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OPUTMHATTHN HAYYHW YITAHLM
ORIGINAL SCIENTIFIC PAPERS
OPUTMHATBbHBIE HAYYHBLIE CTATBbA

HAHOYPOBHEBbIN AHANNG
MONYNPOBOOHMKOBbIX
KBAHTOBbIX TEHEPATOPOB
TUNA A’B®

JleoHud W. T'peunxuH

Bbenopycckasa rocygapcTBeHHas akagemus asmaumm,
MwuHck, Pecnybnuka benapycb

e-mail: gretchihin@yandex.ru

DOI: 10.5937/vojtehg63-7180

OBJACTb: anekTpoHuka, MaTepuaribsl (MonynpoBOAHNKOBbLIE KBAHTOBbLIE reHepaTopbl)
BWO CTATbW: opurmHanbHasa Hay4Has ctatbs
A3bIK CTATbW: pycckui

Kpamkoe codepxxaHue:

ObocHosaHO obpa3ogaHue KrnacmepHOU pewemoyHol cmpykmy-
pbl 101yNpo8OOHUKOBLIX Kpucmarsioe muna A’B°. [MokasaHo, Kakum
obpasom rpoucxodum Geghopmauusi 3NIeKMPOHHbIX 060/104EK amoMo8
COCMaesHbIX 371IEMEHMO8 Mos1yNPO8OOHUKO80U KpUCMAaIU4ecKol CmpyK-
mypsbl. Ha npumepe kpucmarnos u3 coeOuHeHuUl UHOUS ¢ arieMeHma-
Mmu niamod epynnel mabnuusi MeHderneesa ycmaHo8/1eHO, MexX0y Ka-
KUMU 3Hepaemu4yecKUMU YPOBHAMU peaiulyemcsi eeHepauus rnosy-
MPOBOOGHUKOB020 K8aHMOB020 2eHepamopa. CehopmynuposaHbl mpe-
608aHUsI K MEXHOI02UU U320mMoesIeHUs1 1a3epos8 Ha ocHoge A’B”.

KnitoueBble crioBa: nosynposodHUKO8bIl fla3ep, HaHOKMacmepHbil ypo-
8eHb, 2eHepayus.

["peunxuH, J1., HaHOypOBHEBLIN aHann3 NonynpPoBOAHNKOBLIX KBAHTOBLIX reHepaTopoB TUNa A’B®, cTp. 9-29

BBepneHune

|_|OJ'IyI'IpOBO,D,HI/IKOBbIe Nadepbl LUMPOKO UCTONb3YHOTCA B HAYKe, TeX-
HUKe, MmegununHe, CBA3N 1 gp. Takoe LLINpoKoe npmnmeHeHune O6yCJ'IOBJ'Ie-
HO cnegyrwnMmn nx noNoXNTESNIbHbIMU Ka4eCTBaMU:

1 — KOMNaKTHOCTb, o6ycn03neHHa9| Gonbwnm KOSd)(bMHMGHTOM ycu-

nenus 10* v Gonee;
9D
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2 — koahmumeHT nonesHoro genctend 40% u 6onee;

3 — WMPOKMI AOManasoH reHepupyeMblX WU3MyYeHUn OT BIVKHEro
ynbTpad1MoneToBoro Ao Aanekoro NHppakpacHoro AvanasoHa;

4 — Manasi MHEPLMOHHOCTb, No3BonsoLWas nonyyaTe ObICTPO M3Me-
HSIIOLLIYIOCSl NEPECTPONKY YacToTbl reHepaumm;

5 — MHOrMMKM crnocobammn MOXeT OblTb peanv3oBaHa MHBepCcHas 3a-
CENEHHOCTb: ONTUYecKasl, NIEKTPOHHAS!, SNEKTPUYECKUMU U MArHUTHBIMM
nonsiMu;

6 — cama kpucTannuyeckas MmatTpuua nonynpoBoaHMKa SABMSIETCS ak-
TUBHbIM BELLECTBOM, @ He NPUMECU B OCHOBHOM KpuCTarnse, kak B TBep-
AOTenNbHbIX Nnasepax.

Heobbl4yHble CBOMCTBA MONYNPOBOAHWUKOBLIX JTA3€pOB CTaBAT creay-
IOLLYIO Ueflb: PacCcMOTpeTb, Kak dOPMUPYIOTCS KpUcTannuMyeckme nomny-
NPOBOAHUKOBLIE CTPYKTYPbl, HA OCHOBE KOTOPbIX pearnv3oBaHbl U MOryT
ObITb peann3oBaHbl KBAHTOBbIE rEHEPATOPbl, U1 PACCMOTPETb 3TO HA HAHO-
ypoBHE, 060CHOBAB 3HEPreTUYECKYHO CTPYKTYPY Takoro COCTOSHUS, U Bbisi-
CHUTb C Kakmx 3HepreTM4eckux TepMOB OCYyLLECTBNAETCH nepexon, KOTo-
pbiii onpenenseT resepaumnio OKI™ Ha npumepe kpuctannos Tuna A°BC.

MocTaBneHHas Lenb MOXeT ObITb 4OCTUTHYTa NyTEM pPeLUeHUs crie-
Aylowmnx sagav:

1. O6ocHoBaTb 06pa3oBaHUE KNacTEPHOW PELLEeTOYHOW CTPYKTYpbl
nonynpoBOAHWKOBOrO KpucTanna.

2. Kakne nponcxogdar gedopmalmm anekTpoHHbIX 060no4vek coctas-
HbIX 91EMEHTOB NOMYNPOBOOAHNKOBOWN KPUCTANIMYECKON CTPYKTYpPbI?

3. BbISICHUTb MeXAy KakKuMU 3HepreTUYecKUMn YPOBHSIMU OBYXaTOM-
HbIX MOJIEKYN peannayeTcsl reHepauusi NonynpoBoAHUKOBOIO ONTUYECKO-
ro KBAHTOBOIO reHepaTtopa.

PelueHne noctaBneHHbIX 3a4ayv OCYLLECTBMEHO MyTEM MPUMEHEHUS
ABYX4YaCTUYHON KBaHTOBOM MEXaHWKW, koTopas paspaboTaHa B paboTax
(MpeumxmH, n gp. 2010, ctp.6-33), (MpeunxuH, 2004, ctp.77-108), (Mpeun-
XvH, 2008, cTp.17-46).

3HepI'VIFI CBA3N ABYXaTOMHbIX MOJ1EeKYI1

HenocpencTBeHHbIN 0OMEH BaneHTHbIMW 3NIEKTPOHaAMK Mexay B3a-
UMOAENCTBYIOLMMN YacTMLaMU CO34aeT SHEPrno CBA3N B OMHAMUKE.
[ns ogHOSMNEKTPOHHOM 3agadn MeTof pelleHus 6bin npeanoxeH Lpe-
OWHrepoM, a Afsi MHOrO3MEKTPOHHOW CUCTEMbI 3TOT MeToZ pa3paboTaH
B (Mpeunxun, 2004, ctp.77-108), (Mpeunxun, 2008, cTp.17-46), DoK,
2008, cT1p.376) 1 npeactasneH B 0606LLeHHOM BUaE:

i



2E‘L(5 Ore6 + Ecs 0 elz <
: - , N V_K$
}/_6 rlZ pu
Rl EN R Hy +H,
zNszZ zzZa,kZb,l j '[ £..(E)P. (&) — = |de de, | npur>r,.
=l k=0 1=0 (a) (b) 1+S

(1)

30€ecb r, — paBHOBECHOE PACCTOSAHME MeXAy B3avMOAENCTBYOLLMMM
yactnuamn; N; — 4ncno yactuy, B i- KoopaAnHaLMOHHOW cdepe; K; — KO-

3APPUUNEHT BUOHOCTH; Z:k,Z;, — 3dbpeKkTMBHbIE 3apsaabl B3anMoaen-
CTBylOLNX YacTuu; p, ,(€,), P, , (&) — pacnpeaeneHune aneKTpoHHoM NnoT-

HOCTM BOKPYI CUMOBLIX LEHTPOB B3aMMOLENCTBYIOLWNX YacTul B k-OM U
l-oM 3HeprococTosaHuAxX; Hy 4, Hi 2, 1 S -COOTBETCTBEHHO MHTErpanbl Kyno-
HOBCKNIN, OOMEHHbLIN 1 NEPEKPLITUS.

B noTteHumane Bzammogenctaus (1) Ha pacCTosAHMAX MEHbLUE paBHO-
BECHOro NPUMEHSIETCA aMnMpuyecknii noteHuman JleHHapaa-[xoHca, Ko-
TOpPbIN JOCTaTOYHO YOOBMETBOPUTENBHO OMNUCLIBAET MeXaTOMHble B3au-
MOLENCTBUS, a NPUMEHUTENBHO K MONEKYNAPHbIM cucteMaMm Hanbonee
uenecoobpasHo mcnonb3oBaTb annpokcumMaumo Mopasa:

U(r)=D,[1-exp(-B(r—1,)*) |- D.. (2)

M
3pnecb fB=27mv, |[—;n B CBOW OYepeab OCHOBHasi 4YacTtoTa
2D

e

1 |k
v, = 2\ konebaHus B3aMMOLENCTBYIOLLNX MOneKyn,
V4
| grad (U (r))|
k =——= — koachpuumeHT ynpyroctn, a M — npnBegeHHass macca
r—r,

monekyn, D, — 3aHeprusi cBSi3n OMHApPHOro B3aMMOAENCTBUS 4YacTul
(aHeprus aunccoumauun). NoteHuman (1) npumeHsieTcs, korga Tpebyetcs
NONy4YnTb 3Ha4YEHUE SHEPrnn paspbiBa CBA3W UM IHEPrum guccounaumm.
Mpn aTOM HEeobx0aMMO yunTLIBATL U APYrMe TUMbl GBUHaAPHOro B3anMoaen-

CTBUA.
i

["peunxuH, J1., HaHOypOBHEBLIN aHann3 NonynpPoBOAHNKOBLIX KBAHTOBLIX reHepaTopoB TUNa A’B®, cTp. 9-29
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NoHHas cBA3b B OMHApHOM B3auMOOENCTBUMU
CINOXHbIX YacTuL

PesynbTupytolas BonHoBas (yHKUUS, OMUCbIBaKOLAA KOBaneHT-
HYIO 1 MOHHYIO CBSI3b, MPEACTaBNAETCA Cyneprno3numen BONMHOBbIX (OYHK-
un Buga (KoyncoH, 1965, ctp.426):

\P = \PK()S + A\Puou ’ (3)

roe A — NoCTosiHHasA, 3Ha4YeHNe KOTOPOWN XapakTepuayeT acuMMETPUIO 3a-
pPSAO0BOro pacnpenenenns, T.e., NOMspPHbIA XxapakTep CBA3M ABYX B3au-
MOLENCTBYIOLLNX YacTuL.

B npouecce o6MeHa BaneHTHbIMU aNeKTPOHaMN HEOBXOAMMO YYNUTbI-
BaTb BEPOSITHOCTb NpebbiBaHWA BarieHTHOro 3rekTpoHa BONM3N MOMoXu-
TENbHOro OCTOBa Kaxkaomn u3 yactuy (P; n P,), a Takke BEpOATHOCTb 00-
mMeHa (S) mexay Yactmuamu. Ecnv BaneHTHbIN 3NeKTPOH NepBOn YacTuupl
nepexoamuT KO BTOPOM YacTuue, TO Takoe cobbITMe NPON3oNaEeT C BEPOSIT-
HocTbto (1-P;)S, @ BaneHTHbI 9NEeKTPOH BTOPOM YacTuubl HaxogouTca
BOMM3KN CBOEW YacTULbl U HE NEPEXOAMUT K NEpBON YacTuue obnagaeT Be-
POSTHOCTLIO Py(1-S). Pe3ynbTupytowiaa coBMecTHasi BEPOATHOCTb TaKoro
cobbiTna paBHa (1-P1)S-P,(1-S). AHanornyHas cutyaums peanusyeTtcs,
Korga BaneHTHbIN 3NEKTPOH BTOPOMW YacTuLbl NEPEXOAMT K NEPBON YacTu-
Le, a 9NeKTPOoH NepPBOMN YacTULbl HE NepexoanT Ko BTopon yactuue. Takoe
cobbiTve obnagaet BepoAaTHOCTLIO Pq(1-S)-(1-P,)S. Kak B nepBoMm, Tak u
BO BTOPOM Crny4asix BO3HMKAET MOHHasA cBA3b. OOwas BEpOATHOCTb BO-
3HUKHOBEHWS1 MOHHOW CBA3W paBHa CyMMe 3TUX BEPOATHOCTEN

©=PS-P(1-8)+P(1-5)-P,S. (4)

CJ'IGD,OBaTeJ'IbHO, npu 6VIHapHOM B3anMOAeNcTBUn AByX OOWHaKO-
BbIX YaCcTuu nnm pa3HOMMEHHbIX YaCTuL 3Heprud MOHHOW CBS3U B O6LlJ,eM
Buae onpeaendertca no cbopmyne

2

E,, =-l1-P)P, +(1-P)RIS1-5)——. (5)

4re,r,

HaBepeHHas 3Heprusa cBA3u. B npouecce obmeHa BaneHTHbIMU
3AMEKTPOHAMM MEXAY B3anMOLENCTBYIOLMMM YacTuLaMm BO3HMKAET yBe-
NMYeHHasi MAOTHOCTb 3MEKTPOHHOro obnaka. OTo obnako OTCTOUT OT
nepBon U BTOPOWN B3aMMOOENCTBYIOLLMX HYaCTUL, HA BENNMYMHY KOBaSleHT-
HOro pagnyca, YMEHbLUEHHOMO Ha BENUYUMHY TOMLWMHBI 3f1EKTPOHHOIO
obnaka nepekpbiTuna. Torga:

i



2 * *
€ Zzl Zz 2
122

dre,| n 7

E,, =PBP(1-5)

Hae.

(6)

340ecb r; U r, — paguycbl yaaneHust NepBo U BTOPOW YacTuupbl OT
3 heKTMBHOrO LieHTpa 0bpa3oBaBLLENCA BUHAPHOW YacTULbI.

Tak kaKk aToMbl B CNOXHbIX MOSEKyrax u B KOHOEHCMPOBAaHHbLIX Cpe-
Aax npebbiBaloT B BUAE NOMNOXUTENbHbBIX MIOHOB, 06pa3sys NONOXUTENBHO
3apsKEHHbIN OCTOB, TO OONBLLUMHCTBO WMOHOB COXHbIX aTOMapHbIX
CTPYKTYp 0bnagatT BCTPOEHHbIM AUMOMbHBbIM 3f1EKTPUYECKUM MOMEH-
ToM. Hanu4yve y B3aMmMoaencTByOWUX aTOMOB BCTPOEHHOMO AUMNOSIbHOMO
3NEKTPUYECKOro MOMeEHTa MPUBOAUT K AOMOSTHUTENBHON 3HEPruM CBSA3M
AMEKTPOH-AUNOSMBHOrO N AMNONb-ANNOSIbHOrO B3aMmodencTemin. B aton
cBa3n B pabotax (peumxuH, n gp. 2010 ctp.6-33), (Mpeunxun, 2004,
cTp.77-108), (M'peumxumH, 2008, cTp.17-46) 6Gbina paspaboTaHa KBAHTOBO-
MexaHu4yeckas MeToamKka pacyeTa BCTPOEHHbIX 3NIEKTPUYECKUX MOMEH-
TOB CITOXHbIX aTOMHbIX CUCTEM.

BcTpoeHHble anekTpuyYeckne MOMEHTHI
CMNOXHbIX aTOMHbIX CUCTEM

Bcneacrteue pasHbIX 3HAYEHU CpeaHUX yaaneHnn aNeKTPoHOoB S- p-
N d-COCTOSAHUM UX BOSIHOBbIE (PYHKLMM B3aMMHO MepeKkpbiBatOTCA U BO-
3HMKaeT rmbpuamsaumsi BOSTHOBbIX PYHKUMIN 3TUX COCTOSIHMI (TpeymxmH,
n gp. 2010 c1p.6-33), (MpeumxmH, 2004, ctp.77-108), (MpeumxmH, 2008,
cTp.17-46). Chepnyeckn cuMmmeTpudHasa pyHKUNSA S-cocTosiHus gedop-
MUPYETCS, YTO NPUBOAUT K (POPMUPOBAHNIO BCTPOEHHOIro AUMOMbHOMO
AMEKTPUYECKOr0 MOMEHTa BHYTPU CITIOXXHOW aTOMHOW cuctemsl. Npupas-
HMBas LLeHTPOCTPEMUTENBHYIO cury, obycrnoBreHHy 3akoHOM KyrnoHa,
LeHTpobexHon cune ans o6onx 3NeKTPOHOB C Y4ETOM MX B3aUMHOMO OT-
TanknBaHusa nony4yaem 3HavyeHue KsagpaTa CMeLLeH s

) * 2 2

o _Zie Z, h, __ hy
X = 2 2 =nhn . (7)

my, m)y, nhr, nr,

Mony4yeHHOe 3Ha4yeHue ycpeaHseTcsl No Bcemy ob6beMy KoHdurypa-
LIMOHHOIO MPOCTPaHCTBA 3NEKTPOHHOIO 06aka NepBoro U BTOPOro 3rek-
TPOHOB, @ UMEHHO

nrz(A )" | j Iwzsl vl dedz,. (8)

i
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OTCI'O,EI,a ana eamHN4YHOro CMJ1oBOro UeHTpa nony4dyaem

1 1
-2 —— 22 4 4
X :3847’17’2C1 Cza ,B (0{5'84 +a4—ﬂ5] (9)
rae koacduumnentsl C/C; = %PIPZS; P; 1 P, — BeposTHOCTW npebbiBa-

HUA B3aI/IMO,EI,eI7ICTByI'OUJ,VIX AJNIEKTPOHOB BONIM3K nepsoro n BTOpPOro co-
CTOSIHUS1 aTOMHOW CUCTEMbI COOTBETCTBEHHO; 771 n 172 — cpegHue paguny-

Cbl yAaneHus B3anMOLENCTBYIOLLMX 3NIEKTPOHOB OT si4pa NepPBOro 1 BTO-
pOro 3HEepPreTU4ecKkoro COCTOSIHMS B aTOMHbIX eauHuuax; S — uHTerpan
NepeKkpbITUS B3aMMOOENCTBYHOLLMX NIEKTPOHOB.

Ha ocHoBaHuum (9) ¢ y4eToM npuHumna Maynu n npasuna XyHaa pe-
3YNbTUPYIOLUIA BCTPOEHHbIN 3MEKTPUYECKMA MOMEHT BbIpa3uTCcs B Buae
cnegylowien CyMmbl

Py =€) AR, a A7 =X, —X,. (10)

3HaueHMs1 CMeLLeHMs1 ANEKTPOHHbIX 060MnoYeKk OT LeHTpa atoma M
COOTBETCTBYHOLLME MM 3MEKTPUYECKME AMMONKN ANsi aTOMOB MHAMS, a3oTa
docdopa, Mbiwbsika, CypbMbl 1 BUCMYTa NpUBeAeHb! B Tabn. 1.

Tabnuua 1 — BcmpoeHHbie arnekmpuyeckue MoMeHmb! Oris1 amomoe8 UHOUS U amoMo8
nssmou epynnbl mabnuuysl MeHdeneesa
Table 1 — Incorporated electric moments of Indium atoms and the atoms of Group 5 of the
Mendeleev periodic table
Tabela 1 — Ugradeni elektriéni momenti atoma indijuma i atoma pete grupe
Mendelejeve tablice

OnemeHT OnekTpuyeckuit MomeHT, Kn-m*10™>
NHonn 1p%S; p —-32 - - - pa,e]e:f
d'-s’ dg’-’s2 d*-s’ o-s? o’-s’ ’
9,43 -11,27 6,07 -7,98 1.47
-5 d*-s’ d-s s’ o’-s .
-2,56 0,91 -1,66 0,59 -1,12 Psin
s’ -5 d’-s’ d-s° oo’ 7,2
0,41 -0,78 0,29 -0,55 0,27
pra s P g0’ J"-s?
-0,42 0,19 -0,38 0,13 -0,16
AsoT p-s P P P s Popes
%,382 -7,25 18,78 -17,985 8,68 3,41 )
p -S P3,pes N
-7,715 1,76
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OnemeHT OnekTpuyeckuit MomMeHT, Kn-m*10°°

docop | p'-s -s" | p-s'| pi-sT | p-s P3,pes
131,262 -8,26 12,31 -9,55 12,93 8,48 )
p -S Ps, esP
110,23 B,

MbILLbSAK p-s p -s° p—s' p°-s° p’-s’ P3,pes
%,112 -4,51 6,47 -5,01 5,88 419 .
p -s P, esAS
4,75 259

Cypbma p-s | p-s°] p°=s p°-s p’-s' Pa,pes
%,912 -4,26 5,95 -4,56 5,22 4,14 .
p -s Pa3,pes Sh
4,12 5,49

BMCMyT pl _ SI pl_sé pl_sl pé_sé pd_ SI pay o
53,192 -3,99 5,05 -3,92 4,30 3,52 .
p -s P pes Bi
-3,42 201

McxogHble aaHHbIe, MO KOTOPbIM NPOU3BOAMIICA pacyeT KOBaNeHTHOM K
WMOHHOW CBA3eN NpuBedeH B Tabn. 2. B Tabn. 2 cBeaeHbl 4aHHbIE MO SHepru-
SIM MOHM3aLUmMM u3 cnpasodHvka (babuyes n gp. 1991, c1p.1232) pagumychl
aTOMHbIX opbuTanen B3sTbl U3 cnpaBodHuka (Paguwmr u gp., 1980, c1p.240.),
HegoCTaloLWmMe 3Ha4YeHUs1 ObinnM paccunTaHbl MO MeToay, NPEeAnoXeHHOMY
Cnatepom (peunxmH, 2008, ctp.17-46). ddhdekTBHbIE 3apsabl NOMyYeHbI
N3 3HAYEHWIN SHEPTUA MOHN3ALMM N PaANYyCOB OCHOBHOIO COCTOSIHUS.

OneKTpoH-AMnonbHas cBsA3b B OMHapHOM
B3aMMOAENCTBUM CMOXHbIX YacTuLl

Koraa Bo3HMKaeT [oNs MOHHOW CBA3W, TO O4HA U3 B3aUMOOENCTBYHOLLMX
YacTuL, HeceT oTpuLaTenbHbIA 3apsa, a gpyras Yactuua obnagaet nosno-
KUTENbHbIM 3apsiAOM, KOTOPbIE B3aMOLENCTBYIOT CO BCTPOEHHBLIMU U Ha-
BEAEHHbLIMW ONNONbHBIMU 3MNEKTPUYECKMMN MOMEHTaMK. B aTom criyyae

Tabnuya 2 — VicxogHble AaHHble, HA OCHOBaHMM KOTOPbIX NPOM3BOANIICS pacyeT
Table 2 — Initial data on which the calculation is based
Tabela 2 — Inicijalni podaci na osnovu kojih se vrsi proracun

Bele- MoTeHumnan nepson, CpenHee yoaneHue O pekTMBHbIN 3apag,
cTBa BTOPOW N TpeTben ANeKTpOoHa oT gapa s4pa nepBon, BTOPOK 1
KpaTHOCTV noHu3aumu, B (nepBoii, BTOpon 1 TpeTbel|  TpeTbeln KpaTHOCTU
KPATHOCTY MOHM3aLMK, A NoHM3aLun
=2 =2 63 Ip.1 Ip.2 Is Z; Z> Z3
In 5,78 18,87 | 28,0 | 1.998 | 1,403 | 1,081 | 0,802 | 1,836 | 2,099
N 14,53 29,602 | 47,45 | 0,767 | 0,693 | 0,593 | 0,752 | 1,423 | 1,948
P 10,48 | 19,77 | 30,20 | 1,227 | 1,174 | 1,047 | 0,893 | 1,610 | 2,194
As 9,79 18,59 | 28,4 | 1,355 | 1,281 | 1.215 | 0,920 | 1,652 | 2,392
Sb 8,61 16,53 | 25,32 | 1,562 | 1,477 | 1,401 | 0,932 | 1,693 | 2,460
Bi 7,29 16,70 | 25,56 | 1,660 | 1,572 | 1,493 | 0,838 | 1,821 | 2,647
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YyacTuubl MOFyT MPUTSArMBAOTCA UM OTTanNKMBaTbCsA APYr oT gpyra. Ta-
Kne BO3MOXHOCTM BO3HWUKAKT Kak Ars NepBoW, Tak U Ans BTOPOW B3au-
MOZEWNCTBYIOLLMX YacTuL. B pesynbTaTe BO3HMKAET 3MEKTPOH-AMMNONbHAas
CBSA3b BUAa

e(]%,z + ps,l)

Ee—d :2EB(I_S)S 2
dre,r,

(11)

roe Ps1 W P2 — BCTPOEHHbIE AMMNOSbHbIE ANEKTPUYECKME MOMEHTBI MOHOB
B3aMMOAENCTBYOLNX YaCTULL.

B npouecce o6MeHHOro B3aMMOAENCTBUA MeXay B3auMOLEeNCTBYHO-
LWMMK YacTMuaMm oTpuuaTenbHbIn 3apsa dq B3aumMogencTsyeT ¢ Auno-
NbHBIM MOMEHTOM, Kak NepBoOK, Tak U BTOPOM YacTuy, ocrnabnss GuHap-
HYI0 CBAA3b MEXAY YacTuuamun. QHeprusa Takon GuHapHoOM cBA3M paBHa

d‘J(ps,l + ps,Z)

12
Aze, ] (12)

E_, =2

Hannume BCTPOEHHbIX 3MEKTPUYECKMX MOMEHTOB BO B3avMoaeit-
CTBYIOLUMX YacTULax MNPUBOAUT K BO3HWKHOBEHWUIO AMMONb-AUMNONBHOMO
B3aMMOAENCTBMSA, Kak MONOXUTENbHOro, Tak U oTpuuaTensHoro. B nep-
BOM cryyae GUHapHasi cBA3b ocrnabnsieTcs, a BO BTOPOM cry4ae HaoGo-
poT ycunueaeTcs. Ecnv gunonb-gunonsHoe B3aMMoaencTeme npesbilla-
€T 3NeKTPOH-AMNONbHOE B3aUMOAENCTBIE, TO TOrAa BCTPOEHHbIE AMUMO-
NN B3aMMOAEWCTBYIOLNX YacTUL, BbiCTpanMBalOTCA BOOMb OAHOMO M3 Ha-
npaBneHui, yCUnmnBasa aHepruo CBA3N Mexay YacTmuamMiu.

[nnonb-aunonbHas cBsi3b B 6I/IHapHOM
B3aMMOAENCTBUN CINOXHbIX YacTull

B obwem cnyyae avnonb-gunofisHoe B3aumogencTene B GuHap-
HOM B3anMoAeNCTBUM onpeaensieTcs no opmyne

_ po,lpo,Z

= , 13
oun.—oun. 47[60 r€3 ( )

3pecb ro — paBHOBECHOE PaCCTOsiHWE B KOHAEHCUMPOBAHHOW (hase,
onpeaensieMoe 13 NoTHOCTY BeLLecTBa.

Takum obpa3om, CroxHoe No CBOeW KOHMUrypauum anekTpmuyeckoe
none, chopmMupyemMoe OUNonsiMu1, NPUBOAMT K TOMY, YTO crneayeT y4YnUTbl-
BaTb B3aMMHOE pacrnosioxeHue Aunoren apyr oTHOCUTENbHO Apyra, Ko-
TOpOe onpeaensieTcsi CTPOEHNEM CIIOXKHOIM MOMEeKyrbl UK KpucTanna.
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Ouvnonb-gunonbHoe B3aMMOAEWCTBME B MEPBOM Onwxanwem croe
ocnabnseTcss KpyTUNbHbIMU KonebaHuMsMU 3NEKTPUYECKUX OUMnonen B
nnockoctax XZ wn YZ. OT0 pgBe cTeneHn cBobodbl, MNO3TOMY

E,ppe(D=E,, o+ k;T . Npy B3AMMOAENCTBUN CO BTOPLIM U TPETBUM CIIO-

ammn gobaBnsoTCA elle ABe cteneHn ceoboabl, 06ycnoBneHHble koneba-
HUAMW YacTuL, BeLLeCTBa B NIIOCKOCTU, NEPNEHANKYSAPHON paanycy, co-
eANHAILLEro B3anModencTByoLmMe Yyactuubl. Toraa

E()un,pe3 (2’3) = E()un,O + 2kET " (14)

B kOHOEHCUPOBAHHOM COCTOSIHMM Ha OCHOBaHWUM 3akoHa [tonoHra n
MMTn TennoBas aHeprus pacnpegeneHa no LwecTn creneHsm csoboabl.
MoaTomMy B 3TOM crnyyae

E. . =E,_, +3k,T. (15)

8., pes. c6.,0

I'IonyquHble QHEPINnN CBA3N 6|/|HapHOFO B3aV|M0ﬂeVIOTBVIF| no3BOJ14-

0T onpeaendTtb sHeprmnm guccounaumm AByXaTtOMHbIX MOJEKyrl, S3HEPrno

paspbiBa CBA3N Mexay pa3HbIMU B3a|/1MO,EI,e|7|CTByI'OLU,I/IMI/I YyacTtmnuamu,

QHEPIrnto 6MHapHOVI CBA3N BHYTPU KIACTEPHbIX O6pa3OBaHMVI n 3HEpPrmnto
MeEXKITaCTepPHOro BSGVIMOE,GI;ICTBVIFL

KﬂaCTepHOG CTpOoeHne BelecrtBa

KnactepHasa mogernb KOHAEHCUPOBAHHOIO COCTOSIHUA YETKO onpeaerne-
Ha B pabotax (peuunxuH, 2004, ctp.77-108), (MpeunxuH, 2008, cTp.17-46).
KnacTtepbl SBRSIOTCS MUKPOKpUcTannamn. Takue MMKpoobpa3oBaHus pa-
Hee Habnogann B XXMAKOM COCTOSIHUKM, @ MPUMEHNTENBHO K BOAE UX Ha-
3biBanu accoumatbl (MnuHka 1983, ctp.704) n Habnoganu ux B Buge o6-
nomkoB nbaa. Teepgoe Teno dopmupyetca knactepamu. Mexay kna-
cTtepamu obpasyetcss cBobogHOE NMPOCTPAHCTBO, B KOTOPOM HaxogaTcs
McxoaHble YacTuubl BELLLECTBA, COBEpLUatoLME TPaHCNSUMOHHOE ABWXKe-
Hue Mexay knactepamu. MNNOTHOCTb YNakoBKW YacTul, B KnacTepe coo-
TBETCTBYeT MMOTHOCTM ynakoBku kpuctanna (0,68 — 0,74). MNnoTtHocTb
ynakoBKn CBOBOAHbLIX YacCTuL, BeLeCcTBa B MEXKIacTepHoM obbeme co-
ctasnset 0,44 — 0,47 (EnaHckmia, 1991, cTp.160). 310 akcnepumeHTanb-
HbI dpakT, NOMyYEeHHbIN C NPUMEHEHNEM MeToda MOMEKYNAPHON AnHa-
MUKW COBMECTHO C PEHTTEHOCTPYKTYPHbBIM aHaNIM30M.

BsaumopgencTtaune ¢ nepBor KoopaMHaUMOHHOW ccheport hopmupyeT
KnacTtep ¢ Haunbornee NIoTHOM YyNakoBKOW YacTuy, U ¢ HanbonbLuen aHep-
rmen cBsi3n. OTO OCHOBHOMW KracTep, KOTOPbIN COAEPXKMUT 7 YacTuy, B Cny-
Yae NpocTomn KyGm4ecKkom CTPYKTypbl; 9 Yactuy B criydae 06beMoLeHTpu-

>
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POBaHHOW CTPYKTYpbl U 13 YacTuy, coaepXnTcs B rpaHeL,eHTPUpOBaHHOM
cTpykType. OCHOBHOWM Knactep, B3anmMogencTeys co cBO60oaHbIMY YacTu-
LamMu MexkractepHoro obbema, MOXeT yBenuuMBaTbCH B pasmepax C
MOHWKEHNEM TemnepaTtypbl. QHEPrusa CBSA3N CBOBOAHOM YacTuubl C Kna-
CTEepoM orpenendaeTcs aHeprunen usnmyeckon agresuu, onpenensemomn
0OMEeHOM areKTpoHaMu BTOPOWM U nocnenyoLen KpaTtHOCTEN MoHM3aumm
C BnNWKHUM OKpyXeHneM auyenku agresvn. Npu HU3KMX TemnepaTtypax
cBobOOHbIE YacTuLbl B MeXKnacTepHoM obbeme oTCyTCTBYOT. Mexkna-
CTepHOe B3anmMoOencTBMe YNOTHAET CTPYKTYPY M Torga Kaxaas 4actu-
ua obnagaet aHeprven cBsA3W, KoTopas obycrnosrieHa BCEMW Tunamu
B3aMMOAENCTBUN Mexady YacTuuaMmy BCeX Tpex KOOpAMHAaLMOHHbIX
chep.

Knactep o6bemoLeHTPUPOBaHHOW CTPYKTYpbl NpeactaBnaeT cobon
yeTblpexrpaHHyo 6unpuamy, a rpaHeLeHTpMpoBaHHasa CTPyKTypa — Tpe-
XrpaHHyto 6unpuamy (Mpeunxun, 2008, cTp.17-46), a nx NNOTHasA ynakos-
Ka co3gaeT B KpucTanse COOTBETCTBYIOLLYIO CTPYKTypy. o mepe pacna-
4a MOHOMUTHOIO KPUCTAamNM4eCcKoro COCTOSHUS NPU HU3KUX TemnepaTy-
pax Ha oTAerNbHble KnacTepbl 3HEPrMs CBA3W YacTuL BTOPOW U TpeTben
KOOPAUHALUMWOHHbLIX cdhep CYLLEeCTBEHHO U3MEHHAETCH, HO pacrnofnoXxeHue
YacTuL B CTPYKType OCTaeTCa HEU3MEHHbIM.

KonunyecTBo 4yactuy B Knactepe onpenensieTcs crnegyrowmm obpa-
30M:

4
N, =D WN, (16)
i=1

roe N; — 4yucno Yactuy B / — TOM KoopauHaunoHHou cpepe n W; — Bepo-
SATHOCTb TOrO, YTO YacTuua BELeCTBa CBs3aHa C KIacTepPOM U HE Haxo-
anTcs B cBo60gHOM NpOCTPaHCTBE, CoBepLuas TPAHCISALMOHHOE OBWKE-
Hue. JTa BEPOSAITHOCTb OnpenenseTcs ¢ cnornb3oBaHnem OyHKUUN pac-
npegenexHvs Makcesenna-bonbumaHa.

KonuuyecTBo cBA3aHHbIX YacTuL, B Krnactepe C pOCTOM TemnepaTypbl
NnpakTU4eckn nNagaeT no SIMHEeMHOMY 3aKOHY, a KONM4ecTBO CBOOOAHbIX
YyacTuu, NPUXOASALLNXCS HA OOUH KnacTep, Bo3pacTaeT no NIMHENHOMY 3a-
KoHy (I'peunxun, 2004, ctp.77-108), (M'peunxun, 2008, cTp.17-46).

B pelueToyHOM KnacTepHOW CTPYKType B 3aBUCUMOCTWU OT pacnorsio-
XXEHUS KIacTepoB OTHOCWUTENbHO APYr Apyra BO3HUKAKOT MEXKracTep-
Hble nycToTbl. [Ana MUK cTpykTypbl - 310 nyctoThl 4,051, 3ry, 1,6r,, 0,51,
n 0,3092ry, a pna OUK cTtpyktypbl — 3,63y, 1,6r, n 0,4142r,,. MNycTOThI
4,05r,, 3ro, n 0,3092r, F'UK cTpykTypbl; 3,63r, n 0,4142r, OLK cTpyKTYypbI
nMeroT cpeponganbHyto opMy, a ocTasnbHble NYCTOTbl — LENEBUOHYH
dopMy M pacnorioXeHbl XaoTUYECKN Apyr OTHocuTenbHO apyra (Mpeuyn-
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XvH, 2004, cTp.77-108). (r, — paBHOBECHOE pacCTOSIHNE MeXAy YacTuua-
MU B CTpyKType). PaHee nonaranb, 4yto aTo TpewwmHbl. Hanuuue wene-
BMAHbIX NYCTOT B KpUCTarnme siBNseTcsa NpuYnHOn BO3HUKHOBEHUS OUCTIO-
Kauumn.

B o6meHHOM B3anmogencTBum mMexay Knactepamm y4acTBYHOT CBO-
6oaHble M30MMpPOBaHHbIE YacTULbl BCNeACTBME TPaHCASLMOHHOIO ABU-
XKEHUSA BHYTPU MEXKNACTEPHbIX MyCTOT.

3Hepr|/|;| CBA3UN B NMNJIOTHOYMakKoBaHHOM
COCTOAHNN

Bornbline nycToTbl chepmyeckon popmbl B rpaHeLeHTPUPOBaHHOM
CTPYKTYpe (hOpMUPYIOTCA NATLIO KNactepamu, a B 06bEMOLEHTPMPOBAH-
HOWM CTPYKTYype — LWecTblo Knactepamu. Paguyc Gonblion cdhepuryeckon
nyctoTbl coctaenseT 1,5-2 HM. MuHMMarnbHbIA pa3Mep 4acTul, HanomnHu-
Tena cdepuyeckon popmbl, KOTOpble AOCTATOMHO ObLICTPO 3aMONHANT
cheponganbHble NycToTbl BOMbLWOro pasvepa, Ana 60nbWMHCTBA BeL-
ectB coctaBngaet 3-5 HM. B pesynbrate o6pasyroTcs MOHOMUTHbIE Ya-
CTUUbI, KOTOpble 06nagatT BCEMU CBOMCTBAMU KOMMO3ULMOHHOIO Kpu-
cTanna v, B3aumogencTeysa apyr ¢ Apyrom, (GopMmUpyoT OTAENbHbIE KpU-
cTannuyeckne 6noku pasamepom 10-Tb 1 Gonee HM.

Mpn NOHWXEeHMN TemnepaTtypbl NOpPUCTas CTPYKTypa HUBENUPYETCS,
KnacTepbl Mcyes3alT, U obpasyeTca MOHOMWUTHas NMOTHOYNakoBaHHast
CTPYKTypa. OTO NPUHUMNMANbLHO OTNMYaeT MIOTHOYNakoBaHHOE COCTOSI-
HMEeM OT TBEpOoro Tena C KpucTannuyecknum ctpoenunem. Npouecc ncye-
3HOBEHUSI KIAcTEPHbIX 06Pa30BaHUI C MOHMKEHMEM TeMnepaTypbl AKCne-
pUMeHTanbHO ycTaHoBmneH B pabote (MakoroHtok, 2009, cTp.183-184).

MnoTHoynakoBaHHOE COCTOsIHME BO3HMKaEeT AN MHOMMX TBEepAbIX
Ten B6nM3n abcontoTHOrO Hyns Temnepatypbl. B aTom cnyyae nameHs-
OTCSA SNEKTPUYECKNE U MarHUTHbIE CBOWCTBA, BO3HMKAET CBEPXMNPOBOAW-
MOCTb, BO3pacTalT MexaHW4Yeckne CBOMCTBA, U3MEHSIIOTCS TensoBblie U
ONTUYECKME CBOWCTBA.

McKkyccTBEHHO NNOTHOYMNAKoBaHHbIE CTPYKTYpbl CO3AaloT MyTeM Ha-
HECEHWUs1 NOBEPXHOCTHO aKTMBHOIO MOKPLITUS U3 aTOMOB, MOJEKYS Uu
KnacTepoB. B aTom cny4yae Ha KnacTepHbIX CTPYKTypax BHayane npowc-
XOOWT 3anofiHEHNE OTKPbITbIX MEXKAaCTEPHbLIX MYCTOT, OCHOBHOIO MaTe-
pvana, a 3ateM (OPMUPYHOTCA MOHOCION, KOTOPbIE CBSI3aHbl MeXay Co-
6ol AUNonb-AMNONbHLIM B3aMOOENCTBEM BOOMb NMOBEPXHOCTU U HOP-
MarnbHO K MOBEPXHOCTU. Takoe pacrofnioXeHue MOSekyn NpUBOAUT K
NNOTHOMY MOHOSNIUTHOMY OGpPa30BaHWIO C 3HEpPruen cBs3M BAOMb MNO-
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BEPXHOCTW, MPEBOCXOASLLEE IHEPTUIO CBSI3N HOPMAarnbHO K MOBEPXHOCTM.
MoBEPXHOCTHO aKTMBHOE BEeLLEeCTBO HaHOPa3MEpPHOro YPOBHS Ha TBep-
[0 NOBEPXHOCTU KOHCTPYKLMOHHOIrO MaTepuana npeacraensiet cobou
Mo CyLLEeCTBY HOBOE arperaTHOe COCTOSIHME C HEOObIYHbIMU DU3MKO-XU-
MUYECKUMW, MEXAHUYECKUMU, TEMMOBbLIMU, INEKTPUYECKUMU U MarHuT-
HbIMW CBOMCTBaMM.

MNoTHOynakoBaHHOE COCTOSIHME MOXET BO3HWKATb U NPW BbICOKNX
Temnepartypax. Hanpumep, npn oxnaxaeHum XUaKoCcTu Unu Npu nnactu-
yeckon gedopmauun. NMog AENCTBMEM CUIT NOBEPXHOCTHOINO HATSHXXKEHUSN
KnacTtepbl, obnagarowmne AUNosnbHbIM 3NEKTPUYECKUM MOMEHTOM, BbIC-
TpanBalTCs BOONb OAHOrO M3 HanpasneHun. Moatomy B npunosepx-
HOCTHbIX CITOSIX 3HEPrusa CBA3WN Ha OAHY YacTuLy BO3pacTaeT Ha BENUYu-
HY 3NEeKTPOH-AMMNONBHOIO N ANMONb-ANNONIbHOro B3ammoaenctaems. Mpu-
CYTCTBME TaKOro Criosi 0COOEHHO XOPOLLO NposiBNsAeTca Ha aecdopmaun-
OHHbIX KPMBbIX XPYMNKMX MaTepuarnos, 3HEPrUsi CBA3M Yy KOTOPbIX onpeae-
naeTcs NPeMMyLLECTBEHHO AMNONb-ANNONbHBIM B3anmogenctavem (IMpe-
4nxuH, 2004, ctp.77-108), (Mpeunxun, 2008, cTp.17-46).

B npouecce HaHECEHUSI YNPOYHSIOLLMX NOKPLITUIA BbINO 3ameye-
HO, YTO C POCTOM TOJILUMHbI, MOKPLITUE OTCranBaeTCs OT OCHOBHOMO Ma-
Tepuana, Torga Kak npu ManblX TOMLMHAX MPOUCXOAUT 3aMeTHOe WX
ynpoyHeHuve. Korga atoMbl, MOMeKynbl YIPOYHSIIOLWEero Matepuana obna-
[Aal0T BCTPOEHHbIM 3MEKTPUYECKUM MOMEHTOM, TO OHM Ha MOBEPXHOCTU
OCHOBbI BbICTpamnBatoTcsi, Tak, YTobbl Oblna peannsoBaHa MakcMMarbHas
CBSI3b C OCHOBOW W MexAay 4acTuuamMmyv HaHEeCEHHOro MOBEPXHOCTHOro
crnosi. B atom cnyvae aHeprusi B3auMOAENCTBUS MexZy 4YacTuuamu
onpeaensieTcs NPeMMyLLECTBEHHO HAaBEAEHHOW, 3MEeKTPOH-AUMNONbHON U
AVNONb-OUMNONbHOM CBSI3siMU. B pesynbTaTe BO3HMKaET MIOTHOYMaKo-
BaHHbI croit. Mo Mepe pocTa TONWMWHLI HOPMarbHO K MOBEPXHOCTU CBSI-
3b Mexay 4Yactuuamu ocrnabeBaeT U B NSOTHOYMNakoBaHHOM Croe Hauu-
HalT gopMupoBaThbCcs KracTtepbl. MexknacTepHoe B3auMoOencTeme
pes3ko NafaeT Kak C OCHOBOW, Tak U MeXay KnactepamMu rnoBepXHOCTHOro
crosi. Bcneactere 3T0ro npomcxoauT oTcnanBaHme.

B cnyyae nonynpoBOAHUKOBbLIX fla3epoB caM KpUcTanmn ssnseTcs
aKTUBHOW cpefion, a BBeAeHWe npumecen NpuBoAnNT K 3aMeTHOMY pacce-
SAHUIO NasepHOro UsnyyYeHns Ha MUKPOHeoAHOpoaHOoCTAX. [oaTomy Ha-
LLUNK BbIXOA B TOM, YTO CTanu cosgaBaTth MNOMyNnpoOBOAHUKOBLIE MIEHKU, B
KOTOpbIX KNacTepHble CTPYKTYpbl elle He co3faHbl U OTCYTCTBYHOT Me-
XKNacTepHble NycToTbl. ATO HAHOYPOBEHb, a, CriedoBaTerbHO, NPU U3ro-
TOBMNEHMM MONYNPOBOAHMKOBLIX Jla3epOB UCMONb3YTCA HAHOTEXHOMO-
rn.
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Tabnuya 3 — 3Ha4eHns 3Heprumn CBA3W B pasnuyHbIX TUNax B3anMOAENCTBUA aTOMapHbIX
YacTuL, BENMYMHA ANMNONBHOIO 3MIEKTPMYECKOr0 MOMEHTa U SHEPTUS MOHU3aLMK
obpasytoLenica Monekyrsbl U Nx KO3PMULNEHTLI YNIPYrocTu
Table 3 — Terms for energy bonding in different types of atomic interactions, the magnitude of
the electric dipole moment and the ionisation energy during the formation of molecules as well
as their coefficients of elesticity
Tabela 3 — Oznake energetskog povezivanja u razlicitim tipovima interakcija atomskih
Cestica, dimenzija elektricnog dipolnog momenta i energija jonizacije pri stvaranju mole-
kula, kao i njihovi koeficijenti elasti¢nosti

BaaumogewncTByoLmne Yactuubl
Mapamerpol In-N In-P In-As In-Sb In-Bi
re, A 2,038 2,427 2,575 2,681 2,854
Eyos., 3B -2,800 -1,505 -1,254 -0,800 -0,580
Euon, 3B -0,352 -0,179 -0,135 -0,085 -0,065
Eiaee0., 9B -0,262 -0,319 -0,402 -0,409 -0,606
Eq.5,9B 0,583 0,515 0,443 0,456 0,426
Es.s, 9B 0,168 0,175 0,123 0,104 0,073
Epes, 3B -2,661 -1,31 -1,23 -0,73 -0,75
P,, Kn-m-10% 5,44 4,11 4,61 4,71 5,10
6, aB 10,4 8,19 7,83 7,21 6,54
Kynp, HIM 395 183 141 115 85

AEyon, 3B 0,091 0,044 0,028 0,022 0,017

YTo6bl NOHATL BCHO AMHaMUKY paboTbl MOMynpoOBOAHWKOBOrO nase-
pa, Ha4oO YeTKO NPeAcTaBnsATb Kakne B3aMMOLENCTBUS BO3HUKAKOT Me-
XOy Yactvuamuy, KoTopble co3[atoT KpUCTanfMYecKyto CTPYKTYpy nosny-
NPOBOOHUKOBOrO nasepa. KOHKEeTHO paccMOTpUM, Kak (hopMUpYHOTCS
OvHapHble MOneKyrnbl TMna A®B°, a umeHHo InN, InP, InAs, InSb 1 InBi.
[na Bcex aTOMOB MNEpPEeYUCIIEHHbIX MONEKYN BCTPOEHHble AWMOSbHbIE
3ANEeKTpUYECcKNe MOMEHTLI NpMBELEHbI B Tabn. 1.

Ha ocHoBaHUKM gaHHbIX Tabn. 1 u 2, BbINOMHEH pacyeT 3HEepPrun cesi-
31 BCEX NepeYUCIEHHbIX ABYXaTOMHbIX Mosiekyn. [ony4yeHHble 3Ha4YeHus
COOTBETCTBYIOT SHEPTUAM OMCCOLMALINN. PesganaTu cBefeHbl B Tabn. 3

B npouecce obpasoBanus monekyn A’B° koBaneHTHast CBS3b ABMS-
eTcsa onpeaensoLlen, kotopas obycnosrneHa o6MeHOM BaneHTHbIX drekK-
TPOHOB B3aMMOOENCTBYIOLIMX aTOMOB M uUX 0BobLieHnem B Morekyne.
OHeprusa MoHU3aumn ns MOneKkyn Bbllle 3Heprum MoHM3auun atoma uH-
OVNS U He NpeBbllaeT 3HEepPruo MoHn3aumMm atomoB V-oin rpynnbl Tabnm-
ubl MeHgeneesa. [103TOMYy B paCCMOTPEHHbIX ABYXaTOMHbIX MOJeKyrax
NMHOMI NpebbiBaeT B BUAE NONOXUTENBHOrO MOHA, a atombl V-oi rpynnbl
Tabnuubl MeHgeneeBa — B BUge HenTparnbHbIX aTOMOB. [1oaToMy Ha puc.
1 nokasaHbl aHepreTnyeckne ypoBHU A1 MOHA UHOUS U HENTPanbHbIX
aTOMOB OCTarbHbIX 3fIEMEHTOB.

MNony4eHHble pacyeTHbIM NyTeM KOIMUUNEHTBI YNPYrocTn NO3BOSN-
nv onpefenutb BeNUUYNHY KonebatenbHbIX YPOBHEN SHEPTUN B KaXKOOW MO-
nekyne. 3HavyeHnsi KO3PUUNEHTOB YNPYTrOCTM U SHEPTUIA MEXAY ABYMsI NO-
crnegoBaTenbHbIMU KonebaTenbHbIMM YPOBHAMU NPUBEAEHDbI B Tabn. 3.

o
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KonebatenbHble ypOBHW 3HEPrMM OOCTATOYHO GrM3KO pacnonoxe-
Hbl U 3TO no3sonuno ans monekyn InN n InP ocywecTButb ahekTnB-
HYI0 PE30HaHCHYI nepekayvky 3Heprum OT BO3OYXKOEHHbIX 3NEKTPOHHO-
konebarenbHbIX YyPOBHEN K BO3OY>XAEHHbIM OYONEeTHbIM HEYETHbIM YPOB-
HAM SHEpPrnin 2P s %Py, KOTOPbIX MPONCXOANT pa3peLLeHHbIN Nepexoq

TONMBKO Ha HuKernexalme AybneTHble YeTHble yposHu Dy, u *DJ,

o 4 0
aTomoB a3oTa u ocdopa. OCHOBHOWM YypOBEHL 3TUX aTOMOB S5, . Tpo-

MHOW 3anpeT Mo CMnuHY, YeTHOCTU U a3uMyTanbHOMY KBaHTOBOMY YMUCITY
He nossonseT 6ecnpenaTCTBEHHO BanieHTHbIM 3NEKTPOHaM MepexoauTb
Ha OCHOBHOW ypOBEHb 3HEPrnm atoMoB asoTa u docdopa. YTobbl pea-
nusoBanacb reHepaumsi, He06xo4MMO UMETb NepBOHaYarnbHbIN CMNOHTaH-
HbI Nepexon, KoTopbi 6bin Obl pa3peLueH npasuamm otéopa.

B paccmaTtpuBaeMoM criydae CNOHTaHHbIN Nepexos MOXET BO3HUKHYTb
KaK MarHUTHbIA OUMOSbHBLIA UNW ANEeKTPUYECKU KBaapynonbHbIA. M3BecT-
Hbl1 HeMeuKkui pusuk LLTepH npeasuaen, a BbIMNOMHEHHbIN KOHKPETHbIN
pacyeT B (peunxvH, 1970, cTp.75-80) nogTeepamn, YTO MarHUTHOE AMMOo-
NbHOE U 3NEKTPUYEcKoe KBaapynorbHOe n3nyvyeHne BO3HUKAET B TOM CIly-
Yyae, Korga Ha nNpoCTpaHCTBE aToMa BO3HWKaeT CUMbHOE B MepBOM criyyae
Heo4HOPOAHOEe MarHWTHOe rosie, a BO BTOPOM Cry4ae CUSbHOe HeOOHO-
poaHoe anekTpuyeckoe nomne. KOHKpeTHO B ABYXaTOMHbIX MOMNEKyrnax MOH
OQHOro M3 aTOMOB Ha NPOCTPAHCTBE HEUTParibHOro aTomMa co3gaeT MOLL-
HOe HeOAHOPOAHOE 3reKTpudeckoe nomne, KoTopoe U CHUMaeT 3anpeT Ha
nepexoq Mexay YeTHbIMU UM HEYETHLIMU YPOBHAMW SHEPTU aTOMHON CU-
CTEMbI C USMEHEHMEM a3nMyTarnbHOro KBAHTOBOro umcna AL = + 2.

3anpet no cnuHy cHumaeT (J-J)-cBsaAsb. PeanbHO, ocobeHHO ansd
aToMOB C H6oNbLUIMM 3HaYeHNEeM 3apsaa aapa, IHeprus CBA3N BaneHTHO-
ro anekTpoHa onpegenseTcsa kak HopmanbHoW cBsA3blo Paccena-Cayh-
aepca, Tak un (J-J)-ceasbto. Hebonbliaa npumech (J-J)-CBA3N cHUMaeT
3anpeT no CNuHy Ha CMOHTaHHbIN Nepexod ANnA AWUMOSbHOro 3neKTpuye-
CKOro msnyyeHusi. B pesynbtate nepBoHavanbHbI (POTOH MOXET CMOH-
TaHHO BO3HWKHYTb M MPOM3ONOEeT reHepauns Ha nepexoge C 3anpeTom
Mo CMWHY, YETHOCTU U a3numMyTaribHOMYy KBAHTOBOMY YUCHTY.

Mpy BO3HUKHOBEHUM TeHepauun peanusyetcsl criefytollasi cuTyauus.
BaneHTHbI anekTpoH NpebblBaTe B OCHOBHOM COCTOSIHUM HEATPAaribHOro aTto-
Ma He MOoXeT. B Morekyrne oH JOoImKeH HaxoauTbCst B COCTOSIHUM C SHEpPrUei,
PaBHOW 3HEPTN MOHM3ALWMN MOMEKYrbl. YTOBbI 3TO NPOU3OLLISIO, HEOOXOAMMO
NepeBecT BarneHTHbIN 3MEKTPOH M3 OCHOBHOTO COCTOSIHUSI HEWTParibHOro

aTomMa B OCHOBHOE COCTOAHUE HeVITpaﬂbHOIZ MOInEeKyIbl. 3Ty SHEPIrno rnocrta-

BNSiET paapeLUeHHblii nepexon “Ds .5, — P55, KOTOPbIA JaeT nanyde-

HVe B aTomax a3oTta u hocdopa B KECTKOM ynbTpadunoneTosomn obnacTu.

&>
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Puc. 1 - MNpumepHasa cxema YpoBHEN SHEPTUI B ABYXAaTOMHbIX MOJIEKyrax Tuna A*B®
Figure 1 — Approximate schematic presentation of the energy levels in A’B® diatomic molecules
Slika 1 — Priblizna Sema energetskih nivoa u dvoatomskim molekulima tipa A’B®

W3 puc. 1 cnepyer, 4to B monekynax InAs, InSb n InBi paccmoTtpeH-
HbIN MEXaHN3M BO3HWKHOBEHUS reHepaumn ans monekyn InN u InP He mo-
XeT ObITb peanu3oBaH, Tak Kak pe30HaHCHbIN Nepexoq SHepPrum Ha YpOBHU
P 1 2Py, OT BO3GYX/IEHHBIX MOMeEKYN He BO3HUKAEeT BCreacTBue 6orb-
LLIOW pa3HOCTK SHeprun mexagy HuMK. B monekynax InAs, InSb u InBi peso-
HaHCHbIN Nepexoq 3HEePrun oT MOMeKysbl K HeMTparbHOMY aTOMy MPOUCXO-
QVT Ha BbICOKOBO36YX/EHHbIE M30NMPOBaHHbIe YpoBHM TvNa *D wunn * F |
C KOTOPbIX Ha HWXenexXaluue ypoBHU Nepexos 3aTpyaHeH, a BbIHYyXOeHHOoe
N3MyYeHNe Ha YpPOBHU 3Hepruii P BecnpensTcTBeHHo peanusyeTcs. Pa-
3HOCTb SHEpPruii Mexay BbICOKOBO3OY)KAEHHbIMU YPOBHSIMU [0OCTaTOYHO
Manas, no3ToMy reHepauus 4N 3TUX MOreKyn BO3HUKAET B MH(PPaKpacHOM
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obnactu. na monekynbl INBi pasHOCTb 3HEPrUin He3HaUYUTENbHas, a C yye-
TOM 3HEepruM BpaLLeHUs BCEe 3HepreTnyeckne ypoBHM 06pasytoT CrfOLLHYHO
obnacTtb 3Heprumn ¢ pasHbiMm cnnHamun. B pesynbTaTe reHepauuio nonyunTb
Ha 3TOM MOMeKyne B HOpMarsbHbIX YCIOBUSIX HE BO3MOXHO. Ecnn n MoxHO
Mony4YnTb reHepaumio, To Npu TemnepaTypax 6rnmskux K abContoTHOMY Hyr-
0 B Janekon nHgpakpacHom obnactu.

CnepoBaTernbHO, B NOMynpoBOAHMKOBBLIX KBAHTOBbLIX reHepaTopax
BO3HUKaeT KpyroobopoT aHepruun, KOTOpYK MOoreKkyna noryyaeT OT BHe-
LUHEero UCTOYHWMKA, a BHYTPU MPOMCXOOUT Takoe npeBpalleHne, YTo no-
3BONSAET nony4yaTb reHepaumio. [1oaToMy KBaHTOBbLIN reHepaTop cnegyeT
paccMaTpuBaTb Kak OTKPbITYIO HEpProcMcTemMmy, Kotopasi YepnaeTt aHep-
ro u3BHe U npeobpasyeT ee B BUAE BbIHYXOEHHOIO U3IyYeHus, KOTo-
poe obnagaet cneundpmyeckumm ceoncTtBamu. Kakum TpebGoBaHUAM
AOIMKHa yOOBNETBOPATb Takasi OTKpbITas aHeprocnuctema, 4tobbl oHa pa-
6oTana ¢ MMHUMarbHbIMKM NOTEPSIMU, T.e., YTOObl OHa no3Bosnsna npeo-
Opas3oBbiBaTb OAUH BUL 3HEPTUKN B OPYron ¢ MakcumMarsbHbIM Koadhduum-
eHTOM NpeobpasoBaHusl, HEOGXOANMO BbISCHUTB.

OHeprusi CBA3W MeXay aToMamu, MoreKynamu
M KnacTepaMu B MOMYNpOBOAHUKOBBIX
maTepuanax Tuna A°B°

Bce OByxaTOMHble MOMeKyrnbl Tuna A’B® o6nagatot BHYTPEHHUM
aneKkTpu4eckMm MoMeHToM. MoaTomy B npouecce GMHapHOro B3ammoge-
NcTBMS Mexxay cobon B KnacTepHbix 06pa3oBaHuAX crnegyeTt yuuTbiBaTb
KOBaneHTHYI0, MOHHYI, HaBeOEeHHYI0, 3NEeKTPOH-AUMOMbHYI U AUNOSb-
OUNONbHYI cBA3N. cxoaHble JaHHbIe, MO KOTOPbIM NPOU3BOAUNCS pac-
4yeT KOBaNeHTHOW U MOHHOW CBSA3EeN, NpMBeaeHbl B Tabn. 4.

Tabnuuya 4 — VicxogHble AaHHble Ans pacyeTa GUHapHON CBA3U MONEKYN BHYTPU Knactepa
Table 4 — Initial data for calculating the binary binding of molecules inside the cluster
Tabela 4 — Inicijalni podaci za izraCunavanje binarnog povezivanja molekula unutar klastera

Mone-kyrt opanonpe % OHepaust
ei,1, 3B ei,z, 3B r1, A I, A Zl Z; CSFI3U, 3B
InN 10,4 30,10 2,195 1,238 1,583 2,583 -1,01
InP 8,19 23,73 2,412 1,44 1,370 2,370 -0,778
InAs 7,83 20,64 2,481 1,64 1,347 2,347 -0,747
InSh 7,21 18,89 2,559 1,74 1,279 2,279 -0,690
InBi 6,54 16,99 2,627 1,86 1,191 2,191 -0,755

O6LWwmin pacyeT BbLIMNOMHEH B TPEX pa3HbIX MOMOXEHUSX MOJeKyn
APYr OTHOCUTENBHO ApYra, Kak 3TO Noka3aHo Ha puc. 2.
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Puc. 2 - Pa3Hoe pacnornoxeHue AByxaTOMHbIX MOIEKY OTHOCUMTENBHO APYr Apyra B KnacTepe:
a) — aHTUNappanernbsHoe; 0) — nocrnegoBaTenbHOE; B) — TPEYrofibHOe
Figure 2 — Different positions of diatomic molecules in the cluster:
a) antiparallel  b) linear c) triangular
Slika 2 — Razli¢iti polozaji dvoatomskih molekula u klasteru:
a) antiparalelni, 6) linearni, B) trougaoni

[ns Bcex mMonekyn SHeprus CBS3WN NpevMyLLEeCTBEHHO onpeaenseTca
B3aVMHbIM HaBeJeHVeM 3apsaoB, T.e., MO CyLecTBY B3aUMHOW nonspusa-
uven. Takas JocTtaToyHO 6Gonbluasi SHeprusi CBSA3W Mexay Mornekynamu
NPUBOAMUT K UX B3aUMHOW Koarynsumu. Baanmogencrane AnNonbHbIX arek-
TPUYECKUX MOMEHTOB cocTaBnsieT He 6onee 5% oT obLien aHeprum CBA3W.
OnNeKTPOH-AMNOsbHOE B3aMMOAEeNCTBME B3aMMHO KOMMEHCUPYETCS.

B nonoxeHun (B) puc. 2 peanusyetcs Hanbornee NnoTHasi ynakoBka C
rpaHeLLeHTPUPOBaHHOW CTPYKTYpoW knacTtepa. [pu pasorpese Takou Kna-
CTep He pacnagaetcs BnfoTb Ao Temnepatypbl ~ 10000 K. OcHoBHoN kna-
CTep B 9TOM cnydae cogepxut 21 monekyny. Pasmep knactepHom CTpyKTy-
Pbl COCTaBNAET ~ 3. (Fapy — IPDEKTUBHBIN paanyc Monekynbl). B tabn.
4. ahheKTUBHBIN paguyc Morekysbl 0603Ha4eH kak ry. Pasmep knactepHon
CTPYKTYpbl COCTaBNSAET OT 2,6 Ao 3,2 HM. Takoro e pasmepa BO3HUKaOT
MeXKIacTepHble MyCTOTbl, KOTOpble CYLECTBEHHO MPEnATCTBYIOT MPOXO-
XOEHWUIO MO TakMM CTPYKTYpaM OMTUYECKOro u3nyyeHus. YTobbl 3TOro He
NponCcXoamrno HeobxoaMMo BOCMPENATCTBOBATb BO3HWKHOBEHWIO KracTep-
HbIX 06pa3oBaHUin B NOYNPOBOAHUKOBLIX CTPYKTypax. Moatomy npu u3ro-
TOBMEHMN MONYNPOBOAHUKOBLIX NasepHbIX CTPYKTYp credyeT co3faBaTb
TOHKME cnou He Bonee 3-10 HM, 1 yoepkuBaTb 06pasyHOLLYHOCS MIIEHKY OT
CBOpaYnMBaeMOCTU B KrnacTepHble obpasoBaHus. [1na aToro nineHky cnegyet
HaHOCUTb Ha MOAJIOXKKY, C KOTOPOW ABYXaTOMHble MOMeKynbl obnaganu ool
xopowuen dusndeckon agresven. [loaTomy B kadecTBe NOOSIOXKKA criegyeT
NCNonb30BaTb NPEMMYLLECTBEHHO ONANEKTPUKA. Yem BGonblue peannsyeTcs
3HEeprus CBs3N, TeM TOMLE CMON reHepupytoLLero BeLecTsa MOXXHO HaHo-
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CUTb Ha MOAMOXKY N OCYyLLEeCTBUTbL Bonee MOLHBIN reHepaTop. Kpome aTo-
ro HeobxoaMMO BblAEPXKMBATL YCIOBME: MakCUMaribHbIA pasMep AByXaToM-
HbIX MOMEeKyn nosynpOBOAHUKOBLIX MaTepnanoB OOMKeEH ObITb CoOnsMeprm
C MUHMMAasbHBIM Pa3MepOM MOSIEKYSTbl OCHOBBI.

PasmepHoMy ycrnoBuio yOoOBREeTBOPSAIOT KpUCTansbl rMMHo3ema U
KpeMHe3ema. [103ToOMy paccMOTPUM NPOLIECC, KakOM BenUYnHOM ousun-
YecKoM afresmn Ha MOBEPXHOCTWU rfMHO3eMa obnagatoT ABYyXaTOMHble
monekynbl Tvna A°B®.

Agresna monekyn tuna A°B® Ha NoBepxHOCTY
Kpuctanna rimHosema

B6nusn TemnepaTtypbl MraBneHus Kpuctannos rnvHosema (2323 K)
nog AencTBUMEM CU NOBEPXHOCTHOMO HaTsXKeHWs BOOMb MOBEPXHOCTU BO-
3HUKHYT HUTUEBUAOHbIE CTPYKTYPbI NyTeM BbiCTpamBaHus monekyn Al,Oz apyr
3a gpyroMm. [Npu peskom OxnaxaeHWM TakoW MOBEPXHOCTU KracTepHble
CTPYKTYPbl HE BO3HUKHYT, U MOBEPXHOCTb KpUCTanna rmmHo3emMa OCTaHeTCs
B BuAe NrOTHO PacrnonoXeHHbIX HATEW, BHYTPU KOTOPbIX areKTpudeckie au-
NOSibHbIE MOMEHTbI PacnonoXeHbl AuaMeTpanbHO NPOTUBOMOSIOXKHO. Takas
HepaBHOBECHasi CUCTEMa CO BpeMeHeM JerpagupyeT 1 nepengeT B paBHO-
BECHOE COCTOsIHWE BCrieacTBne 06pa3oBaHNUst KNacTepHbIX CTPYKTYP. HUToObI
3TOr0 He NPOUCXOAUNO, HEOBXOAMMO Ha MOBEPXHOCTb KpUCTanmna rivHose-
Ma HaHeCTW CroW BeLeCcTBa, MOSEKy bl KOTOPOro MMenn Bbl AHEPruo CBSA3N
fonbLuyto, YeM 3TO Heobxooumo Ans 06pasoBaHWs KNacTEPHLIX CTPYKTYP
rnuHo3emMa. Takyro ponb AOMKHbI BbINOMHATL MOneKynbl Tuna A'B°.

Puc. 3 — lNMpumepHas mogesnib B3aMMogencTBna Mosiekyn tmuna ABS ¢ HUTUEBUOHOWN
CTPYKTYPOW Ha NOBEPXHOCTY FMUHO3EMA
Figure 3 — Approximate model of the interactions of an A®B® type molecule with a fibrous
surface structure of aluminium-oxide
Slika 3 — Priblizni model interakcija molekula tipa A®B® sa vlaknastom povrSinskom
stukturom aluminijum-oksida
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Ha puc. 3 nokasaHa mogenb B3anmogencTems mMonekyn tuna A’B° ¢
HUTUEBUOHON CTPYKTYpon, coctosiwen m3 monekyn AlOsz;. YuntbiBas
NPUHLUN CYyNeprnosnLnmn anekTpu4ecknx nosnemn, nonyvyaeTcs, 4to onvxka-
Nwmne gpyr K gpyry anekTpudeckne Qmnosnm oCHOBbI U aacopOmpoBaHHbIX
YyacTuL, onpenensitoT aHepruo agcopdbummn. Ha ocHoBaHuM puc. 3 3Hep-
rs CBS3N C OCHOBOW onpedenseTcst aNeKTpOoH-ANNONbHLIM U UNOSb-AN-
NosibHbIM B3auMOLEeNCTBMEM MOSIEKYN TUna A®B® ¢ gunonbHbIM ANeKTpu-
yeckum MomeHToM morekynbl AlO. [octaTtoyHo rpyObii pacyeT gaet
cnegytowme 3HadeHns: InN-AIO — 0,414 3B; InP —AIO — 0,407 aB; InAs-
AlO — 0,289 aB; InSb-AIO — 0,250 3B u InBi-AlO — 0,200 aB. OencrtBute-
NbHO, 3Heprnsa U3NYEecKon aaresanm AOCTAaTOYMHO 3HauuTenbHasd 3a uc-
kntodeHnem InBi-AlO. OT10 obecneuymBaeT HagexHy CBA3b agcopbupo-
BaHHbIX MOJSIEKY/ Ha NMOBEPXHOCTM KpUCTanna rnmMHo3emMa npu temnepa-
Type ero nnaeneHus. Monekynsl InBi Ha nognoxke rnnHosema npu Tem-
nepaTtype ero nnaeneHust He cMoryT agcopbupoBaTbes. [oatomy gng In-
Bi He peanuayeTtca agcopbuma n kombmHaums smga InBi-AlO He no3Bo-
nsieT peanua3oBaTtb KBAHTOBLIN reHepaTop.

3aknyeHue

Takum obpas3om, Ha OCHOBaHMM MNPOBEOEHHOro TeopeTUYeCcKoro
aHanu3a pasnu4HbIX TUNOB B3aumogencTBuii Monekyn tuna A’B° Ha no-
BEPXHOCTU KpucCTanna rfvHo3eMa MOXHO KpaTko cdopMynupoBaTb
OCHOBHbI€ NOoMy4YeHHble pesynbTaTbl cnegyrowmm obpasom:

1. FeHepaumsa B NonynpoBOAHNKOBLIX Nlazepax Ha ocHose INN n InP pe-
anuayeTca Ha nepexogax ‘D52 — *S%;, ¢ TPOMHLIM 3aNpeToM No YeTHO-
CTW, CNIWHY N a3uMyTaribHOMY KBaHTOBOMY YMCIY Ha HeMTpasnbHbIX atomax
asoTa un goocchopa B obnactu anvH BorH 520 1 880 HM COOTBETCTBEHHO.

2. leHepaumsa B NonynpoBOAHMKOBbLIX fasepax Ha ocHoBe InAs un
InSb BO3HUKaeT Mexay BbICOKOBO3OYXOEHHbIMU YPOBHSMU SHEPTUN TaK-
e C BO3MOXHbIM TPOMHbLIM 3anpeToM B OnmkHen uHdgpakpacHon obna-
CTM ONTUYECKOrO U3IYYEHUS.

3. leHepaunss B nonynpoBOgHMKOBOM Jla3epe Ha ocHoBe InBi B
npyHUMNe He MoXeT ObITb peanuaoBaHa.

4. Mpn HaHeCEeHUN MHOTOCSTOMHOIO MOKPbLITUS NOMNYNPOBOAHMKOBBLIX Ma-
TepuanoB Ha OCHOBY IMMHO3eMa TemnepaTypa ero NnoBepXHOCTU Ha rryouHy
MOHOKITaCTEPHOrO Crlos A0MMKHa BbITb 0becrneyveHa npumepHo Ha 5-10% Bbl-
LUe TemnepaTypbl MraBreHUst 1 NPU 3TOM CTPOrO KOHTPONMPOBATLCS.

5. TonwmHa NoKpbITUA He OOKHA npeBbiwaTh 3-X Makcumym 10-u
MOHOKITaCTEPHbIX CIOEB, YTO cocTasnseT oT 3-x 4o 10-15 Hm.

6. MonekynsipHble Cnoun OOMKHbI hopMMpPOBaTLCS HENOCPeaCTBEH-
HO Ha NOBEPXHOCTU KpuUcTanna ramHo3ema.

&>

["peunxuH, J1., HaHOypOBHEBLIN aHann3 NonynpPoBOAHNKOBLIX KBAHTOBLIX reHepaTopoB TUNa A’B®, cTp. 9-29



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2015., Vol. LXIlI, No. 2

Jlumepamypa /Literatura/ Literature

Babuues, A.l., BabywkuHa, H.A., & bpaTtkosckuii, A.M. 1991, dnsmyeckme Benmum-
Hbl. CnpaBoyHuk. Mocksa: JHeproatomusgar, cTp.1232. (Babichev, A.P. and others.
Physical quantities. The Handbook. — Moscow: “Energoatomizdat”, p.1232.)

uHka, H.J1. 1983. O6was xumus. YyebHoe nocobue ansi By3oB. JleHunHrpag: “Xu-
mus”, cTp.704. (Glinka, N. L. 1983. General chemistry. Textbook for high school. — Lenin-
grad: “Chemistry”, p.704).

FpeunxuH, N.W. 1970. Ycnosus v npeaensl NPUMEHUMOCTU METOAA 3anpeLleHHbIX
nepexo4oB AN OuarHOCTUKM nnasmbl. U3meputenbHasi TexHuka, Ne 5, ctp.75-80.
(Gretchikhin, L.I. 1970. Condition and limits of applicability of the method of forbidden
transitions for plasma diagnostics. /Measuring technique. Ne 5, pp.75-80).

MpeunxuH, J1.W. 2004. ®unsnka HaHOYACTUL, M HaHOTeXHomorniA. OBLLME OCHOBbLI, Mexa-
HUYeckue, TennoBble U 3MUCCUMOHHblE cBOMCTBA. MuHck: YT «TexHonpuHT», cTp.77-108.
(Gretchikhin, L.I. 2004. Physics of nanoparticles and nanotechnologies. General foundations,
mechanical, thermal and emission properties. — Minsk: UP “Technoprint”, pp.77-108).

peunxuH, J1.. 2008. HaHouacTuubl n HaHoTexHonoruu. MuHck: UM3a. MOOO
«lMpaBo n akoHoMMKa», cTp.17-46. (Gretchikhin, L.I. 2008. Nanoparticles and nanotec-
hnologies. — Minsk: I0O00 “Law and Economics”, pp.17- 46).

peuunxuH, N.A., & Limepmbekk, HO. 2010. HaHoypoBeHb o6ocHoBaHus OKI™ koHaEH-
cupoBaHHbIX cped. MuHck.: MOOO «[MNpaBo n akoHoMukay, cTp.6-33. (Gretchikhin, L.1., &
Shmermbekk Yu. 2010. Nanolevel justification OQG condensed matter. — Minsk: 000
“Law and Economics”, pp.6-33).

Enancknia, .H. 1991. CTpoeHne 1 CBOWCTBa MeTannmMyeckmx pacnnaBoB. Mocksa:
MeTannyprus, ctp.160. (Elansky, G.N. 1991. Structure and properties of metallic melts. —
Moscow: “Metallurgy”, p.160).

KoyncoH, Y. 1965. BaneHTHocTb. Mocksa: Mup, cTp.426 . (Coulson, Ch. 1965. Va-
lence. — Moscow: “Mir”, p.426.)

Makorontok, I'.O., Aingapos, B.M., & Cenos A.[l. 2009. HaHoCTpykTypa noBepxHO-
CTW KPUCTanmoB, NOABEPrLUMXCS pasnunyHbiM usmyeckum BosgenctemsmM /MonoaexHbIi
MHHOBaLMOHHbI chopyMm lMpumBorkckoro degepanbHoro okpyra (Ynl'TY, 12-14 maa 2009
r.). CoopHuk aHHoTaumin — YnesiHosck: YnI'TY, c1p.183-184. (Macahonic, G.D., Azarov,
C.M., & Sedov, A.D. 2009. Nanostructure surface crystals to be subjected to various
physical effects. /Youth innovation forum of the Volga Federal district (UISTU 12-14 may
2009). The book of abstracts. — Ulyanovsk: UISTU, pp.75-80).

Paguur, A.A., & CvmunpHoB, 5.M. 1980. CnpaBoYHUK MO aTOMHOW U MOJIEKYNSPHOM
duanke. Mocksa: “ATommusgat’, ctp.240. (Radzig, A.A., & Smirnov, B. M. Handbook of
atomic and molecular physics. — Moscow: “Atomizdat”, pp.240).

dok, B.A. 2008. Havana kBaHTOBOW MexaHuku. U3a. 5-e. Mocksa: U3a-Bo JIKWA, cTp.376.
(Fock, V.A. The beginning of quantum mechanics. — Moscow: Publishing House of LCG, p.376).

ANALYSIS OF SEMICONDUCTOR QUANTUM GENERATORS OF
A’B® TYPE AT NANO LEVELS

Leonid Ivanovich Gretchihin
Minsk State Higher Aviation College, Minsk, Republic of Belarus

FIELD: electronics, materials (semiconducting quantum generators)
ARTICLE TYPE: Original Scientific Paper
ARTICLE LANGUAGE: Russian

>



Abstract:

The article describes the formation of the cluster grid structure of
semiconductor crystals of A ’g® type.

The deformation of the electron shells of the atoms in semicon-
ductor crystal structure elements has been presented. Crystals of the
Indium compounds and the elements from Group 5 of the Mendeleev
periodic table have been used to show the enerqgy levels where a se-
miconductor guantum generator is generated. The technological condi-
tions for an A°B° type laser realisation have been defined.

Key words: semiconductor laser, nanocluster level, generation.

ANALIZA POLUPROVODNICKIH KVANTNIH GENERATORA TIPA
A’B° PO NANO NIVOIMA

Leonid Ivanovi¢ Grecihin
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Republika Belorusija

OBLAST: elektronika, materijali (poluprovodnicki kvantni generatori)
VRSTA CLANKA: originalni nau¢ni Clanak
JEZIK CLANKA: ruski

Sazetak:

U ¢&lanku se obrazlaze form/ran/e klasterne reSetkaste strukture
po/uprovodn/ckog kristala tipa A°B°. Predstavijen je nacin deformacije
elektronskih opni atoma koji su u sastavu elemenata poluprovodni¢ke
kristalne strukture. Na primeru kristala iz jedinjenja indijuma i elemena-
ta pete grupe Mendeljejeve tablice, utvrdeno je medu kakvim energet-
skim nivoima dolazi do generisanja poluprovodni¢kog kvantnog gene-
ratora. Definisani su tehnolo$ki uslovi za izradnju lasera tipa A 3B°

Kljuéne redi: poluprovodnicki laser, nanoklasterni nivo, generisanje.
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Abstract:

In general, anthropomorphic grippers for robots are similar to the
human hand and they can have two, three, four or more fingers, with
two or three phalanxes. Anthropomorphic grippers for robots compared
to other mechanical grippers have more advantages such as: a higher
degree of dexterity, a larger area of utility (more types of objects can
be grasped) and a micro-movement of the grasped objects can be per-
formed. This paper describes two groups of anthropomorphic grippers
for robots: traditional mechanical anthropomorphic grippers and modu-
lar mechanical anthropomorphic grippers designed under the author’s
coordination. For the first group, more versions with two, three, four
and five fingers are shown and for the second group, there are more
modular solutions shown. The stages of synthesis, analysis, design,
and functional simulation are briefly shown as well.

Key words: anthropomorphic gripper, modular gripper, structural syn-
thesis, cinematic analysis, functional simulation, virtual simulation.

Introduction

Gripping systems are complex mechatronic systems used by robots,
especially by industrial robots, in order to perform gripping operations on
different pieces, to handle and transfer them from an initial position to a
final one that is associated with a robotised action or technological proc-
ess. According to the gripping force type, the main categories of gripping
systems are mechanical systems, vacuum systems and magnetic sys-
tems (Fan, 1982), (Kato, 1982). Mechanical gripping systems are also
known as bilateral systems because the grasp is performed using at least
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two opposite forces onto the piece that is gripped. Mechanical gripping
systems have as a main component a mechanical structure, a mecha-
nism that provides the arrangement of the piece’s contact elements to-
wards the piece and enhances the contact force that is the necessary
gripping force. According to the constructive features of the mechanical
structure, there are three main types of mechanical gripping systems:
with jaws, with fingers (anthropomorphic) or with tentacles (Doroftei,
2005-2006), (ltu, 2010), (Staretu, 2010), (Staretu, 2011). Nowadays, in-
dustrial robots use especially mechanical gripping systems with jaws, but
anthropomorphic ones have become more and more popular (see Fig.1),
as simple shaped pieces grasp is replaced by a grasp and micro han-
dling of complex shaped pieces (Kato, 1982), (Staretu, et al., 2001).

Fobotic arm

Anthropomorphic
mechanical gripper

Figure 1 — Industrial robot equipped with anthropomorphic mechanical gripping system
Slika 1 — Industrijski robot s antropomorfnim mehani¢kim sistemom za hvatanje
Puc. 1 — MNMpOoMBbILLNEHHbIN POBOT, OCHALLEHBIN aHTPONOMOPMHON MEXaHNYECKOW

cucTemow 3axearta

Anthropomorphic mechanical gripping systems with fingers can have
two, three, four, five, or even six fingers with joints, having two or three
phalanxes. This paper describes two categories of anthropomorphic me-
chanical grippers, traditional and modular with jointed fingers, manufac-
tured based on jointed bar mechanisms-linkages, more simple and with
acceptable functionality like a good alternative to a very complex anthro-
pomorphic mechanical hand with very high cost (Kawasaki, et al., 2002);
(http://www.barrett.com, 2014); (http://www.shadowrobot.com, 2013);
(http://www.bebionic.com, 2013), what there are in present on the

market.
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Anthropomorphic mechanical grippers

General aspects

In the mechanisms of prostheses, kinematic items most commonly
used are articuleted bars-linkages (Belter, et al., 2013). They are found
primarily in the construction of fingers. For the rest of the mechanism, in
addition to the mentioned elements, common mechanism elements of
general mechanical transmission (gears, cams), usually smooth
mechanical transmissions, are used (Staretu, et al., 2001). Peculiarities
of the optimization for elements and couplings used in the robot gripping
anthropomorphic mechanisms are arising from their structural features
and construction in the number of fingers, as well as in the number and
relative position of the phalanges (Mason, et al., 1985), (Salisbury, et
al.,1983). In terms of optimizing the elements, because there may be
more than three finger phalanxes, they must be very flexible but
resistant, with similar or even identical forms. The results obtained by
design optimization are used.

In the optimization of couplings, in addition to the poly-couples use, the
adoption of various structural forms no longer limited by the size of the
model hand is envisaged, as for the prostheses mechanisms.The phalanges
that compose fingers can have the same size, a different relative size or a
size that is proportional to the hand fingers size. Concerning the relative
positioning of fingers, it can be similar to the human hand; fingers can be
placed in one plane, or in different planes. The relative position, depending
on the number of fingers, at least two, must be chosen so that their access
space is maximal. Several possible versions of relative positioning are
illustrated in Fig. 2, out of which it is very easy to obtain 3D fingers
arrangement versions (Staretu, et al., 2001), (Staretu, 2010).

From the mobility degree point of view, all the fingers are usually
actuated independently; therefore, the mobility degree equals the number
of fingers.

o) 4 |00 2

o | loo)oo] 757 1059 |63 Y
QO “finger CLeH | S92

PP |PPOYCL| (999 (@ Otinger 9909 | £

a b c d

Figure 2 — Relative positions of the fingers
Slika 2 — Relativni polozaji prstiju
Puc. 2 — Bo3amoXxHble NoNoXxeHns nanbLes
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In Fig. 3, there are fingers of three, four and five phalanxes derived
from e one structural module mechanism. It is represented by the plane
anti-parallelogram mechanism.

_____ N/ NS
"9 \"‘o'v] ‘\‘\d-l
1 2 3 4
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1 2 o 3 4 =]
KN ANY AW LN
F N Y Y Y
Figure 3 — Modular fingers

Slika 3 — Modularni prsti
Puc. 3 — MoaynbHble nanbubl

Structural and cinematic synthesis and analysis

In the case of these mechanical grippers, the finger (Fig.4) is made
by connecting more jointed bar mechanisms - linkages, in general anti
parallelogram ones, according to the number of phalanxes (two or three)
(Staretu, 2008).

Figure 4 — The structural scheme of a finger
Slika 4 — Strukturna Sema jednog prsta
Puc. 4 — Cxema CTpyKTypbl Nanbua

First, through the structural synthesis, the configuration of the fin-
ger is established, i.e. the driving mechanism type, the number of pha-
lanxes and the number of anti parallelogram mechanisms connected.

During the following stage, the structural analysis is performed in
order to check if the mechanism is defined from the operational point of
view (the mobility degree is determined, the cinematic and static parame-

&>
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ters that are independent are identified, as well as the functions that con-
vey external movements and forces).

For the mechanism shown in Fig.4, the mobility degree for each
mono-contour mechanism is determined using the formula (Staretu, et

al., 2001): M, =Y f,—x, (where ) fis the mobility degree of the
couples - f,= 1 and yx, = 3 is the cinematic rank of the mono-contour
mechanism k=1, 2, 3). So, My=fa+ fg + fc + fp— y, = 1+1+1+1-3=1, M, =
fo+ fe+ fe+ fo- g, =1+1+1+1-3=1, My = fi+ fy + fy + fe— p; =1+1+1+1-3
=1. For the multi-contour mechanism, the mobility degree is determined
using the formula: M =) M, - f. (where My is the mobility degree for
the mono-contour k mechanism and ch is the mobility degree of the
common couples ch =fp+fe=1+1=2.). Therefore, M = M; + M, + M; -
> f, = 1+1+1-2=1.

M=1 represents an independent movement (independent speed):

v, = s.1 and a function that conveys external force: F.,= F, (My).

L-M =1 means a function that conveys external movement @;=¢;
(s1) or w7=w7 (v1) and an independent momentum M; (generated by the
gripping force).

The cinematic synthesis means to adopt linear and angular di-
mensions necessary for the correct closing of the gripping mechanism,
and for the correct relative movements of the fingers, in order to grip a
group of pieces given.

The cinematic analysis is performed using the method of the
closed vector contour, applied successively to the vector contours corre-
sponding to the mono-contour mechanisms underlined in Fig. 5. For the
contour ABCD (Fig. 5a), the vector equation is AB+BC+CD+DA=0, and in
a matrix form, the scalar form of the vectors is:

cos0 cos @,
AB =I| sin0 |, BC=1,| sing, |,
0 0 (1)
COS @y, cos @,

CD=1,| sing, |, DA=I,| sing, |,
0 0

=



In addition, the corresponding scalar system is:
{ll cos0+/, cosg, +1;, cosg,, +1,, cosg,, =0 2)

[, sin0+1, sing, +1,, sing,, +1,, sing,, =0

This system leads to the position function @,, = @,, (s1).

According to Fig. 5b, the equation corresponding to the closing of
the vector contour in the case of the DEFG mechanism is:

—_— — — _— -

DE+EF+FG+GD=0. 3)
That leads to the function that transfers the positions ¢,, = ¢,, (¢;,,
s1). In a matrix form, the scalar form of the vectors is:

COS B, Cos @,
DE =I,,| sing,, |, EF=l,| sing,, |,
0 0
(4)
COS Qs cos @,
FG=I5| sings |, GD=lo| sing@, |,
0 0

Moreover, the corresponding scalar system is:

1, cos@,, +1,, cos@,, +1 cosp, +1,cosg, =0
L, sing,, +1,,sing,, +/;sing +1,sing, =0 ()

Taking into consideration that ¢,, is a function of ¢;, and s, @,

can be determined.
According to Fig.5¢c, the equation associated to the closing of the
vector contour of the mechanism ENML is:

—_— —_ >

EN+NM +ML+ LE=0. (6)
In a matrix form, the scalar form of the vectors is:
cosQ,, COs @,

EN =l,,| sin@,, |, NM =1, | sing,, |,

k 0 7)

CoS @, COS @,

ML=I;| sing, |, LE=I,;| sing;, |,

0 0

&
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In addition, the corresponding scalar system is:

l,cos@, +1, cos@, +I cos@, +1,; cosp,; =0 (8)
l,sing, +1,,sing, +I[;sing, +1,,sing,; =0

¥

Figure 5 — Cinematic scheme and vector contours
Slika 5 — Kinemati¢ka Sema i konture vektora
Puc. 5 — KuHemaTtuyeckas cxema u BEKTOPHbIE KOHTYPbI

The solution of system (8) leads to the function associated to the
positions transfer for element 7: ¢, =¢@,, (s1).
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Anthropomorphic mechanical
traditional grippers

Anthropomorphic gripper with two fingers
of two phalanxes

The first anthropomorphic mechanical gripper is a new mechanism,
with articulated bars, as shown in Fig. 6. It is made of two identical fingers,
each with two phalanxes. The clamping jaws attached to the phalanxes
increase considerately the gripping possibilities, turning this simple gripper
into a competitive one(Fig. 6b). These jaws can attach to the surface of the
gripped object, regardless of its geometry. Each jaw contacts the object in
3 points. This allows the gripper to grasp objects with no matter how
complex geometries (Fig.6¢). The actuation of both fingers is achieved by
using a single motor (Bolboe, 2013), (Bolboe,et al., 2014).

