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Abstract:

The purpose of this paper is to consider various contractive conditions in
b-metric spaces which have been recently published. Our results improve
and complement many recent results from this field. Using the recently
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Introduction

It is well known that the Banach Contraction Principle (Banach, 1922,
pp.133-181) states that, if a self-mapping T of a complete metric space
(M ,d) is a contraction mapping, then T has a unique fixed point (say U)
and for each Ve M the corresponding Picard sequence gf "(v ?converges
to this fixed point U. In general, this principle has been generalized in two di-
rections. On the one hand, the usual contractive condition is replaced by a
weakly contractive condition. On the other hand, the action spaces are re-
placed by metric spaces endowed with an ordered or partially ordered struc-
ture or with some kind of generalized metric space (like cone metric space,
G-metric space, partial metric space, fuzzy metric space, etc.).

In 1989 I. A. Bakhtin (Bakhtin, 1989, pp.26-37) and in 1993 S. Czerwik
(Czerwik, 1993, pp.5-11) introduced a new distance on a non-empty set
which is called a b-metric. A b-metric space is an attempt to generalize the
metric space by replacing only the triangle inequality introducing one real
constant. Their definition of this new kind of generalized metric space is the
following.

Definition 1 (Bakhtin, 1989, pp.26-37), (Czerwik, 1993, pp.5-11) Let
M be a (non-empty) set and K >1 a given real number. A function

d,:MxM —[0,) is called a b-metric on M fif, for all p,q,r e M, the
following conditions hold:
(b1) d,(p,q)=0 ifand only if p=q;

(b2) d,(p,q)=d,(q, p);
(b3) d,(p,r)<K(d,(p,q)+d,(q,r)).

In this case, (M,d,K) is called a b-metric space.

If (M, <) is still a partially ordered set, then (M, < ,d,,K) is called an

ordered b-metric space.

Otherwise, for all other definitions of the notions in b-metric spaces
such as b-convergence, b-Cauchy sequence, b-completeness, see (Abbas
et al, 2016, pp.1413-1429), (Ansari et al, 2017, pp.315-329), (Bakhtin,
1989, pp.26-37), (Huang et al, 2015), (Jovanovi¢, 2016), (Radenovi¢ et al,
2017a, 2017b), (Roshan et al, 2013), (Zhang et al, 2017, pp.1334-1344)
and the reference therein.

Definition 2 (Khan et al, 1984, pp.1-9) A function ¢:[0, ) — [0, )
is called an altering distance function if the following properties hold:

(1) @ is continuous and nondecreasing;
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(2) ¢(t)=0 ifand onlyif t =0.
First, a very known (important) result from a b-metric space is the
following:

Theorem 1 (Czerwik, 1993, pp.5-11, Theorem 1) Let (M ,d,, K) be a
b-complete b-metric space andlet T : M — M satisfy
dy(T(p)T(a)<p(d,(p.a)) p.aeM, 1)
where ¢:[0,0) »>[0,0) is an increasing function such that
|im,ngo”(t)= 0 for each fixed t>0. Then T has an exactly one fixed
point v and

limd,(T"(p).v)=0 @)

foreach pe M. n%
Lemma 1 (Miculescu & Mihail, 2017, Lemma 2.2.) Let {t,} be a
sequence in a b-metric space (M ,d,, K) such that
dl(tn ' tn+l) Su- dl(tn—l’ tn) €)
for some u€[0,1), and each n=1.2,.... Then {tn} is a b-Cauchy
sequence in (M, d,,K).
Remark 1 In several published papers based on the b-metric

concept, the authors assume that x € [0,%) instead of 1 €[0,1), which is

obviously weaker. Then under this weaker condition they show that the
Picard sequence {t, =T(t,,)},.,, . t, €M is a b-Cauchy. For the proof,

the authors used the following clear inequality:
dy(t,,t, )< Kd(t,,t, )+ K2t b, )+ + K™, (¢, 1, )+
K""d, (t, ,.t.),
where nme N and n>m.

However, putting (p(r)= u-r, rel0,0), ye(O,l) in (1), the proof
of Theorem 1 from (Czervik, 1993, pp.5-11) follows that Picard sequence
{t,=T(t, )}, . t, €M isab-Cauchy.

Now, we can show that Lemma 2.2. from (Miculescu & Mihail, 2017)
is an immediate consequence of the one part of Theorem 1 from (Czerwik,
1993, pp.5-11).

First of all, we give the next result:

m+1

(4)
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Lemma 2 If {t,}

then there exists at least one mapping T :M — M such that it is Picard
sequence of T with t, as the beginning point.

Proof. We define T:M - M as T(t )=t for k =1,2,3,... as well
as T(t)=v0 incase teM \{tl,tz,...,tn,...} and v, ¢ {tl,tz,...,tn,...}. The last
one is possible if {t,,t,,...,t,,.. ;€ M and {t;,t,,...t ..} = M.

Proposition 1 Lemma 2.2. from (Miculescu & Mihail, 2017) is an
immediate consequence of (Czerwik, 1993, pp.5-11, Theorem 1).

Proof. Indeed, the {tn} is a Picard sequence of the mapping defined in
Lemma 2. It is obvious that the mapping T satisfies the condition (1)
where go(r): u-r, rel0,x), ,ue(O,l). Further (3) becomes
dl(T(tn_l),T(tn ))S ,ud(tn_l,tn), n=2234,. ie. the sequence {tn} is a
b-Cauchy according to the proof of (Czerwik, 1993, pp.5-11, Theorem 1).

Now, by (Czerwik, 1993, pp.5-11, Theorem 1) that is, by (Miculescu,
Mihail, 2017, Lemma 2.2.), the majority of already known results can be
improved. Also, by using the same argument some known results can be
made significantly shorter and nicer.

The first such result is the following:
Proposition 2 Let T be a self-map on a b-complete b-metric space

(M,d,,K) satisfying
d,(T(p).T?(p))< 4, (p. T (p))for some 4 e (0,1), (5)
either (i) for all pe M, or (i) for all pe M, p=T(p), and suppose that

T has a fixed point. Then T has a property P.
Otherwise, if T is a map which has a fixed point v, then v is a also a

fixed point of T" for every natural number n. However, the converse is
false. For, consider M =[0,1], T is defined by T(p)=1-p. Then T has a

unique fixed point at % but T" =1 for each n>1, which has every point

is an arbitrary sequence in the nonempy set M,

of [0,1] as a fixed point. On the other hand, if M =[0,7], T(p)=cosp,
then T is nonexpansive and every iterate of T has the same fixed point
as T. Involutions are also examples where F(T)=# F(T“) See, e.g.
(Jeong & Rhoades, 2005, pp.71-105) and the references therein.

We shall say that a map T has a property P if F(T)= F(T”) for
every ne N .
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Proof (of Proposition 2). The statement for n =1 is trivial. Therefore,
we shall assume that n >1 is a given (fixed natural number). It is clear that
F(T)cF(T") Let ve F(T")

Case 1. Suppose that T satisfies (i). Then, using (5),

d,(v.T(v))= dl(T”(V).T””(V))
=d (T VT2 W) < 4 (T W) T ()
= (T (T (v)) (v )))
<A (T WTE V)<< 10d (0T V)
which implies that v =T (v).

Case 2. Letnow T satisfy (ii).

