju
sa spoljne strane. Ovi slu€ajevi javljaju se kod: viSespratnih zgrada sa
vecim brojem vlasnika stanova (otezan dogovor i finansiranje) i zastice-
nih objekata spomenika kulture (zabranjeno naruSavanje autenti¢nog iz-
gleda fasade), kao i u slu¢ajevima kada nije ekonomski opravdana spolj-
na izolacija (ne koriste se sve prostorije u objektu ili se relativno kratko
koriste za rad i boravak ljudi, tj. zgrade sa viSe energetskih zona — Pravil-
nik o energetskoj efikasnosti zgrada, 2011, ¢lan 2, tacka 23). U prethod-
nim i slicnim slucajevima izolacija zidova sa unutrasSnje strane namece se
kao jedino moguca za realizaciju ili jedino ekonomski isplativa (unutra-
Snjom izolacijom obezbeduje se i do 35% manja potroSnja energije za
grejanje i hladenje). Praksa i podaci razli€itih proizvodaca pokazuju da
unutrasnja izolacija ima znacCajne prednosti pri izolovanju prostorija za
privcemeno koris¢enje, ukoliko se one ne greju stalno. Ovako izolovane
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prostorije se izuzetno brzo zagreju (od momenta ukljucivanja grejanja),
jer se pri njihovom zagrevanju prakti¢no zagreva samo vazduh u prostori-
ji uz izuzetno smanjenje gubitaka, jer je zagrevanje zidova minimailno.
NajCeS¢e navodeni nedostaci unutrasnje izolacije jesu moguénost stvara-
nja kondenzacije sa unutradnje strane zidova i poveé¢ano naprezanje
konstrukcionih elemenata objekta zbog ciklicnog smrzavanja i odmrza-
vanja. Ovi nedostaci se znatno umanjuju ako se posveti paznja i pravilno
izoluju prisutni toplotni mostovi, odnosno izvrsi izolacija svih pripadajucih
delova konstrukcije (svi zidovi, plafon i pod prostorije).

Obnovijivi izvori energije

Povecanje energetske efikasnosti postojecih zgrada (Pravilnik o
energetskoj efikasnosti zgrada, ¢lan 2, tacka 45, 2011) do nivoa energet-
skih zahteva propisanih Pravilnikom o EnEF ostvarivo je realizacijom
energetske sanacije zgrade. Obim radova pri energetskoj sanaciji proce-
njuje se u odnosu na konstrukciju objekta, uslove eksploatacije i ekonom-
sku isplativost. Medutim, pri ovim procenama u zakonskoj regulativi nije
data i preporuka za istovremenu procenu mogucénosti i isplativosti instala-
cije sistema za koriS¢enje obnovljivih izvora energije (dalje u tekstu: OIE).
Opravdanje za realizaciju i ovog vida procena moze se naci u Strategiji
razvoja energetike Republike Srbije do 2025. godine sa projekcijom do
2030. godine, koju je usvojila Vlade RS 3. 1. 2015. godine.

Ovom strategijom ukazano je na stalni rast potrebe za energijom i
znacaj energetike u buduc¢nosti za savremenu ekonomiju i drustvo. Kako
su osnovni izvori energije trenutno neobnovljivi i izuzetni zagadivaci Zi-
votne sredine namece se potreba iznalazenja modela za efikasno kori-
S¢éenje Cistije energije i iz obnovljivih izvora energije.

Prema Zakonu o energetici, obnoviljivi izvori energije su nefosilni. To
su: vodotokovi, biomasa, vetar, sunce, biogas, deponijski gas, gas iz pogo-
na za preradu kanalizacionih voda i izvori geotermalne energije (Sluzbeni
glasnik RS, 145/2014). U usvojenoj strategiji navodi se da se ukupno tehnic-
ki raspoloziv potencijal obnoviljivih izvora energije (ten) u Republici Srbiiji pro-
cenjuje na 5,56 miliona tona ekvivalentne nafte. Strukturu ovih energetskih
rezervi Cine razni oblici biomase sa 3,448, hidroenergija sa 1,679, energija
vetra sa 0,103, energija sunca sa 0,240 i geotermalna energija sa 0,180 mi-
liona ten/god. (Strategija razvoja energetike Republike Srbije, 2015).

Uzimajuéi u obzir ovu respektivnu, teoretski neiscrpnu, energetsku
rezervu, obaveza svakog subjekta u lancu proizvodnja — potroSnja ener-
genata je iznalazenje i implementacija tehnickih reSenja za iskoriS¢enje
lokalno raspolozivih OIE. Iz istog razloga i Strategija razvoja energetike
do 2030. godine ukazuje da je jedna od prioritetnih aktivnosti na razvoju
energetike Republike Srbije intenziviranje koriS¢enja OIE uz njihovo pro-
movisanje na nivou lokalnih zajednica.
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Trenutno stanje energetske efikasnosti zgrada

ProseCna starost zgrada u Srbiji je oko 41 godina gde je viSe od
62% zgrada napravljeno pre 1980. godine (Republi¢ki zavod za statisti-
ku, 2011.) po prakticno nepostoje¢im energetskim propisima. S obzirom
da je i za potrebe Vojske Srbije, u zadnjih 35 godina, izgradeno izuzetno
malo novih zgrada, mozemo reci da se i zgrade koje koristi VS uklapaju u
proseke starih zgrada Republike Srbije.

Problem svih zgrada gradenih do 30.09.2012. godine, kada je done-
sen prvi Pravilnik o energetskoj efikasnosti zgrada i Pravilnik o uslovima,
sadrzini i nacinu izdavanja sertifikata o energetskim svojstvima je $to su
iste gradene bez ikakvih ograni¢enja ili po veoma visokim dopustenim
vrednostima koeficijenata prolaza toplote. Prvi propisi o toplotnoj izolaciji
u Srbiji su doneseni 1970. godine kojima su regulisane najveée dozvolje-
ne vrednosti koeficijenata prolaza toplote u odnosu na klimatsku zonu u
kojoj se zgrada nalazi. Dozvoljene vrednosti koeficijenata prolaza toplote
su za 30% smanjene donoSenjem novih zahteva po pitanju toplotne izo-
lacije zgrada 1980. godine, a izdanje ovih normi iz 1987. godine je bilo na
snazi sve do pocetka primene Pravilnika iz 2012. godine.

U odnosu na vremenski period gradnje zgrada uo€avaju se i sledece
specificnosti po pitanju energetske efikasnosti:

» zgrade gradene do 1950. godine karakteriSu se masivnim debelim
zidovima i prose¢nim toplotnim gubicima izmedu 200 i 250 kWh/m?;

+ zgrade gradene posle 1950. godine karakteriSe primena novih ma-
terijala bez ikakvih termickih zahteva, a od 1970. godine pocinje masov-
na izgradnja vitkih i tankih konstrukcija sa velikim staklenim povrSinama
izuzetno losih termickih osobina pa prosecni gubici toplote iznose i do
300 kWh/m?(Zivkovi¢, 2011);

* sve izgradene zgrade u periodu od 1987. godine do septembra
2012. godine u proseku su istih termickih kvaliteta i toplotnih gubitaka koji
se kreéu oko 150 kWh/m? (Sumarac, 2009).

Sagledavanjem iskustava i analiza efekata povecéanja toplotne izola-
cije spoljasnjih zidova, pokazalo se da je najsvrsishodnije takve aktivnosti
usmeriti na zgrade gradene pre 1987. godine kod kojih je moguce ostva-
riti uStede u potroSnji energije za oko 70% (Holness, 2009).

Preliminarna procena efekata energetske sanacije

Za preliminarnu procenu izabran je objekat sledecéih karakteristika:
spratna zgrada kombinovane namene (kancelarijski, magacinski i ucio-
ni¢ki prostor) izgraden 70-ih godina. Ukupna povr$ina objekta je 1600m?
od kojih je grejana povrSina 1300 m2, preko daljinskog sistema grejanja
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(toplana kasarne). Zgrada je pravilnog pravougaonog oblika sa po dve
paralelne stranice jednake duzine. Objekat se svojom duzinom pruza
pravcem Sever-Jug. Ukupna povrSina fasade je 1056 m2 od ¢ega je 10%
zastakljeno. Objekat je sagraden od pune opeke ukupne debljine Zida od
45 cm bez bilo kakve izolacije, a zastakljene povrsme cme drveni dvo-
struki prozori sa Jednostruklm staklom ukupne povrsine 60m? i jednostru-
ka drvena vrata i svetlarnici sa jednostrukim staklom povrsine 34 m2. Iz
prethodnog se vidi da zgrada pripada kategoriji objekata za koje je pre-
poru¢ena energetska sanacija uz njene maksimalne efekte i zakonska
obaveza izrade energetskog pasosa.

Rezultati preliminarnog proracuna pomocu besplatnog programa Kna-
uf Insulation Kalkulator za izraunavanje potrebne energije za grejanje
analiziranog objekta (http://www.knaufinsulation.rs/sites/rs.knaufinsulation.

net/files/content/kalkulator.html) pokazuje da je za grejanje datog pr-
ostora potrebno 307427,38 kWh toplotne energije za grejnu sezonu $to
predstavlja troSak od 15000 evra za nabavku energenta tj. loz ulje. Reali-
zacijom energetske sanacije zidova termo izolacijom debljine 6 cm, po-
dova termo izolacijom debljine 6 cm i tavanskog prostora termo izolaci-
jom debljine 14cm dobija se da je potrebna energija za zagrevanje
141344,36 kWh ili 6900 evra, Sto predstavlja ustedu od 54%. Uporediva-
njem stolarije sa sli€nom iz drugih projekata (Rali¢, 2012) zakljuCuje se
da zamena drvene stolarije PVC stolarijom sa nisko- emisionim staklima
obezbeduje dodatnu ustedu od 30750 kWh ili 1500 evra po grejnoj sezo-
ni. Iz prethodnog se vidi da bi ukupna usteda bila 172094,36 kWh ili
10400 evra, Sto predstavlja ustedu od 70%, a Sto se uklapa u procene
date na 40. medunarodnom kongresu KGH u Beograd 2009. godine.

Energetska sanacija analiziranog objekta bila bi najoptimalnije reSena
unutradnjom toplotnom izolacijom i zamenom stolarije. 1z prethodnog se uoca-
va da energetska sanacija podrazumeva ulaganje u vidu materijala i Casova
rada u CI|JU njegove ugradnje i obrade. Prema podacima pr0|zvodaca Rigips
(www.rigips.com) za unutradnje oblaganje 1m? zida potreban je: 1m? gipskar-
tonske plo&e, 1m?mineralne vune, 1m? parne brane, 2 m C-profil, 0,8 m U-pr-
ofil, 1,3 m trake za zvu€nu izolaciju, 6 raznih vijaka, 0,8 m armaturne bandaz
trake i 0,3 kg ispune spOJeva Orjentaciona cena materijala po 1 m2 prema
podacima ,CAterm” iznosi 7,60 €, a orijentaciona cena rada je 7,34 €/m*
(http://www.ca-term. rs/rlg|ps/ObIaganje%20potkrovlja°/020$a°/020CD pdf).
Ukupna cena materijala i rada je priblizno 15 €/m? zida.

Za toplotnu izolaciju 1m? poda potrebno je: 1m? izolacije — stirodur, 1m?
polietilenske folije 0,2 mm, 1 m? laminatnog poda Orljentacnona cena materl-
jala prema podacima sakupljenlm sa sajtova viSe distributera j ja 16,5 €/m? a
orijentaciona cena rada je 2 €/m? Ove troskove neophodno je uvedati za
vrednost ukrasnih lajsni koje se raCunaju po duznom metru, a ori gentamona
cena je 0.7 €/m. Ukupna cena materijala i rada je priblizno 18,5 €/m* poda.
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Najsvrsishodniji vid toplotne izolacije tavanskog prostora posmatra-
nog objekta je mineralna vuna. Toplotna izolacija bila bi realizovana pola-
ganjem mineralne vune po tavanskom podu. Orijentaciona cena mineral-
ne vune debljine 5 cm je 0,9 €/m? a orijentaciona cena rada je 0,5 €/m?.
Ukupna cena materijala i rada je priblizno 1,4 €/m? tavanskog prostora.

Asortiman PVC stolarije na trZistu je izuzetno velik, a cena zavisi od
proizvodaca, stepena toplotne izolacije, vrste stakla, sa ugradnjom ili bez
ugradnje itd. Za analiziran objekat analizom je dobijeno da je orijentacio-
na cena PVC dvokrilnih prozora sa ugradnjom od 78 €/m? i dvokrilnih
vrata od 62 €/m°.

Uzimajuéi u obzir izraCunate orijentacione cene materijala i rad za
energetsku sanaciju toplotnom izolacijom posmatranog objekta dobija se
da je za izolaciju zidova potrebno ulaganje od 22 500 €, podove 12 210
€, tavanskog prostora 2 560 € (tri sloja mineralne vune za debljinu izola-
cije od 15 cm) i za promenu stolarije prozori 6 790 € i vrata 434 €. Ukup-
no ulageanje za energetsku sanaciju analiziranog objekta radi povecanja
njegove energetske efikasnosti iznosi 44 490 €. Uz konstatovanu ustedu
po grejnoj sezoni od 10 400 € moze se zaklju€iti da se povracaj uloZzenog
kapitala u toplotnu izolaciju posmatranog objekta moZe ocekivati za 4,5
grejne sezone. Ovako izraCunato vreme povracaja predstavlja prose¢no
vreme povracaja ulozenog kapitala u sli¢ne objekte (Rali¢, 2012).

Sagledavanjem karakteristika polozaja i spoljnih povrsina objekta uo¢ava
se da sa aspekta iskoristivosti OIE zgrada pruza izvesne pogodnosti za iskori-
Sc¢enje solarne energije. Ove pogodnosti mogle bi biti iskoriSéene za instalaci-
ju solarnih panela za dogrevanje pojedinih energetskih segmenata zgrade ili
za ostvarivanje dobiti kroz iznajmljivanje krovne povrSine. Po podacima sa
sajta preduzeéa ,Plan-net-solar” (http://www.plan-net-solar.rs/izdavanje-kro-
val/zarada-za-najmodavce/) iznajmljivanjem krovne povrSine ove zgrade za in-
staliranje solarne elektrane ostvarila bi se mesecna dobit od 40 evra.

Zakljucak

Ekonomska kriza, izuzetno veliko budZetsko izdvajanje za obezbedi-
vanje potrebnih energenata i usvojena zakonska regulativa iz oblasti ener-
getike, namecu potrebu iznalaZenja i implementacije pozitivnih reSenja radi
dostizanja propisanog i pozZeljinog stepena energetske efikasnosti. U radu
Je izvrSena analiza propisane zakonske regulative iz oblasti energetike —
energetske efikasnosti, izvestaja o problemima u zgradarstvu i projekata
kojima su reSavani energetski problemi objekata. Koriscenjem uporedne
analize objekata slicnih karakteristika, zakonske regulative i posmatranog
objekta koji koristi VS ustanovijena je njegova pogodnost za realizaciju
mera energetske sanacije. Radi dobijanja preliminarnih podataka finansij-
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skih efekata implementacije pozitivnih reSenja za povecanje energetske
efikasnosti zgrade koriséen je programski paket, Knauf Insulation Kalkula-
tor. Dobijeni rezultati pokazuju da je moguce ostvariti ustedi energije koja
se Koristi za zagrevanje objekta od 70%, $to je u okvirima republickog pro-
seka za objekte iste starosti. Radom je ustanovijena orijentaciona visina
ulaganja u toplotnu izolaciju od 44 490€ i oCekivan period povracaj uloZe-
nog kapitala od 4,5 grejne sezone. Dalje je, sagledavanjem konstruktivnih i
geografsko-polozajnih karakteristika posmatranog objekta, ustanovljen od-
reden potencijal zgrade za iskoriS¢enje obnovijivih izvora energije i orijen-
taciona dobit koris¢enja OIE od 480€ na godisnjem nivou.

Rad je pokazao da postoji zakonska obaveza realizacije energetske
sanacije zgrade koju Koristi Vojska Srbije, a preliminarna analiza eko-
nomskih efekata realizacije projekta energetske sanacije dokazala je nje-
nu opravdanost.
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NOTEHUWAN SHEPIOCBEPEXXEHVA BOEHHBLIX OBBEKTOB

Munadun 3. XXnekosu4, MopaH M. BaHsu
YHuBepcuTeT 06opoHsl B I. benrpaa, BoeHHas akagemus,
Kadpeapa BoopyxeHus n nogrotosku PBuA ana MNMBO n BHOC

OBJNTACTb: 3HeproaddeKTUBHOCTb
BWA CTATbW: npodeccnoHanbHas craTtes
A3bIK CTATbW: cepbekuin

Pe3some:

OkoHomuueckuli Kpusuc u 6onbwol pacxold b6rdxXemHbIX
cpedcme Ha obecrieyeHue Heobx00UMbIX 3HEp20oHocumerel, maKkxe
Kak u 3akoHoOamerslbHble ocmaHo8/IeHuUss 8 obrnacmu 3Hepeemuku
co3darom Heobxod0uMocmb 8 MoUCKe U MPUMEHEHUU HOBbIX MOJI0XKU-
meJibHbIX peweHul, ¢ yesnbio y0oeremaeopeHuUsi npedrnucaHHo20 U pe-
KOMEHOYyeMO020 ypO8HS1 IHeP20COepeKeHUs.

B daHHOU pabome nposedeH npedeapumernbHbIl aHanu3 rnpeo-
rucaHHbIX 3aKoHOOamesibHbIX aKkmos 8 obriacmu 3Hep2emuKu — SHep-
203hhekmusHocmu, omyemos o fpobriemax 8 cmpoumesibcmse, a
makxxe MpPoeKmMos, MocesaweHHbIX npobremam aHepaocbepexeHuUs1 Ha
B80€EHHbIX 06beKmMax.

B npouecce nosbiuieHus aHepaoaghghekmusHocmu 30aHull, a mak-
Xe 8 nposedeHuu npedsapumesibHo20 aHanu3a uHaHcoeol 3ghghek-
mueHocmu ecriedcmeue osbIlWeHUs1 Mernaou3onsauuu obbekmos 6bin
MPUMEHEH HernpogheccuoHarbHbIU rMpoepaMMHbIl rnakem, U €20 pe3ysib-
mambl enucbigaromcs 8 paMKu cpedHezo rompebrieHUs1 3Hepaopecyp-
cos, npedrucaHHble 20cydapCmeeHHbIMU HOpMamueamu, Kacaroujuxcs
06bEKMOo8 C ycmaHoerneHHol cmapocmbio. [lpu oueHKe KOHcmpyKkmue-
HbIX apamempos U eeoepaghuyecKko20 MoroxeHuUs bkl ycmaHoesneH no-
meHyuan 30aHul 05151 MPUMEHEHUSs1 80306HOB/ISIEMbIX 3HEP20PECYPCOB.

B pabome npedcmasneHo, Ymo cyujecmeaytom 3aKoHHble 0b6s13a-
mesibcmea no mensou30/SyUOHHOMY OCHaWeHU 30aHull, KOmopbi-
mu nonb3ytomecsi  BCPC, u amo 6ydem 3KOHOMUYECKU 8bI200HO,
ecniedcmeue pa3pabomku npoeKkmos o mMenaou3onsayuu U ro npu-
MEHEeHU0 80306HOBIISIEMbIX 3HEP20UCMOYHUKOS.

KntoueBble crnoBa: mornnou3osnsayus; nompe6neHue 3Hepeopecypcos
3HEepeoUuCmMoOYHUKU, 3Hepeoc6epe>KeHue; 30aHusl.
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ENERGY POTENTIALS OF MILITARY BUILDINGS

Miladin Z. Zivkovié, Goran M. Banjac
University of Defense in Belgrade, Military Academy, Department of Armament
and Military Equipment for ARUs

FIELD: Energy Efficiency
ARTICLE TYPE: Professional paper
ARTICLE LANGUAGE: Serbian

Abstract:

The economic crisis, extremely large budgets for providing
necessary energy and the adopted legislation in the field of energy
impose the necessity of finding and implementing positive solutions in
order to achieve a proper and desirable degree of energy efficiency. This
paper presents a preliminary analysis of the prescribed legislation in the
field of energy - energy efficiency as well as the analysis of the reports
on problems in construction engineering and projects used to solve
energy problems in buildings. To obtain preliminary data of the financial
effects of the implementation of positive solutions for improving the
energy efficiency of buildings, a non-professional software package was
used and the results obtained were within the framework of the national
average for buildings of the same age. The structural characteristics of a
building in question and its geographical location point to its specific
potential for using renewable energy sources. The paper has shown that
there is a legal obligation for the energy retrofit of a building used by the
Army of Serbia as well as preliminary economic effects of the energy
retrofit project realization and utilization of renewable energy sources.

Introduction

Economic crises create a number of problems which impose a
need for identifying internal potentials of all types of organizations in
order to overcome them. This paper deals with the energy problems of
buildings in use in the Army of Serbia and with possibilities for
overcoming them while achieving long-term economic benefits.

Theoretical determination of the paper subject

Building categorization

In order to precisely define construction types to which this paper
refers to, buildings taken into consideration are categorized and
classified relating to their purpose, energy efficiency and life time.

Energy efficiency

Energy efficiency represents the thermal characteristics of a
building through the energy required to provide prescribed conditions of
comfort. The evidence of specific energy performances of buildings is
verified by an energy passport.
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Legal aspects of energy efficiency

By signing the Treaty of Establishing the Energy Community of
South East Europe, the Republic of Serbia has accepted the obligations
of the contract and started the harmonization of its legal framework
through providing support for the implementation of regulations on
energy, environmental protection, competition and strengthening of the
electricity market.

Thermal insulation

Thermal insulation usually refers to various kinds of insulating
products of thermal insulation materials as well as to the process of
thermal insulation of buildings.

Materials for thermal insulation

All insulation materials are classified according to: the origin of raw
materials for production, the value of the coefficient of thermal
conductivity, the density value and the places and methods of their
application.

Thermal insulation of buildings

Thermal insulation of buildings includes a series of measures and
activities from the design phase to facade finishing with a view to
reducing heat losses. On existing buildings, typical heat losses are in the
range from 10 to 40%, depending on structural elements. Thermal
insulation is realized through the project of energetic rehabilitation of
buildings.

Renewable energy sources

Renewable energy sources are all non-fossil energy sources, and
the estimated total available technical potential of renewable energy
sources in the Republic of Serbia is 5.56 million tons of oil equivalent.
The obligation of each subject in the chain of production - energy
consumption is to find and implement technical solutions for the
utilization of locally available renewable energy sources.

The current state of energy efficiency in buildings

The average age of buildings in Serbia is approximately 41 years,
with more than 62% of them made before 1980s under practically
nonexistent energy regulations. Existing experience and analyses of the
effects of increasing thermal insulation have shown that energy activities
should be focused primarily on the rehabilitation of buildings built before
1987 where it is possible to achieve savings in energy consumption of
about 70%.

A preliminary assessment of the effects of energy rehabilitation

According to the preliminary evaluation of the building in question
and the average age of buildings in use in the Army of Serbia, it was
determined that the building belongs to the category of objects for which:
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there is legal obligation to issue the energy passport; it is recommended to
undertake energetic rehabilitation with the best outcome, and it is possible
fo implement not only energy rehabilitation but also capacities for
renewable energy sources in order to achieve additional economic gain.

Conclusion

This paper presents a preliminary analysis of a concrete building
through the prism of current legislation in force. A simplified comparative
analysis with similar objects and the usage of simple software packages
very easily showed that the energy potential of the observed building is
not that small. However, the result of this work has only tackled the
problem of energy inefficiency in buildings in the use in the Serbian
Army and opened a number of new issues in this area.

Key words: thermal insulation;, energy use; energy sources; energy
efficiency; buildings.
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Sazetak:

U radu je izvrSena analiza rizika od udesa izazvanih opasnim ma-
terijiama u drumskom i Zeleznickom saobracaju u gradu KruSevcu. De-
finisane su kriticne taCke i izvrSena je analiza mogucnosti nastanka
udesa pri transportu opasnih materija, kao i procena njihovog uticaja
na kasarnu ,Car Lazar” u KruSevcu. Zaklju¢eno je da je kasarna veo-
ma ugroZena od mogucnosti nastanka udesa izazvanih opasnim mate-
rijama u drumskom i Zelezni¢kom saobracaju, pa naroditu pazZnju treba
obratiti na obezbedenje od takvih udesa.

Klijuéne reéi: toksicna hemikalija, procena situacije, kriticne tacke,
drumski i Zelezni¢ki saobracaj, opasne materije, ABHO, udes izazvan
opashim materijama.

Uvod

Opasnost od hemijske kontaminacije nastale pri udesima izazvanim
opasnim materijama raznovrsne su i moguce, $to potvrduju dogadaji u
proteklin nekoliko godina.

Postojanje velikog broja postrojenja za proizvodnju razli€itih sirovina
i proizvoda Ciji se rad bazira na upotrebi opasnih (visokotoksi¢nih) hemij-
skih materija predstavlja ozbiljnu opasnost za zivot na Sirem prostoru sa
nesagledivim posledicama. Jedan segment rizika lezi u mogucnosti da
pri premestanju neke materije ili grupe materija sa jedne lokacije na dru-
gu u toku transporta dode do hemijskog udesa. Do takvog udesa najce-
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S¢e dolazi iznenadno i nekontrolisano, tako da se veca ili manja koli€ina
teCnosti, para, gasa ili aerozola oslobodi za kraée ili duze vreme. Pri to-
me dolazi do hemijske kontaminacije atmosfere (KonA), kontaminacije
zemljista (KonZ) i kontaminacije vode sa razli€itim posledicama.

U urbanim sredinama Ceste su havarije u stacionarnim i pokretnim
objektima (u proizvodnim sistemima, magacinima, rezervoarima, cevovo-
dima i transportnim trakama). Cesto se dogada da se Stetne i opasne
supstance nekontrolisano ili naglo razlivaju u ¢ovekovu okolinu .

Kako su hemijska postrojenja Cesto locirana u urbanim sredinama ili
u blizini naseljenih mesta, njihovi udesi predstavljaju veliku opasnost po
ljude i zivotnu sredinu. Stetni efekti udesa sa opasnim materijama najCe-
S¢e su lokalnog karakterta, ili ¢esto mogu biti regionalnih, pa ¢ak i medu-
narodnih razmera (Ruti¢, 2009).

Rizici od udesa pri transportu opasnih materija
| procena uticaja na kasarnu ,Car Lazar”
u Krusevcu

Prevozenjem visokotoksi¢nih supstanci sa jedne lokacije na drugu
transportno vozilo postaje aktivni u€esnik u saobraéaju. NeposStovanje
saobracajnih propisa, naroCito u drumskom saobracaju, ¢esto moze da
izazove hemijske akcidente Sirih razmera, iako su ispoStovane sve ostale
mere vezane za pravilno rukovanje i skladistenje opasnih materija u vozi-
lu. Dakle, materija se u tom slu¢aju oslobada i zagaduje prostor posred-
no, usled saobracajne nesrece (prevrtanje cisterne, sudar vozila, iskli-
znuce voza itd.). Na slici 1 prikazana je situacija koja nastaje pri udesu
koja je izazvana cisternom sa opasnom materijom (Lukovié, i dr, 2004).

PROSUTAPROLIVENA

OPASNA TVAR PLIN PARA
5 o . MAGLA
I‘.‘
MARKACGIJE MARKACIJE
OPASNE ZONE OPASNE ZONE
™
? :
SIGURNOSNA SIGURNOSNA,
ZONA ZONA DELOVANJA ZONA
- fon- |- -
OPASHA 2O0NA
~ail} -

Slika 1 — Zone opasnosti u slu¢aju udesa auto-cisterne sa opasnim materijama

Puc. 1 — 30oHbl onacHOCTU B cry4ae aBapyn aBTOLMCTEPHbLI C ONACHBIM FPY30M

Figure 1 — Danger zone in the event of an accident involving a tanker truck with
hazardous materials
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Priroda hemijskih udesa je takva da oni nastaju iznenada i ¢esto, na
nepredvidljivim mestima (pri transportovanju opasnih materija), tako da
su brzina delovanja i na€in angazovanja radnih ekipa najvazniji €inioci u
saniranju posledica udesa (Bursag, i dr, 1990).

Sve ove Cinjenice namec¢u potrebu da se sagleda i proceni verovat-
noca nastanka udesa i to kroz sveobuhvatnu metodolosSku analizu. Jedan
od faktora koji sadrzi metodologija upravljanja rizikom je analiza opasno-
sti od udesa.

Ona se odvija kroz tri faze:

— prva faza — identifikacija opasnosti,

— druga faza — analiza posledica,

— tre¢a faza — procena rizika.

Prva faza — identifikacija opasnosti

U prvoj fazi prikupaljaju se svi potrebni podaci o opasnim aktivnosti-
ma i opasnim materijama neophodnim za analizu posledica i procenu ri-
zika. Krajniji cilj je utvrdivanje vrste potencijalnih zagadivaca i vrsta i oso-
bina hemijskih materija koje se transportuju.

Kao polazna osnova moraju se prikupiti podaci o preduzeéima i dru-
gim objektima koja se bave proizvodnjom, preradom, skladiStenjem i
transportom opasnih materija, kao i podaci o vrsti i koli¢ini tih materija.
Sve opasne materije definisane su u Pravilniku 1 kroz listu opasnih mate-
rija. Procena opasnosti, odnosno rizika od udesa vrSi se kada su opasne
materije koje mogu izazvati hemijski udes prisutne u koli¢inama jednakim
ili ve¢im od navedenih u listi opasnih materija (¢lan 4. Pravilnika o meto-
dologiji za procenu opasnosti od hemijskih udesa i od zagadivanja Zivot-
ne sredine), (Sluzbeni glasnik RS, 1994). Na osnovu toga izraduje se ka-
tastar potencijalnih izvora opasnosti.

Za svaku materiju iz katastra utvrduju se njene osobine (Privremeno
uputstvo za obezbedenje VS od nuklearnih i hemijskih udesa u miru,
2008). Ovi podaci su znacajni zbog vrste sredstva za za$titu, nacina de-
kontaminacije, dimenzija zahvacenih rejona i dr.

Najznacajniji podaci koji se moraju znati su:

— naziv materije (sistemski i trivijalni),

— proizvodac,

— godina prizvodnje,

— kvalitet (sadrzaj Ciste materije u %) i

— pakovanje.

" Pravilnik o metodologiji za procenu opasnosti od hemijskog udesa i od zagadivanja Zivotne
sredine, merama pripreme i merama za otklanjanje posledica.

Ruti¢, S. i dr., Procena uticaja udesa izazvanih opasnim materijama na kasarnu ,,Car Lazar® u Kru$evcu, pp. 213-235



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

Od fizickih osobina treba znati:

— agregatno stanje pod normalnim uslovima,

— boju,

— miris,

— temperaturu topljenja,

— temperaturu klju¢anja, i

— gustinu.

Najznacajnije je poznavanje hemijskih osobina, kao §to su:

— molekulska masa,

— empirijska i strukturna formula i

— reakciona sposobnost (osetljivost na vlagu i hidrolizu, osetljivost
na vazdusni kiseonik, moguénost dekontaminacije i osobine produkata
dekontaminacije, pona$anje prema kiselinama i bazama, zapaljivost).

Takode, moraju se navesti i toksiCne osobine:

— stepen toksi¢nosti (prema hemijsko-tehnoloSkom priru€niku),

— kvantitativne toksi¢ne karakteristike (LD i LD50, LC i LC50),

— maksimalne dozvoljene koncentracije (MDK),

— osetljivost po mirisu,

— toksi¢no dejstvo i

— prva pomoc.

Osim navedenih karakteristika, za transport je narocito vazno poznavati
i nadin obelezavanja. Prema propisima ADR2 na svakom vozilu koje prevozi
opasne materije u drumskom saobracaju mora postojati oznaka — narandza-
sta reflektivna tabla (sa prednje i sa zadnje strane vozila); u gornjoj polovini
table upisana je brojéana oznaka opasnosti, a u donjoj brojéana oznaka
opasne materije. Broj€ana oznaka opasnosti sastoji se od dve ili tri cifre.

Prva cifra oznaCava glavnu opasnost prema sledec¢oj specifikaciji:

2 —gas

3 — zapaljive te€ne materije

4 — zapaljive Cvrste materije

5 — oksidansi ili organski peroksidi

6 — toksi¢ne materije

7 — korozivne materije

Druga i trec¢a cifra ozna€avaju dodatnu opasnost:

0 — bez znacaja

1 — eksplozivno

2 — izdvajanje gasa

3 — zapaljivost

5 — zapaljiva oksidaciona svojstva

6 — toksi¢nost

8 — korozivnost

9 — opasnost od energi¢ne reakcije usled razlaganja ili polimerizacije.

2 Evropski sporazum o medunarodnom transportu opasnih materija u saobraéaju na putevima.




Postojanje dve iste cifre oznaCava jako izrazenu opasnost (recimo
broj 66 oznaava izrazenu toksi¢nost)

BrojCana oznaka opasne materije uvek se sastoji od Cetiri cifre, a
nalazi se na UN listi (UN ,List of dangerous goods most commonly car-
ried”), Sto omogucava da se opasna materija identifikuje.

Ukoliko se za transport preuzima opasna materija koja nije navedena
u UN listi, opasni tovar oznacava se pravougaonim ploCama iste veliine,
sa jednim poljem narandZaste boje oivi¢en crnim linijama Sirine 15 mm, ali
bez ikakvih brojnih oznaka.

Na slici 2 prikazan je nacin obelezavanja definisane opasne materije
koja se nalazi na UN listi, dok je na slici 3 prikazan nacin obeleZavanja
tovara za materije koje se ne nalaze na UN listi.

]

Slika 2 — 1zgled table pri prevozu Slika 3 — 1zgled table pri prevozu materije
dietilbenzola koja se ne nalazi na UN listi
Puc. 2 — Bua Tabnuuku anga tTpaHcnopTa Puc. 3 — Bug tabnuuku gnsa TpaHcnopTa
amaTunbeHsona rpy3oB He BxogsLwwumx B cnucok OOH
Figure 2 — Table layout in the transport Figure 3 —Table layout in the transport
of dietilbenzol of material that is not on the UN list

Obelezavanje pojedinacnih pakovanja vrsi se listicama sa stilizova-
nim oznakama opasnosti. Izgled pojedinih listica koje se koriste pri tran-
sportu visokotoksi¢nih materija prikazan je na slici 4. Listice su standard-
nog formata A5, tj. veli€ine 148x210 mm. Listice za manja pakovanja mo-
gudabudui manjeg formata (Eesto se koristi format A7, 74x105 mm).

Flammﬁhle Oxidizers and
Liquids olids Organic Peroxides

Ry

l.ﬂ Ry
-

. RADIOACTIVE 11 CORROSIVE

Ry

- .
Infe Jﬂﬁ“é&l&nm Radicactive Corresive Miscellanecus
Slika 4 — Oznake pri transportu opasnih materija

Puc. 4 — 3Hakv gnsa TpaHCNOPTUPOBKU ONACHLIX IPY30B
Figure 4 — Labels when transporting hazardous materials
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Druga faza — analiza posledica

U okviru pripreme za analizu formira se tim od stru¢njaka raznih
specijalnosti.

Prikaz moguéeg razvoja dogadaja dobija se modeliranjem efekta, Ci-
me se dolazi do moguéeg obima udesa i posledica po Zivot i zdravlje ljudi
i Zivotnu sredinu. Modeliranje je sloZzen proces koji se vrsi pomocu razli€i-
tih modela efekata: idelanih, relnih, dvofaznih ili kombinovanih, &ijom se
primenom mogu izraCunati efekti maksimalnih jednovremeno oslobode-
nih koli¢ina opasnih materija pri udesu.

Trec¢a faza — procena rizika

Osnovni elementi za procenu rizika su verovatnoca i posledica. Uko-
liko se rizikom ne moze upravljati pod odredenim uslovima predvidenim
propisima, on se ne moze prihvatiti.

Za mogucnost nastanka udesa pri transportu visokotoksi¢nih materi-
ja izuzetno je bitna procena polozaja potencijalnih izvora opasnosti. U
okviru te procene utvrduju se:

— podaci o komunikacijama kojima se obavlja transport,

— udaljenost komunikacija od objekata,

— azimut,

— sektori na kojima je verovatnoc¢a udesa najveca,

— relativna visinska razlika,

— prirodne i vedtacke prepreke izmedu izvora opasnosti i ugrozenih
objekata.

Pravilnik je u sklopu mera prevencije, pripravnosti i odgovora na
udes propisao subjekte odgovora na udes:

— sluzbe organa unutrasnjih poslova, sluzbe sredstva veze, tran-
sportna preduzec¢a, komunalne sluzbe, vatrogasne sluzbe, centri za oba-
vestavanje, specijalizovane tehni¢ke ekipe, ekipe za sanaciju, ekotoksi-
koloske laboratorije, analiticke laboratorije,

— hidrometeoroloski zavodi i meteorolosSke stanice,

— ekipe hitne medicinske pomodéi zavodi za zastitu zdravlja, instituti i
zavodi za medicinu rada, stacionarne zdravstvene ustanove sa odeljenji-
ma za toksikologiju,

— organi, sluzbe, jedinice, ekipe VS, na osnovu uspostavljene sarad-
nje i uskladenih planova zastite (specijalizovane jedinice roda ABHO,
tehnike sluzbe),

— Stabovi i jedinice civilne zastite, na osnovu uskladenih planova ci-
vilne zastite.
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Prilikom transporta opasnih materija, preduzec¢a ili firme za Cije po-
trebe se vrsi transport su u potpunosti odgovorni za preduzimanje svih
potrebnih mera bezbednosti radi spre€avanja rizika od nastanka udesa.
Samim tim, oni snose odgovornost i za brzo reagovanje na saniranju po-
sledica ukoliko do udesa ipak dode. lako ¢e se u tom sluaju angazovati i
ostali specijalizovani organi i sluzbe, prve hitne mere do njihovog dolaska
moraju preduzeti timovi tehniCke pratnje i osoblje koje je angazovano na
transportu materija.

Mogucnost nastanka udesa u KruSevcu
i uticaj na kasarnu ,,Car Lazar”

U kompozitnoj dolini Zapadne Morave KruSevacka kotlina dominira
medu zapadnomoravskim kotlinama. Njena duZina je 35 km, a prosec¢na
Sirina 20 km. U njoj je smesten grad KruSevac. Stari deo Kru$evca — Sta-
ra ¢arsija nalazi se u aluvijalnoj ravni Zapadne Morave. KruSevac se Sirio
na ravni prve terase na kojoj se grad danas nalazi. 1z ravni na prvu tera-
su prelazi se odsekom koji se lako zapaza u samom gradu (ispod Laza-
revog grada, danasnje zgrade MUP-a, kod autobuske stanice, severna
strana kasarne ,Car Lazar" i dr.). Od 140 000 stanovnika, koji zive u sto
naseljenih mesta kruSevacke opstine, u samom gradu zivi oko 70 000,
Sto je gruba procena, jer se grad Siri i spaja sa okolnim selima koja pri-
tom postaju prigradska naselja. Karakteristi¢no je da u KruSevcu preovla-
davaju niskospratnice, dok su visokospratnice locirane u najuZzem centru
grada i novim naseljima Rasadnik, Ujedinjene nacije i Prnjavor. Grad se
nalazi na nadmorskoj visini od oko 160 m, a od uzviSenja u samom grad-
skom jezgru istiCe se Bagdala, koja se nastavlja na prvu re¢nu terasu u
jugoistonom delu grada.

Komunikacije se mogu podeliti u dve celine, i to: u starom gradskom
jezgru i u novim naseljima. Sirine i duZine ulica u starom delu grada odre-
dene su u vreme kada je KruSevac jo$ uvek bio relativno malo mesto bez
intenzivhog saobraéaja, pa shodno tome danas predstavljaju prepreku
normalnom saobracaju. U novim naseljima ulice su u vecini sluajeva do-
voljno prohodne, sem u naseljima Lazarica, Bivolje i Parunovac u kojima
je u dosadasnjem periodu preovladavala neplanska gradnja objekata za
stanovanje.

Izgradnjom obilaznice duz Zapadne Morave delimi¢no je reSen tran-
zit. Medutim, i dalje postoji moguc¢nost udesa u samom gradskom jezgru,
jer deo vozila koja prevoze opasne materije prolazi kroz grad, ugrozava-
juéi ga neposredno. S obzirom na to da je tranzit loSe reSen, a ulice u
gradu nisu dovoljno Siroke, verovatno¢a da dode do saobracdajnih udesa,
a samim tim i hemijskih, velika je.
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Raspored vojnih objekata je veoma nepovoljan (pre svega kasarne
.Car Lazar"), jer se nalaze u samom gradskom jezgru i verovatno ¢e biti
ugroZeni ako dode do hemijskog udesa u gradu.

Svojim saobrac¢ajnicama, infrastrukturom i frekvencijom saobracaja
KruSevac ima odredene kritiCne tatke gde najCeSc¢e dolazi do saobra-
¢ajnih udesa. Sa tih mesta, u slu¢aju hemijskog udesa, kontaminacija
ne bi ugrozila samo kasarnu ve¢ i ostale delove grada, a kako bi se kre-
tale pare toksi¢nih hemikalija (TH), i da li bi kontaminacija zahvatila ka-
sarnu zavisilo bi od smera i brzine duvanja vetra. Zbog mera predostro-
Znosti, pravovremenog obavestavanja, a prvenstveno zastite ljudstva
neophodno je poznavati ruze vetrova i kritiCne taCke, koje treba locirati i
ustanoviti njihov uticaj na kasarnu i okolinu. Prosecni i preovladavajuci
smerovi vetra kazu da je u 40-50% slu€ajeva preovladujuci vetar iz
smera istok, odnosno izmedu istoka i jugoistoka (od HI ,,Zupa", HI ,Me-
rima", DIP ,Savremeni dom" i ,Trajal") iz smera sever, odnosno severoi-
stok (,,14. oktobar", Gradska toplana) u 30-40% slu€ajeva, a sa zapada
(DP ,Rubin", TP ,Ravniste skladiste") u 30% slucajeva. Prosec¢na brzina
vetra iznosi 1,8-3 m/s, odnosno najpovoljnija za dostizanje najveceg
dometa para i gasova. ZapaZza se da leti vetrovi najvise duvaju sa zapa-
da, a zimi sa istoka.

Prosecni smerovi i brzine duvanja vetra (ruze i brzine vetrova u Kru-
Sevcu za period 1970-1990. godine) prikazani su na slici 5.

6.0

Brztne vetra u m/e

4.0

NEE EENX 2SI 3SHOMEMH HIN NN NRE

Slika 5 — Ruze i brzine vetrova u Kru$evcu za period 1970-1990. godine
Puc. 5 - Po3sa u ckopocTb BeTpa B I. Kpywesay ¢ 1970-1990 r.
Figure 5 — Wind rose and wind speed in Krusevac for the period 1970 — 1990
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Svi ovi podaci dobijaju se obracanjem pismenim zahtevom, Hidro-
meteoroloskom zavodu Republike Srbije.

U tabelama 1-4 prikazane su dubine prostiranja para toksicnih he-
mikalija, kao i vremena dolaska oblaka i trajanja Zarista hemijske konta-
minacije, kao pokazatelji moguénosti dejstva hemijskih udesa u gradskoj
sredini.

Tabela 1 — [Qubina prostiranja primarnog oblaka para opasne materije (L2), zavisno od
vrste i mase opasne materije, vertikalne stabilnosti vazduha i brzine vetra,
pri temperaturi vazduha od 20 stepeni celzijusa — za trenutni zapreminski izvor
Tabnuua 1 — MybynHa pacnpocTpaHeHus onacHbIX 30H Nnapoe AXOB BTopuyHOro obnaka
(L2), B 32aBMCUMOCTM OT BMAA M MacChl ONAaCHbIX BELLECTB, BEPTUKaNbHON YCTOMYNBOCTU
BO37yXa M CKOPOCTU BeTpa, npu Temnepatype ot 20C°, ¢ y4eToM 3Ha4YeHUN NCTOUYHMKA
Ha MOMEHT aBapuu
Table 1 — Depth of propagation of the primary vapor cloud of hazardous substances (L2),
depending on the type and weight of hazardous materials,
vertical stability of the air and wind speed, at the air temperature
of 20 degrees Celsius - for a current volume source

_E’ <= L1, km
co | 8E convekai - —
§% g8 onvekcija izotermija inverzija
ot | ¥§ 1 2 4 2 4 6 1 2 4
i% = m/s m/s m/s m/s | m/s | m/s | m/s | m/s | m/s
5 | 065 | 044 | 030 | 0.88 | 0.60 | 0.47 | 2.62 | 1.76 | 1.20
10 | 111 | 075 | 0.55 | 1.50 | 1.01 | 0.80 | 4.46 | 3.00 | 2.02
Hior 15 | 152 | 1.02 | 069 | 2.05 | 1.38 | 1.10 | 6.08 | 4.10 | 2.76
19 | 182 | 1.22 | 0.82 | 245 | 164 | 1.31 | 7.26 | 4.90 | 3.28
26 | 219 | 1.48 | 1.00 | 2.95 | 2.00 | 1.58 | 8.76 | 5.90 | 4.00
50 | 379 | 255 | 1.72 | 511 | 3.44 | 2.73 | 152 | 10.2 | 6.88
5 | 021|014 | 010 | 028 [ 0.19 | 0.15 | 0.82 | 0.54 | 0.38
10 | 035 | 0.24 | 0.16 | 047 | 0.32 | 0.25 | 1.40 | 0.94 | 0.64
Amonijak | 15 | 0.48 | 0.32 | 0.21 | 0.64 | 0.43 | 0.34 | 1.90 | 1.28 | 0.86
20 | 060 | 0.40 | 0.27 | 0.80 | 0.54 | 0.43 | 2.38 | 1.60 | 1.08
26 | 073 | 049 | 033 | 098 | 066 | 02 | 290 | 1.96 | 1.32
5 | 018 | 012 | 0.08 | 0.23 | 0.16 | 0.13 | 0.70 | 0.46 | 0.32
S;L”k";%r' 10 | 0.30 | 0.20 | 0.14 | 040 | 0.27 | 0.21 | 1.18 | 0.80 | 0.54
20 | 050 | 0.33 | 023 | 0.67 | 0.45 | 0.36 | 2.00 | 1.34 | 0.90
Uglien- 5 | 024 | 016 | 0.11 | 032|022 | 017 | 0.96 | 0.64 | 0.44
monoksid | 10 | 041 | 028 | 0.18 | 0.55 | 0.37 | 0.29 | 1.62 | 1.10 | 0.74
Fozgen 5 | 038 | 026 | 017 | 051 [ 0.34 | 0.27 | 1.52 | 1.02 | 0.68
10 | 064 | 043 | 029 | 0.86 | 0.58 | 0.46 | 2.56 | 1.72 | 1.16
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Tabela 2 — Dubina prostiranja opasnih zona para sekundarnog oblaka (L1) pri izlivanju
opasne materije u zastitni bazen, zavisno od vrste i mase opasne materije,
vertikalne stabilnosti vazduha i brzine vetra, pri temperaturi od 20 stepeni celzijusa,

u trajanju od 30 minuta

Tabnuua 2 — nybvHa pacnpocTpaHeHns onacHbiX 30H napos AXOB BTOPUYHOTO
obnaka (L1) npy pa3nueBe onacHbIX BELLECTB B 3aUTHLIN 6acceH, B 3aBUCUMOCTH
OT BUAa M Macchl ONacHbIX BELLECTB, BEPTUKANbHOM CTabUNbHOCTM BO34yXa U CKOPOCTH
BeTpa, npu TemnepaTtype ot 20C°, B Nony4acoBOM UHTEpPBane BpeMeHU
Table 2 — Depth of spreading the dangerous zone of secondary vapor clouds (L1)
at a spill of hazardous materials into a protective pool, depending on the type and weight
of hazardous materials, vertical stability of the air and the wind speed,
at a temperature of 20 degrees Celsius for 30 minutes

:‘f’. - Lo, km

e :g § g konvekcija izotermija inverzija

§ % g g ] ] J

OE | Z8 [ 1 | 2| 4| 2|4 |6 |1 | 2]a4
= m/s | m/ls | m/s | mls | m/ls | mls | mls | m/s | m/s

5 0.11 | 0.10 | 0.09 | 0.20 | 0.19 | 0.19 | 0.44 | 0.40 | 0.38
10 0.16 | 0.14 | 0.14 | 0.29 | 0.28 | 0.27 | 0.64 | 0.58 | 0.56
Amonijak 15 0.20 | 0.18 | 0.18 | 0.37 | 0.35 | 0.34 | 0.80 | 0.74 | 0.70
20 024 | 0.22 | 0.21 | 0.43 | 0.41 | 0.40 | 0.96 | 0.86 | 0.82
26 0.27 | 0.25 | 0.23 | 0.50 | 0.47 | 0.46 | 1.10 | 1.00 | 0.94
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5 057 | 0.52 | 049 | 1.04 | 0.98 | 0.97 | 2.28 | 2.08 | 1.96
10 0.84 | 0.76 | 0.72 | 1.52 | 1.44 | 1.42 | 3.34 | 3.04 | 2.88
15 1.04 | 095 | 0.95 | 1.90 | 1.80 | 1.77 | 4.16 | 3.80 | 3.60

Hlor
19 | 1.18 | 1.08 | 1.08 | 216 | 2.05 | 2.01 | 4.74 | 4.32 | 4.19
26 | 141|128 | 122|257 | 244|239 | 564|514 | 4.88
50 |202|184|175|368 | 350|343 |808]7.36]7.00
5 0.11 | 0.10 | 0.09 | 0.20 | 0.19 | 0.18 | 0.44 | 0.40 | 0.38
Sumpor- 10 | 0.16 | 015 | 0.14 | 029 | 0.28 | 0.27 | 0.64 | 0.58 | 0.56
dioksid
20 |023]021|021|042]|041|039]|092]084]082
5 0.35 | 0.32 | 0.30 | 0.63 | 0.60 | 0.58 | 1.38 | 1.26 | 1.20
Fozgen

10 0.55 | 046 | 0.44 | 0.92 | 0.87 | 0.86 | 2.02 | 1.84 | 1.74
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Tabela 3 — Orijentaciono vreme (1) dolaska kontaminiranog oblaka do odredenog mesta
Tabnuua 3 — NpumepHoe Bpems (t1) npubnuxeHns 3arps3HeHHoOro obnaka
K onpefeneHHomMy MecTy
Table 3 — Approximate time (t1) of contaminated clouds reaching a particular place

Rastojanje od t1, min

ZariSta udesa,
km v=1m/s v=2m/s v=3m/s v=5m/s
1 16.7 8.3 5.5 3.3
2 33.3 16.7 1.1 6.7
3 50.0 25.0 16.7 10.0
4 66.7 33.3 22.2 13.3
5 83.3 417 27.8 16.7
6 100.0 50.0 33.3 20.0
8 133.3 66.7 44 4 26.7
10 166.7 83.3 55.5 33.3
1 200.0 100.0 66.7 40.0
15 250.0 125.0 83.3 50.0
20 333.3 166.7 111.1 66.7
25 416.7 208.3 138.9 83.3
30 500.0 250.0 166.7 100.0

Tabela 4 — Orijentaciona vremena trajanja (t2) zarista hemijske kontaminacije u rejonu
udesa, zavisno od vrste i mase opasnih materija u rezervoaru, pri izlivanju u zastitni
bazen ili po vlaznom zemljistu, pri temperaturi vazduha od 20 stepeni celzijusa
i za brzine vetra od 1 do 6 m/s
Tabnuya 4 - NpyMepHas NPOAOIKUTENBHOCTL (t2) XMMNYECKOro 3arpsi3HEHNsI B parioHe
aBapuu, B 3aBMCUMOCTM OT BMAA W MacChl BPeAHbIX BELLECTB B pe3epByape, npu
pasnuee B 3aWMTHLIN 6accenH nnu Ha BrakHyto noysy, npu Temnepatype 20C°
1 ckopoctTM BeTpaoT 1 go6m/c
Table 4 - Approximate duration (t2) of chemical contamination in the area of the accident,
depending on the type and weight of hazardous substances in the tank, at a spill into
a protective pool or on wet soil at a temperature of 20 degrees Celsius and at a wind
speed from1to6m/s

to
Mesto i
izlivanja amonijak hlor sumpor- ugien- fozgen
J dioksid monoksid g
Zbas“t”' 14do6h | 1do4h 3do13h | 05do2min | 3do13h
azen

Okolno | » 4 9 min | 2do8min | 4do18min | do10sek | 4do 17 min
zemljiste
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Kriticne tacke u drumskom saobracaju

Kritiéna tac¢ka 1 (KT-1) x = 4831500; y = 7530500° : raskrsnica puta
KruSevac—Kopaonik (levo); Kraljevo-Vrnjacka Banja (pravo) iz smera Ci-
cevca.

Zbog veoma visokog kvaliteta saobraéajnice od Ciéevca ka Kraljevu
(obilaznica oko KruSevca) vozila se kre¢u pove¢anom brzinom, bez obzi-
ra na ograniCenje. Nedostatak semafora utiCe na mogucnost udesa na
samoj raskrsnici, gde moze doc¢i do sudara vozila, koja idu iz pravca Ci-
¢evca i Kraljeva sa onima koja idu iz pravca s. Makre3ana.

Svoj uticaj kanaliSe prostiranje oblaka para direktno ka kasarni, zbog ma-
gistralnog puta MakreSane—KruSevac koji vodi od kriticne tacke ka kasarni.

Kriticna tacka 2 (KT-2) x = 4829550; y = 7524650 : raskrsnica kod
s. Jasika (kraj jasiCkog puta iz smera KruSevca).

Posto se radi o obilaznici, pomenutoj u odredenoj KT-1 i raskrsnici
koja ima semafore (u vecini sluCajeva ne rade), verovatno¢a udesa je
ista kao u prethodnoj tacki.

Udaljenost od kasarne do ove tacke je oko 3,5 km, a visinska razlika
je mala. Pratec¢i vetar, koji duva iz ovog smera, manjeg je intenziteta, ta-
ko da je dolazak oblaka para toksi¢nih hemikalija manje verovatan. Gle-
dajuéi udaljenje, relativnu visinsku razliku i objekte infrastrukture, ne bi
trebalo da bilo kakav hemijski udes na ovoj kriticnoj tacki ugrozi kasarnu.