This gripper is powered by one motor Maxon DC, RE 40, Graphite
Brushes, and one slew drive reduction gears, of type GP 42 C, 3-15 Nm,
Ceramic Version. The sensors used are of anFRS type. The gripper was
tested on a complex experimental stand grasping more types of objects.
Fig. 6¢c shows an example of grasping a fragile object(an egg of 0.06 Kg),
with a gipping force of 3.76 N per finger(Bolboe, 2013).

[

Figure 6 — Traditional anthropomorphic gripper with two fingers and two phalanxes
Slika 6 — Tradicionalna antropomorfna hvataljka s dva prsta i dva zgloba
Puc. 6 — TpagMUMOHHLIN aHTPONOMOPHEIN 3axBaT, CHAOXEHHLIN ABYMS nanbLamm
C ABYMS hanaHramm

Anthropomorphic gripper with three
fingers of two phalanxes

This second version corresponds to a mechanism with three identical
fingers, with two articulated phalanxes. The fingers are arranged in an
isosceles triangle tops. The mechanism is monomobile and is powered by an
electric current minimotoreductor. To close the mechanism, the motor rotates

>
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in one direction and for opening, in the opposite, being duly controlled for this
purpose. In Fig. 7, there is the drawing of the whole mechanism (a side view
and a partially sectioned view from the above).

Figure 7 — Traditional gripper with three fingers and two phalanxes
Slika 7 — Tradicionalna hvataljka s tri prsta i dva zgloba
Puc. 7 — TpaANUMOHHBIN 3axBaT, CHAbXeHHbI Tpems nansuamm
C Tpemsa chanaHramu

Based on this mechanism, changes in the number of fingers (fingers are
identical), can easily result in versions with two, four, five or six fingers. This
observation is generally valid if the fingers are of the same type.

Anthropomorphic gripper with four fingers
of three phalanxes
This gripper has the structural scheme corresponding to the finger

represented in Fig. 8. The gripper has four identical fingers, each with three
phalanxes, driven by a linear pneumatic motor located in the palm (Fig. 9).

L
| A
| € 7
6 oo L 4 /
1] K_—_—‘———_
Vi % 32 5 (7 T
=

[ — _E} J—
Fn ¢/ F 2y
B/ L1 F H
cra1 6 71
2 3 3
Figure 8 — Structural scheme of the 4-finger gripper

Slika 8 — Strukturna Sema hvataljke s Cetiri prsta
Puc. 8 — Cxema CTpyKTypbl 3axBaTta C YeTblpbMs nanbuamm
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a b c

Figure 9 — Traditional anthropomorphic gripper with four fingers and three phalanxes —
with different grasped pieces
Slika 9 — Tradicionalna antropomorfna hvataljka s Cetiri prsta i tri zgloba drzi predmete
razli¢itih oblika
Puc. 9 — TpagnUMOHHBI aHTPOMNOMOPMHBI 3axBaT, CHAGXKEHHbIN YeTbipbMSA NanbLamMm ¢
YeTblpbMsi hanaHramu, NPUCNOCOBIEHHbIN K pa3nuyHbiM dhopmamM NpeaMeToB

As a result, the gripper has four DOF (M = 4) and can grip any-form
parts (Fig. 9). It is equipped with sensors and needs a corresponding flange.

Anthropomorphic Gripper with Five Fingers
of Three Phalanxes

The mechanism corresponding to this gripper has five fingers, four
of which are identical or not, and the fourth is opposable to the first two,
but based on two phalanxes.The four fingers are collinear, and the fifth is
located, in general, between the second and third finger of the four, a
position opponents.

One first version has a structural scheme of the finger similar to the
scheme shown in Fig. 8, and the gripper has five DOF(M=5).The con-
structive version is shown in Fig. 10 (five pneumatic linear motors are
used, see Fig. 10c).

a b c
Figure 10 — Traditional anthropomorphic mechanical gripper with five fingers and three
phalanxes- version 1
Slika 10— Tradicionalna antropomorfna mehanicka hvataljka s pet prstiju i tri zgloba — verzija 1
Puc. 10 — TpaaNUMOHHBIN aHTPONOMOPMHLIN MEXaHUYECKUIA 3aXBaT, CHAOXEHHbIV NATHI0
nanbLuamMmu ¢ Tpemsi panaHramm — sepcust 1
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The structural schemes of one identical finger and an opposable
thumb of the second version are represented in Fig. 11a. The
mechanism is multimobile, having the mobility M = 10 (each of the five
fingers is bimobile — it has the degree of mobility M = 2). The fingers are
operated for both flexion and extension by two pneumatic or hydrostatic
linear micromotors(for example : m1 and m2 or m3 and m4-see Fig.
11a). The opposable thumb pad is adjustable to increase the gripper
scope. In Fig. 11b there is the overall drawing of the mechanism (the
side view) in which one can identify structural details of the reference
above.
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Figure 11 — Traditional anthropomorphic gripper with five fingers and three phalanxes -
version 2

Slika 11 — Tradicionalna antropomorfna hvataljka s pet prstiju i tri zgloba — verzija 2

Puc. 11 — TpagUUMOHHbIV aHTPONOMOPMHbLIV 3axBaT, CHAGXKEHHbIN NSATHI0 NanbLamn ¢
Tpemsa panaHramun — Bepcus 2

Modular Mechanical Grippers

Modular mechanical grippers designed under the author's coordina-
tion are based on two modules, namely: a finger and a base (the
palm). Two families that differ in structural features of the finger and plat-
forms were designed. In accordance with Fig. 2, there are four gripping
structures (a, b, ¢, d) obtained by the relative positioning of two, three,
four or five identical fingers.

Modular Mechanical Grippers’ Family — v1

In this case, the finger’s structural scheme in Fig. 12, which is
derived from the structural scheme of Fig. 4 was used. The finger has
three phalanges and it is driven by a linear pneumatic motor. Using two,
three or four fingers and a platform, the versions in Fig. 13 were obtained
(Bolboe, et al., 2006), (Staretu, et al., 2006).

a0



Figure 12 — Structural scheme of a finger for modular grippers — version 1
Slika 12 — Strukturna Sema jednog prsta modularne hvataljke — verzija 1
Puc. 12 — Cxema CTpyKTypbl nNanbLa MoAynbHOro 3axsata — sepcus 1

c
f
Figure 13 — Modular anthropomorphic grippers family — version 1
(without piece:a,b,c and with grasped piece:d,e,f)
Slika 13 — Porodica modularnih antropomorfnih hvataljjki — verzija 1
(a, b, c bez objekta, d, e, f s uhvacenim objektom)

Puc 13 — Pa3HOBMAHOCTN MOAYIbHBLIX aHTPONOMOPMHLIX 3axBaToB — Bepcus 1
(a, b, c 6e3 npegmeTa, d, e, f c npegmeToMm)

As a result, grippers are bi - tri or tetramobile (M =2, M 3, M = 4),
depending directly on the number of fingers (engine number); they can
grip any-shape objects and can be equipped with sensors and an
appropriate command and control system compatible with the robot arm
that can be fitted with a suitable flange.
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Modular Mechanical Grippers’ Family - v2

The structural scheme of the finger (see Fig. 4) in this family has the
constructive form illustrated in Fig. 14a. Grippers in the family are based
on a platform (palm) for three-finger versions (Fig. 14b) and an another
platform (Fig. 14c) for four-finger versions( Staretu, et al., 2006), (Staretu,
2008), (Miller, et al., 2004).

With these modules, two main three-finger versions can be obtained (see
Fig.2 and Fig. 14), the fingers having possible parallel (Fig. 15a) or concurrent
movements (Fig. 15b). In Fig. 15c for the second situation, the gripper closing
is simulated and in Fig. 15d a prototype, ready to be tested, is shown.
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Figure 14 — Constructive modules
Slika 14 — Konstrukcioni moduli
Puc. 14 — KOHCTpYKTUBHbLIE MOGYNN
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Figure 15 — Modular anthropomorphic grippers’ family — version 2, three fingers
Slika 15 — Porodica modularnih antropomorfnih hvataljki — verzija 2, tri prsta
Puc. 15 — Pa3HOBMAHOCTb MOAYIbHBIX aHTPOMOMOPMHBLIX 3aXBaToB — BEPCUS 2,
C Tpems nanbuamu
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The main technical characteristics of this prototype are: degree of free-
dom: M=3; weight hand: 12 N; payload: 40 N; gripping force: ~ 30 Nffinger; di-
mensions: finger: 1:1 human fingers size and hand: 140x140x100 mm. This
gripper has not been tested in practice yet. In the future it will be mounted on an
industrial robot and it will be tested for grasping more types of objects.

For a four-finger modular mechanical anthropomophic gripper, there
are 5 versions (see also Fig. 2), illustrated in Fig. 16.

Figure 16 — Modular anthropomorphic grippers’ family — version 2, four fingers
Slika 16 — Porodica modularnih antropomorfnih hvataljki — verzija 2, etiri prsta
Puc. 16 — Pa3HOBMOHOCTb MOAYIbHBIX aHTPOMOMOPHBIX 3aXBaTOB — BEPCUS 2,
C YeTbIpbMs NansLuamm

Fig. 17 illustrates the gripper closing for the fingers intercalated
parallel trajectories variants, without any entity to grip (Fig. 17a) and with
an entity to grip (Fig. 17b).

Figure 17 — Modular version closing simulation — version 2,
four fingers, with no entity to grip (a), with entity to grip (b)
Slika 17 — Simulacija hvatanja modularne verzije hvataljke —verzija 2, Cetiri prsta, s
uhvacenim objektom (a) i bez uhvacenog objekta (b)
Puc. 17 — Cumynauus 3axsaTtbiBaHUsA NpeaMeTa aHTPoONnoOMOPMHBLIM 3aXBaTOM YETbIpbMS
nanbuamu — Bepcus 2. (a) ¢ npegmeTtom (b) 6e3 npegmeTta

i

Staretu, |.: Modular anthropomorphic grippers — structural synthesis, analysis and design, pp. 30—46



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2015., Vol. LXIII, No. 2

Each finger is actuated by a pneumatic linear motor so that the degree of
mobility of the grippers equals the number of fingers. Contact sensors are
provided for the fingers, mounting them on the phalanges, and appropriate
control equipment is used. Grippers can be mounted on the robot arm through
the flange at the platform base and they use the robot’s sources of energy.
Changing the gripper configuration (depending on the range of parts to grip) is
possible without the gripper disassembling, only by changing the finger or the
finger's position. With these grippers’ families, a variety of parts can be
gripped and they can successfully replace more sophisticated and highly ex-
pensive anthropomorphic grippers(http://www.barrett.com). Obviously, out of
the two basic versions, based on three or four fingers, variants with two, five
and even six fingers can be easily derived.

Conclusions

In according with the ideas described in this paper, the main conclu-
sions are as follows:

1. Anthropomorphic gripping systems (with fingers) are used more
and more frequently for industrial robots.

2. There is one main type of anthropomorphic mechanical grippers (with
fingers) according to their constructive elements: with jointed bars -linkages.

3. There are two main types of anthropomorphic mechanical grippers,
what can be classified in two groups: traditional mechanical anthropomorphic
grippers and modular mechanical anthropomorphic grippers.

4. The synthesis and the structural and cinematic analysis of these
gripping mechanisms can be done using classic well-known methods
popular in the theory of mechanisms, correspondingly adapted.

5. Functional simulation, in CAD software of these gripping mecha-
nisms allows their constructive optimization and their use in order to per-
form the given gripping operations.
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MOLYJIbHbI AHTPOMOMOP®HbLIN 3AXBAT — CTPYKTYPHbIW
CMHTES3, AHAJTIN3 N TTPOEKTPOBAHWE

OBNACTb: mexaHvka 1 MalUMHOCTpOeHue
BWO CTATbW: opurmHanbHasa HayyHas ctatbs
A3bIK CTATbW: aHrnuiickni

B OaHHbIl cmambe rnpusedeHo onucaHue aHmMpornoMopHbIX 3a-
X8amos, 8bIMOSIHEHHbIX M0 Modesiu Yeriogevyeckol pyku. OHU ocHaule-
Hbl Kak «nanbuamu», 08yMsi, mpeMsi, YembipbMsi unu bonee, mak u
dsymsi unu 6onee «cycmasamux»-ghanaHazamu. o cpasHeHUo ¢ Opyau-
MU sudamMu MexaHUYEeCKUX 3axeamoe aHmpornomMopgHbie 3axeambl
omnuyaromcesi bonbwel ahgpekmusHocmbro, 6rnazodapsi 803MOXKHO-

s

Modular anthropomorphic grippers — structural synthesis, analysis and design, pp. 30—46

Staretu, |.:



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2015., Vol. LXIII, No. 2

cmu 3axeambl8aHusi pazHoobpasHbIX Mo ¢hopMme npedmMemos, a mak-
)K€ 803MOXXHOCMU MUKPOOBUXKEHULU amux rnpedmemos.

B pabome onucaHbl 08e 2pyrinbl aHMPOroMophHbIX 3axe8amos:
mpadulyuOHHbIE MexaHUYecKue aHmpornoMOopgHbIe 3axeamsbl U MoOy-
JIbHblIE MexaHu4yeckue aHmporiomopgHble 3axeambl. Oba suda 3axsea-
moe 6binu paspabomatbi Moo pykoeoOcmeoM asmopa cmamabu.

B pabome nodpobHo npedcmasrieHo HEeCKOIbKO eepcull pa3pa-
6omku nepsoli 2pyrinbl, OCHAUWEHHbIX 08YMSs, MPEeMs, YembipbMs U
Smbro nanbuamu, a KacameJsibHO emopoll epyrinbl NPedcmassieHo He-
CKOJIbKO MOOyrnbHbIX peweHul. NpueedeH 0b630p amaros cuHmesa,
paspabomku U npouecca nPoeKmMupo8aHus, a makxe ¢byHKUUOHaslb-
Hou cumynayuu.

KntoueBble crnoBa: aHmMpornomMopghHbll 3axeam, MOOyrbHbIl 3a-
Xgam, CMpYKMypHbIU CUHME3, KUHeEMamu4ecKuli aHanu3s, oyHKYUOHa-
JIbHasi CUMYIISIUUS, eupmyarsibHasi CUMYISUUS.

MODULARNE ANTROPOMORFNE HVATALJKE — STRUKTURALNA
SINTEZA, ANALIZA | PROJEKTOVANJE

OBLASTV: mehanika, masinstvo
VRSTA CLANKA: originalni naucni Clanak
JEZIK CLANKA: engleski

UopSteno govoredi, antrpomorfne hvataljke za robote slicne su ljud-
skim Sakama i mogu da imaju dva, tri, Cetiri prsta ili viSe, s dva zgloba ili
vise njih. U poredenju s ostalim mehani¢kim hvataljkama, antropomorfne
hvataljke za robote su u prednosti zbog vece spretnosti, vec¢e primenlji-
vosti (viSe razliCitih tipova objekata se moze uhvatiti) kao i zbog moguc-
nosti mikro-pokreta uhvacenih objekata. U radu su opisane dve grupe
antropomortnih hvataljki za robote: traicionalne mehanic¢ke antropomort-
ne hvataljke i modularne mehanicke antropomorfne hvataljke projekto-
vane pod nadzorom autora rada. Vise verzija hvataljki iz prve grupe s
dva, tri, Cetiri i pet prstiju dato je u radu, dok je iz druge grupe prikazano
vi§e modularnih reSenja. Ukratko su prikazane faze sinteze, analize, pro-
jektovanja i funkcionalne simulacije.

Kjluéne redi: antropomorfna hvataljka, modularna hvataljka, struktural-
na sinteza, kinematicka analiza, funkcionalna simulacija, virtuelna si-
mulacija.
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Summary:

This paper analyzes vacuum plasma spray VPS - CrsC, -
25(Ni20Cr) coatings. Commercial powder marked Sulzer Metco
Woka 7205 is used. The powder is deposited with a plasma gun F4
at a distance of 340 mm from the substrate. The main objective of
the study was to eliminate, at the reduced pressure of inert gas Ar,
the degradation of primary Crs;C, carbide into Cro3Cg carbide which
significantly reduces the microhardness and mechanical properties
of the coating. The coating is deposited with a thickness of 100 -
120 um on a steel substrate. The microhardness of the coating was
tested by HV,3; The microhardness values were in the range of
1248 - 1342 HV, 3. The bond strength of the coating was tested by
tension. It was found that the bond strength between the substrate
and the coating has a value of 89 MPa. The microstructure of the
coating was tested by the light microscopy technique. The structure
of the coating consists of an NiCr alloy base with a dominant
primary Crs;C, carbide phase. In addition to the Cr;C, phase, the
Cr;Cs phase is also present. The coating etching was done with the
reagent 1THNO; : 4HCI : 4H,0 that primarily dissolves nickel to
enable the distribution of the carbide phase to be clearly seen in the
coating. Etching the coating with this reagent revealed the presen-
ce of the largely undegraded primary Crs;C, carbide phase which
provides high hardness values to the coating.

Key words: vacuum, substrates, strength, property, phases, micro-
structures, microhardness, mechanical properties, coatings, carbides.
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Introduction

Vacuum plasma spraying (VPS) is usually referred to as LPPS due to
low pressure. At low pressure, a plasma jet becomes longer and smaller in
diameter and with the use of convergent / divergent nozzles it has a higher
rate of ions. Eliminating oxygen in the chamber and a possibility to preheat
the substrate enable the creation of denser coatings with higher tensile
bond strength and without the oxide content. For high performance appli-
cations, plasma spraying is carried out in a vacuum chamber at a reduced
pressure of inert gas Ar. The vacuum plasma spray process (VPS) pro-
duces high-quality coatings, especially those sensitive to oxygen. One
such coating is a cermet coating - Cr;C, - 25(Ni20Cr) sensitive to oxygen
due to the reaction of carbon from the carbide with the oxygen from the
surrounding atmosphere. The VPS application process prevents the de-
carburization of the primary Cr;C.carbide, so that coatings of high hard-
ness are deposited. Traditionally, these coatings were deposited by APS
and HVOF processes. In the last decade, a number of researchers have
published results concerning the structure and properties of the deposited
coatings by the HVOF process (Guilemany, et al., 2006, p.2998),
(Guilemany, et al., 2002, p.207), (Ji, et al., 2006, p.6749), (Li, et al., 2005,
p.229), (Picas, et al., 2006, p.477). In this process, as in the APS process,
the main problem was the loss of carbon during deposition. The results
clearly show that the major loss of carbon occurs during the process of
depositing particles due to the surrounding atmosphere. It was also found
that the initial size of carbide powder particles have a significant impact on
the carbon loss during the deposition of Cr;C, - 25(Ni20Cr) coatings in the
HVOF process (Li, et al., 2002, p.137). In VPS coatings, the dominant
phase is the Cr;C, carbide phase with a hardness of 1600HV and a less
significant phase is the Cr,C; phase with a hardness of 1300HV (Marcano,
et al., 2008, pp.4406—4410), (Tomita, et al., 2001, pp.699-704). In the
coatings there is no the Cro3Cq carbide phase with a hardness of 1000HV,
which, in APS and HVOF carbide coatings, reduces the coating hardness.
Tomita, T. and other researchers have found that the 75Cr;C, - 25(Ni20Cr)
coating deposited by the VPS process has a higher hardness than the
coatings deposited by APS and HVOF processes (Tomita, et al., 2001,
pp.699-704). The hardness of the VPS Cr;C, - 25(Ni20Cr) coating is
HV1243 £ 80, which is much higher than the one of HVOF coatings with a
hardness of HV958 + 44 (Tomita, et al., 2001, pp.699—-704). The tensile
bond strength of the coating deposited by the VPS process is greater than
80 MPa with a porosity content of less than 5% (ASM Metals Handbook,
1987, p.367). Cri;C, - NiCr plasma spray coatings have a high resistance
to abrasive wear and a low friction coefficient, from room temperature to
850°C, due to their high thermal stability and resistance to oxidation
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(Guilemany, et al., 2006, p.2998). These deposits are extensively used for
coating parts and components for energy conversion, such as steam and
gas turbine engines (Matthews, et al., 2003, p.4267). Recently, it was es-
tablished that these coatings can improve the resistance to thermal fatigue
and wear resistance under severe conditions of load and extend the life of
components (Guilemany, et al., 2002, p.207). Thermally sprayed cermet
coatings Cr3C, - 25(Ni20Cr) appeared as a good solution for a wide range
of applications in machine parts. Because of the extended service life of
parts, coatings based on chromium carbides are widely used for many ap-
plications in gas turbines, steam turbines and aircraft engines to improve
slip resistance, abrasion and erosion wear (Hillery, 1986, pp.2684-2688).
Thermally sprayed cermet coatings are a good alternative to hard chro-
mium, when high wear resistance is required (Erning, Nestler, 1999,
pp.462—466), (Sahraoui, et al., 2004, pp.654—660), (Ko, Robertson, 2002,
pp.880—-893), (Savarimuthu, et al., 2000, pp.1095-1104). When compared
to WC coatings, Cr;C,-NiCr coatings offer greater resistance to corrosion
and oxidation, and also have a high melting point and maintain high hard-
ness, strength and wear resistance up to 900°C (Beczkowiak, et al., 1999),
(Blatchford, 2001), (Doi, Yoshiaki Suda, 2000), (Liu, 1998), (Loubiere, et
al., 1995, pp.1535-1546), (Staia, et al., 2001, pp.553-562). Corrosion re-
sistance is primarily provided by the NiCr alloy base, while wear resistance
is mainly provided by the hard Cr;C, carbide phase (He, Lavernia, 2000,
pp.555-564). So, Cr;C2 carbide-based coatings are applied to a wide
range of industrial components, including various accessories used in
steam and gas turbines. Thermal spraying is an effective method to apply
thin and thick coatings on mechanical components to change their surface
properties (Erja Turunen, et al., 2006, pp.4987-4994), (Wang, et al., 2000.
p.69.). APS plasma spray processes and VPS are used in a wide range of
applications including automotive, aerospace industry, chemical process-
ing equipment, pulp and paper, orthopedic and dental components, etc.
(Erja Turunen, et al., 2006, pp.4987-4994), (Mrdak, et al., 2013, pp.559-
567), (Mrdak, 2013, pp.69-88), (Mrdak, 2012, pp.182-201), (Mrdak, et al.,
2009, pp.27-32), (Vencl, et al., 2006, pp.151-157), (Vencl, et al., 2011,
pp.1281-1288). The plasma spray process has been used for more than
four decades in manufacturing protective coatings based on metals, ce-
ramics and even composite materials for various applications (Chuanxian
Ding, et al. 2003, pp.455-458). Despite the long period of application of the
plasma spray process, there is still a great interest among scientists in the
development of new materials for coatings and in the study of their behav-
ior under working conditions (Leblanc, 2003, pp.291-299).

This paper presents the results of the experimental investigation of
the influence of the VPS - vacuum plasma spray process on the me-
chanical properties and the microstructure of the Cr;C, - 25(Ni20Cr) cer-
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met coating. The main objective of the study was to avoid, at the reduced
pressure of Ar inert gas during deposition, the degradation of the primary
Cr;C, carbide into a much softer Cro3Cq carbide and to deposit coating
layers with the microstructure with the dominant Cr3;C, carbide phase
which gives better performance in the coating operation. The tests have
shown that the - Cr;C, - 25(Ni20Cr) VPS coating has higher hardness
and bonding strength than APS and HVOF coatings, which are in accor-
dance with the coating microstructure dominated by the primary Cr;C,
carbide phase.

Materials and experimental details

The Sulzer Metco Woka 7205 powder was used for coating produc-
tion ( Material Product Data Sheet, 2012, Woka 7205 Chromium Carbide
- 25% Nickel Chromium Powders, DSMTS-0031.1, Sulzer Metco). The
Woka7205 powder contains 75%Cr;C, carbide and 25%(Ni20Cr) alloy.
The Cr3;C, - 25(Ni20Cr) powder particles are spherical, produced by ag-
glomeration and the sintering technique with a range of powder granules
from 10 to 38 um. Fig. 1 shows a scanning electron micrograph (SEM) of
the powder particle morphology. A spherical Cr;C, - 25(Ni20Cr) powder
particle can be seen, consisting of sintered Cr;C,carbide particles (dark
blue) and 25(Ni20Cr) alloy particles (light blue).

Figure 1 — (SEM) Scanning electron micrograph of Cr3Cz - 25(Ni20Cr) powder particles
Slika 1 — (SEM) Skening elektronska mikrografija Eestica praha CrzCz- 25(Ni20Cr)
Puc. 1— (SEM) OnektpoHHasa mukporpadgus yactuu nopotuka CrzCsz - 25(Ni20Cr)
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The substrates on which the coatings were deposited for micro
hardness testing and microstructural evaluation were made of steel
C.4171 (X15Cr13 EN10027) in the thermally unprocessed state with the
dimensions 70x20x1.5mm (Turbojet Engine — Standard Practices Manual
(PN 582005), 2002, Pratt & Whitney, East Hartford, USA). Also, the sub-
strates for testing the bond strength are made of steel C.4171
(X15Cr13EN10027) in the thermally unprocessed state with the dimen-
sion @25x50 mm (Turbojet Engine — Standard Practices Manual (PN
582005), 2002, Pratt & Whitney, East Hartford, USA).

The mechanical and microstructural characterizations of the coat-
ings were made according to Pratt & Whitney (Turbojet Engine — Stan-
dard Practices Manual (PN 582005), 2002, Pratt & Whitney, East Hart-
ford, USA). The evaluation of the mechanical properties of the layers was
done by the hardness testing method HV, ;3 and by bond strength tensile
testing. The hardness testing was done in the direction along the lamel-
lae, in the middle and at the ends of the sample. Five readings at three
places were obtained and the paper presents the hardness range from
the minimum to the maximum value.

The method of bond strength testing is a method of tensile testing.
The testing was done at room temperature with a strain test rate of
1cm/60s. Three specimens were used, and the mean value is shown in
the paper.

The morphology of powder particles was examined on the SEM -
Scanning Electron Microscope. The analysis of the share of pores in the
coating was done by processing 5 photos at 200X magnification.
Through tracing paper, micro pores are labeled and shaded, and their
total area was calculated related to the total area of the micrograph. This
paper presents the mean value of the share of pores. The microstructural
analysis of the coating was performed under a light microscope. In order
to determine the distribution of the carbide phase in the coating, the coat-
ing etching was done with the reagent 1HNO3: 4HCI:4H,O. The micro-
structure of the coating after etching was examined by the light micros-
copy technique.

The Cr;C, - 25(Ni20Cr) powder was deposited at a low pressure of
Ar inert gas in the VPS system of the Plasma Technik AG company. An
F4 plasma gun was used for the powder deposition. The process in-
volves cleaning the substrate surface by the transferred arc and the
powder deposition at low pressure. A program for Cr;C, - 25(Ni20Cr)
powder deposition was designed in the microprocessor unit of the robot
of the VPS Plasma Technik AG system. The program set and time-
synchronized all process parameters such as: chamber vacuuming,
plasma gas flow, cleaning the substrate by the transferred arc, powder
flow, coating deposition, substrate cooling and ventilation of the vacuum
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chamber. The cleaning of the substrate surface and the powder deposi-
tion were performed with a mixture of Ar-He plasma gases. The VPS pa-
rameters of the deposition of Cr;C, - 25(Ni20Cr) powder on the samples

are shown in Table 1.

Table 1 — Plasma spray parameters
Tabela 1 — Plazma sprej parametri
Tabrnuya 1 — XapaKTep1CTUKN MITa3MEHHOrO HamnbINEHNst

Values
Parameters
Cleaning arc Spraying
Plasma current, | (A) 700 700
Plasma Voltage, U (V) 74 74
Primary plasma gas flow rate 50 50
Ar (I/min)
Secondary plasma gas flow 20 140
rate He (I/min)
Carrier gas flow rate Ar -- 5
(//min)
Powder feed rate (g/min) - 45
Stand-off distance (mm) 320 340
Chamber pressure (mbar) 30 70
Nozzle diameter (mm) 8 8
Speed of the gun 12 12
(mm/s)

Results and discussion

In the Cr;C, - 25(Ni20Cr) coating layers along the cross-section, the
hardness values of 1248 to 1342 HV,; were measured. The obtained hard-
ness values indicate that a greater proportion of the degradable primary Cr;C,
carbide phase is present in the microstructure, due to the inert atmosphere of
Ar at low pressure (Marcano, et al., 2008, pp.4406—4410), (Tomita, et al.,
2001, pp.699-704). The range of hardness of the deposited layers is caused
by the presence of micro pores in the coating layers. The tensile bond
strength between the substrate and the coating was 89 MPa which is typical
for VPS coatings. The cleaning of the substrate surface with the transferred
arc resulted in better adhesion of the deposited coating layers, which resulted
in obtaining high values of bond strength. The values of the microhardness
and tensile bond strength were correlated with their microstructures.

Figs. 2 and 3 show the microstructures of the VPS CrC, -
25(Ni20Cr) coating layers in the deposited condition.

>



. Interface as sprayed
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Slika 2 — Microstructure of the Cr3C, - 25(Ni20Cr) coating in the deposited state
Slika 2 — Mikrostruktura Cr3C, - 25(Ni20Cr) prevlake u deponovanom stanju
Puc. 2 — MukpocTpykTypa nokpbitus Cr3Co- 25 (Ni20Cr) B HaHECEHHOM COCTOSIHUM

20 um

Slika 3 — Microstructure of the Cr3C; - 25 (Ni20Cr) coating in the deposited state
Slika 3 — Mikrostruktura Cr3C, - 25(Ni20Cr) prevlake u deponovanom stanju
Puc. 3 — MukpocTpykTypa nokpbitns CraC; - 25 (Ni20Cr) B HAHECEHHOM COCTOSHUM
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The qualitative analysis showed that at the interface between the
substrate and the deposited coatings there are no defects such as dis-
continuities of the deposited layers on the substrates, microcracks, mac-
rocracks and separation of the coating from the substrate. The bounda-
ries on the interface between the substrate and the coating layers are
very clean, which indicates a good cleaning of the substrates with the
transferred arc. Through the coating layers, micropores of spherical and
irregular shapes can be seen (marked with red arrows). There are no
unmelted particles and precipitates in the coating layers. Microcracks are
not present in the structure. Oxide lamellae cannot be observed through
the layers of coatings. The VPS - vacuum plasma spray process allows
depositing layers without oxide content in the coating, which is a big ad-
vantage over the APS and HVOF processes.

Figs. 4 and 5 show the microstructures of the VPS CrC, -
25(Ni20Cr) coating in the etched condition.

S50 um Interface
— Substrate Etched

Slika 4 — Microstructure of the Cr3C2 - 25 (Ni20Cr) coating in the etched state.
Slika 4 — Mikrostruktura Cr3C2- 25(Ni20Cr) previake u nagrizenom stanju.
Puc.4 — Mukpocmpykmypa nokpbimusi CrsCz - 25 (Ni20Cr) 8 npompagrieHHOM cocCmosiHuU

The microstructure of the coating clearly shows the two phases. The
dark blue phase represents the lamellae of Ni20Cr alloy and the light
blue one shows the primary Cr;C, undegraded carbides and the secon-
dary Cr;C; carbides which give high values of microhardness to the coat-
ing (Marcano, et al., 2008, pp.4406—4410), (Tomita, et al., 2001, pp.699—
704). The Cr;C, and Cr;C; carbide phases are evenly distributed in the
coating structure. The structure of the coating is quite uniform in the
cross-section, with no history of micro and makrocracks.
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Slika 5 — Microstructure of the Cr3C2 - 25 (Ni20Cr) coating in the etched state
Slika 5 — Mikrostruktura CrzC. - 25(Ni20Cr) prevlake u nagrizenom stanju
Puc.5 — MukpocTtpykTypa nokpbiTnst CrzCs - 25 (Ni20Cr) B npoTpaBneHHOM COCTOSIHUM

This indicates that the coating layers are deposited evenly. Micropo-
res are present in the coating structureand seen as dark fields in Figs.2
and 3. The porosity of the coating was determined by the image analysis
technique, where 5 fields were analyzed at 200X magnification in the coa-
ting cross section. The average value of the porosity was 4%. Primary
Cr3C, carbide particles and secondary Cr;C; carbides phases are located
in the interlamellar regions of the Ni20Cr alloy (Marcano, et al., 2008,
pp.4406—4410), (Tomita, et al., 2001, pp.699—704). Due to coating etching,
Ni is dissolved from the solid solution of the Ni20Cr alloy while Cr;C, and
Cr;C; carbides are raised in the light blue relief. Since the incident light
falls obliquely onto the sample surface, and casts a shadow over the rai-
sed carbide phases, the Ni20Cr alloy phase is dark blue.

Conclusion

In this paper, the vacuum plasma spray - VPS procedure is used to
deposit Cr;C, - 25(Ni20Cr) cermet coatings with cleaning the substrate
surface with the transferred arc at a distance of 320mm of the F4 plasma
gun from the substrate and deposit powder particles at a distance of
340mm of the plasma gun from the substrate. The paper investigated the
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mechanical properties and the microstructure of the coatings in the de-
posited and etched state in the reagent 1HNO3: 4HCI: 4H,0. The inves-
tigation came to the following conclusions.

The VPS Cr3C, - 25(Ni20Cr) cermet coating had high hardness val-
ues from 1248 to 1342 HV,3; along the cross-section. The measured
hardness values indicate the presence of a large share of the nonde-
graded primary Cr;C, carbide phase in the coating microstructure. The
range of the hardness of the deposited layers is a consequence of the
presence of micro-porosity in the coating layers. The tensile bond
strength of the Cr;C, - 25 (Ni20Cr) coating had a high value of 89 MPa.
The cleaning of the substrate surface with the transferred arc resulted in
better adhesion of the deposited coating layers, which resulted in obtain-
ing high values of bond strength. The values of the microhardness and
tensile bond strength correlated with their microstructures.

The microstructure of VPS 75Cr;C, - 25(Ni20Cr) cermet coatings is
lamellar. Micro pores with a share of 4% are present in the deposited
layers. Through the deposited layers,unmelted powder particles and pre-
cipitates cannot be observed. The microstructure of the coating in the
etched condition clearly shows the dark layers of the Ni(Cr) alloy in which
light fields of evenly distributed primary Cr;C, carbide phases can be
seen as well as the secondary Cr,C; carbide phases. in the coating lay-
ers deposited at low pressure in an inert atmosphere of Ar, there are no
Ni and Cr oxide phases.

The tests have shown that the VPS - Cr;C, - 25(Ni20Cr) cermet
coatings have higher hardness and bond strength values than the APS
and HVOF coatings, which are in accordance with the coating micro-
structure. The deposition of powder in a protective atmosphere at low
pressure enabled the deposition of the coating layers with the prevailing
primary Cr;C, carbide phase which provides better performances to the
coatings in operation.
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MEXAHUYECKUE CBOVCTBA U MUKPOCTPYKTYPA MOKPbITUSA
CR;C; - 25(NI20CR) HAHECEHHOIO METOJOM BAKYYMHOIO
MIASMEHHOIO HAMbINEHNA.

OBJTIACTb: xumun4yeckmne TexHomnornm
B[O CTATbW: opurmHanbHasa HayyHas ctatbsl
A3bIK CTATbW: aHrnunckuin

Pe3stome:

B daHHol pabome aHanusupyemcsi Memod 8aKkyyMHO20 r1a3MeH-
HO20 HarnblneHus: nokpbimusi CrsC, - 25(Ni20Cr) ¢ ucrions3oeaHueM rpo-
MbILWITEHHO20 MOPOWKo8020 cocmasa Sulzer Metco Woka 7205 npu npu-
MeHeHuU rnaamampoHa F4 Ha paccmosiHuu 340MM 0m OCHOBaHUSI.

OcHosHoU uernbo pabombl S687119€emcsl POBEPKa ymMeepKOeHUS,
4mo rpu MOHUXeHHOM dasrieHuUU UHEPMHO_20 2a3a UCK/Ir4Yaemcs pac-
nad nepsu4yHo2o Kapbuda Cr3;C, do kapbuda Cry3Ce KOmopbIl 3HaYU-
meJibHO CHUXaem Mukpomeepdocmsb U MexaHu4YyecKkue ceolicmeaa.

lNokpbimue mosnwuHot 100 — 120 uym HaHOCUIOCb Ha cMalibHoe
OCHOBaHUe. McrbimaHusi MOKPbIMUsi Ha MUKpomeedocme npoeodusiu-
cb no memody HV, 3 3HavyeHus nokazamerneli Mukpomeepdocmu Ha-
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xodsimcs 8 npomexxymke 1248 - 1342 HV, 3. UcnbimaHue adze3uu ro-
KpbIMUsi K OCHOBaHUK MPO80o0UI0CL MEMOOOM HaMSs)KEHUSI, MOJTy4YeH-
Hoe 8 pe3ynbmame ucrbsimaHus 3Had4eHue cocmasnsem 89 MPa.

U3ydeHue MUKpPOCMPYKMypbi MOKpbIMuUsi, MemodoM ceemoegol
MUKPOCKOIMUU [1oKasaso, 4Ymo [OKpbImue Ccocmoum U3 OCHO8HO20
crnnasa NiCr ¢ npeobnadaHuem rnepsuyHoli kapbudHol ¢hasbi CrsC, u
npucymcmeuem ¢pasbi Cr;Cs.

TpasnieHue MoKpbIMuUs MPO80OUSIOCH C UCM01b308aHUEM PeazeH-
ma 1HNO3: 4HCI: 4H,0, pacmeopsirouiezo 8 rnepayo Koyepedb HUKe-
JIb, Ymo no3eosnsiem ysudemsp pacripedesieHue kapbudHoU ¢ha3sbl 8 ro-
Kpbimuu. TpassieHue nokpbimus rnokasarsio, 4mo 8 crioe npeobnadaem
kapbudHas ¢pasza CriC,, obecriequsarouias 8bICOKOE 3Ha4eHUE MUKPO-
meepdocmu rMoKpbIMUs.

KnioueBble crnoBa: 8akyym, ocHogaHue, Mpo4YHOCMb, ceolicmea, Mu-
Kpocmpykmypa, MexaHu4eckue ceolicmea, rnokpbimue, kap6uosbi.

MEHANICKA SVOJSTVA | MIKROSTRUKTURA VAKUUM PLAZMA
NAPRSKANE Cr;C; - 25(Ni20Cr) PREVLAKE

OBLAST: hemijske tehnologije
VRSTA CLANKA: originalni nauéni &lanak
JEZIK CLANKA: engleski

Sazetak:

U radu je analizirana vakuum plazma sprej previaka VPS —
CrsC, - 25(Ni20Cr). Upotrebljen je komercijalni prah oznake Sulzer
Metco Woka 7205. Prah je deponovan sa plazma pistoljem F4 na od-
stojanju substrata od 340 mm. Glavni cilj rada bio je da se na sma-
njenom pritisku inertnog gasa Ar eliminise razgradnja primarnog kar-
bida Cr;C, u karbid Cr,3Cs koji bitno umanjuje mikrotvrdo¢u i meha-
nicke karakteristike prevlake. Prevlaka je deponovana debljine od
100 do 120 um na celicnom substratu. Mikrotvrdoca previake ispitana
Jje metodom HV, 3. Vrednosti mikrotvrdoce bile su u rasponu od 1248
do 1342 HV, 3. Cvrstoca spoja prevlake ispitana je metodom na zate-
zanje. Utvrdeno je da ¢vrstoca spoja izmedu substrata i previake ima
vrednost 89 MPa. Mikrostruktura previake ispitana je tehnikom sve-
tlosne mikroskopije. Struktura previake sastoji se od osnove NiCr le-
gure sa dominantnom primarnom karbidnom fazom Crs;C,. Pored
CrsC, faze prisutna je i faza Cr,Cs;. Nagrizanje previake uradeno je
reagensom 1HNO3: 4HCI: 4H,0 koji prvenstveno rastvara Ni da bi se
videla raspodela karbidne faze u previaci. Nagrizanjem prevlake rea-
gensom utvrdeno je da je u slojevima prevlake u velikom udelu pri-
sutna primarna nerazgradena karbidna faza Cr;C, koja previaci daje
visoke vrednosti mikrotvrdoce.
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Uvod

Vakuum plazma prskanje (VPS), zbog niskog pritiska, obi¢no se
naziva i LPPS. Na niskim pritiscima mlaz plazme postaje vece duZine i
manjeg precnika sa upotrebom konvergentnih/divergentnih mlaznica i
ima vecu brzinu jona. Eliminisanje kiseonika u komori i mogucnost pri-
mene predgrevanja substrata omogucuje izradu guscih prevlaka, vise
zatezne cvrstoce spoja bez sadrZaja oksida u previaci. Primenom VPS
procesa sprecava se dekarburizacija primarnog karbida Cr;C,, tako da
se deponuju previake visoke tvrdoce. U poslednjoj deceniji veliki broj
istraZivaa publikovao je rezultate koji se odnose na strukturu i svoj-
stva previaka deponovanih HVOF procesom (Guilemany, et al., 2006,
p.2998), (Guilemany, et al., 2002, p.207), (Ji, et al., 2006, p.6749), (Li,
et al., 2005, p.229), (Picas, et al., 2006, p.477). Kod ovog procesa, kao
i kod APS procesa, glavni problem bio je gubitak ugljenika tokom talo-
Zenja previake. U VPS previakama dominantna je karbidna faza Cr;C,
tvrdoc¢e 1600HV sa manjim udelom faze Cr,Cj tvrdo¢e 1300HV (Mar-
cano, et al., 2008, pp.4406—4410), (Tomita, et al., 2001, pp.699-704).
U previaci nije prisutna karbidna faza Cr,3Cg tvrdoce 1000HV, koja u
APS i HVOF karbidnim prevlakama umanjuje tvrdocu prevlaka. Tvrdo-
¢a VPS Cr;C, - 25(Ni20Cr) previake je HV1243 + 80, §to je mnogo ve-
¢e od HVOF previake sa tvrdocéom HV958 + 44 (Tomita, et al., 2001,
pp.699—704). Zatezna Cvrstoca spoja prevliake deponovane VPS pro-
cesom veca je od 80 MPa sa sadrZajem poroznosti manjom od 5%
(ASM Metals Handbook, 1987, p.367). Plazma sprej previake Cr;C, -
NiCr imaju visoku otpornost protiv abrazionog habanja i nizak koefici-
jent trenja, od sobne temperature do 850°C, zbog visoke termicke sta-
bilnosti i otpornosti na oksidaciju (Guilemany, et al., 2006, p.2998). Ne-
davno je utvrdeno da ove prevliake mogu poboljsati otpornost na toplot-
ni zamor i otpornost na habanje u tesSkim uslovima opterec¢enja i produ-
Ziti radni vek komponentama (Guilemany, et al., 2002, p.207). Termicki
naprskane kermet prevlake dobra su alternativa tvrdom hromu, kada
se zahteva visoka otpornost na habanje (Erning, Nestler, 1999,
pp.462—466), (Sahraoui, et al., 2004, pp.654-660), (Ko, Robertson,
2002, pp.880-893), (Savarimuthu, et al., 2000, pp.1095-1104). Pla-
zma sprej procesi APS i VPS koriste se u Sirokom spektru aplikacija,
ukljuéujuci automobilsku industriju, avionsku industriju, hemijsku proce-
snu opremu, industriju celuloze i papira, ortopedskih i stomatoloskih
komponenti i dr. (Erja Turunen, et al., 2006, pp.4987-4994), (Mrdak, et
al., 2013, pp.559-567), (Mrdak, 2013, pp.69-88), (Mrdak, 2013, pp.182-
201), (Mrdak, et al., 2009, pp.27-32), (Vencl, et al., 2006, pp.151-157),
(Vencl, et al., 2011, pp.1281-1288). Plazma sprej proces koristi se vise
od Cetiri decenije za izradu zastitnih previaka na bazi metala, keramike
i Cak kompozitnih materijala za razli¢ite aplikacije (Chuanxian Ding,
2003, pp.455-458). Uprkos dugom periodu primene plazma sprej pro-
cesa, medu naucnicima je jo§ uvek prisutno veliko interesovanje za
razvoj novih materijala za izradu previaka i istraZivanje njihovog pona-
Sanja u radnim uslovima (Leblanc, 2003, pp.291-299).
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U radu su predstavijeni rezultati eksperimentalnih ispitivanja uticaja
VPS — vakuum plazma sprej procesa na mehaniCke karakteristika i mikro-
strukturu kermet previake CrsC, - 25(Ni20Cr). Glavni cilj rada bio je da se
na smanjenom pritisku inertnog gasa Ar u procesu depozicije izbegne raz-
gradnja primarnog karbida CrsC, u mnogo meksi karbid Cr,3Cgi deponuju
slojevi previake sa mikrostrukturom u kojoj ¢e biti dominantna karbidna fa-
za Cr3C, koja daje bolje performanse previaci u eksploataciji. Ispitivanja su
pokazala da VPS — Cr;C,- 25(Ni20Cr) previaka ima vece vrednosti mikro-
tvrdoce i ¢vrstocu spoja od APS i HVOF previaka, koje su u saglasnosti sa
mikrostrukturom previake u kojoj dominira primarna karbidna faza CrsC,.

Materijali i eksperimentalni detalji

Za izradu previaka koristio se prah firme Sulzer Metco s oznakom
Woka 7205 ( Material Product Data Sheet, 2012, Woka 7205 Chromium
Carbide - 256% Nickel Chromium Powders, DSMTS-0031.1, Sulzer Met-
co). Prah Woka7205 sadrzi 76%Cr;C, karbida i 25%(Ni20Cr) legure. Ce-
stice praha Cr;C, - 25(Ni20Cr) sfernog su oblika, proizvedene tehnikom
sinterovanja i aglomeracije sa rasponom granulata praha od 10 do 38 um.

Osnove na koje su deponovane previake za ispitivanje mikrotvrdoce
i za procenu mikrostrukture napravijene su od celika C.4171 (X15Cr13
EN10027) u termicki neobradenom stanju, dimenzija 70x20x1,5mm (Tur-
bojet Engine — Standard Practices Manual (PN 582005), 2002, Pratt &
Whitney, East Hartford, USA). Takode, osnove za ispitivanje ¢vrstoce spo-
Jja napravijene su od celika C.4171(X15Cr13EN10027) u termicki neobra-
denom stanju dimenzija @25x50 mm (Turbojet Engine — Standard Practi-
ces Manual (PN 582005), 2002, Pratt & Whitney, East Hartford, USA).

Mehani¢ke i mikrostrukturne karakterizacije prevlaka uradene su
prema standardu Pratt & Whitney (Turbojet Engine — Standard Practi-
ces Manual (PN 582005), 2002, Pratt & Whitney, East Hartford, USA).
Procena mehanickih osobina slojeva uradena je ispitivanjem mikrotvr-
doc¢e metodom HV, 3 i ¢vrstoCe spoja ispitivanjem na zatezanje. Ispiti-
vanje mikrotvrdoce uradeno je u pravcu duz lamela, u sredini i na kra-
Jevima uzorka. Uradeno je pet oCitavanja na tri mesta, a u radu je pri-
kazan raspon mikrotvrdoc¢e od minimalne do maksimalne vrednosti.

Metoda ispitivanja ¢vrstoce spoja je metoda ispitivanja na zateza-
nje. Ispitivanje je uradeno na sobnoj temperaturi sa brzinom zatezanja
1cm/60s. Za ispitivanje su upotrebljene tri epruvete, a u radu je prika-
zana srednja vrednost.

Morfologija Cestica praha uradena je na SEM — skening elektron-
skom mikroskopu. Analiza udela mikropora u previaci uradena je obra-
dom 5 fotografija na uveli¢anju 200X. Preko paus papira mikropore su
oznacene i osenéene, a njihova ukupna povrsina radunala se na ukupnu
povrsinu mikrofotografije. U radu je prikazana srednja vrednost udela mi-
kropora. Mikrostrukturna analiza previaka uradena je na svetlosnom mi-
kroskopu. Radi utvrdivanja raspodele karbidne faze u previaci radeno je
nagrizanje previake u reagensu 1THNO3:4HCI:4H,0. Mikrostruktura pre-
vlake posle nagrizanja ispitana je tehnikom svetlosne mikroskopije.
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Depozicija praha Crs;C, - 25(Ni20Cr) izvrSena je na niskom pritisku
inertnog gasa Ar u VPS sistemu firme Plasma Technik AG. Za depozici-
Ju praha koriscen je plazma pistolj F4. Proces obuhvata ¢iS¢enje povrsi-
ne substrata transferovanim lukom i deponovanje praha na niskom priti-
sku. Na mikroprocesorskoj jedinici robota VPS sistema Plasma Technik
AG uraden je program deponovanja praha Cr;C, - 25(Ni20Cr). U progra-
mu su zadati i vremenski sinhronizovani svi parametri procesa kao Sto
je: vakuumiranje komore, protok plazma gasova, ¢iS¢enje substrata tran-
sferovanim lukom, protok praha, depozicija previake, hladenje substrata
i ventilacija vakuum komore. CiS¢enje povrsine substrata i depozicija
praha uradena je sa meSavinom plazma gasova Ar-He.

Rezultati i diskusija

U slojevima previake Cr;C,- 25(Ni20Cr) duz popreénog preseka su iz-
merene vrednosti mikrotvrdoce od 1248 do 1342 HV, 3. Dobijene vrednosti
mikrotvrdoce ukazuju da je u mikrostrukturi u vecem udelu prisutna neraz-
gradena primarna karbidna faza Cr;C, Sto je omogucila inertna atmosfera
Ar na niskom pritisku (Marcano, et al., 2008, pp.4406—4410), (Tomita, et al.,
2001, pp.699-704). Raspon mikrotvrdoce deponovanih slojeva je posledica
prisustva mikroporoznosti u slojevima previake. Zatezna ¢vrstoc¢a spoja iz-
medu substrata i previake bila je 89 MPa, $to je karakteristicno za VPS pre-
viake. CiSc¢enje povrsine substrata transferovanim lukom uticalo je na bolje
prijanjanje deponovanih slojeva previaka, sto se odrazilo na dobijanje viso-
ke vrednosti ¢vrstoce spoja. Virednosti mikrotvrdoce i zatezne évrstoce spo-
Ja bile su u korelaciji sa njihovim mikrostrukturama.

Kvalitativna analiza je pokazala da na interfejsu izmedu substrata i de-
ponovanih prevlaka nisu prisutni defekti kao $to je diskontinuitet deponova-
nih slojeva na substratima, mikropukotine, makropukotine i odvajanje pre-
vlaka od osnove. Granice na interfejsu izmedu substrata i slojeva previake
izuzetno su Ciste, $to ukazuje na dobro ¢iScenje povrsine substrata transfe-
rovanim lukom. Kroz slojeve previake uoCavaju se mikropore sfernog i ne-
pravilnog oblika obeleZzene crvenim strelicama. U slojevima prevlake nisu
prisutne nestopliene Cestice i precipitati. U strukturi nisu prisutne mikropuko-
tine. Kroz slojeve previaka ne uoCavaju se oksidne lamele. VPS — vakuum
plazma sprej proces omogucuje deponovanje slojeva bez sadrZaja oksida u
prevlaci, 5to je velika prednost u odnosu na procese APS i HVOF.

U mikrostrukturi previake jasno se vide dve faze. Tamnoplava faza
su lamele legure Ni20Cr, a svetloplava faza su primarni nerazgradeni
karbidi CrsC, i sekundarni karbidi Cr,C3 koji daju previaci visoke vredno-
sti mikrotvrdoce (Marcano, et al., 2008, pp.4406—4410), (Tomita, et al.,
2001, pp.699-704). Karbidne faze Cr;C, i Cr;C3 su ravhomerno raspore-
dene u strukturi previake koja je dosta ujednacena po preseku, bez pri-
sutnih mikro i makropukotina. To ukazuje da su slojevi prevlake ravno-
merno deponovani. U strukturi prevliake prisutne su mikropore koje se vi-
de kao tamna polja. Poroznost previake odredena je pomocu tehnike
analize slike, gde je 5 polja na uvecanju od 200X analizirano na poprec-
nom preseku previake. Prosecna vrednost poroznosti iznosila je 4%. Pri-
marne cCestice karbida Cr;C,i sekundarne karbidne faze Cr,C; nalaze se

G



u interlamelarnim regionima legure Ni20Cr (Marcano, et al., 2008,
pp.4406-4410), (Tomita, et al., 2001, pp.699—-704). Nagrizanjem prevla-
ke Ni se rastvara iz ¢vrstog rastvora legure Ni20Cr, dok karbidi CrsC, i
Cr;C5 stoje izdignuti u reljefu svetloplave boje. Posto upadna svetlost ko-
S0 pada na povrSinu uzorka i baca senku iznad izdignutih faza karbida,
faza Ni20Cr legure je tamno- plave boje.

Zakljugak

U ovom radu su vakuum plazma sprej — VPS postupkom deponovane
kermet previake Cr;C, - 25(Ni20Cr) sa &iS¢enjem povrSine substrata tran-
sferovanim lukom na odstojanju 320 mm plazma pistolja F4 od substrata i
depozicija Cestica praha na odstojanju 340 mm plazma pistolja od substra-
ta. Ispitane su mehanicCke karakteristike i mikrostrukture previaka u depono-
vanom i nagrizenom stanju u reagensu 1THNQO3:4HCI:4H,0. Na osnovu izvr-
Senih ispitivanja do$lo se do odredenih zakljucaka.

VPS kermet previaka Cr;C,- 25(Ni20Cr) duz poprecnog preseka ima-
la je visoke vrednosti mikrotvrdoc¢e od 1248 do 1342 HV, 3 Izmerene vred-
nosti mikrotvrdo¢e ukazuju na prisustvo veceg udela nerazgradene primar-
ne karbidne faze CrsC, u mikrostrukturi previake. Raspon mikrotvrdoce de-
ponovanih slojeva posledica je prisustva mikroporoznosti u slojevima pre-
viake. Zatezna Cvrstoca spoja CrsC, - 25(Ni20Cr) previake imala je visoku
vrednost od 89 MPa. Ciscenje povrsine substrata transferovanim lukom uti-
calo je na bolje prijanjanje deponovanih slojeva previaka, Sto se odrazilo na
dobijanje visoke vrednosti ¢vrstoce spoja. Virednosti mikrotvrdoce i zatezne
Cvrstoce spoja bile su u korelaciji sa njihovim mikrostrukturama.

Mikrostruktura VPS kermet previake 75Cr;C, - 25(Ni20Cr) je la-
melarna. U deponovanim slojevima prisutne su mikropore sa udelom
od 4%. Kroz deponovane slojeve ne uoCavaju se neistopljene cestice
praha i precipitati. U mikrostrukturi prevliake u nagriZzenom stanju jasno
se vide tamni slojevi legure Ni(Cr) u kojoj se nalaze svetla polja ravno-
merno rasporedene primarne faze karbida CrsC, i sekundarne faze
karbida Cr,Cs. U slojevima previake koje su deponovane na niskom
pritisku u inertnoj atmosferi Ar nisu prisutne oksidne faze Ni i Cr.

Ispitivanja su pokazala da VPS - Cr;C, - 25(Ni20Cr) kermet previake
imaju vece vrednosti mikrotvrdoce i évrstoce spoja od APS i HVOF previaka,
kaoje su u saglasnosti sa mikrostrukturom previake. Deponovanje praha u za-
Stitnoj atmosferi na niskom pritisku omogucilo je da se u previaci deponuju
slojevi sa dominantnom primarmom fazom Cr;C, u kojoj dominira primarna
karbidna faza CrsC, koja u eksploataciji daje bolje performanse previaci.

Kljuéne reéi: vakuum, substrat, ¢vrstoca, svojstva, faze, mikrostrukture,
mikrotvrdo¢a, mehanicka svojstva, previaka, karbidi.
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Sazetak:

Frakcioni radun je oblast matematicke analize koja se bavi izucCa-
vanjem i primenom izvoda i integrala proizvoljnog reda. Ovom teorijom
bavili su se mnogi poznati matemati¢ari medu kojima su OQjler, Riman,
Liuvil, Abel i Furije. PredloZeno je viSe definicija za izraunavanje izvo-
da i integrala necelog reda. U ovom radu daje se pregled nekih predio-
Zenih definicija, kao i osnovne postavke frakcionog racuna sa poseb-
nim naglaskom na mogucnostima njegove primene u domenu modelo-
vanja telekomunikacionog saobracaja.

Cinjenica je da frakcioni racun poslednjih decenija nalazi sve vecu
primenu u raznim nauénim oblastima. Modeli zasnovani na frakcionom
ra¢unu pokazali su se korisnim u fizici, mehanici, elektrotehnici, biohemi-
Ji, medicini, ekonomiji, teoriji verovatnoc¢e. U ovom radu analizira se mo-
gucnost primene frakcionog racuna u modelovanju telekomunikacionog
saobracCaja. IstraZivanja pokazuju da se karakteristike telekomunikacio-
nog saobracaja na lokalnom i globalnom nivou u mreZi, kao $to su sa-
mosli¢nost i zavisnost u dugom opsegu, efikasnije mogu opisati pomocu
frakcionog racuna umesto konvencionalnih stohastickih procesa. U radu
su prikazani predloZeni modeli zasnovani na frakcionom racunu koji mo-
deluju fenomene prisutne u savremenim telekomunikacionim mreZama.

Kljuéne reci: modeli, saobracaj, telekomunikacije, frakcioni racun.

ZAHVALNICA: Ovaj rad je deo rezultata istrazivanja na projektu ,TR32025” koji finansira Min-
istarstvo prosvete, nauke | tehnoloSkog razvoja Republike Srbije
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Uvod

Telekomunikacione mreze beleze enorman razvoj. Potrebe korisnika
u pogledu novih servisa i aplikacija koje zahtevaju vece propusne opsege
i veci kvalitet servisa svakim danom rastu. Rast traznje uti¢e na neop-
hodnost izgradnje adekvatne arhitekture mreze, planiranje, odrzavanje,
kontinuirani razvoj i unapredivanje. U tom smislu, od velikog znacaja je
evaluacija efikasnosti telekomunikacionih mreza koriS¢enjem metoda
merenja, analize i simulacije ovih mreza. Merenjem i statistickom anali-
zom telekomunikacionog saobraéaja otkriveno je da saobracaj u mrezi
pokazuje velike neregularnosti (burstiness), kako u pogledu varijabilnosti
intenziteta saobracaja, tako i u pogledu oblika funkcije autokorelacije.
Uoceno je da saobracaj ima fraktalne karakteristike — samosli¢nost i zavi-
snost u dugom opsegu (Devetskiotis, da Fonseca, 2005).

Usled toga, potrebna je velika Sirina propusnog opsega, a vrlo Ce-
sto je to jedan od uzroka neefikasnosti mreze. Za razliku od ustaljenih
modela, zasnovanih na Poasonovoj raspodeli, koji se sreCu u mrezama
sa komutacijom kola, kod modela zasnovanih na samosli¢nosti teleko-
munikacionog saobracaja javljaju se problemi koje je teSko prognozirati,
izmeriti i kontrolisati saobracaj u mrezi. Stoga, merenje, analiza i mode-
lovanje samoslicnhog telekomunikacionog saobracaja jo$§ uvek predsta-
vlja izazov.

Razli¢ita istrazivanja su pokazala da se saobracaj u savremenim te-
lekomunikacionim mrezama moze adekvatno opisati statistickim modeli-
ma zasnovanim na frakcionom raunu. Frakcioni raCun predstavlja oblast
matematike koja se bavi izu¢avanjem i primenom izvoda i integrala nece-
log reda. Poslednjih decenija nalazi sve ve¢u primenu u raznim sferama
nauke, od medicine, fizike, biohemije, ekonomije, teorije verovatnoce,
mehanike, elektrotehnike.

TeziSte ovog rada je na mogucnosti primene frakcionog rauna u sa-
vremenim telekomunikacionim mrezama u modelovanju telekomunikacio-
nog saobracaja.

Rad je koncipiran na sledeéi nacin. Nakon uvodnog razmatranja, da-
ju se osnovne postavke frakcionog raCuna. Brojni poznati matematicari
koji su se bavili izu¢avanjem frakcionog racuna dali su svoje definicije i u
ovom radu se daje pregled nekih od predlozenih definicija. U narednom
poglavlju se opisuju fenomeni koji se sre¢u u savremenim telekomunika-
cionim mrezama — samosli¢nost (eng. self-similarity) i zavisnost u dugom
opsegu (eng. Long run dependence - LRD). Zatim se daje pregled nekih
predloZzenih modela saobracaja zasnovanih na frakcionom racunu. Na
kraju se daju zaklju¢na razmatranja.
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Osnovne postavke frakcionog raCuna

Izu€avanje frakcionog ra¢una pocinje u 17. veku sa Lopitalom i Lajb-
nicom. Lakroa je prvi objavio neceli red izvoda. Tako, za y=x“,aeR,,
pokazao je da

d"?y T(a+1) ,p

2 T(a+1/2) '

Zapravo, dobio je da (d/dx)1/2x=2\/x/ﬂ' (isti rezultat je dobio i Ri-
man-Liuvil, koji vazi i danas).

lako je naziv ,frakcioni raun” zapravo pogreSan, a oznaka ,integra-
cija i diferencijacija proizvoljnog reda” adekvatnija, uobi¢ajen je naziv
frakcioni racun, koji se koristi jo$ od doba Lopitala.

Furije, koji je 1822. izveo vrednost integrala funkcije

=—jf dajcosp x—a)dp , formalno je izrazio verziju sa izvodima

_f :_jf x)dxjp cos{ x— a)+V77[}dp

gde se vrednost v OanSI na bilo koju vrednost, pdzitivnu ili negativnu.

Abel je primenio frakcioni raCun za reSavanje integralne jednacine
koja se javlja u formulaciji tautohronog problema (odrediti oblik krive tako
da je vreme spustanja tela zanemarljive mase niz datu krivu, bez trenja,
pod uticajem gravitacije, nezavisno od poc¢etnog polozaja tela). Abelova
integralna jednacina ima oblik:

k={(x=t)"2 r()ar. (1)

O'—;R

Abel je izu€avao opstije forme integralnih jednacina sa jezgrom ob-
lika (x—¢)“. Integral (1), sa izuzetkom faktora 1/T(1/2), poseban je slu¢aj

konacnog integrala koji definiSe frakciono integraljenje reda 2. U inte-
gralnim jednacinama oblika (1) funkcija f je nepoznata. Abel je desnu

stranu jednacine (1) napisao kao \/;[d_l/z/dx_l/qf(x). Zatim je pri-

menio operaciju 42 /dx"? na obe strane jednadine i dobio je:

PELRCAOR 2)

e



1/ 1
jer ovi frakcioni operatori imaju osobinu da DAD Aszszf. Stoga,
kada se izraCuna frakcioni izvod reda 2 konstante k u (2), f(x) je odre-

dena. To je izuzetno dostignuée u oblasti frakcionog ra¢una. Vazno je
uoCiti da frakcioni izvod konstante nije uvek jednak nuli (Miller, Ross,
1993).

Prvi ozbiljan poku$aj da se da logi¢na definicija frakcionih izvoda
pripada Liuvilu. Liuvil je poSao od poznatog rezultata D"e™ =a"e* gde je

d . . . o . 1
Dzd—,ne N, i pros$irio ga, najpre na poseban slu¢aj kada je v=5,a=2
X
a zatim ga proSirio na proizvoljan red, ve R, sa D"e*™ =d"e* . Prikazao je

funkciju f(x) kao f(x)= che“kx i definisao izvod proizvoljnog reda v sa
k=0

DY f(x)= Z cpay e .
k=0

Njegov drugi metod odnosio se na eksplicitnu funkciju x™¢. Posma-

trao je integral I=_[u“‘1e‘x”du, a zatim zamenom xu=: dobio rezultat
0

I=x‘“jt“‘1e"dt =x “T'(a) (za Rea > 0). MnoZeci obe strane x “ =1/T(a)
0

F(a-i—V)
F(a)

—a-v

sa D" dobio je D"x™* =(~1)"

S obzirom na to da proizvoljna diferencijalna jednacina oblika

d" . . — Lo
—5=0 n-tog reda ima opSte reSenje y=cy+c¢x+...+c,_;x, Liuvil je
dx

d%y

zaklju€io da frakciona jednacina oblika v
X

=0,ae R, takode treba da

ima odgovarajuce opste reSenje.
Neka je f lokalno integrabilna u intervalu (a,), tada je n-ta iteracija
integraljenja data kao:

X

alﬁf(x) = Idulfduz... ]:lf(un)dun = (nil)!]g(x—u)n_l f(u)du
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za skoro svako X Uz -w<ag<x<e | neN. AKOo se uzme da je
(n-1)!=T(n), dobija se neposredna generalizacija integrala funkcije f ne-
celogreda >0,

X

algf(x)=mf(x—u)a_l f(u)du , (desni integral) (3)
i sliCnoza —cc<x<b<oo,

b

xlg”f(x)zﬁf(u—x)“_lf(u)du (levi integral),

X

oboje definisano za odgovarajuce f. Indeksi uz | ozna€avaju granice inte-
gracije u datom redosledu. Moze se uociti da je za «=n jednacina (3)
jedinstveno reSenje pocetnog problema

W (3)=1 (x).v(a) = y'(a) = =" (a) =0
Kada je a=- jednacina (3) je ekvivalentna Liuvilovoj definiciji, a za
a=0 dobija se Rimanova definicija (bez komplementarne funkcije). Na-

j¢esc¢e se kaze da je ,1¢f Riman-Liuvilov frakcioni integral reda « funk-
cije f. Sa druge stane, jednacine

()= () = s [ () f ()

1
I'(2)

LI (x) = 18 S (%) =ﬁ J (x =)™/ (u)du

= — 3

nazivaju se Vejlovi frakcioni integrali reda o, definisani za odgovarajucu
funkciju f. Levi i desni integral frakcionih integrala 177 (x) i I7f(x)

povezani su preko Parsevalove jednakosti (frakciona integracija po
delovima) koja se dobijaza a=0i b=

O —3

F )01 (¥)ds = [ (W2 1) (x) g ()

Sledeca svojstva vaze za desni integral frakcionih integrala (uvoden-
jem adekvatnih zamena vazi sluCaj levog integrala). Neka je

f €L, (a,). Tada, ako je a>«, ,1%f(x) je konatan svuda u intervalu

T a'x

(a,%) i pripada Lj,.(a,). Ako je a=-- pretpostavija se da se f ponasa

>



tako da za -~ takav integral konvergira. Pod ovim pretpostavkama frak-
cioni integral zadovoljava svojstvo aditivnosti:

JE 8= 19 f(a,5>0).

Uzimajuéi u obzir redosled integraljenja, dobija se:

1% 18

a'x a'x (x)=

m!(x—u)a_l du

F(lﬂ)?[(”‘t)ﬁ_lf(f)df

:WTf(t)dtT(x—u)a_l (u=1)"" au

. . ” -t .
Drugi integral je, uvodeéi zamenu y=2"" jednak
x—t
1

(x=0)* P [(1-9)" yPdy =B (e B) (x—1) P!
_T(@)T(B) . yeept
" T

gde je B(«, ) Beta funkcija. Kada se to uvrsti u gornje rezultate, dobija se:

a*xa x.

JEOf = 0 18 f (ne Na>0),

Sto implicira n-tu diferencijaciju:

A ()= 197 (x), (ne N,a>0) za svako x. (4)
dx"

Prethodni rezultati vaZe i za kompleksni parametar « , ako se uslov
o« >0 zameni sa Rea >0. Tada se operacija ,1¢ moze smatrati holomorf-

nom funkcijom od « za Rea >0, §to se moze prosiriti na celu komplek-
snu ravan. Kako bi se ovo pojasnilo, polazi se od pretpostavke da je f
beskonacno diferencijabilna u skupu realnih brojeva. Ako je a>-« tada

je f(”)(a)=0 za n=0,1,2... Tada za svako fiksno x>a integral u (9) je
holomorfna funkcija od x za Rea>0.
Neka je xe R i r>0. Skup

K(x,r)={yeR:d(x,y)<r}={ye R: i(xi—yi)z <r}

<>
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naziva se otvorena kugla oko x radijusa r. Skup 4c R je otvoren ako
vazi Vxe 4,3r>0,K(x,r)< 4. Funkcija f je diferencijabilna ili holomorfna

na otvorenom skupu Q ako poseduje izvod u svakoj tacki skupa Q. Vazi
sledece: ako je funkcija diferencijabilna, onda postoji izvod svakog reda
na celom skupu Q. Takva diferencijabilna funkcija naziva se holomorfna.

Parcijalna integracija n-puta daje:
J4F(x)= 7 (1), (Rear>0,ne N) (5)

Primenjujuéi aditivno svojstvo (4) na izraz sa desne strane (5) i
diferencirajuci rezultat n-puta po x, dobija se:

d}’l

ol ()= A2 (1), (Rea>0,ne N) (6)
X

¢ime se pokazuje da su operacije integracije frakcionog reda « i diferen-
ciranja reda n nad funkcijom f komutativne.

Ako se ponovo pogleda formula (5) moze se uoCiti da je desna strana
izraza holomorfna funkcija od o sa veéim domenom {ae C;Rea>-n} i
jednak je j—nalﬁmf(x) po formuli (6). Ovako se moZe prosiriti ,17 f(x)

X

na domen {«e C;Rear <0}, analiticki definiSu¢i za ae C i Rear<0

dn
dx"

J2f(x) = ) () =L () (7)

Za svaki ceo broj n>-Rea, dobija se

J0F () = £(x) I () = £ (x), (ne W) (8)

Neka je o kompleksni broj takav da je Rea>0 i n=[Rec|, gde
[Rer] 0znagava ceo deo od Ree . Desni integral frakcionog izvoda reda
« definisan je kao

DY f(x)= ;’ J7F(x), (n=[Rea]+1) 9)

X

za svako fe L, (a,) za koje izraz na desnoj strani vazi.

&0



Definicije integrala i izvoda proizvolinog reda «, Rea=#0,
(ekvivalentno) mogu se objediniti na sledeci nacin, za (ne N):

1 ol
" r(_a)j(x_“) ” S (u)du,(Rear <0)
an f(x)= n ¢ ’
(%) JU%f(x),(Rea>0;n—1<Rear <n)

Sto se Cesto naziva diferintegral funkcije freda « . Ovaj proces Cesto se
naziva i frakciono integro-diferenciranje.

Moze se uoditi da je levi izraz frakcionog izvoda reda « definisan

kao: Dff(x)=(-1) ;’ _ (%), (n=[Rea]+1).

Frakcioni izvod potpuno imaginarnog reda « =i6,0 # 0 definisan je kao

L W
(1-i6) dx? (x—u)?

aD)’?f(x)zr du,

a odgovarajudi integral reda « =i@ definiSe se kao:

r(liie)%j(x_”)igf(”)d”

i d 1+
angf(x):EaI; gf(x):

Definicija frakcionog integro-diferenciranja za svako ae C je kompletna
uvodenjem identickog operatora ,D%f = ,1°f = ' za svako a=0.
Takode, moze se uoditi da su frakcioni operatori linearni:

D afi(x)+erfs(x) = o DEfi(x)+ ¢y DL S (x),
gde su ¢ i ¢, konstante.

Pri definisanju dovoljnih uslova za postojanje frakcionih izvoda u relaciji
(9) razmatra se slu€aj 0 <Rear<1, ako je « > - (Hifler, 2000). Pretpostavlja

se da je f neprekidna u konacnom intervalu [a,5], formalno (e AC|[a,b], Sto

znadi da je f diferencijabilna svuda u intervalu (a,b) i f'e L' (a,b) i u intervalu

X

[a,5] jednakaje f(x)=[/"(u)du+f(a)= L./ "(x)+f(a).

-
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Zamenom ovoga u formuli ali‘”f(x), uz Cinjenicu da su operatori

1'% i I' komutativni, dobija se:

I ()= o1 1 o)=L (e

r2-a)
Diferenciranjem po x, dobija se:
D p(x) =L 1 g () = 1 ()LD gy (10)
a—x . dxax a~x F(l_a)

Sto pokazuje da, u opStem slucaju, operatori 15 | di nisu komutativni.
X

Formula (10) moze se prosiriti uvodenjem kompleksnog broja «,
takvog da je Rea>1. Rezultati su obuhvaceni pretpostavkom koja sledi.

Najpre se uvode sledece oznake: za ne N, AC"™[a,b] 0znatava skup od

(n—1) diferencijabilnih funkcija f na [a,b], takvih da su f, /.., /""

neprekidne na [a,6]. Moze se uotiti da je A4C°[a,b] jednako AC[a,b].
Pretpostavka: ako je fe AC[a,b] f je definisana samo u konaénom

intervalu [a,b], tada postoji ,D%f, .Dff za O0<Rea<l. Stavise,

DY fe L (a,b) ZalSr<Riaianf(x)=r(l 05{ ;[ }

Analogno vaziza .Df f .

Akoje fe AC"™'[a,b], n=[Rea]+1 tada postoji ,D%f za Rear>0 ivaZi
a1 (k) (a) oo (u)

o051 (%)= F(1+k—a)+F(n—a)!(x_u)“—”“ du ()

Drugi naCin da se definiSe frakcioni izvod reda «, takode prema
Liuvilu, jeste:
DI (%)= 0 (x), (n=[Rea]+1). (12)

Ocigledno, f mora biti diferencijabilna kako bi izraz sa desne strane
(12) postojao. Relacija izmedu dva frakciona izvoda (9) i (12) data je for-
mulom (11), naime

1 )
DLf(x)= DS +Zr(f+ “) (x—a).

par k- 0()

>



Definicija (9) najceSce je koriS¢ena u matematickim krugovima, dok
je definicija (12) &eS¢e koris¢ena u slu€ajevima kada su pocetni uslovi
definisani preko celih izvoda (Hifler, 2000).

Neki predloZzeni modeli primene frakcionog
racuna za modelovanje telekomunikacionog
saobracaja

Izvodi i integrali celog reda imaju jasnu fiziCku i geometrijsku inter-
pretaciju. Medutim, prihvatljiva geometrijska i fizicka interpretacija inte-
graljenja i diferenciranja frakcionog reda dugo nije bila poznata. To je
oblast koja se danas sve viSe razvija, kako u teoriji, tako i u praksi.
Poslednjih godina frakcioni racun nalazi primenu u studijama o viskoelas-
ticnim materijalima, tokovima fluida, elektromagnetnoj teoriji i verovat-
noci, saobrac¢aju i medicini (Dalir, Bashour, 2010). U ovom delu rada
teZidte je na mogucnosti primene u telekomunikacionim mreZzama

Modeli Markova i njegova teorija redova Cesto su izu€avani i inten-
zivno primenjivani kao alat za evaluaciju performansi. Medutim, analize
zasnovane na modelima Markova imaju odredene nedostatke. To su:

— u mrezama sa velikim protocima verovatnoéa odbacivanja paketa
u baferima sa ograni¢enim kapacitetom teSko se moze odrediti i Cesto se
aproksimira verovatno¢om odbacivanja u sistemu sa beskonacnim baf-
erima (Kim, Shroff, 2001),

— kada se multipleksira veliki broj izvora Markova, veliki kapacitet
agregatnih dolaznih procesa rezultira nemoguc¢nos¢éu izraCunavanja,

— end-to-end analiza performansi zahteva precizno modelovanje od-
laznih procesa iz redova za analizu slede¢eg hopa (modelovanje od-
laznih procesa za Markove izvore takode je veliki problem),

— sveobuhvatna merenja i analize saobrac¢aja u mrezi ukazuju na to
da paketski saobracaj ima svojstva samosli¢nosti ili zavisnosti u dugom
opsegu (LRD), koja se ne mogu opisati modelima Markova koje karak-
teriSe zavisnost u kratkom opsegu (Cheng et al, 2007).

Samosli¢nost podrazumeva da je odredeno svojstvo objekta, pod-
domen nekog dinamickog sistema ili vremenska serija, oCuvano u od-
nosu na vremensko i/ili prostorno skaliranje. Ako je objekat samosli¢an ili
fraktalan, njegovi delovi, kada se uvecaju, u odredenom smislu imaju ob-
lik celine. Deterministicka samosli¢nost podrazumeva samo jaku formu
rekurzivne regularnosti. Medutim, za potrebe modelovanja saobracaja,
gde je stohastiCka varijabilnost osnovna karakteristika, deterministicka
samosli¢nost mora se dalje uopstiti. Za razliku od deterministi¢kih frak-
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tala, stohasticki fraktali ne poseduju egzaktnu sli¢nost njihovih delova u
poredenju sa celinom. Mera slicnosti je oblik grafa sa adekvatno
izabranim stepenom slicnosti. Ako se usvoji da su vremenske serije u
saobracaju uzorci stohastickog procesa, pri emu se zanemaruje mera
sli¢nosti fokusiranjem na odredene statistike ili, recimo, reskaliranjem
vremenskih serija, tada je moguée posti¢i egzaktnu sli¢nost objekata.

Statistike drugog reda su statisticka svojstva koja prikazuju bursti-
ness ili varijabilnost. Oblik autokorelacione funkcije ima znac¢ajnu ulogu.
Autokorelaciona funkcija je kriterijum u odnosu na koji se definiSe invari-
jantnost. Korelacija, kao funkcija kasnjenja, opada znatno sporije u od-
nosu na eksponencijalnu. Postojanje ovakve zavisnosti naziva se zavis-
nost u dugom opsegu (Park, Willinger, 2001).

Zavisnost u dugom opsegu je svojstvo vremenskih serija da poka-
zuju jaku zavisnost tokom velikih vremenskih intervala. Formalno se
moZze izraziti na viSe ekvivalentnih nacina. Neka je X,,re Z diskretna
promenljiva stacionarne serije. Serija X,,te Z se naziva ,long range de-
pendence” (LRD), ako za njenu funkciju kovarijanse vazi

y(t) = E(Xo~EXo) (X, —EX,) ~ ¢, i7" 11 = oo (13)

ivazi He (%1) gde je ¢, konstanta veca od 0. Uslov (13) moze se ek-

vivalentno napisati pomocu Furijeove transformacije kao:

()= 2 a0,

gde je f(/i)z(zzz)_IZe‘”Py(p),ﬂe[—7:,7[] funkcija spektralne gustine x,
p
i ¢, je konstanta vec¢a od 0. Parametar H naziva se Hurstov parametar.

Sto je H veée, vremenska zavisnost je veéa, jer funkcija kovarijanse
sporije opada ka beskonacnosti (Park et al, 2011).

Postoje razliCite teorije o uzroku pojave samosli¢nosti. Po prvoj, uz-
rok samosli¢nosti lezi u aplikativnom sloju. Druga teorija tvrdi da je
poreklo samosli¢nosti na transportnom sloju. U ovoj teoriji posmatraju se
efekti primene TCP algoritama kontrole zaguSenja na saobracaj u mrezi,
kao i situacija koja nastaje kada viSe izvora saobracaja rutira saobracaj
preko istih putanja. Treca teorija razmatra uzroke na mreznom sloju. Ova
teorija, pre svega, povezuje samoslicnost sa kriticnim fenomenima koji
nastaju u tatkama u kojima slobodan tok saobracaja prerasta u

zagusenje (Smith, 2011).
(740



Vremensko-prostorno modelovanje
prenosa paketa u TCP/IP mrezama

U nastavku ¢e biti prikazan predlozeni model koji predstavlja telekomu-
nikacioni saobracaj kao stohastiCki proces sa mogucnoscu beskonacnog
srednjeg kasnjenja. Ovim modelom mozZe se objasniti pojava zavisnosti u
dugom opsegu i fraktalnih osobina tokova podataka. Takode, prikazana je
formalna veza izmedu heavy-tailed raspodela kasnjenja, hiperbolickog op-
adanja kaSnjenja paketa, funkcije autokovarijanse i frakcionih izvoda.

Nedavna merenja telekomunikacionog saobracaja pokazala su da
se njegove karakteristike efikasnije mogu opisati pomocu necelih izvoda
umesto konvencionalnih stohasti¢kin procesa (Zaborovsky et al,
http://www.neva.ru/conf/art/art8.html). Nova interpretacija frakcionog
racuna otvara nova podrucja upotrebe ovih razvijenih matematickih alata
radi razumevanja lokalnih i globalnih karakteristika saobracaja u
mrezama sa komutacijom paketa.

Fraktalna dimenzija i zavisnost u dugom opsegu mogu se uoditi u
privatnim, lokalnim i WAN mrezama. Definisanje kvaliteta servisa (QoS)
za Internet servise zahteva adekvatne modele virtuelnih konekcija, u zav-
isnosti od tokova podataka. U opStem slu€aju, takva konekcija se sastoji
od nekoliko tranzitnih &vorova i linkova. Bez smanjenja opstosti pret-
postavlja se da se na konekciji koja se razmatra primenjuje TCP protokol
i da postoji end-to-end kontrola. Pored toga, pri definisanju modela
tokova podataka razmatraju se procesi u tranzitnim ¢vorovima i komuni-
kacionim linkovima, kao &to je prikazano na slici 1.

kasnjenje
pri prenosu
TCP baferovanje TCP

I odbacivanje

I paketa

¢vor 0 ¢évor x ¢vor x+1 ¢vor M

Slika 1 — Kasnjenje/odbacivanje paketa u TCP konekciji
Figure 1 — Packet delay/dropp processes in a TCP connection
Cxema 1 — 3apgepxka/noteps naketos B TCP coeanHeHun

Ovi procesi javljaju se u razli¢itim oblicima kasnjenja paketa i akci-
jama njihovog odbacivanja. Posmatra se vreme propagacije paketa. De-
taljnom elaboracijom sve do nivoa tranzitnih &vorova (slika 2b) vreme
propagacije T mozZe se predstaviti kao suma kasnjenja paketa u svakom
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hopu, T = ;((t +t , gde je ¢f vreme propagacije paketa izmedu &vo-
rova x i x+7% ( asnjenja duz I|nka) 2 ka$njenje procesiranja/ baferovanja
paketa u ¢voru x, M je ukupan broj &vorova u konekciji.

RTT

predajnik N \ >
a) /

prijemnik >

predajnik o >
b) X | ‘ . .

x+1 odbacivanje
paketa

prijemnik >

predajnik 5 ; >
c) %;' %_, beskonatno

P kasnjenje
prijemnik : >

3
]

1

Slika 2 — Prenos paketa: a) end-to-end model; b) ¢vor-Evor model; c) skok model
Figure 2 — Packet transmission: a) end-to-end model; b) node-node model; ¢) jump model
Cxema 2 —lNepepaya nakeTa: a) Moaens end-to-end 6) Mogens y3en-y3en ¢) Mogerb npbhkka

U savremenim TCP/IP mrezama kasnjenje duZ linka ¢* u datoj vir-
tuelnoj konekciji moze se smatrati konstantnim (Hifler, 2000). Stoga, vari-
jacija vremena propagacije, $to ima izuzetan uticaj na parametre kvaliteta

servisa, uzrokovana je varijacijama kasnjenja baferovanja %

Paket se moze odbaciti usled popunjenosti bafera ili greSke pri rutiranju
u tranzitnim ¢&vorovima. Sa aspekta prijemnika tranzitni ¢vor se ponasa kao
,zamka” za pakete i zadrzava ih zauvek. U ovom sluéaju, :® uzima vrednost
beskonacno. Moze se uoCiti da ¢e uprkos gubitka paketa ili beskonacnog
kasnjenja protokol na transportnom sloju osigurati prenos odredenih paketa
koriste¢i retransmisiju. Rezultat toga je porast ukupnog broja prosledenih
paketa i, stoga, utiCe na efektivnu produktivnost virtuelne konekcije.

Virtuelni kanal odreden je konacnim brojem tranzitnih &vorova Xx; i
linkova. Svaki tranzitni ¢vor karakteriSe se proseCnim vremenom prenosa
paketa do slede¢eg ¢vora. Promeniljiva t ukljucuje kasnjenje paketa u baferu
i vreme propagacije paketa do sledeéeg ¢vora. U ovom slu¢aju se prenos

7



paketa izmedu tranzitnih Evorova moze predstaviti kao sekvenca diskretnih
prostornih ,skokova” duz linkova (slika 2c). Vremenski interval izmedu
.Skokova” je slu€ajna promenljiva koja je jednaka vremenu prenosa paketa
do sledeceg ¢vora. Takvi ,skokovi’ formiraju statistiCki dinamicki proces ko-
mutacije paketa i direktno utiCu na karakteristike saobrac¢aja u mrezi.

Za definisanje matemati¢kog modela takvog procesa uvodi se funk-
cija gustine raspodele verovatnoce f(t) prenosa paketa od ¢vora x do
Cvora x+1. Pretpostavlja se da svi tranzitni ¢vorovi u virtuelnom kanalu
imaju ista prava u njihovom doprinosu vrednosti end-to-end vremena
prenosa. Moguénost odbacivanja paketa odgovara stanju u kojem paket
ne napusta tranzitni ¢vor x i ostaje u ovom ¢voru zauvek. Tada srednje
kasnjenje paketa u ¢voru zadovoljava uslov

<t>=Iy’(t)dt=w,

f(t)>0,]ff(t)dt=1.

Odgovarajuéi izraz za f(t) moze se napisati kao:

4
f(t)=—"—=,0<y<1.
(14+¢)""

ZakljuCuje se da upravo ovakva stuktura funkcije gustine verovat-
noce karakteriSe dugoroCnu statisticku zavisnost, koja je detaljno anal-
izirana u raCunarskim mrezama (Babic et al, 1998). Za dalju konstrukciju
modela uvodi se funkcija F(7),

1
(1+z’)7’

gde je r vreme postojanja paketa u tranzitnom ¢voru x virtuelnog kanala.
Odredimo sada najverovatniji broj paketa u ¢voru x u trenutku ¢
koristeci formulu:

F(r):l—j‘f(t)dt:

t
n(xst)=[n(x=Lt=7) f (2)dr+ne (x) F (1),
0
gde je ny(x) broj paketa u Evoru x pre pristizanja paketa iz ¢vora x-1.
Vrednost n(x) nije ograniCena veliCinom bafera i moze ukljuditi sve
pakete u virtuelnom kanalu koji se prosleduju i odbacuju u ¢voru x.
Koristeéi ove oznake, jednacina prosledivanja paketa moze se pri-
kazati kao:

T(1-7) D7 [n(xt)]=- oLy
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gde levi deo jednaCine predstavlja frakcioni izvod funkcije n(x;t) sa
eksponentom vy,

1 n(x;7)
D! | n(x;t)|= dT
Flrte) F(1—7)£(H)7
Uzimaju€i u obzir da promenljiva x uzima diskretne vrednosti, pre-

thodna jednaCina reSava se uz poCetne uslove: ny(0)=ny i
ny (k)=0,k=1,2,... Tako se dobija

n(k;t)=ny {L—kﬂ kl"(l—j/)-;}.

7 T(1-2) r(-y)!

-y 1 T(-y) 1
n(k’t)_no{y_k[m.ﬁ—kﬂlt?’*l”.

Uzimajuéi u obzir asimptotska svojstva ovog reSenja, moguce je

napisati n(0;¢)=n, {i} :
7

Za k=1 vazi sledeéiizraz

(- r(1-
n(1;1) = ng 1 ( 7’)'L+ ( 7/)- ! .
7 | T(1=2y) 7 T(-y) %
Stoga se izraCunavanje moze nastaviti za svako k. Ovaj pristup

omogucava izraCunavanje korelacione funkcije.
Za pocetne uslove n(0;¢)=nyd(t) moguce je napisati:

c(m;t)zr(l—y){r 1 L T(-7) 1}

(1=2p+1) 21 " T(1=3y+1) A7

2 1-2 1 L=y 1
=ngT(1-7)t y{r(z_zy) "T(2-3) '7}

Ovaj izraz pokazuje da korelaciona funkcija hiperboli€no opada sa
promenom t. Zato, pod uslovom da je y<1, takvi procesi pokazuju svo-
jstva koja se opisuju frakcionim radunom. Sa m=0 izraz za varijansu
glasi:

nol'(1-7) 1-2y
T(2-27)

8to je karakteristicno za procese sa zavisno3¢u u dugom opsegu i asimp-
totskom osobinom samoslicnosti drugog reda.