If v :T(v), then there is nothing to prove. Suppose, if possible, that
v;tT(v). Then a repetition of the argument for Case 1 again leads to
d, (v, T(v))< £"d, (v, T(v)), which implies that v=T(v) and F(T”): F(T)

Remark 2 Proposition 1.8. obviously generalize the corresponding
result, Theorem 1.1. from (Jeong & Rhoades, 2005, pp.71-105), for
standard metric spaces.

Corollary 1 Let T be a selfmap of a b-complete b-metric space
(M .d,, K) satisfying

d,(T(p),T(q)) < 2, (p,q)forall p,qe M and for some (0,1 (6)

Then T has a property P.

Proof. Indeed, condition (6) implies (5). Also, by (Czerwik, 1993,
pp.5-11, Theorem 1) F(T)#@. Then the result follows according to

Proposition 2.

The next is also generalization of one result from a metric to a
b-metric space.

Proposition 3 Let T be a selfmap of a b-complete b-metric space

(M, d,) satisfying

d,(T(p).T2(p))< 2, (p,T(p))for all pe M and some z € (0,1)  (7)
Then F(T)#@, if T is a b—continuous.
Proof. Let p,eM be an arbitrary point and let {pn} be a

corresponding Picard sequence. For each ne {O}u N we have
dl(pn+1’ pn+2 ) = dl(T(pn )’T 2(pn ))S /lel(pn ’T (pn )) = :Udl(pn ’ pn+l)‘ (8)
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Further, according to (Miculescu & Mihail, 2017, Lemma 2.2.) (see
also (6)) follows that {pn} is a b-Cauchy sequence. Since (M ,dl) is a

b-complete b-metric space there is ve M such that p, >V as n— .
The continuity of T implies that T(v)=v, i.e., F(T)=@.

Jungck’s result in the concept of b-metric spaces:

Theorem 2 Let (M,dl, K) be a b-metric space and T,S:M —> M,
T(M)< S(M) be self mappings such that for all p,qe M.

dy(T(p).T(a))< 1a,(S(p).S(a)). where 1 <(0.1) ©)

Also, assume that, at least one of the following conditions hold:

(i) (T(M),d,) or (S(M),d,) is b-complete;

(i) (M,dl,K) is b-complete, S is b-continuous and T and S are
commuting.

Then T and S have a unique point of coincidence. Moreover, if T
and S are weakly compatible (for case (i)) then they have a unique
common fixed pointin M.

Proof. First, we notice that if a point of coincidence of T and S
exists, then it is unique. Indeed, if w, and W, are two distinct points of
coincidence of T and S, then there exist two points u,u, e M,u, #u,,
such that T(u,)=S(u,)=w, #w, =S(u,)=T(u,). Now, by (9) we have
d (Wi, wy ) = d(T (v, T(v, )) < 4y (S(v, ) (v, )) = el (i, w ) < dfy (g, w,),
which is a contradiction.

Further, the conditon T(M)cS(M) implies that there exists
Jungck’s sequence j, =T(vn)=S(vn+l), where {vn} is a sequence in
M,v, € M is an arbitrary point. We shall prove that the sequence {jn} is
a b-Cauchy. Indeed, for each ne {0} U N we have that

Ay (Jnias Jui2) = (T (V) TV,2)) < 20, (S(v,10), S (Vi) = 2 (s i)
i.e., for all ne{O}uN the sequence {jn} satisfies condition (3). This

means that it is b-Cauchy.

Now, let (i) holds. Therefore, since (S(M ),dl) is a b-complete
b-metric space, it follows that there exists veM such that
T(v,)=S(v,,,)=j, > Sv as n—c. We will prove that T(v)=S(v). In
order to prove this equality, we have
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%dl(T (V). S() < dy(T(V) T (v, ))+dy(T(v,). S(v)) < e, (S(v), S (v, )+ by (i, S(v))

= /Udl(s(v)’ jn—l)+ dl(jn's(v))_) #-0+0=0.

Hence, T(V)= S(v)= W is a point of coincidence (unique) of the pair
(T,S)

If (T(M),d,) is a b-complete the proof is very similar.

If (i) holds, then since (M,d,) is b-complete, there exists Ve M
such that T(vn): S(vn+1)= J, =V, as n—oo. Since both self-mappings
T and S are b-continuous, we have when N — oo

S(T(v,))— S(v)and T(S(v, )) — T(v) when n — cc.

Since T and S are commuting, we again obtain that T(v)=S(v)=w
is a point of coincidence (unique) of the pair (T,S).

For both cases (i) and (ii), according to the known Jungck’s result, it
follows that W is a unique common fixed point of T and S.

The next is a common fixed point theorem of the Zamfirescu type in
b —metric spaces.

Theorem 3 (Jovanovi¢, 2016), (Khan et al, 1984, pp.1-9), (Rhoades,
1977, pp.257-290, Theorem 4.3.) Let (M ,d,, K) be a b-complete b-metric

space and let T:M — M be a mapping and let there exist nonnegative
numbers a,b,c such that for all p,qe M at least one of the following
conditions:

1°d,(T(p), T ()< ad,(
2°d,(T(p). T(q)) < b
3°4,(T(p)T(a)<c

holds.
1

2K?'
Remark 3 By using (Miculescu & Mihail, 2017, Lemma 2.2) the

If a< %,b < c< 2_I1<2 then T has a unique fixed point.

conditions for a,b,c can be relaxing, that is., we get a <1,b <% ic< %

(for details see Theorem 2.2. below).
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Main results

In this section, we shall consider several important as well as
significant contractive conditions announced in the existing literature.
Readers can compare all these conditions to the corresponding ones in
the context of standard metric spaces, for more details see (Rhoades,
1977, pp.257-290).

Let ¥, be the family of all nondecreasing functions
w, :[0,00) = [0,00) such that limy;'(t) =0, for all t > 0.

n—oo
It is well known that if ¥; €Y, then Wl(t)<t if t>0 as well as

‘//1(0) =0.
Ouir first result is the improvement of the proof in (Abbas et al, 2016,
pp.1413-1429, Theorem 2.2.)

Theorem 4 Let (M, < d;,K>1) pe a partially ordered b-complete
b-metric space and let T: M — M be an increasing mapping with respect to

< such that there exists an element P, € M with Po< T(V,). Assume that

<) () T(@) < pa(My(pa)+ L -Ny(p.)
1+Ed1(p,T(p))

(10)

for all comparable elements p,qe M, where L, >0, y, € ¥,,

_ dy(p,T(p))d.(a,7(a))
Ml(p,Q)—maX{dl(p,Q), 12d1($(p),$(q))q } (11)

and

N,(p,q)=min{d,(p,T(p)).d,(p.T(a))d(a. T(p).dy(@ T(@)}  (12)
If T is continuous, then T has a fixed point.

Proof. If Py iT(po) then P, <T(p0). Further, for the Picard
sequence we can assume that d,(p,, p,.,)>0 for all ne{0}UN. Now,
we will prove that

1
d, (P, pm)ﬁgdl(pn_l, p,)forallneN. (13)

Indeed, since
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1+Kdy(Pys Py) - 1+Kdi(poy Py) o 14i(PosiPa) o4
1 1 1
1+Edl(pn—1'T(pn—1)) 1+Ed1(pn—1’ pn) 1+§d1(pn—1' pn)
then by using (10) with p=p,,,q = p,, we obtain

Kdl(pn+l' pn): Kdl(T(pn )v-l-(pn_l))S Wl(dl(pna pn—l))+ L Nl(pn’ pn—l)‘

Because M, (P, Pos) = Ay (Poss P wa(di(pys Poy)) < di(py Pyy)  and
N,(p,, p,;)=0 we obtain that (13) holds.