Kriticna tacka 3 (KT-3) x = 4827050; y = 7528250 : raskrsnica u Bivo-
lju (skretanje pre mosta na Rasini, kod benzinske stanice Latifovic—-AVIA)

U prethodne dve kriticne tacke radilo se o prevozu toksi¢nih hemika-
lija, koji ne prolazi kroz KruSevac, vec se Koristi obilaznica. Zapaza se da
je uticaj moguéeg hemijskog udesa na kasarnu veoma mali. Medutim,
ulaskom cisterni u gradsku zonu problem se povecava. Deo vozila ne ko-
risti obilaznicu, kako bi kod s. Jasika skrenuli za Krusevac (kada idu iz
Cicevca ), ve¢ kod KT-1 skrecu levo i kroz s. MakreSane, s. Dedinu i Bi-
volje idu za Krusevac ili kod KT-3 skrecu i nastavljaju ka jugu. Bez obzira
na to Sto je put ka jugu, preko jezera Celije, zabranjen za kretanje cister-
ni, veliki broj takvih vozila ovu deonicu koristi, znajuéi ili ne koje su posle-
dice izlivanja toksi¢nih hemikalija u jezero.

Zbog povecane frekfencije saobrac¢aja kod KT-3 verovatnoéa udesa
je velika, signalizacija je prisutna, ali rizik ipak postoji. Tu bi neposredno
bila ugroZena i reka Rasina, jer je u samoj blizini KT-3.

Relativna visinska razlika ne uti€e bitno na prostiranje para toksi¢nih
hemikalija, a udaljenost do kasarne (oko 600 m) i objekti infrastrukture
(kanalisano dejstvo) €ine da opasnost po kasarnu bude velika. Znajuci da

% Pravougle koordinate topografske karte 1 : 50.000 Krusevac 4.
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je verovatan smer vetra, a ujedno i najceSc¢i sa istoka, kasarna bi bila za-
hvaéena parama toksi¢nih meikalija i, ukoliko se pravovremeno ne pre-
duzmu mere zastite, doSlo bi do vecih posledica. 1z tabele 3 se vidi za
koje vreme do kasarne stize oblak para toksi¢nih hemikalija.

Kriticna tacka 4 (KT-4) x = 4826650; y = 7526750 : Raskrsnica kod
kasarne ,Car Lazar".

Posto deo vozila ide pomenutim delom, kroz samo srediste KruSev-
ca, nailazi na raskrsnicu kod kasarne (skretanje ka autobuskoj stanici).
lako je saobracajnica veoma S$iroka, nailazi se na zonu pojacanog sao-
bra¢aja, gde su saobracajni udesi gotovo svakodnevni. Bez obzira na to
Sto postoji semafor, do udesa dolazi prilikom naglog kocenja ili neposto-
vanja prvenstva prolaza, kada signalizacija ne radi. Hemijski udes na
ovoj raskrsnici ugrozio bi u potpunosti kasarnu i ljudstvo u njoj, jer se ona
grani€i sa raskrsnicom. Neadekvatan rad dezurnih organa doveo bi do
katastrofalnih posledica u kasarni.

Kriticna tacka 5 (KT-5) x = 4826800; y = 7526500 : Raskrsnica kod
Lazarice (Stara Carsija).

Deo vozila koji preko jasickog puta prolazi kroz grad koristi ovu ras-
krsnicu. Sira je od ostalih, obezbedena semaforima, ali se ne iskljuCuje
mogucnost nastanka udesa i na njoj, zbog velike frekfencije saobracaja u
zoni autobuske stanice. Objekti gradske i saobraéajne infrastrukture ispo-
ljiavaju negativan uticaj po kasarnu, jer kanaliSu prostiranje para oblaka
toksi€nih hemikalija direktno ka kasarni. Udaljenost KT-5 od kasarne je
oko 500 m, i ukoliko duva zapadni vetar (5to je karakteristicno za letnji
period) kasarna bi bila ugrozena, a neblagovremeno izvestavanje i pred-
uzimanje mera zastite moglo bi izazvati vece posledice.

Kriticne tacke u ZelezniCkom saobracaju

Pored drumskog veoma je kritiCan i zelezniCki saobracaj. Poznavaju-
¢i stanje na$ih pruga i vozova, i da se veliki broj TH prevozi na ovaj na-
¢in, ne sme se iskljuCiti mogucnost nastanka udesa u zeleznickom sao-
bracaju. U KruSevcu, takode, postoje odredene kritiche tacke na pruga-
ma, gde je velika mogucnost nastanka hemijskog udesa.

Kritiéna tacka 6 (KT-6) x = 4827700; y = 7529050 : Zelezni¢ka sta-
nica u Dedini. 3

Znajuc¢i da hemijska industrija ,Zupa" i korporacija ,Trajal" koriste od-
redene TH i da ih stalno prevoze (najceSée Zeleznicom), verovatno¢a na-
stanka hemijskog udesa je velika. Zbog neispravnosti vozova i pruga, kao i
gomilanja kompozicija na ovoj tacki, moguc¢a su razna iskliznuc¢a, a posto
su u neposrednoj blizini hemijske industrije, moze doci do proSirenja udesa
i na hemijska postrojenja, pa i do hemijskih udesa Sirih razmera.
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Udaljenost kasarne od KT-6 je oko 1,2 km, a vetar iz istoénog smera
(karakteristi¢an zimi) moze dovesti oblak para TH na kasarnu i ugroziti je.
Objekti gradske i saobrac¢ajne infrastrukture mogu uticati na prostiranje
para TH, zavisno od smera i jaCine vetra. Medutim, kasarna nije tako bli-
zu ove tacke, tako da nece biti direktno ugrozena, a pravovremenim oba-
vestevanjem mogu se izbeci bilo kakve posledice.

Kriticna tacka 7 (KT-7) x = 4827100; y = 7526150 : Glavna zele-
zni¢ka stanica.

Pored zeleznicke stanice u Dedini veliki rizik za nastajanje udesa pred-
stavlja i glavna ZelezniCka stanica. Udaljenost do kasarne je oko 200 m, ta-
ko da bi kasarna bila neposredno ugrozena i izlozena opasnosti, a ako se
na vreme ne preduzmu mere zastite i evakuacija moze doc¢i do vecih posle-
dica. Da bi pare u potpunosti zahvatile kasarnu vetar bi trebalo da duva sa
severa (Sto je manje verovatno), ali neposredna blizina KT-7 do kasarne Cini
da je ona veoma ugrozena, ukoliko dode do udesa na ovoj tacki.

Sve kriti€ne tacke su podjednako verovatne i mogucnost nastanka
udesa na nekoj od njih je ista. Nije isklju¢en ni udes van ovih mesta, ali to
su tatke gde u normalnom saobracéaju dolazi do najveceg broja saobra-
¢ajnih udesa, tako da je i hemijski udes na njima najverovatniji. Medutim,
moze se zakljuciti da sve kritiCne tacke ne ugrozavaju podjednako kasar-
nu, i da su najopasnije KT-4, KT-5 i KT-7 zbog neposredne blizine.

Da li ¢e oblak para sti¢i do kasarne zavisi od koli¢ine oslobodene
materije, relativne visinske razlike tacke i kasarne, objekata gradske i sa-
obracajne infrastrukture, a prvenstveno udaljenosti mesta udesa od ka-
sarne i smera i jaCine vetra (poSto se smer duvanja vetrova ne moze
predvideti, ne moze se tatno znati ni hoce li kasarna biti zahvacena ili
ne). Najsigurnije je preduzeti adekvatne mere zastite i evakuaciju (ako je
potrebna) odmah po obavestavanju, bez obzira na to o kojoj se udaljeno-
sti radi, radi zastite ljudskih zivota. Na taj nacin mogu se izbe¢i bilo kakve
posledice i eventualni gubici ljudstva.

Organizacija zastite od hemijske kontaminacije
kao posledice hemijskog udesa u rejonu kasarne

Zastita od hemijskih kontaminacija organizuje se na nivou garnizo-
na, na osnovu izvrSenih procena opasnosti. Za potrebe zastite razraduju
se precizna uputstva za postupke dezurnih organa, timova, jedinica i
ustanova i komandi i Stabova u zastiti ljudstva, hrane, vode, sredstava,
opreme i objekata. Osnovu zastite Cine formacijska zastitna sredstva i
zastitna svojstva objekata i opreme jedinica. U odnosu na izvrSene pro-
cene i stepen opasnosti objekti se prilagodavaju potrebama zastite ljudi i
materijalnih dobara (hermetizacija, pokrivanje i sl.). Zastita jedinica AB-
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HO i drugih Cije se angazovanje predvida u neposredno ugrozenim rejo-
nima (utvrdivanje vrste i stepena opasnosti, uklanjanje posledica) ogani-
zuje se i upotrebom posebnih formacijskih i drugih zastitnih sredstava po-
sebne namene (zastitni kombinezoni, izoluju¢i aparati, rezervna , indu-
strijska cedila).

Organizacija za$tite je prioritetan zadatak svih nosilaca aktivnosti u
obezbedenju, sprovodi se radi o€uvanja zivota i zdravlja ljudi i stvaranja
uslova za zivot i rad jedinica.

Organizacija zastite obuhvata:

— postupke jedinica na znak upozorenja i uzbune,

— nacin zastite ljudstva od kontaminacije,

— mere za zastitu zivotinja, artikala hrane, vode i materijalnih dobara i

— izbor pogodnih rejona i pravaca za evakuaciju iz ugrozenih rejona.

Specificnosti kasarne ,Car Lazar”

Kasarna ,Car Lazar" locirana je u severoistoénom delu KruSevca i
nalazi se na nadmorskoj visini od oko 160 metara. Njen poloZaj je veoma
nepovoljan, jer se nalazi u samom gradskom jezgru, na takvoj udaljenosti
od mogucih udesa da bi aero-zagadenje u relativho kratkom vremenu sti-
glo do nje. Udaljenost kasarne od kriticnih taaka i uticaj moguc¢eg hemij-
skog udesa sa tih mesta obradeni su u prethodnoj tezi.

Iz svega toga moze se i zakljuCiti da na bezbednost kasarne i orga-
nizaciju zastite od potencijalnog hemijskog udesa u drumskom i Zeleznic-
kom saobracaju znacajan uticaj ima i njen geografski polozaj. U kasarni
su smesteni 246. bataljon ABHO (bez 1. i 3. Cete), Centar ABHO (C AB-
HO), Vojna akademija (VA) — smer ABHO, Komanda za razvoj rasinske
brigade (KzR Rsbr) i Centar za obuku logistike (COLo0).

Li¢na zastita

Ukoliko je doslo do nailaska para toksi¢nih hemikalija, samo pravilna
licna zasStita sa odgovarajucim sredstvima moze spasiti zivot pojedincu.
Naravno, da li ¢e zastita biti pravilna zavisi od opremljenosti pojedinca
liEnim zastitnim sredstvima i obuéenosti u rukovanju. Li¢na, odnosno po-
jedinacna zastita predstavlja osnovnu zastitu pojedinca, gde sam pojedi-
nac neposredno ucéestvuje u zastiti sopstvenog tela, i od njega najvise
zavisi da li ¢e ona biti uspesna ili ne. Najbitnija je zastita organa za disa-
nje koja je obavezna i primarna. Ne manje vazna je i zastita tela, ali se
ona ne primenjuje uvek, ve¢ samo u odredenim slu€ajevima. 246. bata-
ljon ABHO, Centar ABHO (C ABHO), Vojna akademija (VA) — smer AB-
HO, Komanda za razvoj rasinske brigade (KzR Rsbr) i Centar za obuku
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logistike (COLo) opremljeni su formacijskim sredstvima za li¢nu zastitu {j.
liEnim zastitnim kompletom:

— zastitna maska M2 i M2 F;

— zastitne rukavice;

— zastitni ogrtac;

— zastitne Carape;

— liéni pribor za dekontaminaciju M3.

246. bataljon ABHO, Centar ABHO (C ABHO) i Vojna akademija
(VA) — smer ABHO opremljeni su zastitnim kombinezonima i zastitnim ci-
zmama, $to u sustini predstavlja opremu za kompletnu zastitu tela. Veliki
problem moze se javiti u prepodnevnim satima, kada je u kasarni prisu-
tan veliki broj zaposlenih koji nemaju zastitna sredstva. Taj problem mo-
Ze biti reSen samo blagovremenim izmeStanjem, dok pare toksicnih he-
mikalija ne stignu do kasarne, Sto predstavlja izuzetno sloZzen posao.

Kolektivna zaStita

Osnovu kolektivne zastite Cine vestacki i prirodni objekti (pecine, vr-
taCe). U veStacke objekte svrstavaju se fortifikacijski i gradevinski objekti.

U fortifikacijske objekte spadaju:

— sklonista poljskog tipa,

— saobracajnice,

— rovovi i sl.

Gradevinski objekti koji se mogu koristiti za kolektivnu zastitu su:

— gradska, industrijska sklonista,

— podrumske prostorije,

— metro,

— tuneli,

— propusti i dr.

Potpunu zastitu od para i gasova toksi¢nih hemikalija pruzaju samo
sklonista.

Kasarna ,,Car Lazar" nema svoje skloniste, ali postoje podrumske i dru-
ge prostorije koje u odredenim slu€ajevima mogu posluZiti kao objekti za ko-
lektivnu zastitu. Kod objekata u kasarni javlja se problem hermetizacije. Gra-
devine su starijeg datuma, pa prozori u prostorijama slabije dihtuju, tako da
hermetizacija nije na potrebnom nivou. Da bi se postojeci objekti mogli kori-
stiti za kolektivhu zastitu stolarija se mora zameniti novom i tako obezbediti
potrebna hermetizacija. Uz koriS¢enje licnih zastitnih sredstava u ovako ura-
denim prostorijama ljudstvo se mozZe zastititi od moguceg nailaska para i ga-
sova toksi¢nih hemikalija. Naravno, u granicama moguc¢nosti, jer ako su u
pitanju veoma visoke koncentracije, ljudstvo je neophodno evakuisati u rejo-
ne na kojima je kontaminacija manje verovatna ili nemoguca.
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Evakuacija ljudstva

Evakuacija, kao jedan od bitnijih elemenata zastite ljudstva, mora biti
pravovremena i unapred planirana (u zavisnosti od nailaska para
toksi¢nih hemikalija). U slu€aju nailaska kontaminacije i odlucivanja za
evakuaciju mora se povesti raCuna o samom nacinu evakuacije ljudstva i
kojim bi se pravcem ona izvela. Kasarna se nalazi u samom gradu, tako
da je evakuacija veoma oteZzana, zbog malog broja komunikacija i njiho-
vog zakréenja. Saobracaj bi bio prekinut na komunikacijama KruSevac—
Stala¢, KruSevac—Gaglovo i KruSevac—Kraljevo zbog povecéane frekven-
cije saobradaja. Zbog hitnosti je najsigurnije da se evakuacija izvrsi pe-
Ske, jer vozila mogu biti jedan od otezavajucih faktora ukoliko dode do
zakr€enja komunikacija.

Prohodnost pravcem istok—zapad otezana je ulicom kroz stari deo
grada (stara Carsija), iako je obilaznica duz Zapadne Morave reSila de-
limi€no problem do mosta kod s. Jasika. Prohodnost pravcem sever—
jug relativnho je dobra, ali ,uska grla" mogu biti deonice od Industrije
»14. oktobar”, kroz gradsko jezgro do aerodroma. Komunikacije prema
eventualnim rejonima za evakuaciju su seoskog tipa sa asfalthom
podlogom i sa malim kapacitetom. Komunikacije prema podnozju Gle-
dickih planina su suzenog kapaciteta zbog malog broja broja mostova
na Zapadnoj Moravi. Sam rejon sela Konjuh, Kukljin i Jasika nije po-
godan za evakuaciju zbog deponije koja je locirana u selu Srnje. Po-
godni rejoni za evakuaciju, ako se uzimaju u obzir svi ve¢ navedeni
podaci, bili bi u rejonu Jastrebca i podjastrebackih sela. Kapacitet tih
naseljenih mesta je takav da privremeno mogu primiti celokupno grad-
sko stanovnistvo.

Mora se racunati i na faktor panike, ne samo kod pripadnika voj-
ske, ve¢ i kod ostalog stanovnistva, sto itekako uti¢e na prohodnost i
mogucnost izvrSenja evakuacije. Panika moze mnogo uticati na izvr-
Senje celokupne zastite ljudstva, PocCevsi od postupaka dezurnih or-
gana, koji su najpresudniji za usmeravanje situacije, pa sve do kraja
(izvrSenja moguce evakuacije), ljudstvo se mora pravilno upucdivati i
adekvatno informisati kako ne bi doslo do panike, koja bi ugrozila Zi-
vote i izazvala neposredne gubitke. Zbog toga deZurni organi i koma-
diri jedinica moraju vladati stanjem u jedinici i ne dozvoliti Sirenje pa-
nike.

U tabelama 5 i 6 navedeni su podaci 0 moguéim gubicima ljudstva u
zaristu udesa i u zonama prostiranja para opasnih materija.
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Tabela 5 — Moguc¢i gubici u ljudstvu u ZariStu udesa izazvanih opasnim matarijama,
zavisno od obezbedenosti ljudstva zastitnim maskama®
Tabnuya 5 — Bo3MOXHblE NOTEPY HACENEHWs B oYare aBapvu TpaHcnopTa
C OMacHbIM rpy30M, B 3aBUCHMOCTU OT Hanu4uus 3alUTHbIX CpeacTB
Table 5 — Potential losses in manpower in the focus of accidents caused by dangerous
substances, depending on the protection of personnel by protective masks

Obezbedenost
specijalnim
zastitnim
maskama, %
Gubici u
ljudstvu, %

0 20 30 40 50 60 70 80 90 | 100

do 100| 75 65 58 50 | 40 35 25 18 |do 10

Tabela 6 — Moguci gubici u ljudstvu u zoni prostiranja oblaka para opasnih materija
Ciji je stepen Stetnosti 4 ili 3 (hlor, fozgen, fluorovodonik)

Tabnuya 6 — Bo3amoxHble NoTepu HaceneHus B 30He pacnpocTpaHeHusi obnaka
3apaXxeHHOro Bo3ayxa, Co CTeneHbto onacHocTh 4 nnu 3 (xnop, gocreH, Toposogopon)
Table 6 — Possible losses in manpower in the area of spreading vapor clouds
of dangerous substances with the degree of hazard of 4 or 3
(chlorine, phosgene, hydrogen fluoride)

; Obezbedenost .
Nivo ST . s . Gubici,
ubitaka zastitnim Opsta ocena uslova zasti¢enosti ljudstva o
9 maskama, % °
1 100 povoljavm: wsqk _stepe:n eﬂkggnost/ sistema 2do3
obavestavanja i obucenosti ljudstva
2 100 srednjlv: prosecan stevpen eﬁkasnostl sistema 4do6
obavestavanja i obu€enosti ljudstva
3 100 nepovE)/jan: ryz_ak st%pen e_fllfasnost/ sistema 7 do 10
obavestavanja i obucenosti ljudstva
4 0 krajnjev n/zak'st(_-:'pen vef/kasr_pst/ sistema 25 do 30
obavestavanja i obucenosti ljudstva

ZakljuCak

Sagledavajuci sve specificnosti udesa pri proizvodniji i transportu vi-
sokotoksic¢nih materija, moze se zakljuCiti da je organizacija odgovora na
takvu vrstu udesa, kao jedan od prioritetnih zadataka, izuzetno sloZena i
kompleksna aktivnost. Ona zahteva potpunu struénu osposobljenost svih
subjekata, pa je potrebno obucavanje adekvatnog kadra koji ¢e biti u mo-
guénosti da efikasno odgovori na udes izazvan opasnim materijama.

Uzimajuci u obzir sve specificnosti udesa sa opasnim materijama,
moze se zakljuCiti da je organizacija upravljanja rizikom kod ovakvih vrsta

4 Podaci se odnose na opasne materije sa stepenom Stetnosti 4 ili 3 (hlor, fozgen, fluorovodonik i dr.),
prema JUS Z.C0.012
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vanrednih situacija izuzetno slozena i kompleksna i da zahteva sistemti-
zovan i multidisciplinarni pristup. Krajnji cilj svih napora pri razmatranju
ovog problema svodi se na tzv. minimizaciju rizika u svim fazama proce-
sa upravljanja akcidentnim situacijama.

Postojanje kritiCnih taCaka u drumskom i Zeleznickom saobraéaju na
teritoriji KruSevca u direktnoj je vezi sa moguc¢noScu nastanka udesa iza-
zvanog opasnhim materijama. Vojska Srbije ima zna€ajno mesto i ulogu u
obezbedenju sopstvenih snaga i sredstava i struktura van svog sastava
od takvih udesa. Sagledavanjem svih elemenata procene potencijalnog
udesa izazvanog opasnim materijama i njihovog medusobnog uticaja iz-
vodi se zaklju¢ak na osnovu kojeg se planira i izvodi obezbedenje jedini-
ca i ustanova Vojske od takvog udesa.

Kasarna ,Car Lazar” u KruSevcu je veoma ugrozena u slu¢aju nastan-
ka udesa izazvanog opashim materijama u drumskom i Zelezni¢kom sao-
brac¢aju, pa naroCitu paznju treba obratiti na obezbedenje od takvog udesa.
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MPOrHO3 BO3AENCTBWA ABAPVIN TPAHCMOPTA C OMACHbIM
rPY30M HA KASAPMY «LAP JTIASAP» B TOPOJE KPYLLUEBAL|

CpdxaH 3. PyTuy

BoopyxeHHble cunel PC, LUTtab no obyyeHuto, Lientp PXB3, r. Kpylwesau,
HesiH P. hpxny

YHuBepcuTeT 06opoHsl B I. benrpaa, BoeHHas akagemus

OBJNACTb: oxpaHa okpyxatoLlen cpeabl, XMMUYeckne TeXHONornm
BWO CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: cepbekuin
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Pe3some:

B OaHHolI pabome 8bINoSIHEH MPO2HO3 PUCKO8 OM Xere3Hodopo-
JKHOU U asmoOopoXXHOU aeapull mpaHcriopma C OracHbIM 2py30M Ha
meppumopuu 2opoda Kpywesay. OnpederieHbl KpumMu4Yeckue ryHKMmbl
JKerie3HOOOPOXXHO20 U asmoOopOXHO20 Mapuipyma 8 2opode Kpyuwesau,
8bIMNOJIHEH aHasu3 pPUcKo8 om agapull Xesnne3HOO0POKHO20 U asmodopo-
JKHO20 mpaHcropma C oracHbIM 2py30M, a MakKXe 6bIMOSIHEH MPO2HO3
nocnedcmeuti asapuu 0risi kasapmbl «Llap Jlazap» e eopode Kpywesau.

Pesynbmamsl aHanu3a rokasarsnu, Ymo kasapma «Ljap Jlazap» Ha-
xodumcsi 8 30He pucka om riocredcmauti asapuu asmoOOPOXKHO20 U XKe-
J1Ie3HOOOPOXKHO20 MpaHcropma ¢ ornacHbIM 2py3oM. B amoli cesi3u Heob-
xodumo ydenume ocoboe eHUMaHue obecriedeHuto mMep o be3onacHo-
cmu u rpedomepauwjeHuUro agapuu mpaHCcropma ¢ ornacHbIM 2py30M.

KntoyeBble CrioBa: mMoKCUYHbIe XUMUKambl, MPO2HO3 cumyauyuu, Kpumu-
yeckue ryHKmbIl, asmoOOPOXHBIU U XXerle3HOOOPOXHbBIU mpaHcriopm,
onacHble sewiecmea, PXB3, agapusi mpaHcriopma ¢ ornacHbiM 2py30M.
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Summary:

The paper analyzes the risk of accidents involving hazardous
substances during road and rail traffic in the city of KruSevac. Critical points
in road and rail transport in the city of Krusevac are defined, followed by an
analysis of the possibility of accidents in the transport of dangerous goods
as well as an assessment of their impact on Car Lazar military barracks in
KruSevac. It was concluded that Car Lazar barracks in KruSevac are
significantly threatened by a possibility of accidents with hazardous
materials in road and rail transport; therefore, particular attention should be
paid to the prevention from accidents involving hazardous substances.

Introduction

Risks of chemical contamination due to accidents with hazardous
materials are diverse and possible to occur as events in the past few
years have shown.
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In urban areas, there are frequent breakdowns in stationary and
mobile facilities (in production systems, warehouses, storage tanks,
pipelines and conveyor belts). Harmful and hazardous substances can
be poured into the environment, often suddenly and without control.

By transporting highly toxic substances from one location to
another, transport vehicles become active participants in traffic. Failure
to comply with traffic regulations, especially in road transport, can often
cause large-scale chemical accidents although all other measures
related to proper handling and storage of hazardous substances in the
vehicle are complied with.

One of the factors comprised in the methodology of risk
management is a three-phase analysis of the risk of accidents:

— first phase - identification of hazards,

— second phase - analysis of the consequences, and

— third phase - risk assessment.

The first phase deals with the collection of all data on dangerous
activities and hazardous materials necessary for the impact analysis and
risk assessment. The ultimate goal is to determine the types of potential
contaminants and the type and properties of chemical substances that
are transported. A starting point must be a collection of data on
companies and other subjects engaged in the production, processing,
storage and transportation of hazardous materials, as well as information
about the type and amount of these substances. All hazardous materials
are defined in the Regulations, in the list of hazardous substances. Risk
assessment is done when hazardous substances that can cause
chemical accidents are present in quantities equal to or greater than
those specified in the list of hazardous substances (Article 4, Regulations
on the methodology for risk assessment of chemical accidents and
environmental pollution, Official Gazette of RS No. 60/94, Belgrade,
1994). A registry of potential hazardous sources is then created. Each
substance from the registry has its properties determined. This data is
important because of protection types, decontamination methods,
methods for measuring affected areas, efc.

In the second phase, during preparation for the analysis, a team
of professionals of different specialties is formed. A display of possible
developments is obtained by modeling the effects, which leads to
modelling a possible extent of accidents and their consequences for
lives and health of people and the environment. Modeling is a complex
process, performed by using different models of effects: ideal, real,
two-phase or combined ones. Their application helps in calculating the
effects of the maximum amount of hazardous substances
simultaneously released during an accident.

The third phase is risk assessment. During transportation of
highly toxic substances, it is extremely important to estimate a position
of potential sources of danger. The parts of risk assessment are:

-data on transport communications,

— distance of the communications from facilities,
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— azimuth,

— sectors with the highest probability of an accident,

— relative altitude difference,

— natural and artificial barriers between hazard sources and
vulnerable facilities.

Military facilities in KruSevac are at unfavorable locations (notably
Car Lazar barracks), because they are in the city center and are likely
to be put at risk in case of a chemical accident in the city.

All critical points in road and rail transport are equally probable
and the possibility of an accident at one of them is the same. Accidents
can happen anywhere, but since these are the points with the largest
number of traffic accidents during everyday traffic, chemical accidents
are most likely to occur at these points. However, it can be concluded
that the most dangerous points for endangering Car Lazar barracks
are CT-4, CT-5 and CT-7 because of their proximity to the barracks.

Whether vapor clouds are to reach the barracks depends on the
amount of released material, the relative altitude difference, urban and
transport infrastructure, and, primarily, on the distance of the accident
from the barracks as well as the direction and strength of wind (since
winds are unpredictable, it is not possible to know with certainty
whether the barracks will be affected or not). It is safest to take
adequate measures for the protection and evacuation (if necessary)
immediately upon notification, regardless of the distance to the
accident point, with the aim of saving human lives, thus avoiding any
consequences and possible loss of manpower.

Protection from chemical contamination is organized at the level
of the garrison, on the basis of completed risk assessment. For the
purpose of protection, there are specific, elaborated guidelines for the
activities of on-duty bodies, teams, units and institutions as well as for
the activities of commands dealing with the protection of personnel,
food, water, weapons, equipment and facilities. The protection
fundamentals comprise protective equipment and protective properties
of buildings and equipment of units. In accordance with the
assessment and a hazard level, facilities are adapted to protect people
and goods (air-tight sealing, coverage, efc.). The protection of NBC
units and others engaged in immediately affected regions is also
provided by protective equipment for special purposes (protective
overalls, isolating equipment, spare and industrial strainers).

The organization of protection is a priority task for all safety
personnel and it is carried out in order to save lives and health of
people and create favourable conditions for life and operation of units.

Conclusion

When all the specific details of accidents during production and
transport of highly toxic substances are taken into account, it can be
concluded that the organization of the answer to this kind of accidents
is an extremely complicated and complex activity that requires fully
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qualified personnel, trained to effectively respond to accidents with
hazardous materials.

It can also be concluded that the organization of risk management
in this kind of emergency situation is an extremely complicated and
complex activity, requiring a systematic and multidisciplinary approach.
The ultimate goal of all efforts in addressing this problem is to reduce,
ie. to minimize risk in all phases of accident management.

The existence of critical points in road and rail transport in
KruSevac is directly related to a possibility of accidents involving
hazardous substances. The Army of Serbia has a significant place and
role in preventing such accidents both in the military and the civilian
sector. After taking into account all the elements of the assessment of
potential accidents involving hazardous substances and their mutual
influence, one can draw a conclusion which is a basis for planning and
organising Army units and institutions in case of accidents involving
hazardous substances.

Car Lazar barracks in KruSevac are at high risk of accidents with
hazardous materials in road and rail transport; therefore, a particular
attention should be paid to the prevention from accidents involving
hazardous substances.

Key words: toxic chemicals; assessment; critical point; road and rail
transport; hazardous materials; CBRN; accidents involving hazardous
substances.
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Sazetak:

Prilikom upotrebe minsko-eksplozivnih sredstava za ruSenje ele-
menata, materijala i objekata jako je bitna organizacija izvodenja rado-
va prilikom pripreme i u toku izvodenja samog ruSenja. Za izvodenje
ovih radova u Vojsci Srbije postoje specijalizovane i namenske jedini-
ce. Radi se o jedinicama jedne od specijalnosti u okviru roda inZinjeri-
Je, pionirske specijalnosti, koje egzistiraju u okviru inZinjerijskih bataljo-
na, odnosno brigada KoV. Organizacija inZinjerijskih radova zapravo
predstavija iznalaZenje najcelishodnijeg reSenja u pogledu upotrebe
pokretnih stvari, ali i naprezanja ljudstva, pri ruSenju konkretnog objek-
ta — deonice puta. Pri tome veliki problem predstavija literatura, a po-
sebno norme za izvodenje radova, jer izuzev nekoliko skripti za internu
upotrebu, sve se svodi na literaturu iz sedamdesetih ili po¢etak osam-
desetih godina proSlog veka. Posebno je razradena primena mera za-
Stite prilikom upotrebe eksploziva.

Klju€ne redi: putevi, literatura, eksplozivi, inZinjerijski radovi, rusenje.

Uvod

Pod ruSenjem elemenata podrazumevamo fizicko naru$avanje obli-
ka i prestanak njihove osnovne funkcije. Elementi se mogu rusiti samo-
stalno, pojedinacno ili vise elemenata zajedno. Skup elemenata poveza-
nih u jedan konstruktivni sistem predstavlja jedan objekat. Elementi u jed-
nom sistemu ruSe se zajedno sa objektom koji se ruSi. Pod pojmom
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ruSenja podrazumeva se uniStavanje ili onesposobljavanje objekata,
predmeta ili materijala radi stvaranja ili uklanjanja prepreka. Prepreke ko-
je nastaju kao posledica rusenja delova komunikacija, komunikacijskih i
drugih objekata, predstavljaju vazan elemenat sistema zapre€avanja na
zemljiSnim prostorijama. One mogu znatno da uspore, otezaju, a u po-
voljnim uslovima i da spre€e oruzanim snagama pokret odredenim prav-
cima. Pored toga, rusenjem raznih objekata nanosi se odredena materi-
jalna Steta, otezava ili onemogucava proizvodnja i koriS¢enje materijalnih
dobara. (Skarec, 1979)

U zavisnosti od cilja koji se ruSenjem Zeli postiéi, raspolozivog vre-
mena, snaga i sredstava i neprijateljskih tehnic¢kih moguénosti, objekti se
mogu rusiti:

» potpuno ili

» delimi¢no. (Generalstab JNA — Uprava inzinjerije, 1972)

Potpuno rusenje objekata vrsi se razaranjem u toj meri da postanu
nefunkcionalni, a njihova opravka neracionalna. Potpuno ruSenje
veéinom se izvodi kod manijih objekata, propusta, mostova manjih raspo-
na (Cija je duzina manja od tehnickih mogucnosti sredstava za
savladivanje prepreka), kracih tunela, zgrada, objekata i raznih pomoc¢nih
manjih konstrukcija. Veliki objekti, kao luke, pristanista, aerodromi, nasi-
pi, mostovi veéih raspona, kompleksna industrijska proizvodna i energet-
ska postrojenja izuzetno se ruse potpuno.

Delimiénim ruSenjem objekata razaraju se samo njihovi pojedini
vazni delovi, a izvodi se presecanjem osnovnih konstruktivnih elemenata
na objektima ili potpunim rudenjem dela objekta (jednog ili viSe raspona
mosta, deonice puta, tunela, lukobrana i sli€no). Pri delimiCnom ruSenju
moguca je opravka ili adaptacija, zavisno od vrste osteéenja — rusenja,
Sto usporava aktivnost oruzanih snaga u vidu pokreta i/ili proizvodnje, a
iziskuje angazovanje specijalizovanih i posebno opremljenih jedinica za
savladivanje prepreka i uspostavljanje normalne funkcije objekta.

Nadleznost o donosenju odluke o potpunom ili delimicnom rusenju,
stavljanju u prvi ili drugi stepen pripravnosti i izdavanju izvr$nih naredenja
za ruSenje reguliSe se u svakoj konkretnoj situaciji zapoves¢u ili poseb-
nim naredenjem. Komandanti brigada i jedinica istog ranga donose odlu-
ku o ruSenju objekata u zoni dejstva vlastitih jedinica, sem za one objekte
koji su znacajni za viSu komandu. Visa komanda je duzna da u svakoj
konkretnoj situaciji saopsti nizim komandama koji su objekti u njenoj
nadleznosti. Bez obzira na to da li se objekti ruSe potpuno ili delimiéno,
njihovom ruSenju prethode odredeni pripremni radovi (izvidanje, procena
situacije sa proraCunom, donosenje odluke i izrada plana rusenja objeka-
ta, izrada minskih bunara, postavljanje eksplozivnih punjenja, izrada
mreza za paljenje i drugo). (GeneralStab JNA — Uprava inZinjerije, 1972)
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U radu je naveden primer organizacije inzinjerijskin radova pri
ruSenju elementa, materijala i objekata, obradenih na osnovu plana
ruSenja deonice puta. U tom primeru prikazan je nacelan plan ruSenja
deonica puta sa osnovnom pripadaju¢om dokumentacijom, proraunom
ljudstva za izvrSenje radova i specifikacijom pokretnih stvari (u daljem
tekstu PS) prilikom sprovodenja odredbi plana rusenja.

Pojam organizacije inzinjerijskin radova

Organizacija inzinjerijskih radova je svrsishodna delatnost koja je
usmerena na uskladivanje ljudskih i materijalnih potencijala neke
inzinjerijske jedinice po vremenu, prostoru i vrstama radova, radi kvalitet-
nog i potpunog izvrSavanja inzinjerijskih zadataka, uz najracionalniji
utroSak vremena, radne snage, sredstava i energije (Hristov, 1978).

Po mnogo ¢emu organizacija inzinjerijskih radova je vrlo sli€na orga-
nizaciji gradevinskih radova (sli€na nacela, principi, metodi rada, itd.), i
upravo zbog te sli€nosti pri realizaciji zadataka i razradi organizacije za
njih se koristi i literatura iz domena gradevinarstva. Uprkos navedenoj
slicnosti organizacija inzinjerijskih radova je i vrlo razliCita, pre svega zato
Sto pociva na vojnim pravilima upotrebe, sredstvima, kadrom, vojnom si-
stemu logistiCke podrske i sli¢no.

Organizacija inzinjerijskih radova zapravo predstavlja izuzetan nacin
L,umrezavanja” ili spoja, poznavanja teoretskih i prakti¢nih mogucnosti
jedne inZinjerijske jedinice (tehnickih i ljudskih), kao i iznalaZenje najpo-
voljnijeg nacina kao bi se te moguc¢nosti mogle Sto bolje i rentabilnije is-
koristiti radi njene namenske upotrebe, ali prevashodno i realizacije do-
deljenog zadatka. Komandanti i/ili komandiri inZinjerijskih jedinica, ali i
komandanti kojima su one potcinjene predstavljaju posebnu vrstu
menadzera. Ako se tome doda &injenica da u okviru roda inZinjerije po-
stoji osam specijalnosti, moze se pretpostaviti koliko znanja i sposobnosti
ta grupa ljudi mora posedovati.

Po nacelima organizacije inzinjerijskih radova, svakom angazovanju
jedne inzinjerijske jedinice ili njenog dela prethodi priprema inzinjerijskih
radova koja sadrzi sledece elemente:

» proucCavanje zadatka sa prate¢im podacima i informacijama:

e upoznavanje sa sadrZzajem, obimom, teZinom i uslovima,
proucavanje tehni¢kog reSenja i
izrada plana izvidanja i priprema jedinice za izvrSenje zadatka;
» procena situacije:
e neprijatelj (blizina, aktivnost),
e vlastite snage (popunjenost ljudstva i PS)
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>

>

o zemljiSte (saobracéajnice, reljef zemljiSta, svojstva zemljiSta —
geoloski sastav i hidroloSka svojstva, nalazista gradevinskog
materijala, moguénost koriS¢enja lokalne pogonske energije,
uslovi za smestaj, snabdevanje i zastitu, maskiranje) i

e vreme (povecCanje normi zbog neprijatelja, meteo uslova, ljud-
ski faktor);

izvidanje rejona izvodenja radova — zavisi od vrste radova koji se

izvode;

uredenje logora i radilista:

e vrSi se prema sledeé¢im nacelima: grupisanja, oCuvanja kvali-
teta, tehnoloSkog prioriteta, tehnoloSke uzastopnosti, gravita-
cije, komunikativnosti i bezbednosti.

organizacija pripreme materijala — zavisi od vrste radova koji se

izvode;

organizacija transporta:

e spoljasnjii

e unutradniji;

izdavanje operativnog naredenja (u daljem tekstu OPNAR), zavisi od

radova koji se izvode ali, u nacelu, mora da ima sledece elemente:

e zadatak svakoj pot€injenoj jedinici prema projektnoj dokumen-
taciji (izrada, opravka, odrzavanje deonice puta i sli¢no),
mesta gradevinskog materijala, nacin dobijanja, transport,
nacin regulisanja saobracaja u rejonu radova,
izrada pomocnih objekata i postrojenja (skela, platformi, prila-
znih puteva, utovarnih rampi, uredenje majdana gradevinskog
materijala i sli¢no),
mere zastite na radu,
mere borbenog obezbedenja i
rok gotovosti pojedinih faza i zadataka u celini.

Rusenje elemenata i materijala

RuSenje objekata, njihovih konstruktivnih elemenata i materijala pred-
stavlja njihovo onesposobljavanje ili potpuno unistavanje i onemogucéavanije
za dalju upotrebu u namenjene svrhe. RuSenje predstavija vrlo kompleksan
zadatak koji izvrSavaju namenske i specijalizovane jedinice Vojske Srbije (u
daljem tekstu VS) — inzinjerijske jedinice, odnosno zadatak izvrSavaju pri-
padnici pionirske specijalnosti u okviru roda inzinjerije. Po nacelima upotre-
be inzinjerije, za realizaciju zadataka iz domena ruSenja pionirske jedinice
mogu biti ojatane jedinicama i/ili delovima jedinica drugih rodova, prevas-
hodno pesadije i oklopnih jedinica. (Kitanovi¢, 2000)
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Postoje mnogobrojne klasifikacije rusenja na osnovu razli€itih kriteriju-
ma, ali jedna od osnovnih klasifikacija ruSenja obuhvata objekte rusenja:

> elemente,
» materijale i
» objekte.

U clanku su navedeni tipini predstavnici svake od navedene vrste
sa osnovnim karakteristikama, kao i formulama neophodnim za prora¢un
potrebne koliCine eksplozivnhog punjenja (u daljem tekstu EP). Za
uspesno ruSenje bilo koje vrste neophodno je poznavanje karakteristika
objekta koji se rusi, al i EP koje se koristi za isto.

Rusenje drveta

Drvo se mozZe ruSiti pomocu eksploziva, mehanickim sredstvima i spalji-
vanjem. Osnovni nacin ruSenja drvenih elemenata je pomocu eksploziva, a u
nedostatku eksploziva moze se rusiti mehanicki ili spaljivanjem u povoljnim
meteoroloSkim uslovima (drveni mostovi, stambeni objekti-barake i slicno).
Pre ruSenja potrebno je utvrditi mesto rudenja, polozaj, oblik EP, osobine dr-
veta i dimenzije popre¢nog preseka na mestu ruSenja. Drvo se moZe rusiti
(stablo, balvan, Sip, greda i sli¢no) i u vodi i na suvom, spoljnim ili unutradnjim
punjenjem, koncentrisanim ili pruznim. Koli€ina eksploziva potrebna za potpu-
no rudenje drvenog elementa zavisi od dimenzija popre¢nog preseka, tvrdoce
drveta, stepena vlaznosti (sirovo ili suvo), mesta postavljanja EP (u vodi,
spoljasnje, unutradnje) i vrste eksploziva predvidenog za rusenje.

Potrebna koli¢ina eksploziva — trotila odreduje se proraCunom ili
oCitavanjem iz tablica. Koli€ina eksploziva za koncentrisano i pruzno EP
proraCunava se prema obrascima:

» za spoljno EP: P = F*M

*
» za unutradnje EP: P:%
> za EP postavljeno u vodi na dubini vecoj od 0,5 m:
F*M
gdeje: P= —

P — potrebna koli¢ina eksploziva za jedno EP izrazeno u g,

F — povrSina popre¢nog preseka drvenog elementa na mestu postavlja-
nja EP izrazeno u cm? PovrSina se izraCunava prema obrascima
adekvatnim geometrijskim telima,

M — &inilac otpornosti materijala, koji zavisi od dimenzija elementa, tvrdoce
i stepena vlaznosti vazduha, a njegova vrednost se krec¢e od 1 do 4
(Generalstab JNA — Uprava inzinjerije, 1972).
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2 ifili 10 — faktori smanjenja koli€ine eksploziva za EP koja se posta-
vljaju u vodi na 0,5 m ispod povrsine vode i unutradnja EP koja su posta-
vljena u buSotine.

Ako se za ruSenje upotrebljava neki drugi eksploziv, proradunata
koli¢ina eksploziva po obrascima mnozi se sa faktorom odnosa upotreblje-
nog eksploziva prema trotilu koji je dat u tabeli 1, na stranicama od 24. do
31. Uputstva za rusenje. (Generalstab JNA — Uprava inzinjerije, 1972)

U zavisnosti od oblika i karakteristika drveta, ruSenje drveta se moze
svrstati u sledece kategorije:

» rudenje drveta okruglog preseka,

» ruSenje drveta Cetvrtastog preseka,

» rusenje grupe drvenih elemenata,

» ruSenje — kréenje panjeva.

Rusenje ¢elicnih elemenata

Celieni (metalni) elementi pojavljuju se u raznim vestackim objektima
u sklopu neke konstrukcije ili samostalno u vidu €eli€nih Sipki, plo€a, cevi,
raznih nosaca, uzadi, Sina i slicno. RuSenje se vrSi koncentrisanim,
pruznim, kumulativnim ili kombinovanim EP. Za ruSenje Celi¢nih eleme-
nata upotrebljava se eksploziv trotil, njemu jednaki eksplozivi po jacini ili
jacgi, dok se slabiji eksplozivi od trotila nacelno ne koriste. Potrebna
koli€ina eksploziva za ruSenje Celicnih elemenata moze se odrediti prema
debljini elemenata u centimetrima, proracunom ili prema tablicama.

Koli€ina eksploziva za ruSenje CeliCnih elemenata prema debljini

odreduje se na sledeci nacin:

» za CeliCne elemente dija je debljina manja od 0,04 m, koliina eks-
ploziva se odreduje tako da se na svaki cm debljine elementa uzi-
ma po jedan red eksplozivnih metaka od trotila mase 0,2 kg. Na
primer: za Celi¢ni elemenat debljine 0,03 m uzima se tri reda ovih
metaka eksploziva,

» broj metaka u jednom redu odreduje se prema Sirini elementa na
mestu ruSenja (presecanja), tako sto se u cm podeli duzinom eks-
plozivnog metka u cm. Broj eksplozivnih metaka u EP za ruSenje
dobija se kada se broj eksplozivnih metaka za jedan red pomnoZi
sa brojem potrebnih redova (debljinom elemenata u cm). Ovako
odredena koliina eksploziva treba da se poveca za jos 25%,

» za Celicne elemente debljine preko 0,04 m koli¢ina eksploziva se
odreduje na isti nacin kao i za elemente debljine do 0,04 m, s tim
Sto se na svaki centimetar debljine elementa, umesto jednog reda
eksplozivnih metaka, uzimaju po dva reda metaka trotila od 0,2
kg. | ovako odredena koli¢ina povecava se za 25%.
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Osnovni nacin odredivanja koli€ine eksploziva za ruSenje CeliCnih
elemenata rauna se po obrascu:

P =FM
gde su P, F i M isti parametri kao i kod ruSenja drveta.

Dovoljno tacne koliCine eksploziva za rusenje CeliCnih elemenata stan-
dardnih dimenzija i oblika mogu da se odrede i po tabeli 13 na strani 147. i
148. Uputstva za ruSenje. (GeneralStab JNA — Uprava inZinjerije, 1972)

Rusenje CeliCnih elemenata moze se svrstati u sledece kategorije:
» ruSenje Celicnih Sipki,

» ruSenje CeliCnih ploca,

» ruSenje CeliCnih profilisanih nosaca,

> ruSenje Celicnih cevi,

> ruSenje Celicnih uzadi.

Rusenje armiranobetonskih elemenata

Armiranobetonski elementi sastoje se od betona i ugradenih &eli¢nih
zica i Sipki raznih profila koje predstavljaju armaturu. Zavisno od procenta
i rasporeda armature u elementu, dimenzija elementa i polozaja armira-
nobetonskog elementa koji se rusi u konstruktivnom sistemu objekta, ele-
menti od armiranog betona mogu se rusiti spoljnim ili unutrasnjim EP
pruznog, koncentrisanog, kumulativnog ili kombinovanog oblika.

Pruzna EP primenjuju se za ruSenje armiranobetonskih elemenata
debljine do 0,5 m, a izuzetno do 1 m debljine, narodito pri ruSenju armira-
nobetonskih stubova. Pruzna EP primenjuju se kao spoljna i unutrasnja.
Unutrasnja EP postavljaju se u minske busotine. Izrada busotina u ele-
mentu moze biti ograni¢ena, zavisno od procenta i rasporeda armature,
kao i samog poloZaja elementa u objektu. Koncentrisana EP primenjuju
se za ruSenje armiranobetonskih elemenata debljine vece od 0,5 m. Ku-
mulativna EP veoma efikasno se mogu primeniti za ruSenje svih vrsta
armiranobetonskih elemenata. Uz najmaniji utroSak kumulativho oblikova-
nog plastiCnog ili drugog eksploziva postizu se najbolji rezultati pri
rusenju — presecanju armirano-betonskih elemenata.

Kombinovana EP primenjuju se zbog razli¢itog preseka i rasporeda
armature u popre¢nom preseku elementa. Za armirani deo elementa po-
treban je vecéa koli¢ina eksploziva, dok je za beton potrebna manja
koli¢ina, $to omogucuje primenu kombinovanih punjenja za rusenje ele-
menata, pa se time ujedno postize racionalna upotreba eksploziva.

Ako je armatura skoncentrisana na jednom mestu (gornjem ili do-
njem pojasu) manje od 5% ukupne povrSine popreCnog preseka sa
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Sipkama prec€nika manjeg od 0,02 m i rastojanjem izmedu Sipki ve¢em od
0,05 m, potrebna koli¢ina eksploziva proraCunava se po obrascima:
» za sva koncentrisana EP, koja ruSe samo beton:

P=M=#*Zx*h’;
» za sva spoljna pruzna EP koja ruSe samo beton:
P=M=*Zxh>=],

» ostali deo armaturnobetonskog nosaca u kojem je skoncentrisa-
na armatura rudi se po obrascu za ruSenje Celi¢nih elemenata:

P=F*M.

gde su:

P, F i Misti parametri kao i u prethodnim obrascima;

Z — Cinilac zaCepljenja

h — racunska linija otpora i

| — duzina elementa koji se rusi na mestu presecanja izrazava se u m.

Kada je u popre¢nom preseku armiranobetonskog elementa armatu-
ra veca od 5% (Sipke deblje od 0,02 m, a medusobno rastojanje manje
od 0,05 m), armiranobetonski elemenat se ne rusi sa dva razli€ita EP,
ve¢ sa jednim EP za koje se koli¢ina eksploziva proraCunava kao za
ruSenje CeliCnih elemenata debljine preko 0,04 m. Armiranobetonski ele-
ment sa neravhomerno rasporedenom armaturom proraCunava se tako
8to se za povrSinu elementa koja sadrzi vise od 5% armature eksploziv
proraCunava kao za Celik debljine preko 0,04 m, a povrSina popre¢nog
preseka sa procentom armature do 5% ru$e kao slabo armirani beton.

Prema obliku, veli€ini i polozaju armiranobetonskih elemenata, kao
konstruktivnih delova armiranobetonskih objekata, razlikuju se slededi
elementi koji se ruse:
rusenje armiranobetonskih stubova i lukova,
ruSenje armiranobetonskih zidova,
ruSenje jednostavnih i kontinuiranih armiranobetonskih greda,
ruSenje jednostavne armiranobetonske ploce,
ruSenje rebraste armiranobetonske ploce.

YVVVYVYY

Rusenje elemenata od prednapregnutog betona

Elementi od prednapregnutog betona izradeni su od visokokvalitet-
nog betona koji ima ¢vrstoCu na pritisak za 2 do 3 puta vecu od obi¢nog
armiranog betona. U prednapregnuti elemenat ugradene su upredene
Celicne Zice koje su prednapregnute velikim silama i ankerisane
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(u€vrdéene) na krajevima elementa. Armatura je luéno povijena od jed-
nog kraja prema drugom. Na krajevima elementa armatura je
rasporedena po Citavoj visini, dok je na visini elementa skoncentrisana
na najmanjoj povrsini u donjem delu pojasa elementa. Prednapregnuti
elementi upotrebljavaju se za izradu vijadukata, hangara, raznih mosnih
konstrukcija i drugih gradevinskih objekata.

Elementi od prednapregnutog betona rusSe se spoljnim koncentrisa-
nim EP koji se postavljaju tacno na sredini elementa. Kod viSih elemena-
ta EP se sastoji od dva dela: jednog EP koje se postavlja sa donje strane
elementa, namenjeno za presecanje armature (koli¢ina eksploziva za
presecanje tog dela nosaga proracunava se po obrascu kao i za Celik de-
blji od 0,04 m) i drugog dela EP koje se postavlja vertikalno po visini ele-
menta, a namenjeno je za razbijanje betona. Koli€ina eksploziva za ovu
vrstu EP proracunava se kao i za beton sa armaturom do 5%. Elementi
od prednapregnutog betona mogu se rusiti i na drugi nain uz maniji
utroSak eksploziva. Na zadnjim tre¢inama duzine elementa, prema oslon-
cima, postave se dva EP, sa svake strane po jedno. Eksplozivho punje-
nje postavlja se po Citavoj visini elementa, a proraCunava se kao i za
armirani beton sa armaturom do 5%.

RusSenje objekata

Rusenje objekata predstavlja niz radnji i postupaka kojima se prime-
nom eksploziva i drugih sredstava objekti unidtavaju ili onesposobljavaju
u tolikoj meri da se ne mogu koristiti u namenjene svrhe. (GeneralStab
JNA — Uprava inZinjerije, 1972) U zavisnosti od konkretne situacije, vrste
i karakteristike samih objekata koji se ruSe, mesta i stepena njihovog
ruSenja, ali i cilja koji se Zeli posti¢i njihovim ruSenjem, pokret neprijatelja
se na odredenim pravcima otezava i/ili usporava, nanose mu se gubici u
zivoj sili i PS i otezava i/ili onemogucéava eksploatacija resursa zemlje.

Moderni nacin vodenja borbenih dejstava, sa izrazito brzim promena-
ma situacije na bojistu, namece brzi, snazniji i efikasniji manevar snaga i
PS na terenu. U takvoj situaciji posebnu pazZnju prevashodno treba posve-
titi mestu postavljanja minsko-eskplozivnih prepreka i obezbedenju kreta-
nja i manevra jedinica pri izvodenju borbenih dejstava. Otuda i proizilazi
potreba da se od inZinjerijskih jedinica i jedinica drugih rodova obrazuju
privremeni sastavi za izvrSenje konkretnih zadataka (rusenje objekata i de-
lova polozaja, postavljanje minsko-eksplozivnih prepreka i sli€no).

Od inzinjerijskih jedinica mogu se obrazovati sledeci privremeni sastavi:

» grupa za zapreCavanje (u daljem tekstu GZ),

» grupa za dopunsko zapre€avanje (u daljem tekstu GD2Z),

» grupa za odrzavanje puteva (u daljem tekstu GOP).
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Ove grupe su elementi borbenog rasporeda onih jedinica koje ih
obrazuju. (Garasanin, 1979)

U skladu sa situacijom na bojistu, pored navedenih privremenih sa-
stava, mogu se formirati i drugi privremeni sastavi:

» grupe za opravku aerodroma (u daljem tekstu GOA) — opravke

osteéenja po poletno-sletnim stazama,

» grupe za savladivanje (rasciS¢avanje) prepreka — obrazuju ih jedi-
nice rodova prilikom izvodenja borbenih dejstava preko
zaprecenih prostorija i rejona,

» grupe za ruSenje objekata — obrazuju ih jedinice rodova prilikom
napada na jako utvrdene polozaje i objekte,

> ekipe za spasavanje posada — obrazuju ih oklopne jedinice kada
vr§e savladivanje vodenih prepreka voznjom pod vodom ili dubo-
kim gazom.