D(1)=c(0;1) =

7



Stoga, karakeristike telekomunikacionog saobracaja, koje su dosta
izu€avane u moderngj literaturi, mogu se direktno dovesti u vezu sa me-
todama komutacije paketa, koje se koriste u racunarskim mrezama.
Proces prenosa paketa moze se opisati jednacinama Cija se reSenja do-
bijaju alatima frakcionog racuna. Koristeéi vremenska asimptotska
reSenja, diferencijalne jednacine sa frakcionim izvodima mogu se formu-
lisati tako da se mogu dobiti reSenja drugog reda za statisticke momente
procesa. Specificnost ove karakteristike saobracaja jeste da njena ko-
relaciona funkcija hiperboli€no opada, $to se mora uzeti u obzir pri defini-
sanju metoda za kontrolu saobradaja (Zaborovsky et al,
http://www.neva.ru/conf/art/art8.html).

Modelovanje telekomunikacionog saobracaja frakcio-
nom analizom — mogucnosti i nedostaci

Empirijska istrazivanja telekomunikacionog saobracaja pokazala su
invarijantna fraktalna svojstva saobrac¢aja koja imaju znacajnu ulogu u kon-
tekstu analize kvaliteta servisa. U IP telefoniji i video streaming-u prenos
paketa mnogo zavisi od algoritama zasnovanih na modelima saobracaja.
Osnovni problem u dizajnu takvih modela jeste da se stvore uslovi pod ko-
jima je moguéa kontrola garantovanih parametara kvaliteta servisa. U
ovom delu rada razmatraju se prednosti i ogranienja metoda frakcione
analize za opisivanje fraktalnih svojstava izmerenog saobracaja.

Fraktalna svojstva ukazuju na postojanje perioda koncentrovanja vi-
sokih ili niskih aktivnosti izvora saobrac¢aja u velikim vremenskim inter-
valima. Rezultat toga jeste da je korelaciona struktura stream-ova sao-
braéaja u savremenim mrezama u kontradiktornosti sa tradicionalnim
modelima, pa se Poasonovim modelima ne mogu opisati empirijski ut-
vrdena fraktalna svojstva agregatnog saobracaja. Svi stream-ovi se sta-
tisticki multipleksiraju sa lokalnim neregularnostima u ¢vorovima. Stoga,
svaki paket ima stohasti¢ko kasnjenje i dolazi do netrivijalnih stohastickih
pojava. Statistike prvog reda kasnjenja paketa pruzaju informacije u po-
gledu duzine burst-a, a statistike drugog reda pruzaju informacije o
neregularnostima u okruzenju i njihovoj spektralnoj gustini. U takvim
tokovima paketa negativna razlika izmedu vremena medudolazaka i me-
duodlazaka paketa odgovara formiranju klastera, §to poveéava verovat-
noc¢u odbacivanja paketa i utiCe na parametre kvaliteta servisa. Kako bi
se obezbedio potpun opis takvih procesa, neophodno je u analizu
ukljuciti svojstva koja se ispoljavaju u kraé¢im i duzim vremenskim inter-
valima. Frakciona analiza tokova paketa u razli¢itim intervalima omogu-
Cava opis frakcione prirode saobraéaja u mrezi i kvalitativno i kvantita-
tivno (Zaborovsky, http://www.neva.ru/conf/art/art7.html).
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Izmereni saobracéaj u mrezi je konzistentan u velikim vremenskim inter-
valima ili asimptotski samosli¢an i moze se opisati jednostavnim modelom
sa jednim parametrom. Ovo svojstvo vaZzi globalno i u vremenskom domenu
i u obimu i neznatno izmenjeno u kra¢im vremenskim intervalima. Dakle, za
potrebe modelovanja saobra¢aja neophodno je u model ugraditi moguénost
lokalizacije u velikim vremenskim intervalima . Mera u kojoj se proces u mre-
Zi moze smatrati fraktalnim moze se zapisati na sledeéi nacin (Zaborovsky,
http://www.neva.ru/conf/art/art7.html):

L(8)=as"P (14)

gde je D — fraktalna dimenzija, § — parametar skaliranja izabranog ele-
menta, a« — faktor koji opisuje meru. Neka je g(¢) funkcija kojom se
opisuju svojstva procesa. Ako vazi sledeca jednakost

glor)=9"g(t) (15)
proces ima svojstvo invarijantnosti obima. Jednakost (15) omogucava

definisanje klase modela koji opisuju svojstva samosli¢nosti. Na primer,
za model gubitala dinamickog sistema vazi:

el e o

gdeje n=1, 4,...2’" , @ jezgro integraljene transformacije moze se raunati kao:
l,ze ( +&Mt )

0,T<t,(1 m) z'>t +§’”

l(tS, ") <T<t +§’” )
Kada p — -« ovaj izraz postaje konvolucioni integral iz Kantovog skupa:
1

gde je f=In2/In3 — fraktalna dimenzija, T'(8) — Gama funkcija, Bs —
konstanta koja zavisi od karakteristika Kantovog skupa
Uzimajuci u obzir opSta svojstva procesa u mrezi,

mg =M{B(1)-B(ty)} =0,
Dg =6 =M{(B(f1)‘3(’0))2}=No(f1—f0)~’1—fo,
moguce je napisati:
M{[ By (1)~ By (20)+ By (20) ][ By (20) =By (1) + By (1) ]}
{87 (1}

ﬂl
1— g(r)dr,
tﬂj Q

—1=221"1_4

rg =

o



Ako je M{B}, (t)} =21 i Iy (1) :(22H‘1 —l)tzH, izraz za takav proces
moze se zapisati kao sledec¢a konvoluciona jednacina:

t

BH(z):m j h(t—t')dB(t"),

gde je:
- (t-t)""2 0<r<t
t—t')= :
(t-2)""2 <0

Moze se uociti da je jezgro ovog integrala funkcija koja zadovoljava
uslov (14). Tako, definicija fraktalnog svojstva ili invarijantnog od obima

za kontinualni proces Z ={Z(¢),te T} zadovoljava jednakost:
z4(t)=aZ(at),te T,a>0,0<H<1.
Ako za svako celo p vazi X, =Z(k+1)-Z(k), tada je
x4 = mH x{m) (16)

Ako X ima pozitivhu vrednost i srednja vrednost nije jednaka nuli, ni
X ni X-M{Xx} ne moZe biti precizno samosli¢an proces u skladu sa de-
finicijom (16). Medutim, x-M{Xx] moze biti asimptotski samoslican
proces. Za ispitivanje fraktalnih svojstava i karakteristika saobracaja u
mrezi, moguce je koristiti apsolutne statistiCke momente funkcija defini-

sane kao:
q 1 &
}=M => X
m =1

Ako proces X ima svojstvo samosli¢nosti (16), tada je vrednost

q

g

,u(m)(q) proporcionalna mPa) Stoga, za fiksnu vrednost ¢ vazi sledec¢a
jednakost:

log ™ (¢) = B(q)logm+C(q).

Prema (16) moguce je zapisati f(q)=q(H -1). U ovom slucaju, svo-
jstvo samosli¢nosti moze se formulisati kao linearna zavisnost od
promene log,u(m)(q). Kada proces X (¢) nelinearno zavisi od ¢, koristi se
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multifraktalni koncept. Proces X (¢) naziva se multifraktalni ako se logari-

tam njegovog apsolutnog momenta u(”’)(q) linearno menja sa
promenom logaritma agregatnog nivoa m, ali ne zavisi linearno od ¢ . Za

analizu ovih svojstava nije dovoljno koristiti samo prvi ili drugi moment. U
tom slucaju koriste se neparametarske statistike za agregatne serije:

| )|

k

1

q)=——

o (m)
H ( _N/mk=1

Ako se log,&('")(q) menja linearno, proces X moze se smatrati mul-
tifraktalnim (Zaborovsky, http://www.neva.ru/conf/art/art7.html).

ZakljuCak

Frakcioni raCun ima brojne primene u mnogim naucnim discipli-
nama, a u radu je posebno istaknuta primena frakcionog rauna za
modelovanje telekomunikacionog saobracaja. Fenomeni koji se srecu u
savremenim telekomunikacionim mrezama, kao $to su samosli¢nost i
zavisnost u dugom opsegu, mogu se opisati primenom frakcionog
raéuna. Pokazalo se da pretpostavka o mogucnosti beskonacnog kasn-
jenja paketa u tranzithom ¢voru u mreZzama sa komutacijom paketa
adekvatno modeluje odbacivanje paketa u ¢voru. Heavy-tailed funkcija
gustine verovatnoée baferovanja paketa zadovoljava ovu pretpostavku.
Pokazalo se da se dinamika prosledivanja paketa u virtuelnim konekci-
jama u TCP/IP mrezama opisuje pomocu frakcionih izvoda i odgovara
procesima sa zavisno$¢u u dugom roku. Takode, frakciona analiza moze
biti vrlo koristan alat pri izu¢avanju lokalnih i globalnih fenomena koji se
srecu u telekomunikacionim mreZzama.
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BO3MOXXHOCTb NPUMEHEHNA METOJA APOBHOW
NnPON3BOAOHOU MNP MOAEJIMPOBAHNA
TENEKOMMYHUKALIMOHHOIO TPADUKA

OBJTIACTb: TenekoMMyHuKaLus
BWO CTATbW: 0630pHas ctates
A3bIK CTATbW: cepbekuin

Pestowme:

LpobHasi npousgodHasi (unu rnpou3deodHasi OpobHo20 Mopsidka)
sensiemcsi 0606weHUeM MamemMamuyecKozo MOHSMUST MPOU3800HOLU.
Cywecmeyem HeCKOMbKO pa3sHbIX crocobos ob6obuwums amo rnoHsmue,
HO 8ce oHu cosrnadarom ¢ MoHsmMueM 0bbI4HOU rPou3eodHOU & criydae
HamyparbHo20 ropsidka. [aHHou rpobriemoli 3aHUManuchb MHoaue U3-
8ecmHble Mamemamuku, cpedu Komopbix Jdnep, PumaH, Jluysurinb,
Abernb u @ypbe. B 0aHHOU cmambe rpusedeH 0630p HEKOMOpPbIX Orpe-
OernieHul, Hapsidy ¢ OCHOBHbIMU IOJIOXEHUSIMU OPOBHO20 UCHUCIIEHUS],
Komopble npedcmaessieHbl C aKUeHMoM Ha 803MOXKHOCMb MPUMEHEHUST
OaHHO20 Memoda rpu MOOesupPo8aHUU MesIeKOMMYHUKaUUOHHO20 mpa-
¢uka.

Lerno e mom, ymo memod rnpou3sodHoUl GpobHO20 ropsidka, Hawer
WIUpOKOe MpuUMeHeHUe 8 pasnuyHbix obracmsix Hayku. Modenu, ocHo-
8aHHble Ha OaHHOM Memode, oka3ariucb 8ocmpebosaHHbIMU 8 QYU3UKE,
MexaHUKe, 3JIeKmpomexHuKe, buoxumuu, MeduyuHe, 3KOHOMUKE, a makK-
)Xe 8 meopuu 8eposimHocmu. B daHHOU cmambe Mbl aHanu3upyem eo-
3MOXHOCMb MPUMEHEeHUs Memoda rpou3eodHoli pobHO20 ropsidka Ors
MOoOenupo8aHUst MeneKoOMMYHUKaUUOHHO20 mpagbuka.
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UccnedosaHusi Mokasbiearom, Ymo XapakmepucmuKu meneKoMmy-
HUKayUOHHO20 mpacbuka 8 cemu Ha JiI0KaslbHOM U 27106a51bHOM YPOBHSIX,
a makxe camoriodobue U 3a8UCUMOCTMb 8 WUPOKOM duarasoHe, Mo2ym
b6bImb aghgheKkmuBHO orucaHbl ¢ MOMoWb0 Memoda OpobHoU rpPou38o0-
HoU, emecmo 0bbI4HOU MOOesiU MynbMmUriuKamugHo20 cmoxacmudye-
CKo20 Kackada. B daHHolU cmambe rpedcmaesieHbl npednazaemble Mo-
Oeru, 0CHoBaHHbIe Ha Memode OpobHOU Mpou3800OHOU, 80CPOU3800SLU-
ue si8rieHUs, NMPUCYmMCmeyruue 8 COBPEMEHHLIX MEIEKOMMYHUKaUUOH-
HbIX cemsix.

KntoyeBble cnoea: modesnuposaHue, mpaghuk, mesreKoMMyHUKayuu,
OpobHas rnpou3eodHas.

POSSIBILITY OF FRACTIONAL CALCULUS APPLICATION
FOR TELECOMMUNICATION TRAFFIC MODELLING

FIELD: Telecommunications
ARTICLE TYPE: Review Paper
ARTICLE LANGUAGE: Serbian

Summary:

Fractional calculus is a field of mathematical analysis concerned
with research and application of derivatives and integrals of an arbitrary
order. Many famous mathematicians studied the theory of fractional cal-
culus such as Euler, Riemann, Liouville, Abel, Fourier and others. There
are many proposed definitions for calculating derivatives and integrals of
non-integer order. In this paper, several proposed definitions along with
basic statements of fractional calculus are presented with an emphasis
on a possibility of fractional calculus application in telecommunication
traffic modelling.

The fact is that fractional calculus is widely used in various scien-
tific disciplines in recent decades. Models based on fractional calculus
have proved to be very useful in physics, mechanics, electrical engineer-
ing, biochemistry, medicine, economy, and probability theory. This paper
analyses a possibility of application of fractional calculus for modelling
telecommunication traffic. Many research studies have shown that traffic
characteristics at a local and global level, such as self-similarity and long
range dependence, can efficiently be described by fractional calculus in-
stead of using conventional stochastic processes. Some proposed mod-
els based on fractional calculus that describe phenomena present in
modern telecommunication networks are presented in this paper.

Introduction

Measurements and statistic analyses of telecommunication traffic
have discovered that traffic in packet switched networks shows signifi-
cant irregularities — burstiness, both in terms of traffic intensity variability
and shape of autocorrelation function. It is noticed that traffic has frac-
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tional characteristics — self-similarity and long range dependence. As a
result, a large bandwidth is required, and very often, this is one of the
causes of network inefficiency.

In comparison with conventional models based on Poisson distribu-
tion widely used in circuit switched networks, in models based on self-
similarity property there are problems that are difficult to predict, meas-
ure and control in telecommunication traffic. Thus, measurement, analy-
sis and modelling of self-similar network traffic are a sort of challenge.
Different research studies have shown that traffic in modern telecommu-
nication networks can efficiently be described with statistical models
based on fractional calculus.

Basic statements of fractional calculus

Although the term ,fractional calculus”, is actually a misnomer, and
a term ,integration and differentiation of an arbitrary order” is more suit-
able, ,fractional calculus” has been a common term since I'Hopital’s era.
Fourier also studied derivatives and integrals of an arbitrary order. Abel
applied fractional calculus for an integral equation which appears in a
tautochrone problem formulation (find a shape of a curve for which the
time taken by an object sliding without friction in uniform gravity to its
lowest point is independent of its starting point). The first serious attempt
fo obtain a logical definition of a fractional derivative belongs to Liouville.
Let f be a locally integrable on (a, ~). Usually, an n-fold iterated integra-
tion is marked as ,1¢ f, and refers to as Riemann-Liouville fractional in-
tegral of order a of f. Definitions of integrals and derivatives of an arbi-
trary order can be consolidated into a differintegral. The process of ob-
taining a differintegral is referred to as fractional integro-differentiation.

Some proposed models of fractional calculus application for telecommu-
nication traffic modelling

Recent research of telecommunication traffic has shown that it can
efficiently be described by derivatives of an arbitrary order instead of
conventional stochastic processes. A new interpretation of fractional cal-
culus creates new fields of application of these mathematical tools in or-
der to achieve understanding of local and global characteristics of net-
work traffic. A fractional dimension and long range dependence can be
seen in private, LAN and WAN networks.

Temporal-spatial model for packet transmission in TCP/IP networks

Defining Quality of Service parameters for Internet services re-
quires appropriate virtual connections, depending on traffic flows. Gen-
erally, such a connection consists of several transit nodes and links. In
modern TCP/IP networks, delay in a given virtual connection can be
considered as a constant value. A buffering delay variation causes a
propagation delay. The transmission process can be described by equa-
tions that can be solved by fractional calculus.
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Fractal analysis modelling of telecommunication traffic-potentials and
limitations

The fractal properties of telecommunication traffic in packet
switched networks indicate the existence of periods of low or high activ-
ity concentrations in long time intervals. As a result, the correlation struc-
ture of traffic streams is in contradiction with common models. There-
fore, the empirically confirmed fractal properties of aggregate traffic can-
not be described by Poisson models. All streams are statistically multi-
plexed with local irregularities in nodes. Thus, each packet is stochasti-
cally delayed and non-trivial processes occur. In order to achieve a com-
plete description of these processes, it is necessary to involve the prop-
erties existing in short and long intervals in such an analysis. The frac-
tional analysis of packet flows in different time intervals ensures a quali-
tative and quantitative description of the telecommunication traffic frac-
tional nature.

Conclusion

Fractional calculus has many applications. This paper is primar-
ily concerned with fractional calculus application for telecommunication
traffic modelling. It was shown that an indefinite packet delay in the tran-
sit node in packet switching networks adequately models the dropping of
the packet in the node. The dynamics of packet transmission in virtual
connections in TCP/IP networks can be described by the equations in
fractional derivatives and it corresponds to processes with long-range-
dependence. Also, fractional calculus can be a very useful tool in the re-
search of local and global phenomena in telecommunication networks.

Key words: models, traffic, telecommunications, fractional calculus.
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Sazetak:

U radu je prikazano projektovanje glavnog rotora helikoptera uz
pomoc¢ patentne dokumentacije, kao veoma korisnog alata za dolaze-
nje do konkretnih ideja i konstrukcija, kako bi se na najekonomicniji na-
Cin pronaslo kvalitetno reSenje za odredeni tehniki problem koji je pri-
sutan u postupku konstruisanja. Veliki broj tehnickih informacija prvo
se pojavijuje u patentnim dokumentima, a oko dve trec¢ine ovih infor-
macija ne moZe se naci ni na kojem drugom mestu.

Prikazana je struktura patentnih dokumenata sa teZistem na delo-
vima koji se odnose na tehni¢ke informacije sa detaljnim objasnjenjem
mogucnosti primene patentne dokumentacije u toku projektovanja
glavnog rotora helikoptera. Na konkretnom primeru projektovanja roto-
ra helikoptera prikazan je postupak i nacini pretraZivanja patentne do-
kumentacije. Koris¢ena je Espacenet baza patentne dokumentacije,
kao najobuhvatnija i najceSce koriScena baza koja sadrZzi preko osam-
deset miliona razli¢itih patentnih dokumenata o pronalascima i tehnic-
kim unapredenjima iz celog sveta.

TeZisni deo rada odnosi se na prikaz postupka pretraZivanja pa-
tentne dokumentacije radi dolaZenja do reSenja tehni¢kog problema
konstrukcije glavnog rotora helikoptera, koji se odnosi na obezbediva-
nje potrebnog zabacivanja i brzeg odziva promene smeStajnog ugla
(koraka) lopatice krutog rotora helikoptera.

Klju€ne reci: patentna baza podataka, dokumentacija, rotor, patent, he-
likopter.

ZAHVALNICA: Rad je nastao u okviru nau¢noistrazivackog projekta ev. br. TR-36050, koji je
finansiralo Ministarstvo prosvete i nauke, u periodu 2011-2014. godine.
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Uvod

Patentna dokumenta sadrze najvecu bazu razli¢itih tehni¢kih poda-
taka, koje se zbog oCuvanja novosti pronalaska, pojavljuju prvo u patent-
noj dokumentaciji i to tri do pet godina pre nego u drugim referentnim
tehni¢kim publikacijama. Zbog toga patentna dokumentacija predstavlja
osnovni izvor informacija za istrazivace konstruktore, prvenstveno radi iz-
nalazenja konstrukcionih reSenja za tehnicki problem koji reSava, kao i
prac¢enja i utvrdivanja novih trendova razvoja odredenih sistema i sred-
stava.

PretraZivanje baza patentne dokumentacije’, koje su &esto jedini iz-
vor informacija o pojedinim tehni¢kim reSenjima, stru¢njaku iz odredene
oblasti tehnike omogucava: da bude u toku sa najnovijim tehnickim i teh-
noloskim reSenjima; pronalazenje gotovih reSenja za konkretan tehnicki
problem; dobijanje ideje za pokretanje buduéeg razvoja, za utvrdivanje
patentne aktivnosti konkurenata na trzistu, kao i trendova razvoja u odre-
denoj tehnickoj oblasti. Pored toga, moze se saznati ko su lideri u toj
oblasti, moze se proceniti tehnologija koja se nudi za licenciranje i bolje
pozicioniranje u razgovorima o transferu tehnologije i da li je odredeno tr-
Ziste pokriveno zastitom, i dobiti niz drugih informacija. Za uspe$no pre-
trazivanje patentne dokumentacije, kako bi se doslo do optimalnog pre-
gledivog broja dokumenata, potrebno je napraviti sopstvenu strategiju
pretrage uz primenu odgovarajuce procedure i kriterijuma pretrage.

U prikazanom pristupu projektovanja glavnog rotora helikoptera tre-
ba imati u vidu da, sa konstruktivhog stanovista, glava rotora predstavlja
najvazniji i najslozeniji deo helikoptera, da mali broj zemalja proizvodi he-
likoptere i da validna tehni¢ka dokumentacija nije dostupna javnosti. Ove
¢injenice upuéuju na zaklju¢ak da jedini relevantni izvor tehnicke doku-
mentacije prestavlja patentna dokumentacija.

Patentna dokumentacija i sadrzaj
patentnih dokumenata

Dostupna patentna dokumentacija sadrzi ,ogroman” broj razli€itih
patentnih dokumenata, od kojih se vecina odnosi na objavljene prijave
patenata, a sadrzi i priznate patente, odnosno male patente nacionalnih
ili regionalnih zavoda za patente. Patentna dokumentacija ¢uva se u raz-
liCitim bazama patentne dokumentacije.

"To je nezaobilazna aktivnost koju realizuju patentni ispitivaci, zaposleni u nadleznoj instituciji
za zastitu intelektualne svojine, u toku sprovodenja postupka ispitivanja patentnih prijava radi
utvrdivanja novosti i inventivnosti pronalaska, kao osnovnih uslova patentibilnosti.

o5



Patentna dokumenta sadrze tehniCke, pravne i bibliografske infor-
macije koje odreduju patent.

Tehnicke informacije su konstruktorima od fundamentalnog znacaja
za razumevanje pronalaska i sagledavanje njegove specifi¢nosti kroz de-
taljan opis pronalaska, reprezentativne slike nacrta i uputstva za tehniCku
realizaciju sredstva (Cabarkapa, Petrovi¢, Dunji¢, 2013). Ukoliko tehnicke
informacije, koje se nalaze u patentnoj dokumentaciji, sadrze reSenje
konkretnog problema, neophodno je sagledati pravne osnove koriséenja
tih informacija, kako ne bi doSlo do povrede prava intelektualne svoijine.

Pravne informacije pruzaju saznanja o teritoriji’ na kojoj vazi pred-
metni patent i o vremenskom trajanju.

Bibliografske informacije pruzaju podatke o: podnosiocu prijave, pronala-
zaCu, adresi, datumu objavljivanja (prijave ili patenta), vrsti dokumenta (prijava
— A, patent — B, mali patent — U), patentnim familijama i ekvivalentima. Biblio-
grafski podaci su veoma znacajne informacije, na osnovu kojih se moze dodi
do zaklju¢aka o buduéim pravcima istrazivanja i razvoja konkurenata.

Podatke koje sadrze patentna dokumenta (prijava patenta, priznati
patent ili mali patent) treba znati analizirati i koristiti na pravi nacin (Ca-
barkapa, Petrovi¢, Bojovi¢, 2013). Ova dokumenta sadrze deo zajednic-
kih podataka i deo podataka sa specificnim znaéenjem za pojedinu vrstu
patentnog dokumenta. Radi se o sledeéim podacima:

1. Ime drzave — odnosi se na drzavni zavod koji je objavio dokument

i direktno ukazuje na drzavu u kojoj je prijava podneta ili priznato
pravo na patent ili mali patent, zavisno od tipa dokumenta. Vecina
zemalja objavljuje prijavu patenta osamnaest meseci od datuma
podno$enja prijave, a patent nakon priznavanja. Medutim, treba
imati u vidu da se poverljive prijave patenata® i poverljivi patenti ne
objavljuju i nisu dostupni javnosti.

2. Naziv pronalaska — podatak koji je jako bitan za pretragu patentne do-
kumentacije, jer jasno i sazeto izrazava tehniCku sustinu pronalaska.

3. Pronalazacdi — moze da bude naveden jedan ili viSe pronalaza¢a u
prijavi, ako su zajednic¢kim radom stvorili pronalazak.

4. Nosilac patenta — podaci o vlasniku patenta. Obi¢no je to pravno
lice, ako se radi o pronalasku iz radnog odnosa ili je u pitanju fizi¢-
ko lice ako je samostalno stvorilo pronalazak i podnelo prijavu za
zastitu patenta.

5. Broj prijave — broj pod kojim je prijava zavedena kod nadleznog
organa za zastitu intelektualne svojine.

6. Datum podnos$enja prijave — datum kada je prijava predata nadle-
Zznom zavodu i od tog datuma, ako se patent prizna, vaze prava

2 patentna zastita je teritorijalnog znacenja, tj. vazi samo na teritoriji drzave u kojoj je priznat patent.
% Radi se o prijavama koje su podnete nadleznom ministarstvu za odbranu, radi sprovodenja
propisanog postupka ispitivanja i priznavanja patenta.
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podnosioca prijave. Patent je pravo koje ima odreden vremenski
period vaznosti, odnosno trajanja, koji se racuna od datuma pod-
nosenja prijave.

. Oznaka medunarodne klasifikacije patenata — podatak koji se po

Medunarodnoj klasifikaciji patenata (International Patent Classifica-
tion - IPC) odnosi na oblast tehnike na koju se pronalazak odnosi.

. Apstrakt — kratak opis pronalaska.
. Reprezentativna slika nacrta pronalaska — slika koja na najbolji

nacin prikazuje pronalazak.

10.

11.

12.

13.

14.
15.

16.

17.

18.

Ostale klasifikacije patenata — oznake koje navode neki zavodi
koji su razvili sopstvenu klasifikaciju, na primer, CPC - Korpora-
tivna klasifikacija patenta (Cooperative Patent Classification).
Broj objave prijave patenta — broj pod kojim je prijava patenta
objavljena i po prvi put pronalazak koji je naveden u toj prijavi
ucinjen dostupan javnosti.

Datum objave prijave patenta — datum objavljivanja prijave pa-
tenta.

Vrsta dokumenta — ukazuje da li je u pitanju patentni spis ili obja-
vljena prijava patenta, Sto je veoma bitno radi razumevanja i sa-
gledavanja ostalih pravnih podataka.

Privcemena prijava patenta®.

Broj patenta — broj pod kojim je patent zaveden u registru kod
nadleznog zavoda za intelektualnu svojinu. Ovaj broj omoguca-
va da se, na oshovu hjega, kod nadleZznog zavoda utvrdi u kom
statusu je patent, odnosno da li je vazeéi. Ovde je bitno da se
zna da pravo za priznati patent prestaje da vaZi i pre isteka peri-
oda od dvadeset godina, ako nije placano odrzavanje patenta.
Datum objavljivanja patenta — od tog datuma moze se podneti
tuzba u slu€aju neovlaséenog koriS¢enja patenta.

Prioritet — ovaj podatak odnosi se na sluaj kada se jedna te ista
prijava podnosi u vise zemalja i sadrzi datum kada je prvi put
podneta prijava, zemlju zavoda gde je podneta i broj prijave.
Prethodno stanje tehnike za predmetni pronalazak — prikaz doku-
menata koji na sli¢an nacin reSavaju naznaceni tehnicki problem.

4 U nekim drzavama (npr. Australija, Kanada, Indija i Sjedinjene Ameri¢ke Drzave) podnosioci
prijava imaju moguc¢nost podnosenja privremene prijave patenta. Namera je da privremena pri-
java patenta bude relativno jeftina moguénost ulaska u patentni sistem. PodnoSenjem privre-
mene prijave, podnosiocima prijave daje se moguénost da naknadno, nakon odredenog perio-
da (do godinu dana), mogu podneti kompletnu prijavu patenta. Detalji o tome kako funkcionise
privremena prijava patenta variraju od drzave do drzave, ali u svim drzavama gde je ova mo-
gucnost predvidena postoje neke zajednicke karakteristike, koje se odnose na sledece: privre-
mene prijave patenta generalno se ne podvrgavaju sustinskom ispitivanju; zvani¢ne takse za
podnosenje prijave su nize nego takse predvidene za kompletne prijave patenta i privremena
prijava ne sadrzi patentne zahteve, ali se zahteva potpun opis pronalaska.
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Pretrazivanje patentne dokumentacije

Baze patentne dokumentacije mogu da posluze kao inspiracija (in-
vencija) i izvor za reSavanje tehnickih problema u toku postupka konstrui-
sanja bilo kog tehni¢kog sredstva. Uvidom u patentnu dokumentaciju iz-
begavaju se troSkovi razvoja poznatih reSenja, kao i troSkovi razvoja teh-
nologija za koje se u bazi mogu identifikovati alternativne tehnologije
(Cabarkapa, Duniji¢, Petrovi¢, 2011).

Uvid u raspolozivu Eatentnu dokumentaciju mozZe se ostvariti pretra-
Zivanjem razliCitih baza® koje sadrze patentnu dokumentaciju. Za uspe-
8no pretrazivanje patentne dokumentacije neophodno je ispostovati sle-
decu proceduru:

— odrediti klju€ne redi i izraze koji definiSu problem ili pronalazak,

— odrediti IPC simbol za predmetni problem ili pronalazak,

— odrediti komercijalne patentne baze koje Ce se pretraziti.

Kriterijum za pretrazivanje su: prema standardnim bibliografskim po-
dacima patenata, prema apstraktu na srpskom i engleskom jeziku i pre-
ma Medunarodnoj klasifikaciji patenata.

Pretrazivanje nacionalne baze patenata vrsi se na sajtu Zavoda
za intelektualnu svojinu Republike Srbije.

Zavod za intelektualnu svojinu oformio je nacionalnu bazu podataka
za Republiku Srbiju, Cije se pretrazivanje vrsi upotrebom programa MI-
MOSA RS®. Program MIMOSA RS’ obuhvata dve celine: 1) bibliografske
podatke svih patentnih dokumenata sadrzanih u bazi i 2) skenirana doku-
menta. Program MIMOSA RS nudi 21 kriterijum za pretrazivanje, grupi-
sanih prema: standardnim bibliografskim podacima patenata, apstraktu
na srpskom i engleskom jeziku i Medunarodnoj klasifikaciji patenata.

Espacenet baza sadrZi vise od osamdeset miliona patentnih doku-
menata iz celog sveta®. Medu ovim dokumentima zastupljene su objavlje-
ne prijave patenata i prihnvaceni patenti. Objavljene patentne prijave obic¢-

® Adrese nekih od relevantnih patentnih baza:
- www.zis.gov.rs (Zavod za intelektualnu svojinu Republike Srbije),
- www.epo.org (Evropski zavod za patente),
- www.wipo.int (Svetska organizacija za intelektualnu svojinu),
- www.uspto.gov/patft/ (AmeriCki zavod za patentne i Zigove),
- www.espacenet.com (EPO, najobuhvatnija besplatno dostupna baza svetske patentne do-
kumentacije),
- www.dpma.de (Nemacki zavod za patente i Zzigove),
- www.japan-patent.com (Japanski zavod za patente).
® Nacionalna baza podataka u programu MIMOSA RS obuhvata sva do sada objavljena paten-
tna dokumenta, odnosno patente, objavljene patentne prijave i male patente, po€ev od Patent-
nog glasnika br. 1 iz 1976. godine.
" Detaljnije uputstvo za pretraZivanje baze podataka MIMOSA RS nalazi se na saijtu Zavoda za
intelektualnu svojinu (www.zis.gov.rs).
® Ova baza sadrzi patentna dokumenta objavljena od 1836. godine.

o
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no predstavljaju prvu objavu novih reenja i ideja, i to pre nego Sto se ob-
jave u drugim publikacijama.

Pristupanje Espacenet bazi moze se vrsiti preko sajta Zavoda za in-
telektualnu svoijinu ili direktno preko internet adrese (slika 1).

/= Espacenet - Home page - Windows Internet Explorer

GO - E et conf %] | 25

Fle Edt View Favorites Tooks  Help

w & [E Espacent - Home page ] ‘ T - B @ v [ Page -+ 0 Tooks -

Deutsch  English  Francais

Espacenet

Contact
Patent search

Change country ~

out Espacenet Other EPO online services v

Espacenet: free access to the database of over 80 million patents
Advanced search A Siemens EP 2007
Classification search ST — ]
Maintenance news e 1

Scheduled maintenance
Espacenet outages - times are &J
CET.

Upcoming free virtual online i en £

0n 07.04.2014 fram 10.00-11.00 am we will Show you Espacenet's latest features. Find out more about aur webinars here: www.epo.orghe
Mon-Sun 05:00-c.05:30

Thur 6th of March from 17:00-18:00
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- read more...
News flashes
Latest updates

Related links

[E3

Slika 1 — Pristup Espacenet bazi
Figure 1 — Access to the Espacenet base
Puc. 1 - [ocTyn k 6a3e gaHHbIx «Espacenet»

Espacenet baza patentne dokumentacije dozvoljava tri nacina za
pretragu. To su: brza pretraga (Smart Search), napredna pretraga (Ad-
vanced Search) i pretraga po klasifikaciji (Classification Search).

Brza pretraga omogucava pretragu patentne dokumentacije kori-
S¢enjem kljuéne redi ili izraza koji opisuje predmetni pronalazak. Upotre-
ba viSe kljucnih reci ili izraza doprinosi suzavanju broja pronadenih doku-
menata na preglediv broj dokumenta. Tako, na primer, ukoliko za pretra-
gu iskoristimo klju¢nu re¢ helikopter dobi¢cemo 15.783 dokumenta, Sto je
vrlo veliki broj za pregled. Daljim suZavanjem pretrage, koriS¢enjem kom-
binacije klju¢nih reci helikopter i rotor (rotor helikoptera), biée nam ponu-
deno 5.429 dokumenata, dakle tri puta manje nego sa jednom kljucnom
re€i. Medutim, i ovaj broj je vrlo veliki, tako da treba suziti pretragu. Do-
davanjem novog pojma u kljuénoj reci, npr. helikopter sa besSarnirnim
(hingeless) rotorima, dobijamo izbor od 18 dokumenata, $to je razumljiv

broj za pregled i analizu.
925



Napredna pretraga omogucava vec¢e mogucnosti i efikasniju pretra-
gu. Ovaj nacin pretrage omogucava kombinaciju vise kriterijuma za pretr-
agu, a to su:

* naslov (Title) — ova opcija omogucava pretragu patentne dokumen-
tacije koris¢enjem termina koji se nalaze u naslovu patenta. Za
pretragu se moze koristiti do deset re€i koje opisuju patent. Ako se
pretraga vrsi sa viSe reci treba imati u vidu da ¢&e biti prikazani sa-
mo dokumenti koji u naslovu imaju sve trazene reci. Ako se ova
opcija ne kombinuje sa jo§ nekom, najbolje je pretrazivati sa ma-
njim brojem reci i postepeno povecavati, u zavisnosti od broja pro-
nadenih dokumenata koji realno mogu da se pregledaju. Ovde je
moguce upotrebiti za pretragu i taéno odredenu frazu, Sto se Cini
uz pomo¢ navodnika (npr. ,HINGELESS ROTOR”). U ovom sluca-
ju bi¢e prikazani samo patentni dokumenti u kojima je sadrzan ta-
¢an izraz, tako da dokumenti u kojima se navodi ROTOR HINGE-
LESS nece biti prikazani;
naslov ili apstrakt (Title or abstract) — ova opcija omogucava pre-
tragu patentne dokumentacije koriséenjem termina koji su sadrzani
ili u naslovu ili u apstraktu. Za pretragu se moze koristiti do deset
re€i koje opisuju patent. Ne moraju sve trazene reci biti u naslovu
ili u apstraktu, tako da od Cetiri trazene reci dve mogu da budu u
naslovu, a dve u apstraktu ili sve Cetiri u naslovu ili apstraktu;
broj objave (Publication number) — broj koji se uglavnhom sastoji od
koda drzave (dva slova)® i serijskog broja od 1 do 12 cifara (na pri-
mer DE202004009768);
broj prijave (Application number) — broj koji je dodeljen prilikom
podno&enja prijave patenta kod nadleZznog zavoda za intelektualnu
svojinu. Obi¢no se sastoji od koda drzave (dva slova), godine pod-
nosenja (Cetiri cifre) i serijskog broja (promenljiv, maksimalno se-
dam cifara);
broj prioriteta (Priority number) — broj prijave u vezi sa kojom se
zahteva pravo prvenstva, odnosno da je isti kao i broj prijave pred-
metnog prioritetnog dokumenta. Sastoji se od koda drzave (dva -
slova), godine podnoSenja (Cetiri cifre) i serijskog broja (prome-
nljivi, sedam cifara);

» datum objavljivanja prijave (Publication date) — datum kada je prij-
ava prvi put objavljena i postala dostupna javnosti;

* podnosilac prijave (Applicant) — lice ili organizacija koja je podnela
prijavu patenta;

® Na primer, kodovi pojedinih zemalja su: Austrija (AT), Cile (CL), Kina (CN), Nema¢ka (DE),
Danska (DK), Spanija (ES), Finska (Fl), Japan (JP), Koreja (KR), Holandija (NL), Norveska
(NO), Poljska (PL), Rumunije (RO), Svedska (SE), Turska (TR), Tajvan (TW) i Srbija i Crna
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* pronalaza¢ (Inventor) — lice imenovano kao pronalaza€ patenta. O-
n, takode, moze biti podnosilac prijave. U prijavi mozZe biti nav-
edeno viSe pronalazaca;

» korporativna klasifikacija patenata (CPC — Cooperative Patent -
Classification) — sistem za klasifikaciju patenata, koji ima hijerar-
hijsku strukturu koja se sastoji od sekcija, klase, potklase, grupe i
podgrupe. Koristi se pri pretrazivanju prijava patenta Evropskog -
zavoda za patente (EPO);

* Medunarodna klasifikacija patenata (IPC — International Patent C-
lassification).

Napredno pretraZivanje svrsishodno je koristiti ukoliko se u pretrazi
kombinuju razli€iti kriterijumi. Tada rezultat pretrage predstavlja lista pa-
tentne dokumentacije koja sadrzi zadate kriterijume. U zavisnosti od
kombinacije kriterijuma dobija se lista sa vec¢im ili manjim brojem doku-
menata.

Pretraga po klasifikaciji je svrsishodan i efikasan nacin za prace-
nje stanja tehnike iz konkretne oblasti, jer su patentna dokumenta klasifi-
kovana na osnovu oblasti tehnike kojoj pripadaju. Lista patentne doku-
mentacije sadrZi sva patentna dokumenta koja pripadaju odredenoj obla-
sti tehnike, pa je veoma bitno tano precizirati klasu koja nas interesuje,
kako bi se dobila relevantna dokumenta. Radi uspesne pretrage patentne
dokumentacije na ovaj nacin, neophodno je poznavanje medunarodne
klasifikacije patenta (IPC), koja predstavlja hijerarhijski sistem uredenja
patentne dokumentacije upotrebom slovnih i brojéanih oznaka za klasifi-
kaciju patentne dokumentacije, iz razliCitih oblasti tehnike. Medunarodna
klasifikacija patenta sluzi za lakSe Cuvanje i pretragu patentne dokumen-
tacije prema tehni¢kom problemu koji reSava prijava. Omogucava objek-
tivnije pretrazivanje u odnosu na slu¢aj kada je u pitanju sama kombina-
cija klju€nih re€i. Kombinacijom IPC simbola i klju¢nih reci suzava se re-
zultat pretrage na preglediv broj dokumenata.

Medunarodna klasifikacija obuhvata osam sekcija, oznacenim slovi-
ma A, B, C, D, E, F, G i H. Svaka sekcija deli se na klase, koje nose broj-
¢anu oznaku (npr. F41), klase su razvrstane na potklase koje su obeleze-
ne slovnim oznakama (npr. F41C), potklase su podeljene na glavne gru-
pe (npr. F41C 19) i glavne grupe na podgrupe (npr. F41C 19/12).

Prilikom odredivanja oznake po medunarodnoj klasifikaciji patenata,
potrebno je ta¢no odrediti sekciju. Ako razmatramo rotor helikoptera, iako
je poznato da se stalni razvoj rotora, kao glavnog elementa helikoptera,
realizuje radi povecéanja brzine i poboljSanja manevarskih karakteristika
borbenih helikoptera, patentna dokumentacija za ovo sredstvo nije svr-
stana u sekciju F (naoruzanje) vec u sekciju B (saobraca;j i transport), na
osnovu njegove osnovne namene. Na primer, oznaka IPC za patent iz
ove oblasti moze da glasi: B64C 11/06 ili B64C 27/38.
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U tabeli 1 je, na primeru objave prijave patenta pod nazivom: Nisko-
zavojni polukruti rotor sa radijalnim zglobom sa promenljivim nagibom
(Low offset hingeless rotor with pitch change bearings), prikazan nacin,
po hijerarhijskoj strukturi odredivanja IPC oznake™.

Tabela 1 — Struktura IPC oznake
Table 1 — Structure of the IPC code
Tabnuua 1 — Cxema IPC kogoB

A | SERCIJA A TEKUCE ZIVOTNE POTREEE
B | SEKCIJAE OBRADA TPRFRADA; SAOBRACAJI TRANSPORT
Bod4 VAZDUHOPLOVSTVO; AVIJACIJA: KOSMONAUTIEA
Ba4C AVIONI, HELIKOPTERI (vozila na vazduénom jastuln B0V )
Mapotnene

Ukolilco je to moguce Kasifilkacia se wri prema
konstrubcioniin karalderistikarma; obifno se smatra daje
kasifikacija prema posehbnim vrstama letelica gd sekundarnog
znataja, osim usludéajevina gde seto smatra karakteristiénom
osobinom [3]

Sastavid delovi leonstirulccije Jetelica ili aerodinanicld elerenti
letelica
Flise, npr. tunelskog tipa; Flementi zajednicld za elise i rotore
Bo4C 1100 | za helilcoptere (rotori posebno podedend za helikoptere Bo4C

A iy )

R

BE4C 11/02 | - konstrukeija glavema
BA4C 11/04 | - - uivriivanie lopatica

[B64C 11/06 | - - - lopatica sa promenljivim korakem |

podls TL/0e | =+ - lopatice Koje ge ne mogu podesavat

Ba4cC 11710 | -+ - - londte lopatice
¢ | sEcLiac HEMIJA; METALURGITA
D | SEKCIJAD TEKSTIL; PAPIR
E | SEKCIJAE GRADEVINARSTVO, RUDARSTVO

o MASINSTVO; OSVETLJENJE; GREJANJE;

F | SEKCLJAF NAORUZANJE; MINIRANJE
G | SEKCLIA G FIZIKA
H | SFEKCIJAH FLEKTROTEHNIKA

Za naoruzanje i vojnu opremu (NVO) veoma je bitna sekcija F (ma-
Sinstvo, osvetljenje, grejanje, naoruzanje, miniranje), gde se u vedini slu-
Cajeva nalazi oblast tehnike u kojoj se reSava odredeni tehnicki problem.
Svakako, ne treba iskljuciti ni ostale sekcije u zavisnosti od problema koji
se reSava. Ovde se po sekcijama daje izdvojen prikaz samo nekih od
IPC simbola koji mogu biti usko vezani za sredstva NVO:

1% Koriséeno je deveto izdanje IPC.
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Sekcija F:

* F41 Oruzja
* F42 Municija; miniranje

Sekcija B:

Oblikovanje

* B21 Mehani¢ka obrada metala bez znatnog skidanja materijala;
prosecanje metala

» B22 Livenje metala; metalurgija metalnog praha

» B29 Obrada plasti¢nih masa; obrada materija u plasticnom stanju

Transport
* B60 Transportna sredstva uopste
» B63 Brodovi ili ostala plovila; njihova oprema
* B64 Vazduhoplovstvo; avijacija; kosmonautika
o B64C Avioni; helikopteri
o B64D Oprema letelica; letacka odela; padobrani; ugradnja ili
raspored pogonskih grupa ili prenosa energije od motora

Sekcija C:

Hemija

» C06 Eksplozivi; Sibice

» C09 Boje; premazi; politure; prirodne smole; lepkovi; razliCite sme-
Se; razliCita upotreba materija

* C10 Industrija nafte, gasa ili koksa; sintezni gasovi koji sadrze ugl-
jenmonoksid; goriva; maziva; treset

Metalurgija

» C21 Metalurgija gvozda

» C22 Metalurgija; legure gvozda ili obojenih metala; obrada legura
ili obojenih metala

+ C23 PrevlaCenje metalnog materijala; prevlacenje materijala sa
metalnim materijalom; hemijska povrSinska obrada; obrada metal-
nog materijala difuznim postupcima; prevlaenje isparavanjem u va-
kuumu, rasprSivanjem, uvodenjem jona ili hemijskim talozenjem pa-
re; spreCavanje korozije metalnih materijala ili stvaranje naslaga

Sekcija G:

* G02 Optika

Pored medunarodne klasifikacije patenata neki zavodi su razvili sop-
stvenu klasifikaciju, baziranu na IPC. Tako je Evropski patentni zavod
(EPO — European Patent Office) razvio klasifikaciju ECLA, koja pored
osam standardnih sekcija sadrzi i devetu sekciju Y — Tehnologija odrzive
energije i novih nanotehnologija.
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Bez obzira na vrstu pretrage (brza, napredna, po klasifikaciji), Espa-
cenet baza ¢e, kao rezultat pretrage, prikazati listu rezultata (slika 2) pre-
trage sa brojem dokumenata koji odgovaraju trazenom kriterijumu. Lista
rezultata sadrzi podatke kao $to su: naslov dokumenta, ime pronalazaca
(Inventor), podnosilac prijave (Applicant), Korporativna klasifikacija pate-
nata (CPC), Medunarodna klasifikacija patenta (IPC), broj prijave sa da-
tumom objave (Publication date) i datum prioriteta (Priority date). Na os-
novu prikazanih podataka u listi moze se izvrSiti uvid u Zeljeni dokument
jednostavnim klikom na naslov odabranog dokumenta.

Eurapaisches

Patentamt Deutsch  English  Frangais
e Espacenet

Patent Office B Contact
Office européen Change country ¥

des brevets

Refine search —+ Results

Smart search Result list &
Advanced search -
» I Selectall (0/2) E Compact & Export (CSV|XLS) + Download covers & Print
Classification search
2 results found in the Worldwide database for:
Quick help Helicopter rotor blade mounting assembly in the title

-+ Can | subscribe to an RSS feed
of the result list?
-+ What does the RSS reader do
with the result list? Sort by | Upload date b/ Sort order | Descending L Sort
-+ Can | export my result list?
-+ What happens if | click on
“Download covers™? 1. rotor_blade

-+ Why is the number of results

sometimes onlv approximate? W Inventor: Applicant: CPC: IPC: Publication info:  Priority date:
-+ Why is the list limited to 500 SCHMALING DAVID M [US] SIKORSKY AIRCRAFT CORP BB4C27/48 BBACZ7/48 US5562416 ()  1995-08-10
results? KMAPP JR FREDERICK J [Ug]  [US] (IFC1- 1996-10-08
-+ Can | deactivate the (+1) 7)BB4C27i38
highlighting?
-+ Why is itthat cedain documents r 2 rear rotor blade
are sometimes not displaved in
-v‘(;h‘:rrl!zil:t‘tls:fresu\tlwstﬁ W Inventor: Applicant: CPC: IPC: Publication info:  Priority date:
T ———— MOUILLE RENE MOUILLE RENE [FR] BB4C27/35 BB4C27/35 FR2775951 (A1) 1998-03-16

Whathappens it click on the
-+ What happens if | click on the BE4C27/45 BE4C27/45 1999-09-17

Slika 2 — Espacenet baza — lista rezultata pretrage
Figure 2 — Espacenet base — list of search results
Puc. 2 — 6a3a paHHbIx «Espacenet» - cTpaHuua ¢ pe3dynbTaTtamu novcka.

Dalji uvid u patentnu dokumentaciju moguce je izvrsiti na vise na-
¢ina, koji su ponudeni u odgovaraju¢im opcijama u gornjem levom
uglu aplikacije, kao na primer: opcija ,Mosaics” — uvid u tehni¢ke crte-
ze; opcija ,Original document” — uvid u kompletan dokument prijave;
opcija ,,Download” — preuzimanje dokumenta u PDF formatu; opcija
,pDescription” — uvid u opis patenta; opcija ,Claims” — uvid u patentne
zahteve; opcije ,Cited documents” i ,Citing documents” — uvid u citira-
nost dokumenata kojim se opisuju najpribliznija reSenja predmetnom

dokumentu.
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Primena patentne dokumentacije pri
projektovanju glavnog rotora helikoptera

Prilikom konstruisanja glavnog rotora helikoptera neophodno je izvr-
Siti analizu postojecih konstrukcija rotora, radi sveobuhvatnijeg sagleda-
vanja karakteristika postojeéih reSenja i dolazenja do reSenja koje je po
karakteristikama i tehnoloskim mogucnostima najprihvatljivije.

Kako baze patentne dokumentacije sadrze veliki broj dokumenata,
veoma je bitno do¢i do validnog (optimalnog) broja pregledivih dokume-
nata. Da bi se doSlo do validnog broja pregledivih dokumenata, za kon-
kretan problem neophodno je saciniti efikasan plan pretrage patentne do-
kumentacije. S obzirom na to da jedinstvena strategija ne postoji, neop-
hodno je za svaki konkretan problem osmisliti i kreirati sopstvenu strate-
giju (Kovag, Cabarkapa, 2009), (Raji¢, 2007).

Strategija plana pretrage patentne dokumentacije glave rotora heli-
koptera sastoji se od sledecih koraka:

1. Usko definisati predmet pretrazivanja.

2. ldentifikovati i izabrati relevantne izvore informacija.

3. Odrediti klju€ne reci koje opisuju ovu vrstu rotora.

4. Odrediti simbol po medunarodnoj klasifikaciji patenata za ovu vr-
stu rotora.

5. Identifikovati proizvodace helikoptera koji prizvode ovu vrstu glave
rotora.

lako je, usko gledano, predmet istraZivanja glava rotora helikoptera,
treba imati u vidu da sa konstrukcijskog aspekta postoje tri osnovne vrste
glave rotora helikoptera: Sarnirne, polukrute i krute. Dalja pretraga i pri-
kaz analize patentne dokumentacije usmeren je na primer krutih rotora.

Kruti rotori su oni kod kojih su lezajevi zamenjeni elasti¢nim elemen-
tima, Cijom deformacijom se omogucéavaju neophodni stepeni slobode lo-
patice. Konstrukcijski, ovi rotori izvedeni su pomocu elasti¢ne veze lopati-
ca sa glavom ili pomocu veze lopatica za elastiCnu glavu rotora (Petrovic,
Cabarkapa, 2014).

Glavni element kod krutih rotora je takozvana elastiCna greda (slika
3), koja se sastoji od Celi¢nih ili titanijumskih traka, oblikovanih tako da
budu krute na istezanje duz radijalne ose, dok slobodno mogu da se sa-
vijaju i uvijaju u rasponu elasti¢nih deformacija i tako daju lopaticama po-
trebnu slobodu kretanja oko osa mahanja i zabacivanja. Razvoj savreme-
nih krutih rotora ogleda se u $to povoljnijem obliku popre¢nog preseka,
povoljnijem oblikovanju veza lopatica sa glavom rotora, kao i u primeni
kompozitnih materijala za izradu elasticne grede (Petrovi¢, Cabarkapa,

2014).
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Slika 3 — Glava krutog rotora sa prikazom performansi elasticne grede
Figure 3 — A rigid rotor head with one of the structural performances of the elastic beams
Puc. 3 — PoTopHasi ronoBka € >XeCTKMM coeVHEeHNeM, NokasaHbl anacTUYHbIe
KpenneHus nonacTen

Prilikom pretrage patentne baze najcelishodnije je koristiti naprednu
pretragu, koja pruza ve¢e mogucnosti i efikasniju pretragu, jer omoguca-
va koriS¢enje kombinacije vise kriterijuma za pretragu (koji su navedeni u
prethodnom poglavlju).

Ako je potrebno pronaéi glavu rotora za konkretan helikopter, to se
moze uciniti naprednom pretragom, na osnovu predmeta interesovanja i
podnosioca patentne prijave. Kljuéne reci koje najbolje opisuju predmet in-
teresovanja u ovom slu€aju su rotor i helikopter ili, reCeno u patentnom
Zargonu, avion sa rotiraju¢im krilima (rotary wing aircraft). Klju¢nu re¢ rotor
unec¢emo u polje naslov (Title), a helikopter u polje naslov ili apstrakt (Title
or abstract). Imajuci u vidu da se radi o krutim rotorima pored datih podata-
ka dobro je uneti i medunarodnu klasifikaciju (IPC — International Patent
Classification) za ovu vrstu rotora. Po medunarodnoj klasifikaciji oznaka za
ovu vrstu rotora je B64C27/33 (konstrukcija rotora sa savitljivim kracima) i
ona se unosi u polje IPC. Kako su podnosioci prijave autori pronalaska ili
institucija u kojoj je nastao pronalazak, iskoristi¢emo ovu &injenicu i poku-
Sati da sa naslovom ukrstimo i poznate proizvodace helikoptera kako bi
dosli do dokumenata koja opisuju trazeni rotor helikoptera.

&>
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Slika 4 — Helikopter AH-17 Viper ,,Zulu Cobra”
Figure 4 — Helicopter AH-1Z Viper ,,Zulu Cobra”
Puc.4 — YpapHbii Beptonet Bell AH-1Z Viper «Zulu Cobra»

Tako, na primer, ukoliko Zelimo da dodemo do tehni¢ke dokumenta-
cije koja opisuje rotor helikoptera AH-1Z Viper pod nadimkom kao ,,Zulu
Cobra” (slika 4), u polju podnosilac prijave une¢emo ime kompanije
Bell"", kao proizvodada ovog helikoptera.

Enter kewwards in English

Title: [ plastic and bicycls
[FoTor ]

Titls or abstract: [ hair
[FECTEoPTER] ]

Enter numbers with or without country code

Publication number: [E] WOZ00S01 4520

Application number: [E] DE1997 108 1090

Priarity number: [i] WIOASE5US1 5025

Enter mare dates or date ranges

Publication date: [i] rrymmdd

Entsrnams of ane of Mors pearsons organisations

Applicantz: [ Institut Pasteur
[BELC ]

Inventorsy: [E] Smith

Enter one or mare classification symbaols
cro

wpc 1 HOS R 1412
[Eeaczrems ]

Slika 5 — Napredna pretraga upotrebom naslova , naslova ili apstrakta, podnosioca prijave i IPC
Figure 5 — Advanced search using the title, the title or abstract, the applicant and the IPC
Puc. 5 — PaclumpeHHbIi NOUCK N0 Ha3BaHMWIO, KMOYEBLIM CrioBaM, 3assuTento u IPC

" Treba imati u vidu &injenicu da je za sloZena sredstva podnosilac prijave, po pravilu, kompa-
nija (Raji¢ 2007).
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Unosom podataka u polje naslov, naslova ili apstrakta, podnosilac
prijave i medunarodne klasifikacije patenta (slika 5), dobija se lista rezul-
tata sa Sest dokumenata (slika 6).

Result list &
[oelectal @m) B Gompact ©* Expart (GSVIALS) & Donnload covers & Fint
& rasuits found in the Warl abase for
ROTOR in the title AND HELICOPTER in the fitle of absttact AND BELL as the applicant AND B64G27/33 asthe IFG
classification
Sort by [pisas aai Sott orde: [Dazsending ]
[]1- Nedslized roior
K Inventar Applicant ceo Po Publication info:  Priority date:
VENUING & (5]  BELL HELICOPTER Boarovss  (BBACETASE  US4801838 (%) 15530318
FOPELKADAVID A TEXTRON INC [US] BEACOTMTI  BBAC2TIMTI 10880722
ws1 BEAC27481
@1
in es= helicopter_rotor
H rsrtar: Applicant irfa:  Pricrity date
METZGER ROBERT  BELL HELICOFTER Bnaceress  [BBACEFESE  US4427340 (R) 1962.06.24
ws) TEATRON ING (US] BEAGR7ST  BGACR7TES 18840124
HERTHERY Beqc27/e
WALLIAR & [U5]
)
[]3. Helicopter power train for rotor bisde flspping uh = plurslity of drive train
Somponerts
Irartor Applicant ® irfa:  Pricrity date
CRESAF WESLEY  BELL HELICOPTER BOSC2027/002 BBACRTOD  US4430046 (%) 19730424
ws) TEATRON ING (US] BoAcz7mol  [BGAGETAEE 19840207
Boaczraz  (PC1TERAC
[J4. Tail rotor
& Inwantar Applicart; £PC IPe: Publication irfo: Friority date:
WHITE BILLY P [US] BELL HELICOPTER EBEdrovss  (BBACETAS  USsea1E74(4) 16580551
MORRISON TEXTRON INC (U] BEAc2rmz  BsAC27EZ 19801121
DAYNE E [US] (FC17yERAn
716
[]5. tfoketor helicopter _rotor systems.

Slika 6 — Lista rezultata napredne pretrage
Figure 6 — List of results of advanced search
Puc. 6 — cTpaHuua ¢ pesynbTataMmum pacluMpeHHOro novcka
Dobijeni broj dokumenata napredne pretrage je preglediv i analizom do-
kumenata, u patentnoj prijavi pod oznakom US4427340(A), koja se nalazi na
rednom broju 2 liste rezultata.U prijavi patenta prikazan je tip konstrukcije, gla-
ve rotora helikoptera AH-1Z Viper ,Zulu Cobra” (slika 7). Ovo reSenje rotora
nastalo je kao i stalna potreba da se naoruzanje i vojna oprema modernizuje,
kako bi odgovorila savremenim tendencijama oruzane borbe.

Slika 7 — Nacrt glave krutog rotora firme Bell prikazane u prijavi patenta US4427340(A)
Figure 7 — Draft of a rigid rotor head of the Bell company displayed
in the application US4427340(A)
Puc. 7 — Cxema xecTkoro coegnHeHns nonacTtewn 1 poTOpHO ronoBku komnaHum Bell
npeacTasneHo B npunoxeHnn US4427340 (A)
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Kod prikazanog reSenja prikazanog u patentnoj dokumentaciji ela-
sticne grede smestene su u krute torzione cevi elipsastog popre¢nog pre-
seka u vidu oplata, otporne na uvijanje, koje na korenom delu imaju ruka-
vac za vezivanje sa potisno-poviaceéim polugama radi upravljanja sme-
Stajnim uglom, a na krajnjem delu su oblikovane tako da sluze kao okovi
za ucvrséivanje lopatica rotora. Povoljnijim oblikovanjem ovih cevi postig-
nuto je smanjenje otpora oblika glave rotora i smanjenje ukupnog otpora
Citavog helikoptera, a time i bolje aerodinamitke karakteristike. Svaka
torziona cev je u korenom delu vezana za elasti¢nu gredu priguSivacem
oscilacija, postavljenim pod odredenim uglom, tako da istovremeno am-
ortizuje vibracije u vertikalnoj i horizontalnoj ravni (slika 8).

Slika 8 — Nacrt glave krutog rotora u dve projekcije (odozgo i sa fronta)
firme ,Bell” prikazane u prijavi patenta US4427340(A)
Figure 8 — Draft of a rigid rotor head in two projections (top and front)
of the Bell company displayed in the application US4427340(A)
Puc. 8 — Cxema xeCTKoro coeguHeHus nonacten u poToOpHOM ronoBKK
komnaHuu Bell npeactaeneHo B AByx Npoekumsix B npunoxeHun US4427340 (A)

Ovakav koncept konstrukcije sa elasticnom gredom eliminisao je po-
stojanje zglobova, €ime je eliminisano trenje i uprostio sklop, a samim tim
se povecao i broj Casova leta izmedu povremenih i periodi¢nih pregleda.
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Slika 9 — Prikaz detalja glave krutog rotora firme ,Bell” prikazane u prijavi patenta
US4427340(A)
Figure 9 — Draft of the details of a rigid rotor head of the Bell company
shown in patent US4427340(A)
Puc. 9 — YepTex aetanen xecTkoro KpenneHus nonacrten K ronoske potopa KOMNaHuu
Bell npedcmasneHo B nateHTe US4427340 (A)

U patentnoj dokumentaciji za prijavu US4427340(A) dati su svi deta-
lji sklopa rotora sa mogucim varijantama ovog tipa rotora, $to se ne moze
naci u dostupnoj literaturi (slika 9).

Zakljucak

Patentna dokumentacija predstavlja najvece intelektualno bogatstvo.
Treba je koristiti iz viSe razloga, a narocito zbog toga Sto sadrzi tehnicke
informacije iz svih oblasti tehnike i oko dve treéine tehnickih informacija

Petrovi¢, D. i dr., Osvrt na projektovanje glavnog rotora helikoptera, pp. 87-107
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koje se ne mogu nadi ni na jednom drugom mestu. Pored toga, tehnicke
informacije sadrzane u ovoj dokumentaciji pojavljuju se nekoliko godina
ranije u odnosu na druge relevantne tehni¢ke publikacije. Podatak da
sredstva naoruzanja i vojne opreme veoma brzo zastarevaju, kao impe-
rativ pred njihove konstruktore postavlja zahtev da je za potrebe vlastitog
istrazivanja i razvoja ovih sredstava neophodno pravovremeno pratiti i
koristiti patentnu dokumentaciju.

U radu je dat prikaz sadrzaja ili strukture patentnih dokumenata sa
prikazom moguénosti pretrazivanja baza patentne dokumentacije sa pri-
merom upotrebe Espacenet baze, kao najpoznatije i najéesée koriséene
baze. Na konkrethnom primeru projektovanja glavnog krutog rotora heli-
koptera, kao najvaznijeg i najslozenijeg dela helikoptera, prikazane su
mogucnosti primene patentne dokumentacije kroz koris¢enje napredne
pretrage. Valjano koriS¢enje patentne dokumentacije veoma je koristan
alat za dolaZenje do konkretnih ideja pri reSavanju odredenih tehnickih
problema u toku konstruisanja. U konkretnom primeru tehni¢ki problem
se odnosio na konstrukcijsko reSavanje glave krutih rotora helikoptera, sa
ciliem da se obezbedi potrebno zabacivanje i brZi odziv promene sme-
Stajnog ugla (koraka) lopatice krutog rotora helikoptera.

Osnovna namera ovog rada je da se istrazivagima — konstruktorima
ukaze na neophodnost koriS¢enja patentne dokumentacije u postupku
konstruisanja.

Korisni linkovi

Zavod za intelektualnu svojinu (sajt www.zis.gov.rs):

— Uputstvo za koriSéenje baze esp@cnet.

— Uputstvo za pretrazivanje nacionalne baze patenata MIMOSA.
— Uputstvo o sastavljanju prijave za zastitu patenta.

— Priruénik za pronalazace.

— Patent. Kako zaétititi pronalazak.

— Priruénik za nastavu o patentima, elektronska verzija.
Relevantne patentne baze (adrese):

— www.zis.gov.rs (ZIS - Zavod za intelektualnu svojinu RS).
—www.epo.org (EPO — Evropska patentna organizacija).
—www.wipo.int (WIPO - Svetska organizacija za intelektualnu svojinu).
— www.uspto.gov/patft/ (Ameri¢ki zavod za patentne i Zigove).

— www.eapo.org (EAPO, Evroazijska patentna organizacija).

— (EPO, Evropski patentni zavod).

—www.dpma.de (Nemacki zavod za patente i zigove).

— (Japanski zavod za patente)
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OB30P NMPOEKTUPOBAHNA INMTABHOIO POTOPA BEPTOJIETA

OBJTACTb: maluMHOCTpOeHNe (NpOeKTUPOBaHME), MaTepuanbl
BWO CTATbW: o63opHas HayyHas cTaTbs
A3bIK CTATbW: cepbckuin

KpaTkoe cogepxaHue:

B pabome paccMompeHOo MpoekmuposaHue 2/1aéHo20 pomopa
gepmoriema fpu Ucrob308aHUU nameHmMHoU OOKyMeHmauuu, 8 Kade-
cmee gaxHeliea20 UHCMPYMEHma oucka KOHKPEMHbIX MeXHUYEeCKUX
peweHull, 4mo o380/157em CHU3UMb IKOHOMUYECKUEe 3ampambi rpu pe-
weHuu ornpederieHHbIX KOHCMPYKMUBHbIX rpobriem. bosbwoli obbem
mexHuyeckol uHgbopmayuu ernepabie rybrukyemcsi 8 kKadecmese nameH-
mose, a 0Korio 2/3 HE8O3MOXKHO Halmu 8 dpyaux UCMOYHUKaX.

lMpusedeHa cmpykmypa nameHmMHol doKkymeHmauyuu rno pa3sde-
f1aM, ¢ MOSICHeHUSIMU 803MOXHOCMU MPUMEHEHUST MeXHUYECKUX peuie-
HUU [pu NpoeKkmuposaHuu 21agHo20 pomopa eepmosiema. Ha KoH-
KpemHoM npumepe rokazaH crocob rnoucka no nameHmHol 6a3e
«Espacenet», komopasi codepxxum 6onee 80 MUSIITUOHO8 pPa3/IUYHbIX
nameHmos u siefissemcsi Haubosee 4acmo ucrnosnb3yemod.

OcHogHasi 4acmb pabombl OMHOCUMCS K OMuUCaHuro rnpouecca
roucka nameHmHbIx OOKYMEHIMO8 rpu peweHuU rnpobremMb! XecmkKo-
20 coeduHeHusi nionacmell C 20/108KOU pomopa U U3MeHeHus yana
amaku (waea) nonacmedl, nNpu NPOEKMUPOBaHUsT 21aBHO20 pomopa
sepmoriema.

Knroueable criosa: nateHTHas 6asa OaHHbIX, JOKYMEHTaUus, poTop,
naTeHT, BepToner.
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REVIEW OF THE DESIGN OF THE HELICOPTER ROTOR

FIELD: Mechanical Engineering (Design), Materials
ARTICLE TYPE: Review Paper
ARTICLE LANGUAGE: Serbian

Summary:

This article - paper presents the design of the main rotor of the
helicopter supported by the patent documents, as a very useful tool
(instrument) to reach the specific ideas and design in order to find the
most economical way for the quality solution for a certain technical
problem present in the process of design (construction). A large amo-
unt of technical information first appears in patent documents and abo-
ut two thirds of this information cannot be found on any other site.

The structure of patent documents is presented with an emphasis
on the elements that relate to technical information with the detailed
explanation of the possibilities of the application of the patent docu-
mentation during the process of design of the main helicopter rotor.
The procedure and methods of research of the related patent docu-
ments are presented on a specific example of helicopter rotor design.
The Espacenet database of patent documents was used as the most
comprehensive and the most frequently used database containing over
eighty million different patent documents about inventions and techni-
cal improvement (advancement) from all over the world.The crucial
part of the paper relates to the presentation of a patent search method
in order to find a technical solution for the structures of the main heli-
copter rotor which relates to the provision of the required casting and
rapid response changes of accommodation angle (step) of the rigid ro-
tor blades of helicopters.

Introduction

Patent documents contain the largest database of various specifi-
cations, which, in order to preserve novelty of the innovation, first ap-
pear in patent documents three to five years earlier than in other tec-
hnical reference publications. For this reason, patent documentation is
an essential source of information for researchers - designers,
primarily with the aim of finding structural solutions to the technical
problem being solved, as well as for the monitoring and establishing
new trends in the development of specific systems and equipment.

Patent documentation and content of patent documents

Patent documents contain technical, legal and bibliographic in-
formation to determine the patent. Technical information is of funda-
mental importance to designers for understanding the invention. If the
technical information contained in the patent documents contains the
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solution of the specific problem to be solved, it is necessary to examine
the legal basis for using this information, in order to avoid violation of
intellectual property rights.

Patent documents search

By searching a patent documents database, an expert in a particu-
lar field of technology is allowed to: be up to date with the latest technical
and technological solutions, find ready-made solutions to specific techni-
cal problems, get ideas for starting future development, establish patent
activities of competitors in the market, get insight into the trends of deve-
lopment in a particular technical field, assess technology offered for li-
censing, have a more favorable positioning during negotiations on the
transfer of technology as well as a variety of other information.

The application of patent documents in designing the main helicopter
rotor

Search and analysis of patent documents is given as an example
for rigid rotors, in which the bearings are replaced by elastic elements.
In terms of design, these rotors are derived by connecting the blades
and the head with elastic elements or by linking the blades with the
elastic rotor head.

During the design of the rotor head, advanced search for patent
documents in the Espacenet basis is applied.

Conclusion

This article - paper emphasizes the significance of patent docu-
ments and the necessity of the search of patent documents databases,
while designing the main rotor of a helicopter. The proper use of patent
documents is a very useful tool for getting to specific ideas for solving
specific technical problems during design. In this specific example, a
technical problem related to a structural solution of the head of the rigid
rotor of a helicopter, in order to provide the necessary casting and a
rapid response of changes of the accommodation angle (step) of rigid
rotor blades of helicopters.

The basic intention of this paper is to illustrate and explain to re-
searchers - designers that it is necessary to use patent documents in
the process of design - construction.

Key words: Patent databases, Documentation, Rotors, Patents, Heli-
copters.
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Caxemak:

ObumHe u duHamMu4He ope2aHuU3auuUoOHe MPOMEHE Koje cy y rocreo-
HoUX HEKOJTUKO 200uHa cripogofjieHe y obrniacmu o0bpaHe 3axeamurie cy u
obracmu 8ucokoe obpasosarba U HaydHoucmpaxusadkoz pada ee3aHo2
3a 006paHy. Hacmojao ce ¢hopmupamu HO8U, UHMegpucaHu Hay4dHu U
06pa308HU cUCMeM, XapMOHU308aH ca HalyUOHaIHUM cUCmeMom, Koju he
bumu camoobHo8rbU8 U OesloM caMooOpXKUE, Mme Kao makas bumu Kopu-
cmaH He camo cucmemy o0bpaHe eeh u wupoj OpyuwimeeHoj 3ajedHuuU.
[a 6u ce onepayuoHarnusosasa OCHO8Ha 3aMUCa0 OCHOBaH je YHU8ep3u-
mem 00bpaHe, Kao OpxasHU yHUsep3umem u uHcmumyuyuja uHmeapa-
mueHoe2 Kapakmepa y Kojoj ce odbpaHa usydaea U ucmpaxyje Ha Hayu-
HUM OoCHog8ama.

AHarnu3om yHKUUOHUCara YHU8ep3umema odbpaHe Ha Hedesnuma
U slceuyu cucmemMcKoa U cumyayuoHoe rpucmyna, Kpo3 caznedasare
rnocmojehux Ha4uHa pada, mpeHymHux moayhHocmu, nompeba u o4YeKu-
gaHux pe3ynmama, Moxe ce yoyumu Oa rnocmoje moz2yhHocmu 3a ori-
wme yHanpeherwe nocmojehee cmarba U 3a Nocmusame sulliee HU8oa
OpaaHu3ayUoHUX rnepghopMaHcu.

MoeyhHocmu 3a yHanpehewe cmara rnocmoje y obnacmu
ycknahusara nocmojehe u HayUuoHaslHe HOpMamueHO-3aKOHCKe peay-
Jlamuee, 3amuM opeaaHu3auyuje, opeaHu3ayuoHe Kynmype, y obnacmu
mexHorioauje pada, kearilumema u pacnodene, y yHKyujama u npo-
uecuma, Kao U y 0oMmeHy rnojeduHayHUX efieMeHama cucmema.

Krbque peuun: obpasosar-e, PoMeHa, UHmeepasnHu npucmyri, keasiumem.
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YBog

Bucoko obpasoBare npeacTaBrba Bpfio 3HadajaH geo crpartervje
Mohu n yTuuaja peanHor cuctema ogbpaHe. KpeaTuBHOCT kao 6asmyHu
pecypc npoaykyje nHoBauuje kojuma je cuctem ogbpaHe moryhe onne-
MEHUTU 1 yHanpeauTu.

OpraHunsaumMoHe NpoMeHe Yy Op)KaBuM TOKOM nocnefwe AeueHuje,
Kao BaxkHy ApXaBHY (OYHKLMjy U Norbe 0BjeKTMBHE ApyLUTBEHE CTBApHO-
CTW, HUCY 3aoburne Hu ogbpaHy. AKTyenHe OKOMIHOCTU HaMEeTHyne cy
HW3 n3a3oBa:

— Behy UMBWUNHY KOHTpOMy cuctema ogbpaHe n Behy UMBUIHY ogro-
BOPHOCT,

— MaMeTHY 1 NTOTMCTUYKN OOpPXKUBY oabpaHy,

— dopmupare HOBOI, AENOM CaMOOAPXKMBOI U CaMOOGHOBIHLUBOT
cucTeMa HayyYyHoMCTpaxuBadke OenaTtHoCcTU u obpasoBawa y obnactu
oabpaHe, XapMOHU30BaHOT Ca €KBMBANEHTHUM APYLUTBEHUM (LUMBUITHUM)
cucTteMomMm, Koju he kao TakaB 6GuTn notpebGaH u KopucTaH CUCTEMY Of-
OGpaHe, NpmBpean, APYLUTBY U OpXKaBM,

— BULUM KBanNUTaTUBHM HMBO M3y4aBara ogbpaHe u

— BULUM KBanNUTaTUBHM HMBO HAy4HOT UCTpaxuBaka ogbpaHe.

CTtpaTernjckun ooroBopu Ha HaBedeHe 3axTeBe OKpyxeha bunu cy:

— CTBapare UHCTUTYLMOHAMNHMX yCrioBa 3a LMBWUIHY KOHTPOIY U o4-
roOBOPHOCT 3a CTakwe oabpaHe,

— Behe ekoHOMKCamwe pecypcuma y oabpaHu n Beha TpaHcnapeHT-
HOCT Yy KOpULUTEHY pecypca,

— OpXaBHa nogpLuka v oapefuBame TexuwTa U npuoputeTa pagu
cTBapawa ycnosa 3a Behy CUHeprujy Hayke (Hay4yHUX MHCTUTyuMja) U
06pa3oBHUX UHCTUTYLUMjA, KaO M OENMMUYHN Npenasak HayyYyHux n obpa-
30BHUX YCTaHOBa Ha ,caMouHaHcupawe”, Kao OCHOBa 3a npeBasuna-
Xewe KpyumjanHor HegocTaTka — OACYCTBa afeKBaTHOr yrpaBibama,

— OCHuBake YHuBepauTeTa oabpaHe (YO), kao uHTerpucaHor gp-
)KaBHOT YHMBEpP3UTETa U MHCTUTYLMjE Y KOjOj ce oabpaHa n3yyaBa Ha Ha-
YYHUM OCHOBama M HayyHo Tpetupa ca UMT (MHTepancuunianHapHo,
MYNTUANCUNNIIMHAPHO U TPaHCAUCUMNIAMHAPHO) acnekTa,

— akpeguTauunja BojHe akagemuje (Bucokollkoncka jeanHuda YO) n
MeguumHckor cdakynteta YHuepauTeTa ogbpaHe (MOYQO) kao BUCOKMUX
LUKOSIa U HAYYHOUCTPaXMBaAYKUX OpraHusaumja un

— ybp3aHe npunpeme 1 OTnoYMHare LIKONoBawa NpodecnoHanHmx
npunagHuka Bojcke 1 3anocneHux y gpXasHOj agMUHUCTpaUMjM Ha 3a-
jedHNYKOM CTyAMjCKOM nporpamy y okBupy Bucokux ctygmnja ogbpaHe u
6e3begHoOCTH, WITO AONPUHOCK jeOUHCTBEHOM MOSIUTUYKOM, EKOHOMCKOM
N BOjHOM rnefaky Ha ogdpaHy n 6e36eaHOCT 3emibe.
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HajsHauajHuja npomeHa y cuctemy ogbpaHe Hactana je dpopmupa-
tbem YO. AHanumsy u oueHy JOCTUTHYTOr CTawa, ¥ pa3Bojy U OYHKLMOHN-
canwy YO, Tpeba BpWMTU Y OAHOCY Ha NPETXOAHO CTawe, anu U 'y KOH-
TEKCTY Xerba U oYekMBakba KopucHuKa ycnyra (cuctem ogbpaHe, unBun-
HW CTYOEHTM KOju ce wkonyjy Ha YO, CTyOeHTU Koju ce LUKONYjy Ha yHu-
BepauTeTMMa N doakynTeTMma Koju nmajy passujeHe 3ajeQHuuKke CTyamj-
cke nporpame ca YO, ogHocHO BojHom akagemujom, CTyOdeHTU — Kagetu
CTPaHUX OpXKaBa N hUXOBU MHBECTUTOPMW).

MNMpomeHe npeayseTe paau noborbluaka CTaka cuctema u pellasa-
Ha npobnema y wemy Tpeba ga ce TPeTUpajy Ha HayYenMma u foruum
CUCTEMCKOr U CUTyaUMOHOr npucTyna, a cBe geduHucaHe akuuje Tpeba
yCMepuUTU Ka noamsaky nepdopMaHCc BUCOKOLIKOMNCKMX jeauHuua YO
Ha KBanMTaTMBHO BULLW HUBO.

Bucoko obpasoBane, HaydyHoucTpaxmBadkm pag (HUP) n wunxosu
.,Aponssoan n ycnyre” Tpeba ga ce nocmana1jy KPO3 YMTaB XNBOTHMU Lu-
Knyc, Ha Lenom TOKy 1 ca acnekTa KsanuteTa .

Y obnactn pecopme Bucokor obpasoBara 3a notpebe opdbpaHe
OCTBapeHo je Aocta Aobpux pesynTtaTa, anv akTyenHu BPEMEHCKN Tpe-
HyTaK 3axTeBa BULLE.

CVHXpPOHM30BaHUM HanopvmMa Lmpe 3ajegHuue, opraHa ynpasribaka
1 nocnosohera 1 yBoherwem cuctema koju npasu 6anaHc nsmehy pagHor
YUMHKa U eMOLUMOHanHor 3a4oBOrbCTBa 3anocreHnx moryhe je yHanpenu-
™1 cnocobHocTn YO 1 BUCOKOLLIKOMCKMX jeanHuua y cactasy YO 0o HMBOa
kojum he ce noHocuTn gpxasa Cpbuja n cBu 3anocnexHn Ha YO.

Mpucmyn yHanpehety HacmagHoe U Hay4Hoe pada

Obpa3zoBarbe He Tpeba nepuunmMpaT Kao Tpollak, Beh Kao MHBECTU-
umjy, Koja ce 030MUIbHO NpUNpema y agekBaTHOM OpraHM3auMoHOM amOujeH-
Ty (Andreji¢ et al, 2011, pp.5-26). Ycnen Tora, yHanpehewe kBanuTeTa
obpasoBama’ U UcTpaxueara Ha YO Tpeba ycknaguti ca AyropodHUM

" Pagu yHanpefetba noctojeher cTakba CBaKoj CTpaTeLLkoj oanyLy Tpeba aa npetxoge 030uUrbHe CTy-
Ovije 1 aHanuse, 3acHOBaHe Ha MPUMEHN KBanuUTeTHUX ,anarta’, kao Wro cy: ,Cost-benefit” aHannze,
SWOT aHanuse n meToge BuLLEKpUTEPUjyMCKe onTuMmusaumje. Ontummnsaumjy pellersa Tpeba BpLuu-
TV Ha HMBOY CUCTEMA (OpXKaBa) Kao LienvHe, a He Ha HUBOY NojeanHUX noacucTeMa v Aernosa.

Y3 yBaxaBar-e NpyHuMna ctangapausauyje, cneumjanysaumie n cumnnudmkaumie, y BojHoj akapemujn
Tpeba,pa3BujaTi, NPBEHCTBEHO, BUCOKO 0Opa3oBatke U HUP, ume he ce nogvhmn kBammteT 1 omoryhin-
TV OXMBrbaBakse npoLieca obyke y BC npeko Behe ynocneHocTn pecypca Kojy Cy HameH-eHW 3a 0BYKy.

2 NlaHalky cuctem oBpasoBaka (Y APYLITBY) faje U CyBULIE HeannMKaTUBHA 3Haka, a npe-
Masio akTyerHux, MOroToBO Y OAHOCY Ha TEXHUYKWN HanNpedak, pa3Boj HayKe O ynpasrbakby U
rnobanHe npomeHe. 3aTo hopmarnHa cnpema ,ouHanHor Nnponseoaa” He ogroeapa y 4OBOSb-
HOj Mep¥ NpojeKToBaHOM pagHOM MecTy. [leo 3Haka nocTaje nHepTaH unu ogymupe. MocebHo
je HeagekBaTaH AnjanekTU4KM NpUCTyn obpasoBany. 3HaTaH 6poj 3anocneHnx je, ycnen Hefo-




KOHLIeNTOM pa3sBoja cuctema ogbpaHe 1 ApyLUTBa Y LIENUHW, y3 yBaXaBame
TexHonorvje oaeujarba npoueca obpasoBaka 1 obyvaBamsa, jep 6p3a, jed-
TUHa N UICTOBPEMEHO KBanuTeTHa pellera y 0bpasoBaky HUCY no3HaTa.

MoTpebHy hnekcnbunHocT, Kao OAroBOpP Ha BeNUKe TEXHOSOLWKE U
opraHusaumoHe nsasose, Moryhe je octBapuTtu yHanpehewnma u pasBo-
jeM HOBWX Nporpama y cknagy ca notpebama npakce.

HeonxogHo je aa nocroje n gyropovHe, mefycobHo ycknaheHe ctpaTte-
rvje passoja cuctema oabpaHe (M HEroBor cuctema BUCOKor obpasoBatrba)
n npuepene. Cucrem obpasoBar-a, 3aCHOBaH Ha Hadenuva Bonosckor
npoweca, JOBeO je 40 BUAIbMBMX MOMaka (YKMHYT je KaMnarsCK1 pad, anv je
narybroeHa ,,AybuHa 3Hana” 36or orpaHuyeHe ynotpebe nutepaTtype, na ce
Kao peluete Hamehe KOHTUHYMpaHa eaykauuja Kpo3 YnTaB pagHu BEK).

MopepHusaunja 1 o3gpaBrberwe ApyLUTBa MOXe ce noctuhu camo
pechopMOM yrpaBrbarba y jaBHOM cekTopy® 1 pecbopMom obpasoBarba’.
MenhyTnm, oHa 3axTeBa afekBaTaH HacTaBHUYKM Kagap koju he je cripo-
BOAMTU 1 Y TOME je cpx npobnema (4BOCTPYKM KaapOBCKU BUA pedopme,
Tpeba NCTOBPEMEHO MewaT 1 HaBUKe U CTMLAaTN HOBa 3Hana). Pedop-
MY je nakwe 3aupTaTh Hero CnpoBECTH, jep MNOCTOjU OTNOP KOA akTepa.

YnpaBreaT HOBUM APYLUTBOM U HOBMM CUCTEMOM He Moxe ce 6e3
HOBUX 3HaH-a, Na je 3aTO BaXHO Aa Ce CBaku nojeanHau, ocnocobun 3a oHy
ynory y ApyLwTBY 3a KOjy je HajnogecHuju (a He Kojy BOMnu), jep kBanuteT
cucTema 3aBWUCK Of, KBanuteTa U BpcTe obpasoBara HeroBnx enemMeHa-
Ta — YnaHoBa (gpyre MOryhHoOCTK Cy ucLpnsbeHe).

Y pomeHy pedopme obpasoBarwa Y BA n Ha YO, Havyena nepma-
HEHTHOT 1 noBpaTHOr obpa3oBatrba 1 HanpeTka® NPBEHCTBEHO Ce OAHOCE
Ha HacTaBHe kagpoBe.

O6pa3zoBHM cUCTEM MOpa BMTKM OTBOPEH M Ca EKCNNULMTHO AeuHu-
caHum KpuTepujymmma ycnewHocTtun (Beker et al, 1994), a acdompmaTtusHa
opraHusauuoHa KnvMa noAarnora 3a enuMuHucakwe noctojehnx HeraTue-
HUX OodHOCa M OTnopa WHoBauunjama y obpasoarwy. Pagn noborbluansa
noctojeher ctawa u yHanpehewa ynpasibawa Ha YO, kao n yHanpehe-
Ha npoussoga u ycnyra koje YO npyxa, HEONxo4HO je npojekToBaTth gy-
ropoyaH KOHUeNnT pasBoja Cca M3paXeHWM OpraHu3auMoOHMM acrekToM,
npuMmepeH notpebama npakce, 3axTeBMMa BpemMeHa U CaBpeMeHUM
TpeHaosuma. Takas KOHLENT noapasymeBa npoLecHo® 3acHOBaHO ynpa-

cTaTka agekBaTHUX Mporpama LUKorfoBawa M ycaBpluaBama, NnoTpebHa 3Hawa CTeKkao Kpo3
PaAHY NpaKcy, @ He KOHBEHLIOHANHUM NyTeMm.

Mpobnemun BehunHe jaBHMX 1 ApxaBHUX cucTeMa (npegy3eha) jecy HUCKe LeHe ycnyra, BUwak
3anocneHunx, 3anywTeHa u nspayboBaHa onpema U UHMPaACTPyKTypa, anu ce kao jegaH of
3HayajHUjux pasnora HaBoau v crnabo ynpasrbake oBUM Npedysehmma.

Haww HauvoHankm umrb Tpeba aa 6yay obpa3oBatse M NaMerT, kao HajBehy pasBojHY NoTeHLUMjanm.
® Hanpenak Huje Nyko nonpaerbakse NPOLLNOcTU, Beh HEeNpeKUaHO KpeTake npema BygyhHocTw.

AKTyenHu 3axtesu Hamehy nocTojarke 1 efykaumjy cneumjanusoBaHuX MeHaiepa 3a ynpa-
BIbake OpraH1M3aLnoHO-TEXHOMOLKMM npoLecnumva.
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BIfbarwe U nocrnosawe YO u Bucokowwkornckmx (BLU) jeguHuua, ycmepeHo
Ha douHanHM NpomnsBoOA 1 yCnyry Kojy npyxa obpasoBane 1 HAP.

Y cuctemy ogbpaHe HyxXHO je npuxsaTutn Gespe3epBHO onpeae-
I'behe 3a CTaHfapamsauujy, cumnnudgukaumjyy n cneuuvjanusauujy’, WTo
61 umMnMumpano paumoHanHy ynotpeby orpaHuyeHnx pecypca.

Cneuujanunsaumja 6u y cnyyajy YO n HEroBmMx BUCOKOLLIKOFICKUX je-
AvHnua, nocebHo BojHe akagemuje, nogpasymeBana Behe ycmepaBare
Ka akageMCKOj BUCOKOLLIKOSICKOj HacTaBn U Hay4YHOUCTpaXXMBaykoM pagy,
Kpo3 audepeHumjaumjy hakynteta, cXogHO NpUNagHOCTM Hay4YHUM Mo-
reuma. NpomeHa KoHuenTa LWKonoBawa, ca ,LWKOoNnoBawa 3a pagHo Me-
CTO” Ha ,LLUKONOBak€ 3a 3arnolurbaBare” NpeacTaBiba Hy)XXaH 04roBop Ha
npomeHe (Heleta, 2003). Cneuunjanusauunja 3a pagHO MecTo, npema Ho-
BOM KOHUenTy, obaBrbana 6u ce y KOMNETEHTHUM OPraHM3aLMoOHUM Le-
nuHama Bojcke Cpbuje, a ycBajatbe aKkTyerHMX U CaBpPEMEHUX HayYHUX
Cca3Harba KpO3 MHTEH3NBHO KOHTUHYMpaHO obpa3oBake 1 ycaBpLlaBah-e
Ha cneumjannucTUYKUM Kypcesrnma y BUCOKOLLIKOSICKUM jeanHuuama.