This means that the sequence {pn} is a b-Cauchy, according to

Lemma 2.2. from (Miculescu & Mihail, 2017) which then converges to
some U € M. The continuity of T implies that U is a fixed point of T.

Remark 4 All that shows that our approach gives a much shorter and
nicer proof than the ones in (Ansari et al, 2017, pp.315-329). Also, by the
same method, the proofs of all results in (Ansari et al, 2017, pp.315-329)
can be improved.

In fact, the main (important) question is the following: Does some
given contractive condition in the framework of any class of generalized
metric spaces imply (give) that the corresponding Picard sequence is a
Cauchy (in this class)? The previously contractive condition is such. We

proved that for it holds d,(p,, p,.,)< #d,(p,, p,) forall ne N and some

HE (0,1). Since K >1 and 4 :% then the result follows by (Miculescu &

Mihail, 2017, Lemma 2.2.).

In the framework of b—metric spaces, the following two results are
specific.

Theorem 5 Let (M,d,,K) be a b-complete b-metric space and let
T:M — M be a b-continuous mapping. Also let

d,(Tp,Tq) < ad,(p,Tp)+bd,(q,Tq), forall p,ge M,a,b>0,a+b<1
that is

d,(Tp,Tq)<ad,(p,Tq)+bd,(Tp,q),forall p,geM,a,b>0,a+b <%

In each of the given cases, T has a unique fixed point (say V) and
forany ue M the sequence {T”(u)}—> vV as N — oo,
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Proof. In the first (Kannan) case, we obtain that
a

d,(p,... pn)§ﬁ~d1(pn, P, ) while in the second one (Chatterjea), we
have dl(pm, pn)S%-dl(pn, pn_l). According to (Miculescu, &

Mihail, 2017, Lemma 2.2.) it follows that in both cases that the Picard
sequence {T“ Po }‘ne{o}uN, P, €M is a b-Cauchy. Since T is b-continuous,

the result follows.

Conclusion

Based on the previous discussion, we can conclude that the proofs of
the majority results in the existing literature for the concept of b-metric
spaces can be significantly shortened by using (Miculescu & Mihail, 2017,
Lemma 2.2.).

All these results are in the following papers (Aghajani et al. 2014, pp.
941-960), (Allahyar et al, 2014), (Chandok et al, 2017a), (Chandok et al,
2017b, pp.331-345), (Demma & Vetro, 2015), (Ding et al, 2016, pp. 151-
164), (Dung & Hang, 2016, pp. 267-284), (Harandi, 2014, pp. 351-358),
(Kaushik et al, 2017), (Khamsi & Husain, 2010, pp. 3123-3129), (Kir &
Kiziltunc, 2013, pp. 13-16), (Kumam et al, 2015), (Latif et al, 20915, pp.
363-377), (Liu & Gu, 2016, pp. 5909-5930), (Ozturk & Ansari, 2017, pp.
45-52), (Parvaneh et al, 2013), (Petrusel et al, 2017, pp. 199-215), (Piri &
Kumam, 2016), (Roshan et al, 2014a, pp. 725-737), (Roshan, et al, 2015),
(Roshan et al, 2014b, pp. 613-624), (Sarwar et al, 2017, pp. 3719-3731),
(Sarwar & Rahman, 2015, pp. 70-78), (Sintunavarat, 2016, pp. 397-416),
(Zabihi & Razani, 2014).
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YCNOBUNA CXKATUA B b-METPUYECKUX NMPOCTPAHCTBAX

TamesHa M. JoweHosny®, MupbsHa B. ﬂasnoemqﬁ, CmosH H. PageHoBuy®

? YuueepcuTeT B r. Hosn-Cag, TexHonorndeckuin akyneTteT, r. Hosn-Cag,
Pecnybnuka Cepbus,

6 YHusepcuteT B I. KparyeBau, EcTecTBeHHO-MaTemaTnyeckmi akynbTeT,
WHCTUTYT MaTematukm n nHcpopmaTukm, r. Kparyesau, Pecnybnvka Cepbus,

® Benrpafckun yHusepcuteT, MalmHocTpouTernbHbIn hakynbTeT, r. benrpag,
Pecny6nuka Cepbus

OBJIACTb: maTemaTtuka (MaTemaTmyeckas TeMaTnyeckas knaccmdukaums:
nepsuyHas 47H10, BTopuyHasa 54H25)

B CTATbW: opurmHanbHasa HayyYHas ctaTbsl

A3bIK CTATbW, aHrnuickui

Pe3some:

B daHHoU pabome npedcmasrieH aHanu3 passuyHbIX yCrio8uli cxxamusi 8
b-mempudeckux  npocmpaHcmeax,  Komopble  HedasHO  Obiu
orny6IIuKO8aHbI. Ha OCHOBaHUU uccriedosaHuli Hacmosiuux
pe3yribmamos Mbi GOMOHUMU U OMKOPPEKMuUposasnu MHoaue acrekmsal
pesynbmamog 6 OaHHoU obracmu. Tak, Harnpumep, uccnedosas
HedagHue pe3yrnbmamel, nosry4eHHble P. Mukynecky u A. Muxaunom
(Miculescu & Mihail, 2017, pp.1-11), asmopbl Hacmoswel cmambu
dokasarnu, 4mo MHo2ue U38eCmHbie pe3yfbmambl 8 KOHmeKcme
b-mempudeckux rnpocmpaHcme mMoaym bbimb 3HaYUMEesIbHO COKPaLEHbI.

Knrouessie criosa: mempudeckoe rpocmpaHcmeo, obwas
ukcuposaHHasi moyka, QOYyHKUUSI U3BMEHEHUsT paccmosiHUs, moyKa
cosrnadeHus, HU3Kasi CoeMecmumMocmb.

KOHTPAKTVBHW YCITOBU Y b-METPUYKM NMPOCTOPUMA

Tamjata M. [loweHosuh?, Mupjana B. Maenosuh®, Cmojax H. PageHoBrh®
 YuusepauteT y Hosom Capy, TexHonowku dakyntet, Hosu Caa, Penybnuka
Cpbwja,
YHuBepanteT y Kparyjesuy, INpupoaHo-MaTteMaTnykmn pakynTter,
WHcTuTyT 32 MmaTtemaTtuky n uHdopmMaTuky, Kparyjeeau, Penybnuvka Cpbuja,
® YHueepauteT y Beorpany, MalumHcku dakyntet, Beorpaa, Peny6nvka
Cpbuja

OBJIACT: maTtemaTtuka (MaTemMaTnyka TeMaTcka knacudukaumja: npumapHa
47H10, cekyHaapHa 54H25)

BPCTA YJTAHKA. opurvHanHm HayyHu YnaHak

JESNK YJTAHKA: eHrnecku

Caxemak:

Lurb ooz pada jecme da pasmompu pa3He KOHmMpaKkmueHe ycrioee y
b-mempuykum rfipocmopuma Koju cy HedaeHo objasrbeHu. Hawu
pesynmamu ronpaesbajy u Oonyryjy MHoz2e HedasHe pesyrimame U3
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ogo2 KoHmekcma. Kopucmehu HelasHo 0OobujeHu  pesynmam
P. Mukyneckya u A. Muxauna, (Miculescu & Mihail, 2017, pp.1-11)
aymopu 080e YriaHKa rioka3syjy 0a 0oka3u MHoaux ro3Hamux pe3ynmama
Yy KOHmeKcmy b-Mempuukux npocmopa moay 6umu docma ckpaheHu.
KrbyyHe peyu: MempuyKu npocmop, 3ajedHuYKa GhukcHa mayka, ¢hyHKUuja
rpomeHe pa3darbuHe, madvka KouHyudeHyuje, criaba komrnamubusHocm.
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Abstract:

In this paper we consider a problem of controling an oversaturated
intersection in real time. We developed a mathematical model for solving
the problem, based on fuzzy logic. The model can be applied to
intersections characterized by oversaturated traffic flows. We compared
this fuzzy logic approach to the ’fixed time” controling of the oversaturated
intersection. By ’fixed time” we understood controlling based on the
hystorical data about traffic flows. In the case of the oversaturated
intersection considered in this paper, a classical approach of controlling in
real time (“actuated time control”) gives the same solutions as fixed time”
control. The criterion function for comparing solutions represents the
control delay of all vehicles that pass through the intersection within a
certain period of analysis. We tested these approaches on a T’
intersection, where the suggested model based on fuzzy logic generated
solutions with less control delay in comparison to the *fixed time” model.