Ru$enje objekata ne izvodi se samo u okviru borbenih dejstava, veé i
prilikom realizacije odredenih zadataka iz domena Il misije VS (ruSenje
delova nasipa, rusenje delimicno ili potpuno ostecenih objekata za stano-
vanje, industrijskih objekata i sli¢no), i moze se izvoditi kao preventivna
mera (spre€avanje daljih razaranja), ali i kao korektivna mera (otklanjanje
posledica elementarnih nepogoda). U nastavku rada navode se osnovni
elementi ruSenja odredenih infrastrukturnih objekata: puteva, mostova, tu-
nela, Zelezni€kih pruga i aerodroma, ali i zgrada i industrijskih postrojenja.

Rusenje mostova

Mostovi se grade na mestima gde putevi i Zelezni¢ke pruge prelaze pre-
ko prirodnih i veStatkih prepreka radi omoguéavanja neprekidnog
saobracéaja. S obzirom na materijal od kojeg su izgradeni, mostovi mogu da
budu: drveni, ¢eli¢ni, zidani (od opeke i kamena), betonski, armiranobetonski
i od prednapregnutog betona. (GeneralStab JNA — Uprava inzinjerije, 1972)

Potpuno rudenje mostova primenjuje se kada se Zeli izbaciti most iz
upotrebe za duzi period, odnosno njegova opravka traje duze vreme ne-
go izgradnja novog mosta. Kod kracih i manje vaznih mostova nacelno
se ruSe sve potpore (obalske i medupotpore) i svi rasponi kako bi za
opravku bilo potrebno vise vremena, snaga i sredstava. Delimi¢no
ruSenje mostova primenjuje se kada se Zeli ostvariti manji stepen
oStecenja, tako da se porudeni objekti ne mogu koristiti u namenske svr-
he bez prethodne opravke. Pri delimi€nom ruSenju mostova treba teziti
da se ruSe oni delovi Cija je opravka najteza i vremenski najduze traje.

Mostovi se sastoje od viSe raznih elemenata medusobno povezanih
u stabilan konstruktivni sistem. RuSenjem pojedinih ili svih elemenata
mosta naruSava se medusobni odnos stati¢ke stabilnosti i dolazi do pada
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konstrukcije mosta, pri ¢emu se delimic¢no ili potpuno ostecuju njegovi
konstruktivni elementi. Mostovi se ruse po presecima elemenata gornjeg
i donjeg stroja. Na odredenom mestu za presecanje mosta postave se
EP i povezu u mrezu za paljenje sa ostalim punjenjima na mostu.
RuSenje mostova moze se svrstati u sledeée kategorije:

ruSenje drvenih mostova,

ruSenje Celi¢nih mostova,

ruSenje zidanih i betonskih mostova,

ruSenje armiranobetonskih mostova i

ruSenje mostova od prednapregnutog betona.

Nacin rudenja mostova, proracun potrebnog EP za pojedine elemen-
te mosta, zavisno od materijala od kojeg je izraden, detaljno je regulisan
u tackama od 235. do 270. Uputstva za ruSenje. (GeneralStab JNA —
Uprava inzinjerije, 1972)

YVVYVYYV

Rusenje tunela

Tuneli su podzemni objekti infrastrukture pomocu kojih se podzemnim
putem savladuju prepreke. Namenjeni su za sprovodenje saobracajnica
(Zeleznica, puteva i plovnih kanala) i u hidrotehni¢ke svrhe (vodovod, od-
vodnjavanje, dovod vode u hidrocentrale). Zavisno od vrste zemljiSta kroz
koji su prokopani tuneli mogu biti obloZeni ili bez obloge (Skarec, 1979)
Tuneli predstavljaju veoma osetljive objekte infrastrukture za
ruSenje. Priprema tunela za ruSenje — onesposobljavanje zahteva dosta
vremena, s obzirom na obim radova koji se izvode na pripremi tunela za
ruSenje. Tuneli duZine do 100 m ruSe se potpuno, odnosno &itavom
duzinom. Za postavljanje EP izraduju se minski bunari (kod tunela gde je
sloj zemlje iznad svoda manji od 8 m) ili minski hodnici (kada je sloj ze-
mlje deblji od 8 m). RuSenje — onesposobljavanje tunela moze se vrsiti:
» ruSenjem eksplozivom:
e delimi¢no rusenje i
e potpuno ruSenje;

» ruSenjem zakr€ivanjem, §to se postize kombinacijom eksploziva,
voznog parka i drugog materijala, a ako se ne raspolaze eksplozi-
vom, onda samo upotrebom voznog parka i drugog materijala.

Rusenje Zeleznic¢kih pruga
RusSenje zelezniCkih pruga i postrojenja na njima obuhvata rusenje

donjeg i gornjeg stroja zelezniCkih pruga, ruSenje objekata i instalacija na
prugama i zelezni¢kim stanicama i ruSenje (onesposobljavanje) voznog
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parka. Rusenje donjeg stroja zelezni¢kih pruga vrsi se ruSenjem trupa
zelezniCke pruge izradenog od tucanika i materijala odredene kategorije
kroz koji pruga prolazi. RuSenje donjeg stroja pruge vrsi se, u principu,
na isti nacin kao i ruSenje puteva u nasipu, useku i zaseku. Specifi¢nost
ruSenja donjeg stroja, u odnosu na ruSenje puteva, odnosi se ha manju
Sirinu planuma, vedi broj vestackih objekata (propusta, mostova i tunela),
zbog manjeg uzduznog nagiba, nemoguénost obilaska za zZeleznicki tran-
sport, Sto sve iziskuje manju koli€inu eksploziva. (GeneralStab JNA —
Uprava inzinjerije, 1972)

RuSenje gornjeg stroja ZelezniCkih pruga obuhvata presecanje
Zeleznic¢kih Sina, skretnica, ukrsnica, okretnica i pragova. Ru$enje se
moze izvesti eksplozivom i mehanickim sredstvima. RuSenje objekata, in-
stalacija i voznog parka obuhvata: staniéne zgrade, kontrolno-
saobracajne tornjeve, radionice, loZionice, vodostanice, rampe, blokov-
ske uredaje, sredstva za signalizaciju, sredstva veze, dizalice, rezervoare
za gorivo, skladista i ostale pomoéne objekte. RuSenje voznog parka ob-
uhvata ruSenje lokomotiva i vagona (uniStavaju se isti delovi kako bi se
oteZala opravka zamenom delova).

Rusenje aerodroma

RusSenje aerodroma obuhvata razaranje: poletno-sletnih staza i rul-
nih staza, objekata i uredaja za komandovanje, vezu i kontrolu letenja,
stajanki i zaklona za vazduhoplove, ljudstvo i materijalno-tehni¢ka sred-
stva. Poletno-sletne, rulne i druge staze na aerodromima, zavisno od vr-
ste i namene aerodroma i operativno-takti¢kih zahteva, ruse se postavlja-
njem EP (pojedinacno, u redovima ili po grupama) na svakih 50 do 300
m duzine poletno-sletne i druge staze, ili postavljanjem EP na 1/2, 1/3,
1/4, 1/5i 1/6 duzine poletno-sletne i druge staze ili ruSenjem staza po de-
onicama duzine 30 do 50 m, naizmeni¢no, tako da iza svake porusene
deonice ostane neporusena deonica priblizno iste duZzine.

Ru$enje poletno-sletnih, rulnih i drugih staza na aerodromima vrsi
se koncentrisanim ili pruznim punjenjima koji se postavljaju u minske
bunare, minske busotine ili minske komore. Dubina minskih bunara,
nacelno, ne treba da bude manja od 1,5 ni ve¢a od 3 m. Kada se po-
letno-sletne i druge staze na aerodromima ruse pojedinacnim ili ma-
njom grupom EP, minski bunari mogu biti dubine i 4 m. Aerodromi se
mogu onesposobljavati za upotrebu i zapre€avanjem (postavljanjem
minsko-eksplozivnih i drugih prepreka). (Generaldtab JNA — Uprava
inZinjerije, 1972)

247

Kovacevi¢, N., Organizacija inzinjerijskih radova pri ruSenju deonice puta, pp. 236-263



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

Rusenje zgrada

U zavisnosti od cilja koji se ruSenjem Zzeli postiéi, raspolozivog vre-
mena, snaga i sredstava, zgrade mogu da se ruse:
» spaljivanjem (nacelno samo u ratnim dejstvima),
» mehanickim sredstvima (metodama guranja, potezanja, udara i
kombinovanom metodom) i
» eksplozivom, sto daje najbrze i najpotpunije rezultate primenom
sledecih metoda:
e uruSavanje;
e prevrtanje:
v prva faza — ruSenje nosecih elemenata zgrade upravno po-
stavljenih na smer rudenja;

v druga faza — rusenje spoljnih (fasadnih) zidova;

v’ treca faza — ruSenje unutrasnjih nosecih elemenata

v Cetvrta faza — ruSenje spoljnih zidova, suprotno od smera
prevrtanja zgrade;

zalamanje i

odsecanje.

Rusenje industrijskih postrojenja

Potpuno rudenje industrijskih postrojenja predstavlja obiman posao, uz
veliki utroSak sredstava i angaZovanje viSe radne snage za relativho duze
vreme. Pri potpunom rusenju uniStavaju se ili onesposobljavaju svi sastavni
delovi. Delimi€no rusenje obuhvata rusSenje najvaznijih vitalnih delova indu-
strijskih postrojenja koji imaju najzna€ajniju ulogu u procesu proizvodnje, od-
nosno c€ijim se ruSenjem (onesposobljavanjem) proces proizvodnje prekida
za krace ili duze vreme. RuSenje industrijskih postrojenja, nacelno, obuhvata
ruSenje: masinskih postrojenja za proizvodnju, energetskih izvora, fabrikih
zgrada za smestaj postrojenja, proizvoda i sirovina i uniStavanje ili oStecenje
sirovina ili gotovih proizvoda. Kategorije industrijskih postrojenja koji se ruse:

» rudnici

> elektriCne centrale — elektrane i

» proizvodna industrijska postrojenja.

Rusenje deonice puta sa organizacijom
inZinjerijskih radova

Put je objekt infrastrukture namenjen za direktnu vezu izmedu dva
veca naseljena mesta ili delova zemlje za promet robe i putnika. Sastoji
se od gornjeg i donjeg stroja. Doniji stroj puta sacinjava trup puta i putni
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objekti. Trup puta postavljen je na prirodnom terenu i izgraden je od ze-
mlje, kamena i kamene sitnezi. Prema polozaju terena, trup moze biti u
nasipu, zaseku, useku, u horizontu ili tunelu. U trup puta ubrajaju se i
boc&ni jarci za odvodnjavanje, potporni i oblozeni zidovi. Gorniji stroj puta
sacinjava kolovoz koji se sastoji od podloge i kolovoznog zastora. Kolo-
vozni zastor izraduje se od tucanika, asfalta, betona, kamene kocke itd.
Opremu puta Cine: saobracajni znaci, daljinske oznake, putokazi, oznake
puta, ograde i zastitni zidovi — stubovi i snogobrani. (Generalstab JNA —
Uprava inzinjerije, 1965)

Cilj ruSenja puteva jeste da se stvore prepreke koja savremena bor-
bena i neborbena vozila ne mogu savladati bez zaustavljanja i preduzi-
manja posebnih mera za njihovo savladivanje ili promenu pravca kretanja
obilaskom prepreka. Putevi se ruSe po deonicama duzZine, nacelno, od
50 do 100 m. Najefikasnije ruSenje puteva postize se eksplozivom, a u
nedostatku eksploziva i sredstava za paljenje putevi se mogu onesposo-
bljavati za saobraéaj prekopavanjem, preoravanjem, izradom rovova, ja-
ma uz upotrebu gradevinske mehanizacije (dozeri, utovarivadi i masine
sli¢nog tipa) ili ruéno — alatom za zemljane radove. RuSenje puteva obu-
hvata: rudenje donjeg stroja, ruSenje gornjeg stroja i rusenje tehnickih
uredaja za obezbedenje saobracaja. Rusenje puteva moze biti:

> U horizontu,

» U nasipu,

» uusekui

» U zaseku.

Nezavisno od vrste ruSenja puteva, pre izvodenja ruSenja komandiru
pionirske jedinice ili privremenog sastava uru€uje se OPNAR, a u prilogu
,F” — InZinjerija OPNAR-a, koji izraduje referent inZinjerije u komandi bri-
gade i/ili jedinice istog ranga, razraduje se plan inZinjerijskih dejstava, a u
okviru njega konkretan zadatak i plan ruSenja odredene deonice puta.
Takode, tu se komandiru preciziraju i dodeljene pokretne stvari (u daljem
tekstu PS) i ljudstvo.

Nakon prijema i shvatanja zadatka, komandir izdaje pot€injenim ko-
mandirima pripremno naredenje (u daljem tekstu PRIPNAR), a sa
¢lanovima komande organizuje komandirsko izvidanje dodeljene deonice
puta (u praksi najéeS¢e nema vremena za ovu aktivnost, ve¢ se koriste
informacije dobijene iz pretpostavljene komande), nakon ¢ega komandir
razraduje tehni¢ko reSenje za njeno rusenje i pristupa izradi organizacije
radova. Za reSavanje ovog zadatka komandir moze angazovati joS neka
lica iz svog sastava (zamenika, iskusnog podoficira ili profesionalnog voj-
nika). (GeneralStab VS, 2013)

Norme za rudenje deonice puta navedene su u tablicama od 135 do
138, na stranama od 230. do 231. TaktiCko-tehniCkog priru€nika
(Generaldtab JNA, 1967), i odnose se na pionirsku ¢etu. Prema navede-
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nom priruéniku, pionirska Ceta za jedan radni dan, pri ruSenju deonice
puta u zaseku sa ili bez potpornih zidova, Sirine od 6 do 8 m moze da
izvrSi ruSenje u duzini od:

» zemljiste I-1V kategorije tla = 120 m, odnosno

» zemljiste V-VII kategorije tla = 60 m.

Osnovni problem koji se ovde namece jeste Cinjenica da trenutno ne
postoji literatura novijeg datuma, odnosno savremena norma za ruSenje
deonice puta, kao i da se postojeca norma odnosi na organizacijsko-for-
macijsku strukturu i moguénosti pionirske Cete iz vremena tadasnje JNA,
Sto predstavlja enormnu razliku u pogledu strukture i moguénosti pionir-
ske Cete VS. Radi prevazilazenja navedenog problema i dostizanja
mogucnosti ispunjenja postoje¢ih normi, neophodno je izvrsiti: promenu
materijalne strukture pionirske Cete VS i promeniti zadatke, a samim tim i
standard obucenosti pripadnika jedinice i same jedinice — kroz izmenu
postojec¢ih standarda, ali i kroz individualnu i kolektivnu evaluaciju.

U nastavku rada navodi se primer zadatka plana rusenja, specifika-
cije potrebnih PS (tabela 1) i dela organizacije inzinjerijskih radova pri
rusenju deonice puta (tabela 2). (Hristov, 1978)

ODOBRAVA:
KOMANDANT
brigadni general
N.N.

Brojna oznaka prema
evidenciji 03/20XX

ZADATAK

1. Deonicu puta u rejonu sela Glibovac (Smederevska Palanka),
250 m udaljenog od reke Kubrsnice, porusiti u duzini od oko 50 m
prema tehniCkom reSenju uz zadatak.

2. Deonicu puta staviti u prvi stepen pripravnosti najkasnije do 16.00
Casova, dana: 25.03.20XX. godine posle dolaska na put, o ¢emu
dostaviti pisani izvestaj kurirom.

Drugi stepen pripravnosti naredi¢u radio-vezom po signalu ,SUN-
CE". Deonicu puta staviti u drugi stepen pripravnosti najkasnije 4
Casa posle prijema naredenja, o Cemu me izvestiti radio-vezom
po signalu ,KISA".

3. lzvrSno naredenje za ruSenje izdace komandant radio-vezom po
signalu ,GROM", uz prethodno legitimisanje po signalu ,MUNJA".
O izvrSenju ruSenja deonice puta izvestiti me radio-vezom po sig-
nalu ,OLUJA".
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5.

6.

O izvrSenju stepena pripravnosti i rusenja deonice puta izvestiti
me radio-vezom po signalu ,NEBQO".

O izvrSenju stepena pripravnosti i ruSenja deonice puta izvestiti i
komandanta u rejon s. Glibovac — zgrada Skole.

. Neposredno osiguranje deonice puta u toku izvodenja radova do

izvrSenja ruSenja izvrsiti sopstvenim snagama i sredstvima, po
naredenju i zapovesti komandira. U pogledu borbenog osiguranja
Sireg rejona deonice puta osloniti se na mere borbenog osiguranja.

Kretanje preko deonice puta do izvrSenja rudenja regulisacete
sopstvenim snagama.

Na deonici puta nisu izvr§ene nikakve pripreme.

PLAN RUSENJA

Deonica puta u rejonu: s. Glibovac ( Smederevska Palanka )

Karta: Kragujevac 2, sekcija 2, R=1: 50000, Izdanje: VGI 1986.
Koordinate : x = , Y =
Skica mesta deonice puta
(iseCak sa karte razmere 1 : 50000)

ooy e 2y PR - VR PV 123%s . %

Slika 1 — Polozaj deonice puta koja se rusi
Puc. 1 — MecTononoxeHue yvyacTtka pas3bupaemon goporu
Figure 1 — Location of the road section demolition
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TEHNICKO RESENJE ZA RUSENJE
a) situacija deonice puta sa mrezom za paljenje
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Slika 2 — Raspored minskih bunara
Puc. 2 — lNonoxeHne MUHHbIX Konoaues
Figure 2 — Plan of mine wells

b) poprecni presek deonice puta sa proratunom EP

Slika 3 — Poprec¢ni presek deonice puta
Puc. 3 — NonepeyHoe ceveHne yyacTtka 4oporu
Figure 3 — The cross-section of the road section

c) Sema mreze za paljenje
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Slika 4 — Sema mreZe za paljenje
Puc. 4 — Cxema ceTu cropaHus
Figure 4 — Schematic network for ignition of an EC
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Naizmeni¢na elektricna mreza izgradena je od standardnog miner-
skog kabla i elektri¢nih detonatorskih kapisli (u daljem tekstu EDK) tip ,A"
sa bakarnim provodnicima 2x2 m. Proracunski elementi elektricne mreze:
» ukupni otpor mreze iznosi 33,8 Q,
» jacina struje | = 0,8 A,

» napon iznosi 100 V. (General$tab JNA, 1967)

Tabela 1 — Popis potrebnih sredstava
Tabnuua 1 — Cneundukaumsa HeobxoauMbIX CpeacTs

Table 1 — List of needed funds

Specifikacija potrebnih PS trajne i potroSne vrednosti

- Kolic¢ina
ﬁfg‘j‘ Naziv PS e 22| Svega
1 bunar mrezu
| za ruSenje
1. eksploziv kg 160 - 1120
2. detonirajuéi Stapin m 7 350 400
3. sporogoreci Stapin m 2 2
4. EDK kom. 2 2 18
5. DK broj 8 kom. 1 3 8
6. minerski kabl m - 1000 1000
7. | traka za izolaciju kotur - 1 1
8. | EKA 350 kom. - 1 1
Il za izradu bunara

1. | eksploziv kg - - 70
2. EDK kom. - - 80
3. minerski kabl m - - 100

Opsti podaci za proraun radova (Hristov, 1978):
» dimenzije minskih bunara: r = 4,30 m; h=1,4 m;

> zemljiste: fli§, IV kategorija => *

= 2008/

;
g,
md

» radna grupa 3 vojnika sa motornim busacem (u daljem tekstu MB) Pi-

nUR

onjar 120 (norma za MB = 250-300 /#=’; G = 0,3x2000 = 600 kg

(Gardijan, 2001);

» priblizna tezina iskopa, G = V x y=81,3x2000=162546 kg;

» 0-1 m dubine sa motornim buSa¢em Pionjar 120;

» svi minski bunari izraduju se u istoj geoloskoj sredini sa radnim
grupama u istom sastavu, angazuju se 4 radne grupe koje
izraduju 7 minskih bunara;

» ostatak sastava voda angaZuje se na ostalim radovima.
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Proraéun radova:
1) izrada minskog bunara do 1 m dubine sa motornim buSacem Pionjar
120 je: 1000 : 300 = 3 h i 20 min + 5 min za pripremu = 3,4 h (Gardijan, 2001);
2) miniranje: postavljanje EP u bu$otinu, zagepljenje i paljenje ~ 10
min = 0,16 h;
3) izbacivanje materijala ru¢no (lopatom i velikim San€anim alatom)
prosec¢no 2,5 kg u jednom ciklusu. Za oko 12 radnih ciklusa (izbacaja) u

minuti izbacuje se oko 30 ﬁ a 600 kg se izbacuje za 20 min ~ 0,33 h;
4) Ukupno vreme za izradu 1 m dubine ~ 3,89 h;
5) Vreme za izradu minskog bunara dubine 1,4 m ~ 4,86 h;
6) Postavljanje EP, norma~3 h: 3=1,00 h;
7) Zacepljenje minskih bunara, norma~4h:3=1,33 h;
8) Ukupno vreme po minskom bunaru = 4,86+1,00+1,33= 7,19 h;
9) Ukupno vreme za sve minske bunare na deonici puta ~ 14,5 h.

Tabela 2 — Proracun ostalih radova
Tabnuya 2 — PacyeT apyrux pabot
Table 2 — Calculation of other works

. . . Ukupno
Redni - Radnih | Obim .

. Vrsta radova Jedinica mere | . radnih
broj Ccasova | radova &asova
u prvom stepenu pripravnosti
1. |ispitivanje otpora i ispravnosti EDK | sa 10 detonatora | 0,50 1 0,50

izrada mreze od detonirajuceg sa 10 detonatora
2. Stapina 1,50 1 1,50
3. |izrada elektricne mreze sa 10 detonatora | 2,50 1 2,50
4. |postavljanje elektricne mreze sa 10 detonatora | 1,00 1 1,00
5. | postavljanje Stapinske mreze sa 10 detonatora | 1,00 1 1,00

polaganje kabla do stanice za
6. palienje za 100 m 0,25 4 1,00
7. | kopanje jarkova za kablove 10m 0,40 40 16,00
8. |izrada stanice za paljenje kom. 25,00 1 25,00

obavljane sluzbe neposrednog -
9. osiguranja 3 vojnika

Ukupno: 63 radnih ¢asova za prvi stepen pripravnosti
u drugom stepenu pripravnosti

povezivanje EDK 10 kom. 0.40 22 8,80
> |spajanje krajeva detonatorskog 10 kom. 0.30 29 6.60

Stapina

zatvaranje i maskiranje elektricne
3. i Stapinske mreze 10 kom. 0,30 23 6,90
4. |provera elektricne mreze sa 10 kapisli 2 6 12,00

Ukupno: 3,30 radnih ¢asova za drugi stepen pripravnosti
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U zavisnosti od raspolozivog vremena za izradu dokumentacije, kao
njen sastavni deo, izraduje se i paralelni dinamicki plan izvr§enja radova,
koji omogucuje preglednost u pogledu zadataka (aktivnosti) pojedinih
radnih grupa, kako zajednickih, tako i pojedinac¢nih, ali i vremena trajanja
svake aktivnosti koja je unesena u plan.

Optimalizacija organizacije inzinjerijskih radova na ovom zadatku
mogla bi se uraditi prevashodno primenom, odnosno uvodenjem u opera-
tivnu upotrebu savremenijih inzinjerijskih masina za zemljane radove.

Mere bezbednosti i zdravija pri radu sa eksplozivima

Prilikom rada sa eksplozivima i sredstvima za paljenje posebna
paznja posvecuje se merama bezbednosti i zdravlja. Mere koje se navo-
de ne odnose se samo na one koje se primenjuju prilikom rusenja, vec
na mere za bezbedan i zdrav rad sa eksplozivima koje su duzni da po-
znaju i u svoj rad implementiraju svi pripadnici VS. Potrebno je naglasiti
da se posebne mere utvrduju u zavisnosti od vrste i karakteristika materi-
jala, elemenata i objekata koji se ruse. Pregled opstih mera bezbednosti i
zdravlja odnosi se na radove sa eksplozivima, prilikom:

» ruSenja elemenata i materijala,

» transportovanja minsko-eksplozivnih sredstava (u daljem tekstu
MES),

» prenosa eksploziva na rukama,
» rada sa sredstvima za elektri¢no aktiviranje i
» rada sa sredstvima za Stapinski nacin aktiviranja EP.

U tabeli 3 navedeni su iznosi minimalnih sigurnosnih rastojanja u za-
visnosti od vrste i obima radova koji se izvode sa eksplozivima. Tabela je
radena prema tabeli 5 Uputstva za rudenje (Generaldtab JNA — Uprava
inzinjerije, 1972).

Pre nego &to se pristupi rusenju bilo koje vrste materijala, elemenata
ili objekata nuzno je odrediti (proraCunati) sigurnosna rastojanja na koji-
ma ¢e ljudstvo i objekti biti potpuno zasticeni od dejstva eksplozije i svih
efekata koji je javljaju pri njoj. Rastojanja se proraCunavaju radi zastite
ljudstva i objekata od:

» vazdu$no-udarnog talasa,

» seizmickog dejstva i

» dejstva (razbacivanja) komada materijala koji se rusi.

Proracun rastojanja vrSi se na osnovu posebnih obrazaca, u kojima
su klju€ni parametri oni koji se odnose na sastav i strukturu materijala ko-
ji se rusi, odnosno od kojeg su elementi i objekti izgradeni. (Papi¢, 2011,
pp.130-131)
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Mere zaStite koje sprovodi stareSina jedinice
koja izvodi radove na rusenju

1. Pre pocetka izvodenja radova obavezno proveriti obu€enost ljud-
stva u poznavanju osobina i na€inu rukovanja sa sredstvima koja
se koriste pri realizaciji ruSenja.

2. Detaljno proveriti sve pripadnike jedinice u poznavanju osnovnih
mera bezbednosti i zdravlja pri radu sa eksplozivima, ali i poseb-
nih mera koje se primenjuju u skladu sa konkretnom situacijom.

3. Pre pocetka radova obavezno izvrSiti kontrolu priprema za

ruSenje na celom rejonu izvodenja radova, kao i proveru veze sa

licima odredenim za izvr8enje paljenja i licima koja se angaZuju
za potrebe neposrednog obezbedenja.

Proveriti ispravnost sredstava koja ¢e se koristiti.

Odrediti mesta i odstojanja ljudstva koje se angazZuje za potrebe

neposrednog obezbedenja.

Odrediti naCin odrzavanja veze sa licima odredenim za izvrSenje

paljenja i postupak nakon paljenja.

7. Odrediti signale (znake) opasnosti i prekida opasnosti, a po potre-
bi se odreduju i drugi, i sa njima mora biti upoznat celokupan sa-
stav jedinice. Signali (znaci) moraju biti jasni, €ujni i razgovetni
kako pripadnici jedinice ne bi bili dovodeni u nedoumicu prilikom
izvrSenja zadatka.

8. Odrediti mesto skladiStenja (poljsko skladiSte) i regulisati nacin
Cuvanja, izdavanja, prenoSenja i upotrebe eksploziva i sredstava
za njihovo paljenje.

9. Odrediti zonu sigurnosti i odstojanje zaklona ili sklonidta u koje se
sklanja ljudstvo, transportna sredstva i oprema tokom paljenja
EP. Ukoliko ne postoje adekvatni prirodni zakloni obavezna je iz-
rada vestackih, pre poCetka paljenja EP.

o as

Mere zasStite prilikom ruSenja elemenata i materijala

1. Aktiviranje EP izvoditi iskljucivo elektriCnim putem, a kao rezervu
izraditi Stapinsku mrezu za aktiviranje EP u zemliji.

. Treba izbegavati aktiviranje svih EP odjednom, vec¢ aktiviranje iz-
voditi po grupama.

. Izmedu elemenata ostaviti potrebno rastojanje kako eksplozije ne
bi uticale jedna na drugu ili elemente razdvojiti grudobranom.

. Rasturanje parcadi prilikom ruSenja elemenata i materijala treba
usmeriti ka zemlji i postavljanjem elemenata u odgovarajuée za-
klone iskopane u zemlji, postavljanjem fasina preko elemenata.

A~ w N
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9.

. Aktiviranje EP vrSi stareSina jedinice iz stanice za aktiviranje,

posto se uverio da je ljudstvo na sigurnom mestu. Do tog vreme-
na stanica za aktiviranje je obezbedena strazarom, krajevi pro-
vodnika svih vodova su izolovani, a klju¢ od masine za aktiviranje
nalazi se kod staresina jedinice.

. Pripremljene elemente za rusenje ograditi koljem i Zicom, a staze

za kretanje vidno obeleziti. Ograda mora biti visoka 1,3 m i uda-
liena od EP najmanje 3 m. Kretanje ljudstva dozvoljeno je samo
izvan ograde i obeleZzenim pravcem.

Za vreme obilaska pripremljenih elemenata i materijala za ruSenje de-
tonatorske kapisle (u daljem tekstu DK) moraju biti van EP postavlje-
ne na za to pripremljene kocice. KoCi¢i se pobijaju ispred svakog ele-
menta za ruSenje na visini 1 m od zemlje i na udaljenje 1 m od EP.

. Nakon odlaska ljudstva u sklonista DK uvlace u EP 1 do 2 oda-

brana vojnika iz svakog odeljenja, a pod kontrolom komandira
odeljenja i komandira voda.

Prilikom uvlagenja DK u EP i prilikom zacepljenja EP zabranjeno
je upotrebljavati silu.

10. Provodnici glavnog voda moraju biti ukopani ili postavljeni izvan

o ORWN

9.

staze za kretanje ljudstva.

Mere zastite prilikom transportovanja MES

. Pri utovaru MES transportno sredstvo (u daljem tekstu TrS) mora

biti zaustavljeno 10 m od skladista, ukoCeno, a motor ugasen.

. Prijem MES na TrS vrSe najviSe dva ¢oveka.
. Utovar MES vrsi se ru¢no.

Sanduke slagati tako da se udaraju medusobno, a niti o stranice TrS.

. Sanduci se utovaraju do visine stranica sanduka, a TrS se

opterecuje do 70% nosivosti.

. TrS mora biti sa obe strane sanduka oznaleno upozoravajué¢im

zastavicama.

. Sa eksplozivnim sredstvima na TrS ne smeju se prevoziti ljudi niti

drugi materijali.

. Sredstva za aktiviranje mogu se transportovati sa eksplozivom je-

dino ako se obezbedi da budu u originalnom pakovanju, maksi-
malno 1000 /kom/ i da su udaljena 1 m od eksploziva.

Za obezbedenje utovara, transporta i istovara odreduje se pokret-
na straza, na dva vozila ide jedan strazar.

10. Kada se MES prevozi u viSe TrS u koloni, u prvom vozilu se pre-

voze sredstva za aktiviranje, a narednim vc_>zi|ima eksploziv. Na
dobrim putevima brzina kretanja je 6,94 /’—:'/, a odstojanje je od

50 — 100 m. Po lo8im putevima brzina je 2,78 — 4,17 /=/.
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11. Naseljena mesta treba izbegavati, a ako to nije moguce onda se
kretati sporednim i manje prometnim putevima.

12. Zastanke i odmore unapred planirati na mestima koji pruzaju
maksimalne uslove bezbednosti kolone i okoline.

13. Za vreme vremenskih nepogoda, narocito grmljavine vozila se
zaustavljaju na odredenom rastojanju kao i tokom voznje, a ljud-
stvo se udaljava od vozila na najmanje 50 m.

14. Ako dode do kvara na TrS koji prevozi MES, vozilo se mora naj-
pre istovariti, a zatim se otklanja kvar.

Mere zastite prilikom Cuvanja eksploziva
u poljskim skladistima

1. U jednom poljskom skladiStu, na jednom mestu ne sme se Cuvati

viSe od 2000 kg eksploziva.

2. Zabranjeno je na jednom mestu skladistiti brizatne eksplozive za-

jedno sa Stapinima, sredstvima za paljenje i artificijama.

3. Sva sredstva za paljenje ¢uvaju se u posebnim skladiStima koja

moraju biti udaljena najmanje 60 m od skladiSta sa eksplozivom.

4. Eksploziv i sredstva za paljenje ne smeju se polagati direktno na
pod skladista, ve¢ na podmetace koji moraju biti izdignuti najma-
nje 0,15 m iznad poda skladista.

. Zabranjeno je slaganje eksploziva na visinu vecu od 2 m.

. Zabranjen je pristup neovlasc¢enih lica skladistu.

. U rejonu skladista strogo se zabranjuje puSenje, loZzenje vatre ili
upotreba sredstva za osvetljenje sa otvorenim plamenom.

. Skladista se moraju obezbedivati sa odredenim brojem strazara
koji se postavljaju na udaljenosti od skladi$ta najmanje 50 m.

. Najmanje odstojanje izmedu dva susedna poljska skladiSta iznosi
60 m. Udaljenost poljskog skladiSta od drugih objekata: objekti za
stanovanje — 800 m (ukoliko u skladistu ima manje od 150 kg
eksploziva — manje od 50 m), Zelezni¢ka pruga — 200 m. U nase-
lienim mestima ne sme se Cuvati viSe od 300 kg eksploziva.

[(e] o] ~N O O

Mere zaStite pri prenosu eksploziva na rukama

1. Lice moze prenositi odjednom najvise 30 kg eksploziva ili 5000
kom. DK br. 8 ili 500 kom. EDK.

2. Sredstva se prenose u originalnim pakovanjima.

Pri prenoSenju eksplozivnih sredstava ne smeju se prenositi dru-

ga zapaljiva sredstva niti izvori elektri¢ne struje.

MES se ne sme nositi u dzepovima, torbicama i sli¢no.

Sredstva koja se prenose ne smeju se prevrtati, okretati sa

ambalazom i bacati, ve¢ se moraju uvek pazljivo prenositi.

ok
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Mere zastite pri elektricnom
paljenju EP

. Pre upotrebe EDK obavezno je ispitivanje njihove ispravnosti i
merenje otpora.

. Prilikom ispitivanja EDK treba ih postaviti u odgovarajuci zaklon
tako da licu koje ispituje ili se nalazi u blizini garantuje bezbed-
nost i sigurnost u radu.

. U jednoj mrezi ne smeju se upotrebiti kapsle Cija je razlika u otpo-
ru veéa od 0,2 Q.

. Pre upotrebe treba proveriti i ispitati ispravnost instrumenta
masine za aktiviranje i uredaja za zastitu mreze od groma.

. Klju¢ od masine za aktiviranje nalazi se kod stareSine jedinice, a
stanica za aktiviranje obezbedena je strazarom.

Mere zaStite prilikom paljenja EP
sporogorec¢im upaljacima

. DK br. 8 je veoma osetljiva na udar, trenje, varnicu i visoku tem-
peraturu.

. Zabranjeno je udaranje kapisle o bilo kakav predmet.

. Zabranjeno je okretati kapislu oko Stapina i silom uvlaciti Stapin u
kapislu.

. Zabranjeno je se€enje detonirajuceg Stapina viSe puta na istom
mestu i kada je postavljen u detonatorsku kapislu.

. Ispitivanje ispravnosti detonirajuc¢eg Stapina obavezno se vrsi pre
svake upotrebe. Detonirajuci Stapin je ispravan za upotrebu ako
su svi njegovi krajevi detonirali. Ako jedan ili vise krajeva nisu
detonirali, Stapin je neispravan i NE SME se upotrebljavati.

. Zabranjeno je aktiviranje detoniraju¢eg Stapina Sibicom.

. Zabranjena je upotreba neispravnog i neispitanog sporogoreceg
Stapina.

. Minimalna duZina sporogoreceg Stapina koja se sme upotreblja-
vati za izradu sporogoreceg upalja¢a je 0,6 m.

. Rukovanje Stapinom mora biti oprezno, naro€ito zimi kada gubi
elasti¢nost i lako se lomi, $to dovodi do prekida srzi.
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Tabela 3 — Minimalna sigurnosna rastojanja pri ruSenju
Tabnuya 3 — MMHUMansHoe pacTosiHue OoT MecTa AeMOHTOXa
Table 3 — Minimum safety distance in demolition

Vrste radova uz upotrebu eksploziva

Minimalna rastojanja od
mesta miniranja u m

Povrsinski radovi na rusenju:

- pri ruSenju ograda
- pri ruSenju u naseljenim mestima

- primena spoljnih punjenja 400
- primena malih busotina do 0,1 m 200
- primena kotlovskih metoda 200
- primena rukavica 300 .
- primena velikih bugotina preko 0,1 m prema projektu
- primena komorskih punjenja 200
- razbijanje stena punjenjima u potkopu 400
- kréenje panjeva 200
- izrada zastitnih kanala radi spre€avanja Sumskih pozara 50
Rus$enje u blatu:

- pri izradi prokopa 200
- pri izradi nasipa 100
Produbljivanje korita:

- pri rudenju kompaktnog tla 100
- pri rusenju slojevitog tla 200
- u prisustvu ledenog pokrivaga 200
Rus$enje leda:

- pri rudenju ledenog pokrivaga 100
- pri ruenju ledenih santi 200
Rusenje metala:

- na otvorenim poligonima 1280

prema projektu

Rusenje zgrada i postrojenja:
- pri ruSenju zgrada

- pri izradi temelja

- probijanje malih buSotina

- probijanje vecih buSotina

100
100
50
100

Zakljucak

TaktiCki gledano, ruSenjem se iskljuivo bave specijalizovane
inzinjerijske jedinice — pionirske jedinice. Konkretno, pre otpocinjanja bor-
benih dejstava po naredenjima komandanta operativhog nivoa, od pionir-
skih jedinica se formiraju privremeni inzinjerijski sastavi, specijalizovani za
pripremu i ruSenje objekata i komunikacija — GZ. Naredenje za rusenje
odredenih objekata ili komunikacije (na primer deonice puta) iskljucivo i je-
dino mogu da narede komandanti jedinica operativhog nivoa.
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Veliki problem prilikom dodeljivanja zadataka i procene vremena za niji-
hovu realizaciju predstavlja €injenica da ne postoje savremene norme, od-
nosno adekvatna literatura iz koje bi se moglo orijentirno odrediti vreme neo-
phodno za organizaciju radova na pripremi i izvodenju ruSenja konkretnog
objekta. Neophodno je u narednom periodu, na osnovu postojeé¢eg realnog
stanja jedinica i sredstava, izvrSiti normiranje radova prilikom rusenja deoni-
ce puta i/ili ostalih objekata, odnosno razraditi sveobuhvatnu i temeljnu orga-
nizaciju inzinjerijskin radova prilikom realizacije ovih zadataka, tj. baviti se
preventivom, a ne samo posledicama, jer se ruSenje deonica puta moze ko-
ristiti i u miru za potrebe izvrSenja zadataka iz domena Ill misije VS.

Clanak predstavlja poku$aj da se sagledaju sve specifiCnosti ruSenja
jednog odredenog objekta — deonice puta i njegovih sastavnih elemena-
ta, odnosno da se ukaZe na znacaj pravovremene i kvalitetne organizaci-
je inzinjerijskih radova pri izvrSenju ovog zadatka.
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OPIrAHN3ALUNA MHXEHEPHBLIX PABOT MO AEMOHTAXY
YYACTKOB OOPOI

Henad B. KoBayesny
YHuBepcuteT o6opoHbI r.Benrpan, BoeHHast akagemus, kageTckasi 6puraga

OBNACTb: nHxeHepcTBO
BWO CTATbW: npakTnyecknii onbit
A3bIK CTATbW: cepbckuin

Peswome:

B npouecce rnpumeHeHUs1 MUHHO-83PbI8HbIX cpedcme Orisi CHO-
ca a71eMeHmo8, Mamepuarsos U 06beKMo8 3HavumeribHbIM ¢hakmo-
pOM si8risilemcsi opaaHu3ayusi npoussodcmea pabom, Kak npu nood-
20moeKe, makK U 8 caMoM rpouecce cHoca U OeMoHamaa.
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LemoHmax ¢ npumMeHeHuUeM MUHHO-83PbISHbIX ycmpolicme
exo0um 8 npogheccuoHarnbHble 06s3aHHOCMU crieyuanusupo-
8aHHbIX Yacmel BCPC, makux kak O0pOXXHO-cmpoumesibHble U
OOpPOXKHO-MexXHUYeCcKue 83800bl, 8X00SIUUE 8 COCMA8 UHXEHEP-
Ho20 6bamanboHa, mo ecmb 6puzadbl KoB.

OpzaHuszasayusi UHXeHepHbIX pabom, onucaHHbIX 8 cma-
mbe npedcmassnsiem coboli MOUCK caMbIX ONMUMAalIbHbIX pele-
HuUl, KacamesibHO Kak MamepuaribHblX, maK U 4es108€4eCKUX
pecypcos, 3adelicmeosaHHbIX 8 Mpou3sodcmee 0eMOHMaXXHbIX
pabom KOHKpemHo20 obbekma — y4acmka dopoaul.

OdHou u3 npobnem daHHOU obnacmu sensgemcsi Hay4yHasi
numepamypa, ocobeHHO mexHu4eckasl, ornpedensrouwas cmax-
dapmbl u HOpMbI o fpouszeodcmey pabom. [Npobrema 3akmto-
Yaemcs 8 MOM, Ymo 3a UCK/IIOYEHUEM HECKOJSIbKUX IK3eMIsis-
poO8 MosiCHUMeJIbHbIX 3arnucok, nodasnswouwee 607bUUHCMEO
numepamypsi orybnukosaHo 8 70-80-ble 200b! MPOWI020 8eKa.

B pabome ocoboe sHumaHue ydeneHo npasunam be3ona-
CHOCMU rpU 83pbI8HbIX pabomax.

KnioueBble cnoBa: dopoau; numepamypa; 83pbleHamsbie selje-
cmea; UHXeHepHbIe pabomabl; 0eMOHMaX.

ORGANIZATION OF ENGINEERING WORKS DURING
DEMOLITION OF A ROAD SECTION

Nenad V. Kovacgevi¢
University of Defense in Belgrade, Military Academy, Cadet Brigade

OBLAST: Engineering
VRSTA CLANKA: Professional practice
JEZIK CLANKA: Serbian

Summary:

When using explosive ordnance for the demolition of
elements, materials and facilities, organization is very important
in the preparation of works as well as during demolition itself. In
the Army of Serbia, for this kind of works, there are specialized
expert units within Land Forces engineering battalions or
brigades. The organization of the engineering work given in the
article is a purposeful solution, regarding the use of movable
property and stress imposed on people as well, when performing
demolition of a concrete structure - road section. Lack of
literature is a big drawback, especially lack of norms for
demolition works. Except for some unofficial lectures for internal
use, most of the literature dates back to the seventies or early
eighties. A special emphasis in this paper is given to the
application of protective measures in the use of explosives.
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Introduction

After the definition of demolition engineering works, the
introductory part points to the distinction between the two types
of demolition works: complete and partial.

The concept of the organization of engineering works

The basic definition of the organization of engineering works is
given as well as an overview of the elements of preparatory work in
the execution of engineering work on a particular construction.

Demolition of a road section

The concept of a road is explained as well as the methods
of its demolition. The documents required for the organization of
the demolition of a road section are presented as well as

standards for the preparation of a road section for demolition.
Safety and health at work with explosives

Safety measures when working with explosives are

explained in detail for different situations.
Conclusion

The importance of the organization of engineering works of
demolition of a road section is explained, both under war and

peacetime conditions.

Key words: roads; literature; explosives; engineering works;

demolition.
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CABPEMEHO HAOPYXAHE N BOJHA OIMPEMA
COBPEMEHHOE BOOPYXEHWE 1 BOEHHOE OBOPYOBAHUE
MODERN WEAPONS AND MILITARY EQUIPMENT

Bom6apdepcka 6umka’

Y crnepehux HEKONMKO Heferba amepuyKko paTHO BasgyxonsioBCTBO 06jaBuhe
oanyky o Tome ko he rpaguti cnegehy reHepauujy 6ombapaepa Benvkor JomeTa.

Mporpam amepudkor patHor BasgyxornoBctBa LRS-B Long Range Strike
Bomber — 6ombGapaep Benukor fomeTa ouhe yckopo foAerbeH jeqHOM Unmn Apyrom
KOHCTPYKTOpPCKOM TuMy, komMnaHuju Northrop Grumman mnnu komnanuju Lookheed
Martin/Boeing team koja he obutn 3agaTak ga npojektyje u usrpagm oko 100 HeBu-
OIBUBMX netenuua. AMepudkn 3BaHNYHMULM oYekyjy Aa he fo saume 2015. npornacu-
™M nobepHuka. MeHTaroH je ynyTmo MHOYyCTpyju 3axTeB 3a NPeano3nMa y Besu C
nporpamom LRS-B, Tako aa BehuHa getarba v garoe npeacrasiba HEMO3HaHNLLY.

Ynpkoc Tome WTO je nporpam BpeJaH BuLle Munuvjapam gonapa, He Hanasu
ce Ha Bpxy [leHTaroHOBe NUCTe Xerba, anu je nnak NPUoOpmUTET Kao LITO je N Ha-
6aBka nosua F-35 Lighting Il JSF n neteher TaHkepa Boeing KC-46A. NMporpam
HoBor 6ombapaepa npeacTasrba A€o TpY rMaBHa aMmepuydka HykneapHa nporpa-
Ma, Kao WITO Cy 3amMeHa cTpaTelknx Banuctnykmx nogmopHuua knace Ohio,
npoay>xeTak XXMBOTHOr Beka pakeTu Trident Il D-5 n mogepH1M3oBawe MHTEPKOH-
TUHEHTanHux 6anmcTnyknx paketa Minuteman lil.

HykneapHu npuopumemu

Bucoku 3BaHWYHMUM NeHTaroHa 6unum cy n3y3eTHO YNOpHM Mo NUTaky Nporpa-
ma LRS-B ca HykneapHor ctaHosuwTa. o kuma je Amepuka nocnegmunx 20 go 25
roguHa 6una noTnyHO HeakTUBHa Kafda je y nuTaky cTpaTellko oaspahare n Hy-
KreapHa nHTerpaumja cuctemMa 3a pasnuky o cBojux pusana Pycuje n Kuxe.

__—-*‘_

Hosu LRS-B donyHuhe ¢priomy 6ombapdepa B-2

' Jane’s Defence Weekly 2 september 2015.
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Bprno je BaxHo gosBpwwmnTtu nporpam LRS-B ¢ 063npom Ha 1O ga Hajsehu
Oeo amepuyke 6ombapaepcke pnote YmHe aBuoHu Boeing B-52, oa kojux je Haj-
HOBMWjM CULIAO Cca Npou3BogHe Tpake jow 1962. rognHe, a Mmopahe ga ocTaHy y
onepaTuBHOj ynotpedu cee o 2040. roguHe. Nopen oBor aBMOHa MNOCTOjU cCaMo
jedaH HykneapHo cnocobHn 6ombapaep — B-2 Spirit koju je npousBeneH y Tako
Manom 6pojy Aa ykynaH 6poj aBuoHa, HakoH jegHor yaeca 2008. roguHe, Huje
Behu og 20.

MehyTtum, cam LRS-B Hehe 6utn goBorbaH 3a mogepHu3auumjy 3acrtapene
6ombapaepcke dnote. HoBu kpctapehu npojektun LRSO (Long Range Stan-
doff) pasBujeH je pagn 3ameHe kpctapehe pakete AGM-86 (ALCM Air-launched
cruise missile) koja je npojekToBaHa jow cegaMmaeceTux rogmHa, Aok je y ynoTpe-
6u og ocampgeceTux. Paketa he 6utn nosydeHa ns ynotpebe cpeamHom 2020.
roauHe, a 2027. o4vekyje ce noveTtak npoussoarwe LRSO. Beh je noTpolueHo 4,8
MuUnujapan gonapa, a oyekyje ce ga ta cyma gocturHe mameny 10 u 20 munu-
japav ponapa.

Kpumuke mpowkosa

WNako je noctaBmbeH numut of 550 mununoHa gonapa no jegHoj netenvum
3a cnoty kojy he umHmutn 80 go 100 aBmoHa, kKpuTMyapu ce ocsphy Ha HabaBky
bombapaepa B-2 Spirit Koju je nponsBegeH TOKOM ocamMaeceTx roguHa no LueHu
Buwoj og 700 mmnunoHa gonapa no netenuuu, WTO ykasyje Ha To Aa je nocra-
BIbe€HU NUMUT of 550 MmnnoHa gonapa BULLIE HEO ONTUMUCTUYAH.

Ykonuko lNeHTaroHoB nnaH noTtpolwke 3a oyayhe roguHe (FYDP — Future
Years Defence Plan) 6yae nsspwasaH og 2017. rognHe, ouHaHCHMpare npojek-
Ta he goctuhn 1,5 munujapam gonapa OO kpaja cegmoroguviiwer passoja. Vc-
TpaxuBake, pa3Boj, Tectupawe 1 esanyaumja (RDT&E Research, development,
test and evaluation) 3a nporpam LRS-B n3Hocunu cy 319 munuvoHa gonapa y
2014. rognHn, 914 munuoHa gonapa y 2015. rogMHm ca nnaHupanux 1,2 Munu-
japae ponapa 3a 2016. roguHy. TpowkoBu he 3aTmm pactu Ha 2,2 munujapae
ponapa 3a 2017, na go 3,7 munujapam gonapa 3a 2020. roguHy. Npouetwyje ce
0a he yKynHu TpOLUKOBM pa3Boja aBuoHa usHocutu 35 munujapam gonapa.

PeopeaHu3zayuja u modepHu3ayuja chriome

AMepUYKO paTHO Ba3gyXOMMOBCTBO 3aMoyesio je pecTpyKTypupame CBoje
rnobanHe ygapHe komaHge (AFGSC) koja he ykibyuntn u LRS-B. PeopraHusa-
umnje he ctynutn Ha cHary y oktobpy 2015. rogmHe n ykibyunBahe aBnoHe Roc-
kwell B-1B Lancer, B-52H Stratofortress n B-2 Spirit, ka0 1 MHTEPKOHTMHEHTar-
He pakeTe Minuteman lll. Haume, LRS-B he ce npuapyxntu ¢pnotu oa 63 aBuo-
Ha B-1B, 76 aBuoHa B-52 n 20 aBuoHa B-2, kao n myactey of 20.000 npunaa-
HMKa Ba3gyXxOMNoBHUX Tpyna.

Cae noctojehe ¢note 6ombapaepa Beh cy MogepHM30BaHe, LITO je oMory-
hunno ga ose netenuue ocTtaHy onepaTuBHe AeleHujama, a octahe jow TonmKo
n y déygyhHoctn. bombapaep B-1B Hocu Hajpehun apceHan BofjeHux n HeBohe-
HMX ybojHUX cpeacTaBa. bombapaep je passujeH jow 1970. rogmHe Kao 3ameHa
3a B-52. Ovekyje ce ga he B-1B octaTtu y onepaTnBHoj ynoTpebu cee o 2040.
roavHe, a ga he my 6utn gogaTta Mmucuja 3a 6Gnucky BasgyLIHY NOOPLLKY.

265

CABPEMEHO HAOPYXAHE 1 BOJHA ONMPEMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp. 264—-302



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

Komnanwuja Boeing npowwupuna je HocuBocT ybojHor TepeTta ca 15 Ha 48
paketa JDAM (Joint Direct Attack Munitions) y3 96 6om6u SDB Small Diameter
Bomb. Ouekyje ce na he B-1B 61T HaopyxaH U MOPHapWU4KOM HEBWUAIBMBOM
npoTuBGpoackoMm pakeToM Benukor gomeTta LRASM, koja he 3ameHuTn pakete
Harpoon 13 cegamgeceTux rogunHa.

Ocwum Tora wrto he 61T HaopyxaH Behum 1 pasHOBPCHMjUM yBOjHMM apce-
Hanowm, B-1B he gobutun n nnterpucarHy 6opbeHy ctaHuuy IBS kao mogepaH au-
jarHocTnykM cuctem. Ha Taj HaumH ocum ,cTakneHor” Koknuta, aBuoHn he 6utn
yMpexeHu y rnobanHy KOMyHUKaumoHy mpexy, wro he omoryhutn Behy dnek-
CMBWUMHOCT M CUTYaLMOHY UHAOPMUCAHOCT.

Jletenunua he, Takohe, 61UTN onpemrbeHa HOBUM MHepLMjanHUM HaBurauuo-
HUM cnucTemom Koju he JonpuvHeTU TadHOCTW norahaka uurbesa, WwTo je Beh unc-
npob6aHo 3a Bpeme paTa y Wpaky, raoe je B-1B 6o onpemrbeH NOABECHUM HU-
LaHCcKkuM ypehajem.

Y mefyBpeMeHy 1 HajcTapuju og noctojehmx amepudkux 6ombapaepa B-52
je MogepHu3oBaH TOKOM MpoTeknux AeueHuja. MogepHusauuwje he omoryhutu
netenuum aa octaHe y ynotpebu n HakoH 2040. roguHe. buhe nHctannpaH Hosu
KOHBEHLMOHAamHN poTaLnoHy NaHcep y yHyTpalwhem cnpemuTy 3a 6ombe. Ta-
kohe, Buhe omoryheHa mHTerpauuja paketa JDAM, og kojux he ocam 6utm y
YHyTpallHkeMm naHcepy, Aok he apyrnx 12 6utn Ha nogBecHMM Hocaunma. buhe
oMoryheHo 1 Hollewe MUHMjaTypHOr BasgyLlHor Mamua. O4yekyje ce ga cBux 76
aBMoOHa byge moaepHM3oBaHO 4o okTobpa 2017. roguHe.