MocTeneHnm yBoheHweM OBakBUX NPOMEHA, Y3 yBaXkaBahe OpraHu-
3aUMOHNX KanauuteTa (MHGPACTPYKTYpe) U PEeCypCHUX OrpaHuyeHsa,
cMamuna 6u ce LIMpMHA 30HE aHraxxoBak-a M nosehana gybuHa 3oHe
0ArOBOPHOCTU M UHTEpeca.

YHanpehene ctaka moryhe je n3sectu n Ha Makpo 1 Ha Mukponna-
Hy, aHraxxoBaweM cBux cybjekata YO 1 CBUX 3aMHTEPECOBaHUX CTpaHa,
KPO3 CMHEprujcko nosesneamnse®.

OnTummnsaumjy pecypca u pelwewa Tpeda BpLUMTM Ha HaLMOHANHOM
HMBOYy. Pagn npeseHToBara M 3alITUTE COMNCTBEHUX MAeja n UHTepeca,
HEOMNXOAHO je NapTUMuMnNupame y HauMoHanH1UMm TenMma koja ce 6ase Bu-
COKMM obpa3soBar-eM, HAyKOM M TEXHOSMOLLKMM pa3BojeM. Y cknagy ca
TWMM, CBa MO3UTUBHA peLlera Koja NoCToje Y BUCOKOLLUKONICKOM CUCTEMY Y
apywTBy Tpeba yrpagntun n 'y dyHkumoHmcarwe YO n obpaTHo.

Opnyke o npoduny kagpa Koju ce wkonyje y BA Tpeba goHetn y3
yBakaBar€ TpeHaa y nosehamwy Opoja rbyam Koju ce aHraxyjy Ha npoms-
BOAHM yCriyra y 0gHOCYy Ha 6poj aHraxoBaHUX y CTBapaky npoumssoga v
nocTeneHn npenasak ca ekOHOMWje NPoM3BoAa Ha ekoHomujy ycnyra®.

" Cneumnjanuaalmja opraHMaaLMoHmX LienHa cuctema oabpaHe 3a oppeheHy BpCTy nocna, Ha-
CYNpoT LUMpEHY acopTMaHa akTUBHOCTU, NMO3UTUBHO YTWYe Ha KBanuTeT HUxoBor obaBrba-
wa. Y Tom cmucny, YO Tpeba ga, Kpo3 BMCOKOLLUKOSICKE jeauHuue, passuja yHUBEP3UTETCKY
Mucao, Aa yHanpefyje BUCOKO obpasoBake 1 Hay4dHOUCTpaxuBaydkv pagd, a obyky Aa generu-
pa noctojehnm, 3a TO KOMMNETEHTHUM OpraHM3auMoHuM LenuHama y Bojcum Cpbuje.

& Otnopm yHanpehewy craka He cMejy ce npasgaTu cneumduyHocTMmMa nponssona U BojHe
opraHusaumje. 3akoHu 1 NPUHLMAKM CY YHMBEP3arHu, a NPUopUTET LurbeBa U UHTepeca BuLler
cucTema ce nogpasymesa.

® Yeo ycny)HUX y OAHOCY Ha NPOM3BOMHE AeNaTHOCTY Y MaTepnjariHo pasBujeHM 3eMIbama
cBeTa y CTalniHOM je nopacry.
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Ycnen Ttora, YHuBep3uTeTy onbpaHe notpebHa je u Beha ynpa-
BSfbayka, akagemcka u omHaHcujcka ayToHOMMja, Kao U jacHO geduHunca-
HW ynpaBrbaykn TokoBu. Mucuja, 3agaum n umrbesn (0OjeKTHU U HAMEH-
CKW), Kao M TexuwiTa u npuopuTteTn, Mopajy butn nosHatM u onwTenpu-
xBaheHn MeRy CBMM OpraHmsaumoHnMm jeguHuuama mn ynaHosuma YO u
CBUM CTeunkxongepuma. Y TakBum yCnosuma, 1 y3 TpaHCNapeHTHOCT Kpu-
Tepujyma ycnewHocTn, Mmoryhe je ycrnoctaBuTu M ageksaTaH pagHOCTU-
MynaTUBHW CUCTEM, KOjU MOYMBA Ha OOMNPUHOCY MPOKNaMOBaHUM LUbe-
BMMa, y CKnagy ca 3akoHMMa 1 cTaHgapauma.

Heku 00 npasaua yHarnpehera cmarba Ha YHusepsumemy odbpaHe
jecy onmumu3sauuja pexujcke padHe cHaze u bpoja nuua koja Hucy Ou-
PEKMHO y byHKUUjU OCHOBHE rpou3godHe deslamHocmu Kojom ce base
BUCOKOWIKOJICKE jedQuHUue (8UCOKO obpa3osare U HayYyHoucmpaxxueau-
Ku pad), Hay4yHO npojekmogar-e cmpykmype u OUMEH3UOHUpPaH-€e efleme-
Hama y cknady ca objekmusHUM riompebama U pa3gojHUM raHo8uMa.
lNompebHo je npeucnumugarbe U KOpeKuUja MUCUje ceake opaaHu3ayuo-
He yernuHe u pacmepehewe BojHe akademuje (¢ 063upom Ha dodesbeHy
Mucujy 00 cmpaHe OocHuea4da) obasesa Koje moey pearnuzoeamu Opyee
cmpykmype y cucmemy odbpaHe (8ojHa obyka, rfioeucmuka, UHmMepHam-
CKU U KacapHCKuU rocsiogu umda.).

Ympouwak Hosua U opeaHu3ayujcke eHepauje, kao U obum medujcke
rpeseHmauuje 8UCOKOWKOMCKUX jeduHuya mopa da KopecrioHOuUpa ca
Mucujom u 3alauuma, a aHaaxoeaH-€ JbydCKUX pecypca, nocebHo kade-
ma, mpeba da byde wmo suwe y ckrnady ca Oy20p0OYHUM KOHUErmom
paseoja u dy20pOYHUM CMepHUUama (Mare y byHKUUju OHEBHUX oriepa-
mueHuUX 00nyKa euweea cucmema: Kao opaaHu3ayuoHa Kadpoecka pe-
3epea).

lMompebHo je bpxxe cmeapamu ycrioge 3a 30pasy UHMEPHY U eKcC-
mepHy padHy KoHKypeHuujy'®. Padu moaa nocmerneHo mpeba ysodumu
uHCMuUmMyuUujy jagHoa KOHKypca rpu usbopy opzaaHa rocriogohera u opy-
202 pykogoOehee kadpa (pekmop u rpopekmopu, 0ekaH U npodeKkaHu,
Ha4esTHuUyu kamedpu...)' .

Ogroeapajyhom perynatmeom (3akoH, CTaHZapAan, KpUTepujymmn n me-
puna) Tpeba ypeantn edoukacHoCT n ebekTMBHOCT opraHunsaumje. Takohe,
3aKOHCKM ypeheHuM pagHOCTUMYNaTUBHUM CUCTEMOM, 3aCHOBaHWM Ha
34paBoj U NpaBuITHOj pacnogenu (nnarte, boHyce, CTUMynaHce, Harpage..),
y cKkragy ca AOonpuHOCOM NPOKIIaMOBaHUM LUUIbeBMMa Kao LieHTpariHoj Ka-
Teropuju oanyymBawa U jeauMHoj MAEONOornju Kada je pasBoj y nutamy,
Tpeba MOTUBMCATU OpraHe ynpasrbaka, NocroBofhewa n cBe 3anocneHe
[a BuLle N KBannTeTHWje page n aa 6yaoy oaroBopHujn.

' Ako HeMa KOHKyPeHLMje He 3Ha Ce BPEAHOCT Heuera 1 HeMa YCIoBa 3a CTBapak-e enuTe.
" OBaj npucTyn nosehasa ApyLUTBEHY OFOBOPHOCT U3aBpaHMX NLA U faje UM ayTOPUTET Koju
M3BMpPE 13 XMBOTA M YnHEHULA, LLITO Y KpajteM UCXoAy yHanpehyje 1 onaklwasa ynpasrbatse.
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Hanope mpeba ycmepumu ka mome da YO rniocmaHe Heka spcma
rocrosHoe ,6usHUC UHKybamopa” 4Yuju cacmae u3paxaea WUPOK CrekK-
map uHmepeca u3 Kojee he ce 3a HeKO/UKO 200uHa ¢hopmupamu embpu-
OH Kflacmepa 00 opeaHu3aUyUOHUX uerluHa Koje ce bage rosesaHUM U
crnuyHum nocrioguma (BA, M®-BMA, TOLl, BTU, ¢babpuke cpricke o0-
bpambeHe uHOycmpuje, moxda U HeKU efleMeHmu jasHO-rpueamHoe
napmHepcmea) kako 6u ce nocmueao 0o080s/baH 0buM MpPou3800OH-E U
KOHKYpeHmaH rpou3eo0 (ycryaa) y eKCmepHOM OKPYXers) .

Mucujy, unrbese (06jeKTHM N HAMEHCKM), pe3ynTaTe 1 3agaTke, Tex-
HOMOrMjy, Kao W TexuwTa u npuopuTteTe, y CMUCNY CUHEprujckor aeno-
Bawa, Tpeba CMHXPOHU30BaTU y CBMM OpraHu3aumoHuUM jeauHuuama v
ko4 cBux ynaHosa YO. Y TakBuM yCcrnosuMMa 1 y3 TPaHCNApeHTHOCT Kpu-
Tepujyma ycnewHocTu moryhe je ycnoctaBuTh 1 ageksataH pagHOCTUMY-
naTMBHM CUCTEM, KOjuU NoumBa Ha ,CrneumuyHOj] TEXUHN nojeanHua u
AOMpUHOCY NpoknamoBaHuM umrbesmma YO.

Y cknagy ca AONPUHOCOM Y 0CTU3any AedrHUCaAHMX LUrbeBa, pacrho-
JernoM Kao LeHTparnHOM KaTteropujoMm oanyymBansa Kaja je passoj y nuta-
kY, Tpeba cTumynucaTtn 1 opraHe ynpaerbama, NocroBofhera 1 octane 3a-
nocneHe Kako 61 ce yHanpeguna eoukacHocT 1 edheKTUBHOCT paga.

MHcmumyuyuoHarsiHu okeup 3a yHarnpehere
HacmagHoez U Hay4YHoz pada

Mpe npegysnmara OpraHN3auMoHUX Mepa U NoCcTynaka ycMepeHux
Ha yHanpehehe kBanuTeTa obpasoBaka U UCTpakmBara y BojHoj aka-
AEeMNjK, HEONMXOAHO je No3HaBaTW perieBaHTHe YMHuoue W npegycrnose
yCNeLwHnX opraHn3aumoHuX npomeHa (tTabena 1).

OpraHusaumoHy eHeprujy u Hanope Tpeba ycMeputn ka ocTBapeky
npaBHe 1 OpraHn3aumnoHe criegmMBoCTU NO YNTaBOj OYOMHU UHTerpucaHor
cuUcTeMa, Ka onTUMuanpary opraHusaumoHe aybuHe YO M BUCOKOLLKOSI-
CKMX jeguHuua (6poj xmnjepapxmjckux HMBOa yTude Ha 6poj fbyam Koju ce
n3Braye M3 OCHOBHOI, MUCUjOM ofpefheHor npoueca), UHcTanupaTtu no
ynTaBoj oyOunHN cuctema BpeAHOCHU CUCTEM U XMjepapXujy akageMCKMX
3Bara (akagemMuk, npodecop, BaHpeaHU npodecop, AOLEHT, aCUCTEHT,
capafHuK), eKCrNUNTHO N eHepruyHunje nspasmtn mmcujy YO n BUCOKO-
LLIKOSICKUX jeOuHuUua, YyBECTU pagHOCTUMYNaTUBHU CUCTEM U YHaNpeauTu
cTaTyc HacTaBHoOr ocobrba.

Mmajyhn y Buay HaBedeHe npenycriose, a paaun yHanpehewa kBa-
nuTteTa paga u ynpaerbaka Ha YO, HeonxogHo je dopmupatn YO kao
yBpwhy opraHusauujy, ca Behum cTeneHoM opraHusauMoHe camocTarn-
HOCTM, ca Behnm akagemckum cnobogama n Behom mHaHcnjckom camo-
crtanHownhy.
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AJekBaTHUM NPOjEKTOBaH-EM OpraHmnsaumoHe cTpyktype YO 1 BUCOKO-
LLIKOSICKUX jeamnHuLa Yy HEeroBoM cacrasy Takohe Tpeba o06e3beantn ogpe-
heHn cTeneH geueHTpanusaumje, y3 dopmupare 3acebHux dakynteta
(dpakynTeT 3a MeHaLIMEHT, bakynTeT 3a NOMMCTUKY U TEXHUYKO-TEXHOSOLLKE
Hayke 1 MeauumHCKM bakynTeT), y umje he aMmeHanoHmpare outn yrpahe-
Ha pa3BoOjHa 1 KagpoBCKa pesepsa, Y cknagy ca npupoaHoM nyKTyaumnjom
kagpoBa. Ca acnekrta xujepapxujckmx ogHoca yHytap YO u cuctema ogbpa-
He yonwiTe, hakynTeTn Hy>XHO Mopajy GuTn opraHmsaunoHo BesaHm 3a YO
(Andreji¢ et al, 2010, pp.33-61), a pacTtepeheHn xujepapxmjckux Besa ca
APYrYM OpraHnsaumoHnM LenvHama MuHuctapctea oabpaHe.

Ca npon3BOAHO-NPOLIECHOT acnekTa, HEONXOo4HO je CMakbUTU acop-
TUmMaH npou3sofa koje YO npyxa u nocTeneHo ce crneuunjannusoBaTtu 3a
ogpeheHe npoussoge 1 ycnyre, kako 6u ce obesbeguna UHTEpHa N ekc-
TepHa KOHKYPEeHTHOCT, 3axBarbyjyhn Behoj nponsBogHoj cepujun (y3 ucte
hUKCHe TPOLLKOBE) U hpeKBEHLM|jW NOjaBIbMBaHa oagpefneHor npom3soaa
— ycnyre. Y TOM cMuchy, NOTpeBHO je CTBOPUTM YCrnoBe Aa HOCUOLUU Teo-
PYjCKO-METOAOMNOLLKNX U akaaeMCcko onwTeobpa3oBHUX nNpegmMeTa u ca-
Apxaja Ha YO 6yay KOMNeTEeHTHU KagpoBu ca LMBUMHKX dhakynTeTa, Koju
Cy MaTU4YHM 3a KOHKpeTHe obnacTu (To je jedaH oA npwnora OnNTMMK3a-
umju pellera Ha H1BOY Apxase), a Ha YO n nocebHo y BojHoj akagemujm
pasBujaTU HaCTaBHUYKM N UCTPaKMBAYKWN KaApOBCKW MOTeHUMjan 3a Ha-
YYHO-CTPYYHE U CTPYyYHO-anfnnkaTUBHE npeameTe 1 cagpxaje.

OcHoBHa genaTHOCT 1 HaMmeHa BojHe akagemuje, Kao HeHe KIby4yHe
ogpeaHuue, Tpeba aa yae yourbmea crnorballibem 06jeKTMBHOM U He3a-
BMCHOM nocmaTpady, a yHytap BojHe akagemwuje cBe (pyHKuuje n no-
CMOBHM NPOLIECU YCMEPEHU Ka KBaANMTETHOM BMCOKOM obpasoBary U UC-
TpaxmBarwuma y AoMeHy oabpaHe.

Y cknagy ca 3axTeBMMa BpeMeHa W KOHUuenTyanHuMm onpenerbe-
HEeM, anv 1 camoM NPUPOAOM U NOjMOBHUM oapeheremM yHuBep3uTeTa,
Ha YO akagemcku gyx un cnoboge mopajy umaTtu npumaTt Hag ycko3aHaT-
CKMM acnekTMa LLKOMoBaka W Hag obykom'2. McToBpeMeHo, HyxHa je
Beha pagHa edhukacHOCT 1 epeKTUBHOCT Kako Bum ce y LITO ckopuje Bpe-
Me OOCTUINN CTPOru KpUTEPUjyMN U 3axTEBM KOje MOAEPHO akagemcKo
OKpY>XeH-e HOCH.

"2 Mpouec o6yke (CBU BOjHW NPOrpamu, Ha CBMM HUBOMMA M OGMMLMMA LUKOMOBaHa U ycaBplLa-
BaH-a) Koju ce peanuayje y BojHoj akagemuju, y Tom cBeTny, Tpeba LTo npe pa3aBojuTh of BUCO-
Kor obpasoBar-a, XapMOHM30BaTU ra ca LenoBuTuM cuctemom obyke y Bojcum Cpbuje, paumo-
HanM3oBaTu M NpeHeTn y HagnexHocT MeHepanwTaba Bojcke Cpbuje, a kagpoBcke u apyre pe-
cypce 3a 06yKy rpynucaTtii U AUMEH3noHpaTh nog koHTposiom MBC cxogHo notpebama.

MoTtpebHo je npeunsmpatn, y3 goMuHaHTHM yTuuaj MNLUBC, konuku je obum 1 wWwTa je cpx 6asny-
He (OCHOBHe) BOjHe 0Byke, OCHOBHOI OhMLMPCKOr Kypca (MCTU 3a CBe poAoBe U crnyxbe — yrno-
Tpeba jeanHuLe paHra cTperbaykor OZHOCHO MeLUaamicKor) U aniuMKaTUBHOM OMUMPCKOr Kypca
(pasnuunT No pogosBuMa u cnyxbama) kageTta — byayhux oduumpa, koju he peanvsoBaTi pasHu
nocTojein LLeHTPU M KOMaHAE BMOOBA Ca CBOjUM MOTYMHEHUM jeAMHMLama 1 ycTaHoBama.
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Ta6ena 1 — MNpeaycnosu 3a ycneLuHe opraHn3aunoHe NpoMeHe
Table 1 — Preconditions for successful organizational changes
Tabnuya 1— Ycnosus Ans ycnewHoro NpoBeAeHns opraHM3aLnoHHbIX pedopm

3a ycnex opraHu3aLMoHMX NPOMEHa Hulje JOBOIbHO
VMATU BU3NJY N OOBPY BOJbY.
MoTpe6He cy KOHKPEeTHe NPETNOCTaBKe U YBPCTa yBeperba

Mobyna
Bewrue MoacTtnuaj AKLMOHN
Buauja| + | UckycTtBo | + M .| + |Pecypcun| + = NMPOMEHE
3 oTuBauuja nnaH
Hahe .
WHnunjatusa
BewrwHe Hgog¥ﬁaa' AKLMOHN
UckyctBo | + AcTALE 1 Pecypen | + 4 =| KOH®Y3NJA
MoTuBauuja nnaH
3Harbe .
MHuumjatuea
I'II;IES¥|AAL?aj AKLMOHMN AHKCMOSHOCT
Bwusuja| + MoTusaLmia + |Pecypcu| + I 3ABPUHYTOCT
aun Y3HEMUPEHOCT
WHnunjatusa
BewTuHe Mobyaa MOrPELLAH,
Buawuja| + | UckyctBO | + foacTuuaj + |Pecypcu = BAPIJWB,
3narLe MoTuBaumja HETAYAH
MHuumjatnea MOYETAK
BewrwHe I'Ilc-)losrvﬁllaa' AKLMOHN
Buamjal + | MckycTso | + | onoraudl | HIOHI |~ | oPYCTPALMJE
BHae Momsguvua nnaH
WHnunjatusa
BewTnHe
. AKUMOHN | _ CIrOPE
Buauja| + I/Ig:)a/c:::o + Pecypcu | + R NPOMEHE
OA B OPITAHN3ALUMOHE NMPOMEHE YCIENE TPEBA UMATHW:
KAOAP
CTPATEIVIY | prAHM3ALMIY |- ca warpaherim PECYPCE
3a JoCcTn3ame .
MrbeBa 3a ocTBapewe | cnocobHocTuMa - y noTpebHoj mepu
H pesynrtarta - KOju 3Ha unu je - npaBunHo pacnopeheHe
crpemaH ga yuu
NAPTULUMNALNIY

KappoBwu koju he cnpoBoauTh npomeHe Tpeba 1 Aa y4ecTBYjy Y HUXOBOM Kpeuparby

Takohe, ogHOC npemMa BWCOKOOGpa3oBaHUM kagpoBuma (MoceGHO
OHWM Ca HaCTaBHMM, HAaY4YHUM U UCTPaXKMBAYKMM 3BakMMa KOju NpeacTa-
BIbajy HOCMOLE pa3Boja, a TUMe U OoncTaHka) Tpeba yHanpeawTu, npe cae-
ra y obnactv pacnogene (CtuMmynauuje), y ckrnagy ca pelleruva Ha apy-
TMM BUCOKOLLKONCKMM yCTaHOBama LTo he noceGHO MoTuBMcaTy Mnahe
KafpoBe fa ce onpeaerbyjy 3a HaCTaBHUYKM U HAYYHW TUM Kapujepe.
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PagHocTMynaTMBHM CUCTEM Y KOjeM Ce cTaTyCc M nosuuuja ceakor
HacTaBHUKa M pykoBoauoua odpefyjy Ha OCHOBY pesynTtaTa paja (Kom-
NEeTEeHTHOCT, MOPanHOCT, 3aKOHUTOCT paja, OCTBapeHn pesynTtaTtu u cn.),
3axTeBa TPaHCMApPEHTHOCT U MEPrbUBOCT OCTBapeHux pesynraTta.

YHanpehewe ednkacHOCTM N epeKkTUBHOCTM pada, obpasoBara U
ycaBpwaBsarwa y BojHOj akagemuju v weHUM kategpama moryhe je
OCTBapUTK NPOMEHOM OpujeHTauuje ca ,opraHnsauuvje soheHe npasBunu-
mMa” Ha ,opraHusauujy BoheHy mucujom” (Andrejic¢ et al, 2011, pp.5-26).
OcHoBHe NpegHOCTM OBakBe opuvjeHTauumje moryhe je carnegatu Kpos:

— Behy epmKacHocT,

— Behy epeKkTMBHOCT,

— nosehane NHOBaTUBHOCTH,

— Behy donekcnbunHocr,

— Behy MoTMBaUMjy 3anOCNeHNX 1 ap.

OcTBapene HaBeaeHNX NPeaHOCTU 3aBUCU O KOHTUHYMPAHOT CrPOBO-
hewa npoueca yHanpehera (cTanHa mana noborbiuansa). CyLUTUHCKA, OB
npoLec ce cacToju of nosehana CBeCT 0 HEONXOAHOCTN NPOMEHa, ca jed-
He CTpaHe, U MHMUMpaHa 1 ynpaBrbakba TMM NpOMeHaMa, ca gpyre CTpaHe.

OpraHusauujy n TexHonoruvjy paga y BojHoj akagemujn n Ha YO Tpe-
6a npey3eTn no npuHuMny Hajboree npakce (,best practice”), a Beh npey-
3eTa pellera KpuTnykM aHanuampatn. Pagom ynpaerbaykor 6opaa (ca-
BeTa) Tpeba 06e36eanTn HajBMLIN KBanuTeT BUCOKOr obpasoBana y Boj-
HOj akagemujn, kojy Tpeba OTBOpMTM Npema akagemcKoj jaBHOCTU U CTa-
BUTM Y NO3NLNjY TaKMUYEHA Ca KOHKYPEHLIMOM.

OnTumunsaumjom nNpu peausajHupaky ,non-core” npoueca peayko-
Bao 6w ce n 6poj usBpLIMnaLa Ha T3B. PEXMCKUM NOCOBUMA, a nojeau-
HWM nocnosu 6unn 6u opraHN3oBaHM Ha outsoircing NPUHLMNY (HNP. Noru-
CTUYKM, PEXMjCKM 1 onwTh nocrnosu). PeansajHmpakbem n LueHTpanmsa-
LUWjOM NnaHvpaka 1 ynpaerbaka HaCTaBHUM MPOLECOM, a AeLeHTpanu-
3aumjom u3BpLLeHa 3agaTaka, opraHusauuja 6u ce pactepeTuna Heno-
TpebHor agmuHucTpatmMBHOr 6anacta u noctana edwukacHuja. Ca Tor
acnekra, y BojHoj akagemuju 6u Ty LeHTpanusauumjy Tpebano n3spLunTH
Ha HMBOY [AeKaHaTa, a pegusajHupaHu npouecu ynpasibakba 6unu 6u
doKycupaHu Ha KIby4yHe pecypce: KageTe (CTyaeHTe), HacTaBHe rpyne,
HacTaBHUKe, capagHuKe, yYMoHULe, nuTepaTtypy 1 cn. Y3 ogpeheHn cre-
neH aytomaTmsaumje 1, Ha Hay4yHUM OCHOBama, peau3ajHupaHe npouece
(Andreji¢, 2009, pp.32-53), OCHOBHEe NPOM3BOAHE jeauHULE — kaTeape
pacTepeTune 61 ce BpojHux 3axTeBa'® Koju MOry BUTW 3a40BOSbEHM Ha

" HeonxogHo je aeduHcaTH UHdOPMaLMoHe noTpebe YHuMBep3auTeTa, BojHe akagemuje (oa-
HOCHO dbakynTeTa Koje Tpeba hopmupaTth of he), MeguumHckor dakynteTa u apyrux CTpyKTy-
pa y cuctemy ogbpaHe u nsBelUTajHe nepuoge, a 6poj JOKYMEHTa Koju ce 3axTeBajy oA Npous-
BOAHWX jeAnHuLa (KaTeapu) paumoHanm3oBaTtu U MakcumanHo cmamwnti. Ogpehenn nssewwTa-
jv koje nspahyjy onepaTuBHe jeauHuLe HUCY NpuMepeHn 3a BojHy akagemujy (dakynteTe) n
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APYV HauMH (ayTOMaTM30BaHNM MHAOPMALIMOHUM cucTemMuma', pagom
opraHa 4uja je OCHOBHa HaMeHa Ja Ton MeHalMeHT cHabaeBajy ogpehe-
HOM BpPCTOM nofaTtaka u nHdopmauuja (Andrejic et al, 2010, pp.33-61) —
NNaHCKM opraH, opraH 3a rbyACke pecypce, OpraH formcTuke, opraH 3a
duHaHcuje ucn.).

CxogHo ToMe, CBM ynpaBHW opraHu 1 npatehe cnyxbe (nnaHcka, doun-
HaHcujcKa, NormcTndka, CTy4eHTCcKa, uHTepHaTcka v gp.) Tpeba ga éyay pa-
LUMOHann3oBaHW, ayToMaTU30BaHW, OPraHM3auuMoHO MOAEPHU30BaHU U Y
OyHKUMjU cepBuCa OCHOBHE AeriaTHOCTM (06pa3oBare N UCTPaKUBAHE) Y
BojHOj akagemuju. AncypgHa cuTyauuvja ga npouecyu OCHOBHE AenaTHOCTM
Oyay HapywaBaHKu, a pecypcy OCHOBHE AenaTHOCTU Y (OyHKUmMju npatehmx
Cny0u, HWje ogpXXMBa MU HE OONPUHOCU HU KBanuTeTy, HUTK pa3Bojy. Hanpo-
TVB, NEPMaHEHTHO M 0306UILHO YrpoXasa cuctem obpasoBara U UCTPaXmBa-
Hba, HAPOUNTO KaJa pecypc OCHOBHE AeNaTHOCTM UCMIOMaXy NMOAPLLKY.

Mpn aHraxoBaky HacTaBHOr kagpa 3a notpebe BojHe akagemuje
n3BaH HeHor cactaea, Tpeba BUTN KOHKYpeHTaH y NoHyAuM ycrnosa u Le-
He paga, y3 MHCUCTUpawe Ha 3aKOHUTOCTWU U KBanuTeTy paga, ctaHaap-
anma v npuHuunuma.

lMpakca KOHTUHYMpaHOr NEePUOAMYHOr odpXaBaka CTPYYHUX CKymno-
Ba 1 TeMaTCKMX koHdepeHLumja n3 obnactn og nHTepeca 3a BojHy akage-
MUjy U cuctem ogbpaHe BuLe je Hero noxerbHa y BojHoj akagemuju. Hu-
LWITa Make NOXeSbHO, ako He U Npeko NoTpebHo, jecTe nocTojake oaro-
Bapajyher Hay4HO-CTpy4HOr Yaconuca (>kypHana) nog uHrepeHumnjom Boj-
He akagemuje unu YO.

Kapap koju ce 6aBn HacTaBHUYKUM U UCTPaXKMBaAYKUM pagom Tpeba
CTUMYyNUcaTN 1 agekBaTHUM OpraHn3aunoHUM Mepama v nocTynuuma nog-
cTyuaTh 1 ycMmepasaTu [a ce ycaBpluasa, ¢ 063MpoM Ha TO Aa cy Yy 0gHOCy
Ha NPeTXOA4HU nepuog OTeXaHW YCroBW 3a OOCTU3ae HacTaBHUX U Hayy-
HWMX 3BaHba, a NOCTOjU M pearnHa MoryhHocCT rybutka un noctojeher kagpa.

HeonxoaHo je KOHTUHYMPaHO KPUTUYKM aHanuaupaTn CTyaujcke npo-
rpame v BpLINTK yHanpehewe cagpxaja y noctojehmum npegmetMma n otea-
patn HoBe npegmeTe, NpeunsHo AeduHUCaTN n3nasHa 3Hawa u pesynrtat
ogpefheHor nporpama, moayna unm npeamMmeTa, a ocTBapeHe pesynTaTte KoH-
TUHYMPaHO MepUTU 1 ynopehmeaTt ca NpojeKToBaHUM (NnaHMpaHuMm).

Takohe, egykaumju egykatopa Tpeba NnocBeTUT BULLE NaxHe (Kpo3
aKTMBUpare aHAparoLKo-neaarowKkmx Kypcesa u apyrux obnuka ycasp-
LUaBarka HacTaBHUKA U KPO3 LUKOMoBake ogpeheHnx HacTaBHMKa Yy UHO-

He Tpeba MHCMCTUPaTK Ha HKMa, jep OA4y3UMajy MHOrO OpraHvM3aumMoHe eHepruje, a He gonpu-
HOCe MPOKNamMOBaHUM LurbeBnmMa.

Takohe, KOHTpOMe 1 MHCNeKUMje Koje ce ogHoce Ha GopbeHe jeauHMue 1 ycTaHOBE HUCY Mpu-
MepeHe BUCOKOLLIKONICKUM jeauHuuaMa n HUCY Yy yHKUMjU OCHOBHE AenaTHocTu. MpocseTHa
MHcnekumja 6una 6u cepcucxogHuja.

' MNocrojehn ayTomaTn3oBaHM MHGOpMaLMoHK cuctemn KAUC, NINC — MAWC, BEOWUC u MO-
MAK HMCy [OBOSbLHO MPUCYTHWU, HATU EKCMNoaTUcaHn y npakcu.




CTPaHCTBY Ha NPECTWXHMM YyHMBep3uTeTuma). HeonxogHa je mogepHu-
3aumja noctojehmx opraHu3aumMoHux obrnuka U HaumHa papja’™, nopen
octanor n BehuM yKrbydmBaweM Yy HacTaBHU Mpouec KBanugrkosaHor
Kagpa Koju Huje cTanHo 3anocneH y BojHoj akagemuju (ca umBmnnHux da-
kynteta, n3 MO u 'l BC, ykrbyuyjyhu 1 HacTaBHUKE N3 MHOCTpPaAHCTBA
Nno OCHOBU MehyHapodHe pa3MeHe HacTaBHUKA).

HacTtaBruk'® u cTyneHT (kageT, cnywanau) Tpeba aa 6yay napTHe-
pv y npouecy cTuuawa 3Hawba, npy Yyemy Tpeba BoanTM padyHa u o no-
Tpebama n ckrnoHocTuma crniywanaua. Hosu TpeHa obpasoBHOr cuctema
je nepmaHeHTHO obpasoBarbe'’, a HoBa NOCMOBHA PEanHOCT — CBET Y KO-
jeM cBako y UCTO BpeMe y4n 1 nogyyasa. HactaBHMUM OncTajy camo YKo-
NWKO Cy MeHallepu 3Hawa Koju CBOje CTyaeHTe (kageTe, cnylwaoue, no-
nasHukKe M Op.) nocmatpajy Kao KnujeHTe kojuma obpasoBamem Tpeba
nomohv Ja kpewvpajy concteeHy 6yayhHocT'® y kojoj cBako npeysuma og-
rOBOPHOCT 3a CBOje 3anocriewe 1 cBoje cnoboaHo Bpeme.

Mpouec ycBajarba 3Hana Tpeba Aa npaTte agekBaTHW yLGeHUUM 1 opy-
ra HactaBHoO-oOpa3oBHa nuTepaTypa, HacTaBHa cpeactsa M nomarana. Y
MOCTYMKY yCBajaka HaCTaBHUX cagpaja Tpeba fa cy 3acTynrbeHu nogjea-
HaKO TpPaAMLUMOHANHM U CaBPEMEHU HaYMH NogydaBan-a, pag y Mawum rpy-
nama y3 akTMBHO y4yelhe cTydeHata (kageta) u Behy npumeHy HOBUX Ha-
CTaBHUX MeTOoAa, TEXHMKA U TEXHUYKMX CpeacTaBa, HapounTo MHdopma-
Tu4yke onpeme19, y HacTaBHOM MpoLecy U HayYHUM UcTpaxunsarnma20.

Beha uHameuayanusauuvja HacTaBe omoryhuhe cmamerse oHaa
YacoBa HEOMNXOAHWX 3a yCBajate 3Hawa, Y OAHOCY Ha (POHA YacoBa 3a
n3bopHy HacTaBy, uime 6u ce nosehana moTMBaumja cTygeHarta u cny-
Wwanaua 3a cTuuawe HOBUX M npopybremBarwe noctojehux 3Hawa (Slu-
Zbeni vojni list, 10/2012).

18 MopgepHusauwmja gpywiTea Moxe ce noctuhy pedopMom obpasoBara y3 agekBaTaH HacTaB-
HUYKW Kadap Koju je cnpoBoau.

BpeaHoCT yHMBep3uTeTCke HacTaBe jecTe y NpoecopOBOM HauyMHy npomarparka U Hero-
BOM NIMYHOM YTULAjy Ha OyXOBHO narpahueame cTyaeHata (Apumnbang Pajc).
" Caka opraHusaumja he noctati o6pasosHa unu he nponactt (JoH Tanckor).
'8 OBnacTn y kojuma je cBuMa noTpebHa efykaLmja Cy eKOHOMMja, MHTEPHET U je3uLy, Kao
HOBW TPeHOOBM Yy Npodaju (npoaaja obpasoBarba y3 NPOU3BOA).
' Beha npumeHa uHbopMaTUUKe M padyHapcke TexHomorvje oTeapa MoryhHOCTU 3a NpUMeHy
CMMBONMYKMX 1 CUMYMaUMOHNX MOAEeNa pearnHux rnojaea u npoweca, YuMe ce rotoBo aHynupa-
jy emnupujcke meTode y UCTPaxmMBaykoM NpoLecy, anu Mopa nocrojatM mepa y nojegHocTa-
Brbetby MojaBa M nmpoLieca Kako ce rnojaBa unu npouec He 61 nNpesuLle NojefHOCTaBUNU U pe-
AykoBana CyluTuHa, Te Tako peariHe nojase M NpoLecu 3aMeHnnM HeagekBaTHUM ,akageMCKUM
— LUKONCKMM” Moaennuma.
20 NaHallrK CTeneH pa3Boja Hayke KapakTepulle M 3HaTHa yroTpeba excriepyMeHaTta, Mofena
(ykrby4yjyhu 1 padyHapcke Mogerne) u matematuke (MatemaTvsaumja Hayke), a pesynratu Hayke
ce cBe Yeluhe npvKasyjy forMykMm 1 MateMaTu4kMm MOAENMMa 1 ancTpakTHM n3pasmva. Metone
jeOHe Hayke ce, HepeTKo, KopuCTe Y ApyrMM Haykama, ckpahyje ce Bpeme npernasa casHana u3 jeq-
He Hayke y Opyry u Bpro 6p3o ce OTKpuBajy HOBa casHawa. [paHvua namehy Teopujckux 1 npak-
TUYHKX HayKa je CBe Mar-e uspaxeHa v jaya Be3a namef)y OCHOBHUX U NMPYMEHEHNX HayKa.
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HayyHo-TexHOooLWwkKM Hanpedak je, ¢ jeaHe cTpaHe, U3Bop ,Kpuse y
obpasoBaky”, a ca gpyre ctpaHe npyxa MoryhHOCTU 3a edomkacHy pauu-
OoHanusaumjy HacTaBHOr paga nyTem pasnuuuMTUX TEXHUYKUX cpeacTaBa
N Meauja Koju noTnomMaxy 6pxe un TpajHuje ycBajare 3Hara 1 BeLUTUHA.

Mojam paumoHanmsaumje HacTaBe 3axBaTa MHOre acrnekre Kojuma ce
ogpenyjy noctynum n metoae, Cpeactsa U obnmun ycaspLuaBata HacTaBs-
HOr npoueca. Y CywTnHW, pagun ce O u3Hanaxemwy pellera 3a nosehame
NPOAYKTUBHOCTU, EKOHOMWYHOCTW, PEHTABUIMTHOCTK, KBanuTeTa U epeKkTns-
HOCTW HacTase. PaunoHanu3aumja 1 garbe nogpasymeBa Hay4yHy opraHu3a-
uMjy npoueca HacTaBe, LUTO 3axTeBa AOCTa 3Haa, UCKYCTBa U BpeMeHa,
CcTaHgapausauujy, yHudvkauujy n Tunmsaumjy npomssoga v npoveca.

HenpekvaHo wnperwe poHaa HaydHUX 3HaHwa U TEXHUYKUX OOCTUr-
Hyha y obnactu Hayka ogbpaHe 1 TeXHUKe Hanaxy Aa ce y BOjHUM LLKO-
nama cmenvje Bpwe npeobpaxajy of yyewa YnkbeHuua, npema yyekwy
3a NpUMeHy 3Haha y npakcu 1 npema passujarwy CrnoCOOHOCTU cTarnHor
N camocTanHor ctuuaka HOBUX 3Haka, Mo nytem HactaBe Un HEKUX
of obnuka camoobpasoBamsa.

TpaguumoHanaH koHuenT obpasoBara, 3aCHOBaH Ha (PPOHTANIHOM
npegasary M MPOCTOM MEMopUCcaky cagpiKaja, o4aBHO je npesasvheH.

CtuuajeM pasHMX OKOMHOCTW, a MPBEHCTBEHO Yycries HeaaekBaTHOT!
TpeTMaHa BMCOKOr obpasoBara U BMCOKOOOpA30BaHOr kagpa y cuctemy
onbpare?', camo obpasoBarbe U MHCTUTYLMje koje oBpasyjy kagap 3a no-
Tpebe cuctema ogbpaHe 06jeKTUBHO Cy joL yBEK AOMWHAHTHO ayTopuTa-
TUBHOr KapakTepa, ca AOMUHAHTHOM YIIOrOM HacTaBHUKA 1 6e3 agekBaTHUX
ycnoBa Aa Yy npouecy obpasoBarba, Kao akTUBHM CybjeKkTun, y4ecTByjy CTy-
OEHTW.

JegaH o4 Kpajwux umrbeBa MpomeHa y obpasoBamy jecte obesbe-
Herwe kBanuTeTHOr obpasoBara®. [lo caga ce, yrmaBHOM, MEPUMO W
HOpMMpParno caMo OHO LUTO Y LUKOMe yrasu, a HMKkaga ce, ceM cnopagny-
HUX NpUMepa oueHnBaHka 04 CTpaHe nojeavHala, Huje esanyupana Ko-
NYKnHAa 3Haka Koja ce 13 wkone (BA) naHocu.

O6pa3soBHu cuctem Tpeba fa nosexe peanaH cuctem oabpaxe, oa-
HocHo npuepeny n YO. Cybjekte obpasoBara, Kpo3 06pa3oBHM CUCTEM,
Tpeba npunpemntn ga Gyay paBHONPaBHU YHECHULM Y KOHKYPEHTCKOM U
KOMNETUTUBHOM APYLUTBY Y KOjeM XMBeE.

2! YKONMKO HACTaBHUK BUCOKE LUKONE XENM ja MMa U CauyBa BUCOKO HACTaBHUYKO 3BaH-e Mo-
TpebHo je, nopen BeNUKOr paja, v Aa ynaxe Benunka HoBYaHa cpeacTsa (Kkbure, CUMMNO3ujyMu,
oGjaBrbmBarbe pagosa y goMahvM 1 CTpaHUM Yaconucuma, koHdpepeHuuje). bes ksanuteTHor
BMCOKOr 0b6pa3oBara Hema HU pa3Boja, a 6e3 pa3Boja Hema HY BygyhHocTu.

2 Mpu Tparaky 3a HOBUM NPaKTUYHUM pellersnma He Tpeba ce ocnakwatu Ha UHTYMuWjy Beh
kopucTuTh pocturHyha Hayke. Ko ce noBepe 3a npakcom 6e3 Teopuje, Taj je kao kopMunap Ko-
ju ce ykpua Ha nahy 6e3 kopmuna u komnaca u Hukag He 3Ha kyga he ctuhu (JleoHapgo ga
BuHum). Takohe, M HecBpcucxofgHa Teopuja — Teopuja Koja je cama cebu unrb rybu ceaku
CMKWCao y onepaTUBHO]j NPaKcu.
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Y npouecy obpasoBama CTyAeHTe (kageTe) u nonasHuke Tpeba npu-
MapHO ocnocobrbaBaTi 3a yodaBakwe OJHOCa, a He cajpXaja, pasyme-
Bake, a He penpoaykumjy 3Hawa, 6baBrbewe CBUM acnektuma npobnema
1 UMIbHO peluaBake npobnema®.

YMecTo yyewa HanameT (NPOCTO MEMOPUCaHe YMHsEeHMLA Koje ce
3abopase ybp3o HakoH ucnuta) Kog cybjekata obpasoBara Tpeba pas-
BMjaTV KpeaTMBHO pasMulLibake U pasymeBare. Y npouecy obpasosa-
Ha Tpeba n36ehn HeKPUTUYHOCT W KOTHUTUBHM ayTopuTapusam®.

CryneHTe u cniywaoue Tpeba nepMaHeHTHO MOTMBMUCATH Yy KopuLuhe-
HY PasnUunTMX U3Bopa 3Hawa (KVBW Fbyau, MaTepujanHa cpeacTea, o-
KyMeHTa, nutepaTtypa, UHTEPHET, NpocTop, Bpeme n Ap.). Tpeba mx noa-
ctahu 1 nogpxatn y AOHOLIEHY oaflyka U pellaBaky TUNMYHUX npobne-
Ma y KOHKPETHVMM CuTyauujama, yBakaBaheM NOrMCTUYKMX acrnekarta of-
nyynBama, Yy y4ehy BELUTUHW NPUKynSibakba U cucteMatnsoBarwa MHGOop-
Mauuja 13 pasnuuuTux obnactu n M3Bopa, BELUTUHU cenekumje u aHanu-
3upara TUX MHpopMauuja, Tpaxkewy MoryhHocTu 3a pelwera npobnema
1 genosawy npema BnactuTtoMm usbopy (He MHCUCTUpame Ha ,ApPXKaBHUM,
WHCTUTYLMOHANMHUM M HAaCTaBHUYKUM” peLlersuma), NoBe3nBaky COMncTBe-
HMX UCKYCTBA W LLUKONICKOr 3Hawa. Y edykauuju je notpebHo Bule MHCK-
CTUpaTh Ha pellaBary NpobneMcknx cuTyaumja Be3aHnx 3a noTeHumjanHy
dopmaLmjcky AyKHOCT 1y ambujeHTy npubnmwkHom Byayhem okpyxery.
Mpwu Tparawy 3a HOBUM pellernma He Tpeba ce ocnamwaTt Ha UHTYUUUjY,
Beh kopuctutn gocturdyha Hayke (Andrejic, et al, 2013, pp.140-147).

Y npouecy obpasoBata (POKYC je Ha aKTUBHOM y4dery, Ha TpaHcde-
py 3Hawa o ocoba ca Behum 3HaweM ka ocobama ca MawUM 3HaHEM.
AKTVBHO yyene nogpasymMeBa [JaBake 04roBopa Ha nutawe: ,Llta Tpe-
6a pa ypagu CTygeHT — yyeHuk?”, a He llTta Tpeba ga ypaam Hactas-
HUK?”. HacTaBHUK HUje OHaj KOju emuTyje 3Hare, Beh OHaj Koju opraHuay-
je npouec cTuuama 3Hama.

Y TOoM cmucny, cuctem obpasosara Tpeba ga npousunnasun ns no-
Tpeba cuctema ogbpaHe, npuspeae v gpywTtea. Mehytum, Huje AOBOIb-
HO obpasoBaTu rbyae camo 3a paf, Beh u 3a ynpasrbawe U 3a CBPCUC-
X0[HO kopulhere cnoboaHor BpemeHa®. HyxHo je aa ce, nopen CTpyu-

2 Yuu ce nyTem [enorak-a, NOCMaTpaka NoCreaMLa, peopraH3oBara nepLenUmje CTBapHo-
CTU 1 NOHOBHOT AenoBama, Y3 eNMMUHaLmjy CyBULLHUX U HELLENUCXOOHNX Kopaka 1 pellensa.
24 Tpeba n3behu napagoKke Aa ce U3 cuTyalmje y Kojoj ce ouekuBarno Aa je borbe cyTpa Ty u3a
yrna, ynagHe y cutyauujy y Kojoj ce jaBHO TBpAM Aa je npownocT 6una 6orba (borbe cTame)
1 Aa je BaxHuja o cagjallkocTu, aa ce Tpeba 6o0puTh 3a Ty NPOLUNOCT.

25y BojHoj akafemuju Ha cTyaujckom nporpamy JIOTCTUKA OLBEPAHE, y neTiem ceMecTpy
wkoncke 2013/2014. roguHe oTnoyena je peanu3auuja Mporpama gogatHor ocnocobrbaBaka
KageTa, ycMepeHa Ha yHanpehere NUYHNX, OpraHM3aLroHnX U CTPYYHUX CNCOBHOCTM kafeTa,
CcTBapawe Ibyau BUCOKMX MOpariHUX U KyNTypOSOLWKMX BPeQHOCTH, Npeno3HaBake 1 cTBapa-
e enute. TpeHp ce HacTasrba M Haunasn ce Ha No3uTUBaH NpujeMm Kog kageTa, a roctyjyhu
npodpecopu, BoheHn NojMom onwiTer 4obpa u NaTpuoTU3MOM, NpegaBara peanusyjy 6e3 HoB-
YaHe HagokHage.
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HOr 3Haka (BelTnHe), obpasoBarkeM CTUYY N OYXOBHE (BPSIMHE) U Kyn-
TypHE BPedHOCTW, HaBWKe M CNOoCcOBHOCTM 3a Jarbe cTBapanadko gero-
Barwe. HeonxoaHo je kpo3 obpasoBare BULLE %apwlm Ha KOHLENTY Koju
cTBapa SbyAe BUCOKMX MOpParHUX U KYNTYPHUX™ BPEAHOCTM U KOHLENTY
KOju OOMPUHOCK CTBapawy enure.

OpraHusaumoHy mogepHusaumjy YO 1M BUCOKOLUKOMCKUX jeanHUua
Tpeba BpLINTN NEPMAHEHTHO.

Y npouecy mogepHusaumje, y TOKY NMpojeKkToBaka HOBE CTPYKType
BMCOKOLLIKONCKUX jeanHuua (dakynteta — He BA), kao 1 yeohewa HoBor
npousBoda, Tpeba ce npuapxasaTv NpuHUMNAa UMrba, NPUHLMNE KOHCTU-
Tyumnje (CTpykTypanHe un yHKUMOHanNHe), NpuHUmMNna opraHnsauuje paga
W npuHUuMna opraHmsaumje pagHmx mecta. CBakoj 036UIbHMjOj NPOMEHM
Tpeba ga npeTxoau nspaga CTyavje onpaBAaHOCTU 3aCHOBaHa Ha WHTe-
rpanHoM fIOrMCTUYKOM NMocMaTtpaky Npomnssoga 1 ycriyre Kpos YntaB Xu-
BOTHM LMKNYC, Ha LIENOM TOKY M ca acnekta keanuteta (Andrejic, et al,
2013, pp.140-147), ctyamje n3BOASbMBOCTU U CTyAuje OOPKMBOCTM Ha
ayxe BpeMe (nogpxaHa ckeHnparwem notpebda okpykema).

HeonxogHo je ybp3aTtu umpkynauvjy nHdopmaumja n TpaHcdep 3Hama
Ha YO, y3 yKibyunBare CTejkxonaepa us cuctema ogbpaHe n ca apyrmx yHu-
BepauTeTa, a y3 Bogehy ynory YHuBepauTeTa ogbpaHe. To je HaunH ga ce
6p30 yHanpene nepdgopmaHce cuctema, 6e3 noaaTHOr ynaraka pecypca.

Ha oBakBuM opraHusaumMoHnm ocHoBama Moryhe je y nepcrnektmsum
nosehaTtn Benn4YMHy cepuje koja ce LUKOosyje Y BUCOKOLLKOSICKAM jeOuHU-
uama YO, na 4ak u cdopekBeHunjy nojasrbneara Kagpoa Koju ce LLKOIy-
jy. Tume 6m ce 3a ucte cumkcHe TpoLLKoBe peanuaosana seha goowur, oa-
HoCcHO noBehana edmKacHOCT U e(PeKTMBHOCT paga, a gp»xaea ou gobu-
na BULE pacronoXus, NoysaaH, PYHKLMOHANHO Noy3aaH U AyropoyHo
OApPXUB CMCTEM BUCOKOI obpasoBansa y obnactu ogbpaHe.

Ynpaerbarn-e rpomeHama y yHanpehery
HacmagHoez U Hay4YHoz pada

YnpaBrbawe npomeHama Ha YO moryhe je yKonvko je npaBunHo ae-
dmHMCaHa MucKja, NpojekToBaHa BuU3mja, AeduHUCaHN LurbeBn koje Tpeba
poctuhu, pesynrtatu koje Tpeba octBapuTy (MeprbmBK), 3agaum Koje Tpeba
M3BPLUUTK, TexuwTa n npuoputetn. CBakako mMopa rnocTojaTv agekeaTHa
nonuTrka yHKUMoHncawa (Andreji¢, et al, 2013, pp.140-147) n ynpaBa-
Ha, cTpatervja (y anropytamckom obnuvky) 3a OOCTMU3ake UurbeBa U nNpu-

% Ako MMaMo M UYyBamo KynTypy, UMahemo 1 Tpaauuujy, ako uMamo Tpaauuvjy umahemo u
Hauwujy, ako UMamo Hauujy nmahemo n gpxasy.

Be3 enute Hema HanpeTka. Of HajBuheHnjux reyam Haumje (envTte) odvekyje ce aa npeysmy
04roBOPHOCT M Aa Aajy HecebuyaH AONPUHOC HanNpeTKy Hauuje.
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MeHa jaCHMX NPUHLMNA: NPUHLMNW Uuiba, NPUHLMAN KOHCTUTYUMjE (PyHKUK-
OHarHe 1 CTPYKTYpPHE) 1 NPUHLUMNN (OYHKLUMOHUCaHsA.

OpraHusaumoHa CTpyKTypa 1 AMMEH3MOHMParke pecypca y opraHu3a-
umjn ( YO n BucokoLUKoncke jeguHuue) Tpeba ga ce xapMOHU3Yjy ca crvd-
HVYM peLuerMa Y LIMBUITHUM BMCOKOLLIKOSICKMM yCTaHOBama, a y cKnagy ca
0obMMOM 1 KapaKTepuCTUKama 3axTeBa Koju ce UcrnorbaBajy, 0QHOCHO 3ada-
Taka koju ce peanuayjy. MiHdopmaumoHe 1 matepujanHe Tokose Tpeba pa-
LMOHan1M3oBaT Ha HUBOY cucTemMa ogbpaHe (y y>KeEM CMUCIY) Kao LeSinHe
(MO un BC). Mpunukom yeBohera 1 npumeHe ctaHgapda u Hopmu Tpeba
YBaXXUTU TPEHYTHO CTake Y CUCTEMY, BU3Ujy pa3Boja U pasnmunto Hacnehe
BMCOKOLLIKOSICKMX jeanHumua y cactaBy YO. Tpeba KOHTUHyupaHo pagutu Ha
npencnuTBamy 1 ycarnawasasy OCTUrHYTUX crnocobHocTn YO 1 BUCOKO-
LLIKOMCKUX jeanHuLa ca notpebama ocHuBava.

YnpaBrbate npomeHama nogpasymeBa Cyo4yaBarwe ca M3a3oBuMMa
KOju ce Mory MaeHTUUKOBATK Kao: HeJocTaTak KpeaTuBHOCTU, KynTypo-
nowKe 1 BpegHocHe Gapujepe; rpynHa connaapHoCT, rpynHO MULLIbEHE;
KOHgbOpMU3aM y OOQHOCY Ha NPeTXOAHO npuxBaheHe HOpMe; CTpyKTypan-
He nogene; gucTpmbyumja aytoputeTta; TexHonorunja; dunosoduja ynpa-
BIbakba; CTWUM ynpasrbaka n ap.

YoBek je AOMUHAHTHU dhaKkTop NPoMeHa, a 4obpo nosHaBaHe NpUpo-
e IbyacKor noHalwawa U yHanpehnewe Ksanuteta paga ca rbyauma jecy
HEeONXo4HOCT N Mepuro CBUX npegy3eTux akumja. C TUM y Be3U, BaXHO je
HanomMeHyTu [a je SbyACKO MOoHallawe Y3pOKOBaHO, YCMEPEHO U MOTUBK-
CaHo, a Ha Hera yTnyy Hacnehe (reHeTuka), cpeguHa (Bacnutamwe, obpa-
30Bake M OPYLUTBEHU CUCTEM BPEOHOCTU) U TPEHYTHU MOTUBK. Jljyackum
noHawaweM Moxe ce n Tpeba ynpasrbath, Kopuctehn casHara Hayke.

3a oTKpuBare, pasymeBahe 1 nNpeBasunaxerwe nNacMBHOCTA Y NPoO-
MeHama (ogpxaBawa ,Status quo”) noTpebHo je nsabpaTn ageksaTaH
yrnpaBrbayku kagap® .

Peakuuje Ha npomMeHe y opraHusaumju moryhe je cBpctaTtu y cnefe-
he kaTeropuje:

— NpuxBaTawe: eHTy3njacTMyka capagra WM noapluka, capagHa nog
MPUTUCKOM YNpaBSbaykmx CTPYKTypa, NpUcTajake N MUperse ca CyaouHoM;

— nHaudepeHumja: paBHOAYLWHOCT, anaTtuja, rybutak uHTepecoBa-
Ha, MUHMManHu ONPUHOC;

— MacuBaH OTNOP: PerpecuMBHO, CTEPEOTUMHO, NPOTECTHO MNOHaLla-
K€, NoHaLLaHe Mo NPECKPUNLMjU;

— aKTMBaH OTMNOP: MUHUMArHW Y4YnHaK, yCriopeHa akTUBHOCT, NoBNa-
Yyehe, CBECHO YnHer-e NponycTa, caboTaxa paga Ha NpoMeHama.

28 YnpaBrbayke CTPYKType M CTPYYHM Kaaap Koju cnpoeoam yHanpeherwa Tpeba aa 6yay ane-
KBaTHO MHTEpPHO npuxeaheHn og npoussogHe 6ase 1 Tpeba aa oapakasajy Npov3Boge U yCry-
re Koje YHMBEP3WUTET, OQHOCHO BUCOKOLLKONCKE jeduHuLe MPOW3BOAE, OAHOCHO MNpyXajy npo-
M3BOLHY KyNTYpy U KIMMYy.
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Beoma je BaxHO ga ce peakuuje Ha npoMmeHe 6riaroBpemMeHo youe u
ycMmepe y npasLy OCTBapera pesynraTta n AocTnsama uurbesa.

Y OKBUpY ynpasrbaka NpoMeHama yCMepeHuM Ha yHanpeherwe Bu-
cokor obpasoBara, Hay4HOUCTPaXKMBAYKOr paga v yrnpasibakwa Ha YO u
BMCOKOLLIKONICKAM jeAnHuLLamMa HEOMNXO4HO je ga ce pellasajy u npobne-
MKW onTuMarHor pacnopehusana pecypca (pasHe BpCTe) 1 ga ce nocra-
BM MHOPMaLMOHa OCHOBA 3a hMXOBO 06e3behere, No KONMMYUHKN, Me-
CTY U BpEMEHY (poKoBMMA).

Mpobnem ontumanHe pacnogene pecypca npovaunasm otyga LWTo ce
3a M3BpLUEHE CBaKe aKTMBHOCTM aHraxyjy cpeactsa W JbyACTBO Koje je
mMoryhe aHraxoBaTu 1 Ha U3BpLLEHY APYrMX aKTUBHOCTU, Na 1 3agaTaka.

Ocum TOra, onTummsaumja ce cnposogm n 36or Tora ga 6m ce n3berna
Beha oactynara 6poja reyam 1 cpeacraea, WTO MOXe AOBECTU 4O TEeLLKO-
he NpuUnnKom HMXOBOT aHraxxoBaka U edoukacHor kopuwhetra, na Yak n oo
Heun3BpLLEHa oapeneHnx 3agaTtaka U HeocTBapewa ogpeheHunx pesyntaTta.

OnTumanHo pellere aHraxxoBara pecypca YCrOBIbLEHO je YCBOje-
HUM KpUTEPUjyMOM ONTUMM3aLNje N orpaHmnyaBajyhmm ycrosmma.

Tewkoha nposBoherwa onTuMmM3aumje pacte 3aBMCHO O nopacTta
Opoja orpaHunyaBajyhmnx daktopa, a MoOXe Cce BPLUTU Y3 yBaKaBarbe
cnegehux Kputepujyma:

* 1a Ce 3a YBPCTO 3agaTu pok, y3 nos3Hatn obum v BpCTy 3apartaka,
n3Hahe onTMManaH nnaH adHraxoBawa pecypca  (IbyACKMX,
MaTtepujanHux, EHepreTckmx, PUHaHCUjCKNX, NPOCTOPHUX UTA.);

* [a ce 3a YBPCTO 3agaTe pecypce, No3HaTM 0buM 1 BPCTY 3apaTtaka
n3Hahe onTManaH pok n3BpLUeHa 3agaTtaka;

* [la ce 3a nosHaTe pacrofioxvBe pecypce Yy 3adaToM BPEMEHCKOM
nHTepBany nsHahe Bpcta 1 06uM 3agaTaka Koje je moryhe peanusoBaTtu y3
NnocTM3ame MakcumarnHmx edpekata (EKOHOMCKMX, 06pa3oBHUX 1 APYrKX).

3akrby4vak

OpgHoc npema concTBeHoj GyayhHOCTM ofpakaBa ce Kpo3 OOHOC
npema KpeaTUBHOCTU U 3Haky Kao HajBpeOHUjuM pecypcuma, Koju y mus-
BECHOj Mepu MOry Aa HagoMecTe O4CYCTBO MaTepujariHmx u douHaHCKj-
CKMX pecypca, na um je noTpebHO NOCBETUTM NOCEOHY NaXxHsy.

Opxase nonyt Cpbuje Mory ce ycrnewHO TakMUYUTU Y KOHKYPEHT-
CKOM OKpYXeky He opujeHTauujom Ha ,macy’, Beh opujeHTaumnjom Ha
,CNEUNMUYHY TEXMHY”, Y YeMY 3HaH€ Kao NMpUMapHU pa3BoOjHU NOTEHLUM-
jan ceBakako Moxe natu Hajsehu gonpuHoc.

Ynpaerbake 1 opraHmsaumjy cuctema moryhe je nobosbLuatv nogctu-
LakeM NpoMeHa Ha MUKPO, Me30 U MaKpPOHMBOY, Kao U NPoecuoHanHMmM
NpUCTYNoMm y n3bopy, ycaspLUaBaky 1 pa3Bojy MeHallepcKor kagpa.
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MoTpebe npakce M M3a30BM CaBpeMeEHOr OpyLiTBa 3axTeBajy Aa ce
obpa3soBatby, UCTpaXunBarwmMa U MeHapmMeHTy Ha YO (M BUCOKOLLKOSICKMM
jeavHMLaMa yHMBEpP3UTETa) NOCBETU BULLIE NaXhse 1 goaenu sehu 3Hava;.

MoTpebHo je oa ce YHuBepanteT ogdpaHe Buwle ocamocTanu (ynpa-
BIbayku 1 OUHAHCK|CKN) U JOCTUrHE CrOCOBOHOCT Aa ce Npeno3Hajy 1 npea-
YXUTPE 3axTeBu NOTEHUMjarHNX KOPUCHWKA Npou3Boda. TexuwTe mMeHal-
MeHTa Tpeba ga 6yae Ha 0b6e3behery Behe npaBHe 1M opraHM3aLmoHe crie-
AVBOCTU Y CUCTEMCKMUM pellernma, Ha BeheM oBragasary npouecuma, Ha
paunoHanusaumjn MHopMaLMOHNX N MaTepujariHuX TOKOBa U Ha pacTepe-
hery OCHOBHOT MPOM3BOAHON Kaapa agMUHUCTPaTUBHMX NOCHOBa.

Mpe oTnoynHaka BENUKUX MpojekaTa Be3aHux 3a yHarnpehewe Bu-
cokor obpasoBara Ha YO u yHanpehewe ynpaerbarwa Tpeba carnegatm
LWITa ce MOXe YYMHUTU (acopTUMaH M KOnM4MHe NpousBoaa) ca nocToje-
hnm KagpoBuma, a LWTa je 04 KagpoBa v apyrux pecypca notpebHo ga 6u
ce peanusoBanu XerbeHn NpousBoAM W pasBOjHM NNaHoBM (onpasaa-
HOCT, M3BOAILMBOCT, OAPXMBOCT Ha Ayxe Bpeme)® u jacHo aeduHucaTm
TeXxuLTa u npuopureTe.

KomMmnapaTtueHe nNpedHoOCTM Ha Kojuma je moryhe 3acHuBaTth yHanpe-
Hera (nocteneHa noborbLuaka) jecy: 3HaHe, UCKYCTBO, KBanUTeT o1 HO-
Be TexHoJsoruje.

Pa3Boj Bucokor obpasoBaka 1 uctpaxmesara Ha YO Tpeba yrpagu-
TN Yy AYropoOYHM KOHLENT pa3Boja cuctema ogbpaHe u Bucokor obpasosa-
Ha U Hay4Hor paga y ApyLuTBy.

YHuBepauteT ogbpaHe Tpeba n garoe pasBujatv u jadatu, Ha 3gpa-
BMM OCHOBama, Kpo3 yHanpehewe kBanuteta y obaBrbaky OCHOBHE
NPOMU3BOAHE AEeNnaTHOCTY, KBanuTeTa ynpasibaka® (HapounTo nnaHupa-
ia)>? 1 yBohereM pagHO-CTUMYNaTUBHOT cucTema’.

O6pa3oBHM cuctemM n ncTpaxkmearwa Ha YO Tpeba yHanpehusatu y
npasBLy KOju pasBuja KpeaTUBHO pasMullibawe U pasymeBare, ocehaj
NYHEe OAroBOPHOCTU, KPUTUYKM OyX U CaMOCTarnHOCT U cTBapa cnocob-
HOCT 3a cyo4yaBane ca usasosuma. CBakako, pa3Boj naTpnotTusmMa u Jby-
©aBu nNpema CBOjOj 3eMIbU N HEHOI MecTa U ynore y rnodanHoj KoHCTe-
naumju cHara ce nogpasymeBajy.

2 He cme ce [03BONUTU ,areHLMjCKo NoCcroBamwe” U U3HajMrbBawe AOMUHaHTHe BehuHe ka-
ApoBa 13 Opyrmx opraHuM3aumoHNX LenuHa cuctema ogbpaHe M M3 UMBWUIHUX 0OPasoBHUX U
UCTPaXMBaYvKkMX opraHusaumja 3a obaBrbake OCHoBHe AenaTtHoctn YO, jep To Boau rybrbemy
nvueHue 3a pag.
% Heku ce KBaNNTETM CTUYY BEKOBMMA 11 HE MOTY CE HaZIOKHaANTI TEXHOMOTMOM.
3 Pewwere je Beha npumeHa Hay4yHnx gocturHyha n ynyhmnsawe MeHalMeHTa Ha kpahe Kypce-
Be 13 obnactu MeHaLMeHTa.
%2 Mnanupatbe je nHuumjanHa ynpasrbadka yHKumMja koja Tpeba Aa cnpeymn Aa cuctem gohey
HexerbeHo cTake, OQHOCHO ako Aofe Aa WTo npe u3 kera nsahe.

OBO cucTeMcKo pellere aenyje motusuwyhe Ha rbyde, yHanpehyje nHTeprnepcoHanHe ogHoce,
JonpuHocK noeehamny 3a40BOrbCTBA y pady, MHOBATUBHOCTU W NPOOYKTUBHOCTW Ha AyXe cTase.
Manu pacrnoH y nnatama 4oBogv A0 Naaa MoTvBaumje U cnabrbersa opraHn3aLyoHor noBepeksa.
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HeonxoaHo je ohaH3MBHO NpoMoBUCaTU CTaB fa ynarawe y Kagap v
UCTpaxuBama Huje Tpowak, Beh Hajborba MHBecTMUMja M rapaHumja
ycnewHe 1 usBecHe 6yayhHocTn cuctema ogbpaHe n gpywTea, Te ga
Hema pasBoja oabpaHe 6e3 ynarawa y obpasoBare U Hay4YHOUCTPaXn-
Bayku pag.

Bucoko obpasoBarwe M Hay4YHOUCTPaXmBadku pag Cy KOMMIeMeH-
TapHW NpoLecu, nNa ux Npu NpojekToBaky HOBOI cucTema (CTpyKTypa, au-
MEH3NOHMpaKe, OAHOCK, TOKOBM WHGOpMauMja n maTtepujana, Hagne-
XXHOCTW, BPEeOHOCHWN cucTem, pacnogena) tpeba tpetupatn 3ajeadHo, y3
yBakaBarwe MUcuje, Busmje n umurbeea cnctema (00jeKTHM U HaMEHCKK),
NPOCTOPHE, BPEMEHCKE U OpPraHn3auMOHO-TEXHOMOLWKE ANUMEH3Wje, Te Y
ApywTBY NnpuxBaheHnx npuHuMna, ctTaHgapaa u 3akoHa.

Pagwn yHanpehena ctawa y o6nactn uctpaxveara M BUCOKOr obpa-
30Batba Ha YO HeonxogHo je HenpeknaHo AenoBakbe YCMEPEHO Ha:

— NOAPLLKY OCTBapera Lnrbesa BULLIET CUCTEMA;

— yHanpehere normcTudknx acnekara obpasoBama;

— NPOMEHY CTPYKType, o6MMa u KBanuTeTa 3Hawa U matepujanHe
6a3e HacTase;

— NPUMEHY CaBPEMEHMX OpraHM3auMoHNX obnvka u HavmHa (MeTo-
Aa) faBaka M npyMarsa 3Hama;

— CTBapawe UHCTUTYUMOHanHnx moryhHocTn 3a yHanpehewe obpa-
30Bakba U HayyHor paga, yBohewe pagHOCTUMyNnaTMBHOI cuctema W
yHanpehere cTtaTyca HacTaBHMKa U UCTpaxusaya.

YnpaBrbate y CaBpeEMEHUM 1 YCMEeLHUM opraHmM3auunjama oanukyje
HW3 KapaKTepucTuKa, a npe ceera:

— pa3Hu obnuum rpynHor opraHnsoBaka 1 paga aobwjajy npegHocT
Hag nojeJuMHaYHUM padoM, a NpuBpeMeHe CTPYKType popmupaHe no 3a-
AaTtky gobwjajy npyumat Hag KrnacuyHUM BUupokpaTCcKMM CTpyKTypama,

— npocpecnoHanusaLmja MeHalMeHTa U

— BofcTBO, MOh 1 yTuUaj KOju CBe BULLE 3aBUCE OA CMOCOBHOCTU U
3Haka fa ce pelwm npobnem, a He oA yHanpepn genermpaHux ynora og-
pefheHnx opraHnsauMoOHOM CTPYKTYPOM OpraHusaumje.

YMecTo KoHTpone paga Tpeba KoHTponucaTtu pesyntaTte paga v Ha-
rpanueaTy ocTBapeHu pesynTarT.

Y gaHalwre Bpeme 3Hare U CNOCOBHOCT cy HajBpeaHuju pecypc. Oa-
HOC nNpema 3Hahy, 0bpa3oBary 1 NameTu y TOKy cnpoBofewa opraHusa-
LMOHNX NPOMEHa je 1 ogHoc npema Bnactutoj yayhHoctn. C 063upom Ha
CKpOMHE martepujanHe u douHaHcujcke MoryhHoOCTM cuctema ogbpaxe, ca-
MO obpasoBaH, UCTpajaH U eHeprM4aH Kagap MoXe CUCTEM M3BECTU U3
Kpu3se n nosehatn edpmMkacHOCT N e(PeKTUBHOCT (PYHKLIMOHNCaH-A.

CBMM opraHvM3auMoHUM MpoOMeHamMa Ha MOYeTKy ce CynpoTCcTaBiba
BehuHa 3anocneHux y jeHoj opraHuMsauunju, ann KacHuje, Kaga KOHType
BM3Mje NocTaHy Npeno3HaTibmBe, Harfo ce cMamyje 6poj onoHeHaTa. Ha
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Kpajy crnpoBedeHnX OpraHM3aLnoHuX NpoMeHa HbuxoBu Hajpehu npoTmBe-
HULUM HacToje Aa AOKaxy Aa Cy OHW 3anpaBo 6unu 3a Te npoMmeHe, anu
nX ApYrn HACY NpaBUiHO CXBaTanu, LWTO je y Teopuju ogaBHO NO3HATo, a
npakca BuLle nyTta noTepAauna.
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MOBbLIWEHUNE 3®PEKTUBHOCTW PABEOTbI BOEHHOW
AKAOEMUN N YHUBEPCUTETA OBOPOHbI

OBJNACTb: Hayka ynpasneHus
BWO CTATbW: o63opHas ctatbs
A3bIK CTATbW: cepbckui

Pe3some:

Lllupokue u OuHaMu4YHbIe Op2aHU3aUUOHHbIE U3MEHEHUS], KOmophbIe
8 nocnedHue 200b! ocywecmensromcesi 8 060poHHoU cghepe, mpebyrom
nepemeH u 8 obnacmsix ebicluezo 0bpa3oeaHusi U Hay4YHbIX uccriedosa-
Hul, cesi3aaHHbIX ¢ 06opoHOoU. B cesa3u ¢ amum HeobxoOumMo cghopmMupo-
8amb UHMespuposaHHyto cucmemy, 06beOUHSIIWY0 HayKy, obpa3oea-
HUe, cesi3aHHyI0 C HauuoHasbHoU cucmemod, u komopas bydem sensim-
¢ camornoddepxusarowjeli U comoobHosnsowelcss cmpykmypod. Takas
cucmema 6ydem ronie3Ha He MOoJIbKO apMuu, HO U obujecmesy 8 Uesiom.
B uensix npakmuyeckol peanu3dauyuu KOHUENUUU, y4pexxoeH YHueepcu-
mem ObopoHkI, 8 Kadecmee 2ocydapcmeeHHo20 BY3-a, e komopom ripe-
rnodaemcs U usy4aemcsi Ha Hay4HoU OcHoge OaHHasi memMamuka.

AHanu3 pabomel YHusepcumema OB6OpPOHbI C MNPUMEHEHUeM Ccu-
CMeMHbIX U CUmyaUyuoHHbIX Memodos, MymeM MOHUMOPUHaa Cyule-
cmeyrowux memodos pabomsl, nompebHocmel U rpoaHO3HbIX Pe3yrib-
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mamoe, o3gosisiem ysudemb B03MOXHOCMU Ofis yrlyHWeHUsT cyule-
cmeyrowed cumyauyuu 8 obwemM, a makxke 05151 Mo8bIWEHUST 3ghchekmus-
Hocmu yrpaerieHus.

BosmoxxHocmu 0nsi ynydweHusi cumyauuu umeromcsi 8 obmacmu
ypeaynuposaHusi Cyuwecmesyouux U HayuoHalbHbIX HOPMamueHO 3aKo-
HoOameribHbIX aKkmos, yripaesreHusi, Memodog8 pabomel, Kadyecmea Kak
80 8cell cucmemMe 8 UerioM, mak u 8 omoesibHbIX €€ afieMeHmax.

KntoueBble crioBa: obpasogaHue, peghopMuposaHue, UHMeapUpO8aHHbIL
Memod, Ka4ecmeo.
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Summary:

Robust and dynamic organizational changes that have been car-
ried out in defense in recent years affected the field of higher education
and scientific research related to defense . A creation of a new, inte-
grated research and education system, harmonized with the national
system, is underway. Such a system will be resilient and partly self-
sustainingt and useful not only for the defense area, but also for the
wider community.

Introduction

Higher education is a very important part of the strategy of power
and the influence of a real defense system. Creativity as a basic reso-
urce produces innovations which can enhance and improve the defen-
se system.

Organizational changes in the country over the last decade did
not miss its defence system, an important state function and the field of
objective social reality. The most important change in the defense
system has resulted in the formation of the UD.
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Approach to improving teaching and scientific work at the Military
academy and the University of Defence

Education should not be seen as a cost but as an investment,
seriously prepared in the adequate organizational environment (Andreji¢ et
al, 2011, pp.5-26). As a result , the improvement of the quality of education
and research at the UD should be aligned with the long-term development
concept of the defense system and the society as a whole, taking into acco-
unt the technology of the process of education and training since fast, cheap
and, at the same time, high- quality solutions in education are not known.

It is possible to achieve a necessary flexibility in response to sig-
nificant technological and organizational challenges by improving and
developing new programs to meet the needs of practice.

Institutional framework for the advancement of teaching and scientific
work in the Military Academy and the University of Defence

Before applying organizational measures and procedures aimed
at improving the quality of education and research at the Military
academy, it is necessary to know the relevant factors and preconditi-
ons of organizational changes .

From the production-process point of view, it is necessary to re-
duce the range of products provided by theUD and to gradually specia-
lize in certain products, in order to ensure internal and external compe-
titiveness. In this regard, it is necessary to create conditions so that
lecturers of methodological and theoretical academic general educa-
tion courses at the UD are experts from relevant civilian universities
while the UD and the Military Academy in particular should develop te-
aching and research human resources for scientific-professional and
professional-applied science courses.

The main activity and the purpose of the Military Academy should be
clear to an objective and independent observer.from outside the Academy.
Within the Military Academy, all functions and business processes should
aim at quality higher education and research in the field of defense.

In accordance with the requirements of time, a conceptual orientation
and the nature of the University itself, the academic spirit and freedom
must take precedence over professional aspects of education (performan-
ce of training centers and colleges of professional studies). At the same
time, higher operating efficiency and effectiveness are necessary to reach
strict criteria and requirements of the modern academic environment.

Management of changes to improve the teaching and scientific work at
the Military Academy and the University of Defence

Change management involves coping with challenges that can be
identified as: lack of creativity and value or cultural barriers; group
solidarity, group thinking; conformity in relation to the previously accep-
ted norms; structural divisions; distribution of authority; technology;
philosophy of management;, management style, etc.
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The man is the dominant factor of changes and good understan-
ding of the nature of human behavior is a necessity and the measure
of all actions taken. For detecting, understanding and overcoming the
passivity of change (maintaining the "status quo "), it is necessary to
choose adequate management staff.

Conclusion

The management and organization of the system can be impro-
ved by encouraging changes at the micro, meso and macro levels and
by professional approach in the selection, training and development of
managers.

The University of Defence needs to be further developed and
strengthened through the improvement of quality in the performance of
primary activities, quality management and planning and the introduc-
tion of a labor - stimulating system.

The comparative advantages on which it is possible to base the
changes are: knowledge, experience and "know how" .

The attitude towards one’s own future is reflected in the attitude
towards creativity and knowledge as the most valuable resources,
which can, to some extent, compensate for the lack of material resour-
ces - therefore, they need special attention.

Key words: education, change, integrated approach, quality.
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Abstract:

The introduction of the European emergency number 112 in the
Republic of Macedonia should provide benefits that will be imple-
mented and regulated in accordance with the European legislative
framework. This number has already provided numerous benefits to all
member states of the European Union. lts implementation should be
supported by the introduction of the latest technology information and
communication solutions, hardware and software solutions tailored to
the situation in the country. It will replace four current phone numbers
for emergency calls that are a responsibility of the Ministry of Interior
(192), local fire units (193), emergency care (194) and the Center for
Crisis Management (195). These numbers are planned to be replaced
by the European emergency number 112 together with its full imple-
mentation into the integrated information - communication center.

Key words: European number 112; solutions; information systems; im-
plementation; countries; communities; benefit; unification.

Introduction

The introduction of the European emergency call number E — 112 is
one of the major projects which are implemented by the Centre for Crisis
Management of the Republic of Macedonia, based on the Law for Crisis

Petreski, D. i dr., Introduction of the unified communications information system E-112, pp. 131-145
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Management of the Republic of Macedonia (Official Gazette, 29/2005),
Amending the Law for Crisis Management (Official Gazette, 36/2011)
and the Law for Electronic Communications (Official Gazette, 39/2014).

The Center for Crisis Management is the most responsible state
body for the implementation of the single communication information
system for emergency calls E-112. This project is an inter-ministerial
activity which will be realized and implemented in cooperation with
various entities in our state that have responsibilities in this segment.

The first phase of the task is completed, which includes the activities
of the inter-agency project and the responsibilities of several state
bodies. The activities of the second phase include fully implementing and
introducing the use of E-112 and also the tasks that cover the part of the
state administration.

The introduction of the use of this number is the duty and obligation
of every country-candidate for a membership in the European Union,
which, at the time for obtaining a status for a country member of the EU,
should have introduced this number in operational use.

The Agency for Electronic Communications based on a Plan for public
communications networks and services in the Republic of Macedonia
(Official Gazette, 143/2009) has adopted Decision No. 07-588/4 from
25.05.2012, which represents the main legal regulations for awarding this
number to the Center for Crisis Management of the Republic of Macedonia.

Besides the current phone numbers for emergency calls, closely re-
lated to number 112 are: Law for Fire Protection, Law for Health Insur-
ance, Law for Protection and Rescue, Police Law and the competencies
of several NGOs.

One of the reasons for introducing 112 into many countries around
the world represents the growing efforts of relevant departments to deal
with many risks that took place in the past as well as in the present.

Generally speaking, the world has shown very serious institutional
and organizational weaknesses, especially in the protection of popula-
tion, environment and material wealth during frequent accidents, hazards
and disasters. Precisely for these reasons, both at the national and inter-
national level, developed states, first on their own and then united with
other states, made efforts to strengthen their own capacity building and
skills for quick and more efficient response to possible dangers. People
are increasingly faced with non-traditional forms and types of risks such
as: global terrorism, drug trafficking, illegal weapons, dangers from
weapons of mass destruction, infectious diseases and epidemics of
large-scale, unemployment, poverty and other social problems, conse-
quences of global climate change, natural disasters, environmental deg-
radation, technical and technological disasters, industrial hazards and
other dangers.
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In all these challenges, there is an active participation of interna-
tional organizations such as: United Nations (UN), European Union (EU)
and NATO, which through their institutional mechanisms, specific meas-
ures and actions plan preventive measures to reduce the risks of disas-
ters worldwide. The decade of 2005 — 2015 is a period of strengthening
the resilience of many NATO and EU countries.

By adopting the concept of National Security and Defense, they ex-
pressed the need for the construction of a new modern system which
provides a higher level of security and protection of citizens and their
property. The establishment of the system will achieve a full and com-
plete compatibility and interoperability with most European and global
security systems. Among other things, the purpose and the basic function
of this system are the terms of prevention, early warning and dealing with
all the possible risks and hazards, providing faster and more efficient re-
sponse for their elimination. (Official Gazette, 40/2003).

The basis of the whole system is providing a consistent level of co-
ordination, cooperation and communication of all relevant entities, ongo-
ing assessment of the risks and dangers as well as fast, timely, complete
and effective response to all relevant entities with appropriate use of
available resources in states.

We are witnessing a number of changes and amendments to EU
legislation, harmonization and improvement of the characteristics and
standards of the national legislation with the EU. The imperative for the
implementation of the universal European emergency number 112 is a
necessary requirement for prospective countries wishing to join the EU.
The telephone number 112 is a universal number constantly updated
and upgraded with standards that represent a new generation of 112,
with applying the best practices that have taken the best and the most
efficient models in Europe that are incorporated as a standard.

Characteristics of emergency call numbers

The organization and functioning of all current phone numbers for
emergency calls are established trough 24-hour shifts with the following
telephone numbers: 192 - phone number for emergency calls to the Ministry
of Interior, 193 - phone number for emergency calls to territorial units for fire
protection 194 - phone number for emergency calls of medical assistance
and 195 - phone number for emergency calls to the Centre for Crisis Man-
agement in the RM. This is available with free dialing from all means of tele-
communications (fixed and mobile telephony) covering the whole territory of
the Republic of Macedonia, 24 hours and 365 days of the year.

All four phone numbers for emergency calls at this time are organized
and operate without a full and complete telecommunication and information
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connectivity, without a possibility of automatic switching - routing the call from
one service to another, although they cooperate with each other manually.

The organization and operation of the state bodies, administration
and the 35 regional offices of the organization that cover all the territory
are divided into eight planning and statistical regions.

Figure 1 — Organization model with eight departments in CMC and MOI
Slika 1 — Organizacioni model sa osam sektora u CUK i MUP
Puc. 1 — OpraHu3aunoHHas Mogens, obbeauvHstowas 8 nenaptameHTos LIKC n MB[,

The coverage and the ability to dial the phone number 195 from any
place in the Republic of Macedonia is provided through one of these eight
operating centers and an emergency response will be provided to each call.

According to the Regulation on the type of data and information on
the manner and procedure for their submission to the Center for Crisis
Management, through the State duty operational center in Skopje, the
information from all major regional centers, institutions (government and
private) is shared at a local and national level, as well as to nongovern-
mental organizations and civic associations. After preparing a national
report or daily information on the current situation, they forward this in-
formation to the Government, relevant ministries, government depart-
ments and agencies, international institutions in the country, some em-
bassies and other state institutions (Official Gazette, 09/2007).

The emergency number 195 of the Center for Crisis Management is
commonly used in cases of emergency which is not directly related to one
of the emergency services of police, fire department or emergency medical
service assistance. Typical cases of the emergency number 195 are the
interruption of power supply, water supply problems, large snowfalls, tech-
nical or environmental accidents or explosions and other hazards.
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Ability to integrate telephone numbers for
Emergency calls in a single emergency number

The operating center for the emergency calls E-112 will have a major
impact with each other telecom operators. They will have an impact on
standards and characteristics to meet the E-112, and that will be a selection
of the best and most suitable service providers. Telecom operators should
be obliged to deliver all existing calls to the emergency numbers 192, 193,
194 and 195 and the new 112 number directly to the center for emergency
calls. Telecom operators will also have a responsibility to deliver additional
information for each call, such as information on the caller’s location.

There are currently more mobile telecom operators such as: T-Mo-
bile, owned by Deutsche Telecom, ONE owned by Slovenia and Austria
and VIP. Land line operators are: Macedonian Telecom partly owned by
Deutsche Telecom, NeoTel of NeoComm, ONE -Slovenija, Blizoo-Fiber
Power and other operators in accordance with the provision of electronic
communications services for citizens which can use the interconnection
services to other operators (Official Gazette, 39/2014).

Communication systems are organized and function in this moment
by operators for telephone numbers for emergency calls in Macedonia
with: Tetra system, analog radio systems and mobile telephony - GSM,
fax and landline phone lines.

Previously listed phone numbers for emergency calls (192,193,194
and 195), which are currently operating in the country, are phone num-
bers that are functioning independently and they are not connected to a
common communication system. They have no common communication
support, collaboration and joint automatic dispatching. The large per-
centage of the capacity of telephone numbers cannot respond in case of
major hazards and risks arising in the country, which is especially the
case with the capacity of the telephone number 195.

European emergency number 112

For dealing with risks and hazards presenting danger to the popula-
tion, a crises management system has been organized for prevention
and early warning activities which pose a risk to the property, health and
life of humans and animals and other risks and hazards that directly
threaten the constitutional order and security of the Republic of Mace-
donia, or a part of it. According to the Law for Crisis Management, this
includes information gathering, assessment, situation analysis, setting
goals and objectives, developing and implementation of the necessary
actions for prevention, early warning and crisis management (Official Ga-
zette, 29/2005 and the Official Gazette, 36/2011).
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The Center for Crisis Management is a professional, organizational
and administrative support to the two bodies of the Government — the
Steering Committee and the Assessment Group. Pursuant to Article 40 of
the Law for Crisis Management, the Center is an independent state au-
thority with a responsibility for the implementation of the European emer-
gency number E-112. The establishment of E-112 and the introduction of a
single emergency number in Macedonia in accordance with the Law for
Crisis Management is regulated and determined necessary by Chapter V
in Articles 37 to 41 in the National Law to ensure continuous communica-
tion, coordination and cooperation in collecting data and information,
analysis, and submission information about the risks and dangers that may
threaten the security of the state. In order to provide timely actions of all
relevant agencies, including all the necessary and available resources, it is
necessary to fulfill one of the important criteria - the functioning of 112.
Therefore, the Crisis Management Law has to deal with the introduction,
application and development of a geographical information system.

The implementation of the E-112 is an obligation and a right for the
users of electronic communications networks and services in the EU
member states, which are required to implement the single European
emergency number E-112.

The Republic of Macedonia is interested in introducing the use of the
European emergency number and complies with current European standards.

Figure 2 — The territorial division of the Republic of Macedonia Municipalities
Slika 2 — Teritorijalna podela Republike Makedonije po opStinama
Puc. 2 — ABMUHUCTpaTUBHO-TEppUTOpUansHoe aeneHve Pecnybnuku MakegoHust

Introducing the European emergency number 112 in each country
involves numerous activities such as popularization, informing the popu-
lation and residents throughout the state with the role, tasks and the ob-
jective which must be achieved as well as the obligations for holders of
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implementation before its introduction into service. Awareness of the
public and all citizens has a crucial importance for better and more effi-
cient operating. (Official Journal of the European Communities, 108/51,
2002), (Official Journal of the European Communities, L337/11, 2009).

Informing all the categories of people and state institutions is impor-
tant for the representatives of 81 units of local self-government and mu-
nicipalities in the country.

With introducing the use of this number, The Republic of Macedonia
will have to mark the European Day of 112 and also a holiday which is
February 11th. It should be another interesting event to promote the
tasks and the role of 112.

People learn about the possibility of using 112 as an important tool for
getting SMS messages to the mobile device when they enter the country. It is
a daily practice that can be seen on entering each of the EU countries. A
feasibility study of the characteristics of the Macedonian situation provides the
basic tasks and functions that will attain 112. These include emergency
services and assistance such as police, fire protection units, Emergency
Department, Directorate for Protecton and Rescue Center, crisis
management and additional AMSM - Office road assistance, Customs
Agency for Electronic communications and other services. Popularization and
introduction of the role of each of these services is also in citizens’ interest.

The majority of EU normative acts are related to the European
Association for Emergency Numbers - EENA, which has its own role and the
responsibility to assist countries in adaptating and implementing international
normative acts of the European Union and the competent committee.

6. 8. 91 Official Journal of the European Communities No L 217/31

COUNCIL DECISION
of 29 July 1991

on the introduction of a single European emergency call number

(91/396/EEC)

Figure 3 — EU Official Journal introducing the use of E-112
Slika 3 — Sluzbeni list Evropske unije za uvodenje u upotrebu E-112
Puc. — OdmumanbHbin xxypHan EC, Oupektusa «Cuctembl E-112»

(The Council of the European Union, Council Decision 91/396/EEC,
Official Journal of the European Communities, L 217/31, 1991). The
international norm related to this topic gives many international decisions,
directives and regulations, requiring that all EU member states ensure
that the number 112 is used in public telephone networks as a single
European emergency number (http://www.eena.org).
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The Member States were asked to introduce the single European
emergency number 112 for their emergency services to be more
accessible to all people in need of emergency assistance. The single
European emergency number 112 works in parallel with the existing
national numbers in most of the countries and must not replace the
existing national emergency numbers.