Key words: isolated signalized intersections, oversaturated traffic flows,
fuzzy logic, real time control, vehicle control delay.
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Introduction

One of the biggest problems faced by the authorities in large cities
around the world is the problem of traffic congestion. City authorities allo-
cate significant resources to solve this problem which affects various
aspects of life of residents. The negative consequences of traffic
congestion are reflected primarily in increased time losses of traffic
participants. In addition, the consequences can be economic (higher fuel
consumption), ecological (additional air pollution) and many others. Since
it is not always possible to build new roads, in order to solve the problem
described, traffic engineers apply various control and management
measures and strategies to avoid or at least to mitigate traffic congestion.
Congestion pricing, park and ride and car sharing are just some of them.
The control of the operation of traffic signals has proven to be efficient and
at the same time an economically cost effective measure.

In this paper, we consider the problem of managing isolated signalized
oversaturated intersections. A mathematical model for controlling an oversatu-
rated intersection, based on the fuzzy logic system "Sugeno” type is develo-
ped. The criterion function represents the control delay of vehicles in a certain
period of analysis. The proposed model has been compared with "fixed time”
control with respect to the values of the criterion function. A simulation appro-
ach was used as a comparison method.

Data on traffic flows were obtained from the detector. We considered
the case when the intersection is oversaturated in all flows (“full oversatu-
rated intersection”). Such a case is possible in the central zones of large
cities, especially in peak periods of traffic load.

Real time management is characterized by dividing time into small
intervals, 2 to 5 seconds, after which a decision is made whether to extend
the existing phase or to interrupt it. This type of traffic control is
characteristic of the following works (Miller, 1963, pp.200-220), (Bang, 1976,
pp.288-292), (Vincent & Young, 1986, pp.385-387), (Lin et al, 1987, pp.89-98).
There are also approaches where the decision time is longer and their
characteristic is a prediction of signal plans for future traffic flows (Gartner,
1983, pp.75-81).

Since Pappis and Mamdani published a paper in 1977 in which they
proposed controlling the intersection which consists of two one-way streets
based on the fuzzy logic approach (Pappis & Mamdani, 1977,
pp.707-717), the interest of traffic engineers for the application of this mo-
de of operation has been growing. An analysis of the use of several types
of fuzzy logic management systems for the controling of an isolated inter-
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section was presented in the paper (Jacques et al, 2002, p.81). In this pa-
per, the directions for future development of fuzzy logical systems are gi-
ven in order to improve the work of the isolated intersection.

In the paper (Murat & Gedizlioglu, 2005, pp.19-36), the implementation
of fuzzy logic was demonstrated in order to optimize the schedule of flows in
phases. Murat in his work (Murat, 2006, pp.316-334) showed that the problem
of controling a signalized intersection can be successfully solved by a hybrid
algorithm of neural networks and fuzzy logic. A hybrid model of genetic
algorithms and fuzzy logic for the control of flows at an isolated intersection
can be found in the paper (Yang et al, 2006, pp.3391-3395). In the paper
(Nair & Cai, 2007, pp.1229-1233), a unique fuzzy logic model is developed for
controling traffic flows in specific situations at the intersection, such as traffic
accidents, works in the intersection zone, etc.

The fuzzy logic system "Mamdani" type for controlling an isolated
oversaturated intersection has been developed and shown in the paper
(Zhang et al, 2008, pp.179-184). They considered the problem when there
are two oversaturated approaches, in a mutual conflict. Other currents are
unsaturated. In this case, there is a possibility of application of classical
control in real time with the detectors ("actuated time control"). The authors
compared their approach with the indicated classic approach, where fuzzy
logic was better in all criteria. To compare the results, they used the
simulation model proposed in the paper (Li & Prevedouros, 2004, pp.594-601),
who developed the TACOST algorithm ("Traffic Adaptive Control for
Oversaturated Intersections") by solving the same problem.

The application of simulation and a fuzzy logic system, implemented
in MATLAB environment, to the problem of controlling isolated signalized
intersections can be found in the work (Soh et al, 2010, pp.924-933). The
possibility of using a detector with a camera in the traffic flow control at the
intersection in real time is shown in the paper (Diaz-Cabrera et al, 2015,
pp.3911-3923). The authors used fuzzy clustering to process the image
they get from the camera in the best possible way.

This work is organized in the following way: after the introductory
review and a brief review of some of important papers in this field, the
second chapter is devoted to setting the problems and goals of this paper.
The third chapter provides a methodology for solving a problem based on
the fuzzy logical system. In the fourth chapter, the proposed approach was
tested on an "T" intersection. A simulation was used to compare the
results obtained by the classic approach and the methodology proposed in
this paper. Chapter 5 is dedicated to concluding observations and
directions for future research.
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Setting up problems and goals

This paper examines an intersection that has oversaturated traffic
flows at all phases. This intersection is called completely oversaturated
and it is different from the ones considered in the paper (Zhang et al, 2008,
pp.179-184), where an intersection with two oversaturated flows in mutual
conflict is considered.

In the aforementioned work, the authors compared fuzzy logical control
with classical detector control. When the intersection is overloaded in practically
all streams, "fixed time" management is recommended as it provides the same
signaling plans as classical detector control (Roess et al, 2011).

Fuzzy logical systems are managed using linguistic variables that are
characterized by unclear boundaries. For example, is it possible to accurately
estimate the travel time between two nodes on the transport network or whether it
is possible to say precisely for a branch of the network whether it is congested or
not, or whether it can be precisely stated what is the degree of that congestion.
The answer to these questions is definitely negative. According to the classical
theory of sets, the branch of the transport network may either belong to or not
belong to a group of congested ones. In other words, the elements of a set can
absolutely belong to that set, or absolutely do not belong to it.

Inspired by this kind of thinking, Zadeh in his famous work from 1965
proposed a modified theory of sets (fuzzy sets) in which the membership of a
set can be expressed by some percentages, and not only or absolutely belongs
(1) or absolutely does not belong (0), see (Zadeh, 1965, pp.338-353).
Accordingly, according to this modified theory, sets of branches of the network
can with 70% belong to a set of congested branches, and with 30% collection
where there is no congestion.

Fuzzy logic is suitable for controlling an oversaturated isolated
intersection because it is able to imitate the "ideal" policeman at the
intersection. Such a policeman does not count the vehicles, but he/she
intuitively knows (feels) when enough cars have been released from one
approach while vehicles are piled from the other approach.