[o capa je 6ombBapaep morao ga HocK NpeLunsHO HaBoheHO opyxje camo Ha
nogsecHMm Hocaumma. Ocum Tora, B-52 he 6utm onpemrbeH gurMtanHom onpe-
MOM, OOHOCHO TEXHOornjom 3a 6opbeHy MpexHy koMmyHukaumjy — Combat Network
Communications Technology — CONECT), moaepHusoBaHumM pagapom AN/APQ-
166, wto he my omoryhutn nHterpaumjy nogsecHor AN/AAQ-33 3a npeumsHuje ra-
harse kao gonyHy noctojeher AN/AAQ-33. CONECT Takohe omoryhyje mogepHusa-
LMjy caTenutcke KOMyHUKaumje nytem Bpro BUCOKMX ppekseHumja (ELF).
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Yak 1 HajHoBMjU o oBa Tpu Bombapaepa, HeBuarsueKu B-2, nponasn kpo3s ¢a-
3e MoAepHusaumje koje he ra ogpxatu y notu 4o yBoherwa HoBe HEBMOIbMBE fe-
Tenuue. Komnanuja Northrop Grumman npunpemuna je HoBU COTBEPCKU NakeT
nosHat kao Flexible Strike programme koju he yBe3atn Hekonmko noctojehmnx codT-
BEPCKMX NakeTa Koju cy 0o caga bunm ykibyumBaHu y 3aBMCHOCTM 0of, M1cuja. Hosu
copTBEPCKM NakeT ymaruhe TPOLLKOBE oapXKaBara 1 nosehaTu noy3gaHocT.

OBaj copTBEpPCKN NAKET je NpBU Koju he NCKOPUCTUTU NPeJHOCTM HOBUX KO-
MYHUWKaLMOHNX CTPYKTYpa, OpXMX npouecopa, Mpexe cacTaBibeHe 0 ONTUYKMX
kabnosa v nosehaH kanauuTeT cMeLlTaja nogartaka.

Mpe kpaj 2012. rognHe KOMNaHwWja je 3aBpLuMna MogepHu3aunjy pagapa ca
hasnpaHoM peLueTkom koja he Gutn npumereHa Ha pagap AN/APQ-181 Ha ne-
Tenuuu. [pyra noborbluaka OOHOCE CE Ha OPYXaHW MHTEPJdE]C Y KOKNUTY KOju
he 6uTn y moryhHocTu aa ynotpebu HoBe npojekTune, kao wrto cy SDB Il n Mas-
sive Ordnance Penetrator. KomyHukaumoHn cuctem he takohe 6utn mogepHn3o-
BaH, a buhe nHcTanmpaH 1 yHuBep3anHu opy>KHuU nHTepdejc.

Komnanuja Northrop Grumman takohe mogepHusyje codpTBep 1 xapasep
3a pedaHsmeHu cuctem netenuue AN/APR-50 koju je npojekToBana komnaHuja
Lockheed Martin. KomnaHuja Lockheed Martin Mission Systems and Training di-
vision pa3Buja HOBU rpadmykM NPoLLEeCcop 3a aBMOHCKE UHCTPYMEHTE, AOK KoMMa-
Huje L-3 Communications Randtron Antenna n Systems Ball Aerospace page Ha
HOBMM aHTeHama Koje he 6utn ynotpebrbeHe y HOBOM CUCTEMY.

[pazaH By4koesuh (Dragan Vuckovic),

e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: " http://orcid.org/0000-0003-1620-5601

Hosa suweHameHcka epaHama 120 mm 3a meHk Abrams®

KomnaHuje General Dynamics Ordnance and Tactical Systems (GD-OTS) n
Orbital ATK pobune cy yroBop 0 pasBojy Npojekta 3a HOBY HanpegHy rpaHaty
120 mm (Advanced Multipurpose (AMP) 3a TeHk M1A2 Abrams.

BpegHocT yroeopa je no 16 munmnoHa gonapa 3a cBaky koMmnaHujy. O4ekyje
ce pa he dasa pasBoja 6utn 3aBpweHa go 2019. roguHe, npobHa NPou3BoAH-a
0o 2019. gok 61 nyH npomsBohayku noTeHumjan 6mo octeapeH o 2021. roamHe.

NpaHaTy AMP, koja ce Boau noa o3HakoMm XM1147 High Explosive Multi-
Purpose with Tracer (HEMP-T), pa3Buno je amepuyky BOjHW LieHTap 3a UCTpaxu-
Bawe Haopyxawa ARDEC (US Army Armement Research, Development and
Engineering Center).

paHaTta he 6utn onpemrbeHa gaTtanuHKOM Ca BULLEHAaMEHCKUM nporpamum-
pajyhum ynarbadyem koju he ogpeanTn BpeMe getoHauuje, yaapom rno uurby nunm
pacnpckasajyhum edekTom.

Tokom hebpyapa oBe rognHe komnaHuja Watervliet Arsenal gobuna je yro-
BOp 3a MoAepHu3auujy Hekonuko TeHkoBa M1A2 ca onuujom yrpafusarwa MyHU-
umjckor gatanuHka (Ammunition Data Link) nomohy kojer 6u 6unn y moryhHoCcTM
Aa ncnane rpaHaty AMP. OBa rpaHaTta npouecynpa curHam ca TEHKOBCKOT Cu-
cTema 3a yrnpaBrbake BaTpoM 1 npocnefyje nogatke ynarbayy rpaHaTe.

2 Jane’s International Defence Review September 2015
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Ucnarpusare AMP epaHame Ha mecmupary

JegHogenHa rpaHata AMP Ma 6,5 Kr MOroHCKor nykwena, a heHa yKynHa
maca usHocu 21 kr. Nocenyje packnanajyha kpunua pagu cTabunHocTtu y nety,
a npeasuheHa je 3a Hanag Ha NakoOKMOMibeHe LuIbeBe, nocage BoOHeHnx npo-
TUBOKIOMHUX pakeTa, NPOTUBTEHKOBCKE 3anpeke Ha pasgarbvHama o 2.000 m,
Kao 1 Ha neluagmjcke cHare.

Ouekyje ce na he AMP 3ameHUTN BUCOKOEKCMNIO3UBHY MPOTUBTEHKOBCKY
rpaHaty M 830, BuweHaMmeHCKy nNpoTuBTEHKOBCKY rpaHaty M830A1, kao u rpa-
HaTe M1028 n M908. N'panata M830A1 6una je HamehweHa 60pbu NPoTMB Xenu-
konTepa. OBa BMULLIEHAMEHCKa rpaHaTta objegmHuhe ybojHe Mucuje BuLle rpaHa-
Ta 1 3HATHO NOjeaHOCTaBUTM NIOTUCTUYKE 3adaTKe.

Ouvekyje ce roguwkba npomnssoara of oko 3.500 rpaHata Koje he 6uth oko
30% jedbTnHWje og nocTojehe MyHuupje.

TeHk M1A2 Hocum 40 rpaHaTa 3a ton M256 og 120 mm. Ouekyje ce ga he
yBohene rpaHate XM1147 poeectn o kopuwhera camo ABe BPCTE rpaHaTte u
T0 AMP 1 APFSDS-TM829E4 — noTtkanubapHor neHeTpaTopa.

paHaTa M829E4 je ycnewHo npoluna npea TecTupaka 1 yCKopo ce oye-
Kyje noyeTak cepujcke NMpou3BOLHE€ Ha OCHOBY yroopa BpegHor 80 munuoHa
gonapa.

[pazaH By4kosuh (Dragan Vuckovic),

e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: " “http://orcid.org/0000-0003-1620-5601
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Hoso ameubujcko oknornHo eosuno Terex 2°

CuHranypcka komnanuja Singapore Technologies (ST) npukasana je cBoje
HajHOBMje OKITOMHO BO3uSI0 — Todkaw 8X8 Terex 2. OBO BO3UNO NpeAcTaBriba
HacTaBak nporpama Bo3una Terex Koja cy Beh y ynoTpebu y opykaHum cHarama
CwvHranypa, kao 1 y 3ajegHuM4kom nporpamy amdmbujckor 6opbeHor Bo3una 3a
aMepuyKM MaprHCKK Kopnyc y capaitbu ca amepunykom komnaHujom Applications
International Corporation (SAIC).

MecTo Bo3aya ca OBa ekpaHa oceTrbMBa Ha goaup koja omoryhyjy 6pxu
npucTyn MHdopmMaLmjama O BO3UINYy YMECTO KNacU4HUX UHCTpyMeHaTa, AOK ce
npvkas gellasasa OKO BO3uma Takohe npukasyje Ha ekpaHuma.

MpojekaT Bo3una Terex 2 npeactasrba KynMUHaLUuWjy AeLeHujcKor AM3ajHu-
para 3awTuheHnx MobunHmnx nnatdopmu, kao WTo cy 6opbeHo Bo3nnIo newa-
aunje Bionix n oknonHu TpaHcnopTep Terrex.

Terex 2 nma macy og 30 ToHa u Texu je of noctojeher Bosuna Terex Koju
Texu 24 ToHe, omoryhasa Behy HOCMBOCT ToBapa, Haopyxaha un 3anuxa. Bosu-
no uma gBa 4YnaHa nocage — Bo3ada M koMaHgupa u 12 noTnyHO onpemrbeHnx
npvnagHvka gecaHTa Koju Cy CMELUTEHU Yy NOCEBOHO NpojekToBaHa ceauiTa koja
LWTMTE Of, eKcnro3unja, a koja ce MOory Nnako CKMHYTM U Ha Taj Ha4mH omoryhutum
CKMaguLITEHE PasNMuUTUX CTBapu y Tpyny Bo3wna unu 6pxu npuctyn pagu
OApXaBak-a.

[MoBehaH je cTeneH NpexuBrbaBaka Nocaje, Tako LITO je TPyn cacTaBibeH
oA ABe cekuumje obnukoeaHe kao cnoeo V (V-over-V). Y gowem geny Tpyna cme-
LUTEHN CY MOrOHCKN U aMOpTU3aLMOHN Oe0, OOK CE Y rophem Aeny Hanasu npo-
CTOp 3a cMeLTaj nocage M AecaHTHOr oferberwa. [own Ae0 Tpyna 3agyXeH je
3a abcopboBare NOYETHOr EKCMMO3UBHOT yaapa Koju MoTU4e o4 MUHE Unu o
UMMNPOBN30BaHE EKCMITO3NBHE Hanpase, AOK ApYrv, ropkun Aeo Tpyna y obnuky
cnoBa V, ymamyje pusnk o partbaBaka nocage.

% Jane’s Defence Weekly 9 September 2015
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Hoesu Terex 2

Komnanwuja ST Kinetics Harnawasa 3Ha4aj amgpubujckMx onepauuja kKoje cy
W rMaBHM NokpeTaun nporpama Terex 2. XvapoanHaMunykm obrvk Bo3una y KoM-
OWHauUuWju ca WHOPKEeN CUCTEMOM M MOCEOHO AM3ajHMpPaHUM MPOMYN3MOHUM CU-
ctemom omoryhaBa Bo3wiy noctusdamwe 6p3vHe of 6 4YBopoBa y BOAM M TO Npu
BENMKUM Tanacvma.

Boauna Terex u Terex 2 gene UCTy KOHGUrypauujy Ha ocam TOYKOBa, anu
Terex 2 npefcTtaBfba NOTNYHO HOBW AM3ajH Ca HOBMM TexHosiormjama un noseha-
HOM HOcuBOLLRY.

Hema cymwe ga he oBa yHanpefewa 3HauMTu 1 gogaTtHe TPOLLKOBE, Tako
Aa Huje nsHeHahyjyhe wrto komnaHuja ST Kinetics 1 garbe Hyau TPXULITY opu-
rmHanHu Terex.

KomnaHuja je npunvMyHO curypHa y CBOj HacTyn Ha MefyHapoaHOM TPXu-
WITY, YeMy je CUrypHO JONPUHEO W ycnex 3awTtuheHor TepeHckor Bosuna Wart-
hog y ABraHucTaHy, kao 1M Mporpec y OKBUPY nporpama amepuykor MapuHCKor
kopnyca ACV 1.1.

Ouvekyje ce ga he HOBO BO3WMO OUTKM MpMKasaHO Ha cajMy HaopyXawa Yy
JloHpoHy, og 15. go 18. centembpa, a Mecel gaHa kacHuje y 6asu amepuyke
MOpHapuyke newaguje y KsaHTuky.

[pazaH By4kosuh (Dragan Vuckovic),

e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ‘" http://orcid.org/0000-0003-1620-5601
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Hose sapujaHme rnopoduye Rosomak®

Komnanwuja Polish Armament Group (PGZ) npuka3ana je HoBe BapwjaHTe
nopoauue Toukawa 8X8 Rosomak Ha n3noxbu Haopyxawa MSPO, koja je oap-
XaHa noyeTkoMm centembpa 2015. roguHe.

To cy mogepHusoBaHn Rosomak-M, yHanpeheHn Rosomak-XP, Bo3uno 3a
nogpwky Rosomak DSV ca tonom 120 mm, uHxumepujcko Bo3uno Rosomak
WPT, kao v Bo3urno ucte nopoauue ZSSW-30 ca garbMHCKu ynpaerbaHUM TOMOM.

Rosomak-M je mogepHusoBaHo 60p6GeHO BO3MNO newaauje ca yHanpehe-
HoMm kynosiom HitFirst-30P koja uma HocmBocT 200 go 300 kr n onpemsrbeHa je
cuctemom Rosomak Battlefield Management System. Oo Bo3uno je camo mo-
OepHU30BaHo, a cavyBaHe cy My amdubujcke cnocobHocTM yrnpkoc Behoj macu,
LITO je ocTBapeHo 3axBarbyjyNu HOBOM HEMAYKOM HAHOMETPUYHOM YEJTUYHOM
OKrnony, Kao 1 Npolnpeky WupuHe camor Bo3una Cee To pesynTtuparo je ma-
COM koja je noehaHa 3a 1.600 «r.

Rosomak-XP

Opyrm HoBn Rosomak je Rosomak-XP koju je onpemrbeH noborbliaHnm
aMopTM3aLmMoHMM cucteMom nomMohy Kojer je 6orbe pacnopeheHa maca Bo3una
oa 30 ToHa. Maca je noBehaHa pagu nobosbliaHe 6anucTnyke 3alTUTe Koja je
caga Ha HnBoy STANAG 4569, HuBo 4 1 HMBO 4a/b, WITO nNpyxa 3aWTUTy o4 Mu-
Ha 1 UMNPOBM3OBAHMX EKCMITO3MBHNX HaNpaBa.

Rosomak DSV onpemrbeH je kynonom komnaHuje Cockerill Mechanical Indu-
stries (CMI) XC-8 120 HP HaopyxaHom Tornom 120 mm L/47, a KoMnaHuja TpeHyT-
HO pagwm Ha Kynonu koja he 6uTtn onpemrbeHa HoBum TonoM 120 mm u koja he 6u-
Th noHyheHa 3a 6ygyhu nporpam norbckor Bo3una 3a nogpky Gepard.

4 Jane’s Defence Weekly 9 September 2015.
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Rosomak DSV

Y mefyBpemery, Ha nsnoxtum MSPO norbcka komnaHuja Huta Stalowa Wo-
la (HSW) npukasana je gpyrM npoToTun JarbMHCKM ynpaBrbaHe kynone ZSSW-
30 HameneHe Bo3nny Rosomak M2 n 6ygyhem norbckom ryceHnydHom BBI1 koju
ce npunpema y okBupy nporpama Borsuk. OBaj npoTtotun 6uhe onpemrbeH
€eneKkTpoonTMYKMM HuwaHckum ypehajem PCO GOC-1 ymecto ypehajem Nike
Selex ES koju ce Hanasno Ha npBOM NpoOTOTUNY.

HpazaH Byykosuh (Dragan Vuckovic),

e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: " http://orcid.org/0000-0003-1620-5601

Nexter nonaxe Hade y 6BI1 VBCF

Komnanuja Nexter Systems npukaszana je 6opbeHo Bo3uno nelwsaguvje
(BBIM) VBCI-2 Ha nsnoxéu Haopyxarwa DSEI 2015. Bosurno je passujeHo cpen-
CTBMMA KOMMaHuWje pagu npueravera NoTeHUMjanHuxX KrujeHata Koju Tpaxe
BBI1 ca Behom BaTpeHOM MOhU 1 BULLMM HMBOOM 3aLUTUTE.

VBCI-2 y koHcurypaumju BBl uma HOBK, y NOTAYHOCTU 3aBapeH Tpyn ca
BMLUMM KPOBOM of cTaHgapgHor Bo3una VBCI koje ce Hanasu y ynoTpebwu
dhpaHuycke Bojcke, WITO My omoryhaea Behu UHTepHU BonyMeH. HoBuHe cy u ja-
YM OM3en MOTOP, YCaBpLUEH aMOPTU3ALMOHU CUCTEM, LUMpe Fyme pagu borbe
NPOXOAHOCTU, OMuMja ynpaBrbawa 3a4iUM TOYKOM, ENNEKTPOHCKA apXMUTEKTypa
1 TepMarHa kamepa 3a Bo3ava.

5 Jane’s Defence Weekly 23 September 2015.
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Haopy>xaHom moriom CTAl 40 mm

HajHoBuja Bepaunja VBCI-2 onpemrbeHa je HajHoBujoM Kynonom T 40, Hao-
py>xaHom Tornom CTAI 40 mm, n garbMHCKN ynpaBibaHOM OPY>KHOM CTaHULIOM
onpemMrbeHOM MUTparbe3om 7.62 mMm. 3a pas3nuky of we, CTaHgapgHa Kynona
Ha Bo3uny VBCI HaopyxaHa je Tonom 25 mm M811 ca gBOCTPYKO MyH-€HOM MY-
HUUKnjoM U MuTparbe3omMm 7.62 mm. Ca cBake CTpaHe Kynone Hanasum ce BoheHa
NPOTUBTEHKOBCKA pakeTa Kojy bupa cam KOPUCHMK.

Kao n kop BehuHe HoBux Bosuna, VBCI-2 je onpemrbeH kamepama koje
omoryhyjy npernegHocT y pagujycy og 360 cteneHw.

HpazaH Byykosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: " http://orcid.org/0000-0003-1620-5601

Kuna omkpuea Hosy 2eHepayujy 6ecriuiomHux nemenuya®

Komnanwuja Chengdu Aircraft Corporation oTkpuna je jaBHOCTM gpyry reHe-
pauujy Typbonponenepckux 6ecnunotHux netenmua Wing Loong Il Tokom nsno-
x0e Haopyxara y [NekuHry, koja je ogpxaHa nonosuvHoM centembpa 2015. ro-
OvHe.

Ha ocHoBY cnuke 1 4OCTYMHUX Nogartaka jacHo je Aa NnocToju Benuka cnnd-
HOCT ca ©ecnunoTHOM neTenuuomM amepudke komnaHuje General Atomics MQ-9
Reaper koja netn Ha BenuvkuMm BUCMHaMa U MMa Benukn pagujyc aejcrea. [o-
CTYNHWM Nodaum yKasdyjy Ha TO Aa Cy TecTupaka netenuue 3anoyena jow TOKOM
mapTta 2015. roguHe.

€ Jane’s Defence Weekly 23 September 2015.
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Wing Loong Il je npukasaH TokoMm 13noxbe Haopyxana y [ekuHry, koja je
opfpxaHa nonosuHom centembpa 2015. roguHe.

Ovekyje ce ga he netenuua yhu y nHBeHTap HapogHoocnoboannayke Boj-
cke KuHe 1 6utn ynotpebrbaBaHa y cagejcTBy ca MahoM 6ecrnunoTHOM netenu-
uom Chengdu GJ-1/Wing Loong.

Wing Loong Il no cBojoj koHtburypaumju 1 gumeHsnjama cnaga y uUcty kna-
cy kao n amepudka bJ1 MQ-9 Reaper. O6e nokpehe jegaH notucHu Typbonpone-
nepckn motop. CatenuTCkn KOMYHUKaLMOHU CUCTEM W MPUMaPHU OMTUYKN CU-
CTEM CMeLUTeHu Cy y Hocy neTenuue u obe kopucte Benuke V ctabunmsartope
ca MakMM BepTuKanHuM ctabunusatopmma.

Mako cy ckopo ngeHTu4He no BenuYMHKM, huxose nepdopmaHce ce pasnu-
Kyjy, HajBuLle 3060r pa3nmMumMTux NoroHckmnx cuctema. flok MQ-9 Reaper nma mak-
cumarnHy 6p3nHy og 444 KM Ha Yac 1 JOCTWXEe MakcumanHy BucuHy og 15.240
M, Wing Loong Il noctuxe makcmumanHy 6p3vHy og 370 KM Ha Yac 1 NOCTUXE BU-
cuHy og 9.000 m.

Pasnukyje ce n HocuBocT; MQ-9 Hocu 1.360 Kr Ha NoABECHUM HOocaynma,
aok Wing Loong Il moxe HocuTtu camo 480 kr.

Cnuka ca 6powype nokasyje kako Wing Loong Il Hocn 12 pakeTa Basgyx-
3eMrba, anu ce Ty BepoBaTHO paaum O paketama Basgyx-3emrba Norinco Blue Ar-
row 9 of 26,5 Kr koje cy NpBu NyT NpukasaHe TokoM 2014. rognHe.

Ouvekyje ce HanpegoBawe y nepdopmaHcama kuHecke GecnunoTHe nete-
nuue ako KuHa byge HacTtaBuna ga pasBuja cHaxHuje motope 3a bJ1. MefhyTtum,
BPIIO je BepoBaTHO Aa he u3Bo3HM ycnex ose netenuue 6utn ogpeheH ynpaso
HEHOM LiIEHOM KOja ce OAHOCK Ha NeTenuuy 1 KOMHEHN KOHTPOSHN CUCTEM.

HpazaH Byuykosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: * " http://orcid.org/0000-0003-1620-5601
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Hoeu kuHecku opyXxaHu CUCmeMU7

Ha neTHaecToj BOjHOj napagu, Koja je ogpxaHa y NekuHry, yyecTBoBaro je
12.000 BojHMKa u 56 reHepana knHecke HapogHoocnobogunadke apmuje 1 jowl
1.000 BojHMKa u3 17 3emarba.

KuHecka npomuebpodcka pakema YJ-12

Ha BojHOj napagm npukasaHo je 500 opyXHUX cucTemMa Koje KOPUCTU KornHe-
Ha Bojcka 1 200 netenuua. Nako je jaBHO peyeHo ,0a ce OBU OPYXHU CUCTEMMU
npBu NyT npukasyjy“ Behu geo je Beh npukasaH y pasHMM KMHECKMM BOjHUM My-
Onvkaumjama n Ha BebcajToBuma.

CTtpatellke pakeTe Oune cy y LEeHTpY naxhe, HapoumTo paketa DF-21D,
npea 6anuctnyka npoTnBOpoacKka paketa koja ynotpebrbaBa maHeBpuLyhy 60-
jeBy rnaBy, onpeMrbeHy BULLECTPYKMM CEH30pMMa, Koja omoryhaea Hanag Ha
nokpeTHa nnosuna Ha Mopy. Oyekyje ce ga he oBa paketa 6utn ynotpebrbaBa-
Ha 3ajegHo ca KrnacuM4HUM NpoTMBOPOACKMM pakeTama NaHCMpaHuM U3 Basgyxa
1 ca Mopa paawv naklier caBnajaBata elenoHupaHe ogbpaHe rpyna 6pogosa.

MpBu NyT y jaBHOCTM je NpukalaHa u 6anucTuyka paketa cpefher gomeTta
DF-16, kojy ynoTpebrbaBa [pyrv apTurbepujckm Kopnyc n To og novetka 2011.
roavHe. PakeTa je npeysena cTeneH Ha kojem ce Hanasu 6ojeBa rmasa Ganu-
CTUYKe pakeTte kpaTtkor gometa DF-11A, anu joj je gogaTt jadun MOTOp Koju joj
omoryhyje Behu paauvjyc gejctea n sehe 6p3nHe pagn nsberaBarwa HOBUX pake-
Ta pakeTHe ofbpaHe TajsaHa Kojy je ncnopy4yuna Amepuka.

7 Jane’s Defence Weekly 09 September 2015.
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DF-21D, npea 6anucmuyka npomugbpodcka pakema

MHTepKoHTMHEHTanHa cTparteluka paketa DF-5 B, ca BuwecTpykum 60jeBu-
Ma rmasama, gometa 15.000 km, Takohe je npBuM NyT npukasaHa y jaBHocTn. OHa
ce Hanasu y onepaTtuBHOj ynoTpebu kmHecke Bojcke jow of 2008. roanHe, a Ha
napagum je npukasaH mofen Koju ce naHcupa m3 sawTtnheHnx cunoca, a KopucTu
UCTY TEXHONMOrNjy Kao 1 pakeTa 3a NaHcupare ToBapa y ceemup — Long March -
2C. Vako ce wnekynucano ga oBa pakeTa Hocu Tpu GojeBe rnaee, cyaehu no
HEHOj BennuuHu, moryhe je ga je t1aj 6poj ymameH.

KuHa je npukasana v ogpeheH 6poj KOMHEHUX OPYXXHMX CUCTEMA, Kao LUTO
je TeHk T-99A, koju je npsu nyT npukasaH 2011. roguMHe, a uuja kynona ca
OLWTPUM MBULAMA yKa3yje Ha TO Aa je ynoTpebrbeHa gpyra reHepauumja KoMmno-
3UTHOT 1 PeaKTMBHOT OKIona.

LALLM A

TeHKk T-99A
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MpBu NyT je npukasaHa n NnpoTMBTeHKOBCKa paketa ATF-10, BoheHa ontnu-
KM kabnom n npeasuheHa 3a rahakwe mMeTa BaH Bu3yenHor gometa. Ocam Ta-
KBMX pakeTa HOcu MoamcumkoBaH oknonHu TpaHcnoptep ZBD-044. HapogHoo-
cnobogunadvka Bojcka KuHe npBu nyT je nckasana notpeby 3a cuctemom raha-
Ha BaH BM3yenHor gomeTa jow 2011. rogmHe, a paketa ATF-10 npeu nyT je yno-
TpebrbeHa Ha BOjHUM MaHeBpuma 2014. roguHe.

MopHapuua je npvkasana HOBY CYNepCOHWYHY NMPOTMBOPOACKY pakeTy YJ-
12 kojy nokpehe pamileT MOTOp, a NaHcupa je aBuoH J-15 ca Hocaya aBMoHa.

HoBuHy npeactaBrba 1 6anuctudka paketa manor u cpegher gomerta DF-
26 3a KOjy je peyeHo aa ce NpoM3BoaM 1y NPOTUBOPOACKO] BapujaHTu.

Banucmuuka pakema marnoe u cpedre2 domema DF-26

[MoBpx OCHOBHE MuCWje NpOojeKkTuna, y Kojy cnajajy Mmucuje HykneapHux
npotneygapa, DF-26 moxe HanagaTu n 6pogoBe cpeaHe HOCUBOCTU Y OKBUPY
KOHBEHLMOHAaNHUX MUCKja yaapa Ha Benvkum garsuHama.

Kako je pomeTt pakete DF-26 og 3.000 go 4.000 km, oHa 6mu morna rahaTu
amepuuke LurbeBe Ha ocTpBy ['yam.

C 063vpom Ha AeduHULM]y uuIbeBa cpefike HOCUBOCTU, O4YeKyje ce aa ou
ce pakeTom mornuv rafaTv n 6pogoBM BenMUMHE pasapaya, a He caMo Hocada
aBMOHa. Y TOM CMMCIy OBa pakeTa Ou npegcraBrbana apyry reHepauuvjy 6anu-
CTUYKMX pakeTa koje mory rafjatm amepudke OpoadoBe M TO Ha JarbMHama Koje
cexy o octpea N'yam.

To ctBapa HoBy npeTwy CA[ koje caga MOpajy CMUCIWTU Ha4vH da 3a-
LUTWUTE CBOjE M MHTepece CBOjUX CaBe3HMKa y CEBEPOUCTOYHOj A3unju, a HApPOYMTO
Ha TajsaHy.

HpazaH Byykosuh (Dragan Vuckovic),

e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ‘" http://orcid.org/0000-0003-1620-5601
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YjedureHu Apancku Emupamu Kyrnyjy Hoeu moprnedo®

Yjeanwenun Apancku EMunpatu HajpepoBaTHMje kopucTe Heynagrbmee 6po-
JOBE KOju Cy HaopyXaHu ToprneaoM ca HajehuM AoOMeToM Ha CBeTy. To 6u um
omoryhuno ga rafajy upaHcke nogmopHuue knace ,Kuno”.

M3BelwTaj Hemayke Briage O M3BO3Y HaopyXara OTKPWO je Aa cy Age ,nno-
Behe nnatdopme ca onpeMoMm 3a naHcupawe Topnena” usseseHe y YAE Tokom
2014. roauHe 3ajegHo ca oarosapajyhom onpeMoMm 3a NOABOAHO NoLuMpare.

Hemauka komnaHuja Atlas Elektronik ogbuna je 6uno kakaB KOMeHTap Ha
Ty TEMY, anu je uarnega HecrnopHo ga cy YAE HoBu knnjeHT 3a Topnego SeaHa-
ke mod 4 ER koju nma Hajsehun pagujyc gejctea Ha ceeTy — Buwe og 140 km.

JlaHcupar-e mopneda SeaHake mod 4 ER

Mod 4 ER je dpnekcnbunaH cMcTem Koju ce MoXXe MOHTMPaTN U Ha KaMUOH,
Tako LWITO ce Topreda cnywTajy y Boay npeko ussnadvehe pamne. Topnego ce
MoXe nsbaumBaTi 1 U3 NocTojehnx TopnegHUX LEeBM Koje ce Mopajy Mano moau-
dmkoBaTM ¢ 063MpPOM Ha OyXKMHY Toprieda, a CUCTeM 3a faHcupare Topneaa
MOXe Ce MHCTanMpaTu 1 Ha HaMeHcka NroBmna.

Hemaukn mnspas nnoseha nnatdopma BepoBaTHO 3HauuM ga cy ce YAE
onpegenunu 3a Bep3ujy Koja ce MOXe MHCTanMpaTu Ha KomepuujanHe 6pogose
KOju He NMpuMBNaye naxkby.

Ca gpyre cTpaHe, HemMayka AOKyMeHTaLmja roBopu aa ce ped ,nnargopma’
OQHOCU M Ha HOBW TUM ToprnegHor Yamua. Ha Taj HaumH moxe ce objacHuUTK 3a-
wTo ux Hemayka nogspcraea y ,BojHe GpoooBE” y CBOM rOAMLIKEM U3BELUTAjY
0 U3BO3Y HaopyxXaHa.

8 Jane’s Defence Weekly 23 September 2015
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Ykonuko cy YAE Kpajhiu KopucHuuK, Taga cy O6pogoBu Ha kojuma ce Hana-
3u cuctem mod 4 ER y ctBapu 6pogoBu knace Rmah koje npor3soam kKomnaHuja
Nobiskrug. OHu nMye Ha KOMMjyTEPCKN reHepucaHe crivke 6pofgoBa onpeMrbeHe
ca mod 4 ER Ha kojuma ce Hanase CUCTEMU 3a NaHcupake YeTupu Topneaa, a
Koju usrnegajy kao obu4Hn OpoLCKM KOHTEjHEPM Ha nanyow.

[OparaH Byukosuh (Dragan Vuckovié),

e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: “ " http://orcid.org/0000-0003-1620-5601

TajsaHcku camMoxo0HU ModynapHu MuHobayay®

TajBaHCKO MMHMCTaApCTBO oAabpaHe 3anoyernio je ca NpojeKToM HanpegHor
MOOMIHOr MMHOOAaLa4YKor MoynapHOr CMCTEMA Ha KOju ce MOHTUpajy MnHoba-
uayke uesu og 81 nnn 120 mm.

7%

MobunHu murnobayayku cucmem (MMC)

Mo6unHn muHobauadku cuctem (MMC) He3aBMCHM je enekTpoMexaHU4Ku
CUCTEM KOjU CagpXun XugpaynuyHu CKomn Yuju je uuib ymakere noBpaTHOr
Tp3aja n oo 70%, wTto My omoryhyje ga ce MOHTMpa Ha Benuku 6poj Bo3una
TouKalla unm ryceHmdapa, 6e3 notpebe 3a ojayaBareM cucTeMa amopTu3auuje.
Cknon ce okpehe 3a 360 cTeneHu No asuMyTy, AOK je cTeneH enesauuvje oa 45
0o 85 creneHu, nako je moryhe n py4yHo nokpetame.

® Jane’s International Defence Review October 2015
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¥k : Hipree

ﬂonyaymomamCKu MuUHobayayku cucmem

MobunHum mMuHoBaLavYkMm CUCTEMOM ynpaBiba OUrUTanHM cuctem 3a
ynpaBrbake BaTPOM Ca MHTErpucaHnMm 6anmncTykMM KOMMjyTepoOM KOju OMOry-
hyje HuwaHLmju MHOro npeunsHunje ucnarbnsawe MnHe. Nako je cuctem moryhe
MOHTUpPATM Ha pasnunuuTte nnatgopme, npototun MMC-a je uHTerpucaH Ha
oknonHom TpaHcnopTepy 8X8 Cloud Leopard. Bo3uno je mogudgukoBaHo Tako
LWTO je oMmoryheH Behu oTBOp Ha KpoBY, anu n oarosapajyhu npoctop 3a 44 mu-
He. Y 0BOj KOHhMrypaumju Bo3unom ynpaerba 5 ynaHoBa nocage: Bo3ad, KOMaH-
Onp, HULWaHLja, NTOMORHUK HULLAHLINjEe 1 cneuunjanicTa 3a MyHUUujy.

MpurkasaH je n HoBKM NonyayToMaTCKM CUCTEM MyHeHa LEBM 3a MUHODaL a4
120 mm.

Cwnctem omoryhyje nocagu ga nyHum muHe og 120 MM Tako WITO NyHW MOAyn
Koju ce Taga aytomartcky cnywTa y ues. HoBu cuctem omoryhyje nocagn MuHo-
fauava ga octaHe 3awTuheHa OKMOMOM TpaHCMopTepa 3a BpeMe BaTpeHe Mo-
apwke. MNpehawn cuctemn JOBOAMIN Cy Nocady Y ONacHoCT, jep Cy npunpem-
He paghe bune obaBrbaHe 6e3 3awTuTe. OHe Cy cafa 3HaTHO pegyuupade, Ta-
KO WTO je MmHOBauay cnpemaH 3a BaTpy OHOr TPEHyTKa kaga OKMOMHW TpaH-
crnopTep CTaHe M Kaga je KpoB oTBOpeH. NMocaga mopa camo ga ybaum koopau-
HaTe uniba y CUCTeM 3a ynpasrbake BaTPOM U HaMyHW OpyXje MUHOM.

WHTerpauunja cuctema MMC 81 mm ca oknonHum TpaHcnopTepom Cloud
Leopard gokasana je MmoryhHOCT ncnarsusawa 1 4o 15 muHa y MuHyTu. lNnaHm-
paHa je n uHTerpaumja cnmyHo koHdpurypmcaror cuctema MMC n Ha naky nnat-
dopmy HMMWX — High Mobility Multipurpose Wheeled Vehicle, nako he pa3ssoj
TakBoOr CUCTEMA 3anoyeTy TeK HaKkoH YCMEeLIHO 3aBpLUEHOr TecTupama Ha oKror-
Hom TpaHcnopTtepy Cloud Leopard.

KomnaHuja 202nd Arsenal pa3Buna je HoBy MUHODaLa4ky MUHY Koja ce 3a-
CHMBa Ha MMHobGaua4vkoj MmuHn M374 A 3 (HE High Explosive), a koja ce 360r 3a-
ctapenoctu nsbauyje n3 Haopyxama Bojcke CALl, a n garoe je y Haopyxamy jy-
YKHOKOpEjCKe BOjCKe.
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Hosa muHobauayka mmHa XTC 103 HE nocepnyje wect nywera koja ce Ha-
nase Ha aepoguHavHujeM Terny MUHE YMEeCTO YeTUpu Koje Cy ce Hanasune Ha
Teny muHe M374 A 3, wto HOBOj MuHM omoryhyje n go 25 % sehu gomeT, ogHo-
CHO [0 6.300 m.

TpeHyTHO ce paau Ha pa3Bojy MMHobauayvke MuHe koja he cagpxatm 1.150
MeTalnHuX Kyrnmua okKo eKCnJjio3nBHOrI NykeHa, WTo he 3HaTHO yTnuaTu Ha ecpe-
KaT ekcnrosuje.

Jow jegaH npojekaT Koju je geo passoja cuctema MMC Hanasu ce Ha Te-
CcTMpamy, a TO je CMCTEM 3a BasdyLHO ocMaTtpare U Huwarewe. OBge ce pa-
Oy o 6ecnunoTHOj NeTenuuM ca BuLLE POTOpa Koja je ONpeMrbeHa KamepoMm U
nacepckum garsMHapoMm, a npunaga camoM CUCTEMY.

Kapa je maHcupaHa, netenuua gocTtaBrba MNpPeLM3HE HULLAHCKE MoAaTke,
Kao LITO Cy OOMET, BPEMEHCKM U OPYrM YCIOBM CUCTEMY 3a yrpaBibake Ba-
TpOM, LWITO 3HaATHO noBehaBa TayHocT rahawa. Ocum Tora, Kao Oeo cuctema
npukasaHa je OMHMAMPEKUMOHa Kamepa Koja obesbehyje Cnuky OKonuHe u y
cny4ajy 3aTBapara KpoBa Bo3una.

HpazaH Byuykosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: " *http://orcid.org/0000-0003-1620-5601

Cucmemu ycmepeHe eHepauje’®

Ouekyje ce aa he TEXHOMOLWKM AEMOHCTPaTOpu CUCTeMa yCMepeHe eHep-
rvje KynMuMHMpaTW y CBOM pas3Bojy 3a TpuW OO neT rogvHa v aa he Taga, ykonvko
Gyay ycrneLuHn, aMmepuyko MUHUCTApPCTBO ofbpaHe pa3MOTPUTM Mporpame Koju
he ux yBecTu y onepaTtusHy ynoTtpe6y.

MeHTaroH rognikwe notpowmn oko 300 MunuoHa gonapa Ha pasBoj cucTe-
Ma yCMepeHe eHepruje, WTO je HEOMNXOAHO C 063MPOM Ha pa3Boj NPELU3HUX My-
Huuuja Koje omoryhyjy MHOro MOAEPHUjy U CnojeBuTujy oabpaHy.

CucteMun ycmepeHe eHepruje passujajy ce Hajsehum genom 36or cBe Be-
hnx npeThsn HOBKX KpcTapehux n 6anucTUdkMX pakeTa.

Y pa3Bojy OBakBMX CUCTEMA BaXkHa je cHara Hanajawsa, na je noTpebHo ga
nohe go edwmkacHor kopuwhera nacepa og Hajmawe 100 kunosaTa, jep To npea-
cTaBba MUHUMYM noTpeba 3a cy3bujare BP0 CKPOMHUX PAKETHUX MPETH-M.
Ouekyje ce aa he oBa rpaHuua 6uMTK gOCTUrHYTa Yy cnegehmnx HEKONMMKO rogvHa u
Oa he Oo Taga NogcuUCTEMM KOju perynuily Hanajawe, xrnahewe, KBanuteT cHomna
N KOpeKLUMjy aTMocdePCKUX ycroBa OCTUNN XKerbeHN HUBO 3PENOCTU.

Mako je TpeHYTHO NpYOpUTET Yy pasBojy CUCTEMA YCMepeHe eHepruje okpe-
HYT Ka pas3Bojy MPOTUB- paKkeTHUX CMCTeMa, NnojaBrbyjy ce U HoBe MoryhHocTu
tbuxoBe ynotpebe, koje ce Tudy BasaylwHe oAbpaHe, NpoTuBpakeTHe oabpaHe
UnNn 3amMeHe opyxja Ha aBMOHWMAa TonoBhwayvama Tuna Lockheed Martin C-130
KOju nMajy NpocTop 3a cMeLlTaj Behnx opyKHUX cuctema ¢ 063Mpom Ha To aa cy
TPEHYTHO HaopyxaHu n xaybuuama.

' Jane’s International Defence Review October 2015
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Y pexumy oabpaHe NpoTUB flaHCMpPaHUX pakeTa CUCTEMWN YCMEPEHE eHep-
rvje 61 Hanaganu camy pakeTy UMM UKW Ha OHecnocobrbaBake ONTUYKUX CU-
cTema 3a Hasofhehse.

Y pexumy BasgylwHe oabpaHe cuctemu 6u mornm OuTK ynoTpebrbeHn Ha
camo 3a oTknawawe Hagjonasehe npeTwe Beh 1 y naeHTudukaumjn umroa, wro
je 4yecTto n Hajgehu npobnem BasayLwwHe oabpaHe.

Y parbem pasBojy 6uhe mctpaxeHe MoryhHOCTM 3a ynoTpeby OBUX cucTe-
Ma y HeybOjUTOM JeroBaty, Kao aKTUBHOr cucTema oHemoryhasawa, Ha npu-
Mep 3a pasbujarbe gemoHcTpauuvja. OBakBu cMcTeMyn mMornu 6m OuTK MHCTanm-
paHu 1 Ha 6ecnunoTHe neTenuue NNy Ha Ba3gyLuHe TOMoBHaye.

Beh capa ce pagu Ha Tome ga ce HeybojuTn CUCTEMU YCMEpPEHE eHepruje
WMHTErpuvLly Ha HoBY cepuvjy BasaylHux TornoBwayva AC-130J Ghostrider. Osu
aBuoHu, o3Hake Block 60 J, Beh cy y ynotpebwu, anu je moryhe npenpasutu je-
AaH 6poj og 37 NnnaHMpaHnX aBnuoHa Ha OBY KOHUrypaumjy.

AmMepu4yko paTHO Ba3dyXxonroBCTBO UCTPaXyje MUKpoTanace Benuke cHare
n npobnemaTtuky naeHTugmrKaumje cucteMrMma ycmepeHe eHepruje ¢ 063mpom
Ha noTtpebe nosauke aBujaumje. OBaj kOHUENT ynoTpebrbaBa MUKpOTanacHu re-
HepaTop MHTErpucaH y pakeTty Koju omoryhaBa oHecnocobrbaBame HenpujaTe-
IbEBMX ENTEKTPOHCKMX CUcTEMa.

Kaga cy y nutawy nacepu, AMepndko paTHO BasgyxomnsioBCTBO npebaumno je
CBOje Morbe MHTEPeCcOBaka Ca XEMMJCKUX Ha ,4BPCTE” nacepe cHare HEKONMKO Aece-
TWHa KMnoBaTa y ynoau camosalutute netenuvue. OBu nacepu 6u, ¢ 063Mpom Ha cBo-
jy cHary, Tpebano ga yHuLITe CEeH30pe Ha HenpujaterbCKMM OPY>KHUM CUCTEMMMA.

Ouekyje ce oa he y cnegehux net oo geceT rogmMHa NnocTojaty nacepu CHa-
re og 100 kunoeara, Koju 61 Gunu y ctawy ga ce Hoce ca npeTwama fnounpa-
HUM Ha ,CpedwUM darbMHama”, a y HEKOM OYyropodHMjeM Mepuoay O4vekyje ce
pa3Boj nacepckux opyxja cHare oko 300 kunosaTa Koju ©M MornuM umatm u
odhaH3nBHY ynotpeoby.

Y mefyBpeMeHy 1 amepuryka KONMHeHa Bojcka UcTpaxyje MmoryhHoCT ynoTpe-
0e pasnuunTnx BpCTa nacepa, Hapo4uTo OHMX marnor rabaputa, koju 6u mornm
OUTV MOHTMPaHW Ha BO3uUNa, a ICTOBPEMEHO pa3sBuja U HOBE OOKTPUHE yrnoTpe-
Oe TakBux ypehaja.
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Krby4yHO nuTame 3a KOMHEHY BOjCKY jeCcTe Aa ce Nnacepcku CHOM 3aycTaBu
HaKoH yaoapa y MeTy UInu a ce pacnpocTpe camo Ao oapeheHe rpaHuLe yKonu-
KO je MeTa npomalueHa 360r oTknakbaka ONnacHOCTW Of KonaTtepariHe wreTe Ko-
ja 6bu morna obyxBaTuT aBMOHE U caTenuTe ¢ 063MPOM Ha TO Aa ce pagun o cu-
cTeMuMMa 3emMrba-Basgyx.

Hok ce ose npouenype paspalyjy, amepuyka Bojcka je HacTaBuna ca Te-
CcTupareMm nacepa Mo npojekTy pa3Boja TEXHOMNOrje BUCOKOeHepreTCKor nacepa
High Energy Laser Technology Development (HELTD). Pagn ce o pa3sojy na-
CEPCKMX OpyXaHUX cuctemMa Koju 6u oHecnocobrbaBanu pakeTte, apTurbepujcke
rpaHate n MmHobauadke MMHe, Kao 1 6ecnunoTHe neTenuue.

Yckopo, Tokom 2015. rogmHe, o4ekyjy ce TecToBM y Kojuma he nacepcku
cucteMm BUTKM aHraxkoBaHW NPOTMB MUHODALaYkMx MUHA Marnor kannbpa, kao u
npoTuB 6GecnunoTHuX neTenuua knace 1 un 2.

Ca cBoje cTpaHe, amepuyka MopHapuua Beh uma gyHKUMOHaNaH nacepcku
cuctem cHare 30 kunoeaTa Koju ce Hanasu Ha BojHOM Gpogy USS Ponce. Ogaj
cuctem Beh je ucnpobaH y Hanaguma nNpoTuB Yamara u 6ecnunoTHUX netenuua.

Jlacepcku cucmem cHaee 30 Kunoeama Koju ce Hanasu Ha 8ojHom 6pody USS Ponce

AmMepuryka MOpHapuua nnaHupana je ga Tectupa nacepcku cuctem Ha 6po-
oy Ponce Tokom jegHe roauvHe, anu je To NpogyXeHO Ha 3axTeB KoMaHAe neTe
droTe, a o4eKkyje ce NpobHO TecTupawe HOBOI NaCepCKor cMcTema cHare of
100 no 150 knnosata Tokom 2018. roguHe.

HpazaH By4kosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: * *http://orcid.org/0000-0003-1620-5601
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Paseoj metkosa'’

LT —

HajHosuju meHkoecku du3sajH, pycku T 14 Ha napadu nosodom OaHa rnobede y Pycuju

OBe rogunHe obenexasa ce CTO rogvHa Of Kako Cy TEHKOBM MPBU NyT yno-
TpebrbeHn npunukom npoboja 3anagHor opoHTa Tokom [pBoOr cBeTckor paTa.
Mako cy ce TeHKOBM NpBM NyT NojaBunn y 3anagHoj EBponu, y oBOM pernony ce,
ocuM Hemauke, rotoBo HujegHa 3emrba He 0aBu NpojekToBak-eM, pasBojeM U
Npou3BOaH0M TEHKOBA.

360r marux ByleTta, KOHCONMaauunje HAyCTpuje 1 OyroBe4yHUx nporpama
Npou3BOAHE TEHKOBA, YaK 1 3eMSbe KOje Cy Hekaga Herosare CBoje kanauuteTe
npou3BOAH-E TEHKOBA, Kao wTo je LlBeacka ca csojum TeHkoMm Bofors S un LBaj-
Lapcka ca cBojum TeHkoBuMMa Pz 61 Pz 68, npewne cy Ha yBo3. O6e 3emrbe
opabpane cy TeHk Leopard 2 komnaHuje Krauss Maffei Wegmann (KMW) ca no-
roHom komnaHuje MTU.

Lsenckn TeHkoBu Leopard cnafajy y HajsawTuheHunje TEeHKOBE Ha CBeTy,
LITO nNpeacTaBfba HEOOUYHY CUTyauujy A4a MHOre 3eMibe Koje yBO3e TEHKOBE,
YMeCTO [a ux came pasBujajy, 4obujajy MHOro jada Bo3una og opurnHana.

Ha npumep, Yjegmwenn Apanckun Emupatn yBesnu cy 435 dpaHuyCckmx
TeHkoBa Leclerc, 4nju je 3aBpLIHM CTaHAaph NPOU3BO4HE BULLM HErO LUTO 3ax-
TeBa dopaHuUyCcKa Bojcka. JeAHa of HajaHavajHMjux NpoMeHa je MHcTanauuja ou-
3en motopa MTU 883 og 1.500 KC ymecTo opurnHanHor dopaHLyckor MmoTopa.

YAE cy 3aTum Tpaxunu u yrpagwy AoAaTHOr OKfnona y Buay Komnneta
AZUR komnaHuje Nexter, koju je HamereH 3a 60pby y rpagckvm ycrnosuma u
yrnpaBo Cy Bo3una y Toj KoHdurypauuju BufeHa y onepaumjama koje ce CrnpoBo-
ae y JemeHny. Ca cBoje cTpaHe, ®paHuycka Huje cmaTpana 3a CXO4HO Aa nojada
OKITOMHY 3alUTUTY CBOjuX TeHKoBa Leclerc.

" Jane’s International Defence Review October 2015
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Komnanuja KMW ucnopy4yje TeHk Leopard 2 3a koju ce cmaTtpa ga npeg-
CTaBrba HajycneLuHuju eBporncKkn TEHKOBCKM An3ajH. Hajuewhe ce nssosu, anu je
npeTpneo u Hajsehe nameHe. JiMueHuHo ce npoussoam y ['pukoj n Lnanunju, anu
Hajsehu geo nocrna vnak ce 0AHOCKM Ha MoAepHu3oBake noctojehux nnatdgop-
MM ¢ 063MpOM Ha TO [a je TPeHyTHO y Hemaukoj y TOKy npousBoawa camo 64
TEHKa M TO OHMX KOjU Cy HamereHn n3Bo3y y KaTap, JOK ce cBe ocTarne eBpor-
Cke apMuje Tpyae Aa cMahe cBoje dnoTe.

Yak 1 TeHkoBu Leopard 2A7, koju Cy nopy4eHU 3a HEMadKy BOjCKY Y CTBapu
npeacTaBIbajy MOAEPHN30BaHE xonaHacke TeHkoBe Leopard 2A7 u Leopard 2A4
KOju CYy PEMOHTOBaHW, MOAEPHN30BaHM U NpunarofeHyn HOBUM CTaHdapanva.

Wako He nocToje uHopmaumje o Tome wta he ce gewasatun y 6nmckoj 6y-
ayhHocTu, noctoje nHanumje aa he HOBM TEHK 3ajeAHUYKM pa3BujaTM Hemauka n
®paHuycka, Koja he yckopo Tpaxutn 3ameHy 3a cBoj Leclerc. OBy moryhHocT
JoJaTHO noAarpesa W HefaBHO cnajarke Ase Benuke komnaHuje KMW n Nexter
Koje cy oo caga 6une y n3pasmto KOHKYPEHTCKOM OAHOCY.

Pycuja

Yak je n pycka mamyTcka OKrornHa nHayctpuja buna objekaT pasHux cnaja-
Ha M KOHCOMuAaumja, Tako LITO je pa3Boj U NMPOM3BOLHA OKIOMHUX cpeacTaBa
ca 4YeTMpu Npou3BogHa NOroHa cafa KOHLEeHTpMcaHa Ha jeaaH — pabpuky Ypan-
BaroH3aBog y Hwxhem Taruny koja pasBuja TeHkoBe T-62, T-72 n T-90 of Ko-
jux je nocneammn y Npom3Boan 3a N3Bo3HO TpxkuwTe. Pabpuka y Omcky, Koja je
Hekaga npousBoauna TeHk T-80, notnana je nop koHuepH YpanBaroH3asoa u
6uhe cneuunjanuaoBaHa 3a NPOU3BOAHY M Pa3BOj TEHKOBCKUX NNaTdopMu.

HakoH naxHor ctapta ca T-95, koju je 610 HaopyxaH eKCTEPHUM TONOM Of
152 mm 2A83 ca rmaTkoMm LeBW, PYCKM pa3BOj TEHKOBA YCMEPEH je Ha TeHK T-14
Apmata Koju je npBu NyT 3BaHWYHO MPUKa3aH Ha PYCKOj BOjHOj mapaan y majy
2015. rogunHe.

T-14 npeacTtaBrba peBonyLMOHapaH AM3ajH TEHKa Y KojeM je TpodnaHa no-
cafja cMelTeHa y npeakem Aeny uspasuto sawTtuheHor Tpyna (3awTtuTa nog-
pasymeBa M akTMBHY 3alITUTY Y obnuKy npojektuna), ca ekctepHum tornom 125
MM 2A82A rnaTke LeBu KOju NyHW ayTomaTtcku nyhwad. Kopuctehu ucty wacwjy,
T-14 he npegBoAnNTM Leny nenesy TELKOOKITONIbeHUX 6opbGeHnx Bo3una o Ko-
jux je npsu T-15 Tewko 6opbeHo Bo3uno newaguje (TEBIT).

MNpBn npeTnpoun3sogHu npumepumn T-14 Hanase ce Ha TecTMpawy U, YKONu-
KO OHO bygae ycnelwHo, Pycuja nnaHupa npousBogky o4 HajMame 2.000 Bosuna
Koja he 3ameHuTn TeHkose T-72, T-80 un kacHuje n T-90, nako Huje curypHo ga
nn he 6utn moryhe 06e3beantu ogroesapajyha cpeacraa.

YkpajuHa

3a Bpeme CosjeTckor CaBesa, YKpajuHa je pasBuna BENTMKO UCKYCTBO Y Mpo-
jexToBarby, pasBojy 1 NPoM3BOAHM TEHKOBa, ykby4yjyhmn T-80Y/[, koju je nokpeTaH
KOMMaKTHMM Au3en MOTOPOM YKPajMHCKOr MopeKrna, yMeCcTo CKYrnoM OpUrMHarHOM
PYCKOM racHoM TypOUHOM KOjy KapaKkTepuLle OrpoMHa NOTPOLUHsa ropuea.

Pap je HacTaBrbeH 1 HakoH pacnaga CosjeTckor CaBesa, Na cy pa3ssujeHe
Bep3uvje T-84 (npopat lNMakuctaHy kpajem geBefeceTux roguHa, Maga cy ce no-
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jaBuna npBa Hecnarawa namehy Pycuje n YkpajuHe, WwTo je goseno go tora ga
HeKku TeHKOBW Byaly ncnopy4deHu ca kynonama teHka T-80).

MpojekTHn 6upo Kharkov Morozov Machine building Design Bureau 6uo je
3afyXeH 3a Ou3ajHMpare TeHKa, y capafhui ca gpxaBHoMm ¢habpukom Manu-
weB. Oa habpuka npoussena je 1 3anoyena M3Bo3 Npee cepunje o 49 moaep-
Hu3oBaHmx TeHkoBa BM Oplot, koju cy ncnopydenun knujeHTy — KparbeBckoj Taj-
naHpackoj apmujy novetkom 2014. rognHe, nako cagalliu ctatyc Tor nporpama
Huje jacaH ¢ 063MpOM Ha AeluaBarba Yy YKpajuHu.

