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MWHUCTAPCTBO OOBPAHE PEMYBIVMKE CPEUJE
MEOWJA LLEHTAP ,O0BPAHA”

HvpekTop
Cmesuya C. KapanaHuuH, NyKOBHUK

YHUBEP3UTET OOBPAHE Y BEOIPAY

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

HayenHuk oaceka 3a nsgasauky AenaTtHocT
[pacaHa MapkoBuh

YPEAHWK BOJHOTEXHUYKOTI TMACHUKA
Mp Hebojwa Nahelua, NOTNYKOBHUK
e-mail: nebojsa.gacesa@mod.gov.rs, tel.: 011/3349-497, 064/80-80-118, ©http://orcid.org/0000-0003-3217-6513

YPEBUBAYKM OJBOP
— reHepan-majop npod. Ap bojaH 3pHuh, HauenHuk Ynpaee 3a ogbpambeHe TexHonorvje CekTopa 3a maTepujanHe pecypce
Mununctapctsa onbpaHe Peny6nvke Cpbuje, npeacenHuk Ypehusadkor onbopa, ©http://orcid.org/0000-0002-0961-993X,
— pou. Ap JaHko JoaHoBuWh, reHepan-majop y NeHauju, 3aMeHuk npeaceaHnka ypehusadkor onbopa,
— ap CreBaH M. Bep6ep. The University of Auckland, Department of Electrical and Computer Engineering, Auckland, New Zealand,
http://orcid.org/0000-0002-2432-3088,
— HayyHu capagHuk ap O6pan Yabapkana, nykoBHUK y neHsuju, Ghttp://orcid.org/0000-0002-3949-8227,
— npod. Ap Bnagummp YepHos, Bnagnmupckuii rocyqapcteeHHbIvi yHuBepeuteT, Bnagumup, Poccuiickas denepaums (Via-
dimir State University, Vladimir, Russian federation), ©http://orcid.org/0000-0003-1830-2261,
— MYKOBHUK BaHp. npod. Ap MopaH Avikvh, npopekTop YHuBep3uTeTa ogbpaHe, Beorpag, ©http://orcid.org/0000-0002-0858-1415,
— npod. Ap Anekcanap [lopoxoB, XapbKOBCKWI HaLMOHambHbIN 3KOHOMUYECKUI YHUBEpCUTET, XapbkoB, YkpauHa (Kharkiv
National University of Economics, Kharkiv, Ukraine), @http://orcid.org/0000-0002-0737-8714,
— npod. ap Xerbko byposuh, EnektpotexHuuku dakyntet YHusepauteta y beorpagy, ®http://orcid.org/0000-0002-6076-442X,
— npodp. Ap JNeoHuna W. MpeunxuH, MUHCKUI rocyaapCTBEHHbIN BbICLUMIA aBUALIMOHHbIN konnemx, MuHck, Pecny6nuka Bena-
pycb; akagemuk Akagemun ctpoutenscTea 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 JosaH Ucakosuh, BojHoTexHnukn nHctutyT, Beorpag,
— npod. Ap CnoboaaH Japamas, wed Kategpe 3a cucteme Haopyxawa MalumHekor dakynTteta YHuBep3auTeTa y Beorpaay,
— npodb. Ap Muopgpar JeBTuh, reHepan-noTnykoBHUK y NEH3Uju,
— pou. Ap Bykuua M. JosaHoswh, Trine University, Allen School of Eqgineering and Technology, Department of Engineering
Technology, Angola, Indiana, USA, ©®http://orcid.org/0000-0002-8626-903X,
— npod. Ap Mupko KomaTtuHa, wed Kateape 3a TepmomexaHuky MalumHckor chakynteTta YHuBepauTeTa y Beorpaay,
— Hay4Hu caBeTHUK Ap AHa KocToB, MHCTUTYT 3a pyaapcTteo v meTtanyprujy, Bop, @http://orcid.org/0000-0003-1893-7187,
— npoc. Ap Mutap Kosau, reHepan-majop y neHsuju,
— npodb. ap BpaHko Kosayesvih, nexkaH EnexrpotexHuykor thakyrreta YHueepsuteTa v Beorpany, ©http://orcid.ora/0000-0001-9334-9639.
— ap Bacunvje M. MaHosuh, Combustion and CCS Centre, Cranfield University, Cranfield, UK, ©http:/orcid.org/0000-0002-8377-7717,
— npod. Ap Momunno MunuHosmh, Kategpa 3a cucteme Haopyxama MalumHckor dakynteta YHuepauteta y beorpagy,
http://orcid.org/0000-0002-5361-7544,
—npod. ap Mpaavmup B. MunosaHoBuh, penosHu ynaH Cpncke akagemuje Hayka v yMeTHOCTU, MaTemaTuykm UHCTUTYT
CAHY, beorpag, @http://orcid.org/0000-0002-3255-8127,
— npodb. Ap Mutap Hosakosuh, pektop YHuBep3uTteta y MctouHom Capajesy, Peny6nuka Cpncka, BocHa n XepLerosuHa,
— Hay4Hu caseTHuK Ap Mpegpar Metposuh, M3BPpLUHM AVPEKTOP 3@ HAYYHO-UCTPAXKMBAYKM Dad M PaaMOKOMYHUKaumje UH-
CTUTYyTa 3a TenekoMyHukaumje n enektpoHuky UPUTEN ALl, Beorpag, @http://orcid.org/0000-0002-0455-7506,
— npodb. ap Cnasko MokopHu, Bucoka Lukona 3a MHgopMaLmoHe TEXHOMOorMje, padyHapcku Av3ajH 1 caBpeMeHo rocrioBakse, beorpap,
http://orcid.org/0000-0002-3173-597X,
— nykoBHUK aou. ap CresaH Papojumh, HauenHvk BojHoreorpadbckor nHctutyTa, Beorpag, ©http://orcid.org/0000-0001-7203-0637,
— nyKoBHWK Aou. Ap 3opaH Pajuh, ampektop BojHoTexHWukor uHcTutyTa, beorpag,
— Hay4Hu caBeTHVK Ap AnekcaHgap Poawh, pykosoaunau LieHTpa 3a po6oTtuky MHctutyTa ,Muxajno MynuH“, Beorpapa,
http://orcid.org/0000-0002-5595-9724,
— npodp. ap CtaHko CtaHuh, pektop YHuBepauteTa y banoj llyuun, Peny6nuka Cpncka, BocHa n XepueroeuHa,
— npod. ap Jonen Craperty, Transilvania University of Brasov, Romania, ©http://orcid.org/0000-0001-5947-7557,
— HayyHu caseTHuk Ap Cpehko C. Ctonuh, RWTH Aachen University, Faculty for Georesourcen and Materials Engineering,
IME Process Metallurgy and Metal Recycling, Aachen, Deutschland, @http://orcid.org/0000-0002-1752-5378,
— npod. Ap Mupocnae TpajaHosuh, wed Kategpe 3a npom3BoaHO-MHGOPMALIMOHE TEXHOMNOrnje u MeHalMeHT MalunHckor
hakynteTa YHusepauteta y Huwy, ©http://orcid.org/0000-0002-3325-0933,
— reHepan-majop npod. Ap MnapaeH BypyHa, pektop YHusepauteTa onbpare y Beorpagy, ®http://orcid.ora/0000-0002-3558-4312,
— npod. Ap Anekca 3ejak, PakynTeT TexHUUKMX Hayka YHusepauTeTa y Hosom Capy, ©http://orcid.org/0000-0001-5114-2867,
— noTnykoBHWK Mp Heboiwa Nahewwa, ypeaHuk BojHOTEXHWYKOT rnacHuka, cekpetap Ypehusaukor ogbopa,
http://orcid.org/0000-0003-3217-6513.
Appeca pepakumje: BOJHOTEXHUYKWN MACHUK, Bpahe Jyrosuha 19, Beorpag
http://www.vtg.mod.gov.rs
http://aseestant.ceon.rs/index.php/vtg/issue/current
http://scindeks.nb.rs/journaldetails.aspx?issn=0042-8469 §  rocomicm sk . INDEXED IN
http://elibrary.ru/title_about.asp?id=53280 @ Hremlmnosen s 8
http://doaj.org/toc/0310c0550a1342ba6a53e54ab177224  Cpowymamuugec  Science Index AD
e-mail: vojnotehnicki.glasnik@mod.gov.rs
MpeTnnara Ha WwWramnaHo uaparse: e-mail: pretplata@odbrana.mod.gov.rs; Ten.-gpax: 011/3241-009; Tekyhm pauyH: 840-312849-56
Pykonucu ce He spahajy
Yaconuc nsnasm TpomeceyHo
Mpeu wramnaxu 6poj BojHomexHuykoe enacHuka objasrbeH je 1. 1. 1953. roguHe
MpBO enekTpPoHCKo u3farwe BojHomexHu4koe enacHuka Ha NHTepHeTy objasrbeHo je 1. 1. 2011. roguHe
BojHomexHuyku enacHuk je nuueHumpar kog EBSCO Publishing-a, HajBeher cBeTckor arperatopa Yaconuca, nepyoamke 1 octanmx
n3Bopa y NyHOM TekcTy. KomnneTaH TekcT BojHomexHu4Koe enacHuka [octynaH je y 6asama nogataka EBSCO Publishing-a.

Lramna: BojHa wramnapwja — Beorpaa, Pecascka 406, e-mail: vojna.stamparija@mod.gov.rs



MWHUCTEPCTBO OBOPOHbI PECMYBNNKN CEPBUA
MEOWA LEHTP ,O0BPAHA"

OWPEKTOP

Cmesuya C. KapanaHmkuH, NONKOBHUK

YHVUBEPCUTET OBOPOHbI B I'. BENIPALE

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

HavanbHuk YnpaeneHus no genam naaatenbcrea:
[paraHa MapkoBuy

PEOAKTOP BOEHHO-TEXHNYECKOIO BECTHUKA
KanaunpaT TexHnyeckmx Hayk Heboliwa Mavelua, noanonkoBHUK
e-mail: nebojsa.gacesa@mod.gov.rs, Ten.: +381 11 3349 497, +381 64 80 80 118, ©http://orcid.org/0000-0003-3217-6513
COBET PEJAKTOPOB
— [eHepan maiiop npodheccop A-p BosiH 3pHuY, HauarnbHYIK YNpareneHsi 0G0pOHUTENEHBIX TEXHONOMI Mpu [lenapTtaMeHTe MatepuasibHbIX
pecypcos MyHucTepcTa 06opoHbI Pecnybrnnkv Cepbiis, npeacenatens CoeTa peaaktopos, Ghttp://orcid.org/0000-0002-0961-993X,
— AoLueHT A-p [laHko MloBaHOBMY, OTCTaBHOW reHepan maiiop, 3amectutens npeacegatens CoseTta peaakTopos,
— [-b CteBan M. Bepbep. The University of Auckland, Department of Electrical and Computer Engineering, Auckland, New Zealand,
http://orcid.org/0000-0002-2432-3088,
— [eHepan maiop npodbeccop a-p MnazeH BypyHa, pextop YHvBepcuTeTa o6opoHbl B I. Benmpaae, @ http://orcid.org/0000-0002-3558-4312,
— lMpodbeccop A-p JNeoHnn MeunxH, MMHCKUI rocyAapCTBEHHBIN BbICLLWIA aBUALIMOHHBIV konnemk, MuHck, Pecnybnvka
Benapycb, ©http://orcid.org/0000-0002-5358-9037,
— Mpodeccop a-p AnekcaHap JopoxoB, XapbKOBCKUA HALMOHATbHbIN 3KOHOMUYECKUIA YHUBEPCUTET, XapbKoB, YKpauHa,
http://orcid.org/0000-0002-0737-8714,
— MonkoBHUK JoLeHT A-p MopaH [Oukny, npopekTop YHuBepcuteTa obopoHsl, I. benrpan, ©http://orcid.org/0000-0002-0858-1415,
— Mpodeccop a-p XKenbko [Hxyposuy, SnekTpoTexHuyeckuin pakynbteT benrpagckoro yHmBepcurteta,
http://orcid.org/0000-0002-6076-442X,
— Mpodeccop a-p Muogpar EBTY, OTCTaBHOW reHeparn-manop,
— lMpodbeccop A-p Anekca 3eviak, PakynbTeT TEXHUHECKUX HayK YHuBepcuTeTa B I. Hoeu Cap, @ http://forcid.org/0000-0001-5114-2867,
— lMpodbeccop A-p MosaH Ncakosuy, BoeHHo-TexHUYecknii MHCTUTYT, Benrpaga,
— Mpodeccop a-p CrnoboaaH Mapamas, HavanbHyk Kadeapb! No BOEHHOMY MaLLMHOCTPOEHUO MaLLMHOCTpoUTENbHOTO dhakyrbTeTa
npu Benrpagckom yHueepcutete,
— [-p Bykuua M. MoeaHosuy, Trine University. Allen School of Eaaineerina and Technology, Department of Engineering
Technology, Angola, Indiana, USA, ®http://orcid.org/0000-0002-8626-903X,
— MNMpodeccop a-p Mutap Koay, oTcTtaBHOWN reHepan-mariop,
— [Mpodpeccop a-p BpaHko KoBayeBud, fiekaH OneKkTpoTexHmyeckoro dhakyrsteTa benrpaackoro yHuBepeuTeTa,
http://orcid.org/0000-0001-9334-9639,
— Mpodeccop a-p Mupko KomaTuHa, HavanbHuk Kadeapbl Tepmomexanmkm MalumHocTpouTtensHoro dakynbteta benrpaa-
CKOro yHUBepcuTeTa,
— HayuHbili coBeTHUK A-p AHHa KocTtoB, HCTUTYT ropHoro aena v metannyprw, r. bop, @ http:/orcid.org/0000-0003-1893-7187.,
— [O-p Bacunuin M. Manosuy, Combustion and CCS Centre, Cranfield University, Cranfield, UK, @http:/orcid.org/0000-0002-8377-7717,
— Mpodeccop a-p Momymno MunuHosuy, MalumHocTpouTenbHuii hakynbTeT Benrpaackoro yHuBepcuteTa,
http://orcid.org/0000-0002-5361-7544,
— Mpodbeccop a-p Mpagumup B. MunosaHoBuy, uneH Cep6Gekolt akagemun Hayk, Benrpag, ©http:/orcid.org/0000-0002-3255-8127,
— Mpodpeccop A-p Mutap Hoakosud, YHueepcuteT B I. BoctouHoro Capaeso, Pecny6nuka Cep6ekasi, BocHusi u FepueroBuHa,
— HayuHbiin coBeTHUK A-p Mpepapar MeTpoBuy, YnpaBnsioLmii AMpeKTop no BoONpocaM UccneaoBaTenbekux pabot NHecTutyta
TenekoMMyHukaumin u anektpoHuku «IRITEL AD» r. Benrpag, @http://orcid.org/0000-0002-0455-7506,
— Mpodbeccop A-p Cnasko MokopHu, Konnemx MHOPMaUMOHHBIX TEXHOMOTUI, KOMMBIOTEPHOTO AK3aiiHa U COBPEMEHHOTO
6usHeca, benrpag, ©http://orcid.org/0000-0002-3173-597X,
— MonkoBHWK goueHT A-p CteBaH Pagoiuny, HavanbHUK BoeHHO-reorpaduyeckoro MHCTUTYTa, r. benrpaa, dakyneteta
npv Benrpagckom yHuepcutete, ©http://orcid.org/0000-0001-7203-0637,
— MNonkoBHWK AoueHT A-p 3opaH Paiiny, agupektop BoeHHO-TexHWYeckoro MHCTUTYyTa B r. Benrpage,
— HayuHbiin coBeTHYK A-p AnexcaHap Poany, pykoeogutens LieHTpa po6ototexHukv HctuTyTta umern «Muxauno Mynnk» B T. Benmpage,
http://orcid.org/0000-0002-5595-9724,
— lMpodbeccop a-p CtaHko CtaHny, YHusepcuteT B r. Bana-Ilyka, Pecny6nuka Cep6ekas. BocHusa n Nepuerosuna.
— Mpodpeccop a-p VoHen Craperty, TpaHcunbBaHWIACKUI yHBEpCUTET B I. Bpaluos, PymbiHus, ©http://orcid.org/0000-0001-5947-7557,
— HayuHbiin coBeTHUK A-p Cpeyko C. Ctonny, RWTH Aachen University, Faculty for Georesourcen and Materials Engineering,
IME Process Metallurgy and Metal Recycling, Aachen, Deutschland, @http://orcid.org/0000-0002-1752-5378,
— Mpodeccop a-p Mupocnae TpasHoBu4, HauanbHUK Kadegpel UT 1 meHemxkmeHTa MawumHocTpouTenebHoro dakyrnbsteTa B r. Huwwe,
http://orcid.org/0000-0002-3325-0933,
— HayuHbiii coBeTHUK A-p O6pan Yabapkana, oTcTaBHOM NonkoBHWK, Ghttp://orcid.org/0000-0002-3949-8227,
— Mpodeccop a-p Bnagumup YepHos, Bnagummupckuii rocyaapcTBeHHbI yHuBepeuteT, Bnagumup, Poccuiickas degepauums,
http://orcid.org/0000-0003-1830-2261,
— lMNoanonkoBHUK kKaHAWAAT TexHMYeckux Havk Heboiiwa Mavela, peaaktop BoeHHO-TeXHWYECKOro BECTHUKA, cekpeTapb
CoseTa pefaktopos, ©http://orcid.org/0000-0003-3217-6513.
Apnpec pegakumm: BOJHOTEXHUYKW MMACHWK, Bpahe Jyroeuha 19, Beorpag
http://www.vtg.mod.gov.rs
http://aseestant.ceon.rs/index.php/vtg/issue/current
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e-mail: vojnotehnicki.glasnik@mod.gov.rs

Moanucka Ha neyaTHyto Bepcuio xypHana: e-mail: pretplata@odbrana.mod.gov.rs;

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

Cmambu, npucnaHHbie pedakyuu XypHana He 80o3epaljaomcs

>KypHana BbinyckaeTcsi exekBapTanbHO

MepBblit HOMep BoeHHO-TeXHWUYecKoro BeCTHMKa BbinyLleH 1.1.1953 roaa.

MepBas anekTpoHHas BEpCUs XypHana pa3MeLleHa Ha nHTepHeT ctpanuue 1.1.2011 ropa.

BoeHHO-TexH1Yeckuit BECTHUK BKMtoYeH B cuctemy EBSCO — BcemmpHas akagemudeckas 6a3a faHHbIX U CEPBUCOB.
MNevataeT: BojHa wramnapuja — beorpaa, Pecaecka 406, e-mail: vojna.stamparija@mod.gov.rs
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Summary:

Electrical properties of solids are caused by elastic polarization of clusters
in case of metals while those of dielectrics result from the orientation pola-
rization of induced and built-in electric dipoles. Orientation polarization
stems from the interaction of free built-in electric dipoles with an external
electric field. A physical model of the dielectric permittivity formation of me-
tals, electrolytes, plasma, ferrites, and ferroelectrics has been developed.
Theoretical calculations of the dielectric permittivity of a number of ferrites
and barium titanate have been performed in particular.

Key words: permittivity, aggregate states, metals, plasma, electrolytes,
ferroelectrics.

Introduction

The dielectric permittivity of a medium is introduced to describe the
behavior of various substances in electric fields. There are relative dielec-
tric permittivity and absolute dielectric permittivity considered in the SI
system. The resulting permittivity of a medium presents the product of the
absolute permittivity of vacuum and the relative permittivity of the medium.
The notion of the absolute dielectric permittivity of classical vacuum
(€0 = 1/419-10° F/m) was introduced by Arnold Sommerfeld (Sommerfeld,
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1952). The relative permittivity of vacuum is equal to 1 while the relative
permittivity of a medium is considered relative to vacuum. Under the effect
of an external electric field, a displacement of internal electric charges oc-
curs which is characterized by the electric displacement vector:

D:gOEQ +f’:grgOE (1)

Here, E, is the external field intensity and P is the electric polarization
vector of the medium. Since the electric polarization vector of a medium
depends linearly on the external applied field for the majority of substan-
ces (P = k E, , where « is dielectric susceptibility), then the relative
permittivity of a medium is as follows:

e, =l+xlg,. (2)

Therefore, in order to determine the dielectric permittivity of a medi-
um, it is essential to know dielectric susceptibility which determines the
polarization properties of the medium. Elastic polarization and orientation
polarization are distinguished. Elastic polarization is caused by: 1 — defor-
mation of electron shells of atoms, molecules, so called electronic polariza-
tion; 2 — atom polarization stemming from the shifting of dissimilar atoms
inside a molecule; 3 — ionic polarization stemming from the shifting of posi-
tive and negative ions relative to each other, and 4 — elastic dipolar polari-
zation resulting from dipoles turning relative to their position of the equili-
brium inside the substance. The orientation polarization of a medium is
associated with built-in electric dipole moments positioning along the field
direction inside the substance. For some substances, elastic polarization
and orientation polarization appear together.

General definitions are clear and intelligible. However, when an exter-
nal electric field is applied to a substance, appropriate processes causing
polarization remain unclear. In actual practice, experimental data are used.
This is because of the fact that no physical model which can adequately
reflect all possible processes of medium polarization is available now. The
reason is that there was no clear understanding of various aggregate sta-
tes and, what is even more important, no physical model of built-in electric
dipole moments in various atomic structures and molecular structures has
been developed yet. When considering various aggregate states, no clu-
ster formations, completely substantiated in some works (Gretchikhin,
2004), (Gretchikhin, 2008a), were taken into account. Charles Coulson
(Coulson, 1961) who drew attention to the formation of built-in electric di-
pole moments in atomic structures of rather large values, showed that the
intra-atomic electron interaction p-s, d-s, f-s results in a noticeable defor-
mation of the s-state and, correspondingly, in a formation of a built-in elec-
tric dipole of considerable value. A more strict two-particle quantum theory

25



of p-s, d-s, and f-s-interactions was developed in the work by Leonid
Gretchikhin (Gretchikhin, 2008a) and was presented in great detail in the
work of Leonid Gretchikhin, Juliya Shmermbekk (Gretchikhin, Shmerm-
bekk, 2010). Such quite a general definition of the dielectric permittivity of
a medium sets the following goal: to develop a physical model of the for-
mation of the dielectric permittivity of a medium with taking into account the
cluster structure of various aggregate states of the matter, the appearance
of built-in electric dipole moments in the process of hybridization of wave
functions resulting from the interactions of intra-atomic electrons and indu-
ced electric moments in molecular structures caused by the exchange of
valence electrons. The goal can be reached through solving the following
problems:
— to find out the way the elastic polarization of a medium takes
place with taking into account the cluster structure of substances;
— to determine the way elastic polarization occurs in metals;
— to ascertain how the electric dipole behaves under the action of
external electric fields;
— to provide an explanation of ferroelectricity formation.

Let us consider, one after the other, these problems.

Polarization of Electron Shells

On the basis of the cluster structure of various aggregate states of
matter, let us consider in what way the external electric field weakens
inside a substance. Polarization of electron shells of individual atoms,
molecules, and clusters takes place under the action of the external
electric field. The strength of the interaction between the external electric
field and a valence electron of every particle must be compensated by the
change in internal forces of the valence electron bond with the particle
effective charge. Then (Gretchikhin, 2008b):

Ze’ Ze’
€E9 = 2 - 5 ]
Areyr” Arme,(r+ArW))

Here Z'is the effective charge of the particle under consideration; e is the
electron charge; r is the particle effective radius, and W, is the probability
that the valence electron, after shifting for the value of Ar, will fill this
energy state which was previously vacant.

Simple transformations with neglected small values of the second
order from equation (3) yield the induced electric dipole moment as

3)

follows:
30
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_er £,
Py (4)

where Eg, Is the electric field intensity produced by the positive charge of
the particle under consideration.

The product of equation (4) and the particles density (n =1/(2r)°)
gives a vector of electric polarization

e E, 5
8r°W, E,, ®)
The probability that the energy level at the distance Ar will be
occupied by the displaced charge depends on the structure of the particle
under investigation and the nature of medium polarization. The nature of
medium polarization is determined by the mechanism of external electric
field compensation owing to the separation of bound charges.

In the nature, there are substances with atoms and molecules
polarized, under the action of the external electric field as a result of the
displacement of valence electrons relative to the nucleus (elastic
polarization) as well as substances with atoms and molecules possessing
built-in electric dipole moments which are positioned, under the action of
the external electric field, along the field direction (orientation polarization).
Some substances feature both appreciable polarizations: the elastic one
and the orientation one. The appropriate specific type of polarization must
be considered for every substance. Elastic polarization is typical for gases
and metals while orientation polarization is inherent mostly in dielectrics.

Polarization of Atoms and Molecules in the
Gaseous State

A general approach to polarization of atoms and molecules in the
gaseous state was considered in some works (Skanavi, 1949), (Feynman,
et al, 1970), (Tamm, 1979). However, these works did not take into
consideration the fact that individual atoms of various degrees of ionization
possess their own built-in electric dipole moments neither additional
induced electric dipole moments which arise when molecular structures
are formed. Let us use an example of a quite common molecule of water
to consider the formation of built-in and induced electric dipole moments.

The water molecule is formed step-by-step in the following sequence.
First, a radical OH is formed, then the OH radical interacts with a hydrogen
atom thus forming a water molecule. When the radical OH is formed, the
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oxygen atom, possessing affinity to electron, resides primarily in the state
of a negative ion while the hydrogen atom resides as a positive ion. Under
this assumption, the negative ion of hydrogen atom possesses a built-in
electric dipole moment of 5.325-10% C:m (Gretchikhin, Shmermbekk,
2010). Since the covalent bond between two interacting atoms is the most
essential one, built-in electric dipole moments are directed against each
other in the process of exchanging valence electrons. In the case of the
OH radical, only the oxygen atom possesses a built-in electric dipole mo-
ment while the excess negative charge formed between interacting atoms
produces additional induced built-in electric dipole moments for the atoms
of oxygen and hydrogen thus increasing the bonding energy of interacting
atoms in a molecule.

A reference book (Babichev, et al, 1991) specifies the nucleus-
nucleus distance in the OH radical to be equal to 9706 A. At this nucleus-
nucleus distance, the covalent bond is positive which indicates that such a
nucleus-nucleus distance is not equilibrium one for the OH molecule. That
is why the nucleus-nucleus distance between the atoms of oxygen and
hydrogen was considered as a variational parameter and was determined
in accordance with the value of dissociation energy. The resulting nucleus-
nucleus distance for water molecule is 1.126 A, with its value exceeding
the tabulated one by 16%. At this nucleus-nucleus distance, the
dissociation energy is produced owing to summing the energies caused by
the
following bonds: 1) covalent bond 2.000 eV; 2) ionic bond 1.261 eV, and 3)
previously unknown bond of a negative electron cloud formed when the
exchanging valence electrons of atoms interact with the positive molecule
frame 1.143 eV. The resulting value is 4.404 while the experimental value
of dissociation energy is equal to 4.4 eV (Radzig, Smirnov, 1985).

To ensure the agreement between the value of the electric dipole
moment of the water molecule and the experimental value, it is necessary
to assume that the negative charge cloud caused by valence electrons
exchange is shifted towards the center of the hydrogen atom. Under the
action of the built-in electric dipole moment of the oxygen atom and the
gravity of the positive nucleus of the hydrogen atom, this cloud coincides
with the center of the hydrogen atom with an effective charge of 0.0245-e
(e is the electron charge). The formed negative charge cloud does not
compensate entirely the charge of the hydrogen atom nucleus.

When performing measurements of the dielectric permittivity of water,
an external electric field is applied to it. Under the action of the external
electric field, the built-in electric dipole moments of interacting atoms are
positioned strictly along the field direction thereby weakening the fields
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(orientation polarization). In order to find the resulting dielectric permittivity
of water equal to ¢ = 80, it is necessary to assume that a displacement of
the negative electron cloud, caused by exchanging interaction of valence
electrons within the oxygen atom radius, takes place and that an additional
displacement of the valence electron of the negative oxygen ion arises.
Thus, with respect to water, formulas (3) and (5) are used to calculate
electric dipole moments for the negative oxygen ion only with the internal
field determined by the affinity energy of the oxygen atom to the electron.
A similar situation appears for other atoms and molecules when it is
necessary to consider three mechanisms of polarization: elastic polariza-
tion of the built-in electric dipole, polarization with covalent bond formation,
and elastic polarization of electron shells of interacting atoms. It turns out
that the polarization of atomic gases and even more so the polarization of
molecular gases presents a rather complicated process. Let us consider
the way metals and dielectrics are polarized.

Metals

In metals, the electrons within the valence band obey Fermi-Dirac
quantum statistics. When an external electric field is applied, the valence
electrons are displaced only at the upper edge of the valence band i.e. at
the Fermi level. The probability of the free state formation vicinity of the
Fermi level is equal to:

1
7 P
c600. i_;F (6)
e +1

Here E =¢, +AE while AE is the energy of the binary inter cluster
interaction (AE = 6,,,/2 and 6, is the cluster ionization energy) and ¢,
is the Fermi level.

For most metals under normal conditions, AE >> ksT. Hence,

/4

€806.

And the probability that the valence electron of the cluster will fill in the
state is:

W; =1- VVc@oﬁ. = exp(— £J ' (8)

:1—6 kET’ (7)

kT

So, for most metals, the vector of electric polarizations is:

6O



2 AE

T 9)

T 16r. AE

while it follows from the general definition of the vector of electric

displacement that relative permittivity is equal to:
2 AE
g =l+—O ol . (10)
l6r, e,AE

Table 1 shows specific calculations of relative permittivity for a
number of metals.
Table 1 — lonization energy of cluster formations in eV and relative permittivity
for various metals
Tabnuya 1 — 3Heprus noHm3aumm knacTepHolx obpasosaHuii B 3B n
OTHOCUTEeNNbHaA OUaNeKTpnuyeckasd NpoHNUaeMoCTb And pa3HbiX MeTannos
Tabena 1 — JoHusaLumoHa eHepryja bopMumpata knactepa 'y eV n penatmeHa
AVEenekTpMYyHa NepMUTUBHOCT 3a pasnuyute meTtane

2

Parameter Substance
Na Al a-Fe Cu w Ti
O, €V 0.714 1.56 1.46 1.63 4.64 1.53
10" 2.24-10" 1.05- 0/185- 4.64 1-10™ 0.397
010°. Q.m 4.28 2.50 8.6 1.55 4.89 42
e 10" 1.746 5.117 0.432 13.3 1.337 0.0181

If we consider electric current as the propagation of electromagnetic
waves, by Nikola Tesla’s definition, and take into account the experimental
data of resistivity (Table 1), we obtain the relative dielectric constant (Table
1) which is significantly different from the values obtained from the electron
theory of metals. Additionally, in accordance with the electron theory,
dielectric  permittivity increases with temperature, and decreases
proportionally to the propagation of electromagnetic waves. In the first case,
the obtained permittivity values do not correspond to the experimental results
while in the second case, they are verified by the experimental results.

It turns out that permittivity presents a huge value for metals with the
exception of tungsten.

Plasma

Under the effect of the external electric field applied to plasma, a dis-
placement of free electrons within the field of positive ions takes place, i.e.
causes plasma polarization. Spontaneous polarization of plasma occurs
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within the Debye length. A value of the Debye length is determined from
the energy conservation law when the work of charges separation is com-
pensated by the energy of thermal motion. Hence (Gretchikhin, 2008a)

ek, T 1/2
h, =| 2205 | (11)

e’n,
where n, — is the concentration of ions in plasma. The Debye length
presents the radius of plasma shielding.
When the external electric field is superimposed on the system of the
bonded electron and the positive ion, the force of F, =eE will act on the

electron while the force of F; =eE will act on the ion. The action of these

forces will cause plasma polarization. An induced electric moment
proportional to the external electric field intensity will occur for each
electron-ion pair, i.e.,

p,=aE=e(d-hp), (12)
where a is the factor of plasma polarizability, d is the resulting

displacement of charges inside plasma.
Then, the electric polarization vector will be as follows:
P,=n,p =en,(d-h,)=xkE.
Based on (2), the following formula for dielectric permittivity can
be derived:
d—h
o 1K pend=hy)

= o F (13)

In the case of equilibrium plasma, the concentration of electrons is
determined by the Saha equation. Ehen applied to weak single ionization,
the Saha equation becomes:

)" o <0

n, B n’ kgT

Here h is Planck's constant; ©; is the effective potential of ionization of
plasma particles.

The plasma of the positive column of the arc discharge can be consi-
dered as an equilibrium one at a temperature of 5000 K. Then, for the arc
discharge in argon under atmospheric pressure in the positive column, ne
= 4.0410" m™. For the distance between the electrodes equal to 1 cm
and the voltage drop across the positive column equal to 1, V: &, = 7.3:10".
For glow discharge in argon, n, = 1-10"® m™ and for the distance between
the electrodes equal to 10 ¢cm and a pressure of 0.133, Pa: ¢ = 1.6°10°.

(14)
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Permittivity turns out to be a rather substantial value. Therefore, such a
medium is electroconductive. At that, the higher plasma density is, the lo-
wer voltage drop is across the positive column and, therefore, permittivity
rises. Plasma polarization covers the entire discharge gap and so it seems
that electrical current is accompanied by the movement of electric charges.
As a matter of fact, the energy within discharge is carried not by charges
but by the electromagnetic field produced by an external source of elec-
tromagnetic force. The charges form the medium which serves as a wave-
guide for electromagnetic waves.

Electrolytes

In electrolytes, in the same manner as in plasma, spontaneous
polarization occurs within the Debye length. The difference is that the
formation of free electric charges is caused not by ionization but due to
dissociation of complex molecules into cations and anions. The
dissociation energy of complex molecules does not exceed 10 eV. If any
electrolyte is diluted with water, then dissociation energy decreases by the
value of dielectric permittivity approximately equal to 80 for water. The
dissociation energy of water is equal to 5.12 eV.

To prepare electrolytes, appropriate alkalis or salts with dissociation
energy lower than that of water are chosen, i.e. 2...3 eV. In that case, a
spontaneous dissociation of complex molecules in water takes place at
ambient temperature. As a result of the process, free cations and anions
occur in the electrolyte. The concentration of introduced alkalis or salts
does not exceed 1 wt%. Hence, the concentration of cations and anions
will amount to ~ 3.3:10%* M. After having connected the external source of
electromotive force to a pair of electrodes with a 1 cm gap, we will obtain
dielectric permittivity equal to 6:10™ with the value corresponding to the
dielectric permittivity of pure metals. Electromagnetic waves propagate
through such a medium like through a waveguide.

Orientation Polarization of Dielectrics

Orientation polarization is mainly characteristic for magnetic dielec-
trics (ferrites) and dielectrics of all kinds. Polarization properties of dielec-
trics within an external electric field are determined, in the long run, by the
electric properties of individual atoms or molecules the dielectrics consist
of. However, the polarization properties of some crystalline dielectrics are
determined mainly by built-in electric dipole moments in individual atoms

o0

Gretchikhin, L., Electrical properties of various agregate states of matter, pp. 1-19



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

(molecules) and their positions within the crystal. There are two kinds of
possible electric moments: both naturally built-in electric moments and
artificially induced ones caused by external effects through increased
pressure or applied electric fields. Crystals of the first type are called ferro-
electrics while crystals of the second type are called piezoelectrics and pi-
roelectrics.

Magnetic dielectrics present artificial heterogeneous ferroimagnetics
consisting of ferromagnetic particles bound together into a single
conglomerate thus forming a continuous dielectric phase. Such a class of
oxides is formed by ferrites. Ferrites represent ionic crystals with the
chemical composition MeFe,O,, where Me means one of metal ions. The
best known composition of this group is magnetite Fe;0,. Atoms with a
large built-in electric dipole moment are used as a metal. When sintering a
mixture of metal and magnetite, the following reaction occurs: Me + Fe,0O,
«— MeO--Fe, Oz, molecules of the metal oxide are formed with a further
transformation of metal oxide molecules into haematite molecules which
feature the strongest bond. This way, ferrites of various kinds are
produced.

Orientation polarization of dielectrics for bound electric dipoles is
determined by the interaction of the electric dipole with the external electric
field. Fig. 1 shows this situation in a simplified way.

Figure 1 — Interaction of external field E, with electric dipole
Puc. 1— B3aumogenctame BHeLLHero nong E; € anekTpu4eckumM amnonem
Cnuka 1 — ViHTepakuuja cnorballkser norba £, ¢ enekrpuyHnm aunonom

The interaction energy of the electric dipole with the external field is
equal to product:

U=-p,E cost (15)
For relative dielectric permittivity, we obtain:
2
nOpa
' e,k T (16)

As an example, let us consider the cluster lattice structure of haemati-
te reinforced with various metal oxides. Table 2 shows the dipole electric
moments of free metal oxide molecules introduced into the cluster lattice
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structure of haematite while their concentration in the unit of volume is
2/(24 r,i_ ). (frn. is the radius of the haematite molecule (Fe,03)).

Table 2 — Electric dipole moments of biatomic molecules of metal oxides
and their dielectric permittivities in ferrites
Tabrnuya 2 — ONNonbHbIN 3NEKTPUYECKNA MOMEHT ABYXaTOMHbIX MOMNEKYS OKCMO0B
MeTanna v ux AManekTpuyeckas NpoHMLaemMocTb B hepputax
Tabena 2 — MOMEHTW eneKkTpUYHOT AMnona ABOAaTOMCKUX MOMeKyna MeTanHux okeuaa
N HUXOBE ANENEKTPUYHE MEPMUTUBHOCTH Y hepnTma

Parameters Molecules
MgO MnO BaO FeO
re A 1.75 177 1.94 1.63
p5-10% C'm 25.25 32.24 26.12/26.66 24.22
& 21.13 33.83 1 34.52

Table 2 shows the values of ¢, of ferrite spinels reinforced with MgO,
MnO, and FeO. The experimental data were obtained for MNnOFe,0; & = 9.66
at a frequency of 4.55 GHz. A noticeable decrease in dielectric permittivity
for the external field of the electromagnetic wave is caused by an
oscillation lag of electric dipole moments of free oxide molecules inside
haematite inter cluster cavities.

For ferrite garnet BaOFe,O3, permittivity tends to the unit since free
molecules with built-in electric dipole moments are not available; such
ferrite is typical dielectric.

Permittivity of ferroelectrics depends on temperature. Relative
permittivity tends to the unit as temperature increases. The electric
properties of Rochelle salt NaKCuH,0s4H,0 were investigated for the first
time in 1930-1934. One more important ferroelectric is barium titanate
BaTiOs.

Let us consider the properties of ferroelectrics using barium titanate
as an example. This is a simpler system consisting of molecules BaO and
TiO,.

In the case of the bound electric dipole, the situation differs. Particle
binding energy, with taking into account the interaction between the
electric dipole and the external electric field (shown in Fig. 1 in a simplified
manner), is represented in a general form as follows:

Ecg. :Ecs.,O _3kET+p3E3 CoOs @, (17)

Based on (17), the share of free particles which overcome thermal
energy and energy of interaction with the external electric field for each

binary bond will amount to:
11
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E(‘L{ .

n., =1- [ f(E,T)E, (18)

0

f(E,T) =%(kET)“ El/zexp[ E,

where _kETj i as the Maxwell-

Boltzmann energy distribution. Then, the total amount of all free particles
of all particles possessing built-in electric dipole moments is determined
as follows:

Pog. =Ny (19)
At the temperature when all particles possessing built-in electric
dipole moments become free, £, , = 3k,T . Hence

Ty =(E,+py E,cosp)/ 3k, . (20)

This temperature presents the Curie temperature; at this temperature,
all particles which possess built-in electric dipole moments are free.
Therefore, at temperatures exceeding the Curie temperature, some
particles located along the applied external electric field will rotate by a
spatial angle dg in a spheroidal cone after having overcome the energy of
thermal motion; the number of the particles is as follows:

E
dN = C{l — exp[— RJ—WH sin(@)do. (21)
kT

Provided that p,E,cos@/ksT << 1, the integral of equation (21) with its
limits in the spheroidal cone from zero to 21 is equal to 2C. Hence, the
constant of integration C = N/2, i.e. we obtain the total number of the
particles within the hemisphere. As a result of that, the vector of electric
polarization with taking into account the exponential term in (21) expanded
into series can be obtained through the integration of the following
expression:

M, p,E,cosp
5 fpg cos @ k—TEgd(cow)- (22)

b

P, =

Here ng is the number of electric dipole moments within a unit of
volume. As a result of that and with taking into account (22), the following
expressions for relative permittivity are obtained:

2
& =1+776&nt¢p9 i

' 3¢ok ;T (23)
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The obtained expression takes into account both thermal energy and
energy of interaction of electric dipole moments inside a solid.

In accordance with the minimum of interaction energy, barium titanate
is formed by the clusters of titanium oxide thus creating a crystal lattice
reinforced by barium oxide molecules as shown in Fig. 2. Barium oxide
molecules reinforce the inter’cluster crystal lattice of titanium oxide; in
doing so, they neutralize the electric dipole moment of each titanium oxide
reducing it virtually down to zero. The built-in electric dipole moment of
barium ion is equal to 19.16:10°° C-m while the built-in electric dipole
moment of ttanium ion is equal to 20.0-10>° C-m. Built-in electric dipole
moments of oxygen ion amount to 2.55:10°° C-m, therefore decreasing the
built-in electric dipole moment of barium inside barium oxide molecules
and, in contrast to this, they increase the electric dipole moment of the
titanium ion inside titanium dioxide molecules. The concentrations of
barium oxide molecules and titanium oxide clusters in the unit of volume
are equal; therefore, the concentration of titanium oxide is equal to

Ngao = 1/8 7. (r is the radius of the titanium oxide cluster).

v
=109/2=345 =029512
=90 -a=355 =06196

Fig. 2 — Formation of barium titanate ferroelectric : a) barium oxide molecule;
b) titanium oxide molecule; ¢) main cluster of titanium oxide, and d) inter cluster structure
of titanium oxide reinforced by barium oxide molecules
Puc. 2 — TocnegoBaTenbHOCTb 06pa30BaHUS CErHETOINEKTPUKa TUTaHaTa 6apus:

a) monekyna okcuaa 6apus; 6) monekyna okcuaa TUTaHa; L) OCHOBHOW KracTep okcuaa
TUTaHa 1 [) MeXKrnacTepHas CTPyKTypa okcuaa TuTaHa, apMypoBaHHasi Monekynamm
okcuaa 6apus
Cnuka 2 — ®opmupatrbe depoenekTpuka 6apujym TutaHata: a) Monekyn 6apujym okcmaa;
6) Monekyn TUTaHWjyM OKCWUAa; L) rMaBHU KNacTep TUTaHWjyMm okcuaa u
) meflyknactepHa CTpyKTypa TUTaHWjyM OKCMAa nojadyaHa Mornekynuma
Oapujym okcuga
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Taking into account the superposition principle of electric fields, the
structure of the crystal lattice of barium titanate (Fig. 2d) as well as the fact
that the bond energy of BaO molecules inside the titanate oxide inter-
cluster lattice is determined mainly by the dipole-dipole interaction, we
obtain the following value of the bond energy for barium oxide molecules in
the lattice structure of titanium oxide clusters:

E_ =-0.301-0.071-0.033 =-0.405 eV,

Therefore, negative bond energy is formed by three components
while the positive binary bond is formed mainly by a single component

E’ =0.352 eV. Each binary bond inside the TiO, crystal lattice is
repeated twice. Therefore, the resulting bond energy of barium oxide
molecules in the titanium oxide crystal lattice amountsto £, =0.106 eV.

c6.,0 —

Ep

6000
Emax=110 kV/m / \

4000 -

2000 /

—~

~ LT

0
-200 -700 a 700 ¢,°C

Fig. 3— Dependence of barium titanate relative permittivity on temperature under applied
electric field of 5.6 kV/m and 110 kV/m
Puc. 3 — 3aBUCMOCTb OTHOCUTENBHOW AN3NEKTPUYECKOW NPOHNLAEMOCTU TUTaHaTa
Gapusi OT TemnepaTypbl NPY BHELLHEN HAaNPsPKEHHOCTY anekTpudeckoro nong 5,6 n 110 kB/m
Crnuka 3 — 3aBUCHOCT penatuBHe NepMUTUBHOCTU Bapujym TuTaHaTa of TemnepaType
NPYMeHEHOT eNnekTpu4Hor norba of 5,6 kV/im n 110 kV/m

£n
8000 AN

000
/

4000

2000 /

0 0% 08 Eeff MV/im
Fig. 4 — Dependence of barium titanate relative permittivity on external electric field at
normal temperature
Puc. 4 — 3aBNCMMOCTb OTHOCUTENBHOW ANINEKTPUYECKON NPOHNLIAEMOCTM TUTaHaTa
Gapus OT BHELLIHEN HAaNPSPKEHHOCTY AMEKTPUYECKOrO MONS NPY HOPMAanbHON TeMnepaTtype
Criuka 4 — 3aBUCHOCT penatuBHe NePMUTUBHOCTU Bapujym TuTaHaTa of criorballher
€reKTPUYHOT Mosba Ha HopMariHoj TeMnepaTypu
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Based on (17), the Curie temperature when bound electric dipole
moments of BaO molecules become completely free amounts to 137 °C
while the experimental value is equal to 125 “C shown in Fig. 3 (Babichev,
et al, 1991). The difference between the calculated value and the
experimental one amounts to ~ 3% which proves that the model of barium
titanate crystal is correct.

Fig. 3 shows the experimental dependence of barium titanate relative
permittivity on the temperature under various values of the applied electric field;
Fig. 4 shows the experimental dependence of barium titanate relative permittivity
on the applied electric field at room temperature (Babichev, et al, 1991).

As the bond energy of titanium oxide molecules is determined by
three components, there will be two intermediate Curie temperature values
in addition to the main Curie temperature. The bond energy equal to 0.033 eV
corresponds to 145 °C while the experimental value corresponds to
~ 120 K and occurs under a relatively high external electric field intensity.
Under a low external electric field intensity, this component of the titanium
oxide bond energy is annulled completely. The second component of the
bond energy of barium oxide in the inter-luster gaps of titanium oxide
0.071 eV determines the temperature of ~ 1.5 “C which is close enough to
the second maximum (see Fig. 3) which occurs both under high and low
external electric field intensity. The values of relative permittivity at the third
maximum at a temperature of ~ 125 ‘C differ from each other slightly which
proves that the process of electric polarization of barium oxide comes into
play.

Fig. 4 shows the dependence of barium titanate relative permittivity on
the external electric field at a constant temperature. At first, ¢, increases
nearly exponentially under the applied electric field with an intensity of
~ 0.8 MV/m, then reaches its maximum and then decreases linearly. What
does it suggest? It may be assumed that the electric dipole moment of
BaO under the effect of the applied electric field of high intensity is
determined, mainly, by its elastic polarization with its maximum value of
Prmax. T €T, Then, (23) is transformed as follows:

e’ 1
=l
240k T 1,
where r; is the distance determined by crystal deformation along the field;
the distance increases linearly under the effect of the applied external
electric field.

It turns out that after having passed the maximum, the value of barium
titanate relative permittivity decreases linearly as the applied electric field

(24)
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intensity increases — as it has been found experimentally — even to the po-
int of dielectric breakdown.

For each titanium oxide molecule, there is a barium oxide molecule.
The resulting electric dipole moment is p,pe; = (16,46 + 23,5)-10°° C:m. In
titanium oxide clusters, electric dipole moments are positioned along one
of the directions only for three molecules while for other molecules they
are mutually compensated. Each titanium oxide cluster is surrounded with
barium oxide molecules in the same amount as in the cluster itself.
However, only two barium oxide molecules possess the electric dipole
moment directed along not compensated electric dipole moments of the
titanium oxide cluster. On average, merely five molecules of titanium oxide
and barium oxide with their electric dipole moments are positioned along
one of the directions. Then, in accordance with (24), relative permittivity
amounts to
~ 1987. The experimental value is equal to ~ 2000 (see Fig. 4).

The proposed model of the barium titanate crystal structure is in
agreement with the model obtained by means of the X-ray structure
analysis and described in many reference books and textbooks. The
difference is that it is not barium titanate molecules BaTiO3; which form the
crystal lattice but titanium oxide molecules TiO,. BaOrium oxide molecules
are not chemically linked with TiO, molecules but introduced into the
crystal lattice of titanium oxide clusters to fill inter-cluster gaps. Previously,
researchers just had no idea what a crystal is in terms of the nano scale. In
order to explain somehow experimental results in a qualitative sense,
researchers believed further ions Ba%*, 0% and Ti*" were available in the
barium titanate crystal. However, enormous energy is necessary to
produce positive secondary ions and even more so high order ions; it is
not known what sources could supply energy for that. A secondary
negative oxygen ion in principle is not possible. That is why the obtained
results were difficult to explain in detail.

Conclusion

Thus, the electric properties of solids result from the elastic
polarization of clusters in metals as well as from orientation polarization in
dielectrics and ceramics. Orientation polarization is caused by the rotation
of built-in practically free electric dipoles along the external field. For the
first time, a correct theoretical approach was successfully used to obtain
the dielectric permittivity of ferrites and ferroelectrics, conductors, plasma,
and electrolytes. The following fundamental results have been obtained:
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Most of atoms and molecules possess built-in electric dipole moments
and these moments determine the value of dielectric permittivity in gases.

In liquids, dielectric permittivity is determined by the availability of
electric dipole moments in free clusters as well as in weakly bound
molecules and atoms which form a liquid.

In solids, dielectric permittivity is determined by the availability of
electric dipole moments of free atoms and molecules situated within inter-
cluster gaps.
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ONEKTPUYECKUE CBOWCTBA PA3HbIX ATPEFATHBIX
COCTOAHNM BELLECTBA

JleoHud U. I'peunxuH
Benopycckas rocygapcteseHHas akagemus cBasu, r. MuHck, Pecnybnvka
Benapycb

OBNACTb: anekTpognuHamuka
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHnuiickunii

Kpamkoe codepxxaHue:

Onekmpuyeckue ceolicmea meepObix men  0bycroeneHbl
ynpyeol nonspusayuel Knacmepoe 8 Memarsiiax, a 8 OUaieKmpuKax -
OpUeHmMauyuUoHHoU nonspusauuell HasedeHHbIX U  8CMPOEHHbIX
ANIEKMPUYECKUX dunoned. OpueHmauyuoHHasi rnonsipu3ayusi
obycriosneHa 83aumodelicmeuem C80600HbIX 8CMPOEHHbBIX
anekmpuyeckux ournonell ¢ BHEWHUM 371eKmpUdYecKUM [OfeMm.
PaspabomaHa ¢usuyeckas moderb gopmuposaHusi
Quanekmpuyeckoli npoHuUYaeMocmu Memarsisios, 3/1eKmMpPOosIuMmos,
nnasmbl, heppumos U cecHemoanekmpuxkos. KOHKpDemHO 8bIMosHEH
meopemudeckuli pacdem AQuaniekmpuyeckol npoHuyaemocmu psida
eppumos u muma+Hama bapusi.

KntoveBble crnosa: duaneKmpuquKaﬂ rpoHuUUuaemMocms, agpeecameHsble
COCMOosIHUA, Memariiibl, rra3ma, 3J1eKmposiumel, cecHemossiIeKmpuKku.

ENEKTPMYHA CBOJCTBA PA3NNYNTUX ATPETATHUX CTAHBA
MATEPWJE

JleoHud W. I'peunxuH
Benopycka opxaBHa akageMuja 3a caobpahaj u Bese, MuHck, Penybnuka
Benopycuja

OBJIACT: enekTpoanHamuka
BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak
JE3VWK YJTAHKA: eHrnecku

Caxemak:

EnexkmpuyHa ceojcmea uyspcmux mesna  poy3poKoeaHa  Cy
eflacmuy4YHOM ronapu3ayujoM Kracmepa y criydajy memarsa, 00K cy
dueniekmpu4yHa ceojcmea pes3ynmam opujeHmauujcke rnonapusayuje
UHOyKo8aHUX U yepaheHux enekmpu4yHux Ournososa. OpujeHmauyujcka
rnonapusayuja npousnasu u3 uHmepakuyuje crobo0HuUX yepalheHux
efleKmpuy4HUX 0Ouriosioga ca CriosballkbUM  e/1IeKMPUYHUM  [1OSbEM.
lNpojekmosaH je ¢busudku modesr opmuparba OuesieKmpuyHe
nepMumueHocmu Memarsa, efekmponuma, naasmve, gepuma u
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epoenekmpuka. Teopujcku je  u3spadyyHama  Ouesiekmpu4yHa
nepmumugHocm jedHoe 6poja chepuma u bapujym mumaHama.
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Summary:

The paper presents a new technical solution, a device for dismantling
and assembling parts of mechanical plant components which are not
easily separable. The device design allows wide possibilities of appli-
cation in maintenance and repair of hydro power plants, thermal power
plants, and diesel electric generators, in motor industry, shipbuilding
industry and navy, aircraft industry, and turbines in process industry.
The device for dismantling and assembling is universal and easy to
use. Its small weight makes it easy to transport to locations with
machine facilities.

Keywords: device for mounting and dismantling, hard-to-separate
assemblies, mechanical installations, unit design, possibility of
universal application of the device.

Introduction

During the years of maintenance and overhaul of mechanical plants,
there has been a need to invent and design a device for assembling and
dismantling hard-to-separate mechanical assemblies on mechanical
plants. The device was supposed to have a wide range of applications:
hydro power plants, thermal power plants, turbine systems in process
industry, ships, reciprocating compressors, gas turbines, internal combu-
stion engines, machine tools and other plants. This means that potential
users are companies engaged in the production and maintenance of
systems in: hydropower plants, motor industry, shipbuilding industry and
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the navy, aviation industry, turbine plants in process industry, manufactu-
rers of gears, sliding and rolling bearings and other machine elements.
The main part of the work shows the structure and the possibilities of the
device application (Tehni¢ka dokumentacija za Mini hidroelektrane Elek-
troprivrede Crne Gore,1964).

Description of the construction of the device for mounting and disman-
tling hard-to-separate mechanical assemblies

Figure 1 shows a device for mounting and dismantling hard-to-

separate mechanical assemblies (Zegarac, 2004).
A
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1 - Part separable with difficulty 6 - Screw

2 - Cylindrical screw 7 - Holes

3 - Hydraulic device 8 - Screw

4 - Pressure plate 9 - Pressure plate

5 - Pressure plate 10 - Plate Tapered roller bearing
11 - Nut

Figure 1 — Device for mounting and removing hard-to-separate components of
mechanical constructions in mechanical systems
Puc. 1 — MoHTaXHO-AeMOHTaXHOe YCTPOWCTBO AN CNOXHO pasbupaembix geTanen
MaLUMHOCTpouTenbHOro obopyaoBaHus
Crniuka 1 — Ypehaj 3a AEMOHTaxy 1 MOHTaXy TELUKO pacTaBIbUBMX CKIOMOBa Ha
MaLLMHCKMM NOCTpojernma

Position (1) in Fig.1 is a hard-to-separate mechanical part that is to be
removed for replacement of other parts. Positions (2-5) are the parts of the
device for removal. Position (2) indicates the anchor bolts, position (3) de-
notes the hydraulic device, positions (4) and (5) are pressure plates with
different diameters, and position (6) represents the screws for joining pres-
sure plates. Holes for anchor bolts are drilled at different diameters on the
pressure plates thus enabling the device to be adapted to different dimen-
sions of parts to be dismantled. The design and calculations of machine
elements of the device were carried out under the design standard
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(Ognjanovi¢, 2008), (Standardi za meterijale maSinskih elemenata, JUS
M.B1.050, DIN 601, JUS M.B1.051, 1980).

Manual hydraulic devices of different capacities (10-50 tons) were used
(Fig. 2) (TehniCka dokumentacija za hidrauli¢ne ru¢ne dizalice Lincos, 2001),
(Tehni¢ka dokumentacija za hidrauluéne ru¢ne dizalice Sloga, 2002).

In the process of dismantling the parts, an autogenous welding set
was used to heat the parts to be dismantled.

Positions (8-11) in Fig.1 indicate the parts to be dismantled. Position
(8) denotes a threaded spindle which turns into the threaded hole at the
head of the shaft or axle onto which the part is mounted. Position (9) is a
pressure plate which pushes the part to be mounted into a specific
position. Position (10) indicates a tapered roller bearing that reduces
friction between the contact surfaces during assembly, and position (11)
denotes a nut which pushes the conical bearing and the pressure plate on
the threaded spindle, thus moving the part to be mounted. These
operations require a considerable experience.

Figure 2 — Manual hydraulic cranes
Puc. 2 — Py4Hon ruapaBnunyeckunii LoMkpat
Crniuka 2 — Py4He xvapaynvuyHe gusanuue

Application of the device for dismantling and
mounting hard-to-separate mechanical assemblies

The device for dismantling and assembling difficult-to-detach parts
has found its first application in the Electro Industry Montenegro and in
some companies in the Republic of Serbia. In the Electro Industry
Montenegro, it is used in maintenance and overhaul of mini hydro power
plants. The operations of overhaul of hydro electric power plants have
been significantly improved. This universal device is used in all 18 mini

hydro electric power plants.
2>



One of these mini hydro power plants is shown in Fig. 3 (Zegarac,
Zuber, 2004), (Zegarac, 2008).
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Figure 3 — Schematic representation of a mini hydro power plant
Puc. 3 — CxemaTtuyeckoe nsobpaxeHune coopyxeHus mnHu-roC
Cnuka 3 — llemaTckn npukas nocTopojewa MUHU-XuapoernekTpaHe

In Fig.3, hard-to-separate assemblies are labelled: the position (A)
indicates the generator assemblies, the position (B) marks the flywheel
assemblies, bearings, and the flexible couplings of the ARPEX type-
German manufacturer Flender, the position (C) is the multiplier with a
flexible coupling type N-EUPEX A 480, German manufacturer Flender, the
position (D) is the turbine part, and the position (E) denotes the turbine
regulator. Fig. 4 presents the mounting of the metal parts of the flexible
couplings N-EUPEX, onto one side of the multiplier set, and Fig. 5
presents the completed mounting of the ARPEX coupling onto the other
side of the multiplier of the mini hydropower plant (Zegarac, 2009).

Zegarac, N., Device for dismantliing and assembling hard-to-separate mechanical assemblies on mechanical plants pp. 20-29
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Figure 4 — Mounting of the metal parts of the elastic coupling N-EUPEX
onto the multiplier assembly
Puc. 4 — MoHTax cTanbHbIX geTanen ynpyroi MydTbl K KOPMycy MynbTUnnnkatopa
Cnuka 4 — MoHTaxa meTanHux genosa enactuyHe cnojHuue N-EUPEX
Ha cKron MynTunnukaropa

Figure 5 — Display of the assembled ARPEX couplings on the multiplier of the hydro power plant
Puc. 5 — N306paxeHne 3aBepLLUEHHOrO MOHTaxa MydTbl Arpex Ha MynbTunnkatope FNAC
Cnuka 5 — lNpuka3s 3aBpLueHe MOHTaxe Arpex CrojHMUa Ha MynTunnMkaTop
XxuapoenekTtpaHe

=



Fig.6 presents several characteristic hard-to-separate assemblies in

mini hydro power plants (Tehnicka dokumentacija Flender,

(Tehni¢ka dokumentacija Stromag, 1980).
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Figure 6 — Review of other typical hard-to-detach components of mini hydro power plants
Puc. 6 — N3o6paxxeHne npovmx CroxHo pasbupaembix getanen MuHn-roC
Cnuka 6 — lNpurka3s ocTanmx KapakTepUCTUYHMX TELLKO pacTaBibUBMX CKITONOBA HA MUHK-

XnapoenekrtpaHama

Fig.7 presents a mini hydro power plant in operation following the
general overhaul (Zegarac, 2008).
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Figure 7 — A mini-hydro power plant in operation
Puc. 7 — N3o6paxeHne muHn-I3C B npoLecce akcnnyaTaumm
Crniuka 7 — lNpuka3 MYHU-XMOPONEKTPaHe y onepaTMBHOM pagy

Conclusion

The device for dismantling and assembling the parts of hard-to-
separate mechanical assemblies on mechanical plants is an original and
new technical solution (invention) in the maintenance and overhaul of
mechanical systems, especially in off-road conditions where there are no
other conditions for dismantling and mounting assemblies, such as
specialized machine shops, overhaul institutes and others.

This device is portable, universal and very easy to use. It allows an
easy, fast and efficient dismantling and assembling hard-to-separate parts
large in size. Flanges or various types of metal hubs can have an external
diameter up to 800 mm, inner diameters may be up to 250 mm, the size of
the overlap (dosed components) to the axle or shaft may be up to 0.025
mm, and the length of engagement work on the axle can be up to 300 mm.
This means that these parts are very complicated to disassemble and re-

&>



assemble. The device design is such that it prevents damage to parts du-
ring disassembling and reassembling.

The device has a wide range of applications. In the Electro Industry
Montenegro, it is used to maintain mini hydroelectric power plants. In the
Republic of Serbia, it is often used in repair of diesel electric generators for
electric power supply backup. The users of diesel generating sets are
many firms: Air Traffic Control, Airport Belgrade, Air Serbia, the Serbian
Army and many other companies.

The application of this device has improved the technology of
maintenance of mechanical installations.
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MOHTAXHO-OEMOHTAXHOE YCTPOWCTBO ANA CNOXHO
PA3BNPAEMbIX OETAJTIEN MALLMHOCTPOUTENBHOIO
OBOPYOBAHUA

Hukona TN. Xerapay,
Cepbckas akagemusi nsobpetarenen u yyeHblx, benrpag,
Pecnybnuka Cepbus
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OBJIACTb: MalMHOCTpOEHNe, aHepreTmka
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: anrnunckuin

Pe3some:

B OaHHOU pabome onucaHbl HOBOE MEXHO/I02UYECKOE peuleHue,
MOHMaXxHo-0eMOHMaXHoe ycmpolcmeo Oris C/I0XHO pas3bupaembix
Oemarel. bnasodapsi ceoel KoHCcmpykuuu, OGaHHoe ycmpolcmeo
umMeem WuUpoKUe 803MOXXHOCMU rpuMeHeHus1 8 obriacmu codepxaHusi
U pemMOoHma UHXEeHEpHbIX CoopyxeHul, makux kak: [OC, TOC,
Ou3ernbHbIX  371IeKMpocmaHyul, MOMOPHOU  MPOMbIWIIEHHOCMU,
mypOUHHBIX COOPY)XeHUU, a makxe 8 MpouecCHOM rnpoussodcmee.
MoHmaxHo-0emoHmaxxHoe ycmpoticmeo omrsu4dyaemcsi
yHUBepcanbHOCMbIO, POCMomoU 8 NPUMEHeHUU, J1eeKOCMbio 8eca,
Komopasi 8 ceoto o4epeldb, criocobcmeyem MObUMbLHOCMU U 51I€2KOMY
repeHocy Ha 06 beKmbI.

KnioyeBble croBa: MOHMaXXHO-0eMOHMaXHoe ycmpolcmeo, CII0XHO
pasbupaemoe obopydosaHue, UH)XeHepHble COOpPYXKEHUS,
KOHCMpyKyusi ~ ycmpoticmea,  yHU8epcaslbHOCMb  [PUMEHEHUsI
ycmpoticmea.

YPEBAJ 3A JEMOHTAXY N MOHTAXY [EJIOBA TELWKO
PACTABJBMNBUX MALLMHCKNX CKNOMOBA HA MALLNMHCKM
MOCTPOJEHMMA

Hukona TN. Xerapay,
Cpncka akagemuja usymmtersa u HaydHuka, beorpag, Peny6nuka Cpbuja

OBNACT: MalMHCTBO, eHepreTunka
BPCTA YJTAHKA: opurvMHanHm HayyYHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Y pady je npukasaHO HOB0 MEXHUYKO pewere — ypehaj 3a
OeMOoHmMaxy U MoHmaxy 0esioga MEeWwKo pacmaesrbusux CK/ornosa Ha
MalWUHCKUM riocmpojersuma. Hbezoea kKoHcmpykuuja omoayhasa wiupoke
MoayhHocmu nipuMeHe y o0pxaBary U PEMOHMYy xudoenekmpaHa,
mepmoerniekmpaHa U 0Ou3en ernekmpoazpezsama.Takohe, Moxe ce
fpumMeHuUmu y MOmoOpHoj u 6podoepahesuHckoj uHOycmpuju, Kao u
MOPHapuyu, asuo-uHdycmpuju U K00 mypOUHCKUX rocmpojersa y
npouecHoj uHOycmpuju. Ypehaj 3a OeMOHMaxy U MOHMaxy je
yHUgep3anaH U Jflako ce Kopucmu. 3axeasbyjyhu c80joj Marnoj mexuHu
J1aKo ce rpeHocu 00 flokayuja 20e ce Hanale MalluHcKa rnocmpojera.
KrbyuHe peun: ypehaj 3a OemMOHmMaxy U MOHMaXy, MEwKo
pacmassbusu CK/I0Mo8U, MaWUHCKa [ocmpojerka, KOHCmpyKuuja
ypehaja, yHusep3anHa mo2yhHocm nipumeHe ypehaja.
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Summary:

ZrO, stabilized with Y,O3 has superior and excellent physical
properties compared to other modern ceramic materials. Due to its high
biocompatibility, ZrO, ceramics in the ZrO, - Y,O3 system is widely used
as a biomaterial in orthopedic surgery. ZrO, - YOz ceramics is widely
applied in the production of the head of the hip, knee prosthesis,
temporary holders, and more. ZrO, is used for a total hip replacement
(THR), for an artificial knee joint as well as for the application and
development of other medical devices. In order to use ZrO,Y,03 ceramics
(YSZ) in biomedical substrates, it is necessary to deposit coating layers
without defects. For the purpose of the deposition of a ZrO,8wt.%Y,03
ceramic coating with the best structural properties, the ZrO,Y,Oz /
ZrO,Y,03CoNiCrAlY / CoNiCrAlY coating system was tested. For financial
reasons, the deposition was performed on a steel substrate by applying a
CoNICrAlY bond coating, which does not affect the structure and
functionality of the ZrO,Y,Ozceramic layer. The structure of the layers was
tested by the method of light microscopy, and the surface of the upper
ZrO,8wt.%Y-03 ceramic coating was tested by the method of scanning
electron microscopy (SEM). The obtained characteristics showed that the
porosity content in the ceramic layer was not high and that micropores
were uniformly distributed. The mechanical properties of the layers were
assessed by testing microhardness using the method HV,3; and tensile
bond strength using tensile testing.

ACKNOWLEDGEMENT: The author is thankful for the financial support from the Ministry of
Education and Science of the Republic of Serbia (national projects Ol 174004).
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The values of the microhardness of the ZrO,8wt.%Y,03 coating were
satisfactory as well as the tensile bond strength of the coating system.
Keywords: ZrO,, Y,0s; property, microstructures, mechanical
properties, layers, coatings, ceramics, bonding.

Introduction

Zirconium dioxide ZrO, ceramics has one of the lowest thermal
conductivity values, and is therefore widely used as a thermal insulator at
elevated temperatures (Mrdak, et al., 2013, pp.559-567), (Mrdak, et al.,
2015, pp.337-343), (Mrdak, 2016, pp.411-430). ZrO,Y,0; ceramic
coatings generally have excellent physical characteristics. Due to its
stability, high biocompatibility and good physical properties such as high
flexural strength of 900-1200 MPa, hardness of 1200 HV and Weibull
modulus of 10-12, zirconium dioxide ZrO, is widely used in the process of
manufacturing implants (Piconi, Maccauro, 1999, pp.1-25). In recent years,
research efforts have focused on developing the ZrO,-Y,0; system as a
biomaterial in orthopedic surgery for producing hip implant parts,
characterized by the microstructure of a metastable tetragonal lattice
(Piconi, Maccauro, 1999, pp.1-25). In order to use zirconium dioxide ZrO,
as a functional biomedical coating on substrates, ceramic coating layers
must be deposited without defects. The first systems of ZrO,-Y,03(YSZ)
coatings stabilized with Y,03; were of 12 — 20wt.%Y.03, which fully
stabilized the cubic c - phase. Later, tests showed that better performances
can be achieved by reducing the levels of oxides Y,0O; to 8wt.%. The
Zr0,8%Y,0; system is now widely used because it is standardized and
has the status of an ISO standard for surgical application (ISO standard
13356, 2008, revision of a previous version of 1997). Tests of ZrO,8%Y,0;
ceramic coatings have shown that they do not cause any cytotoxicity in
living cells; therefore, they are biocompatible (Lang, Mertens, 1990,
pp.606—611), (Dion, et al., 1994, pp.18-24). Previous studies and tests
relate to the ZrO,Y,0; system with 8wt.%Y,03, which is most commonly
used in practice, and deposited by APS and VPS depositing processes
(Mrdak, 2015, pp.137-159). The coating has a lot of good features, such
as a high coefficient of thermal expansion of 11 x 10°K™, a low density of
6.4 g/cm®, a low modulus of elasticity and high hardness, which provides
better wear resistance. In addition, it has been proven that ZrO, coatings
with 8wt.%Y,03 are corrosion resistant to body fluids, which makes them
bioinert. Compared to other industrial applications, biomedical coatings are
a relatively new class of applications (Weidian, 2006), (Wang, 2008),
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(Heimann, 2006, pp.2012-2019), (Hong, et al., 2004, pp.317-326). Types
of coatings applied in the artificial knee joint are mainly: hydroxyapatite
(HA), zirconium dioxide (ZrO,), aluminum oxide (Al,Os), titanium dioxide
(TiOz) and chromium oxide (Cr,0s). Increasing demands for improved
efficiency of hydroxyapatite (HA) have influenced the development of
many types of multiphase biomedical coatings. Some of the developed
coating systems are HA/ZrO,Y,03(YSZ).  Zirconium  dioxide
ZrO,Y,03(YSZ) is one of the most important bioinert oxides which is used
in manufacturing implants. The results showed that the addition of
ZrO,Y,05(YSZ) from 40 to 60vol.% to hydroxyapatite significantly reduces
the decomposition of HA during the powder deposition by plasma
spraying. A higher content of zirconium dioxide ZrO,Y,05(YSZ) increases
the proportion of crystalline HA, and reduces the proportion of the
amorphous phase in the coating. ZrO,-Y,0; ceramics reduces the share
and size of pores in the coating and increases the coating hardness, wear
resistance, adhesion, and cohesive strength when compared to a pure HA
coating (Khor, et al., 2000, pp.160-166), (Morks Magdi, Kobayashi, 2007,
pp.47-51). Biomedical coatings consist of at least two layers: bond /
ceramic or more layers (bond / bond + ceramic / ceramic layer). In order to
reduce stresses in the coating and at the interface between the substrate
and the coating, three-layer coating systems are often produced.

For the deposition of the ZrO,Y,O; coating with functional
characteristics, the ZrO,8wt.Y,03(YSZ) powder was deposited in the
ZrO,Y,0;3 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY system; because of the
economic effect, cheaper substrate and bonding coating were chosen
since they do not affect the microstructure of the functional ZrO,Y,0;
coating. The bonding and cermet coatings were deposited by the VPS
process, while the ZrO,8wt.%Y,03; ceramic coating was deposited by the
APS process. This paper focuses on the testing of microhardness,
microscopic and macroscopic defects in ZrO,Y,0; coatings such as
peeling of layers, pores on the coating surface, coarse unmelted particles,
coarse pores, micro and macro cracks in the coating layers and on the
coating surface, all of which have a negative impact on the mechanical
properties of the ZrO,Y,0; coating. The test results have shown that there
are no coarse particles, macro pores, cracks and other defects on the
surface of the ZrO,Y,0; coating. The presence of a certain quantity of
micro-pores in the ceramic coating is normal and the content of the pores
in the coating was in accordance with the standards of this coating. The
layers on the surface of the ZrO,Y,0; coating show that powder particles
are uniformly deformed and smooth and as such can be applied in the field

of biomedicine.
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Materials and experimental details

To create a three-layer coating, the Sulzer Metco powder types
marked AMDRY 9951 and Metco 204F were used. The AMDRY 9951
powder is a superalloy Co32Ni21Cr8AI0.5Y. The powder particles are
spherical, which provides a good flow of the plasma jet. Figure 1 shows
the scanning electron micrographs (SEM) of the morphology of powder
particles. The granulation range of powder particles was from 5 ym to 37
pm (Material Product Data Sheet, 2011, AMDRY 9951, Cobalt Nickel
Chromium Aluminum Yttrium (CoNiCrAlY) Thermal Spray Powders,
DSMTS — 0092.1, Sulzer Metco).
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Figure 1 — (SEM) Scanning electron micrography of CoNiCrAlY powder particles
Puc. 1 — (SEM) GnekTpoHHasa mukporpadms yactuy nopolika CoNiCrAlY
Cnuka 1 — (SEM) CkeHUWHr enekTpoHcka mukporpadumja yectmua npaxa CoNiCrAlY

A mechanical mixture of AMDRY 9951 and Metco 204F powders
(35% (Co32Ni21Cr8AI0.5Y) + 65% (ZrO.8wt.%Y,03)) was used to
produce a transitional cermet layer. The upper ceramic coating was
produced from Metco 204F (ZrO,8wt.%Y,03) powder. The powder was
produced by the method of agglomeration and HOSP granulation from 15
um to 45 pm. Figure 2 shows the scanning electron micrographs of the
morphology of ZrO,8wt.%Y,03; powder particles. The powder particles
have a regular spherical shape (Material Product Data Sheet, 2012, Metco
204F, 8% Yttria Stabilized Zirconia Agglomerated and HOSP™ Thermal
Spray Powders, DSMTS-0001.2, Sulzer Metco).

The material on which the coating layers were deposited was
X15Cr13 stainless steel (EN 1.4024) in the untreated condition. The
mechanical characteristics of the coating layers were tested in accordance
with the Pratt & Whitney standard (Turbojet Engine — Standard Practices
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Manual (PN 582005), 2002, Pratt & Whitney, East Hartford, USA). The
substrates on which coatings were sprayed for microhardness testing and
evaluation of the microstructure in the deposited condition were made of
steel C.4171 (X15Cr13 EN10027) in a thermally unprocessed condition
with the dimensions 70x20x1.5mm.

s .
i = ’
e o,
I :
#

Figure 2 — (SEM) Scanning electron micrography of ZrO2 8%Y203 powder particles
Puc. 2 — (SEM) 3nekTpoHHasa mukporpadus vactuy, nopowka ZrO2 8%Y203
Crniuka 2 — (SEM) CkeHUHr enekTpoHcka Mukporpaduja Yyectuua npaxa ZrO2 8%Y203

The substrates for testing bond strength were made of the same steel
in the untreated condition with the dimensions @25x50mm. The
microhardness of the layers was tested by the method HV,; and their bond
strength by tensile testing.

The microstructure of the deposited layers was examined under a
light microscope. The share of micro pores in the coating was analysed by
treating 5 photos at 200x magnification. This paper presents the mean
values of the share of pores in the coating.

The bonding and cermet coating powders were deposited with the
vacuum plasma spray system of the Plasma Technik AG company and
with an F - 4 plasma gun, with controlled plasma spray parameters. The
powders were deposited with a mixture of plasma gases Ar-H,. Before the
deposition of bonding and cermet coating powders, the substrate surface
was cleaned with a transferred arc with a mixture of gases Ar-He. The
CoNiCrAlY bonding coating powders were deposited with the optimum
deposition parameters (Mrdak, 2013, pp.26-47). Table 1 shows the VPS
parameters of powder deposition. The bonding layers were deposited with
a thickness of 50 uym - 60um and the cermet layers with a thickness of
100 pm - 110 ym.

The deposition of Metro 204F (ZrO,8wt.% Y,03) ceramic powders
was performed with an atmospheric plasma spray system of the

=



Plasmadyne company and with an SG-100 plasma gun, with controlled
plasma spray parameters. The SG -100 plasma gun consisted of a
cathode type K 1083 - 129, anode type A 1083-165 and a gas injector type
Gl 1083 - 113. Ar was used as an arc gas in combination with He and the

power supply of up to 40 KW.

Table 1 —VVPS plasma spray parameters
Tabnuuya 1 — VPS napameTpbl NIa3MeHHOro HanblfieHus
Tabena 1 —VPS nna3ma cnpej napameTtpu

Values
Parameters Cleanin Spraying 35% (CoNiCrAlY)
g arc CoNiCrAlY + 65%(ZrO2Y203)

Plasma current, | (A) 500 700 750
Plasma voltage, U (V) 65 60 74
Primary plasma gas flow rate Ar, I/min 50 50 50
Secondary plasma gas flow rate
He HZ% pI/min ] 10 9 9%
Carrier gas flow rate, I/min -- 3 3
Powder feed rate, g/min -- 40 50
Stand-off distance, mm 270 270 270
Chamber pressure, mbar 25 120 120
Nozzle diameter (mm) 8 8 8
Speed of the gun, mm /s 15 15 15

The plasma spray powder deposition parameters are shown in Table
2. The upper ZrO,8wt.% Y,0; ceramic layers were deposited with a

thickness of 250 um - 270 um.

Table 2 — The parameters of the deposition of the ZrO28wt.%Y203 powder
Tabnuuya 2 — NapameTpbl HanbineHus nopotuka ZrO28wt.%Y203
Tabena 2 — MNMapameTpu genosnumje npaxa ZrO28wt.%Y203

Parameters Metco 204F

Plasma current, | (A) 900
Plasma voltage, U (V) 43
Primary plasma gas flow rate Ar , I/min 47
Secondary plasma gas flow rate He, I/min 32
Carrier gas flow rate Ar, I/min 6

Powder feed rate, g/min 50
Stand-off distance, mm 80
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Results and discussion

The values of the coating system microhardness are shown in Figure
3. The bonding coating - BC (CoNiCrAlY) had microhardness values from
595 to 610HV,3. The measured values of the bonding coating
microhardness were uniform, which indicates that a small proportion of
micropores was present in the coating, also confirmed by an image
analysis. The layers of the cermet coating - BC/CC (ZrO,Y,0335
CoNiCrAlY%) had slightly higher values of microhardness due to the
content of ceramics; the values were rather uniform and in a range from
620 to 660HV 3.

The deposition of powder particles by the VPS process at low
pressure made it possible to produce thicker layers of bonding and cermet
coatings with more consistent microhardness values. The ceramic coating - CC
(ZrO28% Y,053) deposited by the APS process at atmospheric pressure
had the highest microhardness values in a range from 690 to 760HV.
Due to high melting temperature, ceramic powder particles were semi-
molten in the core and, in a collision with a previously deposited layer, they
were plastically deformed achieving inter-lamellar contacts followed by the
formation of inter lamellar pores, which is characteristic for ceramics.
Figure 3 shows the minimun and maximum microhardness values of the
ZrO,Y,03 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY coating system.

HV0.3

Microhardness

BC/CC g min.

Plasma spray coatings cc

Figure 3 — Microhardness of ZrO,Y»03 / ZrO,Y»03CoNiCrAlY / CoNiCrAlY coatings
Puc. 3 — MukpoTteepaocTb nokpbltnsa ZrO,Y 203 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY
Cnuka 3 — MukpoTtepaoha ZrO,Y203 / ZrO,Y203CoNiCrAlY / CoNiCrAlY npesnaka
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The mean value of the coating system strength was 68 MPa. The
application of a transferred arc made the substrate surface clean and
reactive with deposited powder particles. Powder particles deposited in
vacuum achieve good contact inter-lamellar bonding as well as good
bonding with the substrate. The values of microhardness and tensile
strength of the coating system were in correlation with the microstructure
of the deposited layers. Figures 4 and 5 show the microstructures of the
coating layers.

.

" e« " CONICrAlY +Zr0,8Y20;

" . CoNiCrAY" .
t ‘ 100 um
Substrate Interface/ el

Figure 4 — The microstructure of the ZrO;Y203 / ZrO,Y203CoNiCrAlY / CoNiCrAlY coating
Puc. 4 — MukpocTtpykTypa nokpbitnsa ZrO.Y 203 / ZrO2Y203CoNiCrAlY / CoNiCrAlY
Cnuka 4 — MukpocTpykTypa npesnake ZrO2Y 203 / ZrO2Y,03CoNiCrAlY / CoNiCrAlY
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Figure 5 — The microstructure of the ZrO2Y203 / ZrO2Y203CoNiCrAlY / CoNiCrAlY coating
Puc. 5 — MukpocTtpykTypa nokpbitua ZrO2Y203 / ZrO2Y203NiCoCrAlY / CoNiCrAlY
Cnuka 5 — MukpocTpykTypa npesnake ZrO2Y203 / ZrO2Y203NiCoCrAlY / CoNiCrAlY
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The micrographs clearly show the interfaces between the substrates
and the bonding layers, the bonding coating and the cermet coating as
well as between the cermet coating and the ceramic coating. A
metallographic analysis of the coatings showed that the bond between the
bonding coating and the substrate is good without the presence of micro-
cracks and macro cracks in the interface. The bond of the coating with the
substrate is uniform without a separation and peeling of the coating from
the substrate. The analysis of the micrographs showed that the share of
micro pores was less than 1% in the bonding coating layers. The share of
micro pores in the cermet coating layers was 2%, and in the ZrO,8wt.%
Y,O3; ceramic coating layers it was 7%. In the bonding coating layers,
lamellae of deposited powder particles cannot be seen due to good
melting and good interface between the deposited particles. There are no
unmelted particles, precipitates and oxides in the coating since the
vacuum plasma spraying process allows the deposition of layers without
oxide content. Black micropores smaller than 10 ym can be seen
throughout the bonding coating layers. The CoNiCrAlY coating in the
deposited state comprises two phases, y and 3. The coating base consists
of the y phase which is a solid solution of Co, Ni, Cr and the B (Co,Ni)Al
phase (Cheruvu, et al., 2000, pp.50-54), (Mobarra, et al., 2006, pp.2202-
2207), (Mrdak, 2013, pp.26-47), (Poza, Grant, 2006, pp.2887-2896). The
middle cermet inter-layer is continuously deposited on the bonding coating.
Dark gray ceramic coating lamellae uniformly distributed among light gray
lamellae of the bonding coating are clearly visible throughout the cermet
layer (Fig.6). Black micro pores up to 10 ym can be seen in the cermet
layer (Fig.5). The upper ceramic layer is deposited uniformly on the cermet
layer in which black micro pores can be seen (Fig 4).

Figure 7 shows a SEM micrograph of the surface of a completely
molten ZrO,8wt.% Y,Osparticle. The SEM analysis of the morphology of
the surface of a deposited ceramic powder particle shows that it is smooth,
indicating that it is completely molten and properly deposited on the
previously deposited ceramic layer.

The surface of a completely molten ZrO,Y,0; particle is circled in red
in the SEM micrograph. Because of complete melting, a powder particle
formed a regular geometric shape when colliding with the surface. The
microstructure shows fine precipitates of irregular shapes up to 10 um,
circled in yellow. The SEM micrograph clearly shows fine black micro
pores, irregularly shaped, up to 5 um in size (circled in green).
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Figure 6 — The VPS microstructure of the CoNiCrAlY + ZrO,Y»03 coating
Puc. 6 — Mukpoctpyktypa nokpbitua VPS CoNiCrAlY + ZrO,Y,03
Cnuka 6 — Mukpoctpyktypa VPS CoNiCrAlY + ZrO,Y.03 npesnake

Figure 7 — (SEM) Surface morphology of the ZrO,Y,03 coating
Puc. 7 — (SEM) Mopdonorus noBepxHocTu nNokpbiTusa ZrO2Y 03
Cnuka 7 — (SEM) Mopdonoruja nospwmHe ZrO2Y203 npesnake
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Conclusion

In this study, the plasma spray process produced a coating system of
ZrO,Y,03 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY. The bonding coating and the
cermet coating were deposited by the vacuum plasma spray process. The
upper functional ZrO,Y,0O3; ceramic coating was deposited by the
atmospheric plasma spray process. The paper analyzes the structure and
the mechanical properties of the coatings in the deposited state, based on
which the following conclusions were made.

The coating system had good mechanical properties with the
following microhardness values: the bonding layer from 595 to 610HV, 3,
the transitional cermet layer from 620 to 660HV, 3 and the upper ceramic
layer from 690 to 760HV, ;. The bonding and cermet coatings had a quite
uniform microhardness, allowed by the VPS process at low pressure. The
ZrO,8% Y03 ceramic coating deposited by the APS process at
atmospheric pressure had the highest microhardness value with a range of
70HV,3. The bond strength of the coating system had a high value of
68MPa. The application of the transferred arc provided a good adhesive
bond of molten particles with the substrate and a good cohesive bond
between deposited lamellae.

The analysis of the micrographs showed that the share of pores in the
bonding coating was less than 1%, in the layers of the cermet coating it
was 2%, and in the ZrO,8wt.% Y,0; ceramic coating it was 7%. The
microstructure of the bonding coating shows a lamellar structure due to
good melting of powder particles and a good interface of deposited
particles. The middle cermet layer is continuously deposited on the
bonding coatings. Dark gray lamellae of the ceramic coating are clearly
visible throughout the cermet coating as well as micropores in black.

The ZrO,Y,03 ceramic layer is evenly deposited on the cermet layer.
In the ZrO,Y,03 ceramic coating and on the surface there are no defects
such as coarse unmelted particles, coarse pores, micro cracks and macro
cracks and other defects which have a negative effect on the mechanical
properties and functionality of the coating. The surface of the ZrO,Y,0;
coating shows that powder particles are regularly deformed and smooth
and as such are suitable for the application in biomedicine.

Based on the obtained mechanical and structural characteristics of
the ZrO,Y,0; coating, it was found that the quality of the coating makes it
suitable for use with other materials in creating a system of biomedical
coatings.
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MEXAHWYECKWE XAPAKTEPUCTUKN NN MUKPOCTPYKTYPA
MOKPBLITUN ZrO,Y,03/ ZrO,Y,03CoNiCrAlY / CoNiCrAlY,
HAHECEHHbIX BO3YWHO-MNASMEHHbLIM HAMBUTEHVEM

Muxauno P. Mpaak
LleHtp nccneposanun n passutusa A.O. «MIMTEJ1 kommyHukaumm», Benrpag,
Pecny6nuka Cepbusi

OBNACTb: xumu4yeckue TexXHonornm
BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl
A3bIK CTATbW: aHrnuickmin

Pe3some:

Kepamuka ZrO, cmabunusupogaHHass okcudom ummpusi Y,0;
obnaGaem Hauny4YwuMu xapakmepucmuKkamu o CPasHEHU C UHbIMU
COBPEMEHHBIMU  KepaMu4yeckumu  mMamepuanamu.  bnazodaps
8bICOKOMY npouyeHmy 6uocosmecmumocmu, Kepamuka ZrO, 8
cucmeme  ZrOxY,03 WUPOKO  rnpuMeHsiemcss 8  Kadecmee
buomamepuanoe 8 opmonedudeckol xupypeuu. Kepamuka ZrO,
ucnonb3yemcsi 8 obnacmu npome3uposaHusi, 8 4YacmHocmu, Ors
u320moersieHuUs1 20/108KU 6eOpeHHOU KOoCmu, KOJeHU, 6PeMEeHHO20
npome3sa u np. B obnacmu meduuyuHbi ZrO, WUpPOKO UCM0b3yemcsi 8
u3zomoeneHuu rpome3sa 6edpa (THR), KoneHHoO20 cycmasa, U UHbIX
MeQUUUHCKUX arnrnapamos. HaHeceHue KepaMuyecKo2o MOoKpbIMus
ZrO,Y,03(YSZ) Ha 6uomeduuyuHckue cybecmpambl OOMKHO Obimb
pasHoOMepHbIM, a €20 cnou 6e3 u3bAHos. [na  HaHeceHus
Kepamu4eckozao MOKpbIMUs ZrO,Y,03(YSZ2), obnadarouwezo
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HaunyywumMu cmpyKkmypHbIMU Xapakmepucmukamu 6bina ucrbimaHa
cucmema nokpbimuli  ZrO,Y,0s/ZrO,Y,03CoNiCrAlY/CoNIiCrAlY. B
uesisix 9KOHOMUU, HarblfieHue 8bIMoJIHEHO Ha cmarsbHOM cybcmpame
cessbigarouwum rmokpbimuem CoNiCrAlY, He enusrowuM Ha cmpyKkmypy
U byHKUUOHanbHocmb Kepamudeckoeao crosi ZrO,Y-03. Cmpykmypa
crioes  ucnbimaHa MemoOOM  ONMUYecKol  MUKDPOCKonuu, a
nosepxHocmpb ZrO28mas%Y203 ucrisimaHa MemoOoM 3/1eKmMPOHHOU
Mukpoepagpuu (SEM). Ha ocHosaHuu MofyHYeHHbIX Xapakmepucmuk
ycmaHoesieHo, 4Ymo codepxaHue nopoobpasosaHull 8 Kepamu4ecKom
crioe  00CMamoyYyHO  HU3Koe, a  MUKPOropbl  pasHOMEPHO
pacrnipedeneHbl. AHanu3 MexaHU4YeCKUX XapakKmepucmuK rOKpbIMuUs
rnposedeH Ha OCHOBaHUU UCMbiMaHul Mukpomeepdocmu Memooom
HVy3 u npoyHocmu coeduHeHul memoOoM pacmsikeHusl. SHavyeHus
mukpomeepdocmu  ZrO.,8mas%Y.O3 nokpbimusi coomeemcmeyom
mpebogaHUsM, mak e KaK U MpoYHOCMb C8513U MOKPbIMuUU.

KrioueBble cnoea: ZrO, Y,0s ceolicmea, MUKpOCMpyKmypa,
MexaHU4YecKue XxapakmepucmuKu, Criou, [OKpbimue, Kepamuka,
COEOUHEHUS.

MEXAHUNYKE OCOBUHE N MUKPOCTPYKTYPA MNA3SMA
HAMPCKAHE MNPEBJTAKE ZrO,Y,03 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY

Muxauno P. Mpaak
UcTtpaxmeadku 1 passojHu ueHtap MMTEJT KomyHukauwje a. a., beorpag,
Peny6bnuka Cpbuja

OBNACT: xemujcke TexHomnoruje
BPCTA YJTAHKA: opurvMHanHm HayyYHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Kepamuka ZrO, cmabunusoeaHa ca Y,Oz uma cyrnepuopHa u
o0nu4Ha cpusudka ceojcmea y nopeherwy ca Opyaum caspemMeHUM
Kepamuydkum Mamepujanuma. 36oe eucoke buokoMmnamubunHocmu
oHa y cucmemy ZrO»-Y,03 uma WwupoKy npumeHy kao buomamepujan y
opmonedckoj xupypeuju. Kepamuka ZrO,-Y,Os; Hajuewhe ce
npumerbyje 3a uspady enaea Kyka, rpome3sa KofieHa, npuepemMeHux
Opxada umd. ZrO;, je y KIMUHUYKOj ynompebu Kao yKyrnHa 3aMmeHa Kyka
(THR), y 32m06y sewmaukux KosieHa, anu ce Kopucmu 3a rnpumeHy u
paseoj Opyeux mMeduyuHckux ypehaja. [Ha 6u ce kepamuka
Zr0O,Y,03(YSZ) Kopucmuna Ha 6uomeOuyuHcKuUM cybcmpamuma,
Heorxo0Ho je OeroHogamu criojese rnpessake be3 deghekama. Padu
Oenosuyuje kepamudke npeenake ZrO,8mex%Y,0; ca Hajéorbum
CMpyKmypHUM  ceojcmeuma, ucrnumaH je cucmeMm  ripessnaka
2r0,Y,05/Zr0O,Y>,03CoNiCrAIY/CoNiCrAlY. 36oe ekoHoOMu4YHOCMU
denosuyuja je usgpweHa Ha 4eslu4HOM cyricmpamy y3 rpuMeHy ee3He
npesriake  CoNIiCrAlY, wmo He ymu4ye Ha Cmpykmypy U
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yHKyuoHanHocm Kepamu4dkoz cnoja ZrO,Y,0; Cmpykmypa crojeea
ucnumaHa je MemoOOM C8emJ/IOCHE MUKPOCKOMuje, a mnospuuHa
2opre Kepamu4ke npesnake ZrO,8mac%Y-0O3; mMemodom CKeHUHe
efieKmpoHcKe  Mukpockonuje  (SEM). Ha ocHosy  0obujeHux
Kapakmepucmuka ymepheHo je Oa cadpxaj Mopo3Hocmu Yy
KepaMu4KoM Criojy Huje 6uo 8UuCOK U da cy MUKPOrope pagHOMEPHO
pacrniopehenre. [llpoueHa MmexaHu4ykux ocobuHa criojesa ypaljeHa je
ucnumusarem mMukpomsepdohe memodom HV, 3 u 3ame3He yepcmohe
crioja ucnumueakeM Ha 3ame3arme. BpedHocmu mukpomepdohe
ZrO,8mac%Y,03 nipesnake bune cy 3adoeosbasajyhe u 3ame3Ha
yepcmoha crioja cucmema rpeesriaka.

KrbyuHe peun: ZrO, Y,0; c80jcmeo, MUKpOCMpyKmype, MexaHu4dka
ceojcmea, criojesu, rnpesriake, KepaMmuke, sesusare.
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Abstract:

Aerospace as a whole, primarily aviation and planes, for a short time
after 1903, greatly advance the frontiers of human activity. Initially, unsafe
"flying device" the plane, has become a factor in loose” resolving wars
and one of the reliable means of transport and communication between
people around the world. Quick technical and technological development
required a special approach. Mass production and use of aircraft, brought
in light the need for standardization in the production, testing and lead into
operational use of combat aircraft, as well as in commercial use for the
purposes of air traffic. Testing the aircraft, is now more disciplinary
research activity of a large number of experts from various fields, including
test pilot who is an irreplaceable member. At that goal the test-measuring
equipment (IMO), are specifically designed, and test pilots are trained in
specialized schools for the experiment pilots.

Keywords: aircraft testing, experimental research, necessity of testing,
air force, aircraft aerodynamics, test-measuring equipment, ultra high-
speed cameras, telemetry, theodolites, spin, sound barrier, test pilot.

Introduction

It has only been 113 years since the man's (Wright brothers) first flight
with the aircraft whose specific gravity was greater than the specific gravity
of the air, with the help of self-propulsion (engine) and the lift on the wings
(airfoil). Curiosity, self-assertion and courage as well as an everlasting
humans’ desire to move in the third dimension like birds were the
reasoning behind it (see Figure 1).
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Figure 1 — lkarus — Rogozarski-small Brandenburg, collection Ognjan Petrovi¢
Pucyrok 1 — Nkapyc — Poroxapckuii maneivi BpanaeH6ypr, konnekums OrHsH [MNeTposuy
Cnuka 1 — Wkapyc — ,,Poroxapckv manu BpaHaeHbypr” (konekumja OrkbaH MeTposuh)

It was not before long that military strategists realized the value of the
new vehicle and its ability to be used for military purposes. In many
countries, including Serbia in 1912 (Jani¢, Petrovi¢, 2011), this led to the
formation of a new service of armed forces (at that time the Army), Air
Force (called usually Aviation, Airplane Commands or Units). Names were
initially very diverse, and Air Force (AF) or Air Power (AP) were eventually
adopted. Very soon in the Great War (World War 1), planes were massively
used primarily in air combat but also in operations against enemy positions
and facilities on land and sea. Combat operations from the air were used
on all fronts, especially on the western front, and were performed by all the
warring parties. With the development of new technologies, materials,
structures, aerodynamics, engines, weapons and equipment, these once
unreliable and fragile structures (Jani¢, Petrovic 2011) became a very
powerful and reliable means of combat which soon in World War Il showed
all its value and power; they were often decisive in combat operations.
Realizing that the piston engine was a limiting factor for the plane,
engineers soon developed a turbojet engine (TM) (at the end of 1930s),
which offered completely new solutions and possibilities to the plane.
Aerodynamically speaking, after World War Il, the plane was in a crisis. It
was necessary to resolve the problem of transonic and supersonic speeds.
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The solution was found in suitable airfoil and wing shapes. The door
was open.

All structural variations were possible, especially due to the use of
new materials (composite materials, new electronic technology, ceramics,
etc.). The man soared to unprecedented speed and altitude, and even into
space. What was incredible until recently can be seen today in any serious
air show or exhibition in the world, leaving the audience amazed, not to
mention the use in warfare (Figure 2).

Figure 2 — Aircraft type Sukhoi Su-27
PucyHok 2 — Camonet CyxoMn, mapka Cy-27
Cnuka 2 — ABnoH tuna ,cyxoj” Cy-27

Few people wonder how this was accomplished, and whose efforts
and knowledge enabled it.

Necessity of tests

At the very beginning of aviation, airplanes were a product of work of
one man or a small team of 2 to 3 people who had the idea to fly. They
built airplanes by themselves, checking them constantly. There were many
attempts, many failures, unpleasant and even tragic events. However, they
continued again, realizing where the mistakes were. They solved problems
by feeling and experience, trial and error, until they realized that something
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needed to be measured, analyzed, and appropriate actions taken to
resolve problems with the aim of improving the quality, performance and
safety of the airplane flight (Bilbija, 2014).