The aim of this research is to show that the fuzzy logic approach can
be competitive with respect to the classic approach, in conditions of total
oversaturation. What is more, using the unevenness of vehicle’s approach
during the phase which we analyze, the fuzzy logical system tries to find
better signaling plans than a fixed time control strategy. The measure of
the quality of the received signaling plans (cycle values and green times
per phase) is control delay of the vehicle.
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Methodology

The fuzzy logic controller that we developed and present in this paper
controls the queues of vehicles based on two input and one output fuzzy set.
The first input fuzzy set is the number of vehicles in a queue that is served
during the green phase (Vap). The second input fuzzy logic set represents the
number of vehicles in a queue waiting for the green time of the next phase (Vq).
Fuzzy logical sets are shown in Figure 1. The input fuzzy sets consist of three
membership functions represented by Gaussian curves: the small, middle and
large order of the vehicle. The limit values for the number of vehicles in a row
shown in Figure 1 can be changed depending on the specific intersection.

The developed fuzzy logic system is of a "Sugeno" type and
determines at each 2 s whether the existing phase is extended, or is
interrupted (EXT). The output size consists of two numbers: 1 if the phase
is extended by another 2 s, and 0 if the phase is interrupted.

Each phase has its minimum green time (gmin) and its maximum
green time (gmax). The minimum green time is determined based on the
distance of the detector from the stop line. More details on determining the
minimum green phase time can be found in the book (Roess et al, 2011).
The maximum green time is determined by optimization in the case of
"fixed time" control. More details about optimization in "fixed time" control
can be found in the paper (Jovanovi¢ & Teodorovi¢, 2017, pp.556-576).

T T T T T N T T L T T
mgli ;E.:rji & ik mali sreanjl Ef

Degree of membership
Degrea of mambearship

Figure 1 — Input variables into the fuzzy logical system
Puc. 1 — BxoOHble nepemeHHbIe 8 cucmeme Pa33u-rio2uxku
Cnuka 1 — YnasHe senu4uHe y ghasu 5102udku cucmem
The EXT value has a range of 0 to 1. If the EXT value is greater than or
equal to 0.5, the phase is extended; if less than 0.5 the current phase is
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interrupted. Therefore, each phase can be interrupted either by the decision of
the fuzzy logical system or if it has reached its maximum green time. The
algorithm for deciding on an extension or phase break is given in Figure 2.

gphase: gphase

The green phase
control (g,,e)

+2s

‘gphase< Bmin ‘gphase Z gmax‘
—ﬁ N

Stop the

Fuzzy logic phase
controler

! |
4EXT >05 \ ‘EXT <05

Figure 2 —The algorithm for the control of the green phase time
Puc. 2 — Anzopummbi On1s1 yripaeneHusi npoodosmKumenbHoOCmMbio 3es1eHol ghasbl
Cnuka 2 — Anieopumam 3a yrpaesrbar-e 3e/1eHUM 8peMeHOM ¢hase

The developed model does not anticipate the skipping of the phases,
nor the choice between the several phases to which the green time will be
assigned. Considering the subject of the study of this work (the
intersection oversaturated in all phases), such changes in the algorithm
would not lead to significant improvements in the value of control delay.

The fuzzy logic system is formed based on the "If-Then" rules. The "If"
part of the rule is a premise, while the "Then" part represents a consequence.
In this case, the "Then" part of the rule is a binary decision about whether to
extend the phase for another two seconds or to interrupt it. The basis of the
rule of the phase of the logical system is formed and shown in Table 1.

Table 1 - Fuzzy rules base
Tabnuua 1 — basa ¢ha3su npasun
Tabena 1 — basa ¢pasu npasuna

Serial number| if Vy, (voz) is | and Vg (voz)is | then EXTis | Weight factor

1. small small 1 0.8
2. small medium 0 0.8
3. small big 0 1

4. medium small 1 1

5. medium medium 1 0.6
6. medium big 0 0.8
7. big small 1 1

8. big medium 1 0.8
9. big big 0 0.6
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The exit from the logical system stage is the value of EXT, which is
between 0 and 1. Based on the value of the EXT size, a decision is made on
the extension or interruption of the green phase time (the algorithm in Figure 2).
EXT is obtained by defuzzification, which is the last step of the proposed
methodology. Defuzzification and the fuzzy logical system are implemented in
the program package "MATLAB" 2010, and in its "Toolbox" called "FIS Editor".
The "3D" dependence of the input and output variables is shown in Figure 3.

Figure 3 — ”3D” dependence of the fuzzy logical system variables
Puc. 3 — "3D” 3agucumocmb rnepemMeHHbIX 8 cucmeme ha33u-1o02uku
Cnuka 3 — ,3D” 3agucHocm npoMeHs/bUBUX 8e/lU4UHa ¢ha3u 102u4Koe cucmema

Test example

As a test example, we take a hypothetical "T" intersection with a traffic
flow in each approach having its own phase. The intersection is in full
mode, with one traffic lane at each approach. Detectors are located at a
sufficient distance from the stop line so they can count all vehicles that
make up the queue on the access roads.

At every 2 s, the detector sends the binary information to the stage to
a fuzzy logical controller in the form of O (no new vehicle) or 1 (precisely 1
vehicle appeared). Also, 2 seconds is provided for serving a vehicle (when
it leaves the stop line). By this setting, at every 2 seconds the queue of
vehicles is updated at each of the intersection approaches, whether the
gueue has the green time or is waiting for service.
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Figure 4 shows the test intersections with the layout of flows in all
approaches during the phases. The figure shows a lane traffic flows (veh /
h). All red time between all phases is 2 s, within which the detector sends
the information whether a new vehicle has joined the queue or not.

Fs F> Fa

B C -
==A *

Dl 940 ::-A|\

fc—== 730 1D,

S 08L —IUUI\

Figure 4 — Test intersection
Puc. 4 — Tecm nepekpecmok
Cnuka 4 — Tecm packpcHuya

Based on the optimization, a solution with the minimum value of control
delays is obtained. This solution implies "fixed time" control. At the same
time, the green timing of the phases obtained in this way represents the
maximum green time in "real time" control. The solution gives a cycle value
of 120 s and a green time value of 40 s, 38 s and 36 s, respectively, in
phases. The minimum green time for all phases was adopted at 10 s.

The fuzzy logic controller uses imbalances in the coming of a vehicle
during the cycle. The schedule of vehicles approaching in 10 minutes time is
given in the Appendix. Vehicle arrival is generated in a random way
(Appendix). The solutions offered by the model developed in this paper are
presented in the form: C; glphase, g2phase, g3phase. The following
solutions were obtained: 1) 72; 18, 38, 10. 2) 100; 36, 28, 30. 3) 68; 14, 38,
10. 4) 46; 10, 20, 10. 5) 120; 40, 38, 36. 6) 112; 40, 30, 36. In the last, seventh
cycle, phase 3 was not tested because the analysis period, which was 10
minutes, expired. The time for phase 1 and 2 was obtained from 40 s and 10
s, respectively, while the interrupted phase 3 was 28 s. In this case, it can be
concluded that the incomplete cycle was 82 s, with the cycle lost time of 4 s.
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Simulation

In order to test the performance of the generated solutions, a simulation
model has been developed to calculate the control delay of the vehicle. The
basic geometric model on which the calculation of control delay of vehicles
is based, given by (Akgelik, 1980) and the model assumes that the arrival of
the vehicle during the cycle is constant. Within the framework of the
developed simulation, in this paper, vehicle flows vary from phase to phase,
which reflects the real situation at the intersection more closely.