Uzpaen

Erunar je jeguHa 3emrba y ceBepHoj Adppuum koja nma MogepHy npousBog-
Hy nuHujy TeHkoBa M1A1, a cyceann Uspaen je jeanHa gpxasa Ha Bnunckom mc-
TOKY KoOja je pasBuna cBoj gomahu TeHK.TpeHyTHO HemMa npousBoAHe, anu ce
page MoaepHu3auuje TeHka, 40K ce am3en MoTop TeHka Merkava Mk 4, GD883
koMmnanwuje General Dynamics koju, y cTBapu, npeAcTaBrba Bep3vjy MoTopa KOM-
naHvje MTU, yBosu. MNpojekaT TeHka Merkava oKynuo je HaunoHanHy UHOyCcTpu-
jy ogbpaHe Ha Ha4vH Koju je CBOjCTBEH camo V3paeny, a KapakTepuLle ra BUCOK
cTeneH capagwe u nHterpaumje seher 6poja komnaHuja.

[n3ajH camor TeHka je Heobu4yaH, MOrOHCKM arperat ce Hanasu Ha npeg-
HbeM aeny, AOK je Kynorna MOHTUpaHa npema 3agweM feny TeHka. [pojektaHTtu
Cy Harnacunu ga ce Ha Taj Ha4nH noeehaBa MOryhHOCT NpexuBrbaBama nocaae
(koja MOxe HanycTUTK owTeheH TEHK NPEKo 3aduX n3nasa, sawTtnheHa og He-
npujaterbcke BaTpe), a 0BO pelwewe omoryhasa n cnobogaH npocTop 3a ogpe-
feH 6poj NnpunagHuKa AeCaHTHOr oferbera.

Bep3nja Mk 4 onpemrbeHa je U akTUBHMM CUCTEMOM 3alUTUTE KOMMaHuje
Rafael trophy.
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Typcka

C 0631pom Ha BENNKO CTEYEHO UCKYCTBO Y MOAEPHN30BAaKY CTapUjUX TEH-
KoBa, Typcka ce onpefenuna 3a npojekaT CBOr COMCTBEHOr TeHKa, Koju je y3 no-
moh nokanHe komnaHuje OTokap peanu3oBaH TOKOM Nocreare AeLeHuje.

Yroeop og 500 munvoHa gonapa nokpuo je npojekToBare, pa3Boj 1 Npous-
BoAwY ABa npoToTuna NB 1 1 MNB 2. TpeHyTHO ce BoAe NperoBopu O U3rpagHu
npee cepuje og 250 TeHkoBa Altay, koje he nokpetatu ansen motop o 1.500 Kc
MTU EuroPowerPack, maga Typcka xenu ga oyayhe cepuvje TeHkoBa nokpehy
aomahwu arperatu.

Tenk Altay je HaopyxaH ctaHgapgHum HATO Tonom o 120 mm ca rnaTkom
LEeBM, UCTUM TOMOM KOjUM Cy HaopyxaHu TeHkoBu Leopard 2A6 ca py4yHum ny-
HbeweM u gomahvMm CMCTEMOM 3a KOHTPOMY BaTpe KOjUM Ce HULIAaHW Npeko cTa-
OMnM3oBaHNX OHEBHO-HONHUX HULLAHCKMX CMpaBa, a Yy YujeM cy pasBojy y4e-
cTBoBane gomahe komnaHuje.

TeHk Altay
TeHK je onpeMrbeH CaBpeMEHNM KOMMO3MTHUM OKIOMoM, anu ce y byayh-
HOCTW OYeKyje nHcTanaumja n akTMBHOr cuctema 3aLutuTe.

JyxHa Kopeja

JyxHokopejcka komnaHuja Huyndai Rotem passuna je n npovssena TeHKo-
Be K1 n K2, ¢ Tum ga je paseoj npeor npototnna K1 pagunna komnanuja Chrysler,
cagawra General Dynamics Land Systems, jow 1983. roguHe. lNpojekart je
npoLlao YeTupu LMKyca pa3soja n MOAepHU3aLmje Koju je 4oBeo 00 cagjalunser
TeHka K1A2 koju je ywao y onepaTueHy ynotpeby Tokom 2013. rognHe..

YKkynHa npoussoara nsHocuna je 4ak 1.500 Bo3una, anu HujegHo Huje us-
BEXEHO.

Ynopeno ca npov3BoAHOM OBOr TeHKa, koMmnaHuja Huyndai Rotem passu-
na je n TeHk K2, noTnyHO HOBM AM3ajH Ca BULIUM HMBOOM 3alUTUTE, HAOPYXaH
TOnom ca rnatkom ueswu J1/55 ca aytomatckum nywadem, Koju omoryhasa kageH-
Ly saTpe o 10 rpaHaTa y MUHYTW.

287

CABPEMEHO HAOPYXAHE 1 BOJHA ONMPEMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp. 264—-302



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

MpBo6GUTHO je NnaHupaHo aa K2 nokpehe gomahu MOTOp, anu Kako Hwerosa
CHara Huje 6una aoBorbHa oany4deHo je aa TeHk nokpehe motop MTU MT833.

[un3ajH TeHKka je KOHBEHUWOHanaH, anu ykibydyje HEeKOSIMKO HOBWHA, Kao
LUTO Cy aKTMBHa amopTm3auuja koja omoryhaBa TeHKy Ada ,KNekHe” u Ha Taj Ha-
YMH Hanaga uurbeBe M3a 3akroHa unu noeeha enesauunjy LUeBU pagu 3axsaTa
uurbeBa Ha BUCUHaMa. YnTaBo Teno TeHKa ce CrnyLliTa WUiu NOAMXKE Y 3aBUCHO-
CTW O KOHUrypaumje TepeHa.

AkmusHa amopmu3sauyuja meHka K2

lMyHa npousBogha 3anodena je 2013. roguHe, a NPBU TEHKOBU YLLK CY Y
onepaTtuBHy ynoTtpeby TokoM jyHa 2014. roguHe, a ¢ 0631MpoM Ha JUHAMKKY Npo-
n3Boare ovekyje ce ga 100 TeHkoBa byae mcnopy4veHo go 2017. roguHe. Tpe-
HYTHO jOLI HEMa U3BO3HMX MOpPYLIOMHA, anu NocToju MHTEPEC, HAPOYMTO KaJa je
y NUTawy HabaBka TEHKOBA 3a MepyaHCKY BOjCKY Y OKBUPY Koje ce pa3maTpajy
TeHkoBu K2, ykpajuHckn Onnot n Pycku T-90.

KuHa

BehuHa KnMHecknx TeHKoBa MpaBribeHa je Ha OCHOBY PYCKMX MpojekaTta, anmu
Cy Ce nocTeneHo MoAepHu3oBanu nyteM gomahux komnauuvja, ga 6m KnHa Ha
Kpajy 6una y no3uuuju ga passuje COncTBEHU TEHK.

MpBM KMHECKM TEHKOBW pa3BujeHn Ha OCHOBY TeHka T-54 6unu cy Type 59,
Type 69 u Type 79. Cneguo ux je Type 80 koju je »Mao HOBM Tpyn ca Kyrnoriom
HaopyxaHom Tonom HATO ctaHgapga 105 MM 1 koMnjyTepu3oBaHNM CUCTEMOM
3a ynpaBrbae BaTpoMm.

HajHoBuju TeHk y ynoTpedu y Hapopoocnoboaunauykoj Bojcum je Type 99 (6poj
O3Ha4aBa roguHy Kaga je npsv NyT NpukasaH Ha BojHOj napaaw). Mako je Tpyn cnu-
YaH TeHKy T-72, Ha weroB passoj yTuuana cy 1 pycka UCKycTBa 13 ABraHucTaHa,
anv v jagaH y4mHak npadkvx TeHKoBa TOKoM onepauumje NycTturscka onyja .

TeHK uMa Kynosny onpemMsbeHy TOMOM ca rratkoMm uesun 125 mm, aytomar-
CKUM MyHa4eM M MOAEPHUM CUCTEMOM 3a yrpaBrbake BaTPOM.

Benukun 6poj oBUx TeHKOBa Npou3BeaeH je 3a Aomahe 1 CTpaHO TPXKULLTE, a Ku-
Hecka komnaHnja NORINCO TpeHyTHO peknamupa csoje HoBe TeHkoBe MBT-3000
(VT-4), MBT-2000 (VT-2), koju cy Haopy»xaHu Torom 125 mMmm ca rnatkom LieBu.
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M6m 3000

Hema MHoro nHdgopmaumja o pasBojy 0yayhmx KMHECKMX TEHKOBA, anuv Haj-
HOBMje OKIOMHO BO3WUIIO KOje ce MOojaBumo je naku TeHK Type 62, HaopyXaH To-
nom 105 MM, WITO NpeacTaBrba oAcTynawe of rnobanHor TpeHaa TeLKMX TeH-

koBa. TeHk Type 62 Texak je caMmo 21 TOHY, MMa YeTUpu YnaHa nocage, a Hame-
HEH je ynoTpedu y NnaHMHCKUM nogpydjuma.

WHAuja

Pa3Boj nHaujckor TeHka Arjun npatuna cy HebpojeHa KallHeHsa, TEXHUYKN 13a-
30BMW 1 aCTPOHOMCKW TPOLLIKOBU, LUTO je pe3ynTupano ncnopykom 124 npobnematuny-
Ha Boauna Mk 1 Tokom 2004. roguHe (30 rognHa HakoH noyeTka passoja) U HAMETHY-
TOM mcnopykom gogatHux 118 mogepHu3oBaHnx TeHkosa y Bepanju Mk2. Hosa ucro-
pyka 3anodyeta je 2014. rogyHe, a TpoLlaK jeoHOr TEHKA Nomneo ce Ha HEBEPOBATHMX
10 MunmoHa gonapa, LWTO ra je AOBENO Ha BPX NINCTE HajCKyNMIbUX TEHKOBA Ha CBETY.

Mako je y ocHoBM MofgepaH TeHK, Arjun je onpemrbeH 3a4vyhyjehe 3acTtape-
nMMm pellerrMa, kao wTo cy Ton 120 MM ca ony4eHOM LieBU Kao Ha BpuTaHcKom
TeHky Challenger koju je y npakcu ouereH kao HeaenoTBopaH y O4HOCY Ha MO-

OepHe OoKrone.
a2a] ,' ; ‘"
Mg,

L i <

Arjun Mk 2
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[a 6n goHekne npebpoguna notewkohe ca TeHkom Arjun, MiHauja je kynu-
na ogpeneHy konunynHy TeHkoa T-72M1 n T-90 koju ce nponsBoae No SMUEHLN,
anu ca HajMoLEepHWjUM CUCTEMMMA, Kao LUTO CYy HULIAHCKE cnpaBe KoMMNaHwuje
Thales. To je nokasano ga cy unak ycBojeHe oapeheHe TexHuke u npasuna no
nuTaky pa3sBoja TEHKOBA.

lMakucmar

YMecTo fa ctaptyje of Hyne, NakuctaH je ogabpao MHOro nameTHWju Npum-
CTyn, KOju ce ocTBapuBao y3 6nucky capaawy ca KnHom.

[1Be 3emrbe MMajy nctopujy ayre capagre Koja je noyena ca KMHECKUM TeH-
kom Type 59 komnaHuje Norinco, Koju je MogepHu3oBaH y lNakuctaHy. Ha Taj TeHk
yrpaheH je HoBM Ton ca onyvyeHoM uesun og 105 MM 1 KoMnjyTepn3oBaH CUCTEM 3a
ynpaBerbake BaTpoM. 3atum je ycneguna gomaha nponsBoana/cknaname TEHKO-
Ba Type 69-ll, Type 85 n, Ha kpajy, n TeHka MBT-2000 Al Khalid. lNMpoun3BeneHo je
Buwe of 300 oBux TeHkoBa o4 2001. roguHe, a Npon3BoaHa U Aarbe Teve.

MakncTtaH je objaBno nnaHoBe ca 6yayhum TeHkoBMMa Koju By Hacnegunm
Al Khalid, kao wTo 61 6una npounssoawa knHeckor TeHka MBT-3000 (VT-4) nog
HasnBoM Al-Hyder. Hberoea Tectupawa 3anodeta cy kpajem 2014. roguHe, a
oyekyje ce ga he npousBoawa yHanpeauTun cnocobHocTu MNMakmuctaHa ga npous-
Bee MoaepaH TEHK.

JanaH

JanaH ce gyro ocnakao Ha COMNCTBEHY NPou3BOAHY TEHKOBA. Anu, Uako je Ao-
kasaHa CnocoGHOCT Te 3eMrbe Aia NPOojeKTYje U NMPOU3BOAM TEHKOBE OHU HUKaaa HU-
Cy NoHyNeHN U3BO3HOM TPXMLUTY C 063MPOM Ha janaHcKy MUPOrbYBUBY MONUTUKY.

Mitsubushi Type 10
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HajHoBuju janaHckm TeHk Mitsubushi Type 10 npukasyje cBe norogHocTu
pa3Boja TeHKa koju je npunaroheH gomahum notpebama, anu n HOBMM CTaHAap-
anma ¢ 0631poM Ha HeroBy HOCMBOCT o 44 ToHe. CMarere TEXUHE TeHKa Ou-
10 je HeonxodHo ¢ 063npom Ha noTellkohe Koje Ccy NPeTXOA4HM janaHCKN TEHKOBU
Type 50 1 90 npoy3pokoBanu NyTHOj U XXene3HUYKOoj MHAPACTPYKTYpH, nmajyhu
y BUAOY HMXOBY OFPOMHY TEXWUHY U rabapuTeTe.

CAL

LUTo ce Tu4e amepuuke OKMNOMHe MecHWLUe, Ty je cuTyauuja Bpro jacHa.
MnaHupa ce octaHak TeHka M1 Abrams cBe 10 2050. roguHe. TeHk he 6uTn cyk-
LLecCMBHO MoaepHun3oBaH, a To he 3ano4vetu Bep3vjoM A3 3a KOjy ce o4ekyje aa
he yrmegaTtu cBeTnOCT gaHa noyeTkom criegehe geueHuje.

lMpousBoawa ce HacTaBrba, Bo3una ce nssose y Ayctpanvjy (M1A1 AIM),
Erunat (3ajegHunyka npoussoawa M1A1), Upak (M1A1SA o kojux cy Heka Beh
narybroeHa y 6opbama ca Ncnamckom gpxasom), Kyeajt (M1A2) n Cayagujcky
Apabnjy (M1A2), Tako ga CALl n parbe ogpxasajy BEMMKU KanaumMTeT Npom3Boa-
H€ N pasBujajy HOBe TexHororunje koje he 6utn ynotpebrbeHe 3a NpounsBoaHY
TEeHKa HOBe reHepauuje.

Y KOHTeKCTy 3aMeHe ABpamca, o4 HedaBHO Ce 4yjy 1 rmacoBm Koju 3arosa-
pajy pasBoj Nnakunx TeHkoBa 6e3 nocage 3a ynotpeby y nogpydjuma Koja H1Cy no-
AeCHa 3a Benvike 1 Tellke TeHKOBE.

Benuka bpumaHuja

MuHuncTtapcTeo ogbpaHe Benuke BputaHuje 6uno je jeaHo og MHOrMX Koje
je ywno y puM3nyHy nNpeTnocTaBKy Aa HaKoOH Kpaja xragHor paTa sBuwwe Hehe 6utu
BEMNMKNX NoTpeba 3a TEHKOBMMA y MOAEPHOM BOPOEHOM OKpYXKEHY.

OBakBa npoueHa yTvuana je Ha ApamaTuyHO pe3ake Opoja GpuTaHCKMX
TEeHKoBa 1 TEHKOBCKUX nocaga, ca 14 6atarboHa, ogHocHo 1.000 TeHKkoBa Ha ca-
MO Tpu 6aTarboHa.

[daHac oBu GaTarbOHW MMajy TaMmaH TOMMKO TEHKOBA M TEHKOBCKMX nocaga
Aa mory o6e3beanTu passujarbe camo jefHe TEHKOBCKe YeTe oa 18 TeHKkoBa, Koja
Moxe BuTn onepaTmMBHO ynoTpebrbeHa n To Tek HakoH 30 gaHa. Bpeme notpebHo
3a pasBujare koMnneTHe bpurage og 56 TeHkoBa usHocwso 6u 90 gaHa.

Y mehyBpeMeHy, OpuTaHCcKe OKMOMHE cHare cy ABa MnyTa aHraxoBaHe, To-
kom pata y WMpaky, 1990-1991. y kojem cy y4ecTBOBarie ABe OKNonHe Opurage
ca 171 tenkom Challenger |, a 3atum 1 2003. ca aBe oknonHe 6purage TeHKOBA.
HakoH Tora 6poj TeHKOBa je CMareH Ha jeaHY TEHKOBCKY YeTy.

BputaHcka Bojcka Huje ynoTpebrbaBana TeHkoBe Y ABraHUCTaHy, Mako Cy no-
cTojane notpebe. Y T0j 3eMrbn ynoTpebrbeHo je camo TpU TEHKA 1 TO UHXUHepUjCcKe
BapujaHTe. TeHKoBCke nocage bure cy aHraxxoBaHe, anu y OKIMomnrbEHMM TodKalLuuma.

Tokom 2010. roguHe Tpu npeocTana TeHKoBcka bGaTarboHa 6una cy goge-
Jb€Ha MexaHM30BaHMM Mellagujckum bpuragama koje npunagajy 3. oususmju.
Osa Tpu 6atarboHa (nyka) cy KparbeBcku xycapu, KparbU4MHU KparbeBCKU Xyca-
pu n KparbeBcku TEHKOBCKM MYK.

OBu nykoBu onpemrbeHn cy TeHkoBuMa Challenger Il koje je npoussena
komnaHuja Vickers Defence Systems (BAE systems). YkynHo je npousBogeHoO

291

CABPEMEHO HAOPYXAHE 1 BOJHA ONMPEMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp. 264—-302



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 1

386 TeHkoBa y nepuogy oa 1994. no 2002. rogmHe. O4ekyje ce aa he oBa BO3u-
na octatn y cnyx6u go 2035. roguHe.

OBwu TeHkoBM Tpebano je ga 6yay HaopyxaHu TonoMm 120 Mm rnaTtke LeBw,
komnaHuje Rheinmetall, 1 onpemMrbeHn HOBUM CUCTEMOM 3a ynpaBrbake Ba-
Tpom. OBaj nakeT modepHu3aumje, OQHOCHO MPOAYXEHa XMBOTHOI Beka TeHKa
Challenger Il, Tpebano je oa 6yae nHctanupaH Ha 227 TEHKOBa.

HosuHa y nnaHy moaepHusauuje TeHkoBa Challenger Il je TES BapujaHTa. Ca-
MO 27 TeHkoBa je MoancUKOBaHO MO OBOM CTaHAapAy, a To je ypaheHo Ha OCHOBY
XUTHUX onepaTtuBHMX noTpeba koje cy nmogpasdymesarne ynoTpeby TeHkoBa y ypba-
HuM ycrnoBuma. OBa yHanpehera cactojana cy ce o noborbliaHe 3awTute npo-
TUB KyMYynaTUBHMX NPOjEKTUIa 1 UMMNPOBU3OBAHNX €KCNIO3VMBHUX HanpaBa Hapoyu-
TO O ekcrno3uja ca cTpaHe 1 ucnog Bo3una. OBe NacuBHe Mepe 3alTute rnojava-
He Cy aKTUBHMM EneKTPOHCKMM oMeTarweM. OcTane M3MeHe YKIbydyjy TepMarHy
Kamepy BO3aya 1 TenedoH 3a KOHTaKT ca newsagujom. Takohe, nHcTannpaHa je aa-
FBUMHCKM yrnpaBrbaHa Opy)XHa CTaHuua Ha npedrwemM Aeny oTsopa 3a nyHuoua. Osa
noborbLlana goserna cy Ao nosehawa mace TeHka ca 62,5 Ha 74,84 ToHe.

Hekn HOBUM TeHKkOBM, kao WTO cy u3paenckn Merkava 3 BAZ, Merkava 4,
kao u janaHckn Type 90, umajy moryhHocT aytomatckor npahewa mete (ATT),
anu Challenger 2 1o He moxe. Challenger 2 Huje HMKaga MMao HU MHepLUWjanHx
HaBuraumoHu cuctem, HUTM GPS pucumBep, nako je oH MOHTUpPaH Ha TeHky Chal-
lenger 1 Tokom paTa y Upaky.

Challenger 2, 3a pa3nuky of CBOjuX 3anagHuUX napTHepa, MMa camo nojadu-
Bay CBETMOCTU 3a BOXhY Hohy. Huje noTpebHO HM noMeHyTn fa Hema HW fa-
FBUHCKM yNpaBrbaHy OpyXHy cTaHuuy, ocum TES BapujaHTe.

Mo nuTamy nNpoTmBoKIonHe 6opbe, TeHk Challenger 2 kopuctu rpaHaTy L27A1,
noTkanMbapHy rpaHaTy Koja cagpXXu neHeTpaTop 0f OCMPOMALLIEHOr yYpaHujyMa Koja
je pasBujeHa jowl ocamaeceTux roguHa, a ylwina je y onepatusHy ynotpeby 1994.
roamHe. OcuM Te rpaHaTe, Y onepaTuBHOj ynoTpebu je n rpaHaTta L23A1, koja noce-
Ayje neHeTpaTop oA MeluaBuHe Bondpama u apyrux matepujana. Osa rpaHata je
CUrypHWja no nutawy ynotpebe ¢ 063MpoM Ha paguoakTVBHU edekaT NpeTxogHe
rpaHaTe o OCMPOMALLIEHOr ypaHujyma, anu je ca gpyre CTpaHe HeH y4YMHaK Ha un-
Jby 3HaATHO nowuju. Pagn npeBasunaxena OBOr npobnema, kaga je y nutamy npo-
B0jHOCT Ha camMoM LMIby, NojadvaHo je Mykere rpaHate, WO je goseno o Behe 6p-
31He neHeTpaTopa, a camvM TM 1 Behe NpoOojHOCTH, anu je 1 NOCTaBuITo NUTakEe
N3OpXKIbMBOCTU TEHKOBCKE LiEBU. Hekn BojHM KpyroBu mnak ouemwyjy Aa je npoboj-
HOCT BpuTaHCKOr NeHeTpaTopa 3HaTHO Maka oA noTpebHe 3a Npoboj caBpeMeHmx
TEHKOBA, @ HAapPO4NTO HOBOT PYCKOr TeHKa T-14.

BeposaTHo je ga he ogpeheHe komnoHeHTe TES BapujaHTe GUTK yKIbydeHe y
nporpam LEP. OBaj nporpam je jow yBek y KOHLEeNT-gpa3n 1 He odekyje ce ga he 6u-
TU UMMINEMEHTUPAH Mpe Kpaja Aekage, Maga cy Ty moryha ogpeheHa nomepara ¢
0631pom Ha y30yHy Kkoja je HacTana y 6puTaHcKOM MUHUCTapCTBY OA0paHe kada je
Ha pycKoj napagw nNpeu NyT npukasaH TeHk T-14. Oyekyje ce aa he dputaHckm Chal-
lenger 2 ca usmeHama octatu y onepaTuBHoj ynotpebu un HakoH 2035. roguHe.

HpazaH Byukosuh (Dragan Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: " http://orcid.org/0000-0003-1620-5601
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“

Crieyujanucmuyka onpema npunadHuka pycke Ynpase ,A

Hana 29. jyna 1974". roguHe, Ha cegHUuM CaBeTa MUHMCTapa Taaallber
CCCP-a, npeaceanuk KI'b (pyc. KomntéT rocyaapcteeHHon 6esonacHoctu) Jy-
pui AHOponoB noTnucao je Hapendy 3aBeneHy noa 6pojem 0098/0OB (pyc. oco-
0asa BaXXHOCTb), Koja ce Hajpehum genom ogHocuna Ha M3MeHe y opraHum3auumin
Tapawhe Ceame ynpaBe, OAHOCHO Ha ycTpojaBawe nocebHe pyne ,A“. bpojHe
ycrellHe NHTepBeHUWje, BenuKa gena, anv v XpTee npunagHuka, narpagunm cy
Tpaauunjy BpeaHy cBakor nowitoBawa. [laHac ce pycke ,Ande” cmartpajy mnay-
3eTHO 00y4YeHNM U NpodecrnoHanHnUM crneumjanumma BUCOKOr Mopana 1 oJaHo-
CTU CBOjoOj 3eMIbU. M3BpLUaBake CNOXEHUX TaKTUYKUX 3apaTtaka, nopep ocrta-
1or, 3axXTeBa M KBanMTETHY CreLmjanncTuiky onpemMy Koja uM nomaxe ga y ona-
CHMM CUTyauujaMa ocTBape NPeAHOCT y OOHOCY Ha NPOTUBHUKE.

TypbyneHmHe degedeceme

Cnom pycke eKoHOMWje TOKOM [AeBeaeceTUx roamMHa npoLusior Beka y Benu-
KOj Mepu ce oapasno 1 Ha Ae0 HaLUWOHarNHe MHAYCTpuie Koja Nnpon3Boan TakTuy-
Ky onpemMy n Haopyxawe. HectabunHoct gomahe Banyte obnukyje npouece
NnpPonM3BOaHE HaLMOHaNHMX npomssohadya koju ce oanydyjy 3a LWTO NpocTuje
npojekTe. Npen KOHCTPYKTOpPE Cy NocTaBfbaHM 3axTeBU Aa Kpajtba pellera Oy-
ny pobycTHa, noy3aaHa y wto Behoj Mepu, penaTuUBHO jeAHOCTaBHa, anv NpBeH-
CTBEHO jedbTMHA 3a npou3Boawy. 3ajegHMYKa KapakTepucTuKa npojekaTta oBor
nepuoaa ogHocuna ce Ha TO Aa je BehmHa wux, y CTBapu, npeacraBrbana Mo-
ondukaumje vyyBeHor cuctema ,Kanaluwnkos® Koju ce npunarohasao notpeba-
Ma TaJallkUX PYCKMX j[eauHuua 3a cneunjanHe HameHe. Takohe, Bpno mano na-
XHee obpahano ce n Ha cnorballbn U3MMea opyXja, LWTOo je npakca Kojy pycku
KOHCTPYKTOPM MNOYMHbY Oa HanyliTajy Tek y JaHalwrwe BpeMe. Hekn oa paHujinx
npojekaTa jecy - 1 4yyBeHu ,AC Ban“ (pyc. ABTomaT CneunansHsiti Bas), kao u
MoAynapHa nyLka ,Tpo3a“!,  ANTUH® TUTAHWIYMCKM BANUCTUYKY LWTIEM W ADYTW.

YnweHunua na je Hajpehun geo onpeme n Haopy»kawa PycKor crnelHasa ao-
nasmo oA HauuoHanHux npounssohaya, nopea ekoHOMCKor, buna je nocneauua n
NONNTUYKOr doaKTopa, OAHOCHO MOonMTUYKMX ogHoca CCCP, na 3atum u Pycuije,
ca ,3anagtadykum“ 3emrbama.

byhere pyckoe medseda

Kpajem npBe geueHuje HoBor munennjyma Pycuja, Ha yeny ca Brnagnmmpom
MyTnHOM, 6enexn ekoHoMcku pacT. [Npunuke y 3emrbn ce ctabunuayjy, a apxasa
nocTaje cBe 3Ha4ajHuju hakTop Ha MefyHapogHOj NONUTUYKO]j cLueHn. To ce y Benu-
KOj Mepu ogpakaBa 1 Ha BOjHY MOh 3eMIbe: TEXHUKA Ce YMHOXXaBa U pa3Buja 4o Te
Mepe Aa AaHac PYCKX KOHCTPYKTOpPU Y MHOMMM obnacTuma npeactaBrbajy HajHoBuja
pocturhyha, noctaerbajyhu Tako crangapae octaTtky CBe'qul. lMNpunnB HOBLA Y3pPOKO-
BaO je BEnuKe NPOMEHE U y OMpemary PYCKor creyHasa °, Ynje jeauHuue yBoae y

12 MomeHyTn gatym npocnaera ce kao [laH enutHe Ynpase ,A“ n obenexasa ce CBake roguHe.
W paree cy y ynotpebu y jeanHunuama pyckor cneuHasa.
™ MyHe o3Hake ,0LI-14 Mpo3a®, a nocredma pey Npesoay ce kao ,onyja“.
M3pa3 HacTao of pycke dpase ,crneuumanHo HasHayeHne", koja y NnpeBoay 3Hauu ,crneunjan-
Ha HameHa“. NMomMeHyTM 1M3pa3 YecTo ce NorpelHo ynoTpebrbaBa 3a o3HayaBawe pycke chne-
uujanHe jeanHuue, jep ce, y cTBapu, 0gHOCK Ha CBe pyCcKe jeanHuLe 3a cneuunjaniHe HameHe.
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ynoTtpeby n onpemy 6pojHux komnaHunja 3anagHe EBpone, ann u CA[] (Ha npu-
mep Hemauke ,Heckler & Koch”, wBajuapcke ,SIG Sauer”, wBeacke ,Aimpoint”,
amepudke ,Colt”, ,Remington” 1 ap). Pyckum gpxxaBHuM pykoBoguoLmma u crne-
Umjanuuma rnocrtaje jacHoO da, YKONUKO Xene Aa ogpKe KopaKk ca OCTaTKOM CBe-
Ta, Mopajy npuxeaTaTu 1 NPon3BoAe M3 MHOCTPAHCTBA, MaKO Ta Mpakca u gaHac
Haunasu Ha 6pojHe KpUTUKe. JeanHuLa Koja je y Tome npearadunna jecte enut-
Ha YnpaBa ,A“ 3a Kojy ce JaHac moxe TBpAUTU Aa Mehy pyckum cneumjanHum
jeanHMLama KOpUCTU HajBULLIE PasNYMTUX MOAENa ONpeMe UHOCTPaHNX NPoun3-
Bohauya.

Cnioj cmapoe u Hogoz

Y okBupy onpeme cBake dopmaumie, NocebHO Kaga cy y nuTamwy jeanHuue
OBe BpCTe, Tpeba HanpaBuUTK pa3nuKy n3amehy onpemMe KojoM jeanHuLa pacrnonaxe
N OHe Koja je Yy aKTUBHOj ynoTpebun. Nmajyhu To y Buay, pycke ,Ande“ pacnonaxy n
MoZenMMa Haopyxara M ornpeme M3 ocaMAeceTux U AeBedeceTUX roguHa npo-
LLUNOr BeKa, anu ce BP0 peTko Kopucte. Hbuxosa ynoTtpeba ce BEnukUM Oerom
orpaHuyaBa Ha 0byky mnahux reHepaumja ,Andu®, npe ceera 360r Tora LTo je Haj-
Beha wWwaHca ga ce cneumjanuu cykobe ca HenpujaterbMMa Koju Cy HaopyXKaHu
yrnpaBo OBMM CTapujum MOAENMa, Koju cy, 3axBarbyjynv HUCKO] LIEHM N XMNepnpo-
OyKumjn, Beoma 3acTynibeHU Ha LpHOM TpXMWITY. Cneunjanumy mopajy 3HaTn OCHOB-
He KapaKTePUCTUKE OpyXXja koje MoXe B1TK ynoTpebrbeHo NPoTUB HMX, any Takohe
1 3HaTK Aa ra ynotpebe Npunmkom MHTEPBEHLIMje YKONuKo 6yae noTpebHo.

Cmapu komnnemu rocebHe ornipeme "Ancbu”. @omo: KoHcmaHmuH Jlazapes.
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Y Opyroj kateropuvju jecy MOAeNnM HaopyXawa M Ofnpeme Koje JaHallhse
~LAnde“ Hajyelwhe kOpucTe NPUNNKOM MHTEPBEHLMja, @ OQHOCE Ce Ha HajHOoBUje
cepuje HauMoHanHux 1 npomnssonaya U3 MHOCTPaHCTBA.

Y KaTteropuju NMLLITOSba HajBULLE CY 3aCTYMIbEHWN MOJSlyayTOMaTCKU MOAENW,
mely Kojuma Ha npBoM MmecTy Tpeba nsaojutn ayctpujcke ,,Glock 17 Gen 37, kao u
MoZene YeTBpTe reHepaluje ucte cepuije, ceu y kannmopy 9x19 mm Parabellum/Lu-
ger. KoHCTpyKLMje paMoBa OBMX MoJerna A03BOrbaBajy MOHTMPaHe TakTU4Ke onpe-
Me nomohy Koje cTpenay npunarohaBa opyxje notpebama mHTepBeHuuje. Tako,
enutHum ,Andama“ Ha pacnonarawy ctoje ypehaju ,TLR-1" n ,TLR-2” komnaHuje
~Streamlight” koju 06jeankbyjy TakTMUKy namny 1 nacepcku obenexusad uuba. 3a-
CTYNIbeHMU cy U WwBajuapckn mogenu ,SIG Sauer P-226”, 3aTtum 6pa3suncku ,Taurus
PT 24/7 G2“, cBu y kanubpy 9 munumeTapa. JeguHuua pacnonaxe n makwbum 6po-
jem nuwTorea ,CZ-75 SP-01 Shadow’koju ce Hajuelihe KOpucTe NPUIMKOM TakMu-
Yehsa y cTperbawTey. Mehy Mmogenuma HaumoHanHux npounssohada 3acTynrbeHn cy
,CP-1M*, kao n ,CP-1MIT", y kanubpy 9x21 mm. [puUcyTHM cy N NPUryLLEHN KOM-
naktHu moperm ,MB' 6M9“ v kannbpy 9x18 mm, anm v Hosu pycku “CTPUK
(eHnr. Strike One), komnaHuje ,Arsenal Firearms®, koju BusyenHo seoma nogceha
Ha aycTtpujcke ,Glock”, a y jeauHnum cy y ynotpebu mogenu npensuheHn 3a kanu-
0ap 9x19. 3a notpebe cnyLuTEHOr HOLLEHa Oko Hore ,Ande” Ha pacnonarawy Mma-
jy KBanuTeTHe TaKTu4yke xorncrepe Mefy kojuma ce Hajpuwe kopucte ,BLAC-
KHAWK! Serpa Tactical Level 2" n “Level 3", 3atnm amepudkn ,5.11“ paheHu 3a mo-
nene ,Glock”, kao n xonctepe komnaHuje ,Safari Land”. Tpeba uctahu pga je cneum-
januuma 0o3BOIbLEHO Aa JIMYHO HAopyXXake Kao 1 ONpemMy HEOrpaHUYEHO npuraro-
hHaeajy cBojum notpebama, na ce UCTU MOAENM BPMO YECTO MOTy BUAETU Yy pasnnymn-
TUM KOHdUrypaLmjama, na 4Yak 1 obojeHun y pasnuumnte 6oje n mackupHe Liape.

3a notpebe nHTepBEHLUMja y ypbaHuMm ycrioBuma Hajuellhe ce KopucTe pasnu-
YMTM ayToMaTu M jypuLLIHE NyLUKe. Y KaTeropuvju aytomarta usgpajajy ce Hemaudku
,HK-MP5 A5“oju cy yjeaHO 1 HajKpUTUKOBAaHWU|M Y PYCKOj jaBHOCTU. [lo3BorbaBajyhm
4eTMpK pexnma paga (WTo je jeaHa og pasnuvka y 04gHOCY Ha cTapuje CrnndHe moae-
ne ,A3"), oBu noy3gaHu aytomatu npeasuhern cy 3a kanubap 9x19 munumeTapa, a
LANde® nx Hajueluhe kopucte y kKoHurypaumju ca ynyuaHmum ,red dot* HUWaHoOM Tu-
na ,Aimpoint Comp M3“, nnm xonorpadckum ,EOTech XPS2-0" nnn mogenuma
,552“. Pycke 6oje 3actynajy komnakthm mogerm ,MM-19-01 Butsiab”' npeasuhern
3a kanmbap 9x19, HaumoHanHe komnanuje ,VKMALL®, 3atum ,CP-2 MP Bepeck® y
kKannbpy 9x21 mm, Koju ce YecTo KOpUCTe Y KOHUrypaumjn ca npuryLimsadem nyL-
ta 1 red dot” HMwaHom tmna ,MK-022“ HaumoHanHor nponssohaya. OBM KOMMNaKTHN
Moaenv Bu3yernHo noacehajy Ha n3paencko opyxje 3a nuyHy sawTtuty ,Uzi“ nnm He-
mauke ,HK MP7¢. BuayenHo cnunynm jecy n mogenu ,AEK-919K*. M3pasnto komnakT-
HM'® oBM MoJenu y CTaHAapAHO] BEP3NjU OMPEMIbEHN CY PeNEKCHUM HULLIAHOM U
npuryLumBayemM nyuksa, a npegsuheHn cy 3a kanmbap 9x18 munnveTtapa Makapos.

JeomHnua pacnonaxe n mamwum 6pojem ,XnbpruaHmMx” Yewwkmx nywaka ,VR-1”
Koje cy HabaBrbeHe y nornyaytomMaTcko] Bepaujn 1 y kannbpy 9x19 mm Parabel-
lum/Luger, a Koje ce KOpMCTe UCKIbYYMBO paau yrno3HaBaka PYCKUX crneuuvjanaua Ha
cuctem “Colt”, c 0631pom ga cy MOMEHYTU YELLKM MOLENM BEOMA CIUYHN aMEPUHKUM.

'® Pyc. nucToneT6ecLLyMHbIN.
" PasBujeH noce6HO Ha 3axTeB pycke jeauHULIE BUTsab.
'8 KoMnaKkTHOCTY Opy>Xja [IONPUHOCH 1 TENECKONCKM KYHAAK.
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Y kaTeropumjn jypuliHMX nyllaka cBakako npeosnahyje cuctem ,Kanaiuwu-
koB“. JeauHuua pacnonaxe ca HEeKONMKO mMofdena Koju cy npeaBuheHu 3a
7,62x39 1 5,45x39 mm. MefRy mogennma Hajsactynrbenmnju cy ,AK-74Y* “AK-74
M”, kao n cepwje ,,104%, ,105%, ,107“, ogHOCHO cTapuje cepuje nywaka ,AC Ban®.

lpunadHuk ,Angbu“ mokoM makmuyera y npakmu4HoM cmpesbalimesy.
®omo: KoHcmaHmuH Jla3apes.

CBu Moaenu cy M3pasuto MoaMdUKoBaHU, Na Cy Tako CBU OMNPEMILEHUN Te-
NEeCcKONCcKMM KyHaauuMma komnanuje ,Magpul®, a 3HayajaH 6poj npunagHnka MOH-
TUpa N pyKoxBaTe MOMEHYTe KOMMaHWje Ha nNu4Ho Haopyxawe. CtaHpapaHe ,Pi-
catinny“wumHe HabaBrbajy ce oa HauuoHanHor npoussohada ,3eHuT, Ha Koje ce
MOHTMpa pasnuuuMTa onpemMa nonyT famnu ucte dupme, kao M npousBohaya
,,I'IepCT‘”g, oA Kojer ce HabaBrbajy U nacepcku obenexmneaym uurba. Ha wmnHama
Ha roph0j CTpaHU caHAyka nyllaka MOHTMpajy ce HuwaHcku ypehaju, a nopea
NPeTXoaHO MOMEHYTUX, pycke ,Ande“ pacnonaxy n pednekCHUM HULaHUMa Ha-
LUmoHanHor npounssohaya ,BukuHr®, saatum mogenuma ,,Aimpoint Comp M4” n “Aim-
point Micro T-1". OBu He yBennyaBajyhun HULWaHM Mory ce KombuHoBaTu ca ,flip-to-
side” yBenu4yaBajyhmnm ypehajuma 3a Hullawere Koju ce HabaBrbajy o4, KoMnaHu-
je ,EOTech". Ha ycTta ueBu ce no npaBuny MOHTMPajy KOMNEH3aTopu Tp3aja Kom-
naHuje ,3eHUT", a 3a NoTpebe noTxeaTa opyXja MOry ce MOHTUPATK BepTUKanHe
OpLLKe UCTOMMEHOr nponssohaya, kao n ctpaHe komnanuje ,UTG", oa Koje ce Ha-
OaBrbajy n eproHomcke obnore notxsata. Pycke ,Ande“ HegaBHO cy gobune v
MarsW KOHTUHIEHT jypuiHuX nywaka ,HK-416"y kanubpy 5,56x 45 mm NATO.

'® Cepuje ,MepcT-3* 1 ,MepcT-4“.
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Y kaTteropuju nywaka 3a npeumsHo rahawe pyckum crneunjanuctuma Ha
pacrnonarawy CTOjM BULWIEe MoAena pasnnuntux HameHa. Tako 3a gejcteBa Ha
cpeawnM auctaHuama n garoe ce edumkacHo ynotpebrbasa nyLika ,BCC? Buh-
Topes“ y kanuopy 9x39 munnmeTapa Koju ce oanukyje nsyseTHom npobojHoLhy
Ha aucTtaHuama go 300 meTapa, AOK MacUBHM MpUryliMBad NyLHa Ha ycTMma
LeBn omoryhaBa npuMnnuyHoO TUXO OejCTBO. 3a OBe YyBEHE pycke Moaene crneuu-
janncta cHajnepmsma ,Ancun“ C.A. kaxe ga: ,he y ynotpebu 6utn pokne rog
npoTuBHUUM Oyay rbyan®. 3a NCTYy HAMEHY KOPUCTE Ce M HEMadKe noslyaytomar-
cke nywke ,HK-417" y kanubpy 7,62x51 mm NATO, koje cy HegaBHO HabaBrbe-
He 3a noTpebe jeanHunue. Hemauke nylike npunarohaeajy ce notpebama npeuu-
3Hor rahaka MOHTMpPaHkeM ONTUYKOr HMLWAaHa koMmnaHuje ,Schmidt & Bender®. Y
ynoTtpebu je n Benukokanubapcka npuryweHa nywka ca CUCTEMOM MaHYenHor
peneTupama ,Bbixnon®, kojy je kKoHCTpykTOop Bnagummnp 3nobuH HameHno 3a Ka-
nubap 12,7x55 mm. Kao kpyHa mMehy pyckum nylikama n3 oBe kateropuvje cma-
Tpa ce ,OPCUNC T-5000" ca cucteMoM MaHyernHor penetmpama, koju ce nspahy-
je y kanubpuma 7,62x 51 mm NATO, .308 Winchester n .338 Lapua Magnum.
Ha oBe mogene ce no npaBuny MoHTUpajy onTudkn Huwanm ,Night Force®. Op
WHOCTPaHMX MoAena, 3acTynibeHe cy nywke u3 cepuje ,Remington 700", 3atum
oannyHe duHcke nyuwke ,Sako TRG”, kao u mawum 6poj nywaka "Bla-
ser R93 LRS Tactical 2" y kannbpy .308 Winchester.

Mehy nHamBmMayanHum cpencTemMma 3a NoapLUKy M3gBajajy ce pycku nakm
MuTparoes ,llevyerer®, Ha OCHOBY Kojer je pafleH 1 YyBeHU cpricku moaen ,3a-
ctaBa M-84“, a of ckopo pycke ,Ande” pacnonaxy n mawnm 6pojem 6enrmjckux
muTparbesa ,FN Minimi’y 5,56x45 mm NATO.

Jeo nuyHe onpeme npunadHuka "Angpu”. ®omo: KoHcmaHmuH Jla3apes.

20 ByHTOBKa CHalinepckast creLuanbHast.
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Opf yHudopmu, cneumdmnyHo 3a pycke ,Ande” jecte ga Bpfio 4eCTo Npunu-
KOM MHTEpBEHLMja 1 yorLiTe NojaBrbMBama y jaBHOCTM obrade ABOAENHE YHU-
dopme y mackupHoj wapwu ,Multi Cam”. NaHTanoHe, 60pbeHN TakTUYKM OYKCEBN
n 6nyse HabaBrbajy ce oa oanuyHor npounseohada ,Crye Precision” y nuHujama
,G2” n ,G3". lMopepn oBux, ,Ande” kKopucte n yHndopme y pyckoj MackmpHoj Lwa-
pu ,CYPIAT*, 3atum ,Woodland”, kao n upHe gBoagenHe yHudopme 3a UHTEpP-
BeHuuje y ypbaHoj cpeauHn. Pagu 3awwtute npunagHuka npunmkoMm MHTEpBEH-
Lumja obnade ce GanncTUYKM NPCRyLM KOju Cy Aeo pyckor npojekTta ,[nagnjatop®
HauunoHanHe doupme ,PopT TexHONoruja“ n koju ce 3a notpebe ,Andun” nspanyijy
Y PasnuunuTtMmM MackmpHuMMm geseHumma. /Icta komnaHmja ncrnopy4yje um WTUTHUKE
3a paMeHa, kao 1 npenoHe. 3awTuTa rnaee ocTeapyje ce 6anMcTUYKMM LWNEMO-
BMMa, Mehy Kojuma pycku cneumjanumn gajy npegHoct mHocTtpaHum ,Ops Core
FAST” wnemoBuma, a oa HaumoHanHor npoussohaya gonase moaephu ,“3LU
Top*, 3atum ,A3LWL-2“ n ,3LL-09% JeguHuua pacnonaxe u mawum 6pojem ma-
cnBHMX wnemosa ,AJITUH®. ®parmeHTaumnoHa 3awTuta ounjy obesbdehyje ce Ha-
ovyapuma ,ESS”, ,Revision“, koje ce HabaBrbajy y pasnuuntum 6ojama ctakana
(3a kopuLheHe y ycrnoBMMa jake cyHYeBe CBETIIOCTU, MPU BELUTAYKO] CBETMNOCTH,
Yy yCroBuMMa cMakeHe BnasrbuBocty n ap). ObasesaH geo onpeme cBakor npu-
nagHuka jecy n aHtudoHe/komyHmkaumonn cetosn ,PELTOR" n Liberator I1“.

Mpakca pyckux ,Ancdun” BpeaHa cBake noxearne OAHOCKU Ce Ha OKOITHOCT aa
npunagHMUM y CBakoj Npunuum obnave n MOHTMpaAjy kKoMnneTHy 6opbeHy onpe-
My, YaK U Kafa ce TakMMye y NMpakTUYHOM CTpesballTBY MM U3BOAE jaBHU MpU-
ka3 rpahaHuma. lNpema peuynma cneumjanucte C.A, oBo n3 pasnora wTto: ,Cne-
uujanay Mopa ga cpacTe ca CBOjoM KOMMMEeTHOM ONpeMoM Kako ra He 6u ome-
Tana npunMkomM NMHTepBeHuuje. bes ob3mpa je Nn cyHue, CHer Unu Kuiia, UHTep-
BEHUMja UMK CMOPTCKO TaKMUYEHE, MU YBEK U3Ma3MMO MOTNYHO CNPEMHU. Tako
yMakyjeMo MOryhHOCT A4a Hac HEKO U3HeHaan".

Murnow Jesmuh (Milos Jevtic),
e-mail: info@specijalne-jedinice.com,
ORCID iD: ' http://orcid.org/0000-0002-1305-7618

KoHcmpykuyujcku cmaHOapdu modepHoz newadujckoe
creyujanucmu4yko2 Haopyxara

YcnoxhaBake 0e30eqHOCHMX MPEeTHU TOKOM OcamaeceTuMx FoAavHa Mpo-
LLSIOr Beka, NMPBEHCTBEHO Y BMUAY Tepopu3Ma Kao HajonacHujer Buaa opraHn3oBa-
HOI KpUMUHaNUTeTa  , y3pOKOBarno je HOBY BPCTY OrnepaTMBHO-TAKTUYKUX aKTUB-
HOCTM HaumMoHanHux 6e30egHOCHMX cucTema, a paau edukacHuje bopbe ca Ho-
BOM BPCTOM OMacHOCTW. ¥ OKBUPY MUHMCTapCTaBa Kojuma ce noBepaBa Hapne-

z Takohe, y oBoMm nepuogy 6e36eaHOCHM CUCTEMU Ce Cyo4aBajy U ca cneunduyHnUM 1 n3yseT-
HO CIOXEHWM KPU3HUM cuTyauumjama y Kojuma oCyMHsMueHW, Hajuewwhe paau ocTBapuBara
CBOjUX UMIbeBa, y3uMmajy Apyre ocobe kao Taoue, orpaHuyasajyhm unu oHemoryhasajyhu um
cnobopy kpeTaha, a 4eCcTo 1 yrpoxasajyhu X1BOT 1 TenecHn nHterputeT. MsHolwewem npeT-
b1 Aa he yrposnTu XunBoTe Tanaua, oOCyMibUYeHN ce Tpyae Aa cnpeve nHTepBeHUujy 6e3bea-
HOCHUX CHara, OQHOCHO MoKyLuaBajy cebu ga obesbene 6e3benaH nsnas ca Mecra KpusHe cu-
Tyauuje n ToMe CINYHO.
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YKHOCT Haj MONULMCKUM WU BOjHUM jeauHMLIaMa, OpPraHuayjy ce Mmahe, nocedbHo
obyueHe 1 onpemIbeHE jeauHuLE 3a pasnniuTe cneuunjanHe HameHe koje he y Ha-
pegHVM JdeleHujama npeacTtaBrbaTu Hajjade dpaktope 6e36egHOCHMX cuctema y
6opbu NPOTMB OPraHN30BaHOr KPUMUHANUTETA U APYrMX BEOMa ONacHUX NPeTHN.

CneuujanHa, npaBHMM MponucMma npeuusHo yTeBpheHa, HameHa jeauHuua
OBe BpCTe noapasymeBa M3BONEeH-e HajCrOXEeHUjUX 3agaTtaka M Nnocrnoea, Yecto y
pasnMYNTMM KNMMaTCKUM, TEPEHCKMM W ApyrMM ycrnosuma. EdmkacHocT cneuuja-
naua npv aHraxxoBaky 3aBUCK Of, HMXOBE UHAMBMAYANHE U TUMCKE 0OYy4EHOCTN U
CMHXPOHW30BaHOCTK, anu u og, nocebHe, creumjancTnyke onpemMe n Haopyxama.

Y Teopujn 61 ce MOrno roBopuTK 0 PasnnYUTUM KpuUTepujymmma 3a ogpe-
ArnBare nojMa crneumjanMcTUYKor nelwaanjckor Haopykaka, anu y oBoj obnacTu
Kao MpumMapHu Kputepmnjym Hamehe ce HameHa Haopyxawa. Y npuror Tome uge
M YnkbeHula ga Benuku 6poj gaHaluwux npomsBohada passBuja M npomMoBuLLe
nocebHe nporpame Haopy)Xaka — OHe KOju Cy HaMelEeHN NpunagHuumMma jeau-
HuUa 3a cneunjanHe HameHe. OBae je BEOMa BaXKHO ykasaTu Ha 3Hayaj Hauuo-
HanHe HaMeHCKe NHOYCTPUje, jep je NuTare onpemMara U HaopyXaBaka opyxa-
HUX CHara 1u3pasuTo M1 NONUTUYKO NuTame. bes 063npa Ha annomarcko-npaBHe
OfHOCE Ha Me]’]%/HapOJJ,HOM HUBOY, CBaKa ApXaBa Mopa MMmatn ™ akTMBHY HaMeH-
CKY MHOYCTPUjY 3 Koja garbe mopa buTK y ctawy Aa 3agoBorbu Hajpehu geo no-
Tpeba HauMoHaNHUX OpY)XaHWX CHara, jep cy AMnnomaTcKM OQHOCWU BpPRoO npo-
MEHJIbUBM, HEMpujaTerbCcTBa U caBe3n Op30 HacTajy n 6p3o ce race.

[aHac ce y cBeTy AoKasaHMM KBanuTeTOM m3aBajajy npomsBohaum nonyt
Hemadke komnaHuje ,Heckler & Koch”, wBajuapcke “SIG Sauer”, 6enrujcke “FN
Herstal”, utanujaHcke ,Beretta“, 6pasuncke “Taurus” n gpyru. NoHoc Penybnuke
Cpbuje y oBoj obriactu cBakako jecTe u ,3actaBa opyxje“ us Kparyjesua.

Onwme kapakmepucmuke

Cneumjanmctuykn nporpammn NeLagmickor Haopyamwa Cy OCETHO CKynibWu y
OAHOCY Ha OHE KOju CY HaMEH-EHN PEAOBHMM BOjHUM M NONULMICKMM CHarama. [po-
n3sohauu ynaxxy 3HaTHO BULLE pecypca Y UCTpaxXnBara, NpoLEeC Npon3BOaHE U Te-
CTUpam-a, LITO Ce oApakasa Ha LieHy CrneumjanmcTUYKMX Mogena newwanunjckor Hao-
pyxara. Y Be3u ca TUM jecTe 1 YiheHuLa Aa Cy OBU Mporpamm 3HaTHO Mak-er oou-
Ma, jep je LeHa 0OpHYTO KopenaTuBHa ca peasiHoM TPaXKH0M Ha TPXKULUTY.

3aBNCHO 04 TpaXkhe, anu U akTyermHMX NONMUTMYKMX ogHoca Ha MehyHa-
poaHOM HUMBOY, ogpeheHn cneumjanucTnyku nporpamm mory 6uTtn opraHmsoBaHu
3a Ta4yHo oapeheHor Kynua 1 ycky HameHy. JedaH oA TakBUX CrlyyajeBa jecte U
npojekat ,SCAR** jypuiwnmnx nywaka 6enrujcke komnanwje ,FN Herstal” koju je
peann3oBaH NMPBEHCTBEHO 3a NOTpede npunagHuka jeamHuua amepuyke KomaH-
Je 3a cneuujanHe onepaumjezs. Ca pgpyre ctpaHe, Tpeba uctahu n ga MHoru
NPOjekTn Koje npom3sohayun NpuMapHoO Hamewyjy peaoBHUM CryXOeHnm cHara-
Ma MMajy BENuKy 3acTynrbeHoCT U Mefy npunagHuumMMa jeguHuua 3a cneuujan-

221 ynaraTv y pasgoj.

23y oBoj 06nacTu nogpasyMeBajy ce Nponssohjaumn opyxja, TakTUUKe onpeMe, MyHULMje, eKc-
NNO3MBHKX, MMPOTEXHUYKMNX CpecTaBa 1 c.