Production of more aircraft, which was a necessity, required the
consistency and teamwork of aviation experts from various fields
(aerodynamics, engines, weapons, equipment, etc.), where the pilot is one
of the key figures in the team. It was possible to be done only by a unified
approach and standardization, with measurements in the basis. People
realized that only sense and experience can no longer follow the progress
and innovations in all fields of science and technology were applied to the
airplane. Airplane testing - experimental research is scientific and research
work of a large number of aviation experts; it is a multidisciplinary activity
which includes forming a testing team, devising testing methods,
performance testing on the ground and in the air during the flight, data
analysis, drawing conclusions about further activities and the like, with the
aim of bringing a tested vehicle to a state of effective and safe use (Bilbija,
1990).

Test-measurement equipment

Significant development of test and measuring equipment (TME) for
testing aircraft began in Europe in the late twenties and early thirties of the
last century, mainly in France, Germany and Switzerland. These were the
first but significant steps towards the establishment of the base of TME
now used for testing of aircraft, engines, weapons and equipment, without
which one cannot even imagine quality testing, both for development and
verification.

Serbian Air Force, at that time, noticed the value of this approach in
the development of aviation and started the education of its members
(Capt. Eng. Kosta Siv€ev, France, a.Villacoublay), in 1931 (Filipovi¢, 2012)
and the acquisition of available TME. Soon, in 1933, the Air Force Test
Group (VOG) was formed. It was the forerunner of the TPC (Test Pilot
Center) - now the Flight Testing Center — FTC (Dimitrijevi¢, 2003). This
was a logical sequence of events in a desire to follow the world trends. So,
at the end of the thirties (before World War Il), the first lectures about
aircraft testing were held by Prof Nenadovi¢ at the Faculty of Mechanical
Engineering in Belgrade. The first tests and measurements were,
practically, “with stick and rope”; soon new monitoring and measuring
devices appeared, first for individual parameters of aircraft operation,
engine operation and other equipment, and later for monitoring and

G



registration of groups or more parameters. The aim was to monitor and
register as many elements — parameters during flights as possible to
analyze them later after landing and allow the continuation of tests and / or
corrections of measurements. After World War |l, equipment and devices
that were preserved (Arhiv Vazduhoplovnog opitnog centra, 2016), or
captured during and after the war were used for testing aircraft, weapons
and equipment (Figure 3). Since the existing equipment was already
obsolete, new equipment for testing in flight (barographs, registering
accelerators, etc.) was purchased in Switzerland in 1949 (Peravia). This
equipment, although of modest capability (measuring a maximum of three
parameters - data reduced to the time base), allowed successful testing of
aircraft and equipment at that time.
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Figure 3 — Pre-war cinetheodolite (Arhiv Vazduhoplovnog opitnog centra, 2016),

PucyHok 3 — [JoBoeHHbIn knHoTeogonut (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 3 — MNMpepgpaThu knHo Teogonut (Arhiv Vazduhoplovnog opitnog centra, 2016)

In line with the development of aircraft, TME also developed so that in
the mid-fifties (1956), the TPC acquired modern A20 series photographic
recorders of the SFIM French company (Figure 4, 4a, 4b, 4c) (Arhiv
Vazduhoplovnog opitnog centra, 2016), (Filipovi¢, 2012).

The purchased photo recorders and cinetheodolites were objective
"witnesses” of what really happened in the course of aircraft operation.
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Figure 4 — A20 photo recorder (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 4 — ®otoperunctpartop A-20 (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cniuka 4 — ®oto-pernctpartop A-20 (Arhiv Vazduhoplovnog opitnog centra, 2016)
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Figure 4a — The principle of A 20 photo recorders
PucyHok 4a — MpuHuun paboTbl hoTopeructpatopa A 20
Cnuka 4a — MNpuHumn paga doTto-peructpartopa A 20
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Figure 4b — A20 installed on an MIG 21 (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 46 — A20 yctaHoBrneHHbI B camonete Mul™ 21 (Arhiv Vazduhoplovnog opitnog
centra, 2016)
Crniuka 46 — A20 yrpaheH Ha aBuoH MUT™ 21 (Arhiv Vazduhoplovnog opitnog centra, 2016)
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Figure 4c — Record of the monitored parameters on the photo paper of an A20 register

during the tests (Arhiv Vazduhoplovnog opitnog centra, 2016)

PucyHok 4c — 3anuck - oTcrnexvBaeMbix NnapameTpoB Ha doTobymare permctpatopa
A20, coenaHHas Bo BpeMs ucnbitaHui (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 4y — 3anuc cHumMaHux — npaheHux napameTapa Ha oTo-nanunpy permcraparopa

A20 y Toky ncnutusama (Arhiv Vazduhoplovnog opitnog centra, 2016)
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The application of test measurement equipment in our country kept
pace with global trends of that time. The main goal of using TME was to
objectively test and evaluate the quality of the aircraft, arms and
equipment so that they could fulfill their purpose.

Regardless of the cooperation with the SFIM Company, the VOC also
cooperated with other manufacturers buying their testing equipment - for
example the A13 recorder was purchased from SHLUMBERGER. It had a
possibility of monitoring and recording up to 24 parameters during the flight
(Arhiv Vazduhoplovnog opitnog centra, 2016), which significantly improved
the quality and efficiency of tests (see Figure 5).

Figure 5 — A13 recorder (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 5 — Peructpatop A13 (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 5 — Peructpatop A13 (Arhiv Vazduhoplovnog opitnog centra, 2016)

This is what a so-called "black box" looks like. These recorders are
actually BLACK BOXES. They are highly resistant to impact, high
temperatures, water, and other types of damage. They are painted in
orange on purpose, to make them easier to be identified and found. They
got this name in the aviation jargon, because, when an accident or disaster
happens, they usually bring black news.

In order to study aviation weapons (firearms, rockets and bombs) as
well as the characteristics of aircraft in flight phases, high speed and ultra
high speed cameras for continuous recording are used as in other centers
for testing aircraft worldwide (Figures 6, 7) (Dimitrijevi¢, 2003), (Filipovi¢, 2012).
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Figure 6 — Ultra high speed cameras to record separation of bombs from bomb-carriers
(Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 6 — CBepxCKOpOCTHas kamepa Aansi 3annucu copacbkiBaHusi 6omb c
6ombapauposmkos (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 6 — YnTpabp3e kamepe 3a CHMMake ofBajata 6ombu ca bombo-Hocava
(Arhiv Vazduhoplovnog opitnog centra, 2016)

Figure 7 — Scheme of the bomb separation zone recording
PucyHok 7 — CxeMa CbeMOYHOM 30HbI Npy 3anncu copoca 6om6
Cnuka 7 — lllema 30He cHuMmana ofBajatba 6oMou
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Renowned manufacturers of this equipment also having been used in
this country are: AVIA and Sidetel (see Figure 8), (Filipovi¢, 2012), (Arhiv
Vazduhoplovnog opitnog centra, 2016).

Figure 8 — AVIA camera (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 8 — AVIA kamepa (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnvka 8 — AVIA kamepa (Arhiv Vazduhoplovnog opitnog centra, 2016)

The digitalization era in the eighties influenced the methodology of
testing aircraft, armament and equipment in the VOC, too (Figure 9). It was
a huge improvement, because it allowed a simultaneous access to tests
data to all participants. In that way, the process of testing and analysis was
significantly reduced.
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Figure 9 — D-V/ISFIM embedded in the cabin of a prototype of the G-4 P-2 aircraft Super
Galeb (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 9 — "D-V/SFIM" ycTaHoBneHHbIN B kKabuHe npoTtoTuna camoneta -4 M-2 "Cynep
ane6" (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 9 — D-V/SFIM yrpaheH y kabuHu npotoTuna asuoHa -4 M-2 ,cyneprane6” (Arhiv
Vazduhoplovnog opitnog centra, 2016)

Theodolites

The Air Force Development Plan from the first half of the 1980s dealt
with the further development and equipping of the VOC with test
measuring equipment (TME). In fact, the development of an NA (new
supersonic jet-plane) started. The NA was supposed to be the Yugoslav
Air Force variant of the OS, for a longer period, as a fourth-generation
multi-purpose aircraft, with the possibility of further improvement (Sredstva
za ispitivanje aviona, 2016).

For the purpose of NA quality monitoring and acceptance, the VOC
made great efforts in training the entire staff and providing modern
equipment for aircraft testing. It was the most modern equipment in the
world at that time.
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The optotheodolite system SKYTRACK (Figure 10), of the Swiss
company CONTRAVES, was purchased in 1988 and soon put into
operation for testing trajectory, flight aircraft, missiles, bombs, parachutes
and other means that were tested in the VOC.

Figure 10 — Optotheodolitesystem SKYTRACK
(Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 10 — Cuctema onTtunyeckoro Teogonuta "SkyTrack”
(Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 10 — Ontoteogonutckn cuctem ,SKYTRACK”
(Arhiv Vazduhoplovnog opitnog centra, 2016)

The SKYTRACK enabled the capture of the trajectory (Figure 11) of a
tested asset at distances from 0.5 to 100 km, depending on the size of the
object (combat aircraft and helicopters 15-20 km) being monitored and
recorded (Uputstva za teodolite i telemetriju VOC-a,1989).
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Figure 11 — Trajectory of a tested asset (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 11 — N3o06paxxeHne TpaekTopum uccrnegyemoro obbekra
(Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 11 — lNpwvkas TpajekTopuje NCNUTUBaHOT CPeacTBa
(Arhiv Vazduhoplovnog opitnog centra, 2016)

The methods of monitoring and recording are triangulation and laser
tracking. The layout of units is given in Figure 12 (Uputstva za teodolite i
telemetriju VOC-a, 1989).

TEODOLITSKA
Y & Y STANICA 1
N,
AT
PCM/FM TELEMETRIJSKI ([} e
SISTEM < [

- ) . GLAVNA STANICA ZA X
DGPS PRIJEMNA STANICA TRAJEKTOGRAFSKO € 2

CENTRALNA ERACENJE TEODOLITSKA
AKVIZICIONA STANICA _amacaz

Figure 12 — Scheme of the arrangement of units (telemetry and theodolites) during tests
(Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 12 — bnok-cxema cbopa AaHHbIX (TernemeTpusi u TeoaonuT) BO Bpemsi
mcnbiTaHun (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 12 — lllema pacnopega jegmHuua (TenemeTpuja u TeofonuTn) y TOKY UCMMTUBaHA
(Arhiv Vazduhoplovnog opitnog centra, 2016)
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Telemetry

The testing of the modern aircraft (named NA in our country) was
accompanied by appropriate highly sophisticated equipment for
aerodynamic tests and testing of engines, equipment and devices
integrated in a plane. For that purpose, in 1989, the telemetry system PCM
! FM, of the American firm LORAL (Figures 13, 14), was purchased. The
system consists of a so-called ground system - receiving station and a
system to be installed on the plane with its sensors and encoders. The
system is able to monitor, record and transmit to the receiver station up to
220 parameters - data in real time at distances up to 200 km (mobile units
to 100 km), (Uputstva za Teodolite i Telemetriju VOC-a, 1989). The data is
immediately registered, monitored and analyzed by the team at the
ground-receiver station, so that the team can react immediately and direct
a test program in the desired direction. This reduces test time and enables
responding to various phenomena in real time during the flight, so that test
risks are reduced to a minimum (Sredstva za ispitivanje aviona, 2016).

Figure 13 — Telemetry System PCM/FM, US company LORAL - ground receiver mobile
station (Arhiv Vazduhoplovnog opitnog centra, 2016)

PucyHok 13 — TenemeTpuyeckas cuctema PCM / FM, amepukaHckoi komnanmm "LOREAL"
— HazeMHas MoburbHas npueMHas ctaHumst (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 13 — TenemeTtpujcku cuctem PCM/FM, amepuuke dpupme , LORAL” — 3emarscka
npujemHa nokpeTHa ctaHuua (Arhiv Vazduhoplovnog opitnog centra, 2016)
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Figure 14 — Telemetry System PCM/FM, US company LOREAL - operator position,
(Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 14 — TenemeTpuyeckasa cuctema PCM/FM, amepukaHckon komnadmm "LOREAL"
- paboyee mecTto onepaTopa (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 14 — Tenemetpujcku cuctem PCM/FM, amepuyke pupme ,LORAL” — nosuumje
onepatopa (Arhiv Vazduhoplovnog opitnog centra, 2016)

An example of testing efficiency is a spin, evolution in which the
inertial forces and moments are dominant in relation to the aerodynamic
ones, so performing this evolution can be dangerous (MiloSevi¢,1992).

A spin can be generally performed by any plane; it is necessary to
find ways to enter it and recover from it while determining its conditions
(altitude, speed, entry and recovery). Some fighter jets, from the entry into
a spin until complete recovery and stabilization of the flight, lose even
several thousand meters.

Therefore, in the spin testing methodology, the "step by step" method
is used (a multitude of flights) to reach a complete definition of the
behavior of a certain aircraft in a spin (Figure 15, archives of the VOC,
photographs, 2016, Belgrade).
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Figure 15 — Graphic display of testing cross directional stability and dynamic spin
on the G-4 aircraft
PucyHok 15 — "pacuyeckoe n3obpaxxeHne UCnbiTaHUA NONEPEYHON YCTOMYNMBOCTU U
ynpasnsemocTtu camoneTa -4
Cnuka 15 — 'pacbuykn nprkas n3 ucnMTuBara NonpeyHo-cMepHe AMHaMMYKe
cTabunHOCTM U KOBUTA Ha aBUOHY -4

Telemetry has reduced this kind of tests to a minimum. Instead of
recording certain parameters with a photo recorder, their analysis after
landing, and repeating attempts, telemetry has allowed a "step by step”
method which gives the results only after a few flights, because the control
of flight tests is done in real time.

The test pilot and the whole test team are responsible for the security
of both the crew and the aircraft, as well as for further consequences of
their decision making when determining aircraft performances in a spin,
which are further on defined by the aircraft guidelines.

In my pilot experience as a test pilot, | was the first (on my own
responsibility since it was forbidden) to perform a spin on an "Eagle"
aircraft. | shared this experience with other experiment pilots with whom |
flew. Thus, they gained self-confidence and faith in the means they flew on
(Arhiv Vazduhoplovnog opitnog centra, 2016).
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Test pilot

Testing planes is persistent and painstaking teamwork of a large
number of specialists - experts, including a test pilot who is an important
part of the team (Figure 16). He faces all the problems, successes and
failures, and therefore bears a great responsibility (Bilbija, 2014).

Figure 16 — Test team after a flight (test pilot, Colonel Branko Bilbija, second from the
right), French Test Center Istres Marseille, March, 1986.

PucyHok 16 — KomaHaa neTtunkoB-ucnbiTatenen nocne noneta (JleTymk-ncnoitatens,
nonkoBHWK BpaHko Bunbus, BTopoli cnpasa), PpaHLy3CcKMIn aBUaALMOHHbIN
ncnblTaTenbHbln LeHTp Mictp-Mapcens, mapTt 1986 roga.

Cnuka 16 — OnuTHW TUM Nocne neTa (ONMTHU NUMOT, NyKOBHUK Bpanko Bunbuja, apyru
3aecHa), PpaHuycky onuTHU ueHTap Mctp-Mapcej, mapt 1986

In the beginning, flight enthusiasts constructed airplanes, flew and
carried out tests. It was a romantic era of aviation, where one person or a
small team solved all the problems. The development of technologies and
their applications in aviation, together with the understanding of the value
of aircraft as a means of combat fully differentiated specific areas where
experts could engage in aviation. It became clear that only a well-trained
pilot could contribute to aircraft development and be a part of the team that
solves the problems in the air, and also cooperate with other members -
engineers and technicians.

The need for a pilot specialist who would be a link with other experts
and specialists was realised in the 1930s. The first attempt to form a
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school of test pilots was at the airport Villacoublay, near Paris, in 1935.
The aim was to train pilots and flight engineers, in order to standardize
testing methodology, unlike the previous practice, where pilots usually had
their personal methods and applied them.

The attempt remained only an attempt. However, due to the need to
standardise the test criteria and to improve the knowledge in specific areas
- aero dynamics, flight mechanics, test techniques and methodologies - for
a better understanding of problems and easier communication among
experts of different profiles from different fields, the first school for test
pilots in the world was established. It was the "Empire Test Pilots School"
in Boscombe Down, England, in 1943.

Training of test (Bilbija, 1986), (Bilbija, 1987) pilots and flight
engineers fully proved its worth in the further development of aviation and
aviation in general. A good example of this is testing the best aircraft climb
rate, which is performed in a strictly straight linear flight, with the full power
of the engine; it is the product of the aircraft power capabilities.

Also, testing aircraft at defined Mach numbers and high speeds
requires appropriate attention and knowledge of testing methodology. In
this kind of testing, in contrast to a spin, the airfoil and shape of the wings
define in advance the potential of the aircraft, especially at transonic and
supersonic speeds. (Milodevi¢, 1981).

Reaching the speed of sound and a value slightly above it with a
transonic plane (NJ-22, " Eagle ") (as shown in Figure 17), is performed at a
steep angle of descent (30-45 degrees), with the full engine power. The
starting height is typically 12,000 m. Thus, depending on the air temperature,
(the speed of sound depends only on the air temperature) the speed of sound
is reached. The height over 10,000 m is recommended for this.
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Figure 17 — Orao two-seater in which test pilot Branko Bilbija broke the sound barrier
PucyHok 17 — OByxMecCTHbI «Openy, Ha KOTOPOM NeTYnk-ucnoitatens bpaHko Bunbusa
npeogornen 3BykoBon 6apbep
Crnuka 17 — ,Opao” aBocep, KojuM je onuTHu nunot bpaHko Brunbuja npoburo 3By4Hn 3ug

In peace time, flying at supersonic speeds is done above 10,000 m,
due to possible consequences on the ground caused by a shock wave
when a plane flies faster than the speed of sound. A shock wave is
presented in Figure 18, and its visual effect in Figure 19.

el = M=0 i a
Wisop nopemehaja  Maxom konyc s
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1 “l

—=  M:0875

” 1

— Mol M<1d M=l —F o]

prasak r- CipepHO NPEHOLEHE NopeaMeEhaa

Figure 18 — Shock wave
PucyHok 18 — N3o6paxeHne yaapHOW BOMHbI
Cniuka 18 — lNpukas yaapHor Tanaca
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When an aircraft exceeds the speed of sound and enters the zone of
supersonic speeds, it causes instant changes in the atmosphere around it.
This can be sometimes clearly visible (Figure 19) when the air humidity is
high. The change in air pressure in that moment is manifested as a bang
on the ground. At that moment, the pilot in the cabin does not feel these
changes — everything is silent, and only through instruments (altimeter,
variometer and Machmeter), the pilot receives information that his speed is
above M = 1. Speed reduction and transition to the subsonic zone, which
is usually done in turn, creates a danger of a sudden increase in the load
on the vertical axis due to the change in deflection and the efficiency of the
control surfaces, thus affecting the condition of the pilot and the plane.
Aircraft using a "fly by wire" control system do not have this problem.
Special equipment for supersonic speeds and high altitudes restricts and
complicates the work of pilots in each phase of the flight and requires a
special training.

Figure 19 — Display of the visual effects for an aircraft passing Ma = 1 "sound barrier ”
PucyHok 19 — U3obpaxeHue su3yarnbHbIXx 3¢hghekmos rnpu rnpoxoxoeHuu camosema
Ma = 1 "cmeHa 38yka ”

Cnuka 19 — Npwvkas Bu3yenHor edekata npw nporacky aBnoHa Ma=1 3By4HM 3ug
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The aforementioned has pointed out the need for the specialization in

certain stages of testing such as:

— Development testing — these are construction tests performed by
pilots and teams of constructors - in this case, the design/-
construction team was most often the VTI ( MilitaryTechnical
Institute), Zarkovo, and tests were also carried out by the test
pilots from the Test Pilots Center - VOC (today CLI). These are
the tests performed by the designer/constructor to prove whether
tactical and technical requirements are met. After successful
development testing, a decision is made to move to the next
stage.

— Verification testing - in the Test Center, to confirm/verify the test
development, performed only by the experts and test pilots from
the VOC. It is sometimes possible to include other experts —
aircraft designers and manufacturers — for specific purposes.

— Tactical tests - for the needs of the tactical use, they are
performed in particular Air Force units.

— Tests after the start of the aircraft series production and after
performed checks in Overhauling Institutes (RZ), in a tactical unit
during regular aircraft maintenance in a unit, done by test pilots
trained in the VOC for that type of activity.

The testing process generally finishes in this moment although certain

interventions are possible throughout the whole operational life of the
aircraft.

Conclusion

This paper, without going into detailed explanations (otherwise it
would have been a lengthy work), intends to show to a layman reader what
happened in aviation and what happens next.

One hundred years is a long time, but for aviation it is a very short and
dynamic period in which it has developed by leaps and bounds. Designers,
engineers, test experts, test pilots and many others are connected, like by
Ariadne’s thread, by the desire to progress and to achieve new goals. All
participants are equally important.

As a final synergetic result, joint work leads to new products.
There is no greater satisfaction than success!

<>
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NCTBbITAHNA CAMOJIETA C TOYKW 3PEHUA METOLONOT NN,
BE3OMNACHOCTU 1 PASBUTUNA ABUALMOHHOWM TEXHUKWA

BpaHko b. bunbus
reHepan B oTcTaBke, I. benrpag, Pecny6nuka Cepbus

OBNACTb: aBnauusi, BoeHHasi aBmauusi, UCnbiTaHUSA U UCCreaoBaHUs
caMoneToB

BWO CTATbW: opurmHansHas Hay4Has ctaTbs

A3bIK CTATbW: aHrnuickmin

Pe3some:

Asuayus 6 uyesioM, a 8 4YacmHocmu passumue KOHCmpPyKUuul
camoriemos, 8 medyeHue Kopomkoz2o epeMeHu, HadyuHasi ¢ 1903 2o0da, e
3HayumernbHOU  cmeneHuU  pacwupunu  epaHuybl  Yesiogeyeckol
OesimernibHocmu. [lepabie «8030yxonnasamesibHble CHapsiObly MpPYyOHO
6b110 Hazeamb 6e3omnacHbIMU, HO 8CKOpe caMosiembl cmarsiu pewiarouum
¢hakmopom 6 8olHax U OOHUM U3 caMbIX HalexXHbIX cpedcms
nepedswxeHuss U ces3u Mex0Oy modbMu o ecemy mupy. bbicmpoe
MexXHUYeCcKoe U  MEeXHOMo2UYecKoe  passumue  HyX0aroch
cneyuansHol memodosioauu. Maccosoe npoussodcmeo U fpuMeHeHUe
nemameribHbIX annapamos eblsi8uUnIuU Heobxodumocmb
cmaHOapmu3ayuu 8 obracmu rnpou3sodcmea, UCnbimaHuli U UX
8HEOPEHUST 8 B0EHHO-60EBYH0 IKCIITyamauyuto, @ maKXe 8 KOMMEDPYECKYIO
aKcryamauyuro 8 yersx 6030yWHbIX NMepeso3oK. Takum obpas3oM, Ha
Ce200HSAWHUU OeHb ucrnbimaHusi camornemos eKrroYarom
MynbmuOUCUUNIIUHapHble  MemolObl, 8  MPUMEHeHUU  KOMOpPbIX
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3adelicmeosaHa 6orblwasi KomaHOa crieyuanucmos U 3KCrepmos,
npedcmaesnsrowux pasnuyHble obriacmu HayKu U MeXHUKU, a 2rasHbIM
yyacmHukoM OaHHOU KOMaHObl HEMUHyeMo sersemcsi J/1em4yuk-
ucnsimamenb. [ns Hy>0 ucribimamersibHbIX Meporpusmul crieyuanbHO
paspabambigeaemcsi KOHMPOJSIbHO-U3MepumesibHoe 0bopydoeaHue, a
camu Jilemquku rpoxodsim crieyuanbHoe OobydYeHue 8 UeHmpe ro
noG2omoekKe riem4yukos-ucriimamered.

Kntouesble crioea: ucrbimaHusi camoriema, uccriedosaHusi,
HeobxoOuMocmb 8 UCHbIMaHUsIX, B0eHHasl aeuauusi, aspoluHaMuKa
camorsiema, KOHMPOJIbHO-U3MEPUMESTbHbLIE MPUBOPbI, C8EPXCKOPOCMHbIE
Kamepbl, merniemMempusi, meodonumasl, WmMornop, 38ykoeol 6apbep,
Jiemyuk-ucribsimamerib.

NCTMNTUBAHE ABMOHA CA ACINEKTA METOOONOIJE,
BE3BEAHOCTU N PASBOJA NETENWLIE

Bbpanko Bb. bunbuja
reHepan y neHauju, beorpag, Penybnvka Cpbuja

OBNACT: Ba3gyxonnoBCTBO, paTHO Ba3gyxOMnfoBCTBO, ONUTHA UCTpaXunBaka
Ba3ayxonsosa

BPCTA YJTAHKA: opyrHanHu Hay4Hu YnaHak

JESNK YJTAHKA: eHrneckm

Pes3ume:

Ba3sdyxonnoecmeo y uenuHu, a npe ceeaa asujayuja U aBUOHU 3a
Kpamko epeme, HakoH 1903. 200uHe, ysesnuko cy rnoMepusiu 2paHuue
reydcke OenamHocmu. O4 knumasux” u Hebe3bedHux nemehux cripasa,
asuoH je nocmao pewasajyhu ¢hakmop y pamosuma U jedHO 00
rnoy3daHux cpedcmasa rpeeo3a U KOMyHUKauuje mehy rbyduma wupom
ceema. bp3u MexHUYKO-MEXHOMOWKU pa3eoj 3axmesao je u rocebaH
npucmyn. MacosHa nipou3dsodra u Kopuwhere aguoHa UsHedpunu cy
nompeby 3a cmaHdapdusayujomM y npoussoOmH-U, ucnumueary U
ysohere y onepamusHy yrompeby 6opbeHux asuoHa, Kao U yeohere
asuoHa 3a nompebe ea3dywHoe caobpahaja. Vicnumueare asuoHa
OaHac je euwe OuyuniuHapHa ucmpa)xueayka axkmueHOCm BerluKoe
bpoja cmpy4yrbaka U3 pasnuyumux obsiacmu, mehy Kojuma je onumdu
nurom He3zaobunasHu 4naH. Padu moea ce ucrnumHo-mepHa orpema
(UMQO) nocebHo OusajHupa, a onumHuU nugomu obyyasajy Yy
crieyujanu3ogaHuM WKonama 3a ornumHe fuaome.

KrbyuHe peun: ucriumuearse 6a3dyxoriosa, OfumHa UCmpax usarsa,
Hy)XHOCM —ucnumuearba, pamHo 8a3dyxomnnoecmeo, aepoduHaMuka
aelLoHa, UCMUMHO-MepHa ofpema, ynmpa 6p3e kamepe, menemempuja,
meodonumu, Koeum, 38y4Hu 3ud, ONUMHU NUIom.

G

Bilbija, B., Aircraft testing in terms of methodology, safety and development of aircraft, pp. 45-68



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

Paper received on / [lata nonyyeHusa pabotsl / latym npujema ynaxka: 12.11.2016.
Manuscript corrections submitted on / lata nony4eHus ncnpaBneHHowm Bepcun paboTbl /
[atym pocrtaerbana ncnpaeku pykonuca: 25.12.2016.

Paper accepted for publishing on / lata okoH4YaTensHoro cornacosaHus pabotel / Jatym
KOHa4HOr NpuxBaTaka YnaHka 3a objaBrbmBame: 27.12.2016.

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

© 2017 AsTop. OnybnukoBaHo B «BoeHHO-TexHnYeckuin BecTHUk / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mMo0.ynp.cpb). [laHHas ctaTbsi B OTKPLITOM 4OCTYNE U
pacnpocTpaHaeTcs B COOTBETCTBUM C nuuieH3nen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2017 AyTtop. Ob6jaBro BojHoTexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mMo.ynp.cp6). OBO je YnaHak 0OTBOpPEHOr Npuctyna un guctpubyupa ce y
cknagy ca Creative Commons licencom (http://creativecommons.org/licenses/by/3.0/rs/).

Ce



NPEMegHA YNAHLIA
OB30PHbLIE CTATbMU
REVIEW PAPERS

RESEARCH OF THE EFFECTS OF
SHOCK AND VIBRATIONS ON THE
HUMAN BODY

Zoran C. Petrovi¢

Serbian Armed Forces, AF and AD, 204th Aviation Brigade, Batajnica,
Republic of Serbia

e-mail: pzoran.pele@gmail.com,

ORCID iD: @http://orcid.org/0000-0001-8053-4034

DOI: 10.5937/vojtehg65-8870

FIELD: Mechanics, Mechanical Engineering
ARTICLE TYPE: Review Paper
ARTICLE LANGUAGE: English

Summary:

There is very little reliable information about the forces needed fo cause
injury to the human body. Namely, it is very difficult to obtain reliable reports
about the influence of mechanical forces and the subjective reaction to these
forces, mainly due to the complexity and diversity of the human body in both
physical and behavioral aspects.The need for the study of physical,
physiological and psychological reactions of living beings in a laboratory, under
controlled conditions, has led to the development and use of specialized
devices for the simulation of impact and vibrations in order fo carry out
experiments on humans and animals. "Anthropometric” or "anthropomorphic”
dummies that simulate the basic static and dynamic properties of the human
body are widely used in the study of plane and car crashes. Thus, for example,
a Hybrid lll dummy is used in case of a frontal crash of the car. Various
research works about automotive and aviation accidents as well as experiments
with both dummies and living beings show that full support to the body and
limiting the movement of the limbs provide maximum protection from the forces
of acceleration.

Key words: anthropometric dummy, crash, human body, vibration,
shock, aircraft, accident, automobile.

Introduction

The man, as a mechanical system, is extremely complex and his
mechanical properties are often subject to change. There is very little
reliable information about the forces needed to cause injury to the human
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body. To avoid injuries to humans when collecting such data for the
examination of mechanical damage, it is necessary to carry out experiments
on animals. However, resulting data must be subjected to detailed
examination to determine the extent of their applicability to humans that
differ from animals not only in size but also in their anatomical and
physiological structures. It is occasionally possible to obtain useful
information from situations involving accidental injuries to the man; however,
while injuries can often be assessed, the forces that cause such injuries
cannot, so data thus obtained are rarely useful. It is also difficult to obtain
reliable data on the effects of mechanical forces on various actions and
subjective reactions to these forces, mainly due to a wide variation of human
beings both in physical terms and in terms of their behavior. Measurements
of some of the mechanical properties of the man are, however, often
possible because they require only weak forces.

Definitions and characterization of forces

Forces can reach the body through gas, liquid or solid materials. They
may be diffuse or concentrated in a small area. They can vary from
tangential to normal, and can operate in several directions. The shape of
the solid body that violates the surface of the human body is also
important, as well as the position and shape of the human body. All these
factors must be taken into account when considering injuries that arise
from vehicle collisions, explosions, vibrations, etc. Laboratory studies often
allow a fairly precise control of forces, but real situations are much more
complex. Therefore, it is often very difficult to predict what will happen in a
real situation on the basis of laboratory studies. Also, it is difficult to
consider terrain studies without the help of laboratory studies.

The term "shock" is used in biology and medicine differently than in
mechanics. Therefore, one should be careful when using this term. In this
paper, the term "shock" is used in its "engineering" meaning. In essence,
forces that reach the maximum value for less than a few tenths of a
second and last no more than a few seconds can be considered as forces
that cause a shock in the human body.

The term "impact" refers to the force applied when the human body
comes into a sudden contact with a solid body and when there is a large
transmission of pulses, e.g. when speed is sharply reduced in a vehicle
crash or when a solid body that moves at high speed slams into the human
body (Harris, Piersol, 1988).
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Methods and instrumentation

Most quantitative research works on the effects of shock and vibration on
humans are performed in a laboratory under controlled simulated conditions.
Significant results from these tests can be obtained only if the methods of
measurement and instrumentation are adapted to the specific characteristics
of biological systems under study in order to avoid the influence of the
measurement on the behavior of the system. The behavior of the system can
be seen in the physical, physiological and psychological sense, although
these parameters, if possible, should be studied separately. The complexity of
living organisms makes such consideration, even if it is assumed that the
parameters are independent, only approximately accurate at best. In many
cases, if not taking care while planning and leading experiments, an
uncontrolled interaction of these parameters can lead to completely erroneous
results. For example, the dynamic elasticity of the tissue of a specific part of
the body may depend on simultaneously excited vibrations of the other parts
of the body, or elasticity can be varied during measurements since the
physiological response of a living organism varies, or elasticity can be
influenced by psychological reactions of the living organism to the test itself or
to the measurement equipment.

Control and compensation for nonuniformity of living systems is very
important because of variations in size, shape, sensitivity and response of
people since these factors can vary for an individual, depending on the
weather, experience and motivation. Using a proper experiment project is
necessary and almost always requires a large number of observations and
planned controls (Harris, Piersol, 1988).

Simulation of mechanical environment

The desire to study the physical, physiological and psychological
reactions of living creatures in a laboratory under well-controlled conditions
has led to the use of standard and specialized devices for shock and
vibration experiments on humans and animals. Some of the devices used
in such tests are given in Figure 1 (Harris, Piersol, 1988).

A precise simulation of environmental conditions a man is exposed to
is often not feasible for technical and economic reasons, or may even be
undesirable because of the need for more systematic research under
slightly simplified terms. Therefore, most studies have been limited to the
study of one degree of freedom in which the man is exposed to vibrations
in one direction only. For this purpose, mechanical and electrodynamic
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vibration testing tables are often used. The conditions to be satisfied by all
the devices for shock (impact) and vibration testing are: adequate
protective measures, secure and precise exposure control and payload
equal to the total weight of the subject, seats and instrumentation.

One vertical accelerator, for example, simulates large amplitude
sinusoid or random vibrations such as those encountered in accidents
during high-speed flight at low altitude, or those expected in the launch
and return phases of spacecraft. This device can be programmed to record
acceleration achieved in real flight conditions.

Type of machine A[:);f)lflg?::m Frergrl:sgcy Maximum amplitude
- mechanical acceleration
Shake table T 0-50 Hz upto15g
(Figure 2) ﬂ electrodynamic
<:> 15-1.000 Hz
Vertical accelerator 2 0-10 Hz displacement £3 m
(Figure 3) ﬁ1 acceleration 3,7g
-
. ‘l. Down to 2 -1
Shock machine T T=0.16 s 10°do 10" cm
°
Horizontal or LI Rate of
vertical decelerator <:| |:> acceleration 40g peak
or accelerator U to 1.400 a/s
(Figure 4) ﬂ C P : 9
Siren <:> noise
(airborne sound) x = 25-100.000 Hz 160-170 dB
Head impact machine for :> Depending on the Impact velocity
a dummy >
; machine 43 m/s
(Figure 6)

Figure 1 — Summary of the characteristics of shock - impact and vibration machines used
for experiments on humans and animals (Frequency range and maximum amplitudes
refer to the values used, not to the capabilities of such machines)

Puc.1— O630p xapakTepuCTUK YCTPOUCTBA Arst UBMEPEHUS YOapOB 1 BUGpaumn,
NPUMEHSEMbIX B SKCMIEPUMEHTaX C y4acTUeM MoAen 1 XNBOTHbIX (AMana3oH 4acToT U
KonebaHun, OTHOCATCS K UCMONb3yeMbIM 3HaYEHNSIM, @ HE K BO3MOXXHOCTSIM YCTPONCTBA)
Cnuka 1 - lNperneq kapaktepucTtuka ypehaja 3a wok-ygap 1 Bubpauuje koje ce kopucte
3a eKcneprMeHTe ca rbyamma 1 XMBOTUH-aMa (PacrnoH pekBeHLmja 1 MakcumarHe
amnnuTyAe ogHoce ce Ha kopuwheHe BpegHOCTH, @ He Ha MoryhHoCTU mMalunHa)
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Other machines for the study of the sensitivity threshold in the man
ejected from an aircraft moving at high speed (ejection seat) have straps
for upward or downward acceleration on movable seats with explosive
charges.

Figure 2 — Shake tables: hydraulic — left, electric — right
Puc. 2 — BubpocTon : ruapaBnnyeckuin — cnesa; 3NeKTpU4eCcKuii - cnpaea
Crniuka 2 — BubpaumoHn CTOMoBW: Xmapaynuyki — Crivika NeBo, eNeKTPUYHU — Crnka OeCcHO

— g,

Figure 3 — Ejection seat trainer
Puc. 3 — CumynsaumMoHHoe KaTanynbTupyemoe Kpecno
Cnuka 3 — CnmynaTtop usbaumeor ceguiuTa

Horizontal straps with rocket sleds that can be stopped by special
mechanisms are used to study the effects of line speed reduction, similar
to those that occur in car or aircraft accidents (Harris, Piersol, 1988).
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Figure 4 — Martin Baker Eurofighter rocket sled
Puc. 4 — PakeTHble caHn MapTuH Berikep ona mogenupoBaHus pa3roHa camoneTa
Eurofighter
Cnuka 4 — PakeTHe caHke Martin Baker 3a cumynauujy yop3sawa Ha aBmoHy Eurofighter

Studies involving a combination of acceleration and vibrations are
carried out by mounting an oscillator on the centrifuge. Exhaust pipes,
sirens and respirators are used to study the reaction of the body to the
distribution of pressure around it.

Simulation of the human body

Determining the sensitivity threshold in humans to mechanical forces
and explaining injuries that occur when these limits are exceeded often
require experimenting at various levels of potential hazards. In order to
avoid unnecessary risks to humans, animals were used first for detailed
physiological studies. These studies have resulted in determining the
levels wich are, with reasonable probability, safe for humans. However,
these comparative experiments have obvious limitations. Different
structures, sizes and weights of most animals move their curve of the
threshold of sensitivity to mechanical forces into other frequency bands,
different from those observed in humans. Both generally and partly known
physiological differences between species should be taken into account.
For example, the natural frequency of the thorax-abdomen system of a
human subject is between 3 and 4 Hz, while in mice the same resonance
occurs between 18 and 25 Hz. Accordingly, the maximum effect and
maximum damage occur at different frequencies of vibration and different
models of shock time in mice and in humans. Dogs, pigs and primates are
used in large numbers in these tests (Harris, Piersol, 2002).
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Figure 5 — Hybrid Ill dummy - doll designed for use in frontal motor vehicle crash tests
Puc. 5 — Hybrid Il dummy — aHTponoMeTprMYEeCcKMn MaHeKeH ANns KpaLl-TecToB Ha
no6oBoe CTONKHOBEHME
Cnuka 5 — Hybrid Il dummy — nyTka HamereHa 3a ynotpeby y TecToBMMa 4eoHor
cyaapa MOTOpHUX BO3una

A lot of kinetic processes, physical load, and total destructive
anatomical effects can be studied on dummies similar to people in size,
shape, mobility, overall weight and weight distribution in the body. Unlike
those used only for the purposes of load testing, dummies that simulate
the basic static and dynamic properties of the human body are called
"anthropometric" or "anthropomorphic" dummies. They are widely used in
the study of plane and car crashes (North Atlantic Treaty Organization,
1996).

In the case of a frontal car crash, a Hybrid Il dummy is used, which
has become the standard in North America and Europe to simulate the
behavior of passengers in crash tests and safety-related tests (Figures 5
and 7). The original dummy is designed to match 50% of the population of
North American men. It has a metal "skeleton" covered with vinyl leather
and wool, with a rubber lumbar spine which can bend to mimic the seated
position and a shoulder structure capable of withstanding the load of a
seat belt. In other studies, dummies are used instead humans for the
evaluation of protective seats and belts. An attempt was made to achieve
the same "elasticity" of the human tissue by applying some kind of filling in
such dummies. However, these are rough simulations at best, and their
dynamic properties are generally, if at all, only reasonably coordinated in a
very narrow range of low frequencies. This feature, together with the
passivity of these dummies, makes an important mechanical difference
between them and the humans.

&
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Figure 6 — Frangible Surrogate Headform: a) front view, b) view from behind, c) head on
the neck of the Hybrid Ill dummy, d) Completed Frangible Surrogate Headform
Puc. 6 — 'onoBa aHTponoMeTpu4yeckoro MaHekeHa: a) Bug cnepeau, 6) Bug c3agm, c)
ronosa Ha wee Hybrid Ill dummy, d) o6wmin BMA ronosbl aHTPONOMETPUYECKOTO
MaHekeHa
Cniuka 6 — INlomrbyBa cyporat rnasa: a) nornea cnpega, 6) norneq otnosagu, U) rnaea Ha
Bpaty Hybrid Il dummy, ) koHa4yHK 0BNMK NoMIbMBE Cyporart rnase

Efforts have been made to simulate the mechanical properties of the
human head in order to study the physical phenomena that occur in the
brain in crash conditions. Although these forms only look like the human
head, they are very useful in assessing the protective characteristics of
helmets during crash conditions. Plastic heads, adapted to the standard
dimensions of the head, are designed to "burst" under the same energy
under which a human head "bursts". They are made of skulls and
simulated brain mass (a mixture of glycerin, ethylene glycol, etc.). The
static properties of the skin and the tissue of the scalp are simulated by
polyvinyl foam (Harris, Piersol, 2002).

The SKJH Project - Blast Protection Specialists company produces
surrogate human body parts, such as the lower limbs and heads, for
explosive and ballistic testings. Figure 6 shows a frangible surrogate head
(frangible Surrogate Headform - FSH), made by NATO technology under
the influence of ballistic and forensic investigations conducted by the
Discovery Channel about the assassination of President Kennedy. The
different layers of the head are modelled in one unit that simulates the
human skull (www.sjhprojects.com).
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Figure 7 — Simulation of occupants in crash tests and tests of safety belts
Puc. 7 — MogenvpoBaHue NoBeAeHUS] NACCaXMPOB B KpaLL-TECTaxX U NpU UCNbITAHUSX
pemMHsa 6e3onacHocTn
Crniuka 7 — Cymynupatbe noHallama nyTHMKa y TeCToBMMA yeca U TecToBuma

6e3begHOCTM ccTemMa 3a 3ayCTaBibakbe

The International Organization for improving safety in motor sport -
FIA Institute, together with its partners, has developed a neck for hybrid
dummies to be used in crash tests in order to better present injuries that
occur in racing car drivers. The advantage of this neck is a possibility of its
elongation (www.aimss.com.au).

Figure 8 — Neck for crash-test dummies
Puc. 8 — llles maHeKkeHOB, NCMONb3yeMbIX B JOPOXHO-TPAHCMOPTHbIX KpaLl-TecTax
Cnuka 8 — Bpat 3a nyTKe Koje ce KopucTe npu TecTupawy caobpahajHux Hecpeha
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Figure 9 — Crash-test of a helicopter MD-500 with a crew of four anthropometric dummies
- Hybrid 1l dummies
Puc. 9 — Kpaw-tect Beptoneta MD-500 ¢ skunaxem 13 4eTbipeX aHTPONOMETPUUECKMX
Hybrid 1l maHekeHOB
Cnuka 9 — Tectnparse yaeca xenukontepa M-500 ca nocagom oa yetupm
aHTponomeTpuyke nyTtke Hybrid Il dummy

Physical characteristics of the human body

Simple mechanical systems such as the one shown in Figure 10 for a
standing man are often sufficient to describe and understand the important
features of the reactions of the human body to low-frequency vibrations.

Upper torso
ER Arm - shoulder
Chest - stomach BE Ei } system
system
(simplified)
Spine
Force applied to
sitting human body
Legs

™
Force applied to
standing human body

Figure 10 — Simplified mechanical system representing the human body
Puc. 10 — YnpolyeHHasa mexaHn4yeckasi cucTeMa 4ernoBeyeckoro opraHusma
Cnuka 10 — lNojeAHOCTaBIbEHN MEXAHMYKM CUCTEM JbyACKOr Tena
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Protection against sudden acceleration

Various studies about car and plane accidents involving experiments
with dummies as well as those with living beings show that the full support
of the body and limiting the movement of the limbs provide maximum
protection from the forces of acceleration and give the best chances of
survival. If the subject is restrained in the seat, he is protected from moving
around which would cause injuries, because the subject could come into
contact with the inner surfaces of the cabin. The load due to the reduction
rate should be distributed over the whole body in order to avoid the
concentration of forces which leads to bending and shearing effects. The
load should be transferred as directly as possible to the skeleton, to the
pelvic structure most preferrably - not via the spine. Theoretically, a rigid
layer around the body will protect it to the maximum by preventing
deformation. A body fixed to a rigid seat approximates such a condition;
opposing to longitudinal acceleration, a part of the load on the shoulders
and arms is shifted from the spinal column to the seat back. Arm rests can
remove the load from the shoulders to the arms.

There have been many attempts to incorporate energy absorbing
devices, either into harnesses or into a seat, with the intention to change
the time of acceleration so as to limit the greatest acceleration. For
example, imagine an aircraft stopped in the event of a crash at a speed of
161km/h at a distance of 17m - it is subjected to a deceleration of 67g. An
energy-absorbing device designed to be stretched to 17g would require a
displacement of 48 cm. While traveling over this distance, the body or the
seat would be, in relation to the aircraft, slowing by a force of 14.4g and
would have a top speed of 11m/s, depending on the structure of the
aircraft. At this speed, a human head strikes a surface (e.g. cabin interior)
by force many times stronger than the minimum required to cause fracture
of the skull. Therefore, this principle of energy absorption requires that
special attention be paid to the available space for the seat and
passengers in the aircraft design. Seats for jet aircraft are designed to
have mechanisms for the absorption of energy in the form of rear
retractable legs. The maximum displacement of such seats is 15 cm. Such
seats are designed to start moving between 9g and 12g of horizontal load,
depending on the floor strength. During displacement, the legs are moving
at the floor level which is considered useful if the floor wrinkles in a crash.
Theoretically, such a seat can be exposed to a deceleration of 30 g for
0.037 s or 20 g for 0.067 s without transmitting deceleration over 9 g to the
seat itself. However, increasing the exposure time must be taken into
consideration as much as the maximum acceleration. Figure 11 shows a
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seat composed of U-shaped front and rear leg members joined in an X-
shaped configuration, which allows their controlled deformation in a crash
situation, i.e. they bend forwards thus lowering the centre of gravity
(www.google.com/patents/ep0256749a2).

Y 4 INTIAL
\ POSITION

Figure 11 — Seats with energy-absorbing mechanisms
Puc. 11 — CngeHbs ¢ MexaHnamamm
nornaijarLwmMy 3Hepru yaapa
Cnuka 11 — Ceguiita ca MexaHn3Muma 3a ancopnuujy eHepruje

Another way to absorb energy is the plastic deformation of the front
seat legs (Figure 11), when the seat moves forwards and downwards thus
lowering the center of gravity (www.google.com/patents/us4440441).

Considering that the human body with good support has a high
sensitivity threshold to deceleration force, seats and floors in aircraft and
other vehicles, including the entire interior that surrounds the crew and
passengers, should be designed to withstand deceleration in a crash of
nearly 40g, depending on weight and space limitations. Parts of the
structures that surround the cabin should be arranged so that their
crushing or mashing reduces forces that act on the inside. Any pointed
objects or easily loosened objects inside the aircraft should be avoided. To
obtain the best chance of survival, seats should be exposed to a dynamic
load of pressure of 20g-40g. The Civil Aviation Regulations require a
minimum static load of 9g. The method for assessing seat shock-
resistance at sudden decelerations of the aircraft, with the survival of
passengers or the crew, can also be applied in the case of seats of
conventional design. It was found out that a passenger facing opposite to
the direction of motion is more likely to survive sudden deceleration in a
crash since in this case the impact force is more evenly distributed on the
body. Neck injuries must be prevented by proper head supports. As
opposed to the driving on a train or in a car, driving disadvantages in this
position on a plane are minimal because there is no movement of objects
in the direct field of view of passengers, which could hurt him. Also, with
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seats facing backwards, the center of passenger support during
deceleration is approximately 30 cm above the point where the seat belt
would be attached for forward facing travelers. It follows that the seat
facing backwards is subject to a greater tilting and bending, i.e. if two seats
are of the same weight, the one facing the direction of motion will
withstand higher loads without breaking in a crash. The seat facing the
opposite direction will have only approximately half of the anticipated
strength of a seat facing the direction of motion and about 1/3 of its own
frequency (Harris, Piersol, 2002).

Safety increase in aircraft and automobile crashes can be achieved
by spreading the load of impact over a larger area of the body and fixing
the body more rigidly to the seat. Shoulder belts, thigh belts, chest belts
and arm holders are additional support for the body as shown in Figure 12.
In airplane crashes, vertical and horizontal loads must be anticipated,
while in car accidents horizontal loads are most likely to occur.

Safety belts or seats are used to limit the displacement of people in
aircraft or vehicles and to prevent overturning of passengers on board or
their falling out. Their effectiveness has been repeatedly proven in
laboratory tests and actual crashes.

Figure 12 — Protective harnesses for rapid accelerations or decelerations. The following
devices were evaluated in sled deceleration tests: (A) Seat belt for automobiles and
commercial aviation (B) Standard military lap and shoulder strap (C) Like (B) but with
thigh straps added to prevent head- ward rotation of the lap strap (D) Like (C) but with
chest strap added
Puc. 12 — 3alWmTHbIE CUCTEMbI Ha CryYan BHE3anHOro pa3roHa unun sameaneHust.
CnepytoLme ycTponcTBa NpoLUnM UCTbITaHNS BHE3AMNHOTO 3aMeAfieHuns:

A) aBTOMOGUIbHBLIE N aBNALMOHHbIE peMHU 6e3onacHocTu, B) CtangapTHas BoeHHas
PemenHo-Tnevesas Cuctema: pemeHb Yepes nneyo, C) aHanormyHo B), ¢ gononHuTenbHbIMM
pemHsimm no 6eapam D) aHanoryHo C) ¢ JONONHUTENBHBIM PEMHEM Yepes rpyab.
Cnuka 12 — 3awTUTHNM cMCTeEMU 3a Harno yop3aBare unv cMakwere 6panHe. Crnegehu
ypehaju npouereHu cy y TeCToBMMa ca ycrnopasajyhmm caHkama: A) CUrypHOCHM nojac
3a ayTomobune 1 koMmepuujanHy aBwjauujy, b) ctaHgapaHu BojHM cucTeM nojaca ca
Kauwesmma npeko pameHa, Ll) nonyT B) anu ca nojacesnma npeko 6yTuHa,

) nonyt L) ann ca gogatum kanwom npeko rpyan
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In a sudden decrease of speed, a traveler facing the direction of
motion and wearing a seatbelt comes into contact with the inner surfaces
of aircraft or vehicle; his hands, feet and upper torso bend forwards until
his chest hits his knees or until the body is stopped by hitting other objects
(back of the seat in front, cabin wall, dashboard, steering wheel, gear stick,
Figures 13 and 14). Since reducing the longitudinal acceleration from 18 g
to 15 g may result in 3 times higher acceleration of the chest hitting the
knees, this load seems to be a limit that the human body can tolerate with
a seat belt alone. Approximately the same limit is obtained when the head-

Puc. 13 — AHMMaums noboBoro CTONKHOBEHUSA
Crnuka 13 — AHuMaumja YeoHor cyaapa

The efficiency of adequately made shoulder and chest belts in car
crashes is shown in Figure 14. The belt across the upper part of the
stomach should be tight just enough to provide comfort without being
loose. When the body moves forwards, about 60% of its mass is retained
by the belt and it represents the belt load. If the upper torso is fixed to the
back of the seat by any type of harnesses (shoulder harness, chest belt
and the like), the seat load is approximately the same for the front seats
and the ones behind them. As far as the threshold of sensitivity of the body
in a crash is concerned, there is no difference between these seats. These
body restraints for passengers and crews must be applied without creating
excessive discomfort.

Airbags in front of the driver, and often the front passenger, which
inflate in the event of a frontal crash, have been installed in most vehicles
during the last ten years. While initially considered as an alternative for
passive seatbelts in case passengers do not wear them, airbags are today
most useful when used together with shoulder and chest safety belts. The
device in the airbag system contains impact sensors, set at the front of the
vehicle. They send signals about speed changes to the control device;
changes over 22 km/h cause a pyrotechnic reaction in which a generated
gas inflates a bag of porous fabric, usually at 25 m/s, so that the bag
inflates enough to distribute the deceleration forces over a large surface
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area on contact with the occupant. Accident data collected between 1990
and 1997 in the United States have shown that while airbags do save lives
(about 2,620 people), they were also responsible for the deaths of at least
44 children and 36 adults during this period (Phen et al, 1998). Most of the
deaths have been attributed to the size and position of the passenger at
the time of impact with the airbag. If a passenger is not fixed by the seat
belt, the airbag may impact the occupant with sufficient force to cause fatal
injuries (Harris, Piersol, 2002).

No motorist ‘
restraining device ﬂ '
Front seat, passenger side,
- PASSENGER - viewed from driver's side.
Probable N l

FATALITY 25MPH 2550 MPH 0 MPH
Lap belt _/ _| ‘ '
- PASSENGER - Front seat, passenger side,
Probable EN viewed from driver's side.
FATALITY \ .
25 MPH 25-0 MPH 0 MPH

Front portion of the car

Chest belt _f‘l ‘ ' collapses, the steering

- DRIVER - column remains relatively
intact, the driver continues to

SURVIVED \ . move forwards and hits the

25 MPH  25-0 MPH 0 MPH steering wheel.
—
Shoulder belt _f ' ' f—l An action similar to the chest
-DRIVER - belt except that the driver
)’\ does not strike the steering
SURVIVED \ 4 whell.

25 MPH 250 MPH 0 MPH

Shoulder a_nd .Iap __/__—' ' ' The belt system under barrier
belt combination impact conditions restrains
- DRIVER - the dummy from striking any
SURVIVED AN part of the car interior.

25 MPH 25-0 MPH 0 MPH

Figure 14 — Effects of varying safety-belt arrangements on the driver and the passenger
in a 25-mph automobile collision with a fixed barrier (40 km/h).

Puc. 14 — 3dpdheKT pasnnyHblix cUCTeEM peMHel 6e3onacHocTM Ha 6e3onacHoCTb
BOOMTENNS 1 NAacCaXXUpPOB NpW Hae3ae aBTOMOOMNSA Ha HEMOABWXKHbIN CTaLUOHapHbIN
06bekT Ha ckopocTu 25 mph (40 km/4)

Cnuka 14 — YTyuaj pasnuumMtux cuctema CUrypHOCHUX nojacesa Ha Bo3ada W cyBo3aya
Npun“KoM cyaapa aytomobuna ca MKCHOM npenpekom npu 6pavHn o 25 mph (40 km/h).
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The dynamic properties of seat cushions are extremely important if
acceleration force is applied through the cushion to the body. This problem
is especially studied for cushions used in ejection seats. The seat cushion
is almost ideal if, during its compression under static load, it spreads the
load uniformly over a wide area of the body and if it compesses almost
completely under the average weight. Slow-reacting plastic foam such as
honeycomb polyurethane foam of a thickness of 5 + 6.5 cm meets these
requirements.

Figure 15 — Hybrid 1ll dummy
Puc. 15— Hybrid Il dummy
Cnuka 15 — Hybrid Il dummy

Body acceleration just before impact is an important factor of the
threshold of the sensitivity of the human body on impact. The so-called
dynamic overload consists of an imposed acceleration which precedes or
occurs simultaneously and in the same direction with the impact
acceleration. For example, dynamic overload occurs when the driver
brakes the car before it hits a barrier. Experiments show that this
phenomenon reduces the acceleration of body parts at impact, and
therefore potentially reduces adverse health effects. Dynamic load should
not be confused with static load originating from seatbelts.

Conclusion

The mechanical properties of the man as a very complex mechanical
system are often subject to change. The existing knowledge about the
minimum forces that can cause injury to the human body is incomplete and
inaccurate. Most of the quantitative research on the effect of impact and
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vibration on humans is conducted in laboratories under controlled
simulated conditions. The need for the study of physical, physiological and
psychological reactions of living beings in laboratories, under controlled
conditions, has led to the development and use of specialized devices for
a simulation of impact and vibration in order to carry out experiments on
humans and animals.

Many kinematic processes, physical load, and destructive anatomical
effects can be studied on dummies which approximate a human being in
size, form, mobility, total weight, and weight distribution in body segments.
"Anthropometric” or anthropomorphic” dummies simulate the basic static
and dynamic properties of the human body, as opposed to those that are
used only for load tests. These dummies are widely used in the study of
plane and car crashes. For specific simulations, several types of these
dummies have been designed. For example, the Hybrid Ill dummy is used
in studies of frontal car crashes to simulate the behavior of passengers.

Finally, the results of research of automotive and aviation accidents,
as well as experiments with dummies, have shown that adequate support
for the body and limiting the movement of the limbs provide maximum
protection from the forces of acceleration and give the best chance of
survival.
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NCCNEOOBAHUE BIUAHNA YOAPOB 1 BUBPALIM HA
YENOBEYECKN OPIFAH3M

3opaHr L. MNeTposny
BoopyxeHHble cunbl Pecnybnuku Cepbus, PB MNBO, 204-as BoeHHO-
BO3ayLHasa 6puraga, batanuua, Pecnybnuka Cepbus

OBNACTb: MalUMHOCTpOeHNe, MexaHuka
BWO CTATbW: o630pHas ctaTbs
A3bIK CTATbW: aHrnuiickuin

Pe3some:

Ha ceeodHsiwHUl OeHb umeemcsi HEOOCMamo4yHO OOCmMo8ePHOU
UHgbopMayuu o cunax, Komopbie npueodsm K pasfuyHbIM mpasmam
naccaxupos. B yacmHocmu, mpyOHo rosy4ums ocmoeepHbie OaHHbIe
0 8MUSIHUU MEeXaHUYeCKUX CUl U 0 cybbeKmueHoU peakyuu Ha 3mu cusibl,
8 OCHOBHOM U3-3a WUPOKO20 pasHOObpa3usi Hesioeeyeckoeo opaaHu3ma,
Kak 8 (bU3UYECKOM CMbiC/le, maK U 8 OMHOWEHUU UX peakuuu.

Heobxodumocms nabopamopHo2o usyyeHusi husudecKux,
U3UOI02UYECKUX U MCUXOMo2UYEeCKUX peakyull Xuebix cyujecme 8
KOHMpOupyeMbIX  ycriosusix — crnocobecmeosara pazsumuro U

MPUMEHEHUI0 WUPOKO20 Criekmpa creyuanusuposaHHHbIX ycmpoucmes
Ona  modenuposaHusi  ydapos,  CMOJIKHO8eHUlU U  eubpauud,
ucriofnb3yembIX 8  JKCriepuMeHmax Ha 005X U XKUBOMHBIX.
AHmpornomempuyeckue unu aHmporomMopgHbie MaHeKeHbl,
umMumuUpyrowjue OCHOBHbIE Cmamuyeckue U OuHaMu4vyeckue Kadecmea
4esi0eeyecKko20 Mmena, WUPOKO UCMOMIb3yomes 8 Uccrie0o8aHUsIX
asuayUoHHbIX U asmoMoburibHbIX asapul. Tak, Hanpumep, 2UbpuOHBbIL
maHekeH, Hybrid [ll dummy, ynompebnsiom 6 criydae 1510608020
cmorkHogeHusi ~ aemomoburield.  PasHoobpasHbie  uccriedoeaHusi
asmomobusbHbIX U asuUaUUOHHbIX aeapull, a makxe  Ofbimbl C
MaHeKeHaMUu U XUBbIMU Cyujecmsamu MoKa3blearom, 4mo ycmol4ugoe
buKcUposaHHOE [IO/IOKEHUE mefia U o2paHuYyeHue nodsuxHocmu
KOHe4YHocmel obecrieqyusarom MakCuMallbHy0 3awumy om Cusibl
paseoHa u Oarom 60rbWUE WaHChl Ha 8bDKUBAHUE.

KntoueBble  crnoBa:  aHMpPONOMempuYecKull  MaHEKeH,  asapus,
yesiogeyeckoe  merio, subpauuu, CMOJIKHOBEHUE, camornem,
HecyacmHbIU criy4yall, asmomobursib.

o



NCTPAXXMBAHE YTULIAJA YOAPA 1 BUBPALINJA
HA IbY[CKO TENO

3opaH L. MNeTtposuh
Bojcka Cp6uje, PB n MBO, 204. BasgyxonnoBHa 6puraga, batajHuua,
Peny6bnuka Cpbuja

OBJACT: mexaHunka, MalLIMHCTBO
BPCTA YJIAHKA: npernegHu ynaHak
JE3VK YNTAHKA: eHrnecku

Caxemak:

O cunama koje cy nompebHe Oa u3a3ogy rnospede Ha JSbyOCKOM
merly rocmoju epsio mMario rnoy3daHux UHghopmayuja. Haume, seoma je
meuwko Adohu 0o noy3daHux noGamaka O ymuuajy MexaHU4YKux cusma u o
cybjekmueHoj peakyuju Ha oge curie, yarasHoMm 3602 KoMrieKkcHocmu u
pasHonukocmu JbyOCKo2 mersia, Kako y (bUSUYKOM CMUCITY, mako U y
noznedy noHawara. [lompeba 3a rnpoydYyasamem  (hU3UYKUX,
¢hu3UOIOWIKUX U MCUXO/IOWKUX peakyuja xusux 6uha y nabopamopuju,
nod KoHmMposnucaHuMm ycrioguma, doserna je G0 pasgoja u yriompebe
WIUpOoKoe2 criekmpa crieyujanu3oeaHux ypehaja 3a cumynauujy ydapa u
gubpayuja 3a ekcrepumMeHme Ha JbyOuma U KUugOMUH-aMma.
LSAHMporiomempuydke” unu ,,aHmporoMopehHe” fiymke, Koje cumynupajy
OCHOBHE cmamu4ke U OuHaMmu4ke ocobuHe JybydCKO2 merna, y8esluKo ce
Kopucme y ucmpaxusarby asUOHCKUX U aymomoburickux Hecpeha. Tako,
Ha ripumep, xubpudHa riymka, Hybrid Ill dummy, kopucmu ce y cry4ajy
4YeoHoe aymomoburickoe cydapa. PasHa ucmpauearba aymomMobusiCKux
U 8a30yXOr/I0BHUX He3200a, Kao U eKcriepuMeHmu ca Jiymkama U Xueum
buhuma, nokasyjy Ga nomrmyHa nomropa mejsia u 02paHu4er-e Kpemarba
ekcmpemumema obe3behyjy MakcumanHy 3awmumy o0 cuna ybp3arsa.

KrbyuyHe peun: aHmporiomempuydka Jsiymka, y0ec, JbyOCKO merio,
subpauuje, ydap, aguoH, Hecpeha, aymomoburn.

Paper received on / Jlata nonyyeHus pabotbl / atym npujema ynaxka: 18. 08. 2015.
Manuscript corrections submitted on / lata nony4eHus ucnpaeneHHol Bepcumn paboThbl /
[atym gocraBrbama ucnpaeku pykonuca: 28. 03. 2016.

Paper accepted for publishing on / [lata okoH4YaTenbHOro cornacoBaHus pabotsl / latym
KOHa4HoOr npuxeaTana YnaHka 3a objasrbmeare: 01. 04. 2016.

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

G

Petrovi¢, Z., Research of the effects of shock and vibrations on the human body, pp. 69-88



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

© 2017 AsTop. OnybnukoBaHo B «BoeHHO-TexHnYeckuin BecTHUK / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mMo0.ynp.cpb). [laHHas ctaTbsi B OTKPbITOM OCTYNE U
pacnpocTpaHsieTcsi B COOTBETCTBUM C nuueH3nei «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2017 AyTtop. Ob6jaBro BojHoTexHuukm rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo0.ynp.cp6). OBo je unaHak OTBOpeHor Npuctyna n aucTpudyupa ce y
cknapgy ca Creative Commons licencom (http://creativecommons.org/licenses/by/3.0/rs/).

G



TRANSLATION OF PART MARKING
CODES IN DIFFERENT SYSTEMS

Sasa M. Petrovi¢

Serbian Armed Forces, General Staff, Department for Logistics,
Belgrade, Republic of Serbia

e-mail: saskop@eunet.rs,

ORCID iD: ‘@http://orcid.org/0000-0002-7579-1965

FIELD: Logistics
ARTICLE TYPE: Review Paper
ARTICLE LANGUAGE: English
DOI: 10.5937/vojtehg65-8584

Abstract:

Marking of products using defined codes is common practice.
Products are designated by producers, traders and consumers. In the
case when there is a need for the supply or exchange of products
between two different systems, there is a problem of mutual
communication. The problem can be solved on a case-by-case basis or
systematically, by introducing a new labeling system. Any introduction of
new labeling systems is a costly and lengthy process. Thanks to modern
software tools, the problem can be overcome in real time, which is an
affordable solution, economically and logistically. This paper considers a
possibility of the translation of labeling of spare parts in different marking
systems.

Key words: part marking, interoperability, codification.

Introduction

Marking products and services in accordance with standardized
conventions is a requirement for easy and effective communication
between manufacturers, traders, companies and organizations. The
purpose of product codification systems is to efficiently manage inventory
and business processes, define required procurement and contracting, as
well as offer the overall logistical support.

When there is a need to identify products or services between two or
more different codification systems, there is a problem of finding a fast and
efficient response, especially when dealing with a large number of different
products. Depending on needs, we can talk about recognizing a class of
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related products of the same type or about unique identification of specific
products.

For the purpose of maintenance of technical systems, a codification
system should respond to the most important customer requirements such
as: what are the relations between all parts and the supplies, their
components or larger systems to which they are incorporated; whether
there is interchangeability of parts; whether there are national or
international customers and, if yes, who they are; and where required parts
can be purchased.

Specific issues of the maintenance function in the Serbian Army
regarding product codification have grown in numbers recently, primarily
due to the absence of former manufacturers of various technical systems,
due to the inability to procure some products caused by the abandonment
of certain technologies, and due to the introduction of small series of a
wide range of different imported equipment which requires spare parts for
its maintenance. A particular problem in product codification has occurred
because of the engagement of our forces in multinational operations when
it is necessary to procure spare parts in the local market. In Serbia only,
there are different marking systems, so, for example, in the system of the
Army of Serbia, the numerical group code for paint is 6820 (out of 12
digits), it is 2420 (out of 8 digits) according to the general vocabulary of
public procurement of the Public Procurement Office, and according to the
customs regulations it is 3208 (out of 10 digits).

Therefore, the question is: do we really need a new codification
system and, if yes, for which existing equipment? We are convinced we
do, for products that are active, used not only in the Army of Serbia but
also in other armies, and which are completely or partly compatible with
other systems. This paper presents an approach to the introduction of
interoperability between different codification systems.

Part marking in different systems

When a spare part is needed and cannot be found in the stock, it is
necessary to procure it in the market, local or international, or to obtain it
from some other storage system which has stocks. Every time it is
necessary to describe the part in a manner that clearly defines the
required product.

The Serbian Army logistics system uses 12-digit codes for any
product description and cataloging, including spare parts. This code is a
short description of the product. The attributes connected to the code are:
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name, manufacturer, original equipment manufacturer (OEM) code, and
others. This code is structured. The first four digits indicate a broader
context of the product. This system of marking is suitable only in Serbia.
Only few mentioned attributes may be useful for international exchange.
When spare part purchases are made, a problem arises: some products
cannot be identified, so products are described by technical drawings,
schemes, photos, etc. instead of using a simple numerical code.

The fact is that these products are sooner or later fully identified. With
a good recording system, databases or simple table records, it is possible
to link the national marking system and almost any other "external" one.

Methods of product marking

Codification is a method for product marking by using a well-defined
marking structure. It is regulated by rules and conventions. The goal of
codification is a precise communication between different subjects (United
Nations Standard Products and Services Code, 2001).

Generally speaking, there are identification and classification codes
for product marking. An identification code is a unique mark of some
product. A classification code marks a group or class of similar products.

Any marking system, numerical or numerical combined with letters, is
based on human needs. It should be user-friendly, easy and simple to use
on a daily basis in communication by voice or by machines. Research
works (Maheut, et al, 2013), based on world-wide experiences, indicate
that numerical characters are universal, language independent and the
best solution for product marking.

Manufacturers and organizational systems typically use two product
marking/labeling schemes. The first one, the "not intelligent" or "non-
significant" scheme is such a scheme where a numerical designation does
not provide any information about the product. Such labels typically grow
in series, within the limits of the available number of characters. In the
"intelligent” or “significant” scheme, however, labels provide important
information about products. The numerical label contains descriptive and
informative details about the product.
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Tabnuuya 1 — MpakTuyeckme nNpuMepbl MapKUPOBKM

Table 1 — Example of product marking

Tabena 1 — MNuMep o3Ha4YaBama U3 Npakce

Producer/organization Mark example Characters Area
Siemens 49D36098001 11 automation
Siemens 6ES7315-2AH14-0AB0 14 automation
ALLEN-BRADLEY 1747-L532 8 automation
Robert Bosch 0986 424 797 10 automotive
Mahle 219-1006 7 automotive
SKF 6205-2RSJ 8 industry
SKF MU 1207-TV 8 industry
Volvo CH 271092 8 vehicles
KAMAZ 5320-1001171-00 13 vehicles
NATO (NSN) 3139-00-121-6210 13 organization
EAN 3286340244312 13 organization
UNSPSC 20184514 8 organization

The intelligent scheme provides the most important attributes of a
particular product and leaves the place for its unique identification. As an
illustration, Table 1 gives the examples of product labeling of some
manufacturers and organizations.

In practice, codification should serve logistics. Processes such as
procurement, warehouse and inventory management, production orders
making, work orders making, etc. need to be supported by a codification
system. Industry and manufacturers impose their systems of codification to
consumers. There is no common marking system or convention. Any
implementation of a new marking system is an expensive and time
consuming process (Lima, 2011).

However, modern information technologies can overcome these
problems and ensure that labeling systems not only coexist, but are
interoperable and cooperate in the current environment (Karray, et al,
2009).

Interoperability

As a multi-dimensional concept, interoperability can be viewed from
multiple angles. One of the often-cited definitions is: "Interoperability is the
ability of two or more systems or elements to exchange information and to
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use the information exchanged” (Rezaei, et al, 2014, p.2). The levels of
interoperability can be technical, syntactic, semantic and organizational.

Cooperation between two or more labeling systems, if there is such a
goal, is possible if information exchange is coordinated regardless of the
differences. When a system is able to use the information from some other
system or to perform an operation on behalf of another system, this
process is called interoperation (Yahia, et al, 2012, pp.443-457).

The marking translator

There is undoubtedly a need for a marking label translator. The paper
describes the current non-existence of such a translator and gives a
theoretical possibility to solve the problem.

Methods of product labeling are determined by organizations or
manufacturers. The first problem of communication is that the existing
classification schemes do not have sufficient semantic precision. Another
important property of the existing schemes is that they are only valid in a
well predefined context (Zdravkovi¢, Trajanovi¢, 2009).

A neutral solution is a good starting point for solving the translation
problem. If all relevant part attributes are entered into a database owing to
PLM (product lifecycle management) systems of producers, then a
marking system can be created only as a reference to this data. A new
marking system should have 5 to 7 digits, which is enough for inventory. A
new mark or index is a link to the existing product data. In maintenance
management, tools like CMMS or EAM have modules for inventory control
and may be used for parts referencing.

The first step is to decompose marking systems to their basic
meaning. We have to understand marking systems for which we want to
achieve a translation goal. Also, we should connect semantic meanings of
product names in different systems. More importantly, we should find any
attribute of marking data common in both systems if it exists. One example
is the OEM number.

The second step is to create a system based on knowledge (KBS -
knowledge based system), which is able to emulate the work of experts
with specific knowledge. The most important KBSs are (Kendal, et al,
2007): expert systems, artificial neuron networks, case based reasoning,
genetic algorithms, Data Mining and Intelligent agents. Creating one KBS
is an extremely demanding task. A much easier way is to use an already
existing solution, for example a specific type of software. With well-defined
rules, such a KBS will be able to compare product marking attributes in
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different systems. The task of this activity is to identify the same attributes
in different systems if they exist.

The third and final step is to propose a convenient way for storing
records of the items identified in two or more different systems for later
usage.

Concept and model

If it is necessary to harmonize two or more marking systems in short
time, it is convenient to apply the "Data mining" technique which implies
that the labeling rules are already known. Data mining is (Aghdaiea, et al,
2014, pp.767-776) a term that means study of knowledge by identifying
previously unknown relations between data. Data mining is an
interdisciplinary field, and combines artificial intelligence, databases,
mathematical algorithms and statistics. Technology asks for a new
technique for analyzing, understanding and visualization of large amount
of data collected in business processes and scientific research (Tsai,
2012, pp.8172-8181). General knowledge about the product is defined
first, as illustrated in Figure 1.

A product has two general types of characteristics, physical and
descriptive ones. The physical properties are the form, the function and the
ability to connect with a higher level, e.g. a bearing with a shaft. The
descriptive characteristics are called attributes and they include the
marking number, the name, the OEM mark, etc. In this way, the product is
fully described. A very important thing for further development of the
concept is a precise definition of the meaning of attributes.

physical <:| product features |:> descriptive
(

or attributes)

-
manufacturer

form

name
function
manufacturers mark&code

commercial code

n

" J

Figure 1 — Product characteristics
Puc. 1 — XapaKkTepucTnkm npoaykLmu
Cnuka 1 — OcobuHe npoussoaa
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Also, it is assumed that the majority of attributes in the product label
are created by the manufacturer (name, factory code, additional special
mark, name of manufacturer, etc.), which is illustrated in Figure 2.

dh — = - 53

Werados CADYCAENCAM I 1 l
PO o aphecs e

ERP : = S
= - -

Data Capture Bunyer
Appisc st

Figure 2 — Information about the product, (Benson, 2009)
Puc. 2 — basa paHHbIx 0 npoaykuun (Benson, 2009)
Cnuka 2 — basa vHgopmaumja o npoussogy (Benson, 2009)

The marking translator, modeled in the RapidMiner software package,
is composed of dictionaries (one for every marking system), digit codes
related to any word (name as word is one of the marking attributes), and
tables which have a number of attributes for a number of products. These
tables are different in marking systems. The mentioned tables are now a
subject of analysis. We are looking for the same attributes in two or more
marking systems. The goal is to find a proper value pair between the
marking systems. The term ‘proper’ in this sense is a synonym for the
attribute. If there is the same value of an attribute, the model will be
efficiently and quickly discovered. The model can detect a unique
matching or matching of groups or classes. A group/class implies similar
products, e.g. rifles. Figure 3 is an illustration of the concept. English and
Serbian terms are combined. The concept comprises the knowledge about
the structure and the form of marking in two different labeling schemes.

Also, the method for temporary or permanent recording is defined.
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Figure 3 — The concept of the translator
Puc. 3 — KoHuenT TpaHcnaTopa
Cnuka 3 — KoHuenT TpaHcnaTtopa

A simplified model of the translator is shown in Figure 4. Using the
program for Data Mining, in this case RapidMiner®, the user defines which
tables are initial for the analysis (collections of spare parts, each with its
own attributes), defines the operators subjected to them as illustrated in
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Figure 4, and searches for common characteristics i.e. the "Property-
value" pair, or for the same attribute. If it is found, the solution is a new
table that contains all products that have at least one common attribute.
The same partial result is shown in Figure 5.

q
NATO_EU C
out P output
e /\ Join atribut EKN Select Attribu...
NATO products qrer P qe- , exaD
dm @ L& oi )
o (=)

analyse, comparasion

srbija_EU

e /N

serbian products

Figure 4 — Data analysis, finding commom features
Puc. 4 — Npouecc aHanu3a, no1ck obLiero npuaHaka
Cnuka 4 — lNMpouec aHanu3e, Tpaxera 3ajeqHuNYKor aTpmbyTa

Nato class nato name srbija vrsta Srbija naziv
1005 Guns, through 30mm 1011 puske
1045 Launchers, Torpedo and Depth Charge 1055 lanseri i katapulti
1305 Ammunition, through 30mm 1305 municija za automate
1305 Ammunition, through 30mm 1307 municija za puske
1305 Ammunition, through 30mm 1305 municija za automate
1305 Ammunition, through 30mm 1307 municija za puske
1330 Grenades 1345 rucne bombe
1390 Fuzes 1356 upaljaéi
1560 Airframe Structural Components 1501 zmaj aviona
1540 Gliders 1526 jearilice
1620 Aircraft Landing Gear Components 1610 stajni trap i koénic
1620 Aircraft Landing Gear Compenents 1610 stajni trap i kocnic
1630 Aircraft Wheel and Brake Systems 1610 stajni trap i koénic
1620 Alscsaftilihoal ond Drako 4640 Slainitrap-i-kedni
2310 Passenger Motor Vehicles 2312 putnicki automobili
2320 "
2330 Trailers 2338 tegljaéi
2610 Tires and Tubes, Pneumatic, Except Aircraft 6605 gume za tockove
2815 Diesel Engines and Components 2815 motori dizel
2815 Diesel Engines and Components 2910 uredaji za napajanj
2815 Diesel Engines and Components 2920 elektricni uredaj
2910 Engine Fuel System Components, 2815 motori dizel
2910 Engine Fuel System Components, 2910 uredaji za napajanj
2910 Engine Fuel System Components, 2920 elekdriéni uredaj
2920 Engine Electrical System Components, 2815 motori dizel
2920 Engine Electrical System Components, 2910 uredaji za napajanj
2920 Engine Electrical System Components, 2920 elektriéni uredaj
3110 Bearinas. Antifriction. Unmounted 3105 leaii kualiéni

Figure 5 — Resulting table
Puc. 5 — PesynbTathl
Cnuka 5 — Pegyntar
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The RapidMiner Program can store the results of the analysis in the
form of tables (Excel) or enter them into the table of leading databases.

Conclusion

Product marking or labeling systems co-exist with industrial
production. They are created by producers for their internal purposes or for
the market. On the other hand, organizations such as the military, military
alliances and others have specific marking systems. The UN and the EU
have developed their own systems. Today there is no "global" standard in
the field of unification although there are efforts in this field such as the
development of ISO 22745 Standard, the "eClassOWL" Project - The Web
Ontology for Products and Services and the “ECCMA" Project - Electronic
Commerce Code Management Association.

The problem is solved by dominant systems imposing their own
marking systems. This is generally not a problem because they are based
on good scientific and economic bases. Independent marking systems are
in dilemma whether to migrate to new systems completely or to keep the
current system and use it together with a new one. The transition to a new
system is expensive and time-consuming.

However, logistics, i.e. providing parts in this case, has immediate
and short-term needs and has no time for a complete harmonization of
marking systems or a prolonged transition to a new marking system. In
such cases, it is useful to have a model for defining relations between
related groups of products between different marking systems. As this is
not a definitive answer to the need for unambiguous identification of
products between two or more systems, a solution for such cases is
provided. The true value of this concept is not to repeat the identification
procedures when procuring parts, but to do it once and permanently store
the results. The process of translation can be repeated several times if
necessary, and the bigger "input" bases-tables are, the more economical
the process is.

In the end, if it is necessary to recommend the tool for this purpose,
i.e. to choose between data mining or databases, the choice would be the
first one. The recommendation is obvious because of its ease of use and
the ability to create input for a real database.
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TPAHCIALUNA MAPKUPOBKU NMPOAYKUWMN B PASITMYHbBIX
CNCTEMAX OBO3HAYEHUA

Cawa M. MeTpoBun4
BoopyxeHHble Cunbl Pecnybnukm Cepbus, NeHepanbHbIv WITab, YnpasneHve
noructuku, r. benrpag, Pecnybnuka Cepbus

OBNACTb: noructuka
BWO CTATbW: o630pHas ctaTbs
A3bIK CTATbW: aHrnuickuin
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Peswome:

O6o3HayeHue npodykuyuu orpederneHHbIMU Kodamu sensemcsi
obwenpuHamou npakmukol. OOHaKo, mak Kak rnpodykyuro obo3Havyaem
He mosibKo rpousgodumerib, HO U npodasubl U [10sIb308ameriu,
npedcmaesisrowiue  pasfiudHble cucmeMbl, Ux 0003Ha4YeHuUs1 Mo2ym
omnuyamscs. PasnudHbie 0603HayYyeHuUs1 MPOdyKUUU 8 pamkax pasHbIX
cucmem  npueodsIm K  HEOQOMNOHUMAaHUKO  npu  3aKyrmkax  unu
moesapoobmeHe. [aHHyr0 npobreMy MOXHO pewams Om Crydas K
cnyyaro, ubo cucmemMamu4yecku, 880051 HOBYHO cucmemMy 00603Ha4YeHUs.
Kax0oe esedeHue Hoeol cucmembl 0603HaYyeHusi  sernssemcs
OnumersibHbIM FPOUECCOM, KOMOpbIU K moMy xe 0opo2o obxodumcs.
bnazodapsi cospemeHHbIM rpoepammam obecrieqdeHuUs makyro npobnemy
MOXHO pewamb 8 peaslbHOM BPEMEeHU, Ymo C JI0eUuCmuYeckozo U
SKOHOMUYECKO20 acrieKkma siefisiemcsi cambiM OnmumMaribHbIM PEWeHUEM.
B OQdanHOU pabome npedcmasrneHbl 803MOXHOCMU  MpaHCAsuuu
MapKUpPOBKU 3anacHbix Yacmel 8 pa3niuyHbIx cucmemax 0603HaYeHUsl.

KntoueBble crosa: ob6o3HavyeHue Oemariel, uHmeponepabesribHOCMb,
KoOugbukayusi.

TPAHCNALUMJA O3HAKA NMPOU3BOLA Y PASITMHYNTMA
CNCTEMUMA O3HAYHABAHA

Cawa M. MeTtposuh
Bojcka Cpbuje, NeHepanwTab, Ynpaea 3a noructuky, beorpag, Penybnuka
Cpbuja

OBNACT: noructuka
BPCTA YJIAHKA: npernegHu ynaHak
JE3UK YJTAHKA: eHrnecku

Caxemak:

OsHayasar-e ripoussoda riomohy debuHucaHUX Kodosa je ycmarbeHa
npakca. [Npoussode o3Ha4Yasajy camu rpousgohaqu, mpaosuu U KOPUCHUUU.
Kada ce jasu nompeba 3a Habaskama urnu pa3mMeHoM rpou3eoda usmeRy
0sa paznu4uma cucmema Hacmaje rpobriem MeRycobHoe criopa3ymesarsa,
Koju ce Moxe pewasamu 00 cry4Yaja 0O Cry4aja Unu CUCmEeMarcKu,
yeoherseM y MpaKkcy Hogoe cucmema o3HadYasar-a. Ceako yeoljere moe
cucmema je cKyn u OyeompajaH rnpouec. 3axearbyjyhu caspemMeHUM
cogpmeepckuM anamuma rpobrieM ce MOXe Mnpesasurnasumu y peanHom
8PEMEHY, WMO je U eKOHOMCKU U JI02UCMUYKU MOBOSBHO peliere. Y 080M
pady pasvampajy ce moa2yhHocmu mpaHcriauuje o3Hadasarba Pe3epeHUX
derosa y pasnuyumuM cucmemMuMa O3Ha4asarba.

KrbyyHe peun: o3Havasawe 0Oenosa, UHMeporepabunHocm,
Kodughukayuja.
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Summary:

In order to achieve the desired software quality, it is necessary to
have information about the existing standards in this field and follow them
in all phases of the software life cycle. This study emphasizes the
importance of applying the standards in the field of software quality. In the
last 20 years, the International Organization for Standards has played an
important role in the development of quality standards of a number of
software products. At the beginning of this work, the evolution of
standards in the field of software quality is summarized and then the
current series ISO/IEC standard called SQuaRE are described in detail.
This area is very important because the knowledge of software quality
standards and their application contributes to the development of quality
software that will be widely used and durable. The application of the
described standards and the evaluation approaches for the quantification
of software qualitiy depends on the resources available for carrying out the
method (time, money, the number of evaluators and their expertise, the
number of users for testing, facilities and test equipment), the required
level of objectivity and its application fo various stages of the development
of applications.

Key words: ISO, quality standard, software quality.

Introduction

Software is an intellectual product and its acquisition represents a
significant investment which must be justified. In order to justify such
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investments, it is necessary that software meets the needs of users at
the expected level.

The justification of investments is often assessed and there is
always a dilemma whether the right decision is made regarding a choice
or purchase. A mental process of evaluating the functionality and other
measurable characteristics is performed in the context of real needs. For
investments in intangible assets, such as software, mental processes are
more complex and facts are abstract and unconvincing. Therefore,
methods for the formalization of mental processes of decision-making are
necessary, based on clear and unambiguous assessment results.

Precise contracts for the purchase of software and respect are the
best way to protect both the contracting authority and the supplier. It is
preferable that contracts governing this professional matter, in order to
avoid misunderstandings regarding the matter and its concepts, rely on
adequate standards. In addition to providing legal protection for suppliers
(particularly in cases where the use of product due to human error can
result in endangering the lives and health of people or greater material
damage), the use of standards ensures that the quality of the
development process and the end products are at the required and
expected level.

With the increasing number of software applications, the importance
of software quality also increased and, to manage software quality, it was
necessary to establish a methodology for objective quantitative
evaluation of software products and the process of their development.

To define software quality, it is necessary to measure and evaluate
many features that allow the determination of software quality, where the
metrics of software quality plays a significant role. Therefore, it is
necessary to define the characteristics that significantly affect software
performance and quality but are often not so explicit. In order to
understand and measure quality, scientists often built models of quality.
There are several models of quality which suggest the ways various
quality attributes can be interconnected. The first quality models were
developed in critical application areas. A quality model is a set of
characteristics and relationships between them, which provides a basis
for specifying quality requirements and quality assessment (ISO/IEC
9126, 1991). There are a number of different approaches to define the
set of characteristics that need to be measured to determine software
quality, or define the model of quality, ranging from the classical Boehm
(Boehm, 1978), McCall (McCall, et al, 1978, pp.133-139) to new
approaches (ISO/IEC 25010, 2010).
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Software quality and standards

The market was setting such requests and expectations for software
that only industrial production was able to meet. In order to organize
industrial production, it is essential that there are standards by which they
are developed. Since software development is very dynamic, official
standards could not accompany it; the first standards to appear on the
market were standards that represent a common agreement between
groups of producers or standards of some major corporations (eg.
Microsoft) that are generally accepted in the market. Such standards are
called industry standards and are the basis for initiating and adopting
official standards by international and national organizations concerned
with standardization (eg. International Standard Organisation - ISO, the
American National Standards Institute - ANSI, Federal Bureau for
Standardization).

The US Department of Defense (US DoD) and the US military are
the biggest users of software and among the first to identify the need and
publish a series of standards in the field of security and protection of
information and communication technologies. These standards are
imposed on other NATO members and later adopted or adapted for
civilian use. By publishing MIL-STD-498 standard in 1994, the US DoD
attempted to consolidate, in a single document, all the requirements for
software development, quality and documentation. In 1995, the
International Organization for Standardization (ISO) published the
standard (ISO/IEC 12207, 1997) which made all military standards (MIL-
STD) nul and void. Although the publication of military standards and
their application for civilian purposes started the wheel of history, their
application in the industry was not accepted; there was an initiative to
apply commercial standards wherever they had already existed.

However, the quality of software developed for military purposes is
subject to more stringent requirements and criteria arising from the
specific character of military organizations. Today, in the field of software,
there are currently over 1,000 official standards, adopted by the
international or national standards organizations, out of which more than
350 are in the field of software engineering. However, the sitauation in
Serbia is quite different, and in relation to global trends of standardization
in this area, Serbia is in considerable delay. The National Bureau of
Standards has accepted the recommendations of international and
European organizations for standardization and mainly takes the ISO/IEC
standards to which it gives national prefaces and necessary
explanations.
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It should not be expected that all international standards are
perfectly systematised and harmonized regarding the methodology and
content, but they are undoubtedly a powerful tool which can help the
improvement of design methods and ensure the quality of finished
software products. However, in order to review various usability aspects,
the adopted standards will be explored as well as the recommendations
in the field of usability that establish the methods, principles, procedures
for testing and evaluating the characteristics of software quality and
provide the basis for the establishment of a methodology of evaluation
and certification of software products.

Standardization in information technologies contributes to
establishing more efficient information functions, their greater stability
and easier transition. The application of international, national and
internal standards in the development of software products creates
conditions for the development of efficient, cost-effective, secure and
reliable software products. By standardizing the software development
process, its planning, quantifying and monitoring, documentation and
continuous improvement and development, the preconditions are created
for the realization of software products of defined quality. A well-
documented system in accordance with the standards is easily
replaceable, portable from one hardware and software platform to
another and it protects investment.

Evaluation and standardization of tools used in the development of
information systems create a possibility that the quality of the process
and the end product is at the desired and expected level. From the
perspective of complex information systems whose development and
implementation involve several organizations, the application of
standards not only provides the appropriate quality of the final product
and process development, but it also creates opportunities for
exchanging projects between individual organizations, facilitates user
training and creates the conditions for joint work on projects of
representatives of different organizations.

The rapid development of software in various fields conditioned the
development of standards and tools for software development and
management. Diversity has caused problems in sofware management
and has caused a need to define a common framework that would allow
everyone involved in software development, design and management to
"speak the same language."

The standards are formulated so that they can be adapted to the
needs of particular organizations, projects or specific applications. They
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can be applied in cases where software is a stand-alone entity or a
component of a complex system.

The current situation in software technology does not yet provide
enough good and widely accepted scheme for evaluating the quality of
software products. Since 1976, a lot has been done by individuals in
defining the basis for software quality. Many models of McCall (McCall et
al, 1977), (McCall et al, 1978, pp.133-139), Boehm (Boehm et al, 1976,
pp.592-605), (Boehm et al, 1978), Eason (Eason, 1984, pp.133-143),
Shackel (Shackel, 1991), Nielsen (Nielsen, 1993) and others were
adopted and extended.

For a long time, reliability was the only way to measure quality. Over
time, various studies submitted other models as well. Although such
studies have been helpful, they have also created confusion, because
they offered many aspects of quality. So, there is a need for only one
quality model.

When purchasing and implementing software, there are a number of
common issues that are always relevant, such as:

— Does the software has the required functions?

— How much is the software reliable?

— How effective is the software?

— Is the software easy to use?

These common questions initiated the emergence of ISO/IEC 9126
at the end of 1991. The first considerations originated from 1978, and in
1985 the development of ISO/IEC 9126 began. The adoption of this
standard was an important turning point in the standardization of
software quality and the method for its measurement.

Today, standards are applied in many fields. As information
technology is developing rapidly in every respect and fulfill all spheres of
life, standards are becoming an element that brings order and allows the
continuity of progress.

The standards issued by the International Standards Organisation
(ISO) in the broadest sense can be classified into two categories:

1. Standards-oriented product that determine the characteristics and
functional requirements of the product (ISO 9126, 2001), (ISO 14598,
2001).

2. Standards-oriented processes which determine the way in which
products need to be developed (ISO 9241, 1998), (ISO 13407, 1999).

However, the most commonly recommended standards for software
rely on the concept of general quality standards and are grouped
according to application areas:

— Standards of software quality,
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— Standards of documentation,
— Standards of life cycles, and
— Standards of particular professions.

The application of these standards facilitates the software
evaluation, quality forecasting and objective evaluation in order to make
a decision on the election of a new product, a comparison with other
products, evaluation of the positive and negative effects of a product or to
make a decision on product improvement or replacement.

For projects where usability is extremely important, the standard CIF
(Common Industry Format for Usability Test Reports) is recommended,
approved by the organization ANSI/NCITS, which comprehensively and
accurately elaborates the requirements and usability evaluation methods,
the ways of testing software and hardware, and reporting form and
content.

General standards for software have been mentioned so far, but, to
define the quality of software for specific purposes, it is necessary to set
appropriate standards for software in the field of so-called "professional”
standards, which would apply when contracting specialized software.

ISO 9241-11 standard

The International Organization for Standardization ISO accepted
(1998) this standard in order to facilitate the process of contracting and
assessment of fulfillment of defined characteristics. 1ISO 9241-11 (ISO
9241-11, 1998) standard was used for the identification of important
information which must be taken into consideration for assessing the
performance of usability and user satisfaction (Folmer & Bosch, 2004).

According to ISO 9241 part 11, usability is defined as "the extent to
which a product can be used by specific users to achieve specific goals
with efficiency, effectiveness, and satisfaction in a specified context of use"
(1SO 9241-11, 1998). This definition combines two different views from the
perspective of the user. One is to look at user performance that includes
effectiveness and efficiency, and the other is its position that deals with the
issue of satisfaction.

The definition of usability consisted of four elements: users, user
goals, product and context of use. The context implies the "users, tasks
and equipment and the physical and social environment in which the
product is used." Usability in (ISO 9241-11, 1998) contained three
measurable attributes of usability: effectiveness, efficiency and satisfaction
(Laurusdottir, 2009), (Quesenbery, 2003).
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Effectiveness: users achieve certain goals with accuracy and
completeness. The system must be accurate and complete to contain
features so that users do not have difficulty in achieving their objectives.

Efficiency: The resources of the system to be used with the accuracy
and completeness through which to accomplish their goals.

Satisfaction: Customers must be satisfied using the system.

ISO 9241-11 explains the benefits of measuring usability in relation to
performance and customer satisfaction, and stresses that the usability of
the visual display depends on the context of use, i.e. that the level of
usability achieved will depend on the particular circumstances in which the
product is used.

ISO /IEC 9126 standard

In the early 1990s, in software engineering, there was an attempt to
consolidate many aspects of quality into a single model which would act
as a global standard for measuring the quality of software. One of the
main objectives of international standards is to establish consistency and
compatibility in a specific field. This standard, known in literature as ISO
9126 (1SO 9126, 1991) standard, was to help in the understanding of the
negotiation between the client software and the manufacturer, and to
recommend to what extent and what quality characteristics software must
have. As a basis for an international standard of quality software,
McCall's model is recommended. ISO 9126 defines the quality of the
product as a set of product characteristics (Maryoly, 2003). One of the
main differences between the ISO and models made by McCall and
Boehm is that the ISO model is a model of strict hierarchies.

The first version of the standard defines the quality model which had
six main characteristics that contribute to the quality (functionality,
reliability, usability, efficiency, maintainability and portability), with 20
subcharacteristics. Each of the characteristic refers to exactly one
attribute. The characteristics are related to the user's view of software,
not to an internal view of its designer. The standard recommends the
direct measurement of the characteristics, but does not give details of
how measurements are carried out.

This was the basic model, whose quality was to be adapted, if
necessary, to a specific project. ISO/IEC 9126 did not contain attributes
and metrics in it, not even in the form of a proposal, nor it prescribed
methods of measurement, ranking and evaluation; it offered general
guidelines for a model of a software quality evaluation process.
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This model helped to clarify what is valued in the software being
made and used, but none of the models included a reason why some of
the features were included and not the others and why certain attributes
appeared in the hierarchy. In addition, it did not contain guidance on how
to compose a lower level features into those of a higher level in order to
obtain a total quality assessment. All these problems have made it
difficult to determine whether a given model is complete or consistent.

In the period from 2001 to 2004, the International Organization for
Standardization revised earlier versions of the standard (ISO/IEC 9126,
1991) and issued its expanded version.

Since model and quality metrics are useful not only for evaluating
quality, but also for defining the requirements for quality and for other
purposes, it was decided that the process of evaluating software quality
should be isolated in a brand new series of standards ISO/IEC 14598
(Azuma, 2001). This standard is now divided into two standards: ISO/IEC
9126 (ISO/IEC 9126, 2001) and ISO/IEC 14598. However, it turned out
that this had been a bad decision because the matter got complicated
and the popularity of both standards decreased.

ISO/IEC 9126 consisted of four parts: an international standard and
three technical reports. The first part of ISO/IEC 9126-1 was related to
concepts, ie. the preferred model of software quality. The novelty was
that the quality model was twofold: it consisted of the model of internal /
external quality and the model of quality in the software use. The quality
model divides the quality attributes according to six characteristics:
functionality, reliability, usability, efficiency, maintainability and portability.
These characteristics are further divided into 27 subcharacteristics that
can be measured by internal or external metrics. The models of the
internal/external  quality  had identical  characteristics  and
subcharacteristics. They differed only in metrics by which they were
quantified, and which were defined elsewhere in the standard. For each
characteristic, and subcharacteristics, the ability of the software is
determined by a set of internal/external attributes that can be measured.

In the context of ISO/IEC 9126-1 standard, quality in use is how a
complete system on which the software runs is seen by the end user and
it is measured by the results of the software use. The attributes of
internal and external quality are the cause, and the attributes of
quality in use are the effect. According to Bevan (Bevan, 1999):
"Quality in use is the goal, and the quality of the software product is
the means by which this goal is achieved." Therefore, quality in use
is a combined effect of the characteristics of internal and external
quality of the end user. It can be measured by the extent to which
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specific users can achieve specified tasks with effectiveness,
productivity, safety and satisfaction (four features of quality in use) in
the specific context of use.