In this case, vehicles are served within three phases, with the initial
queues of unserved vehicles from the previous cycle. The total control
delays during the k-cycle are obtained by calculating the surface of the
highlighted parts in Figure 5. The total control delays per cycle are divided
by vehicle flows (A, B and C of Figure 4). In the further test, the equations
will be given only for the flow of the vehicle A, while the control delay for
flows B and C are calculated analogously to that.

F1 F2 F3
qes
Flow C o 7 ;CE lo(k+1)
e g b ?2‘35 e 7
.87/ Pcs
Ic DCI% : = )
7 :
CAt Car ~ CAL
—r Qs
Flow B qu /ISBE 1B(k+1)
/1233 i 7 Dps
Q1 g / Dg, L) 3
1. G D D
/ Be5'B 3
B Dg, 1
______________________________ qu |
Flow A g2 §WW -
P B D o ) Fae Bl D)
Qa1 5L S Y s
I D'an “ane D'an
la )
& Ay g2 Ap g3 Ag

Figure 5 — The calculation of the control delays during the kth cycle
Puc. 5 — Pacyem nomepb 8peMeHU 8 mevyeHue ,K*“ yukna
Cniuka 5 — lNpopayyH 8peMeHCKUX 2ybumaka moKoM K-moe YuKriyca
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The control delays for phases 1, 2, and 3, during the k cycle, are
denoted by Da; (k), Da2 (k) and D3 (k), respectively. They are counted as
follows:

D,u(K) = (1,0 +15,(0) 9,40
0,00 =+ (00 +1,(0)- 0,00
D,0(K) = 1-(1200 +12,60)- 9,0

where we denoted: I/, (k) — number of vehicles in the flow A at the
beginning of the kth cycle, g, (k); g2 (k); 95 (k) — green time for phases 1, 2
and 3 in the kth cycle. The number of vehicles in the flow A at the end of
phases 1, 2 and 3 in the kth cycle: /"4 (k); Fae (k) | Pae (k) is calculated in
the following way:

e (K) =14 (K) + 0 - 9, (K) — 9, (K) - S
12,(K) =12 (K) + ;- 9, (K)

lae (K) = 13(K) + Q3 - 95 (K)

In the proposed simulation, we consider the case when s is constant
and equal to 2 for each vehicle approach. Calibration of the model is
possible also for different values of s in different approaches.

After completing one phase, the model does not switch to the next
one immediately, but there is also the protection time At. Within this time,
the detector can register a new vehicle. Accordingly, the following binary
variable is introduced:

1 if at the end of the phase F detector
o =1 register thevehicle in the time At,
0 othervise.

The numbers of the vehicles in the approach A at the beginning of the
phases 2 and 3 in the kth cycle 4 (k) and P4 (k), and the number of
unserved vehicles during the kth cycle (represent the initial queue at the
beginning of the k+7-st cycle): I, (k+1) are calculated in the following
manner:

(k) =1 (k) + &
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17 (K) =15 (k) + ¢
Lok +1) =15, (K) + ¢

The control delays for the approach A during the protected time At:
D'an (k); D?ane (k) | D’ane (k), for phases 1, 2 and 3, respectively, are
obtained from the next calculations:

DL (k) = =+ (1, (k) +12(k))- A,

2
D2, (k) = (12, + () A,

D, (00 = 1 (1,00 +1,(k +D)-a,

In this case, the time At is 2s for all phases. This value is constant
throughout the entire simulation. In other words, the At times are the same
during all k cycles.

Denote by D, (k) control delays for approach A during the kth cycle.
Then, we finally obtain:

Da (k) = Day (k) + Das (k) + Das (k) + D" ant (k) + D?ant (K) + Dast (k).

Results

For the data presented at the beginning of the fourth chapter, control
delays of vehicles are generated in the case of fixed-time control (FTC)
and also for the fuzzy logical time controller (FLTC). The values for 10
minutes of simulation are shown in Figure 6.

After 10 minutes of simulation, the control delays of vehicles in the
case of FTC control were 66 853 s, while in the case of FLTC control they
were 58 468 s. Fuzzy logic gave better results for 8 385 s, or 12.54%.

If with CVD (s) we denote the control delays generated during the
simulation, and with Q;, Q> and Q3, the total number of vehicles per phase
(data given in Figure 4), the average control delays of the vehicle (ACVD
(s / veh) ), during the simulation, are obtained as follows:

6-CVD

ACVD=————
Q+Q, +Q,
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Accordingly, the average control delays of the vehicles in the case of
FTC control were 164 s / veh, while in the case of FLTC they were 143 s /
veh. Fuzzy logic gave better results for 21 s / veh.

= 70000
=
o
2
> FIC
= 60000 -
8
=
g
S 50000 - FLTC
2
=
-]
=
= 40000
30000
20000
10000
0 T T T T T 1
100 200 300 400 500 600
Time (s)

Figure 6 — The simulation results
Puc. 6 — Pe3ynbmambi MOOe1upo8aHusi
Cniuka 6 — Pe3ynmamu cumynauuje

Conclusion

In this paper, the fuzzy logical model of the Sugeno type for
controlling an isolated oversaturated intersection in real time has been
developed. The intersection is oversaturated, so there are unserved
queues of vehicles at the end of the cycle in all approaches (fully
oversaturated intersection).

For an intersection characterized by such oversaturation, it is
recommended that it should be controlled using a fixed-time strategy and
fixed green-time in all phases. If it were controlled by the classic detector
strategy, the same values of cycles and green times would be obtained, as
well as in the case of fixed-time control.

Using the unevenness of the vehicle arrivals, the fuzzy logical
controller developed in this paper succeeds in generating different cycle
and green time values in phases. Control delays, tested on a numerical
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example, are less than 12.54% for the fuzzy logic control compared to
fixed time control. Control delays are calculated during a ten-minute
simulation, which is specially developed for the purpose of this paper.

The directions of future research could go towards the application of
the proposed model to the coordinated work of traffic signals, both for
linear and zonal coordination. Also, consideration could be given to
improving the results by optimizing the membership functions of the fuzzy
logical system or the fuzzy rules.
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Appendix: The vehicles’ approaches
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YIMPABJIEHUNE N3OJTMPOBAHHLIM 3AIPY>XEHHbLIM
NMEPEKPECTKOM B PEAJIbHOM BPEMEHW.
METO[ ®A33N-NTOIMMKA.