24 AkpoHUM of Ha3uBa Special Forces Combat Assault Rifle.

25 Amep. eHrn. United States Special Operations Command-USSOCOM.
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He HameHe. TakaB cny4aj 6u 6unn, Ha npumep, ayCTPUiCKM NONyayToMaTCKu Nn-
wTorbk ,Glock®, 3a Koje ce maHac npouekyje aa ux kKopuctn oko 65% cnyxbe-
HUX NMLa y CBETY, a y BENIMKOM Opojy eNMTHUX jeanHMLa YMHE NpMMapHO Haopy-
Xake Y OBOj KaTeropuju.

Takohe, Tpeba nctahm 1 ga nporpamm HameweHU 3a NpunagHuKe crneum-
janHux jeguHnua objeguraBajy CUrypHO HajBuLla KOHCTpyKUMjcka gocturHyha y
OBOj HAMEHCKO] NHAYCTpUjn. Kao HajBaxkHWju cTaHgapan Koju mopajy 6utu 3ago-
BOJbEHWN MOTY CE€ 03HA4YMTM MNOY34aHOCT paga opyXja y EKCTPEMHUM KNUMAaTCKNM
yCnoBuMa, u3y3eTHa eproHoMunja n 6anaHcMpaHocCT, jeHOCTaBHOCT obyke y py-
KoBawy U ynotpebe. Takohe, Moxe ce NpumMeTuTh Aa Mefy KOHCTpyKTopuMa no-
CTOju CTanHa TeHAeHUuja ymawnBama gUMeH3nja opyxja, Te Mop,egsHm Moaenwu,
nocebHO HaMeweHU creuunjanumuma, umajy n3paxeHy KOMMNakTHOCT  Koja onak-
LaBa HOoWEHEe U TakTU4Ky ynotpedy”'. OBomM nocnenwem nge y npunor n TeH-
JeHuumja ymarmBakba yKyrnHe Mace opyxja, LWTO ce NOCTuXe 0BUMHMjoOM ynoTpe-
BOM KOMMO3UTHNX MaTepwujana y uapaam KOHCTpyKunja opy>|<ja28.

Muwmorbu

MonyayTomatcku nuwTorbn®® npomseoge ce jow og kpaja 19. Beka. Wako ce
KOHCTPYKLMja HaopyKara 13 OBe KaTeropuje cBakako M3amMeHuna u ycaspLumna T1o-
KOM AeleHuja, nocToje oapeheHn cermeHTn Koju cy cBe BpeMe 3acTyNIbeHU Yy CKO-
po nctom obnuky. TakaB je cny4aj ca cuctemom bpaerbewsa. [pumepa pagu, cu-
cTem koju je nateHTMpao LloH Mo3ec BpayHuHr (1855-1926) (enrn. John Moses
Browning) ce 1 gaHac KOpUCTK Y HEKONMKO BapujaHTX Koje Cy BPIIO CIINMYHE OpUrn-
HarnHoj KOHCTpyKunjn. Kaga cy y nutarwy nofyayTomMaTCKuM MULLITOIbU, OBaj NPUH-
umn 6paBrbe|-ba3$e M JaHac cBaKako Haj3acTynrbeHujn, NpBEeHCTBEHO 300r cBoje
jegHocTaBHOCTM ™, pOBYCHOCTM U NOY30aHOCTU, @ faHac ce MOry U3OBOjUTU NPUH-
umnum ,Browning-Colt”, “Browning-FN”, “Browning-Petter’, on kojux ce oBaj no-
cnearwn O3HadYaBa M Kao ,,cUMroBo OpaBrbewe” unu T3B. ,CUroBa 6paBa“31. Oko
3aaHer Jena LeBu NULLITOrba HanpaBIbEeH je MacmBaH GOk Koju yrasu y OTBOp 3a
nsbauuBare Yaypa ca cTpaHe HaBnake U obaerba OpaBrbewe MeTka. 3axBarbyjy-
A oBaKkBOj KOHCTPYKLMjM FrOpHsa CTpaHa HaBnake MUWITOrba MOXe Outn paBHa
WTo omoryhaea cTpenuy 60rby NperneaHoCT U aHraXKoBakwe MeTa npu narbom.

Y Be3un ca KOHCTpYKLUMjaMa MOAEPHMX MULLITOIba HAMEeHEHUX NpunagHnLu-
Ma jeanHuua 3a cneuujanHe HameHe Moryhe je NpUMeTUTN HEKONWKO CTaHaapaa
Koju cy yobrnmyeHu 3axTeBuma crnelumjanaua ca jeaHe cTpaHe, OAHOCHO KapakTe-

2 KomnaKkTHOCT OpYXja ce NOCTUXKe Ha HEeKONMUKO HaumHa. CkpahusarweM OyXuHe LeBu, OOQHO-
CHO OM3ajHOM KyHAaKa Koju Moxe GUTK Teneckoncku, Tj. NoAecUB Ha BULIE OyXWHa, OOHOCHO
njpencnanajyhm y jeoHy nnu obe cTpaHe opyxja.

2" MoceBHo y ycroBuMa Grincke 6op6e y ypbaHOM OKpyXetsY.

28 HapaBHo, HajBaXXHUj AEMOBU, MOMYT LIEBM Ca 3aTBapadeM, yBeK ce uapahyjy og ksanuTet-
HOr Yyenvka.

2 Op KkaTeropvje NULITOrba CBakako Tpeba pasnMKoBaTU kaTeropujy peBorBepa, kao jeaHe of
BpCTa KpPaTKOLLEBHOT MeLUamnjcKor Haopyxara. PeBoneepu ce n3geajajy kao 3acebHa kaTteropuja
crieq, Apyradvje KOHCTpyKUMje, NpyHLUMNa paga, MexaHuama bpaBrbera, HaunHa Nykwerba UTA.

% [LITo ce oapaxaBa 1 Ha HUXY LIEHY Y MPOLIECY NPON3BOMH-E.
Koja je, npumepa pagu, cactaBHM [e0 KOHCTPyKUMje cepuja nonyayToMaTCKMX MULLITOSba
LL3-99%, L13-999“ cpnckor nponssohaya ,3actaBa opyxje“.




pucTUKama MoaepHUX opyxaHux cykoba, ca apyre ctpaHe. Tako, He MOXe ce ro-
BOPUTM O O30OUIBHOM MULLTOIbY OBE HaMeEHe YKOINMKO KOHCTPyKLMja pama He
omoryhaBa MOHTUpawe OoAaTHE TaKTUYKe onpemMe, Mpe CBera TakTuyke namne
n/vnn nacepckor obenexueaya umrba-J10L,, oaHocHo ypehaja koju objeanaBa
namny un J1OLU, kao wTto je no3Hatn moaen ,Streamlight TLR-2“. Onpema oBe Bp-
CTE€ MOHTMpa Ce Ha LUMHE Ha OOH0j CTpaHu pama, ucnog uesu. Hajuewhe cy y
nutawy ctaHgapaHe ,Picatinny” winHe o3Hake ,MIL-STD-1913".

-~

lMonyaymomamcku nuwmors ,,Glock-17 Gen4*y kanubpy 9 munumemapa.
®omo: Munow Jesmuh

YHanpehyje ce n KOHCTpyKUMja MEeXaHUYKMX HULIAaHa, Koju ce mn3pahyjy y
pasnuuMTUM obnuumMma, 3aBUCHO of npousBohava. o npasuny, HULWIAHU NK-
LUTOrba OBE HaMeHe onpemajy ce n 6enum TPULNjyMCKUM cMMBonmnma Koju onak-
LaBajy HULWaHEeHE Y YCNOBMMa CMakeHe BUMASbMBOCTU. [open Tora, ycasplue-
HK cy 1 ,pnbep-onTrK* MEXaHNYKM HULWIAHW, a MeRy HajpacnpoCTpakeHnjUM je-
cy mogenu ,Novak*.

Kaga je pey O eproHomuju nuwiTOrba, OBaj CTaHOapd MPBEHCTBEHO ce
OoCTBapyje oNnTUMM3aLNjOM KOHCTPYKLM|E€ pyKOXBaTa MULWITOSba KOju Mopa oaro-
BapaTu aHaTOMUjU N BuomexaHuum rbyackux waka. C TMM y Be3u jecy U 0aBOju-
BW yroOLWILM pasnnuMTMX BENUYMHA Koje npomsBohayn Hyae, Hajuewhe y okBupy
CTaHOapaHe onpeMe 3a NULLTOSbE OBE HAMeHe. YMeTaweM yroxaka pasnuumrte
BENMYNHE Y paMOBE Ha PYKOXBATy cTpenay npunarofhaea HeroBy LLUMPUHY aHa-
ToMUju cBoje Wwake. KoHCTpyKumja yoapada, Kkog Moaena Koa Kojux uanasmv ua
HaBnake Takohe mMopa OuUTK onTUMM3oBaHa Kako bu ca jeaHe ctpaHe omoryhuna
6p30 1 NoysaaHo NoBnayewe, ako je NoTpebHo, a yMaruna MoryRHOCT kavyera
3a genose oaehe, yHugopme nnm onpeme, ca gpyre ctpaHe.
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Mmajyhu y Bugy ga cneuumjanum cBakoOOAHEBHO PYKYjy OpYXXjeM, YecTo U Ka-
0a je meTak yba4deH y LeB, N3y3eTHO BaXkaH CTaHOapA KOHCTPYKUMje HaopyXama
ofHocK ce Ha DGe3bedHOCHE MexaHM3Me KojuMa je 3ajegHUYKo da cripeyaeajy
HEeXerbeHo onarbewe MeTKa. Y MexaHuame oBe BpcTe ybpajajy ce pasnunuure
KOYHULE yOapHe urne, KOYHuue T3B. OKugadke rpyne, MHOMKaToOpU NpucycTBa
METKa Y LLEBU N CIINYHO.

MpeTnocTtaBka NOy34aHOCTN pada NMWTOoba U edonkacHe ynotpebe cBakako
jecTte N KBanUTET KOHCTPYKLMje OKMaa4kor MexaHnsma. 3a npunagHuke jeauHula
3a creuuvjanHe HaMeHe BeoMa je BaXKHO Aa okuaake byae kpaher xonda, yjeaHa-
YEHO M 0ACEeYHO, a ja KOHCTpYKUMja obapaya 403BoSbaBa yA00HO NOBNaYveH-e.

JypuwHe nyuke

JypuwHe nywke, y3 aytomaTte (eHrn. submachine guns), npeacraerbajy Hajue-
whe npumapHO Haopyxawe npunagHnka jeamHuua 3a cneumjanHe HameHe. EBony-
umja opyxaHux cykoba y cBeTy, 1 UCKYCTBa ca hpoHTOBA, Yy Hajsehoj mepn yTuuanm
Cy YNpaBO Ha KOHCTPYKUMjE€ MOAEPHUX jypPULLIHMX Nywaka. HajsactynibeHunju npuH-
LM paga cBakako jecte NpuHLUMN nosajmuue 6apyTHUX racoBa y pasfnunuTMm Bapu-
jaHTama, ca potupajyhmum 3aTBapadem kao cucteMom GpaBrbera. Minak, Tpeba ou-
Tn objekTmBaH 1 nctahu ga ce HujegaH mModen MoAepHE jypuLLIHE MyLLKE HE MOXe
03HA4YMTUN KaO HAMEHCKN YHMBEP3anaH, Te€ j€ BeOMa BaXKHO NPUIIMKOM OAy4YMBaHsa
0 HabaBUW KOHTUHreHTa NpaBuUHO NPOTYMadnTK CBPXY ogpeheHor mogena nyLuke.
Tako, HEKN NPOojekTn cy npuMapHo paheHn 3a notpebe 6nucke Gopbe y ypbaHoj
cpeaviHu, Kao LWTo je cny4aj ca mogenuma ,Colt M-4 A4 Commando®, apyru 3a 6op-
Oy y pyparnHoj cpeamHu, kao LWTO je criyyaj ca nywkama ,Kanawhnkos®,

Tpeba npumeTnT ga BeNMKM BPOj MOAEPHMX MOAEeNa HaMEHEHUX 3a Npu-
nagHuke jeguMHuua 3a cneunjanHe HameHe Hema Buwe BUKCHU KyHaak. Mopepq
Tora, HanywTa ce ynoTpeba ApBEHNX OenoBa Y KOHCTPyKLUMjama, 0 YeMy CBeAo-
YW OKONHOCT Aa Yak U MoJepHe cepuje nywaka cuctema ,Kanaiurmkos® gobu-
jajy Teneckoncke n/wnun npeknonuee KyHaake uapaneHe of KOMMO3UTHUX maTe-
pujana, 0gHOCHO Aa ce HanywTajy apBeHe obnore LeBu. N3pakeHa KapakTepu-
CTUKa OpyXja uU3 oBe Kateropuje crneumdnyHe HameHe cBakako jecte yBehaHa
MoaynapHocT. Cneumjanum MOHTUPakEM pasnuunTe onpemMe mMory npunaroha-
BaTM UCTO OpYyXje pasnMunTum notpedbama Ha TepeHy Ui CBOjUM FIUYHUM, LUTO
oneT UcTude 3Hadaj noctaBibawa Beh cCnoMeHyTMX LWKHA Koje ce Hajuewhe no-
CTaBIbajy Ay rOpHEe CTpPaHe caHayka opyXja u no npuHumny 9-3-6 catu (ca obe
Oo4YHe cTpaHe nyLuke 1 ucnog uesun). Takohe, pacnopen OCHOBHUX KOMaHAM MO-
pa 6uTM TakaB ga onakwaBa oOyky M ynoTpeby u NeBOPYKMM M OECHOPYKUM
cTpenuMma, WTo ce NOCTUXKE NocTaBibakbeM KOMaHAM ca obe cTpaHe opyxja u
HMXOBMM JTOMMYHMM U Nako AOCTYNHMM pacnopehnBarem. MexaHUYKkn HULLIaHK
cy, No npasuny, npeknanajyhu, WTo 3Hayn ga ce Mory cnyctut pagm MOHTUpa-
Ha pediekCHNX™ unu ysennyasajyhmux HULWaHa pasnmyntux TMnoBa.

Murnow Jesmuh (Milos Jevtic),
e-mail: info@specijalne-jedinice.com,
ORCID iD: " http://orcid.org/0000-0002-1305-7618

32 Xonorpadckux Unu ,pef AT HeyBennuaBajyhnx HuLLaHa.




NO3NB N YIYTCTBO AYTOPVMA
NPUMMALWEHNE N UHCTPYKLINW ONA ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3uB N YNYTCTBO AYTOPUMA O HAYUHY NMPUMNPEME YNAHKA

YnyTCTBO ayTopyMa O Ha4vHy npunpeme ynaHka 3a objasrbmame y BojHomexHuy-
KOM 2/iacHUKy ypaheHo je Ha ocHoBY AKTa O ypefuBawy Hay4Hux yaconuca, MuHuctap-
CTBa 3a HayKy W TexHornolwku passoj Penybnuke Cpbuje, eBngeHumonn 6poj 110-00-
17/2009-01, og 09. 07. 2009. roamHe. MNMpumeHa oBor AKTa NMPBEHCTBEHO CIYXW yHanpe-
hewy kBanuteta gomahux Yaconuca u HUXOBOr NOTNYHUjEr yKIbyunBawa y mehyHapoa-
HM CUCTEM pa3MeHe Hay4HVX uHdopmauuja. 3acHoBaHO je Ha MefyHapogHUM cTaHgap-
anma 1SO 4, I1SO 8, ISO 18, ISO 215, ISO 214, ISO 18, ISO 690, I1ISO 690-2, ISO 999 n
ISO 5122, ogHocHo ogrosapajyhvm gomahum ctaHgapamma.

BojHoTexHuukmn rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.m0.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wtamnaHo usgame, e-ISSN
2217-4753 — online, UDC 623+355/359) jecTe MynTyaucumnnmMHapHu Hay4Hu yaconvc Mu-
HucTapcTBa ogbpaHe Penybnuke Cpbuje, koju objaBrbyje HaydHe 1 CTpyYHe unaHke, kao u
TEXHUYKE MHOPMaUMje O CaBpPEMEHNM CUCTEMMMA HaopyXaka U CaBpeMEHWM BOjHUM
TexHonornjama. Yaconuc npatu jequHCTBEHY MHTEPBMOOBCKY TEXHWUYKY noapLuky Bojcke Ha
NPVHLMMY FIOMMCTUYKE CUCTEMCKE NofpLuke, 06nacTn OCHOBHUX, NPUMEHEHNX U Pa3BOjHUX
ncTpaxunsara, Kao 1 Npoussoaky ¥ ynotpeby cpefdctaBa Haopyxaka W BOjHe ornpeme, U
ocTana Teopujcka MU MpakTuyHa ocTurHyha koja AOMpUMHOCE ycaspluaBakwy npunagHuka
MuHuctapcTtBa ogbpaHe n Bojcke Cpbuje.

MwvHMCTapCcTBO MPOCBETE, Hayke WM TEXHOMOLLKOr passoja Penybnuke Cpbuje, carmacHo
oanyum u3 ynaHa 27. ctas 1. Tadka 4), a no NpMbaBrbEHOM MULLIbEHY M3 YraHa 25. cTaB 1.
Tayka 5) 3akoHa O Hay4HoucTpaxwveadkoj AenatHoctu (,Cnyx6enn rmachuk PCY, 6p. 110/05,
50/06-ucnp. n 18/10), ytBpauno je kateropusauujy BojHoTexHuukor rmacHuka, 3a 2013. roanHy:

3a 06NnacT TeXHOMOLLKM pas3Boj:

— Ha NUCTK Yaconuca 3a MaTepujane u xemmjcke TexHomnoruje:

KaTeropuja Boagehu Hay4yHu Yaconuc HaumoHanHor 3Hadvaja (M51),

— Ha NIUCTU Yaconuca 3a eNeKTPOHUKY, TeNleKOMyHuKaumje u MHPopMaLmoHe
TexHonoruje:

KaTeropuja Hay4Hu Yaconuc HaumoHanHor 3Havaja (M52),

— Ha NIMCTK Yaconuca 3a MallMHCTBO:

KaTeropuja Hay4yHu 4aconuc HaumoHanHor 3Havaja (M52),

3a 0bnacT OCHOBHa UCTpaXuBatba:

— Ha NIUCTK Yaconuca 3a MaTemMaTuKy, padyyHapcke Hayke U MeXaHUKY:

KaTeropuja Hay4Hu 4aconuc HaumoHanHor 3Havaja (M52).

YcBojeHe nucte gomahux yaconuca 3a 2013. roguHy mory ce BugeTu Ha cajTy Boj-
HOTEXHWYKOT rnmacHuKa, ctpaHuua Kateropusauuja yaconuca.

OeTtarbHuje uHopmauuje mory ce npoHahu u Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHonoLwkor pa3soja Penybnvke Cpbuje.

Mopaum o kateropusaumju mory ce npatutu u Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a o6jeant-eHy HabaBsky).

Karteropusauuja yaconuca unsspLueHa je npema [paBunHMKy O NOCTYMKY U HaYvHy
BpedHOBakba M KBAHTUTATVBHOM MCKasnBahy Hay4YHOMCTPaXuBaykMx pesyntata ucrpa-
XMBauya, Koju je mponmMcao HaunoHanHu caBeT 3a Hay4HW U TEXHOIOLLKK pa3soj (Cnyxbe-
H¥ rnacHuk PC, 6poj 38/2008).

Y cknagy ca OBUMM MpaBUITHUKOM M Tabernom O BPCTU U KBaHTUMKaUMj nHavBuayarn-
HUX HAY4YHOUCTPaXxXMBaYKux pesynTata (y cactay [NpaBunHuka), objaBreeHun pag y BojHoTex-
HWYKOM rMacHUKy BpeaHyje ce ca 2 6oaa (kateropuja M51) n 1,5 6opg (kateropuja M52).
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Yaconuc ce npatu y koHTekcTy Cpnckor umMtatHor uHgekca — CLimHaekc (6asa no-
Aartaka gomahux Hay4HMx Yaconuca) n Pyckor nHaekca HayyHor umtupama (PUHL). Mo-
OBPrHYT je cTanHoM BpedHoBaky (MOHUTOPWMHIY) Y 3aBWCHOCTM OF YTULAjHOCTU
(vnmnakTa) y camum 6aszama u, nocpegHo, y mehyHapogHum (Thompson Reuters) uyutar-
HUM uMHAekcuma. [leTarbM O MHAEKCUpaky MOry ce BuMAeTuM Ha cajty BojHoTexHuukor
rnacHuka, ctpanuua Mingekcupame Yaconuca.

BojHoTexHW4YkM rmacHuk omoryhaea 1 npumensyje Creative Commons (CC BY) ogpenbe
0 ayTopckvM npaBuma. [letarbyM O ayTOpPCKMM NpaBvMa MOry ce BUAETU Ha cajTy Yaco-
nuica, cTpaHuua AyTopcka npasa.

PapoBu ce npepajy nyTtem OHNajH cucTtemMa 3a enekTpoHcko ypehuBawe ASEE-
STANT, koju je passuo LieHTap 3a eBanyauujy y o6pasoBary 1 Hayum (LLEOH).

MpucTtyn n pernctpauyumja 3a cepBuUC Bplle ce Ha cajTy www.vtg.mod.gov.rs,
npeko ctpaHuue ASEESTANT unu CUMHOEKC, 0oAHOCHO ANMPEKTHO Ha NUHKY

aseestant.ceon.rs/index.php/vtg.

[eTarbHO ynyTCTBO O perucTpaumju v npujaBum 3a CEpBUC Hanasn ce Ha cajTy
www.vtg.mod.gov.rs, cTpaHuua YnyTcTeo 3a e-Yp: EnekrpoHcko ypehuBarse — ASEESTANT.

[NoTpe6Ho je aa ce cBM ayTopu Koju nogHoce pykonuc 3a objaBrbuBane y BojHoTeXHWY-
koM rnacHuky pernctpyjy y permctap ORCID (Open Researcher and Contributor ID), npema
ynyTCTBY Ha CTpaHuLM cajta Peructpaumja 3a gobujare ORCID ngeHTUdukaumoHe wudpe.

BojHOTEXHMYKM rMacHWK objaBrbyje YmnaHke Ha CPrCKOM, €HrNIECKOM, PYCKOM, He-
MayKkoM nnun paHLycKoM jesuky (arial, cpncka hvpunuua unm cpneka natuHuua, Benuyn-
Ha crioBa 11 pt, npopea Single).

MocTtynak npunpeme, nucara 1 ypehusawa YnaHka Tpeba aa byae y carnacHocTu
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 pesume ca Kiby4HUM peyvynMma Ha eHrneckom jesuky (6es Hymepauuje
HacrnoBa 1 nogHacnosa). O6um unaHka Tpeba ga 6yge oko jeaHor aytopckor Tabaka
(16 ctpanuua opmata A4 ca npopegom Single), a HajsuLe 24 cTpaHuue.

UnaHak Tpeba ga Oyae HanucaH Ha obpacuy 3a nucakbe YnaHka, Koju ce y enek-
TPOHCKOj hopMU MOXe npey3eTu ca cajTa Ha cTpaHuum Obpasay, 3a nucake YnaHka.

Hacnos

Hacnog Tpeba ga ogpaxaa Temy 4naHka. Y MHTEpecy je Yaconuca v aytopa Ja ce Kopu-
CTe peuv NpyKnagHe 3a UHOEKCHpake U MpeTpaxvBake. AKO TakKBUX peYM HeMa Yy Hacrosy, Mo-
XerbHO je Aa ce npuaoaa v nogHacnos. Hacros Tpeba aa 6yae npeBeaeH 1 Ha EHIMECKM je3ukK.
OBW HacnoBu UCMNCYjy ce ucnpepn caxeTtka Ha ogrosapajyhem jesuky.

Tekyhun HacnoB

Tekyhun HacnoB ce ncnucyje ca cTpaHe CBake CTPaHWLE YnaHka paguv nakwe naeH-
TUdmkauuje, nocebHO konuja YnaHaka y enekTpoHckom obnuky. Cagpxu npeavme v UHU-
uunjan MMeHa ayTopa (ako aytopa MMa BuLle, NpeocTanu ce o3Ha4vaBajy ca et al.“ unu ,n
Ap.“), Hacnoee paga v yaconuca v konauujy (rogmMHa, BornymeH, CBecka, noveTHa u 3aBp-
WHa cTpaHuua). Hacnosm yaconvca v 4naHka mMory ce Aatu y ckpaheHom o6nuKy.

WUme ayTopa

Hasopu ce nyHo ume 1 npeanme (carx) aytopa. Beoma je noxersHo Aa ce Hasegy v cpea-
Ha criosa aytopa. iMeHa n npesmmeHa gomahux aytopa yBek ce Ucnmcyjy y opuruHanHom ob-
TMKyY (Ca CPNCKUM AMjakpUTUYKAM 3HAKOBKIMa), HE3aBMCHO Of jesVika Ha KojeM je HammcaH pag.

Ha3uB yctaHoBe aytopa (acbhunujaumja)

HaBoau ce nyH (3BaHWYHU) HA3MB U CeauLLTe YCTaHOBE Y KOjoj je ayTop 3anocneH, a
€BEeHTyasrlHoO 1 Has3uB yCTaHOBe Y KOjoj je ayTop 06aBMO UCTpaXuBame. Y CrOXeHUM opra-
HM3aLmjama HaBoawW ce yKynHa xujepapxuja (Hnp. YHuBepauteT oabpaHe y beorpagy, BojHa
akapgemuja, Kategpa npupoaHo-mMaTematnykux Hayka). bap jeaHa opraHmsaumja y xujepap-
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Xvju Mopa 6uTn npaBHO nuue. AKO ayTopa Mma BuLLE, @ HEKU NOTUYY U3 UCTe yCTaHOBeE,
Mopa ce, NoCebHMM 03HaKama Unv Ha Apyrv HauWH, Ha3Ha4YnTK U3 Koje o HaBedeHUX ycTa-
HOBa NOTMYEe CBaKM Of, HaBedeHuX aytopa. Adunujaumja ce ucnucyje HenocpeaHo HakoH
umeHa aytopa. PyHkuWja 1 3Bare ayTopa Ce He HaBoze.

KoHTakT nogauu

Appeca unu e-afpeca CBUX ayTopa [aje ce Ha NpBoj CTPaHULM YraHKa.

KaTeropwuja (Tvn) unaHka

Kateropusauuja unaHaka obaBesa je ypeaHuwTBa 1 of nocebHe je BaxHocTu. Ka-
Teropujy YnaHka Mory npeanarat peLeH3eHTU U YNaHOBU ypeaHULITBA, OAHOCHO ypea-
HMLM pybpuKa, anv oAroBOPHOCT 3a KaTeropmsauujy CHOCU UCKIbYYMBO MaBHW YpeaHWK.

YnaHuwn y Yaconnucuma ce passpcTtaBajy y cnegehe kateropuje:

Hay4Hu ynaHum:

1. opurmHanaH Hay4Hu pag (pag y KojeM ce U3HOCe NPeTXo4HO HeobjaBrbmMBaHu pe-
3ynTaTv CONCTBEHNX UCTPAXUBaHa Hay4HUM METOO0M);

2. npernegHu pag (pad Koju cagpxu opurinHanad, AetarbaH U KpUTUYKU npuykas uc-
Tpaxusaykor npobnema wunun noapydja y kojem je aytop octeapuo ogpefieHn gonpuHoc, Bu-
OIbUB Ha OCHOBY ayTouuTaTa);

3. KpaTKo uUnu NpeTxogHO caonwTeke (OpUrMHamnHW HayvyHu pag nyHor dopmara,
anu mawer obmma nnu NpenvMUHapHor Kapakrepay);

4. Hay4yHa KpuTMKa, OOHOCHO MonemMuka (pacnpaBa Ha ofpeheHy HayyHy Temy, 3a-
CHOBaHa UCKIbY4MBO Ha Hay4YHOj apryMeHTaumjn) n ocBpTu.

M3ys3eTHO, y HEKMM 0bnactuma, Hay4yHu pajl y 4aconmucy Moxe umatu obnmk MmoHorpad-
CKke CTyauje, kKao 1 KpUTUYKOT M3aara HaydHe rpahe (McTopujcko-apxmnBcke, nexkcukorpadcke,
oubnuorpadbcke, nperneaa nogataka U ch.) — AoTad Heno3HaTe UM HeAOBOSBHO NpUCTynay-
He 3a Hay4YHa UCTpaXuBaksa.

PapoBu knacmgurKoBaHn kao Hay4yHVM Mopajy MMaTu 6ap [iBe NO3UTMBHE peLeHsnje.

Ako ce y yaconucy 06jaBrbyjy U NpUo3n BaHHay4YHOr KapakTepa, Hay4yHW YnaHum
Tpeba ga 6yay rpynucaHu 1 jacHo M3ABOjeHN y MPBOM AeNy CBECKE.

CTpyyYHM ynaHum:

1. cTpy4Hu pag (Mpuror y KojeM ce HyJe UCKyCTBa KopucHa 3a yHanpehene npode-
CUOHarHe npakce, anu Koja HUCY HYXXHO 3aCHOBaHa Ha Hay4YHOM MeTOAY);

2. nHdopmaTMBHU NpUnor (YBoAHUK, KOMEHTap 1 cn.);

3. npukas (Kwbure, padyHapckor nporpama, cryyaja, Hay4Hor gorahaja, u cn.).

Je3uk papa

Jesuk paga moxxe GUTU CPNCKN, EHIMECKN UK ApYru je3nk Koju ce Kopuctu y mehy-
HapoaHOj KOMyHUKauwmju y ogpefeHoj Hay4Hoj obnacTu (pycku, HemMadku unm ppaHLycku).

TekcT Mopa 6UTK jeanykM 1 CTUNCKM JoTepaH, cucteMaTtusoBaH, 6e3 ckpaheHuua
(ocum ctanpapaHux). Cee dumsuyke BenuuuHe mopajy 6utn uspaxeHe y MehyHapogHom
cuctemy mepHux jeanHuua — Sl. Pepocnen obpasaua (chopmyna) o3HayaBa ce pegHuM
6pojeBuma, ca AecHe CTpaHe y OKpyrnvMM 3arpagama.

CaxeTak (ancTpakT) n pesume

CaxeTak (ancTpakT) jecTe kpaTak MHcpopMaTBaH Npukas cagpaja YraHka Koju YntaoLy
omoryhasa ga 6p30 M Ta4yHO OLEHWM H-EroBY PENieBaHTHOCT. Y WHTepecy je ypegHvuTasa v
ayTopa Ja caxeTak CafipXku TEPMUHE KOoju Ce YECTO KOPUCTE 3a MHAEKCMpak-e 1 npeTpary yna-
Haka. CacTaBHM OENOBM CaxeTka Cy Lmrib UCTpaxuBara, MeToaun, pedyntaTty u 3akrbydak. Ca-
xeTak Tpeba aa uva og 100 oo 250 peum m Tpeba ga ce Hanasv uamehy 3armnaerba (Hacnos,
UMeHa ayTopa ¥ Ap.) N KibY4HUX PEYM, HAKOH KOjUX Crieam TEKCT YnaHka. AKo je paj HanucaH Ha
CPMCKOM (PYCKOM, HEMa4YKoM My dopaHLIyCKOM) jeaunKy MOXErbHO je Aa ce, nopen caxeTka Ha
CPMCKOM (PYCKOM, HEMaYKOM WUrn chpaHLLyCKOM), Aaje U CakeTak Y NPOLLMPEHOM OONWKY Ha eH-
ITIECKOM je3uKy — Kao T3B. pe3ume (summary). OBakaB pe3vnme Tpeba ga 6yae Ha kpajy unaHka,
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HakoH oferbka Jlutepatypa. BaxHo je aa peaume byde y CTpyKTypupaHoM obnviky, a Herosa
OyxuHa mMoxe 6utn go 1/10 gyxuvHe unaHka (OMWMPHMjK je of CaxeTka ca NnoyeTka uYnaHka).
MoueTak oBor pesnmea Moxe BUTK NpeBeaeHN CaxeTak (Ca noyeTka YnaHka), a 3atum Tpeba
Ja criefe npeBegeHy rMaBHW HAcnoBW, NOAHACIIOBY N OCHOBE 3aKibydka YnaHka (nuteparypa
ce He npeBoaw). [NoTpebHO je Aa ce y CTPYKTYpMpaHOM pe3umMey npeBede M Aeo TeKcTa ucnog
Hacnosa n nogHacnosa, Bogehun padyHa Aa oH 6yae nponopumMoHanaH hUXoBOj BENWUYMHK, a Aa
ogpaxaBa CywTuHy. HakoH pe3umea Ha eHrmeckoM jeauky (MpOLUMpeHOr caxeTka) godaje ce
H-EroB MPEBOA, Ha CPckoM, Aa 6u pegakumja n3spLUMna NPOBEPY M NEKTYPY.

Krby4yHe peun

KrbyuHe peun cy TepMmyvHM unu ¢pase koje agekBaTHO NpeacTaBrbajy cagpaj
ynaHka 3a notpebe nHaeKcupara 1 npeTpaxusBara. Tpeba nx goaersusatv ocnamajyhu
ce Ha Hekn MefyHapoaHu u3Bop (NOnNUC, PeYHUK UK Tesaypyc) Koju je Hajlumpe npuxsa-
heH nnu yHyTap gate HayyHe obnactu. 3a HNp. HayKy yonuwiTe, TO je McTa Kiby4YHUX pe-
un Web of Science. Bpoj kriby4HMX peun He moxe 6utn Behu op 10, a y mHTepecy je
ypeaHuwTBa 1M ayTopa Aa ydyecTtarnocT wuxoBe ynotpebe 6yae wro Beha. KrbyuHe peun
[ajy ce Ha je3nKy Ha KOjeM je HanncaH YnaHak (CaxkeTak) U Ha eHrIecKOM je3nKy. Y unaH-
Ky ce nuLly HenocpeaHo HakoH caxeTka, OQHOCHO HaKoH pe3nmea.

Cuctem ASEESTANT vy Ty cBpxy kopucti cneumjandy anatky KWASS: aytomaTtcko ekc-
TPaxoBare KIbY4YHUX PeYn U3 AUCLIMMIIMHAPHNX Te3aypyca/pedHunka no nsbopy 1 pyTuHe 3a Hu-
X0B ogabwp, Tj. NpuxBaTaHe OQHOCHO oabaLmMBakse Of CTPaHe ayTopa WWnn ypegHuka.

ﬂaTyM npuxepaTaka YaHKa

[JaTtym Kaga je ypegHWLITBO NPUMWIIO YnaHak, J4aTym Kafa je YPeOHWLITBO KOHa4YHO
NPUXBATMIIO YNaHak 3a objaBrbuBarLe, Kao 1 AaTyMu kaaa cy y MmeflyBpemeHy focTaBrbe-
He eBeHTyarnHe WCrpaBKe pyKomnvca HaBode Ce XPOHOMOLUKMM PefocriefioM, Ha CTanHoOM
MecTy, N0 NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 0OHOCHO Ha3MB NporpamMa y OKBUPY KOjer je YnaHak HacTao,
Kao 1 Ha3uB UHCTUTYUMje Koja je ouHaHcupana npojekaTt unv nporpam, HaBoau ce y no-
cebHoj HanoMeHW Ha cTanHoM MecTy, Mo NpaBumy Npu AHy NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje paaa

AKO je unaHak y NpeTxofHoj Bep3uju G1o N3NOXeH Ha CKyry y BUAy YCMEHOr caonwite-
Ha (MoA UCTUM UK CAIMYHUM HaCNoBOM), NodaTak o Tome Tpeba fa Oyae HaBedeH y noce6-
HOj HaNoMeHu, Mo NpaBuny Npu AHy NpBe CTpaHe yrnaHka. Pag koju je Beh 06jaBrbeH y HEKOM

yaconucy He Moxe ce 00jaBuTV y BOjJHOTEXHUYKOM FMacHWKY (NpeLutamnaTti), HA Mo Crvd-
HMM HacroBOM U M3MEHEHOM OBIMKY.

TaGenapHu u rpadMykn Npukasm

MoxersHO je Aa HacnoBw CBUX Mpukasa, a No MoryRcTBY M TEKCTyanHu caapxaj,
Oyay Aatv 4BOjE3NYHO, Ha je3nKy pada U Ha eHrNeCcKoM je3unKy.

Tabene ce nuLy Ha NCTV HAYYH Kao M TEKCT, a O3HaYaBajy ce pegHuM GpojeBvMa ca rop-
e cTpaHe. doTorpadhuje 1 LpTexm Tpeba aa Oyay jacHu, NpernenHn 1 NoroaHM 3a penpoayK-
umjy. Liptexe Tpeba pagutu y nporpamy word mnm corel. ®otorpadmie n upTexxe Tpeba nocra-
BUTW Ha XXEIbEHO MECTO Y TEKCTY.

HaBoRewe (untupame) y TeKcty

HaunH nosmBama Ha M3BOpPE Y OKBUPY YnaHka Mopa butu jeaHoobpasaH.

BOjHOTEXHMYKM MacHUK 3a pechepeHuUmMpare (LMTUpare 1 HaBohewe nutepaType) npu-
Metrbyje XapBapAcku cucteM pedepeHum, OOHOCHO XapBapAckv NpupyyHuk 3a ctun (Harvard
Referencing System, Harvard Style Manual). ¥ camom TekcTty, y 06uyHum 3arpagama, Ha me-
CTy Ha KOjeM ce BpLUM No3vBaHe, OOHOCHO LMTUpare nutepatype HabpojaHe Ha Kpajy YnaH-
ka, 06aBe3HO y OOMYHOj 3arpaan HanucaTy NpesuMe LUMTUPaHOr ayTtopa, roavHy usgamsa ny-
6nvkaumje 13 koje LUTUpaTe 1, eBeHTyarnHo, 6poj ctpanHnua. Hnp. (Petrovié, 2012, pp.10-12).




[eTarbHo ynyTCTBO O HaYMHY UMTUpama, ca NpMMeprMa, AaTo je Ha CTpaHuuu caj-
Ta YnyTcTBO 3a XapBapAckv NpUpYyYHUK 3a cTun. MoTpebHo je aa ce no3uBake Ha nuTe-
paTypy Yy TEKCTY ypaau y ckrnagy ca MoOMeHYTUM ynyTCTBOM.

Cuctem ASEESTANT y cBpxy KOHTposne HaBohewa (unTMpamwa) y TEKCTY KOPUCTU
cneuujanHy anaTky CiteMatcher: oTkpuBame M30CTaBIbEHUX LMTaTa y TEKCTY paga u 'y
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 objallkbera, HasHake o kopuwheHum 13BopumMa (Ha
npyMep, Hay4Hoj rpahu, MPMpyYHULMMA), anm He Mory GUTK 3amMeHa 3a LMTVpaHy nnutepaTtypy.

IucTa pecepeHumn (nuTepaTtypa)

Lintnpana nutepatypa obyxsata, no npaswuny, bubnvorpadcke n3sope (4naHke, MOHO-
rpachvje 1 cn.) U daje ce UCKIbY4MBO Yy 3acebHOM OferbKy YnaHka, y Bugy nmcre pedepeHum.
PedhepeHLe ce He npeBofe Ha je3nk pada 1 Habpajajy ce y NoceGHOM oferbKy Ha Kpajy YnaHka.

BojHOTEXHUYKM TMACHUK, KAa0 Ha4MH ucnuca nutepaType, NpuMekbyje XapBapacku
cucTeM pedpepeHun, OOHOCHO XapBapAcku npupydHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce o6aBe3HO nuile Ha NaTMHWYHOM NUCMY U Habpaja no abeuenHoMm
pepocneny, Hasogehu Hajnpe npesumeHa aytopa, 6e3 Hymepauuje.

[eTtarbHO ynyTCTBO O HauyMHy nonvca pedepeHuu, ca npumepuma, 4aTo je Ha
CTpaHuuUM cajTa YnyTcTBO 3a XapBapAcku NpupyYHuUK 3a ctun. MNotpebHo je ga ce nonuc
nuTepaType Ha Kpajy YnaHka ypaauv y cknagy ca moMeHyTUM yrnyTCTBOM.

HecTtaHgapaHo, HENOTNYHO Mn HeJoCNeAHO HaBohele NUTepaType y cuctemMmMvia Bpes-
HOBaH-a Yaconuca cMatpa ce LOBOMbHMM PasfioroM 3a OcropaBakse Hay4qHOr cTaTyca Yaconuca.

Cnctem ASEESTANT y cBpXy KOHTPOMEe NpaBuiHoOr ucnuca nucte pedepeHumn Ko-
puctu cneumjanHy anaTtky RefFormatter: koHTpona ob6nukoBaka pedepeHLm y cknaay ca
XapBapACKUM NPUPYYHMKOM 3a CTUI.

MponpaTHO nucmo

Mopepn unaHka gocTaBrba ce NponpaTHO NUCMO Y Kojem Tpeba nctahu o Kojoj BpcTh
ynaHka ce pagu, koju cy rpadudku npunosu (potorpaduje n LPTEXN) OPUTMHATIHK, a KO-
jn no3ajmrbeHu.

Y nponpaTHOM NUCMY HaBOAE Ce U nogauu aytopa: MMe, Cpefhe CIoBO, Npesvme,
YuH, 3Bakbe, e-maun, agpeca nocnogasua (BI1), kyhHa agpeca, TenedoH Ha pagHoM Me-
cTy n kyhHu (MOBunHu) TenedoH, padyH 1 HasmB BaHke, CO mecTa cTaHoBawa, 6poj
nunyHe kapte n JMbB rpafaHa.

AKO je BuWe ayTopa 4naHka, y npornpaTHOM MMCMY Ce HaBoAu NojeguHayYHu npo-
LUeHTyanHu yaeo pagu obpavyHa xoHopapa.

CBM pagoBu noasnexy CTPy4YHOj peLeH3uju, a o6jaBrbeHn pagoBu U CTPYyUHe
peLeH3Mje 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:

BOjHOTEXHMYKN rNacHuK,

Bpahe Jyrosuha 19, [lom Bojcke Cpbuije,

11000 Beorpag.

E-mail: vojnotehnicki.glasnik@mod.gov.rs.
YpenHuk
mp 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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NPUrMALLUEHME U MHCTPYKUUA ONA ABTOPOB O NOPAOKE NOArOTOBKU CTATbU

VIHCTpYKUMSt onst aBTOPOB O MopsiAke MOArOTOBKW CTaTbW K OMyOIIMKOBAHMIO B XXypHarne
«BOEHHO-TEXHUYECKNIN BECTHUK» paspaboTaHa B COOTBETCTBUM C AKTOM O pefakTUpOBaHWN Ha-
YYHbIX XXypHanoB MuHMCTepCTBa Hayku 1 TEXHOMOMMYECKoro passutust Pecryonvku Cepous, Ne
110-00-17/2009-01 ot 09.07.2009 r. MNMprmeHeHreM aToro AkTa, B NepByto odepeab, obecrneun-
BAETCS COBEPLUEHCTBOBAHME Ka4eCTBa OTEYECTBEHHbIX XXYPHAroB 1 ux Goree MnomHoro BKIO-
YeHVsl B MeXOyHapOAHY cucTemMy obMeHa Hay4dHOM MHGopMaLmen. VIHCTpYKUMS COOTBETCTBY-
eT MexayHapodHeiM ctaHgapTam ISO 4, I1ISO 8, ISO 18, ISO 215, 1ISO 214, 1ISO 18, ISO 690,
ISO 690-2, ISO 999, ISO 5122 1 COOTBETCTBYHOLLMM OTEYECTBEHHBIM CTaHAAPTaM.

BoeHHo-TexHu4eckut BecTHUK (Vojnotehnicki glasnik / Military Technical Courier),
BTr.MO.ynp.cp6, www.vtg.mod.gov.rsfindex-ru.html, ISSN 0042-8469 — neyaTtHoe wu3paHue,
e-ISSN 2217-4753 — online, UDK 623+355/359, aBnseTtca MynbTUAUCUMMIIMHAPHBIM Hay4YHbIM
XypHarnom MuHucTepcTBa oGopoHbl Pecnybnuku Cepbusi, nybnmukytowmin HayYHble cTaTbh U
cTaTby CMeuManucToB, B TOM YMUCIe TEXHUYECKME MHADOPMAaLMN OTHOCUTENBHO COBPEMEHHBIX
CUCTEM BOOPYXXEHUSI N COBPEMEHHBIX BOEHHLIX TEXHOMOMMsIX. XKypHan oTcrnexuBaeT 3a eauH-
CTBEHHOW UHTEPBUAOBON TEXHUYECKON NOAOEMKKON BOOPYXKEHHbBIX CUIT HA MPUHLMNAX JIOTUCTU-
YecKoW MopaepKKK, B 00MAacT OCHOBHBIX MPUMEHSIEMbIX HayYHbIX UCCIENOBaHWiA, a Takke B
obnacTi Npor3BoacTBa BOOPYKEHMIA 1 BOEHHOrO 060pYA0OBaHUsSt U OCTarlbHbIX TEOPETUYECKMX
M MPAKTUYECKMX AOCTUXKEHUIA, COOEVCTBYIOLLMX MOBLILLEHWIO KBanuduKaumn nepcoHana Mu-
HuctepctBa OBopoHbI M BoopyxxeHHbIx cun Pecnybnvkmu Cepbus.

MuHMcTEpCTBO 06pa3oBaHMs, HAYKM U TeXHONOMMYeckoro passutusa Pecnyonukmn Cep-
©u1s, cornacHo peLLeHunto no cT. 27 absal 1, NyHKT 4 1 Nno nony4YeHHOMY TONKOBaHWUIO CT. 25
ab3ay 1 nyHKT 5 3akoHa 0 HaydHo-MccreaoBaTenbCkon aeaTensHocTU (,Cnyx06eHn rmacHuK
PC", Ne 110/05, yTBEepxauno kateropmusaumio BoeHHO-TexHMYeckoro BecTHuka 3a 2013 rop;

Kateropuu B 06racTv TEXHONOIMYECKOro pasBuTus:

— O6nactb MaTepuanoB U XMUMNYECKOWN TEXHOJIOTUN:

BeAYLLMIA Hay4YHbIV XXypHan HauuoHaneHoro 3HavyeHuns (M51),

— O6nacTb 3NeKTPOHUKN, TeNIeKOMMYHUKALMA U MHPOPMaALIMOHHBLIX TEXHOJIO-
TMIA: Hay4HbIN XXypHaN HauMoHanbHoro 3Havenust (M52),

— O6nactb MexaHUKM:

Hay4YHbIV XXypHan HauMoHanbHoro 3HavyeHusa (M52).

Kateropun B 06racTi OCHOBHbIX UCCINEA0BaHUIA:

— O6nacTtb MaTemMaTuKa, KOMNbKTEPHbIE HAYKU, TEXHUYECKNE HaYKU:

Hay4HbIV )XypHan HaumoHanbHoro aHaveHus (M52).

MHdopmaumio oTHocMTeNbHO kateropusaumun 3a 2013 rog MOXHO MOCMOTpeTb Ha
cTpaHuue carvita BoeHHO-TexHu4eckoro BecTHMka Kateropmsauus BECTHUKA.

Bonee nogpobHyo MHOPMaLUo MOXHO NpoYnTaTh Ha canTe MuHuctepcTBa obpa-
30BaHus, HaYKn N TeXHomornyeckoro passutnst Pecny6nuvkmn Cepbus.

MHdopmaumio o kaTteropmsauum MoxHO nocmotpeTb U Ha cante KOBCOH-a (Koh-
copumym 6nbnmnotek Pecny6nvku Cepbusi no Bonpocam 00beaNHEHUS 3aKYMOK).

KaTteropmsaums BecTHMKa npoBefeHa cornacHo [lonoxeHunto o nopsigke u cnocobe
KaTeropusauum Hay4yHO-UCCreaoBaTeNbCKMX pe3ynbTaToB, yTBEPKAEHHOMY HavuuoHansHbIM
KOMUTETOM MO Hayke u TexHonoruam (Cnyx6enun rmacHuk PC, Ne 38/2008).

B cooTtBeTCTBUM C BbileyKka3aHHbIM [TonoXkeHnem u Tabnuykon c nokasatensimu
Knaccudpmkaumm 1 KateropmMsauum WMHAMBMAYasNbHbIX HAYYHO-UCCIELOBATENbCKUX pe-
3ynbTaToB (SBNSIOLWENCS HeoTbemnemolr uvactbto [lonoxeHus)), paboTa, ony6nuko-
BaHHasi B BOEHHO-TEXHWYECKOM BECTHWKE, OLIEHMBAETCS Criedytolmm criocobomM: 2 6anna
(kaTeropus M51) 1 1,5 6annoe (kateropust M52).

XKypHan cootBeTtcTByeT cTaHgaptam Cepbckoro umtatHoro mHgekca — SCindeks
(6asa gaHHbIX OTEYECTBEHHbIX Hay4dHbIX XXypHanoB), a Tawkke Poccuickoro mHpekca
HayyHoro uuTtupoBaHus (PWHLL). XXypHan nocTosHHO oueHuBaeTcs (MOHWTOPWHI) B
3aBMCUMOCTM OT YNCIIEHHOMO MoKa3aTens BaXXHOCTU HAaY4YHOro XXypHana B camux 6asax, B
T.4. ONocpeaoBaHHO B MeXAYHapOAHbIX UMTaTHbIX nHaekcax (Thompson Reuters).
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C vHdopmaumvern 06 MHOEKCMPOBAHUM MOXHO O3HAKOMWUTLCS Ha CTpaHuue cawTa
XypHana «/HoekcMpoBaHue BECTHUKAY.

«BOeHHO-TEeXHMYECKMI BECTHMK» obecrneuvBaeT yutatensM BO3MOXHOCTb OTKPBITOrO
OOCTyna, B COOTBETCTBMM C MOMOXEHMsIMM 06 aBTOPCKMX NpaBax, vTBepxaeHHbIMu Creative
Commons (CC BY). C nHcTDVKUMEN 06 aBTODCKMX MPpaBax MOXHO O3HAaKOMMUTLCS Ha CTpa-
HULUe ABTopckue npasa, nepenas no ceoirnke http://www.vtg.mod.gov.rs/index-ru.html.

PaboTbl npeactaensitoTca nyteMm online cuctemor e-Yp: 3nekTpoHHOe M3gaTernbCTBO
ASEESTANT, sanyweHHoe LleHTpoM nopaepxviBalowMM pasBuTue oOpasoBaHUst U Hayku
(LIEOH).

MpaBa poctyna u peructpaums B cucTteMe odopMnATCS 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 n npaeBy AOCTyNa MOXHO O3HaKOMUTBLCS MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, = Ha  cTpaHuue «AHCTpykuMa no  e-Yp:
OnekTpoHHoe n3natensctBo ASEESTANT».

Bce aBTODbI, NPEOOCTaBMSIOLLME CBOU PYKOMUCK HA NYONMKaLMIo B peaakumio XXypHana
«BOEHHO-TEXHMYECKUI BECTHUKY» LOMMKHbI NponTK permctpaumio B peectpe ORCID (Open
Researcher and Contributor ID), B COOTBETCTBUM C WHCTPYKUMEN Ha CTpaHuue
canta Peructpaums B peectpe ORCID ans npMcBoeHUst naeHTUOUKaLMOHHOIO Koaa.

BOEHHO-TEXHUYECKUI BECTHUK BbINyCKaeT CcTaTbM Ha CepOCKOM, pPYCCKOM,
aHrMUACKOM, HEMELIKOM Mnn cbpaHLy3ckoM s3blkax (Arial, wpndT 11 pt. npoben Single).

Mpouecc NoaroToBKU. HAMMCaHWS U DEOAKTUDOBAHWS CTaTbU JOIDKEH OCYLLECTBIISITLCS B
COOTBETCTBMX C MpuHUMNaMm dtnyeckoro kogekca (http://www.vig.mod.gov.rs/etichyeskiy-
kodyeks.html).

CrtaTbs AOMKHa cogepaTb CIOXET C KIKYEBbIMM CIOBamMu, BBeaeHue, pa3paboTky,
BbIBOAbI, CUCOK MUCMOMb30BaHHOW NUTEPaTypbl U PE3IOME C KINOYEBLIMU CITIOBAaMU Ha aH-
FMNACKOM SA3blke (6e3 Hymepaumu 3arofloBKOB M NOA3arofioBkoB). O6beM cTaTby He [on-
)KeH npeBbllWwaTb 0anH aBTopckuii NnucT (16 cTpanny popmata A4 ¢ npobenom Single).

CrtaTbsa gomkHa ObiTb HanmcaHa Ha obpasue HamMcaHus CTaTbM, KOTOPbIA MOXHO
ckavaTb Ha cTpaHuLe cavita «[paBuna 1 obpaseL, cocTaBneEHUs CTaTbU».

3aronoBok

3aronoBOK OOMMKEH oTpaxaTb TeMy cTaTbW. IHTEpecChI XypHarna u aBTopa COCTOSAT B UC-
nonbL3oBaHUK CrioB., yD,O6HbIX ONs nHgekcauum n noucka. Ecnn takve crioesa He coaepXaHbl B
3aroroBke, To XenatesibHo 400aBNUTb 1 NoA3aroroBOK. 3arofoBOK AOMMKEH ObITh nepesegeH Ha
aHITUIACKMI SI3bIK. DT 3arofnoBKu NULLYTCA Nnepen CloXeTaMn Ha COOTBETCTBYIOLLIEM A3bIKE.

TeKywuii 3aronoBokK

Tekywwuii 3arofioBOK MULIETCA B TUTYIE KaX4oW CTpaHWLbl CTaTbu C LENbl YNpo-
WeHNa uaeHTMUKaUUM, B MEpBOi o4yepean KOMWIM cTaTbel B SMEKTPOHHOM BUe.
ConepxuT B cebe hamMuivio U MHULMAN UMeHU aBTopa (B Criyyae ecnv aBTOpOB Hec-
KOIbKO, OCTarnbHble 06o3HavaTesa ¢ «et al.» unu «u ap.»), 3aronoeku paboTbl K XypHa-
na (rog, o6bem, TeTpadb, HayarnbHas U 3aKMYMTENbHAA CTPaHMLA). 3arofoBku XXypHarna
1 CTaTbW MOTYT NPUBOAMUTLCH B COKpPALLEHHOM BUIe.