However, although there are three views on quality, we should
not forget that these are only different perspectives of the same
thing, and that each of them has a relationship with the other two. By
measuring and evaluating quality in use, external software quality
can be confirmed. Furthermore, measurement and evaluation of
external quality can verify internal software quality, and the
examination of internal quality can result in the conclusions about
making necessary improvements to the software. Similarly, taking
into account the attributes of internal quality is a prerequisite for
achieving the required external behavior, and considering the
attributes of external quality is a prerequisite for achieving quality in
use.

The second part of ISO/IEC TR 9126-2 (ISO/IEC 9126-2, 2003)
applies to the external characteristics of software quality metrics.
The third part of the ISO/IEC 9126-3 (ISO/IEC 9126-3, 2003)
provides internal metrics to quantify the characteristics of software
quality. Finally, the fourth part of ISO/IEC 9126-4 (ISO/IEC 9126-4,
2004) standard contains a basic set of metrics for each quality
characteristic in use, the instructions for their application and
examples of how they are used in the life cycle of the software
product.

ISO /IEC 14598 standard

The process of evaluating the quality of the software was originally
defined by ISO/IEC 14598 (ISO/IEC 14598-1, 1999) to provide
methods for measuring, assessing and evaluating the quality of a
software product.

ISO/IEC 14598-1 provides the basis for this series by defining
the basic concepts and describing where to use the characteristics
and quality metrics defined in ISO/IEC 9126 series. ISO/IEC 14598-1
consists of several parts that appear under the general title of
Information technology - Software product evaluation. Evaluating
Software Quality refers to the model of quality, methods of
evaluation, measurement software, and support tools. This standard
is intended for designers, those who carry out procurement and
independent assessors.
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The series of international standards ISO/IEC 14598 provides
guidelines and requirements for the evaluation process for:

— Development of new products or improvements of existing
ones (ISO/IEC 14598-3, 2000)

— Procurement of products or reusing existing products (ISO/IEC
14598-4, 1999)

— Independent evaluation of the requirements of the designer,
supplier, or a third party (ISO/IEC 14598-5, 1998).

Software testing is the most efficient and the best way of
achieving and maintaining the quality of software products. It is
based on the rules and principles of quality within the standards
relating to quality and, in some way, it implements all predefined
methods and techniques for creating and maintaining high-quality
software.

SQuaRE — Series of ISO standards for software
quality

Bearing in mind the shortcomings of ISO/IEC 9126 standard, which
are identified in the literature by other authors, eg. (Azuma, 2001), (Al-
Qutaish, 2010, pp.205-228), (Suryn and Gil, 2005), (Olsina and Molina,
2008), the International Organization for Standardization decided to issue
a new series of standards that will regulate this area, with a better
organization and under a single label.

The new standard had a working name SQuaRE (Software Product
Quality Requirements and Evaluation). It represents the second generation
of standards for software quality and is issued with the intention to
eventually replace the ISO/IEC 9126 and ISO/IEC 14598 series, and is
made according to the following guidelines:

— Connecting the ISO/IEC 9126 and ISO/IEC 14598 series into one

harmonized standard,

— The introduction of a new organization and standard,

— The introduction of a new reference model,

— The introduction of detailed guides,

— Introduction of standards on quality requirements,

— The introduction of a manual for series practical use with

examples,

— Coordination and harmonization of the measurement model with

ISO/IEC 15939 Software engineering - Software measurement
process.
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SQuaRE means a series of fourteen ISO/IEC standards and
technical reports related to software quality, grouped into five thematic
sections or parts:

1) Quality management (ISO/IEC 2500n) provides a general picture
of the evaluation process and quality models, which is important for
understanding the complete series of standards. It defines common
models, terms and definitions to which all other standards of the SQuaRE
series refer.

2) Quality Model (ISO/IEC 2501n) introduces a detailed model of
quality (including features for internal, external and quality in use, which
are further broken down into subcharacteristics) and instructions for
practical use of the quality model.

3) Measurement of quality (ISO/IEC 2502n) comprises standards
that include the reference model for measuring the quality of software
products, metrics for internal, external and quality in use and the
instructions for their practical use.

4) Requirements for quality (series ISO/IEC 2503n) help in
specifying the quality required and a process of defining requirements is
mapped to technical processes defined in ISO/IEC 15288 standard, and

5) Evaluation of quality (series ISO/IEC 2504n) provides
requirements, recommendations and guidelines for software product
evaluation, performed by either evaluators, customers or those who
develop software.

The main differences between the series SQuaRE and ISO/IEC
9126, or ISO/IEC 14598 are:

— the introduction of a general reference model;

— the harmonization and coordination of guidelines for measuring

and evaluating the quality of software;

— the introduction of a part on quality requirements;

— the existence of detailed manuals for using each part separately;

— the introduction of guidelines for practical use in a form of an

example;

— harmonization of the content of this series with the terminology

related to software measurement (used in ISO 15939 standard).

Nigel Bevan, an international expert in software usability, had a
strong influence on this series of standards, emphasizing the importance
of quality in use (Bevan et al., 1991).
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Model of quality in use in ISO 25010 standard

The ISO has just recently developed a more comprehensive definition
of quality in use, which has usability, flexibilty and security as
subcharacteristics that can be quantified from the perspective of different
stakeholders, including users, managers and those who maintain the
software. ISO/IEC 25010 maintains the previously adopted three views on
quality: internal, external quality and quality in use. However, it extends the
concept of product quality from six (ISO/IEC 9126-1) to eight
characteristics (Figure 1).

System/Software
Product Quality
Functional | |Performance - . L . Maintain- ;
e 8 Compatibilit Usabili Reliabilit Securit : Portabilit
Suitability efficiency P Y ty Y ¥ ability Y
Functional Time-behaviour Co-existence Appropriateness Maturity Confidentiality Modularity Adaplability
Completeness Resource utiisation | | Interoperabiity recognisabiity Avalability Integrity Reusabillity Installability
Functional Capacity Learnabilty Fault tolerance Non-repudiation Analysabilty Replaceabiity
comeciness Operability Recoverability Accountability Modifiability
Funcions User error Authenticity Testability
approprialeness protection
User interface
aesthetics
Accessibilty

Figure 1 — Product quality model (Figure 4 in ISO/IEC 25010, 2010)
Puc. 1 — Mopgenb kavectBa npoaykumm (Puc. 4 B ISO/IEC 25010, 2010)
Cnuka 1 — Mogen kBanuTteTa npounssoaa (Cnuka 4 y ISO/IEC 25010, 2010)

Compared with ISO/IEC 9126-1, the usability feature was renamed
operability and has a broader meaning. Some subcharacteristics, such as
suitability for learning, remained while new ones were added (such as
technical accessibility, compliance and the ability of applications to be
helpful to users). Compatibility was added as a new feature, while Safety
was singled out as a special feature instead of being a subcharacteristic of
the Functionality characteristic in the previous standard: other names were
slightly changed to be more descriptive.

The second model in ISO 25010 standard relates to the quality in use
(Figure 2) and includes the earlier characteristics of quality in use from ISO
9126-1 standard, with some new ones added.
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Quality in Use
Usability Flexibility Safety

0 healith fety
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Efficiency Context extendibility Commarcial demage

et v Public health and safety
Satisfacton Accessibility
» E "l Environmental harm
Usability compliance Flexibility compliance
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Figure 2 — Model of quality in use (Figure 3 in ISO/IEC 25010, 2010)
Puc. 2 — Mogenb kavecTBa B notpebnexuu (Puc.3 B ISO/IEC 25010, 2010)
Cnuka 2 — Mogen kBanuteta y ynotpebu (Cnuka 3 y ISO/IEC 25010, 2010)

The characteristics of effectiveness and satisfaction of ISO/IEC
9126-1 were inserted into the new standard as the subcharacteristics
of usability in use, while productivity was renamed efficiency in use.
Effectiveness in use is the ability of the software product to enable
users to achieve goals with accuracy and completeness in the context
of a specific use. Satisfaction in use is the ability of the software
product to satisfy users in a specific context of use. Efficiency in use is
the ability of the software product to enable users to use the
appropriate amount of resources in relation to the effectiveness
achieved in a specified context of use. In addition, flexibility in use
was added to address different contexts of use. Safety in use is the
ability of the software product to achieve acceptable levels of risk of
damage to people, business, software, property or the environment in
the context of a specific use.

Traditionally, in accordance with the first ISO definition of
usability in (ISO/IEC 9126, 1991), usability is seen through the
attributes of the user interface that make the product easy to use, as
an attribute of software quality made by a set of characteristics that
contribute to the ability of the software product to be user-friendly,
versatile and attractive for the user, when used under specified
conditions. However, this definition of usability of the user interface is
inconsistent with the definition of usability defined in (ISO 9241-11,
1998), which looks at usability from an ergonomic point of view, as a
degree to which a product can be used by specific users to achieve
specified goals with effectiveness, efficiency and satisfaction in a
specified context of use.
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This broader interpretation of usability is built into the changed
ISO 9126-1, 2001, named "quality in use" as a quality from the user's
perspective when using the product (Bevan, 1999). When the ISO/IEC
9126-1 quality model was built in series SQuaRE (such as ISO/IEC
25010), some ISO/IEC national bodies commented on the discrepancy
between the narrow definition of usability inherited from ISO/IEC 9126
and the general definitions of the CIF. In order to harmonize the
definition of usability SQuaRE with the CIF, the characteristic of
usability was renamed to operability and it has a broader meaning.
This made it possible to define usability as a characteristic of quality in
use, with the subcharacteristics of effectiveness, efficiency and
satisfaction. The quality in use in ISO/IEC CD 25010.3 has two
characteristics: Safety of 9126-1, as well as a new feature: Flexibility.

The quality of the life cycle

The connection between process quality and product quality is
obvious. Process quality affects the quality of the product while the quality
of the product affects quality in use, and vice versa. The internal attributes
influence the external attributes, and the external attributes influence
quality in use. It is obvious that the quality of intermediary products is
measured by internal characteristics, and that the quality of the final
product reflects in the external attributes and the product usage value. The
relationship between process quality, product quality and quality in use in
ISO 9126-1/25010 is shown in Figure 3.

Effect of software
product

Quali
in use

Process Scoftware product

influences

>

influences influences

Process internal External
quality properties properties
*---- O 4
depends on depends on depends on - :\
* * + Contexis
of use
Process Intemal External Quality in use
measures measures measures measures

Figure 3 — Quality in the lifecycle (Figure C.2 in ISO/IEC 25010, 2010)
Puc. 3 — KavecTBo B xu3HeHHoM uukne (Puc. 2 B ISO/IEC 25010, 2010)
Cnuka 3 — KsanuTteT y xunBoTHoM uuknycy (Cnmka C.2 y ISO/IEC 25010, 2010)
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Therefore, the requirements relating to the quality of the
software product include the assessment criteria for internal quality,
external quality and quality in use to meet the needs of designers,
those who maintain the product, purchasers and users. (ISO/IEC
14598-1, 1999) The quality in use of the system is characterized by
the impact that software has on the interested parties. It is
determined by the quality of software, hardware and operational
environment and by the characteristics of users, tasks and social
environment. All of these factors contribute to the quality in use of
the system.

The features of the software product determine the quality of
products in specific contexts of use (Table 2 in ISO 25010). The
characteristics of product quality such as functional suitability,
efficiency of performance, usability, reliability and safety will have a
significant impact on the quality in use for basic users. Compatibility,
maintainability and portability will have a significant impact on quality
in use for people who maintain the system.

The properties of quality are the natural characteristics of
software that contribute to quality and they can be classified into one
or more characteristics or subcharacteristics. The quality properties
can be measured using some measurement methods that represent
a logical sequence of operations for quantifying a characteristic on a
particular measurement scale.

Software quality is usually assessed by measuring the static
parameters of the intermediate product (internal attributes), and by
measuring the code behavior while running (external attributes) or by
measuring the attributes of quality in use. The basis for measuring
the quality is provided by the framework defined back in 1999 in
ISO/IEC 14598-1.

Software Quality Metrics

Although it might seem that the area of quality metrics is
defined, and that the application of metrics for monitoring and
evaluating the quality and usability is clear enough, there is a lot of
uncertainty. The formalization of the evaluation area is missing as
well as the formalization of the measurement of various quality
indicators.

To measure means to assign, according to certain rules, a
certain number, then usually called a value, to a certain object.
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Measurement means determining how many times the measuring
quantity (usually referred to as a unit of measurement) is contained
in the value to be measured. The value measurement result is a
number, and it is necessary to make a good distinction between the
value and the number obtained by its measurement. This number,
together with the appointment of a value unit, is called a number of a
unit of measure or a numerical value of a quantity.

Measurement is the process of determining the quantity, size or
degree (of something) using a standard set of measures and the
measurement procedure defined by metrics, while metrics defines a
measurement system or standard, scales and units of measurement
for monitoring efficiency indicators (Ted, Angelika, 2006).

Quality in use is the quality of the software product from the
user's point of view when used in a specific environment and within
the context of a specific use. It measures the degree to which users
can achieve their goals in a particular environment, and does not
measure the properties of the software itself. To meet the criteria for
external quality, it is not enough to meet the criteria for internal
quality. Also, meeting the criteria for external quality usually is not
enough to meet the criteria for quality in use.

When quality is discussed, it usually considers meeting the
demands for quality from the user's point of view. Then the user
requirements for quality refer to the quality of the product in use. In
order to incorporate meeting the demands for quality into the
software development process, it is necessary to evaluate the
software product in all phases of its life cycle.

Quality is assessed by measuring the internal (usually the static
measurement of intermediate products) and external (measuring the
behavior of the code while being executed) attributes or by
measuring the attributes of quality in use.

To ensure the required quality, it is necessary to measure and
evaluate many features that allow determining software quality,
where software quality metrics that will be used to evaluate each
characteristic plays an important role. To measure the quality of
software, according to the ISO quality model, internal, external and
quality in use metrics are used.

Internal quality of the software product is measured and
evaluated based on the requirements of internal quality. The quality
details can be improved during the implementation of the code and
tests, but the basic quality of the software product represented by
internal quality remains unchanged, except in the case of re-design.
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Internal metrics is a quantitative scale and a method of
measurement which can be used to measure attributes or quality
characteristics of the software that is a part of the software, directly
or indirectly (not the result of the measurement of the system
behavior). Internal metrics are useful during design or coding, in the
early stages of the software life cycle. Internal metrics can be
applied to software products that are not executed (such as
specifications or source code) during designing and coding. During
the design of software products, intermediate products can be
measured using internal metrics that measure internal properties.
The main purpose of internal metrics is to ensure achieving the
required external quality and quality in use. Internal metrics provide
assistance to users, people who perform the evaluation, people who
perform the testing and designers, enabling evaluation of the quality
of the software product and show the quality elements long before
the software product becomes executable. Internal metrics measure
the internal attributes or indicate the external attributes by analysing
the static properties of intermediate products or the software product
being provided. The measurements of internal metrics use the
frequency of the composition of software elements which appear, for
example, in the source code commands, control charts, data flow,
and displays of state changes.

External quality is the quality of execution of software, which is
usually measured and evaluated during testing in a simulated
environment with simulated data using external metrics. During
testing, there is a need to detect and eliminate most errors, but there
may be some errors left after tests. Since it is difficult to correct the
basic software architecture or the basic settings of software
development, the development bases do not change during testing.

External metric is a quantitative scale and a method of
measurement, which can be used to measure the attributes or the
characteristics of the software that is the result of the behavior of a
system whose part the software is. External metrics are applicable to
the software that runs during testing or use in later stages of
development, or even during use in real working environment.
External metrics use software product measurements derived from
the measurements of the behavior of the system of which it is a part,
by testing, running and monitoring the software being run or the
system. Before ordering or using the software product, it should be
evaluated by using the metrics based on business objects linked with
the use, operation and management of the product in the specified
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organizational and technical environment. External metrics provide
assistance to users, people who perform the evaluation, people who
perform the testing aa well as designers and enable them to evaluate
the quality of the software product during testing or execution.
Quality in use metrics relate to the extent to which the product
meets the needs of users to achieve specified goals with
effectiveness, productivity, safety and satisfaction in the context of
use. Evaluating quality in use validates software product quality in
user - task scenarios.
The link between quality in use and other quality characteristics
of software products depends on the type of the user:
— for the end user, quality in use is mainly a result of
functionality, reliability, usability and efficiency;
— the persons responsible for the implementation of software,
quality in use is mainly a result of maintainability;
— for persons who carry the software, quality in use is mainly a
result of portability.

Conclusion

The concept of software quality has many dimensions and cannot be
easily defined. To ensure the required quality, it is necessary to monitor
various parameters, make plans and develop and implement standards
and quality system documentation, which will be applied to software
products.

Software quality has significance both for manufacturers and users of
software and varies depending on the viewing angle. To get a software
product that has been developed in accordance with the specification that
meets customer requirements and does not contain errors, software
quality is determined by measuring multiple parameters. In doing so, it is
necessary to choose measurement parameters measure and provide
appropriate testing methodologies and techniques. A particular problem is
the definition of metrics, i.e. the type of measurement that is correlated to
the software system.

Therefore, it is important that software development takes place in
accordance with prescribed standards in order to avoid subsequent
interventions - software modifications in the later phases of the software
life cycle.

Of course, there are different aspects of quality and different metrics
related to the phases of the product life cycle. A defined quality model is
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used for the evaluation of the quality of software products in the phase of
defining goals for the quality of products or intermediate products.
Evaluation of attributes may be carried out by measuring the
consequences or by direct measurement. In order to create the list of
parameters related to quality, the process of hierarchical decomposition of
the software product is used. Of course, it is not possible to measure all
characteristics in all possible cases.

By measuring and evaluating quality in use, software external quality
can be confirmed. Furthermore, measurement and evaluation of external
quality can verify internal software quality, and the examination of internal
quality can lead to the conclusions about the necessary improvements of
the software production process. Similarly, taking into account the
attributes of internal quality is a prerequisite for achieving the required
external behavior, and considering the attributes of external quality is a
prerequisite for achieving quality in use. Therefore, quality in use is a
combined effect of the characteristics of internal and external quality on the
end user. The attributes of internal and external quality are the cause, and
the attributes of quality in use are the effect. From the abovementioned,
Bevan (Bevan, 1999) draws the conclusion: "Quality in use is the goal, and
the quality of the software product is the means by which this goal is
achieved."

According to international standards (ISO/IEC 9126-1, ISO/IEC
25010), quality in use is how the end user sees a complete system on
which the software runs and it is measured by the results of software
usage.

The existing models of quality described in the current standards are
intended to describe the quality of traditional software products and are
suitable for the evaluation of the quality of traditional software products as
well as for the identification of usability problems of traditional graphic user
interfaces. However, the characteristics of software quality are not enough
to describe the quality of a broader set of specific applications based on
Web technology.

Models of quality in these standards provide a range of quality
characteristics relevant to a wide range of interested parties, such as
developers, system integrators, owners, maintenance teams, contractors,
experts on security and quality control and users. However, a complete set
of quality characteristics of these models may not be relevant to all types
of users. Thus, for each type of users the importance of quality
characteristics in each model should be taken into account prior to the
finalization of the sets of quality characteristics to be used. The relative
importance of quality characteristics will depend on high objectives and
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project tasks. Therefore, the model should be tailored (adjusted) before
use as a part of the decomposition of requirements for the identification of
the most important characteristics and subcharacteristics, in accordance
with the objectives and tasks of the parties concerned.

Today, there are a number of methods for evaluating software quality.
Choosing the right method is not an easy task, since it depends not only
on the software product type, but also on the objectives of the
development project and the context of use. In fact, the choice of a method
depends on various criteria, the most important ones being resources
required to perform the method (time, money, the number of evaluators
and their expertise, the number of users for testing, place and test
equipment), the required level of objectivity and the possibility of applying it
in different stages of the application development.
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CTAHOAPTBI KAYECTBA MNMPOrPAMMHOIO OBECINEYEHNA

Heb6odwa . OxopmxeBny
BoopyxeHHble Cunbl Pecny6nukm Cepbus, YnpaBneHue cyXonyTHbIX BOWCK, T.
Huw, Pecny6nuka Cepbusi

OBNACTb: BbluMcnuTenbHas TexHMKa U uHpopmaTunka, HPOPMaLMOHHbIE
TEXHOMOormm

BWO CTATbW: npodeccrnoHanbHasa ctaTbs

A3bIK CTATbW: anrnunckuii

Pe3some:

[na GocmupkeHUs1 ernaemMoz0 Kaqyecmea rnpogpamMmHO20 obecrieHeHus,
8 rnep.yro o4epedb HEOBXOOUMO U3yHUmb cyujecmesyroujue cmaHdapmbi 8
OaHHoU obnacmu, U cobrrodamb UX Ha 8Cex amariax XU3HEHHO20 UUKra
rpoepamMmHo20 obecriedeHust. B daHHOU cmambe nodYepKHyma 3HaqyuMocms
rpumeHeHuUsi cmaHOapmos 8 obriacmu Kadecmea  IpospaMMHOZ0
obecrieqeHusi. MexdyHapoOHasi opaaHu3ayusi rno cmaHdapmam 3a rnocrieOHUX
20 rilem cblgparia 8aXKHYr0 POJb 8 PassUMUU MHO2UX CmaHOapImos Kavyecmea
rpoepamMmHo20 obecrieqeHusi. B rniepsoli yacmu cmambu rnpedcmasrieH
Kpamkull 063op 3eomouuu  cmaHOapmoe 8 obriacmu  Kadecmea
rpoepamMMHo20 obecriedeHus], a 3amem rodpobHO orucaHa delicmeyrowast
cepusi, nod HassaHuem SQuaRE, senstouwasicss HeombemsieMoU Yacmbio
ISO/IEC cmaHOapmos. [laHHasi obriacmb O4YeHb 8akKHa, MaK KaK 3HaHue
cmaHOapmoe Kavecmea rnpo2pamMMHO20 obecriedeHuUsT U UX MpuMeHeHue,
HerocpedCmeeHHO G/USIM  Ha passumue Kadecmea pospaMMHOS0
obecrieyeHusi, mem cambiM obecriequsasi eMy WUPOKOE MPUMEHEHUEe Ha
rpomsiKkeHUU OnumeribHo2o rnepuoda epemeHu. [pumeHeHuUe OorucaHHbIX
CcmaHAapmoes U 380TIOULUOHHBIL MoOX00 K KeaHMUGbUKaUUU XapaKkmepucmuk
Kadecmea rpogpaMmHo20 obecrieqeHusi 3asucum om  OocmyrnHocmu
pecypcos 0Ons ocyulecmerieHust Heobxo0umbix Memodos (8pemsi, OeHbal,
Heobxo0uMoe Koru4ecmaso Ccrieuuaslcimos-mecmuposLUiuUKos, Heobxooumoe
KOru4ecmeo  [1ofib308amerieli-mecmuposLUyuKos, Mecmo u obopydosaHue
Orsi mecmuposaHusi) U ypPOBHSI OBBLEKMUBHOCMU, @ Mmakke B803MOXHOCMU
MPUMEHEHUST Ha pasiuYHbIX amariax paspabomKu rMpuroxXeHuUd.

KnioueBble cnoea: [ISO, cmaHdapm Kayecmea, Kayecmeo
npozpaMmHo20 obecriedeHusl.

CTAHOAPON KBAIIUTETA CO®TBEPA

Hebojwa [0. Hophesuh
Bojcka Cpbuje, KomaHga KonHeHe Bojcke, Huw, Penybnvka Cpbuja

OBJIACT: padyHapcTBO M MHOpMaTKKa, UHOPMaLMOHe TEXHOMOrWje
BPCTA YJIAHKA: cTpy4HuM unaHak
JESNK YJTAHKA: eHrnecku

123

Pordevi¢, N., Software quality standards, pp. 102-124



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

Caxemak:

8a docmusame xesfbeHoe Keanumema coghmeepa Hajpe je
rompebHo riocedosamu UH¢hopmauuje o nocmojehum cmaHdapouma u3 oge
obriacmu, a 3amumM ux rowmosamu y ceuM ghazama XKUeomHoe UUKITyca
cogpmeepa. Y pady je HaznaweH 3Haqaj npumeHe cmaHdapda u3 obracmu
keanumema cogpmeepa. MehyHapoOHa opeaHusauuja 3a cmaHOapde je y
rocriedmux 20 200uHa odueparna 8axHy yrioey y pa3sojy suwie cmaHdapda
Keanumema coghmeepckux npousgoda. Ha nouyemky pada rnpukasaHa je
esornyuuja cmaH@apda u3 obnacmu Kearumema cogpmeepa, a 3amum je
OemarbHo onucaHa akmyernHa cepuja ISO/IEC cmaHdapla rod Ha3ueom
SQuaRE. Osa obriacm je eeoMma 3HadajHa, jep rnos3Hasar-e cmaHOapda
Kearumema cogmeepa U HUX08a rpumeHa OOMpuUHOCU pa3sojy
KearnumemHoz coghmeepa Koja he my o0be3bedumu wupoKy yriompeby u
mpajarbe. [NpumeHa onucaHux cmaHOapda u esaryayuoHuUx rpucmyrna 3a
KeaHmughukayujy = ocobuHa Keanumema coghmeepa 3asucu 00
pacrionoxueux pecypca 3a useofjere Mmemoda (epeme, Hoeau, O6poj
rompebHuUx eearlyamopa U HUXxoea Cmpy4YHocm, Opoj KOpuCHUKa 3a
mecmuparse, Mecmo U ofpeMa 3a mecmuparse), rnompebHoz Husoa
objekmusHocmu, me Mo2yhHocmu rnpumMeHe y pasHum c¢bazama u3pade

annukayuje.
KrbyuHe peun: ISO, cmaHdapd keanumema, keanumem cogpmeepa.
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Abstract:

The paper deals with the method of GPS relative positioning during
topo geodetic survey preparations in artillery. Two Trimble Pro XRS
receivers were used as a base station and a rover while a modem was a
communication means between the devices. In order to get the results of
the survey, statistical methods were applied in the subsequent data
analysis. The results show a significantly reduced likelihood of errors at
work in comparison to required values. The application of relative
positioning during topographic survey preparations on a full basis provides
much faster operation and higher accuracy than the prescribed one.

Key words: global position system, relative  positioning,
topographic-survey preparation, circular error probable.

Introduction

One of the main requirements of modern artillery is to determine
coordinates of launching sites and observation posts accurately enough
and fast enough for artillery firing. The requirement to determine the
coordinates accurately enough and fast enough is durable and legitimate.
However, in modern operations, less accurate but timely determined
coordinations are more acceptable than those perfectly accurate but
determined too late.

The application of classical field artillery survey is possible only in
conditions of good visibility, which means that there is no procedure which,

125

Projovi¢, D., Application of relative positioning in topographic survey preparations on a full basis in artillery, pp. 125-139



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

in a longer period of time, can provide the determination of coordinates
during all day and night. Modern combat effects require that coordinate
points be determined in all visibility conditions.

The most modern artillery weapons able to open fire immediately after
stoping require to known accurate coordinates at the very moment of halt.
An artillery observer whose movements follow the combat deployment of a
supported unit also needs to know the current position coordinates in
every moment so that he could successfully detect a target and control
artillery fire. This sets very strict requirements for rapid and accurate
determination of coordinates, which is the essence of one of the basic
problems of modern artillery.

GPS NAVSTAR (GPS) and GLONASS created a possibility that any
point on Earth, at any time of the day and in all visibility conditions can
have its coordinates determined in a very short time, where the accuracy
of coordinates usually depends on a user's subsystem, the number of
satellites that can be observed simultaneously from a given point, the
duration of observations and a GPS method.

Last-generation self-propelled multiple rocket launchers are
positioned and oriented to firing positions via GPS receivers. One of the
ways of orientation to the North is using a rigid horizontal bar with two GPS
antennas. The bar length dictates the accuracy of orientation to the North
(Sekulovi¢, Burkovi¢, 2010, pp.32-46).

Conventional field artillery survey

Depending on a combat situation, the number of known points, time
available, time of the day, weather conditions, relief and accuracy to be
achieved, field artillery survey may be on a full basis or according to a
map. After a preparation of topographic surveying, a topographic unit can
be set for determining the coordinates of landmarks, benchmarks and
targets detected and for controling field artillery survey of artillery
battalions.

Actions in field artillery survey are prepared in detail and operable.
However, a problem is that some actions are based on old-fashioned,
slow, manual and outdated methods in which impermissibly big mistakes
occur. Random errors, Table 1 (Prirucnik za vojnika topografa zemaljske
artiljerije, 1979, pp.181-200) occurring at work with outdated equipment in
the operation preparatory phase are reflected in the operation execution
phase on a hit probability. Increasingly complex requirements raise a
question of efficiency of topographical surveying and preparation of artillery
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fire support. The criteria for the evaluation of results are getting stricter. On
the one hand, faster and high quality work is requested; on the other hand,
tasks grow in number. As a result, there is a discrepancy between effort
and results achieved (Glisi¢, Tugomir, 2007, p.56).

Table 1 — Features of the conventional method of artillery survey
Tabnuuya 1 — XapakTepucTuku MeTOA0B KOHBEHLIMOHAMbHbIX TONOrpadgo-reoae3nyeckux

y4yeHun
Tabena 1 — Kapaktepuctvuke MeTofa KOHBEHLMOHANHE Tonorpadcko reogeTcke
npunpeme
Rati
Preparation Modes atings Accuracy
5 4 3
Backward intersection 10' 12'30" | 14'20" <50m
Sighting with the , fpipen A

Map-based, measurement 10 12'30 14'20 <50 m

mark roughly
Comparing charts

with the terrain 7 10 15 <50m
Using a short base 14' 16' 18' <50m
.Mallp-based, Intersection from reverse 7 10 15 <50m
with instruments rectangular azimuths
Point of travers / / / <50m
Computational methods 10' 12' 14 <2m
of processing travers 20' 24 28'
Graphic forward
intersection 14' 16' 18' <125m
and a combined
Total-based Calculati
topographic | nverseetion |24 |29 | 3| o
survey 27'30" | 33'30" 41'

and a combined

Graphically, backward
intersection to three points

Calculating, backward
intersection to three points

14 17 20' <125 m

54' 65' 80' <2m

In current practice, it is not possible to determine the coordinates of
points accurately and quickly at the same time. In order to precisely
determine the coordinates of three firing positions and three observation
posts of one division on a topographically unprepared terrain, (6 points in
two different areas) 6 to 8 people should continuously work for 6 to 8 hours
(Maksimovi¢, 1996, p.79). Nevertheless, the required time of NATO
artillery units to determine coordinates is up to twenty minutes.
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Artillery survey on the total basis

Artillery survey on the total basis is the basic method of artillery
preparation, thus ensuring a unique reference system for artillery units and
more accurate determination of the initial elements for firing. Artillery
survey on the total basis includes:

— Developing artillery trigonometry network;

— Defining the coordinates of launching sites, observation posts and

observation stations of artillery units;

— Defining the coordinates of targets and landmarks;

— Defining the data to guide the weapons and orientiring

instruments.

The methods for determining the coordinates of points are as follows:
1) polar method; 2) travers; 3) forward intersection and combined
intersection; 4) backward intersection with three points; 5) triangulation.

An artillery battery (according to organizational and formational
solutions in the training system) is not qualified to perform artillery survey
on the total basis, but is capable of map-based artillery survey in 10 to 30
minutes but cannot reach the required data accuracy. The required
accuracy can be reached by topographic units composed of 6-9 people,
who, after a long specialist training in an artillery battery on topographically
processed terrains, take 2 to 3 hours for field measurement and data
processing, where very complex data processing consumes about 50% of
the available time. The main problem is how to make artillery survey last
shorter and enable artillery batteries to execute fast artillery survey on the
total basis (Maksimovi¢, 1995, p.45).

Map-based artillery survey

Map-based artillery survey includes determining the coordinates of
launching sites and observation posts of artillery units, based on the
contour points and ground objects for which data are taken from the map
and, if possible, checking the orientation of artillery wepons in the direction
and orientation of instruments. Due to various unavoidable errors that
occur in operation, this method results in considerably lower accuracy than
the preparation on the total basis. It is used when there are no conditions
for the application of artillery survey on the total basis.

The accuracy of map-based artillery survey depends primarily on the
image scale (accuracy of 1 to 2 mm of the scale), and tools used;
therefore, maps with greater scales (1: 25,000 and only exceptionally 1:
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50,000) should be used. Contour points on the map and on the ground are
taken as the known points for determining the coordinates of launching
sites and observation posts of artillery units. For greater accuracy,
whenever possible, trigonometric network points should be used. Map-
based artillery survey can be performed using instruments or special tools
(Uputstvo za topografsko-geodetsko obezbedenje artiljerije, 1981,
pp.209-211).

It is obvious that the modernization of artillery survey is necessary and
that the way to solve this problem is the application of methods based on
global navigation satellite systems (GNSS).

Methods and features of GPS positioning

Depending on the number of points the positions of which are
determined and the relation of the obtained coordinates of the points
(dependence of determining the coordinates of one point on the position of
the other, referent one), GPS positioning methods can be generally divided
into the following main categories: absolute method, relative positioning
method and positioning of network points.

With regard to the operation when determining the coordinates of
points (absolute or relative ones), both of these methods can be in the
static or kinematic mode. The advantage of the static methods is that
redundant measurements are obtained while the advantage of the
kinematic methods is that measurement results are obtained in real time.
Table 2 summarizes the characteristics of GPS positioning techniques.

Table 2 — Features of the GPS methods
Tabnuya 2 — XapaktepucTtukn metogos GPS

Tabena 2 — Kapakrepuctuke metoga GPS
The method of positioning | Features Accuracy

Using of C / A-code; 20-50m
at least 4 satellites

Static Using the P-code; 5-20m
at least 4 satellites

Absolute
Using precise ephemeris; a 2_5m
minimum of 4 satellites

very brief observations (1 msec);

at least 4 satellites 20-50m

Kinematic
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The method of positioning

Features

Accuracy

Static

Non-current static observations;
database of more than 100
kilometers; at least 4 satellites

1mm+ 1 ppm

Current observations (8-30 min);
short base (less than 10 km);
dual-frequency receivers;

at least 4 satellites

5 mm + 1 ppm

Relative

Kinematic

Current observations (5 min);
necessary to return to the station;
up to 10 km; minimum of 4
satellites

1cm + 2 ppm

Current observations; necessary
connections between cells; up to
10 km; at least 4 satellites

1cm+ 2 ppm

Without stopping; special software
is required; up to 10 km; OTF

least 4 satellites

initialization; a minimum of 4 (5) 1.5 cm + 2 ppm
satellites
Differential GPS Applying code measurements; at 06. .10 m

The highest accuracy is achieved with relative positioning methods,
phase measurements, especially in the static mode, i.e. with the static
relative positioning method.

Methods of absolute positioning

The results of this positioning method are determined, independent
(absolute) coordinates of individual points in real time. The main
characteristic of the absolute positioning methods is work with a single
GPS receiver. Spatial rectangular coordinates are obtained, based on the
measured pseudorange from the satellite to the receiver antenna and the
antenna height above the point whose position is determined, Figure 1.
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Figure 1 — The principle of absolute positioning
Puc. 1 — MpuHUMn abcontoTHOro NO3MLUOHMPOBAHUS
Cnuka 1 — MpuHUMN anconyTHOr NO3nLMOHMpama

The accuracy that can be achieved with this method within a few
seconds is in the range of 5-50 m (With an SA on, accuracy decreases
three to four times), or up to about 2-5 m with precise ephemerides. When
the R-code is used, accuracy in the determination of the pseudorange is
better than when the S / A-code. Absolute positioning methods are used
for navigational purposes, on land, at sea and in the air, and partially meet
the needs of artillery units.

The accuracy in assessing a position with absolute positioning
methods depends on several factors, but generally speaking, positioning
accuracy depends on the accuracy of determining the pseudorange. The
pseudorange is a value consisting of a geometric distance from the
satellite to the receiver and an error in its measuring. There are multiple
sources of errors which, together with pseudoranges, represent an
effective measure of pseudorange accuracy uncertainty. This total
measure is called User Equivalent Range Error (UERE).

The sources of errors that affect absolute positioning are as follows:

— errors of the clock in the satellite,

— errors of ephemerides,

— errors caused by relativistic influences,

— errors caused by the influence of the layers of the atmosphere

(ionosphere and troposphere),
— errors caused by the imperfection of the receiver construction, and
— errors caused by multiple reflection of signals.
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Methods of relative positioning

The relative positioning methods include simultaneous measurements
of pseudoranges from two receivers to at least four satellites. One of the
receivers must be stationary (GPS base) with known spatial geocentric
coordinates (X, Y, Z) - a point of reference, and the coordinates of the
second receiver position are relative (AX,AY,AZ ) with respect to the first

receiver. The relative coordinates form a position vector of the required
point in relation to the known one, i.e. the base line. The geocentric
coordinates of the required point P2 in relation to a given P1, Figure 2, are
determined using the following expression:

R, =R, +AR,,,
where R2 is the geocentric position vector P2,
— R1 is the geocentric position vector P1, and
— AR,, is the spatial position vector P2 with respect to P1 (the
relative position vector).
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Figure 2 — The principle of relative GPS
Puc. 2 — NpuHumMn oTHocuTenbHoro GPS
Cnuka 2 — MpwuHuun penaTtueHor GPS

The receiver at the station whose coordinates are determined can be
stationary (for a static method) and mobile - rover (for a kinematic
method).

Relative kinematic positioning is a GPS procedure that allows, in a
short period of time, determining the trajectory of the rover antenna, Figure
3. Therefore, this method determines the relative coordinates of the rover
in relation to the base receiver. The method of relative kinematic
positioning (RKP) has a characteristic of fast acquiring a large number of
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positional data with an accuracy that meets the needs of topographic
surveys. RKP accuracy depends primarily on the retention time of the
rover at an unknown point, which is from one second to a few minutes,
depending on the type of point and the required accuracy. For example,
when the rover is at the station for a period of five minutes and 20
registrations with a measurement epoch of 20 seconds, an accuracy of 1
cm + 2 RRM can be achieved. Namely, it is an accuracy in centimeters,
and when RKP is applied in real time, accuracy decreases up to a
decimeter. In the course of measuring, connection with at least four
satellites is necessary.

Figure 3 — Relative kinematic positioning
Puc. 3 — KuHemaTtuyeckoe oTHOCUTENbHOE NO3NLMOHNPOBAHNE
Crniuka 3 — PenaTvBHO KMHEMATNYKO NO3NLIMOHMPaHE

There are two different methods of relative kinematic positioning:

— relative kinematic positioning in real time (Kinematic Survey over
a Real Time or Real Time Kinematic - RTK)

— relative kinematic positioning with post-processing (Post-
processed Kinematic Survey), (Bozi¢, 2005, pp.14-19).

Processing of the Global Positioning System
Processing means a set of actions and procedures in the planning of

processing and preparation of documents in the realization and
implementation of the planned processing, processing of the measurement
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results and obtaining the required data on the positions of the required
points and data analysis.

Planning of measurements

Based on the available equipment and technical and material
resources, an analysis for GPS measurements was carried out as well as
the planning of measurement realization and necessary actions for
determining the coordinates of the primary and other elements of the
combat disposition of artillery units.

There were two Pathfinder ProXR GPS receivers. Measurement
planning and the subsequent data processing were done on personal
computers with the support of software packages. Based on the task, GPS
measurements were conducted in the area of the attack zone.

For planning and selecting measurement positions and cells, TK50
(583-1, 583-2, 583-3, 583-4) was used as well as air photos of the area.

For developing an artillery network and determining the coordinates of
combat dispositions of artillery units, the following eight points were taken:

VP1 (Launching site 1)

VP2 (Launching site 2)

VP3 (Launching site 3)

O1 (Observation post 1)

02 (Observation post 2)

O3 (Observation post 3)

B1 (base station, also the aiming point, trig. point of the third order)

B2 (base station, also the aiming point, trig. point of the third order)

Based on the length of the base lines, i.e. the distances between the
points, and on the elevation mask for some points, sessions were
determined to last 5 minutes and signals from the satellites above the
elevation angle of 13 ° were registered.

In the planning phase and the phase of measurement preparation,
spatial data (coordinates in the Gauss-Kruger projection - X, Y, and height
- Z) were collected, regarding the points agreed to be the basic network
points, Table 3.

Table 3 — Spatial data (X, Y, Z) on the points in the G-K projection
Tabnuua 3 — MNpocTpaHcTBeHHbIe AaHHble (X, Y, Z) Ha Todkax B G-K npoekunn
Tabena 3 — lMpocTtopHu nogaum (X, Y, Z) o Taukama y G-K npojekumju

Point Mark X [m] Y [m] Z [m]
B1 4792738.492 7598590.854 467.745
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Point Mark X [m] Y [m] Z [m]
B2 4793751.080 7598727.161 400.482
VP1 4793248.929 7598802.074 364.481
VP2 4792501.004 7599499.598 359.116
VP3 4793127.382 7599748.856 306.843
(0} 4788875.275 7602116.462 451.331
02 4790451.471 7603651.004 299.872
o3 4791125.629 7604801.141 357.286

Realization of measurements

After centering and measuring the height of the antenna and
connecting the receiver with the antenna and the controller, the receiver
and the controller were put into operation. By making the controller
oparational, the main menu appears on the display, with appropriate
options for entering point data, the antenna heights and types,
measurement methods, etc., followed by a signal registration onset.

During the measurement, there were usually five to eight satellites
visible, rarely four or nine. The constellation of satellites during the
measurement was satisfactory, which is supported by the fact that the
value of PDOP factors ranged from 1.8 to 4.4.

Measurement processing and measurement quality
control

There are a number of software solutions for measurement
processing, depending on the receiver model and equipment. Equipment
manufacturers produce software packages for data processing. Despite
the fact that there are different developers and companies, all programs
are based on the same conceptual principles.

Trimble, as already mentioned, offers the Pathfinder software
package for data transfer and post-processing. Pathfinder consists of basic
multifunctional modules intended to perform certain phases in
measurement processing. Within each module, there are options for
processing individual operations in more detail.

The results after processing GPS coordinates are shown in Table 4.
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Table 4 — Coordinates of the G-K projection
Tabnuua 4 — NpaBoyronbHble koopAnHaThl B Npoekumn G-K
Tabena 4 — MNpaBoyrne koopauHate y G-K npojekumnju

Point | X o, Y o, |Zor |cep
mark | [m] [m] [m] m {DF;MS [m]
m

VP1 | 4793248.929 | 0.345 7598802.074 0.333 | 0.47987 0.39998

VP2 | 4792501.004 | 0.315 7599499.598 0.304 | 0.43818 0.36523

VP3 | 4793127.382 | 0.389 7599748.856 0.376 | 0.54139 0.45126

o1 4788875.275 | 0.407 7602116.462 0.393 | 0.57419 0.47222

02 4790451.471 | 0.286 7603651.004 0.276 | 0.39833 0.33201

03 4791125.629 | 0.327 7604801.141 0.316 | 0.45591 0.38001

Average 0.40012

The accuracy in determining the point coordinates is defined by the
values of standard deviations - o, histograms of standardized deviations
(standardized residuals) base lines / vectors and the ellipses of the errors
in determining the point positions based on the measurement results.

The values of the standard deviation o of the coordinates of the
spatial position can be assessed separately - the standard according to the
X-axis (in the Gauss Kruger projection)o . separately from the one
according to the Y-axis - O, - but also as an overall standard of the 2D
position estimate -9 2o . Error ellipses in position estimation represent the
measure of the accuracy of estimates of point coordinates, and,
consequently, the assessment of measurement quality.

In artillery, average probable error or probable error of a mean is most
commonly used as the measure of accuracy. In this context, the 2D
standard deviation is converted into a circular error probable, according to
the formula (GPS Position Accuracy Measures, 2003, p.4):

CEP = 0.620, + 0.5604

Analysis of the results

Based on the data after processing, the results of the research are as
follows:

— 0.344m

— 0.333m

— CEP =0.40012m.

When comparing the results of researching the CEP = 0.40012m with
the permissible errors of a complet preparation up to 2 meters (Table 1),
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we can conclude that the GPS method of relative positioning provides
much smaller probable error than the required one.

Conclusion

If we start from the fact that accurate and rapid determination of
coordinates of points (launching sites and observation posts) is one of the
main problems of modern artillery, the conducted reserch has found the
possibilities to solve this problem by using GPS receivers with relative
positioning in artillery survey on a full basis. Necessary operational time
with conventional methods is 2-3 hours on the prepared terrain and 6-8
hours on the unprepared terrain; when this is compared with the necessary
operational time with a GPS relative method of 20 minutes, the necessary
time period is 6 to 24 times shorter.

On the other hand, in combat operations of the armed forces of
developed countries, impacts on artillery fire support objectives are far
higher because the global positioning system is applied not only to
determine the combat disposition of forces and as an artillery weapon
orientation tool, but also to home projectiles to targets. It can be concluded
that GPS technology has certainly not yet reached its peak in terms of
applications in the Serbian Army. Of course, with the development of
competition in GPS navigation, increase in accuracy and reduction in
price, its application will increase consequently.

References

GPS position accuracy measures, 2003, Study Novatel [Internet],
Available from: http://www.novatel.com/assets/Documents/Bulletins/apn029.pdf>,
Accessed: 28 October 2014.

Bozi¢, B., 2005, Premer nepokretnosti primenom tehnologije globalnog
sistema pozicioniranja, Gradevinski fakultet, Univerzitet u Beogradu.

Glisi¢, G., Tugomir, K., 2007, Primena uredaja za globalno pozicioniranje u
artiljerijskim jedinicama vatrene podrske, pp.55-59, Konferencija odbrambene
tehnologije OTEH, Beograd, Oktobar 5-7.

Maksimovi¢, S., 1995, Informacioni sistem topografsko-geodetske
pripreme, Novi glasnik, 3(3), pp.45-49.

Maksimovic¢, S., 1996, GPS prijemnici u KOV, Novi glasnik, 4(2), pp.77-88.

Priruénik za vojnika topografa zemaljske artiljerije, 1979, Beograd,
Vojnoizdavacki zavod.

137

Projovi¢, D., Application of relative positioning in topographic survey preparations on a full basis in artillery, pp. 125-139



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

Sekulovi¢, D., Burkovi¢, V., 2010, Pozicioniranje, orijentisanje i odredivanje
daljine do ciljia na samohodnom viSecevhom raketnom lansirnom sistemu
koris¢enjem GPS i elektronskih karata, Vojnotehnicki glasnik/Military Technical
Courier, 58(3), pp.32-46, doi:10.5937/vojtehg1003032S.

Uputstvo za topografsko-geodetsko obezbedenje artiljerije, 1981, Beograd,
Vojnoizdavacki zavod.
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OBNACTb: cnyTHMKOBasi HaBUraLmsi, BOEHHbIE HayKu
BWO CTATbW: npodeccrmoHanbHas ctaTbs
A3bIK CTATbW: aHrnuickumn

Pe3some:

B OQanHOU cmambe onucaHbi Memodbi  OMHOCUMESIbHO20
MO3UYUOHUPOBaAHUSI,  MPUMEHSIEMbIE 8  moroepagho-2e00e3U4eCKUX
apmunnupulickux ydeHusix. B mecmosbix moroegpagho-2e00e3uyecKux
3alayvax Ha roJsiHoli OCHose UCrofib308aHbl dea rpuemHuka Trimble Pro
XRS e kadecmee 6aszoeoli cmaHUuuu U posepa, a makxe MooeM 8
Kayecmee ces3u Mex0Oy ycmpoucmeamu. C Uenblo  MofyyYeHUs
pesynbmamos uccriedosaHusi npu 8mopu4yHol obpabomke OaHbix
MPpUMeHsINUCL cmamucmuyeckue MemoObl. Pe3ynibmambl  rokasanu
3HaYUMENbHOE  CHUKEHUE  8eposimHocmu  OwUuboK 8 — aHasnuse
mpebyembix 3HadyeHul. [lpumeHeHue Memoda OMHOCUMETbHO20
MO3UUUOHUPOBaHUST 1pU  Moroepagho-2e00e3UYECKUX U3bICKaHUSIX Ha
rosiHoU OCHoge criocobecmeyem 3Ha4umersribHOMy YCKOPEHUI0 pabombi u
obecriequsaem 8bICOKYI0 MOYHOCMb U3bICKaHULU.

KrioueBble crnosa:  anobanbHasi — cucmema  MO3UUUOHUPOBaHUS,
OmHocuMeribHoe  MO3ULUOHUPOBaHUe,  moroapagho-2e00e3uYecKue
YHEHUS], Kpy2080€ 8epPOSIMHOE OMKITOHEHUE.
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MPUMEHA PENATUBHOI MO3NLUMNOHNPAHA
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HA NOTMYHOJ OCHOBW Y APTUILEPUJU
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Caxemak:

Y pady je npukasaHa npumeHa GPS memoda periamusHo2
ro3uyuoHuUparba fpu u3gohery mornozpaghcko-2eodemcke npurnpeme y
apmurbepuju. llpu u3gohery mornoepaghcko-2eodemckux padosa Ha
romrnyHoj ocHosu KopuwheHa cy 0sa Trimble Pro XR nipujeMHuKa Kao
basHa cmaHuua U posep, Kao U MOOeM Kao KOMyHuKauuja usmeRy
ypehaja. Kako 6u ce dobunu pe3ynmamu ucmpaxuear-a rpuMeH-eHe cy
cmamucmuyke memode y HakHaOHoj obpadu nodamaka. Pedynmamu
roKasyjy 3HamHO CMareH€ 8epo8amHuUx epewaka y pady o0
3axmeesaHux epedHocmu. [pumeHa penamueHoez Mo3uyuoHUparba npu
useohery monoepaghcko-eeodemckux padosa Ha MOMIyHOj OCHOBU
o0besbehyje suwecmpyko 6pxxu pad u eehy mayHocm 00 ripornucaHe.
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Abstract:

The paper proposes organising a professional team of the Serbian
Army members who would, in addition to their regular duties, assess the
hazards, risk and threats of possible explosions of explosive materials and
suggest accordingly optimal decsions to decision makers. Operational
meetings are defined, followed by the explanation of the importance of
training a team of experts for making optimal decisions, in order to reduce
the security threat to people and property from the effects of the explosion
of explosive materials. The research results and the discussion point to
the lack of involvement of other members of the Serbian Army in the basic
command functions when proposing solutions for making optimal
decisions. It has been emphasized that the findings of the research
process would increase the security and safety of all members of the
Serbian Army from the effects of explosions of explosive materials.

Key words: optimal decision, ordnance, explosion.
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Introduction

By making optimal decisions, Serbian Army members tend to prevent
any occurrence of adverse events during explosions of explosive materials
with disastrous results. If it is known that the basic characteristic of all
ordnance is the release of large amounts of energy due to chemical
decomposition resulting in mechanical work on the environment and
destroying all living beings, then a timely decision represents the basis for
a timely neutralisation of all possible sources of security threats to people
and property from the occurrence of ordnance explosions’.

The chemical process of decomposition of explosives and explosive
materials at the expense of oxidation of carbon and hydrogen with oxygen
from the structure of specific molecule groups causes a break of energy-
rich bonds at variable speed?, when heat energy is released with a
creation of large amounts of gases. The expansion of these gaseous
products due to very high pressure causes lethal and destructive effects of
explosions. It is this property of explosive compounds which has the
explosive effect on the surroundings, thus endangering the safety of
people and their property.

The chemical process of explosive decomposition of explosive
compounds is a characteristic feature of explosive materials; it occurs at
speeds ranging from a few cm/s to several km/s. A slow reaction of an
explosive compound® does not pose a major threat or risk to the safety of
people and property, while relatively fast decomposition reactions of
explosive compounds (9.5 km/s for a detonation) with the release of large
amounts of thermal energy and the creation of high-pressure gases pose a
great threat to people and their property. The faster the decomposition of
explosive devices, the stronger the explosive, which therefore puts people
and property at higher risk and greater danger (Stojanovi¢, 2013, p.11).

Explosive materials consist of the smallest particles (molecules and atoms) which build a composite
explosive substance and carry basic properties of these materials (substances). How much energy
will be released by the chemical decomposition of explosive compounds, primarily depends on their
chemical composition which consists of C, H, O and N atoms, with the addition of certain additives,
bound by single, double, triple and larger chemical bonds, such as: C-NO,; CO-NO, and N-NO,. -N=N-.
Thus interconnected atoms within structural molecule groups build complex explosive compounds of
high energy potential.

Chemical reaction rate is the combustion distance per unit of time.

Relatively slow decomposition reactions of explosive compounds are typical mainly for gunpowder
and rocket fuel, the explosive decomposition energy of which is used to launch missiles and rockets
in gun barrels.
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In these circumstances, negative effects either occur suddenly and
unexpectedly or they start slowly but gradually assume stronger forms.
Bearing in mind the above given forms of dangers, risks and threats,
members of the Serbian Army need to prevent any form of uncontrolled
explosions by making optimal decisions for reducing the effects of
explosions of explosive materials.

Creating a team of experts

Explosions of explosive materials can happen at any time and in
places where explosive materials are produced, stored and maintained
(military industry for ordnance production, field and stationary warehouses,
etc.) as well as in places where large amounts of explosive materials are
used for efficient and effective exercises with live ammunition (shooting
ranges and training grounds for training and checking the level of military
personnel's acquired knowledge and skills and their competence to carry
out combat operations). This is why those in charge have to make
decisions about which dangers, risks and threats from the occurence of
explosions of explosive materials need to be considered at workplaces*
and the working environment® and to which extent. In order to make
optimal decisions, it is necessary to form teams of experts at the army unit
level, who will, along with their regular duties, assess the danger, risk and
threat of the occurence of explosive material explosions. They will also
suggest types of development of possible unexpected events.

The organizational structure of expert teams at the level of a battalion-
division would consist of: unit commander®, deputy commander, resource
protection officer, chief of the logistics group and subordinate commanders
who are from these units (Figure 1).

* Workplace is a space for performing job duties (inside or outdoors, as well as on combat equipment)
where one performs one’s duties or is allowed to access during work (Sluzbeni vojni list, 2014).
Working environment is the area where work and training are carried out, including also workplaces,
working conditions, working procedures and relations during work and training processes (Sluzbeni
vojni list, 2014).

The unit commander is responsible for the production, storage and maintenance of explosives, as
well as for the unit carrying out exercises with live ammunition.

5
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Figure 1 — Organizational structure of the expert team of a battalion-division
Puc. 1 — OpraHu3aumoHHas CTPYKTypa 3KCrepTHOW rpynnbl 6atanboHa-avBM3NOHa
Cnuka 1 — OpraHusaumjcka CTPyKTypa CTpy4Hor TuMa 6aTtarboHa — ANBU3NOHA

Since all the members of expert teams already have their assigned
duties depending on their positions in the army, it is necessary to allocate
their responsibilities when assessing dangers, risks and threats of the
occurrence of explosions of explosive materials. Their responsibilities will
be more precise and clearer if regulated by law and if duties
(responsibilities) are defined for each member in particular.

The organizational structure in the Serbian Army is centralized. The
commander with the already existing command represents the highest
decision-making level. The commander commands subordinate units and
is responsible for all the aspects of further managing dangers, risks and
threats (Karovi¢, Komazec, 2010, p.230). When performing an activity, the
commander is in charge of making a decison which represents one of the
versions of his mental work to ensure safe execution of tasks. This
decision is a concept (knowledge and skill) or the final result of the mental
work concerning the execution of a given task in an optimal manner. After
consulting the other members of a temporary unit for making optimal
decisions, the commander makes the final decision to perform the given
tasks as a result of the assessment of all the elements of the situation and
variants of the action. Thus begins the safe execution of the task because
the commander is held responsible for the safety of all the members of the
unit and their protection from all possible sudden events in which effects of
the explosion of explosive materials can occur. When unexpected events
do occur, problems usually pile up and many wrong decisions are made.
This is why heavy responsibility lies on the commander who needs to
quickly analyze the causes, assess the consequences and take concrete
and constructive measures to overcome the current situation. It is
necessary to include the deputy commander in helping the unit
commander to avoid certain problems. The main role of the deputy
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commander would be to coordinate and organize meetings, provide proper
working conditions, inform the members of the expert team about the
requirements of the superior command and about the events from the
previous period, to monitor the results, to inform the commander about the
achieved goals and to substitute the commander when the commander is
unable to attend meetings.

In the process prior to the final decision making, it is necessary to
consult the resource protection officer and the chief of the logistics group
before each activity.

The role of the resource protection officer would be to assess a
possible threat to the Serbian Army members from the effects of an
explosion of explosive materials, inform the other expert team members
about the dangers, risks and threats of the explosion(s) of explosive
materials which threaten to endanger the safety of people and property in
a particular area as well as about the dangers, risks and threats that
occurred in the previous period. The chief of the logistics group should
inform the other team members about the storage of the explosives which
would be used in practice or stored in the warehouse, about their amounts,
sensitivity, instability as well as about a possibility of explosions of
explosive materials during their transport, storage or maintenance.

It must be noted that the command led by the commander is in charge
of decision making and introducing certain measures of protection and the
course of actions to mitigate and eliminate safety threats to the security of
people and their property from the effects of explosions. All these
measures are to be undertaken before a sudden event occurs. In order to
have everything executed in an organised and planned manner, the
commanding staff in the Serbian Army are trained to successfully make
decisions concerning assessment of current danger conditions, risks and
threats that could occur in case of ordnance explosions. The essence of
making optimal decisions stems from the relation of subordination, i.e. all
orders come from the command (the managing part of the institution). For
the safe, successful and efficient functioning of the command in critical
situations, when there is not much time for dispute and discussion, it is
necessary to include other members of the commanding staff and
commanders of basic units into the organizational structure of expert
teams, depending on the commander's opinion and assessment. They
would attend operational meetings where all potential causes of explosions
of explosive materials would be discussed within a certain timeframe.
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Operational meetings of expert teams

It is necessary to organize operational meetings with the members of
expert teams for making optimal decisions in order to discuss the current
safety conditions of army members concerning the effects of ordnance
explosions and in order to avoid critical events.These meetings should be
transparent and open for suggestions and discussions and all the
additional explanations. All team members should be able to give their
opinions in order to establish a positive atmosphere within the team. It is of
special importance that the experience from the previous period be
communicated among them so that decisions could be made based on
judgement (experience based)’ in order to avoid similar events which
could escalate in the future. This shows that, at a certain point, people and
property were threatened by possible ordnance explosions, so, in order to
avoid such events in the future, it is necessary to discuss the matter and
try to find solutions for the same or similar situations.

Example: During a live firing exercise of an artillery unit, the cases
containing HE shells® with the overhauled UTIU M-72° impact initially
delayed action fuze were used for the exercise (Rule on the 122mm self-
propelled howitzer). For this type of projectiles, there are special firing
tables which happened to be left behind and not taken for this particular
firing exercise. In this situation, the commander must decide whether to
continue practice and perform firing with overhauled projectiles, or to stop
the exercise thus reducing the danger, risk and threat of a possible
occurrence of the effects of an ordnance explosion. This experience may
help in the future in dealing with concerns about many problems that may
arise before performing exercises with live ammunition and it can also help
subordinate units to determine which equipment they must have to
successfully perform the shooting.

During operational meetings, while temporary members of expert
teams talk about their experience in the situations in which they were
exposed to certain dangers, risks and threats of possible ordnance

Making decisions based on judgment involves repeating a situation or unconsciously linking different
situations and connecting them with the current one.

An he shell is designed to destroy and neutralize living force and weapons sheltered or not, to
destroy and neutralize mortars, artillery and missile weapons, as well as to provide fire support to
infantry, motorized and armored units in anti-tank warfare. An HE shell consists of the casing, the
explosive charge, the driving band, the primer, propelling charge and the cartridge (Rule on the 122
mm self-propelled howitzer).

The UTIU M - 72 fuze type is upper, impact, with quick, inertial or delay action with the broken initial
chain, and can be adjusted to quick (o) or delayed (z) action (Rule on the 122 mm self-propelled
howitzer).
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explosions and about the solutions for overcoming such situations, the
deputy commander gathers all the suggestions and facts in a form suitable
for a rational and constructive decision-making process'®. Commanders
can propose solutions in these meetings; they are interested in the opinion
of each member, so they need to be present there and stimulate mutual
understanding and finding the solution by participating and asking
questions, since all the aspects of possible events are taken into
concideration. Commanders’ actions are instantaneous, visible and
distinctive and they set an example to those expecting his decision. This is
where it can be seen how competent a commander is, how he handles
dangerous situations when threatened by the risk of ordnance explosions.
The commander is responsible for decision making in line with his
responsibilities. Making these decisions by analyzing the danger, risks and
threats prevents possible events from occurring, since autonomous
decision making in a short period of time carries in itself certain danger,
risk and threat. Any unauthorized action is exceeding one’s authority, and
the use of authority outside security objectives is an abuse of power; in
such cases, the security of the object of protection is endangered
(Mijalkovski, Bordevi¢, 2010, p.290).

An analysis of hazards, risks and threats is always associated with
adverse outcomes and consequences that occur in the near future.
Commanders analyze all the circumstances that may affect the likelihood"
of re-occurrence of adverse events from the past (Karovi¢, Komazec,
2010, p.232). The assessment of the probability of occurence of adverse
events predicts new events that can be caused by the effects of ordnance
explosions in the future, based on available information. Decision
alternatives can be then evaluated and a logical framework prepared for
the commander, thus creating choices in decision making and reducing
uncertainty in critical situations. Events from the previous period have
shown that good commanders are open, positive and flexible in critical
situations as well as decisive and quick decision-makers when necessary.
In any case, it is better to make any decision on a tactical level, than to
indefinitely postpone the decision making process. Every decision has to
be made in the general interest of the Serbian Army, since decision
making is inseparable from the responsibility of decision-makers. Tactical
decisions are made by commanders of divisions and battalions at the

1% Rational decision making means having all important facts and information needed for decision
making.

" The classic definition of probability was based on an intuitive and experiential notion of probability of
events as a relative frequency of a number of favorable outcomes and on the generalization of this
notion (http://starisajt.elfak.ni.ac.rs/phptest/new/html/Studije/predavanja-literatura/matematika-
odabrana-poglavlja/verovatnoca.pdf).
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lowest decision-making levels, which provides the basis for the
implementation of duties and changes initiated at higher (operational or
strategic) levels of decision making.

Deciding on dealing with (solving) security challenges represents the
highest level of exposure of the decision-maker to hazards, risks and
threats (Mijalkovski, Dordevi¢, 2010, p.302). In this segment, the
commander, in line with his delegated right of decision making, opts for the
best variant of intuitive decision making'?, taking into account fully or
partially (or not al all) the proposals of expert team members on resolving
defined hazards, risks and threats. The chosen variant may contain
danger, risk and threat. It can be very successful in dealing with the threat
to the security of people and property in case of ordnance explosions, but
it can also result in serious, adverse consequences. It can be chosen
based on an unconscious or wrong assessment of the situation that can
end in a fiasco.

It is, therefore, recommended that the Regulations on Safety and
Health at Work at the Ministry of Defence and the Serbian Army engage
some of independent licensed organizations that can help in assessing
situations and provide services in the field of safety and health at work'® in
the following situations:

— when there are no experts on safety and health at work within a

given system,

— when there is a need for an independent assessment of situations

in which tactical exercises with live firing are conducted,

— when there is a training of units and services within one or both

branches of the Serbian Army'* (Sluzbeni glasnik Republike
Srbije, 88/2009).

The participation of outside organizations is necessary in special
cases of assessment of dangers, risks and threats, and for special,
modern support systems (hardware and software support). A complex
decision-making process is not possible without appropriate information
support. Such a support system was developed in the mid-eighties when

"2 Intuitive decision making is when there are not enough facts and information and when it is not
possible to explain the decision that was made as a result of considering several proposals-variants,
but the decision-maker makes the decision based on his/her feeling (https://prezi.com/lic4qg94zrzj/
intuitivno-odlucivanje/).

B By risk assessing, the Institute of Safety and Health at Work and Fire Protection can determine the
first level of preventive measures which is essentially related to the review of all aspects of work, and
is conducted in order to identify elements that can cause injury or damage, remove the dangers and
introduce preventive or protective measures to control the risk and create conditions for risk
management.

" The Serbian Army consists of: Armed Forces, Air Force and Air Defence (Zakon o Vojsci Srbije, 2007).
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computer technology was developed, contributing to decision making
automation, thanks to Information-Communication support. Involvement of
independent licensed organizations in industries for production of
explosive materials is also recommended for easier evaluation of the
security risk to people and property from the effects of explosions of
explosives. The participation of outside organizations would have its
limitations and would be regulated by the contract of the command,
proposed by the expert team.

The command organisation depends on adverse events and
suggestions of expert teams on reducing the security risk to people and
property from the effects of ordnance explosions.

Expert team training

Training members of expert teams to make optimal decisions is of
importance for decision making in critical situations. in order to facilitate for
team members to understand their roles and responsibilities, it is
necessary for them to occasionally meet and discuss issues related to
increasing safety of people and property in case of explosions of explosive
materials. This would facilitate their work in situations when there is a need
for maintaining a high level of awareness and responsibility when
proposing solutions to the commander concerning the assessment of
situations and making optimal decisions. This would be a unique
opportunity to ask questions to the person in charge of decision making
and to start a discussion about all issues referring to possible explosions of
explosive materials.

Based on the comprehensive retrospective of the sudden events of
ordnance explosions which occurred in the past, the resource protection
officer informs expert team members about such events. In this process,
discussions about possible similar occurrences in the future and
procedures in making decisions in critical situations are of great
significance. After getting acquainted with the facts, expert team members
discuss and predict possible directions of adverse events caused by
ordnance explosions, applying a logical-formal analysis based on problem
solving with a formalized sequence. The mitigation of hazards, risks and
threats of the occurrence of the effects of ordnance explosions is
conducted in the following situations:

— if the activity which was estimated as the one that could lead to

the appearance of the effects of the explosion of explosive
materals had not been started.

148



— if the activity is subconciously or consciously postponed,

— when the activity is disrupted because of excessive physical or
psychological stress,

— when the activities are divided into several partial ones which can
be controlled better,

— when the activities are transferred from one person to another or
from a person to an organization,

— when preventive actions are taken in order to reduce the
frequency or severity of consequences in order to affect every
possibility of ordnance explosion in a workplace or in a working
environment. (Stojanovi¢, Stojilkovi¢, 2016, p.1068).

When applying a method for reducing the level of threat to the safety
of people and property in case of explosions of explosive materials, many
different solutions are proposed, so that there are no wrong solutions in
the end. Having participated in the analysis during the decision-making
process, team members suggest the decision-maker how to overcome
certain critical phases. The decision-maker should accept their proposals
without much criticism and dispute in order to successfully overcome
possible critical phases. The cohesion of the expert team is thus created
and a two-way communication flow is established between the members
who do the analysis and the decision-maker. These members propose the
solutions while the decision-maker makes constructive decisions. This
contributes to the development of creative thinking of individual team
members, which will enable them to cope more easily with different
situations. This way, the decision making process is focused on predicting
alternative worst case scenarios so that an optimal decision could be
made in order to avoid problems before they occur.

The decision-making process'” takes place in high-risk situations with
a high level of uncertainty, which represents a challenge for the highest
level of command (the commander with the already existing command
who commands, manages and is responsible for everything that happens
in the commanding unit) to understand the surroundings on the macro and
micro level and to provide protection to all Serbian Amy members, thus
achieving the set goals of working safely (Mijalkovski, Dordevi¢, 2010,
p.303). Unfortunatelly, events from the past show that nothing is easily
predictable. In some sudden events, it is not possible to completely predict
dangers, risks and threats of explosions of explosive materials (‘'There are

'® The process of decision making is a dynamic process the aim of which is to have the best course of
action of the resource management system for a particular situation or to achieve the desired
conditions of the system.
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1,000 reasons AGAINST, and only a few FOR, so if something can go
wrong, it will go wrong!" - Murphy), which can lead to human casualties,
loss of material resources and financial losses. However, if operational
meetings are held regularly and Serbian Army members are regularly
educated, there is a strong possibility of avoiding the occurence of adverse
events with disastrous outcomes. In order to bring possible dangers, risks
and threats to a minimum, it is necessary to enable the commanders to
successfully assess the existing conditions in order to make timely
decisions in critical situations and avoid the wrong assessment, which often
happens during wartime. A wrong decision would mean that the commander
did not apply his military expertise and professionalism in the best way. Wrong
assessments could appear on different levels of command, and the only way
to avoid them is by consulting expert team members. Consultations with team
members enable the commander to solve problems more easily. They also
help the commander to monitor the development of risky situations, to
understand them correctly and react properly. The most important is that the
commander has a timely reaction in the decision-making process, which
makes him/her active when such a reaction is expected. Consultations
represent the relationship between the commander, who needs advice or
some help in making decions, and the expert team who make optimal
decisions for reducing the effects of the explosions of explosive materials.
Regular consultations improve professional, logical and critical thinking, which
contributes to finding constructive and safety solutions during the process of
realization of given tasks.

Results of the research and the discussion

A large number of research works are dedicated to increasing the quality
of work and life of the Serbian Army members, while the safety of people and
property from explosions of explosive materials in this sphere is insufficiently
explored. This is why the issue of increasing the safety of people and property
in case of explosions was excluded from the fundamental commanding
functions during the process of reorganization of the Serbian Army and its
adaptation to the international framework and to the needs for preservation of
independence, territorial integrity and sovereignty of the country from armed
threats as well as to the needs for protecting national security. The need for
improving this field comes from the idea that predicting events from possible
explosions of explosive materials with uncertain outcomes should become a
part of regular activities. It is each commander's obligation to keep the
operational and functional capability of units on a high level even in situations
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with potential danger, risk and threats from adverse events with disastrous
outcomes. Managing such uncertainties which bring a certain level of danger,
risk and threat from explosions of explosive materials makes the commanding
system more responsible. This is why commander's responsibilty represents an
obligation or the ability to make optimal decisions, regardless of the control
hierarchy in the chain of command. It also represents the commander's ability to
distinguish what is safe and useful from what causes the effects of ordnance
explosions. The commander has a responsibility to inform the superior officer
but also to fulfil the expactations of the subordinate officer concerning the
decision made. The purpose of this is to create the atmosphere of trust in the
commanding system and show that people are taken care of.

To gain an insight into the process of decision making of the command,
members of the Serbian Army were given an anonymous survey online
(https://docs.google.com/forms/d/14vXWir7LOtfcjerRpzfitwB4y84M52eb8l4vAWSs
1Ap70/iviewform). The aim of the survey was to eastablish to what extent
subordinate units trust the command and believe that there will be no
safety threats to people and property from explosions of explosive
materials. The survey was based on the collected data on the views and
opinions of the respondents to the survey (Table 1).

Table 1 — Trust of the subordinates in the command system
Tabnuya 1 — [loBepre NOAYUHEHHbIX B CUCTEME KOMaHAOBaHMWS
Tabena 1 — NoBepere NOTUYNHEHNX Y CUCTEM KOMaHOOBaha

To what extent are the survey questions present in the No
No. ) Yes |[No -
respondent's workplace? opinion

1 Have the decisions of superiors met your expectations that
" | explosions of explosive materials will not occur?

2 Do you believe that the command system will increase the
" | safety concerning the occurence of ordnance explosions?

Are the decisions of superiors quick and efficient in
3. |situations where there is danger, risk and threat of 38 17 9
explosions of explosive materials?

Is the superior responsible for the decisions in situations
4. |where there is danger, risk and threat of explosions of 49 10 5
explosive materials?

Does the superior maintain operational and functional
5. | capability of the unit when there is potential danger,risk 39 10 15
and threat from explosions of explosive materials?

Are all the responsible members of the Serbian Army

36 23 5

40 14 10

6. |included in the decision-making process in situations 24 22 17
involving explosive materials?
Mean values 38 16 10
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The survey results (Figures 2 to 6) clearly show that among 64
respondents there were more members of the Serbian Army who gave
positive assessment than those whose assessments were negative:

— that superiors do meet the expectations of their subordinates

concerning the decisions made,

— that the subordinates do trust the command system in making

quick and efficient decisions,

— that there is responsibility for decisions having been made,

— that operational and functional capabilities of units are maintained

when there is potential danger, risk and threat from explosions of
explosive materials.

W56%

M positive

M negative
ms% m36% H no opinion

Figure 2 — Assessment of fulfilled expectations from subordinates concerning
the decisions made
Puc. 2 — OueHka onpaBAaBLUUXCSA OXUAAHUA HaYanbCTBa Mo MOBOAY NPUHSTBIX PELLEHUIA
Cnuka 2 — OueHa NoaYMHbeHNX 3a AOHETE OANyKe HaOpPeLjeHNX

W 62% .
B positive

W negative

®no

| 16%

Figure 3 — Assessment of trust in the command system
Puc. 3 — OueHka goBepusi B crcTeMe KOMaHOO0BaHUs
Cnuka 3 — OueHa noBepeHa y CUCTEM KOMaHAO0BaHa
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W59%

B 14%

27%

M positive
B negative

l no opinion

Figure 4 — Assessment of rate and efficiency of the already made decisions
Puc. 4 — OueHka ckopocTu 1 3O(EeKTUBHOCTU NPUHATUS PELLEHNIA
Cnuka 4 — OueHa 6p3uHe 1 edhnKacHOCTWN Y AOHETUM OffyKama

B76%

B 16%

B positive
B negative

B no opinion

Figure 5 — Assessment of responsibility for the already made decisions
Puc. 5 — OueHKka OTBETCTBEHHOCTU 3@ NPUHATOE peLIeHne
Cnuka 5 — OueHa 0froBOpHOCTY 3a JOHETE oAsyke

W61%

W 23%

B 16%

B positive
W negative

H no opinion

Figure 6 — Assessment of maintaining operational capabilities of units
Puc. 6 — OueHka NOoAEPXKKM OnepaLMoHHbIX CNOCOBHOCTEN noapasneneHns
Cniuka 6 — OueHa ofpaBatba onepaTUBHUX CNOCOBHOCTU jeanHuLe
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| 38% M positive
W 35%

B negative

l no opinion
W27%

Figure 7 — Assessment of the involvement of all the responsible members of the Serbian
Army in decision making
Puc. 7 — OueHka y4acTus Bcex OTBETCTBEHHbIX NnL, — criyxalumx BoopykeHHbix Cun
Pecny6nukn Cepbus
Cnuka 7 — OueHa aHraxxoBaka CBUX 04roBOPHUX nNpunagHuka Bojcke Cpbuje
y AOHOLEHY OAnyKa

Based on the results of the research, it can be seen that not all
responsible members of the Serbian Army are sufficiently involved in
important decision making. Finding solutions to safety issues is mainly
seen as a responsibility of the highest level of command, which has proven
to be insufficient in case of making safe and efficient decisions (Figure 7).
This is why, when making important decisions, it is necessary to involve
expert teams or independent licensed organizations to the extent
determined by the need for safety of people and property and protection
from the effects of explosions of explosive materials. When expert team
members give different opinions in a particular situation, this can promote
a healthy way of advancement and result in finding creative solutions.
Expert teams would analyze all the circumstances which could affect the
likelihood of the occurence of effects of ordnance explosions. Evaluation of
possible adverse events based on the previous knowledge of team
members would help analyze events that might cause the effects of
ordnance explosion in the future. In order to facilitate their transparency, all
the proposed variants should be saved in some form, for instance in the
form of a table. Then, decision alternatives could be evaluated which
would give the commander a logical framework enabling a greater range of
options in the decision-making process, thus reducing the uncertainty in
critical situations.This points to the importance of engaging all responsible
members of the Serbian Army in analyzing uncertain decisions that are
always associated with potential adverse results and consequences. It also
points to the selection of one of the proposed alternative variants of events
which influences the decision-making process. When more than one person
is involved in the assessment of the security situation of the Serbian Army, it is
more likely to prevent the occurrence of unforeseen events.
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Sudden effects caused by the effects of explosions of explosive materials,
with their size, intensity and abruptness endanger the health and lives of a large
number of people, material goods and the environment (Stojanovi¢, 2015,
p.136). In situations in which unexpected events unfold in a negative direction,
there are frequent occurrences of human anxiety, exhaustion of energy, body
paralysis, panic, avoidance and delay of task completion, leading to the lack of
concentration and limited possibilities of rational decision making. It is not only
situations themselves that cause anxiety, it is also the way of reacting to them,
because every decision in every situation of the decision-making process must
be in line with the increase of security of people and property, which is
constantly confirmed in practice. It can be noticed that in such situations, people
who make decisions have big problems possibly leading to hopeless situations
because each hazard, risk and threat of possible explosions of explosive
materials carries certain amount of fear that prevents people from thinking
calmly. Sudden events, therefore, do not occur out of nowhere; there is a
process and a cycle of their initiation, generation, development and completion.
Listening to the proposals of others and taking into account opinions of expert
team members affect the circumstances of unexpected events, and create
confidence and calmness among decision-makers before the appearance of
adverse events and their culmination.

Yes
No

No opinion

Figure — 8 Result of the mean value
Puc. 8 — PesynbTaTtbl cpegHero sHayeHus
Cnuka 8 — Pesyntat cpefre BpefHOCTU

Based on the calculated mean value of all the questions in the survey,
it can be seen to what extent each question is really present in the
workplaces of the Serbian Army members, which leads to the following
conclusions (Figure 8): the fact that more respondents responded
positively to the survey questions proves that many Serbian Army
members agree that optimal decisions have been made concerning their
protection from the effects of explosions of explosive materials. A certain
number of respondents stated that the issues covered by the given
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questions were not really present in their workplace. This tells us that
some of the Serbian Army members do not have a defined opinion concerning
this matter. Two conclusions can be drawn from this. One is that the Serbian
Army members are not completely satisfied with the current conditions of safety
and protection from the effects of explosions in their workplace and their
surroundings. The second conclusion is that they do not want to contribute to
the development and improvement of the safety situation by not taking a stand
and declaring their views concerning this matter.

Consequences are the result of the lack of motivation of the Serbian Army
members to improve the current safety situation and do their work in a safe
environment. This kind of reaction in practice is known as cognitive
dissonance'®. When it comes to the discrepancy between attitudes and
behavior, it often happens that members of the Serbian army themselves say
that explosive materials are harmful to people and property, and at the same
time they do not sufficiently apply the regulations and rules which determine the
methods and procedures of behavior of all persons in places where explosive
materials are found. These methods and procedures would, however, help in
avoiding unwanted events, or events with negative outcomes.

Conclusion

Military industry is a very important, responsible, complex and
arduous area of activity. It requires superior skills and self -sacrifice from
both individuals and the command, exclusively due to the nature of the
work they are engaged in. The functioning of this important social
organization is entrusted to competent persons who decide the fate of the
Serbian Armed Forces under their jurisdiction. In order to avoid
surrendering to disorganization in the process of decision making in
situations with hazards, risks and threats to people and property from
explosions of explosive materials, it is necessary to involve other members
of the expert team in making optimal decisions. This confirms that an
optimal decision of the Serbian Army members on reducing the effects of
the explosion of explosive materials is an integral part of the overall
command system, which reduces accidents. Possible accidents, besides
causing material damage and consequences to the life and health of

1 Cognitive disonance is a mental state, often a conflict, in which a person holds an experience of two
or more contradictory beliefs or cognitively processes more information. In a healthy individual, it
leads to a feeling of mental instability when there is a discrepancy between two or more attitudes or
between their behavior and their attitudes (https://www.google.rs/webhp?sourceid=chromeinstant
&ion=1&espv=2&ie=UTF8#q=Temelji+ponasanja+pojedinca).
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people and the environment, would have a negative impact on the public
reputation of the Ministry of Defense and the Army of Serbia.

In certain situations, it is very difficult to make optimal decisions since the
occurence of the effects of ordnance explosions takes place suddenly, without
any warning. This is why this paper is an attempt to, comprehensively and
systematically, through the organizational structure of expert teams, propose
easier ways of making optimal decisions in order to increase the safety and
protection of the Serbian Army members from the effects of ordnance
explosions. This process, in which the facts are subjected to scientific
analyses, along with an active critical attitude towards the research subject,
contributes to the field that has not been sufficiently studied, considering the
number of such accidents in the previous period.
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METOAbI ONTUMAJIbHbIX PELEHWN MO CMAMYEHUIO
MOCNEACTBUW B3PbIBA B3PbIBYATBLIX CPEACTB,
MPUHUMAEMbIX CITY>KALWMMK BOOPY>XXEHHbBLIX CAJT
PECMYBJIMKN CEPBUA

[JesH C. CtosiHoBuY?, Memap J. Crounbkosuy®

@ BoopyxeHHble cunbl PC, 4-aa nexoTHas 6purana, r. BpaHbe, Pecnybnuka
Cepbus

o MHCTUTYT oxpaHbl Tpyaa v npoTueonoxapHoi 6esonacHoct, OO0 «BUI
LleHTp» r. NNeckoBau, Pecnybnuka Cepbus

OBNACTb: oxpaHa okpyxatoLlen cpebl Y KPUTUYECKUA MEHEOXKMEHT
BWO CTATbW: npodeccroHanbHasi ctaTbs
A3bIK CTATbW: aHrnunckmn

Pe3some:

Cnyxawue BoopyxeHHbix Cun  Pecrniybriuku Cepbusi, npuHumasi
ormuMarsibHble PELIEHUsT HEMOCPEOCMBEHHO BIUSIOM Ha B803MOXHOCIIb
rpedomepalueHusi pasiiudHbIX ¢hOPM OMacHbIX rpoucwiecmaul], makux Kak
83pbI8  83pblgYambIX cpedcms, KOmopbIl Moxem rogrneds 3a cobol
Kamacmpogbudeckue riocriedcmeusi. Ecnu umems 8 8udy, Ymo OCHOBHOL
Xapakmepucmukoll  e3pbleHambiX  eeujecme  sienisiemcsi  Gbicmpoe
camopacripocmpaHsiroLeecss  XUuMuyeckoe — rpespalueHue  (83pbi8) €
ebiferieHueM 60rIbLLIo20 Korudecmea meria U 2a3006pa3HbiX rMpodyKmos, rnod
e030elicmeueM KomopbIX MOXem Obimb YHUHMOXEH 6eChb XXUueol MUp,
C80EBPEMEHHOE U MPasUsIbHO MPUHSIMOE pelueHUe npedcmassisiemn 0CHO8aHUe
Orisi 6r1a208pEMEHHO20 Y/CIMPaHEHUST 8CEX B03MOXHBIX UCMOYHUKO8 Y2po3bl
be3oriacHocmu Onisi modeli U ux UMywecmea Om 83pbiea 83Dbl8YambixX
cpedcms. Tak kak roOobHbIe MPOUCLIECBUST HAacmyrarom HEOXUOaHHO U
HerpedeuUOeHHO, UMU XXe Hacmyrarom [roCMereHHo, HO He3aMeEImHo, 8
OarnbHelueM  MpuHUMasT  yepoxarowlyro  ¢opmy. B cedsu ¢
8bILUENEPEUCTIEHHBIMU  8UOaMU  OMacHOCMU, PUCKO8 U Y2po3 Criykalujue
BoopyxerHbix Cun Pecriybriuku Cepbusi npu  MpUHSMuU  ormumasisHbIX
peweHUll o CHWXeHUro rocrnedcmeull 83pbiso8 83pbigHambiX cpedcmes
OOrmKHbI ripunnazams ece ycunus Orisi npedomepawieHusi iobol  ¢bopMbi
HEKOHMPOIIUPYEeMO20 SIBMEHUST, KOITIOPOEe MOXem rpueecmu K 83pbI8y.

KnioyeBble crnoBa: onmumaribHOe peweHue, 83pbiedamsie cpedcmea,
83pbl6.

METOJE ONTUMANHUX PELEHA NMPUMNAOHUNKA
BOJCKE CPBEVJE 3A CMAHEHE E®QEKATA EKCIIITO3UJE
EKCMJTIO3MBHUX CPEAOCTABA
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[ejar C. CtojaHosuh?, Metap Jb. Ctojunkosuh®

@ Bojcka Cp6buje, 4. 6puraga KoB, Bpare, Peny6nvka Cp6uja
MHCTUTYT 3a 6e30eHOCT 1 30paBrbe Ha paay v 3awTuTy of noxapa BT
LleHTtap a.0.0. lleckoBau, Peny6nvka Cpbuja

OBNACT: 3awTnTa XXMBOTHE CPEANHE U KPU3HN MEHALIMEHT
BPCTA UJIAHKA: cTpy4Hu unaHak
JE3VK YJTAHKA: eHrnecku

Caxemak:

lMpunadHuyu Bojcke Cpbuje, GoHOWEH-EeM OnmuMarHux peueH-a,
rpeseHMUBHo denyjy Ha ce8aku ObrIUK rojasrbusarba HexxerbeHux doeaahaja
MPUUKOM €KCrio3uja eKCriiio3usHUX cpedcmasa ca KamacmpogariHum
ucxodom. AKo ce 3Ha 0a je OCHOBHa KapaKmepuUCmuKa C8UX eKCrT03UBHUX
cpedcmasa ocriobaljarbe 6efuke KOMUYUHE — eHepauje  XeMUjCKUM
pasrnazarbeM, Koja je criocobHa O0a U38puwilU MexaHUYKU pad Ha OKOJIUHY,
yHuwmaseajyhu cae xusu ceem, OHOa rpasospemMeHa pewera
rpedcmassbajy OocHogy 3a 6rlae08peMeHO OmKnarare c8ux Moayhux
usgopa yepoxasara JbyOUu U UMOBUHE 00 EKCr/io3uje eKCrio3USHUX
cpedcmasa. Y 0sakeUuM OKOSITHOCMuMa Hez2amueHu 0ozafjaju Hacmynajy
o00jeGHOM U u3HeHada urnu roqurby JlazaHo U OarbUM MOKOM rorpumajy
cee uspaxeHuje obnuke. Umajyhu y sudy HasedeHe 0briuke oracHocmu,
pusuka u npemrsu, npunadHuyu Bojcke Cpbuje npunukom OGOHOWEeHa
onmuMarsiHuUX pewera 3a cMarbeHe eghekama eKcriio3uje eKcryio3UeHUX
cpedcmasa, Mopajy Hacmojamu  Oa  cripede  ceaku  ObBruK
HEeKOHMmporucaHoe rojasrbugarba 0802 eghekma.

KrbyuHe peun: onmumarsnHa o05yKa, eKcriiiosusHa cpedcmea, ekcrinosuja.
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Sazetak:

Systems Modeling Language (SysML) jeste profil Unified Modeling
Language (UML) namenjen za upotrebu u sistemskom inZenjerstvu. Ovaj
tekst inspirisan je manjkom literature o SysML-u na srpskom jeziku, a ima
za cilf upoznavanje inZenjerske | akademske zajednice sa ovim
interesantnim jezikom za modelovanje, pri cemu su posebno naglasene
razlike u odnosu na UML. Opis je dat kroz konkretan originalan primer —
pojednostavijen model osmatrackog radara. Ukratko su analizirani
prakticni aspekti SysML-a — koliko je prihvacen, kakva je perspektiva
njegove dalje primene, itd. MoZe se zakljuciti da je SysML koristan,
prihvacen i perspektivan jezik za modelovanje.

Klju€ne redi: sistemsko inZenjerstvo zasnovano na modelima, osmatracki
radar, SysML, UML.

Uvod

Sistemsko inZenjerstvo zasnovano na modelima (eng. Model Based
Systems Engineering) savremen je pristup u sistemskom inZenjerstvu koji
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bi trebalo da zameni tradicionalan pristup zasnovan na dokumentima
(Friedenthal, et al., 2008). Jedan od klju¢nih elemenata koji omogucuju
primenu sistemskog inZenjerstva zasnovanog na modelima je
standardizovan i robustan jezik za modelovanje (Friedenthal, et al., 2008).
Systems Modeling Language (SysML) jeste jezik za modelovanje opste
namene koji podrzava specificiranje, analizu, projektovanje i verifikaciju
sistema, a stvoren je kao odgovor na prethodno pomenute potrebe. SysML
je prosirenje jezika za modelovanje Unified Modeling Language (UML)
(Friedenthal, et al., 2008), (Weilkiens, 2007).

Cilj ovog €lanka, za Cije razumevanje je potrebno dobro poznavanje
UML-a, jeste da se ukratko predstavi SysML i da se ispita njegova
upotrebljivost u sadasnjoj i buducoj praksi. U slede¢em odeljku navedene su
osnovne informacije o sistemskom inzenjerstvu (zasnovanom na modelima)
i nastanku SysML-a. U tre€em odeljku nalazi se kratak prikaz SysML-a sa
teziStem na razlikama u odnosu na UML, na primeru pojednostavljenog
modela osmatratkog radara. Pomenuti primer nije preuzet iz postojece
literature ve¢ je namenski smisljen za potrebe ovog ¢lanka. U tre¢em odeljku
predstavljen je kratak osvrt na praktiéne aspekte koris¢enja SysML-a, na
osnovu tudih, ali i liénih iskustava autora, dok je zaklju¢ak naveden u
Cetvrtom odeljku.

Sistemsko inzenjerstvo

Sistemsko inZenjerstvo (eng. systems engineering) jeste
.interdisciplinarni pristup i sredstvo koje omogucuje realizaciju uspesnih
sistema” (INCOSE, 2004). Ovu definiciju preporu¢uje Medunarodni savet
za sistemsko inzenjerstvo (eng. International Council on Systems
Engineering (INCOSE)). Sliéno tome, Friedenthal i ostali definiSu
sistemsko inZenjerstvo kao ,multidisciplinarni pristup kojim se skup
potreba zainteresovanih strana transformiSe u balansirano sistemsko
reSenje koje zadovoljava date potrebe” (Friedenthal, et al., 2008).

Sistemsko inzenjerstvo je skoncentrisano na definisanje i
dokumentovanje zahteva, projektovanje sistema i verifikaciju sistema u
smislu saobraznosti sa zahtevima (Weilkiens, 2007). Ono uzima u obzir
celokupni zivotni ciklus sistema (ukljuCujuc¢i faze koje nastupaju nakon
isporuke sistema, kao Sto su obuka, podrSka i eventualno povlaCenje
sistema iz upotrebe) (Weilkiens, 2007). Projektovanje i implementacija
pojedina¢nih komponenti nije predmet sistemskog inZzenjerstva ve¢ drugih
inzenjerskih disciplina (softversko inzenjerstvo, elektrotehnika, masinstvo
itd.). Sistemsko inZenjerstvo, medutim, mora definisati zahteve koje date
komponente moraju zadovoljavati (bilo da se razvijaju ili kupuju kao gotovi
proizvodi), nadin na koji se komponente integriSu u sistem, te procedure za
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verifikaciju ispunjenosti sistemskih zahteva. Drugim recima, sistemsko
inzenjerstvo je metadisciplina (Weilkiens, 2007), koja funkcionise na visem
nivou apstrakcije u odnosu na druge inzenjerske discipline.

Sistemsko inzenjerstvo zasnovano na modelima

Tradicionalan pristup u sistemskom inZenjerstvu zasnovan je na
dokumentima. Ovaj pristup moze se okarakterisati stvaranjem specifikacija
i projektnih dokumenata, koji se zatim razmenjuju medu zainteresovanim
stranama (eng. stakeholders). Sistemski zahtevi i projektne informacije su
u ovim dokumentima izrazeni u obliku teksta i crteZza. Kod sistemskog
inZenjerstva zasnovanog na dokumentima, teziSte je na upravljanju
dokumentacijom i osiguravanju da su dokumenti validni, kompletni i
konzistentni, te da je razvijeni sistem saobrazan dokumentaciji
(Friedenthal, et al.,, 2008). lako rigorozan, pristup zasnovan na
dokumentima ima fundamentalna ograni¢enja. Artefakti razvojnog procesa
(zahtevi, projekat, rezultati analize, informacije vezane za testiranje, itd.)
rasejani su na nekoliko dokumenata, $to otezava procenu kompletnosti i
konzistentnosti dokumentacije, kao i shvatanje odnosa medu pomenutim
artefaktima, Sto nadalje stvara poteSkoCe u razumevanju pojedinih
aspekata sistema i postizanju sledljivosti (eng. traceability). Takode,
otezani su odrzavanje i ponovna upotreba sistemskih zahteva i projektnih
informacija (Friedenthal, et al., 2008).

Termin inZenjerstvo zasnovano na modelima (eng. model-based
engineering) odnosi se na pristup u kojem centralnu ulogu u definisanju
specifikacija, projektovanju, integraciji, validaciji i operativhoj upotrebi
sistema imaju modeli (Estefan, 2008). Pristup zasnovan na modelima
odavno je postao standardna praksa u masinstvu i elektrotehnici, a postaje
sve Sire prihvaéen i u softverskom inZenjerstvu, narocito nakon pojave
UML-a (Friedenthal, et al., 2008). Oekuje se da ¢e pristup zasnovan na
modelima postati standardna praksa i u sistemskom inzenjerstvu, na sli¢an
nacin kao u pomenutim disciplinama (Friedenthal, et al., 2008).

Prema (Friedenthal, et al., 2008) i njihovim referencama, sistemsko
inzenjerstvo zasnovano na modelima (SIZM) jeste ,formalizovana primena
modelovanja kao podrSke aktivnostima definisanja sistemskih zahteva,
projektovanja, analize, verifikacije i validacije, poCevsi od faze idejnog
projekta i nastavljaju¢i se tokom razvoja i kasnijih faza zivotnog ciklusa”.
Potencijalne koristi od primene SIZM su pobolj$anja u: komunikaciji medu
zainteresovanim stranama, preciznosti izraZzavanja specifikacija i projekta,
integraciji projekta i ponovnoj upotrebi artefakata razvojnog procesa.
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Pomenuta poboljSanja trebalo bi da poprave kvalitet i produktivhost, te da
smanije rizike (Friedenthal, et al., 2008). Kod SIZM teziste je na upravijanju
koherentnim modelom sistema i na kori¢enju tog modela za specificiranje i
projektovanje sistema (Friedenthal, et al., 2008). Model sistema evoluira i
inkrementalno raste tokom vremena (Friedenthal, et al., 2008), (Estefan, 2008).

O nastanku SysML-a

InZenjerstvo zasnovano na modelima podrazumeva postojanje jezika
za modelovanje. Uprkos brojnim inicijativama za standardizaciju procesa u
sistemskom inZenjerstvu, do 2001. godine nije doSlo do pojave
jedinstvenog jezika za modelovanje (Weilkiens, 2007). Ovakva situacija
dovela je do znatnih problema u interdisciplinarnim projektima (Weilkiens,
2007). U meduvremenu, UML je postao dominantan jezik za modelovanje
u softverskom inzenjerstvu (Weilkiens, 2007), a 1997. godine prihvacen je
kao standard od medunarodnog konzorcijuma za standardizaciju Object
Management Group (OMG) (Tartalja, 2011).

Pocetkom 2001. godine INCOSE je doneo strateSku odluku da se
UML prilagodi za primenu u sistemskom inZenjerstvu. Zajedni¢kim
naporima INCOSE i OMG postavijeni su zahtevi za novi jezik za
modelovanje, koji su objavljeni u dokumentu ,UML for Systems
Engineering Request for Proposal (UML for SE RFP)”, 2003. godine
(OMG, 2012). SysML je jezik za modelovanje koji je nastao kao odgovor
na pomenute zahteve. Verzija 1.0 SysML-a (zasnovana na verziji 2.1.1.
UML-a) usvojena je kao zvani¢ni OMG standard 2007. godine (Weilkiens,
2007). Nakon toga SysML je doZiveo nekoliko revizija, a verzija 1.3
(zasnovana na verziji 2.4.1. UML-a), koja je opisana u ovom c¢lanku,
usvojena je kao standard 2012. godine (OMG, 2012).

Postoji viSe razloga zbog kojih je SysML zasnovan na UML-u. Naime,
UML je popularan jezik koji je u Sirokoj upotrebi, moze se prilagoditi
specificnim potrebama (zahvaljujuéi svojim mehanizmima za proSirivanje),
a postoji i veliki broj raspolozivih alata za modelovanje, kao i organizacija
koje pruzaju obuku ili savetovanje (Weilkiens, 2007). Takode, sistemski
inzenjeri koji koriste SysML i softverski inzenjeri koji koriste UML moéi ¢e
da saraduju na modelima softverski intenzivnih sistema. Zahvaljujuci tome,
poboljace se komunikacija medu zainteresovanim stranama koje
ucestvuju u razvojnom procesu i promovisace se interoperabilnost medu
alatima za modelovanje (OMG, 2012).

MoZe se postaviti pitanje da li je stvaranje novog jezika za
modelovanje bilo zaista neophodno i opravdano, ili zadto UML u postojecoj
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formi nije mogao biti upotrebljen u sistemskom inZenjerstvu? lako je UML
veoma ekspresivan jezik, nedostaju mu neki elementi koji su bitni za
sistemsko inZenjerstvo, kao Sto je modelovanje zahteva (Weilkiens, 2007).
Pored toga, UML je usmeren na modelovanje softverskih sistema i jako je
povezan sa objekinim modelom razvoja (Weilkiens, 2007). Sa druge
strane, od jezika za modelovanje u sistemskom inZenjerstvu oekuje se da
podrzi interdisciplinarno modelovanje (Weilkiens, 2007) i da bude
agnosti¢an u odnosu na primenjenu metodologiju (OMG, 2012).