Anekcarndp [1. Mosarosuy, Kamapura C. Kyknu

@ BoiclLasi npoeccmoHanbHas nHxeHepHas Lkona TexHukym TaypyHyM,
3emyH, Pecnybnuka Cepbusa

o Benrpaackuii yHusepcuteT, akynbTeT TpaHcnopTa u nyTen coobLyeHus, r.
Benrpag, Pecnybnuka Cepbus

OBJIACTb: maTematuka, nHpopmaTtuka, JOPOXHOE ABMKEHNE
BWO CTATbW: opurmHanbHasa HayyYHas ctaTbsl
A3bIK CTATBW: aHrnunckmn

Pe3some:

B daHHOU pabome paccmampusaemcsi npobnema  yrpaereHus
€8emoghopoM Ha U30JIUPOBaHHOM MEPEKPECMIKE 8 peaslbHOM epemeHu. B
cmambe rnpedcmasrieHa paspabomaHHasi Ha OCHOBaHUU ¢ba33u-rlo2uKu
Mamemamudeckasi MOO€slb, KOMOPY MOXHO  UCIMOb308amb 8
Mo0obHbIX cumyayusix. JaHHasi MoOernb crieyuarnbHO paspabomaHa Orns
peaynuposaHusi  repekpecmka C  3a2PyXKEHHbIM  MPaHCrIoPMHbLIM
romokom. PaspabomarHbili Memod cpasHugaemcsi C yrpasrieHuem
3a2pyXKeHHbIM NepPeKPecmMKoM MemodoM «GDUKCUPOBAHHO20 8pPEMEHU.
Memod «gbukcuposaHHO20 8pemMeHU» nodpalymesaem yrpaereHue Ha
OCHogaHuu 6a3bl 0aHHbIX O mMPaHCIoOPMHOM romoke. B crydasix
3agpy)KeHHOCMU repeKkpecmKka, O KOmopbix udem peyb 8 OaHHOU
cmamee, NPUMEHSemcss Memo0 «peanbHO20 8PeMEeHU», KOmopbIl Mo
pesynbmamam He ycmynaem mMemooly «OUKCUPOBAHHO20 BpPeMEeHU»
ynpaeneHus. @yHKUUsI cpasHUMesbHbIX Kpumepues rpedcmasnsem
CYMMapHyt0 Omep0  B8PEMEHU B8CeX MPaHCOpPMHbIX cpedcms,
rpoeKarowjux MepekpecmoK 8 mevyeHue npoeedeHuUsi aHanusa.
MemoOdbl 6biniu  ucribimaHbl Ha rnepekpecmke «T», pe3ynbmamesl
mecmupoeaHUs rokKasasu, Ymo MoOesib, OCHOBaHHas Ha ¢ha33u-rio2uKe
Oana peweHuUss C MEeHbWUMU 3HaYyeHusiMu Kpumepues byHKUUl 8
aHarusupyeMoM [POMEXYMKEe 6PEeMEeHU, M0 CPasHEeHUK C PoYuMU
memodamul.

Krnroyesblie crioga: u30/1UpO8aHHbIl MEPEKPECMOK CO C8emoghopom,
3a2py’KeHHbIl mpaHCropmHbIl MOMoK, (has3u-yio2uka, yrnpaeneHue
pearnbHOM 8peMeHU, Momepu 8peMeHU MpPaHCropMmMHbIX cpedcms.

880



YIMPABJbAHE N30OJIOBAHOM NPESACUHEHOM PACKPCHULIOM
Y PEAJTHOM BPEMEHY (MPUCTY ®A3W JTIOT'MKOM)

Anekcardap [. JoBaHoBuh, KamapuHa C. Kykuh

@ Bucoka UHXeH-epcKa LLKomna CTPYKOBHUX CTyaunja TexHukym TaypyHym,
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OBNACT: maTematuka, MHpopmMmaTuka, caobpahaj

BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak
JE3VK YJTAHKA: eHrnecku

Caxemak:

Y pady je pasmampaH npobnem ynpae/baka  U30/108aHOM
cemMaghopucaHoOM pPacKpCHUUOM y pearHoM epemeHy. PassujeH je
Mamemamu4ku Molesnl 3a pelwiasare rpedmemHoe npobrema Koju je
6asupaH Ha gbasu nozauyu. Modern ce 0OHOcU caMo Ha PackKpCHUUY Kojy
Kapakmepuwy npe3acuheHu caobpahajHu mokosu. lNpucmyn pewasary
rnpedmemHoz rpobriema ropeheH je ca fihed time” ynpaerbamem
ripe3acuheHom packpcHuyom. “Fihed time” noOpa3ymesa yrnpaerbare Ha
ocHosy rnodamaka o caobpahajHum mokosuma. Y criyqajy npesacuheHe
packKpcHUUe KracHu4aH npucmyn ynpae/barba y pPearHOM 6PeMeEHY
(,actuated time control’) Oaje ucma pewera Kao u ,puxed mume”
ynpaerpare. Kpumepujymcka @yHKuuja 3a rnopeheme pewera
npedcmaesrba yKyrnHe 6peMeHCKe aybumke ceux eosurna Koja npohy
packpcHuyom y odpeheHom nepuody aHanu3se. [pucmynu cy mecmupaHu
Ha , T” packpcHuyu, ede je Moden 3acHosaH Ha ¢hasu Jfio2uyu 2eHepucao
pewerba ca MaH-0M 8pedHowhy Kpumepujymcke chyHKUuje y oOHoCy Ha
ocmarie fipucmyrie, y o0peheHom rnepuody aHanuse.

KrbyyHe peuyu: u3onosaHa cueHanucaHa packpcHuua, npesacuheHu
caobpahajHu mokosu, ¢asu JioguKka, ynpaerbakbe y peasHoM
8peMeHy, 8PeMEHCKU 2ybuyu 8o3ursa.
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Abstract:

Due to the effects of excitations of road micro-roughness and the
powertrain as well as due to the conditions of movement (acceleration,
braking, curvilinear movement), the weights of commercial vehicles
perform complex spatial oscillations. The negative impact of these
movements or dynamic loads caused by them and transmitted fo the
supporting system of the vehicle can be reduced by a proper selection of
the position and characteristics of the powertrain mounts. Elastic and
damping forces in mounts perform mechanical work that turns into heat
energy. Theoretical, experimental and combined methods can be used for
the analysis of thermal loads of mounts. In this paper, research was
carried out with theoretical methods using a mechanical model of the
powertrain. Vibrations were observed on a freight vehicle powertrain of
FAP 1314 middle-class vehicles. Bearing in mind the presence of classical
(rubbermetal) and hydraulic mounts in modern commercial vehicles, the
authors analysed the thermal loads of the mentioned vehicle type using a
mathematical model.

Key words: excitation, commercial vehicles, mounts, modeling,
powertrain, heat.
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Introduction

The powertrain vibrations are transmitted over the mounts to the
vehicle frame, while noise is transferred to the vehicle frame (structural)
through the environment (air) as well. In order to reduce this effect to a sa-
tisfactory measure, the powertrain is elastically bound to the vehicle carrier
system. At the same time, this system absorbs vibration excitations which
are transferred to the powertrain from the road surface through the vehicle
suspension system. Due to the kinetic energy of the powertrain resulting
from vibrations, mechanical work is converted to heat in the mounts
(Mitschke & Wallentowitz, 2004).

In practice, the characteristics of the powertrain system are chosen
from the conditions of minimizing noise and vibration. The task can be
solved using analytical (theoretical) methods, using mathematical models,
or experimentally. The progress of computer technology has contributed to
greater application of mathematical models, while experimental methods,
due to high costs, are rarely used. In doing so, the thermal loads which
powertrain mounts are exposed to are usually ignored, which, in cases of
poorly solved heat removal, can cause distortion of mount characteristics.
Therefore, it is considered appropriate to analyze their thermal loads.

Research has shown that mechanical work due to powertrain vibrations
turns into heat energy that is transmitted, in a wider sense, to the
environment (Boji¢, 2011), (lli¢ et al, 1996), (Moran, 2010), (Fermi, 2011),
(Demi¢ & Diligenski, 2016), (Mitschke & Wallentowitz, 2004):

A=Q +Q, +Q,, (1)
where A is a mechanical operation (equivalent to the amount of heat), J; Q
part of the heat surrendering to the mount body, J; Q part of the heat
surrendering to the fluid (for hydraulic mounts), J; and Q, part of the heat
surrendering to the environment, J.