®PUO aBTOpa

MpuBoAATCS NosHas amMunusa u nosiHoe UMs (Bcex) aBTopoB. OYeHb XXenaTenbHo,
yTOGbI GbINM NpuBeaeHbl U cpedHue GykBbl aBTOPOB. PaMUNIUSA U UMSA OTEUYECTBEHHBIX
aBTOPOB BCEraa NuLLYTCs B OpUrMHansHOM Buae (C cepOCKUMM OUaKPUTUYECKUMI 3HAKa-
M), HE3aBUCMMO OT fA3blka, Ha KOTOPOM paboTa HanucaHa.

HanmeHoBaHue yupexpeHusa aBTopa (adpcdpunvaums)

MpueBoauTca nonHoe (oduumanbHOe) HaMMEHOBAHWE W MECTOHAXOXAEHWNE y4pex-
[OeHuns1, B KOTOPOM paboTaeT aBTop, a Takke HaMMeHOBaHWe y4pexaeHnsl, B KOTOPOM aBTop
npoeen uccrnegosaHve. B cnyyae CnoxHbiX OpraHu3aumin NPpUBOAUTCS ObLas mepapxus
(Hanp. YHuBepcuTeT oGopoHbl B . benrpage, BoeHHas akagemusi, Kacdbeapa BOeHHbIX
3MEKTPOHHbIX cuctem). Mo kpaviHeln mepe, oAHa M3 3TUX OpraHM3auuWin B nepapxum JormkHa
“MeTb cTaTyC IopUanYeckoro nuua. B cnyyae ecnv aBTopoB HECKOSbLKO, U €CIN HEKOTOPbIe
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paboTaloT B OOHOM YYPEXOEHUW, HYXKHO OTAEMNbHBIMU 0603HAYEHUSIMU UNW KaKUM-HUOY b
JpYruM crnocoboM ykasaTb B KakOM M3 NPUBELEHHBIX YUPEXAeHU paboTaeT Kaxaplid U3 -
npvBedeHHbIX aBTopoB. Addunuaums NuUWeTcst HernocpeacTBeHHo nocne VO aBTopa.
JomkHOCTb 1 KBanudukaums no oGpasoBaHnio He yKa3biBaKTCS.

KoHTakTHble AaHHble

MMoyToBLIN agpec WM/Mnu 3NEKTPOHHBLIN agpec aBTOPOB YKa3blBalOTCS Ha NepBoOu
CTpaHuLpbl cTaTbi.

KaTteropus (Tun) ctatbu

Kateropusauus ctatbel siBnseTcs 06513aHHOCTbIO pefakumMmn 1 nveeT ocoboe 3Ha-
yeHue. KaTteropuio ctatby MOryT npegnaraTe peueH3eHTbl U YneHbl pegakumu, T.e. pe-
OaKTopbl pyOpUK, HO OTBETCTBEHHOCTb 3a KaTeropusauuio HeCeT UCKMYMTENbHO rnaB-
HbI pegakTop. CTaTby B )XypHanax pacnpeensioTcs No CreayLmMM KaTeropusim:

Hay4yHble cTaTtbu:

1. opurnHanbHas HayvHasi paboTa (paboTa, B KOTOPOW NPUBOAATCS paHbLUe HEoMy-
6rukoBaHHbIE pe3ynbTaTbhl COGCTBEHHbBIX UCCIEA0BAHUIA HAayYHbIM METOAOM);

2. HarnsigHast paboTa (paboTa, cofgepkalias opuUrMHanbeHbIi, AeTanbHbIA U KpUTK-
yeckuin 0630p nccrnegoBaTenbCKoON npobrembl unu obnactu, B KOTOPbIN aBTOP BHEC
onpefeneHHbI BKNag, BUOUMbIN Ha OCHOBE aBToOLMTAT);

3. kpaTKkas unu npegBapuTensHas MHgopmaums (opurMHanbHasi HayyYHas paboTa
nonHoro popmara, HoO MeHbLUEro 06bEMa 1Ny nMetoLLLas NpeaBapuTEnbHbIA XapakTep);

4. Hay4Hasl KpUTUKA, T.€. NonemMuka (OQUCKYCCUSt Ha ONPEAENEHHYI0 Hay4Hylo Temy,
060CHOBaHHas NCKIIOYUTENBHO Ha Hay4YHOW aprymeHTauun) n bernble 0630pbl.

OpHako, B HEKOTOpLIX 06nacTax HayyHast paboTa B XypHane MoOXeT MMeTb hopMy
MOHOrpadM4eckon CTyaun, a Takke KPUTUYECKOrO U34aHMUsA Hay4yHOro matepuana (McTo-
PUKO-apXMBHOIO, NEeKCMKorpadgmyeckoro, bmbnmorpagpuyeckoro, 063opa AaHHbIX U T.M.) —
[0 Tex Nop HEN3BECTHOIO WUIM HEAOCTATOYMHO AOCTYMHOMO AN HAYYHbIX UCCEeNOBaHUNA.
PaboThbl, knaccuuumMpoBaHHble B Ka4ecTBe Hay4YHbIX, JOJIKHbI UMETb, MO MEHbLUE Me-
pe, ABE NOMNOXUTENbHBIE PELIEH3UN.

B cnyyae ecnu B XypHane oObABMAKTCA U NPUIIOXKEHUS!, HE MMEKLLNE HAy4HbIN
XapakTep, Hay4Hble CTaTbW OOMKHbI OblTb CrpyMNMNMPOBaHbl U YETKO BbIAENEHbl B NepBoii
YyacTu TeTpagu.

MpodeccroHanbHble cTaTb:

1. npocbeccuoHanbHas paboTta (MPUNOXeEHUS, B KOTOPbLIX NpeanaraloTcst OnbITbl, MO-
nesHble AN COBEPLUEHCTBOBAHWUS NPOheCCUOHanbHOM NPaKTUKKN, HO KOTOPbIE HE AOIKHbI
B 0653aTenbLHOM nopsifike 6biTb 060CHOBaHbI HA HAY4YHOM MEeToAg);

2. nHdopmaTUBHOE NpunoxeHue (NepefoBas cTaTbs, KOMMEHTaPUIA U T.M.);

3. peueHsans (KHUM, KOMMbIOTEPHOW NpOrpaMmbl, Criydasi, Hay4yHoro cobbITusi n T.1.).

A3blk paboTbl

Pabota MoxeT ObITb HanvMcaHa Ha cepOCKOM, aHrMUACKOM WM ApYrom i3blke,
UCMONb3yeMOM B MEXAYHapOAHOW KOMMYHMKaUWMW B OMpeAereHHOW Hay4How obractu
(pycckuin, HemeLKniA Nnu paHLLy3CKuiA).

TekcT JomkeH ObiTe B MIMHMBUCTAYECKOM U CTUIIMCTUYECKOM CMbICI e YNOPSiAOYeH, CUCT-
emaTusvpoBaH, 6e3 cokpalleHui (3a UCKIoYEHEM CTaHAAPTHBIX). Bece dmanyeckne BenumHbI
[AOMKHbI cooTBEeTCTBOBaTE MexayHapoaHom cucteme eauHuL, namepenus — C. OuyepegHocTb
dopmyn o603Ha4aeTCcss NopsAKOBLIMM HOMEPaMK, C NPaBOM CTOPOHbI B KPYTTIbIX CKODKaXx.

CroxeT (abcTpakT) u pesiome

CroxeT (abcTpakT) ABnseTca KpaTkuM MHGPOPMaTUBHBIM 0630pOM coaepkaHust cTaTby,
obecneuvBaoLM YuTaTento BbICTPO M TOYHO OLEHWUTL €ro peneBaHTHOCTb. B uHTepecax
penakuum 1 aBTOpOB, YTODLI CIOXKET copepkarn TEPMUHbI, YacTo WUCMOSb3yemMble Anst UHOEeK-
CMpOBaHWs 1 noucka crtatbe. CoCTaBHbIMM YacTsIMM CHOXEeTa SBNSIOTCA LieNb UCCIefoBaHus,
MeToapbl 1 3aknoveHne. B ctoxeTte gomkHo 6biTb oT 100 go 250 cnoe, 1 OOmMKeH HaxoauTcs
Mexay TuTynamm (3aronosok, @O aBTOpPOB 1 Ap.) 1 KIMoYEBbIMK CIIOBaMU, 3a KOTOPbIMU Crie-
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OyeT TekcT ctaTtbu. Ecnn pabota HanucaHa Ha cepbckom (pycckom, HemeukoM unv dopa-
HLy3CKOM) 5i3blke, XenaTeslbHO, YToObl KpoMe CloXeTa Ha cepbCKoM (PYCCKOM, HEMELIKOM Ui
(ppaHLy3ckom) Gbin NPeAOCTaBNEH U CHOXET B PaACLUMPEHHOM BUAE HA aHITIMIACKOM S13blke — B
KayecTBe T.H. pestoMe (summary). Takoit pestome JOIMKeH HAaXOAUTLCS B KOHLLE CTaTbu, Nocre
pasgena Jlutepatypa. BaxHo, 4Tobbl pestome Bbifio B CTPYKTYpUPOBaHHOM BUAE, U €ro AfivHa
MOXeET cocTaBnATb 40 1/10 AnvHbl cTatby (OHO Boree OBLLMPHO, YeM CHOXKET M3 Havana cTaTbm).
Hauanom gaHHoro pestomMe MOXET ObiTb NepeBeaeHHbIN CIOXET (M3 Havana cTaTtbu), a 3aTeM
OOIDKHbl  CriefjoBaTb MNepeBeAeHHble [MaBHble 3arofioBKW, MOA3AroNioBKM U OCHOBBI
3aKnoYeHus cTaTbk (NMTepaTypa He NepeBoanuTcsl). B CTpYKTYprpOBaHHOM pestoMe Hy»XHO ne-
PEBECTV YacTb TEeKCTa MOA 3arofioBKOM M 3arofloBKOM, MPUHUMasi BO BHUMaHWEe, YToObl OHa
Oblinia NpPoNopLMOoHarnbHa UX pa3Mepy U B TO JKe BPeMsi oTpakana CyTb.

KnioueBble cnoBa

KnioyeBbiMM crnoBamMu SIBNSAOTCA TepMUHbl MM pasbl, ageksaTHO npeacta-
BMSIIOLLME COAEpKaHNe cTaTbu, HeobXoaMMoe Anst UHAEKCMPOBaHUS 1 noucka. Vx Hago
npucyxgaTtb, ONUPasicb NPV 3TOM Ha KaKOM-TO MEXOYHapOAHbIN WCTOYHUK (perncrp,
CrnoBapb, Te3aypyc), Haubonee nNpuemMreMbIi BHYTPU OAHHOM HaydHOM obractu. Yucno
KMoYeBbIX CIOB He MoxeT npesbiwatb 10, a B MHTepecax pefakumm 1 aBTopoB, YTOObI
ux yactoTa Gbina kak MoxHO Gornblie. KnioueBble crnoBa Aar0TCs Ha A3blke, Ha KOTOPOM
HanucaHa cTaTbs (CHOKET), W Ha aHIMUINCKOM A3blke. B crtaTbe OHM nuwyTca Heno-
CpenCcTBEHHO Mocre CloXeTa, T.€. Mocre pestoMe.

Mporpamma ASSESTANT npenoctaBnseT BO3MOXHOCTb MCMOMb30BaHNUST cepBuca
KWASS: aBTOMaTnyeckoe (huKCMpoBaHME KITHYEBbIX CITOB U3 MCTOYHWMKOB/CriOBapen no
BbIOOPY, T.€., KOTOPbIE aBTOP/PEAaKTOP BOCMPUHUMAET UMK HET.

Hata nony4yeHusa ctaTbu

[Jara, korga pegakums monyvuna craTblo, [AaTta, Koraa pefakuus OKOHYaTerbHO
NpuHAMa cTaTtblo ANna onybnuKoBaHus, a Takke OaThl, KOr4a 3a UCTEKLWU nepuog Gbinu
npeaocTaBneHbl 9BEHTyanbHble WCMPaBeHns PYKOMUCK, MNPUBOAATCS B XPOHOSIO-
rMYecKoM MopsaaKe, Ha MOCTOSIHHOM MecTe, Kak NMpaBuno, B KOHLE CTaTbM.

BbipaxxeHune 6narogapHocTu

HaumeHoBaHWe M HOMep NpoekTa, T.e. Ha3BaHWe NpPorpammbl, B KOTOPOW CTaTbs
BO3HMKMA, KaK M HaMMEHOBaHWE YyYpexOeHusl, koTopoe (hMHaAHCUPOBANO MPOEKT WU
nporpamMmy, NPUBOASITCS B OTAENbHOM NPUMEYaHUM Ha MOCTOSIHHOM MECTE, Kak NpaBuno,
BHW3Y NEPBOW CTPaHULLbI CTaTbM.

MNpeablaywme Bepcumn paboThbl

B cnyyae ecnu ctatbs B NpeaplayLLen Bepcum Obina nsnoxeHa B yCTHOM obpalleHun (-
noJ OAVHAKOBBLIM I MOXOXXUM HasBaHVeM), CBeAeHve 06 3TOM JOMMKHO ObITb yka3aHo B oTAe-
NBHOM MPUMEYaHUM, KaK MpaBurio, BHU3Y MEPBOW CTpaHvubl cTatbn. Pabota, kotopas yxe
onybrnkoBaHa B HEKOTOPOM M3 >KypHarioB, He MOXeT ObITb onybrnmkoBaHa B BoeHHO-TexH14ec-
KOM BECTHVIKa (nepenevaTaHa), H1 Mof, NOXOXKMM Ha3BaHUEM, HU M3MEHEHHOM BUIE.

TabnuuHoe u rpadnyeckoe npeacraBreHne

XenateneHo, 4TOObI Ha3BaHUS BCeX NpeacTaBneHuin (Mo BO3MOXHOCTU U TEKCTYa-
nbHOe cofepxaHue) Obinu npeacTaBneHbl Ha ABYX sidblkax (Ha s3blke paboTbl U Ha
aHrnmmnckom). Tabnuubl NULWYTCS TakuM XXe cnocobom Kak U TeKCT n 0b6o3HavalTcs no-
PSAKOBBIMUM HOMEPaMU C BEPXHEWN CTOPOHbI. PoTorpacmm U pUCYHKU OOMKHbI BbITb No-
HATHbI, HarmagHbl 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

OdhopmIieHne CCbINOK HA UCTOYHMKN B paMKax CTaTbM OOIMKHO ObiTb 0QHOOOPa3HbIM.

BoeHHO-TEXHMYECKMIN BECTHUK Anst ODOPMITEHUST CCbINIOK, LMTAT M Cnmcka UCMonb30-
BaHHOW NUTepaTypbl NONb3yeTcs rapeapackorn cuctemon (Harvard Referencing System, Har-
vard Style Manual). B Tekcte B ckobkax npvBoguTca hamunusa LuMTupyemoro aestopa (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 ocpopmMneHnn ccoinok, UMTaT 1 Crvcka 1CNonb3oBaHHOW NTepaTypbl Heobxoam-
MO MPUOEPXKMBATBCHA YCTAHOBMEHHbBIX HOPM.

Mporpamma ASEESTANT npegoctaenseT npu LMTMPOBaHNM BO3MOXHOCTb UCMOSb30Ba-
Hust cepBuca CiteMatcher: domkcMpoBaHme NponyLLeHHbIX LMTaT B paboTe 1 Crincke nurepartypbl.

MpumeyaHnsa (CHOCKwU)

MpumeyaHnsa yka3blBalOTCA BHU3Y CTPaHULbl, HA KOTOPOW HAXOAMTCH TEKCT, K KOTO-
pbIM OHM OTHOCATCA. MoryT coaepXaTb MeHee BaxHble AeTanu, A0MNONMHUTENbHbIE 06bs-
CHEHMs, yka3aHusa o6 MCrnonb3oBaHHbIX UCTOYHUKaX (Hanp. Hay4YHOM martepware, cnpa-
BOYHMKaX), HO He MOryT OblTb 3aMeHON AN LMTUPOBaHHOW NMTepaTypsbl.

INucT pechepeHumn (nutepaTypa)

LinTnposaHHo nuTepaTypor 0xBayeHsbl, Kak npaeusio, bubnuorpacmyeckne MCTOHHUKN
(cTaTtbn, MOHOrpadum 1 T.M.) M OHa NPeACTaBNSAETCA UCKMHYUTENBHO B OTAENBLHOM pasgene
cTaTbu, B Buae nucra pedepeHumin. PedepeHunm He nepeBoasaTcst Ha A3blk paboThl.

BoeHHO-TexHnYecknin BECTHYK Ans 0hOPMIIEHUS CNMUCKA UCMOMb30BaHHOW nuTepa-
Typbl NPUMEHSIET rapBapAckyto cuctemy (Harvard Style Manual). B cnucke nutepatypbl
MCTOYHVKM AaloTcs B andaBnTHOM MopsaKke aBTOpPOB MMM peaakTopoB. PekomeHgauum o
cnocobe UMTUPOBAHUS pasMelleHbl Ha cTpaHuue camta «UHCTPYKUMS No MCrnonb3o-
BaHuo apBapackoro ctuns». Mpu odopmneHun cnmicka UCnonb30BaHHOW NUTepaTypbl
HeobX0AMMO NPUAEPKUBATHECHA YCTAHOBMEHHBIX HOPM.

Mporpamma ASEESTANT npu ocopmneHun cnucka nutepaTtypbl npegoctaBnset
BO3MOXHOCTb Mcnonb3oBaHus cepsuca RefFormatter: koHTponb ochopmneHus cnucka nu-
TepaTypbl B COOTBETCTBMM CO CTaHAapTamu FapBapAckoro cTuns.

HecTtaHpgapTHoe, HeMomnHoe u HenocrnegoBaTenbHOE NPUBEAEHVE NUTepaTypbl B
CMCTEMAXxX OLEHKU XypHana cyuMTaeTcss AOCTaTOYHOW MPUYMHOM ONsi OcrnapvBaHWUsi Ha-
Y4YHOro ctaTyca XypHana.

ConpoBoaguTenibHOe NMCbMO

Kpome ctatbn npegoctaBnseTcs CONpPOBOAMTENbHOE MUCbMO, B KOTOPOM HYXHO
yKasaTb O KakoMm Buae CTaTbu peyb uaeT, KoTopble 13 rpacmyecknx npegcraBneHunin (go-
Torpacmmn U pUCYHKN) OpUrMHarbHbIE, @ KOTOPble B3ATbl B3aMbl.

B conpoBoguTensHoM nucbMe NpUBOAATCS U cBegeHnst 06 aBTope: uMsi, cpeaHss Oykea,
bamunusi, YmH, 3BaHue, e-mail, agpec paboTodatensi (BOMHCKasi novta), AOMalUHUIA aapec,
Cnyxe6HbIN TenedoH 1 NUYHBLIA (MOOUIbHLIR) TeNedoH, CHET N HaMMeHOBaHUe GaHka, MyHU-
LmMnanuTeT MecTa NPOX1BaHWS U €ANHBLIN NOEHTUMKALMOHHBIA HOMEP rpaXkaaHnHa.

B cnyyae ecnun aBTOpOB CTaTbW HECKOMNBKO, B CONMPOBOANTENILHOM NUCbME YKa3biBae-
TCS1 JONS yHaCTUS KaXO0ro U3 HUX OTAENbHO B NMPOLEHTax, B LIENsIX pacyeTa roHopapa.

Bce pabotbl noanexar cnel. pPeLEH3UPOBaHUIO, B TO BpeMsA Kak
onybnvkoBaHHble paboTbl WU cnel. peLeH3MuM OnnayYvMBalTCA COrnacHo
AelCcTBYIOLEMY 3aKOHOAATeNbLCTBY.

Cnncok peuleH3eHTOB BOEHHO-TEXHWYECKOro BECTHMKA MOXHO MOCMOTDETb Ha
cTpaHuue canta Cnncok peueH3eHToB. poLecc peLeHsnpoBaHus OnncaH 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
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the Military Tec-
hnical Courier are based on the Act on scientific journal editing of the Ministry of Science and
Technological Development of the Republic of Serbia, No 110-00-17/2009-01 of o July 2009.
This Act aims at improving the quality of national journals and raising the level of their complian-
ce with the international system of scientific information exchange. It is based on international
standards ISO 4, ISO 8, ISO 18, ISO 215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and
ISO 5122 and their national equivalents.

The Military Technical Courier / Vojnotehnicki glasnik (www.vtg.mod.gov.rsfindex-e.html,
BTT.MO.ynp.cpO, ISSN 0042-8469 — print issue, e-ISSN 2217-4753 — online, UDC 623+355/359)
is a multidisciplinary scientific journal of the Ministry of Defence of the Republic of Serbia. It pu-
blishes scientific and professional papers as well as technical data about contemporary weapon
systems and modern military technologies. Offering a logistic system support, the Courier is a
part of a unique technical support to the Army services in the field of fundamental, applied and
development research. It also deals with production and use of weapons and military equipment
as well as with theoretical and practical achievements leading to professional development of the
personnel of the Ministry of Defence and the Army of the Republic of Serbia.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technlcal Courier for the year 2013

in the field technological development:

— on the list of periodicals for materials and chemical technology,

category: leading scientific periodical of national interest (M51),

- on the list of periodicals for electronics, telecommunications and IT,

category: scientific periodical of national interest (M52),

- on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

in the field fundamental research:

— on the list of periodicals for mathematics, computer sciences and mechanics,

category: scientific periodical of national interest (M52).

The approved lists of national periodicals for the year 2013 can be viewed on the
website of the Military Technical Courier, page Journal categorization.

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).

The periodical is categorized in compliance with the Regulations on the procedure
and method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological Develop-
ment (Official Gazette of RS, No 38/2008). More detailed information can be found on the
website of the Ministry of Education, Science and Technological Development.

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51) and 1,5 (one and a
half) point (category M52).

The journal is in the Serbian Citation Index — SC index (data base of national
scientific journals), in the Russian Science Citation Index (RSCI)and is constantly
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monitored depending on the impact within the bases themselves and indirectly in the
international (e.g. Thompson Reuters) citation indexes. More detailed information can be
viewed on the website of the Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copvright. The copyright details can be found on
the Copyright notice page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASEESTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASEESTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic
Editing - ASEESTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, English, Russian,
German or French, using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement. (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body, conclusion,
references and the summary in English language (without heading and subheading
enumeration). The article length should not exceed 24 pages of A4 paper format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.

Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

Author’s name

Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).

Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the name
of the instituton where the research was carried out. For organizations with complex
structures, give the whole hierarchy (for example, University of Defence in Belgrade, Military
Academy, Department for Military Electronic Systems). At least one organization in the
hierarchy must be a legal entity. When some of multiple authors have the same affiliation, it
must be clearly stated, by special signs or in other way, which department exactly they are
affiliated with. The affiliation follows the author's name. The function and title are not given.
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Contact details
The postal addresses or the e-mail addresses of the authors are given in the first page.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:

Scientific articles:

1. Original scientific paper (giving the previously unpublished results of the author’s
own research based on scientific methods);

2. Survey paper (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution visible through his self-citation);

3. Short or preliminary communication (original scientific paper of full format but of a
smaller extent or of a preliminary character);

4. Scientific critique or forum (discussion on a particular scientific topic, based
exclusively on scientific argumentation) and commentaries.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

1. Professional paper (contribution offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

2. Informative contribution (editorial, commentary, etc.);

3. Review (of a book, software, case study, scientific event, etc.)

Language

The article can be in Serbian, English or other language used in international
communication in a particular scientific field (Russian, German or French).

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
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titte and the keywords with the body text to follow. Besides an abstract in Serbian
(Russian, German or French), articles in Serbian (Russian, German or French) are
advised to have a summary in English, at the end of the article, after the Reference list.
The summary should be structured and long up to 1/10 of the article length (it is more
extensive than the abstract). It can start with the translated Serbian (Russian, German or
French) abstract from the beginning of the article with translated main headings,
subheadings and major conclusions to follow (Reference list is not translated). The
structured summary should also contain the proportional informative parts of the text
below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASEESTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.

Article preliminary version

If an article preliminary version has appeared previously at a meeting in a form of
an oral presentation (under the same or similar title), this should be stated in a separate
note at the bottom of the first page. An article published previously cannot be published in
the Military Technical Courier even under a similar title or in a changed form.

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed
appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.

Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the
Harvard Referencing System given in the Harvard Style Manual. When citing sources
within your paper, i.e. for in-text references of the works listed at the end of the paper,
place the year of publication of the work in parentheses and optionally the number of the
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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,
Brace 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 CAPAOHVLMMA N YATAOLIMMA
COOBLWERWA ANA NAPTHEPOB U YATATENEW
INFORMATIONS FOR CONTRIBUTORS AND READERS

BojHOoTexHW4YkM rnacHuk noctao unaH OASPA

Hana 27. HoBembpa 2015. roaMHe BojHOTEXHUYKM FMACHWMK je MoCcTao YnaH Yapy-
Xeha u3gaesadya HayyHux nybnvkaumja otBopeHor npuctyna — OASPA (Open Access
Scholarly Publishers Association).

OASPA nma mucunjy ga nogpxasa v npeAacTtaBiba MHTEpece M3gaBaya Kribura u
Yyaconuca LMpPOM CBeTa KOju 3acTynajy NpUHLMN OTBOPEHOr MPUCTYNa y CBUM Hay4-
HUM, TEXHUYKMM M akageMckum gucuunnmHama. OBa mucuja he ce peanusosatu ny-
TEM pa3meHe MHopMauyja, NocTaBrbawa CTaHgapaa, yHanpehveawa mogena, 3a-
cTynawa cTaBoBa, 0Opa3oBak-a kao 1 NyTeM NPOMOBMCaka MHOBaLWja.

Kpo3 3ajegHuYkM nHTepec y passujaky oprosapajyhux nocnoBHUX Moaena,
anaTta M cTaHdapga 3a NoApLlKy usgaBaliTBa OTBOPEHOr MPUCTyna, MOXeMOo Aa
06e36eaumMo npocnepuTeTHY U oapxuBy 6yayhHOCT 3a 4OOpPOA0OMT HALLMX YNlaHOBa
N HMXOBUX Hay4HUX 3ajeaHuua.

«BoeHHo-TexHn4Yecku BecTHUK» ctan yneHom OASPA

27 Hosi6ps 2015 ropa xxypHan «BOeHHO-TEXHMYECKUIA BECTHUKY» CTan YSIEHOM
Accouvaumm nsgaTtenen HaydHbiX mM3gaHui oTkpbiToro goctyna — OASPA (Open
Access Scholarly Publishers Association).

Mwuccuns accoumaumm OASPA 3akniovaeTcs B NogaepKke M NnpeacTaBreHnn UH-
TEePeCcoB mn3gaTenen KHUM 1 XypHanoB, NPeACcTaBMsOLLMX CBOM NyGnukauum, BknoYa-
loLLME BCE Hay4yHble, TEXHUYECKME U aKageMUYecKne ANCLUMNINHBL — METOO4OM OTKpbI-
TOro gocTyna. 3Ta MUccusi ocyLLecTBnsieTcst bnarogapst 06MeHy AaHHbIMK, Npeanuca-
HUIO MpaBun W CTaHOAPTOB, PA3BUTUIO MOAENEeN, OTCTanBaHWUIO NPUHLMNNANbHbLIX Mo-
31unin, 06pas3oBaHNI0 N O3HAKOMITEHWIO C MHHOBALMOHHON OESATENBHOCTLIO.

PaspabaTbiBasi B 00LWMX MHTEpecax U COBMECTHbIMU YCUIUSIMU COOTBETCTBYIO-
lwme busHec-Moaenu, MHCTPYMEHTbI U NPUHLUMMLI ANS NOAAEPXKKU U3OaTenbCTB OT-
KpbITOrO AOCTyna Mbl CMOXeM obecrneunTb ycnewwHoe n bnaronpustHoe byayuiee
ONsl 0eATENbHOCTY HALLMX YNEHOB U UX Hay4YHbIX OpraHn3aLuii.

Military Technical Courier has become a member of OASPA

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

The mission of OASPA is to support and represent the interests of Open Access
(OA) journal and book publishers globally in all scientific, technical, and scholarly
disciplines. This mission will be carried out through exchanging information, setting
standards, advancing models, advocacy, education, and the promotion of innovation.

Through a shared interest in developing appropriate business models, tools and
standards to support OA publishing, we can ensure a prosperous and sustainable
future to the benefit of our members and the scholarly communities they serve.

(ASPA




CNUCAK PELIEH3EHATA BOJHOTEXHUYKOI” TMACHUKA

CIMNUCOK PELIEH3EHTOB BOEHHO-TEXHUYECKOIO BECTHUKA

LIST OF REFEREES OF THE MILITARY TECHNICAL COURIER

CMUCAK PELLEH3EHATA BOJHOTEXHUYKOI TMACHUKA

3Bame, ume,

lO6nacT kKomneTeHuuje|

cpeate crnoso YcraHoBa u pagHo (HayuHor e-mail,
u npesumve mecro MHTEpecoBaH-a) ORCID iD
I:ygngMK yHMEig?M;eT OQS-F:Z‘HG markodandrejic@hotmail.com,
M‘;pkéﬂp a,faﬂewﬂa”ﬁéq M8 | norvctuka onBparie | http:/orcid.org/0000-0002-6753-
Angpejuh KaTeape MorucTuke 9786
o Mwunow MeHalMeHT misaarsa@yahoo.com,
R Ol Mykosmuk y nenauju caoBpahajHom http://orcid.org/0000-0002-2003-
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BatuHuh BOjHOMALLNHCKOT 7846
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TenekomyHukauuje,
BexunyHe KOMyHVKauvje,
CDMA, OFDM cuctemu,

CeH30pcKke Mpexe,

s.berber@auckland.ac.nz,

CteBaH M. http://orcid.org/0000-0002-2432-
BenGe pavyHapckor payyHapcKu cUcTemu 3088
poep nHxerbepuHra, Okneng,| y peanHoM BpeMeHy,
Hosu 3enaHg obpaga cToxacTU4KMX
curHana
TenekomyHukauuje,
o Yngera:TeT y HanagHO HaBuraumjckm
u. ,gp paay, cUcTeMu Basayxornrosa,
Papgvsoje M. EnekTpoTexHunykn MUKDOTANACHA TEXHMKA biljic@etf.rs
Bunh dakynTer, katezpa enexTpoMarHeTka ’
3a TenekomyHnkaunie | carenurcn CI/ICTeM;/I
YHuBep3uTeT y HoBoM
Capgy, ®akyntet
TEXHWNYKMX Hayka,
AenapTmaH 3a
Mpodp. ap WHAYCTPUjCKO borovac@uns.ac.rs,
Bpanucnas A. MNHXEHEePCTBO U poboTuka http://orcid.org/0000-0001-7446-
Boposay, MEHalIMEHT, 1027
kaTeapa 3a
MeXaTPOHUKY,
po6oTuky n
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TPaHCNOPTHU

1 CKnaguwHN cuctemu
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3Bake, ume,

lO6nacT KomneTeHuUuje|

Ccpeatse cnoso YcTtaHoBa u pagHo (HayuHor e-mail,_
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YHuBep3uTeT y HoBom WHAYCTPUjCKO
Mpodb. ap Unwuja Capy, ®akyntet MHXEeHepCTBO ftndean@uns.ac.rs
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YHuBepauTeT oabpaHe y

cucTtemMun aytomaTcKor

MykoBHUK BaHp. Beorpagy, ynpasrbata, npahewe goran.dikic@mod.gov.rs,
npod. ap MopaH NpOopeKTop 3a uurbeBa, cucteMm http://orcid.org/0000-0002-0858-
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OumunTpujesuh nocneaunIoMcKmx y caobpahajy
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EKCNJ1I03nBHE MaTepMje,

Banp. npod. MyHMUWja, y6ojHa
ap Pagenko C. | TlyKoBHUK y neHsuju cpeacTsa, radenkod@beotel.net
Oumutpujesuh NUPOTEeXHNYKa
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MykoBHUK y caobpahajy n lukema@ptt.rs
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Bnaq6 n BOjHOMAaLLNHCKOT KpyTOor djurkovic.vlado@gmail.com,
BVDKO h NHXeHEepPCTBa, n pedopmabunHor http://orcid.org/0000-0002-5064-
YPKOBU Ha4enHuK oaceka Tena 4117
3ajegHUYKUX NpegmeTa
MaLUMHCTBA
YHuBepauTeT y 6anucTuka Ha uurby,
BaH. npod. ap : pelek@mas.bg.ac.rs
Mpenpar M. | Beorpaay, Matuurckm KOHCTPYKUWj http://orcid.org/0000-0002-2927-
Enek hakynTeT, katedpa 3a | npojekTuna, q)_msvlka 019X
CcHCTEME HaopyXara ekcnnosuje
YHuBepautet y .
Beorpaay, TenekoMyHukauuje,
EnekTpoTexHuykn purvTana obpana .
cakynTer, CurHana, eneKkTpoHCKO r_n_erlc@_mts.rs,
[ou. Ap Mureko kaTespa n3suhame, miljko.eric@etf.rs
M. Epuh . paguno-roHmomeTpuja, | -http://orcid.org/0000-0002-9410-
3a TenexoMyHukauuje, aHTEHCKM H130BMU, 717X
ﬁﬁ;g:"e;gf: MUKPOCHOHCKM HU30BMY,
akagemuje Cpbuje appay npoueceuHr
eHepreTcku
mMartepvjanu
(excnnosusu,
Op Munow P. Hay4HWN CaBETHUK nMpoTexHuka, 6apyTn milosf321@gmail.com
dununosuh y NeH3uju 1 pakeTHa ropuea, ’

caropeBame,
geToHauwvja,

ekcnnosuja)
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3Bame, ume, y O6nact koMneTeHuuje i
cpentue cnogo| Y CTaHOBA U panHo (HaysHor e-mail,
u npesume mecro MHTepecoBaH-a) ORCID iD

Hou. ap 3opaH

WHcTuTyT MNowa,

€neKTPOHMKa U
TenekoMyHvKaumje

filipovicz@mts.rs,

(aBWOHUKa, http://orcid.org/0000-0002-4793-
Ib. dununosuh Hay4YHW capagHuK .
MeTpornoruja, 4105
TenekoMyHvKauuje)

YHuBep3uTeT y

BaHp. npod. Beorpagy, NoroH netenuua
ap Backo I'. | MawmwmHckn dakynTer, (aBWOHCKM vfotev@mas.bg.ac.rs
®dotes Kateqpa 3a N pakeTHW MOTOpW)
Ba34yXOMioOBCTBO
YHvBepauTeT y HoBom
Capy, ®akynreT Hayka 0 MaTepujanuma,
Mpod. ap TEXHUUKMX HayKa, MHXEHEPCTBO gerick@uns.ac.rs,
Karapuha [. JenapTmaH 3a mMaTtepwujana, http://orcid.org/0000-0001-5473-
Fepvm Npou3BOAHO MALUMHCTBO, necnutTnBame 8922
KaTeapa 3a martepujane matepwvjana

1 criajake matepujana

MykoBHUK Aou,.

YHuBEpP3UTET ogbpaHe y
Beorpagy, BojHa
aKagemvja, kategpa

reoHayke, reogeTcko

ligigovic@yahoo.com,

ap TbyGomup J.|TPYPOAHO-MATEMaTUHKIX http:/orcid.org/0000-0002-8388-
Murosuh Hayka, pykosoavnaLl NHKEHEPCTBO 3624
rpyne HaCTaBHUKa 3a
BOjHY reorpadujy 1
Tonorpacpujy

Mpodp. ap Mupo
J. NoBegapuua

YHuBep3uTeT y HoBoM
Capy, ®akyntet
TEXHWNYKMX Hayka,
AenapTmaH 3a
pavyHapcTBO U
ayTomaTuKy, kaTegpa
3a cucteme, curHane u
yrnpasrbame,
pykoBoaMnaL, CTyaujcKor
nporpama reogesuja un
reomaruka

reogesuja, reomatyika,
reovHdgopmaTka

miro@uns.ac.rs,
http://orcid.org/0000-0003-1698-
0800

Mpodp. ap JaHko

YHuBep3uTeT y HoBoM
Capy, ®akyntet

MeTponoruja, kBanurer,
npubopu 1 eKOIOoLLIKO-

hodolic@uns.ac.rs

J. Xoponu4
TEXHUYKMX Hayka -NHXXeHEepPCKN aCneKkTn
MyKOBHMK A0L [eHepanwTab, YnpaBa
ap Cnobopan |38 NNaHvparse u Pa3soj| CUCTEMY OApXkaBatba, slobodan.ilic@vs.rs
C. Vinuh (J-5), TeXHUYKM ONUTHM Haopyxame
LieHTap, AMpeKkTop
NOrUCcTUKa, KBanuTeT,
cTaHdapausaumja
Ancba YHuepautet Aapavsadia,
Beorpan MeTpororuja,
BaHp. npodp. ’ HOMeHkKnaTypa,
YHuBep3uTeT 3a . s
ap bpanucnas . kogundmkauuja, bjakic@yahoo.com
rocrnoBHe cTyauvje
B. Jakvh TEXHOIOLLIKM
Batrba Jlyka (nykoBHUWK y
p MeHaLIMEHT,
neH3suju)
ynpaerbare
KBaMUTETOM
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3Bake, ume,

lO6nacT KomneTeHuUuje|

cpeatbe cnoBo YcTtaHoBa u pagHo (HayuHor e-mail,
1 npesume MecTo MHTEpeCcoBaHa) ORCID iD
YHuBepauTeT y yHyTpaLlHa 6anmcTrka,
Mpodp. ap Beorpaay, MalumHcku [KOHCTpYyKUMWja NpojekTuna,
CnobopaH C. hakynTeT, wed dm3mka ekcrnosuje, sjaramaz@mas.bg.ac.rs
Japamas kaTeape 3a cucteme 6anvcTvka Ha Lurby,
Haopyxaha caropeBatbe bapyTa
Mpod. ap . radjer@mts.rs
PapyH B. [MyKoBHUK y neH3wnju MYHULMJE, EKCMIOSNBHE http://orcid.org/0000-0002-1990-
Jepemuih varepuje 2018
yrpaBrbake
NPOV3BOAH0M,

Jou. ap AaHko

[eHepan majop y

TIOTUCTUKA, OfpXKaBar-e

danko.jovanovic17@gmail.com

M. JoBaHoBuh neHsunju TEXHUYKUX CHCTEMA,
KBarmTeT, pUanuy,
CTaHdapav3aumja
TpajH YHuBepauTeT,
o, 2p Bycnua q’aKyﬂJ?;;sofﬁgi“;‘j’;PCTBo vukica.jovanovic@gmail.com,
’ ! MaLUMHCTBO http://orcid.org/0000-0002-8626-

M. JoBaHoBuh

fJenapTMmaH 3a
KOHCTPYKLMje 1 An3ajH,
Enrona, MHavjaHa, CAQl

903X

YHuBep3nTeT ogbpaHe

Xemujcka TexHornoruja

HOT';yKOBHMK y Beorpaay, BojHa (gﬁﬁleoaﬂrg;?xrﬁ;o' rkarkalic@yahoo.com,
b Aou. Ap akapemuja, kaTeqpa ! * | “http://orcid.org/0000-0002-8074-
apgoBaH M. ) : aetekuuja,
Kapkanuvh BOJHOXEMMICKOT naeHTudukaumja n 7264
VHXeHEepCTBa .
[EeKoHTamuHaumja)
eHepreTcka efiekTpPoHMKa,
€neKTpuYHe MaLluHe,
Mpodp. op yHV('?:pSM;:(yn:'ngM €EeKTPOMOTOPHU MOTOHMU, katav@uns.ac.rs,
Bnagnmup A. Texﬂ%ﬂ(mx za Ka KBarmTeT enekTpudHe |« http://orcid.org/0000-0002-0138-
Katuh yka, eHepruje, OGHOBIBbMBM 8807
npogekaH
U3BOPY ENEKTPUYHE
eHepruje
YHuBepauteT y HoBom
Mpodb. ap
Conan P, |y, | xumporexna kolak@uns.ac.rs
Konakosuh yka, AP
npoaekaH
YHuBep3uTeT onbpaHe
MykoBHWK Op Peny6nivke Yeluke, noructuka ogbpane,
36yLek dakynTeT 3a EKOHOMUKY M|  MyNTUHaLMOHanHa zbysek.korecki@unob.cz
Kopeuku MEHaLIMEHT, HaYenHuK niorucTuka
KaTedpe JorucTuke
[oweHT ap MwuHucTapcTeo onbpaHe,
wpo . | CaTpe e | weauadnie | mkosgmisrs
Koauh, suwm | PECYPCE: IMP ymepuHika [y http://orcid.org/0000-0002-7287-
HaVUHI onbpambere cbriynaa, aepoanHaMuyka 0780
Y TexHororuje, onrepeherba
CaBETHWK

BojHOTEXHWYKM MHCTUTYT

Oou. op Hukona
J1. Ileknh

IMyKOBHVIK y neHaunjun

pagapcku uurbesu,
pafapcke aHTeHe,
Mepetse pafapCckux
LMrbeBa 1 aHTeHa,
pagapcka TexHuka

N cuctemu

lekicn@ptt.rs
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3Bake, ume,
cpeAHe CroBo
M npe3ume

YcTaHoBa u pagHo
MecTOo

lO6nacT KomneTeHuUuje|
(Hay4Hor
MHTEpeCcoBaHa)

e-mail,
ORCID iD

YHuBep3auTeT y HoBOoM
Capy, ®akynrtet
TEXHUYKWX HayKa,
AenapTMaH 3a

npon3BogHU cucTtemu,

MNHOYCTPUJCKO opraHusauuja rado@uns.ac.rs,
Mpoch. Ap Papo MNHXEH-EPCTBO 1 npeny3eha, http://orcid.org/0000-0003-3551-
M. MakcumoBuh -
MEeHaLIMEeHT, pa3BojHM npoLiecu 1639
pykoBoaunay, y npeny3sehy
CTyAMjCKMX nporpama
NHXEHEPCKU
MeHaLMeHT
MuHucTapcTteo

Hay4yHun
CaBEeTHUK ap
CteBaH M.
Makcumosuh

onbpatxe, Cektop 3a
maTepujanHe pecypce,
YnpaBa 3a ogopambeHe
TexHonoruje,
BojHoTexHuuKm
WHCTUTYT, HAYemnHWK
oferbera Yspcrohe

yBpcToha
KOHCTpYKUMja,
MexaHuKa noma,
3amop,
HyMepuyke meToae

s.maksimovic@mts.rs

[p Bacunuje M.

Combustion and CCS

3alTuUTa XnNBOTHE

vmanovic@gmail.com,

Manosuh Centre, Cranfield cpeauHe, http://orcid.org/0000-0002-8377-
University, Cranfield, UK [xeMujcko MHXeH-epCTBO 7717
YHuBep3uTeT y KOHCTpyKUMja

Mpod. ap dejan

Beorpaay, MawwuHckn

KIaCuU4HOr Haopyxama,

dmickovic@mas.bg.ac.rs

M. Muukosuh | dbakynTeT, kKaTegpa 3a | ayTomaTcka opyxja,
cucTeMe Haopyxaka |yHyTpalka 6anuctuka
YHuBep3auTeT
Mpod. ap y Beorpagy, pakeTHM cuctemu, mmilinovic@mas.bg.ac.rs,
Momuuno M. | MawwmHckn dakynrer, naHcepw, cUucTeMu http://orcid.org/0000-0002-5361-
MunuHosuh KaTegpa 3a cuctemMe | ynpaBrbakba BaTpoM 7544
Haopyxaha
TEXHOsorMja MaLlmMHecke
obpage,
YHuBEpaUTeT Y poboTuka, BellTaqka
Mpodb. ap Beorpaay, MawwmHckm a _':g;g;:rmeg;lzgmm zmiljkovic@mas.bg.ac.rs,
3opaH b. hakynTer, I/IyMaLIJVIHCKO qeHe http://orcid.org/0000-0001-9706-
MwurbkoBuh  [KaTegpa 3a NpoM3BOAHO Y ’ 6134
MALIMHCTBO BeLUTayKe HeypOoHCke
Mpexe, MHTENUIeHTHN
TEXHOINOLLKM CUCTEMMU,
MeTofe OAnyyvBama
MOBUINHU poboTy,
YHuBep3uTeT ogbpaHe YNPaBIbake y peartom
yBoorpany. oo a3 o
MoTnyKoBHMK Bojua akapemvja, MMKpOﬁpguecopCKV’l . .
nou. ap KaTegpa CUCTEMY, YNIpaBrbakhe srdjan.mitrovic@va.mod.gov.rs,
C : BOjHOENEKTPOHCKOr ’ http://orcid.org/0000-0002-1287-
phaH T. cucteMuma
MuToosuh MHXeHepCcTBa, ToOMATHK 2792
p (ayTomatwka),

HayerHuK oaceka
33 eNneKTPOTEXHUKY
U eneKTPOHUKY

anropuTMy HaBurauuje
BO3wna, 6poackm
6opbeHn n

HaBuUrayMoHun cuctemm
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3Bake, ume,

lO6nacT KomneTeHuUuje|

cpeatbe cnoBo YcTtaHoBa u pagHo (HayuHor e-mail,_
1 npesume MecTo MHTEpeCcoBaHa) ORCID iD
YHuBep3nTeT ogbpaHe
y beorpaay, BojHa
MoTnykoBHWK | akapgemuja, kategpa MOTOpHa BO3UNa mslavko@beotel.net,
nou. ap Cnasko BOjHOMALLNHCKOT Bop6eHa Boawna’ http://orcid.org/0000-0002-6189-
P. Myxgeka MHXeHepPCTBa, 9473
wed oaceka 3a
6opbeHa Bo3una
fAp ’\nﬂg:f:hH A [MyKoBHUK y neH3wnju 6opbeHa Bo3una emily983@sbb.rs
MwuHucTapcTeo TIOTUCTUKA, OApKaBaHse,
MlyKoBHMK onﬁpaﬂe, CexTop 3a CHa_6,qua+be, .
3opaH C. Matuh martepujanHe pecypce, MpojeKToBak:e zpatic@yahoo.co.uk
’ YnpaBa 3a ogbpambere opraHv3auvje
TexHonorvje FIOTUCTUYKMX cUcTEMa

YHuBep3nuTeT ogbpaHe

MykoBHUK gou. | y beorpagy, HavenHuk TexHonoruja
ap CpeteH P. Kategpe ogpxaBama sretenperic@yahoo.com
Mepuh BOjHOMAaLLWHCKOT MOTOPHKX BO3una
VHXeHepcTBa
noy3aaHocT,
B pacnonoXmBocT
ncoka Lukona
. |n oppxaBarbe cuctema
CTPYKOBHUWX CTyauja (xapagep, codTeep
Mpodp. ap 3a nHdopmaLMoHe qoéeK) ’ slavko.pokorni@its.edu.rs,
Cnasko J. TexHonoruje ’ http://orcid.org/0000-0002-3173-
npuMeHa uHpaLpBeHor
MokopHK y Beorpagy, 597X
3payeHsa,
noMohHWK anpekTopa
b MHdOpMaLnoHe
(MYKOBHUK y NEH3Wjn)
N KOMYHWKaLMOHe
TExHosnorunje
YHuBep3uTeT y HoBOM | pavyHapcka TexHuka
Mpod. ap Capy, Pakyntet N KOMYHMKaLuje miroslav.popovic@rt-rk.com,
Mupocnas B. TEeXHUYKMX HayKa, (vHxerepuHr cuctema | ©http://orcid.org/0000-0001-8385-
Monosuh KaTeqpa 3a padyHapcky 3acHOBaHMX Ha 149X
TEXHUKY padyHapuma)
dakynteT . ) .
jugoslav.radulovic@gmail.com,
Mpodb. Ap  |3a MeHaLMEHT Manux un . ! | dulovi f od
Jyrocnas P cpeamix npeayaeha MyHULMja, MeHaLIMEHT, | jugoslav.radu ovic@mef.edu.rs,
' ’ KBanuTeT http://orcid.org/0000-0002-4003-
Papynoswuh Beorpag (nykoBHWK y 7209
neH3ujn)
npoT1BXeMujcka
H 3alTuTa, opyxje
ayyHu - )
caBeTHMK Npod ‘ 3a MacoBHO rach.dysan1@gma|I.com,
‘| MyKkoBHWK y neH3nju yHuwtaBawe (HXB http://orcid.org/0000-0002-5226-
Ap Dywak C. 6opbeHa cpeacTea) 4089
Pajuh P peAcTBa),

Teopuja pellaBaa
MHOBaTUBHMX 3adartaka

MykoBHUK Aou,.
ap 3opaH M.
Pajuh

MuHucTapcTteo
onbpaxe, Cektop 3a
maTepujanHe pecypce,
YnpaBa 3a ogbpambere
TexHonorvje, AMpeKTop
BojHoTexHuukor

WHCTUTYTa

aepoanHamMmuka

rajic_zoran@yahoo.com
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3Bake, ume,
cpeAHe CroBo
M npe3ume

YcTaHoBa u pagHo
MecTOo

lO6nacT KomneTeHuUuje|
(Hay4Hor
MHTEpeCcoBaHa)

e-mail,
ORCID iD

MykoBHUK BaHp.
npod. Ap
Mwogpar [.
Peroguh

YHuBep3uTeT ogbpaHe
y beorpagy, BojHa
akagemuja, HadernHuk
KaTeqpe NpupogHo-
-MaTemMaTUuYKMX Hayka

reoHayke, reogeTcko
NHXEeHepPCTBO

mregodic62@gmail.com,
http://orcid.org/0000-0003-4675-
4150

MuHucTapcTteo
onbpatxe, Cektop 3a
maTepujanHe pecypce,

pakeTHW MOTOPM,

Op Munopag A. pakeTHa A .
Cagkosuh YnpaBa 3a o,u,6p_aM6eHe 1 GecTp3ajHa cpencTea savkovic.milorad@gmail.com
TexHonoruje, 3a M0 60pGy
BojHoTexHuukmn
WHCTUTYT
YHuBep3nTeT YHUOH —
Mpod. ap Hukona Tecna,
[parorey6 J. dDaKynTe'_r 3a MocrnoBHe | reoHayke, reofeTcko sekulovicdr@yahoo.co.uk
Cexyriosuh cTyavje v npaso, NHXeHEepPCTBO
kaTegpa 3a 6e3begHocT
(NYKOBHWK y NeH3mnju)
TexHn4kn yHuBepsuteT
y AxeHy, CP Hemauka, XMppomeTanypruia,
WHCTUTyT 33 npouecky HaHoTexHonoruvja
[p Cpehko C MeTanyprujy n Xemmicke CI/IHTe3e’ stopic2003@yahoo.de,
PP " | peunknmparse meTana, | ’ http://orcid.org/0000-0002-1752-
Ctonuh peunknmpare
Hay4HW caBeTHUK, Boha sawTvTa )KMBOTI:-Ie 5378
rpyne 3a cpenHe
Xvapometanyprujy
N HaHOTexHormorujy
ynpaerbate
npotecuma ca
KOHLIEHTPUCaHNM
1 pacropeheHum
napameTpuma,
onTUManHu
VNHAYCTPUjCKN
perynartopu,
paKkLMOHN 3aKOHU
YHuBepauteTt ynpaerbaka ca
oot o | g LBy, | remeony omiges,
Tomucnas B. P AycTpun, | http://orcid.org/0000-0001-8031-
dakynrer, KapakTepusauuja
LLlekapa 3135
KaTedpa 3a curHane | npoueca, ageksaTHa
n cucteme AvckpeTu3aumja n

obpapa curHana,
CceH3opu
1 aKTyaTopw,
KOoMneHsauuja
M ywiteaa enekrpmyHe
eHepruje y
ONCTPUBYTUBHUM
ereKTPOEeHEePreTCKUM
cuctemuma
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3Bake, ume,

lO6nacT KomneTeHuUuje|

cpeatbe cnoBo YcTtaHoBa u pagHo (HayuHor e-mail,
mecTo ORCID iD
1 npesume MHTEpeCcoBaHa)
YHuBep3uTeT y HoBom
Capgy, ®akyntet
TEXHWNYKMX Hayka,
enapTMaH 3a
Mpodp. op AenapTmat MexaTpoHuKa,
WHOYCTPUjCKO .
Oparan [. poboTuka, seslija@uns.ac.rs
‘ NHXeHepCTBO 1 .
Wewnwja ayTomaTtum3aumja

MeHaLIMEHT,
kaTeapa 3a
MeXaTpPOHWKY, POGOTUKY|
1 ayTomatusauujy

[MykoBHUK BaHp.
npod. ap MopaH

YHuBep3uTeT ogbpaHe
y beorpagy, BojHa
akageMmuja, HayernHuK

MHdOopMaTHKa
1 pavyHapcTBO

gshimic@gmail.com,
http://orcid.org/0000-0002-7563-

M. Wumuh | LleHTpa 3a cumynauumje 699X
1 yyere Ha farbuHy
YHuBep3uTeT y HoBoM
Capy, ®akyntet
Mpodp. ap TEeXHUYKMX HaykKa, TexHomnorunja BogHor vlaski@uns.ac.rs,
Bnagnmup C. nenapTtMaH 3a caobpahaja, 6pogosw, | ©http://orcid.org/0000-0002-9086-
Wkurbanua caobpahaj, kategpa |6e36enHocT nnosuabe 4667
3a TexHonoruje
TPaHCMOPTHUX cUcTeMa
Mpodp. ap litancic@gmail.com,
JTby6uwa K. [MyKoBHUK y neH3wnju yHyTPalWt-a 6anucTuka, http://orcid.org/0000-0003-1242-
Tanunh Haopyxare 9333
Mpodp. op brate@verat.net,
BpaHko M. [MyKOBHUK y NeH3uju onwTa norncTmka http://orcid.org/0000-0002-2409-
TewaHosuh 9418
YHuBep3uTeT ogbpaHe
y Beorpany, 6ase nogataka
n BojHa akagemuja, ’ . )
OTMYKOBHWK KaTenpa MHPOPMALIMOHM totl\_/an@gmall.com,
\nou. ap Viean A. . cuUCcTeMHU, 3awTmTa http://orcid.org/0000-0002-5862-
Tot Tenekomynmkaumja u MHPOPMALIMOHMX 9042
nHdopmaTuKe,
pykoBoaunay, rpyne 3a cncrema
MH(OMALIMOHE cucTeEME
MwuHucTapcTBo onbpaHe, HOMMEHEHa MeXaHMKa
Hayunun CexTop 3a MatepujanHe P MiarHOCTHKE ’
caBeTHWK nNpodp.|  pecypce, YnpaBa 3a cgqimcmumpaH’m vujicd@eunet.rs,
op Oparorby6 opnbpambeHe CUCTEMM OfipXKaBakLa dragoljub.vujic@vti.vs.rs
A. Byjuh TexHororvje,