Kratak prikaz SysML-a

SysML ponovo upotrebljava (eng. reuse) podskup UML-a i dodaje
prosirenja koja su neophodna da bi se ispunili zahtevi iz ,UML for SE RFP”
(OMG, 2012). Veza izmedu UML-a i SysML-a prikazana je Venovim
dijagramom na slici 1, po uzoru na (OMG, 2012). Krugovi oznaceni sa
,ZUML” i ,SysML” oznaCavaju skupove jeziCkih konstrukcija koje ¢ine UML i
SysML, respektivno. Presek ova dva skupa, oznacen sa ,UML4SysML”
predstavlja deo UML-a koji je ponovo upotreblien u SysML-u. Region
oznacen sa ,SysML profil” predstavlja nove jezi¢ke konstrukcije definisane
u SysML-u, a koje ili ne postoje u UML-u ili menjaju odgovarajuc¢e UML
konstrukcije. Region oznacen sa ,UML — UML4SysML” odnosi se na deo
UML-a koji nije potreban za implementaciju SysML-a.

Slika 1 — Veza izmedu UML-a i SysML-a
Puc. 1 - Csasb mexay UML n SysML
Figure 1 — Relation between UML and SysML

Klasifikacija SysML dijagrama prikazana je na slici 2, po uzoru na
(OMG, 2012). Dijagram sekvence (eng. sequence diagram), dijagram
masine stanja (eng. state machine diagram), dijagram sluc¢ajeva kori§¢enja
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(eng. use case diagram) i dijagram paketa (eng. package diagram) jesu
ponovo upotrebljeni iz UML-a, bez izmena (OMG, 2012). Dijagrami koji su
nastali modifikacijom odgovarajucih UML dijagrama su: dijagram aktivnosti
(eng. activity diagram), dijagram definicije blokova (eng. block definition
diagram) koji je zapravo modifikacija UML dijagrama klasa (eng. class
diagram) i unutrasnji blok-dijagram (eng. internal block diagram) koiji je, u
stvari, modifikacija UML dijagrama sloZene strukture (eng. composite
structure diagram) (OMG, 2012).

SysML dijagram

Dijagram
zahteva

aktivnosti sekvence stanja slucajeva ok
Koris¢enja

Legend L

[ stikaouumL-u Parametarski
D Promenjen u odnosu na UML
[ Nova vrsta diagrama

Dijagram Dijagram Dijagram masine Dijagram Dijagram definicije Unutrasnji blok- Dijagram paketa
ji aj blokova

Slika 2 — Klasifikacija SysML dijagrama
Puc. 2 — Anarpamma knaccudukaumm SysML
Figure 2 — SysML diagram classification

SysML uvodi dve nove vrste dijagrama. Dijagram zahteva (eng.
requirement diagram) namenjen je modelovanju zahteva predstavljenih u
tekstualnom obliku, uklju€ujuéi veze sa drugim elementima modela koji
date zahteve zadovoljavaju ili definiSu nacin njihove verifikacije (OMG,
2012). Parametarski dijagram (eng. parametric diagram) opisuje
ogranienja (eng. constraint) koja postoje medu svojstvima (eng. property)
blokova (OMG, 2012) (blok je modifikovana UML klasa, o ¢emu ¢e viSe
reCi biti kasnije). Parametarski dijagram uveden je radi integracije modela
strukture i ponaSanja sa analitickim modelima, kao $to su model
performansi ili model pouzdanosti (OMG, 2012).

Pojedini UML dijagrami se ne koriste u SysML-u. Dijagram
rasporedivanja (eng. deployment diagram) isklju¢en je iz SysML-a, jer se
rasporedivanje softvera na hardverske resurse moze predstaviti pomocu
unutradnjeg blok-dijagrama (OMG, 2012). Pored toga, smatralo se da su
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SysML dijagrami pona$anja, prikazani na slici 2, sasvim adekvatni i
dovoljni za predstavljanje ponaSanja, te su dijagram komunikacije
(eng. communication diagram) i dijagram pregleda interakcije (eng.
interaction overview diagram) iskljuéeni iz SysML specifikacije
(OMG, 2012). Vremenski dijagram (eng. timing diagram) nije nasao
mesto u SysML-u, jer je u pitanju relativnho nova vrsta UML dijagrama
koja joS nije do kraja razvijena, a postoji i pitanje da li je ova vrsta
dijagrama prikladna za potrebe sistemskog inzenjerstva (OMG,
2012). lpak, reCenica iz (OMG, 2012) koja glasi: ,lJako UML 2
vremenski dijagram nije uklju¢en u ovu verziju SysML-a, on moze da
dopuni SysML dijagrame pona$Sanja ...” ukazuje na potencijalno
uklju€ivanje vremenskog dijagrama u buduée specifikacije SysML-a.
Dijagram profila (eng. profile diagram) nije uklju¢en u SysML, jer se
definicije profila mogu predstaviti i na dijagramu paketa (OMG,
2012). Konacno, dijagram objekata (eng. object diagram) i dijagram
komponenata (eng. component diagram) ne postoje u SysML-u.

Svaki SysML dijagram mora imati okvir (eng. frame), za razliku
od UML-a gde su okviri dijagrama opcioni (OMG, 2012). Okvir je
pravougaonik Ciji je veCi deo povrSine predviden za prikaz sadrzaja
dijagrama, dok je manji deo povrSine u gornjem levom uglu
rezervisan za zaglavlje (eng. heading). Zaglavlje je niska sa
sintaksom vrstaDijagrama [tipElementaModela] imeElementaModela
[imeDijagramal.

Vrsta dijagrama i ime elementa modela su obavezni u zaglavlju.
Ime elementa modela ukazuje na element modela koji je
podrazumevani prostor imena (eng. namespace) za elemente
modela prikazane unutar okvira. Elementi modela koji ne pripadaju
podrazumevanom prostoru imena moraju biti prikazani sa
kvalifikovanim imenima. Vrsta dijagrama je jedna od skracenica iz
sledecée liste: act (dijagram aktivnosti), bdd (dijagram definicije
blokova), ibd (unutradnji blok-dijagram), pkg (dijagram paketa), par
(parametarski dijagram), req (dijagram zahteva), sd (dijagram
sekvence), stm (dijagram masine stanja), uc (dijagram slu€ajeva
koriS¢enja).

Primer okvira dijagrama mozZe se videti na slici 2 (koja je
zapravo SysML dijagram definicije blokova). U nastavku ovog
odeljka bi¢e detaljnije opisani elementi SysML profila. Dijagrami i
jeziCke konstrukcije koji ¢ine SysML biée ilustrovani na konkretnom
primeru veoma pojednostavljenog modela osmatra¢kog radara.
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Dijagram definicije blokova i unutrasniji
blok-dijagram

U SysML-u blok (eng. block) podrazumeva modularnu jedinicu opisa
sistema. On definiSe skup karakteristika (eng. features) koje opisuju sistem
ili neki drugi znaCajan element. Formalno, blok je UML klasa sa
stereotipom «block» (OMG, 2012).

Dijagram definicije blokova zasnovan je na UML dijagramu klasa uz
odredena proSirenja i ograniCenja. Namenjen je za definisanje
karakteristika blokova i relacija medu blokovima (OMG, 2012).
Karakteristike blokova uklju€uju svojstva i operacije. Svojstva su strukturne
karakteristike, npr. delovi i portovi poznati iz UML-a, ali i nove vrste
svojstava o kojima ¢e biti reCi kasnije. Operacije su karakteristike bloka
koje se odnose na ponaSanje. Medu blokovima mogu postojati svi tipovi
relacija koji mogu postojati izmedu UML klasa: zavisnost, asocijacija,
agregacija, kompozicija, generalizacija i ugnjezdivanje. Dijagrami definicije
blokova uglavnom se Koriste za prikaz hijerarhijske dekompozicije nekog
elementa na podelemente (,je deo” hijerarhija) ili za prikaz stabla
klasifikacije elemenata (,je vrsta” hijerarhija). Zbog toga su na ovim
dijagramima najzastupljenije relacije kompozicije i generalizacije.

Unutrasnji blok-dijagram zasnovan je na UML dijagramu sloZzene
strukture uz odredena proSirenja i ograniCenja. Na ovom dijagramu
prikazuje se unutrasnja struktura bloka pomoc¢u svojstava koja su
povezana konektorima (OMG, 2012). Dok se dijagram sloZene strukture
povezuje sa naprednim koriS¢enjem UML-a, unutradnji blok-dijagram je
esencijalni element strukturnog modelovanja u SysML-u.

Sledi ilustracija specifinosti dijagrama definicije blokova i unutrasnjeg
blok-dijagrama na ranije pomenutom primeru osmatrackog radara. Na
slikama 3, 4 i 5, dati su SysML dijagrami koji opisuju domen problema, {j.
domen radarskog osmatranja. Unutrasniji blok-dijagram na slici 3 prikazuje
delove domena radarskog osmatranja (radar, pokretne objekte, posluzioca i
operativni centar) i nac¢in na koji su oni povezani. Radar emituje
elektromagnetne talase (EMT) putem antene. EMT se odbijaju od pokretnih
objekata nazad prema radaru koji ih prima putem antene. Obradom primljenih
signala formira se slika vazdusne situacije koja se prezentira posluZiocu
putem pokaziva¢a. Primenom tehnika automatske detekcije i praéenja (ADP)
generisu se tragovi koji se putem modema $alju operativnom centru (OC). Od
OC se putem modema dobijaju tragovi generisani na drugim radarima ili
dobijeni tehnikama fuzije podataka u samom OC.
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Na osnhovu zaglavlja dijagrama na slici 3 vidi se da se dati
unutradnji blok-dijagram odnosi na blok Domen radarskog
osmatranja. Ovaj blok i njegova dekompozicija na delove definisani
su pomoéu dijagrama definicije blokova na slici 4. Ovde su
iskori§éeni oznaceni odeljci (eng. labeled compartments) za
grupisanje karakteristika iste vrste, Sto je dozvoljeno (ali ne i
obavezno) u SysML-u. SysML definiSe odredene standardne odeljke,
a dozvoljeno je da korisnici defini8u dodatne.

ibd [Block] Domen radarskog osmatranja [Domen radarskog osmatranja] /

«full» modem :

S Modem L
oC: Operativni centar radar: Osmatracki radar «proxy» antena : Antena
«block» «block»
TelTraga TelTraga «block» EMT ¥ «block» EMT

«proxy» pokazivat : ] .
- VizuelnilzlazniUredaj pokObj: Pokretni objekat
i N C
postuzizc:|EoSiIE N blocks Siikavazdsit 1.1

Slika 3 — Domen radarskog osmatranja
Puc. 3 — [Inano3oH paanonokaunoHHOro HabnoaeHus
Figure 3 — Radar surveillance domain

Dijagram definicije blokova na slici 5 definiSe tipove portova i
stavki (eng. items) u domenu radarskog osmatranja. Jedno od
novih vrsta svojstava koja uvodi SysML je svojstvo toka (eng. flow
property). Svojstva toka specificiraju vrste stavki koje mogu ,teéi”
(tj. razmenijivati se) izmedu bloka i njegove okoline (OMG, 2012).
Stavke mogu biti podaci, ali i materijalni objekti ili energija. Jedno
svojstvo toka specificira jednu vrstu stavki koja moze teci u blok ili
iz bloka. Smer toka se specificira prefiksom koji moze imati
vrednost in, out ili inout. Blok Antena na slici 5 ima dva svojstva
toka. Svojstvo toka izradeniTalas je tipa EMT i ima prefiks out, $to
znaci da iz bloka Antena mogu izlaziti stavke tipa EMT. Svojstvo
toka reflektovaniTalas definiSe da u blok Antena mogu ulaziti
stavke tipa EMT.
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bdd [Package] Domen radarskog osmatranja [Dekompozicija domena radarskog osmatranja] /
«block» «block»
Domen radarskog osmatranja Osmatracki radar
properties properties
oC : Operativni centar ant : Antenski podsistem
pokObj : Pokretni objekat aorp : Podsistem AORP
posluzilac : Posluzilac dup : Duplekser
radar : Osmatracki radar pred : Predajnik
OO prij : Prijemnik
sinh : Sinhronizator
proxy ports
+radar | pokazivat : VizuelnilzlazniUredaj
antena : Antena
0.* full ports
+oC +pokObj modem : Modem oSO
«block» «block»
Operativni centar Pokretni objekat
values
«property» radarskaPovrsina : Pov
2\ «property» daljina : Duz
Posluzilac

Slika 4 — Dekompozicija domena radarskog osmatranja
Puc. 4 — lekomMno3numsa nons pagvoriokaumoHHoro HabnogeHus
Figure 4 — Radar surveillance domain decomposition

Port giji je tip blok koji ima svojstva toka moze unutar svog grafi¢kog
simbola imati strelicu koja ukazuje na smer svojstava toka u odnosu na
blok koji je vlasnik porta (OMG, 2012). Tip porta pokaziva¢ bloka
Osmatracki radar je blok VizuelnilzlazniUredaj koji ima jedno svojstvo toka
sa smerom out. Zato na slici 3 port pokaziva¢ ima strelicu €iji je smer od
bloka Osmatracki radar ka spoljasnjosti. Ukoliko je tip porta blok koji ima
svojstva toka sa razliCitim smerovima ili svojstva toka sa smerom inout,
strelica unutar grafickog simbola porta ima oblik kao kod portova modem i
antena na slici 3.

Tok stavki (eng. item flow) specificira stavke koje se prenose preko
konektora ili asocijaciie (OMG, 2012). Formalno, tok stavki je stereotip
«ltemFlow» toka informacija (eng. information flow) iz UML-a. Notacija za
tok stavki je sli€na kao za tok informacija: na konektor se dodaje popunjeni
vrh strelice u smeru toka pored kojeg stoji ime tipa stavke koja se prenosi
(slika 3). Dok svojstva toka definiSu Sta moze da teCe u blok ili iz bloka,
tokovi stavki definiSu Sta zaista teCe izmedu blokova u konkrethom
kontekstu (OMG, 2012). 1z definicije bloka Modem (slika 5) sledi da u port
modem (koji je tipa Modem) mogu ulaziti i iz njega izlaziti stavke tipa
Telegram. Medutim, tok stavki na konektoru koji spaja port modem i deo
oC (slika 3) specificira da u port modem ulaze i iz njega izlaze stavke tipa
TelTraga, koji predstavljaju jednu specijalizovanu vrstu telegrama.
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bdd [Package] Domen radarskog osmatranja - portovi i stavke [Domen radarskog osmatranja - portovi i sta... /
«block» «block» «block»
Modem Telegram TelTraga
flow properties
in ulTel : Telegram «block» «block»
out izITel : Telegram VizuelnaPrezentacija — SlikaVazdsSit
«interfaceBlock» «block»
Antena «interfaceBlock» EMT
. VizuelnilzlazniUredaj
flow properties
out izrageniTalas : EMT flow properties
in reflektovaniTalas : EMT out vizPrez : VizuelnaPrezentacija

Slika 5 — Portovi i stavke u domenu radarskog osmatranja
Puc. 5 —TopT 1 3an1ck B 30He paANONoKaLMOHHOIo HabnoaeHns
Figure 5 — Ports and items within the radar surveillance domain

Pored standardnih portova koji su preuzeti iz UML-a, u SysML-u postoje
jo$ dve vrste portova: potpun port (eng. full port) i port zastupnik (eng. proxy
port). Port zastupnik identifikuje karakteristike bloka koji je vlasnik porta (ili
karakteristike unutradnjin delova tog bloka), a koje su raspoloZive spoljasnjim
blokovima. Akcija nad portom zastupnikom ekvivalentna je akciji nad blokom
ili delom koiji taj port zastupa. Tip porta zastupnika mora biti interfejs-blok (eng.
interface block). Interfejs-blok je posebna vrsta bloka koja ne mozZe imati
ponasanje i unutradnje delove. Sa druge strane, potpun port predstavlja
zaseban deo sistema koji mozZe imati svoje ponasanje i unutraSnje delove.
Korid¢enje pomenutih specijalizovanih vrsta portova nije obavezujuce.
Korisnik moze izabrati da li ¢e na nekom mestu koristiti potpun port, port
zastupnik ili ,obi¢an” port, u zavisnosti od primenjene metodologije (OMG,
2012). Notacija za potpune portove i portove zastupnike moze se videti na
slikama 3 i 4, dok se na slici 5 moZe videti notacija za interfejs-blokove.

Na slikama 6 i 7 predstavljeni su dijagrami Kkoji prikazuju
dekompoziciju, i unutrasnju strukturu bloka Osmatracki radar, respektivno.
Treba napomenuti da ovde nije bio cilj da se radar modelira potpuno ta¢no
i sa svim detaljima ve¢ da se ilustruje SysML notacija.

Stereotip «block» uvodi atribut isEncapsulated tipa Boolean. Ako za
neki blok ovaj atribut ima vrednost frue, dati blok je kapsuliran (eng.
encapsulated) i posmatra se kao crna kutija — veza sa ovim blokom moZze
se ostvariti iskljuCivo putem njegovih portova ili direktno sa njegovom
spoljnom ivicom. Ako pomenuti atribut ima vrednost false ili vrednost
uopSte nije definisana, blok nije kapsuliran i mogu se ostvarivati veze i sa
njegovim unutrasnjim delovima (OMG, 2012). Na slici 6 blokovi
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Sinhronizator, Duplekser, Predajnik, Prijemnik i Podsistem za akviziciju
obradu razmenu i prikaz (AORP) kapsulirani su (uociti notaciju), dok ostali
blokovi nisu kapsulirani. Na slici 7 moze se videti kako su delovi dup i aorp
povezani konektorima sa unutra$njim delovima dela ant Ciji je tip blok
Antenski podsistem koji nije kapsuliran.

Vezivni konektor (eng. binding connector) jeste konektor koji specificira da
svojstva na njegovim krajevima imaju istu vrednost. Ukoliko su tipovi tih
svojstava blokovi, vezivni konektor oznaCava da se instance ovih svojstava
odnose na istu instancu bloka (OMG, 2012). Vezivni konektor prikazuje se kao
konektor sa kljuénom reci «equal». Tako se, na primer, na slici 7 instance porta
zastupnika antena i instance dela ant.antena odnose na istu instancu, ¢ime je
zapravo definisano da port antena zastupa deo antantena (sve njegove
karakteristike stavlja na raspolaganje spoljasnjim blokovima). Isto vazi za port
zastupnik pokazivac i port aorp.mon.

Tip vrednosti (eng. value type) jeste tip koji se moze koristiti za
izrazavanje informacija o sistemu, ali Cije vrednosti nemaju identitet (osim
same vrednosti) i ne moze im se pristupati putem reference (OMG, 2012).
Formalno, tip vrednosti je stereotip «ValueType» tipa podatka (eng. data
type) iz UML-a. Specifikacija SysML definiSe osnovne tipove vrednosti u
paketu PrimitiveValueTypes. Tip vrednosti omogucava da se vrednosti
pridruze vrsta veliCine (eng. quantity kind) i jedinica (eng. unit). U paketu
Tipovi, Ciji je sadrzaj prikazan na slici 8, definisani su tipovi vrednosti
koris¢eni u modelu osmatrackog radara. U ugnjezdenom paketu Fizicke
veli¢ine definisane su vrste veliina, a u ugnjezdenom paketu Jedinice
definisane su jedinice mere vezane za ove veli¢ine. Za svaki od
definisanih tipova vrednosti specificirana je jedinica (pomocu atributa unit),
dok vrste veli€ina nisu eksplicitho navedene, jer se implicitno mogu izvesti
iz jedinica. Primera radi, vrednosti Ciji je tip Brz odnose se na brzinu
izrazenu u metrima u sekundi. Vrednosno svojstvo (eng. value property)
jeste jedna od novih vrsta svojstava koje uvodi SysML. Tip vrednosnog
svojstva mora biti tip vrednosti. Vrednosna svojstva blokova svrstavaju se
u standardni odeljak values (slike 4 i 6).
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bdd [Package] Osmatradki radar [Dekompozicija osmatradkog radara) /

wblocks X whblocks wblocks
Jencapsulated} +zinh Osratrad ki radsr {encapsulated}
Sinhronizator é Podsistern AORF
full ports
ports modem : Modem +aorp ports
trig : Triger®ort {eanjugated) mon : LEDMonitar
R s widUl : VideoPort
EE0E BONHE ] trig : TrigerPort
pokazivad : VizuelnilzlszniUre daj Iy = SePort
ucbloclluut ) al ampedies . azUl : AzimutFort
{EBCETSEE ed} +dup ant : Antenski podsistem
Pk dup : Duplekser
RS = pred : Pradajnik wblods
prij - VFUnidirPart fcanjugated) sir.|h : S.i.nhrorfizator {encfa.psula.ted}
ant : WFBidirPort {conjugated} prij : Prijemnik +prij Frijemii
. A aorp : Podsistern ADORP
pred : WFUnidirPort P s
% minPrijemnaSnaga : Snaga
ks
ailes vidlzl : VideoPort {canjugated}
{erF‘fazs‘{'a_‘:d} dup : WFUniditFort
redajni o T
«InterfaceBlocks tillg s TillgariPe:
vales Artena
udestMosioca : Frek [ p .
predajnaSnaga : Snaga +pred SRS I
pre in reflektovaniTalas : EMT «blodes
ports out izradeniTalas : EMT Antenski podsisterm
trig : TrigerPort + A
ant
dup : WVFURiditP ort {conjugated} = . Dswina""‘”em“
antena : KosekkvadrAntena
mot : Motar
enk : Enkoder

\lf +antena +enk \l} +m°t\|/ +os \l/

ablods wblocks ablocks wblodks
KosekKvadrAntena Enkoder Motor Osovina
uglues ooits
dobitak : Real azlzl : AzimutPort [conjugated}
pors
dup : WFBidirPart

Slika 6 — Dekompozicija bloka Osmatracki radar
Puc. 6 — [lekomno3numsa 6roka pagmMonoKaLmMoHHON CTaHLuM KpyroBoro o63opa
Figure 6 — Decomposition of the Osmatracki radar (surveillance radar) block

Parametarski dijagram

U SysML-u, ograni¢avajuéi blok (eng. constraint block) jeste vrsta bloka
koja predstavla osnovu za integraciju analitickih modela (npr. model
performansi ili pouzdanosti) sa drugim vrstama modela. OgraniCavajuci blok
uklijuCuje ograni¢enje (matematicki ili logiCki izraz proizvoline slozenosti) i
parametre ograni¢enja (tj. parametre koji se koriste u pomenutom izrazu), a
koristi se radi ograni¢avanja svojstava drugih blokova (OMG, 2012). Pod
uslovom da je dovolino uopsten, dati ograni€avajuéi blok moze se ponovo
upotrebiti u mnogim razli€itim kontekstima.
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wproys antena

[

ibd [Block] Osmatradki radar [Osmatradki radar] /

ant Antenski podsistem

 Antena

wequals
ot :Motor
Y

«blodks MomenatSile

4,::Dsovina enk :Enkoder

antena :KosekKvadrAntena

dup VFBidirFort

azlzl ~AzimutFart

whlodks WFPredajniSignal

wblocks WFEhoSignal
ant ~WFBiditFart

prij WFUnidirPort

dup :Duplekser

dup WFUnidirPort

[ prij :Pri

wbl

pred MFUnidirFort

whlodks WFPredajniSignal

dup ~WFUnidirPort

Lag
ook YFEhoSignal

trig :TrigerPort

wblocks Triger

trig :TrigarPort

ablocks Triger

vidUl VideoPort

trig :TrigerPort
.

wb

trig ;- TrigerPart

sinh :Sinhronizatar

P
locks Triger

whlocks TelTraga

sblocks TalTraga

wfulls modem : Modem

4
acrp Podsisterm AORP
]

=p :SerPort

jermnik
«blodks Azimut

vidlzl ~WideoPort Y

wblocks WideoSignal

azUl :AzimutPort

mon LCDManitor

wequals

«prozys pokazivad ;
Wizuelnilzlaznilredaj

7
L]

Lt

Slika 7 — Unutrasnja struktura bloka Osmatracki radar

Puc. 7 — BHYTpeHHsiA CTPyKTypa pagnonoKkaLuMoHHOM CTaHuum Kpyrosoro ob3opa

Figure 7 — Osmatracki radar (surveillance radar) block internal structure

Parametarski dijagram specificira kako se ograniCavajuci blokovi
koriste da ograniCe svojstva nekog bloka. Pod tim se podrazumeva
povezivanje parametara ogranic¢avajuéih blokova sa specifiénim svojstvima
datog bloka, pomoc¢u vezivnih konektora. Sudeci po nekoliko primera
parametarskih dijagrama iz (OMG, 2012), kljuéna re¢ «equal» mozZe se

izostaviti sa ovih konektora.

Na slici 9 definisani su osnovni elementi jednostavnog analitickog modela. U
pitanju je jedan deo modela performansi osmatrackog radara koji se odnosi na
analizu maksimalnog dometa otkrivanja pokretnih objekata. Kod ogranicavajucih
blokova ograni€enja se svrstavaju u standardni odeljak constraints, a ostala
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svojstva u standardni odeljak parameters. OgraniCavajute svojstvo (eng.
constraint property) jeste svojstvo diji je tip ograniGavajuéi blok. Ograni¢avajuca
svojstva bloka svrstavaju se u standardni odeljak constraints. Blok
KontekstMaksimalnogDometa predstavija kontekst za pomenutu analizu
maksimalnog dometa. Ovaj blok sadrzi dva ograniCavajuéa bloka: blok
RadarskaJednacina koji definiSe zavisnost snage primlienog signala od snage
predajnog signala i razliCitih parametara radarskog sistema i osmatranog objekta i
blok JednacinaTalasneDuZine koji definiSe medusobnu zavisnost talasne duZine,
uCestanosti i brzine prostiranja talasa. Blok KontekstMaksimalnogDometa ima i
referencu na blok Domen radarskog osmatranja.

bdd [Fackage] Tipowi [Mipowi wrednosti u domenu radarskog osmatranja) /
«WalueTypesn aWalueTypen Fizidke velifine |
Real <] Brz
quantitykind = aquantitykinds aquantitykinds aquantitykinds
unit= mds Brzina DuZina Frekwvencija
waluaTypen
DuE wquantityl<inds wquantityl<inds
|| Powriina Snag=a
quantitykind =
unit=m
aWalueTypen
Frek
quantitykind = Jedinice
unit= Hz
«unite «unite «unite
{quantitykind = {quantitykind = {quantitykind =
«WalueTypes Brzina} DuZina} Frekvencija}
Fol mis m Hz
quantitykind =
unit= m"2
«unite «unite
{quantitykind = {quantitykind =
«WalueTypes FowiEinal Snagal
Snaga m*e2 ni
quantitykind =
unit =

Slika 8 — Tipovi vrednosti u domenu radarskog osmatranja
Puc. 8 — Tunbl 3Ha4YEHWI B 30HE PafMONIOKaLMOHHOIo HabnaeHus
Figure 8 — Value types in the radar surveillance domain

Na slici 10 prikazan je parametarski dijagram koji se odnosi na blok
KontekstMaksimalnogDometa. Ovde se vidi kako su parametri
ogranicavajucih blokova povezani sa svojstvima bloka
KontekstMaksimalnogDometa i ugnjezdenim svojstvima blokova u ,je deo”
hijerarhiji bloka Domen radarskog osmatranja, radi modelovanja
matematiCkih relacija koje postoje izmedu maksimalne daljine otkrivanja
pokretnog objekta (dro.pokObj.daljina) i drugih relevantnih parametara.
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bdd [Fackage] Analiza [Analiza] /

wblocke woonstraintBlocke weonstraintBlocks
KortekstMaksi malnogDometa Radarzkalednadina JednadinaTalasne Dugine

values constmints constmints
pi: Real = 3.14159265359 {Fe=(Ps™ &2 " sigma ~ lambda®2)/ (4 piy'3 = R4} flambda=/f
¢ Brz= 2007024958

[}

oadweters parEmeters
conshaints Fe:Snaga lambda : Duz

1j : Radarskalednadina Ps:Snaga Wi B

jtd : JednadinaTalasneDuZine G : Real i Frek

pi: Real

sigma : Pow

lambda : Duz

F: Dui

EFEETOES

dro : Domen radarskog osmatranja o~ +jtd

0.1

+ij

+dray |1

xblocks
Domen radarskog osmatranja oo

Slika 9 — Definicija konteksta za analizu maksimalnog dometa radara
Puc. 9 — OnpepeneHne KOHTEKCTa AN aHanusa MakcumarnbHOro Anano3oHa
pagmonokaLuMoHHOro HabnaeHus
Figure 9 — Maximal range analysis context

Dijagram aktivnosti

U UML-u aktivnosti su klase Cije su instance izvrSenja aktivnosti
(OMG, 2012). Samim tim, aktivnosti se mogu pojaviti na dijagramima
definicije blokova i mogu ucestvovati u relacijama generalizacije i
asocijacije. SysML uvodi pojasnjenje semantike kompozicije izmedu dve
aktivnosti i izmedu aktivnosti i tipa objektnog ¢vora. Kreiranjem instance
aktivnosti zapocCinje se izvrSavanje aktivnosti, a uniStavanjem instance
aktivnosti izvrSavanje se zaustavlja. Ako jedna aktivhost poziva drugu
aktivnost onda ove dve aktivnosti mogu biti povezane relacijom
kompozicije, pri ¢emu je pozivaju¢a aktivnost na strani celine, a pozivana
aktivnost na strani dela. Gornja granica multiplikativnosti na strani dela
ograniCava broj konkurentnih izvrSavanja pozivane aktivnosti. Donja
granica multiplikativhosti na strani dela uvek je nula, jer tokom izvr§avanja
pozivajuée aktivnosti postoji vremenski interval u kojem se pozivana
aktivnost ne izvrSava. Na slici 11 prikazan je dijagram definicije blokova
koji prikazuje relacije izmedu aktivnosti Osmatranje i njenih podaktivnosti.
Ovakav prikaz podseca na klasi¢nu funkcionalnu dekompoziciju.

Na slici 11 prikazane su i relacije izmedu aktivnosti Osmatranje i
klasifikatora koji su tipovi objektnih ¢vorova u ovoj aktivnosti (prikazani
ruzi¢astom bojom). Relacija kompozicije ukazuje na to da objektni Evorovi
ne mogu postojati nakon zavrSetka izvrSavanja aktivnosti. Gornja granica
multiplikativnosti na strani dela (tj. objektnog &vora) ograniCava broj
instanci koje istovremeno mogu postojati u objektnom d&voru. Donja
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granica multiplikativnosti na strani dela uvek je nula, posto tokom
izvrSavanja aktivnosti postoje intervali u kojima je objektni &vor prazan.

par [Block] HontekstMaksi malnogDometa [Horte kst bs ksi malnog Do mets] /

dro :Domen radarskog osmatranja

radar :Osmatraéki radar

ant wArtenski podsistem

pred Predajnik prij :Prijemnik

pokObj :Pakretri objeksti. 4]
dobitak : Real redajnaSnagd [udestMosioca : inPrijemnaSnag =
:Snaga Frek : Snaga radarskaPovrsina : daljina :
Fow DuE

| I
[ [
| I
! I
| 1
| I
[ [
| I
[ 1
: srtena -KosekKvadrintana [

I
[ [
| I
[ 1
| 1
| I
[ [
| I
[ 1
| 1

-
f:Frek
jtd : JednadinaTalasneDuZine
-
Fe: Snaga sigma : Pow R:Duz
v:Bz lambda : DuZ
o
lambda : Duz 1j : Radarkalednadina
c: Bz
Ps:Snaga % : Real ‘ pi: Real
A
pi: Real

Slika 10 — Matematicke relacije vazane za analizu maksimalnog dometa radara
Puc. 10 — MaTemaTtuyeckune OTHOLLEHUS], CBA3AHHbIE C aHaNM30M MakcUMarbHOro
Anano3oHa paguoriokaunoHHOro HabnaeHms
Figure 10 — Mathematical relations for the maximal range analysis

Na slici 12 prikazan je dijagram aktivnosti za aktivnost Osmatranje.
Ovde najpre treba uociti da su imena akcija pozivanja ponasanja (eng. call
behavior action) ista kao imena uloga pozivanih aktivnosti na slici 11. To je
primer primene jednog od pravila konzistentnosti koja uvodi SysML.

Takode, treba uociti (iako nije u pitanju specificnost SysML-a) da u
aktivnosti Osmatranje postoji nekoliko paralelnih tokova kontrole Cije se
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izvrSavanje moze prekinuti jedino izlaskom iz prekidljivog regiona
aktivnosti (eng. interruptible activity region) pojavom signala /skljucenje.

bdd [Package] Osmatranje [Osmatranje] /

«activity» «activity» «activity» «activity» «block»
Prijem VF eho signala Emitovanje VF predajnog Obrtanje antene Slanje tragova 0.* Trag
+pves signala

0.1 +evps 0.1 0.1
«activity» «block»
Generisansiiegx;:redajnog +ovps 01 VideoSignal

«block»
«activity»

Azimut
Osmatranje
N +dves/
«activity»

0.1
Demodulisanje VF eho 0.1
signala «block»

+ava +adp 0.1 0.1 0.1 0.* VideoLinija

«activity» 0.1 «activity» VESIEE VFSGES values

Akvizicija videa i azimuta Automatska detekcija i «block» «block»
pracenje jniSi i

«property» azimut : Real
«property» odbirciVidea : Integer

Slika 11 — Dekompozicija aktivnosti Osmatranje
Puc. 11 — Jekomnosnumns gestensHocTn HabnoaeHus
Figure 11 — Decomposition of the Osmatranje (surveillance) activity

Stereotip «rate» moze se primeniti na granu ili na parametar i
omoguc¢ava da se pomoc¢u njegovog atributa rate specificira brzina toka
(eng. rate of flow), tj. broj objekata ili vrednosti koje prelaze preko grane,
odnosno teku u/iz parametra u jedinici vremena (OMG, 2012). Tok moze
biti diskretan ili kontinualan. Stereotip «discrete» je specijalizacija
stereotipa «rate» i sluzi za oznaCavanje diskretnih tokova (vremenski
interval izmedu prolazaka stavki koje teku je razli¢it od nule). Stereotip
«continuous» takode je specijalizacija stereotipa «rate», a namenjen je
za predstavljanje kontinualnih tokova kao $to su signali kontinualni u
vremenu ili kontinualni tok energije. Na slici 12 prikazano je kako se
pomocu kontinualnih tokova mozZe modelovati tok kontinualnih signala
(VFPredajniSignal, VFEhoSignal i VideoSignal) izmedu aktivnosti. Tok
vrednosti azimuta antene modelovan je diskretnim tokom, posto se
azimut naj¢eSce odreduje pomoéu optitkog enkodera (u ovom sluc€aju
navedena je brzina toka 819.2 Hz, $to odgovara slu€aju kada se Koristi
13-bitni enkoder, a perioda obrtanja antene je 10 sekundi). Paketski
prenos video linija i tragova takode je modelovan diskretnim tokom.

U UML-u, ako je token koji pristize u objektni ¢vor odbijen od izlazne
grane (ili akcije kojoj je objektni &vor ulazni pin), token se zadrzava u
¢voru sve dok se ne steknu uslovi za njegov odlazak. SysML uvodi
stereotip «noBuffer» koji, ako se primeni na objektni ¢vor, menja
prethodno opisano ponasanje, tako da se token koji ne moze da napusti
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¢vor odbacuje. Jedna od tipi¢nih primena ovog stereotipa javlja se kod
modelovanija elektriénih signala (OMG, 2012), Sto je primenjeno i na slici 12.

SysML uvodi i stereotip «overwrite». Kada token pristigne na pun
objektni &vor na koji je primenjen ovaj stereotip (pun objektni ¢vor sadrZi
maksimalan dozvoljen broj tokena), dati token zamenice jedan od tokena koji
su vec u ¢voru. Na slici 12 objektni ¢vor tipa Azimut ima stereotip «overwrite»,
Sto uzevsi u obzir da je gornja granica multiplikativnosti za ovaj ¢vor 1 (slika
11), osigurava da ¢e se u ovom ¢voru Cuvati samo vrednost azimuta koja je
poslednja pristigla.

Na slici 12 prikazano je kako se na dijagramu aktivhosti moze oznaditi
alokacija ponaSanja (eng. behavior allocation) pomocCu stereotipa
«allocateActivityPartition» primenjenog na pregradu aktivnosti (eng. activity
partition). Alokacija je termin koji se u sistemskom inzenjerstvu koristi za
oznakavanje organizovane asocijacije ili mapiranja medu elementima koji
pripadaju razli€itim strukturama ili hijerarhiama u modelu (OMG, 2012).
Alokacija ponaSanja je jedna od tipicnih vrsta alokacije u sistemskom
inZenjerstvu, a odnosi se na mapiranje izmedu elemenata funkcionalnog i
strukturnog modela. Tako je, na primer, na slici 12 pona3anje opisano
aktivnoS¢u Demodulisanje VF eho signala asocirano sa strukturnim
elementom (svojstvom) prij tipa Prijemnik, itd.

Dijagram zahteva

U SysML-u zahtev (eng. requirement) jeste stereotip klase namenjen
za modelovanje zahteva predstavljenih u tekstualnom obliku. Osnovni
atributi koje uvodi ovaj stereotip su id (jedinstveni identifikator zahteva) i
text (tekst zahteva). Dijagram zahteva namenjen je za prikaz zahteva i
njihovih relacija sa drugim elementima modela. Zahtevi se mogu
pojavljivati i na drugim dijagramima radi prikazivanja njihovih relacija sa
drugim elementima. Na slici 13 prikazan je dijagram zahteva koji prikazuje
deo specifikacije radara koji se odnosi na uslove okoline prilikom upotrebe.

Stereotip «deriveReqt», primenjen na relaciju zavisnosti izmedu dva
zahteva, oznacava da je zahtev na klijentskoj strani relacije izveden iz drugog
zahteva, npr. zahtev na niZzem nivou apstrakcije koji je izveden iz sistemskog
zahteva (OMG, 2012). Na slici 13, iz zahteva Podsistemi unutar kabine —
uslovi okoline (upotreba), koji predstavlja sistemski zahtev vezan za uslove
okoline, izveden je zahtev Priiemnik — uslovi okoline (upotreba) koji definiSe
uslove okoline za jedan konkretan podsistem. Pored same klase uslova
okoline, standard EN 300 019 definie i specifikaciju testova kojima se
proverava da li neki uredaj zadovoljava zahtev za funkcionisanjem u uslovima
okoline opisanim datom klasom. Ovde je to modelirano izvodenjem zahteva
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Prijemnik — specifikacija testova uslova okoline (upotreba) iz zahteva
Prijemnik — uslovi okoline (upotreba).
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Slika 12 — Aktivhost Osmatranje
Puc. 12 — leinctBunsa HabnogeHus
Figure 12 — Osmatranje (surveillance) activity
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Stereotip «copy» moze se primeniti na relaciju zavisnosti izmedu dva
zahteva kako bi oznacio da je tekst zahteva na klijentskoj strani relacije
nepromenljiva (eng. read-only) kopija teksta drugog zahteva. Svrha ove
relacije jeste da omoguéi ponovnu upotrebu zahteva u razliCitim
kontekstima. Sa slike 13 se vidi da je zahtev Prijemnik — specifikacija
testova uslova okoline (upotreba) zapravo kopija zahteva T3.1 -
Temperature-controlled locations, koji pripada modelu EN 300 019.

req [Package] Uslovi okaling [Uslovi okoling] /

arequirements arequirements ablods

Podsistemi unutar kabine - uslovi okoline Prijemnik - uslovi {encapsulated}
{upotreba) akoline (opotreba) |- _______ Prijemnik

=atisfy»

id="51.0.1" id = "LPhj.UD.U" values

tesxt = "Svi podsistemi koji se ugraduju u ‘{__;;i;ﬁe;t:_— text = "Prijemnik mora minPrijemnaSnaga : Snaga

unutranjost klimatizovane kabine funkcionisati u uslovima

osmatradhog radara maraju funkeionisati u okoline klase 3.1

uslovima okoline klase 3.1 definisane definisane standardom

standardom EM 300 019-1-2." EN 30001912

A
|
|

I
aderiveReqts

Part 2: Specificstion of environmerntal tests

arequirements
Prijemnik - specifikscijatestova | _____________ |
uslowva okoline (upotreba)

Part 2-3: Stationary use at weatherprotected |ocations EM 200 0149 A ‘

i
| @
v &

T34 : Temperature-controlled
loeations Test methods |

arequiraments «requirements arequirements

T3.1 : Air temperature change T2.1: High air temperature T2.1 : Low air temperatura
id= id= id=
text="Temperature: +25 {o +40 deg. C text="Temperature: +40 deg. C text="Temperature: +5 deg. ©
Temp. change: 0.5 dag. €/ min Duration: 16 h Duration: 16 h
Duration: half eyela t1=3 h Methed: |EC S00E8-2-2 BB/BA (Dry heat]' Methad: [EC B0068-2-1 AbiAd (Cold)'
Method: [EC 60055-2-14 Nb (Change of temperature]

)

|
|
|
|
arequirements arequirements We‘,ify”
T2.1: High relative humidity T2.1: Shosks |
|
id= id= |
text = "Rel. humidite: 85% text = "Shock spectum: half sine |
Temperature: +30 deg. Duration: 11 ms estCases
Duration: 4 d Aoceleration: 30 mis"2 T3.1 Loww air temperature
Method: |EC B0088-2-78 Cab (Damp heat steady state} Number of shocks: 3 in each direction test
Number of directions: &
Method: IEC G0068-2-27 Ea (Sho k) oo

Slika 13 — Relacije vezane za zahteve
Puc. 13 — CBsA3b Mexay yCTaHOBMEHHbIMY TpeboBaHMAMN
Figure 13 — Relations which pertain to requirements
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Zahtev T3.1 — Temperature-controlled locations moze se ponovno
upotrebiti u drugim projektima, jer predstavija univerzalnu specifikaciju
primenljivu na bilo koji uredaj. Sa slike 13 takode se vidi kako se sloZen
zahtev moZe razloziti na jednostavnije, koris¢enjem relacije ugnjezdivanja.

Slucaj testiranja (eng. test case) oznacava metod kojim se proverava
da li je zahtev zadovoljen (OMG, 2012). Relacija zavisnosti sa stereotipom
«verify» moze postojati izmedu zahteva i sluCaja testiranja ili drugog
elementa modela koji moze da odredi da li sistem zadovoljava zahtev
(OMG, 2012). Na slici 13 je pomoc¢u ove relacije ozna¢eno da se zahtev
T3.1 Low air temperature moze proveriti pomocu slucaja testiranja 73.1
Low air temperature test. Formalno, sluCaj testiranja je stereotip
«testCase» operacije ili ponasSanja, pa se moze modelovati pomoéu
dijagrama ponasanja.

Relacijom zavisnosti na koju je primenjen stereotip «satisfy» moze se
oznaditi element modela koji ispunjava neki zahtev. Ovom relacijom je na
slici 13 oznaceno da blok Prijemnik ispunjava zahtev Prijemnik — uslovi
okoline (upotreba) (prijemnik je projektovan tako da zadovolji zahtev za
funkcionisanjem u odredenim uslovima okoline).

SysML u praksi

Sistemski inZzenjer, suoen sa dilemom da li da uvede SysML u svoju
praksu, najverovatnije bi postavio i slede¢a dva pitanja: 1) da li je SysML
.Zzaziveo”, tj. kako ga je prihvatila stru¢na i nau€na zajednica i kakva je
perspektiva njegove primene i 2) kakvi alati za SysML modelovanje su
raspolozivi? U ovom odeljku pokuSacemo odgovoriti na ta pitanja.

Prihvaéenost i perspektiva SysML-a

Godine 2009. OMG je sproveo onlajn anketu sa ciliem da se
korisnicima SysML-a i proizvodaCima alata omoguci da daju povratne
informacije koje ¢e pomoc¢i da se unaprede buduce verzije SysML-a.
Detaljni rezultati ankete navedeni su u (Cloutier, Bone, 2010.), dok su
kljuéne informacije sumirane u (Bone, Cloutier, 2010.). Anketa je bila
otvorenog tipa, a u njoj je uestvovalo 128 ispitanika iz 45 organizacija iz
16 zemalja (Bone, Cloutier, 2010.). Medu anketiranima najvise je bilo
sistemskih inzenjera (Bone, Cloutier, 2010.). Anketa je pruzila puno
informacija o teku¢em statusu SysML-a i SIZM (Bone, Cloutier, 2010.).
Jedno od pitanja odnosilo se na to u kojoj meri se u organizacijama
anketiranih lica planira upotreba SysML-a u buducnosti. Vise od dve
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trecine anketiranih (71,3%) odgovorilo je da njihova organizacija vec koristi
SysML ili planira da ga uvede u svoju praksu (Bone, Cloutier, 2010.). To
pokazuje da je struCna zajednica dobro prihvatila SysML i da on
predstavlja perspektivan jezik za modelovanje.

Sa druge strane, relativno kratkom pretragom nama dostupnih
indeksnih baza uspeli smo da pronademo preko 40 radova koji se u nekoj
meri dotiCu SysML-a. U mnogim od ovih radova ,SysML” se pojavljuje u
naslovu ili u listi kljuénih reci. Pregled pomenutih radova prevazilazi obim
ovog teksta, ali samo njihovo postojanje ukazuje na to da SysML ima
znacajan uticaj i u akademskim okvirima.

SysML alati

Alati za SysML modelovanje sa komercijalnom licencom ukljuéuju:
IBM Rational Rhapsody, NoMagic MagicDraw, Sparx Systems Enterprise
Architect, Artisan Studio i IBM Rational Tau. Treba napomenuti da se kod
pojedinih komercijalnih alata podrSka za SysML modelovanje dobija ili
kupovinom posebnog dodatka ili kupovinom specijalne verzije alata
(,systems engineering edition” i sl.). Besplatni SysML alati ukljuCuju:
TOPCASED i Papyrus for SysML. Postoji i alat Modelio, koji ima i
komercijalnu i besplatnu verziju. Verzija Modelio-a otvorenog koda ne
podrzava modelovanje zahteva.

Tokom upoznavanja sa SysML-om testirali smo jedan besplatan
(TOPCASED) i jedan komercijalan (Sparx Systems Enterprise Architect)
alat. Besplatan alat je u verziji koju smo koristili imao greSku koju nije bilo
moguce prevazici (nije bilo moguée prikazati relaciju ugnjezdivanja na
dijagramu zahteva). Kod komercijalnog alata, pomoc¢u kojeg su izradeni
modeli i dijagrami koriS¢eni u ovom tekstu, takode su postojali propusti,
koji su ili bili superficijalni ili ih je bilo moguce prevazi¢i. Ako uzmemo u
obzir i prethodno pomenutu nemoguénost modelovanja zahteva u
drugom besplatnom alatu (Modelio), stiCe se utisak da besplatni SysML
alati jo§ uvek nisu dostigli nivo zrelosti komercijalnih konkurenata.
Nadamo se da ¢e se to u buduénosti promeniti.

Zaklju€ak

Jezik za modelovanje SysML je, pre svega, namenjen za primenu u
SIZM, ali je generalno primenljiv svuda gde je potrebno modelovati
sloZene sisteme. Glavne razlike u odnosu na UML odnose se na dve nove
vrste dijagrama koji omogucuju modelovanje tekstualnih zahteva i
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integraciju analitickin modela sa drugim vrstama modela, kao i na brojne
izmene u strukturnim dijagramima i u dijagramu aktivnosti. Te izmene
omogucavaju modelovanje najrazlicitijih sistema ili elemenata sistema, kao
8to su elektronski ili mehanicki sistemi/elementi, postrojenja, organizacije,
itd. U ovom ¢lanku SysML je ilustrovan na tipicnom primeru slozenog
sistema Ciji razvoj bi zahtevao interdisciplinarni pristup — primeru
osmatrackog radara. Ovaj primer nije preuzet iz postojece literature vec je
smiSljen za potrebe ovog €lanka.

U praksi je SysML dobro prihvacen, kako od struénjaka — sistemskih
inZenjera, tako i od nau¢ne zajednice. Mnoge organizacije ve¢ primenjuju
SysML ili planiraju njegovu primenu u buducnosti. Na raspolaganju su i
brojni alati za SysML modelovanje, kako komercijalni, tako i besplatni.

Na osnovu svega $to je reCeno, kao i na osnovu liChog iskustva,
moze se zakljuCiti da je SysML ekspresivan, koristan i perspektivan jezik
za modelovanje, Cija bi primena mogla pospesiti komunikaciju medu
zainteresovanim stranama u interdisciplinarnim projektima i unaprediti
proces razvoja slozenih sistema.
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MPUMEHEHWE A3bIKA SYSML HA YNPOLEHHOW MOLENW
PAOVNONOKALMOHHOIO HABIMKOOEHWA
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Pe3some:

Systems Modeling Language (SysML) npedcmasnsgem cobol
npogpurib  Unified Modeling Language (UML), nipedHasHa4YeHHbIl Oris
MpUMeHeHUs1 8 cucmeMHoOU UHxXeHepuu. Hedocmamok numepamypbl O
SysML Ha cepbckom si3bike MOOMOIKHy1 aemopa GaHHOU cmambU K ee
HarnucaHuro, C Uenbto npedcmassieHUs 3Mmo20 UHMEPECHO020 £3biKa
MOOeuUpO8aHUsT UHXEHEPHOMY U akademu4yeckoMmy coobuwecmsy, npu
amom oO4YepKUBaromcs pasnuyusi Mexoy ssbikamu SysML u UML.
OnucaHue ripogburisi MpueedeHo Ha OCHOBaHUU KOHKPEMHOZ0 rpumepa —
yrpoweHHoU Mmodesnu  paduoriokayuoHHo20 HabnrodeHus. [lposedeH
Kpamkul aHanu3 rpakmu4eckux acriekmoe SysML o e2o eHeOpeHuU,
nepcriekmugax OasibHeliuea0 rpuMeHeHuUsi U np. B 3saknwodeHuu
rpueedeHbl 8b1I800bI O MOIE3HOCMU MPUMEHEHUs sisbika SysML, ezo
yrnompebrnssiemocmu U 611a2onpusimHbIX Mepcriekmueax 8 ces3u C e20
8HEOPEHUEM.
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Summary:

Systems Modeling Language (SysML) is a Unified Modeling
Language (UML) profile intended for application in systems engineering.
This text is inspired by lack of literature on SysML in Serbian language. Its
goal is to introduce this interesting modeling language to the engineering
and academic community, with a special emphasis on the differences
from UML. An overview is given, using an original example — a simplified
model of an air surveillance radar. A short analysis of practical aspects of
SysML is made — its scope of acceptance, the prospects of its further
application, efc. We concluded that SysML is a useful, accepted and
promising modeling language.

Key words: Model-based systems engineering, Air surveillance radar,
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Abstract:

Members of the Ministry of Defence (MoD) and the Serbian Armed
Forces (SAF) have been engaged in multinational operations (MnOPs)
from 26 June 2002. During the engagement in UN MnOP's, one of the key
problems is the procedures when encountering some kind of
ordnance. During the preparation of MoD and SAF members for joining
UN MNORPs, one of the main problems is a small number of qualified and
trained instructors as well as the lack of necessary literature. The paper
presents a summary review of one ordnance type - mines, i.e. a review of
the most typical representatives of mine types that can be found in some
of the territories where MnOPs are conducted. In order to prevent mine
accidents, particular attention must be paid to the training i.e. preparation
of MoD and SAF members for their participation in MnOPs. The work is
primarily based on the currently available literature as well as on the
experiences of MoD and SAF members who were engaged in UN
MnORPs.

Key words: mines, use, training, multinational operations.

Introduction

Ordnance includes the entire military equipment containing explosi-
ves, nuclear fusion and fission materials, as well as biological and chemi-
cal agents. The concept of ordnance includes the following resources:

— Bombs and warheads,

— Guided and ballistic missiles,
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— Atrtillery and mortar shells,

— Rockets and small arms,

— All types of mines,

— Torpedoes and underwater missiles,

— Pyrotechnics,

— Cluster bombs,

— Launching mechanisms,

— Charges and rocket propellant igniter charges,

— Electric detonators, and

— lllegal and improvised explosive devices (Radi¢, 2001).

In order to raise awareness of the dangers of ordnance in the world,
international organizations for the implementation and monitoring of
demining in the world have produced a report on demining (Landmine mo-
nitor, 2010). The report gives indicators of dangers of ordnance and what
is undertaken regarding demining worldwide. Here are some facts
concerning ordnance removal hazards:

In 2009, there were 3,956 victims of mine accidents, which is 28%
percent less than in 2008, and the least since 1999 or since the
start of monitoring (due to incomplete data, it is assumed that the
number of victims exceeds all the mentioned above).

It is confirmed and/or suspected that 66 states and 7 regions in
the world have a problem with dangerous territories, which is
three countries fewer since 2011.

In 2009, 198 km? of dangerous territories were demined, which is
by far the biggest cleared area on an annual basis, when a total of
255,000 anti-personnel mines and 37,000 anti-tank mines were
removed.

At least 359 km? of areas having witnessed armed conflicts were
cleared and about 2.2 million ordnance types removed.

The biggest number of demining projects was in Afghanistan,
Cambodia, Iraq, Croatia and Sri Lanka, which is more than 80 %
of demining projects.

Mine Risk Education is continued to be implemented in many
countries and areas that have problems with mine risks.

In 2009, about 449 million US dollars were donated for mine
clearance, out of which Germany donated about 61%.

Only one country in the world laid antipersonnel mines
(Myanmar).

12 manufacturers of anti-personnel mines were identified, most
notable ones being from India, Myanmar and Pakistan.
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Antipersonnel mines were used by non-state armed groups in six
countries - Afghanistan, Colombia, India, Myanmar, Pakistan and
Yemen. This is so far the smallest number of armed forces or
armed groups that used antipersonnel mines.

Also, the statistics indicates the following:

From 3 to 30 US dollars takes to lay a mine, while the cost of its
clearance is from 300 to 1000 US dollars.

In the world, there is a mine accident every 50 min.

Every month, about 800 people get killed, 1,200 people get
injured and until today 500 thousand people are disabled due to
mine accidents. (Kovacevic, Popovi¢, 2016, p.389)

The overview of countries having problems with mines and cluster
munitions is shown in Figures 1 and 2.

Figure 1 — World countries with mine risks (marked in red)
Puc. 1 — CTpaHbl, B KOTOpbIX CyLLLECTBYET MUHHAs ONacHOCTb
(0603Ha4YeHbl KpaCHbLIM LIBETOM)

Cnuka 1 — 3emrbe cBeTa y Kojuma nocToju OnacHOCT o MUHA
(o3HayeHe cy upBeHoM 6ojom)
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Figure 2 — Countries in which there is danger of cluster munitions
Puc. 2 — CTpaHbl, B KOTOPbIX CYLLECTBYET ONacHOCTb OT KacCeTHbIX 6oenpunacos
Crniuka 2 — 3emrbe y Kojuma NocToju ONacHOCT 0 KaceTHe MyHuUuje

In order to take measures to reduce the threat of explosives, an
international demining organization in the world, made agreements
obliging signatories to the agreement (the state) to adhere to the signed
agreement concerning the use, production, storage and transportation of a
part of explosives. Of the agreements reached as the most important ones
are as follows:

— Mine Ban Treaty or Ottawa Treaty - regulates a total ban on the
use, stockpiling, production and transport of anti-personnel mines
and their destruction.

— 2008, UN GA Resolution 63/42 - application of the Convention on
the Prohibition of the Use, Stockpiling, Production and Transport
of Anti-personnel Mines and on their Destruction.

— Convention on Conventional Weapons - Convention on
Prohibitions or Restrictions on the Use of Certain Conventional
Weapons which may be considered inhumane.

* Protocol 2 - the prohibition or restriction of the use of mines,
booby traps and other explosive devices.
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* Protocol 5 - removal of residual and unexploded ordnance.
Convention on Cluster Munitions - the prohibition of the use,
stockpiling, production and transport of cluster munitions. Specific
articles in the Convention relate to assistance to victims, clear-
ance of contaminated areas and destruction of stocks. The Con-
vention was adopted in Dublin on 30.05.2008 by 107 countries
and signed on 03.08. of the same year. The Convention entered
into force on 01.08.2010 and became legally binding for States
Parties. The first meeting of States Parties was held in Laos from
910 12.11.2010.

UN Convention on the Rights of Persons with Disabilities - The
Protocol was adopted at the UN headquarters in New York on
13.12.2006. Until 30.03.2007, 82 countries signed the Con-
vention, 44 countries signed the Protocol, and one country ratified
the Convention. The Convention entered into force on
03.05.2008.

Mine - basic theoretical provisions

Mines are a type of ordnance placed on or in the ground or on any
other surface that could be activated by the presence or contact of a per-
son or a vehicle. Based on their characteristics, it is said that: ,,A mine is a
perfect soldier. It never sleeps, never asks for payment or food, never
misses the target nor asks about tasks or cares about victims. It is op-
erational for more than fifty years. It is very difficult to find and inexpensive
to purchase.” (NATO, 2010)

In principle, each mine consists of a mine body (casing), explosive
charge (in further text EC), an igniter, a cap and a booster. The mine main
components are given in Figure 3. (Kovacevi¢, 2015, p.197)

Mines are considered to be the most dangerous type of ordnance due
to the following characteristics:

the possibility of different ways of activation,

durability and reliability,

high sensitivity,

severe destructive and wounding effect,

ease of installation, and

a good possibility of masking. (Uprava inzinjerije, 1970)
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Explosive
charge

Booster Igniter

Figure 3 — Mine with the essential components
Puc. 3 — MunHa ¢ OCHOBHbIMW YacTsaMu
Cnuka 3 — MuHa ca ocHOBMM AenoBuma

Mines can be activated in the following ways:

— contact (by pressure, movement, release, etc.),
— orchestrated (controlled),

— presence (without physical contact), and

— self-destruction.

Currently in the world there are over 600 types of mines classified
according to various criteria. However, the most common is the division
according to purpose (division used in MnOps):

— Anti-personnel mines,

— Anti-vehicle mines or Anti tank mines. (http://www.mineaction.org)

Anti-personnel mines are designed to kill or cause casualties to
enemy personnel. They are generally small in size, of different shapes and
can be made of different materials (wood, plastic or metal).They are most
commonly triggered by physical contact and by tripwires, but can also be
orchestrated or triggered by a time fuze. They are mainly buried in the
ground, but can be set on the ground or other surface. They are almost
always designed to be hidden and disguised. This type of mines is
classified according to the mode of action:

— Blast mines (with a blast effect when a person steps on them) and

— Fragmentation mines (they have a blast effect and project

fragments across a wide area). (http://www.mineaction.org)

Blast mines have a blast shock wave effect due to small amounts of
explosives (about 0.1 kg) not designed to kill but to inflict injuries, usually
to lower extremities, which due to their seriousness, often lead to
amputation and, consequently, have a major psychological impact on
people. Landmines are usually cylindrical in shape with a diameter of 70 to
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160 mm and a height of 50 to 100 mm. However, a number of landmines
are rectangular with the dimensions of 100x180 mm up to 150x300
mm. Landmines can be of various colors but the most common ones are
olive, green, black, brown or gray. The most serious injuries are inflicted by
landmines with shaped charge. (http://www.defence.gov.au/uxo/index.asp)

Fragmentation mines (blast shock effect and fragments) have higher
amounts of explosives (from 0.3 to 0.5 kg) and are intended to inflict
injuries to more people simultaneously. Most of these mines have metal
casings or contain ball bearings or metal fragments which contribute to
severe lethal effect to the target. Fragmentation mines operate within a
radius of 360° and generally cause casualties within a radius of 10 to 50
m. Fragmentation mines the fragments of which are unequal in size can
achieve a lethal effect at a distance of 100 m. Fatal injuries are not
uncommon. There are three basic types of fragmentation mines:

— Stake Anti-Personnel Mines,

— Directional Fragmentation Anti-Personnel Mines,

— Bounding Fragmentation Anti-Personnel Mines.

(http://vww.defence.gov.au/uxo/index.asp)

Stake Anti-Personnel Mines, mostly activated by pulling tripwires,
are designed to cause casualties to a number of people simulta-
neously. They are placed on wooden or metal stakes at about 200 mm
above the ground, and can be fixed on trees and buildings. They are
usually painted green, or they may be unpainted wood or metal. Two or
more tripwires can be strung from a mine to another object (usually
another stake or a tree). It is not rare that several landmines are buried
along the direction of tripwires. (http://www.mineaction.org)

Directional Fragmentation Anti-Personnel Mines are intended to
cause injuries to a larger number of people in a specified direction. Most
of the mines of this kind look like a curved rectangular box with legs and
are mostly olive, black, brown and green. Mines are usually command
detonated from distance or initiated by tripwire. Material fragments
(mainly mine casing and ball bearings) are projected within an angle of
60° horizontally and 3° vertically. Generally, ball bearings have an effective
range of 50 m from the explosion site. (http:/mwww.defence.gov.au/-
uxo/index.asp)

Bounding Fragmentation Anti-Personnel Mines are designed to cause
casualties to a large number of people. They are usually buried so that
only the fuze is above the surface, and are activated by pressure or by
triggering tripwires. They are commonly up to 150 mm in diameter and up
to 300 mm in height. Once triggered, bounding fragmentation
antipersonnel mines “jump” out of the ground to a height of 1 m and
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operate in a 360° radius.Their effective range is from 10 to 50 m and they
are most likely to be lethal within 25 m and capable of inflicting serious
injury at ranges up to 100 m. (http://www.defence.gov.au/uxo/index)

Anti-vehicle mines or anti tank mines are designed for disabling and
destroying vehicles. Like anti-personnel mines, they are mostly detonated
by pressure (requiring a greater force of pressure), but may be triggered
by other ways, especially when equipped with special fuzes. They are
placed mainly on roads for motor vehicles. It is not rare that anti-tank
mines are buried together with anti-personnel mines. Anti-tank mines are
usually round and square in shape, 230 mm in diameter and 100 mm in
height to 400 mm in diameter and 160 mm in height. The casing can be
made of wood, plastic or metal and in various colors. Anti-tank mines are
generally triggered by a pressure of 120 kg to 150 kg. Given that one of
the purposes of anti-tank mines is disabling and destroying tanks, they
contain greater amounts of explosives and, in case they are activated by
civilian vehicles, the consequences for the people in them are
catastrophic. (Department of Defence, Australia, 2003)

Information on the use of landmines in MnOps

The rest of this paper provides an overview of the types of mines and
their representatives most often found in territories where MnOps are
deployed, primarily based on the experience of MnOps participants. Anti-
personnel mines, especially fragmentation ones, and anti-tank mines are
presented. Each mine type representative is described in terms of the country
of manufacture, the countries where they are used and the basic tactical and
technical specifications. The overview is also based on official reports of
various agencies and non-governmental organizations from many countries,
who are fighting for a ban on the production and the use of mines.

The VS-50 anti-personnel mine (Figure 4), produced in Italy, was
used in Afghanistan, Angola, Ecuador, Iraq, Kuwait, Lebanon,
Mozambique, Peru, Rwanda, Sri Lanka, Western Sahara and Zimbabwe
(Radi¢, 2001). Some variants of this mine include metal plates, and can
easily be found with metal detectors, but in other variants metal plates
were replaced with plastic thus making them difficult to detect. The mine
casing is usually green or sand colored. The tactical and technical data:

— height: 45 mm,

— diameter: 90 mm,

— EC weight: 0.045 kg,

— type of explosive: cyclotrimethylenetrinitramine (RDX).
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Figure 4 — VS-50 mine
Puc. 4 — MuHa VS-50
Cnuka 4 — MuHa VS-50

The YM-1 anti-personnel mine (Figure 5), produced in Iran, is a newer
design of the VS-50 mine. This type of mine was used in Afghanistan and
Iran (Radi¢, 2001). The mine casing is made of plastic and is usually black,
green or sand coloured. The tactical and technical data:

— height: 45 mm,

— diameter: 90 mm,

— EC weight: 0.05 kg,

— type of explosive: RDX.

Figure 5 — YM-1 mine
Puc. 5 — MuHa YM-1
Cnuka 5 — MuHa YM-1
The PPM-2 antipersonnel mine (its external and internal appearance
is shown in Figure 6) was produced in the former German Democratic
Republic. This type of mine was used in Angola, Cambodia, Chad, Eritrea,
Ethiopia, Lebanon, Mozambique, Namibia and Somalia. The plastic mine
casing is usually black. The tactical and technical data:
— height: 60 mm,
— diameter: 134 mm,
— EC weight: 0.11 kg,
— type of explosive: trinitrotoluol (TNT) (Radi¢, 2001)
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Figure 6 — PPM-2 mine
Puc. 6 — MuHa PPM-2
Cnuka 6 — Muna PPM-2

The anti-personnel mine No. 4 (Figure 7), produced in Israel, was
used in Afghanistan, Israel, Iraq, the Falklands, Lebanon and Sudan. Due
to its design and quality materials, this mine is very sensitive to pressure
and stable in the ground, which has resulted in a large number of
accidents during its clearance. The tactical and technical data:

— height: 50 mm,

— diameter: 135 mm,

— width: 65 mm,

— EC weight: 0.188 kg,

— type of explosive: TNT(http://www.mineaction.org).

INVIINE A/P NO L4 |

Figure 7 — No.4 mine
Puc. 7 — MnHa Ne4
Cnuka 7 — MuHa No.4

The Type 72 anti-personnel mine (its external and internal
appearance is shown in Figure 8), produced in the People's Republic of
China, was used in Afghanistan, Angola, Cambodia, China, Eritrea, Iraq,
Kurdistan, Kuwait, Lebanon, Mozambique, Namibia, Peru, Somalia, Sri
Lanka, Sudan and Thailand. The plastic casing is usually green with a
green ring on the top (Radi¢, 2001). Since it has a very low metal content,
it is very difficult to detect with a metal detector. Modern versions of this
type of mines are Type 72a and Type 72b, which are equipped with
electronic devices, which further increases the sensitivity of the mine. The
tactical and technical data:

— height: 38 mm,
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— diameter: 78 mm,
— EC weight: 0.051 kg,
— type of explosive: TNT.

Figure 8 — Type 72 mine
Puc. 8 — MuHa Tun 72
Crniuka 8 — MwHa Tip 72

The M969 anti-personnel mine (Figure 9), produced in Portugal, is a
modern version of the Belgian NR 409 mine. This type of mine was used
in: Angola, Mozambique, Namibia and Zimbabwe. The plastic casing is
usually dark green or brown, with a large black plastic lid. It is
characteristic that it has a very low metal content so that it is very difficult
to detect with a metal detector. The tactical and technical data:

— height: 28 mm,

— diameter: 82 mm,

— EC weight: 0.08 kg,

— type of explosive: TNT-Composition B. (http://www.mineaction.org)

e
Figure 9 — M969 mine
Puc. 9 — MnHa M969

Cnuka 9 — Muna M969

The P4 Mk1 and Mk2 anti-personnel mines (Figure 10), produced in
Pakistan, were used in: Afghanistan, Angola, Eritrea, Ethiopia, Pakistan,
Somalia, India and Sri Lanka. In countries where these mines were used,
they were branded as P4Mk1 and P4Mk2. They, characteristically, have a
very low metal content so that it is very difficult to detect them with a metal
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detector. The casing is usually brown or green, with a yellow ring between
the upper and lower halves. The tactical and technical data:

— height: 40 mm,

— diameter: 70 mm,

— EC weight: 0.03 kg,

— type of explosive: tetryl. (http://www.mineaction.org)

Figure 10 — P4 Mk1 mine
Puc. 10 — MuHa P4 Mk1
Cnuka 10 — MuHa P4 Mk1

The PMN antipersonnel mine (Figure 11), known as the Black Widow,
was produced in the former Soviet Union. This type of mine was used in:
Afghanistan, Angola, Azerbaijan, Cambodia, Chechnya, Egypt, Eritrea,
Ethiopia, Georgia, Honduras, Iraq, Laos, Lebanon, Libya, Mozambique,
Namibia, Nicaragua, Rwanda, Somalia, Sudan, Tajikistan, Vietnam and
Yemen. The Bakelite casing is reddish-brown, with black rubber on the
top.The tactical and technical data:

— height: 56 mm,

— diameter: 112 mm,

— EC weight: 0.24 kg,

— type of explosive: TNT. (http://www.mineaction.org)

e

7 \\;\ ’

Figure 11 — PMN mine
Puc. 11 — MnHa PMN
Cnuka 11 — MuHa PMN

The PRB-M35 anti-personnel mine (Figure 12), produced in Belgium,
was used in: Jordan, Angola, Chad, Ecuador, Eritrea, Lebanon, Peru,

197

Kovacevi¢, N., Mines in use in multinational operations, pp. 186-211



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

Somalia, Sudan, Uganda and Western Sahara. Since it has a very low
metal content, it is very difficult to detect with a metal detector. The casing
is usually olive green. The tactical and technical data:

— height: 56 mm,

— diameter: 112 mm,

— EC weight: 0.24 kg,

— type of explosive: TNT. (Radi¢, 2001)

Figure 12 — PRB-M35 mine
Puc. 12 - MuHa PRB-M35
Cnuka 12 — MuHa PRB-M35

The M14 anti-personnel mine (Figure 13), produced in the USA, was
used in: Angola, Cambodia, Chad, Chile, El Salvador, Eritrea, Ethiopia,
Iran, Iraq, Jordan, Laos, Lebanon, Malawi, Mozambique, Somalia,
Vietnam and Zambia. The casing is usually olive green, but can be found
in black or green. It contains a small amount of metal so it is very difficult to
detect with a metal detector. Various copies and variants of this type of
mines are made for the needs of the armed forces of Vietnam, Turkey and
India. The tactical and technical data:

— height: 40 mm,

— diameter: 56 mm,

— EC weight: 0.029 kg,

— type of explosive: tetryl. (Radi¢, 2001)

Figure 13— M14 mine
Puc. 13 — MuHa M14
Cnuka 13 — MuHa M14

The VALMARA 69-V69 antipersonnel fragmentation mine (Figure 14),
made in ltaly, has also its copy produced in South Africa. It was used in:
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Angola, Egypt, Iraq, Kurdistan, Kuwait, Mozambique, Sudan and Western
Sahara. The casing is usually green or sand colored. It can be armed with
fuses which react to movement and pressure (by stepping on it). The
tactical and technical data:

— height: 205 mm,

— diameter: 130 mm,

— EC weight: 0.42 kg,

— type of explosive: TNT or RDX (Composition B). (Radi¢, 2001)

Figure 14 -VALMARA 69-V69 mine
Puc. 14 — Muna VALMARA 69-V69
Cnuka 14 — MuHa VALMARA 69-V69

The OZM-4 antipersonnel fragmentation mine (Figure 15) was
produced in the former Soviet Union. This type of mine was used in:
Afghanistan, Angola, Cambodia, Cuba, Eritrea, Ethiopia, Mozambique,
Namibia, Nicaragua, Sudan, Vietham, Yemen and Zambia. The mine
casing is usually olive green. It can be armed with fuzes which react to
movement, pressure (stepping on it), or distance activation. The tactical
and technical data:

— height: 140 mm,

— diameter: 91 mm,

— EC weight: 0.17 kg,

— type of explosive: TNT. (Radi¢, 2001)

Figure 15— OZM-4 mine
Puc. 15— MunHa OZM-4
Cnuka 15 — MnHa OZM-4
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The OZM-72 antipersonnel fragmentation mine (Figure 16) is a
variant of the OZM-4 mine design. The OZM-72 mine was also designed
and manufactured in the former Soviet Union. This type of mine was used
in: Afghanistan, Angola, Cambodia, Cuba, Eritrea, Ethiopia, Mozambique,
Namibia, Nicaragua, Sudan, Vietham, Yemen and Zambia. The mine
casing is usually olive green. It is characterized by a large amount of
explosive and high destructive power. The mine can be also armed with
fuzes which react to movement, pressure (stepping on it), or they can be
activated from distance. The tactical and technical data:

— height: 172 mm,

— diameter: 106 mm,

— EC weight: 0.5 kg,

— type of explosive: TNT. (http://defence.gov.au/uxo/index.asp)

Figure 16 — OZM-72 mine
Puc. 16 — Muna OZM-72
Cnuka 16 — MuHa OZM-72

The POMZ-2 antipersonnel fragmentation mine (Figure 17) was
produced in the former Soviet Union. Since it is very simple to
manufacture, this type of mine, or its copy, was used in many countries of
the world, mostly in Asia. The mine casing is usually olive green and a
wooden stake can be green or brown. It is triggered by tripwire. The
tactical and technical data:

— height: 130 mm,

— diameter: 60 mm,

— EC weight: 0.075 kg,

— type of explosive: TNT. (Radi¢, 2001)
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Figure 17 — Mine POZM-2
Puc. 17 — MuHa POZM-2
Cnuka 17 — MuHa POZM-2

The PROM-1 anti-personnel fragmentation mine (Figure 18) was
produced in the former SFR of Yugoslavia. This type of mine was used in:
Bosnia and Herzegovina, Croatia, Iraq, Namibia and Angola. The mine
casing is usually olive green. The mine can be activated by pressure or
tripwire. The tactical and technical data:

— height: 260 mm,

— diameter: 75 mm,

— EC weight: 0.425 kg,

— type of explosive: TNT. (Radi¢, 2001)

~

Figure 18 — PROM-1 mine
Puc. 18 — MuHa PROM-1
Cnuka 18 — Muna PROM-1

The M16A1 anti-personnel fragmentation mine (Figure 19), produced
in the USA, was used in: Angola, Cambodia, Chile, Cuba, Cyprus, Eritrea,
Ethiopia, Iran, Iraq, Korea, Mozambique, Thailand, Western Sahara, and
Zambia. It is one of the most common mines in the world. The mine casing
is usually olive green, with the mine name written in yellow on it. It can be
activated by pressure or by tripwire. The tactical and technical data:

— height: 203 mm,

— diameter: 103 mm,

— EC weight: 0.575 kg,

— type of explosive: TNT. (http://mineaction.org)
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Figure 19 — M16A1 mine
Puc. 19 — MnHa M16A1
Cnuka 19 — MnHa M16A1

The PP Mi-Sr Il antipersonnel fragmentation mine (Figure 20) was
produced in Czechoslovakia. This type of mine was used in: Afghanistan,
Angola, Cambodia, Costa Rica, Dijibouti, Egypt, Eritrea, Ethiopia,
Honduras, Lebanon, Mozambique, Namibia, Nicaragua, Somalia, Yemen
and Zambia. The mine casing is olive green or yellow. The tactical and
technical data:

— height: 152 mm,

— diameter: 102 mm,

— EC weight: 0.36 kg,

— type of explosive: TNT. (Radi¢, 2001)

Figure 20 —PP Mi-Sr Il mine
Puc. 20 — MuHa PP Mi-Sr I
Cnuka 20 — MuHa PP Mi-Sr Il

The M421 antipersonnel fragmentation mine (Figure 21), produced in
Portugal, was used in: Chad, Lebanon, Rwanda, Somalia, Uganda and
Western Sahara. The mine casing is usually dark green or sand colored
with yellow lettering. It is activated by tripwire. The tactical and technical
data:

— height: 114 mm,

— diameter: 46 mm,

— EC weight: 0.1 kg,

— type of explosive: TNT Composition B.

(http://www.defence.gov.au/uxo/index.asp)
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Figure 21 — M421 mine
Puc. 21 — MnHa M421
Cnuka 21 — MuHa M421

The TM57 anti-tank mine (Figure 22) was produced in the former
Soviet Union. This type of mine was used in: Afghanistan, Angola,
Azerbaijan, Cambodia, Chad, Chechnya, Djibouti, Eritrea, Ethiopia, Iraq,
Korea, Kuwait, Lebanon, Mozambique, Namibia, Nicaragua, Rwanda,
Somalia, Sudan, Vietnam, Western Sahara, Zimbabwe, and Zambia. The
mine casing is usually olive green with the mine name in black. It has an
additional well designed for a secondary fuze. The tactical and technical
data:

— height: 102 mm,

— diameter: 316 mm,

— EC weight: 6.34 kg,

— type of explosive: TNT or TGA or MS. (Radi¢, 2001)

Figure 22 — TM57 mine
Puc. 22 — MnuHa TM57
Cnuka 22 — MuHa TM57

The TM46 anti-tank mine (Figure 23) was produced in the USSR. A
version of this mine, called No 6, is produced and is in operational use by
the armed forces of Israel. This type of mine was used in: Afghanistan,
Angola, Azerbaijan, Cambodia, Chad, Chechnya, Djibouti, Egypt, Eritrea,
Ethiopia, Iraq, Kuwait, Lebanon, Mozambique, Namibia, Rwanda, Somalia,
Sudan, Thailand, Western Sahara, Yemen, Zimbabwe and Zambia. The
mine casing is usually olive green. It has an additional well designed for a
secondary fuze. The tactical and technical data:

— height: 108 mm,
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— diameter: 305 mm,
— EC weight: 5.7 kg,
— type of explosive: TNT. (http://www.mineaction.org)

e P e

Figure 23 — TM46 mine
Puc. 23 — MuHa TM46
Cnuka 23 — MuHa TM46

The TMK-2 anti-tank mine (Figure 24) was produced in the
USSR. This type of mine was used in: Afghanistan, Angola, Azerbaijan,
Eritrea, Ethiopia, lraq, Mozambique and Namibia. The tactical and
technical data:

— height: 265 mm,

— diameter: 307 mm,

— EC weight: 6.5 kg,

— type of explosive: TNT or TG-50. (Radi¢, 2001)

Figure 24 — TMK-2 mine
Puc. 24 — MuHa TMK-2
Cnuka 24 — MnHa TMK-2

The VS-2.2 anti-tank mine (Figure 25), manufactured in Italy, belongs
to the family of the VS type. This type of mine was used in Iraq and
Kuwait. The casing is usually brown or green (Radi¢, 2001). Based on this
mine, very similar mine types (VS 3.6 and SH-55) were designed; their
tactical and technical characteristics are given in Table 1 (Uprava
inzinjerije, 1999).
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Table 1 — Tactical - technical characteristics of the VS-2.2, 3.6 and SH-55 type mines
Tabnuya 1 — TaKTUKO-TEXHUYECKNE XapaKTepucTmkm MuH Tuna VS-2.2, VS-3.6 i SH-55
Tabena 1 — TakTUYKO-TEXHUYKE KapakTepucTuke MnHa Tuna VS-2.2, VS-3.6 n SH-55

e Type of mine
Characteristic
VS-2.2 VS-3.6 SH-55
height - mm 115 115 122
diameter - mm 230 248 280
EC weight - kg 2.2 4 55
type of explosive Composition B

Figure 25 -VS-2.2 mine
Puc. 25 - MuHa VS-2.2
Cnuka 25 — MuHa VS-2.2

The MK5NS anti-tank mine (Figure 26), produced in the UK, was
used in: Angola, Egypt, Jordan, Mozambique and Zimbabwe. The casing
is usually olive green. The tactical and technical data:

— height: 127 mm,

— diameter: 203 mm,

— EC weight: 2.05 kg,

— Type of explosive: TNT. (Radi¢, 2001)

L

Figure 26 — MK5NS mine
Puc. 26 — Muna PRB MK5NS
Cnuka 26 — MuHa MK5NS
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The PRB M3 and PRB M3A1 anti-tank mines (Figure 27), produced in
Belgium, were used in: Angola, Chad, Chechnya, Eritrea, Ethiopia, Iraq,
Lebanon, Rwanda, Somalia, Western Sahara and Zambia. The casing is
usually olive green with the name in yellow on it. The tactical and technical data:

— height: 130 mm,

— diameter: 230x230 mm,

— EC weight: 6.00 kg,

— type of explosive: TNT. (Radi¢, 2001)

— e ——
Figure 27 — PRB M3 mine

Puc. 27 — MuHa PRB M3
Cnuka 27 — MuHa PRB M3

The YM-III anti-tank mine (Figure 28), produced in Iran, was used in:
Afghanistan, Angola, Cambodia, Irag, Kuwait, Mozambique, Peru, Somalia,
Taiwan and Thailand. The casing is usually olive green or sand colored,
with the name written in black letters. The tactical and technical data:

— height: 110 mm,

— diameter: 270 mm,

— EC weight: 5.7 kg,

— type of explosive: RDX or TNT. (Radi¢, 2001)

e

L

Figure 28 — YM-IIl mine
Puc. 28 — MuHa YM-III
Cnuka 28 — MuHa YM-III
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The M19 anti-tank mine (Figure 29), produced in the USA, was used
in: Afghanistan, Angola, Azerbaijan, Chad, Chile, Cyprus, Iran, Iraq,
Jordan, Korea, Lebanon, Western Sahara and Zambia. The casing is
generally olive green, with the mine name in yellow on it. The tactical and
technical data:

— height: 94 mm,

— diameter: 332x332 mm,

— EC weight: 9.53 kg,

— type of explosive: Composition B. (http://www.mineaction.org)

Figure 29 — M19 mine
Puc. 29 — MnHa M19
Cnuka 29 — MuHa M19

The M6 anti-tank mine (Figure 30), produced in the USA, exists in
several versions: M6A1, M6A2 and M15. This type of mine was used in:
Angola, Korea, Cyprus, Lebanon, Rwanda, Thailand and the Western
Sahara. The mine casing is usually dark olive green with the mine name in
yellow. The tactical and technical data:

— height: 83 mm,

— diameter: 333 mm,

— EC weight: 4.45 kg,

— type of explosive: TNT. (Radi¢, 2001)

Figure 30 — M6 mine
Puc. 30 — MuHa M6
Cnuka 30 — MuHa M6
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Conclusion

Due to the lack of literature as well as inadequate and sometimes
poor technical quality translations of training materials, SAF and MoD
members preparing to join MnOps face an increased risk of getting injured
while performing their regular tasks.

Working with mines and other types of ordnance is very hard and
complex psycho-physical work which requires, first of all, a very good
theoretical knowledge of mines, physical fithess, but also practical mine
clearance training. Work with mines in MnOps is made more difficult
because the members of the SAF and the MoD are not sufficiently familiar
with the tactical and technical characteristics of certain types of mines that
can be found in the areas where MnOps are deployed.

Quality training, as a process with all its elements, is the basic
measure for preventing accidents at work with mines. The base of any
kind of training consists of equipment (disposable goods included),
instructors and literature. Untrained personnel are a result of the lack of
any of these training elements. This paper hopefully contributes to the
expansion of the existing literature in this field.
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MWHbI B MPOLECCE MHOIOHALIMIOHANBHBIX OMEPALIN

Henad B. KoBaueBuny
YHuBepcuTeT 060poHbI B I. benrpag, BoeHHas akagemus, Kagetckas
opuraga, benrpag, Pecnybnnka Cepbus

OBJIACTb: BoOpy>XeHWE 1 BOEHHOE 060pyLoBaHNE
BWO CTATbW: npaktnyeckuii onbIt
A3bIK CTATbW: aHrnunckun

Pe3swome:

BoerHocnyxauue MuHucmepcmea obopoHsi Pecriybniuku Cepbusi
(Ganee no mexkcmy: MOPC) u BoopyxeHHbix cun Pecnybnuku Cepbusi
(Ganee no mekcmy: BCPC) ¢ 26.06. 2012 eoda ripuHuMarom ydacmue 8
MHO20HaUUOHarbHbIX orepayusix (Oanee no mekcmy: MHOR). Ha
ce200HsAWHUl OeHb 8 Oecsimu MHOn OpeaHusauuu 06beOUHEHHbIX
Hauuu (Ganee no mekcmy: OOH), nposodumbix 8 pa3HbiX crmpaHax Mupa,
yyacmeyrom 247 npedcmasumeneli MOPC u BCPC. Knrouvesol
npobrnemol, eo3Hukarowel 8 npouecce ocywecmeneHuss MHOn OOH
sensemcsi  npouedypa npu  OBHapyXueaHUU  MUHHO-83PbI8HbIX
ycmpoticme (danee no mekcmy: MBY). [naeHol npobnemod npu
rpogpeccuoHarnbHoU  rodzomoske  cryxawux MOPC u BCPC,
Harpasnsembix 8 MHOn OOH sensiemcsi omcymcemeue docmamo4yHO20
Konudecmea KeasnughuyuposaHHbIX UHCIMPYKMOpos, maKk Xe Kak U
y4ebHbIx nocobul. B cmambe npedcmaseneH 063op docmyrnHol
uHgpopmauuu o MBY MuHax — camMoM pacrpocmpaHeHHOM eude MUH,
0bHapy>KeHHbIX Ha mepumoppuu rnpoeodumbix onepayuti MHOm OOH. C
uesnbio npeodorieHUss MUHHOU OrnacHoCcmu Heobxo0uMo ocesimumb
ocoboe eHUMaHUe rpogbunakmuke, U rMpogeccuoHarnbHoU Mod2omoske
nuu-yyacmrukoe MHOn OOH. Cmambsi OCHo8aHa Ha Mamepuarnax
docmynHol Ha OaHHbIU MOMeHmM fumepamypb! U Ofbima y4acmHUKO8
MOPC u BCPC 8 MHOmn OOH.

Knrouesbie criosa: npoghunakmuka, MHO20HaUUOHa IbHbIE onepayuu,
be3onacHOCMb, 83pbI8, MUHbI.
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MWHE HA TEPUTOPUJUN M3BOBEHA MYNTUHALUNOHAITHUX
OMEPALINJA

HeHad B. Koeauyesuh
YHuBepauteT ogbpaHe y beorpaay, BojHa akagemuja, Kagetcka 6puraga,
Beorpan, Penybnuka Cpbuja

OBNACT: HaopyxaHe 1 BojHa onpema
BPCTA UYJTAHKA: uckyctea 13 npakce
JESNK YJTAHKA: eHrnecku

Caxemak:

lMpunadHuyu MuHucmapcmea odbpaHe (MQO) u Bojcke Cpbuje
(BC) aHzaxyjy ce y mynmuHayuoHnaHum onepauujama (MHOM) od 26. 6.
2002. eoduHe. TpeHymHo je aHeaxoeaHo 247 npurnadHuka MO u BC y
ykynHo 10 MHOn YjeduweHux Hauyuja (YH) wupom ceema, y
pasnuyumum  yriozama. Y MoKy €02 aHeaaxoeara OHU Mopajy
nowmosamu odpeheHy npouedypy NPUIUKOM Hauslacka Ha HEKy epcmy
MUHCKO-eKcriosugsHux — cpedcmasa (MEC). [lpunukom  npurnpeme
npunadHuka MO u BC 3a cnawe y MHOn YH jaerba ce, kao jeGaH 00
OCHOBHUX npobnema, Manu 6poj KearnugukogaHUux U OBy4YeHUX
UHCMpYKmMopa, Kao u Hedocmamak HeornxooHe fiumepamype. YnaHak
npedcmaerba 36uUpHU ripeaned jedHe epcme MEC — muHa, OOHOCHO
Haj3acmyr/beHUjux epcma MuHa Koje ce Moey Hahu Ha Hekum 00
mepumopuja Ha kojuma ce u3sode MHOM. Padu npeseHyuje HacmaHka
He3zo0a Koje npoy3poKyjy MuHe, nocebHa naxHa Mopa ce rnoceemumu
0byuu, odHocHo nipunpemu npunadHuka MO u BC 3a yvyewhe y MHOnR
YH. Pad ce npesacxoOHO 3acHuga Ha MPEHYMHO pPacriofioXueof
Jiumepamypu, anu u Ha uckycmeuma nipunadHuka MO u BC koju cy 6unu
aHeaxosaHu y MHOnN YH.

KrbyuHe peun: muHe, yrnompeba, obyka, MysimuHayuoHasHe onepauuje.
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CABPEMEHO HAOPY>XAHE 1 BOJHA OINMPEMA
COBPEMEHHOE BOOPY>XXEHNE N BOEHHOE OBOPYJOBAHUE
MODERN WEAPONS AND MILITARY EQUIPMENT

Cnoeayka nipuka3syje 6opbeHo 8o3ursio newaduje Corsac'’

Cnosayka komnaHuja MSM Group npukasana je HOBO Ba3gyLUHO
TpaHcnopTHo 6op6eHo Boawno newaauje (BBIT) Corsac y koHdurypaumjn 8x8,
Koje je npousBedeHO Ha OCHOBY OKIMOMHOr TpaHcrnopTepa newaguje Steyr
Pandur Il, komnanwuje General Dynamics European Land Systems.

OBO BO3MIO MPOM3BEAEHO je Ha OCHOBY NoTpeba CnoBayvykmx OPYKAHUX
cHara v onpeMrbEHO JArbMHCKM yrnpaBrbaHoM KyrnonoM Turra 30.

BasdywHo mpaHcriopmHo 6opbeHo so3suro newaduje (bBr1) Corsac

MpoTtoTtun je gumeHsunja 7,43 mx2,6 m 7x2,95 m ca knmpeHcom og 0,45 m.
Bosurnom ynpasrea nocaga of Tpy YnaHa — KoMaHamp, Bo3ay U HULLaHLKja, a npe-
AsuheHa decaHTHa nocaga cactoju ce of wect ynaHosa unu 9.500 kr TepeTa.

Banuctuuka 3awTuTta 3a Tpyn je Ha HMBoy STANAG 4569 L2 3a Tpyn un
STANAG 4569 L3a/b n y cdyHKuMju je 3awtuTe og MyHa. banuctuuky 3awtuty
moryhe je nosehatu Ha HUBo STANAG 4569 L3 nnn L4 nytem gogaBana goaa-
THor applique okrona ca KepaMuUykuM ymeLmma.

Bosuno je onpemrbeHo n onpemom 3a 3awTtuty og HBEX gejctaBa cacta-
B/beHOM of, ypehaja 3a npounwhaBarwe n xnahewe Basgyxa FVZ-98M, pete-
KTopa oTpoBHMX racoBa RAID X P u komnneTa 3a gekoHtamuHaumjy OS-3M.

' Jane’s International Defence Review July 2016




Bosuno nokpehe Typ6o xpawenn ansen motop Cummins ISL HPCR, cHare
450 KC, koju my omoryhaBa makcumanHy 6p3uHy og 115 km/caT Ha OTBOPEHOM
nyTy ca pagujycom gejctea og 650 kM. OnumoHa amdmbujcka cnocobHOCT oMo-
ryhaea Bo3uny ga nnoswu 6pauHom of 10 km/cart.

Kynona Turra 30 moxe 6utn HaopyxaHa Tornosuma 30 MM, Kao LUTO Cy py-
ckn 2A42 wnn amepundkn Bushmaster Mk 44. NomohHO Haopyxare cacToju ce
oA muTparbesa 7.62 mm nnmn 12.7 mm. Kynony je moryhe onpemutn n ca ase
npotueTeHkoBcke pakete 9M113 Konkurs (NATO AT-5 ,Spandrel”), anu n uspa-
enckum paketama Spike komnaHuje Rafael.

Hpaeax M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: ““http://orcid.org/0000-0003-1620-5601

Cyriep kagumauuoHa MyHuyuja’

Komnanuja DSG Technology 3anovena je npon3Bogwy CynepkaButaLoHe
BMLUEHaMEHCKe MyHuUMje koja omoryhaBa rahamwe meTta y Boau un borbe edekre
norogaka no CriojeBUTUM LUrbeBUMa.

HakoH 10 roguHa pasBoja KoOMnaHuja je 3anodena npou3BogHy U UCMOPYKY
HATO unaHuyama 6e3 npeunsnpansa 0 Kojum ce 3eMrbama pagu.

MyHuumja ce npepahyje ynotpebom TakossaHe Cav-X TexHororuje koja ce
MOXe NPUMEHUTN Ha CBakKy BpPCTy MyHuuuje. Kaga objekat Haufe Ha TeyHocT
npu 6p3mHama sehum og 100 m/c, npuTUcak Te4HOCTU M3a objekTa cMmamyje ce
ncnoa napHoOr NpUTUCKa TEYHOCTU U Ha Taj HauuMH dhopMupa TeYHY OMHy, KaBu-
TeT, koja obyxsaTta cam objekar.

MyHuumja ca ecektom Cav-X TexHonorumje cagpXu KaBUTaLMOHO je3rpo
koje doopmupa kaBuTeT Beher obvma of camor npojekTuna, Tako Aa BoAa BpLuM
nputucak camo Ha Bogehu geo kasuTeta.To omoryhyje, nopea ocrtanor, ga
npojektnn yhe n n3afe 13 Boge 6e3 pukoweTa U yrpoxasBara npujaTerbekux
nnu umMBMHKX nnosuna.To 3Haum Aa Cav-X MmyHuUMja moxe 6utn ynotpebrbeHa
y oabpaHM npoTvB Topneda uWcnarbeHUMX ca MOBPLUMHCKAX WU MOABOAHUX
nnatgopmn. Ha npumep, 6pogoBM HaopykaHM cuctemmma 3a Gnmcky ogbpaHy
Phalanx mory rahatu gonasehu Topnego Ha UCTU HauYmH Kao u gonasehe pakete,
6e3 cTpaxa ga he ce npojekTuny ogbuTtn 1 pyKoLLIETMPATK Ca NOBPLUMHE BOJE.

KomnaHuja mMoxe npousBoanTM MyHUUW)Y Yy TPW KaTeropuvje: MakCcuMarHy,
cpeary 1 NOA3BYYHY Y 3aBUCHOCTU Of HaMepa KnujeHTa, wro he omoryhutn ko-
pUCHULMMA KYMOBUHY MyHWLMje 3a ynoTpeby no uurbeBuma Ha BOOU UMK KOMHY,
O[HOCHO MO BULUECIOjHUM UIN OKMONHUM LUrbeBUMA.

WNako ce Cav-X TexHomnorvja moxe ynotpebutun 3a csakv kanubap, Hasoau
ce fa je ebeKTUBHU OOMET cynepkasuTaumoHe MyHuumje 5.56 mm 700-900 m y

2 Jane’s International Defence Review July 2016
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Ba3gyxy u 10-11 m y Boau, AOK je ko4 MOA3BYYHOr NyH-eHa npojektuna gomet
600 m y Basgyxy u nsamehy 12 n 14 m y sogu.

MyHuumja kanubpa 7.62 Mm MMa TUnNn4YHKM pagujyc gejctea og 1.100 m y
Basayxy u 20-2 m y Boau, OOK je pagujyc aejctea MmyHuuuje 12.7 mm, 2.200 m y
Ba3ayxy v oko 60 m y Bogu.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: “=http://orcid.org/0000-0003-1620-5601

Paseoj pakema sa30yx-ea30yx 3a 6opby eaH au3yesiHo2
domema’

Op pacnaga Cosjetckor CaBesa na cBe OO HedaBHO Huje Guno cnopHo
rnocTojakbe BasgyllHe CyrnepuopHOCTM AMepuke U HEeHUX CaBe3HWKa M TO
3axBasbyjyhn HagMohHUM BasgyLHMM nnaTopMama, TakTukama U HanpegHum
pakeTama Ba3gyx-BasfyX, a HapOYUTO OHMM 3a [efioBawe BaH BU3YerHor
aomerTa.

Hoeu u3a3zos

MHBecTupare Pycnje n KuHe y HanpegHe noBayke TexHoOMNorunje kao LTo
cy pasBoj netenuua nete reHepauuje, Sukhoi T-50 PAK-FA un Chengdu J-20,
kao n cee Behu 6poj HanpegHux noeaua Sukhoi Su-35S ,Flanker E” n Shenyang
J-11D, y3 3Ha4vajHM Hanpegak y pas3BoOjy pajapa ca akTUBHUM EeJTeKTPOHCKUM
ckeHupaweM (AESA) n uHTerpaunjy mohHux ypehaja 3a enekTpoHCKO paToBa-
ke, cafa NpeacTaBrbajy 3HavyajaH n3asoB BasayLUHOj goMuHaumjym CAL 1 heHux
caBesHuka. [MapanenHe nHBecTMUMje Y pa3Boj opyxja 3a 6opby Ba3gyx-Ba3gyx
npecTaBrba HOBM JodaTHW npobnem 3anagy Koju je goca 6o HENPUKOCHOBEH
Ha Nosby NOMEHYTUX TEXHONOrWja.

Pycwuja TpeHyTHO pa3Buja Benvkn 6poj cuctema koju cy 6unu npeasuheHu
ocameceTux roauHa, anu He u peanusoBaHu 36or kpaxa CCCP-a n HakHagHor
eKkoHomckor konanca Pycuje. Mefly oBuM cuctemmma Hanase ce pakete R-77
(AA-12 ,Adder”) ca akTMBHMM pafapCkum HaBONEHEM U HeHa N3BO3HA Bep3uja
Takohie papapckm aktmBHo BoheHa RVV-AE R-37 (AA-13 ,Arrow”) koja je
npogata Knnu.