Each year, Europeans make around 1.25 billion journeys in different
forms in the European Union. That means that a large number of travel-
ers may face emergencies and may need help from (EENA Operations
Document Multilingual 112 Calls, 2012).

There are more than 200 million migrants in the world. Europe re-
ceives the largest number of migrants - about 70.6 million people (Inter-
national Organization for Migration, 2005).

These are numbers that cannot be ignored because it is necessary to
have an effective, publicly recognized, connected and accessible organization
or service that will answer to all these possible requirements.

Remembering different phone numbers in different countries was a
problem for travelers especially when their safety or life was threatened and
they required assistance. The compatibility of standards in all countries will
enable all people to get assistance no matter where they are.

The EENA is a European association founded in 1999, dedicated to
promoting the provision of high quality services in emergency cases,
which are obtained through the number 112. It assists and provides ser-
vices in determining the manner of organization and management in
case of emergency and the use of 112. It promotes solutions of various
EU Member States that develop different models of organization and
functioning of 112. It assists in quality solutions and emergency re-
sponses of competent bodies and services.

It helps bringing national and international laws in all countries.

EENA Advisory Board

Emergency Services Organisations, Associations and Companies

NG112 Committee | ‘ 112 Operations Committee ‘ | Legal Committee
112 ESSN

Network of Emergency Services (about 550 Members in September 2011)
+

MEPs 112 Champions

Members of the European Parliament promoting 112 issues in the European
Parliament Committees

Figure 4 — Structure of the European association EENA
Slika 4 — Struktura evropske asocijacije EENA
Puc. 4 — Ctpyktypa EBponerickoit accoumaumm akcTpeHHbix cnyx6 EENA
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The EENA helps promoting and establishing effective systems for re-
porting emergencies to citizens. The EENA membership includes the ac-
cess to about 630 different associations for emergency services, repre-
sented by more than 40 European countries, 50 different solutions organi-
zations, other international organizations and associations, and 28 Mem-
ber States of the European Union and Parliament (EENA Operations
Document 112 Accessibility for People with Disabilities, 2012).

" - m—

h _J
ST GEE S an oL FUMESET GRS onBon
Figure 5 - The symbol of the EENA -112 Associations

Slika 5 — Simbol EEHA — 112 udruzenja
Puc. 5—Jlorotn EENA — 112 (EQuHbIA HOMEpP 9KCTPEHHOM Cryx6bl)

In its work, the EENA brings relevant agencies, state authorities, in-
dividuals and organizations together. The Advisory Board (Advisory
board of EENA) brings together politicians, associations, international
organizations and those who provide solutions aimed at implementing
and improving the chain of network E-112 for emergency services of in-
dividuals or services which can strengthen the public services in shared
experiences and best practices shown (Communications Committee, Im-
plementation of the European emergency number 112, 2014).

With 112, the Members of European Parliamenthave a network
dedicated to promoting better communication between competent
authorities as well as between citizens in case of danger and urgency.

The EENA annually holds round tables, conferences, workshops,
and video conferencing with invitations to participants to share and
exchange their experiences.

Last year the conference was held in Riga — Latvia and this year the
conference was held in Warsaw, Poland, from 02-04 April 2014. The
exchange of different national experiences, suggestions and solutions is
available on the Internet site of the EENA for all its members. It is an
opportunity to identify and share lessons learned from different countries
and authorities.

The last major activity conducted by the EENA is introducing a new
standard of an agreed call. So far this has been an agreed pilot project in
eight Member States of the EU, which started last year with the
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implementation of this new project as a pilot standard. This project
proposes the establishment of requirements for all vehicles in traffic to
install a modem, which would, in case of an accident and collision,
immediately and automatically send a signal to the center of the E-112 to
the emergency response and rescue team (Caller Location in Support of
Emergency Services, Next Generation 112, 2012). The implementation
of this project is to help and to mitigate the consequences of severe
accidents in the EU. Automatic dialing of any vehicle that has suffered a
serious car accident through the center 112 will become operational by
the end of 2015. It needs to enable full compatibility, interoperability and
continuity equally to all member states and it should be an improvement
in road security systems to help and prevent loss of lives and injuries
(EENA Operations Document - Caller Location in Support of Emergency
Services, Next Generation 112 (NG112) - Introduction to Next Genera-
tion Emergency Services in Europe, [Internet], Available at:
http://www.eena.org/pages/ng-112).

Achieved level of introducing the E-112
in the Republic of Macedonia

On the basis of the international tender from August 2008, a feasibil-
ity study for the E-112 in RM has been prepared. The study has been
produced by a chosen consulting company, Herman Buehler GmbH from
Austria. It incorporates features that need to be fulfilled for the introduc-
tion of the E-112 as well as the course and characteristics of the imple-
mentation of the E-112.

The Government set up a Steering Committee to supervise the fea-
sibility study prepared by the consulting company, which was composed
of members from relevant government entities - Center for Crisis Man-
agement, Ministry of Interior, Ministry of Health, Ministry of Transport and
Communications, Directorate for protection and Rescue, Agency for
Electronic communications, etc. The feasibility study was approved by
the Government.

The information for the final report of the Supervisory Board to su-
pervise the Feasibility Study System Emergency E-112 of the Republic of
Macedonia was that two stages were planned in the 112 implementation.
The first phase was the conceptual definition of the E-112, while the sec-
ond stage was the implementation of the E-112. Since the adoption of
the feasibility study, several possible options have been proposed on
how the Macedonian model will be functioning. The organization and the
decision on accepting the best model for the organization and functioning
of the E-112 operating center are shown in this figure.
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regional kewel

gathering of all disciplines in a single location at the

Figure 6 - Proposed and adopted solution for the organization of 112 in the RM
according to the Feasibility Study
Silka 6 — Predlog i usvojeno reSenje za organizovanje 112 u RM Prema Fizibiliti studiji
Puc. 6 - PeweHne no opraHusaumu cuctemsl E-112 Ha TeppuTopumn Pecnybnuku
MakedoHuWs, CormacoBaHHOE C TEXHWUKO-3KOHOMUYECKUM 060CHOBaHVeM

The implementation of the E-112 will need to cover all the latest and
final solutions of the full technology infrastructure installed in the hard-
ware and software systems and necessary equipment.

The feasibility study was provided based on three regional operating
centers and emergency calls in: Skopje, Stip and Prilep. The Center for
Crisis Management will have the same infrastructure software, hardware
and connectivity as well as these three operational centers, for full and
complete logistical, technical, professional and administrative support to
the Steering Committee and the Assessment Group, as separate bodies
of the government in case of major risks and possible disasters.

The image below provides the coverage of the zones of three opera-
tional centers in Skopje, Stip and Prilep. In case of the interruption of work
for any reason in any of these centers, the other two operational centers
will be able to take over work for its territory and population. This is a "back
up" solution for full and complete coverage in case of emergency. In such
cases, there is an opportunity to divert calls by operators.

Figure 7 — Situation in the Operating centers E-112 in the Republic of Macedonia
Slika 7 — Postavljenost operativnih centara E-112 u Republici Makedoniji
Puc. 7 — MecTa pacnonoxeHus onepatmsHbIX NyHKTOB cnuctembl E-112 Ha Tepputopun
Pecny6nukmn MakegoHus
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The modern E-112 communication and information system also includes
a sophisticated Geographic Information System - GIS. It is dealt with in Chap-
ter V of the Law for Crisis Management, under the heading on communication
and coordination which is related to the E-112 communication and information
system (Official Gazette, 29/2005 and Official Gazette, 36/2011).

The development and application of the technology for the Geo-
graphic Information System - GIS started in 2008. Devastating fires in
2007 indicated a need to use this modern method for spatial presentation
and overview of conditions and events, with a detailed map showing the
location of the closest available units and decision makers in rescue activi-
ties. The platform will be based on a software system and GIS server tools
for the development of desktop applications for data entry in the geodata-
base and a WEB application browser. The purpose of this is to accelerate
and systematically improve the access to information to the Center for Cri-
sis Management and to create daily analyses.

AUSLY

= ' L B SR

#Phone Module (CTI Integration)
F3|S Module

R ezource Managemert Module
Fhokile Units

Figure 8 - Models of three monitor displays depending on the E-112 operator’s needs
Slika 8 — Model prikazivanja dogadaja prema potrebi operatora E-112
Puc. 8 — Mopgenu npovcLLeCTBUN, BbIBEAEHHbIE HA MOHMTOP AucneTyepa cuctemol E-112

Figure 8 shows the features of the software model for filling an E-
112 event report, the base management and resources of the E-112 for
the event location, as well as the geographic information system with a
detailed map and the location of the closest available units.

The Center for Crisis Management should have a key role in providing
the fastest, most efficient and comprehensive way of intervention of all rele-
vant operating entities in order to ensure the use of appropriate resources re-
quired proportionally to the intensity, severity and nature of the threat.

The basic requirements are met by introducing the use of the E-112
emergency number. Meeting the prescribed European standards should
be specified in the national laws through harmonizing all services in-
volved with current phone numbers for emergency calls with E-112.
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Conclusion

This inter-ministerial project of the Republic of Macedonia for its
candidate status in NATO and the EU is mandatory.

A single phone number for emergency E-112 is simple, easy-to-
memorize, popularized not only by the EU Member States, but also in our
country. The project implementation and financial implications will be
around six to seven million euros.

Functioning with a reduced number of employees in comparison to the
current situation with a united service for emergency calls will be the final
benefit for more effective work and financial savings that will be achieved.

The experiences in the 28 EU Member States that have imple-
mented a variety of ways consistent with their national and required
European standards gave positive effects. It can be noticed that, except
for the emergency call number E-112, there are other national numbers.
Only in these six countries: Denmark, Finland, Iceland, Netherlands,
Romania and Sweden, the number E-112 exists as a single emergency
call number (EENA NG 112 Document, Next Generation 112 Long Term
Definition, [Internet], Available at: http://www.icpem.net/LinkClick.aspx).

This project has also been introduced in the countries such as: Ser-
bia, Montenegro, Bosnia and Herzegovina, Croatia and other states but
without meeting any standards.

Accepting the solution applied in the majority of the countries on the
European continent, and achieved compatibility with all these countries is
a sufficient argument for this project to be implemented as soon as pos-
sible in order to bring all the benefits in increased security for the citizens
and protection of material goods.
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BHEOPEHWE E,D,MHQI?I KOMMYHUKALMOHHO-
NHO®OPMALIMOHHOW CUCTEMbI E-112

OBJIACTb: ynpaBneHue 3alimTon, KpUsnc-MeHeaXXKMeHT
B[O CTATbW: npodeccmoHanbHHasa ctaTbs
A3bIK CTATbW: aHrnuickun

Kpamkoe codepxaHue:

BHedpeHue eduHoz0 egporielicko2o Homepa 112 no sKCmMpeHHbIM
npoucwecmesusiMm Ha meppumopuu Pecrnybnuku MakedoHusi 6ydem
npou3dsedeHo 8 coomeemcmeuu c esponelckumu cmaHOapmamu u
3aKoHoOamerbHbIMU akmamu EC, ¢ uenbio yryduweHus cucmems! 3a-
Wumbi HacesleHusl.

lMpeumywecmeo sHedpeHusi eQuHo20 Homepa 112 no 3KcmpeH-
HbIM ripoucwecmausim nodmeepx0eHbl Cosemom Egporbi u eeedeHu-
em 0aHHOU UHOpMaLUOHHO-KOMMYHUKaUUOHHOU cucmeMbl cmpaHa-
mu Espocorosa.

BHedpeHue daHHoOU cucmembi AomkHO noddepxxusambscsi Hogeliuu-
MU KOMIMbIOMEPHBLIMU  MEXHOMO_USIMU U 1PO2PECCUBHBIM PO2PaMMHbIM
obecrieyeHueM, coenacog8aHHbIMU C 803MOXHOCMSIMU 20Cydapcmea.

Heobxodumo o0b6beduHumb cyujecmeyroujue mese@oHHbIE HO-
Mepa o 3KCMPEeHHbIM poucwecmeusM, makue kak: MuHucmepcmeo
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nonuyuu (192), lNoxapHol oxpaHbl (193), Ckopoli meduyuHcKoU Mo-
mowu (194), LleHmpa ynpaeneHusi 8 Kpu3ucHbIx cumyauyusix (195).

lMnaHupyemcsi 3aMeHUMb Cywecmesywue HoMepa o 3KCMpeH-
HbIM fpoucuwiecmausiM eduHbiM egporielickuM Homepom 112, uHme-
epuposaHHbiM 8 06wy UHGOPMaUUOHHO-KOMMYHUKaUUOHHY CU-
cmemy Espocorosa.

KntoueBble cnoBa: eduHbili espornetickuli Homep E-112, peweHue, uH-
ghopmayuoHHasi cucmema, eHedpeHue, cmpaHbl, coobuwecmea, nosib-
3a, 06beduHeHUe.

UVODENJE JEDINSTVENOG KOMUNIKACIJSKOG
INFORMACIONOG SISTEMA E-112

OBLAST: menadZment u odbrani, krizni menadzment
VRSTA CLANKA: stru¢ni Clanak
JEZIK CLANKA: engleski

Sazetak:

Uvodenje evropskog broja za hitne dogadaje 112 u Republici Ma-
kedoniji treba da omoguci poboljSanje, koje ce biti implementirano, ure-
deno i u saglasnosti sa evropskom zakonodavnom regulativom. Dokaz
za to jesu brojni benefiti ostvareni tokom visegodiSnjeg postojanja bro-
ja 112 u drzavama ¢lanicama Evropske unije. Ovaj broj predstavija in-
tegrisanu i jedinstvenu funkcionalnu i informaticko-komunikacijsku celi-
nu. Njegovo uvodenje treba da bude podrZzano najnovijom tehnologi-
jom informati¢ko-komunikacijskih reSenja, hardverske opreme, kao i
softverskih resenja prilagodenih uslovima drZave. Bice objedinjena sa-
das$nja Cetiri telefonska broja za hitne dogadaje, koji su pod kontrolom
Ministarstva policije (192), lokalnih protivpoZarnih jedinica (193), Hitne
medicinske pomodi (194) i Centra za upravijanje krizom (195). Predvi-
da se da brojevi budu zamenjeni ukljucivanjem u rad i potpunom imple-
mentacijom evropskog broja za hitne dogadaje 112 u integrisan infor-
maticko-komunikacijski sistem.

Kljuéne reci: evropski broj E-112, reSenja, informacioni sistemi, iz-
vréenje, zemlje, zajednice, korist, ujedinjenje.
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OBLAST: automatika, telekomunikacije, industrijski softver
VRSTA CLANKA: strucni Clanak
JEZIK CLANKA: srpski

Sazetak:

U ovom radu govorit ¢e se o PROFINET komunikaciji koja se kori-
sti u industriji za potrebe komunikacije izmedu razli¢itih elemenata unu-
tar sistema pracenja i regulacije proizvodnih procesa. PROFINET proto-
kol se temelji na industrijskom Ethernetu i omogucava koristenje TCP/IP
standarda, ¢ime se omogucavaju velike poslovne pogodnosti u toku Zi-
votnog ciklusa proizvodnog pogona. Takode, PROFINET se zasniva na
svim iskustvima sa PROFIBUS-om, te ide korak dalje u svojoj fleksibil-
nosti poboljSavajuci performanse. Sa PROFINET-om je omogucena in-
tegracija razliCite upravijacke opreme od pogonskog nivoa pa sve do
kontrolnog nivoa. Koncept PROFINET-a zadovoljava sve zahtjeve indu-
strijske automatizacije i moze se koristiti za procesnu automatizaciju ko-
Ja zahtjeva brzo vrijeme reakcije, tj. vremena ispod 100 ms. Za potrebe
drugih aplikacija, kao $to je sinhronizirana kontrola kretanja, omoguceno
je vrileme reakcije manje od 1 ms, a za potrebe sigurnosnih aplikacija
moguce je Koristiti PROFIsafe koji je integrisan u PROFINET.

Kljuéne reci: PROFINET, mreZe, industrija, automatizacija.

Uvod

Industrijski sistemi sami po sebi su vrlo slozeni, pa je neminovna nji-
hova podijela na dijelove koji se medusobno nadopunjuju i komuniciraju
preko protokola o kojima ¢ée biti viSe rijeCi u samom nastavku rada.

Osnovni uslov industrijske automatizacije sistema jeste rad u realnom
vremenu, kao i pouzdanost, za razliku od poslovne mreze gdje je primarni
uslov visoka propusnost i niski operativni troSkovi. Industrijski Ethernet,
kao Sto se moze vidjeti iz samog naziva, bazira se na ve¢ opStepoznatom
Ethernet protokolu iz poslovnih raCunarskih mreza, namijenjenom za indu-
strijske aplikacije. PC (Personal Computer) raCunari i ostala periferna
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oprema (ukljuujuci printere, razliCite skenere i CitaCe kartica) preselili su
se u industrijsko podrucje, gdje koristeni sa inteligentnim svi€evima (skret-
nicama) i ruterima Ethernet postaje sve prihvaceniji i za to nema nikakvih
prepreka. Ethernet/IP (IP — Internet Protocol) jeste industrijski, aplikativni
protokol, za industrijske automatizacijske aplikacije.

Veliki automatizacijski sistemi koji sadrzavaju jedan ili vise PLC
(Programmable Logic Controller) kontrolera i PC-ova komuniciraju medu-
sobno, a takode i sa IT (Information Technology) sistemima unutar kon-
trolnih soba razmjenjujuci velike koli€ine podataka, koji se najéeSce pre-
nose kroz sigurnu sredinu (neeksplozivnu, bezbjednu sredinu, zasticenu
od jakih elektromagnetnih smetnji). Uoc€avajuci da u takvim uslovima i sa
takvim komunikacionim zahtjevima standardi, kao $to su TCP/IP (Tran-
smission Control Protocol/Internet Protocol), Eternet, Intranet i Internet
imaju znacajne prednosti nad PROFIBUS-om, razvijen je i standardizo-
van PROFINET, komunikacioni protokol baziran na Ethernetu koji koristi
standardne mehanizme IT komunikacije u realnom vremenu. (Perunovic,
Radulovi¢, 2010)

Na trzistiu postoji mnogo razli€itih industrijskih komunikacijskih mre-
Za, a neke od njih su fieldbus, industrijski Ethernet, PROFINET, PROFI-
BUS, MODBUS, CAN, HART i mnoge druge.

Fieldbus

Fieldbus je naziv koji opisuje moderni digitalni industrijski komuni-
kacijski sistem namjenjen da zamjeni postojece strujne i naponske ana-
logne signale, za €iju je implementaciju koriStena velika koli¢ina kablo-
va. Pored toga, samo projektovanje i implementacija projekata bila je
dosta slozena, kao i samo odrzavanje takvih sistema. Stoga se pocelo
razmisljati o drugacijem pristupu, odnosno zapocet je prelaz sa analog-
nih na digitalne metode prenosa podataka, koje, pored prethodno nave-
denog, omogucuju i veéu preciznost od klasiénog analognog signala.
Kada je rije€ o fieldbusu radi se o digitalnoj, dvosmjernoj komunikacij-
skoj mrezi sa serijskom sabirnicom koja se upotrebljava za povezivanje
razliCitih uredaja kao $to su kontroleri, senzori, aktuatori itd. Ono §to
pruza fieldbus je smanjenje ozi€enja, jednostavno lociranje kvara i odr-
Zavanje opreme, jednostavnost implementacije i nadogradnje, te pove-
¢anje modularnosti postrojenja. Svaki od uredaja ima instaliran raCunar-
ski sistem koji ga €ini ,pametnim” (Perunovi¢, Radulovi¢, 2010). Ovakvi
uredaji mogu obavljati jednostavne zadatke, kao $to su kontrola, mo-
guénost dvosmijerne komunikacije, dijagnostika i funkcije odrzavanja.
Na ovaj nacin ostvaruje se komunikacija izmedu Covjeka i uredaja, kao i
samih uredaja medusobno.
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PROFINET standard

PROFINET zadovoljava sve zahtjeve koje pred njega postavlja auto-
matizacijska tehnologija, bez obzira na to da li se radi o automatizaciji
proizvodnih pogona, procesnoj automatizaciji ili automatizaciji masina.
Kao standardna tehnologija ve¢ se odavno koristi u auto-industriji. Tako-
de, PROFINET je dosta rasprostranjen i u drugim industrijama kao $to su
masinska industrija, industrija hrane, industrije pakovanja i logistike
(http://www.profibus.com), a svakim danom sve se viSe koristi i u drugim
industrijama kao $to su brodogradilista i Zeljeznice.

PROFINET je standardizovan IEC 61158 i IEC 61784 standardima.
Koncept PROFINET-a definisan je bliskom saradnjom sa krajnjim korisni-
cima, a baziran je na standardnom Ethernetu prema standardu IEEE
802. Dodaci na standardni Ethernet su definisani samo u slu¢ajevima
gdje neki od specifi€nih uslova nisu mogli biti ispunjeni.

PROFIBUS je otvoreni fieldbus standard za automatizaciju od strane
PROFIBUS International, dok je PROFINET otvoreni standard industrij-
skog Etherneta i pokriva razli€ite primjene u automatizaciji. Ove dvije teh-
nologije mogu se Koristiti u razliCite svrhe i u razliCitim aplikacijama za
povezivanje razli¢itih uredaja, kao sto su PLC, SCADA (Supervisory Con-
trol And Data Acquisition), industrijski racunari, HMI (Human Machine In-
terface), transmiteri, mjeraci protoka, temperature i pritiska, frekventni
pretvaraci, enkoderi, pozicionatori i sl.

IT
. PROFINET APLIKACIJE
SNMP NI A DN
STANDARDNE
S JPGGUE | popact |

I REAL - TIME

Slika 1 — Stek PROFINET-a
Figure 1 — PROFINET stack
Puc. 1— PROFINET ctek
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Karakteristika ovog protokola je da se omogucava koristenje UDP/IP
protokola kao protokola viseg nivoa za zahtjevne razmjene podataka. Pa-
ralelno sa UDP/IP (UDP — User Datagram Protocol) komunikacijom, ci-
klicna razmjena podataka u PROFINET-u bazirana je na skalabilnom real
time konceptu. Skalabilna real time komunikacija se odvija preko istog
kabla za sve aplikacije, u opsegu od jednostavnih upravljackih zadataka
do zahtjevnih aplikacija upravljanja kretanjem. Za vrlo precizne regulacije
sa povrathom spregom, deterministi¢ki i izohroni prenos vremenski kriti¢-
nih procesnih podataka mogu¢ je sa jiterom (devijacijom komunikaciskog
ciklusa) manjim od 1 pus.

Pored toga PROFINET omogucava i visoku dostupnost, odnosno
obezbjeduje moguénost redundantnih rjeSenja te koncepte inteligentne
dijagnostike. Acikli¢ni dijagnosticki podaci koji se Salju obezbjeduju vazne
informacije koje se ti€u statusa mreze i uredaja na mrezi, ukljucujuéi to-
pologiju mreze. Definisani koncepti redundancije prenosnih medija i si-
stemske redudancije znatno povec¢avaju dostupnost sistema automat-
skog upravljanja.

Tehnologija sigurnosnih rjeSenja koja se bazira na ve¢ dokazanoj
PROFIsafe tehnologji (IEC 61508 i IEC 61784-3-3) koriStenoj u PROFI-
BUS-u, takode je dostupna i u PROFINET mrezi. Sama moguénost kori-
Stenja istih kablova za stanadardna i sigurnosna rjeSenja znatno snizava
cijenu implementacije cjelokupnog projekta.

Verzije PROFINET-a

Postoje njegove dvije verzije:

— Component Based Automation (PROFINET CBA)

— Input / Output (PROFINET 10)

PROFINET 10 omogucuje brz i izravan priklju¢ak distribuiranih 1/0
(Input/Output) uredaja u polju na Ethernet. Bazira se na vise od 15 godi-
na iskustva sa uspjeSnim PROFIBUS DP protokolom i kombinuje stan-
dardne korisni¢ke operacije sa simultanim koristenjem inovativnih konce-
pata Ethernet tehnologije. Ovo osigurava jednostavan prelazak sa dobro
poznatog protokola PROFIBUS DP na PROFINET. Buduéi da su svi ure-
daji spojeni u jednu mreznu strukturu nudi se jedinstvena komunikacija
tokom proizvodnje, a osim toga omogucuje se jednostavno konfigurira-
nje, programiranje i dijagnostika. UkljuCuje real time (RT) komunikaciju i
izohronu real time (IRT) komunikaciju za ciklicku obradu podataka. Omo-
gucéene su i razliCite mrezne topologije zvijezda, prsten, stablo i linijska
topologija.

SIEMENS-ov Step7 alat je zadrzao iste preglednike bez obzira dali
se konfiguriSu PROFINET ili PROFIBUS uredaji. Programiranje korisnic¢-
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kog programa je isto za oba protokola, poSto se koriste proSireni blokovi i
statusne sistemske liste za PROFINET 10 (SIEMENS, 2012.).

PROFINET CBA (Component Based Automation) je protokol koji ko-
risti objektno orijentisanu paradigmu. Pretpostavka od koje se polazi je
da se sistem moze podijeliti na podrudja (tehnoloske module / proizvodne
linije). PROFINET CBA koncept fokusira se na sledece:

— implementaciju modularnih aplikacija

— komunikacija masina-masina (machine-machine)

On omogucéava jednostavni modularni dizajn pogona i proizvodnih li-
nija baziran na distribuiranoj inteligenciji koriste¢i grafi¢ki bazirane konfi-
guratore komunikacija izmedu inteligentnih modula. Sa ovakvim koncep-
tom moguca je implementacija kompletnih tehnoloskih modula kao stan-
dardnih komponenti koje se mogu koristiti unutar vecih sistema.

PROFINET CBA komunicira preko TCP/IP i real time komunikacije.
Na primjer komponente koje sadrzavaju SIEMENS SIMATIC uredaje kre-
irani su sa STEP7 alatom, i povezane su koriste¢i SIMATIC iIMAP alat.
Komunikacijske veze izmedu uredaja konfiguriSu se jednostavno grafic¢-
kim interkonekcijskim linijama.

Klase uskladenosti

Postoje tri klase uskladenosti (Conformance classes CC) koje se
medusobno nadograduju i koje su orijentisane prema tipi¢nim aplikacija-
ma (PROFIBUS Nutzerorganisation, 2011).

CC-A
Industriski Ethernet

Slika 2 — Klase uskladenosti CC
Figure 2— Conformance classes CC
Puc. 2 — Knaccbl cootBeTcTBus CC
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CC-A obezbjeduje osnovne funkcije PROFINET IO sa RT komunika-
cijom.

Ova klasa sadrzava sledece funkcije:

— ciklicku razmjenu 1/O podataka sa real time karakteristikama od 1
ms do 512 ms

— acikli¢cku razmjenu podataka za Citanje i pisanje podataka koji se
Salju i primaju na zahtjev, kao $to su parametri i dijagnostika

— paralelna TCP/IP komunikacija

— fleksibilni alarmni model za signalizaciju greSaka opreme i mreze u
tri alarmna nivoa — zahtjev za odrzavanje, hitno odrzavanje i dijagnostika.

PROFINET je bazirna na 100 Mbps, full-duplex Ethernet mrezi. Brza
komunikacija je takode moguca na svim prenosnim sekcijama (izmedu svi-
Ceva, PC sistema ili sistema video nadzora). Kabliranje se prema uputstvu
iz standarda IEC 61784-5-3 izvodi dvopari¢nim kablovima, a ukoliko je po-
treban Gigabitni prenos mogu se Koristiti Cetveropari¢ni kablovi. Dodatno,
CC-A mreza dozvoljava izgradnju mreze sa aktivnim i pasivnim kompo-
nentama prema standardu ISO/IEC 24702 dok se u obzir uzimaju CC-A
uputstva za kabliranje. Ovo je zbog toga $to se PROFINET kabliranje bazi-
ra na standardu ISO/IEC 11801, a gledano sa tehnicke taCke gledista iz-
vedba IEC 24702 kabliranja je ista kao i ISO/IEC 11801, Sto znaci da se sa
tehniCke tacke gledista moze koristiti IEC 24702. Ovo obezbjeduje otvore-
nost i vertikalnu integraciju, barem $to se tiCe komunikacije.

Aktivhe mrezne komponente prema standardu IEEE 801.x mogu se
koristiti u klasi CC-A, pod uslovom da podrzavaju VLAN (Virtual Local
Area Network) oznaku prioriteta. Vazno je napomenuti da se za klasu
CC-A preporuduje koristenje standarda kabliranja IEC 61784-5-3, ali nije
obavezno. Za razliku od nje, mreze koje se koriste u aplikacijama klase
CC-B i CC-C moraju biti uradene prema zahtjevima standarda IEC
61784-5-3 (PROFIBUS Nutzerorganisation, 2008). Klasa CC-A je pogod-
na za sve sisteme i podsisteme kod kojih mrezna topologija i funkcije ko-
je se oslanjaju na nju nisu neophodne.

CC-B prosiruje prethodnu klasu i uklju€uje funkcije za dodatnu mre-
znu dijagnostiku i detekciju topologije. PROFINET u ovu svrhu koristi
SNMP (Simple Network Management Protocol). Dijelovi MIB2 (Manage-
ment Information Base 2) i LLDP-EXT MIB (Lower Link Discovery Proto-
col-MIB) protokola integrisani su u same uredaje. Paralelno sa SNMP pro-
tokolom, dijagnostika i informacije o topologiji mogu se takode prikupiti pu-
tem PDEV (Physical Device Object) koristeci aciklicne PROFINET servise.

Za uredaje u procesnoj industriji CC-B je proSirena na funkcije re-
dundantnosti sistema CC-B (PA).

CC-C opisuje osnovne funkcije uredaja sa hardverski podrzanom re-
zervacijom bendvita i sinhronizacijom (IRT komunikacija) i stoga je
osnovna za izohrone aplikacije. CC-C uklju€uje sve neophodne sinhroni-
zacijske funkcije za aplikacije sa najstrozim uslovima za deterministi¢kim
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ponasanjem. Mreze bazirane na CC-C klasi omogucavaju jiter manji od 1
us. CikliCki paketi se prenose kao sinhronizovani paketi na rezervisanom
bendvitu. Svi ostali paketi kao Sto su dijagnosticki paketi ili TCP/IP dijele
ostatak Ethernet bendvita.

U klasi uskladenosti C zadana minimalna brzina osvjezenja definisa-
na je sa 250 ps. Radi postizanja boljih performansi moze se smanjivati
sve do 31,25 ps, u zavisnosti od opreme koja se koristi. Da bi se obez-
bjedila dobra propusnost vece koli¢ine podataka kada je vrijeme osvjeze-
nja manje od 250 ps, koristi se metod optimizacije okvira podatka DFP
(Dynamic Fame Packing). Na ovaj nacin &vorovi koji imaju zajedni¢ko
oziCenje u linijskoj topologiji adresirani su sa jednim podatkovnim okvi-
rom. Takode, za cikluse manje od 250 pys TPC/IP komunikacija se dijeli i
Salje u manijim paketima (PROFIBUS Nutzerorganisation, 2011 ).

CC-C klasa obezbjeduje da se ulazni i izlazni podaci prenose najbr-
Ze moguce unutar ciklusa. Kasnjenja uzrokovana ostatkom komunikacije
ili privremenim storniranjem podataka u uredajima su isklju¢eni. Na ova-
kav nacin mjerene vrijednosti ili regulacione petlje mogu da ovise o ovim
funkcijama i budu snimljene sa mnogo vec¢om preciznoScu.

Kabliranje

Specifi¢nost radnih uslova u kojima rade uredaji u industrijskoj proiz-
vodnji zahtjevaju komponente koje su dosta otpornije od uredaja koji ra-
de u kancelarijskim uslovima. Posto isti radni uslovi nisu jednaki u svim
dijelovima industrijskog sektora postoji podjela na dva posebna tipa rad-
ne okoline:

— ,unutarnja“ — odnosi se na okolinu koja se moze ocCekivati u upra-
vljackim centrima, ili upravljackim ormarima

— ,vanjska“ — odnosi se na uslove rada u pogonu, gdje postoji mo-
guénost pojave visokih temperatura, prasine, vlage, vibracija i sli¢no.

Vazno je istaci da se ova podjela ne odnosi na podjelu unutar same
masine. Razlika je jedino u samom kucistu elektroni¢ke opreme.

Jedan od cilieva PROFINET filozofije je da se unificiraju konektori
radi Sto jednostavnije instalacije. Svi konektori koji ne podlijezu specifika-
ciji PROFINET-a ne smiju se koristiti za PROFINET aplikacije.

Za PROFINET za ,unutarnju® okolinu trebaju se koristiti RJ45 konek-
tori koji su uradeni po standardu IEC 60603-7. Konektori RJ45 sa integri-
sanom LED signalizacijom kao i drugi RJ45 kompatibilni konektori su do-
zvoljeni za koriStenje. Za uredaje koji pripadaju grupi ,vanjskih“ uredaja za
povezivanje potrebno je koristiti neki od sledecih tipova konektora:

- RJ 45

-M12
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Napajanje uredaja od 24 VDC moZze se obezbjediti i putem hibridnih
konektora koji su izvedeni prema standardu IEC 61076-3-10 ili putem po-
sebnih konektora (PROFIBUS Nutzerorganisation, 2004).

RJ 45 push-pull u
verziji IP 65

M12 konektor

RJ 45 u verziji IP 20

Socket

Slika 3 — PROFINET konektori
Figure 3 — PROFINET connectors
Puc. 3—- PROFINET pasbemsl

PROFINET kabliranje zasniva se na linku End-to-End, koje je speci-
ficirano u standardu IEC 61784-5-3. PROFINET definira jedan na prema
jedan straight konekciju. Cross over kablovi se ne smiju Kkoristiti. Kablovi i
konektori moraju da ispunjavaju sve uslove koji su propisani PROFINET-
om. Metode testiranja mehani¢kog naprezanja kablova specificirani su
standardom IEC 61935-2, i svi zahtjevi koji su navedeni u ovom standar-
du moraju biti ispunjeni nakon prvog testiranja.

Za spajanje mreznih &vorova mogu se koristiti bakarni i opticki ka-
blovi. U poredenju sa bakarnim kablovima, opti¢ki kablovi imaju svoje
specificne parametre kao $to su slabljenje i valna duzina koji uti¢u na do-
zvoljenu duzinu opticke veze.

Bakarni PROFINET kablovi su Cetverozilni oklopljeni kablovi i mogu
da variraju po strukturi zica i/ili materijalu plasta (oklopa) i konstrukciji. Zi-
ce su obojene i to tako da prva parica ima zutu i narandzastu boju, dok
druga bijelu i plavu. Maksimalna udaljenost izmedu krajnjih tacaka ogra-
ni¢ena je na 100 m kao i kod standardnog Etherneta. Bakarni kablovi se
dijele na tri tipa prema primjeni:

— Tip A — kablovi dizajnirani za fiksne instalacije,

— Tip B — kablovi dizajnirani za fleksibilne instalacije. Ovo znaci da
su dozvoljena povremena pomjeranija ili vibracije.
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— Tip C — kablovi su namjenjeni specijalnim aplikacijama kao sto su
stalna pomjeranja kablova nakon njihove instalacije $to ukljuCuje pomic-
ne lance. U ovom tipu moguca je daljnja podjela na PE kablove, podzem-
ne kablove, vatrootporne nekorozivne kablove (FRNC kablovi), kablove
koji se koriste u brodogradniji, putujuée (trailing) kablove.

Specijalne izvedbe bakarnih kablova kao $to je njihova fleksibilnost
ili koritenje vatrootpornih materijala mogu uticati na maksimalnu duzinu
kabla, te je smanijiti ispod 100 m (PROFIBUS Nutzerorganisation, 2010).

Izolacija provodnika

Upleteni oklop

PROFINET cable

Tanki oklop

Bakreni provodnik . . .
Vanjska izolacija

Unutarnja izolacija

Slika 4 — PROFINET bakarni kablovi
Figure 4 — PROFINET copper cables
Puc. 4 — PROFINET meaHbIi kabenb

Kod povezivanja sa bakarnim kablovima mora se posebna paznja
obratiti na izjedna¢avanje potencijala i na uzemljenje oklopa kabla. Oklop
kabla mora se pravilno uzemljiti na oba kraja svakog kabla, Sto znaci na
svakom mreznom &voru. Ovo uzemljnje se postize na samim konektorima
putem kojih se obezbjeduje veza oklopa kabla sa uzemljenjem samog ure-
daja. Odavde slijedi da se svaki od uredaja mora pravilno uzemiljiti.

U slu€aju gdje je potrebno povezati udaljene mrezne Cvorove i/ili
gdje su prisutna velika elektromagnetna zra€enja i/ili nije mogucée obez-
bjediti izjednaCavanje potencijala uzemljenja, preporu€uje se upotreba
optickih kablova. Za realizaciju optickog PROFINET-a moguce je koristiti
Cetiri tipa optickih kablova u zavisnosti od potrebe:

— plasti¢ni opticki kablovi POF (Plastic Optical Fiber)

— stakleni opti¢ki kablovi multimod (multi-mode)

— stakleni opti¢ki kablovi multimod (single-mode)

— stakleni opti¢ki kablovi sa plasti¢nim omotacem (HFC- hard-clad-
ded silica fiber i PCF — plastic-cladded fiber)
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Kod koristenja opti¢kih kablova posebna paznja se mora obratiti na
specificno slabljenje signala koje se iskazuje u dB/km. Maksimalno do-
zvoljeno slabljenje na jednom linku definisano je standardima IEC 61784-
5-3 i IEC 61300-3-4.

Tabela 1 — Poredenje optickih kablova
Table 1 — Comparison of optical cables
Tabnuya 1 — CpaBHEHWE ONTOBOOKOHHbIX kabenein

Tip Maks. Valna Maks. PROFINET Duzina linka
specifiéno duzina slabljenje end-to-end
slabljenje
POF <230 dB/km | 650 nm 12,5 dB do 50 m
(LED)
Multi-mode < 1,5 dB/km 1300 nm 62,5/125 ym: 11,3 dB | do 2000 m
50/125 ym: 6,3 dB
Single mode | < 0,5 dB/km 1310 nm 10,3 dB Do 14000 m
HCF/PCF <10 dB/km 650 nm 4,75 dB do 100 m

Kreiranje dodatnih spojeva na optickom linku dovodi do dodatnih
slabljenja signala. Stoga se posebna paznja mora obratiti na alate koji se
koriste kod kreiranja ovakvih spojeva.

Takode, bitno je znati da se i bakarni i opti¢ki kablovi mogu medu-
sobno nastavljati putem konektora. Da bi se obezbjedila kvalitethna veza
postoje preporuke po broju ukupnih konektora na jednom linku za oba ti-
pa kablova. Ukoliko se vrSi ispravno spajanje moguce je koristiti do 6 ko-
nektora na jednom linku kreiranom putem bakarnih kablova, a da se ne
pojave znacajna slabljenja signala, tj. da se moze i¢i do duzine linka od
100 m. Kod optickih kablova takode se moze koristiti do 6 konektora bez
uticaja na duzinu linka za Multi-mode, Single mode te HCF tipove, dok za
POF tip vrijedi da sa povecanjem broja konektora dolazi do pojave vecih
slabljenja, te se duzina linka smanjuje do 37 m u slu€aju koristenja 6 ko-
nektora (tri para).

Parametri mreznih ¢vorova

Prije nogo PROFINET IO uredaji po¢nu komunicirati sa PROFINET
IO kontrolerom, imena uredaja moraju biti dodjeljena svim komunikacio-
nim partnerima.

Svi uredaji koji su tek kupljeni nemaju dodijeljeno nikakvo ime, ali
imaju MAC (Media Access Control Address) adresu koja je jedinstvena i
koja se nalazi u samom PROFINET uredaju i obi¢no se ne moze mijenja-
ti. PROFINET kontroler moze pristupiti uredaju samo kada mu se dodijel
ime, koje ¢e se nalaziti u uredaju. Pored imena, uredaju se dodjeljuje i IP
(IPv4) adresa, koja je obi¢no fiksna, i potrebna je da bi se jasno identifi-
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kovao svaki ¢vor. U skladu sa brojem &vorova trebalo bi birati opseg do-
zvoljenih adresa, a bitno je, takode, da adrese ¢vorova ne budu u koliziji,
odnosno ne smije se dozvoliti da dva ¢vora imaju identi¢nu IP adresu. U
vecini slu€ajeva dovoljna je privatna klasa adresa C opsega. Samo u
specificnim slucajevima, gdje je potrebno adresirati vise od 254 &vora,
treba koristiti klase A ili B.

Radi povezivanja simbolickog imena koje je dato svakom uredaju i
IP i MAC adresa sluzi DCP protocol (Dynamic Configuration Protocol) ko-
ji je integrisan u svaki od IO uredaja.

Posto je DHCP (Dynamic Host Configuration Protocol) jako raSiren,
PROFINET je obezbjedio i opcionu moguénost adresiranja putem DHCP-
a. Opcije adresiranja koje su podrzane od konkretnog uredaja definisane
su u GSD (General Station Data File) datoteci koja dolazi uz svaki ureda.

Mrezne komponente

Kao distributeri signala u PROFINET mrezi mogu se Koristiti samo
uredaji koji imaju funkciju usmjeravanja (switch functionality). SviCevi
(skretnice) jesu uredaji drugog nivoa (layer 2) koji podlijezu standardu
ISO/IEC 15802-3:1988 i koji imaju zadatak da prime pakete podataka na
svojim portovima, te da ih selektivno proslijeduju. To znadi da ée svic
proslijediti paket samo na portove preko kojih ¢e paket doci na ciljano od-
rediSte. Svievi mogu da primaju i proslijeduju podatke simultano na sve
portove (PROFIBUS Nutzerorganisation, 2004). Na ovakav nacin izbje-
gavaju se problemi sa kolizijom na mrezi. Svaki od PROFINET portova
na sviCu predstavlja posebnu kolizionu domenu. PROFINET svi¢evi mo-
raju da ispunjavaju barem sledece funkcionalnosti:

— podrzavaju Ethernet prema standardu ISO/IEC 8802-3 (10/100 Mbit/s),

— podrzavaju prekidacke funkcije prema ISO/IEC 15802-3 i IEEE
802.1Q,

— podrzavaju standardizovanu dijagnostiku,

—rad u half duplex i full duplex modu,

— podrzavaju Auto Cross-Over funkciju.

Kao Sto je ve¢ spomenuto u drugoj tacki, PROFINET svicCevi treba
da podrzavaju prioretizaciju okvira podataka (data frames) prema stan-
dardu IEEE 802.1Q. Okviri podataka sadrzavaju dodatnu informaciju koja
se nalazi u zaglavlju okvira, koja se kre¢e u rasponu od 0 do 7, gdje je
prioritet O najniZzeg nivoa, a prioritet 7 najveceg nivoa. PROFINET sviCevi
treba da imaju barem dva reda (queue) za prioritete prema standardu
IEEE802.D i Q. Radi postizanja boljih real time karakteristika preporucuje
se implementacija do Cetiri reda prioriteta (PROFIBUS Nutzerorganisa-
tion, 2004). Za plug and play PROFINET mreze korisno je da su informa-
cije o mreznoj topologiji dostupne u svakom trenutku. U tu svrhu koristi
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se LLDP, opisan u standardu IEEE 802.1ab, putem kojeg svaki svi¢ otkri-
va susjede na svakom od svojih portova. Jo§ jedna od karakteristika ovih
svieva je i napajanje koje iznosi 24 V, jer se u vecini industrijskih aplika-
cija Cesto koristi ovaj naponski nivo. Naponski nivo koji se koristi mora bi-
ti u opseguod 18 Vdo 32 V.

Zakljucak

Kao sto se vidi, PROFINET predstavlja niz poboljSanja u industrij-
skim komunikacijama. Na nivou vecih proizvodnih sistema, gdje imamo
veci broj PLC-ova i PC raCunara koji komuniciraju medusobno, kao i sa
ostatkom IT sistema gdje se razmjenjuju vece koli¢ine podataka, PROFI-
NET se pokazuje kao znatno bolje rieSenje od PROFIBUS-a. PROFINET
je baziran na industrijskom Ethernetu. Glavna prednost PROFINET-a u
odnosu na PROFIBUS je velika brzina prenosa podataka koja se krec¢e
do 100 Mbps.

Postoje dvije verzije PROFINET-a: PROFINET CBA i PROFINET
0. PROFINET 10 sluzi za integraciju distribuiranih 10 jedinica, dok PRO-
FINET CBA Kkoristi objektno orijentisanu paradigmu promatranja tehnolo-
Sko proizvodnih cjelina.

PROFINET Kkoristi tri komunikaciona kanala koji imaju razliCite pre-
formanse, a to su: NRT (Non Real Time), RT (Real Time), IRT (Isochro-
nous Real Time).

Kao i sve komunikacione mreze, i ove PROFINET komunikacione
mreze imaju aktivne i pasivhe komponente. Posto se radi o specificnim
uslovima rada, posebnu paznju potrebno je obratiti na kabliranje, tj. po-
vezivanje mreznih komponenti, te donijeti odluku o tome da li poveziva-
nja odraditi optic¢kim ili bakarnim kablovima.
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OBECIEYEHUE CBA3N B NMPOMbBILLJIEHHOCTW NMOCPEOCTBOM
NMPUMEHEHWA NMPOTOKOJIA PROFINET

OBJNIACTb: aBTOMaTMKa, TENEKOMMYHMKALMMW, NMPOMBILLSIEHHOE NPOrpaMMHoOe
obecneveHne

BWO CTATbW: npodeccmoHanbHHas ctaTbs

A3bIK CTATbW: cepbekuin

Pestome:

B daHoli cmambe obcyx0aemcs npuMeHeHUe 8 npoMbIlULIeHHOCMU
PROFINET npomokona, Ornisi obecriedeHUs1 C8513U MeX0y pa3/iuyHbIMU
arleMeHmamu cucmemMbl MOHUMOPUHaa U yrpassieHuUsi npou3soocmeeH-
HbiMu ripoyeccamu. Mpomokon PROFINET sensiemcsi 0OHUM U3 OMKpPbI-
mbix cmaHdapmos Industrial Ethernet, noddepxxusaemsbili accoyuayueu
PROFIBUS & PROFINET International (Pl). OH nocmpoeH Ha 6ase TCP /
IP u pacnpocmpaHeHHbix UT-cmaHdapmax, npu 3mom AorosiHsgem ux
crieyuarnbHbIMU MPOMOKOaMu U MexaHusmamu Orisi obecrieqyeHust J1yd-
wel npouseodumernibHocmu 8 peasibHom epemeHu. PROFINET obecrie-
yuesaem uHMezpayuro cyuecmsyrowux cucmemM, makux kak Fieldbus,
Profibus, DeviceNet u Interbus, 6e3 3ameHb! cyuecmasyouiux npucroco-
brieHul. 3mo dertaem ea2o udearibHbIM Orsl pa3nuUYHbIX MPOMbILUIEHHbIX
npumeHeHudl, 8 Mom yucrne u 0515 asmomamu3sayuu mMexHOI02U4YeCKUX
rpoyeccos.

KntoueBble crioea: PROFINET, cemu, npoMbilWieHHOCMb, agmomamu-
3ayus.

COMMUNICATION IN INDUSTRY BY USING THE PROFINET
PROTOCOL

FIELD: automation, telecommunications, industrial software
ARTICLE TYPE: Professional Paper
ARTICLE LANGUAGE: Serbian

Summary:

This paper is about the PROFINET communication used in industry
for the purposes of communication between different elements within
systems of monitoring and control of production processes. The
PROFINET protocol is based on industrial Ethernet and allows the use
of TCP / IP standards, which allows big business benefits during the life
cycle of a manufacturing plant. Also, PROFINET is based on all the
experiences with PROFIBUS, and goes a step further in its flexibility,
improving performances. PROFINET enables the integration of various
control equipment from the factory level to the control level. The concept
of PROFINET satisfies all the requirements of industrial automation, and
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can be used for process automation that requires quick response time,
i.e. the time below 100ms. For the purposes of other applications such
as synchronized motion control,it enables a response time of less than 1
ms, and for safety applications it is possible to use PROFIsafe which is
integrated into PROFINET.

Introduction

Industrial systems themselves are very complex so it is inevitable
to divide them into parts that complement each other and communicate
via protocols which will be discussed in this paper. The basic
requirement of an industrial automation system is work in real time as
well as reliability, unlike a business network where the primary
conditions are high throughput and low operating costs.

Fieldbus

Fieldbus is a name that describes a modern industrial digital
communication system designed to replace the existing current and
voltage analog signals. The design and implementation of projects with a
lot of cabling is quite complex as well as their maintenance. A different
approach is therefore needed so the transition from analogue to digital
methods of data transfer has started, since digital methods also provide
greater accuracy than traditional analog signals.

PROFINET standard

PROFINET satisfies all the requirements placed before it in
automation technology, no matter whether it is manufacturing plant
automation, process automation or machinery automation. It has
already been used in the auto industry as a standard technology for a
long time. Also, PROFINET is in use in other industries such as machine
industry, food industry, packaging and logistics, and every day more and
more is in use in other industries such as shipbuilding and railways.

PROFINET versions

In PROFINET, there are two function classes independent from
each other, PROFINET 10 and PROFINET CBA. The distributed field
devices are connected through the PROFINET IO. Also, it uses three
diferent communication channels to exchange data with the control
systems and other devices. For Non real time (NRT) purposes, the
standard TCP/IP chanel is used for parameterization, configuration and
acyclic read/write operations. The real time (RT) chanel is used for
standard cyclic data transfer and alarms. Isochronous real time (IRT) is
a high speed chanel used for motion control applications.

The PROFINET CBA concept is designed for the distributed
industrial automation applications, and it is suitable for component-
based machine-to-machine communication via TCP/IP and for real time
communication required for modular plant design.
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Conformance classes

The range of functions of PROFINET IO is divided into well-
organized conformance classes (CC). These conformance classes
provide a practical summary of various minimum properties. There are
three conformance classes that build upon one another and are oriented
to typical applications. These classes are CC-A, CC-B and CC-C.

Cabling

Specificic working conditions in which devices operate in industrial
production require components that are a lot more resilient than devices
operating in office conditions. PROFINET cabling is based on the link
End-to-End, which is specified in IEC 61784-5-3. PROFINET defines a
one-to-one straight connection. Copper cables and optical fibers are
available for connection of network nodes. All cables must meet the
requirements of a planned automation project.

Network nodes parameters

For proper work of network nodes, appropriate parameters for
individual network nodes have to be assigned. These parameters
include a device name and an IP address. New equipment does not
have a device name, only a MAC address, which is globally unique and
cannot usually be modified.

Network components

Only units with switch functionality are allowed as signal distributors
for PROFINET. A switch is a layer 2 device which complieswith ISO/IEC
15802-3:1988 standard, and it receives data packets at its ports and
forwards them selectively. It can also send and receive different data
simultaneously at all ports.

Conclusion

As it can be seen, PROFINET represents a number of
improvements in industrial communications. At the level of major
production systems with a growing number of PLCs and PC computers
that communicate with each other and with the rest of the IT system by
exchanging large amounts of data, PROFINET shows to be a much
better solution than PROFIBUS. PROFINET is based on industrial
Ethernet.

Key words: PROFINET, networks, industry, automation.
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Sazetak:

Kaizen je japanska filozofija koja se fokusira na kontinualno pobolj-
Sanje, pojednostavijenje i ubrzanje procesa, smanjenjem ili eliminisanjem
rasipanja, troSec¢i minimum potrebnih resursa, a pri tome isporucuje najbo-
liit moguci kvalitet proizvoda ili usluga. To je proces koji, kada se uradi pra-
vilno, humanizuje radno mesto, eliminiSe preterano teZak rad i uci ljude
kako da vrse ispitivanja sopstvenog rada (koriste¢i nau¢ne metode), elimi-
nisuci Skart u procesu poslovanja.

Mnoge vojne organizacije prepoznale se prednosti Kaizena i im-
plementirale ga u svoju praksu. Kaizen je jedna od najprihvatljivijih me-
toda kontinualnog unapredenja procesa u logistici. Omogucava inkre-
mentalno poboljSanje procesa, jeftin je i fleksibilan. Istovremeno, pruza
mogucnost organima logistike da brzo, efektno i efikasno reaguju na
sve promene u njenom turbulentnom i sloZzenom okruzenju.

Kljuéne rei: poboljsanje, rasipanje, logistika, Kaizen, primena.

Uvod

Koncept stalnog poboljSanja pretpostavlja da nijedna organizacija nije
savrsena (perfektna) i da mogu da se pojave problemi. Poznata je misao
,Niko nije dovoljno dobar da ne bi mogao da bude bolji”. Sa druge strane,
poznata je i misao ,lzvrsnost je bolje od najboljeg”. Jedna od karakteristika
poslovne izvrsnosti je: ,Kontinualna poboljSanja i permanentno uéenje za-
snovano na dvema premisama: organizacija koja uéi’ i koja ima tri sadrza-
ja rada, poboljSanje procesa, poboljSanje poboljSanja procesa i poboljSanje
poboljSanja poboljSanja procesa“ (Perovi¢, 2003, p.10). Da bi se dostigla

" Organizacija koja ugi je mesto gde zaposleni neprekidno otkrivaju kako da kreiraju svoju
stvarnost i kako mogu da je menjaju.
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poslovna izvrsnost veoma je vazno razviti odgovarajuci konceptualni mo-
del koji bi trebalo da bude §to jednostavniji, logi€an i sveobuhvatan. Jedan
od tih modela je Kaizen. Termin kaizen (unapredenije ili promena nabolje)
re€ je usvojena iz japanskog jezika koja se odnosi na filozofiju ili praksu
usmerenu na stalno unapredivanje nacina i organizacije rada, kvaliteta
proizvoda i usluga, procesa, ali i svih aspekata zivota. lako nastao u Japa-
nu, Kaizen se danas prepoznaje kao svetski pokret sa ciliem eliminisanja
svih oblika rasipanja i Stedljivog kori§¢enja resursa u proizvodnim i uslu-
Znim procesima i sa podjednakom promenljivos¢éu u privredama visoko-
razvijenih zemalja i zemalja u razvoju i njihovim vojnim organizacijama.

Kaizen nije usmeren na fundamentalna unapredenja procesa, jer je
njih jako tesko posti¢i, nego na mala, ali konstantna unapredenja. Mala
konstantna unapredenja, kada se gledaju tokom duzeg perioda, pruzaju
velike ustede i velika poboljSanja u svim procesima organizacije.

| mnoge vojne organizacije prepoznale su prednosti metoda i tehni-
ka Kaizena i implementirale ih u svoje procese i aktivnosti. U vojnim or-
ganizacijama Kaizen daje najbolje rezultate ako se implementira na naj-
nizem hijerarhijskom (taktickom) nivou. Analize toka vrednosti na takti¢-
kom nivou organizovanja Vojske ukazuju na konkretne, Stetne i nekori-
sne aktivnosti koje se normalno ne bi primetile kada bi se analiza vrsila
na operativnom ili strategijskom nivou. To je i najvaznija prednost Kaize-
na koja ga favorizuje za primenu u vojnim sistemima.

Cilj ovog rada jeste da prikaze kako se Kaizen moze primeniti u kon-
kretnoj praksi vojne organizacije, na konkretnim ljudima i stvarnim proce-
sima, i zasto se on, ,vojni¢kim reCnikom” govoreci, moze definisati kao
,brzi pogodak™.

Principi i osnove Kaizen koncepta

Kaizen oznaéava inkrementalno®, neprekidno i sveobuhvatno una-
predenje poslovnih procesa — ,neprekidno” u smislu da unapredenje po-
stojeCeg stanja procesa nema zavrSetka, a ,sveobuhvatno” u smislu da
obuhvata: sve poslovne procese i sve nivoe rukovodenja.

Kaizen predstavlja sinergiju dva potpuno razli¢ita pristupa poboljSa-
njima (slika 1). To su:

— radikalna inovacija (eng; radical innovation), u velikim koracima i

— postepeno poboljSanje (eng; incremental inovation), u malim kora-
cima gde su promene rezultat primene novih ideja, ali gde se promene
deSavaju postepeno, jedna za drugom.

2 Brzi pogodak predstavlja prilike koje e, sa minimalnom investicijom, doneti velike nagrade.

® Inkrementalno znaéi srastavljanje na sastavne delove i ponovno sastavljanje”. Kaizen omogu-
¢ava rastavljanje procesa na njegove aktivnosti, poboljSanje svake od tih aktivnosti, kako bi na-
kon sastavljanja sam proces bio jednostavniji i lakSi za radnike.
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Slika 1 — Kaizen pristup poboljSanjima
Figure 1 — Kaizen approach to improvements
Puc. 1 — KaiiaseH KoHUenums CoBEpPLUEHCTBOBAHNS

Kaizen je proces postojane i postepene promene, korak po korak pro-
mene stanja (ali ne uvek u malim koracima), koji najéeS¢e nije povezan sa
velikim finansijskim ulaganjima. Inovacija je uglavnom izum zapadnih me-
nadzera i trazi mnogo novca, a napredak se kupuje novcem, kupovinom
novih masina, koje su po pravilu skupe i investicijama u nove tehnologije.

Kaizen se temelji na nekoliko poslovnih principa (Pesi¢, 2011, pp.95-102):

— ne sme se prihvatati postojece stanje,

— treba podrzavati pozitivan pristup, odnosno usmerenost,

— ne sme se traziti izgovor i opravdanja, nego ustrajati na reSavanju
problema,

— treba podrzavati akcije i sprovoditi ideje,

— treba koristiti svoje znanje u timskom radu,

— glavna prednost organizacije su njeni radnici,

— unapredenje procesa ¢e se pre desiti ako se unapreduje po malo ne-
go odjednom,

— unapredenja treba implementirati im se ukaze mogucnost za to,

— preporuke za unapredenje moraju biti bazirane na kvantitativnim i sta-
tistickim metodama evolucije procesa.

Osnove na kojima pociva Kaizen su:

— fleksibilna i univerzalno osposobljena radna snaga koja predstavlja
glavni nosilac svih promena;

— sistem koji podrzava kreativno midljenje i inovativne ideje koje do-
laze od zaposlenih u smislu iskoriS¢enja sposobnosti i kreativnih potenci-
jala zaposlenih;

— autonomnost u smislu samostalne kontrole kvaliteta proizvoda ili
usluga. Na taj nacin spreCava se da proizvod koji je neodgovarajuceg kvali-
teta pristigne iz prethodnog procesa i zaustavi ili uspori narednu operaciju;

— standardizacija koju je nuzno sprovesti jer se jedino tako svi radnici
mogu upoznati sa najboljim na¢inom da se nesto uradi. Pri tome je nuzno
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shvatiti da se standardi, odnosno pravila, stalno menjaju. To je bitna razli-
ka izmedu Kaizena i metodologija ISO 9000. Standardi ISO 9000 ne bave
se efektivnoSéu i efikasnoS¢u rada i procesa. Standard je zami$lien kao
specifikacija koja navodi samo na to Sta treba uraditi, dok je iznalazenje re-
Senja i davanje uputstava kako prepusteno organizaciji i pojedincima. U to-
me i jeste problem. Sta se nauci brzo (nekoliko stranica teksta), dok je za
kako potrebno vise vremena, vise pokusaja i vise pogresnih ili pribliznih re-
Senja. | nijedno od njih ne nalazi se u standardima. Kaizen daje ogovor na
pitanje: kako? U Kaizenu je trenutni standard istovremeno polazna osnova
za nove ciljeve kojima tezimo, a kad ih dostignemo postavljamo novi stan-
dard, koji postaje samo odskocCna daska za nove ciljeve;

— alati za sprovodenje Kaizena, pri ¢emu se pod alatom podrazume-
va ,metod ili postupak za prikupljanje, analizu ili prikazivanje podataka i
informacija” (BoSkovi¢, 2003, p.51).

Prikaz osnovnih alata koji se koriste u toku realizacije Kaizen projek-
ta moze se nadi u standardu JUS ISO 9004-4, pa nema potrebe za njiho-
vim opisivanjem. Vazno je ista¢i dve Cinjenice:

— ovi alati savladavaju se isklju€ivo vezbanjem (koriS¢enjem),

— njima moraju da vladaju zaposleni uklju¢eni u problem, a najbolje
oni koji su najblize nastanku problema.

Ipak, treba neprekidno imati na umu da probleme ne reSavaju alati,
ved ljudi.

Metodologija primene Kaizena u logistiku

Logistika je veliki proizvodacg, nabavljac i distributer materijalnih sred-
stava i veliki potro$a¢ finansijskih sredstava, pa zato mora da bude oblast
narocCite paznje menadzmenta i permanentne kontrole u fazi planiranja, or-
ganizovanja i sprovodenja logistiCkin aktivnosti (Andreji¢, et al., 2010,
pp.37-62). U uslovima nedovoljno izvesnog finansiranja i skromnih materi-
jalnih resursa i zahteva za povecéanjem operativnih sposobnosti Vojske, re-
Senje se moze naci samo u racionalnom troSenju raspolozivih resursa. Me-
nadzment Vojske mora stalno razmisljati kako da povec¢a operativhu spo-
sobnost sa resursima koji su mu na raspolaganju. ,Ugradnja“ Kaizena u lo-
gistiku pruza dobru osnovu za re$enje ovog problema iz najmanje dva raz-
loga: oslanja se na ljudske resurse i ne zahteva velika ulaganja.

Vojska koja pretenduje da primeni Kaizen u logistiku, mora da obezbedi
visoki nivo logisti¢ke kulture*, najpre kod menadzmenta, a zatim i kod ostalih
zaposlenih u logistici ali i kod korisnika logistickih usluga. Ovo iz razloga $to

* Logisti¢ka kultura predstavlja nivo saznanja o tome $ta se mozZe uginiti sa raspoloZivim resur-
sima i koji su resursi (obim, vrsta koli¢ina i kvalitet) potrebni za izvrSavanje zadataka i dostiza-
nja zeljenih ili zadatih ciljeva.
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logisticka kultura ,Puno uti¢e na smanjenje troSkova u sistemu odbrane i
unapredenje operativnih sposobnosti Vojske* (Andreji¢, et al., 2010, pp.57).
Visok nivo logisti¢ke kulture korisnika logistic¢kih usluga doprinosi da oni svo-
je planove, cilieve i ambicije usaglase sa moguénostima logistike.

U Vojsci se odluke o merama za poboljSanje donose na vrhu hijerar-
hijske lestvice i prosleduju nanize (princip top-down — od vrha na- dole).
Medutim, ove mere se ne poklapaju uvek sa stvarnim problemima koji po-
stoje u lancu vrednosti. Kaizen omogucava da se aktivnosti na poboljSanju
fokusiraju na mesto na kojem su nastali problemi, i na taj nacin se svi nivoi
komandovanja bave postoje¢im problemima u lancu vrednosti. 1z navede-
nog se moze zaklju€iti da se u postupku primene Kaizen programa u logi-
stici ravnomerno treba primenijivati top-down i bottom-up pristup, odnosno
da je za uspeh Kaizena podjednako znac¢ajna posveéenost menadzmenta
i izvrSnih organa logistike, kao i korisnika logistickih usluga.

PoboljSanje performansi logistike moguce je realizovati pomocu Ceti-
ri vrste Kaizena. Svi oni imaju isti cilj (eliminisanje rasipanja®), ali se razliku-
ju po ucesnicima, mestu odvijanja i duzini trajanja. Prema slozenosti pro-
blema, ucesnicima i veli€ini timova koji bi radili na projektu mozemo ih
rasporediti kao u tabeli 1.

Tabela 1 — Raspodela Kaizena po slozenosti
Table 1 — Distribution of Kaizen by complexity
Tabnuuya 1 — Pacnpegenexve KangseH MeTogoB No CRNoXHOCTU
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® Rasipanje je svaka operacija koja dodaje troskove, ali ne i vrednost proizvodu ili usluzi.
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Slika 2 — Karta MEGA procesa primene Kaizena u logistiku
Figure 2 — Map of the MEGA Process Kaizen implementation in logistics
Puc. 2 — Kapta MEIA npouecca npumeHeHus KanaseH KoHUenuum B foructuke

Zbog specifiCnosti svake organizacije ne postoji jedna standardizo-
vana, generi¢ka i univerzalno primenljiva metodologija, ve¢ samo okvir
za primenu Kaizen programa. Na slici 2 prikazana je mapa opSteg MEGA
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procesa primene Kaizena u logistiku. Pri projektovanju ove mape prime-
njen je procesni pristup i Kaizen princip ,korak po korak”.

Na mapi su prikazani klju€ni procesi (P), ulazni dokumenti (UD) na
osnovu kojih se procesi realizuju, resursi (R) koji se angazuju u realizaciji
procesa i izlazni dokumenti (ID) koji se izraduju (ili azuriraju) na kraju pro-
cesa. S obzirom na to da je Kaizen ,proces bez kraja”, na mapi su, nakon
realizacije jednog poboljSanja, prikazani po€eci novih procesa poboljSa-
nja koji slede iza njih (start br. 2.... start br. n-1). Stalnom verifikacijom re-
zultata poboljSanja i kontinualnim unapredenjima obezbeduje se cikli¢-
nost i spiralnost postupka primene Kaizena.

Prikazana mapa je potpuno kompatibilna sa organizacijskom struk-
turom, propisima i principima Vojske, kao i sa temeljnim principima Kai-
zen koncepta.

Tok vrednosti i rasipanja u logistici

Termin tok vrednosti koristi se u Kaizenu da pokaze kako postoji
pravi (optimalan) redosled za sve poslovne aktivnosti, kako su one me-
dusobno povezane i kako sve one zajedno doprinose uspeSnom poslo-
vanju. Tok materijala i informacija kroz poslovni proces, kako bi se ispo-
ruc€io proizvod ili usluga krajnjem korisniku, u Kaizen terminologiji naziva
se tok vrednosti (Value stream). Tok vrednosti je tok svih aktivnosti, kako
onih koje dodaju vrednost zavrSnom proizvodu ili usluzi, tako i onih koje
ne dodaju vrednosti (rasipanja) koje postoje u nekom procesu.

S obzirom na to da je krajni cilj Kaizena da eliminiSe svako rasipanje
u procesu ili radnoj oblasti, neophodno je, da se najpre ,vidi” rasipanje, a
zatim otkrije uzrok koji ga izaziva. Tako bi se u logisti¢koj funkciji snabde-
vanja, moglo definisati sedam osnovnih rasipanja koja su navedena u ta-
beli 2 (PeSic, 2012).

Tabela 2 — Sedam osnovnih rasipanja u snabdevanju vojne organizacije
Table 2 — Seven primary types of waste in the supply of a military organization
Tabnuuya 2 — CeMb OCHOBHbIX BUAOB PACTOMUTENLCTBA NPU CHabXeHNN BOEHHbIX OpraHn3aLmn

Rasipanje Definicija
Zalihe Nepotreban visoki nivo materijala i informacija
Prazan hod radnika i masina usled ¢ekanja materijala,

Cekanje informacia i ljudi

Defekti Svaka dorada proizvoda, usluga ili informacija
Transport Kretanje materijala koje ne doprinosi vrednosti proizvoda i usluga
Kretanje Nepotrebno kretanje ljudi, materijala i informacija ili nepotrebni

pokreti radnika
Pasivni resursi Svi resursi koji nisu maksimalno angazovani
Nepovezanost znanja | Neredovne i zakasnele informacije i uputstva
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Generalno, u logistici su rasipanja u velikoj meri vezana za problem
upravljanja zalihama materijala. Zaliha materijala je veli€ina koja uslovlja-
va druge logisticke ciljeve, a visina zaliha ima direktan uticaj na troSkove
zaliha i skladistenja. Redukcija zaliha, naprotiv, moze voditi redukciji spo-
sobnosti isporuke, redukciji raspolozivosti materijala, a samim tim i pove-
¢anju vremena isporuke (PeSi¢, 2010, pp.150-162). Eliminisanje rasipa-
nja u ovom procesu ima upravo za cilj brzo prilagodavanje zahtevima ko-
risnika bez formiranja nepotrebnih zaliha.

Organizacija i sprovodenje Kaizen dogadaja

Kaizen dogadaj (Kaizen Event) obi¢no traje od tri do pet radnih da-
na, ne racunajuci pripremne radnje, prezentacije i prac¢enje rezultata (sli-
ka 3) (Pesi¢, 2012).

Pri organizaciji Kaizen dogadaja najpre treba identifikovati Kaizen
predlog. Prvi korak u ovoj fazi je izbor problema koji treba reSavati i koji
¢e se nalaziti u fokusu Kaizen dogadaja. Preporuka je da se za poCetak
ne treba usmeriti na neki suviSe zahtevan problem, ve¢ na onaj kod ko-
jeg ¢e rezultati u kratkom roku biti vidljivi i merljivi. Svaki Kaizen doga-
daj treba da bude projektovan tako da predstavlja progresiju rezultata i
novo iskustvo i bazu za edukovanje novih timova. Na ovaj nacgin obez-
beduje se privrzenost svi uCesnika za nastavak procesa. U narednom
koraku vrsi se izbor lidera koji ¢e voditi tim za unapredenje procesa. Po-
Zeljno je da lider tima ima odredena iskustva iz odabrane oblasti rada,
ali da trenutno nije neposredno angazovan u njoj. Trec¢i korak je izbor
akcionog tima. U Kaizenu postoje razni oblici timova, ali im je zajednic-
ko nekoliko svojstava: maksimalno su efikasni, imaju delegiranu odgo-
vornost i teze ka konstanthom unapredenju svih procesa. Veli€ina i sa-
stav tima zavisi od prirode problema koji je definisan u prvom koraku
provodenja Kaizena. Tim treba da sacinjavaju radnici koji su upoznati
sa procesom gde je problem izolovan, ali i nekoliko ,autsajdera” (radnici
koji poznaju tok procesa ali nisu neposredno angazovani u njemu). Svi
oni moraju da budu zainteresovani za unapredenje, tako da su neki vi-
dovi nagradivanja za uspes$ni Kaizen dobrodosli. Nakon obezbedenja
logistike za realizaciju Kaizen projekta vrSi se prikupljanje tekucih per-
formansi procesa, snimanje kamerama i fotografisanje postojeéeg sta-
nja. To se €ini kako bi se prilikom finalne prezentacije projekta uporedilo
stanje pre i posle primene Kaizena, kako bi se dokumentovala postig-
nuta poboljSanja i obezbedila privrzenost zaposlenih filozofiji kontinuira-
nog unapredenja. Identifikacijom Kaizen predloga zavrSava se izrada
akcionog plana. U okviru akcionog plana mogu se izraditi ¢ek-liste ili di-
jagram odgovornosti lidera i ¢lanova tima.
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Slika 3 — Raspodela vremena za Kizen dogadaj

Figure 3 — Distribution of the time for a Kaizen Event

Puc. 3 — PacnpegeneHue BpemeHn no KangseH KoHuenumm
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U Kaizen projektu ljudi su klju¢ uspeha, pa je vazno da podrze pro-
ces. Zato je bitno da im se objasni Sta se oCekuje od procesa poboljSanja
i koja je njihova uloga. Zaposleni moraju postepeno menjati ustaljeni na-
¢in rada i razmi$ljanja, $to se ostvaruje edukacijom, treninzima i Kaizen
posetama. U toku Kaizen posete vrsi se priprema oblasti rada postupci-
ma 5S°. Postoji viSe razloga za ovakvo resenje, a najvazniji su:

— sistem 5S ,Cisti” i organizuje radno mesto u njegovoj konfiguraciji.
To je tipino pocetna taCka za transformaciju pogona (Stoiljkovi¢, et al.,
2009, pp.499-504),

— zaposleni ga najbolje poznaju i relativho je jednostavan sistem, a
kriti€na vrednost jednostavnih sistema lezi u tome Sto su laki za razumeva-
nje i primenu. Naravno, i primena sistema 5S predstavlja promenu, i ima
svoje poteSkoce, ali su one minimizirane zbog jednostavnosti sistema,

— fantasti¢an je motivator radnika. Kada ljudi shvate (a brzo shvate)
da ovako jednostavne aktivnosti imaju toliku snagu i da njihovom dobrom
primenom radno mesto postaje mnogo prijatnije za rad, prihvatice ove
principe sa mnogo vise odusevljenja,

— 58 isporuCuje brze i o€igledne rezultate, Cime se obezbeduje i pri-
vrzenost u€esnika za nastavak procesa primene Kaizen projekta.

Kaizen nedelja (sprovodenje Kaizen dogadaja) obi¢no pocinje uvod-
nim sastankom koji vodi lider tima. Nadlezni stareSina svojim prisustvom i
ucedcem izrazava privrzenost menadzmenta predstojeCem procesu. Na-
kon toga, ¢lanovi tima se dodatno informiSu u pogledu onih Kaizen tehnika
koje ¢e biti koriS¢ene za opisivanje i reSavanje problema tokom Kaizen do-
gadaja. Zatim, svaki ¢lan tima zaduzuje potrebnu opremu i potrosni materi-
jal, kao i set standardnih formulara za pracenje i nadgledanje procesa.
Istovremeno, svi Elanovi se upoznaju i sa timskim resursima kojima ¢e
imati pristup. U takve resurse spadaju: rasporedi skladista, fotografije obla-
sti rada, funkcionalne duznosti realizatora procesa, pravila i uputstva za
rad upravnih i izvrSnih organa, pravilnika zastite na radu i drugo. Drugi rad-
ni dan pocinje sa upoznavanjem ¢lanova tima sa trenutnim stanjem u obla-
sti rada. Kljuéni alat za opisivanje postojeceg stanja i identifikovanje kore-
na uzroka problema je mapa toka vrednosti. U toku procesa mapiranja vrSi
se i analiza trenutnog stanja toka vrednosti. Tom prilikom akcioni tim izvodi
zaklju€ak o znacaju svakog koraka u procesu: (da li korak kreira vrednost
ili rasipanje, da li se realizuje po planu i da li je tok neometan u njemu ili
postoje prepreke koje ga zaguSuju). Takode, dobijaju se inforamacije o
materijalu i informacijama u procesu (da li su na raspolaganju u pravo vre-
me i u pravoj koli€ini). Na kraju se dobijaju i informacije o opremi koja se
koristi u procesu (da li funkcioniSe na pravi nacin) (PeSi¢, 2012).

¢ Skup pravila za organizovanje radnog mesta 5S (Seri — sortirati, Seiton — urediti, Seiso — ogi-
stiti, Seiketsu — standardizovati i Shitsuke — odrzati).
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U logistici postoje i rasipanja koja su teze uocljiva ili su povezana sa
specifi¢nostima samih procesa. Zato se tokom analize postoje¢eg stanja
izraduje detaljna Cek-lista rasipanja (tabela 3). Rasipanja se rangiraju od
jedan do Cetri (0 — nema rasipanja; 1 — vrlo malo rasipanje; 2 — malo rasi-
panje; 3 — znacajno rasipanje i 4 — izrazito veliko rasipanje).

Tabela 3 — Detaljna ek lista rasipanja
Table 3 — Datailed Waste Finding Checklist
Tabnuya 3 — NMogpobHbIi 0630p cnucka pacTounTENbLCTBA

Red.

br Proces Vrste rasipanja (tabela 2+n) Ocena | Rang Komentar

11233 |5]|6]|7 n

Nakon registrovanja i rangiranja rasipanja, pristupa se pronalazenju
uzroka rasipanja sa najviSim prioritetima. U toku analize korena uzroka
problema potrebno je traziti i naine njihove eliminacije, odnosno treba
generisati moguéa reSenja problema, a zatim odabrati pravo reSenje.
Preporuka je da se u ovu aktivnost (koju neki autori nazivaju ,Kaizen kriti-
ka” stvarnog stanja), ukljue i neposredni izvrSioci procesa, koji je pred-
met Kaizen dogadaja. Kaizen analiza stvarnog stanja treba da pokaze
koje postojece aktivnosti treba sacCuvati, koje poboljsati, a koje eliminisati.
Takode, treba da ukaze na nove aktivnosti koje treba ukljuciti u proces i
da li treba zadrzati ili promeniti (kako) redosled aktivnosti u procesu. Na
ovaj nacin identifikuju se Kaizen mesta u samom procesu. Zakljucci iz
Kaizen analize sluze za dizajniranje buduceg (ciljnog) stanja toka vredno-
sti i primenu odabranog reSenja. Navedeno razmatranje upucuje na za-
kljuCak da je u Kazen pristupu analizi procesa, rasipanje vidljivo i da se
identifikuju male prilike koje zajedno stvaraju vecu vrednost za korisnika,
Sto omogucava proaktivno i kontinualno poboljSanje procesa. Kod tradici-
onalnih pristupa rasipanje se ne definiSe ili nije lako vidljivo, reaguje se
samo na ,velike ishode” pa je i eventualno poboljSanje procesa reaktivno.
Poslednja aktivnost drugog radnog dana je izrada mape buducéeg (to-be)
procesa, koja sa akcionim planom predstavlja osnovu za primenu oda-
branih reSenja.

Tokom treceg radnog dana vrsi se proces ,ugradnje” odabranih (pla-
niranih) poboljSanja. Posebno je vazno da se tokom sprovodenja i evolu-
cije Kaizena permanentno prate i evidentiraju postignuti rezultati. Ovaj
»najduzi dan” zavrSava se kratkim sastankom lidera i ¢lanova tima, tokom
kojeg €lanovi tima iznose svoja zapazanja i eventualne predloge za dalji
tok sprovodenja Kaizena.
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Slededéi korak u sprovodenju Kaizen dogadaja je ,potvrda rezultata”.
U okviru ovog koraka akcioni tim treba neprekidno da vr§i merenje i oce-
nu planiranih performansi poboljSanih procesa. Ukoliko izmerena pobolj-
Sanja bitno odstupaju od planiranih, akcioni tim treba da ustanovi koje ak-
tivnosti u procesu treba modifikovati, a koje treba privremeno zaustaviti
dok se ne izvrSe detaljnije analize.

U toku Kaizen nedelje akcioni tim je u ,stalnom zasedanju”, tako da
se eventualne korekcije vrSe u hodu, kako bi se obezbedio kontinuitet u
sprovodenju planiranih poboljSanja.

Na kraju Kaizen nedelje odrzava se sastanak akcionog tima u kojem
¢lanovi tima iznose svoja zapazanja i izveStavaju lidera tima o postignu-
tim rezultatima. Nakon toga vrSi se analiza prikupljenih podataka i izvode
konacni zaklju€ci o uspeSnosti Kaizen projekta.

Sledeée dve nedelje deluje se na osnovu izvedenih zakljuaka iz
Kaizen nedelje. VrSe se ,fina podeSavanja” ve¢ usvojenih poboljSanja
procesa. Istovremeno se priprema konacni izvestaj i prezentacija projek-
ta. PoboljSane aktivnosti potrebno je Sto pre standardizovati, kako bi pro-
ces bio efektivniji i efikasniji. Zato se u sledecoj fazi standardizuju nove
procedure rada i zaposleni obu€avaju i osposobljavaju za njihovu dosled-
nu primenu u budu¢em radu.

Sledeca, pretposlednja faza je prezentacija ucinjenih promena i mer-
ljivih rezultata i njihovo neprekidno pracenje. Prezentacija ukljucuje upo-
redne prikaze starog i novog toka vrednosti, video i fotografske zapise i
ilustracije ostvarenih unapredenja, analize tro8kova i koristi, itd. Najbitnije
je da se tokom prezentacije manje govori o aktivhostima, a vide o rezulta-
tima. Merljivi rezultati se detaljno prezentiraju menadzmentu, kako oni
koji su vec¢ postignuti, tako i oni planirani za buduéi period.

Kaizen dogadaj se formalno zavrSava sve¢anom dodelom priznanja
¢lanovima tima i zaposlenima koji su radili na realizaciji procesa. Pre sa-
mog svecanog €ina ¢lanovi tima popunjavaju formular sa utiscima (Event
Evaluation Form) o Kaizen dogadaju, ocenama njegove korisnosti, naci-
nu vodenja dogadaja i sl. Ostvareni rezultati koriste se za sve naredne
Kaizen dogadaje i njihove koordinatore i lidere. Zato se ,Osposobljavanje
timova za naredne Kaizen dogadaje” uvek prikazuje kao jedan od nemer-
ljivih rezultata Kaizena.

Nakon stabilizacije novih promena i njihovih uklju€ivanja u kulturu, u
vojnim organizacijama vrsi se osiguranje izvrSenih promena, Sto se reali-
zuje izradom odgovarajucih regulativnih dokumenata u formi naredenja,
pravila i uputstva.

Kaizen predstavlja neprekidni ciklus koji se stalno ponavlja, pa po-
boljSanja postaju deo svakodnevnog zivota, Sto predstavlja i glavni cilj
primene Kaizen koncepta u logistici. Pri tome treba stalno imati na umu
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preporuku Imaia’ — tvorca Kaizena: ,Proveri — ispitajte rezultate testa.
Uverite se da ste unapredili proces. Tek ako ste se uverili u profitabilnost
promene, primenite je na poslovanje, ako ne, probajte ponovo sa nekom
drugom promenom” (Imai, 2008, p.35).

Uvodenje Kaizena u domacu praksu

Poznavajuc¢i ekonomski razvoj Srbije, i uslove trzista, moze se zakljuci-
ti da bi primena Kaizen koncepta u $to ve¢em broju srpskih preduzeca do-
nela brzi napredak srpske privrede i boljitak celom drustvu. To potvrduju
podaci iz fabrike Japan Tabacco International a.d. Senta, jedna od retkih fir-
mi koja u Srbiji u potpunosti primenjuje Kaizen manadzment. Od pocetka
primene Kaizen koncepta produktivnost u fabrici je porasla za ¢ak 52 odsto,
a koli¢ina Skarta smanjena je za 57 odsto (http://www.economy.rs/vesti).

Dva su bitna preduslova za primenu Kaizena u domacu praksu. Prvi
je promena na$ih navika i nacina razmisljanja. Nas najveci neprijatelj je
nas$ ustaljeni nacin razmi$ljanja (Kavi, 2006). Moramo da napustimo moto
kojeg se €esto pridrzavamo u praksi: ,Ako nesto funkcionise nemoj ga di-
rati”. Kaizen kaze suprotno: ,Sve, uklju€ujuéi i ono §to funkcioniSe, moze
i mora biti unapredivano. Alternativa neunapredenju je stagnacija i opa-
danje operativne sposobnosti sistema” (Pesi¢, 2012).

Kaizen trazi masovno ucescée zaposlenih, pa je masovno obucava-
nje zaposlenih drugi (ne manje znacajni) preduslov za primenu Kaizena.
Zato menadzment organizacije mora neprekidno da podsti¢e zaposlene
na ucenje i usavrSavanje. Edukacija mora da bude postupna: prvo una-
prediti logistiCku kulturu upravljatkog kadra u sistemu odbrane, a zatim
krenuti od najnizih nivoa organizovanja sistema odbrane, odnosno Voj-
ske i delovati u Sirokom spektru kod ,generacija koje dolaze (vojnici, pod-
oficiri, studenti, mladi oficiri,...” (Andreji¢, Sokolovi¢, 2009, pp.32-53). U
Kazenu se ne udi ,jednom za sva vremena”, ve¢ ,ceo zivot* (life-long
education), jer je to uslovljeno promenama u okruzenju i relativno brzim
zastarevanjem postojec¢ih znanja i vestina. Pri edukovanju zaposlenih u
logistici veoma je bitno da se primeni jo$ jedan princip Kaizen koncepta,
a to je da tokovi informacija idu u oba smera, od pretpostavljenog ka pot-
¢injenom i obrnuto. U duhu filozofije ,geintchi genbutsu”, potéinjeni se
ohrabruju da daju savete i sugestije o procesima i njihovim mogucim
unapredenjima. Geintch genbutsu znadi da i najviSi menadzment treba
da provodi $to vise vremena sa neposrednim izvr§iocima procesa. Samo

" Masaki Imai je konsultant iz oblasti upravljanja kvalitetom. Godine1986. osnovao je Kaizen
institut za pomo¢ zapadnim kompanijama u upoznavanju Kaizen koncepta, sistema i alata. Da-
nas Kaizen institut deluje u preko 22 zemlje i nastavlja da pomaze kompanijama u unaprede-
nju nihove proizvodnje, usluga i ciljeva.
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na taj nacin imacée pravi uvid u probleme i moguca resenja, a pot€injeni
¢e u neformalnom tonu lak$e iznositi svoje utiske o problemima.

S obzirom na to da su mogucnosti i resursi koji obezbeduje privredni si-
stem zemlje skromni, i resursi koje drzava usmerava i daje na raspolaganje i
koriS¢enje Vojsci su skromni i restriktivni. Zato, Kaizen koncept moze biti
klju¢ za razvoj srpske privrede i najve¢a Sansa za preduzec¢a u Srbiji i Voj-
sku Srbije.

Zaklju€ak

Aktuelna finansijska situacija primorace mnoge domace kompanije i
Vojsku da se fokusiraju na rasipanja i varijacije koje postoje u njihovim pro-
cesima. To ¢e im omoguciti da znatno smanje svoje troSkove, a da istovre-
meno povecaju kvalitet svojih proizvoda i usluga, kao i svoju operativnu
sposobnost. Pri tome je veoma vazno da se primene koncepti koji daju re-
zultate i za koje postoji definisana metodologija primene u poslovnim pro-
cesima. Kaizen koncept ispunjava sve te zahteve. Imajuéi u vidu trenutno
stanje Vojske i njene logistike, Kaizen koncept mogao bi biti vrlo primeren
pristup kojim se moze napraviti zna€ajan iskorak ka vi§im nivoima njihove
operativhe sposobnosti. Posebna njegova pogodnost za primenu u logisti-
ci i Vojsci jeste Cinjenica da nije uslovljena velikim materijalnim i finansij-
skim ulaganjima i sofisticiranim tehnologijama. Pored toga, njegovi principi
ne moraju se primenjivati odjednom, ve¢ se mogu uvoditi korak po korak.
On istovremeno inicira proces unapredenja koji je kontinuiran u smislu da
se nikad ne zavrSava, jer se postojece stanje uvek moze unaprediti.

Primena Kizena nije jednostavna. Zahteva vreme i strpljenje, kao i
neprekidno obrazovanje i obuku svih u€esnika u procesu. Unapredenja
procesa mogu biti samo u granicama fleksibilnosti i spremnosti sistema
za promene. Promene su neefikasne ako nisu zahvatile viSe (ako ne sve)
segmenata jedne organizacije. Promene uradene u jednom segmentu vr-
lo brzo devalviraju pod uticajem nepromenjene sredine. Zato je neophod-
no da principi i metode Kaizen koncepta budu proSireni na celo okruZenje
ovog sistema. 1z navedenog razloga veoma je vazno intenzivirati rad i na
podizanju logisti¢ke kulture korisnika logistickih usluga.

StrateSko opredeljenje za implementaciju ovog koncepta doprinelo
bi da on postane stil i kultura Zivljenja zaposlenih u logistici i Vojsci u celi-
ni. Kaizen koncept pruza solidnu osnovu za bekstvo od inferiornosti, na
koju, i pored besparice, ne moramo biti osudeni. On omogucava da se
kvantitet nadoknadi kvalitetom, u kojem bi novi kontekst upotrebe omo-
gucio novi potencijal. Kaizen zahteva potpuno postovanje propisanih
standarda i procedura. Striktno postovanje procedura vodi uredenom si-
stemu, a ako neko tome tezi — to je Vojska.
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MPUMEHEHWE NPAKTWKN KAMO3EH MPU PELLIEHWMN
JIOTNCTNYECKMX 3AOAY

OBJIACTb: noructuka
BWO CTATbW: npodeccmoHanbHHas ctaTbs
A3bIK CTATbW: cepbckuin

Peswome:

KalidseH, kalid3aH (san. 3{Z) — anoHckas ¢punocogusi unu rpax-
muka, komopasi (hOKycupyemcsi Ha HernpepbIBHOM CO8EPLUEHCMB08a-
HuUU ripoyeccos npoussodcmesa, paspabomku, ecriomozamersibHbiX bu-
3HEC-MPOUECCO8 U ynpassieHusl, a Makxe 8cex acrnekmos Xu3Hu. «Ka-
Ui03eH» 8 bu3Hece — MOCMOSIHHOE yIrydWeHUe, HaquHasi rpou3good-
CMBOM U 3aKkaH4ueasl 8bICuIUM pykosodcmeom, om dupekmopa 00 psi-
008020 pabouezo. Yrnydwas cmaHdapmu3ogaHHble delicmeusi U npo-
ueccsl, yenb Kalid3eH — ripou3sodcmeo 6e3 nomeps.