BOJHOTEXHUYKM MHCTUTYT

TEeXHUYKNX cuctema

[eHepan majop
BaHp. npod. Ap
MnageH M.
BypyHa

YHuBep3nTeT ogbpaHe
y Beorpagay, pektop

BOjHO-XEMW|CKO
VHXEeHePCTBO (MOroHcKa
CpencTBa, TOKCUKOMNOLLKA

Cpe[CTBa, 3alTuTa of,
HXB opyxja, 3awwtnta
)KMBOTHE cpeanHe)

mladenvuruna@yahoo.com
http://orcid.org/0000-0002-3558-
4312

[eHepan majop
npod. Ap bojaH
M. 3pHuh

MuHucTapcTteo
onbpaHe, CekTop 3a
maTepujanHe pecypce,
YnpaBa 3a ogbopambeHe
TEXHomorvje, Ha4yernHuk
ynpase

CEH30pCKU cUcTemm,
cTpaTerunjcko
nnaHvpare

bojan.zrnic@vs.rs
http://orcid.org/0000-0002-0961-
993X
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3BaHue, nms,

YupexnaeHue u

O6nactb KOMNeTeHLUn e-mail,
OT4YeCTBO, 3aHMMaeMas .
(Hay4Hble nons) ORCID iD
camunus AOMKHOCTb
EOSQ)OBH:K yHEZ?_I?C:TeeT Sggﬁ:::' B markodandrejic@hotmail.com,
I\a - AH. pane, nornctuka o6opoHsbI http://orcid.org/0000-0002-
apko [. akagemusi, 3aB.
o 6753-9786
AHgpeny kadeapow Jlornctuka
Mo . MuroL MEHEIKMEHT misaarsa@yahoo.com,
u>.KD'-AI oy [MonKoBHWK B OTCTaBke TpaHCMOpPTHOW http://orcid.org/0000-0002-
- AP NoaaepXKKM 2003-9880
YHuBepcuteT O60pOHSI B
Mpurn. npod. Benrpage, BoeHHas oble ) berequp@yahoo.com
5 akagemus, kageapa vojislav.batinic@va.mod.gov.rs,
O.H. Boucnas U. MaLLWHOCTPOUTENbHbIE htto://orcid.ora/0000-0001
BaTuHNy BOEHHO- ; KOHCTPYKLMM p-fiorcic.org ) )
MaLLMHOCTPOUTENBHOM 6786-7846
VHXeHepun
TenekoMMyHuKaLmu,
VHUBEDCATET B GecnpoBoaHble ceTw,
Oknenne pena TAMEHT CDMA, OFDM cuctemsl,
Mpurn. npod. 3neﬂT ,(')E!'I'eXHIp/IKI/I " CEHCOpHble ceTy, s.berber@auckland.ac.nz,
O.H. CteBaH M. P BbIYMCNUTENbHbIE http://orcid.org/0000-0002-
KOMMbIOTEPHOTO
Bepbep CUCTEMBI B pearnibHOM 2432-3088
MHXUHUPUHra, OKneHa,
BpeMeHu, obpaboTka
HoBas 3enanans
CTOXaCTUYECKUX
CUrHanoB
TeneKkoMMyHMKaLmu,
CUCTEMbI MUMOTaXHO-
YHuBepcuTeT B
HaBWraLMOHHOTO
Oou. O.H. Benrpage,
o HanageHus, -
Pagueoe M. OneKTPOTEXHNYECKMI biljic@etf.rs
MVKPOBOIHOBAs TEXHUKA,
Bununy dakynbTeT, Kadenpa
3reKTPOMarHMTHoe
TenekoMmmyHuKaLmm
obopynosaHue,
CMYTHUKOBbIE CUCTEMbI
YHuBepcuteT B . HoBun
Cap, dakynbTeT
TEXHUYECKUX Hayk,
Mpod. a.H. nnoenr;abruﬁzs:;m borovac@uns.ac.rs,
BpaHucnas A. P poboTexHuka http://orcid.org/0000-0001-
VHXeHepun n
Boposay, 7446-1027
MeHeKMeHTa,
Kadpegpa MexaTpOHUKY,
pobOTEXHMKN 1
aBToMaTU3aumu
onepaumoHHble
YHuBepcuteT B Benrpage, uccnenoBaHus,
Mpod. A.H. MaluvHocTpouTEnbHBIN - | MaccoBoe 0bcnyxuBaHUe,
Yrnewa C. dakyrnbTeT, TepoTexHornorms- ubugaric@mas.bg.ac.rs
Byrapuy Kadbegpa NPOMBbILLIIEHHOM obcnyxviBaHue,
VHXEHepUn TpaHCMNOPTHO-CKINaACcKMe
CUCTEMBI

Mpodp. A.H. Nnua
Yocny

YHuBepcuTeT B I. HoBum
Cap, dakynbteT
TEXHUYECKUX HayK,

AeKaH anKyn bTeTa

NPOMBbILLIIEHHAsA
NHXeHepus 1
VNHXEHEepPHbIN
MEeHe)KMEHT

ftndean@uns.ac.rs
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3BaHue, ums,

YupexaeHue u

OTYECTBO 3aHUMAaeMas O6nacTb KOMNeTeHUMH e-mail,
tbaMMnm; AOMKHOCTE (Hay4Hble nons) ORCID iD
YHuBEpCUTET OGOPOHbLI B aBToCn:I::velt:wet;I:Koro
MonkoBHWK Benrpage, diki d
APV, Npodh NPOPEKTOp N ynpasreHus u goran. |_|c@mo .gov.rs,
oH Fc->paH .D.. MEXYHUBEPCATETCKOMY 1 HabnaeHusi, CUCTEMbI http://orcid.org/0000-0002-
Ik MEXyHapOAHOMY HaBOAKMN U 0858-1415
TeneynpasneHus
COTPYAHNYECTBY
pakeTamu
YHuBepcuTeT 060pOHLI B 6630NaCHOCTb Ha
MonkoBHvk gou. | bBenrpage, BoeHHas TDAHCHODTE
O.H. Henap . akagemus, sa ?ATa eg éoa neshadim@mts.rs
Oumutpresny | pykoBoguTenb oTAena w pecyp
oA — Ha TpaHcnopTte
B3pblBYaTblE BELLECTBA,
Mpwvrn. npod. 60eBble npunacsl,
O.H. Papgenko C. | MNonkoBHUK B OTCTaBKe | CpeacTBa NopaeHusl, radenkod@beotel.net
Oumutpresuy NMpoTEXHUYECKas
6e3onacHoCcTb
MORKOBHUK TpaHCMNopTHble
npod. A.H YHUBEPCATET OBOPOHb! B npouecchl U MeToAbl, lukema@ptt.rs,
506a-H,l.J.- Bentoane. NbopeKTo TPaHCMOPTHbIE CeTH, http://orcid.org/0000-0001-
Ixo oam.q pane, npop P opraHusauus 8133-2389
P TpaHcnopTa
YHuBepcuTeT 060pOHLI B
Benrpage, BoeHHas
akagemus, kacdegpa vlado.djurkovic@va.mod.gov.rs,
Mpodb. a.H. BOEHHO- npuknagHas mexaHuka | djurkovic.vlado@gmail.com,
Bnago . MaLLNHOCTPOUTENBHOM TBEpAbIX 1 http://orcid.org/0000-0002-
[hxypkoBuY WHXEHepuW, HavanbHuK | AedopMupyeMbix Tern 5064-4117
nenapTtameHTa obuero
MaLUMHOCTPOUTENBHOTO
obopyaoBaHus
YHuBepcutet
Mpurn. npod B benrpage, BannucTuka u Lenesoe elek@mas.bg.ac.rs
purn. Npog. MaLumHoCTpoUTENbHbIN Ha3HayeHue, p. - -0g.ac.
AO.H. Mpepgpar M. http://orcid.org/0000-0002-
Enek dakynbTeT, KOHCTPYKLMSA CHapsaa, 3558-4312
Kadpegpa cuctemsbl dum3nka B3pbiBa
BOOPYXEHUS
YHuBepcuTeT B
Benrpaze, TenekoMMyHUKaLmm,
OneKTPOTEXHNYECKMI Ucpposas obpatorka
chakynbTeT CWrHarnoB, areKTPOHHas meric@mts.rs,
Oou. O.H. Kaq);e a ’ pa3Befnka, miljko.eric@etf.rs
Munbko M. Epuy TeneKommyﬂaKauMPl paavoroHMoMeTpus, http://orcid.org/0000-0002-

YneH-KOpPEeCnOHAEHT
WnxeHepHon Akagemmmn
Cepbun

aHTEHHbIE CUCTEMBI,
MUKPO(OHHBIE CUCTEMBI,
array processing

2927-019X

[.H. Munow P.
dunmnosny

Hay4HbI COBETHUK
Ha neHcuu

3HepreTMyeckue
maTepuarnbl
(B3pbIBYATHIE BELLECTBa,
NMUPOTEXHWKa, Nopoxa
W pakeTHble TONnuBa,
cropaHve, AeToHaums,
B3pbIB)

milosf321@gmail.com
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3BaHue, ums,

YupexaeHue u

O6nacTtb KOMNeTeHLUU e-mail,
0OT4YeCTBO, 3aHMMaeMas .
(Hay4Hble nons) ORCID iD
camunun LOOJKHOCTb
Lo H. 3opaH WHcTutyT MNowa Teﬁgsg;\ranOHHMmeaMm filipovicz@mts.rs,
H. A.H. S0P Ty ’ yHkau http://orcid.org/0000-0002-
J1. dununoswny HayuHbIi COTpYOHUK | (@BMOHMKa, METPOOrus,
4793-4105
TENnekoMMYHMKaLmK)
n YHuBepcuter npvBOAbI NeTaTenbHbIX
purn. npod. B benrpage,
. | annapaToB (gBuratenu
O.H. Backo I'. | MawmnHocTpouTenbHbIN vfotev@mas.bg.ac.rs
Ans camoneToB 1
doTeB dakynbTeT, kadegpa
BEPTONETOB)
aBmaumu
YHuBepcuTeT B . Hosun
Cap, PakynbreT
TEXHUYECKNX HayK,
Mpodb. a.H. [enaptameHT Hayka 0 matepuanax, gerick@uns.ac.rs,
KatapuHa [. MaLLMHOCTPOUTENBHOE  [MHXeHepus maTepuanos,|  http://orcid.org/0000-0001-
Fepuy NpPOu3BOACTBO, kadepa |McnbiTaHMe MaTepuanos 5473-8922
Martepuanbl
1 coeanHeHne
maTtepvanos

MonkosHMK Aoy,
0.H. Nio6ommp W.
vrosuny

YHvBEpCUTET 0GOPOHLI B
Benrpage, BoeHHas
akagemus, kacbegpa
€CTECTBEHHbIX HayK,

pyKOBOAWTEMb rPYMbl
npenogaearerei B
obnacTv BOEHHOW
reorpachum 1 Tonorpacoum

reoHaykun, nHXxeHepHas
reogesund

ligigovic@yahoo.com,
http://orcid.org/0000-0002-
8388-3624

Mpod. A.H. Mupo
M. FoBegapuua

YHusepcuTeT B . Hosu
Cap, PakynbreT
TEXHUYECKVX HayK,
OenapTraMeHT
MHpopMaTUKM 1
aBTOMaTVKW, kacbeapa
CvictemHoe ynpaBreHue
curHanamu, pykoBoauTerb
npodubHOM NporpaMmbl
leonesns n reomatuka

reofesusi, reomaTuka,
reoumHdopmaTuka

miro@uns.ac.rs,
http://orcid.org/0000-0003-
1698-0800

Mpod. A.H. AHko
M. Xogonuy

YHuBepcuTeT B I. HoBu®
Cap, dakynbTeT
TEXHUYECKUX HayK

METPONOrusi, Ka4ecTBo,
npubopsbl 1
aKorornyeckue un
WHXEHEPHbIE acrnekTbl

hodolic@uns.ac.rs

[NonkoBHWK Aod,.
O.H. CnobogaH

leHwTab, YnpaenexHue
nnaHnpoBaHus n
pa3sutus (J-5),

cuctembl obecnedeHue,

slobodan.ilic@vs.rs

TeXHUYKN ONbITHO- BOOpPYXXEHUE
C. Unny -
NMPOEKTHBIN LIEHTP,
OVpekTop
rorMcTUKa, Ka4ecTBo,
cTaHaapTu3auws,
«Anca» YHuBepcuTeT B Aap 4
MeTponorusi,
Mpurn. npod. Benrpage,
HOMeHKnaTypa, .
O.H. Bpanucnas | YHuBepcuteT 6usHeca koavcuKaLms bjakic@yahoo.com
B. Axny BaHs ﬂyia.r(l'ls'l('lKOBHVIK B TEXHONOTMUECKVI
oTCTaBKE) MEHe)KMEHT

ynpasrieHne Ka4eCtsBoOM
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3BaHue, ums,

YupexaeHue u

O6nacTtb KOMNeTeHLUU e-mail,
0OT4YeCTBO, 3aHuMaemas .
(Hay4Hble nons) ORCID iD
chamunus AOMKHOCTb
YHuBepcuTeT B BHYTPEHHsIA 6annmcTuka,
Mpod. a.H. Benrpage, KOHCTPYKLUS CHapsiAoB,
Cno6ogaH C. |MalumHocTpouTENbHBIND) ¢u3smrKa B3pbIBa, sjaramaz@mas.bg.ac.rs
Apamas aKkynbTeT, 3aB.kadegpoi| uenesas bannucTuika,
CuncTeMbl BOOPYXEHUS cropaHue nopoxa
Mpod. A.H. radjer@mts.rs
PapyH B. [MonkoBHWK B OTCTaBke B3 png::S:n:ecujlé cTBa http://orcid.org/0000-0002-
Epemuy 1990-2018
yrpaBneHue
NPOV3BOACTBOM,
Hou. a.H. OaHko eHepan-maviop B TIOrCTUKa, 0becreyeHne . . .
M. MosaHosuu opTCTaBKe P TEXHUYECKVX CUCTEM, danko.jovanovic17@gmail.com
Ka4ecTBO, PUCKM,
CTaHgapTM3aums
«TpanH» YHuBepcuTeT,
[ou. A.H. Bykuua TZ))?:ZE;:S; V,I::'e)'lfgrﬁzwmgm vuklca.Jova_n ovic@gmail.com,
Py ’ MaLLUHOCTPOEHNe http://orcid.org/0000-0002-

M. NoeaHoBWY

KoHCTpyKLWn 1 ansaiH,
OHrona, LLTtat MHpnaHa,
CLWA

8626-903X

YHuBepcuTeT 060pOHbI B

XvMunyeckune TexHonormm

MoanonkosHuk Benrpage, BoeHHas (A€ PHO-XVIMM4ECKO- rkarkalic@yahoo.com,
oou. A.H. Guornoruyeckasi 3alumTa, htto://orcid.ora/0000-0002
PanoBat M akafemusi, kadeapa oBHapyXeHHe p://orcid.org - -
’ BOEHHO-XMMUYecKas ! 8074-7264
Kapkanuy MHXEHepHS naeHTuukaums n
obe3BpexvBaHue)
3HepreTMyeckast
Yamseponrera rHomn | o e
Mpodb. a.H. Cap, dakynbTeT 3ne|<'Fr) BUrATESIoHbIC ’ katav@uns.ac.rs,
Bnagumup A. TEXHUYECKNX HayK, PO http://orcid.org/0000-0002-
Katuy 3aMm. gekaHa MPUBOAbI, KA4ECTBO 0138-8807
chakyrnbTeTa 3EKTPO3HEPrUK,
BO300OHOBMsIEMbIE
VCTOYHVKM SHEPIVN
YHuBepcuTeT B r.Hosm
gpoi)éﬁ';' Cap, PakynsTeT CTPOUTENBLCTBO — kolak@uns.ac.rs
Kgﬁak OBUY TEXHWNYECKUX HayK, 3aM. rMAPOTEXHUKA R

JieKaHa

MonkoBHWK Ap
36yLek KopeLkun

YHvBEpCUTET 06OPOHBI
Pecnybnuka Yexus,
DdakynbTET MEHeKMEHTa
1 3KOHOMVIKW, 3aB.
Kachegpon NOTUCTUKN

noructuka obopoHsl,
MynbTUHaLMOHANbHas
norncTuKa

zbysek.korecki@unob.cz

MUHMCTEPCTBO 06OPOHDI,

Rouent ap CekTop no marepuarbsHbIM Mexaniika (prionaos, ;

Mwupko C. Ko3suy, SCvDCaM. YTipaBneHie BblUMCIIUTENbHASNA mkozic@mts.rs,
BbICLLMN pecypcam, JTip anHamuka cnonaos, http://orcid.org/0000-0002-
Hay4HbIN 0B0pOHHO/A TeXHomoruy, aspoanHaMmyeckas 7287-0780
COBETHUK BoeHHo-TexHnyecknin Harpy3ka

VHCTUTYT
PaavonoKaLMOHHbIE Lienu,
PaaVonoKaLMOHHbIE
\dou. a.H. Hukona MONKOBHUK B OTCTaBke | 2HTEHHDI, M3MepeHne PNC lekicn@ptt.rs

1. Nekny

Lienew 1 aHTeHH,
paamnornoKaLyoHHbIe
CUCTEMBI U TEXHUKA
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3BaHue, ums,
oT4ecTBO,
camunun

YupexaeHue u
3aHUMaemas
AOIMKHOCTb

O6nactb KoMneTeHUUn
(Hay4Hble nons)

e-mail,
ORCID iD

YHuBepcuTeT B I. HoBun
Cap, dakynbTeT
TEXHUYECKUX HayK,

[enaptameHT
- NpOV3BOACTBEHHbIE
MPOMBbILLIIEHHON
Mpodh. a.H. Pano MHOKEHEPMM 1 CUCTEMbI, OpraHu3aums rado@uns.ac.rs,
N npeanpusaTus, http://orcid.org/0000-0003-
M. MakcumoBwny MeHeXXMEHTa,
npouecchbl pasBuUTUS Ha 3551-1639
pykoBoauTenb NpeanpUSTIN
npounbHON PeAnp
nporpaMmei
WHXEHEPHBIN
MeHe)KMEHT
MwuHucTepcTBO

HayuyHbii
COBETHUK Ap
CrteBaH M.
MakcumoBuy

060poHbI, CekTop no
MaTtepuanbHbIM
pecypcam, YnpasrneHve
0BOPOHHON TEXHOMOTUN,
BoeHHo-TexHu4eckui
MHCTUTYT, HaYarmnbHUK
oTaena TBepabiX Ten

MPOYHbIE KOHCTPYKLMK,
MexaHuKa NoBpexaeHUin,
ycTanocTs,
BbIYVCIIUTENbHbIE
meToabl

s.maksimovic@mts.rs

Combustion and CCS

oxpaHa oKpyxatoLen

vmanovic@gmail.com,

H.B n M. , h
Ax Vo Centre, Cranfield o http://orcid.org/0000-0002-
University, Cranfield, UK WHKeHepus 8377-7717
KOHCTPYKLMS
YHuBepcuTeT 8 Knaccm%cl-:(oro
Mpod. A.H. OesH Benrpane, o BOOPYXKEHWS, . .
MalunHocTpouTenNbHBIND) dmickovic@mas.bg.ac.rs
M. MuukoBuy akynbTeT, kachenpa aBToMaTU4eckoe
Y ’ Ap opyXwue, BHYTPEHHSISA
CUCTEMbI BOOPYXXEHUSA BannMeTHKa

YHuBepcuteT B

Benrpage, pakeTHble CUCTEMbI, S
lpoc. A.H- MalumHoCcTpouTenbHBING| pakeTHble YCTaHOBKM mmilinovic@mas.bg.ac.rs,
Momuurio T1. i ‘J’MeT EMCTeMH 3; e | http://orcid.org/0000-0002-
MunuHosny Y ’ ynp 5361-7544
kadbeapa cucTembl 3annoBbIM OTHEM
BOOPYXEHUS
TEXHOOMMS MaLUMHHOW
06paboTkuy,
poGoTexHuka,
NCKYCCTBEHHbIV
WHTENNEKT,
YHuBepcuTeT B
Benrpaae aBTOHOMHblE
Mpod. A.H. ’ . CUCTEMBI 1 zmiljkovic@mas.bg.ac.rs,
MaLmHoCcTponTEeNbHBING) . :
3opaH [x. akynbTeT, Kadhenpa MaLLWHHOE http://orcid.org/0000-0001-
MunbkoBumy Y ’ obyuyeHue, 9706-6134
NPOU3BOACTBEHHbIX NCKVCCTREHHBIE
MaLLnH oKy
HeMpOHHbIE CeTH,
WHTennekTyasnbHble
TexHonornyeckue

CUCTEMbI, METOARI
NPUHATUS peLleHnii
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3BaHue, ums,

YupexaeHue u

O6nacTtb KOMNeTeHLUU e-mail,
OTYeCTBO, 3aHMMaeMas .
(Hay4Hble nons) ORCID iD
camunun LOOJKHOCTb
MOOUIbHbIE POGOTHI,
ynpaBrieHue B pearnsHOM
BpeMeHu, ha3san noruka
YHuBEpCUTET OBOPOHbLI B P ® ’
a3sun ynpasneHue,
benrpane, Boenrias MWKPOMPOLECCOPHbIE
MopnonkoBHUK | akagemus, Kadenpa ponp P srdjan.mitrovic@va.mod.gov.rs
_ | cuctemsl, ynpaBneHue
oou. A.H. BOEHHO-311EKTPOHHOW cnCTeMaMN ,
CppxaHn T. VHXEHEepUN, HavanbHUK http://orcid.org/0000-0002-
(aBTOMaTUMKA),
MuTtpoBuy nenaptamMeHTa 1287-2792
anropuTMbl HaBuraumm
3ANEKTPOTEXHUKU
TpaHcnopTa,
N eNEeKTPOHNKM
HaBUraLuMoHHble
CUCTEMbI ANS CYOOB U
©60eBoro TpaHcnopTa
YHuBepcuTeT 060pOHbI B
Benrpage, BoeHHasi
MoanonkoBHUK
akagemus, kadeapa TPaHCMNOpPTHbIE mslavko@beotel.net,
aou. ap.H ; .
Chasko P BOEHHOIo cpencTea, 6oeBble http://orcid.org/0000-0002-
M eKa- MaLLUWMHOCTPOEHUs,  [TPAHCMOPTHbIE CPEeACTBA 6189-9473
YHA 3aB. OTAENEHMEM
60eBOro TpaHcnopTa
Mpod. a.H.
60eBble TPaHCMOPTHbIE .
MnageH [. [MonkoBHWK B OTCTaBke P P emily983@sbb.rs
cpeactea
MaHTny
TNOrncTUKa,
MuHUCTEpPCTBO O6OPOHI,
obecneyeHue,
CexTop no
[MonkoBHUK cHabxeHue, .
MaTepuanbHbIM zpatic@yahoo.co.uk
3opaH C. MNatuy NpPOEKTUpOBaHNe
pecypcam, YnpaBneHue o
opraHu3auummn

06OPOHHON TEXHOMOMM

NOrMCTU4eCKnx cuctem

YHuBepcuTeT 060pOHLI B

MonkoBHWK AoLl. TEXHOMNOTUS! CoepPXKaHus
Benrpage, 3aB. .
A.H. CpeTteH P. N N peMoHTa sretenperic@yahoo.com
Kadheapow BOEHHOro
Mepny TPaHCNOPTHbIX CPeacTB
MaLLMHOCTPOEHUS
HadeXHOCTb, AOCTYN
n obecneyeHve cuctem
Belicluas wkona (annapatHoe 1
npodeccroHanbHOro MNpOrpaMmMHoe
obyyeHuns L
Mpod. A.H. o I/IHCbOyMa MOHHBIM obecneyeHue, 4enosex), |  slavko.pokorni@its.edu.rs,
Cnasko W. TeXH[Z)J'IOII-"'VIﬂM npuMeHerve http://orcid.org/0000-0002-
IMoKopHM E WHpaKpacHoro 3173-597X
B benrpane, U3NyYeHUs,
3aM. aumpekTopa
Avp P MHOPMaLIMOHHbIE
(NONKOBHUK B OTCTaBKe)
N KOMMYHVKaLNOHHblEe
TEeXHomnormm
BbluncnutensHas
YHuBepcuteT B r.HoBu
TEXHMKa
Cap, ®akynbTeT . .
Mpod. a.H. N KOMMYHWKaLUn miroslav.popovic@rt-rk.com,
TEXHUYECKUNX HayK, . :
Mwupocnas B. kacbenpa (MHXWHWPWHT cucTema, http://orcid.org/0000-0001-
Monosuy P - OCHOBaHHas Ha 8385-149X
BbIYVNCNUTENbHON .
BbIYNCIINTENBHON
TEXHUKN
TEXHUKe)

332




3BaHue, ums,

YupexaeHue u

O6nacTtb KOMNeTeHLUU e-mail,
0OT4YeCTBO, 3aHuMaemas .
(Hay4Hble nons) ORCID iD
camunun LOOJKHOCTb
PakynbTeT jugoslav.radulovic@gmail.com,
Mpod. A.H. MeHekMeHTa MarbiX 1 Goenpunace, jugoslav.radulovic@mef.edu.rs
KOrocnas P. CPEAHNX MPEANPUATUR, | | MEHT. KAYECTBO ,
Pagynosuy r. benrpag H ’ http://orcid.org/0000-0002-
(NonKoBHUK B OTCTaBKe) 4003-7209
XMmu4yeckas 3almra,
HavuHbIiA opy>ve MaccoBoro
COBeTI-)|/VIK npod yHuuToxXeHusi (PXb rajic.dusan1@gmail.com,
PO®- | MonkosHuK B OTCTaBKE 6oeBble cpeacTBa), http://orcid.org/0000-0002-
A.H. OywaH C. .
Pauny TEopus peLueHni 5226-4089
WHOBALIMOHHbIX
3agay
MwuHucTepcTBO
060poHsbl, CekTop
no mMatepuasnbHbIM
MonkoBHWK gou.
pecypcam, YnpasrneHve "
O.H. 3opaH M. p L aspognHamuka rajic_zoran@yahoo.com
Pany 06OpOHHO TexHOMornu,
avpekTop BoeHHo-
TEXHWNYECKOro
WHCTUTYTa
YHuBepcuTeT 060POHbI
nnv?g'lKo: Hc?tli(ﬁ ° SZSgpzﬂi,ﬂBgstaﬂ reoHayku, HXeHepHas mregodic62@gmail.com,
pur. NPOe. AEMUS, 38B. KU, P http://orcid.org/0000-0003-
4.H. Muogpar [. Kadegpon reogesusi
4675-4150
Perogny €CTECTBEHHbIX
Hayk

O.H. Munopag [.

MWHMCTEPCTBO 0B6OPOHBI,
CexTop no
mMaTtepuanbHbIM
pecypcam, YnpasrneHve

pakeTHble aBUraTenu,
pakeTHas

savkovic.milorad@gmail.com

CaBkoBuY OGODOHHOM TEXHOMOMM n 6e3oTkaTHoE
P . 060poHHas TexHUKa
BoeHHo-TexHnyeckuii
WNHCTUTYT
YHuBepcuteT «YHUOH —
Hukona Tecna»
Mpod. a.H. y
< dPakynbTeT Bu3Heca U | reoHayku, MHXeHepHas .
[Hparonto6 W. sekulovicdr@yahoo.co.uk
IOPUANYECKUX HaYK, reofesus
Cekynosuy
kadenpa besonacHocTb
(NONKOBHMK B OTCTaBKe)
TexHunyeckun
yHVUBEpcuTeT
B I. AxeH, CP 'epmaHus,
~ rmapomeTannyprus,
NHCTUTYT npoueccHomn
HaHOTEXHoMNoruu, .
[1.H. Cpeuko C MeTannyprum u XAMUAYECKIAN CAHTE3 stopic2003@yahoo.de,
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N3JABA BOJHOTEXHWYKOI TTIACHMKA O ETUYHOM MOCTYTAHY
ISTNHECKNN KOOEKC
PUBLICATION ETHICS STATEMENT

N3JABA BOJHOTEXHUYKOT MNACHUKA O ETUYMKOM NMOCTYNAHY

OGjaBreuBarbe UnaHaka HakoH CTpyYHe peLeH3unje OCHOBHA je AenaTHOCT Ha-
Y4YHOr Yaconuca BojHomexHU4YKU enacHuK. HeonxogHo je noctvhu carnacHocT o
€TUYKMM Havenmmva y nocTynuMmMa CBUX y4eCHuMKa npunukom objaBrbmBara YnaHa-
ka, o aytopa, Pegakuuje yaconmca n CTpy4HUX peleH3eHaTa oo u3gasava.

O6aBe3e Pepakuunje BojHomexHU4YKoO2 2/1acHUKa

YpeaHuwtBo BOjHOMEXHUYKO2 2riacHUKa He Tpaxu of aytopa nnahawe
HakHaZe 3a annuuupake YnaHka 3a objaBrbuBame. Yutas nocrtynak ypehusa-
Ha 1 06jaBrbMBaH-a YnaHka 3a ayTope je noTnyHo GecnnaTaH.

Pepakuuja BojHomexHu4Koe2 efnacHUka OAroBOpHa je 3a JoHOLWEeH-e oanyke
koju he og npucnenux ynaHaka 6utn opabpaH 3a objaBrbnBam-e.

Pepakuunja Tpeba ga noctyna y cknagy ¢ nonutukom Ypehusadkor ogdopa
BojHomexHuU4YKOe 2racHUKa Kao MU y CKnagy ca 3aKkOHCKMM mponucuma Koju ce
OfjHOCEe Ha KNeBeTYy, KpLUeHe ayTOpCKuX MpaBa u nnarvjate. Pegakumja moxe
4a ce KOHCynTyje ca unaHoBuma Ypehusaukor ogbopa unu peLeH3eHTuma npu
OOHOLLEHY OAnyKe.

Penakuuja npouetryje cagpxaj pykonuca He3aBUCHO O pace, nona, NosHe
opujeHTaLmje, PENUIMjCKMX yBEPEHA, ETHUYKOT MOPEKna, NONUTUYKUX YBepeha
1 Ap>XXaBHe NpunagHoCcTK ayTopa.

Y cBom pagy, npemMa npenopyum LleHTpa 3a eBanyauujy y obpasoBary U Hay-
um (LEOH), Pepakumja kopuctu, Koju omoryhaBa TpaHCMapeHTHOCT U jaBHOCT p-
aga, nogpasymeBajyhv nyHy OAroBOPHOCT 3a NpuxBaTtare 1 06jaBrbuBare YnaHka.

Mpe cnawa Ha peueHsnjy Pegakumja npoBepasa ga nuv je cagpxaj pykonuca
nnarujaTt, kopuwherem cepauca iThenticate (CrossRef n CrossCheck).

Yaconuc npumetsyje ,,ABOCTPYKU Crieny NocTynak peueHanje” unaHaka, Koju
nogpasymMeBa Aa ayTopw He 3Hajy KO CYy UM PeLEeH3eHTU, HUTU CYy peLleH3eHTMMa
no3HaTu ayTopu.

Huko 13 ypehmneadke kyhe He cMe Aa OTKpuje HUjeaHY MHdopmMaunjy o npu-
CTUINIOM PYKOMUCY MKOME, OCUM ayTopy, PeLeH3eHTMMa, NOTEHLMjarTHUM peLieH-
3eHTMMa, OpyrMMm caBeTHUUMMa ypehuBayke kyhe n nsgasady, npema notpeodu.

HeobjaBrbeH Matepujan n3 NpUCTUIMMX pyKomnMca He CMe [a ce KOpUCTU 3a
UCTpaxmBaYku pag ypefhueayda, ocMm ca u3pnimMTm NMCMEHNM 0fo0per-em ayTopa.

Pepakunja ce obaBesyje ga he noByhn Beh objaBreeHu 4naHak y cny4ajy
HakHaJHOr OTKpUBaka cnefehnx oKoNHOCTW y Be3W paja:

— nnarvjapusam,

— ayTonnarujapusam,

— pag je Beh objaBrbeH y pyrom 4aconucy unmn Hekoj Apyroj nyénukaumjw,
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— HeTayHu nogaum o ayTopcTBy (NpucBajawe Tyher paga, HaBohewe ayTo-
pa KOju HMCY Y4eCTBOBamnu y nucawy paga, M30CTaBrbake ayTopa Koju cy yde-
CTBOBanNu y nucawy pajga),

— cykob uHTepeca,

— naxupame unu dabpukoBare pesynTara,

— HEe103BOSbEHE TEXHUYKE UHTEPBEHLMjE HA Cnvkama,

— 030UIbHMja TEXHWMYKA FpeLLKa, Kao LUTO je N3ocTaBIbake AefoBa TEKCTa,
rpeLuka y penpoaykumju unyctpaTuBHOr matepujana.

O6GaBe3e peueH3eHaTa

CTpy4yHu peueH3eHT nomaxe Pepakumjy y OoHOLWEHY oanyke, a nocpen-
CTBOM KOHTakaTa ca aytopuma npeko Pepakuuje moxe na nomaxe v aytopuma
Ha noborblaBaky TEKCTa paja.

YKonuko nzabpaHu peueH3eHT cMaTpa Aa Huje OOBOSbHO kBanudukoBaHa
[Aa U3BPLUN peLeH3njy NCTpaxnBara y pyKOnucy 1nu je nak cnpeveH ga 3aspLuu
U 0OCTaBW peLieH3ujy Y OOroBOPEHOM pOKYy, O ToMe Tpeba GnaroBpemeHo Aa
obaeecTtu Pepgakuujy.

Ceakn pykonuc npuxeaheH Ha peLeH3vjy Mopa fa ce TpeTupaTtu Kao no-
BEpPSbMB JOKYMeHT. He cme ce nokasmBaTtv Tpehum nuuyMma HUTU ONCKYTOBaTU
ca bMMa, ocuM Kaga To ogobpu Pegakuuja.

PeueHsnja Tpeba na 6yge objekTnBHa. HenpuxeaTrbmBa je nuyHa KpuTuka
ayTopa. PeueH3eHTn Tpeba jacHo aa obpasnoxe cBoje CTAaBOBE U MOTKPene ux
aprymeHTMma.

PeueH3eHTn Tpeba ga naeHTMdUKYjy peneBaHTHe noctojehe pagoBse Koje
ayTop Huje uutnpao. CBaka NpeTxo4HO jaBHO CaonLwTeHa TBPAHA U apryMeHT
Tpeba ga 6yany nponpaheHu ogrosapajyhum uutatom. yKHOCT peLeH3eHTa je
[a CKpeHe Naxky YpeOHWKy Ha 3HayajHa noknanaka UM CIMYHOCT pykonuca
ca Beh o6jaBrbeHMM pagoM, YKOMNMKO O TOME UMa fMYHa Ca3Haksa.

MHdopmaLmje n naeje A0 Kojux ce AOLWWSO CTPYYHOM peLieH3njoM nosep-
BUBOT Cy KapakTepa M He CMejy ce KOpUCTUTK 3a concTtBeHe notpebe. Peuen-
3eHTU He Bn Tpebano gaa npumajy pykonuce Koju ux gosofe y cykob mHtepeca
Ha OCHOBY KOHKYpeHUWje, 3ajedHUYKOr paja unu gpyrux ogHoca ¢ 6uno Kojum
ayToOpOM, KOMMaHUjOM UITN UHCTUTYLMjOM NOBE3AHUM C PaJoM.

O6aBe3e ayTopa

Kapa ayTopu nvily o opurMHanHoMm nctTpaxusary Tpeba npeuunsHo ga npu-
Kaxxy obaBrbeHn pag 1 Aa objeKTMBHO M3roXxe HheroB 3Hadvaj. MNogaum Tpeba ga
Oyay npeumsHo HaBefeHwu. YUnaHak Tpeba ga cagpxu OOBOSbHO AeTarba U pe-
depeHuun ga 6u morao ga ce penpoaykyje. JlaxxHe unm HamepHoO HeTayHe TBpA-
H€ NPeACTaBIbajy HEETUYKO NOCTyNake U HEMPUXBaTIbLUBE CY.

AyTtopn Tpeba ga obe3bene HeobpaheHe nogaTke y Be3u ca YITaHKOM U
npyxe ux Ha yBua Pefakumju, Kao M jaBHM NpUCTyn TMM nogaumma, ako je To
moryhe, u fga, y cBakoM crniy4ajy, 6yay cnpemMHu ga cadvyBajy Te nogartke y pa-
3yMHOM POKy nocrie objaBrbuBatsa.
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AyTtopu Tpeba fa Hanvwy NoTNyHO OpUrMHanHe pagose, a ako Cy KOPUCTU-
nn pagose w/vnu opmynauuje opyrux, oHaa To Tpeba na HaBeay Ha oaroBapa-
jyRn HauuH.

Y npuHuuny, aytopu 6u Tpebano ga objase pykonuc Koju ce CyLuTUHCKN ba-
BM UCTUM UCTPaXMBakeM CaMO y jeAHOM Yaconucy unu npumapHoj nyénukaum-
jn. Cnarse nctor pykonuca y BuLle pegakuuja yaconuca y UCTO Bpeme npeacra-
Bfba HEETNYKO NOHaLlaHke U HENPUXBAaTILUBO je.

ObaBesHo je Aa ayTop HaBefe pafoBe Koje je KOPUCTUO Y NUcany PyKonu-
ca, kao 1 aa uutnpa nybnukauumje koje cy ytuLuane Ha Hheros pag.

AyTopcTBo Tpeba aa byae orpaHMYeHO Ha OHe KOoju Cy 3HauyajHO JonpuHe-
N1 naejun, keHom obnuKoBaky, U3BONeHY UNKN MHTEpNpeTauunju y 4aTtoM UcTpa-
XuBawy. CBM KOjU Cy 3Ha4ajHO JonpuHenu pagdy Tpeba ga 6yay HaBedeHU Kao
koayTopu. AKo cy nojeauHuy 6unv 6UTHM y NojeanHUM acnekTMMma UcTpaxusad-
Kor npojekTa, Tpeba um y 3axBanHuumn ogaTtu npruaHake 3a JOMNPUHOC.

AyTop Tpeba aa ce nocrtapa fa cBu koayTopu Oyaoy HaBeLeHU Kao Taksw,
Kao n na mehy HaBeaAeHMM HeMa OHWUX KOjU TO HE 3acnyxyjy. AyTopoBa Ay>KHOCT
je Ba cBu koayTopu Buae n ogobpe duHanHy Bep3ujy paga, kao u aa ogobpe
HeroBo objaBrbmBame.

AKO Ce y ucTpaxuBawy MOjaBrbyjy XeMujcka jeaukserba, MoCTynum wunm
ornpeMa Koju Cy onacHuW No 3apaBrbe Sbyau Unn XXMBOTUHA, ayTop TO MOpa jacHO
a HasHaun y pykonucy.

Csaku aytop Tpeba ga HaBede y pykonucy cBe BpcTe (PUHAHCUjCKUX U
ocTanunx 3HavajHux KoHdnukata nHTepeca koju 6u Mornu ga yTudy Ha pesynTa-
Te nnn nHTepnpeTauujy werosor paga. Ceu n3Bopu puHaHcHjcke nogpLuke Tpe-
6a ga 6yny Takohe HaBegeHw.

Kapa aytop oTkpuje matepujanHy rpeLuxky unm HeTa4yHocT y cBom objaBrbe-
HOM pafy, -eroea je Oy>KHOCT Aa ogMax obaBecTn Pefakuujy yaconmca unm mns-
Aasada n aa capahyje ca Pegakumjom npy nosnaveny Unm Kopuroawy paga.
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NMPO®ECCUOHAIIbHO-3TUYECKUE TPEBOBAHUA K BbIMYCKY
BOEHHO-TEXHUYECKOIO BECTHUKA

Mybnukaumst ctatben nocne nx NpodeccroHanbHON peueH3nn SABNAeTCH
OCHOBHOW [eATeNnbHOCTbI0 Hay4yHOro XXypHana BoeHHO-mexHUYeCcKuUl 8€CMHUK.
B nepByto ovepedbp HeobxoaMMO AOCTUYBL AOrOBOPEHHOCTU 00 3TUYECKUX HOp-
Max M nNpuHUMNax, NpMMEHAEMbIX KO BCEM Yy4aCTHMKaM B MpoLecce BbiMycka
XypHarna, Ha4vMHasa ¢ aBTopa, CoBeTa pegakTtopoB, NpodeccnoHanbHbIX peueH-
3€HTOB [0 u3gaTensi.

0O6s13aHHOCTU peAakTOpPoB BoeHHO-mMexHU4YecKko20 8eCMHUKa

Pepakums xxypHana "BoeHHO-mexHU4ecKul 8eCmHukK" coOBLLaeT, YTO He B3bl-
MaeT C aBTOPOB MriaTy 3a Nyonukaumio Ux ctaten, To ecTb, BCe OENCTBMS, CBSI3aHHbIe
C pedaKkTVpOBaHMEM ¥ pa3MELLEHNEM CTaTen ABNATCS abcontoTHO GecnnaTHbIMM.

Pepakumsa BoeHHO-mexHUYeCcKo20 eecmHuUKa HeceT OTBETCTBEHHOCTb 3a
NPUHATUE peLleHni 0 NyGnukaumm npeacTaBneHHbIX B apec XKypHana ctaTben.

Pepakuusi o6s3aHa cobniogats nonmuTtuky CoBeTa pepaktopoB BoeHHo-
MEeXHUYEeCKo20 B8eCmHUKa, Takke MOJOXEeHUs OeNCTBYIOLEro 3akoHoaaTerb-
CTBa, perynupyoLLme BONpoChl pacnpocTpaHeHus 3aBeA0MO MOXHbIX CBEAEHUN,
nopoYaLlmx YecTb M JOCTOMHCTBO APYroro nuua unv NnoAapbIBatoLLmMX ero penyTa-
LMo 1 HecobnaeHnsa aBTOPCKMX Npae. Pegakumsa umeeT npaBo MPOKOHCYMNbTU-
poBaTbcs ¢ COBETOM pefAakTOpOB MMM pPeLIEH3EeHTaMU OTHOCUTENbHO NMPUHATUSA
peLleHnn o nyénvkaumm ctaTbu.

Pepakuus oTbupaeT u oueHMBaeT MaTepuarbl HE3aBUCMMO OT Mnona, penu-
MW, pacbl, HALNOHANBbHOCTU, NONMTUYECKNX YOexaeHun aBTopa.

Pepakumsa B cBoen pabote, no pekomeHpaumsm LleHTpa aBantoauum B o6pa-
3oBaHuM n Hayke (CEON), nonb3ayeTcs, obecneymBaroLLe OTCYTCTBUE CEKPETHOCTU
1 OCTYNHOCTb MNtobon nHpopmaumm, 1 koTopas nogpa3ymMmeBaeT OTBETCTBEHHOCTD -
3a NpUHATME peLleHns o Nybnmkauum ctaTby B NOSTHOM obbeme.

Pepakuus oo momeHTa npeacTtaBneHns cTatby peLeH3eHTam JOSPKHA npo-
BEpUTb copepkaHue paboTbl MO OTHOLWIEHWIO K MnarMapusamy nyTeMm CucTembl
Thenticate (CrossRef n CrossCheck).

Pepnakuus xypHana npoBOAWT KoHUAeHUMansHoe peueH3npoBaHue, npu-
MeHs4 "ABOMHON cnenon MeToa". ABTOpPbI CTaTbM U PELIEH3EHTbl HE 3HaOT UMEH
Apyr apyra.

HuKTO 13 paboTHMKOB M3OaTEeNbCKOM KOMMAHMU HE UMEET MpaBO packpbl-
BaTb Ntobble cBeAeHNss O NPeacTaBneHHON Hay4YHOW CTaTbe, 3a UCKMYEHMEM
crnyyaeB, eCnv OHW MO Mepe MOTPEBHOCTU HYXHbl aBTOPY, pPeLeH3eHTaMm,
BO3MOXHbIM peLeH3eHTaM 1 ApYrMM COBETHWKaM pedakTopoB U u3gartens.

HeonybnukoBaHHbIMM MaTepuanamu Henb3s BOCMONb30BaTbCA Afsl Ucc-
nepoBatenbckmx paboTt 6e3 cornacmsa aBTopa.

Pepakuunsa obasyetcs UCKMOYUTL U3 NyGrmKaumMm NoBTOPHO ONy6rMKoBaHH-
YI0 CTaTblo, B Criy4ae CneayloLmx HapyLueHni:

— nnaruar,

— aBTonnarmar,
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— NoBTOpHas nybnukauumsa B AaHHOM UMW APYroM U3gaHum,

— HeBepHble AaHHble 06 aBTOpe (MpUCBOEHUE YyxXon paboThl, yka3aHune aB-
TOpa He NPMHMMAaBLLEro y4yacTus B HanucaHum paboTsl),

— KOHPNUKT UHTEpPeCOs,

— dhanbcrudukaumnsa pesynbTaToB UCcrnegoBaHus,

— HenpaBWibHO 0POPMIIEHHbIE N300paKEHNS

— KpYMNHble TEXHUYECKME OWnOKM B 0POPMIIEHMM TEKCTa: NPOMYyCK YacTen
TeKcTa, HeMpaBuITbHO OPOPMIEHHbIE N300paXKeHNS 1 UIMCTpaLUnn.

0O6s3aHHOCTH peLeH3eHTOB

MpodeccrnoHanbHbIV peLieH3eHT Oka3biBaeT noaaepxky Pepakuumn npwm
NPUHATUN peLLeHnn o0 nybnukaumm ctatben, a Takxke, MyTeM KOHTAKTOB C aBTO-
pamu vepe3 Pepakumio okasbiBaeT COOAENCTBME aBTOpaM B LIENAX yNydlleHuUs
KayecTBa nx paboThbl.

B cnyyae ecnu peueH3eHT CuMTaeT, YTO OH B JOCTATOYHOMW CTEMEHU He
obnagaeTt kayecTBaMu, HeOOXOOUMBLIMUK ANS OCYLLECTBNEHUs NpodeccnoHarnb-
HOW peLeH3nn paboThl, UM HE CMOXET €€ OCYLLLECTBUTbL BO BPEMS, TO EMY HEO-
6xoanmo 06 aTom nponHdgopmmnpoBaTb Pegakumio.

Jlobas paboTa, npeactaBneHHas Ha peueH3unio, ABNsSieTcs KoHuaeHuna-
NbHBIM JOKYMEHTOM U €€ Henb3s NokasblBaTb TpeTbuUM nuuam 6e3 ogobpeHus
Pepakuunn.

PeueH3ns pomkHa 6a3npoBaTbCa Ha 06bEKTUBHBIX YCcnoBusax. He gonycka-
€TCs N4yHasa KpuTuka aBTopa. PeueH3eHTbl JOmMkHbI 060CHOBATbL U AOKa3aTb
CBOM NO3NLNN MO OTHOLLIEHUIO K CTaThbe.

PeueH3eHTbl 06513aHbl MOEHTUMMLNPOBaTL peneBaHTHbIE CYLLECTBYOLIME
paboTbl, KOTOpbLIE aBTOP He uMTupoean. o nobomy obLiemy cBeaAeHUO unu ap-
r'YMEHTY NpuBeLEHHbIM B paboTe JOMmMKHbI ObiTb yKa3aHbl COOTBETCTBYHOLLNE LiN-
TaTbl. PeueH3eHT 06s13aH 06paTvTb BHMMaHWe pefakTopy Ha 3BEHTyarbHble
cxofcTBa paboTbl ¢ ApyrMmun onyGrmkoBaHHbLIMU paboTamu, B criydae ecnv Ta-
KO€ YTO OBHapyXuT.

WHpopmaunsa 1 nagesa Ao KOTOPOW OOLUNM peLeH3eHThl ABNSeTCS KOHdU-
AeHUMansHON 1 UMU Henb3si BOCMOMb30BaTbCsA AN NMYHbIX noTpebHocTen. Pe-
KOMEHAYETCs peLleH3eHTaM He peLieH3npoBaTh paboTbl, KOTOpbIE MOTYT Bbi3Ba-
Tb KOJMU3MI0 NHTEPECOB (KOHKYPEHTbI, COBMECTHas paboTa, Unn UHble OTHOLLE-
HUS C aBTOPOM, KOMMAaHWEN UMK YYPEXAEHNEM CBS3aHHbIMU C paboTon).

06A3aHHOCTM aBTOPOB

B cBoen uccnepoBatenbckon paboTe aBTOpbl AOSMKHbI NMPUOEPXKUBATLCS
NPUHLMMOB YETKOCTU, Pa3bopumnMBOCTH, MOHATHOCTU C LieNblo OO bEKTUBHOIO pac-
TONKOBaHUA 3HayeHus1 gaHHoW paboTtbl. PakTbl M nokasaTenu OOMMKHbl ObiTb
4yeTKO yKasaHbl. PaboTa gormkHa cofepxaTb B JOCTaTOYHOW CcTeneHn (hakToB 1
JeTanen, 4TobbLl OHa Morna penpoayuMpoBaTbCs. HenpaBunbHbIe UM HETOU-
Hble YTBEPXOEHUS SBMSIOTCA NPUMEPOM HEITUYECKOro noBeaeHns u He OyayT
NPUHSATBI.
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ABTOpbI AOMKHbLI 06ecneynt HeobpaboTaHHble AaHHble, OTHOCALUMECSH K
paboTe, n NpeacTaBnTb MX Ha paccMmoTpeHve Pepakumu, n obecnevnTb K HUM
OOCTYyM BCEM 3aMHTEPEeCOBaHHLIM NLAM, eCNN 3TO ABMASETCA BO3MOXHbLIM. Tak-
e, aBTOpbl JOJMKHbI Mocrie Nybnukauum ctatbn XpaHUTb B pa3yMHbIE CPOKK MO-
Ny4YeHHble pe3ynbTaThbl.

ABTOpPbI AOMKHbI B CBOMX paboTax 3aHMMaTbCs MOMHOCTbIO OPUrMHAaIbHbI-
MK Bonpocamu. B cnydae ecnu oHm B cBoen paboTe ncnonb3oBanu gaHHbIe Uin
dakTbl ApYrMx aBTopoB, TO 06 aTOM HeoOXoaMMO ykasaTb B paboTe.

Takke, aBTOpbl AOMKHbI CBOWM paboTbl NyONMkoBaTh TOMbLKO B OAHOM Hay4-
HOM >ypHane, unu pasmeliatb nyonukaumm Ha camte C NPSMbIMU CCbINKaMMU.
My6bnvkauns ogHON K TOW e paboTbl B HECKONbKUX HAyYHbIX XXypHanax cynta-
€TCH HE3TUYECKMM NOBEAEHNEM U SBMSETCA HeJoMyCTUMOMN.

ABTOpbI paboT 0b6s3aHbl ykaszaTb B CBOMX paboTtax Bce maTepwuansl, KOTO-
pbIMW OHU BOCTOMb30BaNMUCh NpU UCCrneaoBaHun, B TOM YMcne Bce nybnukaumm,
KOTOpble MOBMNSAMNM Ha Pe3ynbTaTbl UX UCCNESOBAHNN.

ABTOpPCTBO [OJPKHO ObiTb OrpaHMYeHO TOMbKO TEMW NWLAMMK, KOTOpblE B
3HaYUTENbHOW CTENEHM y4acTBOBanM B MPOLIECCE MCCNEAOBaHNA U NOy4YeHUs
pe3ynbTatoB paboTel. MO Bcex nuu, y4acTBYHOLLMX B 3HAYNTENBHOW CTEMNEHN B
npoLecce UCCNefoBaHUA M MOMyYeHUs pesynbTaToB paboTbl, AOMMKHbI ObITb
ykasaHbl B paboTe B Ka4eCcTBe COaBTOPOB, U UX Heobxoaumo nobnarogapuTb 3a
cofencTeme.

ABTOp OosmkeH obecneunTb ycnosus, 4ToObl NOD Bcex coaBTOpOB, AeEW-
CTBMTENbHO y4acTBYOLMX B MpoOLECcCce UCCNeaoBaHus U COO4ENCTBYHOLLMX NOMy-
YEHWI0 pe3ynbTaToB, ObiNM ykasaHbl B paborte. Takke, 06593aHHOCTLIO aBTOpa
ABMNSEeTCA NpegoCTaBleHne OKOHYaTenbLHON Bepcum paboTbl coaBTOpam Ha Co-
rmacoBaHue.

B cny4yae nosieneHus B npoLecce uccrnenoBaHms HE06XoOUMOCTU KOHTaKTa
C onacHbiMX BeLllecTBamu, T.e. BellecTBamu, obnagalowumm noTeHumnanbHOM
OMNacHOCTbLI0 B OTHOLLEHUM YENOBEKA, XMBOTHBLIX U OKpyXaloLen cpefbl, TO aB-
TOp 00 3TOM [OIMKEH YeTKO ykasaTb B paboTe.

Kaxgbin aBTop 0065s13aH B paboTe ykasaTb Ha BCe BWAbl NMOTEHUMAmbHbIX
(PUHAHCOBBIX UNW APYrMX KOSNM3UA UHTEPECOB, KOTOpble MOrmu 6bl MOBNANATH
Ha pe3ynbTaTbl UCCMEQOBaHUS UNn ee nHTepnpeTaumio. Bce ncTouHmkn pmHaH-
COBOW NoAOEePXKN OOIMKHbI ObITb yKasaHbl B paboTe.

B cnyyae oOHapyXeHusi aBTOpOM B paboTe MartepuanbHOW OLMnOKM nnm
KaKkowm-TO HENpaBUIIbBHOCTU, OH 0053aH 06 3TOM He3aMegnuTeNnbHO CooBLWMTb
Pegakuun xypHana vnv nagaTento, Takke oka3aTb COAENCTBME B OTKIMIOHEHWM
HenpaBUIbHOCTEN.
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