MoyeTak 2016. roguHe obenexuno je yBohewe y onepaTuBHy ynotpeby
pakete AA-12B/R-77-1 Ha nosuy Su-35S, WwTO npeactaBrba nNpBy cepujy
MogepHu3oBaHux paketa R-77. Y nopeherwy ca ocHoBHOM Bep3ujom R-77, koja
je Bpno cnuyHa ekcrnopTtHoj Bep3uju RVV-AE, R-77-1 nma HanpegHe ynpas-
Jbayke MOBPLUMHE W aepoauHaMWKY, yHanpeheHe eneKkTPOHCKE KOMMOHEHTeE,
N3MereH npedrun 4eo U Mano ayxe Teno ca Behom KOnMYMHOM MOroOHCKOr ro-
pvBa fa nma Behu pagujyc gejctea y ogHocy Ha RVV-AE/R-77.

® Jane’s International Defence Review July 2016




MpeTnocTtaBrba ce aa he mogen AA-12B 6utu nponseeneH y Behem 6pojy
3a gomahe TpXuwwTe, anv 1 3a N3Bo3 Nof ApyroM o3HakoM. lNopep Tora, Pycuja
pagu Ha mogepHusaumju pakete R-77 koja he HakoH Tora HocuTK o3Haky R-77M.
To he npeacTaBrbaTn 3Ha4YajHy MogepHN3aLmjy OCHOBHE Bep3uje pakeTe koja he
nmaTtu nosehaH gomeT n 6orbe nepdopmaHce.

Y ncTo Bpeme, pycka koMnaHuja pagu Ha paseojy pakete R-37M/RVV-BD
AA-X-13 ,Axehead” unu ,Arrow” koja he Hacnegutn pakety K-37M koja je Tpe-
6ano ga 3ameHn pakety R-33 (AA-9 ,Amos”), OCHOBHO Opyxje Ayror gometa
nosua npecpetada MiG-31BM ,Foxhound”. [JaHac y pyckom apceHany nocrtoje
OBa cuctema npecpetamwa gyror gomerta. BeposaTHo ga he ycaBplueHa Bep3uja
pakeTe R-77 6uTn noHyfeHa 3a M3B0O3 y pasnuuutum Bep3aunjama. Pycuja he, Be-
poBaTHO, NoHyauMTu 1 pakeTy AA-X-13 kao Oeo Haopyxawa nosua Sukhoi Su-
358 ,Flanker E”, a 6uhe nHTepecaHTHO BUAeT aa nu he oHa 6GMTK Aeo nakeTta
cnopasyma 3a npogajy nosua Su-35S KuHn.

N y Kunn ce gelwaBajy 3HavajHe npoMeHe y CEeKTopy BOfeHOor Haopyxama.
lNognHe 2002. passujeHa je paketa PL-12, uvja he n3BO3Ha Bep3uja HOCUTU
o3Haky SD-10. Pagn ce o pakeTm ca aKTMBHMUM pagapCckMMm HaBohew-em 3a
JejcTBa Ha uurbeBe BaH Bu3yenHor gomeTa. PakeTy je npojektoBana KuHa ¢
TMUM [da Heke KOMMOHEHTe, Kao LWTO Cy AM3ajH Tparaya, Ou3ajH cuctema
ynpaBrbarwa U nHepumjanHi HaBuralMoHn CUCTEM NOTUYY U3 pycke MHOYCTpuje.
MojaBune cy ce 1 nHopmaumje o pasBojy pakete nog Hasneom PL-15 koja 6u
nmana jow gyxu gomet. NoguHe 2014. Ha cajMy BasgyxonnoOBHE TEXHUKE Y
KuHu npukasaHa je unycTtpaumja BulLeHaMeHCKor Hesuarbumsor nosua FC-31
KOju je y CBOM MHTEPHOM CKIaguLITy HOCUO pakeTy BPro CNWYHY pakeTu Tuna
pamieT MBDA Meteor. OBge ce oneT NnoMukbe NogpLuKa pycke aBMo-MHOYCTpuje
Y UCTpPaXuBaky 1 NPOjEKTOBakYy pakeTa ca pamileT noroHom. MNMpeTnocTtasrea ce
AOa je KuHa Beh Hekux geceT Jo NeTHAEeCT rognHa y OBOM UCTPaXXMBAYKOM MOSby
(pa3Boj pakeTa Basgyx-Basgyx ca pamieT MNOroHoMm).

3anagHv paTHu nnaHepu Cyo4vaBajy Ce ca M3a30BOM KaKO Oa KOHTpUpajy
pa3Bojy nnatcopMu 3a BasgyLUHy JOMUHALM)y N pa3Bojy pakeTa Ba3gyx-Basgyx
KuHe n Pycuje, ann n gpyrnx gpxasa koje 6w morne ga gofly y nocen ose
TexHonoruje.

HeornxodHe usmeHe

Jow op ocampgecetux roguHa CA[l nokywaBajy ga noborbluajy nepgop-
MaHCe CBOjUX pakeTa BaH BM3yenHor JOMeTa, Hapo4MTO Ha Norby pakeTta ca
Ba3dyLWHUM NyH-EeHeM.

Mpen kpaj ocampeceTux rogmHa, OAHOCHO Mpea caMm Kpaj xnagHor paTta
passujaH je nporpam AlIM-152 koju je Tpebano ga pesyntupa pakeToMm Hacne-
OHVKOM YyBeHe pakeTe 3a 6opby BaH Bu3yenHor gometa, AIM-54 Phoenix. po-
rpam pakete AIM-152 Huje HuKag 3aBpLueH ¢ 063upom Ha pacnag CCCP-a u Ha
Taga rotoBo Henoctojehy npeTtwy Oombapgepa  gyror gometa TU-22M
.Backfire” n Tu-160 ,Blackjack” 36or kojux je Ta pakeTa pasBujaHa.

Mamehy 1987. n 1997. roguHe Amepuyko paTHO Ba3gyxOMnfoBCTBO je Cro-
H3opuWcano pa3sBojHM Mporpam Koju je UMao 3a UMb pa3Boj HOBOI pamileT NOroH-
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ckor nporpama (VFDR) Ha ocHOBY kojer je Tpebano passutu geo koju 6u 6uo
yMeTHYT Ha noctojehy pakeTty AIM-120 AMRAAM. Ha ocHoBy oBor nporpama
n3paheHa cy gBa cucrtema koja cy Ouna nogBprHyta TECTOBUMMA Ha 3EMIbMW.
Cnepehu nporpam nog HasmeBom ASMT 3anodyert je npeg kpaj 1996. rognHe u
MMao je 3a UMb pasBoj TEXHONOrMja 3a pakeTy koja Ov ocTBapuna BasgyLUHY
Hagmoh. Y okBMpY OBOr nporpama BpLUEHO je UCTpaXuBare W pasBoj pamieT
MoTopa. Kpajiu unrb nporpamMa pasBoja HoBe reHepaumje pakeTa 61o je pasBoj
pakeTe 3a Hanaj Ha unrbeBe BaH BU3yenHor gomeTa koja v 3ameHuna pakete
AIM-120 AMRAAM n AGM-88 HARM. Ogaj nporpam je npekuHyt Tokom 2012,
rogvHe ,360r npuopuTeTa y passojy U dMHaHCUpamy paTHOr Ba3gyxonnoBscTea”.

AmMepunyko paTHO Ba3gyxOMnioBCTBO Y OBOM TPEHYTKY HemMa HujedaH npo-
rpam Koju je y notnyHoctu nocseheH pasBojy cnepehe reHepauvje pakeTa 3a
6opby BaH BM3yenHor gomMeTa Kojum OuW onpemuna cBoje neTenuue nete
reHepauuje. OBum nertenvuama TPeHYyTHO npeocTtaje ynotpeba paketa AlM-
120D un3 nporpama AMRAAM. CjeanneHe [JpxaBe cy came cebe nputepane y
hollak orpoMHUM ynarawMMa y pa3Boj HEBUASbMBKX NnaTtdopmm 6e3 ogroeapa-
jyher pasBoja Haopyxara Ba3gyx-Basgyx.

OnpaBgare 3a OBaKkBO Kallkehe Yy pasBojy pakeTa Basdyx-Basgyx Be-
nuKor AomeTa Tpaxwu ce y criegehoj normym: ako ynpaerbate aBUOHOM YETBPTE
reHepauvje oHga 3HaTe Aa BaCc OHaj ApyrM MoXxe BMAETM M Taga Bam Tpeba
npojekTnn Beher gomeTta, anu ako ce HanasuTe y neTenuuu nete reHepauuje,
pakeTa Beher gomeTa je 06myHO Beha 1 Texa, a Huje NPMopUTET NO CBaKy LieHy,
jep Bac Henpwvjaterb He BUAM W HEe MopaTe ra Hanagatu ca Behux garouHa. [Ja-
Kne, No Toj noruun, neTenuum nete reHepaumje Tpeba BuULLE MawKX pakeTa Koje
MOTy CTaTh Y UHTEPHO CKMaguLITe aBMOHA, a KOje Cy Mawe, arunuHuje un jedTm-
Huje.

loguHe 2013. komnanuja Lockheed Martin Missiles and Fire Controle 3a-
noyena je pag Ha pakeTama Ba3gyx-Ba3gyx Oyror JOMeTa Ha OCHOBY 3axTeBa
amepuuke areHumnje DARPA (Defence Advanced Research Projects Agency).

OBa komnaHuja pasmaTtpa pakeTe ca BasgyLHUM MyHeHeM 1 OpyruM Mo-
roHMMa, ykrbyyyjyhu BulleuMmnyncHe MOTOpe ca pasnuuuTM BpcTama Ha-
Bofhewa y uctoj knacu n rabapurtetnma pakete AlM-120 AMRAAM. PasBuja ce
n paketa Cuda, koja 6u 6una ynona mawa of pakete AIM-120 AMRAAM, ca
pagjapckum akTMBHMM HaBoherwem. OBa paketa 6una 6u HameweHa nosumma F-
35 n F-22. Hucy patv nogaum o JOMETY OBe pakeTe, anu ce npeTnocTasriba Aa
6w eHa aBocTeneHa Bepauja nmana sehu gomeT 1 Behu pagujyc aHraxoBara
uurbeBa y ogHocy Ha pakeTy AMRAAM.

Hosu AMRAAM

Y mehyBpeMeHy jeouHa pakeTa cpefwer u gyror gjomeTa koja je y yno-
Tpebu Ha amepuykum netenuuama je AIM-120 AMRAAM y BapwjaHTu D, koja he
Ce Hanasutu y Haopyxamny HoBor nosua F-35. Paketa AMRAAM je gomuHmpa-
fa Kao OCHOBHO OpYyXje 3a 6opby y Ba3ayLWHOM NPOCTOPY, ako ce u3ysme pake-
Ta MBDA MICA ca nHdpaLpBeHUM/akKTUBHMM pagapckMM HaBofeweM Ha aBu-
OHuMma dpaHLycKor paTHor BasgyxonnoBcTBa Tuna Dassault Mirage u Rafale.
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MoguHe 2016. paketa MBDA BVRAAM Meteor gobuna je possony 3a one-
patuBHy ynoTpeby Ha nosuy JAS 39 Gripen C, gok pakete AIM-120 C-5/C-7
OCTajy OCHOBHO OpyXje 3a ocTane KoannunoHe aBUOHE.

AyCTpanujcko KparbeBCKO Ba3dyXOMfioBCTBO NocTahe NpBU KOPUCHWK HO-
Bux paketa AIM-120 AMRAAM y BapujaHTM D HakoH moTnucaHor yroBopa 3a
ncnopyky 450 komaga oBux pakeTa Kojuma he 6utu onpemrbeHn nosum F/A-18,
E/A18G un F-35.

Paketa AMRAAM pedvHUTUBHO crnaga y neTy reHepauujy paketa Basgyx-
Ba3gyx. Paketa AIM-120 AMRAAM y BapwujaHT D nocenyje ypehaj GPS 3a wnc-
nomoh Hasuraumje, WTO yTu4e Ha noborbluiaHy HaBuraumjy M ABOCMEPHU data
nuHK pagu Behe KoHTpone duHanHor HaBofewa. PakeTa noceayje HOBU HaBu-
raumMoHn codTeep 1 nosehaHy OTNOPHOCT Ha eNEKTPOHCKO OMeTare. 3HaTHO je
nosehaH JOMeT nyTeMm ckpahuBara KOHTPOSHOI akTyaLMoHOr cuctema v goaa-
Batba ynpaBrbaykmnx nepaja Ha 3agweM Lefly pakeTHOr MOTopa, anu ce He Ha-
BOZE MPeLM3HM nodaum o paavjycy gejcrea.

TpeHyTHO He MOCTOje MNaHOBM O AoAdaBakwy paMLeT MOoroHa pagu no-
Beharwa AoMeTa, jep je TakaB MOroH norogaH 3a OejcTBO y MaweM 6pojy 6op-
OGeHnx cuTyaumja, a MoXxe ce gecuTtu u ga ynotpeba pamiera nocraHe KOHTpa-
NpoAyKTMBHA C 063MPOM Ha TO da Cy TaKBU MOTOPWU CMOPUjK O, KIacu4HMX pa-
KETHUX MOTOpa NPWUIMKOM CTapTa, WTO 3Hayun ga 6y pamieT MOTOp MOrao Yak
yCcrnopuTu pakeTy y ogpeheHum cutyaumjama.

Paketa AMRAAM je y noTnyHocTu nporpamabunHa n 6uhe codTBepcku
HagorpahyBaHa y cknagy ca rnojaBoM HOBUX MPEeTHW. TPEeHYTHO ce paau Hado-
rpahuBame codpTBepa koju he omoryhutn paketu Behy OTMOPHOCT Ha ene-
KTPOHCKO OMeTahe, a pa3MuLLIba Ce U 0 ONUMjU yMpeXKaBara pakeTe.

Pa3seoj y Eeporiu

JegaH geo eBponckux 3emarba, kopucHuka paketa AMRAAM, npenasn Ha
HoBy pakeTy MBDA BVRAAM Meteor.

PakeTtom Meteor 6uhe onpemrbenun nosum Typhoon, Rafale u Gripen, a
BputaHum pasmuwsbajy Aa v ceoje nosue F-35 onpeme osom paketom. Opo-
OpeHa je weHa npogaja Cayawmjckoj Apabwju, wTo he npeacraBbaT NpBU M3-
BO3HM YroBOp 3a OBaj NpojeKTun.

Paketa Meteor HameneHa je 3a Hanag Ha Benuky Opoj BasayLHUX MeTa,
nosue, 6ombapaepe, TpaHCNOPTHE aBNOHE U XeNuUKoNTepe, Kao 1 Ha LUnibeBe ca
ManuMMm pagapckum ogpasoMm. Pokyc pasBoja oBe pakeTe 6umo je noborblane
30HE aHrakoBawa UnrbeBa u Beha OTNOPHOCT Ha €NTEeKTPOHCKO OMeTaHse.

Of oBe pakeTe o4ekyje ce aa nma pagujyc gejctea pakete AlM-54 Phoenix
n maHeBpabunHoct pakete AMRAAM. KrbyyHn napametpu nepdopmMaHcu
yKIby4yjy gomeT og npeko 100 kM, 6p3vHy oa 2,5 Ao 4 maxa, BUCUHY Hanaga Ha
uurbeBe of HMBoa mopa Ao npeko 27.000 M, cBepakypCHW 3axBaT UuUrba U
paMLIET MOrOH Ca YBPCTUM PAKETHUM FOPMBOM KOjUu OM MOrOHMO pakeTy Ao
npecpeTama unba.
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Hoea pakema MBDA BVRAAM Meteor Ha nosuy Gripen

Pakema MBDA BVRAAM Meteor Ha nosuy Typhoon
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Pakema Meteor

Paketa Meteor ynotpebrbaBa MexaHW4Ku1 akTUBHW pagapcku Tparad Ha Ky
TanacHoj OYXMHW KOjU je 3aCHOBaH Ha Tparady y paketu Ba3gyx-Ba3gyx MICA.
OnpemrbeHa je OBOCMEpHMM [faTa fMHKOM, Mako he pakeTa, HameneHa
ynoTpebu nosuy Rafale, 6utu onpemrbeHa jeAHOCMEPHWM AaTta JMHKOM
(BepoBaTHO 300r cmamer,a TpOLUKOBa). PakeTa je onpemrbeHa yaapHuM U
OrM3MHCKMM ynarbadymMma 1 pacnpckaBajyhom 60jeBOM rnaBoMm ca NyHeHeM 0f
Tewkor meTana.

BydyhHocm pakeme Meteor

Cnepehu uyuknyc mogepHusaumje pakete oyekyje ce Tokom 2020. roguHe,
kaga he 6utn ogrosapajyhe Bpeme 3a yBohene HOBUX TexHonornja pagn 6opbe
npoTMB HoBUX npeThskn. O4yekyje ce uHTerpaumja Tparadya AESA, BepoBaTHO
UCTOr TUNa KOoju je caja Yy npouecy WCTpaxumBawa, a HaMeleH je HOBOj
NpoTMBOPOACKO] pakeTn Kojy passuja komnaHuja MBDA. UHTerpaumja Tparava
oBor Tuna omoryhuhe ynotpeby pakete Meteor y ynosun Hanaga Basgyx-3emrba,
a He caMo Ba3gyx-Basayx.

Takohe, oyekyje ce nHterpaunja GPS jeanHuue 3a moryhHOCT Hanaga Ha
KOMHEeHe uurbeBe.

MoroHckn cuctem he ce Takohe Hahu Ha nuctM Moamdukauumja Kpos
yrpagswy aganTUBHMX BasdyWHUX yeUcHUka. OHu cy noTpebHu ¢ 063npom Ha To
[a HaKoH cTapTa pakeTe, kaga ce OTBOpEe Ba3gyLUHW YCUCHULM, OHW CTBapajy U
BENWKN Ba3gywHu otnop. Ca yrpagwom BapujabunHe reomeTpuje cmamsno ou
Ce 1 Ba3gyLUHM OTMOP M ONTMMK30Bane ocobunHe pakeTe.

KooriepamusHu pa3eoj

Moyetkom 2016. rogMHe GPUTAHCKN M janaHCKWM 3BaHWYHULM 3aBpLUMAK CY
ApYyrM Kpyr pasroBopa O MOryhHOCTW MnpojeKkToBaka 3ajedHuYKe HOBE pakeTe
Ba3gyx-Ba3gyx (JNAAM — Joint New Air-to-Air Missile). JanaH je nspasno xerby
3a onpemareM CBojux nosaua F-35 HoBMM pakeTama 3a 60pOy BaH BU3yenHor
aomerTa.
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OBa capagwa Morna 6w ga goBede OO pa3Boja HOBe Bep3uvje pakeTe
Meteor y okBMpy Koje 61 janaHcke KomnaHuje passune HoBu AESA Tparad, amm
je nuTawe ga nm he ocTtane 3emrbe Koje ce Hanase y 3ajedHUMYKOM Mporpamy
pasBoja pakeTe [OO3BONMMTU OBakaB yTuUaj Ha Kojem uHcucTupa Benwuka
BpuTtaHuja, Hapo4UnTO Nocne HeaaBHUX OANyKa Te 3eMSbe Ha pedepeHaymy.

Mspaencka komnaHuja Rafael Advanced Defense Systems mogepHusoBana
je cBojy pagapckum BoheHy pakety Derby | y HoBy Bepaujy ca noBehaHum
OomMeTom 3a 6opby BaH BM3yenHor  gomeTta nog  O3HAKOM
[-Derby ER. OBa paketa uma Macy oA 127 Kr n uM3MeHeH Tparad Koju je
3acHoBaH Ha Tparady ynotpebrbeHoM Ha pakeTu npecpetady Tamir ca
npoTMBpakeTHoOr cuctema Iron Dome.

Pakema I-Derby ER Ha nosuy F-16

I-Derby ER yBogu HOBM [OBOMYNCHUM pakeTHM MOTOP KOjUM ynpasrba
ayToOMaTCKM MUAOT Yy OKBMPY METHOr MnfiaHa pakeTe, WTO JoBOAWM A0 AodaTHOr
ybp3arwa n maHesapabunHoctu. [lBonyncHu motop nosehasa AOMeET pakeTe Ha
100 km. PakeTa pacnonaxe ABOCMEPHMM AaTa NIMHKOM, WTO oMoryhaBa aB1OHy
KOju naHcupa pakeTy [a pasmewyje cBe WHpopmauvje usmehy pakete u
aBWOHa, HaApOYNTO OHe Koje ce Tu4y ogabpaHe meTe U Apyrnx NoTeHuMjanHux
meTa y 6nunsmHun. Paketa nocenyje Benunky OTNOPHOCT Ha €NeKTPOHCKO OMeTake
1 MOryRHOCT aHrakoBaka NpoTUB LMIbeBa y CBMM BPEMEHCKUM Mpunnkama.

JyxHoadpuyka komnaHuja Denel Dynamics o6jaBuna je Tokom 2013.
roavHe KOHUenT ,aKTMBHOI TEXHOMOLWKOr AeMOHCTpauuoHor nporpama” 3a
pa3Boj byayhe pakeTe Ba3ayx-Ba3dyx Ha JarbuMHama BaH BU3yenHor gomerta ca
gomeTtom Ao 100 km.
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KomnaHuja je npeTxogHO UcTpaxkusarna noroHe tvna pamueT 3a ynoTpedy
Ha garbvMHama BaH BM3YyeriHor JOMeTa, anu HoBa pakeTe nog o3Hakom Marlin
nmahe OBOMNYNCHU pakeTHU MOTOp Koju y JyxHoj Adpuun passuja komnaHwuja
Rheimetall Denel Munition, gok he akTmBHM pagapcku Tparad passujaTu
komnaHuja Denel.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: "= http://orcid.org/0000-0003-1620-5601

PammHa uckycmea ¢ppaHUycko2 meHKa Leclerc?

Kaga je yBegmeH y Haopyxawe paHuycke BOjcke, jeaaH dpaHLyCKu
oduump je NuTao CBOje Konere wwTta MUCre O HOBOM CynepTeHKy, a Kaga cy
niTann o KOM TEHKy ce paau OH je oarosopumo: ,O OHOM LITO KowTa MpaBo
GoraTcTBO, a HMKag Hehe 6uTn ynoTpebrbeH y 6opbun”.

WcnocTtaBuno ce ga je 6uo y npaBy. ®paHuycka je y cBojum 6opbeHum
mMucujama y AsranuctaHy, KoHry, O6ann CnoHoBaue, LieHTpanHoj Adpuykoj
Penybnvum n Manujy ynotpebrbaBana yrnaBHOM flaka OKMornHa Bo3una, AOK je
rraBHU TEHK dhpaHLyCcKe BOjCke MUPOBao.

Mehytnm, og neta 2015. roguHe YjeguweHn Apancku EmupaTtn ybaumnm
cy OBa GaTtarboHa TeHkoBa Leclerc y rpafjaHcku paT Koju ce oduja y JEMEHYy.
Ha ocHoBy jow WTypux nogaTtaka MoXe Ce 3aKibyyuTu da ce TamMoO Taj TEHK
6orbe nokasao og amepudkor M-1A1.

dpaHuycka je Hekaga, 3ajegHo ca EHrneckom, 6una nmvoHup y pasBojy
OKNOMHUX BO3una, jow of lNpeor ceeTckor paTta. Ha noyetky [Opyror ceBeTckor
pata HeHW TEHKOBW, Kao WTOo je B-1, cnaganu cy y Hajborbe HaopyxaHe u
Hajoorbe 3awTuheHe TeHkoBe. Hemum cy TOkOM wHBa3sunje Ha PpaHuyckKy
Mopanu ga pasBujy TaKTUKy Koja je mogpasymeBarna Aa HEKOSIMKO HeMaudkmx
TeHkoBa Tuna PZ-1, PZ-2 n PZ-3 Hanagajy no jegaH cppaHuyckn B-1 ga 6u ra Ha
Kpajy, TeK n3 Benvke 6nmMauHe, mornm npobutu. Taga cy caMoO HEMaykn TOMOBU
oa 88 mm mornu npobutn paHuyckm B-1 ca parbuHe of npeko 1.000
M.HaxxanocT, ppaHuycka gOKTpMHa ynoTpebe TeHKOBa MCKIbYYMBO Kao NOApLUKE
newaaujyu n ocnawamwe Ha MaxuHo nMHKjy ynponactunu cy cBaky oyayhHocT
OBaKBUX BO3una.

3a Bpeme xnagHor paTta ®paHuycka je npousBena [[Ba TEHKOBCKa
koHuenTta — AMX-13 n AMX-30. AMX-13 je cnagao y kateropujy nakmx TeHKoBa.
Mpoussoguo ce o 1953. roamHe, maca my je 6una camo 13 ToHa M 6uMo je
Haopy>xaH Tornom ayre uesu og 75 Mm.

N3paen n WHauja ynotpebune cy oBe TeHKoBe y Tewkum Oopbama ca
apanckMuM M MakUCTaHCKUM HenpuvjaterbMMa M CBM Cy Ce CroXunu da je

* The National Interest 18.07.2016
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MobunHocT TeHka AMX-13 6una Ha BMCOKOM HMBOY, anu ga je 6uo cysule
Nako OKIonsbeH 3a 6opbe NPoTMB ApPYyrMx TEHKOBA.

dpaHuycka Bojcka je, unak, buna ybeheHa ga cy npoTtMBTeHKoBcka opyha
6una Tonuko ybojHa ga Huje OMo cBpxe AodaBaTh TEXM OKIOM, Tako Aa je aat
akueHaTt Ha 6p3vHy n BaTpeHy Moh. [pema Tome, kaga ce nojaBno TeHK AMX-
30, nmao je camo 80 Mm okrnona, WwTo je BMno u3pasnTto Mano, Ha npumep y
nopenewy ca amepnyknm TeHkom M-47 Patton koju je umao 243 mm okrona.

Ca ppyre ctpaHe, AMX-30 je pacnonarao Tonom og 105 mm, wTto My je,
ynpkoc cnabor oknona, omoryhuno ga npueyye ctpaHe noHyae.

MoyeTkOM ocampeceTux roguHa nojaeuna ce HoBa reHepaumja 3anagHux
TEeHKkOBa Koje je npeaBoano amepuukum M-1 Abrams. OBu TeHkoBM Ounun cy
onpemMIbeHV KOMMO3UTHUM OKITIOMOM KOju je 61O BpPNo oTnopaH Ha KymyrnaTvMBHa
nykewa MOAEPHUX NPOTUBTEHKOBCKUX pakeTa. 3a Bpeme paTta y ondy, 1991.
rogvHe, oknon TeHka M-1 Abrams 610 je npakTnyHO HenpobojaH 3a noTkanu-
GapHa 3pHa npadkmx TeHkoBa T-72.

KaTtap n ®paHuycka cy y Tom paty ynotpebunu ceoje TeHkoBe AMX-30.
KaTtapcku TeHkoBU cy yyecTBOoBanu y 6opbu rge cy yHUWITUNKM TpU cTapa upadka
TeHka T-55, pok cy Mpayann yHuwtunu gea teHka AMX-30.

Mnawehu ce rybutaka 360r HeagekBaTHOr Okrnona (OpaHLyCKUX TEHKOBA
AMX-30, KoanuuMOHW KOMaHAaHT je CKMOHUO paHLYCKY LWECTYy OKIOMHY
OVBM3Wjy ca rnaBHOr MpaBLa Hanaga MOCTaBMBLUM je Ha 6ok amepuykor
ABajeceT OCMOr BasayLwHOAEeCaHTHOr Kopryca.

@paHLyCK/M TEHKOBW Cy YNpKOC ToMe ycnenu ga yHuwTe 10 npadkmx TeH-
KOBa, anv cy paHLyCKM TEHKUCTW 3aKanumu LITO HUCY MOIMW Aa KpeHy y pat
ca TeHKoMm Leclerc, koju ce Taga Hanasuo Ha camo roguHy gaHa of yBohemwa y
onepatmBy ynotpeoy.

Ocampecetx rogmHa u @paHuysmma je 6uno jacHo ga je AMX-30
HeaZekBaTaH TEHK, Hapo4MTO Kagda je y nuTawy 6opba NpPoTMB PyCKMX TEHKOBA
T-72. Tapa je ogny4yeHo fa ce KpeHe y NpojekToBawe HOBOI TeHKa Koju 6u 6ro
3awTuheH UcTo unu 6orbe Hero amepuykn Abrams, anu ca MaoM Macom.

HoBu Leclerc 6uo je Taga Hajckynibu TeHK Ha ceeTy. [oguHe 2011. HoBUM
amepuykm TeHKk M-1A2 kowTao je 7,56 MunnoHa amepunykmnx gonapa, pycku TEeHK
T-90, 4 mnununoHa gonapa, AoK je ueHa TeHka Leclerc nsHocuna yak 9,3 mmununoHa
aonapa.

®paHuycka Bojcka noceayje 406 TeHkoBa Leclerc op kojux je 240
pa3BpCTaHO Yy YETUPK TEHKOBCKA MNyKa.

Y opHocy Ha 3anagHe TeHkoBe, Abrams Leopard 2 n Challenger 2, Leclerc
je 3agpxao Tton 120 MM M KOMMO3WUTHM OKJIOM, anu je 3a pasnuky o4 WX yBEO
ayToMaTCKo Mywen-e Tona ca 6p3anHom BaTpe of 12 rpaHaTa y MUHYTU, Ha Taj
HaunH enuMuHMWyhK yYeTBpTOr YnaHa nocage. MuTtparbe3 kanubpa 12.7 mm
NMOCTaBIbEH je KOaKCcujarHo ca rnaBHMM TOMOM, AOK je ueB Tona 120 MM HewTo
Ayxa of ueBu ucTor kanubpa Opyrvx 3anagHux TeHkoBa, LWTo My, 6ap y
Teopuju, omoryhasa HewTo Behy npobojHocT. Cuctem 3a ynpaerbake BaTpOM
omoryhaBa uvcnarbuBawe nporpaMabuiHMX eKCnno3MBHUX rpaHaTa, anu
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OCHOBHa npegHoOCT TeHka Leclerc je y pedaHsMBHMM MoryhHocTuma W
MOBUNHOCTMW.

[ok je KoMMO3uTHN hPOHTanNHW OKron dpaHLyckor TeHka Leclerc crnvyaH
dpoHTanHOM oknony amepuykor TeHka M-1, 6e3 ob63vpa Ha Heka MuLIbeHa
BOjHMX aHanuTuyapa ga je weroB (poHTanHM oknon crnabuju ¢ ob63mpom Ha
yrpaneHe ceH3ope, GOYHM OKMOM My je MHOro jauM og amepwudkor. Hosuju
Mogenu pacnonaxy ymeuuma o TuTaHujyma U HeObVMYHOM MeLLaBMHOM
KOMMO3WTHOI, TpaguuMOHaNHOr M peakTMBHOr oknona koja 6w Tpebano Aa
npeactaBrba mMano jady oabpaHy o KMHETUYKMX MeHeTpaTopa NPOTUBHUYKUX
TEHKOBA.

Leclerc nma matrby Kynosy Of amepuykor TeHka M TuMme npegcrasrba U
Maky METy, anu ca Apyre cTpaHe Maha Kyrnorna 3Hauv u Mawe npocropa 3a
YHyTpaluHe moaudukaumje.

Bauauy rpaHata Galix koju ce Hanasu Ha Kynonu wcnarbyje pa3HOBPCHE
rpaHate, drnewbeHr rpaHate, rpaHaTe ca BMCOKOEKCMIIO3MBHUM MYyH-EH-EM,
MynTUCNEKTPanHe AMMHE rpaHaTe, Na Yak U MHpaLpBeEHe MaMUe KOju CIyxe
3a omeTare Boherwa NPOTMBTEHKOBCKUX pakeTa.

Ca 60 ToHa Leclerc je 10 ToHa nakwn op BehuHe 3anagHUX TEHKOBA.
HberoBe npegHocTn cy 6orbM OOHOC CHare M mace, mMawbM NPUTMCaK Ha Tro,
OANWYHO YyOp3ame M penatuBHO BuUcoka Bp3nHa o npeko 60 kwm/cat. Leclerc
TpoLwn Make ropusa oa BehunHe TeHkoBa, moxe npehu npeko 470 km ca jegHUM
nykeweM pesepBoapa, LUTO je MHOro Bulle oA aMepudkor TeHka Abrams kojem
je paguvjyc aejctea ca jegHUM nykwereM orpaHuyeH Ha oko 330 KM.

Mako HMCcy OoXMBENW paTHO KpLUTewe, dpaHuyckn TeHkoBu Leclerc 6unm
cy ynotpebrbeHn y MmpoBHMM Mucujama Ha KocoBy 1 y JInbaHy rae cy ce gobpo
nokasanu. Y jegHom gpamaTtnyHoM uHuuaeHTty, 2006. roguHe, Bog of 4eTupu
TeHka Leclerc 610 je KOHPPOHTUPAH ca NeT n3paernckux TeHkoBa Merkava koju
cy nokywanu ga yhy y nubaHcko ceno Marwahin. HakoH gBageceTak MuHyTa
HaneTocTu obe cTpaHe Cy ce MOBYKIE Ha Moria3He noroxaje.

Tokom jyHa 2016. roguHe ®PpaHuycka je npukasana HOBM MOAEPHU30BaHU
Leclerc XLR. OBaj nakeT MogepHu3aumje uma 3a UWb Oa OOPXM TeHK
KOHKypeHTHUM ao 2040. roguHe. OBaj mogen nmahe mogynapHu OKnomn y oKBMpy
kojer he jegaH mogyn 6uTM mocTaBrbeH pagu ogbpaHe o4 UMMNPOBU3OBAHUX
€KCMIo3MBHMX HanpaBa NyTeM oMeTara curHana MobunHux TenedoHa, Aok he
cnegehun moayn 6UTN NocTaBrbeH pagu oabujakba Hanaga of PyYHUX pakeTHUX
Gauava.

YjeauweHnn Apancku EmupaTtn cnagajy y jeouHy Apxasy Koja, nopef
®paHuycke, kopuctn TeHk Leclerc. YAE je kynuna 390 ,Tponckux” Bepauja ca
mMoTopuma V12, kao u 46 nHxXmHbepujckux Bosuna. TeHkoBu Leclerc YAE 6unu
cy pacnopefneHn Ha KocoBy npunnkom yyewha y MMPOBHO] MUCUjU Tae je jacHO
yodeHa Benuka pasnuka nameny oBe Beps3uje U OCHOBHE Bep3aunje TeHKa Koja ce
Hanasu y ynotpebu y ppaHLuyckoj BojcuM.

Bojcka Emupata kynuna je 13 oknonHux naketa Azure ca pelleTkacTum
OKINOMOM KOjU CrnyXu 3a AeToHupawe 6ojeBux rnaBa pakeTHux 6auava npe
yhapua y okrnon TeHka. AMepuyka Bojcka je cBoje TeHkose y WMpaky onpemuna
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CMIMYHUM  OKMOMHMM nakeTtom. [lakeT Azure nogpasymesa U OalbUHCKU
ynpaBibaH MUTparbe3 Ha Kynosiym TeHka.

Tenk Leclerc YAE y JemeHy onpemrbeH OKIONHUM nakemom Azure

ok dpaHUyCKM TEHKOBM jOLL HUCY OOXMBENW BaTPEHO KpLUTEHE, TEHKOBU
Emuparta 6unu cy y 6opbeHoj ynotpebu y JemeHy, raoe je YAE pacnopeguna
namehy 70 n 80 komapaa.

HakoH wTo je jemeHcku npepcegHuk Ali Abdullah Saleh 36aven 2011.
roavHe, Xytn nnemeHa cy 2015. roguHe nokpeHyna nobyHy NpOTUB HOBE
Bnactu. Beh npepg kpaj mapta 2015. roguHe Xyt cy 6unu 6nmsy nobene u
NMOHOBHO cy 3ay3enu nyky AgeH. Kako je Caygunjcka Apabuja npouenuna ga ce
TO gewasarno y3 ckpuBeHy nomoh VpaHa, OHWM Cy 1 MOKPEHYINN WHTEPBEHLNjY
apancke koanuuuje. OBa koanuuuja, y3 amepuyky FOTUCTUYKY U TEXHUYKY
noapLlky, ycrnena je na noepatu AdeH, anu je nvana Benvke rybutke og Xytu
6opaua, a n onTyxeHa je 3a bombapgoBare LmBUna.

Op jyna 2015. roguHe cayamjcke KONHeHe cHare nokyluasarne cy Aa 3ay3my
Ba3ayLwwHy 6a3y An AHapg Koja ce Hanasu 6nusy Agena. OknonHa 6puraga YAE
n3spLimna je amgpubujcky onepaumjy nytem 6pogoBa 3a TpaHCNOPT TEHKOBA.
OBa 6puraga 3atum je 3aysena Ba3gyliHy 6a3y omoryhyjyhn koanmumoHum cHa-
rama ga Hanpeayjy.

EmupaTtcku TeHkoBM Leclerc nogenvnu cy ce y fBa okrnonHa batarboHa, o4
KOjux je jegaH ocTao cTaumoHupaH oko ApeHa, oK je gpyrm ynyheH ka
NMaHWHCKOj, LieHTpanHoj obnactn JemeHna. OknonHa Gpuraga y CBOM cacTaBy
MumMa W MexaHu3oBaHM OaTarboH pyckux ©OopbeHuMx Bo3wna newlagunje
onpemrbeHux tonosuma 100 MM ca cnperHytum Tonosuma 30 Mm u Gatepujy
caMoxofHux xaybuua M 155 mm.

WNako cy pasHu CHMMUM Npuka3uBanu KpeTawe TeHkoBa Leclerc un rahare
unrbeBa M3 TEHKOBCKOr TOoMa M Jarbe Huje 6uno oaroBopa KOMUKO CY OHU
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CcTBapHo eukacHU. Huje jacHo aa nn cy emupaTcKkm TEHKOBM OOLUNN Y KOHTaKT
ca manuMm ©OpojeM 3apobrbeHuMx TeHkoBa Koju cy npunaganu Xytuma. Y
MefyBpeMeHy cy ce nojaBune Heke nHgopmauuje.

[o caga Huje npuKkasaH HWjegaH CHUMaK YHULLITEHOr TeHKa Leclerc, wro ce
He Moxe pehu 3a gpyra Bo3una koanuvuumje. XyTu nobyheHnUm ¢y CHUMUIU YHN-
WTaBawe cayamjckmx TeHkoBa M-1A2S (Hajmawe AgeBeT komMaga) norouuma
NPOTMBTEHKOBCKUX pakeTa BenvKor gomeTta. Takohe, YHULITEHO je HajMake neT
cayamjcknx TeHkoBa M-60 Patton n gsa AMX-30. Xyt nobyHweHuum cy ycnenu
Aa YHULLTE U KONOHY eMmmpaTcKkmnx oknonHux sosuna M-ATV y jeaHoj 3acegw.

YHuwmeHu caydujcku meHk M-1A2S y JemeHy

M3Bopu 13 YAE HaBoge fa cy TeHkoBu Leclerc norofeHn Hekonuko nyTa
(6ap yeTmpu nyTa) NPOTUBTEHKOBCKUM OpY>XXjeM. Y nuTamwy Cy ABa Hanaga nytem
UMMNPOBN30OBaHE EKCMIO3NBHE Hanpase, jeJaH nyTeM pakeTHor bauada, rge ce
pakeTa ogbuna of pelueTkacTor okrnona Azure, JOK je YeTBPTM Hanag U3BpLUEH
NPOTUBTEHKOBCKOM pakeToM. CBM TEHKOBWU Cy MPEXUBENW, NAKO je NMPOTUBTEH-
KOBCKa pakeTa youna komaHavpa TeHKa Koju je 6o n3BaH Kyrnore.

JenaH TeHk Leclerc je, nsrnega, nnak nsdayeH ns cTpoja, anu ce Ty paguno
0 Hanagy 6anuctnuyke pakete SS-21 Tochka kojy je y centembpy 2015.
ncnanuna BojHa jeanHuua Koja ce npuapyxuna Xyt nodyweHuumma. PakeTa je
3apobrbeHa kaga cy nobyhweHuuM 3ay3enu BOjHO CKNaguliTe Ha aepoapomy
Mapub. leToHaumja pakeTe youna je 45 rbyam 1 owTteTnna napkupaxm Leclerc.

He Tpeba ogmax n3BnaumMtu 3akrby4vak ga cy TeHkoBu Leclerc y Toj mepu
HagMohHM Hapg amepuykum AbBpamcoMm. [1pBO, MHOro je Bule CcayAujcKux
TeHkoBa y JemeHy Hero wTto je emupartckux. Oarbe, Cayamjum ce Hanase y
nogpyyjuma rge cy XyTu nobyHeHUUM KOHLEHTpUcanu CBOje [MaBHO
NMPOTUBTEHKOBCKO Haopyxahe. 3aTMM, Ha HEKUM CHUMUMMA YHULITEHA
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cayaujCcKMx TEeHKoBa jacHO ce BMAM BpPrio fowa cayaujcka TakTuka rge cy
TEHKOBM ynoTpebrbeHn 6e3 nogplike newaguje U Jpyrmx pogoBa  BOjCKe.
Moryhe je ga cy Emmnpahanu mano nameTHuje pasmurbany o ynotpedu cBojux
OparoueHnx TEHKOBA.

YnpKkoc ToMe, MOXe ce 3aKibyyuTu ga cy EmupahaHu Bpno 3agoBOSbHU
JocajallbMM YYMHKOM CBOjUX TeHKkoBa Leclerc, WTO cy AMPEKTHO npeHenmu
CBOjUM (hpaHLyCKUM Korerama, a BepoBaTHO Aa u Cayaujcka Apabuja cnuyHo
pasmuwrba ¢ 063MpoM Ha TO Ada cy ce y jaHyapy 2016. roguHe obGpaTtunu
paHuyckoj komnaHuju Nexter ca Hamepama ga HabaBe HEKONWKO CTOTUHA
hpaHLyCKNUX TEHKOBA.

Hpaear M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: "='http://orcid.org/0000-0003-1620-5601

Kunecku ®neHkepu®

Shenyang J-11 je, y cTBapu, KuHEcka KOmnuja W3BPCHOr pPyCKOr
BMLWeHameHckor noeua Sukhoi Su-27 Flanker. lNpBo je noeay npencraerbao
ayTopu3oBaHy KOMMWjy pycke rneTenvue, anu KuHecke ambuumje 3a
npunarohaBawe noBUa Aomahoj TEXHOMOrnju goBene cy OO0 peBep3nbuIiHor
WHXWH-EPVHra Koju caga cTtBapa rnaBoborby pyckoj uHgyctpuju. Jlosum J-11, J-
15 wn J-16 npeacrtaereajy pes3yntaT Hanopa KWHECKe wuHAycTpuje 3a
nNpon3BOAH0OM YeTBpPTE reHepauuvje nosaua Benukor pagujyca koju 6um mormu
OpaHuTK kKMHecke acnupauuje y mopmma oko KuHe. NMpobnem cy camo moTtopu.

Shenyang J-11

Pyckn Su-27 Flanker je aBMOH koOju je npou3BedeH nocrneghwux roguHa
XNlagHoOr paTa M HaMeHEH je kao MpoTuBTEXa amepuykom nosuy F-15 Eagle.
Pagwn ce o ,TelwlkoM”, anv Beoma MaHeBapabunHOM BULLEHAMEHCKOM JOBLY KOju
je mMorao neTeTu BENUKOM Op3VHOM Ha BENWKMM pasfjarbvHama ca Benvkum
noasecHUM TepeToM BojeBor Haopyxawa. [Npsu nosumn Flanker 6unu cy HewTo
MaHeBapabunHuju og amepuukmx F-15 n Hocunu cy Gorbe pakeTe Basgyx-
Basayx kpatkor gometa (R-73), anu cy 3aoctajanu Ha Norby ceHszopa. To 3Hauu
ha je Su-27 cnagao y pep Hajborbux fnoBaua TOKOM paHMX OeBefeceTux
roavHa kaga je KuHa nocrtana npBa 3emrba, U3y3eB ApxaBa unaHuua busluer
CCCP-a, koja je y cBom cactaBy umana ®nexkepe. KuHa je Taga kynuna 38 Su-
27 K n 40 pBocegmx TpeHaxHux Su-27 UBK HaopyXaHux paketama Basgyx-
Bas3gyx R-27 n R-73. Oa Bep3uja cdneHkepa Guna je Beoma cupomallHa Mo
nuTawy ynotpebe caBpeMeHux cpeactaBa Basdyx-3eMriba, Mmako je KuHa
MHCUCTMpana ga HeHW aBuoHu Oydy ojavaHn y [OHEM MONETHO-CNETHOM
nocTpojy 6aw 36or Beher nogsecHor Tepeta.

® The National Interest 24.07.2016
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To je nepuon kaga je noctcoBjeTcka Pycuja ynasuna y Bpro Tellka
E€KOHOMCKa BpeMeHa, a Kako Cy Heka nnahawa 3a ucnopyyeHe nosue PrieHkep
M3BpLIEHA Yy HAaTypy — Yy XpaHW, TO HWje HWMKAKO MO3UTMBHO yTWLAno Ha
NVKBUOHOCT pycke ekoHomuje. Tokom Tux roguHa KuHa je msrybuna npohy Ha
aMepUYKOM 1 €BPOMNCKOM TPXULLITY 300r gorafawa Ha ckBepy TujaHMEH.

Pycku Su-27 Flanker

lognHe 1995. KuHesn cy peknu ga HUCY 3auHTEpPecOBaHW 3a Jarby
KynoBWHY rOTOBWUX aBMOHa M3 Pycuje Hero 3a KynoBuHy nuueHUe 3a ckrnanake
noeaua Su-27 y KuHu. Pycuja ce cnoxuna nog ycrnoBom ga MOTOPU U aBUOHCKM
NHCTPYMeHTH Byay pafeHn y Pycuju. NMocao je cknonrbeH: ABe CTOTMHE aBMOHa
koje cknana KuHa, caga nog osHakom J-11, cBe 3a cymy oa 2,5 munujapae
amepuyknx gonapa. [lo Taga je cse 6mno neranHo.

KuHa je Beh Taga ©Ouna nosHata no npou3BoAamwy Aomahux konuvja
COBJETCKMX TEHKOBA M aBMOHA, LUTO je 3ano4yeTo joll oA neaeceTux roguHa
npowsior Beka, a caga je Pycuja Hawmna HaumH ga Hannatu Kornuvje CBOjux
npomsBoga. Taga ce gecuna dygHa crteap: 2004. rogmHe KuHesnm cy, HakoH
CTOTMHY CKIIONJbEHMX aBWMOHA, MOHULLTWAM ocTaTak yrosopa, Tepaehu ga um
Su-27 Buwe He Tpeba — y cTBapHOCTW, kuMa cy Gunu notpebHu noBuM ca
npeunsHo soaehum ybojH1M cpeacTBumMa.

Camo Tpu roauHe kacHuje KuHa je oGjaBuna pga KumHecka KomnaHuja
Shenyang Aircraft Corporation npoussogu J-11B 6e3 pycke nomohu. MNako je 90
npoueHaTta komnoHeHTn J-11 6uno gomaher nopekna, aBUoH je crnorba 6uo ucTu
®dneHkep. lNekuHr je nsberao mcnnaTy yroBopa y LENOCTU U peBep3MOUTHNM
WHXWHEPUHIOM nponsBeo cBoj dneHkep. Pycka BojHa wHOycTpuja Ouna je
OecHa 1 3anpeTuna je Tyk6om 3a KplLueH-e ayTOPCKMX Mpaea, anu kako je KnHa
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yBo3una 4Yak 40 npoueHaTa pyckor M3Bo3a HaopyXaha y MpBMX Ocam roguHa
HOBOT BEKa, PyCKu BOjHU Mpon3Bohayun octanm cy KpaTknx pykasa.

C gpyre ctpaHe, MHorM pgenosu J-11 Ounu cy MoOEepHU3OBaHW MU
UCKIbYYMBO KUHecku: ,CTakneHa kabuHa” u gucnnejyu nunota, anapat 3a
KMCEOHWUK (KOju ogprKaBa CBECHMM NMUIOTa Ha BEMMKMM BUCMHAMa MW NPUIMKOM
n3sohera MaHeBapa Mop4 BeENUMKMM onTepehewemM), Kao M Ccuctem 3a
ynosopaBamwe of gonasehux paketa. Ctapujym pyckn pagap NOO1E 6wuo je
3aMeHeH MOAEPHUjUM KMHECKMM NYFICHO Jonnepckum pagapom Type 1493 koju
HaBOLHO OTKpMBa MeTe BenuuMHe noBLa Ha farbuHama of npeko 140 km, a
nospLuMHcke Bpogose Ha npeko 300 km. Cama onnarta aBvMoHa uspaheHa je oa
Nakwnx KOMMO3NTHUX MaTepujana.

J-11B je npunarohjeH KMHECKMM pakeTama, HapounTO pakeTu BasgyXx-
Ba3gyx PL-8 ( ca uHdpaupBeHMM Tparadem KonujoM uspaercke pakete Python
3) n pakeTn Basgyx-Basgyx gyror gometa PL-15 (Tako3Banu kmHeckn AMRAAM
ca pometom o 100 km). ABMOH je mpunarofjeH ynoTpebu KUHEeCKMX pakeTa
Basadyx-3emrba, ykibyyyjyhu n npotuBpagapcke pakete, nacepcku BoheHe, kao
n nnaHnpajyhe 6ombe. OctaBunu cy, nnak, pycku Ton GSh-30 og 30 mMm.

KuHnecku nosauy J-11B

OcHoBHM npobnem noeua J-11B je motop 1 TO kuHeckn motop WS-10A
Taihang. HeycarnaweHna cy mywrsesa noBoAoM Tor MoTopa. Heku kaxy aa je y
nuTamwy NoKyLlaj KnoHupakwa pyckor motopa AL-31F, ook gpyru kaxy aa Taj Mo-
TOp MMa enemeHTe amepudkor motopa CFM56 go kor cy KuHesn gowwnv Tokom
ocaMAeceTux roguHa npowusior Beka. PeMOHT oBor MoTopa je obaBe3aH HaKoH
camo 30 caTtu neTa, WTO je Bprio mMano y nopehewy ca pyckum motopom AL-
31F Ha KojeM ce peMoHT pagu HakoH 400 catu neta. PesynTat je 6mo npuse-
MIbuBane uene gpnote J-11B 1 onpemare pyckum motopuma AL-31F .

Ynpkoc ceuM noborbwawmma, motop WS-10A u pgarbe uma nowy
penyTauuje. [ponsBoara je ganeko WUCMon TpaKeHe W KOHTpona KeanuTeTta
Bpaha Ha3ag Ha gopagy Behu 6poj MOTopa of OHMX KOjU Cy NPOU3BEOEHMU.
MsBewTaju HaBoge aa motop WS-10A He MOXe reHepucaTth NoTUCak Kao PyCKu
AL-31F, HUTK ra moxe noctuhu 3a UCTo Bpeme. Y CBaKOM cry4ajy, noysgaHocT
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M NOTMCaK U Jarbe OCTajy OCHOBHM Npobriem OBOr MOTOpa Koju je npeaBuheH 3a
yrpagmy He camo y nosal, J-11 Beh 1 y HOBU KMHECKN ,HEBUOIBUBK” aBUOH.

Ynpkoc cBemy, lNekuHr je oanyyaH a passuje aepoHayTUuKy MHOYCTPUjY Koja
Hehe 3aB1CUTY Of CTPaHMX ApXKaBa Kao LUTO caja 3aB1CK O PYCKMX MOTOpa.

Kunecku momop WS-10A

OpwurnHanHmu J-11 6o je uncTa konmja pyckor Su-27 npoussegeHor y KuHu, ook je
J-11B yBeo kuHecku xapgBep. NogsapujaHTte ykibydyjy J-11BS (aBocean TpeHaxHO
O6opbenn aBumoH) u J-11BH (y ymoTpebu KknHecke MoOpHapuyke —aBvjauuje).
MpetnocTtaerba ce aa je oko 120 nosaua J-11B 6uno y ynotpebu Tokom 2015. roguHe.

MocToje n aBa gopatHa kuHecka dneHkepa: J-15 ,Flying Shark”, nsaseneHa Ba-
pyjaHTa pyckor Su-33, MopHapu4ka BapujaHTa pyckor Su-27 3a onepaupje ca Hocaya
aBWOHa, ca CKIIONMBMM KPUIUMa, oja4aHnM MOfEeTHO-CAETHUM MEXaHW3MOM U KYKOM
3a 3aycraBrbakwe. HakoH LWTo je nokywaj kynosvHe gsa Su-33 m3 Pycuje 3a 100
MunuoHa gornapa ocyjehen Tokom 2006. rognHe, KnHa je nckopuctuna npoTtoTun Koju
je kynuna of YkpajuHe Tokom 2001. roguHe. MNoguHe 2009. npousseaeH je npeu J-15,
a 2012. rogvHe npeBa ABa aBwoHa J-15 crietena cy Ha Hocad Liaoning. TpeHyTHO
KvHa nma 24 aBvoHa 0BOr TWMa Koju ce HaraseHa OBOM Hoca4y aBUOHa.

J-15 6u Tpebao aa 6yge naHgaH amepudkom nosuy FA-18E/F Hornet, anu
HeJoBOSbHU noTucak motopa WS-10A u3rnega Huje AOBOSbaH 3a NaHcuMpawe
noBUa ca ,CKakaoHWLEe” KMHECKOr HOCa4a aBMOHA YKOJIMKO HOCWU MyH KOMMMeT
noaBecHnx ybojHMX cpefcTaBa. JeaH KMHECKM Yacomnuc Yak je KpUTUKOBAO He-
MoryhHOCT fnoBuUa fa y3neTn ca Hocada YKOSIMKO je HaopyxaH ca Buwe of 12
TOHa HaopyXaha UM YKONMMKO je A0 Kpaja HaTaHKOBaH ropuMBOM rge ce nogge-
CHU TepeT CMatbyje Ha Makbe o4 OBE TOHE NOABECHOT HaopyXaka.

KuHecku nosay J-16 ,Red Eagle” npeactasrea konujy gsocegor nosua Su-
30MKK Flanker, ann mogepH130BaHOr U KOHUrypucaHor 3a ynotpeby knHeckor
Haopyxara, LWTO ra AOHeKkne cTaerba y paHr amepuykor F-15E Strike Eagle.
KuHa je gobuna 73 nosua 6ombappepa Su-30MKK y nepuogy oa 2000. go
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2003. roguHe, kao n 24 gopaTtHo MopepHmsoBaHux Su-30MKK2 tokom 2004.
rOAMHE Koju cy creuujanvs3oBaHM 3a Hanag Ha GpogoBe, a y ynotpebu cy y
MOPHapu4koj aBujaunju. TpeHyTHO, jeaHa eckagpuna J-16 (24 komaga) buna je
y ynotpebu og 2014. roanHe, a o4yekyje ce ga he nx 6utn nponssegeHo oko 100
komaga y nepuogy no 2020. roguHe.

| i

Kunecku ®neHkep: J-15 ,Flying Shark”,

Kunecku nosay J-16 ,Red Eagle”
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Y peuembpy 2015. roguMHe npukasaHa je Bep3uja 3a €NeKTPOHCKO
paTtoBawe J-16D koja je onpemrbeHa ypehajuma 3a enekTpoHCKO oMeTare Ha
KpajeBuma Kpwura, a npeTnoctaBiba ce Aa he umaTty CruuyHy yrory kao u
amepudkn EA-18 Growler. Oba aBnoHa — J-15 1 J-16 onpemrbeHa cy pagapuma
Cca aKTMBHUM ENEKTPOHCKUM ckeHnparem (AESA), wTo He camo aga nosehasa
HUXOBY CMOCOOHOCT y 6opbu Basayx-Basgyx Beh um omoryhaea rahame Bulie
unrbeBa ynotpebrbaBajyhm HaBofeHa cpeacTtBa. ABMOHM cy, Takohe,
npekpvBeHn pagapcko-abcopbyjyhum matepujanumva.

lNogmHe 2015. KuHa je nsHeHaguna jasHocT oTkpmsajyhu npototun J-11D
KOju je 3aMulIrbeH Kao Takmal pyckom nosuy Su-35. J-11D noceayje AESA
pagap v pagapcku abcopbyjyhe maTepujane, kao Ha nosuuma J-15 u J-16, a
OonpemMIbeH je M COHOOM 3a TaHKOBake ropuBoM Yy Toky neta. OBaj aBWOH
onpemIbeH je ca ABe AofaTHe NoABecHe Tadke 3a NaHcupama HOBWMX pakeTta
Ba3gyx-Ba3gyx PL-10, PL-12 n PL-21 kao n npoTtuBGpoacke pakete YJ-12.
WHaue, paketa PL-15 nzassana je monpunuyHy 3abpuHyTOCT Ha 3anagy c
003upom Ha Benuku JoMeT. Y norneay pas3soja KMHECKE ENEKTPOHMKE 3HayajHo
je nomeHytTM pa noeau J-16D nocenyje gata NUHK koju My omoryhyje ga
pasmMemyje nogaTke ca ceH3opa ca ApyrMMm aBnmoHMma 1 6pogosrma.

Ynpkoc Tome, J-11D je u garbe ucnog NHXnkepujckor HMBoa Koju cy Pycn
ocTtBapwnu ca Su-35. Pycku nosay nma Behe MaHeBapcke CNOCOBGHOCTU U NneTu
Ha Behum garbMHama ca Behum nogBEeCHUM TEPETOM.

Mpomomun J-11D
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3a pasnuky of paHujux KNHECKUX Komnuja pycKnx aBMoHa, Kao wTto cy A-5 1
J-7, cepuwja nosaua J-11 pgocaga Huje U3BOXeHa, LWTO je unak Heka
catucdakumja 3a pycky BasOyxOrnmnoBHY WHAYCTpujy. Anu, Taj nosal Huje
HVMKaga Hu kopuwheH y 6opbu. J-11 je jegHOM y4eCcTBOBaO y UHUMAEHTY Koju ce
aecuo 19. aerycta 2014. roguHe, kafa je noeal, OBOr TuMa NPecpeo aMepuykin
aBunoH Navy P-8 Poseidon y 6nuaunHmn octpea Hainan, rae my ce npubnmkumo Ha
yak ucnog 10 meTapa, WTO je n3asBarsno XecToke amepuyke nportecte..Y anpuny
2016. roguHe Kuna je npebauuna 16 nosaua J-11B Ha ocTtpsa Byan y JyxHom
KuHeckom Mmopy, WTO je Takohe u3assano AunromaTcke npoTecte, anu OBOr
nyta BujeTHama.

Warnepa pa je J-11B pgoctojaH Takmay amepudkom F-15, a HoBe Bepauje
OBOl aBMOHA CUIYpHO WMajy HanpegHwjy enekTpoHWUKY Yy OOHOCY Ha pycke
opuruHane. Y cteapu, nosuu J-11D n J-16 goBoge 0o 3akmbydka fa ce KunHa
BuLe Kkpehe y NpaBLy amepuyke OOKTPUHE Koja 3aroBapa yMpEeXeHe aB1oHa ca
BEMVKNM AOMETOM M ynoTpeby pakeTa Ba3gyx-Ba3gyx 3a 60pOy BaH BU3yenHor
AomeTa, Maga ce Ty NocTaBriba NuTake nepopmaHcy KWHECKMX MOTOpa.

Mo nuTawy moTopa KuHa nperosapa ca Pycujom y Bean ¢ HabaBkomM Maner
Opoja HoBuX pyckux Su-35, anu je nuTawe ga nu he Pycu npuctatn unm He. Py-
cvja je npBo ogbuna npoaajy manor 6poja oBux netenuua, a y jaHyapy 2016.
roguHe KuHa n Pycuja cy ce gorosopune o npogaju sBehe konuunHe of 24 aBu-
oHa Su-35 3a cymy oa 2 munujapge gonapa. MHorn BOjHM KOMeHTaTtopwu cma-
Tpajy Oa je To ueHa no kojoj he Pycuja npehyTHo npuctatn Ha To ga KuHa pe-
BEP3MOUMHUM MHXMHEPUHIOM Aofje A0 TEXHOSorvje HOBMX HampeaHuX PYCKMX
moTopa AL-41FS ca BekToprcaHUM NOTUCKOM.

Hpaeax M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: "“='http://orcid.org/0000-0003-1620-5601

Hoeu nosay meHkosa Centauro 1°

Mpototun HoBor noBua TeHkoBa Centauro Il y koHdurypaumju 8x8
npukasaH je Tokom jyHa 2016. rognHe Ha cajMy Haopyxawa Eurosatury 2016,
Koju je ogpxaH y MNapuay.

Hoeo Bo3uno he 3ameHuTn noctojehe nosue TeHkoBa Centauro, a
ognukyje wux nosehaHa BaTpeHa Moh, 6orba 3awTuTa U CNOCOBHOCT
yMpexaBana nogaraka.

Centauro Il je onpemsbeH TOMOM BWCOKOI MPUTUCKA Ca NaTkoM LIEBU
kanubpa 120/45 Bucoke npeuunsHoctn. Ton je npou3Bena KomnaHuja Leonardo-
Finmeccanica/Oto Melara.

Bos3uno je onpemrbeHO nonyayToMaTCKMM MyHadeM ca LWeCT rpaHarta y
MarauuHy, LWTO 3Ha4u Aa NyHwWnaLy uma 3agatak camo a OTBOpU 3adkU Aeo

¢ Jane’s International Defence Review July 2016
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ToMma, AOK MexaHu3aM cam ybauyje rpaHaty. Cnpemuwite MyHuuuje y Tpyny
BO3WMa M y Kymonwu nNpOjeKTOBaHO je Tako da OoABnayvn AeCTPYKTUBHY cHary
eBeHTYyarHe eKkcnnosuvje MyHuumje y npaBsuy Koju je 6e3onacaH no nocagy.
JarbnHcku ynpaBrbaHa opyXHa CTaHuua HaopyXaHa je mutparbesom 12.7
unm 7.62 mm, a Moxxe GuTK onpemrbeHa n aytomaTtckum b6auadem rpaHata 40 mm.

lpomomun Hogoe nnosya meHkosa Centauro Il

Hucy o6jaBrbeHn nogaum o 3aWwTUTU BO3WNA, MAKO je jacHO Aa YenvyHu
Tpyn Bo3una u Kynona mspaheHa o anyMyMHWjyMCKO-KOMMNO3WUTHOr oKrona Mory
6uTn ojayaHm ca applique OKMoNom y 3aBUCHOCTU Of, O4YEKNBAHE NPETH-E.

Centauro Il uma ucty koHcurypaumjy no nuTawy nocage Kao u nperxogHa
Bep3uja, BO3ay, kKoMaHaup 1 HUWaHLmja-nyHunad. Bosay ce Hanasu Ha npegHo0j
NeBOj CTpaHu Bo3una, nopeq MOTopa M Ha pacnonarakwy My je BUpPTyernHu ocma-
Tpaykm CUCTEM CacTaBibEH O YeTUPW OHEBHO-HONHE Kamepe U Tpu Kamepe Hu-
CKe BUOSBMBOCTHU, LWITO My omoryhaBa BOXHY Ca 3aTBOPEHMM MOKMOMNLEM.

OnTpoHu4ke 1 BEKTPOHMYKE cucteMe obesbednna je komnaHuja Leonardo-
Finmeccanica/Selex ES. KomaHaup Bo3una uma Ha pacrnonarawy naHopamcku
neprcKon onpeMIbeH TENEBU3NCKOM KamepoM BUCOKe AeduHULmje ca aeceTo-
CTPYKMM OMTMYKMM 3yMOM, TepmarnHom kamepom Tpehe reHepauuje v nacep-
CKMM fgarbMHomepom gometa o 10 km.
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Centauro Il je onpemrbeH KOMaHOHO-KOHTPONHUM cuctemom (C2)
SICCONA pagu nogpxaBaka BOjHOr MPEXHOr OKpyXewa. Bosuno je
onpemMrbeHO KOMYHMKaUMOHOM oOnpemMoM ca LWecT paguo-ypehaja, Harris
AN/PRC 152 YX® paguo ca caTenutckom KoMyHukaumjom, X® paguo-ypehaj
Turma CNR2000, VM3 codtBepcku paguno-ypehaj, wmnpokonojacHn YX® pagmo
BENuKor kanauuteTa n gga BX® pagno-ypehaja SRT -635 SINCGARS.

Bo3nno je onpemrbeHo enekTpoHcknm cuctemom 3a ometare GUARDIAN
H3 koju 6nokvpa paguo- curHane y oncery og 25 MGz pgo 2,55 GHz pagu
3alTUTe Of eKCMo3unje MMNPOBN3OBAHUX EKCMIO3NBHUX Hanpasa.

MakcumanHa 6opbeHa maca Bosuna je 30 T ca 0O4EKMBAHUM OOHOCOM CHare
n TexuHe og 24 KC/toun. Oeaj ogHoc 06e36ehyje moTop IVECO Vector 8V, cHare
720 KC ca mogndmkoBaHMM CUCTEMOM YyOpu3raBara ropuea koju My omoryhyje
MoryhHocCT kopuhersa BuLLe ropmea. MoTop je onpemMrbeH antepHaTopom o 560 A,
Kao M MoauduKoBaHMM cucTemMoM xnafherwa W nogmasuBana. [dogaTtHy cHary
0b6e3behyje WwecT NMTujym-joHcknx 6atepuja. HoBu NOroHcKkM MoTop je 250 Kr nakium
0f OHOT KOju Ce Hanas3u y NpeTxodHoj Bepavju Bosuna Centauro, a noBesaH je
ayToMaTckum mersadem ZF Ecomat 7HP902.

Centauro |l kopuct npBy 1 Opyry OCOBMHY 3a OKpeTawe BO3wura, AOK ce ye-
TBpTa OCOBMHA OKpehe y KoHTpacmepy. Boauno je onpemrbeHo rymama Michelin
14.00 R20 XZL/XML. Jo caga cy wusBpweHa cBa npegsufieHa ucnutmeawa Mo
nuTaky BanMcTuyuke U3aPAKILUBOCTU BO3WIa U OTNOPHOCTU Ha ekcrinoawje. Mpea kpaj
roguHe o4ekyje ce huHanmsaumja KoHcpurypavmje Bosuna.

Hpaeax M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: "='http://orcid.org/0000-0003-1620-5601

Lynx epeba u3803Ho mpxuwime’

Komnanuja Rheinmetall Defence npousBena je cBojum cpegctevMma
6opbeHo Bo3uno newaguje Lynx, a HakoH NpoOHMX TecToBa BO3WMO je
NOHYNEHO TPXULLTY.

Lynx je HaMeH-EeH OHMM KITMjEHTMMa KOju Tpaxke OKIMonHo 6op6eHo BO3Wno
ryceHMyapa ca mogynapHum amsajHom. OBaj gusajH o0be3befyje ynoTpeby
BO3UNa y BENMKOM CMeKTpy pasHMX BOjHUX onepaumja, ¢ TMM WTO ynoTpeba
UCTUX JenoBa yMmawyje TpolwkoBe ogpkaBawa. KomnaHnuja Rheinmetall Hygu
aBe Bep3nje Bo3una Lynx, KF 31 n KF 41 n obe cy HamereHe WM3BO3HOM
TPXNLLTY.

MHOMM BOjHM KOMeHTaTopu npeTnocTaBunu cy pfda je Lynx OupekTHa
KOHKypeHUuja oknornHom 6opbeHom Boauny newagauje (OBBI1) Puma koje ce
npoussBoanm 3a notpebe Hemadke Bojcke. MehyTum, yenHUUM Hemauke
komnaHuje Rheinmetall cy ogroBopunu ga TO BO3UNO He MpeAcTaBiba

7 Jane’s International Defence Review August 2016
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koHKypeHLujy OBBIN Puma 3a koju ce roBopu aa npeacrasrba Hajoorse OBBI1y
npoussoahn y ceeTy Beh ga noctoje ogpeheHe pasnuke M pasnuuute UUrbHe
rpyne.

Lynx je HamMeweH WMHOCTpaHUM KOPUCHULUMMA Kao LITO cy aycTpanujcke
opyXaHe cHare ca cBojuM nporpamom Land400 Phase Il koju npeasuha 3ameny
aycTpanmjckmx OKIonHux TpaHcnoptepa M113AS4.

. -

BopbeHo so3urno newaduje Lynx

OBBI1 Puma moxe O6uTh TpaHCMOpPTOBaHO BasAylUHUM MyTEM, aBMOHOM
A400M, pok Lynx Hema Te ocobuHe. C gpyre ctpaHe, OBBI1 Lynx cagpxu Hu3
WHOBATMBHMX peLleHa He caMOo MO nuTakwy Tpyna u Kynone Beh u Mo nutawy
CEH30pa, opyXja U MyHuLmje.

MHTepHa KoHdurypaumja Bo3vna npeasuha ga gecaHTHO oderbene byae
CMEeLUTEHO Yy 3a4HeM Aeny Bo3usa U TO Tako LUTO Cy BOJHULM OKPEHYTU jedHun
npemMa JpyrMMa M CMeLWTeHW Yy ceguiTa npojekToBaHa fda ybnaxe yaap
eKcnnosuje, a n3nase HU3 pamny koja ce Hanasu Ha 3agHiem geny Bosuna.

Tpyn je cacTaBrbeH 0Of, 3aBapeHOr YeNM4YHOr OKrona ca MoAyfapHUM
OKJIOMHUM MaKeToOM Koju ce Aodaje no 3axtey. [ynnu noA Bo3una HaMeHEH je
npyxawy Beher HMBoa 3awWTUTE 04 MWHA U MMMNPOBU3OBAHMX EKCMMO3UBHUX
HanpaBa. Cam obnuk Tpyna omoryhaBa nakwe gofaBare MacMBHOI OKIona,
€KCMNMO3MBHO-PEAKTMBHOI OKfona wnvM kKoMOuHauuje oBa ABa NakeTa paau
nocTtusama 6orbe 3awTuTe.

Lynx moxe OGuTM OnNpemMrbeH akTUBHMM WM NacuBHMM oabpambeHum
CMCTEMOM KOju Cy Be3aHM 3a facepcke M akyCTUYHe ceH3ope y Kynomnu. [opwu
4eo Tpyna, U3Hag AecaHTHOr oferbewa, 3awTuheH je og Hanmaga oJosro, of
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KaceTHe MyHuUMje Koja ce nokasana Bprfio onacHOM TOKOM BOjHUX AejcTaBa Yy
YkpajuHu.

Bosay ceau Ha npegn0j nNeBoj cTpaHu Bo3urna. HoBM MOroHckn cucrtem
Hanasum ce Ha JeCHOj CTpaHu 1 cacToju ce of ausen motopa Libheer nosesaHor
ca aytomartckum mewadem cepuje Allison X300. PesepBoapu ropmea cagpxe
Buwe opn 700 n.

N3gyBHM cucTtem (OecHo) u cuctem 3a xnahewe (NeBo) yCcMepeHn cy Ka
3agHkeM geny Bo3una pagu ymaweha TepMarnHor U akyCTUYHOr 3payersa. Lynx
je onpemMmrbeH amopTU3auunjoM TOp3MOHOr T1Ma, a Ha obe cTpaHe BO3una Hanasu
ce Mo WeCT ABOCTPYKMX TOYKOBA Ca 'yMEHUM yMeLumMa.

MpBu npumepak y koHdurypaumjn KF 31 onpemrbeH je HajHOBWjUM
ryceHvuama ca ryMeHuMm ymeumma, WTo omoryhasa Bo3wuny noctusarwe Behe
Op3vHe, Mawy Macy, Mawy Oyky U Mawe BubOpauuvja, a WTO [OBOAM A0
CMarena NnoTpolre 1 Beher paaguvjyca gejctea.

Kynona Lance Modular Turret System (kojom je onpemrbeHa oBa Bepauja)
ucrnopy4yeHa je 3a wnaxcka sBo3nna MOWAG Piranha 3C 8x8.

KF 31 je onpeMrbeH OBOM Kyrnosiom, MMa nocagy o TpW ufiaHa 1 NpeBo3u
oferbewe o LecT BojHMKa. 3a pasnuky og wera KF 41 uma Behy kynony ca
BehOoM yHyTpawH0M 3anpeMUHOM, Nnocagda ce cacToju UCTO O4 TpW YnaHa, anu
3aT0 npeBo3n Behe ogerbere, 0caM BOjHUKA.

Kynona Lance kojom je onpemrbeH Lynx onpemrbeHa je Tonom 35 MM ca
Ba3gyLIHO-pacnpckasajyhoM MyHUUMjOM, anu je Ha Ty Kynony moryhe yrpagutu
n gpyre Tonose kao wTo je Ton 30 mm Mauser 30-2 ABM.

Kyrnona Lance Modular Turret System
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Ca pecHe cTtaHe Tona, KOakcujanHO je MOHTMpaH MuTparbes 7.62 mm ca
MakcumanHom 6p3uHom gejctea oa 800 meTaka y MMHyTU. OpyXje MMa CnorbHO
Hanajake 1 ONMPEMIBEHO je ca TPU LEBM Koje ce, No TBpAHU KOMNaHuje, Mory 3a-
MEHWTUN 3a Make o NneT cekyHau. Ha Kynonu cy noctaBrbeHa ABa enekTpuyHa
bauava rpaHaTta og 40 mMm Koju mory GuTu MoBe3aHn ca CUCTEMOM facepcke
netekuuje.

Ha neBoj cTpaHu Kynone Hanase ce Hocaym OBe NPOTUBTEHKOBCKE pakeTe
unju TN ogpenyje Kpajibn KOPUCHUK. YKONMUKO je nmoTpebHo, Ha OBOj Kynonwu
moryhe je MOHTMpaTM W [JarbMHCKM YhpaBrbaHy OPYXHY CTaHuuy ca
MUTparbe3oM oa 7.62 mm unu sehmm kanmbpom.

WNako je npeu npumepak OBBI1 Lynx onpemrbeH OBOM Kynorom, Kpajiu
KOPWCHUK MOXe TpaXuTu uHcTanauumjy 6esnocagHe Kynomne wnm Heke MoTnyHO
apyre. OcHoBy Kynore npeacTaBiba KOMMjyTepU3oBaHN CUCTEM 3a ynpaBrbame
BaTpOM U CTabUNM30BaHM EMNeKTPOONTUYKM HULIAHCKM CUCTEM KOMMaHuje
Rheinmetall Defence Electronics. Cuctem nocefyje gHeBHO-HOhHE ocmaTpadke
cucteme ca yrpafleHMM nacepckuMm garbuHomepoM. Komangupy je Ha
pacnonarary KPOBHM NaHOPaMCK1 OCMaTpaYvkv CUCTEM.

Lynx je y cTtaHgap4HOj Bep3uju onpemMribeH ayToMaTCKMM CUCTEMOM 3a
npenosHaBawe W npahewe uurbesa. Boauno je, Takohe, onpemMsbeHO U
CUCTEMOM 3a CTBapake cuTyaumoHe cnuvke (Situational Awareness System
komananuje Rheinmetall) koju nokpusa npoctop y kpyry oa 360 cteneHn. Cnuke
y 6oju npukasyjy ce Ha gucnnejuma KomaHampa, HulaHumnje n Boszada. Takohe,
NnocTaBibEeH je U AodaTHW AWChnej y Aeny Bo3una y Kojem ce Hanasu AecaHTHO
oferbemne.

Lynx je, Takohe, onpemMrbeH U CUCTEMOM 3a aKyCTU4YHY foKauujy CHajnepa
Koja ynosopaBa nocagy Ha npefcTojehy BaTpy w3 neliagujckor HaopyxXaka u
okpehe Kymomy ka OTKpuMBEHOj npeTwu. [arba crTaHgapgHa onpema
nogpasymeBa cucteM 3a cy3bujae HEX gejctaBa, cuctem 3a ynpaBrbamwse
BaTpOM, paano-ypehajn n HTEepKoOM.

Lynx je npojekToBaH Tako [a HeroBa erfieKTpoHCKa apxuTekTypa
[03BOSbaBa yrpagky pasnuyuntux NOACMCTEMAa Koju Takohe Mory, BpeMEHOM,
OMTK 3amereHN HOBMjUM Bep3ujama. Maca Bo3vna 3aBUCKM OA WUHCTanNMpaHor
OpPYXXHOT cucTema.

KrbyyHa ocobuHa pusajHa OBBIT Lynx jecte ga ce BO3uNO MoOxe
npunarogntu pasHnm 6opbeHnmM mucujama ynotpebom 6opbeHor komnneta mu-
nje kao WTo cy m3suharwe, KOMaHAHO-KOHTPOIHAa MUCKja, Bep3uja 3a Monpaske
N n3Bnavera, MHXNHepujcka Bepsuja, Bepaunja OKMOMHOr TpaHcnopTepa, Kao U
BaTporacHa n ambynaHTHa BapvjaHTa ca BULUMM HUBOOM KpOBa.

Lynx moxe NpeBO3nNTK U pasnuymTo Haopyxake, na Moxe butn onpemrbeH
MUHoOauaykum cuctemmma og 81 n 120 mm.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: “=http://orcid.org/0000-0003-1620-5601
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[larbuHcKu yrnpaerbaHe Kyrose OKIonHuUx eosuna’

[arbvHcKM  ynpaBrbaHe OpyXHe CTaHuue Ha OKMIonHuM  GopbeHuM
BO3WnMMa OBWYHO Cy HaopyxaHe MuTparbe3nma 7.62 wnm 12.7 MM, OOQHOCHO
ayTomaTckmm bauadmma rpaHaTa 40 mm.

OBe cTaHMue MOHTWpajy ce Ha oknonHa 60opGeHa Bo3una pagu
nosehaBawa 6GopbeHe MoOhu BoO3wna, anu of HedaBHO jedaH Opoj Bosuna
ONPeEMIbEH je [JarbMHCKM YMpaBibaHMM Kyroflama HaopyXaHum TornoBuma
cpeamer kanubpa, koakcujanHuM MuTparbesuma, a Heke M NPOTUBTEHKOBCKMM
BohjeHUM pakeTama.

OCHOBHO Haopyxake 00MYHO je cTabunucaHo u ¢ 063npom Ha TO Aa je
nosesaHo ca cTabunus3oBaHUM [OHEBHO-HONHWM  HWLWAHCKMM  CcripaBamMa
omoryhyje aHraxosawe LurbeBa MO CKOPO CBMM BPEMEHCKUM ycnosuma. Heku
CUCTEMMN ONPEMIbEHU CY M ayTOMaTCKMM TparadvMma uurbeBa Koju onakwiasajy
HULLAHLINjM NaKLle aHraxosare Luibesa.

[arbuHckM ynpaBrbaHnM Kynonama obuyHo ynpaerba jeaH BOjHUK Koju ce
Hanasu y Bo3ury U To NoMoNny AWChneja n KOHTpona Koje YKIbyuyyjy LIOjCTUK ca
KOHTponama 3a jegHy unu obe pyke. [InsajHu oBakBMX Kynona WMHCUCTUPAjy Ha
cdnekcmbunHocTy, a jegHa of onuumja je nocTojake ABa KOMMfeTa KOHTpona:
jedHor 3a komaHaupa, a gpyror 3a HuWaHuuvjy. Y oBakBOM cry4ajy fgofaje ce
nMaHopamCcKu HuUwaHckn ypehaj ca AHEBHOM TepMarHOM KamMepoM U flacepCkum
AarbMHapoM 3a kKomaHaupa.

BehunHa garbuHCKM ynpaBrbaHMx Kynona mma MoryhHOCT nyhwsewa opyxja
YHyTap OKMOMHOr BO3una Kao WTo je utanujaHcka kynona Leonardo HITFIST 30
mm Over-head Weapon Station koja nma Bpata y CBOM JOHEM [Ny KOjUM ce
npucTyna Kynonu OnpemsbeHoj NepuckonMma ca ocMaTpaykuM pagujycom on
360 creneHn. OBakBe kynone mory 6utu 6e3 nocage unu ca nocagom, y
3aBVCHOCTU Of TpaXKeHe KoHdurypaumje.

[areuHckM ynpasrbaHe Kynorne mMory 6utu gocra ckyne n JOCTuXy u go 50
MocTO LieHe okrnonHor 6op6eHor Bo3nna, kaga Cy yKIbydeHe LieHe naHcepa npo-
TMBTEHKOBCKMX pakeTa, AOAAaTHMX Kamepa 3a ocmaTtpake, bauadva rpaHaTta u
JedaH3nMBHUX cucTema.

OcHOBHa NpeaHOCT JarbMHCKNyNpaBrbaHux Kynona je gobutak y npoctopy,
WITO 3Ha4M Ja Ce Ha payyH TakBe Kynone gobujajy ABa gogaTHa mecTa 3a
npunagHuke AeCaHTHOr ogerbera.

O6wnyHe kynone ca nocagom umajy sehy macy ¢ o631pom Ha 1o aa cy Behe
1 ga vm je notpebaH BMLIM HUBO OKMOMHe 3awWwTuTe 3a nocagy. C gpyre cTpaHe,
nocaga kynore nma sehe ocmaTtpayvke MOryhHOCTU U MOXe MHOro Bpxe OTKpUTU
N aHraxosaTu uMrbeBe. TakBy NPeaHOCT 3adpXaBajy ABa HOBa OKIMOMHa ocma-

8 Jane’s Inter Kynona Lance kojom je onpemrbeH Lynx onpemrbeHa je Tonom 35 MM ca BasgyLUHO-
pacrnipckaBajyhoM MyHULIMjOM, anu je Ha Ty Kynony moryhe yrpagutu u gpyre TOMOBE Kao LUTO je Ton
30 mm Mauser 30-2 ABM.national Defence Review August 2016
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Tpayka Bo3una, ppaHuyckun Jaguar 6x6 1 GpuTaHcku Ajax Ha KOjuma Cy MOHTU-
paHe knacvyHe nocagHe Kynore.

HajHoBuju nponsBog 6enrujcke komnanHuje CMI Defence je kynona Cockerill
3000 koja ce pagn y nocagHoj 1 6e3nocagHoj Bep3unju u Moxe bt onpemrbeHa
TonoBuma of 25 na go 105 mm ca ony4YeHoM LiEBMW.

Kyrnona Cockerill 3000 koja ce padu y nocadHoj u 6e3nocadHoj eep3uju u Moxe bumu
ornpemrbeHa morosuma 00 25 do 105 MM ca onyyeHom uesu.

OBa KomnaHuja TPEHYTHO NPOU3BOAN Benukn 6poj nocagHux Kynona cepuje
Cockerill 3000 3a mn3Bo3HO TpxuwTe. lpeTnoctaBrba ce ga he oBe kynone
onpemnTn oknonHa 6opbeHa Bosuna LAV npegsuheHa 3a kaHagcky BOjCKy M
HaumoHanHy rapgy Cayaujcke Apabuje.lpBe ABe Bepsuje y Npou3BOLHHU CY Ky-
none Cockerill 3030 n Cockerill 30105. MNpBa kynona je HaopyxaHa TonomMm 20
MM MK 44 ca OBOCTPYKMM NMywEHEM U KOAKCUjarHUM MUTparbe3oMm, OOK je
apyra kynona onpemrbeHa tornom 105 MM ca ony4YeHoMm LeBM U3 KOjer ce Mory
ucnarevMBaTu naceepcku BoheHn NpojekTunu Ha MakcumanHy garsuHy o 5.000
M, @ TOM je ONpeMIbeH ayTOMaTCKUM MyH-a4eM.

Kynone mory 6utn onpemrbeHe Benukum 6pojem pasHux gogartaka kao LTo
CYy pasHe HuWaHCKe CcrpaBe, CMCTEMM 3a MNpPOTUBNOXapHy 6GopOy, mogaTHu
okron, 6auaun rpaHata u gpyru. Hajckynrba Bepsuvja nma gBa ctabunmsoBaHa
HMLLAHCKa cuctema

KomnaHuja Rheinmetall npojektoBana je kynony Lance Modular Turret
System (koja ce 13BO3M y nocagHoj u 6esnocagHoj Bep3uju). MNMpBK KNKjeHT je
LWnaHvja koja je gobuna 4etupw Kynore 3a cBoja okrnonHa GopbeHa Bosuna
MOWAG Piranha 3C y koHdurypaumju 8x8 koje he ynotpebrbaBaTi LLUNAHCKK
MapuHLUW.
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Kyrnona Lance Modular Turret System

OBe kynone onpemsrbeHe cy Tonom 30 mm Mauser MK 30-2 ABM ca
OBOCTPYKMM NyHEHEM, KOAKCUjaNTHUM MUTparbe3om 7.62 MM ca BeNvKUM
n3bopom KOMMNjyTepu3oBaHMX CUCTEMA 3a ynpaBrbake BaTPOM WM HaAO30PHUX
cuctema. Kynone cy, Takohe, onpemrbeHe u cTabunusaoBaHMM MaHOPaMCKUM
ocMaTpavkMMm cucTemMuma 3a KoMaHaupa, a npou3Boge ce y Bepaujama ca
jeqHor nnu gBa 4YnaHa nocage.

Kynona 3a okrnonHo 6opbeHo 8o3usio rnewaduje Puma

Hemauka Bojcka gobuja 350 oknonHmx 6opbeHnx Bo3nna newagunje Puma.
Oga Bo3una onpemrbeHa cy 6e3nocagHoM Kyrnornom HaopyxaHom Tonom 30 mMm
Mauser MK 30-2 ABM ca ABOCTPYKUM NyHEHEM, U KOAKCUjanHUM MUTParbe30oM
5.56 mm. OBaj mMutparbe3 he BepoBaTHO OMTWM 3amer-eH MOJeNom of 7.62 mm.
TpeHyTHO Cy ABa BO3wuna ornpemrbeHa ABOCTPYKMM IlaHcepuma 3a MpOTUMBTEH-
koBcke BoheHe pakeTe Tuna Spike, a Koju Cy CMELUTEHM Ha NEBOj CTPaHW Kyrnorne.

MpunukoM TecTupara, jeaHa Bep3uja Kyrnone ca Bo3una Puma cmellTeHa
je Ha oknonHo Bo3uno Tuna MRAV Boxer, koje je 0OWYHO HaopyxaHO
mMuTparbe3om M2 HB kanubpa .50, wTo TO BO3MNO cBpcTaBa y pen 6opbGeHnx
BO3uNa newagmje yMecTo OKMOMNHUX TpaHcnopTepa.

Nspaen je y mehyBpemeHy pagmo Ha cBojoj kynonm UT30 HaopyxaHoj
Tonom 25 mm M242 vnun tonom 30 mm MK 44 ca OBOCTpYKMM MNyH-eH-eM ca
KOaKCujanHMM MUTParbe3oM 7.62 MM 1 ONLMOHUM NTAHCEPOM NPOTUBTEHKOBCKUX
BoheHux paketa. Kynona je mace oko 1.000 kr, a npBoOMTHO je Ha3BaHa
JarbMHCKM ynpaBrbaHoM, a caga GesnocagHom kynonom. CeHsopcka onpema
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nogpasymeBa AHeBHy TB kamepy, TepmanHy Kamepy Jpyre reHepauuje u
nacepcku garsMHomep.

WtanujaHcka komnanuja Leonardo npojektoBana je Behum 6poj pasHux
Kynona Kkoje cy HaopyxaHe Tornosuma o 120 wmm. [lonosuHom 2008.
uTanujaHcka komnaHuja ,JleoHapgo” npowussena je kynony mace o 1.350 «r,
HaopyxaHy ctabunuzosaHum Tornom 30 mm MK44 ca OABOCTPYKMM MyHEHEM U
KoakcujanHum mutparbe3om 7.62 mm. OkpeTawe U eneBauvja Bplue ce
enekTpu4yHMM nNyTem, a eneBauunja Ttona kpehe ce y pacnoHy og -10 go +75
CTENEHN N HApO4MTO je KopucHa y rpagackum 6opbama, Kao M y aHraxoBaky
HuUckoneTehmx cnopux BasgylwHUX uMrbesBa. BatpeHa moh kynone moxe 6utu
nosehaHa yrpagwOM naHcepa 3a ABe MPOTMBTEHKOBCKe pakeTe Spike koje ce
Hanase Ha neBoj cTpaHu kynore. CMcTeMOM ynpasrbajy je4aH Unuv ABa dnaHa
nocage.

JarbuHcKu yripasrbaHe opy»xHe cmaHuue aMepuydke 8ojcke

Hopeewka komnaHuja ,KoHrcbepr’ npomssena je npeko 10.000 npumepaka
OarbUHCKM yrnpaBrbaHWX OPYXXHWX CTaHuua, a amepuyka Bojcka je u Hajsehu
KOpUCHUK oBUX cpeactaBa. OBW OPYXHU CUCTEMM OOMYHO CYy HaopyxXaHu
MuUTparbesamma 5.56 mm, 7.62 mm nnn 12.7 mm, anu 1 6auadmma rpaHaTta 40 mm
[OOK Cy HEeKe HOBWje Bep3uje HaopyxaHe MUTparbe3nma u balauuma rpaHara.

HajHoBuWja garbMHCKM ynpaBrbaHa OpyXHa cTaHuua komnauuje ,KoHrcbepr”
je Protector Dual Remote Weapon Station n oHa je nsabpaHa 3a nporpam onpe-
Maha kaHagcke Bojcke — Canadian Tactical Armoured Vehicle. Komnanuja je, y
CBOjOj pexwuju, NpojekToBana HOBY AarbMHCKM YynpaBrbaHy OPYXHY CTaHuuy
Protector Medium Calibre Remote Weapon Station (MC-RWS), a Ty nnatdopmy
je nzabpana amepuuka Bojcka 3a MoaepHusauuvjy 97 TpaHcnopTepa nelwlaguje
M1126 Stryker. NpBux ocam kynona 6uhe ncnopy4veHo o kpaja 2016. roguHe.

OBa kynona HaopyxaHa je Tonom 30 MM ca ABOCTPYKUM MyHE€HEM U
KoakcujanHum mutparsesom 7.62 MM, anu onuuoHo je Moryhe HapyduTtu
MuTparbese kanubpa 5.56 Mm 1 12.7 MM, kao 1 aytomatcku 6auad rpaHaTa 40
MM. Takohe, Moryhe je Hapy4uTu naHcepe 3a NPOTMBTEHKOBCKE pakeTe Tuna
Javelin.

Kynona Kogsberg MC-RW npo6Ho je MoHTMpaHa Ha 6opbeHo BO3umno nellaguje
Bradley koje je nmHadye HaopyxaHo Tonom 25 mMm komnaduje Orbital ATK Armament
system ca ABOCTPYKMM MyHs€HseM, KOaKCUjanHUM mMutpare3om 7.62 Mm 1M ABOCTPYKUM
NnaHcepoM NPOTMBTEHKOBCKUX pakeTa Tuna TOW.

Tokom cbebpyapa 2015. rogmMHe pycka koMnaHuja je npukasana MakeTy
OpYXHe CTaHuLe ca ayTomaTckum opyxjem komnaHuje UralVagon Zavod AU-
220M 3a Bosuno Enigma 8x8 koje passujajy Yjeanrwenn Apancku Emupatu.

Wcta opyxHa cTaHuua, nog HasusBom Baikal, npukasaHa je Ha pyckom
6opbeHom Bo3uny newaaunje BMP-3, kao jegHa o moTeHumjanHux moryhHocTtu
onpemMama Bo3una.
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Kynona AU-220M Haopy»xaHa moriom 57 mm Ha pyckom 6opbeHom 8o3ury rnewaduje
BMP-3

Kynona AU-220M HaopyxaHa je Tornom 57 MM, kageHuom rahawwa og 120
rpaHata y MUHYTU, KOaKCUjanHUM MUTparbe3oMm 7.62 MM 1 peJoM enekTpUYHUX
6auava guMHux rpaHata 81 mm. O6e3beheHo je 200 rpaHaTa cnpeMHuX 3a yno-
Tpeby, ykrbyyyjyhu npobojHy 1 BUCOKOEKCNO3MBHY MYHULM]Y, 8 MOMUHE CE MO-
ryhHOCT MHCTanupaka faHcepa 3a NPOTUBTEHKOBCKE pakeTe Benukor AoMeTa.

Kynona AU-220M nokpehe ce nyTem enekTpuyHux MoTopa y pagujycy o
360 cTeneHn, a eneBauuja LeBu kpehe ce og -5 o +75 crenenu, wto omoryhyje
rafawe jeaHor Opoja BasgywHUX uurbeea. NpukasaHa kynona Guna je onpe-
MIbeHa ca ABa cTabunM3oBaHa HULLAHCKa cucTema.

Pycka komnaHuja KBP Instrument Design Bureau npojekrtoBana je kynony
Epoch Almaty koja je MOHTUpaHa Ha Tpu HajHOBMja pycka okrnonHa 6opbeHa Bo-
31na, TELIKO OKIOMNHO BO3Umo newaauje T-15, oknonHo Bo3uno newaguje Kur-
ganets 25, kao 1 Ha OKNOMHO BO3umno newaaunje Bumerang koHdurypauuje 8x8.
Kynona je onpemrbeHa notnyHo ctabunusoaHum Ttonom 30 mm 2A42 ca fBo-
cTpyknm nywerweM ca 500 rpaHata cnpemHux 3a ynotpeby m 2.000 meTaka 3a
mMuTparbes 7.62 mm.

Ca obe cTpaHe Kynone MOHTMpaHu Cy ABOCTPYKM MaHCepu NpOTMBTEHKO-
BCKMX pakeTa ca flacepckuM HaBohewem Tuna Kornet ca pagujycom gejctesa oo
10.000 m. OBe pakeTe onpemrbeHe cy TepmobapuyHoM 60jeBOM rmaBoM wnu
TaHaem-00jeBOM rNaBOM HaMEH-EHOM 33 YHULLTaBake LUIbeBa OMPEMIbEHUX
Ca eKCMnno3nBHO-peakTUBHMUM OKIonomM. Kynona uma KoMnjyTepu3oBaHu CUCTEM
3a ynpaerbarwe BaTpoM, @ KOMaHAMP M HULLAHLKja UMajy Ha pacnonarawy cTa-
OGunNn3oBaHy HMLLIAHCKY CnpaBy ca AHEBHOM TEPMariHOM KaMepoM W flacepCkum
AarbMHOMEpPOM.
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Pycka kynona Epoch Almaty onpemrbeHa nommyHo cmabusiu3o8aHUM morom
30 mm 2A42

YBogehu oBy Kynony y Haopyxakwe HOBMX BopbeHux Bo3una newaguje,
Pycuwja je HanpaBuna orpoMaH Kopak ka pauuoHanusaumju CBOjUX OpyXaHuX
cuctema. Pycka komnanuja KBP Instrument Design Bureau Ttakohe je
npojekToBana [ABe [arbMHCKM YMpaBrbaHe OpYyXHe CTaHuue Koje ce Hyae
nojeAVHaYHO UMM Kao MHTEerpucaHe Ha HajHoBuje O0pOeHo BO3WnO newiaguje
BMP-3M Dragun.

MpBa je 100-30 garbUHCKKM ynpaBrbaHa Opy)KHa CTaHuLa Koja je Haopy»aHa
nctum Tonom 100 MM M KOaKCHjarHUM MUTParbe3om 7.62 MM, Kao 1 opurMHarnHa
Kyrnona koja ce Hanasu Ha Bo3uny BMP-3. [lpyra garbMHCku ynpaerbaHa opy»Ha
CTaHuLua onpemMsrbeHa je Tonom 125 MM ca rmaTkom LIEBM U KOAKCUjanHUM MU-
Tparbe3om 7.62 mm.

CrnoBauka komnaHuja EV PU passuna je u Tectupana kynony Turra u
npukasana cuctemM MOHTMpaH Ha Bosuna BMP-1 n Patria. OBa crtaHuua
HaopyxaHa je cTabunuaoBaHuM pyckum Tonom 2A42 ca OBOCTPYKUM MyHEHEM
ca 330 rpaHaTa cnpemMHux 3a ynoTpe0y, a kKao antepHaTMBa npeaBuheH je Ton
MK44 30 mm komnanuje Orbital ATK Armament Systems. KoakcujanHu
mMuTparbes 7.62 mm MNKT MOHTUpaH je ca gecHe cTpaHe, JOK Ce Ha NeBoj CTpaHu
Hanasu peg 6auadva rpaHaTa. Kynona ce nokpehe eneKkTpu4HuUm nyTem y Kpyry
oa 360 creneHu, ook je eneBauuja Tona og -10 go +70 cteneHuw.

HuwaHymja nma ctabunuiaoBaHy HULLAHCKY CMpaBy Koja yKIbydyje OHEBHY
Kamepy, nHpaupBeHy HOhHY Kamepy u nacepcku garbmHap. Moryhe je gogatu
N KPOBHY MaHOpPaMCKy HUWLUAHCKYy crpaBy 3a komaHaupa koja 6u noceposana
cnunyHe moryhHocTw.