MHozue 8oeHHbIe opeaHu3ayuu npusHanu npeumyuwecmesa Kalo-
3eH U npumeHsitom eé 8 ceoeli npakmuke. Kalid3eH sersiemcs 0OHUM
u3 Haubornee npuemnemMbix MemMoO08 HerpepbIBHO20 CO8EPLIEHCMEO-
8aHUs rpouyeccos 8 sioaucmuke. dmo o3eosissem nocmeneHHo npo-
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800umb ynyyduweHue rnpoueccos, rnosbiwas Ux 3KOHOMUYECKYH 3h-
ekmusHocmb u eubkocmb. B mo xe epems, KalidzeH daem 8o3mo-
JKHOCMb 6biIcmpo, 3¢ghghekmueHO U OelicmeeHHO peaauposams Ha JlHo-
bble uU3sMeHeHUs1 80 MHOXecmee 8HEeWHUX ¢hakmopos 8 obrnacmu fo-
aucmuku.

KnioueBble crnoBa: cosepuwieHcmeosaHue Mpoueccos, pacmovyumerib-
cmeo, nioaucmuka, KatidzeH, npumeHeHue.

KAIZEN CONCEPT AND ITS APPLICATION IN LOGISTICS

FIELD: Logistic
ARTICLE TYPE: Professional Paper
ARTICLE LANGUAGE: Serbian

Summary:

Kaizen is a Japanese philosophy that focuses on continuous
improvement, simplification and acceleration of processes, by reducing or
eliminating waste and by spending a minimum of resources needed, while
delivering the best possible quality products and services. It is a process
that, when done correctly, humanizes the workplace, eliminates overly
hard work and teaches people how to perform tests of their own work
(using scientific methods) and eliminating scrap in the business process.

Many military organizations have recognized the benefits of Kaizen
and implemented it info their practice. Kaizen is one of the most
acceptable methods of continuous process improvement in logistics. It is
cost effective and flexible and allows incremental process improvement.
At the same time, it provides logistics with quick, effective and efficient
responses to any changes in its turbulent and complex environment.

Introduction

The introduction points out the importance of Kaizen as a world
process aimed at eliminating all forms of waste and at efficient use of
resources in manufacturing and service processes. It is both applicable
in the economy and military organizations, in highly developed as well
as developing countries. The aim of the article is to define an effective
and efficient management approach to introducing the Kaizen process
into logistics.

Principles and basics of the Kaizen concept

A brief overview of the basic principles and basics of the Kaizen
management is given as well as tools and techniques for its
implementation. Figure 1 shows the given Kaizen approach to process
improvement. Since Kaizen insists on improved standardization
procedures, the most important point is the difference between the
methodology of Kaizen and ISO 9000.
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Methodology of the implementation of Kaizen in logistics

Since logistics is a large manufacturer, supplier and distributor of
funds and a major consumer of financial resources, the article states the
reasons for the need of implementation of Kaizen. Four types of Kaizen
are possible to be implemented into logistics. Table 1 gives the complexity
of the distribution of Kaizen. Since there is no universal methodology for
the implementation of Kaizen, Figure 2 gives a general map of the MEGA
implementation process. The map shows the key processes (P) and input
documents (UD) for the process implementation, resources (R) engaged
in the implementation process and the output documents (ID) made (or
updated) at the end of the process .

Value stream and waste in logistics

Value stream is a basic factor that must be considered when
making a decision on the implementation of Kaizen. The ultimate goal of
Kaizen is to eliminate any waste in a process or a work area; therefore,
Table 2 lists seven basic types of waste in the logistic function of supply.

The organization and implementation of Kaizen events

The central part of the paper contains an analysis of implementing
Kaizen principles and a methodology of the organization, implementation
and monitoring of the implementation of Kaizen events. Specific quidelines
for organizing and conducting Kaizen events are given. The scheduled
time for a Kaizen event is shown in Figure 3. The main conclusion drawn is
that there is no standardized, generic and universally applicable procedure,
but only a framework for the implementation of the Kaizen program. The
framework for the implementation involves several phases: from the
identification of pre-conditions and priorities, through recording the current
state and defining the future (target) one to its implementation in the strict
sense, presentation and follow-up. Since waste elimination is in the focus
of every Kaizen event, it is necessary to identify waste first. Table 2 lists
the seven basic types of waste in the logistic function of supply. In any
process there is specific waste, so it is necessary to develop a detailed
checklist of waste, the form of which is shown in Table 3. It is particularly
emphasized that Kaizen is a continuous cycle that keeps repeating. In this
way, Kaizen improvements become a part of everyday life, which is the
main objective of implementing Kaizen in logistics.

Introducing Kaizen in local practice

The paper points to the fact that the Kaizen philosophy may be
appropriate particularly in the economic environment in Serbia and in the
material support to the Army, because no large financial investments are
necessary. There are two preconditions for its implementation: changing
habits and mindsets of employees and their mass involvement and
training. Therefore, the task of the organization management to
encourage employees to continually learn and improve themselves is
stressed in particular.
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Conclusion

It can be concluded that a special benefit of the application of
Kaizen in the Army is the fact that it is not linked with large financial
investments and sophisticated technologies, that its principles do not
have to be applied at once, but can be introduced step by step thus
initiating a process of improvement that is continuous and never ending,
because a current situation can always be improved. The fact is that the
application of Kaizen will not be easy. It will require time and patience,
as well as continuous education and training of all the involved. It is
emphasized that changes are ineffective if they do not affect more (if not
alll segments of an organization. Therefore, it is essential that the
principles and methods of the Kaizen concept be extended to the whole
environment of logistics. The general conclusion is that a strategic
decision to implement Kaizen would help it to become a business life
style and corporate culture in logistic and the entire military organization.

Key words: improvement; waste, logistics; Kaizen, implementation.
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Caxemak:

AHMponoz2eHU U MexHo2eHU ymuuaj Ha XueomHy cpeduHy roja-
yaH je y nocnedm0j deueruju 20. geka. Taj mpeHd ce Hacmaerba U y
21. eeKy, a oghaH3uea ariobanusauuje O0OHOCU HOBE EKOITOWKe rnpobrie-
me. [nobanHu ekonowku npobsemu Hajguwe rozahajy epadoee. U3-
ened 4yoeekose cpeduHe, Huju je uHOeHmuUmem u3paxeH Kpo3 ¢hopmy,
cmpykmypy u 6ojy, npedcmaerba jedHy 00 Haj3HadajHujux Kapakmepu-
cmuka ripocmopa. [Npeo wmo ce yovasa jecme epahesuHa u ypbaHu-
cmuyko ypehere. Jbydu cy yeek npudasarnu 6efluKy 8axxHocm u3bopy
Mamepujana 3a uszpadmy u ypehere npocmopa. lNpu mome cy Kopu-
wheHu Mamepujanu Koju cy bunu kapakmepucmu4Hu 3a odpefieHe pe-
euje u nodHebrba. Y epu cagpeMeHuUx mexHorioauja U ekcriaHsuje Hogux
mexHu4kux docmueHyha, 4ogeKk U He208a OKOJIUHa 3axmeeajy mame-
pujane Koju he onnemeHUMU XUB0MHU NPOCmMop, a KOHCmpyKyuje u ob-
JIUKoBaHe 8oslyMeHe y4yuHumu 6oeamujum u cadpxxajHujum. Mamepuja-
JlU Koju ce npumersyjy mpeba Oa 3a0080/b€ KpUMEPUjyMe KOju OMOoa2y-
haeajy komgbop, obe3belhyjy pauloHalIHO mpoweH-e eHepauje, 30pase
JKUBOMHE ycrioge U o4ysaH-e XueomHe cpeduHe. Y osom pady rped-
cmaerbeHu cy epahe8UHCKU Mamepujarnu Koju 1o C8oM cacmasy U mex-
Hornoauju uspade AonpuHoOce 3aWmumu U 04y8aky XU8OMHe cpeduHe.

KrbydHe peun: 0peo, 6510k, cmakrio, nomoc, 6emoH, npasHu akmu, rro-
yuye, oreka, XXugommHa cpeduHa, HaHoMamepujarnu, ekomamepujasu.
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YBog

paheBunHCKM 00jekTM 3HaYajHO Mem-ajy Hale OKpyxewe. BehuHa
objekaTa Huje y cknagy ca notpebama 3alTuTe XUBOTHE CpeauHe, jep cy
eHepreTckn HeeduKacHW, npexnagHu unu npeTonM UM CKynu 3a
oapxaBare. Hajuelwhe cy nspaneHn og matepujana Koju nowle ytudy Ha
30paBrbe N XUBOTHY CpeauHy. Y HUX0BOj narpagkwun Tpowmn ce oko 40%
KaMeHa, CUTHOr W KpynHor arperata, a 25% pJpseHe rpane. Kog oBux
objekata 3a narpagmwy 1 ogpxasane Tpowmn ce 40% eHepruje n 16% Boge
04 YKYMHe KonuuvHe eHeprvje v Bode Ha nnaHetn. Benuko yyewhe y
otnagy uma rpahesuHcku otnag (Grdi¢, Topli¢ic-Curci¢, 2010, pp.87-94).

MpmeHOM €eKomnoLLKMX MaTepujana rpage ce o0jekTn koju mnmajy
MWHMMAaINHW yTULAj Ha XXMBOTHY cCpeduHy, a koju he UcToBpeMeHo GMTK
€KOHOMMWYHUjM 1 3gpaBuju 3a cTaHoBawe (Architecture week, 2010).
OuyBarwe XMBOTHE CpedvHe W u3rpagwa nogpasymeBa MaKCUMarnHo
nckopuwherwe nNpuMpOAHUX YycrnoBa Nokauuje, ynoTpeby 3apaBux
MaTtepujana, paumoHanHO TpPOLUEeHe BOAEe W €eHepruje 3a uarpagmwy
(Stang, Hawthorne, 2010).

Kaga ce y BpeMe MHTEH3UBHOr MHAYCTPU|CKOr pa3Boja ogflyumsasno o
npumeHn oapeheHe npousBogHe TexHonornje y MOTAyHOCTU  Ccy
npeosnagann €eKOHOMCKA M TEeXHOMOWKN kputepujymn. [Npu TOmMe cy
€KOSOLLKM KPUTEPUjyMU CMaTpaHu 3a €KOHOMCKO onTtepehewe, OOK Yy
MOCTUHOYCTPU|CKO] epy OBU KPUTEPUjYMU 3ajeQHO Ca eHepreTckum nocrajy
AOMUHaHTHW. MacoBHa npousBodwa 3acHOBaHa Ha TpaavuuOHanHUM
npuHUMNMMa JdoBena je A0 TeHdeHumje nopacta KonuyuHe OTnagHor
maTtepujana. Ycnen oTkpuha y3HemupaBajyhux pgokasa O OrpoMHUM
nocriegvuamMa OBaKBOI CTaka Ha YMTaB XMBW CBET U HUXOB OMCTaHak
yCreauno je npeucnutnBarmbe U n3aMeHa nocrojehe TexHonoruje u npoweca.
[MmaBHM OKYC Taga ce YycMepaBa Ha Kpeupawe pagukanHo HOBOr
KOHLIenTa cTBapaka NpounsBoda ca Apyradvjyum BpegHocTuma.

YTunuaj rpaheBmHapcTBa Ha XXUBOTHY cpeauHy

EkonoLwku ytnuaj je butHo rnobanHo nutame 1 BENUKK je NPUTMCaK ca
pasNuuUTMX CTpaHa Aa ce yTuuaj MUHMMU3Mpa — 3axXTeBM YECTO NOTUYY oA
Bnaga, TProBUMHCKMX acouujaumja, NpPOU3BOOHUX faHaua W  Jpyrux
coumjanHnx n onHaHCKjCKUX MHTepecHux rpyna (Todorovié, Bakrac, 2010,
pp.22-26). AHTPOMOreHN N TEXHOTEHM YTULIAj Ha XMBOTHY CpeauHy nojadaH
je y nocnegr0j aeuenuju 20. Beka. Taj TpeHA ce HacTaeiba U nodeTkom 21.
Beka, a odhaH3vBa rrnobanusauumje OOHOCM HOBE eKonoluke npobneme.
MMobanHn ekonowkn npobnemn (3arahewe Basgyxa, Bode, gerpagaumja
3eMIbuLLITa, roMunawe oTnaga) Hajpuwe norahajy rpagose. KeaHTuTatu-
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BHa npegsuhawa Oyoyhe cutyaumje jow yBek cy HecurypHa. Y 2001.
roovHu npoueweHo je ga he ce rnobanHa TemnepaTypa Basgyxa Ha
3emrbu noesehatu 3a otnpunuke 1,4-5,8°C go 2100. roa. Yak u 3arpeBamne
3a 2°C po 2100. rognHe pesyntupahe n HajopXXMM MeHsaheM KIMMe Koje
ce ukaga goroguno y nocnegwunx 10.000 roguHa, y nepuogy y Kojem ce
passuna mogepHa umsunusauuja (Jovanovic, Bajin, 2009, pp.15-24).

TepuTopuja rpaga ca KOHUEHTPUCAHMM CTaHOBHWULLTBOM W WHTEH-
3MBHUM aKTMBHOCTUMA, YypbaHu3aumjoM, npeactaBba MNOTEHUMjanHo
yrpoxeH npoctop (Poti¢, Trajkovi¢, 2008, pp.83-91). YcnocraerbaweMm
rpaheBUHCKO-apXMTEKTOHCKNX 3axTeBa CaBpeMeHO [APYLITBO OUPEKTHO
yTU4e Ha 3aLlUTUTY XMBOTHE cpeavHe dhopMuparem MHpacTpykType. Y
cknagy ¢ TuM, pagu edukacHor odyBaka >XUBOTHE CpeaunHe, Ha
MOBPLUNHM UMK UCMOA NOBPLUMHE 3EMSbULLITA MOTY CE BPLUUTU aKTUBHOCTMU
N ognaratu mMatepuvjanu koju He 3arahyjy wnu owrtehyjy 3emrbuwite. Y
TOKY peanusauuje npojekarta, kao 1 npe heroBor nssohewa (n3rpaghe,
eKkcnnoarauvje MmMHepanHux cupoBuHa K gp.), obesbehyje ce sawTuta
Tna n 3emrbuwTa. Takohe, jegaH o4 jako OMTHUX dhakTopa o4yBak:a
XWBOTHE cpeuHe ca acnekTta rpafjeBnHapcTBa je 1 3aluTuTa o[ 3padvetsa.
OHa ce cnpoBoaM MPUMEHOM CUCTEMa Mepa KojuMa Cce crnpedaBsa
yrpoxaBarbe XUBOTHE CpefuHe W 3[paBrbe Ibyau of OejcTBa 3padvera
Koja noTudy wu3 joHu3yjyhux n HejoHusyjyhux wu3Bopa W OTKNawajy
nocrneguue eMmmcuja Koje U3Bopu 3padersa eEMUTYjY UMK MOTy Aa eMUTYjy.
Mpn ToMe je BaXHO KOPUCTUTU rpafeBUHCKe MaTtepujane Koju emutyjy
joHusyjyha 1 HejoHusyjyha 3padersa MO NponuMcaHuMm ycrioBumMa WM Ha
nponucaH HauvH. Mepe npeasuheHe 3akoHMMa W ApyrMM NponMcuma
noAapasymeBajy NpuMeHy HopMaTuBa M CTaHgapAa Kog uarpagke objekTa,
nsbopa n HabaBke onpeme, pagu crnpevyaBara HeraTMBHUX, LUTETHUX
yTuuaja Ha XMBOTHY cpeanHy. Mepe obyxBaTajy u ycrnose Koju yTBphyjy
HaanexHW OpXXaBHW OpraHy U opraHu3auuvje Kog usgasamwa ogobpera v
carnacHocTM Ha uarpagkwy objekata, u3Bohewa pagoBa M ynoTpedy
objekTa (Petrovi¢, 2011, 63-72).

Y nocTynky eBponckux uHTerpauymja Cpbuje wmsBpllieHo je yca-
rnawaBare HeHUX HaLuMoHanHUX nponunca y obnactu XvBoTHe cpeauHe
ca nponucuma EY. OBaj npouec obyxBaTno je n npeHoc 3HavajHor aena
HagnexHocTn 3a obaBrbake nocrosa y obnacTtu XUBOTHE cpeanHe Ha
nokanHy camoynpasy, VYK/bydyjyhm M nocrnoBe Koju ce ogHoce Ha
rnodanHe npobneme xuBoTHe cpeanHe (Todi¢, Grbi¢, 2013, pp.193-208).
OBa obnacT getarbHo je gedunHMcaHa CETOM EeKOJTOLLKUX 3akoHa (3akoH
O MnaHupawy W un3rpagwu, 3aKOH O 3aWTUTU XUBOTHE CpeduHe,
3alWTuTa og XemujcKor yaeca, UHTerpanHu katacrtap sarahusaya, 3akoH
O MNpoUeHM yTuuaja Ha XMBOTHY cpeauHy, 3akOoH O WHTEerpucaHom
crnpeyvaBawy W KOHTpONW 3arafuBakba XWMBOTHE cpeauHe, 3aKOH O
3alTUTM Basdyxa, 3akoH O 3alWTuUTU of joHu3yjyher 3padewa U O
HYKI€apHOj CUIypHOCTKU, 3akoH O 3alTUTU of HejoHu3yjyher 3padersa,
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3aKoH 0 3aWTuTK npupoae, 3akoH o duoumaHUM npomnssognma, 3akoH O
Xemukanujama, 3akoH O yrnpasBrbaky OTNaAoM, 3akoH O ambanaxu u
ambana)xHomMm oTnaay, 3akoH O 3alTUTU of OyKe Y XMBOTHO|] cpeauvHu,
3awTuTa 3emrbuwTa, 3aKkOH O hoHOY 3a 3alTUTY XUBOTHE CpeauHe,
KasHeHa nonmTuka y obnactu 3alTuTe XMBOTHE cpeanHe...).

Peanusauuja ,ekonoLuky nogodHor npoussoaa”, o4HOCHO MaTtepujana
Koju ce npumensyje y rpaheBuHapCTBY M KOjU je carnacaH ca 3alTUTOM
)KVBOTHE cpeauHe, jefaH je oA MpBMX Kopaka Ka ocTBapuvBakby KOHLenTa
O[P>KMBOT pa3Boja N o4yBaH-a XMBOTHe cpeanHe. OBakBuM martepujanm cy
donekcnbunHn, noysgaHwn, AOyroBevHw, npunarog/buBK, OOrpPagvBn 1
norogHn 3a BuLeKpaTHy ynotpeby. Ekonollka nogobHOCT maTtepujana nma
BEJIMKO 3Ha4YeH-€ Y KOHTEKCTY NPON3BOaH-€ NMOTPOLLUHNX pecypca.

®dokyc NponsBoaH-€ je Ha cTBapaky 0e3oTnagHux Metogonoruja koje
onTUMM3npajy NPom3BoaHY U MaKCUMU3NPA]y €eKOMOoLLKe nepgopmaHce.
OcHOBHe KapaKkTepUCTUKE CY:

CMaH-eHa KonnymHe ynotpebsrbeHnx matepujana,

ynotpeba peuunknupaHmx matepujana,

ynotpeba maTtepujana n3 HernocpegHe OKOnuHe,

noBehaHa eHepreTcka euUKacHOCT,

nosehaHa ayroTpajHoCcT nponu3Boaa,

ynotpeba maTtepujana ca MawbnM yTULajeM Ha XXUBOTHY CPEOUHY,
cMak-eHa KonndmHa otnaaa,

CBOjCTBO MOHOBHE peLuKnaxe (peumknabunHocT),

MOryhHOCT Mepera YribeHUYHOr OTUCKA, U

NPUMEHEHN NPUHLIMNK OOPXKUBOI pa3Boja.

Takohe, HarnaweHo je cMakere yTulaja Ha XUBOTHY CPeauHy, LITO
BaXkKM 3@ YMTaB EKOJMOLLKM >XMBOTHM LMKNYC nNpou3Boda, U To of Bahersa
CYPOBUWHE OO0 oArnaraka npoussoaa (41cta npounsBodhsa). TPEHYTHO je Uuib
Ja ce onTMMmn3npa Leo ApYLUTBEHO-eKOHOMCKN CUCTEM NMPOU3BOAAa, Kao 1 aa
Ce UCTyHe KpUTEPUjyMU OAPKUBOT pa3Boja U OvyBaH-a XMBOTHE CpeavHe.

Mocnegunua yTtuuaja rpaheBuHapcTBa M 3arafuBaka KMBOTHE
cpeduHe jecte M noBehawe yrpoxaBahwa Jbyacke 6e3begHocTtu, jep
XMBOTHaA cpeauHa je OCHOBHa MaTpuua XuBOTa 4YOBeKa, Kao U CBUX
apyrux xusmnx 6uha (Markovié, et al., 2013, pp.198-212).

I'IpmmeHa EKOJT1OWWKUX " HaHomaTepMjana

y rpaheBnHapcTBy

Oneka je HajpacnpocTpamw€eHujn rpafeBHn mMaTepujan Ha Halum
npoctopuma. Jlako je goctynHa, npuxBaheHa M He W3UCKyje OoaaTHy

eaykauunjy mssohada. Bprio je nocrtojaHa v oTnNopHa Ha TpYJbewe U
nHcekTe. 300r CBoje rycTMHEe oreka ce cnopuje 3arpeBa neTtu, a 3umMm ce
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criopuje xnagu, WTO NMoMa)xe y ofpXxaBawy TemnepaTtype. MogepHujn
npousBonayM oneke yHanpeounu cy MpPou3BOAHKY Ha HayuMH ga vy
npoLecy npousBoAH-€ Mawe 3arafyjy Hero wTo je To 6uo cnyyaj vy
npownocTn. Ann, TakBux je npoussohada Bpro mMano. YuweHuua je ga
ce 3a NPou3BOAHY OMNeKe YTPOLLUM MHOMo eHepruje, jep ce oHa nede Ha
Temnepatypn op oko 1000°C. 306or HauuHa rpagHwe, Kako He 0Ou
Jonasuno go ryoutka tonnoTte, noTpedbHa je nsonauuja, na ce Ha oneky
Hajyelwlhe cTaBrba CTMPOMOP, KOjU TOKOM BpemMeHa rybou cBoja TonnoTHa
cBojcTBa. YKonuko ce objektn narpaheHn og oneke He omantepuLly rybe
4YeTMpu NyTa BULLE TOMMOTE 04 NPONMCaHOr eHepreTcKor cTaHaapAa.

Cnuka 1 — Cumnponut 6nokosm
Figure 1 — Simprolit products
Puc. 1 - Cuctema «Simprolit»

[pBo je HajnpupoaHujn ,3eneHn” matepujan. AKo ce Wwyme peagoBHO
1 OAroBOPHO oApkaBajy ApBehe he NMOHOBHO M3pacTu 0e3 HapyllaBawa
npupodHor GanaHca. [IpBeHe KOHCTpyKLMje MOory TpajaTu BeKOoBMMA
HeowTeheHe BpeMeHOM, HapaBHO, YKONMUKO cy 3awTuheHe op Bnare,
MHcekata u HenpegsuheHux owtehewa. OpBo je buopasrpagMso U He
cTBapa HuKakBa owitehewa n HeraTMBHe yTulaje Ha XXUBOTHY OKOJTUHY.
MoTpebHe cy penaTMBHO Marne KonuvMHe eHepruje kako 6u ce obpaamno

183

MeTtposuh, M. n gp., 3awTtnTa XUBOTHE CpeanHe y rpafjeBMHapPCTBY Ca OCBPTOM Ha NMPYMEHY EKOSOLLKMX U HaHoMaTtepujana, pp. 179—-194



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2015., Vol. LXIII, No. 2

M MpuUNpemMuno 3a rpagky, anuM 3axTeBa peaoBHO oOJp)KaBakbe U
npemasmBake Xemukanujama pagu 3awTtute. T npemasu cy CKynu u
HEEKOIOLLKN, Te OCTaBIbajy BPJi0 HeraTMBaH yTuLaAj Ha XMUBOTHY cpe-
anHy. CBe To pgopgatHo noBehaBa LeHy ApBeTa Kao maTtepujana 3a
rpagwy. WMako HepaBHMHE W HecaBplLUeHOCT Jajy AapBeTy nocebaH
BM3yenHu narnen, moryhe cy nortewkohe npunmkom yrpagtke u cnajamsa
CTpaHuua, a C BPEMEHOM OHO A404AaTHO Mersa dOpMY, OOHOCHO ,pagun’.

Cumnponut OMNoOKOBM MMajy W3y3eTHE CaHUTapHO-eNUAEeMUONOLLIKE
KapakTepuctuke. Y objektuma mnsrpaheHum o oBor mMaTepujana He camo Aa
ce omoryhaBa koM(OPHOCT XuBIbeHa, Beh cy y NOTNYHOCTU UCMYHEHU U
€KOMOLLKN 3axTeBun. 3UA0BM Of CUMMPONUT OnokoBa AeKnapullly ce Kao
,CyBW” (He Buwe of 4% BnakHocTW). Y cny4dajy HaTanakwa KOHCTpyKUuje Y
XaBapujCKuM cuTyauujama Op3o ce cywe, 0e3 ryoutka UNYKKX
Kapaktepuctuka. Y cnydajy nonnaBa 3waoBVM Of CUMMPONUT OrokoBa He
ynujajy Bnary nyteMm KanunapHor nekaka, Kao LUTO TO YMHEe 3MO0BM 0of
oneke, cunopekca, neHobeToHa, kepam3nTobeToHa M Apyrux mMaTepujana
(3upoBu o, TMX MaTepujana ynujajy Body no Lernoj BUCUHK, a 3aTUM ce Ayro
cyllie, NOHeKaa 1 BULLIE of, roauHy gaHa). Y Knacu nakux 6eToHa cumnponuT
nonucTupondeToH je Mehy Hajnakwuma, a npou3BoAW Of Hera cy u
HEKONMKO NyTa nakwu of, aHanorHmx. Kopmwherwsem cumnponut 6rnokosa 3a
3ngare hacagHuxX U NperpagHux 3naoBa 3HATHO ce ymamwyje ontepehene
Ha KOHCTPYKTUBHE enemeHTe objekTa, a camum TUM CMakbyjy Ce U HUXoBe
OUMeH3nje, noTpebHa apmaTtypa U TeXMHa, LUTO AMPEKTHO yTU4Ye Ha LEeHy
KOHCTpYKLMje objekTa. 3axBarbyjyhn HUX0BO| Nakohu, 3uaale CUMNPONUT
OnokoBMMa M3y3eTHO je MOBOSbHO 3a HaAarpagwy noctojehux objekata n
n3rpagxy MaHcapam Ha objekTma ca paBHMM KpoBoBuma. o npasuny, npu
HagrpagkM MOTKPOBIba Ha ODjeKTy ca paBHMM KPOBOM YKYMHa TeXWHa
HaarpagHke je y CymMnm Mama y OOHOCY Ha TEXWHY TUMCKMX CrojeBa 3a
n3onauujy paBHMX KpoBOBa, 3axBarbyjyhun yemy Hajyewhe Huje noTpebHo
oOjayarbe Temerba objekta Koju ce Hagsuhyje. CumnponuT OGrokoBu cy
Heropueu, jep nog AejCTBOM BUCOKMX TemrnepaTypa Kyrnuue cTuponopa
obnoxeHe aguTMBMMa W LUEMEeHTOM Wucrnapasajy, a ocTaje OeToHcka
LPEeLIeTKa” Koja Npu garem AejcTBy noXkapa npenasu y nopo3Hn LEMEHTHU
KameH, 3agpaBajyhu npu Tome cBoja usnydka n tepmodusnydka CBojcTea
CKOpO Y NyHOM obumy. MrUHuManHa aebrbuHa ,pebpa” cumnponut 6rioka ca
WynrbMHaMma u3Hocu 4 um. 3udoBM Of CUMMPONUT OnokoBa, HamnyH-eHU
OeToHOM, MMajy BUCOK CTerneH 4YBpcTohe M OTMOPHOCTU Ha CceusMuyka
JejctBa — 3a CTeneH U Bulle O4 3uaoBa casvaaHux ApyruM BpcTama
onokoBa. OHW, Takohe, 3aapXaBajy CBOjy OTMNOPHOCT MPW AYroTpajHoj
ekcnnoataumin (100 n Buwe roauHa). MNomohy oBux Gnokosa moryhe je
N3rpagnTu nake, a NPUTOM N BMCOKOOTMOPHE 3KaoBe, ¢ 063MpoM Ha TO Aa
“Majy BepTUKaITHE N XOPU3OHTarHe LWynrbmHe y Koje je moryhe, 3ajegHo ca
GeTOHOM, MOHTMPaTV 1 apMaTypy. OnwTeno3HaTa NPOTUBYPEYHOCT nuamehy

184




HOCMBOCTM W TepMOM30raumMoHe crnocobHOCTU rpaReBUHCKMX ernemeHaTa
(HocmBOCT 3axTeBa BeNy 3anpeMMHCKY TEXUHY, a LTo je Beha 3anpeMmnHcka
TEeXnHa TUM je MaHha Tepmou3onaumoHa CrnocoOHOCT) KoAd CUMMPONUT
OrnokoBa pelleHa je Ha Taj Ha4uMH LWTO ce OHW u3pahyjy on cyneprakor
CUMMPONNT  MONMUCTUPONOETOHa MaKkCcMMarHe 3arpeMuHCKe  TeXuHe
200kg/m, Koju [OonpuHOCUM BUCOKOj TepMou3onauuoHoj crnocobHoctn. C
Jpyre cTpaHe, HOCMBOCT 3udoBa Cas3ngaHuX CUMMPONUT OrnokoBuMa
NMoCTKE Ce MyHEeHEM LUYNMIbUX OTBOpa OrokoBa OETOHOM, MpU 4Yemy
HOocMBOCT u3rpaheHnx 3ngoBa 3aBUCKM UCKIbYYMBO Of NMPUMEH-eHe Mapke
OeToHa. bes 063upa Ha To LLITO ce cMMNPOnNUT 611I0KOBU 3Kaajy Tako LUTO ce
nyHe OeTOHOM, YKyMnHa TexuHa 3uga je mana. [pu Tome, ocuM HOCUBOCTN,
OeToH Koju ce HanuMBa y CUMMPONUT OnokoBe AOMPUHOCU MnoborbLuaky U
OPYIMX HEOMXOOHWX KapakTepUCTUKa 31O0BA, Kao LITO Cy: 3Bykomsonauumja,
neThwa cTabunHocT, TonnoTHK kanaumteT uta. (Venolia, Lerner, 2006).

Takohe, kao BaxkaH EKO wmatepujan, kopuctn ce HUCKOEMUCUOHO
ctakno. HwuckoemmucuoHo crtakno mnu LOW-E cTakno je MUKPOCKOMCKO
TaHKM Croj MeTana WNn MeTarHOr OKCMAA, KOjU ce Ha CTakno HaHocu
HanapaBatbeM MeTana Ha MornekynapHoM HuBoy. CTakno npemasaHo
MeTanHuM UIMOM MPOMyLUTa camMoO 3padyee KpaTke TaracHe OyXuHe
(BMorBbMBM  Oe0  cnekTpa), [OOK 3padewa Ayrux TanacHuUX OyXKuHa
(MHdpavupBeHn 3paum) ogbuja ¢ Tonne cTpaHe cTakna Ha XnagHujy CTpaHy.
LOW-E 6nokupa rotoBo 98% LUTETHUX CYHYEBUX 3paka, Na Tako, BEnuke
yCTakibeHe npocTopuje MOry y XnagHwjem nepuogy noctaTu KOrekTopwu
conapHe eHepruje U Tako [JOMNPUHOCUTU YLUTEAW TOMMOTHE eHepruje.
Cnorbawka Temnepatypa Hnp. moxe outn —10°C, a Ha yHyTpallHO0j
NMOBPLUMHN jedHOCTPYKOr cTakna Ttemnepatypa he 6utn -2°C, Aok
[JBOCTPYKO CTaKIioO C HACKOM EMWUCUjOM MOXKe MOBUCUTU TemnepaTtypy u o
15°C. Mpenopyka je Aa 6u ce Ha NPo3ope Koju ce Hanase Ha jy»KHOj CTpaHu,
Jakne AONPEKTHO W3MNOoXEeHW CyH4YeBUM 3pakama, croj LOW-E Tpebao
HaHeTM ca crnorballlbe CTpaHe CTakneHe NoBpLUMHE, a ako cy [BL, npo3opu
HaMelEeHN 3a caKyrnSbake CyH4YeBe eHeprvje 3umum 1 3a nosehane
TonnoTHUX aobutaka, LOW-E 6u ce Tpebao HaHeTn Ha yHyTpallky CTpaHy
CTakrneHe MNoBpLUMHE. TO je jako BaXHO jep je CTanHo ynarawbe y odyBake
eHepruje y gaHawne Bpeme npuoputeT (Sobesky, 2008).

Crakna 3a 3aWTUTy O CyHLA MpoM3BOAE Ce Kao jegHoCcTpyka
CTakfieHa noBpLUMHA MMM Kao M3onauuoHOo cTakno. HameHa My je pa
MaKkCMMarnHo cagpXXu MpOAop eHepruje CyH4YeBOr 3padyera Koja naga Ha
CTakrneHy MoBpLUMHY. TakBa cTakna Hemajy 3awTtuTy o[ OnewiTama.
3aWwTUTHN Npemas HaHOCK Ce Ha YHYTpaLlkby CTpaHy crosballkeer cTaka.

Camouuncteha ctakna cy xuapodunHe unu xuapodobHe cTakneHe
NMoBpPLUMHE KOje ce Temerbe Ha noTtoc-edekTty. Koa xuaopodoOHux
CTakMneHnx noBpluMHa Boga ce opbuja, a xuapodurnHe CTakneHe
NnoBpLUMHE NpuBade BoAy.
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Mopen Tora WTO O O4vyBaky XMBOTHE cpeauHe cBakako Tpeba
BOOUTU payvyHa, NoTpebHO je naHanasuTn Hajborba pellewa 3a Heke o[
npobrnema. Pa3Bojem GUOHMKE MoO4Yeno je n Kopuwhewe pasnmunTux
edekaTta, Na N eekra 3a Koju je Beh oyro nos3HaTo fa ce jaBrba koA
pasnnunTnx Gurbaka, Na u NOTOCOBOr fMCTa, MO YeMy je ynpaso U
HasBaH NnoToc edekaT. Haume, NMCTOBKM NoTOCA Ce HE MOTy HaKBacuTn, a
nocne Kuwe cy He camo cyBu, Beh M 4UCTW, jep BoAa Koja KInM3n HU3
nucToBe noenayn 3a cobom u NpreaBLUTUHY U NpalunHy. Kanu Boge mory
Ja nokyne 4ecTuue npawwuHe, jep je MMKPOCTpyKTypa (3anpaBo
HaHOCTPYKTypa) MOBPLUMHE JIOTOCOBOr NuMcTa TakBa Aa MWUHUMWU3UPA
npuvjararbe Kanrbuua 3a nospLumHy. [o3HaTo je Aa kanu Boae 3aysnmajy
CBEepHN obnuk 300r Texwe Aa MMajy MUHUMarHy MOBPLUMHY, LWTO je
YCNOBSbEHO MOBPLUMHCKMM HarnoHoM. MehyTum, npu KOHTakTy ca HEKOM
APYromMm MOBPLUMHOM, Yycried aaxesvoHux cuna, gonasm Ao nojase
KBallena, Npu Yemy Moxe aohu 4o NOTMNYHOr UNKU OEeNMMUYHON KBalleHa
Yy 3aBUCHOCTU O, CTPYKType MOBPLUMHE. YKOMUKO je yrao uamehy cune
NOBPLUMHCKOr HamnoHa (Koja AejcTByje y npasuy NOBPLUMHE TEYHOCTU) U
Opyre noBpLUMHE HA KOjOj Ce HanasuM TEeYHOCT owTap Kaxe ce pga
TEYHOCT ,KBacu” MOBPLUMHY, @ ako je Tyn yrao TEYHOCT ,He KBacu’ Ty
MOBPLUMHY, Kao LUTO je NpukasaHo Ha crnvum 2 n 3, peCneKkTUBHO.

Criuka 2 — KoHTakTHM yrao namehy noBpLuvHe TEYHOCTM U MOBPLUWHE YBPCTE noasiore
Kada TeYHOCT ,KBacu” NOBPLLMHY
Figure 2 — The contact angle between the liquid surface and the surface of a solid
substrate when the liquid "wets" the surface
Puc. 2 — Yron mexay NoBepXHOCTbH XUAKOCTU U CMaYnMBaEMON MOBEPXHOCTLIO Mona

Cnuka 3 - KoHTakTHM yrao uamehy nospLUMHe TEYHOCTM 1 NOBPLUMHE YBPCTE NoAnore
Kaja TeYHOCT ,He KBacu” NOBPLUNHY
Figure 3 - The contact angle between the liquid surface and the surface of a solid
substrate when the liquid "does not wet" the surface
Puc. 3 — Yron mexay NoBepXHOCTbIO XWAKOCTU U HECMa4nMBaeMOoW MOBEPXHOCTLIO Nnona
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LLITo je Behun KoHTaKTHM yrao, moxe ce pehu ga je seha xugpodobHocT
NoBpLLMHE, Na YKONMKo je < 90° cmaTpa ce Aa je NoBpLUMHA XuapodunHa, a
ykonuko je > 90° cmaTpa ce aa je nospLumHa xmapodobHa. C 063MpomM Ha To
A3 je KOHTaKTHW yrao Kaga ce kan Boge Hanasu Ha noBpLUMHK fioToca Beha u
on 160° poaupHa noepluvHa je Mawa of 1%. Y3 To, noBpluMHa nucta
noToca npekpviBeHa je HepaBHVWHaMa BenudnHe 5 0o 10 MukpomeTapa Ha
KOjuMa ce Hanaswm BOCak, LUTO je NpukasaHo Ha cnuum 3.

Cnuka 4 — HepaBHvHe Ha nNuCTy fnotoca
Figure 4 — The bumps on a lotus leaf
Puc. 4 — HepoBHOCTU Ha nucTe noToca

Kaga je ytBpheHo ga cynepxmgpodoBHOCT noBpLUMHA NOTMYE o4
HepaBHUHA MUKPOCKOMCKUX M HAHOCKOMCKMX OUMEH3Mja, a He of HeKuX
cneumdnyHMX XeMMjCKMX CBOjcTaBa MOBPLUMHA TO je uckopuwheHo 3a
nobuvjare noBpLlUMHA Koje MOory came fa ce 4yucte. Tako ce gaHac Ha
TPXULITY Hanase pasnuunTy npemasu Koju Kopucte notoc edgekar, na u
acagHe 6oje. Kaga ce HaHece oBakBa 60ja, 3axBarbyjyhu
MUKPOCTPYKTYPHUM  CBOjCTBMMA, KOHTakTHa MOBpLWHA  4YecTuue
nprbaBWTUHE M BOAE Ce jako cMakyje, a noBpLiMHa nocTaje n3pasuTto
xngpodobHa. Kanu kuwe mory nako ga CKrmM3Hy UM ca cobom MOBYKY
YyecTuue NprbaBLUTMHE Koje crnabo npujarbajy y3 noBplunHy. NoepLlinHe
npemasaHe yobudajeHum dhacagHum 6ojama mane cy Bogooa0bojHe U He
nocjeqyjy oHy noceGHy MUKPOCTPYKTYpPY NONyT fI0TOCOBOr nmvcta. 36or
TOora ce jadye HaBnaxe BOAOM, Ma 4ecTvue nprbaBlITUHE Mory 6orbe
npuvjabatn. MehyTnm, yKOnmnko ce KopucTe npemasun ca noToc epekTtom
moryhe je pga dhacage OCTaHy Yy BenuKoj Mepu cyBe U Oyro 4ucTe.
(http://lwww.sto.hr/9952_HR-Tehni%C4%8Dki_%C4%8Dlanci_-_Fasada-
StoLotusan.htm)

Active Ceramic nnouuvue pearyjy Ha 3arahuBade Koju ce Hanase y
BasayXxy v npeTBapajy UX Y HETOKCUYHE MUHeparnHe conu. [Nnounue ce mory
KOPUCTUTWN Kako Yy 3aTBOPEHOM Tako M Yy OTBOpeHOM npoctopy. OBaj HoBM
n3ym amsajHupao je ap Roman Minozzi n3 Wtannie n weros tum. [pyna
Hay4yHWKa MMana je umro ga ,M3rpagm HOBY MI1oYULy Koja HMje camo ecTeTCKU
npuenayHa, Beh koja Takohe nocenyje jeAMHCTBEHY MYHKLUMjY, Urpa akTUBHY
yriory y noborbluawy KBanuteTa IbyAcKOr »uBoTa”. AKTMBHE Kepamundke
nroynue cy obnoxeHe crojeM TuTaHumjym-gmokcnaa. Kapa je wmsnoxkeH
N3BOPY CBETOMCTU UMK Cce Hahe y BRaXKHO] CpeauHn TUTaHWyM-amuoKeua, ce
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aKkTmBMpa Tako LWTO rnokpehe xemujcky peakuujy. [pouec ce HasuBa
nxotouaTanucuc. OH pasnake Hajuyelwhe 3arafuBade y Basayxy v npetsapa
ux y mmHepanHe conu.(http://www.mojenterijer.rs/gradnja/keramicke-plocice-
koje-ciste-vazduh) Mnounue pasdujajy macHohy, npreaBLUTUHY N GakTepuie,
a yknawajy n HenpujatHe mupuce. OBaj TN NroYnLa cMe ce YUCTUTU camMmo
BogoM. Ha oBaj HausmH Moxe ce orpaHuunTu Kopulhewse arpecuBHUX
cpeactaBa. 300r CBOjMX XUMM|EHCKUX CBOjCTaBa, KepamMudke nroyuvle Koje
uncTe Basdyx MMajy LUMPOKY MPUMEHY Y MHOMMM O0jeKTMMa Kao LUTO Cy:
KMUHWUYKA LEHTPU M OOMOBM 34paBIba, LUKOSICKE YCTaHOBE, BOjHWU 06jekTu,
JomahuHcTBa...

Cnuka 5 — MNnounue 3a npeunwhaBame Basgyxa
Figure 5 — Active ceramic tiles
Puc. 5 — ObnuuoBoYHasi NMTKa, ounLlaoLas BO3ayx

Y3 nnounue koje umajy moryhHocT ga came npeudunwhaBajy Basgyx
nocToje n ekornollke nogHe obrnore koje ce gobujajy on peunknupaHux
MaTepujana n oTnagHUX CUPOBUHA, anu 1 of MaTepujana Koju ce KacHuje
MOTYy peuuKnmMpaT 1 Koju cy buopasrpagmeu. Hbuxoa CcBojcTBa Cy:

» nobpo ancopbyjy Oyky,

* He WTeTe YOBEKOBOM 34paBrby U

* moryhe nx je peumknupaTtu.

Y rpaheBuHapCTBY ce 3a M3pagy KOHCTpyKUuja NpuMeksyjy U 3eneHun u
nameTHu 6eToHu. MNoa 3eneHum 6eToHOM noapasymeBa ce obuMaH npojekat
Pa3NMUMTVX aKTUBHOCTM pauyioHarnHe MnoTPOLUH-E LieMeHTa, Ynja Npou3Bos-
a ocrnobaha senvke konuuuHe yrrbeH-guokenpa (Grdi¢, TopliCic-Curcic,
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2010, pp.87-94). TlpegHocT 3eneHux OeToHa jecTe LUTO ce caHauuvja
NyKoTMHa He BPLUM HaKHaOHWUM pagoBMMa Beh camosalerbiBateM Koje ce
NocTwXKe yrpagHoM NOMIBUBMX LIEBYMLIA KOje ce Npw nojaBu NykoTUHA Fiome
1 ocnobahajy fienak koju nonyHaBa nykoTuHe. ,[lameTan” 6ETOH je oHaj Ynjn
ce cacTaB MpojeKkTyje Tako Ja caM pearyje Ha gernosarba U gorahawba vy
OETOHY M enMMUHULLE HMXOBe HeratuBHe yTuuaje. Camoperynucame
TemrnepaType BpLWM ce napaduHCKUM MUKPOKarncyrnamMma Koje cagpxe
ycnopvBay xugpatauvie LemeHTa Koju ce U3 kancyna ocriobaha npwu
oppeheHoj Temnepatypu 6etoHa (Grdi¢, Toplicic-Curcié, 2010, pp.87-94).

OHo WwTO je jako OUTHO 3a ovyBaH-€ XUBOTHE cpeauHe, nopea camor
cBojcTBa maTtepujana, jecte n wuxoBo aenoHoBawe (Petrovié, et. al.,
2013, 151-165). 360r KOMMNNEKCHOCTM TEME M 3aKOHCKe perynatmee TO
he 6Gutn NnpegmeT gpyror paga.

3akrbyyak

3awTtuTa X1BoTHe cpeauHe noapasymeBa CKyn pasnuumMTUX NocTynaka
N Mepa Koju cripeyaBsajy yrpoXxaBahe XWBOTHE cpeauHe C uurbem da ce
o4yBa BuonoLlka paBHoTexa. EkonoLuka ogbpaHa je myntuamcumninHapHa
n Tpeba ga npeactaerba TpajHy obasesy CBMX 4raHoBa ApywTea. HbeHa
MYNTUAUCLUMMIIMHAPHOCT MPOUCTUYE M3 YMHeHUUEe Oa 34paBrbe, XMBOTHA
cpeavHa © couumjanHu  YCrioBuM npeacTasrbajy KoMmsniekc obnactm u
npobnema Koju cy y ctanHoj nHTepakumju. Ctora ceaku nopemehaj cramwa
XXUBOTHE CpeauHe [O0BOAM OO €KOnowkux nopemehaja M nopemehaja
coumjanHmnx ogHoca, Koju cy MefycoBHO noBe3aHn 1 YCIOBIbEHW.

CaBpeMeHO rpagmTerbCTBO M 3alUTUTa XXUBOTHE CpeavHe NocneaHunx
AeueHunja nmajy npobnem koju je y Kopenaumju ca CTPYKTYPOM OKpYXeHsa
YyoBeKa W 3aliTUTe H-eroBe XWBOTHE cpeauHe, jep je yodeH oppeheH
wretaH yTuiuaj Heknx rpaheBuMHCKUX MaTepujana, Koju cy yrpaheHu y
3rpage uHaMBMOyanHor Unm KONekTUBHOr CTaHOBawa, Mo 34paBibe rbyau
N OKOMKWHY. ¥3 TO, matepujann yrpaheHn y objekte, mawuHe u ypehaje
MOry cagpXatm BeOma onacHe W LWTeTHe Martepujane. Heka opf
KopuwheHux, a u cBe NPUCTYNaYHNUX peLlera HaBeaeHa Ccy Y OBOM pagy
npeseHTaunjoMm oapeheHnX eKomnoLwKMX MaTepujana U nocTtynatnma
3aWTuUTe XMBOTHE cpeauHe. [laxha je ycMepeHa W Ha NpUMEHY
WHOBATUBHUX peLLEeHa U MaTepujana Koju cy u y rpafheBuHapcTBy HaLnm
n3secTaH npoctop. Hamme, n y obnactu rpaheBmMHapcTBa, kao 'y MHOIMM
apyrmm obnactuma, npMMeHa HaHOTEXHONOrnja joll YBEK je Ha MO4YeTKy.
MehyTum, MoryhHOCTM NpuMeHe MHOMMX HaHOTEXHOSTOLLKNX npoussoda y
obnactn rpahesnHapcTBa u apxuTekType noctajy cse Behe. lMpu Tome,
npMMeHa OBWMX HOBWX Mpou3Boda U MaTtepujana y rpaheBnHapcTBy vMMa
cBe Behy eKOHOMCKy ornpaBAaHOCT, anv M OonpaBOaHOCT ca acnekTa
AONpUHOCa OYvyBaky XXMBOTHE CPeaVHE.
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SALLNTA OKPYXXAIOLEN CPE[bI B CTPOUTENLCTBE MNP
NCMNOJIb3OBAHUN 3KOJTOI'MYHbIX 1 HAHOMATEPWAIOB

OBJIACTb: maTepuanbl, Okpyxatowas cpea, CTpoOUTeNbLCTBO
BWO CTATbW: npodeccrnoHanbHHas ctaTbs
A3bIK CTATbW: cepbckuin

Kpamkoe codepxxaHue:

AHMPONoO2eHHOE U MEXHO2EHHOE 8/IUSIHUE Ha OKPYXatowlyro cpe-
dy ocobeHHo ycununock 8 nocredHee decamenemue XX eeka. Oma
meHOeHyus npodomkaemcs u 8 XXI eeke, a HacmyrneHue anobarnu-
3ayuu Hecem Hoeble 3Koroau4yeckue rpobremsl. [opoda Haubonee
3ampoHymbl 2106a5bHbIMU 3KOI02UdecKuMU npobnemamu. BHewHul
8uUd okpyxxaroweli Yesioseka cpedbl, UHOUBUOYaIbHOCMb KOMOPOU 8bI-
paxaemcs yepe3 hopMbl, CMPYyKMypbl U Uygema, s18/5155emcsi 00OHUM U3




Haubornee 8axHbIX Xxapakmepucmuk rnpocmpaHcmea. lepgoe ymo 6p-
ocaemcs 8 ajla3a — 3mo apxumekmypa u cmpoumesibcmeo. Yenosek
gcezla npudaem 6onbwoe 3HavyeHue 6blIbopy Mamepuanos Orns
cmpoumesibcmea u omoenku. [lpu amom enusiHue Ha e8bibop Mame-
puana okasblealom peauoHasibHas rMpPUHadIexXHOCMb U KiumMamuye-
CKue ycrnosusi. B anoxy cospemMeHHbIX mexHonoaul U 3KCrnaHcuu Ho-
8bIX mMexHu4Yeckux docmuxeHud, Yesoeek mpebyem ucronb308aHUsI
Mamepuaros, Komopbie cOesialom OKpyXxarouwee rpocmpaHcmeo 6o-
Jiee KOMGOPMHbLIM U HacblWeHHbIM. To ecmb, Mamepuarbl OOMKHbI
obecriequgamb HeObXx0O0UMbIU ypo8eHb KoMgbopma, cOoomeemcmeo-
samb mpebosaHusiM 3Hepa0aghgekmusHocmu, bbimb 6e38pedHbIMU
0nsi 300po8bs U 3KOM02UYHbIMU. B 0aHHOU cmambe npusedeH o0b30p
Mamepuaros, coomeemcmasyruux makum mpebosaHUsIM.

KntoueBble crnoBa: 0epeso, 6710K, cmekrio, iomoc, 6emoH, Hopmamus-
HO-Npaeoeble akmbl, NMAUMKa, Kuprnud, okpyxaroujasi cpeda, HaHoMa-
mepuarbl, 3K0/102UYHbIE Mamepuaribl.
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REGARD TO THE USE OF ECO AND NANO MATERIALS
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Summary:

The looks of any environment, the identity of which is expressed
through its form, structure and color, is one of the most significant
characteristics of any area. The first structures that catch the
observer's eye are buildings and urban structures. People have always
attached importance to the choice of building materials and interior
design. Materials used have been specific for certain regions. In the
era of modern technology and the expansion of new technical
advances, the man and his environment require materials which are
going to enrich living space, while constructions and shaped volumes
will be made richer and more content aware. Materials should fulfill
criteria which allow comfort, provide efficient energy consumption,
healthy living conditions and preserve the environment.
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Buildings significantly change our environment. Most of such
man-made objects do not comply with the needs of environmental
protection because they are energetically inefficient, too cold or too hot
and expensive to maintain. They are mostly built of materials which
have a negative effect on health and environment. About 40% of stone
and small and big aggregate are used for their production, as well as
25% of timber. Such objects waste 40% of energy and 16% of water
worldwide. The use of eco-friendly materials results in objects with a
minimal influence on the environment and at the same time such
materials are more economical and healthier for living. Environmental
protection and construction means the maximum utilization of natural
site conditions, usage of healthy materials, efficient consumption of
water and energy for building and use of water.

In the process of European integration of Serbia, there is a
harmonization of the national requlations regarding the environmental
protection with the EU requlations. This process includes the transfer
of a significant part of jurisdiction in this field to the local government
level, including jobs which refer to global environmental problems.

The influence of ecology is an important global issue. There is a
huge pressure from many sides to minimize influence - requests often
come from governments, trade associations and other social and
financial stakeholders.

The implementation of "ecologically eligible products”, i.e.
materials used in construction and consistent with the protection of the
environment, is one of the first steps towards the realization of the
concept of sustainable development and environmental protection.
These materials are flexible, reliable, durable, and suitable for
repeated use. Environmental compatibility of materials is of great
importance in the context of the production of consumable resources.

The focus of the production is to create wasteless methodologies
that optimize production and maximize environmental performances.
The basic features are:

— reduced amount of materials used,

— use of recycled materials,

— use of materials from the immediate environment,

— increased energy efficiency,

— increased longevity of the product,

— use of materials with less impact on the environment,

— reduced amount of waste,

— property of re-recycling (recyclability),

— capable of measuring carbon footprint, and

— applied principles of sustainable development.

The reduction of an environmental impact is also highlighted. This
applies to the entire ecological life cycle, from raw material extraction
to product disposal (clean production). Currently, the aim is to optimize
the entire socio-economic system of the product, as well as to meet the
criteria for sustainable development and environmental protection.
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Brick is the most widely used building material in the region. It is
easily available, accepted and does not require additional education of
contractors. It is very durable and resistant to moldering and insects.
Because of its density, it warms more slowly in summer and in winter it
cools more slowly, which helps to maintain the temperature inside the
object. Modern brick manufacturers have improved their production in
order to pollute the environment less .

Wood is the "greenest” material. If forests are kept reqularly, trees
will grow without violating a natural balance. Wooden structures can
last for centuries without being damaged by the elements. That is, if
they are properly protected from moisture, insects and unforeseen
damage. It is biodegradable and it does not make any damage and
negative effect on the environment. A relatively small amount of energy
is needed so that wood can be processed and prepared for building,
but wood requires regular constant maintenance and coating
chemicals for protection. These coatings are expensive and anything
but ecological and they have negative influence on the environment.

Simprolit blocks have excellent sanitary - epidemiological
characteristics. In objects built of Simprolit blocks, environmental
requirements are completely fulfilled. Simprolit block walls are declared
as "dry" (no more than 4% of moisture). In case of soaking, during
great damage, such structures dry quickly without any loss of their
physical characteristics. During floods, Simprolit block walls do not
absorb moisture by means or capillary climbing like brick, siporex,
foam concrete and other materials (in case of floods, walls of these
materials absorb water along the entire height, and it takes time to dry ,
sometimes more than a year). In the class of lightweight concrete,
Simprolit polystyrene is one of the lightest. Building facade and inner
walls using Simprolit blocks significantly reduces the load on the
structural elements of objects, reduces their dimensions and also
reduces needed armature and weight, which directly impacts the
construction f costs.

Low emissivity glass is an important EKO material. Low emission
glass or Low-E glass is a microscopic thin layer of a metal or metal
oxide, which is applied on the glass by vapor deposition of a metal on
a molecular level. Glass coated with a metal film only allows short
wavelength radiation (visible part of the spectrum), while it reflects the
long wavelength radiation (infrared rays) from the warm side of the
glass onto the cold side. LOW-E blocks almost 98% of harmful sun
rays, so in the cold period big glazed house rooms can become
collectors of solar energy, so they can contribute to save precious
heat.

Glass which protects fromsun is made as a single glass surface
or insulating glass. Its purpose is to keep back the solar energy which
falls onto a glass surface. This glass does not have protection from
glaring. A protective coating is applied on the inner side of the exterior
glass.
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Self cleaning glass is hydrophilic and hydrophobic glass based on
a ‘lotus effect”. A hydrophobic glass surface repells water and a
hydrophilic one does the opposite.

The development of bionics saw the usage of various effects
occurring in many plants including a lotus leaf, i.e. a lotus effect. The
leaves of the lotus cannot get wet, and after the rain they are dry and
clean because water which slides down the leaves takes the dirt and
dust, so the leaf stays clean. The droplets of water can pick up
particles of dirt because the microstructure (namely, nanostructure) of
a lotus leaf surface is such that minimises the adhesion of water
droplets to the surface.

Active Ceramic tiles are responsive to contaminants in the air,
and turn them into non-toxic mineral salts. The tiles can be used both
indoors as well as outdoors. This new invention is designed by dr.
Romana Minozzija from lItaly and his team. A group of scientists
intended to "build a new tile that is not only aesthetically pleasing, but
which also has a unique feature, play an active role in improving the
quality of human life." Active ceramic plates are coated with a layer of
titanium dioxide. When it is exposed to the light or when in humid
environment, titanium dioxide activates and starts a chemical reaction.
The process is called photocatalisis.

Green and smart concrete are also materials used for building
structures in civil engineering. Green concrete refers to various
activities of efficient consumption of cement, whose production
releases large amounts of carbon dioxide.

In recent decades, modern civil engineering and environmental
protection face a problem correlated with the structure and the
protection of the environment, because the impact of some building
materials can be harmful to human health and the environment as well.
Materials in buildings, machinery and equipment can also contain very
dangerous and harmful materials. Some of more affordable solutions
are given in this paper together with the presentations of some
ecological materials and the postulates of environmental protection.

Keywords: tree; blocks; glass; lotus; concrete; legal documents; tiles;
bricks; environment; nano materials; eco materials.
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Caxxemak:

Y osom ripukady 0ame cy ocHO8He UHGbopMauuje o YKyrnHUM pesyr-
mamuma, 3Hadajy, mehyHapodHom rpoepamMckom o0dbopy u obrnacmuma
pada 6. mehyHapodHoe Hay4YHO-Ccmpy4HOoe CKyrna u3 obracmu o06pambe-
Hux mexHosioezuja OTEX 2014, npu 4emy je riopefjeH ca rnpemxo0HuX
nem ckyrnoea. [lpedcmaerbeH je 6poj memamckux obnacmu, 6poj pado-
ea, bpoj aymopa/koaymopa, bpoj cecuja ckyna u bpoj yraHosa rpoepam-
ckoz o0bopa. Ogozodulurbu je cKyr, y 0OHOCY Ha npemxo0He, umao Haj-
guLue objasrbeHuUx padosa, Kao U fpujasrbeHuUx aymopa/koaymopa.

KrbyyHe peun: mehyHapodHa koHpepeHyuja, OTEX, eojHe mexHonoau-
Je, npukas.

Y Beorpagy je 9. n 10. oktobpa 2014. rognHe, y npoctopujama Boj-
HOTEXHUYKOI MHCTUTYTA, oAgpxaH 6. meflyHapoaHW Hay4yHO-CTPYYHU CKyn
(koHbepeHumja) n3 obnactn opbpambeHumx TexHonormja OTEX 2014

(6™ International Scientific Conference on Defensive Technologies

OTEH 2014).
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OpraHusatop oBe 3HadajHe koHdepeHuuje je, no netn nyT, BojHo-
TexHn4km nHeTutyT (OTEH 2014 Conference Proceedings, 2014).

C obG3upom Ha To ga ce cnegehe rognHe Haspwaea 10 rogunHa of,
npee KoHdepeHumje, HapeaHa KoHdepeHumja nnaHnpaHa je 3a 2016. ro-
AVHY, WTO je nMpunuka ga ce a KoMnapaTMBHU Npukas gocajallHbux
KOHpepeHUuMja, a He camMo OBOroAULLIHE.

MpBa koHMepeHumja nocBeheHa oabpambeHnm TexHonornjama ogp-
XaHa je 2005. roguHe, 6. 1 7. geuembpa, Ha nHUuMjaTBy BojHe akape-
muje n3 beorpaga u y weHuM npocTtopujama, No4 Ha3nBOM 1. Hay4HU
ckyn OpbpambeHe TexHonormje y dyHkumju mupa OTEX 2005 (OTEH
2005 Konferencijski zbornik radova, 2005). Taga je ogny4yeHo ga Hapegn-
Hy KOH(pepeHuujy opraHmayje BojHOTEXHUYKN MHCTUTYT, KOjU je HacTaBmo
Ja opraHusyje n HapeaHe KoHdepeHuuje. lNnaHupaHo je ga ce ckyn ogp-
XXaBa cBake fpyre roguHe, anu o Tora ce ogctynuno 2012. roguHe.
Opyra koHdepeHumja ogpxaHa je 2007. roguHe, og 3. oo 5. oktobpa,
noa HasMBOM 2. Hay4HO-CTpy4dHM ckyn OabpambeHe TexHonornje OTEX
2007 (OTEH 2007 Konferencijski zbornik radova, 2007). Tpeha koHde-
peHuuja ogpxaHa je 2009. roguHe, 8. n 9. oktobpa, noa HasMBoM 3. Ha-
YYHO-CTPYYHU CKyn ca MefyHapogHum yyewhem u3 obnactn ogbpambe-
Hux TexHornornja OTEX 2009 (OTEH 2009 Konferencijski zbornik rado-
va, 2009). YetBpTa KOoHbepeHunja ogpxaHa je 6. n 7. oktobpa 2011. ro-
AvHe nop Hasueom 4™ International Scientific Conference on Defensive
Technologies OTEH 2011 (OTEH 2011 Conference Proceedings, 2011).
MeTa KoHepeHuuja ogpxaHa je 18. n 19. centembpa 2012. roamHe nog
Hasvsom 5™ International Scientific Conference on Defensive Technologi-
es OTEH 2012 (OTEH 2012 Conference Proceedings, 2012).

M3 HasuBa koHdepeHUuja odnrnegHo je aa cy npee ase KoHdepeH-
unje nmane kapakrep gomahux koHdpepeHumja, Tpeha je 6una ca mehy-
HapogHuM ydelwhem, a noyes of vetBpTe OTEX je noctana mehyHapoga-
Ha KOHdepeHuuja, WTo je 6p3 1 3HaYajaH Hanpefak v ykasyje Ha 3Hayaj
N NHTEpecC M BOjHE W UMBUNHEe MehyHapodHe jaBHOCTM 3a BOjHY HayKy
yonwTe n'y Peny6nvun Cpbunju.

Pag koHepeHuMja ogsujao ce Kpo3 NneHapHa usnaraka u pagose
y cekumjama, a caMo npBa KOH(epeHumja je, noped NnNeHapHUX uanara-
Ha, Mmana u Tpu npegasawa no nosmey. Ha HekMm koHdepeHuunjama
OopraHu3oBaHa je 1 nanoxba Haopyxara 1 Kiura, kao Ha npumep 2009.
roavHe, Kaga je opraHusoBaHa NnocTep cekuuja ca pagoBuma cTygeHaTta
N MNagux CTpyyhaka, a u oOKpyrnun cto ca tTemom OgbpambeHe TexHomo-
rmje Cpbuje: ctawbe n TpeHgosun. PegoBHO Cy opraHM3oBaHe U noceTe
nabopatopujama BojHOTEXHUYKOT MHCTUTYTA.

Capgpxaj obnactu kojuma ce 6aBuna oBa koHdepeHumja Huje ce But-
HO MeHa0, Maga ce 6poj obnactu Merwao (Heke cy ce objeant-aBane unu
pasgBajane). [JoHekne cy ce Meranu u HUXOBU Ha3MBK, a Heke obractu
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Cy Ce yKibyuMBarsne y Heke KoH(epeHumje, a Y HekKnma ux Huje 6uno, Kkao
"eoTonorpadcke Tononoruje n MeguuunnHa y oabpanu (tabena 1).

MpBea koHdepeHuuja, 2005. roguHe, umana je 4 nporpamcke obnactm
ca 14 cekumja. To cy bune 1. Haopyxane, myHuuuja, 6opbeHe nnatdop-
Me un 3awTuTta (ca 5 cekumja: Haopyxane n 6anuctmka, bopbeHa moTop-
Ha Boauna, BasgyxonnosHe nnatdopme, Ekcnnosneum matepujanu, 3a-
WwTtuta), 2. ENEeKTpoHckn cuctemMu, KoMaHaHO-MHPOPMaLUOHN CUCTEMU U
CUCTEMM yrpaBIbara BaTpoM (ca 5 cekumja: BojHM KOMyHUKaLMOHKU cucTe-
Mu, Pagmo-nokaumoHm cuctemu, MIHpopmaumoHm cnuctemmn, Cnctemmn Bo-
hewa 1 ynpaembama, [acusHu cuctemun), 3. JlormcTuka, KBanuteT, CTaH-
Aapaunsaumja n metpororuja (ca 2 cekumje: Jlornctmka n ksanutet, Ctan-
Aapausaumja n metposoruja), u 4. Hose TexHosnorvje n matepujanu (ca 2
cekupje: Hoee TexHonornje n Hoee TexHonorvje n matepujanm).

[pyra koHepeHumja Huje KopucTuna TeEPMUH Nporpamcke obnactu
Beh cekuuje, kojux je 6uno 10: 1. Haopyxane n 6anuctuka, 2. bopbeHe
nnatdgopme, 3. MyHuumja n ekcnnosveHu matepujanu, 4. Cuctemmn enek-
TPOHCKOr paToBawa, Bohewa U ynpasrbawa 1 ceHsopu, 5. TenekomyHu-
KaunoHu, nHOPMaLMOHN U KOMaHOHO-MHpopMaunoHn cuctemu, 6. 'eo-
Tonorpadcke TexHonoruje, 7. MeHalMeHT y cuctemy ogbpaHe u noru-
ctuka, 8. Cucrtem kBanuTeTa, CTaHgapausaumja, kogudvkaumja n meTpo-
noruja, 9. lHoBaTMBHOCT, HOBU MaTtepwujanu, TexHororuje u 3awTtura, 10.
MeanunHa y doyHKumnju ogbpaHe.

Y Tpehoj koHepeHuuju kopuwheH je TepMnH TemaTtcke obnactu, a
6uno ux je 11. Haaneu cy 6unun NpakTMYHO UCTU KAo U Ha APYroj KoHde-
peHumnjn, a HoBa TemaTcka obnact 6unu cy PoboTtnsosaHn 6opbeHun cu-
ctemun. Ha oBOj kOHbepeHUUju pagoBu Cy MOAHOLIEHU U HA EHrNeckoM
jesuky, a 6uno je npeasuheHo Aa Takeu pagosu Gyagy pasMoTpeHu U 3a
objaBrbuBarbe y Yaconucy Hay4yHoTexXHWYKM npernea, koju usgaje BojHo-
TEXHUYKU MHCTUTYT. Ha oBOj koHepeHuuju je og 202 paga 16 pagosa
6uno Ha eHrneckoMm jesuky. MehyTtum, nporpamcku ogbop Huje nmao
YynaHoBe U3 MHocTpaHcTea (Tabena 2).

3a koHbepeHLUMjy ce Mory NOAHETU PafioBU KOju cagpXe opuruHar-
He Teopujcke UNU NpaKTUYHe pesynTaTe UCTpaXuBaka, Kao U MpuKasu
NpakTUYHUX pelwewa nnn ypehaja n3 gomeHa TemaTckmx obractu KoH-
depeHuumje.

CBakn y4eCcHUK Moxe BUTKM ayTop UM KaoyTop Hajsuwwe Tpu paja,
anu camo jegaHnyT Kao npBu ayTop.

Csu pagoBu Noanexy CTPy4YHO] peLEH3nju.

o caga je y 36opHMUMMa OoBe KOHdepeHLMje NyBrMKoBaHO YKYMHO
996 pagosa, ykibyyyjyhm n OTEX 2014 (tabena 2).

3a koHdepeHuujy ce yobuyajeHo wiTamna nporpam un Hapesyje LI
Ha KojeM ce Hanase CBY pafoBu Koju Cy npoLwnu peueHsunjy. Of yetspTe
KoHgepeHuuje, ogpxaHe 2011. rogmnHe (OTEX 2011), kaga je OTEX no-
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cTtao MehyHapoaHa KoHdepeHuunja, pagoBu ce NULY U N3naxy Ha eHrne-
CKOM je3unKy.

Bbpoj MHOCTpaHnX gpXxaBa, ydecHUUa Ha KoHdepeHUuju, Merao ce, Ta-
KO Ada ce, 3aBUCHO of koHdbepeHumje, kpehe namehy 13 n 15 (ako ce He pa-
yyHa Cpbuja). bpoj pagoBa 1 aytopa 13 MHOCTPaAHCTBA je yjeqHayeH Ha no-
cneghsum koHdepeHumjama (Tabena 3 n 4). Og kaga je OTEX mehyHapoga-
Ha KoHdepeHLmja, y4eCHULM Cy BUnNn U3 yKYNHO 24 MHOCTpaHe ApXKaBe.

Mporpamcku ogbop KOHMEpPEHLUMje NOCTENEHO je YKIby4MBao Hayu-
HUKE U3 MHOCTPAHCTBA, Kako 6 06e36eamo kBanuTeT mefyHapoaHe KOH-
depeHumje (Tabena 2).

Mporpamcku ogbop oBoroguvlke KOHEPEHUMje YMHK 38 Hay4yHUX
pagHuka 13 12 3emarba: benopycuja — 1, bocHa un XepuerosuHa — 3, by-
rapcka — 2, Yewka — 3, Kanaga — 1, KnHa — 1, Hemauka — 1, Hoeu 3e-
nang — 1, PymyHunja — 2, CnioBeHnja — 1, Cpbuja — 21 (o4 Kojux je 7 uns
LMBUITHMX MHCTUTYUMja), Typcka — 1. dakne, 6uno je 17 ynaHoBa 13 MHO-
cTpaHcTBa unu oko 45%.

Tabena 1 — MNpernea ykynHor 6poja pagoBa no obnactuMa KoHdepeHuuje
Table 1 — Overview of the number of all papers grouped by Conference areas
Tabnuya 1 — O630p paboT Mo No KaXx4oN U3 TeM, NpeacTaBreHHbIX Ha KoHdepeHUnn

P. 6p. Hasne obnactu (g'(l)'lﬁ( 2?)—%( Ozgla(
lMneHapHa nanarawa 3 2 2
1 AepopvHamuka n AuHaMuka neta 11 12 10
2 Basgyxonnosu 22 23 26
3 Haopyxare u Bo3una 21
4 MyHuLMja 1 eHepreTcku MaTepujanu 28 29 20
5 MHTerpucaHun ceH3opcku n poboTckm 17 16 21
cuctemmn
6 TenekoMyHUKaLMOHN U 18 18 12
WH(OPMaLMOHN CUCTEMN
7 Martepujanu u TexHonoruje 22 34 36
KesanuteT, ctaHgapavsaumja, 11 11 10
8 MeTpororvja, ogp>xasame 1
ekcnnoarauuja
9 [eoTonorpadcke TexHonoruje 7
10 MeanumHa y pyHkumnju onbpaHe 3
YKYMNMHO OBJIACTU 9 7 8
YKYNHO PAOOBA 142 145 158

Ha oBoroaunwh0oj KoHdepeHumju 6uno je Hajpuwe objaBrbeHNX pa-
A0Ba N KUXOBUX ayTopa/koayTopa, padyHajyhu og BpeMeHa of Kaga ce
ogpxaBa kao MehyHapogHa KOH(epeHumja, Na ce pagoBu NULLY Ha eH-
rneckom jesuky (tabena 1, Tabena 2).




OBoroguimny KOHdEpPEHLMjy OTBOPMO je MuHUCTap ogbpaHe Peny-
6nuke Cpbunje bpatucnas Nawwuh, a ckyny ce, y nme opraHusaTopa 1 go-
mMahuHa, obpatno gupekTop BOjHOTEXHWYKOr MHCTUTYTA MNYKOBHWK O0-
ueHT gp 3opaH Pajuh.

MwuHuctap ogbpaHe je uctakao ga je OTEX m3y3eTHO 3HavajHa Ha-
YYHO-CTPpY4Ha MaHuUecTaumja n npunmka ga ce Ha jeqHOM MeCTy CPeTHY
CBW OHW KOjU Cy Ha AMPEKTaH UNN NHONPEKTAH HAYUH YKIbyYeHn y aenart-
HOCT ogbpambeHnx TexHonormja n nopy4yno ga je MuHmucrapcteso ogbpa-
He yBek 6uno n 6uhe oTBOpeHo 3a MehyHapoaHy capagmwy, YeMy cBeAo-
4 n  Benukn 6poj ydeCHMKa M3  MHOCTPAHCTBA Ha  CKyny
(http://www.vti.mod.gov.rs/index.php?view=actua-
lity&type=news&id=292#sthash.zpBQkU7Y.dpuf 2014 Oct 11).

OTBapamy cKyna NnpucycTBoBanv Cy BUCOKU 3BaHUYHUUKN MuHucTap-
ctBa ogbpaHe n Bojcke Cpbuje, cTpaHu BOjHU M3acnaHMumM akpeguToBa-
HK y Cpbujn, generaumje MO Buwe 3emarba, Buwe og 100 yyecHunka ua
WHOCTpaHCTBAa, NpeacTaBHULM MHCTUTYTa, dakynTeTa, dabpuka ogdpam-
BGeHe nHaycTpuje n apyru rocTu.

Tabena 2 — bpoj pagoBa, ayTopa, cekuuja, cecuja 1 YnaHoea nporpamckor ogbopa
no KoHdepeHLUujama
Table 2 — Number of papers, authors, sections, sessions and members
of the Programme Committee by Conferences
Tabnuya 2 — Cnucok Konu4yecTsa NpeAcTaBreHHbIX paboT, aBTOpPOB, CEKLNN,
ceccun n npepctasutenen OprkomuteTa KOHEpPEeHLUN

OTEX 2005|0TEX 2007|OTEX 2009|OTEX 2011|OTEX 2012|OTEX 2014
Bpoj paposa* 168 181 202 142 145 158
Bpoj aytopa/
KoayTopa 268 287 374 315 402 417
Bpoj cekumja** 14 10 11 9 7 8
Bpoj cecuja 19 22 20 15 15 16
Bpoj unaHoBa
Mporpamckor 30/7 30/4 22/5 31/13 29/10 38/17
opbopa***
Bpoj 1 1 4 17 16 14
[pxaBa****
INerenpa:

* CBaka koHbepeHUMja umana je no 2 nneHapHa pazga, koja cy obyxsaheHa.

** Bpoj TemaTtckux ob6rnacTu, O4HOCHO Cekuuja.

*** YkynaH 6poj 4ynaHoBa [lporpamckor og6opa/6poj BaH nHctutyuuja Bojcke Cpbuje 3a
OTEX 2005, OTEX 2007 n OTEX 2009, a 3a OTEX 2011, OTEX 2012 n OTEX 2014 T0
cy ykynaH 6poj unaHoBa lNporpamckor ogbopa/bpoj YnaHoBa U3 MHOCTPaHCTBa (Npu Yemy
4YNaHoOBM N3 LUBUINHMX UHCTUTYUMja Cpbuje HUCY noce6GHO usaBajaHu n3 ykynHor 6poja).
%Y Opoj Ap>kaea cBpcTaHa je u Cpbuja, kao AomahuH KoHepeHuumje.
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Tabena 3 — MNpernep 6poja pagosa u aytopa (1 koayTopa) no gpxaBama y4YecHuuama
Table 3 — Overview of the number of papers and authors (with coauthors) by member states
Tabnuua 3 — O630p KonmnyecTBa paboT 1 aBTOPOB (COAaBTOPOB), MO CTPaHaM y4aCTHUKOB

OTEX 2011 OTEX 2012 OTEX 2014
P-op- | Aex@®a Teog | Bpoj | Bpoj | Bpol | Bpoj | Bpol
pagjoBa | ayTopa | pagoBa | aytopa | pagoBa | aytopa
1 Anxup 3 3 3 5 5 11
2 AycTpanuja 1 1
3 AycTpuja 1 1
4 Benopycuja 9 1 3 2 4
5 BuX 5 3 6 4 8
6 Byrapcka 2 4 1 2
7 LipHa Nopa 1 3 2 2 2 5
8 Yewka 2 2 3 1 4
9 Ervnar 2 2
10 dpaHuycka 1 1 2 2 1 1
11 Upcka 1 2
12 Wtanuja 1 1 1 1
13 KaHapa 3 3 1 1
14 Kuna 2 3
15 MakenoHuja 3 7
16 Hosu 1 1
3enaHpg,
17 Morbcka 2 10
18 Pycuja 1 1
19 CnoBeHuja 1 4 1 6 1 1
20 CypaH 8 15
21 Lsajuapcka 1 1
22 Typcka 8 11 6 10
23 YkpajuHa 1 1 2
24 Benuka 1 2 2 2 1 2
BputaHuja
YKYTHO 32 47 32 61 31 62
pagoBa

Ha oTBapany BehuHe gocafjalurux KOHdepeHuMja ogpaHa cy n
npurogHa npefgasaka nocsBeheHa HalMM No3HaTUM HayyYHuuuma. Tako
je 2011. roguHe nNpurogHo npeaasake 6mno nocseheHo XMBOTY M pagy
Hukone Tecne, jeaHoM of, Hajsehux CPNCKUX NpoHanasaya v HayyYHuka.
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C obsupom Ha 1o ga ce 2014. rogmHe obenexasano 160 roguHa og,
pohetwa Muxajna lNynuHa, Ha oTtBapawy OTEX, npodecop [dparorbyb
MapTuHoBuh ogpxxao je NpurogHo npegaBanse (Ha EHrNEeCcKOM je3unky) o
HEroBOM UKy 1 aeny.

KoHdbepeHuuja je, kako je yobuyajeHO, HacTaBibeHa MreHapHUM
npegasarnma roctujy u3 MHoctTpaHctea: ap JleoHnga peunxuHa, ca Bu-
COKOI Op>KaBHOI Ba3gyxonsioBHor koneya y MuHcky, Penybnuka benopy-
cuja u gp MapTtmHa Mauka ca YHuBepauteTa ogdpaHe y bpHy, Yeluka.

Tabena 4 — lNperneq 6poja pagosa v aytopa/koayTopa Mo ApXxaBama yYyecHuuama
Table 4 — Overview of the number of papers and authors/coauthors by member states
Tabnuya 4 — O630p konuyecTBa paboT U aBTOPOB/COABTOPOB NO CTpaHaM y4aCTHUKOB

OTEX 2011 OTEX 2012 OTEX 2014

Bpoj Bpoj Bpoj Bpoj Bpoj Bpoj
pagosa ayTopa papoBa ayTopa papoBa ayTopa

Bpoj

MHOCTpaHUX

npxasa 16 15 13

YKYMNHO 32 32 61 31 62

MHOCTpaHu

Cpb6uja 110 113 341 127 356

YKYMNHO 142 145 402 158 431

OTEX

Mpodh. MNpeunxuH ogpxao je npepaBawe nog Hacnosom Aerodyna-
mics of separated flow, a npod. Mauko nog Hacnosom Modelling of laser
attack on airplane durig landing manoeuvre.

3atnm je koHdepeHUuja HacTaBibeHa pagoM Mo cekumjama n cecu-
jama, a KpaTkm cagpxaju npuxsaneHnx n peueH3npaHux pagosa Mory ce
Bugetn Ha cajty OTEX 2014 (http://www.vti.mod.gov.rs/oteh/index.htm),
OOK ce KoMnneTHu pagosu Hanase Ha LI (OTEX, 2014).

Y 360pHMKY OBOroauiHe KoHdepeHuuje uma ykynHo 158 pagosa
(ykrbyyyjyhin n 2 nneHapHa paga), koje je Hanucano 412 aytopa u3 14 gp-
XaBa (ykrbyudyjyhm n Cpbujy), a To je HewwTo BuULIE pagoBa 1 ayTopa, anu
Make gpKaBa Hero npetxogHe koHdepeHumje 2012. roguHe (Tabena 4).

HanomeHnumo ga ce 3a OTEX He nnaha koTusauumja, a ogpxaea ce y
Beorpagy, rpagy rae je KoOHUEHTpaumja Hay4yHor U CTPYYHOr noTeHuunjana
Cpbuje, kako BOjHOr, Tako M uuBunHor, a beorpag je npuBnayHa gectu-
Hauuja 1 3a y4ecHuKe U3 MHOCTPaHCTBA, Na je cBe TO A0AAaTHU MOTUB Aa
OTEX nma 6pojHe 1 KBanuTeTHE YYECHUKE.
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[o capa cy o npetxoaHum koHdepeHumjama OTEX HanncaHa Tpw npw-
Kasa y BojHomexHu4kom enacHuky (GaceSa, 2007), (Gacesa, 2010), (Bur-
kovi¢, 2012), a y oBOM Npunory je HacTojaHo ga ce ga cBeobyxBaTHUjU U
KOMnapaTMBHM NpuKa3 pasynrtara CBMX Aocagalutbunx kKoHdepeHumja OTEX.

Ha kpajy, moxe ce kKoHCcTaToBaTV Aa je koHdepeHumja OTEX 2014
umana Hajsehu 6poj pagoBa of kaga ce ogpxasa kao MehyHapogHa
KoHgepeHumja (nocnegtwe Tpu koHdepeHumje: OTEX 2011, OTEX 2012
n OTEX 2014). YouaBa ce capagh-a aytopa 13 pasHux MHCTUTyumja Boj-
cke n MuHuctapctea ogdpaHe Penybnuke Cpbuje, kako ca UMBUNHUM
nHctutyuujama y Cpbujun, Tako n ca nHctutyumjama saH Cpbuje. BehuHa
pagoBa je KONeKTUBHO Aeno Buwe aytopa. MehyTum, HEKONUKO aytopa
noTnucyje ce Ha BuLWe o4 Tpu paga (npemMaa je 1 Ha 0BOj KOHEpPEHLNjH,
Kao M Ha Ha BENMHM OpYrnx HayyYHWUX CKyrnoBa, OrpaHUYeHO Aa ce UCTU
ayTop MOXe MNojaBuMTK Ha HajBuLUe TpU paga, a caMo Ha jeQHOM pagy Kao
npeu ayTop), mehy Kojuma jegaH aytop Ha 7 pagosa. Tpeba gogatu ga
CY, Kao N NPeTXOAHMX roauHa, Ha KoHdepeHUmju y4ecTBOBanu 1 nsnara-
nv pagose, YKIbyyyjyhu u nneHapHa uanarawa, U Hekagallhu npunag-
Huum Bojcke, Koju gaHac page y BUMCOKOOOPA30BHUM MHCTUTYLMjama W
Hay4YHUM MHCTUTYLMjaMa, KaKo Y MHOCTPaHCTBY, Tako u 'y Cpbujn.
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6. MEXXOYHAPOOHAA HAYHYHAA BOEHHO-TEXHNYECKAA
KOH®EPEHUMA OTEX-2014 (OB30P CBEOPHUKA CTATEWN)

OBJTACTb: BOEHHbIE TEXHOMNOIMMMU
BWO CTATbW: 0630p
A3bIK CTATbW: cepbekuin

Pesrome:

lpusedeHbl 0CHOBHbIE OaHHble O pe3yrbmamax, 3HadyeHuu, Mu-
po8bix meHOeHUUsIX U cghepax dessmenbHocmu 6 mexdyHapoOHOoU o-
€HHO-mexHu4eckol KoHgepeHyuu OTEX-2014 e cpasHeHUU C MsIMbO
npedbidywumu. lNNpueedeHbl OaHHbIE MO Konudecmey pabom, 4quciy
asmopoe/coasmopos, cghep OesmernibHocMu, GrnumesibHOCMuU pose-
OeHus u 4Yucny 4neHoe ombopHoUl komuccuu. Lllecmasi KoHgbepeHyus
OTEX-2014, no konu4yecmsy npedcmasneHHbix pabom u 4ucsry asmo-
P08, 3Ha4YuMesIbHO rPe8ocxooum ece npPoeedeHHbIE paHee.

KnioueBble cnoBa: mexdyHapodHas koHgepeHyusi, OTEX, e0eHHble
mexHonoauu, 0630p.

6'" INTERNATIONAL SCIENTIFIC CONFERENCE ON DEFENSIVE
TECHNOLOGIES OTEH 2014 (PROCEEDINGS REVIEW)

Slavko J. Pokorni
High School of Professional Studies in Information Technology, Belgrade

FIELD: Military Technology
ARTICLE TYPE: Review
ARTICLE LANGUAGE: Serbian

Summary:

The article presents the basic information about the overal results,
significance, international programme committee and working areas of
the 6" International Scientific Conference on Defensive Technologies,
OTEH 2014, in comparison with previous five conferences. The number
of sections, number of papers, number of authors/coauthors, number of
sessions and number of members of the scientific commitee are
presented in the review. This year conference is the best regarding the
number of papers and the number of authors/coauthors since this
conference got its international character.

Key words: international conference, OTEH, military technology, review.

OaTym npujema unaHka / Paper received on / lata nony4yexusi pabotsl: 17.11.2014.
[atym poctaBrbama ucnpasku pykonuca / Manuscript corrections submitted on / Jata
nony4eHust ncrnpaeneHHon Bepcun padotol: 10. 01. 2015.

[atym koHavyHOr NpuxBaTakwa uYnaHka 3a objaBrbmBare / Paper accepted for publishing
on / laTa okoH4YaTenbHOro cornacosaHus pabotsl: 12. 01. 2015.
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CABPEMEHO HAOPYXAHE 1 BOJHA OMNPEMA
MODERN WEAPONS AND MILITARY EQUIPMENT
COBPEMEHHOE BOOPYXEHWE 1 BOEHHOE OBOPYJOBAHUE

Aymomamcka nywka H&K G36¢ 5,56 mm

Opf nojaBe NpBUX ayToMaTCKUX NyLlaka, na cBe A0 AaHalHer AaHa, OrpoM-
HO MHTepecoBake OAYyBEK Cy NMPUBMaYWe nywke NO3HaToOr HeMayvykor NPOu3BO-
haua H&K (Heckler & Koch). Kaga je ped o aytomaTtckum nyLikama Koje cy age-
KBaTHe 3a ynoTpeby y NpOTUBTEPOPUCTUYKMM jeanHuuama, CneunguyHOCT Hin-
XOBE KOHCTPYKLMje npov3unasu 13 LUMPOKOT Aujana3oHa 3axTeBa kKoje Mopa Aa
3a40BOSbM Y CKMagy ca HameHama TuX jeguHuua. JegHa of nywaka Koja je cu-
rYpHO 3a40BOSbua CTpore Kputepujyme crneumjanHux jeguHuua Wnpom ceeTa
jecte H&K G36¢ 5,56 mm.

MoyeTkOoM AeBepeceTux rognHa, Hemadka je MHTEH3MBHO Moyena pag Ha
pa3Bojy HoBe gomahe nopoauue jypyuLIHUX nylwaka n nywkoMmuTparsesa. Bunde-
swehr' je NpoLeHMOo aa ce nocre yjeankwewa ase Hemauke ogHoc GBUTHO Mera
He camo Ha Tny EBpone Beh u y unaHctey HATO-a. Hemauka je pasmuiirbana
pauMoHarnHo Ja ce CBeTCKa CLeHa TMMe NPOMEHMUNA, Y YeMy Huje norpeLumsna.

Aymomamcka nywka G36K

' Bundeswehr (Hemauku — opyxate cHaee) cnyx06eHu je Ha3uB 3a opyxaHe cHare Hemauke. Bunde-
swehr je ocHoBaH 1955. roamHe y CP Hemaukoj.
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Bojcka je cmaTtpana aa je ca npomeHama Hactana Hosa epa u y camom HATO-y
n aa he og Taga Bojcka Bundeswehra nmati mano 3HadvajHujy ynory, anv u apy-
rmx obaBesa Kao LWTO cy yvyewha y mefyHapogHUM BOjHMM Mucujama, na 36or
Tora Tpeba pa3BuTM HOBO NeLlagujcko Haopyxawe. C TMM HaopyXarem Hemay-
Kv BOjHMLM OM y eBeHTyanHuMM cykobuma ycnenu ga obesbene oarosapajyhy Ba-
TpeHy Moh M Moy3gaHoCT y ekchnnoaTauujy y CBUM BPEMEHCKMM U METEeopOoro-
LUKMM YCITOBMMa Y OQHOCY Ha HenpujaTerba.