Kynona Turra uma macy og camo 1.540 kr Ha HuBoy 3awTtute STANAG
4569 HuBO 1, WITO je Moryhe M3MeHUTU Mo 3axTeBY KOPUCHUKA.
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Takmuyka OasbUHCKU yripaerbaHa Kyrnona

OBy BpCTy kynone npojektoBana je komnaHuja BAE Systems Land
Systems South Africa koja caga notnaga nog komnaxujy Denel.

TakTMyka JarbMHCKM yrnpaBibaHa Kyrnona MoXe OMTU onpeMribeHa pasnuyunTuMm
TonoBuma kanunbpa og 25 u 30 MM, kao WTO je pycku Ton 2A42 M KOaKCujanHUM
MuTparbe3oM 7.62 mMm. Bepaunja HaopyxaHa pyckum Tonom Hocu o3Haky TRT-R30, roe
cnoBo R o3HavaBa ga ce pagn 0 pycKoM Tony, OOK O3HakKa 30 roBopun o Kanm6py Tona.
Moryhe je pogatn 1 ABOCTPYKM naHcep NpOTUBTEHKOBCKMX BOMEHWX pakeTa, a oHaa ce
o3Haka kynone mewa 'y TRT-R30MK.

Bepanja ca kanubpom 25 MM 0OWMYHO je HaopyxaHa Tornom 25 MM
komnanuje Orbital ATK Armament Systems, o3Hake M242, ca OBOCTPYKUM
nyweHemM 1 MaraumHom ca 260 rpaHaTa cnpeMHux 3a ynoTpeby 1 KoakcujanHum
MUTparbe3om kanmbpa 7.62 mm ca 1.000 meTaka cnpeMHux 3a ynoTpeby.

HuwaHyumja wnm KomaHaup YyodaBajy uurib  Kopuctehu ocmatpayky
upHobeny wnu KOmop kamepy Y3 TepmanHy kamepy Koja je MOHTupaHa
KoakcujanHo ca Tonom. OCHOBHOM BEP3MjOM TaKTU4YKE Kynone ynpaerba jefaH
nnun aBa oneparopa y 3aBUCHOCTU 0f Kelbe KOPUCHUKA.

Y mehyBpemeHy, Typcka komnaHvja FNSS Savunma Sistemleri npoussoaun
pasnuyuTa oknonHa 6opbeHa Bo3una Toykawe W ryceHunyape. HajHosuju
Npou3BO4 KOMMaHuWje je mMoayrapHa Kynona ca opyXjem cpeawer kanubpa y
nocagHoj n 6e3nocagHoj KoHUrypaumju.

BesnocapgHa kynona Teber-30 nma macy og 2.500 kr ca HUBOOM 3aLUTUTE
STANAG 4569 HuBo 2, wTo je moryhe yHanpeautu Ha HuBo STANAG 4569
HuBo 3. lNNocagHa kynona Teber-30 npegsuheHa je 3a gBa 4naHa nocage,
KOMaHaupa v HuwaHpujy n Texun oko 3.500 kr ca HMBOOM 3aliTuTte 4 Koju je
mMoryhe yHanpeamTn Ha HUBO 5.

Ha pacnonarawy je Hekonuko Bpcta TonoBa og 30 go 40 mm ca
OBOCTPYKMM MNyHEHEM, KOAKCUjarnHO MOCTaBIfbEHMX MuUTparbesa 7.62 MM un
B6auaymma QUMHKX rpaHarTa.

Kynona ce nokpehe enekTpuyHUM nyTem, a KOMaHAMp U HULAHLVja umajy
Ha pacnonarawy CTabunusoBaHe HWLIaHCKe crnpaBe ca AHEBHOM W TepMariHoOM
KaMepom K racepcku garsuHomep. Kynona je, Takohe, onpemrbeHa KoMnjytepu-
30BaHUM CMCTEMOM 3a ynpasrbake BaTpoM, CUCTEMOM ayTomaTtcke cynepene-
BauUuje, nspadvyHaBarweM Bogeher yrra u cMcteMom naeHTudukaumje ceoj-Tyhu.

Typcka komnanuja Otokar je mpewna gyr nyT oA pasBoja Bo3una y
KoHdurypauumju 4x4 knace Land Rover n AM General High Mobility Multipurpose
Wheeled Vehicle, na oo oknonHmnx 6opbeHux Bo3una y koHgurypauujama 6x6 m
8x8 1 TeHka Altay.

KomnaHuja je npojektoBana ogpeheHn 6poj Kynona, kao 1 AarbMHCKKU yrnpa-
BrbaHy kynony Mizrak koja je MmoHTUpaHa Ha 6opbeHa Bosuna newaguje Arma u
Tulpar y koHdurypaumju 8x8.

Bosnno Tulpar onpemrbeHo je Ttonom 30 mm MK44 ca koakcujanHo
nocTaBriLeHUM MUTparbe3oMm, a enesauuja opyha kpehe ce og -10 go +60
cteneHn. Moryha je onuuja yrpagwe OBe nacepcku BoheHe MpOTUBTEHKOBCKE
pakeTe Benukor gometa Roketsan.
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Bep3suja kynone HaopyxaHa moriom 25 mm komnaHuje Orbital ATK Armament Systems
Ha ppaHuyckom 6opbeHom eo3ury newaduje VAB Mk 3 y koHguzypayuju 6x6

HarbnHckn ynpaerbaHoM kynonom Mizrak ynpaBrba jegaH unaH nocage
Kopuctehn cTabunmsoBaHW OHEBHO-TEPMANHW HULLIAHCKM CUCTEM KOjU je
MOHTMpaH ca JfleBe CTpaHe [MaBHOI HaopyXaha. Kynona je onpemrbeHa
6anucTtnykom sawtutom STANAG 4569, HuBO 2.

CBaka of HaBefgeHuMx Kynona, nocagHa u 06esnocagHa, MMa CBoje
npegHoOCTW, anu [darbMHCKU yhnpaerbaHa Kynora He 3axTeBa ofy3umarse
KOpUCHOI npocTopa y Tpyny Bo3una, wro oMoryhaBa noBehaBakwe AecaHTHOr
operbetsa. OBakBa Kynora je nakwa wTo omoryhaBa AofaBare OKIOMHOr
naketa, anu, ca apyre ctpaHe, MHOIO je CKynSba of nocagHe.

Hpaeax M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: “'nttp://orcid.org/0000-0003-1620-5601
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CmaHdapou uspade MoOepHUX KyHOaKa

KyHOak, kao jedaH of OCHOBHUX [erioBa BaTpPeHOr opyxja, npeacrasrba
Jeo cuctemMa Ha Koju ce cnajajy ues un aytomatuka opyxja. [lpema
DYHKLMOHANUCTUYKOM KpUTEpUjymMy Moryhe je roBoputu O OBE OCHOBHE yrore
KyHOaka Kao pdena opyxaHor cuctema. [lpymapHO, KyHAaK nomaxe npu
HULWaHewy, NpeacTasrbajyhm jeiHy of Tayaka OCrfioHUAa opyXja U Ha Taj HAYuH
ofpXxaBa OpyXje y penaTMBHO MMPHOM NoNoxajy” WTo omoryhasa u u3sohere
npeumsHor noroTtka. [lopep Tora, ¢ 063MpoM Ha KOHCprKLI,Vij oKmaaukor
MexaHu3Ma U UHAOyKoBake cune npu onarbewy, Hajpehn geo” Tp3aja opyxja ce
MpPeKo KyHaaka npeHocu Ha Teno cTpenua.

TexHn4ka n TexHonoLwwka gocturHyha yBek cy nmana npumeHy m ytuuaj u'y
HaMeHCKoj uHOyCcTpuju. [ogaTHO, eBonyuuja oOpyxaHux cykoba y cBeTy
3aTpaxuna je u npunarofaBawe MoCTojehnx OpyXaHUX CUCTEMA HOBUM
TepeHckMm notpebama, WTO ce y obracTu Haopyxarwa 1 onpeme oapasuno u
Ha MojaBy HOBUX KaTeropwvja nellagmjckor Haopyxaka (Kao LWTo je, npumepa
paau, KOHUENT opyXja 3a fMYHy 3awwTuTy, 3aTUM aHTUMaTepujanHux nywaka 3a
npeumsHo rahawe u Ap.). MogepHu ctaHgapau obnukoBanu Cy U OpyxXaHe
cMCTeMe Kao LienuHe, anu 1 ycaBpLUWIN U HUXOBE cacTaBHe JenoBe.

KoHcmpykuuja KyHOaka U makmuyko-mexHUYKe Kapakmepucmuke cucmema

KoHcTpykumja kyHOaka ymHorome ytude Ha ocobuHe opykaHor cucTema.
Ca TexHuuKor acnekra, KOHCTPYKUMOM KyHAaKa YyTude ce Ha YKYNHy AYXWUHY
opyXja v Heroy Macy. JegHa o HajyourbMBMjUX TeHAeHUMja [aHallHuX
npouvssohava jecte yBehaBawe KOMNAKTHOCTU OpyXja, Tj. yMamuBawe
OVMEH3nja cucTemMa, LWTo, MO MnpaBuny, YTUYE U Ha TaKTUYKY MPUMEHY,
onakwasajyhu HolweHe cuctema, TPaHCMOpPT, MaHeBpUCame, Kao U TaKTUYKO-
bopbeHy ynoTpeby. CwmawuBame AyXMHE OpyXja Moxe ce noctuhu
TENecKOmnck1um, OOHOCHO M3BNayehMM KyHOAKOM — CKIIONMBUM MIW npeknana-
jyhvnv|4' Takohe, onTuMM3aLmMjoM Mace KyHaaka 1 octaTka cuctema ocTeapyje ce
BaXkaH cTaHaapa GanaHcMpaHOCTM Maca BaTpeHOr opyja koju 6u ngeanHo, no
npasuny, Tpebano ga 6yage y npegeny oko pykoxsaTta opyxja. [lopepn Tora, ¢

' OcroHal ce, HajuelLhe, ocTBapyje y 3rmby pameHa pyKe uYnja Liaka peannsyje nopnavetse obapava.
2 OppaBatbe opyxja y Nornoxajy 3a HULLakeke 1 narbGy 3aBrcy of BULLEe haKTopa, a jefaH Of HiX
jecte un ctaB koju cTpenay 3ay3uma. Tako, npumepa pagu, npu nexehem craBy ocrioHal, opyxja
npyMapHo ce ocTeapyje npu 4oaupy ca TBPAOM NOAMOroM.

Marun peo Tpsaja ancopbyje noanora yKONMUKO je OpyXje MOCTaBIbEHO Ha YBPCTY MOBPLUMHY,
OJHOCHO LLiaKka 1 pyka KOjoM CTpernal, ocTBapyje NoTxeaT opyxja.

Tpeba pasnukoBaT NPEKONMBM KyHAAK KOjU Ce npeknana y jegHy unm obe cTpaHe of Cknonueor
KOjU Ce HEe MOpa HY>XHO (MKCMpaTK y CTpaHy, LUTO je Cry4aj ca nyw4aHuMm cuctemmma ,3actasa M-
70 AB2*, HaumoHanHor npoussohava ,3actaBa opyxje” n3 Kparyjesua.
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0631poM Ha TO Aa CTpenal, Ha Bulle Tayaka® Joavpyje KyHaak, peHOMUpaHu
nponssohaun noceehyjy BernuKky naxwy N eproHOMmju KOHCTPYKUMje KyHaaka,
Kao 1 NpeunsHoj 3aBpLUHOj 06paaw.

MpeumnsHoCT noroTka 3aBucK o4 ABa hakTopa, NPYMapHO: TEXHWUYKOT, KOju
nogpasymeBa KBanuTeT cucTema, W IbyACKOr, KOjU noapasymMeBa BELUTUHY
cTpenua ga vssege rafawe M ocTBapy norogak ¢ 063MpoM Ha OKOMHOCTU Y
KOjuMa KOPUCTU Opy»Kje, OOHOCHO BELUTUHY Aa BarbaHo ynyua opyxje. CactaBHu
0e0 onarbewa npeacraBrba U TP3aj opyXja, Koju je y KOnNusmju ca KOHTPONOM
narebe, Te cy Beh HajpaHuja UCKyCTBa cTpenala ycmepurna KOHCTPYKTOpe Ha
npoHanaxewe pellewa pagu ymawuBama jauymHe Tp3aja npu narsbu y wWro
Behoj Mepu. Kaga je y nuTamwy KOHCTpyKuMja KyHAaka, TO 3aBUCK O HadvHa
cnajarba KyHaaka ca oCTaTKoM cucTema (YKOMUKO KyHOAK M caHOyK opyxja He
YMHE LUenuHy), na je Tako HeOMNXOAHO MaKCMMarHo ymMawuTu 6uno Kakas xof,
pasgBajarke WUNM caBujake Ha MeCTy crnajawa. Takohe, BaXHO je naxrbMBoO
opgabpaTu BpCTy MaTepuvjana npuv u3pagn KyHaaka, a npegHoCcT ce Jaje
TpajHUjUM pecypcrMMa Koju Cy YBPCTM M MOCTOjaHN U NMpu OyXOj ynotpebu, kao n
Mpu eKCTPEMHUM KNMMaTCKO-TePeHCKMM ycnosuma. PaHuja npakca ynotpebe
TBPAOT ApBeTa y U3paam KyHhaka faHac je CKopo MOTMYHO HanylTeHa, kaga je
ped O MOAEPHOM MeLagnjCKOM HaopyxXawy. Yak M HOBUjU CUCTEMU pPYyCKOr
LKkanawmukosa“ gaHac nobwujajy nonumepcke KyHaake, a Toj npakcu npuapyxyje
ce U1 HaumoHanHu npousBohay ,3actaBa opyxje“ Koju je y okBupy
MOOEpPHM30BaHOr nporpama neLwagmnjckor Haopyama y nOoTNyHOCTU HanycTuo
ynotpeby TBpgor ApBeTa y mM3pagu nywdaHux cuctema. Ha kpajy, Beoma
BaXkaH, a KOHCTPYKLUWjCKM BeoMa NPOCT Ae0 KyHAaka je amopTusep Tp3aja, Koju
ce Hajuyelwhe nocTaBrba Ha 3agH0j CTpPaHW W KojU cTpenay goaupyje. PaHuja
npakca ynoTpebGe MeTanHMX MaTepujana 3a u3pagy amopTu3epa AaHac je
MOTAYHO HanywTeHa, Te Cce MNpeaHoCT Aaje TYMEHUM W KOMMO3WUTHUM
mMartepujanuva.

KoHcmpykuuja kyHOaka y 3asucHocmu 00 HaMeHe cucmema

lMpumapHa HaMeHa CBUX OpYXaHUX CUCTEMA je YHULLITaBaHe XUBE cune 1
TEXHUYKNX CPeACTaBa, a pasnuke ce OOHOCE Ha KapaKTepUCTUKe uuibeBa (Ha
NpMMep 3aKMOHEHW, OKIOMIbEHM), OOHOCHO AWCTaHUue Ha Kojuma ce
npeTnocTaBrba eduKkacHo AejcTBo’. Minak, ycrnoxaBare 6e36eQHOCHUX NpeTHY,
Kao U oOpyXaHuMx cykoDa yonwTe, y3pokoBano je nojaBy cneumduyHmnjnx
OpYXXaHWX CuUCTeMa KOoju Cy MNPMMapHO HamereHW 3a ynotpeby y 3HaTHO
cneunduyHmnjum ycnosmuma.

AyTOMaTu M jypulliHe nyLiKe Cy CUCTEMW MPUMapPHO HamereHWn 3a Brmcky
6op0by y Kojoj je 3a cTpernua Beoma BaxHa fobpa nperneaHoCT okonuHe n 6p3o

Crpenad, no npaeuvny, uMa JOAMPa ca 3a4H0M CTPaAHOM KyHAaka, noctaBrbajyhu je y 3rub pameHa,
3aTVMM Ca ropHOM CTPaHOM Ha Kojy Hacnaha obpa3 MPUMUKOM HULLIaHEHa, @ YKOINMKO KyHAaK YUHW
LieNnMHY 1 ca CaHayKoM opyxja npefHu [eo je eproHoOMCky 06rMKoBaH 1 npeacTaBrba U pykoxsarT.
LUTo ce npumapHO npouewyje Ha Mepy Yy KOjoj ucnarbeHu MpojeKTun 3agpxaBa OanucTuuke
KapaKTepucTuke y nponnmcaHnM/npeTnocTaBbeHNM HopMama.
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OCTBapuBamwe HUllakera MHAMBUAYanHOr Lurba, OAHOCHO eduKacaH npeHocC
narbbe ca unMrba Ha uurb. Mlako ce To y BEMMKOj MEpPU OCTBapyje 3aBUCHO 0f
HMBoa oOy4eHOCTM cTpenua M HEroBor TPEHYTHOr MCUXOMU3NYKOr CTamba,
NCMpaBHO je pa3mMoOTPUTU M yTULAj] KOHCTPYKLMje KyHOaka Ha oBe Hopme. Tako,
NpaBoOSIMHMjCKa KOHCTPYKLUMja Opy)KaHOr cucTemMa nogpasymeBa a je KyHOak y
NIMHWjU ca NOoMoXajeM MEeXaHWYKMX HUWaHa opyxja, WTOo, Ha npumep, Huje
cnydaj Kog cTtapujux Mogerna cucTtema ,kanawmmukoB®. Hecknag namehny HuBoa
KyHOaka M HMBOA HMLLAHA OTexaBa HuLlakeHe CTPeruy, jep ce MOXe OecuTu
Aa Hacnakwakbem obpasa Ha KyHOak [OOMMHAHTHO OKO cTpernua Huje y
ONTUManHoOM MoroXajy y OOHOCY Ha MexaHwyke Huwade. [pobnem nocTaje
[00aTHO CNOXEeHWjU y criyyajy MOHTUpaka HeKor HULLaHCcKor ypehaja Ha ropkwy
LWMHY MK HOCad, Te ce pasnuka uM3Mely HMBOA OKa M KOHYaHMWLE HULLAHCKOTr
ypehaja ysehasa.

Teneckoricku KyHOayu rpouseohaya ,Magpul®, MoHmupaHu Ha cucmeme ,3acmasa M-70
AB2” Ha 3a0yxery npunadHuka CAJ MYT1 P. Cprcke. ®omo: Munow Jeemuh

Beoma HanpegHa peluera y KOHCTPYKUMjU KyHOAka AOHENU Cy 4yBeHu
amepuukn cuctemm M-16, ca PUKCHUM MONMMMEPCKUM KyHAauuMma, a Koja cy
nogurHyTa Ha jow BMWKW HMBO npomouunjom M-4 nnatgopmn, Takohe ca
NoSIMMEPCKUM, anu Teneckonckum  KyHoaumma. KoHcTpykuuje ca M-4
nnatgopmMmn gaHac MHOrmM npounasohadn Konmpajy, ca BuLLE UM Makwe ycnexa, 1
KopucTe y u3paau COMNCTBEHUX cucTema. Y OKBMPY MOMEHYTUX KaTeropuja
Haopyxaka KyHaauu Hajuyewhe HUCY UenuHa ca caHgykoMm cuctema Beh cy
crnojeHn Ha pasnuuute HadmHe. CxogHO Tome, unu cy npeknanajyhm cknonusm
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NN TENECKONCcKK, a YecTo u objeanrsasajy oBe ocobuHe, kao LWTO je TO cry4aj,
npvMepa pagu, ca cuctemmuma denrunjckor npomasohada ,FN SCAR”,. HapasHo,
WITO je KOHCTPyKUMja CUCTeMa CIOXeHWja, OQHOCHO LITO je BuWe Tayaka
crajama, TO je CUCTEM MOANOXHUM MEXaHUYKUM owTehewnma, a kKomnosuumja
M LENoBUTOCT Cy HapyleHW, LWTO Ce HeraTMBHO OfpaxasBa Ha BULLe
napameTtapa, Mefly kojuma u Ha npeumsHocT narbbe. Mnak, nmajyhu y Bugy na
Ce CUCTEMM MOMEHYTMX KaTeropuja npuMMapHO KopucTe y ycrnosBuma 6Gnucke
bopbe, oBe moryhe nocneauvue ce onpaBOaHO NpuUxBaTajy jep je npeumsHocT
norotTka 3HaTHO nakwe OCTBapuTU ynpaso ycnen OnuMsvMHe MeTe, uuvje ce
aHraxoBawe  4YecTo  OCTBapyje M MNpPeKko  MEeXaHU4knx,  OAHOCHO
HeyBenunyasajyhux pedrekCHUX HULLIaHa.

3Hayaj NOMEHYTMX KapaKTepucTMKa OpyXaHor cuctema ce MOTNyHO
Apyradvje pesoHyje kaga cy y nutamwy nyLuke 3a npeuunsHo rahamwe, Mehy kojuma
Tpeba pasnukoBaTM OHe Koje ce ynoTpebrbaBajy Ha cpeAwum AucTaHuama
(Hajuewhe go 300 meTapa) 1 ganekoMeTHe MyLUKe Koje ce KopucTe 3a rahare
uurbeBa 1 Ha guctaHuama npeko 1000 meTapa. Ha cpegwbnm guctaHuama mory
ce edmkacHo ynotpebutn n gobpo ynyuaHe nyLike, KBanuteTHe jypulliHe nyLuKe
ca ogrosapajyhum yBenu4yaBajyfivM HULIAHOM W Yy MOMyayTOMaTCKOM PEXUMY
narebe. [lopeng Tora, OpojHu npomsBofhaun u3pahyjy wn cneumjanHe
nonyaytoMaTcke Bepauje nywaka 3a npeuusHo rahawe Ha OBUM AMcTaHuama.
Tako, npumepa pagu, Hemadkm npowussohad ,Heckler&Koch” opgsaxHo
npomosuLle cepujy ,G-28", weajuapckn ,SIG Sauer” npaTtu cBojoM cepujom ,SIG
Sauer 716", uto. OBM cUCTEMM Cy OMNPEMIbEHUM KyHAauuma Koju cy
KOHCTPYKUM|CKN BPMoO CIMYHU OHMMA KOju Ce KOpUCTE Y u3pagu jypuLLHUX
nywaka. JegHa of yourbMBUjUX pa3nnka y KOpUCT OBUX APYIUX jecy HanpegHuja
pellewa eproHoMckmx obpasvHa Koje cTpenay Moxe npurarohasatu
concTeeHum notpebama no BUCUHW, OYXXUHU U LUIMPUHW.

KoHcmpykuuja kyHOaka Ha nywuu ,Steyr Tactical Elite” y kanubpy .308 Winchester,
Ha 3adyxemy cneyujanucme [lpse crieyujanucmuyke jeduHuye
KaHdapmepuje P. Cpbuje. ®omo: Munow Jesmuh
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Kapga cy y nutawy ganekomeTHe nylike 3a npeuusHo rahawbe, NOMeHyTu
KPUTEPUjyMU KOHCTPYKLMje KBANMTETHOI KyHAaka Ccy BeoMa BUCOKU. [NyLike oBe
BpCTe Hajyewhe (PyHKUMOHMLLY MO MPUMHUUMNY MaHyernHor penetvparba (eHrnm.
bolt action), Te ynoTtpebGrbaBajy mohHuje kanubpe Koju y3poKyjy jak Tp3aj npu
nareou. Mlako Hemajy ayToMaTtcku pexunm narbbe, ynotpeba oBux nylaka mMmopa
O6uTn onpasgaHa M y cuTyaumju Kaga ctpenawl Mopa a ucnanuv Buwie meTtaka y
Kpahem wuHTepBany, ma KOHCTpyKuMja KyHOaka mopa MakcumarnHo ybnaxutu
Tp3aj Koju cTpenay oceha, jep MMHMManHa NpoMeHa xXBaTa unu ctasa cTpenua
MOXe HeraTuMBHO yTuLaTW Ha Npeumn3HoCT. Takohe, MMHUManaH xo4 Ha MecCTy
cnajakba KyHOaka M caHdyka MOXe Y3poKoBaTW Benuke npomallaje Ha
OucTaHuama o no Bulle cToTuHa meTapa. Ctora je of m3y3eTHOr 3Havaja ga
KyHOAK U ocTaTak CMCTeMa YMHe BPIio UBPCTY, MOy3AaHy LenuHy. YnpaBo 3aTo
Ko, MHOTMX Moaena ,peneTupkn” KyHOak n octaTak caHayka unu kyhuwra YmHe
uenvHy, 6e3 nkakBMx Tayaka cnajara. Y TOM Cryyajy pyKoxBaT je cacTaBHU Ae0
KyHAaka 1 eproHOMCKU ce 0bnuvKyje MexaHn4koMm obpagom martepujana.

Munow M. Jestuh (Milo§ M. Jevti¢), ypeaHuk cajta specijalne-jedinice.com,
e-mail: info@specijalne-jedinice.com,
ORCID iD: ““'http://orcid.org/0000-0002-1305-7618
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Bex6a pyckux u cprickux nurnoma BAPC 2016 u CriogeHcKo
bpamcmeo 2016

MpunagHUuM Hawunx OpyXaHWX cHara, a nocebHo Buga PB un MNBO yuye
HOBe nekumje O ynoTpebum caBpemeHux netenuua n 6opbeHMM TexHukama.
Pa3Boj BOjHe onpemMe y CBeTy, Haopyxaka W gpyre TexHuKe 3axTeBa HoBa
casHaHa Koja ce ogHoce Ha oabpaHy 3emIbe, a 3a0CTajakbe Ha TOM MNaHy MOXe
ce CNpeyvnTn ocaBpeMeHaBareM HALLMX OPYXaHUX cHara, Kao u yexxbaBarmem
npunagHuka Bojcke Cpbuje y HOBUM TaKTUYKUM MOCTyNuMMa v npunpemarem
3a eBeHTyanHe HoBe dopme CynpoTCTaBfbara arpecuju. Y3 mehyHapoaHy
capafty ¥ CTULaHhe HOBUX UCKyCTaBa Halla Bojcka ocnocobrbeHa je 3a ydeluhe
y MyNTUHaAUWOHANMHUM BOjHUM CHarama.

Mpecpemarse u cnacagarbe

3ajegHunyka BojHa Bexba BAPC 2016 (bpatcteBo aBujatnyapa Pycuje u
Cpbuje) nssegeHa je og 9. go 15. oktobpa 2016. roguHe Ha Aepoapomy
.baTajHuua”’. YBexbaBaHa je KOHTpora M 3awTuTa BasgyLuHOr npocrtopa u
bopbeHo Tparawe M cnacaBawe. [lMnoTn cy ce ocnocobrbaBanu Ha
aBuoHnma Mul-29 wun xenukontepuma MW-17. YyectBoBano je je 20
npuvnagHvka Pyckor paTHOr BasgyxornsioBCTBa, KOjU Cy, 3ajedHO ca Halumm
nunotTumMa, y Buay MELIOBUTMX Mocada M3BENM Mpecpetakwe foBuuma u
akuuje Tparaka 1 cnacaBaha XenvMKonTepmma.

YBexbaBaHe cy pgedaH3vBHe ©OopbeHe pagwe, MpecpeTawe
Ba3gyxonsioBa Koju 6y noBpeaunu Haw Ba3gyLUHW NPOCTOP U criacaBake Ha
TEPEHY KOoje Ce MOXE KOPUCTUTU N 'y OKOINTHOCTMMA Kada Cy YIPOXKEHW LIBUN.

Bexba cpnckux n pyckux nunota nog Hasveom BAPC 2016 HameTHyna ce
Kao OCHOBHW 3afaTak HakoH HabaBke aBa aBuoHa MWI-29 u xenukontepa MU-
17, He camo pagu ynosHaBawa NeTHUX u 6opbeHnx ocobeHocTn TUx netenuua
Beh n paguM oBnagaBawa TaKTUYKOM YynoTpebom y crnoxeHum 6opbeHnm
gejctBMMa. HecymwMBO je ga pycku nNunoTu nocegyjy Beoma AparoueHo
MCKYCTBO Yy nMpecpeTadkum pfejctBuma ca netenuuom MUIMT-29, kao un y
Ba3ayLwHoj 6opbu. OBaj aBMOH UMa n3y3eTHe NeTHe MOryhHOCTM U Nog BELUTOM
MUIOTCKOM PYKOM W3BOAW BEOMa CMOXeHe MaHeBpe Kojuma ce ocTBapyje
npesnacTt y BasgywHOM npocTopy u nobega y BasaywwHoj 6uumn. 36or Tora ce
Bexxba pyckux u cpnckmx nunota BAPC 2016 moxe nocmartpaTu, a Barba je
MPBEHCTBEHO M pa3yMeTW, Kao 3HayajaH Hanpedak y OBragaBalby OCHOBHUM
caBpeMeHum O6opbeHuM noctynumma y obesbefuBary BnacTuTor BasgyLUHOr
npocTopa, KOHTPOME M CynpoTCTaBIbaky arpecuBHUM AejCTBUMA €BEHTyasnHor
NPOTUBHUKA. Y3 TO, TO je Buna u3BaHpegHa Npunvka ga ce Hawu npunagHium
PB u NBO obyyaBajy 3a cnacaBarie 060peHnx nunora.
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360r MHOrMX CTpPy4YHMX M npodpecuoHanHux cagpxaja oBy Bexby Tpeba
nocmarpaTy camo ca BojHor acnekta. bopbeHa BelTMHA HEMa HMKaKBe Be3e ca
anpokcumaumjama u TeOPEeTCKMM MpoLeHama BOjHO-MONIMTUYKMX aHanuTuyapa
Koju y TakBuM Bexbama Buae noTeHuujanHe cueHapuje 0 eBeHTyarHOM CyKooy,
no NpuHumMny ,wra 6w 6uno kag 6u 6uno”.

MocTtoje 6pojHM pasnosun 360r kojux cy oBakBe Bexbe noTpebHe. M 3a Hac
je Beoma BMTHO LITO MMamMO Ha Kora da Ce OCMOHUMO, Oa HayYyumo BuLIE U
borbe 1 TMMe 3Ha4ajHO yHanpeaumo CBOj cuctem oabpaHe u 3awTuTte, He caMo
BnactuTor Heba Beh n cyBepeHuTeT LienoKynHe gpxase.

HecymmuBo je ga je Cpbuvja nmana npunuky ga Ha HajHenocpeaHujn HaunH
1999. roguHe, 3a Bpeme arpecuje HATO-a, cno3Ha wTa 3Ha4n 6utn nHdepmo-
paH y MHOTMM acnekTMMa Haopyxakwa n 6opbeHe onpeme, NnocebHO y Basgyxo-
nnoscTBy u MNBO. CaszHanu cMO LWTa 3Haun reHepaumjckn 3aocTajaT y Basayxo-
MMOBHOj U NPOTUBBA3AYyXOMSIOBHOj TEXHULM U HEMATW OpraHM3oBaHy crnyxby no-
Tpare 3a 060peHNM NUNoTMMa.

HapaBHo, Tagalwra opyxaHa cHara Halwle 3eMribe nokasarna je KONMKO Cy
3Ha4yajHe crnocobHocTM u kBanuTeTM Gopaua, oduumMpa U BOjHMKA, M Kakas
3Hayaj y CrOXEeHWM MOSIMTUYKO-BOjHUM OKOSMHOCTMMA MMa M LIeNoKynHa BojHa
MHppacTpykTypa. He moxe ce pehu ga y nepuoagy arpecuje HATO-a Ha Hawy
3eMsbY HUje UCMOrbeHa 3HavajHa YMELLHOCT y kopuwhewy caBpemeHe 6opbeHe
TEXHMKE U OPYrnX pacrofioXMBMX KanauuteTa. bunu cy To mM3y3eTHU pecypcu
Kojuma ce MPOTMBHMKY HWje OO03BONWUMO Aa HAac M3HEHaau My KpaTKOTpajHoj
6opbeHoj akumju nopasu u ogHece 6p3y BojHy nobeay. Anun, Aa CMO UManu Heka
caBpeMeHa n bopbeHo edmkacHa cpeacTea BasgyxonnosHe u NBO TexHuke u
Haopyxaka, Ha HMBOY CuNna Koje Cy Hac Hanane, BepoBaTHO 61 ce HawwmM NUoTu
nokasanu y gpyradvjem csetny... O ucxogy nonutudke nodene, y ogHOCY Ha
Tajallkbe OKOJTHOCTM, UIY30pHO je pacnpasrbaTtu, jep uctopuja Huje gana cBoj
peanaH norneg, nowrTo ,nobegHuuM’ Benu4yajy cede, a ymamyjy BpeOHOCTU U
3Hauaj ,mopaxxeHnx”.

CaBpemeHa pearnHocT roBopu ga ce, y CBUMM CBETCKMM LEHTpMMa 3a
n3yyaBare BOjHE BeLITMHE MOMHO M CTyOM|CKM aHanusmpajy Ba3gyxonsnoBHa
gejctBa M3 caBpemeHux patoBa. [locebGHO cy akTyenHa OHa u3 nepuoja
arpecuje HATO-a Ha Hawy 3emrby 1999. rognHe. CBa casHakba Koja ce 0 Tome
MOry CakynuTu M U3y4uTWU MMajy BENUKM 3Hauyaj. U, y HOBUM OKOMHOCTUMA, Y3
CaBpeMeHy OMnpeMy W Haopyxake, HOBa 3Hatba O HMXOBO] YNOTPedU, CHaKHY
BOJbY W YBPCTO cpue, MeflyHapoaHy capaghy u Behy uHTeponepaTubumHOCT,
O[HOC CHara MoXe ce NPOMEHUTMU.

C ppyre cTtpaHe, u3yuutn Onmcka GopbeHa WCKyCcTBa, Ha OCHOBY HMX
Hay4uTW NOCTYMKE N CaBpeMeHy TaKTuKy ynotpebe paTtHe aBujaumje, 6e3 heHe
npoBepe 1 NpMMeHe y Bex60BHMM ycrioBuma, 6mo 6m camo oeo jegHor BaXKHOT
nocrna. MNopehewe ca ynotpebom Hawe asujaumje 1999. rognHe n moryhHo-
CTMMa caBpeMeHnx bopbeHux netenuua Kojuma je HeornxogHo oBHOBUTK CPMCKO
Ba3ayxonsoBcTBO, Hamehe ce camo no cebwu, jep TO je AeO Hawler HoBwujer
NCKycTBa U caBpemeHux ogbpambeHnx notpebda.
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lMpema crneuuduryHocTMMa 3a NpunpeMe n mM3Boferwe BasayXONnmoBHUX U
NpOTUBBA3AyXOMMOBHMX AejcTaBa, Hama cy notpebHe netenuue Tuna MUM-29,
npe cBera 3a COMCTBEHY KOHTPOMYy BasdywHor mnpocTtopa. PatHo
Ba3gyxonnoscTBo 1 MNBO nma 1 cBoje 3agaTtke 3a NPEBEHTVMBHO aHraXXoBah-e U
ynotpeby y opyXaHoMm cykoOy, nmocebHO y OHOM [Jeny y KOjeM Y4YecTBYjy
Ba3dyxoMnJyioBHe W NMpoTuBBa3gyxonsioBHe cHare. Haw MWIM-29 kopuctune 6wm
cHare PB n MNBO, NnpBEHCTBEHO Yy MUPY UIM BaHPEOHOM CTaky, WU, HapaBHO, y
€BEHTYyarnHoj opyxaHoj 6bopbu. HeonxogHa Ham je eckagpuna Ha OCHOBY “Mjux
TaKTUYKO-TEXHUYKMX MOTyhHOCTM M yBexbaHOoCTM MOry Ada ce npunpemajy wu
n3soge Ba3gyxonroBHa M NPOTMBBAa34yXOnnoBHa AejCTBa KojuMa ce, npe cBera,
06e36ehyje kOHTpona u 3alWTNTa CyBepeHuTeTa Ba3ayLLHOr npoctopa. Ty je pey
W O aKTUBHOCTWU KOje camocTanHo peanuayjy aexypHe cHare PB u [BO y
cuctemy MNBO. HapaBHo, Hawuv nunoTtu cy y Tom gomeHy ynotpebe netenvua
MWUI-29 crteknun pparoueHa wuckyctBa. Y cKnagy ca MUCKYCTBMMaA  Koja
noceayjemo, oBakBa capagra 06e3befyje Behu kBanuTeT n euUKacHOCT HalLnx
Ba3gyXxOMNJIOBHUX CHara.

[NozoH

lMoroH aBnoHa Mul-29 cactojyu ce oa aBa motopa ,Knumos P[-337,
WHTerpucaHa y Ookwu Aeo Tpyna, 3ajedHO ca YCUCHULUMMA NOCTaBIbEHUM Y
NCTOj NNHWjU Ha 3Ha4ajHOM MefycobHOM pacTojawy. TO je BULLEHAMEHCKU
MOTOp ca cTeneHoM ABonpoToyHocTn o 0,48. PassujeH je 1985. roguHe, 3a
aBuoH Mwul-29. MopgynapHe je KOHCTpyKuuje, OLHOCHO [efioBn My ce
O[BOjeHO 3ametbyjy. [BOOCOBUMHCKM je, jeQHOCTaBaH 3a ojpXaBake U
afjanTvBaH Ha ycrioBe paga, 3agpxaBajyhu gobpe nepdopmaHce.

TokoMm BpemeHa je yHanpehuBaH, Kpo3 farbu pasBoj, Tako gda ce
NMpPOM3BOAMO Y BULLIE pUjaHTU. 3aBpLLUEH je U pa3BOj KOHLUEeNuuje ynpaeibakwa
ca BekTopoM notucka. HoBu moTop PO-33 onpemrbeH je AvrntanHum
CMCTEMOM ayTOMaTCKe KOHTpOrie, ynpaBibakba U njarHOCTUKe.

3a Hanajake MOTOpa KOpPUCTE Ce YeTUpKU pesepBoapa Koju ce Hanase y
Tpyny, Kao U y CBakOM Kpwry Mo jedaH. YKynHa 3anpemMuHa ropusa je 4.365
nutapa. 3a AOyxe ocTajawe y Basgyxy npeasuheHo je HOoLWene CrnosbHer
pesepoapa oa 1.500 nuTtapa ropuBa, a HoBuje BapujaHTe Hoce 2x1.150
nutapa. Mawu 6poj aBMOHa OMPEMIBbEH je pe3epBOapoOM Koju Ce mocTaBiba
Ha nefa Tpyna aBuoHa.

Y cBakoMm crnyyajy, U UCKYCTBa U3 BasdyxOMMOBHUX AgjcTaBa y nepuony
pacnaja npetxofHe JyrocrnaBuje Mory Ja ce yonwTe U aHanvavpajy pagu
kopuwherwa aBvjaumje y MPOTMBMNOOYHEHUYKUM U NPOTUBTEPOPUCTUYKUM
onepauujama, kao v onepauujama 3a nogpLIKy LUMBUITHUM BriactTuma .

' http://www.odbrana.mod.gov.rs/odbrana-stari/vojni_casopisi/arhiva/VD_4-2015/67-2015-4-16

Petrovic.pdf
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Mehytum, Bexxba BAPC 2016 nokasana je ga je HeonxodHa WM TaKTU4Ka
obyyeHocT ga 6um Haw PB u MNBO ycnelwHo ocTBapmBao CBOje OCHOBHE 3ajarTke.
Mopen Tora, oBa Bexba opnuuyHa je npunpema W 3a onepauuje y OKBUPY
mMefyHapoaHe BojHe capafse, koja obyxsaTa U KOHTPOMy BasAyLUHOr npocTopa.

50p6eHe 0cobuHe nemernuya u makmuka

Kapa ce nocmaTpa BexOoBHa aKkTMBHOCT, MpBeHCTBEHO Tpeba mmatn y
BMAay Aa je, 6ap WTO ce Tu4e Haller KoOHUMNuMpawa obyyaBara 3a caBpeMeHa
6opbeHa aejcTBa, HajHeonxogHwje oBnagatn 6opbeHoM TexHukoMm. bes meHor
nosHaeawa, ynotpeba je mMawkaBa, rotoBo 6OeckopucHa. OBnagaBarse
TaKTUYKO-TEXHUYKMM  MoryhHocTMMa neTtenuue omoryhaBa  MakcMMarHo
nckopuwhaBame HEHNX MaHEBAPCKUX O0COOMHA, OONPUHOCU YMELLHOj U BELUTO)
ynoTpebu CBUX KanauuteTa aepoguHaMuke, MOrOHa, HaopyxXawa W Opyrux
ocobeHocTn, a omoryhyje u crno3HaBawe W OBNagaBake AparoueHuM
nckyctesmma. Ta UckycTea cy Beoma BuTHa, jep ce Ha OCHOBY HoMX MOXe Aohu Ao
HOBUX CMoO3Haja O TOMe KaKO YyHanpeauTn Heke o OUTHUX KapakTepucTuka
6opbeHnx aBMOHa, MPOBEPUTU MUX U EBEHTYaNHO yrpaguTn Kpo3 mMoamndukamnjy
W1 y HOBOj NneTenuuun. Y3 BeluTe pycke NunoTe TakBo obyyaBare je nakiie, a
MOTUBaLMja 3HaYajaH YnHUNaL.

OcHOBHE TakTUYKO-TEXHUYKE ocobuHe MUTM-29

Honet 1.430 km
OyxuHa 17 m

PacnoH kpuna 11m

BucuHa 4,73 m
Mpownssohay MukojaH
YBeOeHo y Haypyxare aBryct 1983.r

MwulT-29 nponsBeneH je y BuLLE BapujaHTX 1 HENPEKNOHO Ce MOAEpPHU3yje n
ocaBpemen-aBa. HapaBHO, cBako yHanpehewe ce nposepaBa, kako 6u ce
OOLUNO OO0 peneBaHTHUX nokasaTerba O TOME KOJMKO Cy Te NPOMEHe AonpuHene
6orb0j 6opbeHoj edmkacHOCTM U yHanpegune cnocobHOCT neTenuua ga ce
KopucTe 3a cacBumMm oapeheHe HameHe u 3agaTke.

Mul-29 je pycku (coBjeTCkU) FTOBaYKM aBUOH YeTBPTe ++ reHepaumje.

Mako kaxy Aa je HamereH 3a CynpoTCTaBrbakbe aMmepuykuMm aBmoHnma -
16 ,dajTuHr cbankon” un ,®-15 urn”, 3a npesnacT y BasgyLUHOM MPOCTOpPY, Mnak
He TpebGa rybutM u3 Bmaa ga je pey O BeoMa ynoTpebIbuBOj U HaMpeaHo]
netenuun. To je, Takohe, 6opbeHa neTenuua koja Moxe ga npyxu 6opbGeHy
NoApLUKY APYyrMM BpcTama asujaumje, nogpxu 6opbeHa AejcTBa KOMHEHUX U
MOPHApPUYKNX OpYyXaHWX cHara n obe3bean BasgyLUHY 3alITUTY LIENOKYMHO]
apxasu. CBakako, TO je aBMOH MorogaH Aa ce ynotpebu y crneundunyHnM
cuTyaumjama nog Kojuma ce nogpasymena v 6opba ca TepopucTUHKMM CHarama.

Oyroroguwra ynotpeba aBnoHa Mul-29 nokasana je aa oH, 3axBarbyjyhm
npe cBera W3BPCHOj aepoauMHaMWUM, HULIAHY Ha MWAOTCKOj Kauurm u

254




npojekTunMmMa Basgyx-sasgyx P-73E, jow yBek Hema npemua y Boheny Gnucke,
MaHeBapcke 6opbe y BasgywHom npoctopy. C ob3vpom Ha TO ga ce of
HajcaBpemeHujux 6opbeHnx aBnoHa AaHac 3axTeBa Aa ycrnewHo Boge 6opby u
Ha cpefwMM JarbuMHama, M3BaH BM3yerHoOr gomeTa, a Takohe u ga umajy
CcrnocobHOoCT  Howewa 6GopbeHnx cpeacrtaBa  Basgyx-3eMiba  BUCOKE
NPeunsHOCTH, TO je jedaH of aBMOHa Koju je npowao 6pojHe npomeHe, Kako 6u
ce echmkacHo morao ynotpebuTtun 3a Te HameHe. 360r HeJOBOIbHE e(PUKACHOCTH
y HEekMM acnektuma 6opbeHunx aejctasa, jow 1996. roanHe oanydeHo je oa ce
OHe OTKINOHe ocaBpemenaBakeM”. MoaepHusaumjom asmoHa Mul-29 youenu
npobnemmn M HegocTauum OTKMawanu cy ce MOCTYNHO, anu eduKacHo, Mpeko
npenasHux mogena Mwul-29M, Mul-29M2 (Mwul-35 ,oyboka mogepHusaumja’),
Mul-29C n Mwul-29CE. Mehytum, cmaTtpa ce fa je TeKk HajHOBWja BapujaHTa
Mul'-29CMT pocturna >kerbeHn HUBO LenoKyrnHux GopOeHnx crnocoBGHocTU Tor
aBUOHa.

MoGorbwawa Mul-29CMT, y nopefewy ca NpeTxogHMM BapujaHTama,
MPBEHCTBEHO Ce ornefajy Kpo3 farbe yHanpeherwe nepdopmaHcu, HapounTo
MaHeBapCKMx MOryRHOCTM M JoneTa, HOBE aBMOHWKE, HaopyXakwa U CMarera
onepaTuUBHUX TPOLUKOBA.

3HavajHa noborblawa nepdopmMaHcn M MaHeBapCKMx MoryhHocTu Tor
aBWoOHa peanusoBaHa Cy YrpagiOM CHaXKHWje MOroHcke rpyne. Y nepcrnexkTvuen
ce cmaTpa aa he ce Ha Taj aBMOH MOhU yrpaguTu MOTOP Ca BEKTOPUCaH-EM CuMe
notucka. Hoee enekTpuyHe koMaHAe neta n mogudmkaumje Ha Kpuny aBvoHa
caMO Cy Heku of ycnewHux pesdyntata. OCHOBHW JoneT netenuvue je 3HaTHO
nosehaH, 3axBarbyjyhu, npe cBera, 3anpeMuHW YHyTpalHUX pesepsoapa.
Haume, y netenuuy cy yrpafleHa OBa AdofaTHa pesepBoapa y Tpyny, usa
nMnoTcke KabuHe. YHyTpawha KonuynHa ropuea msHocu 4775 kr n omoryhyje
ponetr oA 2200 km. Y BapujaHTM ca jedHUMM nNOATPYNHUM  CrnoSballkuMm
pe3epBoapom foneT aBuoHa je 2800 km, a ca Tpu cnosballka pesepBoapa
n3Hocu 3500 km. Takohe, aBMOH uma ypehaj 3a nywewe ropmea y BasgyLUHOM
npocTopy, WTo My omoryhyje n garbe nosehawe goneta koje nsHocu 6500 km.

ABUWOH MMa MHCTanupaH BuUWeHaMeHckn pagap ,dasotpoH HO19ME”, koju
je uHTerpucaH ca CUCTEMOM 3a Yynpasrbakbe Haopyxakwem. HosBu pagap vy
dyHKUMjU pagja Basgyx-BasdyX MOXe Aa 3axBaTu UuWib pagapcke edeKkTUBHe
pednekcHe nospwwuHe (PEPI) BenuuuHe 5m° y Oonacky Ha pacTojaky 00
130 kM, a npu ognacky oko 60 km.

Lllecm muzoea 3a cpricKy 80jcKy

HoBe okonHoctu y MehyHapogHum opgHocuma UM rnobanHo
nperpynucaBawke cHara 3axteBa opgroBop Cpbuje Ha pervoHanHo
yrpoxasare y Ba3ayLHoM npocTopy. [pouerweHo je ga Ham je, 3a Ty ynory,
notpebHo Hajmare wecT Mulr-oBa 29.

2 http://www.telegraf.rs/vesti/1118497-s-njim-ce-srbija-da-gospodari-balkanom-sve-o-ruskom-avionu-
mig-29-video-foto
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Papap wuctoBpemeHo npatu 10 uwmrbeBa, a omoryhaBa aBuMOHY fJa
NCTOBPEMEHO [ejCTBYje Ha YeTupu uurba. Takohe, Taj pagap AeTekTyje u mane
HuckoneTehe objekTe, a 0b6e3befyje oTKkpuBare XenukonTepa u netenuua Koje
nete manom 6p3vMHOM M Hanag Ha wuX. Y YHKUMjM pada Basgyx-3emiba HOBU
pagap uma MOAOBe 3a NOAPLUKY KOMHEHWM cHarama y u3Bufamy, Kao n 3a
cnpeyaBawe MPOTMBHUYKOP npogopa. Ypehaj omoryhyje dopmuparwe mane
TepeHa (Mnu MOBpLUMHE MOpa) ca ManoMm, CpegHOM M BMCOKOM Pe30mnyLujoM.
Takohe, HoBa Bep3vja pagapa omoryhyje 6o0rby cenekumjy KOmHeHuUx wu
MOBPLUMHCKMX MOKPETHUX uurbeBa, a obesbefyje nm 6orbu M KBaANUTETHUjU
npeHoc nopaTaka O OTKPUBEHUM UWIbEBMMAa Ha HULAHCKe cucTeme. dupma
-MAINO-MUI” noTeHumWjanHUM KopucHuuMMa aBuoHa Mul-29CMT octasrba
moryhHocT ga ce ymecto pagapa HO19ME y okBupy pgarbe mopepHusaumje
.pasa 2” yrpage n HoBuju pagapu ,xyk”.

Mul-29M2 pBocen w jegHocen M pasBujeHu cy M3 nanyOHuWx nosaua
Mwulr-29K/KYB.

OHoO WTO MOAEepHN30BaHE Bep3nje pasnuKyje oA NPETXOAHUX jecy MOTopu
W HanpegHuWja aBMOHMKA KOju oMoryhaBajy wu3BaHpeoHe MaHeBapcke
Kapaktepuctuke. Y umspagu cy KopuwheHu HOBM MaTepujanu, a Haopyxame
YMHM oOBe neTenuue yoojuTujuM. YKYNHMM MoguduKaumjama YHyTpallkbu
KanauuTteT ropusa nosehaH je 1,5 nyta, a HocuBocT ybojHor TepeTa 3a 2,5 nyTa.
Tome, cBakako OONPUHOCKM M HOBU CUCTEM 3a MyH-eHE rOpuBOM Y BasgyLUHOM
npoctopy, PO-33MK wmotopu, pagap Xyk-ME, a u3 «kopnopauuje Mul
npopayvyHanu cy fa XMBOTHU BEK OCaBpeMeneHe netenuue n3Hocn 6.000 catu
nnu 40 rognHa ynotpebe.

lMpema nogauvMma AOCTYMHUM W3 KaTanora, npeseHTauuja u nogataka y
nitepatypu u Ha WHTepHeTy, npoussofhay PCK Mul npomoBuwe M/M2 kao
BMLUEHaMeHCKM OopbeHn aBWOH 4++ reHepauuje HameweHor 3a fejctBa Mo
UWIbEBMMA Y BasdyLUHOM MPOCTOPY, KOMHY M Mopy. 3a Mul-29M/M2, kao wu
BapuvjaHTa 13 Koje je Hactao (Mul-29K/KYB), ctpyyrsaum Kaxy ga je, BepoBaTHO,
jedHa o nocrnegwux Moaudpmkauuja 4YyBEeHOr TaKTUYKOr  (OPOHTOBCKOT)
noBaykor aBuoHa Mur-29°.

Takmuka yrnompebe — 6opbeHu MaHespu y 8a30yUIHOM rIpocmopy

CaBpemeHa bnucka 6opba y BasgylwHoMm npoctopy, 6e3 ob3vpa Ha yTuuaj u
Hanpegak TexHororvje, 0besdenyje ga nobeaHuk y BasaywHoj 6opbu Gyme nunor,
KOju NMpBW OOBEAE CBOj aBMOH Y MOSIOXKaj 3a OTBapare BaTpe U Mma Haopyxare
kojum he edmkacHO Ja yHULITU NPOTMBHUKA. JlIeTHe OCOOMHE CaBpEMEHMX aBMOHA
3HATHO Cy Ce MPOMEHWre Yy Mnocrneawux OeceTak roauHa, WTo je yTviuano Ha
MaHeBapcke cnocobHocTu. Takohe, omoryhnno je HoBe TakTudKe MOCTYrKe Kojuma ce
aBWOH J0BOAW Y CUTYaUMjy Aa NPBU OTBOPY BaTpy

ABnoH Mwul-29 nokasao je pa noceayje Takese moryhHoctu. Csojum
YKYMHUM KBanuteTMMa omoryhaBsa nunoTy u3sofewe TakBUX MaHeBapa, Koju he

% http://tangosix.rs/2013/29/04/tehnicko-takticke-karakteristike-mig-a-29-mm2/
* http://www.aeromagazin.rs/arhiva/aero03/c13.htm
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My ob6e3beavT Aa noctaBu netenuuy y nonoxaj y kojem he mohu npsu ga
oTBOpM BaTpy. Ta neTenuua CBOjOM MOKPeT/bUBOLWNY, CHarom MoTopa,
HocmBoLwfNy, ONPEMOM 1 HaopyXawem npunarofieHa je 3a noBayke u jypuLiHe
3agatke. Mul-29 pgedumHucaH je Kao TakTUYKW NOBaL, KOjU je Yy NoBayknum wu
jypuwHuMM 3agaumma 3ameHmo Mul-17, Mul-21, Mul'-23 n Cyxoun Cy-7.

Ca netennuom MWI-29 npBuM nyT je npukasaHa Mo3HaTa MaHeBapcka
¢urypa HaseaHa ,Kobpa” (IMyrayeB maHeBap kobpa) koja je KacHuje npocnasuna
cyxojeBe nosue. MoryhHOCT u3Bofhewa Tor MaHeBpa Yy Basgyxy ykasyje Ha
BMCOKE MaHeBapcKke KapakTepucTuke Tor aBumoHa. MaHeBap je 6uo moryh 6e3
063upa Ha TO WTOo netenuua Huje nmana enekTpuyHe KomaHge neta.

Mul-29 ce wuHade TpaguuuoHanHo ynopehyje ca neTHUM Kapa-
KTepucTtukama nosua ,[eHepan OuHamukc ®-16 dankon” (General Dynamics
F-16 Falcon), maga noctoje TBpawe Aa Mwul-29 uma 6Gorbe MaHeBapcke
KapakTepucTuke. AHanuTuyapu gokasyjy aa je cneumnduyHo ontepehene kpuna
kog nosua ,d-16 dankoH” 430 Kkr/M%, 4ok je kog nosua Mul-29 446 kr/m2. To
omoryhasa nosuy ,®-16 ®ankoH” ga paguvjyc 3aokpeTta y 6nuckoj 6opbu byae
HeLWTo Maku, LITO My Aaje M3BECHY NpedHocT y 6opbeHnum ycnosuma. Npn Tome
ce KoHcTaTyje ga 1o Mmoxe 6utn npecygHo. Mehytum, narnega ga ce (HaMmepHo)
3aHeMapyjy 6pojHe no3HaTe u HenosHaTe Bapwujabrne koje yTudy Ha GopOeHy
ynoTpeby TakBux netenuua.

Opyrv 3anagHu aBuwoHu Tpehe reHepauuje umajy Beha cneuudmyHa
ontepehera kpuna y ogHocy Ha Mul-29. 3a kKX HUje NpenopyyrbMBO ynasutn
y 6nmcky 6opby, a nocebHO y MaHeBap KpPYXXHOT rokena ca nosumma Mul-29.
Mo3HaBaouyM Ba3gylliHe TaKTUKe Kaxy Aa Ce Y CaBpeMeHoj BasayLuHoj 6opbu
peTko [fewaBa [da Ce JIOBUM CYCPETHY Ha Manum pasjarbuHama, rge
aepoavHamuyka KOHCTpykuumja nosua Mul-29 moxe 6utn npegHocT. O6u4Ho ce
Te 6opbe Boae 6e3 BM3yenHor kKoHTakTa. [lejcTByje ce AanekoMeTHUM pakeTama
Ba3gyx-Ba3gyx. Ha 3anagy ce yecto HarmawaBa ga cy y ycnosuma bnuckor
cycpeta HWXOBU MNWAOTU MHOTO OOy4YeHuju W CchnpeMHuju ga, u nopeg
WH(peprMopHOCTM CBOje neTenuue, u3berHy obapawe U ogrene ce of
NPOTMBHMKA.

3a BasaywHy 6opby nosuu Mul-29 Hoce 6 0o 8 NpojekTuna Ba3gyx-Basgyx
P-27 papgapckor nonyaytomartckor Boherwa gometa 75 KM unm y kombrHaumjm ca
KpaTkomeTHUM npojektunuma P-60 nometa 10 kM unu oannyHum P-73 gomeTta
20 km ca UL cuctemom Bohewa. JleTenuua je HaopyxaHa aBWOHCKMM TOMOM
IMU-30 kanubpa 30 mm. MefhyTtnm, Tpeba nmaTn y BUAY Aa ce pa3Boj aBUOHCKOT
opyXja HenpekMaHo yHanpehyje, Te ga ce Ha Toj neTenuuu Mory Hahu n Heka
,M3HeHahewa” 3a NPOTUBHUKE.

JypuwHa BapuvjaHTa aBnoHa Mul-29 koHuunupaHa je kao nnatdopma 3a
Howewe BoONeHux paketa X-25, X-29, X-31, X-35 um X-58. OHe ce, no
onarbuBaky, BOAEe MOMyayTOMaTCKM WM Cy MNOTMNYHO ayToMaTu3oBaHe 3a
norahame uurba. Nopea BohjeHMX pakeTa Taj aBUOH MOXe Aa Hocu KombuHaLuje
HeBONEeHUX pakeTHMX 3pHa y kaceTHUM naHcepuma b-8M1 og 60 mm, B-1311 og
82 mm vnn YB-32M/57 og 57 mm.
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Op knacmyHmx 6ombn Mul-29 Hocu aBmo-6om6e og 100, 250 1 500 «r, kao
n TB BoheHe 6ombe KAB 500P n kacetHe 6ombe KMIY-3 mace go 3,5 ToHe. Y
Haopyxaky netenuue Hanase ce U pakeTe Ba3ayx-Basayx.

Y jypywHum gejctBuma Mull-29 moxe ga gejcteyje nonyt 6ombapaepa 6e3
noBayke npaTwe, a No ucnywrtawy ybojHor Tepeta, cBakm Mul-29 3agpxaBa
CBOje OpyXje Ba3ayx-Ba3gyx U MOXe HacTaBuUTK AejcTBa Ha OojuLLITy Kao noead.

Y ycrnosBuma BasgyLluHe npesnacTtu, 6pojyaHe Hagmohu n 'y KomGuHaumjm ca
cTaumoHapHuMm unu MobunHum cuctemom [BO, ynotpeba nosaua Mul-29
MOXe WMaTWM 3HayajaH TakTU4YKM yTuuaj Ha OopbeHa [aejcTBa, Kako TOKOM
Bohena Ba3gyLuHe 6opbe, Tako U y AejCTBY MO LUMIbEBMMA Ha 3EMIbY UMW BOAM.

BasgyxonnoBHu aHanuTM4apy 3acHMBajy CBOje NPeTrnocTaBKe Ha CxBaTakby
Ja OCHOBHa NPEOHOCT Yy MaHEBapCKUM KapakTepUCTMKamMa HOBUX FOBaYKMX
aBuMoHa omoryhaea NpuMMeHy TakTuke ynoTpebe noeaykux nertenvua Mul-29, no
Kojoj 6u 6nucka BasgywHa ©Oopba Omna OCHOBHM 4MHMNaL 3agobujarba U
oapxaBsara BasaylHe npemohn. HapasHo, To Huje yBek moryhe. Anu, oa nu je
TO JOBOSbaH pasnor ga ce TBpAW Kako je noesau Mul-29 nHdepuopaH y ogHocy
Ha HOBe 3anagHe netenvue? Ha To nuTake Moxe ga ofgroBopu camo 6opbeHa
npakca. lNpu Tome Tpeba 3HatTM ga je u Mul-29 HameweH m 3a Bohewe
Ba3ayLlHe 6opbe n3BaH BU3yerTHOr KOHTaKTa.

Mu-8 je Hacmao noyemkom we3zdecemux 2o0uHa. ¥ nepuody 00 1968. do 1983.
Jyeocnasuja je umana 93 ose nemenuue, a npeocmario je wecm
u3 ocamdecemux eo0uHa. lcmuye um pecypc.
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CBakum [JarbMM KOPakoM oOcCaBpeMeraBaka, y Tpuu ca Apyrum
agekBaTHMM neTenuuama, Mul-29 moxe ga oaroBopu cBum 3agjaumma. Ca
BELUTMM MUITOTOM, KOju je fobpo yBexbaH n nma 6orato UCKyCTBO, Ta netenvua
MOXe [OBOSbHO €JPUKacHO [a NPEXMBU CYCPeT ca NMPOTUBHUYKOM JETENMLIOM.
Tume ce enuMMHMILIE MaHa koja Oum y TakTUYKOM CMMUCNY MpeacTaBrbana
orpaHuyense. Y npuHUmMny, KO4 paBHOMPaBHMX neTenuua nobdefyje oHaj nunot
Koju 6orbe Bnaga CBMM HeHMM MoryhHocTuma. [pu Tome, cBakako, Tpeba
nmaTtu y BUAYy M TO ga edpukacHocTu ynoTpebe aBMOHa y BasgyLHOM NpOCTOpY
3HaTHO [OMPUMHOCKU U TakTMKa YHULITaBawa Ba3gyxOmnnoBHe WHAPACTPYKType,
OLHOCHO OMepaTMBHUX U pafapCKMX KOMaHOHWUX UeHTapa Ha Tny. W, npe Hero
wTto yhy y OpameHu BasdylwHW MNPOCTOp MNPOTUBHWKA, BeOMa je 3HadajHa
npoLeHa HayMHa JejcTBa NPOTUBHUYKE aBujale, NpoTMBBa3ayLlHe onbpaHe, Kao
M nogpllika cuctema 3a ynpaBrbake 0OopbeHMM pfejcTBMMa y BasgyLIHOM
npoctopy, nonyt JCTAPC un aBmoHa ,ABakc’.

LysT
Aerodrom BATAINICA

HElI[’.[]PTERS 590 MHE

Mi-17V-5

Novi transe ortni helikopter o
i PV@ Vi

srpskog R

laksimalna nosivost
Duzina: 18.65 m
Dijametar glavnog rotora: 21.3m
epnog rotora: 3.91 m
Visina: 4.76m

36 putnika

24 i '\ Pogonska grupa
Padobfaﬂca = FYIN 2 turbovratilna motora
12 ili \ \\Klimov VK-2500 snage 2700KS

ranjenika M "

Maksmalna masa
na poletanju Maksimalna brzina

130000 2621
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Cniacunayka dejcmea

MoTpara m cnacunadka pfejctBa 3a OOOpPEHMM MUIIOTOM 3Ha4yajHe Ccy
bopbeHe pagre y BasgyxonnoBHoj 6opbu. Cea Ba3ayxonnoBCcTBa CBeTa MMajy
paspaheHe npouenype 1 NOCTynke y Tom cnydajy. Mehytum, 6opbeHa gejctea
1999. roanHe, Tokom HATO arpecuje Ha Cpbujy, nokasana cy ga y Tom norneay
Haw PB Tpeba aa yHanpeau u yBexba Ty BpcTy AejctaBa. To je 6uo u jegaH og
umrbeBa Bexxoe BAPC 2016.

Y Bpeme arpecuje HATO-a nponywteHe Cy Npunvke ga ce Hawmn obopeHu
nunoTu npoHahy u cnacy. Tako ce obopenn nunot Ubo ApusaHoB crnacaBao
caMm. Hberosa netenuvua norofeHa je nsHag Kocosa, HakoH Yera ce OH ABa JaHa
npobujao mamehy anbGaHckux cena u kpo3 OopbeHn pacnopen anbaHCKMx
napaBojHMX CHara. Ycneo je ga ce goyena aepogpoma y MNpuwtuHn. ApmsaHoB
je nmao Benuku npobnewm jep je Tpedano, cnacaeajyhu ce, ga npehe peky, a 6o
je now nnueau. MNocToje n gpyrn npobnemn kojuma ce, y obyuu nunota, mopa
NMOCBETUTM 3HAYajHa NaxH-Aa.

Y Bexbu ca Pycuma, 3060r Tora wTo Cy notpara u cnacaBakwe CacTaBHMU
[e0 Ba3gyxOMnoBHUX [ejcTaBa, MnaHMpaHo je Tparawe W crnacaBake Y
6opbeHoOM OKpyxewy. 3a Ty BpCTy AejcTBa MMaMo Beoma ynoTpebrouBe u
NpoBEpeHe XermKonTepe, peyYeHo je y BOjHOM BpXY. 3Hawa M UCKYCTBA PYCKMX
nunoTa cy AparoueHa, ¢ o63MpoM Ha TO Aa Cy PYCKM crnacunadkm TUMOBMU
yBexbaHuju n ga cy, Takohe, y4yecTBoBanmM y MHOMMM akuujama crnacaBaha
CTaHoBHMWTBA. Takohe, U wUxoBo GOpOEHO AEXYpCTBO y Ba3gyXOMIOBHUM
onepaunjama nNpoTUB TEPOPUCTUYKMX dOpMaLnja N eBEHTyasrHO aHraxoBawe Yy
aKTyernHUM Tanadkum vnum gpyrum npoTMBTEPOPUCTUYKMM O€jCTBUMA YyKa3syjy Ha
cBexa akTtyenHa 6opbeHa nckycTaa.

MocTynum 1 TakTMKa TMMOBA 3a crnacaBake Cy Yy CBMM aBujauujama ceeTa
cnmyHu. BehuHa caBpemeHux aBujauvja uma ceBexa 6opbeHa uckycTBa, a
3HayajHa cy oHa wu3 1999. roguHe. AMepukaHUM WUCTUHY pJa je Taja
HajecbukacHuja akumja 6una cnacaBake nunoTa n3 obopeHor ®-117, npe Hero
WITO cy ra Hawe natpone npoHawrne. CaBpemMeHe aBujauvje UMajy U caexuja
MCKyCTBa y cnacaBaky nunoTa u3 obopeHux netenuua y Cupuju, rae asmjauuja
n3sogn OopbeHa pejctea npotmB T3B. VICUC (umxagmctudke camo3sBaHe
ncnamcke gpxase). ABujaLmja Takohe yyecTByje 1 y cnacaBakby CTAaHOBHMLLTBA
Ha TepuTopuju 3axBaheHoj GopbeHvm pgejcTBMMA, Kao My cHabaeBamwy
CTaHOBHULLTBA.

He Tpeba noTuewmnBaTh Halwe KanauuTeTe M [obpy yBexOaHOCT nunoTta
BOjHMX U MONMUUMJCKMX XenukonTepa 3a cnacasawe. OHM ce, of nepuopa Ao
nepuoga, aHraxyjy Ha MHOMMM CRUYHUM akTuBHocTMMa. Tokom 2014. roguHe
kopuwheHn cy 3a cnacaBawa CTOTMHE JbyAM 3aBejaHMX Yy CMeToBUMA
BojBofjaHcKe paBHMUE, Ha noapydjy jy»kHO o 3perwaHuHa, namehy Ctajuhesa u
Mepnesa, u y pejoHy ayto-nyTa kog bauke Tonone. Victe rognHe cnacasanu cy
Tby[€e N CTOKY Ha MonfaBibeEHMM Nogpyyjuma.
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BEP3WJE Mu-17

Mu-17 BULLIEHAMEHCKN XENWKOMTEP, KOjU MOXe OWUTM HaopyxaH pasHOBPCHUM
pakeTama, npojekTunuma u TonoBuMma. HamereH je 3a HanagHa gejcTBa, BasgyLUHy
NOAPLLKY, €MEKTPOHCKO Wu3BuURake W CHUMame, OMpPEMILEH 3a MEeOWLIMHCKY NpBY
nomoh u cnacaBame rbyan U3 yrpoxxeHnx nogpydja. Moxe npeBosuTu gyradke teperte
KOju KpoO3 3adwa BpaTa u3nase u3 rabaputa kabuHe, Kao M cneuujanHe TepeTte
obelweHe ucnog Xxenukontepa. Y 3aBWCHOCTM O HaMeHe, Yy KabuHu ce Moxe
npeBo3nTu 24 nyTHUKa, 30 BojHUKa mnmu 20 pareHuKa.

Mn-8AMT — HeHaopyxaHa umMBuUnHa TpaHcnopTHa BapujaHta Mun-17,

Mu-8AMT(Cx) - Bep3auja npovnsBeneHa je y YnaH-Yaey,

Mu-8MT — HanpegHnuja BapujaHta Mu-8T, nokpetaH ca aBa 3846-cxn (2868-kW)
Knumos TB3-117MT Typ6onpon moTopa,

Mu-8MTB — Bepanja ca kabuHOM nop MpPUTMCKOM, NOKpeTaH ca Asa Knumos
TB3-117BM Typbonpon moTopa,

Mn-8MTB-1 — LinBunxun mogen Mu-8MTB, onpemrbeH pagapom,

Mn-8MTB-2 — BojHn mogen Mu-8MTB, onpemrbeH pagapoM, ca LUecT Hocaya
opyxja,

Mn-8MTB-3 — BojHa BapwujaHTa Mu-8MTB-2, onpemrbeHa C 4eTupu Hocaya
opyxja,

Mu-8MTB-5 — CreunjanHo HameleH Kao TpaHCMopTHM xenukontep, W3BosHa
o3Haka Mun-17MM,

Mu-8MTB-5-I"a — LinennHa sepauja Mu-8MTB-5,

Mn-8MTO — MNMpepahexln Mu-8MT n Mu-MTB 3a HohHe Hanage,

Mun-8MTTIB — Mogen 3a enekTpoHcKo omeTakwe Mu-17 Xun-X, i3Bo3Ha o3Haka
Mwu-1711r1,

Mu-8AMTCx (3a n3Bo3 - Mun-171Cx) — BapuvjaHTa ca HOBMM BENUKMM BpaTMma Ha
[OECHOj CTpaHu, nnoyYama of, KeBrapa OKO KoKnuta u MoTopa. Heku mmajy pamny ca
3agmwe crtpaHe. [Nocenyjy nx jow Yewka n XpBarcka,

Mun-17 (HATO — Xun-X) — [lloborbwaHa BapujaHTa Mwu-8, nokpeTaH ¢ ABa
Knuvos TB3-117MT Ttyp6onpon motopa. Mu-17-1M — Mogen 3a onepauuvje Ha
BENWKUM BUCMHaMa, NokpeTaH ¢ aea TB3-117BM Typ6onpon moTopa,

Mu-17-VIB — BojHOTpaHCMOPTHM MOAEN 03HayeH 1 kao Mu-8MTB-1.

Mu-17-MIBA — Jleteha 6onHuua,

Mu-17Ml — XenukonTtep 3a u3BO3 O3HayeH U Mu-8MTB-5, nokpetaH c gBa
Knumos TB3-117BM Typ6onpon moTopa,

Mn-17K® — N3B03HN Moaen npemMrbeHa HOBUjOM aBUOHWUKOM,

Mun-17T1 — U3Bo3HM Mogen, MyTHUYKU TPaHCNOPTHU XENUKONTep,

Mu-17T1I — XenukonTtep 3a eNeKTPOHCKO OMeTake,

Mu-17TTN — XenvkonTep 3a eNeKkTpoOHCKO OMeTakse,

Mu-1711T1 — BapujaHta Mun-17 Xun-X 3a enekTpoHCKo oMeTawe. Pycka o3Haka
Mu-8MTTIB,

Mu-17AE — lNorbcka Bep3nja 3a eNeKTPoHCKO paToBake,

Mwu-173-2 — Yeluka Bep3uja 3a ENEKTPOHCKO paToOBaH-E,

Mn-18 — N3BopHu mogen Mun Mu-17,

Mun-19 — BasgyLuHO KOMaHAHO MECTO TEHKOBCKUX U MEXaHW30BaHUX jeaAnHuLa,

Mu-19P — BasayluHO KOMaHAHO MECTO pakeTHe apTurbepuje,

Mu-171 — OnpemrbeH cHaxHuWjuM Typbonpon MoTopuma,

Mun-172 — N3Bo3Ha Bep3aunja Mn-8MTB-3.
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3a eBakyauujy ctaHoBHUWTBa Bojcka Cpbuje paHac mma aBa HoBwWja
xenukontepa Mu-17 n wect Mu-8, npeoctanux u3 spemeHa COPPJ. MahyTtum,
MaKo Cy WCKYCHM MWIIOTW YCMELWHO OApagunun CBOj nocao HebpojeHo nyTa,
nokasano ce fa Cy KanauuTeTu 3a OBaKBE akuuje MNpUITMYHO OrpaHUyeHw.
Cpbujn je notpebHo Buwe oBakBuX NeTehmx mawmHa, CrnocobHMX 3a pag y
HajTexuMm ycroBnma. M Hawm nnunoTtu ocnocobrbeHn Cy 3a neTewe y ycrnoBmma
Ha HMBOY rPaHUYHUX BPEQHOCTW, MOCEOHO Kada je BeTap y nutawy. Xenukontep
je naraHa netenuvua v BeTap Moxe ga ra Hocu. To je, 4yecTo, orpaHuMyaBano
crneTarmbe Ha KpuUTMYHUM MecTuma. Benuku cy pusnum kaga BeTap NpoMeEHU
npasal neta v gosege nunota y KPUTUYHY cuTyauumjy. HajkomnnukoBaHuju
MoCTynak jecte Kaga NWroT He MOXe Bulle Aa ynpasrba netenuvuom. Tpeba
nmatu y Bugy ga xenukontep Mu-8 nnu Mu-17 mory ga npesese npoceyHO OKO
20 ocoba y jegHom nety’. Y UMa Ce Hamnase U ekune ocnocobrbeHe 3a
npyxakwe npee meguumHcke nomohu. Kaga je pey o moryhHocTMma nunoTa u
netenuua, 3Ha4vajaH je nogaTak ga cy, Camo Yy crnacaBakby jy)KHO o 3peraHnHa,
Yy 3MMCKUM YCMOBMMA M MOA CHaXKHUM HaneTuma KollaBe fieTenvue octeapune
40 neToBa, ca oko 19 caTu NpoBeAeHMX y Ba3gyLLHOM npocTopy. EBakymcaHo je
151 nuue 1 npeBe3eHa 62 NyTHMKa KOja Cy y4eCTBOBara y akuuju cnacaBama.

OpraHu3oBaHy xenukonTepcky qrioTy nocepgyje XpBaTcka, Koja TPEHYTHO
uma 63 xenukontepa, 3atum depepaumja buX — 31 netenuuy, MakegoHuja —
26, a CnoseHnja 16 xenukontepa. TO CYy PEMOHTOBaHW WNN HOBWU
ocaBpeMeneHn Mogenun. Hasoau ce ga nocenyjy unsyseTHe nepdopmaHce 3a
neT y eKCTPeMHUM ycrioBuma®

Mu-17 ce kopuctno y ABraHucTtaHy, Ha HagMopckoj BucuHu 3.500—4.000
mMeTapa, M Ha Temnepatypama of MuHyc 10 cTtenenHn. 306o0r TakeBux
KapakTepuctvka, Yak W AMepuKaHUM HacToje [fa aHraxyjy caBe3HUYKe
XenvKonTepe OBOr TuMna y CBOjUM akTuBHOCTUMa. Y Bongctuny, Ha Kocwmery,
OBW XenvKonTepw Harnase ce y cactaBy XpBaTCKuX jeanHuua.

KuHa, NHanja, baHrnagew, KasaxctaH n gpyre 3emrbe nocegyjy y CBom
Haopyxawy Ty netenuuy, a opyxkaHe cHare CA[l kynune cy uMx u 3a
aBraHucTtaHcky apmujy. Beoma je ynoTtpebrome mogen Mu-171LU, kako 36or
pPas3nNUuUUTOr Haopyxaka, a y3 To noceayje Xuapaynuuki nokpeTaHy nrnatdopmy
3a yKpuaBake U MCKpLaBawe, LUTO je BeoOMa MOrogHo 3a cuTyauuje kaga je
noTpebHO eBaKyMcaTV LMBUIHO CTAHOBHULUTBO.

MpeacTtasHuum cprickor PB 1 MNBO Buwe nyTta cy HanoMukbanu Aa je Halloj
Bojcum notpebHa eckagpuna og 10 go 12 TakBux xenukonTtepa, a Mu-17 je
O[aBHO M3abpaH kao TWM KOju MMa HajNoBOSBHUjU OOHOC LEHe W KBanuTeTa.
Ocum manor 6poja TpaHcnopTHUX xenukontepa Mu-8 n Mu-17, Bojcka Cpbuje
Kopuctn n oko 15 nakmx xenukonTtepa ,rasena”’. bpoj onepaTmBHUX nNpumMepaka
Bapupa, a y jaBHOCTU Ce YeCTO HarnoMuHe Aa NocToju NpobrnemM ¢ HeJoCTaTKoM
pes3epBHMX AeNnoBa U AarbOM JTIOTMCTUYKOM NOAPLUKOM.

® http://aviator.rs/samo-osam-helikoptera-za-spasavanje/
® http://www.b92.net/biz/vesti/srbija.php?yyyy=2016&mm=06&dd=22&nav_id=1146653
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3ajedHu4Ke sexbe 2015. 2oduHe

Ha Bex6un BAPC 2015, koa pyckor rpaga AcTpaxaHa, LOK Cy Ce Halluu
nunotm Mul-29 yeexbaBanu y 3agaumMma npecpeTaka TOKOM 3alTuTe
BasgyLUHOr NPOCTOpa, NUOTU XenukonTepa obaBrbanu Cy TPEHaXXHe NeToBe.
OcnocobrbaBanu Ccy ce 3a OejCTBO Yy MpeTpaxuBaky TEepeHa, NoTpasn u 3a
crnacaBake€ CTaHOBHULLTBA Yy YCIOBUMa eNeMEHTapHUX Henmoroga. Taga je y
6nmanHn HoBopocujcka u3BegeHa W 3ajegHnyka  MefyHapodHa Bexba
OecaHTHuX jegnHuua ,CrnoBeHcko bpaTtcTBo 2015”.

Ha netenuuama MW-17, HabaBrbeHMM 3a CpPMCcKO Ba3dyXOMNSOBCTBO,
nunotn Bojcke Cpbuje cy y Kasawy obGaBunm npobHe netose. Mako Beh
nocedyjy ©oraty npakCy W WCKYCTBO Ha PYCKMM BOjHUM XEnMKOMTepMMa,
npunpemmnn cy ce 3a npegcrtojehy ynotpeby tmux netenuua. OBO je npBa
HabaBka 3a Bojcky Cpbuje og neBegeceTnx roanHa npoLusior Beka.

Xenukontep Mu-17 Hanasu ce y onepaTtuvBHOj ynoTpebu MHOrMx semarba.
HaopyxaH je HeHaBoheHum paketama u Tomnom. [lo3HaT je kao 0Ge3begHa
netenuua, a ogpxxasawe je penatmBHO jeddTUHO. HberoBa OCHOBHa HameHa je
NpeBo3 BOjHMKA, OAHOCHO ChneuujanHMx cHara, anu TO Huje Heroea jeavHa
dyHKUMja. Pey je O BULLIEHAMEHCKOM XenuKONTepy Koju, Kako ce 3aucta y
npakcu BuAeno, jegHako OoOpo Moxe ynoTpebuTn 3a npeTtpary TepeHa u
crnacaBak€e BOjHMKA, anu 1 3a capafky ca UMBWUIHMM criyxbama 3a nomoh u
cnacaBawe. JejaH o4 mofena Tor xXenukonTepa nocefyje Av3anuuy, KOjoM
MOXe Oa nogwke rbyde. Tako je pelweH jegaH of Hajpehux npobnema koju je
Halla Bojcka nmana. Hanve, Tokom nonnaea 2014. roguHe Huje 6uno gusanuua
Kojuma 6u ce rbyau, Koju cy ce Hanasunm Ha kpoBoBuMMa kyha Gexehu op
BOAEHe CTuxuje, noausanu y xenvkontepe. HosBu xenukontepn ynotpebronsu
cy n 3a 6p3a gejctea y 60pbu ca Tepopuctuma, a y MHOrMM apMmjama KopucTe
ce 3a NpeBo3 crneunjanHMx cHara. XenukonTtep Tor Tuna Beoma je ynotpebrous
33 [lonpemarbe TepeTa u 3a uckakare nagobpaHaua, anu 1 3a yHuLITaBawe
KOMHEHWX UurbeBa’.

MocebHy naxy 3acnyxyje BapujaHTa 3a crnacaBake W U3BMaveHe
obopeHnx nunota He caMo 36or nocebGHe onpeme M Haopyxawa Beh u 360r
cucTema Koju cy npunaroheHu Toj HaMeHMU.

Xenukonmep 3a mpazar-€e U criacagar-e 06opeHuUx rnusoma

PasBujajyhu pasnuuute Bepsuje u mopene xenukontepa Mu-17 BOjHM
CTpyYHaun pyKoBOOAMMM CYy Ce HamMeHOM. Mako ce pa3sBujajy BULLEHaMEHCKMU
XenuKonTepyn TpaHCMNopTHO-O00pOeHe HameHe, BEOMAa je KOMMIMKOBAHO M 4ak
HECBPCUCXOAHO HAYMHUTU YHUBEP3arHy rnetenuuy Koja 6 morna ga ce KopucTtu
y pasnuuutuMm okonHoctuma. lpunarofhaBarwe je HyXXHO, Kako 300r onpeme,
Haopyxawa W cucTemMa Koju Cce Kopucte y pasnuuutum 0OopbeHum 1

7 https:/rs.sputniknews.com/srbija/201604121104799708-helikopteri-srbija-rusija/
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HebopbeHnM akTMBHOCTMMa. 36or Tora je Benuka naxwa nocBeheHa
MogepHu3aumjm xenukontepa Mu-17, HamereHor 3a noTpebe noTpare wu
crnacaBsama. To je ypaheHo ca mogenom Mu-171LL.

BojHa sep3auja nemenuue MU-171

Op craHgapgHe onpeme u ypehaja y netenuuy cy yrpaheHu cuctemu 3a
AHEBHO-HONHO ynpaBrbake W NeT Nod M3y3eTHO NOLUMM BPEMEHCKUM YCIoBUMA.
3a KoMyHukauujy ce kopuctm paguo-ypehaj ,baknaH-20" un ,Kope 17. 3a
HaBurauujy v opwujeHTauunjy nocegyje paauo-komnac APK-15M u APL-Y[,
ponnep ypehaj 3a koHTpony 6p3nHe y3roHa u ygarbeHocTu og tna AUNCC-32-90,
BewTaykn xopm3oHT AlK-77 wn AITI-74b, paguo-sucmHomep A-037,
HaBuraumoHu cuctem A-723, kao 1 pagap 3a npahewe MeTeoponoLLKUX ycrnosa
8A-813 wun wmapkep paguo-npujemHuka A-611. Y BOjHOj BULLIEHAMEHCKO]
TpaHcnopTHO-60p6eHoj Bep3nju Mu-171LL, ucnog pena, yrpaheHn cy cuctemm
JlnHeap n AUO-2 unu cuctem ca osHakom [1-7. OHKM cnyxe 3a cHabgeBawe
jedvHuua Ha TNy nowurbkama M3 BasgyLUHOr MpocTopa, ChyLTaheMm TEeLKor
Tepeta nomohy napgobpaHa. Tm cuctemm obyxBaTajy LWMHE 3a cnylTawe
TepeTa, YeKpK M JoaaTHy onpemy koja omoryhaBa nsbauvBawe BOjHUX BO3MNa
mace og 3,35 no 9 ToHa ca BucuHe og 300 go 1.500 meTtapa. Cuctewm, Takohe,
MOXe fAa mn3bauyje M3 TpaHCMOPTHOr NPOCTopa pasnuuute TepeTe U onpemy
Y KOHTEjHepuma.

HoBn wmopgenun xenukontepa nocedyjy u ypehaje 3a wuHdpaupseHo
npeTpaxvBame TepeHa. [Nopen Tora, 3a cneumjanHe akTMBHOCTU y XENUKONTEP
ce wMory yrpagutm u gpyrm ypehaju 3a KOMyHuKauujy, CheKTparnHo

264



npeTpaxvBawe W OTKpMBawe JIbyAuM Yy 30Hama npeTpare, Kamepe Koje
omoryhaBajy BuayernHy KoHTpony of 360 cTeneHu Ooko neTtenuue N CHUMawe n3
Ba3ayLUHOr NPOCTOpa, MOHUTOPM 3a KOHTPOIY, Kao 1 CUCTeMU 3a MnojadaBare 1
dunTtpupame 3Byka. XenukonTep uma u ypefaj 3a ogmpsaBame nonatvua
penHor potopa. KabuHa je 3awTtmheHa ojavawmma, a noceayje n WL, ometaue
NPOTUB pakeTa Koje ce HaBoAe Ha uuib NoMoNy TONIOTHOr 3anuca.

Mu-171A2® MepdopmaHce

MakcumanHa 6p3vHa 280 km/yac
BpanHa neta y npetpaxueamy 260 km/yac
[oneT ca nyHUm pesepBoapuma 800 km
MakcumanHa BucuHa neta 6000 m
Cratuyku nnadgoH neta 4000 m
MakcvumanHa maca npu nonetamy 13000 kr
Maca npu nonetawy ca CnOrbHUM TEPETOM 13500 kr
MaKCUMANHA HOCUBOCT Y npT/bakHOM MpocTopy 4000 kr

Wcnog Tpyna 5000 kr
[MoroHckn MmoTopK BLI-2500MC-03
MpukrbyyHo BpaTMno 2400 ke
[opaTtHa cHara y peXXumy XMTHe MHTEPBEHLIE 2700 kc

OyxuHa 6,36 M
YHyTpalute AMMeH3nje LB it

Bucuna 1,8 M

O6um 23 m3
Mocapa 2. ocobe
MyTHULM 24 yoBeka
TemnepaTtypHu oncer ynotpebe -50/+50 °C

3a NpoTUBTEPOPUCTUYKA A€jCTBA Yy XenuKonTepMma MOry ce KOPUCTUTU M
CaBpeMeHU OeTeKTOpM KOoju MOry fa yode KpeTawe rbyau Hohy, y ycrnosuma
cnabe BMAMLMBOCTH, CKpuBEHE ocobe Mefy pacTnwem 1y ypbaHum cpeguHama.
Y taktuum ynotpebe npeasuheHo je n kopuwhewe gpoHoBa (KBagpukonTepa)
3a JeTarbHO MCNUTMBaHE OKPYXewsa, NPUKynrbakwe nopgaTtaka of 3Hadvaja 3a
n3BpLlUIaBake 3afaTka, Kao U U CHUMawe TepeHa. [1pBo OMUTHO McnUTKBaHe
TaKBOr XenvkonTepa noyeno je Hosembpa 2014. roguHe.

CraHpoapgHO opyxje koje je yrpaheHo Ha CBUM Xenukontepuma,
pasBujaHum og Mu-8, jecte Ton IN'W-23, kannbpa 23 mm. Nopen Tora Ha WnHama
ca obe cTtpaHe moryhe je noctaButu BofleHe 1 HeBofeHe pakeTe Ba3gyx-3emsba
1 Basayx-Basayx

® http://www.russianhelicopters.aero/ru/helicopters/civil/mi-171a2/features.html
° http://rus-guns.com/shturmovoj-voenno-transportny-j-vertolet-mi-8amtsh.htmi
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OcHoBHa Bep3unja Mu-171 xenukontepa npunarofleHa je 3a NpeBoOXewe
meyam u Tepeta u oo 4000 kr yHyTap kabuHe TepeTta. MehyTtum, oBa netenuua
nocegyje M OCMOHLE Ha Koje ce MOXe 3aKayunTu TepeT KOju Ce HOCKM ucnoAa
Tpyna. Xenukontep nMma Husak HuBo Byke n Bubpauwmja. a y kabuHu ce Basgyx
npoynwhasa M npunarohaBa ycrnoBuma Jfieta nomohy ypehaja 3a knuma-
TM3aumjy. Takohe, nocenyje m 6oue ca kuceoHukom. Ha tpyny cy ypahenu
n3nasu 3a XMTHY eBakyauujy y cknagy ca Baxehum npornmcuma O CUrypHOCTW.
MocToje BapujaHTe xenukontepa MU-171A2 Ol1-1 3a uuBunHy u MAU-171A2 3a
BOjHY ynoTpeby.

Bepauja xenukonTtepa 3a Tparawe M cnacaBawe Mu-171 npunaroheHa je
HaMeHu kako 6u ce morna edukacHo noTpaxusaTtu ogpeheHa TepuTopuja pagu
cnacaBama y pasfmyMTumM MeTEOPOSIOLWKNM yCroBuMa. 3a Ty HaMeHy neTenuua
je onpemrbeHa nocebHom onpemoM K nocepyje yrpaheH pednekTop, BUTNO,
3BYYHUK, pagapcku cuctem, ypehaje 3a opujeHTaumjy mn [TIC opgpehuBane
nosuumje Ha TepeHy. Takofe, Ha Hera ce Mory NoCTaBUTU KaMmepe 3a BU3YeriHO
npahere NoKpeTa, flacepcku, 3By4HN U Apyru nokatopu. Bepsujy 3a Tpararwe 1
crnacaBakbe KopucTe CTpydhaun MuHucTapcTBa 3a BaHpegHe cutyauuje PO,
Kao 1y pasnnuuntum 3emrbama LUMpom ceeTa.

laharba Ha lNacyrbaHckum nueadama

Ha nonuroHy ,lacyrbaHcke nuBage” MexaHu3oBaHa oferbena u3 [pee
opurage Bojcke Cpbuje unsBoguna cy 0ojeBa rahawa, a 3atum cy
npynagHmum MNpee n CneuunjanHe 6purage n3Benu TakTuyko 60jeBo raname y
okBupy Bexbe ,Bog y Hanagy’. [lNpunagHuum [letor 6GatarboHa BOjHE
nonuunje peanu3oBanu cy rahawa u3 mutparbesa M-86 ca nonuumjckux
6opbeHnx Bosuna Bl M-86. U3 xenukontepa Mun-8 n ,rama“ peanusosaHa
cy 6ojeBa rahawa uwrbeBa Ha 3eMIibW NPOTUBOKIONHWM pakeTama W
HeBoheHUM pakeTama 57 MM, a npunagHuum CneunjanHe dpurage U3Benu cy
ranara 13 py4yHor pakeTHor 6avladva 64 mwm.

3a noTpebe MopHapuyke newagvje u3pafeHa je un amdumbujcka
TpaHCNOpTHa Bep3uja Tor xemukonTepa. Y TEPeTHOM MPOCTOpy MoXe OuTu
cmewTteHo 30 nagobpaHaua. AmMdwubujcka TpaHcrnopTa Bep3uja Ha O04HMM
CcTpaHama Tpyna uma Hocaye BX[-57 3a npuuspwhuBame ,6anoHa” koju mory
4a odpXaBajy xenvkontep Ha Boau. Ha Te Hocaye mory ce npuyBpCTMTU U No 4
naHcepa paketa Hap kanmbpa 57mm mnm YIK-23-250, kao M KOHTejHepu ca
Tonom [T-23J1 kannbpa 23 mm. Mory ce noctaButn 1 6ombe mace go 500 kr,
Kao n 3anarbmBe G6omOe. 3a OejcTBO U3 neTenuue Mory ce, Ha npeawoj u
3agH0j nonynonTtn, HamectuTn ABa mutparsesa [MKT. lMocage n ctpenum
3awTuheHn cy okNnonrbeEHUM nnovama. 3a 3alTUTy Of pakeTa Ba3gyx-Basgyx u
3eMIba-Ba3gyx XenuMKonTep je onpeMrbeH akTMBHUM M NacuBHUM 6e36e4HOCHUM
cuctemuma MTB-2.
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Heke Bepauje cy, 36or nogeliaBata 3a pa3nuunte HameHe n MoryhHocTu
kopuwhera 6pojHux ypehaja n cuctema, NPOMEHUNE 1 U3rnea, na ce Tako Mory
BMAETU neTenuvue ca NpoayXEHUM HOCHUM LEeNoM, roe ce CMeLUTajy pagap wumm
cMCTEM 3a omeTawe. Ha Buwe mopena yoyaBajy ce Benvka Knm3Ha Bparta,
Yekpuu ncnopg Tpyna, Kao u JodaTHU pesepBoapu.

HajmopgepHuja BapujaHTa xenukontepa MW-171A2 npepnctaBrbeHa je Ha
MeRhyHapoaHom cajmy Xenupycuja 2016

CnoseHcko bpamcmeo 2016

Bexba ,CnoseHcko G6patcTtBo 2016”, Koja je ycrneguna HakoH 3ajeHUYKOr
yBexbaBawa nunota Pycuje n Cpbuje, HECyMHMBO 3Ha4vajHO je gonpuHena
BOjHO-TAKTUYKOM oOcnocobrbaBamwy npunagHuka Bojcke Cpbuje 3a edmkacHo
Jenoeamwe y npoTtmBTepopucTuykoj 6opbu. Ha T10j BexOu, nopen Hawmx
jeovHWUa, ydyecTBoBany Cy NpuUNagHUMLM PYCcKMX M Gernopyckumx crneumjanHux
CHara, kao u cneuuvjanHn asuoHn WJ1-76, koju Ccy HaMeweHu 3a npeBo3
nagobpaHaua u pecaHTWpake Yy 30HM AejcTBa. Takofe, u3 Te netenuue
JecaHTupaH je u okrnonHu TpaHcnopTep. Bexba je gobuna u moto ,Oany4daH
oproBop Tpu Bojcke”, ¢ 063MpomM Ha TO Oa je npeacTaBrbana 3ajeqHUuYKu
OLroBOp CreLmjanHux NpoTUBTEPOPUCTUYKMX jeamHULa Tpy GpaTcke apkaBe Ha
OpyXaHo AernoBake TePOPUCTUUKUX CHara.

Pycka 6ecriunom+a nemernuuya ,maxuoH”

"% http://bastion-opk.ru/mi-171%D0%B02/
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Cama Bexba noyena je Ha Aepogpomy ,KoBuH”, rae cy yyectBoBana Tpu
BOjHa TpaHcnopTHa aBuoHa ,MrbywnH WIT-76” n xenukontepn Mu-8T u Mu-
17b5. Te netenuue u3Bene cy gecaHTt. Hajnpe cy nagobpaHom 3 aBuoOHa
gecaHtupaHa bopbeHa Bosvna BM[-2, 3aTum je M3BedeH CKOK nagobpaHcke
jedvHuue, crieguna je xenukonTepcka nogpluka W AecaHT [MaBHMX cHara 3a
npoTMBTEPOpPUCTUYKA fejcTBa. [pyrm Oeo Bexbe M3BedEeH je Ha MOJIUroHy
JflacyrbaHcke nmBage”’, aytomatudoBaHoM cTpenuwTy ,Opawad” u Ha
Aepogpowmy ,BaTajHnua’.

3a Bexby je o cneuvjanHux jeauHuua Tpu BOjcke opMupaHa je
MynTUHauMoHanHa 6opbeHa rpyna jaunHe 6atarboHa. 3ajegHuudka U TeXuLiHa
Bexxba 3aMmulIbeHa je Kao [OejCTBO MexaHW3oBaHe jeAuHuue npunagHvka
KonHeHe Bojcke, y cagejctBy ca npunagHuumma PB un MNBO ca xenukontepmuma
MW-17 n ,rasena” npu pelaBawy Tanadke cutyauumje. Bexba je nssegeHa Ha
TEeHKOBCKOM cTpenuwTy ,Opawal’.

Y 3BaHUYHOM M3BELLUTAjy Ha Kpajy Bexbe caonwiTeHo je ga cy kopuwheHu
aBuoHn MreyumH WI-76", xenukontepn Mu-8 n Mu-17, ,rasena” n ,rama’,
bopbeHa Bo3una newaanje bBI1-80, oknonHu nasmnhadykn aytomoomn BPAM-2,
okronHu TpaHcnopTepn BIOM-2, nonuuumjcka GopGeHa Bo3una camMoxXoaHe
xaybuue 122 mm, gpoHoBum u gpyra cpegcteall. Y wusBuhamwy TepeHa,
ynpaBrbawy BaTpoM M 3a gpyre notpebe npunagHuuM pyckux u Genopyckmx
jeanHnua ynotpebunu cy 6GecnunoTHy netenuuy Tuna ,Taxuon”. [eo
npunagHvuka cpricke Bojcke oOyyeH je TokoM Bexbe 3a ynpaBrbawe TOM
cneumjanHoM 6ecnunoTHOM NeTenuuoM M YMNOo3HaT je Ca HEeHWM TaKTU4KO-
TeXHNYkMM moryhHoctuma. CBe akTMBHOCTM CBOjUX jeQuHWLA PYCKU BOjHULM
CHMManu cy M3 Ba3gyLlHOr npoctopa nomohy gpoHa ,OKTokonTepa”, Kako paau
KacHe aHanuse, Tako M 3a noTpebe yHanpefluBara BOjHE TAKTUKE M HadMHa
ynoTpebe 6opbeHnx n HebopbeHMx cpencTasa .

|

JecaHmupare okornHoe mpaHcriopmepa u3 aguoHa NJ1-76 M/

=

" http://srb.news-front.info/2016/11/07/tri-vojske-kao-jedna-desantirane-ludstva-i-tehnike-u-okviru-
vezhbe-slovensko-bratstvo-2016/
"2 https://rs.sputniknews.com/politika/201611071108759219-vezve-slovensko-bratstvo-kovin5s/
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Nako Hema 3BaHMYHMX CTPYYHUX KOMeHTapa O 3Hauvajy Bexbe, Tpeba
uctahu ga je oBo 6una npunuka ga ce NpunagHuLmM CPrcKe BOjCKe Cyode ca
cnoxeHnm npobnemmma MeflyHapogHe capagke Yy BOjHUM ornepauuvjama,
nocebHo y nnaHupawy 384'?,EI,HVI‘-IKVIX JejctaBa, peanusaumnju U CUHXPOHN3ALMjM
nojeaAnHavYHnX akTUBHOCTH ~.