Of KOHCTPYKTOPCKOT TMUMa 3axTeBaHO je [a MyLIKe U OAerbeHCKU (TUMCKM)
nywkoMmuTparee3 dyae ako He UcTu, oHga 6ap CnvMyHe KOHCTpyKUuMje U TO caMo
300r nojegHoCTaBIbEHa NOMMCTMYKE MOAPLUKE jeQuHMUaMa, a M pagn nakwe
obyke rbyacTBaa.

dupma ,Heckler & Koch” 3anoyena je peanusauujy npojekta nog HasvBom
.npojekat 50”. Paau ce o NpojekTy rae ce passuja caCBUM HOBa ayToMaTcka jypu-
LWHa nywka un3 koje Tpeba ga ce M3ByYe M OAEIbLEHCKM NyLKoMUTparbes. Hapas-
HO, pagu ce o kanubpy 5,56 x 45 mm HATO, ann ca manom 4o30M HECUTYPHOCTH,
O[HOCHO pe3epBe ca MoryhHowhy 3ameHe kanubpa y .308W mnu, 6orbe peveHo,
7,62 x 51 mm, Koju ce jow Taga y jeauHnuama HATO yBenunko KopucTtuo.

HauenHuk Ynpase 3a Haopyxawe notnucao je 8. maja 1995. rognHe no-
38Oy 3a yBohehe y Haopyxare HOBe ayToMaTCKe jypullHe MyLlke U OaerbeH-
ckor nywkomuTparsesa. Oba mogena gobvjajy HoBe BOjHE O3HaKe M ayToMarcka
jypvLLIHa nywka nocTaje no3HaTta kao G36 (Gewer-nyLika).

Mywka pacnonaxe ca 480 mm gyrom LeBM Y KOjoj Mma 6 »xrbeboBa n nosrba
Koja umajy kopak yBujara o 178 mm. LleB ca yHyTpallHe CTpaHe je TBPAO XPOMU-
paHa, LITO 3HauM Aa 13 ke MOory Aa ce ucnarbyjy 3pHa vvja maca He npenasu 80 g.
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MosajmMuua 6apyTHUX racoBa BpLUM Ce Ha NpeaHeM Aeny LeBu, rae je Ko-
Mopa GapyTHMX racoBa noBe3aHa ca LeBu. [peko Tor cnoja manu geo 6apyTHMX
racoBsa OBOAM CE€ Ha racHuW Knur, y komopy 6apyTHMX racoBa, a cam racHu Knvn
npeko Hocadya 3aTBapada nokpehe saTBapay. 3aTBapay je obpTHOYENHor Tuna,
Koju uma Ha cebu wect bpagaBuua koje ce potupajy 90 cteneHn. Y TOKy no-
BpaTHOr Tp3aja, rnaea 3aTBapava kpehe ce npeko Bohuue u Tako Bplum bpa-
BIbEH-E.

Pyunua 3aTtBapava Hanasu ce Ha ropwem Jeny Hocaya 3aTBapaya 1 OHa je
ckrnanajyha ca crnosrbHe CTpaHe, Kako caMmy 4enOBU opyxja He Bu jako M3nasunm
n3 rabapura opyxja.

O6nora uesn uspaheHa je og nnacTMYHe Mace ojadaHa CTaKlieHOM BYHOM,
ncTo kao u BehuHa genosa Ha G36 nywumn. Obnora je TpoyrnacTor obnuka n Ha-
MeH-eHa je Aa Y CBAaKOM TPEHYTKy 3a BpeMe eKcnnoaTauuje 3alTuty cTpenua,
OOHOCHO H-EFOBY PYKY.

Ca ropwe CTpaHe ¥ y CpedvHu ca JOoHe CTpaHe Hamnase ce OTBOPW Koju
cnyxe 3a xnahewe ueBnu. Ycta LeBu nmajy pasbujad racoea. Msa camor pasbu-
jaya racoBa, Ha HEKONWKO caHTUMeTapa of came obrnore, Hanasu ce yTephusay
HOXa, Kafa ce OH cTaBrba Ha ues. OBaj yTBphMBay uma camo OCHOBHM MOAEN
opyXja, jep cBM ocTanu Mogenu umajy ckpaheHy LeB M TO TONWKO Aa ce m3a
obrnore Bnan camo pasbujady racosa. Mza obnore kyhuwTe je cnojeHo ca AoHUM
OenoM Tena caHgyka y KOjeM Ce Hanasu fexuiiTe 3a OKBUP, MULITOIbLCKA PYKO-
xBaT, OpaBa 3a OoTBapake U 3aTBapare KyHAaka, a ca yHyTpalHe cTpaHe Ha-
nase ce Bofuue 3a KpeTarwe 3aTBapava.

Lles ce jeaHocTaBHO yBphe ca npeawe cTpaHe noMohy crienor HaBpThsa.
Ca ropwe cTpaHe Hanasu ce cam Mokronaw caHgyka Ha Kojem je ca 3 Bujka
yTBphHEeH ONTUYKM HULaH y OBnunKy pedrieKCHOr HuwaHa Koju uma ysehawe 3
nyta. Ca onTUYKOr HMLWAaHa NpemMa LeBn Hanasu ce MOHTMPaHa py4mnua 3a Ho-
LWeHe MyLIKe Koja je yjeaHO onpeMribeHa ,MMKaTUHWUjEBOM™ LUIMHOM 3@ MOHTUPa-
H€ OMTOENEeKTPOHCKUX ypefaja 3a Huwawehe, ocMaTpake, obenexasarwe Un-
IbeBa U Mepere AarbuHe 0 HUX, Kako Aaky Tako u Hohy.

CaHayk je ca 3agwe CTpaHe 3aTBOpeH M oHemoryhaBa nprbare yHyTpa-
LWHOCTU. YHYTap caHayka Harnasu ce noBpaTHa onpyra ca Bohuuom. Ha camom
3agtkeM fdeny nokrnonua caHayka Hanasu ce OpaBa kyHOaka koja omoryhaBa
npeknanawe, OQHOCHO 3aTBapakbe y3 AecHu 6ok opyxja.

KyHOak je ckeneTomaH, WTO NPBO yTMUYE Ha caMy TEXUHY OpyXja, a 3aTum
opyXje MoXe 1 fa dejcTByje Kafa je KyHOaK NpPekrnonibeH, jep CBOjUM TENoM He
3aTBapa oTBOp 3a usbauusare Yaypa.

Okupau je Benukn, a cam 6paHuk obapaye je npocTpaH, WTo omoryhasa
eKkcnroaTtauunjy opyxja kaga BOjHULM HOce M 3uMcke aebene pykaBuue. 3aTBa-
pad je, nomohy nonyre koja ce Hanasm Ucnog camor okmgada, moryhe sakoumTtu
y OTBOPEHOM 3a4H-eM MOJSIOXKajy, U ako Ce y OpPYyXjy He Harasu npasaH OKBUP.
Oxsup je nosujeH u npuma 30 meTaka. N3paheH je og npo3mpHe nnactuke, Koja
je oTnopHa Ha ygapue, BUCOKe TemnepaType M omoryhaBa KOHTpOny ucnarbe-
HUX MeTaka. Ha camom oKBMpY NOCTOjU ApXay Koju omoryhaBa cnajawe ABa, oa-
HOCHO TpW OKBMpa paau Opker nywera U Npaxkwera opyxja.

2 MukaTUHVW WnHA” (eHrnecku-picatinny rail) MMa yrory apaua koja ce Hanasu Ha opyxjy.
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Mywka ce ncnopyyyje ca gynnuM peMHUKOM, a PEXMM Kayera opyxja 3a-
BMCM 0Of camor CTpernua unv jedvHuue 1 HavyvHa Holleha.

MojaBunn cy ce n ogpeheHn gogaum Koje KopucTe creuuvjanHe jeauvHuue
NPUNNKOM ynaga y MpadHe HeocBeTbeHe npoctopuje. Joaatu cy UL HUwaHu n
nucnoa ycra LeBn AoAaTo je NexuiuTe ca TakTUdkuMm ceeTrnoMm. Mnak, n oaj mogen
je bro pyrayak, rabaputaH 3a cneuujanHe jeanHuue, na je oupma H&K passuna u
Hajkpahy Bep3ujy 13 dpamunmje G36 n gobuna je o3Haky G36C (Commando).

OBa nocnegra Bep3uvja je ynTpakpaTka Bep3uvja, Hapo4MTo Kafa je KyHaak
NPeKNonSbeH U Kaga je y TOM Mosioxajy opyxje Mma Kapaktepuctuke, OgHOCHO
OVMeH3nje aytomaTa, anu pacrnonaxe Ganuctnykmm MoryhHocTuma kanmbpa
.223 Rem.

Kapa ce oBo opyxje cnoju ca nocebHOM BPCTOM MyHULMje, Kao LUTO CYy Ha
npumep ,Winchester Ranger- Frangible” unu ,Homadu Tactical Application Poli-
ce”, 70 je gobutHa KoMOUHaUMja 3a pellaBakwe TanadkMx cuTyaumja y 3aTBope-
HUM npocTopujama.

LlenokynHa damunumja mogena G36 nywaka je mogynapHor Tmna, WTo 3Ha-
4n pga cy mehycobHo namerusu. LLITO ce Tu4e HMWaHa, og camor MoveTka ce
OoQycTarno of KNnacuMyHMX MexaHuU4kMX HuLlaHa, anu je octana MoryhHoCT aa ce n
OHW MOHTUpajy no noTpedbu Hapyumoua. Pupma ,Zeiss/Hensoldt” passuna je
cneunjanHo 3a damunmjy G36 naku, KOMNaKTHU U M3Yy3eTHO OTMOPaH HMLUAH.
OBaj ypehaj Hanasu ce Ha camoM 3aHEM OEeNy OpyXja, Ta4YHUje Ha Kpajy py4u-
Le 3a HOoWeHe M cacToju ce of KONMMMaTOPCKOr HMLIaHa ca rnojaymBadyem cBe-
Trnoctn 6e3 yBehawa U HUWaHa ca noBehaweM of Tpu nyTa M NocebHOM cka-
NoM 3a Mepewe AarbuHe, na 4ak MU Ko MOKPeTHUX uurbesa. [oK je HuwaH ca
OCBET/LEHOM TaYKMLOM anaT 3a AejcTBo Ha 6bopbeHum ofcTojakbmma go 200 m,
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a HuwaH koju ysehasa kopuctu ce og 200 go 400 m. NMomohy nacMBHOr HULWAHA
LZeiss/Hensoldt”, npunarofheHor AHeBHOj HULWIAHCKO] cnpasu, Moryhe je gejcteo
y HOhHUM ycrnoBuma.

Hamena

Mywka H&K G36¢ 5,56 mm HamereHa je 3a yHuULWTaBawe Henpujater-ese
XuBe cune Ha pacTtojatbmma go 300 m, 36or manux rabapura, a Hapo4mTO je no-
rogHa 3a gejcteo y ypbaHoj cpeamHu 1 13 Bo3una. Ha nywky je moryhe nocrasu-
TV ogrosapajyhm npuryimead.

Ha ,nnkatuHn” wnHe moryhe je noctaBuTu pasHe gopaTke (KONMMaToOpPCKu
HWLLaH, TaKTUYKO CBETIO, NoL 1 ap.).

BopbeHe ocobuHe

Hajoorbe pesyntarte noctmxke go 300 m

e Cuna okmgama 40N
e bpsuHa narsbe 750 met/min
e [loyeTHa Bp3uHa 3pHa 750 m/s
e EHepruja 3pHa 1125 J.
OcHosHu TT nodauu
e Kannbap 5,56 x 45 mm HATO
e KanauuTteT okBupa 30 meTaka
e [lpyHuun paga nosajmuua 6apyTHUX racoea
e [lyxuHa 720/500 mm
o LUlupuHa 64 mm
e BucwuHa (ca okBMpom) 285 mm
o [lyxuHa uesu 228 mm
e Maca 6e3 okBupa 2,8 kg
e Maca npasHor oksupa 140 g
e MacanyHor okBupa  490g

aeHu Oenosu

e CaHpyk ca ueBu, npeknanajyhuMm KyHOAaKoM, yBOOHWKOM OKBUpaA, AEno-
BMMa 3a AOAaTKe M Py4MLIOM 3a HOLIEHE
CkpuBay nnameHa

Cknon 3aTBapada

Knun ca noBpaTHMKOM Knuna

MoBpaTHM MexaHn3am

PykoxBaT ca MexaHM3MOM 3a OKuaah-e
Mpentm pykoxesaT

"acHa komopa

OxkBup

PeMHuk

PesepBHu anat n npmubop
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asHu denosu aymomamcke rywke G36¢ 5.56 mm

YoyeHu npobnemu

Mpema HaBoguma noptana DW ([ojuye Bene Ha CPrCcKOM je3unky), Kpajem
MapTa je HeMadka MUHUCTapka ogdpaHe Ypcyna ¢oH aep JlajeH notBpauna ga
aytomarcke nywke G36 Ha BUCOKMM Temnepartypama rybe Ha npeumnsHOCTW.
Mpu Tome je gHeBHU nucT 3udojye uajmyHe jaBuo aa je npobnem 6mMo nosHaT
MuHucTapcTBy ogbpaHe jow npe roavHy AaHa kaga je Ypen 3a pasBoj BOjcke
TPaXuno fa ce ayTomarcke nyllke noborbliajy jep MHaye npeacTtaBrbajy ,ona-
CHOCT MO >XMBOT" BOjHMKA KOju ux Hoce. byHaecBep pacnonaxe ca 167.000 oBux
nywaka. MHave, nywka G36 je OCHOBHO HaopyXahe HEMadKMX BOjHUKA Yy WHO-
CTpaHMM MucHjama, na Tako U y 3eMrbama rge cy TemnepaType BUCOKE U npe-
rpejaBarbe nyLke BepoBaTHO. [pobnemu cy 6unm nosHatu jow og 2011, npeHo-
ce HeMaudku Meauju, a caga cy n gecmHuTMBHO noTepheHn. Hemadka HoBMHCKa
areHuuja dpa uMTMpa HaBoAe M3 U3BeLLTaja LUMPOKe eKcrnepTcke KoMMUcHje aa ce
NPELUMn3HOCT XMTaua ,3Ha4vajHO” cmakyje Beh Ha Temnepatypama uamehy 15 u
45 cTeneHun Lensnjyca, TOKOM OUPEKTHE U3SOXEHOCTU CYyHYEBUM 3paumma, Kao
n 300r nperpejaHoCcTn HakoH padanHe narbbe. Komucuja y msBewtajy Ha 372
CTpaHe M3puU4MTO HaBOAM Aa HEMpeuM3HOCT HemMa Bese ca ogpeheHuM Tunom
MyHuumje Beh aa je npobnem y ,4MTaBoM cucTemy”.

BbpaHucnae bynamosuh (Branislav Bulatovic), e-mail: bra.bulatovic@gmail.com

209

SAVREMENO NAORUZANJE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp. 204—244



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2015., Vol. LXIII, No. 2

AzerbejdZan razvija borbeno vozilo ZKDM?

Industrija ministarstva odbrane Azerbejdzana izvrsSila je niz unapredenja na
borbenom vozilu BRDM -2 i na taj nacin proizvela lako izvidacko i oklopno bor-
beno vozilo koje je nazvano ZKDM.

Borbeno vozilo je dobilo dodatni par toCkova na sredini vozila Sto je dovelo
do smanjenja tezine i povecéanja unutradnje zapremine. PoboljSanja na trupu
uklju€uju dodatni oklop, modifikovani donji deo trupa vozila u obliku slova V i do-
datna vrata na svakoj strani.

Na ¢eonom delu vozila, na mestu gde se nalaze komandir i vozag¢, instali-
ran je dodatni oklop. Prvobitna pogonska jedinica zamenjena je beloruskim dizel
motorom Minskiy Motorniy Zavod D-245.30E2, snage 114 kW.

Vozilo teZi 7,200 kg i razvija maksimalnu brzinu od 100 km/h na putu i 60
km/h van puteva.

Umesto prvobitne kupole, instalirana je daljinski upravljana oruzna stanica.
Opremljena je dvostrukim topom GSh-23L 23X115 mm, mitraljiezom 7,62
mmX54 mm PKT i automatskim bacacem granata 30X29 mm AG-17m, lanse-
rom raketa 57mm/80 mm type 902V.

Vozilo nosi 300 granata 23X15 mm, 2,000 metaka 7,62X54 mm i 300 gra-
nata 30X29 mm.

Osim cetiri rakete koje se nalaze na kupoli, vozilo ne nosi dodatnu dopunu.

© Army Recognition www. ArmyRecognition.com
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Elektromehanicki pogon pokreée oruzni sistem, rotira ga za 360 stepeni i
omogucuje elevaciju od -5 do 30 stepeni. Vozilo je opremljeno uredajem INS i
kombinovanim GPS/GLONASS prijemnikom.

NiSandzija raspolaze dnevno/no¢nim opti¢kim niSanskim uredajem BPK-2-
42, a na prednjoj strani vozila nalazi se dnevno/noéni TV sistem dometa do
1,000 m u dnevnim uslovima i 500-600 m u no¢nim uslovima.

Projektanti vozila razmi$ljaju o dodavanju opcionog sistema za osmatranje do-
meta od 1 do 20 km, kao i opcionom termalnom kamerom dometa od 1 do 10 km.

ZKDM je opremljen sopstvenim pogonom od 7,8 kW, ali raspolaze i pomoc-
nim dizel generatorom snage 5 kW.

Razvoj vozila ZKDM zapocet je tokom druge polovine 2011 godine. Prva
faza testiranja vozila zapoceta je u martu 2014. godine i sada je zavr§ena. Vojni
testovi pocinju 2015. godine, a pocCetak proizvodnje se oCekuje pred kraj 2015,
odnosno pocetkom 2016. godine.

Dragan Vuckovi¢, e-mail: draganvuckovic@kbcnet.rs

Vatromet: Artiljerijski raketni sistemi (ARS)
dobijaju veéi domet i veéu preciznost®

Artiljerijski raketni sistemi (ARS) tradicionalno se smatraju oruzjem za pokri-
vanje regiona, sto znaci da su sposobni da isporu¢e ogromnu vatrenu mo¢ na pri-
liEno veliku povrsinu. Obicéno se sastoje od lansera i raketa kao odvojenih eleme-
nata, ali se sada ide ka tome da se projektuju kompletni sistemi koji u svom sasta-
vu imaju vozila za snabdevanje i tehniCku podrsku, $to im omoguéava postizanje
preciznosti udara bez potrebe za tradicionalnim masovnim lansiranjem.

Ovaj proces podrazumeva lociranje mete i sisteme za upravljanje vatrom
koji su integrisani na platformu uz sofisticirane dnevno/noéne uredaje za osma-
tranje sa laserskim daljinarima, radarima za lociranje mete, uredajima za upra-
vljanje vatrom na nivou baterije i bataljona i bespilotnim letelicama.

Kao i slu€aju konvencionalne artiljerije, sposobnost preciznog lociranja cilja
i brzog prenosa takvog podatka kroz komandni lanac do lansirnog vozila izuzet-
no je vazna s obzirom na to da je daljina gadanja ARS znatno povecana i danas
se nalazi i van linije niSana isturenih posmatraca. Ovakvo povecanje radijusa
dejstva ostvareno je na nekoliko nacina, pomoc¢u boljeg raketnog punjenja i, na
ruskom primeru kada su u pitanju ARS od 122 mm i od 227 mm, preko manje
bojeve glave, $to omogucava punjenje rakete veéom koli€¢inom goriva.

Pitanje bezbednosti pokrenulo je niz promena. Na primer, drzave NATO-a
sada insistiraju da sve vrste municije, ukljuéujuci i artiljerijske rakete, budu u sa-
glasnosti sa standardom neosetljivosti municije koje obuhvata raketno gorivo i
bojevu glavu, $to je naravno moguce, ali poveéava troskove i vrlo verovatno ne-
¢e biti prihvaceno od strane svih korisnika ARS.

4 |HS Jane’s International Defence Review Novembar 2014.
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Sve do nedavno, vecina raketa bila je opremljena konvencionalnim visoko-
eksplozivnim bojevim glavama ili kasethom municijom, ali je trend odbijanja ka-
setne municije zbog zabrana ili veceg broja otkaza bojevih glava uticao da ovu
vrstu punjenja mnogi korisnici povuku.

ARS mogu nositi i druge vrste tovara, kao $to su protivtenkovske i protivpesa-
dijske mine (ove poslednje su zabranjene potpisnicama konvencije iz Otave), kao i
preciznija oruZja koja udaraju na gornju stranu vozila. Takode, ARS mogu ispaljivati i
aerosolne rakete za CiS¢enje minskih polja, sto je Kina nedavno prikazala.

Na viSem nivou, trend navodenih raketa uveo je promenu u preciznosti koju
je delimi¢no uvela teznja ka umanjenju rizika prijateljske vatre, a sa druge stra-
ne, na nju je uticao i efekat operativnosti, efikasnost i logisticke prednosti koje se
ogledaju u manjem broju raketa koje su potrebne za uniStavanje cilja.

Predstavnici ovih korisnika su britanska i ameriCka vojska, kao i americki
marinski korpus koji su najée$¢e upotrebljavali svoje vodene viSestruke raketne
sisteme (GMLRS Guided Multiple Launch Systems) i to najviSe u Avganistanu.

Sto se tite mobilnosti lansera, neke platforme ARS ostaju sa gusenicama —
kao na primer M 270 MLRS kompanije Lockheed Martin Missiles &Fire Control — ali
platforme na tockovima postaju sve popularnije i obi¢no se sastoje od konfiguracije
sa 6X6 ili 8X8 tockova na kojima se raketni lanser nalazi na zadnjem delu vozila.

Sistemi koji se nalaze na prikolicama i dalje su popularni kod nekih korisnika.
Rasiren primer predstavlja kineski ARS Type 63 kompanije China North Industries,
Ciji je maksimalni domet 8,500 m, iako rakete sa vec¢im dometom mogu dostici i do
10 km. Ovaj sistem je i dalje Cesto kori§¢en u Avganistanu, Iraku, Libiji i Siriji, a naj-
CeSc¢e ga koriste militantne organizacije, a kopirale su ga i mnoge zemlje.

lako se obi¢no ispaljuju iz lansera 107 mm (12 raketa), rakete se mogu is-
paljivati i pojedina€no iz improvizovanog lansera ili direktno sa zemlje dodu$e sa
vrlo niskom preciznosScu.

Veliki broj ARS se i dalje puni ru¢no, ali rakete veéeg kalibra zahtevaju di-
zalicu i odgovarajuée vozilo za utovar. Mnogi od sistema ARS koji su nedavno
uvedeni u operativnu upotrebu upotrebljavaju rakete koje se nalaze u zapecace-
nim kontejnerima ne samo zbog brZeg utovara ve¢ i zbog jednostavnije logistike.
Standardni M 270 ima ,magacinski pristup”, §to znacdi da se dva lansera od po
Sest raketa 227 mm pune na licu mesta daljinskim putem.

Brazil

Kompanija AVIBRAS je ve¢ dugo godina angazovana u projektovanju, raz-
voju i proizvodnji svog sistema ASTROS Il (Artillery Saturation Rocket System —
artiljerijski raketni sistem za obuhvatanje/zasi¢enje bojista) koji se izvozi i u Irak,
Maleziju, Katar i Saudijsku Arabiju.

Standardni sistem ASTROS nalazi se na vozilu 6X6 sa kabinom napred i
lanserom na zadnjoj strani. Vozilo za snabdevanje postoji u istoj konfiguraciji.

ASTROS ispaljuje lepezu razli€itih nevodenih raketa od tridesetdvoraket-
nog lansera SS-30, lansera SS-40 sa 16 raketa, lansera SS-60 i SS-80 sa po
Cetiri rakete svaki, ukljuCujuci i neSto neuobiCajeno, a to su rakete prilagodene
upotrebi za obalnu odbranu Brazila.
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Raketni sistem AVIBRAS ASTROS Il malezijske vojske

Cilj strateSkog projekta brazilske vojske ASTROS 2020 jeste opremanje
najnovijom verzijom koja Ce biti u moguénosti da ispaljuje celu lepezu raketa
ASTROS i taktickih projektila. Ovaj poslednji ima maksimalan domet od 300 km,
upotrebljavajuci novu verziju univerzalnog visestrukog lansera (UMLV — Univer-
sal Multiple Launcher Vehicle ) Mk 6.

Kina

Kina je projektovala najveci broj ARS koje je razvila kompanija NORINCO,
od kojih su svi tockasi sa kalibrima od 122 mm, pa sve do 270 mm (prestala je
proizvodnja sistema od 107 i 130 mm).

Najnoviji ARS kompanije NORINCO je Type 90 B od 122 mm sa Cetrdeset
raketa koje se nalaze na zadnjem delu nezasti¢éenog kamiona. Serija Type 90 iz-
vezena je u jedan broj zemalja, uklju€ujuci Peru koji trenutno ¢eka na isporuku
navedenog sistema.

Model SR 5 kompanije NORINCO zasnovan je na podvozju 6X6 sa dva
modularna kontejnera od kojih svaki nosi 20 raketa 122 mm ili 6 raketa 220 mm.
Kontejneri mogu biti i izmeSani radi boljeg efekta, a koriste mehanicki sistem za
utovar.

Na drugoj, tezoj strani, nalazi se NORINCO AR 3 koji je baziran na
terenskom podvozju 8X8 u konfiguraciji sa osam raketa 370 mm ili 10 raketa
300 mm, sa navodenim ili nenavodenim raketama dometa do 280 km.
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NORINCO SR5 zasnovan na $asijilpodvoZju 6X6 sa lanserom raketa od 122 mm i od 220 mm

Kompanija China Precision Machinery Import&Export Corporation (CPMI-
EC) nudi svoj sistem A100 zasnovan na podvozju terenskog vozila 8X8, vrlo sli-
¢an ruskom sistemu Smerch. Ispaljuje nevodene rakete maksimalnog dometa
do 70 km i vodene rakete maksimalnog dometa do 130 km. Nakon &to su rakete
utroSene, kontejneri od 10 raketa 300 mm dopunjavaju se pojedinacno iz tran-
sportnog vozila.

Kompanija Aerospace Long-March International (ALIT) nudi Sirok izbor si-
stema, ali najvec¢i domet ima sistem M20 koji ispaljuje navodenu raketu velikog
dometa do maksimalnog dometa od 280 km. To podrazumeva sisteme: A200,
8X301 mm, A100, 8X301 mm i seriju WS koja pokriva veliki broj kalibara i velici-
nu vozila od kojih svi mogu ispaljivati vodene rakete.

Izrael

Sistem LAR 160 mm (Light artillery Rocket — laka artiljerijska raketa) kom-
panije Israel Miiltary Industries (IMI) progresivno je razvijan tokom godina, una-
predujuc¢i domet, preciznost i moguénost kori§éenja razliCitih bojevih glava.

Dana$niji standardni LAR 160 mm poseduje dva kontejnera sa po 13 raketa
koje dostizu maksimalan domet od 45 km sa autonomnom satelitski navodenom
raketom ACCULAR.

Kompanija IMI je pomogla Rumuniji da modernizuje neke od svojih lokalno
razvijenih sistema od 122 mm sa po 40 raketa, Sto je dovelo do proizvodnje sistema
LAROM koji je opremljen sa dva kontejnera od po 13 raketa kalibra 160 mm.

Poljska

Poljska je jedna od mnogih zemalja koja je zadrzala ruske ARS BM-21 sa
po 40 raketa 122 mm i modernizovala ih radi produzavanja operativnog Zivota
pod lokalnim nazivom WR-40 Langusta.
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Poljski ARS WR-40 Langusta

Ovaj posao podrazumevao je zamenu originalnog ruskog podvozja, lokalno
proizvedenim podvozjem 6X6 sa zastiCenom kabinom i poboljSanim sistemom
za upravljanje vatrom koji je lokalno razvijen. Prvobitni lanser je zadrzan, ali je
sada osposobljen za ispaljivanje serije novih raketa veceg dometa, ukljuCujuéi i
verziju sa visokoeksplozivhom bojevom glavom sa dometom od 41 km.

Rusija

Rusija je dugo bila pobornik ARS toCkasa koje je radila kompanija Splav
Scientifique production Concern kao glavni ugovara¢ za ARS u Rusiji, iako su u
taj posao bile ukljuéene i druge kompanije, kao sto je Motovilikha Plants Corpo-
ration, koja je bila zaduzena za lanser dok su neke druge kompanije bile zadu-
Zene samo za platforme.

Najveci sistem u operativnoj upotrebi je dvanaestoraketni ARS 300 mm BM
9A52 Smerch koji je uSao u operativhu upotrebu u ruskoj vojsci 1987. godine, a
baziran je na podvoZju vozila MAZ-543 8X8 na kojem je montiran punjac.

Punjenje raketa vrsi se pojedinacno putem dizalice sa vozila za opsluziva-
nje, Sto je ocCigledno sporiji postupak od sada primenjivanog, ali zato omoguc¢ava
punjenje raketa razli€itih tipova i punjenja nakon pojedinacnih ispaljivanja. Nove
rakete dostizu daljinu gadanja do 90 km sa velikim izborom bojevih glava koje su
veé u upotrebi ili u pripremi.

lako je proslo ve¢ dosta vremena od kako je sistem uveden u operativnhu
upotrebu, Smerch je postigao odli¢an izvozni uspeh na trzistu s obzirom na to da
je prodat drzavama kao $to su: Alzir, Azerbejdzan, Belorusija, Indija, Kuvajt, Siri-
ja, Turkmenistan, Ukrajina, Ujedinjeni arapski emirati i Venecuela.
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Ruski Tornado 300 mm BM 9A52 projektovan je sa novim raketama veéeg dometa
do 90 km, a do 120 km sa raketom 9M536

Od nedavno, kompanija Splav Scientific Production Concern razvila je CV
9A52-4 ,Tornado” ARS, baziran na podvozju KAMAZ-6350 8X8 sa nezasti¢e-
nom kontrolnom kabinom. Prikazan je 2007. godine, a uveden u operativhu upo-
trebu 2011. godine.

Tornado-G ¢e imace dva kontejnera Tornado-U, svaki sa po 15 raketa 220
mm i kontejnere Tornado-S sa raketama od 300 mm. Kontejneri mogu biti zame-
njeni drugim koje prevozi punja¢ 9T234-4 radi brzeg punjenja.

Kompanija Splav ulozila je svoje veliko iskustvo u sistem 9A52-4 s obzirom na
to da je ve¢ proizvela znatan broj starijih vozila BM 9P140 Uragan sa kontejnerima
od po 16 raketa 220 mm i vozilo za punjenje 9T452 koja su zasnovana na podvozju
ZIL-135LM. lako ta vozila nisu viSe u proizvodnji, veliki broj se nalazi u operativnoj
upotrebi u zemljama kao Sto su: Belorusija, Eritreja, Gvineja, Kazahstan, Kirgistan,
Moldavija, Rusija, Sirija, Turkmenistan, Ukrajina, Uzbekistan i Jemen.

Najmaniji ARS u ruskim oruzanim snagama je BM-21 sa 40 raketa 122 mm
»grad”i spada u najrasprotranjenije sisteme koji se nalaze u upotrebi u 60 zema-
lja iako su, kao &to je uobi¢ajeno sa opremom iz vremena SSSR-a, sistemi bivali
integrisani na razli€ita vozila ili su putem povratnog inZinjeringa kopirani lanseri i
nevodene rakete.

Kada je prvobitno uveden u naoruzanje, po¢etkom Sezdesetih godina, ,grad” je
ispaljivao nevodene rakete 122 mm na maksimalnu daljinu od 20.1 km. Nove rakete
su skoro udvostrucile domet na 40 km, a uvedene su i nove bojeve glave.

Osim lokalnih radova koje su razli€iti korisnici sprovodili na vozilu BM-21,
kompanija Splav je izbacila na trziSte paket za modernizovanje ARS BM-21 koji
se sastoji od kompjuterizovanog sistema za upravljanje vatrom, novih raketa i
novog podvozja 6X6.
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Turska

Turska kompanija Roketsan se brzo nametnula kao vode¢a kompanija u
poslu projektovanja, razvoja i proizvodnje ARS sa Cetvororaketnim sistemom
300 mm koiji se sastoji od viSecevnog raketnog lansera (VRL) T-300 i artiljerijske
rakete TR-300 kao najveceg sistema.

et Talk.com

et

T-300 VRL turske kompanije Roketsan ispaljuje rakete 300 mm sa maksimalnim
dometom do 100 km.

Ovaj nevodeni sistem montiran je na Sasiju vozila MAN 6X6 i moze gadati
cilieve na daljinama od 40 do 100 km. Prvobitno je razvijen za potrebe turskih
kopnenih snaga, ali je takode izvezen i u Emirate.

Jos od 1996 godine kompanija Roketsan proizvodi VRL T-122 sa 40 raketa 122
mm na bazi podvoZja MAN 6X6 sa dva kontejnera na zadnjem kraju vozila. Kontejneri
mogu biti napunjeni raketama sa bojevim glavama koje sadrze visokoeksplozivho pu-
njenje, rasprskavaju¢im bojevim glavama sa blizinskim ili kontaktnim upaljacima.

Najnoviji T-122 sadrzi veliki broj izmena, ukljuéujuéi posebnu kabinu na
zadnjem kraju prednje kontrolne kabine, nove raketne kontejnere i novi kompju-
terski sistem za upravljanje vatrom pomocu kojeg je moguce ispaljivati rakete sa
satelitskim navodenjem, kao i sa inercijalnim navigacionim sistemom.

Kompanija Roketsan takode nudi T-122/300 viSekalibarski VRL koji moze biti
opremljen sa dva kontejnera, od kojih svaki sadrZi po 20 raketa 122 mm ili dva
uparena kontejnera sa raketama 300 mm kao i T-107/122 mm VRL, tri kontejnera
od kojih svaki sadrzi 20 raketa 107 mm ili jedan kontejner od 20 raketa 122 mm.

Turska u svojoj ponudi ima i jeftiniji kontejner koji predstavlja povratni inzi-
njering kineskog vuénog ARS sa 12 raketa 107 mm sa bojevim glavama punje-
nim visokoeksplozivnim ili rasprskavaju¢im punjenjem (do 2,800 ¢eli¢nih kuglica)
na daljinu do 11 km.
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Ujedinjeni Arapski Emirati

Ujedinjeni Arapski Emirati u svojoj operativnoj upotrebi poseduju meSavinu
uvezenih ARS, ukljuéujuci ruski BM 9A52 Smerch sa raketama 300 mm, americ-
ki M 142 artiljerijski sistem visoke prohodnosti/High Mobility Artillery Rocket
System — HIMARS, kao italijanski FIROS-30 sistem koji je nedavno modernizo-
vala kompanija Roketsan tako §to je sistem opremila novim kontejnerima sa ra-
ketama 122 mm.

Nedavno, Ujedinjeni Arapski Emirati su u operativhu upotrebu uveli nove si-
steme od proizvodaca Jobaria Defence Systemes, uz asistenciju nekih stranih
partnera kao $to je turski Aselsan.

Prvi od ovih sistema bio je ogromni viSestruki lanser raketa MCL (Multi Cra-
dle Launcher/viSestruki lanser sa kolevki) koji se jo§ naziva i ,dinosaurus”, a prvi
put je prikazan na izloZbi naouruzanja IDEX sa Cetiri raketna kontejnera monti-
ranim na prikolicu koju vu&e vozilo Oshkosh Heavy Equipment Transporter.

Svaki od ovih kontejnera moze primiti 60 raketa od 122 mm ili 16 raketa od
300 mm, ostvarujuci na taj nacin strahovitu vatrenu mo¢ pomocéu jednog vozila.
ARS je opremljen kombinovanim GPS/INS sistemom za upravljanje vatrom, uz
integralni meteorolo$ki sistem.

Kada su svi kontejneri natovareni raketama, sistem dostize masu od 105
tona.

L )

Multi Cradle Launcher/visestruki lanser sa kolevki u putnoj konfiguraciji
sa prikolicom na kojoj se nalaze tri umesto Cetiri raketna kontejnera
sa po 60 raketa od 122 mm.
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Sjedinjene Ameri¢ke Drzave

U svojoj operativnoj upotrebi SAD imaju uravnotezenu flotu koja se sastoji
od gusenitara M270 VRL sa raketama od 227 mm (kontejneri od 12 raketa) i no-
vijih M142 HIMARS (artiljerijski sistem visoke prohodnosti/High Mobility Artillery
Rocket System).

Ameri¢ka porodica VRL bila je uspeSna i na inostranom planu, iako ne toli-
ko kao mnogo jednostavniji ruski sistemi. Americka vojska je prvobitno primila is-
poruku vise od 800 M270 sistema od kojih je jedan broj proizveden za izvozno
trziste.

M142 HIMARS sa raketama 227 mm sa potpuno zasticenom kontrolnom
kabinom i raketnim kontejnerom na kojem se vidi da su ispaljene dve rakete.

U Francuskoj, Nemackoj, Italiji i Velikoj Britaniji radena je zajednicka proi-
zvodnja lansera M270 i njegove nevodene rakete M26 od 227 mm, dok su druge
evropske zemlje — ukljuujuci Holandiju i Norvesku — kupile svoje M270 i rakete
M26 direktno od SAD. Holandija i NorveSka su sada izbacile ove sisteme iz up-
otrebe dok je Holandija svoje sisteme prodala Finskoj.

Velika Britanija je modernizovala svoje VRL pomoéu novog sistema za
upravljanje vatrom, a jedan mali broj je unapreden u skladu sa ,Hitnim operativ-
nim zahtevima® radi upotrebe u Avganistanu, gde su ispalili veliki broj najnovih
raketa sa satelitskim navodenjem na daljine do 90 km.

Sjedinjene Drzave su takode modernizovale 226 vozila M70 tako Sto su
ugradile novi sistem za upravljanje vatrom i novi unapredeni mehanicki sistem
lansiranja, §to je donelo i novu oznaku vozila — M270A1.

Prva raketa M26 bila je nevodena i sadrzala bojevu glavu punjenu sa 644
komada kasetne municije, ali su naknadne zabrane upotrebe ove municije utica-
le na to da takve rakete budu povuéene iz upotrebe.

Tokom jula 2014. godine kompanija Lockheed Martin Missiles Fire Control
izjavila je da je zavrSila sve predvidene testove nove alternativne bojeve glave.
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U meduvremenu, standardni lanser M270 ima dva kontejnera sa po Sest
raketa od 227 mm, a moZe, umesto toga, lansirati dve taktiCke rakete (ATACMS
Army Tactical Missile Systems) na daljine preko 165 km.

M142 HIMARS ima samo jedan kontejner sa raketom od 227 mm, ali je jef-
tiniji za upotrebu i poseduje ve¢u mobilnost sa obzirom da je u pitanju to¢kas.
Prvobitno je imao nezasti¢enu kabinu ali najnovija verzija je sada zasticena. U
upotrebi je u ameri¢koj vojsci i marinskom korpusu, ali i u oruZzanim snagama
Jordana, Singapura i Ujedinjenih Arapskih Emirata.

Dragan Vuckovi¢, e-mail: draganvuckovic@kbcnet.rs

Iran prikazuje modernizovane rakete Falag-1 i Falag-2°

Iran je prikazao novo lansirno vozilo sa pogonom na sva Cetiri toc¢ka za
svoje nevodene artiljerijske rakete Falag-1 i Falag-2 tokom oktobra 2014. godi-
ne.Novi sistem ima veliku prohodnost na teSkim terenima i sposobnost napada
na ciljeve koji se nalaze na daljinama do 10 km.

e —

Falaq-2 raketa kalibra 333 mm ispaljena sa vozila naoruZanog sa dve rakete.

Prikazane su dve lansirne konfiguracije — jedna naoruzana sa Cetiri rakete
kalibra 240 mm Falaqg-1 (u dva reda po dve rakete) i druga naoruzana sa dve
rakete kalibra 333 mm Falaq-2.

Pre ispaljivanja vozilo se stabilizuje putem dva zadnja stabilizatora, a puni
se preko ugradene dizalice. Raketa Falag-1 ima duzinu od 1,318 mm, tezi 113
kg i naoruzana je bojevom glavom od 50 kg, dok joj je domet do 10 km. Geleri
rakete Sire se u radijusu od 150 m.

5 |HS Jane’s International Defence Review Novembar 2014
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Iransko vozilo naoruZzano sa Cetiri rakete kalibra 240 mm Falaq-1

Raketa Falag-2 ima duZinu od 1.82 m, tezi 256 kg i nosi bojevu glavu od
117 kg na daljine do 10.8 km. Radijus fragmentacije je 300 m.

Obe rakete pokrece raketni motor na ¢vrsto gorivo koji je razvila kompanija
Shahid Bagheri Industries tokom devedesetih godina. Raketa Falag-1 je vrlo
sli¢na raketi od 240 mm koju koristi ruski sistem BM-24. Sistem BM-24 je
zastareo i povladi se iz ruskog naoruzanja.

Prikazani sistemi nisu potpuno novi, postoji verzija koja je bazirana na
sli€nom vozilu, ali sa lanserom za Sest raketa Falag-1, u dva reda po tri rakete ili
sa jednom raketom Falag-2.

Dragan Vuckovi¢, e-mail: draganvuckovic@kbcnet.rs

TOS-1A valja rusku vatrenu mo¢®

Pojavili su se prvi detalji o moguénostima ruskog tesSkog visecevnog baca-
¢a aerosolnih raketa (HFS heavy flamethrower system — teski bacac plamena).

TOS-1A HFS je projektovan za potiskivanje linija odbrane, unistavanje lako
oklopljenih i neoklopljenih vozila a optimizovan je za upotrebu u urbanim uslovi-
ma. NATO nema nijedno ekvivalentno orude.

Sistem je evoluirao od originalnog vozila TOS-1 od kojih je jo$ nekoliko vo-
zZila u operativnoj upotrebi, ali je znatno izmenjen. Sistem je baziran na modifiko-
vanom tenku T-72 na kojem je montiran lanser sa 30 raketa od 220 mm Kkoji is-
paljuje nevodene rakete na maksimalnu daljinu od 3.500 m. Sistem je prvi put
operativno upotrebljen u Ceceniji.

6 |HS Jane’s International Defence Review October 2014
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BM-1 24 x220 mm TOS-1A

T-72 i dalje predstavlja osnov za lansirno vozilo TOS-1A. Vozilo je opre-
mljeno lanserom sa 24 rakete od 220 mm koje imaju znatno veéi domet u odno-
su na prethodnu verziju, 8to znaci da im je sada domet oko 6.000 m, a pokrivaju
povrSinu od 40.000 kvadratnih metara.

Kompletan sistem TOS-1A, sastoji se od lansirnog vozila BM-1 i dva vozila
za snabdevanje TZM-1 od kojih svaki nosi po 24 rakete. Ovo omogucava siste-
mu da obavi tri kompletne borbene misije.

Kao i BM-1, TZM-1 je baziran na podvozju tenka T-72 i oba imaju standard-
nu balistiCku zastitu gde je najviSi nivo zatite na frontalnom delu.Vozila imaju
maksimalnu brzinu od 60 km/h autonomiju do 500 km.

Lanser BM-1 ima posadu od troje ljudi i borbenu teZinu od 46,5 tona. Kupola
je uklonjena i zamenjena novim lanserom sa tri reda po osam cevi za rakete od
220 mm, duzine 3.725 m. Proizvodac tvrdi da je lanser zasti¢en od vatre peSadij-
skog naoruzanja do pancirnog metka 7.62 mm sa minimalne daljine od 620 m.

Komandir i operator sede u lanseru koji je opremljen elektro-hidrauli¢nom i
elektro-mehanickom elevacijom.

Vozilo je opremljeno sistemom NBH zastite i sistemima za otkrivanje i ga-
Senje pozara, a kao i drugi tenkovi T-72 moze polagati dimne zavese.

Dva reda elektri€¢no napajanih baca¢a dimnih granata 81 mm nalaze se na
obe strane vozila, a mogu ispaljavati dimne granate na daljinu od oko 100 m.

Ispod prednje ploCe nalazi se i dodatak, raonik koji moZe biti upotrebljen za
pripremu vatrenog polozaja ili €iS¢enje prepreka na bojistu. Takode, upotrebljava
se i kao stabilizator prilikom lansiranja raketa.

Ugradena su dva hidrauli¢na stabilizatora sa obe strane zadnjeg dela vozi-
la kojima se daljinski upravlja. Vozilo je, takode, opremljeno alatkom za izvlage-
nje koja se nalazi na desnoj strani trupa prema zadnjem delu.

Standardni tenk T-72 nosi dodatnu burad sa gorivom koja se ne nalaze na
lanseru TOS-1A BM-1, jer bi ih izduvni gasovi raketa onesposobili.
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Lanser BM-1 opremljen je automatskim sistemom za upravljanje vatrom ko-
ji uklju€uje balisti¢ki kompjuter i odgovarajucée displeje i kontrole, daljinomer mo-
del 1D14 koji je opremljen laserskim daljinomerom sa precizno$¢éu do 10 m, im-
pulsnu jedinicu, uredaj za otkrivanje nagiba PB2.329.04 i komandirov dnev-
no/nocni uredaj za osmatranje.

Sistem TOS-1A radi u sprezi sa tenkovima i borbenim vozilima pesadije i
premesta se napred onda kada je podruc¢je mete neutralizovano.

Inicijalna informacija o meti dobija se od isturenog osmatraca ili od bespilot-
ne letelice. Sistem moze lansirati prvu raketu u periodu od 120 sekundi nakon
zaustavljanja.

Nevodene rakete od 220 mm, MO.1.01.04M imaju duzinu od 3,7 m i lansir-
nu masu od 217 kg. Rakete imaju Cetiri peraja na zadnjem kraju sa termobaric-
nom bojevom glavom i punjenjem sa zadnje strane.

Punjenje se aktivira preko upalja¢a koji se nalazi na prednjem delu rakete i
povezan je sa eksplozivhom smeSom u bojevoj glavi.

Rakete se ispaljuju pojedinacno ili u paru, a kompletna salva moze biti is-
paljena za 6 sekundi. Minimalni domet sistema je 600 m, ali to bi dovelo do
ugroZavanja bezbednosti.

Prvi kupac sistema TOS-1A je Kazahstan koji je primio prve isporuke u
2011. godini, a zatim Irak koji je dobio prva vozila tokom 2014. godine.

lako je kompanija Splav SPC osnovni ugovarac, druge ruske kompanije ta-
kode su ukljuCene u razvoj.

Vozilo za snabdevanje TZM-T ima borbenu teZinu od 41,5 tona sa posa-
dom od troje koja se sastoji od komandira, vozaca i niSandzije.

To je uglavhom T-72 bez kupole koja je zamenjena sa dva reda od po 12
raketa MO.101.04M. Rakete se nalaze u oklopljenom delu dok su u prevozu a
prenose se uz upotrebu hidrauli¢ne dizalice koja se nalazi izmedu. Dizalica ima
maksimalnu nosivost od 1.000 kg, upravlja se daljinski i okreCe se za 50 stepeni
u- levo i 110 stepeni udesno.

Rakete od 220 mm namenjene za zamenu istroSenih pune se u lanser BM-
1 jedna po jedna, a vreme punjenje celog lansera iznosi oko 30 minuta.

Kao i lanser, vozilo za snabdevanje TZM-1 opremljeno je prednjim raoni-
kom, a takode moZze polagati dimnu zavesu.

Za vreme izlozbe naoruzanja SOFEX 2012, koja je odrzana u Amanu, Jor-
dan, objavljeno je da je Rusija ponudila prodaju sistema TOS-1A instaliranog na
trup ameri¢kog tenka M-60 koji upotrebljavaju jordanske oruZane snage.

Septembra 2014. Jordan je pristao na kupovinu sistema, ali tek nakon inte-
gracije u trup M60, a ruski naziv bice Obyekt 634 — M60.

lako su proizvedeni sistemi TOS-1A zasnovani na trupu T-72, sistem je
moguce instalirati i na druge ruske tenkove kao sto su T-90 ili T-80, a bez obzira
Sto je proizvodnja T-80 okon€ana postoji mnogo postojecih tenkova na kojima bi
bilo moguce izvrsiti konverziju.

Dragan Vuckovi¢, e-mail: draganvuckovic@kbcnet.rs
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Iran otkriva raketu zemlja-vazduh Bavar-373’

Iran je prikazao prve slike svoje rakete zemlja-vazduh Bavar-373, za koju
tvrdi da su joj performanse sli¢ne ruskom sistemu S-300P.

Tokom 2007. godine Iran je potpisao ugovor o kupovini pet ruskih sistema
S-300PMU2 (SA-20 Gargoyle), medutim kada je Rusija tokom 2010. godine ob-
javila da nece isporuciti ove sisteme zbog embarga UN, Iran je izjavio da ¢e po-
krenuti sopstveni razvoj i proizvodnju ovog oruZanog sistema.

Nikada nisu potvrdeni izvestaji da je Belorusija snabdela Iran sa hardverom
sistema S-300PT tokom 2008. godine, ali ukoliko je to tatno onda je takva ispo-
ruka predstavljala poetnu tacku za razvoj programa Bavar-373.

Iranski zvani€nici su tokom 2014. godine izjavili da ée sistem Bavar-373
imati veée mogucnosti od ruskog S-300 i da je zapoleta proizvodnja nakon &to
je sistem uspesno testiran.

Avgusta 2014. godine Iran je prikazao deo vojne opreme, §to je ukljucivalo i
raketu Bavar-373 i pripadajuéi radar.

Izgleda da Bavar-373 pripada klasi bezrepnih raketa tipa 5V55 i 48N6 koje
upotrebljava sistem S-300, ali postoje i manje razlike. Ruske rakete se upravljaju
kombinacijom pokretnih povrSina koje se nalaze u okviru samog motora rakete.

Kada je Kina razvila HQ-9, svoju verziju sistema S-300P, prihvacena je neznatno
promenjena konfiguracija repa. Zadnji deo peraja nalazio se na istom mestu kao kod
ruskih raketa, ali su pokretne povrsine bile montirane spolja na kraju rakete, na mestu
na kojem su mogle uticati na usmeravanje mlaza raketnog motora.

Kratak pogled na repnu sekciju rakete Bavar-373 pokazuje opet neko dru-
go reSenje u okviru kojeg je zadniji kraj tela rakete produzen prema zadnjim ivi-
cama peraja. Moguce je da ovaj deo tela rakete skriva zadnje krajeve mlaznica
za upravljanje potiskom. Nije joS poznato da li je ova izmena delo Irana ili Sever-
ne Koreje koja ima sopstveni program za razvoj rakete za sistem S-300.

Iranska raketa zemlja- vazduh sistema Bavar-372

Radar koji je prikazan kao deo sistema Bavar-373 nalazi se na vozilu tockaSu.
Opremljen je sa dve antene; najveca je Cetvrtasta i montirana je direktno iznad druge
antene koja je pravougaonog oblika. Cetvrtasta antena verovatno upotrebljava sistem
elektronskog skeniranja, ali je ovde verovatno u pitanju pasivan, a ne aktivan niz.

" |HS Jane’s International Defence Review October 2014.
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Radarsko vozilo sistema Bavar-373

Verovatno da ¢e ovo vozilo sluZiti ulozi koju ima vozilo za praéenje i navodenje
sistema S-300P. Ukoliko prikazani radarski sistem nije umanjena verzija koja se
upotrebljava za testiranje ve¢ proizvodacka verzija, manja veli€ina glavne antene ve-
rovatno ¢e uticati na to da radar poseduje manji domet nego njegov ruski ekvivalent.

Ukoliko Bavar-373 koristi komandno vodenje (nacin vodenja koji se koristio
u prvoj generaciji raketa sistema S-300P) ili poluaktivno radarsko vodenje, to ¢e
uticati na smanjenje efektivnog dometa sistema. Oba nacina vodenja zahtevaju
da meta bude pra¢ena sve do momenta presretanja. To ne bi bio slu¢aj ukoliko
bi raketa koristila komandno ili poluaktivnho radarsko navodenje samo u ranoj i
srednjoj fazi leta gde bi nakon toga presla na radarsko vodenje.

Manje pravougaono kuciSte moze sadrzati IFF antene i/ili antene za ko-
mandni link za komunikaciju za raketom.

Fotografija lansera koju je objavila iranska agencija pokazuje standardni ruski
lanser raketa 5P85D sistema S-300PS. U praksi, moze se desiti da ¢e lanser sistema
Bavar-373 biti zasnovan na podvozju 10X10 pod nazivom Zoljanah. Ovaj lanser, klasi-
fikovan kao ,takticki kamion za teSke zadatke”, prvi put je prikazan na vojnoj paradi to-
kom aprila 2014. godine, kada je prevozio umetni¢ko delo koje prikazuje vozilo opre-
mljeno lansirnim kontejnerima sli¢nim onima koje upotrebljava sistem S-300P.

Dragan Vuckovi¢, e-mail: draganvuckovic@kbcnet.rs

Novi top za ruski tenk Armata®

Novi ruski tenk Armata bi¢e naoruzan topom sa glatkom cevi od 125 mm
pod oznakom 2A82A.

Kompanija UralVagonZavod proizvodi tenk Armata u NiZznjom Tagilu
zajedno sa tenkom T-90.

Top 125 mm 2A82A sa glatkom cevi razvila je kompanija Artillery Plant No
9 u Jekatarinburgu koja takode proizvodi najnoviji top od 125 mm iz serije 2A46.

Top 2A46M-4 bice upotreblien za serije tenkova T-80, koji se vise ne
proizvodi, dok ée top 2A46M-5 biti spreman za tenkove serije T-90.

Smatra se da su oba topa preciznija zbog umanjene disperzije kada se
porede sa topovima prve generacije od 125 mm, 2A46M-1 sa glatkom cevi.

8 |HS Jane’s International Defence Review October 2014
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Ruski top od 125 mm 2A46M-5

Topove pune automatski punjaci pod oznakama 6EhTs40 i 6EhTS43 koji
se nalaze ispod kupole tako Sto uredaj prvo puni projektil, a zatim punjenje. Nji-
hov glavni nedostatak upravo se svodi na sistem automatskog punjaca.

Punjenje i projektil su fiksne duzine i tu ne moze doci do izmena, tako da je
odnos duzine i dijametra potkalibarnog penetratora mnogo manji nego sto je to
slu€aj kod istog penetratora u zapadnim topovima od 120 mm.

Taj odnos, u kombinaciji sa brzinom ispaljivanja i osobinama materijala,
predstavlja osnovne faktore koji omogucuju projektilu proboj oklopa tako da je
upravo ograni¢enje u duzini, odnosno visini ruskog automatskog punjaca dovo-
dilo do umanjene sposobnosti za probojem oklopa.

Pretpostavlja se da ¢e tenk Armata imati novi automatski punja¢ koji ¢e pu-
niti novu, unapredenu municiju i sadrzati 32 granate spremne za upotrebu.

Takode, nacice se u upotrebi i novi projektil APFSDS sa konvencionalnim pene-
tratorom od teSkog metala na bazi legure volframa ili od osiromaSenog uranijuma.
Ovaj drugi ¢e verovatno dostic¢i i do 15% povecanu probojnost u odnosu na konvenci-
sa visokoeksplozivnim punjenjem, koja ¢e biti programirana za eksploziju iznad mete.

T-90 moze ispaljivati laserski vodene projektile na daljine do 5.000 m, sto je
van vizuelnog dometa topa od 125 mm kada gada konvencionalnom municijom.

Novi laserski vodeni projektil od 125 mm, pod nazivom Sprinter (oznaka
3UBK21), bi¢e ispaljivan iz topa sa glatkom cevi oznake 2A82A. Projektil ¢e ima-
ti tandem bojevu glavu sa visokoeksplozivnim punjenjem za neutralisanje ciljeva
sa eksplozivnim reaktivnim oklopom. Top 2A82A bice opremljen termalnim omo-
tatem, izduvnikom gasova i referentnim sistemom na ustima cevi topa. Za proiz-
vodnju topa bi¢e upotrebljavan jaci elik i imace vecu zapreminu komore, Sto ¢e
omoguciti koriS¢enje vecéeg pritiska za ispaljivanje APFSDS municije koja ¢ée le-
teti ka cilju mnogo veéom brzinom.

Pretpostavlja se da je top od 125 mm bio oznacen kao 2A82, ali je tada cev
produzena, pa je oznacena kao 2A82A.

Sada ve¢ ukinuti program tenka T-95 bio je naoruzan eksterno postavlje-
nim topom od 152 mm, oznake 2A83, koga je punio automatski punja¢ smesten
u trupu tenka.

Verovatno da ¢e ova tehnologija biti kori8¢ena za novu municiju topa od 125
mm, oznake 2A82A. Ona podrazumeva granate od 152 mm Grifel-1 i Grifel-2 sa pe-
netratorima od volframa i osiromasenog uranijuma i rasprskavajucéu granatu Grifel-3.

Dragan Vuckovi¢, e-mail: draganvuckovic@kbcnet.rs
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[Mpsu nnem gojHe sep3uje xenukonmepa ELI645T2°

EpbacoB naku BuweHameHcku BojHu xenukontep ELI645T2 (Airbus Heli-
copters EC645T2) ycnelwHo je n3Bpwmo npeu neT 27. HoBeMbpa npoLune roau-
He y 6aBapckoM MecTy [loHayBypT, rae ce Hanase noroHu Epbaca. Jlety xenu-
konTepa, cepujckor dpoja 20016 n peructpaumje D-HADI, npucyctBoBanu cy u
npenctaBHmun byHaecBepa (Bundeswehr). CaBe3HO MUHWCTapcTBO opbpaHe
2013. roguHe noTnucano je yroBop ca Tagawwum Eypokontepom 3a 15 netenu-
ua oBor Tuna, a 3a notpebe KomaHge cneuujanHux cHara (Kommando
Spezialkrdfte — KSK). YroBop obOyxBaTa n gogatHy onpemy notpebHy 3a n3Bo-
hewe cneuujanHmx onepauuja. Ouyekyje ce ga he NpBU XenuKonTep HeMadkoj
BOjcLM BUTK McropyyeH KpajeM oBe roguHe, a ceux 15 anaparta Tpebano 6u ga
yhe y Haopyxawe byHaecsepa cpeanHom 2017.

XenukonTtep ELI645T2 npenctaBrba BOjHU AepuBaT LIMBUITHOM XenukonTe-
pa EL{145T2 xoju je neToc yBeeH y onepaTuBHy ynotpeoby.

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de

PajmeoH obasrba ucnumusarba y iemy Hoge 2eHepauuje omemaya'®

Amepuyka komnaHuja PajmeoH (Raytheon) je, y capagwu ca PatHoM mMop-
Hapuuom Cjeammennx Amepuykmnx pxaea (U.S. Navy), ycnewHo Tectupana
omeTau Hose reHepaumje (Next-Generation Jammer — NGJ). JleTHa ncnuteamwa
M3BpLUEHA Cy Kpajem okTobpa y MopHapryKoj CTaHULUM 3a Ba3gyXOMiOBHO HAao-
pyxamne (Naval Air Weapons Station) y YajHa Jlejky, KanudopHuja (China Lake,
California).

® AirForces Monthly, January 2015, p. 14.
'° AirForces Monthly, January 2015, p. 19.
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Wcnutuearba cy obaBrbeHa Ha OnMTHOM aBuoHy ,2yrngpcmpum III” (Gulfstre-
am |ll), nHa4ye nocnoBHOM Mnaswaky, pernctpaumje N710CF, mogndmkoBaHOM
3a oBy npunuky. Cuctem ce cacTtoju o camoHanajajyher KoHTejHepa noaBeLla-
HOr MCno4 Tpyna aBMOHA, Yy KOjeM Ce Hanase aHTeHa ca aKTMBHWUM eJeKTPOH-
CKUM cKeHupahem (AESA), NoTNyHO OUrMTanHor OTBOPEHOr ckanaburHor npu-
jEMHMKa 1 TEXHUYKOT reHepartopa.

McnutuBaka y neTy noyena cy Tako LUTO je ONUTHW aBMOH NONeTeo u3
MOpHapwuyke BasgyxonnoBHe 6a3e MNouHT Mary y KanudopHuju ka YajHa Jlejky,
roe cy, TOKOM TPOYacCOBHOT flieTa, UCMMTUBaHE MHTEerpauuja cuctemMa Ha aBUOH,
TEXHUKE OMeTaka, arusiHOCT CHOMa, CHara eMWTOBaka aHTEeHe U ynpaBribake
oMeTaydeM. HakoH OBOr neta oany4eHo je ga Hema notpebe 3a garbuM NeTHUM
onuTtoBakuMa, Oyayhu aa je oueweHo aa je NpBMM NeToM NoTBpheHa ycnewHa
WHTerpaumja n yHKLMOHNCaHe cucTemMa.

Ha ocHoBy nogaTtaka Koje Cy MpUKYNWUvM MHXEHEepU U TEXHWYapPU TOKOM
NeTHUX UCMUTMBaKa cMmaTtpa ce A4a je HOBM CucTeM Beoma edmkacaH 3a omeTa-
e pagapa y cMcTeMy npoTvMBBa3gyxonsniosHe ogbpaHe. Tume cy notBpheHu pe-
3ynTaTu Koju cy fobujeHun y dasmn nabopaTopujcKux UCNuTuBaka cuctema.

AHTEHa ca aKTUBHUM ENEKTPOHCKMM CKEHMPaHEM U BULLIEKAHAIHN reHepa-
TOP KOjU CYy MPUMEHEHN HA HOBOM OMeTau4y, Kao U Apyre KOMMOHEHTe, KopucTe
ce 1 3a gpyre Bas3dyxonfoBHE, MOMOPCKE U KOMHEHe nnatgopme 3a eneKTpoH-
Ccko paToBahe. [NnaHnpaHo je aa NGJ 3amMeHn aHanorHe TakTU4yke cucteme 3a
omeTame Trna AN/ALQ-99 koju ce Kopucte Ha MOpHapuykuMm aBroHuma EA-181
.rpaynep” (Boeing EA-18G Growler), pa3BnjeHnM 13 gBOCEAOr BULLEHAMEHCKOT
6op6eHor aBmoHa ®/A-189 ,cynep xopHeT” (F/A-18F Super Hornet).

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de
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Mpsu nem pyckoz xenukonmepa Mu-171A2"

MpBU npoTOTUN PYCKOr BULLIEHaMeHCKOr xenukontepa Mu-171A2 3anoyeo
je ca neTHMM ncnuTMBawMma NpeuM netom 11. HoBembpa npoLue roguHe.

Tokom nNpBOr neta UCNUTaHN Cy HajBaXXHUjU CUCTEMW fieTenuue, Koju cy npe-
Ma peymMa OnNuUTHOr NoTa pagunm u3BpcHO. Haye, NpBM NPOTOTUM HAMEHEH je
3a UCMUTMBakE NETHUX NnepdopmMaHcn n 6e30egHOCTU NMpUMeEHEe HOBOr MakeTa
aBunoHuke KBO-17 n HoBux moTopa BK-2500lC-03. NpBomM neTy npeTxoaunu cy
TECTOBW pynaka v nebaera xenukontepa, obaBrbeHM TOKOM OKTobpa. HoBu Mo-
TOPW 1 POTOPU UCMINTAHM Cy Ha cneuujanHoj netehoj nabopatopujy Mu-171J1J1.

MakeTt aBnoHnke KBO-17 npepcraBrba ,CTakneHy”’ kabuHy (glass cockpit) n
yKIbydyje AvrutanHe TeneBusnjcke U TepMariHe kamepe 3a CBe MEeTEOpOSIOLLKe
yCroBe 1 BULUEHaMeHcke npukasusade Bucoke pesonyuuje. C 063mpom Ha Bu-
COK CTeneH ayTomaTtusauuje, 6poj unaHoBa nocaje je cMareH ca Tpu Ha ABa.

NcnutnBawa MoTopa Ha netehoj nabopatopuju Mu-171J1J1 nokasana cy
nosehawe kpcrapehe n makcumanHe 6p3uHe 3a 20%, 6orbe ynpaBrbawe By4-
HOM CWJIOM MaBHOTr poTopa, Te CMakerweM Bubpauuja. NoTtepheHo je ga je mak-
cumanHa 6p3nHa 280 km/h.

Ha gpyrom npotoTtuny, ocuM yrpagre HOBOT FMaBHOT U pPenHOr poTopa, 13-
MeHe KOHCTpyKuuje obyxBaTuhe n HOBe BepTUKarHe U XOpU3oHTanHe ctabunu-
3aTope. Opyru npototun Mu-171A2 6uhe onpemrbeH M LUMPUM NaKETOM orpe-
Me, YKIbydyjyhu ypehaj 3a cnorbHO Belawe HOCMBOCTU 5 TOHa, knuma-ypehaj,
24 nyTHMYKa ceauLuTa Koja ancopOyjy eHeprujy n cuctem 3a npednwhasame Ba-
3gyxa koju obesbefyje yknaware npawimHe n3 Basgyxa o 97%. Jletenvua je
TPeHyTHO y hasn cknanawa y Mun-oBoj pabpuum y Mocksu.

" AirForces Monthly, January 2015, p. 25.
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OcHoBHe pasnuke nsmeRy xenukontepa Mun-171A2 n ctapmjux mogena u3
,nopoguue” Mn-8/Mu-17 cy HOBW, CHaXHWjU N eKOHOMUYHUjU MoTopu Knumos
BK-2500IC-03, cuctemn 3a gurutanuy perynaumjy n koHtpony BAPK-6B-7L1,
HOBe fonartuue rnaBHOr poTopa m3paheHe of komnosuTa, yHanpeheHe aepoau-
HaMW4Ke KapaKTepucTuke, 1 HOBa aBUOHUKa OTBOPEHE apXUTEKTYpE.

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de

lMonemeo mpehu npomomun uHOUjcKo2
nakoa 6opbeHoz xenukornmepa'?

Tpehu TEXHOMNOLLKM OEMOHCTPATOpP UHAWjCKOr nakor 6opbeHor xenukonTe-
pa (Light Combat Helicopter - LCH) noneTteo je 12. HoBembpa npoLusne roguHe.
Jletennua TD-3 ca peructpauumjom ZF 4603, npeu net nseena je u3 baxranopa,
roe ce Hanase npousBoaHu noroHn komnanuje XAJl (Hinduistan Aeronautics Ltd.
— HAL). Y npaTh1 HOBOT IEMOHCTpaTopa CBe BpeMe reTa 6uo je n xenukonTtep
Tuna ,apB” (HAL Dhruv). lNpema nsjaBama 3BaHWYHUKA npoussBofayda, npeu net
npoTtekao je 6ecnpekopHo, a UCTOM NMPUITMKOM MCTaKHYTO je U odekmBare aa he
HOBM OOpOeHN xenukonTep NpeacTaBbaTn edmkacHy 6opbeHy nnatdopmy cno-
COOHYy 3a NpeuusHe Hanage Ha BENIMKMM HagMOPCKMM BUCUMHaMa 1 Y NOTMYHOCTH
3a0BOSbUTU 3aXTEBE MHAOWMJCKOr paTHOr Basgyxonnosctea. OuveknBawa Npoms-
Bofaya cy ga he HOBU XenUKONTEP OCTBApUTU MNOYETHY ONepaTUBHY CNOCOBHOCT
(Initial Operational Capability — IOC) Beh y centembpy cnegehe roguHe.

Mpeu npoTtoTnn noneteo je kpajem mapta 2010. roguHe, a opyrn Ha Bu-
posaaH 2011. rogmHe. [Jo caga cy 3ajegHo Hanetenu 285,1 yacoBa Tokom 388
netosa. XAJl ce Haga na he 3a noTpebe MHAM|CKOr paTHOr Ba3ayxOmnioBCcTBa 1
KOMHeHe Bojcke npou3BecTn 179 xenukonTtepa oBOr Tuna.

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de

"2 AirForces Monthly, January 2015, p. 32.
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Ucnumusarbe 6pumaHckoza Haopyxatrba Ha ®-356"3

BputaHckn onuTHM TUM ycneLHo je 06aBMo noyeTHa neTHa NCNUTUBaHa MHTe-
rpauvje paketa Basgyx-Basgyx Tuna ,acpaam” (ASRAAM) v BoheHux aBno-6ombu
.nejs-sej V" (Paveway V) Ha jypyiuHuky ®-356 ,najtHenuHr II” (F-35B Lightning II).

MomeHyTa BYGC Beh ce Hanase y Haopyxany noctojehmx 6opbeHnx aBrMoHa
n3 conote KparbeBckor paTHor BasayxonnoscTsa (Royal Air Force), a wnxoBa ycne-
LWUHa MHTerpaumja Ha aBuoHe ®-35 omoryhuna 6u nHTeponepabunHoCT gocagallie
N HOBE Ba3yxOMNfoOBHE TEXHUKE KOjOM Cy onpemMribeHn KparbeBcko paTHO Ba3ayxo-
MrOBCTBO M MOpHapuyka aBujaumja KparbeBcke paTHe mopHapuue (Royal Navy),
noyes o 2018. roamHe. [IBa onvTHa Basayxomnnosa ,NajTHeHWHr II” nssena cy ykyn-
HO [deBeT NneToBa Ca pasnUuMTMM KoMOWHauujama nopdBellaBara HaBeaeHWX
BY6C, unume je omoryheH npenasak y HapegHy dasy, o4HOCHO ofBajara BY6C of
aBMOHa-HOCaya, a HakoH Tora 1 ONuTHa NaHcvpaka y3 NpMMEHy cncTtema Bofersa.

PakeTe ,acpaam” Hanase ce y Haopyxahy GpuUTaHCKUX BOpOGEHUX aBUOHA
TMna ,TopHago” un ,espodajtep”’, kao un ayctpanujckmx O/A-18. Pagmu ce o paketn
Ba3dyx-Ba3gyx KpaTkor gomeTa ca nacusHum WL Tparavem.

ABno-6ombe amunuje ,nejs-Bej” npeacTaBrbajy mMoaudmkalmnjy knacud-
HKX, HeBOMEeHMX aBMOHCKUX 6Gombu y nacepcku BofieHa BY6C Benvike npeLmsHo-
ctn. Tokom onepauuje ,Mpadka cnoboga” Buwe of NoOfoBUHE ynoTpebrbeHux
BONEHUX cpeacTtaBa YnHunie cy aBmo-6ombe oBor Tuna. ,llejs-ej IV”, nopen na-
cepckor Bohewa, WHTerpuwe n Bohewe NomMohy caTtenutckor cuctema 3a rrno-
6anHo nosuumoHupamwe GPS/INS, uime ce obesbehyje moryhHOCT aejctBa y
CBWM METOPOJIOLLKUM YCNOBUMA.

MpeacrtaBHUUM opraHuM3aumMja Koje ydecTByjy Yy nporpamy, y msjaBama 3a
jaBHOCT, uctaknu cy ga je osum ®-35 onpaBgao noBepewe, anu u ga ce Tume
nokasano ga ce pagu o ycnewHom mefhyHapogHoM npojekTy. MNpema cagatbnm

'3 AirForces Monthly, January 2015, p. 7.; https://www.f35.com/news/detail/uk-f-35b-achieves-
key-weapons-test-milestone [noceheHo: 15. mapt 2015]
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nnaHoBMMa, NPBM aBMOHW OBOTr TUNa koju 61 cpeamMHom oBe roguHe Tpebano ga
MOCTUIHY NOYETHY ornepaTMBHY PacMOSIOXKMBOCT, jecy aBMoHM MapuHckor kopry-
ca CAL (U.S. Marine Corps), pok he asnonn PB CAL n PM CA[Ll To noctunhu
cnepehe, ogHocHo 2018. rogmHe.

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de

Hanpedak u kawr-er-a y pa38ojy uHoujckoa nakoe nosya ,mejac”™*

Mocnephy NpoTOTMN ABOCEAE BapujaHTe UHAMjCKOr nakor 6opbeHor aBmo-
Ha ,Tejac”, ca o3HakoM PV-6 n peructpauumjom KHT2010, noneTteo je no4yeTkom
HoBembpa, noTepAuna je komnaruja XAJl. MNpeu net Tpajao je 36 MUHYTa TOKOM
KOjux cy, npema usjaBama 4raHoBa nocaje, CBM CUCTEMU BasgyxonnoBa (PyHK-
LUuoHMcanu npemMa oyekvMBamuma.

OgBo je wecHaecTu ,Tejac” koju je noneTeo. Ha oBom NpoTOTUMY M3BPLLUEHE CY
cBe Behe mogudmkaumje, HacTane Kao pesynrtar UCnuTMBaHa Y neTy nocrojehnx
NpoTOTUMOBA KOju Cy, A0 caga, HaneTtenu npeko 2.500 yacosa. OBaj npoToTWN
OMpPEeMIbEH je HOBOM KOMYHUKALMOHOM OMPeMOM, PafapCkuM CeH3opumMa 3a erek-
TPOHCKO paToBaH-€ U HOBMM HaBUraLMOHNM CUCTEMOM 33 ayTOMAaTCKO CreTame.

Kpajem geuembpa, npototun nanybHe Bep3uje ,Tejaca” u3Beo je npeo no-
netamwe ca ckakaonuue (ski jump) y 6asu XaH3sa, Koja cnyxu 3a obyky 3a norne-
Takbe Cca Hocada aBMOHa KOoju Ha nanybu mmajy ckakaoHuue. Nako je noneteo
jow 2012. roguHe, ca 4eTMpuU roAMHE 3akallkwera, 0Baj NpoToTWM je npuse-
MIbEH TPU MeceLa No OTMNoYMHaky NETHUX UCMUTUBAHA, Aa OU No oTKnamwaky
cBuUx Npobnema noneteo TeK y Majy nNpoLune rogMHe Kaga je nocturao u 6paviHy
oa 1,1 maxa. Mingnjcka PM nnaHupa Habaeky 40 aBMoOHa y jeqHoceaoj U aBoce-
[00j BEP3M1jU, NOTOHEHNX ja4M MOTOpUMA.

4 AirForces Monthly, February 2015, p. 32; www.airforcesdaily.com/2014/11/hal-flies-final-two-
seat-tejas-light-combat-aircraft-prototype/ [noceheno: 1. dpebpyap 2015]; IHS Jane’s Defence
Weekly, Vol. 52(1), p. 17.
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Y mehyBpemeHy, MuHucTapcTBo ogbpaHe MHavje nHcdopmMucano je napnameHT
Aa ce faBare KOHayHor ornepaTtvBHOr ogobpena 3a yBofene y Haopyxare (final
operational clearance) ,Tejaca’ ognaxe 3a 4EBET MECELIM, OOHOCHO 3a Kpaj OBe roau-
He, BULWe opf, 32 roguHe og nodeTka nporpama JILUA (Light Combat Aircraft — LCA).
Mnak, o4ekyje ce 4a NpBM CEpUjCKM aBMOHM Koju cy y Aeuembpy 2013. roguHe nocTtu-
MM NOYETHY onepaTUBHY PacrofnoXMBOCT Oyay Npegatv paTHOM BasgyXOMroBCTBY
TOKOM MapTa oBe roamHe. OBu anapatu, Mmehytm, umahe orpaHudeHe 6opbeHe cno-
cobHocTu Byayhmn fa uHTerpaumja pakete Basgyx-BasayX 3a [ejCTBO BaH BU3YerHOr
OOMeTa v onpema 3a NyHeHe roprMBOM Y BasgyXy HUCY MHTENPUCaHM.

Y Toky 2017, n 2018. roamHe o4ekyje ce npounssoAra naptuje oa 20 asno-
Ha, HaKoH Yera 6v ce MpucTynuno opmupaky Opyre eckagpure onpemMrbeHe
~Tejacuma’. Mefhytum, MHamjcko paTHO Ba3gyxonmoBCTBO CBOje NTaHOBE 3aCHU-
Ba Ha 80 go 100 aBuoHa yHanpeheHe Bep3anje JILA Mk. 2 (LCA Mk 2) koja 6u
Tpebano ga 6yage noroweHa jauum LleHepan EnektpukoBum motopom [E-414
(General Electric GE-414) xoju o6e36ehyje 90 0o 94 kmnowyTHa noTucka. To he
omoryhutu Howewe Bue BYBGC n noctnsame owTpujux HanagHWx yrnoea, Wrto
cy Hekn og TT3 koje je noctaBuno PB. Ouekyje ce aa npeu net ,Tejaca” JILA
Mk. 2 6yge 2017. vnmn 2018. roguHe. lMocTojehn motopu P-404-N'E-NH20 (F-
404-GE-IN20) o6e36ehyjy notucak og 80 go 85 kunowyTtHa.

HoBa kawmena ,Tejaca” npumopana cy PB pga cBojoj rnoTyM noBauykmx
aBmoHa Mul-21 noHoBO nNpoayXu Bek ynoTtpeoe.

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de

Pycku mopHapuyku 6opbeHu xenukonmep Ka-52K useeo npsu nem’

MopHapuuka Bep3uja 6opbeHor xenukontepa Ka-52 ,anuratop” (Ka-52
«Annuzamopy», o3Haka npema koaudukaumju HATO: Hokum B), noa o3Hakom
Ka-52K, nssena je npsu net 7. MapTta oBe rognHe ca amcunbujckor patHor 6po-
na Pycke patHe mopHapuue (BoeHHo-Mopckoli ®nom Pocculickoli ®edepa-
yuu). Npewu net Tpajao je 40 MuHyTa.

Komnanwuja ,KamoB” passuna je Ka-52K koju npeactaBrba moandumkoBaHy
Bep3unjy Ka-52 ,anuratop” 3a ynotpeby ca AecaHTHO-jypuHUX GpogoBa Tuna
~Muctpan”’. Hoea Bep3uja xenukontepa uma ckranajyhe envce n HoBa ,3akp-
Xrbana” kpuna 3a Howewe BY6C. Kao n ocHoBHa Bep3uja, Ka-52K je HameneH
3a NpOTMBOKIOMNHY 60p6y M HenocpeaHy BaTpeHy Ba3gyXonnoBHY MNOAPLLKY CHa-
ra MopHapuvdke newiaguje.

Mpema nogauuma m3 Meguja, Pycka paTHa MOpHapuvua Hapyyuna je 4etu-
pv xenukontepa oBor Tuna, anu 6u ykynHa Habaska Tpebano ga nopacrte Ha 28
netenuua. Y mefyBpemeHy, Pycke BojHOBa3gyxonnoBHe cHare (BoéHHO-80-
30ywHble cunbl Poccutickol ®edepayuu) yBene cy y Haopyxawe 63 anaparta
OCHOBHE Bep3uje, a HapydeHo je jow 93 npumepka. Tokom oBe roguHe, BBC
Tpeba ga npeyame 16 xenvkonTepa.

18 http://www flightglobal.com/news/articles/maritime-ka-52k-attack-helicopter-makes-debut-

flight-410017/ [noceheHo: 22. mapT 2015]
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WNako nporpam mopHapuykor 6opbeHor xenvkontepa kacHu, 6yoyhu ga je
npBu neT 6uo nnaHupaH 3a cpeanHy 2013. rogmHe, onbujane PpaHuycke ga uc-
nopyun Pyckoj ®enepaumjy gea, Beh nnaheHa 6poga Tuna ,muctpan” penatu-
BM30Banu Cy U poKkoBe 3a YBONeHE Yy Haopy>Kare HOBOT XENUKOMNTEPA.

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de

Xenukonmep Mu-26 uHdujckoz PB u3spwuo npeo criematrbe
Ha 8e/1UKOj HaOMOPCKOj 8UCUHU'®
X Tl &

Tewkun TpaHcnopTHU xenukontep Mun Mu-26 WHauwjckor paTtHor Basgyxo-
NNoBCTBa YCMELUHO je M3BPLUMO creTake Ha HoBocarpaheHu xenuapom y Ke-
aapHart [lamy, Koju ce Hanaswm Ha HagMOpPCKoj BUCUHM of 3.664 meTpa.

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de

"6 AirForces Monthly, February 2015, p. 32.

234




WpaH npedcmasuo Hosy sep3ujy domahez nakoa osya’’

WpaH je npeacrasmo HOBY reHepauumjy aomaher nosua ,care” (Saeghe) nog
03Hakom ,care 2" (Saeghe 2). Pagn ce o0 gBoceny 3aCHOBaHOM Ha flakom foBLY
amepunuke npoussoahwe ®-5¢ ,Tajrep II” (F-5F Tiger Il) koju ce oa opurMHana
pasnuKyje no BOCTPYKOM BepTuKanHom peny. [pyru getaru, nocebHO OHM Koju
ce T4y aBMOHUKE, HAOpYXaka 1 gpyre onpeme HUCY No3HaTu.

lMpema HaBoaMMa MpaHCKNX Meamja, aBUOHK ,care 2” yBeOeHU Cy y Haopy-
Xarbe PaTtHor Bazgyxonnosctea Mcnamcke Penybnuke MpaHa. Camo mecey aa-
Ha paHuje objaBIbeHO je Aa je noyena macoBHa Npou3BoaHa jegHocena ,care’”.

3anagHu n3Bopy cmatpajy Aa ce He pagu O HOBOMPOW3BEAEHUM NeTenu-
uama Beh o KOHBepTOBaHMM 3MajeBMMa noctojehmnx aBnmoHa P-5E/O. lNMpoueHe
rosope ga upaHckn PB mnma y onepatuBHoj ynotpebu 31 jegHocen ®-5E mn 17
asocena 3a 0oyky ©-50.

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de

Caab noHyduo Bpasuny u ,cu epuneH”®

Lsencka komnaHuja Caab, koja je ca CBOjMM BULLEHAMEHCKUM GopbeHUM
aBnoHom JAC 39 ,rpunen HI™ (JAS 39 Gripen NG) nobeguna Ha TeHOepy 3a Ha-
6aBKky 60pbeHux aBMoHa 3a Bpasuncko paTtHo Ba3gyxonnoBcTBO (Forca Aérea
Brasileira), noHyguna je nanyGHy Bep3ujy uctor aBnmoHa u PaTHOj MopHapuum
Bbpasuna (Marinha do Brasil).

7 JHS Jane’s Defence Weekly, Vol. 52(11), p. 18.
'8 http://globalmilitaryreview.blogspot.com/2013/10/saab-offers-sea-gripen-carrier-borne. html
[noceheHo: 27. mapt 2015]
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MopHapuuka Bep3uja ,rpuneHa” Hocu o3Haky ,cu rpuneH” (Sea Gripen) n
npencrtaema ,rpyned HI™ npunarofeH 3a ynotpeby ca Hocaya aBuoHa. Makcu-
MariHa mMaca y nonertawy usHocu 16,5 ToHa. ABMOH Moxe aa nonehe ca Hocaya
aBMOHa ONMPEMIbEHNX MAapHUM KaTanynToM WiKM Hoca4va Koju pacnonaxy nonet-
HOM cTa3oM Ha nanybu gyxumHe 200 meTapa M CkakaoHMUOM nog yrrom og 14
creneHun. ,Cu rpuneH” 3a capa NocTojM CaMo Kao KOHLenT.

LWsenckm npegnor gonasu y Bpeme kaga PM Bpasuna nnaHupa oncexHy
MoZepHu3auujy cBor Hocaya aBuoHa ,Cao lMaono” (NAe Sdo Paulo) Ha kojem
TPEHyTHO Oasupajy jypuwHuum AP-1/A ,dankao” (AF-1/A Falcdo), wTto je cny-
x0eHa o3Haka 3a aBuoHe A/TA-4KY ,ckajxok” (Douglas A/TA-4KU Skyhawk)
amepuydke Npomn3BoaHE, KOjU CYy Kao NonoBHM KynibeHn of KyeajTa Kpajem gese-
OeceTux rogmMHa npoLusior Beka. Mako je nnaHom mMogepHusaLmje Hocaya aBuo-
Ha nnaHupaHa 1 UXoBa MoaepHu3auuja, noHyga Caaba he Bpno BepoBaTHO
61T nogpobHuje pasmoTpeHa c 063Mpom Ha To Aa ce nnanupa ga ,Cao Maono”
ocTtaHe y onepatneu PM Bbpasuna go 2039. rogmHe.

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de

Ep6ac u KA pa3ssujajy naku HaopyxaHu xenukonmep 3a JyxHy Kopejy'®

JyxHokopejckn npousBohau Basgyxonnosa KAWU (Korea Aerospace Indu-
stries — KAI) n3abpao je eBponcku Ba3gyxonnoBHu ruraHt Epbac (Airbus), ogHo-
CHO HeroBy noapyxHuuy Epbac xennkontepu (Airbus Helicopters), 3a 3ajeaHny-
KV pa3Boj Jlakor Haopy)XaHor XenmkonTepa, caonwTeHo je 16. mapTa.

KonHeHa Bojcka Penybnuke Kopeje (Republic of Korea Army) kpo3 nporpam
LJ1akor HaopyxaHor xenukontepa — JIAX” (Light Armed Helicopter — LAH) nna-
Hupa Habaeky oko 200 nnaTdopMm Mace oko NeT ToHa Kojuma 6u bune 3amere-

'® HIS Jane’s Defence Weekly, Vol. 52(12), p. 5,
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He pnoTe ocTtapenux Xjy3oBuUX Nakux HaopyxaHux xenukontepa MO500M ,an-
deHgep” (Hughes MD 500MD Defender) n Benosux 6opbeHux xenukontepa
AX-1C ,kobpa” (Bel AH-1S Cobra), koju Beh OyXu HU3 roguHa 4vekajy nosnave-
e 13 onepaTmBHe ynoTpebe.

Tokom jyna npolune roanHe Ynpaea 3a nporpame oabpambeHux HabaBku
opabpana je KAW 3a pasBoj nakor uusunHor xenukontepa (LCH), koju 6u Tpe-
6ano ga 6yge ocHoBa BojHor nporpama JIAX.

XenukonTtepu JILLX n NNAX 6uhe paseujeHn Ha 6asm xenukontepa ELI155
.ayden” (EC155 Dauphin), capa nog osHakom X155 (H7155), caonwTuno je
eBporcku naptHep. Ouvekyje ce aa 6u umBunHa Bepsuja, ogHocHo JILX, morao
na yhe y ynotpeby tokom 2020. roavHe, a aa 6u BojHa BapujaHTa, Tj. JIAX mo-
rao ga ce Hahe y Haopyxawy KoB Penybnuke Kopeje aBe roguHe kacHuje, oa-
HocHo 2022. roanHe.

HwnjegHa og KoMnaHuvja koje y4ecTByjy Y 3aje4HUYKOM Pa3BOjHOM Mporpamy
HWje caonwTwuna gpyre geTtarbe, NocebHO OHe Koju ce Tudy camMor yroBopa.
Unak, jy>kHokopejckn Meamju npeHenn cy BecT ga 6u Leo nporpam mMorao ga Ko-
wta 1 BUNNOH jyXXKHOKOPEjCKUX BOHA, OOHOCHO 877 MUMNMOHa aMepuyknx gona-
pa. Of Tor usHoca, jykHokopejcka Bnaga obesbeguna 6u 350 munujapaum, Ep-
6ac 400 munujapamn jy»>xHokopejckux BoHa, a octaTak KAU v gpyru jyxHokopej-
CKW KOOMEpPaHTU.

Mopen Epbaca koju je nsabpaH, JyxHa Kopeja je pasmaTpana noteHumjan-
Hy capagmy n ca Asrycta-Bectnangom (AugustaWestland), Benowm (Bell) n Cu-
Kopckum (Sikorsky).

Jlakm HaopyxaHu xenukontep JIAX nnaHupa ce kao Aeo kombuHoBaHe hroTe
Naknx N TELKUX XervKonTepa 3a BaTpeHa aejctea, byayhu aa je KoB PenyGnivke
Kopeje y anpuny 2013. roavHe, y okBMpy nporpama HabaBKe TELUKOT jyPULLIHOT Xe-
nukontepa AX-Uke (AH-X), 3a 1,6 munujapon amepudknx gonapa kynuna 36 6op-
6eHunx xenukonTtepa AX-64E ,anav rapauvjad’ (AH-64E Apache — Guardian).