Ha 3Hauyaj HOBUX MCKyCTaBa ykasyje uMibeHuua ga je Guno HeonxogHo
YyCMNOCTaBWUTK T3B. MHTEpPONepaTubunHoCT Tpu pasnumunTe BOjcKe, Yy Kojuma ce
roBOpU pasnMuMTUM jesnumma, KOopucTe crneunduyHM HasuBu 3a Orpemy,
Haopyxarme W TakTUyka [ejcTBa, pasnuunT je CUCTeM NnaHupawa,
ycknafuBarka W opraHusoBawa nogpwke y 6GopbeHum pejctBuma. Bexbe
opyxaHux cHara Cpbuje n Pycuje ogpxxaHe Cy Ha OCHOBY nnaHa GunaTtepanHe
BOjHe capagtbe aBe gpxase y 2016. rognHun. Y Bojcum Cpbuje HarnaweHo je ga
je MOCTUrHYT uurb — jeauHuue cy yBexbaHe 3a pearoBakbe Yy pasnMyuTuM
6e3begHocHum ycnosuma. [puopuTteT Hawe Bojcke 6umo je Ha yBexbaBawy
jedviHMUa paHra 4yeTe, YuMe ce NOoAMKE onepaTBHa CNOCOBOHOCT M KanauuTeT 3a
capafwy ca CTpaHuMM Bojckama. CBakako, KomaHgHom kagpy Bojcke Cpbuje
aobpo he gohm cBa Ta casHawa M CTEYEHO UCKYCTBA Yy MiaHupaky COXEHUX
NPOTUBTEPOPUCTUYKUX AejcTaBa, MpuUnpeMyn u y peanu3aumjyu SOroBOpEHUX
aKTMBHOCTK, M TO Yy MyMTMHALMOHANHOM OKpyXemy. [1pBu cycpeT npunagHuka
Halle BOjCke ca PyCKOM OMNpeMOM 3axXTeBao je HeHO AeTarbHO yrno3HaBake, a
npunagHMuM pycke un Genopycke Bojcke Tpebano je ga ce ynosHajy u ca
TaKTUYKO-TEXHUYKUM MoOryhHOCTMMa Hawe 6opGeHe onpeme, TexHWKe U
HaopyXara y orpaHMyeHoM BpeMeHy. [loceGHo je Guno crnoXxeHo npunpeMuTn
OKIMOMHM TpaHCcnopTep 3a AecaHTupare M3 aBWOHa, YCKNaauTh CBe MOCTYMKe U
CBe TO yCnewHo peanu3oBaTtu. [loped Tora, Hawu BOjHWUM YNO3HATU Cy ca
moryhHocTMmMa nagobpaHa Tuna ,ApbarbeT-2 Kpuno”®, KOoju KOpUCTE pPYCKM
nagobpaHum.

UbywuH UIT-76ML, dpoHosu u becriuniomHe iemenuye

Ha Bex6u cy kopuwheHn HoBuju mogenu asuoHa WIT-76MIO-90A, koju je
pasBujeH U3 UcToumMeHe netenuvue npousseneHe 1976. roguHe. Hanme, Tokom
eKkcnnoaTaue, HEKM of YOYEeHMX HedocTaTaka Mokasanum Cy fa je HeonxodHo
yHanpeauTu Taj mogen kako 6u ce yeehanu kanaumuteT npeBo3a TepeTa. To je
NOCTUrHYTO yrpagtkoM Hoeux [1C-90A-76 mMoTOpa KOjM CYy CHaXHWju M1
ekoHomu4Huju. lMopen Tora, mopudukoBaHn WUI-76MIO-90A vma HWXM HUBO
Oyke y cknagy ca HOBMM CTaHgapauvma. To je netenuua Koja je NpBEeHCTBEHO
HamerweHa 3a MpeBOo3 nagobpaHCKMX jeAuMHuua, BOJHOr OCObrba, onpeme,
kabacTux TepeTa, KOHTejHepa ca crneuujarHOM BOjHOM OMPEMOM, MYHULMjOM,
Haopy>xakeMm, pe3epBHNM OeNOBMMA U TOPMBOM.

B http://www.vs.rs/index.php?news_article=c49ed276-8378-102f-8d2f-000c29270931; ,YcTpojaBaremM
dyHKUMje uMBWUNHO-BOjHE capapwe y Bojcum Cpbuje, oHa je noctana wuHTeponepabunHa ca
caBpeMeHUM apMujama, o Yemy ceBefoue yyelhe y meflyHapoaHvum Bexbama...”
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BapujaHme UJ1-76

ABuoH WJI-76 wuckopuwheH je 3a uM3rpaghy HEKONUKO cneumjanHux
BapuvjaHTu:

— A-50 je noctao npBu pyckm AWALIC ca kapakrepuctukama
aMepUYKOr KOHKYPEHTa;

— WII-76IMN je aBMOH 3a ENEeKTPOHCKO paToBawe OnpeMrbeH
COUCTULIMPAHOM EMEKTPOHCKOM OMPEMOM WM BENMKMM arperatuma 3a
NPON3BOAHY ENEKTPUYHE EHEPIUjE;

— WIJ1-78 je aBnoOH-TaHkep;

— WI-76BKT1 (UJ1-82) je ,neTtehe komaHAHO MECTO” MPEnO3HaTILUBO MO
BENMVKOM [0AaTKy KOjU 3ay3nma Leny ropky MOBpLUMHY Tpyna of
nunoTcke kabvHe A0 Kpuna. Y TepeTHOM MNpoCTopy je KOMaHAHO-
WwTabHM Moayn ca CpeacTBMMa Be3E;

— WN-76J111 je neteha nabopaTopuja 3a nNpoyyaBawe M TECTUPaAHE
pasnuuuTe HoBe OrnpemMe U MOTopa;

— A-60 HocuK nacepcky TON 3a yHULLITaBake caTenuTa;

— WI-76MOK kopuctu ce 3a TpeHaxy KOCMOHayTa Yy Yycnosuma
BEeCTEeXHCKOT CTaka;

— mopgepHusoBanu UJ1-76M® nva HoBe n wrearbmsmje motope MC-90A.

Koknut oBe netenuue je y MNOTNYHOCTU OCaBPEMEHEH U Y HEMY CY
yrpafjeHn gurmtanHu ypehaju m cucTtemMu 3a KOHTPOMy neTa U HaBUralMoHM
MHCTpyMeHTU. OCHOBHM nodauM Mpukasyjy ce Ha MyNTUQYHKLUOHAIHOM
eKpaHy, rge ce Buge CBM nogaum 3a Hasurauujy. lNopep Tora, KOKNUT je yrpaheH
y CTakneHy kabuHy ca ognuyHom npernegHowhy. lMpBu neT m3BedeH je 12.
oktobpa 2012. roguHe. PasBujeH je y ,ArbylUMHOBOM KOMMMEKCY 3a pasBoj
asujaumnje OAQ”, a nponseohau je ,ABnactap-Cl1 3A0”.

WUJ1-76 nokasao je 3aBMAHY W3OPXIBUBOCT Y EKCTPEMHMM KIMMAaTCKUM
ycrnosuma, 360r yera je noctao He3aMeHrbUB Yy KomnaHuju ,Aepodnot” rae je
kopuwheH 3a npeso3 Telwknx TepeTta go Cmubupa. CosjeTcka aBujaumja je 1974.
roouHe ysena y Haopyxawe WI1-76 ka0 OCHOBHM TPAaHCMNOPTHW aBUOH Y
Ba3ayLUHOAECAHTHMM jeAuHMLama.

MaxHy 3acnyxyje HOBO UCKYCTBO KOje Cy CTEKNU npunagHuLmM Halle BOjcKe
y kopuwhewy ©OecnunotHe netenuue ,TaxuoH’, Kao W OKTOKONTepa 3a
Haarnegawe W CHUMamwe peanv3oBaHUX BOjHUX aKTUBHOCTU. ,TaxuoH” je
netenuua Kojom cy, npema cueHapvjy Bexoe, n3suhaHn NpOTUBHUYKM NONOXaju
13 HenocpeaHe 6rnmsunHe.

Jletennua ,TaxuoH” npBu nyT je npukasaHa jyHa 2014. roguHe, a HeHe
neTHe N TaKTUYKO-TEXHWYKE MOryhHOCTM NpeAcTaBibeHe Cy Ha MefyHapogHOM
dopymy ,TexHonornja y mHayctpmju mawwmnHa n ypehaja 2014“ y >KykoBckoM.
YBohewe y Haopyxawe 3ano4yeno je kpajem 2014. roguHe, a npee netenuvue
nobune cy jeanHuue NctodHor BojHOr okpyra Pycke Bojcke. HewTo kacHuje Ta
netenvua yeefieHa je y Haopyxare OpYyrmx BOjHUX OKpyra, rge cy HacTasrbeHa
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ncnuTMBawa Yy pasfMuUTMM TEPEeHCKUM U MEeTEOPOSIOLKMM  YCroBMMa.
TecTupaHa je n npunukom o6esbehera 3nMckmMx onumnujckux urapa y Counjy
2014. roguHe. Anpuna 2015. yBegeHa je y CeBepHy dnoty PaTHe MopHapuue,
roe Ccy 3anoyeta onepatMBHa wucnutmBawa y 6opbu ca nogBogoHVUM
anBep3aHTuma. KopuwheHe cy 3a u3Buhame manux u crnabo NpUMETHMX
uurbeBa Ha obanu, Mopy M nog BoAoM. 3a ynpaBrbawe ,TaxmoHa” Hajnpe cy
ocnocobrbeHun nonasHuum LleHTpa 6ecnmnnotHe aBnjauuje Pycke ®enepaumje”.

Lurb u cepxa

Lins Bexbe ,CnoeeHcko OpatctBo 2016” 6uno je yHanpehewe
OMepaTuBHMX CMOCOOHOCTM 3a pellaBake TaKTUYKUX M BaTPeHVX 33daTaka y
NPOTUBTEPOPUCTUYKO] OMepaumjy y BULLEHALIMOHANMHOM OKpyXewy. /3BegeHa je
on 3. oo 9. HoBeMbpa Ha aepogpoMuma 1 nonmroHuma Cpbuje. YuectoBaro je
212 npvnagHvKa Ba3dylLHOOECAHTHE BOjCKE OpyXaHWX cHara Pycuje, 56
opykaHux cHara Bojcke benopycuje n 450 npunagHuka Bojcke Cpouje.

Bexxbama je HacTaBrbeHa capafra pyCckuMxX BasdyLUHO-AECaHTHUX jeanHuua
n CneupjanHe 6purage Bojcke Cpbuje, 3anoyete n3soherwem Bexode ,Cpem 2014”
y HuknHupmma.

3ajegHnuka Bexba ,,CrnoBeHcko BpatcTBo” crnenehe roguHe oppkahe ce y
Benopycujn.

BojHa capagwa ca Pycujom WHTEH3MBMpaHa je nocrie MoTnucrBarba
cnopasyma 2013. roguHe. Op Taga je ogp)XaHO HEKOMMWKO 3ajeOHVNYKMX BEXON y
Pycuju n Cpbujn.

Op 24 3ajegHndke Bexbe ogpkaHe MpoLusie roguHe ABe cy bune ca pyckom
BOjCKOM, a 22 ca 3arnagHuMm napTHepuma. Y OBOj rogvHu peanvioBaHo je 116
cagpxaja BojHe capagre ca HATO-om, a og Tora ca CAL 90.

Jletenuuy je npoussena dupma Mxmaw — 6ecnunoTHu cuctemun”.
Kopnctn ce 3a usBuhawe gawy M Hohy, y ONMCKOM peanHOM BpEMEHY.
Obesbefyje npeHoC BMOEO CMAMKE, a CINYXXU W Kao penej 3a WHTEpHy
KoMmyHuKauunjy. CactaB komnneTa YvHe ABe GecnunoTHe neTenvue N n3Merusm
npeHocuBM Moaynu (Ternekamepa, WH(paupBeHa kamepa u ¢OTO-Kamepa).
YnpaBrba ce npeko T3B. 3emarbCke cTaHuue 3a Bohewe. OBy 6ecnunoTtHy
netenuuy nokpehe enekrpomoTtop, usbauyje ce katanyntom, a crnehe nomohy
nagobpaHa. Jletenuuom pykyjy Asa nocnyxuoua. EnekrpomoTtop kopuctu 3a
nokpetawe ropveHe henuje koje NpPOM3BOAE ENEeKTPUYHY eHeprujy npeko
eNeKTPOXeMUjCKOr reHepaTtopa.

[oprBO je kOMNpecoBaHM BOAOHMK, @ OKCMOATOP KMCEOHMK U3 aTMocdepe.
,TAXWOH"“ je cneumjanHo pasBujeH 3a ynoTpeby Yy CHNOXEHWM KIUMaTCKUM
ycnoBuma. Manwux je rabaputa m mace, a MOXe Ce KOPWUCTUTU Y LUMPOKOM
Avjana3oHy BUCMHA M TeMnepartypa, kao 1 y ycnoBuma jakor Betpa (4o 15 m/c).
MakcumanaH BpxyHau neta nsHocu 4ak 4000 meTapa, 4OK je MuHMManaH 50 m.
OyxunHa nsHocm ceera 610 MM, pasmax kpurna gBa MeTpa, MakcumarnHa maca je
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25 Kkr, a MakcumanaH KopucTaH TepeT (enekTpoHcka onpema) S kr. Pagujyc
aejctea je 40 kM y3 ayTOHOMWjy neTa oA ABa 4aca, MakcumarHa opauHa je 120
KM/yac, a kpctapeha 65 km/yac. OnepaTmBHa Temnepatypa kpehe ce y
avjanasoHy of -30 go +40°C .

Crio3Haje u uckycmea

Bexba ,CnoBeHcko 6patctBo” omoryhuna je npunagHuumuma Bojcke
Cpbuje pa cnosHajy kako ce Yy OAJNlYY4HOM OArOBOpPY Ha TEPOPUCTUYKE
aKTMBHOCTU MoOry nocTuhu ycnecu, NMPpMMEHOM HOBUX MeToAda TaKTU4YKOr
nnaHupawa, ycarnawaesaka MOryhHOCTM CaBpeMEHEe BOjHE TEXHUKE MU
crnocobHocTu rbyacTBa. CTeYEHO je AparoueHOo MCKYCTBO Aa (pyHKUMOHAarHe
CnocobHOCTM BOjcke, y CaBpPEMEHWM OKONMHOCTUMA, 3axTeBajy Beoma
CTpy4aH, npodecuoHanHn NpUCTyn Yy BOjHOM MNiaHupawy, opraHusauuju um
n3eofewy 3agataka — o4 Npukynibaka obaBellTajHO-M3BMAAYKMX nogartaka,
NpeKko AeTarbHOor opraHn3oBawa W nNnaHupawa TakKTU4kKnx pagkwkn, Ao
ycarnawaBsaka CBakor pgeTtarba fAejctea u nogpwke. OHO wWwTO je
HajsaHayajHWje jecy casHaka M WCKYCTBa Koja Ce MOry aHanuMsuMpatyM M Ha
bUMa MU3rpaguT U HOBU HaAuMHW [ejcTBa Kojuma ce Moxe noctuhm Beha
edukacHoct. OBOM, kao M OpyruMm Bexbama ca pyckum u 6enopyckmm
npuvnagHuuuma, Halla BoOjcka YcCrnewHo ce ocnocobrbaBa 3a ydeuwhe y
MyNTUHAUWOHANHMM onepauvjama, LWTO je KBanuteT BULWIE Y YKYMHO]
0oCcnocobrbeHOCTM oOpyxaHe cune Hawe 3emrbe. Capagwa, 3anodverta
roouHama paHuje, NpoLnpeHa je HOBMM cagpXajuma, a Halle CTapelunHe U
BOjHMUM yrO3HATW CYy N ca MoryhHoCTUMa pycke BOjHE TexHuUKe. HecymhuBo,
CTeyeHa MUCKYCTBa Y BOjHOj TaKTULM BeOMa Cy AparoueHa v 3HayajHa.

3a Hac je Takofe 3Ha4yajHO WITO CMO casHakwa M UCKYCTBa O PYCKO]
TakTUuM n MeTOAONorMju nNnaHupawa n nssofhera bopbeHnx gejctasa mornm
ynopeamTn n ca OHMMa Koja CMO CTeknu y capagwwu ca cHarama HATO-a.
OBakBe Bexbe cy npunvka ga ce youum u npuxeatuv mMetogornoruvja koja he, y
HalMM ycrnoBuMa, AonpuHeTy Behoj eduKacHOCTM HaLIMX OpPYXaHUX CHara y
6opbu, Npe cBera ca TEpPOPUCTUYKMM CTpykTypama. CBakako, y TakBuUM
OKOJTHOCTMMA MpyXajy HaMm ce MoryhHocTM ga Cno3Hamo MHOro Tora LiTo je
Beh yoOuyajeHa npakca y CTpaHUM OpyXaHMM cHarama u y cBOjy OOyKy
jeQuHUUA 1 cTapeluvHa yBe4eMO HOBE MOCTYMNKe, OOQHOCHO Aa ce yBexbamo y
Kopuwhewy caBpemMeHe 06opbGeHe TexHUKe W Haopyxawa W NpUMEHU
edmKacHe TakTuke caBpeMeHOr paToBaksa.

OBakBe Bexbe He Tpeba rnmegaTtu jeAHOCTpAHO M pasymMeTu ga camo
npunagHnun Hawmx OpyxXaHuUxX cCHara CTu4yy HOBa Ca3Haka, WUCKYyCTBa WU
obyyaBajy ce 3a BuLIEHaUWOHanHy BOjHY capaawy. W cypenyjyhe cTtpaHe
CTMYY HOBa WCKYCTBa M YycCneBajy Aa yonwTe TakKTUKy W MeTodonorujy
opyxaHe 6op6e, Yoctanom, u Hawa', pycka'” u HATO'™ ynytctBa o

" Metodigki prirucnik za takticku obuku pesadije, Beograd, 2011.
' http://base.garant.ru/198025/
'8 http://www.nato.int/cps/en/natohqg/topics_49285.htm
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uurbeBuma BojHe obByke M ocnocobrbaBarba pasnukyjy ce y getarbuma u
cneundunyHocTMma. CBpxa je cBuMMa nos3Hata. HeonxogHa je BpxyHcka
0CMNOCOO/bLEHOCT 3a M3BpLUABaHe T3B. HAMEHCKUX BOjHUX 3agaTaka.

Hukona M. Octojuh (Nikola M. Ostoji¢),
e-mail: nikolaos@sbb.rs,

ORCID iD: ““http://orcid.org/0000-0001-8537-931X
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No3nB N YNYTCTBO AYTOPUMA
NPUMMALWEHNE U MHCTPYKUWUW ONA ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

NO3uB N YNYTCTBO AYTOPUMA O HAYUHY NPUNPEME YJ1IAHKA

YnyTCcTBO ayTopuma O Ha4yMHy Npunpeme ynaHka 3a objaBrouBarse y BojHomexHuy-
KOM efniacHuUKy ypaheHo je Ha ocHOBY AkTa O ypehuBaky HaydHuX Yaconuca, MuHucTap-
CTBa 3a HayKy M TexHomnowku passoj Penybnuke Cpbuje, esmgeHumoHn 6poj 110-00-
17/2009-01, og 09. 07. 2009. roguHe. MprMeHa oBor AKTa NPBEHCTBEHO CIYXW yHanpe-
hewy kBanuTeTa gomahmnx Yaconvca v HUXOBOT NOTNYHW]Er yKibyunBamwa y mehyHapoa-
HW CUCTEM pasMeHe Hay4yHWX MHopmMaLmja. 3acHOBaHO je Ha MefyHapooHWM cTaHaap-
avma ISO 4, ISO 8, ISO 18, ISO 215, ISO 214, ISO 18, ISO 690, I1SO 690-2, ISO 999 n
ISO 5122, ogHocHo ogrosapajyhum gomahum ctaHgapavma.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.m0.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wtamnaHo nsgawe, e-ISSN
2217-4753 — online, UDC 623+355/359) jecte mMynTuAMCLUUNIMHAPHW HAy4YHW 4aconuc
MuHuctapctBa onbpaHe Penybnvke Cpbuje, koju 06jaBrbyje HaydyHe U CTPy4YHe uYnaHke,
Kao M TexXHW4Ke MHpopMaumje O caBpeMEeHMM CUCTEMMMA Haopyxaka U CaBpeMeHVM
BOjHMM TexHornorujama. Yaconuc npatv jeAMHCTBEHY MHTEPBUOOBCKY TEXHWUYKY MOAPLUKY
Bojcke Ha npuHUMNY NOMMCTUYKE CUCTEMCKe NoApLuke, 06racTu OCHOBHUX, MPUMEHEHUX
1 pa3BOjHUX UCTpaXuBaksa, Kao 1 Npon3BoaHY M ynoTpeby cpeacTaBa Haopyxaka U Boj-
He onpeMme, Te oOcCTana Teopujcka W MpakTMyHa QJocTurHyha koja [JonpuHoce
ycaBpluaBary CBWUX MPUNagHWKa cprcke, pervoHanHe u MefyHapogHe akagemcke
3ajegHuue, a nocebHo npunagHuka MuHnctapctea ogopaHe n Bojcke Cpbuije.

MuHucTapcTBO NpocBeTe, Hayke U TexHomowkor passoja Penybnvke Cpbuje, ca-
rnacHo oanyum u3 ynaHa 27. ctas 1. Tauka 4), a no npnubaBrbLEHOM MULLIbEHY U3 YnaHa
25. ctaB 1. Tadyka 5) 3akoHa o0 HayvyHoUCTpaxmBaukoj genatHoctn (,Cnyx6eHn rnacHuk
PC”, 6p. 110/05, 50/06-ucnp. n 18/10), ytBpauno je kateropmusaumjy BojHoTexHuukor rna-
CHuKa, 3a 2014. roguHy:

3a 0bnacT TeXHOMOLUKM pa3Bo;j:

— Ha NMCTU Yaconuca 3a Matepujane u xemmjcke TexHornoruje:

kaTeropuja Bogehu Hay4yHu Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NMCTU Yaconuca 3a eneKTPOHUKY, TerleKoMyHuKaumje U MHcpopmaumnoHe
TexHonoruje:

KaTeropuvja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NMCTU Yaconuca 3a MalIMHCTBO:

KaTeropuvja Hay4YHu 4aconuc HaumoHarnHor 3Ha4vaja (M52),

3a 0bnact oCHOBHa UCTpaxuBaka:

— Ha NMCTU Yaconuca 3a MaTeMaTuKy, padyyHapcKke Hayke U MeXaHUKy:

KaTeropuja Hay4YHu Yaconuc HaumoHarnHor 3Ha4vaja (M52).

YcBojeHe nucte gomahux yaconuca 3a 2013. roauMHy mMory ce BugeTu Ha cajty Boj-
HOTEXHWYKOT rnacHuKa, cTpaHunua Kateropusaumja Yyaconuca.

HeTtarsHuje nHopmauuje mory ce npoHahu un Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHornoLwkor passoja Penybnuke Cpbuje.

Mopaun o kateropmusaumju mory ce npatutu u Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanreHy HabaBky).
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KaTteropunsauuja 4yaconuca nsspLueHa je npema NpaBUnHUKY O NOCTYMKY U HAYMHY
BpedHOBaka M KBAHTUTATMBHOM WMCKasuBaky Hay4YHOMCTPaXXMBaykMxX pesyntata ucrpa-
XuBauya, Koju je nponucao HaunoHanHu caBeT 3a Hay4HW 1M TEXHOMNOLKK pa3Boj (Cnyxbe-
H¥ rnacHuk PC, 6poj 38/2008).

Y cknagy ca OBUM NPaBUITHUKOM M Taberiom 0 BPCTU M KBaHTUMMKaLMU MHAVBUAYAITHNX
Hay4HoMCTpaxuBaYkunx pesyntarta (y cactasy lNpasunHuka), objaBrseHn pag y BojHoTexHu4kom
rnacHVKy BpeaHyje ce ca 2 6oga (kateropuja M51) u 1,5 6og (kateropuja M52).

Yaconuc ce npatu y koHTekcTy Cprnckor uutaTtHor nigekca — CLnngekc (6asa no-
Jartaka gomahux Hay4yHuMx Yaconuca) u Pyckor nigekca HayyHor umtupara (PUHLL). Mo-
OBPrHyT je cTanHoM BpegHoBawy (MOHWUTOPWMHIY) Y 3aBMCHOCTW Of YTULAjHOCTU
(vmnakTa) y camum 6asama u, nocpeHo, y mefyHapogHum (Thompson Reuters) uutat-
HUM uHAekcMMa. [leTarbu O MHOEKCUpawy MOry ce BuAeTM Ha cajTy BojHoTexHuukor
rnacHuvka, ctpaHuua MiHgekcupare Yaconuca.

BojHoTexHuukn rnacHuk omoryhaBa u npumetbyje Creative Commons (CC
BY) ogpenbe o aytopckum npaBuma. [letarbu 0 ayTOpPCKUM MpasyvMa Mory ce BUAETU Ha
cajTy Yaconuca, cTpaHuua AyTopcka npaBa U NonMTMKa caMoapxuBupaa.

PapoBu ce npepajy nyTem OHNajH cucTeMa 3a €enekTpoHcKo ypehuBawe ASEE-
STANT, koju je passuo LieHTap 3a eBanyauujy y obpasoBary 1 Hayum (LLEOH).

MpucTyn u pernctpaumja 3a cepBuC BpLUE Ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpanmue ASEESTANT unun CUMHOEKC, ogHOCHO ANPEKTHO Ha NMUHKY

aseestant.ceon.rs/index.php/vtg.

[eTtarbHO ynyTCTBO O peructpauuju 1 npuvjaByM 3a CepBUC Hamasu ce Ha cajTy
www.vtg.mod.gov.rs, cTpaHuua YnyTtctBO 3a e-Yp: EnekTpoHcko ypehuBawe —
ASEESTANT.

MoTpebHo je oa ce cBu ayTopu Koju NoAHOCE pykonuc 3a objaBrbmnBare y BojHOTEXHNY-
KOM rnacHuky pernctpyjy y permctap ORCID (Open Researcher and Contributor ID), npema
ynyTCTBY Ha CTpaHuuy cajta Pernctpaumja 3a gobuvjarwe ORCID noeHTndmkaumoHe wudpe.

BojHOTexHWukM rnacHuK objaBrbyje unaHke Ha CPrCKOM, €HrfecKkoM, PYCKOM, He-
MayvkoMm unu cppaHuyckom jeauky (arial, cpncka hupunuua unu cprcka naTuHuiua, Benuyn-
Ha croa 11 pt, npopeg Single).

Moctynak npunpeme, nucaka M ypefuBamwa uynaHka Tpeba ga Oyae y carmacHocTu
caWzjaBom o etuykom noctynawy (http://www.vtg.mod.gov.rs/izjava-o-etickom-
postupanju.html).

UnaHak Tpeba Aa cagpxun caxeTak ca KIby4yHWM peyuma, yBoA, paspagy, 3aKkiby-
Yak, nuTepaTypy v pe3nMe ca Kiby4HUM peyrMMa Ha eHrneckom jesuky (6e3 Hymepauwje
Hacnosa u nogHacnosa). Obum 4ynaHka Tpeba ga Gyae oko jegHor ayTopckor Tabaka
(16 ctpanuua cdopmata A4 ca npopenom Single), a Hajsuwe 24 cTpaHuLe.

UnaHak TpeGa ga Gyae HanucaH Ha oGpacly 3a nucare YnaHka, Koju ce Yy enek-
TPOHCKOj (DOPMU MOXKeE Npey3eTH ca cajTa Ha cTpaHuuy OGpasal 3a nucakse YnaHka.

Hacnos

Hacnoe Tpe6a ga ogpaxkaBa TeMy YnaHka. Y UHTEpPeCy je yaconuca v aytopa aa ce
KOpWUCTE peyn NpuKnagHe 3a UHAEKCUpare U npeTpaxuBarse. AKO TakBMX pevn Hema y
HacrnoBy, NOXeSbHO je Aa ce npuaoda u nogHacnos. Hacnoe Tpeba aa 6yne npeeeneH u
Ha EHrMNecku jesuk.

OBWU HacnoBu UCMNCYjy Ce Ucnpe caxeTka Ha ogroBapajyhem jesunky.
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Tekyhu HacnoB

Tekyhu HacnoB ce ncnucyje ca cTpaHe CBake CTpaHuLe YnaHKka pagu nakwe naeH-
Tucukaumje, nocebHO Konuja unaHaka y enekTpoHckoM o6nuky. Cagpxu npesmme n UHu-
Lmjan nMeHa aytopa (ako aytopa MMa BULLIE, NPeOoCTanu ce o3HavaBajy ca et al.“ unum ,u
ap.“), HacnoBse pafga u Yaconuca 1 konauwmjy (roavHa, BonyMeH, CBeCKa, NoveTHa U 3aBp-
WHa cTpaHuua). Hacnosm yaconuca u unaHka Mory ce gaTu y ckpaheHom obnuky.

Ume ayTopa

Hasogu ce nyHo ume 1 npesvme (CBMX) ayTopa. Beoma je noxersHo Aa ce HaBedy
1 cpeftea crnosa aytopa. imeHa v npesvmera gomahux aytopa yBek ce UCnucyjy y opu-
rMHanHoM obnuky (ca CpnckUM OMjakpUTUHKMM 3HAKOBMMA), HE3ABMCHO Of je3uka Ha Ko-
jeMm je HanucaH pag.

HasuB yctaHoBe ayTopa (achmnujauuja)

HaBoau ce nyH (3BaHW4YHU) Ha3MB M CeauLUTe YCTAHOBE Y KOjoj je ayTop 3arnocrneH,
a eBeHTyasnHo ¥ Ha3uB yCTaHOBE Y KOjoj je ayTop 06aBMO UCTpaxmBame. Y CrIOXeHUM op-
raHusauujama HaBOAM Ce YKynHa xujepapxuja (Hnp. YHuBep3uTeT oabpaHe y Beorpaay,
BojHa akapgemuja, Kategpa npupogHo-matematuykux Hayka). bap jegHa opraHusaumja y
Xujepapxuju Mopa GuTK NpaBHO nuue. AKO ayTopa MMa BULUE, @ HEKU MOTUYY U3 UCTe
ycTaHoBe, Mopa ce, N0Ce6OHMM 03HaKama Win Ha APYrn HauuH, HasHa4YMTK U3 Koje of Ha-
BeJEeHNX yCTaHOBa NOTUYe CBaku Of HaBeAeHUx aytopa. Adunujaumja ce ucnucyje Hemno-
CpeaHOo HaKoH MMeHa ayTopa. PyHKUMja 1 3Bake ayTopa ce He HaBoae.

KoHTakT nogauu
Agpeca unu e-agpeca CBMX ayTopa Aaje ce Ha NpBOj CTPaHWULM YNaHKa.

KaTeropuja (Tvn) unaHka

Kateropusauuja ynaHaka obaBe3sa je ypeoHuwTBa u of nocebHe je BaxHocTu. Ka-
Teropujy YnaHka Mory npegnaratv peLeH3eHTU 1 YnaHoBW YpeaHWLITBA, OAHOCHO ypea-
HUUM pybpuka, anv oAroBOPHOCT 3a KaTeropmaaunjy CHOCKM UCKIbYYUBO MMaBHU ypeaHUK.

UnaHuu y yaconucuma ce pasBpcTaBajy y cnegehe kareropuje:

HayuyHu ynaHum:

1. opurmHanaH Hay4Hu pag (pag y Kojem ce M3Hoce NpeTxoaHO HeobjaBrbMBaHu pe-
3ynTaTh CONCTBEHUX UCTPaXMBaHma Hay4YHUM METOAOM);

2. npernegHu pag (paa Koju cagpXu opurMHanaH, AeTarbaH U KpUTUYKWU NprKas nc-
TpaxwuBaykor npobrnema vnu nogapydja y kojem je aytop ocTBapuo ogpefeHn AonpuHocC,
BMOJBMB HA OCHOBY ayTouuTara);

3. KpaTKoO UM NpPeTxodHO caornwTerwe (OpUrMHanHW Hay4YHu pag nyHor dopmaTa,
anun mawer obuma nnu NpenUMMUHapHOr KapakTepa);

4. Hay4yHa KpWTWKa, OOHOCHO MornemMuka (pacnpasa Ha ogpefieHy HayuyHy Temy, 3a-
CHOBaHa UCKIbY4MBO Ha Hay4YHO] aprymMmeHTaLmju) n ocBpTHu.

M3y3eTHo, y Hekum obrnactma, Hay4Hu pad y 4aconucy Moxe nmati obnvk moHorpad-
CKe CTyauje, Kao 1 KpUTUYKOr U3Aara HayyHe rpafe (McTopujcko-apxmBcke, nekcukorpadcke,
6rubnuorpadpcke, Npernega nogaraka u cn.) — 4oTag HenosHaTe U He4OBOMbHO MPUCTyNaY-
He 3a Hay4Ha UCTpaxuBaH-a.

PapoBu knacudmkoBaHu Kao Hay4HM Mopajy umaTu 6ap ABe NO3NTUBHE peLieH3mje.

Ako ce y yaconucy objaBrbyjy ¥ Npuo3n BaHHay4yHOr KapakTepa, Hay4Hu unaHum
Tpeba ga 6yay rpynucaHu 1 jacHoO M3ABOjeHW Y MPBOM Aery CBECKe.
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CTpyyHM unaHuym:

1. CTPYyYHM pag (Npuior y KojeM ce Hyde UCKYCTBa KopucHa 3a yHanpehere npode-
CuoHarHe npakce, anu Koja HUCY HY>KHO 3acHOBaHa Ha Hay4HOM MeToay);

2. nHdpopmaTMBHU NpUnor (YBOAHUK, KOMEHTap 1 c1.);

3. npukas (kkbure, padyHapckor nporpama, cnyyaja, HayvHor gorahaja, n cn.).

Jesuk paga

Jesnk paga Moxe GUTK CPCKW, EHINIECKW UNW APYrn je3nK Koju ce KopucTu y mehy-
HapoHOj KOMyHUKaLUuju y ogpefheHoj Hay4Hoj obnacTu (pycku, HeMadku nnm ppaHLyckn).

TekcT Mopa BMTW jeandkn n CTUNCKU JoTepaH, cucTemaTnsoBaH, 6e3 ckpaheHuua
(ocum ctaHpgapaHux). Cee usnyke BenumumHe Mopajy outun nspaxeHe y MefyHapogHom
cucteMy MepHux jeamHuua — Sl. Pegocneq obpasaua (dbopmyna) o3HayaBa ce pefHuM
6pojeBuma, ca gecHe CTpaHe y OKpyriMm 3arpagama.

CaxeTak (ancTpakT) u pesume

CaxeTak (ancTpakT) jecTe kpaTak MHOPMaTUBaH NpMKa3 cagpxaja YnaHka Koju un-
Taouy omoryhaBa ga 6p30 1 Ta4yHO OLEHW HeroBy peneBaHTHOCT. Y MHTepecy je ypeaHu-
WTaBa 1 ayTopa fa caxeTak cagpXu TepMUHe KOju ce YeCTO KOpUCTe 3a MHOEeKCUpame 1
npeTpary YnaHaka. CactaBHu OernoBu CaxeTka Cy Luib UCTpaxunsama, MetToau, pesynra-
TV 1 3akrbyyak. CaxeTtak Tpeba ga nma og 100 go 250 peumn u Tpeba ga ce Hanasu nsme-
Ry 3arnaema (Hacnos, MMeHa ayTopa 1 Ap.) U KibYYHUX peyn, HaKOH KOjUX Crieam TeKCT
YynaHka. AKO je paj HamucaH Ha CPrCKOM (PYyCKOM, HEMa4koM uin dpaHLyCKOM) je3nKy
noXerbHO je Aa ce, Noped caxeTka Ha CPMCKOM (PYCKOM, HEMa4YkoM Wimn paHLyCKoM),
Aaje N caxeTak y NPOLUMPEHOM OBMMKY Ha EHrMecKkoM jesuky — Kao T3B. pe3unmMe (sum-
mary). OBakaB pe3ume Tpeba aa Gyae Ha kpajy YnaHka, HakoH oferbka JlntepaTypa. Ba-
XHO je Aa pe3ume Byae y CTPYKTypupaHoM 06Ky, a heroa gyxvHa moxe 6utn go 1/10
OY>XUHe unaHka (onwupHWjK je of caxeTka ca nodveTka vnaHka). lNoveTtak oBor pesvmea
MoXe BUTK NpeBefeHn caxeTak (Ca noyeTka YnaHka), a 3aTum Tpeba aa cnefe npesege-
HW rMaBHW HaCMNoOBW, MOOHACMOBM M OCHOBE 3aKkiby4ka YrnaHka (nuTepaTtypa ce He npeBo-
an). MotpebHo je Aa ce y CTPYKTYpUpaHOM pe3nmey npeseae v Aeo TekcTa Ucrog Hacrno-
Ba U nogHacnosa, Bogehu payyHa ga oH 6yde nponopumoHanaH HMXOBOj BEMUYUHK, a
Aa odpaxaBsa CyLWTuHY. HakoH pe3umea Ha eHrfeckoM jesuky (MpoLUMpeHor caxeTka) 4o-
Aaje ce HEroB NPeBOA Ha CPNcKkoMm, Aa 6u pedakumja nsspLuMna NpoBepy U NekTypy.

KrbyuHe peun

KrbyyHe peun cy TepMmuHu unu dpase Koje ageksaTHO npeacTaBrbajy caapxaj
YnaHka 3a notpebe uHAaeKcUpama 1 npeTpaxvearba. Tpeba nx gogersnsatun ocnamwajyhu
ce Ha Heku mehyHapoaHu M3Bop (NMOMUC, PEYHKK UMK Te3aypyc) Koju je Hajlumpe npuxea-
heH unu yHyTap gate HayvHe obnactu. 3a HNp. HayKy yonwiTe, TO je iMcTa Kiby4YHuX pe-
un Web of Science. bpoj krbyyHux peun He moxe 6utn Behm og 10, a y mHTepecy je
ypegHvLWTBa 1 ayTopa Aa y4ecTanocT wuxoBe ynoTpebe 6yae wrto Beha. KribyuHe peun
Oajy ce Ha je3nKy Ha KOjeM je HanucaH YnaHak (CaXkeTak) U Ha EeHrMeckoM je3uky. Y unaH-
Ky Ce MULLY HenocpeaHO HAaKOH CaXkeTka, OQHOCHO HaKOH pesnmea.

Cnctem ASEESTANT y Ty cBpxy kopucTu crneumjanty anatky KWASS: aytomatcko
eKcTpaxoBame KIby4YHUX peydr U3 AUCUMnInHapHuX Tesaypyca/pedHuka no nsbopy u py-
TUHE 3a HMXO0B 04abup, Tj. NpuxsaTake OAHOCHO oabaunBake o4 CTpaHe ayTopa u/unm
ypeaHuka.
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[aTtym npuxBaTama YnaHka

[JaTtym kaga je ypeOHWLITBO NPUMKIIO YnaHak, faTyM Kaja je ypeOHWLITBO KOHa4Ho
NPUXBaTUINO YnaHak 3a objaBrbuBame, kao 1 AaTymu kaaa cy y mefiyBpemeHy focTaBrbe-
He eBeHTyarnHe WUCMpaBKe PyKomnuca HaBode Ce XPOHOMOLUKUM pefocrieoM, Ha CTanHoM
MecTy, Mo NpasBuny Ha kpajy YnaHka.

3axBanHuua

Hasue 1 6poj npojekTa, 0AHOCHO Ha3MB Nporpama y OKBMPY Kojer je YnaHak HacTao,
Kao M Ha3uB MHCTUTYUMje Koja je pnHaHCcupana npojekaTt unu nporpam, HaBoau ce y no-
cebHOj HanoOMeHM Ha CTanHoOM MECTY, Mo NpaBuIy Npu OHY NPBE CTPaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKO je unaHak y NpeTXoAHoj Bep3nju 61Mo nsnoxeH Ha cKyny y Buay ycMeHor caon-
wreka (Nog UCTUM UM CAMYHUM HacnoBOM), ModaTak o Tome Tpeba Aa Oyae HaBedeH y
noce6GHOj HaNnomeHu, No NpaBwuiy Npu OHY NpBe cTpaHe unaHka. Pap koju je Beh o6ja-

BIbEH Y HEKOM Yacomnucy He Moxe ce 06jaBuMTU y BOjHOTEXHUYKOM rmacHuky (npeLutamna-
TW), HX NOA CIUYHMM HACMOBOM U U3MEHEHOM OBSTUKY.

TaGenapHu u rpacuykn npukasm

[MoxerbHO je 4a HacnoBW CBUX MpuKasa, a No MOryhcTBy M TEeKCTyanHu Caapxaj,
Oyay AaTv ABOje3NYHO, Ha je3nKy pada M Ha eHrMeCcKoM je3uKy.

Tabene ce nuLy Ha NUCTU HAYMH Kao M TEKCT, @ O3Ha4aBajy ce pegHum GpojeBuma
ca ropwe cTpaHe. PoTtorpaduje n LpTexmn Tpeba ga Oyay jacHu, npernegHy 1 NOrogHK 3a
penpoaykuujy. Liptexe Tpeba pagutn y nporpamy word unu corel. dotorpacumje n upte-
e Tpeba NoCTaBNTU Ha XKerbeHO MECTO Y TEKCTY.

3a cnvke n rpadnkoHe He CMe Ce KOPUCTUTM CHUMakK ca eKkpaHa padyHapa
nporpamMa 3a npuKynrbare nogaraka. ¥ camom TeKCTY 4naHKka npenopydyje ce ynotpeba
cruka n rpadmkoHa HenocpedHo U3 mporpama 3a aHanuay nofgaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBohemne (LuTnpame) y TekcTy
HauymH nosvBana Ha M3BOpE Y OKBMPY YnaHka Mmopa 6uTn jegHoobpasaH.

BojHOTEXHMYKN rNacHUK 3a pedepeHumpare (LMTuparwe u HaBohekwe nutepartype)
npumetsyje XapBapacku cuctem pedepeHLm, OAHOCHO XapBapacku NPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). Y camom TekcTy, y 0bu4HuM 3a-
rpagama, Ha MecTy Ha KOjeM ce BpLUM MO3MBak€e, OOHOCHO UUTUpake nutepaType Ha-
OpojaHe Ha Kpajy unaHka, obaBe3HO y 0OMYHOj 3arpagu HanmucaTtu npesvMe LuTUpaHor
ayTopa, roavHy m3gawa nybnvkauvje n3 Koje uMtmpaTe WU, eBeHTyarnHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[eTarbHo ynyTCcTBO O HAYMHy UUTMpPaHa, ca NpuMepuma, A4aTo je Ha CTpaHuum caj-
Ta YNyTCTBO 3a XapBapAcku Npupy4vHuUK 3a ctun. MNMoTpebHo je ga ce nosuBake Ha nuTe-
paTypy y TEKCTY ypaau y ckrnagy ca NoMeHyTUM ynyTCTBOM.

Cuctem ASEESTANT y cBpxy KOHTpone HaBohewa (uutmpamwa) y TEKCTY KOPUCTU
cneunjanHy anatky CiteMatcher: oTkpuBawe U30CTaBIbEHUX LMTaTa y TEKCTY paja u 'y
nonucy pedepeHum.

HanomeHe (¢pycHoTe)
HanomeHe ce gajy npu gHy cTpaHe Ha Kojoj Ce Hamnasu TeKCT Ha Koju ce OAHOcCe.
Mory cagpxatu mMawe BaxHe geTarbe, OOMNyHCKa objallkera, HasHake o KopuwheHum
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13BopvMa (Ha npumMep, Hay4Hoj rpafn, npypy4yHuLMMa), anu He mory 6uTn 3ameHa 3a Lu-
TUpaHy nuTepartypy.

IucTa pecpepeHumn (nuTepartypa)

LinTupaHa nutepatypa obyxsata, no npasuny, bubnuorpadcke mssope (4naHke,
MOHorpadwmje v Cn.) 1 Aaje ce UCKIbYYMBO Yy 3aceOHOM oferbKy YnaHka, y Bugy nicre pe-
epeHumn. PedepeHLe ce He NpeBoae Ha je3nk paga v Habpajajy ce y nocebHOM oaerbky
Ha Kpajy unaHka.

BOjHOTEXHMYKM MMACHWK, Kao0 HaYuH MUcnMca nutepaTtype, NpuMmeryje XapBapacku
cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce obaBe3HO nuile Ha nNaTMHWUYHOM NUCMy M Habpaja no abeuenHom
pepocnepy, Hasogehu Hajnpe npesvmera aytopa, 6e3 Hymepauumje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuu, ca npuMmepuma, AaTo je Ha
CTpaHMuM cajTa YnyTCcTBO 3a XapBapAcku Npupy4dHUK 3a ctun. [NoTpebHo je ga ce nonuc
nuTepaType Ha Kpajy YnaHka ypaau y cknagy ca NnoMeHyTUM yrnyTCTBOM.

HecTtanpgapgHo, HeNoTNyHO MW HedocnegHO HaBohewe nuTepaType y cuctemnuma
BpegHoBawa 4aconmca cMmatpa ce JOBOJbHUM pa3noromMm 3a ocrnopaBal-e Hay4dHor ctaTty-
Ca Yaconuca.

Cnctem ASEESTANT y cBpxy KOHTpOMe NpaBuUiHOr ucnuca nucte pedepeHum Ko-
pucTtu cneumjanHy anatky RefFormatter: koHTpona obnukoBawa pedepeHum y cknagy ca
XapBapACkuM NpYpPyYHMKOM 3a CTUI.

MponpaTHo nucmo (camo 3a aytope u3 Penybnuke Cpbuje)

Mopen unaHka gocTaerba ce NponpaTHO NUMCMO Yy Kojem Tpeba nctahu o Kojoj BpcTr
ynaHka ce pagu, Koju cy rpaduyku npunosun (potorpacuje n LPTEXN) OPUTMHATHK, A KO-
jv nosajmroeHu.

Y nponpaTHOM NMMCMY HaBoAe Ce M Nofaum ayTopa: UMe, CPeAHe CroBo, Npesmme,
YuH, 3Bakbe, e-maun, agpeca nocnogasua (BI), kyhHa agpeca, TenedoH Ha pagHoM Me-
cTy u kyhHu (Mo6unHu) TenedoH, padyH n Hasme 6aHke, CO mecTa cTaHoBawa, 6poj
nunyHe kapte u JMbB rpahaHa.

AKo je BWLLE ayTopa unaHka, y nponpaTtHOM MUCMY Ce HaBoAW MOjeaVHAaYHU Mpo-
LieHTyarnHu yaeo pagu obpayyHa xoHopapa.

CBu pagoBu noasnexy CTPy4HOj peLeH3uju, a objaBr.eHn pagoBu U CTPyUHe
peueH3unje XoHopuly ce npema Baxehum nponucuma.

Cnucak peLeH3eHaTa BoOjHOTEXHMYKOr rnmacHUKa MoXe ce BUAETW Ha CTpaHULM
cajta Cnucak peueHseHaTa. [pouec peueHsnpawa objaweH je Ha CcTpaHuum
cajTa PeLeH3eHTCKM NoCTynak.

Appeca pepakuuje:

BOjHOTEXHMYKM rNaCHUK,

Bpahe Jyrosuha 19, lom Bojcke Cpbuje,

11000 Beorpag.

E-mail: vojnotehnicki.glasnik@mod.gov.rs.
YpenHuk
Mp Hebojwa Mahewa, gunn. nHx.
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

Ten.: 011/3349-497, 064/8080-118
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NPUMMALLEHUE U UHCTPYKLIMA ONA ABTOPOB O NMOPAOKE NMOArOTOBKU
CTATbU

MHCTpyKkuust Ans aBTOpPOB O NopsiAke NMOArOTOBKM CTaTbW K ONyOrnMKOBaHUIO B Xyp-
Hane «BoeHHO-TeXHMYeECKUIA BECTHUK» pa3paboTaHa B COOTBETCTBUM C AKTOM O pefaKTu-
pOBaHMU Hay4HbIX >XypHanoB MuHUCTEPCTBa HaykM M TEXHOMOrMYecKoro passutusi Pe-
cnybnukn Cepbus, Ne 110-00-17/2009-01 ot 09.07.2009 r. NpumeHeHnem atoro AkTa, B
nepBylo oyepeab, obecnevymBaeTCcs COBEPLUEHCTBOBAHME KA4YeCTBa OTEYECTBEHHBIX XYp-
HanoB 1 ux 6onee NOMHOrO BKMOYEHNS B MEXAYHApPOAHY0 cucteMy obmeHa Hay4YHOW WH-
dopmaumein. VIHCTpyKUMS COOTBETCTBYET MeXAyHapoAHbiM cTanHgaptam I1SO 4, I1ISO 8,
ISO 18, ISO 215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 u cooTBeT-
CTBYIOLLMM OTEYECTBEHHBIM CTaHAAPTaM.

BoeHHo-TexHM4Yeckun BecTHuK (Vojnotehnicki glasnik / Military Technical Co-
urier), BTr.mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 — neyaTtHoe -
nsaaHue, e-ISSN  2217-4753 -  online, UDK  623+355/359, aBnseTcs
MYNbTUANCUMMNMHAPHBIM Hay4HbIM >KypHanom MuHucTepcTBa 060poHbI Pecnybnukm
Cepbusi, KoTOpbIi NyOGNMKyeT HayyHble W npodpeccuoHanbHble CcTaTbM, a Takke
TEXHUYECKYIO MH(OPMALMIO O COBPEMEHHbIX CUCTEMAx BOOPYKEHUS M COBPEMEHHbIX
BOEHHbIX TexHororusx. XXypHan cnegut 3a eOuHOW MEXBOWCKOBOW TeXHWYeCKOon
NOAAEPKKOW BOOPYKEHHbLIX CUIT, OCHOBAHHOW Ha MPWHLMNAX CUCTEMHOW NOTUCTUKMK, 3a
NPVKNagHbiMM U MHHOBALMOHHBIMW Hay4YHbIMW WUCCIEAOBaHUSIMKW, B TOM 4ucne, B
obnacTtu nponsBoacTBa BOEHHOrO 000pYyAOBaHMA 1 CPEACTB BOOPYXKEHUS], U 3a NPOYNMU
TEOPEeTMYECKMMUM U MPaKTUYECKMMU  OOCTWKEHMSIMKM,  KOTOPble  CMOCOOCTBYHOT
npodeccrMoHansHOMy COBEPLUEHCTBOBaHMIO NpeacTaButenei cepbckoro, perMoHansHoro
M MeXZyHapoAHOro  akagemmyeckoro coobuiectBa, W OCOBEHHO  crnyKalux
MuHunctepcTBa O6opoHbl U BoopyxeHHbix cun Pecnybnvku Cepbus.

MwuHucTepcTBO 06pa3oBaHMs, Hayku U TexHonoruyeckoro passutns Pecnyonuvkm Cep-
Ous, cornacHo peLueHnto No cT. 27 absay 1, NyHKT 4 1 NO NOfy4YeHHOMY TOSNIKOBaHWUO CT. 25
absau, 1 nyHKT 5 3akoHa 0 Hay4Ho-MccneaoBaTenbckon AesatenbHocTH (,CnyX6eHn rmacHuk
PC", Ne 110/05, ytBepxamrno kateropusauuio BoeHHo-TexHnYeckoro BectHuka 3a 2014 roa;:

Kateropuu B 06rnacTtu TEXHONOrMYeCKoro pa3suTus:

— O6nactb MaTepuanoB U XMMUYECKOWN TeXHOSOruu:
BEAYLLMIA HAaYYHbIV XXypHan HauMoHanbsHoro aHavyeHus (M51),

— O6nacTb 3NEeKTPOHUKM, TENIEKOMMYHUKaLUA U MH(POPMaALIMOHHbIX TEXHOO-
M Hay4HbIN XXypHan HaUMOHanbLHOro 3HadyeHunsi (M52),

— O6nacTb MeXaHUKM:

HayYHbIV XXypHan HauMoHanbHoro 3HaveHuns (M52).

KaTeropuun B o6nact OCHOBHbIX MCCNEeAOBaHWIA:

— O6nacTb MaTeMaTuKa, KOMNbIOTEPHbIE HAayKN, TEXHUYECKUE HaYKW:

Hay4HbIV XypHan HaunoHanbHoro 3HavyeHusa (M52).

MHdopmaumio oTHocMTeNbHO kateropmsaummn 3a 2013 rog MOXHO MOCMOTpeTb Ha
CcTpaHuue canta BoeHHO-TeXHNYecKkoro BeCTHVKa KaTteropmaaumsa BeCTHUKA.

Bonee nogpobHyto nHPOpMaLmo MOXHO NpoynTaTh Ha cante MuHucTepctea obpa-
30BaHWs, Haykun N TexHonornyeckoro passutusa Pecnybnumkm Cepbus.

MHdopmaumio o kateropmsaumm MoxHoO nocmotpeTtb 1 Ha cante KOBCOH-a (Kon-
copumym 6mubnumotek Pecny6nuvkmn Cepbusi no BonpocamMm o6beaAnHEHNsT 3aKyMoK).

KaTteropusaumsa BecTHuka npoBefeHa cornacHo [lonoxeHntio o nopsiake m crnocobe

KaTeropmsauum Hay4HO-MCCrieoBaTeNbCkMxX pesynbTaTos, yTBEPXAeHHOMY HaumoHanbHbIM
KOMWUTETOM MO Hayke 1 TexHonorusim (Cnyx6enn rmacHuk PC, Ne 38/2008).




B cooTBeTCTBMM C BbiweyKka3aHHbIM [lonoxeHnem n TabnvMykon ¢ nokasatensiMu
Knaccuumkauum u KateropuMsauum MHAMBMAYaANbHbIX HAYYHO-UCCNELOBAaTENbCKUX pe-
3ynbTaToB (ABNSIOLWIENCA HeoTbemneMon uvactbto [lonoxenusi), pabota, ony6nuko-
BaHHas B BOEHHO-TEXHWYECKOM BECTHUKE, OLIEHMBAETCs Criedytolmm cnocobom: 2 Ganna
(kateropusa M51) n 1,5 6annos (kateropusa M52).

XKypHan cootsetcTByeT crtaHgaptam Cepbckoro umtatHoro uHaekca — SCindeks
(6a3a OaHHbIX OTEYECTBEHHbIX Hay4HbIX >XypHanoB), a Takke Poccuinckoro nHaekca
Hay4Horo umtmpoBanusa (PUHL). XypHan nocTosiHHO oueHMBaeTcss (MOHWUTOPWHE) B
3aBMCUMOCTM OT YNCIIEHHOIO MoKa3aTensi BaXKHOCTM HAay4YHOrO XXypHana B camux 6asax, B
T.4. ONOCPEAOBaAHHO B MEXAYHapOoaHbIX LMTaTHbIX uHaekcax (Thompson Reuters).

C vHdopmaLmeit 06 MHOEKCMPOBaHUM MOXHO O3HaKOMUTBLCSI Ha CTpaHuue cainTta
XypHana «/HoekcupoBaHue BECTHUKAY.

«BoeHHO-TexHnYeckni BECTHUK» obecneymBaeT yuTaTenam
BO3MOXHOCTb OTKPbITOFO [OCTYNna, B COOTBETCTBMM C MOSIOXEHUSMU 00 aBTOPCKMX
npasax, yrBepxaeHHoiMn  Creative Commons (CC BY). C  wuHcTpykuuen o6
aBTOPCKMX NpaBaxX MOXHO O3HAKOMWUTbCHA Ha CTpaHuue ABTOpPCKME npaBa U NONUTUKa
camoapxuBupoBaHua, nepenas no ceolnke http://www.vtg.mod.gov.rs/index-ru.html.

Pa6otel npeacrtaBnsitotca  nytem  online  cuctemon  e-Yp:  OneKTpoHHoe
n3gaTtenbCcTBO ASEESTANT, 3anyweHHoe LleHTpoMm nopaepXvBaowymM passutue
o0bpasoBaHus 1 Hayku (LIEOH).

MpaBa poctyna W peructpauuss B cucTteme odOpMASITCS No agpecy
http://www.vtg.mod.gov.rs/index-ru.html, 4epe3 cTpanuygy «ASEESTANT» wnn
«CUMHOEKC» (aseestant.ceon.rs/index.php/vtg).

C VHCTpYyKUMen no perucTpaummn n npaBy AOCTYNa MOXHO 03HAKOMUTBLCH NO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, Ha  cTpaHuue «HCTpykuMa no  e-Yp:
OnekTpoHHoe n3gatensctBo ASEESTANT».

Bce aBTOpbI, NPeoCTaBnSAOLLME CBOU PYKOMMUCK Ha NyGNMKaLmio B pedakLmio XXypHana
«BOEHHO-TEXHNYECKNIA BECTHUKY» LOMKHbI NpoiTh peructpaumio B peectpe ORCID (Open
Researcher and Contributor ID), B COOTBETCTBUM C MWHCTPYKUMEN Ha CTpaHuue
canta Peructpauus B peectpe ORCID ansi npycBoeHns naeHTMrKaLmMoHHOro Koaa.

BOEHHO-TEXHNYECKNI BECTHUK BbIMyCKaeT cTaTbM Ha CcepbCKOM, PYCCKOM,
aHIMMINCKOM, HEMELIKOM 1nun cppaHLly3ckoM a3bikax (Arial, wpudT 11 pt, npoben Single).

lMpouecc NoAroToBkK, HAaNWCaHWS U PEAAKTUPOBAHMWS CTaTbi AOIMKEH OCYLLECTBNATHCA
B COOTBETCTBUM C MpMHLMNaMn dtmdeckoro kogekca (http://www.vtg.mod.gov.rs/etichyeskiy-
kodyeks.html).

CraTtba JomkHa cogepXKaTb CIOKET C KIoYeBbIMY CrioBaMu, BBeAeHWe, pa3paboTky,
BbIBO/AbI, CMINCOK MCMONb30BaHHOW NMTepaTypbl U pe3toMe C KIHoYeBbIMK CMOBaMK Ha aH-
rNUICcKoM si3blke (6e3 Hymepauum 3aronoBKOB U Noa3aronoBkoB). Obbem cTaTbu He Jon-
XXEH npeBbIWwaTth oaunH aBTopckui nucT (16 ctpanuy chopmata A4 ¢ npobenom Single).

CraTtba gomkHa OblTb HanMcaHa Ha obpasue HanucaHus cTaTby, KOTOPbIN MOXHO
ckavyaTb Ha cTpaHuue canTa «[1paBuna n obpaseL, cocTaBneHns ctatbu».

3aronoBok

3aronoBoK AOMKEH OTpaxaTb TeMy cTtaTbU. VIHTEpechl XypHana 1u aBTopa cocToaT
B UCMONb30BaHWM CroB, yoobHbIX Ans uHAekcauun u novcka. Ecnn takme cnosa He
cofep)kaHbl B 3arofioBke, TO XenatenbHo 406aBMTb U N043arofoBoK. 3arofoBOK AOMKEH
ObITb NepeBefeH Ha aHrMUACKUA A3blK. DTWU 3aronoBKW NULLYTCS Nepes CloxeTaMu Ha
COOTBETCTBYHOLLEM SI3bIKE.
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Tekywumn 3aronoBoK

TeKyLMI 3arofloBOK MULLIETCS B TUTYNE KaXXAOW CTPaHWUbl CTaTbM C LENb ynpo-
LeHns mnaeHTudmkaumm, B NeEpBOM O4vepenu KOMUIn cTaTbel B SMEKTPOHHOM BUAE.
Copepxut B cebe hamunuio 1 nHuumMan MMeHun aBsTopa (B cryYyae ecnv aBTOPOB Hec-
KOnbKo, ocTanbHble 0603HavatoTes ¢ «et al.» unm «u gp.»), 3aronosku paboTsl U XypHa-
na (rog, o6bem, TeTpagpb, HavanbHasi U 3aKMYUTENBHAs CTpaHuLa). 3aronoBkM XypHarna
M CTaTbW MOTYT NPUBOAUTLCS B COKpaLLEHHOM BUAE.

®PUO aBTOpa

MpuogaTca nonHas dpamunns n nonHoe ums (Bcex) aBTopos. O4veHb xenaTenbsHo,
4yT06bI GbINKN NpUBEAEHbI N cpegHne BykBbl aBTOPOB. PamMUINA U UM OTEYECTBEHHbIX
aBTOPOB BCerga nuLLyTCcs B OpUrMHanbHOM Buae (C cepbckumn AMakpuTMHeCKUMn 3Haka-
MW), HE3aBNCMMO OT A3blKa, Ha KOTOPOM paboTa HanvcaHa.

HanmeHoBaHue yupexaeHusa aBTopa (addunmauus)

MpuBoauTca nonHoe (oduuManbHOe) HaMMEHOBaHNe U MECTOHaXOXAEHUE YYpex-
OeHus, B KOTOpOM paboTaeT aBTOp, a TakKe HaUMeEHOBaHWE y4ypexnaeHusl, B KOTOPOM
aBToOp npoBen uccregoBaHve. B criydae CnoXHbIX opraHusauui npveoguTcsa obuias
nepapxmsa (Hanp. YHuBepcuteT obopoHsl B . benrpage, BoeHHas akagemus, Kadenpa
BOEHHbIX O3MEKTPOHHbIX cucTem). o kpaviHem Mepe, odHa U3 3TUX OpraHvw3auuni B
nepapxum JormKkHa MMeTb CTaTyc ropuauyeckoro nuua. B cnyyae ecnv aBTopoB HECKOMb-
KO, W ecnm HekoTopble paboTalT B OOHOM YYPEXOEHWW, HYXHO OTAeNbHbIMU
0603HaYEeHNSIMUN NN KaKUM-HWOYAb APYrMM CnocoboM ykasaTb B KaKOM W3 NpuBeaeHHbIX
yypexneHuin paboTaeT kaxabll U3 npuBeAeHHbIX aBTopoB. Addunuauma nuweTcs
HenocpeacTeeHHo nocne ®NO aBTopa. [lomkHOCTb U KBanugukaums no obpasoBaHuto
He yKasblBalTCS.

KoHTakTHble flaHHble
MoyToBbIA aApec W/MNKU 3NEeKTPOHHBLIN afpec aBTOPOB YKasblBalOTCS Ha MNepBoW
CTpaHULbl CTaTbMU.

KaTteropus (tun) ctatbu

KaTteropusauusa ctatbei sBnsetca 06593aHHOCTbIO pedakuum n umeet ocoboe 3Ha-
YeHue. KaTteropuio ctatbn MOryT npeanaratb peueH3eHTbl U YneHbl pefakuum, T.e. pe-
[aKkTopbl pybpuWK, HO OTBETCTBEHHOCTb 3a KaTeropmsauuio HeceT UCKIIOYUTENbHO rnaBs-
HbIN peaakTop. CTaTby B XXypHanax pacnpeaenstoTcs no creaywmM KaTeropnsm:

HayuHble cTaTtbu:

1. opurmHaneHas Hay4Hast paboTa (paboTa, B KOTOPOW NPMBOOSTCS paHbLLe Heony-
6nukoBaHHbIe pe3ynbTaTbl COOCTBEHHbIX UCCREeA0BaHNIN HayYHbIM METOAOM);

2. HarnsgHasa pabota (pabota, cogepXallas OpuUrMHanbHbIv, AeTanbHbIN U KPUTKU-
Yeckun 0630p mMccnegoBaTenbCKkon Npobnembl M 06nactu, B KOTOPbIA aBTOpP BHEC
onpeaeneHHbI BKNag, BUAUMbIA Ha OCHOBE aBTouMTaT);

3. kpaTkaa unu npegBapuTensHas MHgopmaumnsa (opurMHanbHas HayyHas paboTa
nonHoro popmata, HO MeHbLUero obbema Unu nmetoLLas NpeaBapuTenbHbIN XapakTep);

4. Hay4yHas KpUTUKa, T.e. Nonemuka (GUCKYCCUsi Ha ONpeaerieHHYH0 HayyHyo Temy,
060CHOBaHHast UCKIIOUMTENBHO Ha Hay4YHOWN aprymeHTaumn) u 6ernole 0630pbl.

OpHako, B HEKOTOpbIX 0bracTax Hay4yHas paboTta B XypHarne MoxeT umeTb hopmy
MOHoOrpadn4eckon CTyann, a Takke KpUTUYECKOro M3gaHusa Hay4Horo matepwana (McTo-
pYKO-apXMBHOro, Nnekcukorpaduyeckoro, Gubnuorpaduyeckoro, ob3opa AaHHbIX U T.M.) —
[0 Tex Nnop HeM3BeCTHOro Wi HeJOCTaTOMHO AOCTYMHOrO A5 HAay4YHbIX UCCeL0BaHuN.
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Pa6oTbl, knaccupuumpoBaHHble B KA4eCTBE Hay4YHbIX, AOMKHbI UMETb, MO MEHbLUEN Me-
pe, ABe NOMNOXUTENbHbIE PELEH3NN.

B cny4vyae ecnn B XypHane obbaABnATCA U NpuUNoXeHua, He nmeruimne Hay‘-IHbIVI
XapakTtep, Hay4Hble CTaTbl OOJTKHbI ObITb crpynnmpoBaHbl U YETKO BblaesieHbl B nepBoM
vYacTtu TeTpagun.

[podeccroHanbHble cTaTbi:

1. npodheccrnoHanbHasi paboTa (NPUNOXeEHWUs, B KOTOPbIX MpeafiaratloTcs onbIThl,
nonesHsle A5t COBEPLLUEHCTBOBAHUS NPOECCUOHANbHOM NPaKTUKK, HO KOTOPbIE HE OOIK-
Hbl B 06s13aTeNbHOM nopsiake ObITb 060CHOBAHbLI HAa HAY4YHOM MeToae);

2. VHhopMaTMBHOE NpUnoxeHue (NepeioBasi CTaTbs, KOMMEHTAPWIA U T.1.);
3. peueH3ust (KHUM, KOMMbIOTEPHOM NPOrpaMMmbl, Cryyasl, Hay4HOro coBbITUSA U T.0.).

A3blk paboTbl

Pabota moxeT ObITb HanucaHa Ha cepObCKOM, aHrmMMINCKOM WNW APYroM A3bike,
MCMONb3yeMOM B MeXOyHapOoOHOW KOMMYHUKaLWMW B OMpeferieHHoW Hay4yHou obnactu
(pycckuii, HeMeUK1iA unu ppaHLy3cKknin).

TeKkcT fomkeH OblTb B NIMHIBUCTUYECKOM U CTUITUCTUHECKOM CMbICNE YMNOPSA0YEH,
cucTemaTtunavpoBaH, 6e3 cokpalleHunii (3a UCKINoYeHneM ctaHaapTHbIX). Bee dusnyeckne
Benn4nHbl OOIMKHbI COOTBETCTBOBATb Me>|<,quapo,qH017| cucteme eguHUL, U3MepeHna —
CW. OuepepHocTb opmyn obo3HavaeTcss MOPSAKOBLIMU HOMEPaMK, C MPaBON CTOPOHbI
B KPYrIbIX CKOBKax.

CroxeT (abcTpakT) u pestome

CioxeT (abcTpakT) sBnseTcs KpaTkuM MHGOPMaTUBHLIM 0030pOM coepXaHus CT-
aTbu, obecneynBaloLLMM YUTATENH OLICTPO M TOYHO OLIEEHUTL Er0 PENEeBaHTHOCTL. B NHT-
epecax pefakumm U aBTOpOB, YTOOLI CHOXXET cofepkarn TEPMMUHbI, YacTO MCMONb3yeMble
ONsi MHOEKCUMPOBaHUS 1 NMoucka ctatbeir. COCTaBHbIMM YaCTAMU CHOXKETa SIBNSATCS Lenb
nccnegoBaHns, MeToabl U 3aknodeHne. B cioxete gomkHo 6biTb oT 100 go 250 cnos, n
OOMKEH HaxoauTcs mexay Tutynamum (3aronosok, PO aBTOpoB M Ap.) U KMOYEBLIMA
crioBamu, 3a KOTOPbIMU criedyeT TekCT ctatbu. Ecnu paboTta HanvcaHa Ha cepbckom
(pycckom, HemMeLKOM unn cppaHLy3cKoM) si3biKe, xenaTernbHo, YToObl KpoMme croxeTa Ha
cepbckoM (pycCkoM, HEMELIKOM unu dpaHLy3ckoM) Obinl NpefocTaBeH U CHOXKET B p-
acCLUMPEHHOM BUJE Ha aHrnMACKOM si3blke — B Ka4ecTBe T.H. pe3toMe (summary). Takow
pes3loMe JOMKEH HaxXoAWUTLCA B KOHLUE cTaTbM, nocne pasgena lutepatypa. BaxHo, 4T-
06bl pe3tome BbINo B CTPYKTYpPUPOBaAHHOM BUAE, U €ro ANMHa MOXET coctaBnste Ao 1/10 a-
NnHbI cTaTbyn (OHO Bonee 0BLIMPHO, Yem CIOXET 13 Havana craTtbu). Havyanom gaHHoro pesto-
Me MOXeT ObITb NepeBeAeHHbIV CIOXKET (M3 Hayana cTaTbu), a 3aTeM OOSKHbI cneaoBaTh
nepeBefeHHbIE TMaBHbIe 3arofioBKW, MOA3ArofioBKM M OCHOBbI 3aKIIOYEHMSA CTaTbu (Nu-
TepaTypa He nepeBoauTCH). B CTpyKTypupOBaHHOM pe3ioMe HYXXHO NnepeBecT 4acTb
TEeKcTa Mo 3arofloBKOM W 3arofioBKOM, MpUHMMasi BO BHUMaHue, 4Tobbl OHa Obina
nponopuunoHarnbsHa Ux pasmepy 1 B TO Xe BPeEMs oTpaxana CyTb.

KnioueBble cnoBa

KniouyeBbiMM croBamMu SIBMSIOTCS TEPMUHBbI MW ¢opasbl, agekBaTHO MpeacTa-
BMSIOLLME COAEpXKaHune cTaTbu, Heobxoanmoe Ans MHAeKCcMpoBaHus 1 noucka. Ix Hago
npucyxaaTb, ONMPasiCb NP 3TOM Ha KakoW-TO MeXAyHapOAHbIA NCTOYHUK (perncTp, cro-
Bapb, Te3aypyc), Hambornee npuemnemMbin BHYTPU AAHHOW HayyHow obnactu. Yucno k-
NOYEeBbIX CMOB He MOXeT npesbiwaTh 10, a B MHTepecax peaakumm n aBTopos, YTOObI UX
YyacToTa 6bina Kak MoxHo 6onblie. KntoveBble cnoBa JaloTcs Ha A3bIKe, HA KOTOPOM H-
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anuncaHa cTtatbsl (CIOXKET), U Ha aHrmMNUCKOM f43blke. B cTatbe OHWM MUMWYTCA Hemno-
CpeaCTBEHHO Nocre CloXeTa, T.e. Nocrne pestome.

Mporpamma ASSESTANT npenoctaBnsieT BO3MOXHOCTb UCMOMb30BaHNUsSI cepBuca
KWASS: aBToMaTuyeckoe OUKCUPOBaHUE KIIOYEBLIX CIIOB M3 UCTOYHUKOB/CROBapen no
BbIOOpY, T.€., KOTOpble aBTOp/peakTop BOCMPUHUMAET UMK HET.

[Oarta nony4vyeHus ctatbu

[aTa, Korga pefdakuusi nonyyuna craTtbio, AaTta, Korga pefdakuusi OKOHYaTenbHO
NpuyHSna crtaTblo Anst onybnukoBaHus, a Takke AaThbl, Korga 3a UCTEKLW WA nepuod Gbinn
npefocTaBrieHbl 9BEHTyallbHble WCMpaBiEHUs PYKONWUCK, MNPUBOAATCS B XPOHOIO-
r’MYeckoM MopsiAKe, Ha NOCTOSIHHOM MEeCTe, KaK NMpaBuIio, B KOHLE CTaTbMu.

BbipaxeHue 6narogapHocTH

HavmeHoBaHWe M HOMep NpoekTa, T.e. Ha3BaHWe MporpaMmbl, B KOTOPOW CTaTbsl
BO3HWKNA, KaK M HaMMeHOBaHWE YyYpexaeHusl, KoTopoe (hMHaAHCUPOBANO MPOEKT Win
nporpaMmMy, NPMBOASATCS B OTAENBbHOM NPUMEYaHU Ha MOCTOSIHHOM MecCTe, Kak NpaBuno,
BHW3Y NEepPBOW CTpaHWULbl CTaTbU.

MNpeabiaywme Bepcumn paboThbl

B cnyuae ecnu ctaTbs B npeabiayLuen Bepcun bbina nanoxeHa B yCTHOM obpalle-
HUM (NOA4 OAMHAKOBBLIM MNN MOXOXWM Ha3BaHWeMm), cBefeHne o6 3TOM AOMMKHO ObiTb
yKasaHo B OTAENbHOM MpUMeYaHuW, Kak NpaBuiio, BHW3Y MEPBOW CTPaHuLbl CTaTbW.
Pabota, koTopas yxe onybnvMkoBaHa B HEKOTOPOM M3 XYpHarnoB, He MOXeT ObiTb ony-
6nukoBaHa B BOeHHO-TEXHMYECKOM BEeCTHMKa (nepeneyartaHa), HM Mo MOXOXWM Ha-
3BaHWEM, H/ U3MEHEHHOM BUJeE.

TabnuyHoe 1 rpacdmuyeckoe npeacTaBneHne

XenatenbHo, 4Tobbl Ha3BaHMsA BCEX NpeAcTaBreHui (Mo BO3MOXHOCTU U TeKCcTya-
nbHOE cofepxaHue) Obinu npeacTaBneHbl Ha ABYX fA3blkax (Ha si3blke paboTbl M Ha
aHrnuiickom). Tabnuubl NULWYTCA TakUM e CnocoboM Kak M TeKCT n obo3HavarTcs no-
PSIAKOBLIMU HOMEpaMu C BEPXHeW CTOPOHbl. PoTorpacdum U pUCYHKU AOIKHbI ObiTb MO-
HSITHbI, HarMsAA4Hbl U yOoOHble Ans penpoaykumn. PUcyHkM Hago genatb B nporpammax
Word nnu corel. ®oTorpacumn n pucyHkn Hago NnocTaBuTb Ha xernaemoe MecTo B TeKCTe.

Ona cosgaHusa m3obpaxeHuin M rpaduKoB UCMOMb30BaHWE (PYHKLUMU CHUMKA C
3KpaHa (CKpuHLIOTa) He Jonyckaetcs. B camMoM TekcTte cTaTbu peKkoMeHayeTcs
npuMeHeHne un3obpaxeHu u rpacgumko, obpaboTaHHbIX TakMMW NporpammMamMu, Kak:
Excel, Matlab, Origin, SigmaPlot u np.

CcbInku (ULMTUPOBaHME) B TEKCTe
OdhopmrieHre CCbINOK Ha MCTOYHUKM B pamKax CTaTbM AOIMKHO ObiTb ogHoObpa-
3HbIM.

BoeHHO-TeXHWYeCcKniA BECTHUK Ans 0pOpMNEHNs CCbINOK, UMTaT U cnmcka UCnosb-
30BaHHOW nuTepaTypbl Monb3yeTcs rapsapackon cuctemon (Harvard Referencing
System, Harvard Style Manual). B TekcTe B ckobkax npvBoguTca haMmunms LMTMpyemMoro
aBTopa (Unu damunusa NepBoro aBTopa, €Criv aBTOPOB HECKOSbKO), rofd M3gaHus u no
HeobxogumocTn Homep cTpaHuubl. Hanpumep: (Metposuy, 2010., nn. 10-20). PekomeH-
daumm o cnocobe UMTMPOBaHMS pasMelleHbl Ha cTpaHuue canTa «UHCTpykuma no
ucnonb3osaHnio Mapeapackoro ctunsay». Mpy opopMneHnn Ceoinok, LMTaT 1 cnncka ncnon-
b30BaHHOW NUTepaTypbl HEOOXOANMO MPUAEPXKNBATECSH YCTAHOBIIEHHBIX HOPM.

Mporpamma ASEESTANT npepoctaensieT npy UMTUPOBaHMN BO3MOXHOCTb MCMOSb30Ba-
Hua cepsuca CiteMatcher: dukcmpoBaHme nponyLLeHHbIX LyTaT B paboTe 1 Crivcke nuteparypel.
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MpumeyaHus (cHockun)

MpuMeYaHus yka3biBaloTCs BHU3Y CTPaHWLbl, HA KOTOPOW Haxo4MTCS TEKCT, K KOTO-
pbIM OHM OTHOCSITCA. MoryT coflepxaTb MeHee BaXxHble AeTanu, JONOMNHUTENbHbIE 06bs-
CHeHUs, ykasaHusi 06 UCMONb30BaHHBIX UCTOMHMKAX (Hamnp. HayyHOM MmaTepuarne, crnpa-
BOYHMKaX), HO He MOryT BbITb 3aMeHOM ANs IUTUPOBaHHOW NuTepaTypsbl.

INuct pedepeHunn (nutepatypa)

LinTupoBaHHON nutepaTypow oxBayeHbl, kak Npasuno, Gubnuorpaduryeckne NcTou-
HVKW (CTaTbW, MOHOrpadun 1 T.M.) U OHa NPeACTaBMAETCHA UCKITIOYNTENBHO B OTAENbHOM
pasgene ctatbun, B Buae nucta pedepeHuni. PedepeHunn He nepeBoaaTcs Ha A3bIK
paboThl.

BoeHHO-TexHNYecknin BECTHWK ANns 0OPMIIEHNSA CNUCKa UCNOMb30BaHHON nuTepa-
Typbl NpUMeHsieT rapsapackyto cuctemy (Harvard Style Manual). B cnucke nutepatypsbl
MCTOYHWKM AaloTcs B andaBUTHOM MOPSAKE aBTOPOB MU peaakTopoB. PekomeHgauum o
crnocobe LUTMPOBaHMA pa3MelleHbl Ha cTpaHuue canTta «WHCTpyKuMs no UCMnonb3o-
BaHuo Mapsapackoro ctunga». MNpu odopmneHun cnucka Mcnonb3oBaHHOW NUTepaTypbl
HeobXxoAnMOo NpMAEPKMBaTHCSA YCTAaHOBNEHHbBIX HOPM.

Mporpamma ASEESTANT npu odopmneHun cnucka nutepaTtypbl npegocrasnset
BO3MOXHOCTb Mcnonb3oBaHusa cepeuca RefFormatter: koHTponb odopmnenns cnucka
nMTepaTypbl B COOTBETCTBMM CO CTaHdapTamu FapBapackoro ctunsi.

HectaHpgapTHoe, HenonHoe W HenocrnegoBaTeflbHOe MpuWBeAeHWe NuTepaTypbl B
cucTemMax OLEHKM XypHanma cyuTaeTcsl AOCTaTOYHOW MPUYMHOW AN OcnapuBaHus Ha-
YYHOrO cTaTyca XypHana.

Bce paGOTbI noanexar cneu. peueH3npoBaHuUw, B TO BpeMA Kak
OnyGHMKOBaHHbIe paGOTbI M cneu. peueH3nn onnavymBarvTCA cCcornacHo
AeﬁCTByIOLI.I,eMy 3aKoHoAaTenbCTBY.

Cnncok peLeH3eHTOB BOEHHO-TeXHWYeCKOro BEeCTHMKA MOXHO MOCMOTPEeTb Ha
cTpaHuue canta Cnncok peLeH3eHToB. [pouecc peLeH3npoBaHns onucaH Ha cTpaHuue
cavita NMpaBuna peueH3MpoBaHus.

MoyToBbLIV agpec peaakunmn:
«BojHOTEXHUYKM rNaCHUKY,
11000 Beorpag, Yn. bpahe Jyrosuha 19
E-mail:vojnotehnicki.glasnik@mod.gov.rs.
PEOAKTOP
Kangnpat TexHnyeckunx Hayk Heboliwa Navella
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 Mili-
tary Technical Courier are based on the Act on scientific journal editing of the Ministry of
Science and Technological Development of the Republic of Serbia, No 110-00-17/2009-
01 of 9" July 2009. This Act aims at improving the quality of national journals and raising
the level of their compliance with the international system of scientific information exchan-
ge. It is based on international standards ISO 4, ISO 8, ISO 18, ISO 215, ISO 214, ISO
18, 1ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national equivalents.

The Military Technical Courier / Vojnotehnicki glasnik (www.vtg.mod.gov.rsfindex-e.html,
BTr.MO.ynp.cp6, ISSN 0042-8469 — print issue, e-ISSN 2217-4753 — online, UDC
623+355/359) is a multidisciplinary scientific journal of the Ministry of Defence of the
Republic of Serbia. It publishes scientific and professional papers as well as technical
data on modern weapon systems and military technologies. The journal covers inter-
service technical support to the Army on the principle of logistic system support;
fundamental, applied and development research; production and use of weapons and
military equipment as well as other theoretical and practical achievements leading to
professional development of all members of Serbian, regional and international academic
communities, members of the Ministry of Defence and the Army of Serbia in particular.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technlcal Courier for the year 2014

in the field technological development:

- on the list of periodicals for materials and chemical technology,

category: leading scientific periodical of national interest (M51),

—on the list of periodicals for electronics, telecommunications and IT,

category: scientific periodical of national interest (M52),

- on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

in the field fundamental research:

- on the list of periodicals for mathematics, computer sciences and mechanics,

category: scientific periodical of national interest (M52).

The approved lists of national periodicals for the year 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
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in the Military Technical Courier scores 2 (two) points (category M51) and 1,5 (one and a
half) point (category M52).

The journal is in the Serbian Citation Index — SC index (data base of national
scientific journals), in the Russian Science Citation Index (RSCI)and is constantly
monitored depending on the impact within the bases themselves and indirectly in the
international (e.g. 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 copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASEESTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASEESTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic
Editing - ASEESTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, English, Russian,
German or French, using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion, references and the summary in English language (without heading and
subheading enumeration). The article length should not exceed 24 pages of A4 paper
format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.
Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

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).
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Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author's name. The
function and title are not given.

Contact details

The postal addresses or the e-mail addresses of the authors are given in the first page.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:

Scientific articles:

1. Original scientific paper (giving the previously unpublished results of the author’s
own research based on scientific methods);

2. Survey paper (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution visible through his self-citation);

3. Short or preliminary communication (original scientific paper of full format but of a
smaller extent or of a preliminary character);

4. Scientific critique or forum (discussion on a particular scientific topic, based
exclusively on scientific argumentation) and commentaries.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

1. Professional paper (contribution offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

2. Informative contribution (editorial, commentary, etc.);

3. Review (of a book, software, case study, scientific event, etc.)

Language

The article can be in Serbian, English or other language used in international
communication in a particular scientific field (Russian, German or French).

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.
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Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
titte and the keywords with the body text to follow. Besides an abstract in Serbian
(Russian, German or French), articles in Serbian (Russian, German or French) are
advised to have a summary in English, at the end of the article, after the Reference list.
The summary should be structured and long up to 1/10 of the article length (it is more
extensive than the abstract). It can start with the translated Serbian (Russian, German or
French) abstract from the beginning of the article with translated main headings,
subheadings and major conclusions to follow (Reference list is not translated). The
structured summary should also contain the proportional informative parts of the text
below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASEESTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.

Article preliminary version

If an article preliminary version has appeared previously at a meeting in a form of
an oral presentation (under the same or similar title), this should be stated in a separate
note at the bottom of the first page. An article published previously cannot be published in
the Military Technical Courier even under a similar title or in a changed form.

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed
appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.

For figures and graphs, proper data plot is recommended i.e. using
a data analysis program such as Excel, Matlab, Origin, SigmaPlot, etc. It
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is not recommended to use a screen capture of a data acquisition program
as a figure or a graph.

Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the
Harvard Referencing System given in the Harvard Style Manual. When citing sources
within your paper, i.e. for in-text references of the works listed at the end of the paper,
place the year of publication of the work in parentheses and optionally the number of the
page(s) after the author's name, e.g. (Petrovic, 2012, pp.10-12). A detailed guide on
citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASESESTANT system uses a special tool
CiteWatcher to find out quotes left out within papers and in reference lists.

Footnotes

Footnotes are given at the bottom of the page with the text they refer to. They can
contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier
applies the Harvard System — Harvard Style Manual. All bibliography items should be
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.

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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OBABELWTEHA CAPAOHNMLUMA N YATAOLIMMA
COOBLLEHWA AN NAPTHEPOB V1 YUTATENEN
INFORMATIONS FOR CONTRIBUTORS AND READERS

MuHucTapcTBO NpocBeTe, Hayke U TeXHOMOLIKOr pa3Boja Penyonuke Cpbouje
o6jaBuro kateropusauujy BojHotexHuukor rnacHuka 3a 2014. roguHy

MuvHUCTapcTBO NpOCBETE, Hayke W TexHornowkor passoja Penybnuke Cpbuje,
carnacHo oanyuu m3 unada 27. ctaB 1. Tayka 4), a no npMbaBrLEHOM MULLIbLEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 Hay4yHouCTpaxmBaykoj aenatHocTu (,Cryxb6eHu
rmaciuk PC” 6p. 110/05, 50/06-ucnp. wn 18/10), yTBpOUNoO je KaTeropmsauujy
BojHoTexHu4kor rnacHuka, 3a 2014. roguHy:

3a 06nacT TeXHOMOLLKM pa3Bo;j:

— Ha NuUCTM Yaconuca 3a MaTtepujane M Xemujcke TexHornoruje: kaTteropuja

BoAehn Hay4YHU Yaconuc HaumoHanHor 3Havaja (M51),
— Ha NMCTM 4Yaconuca 3a eneKkTPOHWKY, TeneKkoMyHuKauuje n nHdopmaumoHe
TEexXHomMoruje: Kateropmja Hay4Hn Yaconuc HaumMoHarnHor 3Havaja (M52),

—  Ha NMCTM Yaconuca 3a MaLIMHCTBO: KaTeropuja Hay4Hu 4aconuc HaunoHanHor

3Hauvaja (M52),

3a 06nacT OCHOBHa UCTpaxuBama:

— Ha nMCTM vaconuca 3a MatemMaTuKy, padyHapcke Hayke W MeXaHuKy:

KaTeropwja Hay4Hu 4aconuc HaumoHanHor 3Hadvaja (M52).

YcBojeHe nucte pomahmx uYaconuca 3a 2014. roguHy MoOry ce BMOETM Ha
cTpaHnum Kateropusaumija yaconuca (http:/mww.vtg.mod.gov.rs/kategorizacija-casopisa.html).

HeTtarbHuje nHopmauuje mory ce npoHahu n Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHomnoLwkor passoja Penybnuke Cpbuje.

KaTteropunsauuja 4yaconuca nsspLueHa je npema [NpaBUnHUKY O NOCTYMKY U HAYMHY
BpedHOBaka W KBaHTUTATMBHOM MCKa3vBaky HAy4YHOMUCTpaXuBaudkvx pesyntaTa
ncTpaxusaya, Koju je nponucao HauuoHanmHW caBeT 3a Hay4YHW M TEXHOMOLUKU Pa3Boj
(Cnyx6enn rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBMM MpaBUNHWKOM W Tabenom O BPCTU W KBaHTMMKaLmju
VMHAMBUAYANHNX Hay4YHOMCTpaxmBaYkmx pesyntaTa (y cactasy [paBunHuka), objaBrbeHu
pag y BojHoTexHuukom rnacHuky BpefHyje ce ca 2 6oga (kateropuja M51) n 1,5 6oa
(kaTeropuja M52).

MuHUCcTepCcTBO 06pa30BaHUsA, HayKN U TEXHONOrMYECKOro pa3BuUTUs
Pecny6nuku Cep6us yTBepauno kareropusaumio BoeHHO-TeXHU4eCKoro
BeCTHuKa 3a 2014 roq

MuHucTepcTBOM 06pasoBaHUs, HaykM U TEXHONOrMYeckoro passutusa Pecnybnukm
Cepbusa cornacHo pelueHuto no cT. 27 absay 1, NyHKT 4 1 NO NOTyYEHHOMY TOJTKOBAHUIO
ct. 25 abszay 1 nyHkTt 5 BakoHa O Hay4YHO-MCCNeOoBaTENbCKOW AEeATENbHOCTU
(«Cnyx6enn rnacHmk PC» Ne 110/05, 50/06-ucnp. n 18/10) yTBepxaeHa kateropusauusi
BoeHHo-TexHn4eckoro BectHuka 3a 2014 roa:

Kateropun B o6rnacTtu TeXHONOrM4eckoro pa3smTms:

— Ob6nacTb MaTepuanoB U XUMUYECKON TEXHONMOTMUN: BEAYLUUIA HAYYHbIN XypHan

HauMoHanbHoro 3HaveHus (M51),
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— O6nacTb 3nMeKTPOHUKK, TENEKOMMYHUKaUUA U MHPOPMALIMOHHBIX TEXHOMOMMIA:
HayYHbIW XXypHan HaUMOHarnbHoOro aHaveHns (M52),

— ObnacTb MeXaHUK/: Hay4HbI XXypHar HauMoHanbHoro 3HadeHus (M52).

Kateropun B 06racTi OCHOBHbIX UCCINEL0OBaHUIA:

O6GnacTe MaTemaTtuka, KOMMbITEPHbIE HayKW, TEXHUYECKME HayKu: HaydHbIA
XXypHan HaunoHanbHOro 3Hadyexuns (M52).

VHcpopMauuio  oTHOCUTENBHO  KaTeropusaumm 3a 2014 rog MOXHO MOCMOTPETbL Ha
TpaHuue Kateropmsaums BectHuka (http:/Awww.vtg.mod.gov.rs/kategorizacia-vestnika.html).

Bonee noapo6Hyto MHopMaLmMio Bbl MOXETE NpovnTaTth Ha canTe MuHucTepcTBa
06pas3oBaHus, Hayku 1 TexXHonornyeckoro passutusi Pecny6nukm Cepbusi.

KaTeropusaums xypHana nposefeHa cornacHo [MonoxeHuto O nopsgke u crnocobe
KaTeropmsauum Hay4YHO-UCCrenoBaTenbCkiX pesyrnbTaTtoB, YTBEPXOAEHHOMY HaumoHanbHbIM
KOMWUTETOM MO Hayke u TexHornorusam (Cnyx6enn rmacHuk PC, Ne 38/2008).

B cooTtBeTcTBMM C BblleykasaHHbIM [lonoxeHMeM K Tabnuykol C nokasatensmmu
KrnaccudmkaLmm 1 Kateropusaumn MHANBMAYanbHbIX Hay4HO-UCCNELOBATENBCKNX PE3yNbTaToB
(ABnsioLLEncs HeoTbeMnemon Yacteto [MonoxeHwst), pabota, onybnukoBaHHasi B BoeHHO-
TEXHNYECKOM BECTHUKE, OLIEHMBAETCA crieaytowmm cnocobom: 2 6anna (kateropust M51) n 1,5
6annos (kateropusa M52).

Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the year 2014

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 Techncal Courier for the year 2014

in the field technological development:

— on the list of periodicals for materials and chemical technology, category:

leading scientific periodical of national interest (M51),

— on the list of periodicals for electronics, telecommunications and IT, category:

scientific periodical of national interest (M52),

— on the list of periodicals for mechanical engineering, category: scientific

periodical of national interest (M52), in the field fundamental research:

— on the list of periodicals for mathematics, computer sciences and mechanics:

category: scientific periodical of national interest (M52).

The approved lists of national periodicals for the year 2014 can be viewed on the web
page Journal categorization (http://www.vtg.mod.gov.rs/journal-categorisation-1.html).

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.
The periodical is categorized in compliance with the Regulations on the procedure and
method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological
Development (Official Gazette of RS, No 38/2008).

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).
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CnobopaH C. dakynTeT, wed dhmavika ekcnrosuje, sjaramaz@mas.bg.ac.rs
Japamas KaTegpe 3a cucteme BanncTuka Ha uurby,
Haopyxaha caropesatbe bapyTa
Mpod. Ap . radjer@mts.rs
PapyH B. [MyKOBHUK Y NeH3uju MYHULIMJE, EKCTNOSMBHE http://orcid.org/0000-0002-1990-
maTepuje
Jepemunh 2018
yrnpaerbak-e
Hou. ap daHko ['eHepan majop y norwllgarngﬂ;?x;ame danko.jovanovic17@gmail.com
M. JosaHosuh neHaujun TEXHUYKUX CUCTEMA, http://orC|d.orgéoe(;oo-oom -8813-
KBaruTeT, pyauuy,
CTaHgapavsaumja
TpajH YHuBepauTeT,
o BvinLa QaKy”VTiTe;so?é?remeO vukica.jovanovic@gmail.com,
H- AP Bykuul WY MaLLMHCTBO http://orcid.org/0000-0002-8626-

M. JoBaHoBuh

fAenapTMmaH 3a
KOHCTPYKLMje 1 an3ajH,
EHrona, WHawnjana, CAL

903X

YHuBep3auTteT oabpaHe

XeMujcka TexHonoruja

[MoTnykoBHUK ; (HykneapHo-xemwujcko- .
y Beorpagy, BojHa rkarkalic@yahoo.com,
Ba;:' gg;?m‘qp akagemuja, kategpa 6mon0é1fr|:< 33.:] vta, http://orcid.org/0000-0002-8074-
A ' BOjHOXEMWMjCKOr A wma, 7264
Kapkanvh AHKEHLEDCTRA naeHTudukaumja n
P [OeKoHTamuHaumja)
eHepreTcka enekTpoHuKa,
YHuBep3uteT y HoBom ETNEKTPUYIHE MaLLIMHE,
Mpod. ap Cany. dakyaTeT ©NeKTPOMOTOPHM MOrOHM, katav@uns.ac.rs,
Bnagumup A. Texﬁz;mx Za va KBarmTeT enekTpuyHe http://orcid.org/0000-0002-0138-
Katuh oo, eKaHy ’ eHepruje, 0OHOBIBVBK 8807
PoA U3BOPY eNeKTpUYHe
eHeprje
Mpod. ap YHuBep3auteT y HoBom kolak@uns.ac.rs
CphaH P. Cany, ®akynret rpaNeBUHapCTBO — | o6 rcid org/0000-0002-6326-
K i TEXHUYKMX HayKa, XUOPOTEXHMKA 1799
onakoBu npofeKaH
[oueHT MwuHuncTapcTBo opbpaHe,
Mlv-llpKo gp CexTop 3a MaTepujarnHe MexaHvika conymaa, mkozic@mts.rs
Koauh, guum | PECYPSS, Ypasasa | HyMepUKa AMHAMUKA | .o i org/0000-0002-7287-
HayJHM on6paM6eﬂe dbnyvaa, aepoauHammyka 0780
TexHororvje, onTepehersa
CaBEeTHUK

BojHOTEXHWUYKM MHCTUTYT

Jou. ap Hukona
1. Nekunh

MyKOBHVWK y NeH3wujn

pagapcky Lurbesu,

pafapcke aHTeHe,

Mepetse pafapckux

UMrbeBa v aHTeHa,

pagapcka TexHuka
“ cucTeMu

lekicn@ptt.rs
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3Bame, ume,
cpeate CroBo
1 npesume

YcrtaHoBa u papgHo
MecTo

O6nacT kKoMmneTeHuuje
(Hay4HoOr
MHTepecoBak-a)

e-mail,
ORCID iD

YHuBep3auTeT y HoBOM
Capy, ®akyntet
TEXHUYKUX HayKa,
AenapTmaH 3a

npon3BoaHU CUCTEMMN,

VHAYCTPWjCKO opraHusauuja rado@uns.ac.rs,
Mpoch. Ap Papo MHXEHEPCTBO 1 npeayseha, http://orcid.org/0000-0003-3551-
M. Makcumosuh )
MEHaLIMEHT, pa3BojHM Npouecu 1639
pykoBoaunaw, y npeaysehy
CTyAmjcknx nporpama
VHXEeHepCKn
MeHalMeHT
MuHncTapcTso

HayyHun
CaBEeTHUK ap
CrteBaH M.
Makcumouh

onbpaHe, CekTop 3a
maTepujanHe pecypce,
YnpaBa 3a ogbpambeHre
TexHonoruje,
BojHOTEXHMYKN
WHCTUTYT, HAYemnHuK
oferbera yspcrohe

yBpcToha
KOHCTpYyKLMja,
MexaHviKa nioma,
3amop,
HymMepuyke MeToae

s.maksimovic@mts.rs

[p Bacunuvje M.

Combustion and CCS
Centre, Cranfield

3allTuUTa XNBOTHE
cpeguHe,

vmanovic@gmail.com,
http://orcid.org/0000-0002-8377-

MaHoBuh L .
University, Cranfield, UK [xeMujcko nHXeHepCcTBO 7717
rnorncTuka, NormcTuyka
MoTnykoBHUK | YHMBep3uTeT oabpaHe | nogpLuka, 3awTuTa jarmes@seznam.cz,

BaHp. npod. Ap
Japomup Mapec

y BpHy, Yewwka
Peny6nuka

XWBOTHE CpefuHe,
3awTuTa Ha pagy,
npoLieHa pusuka

http://orcid.org/0000-0002-1337-
3821

Mpodp. ap AejaH

YHuBep3auteT y
Beorpaay, MalumHcku

KOHCTpYKLUMja
KMaCcW4HOT Haopyxama,

dmickovic@mas.bg.ac.rs

M. Muukosuh | dbakynTeT, KaTegpa 3a | ayTomartcka opyxja,
CUCTEME Haopyxawa |yHyTpallkwa GanvcTuka
YHuBepautet
Mpod. ap y Beorpagy, pakeTHU cuctemu, mmilinovic@mas.bg.ac.rs,
Momuwnno M. | MawwmHcku dakynTeT, naHcepu, cuctemm http://orcid.org/0000-0002-5361-
MwunuHosuh KaTegpa 3a cucteme | ynpasrbaka BaTpOM 7544
Haopyxama
TexHonornja MaLlumHcke
obpage,
po6oTuka, BeluTayka
YHMBE3UTET y MHTEnureHumja
Mpod. ap Beorpagy, MawwmHckm AVTOHOMHM CI/IC'JI'e’MVI zmiljkovic@mas.bg.ac.rs,
3opaH b. dakynTer, T http://orcid.org/0000-0001-9706-
M MaLLUHCKO y4Yehe,
MurbkoBuh  [KaTegpa 3a Npon3BOAHO| 6134
BeLUTaYKe HEYpOHCKe
MaLUMHCTBO

MPEXe, UHTENUTEHTHU
TEXHOSOLLIKW CUCTEMMU,
meTofe oasflyyvBama
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3Bame, ume,

O6nacT kKoMmneTeHuuje

cpefHe CroBo yeranosa u pagHo (Hay4HoOr e-mail,
1 npesume MecTo MHTepecoBak-a) ORCID iD
MoGUIHM poboTy,
YHuBep3uteT oabpaHe ynpasrbakbe y peantom
y Beorpaay, BpeMeHy, asun noruka,
n BojHa akapgemuja, (haan ynpasrearse,
OTMYKOBHMK MUKPOMNPOLLECOPCKU . L
o KaTegpa CUCTEMUA. VIDABILAHE srdjan.mitrovic@va.mod.gov.rs,
Cf‘ F)”é H”? BOJHOENEKTPOHCKOT CMC’%M”MM http://orcid.org/0000-0002-1287-
MV’I)T OBVI]'-"I nrokerbepcrea, (ayTomaTmka) 2792
P HauvernHuk oaceka Y -
33 NeKTPOTEXHNKY anropuTMu Haeurauuje
W ENEKTPOHMKY BO3una, bpoacku
6opbeHn n
HaBUraLMoHWN cucTemm
YHuBep3uteT oabpaHe
y Beorpagy, BojHa
MoTnykoBHWK | akagemuja, kategpa MOTODHA BO3MNa mslavko@beotel.net,
nou. ap Cnasko BOjHOMAaLLUMHCKOT 6 p ’ http://orcid.org/0000-0002-6189-
opbeHa Bo3una
P. Myxageka WHXeHepCTBa, 9473
wed oaceka 3a
6opbeHa Bosuna
Op Mnagen [. . .
Nantuh [MyKOBHUK y NeH3njn 6opbeHa Bo3una emily983@sbb.rs
MuHncTapcTBo OTVICTVIKA, OapXaBar-e,
TIVKOBHUK onbpaHe, CekTop 3a cHabaeBatb-€,
30 a); C. Natvh maTepujanHe pecypce, npojekToBarke zpatic@yahoo.co.uk
P ’ YnpaBa 3a oa6pambeHe opraHu3saumje
TexHornorvje NOMMCTUYKMX cUcTeMa

YHuBep3auTeT oabpaHe

MykoBHWK Aou. | y Beorpagy, HauenHuk TexHonoruja
ap CpeteH P. Kategpe ofpxaBama sretenperic@yahoo.com
Mepuh BOjHOMALUNHCKOT MOTOPHMX BO3UNa
VHXEHEePCTBA
noysfaHocT,
B pacnonoxveocT
ncoka Lwkona
. |v oppxaBate cuctema
CTPYKOBHUX CTyauja (xapasep, codTeep
Mpod. ap 3a nHdopmaumoHe qoéek) ’ slavko.pokorni@its.edu.rs,
Cnasko J. TexHomnoruje ! http://orcid.org/0000-0002-3173-
npuMeHa nHdpaLpeeHor
[MokopH#M y Beorpagy, 597X
3paverba,
nomohHVK anpekTopa
h MHdOpMaLmoHe
(MYKOBHWK y NeH3mju)
1 KOMYHMKaLMOHe
TexHonoruje
YHuBep3uTeT y HoBOM | payvyHapcka TeXHUKa
Mpod. ap Capy, ®akyntet 1 KOMYHMKauuje miroslav.popovic@rt-rk.com,
Mwupocnas B. TEXHUYKMX Hayka, (MHxerepuHr cuctema | ©http://orcid.org/0000-0001-8385-
Monosuh KaTegpa 3a pavyHapcky 3aCHOBaHMWX Ha 149X
TEXHUKY payyHapuma)
Pakyntet . ) .
jugoslav.radulovic@gmail.com,
MNpod. op |32 MeHaLMEHT Manux u . : | dulovi fed
Jyrocnas P cpearmx npeayacha MyHUUMja, MEHaLIMeHT, | jugoslav.radu ovic@mef.edu.rs,
: ’ KBanuTeT http://orcid.org/0000-0002-4003-
Papgynosuh Beorpag

(NYKOBHWK Y NeH3mju)

7209
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3Bame, ume,

O6nacT kKoMmneTeHuuje

cpefHe CroBo yeranosa u pagHo (Hay4HoOr e-mail,
1 npesume MecTo MHTepecoBak-a) ORCID iD
npoTMBXxemujcka
3awTuTta, opyxje
Hayrin 3a MacoBHo rajic.dusan1@gmail.com
CaBETHUK MPOch. [MyKOBHUK y NeH3ujn yHnwrasarse (HXB http://orcid.org/0000-0002-5226-
ap Oywan C. 6opbeHa cpencTaa), 2089
Pajuh Teopvja peluaBama
VHOBAaTUBHMX
3apjaTaka
MwuHucTapcTeo
onbpaHe, CekTop 3a
MykoBHWK Jou. | MaTepujanHe pecypce,
ap 3opaH M. |Ynpasa 3a ogbpambeHe aepoamHamMuka rajic_zoran@yahoo.com
Pajuh TexHonoruje, AMpeKTop

BojHoTexHuukor
WHCTUTYTa

MyKOBHWK BaHp.
npod. Ap
Mwogpar [.
Peroguh

YHuBepautet oabpaHe
y beorpagy, BojHa
akazgemuja, HavyernHuKk
KaTeape NpupoaHo-
-MaTemMaTUyK1X Hayka

reoHayke, reogeTcko
NHXEeHEepPCTBO

mregodic62@gmail.com,
http://orcid.org/0000-0003-4675-
4150

MwuHucTapcTeo
onbpaHe, CekTop 3a
mMaTepujanHe pecypce,

paKkeTHn MOTOopU,

Ip Munopag [. pakeTHa —_— .
Cagkosuh Ynpaga 3a o,q6p_aM6eHe 1 GecTpaajHa cpeacTsa savkovic.milorad@gmail.com
TexHonoruje, aa M0 60p6y
BojHOTEXHMYKN
WHCTUTYT

YHMBEP3UTET YHUOH —

Mpocp. Ap d)aKH:‘Il'(:‘IJ'-I jaTr?gcJ:-lr?c’)BHe reoHayke, reogeTcko sekulovicdr@yahoo.co.uk,
Oparorsy6 J. ynTer ke, reon http://orcid.org/0000-0003-1617-

Cekyrosuh cTyauje v npaso, NHXEHEPCTBO 1296

kaTegpa 3a 6e3begHocT

(NYKOBHWK y NEH3Mju)
TeXHUYKN YHUBEP3UTET
y AxeHy, CP Hemauka, .
xvgpomeTanypruja,
MHCTUTYT 3a npouecHy HaAI-?OTeXHOJ'I{)F;VIjJa
[Ip Cpehio C MeTanyprujy un XeMUjcKe cleTese’ stopic2003@yahoo.de,
" | peumknupare metana, ’ http://orcid.org/0000-0002-1752-
Cronuh peuuknupame
Hay4YHV CaBeTHWK, Boha sawTHTa )KI/IBOTI;e 5378
rpyne 3a cpeanHe

xuapometanyprujy
N HaHOTEXHOMOornjy
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3Bame, ume,

O6nacT kKoMmneTeHuuje

cpeaxe crnoBo yeraHosa u paaHo (Hayy4Hor e-mail,
M npe3ume mecro MHTepecoBaka) ORCID iD
ynpaBrbake
npouecumMa ca
KOHLIEHTPUCAHNUM
1 pacnopeheHnm
napameTpuma,
ONTYManHW UHOYCTPUCKA
perynartopwu,
paKLMOHN 3aKOHM
YHuBepsutet ynpaerbaka ca
Mpocb. Ap En(}e/KI'Sreg'rrg?(ﬂ)M/lmm rlllleMeHoM ] tomi@etf.rs,
Tommucnas B. P AYCTPUM, http://orcid.org/0000-0001-8031-
Wekapa akynTer, KapakTepu3saumja 3135
KaTegpa 3a curHane | npoueca, agekBaTHa
n cucteme AvckpeTusaumja u
obpaga curHana,
CEeH30pM 1 akTyaTopu,
KoMneHsauuja
1 ylTeaa enekTpuyHe
eHepruje y
ANCTPUOYTUBHUM
eneKTpoeHepreTcknm
cuctemuma
YHuBep3uTeT y HoBoM
Capy, ®akynret
TEXHWUYKMX HayKa,
Mpod. ap Aenaptman 3a MexaTpoHuKa, seslija@uns.ac.rs,
Oparan [. VIRAYCTPUICKO poboTuka, http://orcid.org/0000-0002-2133-
LWewnwja NHKEHEPCTBO U ayTomarusauuja 008X
MEHaLIMEeHT,
KaTegpa 3a
MeXaTpPOHMKY, POBOTUKY]|
n ayTomaTtusauujy
YHuBepauteT oabpaHe
MykoBHWK BaHp.| Yy Beorpagy, BojHa MHGOpMATHKA gshimic@gmail.com,

npodc. ap Mopax

aKa,ueMMja, Ha4esnHuK

1 payyHapcTBO

http://orcid.org/0000-0002-7563-

M. Wumuh | LlenTpa 3a cumynauuje 699X
1 yyere Ha AarbuHy
YHuBep3uTeT y HoBoM
Capy, ®akynret
Mpod. ap TEeXHUYKMX HaykKa, TexHonorunja BogHor vlaski@uns.ac.rs,
Bnagnmup C. aenapTmaH 3a caobpahaja, 6pogosm, | ©hitp://orcid.org/0000-0002-9086-
LWknreanua caobpahaj, kategpa |6e3begHocT nnosuade 4667
3a TexHonoruje
TPaHCMOPTHUX cucTeMa
Mpod. ap litancic@gmail.com,
JTby6uwa K. [MyKOBHUK y neHaujn yHyTPalL-a BanucTuia, http://orcid.org/0000-0003-1242-
Tanunh Haopyxare 9333
Mpodb. ap brate@verat.net,
BpaHko M. [MyKOBHUK y NeH3uju onwiTa forncTuka http://orcid.org/0000-0002-2409-
Tewarosuh 9418
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3Bame, ume,

O6nacT kKoMmneTeHuuje

cpentbe cnoBo YctaHoBa u pagHo (HayuHor e-mail,
M npe3ume mecro MHTepecoBaka) ORCID iD
YHuBepsutet oabpaHe
y Beorpapy,
M BojHa akapgemuja, 6ase noparaxa, . .
OTMYKOBHUK kaTeapa MH(OPMaLMOHN totivan@gmail.com,
\oou. ap MeaH A. . cucTemu, 3aliTuTta http://orcid.org/0000-0002-5862-
TenekoMyHukauuja n
Tor MchogmaTMLll(eJ MHOPMAaLIMOHNX 9042
pykoBogunat, rpyne 3a cucrema
MHdOMaLMOoHe cnucteme
Hayum '\égxggigc;ﬁ:sggi:z npuMer-eHa MexaHuka, vujicd@eunet.rs,
AvjarHocTuka, dragoljub.vujic@vti.vs.rs,
CaBeﬂ”g:O'}_pbogJ' pecgp%e,aS,/wrg;iza sa cochmcTumMpaHm http://orcid.org/0000-0001-6999-
Ap A.pByjmhy T§XI—?OHOFVIje cUCTEMU ofpKaBara 6828

BOJHOTEXHUYKM UHCTUTYT

TEXHUYKNX CucTtema

eHepan majop
BaHp. npod. Ap
MnageH M.
BypyHa

YHuBep3uteT oabpaHe
y Beorpaay, pektop

BOjHO-XEMMU|CKO
VHXEH-ePCTBO (MOroHCKa
CpencTBa, TOKCUKOIOLLKa

cpencTsa, 3alTuTa of
HXB opyxja, 3awwtuta
XVUBOTHE cpeavHe)

mladenvuruna@yahoo.com
http://orcid.org/0000-0002-3558-
4312

['eHepan majop
npod. ap bojaH
M. 3pHuh

MwuHucTapcTteo
onbpaHe, CekTop 3a
maTepujanHe pecypce,
YnpaBa 3a ogbpambeHe
TexHomnoruje, Ha4yenHuK
ynpase

CEH30pCKM cucTemu,
cTpaTterujcko
nnaHvpawe

bojan.zrnic@vs.rs
http://orcid.org/0000-0002-0961-
993X
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CMUCOK PELIEH3EHTOB XXYPHAJIA «BOEHHO-TEXHUYECKUA BECTHUK»

3BaHue, ums,

YupexaeHue n

O6nacTb KOMNeTeHUUn e-mail,
0oT4ecTBO, 3aHUMaemas .
(Hay4Hble nons) ORCID iD
cdamunus AOIMKHOCTb
I:OgQ)OBHl:K yHEZ?_I?C:TZT gggfﬁ::' B markodandrejic@hotmail.com,
POw. A.H. pane, norucTuka o6oporsl | Chttp://orcid.org/0000-0002-
Mapko [. akagemusi, 3aB.
o 6753-9786
AHgpeny kacbegpon Jlornctuka
Mo H. MunoL MEHEIKMEHT misaarsa@yahoo.com,
u>-Kﬂ-AI o [MonKoBHMK B OTCTaBKe TpaHCMopTHOM http://orcid.org/0000-0002-
- AP noaaepxkm 2003-9880
YHuBepcuTeT OBOpOHbLI B
Mpurn. npod. Benrpage, BoeHHas obuume ) beregv_OJ_o@yahoo.com
5 akagemusi, kadeapa vojislav.batinic@va.mod.gov.rs,
0.H. Boncnas W. MaLLWMHOCTPOUTENbHbIE X .
BaTuHIY BOEHHO- § KOHCTPYKLM http://orcid.org/0000-0001-
MaLMHOCTPOUTENBHON 6786-7846
UHXeHepum
TenekoMMyHMKaLmu,
YHuBepcuTeT B 6ecnpoBofHble ceTy,
Mpurn. npod. Okgﬁ:ﬂf’(iee':(imam'w:m CD'\éIQ"C?)FEi\IAeiMeCTT:Mb" s.berber@auckland.ac.nz,
A.H. CteBaH M. p P ' http://orcid.org/0000-0002-
KOMMNbIOTEPHOro BblYNCIUTENbHbIE
Bepbep 2432-3088
WHXUHUPUHra, Oknena, | cucTembl B peanbHOM
Hosas 3enaHaus BpemeHu, obpaboTka
CTOXaCTMYECKMX CUTHANoB
TenekoMMyHMKaLmu,
CUCTEMbI MUIMOTaXHO-
YHuBepcuTeT B
HaBUraLWOHHOTO
Lou. Aa.H. Benrpage,
- HanageHusi, -
PaguBsoe M. OneKTpoTEXHUYECKUN bilic@etf.rs
MVKPOBOSTHOBAs TEXHWKA,
Bunuy dakynbTeT, kadeapa
3MEeKTpOMarHuTHoe
TenekomMmMmyHukauum
obopynoBaHue,
CMYTHUKOBbIE CUCTEMbI
YHuBepcuTeT B . HoBu
Capg, ®akynbtet
TEXHUYECKUNX HayK,
Mpod. A.H. nﬂsaiﬂizs:;ﬁ borovac@uns.ac.rs,
BpaHucnae A. P poboTexHuka http://orcid.org/0000-0001-
WHXeHepun n
Boposay 7446-1027
MeHe)KMeHTa,
Kacpepa MexaTpOHWKM,
POBOTEXHUKN 1
aBTOMaTM3aumm
onepawLyoHHble
YnuBepcuteT B Benrpage, vccnenoBaHs,
Mpodp. a.H. MalLuvHOCTpOUTENBHBIN | MaccoBoe obCryxvBaHue,
Yrnewa C. hakyneTeT, TepoTexHonorus- ubugaric@mas.bg.ac.rs
Byrapuy Kadbegpa MpOMbILLIIEHHOM obcnyxuBaHue,
NHXeHepun TPaHCMOPTHO-CKIaackue
C/CTEMBI
YHuBepcuTeT B 1. HoBn NpOMbILLNEHHas

Mpod. a.H. Unusa
Yocuy

Cap, ®akynbrtet
TEXHUYECKUX HayK,

AeKaH cbaKyaneTa

VHXEHepus n
NHXEHEPHbIN
MEHEIKMEHT

ftndean@uns.ac.rs
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3BaHue, ums,

YupexaeHue n

O6nactb KOMNeTeHUUU e-mail,
OT4YecTBO, 3aHUMaemasi .
dbammunusn [OMKHOCTb (Hay4Hble nons) ORCID iD
YHuBepcuTeT 060pOoHbI B CHCTEMEI
aBTOMaTMU4ecKoro
INonkoBHUK Benrpage, diki d
npurA. Mpod NPOPEKTOp MO yrpaBneHus n goran. |‘|c@mo .gov.rs,
oLH Fc->paH ﬂ- MEXyHUBEPCUTETCKOMY 1 HabnofgeHus, cucTemsl http://orcid.org/0000-0002-
Dukmy MEXayHapOAHOMY HaBOAKU U 0858-1415
TeneynpasneHus
COTPYOHNYECTBY
pakeTamu

MonkoBHMK Aou.

YHuBepcuTeT 060poHbI B
Benrpage, BoeHHas

6e30nacHoOCTb Ha
TpaHcnopTe,

O.H. Henap M. akagemus, neshadim@mts.rs
3awuTa pecypcoB
OumutpreBuy | pykoBoauTenb otTaena
Ha TpaHcnopTte
acnvpaHTyphl
B3pblBYaTble BELLECTBA,
Mpwrn. npod. 60eBble Npunachl,
O.H. PageHko C. | MNMonkoBHWUK B OTCTaBke | cpeacTBa NOpaXeHus, radenkod@beotel.net
Oumutpuesuny nMpoTeXHNYeckas
6e3onacHocTb
TPaHCMOpTHbIE
[MonkoBHMK
npod. .H YHUBEPCHTET OBOPOHbI B npouecchl U MeToapl, Iukgma@ptt.rs,
5063-H}-J,- Benroane. NoopeKTo TPaHCMOPTHbIE CETH, http://orcid.org/0000-0001-
) pane, npop P opraHusaums 8133-2389
[>xopoBuny
TpaHcnopTa
YHuBepcuTeT 06OPOHbLI B
Benrpage, BoeHHas
akagemusi, kadbeapa vlado.djurkovic@va.mod.gov.rs,
Mpod. A.H. BOEHHO- npuknagHas mexanuka | djurkovic.vlado@gmail.com,
Bnago IM. MaLUMHOCTPOUTENBHON TBEPAbIX U http://orcid.org/0000-0002-
[bxypkoBuY WHXeHepun, HavanbHuK | gedopmmnpyembix Ten 5064-4117
AenaprameHTa obLyero
MaLUVHOCTPOUTENBHOIO
obopyaoBaHus
YHuepcuteT
Mpurn. npod. " B benrpage, § 6annucTuka u uenesoe pelek@mas.bg.ac.rs
aLLUMHOCTPOUTENbHBIN Ha3HayeHue, ) ;
A.H. MNpeapar M. http://orcid.org/0000-0002-
hakynbTeT, KOHCTPYKUWMS cHapsaa,
Enex 3558-4312
Kadenpa cucremsl dusnka B3pbiBa
BOOPYXKEHUS
YHuBepcuTeT B TenekoMMyHUKaLmu,
Benrpage, umdppoBasi o6paboTka
ONEeKTPOTEXHUYECKNIA | CUTHaNOB, ANEKTPOHHAasA meric@mts.rs,
Oou. O.H. dakynbTeT, kKadeapa pasBeaka, miljko.eric@etf.rs
Mwunbko M. Epnd|  TenekommyHuKaumn, pagvoroHMomeTpus, http://orcid.org/0000-0002-

UneH-KOpPECNOHAEHT
MHxeHepHon Akagemun
Cepbun

aHTEHHbIE CUCTEMBI,
MUKPOOOHHbBIE CUCTEMBI,
array processing

2927-019X

O.H. Munow P.
dununosny

Hay4HbI COBETHUK
Ha neHcuu

3HepreTnyeckme
marepuvansl
(B3pbIBYaTHLIE BeLLeCTBa,
NMpOTEXHKKa, Mopoxa
1 pakeTHble Tonnuea,
cropaHue, getoHaums,
B3pbIB)

milosf321@gmail.com
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3BaHue, ums,

YupexaeHue n

O6nactb KOMNeTeHUUU e-mail,
oTYecTBO, 3aHMMaeMas .
(Hay4Hble nons) ORCID iD
camunus OOMKHOCTb
ol H. 3opaH WHcTuTyT MNowa Tezgfg:anOHHMMKfaMmm filipovicz@mts.rs,
Y. A.H. S0P Ty ’ yHmKay http://orcid.org/0000-0002-
J1. dununosuy HayuHbIi COTPyaHUK | (@BUOHMKA, METPOOrus,
4793-4105
TEeNeKOMMYHMKaLIMK)
YHuepcuteT
Mpwrn. npod 8 Benrpaae NPUBOAbI NeTaTernbHbIX
: ’ ’ _ | annapatoB (gBuratenu
A.H. Backo . | MawwmHocTponTenbHbI vfotev@mas.bg.ac.rs
Onsi CaMoneToB 1
doTeB dakynbTeT, kadeapa
BEpPTONETOB)
ELEVEII
YHuBepcuTeT B . Hon
Cap, dakynstet
TEXHUYECKMX HayK,
Mpod. 4.H. nenaptameHT Hayka 0 maTepuanax, gerick@uns.ac.rs,
Katapwuha [. MaLLMHOCTPOUTENBHOE  [MHXeHepust maTtepuanos,| ©http://orcid.org/0000-0001-
Fepwny NpoM3BOACTBO, kKadeapa |MCnblITaHMe MaTepuanos 5473-8922
Marepuarnbl
1 coeguHeHve
mMaTepuasnos
YHvBepcuTeT 060pOHbI B
Benrpane, BoeHHas
akagemusi, kadpegpa S
MonkoBHMK Aou. ECTECTBEHHBIX HayK, FEOHaYKM, UHKEHEPHaS! IJg!govp@yahoo.com,
0.H. Nllo6omup U. DYKOBOZMTENb FYbi reOnEeaNs http://orcid.org/0000-0002-
Turosmy A 8388-3624

npenoJasartenen B
obnacTtv BOEHHOW
reorpachum 1 Tonorpadmm

Mpodp. A.H. Mupo
W. FoBegapuua

YHusepcuTeT B . Hon
Cap, dakyneteT
TEXHUYECKUX HayK,
fAenapTameHT
MHpopMaTUKM 1
aBTOMAaTUKN, Kadbeapa
CuctemHoe ynpasreHve
curHanamu, pykoBoauTerb
npochunbHOM NporpaMmbI
leonesns n reomatuka

reofesus, reomaTumka,
reouHdopmaTtuka

miro@uns.ac.rs,
http://orcid.org/0000-0003-
1698-0800

Mpod. A.H. AHKo

YHuBepcuTeT B . HoBu
Capg, Pakynbtet

METPOJIOrUsi, KAYECTBO,
npnéopsbl n

hodolic@uns.ac.rs

M. Xogonuy TEXHNIECKUX HAVK aKonormyeckme n
Y WNHXEHepPHbIe acneKTbl
leHwTab, YnpaenexHue
HOMKOBHMK 16 nnaHMpoBaHus n
H Cnoﬁona;l. pa3Butus (J-5), cucTembl obecneveHue, slobodan.ilic@vs.rs
A. C Vlnmqﬂ TEeXHUYKM ONnbITHO- BOOpYXeHune : :
) NPOEKTHbLIN LEHTP,
anpekTop
NOrncTuKa, Ka4ecTso,
cTaHgapTu3auus,
«Anda» YHuBepcuTeT B Adp 4
MeTponorus,
Mpwrn. npod. Benrpage,
HOMeHKNaTypa, s
O.H. BpaHucnas | YHuBepcuTeT 6usHeca KomMdMKaLWS: bjakic@yahoo.com
B. Akny Bans ﬂ)él:iT(gglj('l;)OBHMK B TeXHOMOMYECKMi
MEeHeKMEHT

yrnpaeneHue Ka4ecTBOM
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3BaHue, ums,

YupexaeHue n

O6nactb KOMNeTeHUUU e-mail,
OT4ecTBO, 3aHuMaemas .
(Hay4Hble nons) ORCID iD
cdamunus OOJMKHOCTb
YHuBepcuTeT B BHYTPeHHAs 6annuctuka,
Mpod. a.H. Benrpage, KOHCTPYKLMA CHapsA0B,
CnobopaH C. |MalumHocTponTEnbHbINGD| ur3nKa B3pbIBa, sjaramaz@mas.bg.ac.rs
Apamas aKkynbTeT, 3aB.kadeapoii| uenesas bannucTuika,
CucTeMbl BOOPYXEHUS cropaHue nopoxa
Mpod. A.H. radjer@mts.rs
PapyH B. lMonkoBHMK B OTCTaBKe 83 ngg:S:n:ecuT’eCTBa http://orcid.org/0000-0002-
Epemuy P 1990-2018

Jou. A.H. OaHko
M. NoBaHoBMY

eHepan-maviop B
OTCTaBKe

ynpasneHue
NPOV3BOACTBOM,
TNOrUcTrKa, obecneyeHve
TEXHUYECKVIX CUCTEM,
Ka4ecTBO, PUCKM,
CTaHOapTV3aums

danko.jovanovic17@gmail.com

http://orcid.org/0000-0001-
8813-2267

[ou. 4.H. Bykuua
M. NoBaHoB®Y

«TpaiH» YHuBepcuTeT,
PakynbTeT MHXEHEPUN
TexHomnorMu, AenapTameHT
KOHCTpYyKUmmn 1 AnsaiH,
OHrona, LWrat MHavana,
CLIA

MallnHOCTpOeHune

vukica.jovanovic@gmail.com,

http://orcid.org/0000-0002-
8626-903X

YHuBepcuTeT 060pOHbI B

XvMU4eckne TeXHONorum

MNoanonkoBHUK (soepHO-xMMmu4ecko- .
Benrpage, BoeHHas rkarkalic@yahoo.com,
iplgg-gsglibl-\/l akagemusi, kadbeapa 6mongg:\;ec$§£|aemma, http://orcid.org/0000-0002-
A .K A '| BOEHHO-XMMKYeckasi py ! 8074-7264
apkanuy MHXEHEPUS naeHTuukaums un
obe3BpexuBaHune)
3HepreTMyeckas
YHuBepcuteT B r.Hosu snemsﬂsg:ﬁsgﬁgﬁmbl
Mpod. A.H. Cap, ®akynbTtet 3ne|<$ o BI/IFaTeI'IbeIe, katav@uns.ac.rs,
Bnagumup A. TEXHUYECKNX HayK, npmgouﬂbl KAUECTBO http://orcid.org/0000-0002-
Katny 3aM. AekaHa ’ 0138-8807
d,’)aKﬁ1bTeTa 3MEKTPO3HEPTUM,
BO300OHOBMSIEMbIE
VCTOYHMKY SHEPrU
YHusepcuTeT B r.Hosu
Qoo it | "Can, daynerer erponmensorao — | e 0002-
PA : TEXHWUYECKUX HayK, 3aM. rMOpOTEXHMKA p: -0rg
KonakoBu4 6326-1799
[OekaHa
MuH1cTEepCcTBO 0GOPOHBI,
Houent Ap CekTop rlcr)J MaTepmaﬁbelm MexaHuka (rionos, .
Mwupko C. Kosny, eCyDCaM. YiDaBneHme BblYMCNIUTENbHAA mkozic@mts.rs,
BbICLLMNA pecypcam, Jrip aOnHamuka cnonaos, http://orcid.org/0000-0002-
o 0BOPOHHOM TEXHOMNOMUM,
Hay4HbIN BOBHHO-TEXHECKIT aspoanHammyeckasn 7287-0780
COBETHUK Harpyska

NHCTUTYT

[dou. A.H. Hukona
J1. Ilekny

[MonKoBHYWK B OTCTaBKe

pagvornoKaLUMoHHbIE Lienu,
paavonoKaLMoHHbIE
aHTeHHbI, uamepenve PI1IC
Lenen 1 aHTEHH,
pagvoroKaUnoHHbIe
CUCTEMbI U TEXHVMKA

lekicn@ptt.rs
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3BaHue, ums,
OT4YecTBO,
dbhamunua

YupexaeHue n
3aHUMaemast
OOJKHOCTb

O6nacTb KOMNEeTeHUUU
(Hay4Hble nons)

e-mail,
ORCID iD

YHuBepcuTeT B I. HoBM
Cap, ®akynbTtet
TEXHUYECKUX HayK,

HenaptameHt
- Npon3BOACTBEHHbIE
NPOMBbILLUIIEHHOW
Mpob. a.H. Pano MHOKEHEPMM 1 CUCTEMbI, OpraHu3auusi rado@uns.ac.rs,
Ce npeanpuaTus, http://orcid.org/0000-0003-
M. MakcumoBunY MeHeKMeHTa,
npoLecchl pa3BuTUS Ha 3551-1639
pykoBoauTEnb -
npocunbLHON P
nporpamMmbl
MNHXXEHEPHbIN
MEHEKMEHT
MuHucTepcTBO

Hay4yHbi
COBETHVK Ap
CteBaH M.
MakcnmoBuy

060poHbI, CekTop no
MaTtepuanbHbIM
pecypcam, YnpaBneHve
060pOHHOW TEXHOMOTUK,
BoeHHo-TexHuueckmn
WHCTUTYT, Ha4asbHUK
oTAena TBepabix Ten

NPOYHbIE KOHCTPYKLUK,
MexaHviKa NoBpeXaeHWHN,
yCTanocTb,
BblYMCIIUTENbHbIE
MeToabl

s.maksimovic@mts.rs

Combustion and CCS

oXpaHa oKpyxatoLen

vmanovic@gmail.com,

H.B n M. ;

A Moo Centre, Cranfield peRe, http://orcid.org/0000-0002-
University, Cranfield, UK MHKEHepHS 8377-7717
NOrnucTuKa,

MoanonkoBHMK norucTmyeckast jarmes@seznam.cz
npurn. npod. |[YHuepcuteT O6OPOHbI B noanaepxka, oxpaxa http://orcid.org/0000-0002-
A.H. Apomunp r.bpHo, Yexumsa oKpyxatoLen cpeapl, 13373821

Mapec oxpaHa Tpyaa, oLeHKka
pvickoB
YHuBepcuTeT B KOHCTPYKLN
Krnaccmyeckoro
Mpod. a.H. OesH benrpape, BOOPYXeHus
M M " MaLumHoCTpouTEnbHLING) ’ dmickovic@mas.bg.ac.rs
. Muukosuy aBTOMaTM4ecKoe
akynbTeT, kadpeapa
opyXue, BHYTPEHHsS!
CUCTEMbI BOOPYXEHNS GannMeTvKa

Mpod. 4.H.
Momuuno M.
MwunuHosuy

YHuBepcuTeT B
Benrpage,
MaLumHoCTponTENbHBINGD,
aKynbTeT,
Kadpegpa cuctembl
BOOPYKEHUS

pakeTHble CUCTEMDI,
pakeTHble YCTaHOBKMN,
CUCTEMbI ynpaBreHns
3annoBbIM OrHEM

mmilinovic@mas.bg.ac.rs,
http://orcid.org/0000-0002-
5361-7544
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3BaHue, ums,

YupexaeHue n

O6nactb KOMNeTeHUUU e-mail,
oTYecTBO, 3aHMMaeMas .
(Hay4Hble nons) ORCID iD
camunus OOMKHOCTb
TEXHOMNOMs MalLMHHON
06paboTku,
poboTexHuka,
WNCKYCCTBEHHBIN
VHTENEKT,
YHuBepcuTeT B
Benrpane aBTOHOMHbIE
Mpodp. A.H. ’ o cucTeMbl u zmiljkovic@mas.bg.ac.rs,
MaLumHocTpouTenbHLING), . .
3opaH [Ox. akynbTeT, Kadeapa MaLLWHHOE http://orcid.org/0000-0001-
MwunbkoBuy Y ’ P obyueHue, 9706-6134
NPON3BOACTBEHHbIX
WNCKYCCTBEHHbIE
MaLUvH 2
HENPOHHbIE CeTH,
WHTennekTyanbHble
TeXHormnornyeckme
CUCTEeMbI, MeTOAbI
NPUHATUS peLIEeHUI
MOOUIIbHbIE POGOTHI,
ynpaBreHue B pearnbHOM
BpemeHu, pasam noruvka,
YHuBepcUTET 0GOPOHbLI B
a3sun ynpasneHue,
Benrpage, BoeHHas
MWKPOMNpPOLIECCOPHbIEe . o
MNoanonkoBHUK akagemus, kadeapa srdjan.mitrovic@va.mod.gov.rs
_ | cuctemsl, ynpaBreHue
oou. A.H. BOEHHO-3J1EKTPOHHOW cnCTeMamMn ,
CpoxaH T. NHXEHEepUn, HavanbHNK http://orcid.org/0000-0002-
(aBTOMaTUMKa),
MuTtpoBuy nenaptameHTa 1287-2792
anropuTMbl HaBUraumm
3NEKTPOTEXHUKN
TpaHcnopTa,
N eNEeKTPOHUKM
HaBUrauuoHHbIe
cuCTeMbI ANt CyAoB 1
60oeBoro TpaHcnopTa
YHuBepcuTeT 06OPOHbLI B
Benrpage, BoeHHas
MNoanonkoBHUK
akagemus, kadenpa TPaHCMOPTHbIE mslavko@beotel.net,
aou. ap.H . ;
Crasko P BOEHHOr0 cpencTBa, 60eBble http://orcid.org/0000-0002-
M meka. MAaLLNHOCTPOEHUS, TpaHCMOpTHbIE CPeACcTBa 6189-9473
Y 3aB. OTAENeHemM
60eBoro TpaHcnopTa
Mpodp. A.H.
pod. A 60eBble TpaHCMNOPTHbIE .
Mnagen [. IMonkoBHMK B OTCTaBke emily983@sbb.rs
cpeacTea
MaHTny
TOrNCTHKA,
MuHucTepcTBO 0O0OPOHBI,
obecneyeHue,
CexTop no
MonkoBHWK cHabxeHue, .
MaTepuanbHbIM zpatic@yahoo.co.uk
3opaH C. MNatuy NpoeKTUpoBaHne
pecypcam, YnpasneHve o
opraHusauumn

060POHHOI TEXHOMOMMM

NOrncTnU4ecknx cuctem

MonkoBHMK Aou.
O.H. CpeteH P.
Mepuy

YHuBepcuTeT 060pOHbI B
Benrpage, 3aB.
Kadbeapow BOEHHOro
MaLUUHOCTPOEHUS

TeXHOJorna cogep>xxaHmna
N peMoHTa
TPaHCNOPTHbIX CpeacTB

sretenperic@yahoo.com
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3BaHue, ums,

YupexaeHue n

O6nactb KOMNeTeHUUU e-mail,
OT4ecTBO, 3aHMMaeMas .
(Hay4Hble nons) ORCID iD
cdamunus OOJMKHOCTb
HaAeXHOCTb, AOCTYN
n obecneyeHmne cuctem
Bbicwas wkona (annapatHoe u
npodeccroHanbLHoro nporpaMmHoe
Mpod. A.H. o MHngy:;HT::)HHbIM obecneyeHe, 4enosex),|  slavko.pokorni@its.edu.rs,
Cnasko U. TeXH%noléMﬂM npuMmeHexne http://orcid.org/0000-0002-
MokopHu MHEpaKpacHoro 3173-597X
B benrpape, U3NyYeHns,
3aM. gupekTopa
MHOPMaLMOHHbIE
(MONKOBHUK B OTCTaBKe)
N KOMMYHVKaLMOHHblE
TexHonorum
BbluvcnurensHas
YHuBepcuTeT B r.Hosu
Cap, Pakynbret TEXHka . .
Mpodp. A.H. ' N KOMMYHUKaL M1 miroslav.popovic@rt-rk.com,
TEXHUYECKNX HayK, . :
Mwupocnas B. kacbenpa (MHXUHUPUWHT cucTema, http://orcid.org/0000-0001-
Monosuy AP o OCHOBaHHasi Ha 8385-149X
BbIYNCIUTENBHON _
BbIYMCIIUTENBHOM
TEXHVKN
TEXHUKE)
dakynbTeT jugoslav.radulovic@gmail.com,
Mpodp. A.H. MeHeKMeHTa Marnbix n Boenpunachi, jugoslav.radulovic@mef.edu.rs
FOrocnas P. | cpegHux npeanpusTui, MEHEIKMEHT. KAYECTBO ,
Pagynosuy r. benrpag H ’ http://orcid.org/0000-0002-
(NonKoBHUK B OTCTaBKe) 4003-7209
XMMmMYeckas 3aluTa,
HavuHbii opY»Xne MaccoBOro
COBeTI—YVIK npod yHnutoxeHus (PXb rajic.dusan1@gmail.com,
PO®- | MonkosHMK B OTCTaBKE 6oeBble cpeacTaa), http://orcid.org/0000-0002-
O.H. QywaH C. .
Pany Teopusl peLLeHnn 5226-4089
VNHOBALIMOHHbIX
3agaq
MwuHucTepcTBo
060poHbI, CekTop
no matepuarsbHbIM
MonkoBHUK Aou.
pecypcam, YnpasneHve -
O.H. 3opaH M. . aspoavHamuka rajic_zoran@yahoo.com
0BGOPOHHON TEXHOMNOrUN,
Pany
anpekTop BoeHHo-
TEXHUYECKOro
WHCTUTYTa
YHuBepcuTeT 060POHBI
[MonkoBHMK . .
APUITL. NPOd B benrpage, BoeHHas FEOHAYKH, MHXEHEPHaS mregodquZ@gmalI.com,
" MI/I.O arjl akagemus, 3aB. rec’> P http://orcid.org/0000-0003-
A et Kacbeapoi A 4675-4150
eroany

€CTeCTBEHHbIX HayK

O.H. Munopag 0.
CaBkoBun4

MuHucTepcTBO 06OPOHBI,
CexTop no
MaTtepuanbHbIM
pecypcam, YnpasneHve
0BOpPOHHOM TEXHONOrMK
BoeHHo-TexHW4eckui
VHCTUTYT

pakeTHble ABUraTeny,
pakeTHas
1 6esoTkaTHOE
0BOpOHHas TexHuka

savkovic.milorad@gmail.com
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3BaHue, ums,

YupexaeHue n

O6nactb KOMNeTeHUUU e-mail,
oTYecTBO, 3aHMMaeMas .
(Hay4Hble nons) ORCID iD
camunus OOMKHOCTb
YHuBepcuTEeT «YHUOH —
Mpoc. AR d>a||_<|MJ|1(:$:TT6?/|?;:|ZZ,a M | reoHayku, NHXeHepHas sekulovicdr@yahoo.co. uk,
Oparonio6 M. Y YKU, p http://orcid.org/0000-0003-
1OpUONYECKMX HayK, reogesusi
Cekynosuy 1617-1296
kadeapa besonacHocTb
(MonKoBHUK B OTCTaBKe)
TexHuveckumn
yHUBEpCUTET
B r. AxeH, CP lepmaHus,
" N rmgpomMeTannyprus,
HCTUTYT NPOLECCHOW
HaHoTexHomnormu, .
MeTannyprum u = stopic2003@yahoo.de,
[.H. Cpeuko C. XUMUYECKUIA CUHTES, K .
peLmMKIMpoBaHus http://orcid.org/0000-0002-
Cronny o peuuKnnpoBaHue,
MeTanna, HayyHblIn . 1752-5378
oXxpaHa oKpyxatoLLen
COBETHWK, pyKOBOAUTENb
cpeabl
rpynnbl no
rmgpomeTannyprum
1 HAHOTEXHOIOTUAM
ynpasreHue
npoweccamm
KOHLIEHTPUPOBAaHHbIX
1 pacnpeaeneHHbIX
napamMmeTpos,
onTUmarnbHble
NPOMBbILLUSIEHHbIE
perynsitopu,
pakUMOHHbIE METOAbI
YHuBepcuTeT B ynpaBrneHus B
Benrpage, NPOMBILLIIEHHOM .
Mpocp. A.H. ONeKTPOTEXHNYECKNI ceKTope, . tO'T“@eﬁ-rS’
Tomucnas b. http://orcid.org/0000-0001-
Wekapa thakynbTer, xapakrepusauina 8031-3135
P kacbegpa CurHans! n npoLieccos,
cuCTEeMbl COOTBETCTBYHOLLAS
AvicKpeTusaums u
o6paboTka curHanos,
CEeHCOophbI 1 akTyaTophl,
KOMMeHcauus
n cbepexeHune
3MEeKTPOSHEPrun B
pacnpenenuTenbHbIX
3MEeKTPO3HEPreTUHECKNX
cucTemax
YHusepcuteT B r.Hosu
Cap, ®akynbTtet
TEXHUYECKNX HayK,
Mpod. 4.H. [JenaptameHT MexaTpoHUKa, seslija@uns.ac.rs,
Oparax 0. NPOMBILLNEHHas poboTexHuka, http://orcid.org/0000-0002-
Wewnna VIHXEHEPUS Y MEHEKMEHT, aBTOMaTu3aumns 2133-008X

Kadeapa MexaTpOHUKM,
poBOTEXHMKN
1 aBTOMaTM3aLum
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3BaHue, ums,

YupexaeHue n

OTYECTBO 3aHUMAaEMas O6nacTb KOMNEeTeHUUU e-mail,
(baMVI.IWIi; [OMKHOCTb (Hay4Hble nons) ORCID iD
YHuBepcuTET 06OPOHbLI B
IonkoBHMK Benrpage, BoeHHas himi i
npurm. npod aKkageMusi, HavarbHUK MH(popmaTMka gs |m|§:@gma| -com,
oH Fc-)paH I'I- LieHTpa MOJEI,eJ'IVIpOBaHVIﬂ BblYMCIUTENbHASA http://orcid.org/0000-0002-
LWunmuny 1 ANCTaHLUMOHHOIO TexHnka 7563-699X
obyyeHus
YHuBepcuTeT B r.Hoswm
Cap, ®akynbTtet
Mpod. A.H. TEXHU4YECKMX HayK, TEeXHOMOornst BOAHOro vlaski@uns.ac.rs,
Bnagmmup C. [lenaptameHT TpaHcnopTa, cyaa, http://orcid.org/0000-0002-
Wkunamua TpaHcnopTa, kadeapa |6e3onacHocTb nnasaHus 9086-4667
TexHonornm
TPaHCMOPTHBIX CPEACTB
Mpodp. A.H. litancic@gmail.com,
Tobuwa K. MonkoBHUK B OTCTaBKe BHyTpiZTH 622;2”""(6‘ http://orcid.org/0000-0003-
TaHumny PyX 1242-9333
Mpod. A.H. brate@verat.net,
BpaHko M. [MonkoBHMK B OTCTaBKe obLwas nornuctmka http://orcid.org/0000-0002-
TewaHoBMY 2409-9418
YHuBepcuTeT 06OPOHbLI B
Benrpage, BoeHHas 6
aKanemms a3bl AaHHbIX, _ _
MoanonkoBHWMK KOBOOUTENb 7I'II'IbI o VNH(OPMaLNOHHbIE totivan@gmail.com,
nou. A.H. MeaH Py MH(b% Ma MCE)XHbIM cucTeMmsbl, 3awmTta http://orcid.org/0000-0002-
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N3JABA O ETUYKOM MOCTYTMNAHY
STUYECKNIA KOLEKC
PUBLICATION ETHICS STATEMENT

N3JABA BOJHOTEXHUYKOI TMACHUKA O ETUMKOM NMOCTYNAKY

ObjaBrbmBarbe YnaHaka HakoH CTpy4YHE pELiEH3uje OCHOBHA je AenaTHOCT Hay4Hor
Yaconunca BojHomexHUYKU enacHuK. HeonxodHo je mocTvhu carnacHoCT O eTUYKUM Have-
nMMa y NocTynuyMma CBUX yYecHVKa NpUukom objaBrbrBarba YnaHaka, og aytopa, Pefak-
Lyje Yaconmca 1 CTPYYHUX peLieH3eHaTa Ao nsgasava.

O6aBe3e Pegakuuje BojHomexHU4YKo2 21acHUKa

YpenHuwTBo BojHOmexHu4YKoe enacHuka He Tpaxu of aytopa nnahake HakHage 3a
annuuupare 4YnaHka 3a objaBrbuBame. UnTaB noctynak ypehvBawa M 06jaBrouBama
YnaHka 3a ayTope je noTnyHo 6ecnnaraH.

Pepakunja BojHomexHu4koe 2nacHUKa OgroBopHa je 3a AOHoLene oanyke Koju he
of npucnenux unaHaka 6utn ogabpaH 3a objaBrbuBare. YpeaHUK He CMe MMaTu Cykob
MHTEpeca y Be3u ca pyKkonuMcuma koje pasmaTtpajy. AKo TakaB Cykob MHTepeca nocToju, o
130opy peLeH3eHaTa 1 cyabuHu pykonuca ognydyje ypeaHuwTeo. YUnaHosu ypefusadkor
onbopa Kopg Kojux NocToju cykob MHTepeca AyXHW Cy Aa ce MOBYKY U3 npoueaype.

Pepakunja Tpeba ga noctyna y cknagy ¢ nonutukom Ypehuadkor ogbopa BojHo-
MEXHUYKOE eflacHUKa Kao W y CKNagy ca 3aKOHCKMM MpOonucrMa Koju ce 0OOHOCe Ha KreBe-
Ty, KpLUEHE ayTOPCKMX Npaea v nnarvjate. Pegakumja moxe Aa ce KOHCYNTyje ca YnaHoBu-
ma Ypehusaukor ogbopa nnm peLeH3eHTMa Npy JOHOLLEHY OAnykKe.

Pepakumja npoueryje cagpxaj pykonvca HesaBUCHO of pace, nona, norHe opujeHTa-
Luje, penurmjcknx yBepema, ETHUYKOr Mopekna, NoNUTUYKUX YBEPEHa N ApXaBHE npunag-
HOCTW ayTopa.

Y csom pagy, npema npenopyuu LieHTpa 3a eBanyauujy y obpasoBamy 1 Hayum (LIE-
OH), Pepakuuja kopuctn, Koju omoryhaBa TpaHCMApeHTHOCT W jaBHOCT paga, Mno-
ApasymMmeBajyhu nyHy o4roBOpHOCT 3a NpuxBaTake U 06jaBrbrBarbe YraHka.

[Npe cnawa Ha peueH3njy Pegakumja npoBepaBa fa nu je cagpkaj pykonuca nnaruja-
T, kopuwwhenem cepsuca iThenticate (CrossRef n CrossCheck). Npema craHgapavma koje
Yyaconuc npuMeksyje, nnarvpare, OOHOCHO Mpey3umarbe TyRux uaeja, peuv unu apyrux
obnuka KpeaTMBHOr M3pasa W MNpeacTaBibake Kao CBOjUX, MPeAcTaBrba rpybo KpLuewe
Hay4yHe 1 nsgaeadke eTuke. [Nnarvpame MoXe Aa YKIbydyje M KpLueHe ayTOpPCKMX Mnpaea,
WTO je 3aKkoHOM KaxwuBo. [lnarmjat obyxBaTa: [OCNOBHO MMM TFOTOBO [OOCIIOBHO
npeysmmane unv cMuwrbeHo napadpasvpane (y unrby npukpuBama nnarvjata) genosa
TEeKcToBa Apyrux aytopa 6e3 jacHor ykasuBama Ha M3BOp WUnn obenexaBare KOnMpaHux
parmeHaTa (Ha npumep, KopuwheweMm HaBOAHWKA); KOMvpawe crnvka unu tabena us
Tyhux pagoBa 6e3 npaBunHor HaBohewa n3Bopa u/unu 6e3 fo3Bone ayTopa unu Hocunaua
ayTopckux npasa. Pykonucu kop Kojux MOCToje jacHe uHAuuumje Aa ce pagum o nnarvjaty
6uhe ayTomatcku oadujeHw.

Yaconuc npumetrbyje ,,0BOCTPYKU Crienu NocTynak peLeHsuje” unaHaka, Koju nogpasy-
MeBa [a ayTopu He 3Hajy KO Cy UM PeLEH3EeHTU, HUTU CY PeLieH3eHTUMa No3HaTh ayTopu.

Huko n3 ypehusadke kyhe He cme ga oTkpuje HujegHy MHdOopMaLlmMjy O NPUCTUINOM
pyKOMUCy MKOME, OCVM ayTopy, PeLieH3eHTUMa, NoTEeHUUjarnHnM peLeH3eHTMma, Opyrum ca-
BeTHMUMMa ypefhuBadke kyhe n nsgasadvy, npema notpebu.
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HeobjaBrbeH maTepujan M3 NpUCTUIMMX PYKONMCa HE CMe Aa ce KOPUCTU 3a UCTpax-
MBaykn pag ypehusaya, ocMm ca n3puymMTM NMCMEHNM 0g00perem ayTopa.

Penakupnja ce obaBesyje aa he nosyhu Beh objaBrbeHM YnaHak y cny4ajy HakHagHor
oTKpuBara criegehnx oKonNHOCTH y Be3n paja:

— nnarujapusam,

— ayTonnarvjapusam,

— pag je Beh objaBrbeH y Apyrom Yaconucy unv Hekoj apyroj nyénukauuju,

— HeTayHu nogaum o ayTopcTBy (MpucBajatbe Tyher paga, HaBohewe ayTopa Koju
HWCY y4ecTBOBanu y nucawy paga, U3ocTaBrbawe ayTopa Koju Cy y4yecTBOBanuv y nuca-
tby pasa),

— cykob nHTepeca,

— naxupare unun abpunkosame pesynrara,

— He03BOSbEHE TEXHUYKE MHTEPBEHLMje Ha CrMKama,

— 030WrbHMja TeXHWYKa rpeLlka, Kao LWTO je n3ocTaBrbake AenoBa TekcTa, rpeLuka
y penpoayKkuuju unyctpaTuBHor marepujana.

CraHpapam 3a paspeluaBame CuUTyauuja kaga mopa gohu OO noBradversa paga
AeduvHncaHn cy of cTpaHe 6mbnuoTeka M Hay4yHUX Tena, a ucTa npakca je ycBojeHa u of
CTpaHe 4Yaconuca: y enekTPOHCKOj] Bep3uju U3BOPHOr uraHka (OHOr Koju ce noBnayu)
ycnocTaerba ce Be3a (HTML nuHk) ca obaBeluTer-eM 0 noenadery. MoBy4eHu unaHak ce
yyBa Yy U3BOPHOj hopmMu, anu ca BogeHuUM xunrom Ha PDF JOKyMeEHTY, Ha CBaKoj CTpaHuuy,
Koju ykasyje Aa je unaHak nosyyeH (RETRACTED).

Onosveu " ucnpaeke ce  nybnukyjly npemMa  3axTeBuMma LIEOH-a
(http://mww.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) kao nsgaesava HaumoHanHor
uuMTaTHOr MHAEKca rae ce MeTanofauu orno3vBa W OMn3BaHUX pagoBa MoOpajy O3HaunTu
ogrosapajyhmm ynosopetsnma 1 MeflycobHo noBe3aTh yHaKpCHUM JIMHKOBUMA.

O6GaBe3e peLieH3eHaTa

PeLeH3eHTV cy OyXHU fa CTpyyHO, apryMEeHTOBaHO, HEMNpUCTpPacHo W y 3agaTuM
pOKOBMMa JOCTaBe ypedHUKY OLeHy Hay4yHe BpedHOCTU pykonuca. PeLeH3eHTn eBanyupajy
pagoBe y ofHOCy Ha ycknaheHoCcT Teme paga ca npodunom 4vaconuca, peneBaHTHOCT
UCTpaxuBaHe obractu v NMPUMEHEHUX METOAA, OPWUMMHANHOCT U HayyHy peneBaHTHOCT
nogataka WM3HECEHUX Y PYKOMUCY, CTUIT HayyHOr u3naraka W ONpeMIbeHOCT TeKkcTa
Hay4YHUM anapaToMm.

CTpy4HM peLeH3eHT nomaxke Pegakumjy y AOHOLEHY OANyKe, @ NOCPEeACTBOM KOHTa-
KaTa ca ayTopuma npeko Pefakuuje Moxe Aa nomaxe u aytopuma Ha nobosbluaBaky Tek-
cTa paga.

Ykonuko nzabpaHu peueH3eHT cmaTpa Aa Huje OOBOMbHO KBanvduvKoBaHa a U3BpLUm
peLeH3njy NCTPaxunBara y PyKONMCY UMnm je Nak CnpeyeH Aa 3aBpLuv U JOCTaBU peLeH3unjy
y LOrOBOPEHOM POKY, O ToMe Tpeba bnaroBpemeHo aa obasectn Pepakuyjy.

Caaku pykonuc npuxesaheH Ha peLieH3ujy Mopa Ja ce TpeTupaTh kao NoBEPIbUB J0-
KyMeHT. He cme ce nokasueaTy Tpehum nuumuma HUTYM OUCKYTOBaTK ca HMMa, OCUM Kada To
opobpu Pepakupyja.

PeueHanja Tpeba pa 6yae objektnBHa. HenpuxeaTrbuBa je nu4Ha KpuTuka ayTtopa.
PeueH3eHTH Tpeba jacHo aa obpa3noxe CBOje CTaBoBE M MOTKPene Nx aprymeHTumMa.

PeueH3eHTn Tpeba fa naeHTndukyjy peneBaHTHe noctojehe pagoBe Koje ayTop Huje
uutupao. CBaka NpeTxo4HO jaBHO caoniwiTeHa TBpAHa uUnv aprymeHT Tpeba ga Gyay npo-
npaheHu ogrosapajyhum umutatom. [y>KHOCT peLIEeH3EHTa je Aa CKpeHe Naxky YpeaHWKY Ha
3Ha4ajHa noknanaka WU CAMYHOCT pykonuca ca Beh o6jaBrbeHMM pagoM, YKONMKO O TOMe
Mma NnyHa casHaksa.
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MHdopmaumje n naeje o kojux ce AOLNO CTPYYHOM PeLEeH3WjOM NMOBEPIrbUBOT Cy Ka-
pakTepa 1 He CMejy ce KOpUCTUTU 3a concTBeHe notpebe. PeueH3eHTn He Gu Tpebano aa
npyMajy pykonuce Koju nx gosoge y cykob nHTepeca Ha OCHOBY KOHKYPeHLuje, 3ajeaHNYKor
paga wnun gpyrux ogHoca ¢ Guno KojuMm ayTopoMm, KOMMaHWjoOM UM MHCTUTYLMjOM noeesa-
HVM C pagoMm.

O6aBese ayTopa

AyTopKn rapaHTyjy A4a pyKOnuC NpeacTaBrba HMXOB OpUrMHamnaH AoMpuHOC, Aa Huje
objaBrbeH paHuvje 1 ga ce He pa3maTtpa 3a objaBrbmBake Ha Opyrom MecTty. MicToBpeMeHo
npegasake UCTOr PyKonuca y BuLLe Yaconuca npeacTaBiba Kpliewe eTUYKMX cTaHgapaa.
TakaB pykonMc ce MOMEHTAarHO UCKIby4yje U3 Aarber pasmarpamsa.

Kapa ayTtopu nuwly 0 opurHanHoM UCTpaxueary Tpeba npeumnsHo aa npukaxy oba-
BIbEHW paj v Aa objeKTMBHO U3noxe heroB 3Havaj. [Nogaum Tpeba aa 6yay npeumsHo Ha-
BefeHun. YUnaHak Tpeba Aa cagpxu AOBOIbHO AeTarba u pedepeHum ga 6u morao Aa ce pe-
npoAykyje. JlaxHe unu HamepHO HeTayHe TBPAH-E NPEeACTaBrbajy HEETUYKO MocTynake u
HenpuxeaTibuBe Cy.

Aytopu Tpeba fa 06e3bene HeobpaheHe nogaTtke y Be3u ca YraHKoM U NpyXe UX Ha
yBua Pepakumju, Kao v jaBHM NpUCTyn TMM nogaumma, ako je 1o moryhe, n ga, y cBakom
cnyyajy, 6yay cnpemHu ga cadyBajy Te nogaTke y pa3dyMHOM POKy nocre objaBrbuBarsa.

AyTopu Tpeba Aa Hanuvy NOTNYHO OpUrMHaNHe pagose, a ako Cy KOPUCTUN pafose
n/vnn dopmynauuje Apyrmx, oHaa 1o Tpeba ga Hasedy Ha oagrosapajyhn HaumH.

Y npuHumny, aytopu 6u Tpebano ga objaBe pyKOnUC Koju Ce CYLUTUHCKM 6aBn UCTUM
NCTpaxuBaHeM Camo Y jeGHOM Yaconucy unv npumapHoj nybnukaumju. Cnawe uctor pyko-
nvca y BuWe pefakumja yaconuca y UCTO BpeMe NpeAcTaBrba HEETUYKO MoHallake U He-
NpuXxBaTIbMBO je.

ObaBe3Ho je Oa ayTop HaBede pafoBe Koje je KOpPUCTMO y Nucaky PyKomnuca, kao u
Aa umTtupa nybnukaumje Koje cy ytuuane Ha Heros pag.

AyTtopcTBo Tpeba ga Oyae orpaHMYeHO Ha OHe KOjU Cy 3Ha4ajHO AONpUHENV uaejn,
HEHOM 06MMKOBakYy, M3BONeHY 1N uHTepnpeTauuju y AaTom uctpaxueamy. Cu Koju cy
3HavajHo gonpuHenu pagy Tpeba Aa 6yay HaBedeHn kao koayTopu. Ako cy nojeauHumn 6u-
nm BUTHW Yy NOjeANHNM acnekTMMa UCTPaXKMBAYKOr NpojekTa, Tpeba nM y 3axsanHuum oaa-
TV NpuU3HaHe 3a AONPUHOC.

AyTop Tpeba fga ce noctapa ga cBu KoayTopu Oydy HaBedeHW Kao TaksW, kao v Aa
mehy HaBefeHVM HeMa OHUX KOju TO He 3acrnyxyjy. AyTopoBa Ay>XHOCT je Aa CBM KoayTopu
Buae n ogobpe hmHanHy Bep3unjy paga, kao 1 a ogobpe Heroso objaBrbuBarse.

AKO ce y uctpaxmBamy MojaBrbyjy XeMujcKa jeauHserba, MNoCTynuUM Unv onpema Koju cy
OMacHW No 34paBrbe Sbyan UMK XMBOTUHA, ayTOP TO MOPa jaCHO Aa Ha3Ha4M y PyKonucy.

Csaku aytop Tpeba Aa Hasefe y pyKonucy cBe BPCTE (PUHAHCUCKMX M OCTanux 3Ha-
YajHMX KOHMMKaTa nHTepeca Koju 6 Mornu ga yTudy Ha pesynrtarte unum nHteprnpeTtaumjy
werosor paga. Csu n3sopmn mHaHcujcke nogpLuke Tpeba ga 6yay Takohe HaBedeHW.

Kapa ayTop oTkpuje maTepujanHy rpeLuky unm HeTa4yHocT y cBOM objaBrbeHOM pagy,
HEroBa je AyXHOoCT Aa ogMax obaBectv Pegakumjy yaconuca unu nsgasada v aa capahyje
ca Pepakumjom npuv noBrayvensy nnv KOpurosaky paga.

PaspelwaBare cnopHux cutyaumja
CBaku nojeguHal, UM UHCTUTYUMja Mory Y BUno KoM TPeHYTKY Aa YpeaHWKy uumm

YPEAHULLTBY NpujaBe ca3Haka O KpLUEHY eTUYKUX CTaHAap4a U ApYrM HenpaBUHOCTMMA
M Oa 0 ToMe [ocTaBe HeonxofHe MHdopmauwje/fokase. MocTynak npoBepe U3HECEeHUX
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Aokasa oagujahe ce y cknagy ca cnegehum npuHumnuva: ypegHuwteo he goHeTn oanyky
0 nokpeTakby MOCTyrKa Koju MMa 3a Lnrb NPoBepy M3HECEHUX HaBoAa W [oKa3a; TOKOM TOr
NMoCTynKa CBM W3HECEeHM [oKa3n cmatpahe ce noBeprbMBMM MaTtepujanom u 6uhe
npeaoYeHn camo OHMM NULMMA Koja Cy AVUPEKTHO YKIbydeHa y MoCcTynak; nuumma 3a Koja ce
CyMHa [a Cy Npekpliuna etudke craHgapfae 6uhe gata moryhHOCT ga ogroBope Ha
onTyx6e u3HeceHe NPOTMB HMX; aKo Ce YCTaHOBW [a je 3ancTa AOLUNO A0 HENPaBUITHOCTH,
npoueHvhe ce aa nu nx Tpeba okapakTepucaT ako Mau NpekpLiaj unm rpybo Kpluexe
eTUYKMX cTandapga. CuTyauuje okapakTepucaHe kao Mawu Mpekpllaj peluasahe ce y
OVIPEKTHOj KOMYHMKaumju ca nuumMMa koja cy npekpLuaj yumHuna, 6e3 ykrbyunsama Tpehux
nuua, HNp.: obaBelUTaBakeM ayTopa/peLieH3eHarta fa je OO0 40 Maker npekpLuaja Koju
je npouctekao M3 HepalymeBaka WM MOrpeLlHe MPYMEHe akageMCKMX CcTaH4apaa;
CrnameM yrno3opera ayTopy/peLIeH3eHTY KOjU je YYMHMO MarsW NpekpLaj. Y cnyyajy rpyoor
KpLUEeHa eTUYKUX CTaHdapaa, YPeaHWULWTBO OHOCK OAJfyke O AarbuM akuujama. Mepe koje
he npepy3setn mory 6utu cnegehe (M Mory ce npuMeHsMBaTU MNOjeOUHAYHO UMK
MCTOBPEMEHO): 0bjaBrbMBar-e CaonLUTEHA UMK YBOAHMKA Y KOM CE OMUCYje Cry4aj KpLuera
eTUYKNX CTaHOapAa; cnawe cnyxbeHor obaBeluTera pykoBoguoLmMMa unv nocrnogasumma
ayTopa/peLieH3eHTa; noenavewe objaBrbeHOr paga y cknagy ca npouenypom OnmMcaHoMm
noa Moenavewe Beh objaBrbeHux pagoBa; aytopuma he Gutn 3abpameHo ga TOKOM
ogpefeHor nepuopa wWwarby pagoBe Yy 4acomuc; YMo3HaBake PEeneBaHTHUX CTPYYHUX
opraHusaumja WnM HagnexHWx opraHa ca crydajemM kako 6w mornmuM ga npepysmy
ogrosapajyhe mepe. lMNpunukom paspeluaBaka CMOPHUX CUTyauuja pefakuuja yYaconuca
pemakumja ce pykoBOAM cMepHuLaMa u npenopykama Opbopa 3a eTuky y vM3gaBallTBy
(Committee on Publication Ethics — COPE): http://publicationethics.org/resources/.

Oppuuake oaroBopHOCTH
M3HeceHn ctaBoBu y 06GjaBrbeHMM pajoBMMa He M3paxasajy CTaBOBe ypeaHuka u
YnaHoBa pefakuuje vaconuca. AyTopu Mpeys3umajy npasHy M MOparnHy OAroBOPHOCT 3a

uheje MsHeceHe y CBOjUM papoBuMa. M3gaBay Hehe CHOCWUTM HUKAKBY OATOBOPHOCT Yy
cnyyajy ucnocTaerbaka GUIo KakBMX 3axTeBa 3a HakHagy LUTeTe.
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NMPOPECCUOHAJIbHO-3TUYECKUE TPEBOBAHUA K BbIMYCKY
BOEHHO-TEXHUYECKOI'O BECTHUKA

Mybnukaumsa ctatben nocne mx nNpodeccuoHanbHOM peLeH3nn sIBsieTCsl OCHOBHOM
OeATEeNbHOCTLI0 HAayYHOro XXypHana BoeHHo-mexHu4Yeckul eecmHuK. B nepBylo ovepenb
HeobXoAUMO JOCTUYb JOrOBOPEHHOCTY 06 3TMYECKUX HOPMaX M NPUHLMMAX, NPUMEHSAEMbIX
KO BCEM y4acCTHMKaM B NpoLiecce BbiMycka XXypHana, HaunHasi ¢ aBTopa, CoBeTa peaakTo-
poB, NpodeccroHarnbHbIX PELIEH3EHTOB 0 U3daTernsl.

O6sA3aHHOCTHU penakTopoB BoeHHO-mexHU4YeCcKo20 8eCmHuUKa

Pepakuus xypHana "BoeHHO-mexHuU4Yeckuli 6eCmMHUK" coobLLaeT, YTo He B3bIMaET C
aBTOPOB NnaTy 3a NyGnMKaumio Ux cTaTen, To ecTb, BCe AeWCTBUS, CBsi3aHHble C pedaKTu-
poBaHWEM 1 pasmelleHneM cTaTen aBnsioTcst abcontoTHo HecnnaTHbIMK.

Pepakuns BoeHHO-mexHUYeCcKo20 8eCmHUKa HeceT OTBETCTBEHHOCTb 3a MpuHATUE
pelweHvn o nybnukaumMu npeacTaBrneHHbIX B aapec XypHana crtatben. [pu Hanmuuum
KOH(MUKTA MHTEPEeCcOB PpeAaKkTop He MNpUHUMAaeT y4vacTus B MpOLecce pacCMOTPEHUst
pykonucu. B Takom crnyyae pelleHvne o BbIGOpe peleH3eHTa M nyGnukauuyM pykonucu
npuHuMaeT pegkonnervns. NMpyu HanMuum KOHpNMKTa MHTEPECOB YreHbl peaKkonnernm He
NPUHUMALOT y4acTus B MPOLLECCe PAaCCMOTPEHNS PYKOMMUCH.

Pegakuus obssaHa cobntogatb nonutuky CoBeTa pegaktopoB BoeHHO-mexXHUYeCKo-
20 8ecmHuKa, TakKe MNONoXeHUs JeNCTBYIOLLEro 3akoHodaTenbCcTea, perynupytolime Bo-
NpoChbl pacnpocTpaHeHWs 3aBeJOMO FOXHbIX CBEAEHWIN, MOpoYaLLUX YEeCTb U JOCTOMHCTBO
OpYroro nvua vnu noapbiBaoLWLmMX ero penytaumio U HecobniogeHs aBTopckmx npas. Pe-
AaKumsa MMeeT NpaBo NPOKOHCYbTUPoBaTbes ¢ COBETOM peJakTopOoB UK peLieH3eHTaMu -
OTHOCUTENMBLHO MPUHATUS PELLEHWIA O NyGnuKaummn cTaTby.

Pepakuus otbmpaeT n oLeHMBaeT MaTtepuarnbsl He3aB1MCMMO OT Mona, Penurin, pacel,
HaLuMOoHanbHOCTMW, NONUTUYECKNX yoexaeHui asTopa.

Penakuus B cBoeli paboTe, no pekomeHgaumsm LieHTpa apantoauum B obpa3oBaHnm
n Hayke (CEON), nonb3ayetcsi, obecneumBaroLLeli OTCYTCTBME CEKPETHOCTU U JOCTYNHOCTb
ntoboi nHdopmaumn, 1 KoTopasi nogpasymeBaeT OTBETCTBEHHOCTb 3a NPUHSATNE peLLeHus
0 ny6nukauum ctaTby B NONTHOM obbeme.

Pepakuns o MomeHTa npeacTaBneHns craTby peLeH3eHTam JOrmkHa NpoBeEpUTh Co-
AepxaHve paboTbl MO OTHOLLEHUIO K nnarnapusmy nytem cuctemsl Thenticate (CrossRef un
CrossCheck). B cooTBeTcTBMM CO CTaHAapTamu XypHana, nriarmat, TO eCTb NPUCBOeHue
YyXKMX MOEW, BbICKasblBaHWA NNOO Apyro OpMbl  TBOPYECKOTO BbIPAXEHUA WU
npeAcTaBneHve MX Kak CBOMX CODBCTBEHHbIX MpeacTaBnseT cobon rpyboe HapylueHne
Hay4YHOW 1 pefakuMOHHOW 3TUKW. [narnaT ABnseTcs YronoBHO HakasyeMblM HapyLLleHueM
aBTopckMx npaB. C TOYKM 3peHus pedakumu, nnarmaTtom sBNSETCH: [AOCIOBHOE
KonvpoBaHue paboTbl Apyroro nuvua, nubo uutupoBaHue paboTbl Apyroro nuua 6es
yKkasaHusi ero aBTOpCTBa, CCbIMKM Ha WCTOYHMK;, HEKOppeKTHoe nepedpasnpoBaHue
npomssedeHnss gpyroro nuvua 6e3 CCbIMKM Ha WCTOYHWK; WUCMONb30BaHUE 3IEMEHTOB
paboTbl (pucyHkoB, Tabnuu, rpacukos, Agnarpamm) gpyroro nuua 6es ykasaHus aBTopcTea,
CCbINKN Ha NCTOYHMK; aBTOPbI AOMKHbBI MONYYMTb paspeLleHre BnagernbLia aBTOPCKMX Npas
Ha MCMonb3oBaHWe 3reMeHToB ero paboTtbl. B crnyyae BO3HWKHOBEHMSI 0BOCHOBaHHOIO
COMHEHMs1 B TOM, 4YTO paboTa siBnsfeTcs nnarmaTom, pegakuusi aBTOMaTUYecKn oTKaxeT
aBTOpy B Nybnukauuu.

Pepakums >xypHana npoBoaMT KOHMAEHUManbHOe peueH3VpoBaHve, MpUMEeHsas
"ABOVHON crnenoi meTon". ABTOPbI CTaTbW M PELEH3EHTbI HE 3HaKOT MMEH Apyr Apyra.

HWKkTO 13 paboTHWMKOB M3AATENBCKOM KOMMAHNM HE MMEEeT NpaBo packpbiBaTh MobbIe
cBefeHVs O MPeACTaBNeHHON Hay4yHOW CTaTbe, 3a WCKIYEHWEM CryyYaeB, eCnii OHW Mo
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Mepe NOTPeBHOCTU HyXHbl aBTOPY, PeLeH3eHTaMm, BO3MOXHbIM peLeH3eHTaM 1 Apyrum
COBETHUKaM pefakTopoB U nsgarens.

Heony6nunkoBaHHbIMU martepuanamu Henb3s BOCMOS1b30BaTLCH ans
nccnegosaTenbckux paboT 6es cornacus asTopa.

Pepakuus 00653yeTca MCKNOUMTL U3  Mybnukauum MOBTOPHO OMy6nMKOBaHHYHO
CTaTblo, B Criyyae CreayloLwmx HapyLLeHWi:

— nnaruar,

— aBTonnaruvar,

— NOBTOpHas Nybnukauus B AaHHOM MU APYrom M3gaHuu,

— HeBepHble AaHHble 06 aBTope (NPUCBOEHME YyxOoW paboTbl, ykazaHue aBTopa He
NPYHMMABLLEro y4acTus B HanucaHum pabotbl),

— KOH(PNUKT MHTEpecoB,

— chanbcndukaumsa pesynbTaToB UCCrEnOBaHNS,

— HenpaBuIibHO 0YOPMITIEHHbIE M30BpaxeHNns

— KpPYMHble TEXHWYecKkMe OLWNBKM B 0hOPMIEHNM TEKCTA: NPOMYCK YacTeln TekcTa, He-
npaBunbHO 0POpMIIeHHbIE N306paXeHUst 1 UNNCTpaLuK.

CraHpoapTel MO paspelleHnto  CUTyauunM CHATMSA  onybnukoBaHHOW paboTbl ¢
nybnvkaumm, KoTopble NMPUMEHSIET HaLl XXypHan npeanucaHbl HaumoHansHon 6ubnuoTtekomn
W OPYrMMU  HAy4HbIMK  YYPEXAEHWAMUW: 3a cTaTbell (OonpedeneHHoW K CHATUI0) B
3NeKTpoHHOM dopmate 3akpennaT HTML ccbinky ¢ yBeOOMMEHMEM O €e CHATUU C
nybnukaumn. Msbsatas ctatbss XpaHUTCA B MCXOOHOM BuAe, HO Kaxdas cTpanuua MNAod
dopmaTta BU3MPYeTCH MevaTbio, CBUAETENbCTBYIOLWEN O CHATUM CTaTbU C MyGnvkaumm
(RETRACTED).

OT3bIBbl M WCNpaBneHus nyobnukyloTcs B COOTBETCTBUMM C TpeboBaHMAMMU
LIEOH HauuoHansHoro wuHAekca HaydHoro uuTtupoBaHus (http://www.ceon.rs/pdf/
postupanje_s_nelegitimnim_radovima.pdf), npn 3ToM MeTagaHHble OTO3BaHHbIX N CHATBIX C
nybnvkauunmn ctaten JomKHbl ObiTb 0603HaYeHbl COOTBETCTBYIOLLMM NpeaynpexaeHem n
CoeAnHeHbl Mexay coboi ceblnkamu.

0O653aHHOCTU peLIeH3eHTOB

MpodheccrmoHanbHbIN peLieH3eHT okasbiBaeT NoaaepXKy Pegakumm npy npuHATAN pe-
LWeHWn o nybnukaummn ctatben, a Takke, MyTeM KOHTakToB C aBTopamu depes Pegakuuio
OKa3blBaeT COAeNCTBME aBTOpaM B LiensX yryylleHnsi kadecTBa ux paboTbl.

B cnyyae ecnu peLeH3eHT cuMTaeT, YTO OH B JOCTAaTOYHOW CTeneHn He obnagaeT ka-
YecTBamMu, HEOBXOAMMBIMU ANA OCYLLECTBMNEHNA nNpoddecCcMoHanbHoOn peLleH3nm paboThbl,
WIN HE CMOXET ee OCYLLEeCTBUTbL BO BPEMS, TO eMy Heobxoammo o6 3ToM nponHEOpMMpo-
BaTb Pepakuuto.

TNiobas pabota, npeAcTaBneHHas Ha peLeH3uio, SBMAETCA KOHMMAeHUManbHbIM A0-
KYMEHTOM U1 ee Helb3s NnokasbiBaTb TPETbUM Nuam 6e3 ogobperuns Pegakumu.

PeueHsuna gomkHa 6a3npoBaTbC Ha 06bEKTVBHBIX YCnoBusx. He gonyckaetcsa nud-
Has KpuUTWKa aBTopa. PeLeH3eHTbl AOmKHBI 060CHOBaTbL M JoKa3aTb CBOM MO3WLMK NO OT-
HOLLIEHWIO K CTaTbe.

PeLeH3eHTbl 0693aHbl AEHTUOULMPOBaTL peneBaHTHbIE CylecTBylolme paboThbl,
KoTopble aBTop He uutuposan. [lo niobomy o6LWemy CBeOEeHVUIO WM  aprymeHTy
npuBegeHHbIM B paboTe A0MKHbl ObiTb yKasdaHbl COOTBETCTBYOLUME umTaThbl. PeueHseHT
06a3aH 06paTUTb BHUMaHME pedakTopy Ha 3BEHTyaslbHble CXOACTBa paboThl C Apyrvmu
ony6nmKoBaHHbIMK paboTamu, B Criydae ecrnuv Takoe YTO OBHapyXuT.

MHdopmauma n nges 4o KOTOpor OOLWNM peLeH3eHTbl SBNSEeTCA KoHuaeHUManbHom
M UMW HeMb3si BOCMOMb30BaTbCA AN MUYHbIX NOTpebHocTen. PekomeHayeTcsi peLeH3eH-
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TaM He peLieH3npoBaTb paboTbl, KOTOPbIE MOTYT BbI3BaTb KOMIM3NIO UHTEPECOB (KOHKYPEH-
Tbl, COBMECTHasi paboTa, UMK NHble OTHOLLEHWS C aBTOPOM, KOMMaHWEN Unn yypexaeHvem
CBSI3aHHbIMW C paboTon).

0O6sa3aHHOCTN aBTOPOB

B cBoelt uccnegoBatensckor pabote aBTOpbl AOMKHLI MPUAEPXKNBATLCS NMPUHLMNOB
YETKOCTU, pa3bopyMBOCTU, MOHATHOCTU C LieNblo OO BbEKTUBHOIO PacTONIKOBaHWNSI 3HA4YeHNs!
OaHHOW paboTbl. PakTbl M NOKa3aTeNMU OOMKHbLI ObITh YETKO yKkasaHbl. PaboTa gomkHa co-
AepXaTb B OCTaTOYHOW CTeNeHN haKkToB 1 AeTanew, YToObl OHa MOorna penpoayLmpoBaTh-
cs1. HenpaBurnbHbIe Unm HeTOYHbIE YTBEPXKOEHUS ABMAOTCA NPUMEPOM HESTUYECKOrO NoBe-
OeHua 1 He ByayT NpUHATHI.

ABTOpPbI JOMKHLI 06ecneunT HeobpaboTaHHble AaHHble, OTHOCcsLMECs K paboTe, u
NpeacTaBUTbL NX Ha paccMoTpeHne Pegakumm, n 06ecneumTb K HUM OOCTYN BCEM 3auHTEpe-
COBaHHbIM NULIAM, ECINN 3TO SABMNSETCA BO3MOXHBIM. Takke, aBTopbl JOIMKHbI nocne nyonu-
Kauum cTaTby XpaHUTb B pa3yMHbIE CPOKU NMOMYyYEHHbIE pe3ynbTaThbl.

ABTOpbI [OMKHBI B CBOUX paboTax 3aHMMaTbCsl MOMHOCTLIO OpUrMHarbHLIMK BOMPO-
camu. B cnyyae ecnu oHu B cBOel paboTe ncnonb3oBanu gaHHble unv akTbl pyrux ae-
TOpOB, TO 06 3TOM HEOOX0AUMO ykasaTb B paboTe.

Tarke, aBTOPbI AOMKHbI CBOM paboThl Ny6nMKOBaTb TONBKO B OOHOM HAayYHOM >XypHa-
ne, Unn pasMellaTb nybnukaumm Ha cavite ¢ nNpsaMbIMK ccbinkamu. MyGnukauus ogHou u
TOW >xe paboTbl B HECKOMbKUX Hay4YHbIX XypHarax CYMTAeTCsl HE3TUYECKUM NMOBEAEHUEM U
ABMSIETCS He4OMYyCTUMON.

ABTOpbI paboT 00s3aHbl ykasaTb B CBOMX paboTax Bce MaTepuarbl, KOTOPbIMUA OHU
BOCMONb30Banunch Npy UccregoBaHny, B TOM Yuicne Bce nybnvkaumm, KoTopble NoBAUANn
Ha pe3ynbTaThbl X UCCNea0BaHNNA.

ABTOpPCTBO JOSIKHO ObITb OrpaHUYEHO TOMbKO TEMU NMLUAMU, KOTOpbIE B 3HAYUTEMb-
HOW CTEMNeHW y4acTBOBanM B NpoLecce UccrneaoBaHus 1 nonyyYeHnst pedynbTaTtoB paboThbl.
MO Bcex nuu, y4acTBYHOLLMX B 3HAYMTENBbHOW CTEMNEHU B NpoLecce MccnegoBaHus 1 no-
Ny4yeHus pesynbTaToB paboThl, AOIPKHBLI ObITb YKa3aHbl B paboTe B Ka4ecTBe COaBTOPOB, U
MX HeobxoamMmo nobnarogapuTb 3a COOENCTBIE.

ABTOp pomkeH obecneuntb ycrnosusi, 4tTobel MOP Bcex coaBTOpoB, AENCTBUTENBHO
YYacTBYHLLUX B NPOLLECCE UCCIEA0BAHMSA U COOENCTBYIOLLMX NOSyYEHWI0 pe3ynbTaToB, Obl-
N1 ykasaHbl B paboTe. Takke, 0053aHHOCTLIO aBTopa SIBMSIETCS NpefoCcTaBleHne OKOHYa-
TenbHOW Bepcumn paboTbl CoaBTOpPaM Ha COrfiacoBaHue.

B cnyyae nosiBneHnss B npouecce WCCneaoBaHUsi HeobXoOAMMOCTU KOHTakTa ¢
onacHbIMM BelleCcTBamu, T.€. BelecTBamu, 06nagaoLmmm noTeHumManbHOM OnacHOCTbIO B
OTHOLLUEHUM YeroBeKa, XMBOTHbLIX 1 OKpY)KatoLLen cpedbl, TO aBTop 06 3TOM JOMMKEH YETKO
ykasaTb B paboTe.

Kaxxapin aBTop 06513aH B paboTe ykasaTb Ha Bce BMAbl NOTEHUMAnNbHbIX (OUHAHCOBbIX
UNW Opyrmx KONnu3uii MHTEPEecoB, KOTopble MOrMU Gbl MOBNUSITL HA pe3yrnbTaTbl UCCNENo-
BaHWS UNN ee UHTepnpeTaumio. Bce UCTOYHMKM PMHAHCOBOWM NOAAEPKKM OOIMKHbI ObiTh
ykasaHbl B pabore.

B cnyuyae obHapyeHns aBTopom B paboTe maTepuanbHON OLIMGKN MK KaKoW-TO He-
NpaBWUbHOCTU, OH 00s3aH 06 3TOM He3aMeanUTenbHO coobLnTL Pegakuum xxypHana unm
n3garento, Takke oka3aTb COAENCTBUE B OTKITOHEHUM HENPABUILHOCTEN.
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Pa3spelueHue cnopHbIX cUTyauumn

TNoboe numuo, nmbo yupexaeHne Brnpase B NOGON MOMEHT MPeabsABUTbL NPETEH3N0
penakTopy Unm peakonnerum B CBA3WN C HapyLLeHWeM 3TUYECKUX CTaHAapTOB M aBTOPCKMX
npae, NOAKPENMB ee JOCTOBEPHBLIMU AOKa3aTeNbCTBaMU.

Mo nomyyeHnn npeTeHsuW, MOAKPENSIEHHON [oKasaTenbCTBaMu, peAaKkLMOoHHas
KOMMCCHA MpoBedeT paccrnefoBaHWe, B COOTBETCTBMM CO CReAyloWwyMU MPUHLMNaMU:
pegkonnerns NpYHMMaeT pelleHne O MPOBEAeHUM NPOBEPKM MO NOBOAY BblOABUHYTHIX
Xanob v fokasaTenbCTB O HapylleHUW pedaKkuMOHHOW 3TWKM; B MpoLecce pacCMOTPEHUS
JokasaTenbCTB, BCe Martepuanbl  CYMTalTCA  KOHUAeHUManbHbIMU 1 ByayT
npefocTaBneHbl TOMbKO TEM fMUaM, KOTOpble HEenocpeacTBEHHO NMPUYacTHbI K NpoLeccy
NpPOBEPKW; NOA03PEBAEMbIM NULAM B HapyLUEHUM 3TMHECKMX HOpMm ByaeT npedocTasneHa
BO3MOXHOCTb OTBETUTb Ha BbIABUHYTOE MPOTMB HUX OOBMHEHWE; B Clly4Yae BbISIBIIEHUS
HapyLUeHUs, XapakTepusyeTcs ero CTeneHb, Kak rpyboro mnu Herpyboro HapylleHus
3TUYECKNX HOPM.

B cnyyae Herpyboro HapylueHus, pedakuusi Hanpsimyio, 6e3 CoaencTBuMS TPeTbuX
nvuy, obpawaetca K HapywwuTtenio, crnegyoowyMm obpasom: nyTeMm  yBeAOMMeHWs
aBTopa/peLieH3eHTa O HanmuMuum Herpyboro HapylleHus, Mpou3oLLeaLlero BCneacTsue
HeJOMOHMMaHWs, MO0 HEeCOOTBETCTBEHHOrO MPUMEHEHUS akadeMUYEeCcKUX CTaHOapToB;
nyTem npegynpexaeHns aBTopa/peLieH3eHTa, 4oMyCTUBLLEro Herpyboe HapyLueHue.

B cnyyae rpyboro HapyLleHust 3TUHECKUX HOPM, peaakuusi NPUHUMaeT pelleHne O
JanbHenwnx mepax. Pegakuus Bnpase NpeanpuHATL criegytowme Mepbl (OGHOBPEMEHHO,
nooyepegHoO UnNu B OoTAeNbHOCTU): 0bHapogoBaHWe coobLleHnsl, B KOTOPOM OMUCLIBAETCSH
crnyyan HapyLUeHUs 3TUYECKUX CTaHOapToB; oduLManbHOe yBeOOMIEHUE pykoBoauTenewn
unu paboTtoaatenel aBTopa/peLeH3eHTa; CHATUE onybnMKOBaHHOM cTaTby C nybnvkaumu,
B COOTBETCTBMM C NMPEANMCaHNAMM; aBTOPbI-HapyLUMTENW onpederneHHbIn Nepuoa BpeMeHn
He OyayT ponyckatbCsa K nybnukaumm B XKypHane; YyBeOOMIEHWE peneBaHTHbIX
npodeccroHanbHbIX OpraHW3auWin 1 COOTBETCTBYIOLLMX YYPEXOEHWUN O criyvae, B Lensix
NpYBNEYeHNs HapyLUMTENs K OTBETCTBEHHOCTW.

Mpy paspelLeHnn CnopHbIX CUTyaLMn peaakums xypHana cobniogaeT npegnucaHus
N nHCTpyKuum PykosoactBa KomuTeTra mo atuke HaydHbix nybnukaumin (Committee on
Publication Ethics — COPE): http://publicationethics.org/resources/.

OTKa3 OT OTBETCTBEHHOCTHU

BblHeCEHHblE MO3ULMM B OMyOnMKOBaHHbIX paboTax He 0GS3aTenbHO OTpakakT
TOUKY 3pEHVSI peaKonerum xypHana. ABTOpbl HECYT MOJTHYIO FOPUANYECKYIO Y MOParbHYH
OTBETCTBEHHOCTb 3a MpeACTaBfeHHble B CBOMX paboTax uaen. Pepakuus He HeceT
HUKaKoO OTBETCTBEHHOCTM B Crlydae BO3HUKHOBEHUSI TpeBGoBaHMiA MO BO3MELLEHUIO
maTepuansHOro U MoparbHoro Bpeaa.
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PUBLICATION ETHICS STATEMENT

The publication of an article in this peer reviewed journal is an essential model for the
scientific journal Military Technical Courier. It is necessary to agree upon standards of expe-
cted ethical behavior for all parties involved in the act of publishing: the author, the journal -
editor, the peer reviewer and the publisher.

Duties of the Military Technical Courier editor

There are no APCs (author processing charges) or submission charges for the arti-
cles submitted to the Military Technical Courier. The whole process of article editing and
publishing is entirely free of charge for authors.

The editor of the Military Technical Courier is responsible for deciding which of the -
articles submitted to the journal should be published. The Editor must hold no conflict of
interest with regard to the articles he/she considers for publication. If an Editor feels that
there is likely to be a perception of a conflict of interest in relation to their handling of a
submission, the selection of reviewers and all decisions on the paper shall be made by the
Editorial Board. If any member of the Editorial Board feels that there is likely to be a
perception of a conflict of interest in relation to their handling of a submission, they shall
withdraw from the editorial process.

The editor should be guided by the policies of the journal's editorial board and cons-
trained by such legal requirements as shall then be in force regarding libel, copyright -
infringement and plagiarism. The editor may confer with the members of the editorial board
or reviewers in making this decision.

The editor should evaluate manuscripts for their intellectual content without regard to
race, gender, sexual orientation, religious belief, ethnic origin, citizenship, or political
philosophy of the authors.

Following the recommendations of the CEON Centre for Evaluation in Education and
Science (CEON/CEES), the editor applies the electronic editing system ASISTANT which
enables transparency and public access to work and accepts a full responsibility for the
acceptance and publishing of articles.

Before sending articles for peer reviews, the editor checks the content of the
submitted manuscripts for plagiarism using the iThenticate service (CrossRef and
CrossCheck). According to the standards applied by the journal, plagiarism, where
someone assumes another's ideas, words, or other creative expression as one's own, is a
clear violation of scientific ethics. Plagiarism may also involve a violation of copyright law,
punishable by legal action. Plagiarism includes the following: word for word, or almost word
for word copying, or purposely paraphrasing portions of another author's work without
clearly indicating the source or marking the copied fragment (for example, using quotation
marks); copying equations, figures or tables from someone else's paper without properly
citing the source and/or without permission from the original author or the copyright holder.
Any manuscript which shows obvious signs of plagiarism will be automatically rejected.

Journal applies a ,double blind peer review process for papers. Authors and
reviewers are anonymous to each other in the process of review.

The editor and any editorial staff must not disclose any information about a submitted
manuscript to anyone other than the corresponding author, reviewers, potential reviewers,
other editorial advisers, and the publisher, as appropriate.

Unpublished materials disclosed in a submitted manuscript must not be used in an
editor's own research without the express written consent of the author.
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The Editorial Office has pledged to remove an already published article in case of the
following, subsequently discovered facts regarding the article in question:

— plagiarism,

— self-plagiarism,

— article already published in some other journal or publication,

— inaccurate data on authorship (fake claim of authorship, listing authors who did not
participate in the article's creation or omitting authors who did participate),

— conflict of interests,

— fraudulent use of data or fabrication of results,

— unauthorised technical interventions on figures,

— substantial technical error such as omitting parts of the text or an error in
reproducing illustrations.

Standards for dealing with retractions have been developed by a number of library
and scholarly bodies, and this practice has been adopted for article retraction by our journal:
in the electronic version of the retraction note, a link is made to the original article. In the
electronic version of the original article, a link is made to the retraction note where it is
clearly stated that the article has been retracted. The original article is retained unchanged,
save for a watermark on the PDF indicating on each page that it is “RETRACTED”.

Retractions and corrections are published according to the requirements set up by
CEON/CEES (http://www.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) as the
publisher of national citation index, where metadata of retractions and retracted papers
have to be marked by appropriate warnings and cross-links.

Duties of reviewers

Reviewers are required to provide written, competent and unbiased feedback in a
timely manner on the scholarly merits and the scientific value of the manuscript.

The reviewers assess manuscript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

A peer reviewer assists the editor in making editorial decisions and through the
editorial communications with the author may also assist the author in improving the paper.

Any selected referee who feels unqualified to review the research reported in a
manuscript or knows that its prompt review will be impossible should notify the editor and
excuse himself from the review process.

Any manuscripts received for review must be treated as confidential documents. They
must not be shown to or discussed with others except as authorized by the editor.

Reviews should be conducted objectively. Personal criticism of the author is
inappropriate. Referees should express their views clearly with supporting arguments.

Reviewers should identify relevant published work that has not been cited by the
authors. Any statement that an observation, derivation, or argument had been previously
reported should be accompanied by the relevant citation. A reviewer should also call to the
editor's attention any substantial similarity or overlap between the manuscript under
consideration and any other published paper of which they have personal knowledge.

Unpublished materials disclosed in a submitted manuscript must not be used in a
reviewer's own research without the express written consent of the author. Privileged
information or ideas obtained through peer review must be kept confidential and not used
for personal advantage. Reviewers should not consider manuscripts in which they have
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conflicts of interest resulting from competitive, collaborative, or other relationships or
connections with any of the authors, companies, or institutions connected to the papers.

Duties of authors

Authors warrant that their manuscript is their original work, that it has not been
published before and is not under consideration for publication elsewhere. Parallel
submission of the same paper to another journal constitutes a misconduct and eliminates
the manuscript from consideration by the journal.

The reviewers assess manuscript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

Authors of reports of original research should present an accurate account of the work
performed as well as an objective discussion of its significance. Underlying data should be
represented accurately in the paper. A paper should contain sufficient detail and references
to permit others to replicate the work. Fraudulent or knowingly inaccurate statements
constitute unethical behavior and are unacceptable.

Authors may be asked to provide the raw data in connection with a paper for editorial
review, and should be prepared to provide public access to such data if practicable, and
should in any event be prepared to retain such data for a reasonable time after publication.

The authors should ensure that they have written entirely original works, and if the
authors have used the work and/or words of others, that this has been appropriately cited or
quoted.

An author should not in general publish manuscripts describing essentially the same
research in more than one journal or primary publication. Submitting the same manuscript
to more than one journal concurrently constitutes unethical publishing behavior and is
unacceptable.

Proper acknowledgment of the work of others must always be given. Authors should
cite publications that have been influential in determining the nature of the reported work.

Authorship should be limited to those who have made a significant contribution to the
conception, design, execution, or interpretation of the reported study. All those who have
made significant contributions should be listed as co-authors. Where there are others who
have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no
inappropriate co-authors are included on the paper, and that all co-authors have seen and
approved the final version of the paper and have agreed to its submission for publication.

If the work involves chemicals, procedures or equipment that have any unusual
hazards inherent in their use, the author must clearly identify these in the manuscript.

All authors should disclose in their manuscript any financial or other substantive
conflict of interest that might be construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project should be disclosed.

When an author discovers a significant error or inaccuracy in his/her own published
work, it is the author's obligation to promptly notify the journal editor or publisher
and cooperate with the editor to retract or correct the paper.
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Procedures for dealing with unethical behaviour

Anyone may inform the editors and/or Editorial Staff at any time of suspected
unethical behaviour or any type of misconduct by giving the necessary information/evidence
to start an investigation. The investigation shall conform to the following principles: the
Editorial Staff will initiate an investigation; during an investigation, any evidence should be
treated as strictly confidential and only made available to those strictly involved in
investigating; the accused will always be given the chance to respond to any charges made
against them; if it is judged at the end of the investigation that misconduct has occurred,
then it will be classified as either minor or serious/major. Minor misconduct will be dealt
directly with those involved without involving any other parties, e.g.: communicating to
authors/reviewers whenever a minor issue involving misunderstanding or misapplication of
academic standards has occurred, or a warning letter to an author or reviewer regarding
fairly minor misconduct. In case of major misconduct, the Editorial Staff should make
decisions regarding the course of action to be taken using the evidence available. The
possible outcomes are as follows (these can be used separately or jointly): publication of a
formal announcement or editorial describing the misconduct; informing the author's (or
reviewer's) head of department or employer of any misconduct by means of a formal letter,
the formal, announced retraction of publications from the journal in accordance with the
Retraction Policy (see below); a ban on submissions from an individual for a defined period;
referring a case to a professional organization or legal authority for further investigation and
action. When dealing with unethical behaviour, the Editorial Staff will rely on the guidelines
and recommendations provided by the Committee on Publication Ethics (COPE):
http://publicationethics.org/resources/.)

Disclaimer

The views expressed in the published works do not express the views of the Editors
and Editorial Staff. The authors take legal and moral responsibility for the ideas expressed
in the articles. Publisher shall have no liability in the event of issuance of any claims for
damages. The Publisher will not be held legally responsible should there be any claims for
compensation.
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