MnadeH Tuwma (Mladen TiSma), e-mail: mladen.tischma@t-online.de
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OruZzje za licnu zastitu ,FN P-90*

Evolucija oruzanih sukoba modernog doba dovela je do potrebe efikasnijeg
opremanja pozadinskih jedinica oruzanih snaga. Usled specifi¢nih zadataka, koji
u najve¢em broju slu€ajeva nisu podrazumevali direktan sukob sa neprijateljem,
liéno naoruzanje pripadnika jedinica ove vrste prvenstveno je podrazumevalo
poluautomatski pistolj (otuda i obi¢aj da se moderni pistolji oznaCavaju oruzjem
za li¢nu zastitu) sa znacajnijim kapacitetom okvira ili klasi¢ni automat (engl. Sub-
machine Gun), takode u piStoljskom kalibru, najceSée 9x19 mm Parabellum.
Opremanije juriSnim puskama u praksi se pokazalo nepotrebnim, jer je oruZje iz
ove kategorije usled vecih dimenzija i teZine predstavljalo smetnju u obavljanju
svakodnevnih zadataka iz specificne namene ovih jedinica.

Ipak, iskustva sa svetskih ratista® iz druge polovine dvadesetog veka i u
novom milenijumu jasno pokazuju da diverzantske i prepadne akcije na pozadin-
ske polozaje protivnika imaju veliki takticki, ali i psiholoski efekat i da poprimaju
sve veéi obim u modernom ratovanju. U napadima na konvoje i baze neprijatel;j
dejstvuje brzo i silovito, koristeci se faktorom iznenadenja i Sirim spektrom peSa-
dijskog naoruzanja, neretko i mobilnim protivoklopnim sistemima. U takvim situa-
cijama, kapaciteti poluautomatskih pistolja i automata, kao i karakteristike najCe-
Sce koriséenog kalibra 9x19 mm Parabellum, jednostavno ne mogu pruziti zado-
voljavajuéi nivo zastite.

Upravo ove okolnosti utiCu na nastanak i razvoj novog koncepta oruzja za
licnu zastitu (engl. Personal Defence Weapon — PDW). Krajem osamdesetih i
poCetkom devedesetih godina proslog veka nekoliko proizvodaca iz sveta otpo-
Cinje rad na konstrukcijama novog oruzja. Konstruktorima je bilo jasno da novo
oruzje, shodno svojoj operativnoj nameni, mora biti veoma kompaktno i sa odli¢-
nim ergonomskim reSenjima, kako ne bi ometalo pripadnike prilikom obavljanja
svakodnevnih zadataka. Takode, mora imati jedinaéni (poluautomatski) i auto-
matski rezim rada, kao i visok kapacitet okvira. Radi racionalizacije obuke kadra,
oruzje mora imati logian i relativno uobiCajen raspored osnovnih komandi i jed-
nostavnu konstrukciju koja se i lako odrzava. Na kraju, radi uvecanja efikasnosti,
novo oruzje mora napustiti tradicionalne pistoljske kalibre.

Konstrukcijski gledano, oruzje za personalnu zastitu moglo bi se posmatrati
kao spoj reSenja automata i juriSnih pusaka, objedinjujuéi kompaktnost prvih i va-
trenu mo¢ drugih. Za razvoj ove kategorije oruzja zna¢ajna je 1989. godina, kada
NATO objavljuje dokument oznake ,D/296” u kojem su, pored ostalog, istaknuti
minimalni standardi koje bi novi modeli iz ove kategorije trebalo da zadovolje:

— novi metak trebalo bi da ima veéu zaustavnu mo¢ i probojnostm, efikasniji
domet i preciznost nego pistoljski 9x19 mm Parabellum,

— kapacitet okvira trebalo bi da bude minimum 20 metaka,

— ukupna masa oruzja ne bi trebalo da prelazi 3 kilograma,

— konstrukcija i dimenzije oruzja trebalo bi da omoguce relativno efikasnu
upotrebu jednom rukom.

2 posebno iz ratova u Avganistanu i Iraku.
' Probija balisticku zastitu prema NIJ standardu llIA.
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Istim dokumentom definiSe se operativnha namena ovog oruZja koje bi tre-
balo da ,... obezbedi li€nu zastitu u kriti€énim situacijama kada je korisnik nepo-
sredno suocen sa neprijateljem”.

S obzirom na to da se radi o minimalnim standardima, proizvodac¢ima je na-
menski ostavljen prostor da dodatno unaprede konstrukcije svojih modela.

Pogetkom devedesetih? godina belgijska kompanija ,FN Herstal” ponudila
je svoj revolucionarni projekat pod oznakom ,FN P-90”, €&ija su reSenja konstruk-
cije bila uskladena sa NATO standardima. Ubrzo po predstavljanju, oruzje je to-
kom Zalivskog rata 1991. godine imalo prvu znacajniju terensku proveru, kao sa-
stavni deo naoruzanja belgijskog kontingenta oruzanih snaga u ovom ratu.

OruZje "FN-P90" u kalibru 5,7x28 mm, leviprofil. Foto: Coolflat, USA

Oruzje ,FN P-90” funkcioniSe po principu slobodnog trzaja zatvaraca, opa-
ljujuéi iz prednje, zabravljene pozicije zatvaraca, 8to se pozitivno odraZzava na
preciznost i kontrolu paljbe, posebno pri automatskom rezimu rada. Zatvaraé
ima udvojene povratne opruge smestene na vodicama koje su postavljene para-
lelno. Na prednjem delu zatvara¢a nalaze se dva klina. U pitanju je oruzje tzv.
,bullpup” konstrukcije kod kojeg su mehanicki delovi smesteni u Supljinu kunda-
ka oruzja, Cime se postiZze izrazita kompaktnost oruzja, a rukovanje oruzjem je
olakano® postavljanjem obostranih i logi€no rasporedenih osnovnih komandi.

22 Otuda i broj 90 u 0znaci naziva modela ovog oruzja.
% Kako desnorukim tako i levorukim strelcima.
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.FN P-90” koristi specificni kalibar 5,7x28 mm koji se odlikuje izuzetnom pro-
bojnoséu®. Kalibar koji je ,FN Herstal” razvila u skladu sa NATO standardima® is-
prva je koristio lako zrno oznake ,SS90” mase 1,5 grama (23 grejna), da bi tokom
1992. i 1993. godine zrno bilo zamenjeno novim ,SS190” koje je za 2,7 mm
(0, 11 in¢a) krace nego prethodnozﬁ. Kombinovanog jezgra od aluminijuma i
prednjeg dela izradenog od ¢&elika, teziste zrna je pomereno unapred, dajuc¢i mu
veoma pravu trajektoriju nakon napustanja cevi oruzja, a prema studiji Dejvida
Fortiera (engl. David Fortier) objavljenoj 2008. godine, pod naslovom

Rampa za rotiranje metka i uvodenje u leZiste , postavijena na prednjoj strani okvira

Foto: Coolflat, USA.
,Vojna municija danadnjice”™’, trzaj prilikom paljbe je za oko 30% manji nego
kod kalibra 9x19 mm Parabellum. Prema tvrdnjama proizvodaca efektivan domet je
do 200 metara, dok na vecim distancama zrno, usled male tezine, znatno gubi kine-
tiCku energiju, $to mu, pored ostalog, umanjuje i moguénost rikoSetiranja. Maniji
pre¢nik metka omogucava i veéi kapacitet okvira koji kod ,FN P-90” modela name-
njenih sluzbenim licima prima 50 metaka. Poluautomatske verzije namenjene civil-
nim Kkorisnicima, oznake ,FN PS-90”, imaju okvir kapaciteta 30 ili 10 metaka, shodno
pozitivnim zakonskim propisima odredenih zemalja. Okviri se izraduju od providnog

% prj testiranju iz 1999. godine, koje su sproveli pripadnici kanadske brdske policije (kan. engl. Royal
Canadian Mounted Police), projektil oznake ,SS190” ispaljen iz ,FN P-90” sa distance od 25 metara
u balisti¢ki gel preko kojeg je bio postavljen balisti¢ki prsluk sa nivoom zastite IlIA, imao je prose¢nu
Eenetraciju u gel od oko 25 cm.

® U okviru ovog kalibra ,FN Herstal” nudi i metke ,L191” obeleZavajuée, zatim ,SS192” sa mekim zr-
nom, ,Sb193” podzvuéne i manevarske.

% Radi uskladivanja sa poluautomatskim pistoliem ,FN Five-SeveN”.

7 Engl. ,Military Ammo Today".
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polimera, $to omoguéava strelcu u svakom momentu uvid u preostalu municiju, koja
se prilikom punjenja smesta u dva reda. PovrSina okvira je matirana, kako ne bi re-
flektovala svetlost, $to je slu€aj i sa svim spoljasnjim delovima oruzja.

Odvaznost konstruktora

Odvaznost konstruktora belgijske kompanije izraZzena je i kroz nekonvencio-
nalno i hrabro redenje, kako samog okvira, tako i mehanizma dovodenja metka u
leziste. Okvir se utvrduje na gornjoj strani sanduka oruzja, paralelno u odnosu na
cev oruzja. Polozaj municije je pod pravim uglom u odnosu na osu cevi, ali rampa
kruznog oblika na prednjem delu okvira rotira metak®® za devedeset stepeni i u
tom poloZaju ga uvodi u leZiSte. Ovakvo reSenje umnogome doprinosi kompaktno-
sti oruija2 , zadrzavajuci veliki kapacitet okvira. Poluga za otpustanje okvira posta-
vljena je obostrano u vidu kliznog, oZlebljenog tastera piramidalnog oblika, dobro
profilisanog. Okvir se otpusta guranjem tastera unazad i povlacenjem okvira nago-
re, $to neuvezbanom strelcu moze traziti rad obe ruke i pomeranje oruzja sa ni-
Sanske linije, $to moze biti neprijatno u situacijama kada je strelac usao u nepo-
sredan kontakt sa protivnikom. Jo$§ jedno nekonvencionalno reSenje konstrukcije
jeste i otvor za izbacivanje €aura koji je smeSten sa donje strane, ¢ime je onemo-
guceno da vrela ¢aura pogodi lice strelca ili nekoga sa strane.

Oruzje ,FN-P90" u kalibru 5,7x28 mm, desni profil
Foto: Coolflat, USA

Sanduk oruzja izraden je od polimera® i sastoji se od gornje i donje celine.
Gornju €ini cev sa sklopom zatvara&a, neuveliCavaju¢im refleksnim niSanom (kao i
mehani¢kim niSanima kao pomoc¢nim) i odvojivi okvir. Donji deo sanduka sastoji se
od kundaka sa amortizerom trzaja i sklopom mehanike, kao i okidacke grupe. Zad-

% Metak ka rampi potiskuje opruga pod pritiskom na suprotnom kraju okvira.

% Prilikom realizacije projekta, kao kriterijum ukupne duzine oruZja postavljena je proseéna $irina ra-
mena odraslog muskarca.

% Cime je redukovana kako ukupna teZina oruzja, tako i cena proizvodnje.
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nji, gornji deo sanduka je sa obe strane blago zase€en radi udobnijeg postavljanja
obraza strelca prilikom niSanjenja i gadanja, a blage, zaobljene konture celog oruzja
umanjuju mogucnost nezelijenog kacenja za opremu ili prilikom rukovanja u uskom
prostoru. Sa donje strane ostavljen je manji prorez radi kacenja taktickog remnika,
dok se sa prednje strane remnik kaci na Zleb na zadnjem kraju cevi.

Na donjoj strani sanduka primecuju se dve Supljine kruznog oblika, od kojih zad-
nja i veCa ima ulogu rukohvata, a iza nje je smesten pomenuti otvor za izbacivanje ¢a-
ura. Ispred rukohvata u manjoj Supljini postavljen je obara¢ sa nekonvencionalnim re-
Senjem regulatora paljbe. ReZzim paljbe bira se promenom polozaja regulatora koji je
reSen preko horizontalno postavljenog tockica, oZleblienog sa obe strane, radi prilago-
davanja potrebama i levorukim i desnorukim strelcima. Ovo priliéno iznenadujuce re-
Senje za sada se moze primetiti i na juriSnoj pusci istog proizvodaca ,FN F-2000” u ka-
libru 5,56x45 mm NATO, a medu korisnicima nije preterano popularno, najvise zbog
toga Sto prilikom upotrebe oruZja ostaje najvecim delom sakriven od pogleda strelca.
Rezimi rada predstavijeni su slovima i brojem, pa tako latini¢no slovo ,S” bele boje
oznacava ukocen rezim, koji blokira povlacenje obaraca, dok broj 1 crvene boje ozna-
¢ava jedinacnu paljbu, a crveno slovo ,A” automatsku. Naravno, poluautomatske ver-
Zije predvidene za civilno trziSte imaju dva rezima — ukocen i poluautomatski. Okidanje
ima dva kolena, a ukoliko se obara¢ povlaci polovi¢no i u ,A” rezimu pucace jedinac-
nom paljbom, sliéno kao na austrijskim ,bullpup” puskama ,Steyr AUG”. Za automat-
sku verziju potrebno je povlacenje obaraca do kraja. Branik obaraca je veoma uvecan
i izvijen nadole u vidu repa, a prilagoden je ergonomiji Sake, pa moze posluZiti i za pot-
hvat oruZja. Ispred branika mozZe se primetiti jos jedan vertikalni branik koji je zamisljen
kao ,opomena” strelcu da je Saku priblizio ustima cevi oruzja, umanjujuéi tako Sanse
da ruka slucajno sklizne i da dode do nezZelienog povredivanja.

Od bezbednosnih mehanizama, pored spoljasnje ko¢nice obaraca, oruzje
ima i unutradnju koCnicu udarne igle, smestenu u okviru okidaCke grupe i koja
sprecava nezeljeno opaljenje (na primer, prilikom pada oruzja na ¢vrstu podlo-
gu). Za otpustanje kocnice i paljbu potrebno je potpuno povlacenje obaraca.

Rucica za zapinjanje zatvaraCa postavljena je iznad branika obaraca, tako-
de obostrano, lako je dostupna i dobro profilisana. Prednji deo ivice rucice je iz-
dignut omoguéavajuci tako sigurniji hvat spajanjem palca i kaziprsta prilikom za-
pinjanja zatvaraca. Cev oruzja izradena je od Celika, metodom hladnog kovanija,
a hromirana unutrasnjost produzava joj radni vek i olak§ava odrZzavanje. Unutra-
Snjost cevi je oZlebliena udesno, osam puta, sa korakom uvijanja 1:231 mm
(1:9,1 in€a). Na ustima cevi postavljen je skriva¢ plamena koji ujedno doprinosi i
boljoj kontroli trzaja prilikom paljbe. Na cev je moguée montirati prigusiva¢ puc-
nja, poput modela ,Gemtech SP90” koji je posebno dizajniran za ovo oruzje.

Refleksni niSan postavljen na rampi na gornjoj prednjoj strani oruzja je neu-
veliGavajuci. Prvi modeli bili su opremljeni niSanom oznake ,Ring Sights HC-14-
62", ali su zatim zamenjeni posebno dizajniranim ,Ring Sights MC-10-80". Ku¢i-
Ste niSana ovih potonjih izradeno je od anodiziranog aluminijuma. Pri dnevhom
osvetljenju kon€anicu predstavljaju kruzna linija sa tatkom®' u sredini (engl. cir-
cle dot sight) bele boje, dok se pri smanjenoj vidljivosti kon¢anica projektuje za-
hvaljujuci tricijumskom izvoru u obliku otvorenog slova ,T”. Prednji i zadnji meha-
ni¢ki niSani postavljeni su sa obe strane refleksnog kao pomoéni.

% Tacka je veligine 3,5 MOA.
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Takticka upotreba

Kada je re¢ o taktiCkoj upotrebi oruzja ,FN P-90”, moze se primetiti da je
otiSla znatno Sire od prvobitne potrebe licne zastite. Mnogi CAT (engl. Contra
Assault Team) timovi u svetu opremaju su upravo ovim oruzjem prilikom izvr§a-
vanja zadataka i poslova zastite odredenih lica, a takode se moze primetiti i kod
pripadnika antiteroristi¢kih grupa i takti¢kih timova prilikom izvodenja upada u
zatvorne objekte. Takode, modeli ove serije mogu se primetiti i kao primarno na-
oruzanje pripadnika ronilackih grupa, a za potrebe borbenih zadataka. Upravo u
ovim situacijama dolaze do izrazaja takticko-tehni¢ke karakteristike ovog oruzja,
pre svega kompaktnost i znacajna vatrena mo¢, potpomognuta preciznosc¢u palj-
be i balistickim karakteristikama specificnog kalibra. U jedinicama za specijalne
namene zastupljeni su modeli ove serije koji su opremljeni standardizovanom
MIL-STD-1913 Sinama na koje je moguée montirati takticku opremu, poput tak-
tickih lampi, laserskih obelezivaca ciljeva i raznih vrsta niSanskih uredaja.

Korisnici

Poznati korisnik ovog oruzja u naSem regionu je Jedinica za specijalnu po-
drsku — JSP SIPA BiH, koja je za potrebe svojih pripadnika nabavila kontingent
.FN P-90 Tactical” tokom 2014. godine. Poznato je da u Evropi ovo oruzje pose-
duju: elitna jedinica austrijske vojske Jagdkommando, zatim elitne jedinice fran-
cuske policije GIGN, GIPN i RAID, gr¢ka jedinica EKAM, belgijske jedinice poli-
cije i vojske i druge. Elitni ronioci brazilske GRUMEC ovo oruzje koriste kao
osnovno primarno, a pridruzuju im se kolege iz Argentine, Cilea, Pakistana i
drugih drzava.

==

Figure Poluautomatska verzija "FN PS-90" predvidena za kupce iz civilstva
Foto: Supra MKD.
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Modeli

U okviru serije ,P-90” trenutno postoje standardni modeli ,LV” opremljeni
laserskim obelezivacem cilja (engl. Laser Visible), kao i standardni modeli ,LIR”
opremljeni infracrvenim laserskim obelezivacem (engl. Laser Infra-Red). Za mo-
dele pod oznakom ,Tactical’karakteristi¢no je da nisu opremljeni refleksnim neu-
velicavaju¢im niSanom, dok se oznake modela ,Tactical LV”, ,Tactical LIR” od-
nose na istu konfiguraciju kao kod standardnih modela.

Za potrebe kupaca iz civilstva kompanija ,FN Herstal”’, poev od 2005. go-
dine, nudi poluautomatske verzije pod oznakom ,FN PS-90”, prepoznatljive po
vidno duzoj cevi oruzja od 407 mm (16 inca).

Takticko-tehni¢ki podaci za standardni model ,FN P-90:

Ukupna duZzina: 505 mm (19,9 in¢a),

Duzina cevi: 264 mm (10,4 in¢a),

Masa (sa praznim okvirom): 2,8 kg,

Masa (sa punim okvirom): 3,1 kg,

Teorijska brzina paljbe: 850 — 1,100 metaka u minuti.*?

Milos Jevtié, urednik sajta ,specijalne-jedinice.com”,
e-mail: info@specijalne-jedinice.com

¥ Oficijalni sajt kompanije ,FN Herstal”, stranica na linku http:/www.fnherstal.com/primary-
menu/products-capabilities/personal-defense-weapons/technical-data/product/262/294/262/4/_/fn-
p90R-standard.html
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No3NB U YIYTCTBO AYTOPUMA
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS
NPUTTTAWLEHWE N MHCTPYKUW ONA ABTOPOB PABOT

no3nB U YNYTCTBO AYTOPUMA O HAYUHY NMPUMNPEME YJ1AHKA

YnyTCTBO ayTopyvMa O HauvHy npunpeme unaHka 3a objaBrbmBame y BojHomexHuy-
KOM anacHuky ypaheHo je Ha ocHoBy AkTa O ypehuBaky HayyHux Yaconuca, MuHucTap-
cTBa 3a Hayky W TexHonowku passoj Penybnuke Cpbuje, eBugeHumonn 6poj 110-00-
17/2009-01, og 09. 07. 2009. roanHe. MNMprmMeHa oBor AKTa NPBEHCTBEHO CIYXWN yHanpe-
hewy kBanuTeta gomahux Yaconuca n HUXOBOr NOTNYHWEr YKIbyunBamwa y MehyHapoa-
HU cUCTEM pa3MeHe HayyHuUX nHdopmaumja. 3acHoBaHO je Ha MehyHapoaHUM cTaHaap-
avma ISO 4, ISO 8, ISO 18, ISO 215, ISO 214, 1ISO 18, ISO 690, ISO 690-2, ISO 999 n
ISO 5122, ogHocHo ogroBapajyhum gomahum ctaHgapavma.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo usgatwe, e-ISSN
2217-4753 — online, UDC 623+355/359) jecte MynTUAnCUMNAMHAPHN Hay4yHW Yaconuc Mu-
HucTapcTBa ogbpaHe Peny6nuke Cpbuje, koju objaBrbyje Hay4He U CTPyYHe YnaHke, Kao u
TEXHWYKEe MHpopMaLMje O CaBpeMEHNM CUCTEMUMa Haopyxawa U CaBPeMEeHVUM BOjHUM
TexHonorujama. Yaconmc npaTu jeAMHCTBEHY MHTEPBUOOBCKY TEXHUYKY NoapLUKy Bojcke Ha
NPUHLMNY NOMMCTUYKE CUCTEMCKE MOAPLLKE, 06NacT OCHOBHUX, NPUMEHEHNX U Pa3BOjHUX
nCTpaxuBama, Kao 1 Npon3sodry 1 ynoTpeby cpedcTaBa Haopyxaka W BOjHe onpeme, U
ocrana Teopujcka M MpakTuyHa JocTurHyha koja AonpuHOCe ycaspluaBaky npunagHuka
MuHuctapcTBa og6paHe n Bojcke Cpbuje.

MuH1CTapCTBO NPOCBETE, Hayke U TEXHOSMOLUKOr pa3soja Penybnuke Cpbuje, carnacHo
oanyum m3 unaHa 27. ctae 1. Tadka 4), a No NpubaBrbEHOM MULLIbERY U3 YnaHa 25. ctaB 1.
Tayka 5) 3akoHa 0 HayyHOMCTpaXkuBaudkoj AenaTtHocTu (,Cnyxbenn rmacHuk PCY, 6p. 110/05,
50/06-vcnp. n 18/10), ytBpamno je kateropusauujy BojHoTexHUYKOr rmacHuka, 3a 2013. roauHy:

3a 06NacT TEXHOMOLLKN PasBoj:

— Ha NMCTK Yacomnuca 3a Matepujane U xemumjcke TexHomnoruje:

KaTeropwja Bogehu Hay4yHV Yaconuc HaumoHarnHor 3Hadvaja (M51),

— Ha NIMCTU Yaconuca 3a erieKTPOHMUKY, TerleKoMyHuKaumje u nHcopmaumnoHe
TexHonoruje:

KaTeropuja Hay4Hu 4aconuc HaunoHarnHor 3Ha4vaja (M52),

— Ha NIMCTM Yacomnuca 3a MallMHCTBO:

KaTeropuja Hay4Hu 4aconuc HauuoHarnHor 3Hadvaja (M52),

3a 06nacT OCHOBHa UCTPaXuBaHAa:

— Ha NMCTU Yacomnuca 3a MaTemMaTuKy, padyHapcke Hayke U MexXaHWKy:

KaTeropuja Hay4YHu Yaconuc HauuoHarnHor 3Ha4vaja (M52).

YcBojeHe nucte gomahux yaconuca 3a 2013. rogmMHy mMory ce BMaeTu Ha cajty Boj-
HOTEXHWYKOT rnacHuKa, cTpaHnua Kateropmusaumja yaconuca.

[eTarsHuje nHdpopmaumje mory ce npoHahu n Ha cajty MuHuctapcTBa npocseTe,
HayKe 1 TexHonoLukor pa3soja Peny6nuke Cpbuje.

Mopaum o kateropusauumjyu mory ce npatntu u Ha cajty KOBCOH-a (KoHsopuwnjym
6ubnmoteka Cpbuje 3a objeanteHy HabaBky).

KaTteropusauuja yaconuca usspLueHa je npema [NpaBUnHUKy o0 NOCTYMKY U HAYMHY
BpedHOBaka W KBAHTUTATMBHOM WUCKasnBaky Hay4YHOMCTPaXMBaukux pesynrata uctpa-
XuBaua, Koju je nponncao HauuoHanHu caBeT 3a Hay4YHU U TEXHOMOLLKKU pa3Boj (Cnyxbe-
H¥ rnacHuk PC, 6poj 38/2008).

Y cknagy ca OBVM NPaBUIMHWMKOM M Taberniom o BPCTU 1 KBaHTUMKaUMN NHAMBMAaYar-
HMX Hay4HOMCTpaXxuBadkux pesynrtata (y cactasy lNpasunHuka), objasrbeHn pag y BojHoTex-
HMYKOM FTacHUKy BpeaHyje ce ca 2 6oaa (kateropuja M51) n 1,5 6op (kateropuja M52).
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Yaconuc ce npatu y KoHTekcTy Cpnckor umMtatHor uigekca — CLimHaekc (6asa no-
Jartaka gomahux Hay4Hux Yaconuca) n Pyckor nHgekca HayyHor umtupara (PUHLL). Mo-
OBPrHYT je cTanHoM BpegHoBaky (MOHUTOPWMHIY) Y 3aBWCHOCTW Of YTULAjHOCTU
(vnmnakTa) y camum 6aszama u, nocpegHo, y mehyHapogHum (Thompson Reuters) yutar-
HUM uMHAekcuma. [leTarbM O MHAEKCUpaky MOry ce BuMAeTM Ha cajTy BojHoTexHuukor
rnacHuvka, ctpanuua Mingekcupate Yaconuca.

PagoBu ce npepajy nytem oHnajH cuctema 3a enektpoHcko ypehusawe ASEE-
STANT, koju je pa3suo LleHTap 3a eBanyauujy y o6pasoBamy u Hayum (LLEOH).

Mpuctyn n perncrtpaunja 3a cepBuc Bplle ce Ha cajTy www.vtg.mod.gov.rs,
npeko ctpaHuue ASEESTANT vnu CUMHOEKC, 0QHOCHO ANMPEKTHO Ha JNIMHKY

aseestant.ceon.rs/index.php/vtg. (oBOe je HegocTajana Tayka)

[eTtarbHo ynyTcTBO O perucTpaumju n npujaBu 3a CEpPBUC Hanasn ce Ha cajTy
www.vtg.mod.gov.rs, cTpaHua YnyTcTBo 3a e-Yp: EnektpoHcko ypehrsarne — ASEESTANT.

BojHOTEXHMYKM rnacHWK objaBrbyje YnaHke Ha CPrCKOM, EHrNIECKOM, PYCKOM, He-
MaykoM unu dpaHLyckoM jesuky (arial, cpncka hupunuua nnm cpncka natMHuua, Benuym-
Ha cnosa 11 pt, npopep Single).

UnaHak Tpeba ga 6ype HanucaH y cknagy ca MsjaBom o eTMYKOM nocTynakwy
(http://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba Oa cagpxu caxeTak ca KibyYyHMM peuvvma, YBOA, paspagy, 3akiby-
Yak, nuTepaTypy M pes3ume ca Kiby4YHUM peyvnMma Ha eHrneckom jesuky (6es Hymepauuje
HacroBa u nogHacnosa). Obum unaHka Tpeba aa b6yae oko jegHor ayTopckor Tabaka (16
cTpaHuua cdopmata A4 ca npopenom Single), a Hajuwe 24 cTpaHuLe.

UnaHak Tpeba ga 6yage HanucaH Ha obpacuy 3a nvcare YnaHka, Koju ce y enek-
TPOHCKOj hopMM MOXKe Mpey3eTu ca cajTa Ha cTpaHuum Obpasal, 3a nncame YnaHka.

HacnoB

Hacnos TpeGa foa ogpaxasa TeMy unaHka. Y MHTepecy je Yaconuca u aytopa aa ce
KOpUCTE peyn npuknagHe 3a UHAEKCUpare U NpeTpaxuBamwe. AKO TakBUX peyn Hema y
HacrnoBy, NOXerbLHO je Aa ce npuaoda v nogHacnos. Hacnos Tpeba fa 6yne npeseneH u
Ha EHIMeckn jesuk.

OBWU HacnoBu UCMNCYjy Ce Ucnpepn caxeTka Ha ogroBapajyhem jesuky.

Tekyhu HacnoB

Tekyhun HacnoB ce ncnucyje ca CTpaHe CBake CTPaHWLE YnaHka pagu nakwe naeH-
Tdmkaumje, nocebHO Konuja YnaHaka y enekrpoHckom obnuky. Cagpxu npesvme u NHu-
umjan nmeHa aytopa (ako aytopa uma BuLle, MpeocTanu ce o3Havaeajy ca et al.” unm ,m
ap.“), Hacnose paga u Yaconuca u konauujy (roavMHa, BOyMeH, CBecka, noyeTHa v 3aBp-
WHa cTpaHunua). Hacnosm yaconmca v yunaHka mMory ce Aatv y ckpaheHom obnuky.

Ame ayTopa
Hasogu ce nyHo ume u npesume (cBux) aytopa. Beoma je noxersHo ga ce Hasedy
1 cpeftea crnosa aytopa. MimeHa v npeavmeHa gomahux aytopa yBek ce ucnucyjy y opu-

rMHanHoM obnuky (ca CpnckUM AnjakpUTUHKMM 3HaKOBMMA), HE3aBUCHO Of je3unka Ha Ko-
jeM je HanucaH pag.

Has3uB ycTaHoBe aytopa (achunujaumja)

HaBoau ce nyH (3BaHW4YHU) HA3MB U ceauLTe YCTaHOBE Y KOjoj je ayTop 3anocneH, a
€eBEeHTyaslHO 1 Ha3uB yCTaHOBe Y KOjoj je ayTop 06aBMO UCTpaxuBare. Y CrOXeHUM opra-
HU3aumjama HaBoaM ce yKynHa xujepapxuja (Hnp. YHuBepauteT ondpaHe y Beorpagy, BojHa
akagemuja, Kategpa npupogHo-matemaTuiknx Hayka). bap jeaHa opraHusauuja y xujepap-
X1ju Mopa 6wty nNpaBHO nuue. AKO ayTopa MMa BuLle, @ HeKM MOTUYY M3 UCTe yCTaHoBe,
Mopa ce, NocebHMM O3HaKama Unu Ha ApYrM HauvH, HA3Ha4YMTU U3 Koje Of HaBEAEeHWX yCTa-
HOBa NOTWYe CBaku of HaBedeHux ayTopa. Adwnujaumja ce ucnucyje HemocpeaHo HakoH
MmeHa aytopa. PyHkUMja 1 3Bare ayTopa ce He HaBozde.
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KoHTakT nogauu
Adpeca unu e-agpeca CBUX ayTopa [aje ce Ha NPBOj CTpaHWLM YnaHka.

KaTteropwuja (Tvn) unaHka

KaTeropusauuvja unaHaka obaBesa je ypegHuMWTBa U oA nocebHe je BaxkHocTu. Ka-
Teropujy unaHka Mory npegraraT peLeH3eHTM 1 YNaHOBW yYpeaHULLTBA, OOHOCHO ypen-
HUUM pybpurKa, anv ooroBOPHOCT 3a KaTeropmsauujy CHOCU UCKIbYYMBO MMaBHU ypeaHuK.

UYnaHuwm y Yaconucuma ce passpcrtaBajy y criegehe kateropuje:

Hay4Hu unaHum:

1. opurnHanaH Hay4Hu pag (pag y kojem ce u3Hoce NpeTxoaHo HeobjaBrbMBaHU pe-
3ynTaTh COMCTBEHNX UCTPAXMBaHa HayYHUM METOAOM);

2. npernegnu pag (pad Koju cagpxu opurHanad, getarbaH U KpUTUYKU Npukas uc-
TpaxwuBaykor npobnema unu noapyyja y kojeM je aytop octBapvo ofpeheHn JonpuHoc, BY-
OrbMB Ha OCHOBY ayTouumTaTa);

3. KpaTKO MNN NPETXOAHO CaonwTeHe (OpPUrMHaNHM Hay4yHu pag nyHor cdopmara,
anu mawer obrvMa unv NpenMMUHapHor Kapaktepa);

4. Hay4yHa KpuTMKa, OOHOCHO Moremuka (pacnpasa Ha ofpefeHy Hay4Hy Temy, 3a-
CHOBaHa UCKIbY4MBO Ha HAay4YHO] aprymMeHTaLuju) u ocBpTU.

M3y3eTHo, y HEkMM 0BnacTuma, Hay4Hu pag y 4aconucy MoXxe nMatu obnmk MoHorpad-
CKe CTyauje, kao U KpUTUYKOT U3fara HayvHe rpafe (McTopujcko-apxmBCKe, nekcukorpadocke,
6ubnuorpadpcke, npernega nogaraka v cn.) — AoTag HeENo3HaTe UM He4OBOSBLHO MPUCTyNaY-
He 3a Hay4Ha UCTpaXuBakba.

PapnoBu knacudukoBaHu kao Hay4YHU Mopajy nmatu 6ap ABe NO3UTUBHE peLeH3uje.
Cnucak peueH3eHaTa BojHOTEXHMYKOr rMacHWKka MOXe Ce BWAETW Ha CTpaHuuu caj-
Ta Cnucak peueH3seHaTa.

Ako ce y yaconucy 06jaBrbyjy U Npuno3n BaHHAy4YHOr KapakTepa, Hay4yHW unaHum
Tpeba ga byay rpynvcanu 1 jacHo U3ABOjEHN y MPBOM Aeny CBECKe.

CTpy4YHU YnaHuu:

1. cTpy4Hu paga (Mpuror y KojeM ce Hy[le UCKYCTBa KopucHa 3a yHanpeherwe npode-
CMOHarHe npakce, anu Koja HUCY HY>XHO 3acHOBaHa Ha Hay4YHOM mMeTofay);

2. nHdopmaTuBHU Npunor (YBOAHWK, KOMEHTap 1 C1.);

3. npukas (KHure, padyHapckor nporpama, cryyaja, Hay4Hor gorahaja, v cn.).

Je3uk papa

Jesnk paga moxe GUTU CPMCKW, EHITIECKW UNWN APYIY je3nK KOju ce KOpuUCTu y mehy-
HapOAHOj KOMYHUKaLUuju y oapefeHoj Hay4Hoj obnacTu (pycku, HemMadkn nnu gpaHLycku).

TexkcT Mopa BUTK je3anykn 1 CTUNCKM JoTepaH, cuctematusoBaH, 6e3 ckpaheHuua
(ocuMm cTaHpapaHux). Cee usnyke BenuMUMHeE mMopajy 6utu napaxere y MehyHapogHoM
cucteMy MepHux jeamHuua — Sl. Pegocnen obpasaua (dbopmyna) o3HayaBa ce peaHuMm
6pojeBuma, ca gecHe CTpaHe y OKpyrivMMm 3arpagama.

CaxeTak (ancTpakT) u pe3ume

CaxeTak (ancTpakT) jecTe KpaTak MHpOpMaTUBaH Npukas cagpaja YnaHka Koju umn-
Taouy omoryhasa ga 6p30 1 Ta4HO OLEeHW HeroBy pernieBaHTHOCT. Y MHTepecy je ypeaHu-
WTaBa U ayTopa Aa caxeTak cagpXu TepMUHE KOjU Ce YeCTO KopUcTe 3a MHOEeKcUpame 1
npetpary 4naHaka. CactaBHu AenoBu CaxxeTka Cy LUuib UCTPaxnBamwa, MeToau, pesynra-
TV 1 3akrbyyak. CaxeTak Tpeba aa uma og 100 go 250 peun u Tpeba aa ce Hanasm nsme-
Ry 3arnaBrba (HacnoBs, MMeHa ayTopa W Ap.) U KibyYHUX Peyn, HaKoH KOjUX criedm TeKCT
YnaHka. AKO je paj HammcaH Ha CPrCKOM (PYCKOM, HEMaykoM MNv OpaHLyCKOM) je3nKy
NoXerbHO je Aa ce, noped caxeTka Ha CPrCKOM (PYCKOM, HEMadkoM Unu paHLyCcKom),
Aaje n caxeTak y NpoLUMpPeHOM OBMMKY Ha eHrMecKoM je3uKy — Kao T3B. pesnme (sum-
mary). OBakaB pe3ume Tpeba aa Oyae Ha kpajy YnaHka, HakoH oferbka JlutepaTypa. Ba-
XHO je Aa peanme byae y CTpyKTypypaHoM 00Ky, a kerosa gyxuHa moxe 6utu go 1/10
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OYXVHe YnaHka (OMWMpHUWjM je of caxxeTka ca noyeTka uynaHka). MoyeTak oBor pesnmMea
MoXe BMTU NpeBefeHN caxeTak (ca nodYeTka YnaHka), a satum Tpeba aa cnege npeseae-
HW TMaBHW HaCOBW, MOAHACIOBU M OCHOBE 3aKrbyyka YnaHka (nutepartypa ce He NpeBo-
aun). MoTpe6Ho je oa ce y CTPYKTYypuUpaHOM pesuMey npeseae v Aeo TeKCTa UCMog Hacno-
Ba ¥ nogHacnosa, Bogehu payyHa Oa oH Gyage NponopuMoHanaH HUX0BOj BEMUYUH, a
Ja ogpaxasa CyLUTMHY. HakoH pesMea Ha eHrNeckoMm jeaunKy (NMPOoLUMPEHOr caxeTka) Jo-
Jaje ce Heros NPeBoA Ha CprckoMm, Aa 61 pegakumja M3spLUMna NpoBepy v NekTypy.

KrbyuHe peun

KrbyyHe peun cy TepMuHUM Mnn pase Koje adeKkBaTHO NpeacTaBSbajy caapXxaj
YnaHka 3a notpebe uHAaeKcupama n npeTpaxuearsa. Tpeba nx gogersnsatu ocnarajyhu
Ce Ha Hekn MefyHapoaHu M3BOp (MOMUC, PEYHWK UMK Te3aypyc) Koju je Hajlumpe npuxsa-
heH unu yHyTap gate Hay4He obnactu. 3a HMp. HayKy yonwiTe, TO je iMcTa Kiby4HuX pe-
4 Web of Science. Bpoj krby4Hux peun He moxe 6utn Behu op 10, a y uMHTepecy je
ypeaHuwTBa 1 aytopa Aa ydectanocT wuxoBe ynotpebe 6yae wro Beha. KibyyHe peun
ajy ce Ha je3uKy Ha KOjeM je HanucaH YnaHak (CaxeTak) U Ha eHINEecKoM je3uky. Y unaH-
Ky Ce MuLly HEeNoCpPeaHO HAKOH CaXkeTka, OQHOCHO HaKoH pesnmMea.

Cuctem ASEESTANT vy Ty cBpxy kopucti cneumjanHy anatky KWASS: aytomaTtcko ekc-
TpaxoBare KIbY4YHUX PeYn U3 AUCLMMIIMHAPHNX Te3aypyca/pedHuka no nsbopy 1 pyTuHe 3a Hu-
X0B ofabup, Tj. NpyxsaTaHe OQHOCHO oabaLmBaH-e Of CTPaHe ayTopa Wmnn ypegHuka.

[JaTtym npuxBaTaka 4naHka

[atym kaga je ypeOHWLLTBO NMPUMWMO YniaHak, AaTyMm kKada je ypeOHWULUTBO KOHa4HO
NpUXBaTWIIO YnaHak 3a objaBrbuBatbe, kKao U AaTyMu kafa cy y MeflyBpeMeHy JoCTaBIbe-
He eBeHTyasnHe UCMpaBKe pyKomnuca HaBode Ce XPOHOMOLKUM PeaocneaoM, Ha CTanHoM
MEeCTY, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Ha3aue u 6poj npojekTa, 04HOCHO Ha3WB Nporpama y OKBUPY KOjer je YnaHak HacTao,
Kao N Ha3uB MHCTUTYLUMje Koja je duHaHcupana npojekat unv nporpam, HaBoau ce y no-
cebHOj HaNoOMeHW Ha CTanHOM MECTY, Mo NPaBumy NPy OHY NPBE CTPaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKO je unaHak y NpeTxofHoj Bep3uju G1o U3NOXeH Ha CKymy y BAOY YCMEHOr caonwite-
Ha (Mo4 UCTUM UIK CIIMYHUM HacroBOM), NodaTak o0 Tome Tpeba Aa Oyae HaBeaeH y noceb-
HOj HaMoOMeHM, Mo NpaBuny Npu AHy NpBe cTpaHe ynaHka. Pag koju je Beh objaBrbeH y HEKOM

yaconucy He Moxe ce 06jaBuUTU Y BOjJHOTEXHUYKOM MacHWKy (MpeluTamnaTtit), HU Nog, Crivy-
HUM HacroBOM M N3MEHEHOM OBUKY.

TaGenapHu u rpacuyku npukasm

MoxereHo je ga Hacnosu CBUX MpuKasa, a Mo MOryRcTBY M TEKCTyanHW cagpxaj,
Oyay AaTv OBOje3NYHO, Ha je3nKy pafa U Ha EHrMEeCKOM jesnky.

Taberne ce nNuLLY Ha UCTV HAYMH Kao 1 TEKCT, a 03Ha4aBajy ce peaHnm bpojesnma ca rop-
He cTpaHe. PoTorpadmje u upTexmn Tpeba Aa byay jacHn, MperneaHn 1 NOrogHN 3a penpoayk-
umjy. Liptexe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje n upTexe Tpeba nocra-
BUTUW Ha >KebeHO MECTO Y TEKCTY.

HaBoheke (UunTnpamwe) y TeKcTy

HauvH no3vBara Ha M3BOPE Y OKBUPY YnaHka Mopa buTn jeaHooGpasaH.

BojHoTexHM4YkM rmacHuk 3a pedepeHumpare (UMTMparwe 1 HaBofhewe nutepartype)
npumetbyje XapBapAcku cuctem pedepeHLm, 0AHOCHO XapBapACkU MPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). Y camom TekcTy, y o6u4HuM 3a-
rpagama, Ha MecTy Ha KOjeM Ce BpLuM MOo3uBake, OOHOCHO LUUTMpakwe nutepaTtype Ha-
O6pojaHe Ha Kkpajy unaHka, o6aBe3HO y 0OM4YHOj 3arpagu Hanucatu npesvMme LuUTUpaHor
ayTopa, roguHy magawa nybrnvkauuje U3 kKoje uutupare u, eBeHTyarnHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).
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[eTarbHO ynyTCTBO O HAYMHY LUMUTUPama, ca NpuMmepunmMa, AaTto je Ha CTpaHuum caj-
Ta YnyTcTBO 3a XapBapAcKkv NpUpyYHUK 3a cTun. MNoTpebHo je Aa ce nosuBake Ha nuTe-
paTypy Yy TeKCTy ypaau y cknagy ca MoMeHyTUM ynyTCTBOM.

Cuctem ASEESTANT y cBpxy KOHTpone HaBoheka (untupara) y TEKCTY KOPUCTU
cneumnjanHy anatky CiteMatcher: oTkpuBame M30CTaBrbeHUX UMTaTa Y TEKCTY pagda u y
nonucy pedgepeHum.

HanomeHe (cpycHoTe)

HanomeHe ce gajy npu OHy cTpaHe Ha KOjoj Ce Hamasu TeKCT Ha Koju ce ofdHoce.
Mory cagpxatn makwe BaxHe AeTarbe, AonyHcka objalurbersa, HasHake o0 KopuwheHum
n3BopuMa (Ha Npumep, Hay4Hoj rpafu, NpupyyYHUUMMa), anu He Mory 6UTK 3ameHa 3a uu-
TUpaHy nuTepaTtypy.

IucTa pecepeHumn (NnuTepartypa)

Lintnpana nutepatypa obyxsata, no npaswuny, bubnmorpadcke nssope (4naHke, MOHO-
rpachuvje 1 cn.) 1 fdaje ce UCKIbYy4MBO Yy 3aceOHOM OfErbKY UnaHka, Y BUAY NUCTe peddepeHLm.
PedhepeHLe ce He NpeBofe Ha je3nk pada 1 Habpajajy ce y NoceGHOM oferbKy Ha Kpajy YnaHka.

BOjHOTEXHMYKM rNACHUK, KAO HauMH Ucnuca nuTepaType, NpuMerbyje XapBapacku
cucteM pedpepeHun, ogHOCHO XapBapAcku npupydHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce ob6aBe3HO nuLle Ha NaTUHUYHOM NUCMY U Habpaja no abeuenHoM
pepocneny, HaBogehw Hajnpe npesumeHa aytopa, 6e3 Hymepauuje.

[eTtarbHo ynyTCTBO O HauMHy nonuca pedepeHuu, ca npumepuma, 4aTo je Ha
CTpaHuuUM cajTa YnyTcTBO 3a XapBapAcku NpupyyYHUK 3a ctun. MNoTpebHo je ga ce nonumc
nuTepaType Ha Kpajy YnaHka ypaau y cknagy ca noMeHyTUM yrnyTCTBOM.

HecTtaHgapaHo, HEMOTMNYHO MNKU HeAOCNeAHO HaBohewe nuTepaType y cuctemuma
BpegHOBaka yaconuca cmartpa ce JOBOSbHMM pasfiorom 3a ocropaBake Hay4yHor cTaTy-
ca yaconuca.

Cuctem ASEESTANT y cBpxy KOHTpOsie NpaBUIHOT nUcnuca nmcte pedepeHum Ko-
puctu cneumjanHy anaTtky RefFormatter: koHTpona obnukoBaka pecepeHLm y cknaay ca
XapBapACKUM NPUPYYHUKOM 3a CTUI.

MNponpaTtHo nucMo

Mopep unaHka gocTaBrba ce NponpaTHO NUCMO Y kojem Tpeba ncrtahum o Kojoj BpCcTh
unaHka ce pagu, Koju cy rpaduydku npunosun (potorpaduje U LpPTEXN) OPUTMHATHK, a KO-
jn nosajMrbeHun.

Y nponpaTHOM NMCMYy HaBoAe Ce M Nojauun ayTopa: UMe, CPeaHse CroBo, Npesume,
UYuH, 3Bakbe, e-maun, agpeca nocnogasua (BI1), kyhHa agpeca, TenedoH Ha pagHoOM Me-
CcTy 1 kyhHM (MOBUNHM) TenedoH, padyH M Ha3me GaHke, CO MecTa cTaHOBaka, Gpoj
nunyHe kapte n JMbB rpafaHa.

AKo je BuLe ayTopa uYnaHka, y NponpaTtHOM NUCMY Ce HaBOAW MojeAVHavHW npo-
LieHTyanHu yaeo pagm obpadvyHa xoHopapa.

CBu pafoBu nopanexy CTPY4YHOj peLieH3uju, a oGjaBrbeHU PafioBu U CTPYyUHe
peueH3uje XoHOpPULLY ce NpeMa BaxehuM nponucuma.

Appeca pepakuuje:

BOjHOTEXHWYKN rNacHuK,

Bpahe Jyrosuha 19, [lom Bojcke Cpbuije,

11000 Beorpag.

E-mail: vojnotehnicki.glasnik@mod.gov.rs.
YpeaHuk
Hebojwa Mahewa
nebojsa.gacesa@mod.gov.rs
Ten.: 011/3349-497, 064/8080-118
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the Military Tec-
hnical Courier are based on the Act on scientific journal editing of the Ministry of Science and
Technological Development of the Republic of Serbia, No 110-00-17/2009-01 of o July 2009.
This Act aims at improving the quality of national journals and raising the level of their complian-
ce with the international system of scientific information exchange. It is based on international
standards ISO 4, ISO 8, ISO 18, ISO 215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and
ISO 5122 and their national equivalents.

The Military Technical Courier / Vojnotehnicki glasnik (www.vtg.mod.gov.rsfindex-e.html,
BTT.MO.ynp.cpO, ISSN 0042-8469 — print issue, e-ISSN 2217-4753 — online, UDC 623+355/359)
is a multidisciplinary scientific journal of the Ministry of Defence of the Republic of Serbia. It pu-
blishes scientific and professional papers as well as technical data about contemporary weapon
systems and modern military technologies. Offering a logistic system support, the Courier is a
part of a unique technical support to the Army services in the field of fundamental, applied and
development research. It also deals with production and use of weapons and military equipment
as well as with theoretical and practical achievements leading to professional development of the
personnel of the Ministry of Defence and the Army of the Republic of Serbia.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technlcal Courier for the year 2013

in the field technological development:

— on the list of periodicals for materials and chemical technology,

category: leading scientific periodical of national interest (M51),

—on the list of periodicals for electronics, telecommunications and IT,

category: scientific periodical of national interest (M52),

—on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

in the field fundamental research:

— on the list of periodicals for mathematics, computer sciences and mechanics,

category: scientific periodical of national interest (M52).

The approved lists of national periodicals for the year 2013 can be viewed on the
website of the Military Technical Courier, page Journal categorization.

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).

The periodical is categorized in compliance with the Regulations on the procedure
and method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological Develop-
ment (Official Gazette of RS, No 38/2008). More detailed information can be found on the
website of the Ministry of Education, Science and Technological Development.

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51) and 1,5 (one and a
half) point (category M52).

The journal is in the Serbian Citation Index — SC index (data base of national
scientific journals), in the Russian Science Citation Index (RSCI)and is constantly

250




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.

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.

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 article should be written in accordance with the Publication ethics statement
(http://www.vtg.mod.gov.rs/publication-ethics-statement.html).

The article should contain the abstract with keywords, introduction, body, conclusion,
references and the summary in English language (without heading and subheading
enumeration). The article length should not exceed 24 pages of A4 paper format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.

Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

Author’s name

Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).

Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the
name of the 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.
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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.

The list of referees of the Military Technical Courier can be viewed at List of
referees.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

1. Professional paper (contribution offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

2. Informative contribution (editorial, commentary, etc.);

3. Review (of a book, software, case study, scientific event, etc.)

Language

The article can be in Serbian, English or other language used in international
communication in a particular scientific field (Russian, German or French).

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
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titte and the keywords with the body text to follow. Besides an abstract in Serbian
(Russian, German or French), articles in Serbian (Russian, German or French) are
advised to have a summary in English, at the end of the article, after the Reference list.
The summary should be structured and long up to 1/10 of the article length (it is more
extensive than the abstract). It can start with the translated Serbian (Russian, German or
French) abstract from the beginning of the article with translated main headings,
subheadings and major conclusions to follow (Reference list is not translated). The
structured summary should also contain the proportional informative parts of the text
below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASEESTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.

Article preliminary version

If an article preliminary version has appeared previously at a meeting in a form of
an oral presentation (under the same or similar title), this should be stated in a separate
note at the bottom of the first page. An article published previously cannot be published in
the Military Technical Courier even under a similar title or in a changed form.

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed
appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.

Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the
Harvard Referencing System given in the Harvard Style Manual. When citing sources
within your paper, i.e. for in-text references of the works listed at the end of the paper,
place the year of publication of the work in parentheses and optionally the number of the
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page(s) after the author's name, e.g. (Petrovic, 2012, pp.10-12). A detailed guide on
citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASESESTANT system uses a special tool
CiteWatcher to find out quotes left out within papers and in reference lists.

Footnotes

Footnotes are given at the bottom of the page with the text they refer to. They can
contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier
applies the Harvard System — Harvard Style Manual. All bibliography items should be
listed alphabetically by author's name, without numeration. A detailed guide for listing
references, with examples, can be found on Military Technical Courier website on the
page Instructions for Harvard Style Manual. Reference lists at the end of papers should
follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

The covering letter

The article should be accompanied with a cover letter with the information about the
author(s): surname, middle initial, first name, citizen personal number, rank, title, e-mail
address, affiliation address, home address including municipality, phone number in the
office and at home (or a mobile phone number), bank account and the name of the bank.

If there are more authors, their share in the article should be given in percents for
honorarium calculation purposes.

The cover letter should state the type of the article and tell which illustrations are
original and which are not.

All articles are peer reviewed. All authors and reviewers are paid an honora-
rium on publication of the article.

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
nebojsa.gacesa@mod.gov.rs

tel.: +381 11 3349 497, +381 64 80 80 118
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NPUMMALLUEHME U MHCTPYKLUUA NA ABTOPOB O NMOPAOKE NOArOTOBKU CTATbU

MHCTpyKUMS Ans aBTOpOB O Nopsidke NOAFOTOBKW CTaTbW K OMyOIMKOBaHMIO B >XypHane
«BoeHHo-TexH14eCKu BECTHUK» pa3paboTaHa B COOTBETCTBUM C AKTOM O pedakTMpoBaHUM Ha-
Y4YHbIX XypHanos MuHMCTepCTBa Hayku 1 TexHomormyeckoro passutus Pecnybnvkn Cepbusi, Ne
110-00-17/2009-01 ot 09.07.2009 r. NpumeHeHnem aToro AkTa, B NepByto oyepeab, obecneum-
BaETCH COBEPLUEHCTBOBaHWE Ka4yeCTBa OTEYECTBEHHbIX XXypHaroB 1 1x Gosee nomHoro BKIo-
YeHVst B MEeXOyHapoaHyto cuctemy obmeHa HayqHon nHdopmaumei. IHCTpyKumust CoOoTBETCTBY-
eT MexayHapoaHbiv cTangapTam ISO 4, ISO 8, ISO 18, I1ISO 215, ISO 214, I1ISO 18, ISO 690,
ISO 690-2, ISO 999, ISO 5122 1 cooTBETCTBYHOLLIMM OTEYECTBEHHBLIM CTaHAAPTaM.

BoeHHo-TexHnueckuin BecTHUK (Vojnotehnicki glasnik / Military Technical Courier),
BTr.MO.yrp.cp®, www.vtg.mod.gov.rsfindex-ru.html, ISSN 0042-8469 — neuyaTHOe u3gaHue,
e-ISSN 2217-4753 — online, UDK 623+355/359, siBnsetcs MynbTUAUCUMNITMHAPHBIM Hay4HbIM
»XypHanoMm MuHucTepctBa o6opoHbl Pecnyonukmn Cepbusi, nyonmkylowmWin HaydHble cTaTtbu U
cTaTby CNeumanucToB, B TOM YKCre TeXHUYeCckMe MHopMaLmmn OTHOCUTENBHO COBPEMEHHBIX
CUCTEM BOOPYXEHMSI U COBPEMEHHBIX BOEHHbIX TEXHOMOMMAX. XKypHan oTcrnexviBaeT 3a eauH-
CTBEHHOWN NHTEPBMAOBON TEXHUYECKOWN MOAAEPXKKON BOOPYXEHHbIX CUIM HA MPUHLMNAX NOMUCTU-
Yeckor NoaaepXku, B 0BNacT OCHOBHbIX MPUMEHSIEMbIX Hay4HbIX UCCIEAOBaHWN, a Takke B
obnactv Npov3BOACTBA BOOPYKEHW N BOEHHOTO 060pYA0BaHNSA U OCTaNbHBIX TEOPETUHECKNX
N NPaKTU4ecKUX OOCTVIKEHWI, COOENCTBYIOLLMX MOBbILLEHUIO KBanudmkaumin nepcoHana Mu-
HuctepctBa O6opoHbI 1 Boopy»eHHbIx cun Pecriyonvkmu Cepbus.

MwuHncTepcTBO 06pa3oBaHus, Hayku U TeXHomormyeckoro passutus Pecnybnuku Cep-
Ous1, cornacHo peLleHuto no cT. 27 absal, 1, NyHKT 4 1 No nony4eHHOMY TONKOBaHWIo CT. 25
absau, 1 nyHKT 5 3akoHa 0 Hay4HO-UccrnegoBaTenbekon aesatensHocTu (,CrnyKbeHn rmacHuK
PC", Ne 110/05, yTBepxauno kateropnsaumio BoeHHo-TexHnyeckoro BectHuka 3a 2013 roa;

KaTteropuu B 06nactv TEXHONOrM4eCKoro pas3suTns:

— O6nactb MmaTepuanoB U XMMMYECKON TEXHONOTUK:

BeAYLLMIA Hay4YHbIV XXypHan HauMoHaneHoro 3HavyeHus (M51),

— OGnacTb 3NEeKTPOHMUKM, TEeNIEKOMMYHUKaUUA U MH(POPMALIMOHHbLIX TEXHOJO-
FMIA: Hay4HbIN XXypHan HauMoHaneHoro 3HaveHust (M52),

— ObnacTb MexaHUKU:

Hay4HbIV XXypHan HaunoHanbHoro 3HavyeHus (M52).

KaTteropun B 061acT 0CHOBHbIX MCCNEAOBaHWIA

— O6nactb maTeMaTuKa, KOMMbIOTEPHbIE HAaYKN, TEXHUYECKME HAYKW:

Hay4HbIV XypHan HaunoHanbHoro 3HavyeHusa (M52).

MHgpopmaumio oTHoCcMTENBHO KaTeropusaummn 3a 2013 rog MOXHO MOCMOTPETb Ha
CTpaHuue canTa BoeHHO-TexHMYeCcKoro BeCTHUKa Kateropmsauusi BECTHUMKA.

Bonee noapobHyto nHgopmaLmio MOXHO npoynTaTh Ha cante MuHuctepctea obpa-
30BaHWs1, HAyKuU N TexHonornyeckoro passutus Pecnybnukm Cepbus.

MHdopmaumio o kaTteropmsauum MoxHO nocmotpeTb U Ha cante KOBCOH-a (Koh-
copumym 6nbnmnotek Pecny6nuvku Cepbusi no Bonpocam 00beaNHEHUS 3aKYMOK).

KaTeropusaumsi BecTHMKa npoBefeHa cornacHo [lonoxeHunio o nopsigke n cnocobe
KaTeropmsaumm Hay4Ho-VccreaoBaTenbCkMX pesynbTaTos, yTBEpXAeHHOMY HaumoHanbHbIM
KOMWUTETOM NO Hayke v TexHornorusam (Cnyx6eHn rmacHuk PC, Ne 38/2008).

B cooTBeTCTBMM C BbllleyKa3aHHbIM [lonoxeHneM u Tabnmnykown ¢ nokasaTensmm
Knaccudvkaumm 1 Kateropusauuy MHAMBMAYaNbHbIX HAaYYHO-UCCMeAoBaTENbCKUX pe-
3ynbTaToB (SBNSOLWENCcS HeoTbemnemoln vactbto [lonoxeHus)), paboTa, onyGnuko-
BaHHas B BoeHHO-TeXHM4YeckoM BECTHMKE, OLeHMBaeTCs criedyrowwmm crocobom: 2 6anna
(kateropust M51) n 1,5 6annos (kateropus M52).

XKypHan cootseTctByeT cTaHgaptam Cepbcekoro umTtatHoro mHgekca — SCindeks
(basa paHHbIX OTeYeCTBEHHbIX HayyHbIX XypHanoB), a Takke Poccuiickoro unHgekca
Hay4Horo umtmpoBaHusa (PUHL). XXypHan nocTosiHHO oueHuBaeTcs (MOHUTOPUHT) B
3aBMCMMOCTU OT YMCMEHHOrO NokasaTtesns BaXHOCTU HAy4HOrO XXypHana B camux 6asax, B
T.4. onocpeaoBaHHO B MeXAyHapOoAHbIX UUTaTHbIX nHaekcax (Thompson Reuters).
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C vHdopmaumven 06 MHOEKCMPOBAHUM MOXHO O3HAKOMWUTLCS Ha CTpaHuue cawTa
XypHana «/HOekcMpoBaHue BECTHUKAY.

PaboTbl npeactaensitoTca nytem online cuctemor e-Yp: JnekTpoHHOe M3naTenbCTBO
ASEESTANT, sanyweHHoe LleHTpoM nopaepxviBalowiMM pasBuTue obpasoBaHMst U Hayku
(LIEOH).

MpaBa poctyna u peructpaums B cucTeMe odopMnsATCs No agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanmuy «ASEESTANT» unn « CLUMHOEKC»
(aseestant.ceon.rs/index.php/vtg).

C MHCTpyKUMEN No perncrTpaumm u npaeBy AOCTYNa MOXHO 03HaKOMUTBLCS MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, = Ha  cTpaHuue «MHCTpykuMs no  e-Yp:
AnekTpoHHoe nagatensctBo ASEESTANT».

BOEHHO-TEXHNYECKUI BECTHUK BbINycKaeT CcTaTbM Ha CepOCKOM, PYCCKOM,
AHIMUINCKOM, HeMeLKOM nnn dopaHLy3ckom asbikax (Arial, wpudTt 11 pt, npoben Single).

CTtaTbsl AOMKHA ObITb HAMMCaHa cornacHo ¢ ATUYECKUM KOAEKCOM
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).

CTtaTbsl JOMKHA coaepaTh CIOXKET C KIKYEBbLIMY CrOBaMU, BBeAeHWE, pa3paboTky,
BbIBOAbI, CIUCOK MCMOMb30BaHHOW NUTEPaTypbl U pe3toMe C KIoYeBbIMU CMIOBaMMN Ha aH-
rMUACKOM s3bike (6e3 Hymepaummn 3arofioBKOB 1 noasaronoBkos). O6bem cTaTbu He [on-
)KEH NpeBbIAaTh OOUH aBTOPCKMI NUCT (16 cTpaHuy popmata A4 ¢ npobenom Single).

CrtaTbsl gomkHa ObiTb HanMcaHa Ha obpasue HanMcaHust CcTaTbM, KOTOPLIA MOXHO
ckadaTb Ha cTpaHuue cavTta «[lpaBuna n obpaseL, cocTaBneHus cTaTbuy».

3aronoBok

3aronoBoK OOmKeH OoTpaxaTb TeMY CTaTbW. MHTeperI XypHana u aBTopa COCTOAT
B UCMNOJ1b30BaHUN CIOB, y,ElO6HbIX ONS uHAekcaumm u noucka. Ecnu Ttakve crnosa He
cofepXaHbl B 3arofioBke, To XenaTtenbHO [o6aBnTb 1 NOA3aronoBoOK. 3arofloBOK JOIMKEH
ObITb nepeBefeH Ha aHrMUNCKUA A3bIK. OTn 3aronoBku NnAWYTCA nepen croXxetamMun Ha
COOTBETCTBYHOLLEM A3bIKE.

TekywWwnm 3aronoBoK

TekyLLWii 3aronoBoK NULLETCS B TUTYNE KaX4OW CTPaHuUbl CTaTby C LieNblo ynpo-
WeHUst uaeHTUdMKaumMm, B MEepBOW OYEepeau KOMWii CTaTbeld B 3MEKTPOHHOM BUAE.
CopepxuT B cebe haMmunuio U UHMLMAN UMEHW aBTopa (B CrydYae ecrv aBTOPOB Hec-
KOMbKO, OCTanbHble 0603HavalTea ¢ «et al.» unn «u Ap.»), 3aronoskn paboThl U XKypHa-
na (rog, o6beMm, TeTpapb, Ha4anbHas U 3aKnuuTeNbHas cTpaHmua). 3arornoBky XypHana
W cTaTby MOTYT NPUBOAUTLCS B COKPALLEHHOM BUAE.

®PUO aBTOpPa

MpuBoaATCA NnonHas hamunusi U NosHoe ums (Bcex) aBTopoB. OYeHb xenaTenbHo,
YTOObI GbINU NpUBEAEHbI U cpefHue GykBbl aBTOpPoB. PamMuUUs U UMSi OTEYECTBEHHbIX
aBTOPOB BCeraa NULLYTCS B OpUrMHANbHOM BuAae (C cepbCKUMM AMaKpUTUYECKUMI 3HaKa-
MW), HE3aBUCMMO OT S13blka, Ha KOTOPOM paboTa HanucaHa.

HanmeHoBaHue yupexaeHusa aBTopa (addpunmaums)

MpuBoauTCA NonHoe (ouumanbHOE) HaMMEHOBaHNE U MECTOHaXOXAeHNe yUYpex-
[OeHnsl, B KOTOPOM paboTaeT aBToOp, a TakkKe HaMMEHOBaHWe yuypexaeHusi, B KOTOPOM
aBToOp MpoBen wuccnegosaHve. B crniyyae crnoxHbIX opraHusaumin npuesoguTcs obluas
nepapxus (Hanp. YHuBepcuteT obopoHbl B . benrpage, BoeHHas akagemusi, Kadenpa
BOEHHbIX S3MEKTPOHHbIX cucTem). o kpaviHem mMepe, odHa M3 3TUX OpraHvM3auui B
nepapxum JormkHa MMeTb CTaTyc lopuandeckoro nuua. B cnyyae ecnm aBTopoB HECKOIb-
KO, W ecnn HekoTopble paboTalT B OAHOM YYPEXAEHWW, HYXHO OTAeNbHbIMU
0603HaYEHNSAMMN UMK KaKUM-HUBYOb APYrMM CMOCOBOM ykasaTb B KaKOM U3 NpuBeOeHHbIX
yupexaeHuin paboTaeT kaxabli M3 NpUBEAEHHbIX aBTOpoB. Adpdunuauuss nuwetcs
HenocpezacTeeHHo nocne ®NO aBTopa. [JomKkHOCTb M KBanudukaums no obpasoBaHuio
He yKa3sblBaloTCS.

KoHTakTHble faHHbIe

MoyToBbI aapec W/WNU 3MeKTPOHHBLIM adpec aBTOPOB YKa3blBalOTCSl Ha MNepBoWn
CTpaHULbl CTaTbM.
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KaTteropus (Tun) ctatbm

KaTteropusaumsa ctatben ssnsetca 0653aHHOCTbIO pedakumm n umeet ocoboe 3Ha-
YeHue. KaTteropuio ctatbn MOryT npeanaratb peueH3eHTbl U uYneHbl pefakuuum, T.e. pe-
AaKkTopbl pyOGpuWK, HO OTBETCTBEHHOCTb 3a KaTeropusaumio HeceT UCKMIOYUTENbHO rnaBs-
HbIi pegakTop. CTaTbu B XXypHanax pacnpeaenstoTcs Nno crneayoLwmM KaTteropusm:
HayuHble cTaTbu:

1. opurnHaneHas Hay4Has paboTa (paboTa, B KOTOPOW NPUBOASATCS PaHbLUE HEOmny-
6nvKoBaHHbIe pe3ynbTaTbl COBCTBEHHbIX NCCNe4OBaHNIN HayYHbIM METOL0M);

2. HarnsgHasa pabota (pabota, cogepxXallas opurMHanbHbIA, AeTanbHbIN U KpUTKU-
Yecknn 0630p wuccrnegoBaTenbCckol MpobnemMbl unuM obnactn, B KOTOPbIA aBTOP BHEC
onpegeneHHbI BKNag, BUAUMbIA Ha OCHOBE aBToLMTaT);

3. KpaTkas unu npegsaputenbHas MHopMaumsa (opurmHanbHas HayvHas pabota
nomnHoro popmata, HO MeHbLLero obbema Unu umetoLLasi npeABapuTenbHbBIN XxapakTep);

4. Hay4Has KpUTUKa, T.e. Nnonemyvika (AUCKYCCUsi Ha ONpeaerieHHYI0 HayyHylo Temy,
060CHOBaHHast UCKNIOYNTENBHO Ha Hay4YHOW aprymeHTaumn) n 6ernsie 0630pbl.

OpHako, B HEKOTOPbIX 0bracTax Hay4yHas paboTta B XypHane MoxeT umeTb opmy
MOHOrpad14eckon CTyann, a TaKkke KpUTUHECKOro n3gaHus HayvyHoro matepuana (Mcrto-
pYKO-apXMBHOro, Nnekcukorpaduueckoro, 6ubnuorpaduyeckoro, 063opa AaHHbIX U T.M.) —
[0 Tex Nnop Hem3BeCTHOro WM HeJOCTaTOMHO AOCTYMHOrO ANS Hay4YHbIX NCCIe[OBaHNN.
PaboTbl, knaccuduumMpoBaHHbIe B Ka4ecTBe Hay4HbIX, AOIMKHbI UMETb, MO MEHbLUEN Me-
pe, ABE NOMOXMNTENbHbIE PELEeH3NN.

Cnucok peueH3eHTOB BoOeHHO-TeXHWYeCKOro BeCTHMKA MOXHO MOCMOTPeTb Ha
cTpaHuue canTta «Cnncok peLeH3eHTOoBY.

B cnyvae ecnu B XypHane oObABNSAIOTCA U MPUMOXEHNS, HE UMEIOLLNE HayYHbIN
XapakTtep, Hay4Hble CTaTbW JOSKHbI ObiTb CrPyNNUPOBaHbl U YETKO BbidereHbl B NepBow
YacTu TeTpagu.

[MpodeccroHanbHble cTaTbi:

1. npodpeccnoHanbHasn pabota (NpuNoxeHns, B KOTOPbIX NpeanaralTcs onbIThl, No-
rnesHble ANS COBEPLUEHCTBOBAHMSA NMPOJEeCCMOHaNbHOWM MPaKTUKW, HO KOTOPbIE HE JOMMKHbI
B 06513aTenbHOM nopsigke ObiTb 060CHOBaHbLI Ha HayYHOM MeToae);

2. HdOpMaTUBHOE NPUIIOXKEHNE (NepefoBasi CTaTbs, KOMMEHTapuUi U T.M.);

3. peueHsns (KHUrK, KOMMbIOTEPHOM NPOrpaMMmel, Crlyyasl, Hay4Horo cobbITs 1 T.N.).

A3blk paboThbl

Pabota moxeT ObITb HanucaHa Ha cepbCKOM, aHrMUACKOM WM ApYroM si3blke,
MCMOSb3yeMOM B MEXAYyHapOAHOW KOMMYHMKaLuMM B ONMpeaerieHHoW HayyHow obnactu
(pycckuin, HemeuKn unu ppaHLy3cKui).

TeKkcT AormkeH BblTb B NIMHIBUCTUYECKOM W CTUIIMCTUHECKOM CMbICIE YNOpSAOYeH,
cucTemMaTuanpoBaH, 6e3 cokpalleHuii (3a UCKIIYEHNEM CTaHaapTHbIX). Bee dumanyeckue
BENNYVHbI AOMKHbI COOTBETCTBOBATL MeayHapogHOW cucTeme eavHuL, U3MepeHns —
CW. OuepegHocTb chopmyn ob6o3Ha4aeTcs NOpPsSAKOBLIMU HOMEPaMU, C NPaBON CTOPOHbI
B KPYrbIX CKOOKax.

CroxeT (abcTpakT) u pestome

CroxeT (abcTpakT) aABnsieTcs KpaTkuM MHAOPMaTUBHBIM 0030pOM COAEpKaHUst CTaTbMy,
obecneuvBaloLMM YuTaTento GbICTPO M TOYHO OLEHWUTL €ro peneBaHTHOCTb. B uHTepecax
penakuum 1 aBTOpPOB, YTODbI CIOXET copepXan TePMUHbI, YacTo WUCMOb3yeMble Ans UHOEK-
CMpOBaHWs U noucka crtatbeil. CoCTaBHLIMM YacTsIMU CHOXETa SIBNSIIOTCS LeNb UCCIefoBaHusl,
MeToApbl U 3aknoveHne. B ctoxeTte gomkHo 6biTb oT 100 Ao 250 croBs, 1 AOMKEH HaxoauTcs
mMexay TuTynamm (3aronosok, @O aBTOpPOB 1 Ap.) 1 KIMHOYEBLIMK CIIOBaMU, 3a KOTOPbIMU Crie-
ayeTt TekcT ctatbu. Ecnn pabota HanucaHa Ha cepbckom (pycckom, HeMeLkoM unu dpa-
HLIY3CKOM) 53bIKe, XenaTernbHO, YToDObl KpoMe CtoxeTa Ha cepbCkoM (PYCCKOM, HEMELIKOM Uin
bpaHLy3ckom) Obln NPeoCTaBNEH U CHOXET B PaCLUMPEHHOM BUAE HA aHITIMIACKOM 13blke — B
KayecTBe T.H. pestomMe (summary). Tako pe3tomMe JOIMKEH HaXOAUTBCH B KOHLIE CTaTby, Nnocne
pasgena JlutepaTypa. BaxHo, 4Tobbl pestome Gbirio B CTPYKTYpUPOBaHHOM BUAE, U €70 AnvHa
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MOXeET cocTaBnATb 40 1/10 AnuvHbl cTatby (OHO Boree OBLLMPHO, YEM CHOXKET M3 Havana cTaTby).
Hayanom gaHHoro pestome MOXET ObiTb NepeBeAeHHbIN CIOXET (M3 Hayana cTaTtbu), a 3aTeM
OOJDKHbI  CriefoBaTb MNEPeBEdEeHHble [MaBHble 3arofioBkM, MOA3arofioBKM UM OCHOBBI
3aKIoYEHNs CTaTbk (NUTepaTypa He NepeBoauTcs). B CTpyKTYpUpoBaHHOM pe3toMe Hy)XHO ne-
PEeBECTU YacTb TEKCTa MoJ 3arofloBKOM M 3arofloBKOM, MpUHUMMasi BO BHUMaHWE, YToObl OHa
Gblnia NponopLMoHaribHa X pasmMepy 1 B TO JKe BpeMsi oTpakarna CyTb.

KntoueBble cnoBa

KnioyeBbiMM crioBamy  SIBMISIOTCA TEPMUHbI MK dopasbl, agekBaTHO MpeacTa-
BMSOLLME COoAepxXaHue cTaTbu, Heobxoammoe Ans MHAEeKCMpoBaHusA u novcka. Nx Hago
npucyxgatb, ONMPasicb MpY 3TOM Ha KaKOW-TO MeXAyHapOOHbIA UCTOYHWK (perucrp,
cnosapb, Tesaypyc), Hambonee npuemnembii BHYTPU AaHHOW HayyHow obnactu. Yucno
KMnoYeBbIX CroB He MOXeT npesbiwaTe 10, @ B UHTepecax pegakumv U aBTOPOB, YTOObI
MX YacToTa bbina Kak MoxHo Bonblue. KnioyeBble crioBa AatoTcs Ha A3blke, HA KOTOPOM
HanucaHa cTaTbsi (CIOKET), W Ha aHrmUACKOM A3bike. B cTtatbe OHM muMwyTCA Heno-
CpeAcTBEHHO nocre CloxeTa, T.e. nocne pestome.

Mporpamma ASSESTANT npegocTaBnsieT BO3MOXHOCTb MCMONb30OBaHNUS cepBuca
KWASS: aBToMaTnyeckoe (HUKCMPOBAHUE KIIOYEBLIX CMOB U3 UCTOYHMKOB/CNoBapen no
BbIGOpY, T.€., KOTOpblE aBTOP/PeaakTop BOCMIPUHUMAET UMK HeT.

[Oarta non y4yeHus cTaTtbu

[aTta, korga pedakuma nonyyduna ctaTtbio, AaTa, Koraa penakuma OKOHYaTellbHO
npuHAnNa cTtaTtbio Ans OI'Iy6J'II/1KOBaHI/IF|, a Takke gaTbl, korga 3a UCTekLuin nepuon Obinu
npenocrtaBlieHbl 3BEHTYyallbHble WUCMpaBlieHUA pPyKoOnucu, npuBoaAaTCA B XPOHOJIO-
rm4eckom nopsake, Ha NoCToAHHOM MecCTe, Kak npaBuno, B KOHLUE CTaTbu.

BbipaxeHue 6narogapHocTu

HaumeHoBaHVWe 1 HOMep MpoekTa, T.e. Ha3BaHWe NporpaMmbl, B KOTOPOW CTaTbs
BO3HUWKNA, KaK U HaVMeHOBaHWe YYpEexOeHusi, KOTopoe (PUHAHCUPOBANO MPOEKT Unu
nporpammy, NpUBOASATCS B OTAEINbHOM NMPUMEYAHNM Ha MOCTOSIHHOM MECTe, KaK NpaBurio,
BHM3Y NEPBOW CTPaHULibl CTaTbU.

Mpeabiaywmne Bepcumn paboTbl

B cnyyae ecnu cTaTbs B NpeAblayLueli Bepcun Gblna uanoxeHa B YyCTHOM obpalle-
HUU (NOA OAMHAKOBbLIM UMM MOXOXMM Ha3BaHWEM), CBeeHUMe 06 3TOM [OSHKHO ObiTb
yKazaHoO B OTAENbHOM MPUMeYaHuW, Kak MpaBuiio, BHU3Y MNEepBOW CTpaHUubl CTaTbu.
Pabota, koTopas yxe ony6rnvMkoBaHa B HEKOTOPOM U3 JKypHarioB, He MOXeET ObiTb OMny-
6nvkoBaHa B BoeHHO-TEXHMYEecKOM BeCTHMKa (mepenedyataHa), HU MOA MOXOXWUM Ha-
3BaHWEM, HU U3MEHEHHOM BuJeE.

Ta6nuyHoe u rpacdnyeckoe npeacraBrieHne

XKenatenbHo, 4TOObI Ha3BaHUS BCEX NpeacTaBneHUn (Mo BO3MOXHOCTU U TEKCTya-
NbHOE coAepXaHue) Obinu npeacTaBneHbl Ha ABYX s3blkax (Ha A3bike paboTbl U Ha
aHrnunckom). Tabnumubl NUWYTCA TakUM Xe cnocobom Kak u TekcT u obo3HavarTest no-
PSAKOBbIMM HOMEpPaMW C BEPXHEWN CTOPOHbI. doTorpacmm U PUCYHKU OOMKHbI ObITb No-
HATHbI, HarMsAHblI U yOoOHblE ANs penpoaykuuun. PUCyHKM Hago genaTb B MporpaMmmax
Word nnu corel. dotorpadun n pucyHkn Hago NocTaBUTb Ha XXenaeMoe MecTo B TEKCTE.

CcbInku (UMTUPOBaHUE) B TEKCTE

OdpopmrieHre CCbINOK Ha UCTOYHMKN B paMKax CTaTbl JOMKHO ObITb OAHOOOPAa3HbIM.

BOEHHO-TEXHUYECKWI BECTHUK ANt OCPOPMIIEHMST CCbINOK, LUMTaT M CNMcKa UCMomnb3o-
BaHHOW NMTepaTypbl NONb3yeTcs rapeapackorn cuctemon (Harvard Referencing System, Har-
vard Style Manual). B Tekcte B ckobkax nNpuBoauTCst haMmunns LMTUpyemMoro aetopa (Mnm
hbamunusi NepBOro aBTOpPa, ECIM aBTOPOB HECKOSLKO), FOA U3aaHusl U No HEOBXOAUMOCTU HO-
mMep cTpaHuubl. Hanpumep: (MeTtposud, 2010., nn. 10-20). PekomeHgaumm o cnocode LmMTmpo-
BaHWsi pasMeLLleHbl Ha cTpaHuue canta «MHCTpyKUMs no mcnonb3oBaHuio MapBapackoro
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ctuns». [Npn odOpMNEHNM CCbIMOK, LMTaT M CNWCKa MWCMOMb30BaHHOM nuTepaTypbl
HeobXoAMMO NPUAEPKNBATLCS YCTAHOBMEHHBIX HOPM.

Mporpamma ASEESTANT npegocTtaBnsieT npy LMTUPOBAHUM BO3MOXHOCTb MCMOSb-
30BaHusa cepeuca CiteMatcher: cdukcmpoBaHue nponyLeHHbIX LMTaTt B paboTe 1 cnvcke
nuTeparypbl.

MpumeyaHna (CHOCKwM)

MpumeyaHusa ykasbiBalOTCA BHU3Y CTPaHMWLbl, HA KOTOPOW HAXOAMTCH TEKCT, K KOTO-
pbIM OHU OTHOCHATCS. MoryT coaepxaTb MeHee BaxkHble AeTanu, A0MNOMHUTENbHbIE 00bs-
CHEHMs, ykasaHusa o6 MCrnonb3oBaHHbIX UCTOYHUKAX (Hanp. Hay4YHOM martepware, cnpa-
BOYHMKaX), HO HEe MOryT BbITb 3aMeHON ANS LMTUPOBAHHOW NUTEpaTypbl.

INucTt pecdhepeHuun (nutepaTypa)

LinTnposaHHo nuTepaTypor OXBayeHbl, Kak NpaBusio, bubnuorpacmyeckne NCTOHHUKN
(cTaTtbn, MoHOrpacdum 1 T.M.) U OHa NPeACTaBNSETCS UCKMHYUTENBHO B OTAENLHOM pasgene
cTaTtby, B BUAE nvcta pedepeHumii. PedepeHumm He nepeBoasATcs Ha A3bik paboThbl.

BoeHHO-TexHnYecknin BECTHYK Ans 0hOPMIIEHUS CNUCKA MCMONMb30BaHHOW nuTepa-
Typbl NpUMeHsieT rapsapackyto cuctemy (Harvard Style Manual). B cnucke nutepatypbl
MCTOYHVWKM AaloTcs B and)aBUTHOM MOPSAKe aBTOPOB UMM peaakTopoB. PekomeHgaumm o
cnocobe UMTUPOBAHUS pasMelleHbl Ha cTpaHuue canta «VHCTPYKUMS No MCronb3o-
BaHuto MapBapackoro ctunsi». Npy oopMreHMn cnmncka MCrnonb30BaHHOW nuTepaTtypbl
HeobXxoAMMO NPUAEPKMBATECH YCTAaHOBIEHHbBIX HOPM.

Mporpamma ASEESTANT npu ocdopMneHun cnvcka nutepaTypbl NpeaocTaBnseT
BO3MOXHOCTb Ucnonb3oBaHus cepBuca RefFormatter: koHTponb ocopmnexus cnvcka nu-
TepaTypbl B COOTBETCTBMM CO CTaHAapTamu [apBapAackoro cTuns.

HecrtaHgapTHoe, HemnomHoe u HenocnegoBaTenbHOe MpUBEAEHWE NUTepaTypbl B
cucTemMax OLEHKM XypHarna cyvMTaeTcsi JOCTAaTOYHOW MPUYMHON ANis ocnapuBaHUs Ha-
YYHOro cTaTyca XypHana.

ConpoBoauTenbHOe NMMCbMO

Kpome ctaTbm npegocTaBnseTcs CONpoOBOAMTENbHOE MUCbMO, B KOTOPOM HYXHO
yKasaTb O KakOM BuAe CTaTbu peyb MOeT, KoTopble U3 rpaduyecknx npegcrasneHnii (do-
Torpacdmmn 1 pUCyHKN) OpUrMHarbHbIe, @ KOTopble B3SATbl B3aMbl.

B conpoBoguTensHOM mMCbMe MPUBOAATCS WM CBedeHWs 06 aBTope: UMS, CpeaHss
OykBa, (hamunus, YvH, 3BaHve, e-mail, agpec pabotogartens (BoMHcKasi novta), JOMaLLHWIA
appec, cnyebHbii TenedoH 1 NMUYHLIA (MOBUNbHBINA) TeNedoH, CHET U HaUMeHoBaHWe GaHka,
MYHULIMNAnUMTET MecTa NPOXUBAHNA 1 €OWHBIN MAEHTUVKALMOHHDIA HOMEP rpaxaaHuHa.

B cnyyae ecnu aBTOpPOB CTaTbW HECKOMNbKO, B COMPOBOAMTENBbHOM MNUCbME
yKasblBaeTCs [OMs y4acTUsi Ka4oro U3 HUX OTAENbHO B NPoOLEeHTax, B Lensix pacyeTa
roHopapa.

Bce paboTbl noanexar cnew. peLeHsnpoBaHnio, B TO BpeMsi Kak onybrnvKoBaHHble
paboTbl 1 cnew. peLeH3nn onnadvnBaloTCs CornacHoO AeNCTBYOLLEMY 3aKOHOO4ATENLCTBY.

MoyToBbLIV agpec peaakunu:
«BOjHOTEXHMYKM rNaCHUKY,

11000 Beorpag,

¥n. bpahe Jyrosuha 19
E-mail:vojnotehnicki.glasnik@mod.gov.rs.

PEOAKTOP

Heb6onwa Mavewa
nebojsa.gacesa@mod.gov.rs

Ten: +381 11 3349 497, +381 64 80 80 118
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MEOWJA LUEHTAP ,,O0BPAHA*

» bpahe Jyrosuha 19, 11000 Beorpag *
* Tenedonun: (011) 3201-995 n 23-995 -
» Tenedpakc: (011) 3241-009 -
» Tekyhn pauyH: 840-312849-56 « [MNB: 102116082 -
* bpoj noTepae o0 eBuaeHTUpamny 3a NAB: 135328814 -

NMO3uB HA MPETMNATY 3A LULTAMIMAHO U3OAHE 3A 2015. FTOOAUHY
lMpeTnnahyjemo ce 3a WTamMnaHo usgawe Yyaconmca:

6p. Nnpumepaka
1. ,,BOjHOTEXHUYKMU rMacHUK"
Noguwha npetnnata 1.200,00 guHapa
MNpunukom ynnate noseatu ce Ha 6poj: 54 .

2. ,,HoBu rmacHuk*
Noguwha npetnnata 1.800,00 guHapa
Mpuwnukom ynnate no3gatn ce Ha6poj: 53 L

3. ,,BojHo peno*
Noguwra npetnnata 1.400,00 guHapa
Mpunukom ynnate no3gatn ce Ha 6poj: 51 L

MpeTnnaTtHe ueHe Baxe Ao 31. 12. 2015. roguHe.

Bpoj npumepaka n3gamwa koja ce Hapydyjy ynucatu y HapyubeHuuy, a
npvMepak HapylLbeH1Le ca 4OoKa3oM O M3BPLLUEHO] ynnaTti Ha rope HaBe-
AeHun Tekyhn padyH nocnaTti Ha rope HaBeaeHy agpecy.

KYMAL, e LT 1 PRI



JlnkoBHO-rpadmnykn ypeaHuk
mp Hebojwa KyjyHuunh
e-mail: nebojsa.kujundzic@mod.gov.rs

TexHu4dko ypehere
3ee30a JoBaHoBUh

JlekTop
Hobpuna MuneTtuh, npodecop
e-mail: dobrila.miletic@mod.gov.rs

MpeBog Ha eHrnecku
JacHa Buwnuh, npodecop
e-mail: jasnavisnjic@yahoo.com

MpeBoa Ha pyckn

KapuHa ABarjaH, npocecop
e-mail: karinka@sezampro.rs
Onusepa Xajaykosuh, npodecop
e-mail: oliverahajdukovic@lukoil.rs

MpeBoa Ha HeMaykun
lopdaHa BorgaHosuh, npocecop
e-mail: gordana.bogdanovic@yahoo.com

MpeBoa Ha dpaHuycku
[paza+ Byukosuh
e-mail: draganvuckovic@kbcnet.rs

LINMN — Katanorusauuja y nyénukauuju:
HapopgHa 6ubnuoteka Cpbuje, beorpag

623+355 / 359
355 /359

BOJHOTEXHUYKWU rnacHumk : Hay4HM Yaconuc
MuHucTapctea oabpaHe Peny6nuke Cpbuje =
Military Technical Courier : scientific
periodical of the Ministry of Defence of the
Republic of Serbia / ogroBopHu ypegHuk
Hebojwa MNahewa. - M'og. 1, 6p. 1 (1953) -

- beorpag (bpahe Jyrosuha 19) : MuHuctapctso
onbpaxe Penybnuke Cpbuje, 1953- (beorpag :
BojHa wramnapwja). - 24 cm

LocTynHo u Ha:

http://www.vtg.mod.gov.rs
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COBISS.SR-ID 4423938

LleHa: 350,00 gmHapa
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Ha ocHoBy MuLLrbewa MyUHUCTapCcTBa 3a HayKy, TexHornorujy u passoj Peny6nuke Cpbuije,
6poj 413-00-1201/2001-01 og 12. 9. 2001. roguHe,

Yaconuc ,BojHoTexHnYku rnacHuk’ je nybnukauuja oa nocebHor nHTepeca 3a Hayky.
YOK: HapoaHa 6ubnunoteka Cpbuje, Beorpag
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XyOoXeCTBEHHbIN peakTop
Kangnpoat Hayk, HeGowwa KytoHaxmy
e-mail: nebojsa.kujundzic@mod.gov.rs

TexHunyeckuit pegaktTop
3se30a VosaHoBMY

JlekTop v KOppeKkTop
Hobpuna MuneTtny,
e-mail: dobrila.miletic@mod.gov.rs

nepeBo Ha aHIMUNCKUIN A3bIK
SlcHa BywHuY, nepeBogynk
e-mail: visnjicjasna@yahoo.com

nepeBop Ha PyCCKUI A3bIK

KapuHa ABarsiH, nepeBogyuk
e-mail: karinka@sezampro.rs
Onusepa Xanaykosu4, NnepeBoaymK
e-mail: oliverahajdukovic@Ilukoil.rs

nepeBoA Ha HEMELIKNIA A3bIK
lopdaHa BorgaHoBuWY, nepeBoa4MK
e-mail: gordana.bogdanovic@yahoo.com
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