The work of elastic and damping forces in mounts is important for the
analysis of heat loads, and it can be measured and experimentally measu-
red (Mitschke & Wallentowitz, 2004) with more difficulty. Due to the distri-
bution of heat inside the mount, as well as around it, the problem becomes
significantly more complex.

It is noted that most of the heat is transferred by convection (the
phenomenon that occurs when the fluid convection material exchanges
heat within itself). A slightly smaller part of the heat is transferred by
conduction (molecules of solids that vibrate at a higher temperature vibrate
more rapidly over the equilibrium position and in collision with molecules
having a lower temperature cause an energy impulse that accelerates the
vibrations of these molecules and increases the temperature) and radiation
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(occurs between any two objects at different temperatures, whether vacu-
um is between them or not) (Boji¢, 2011), (Mitschke & Wallentowitz, 2004).

Converting mechanical work into heat largely depends on the
construction of mounts. Therefore, during the design of the powertrain
system, consideration should be given to creating the conditions for the
good transfer of heat to the environment. It should be noted that the aim of
this paper is not to investigate the transfer of heat to the environment from
powertrain mounts, but to determine the amount of heat generated by
vibrations in mounts.

As it is known, classic mounts consist of rubber-metal elements, with a
dampening of the hysteresis of the tire, while hydraulic mounts have
additional damping due to oil which they contain. Bearing in mind the presence
of classical (rubber-metal) and hydraulic mounts in modern freight vehicles, the
authors analysed the thermal loads of a FAP 1314 vehicle.

Motor vehicles represent complex oscillation systems with a large number of
masses of interconnected elasto-damping elements, of most often non-linear
characteristics. When traveling on uneven roads, the exitations from road
roughness are transferred through the wheels and the elastic suspension system
to the frame and further on to the powertrain (through the powertrain suspension
system). In addition, the drive unit additionally oscillates the movable mass of the
vehicle. The negative impact of vibrations on the characteristics of motor vehicles
can be reduced by a correct selection of the position and characteristics of the
elastodamping elements. This can be done using theoretical-experimental, theo-
retical or experimental methods (Frolov & Furman, 1990).

In the literature (Demi¢, 1990), (Demié, 1997a), (Demi¢, 1997b),
(Demic¢, 2002), (Demic, 2013), (Simi¢, 1988), (Simi¢ & Demic¢, 1992), (Ben-
dat, 1998), (Igami et al, 2008), (Genta, 2003), (Shanguan et al, 2016) there
are a number of mathematical-experimental methods for modeling the beha-
vior of the powertrain. In this paper, a freight vehicle from the FAP 1314 pro-
duction program, (whose scheme of the suspension of the powertrain is
shown in Figure 1) was observed and the modeling process was applied ba-
sed on the principles of classical mechanics (Atkins, 2010), (Pars, 1981).

The aim of the research is to begin theoretical analyzes of the
problem of thermal loads of powertrain mounts, and the verification of the
obtained results will be performed at a later stage in experimental
research. It is expected that the results obtained will be used in designing
new vehicles from the FAP production program.

Model of a powertrain

Depending on the task being worked out, various mechanical models
of powertrains and vehicles can be found. From (Demi¢, 1990), (Demig¢,
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1997), (Rotenberg, 1972), (Genta, 2003), (Gillespie, 1992), (Miliken & Milliken,
1995), (Simi¢ & Demic¢, 1992), (Kennings et al, 2014), (Shanguanet al, 2016), it is
known that during the analysis of the problem of transferring dynamic loads from
the powertrain to the frame (chassis) of the vehicle, the oscillations of the cabin
and the carriage compartment can be ignored. More precisely, the analysis inclu-
des only the oscillatory movements of the powertrain of the vehicle and the
corresponding exitations from the vehicle frame.

The structure of the vehicle model and the powertrain should
therefore be chosen to enable the analysis of the desired parameters. This
indicates the need to use as simple mathematical models as possible,
because due to the absence of precise inertial and geometric parameters
of the powertrain and the vehicle itself, as well as the characteristics of the
mounts, more complex models can lead to major errors (Demi¢, 1990),
(Frolov & Furman, 1990).

The powertrain, as a rigid body in space, has six degrees of freedom
(three translations and three rotations), so, to describe its movement, it is
necessary to use six independent generalized coordinates (Demi¢, 1990),
(Frolov & Furman, 1990), (Genta, 2003), (Pars, 1981), (Gillespie, 1992),
(Milliken & Milliken, 1995). Here are adopted geometric gravity axes for
observing the movement of the powertrains, starting at an equilibrium
position, which will be discussed later. It is worth mentioning that the use of
the geometric gravity axis leads to the need of using centrifugal moments
of inertia, but, for the sake of the ease of analysis, the assumption that
they are also the principal axes of inertia is introduced. The powertrain
performs spatial vibrations under the action of excitations it receives from
the frame (originating from the road roughness, vibrations of the frame as
an elastic system, inertial forces of braking, inertial force of acceleration,
centrifugal forces in curvilinear movement and Coriolis forces due to the
complex movement of the vehicle), as well as from the inertial forces and
torque of the engine and the rotating masses.

Six generalized coordinates should be introduced to describe the
spatial movement of the powertrain: three translations and three rotations
(Demi¢, 1990), (Frolov & Furman, 1990), (Genta, 2003), (Pars, 1981),
(Gillespie, 1992), (Milliken & Milliken, 1995). Two coordinate systems will
be adopted (Demic¢, 1990), Figure 2:

* immobile (OXYZ), with the origin at the center of gravity of the
powertrain (defined in relation to its equilibrium position). The axes of
this system coincide with the geometric axes of the powertrain
symmetry (it is at the same time the global coordinate system),

« movable (C<&n¢ ), which is firmly attached to the powertrain and
rotates with it. The transformation of the coordinate system from
(Cénd) to (OXYZ) and vice versa can be made using three
independent angles (Euler angles - which lead to coupled differential
equations), or angles of rolling, galloping and winding that lead to a
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scattered system of differential equations. Since the model used had
only one angle— the rotation around the X axis for the angle ¢, it was
not necessary to use three angles.

2 4
Lk u
Dlrectl_gg 1 y 3
of movement Z

Figure 1 — Scheme of the powertrain mounts of a freight motor vehicle
Puc. 1 — Cxema onopbi curiogozo npueoda epy308020 agmomoburisi
Cnuka 1 — Lllema ocnatrbarba Mo20HCKe 2pyre rnocMampaHo2 mepemHo2 MOmMOopHOe2 803ura

Direction of
movement

i-th mounts

Figure 2 — Introduced coordinate systems to describe the movement of the powertrain
Puc. 2 — BHedpeHbI cucmemMbl koopduHam 05151 ornucaHusi O8UXeEHUS CU/108020 rpugoda
Cnuka — 2 YeedeHu koopOuHamHu cucmemu 3a orucusar-e Kpemarba rno2oHcKe apyrne

Since the aim of the research is to determine the thermal loads of the
powertrain mounts, it was considered necessary to analyze only the bouncing
and rolling of the powertrain, and in this case the translatory movement of the
powertrain gravity center in space is defined by the coordinate Z and the rota-
tion of the powertrain (as a rigid body ) around the axis &is defined by the rolling
angle o (these generalized coordinates create the conditions to include the ver-
tical exitation from the vehicle frame and the resulting inertial force, as well as
the engine torque into the analysis, while respecting the recommendation to
apply as simple mathematical models as possible). The elastic-viscous forces
perform mechanical work in the mounts (which is converted into heat energy)
due to the relative movement of the powertrain relative to the vehicle frame (de-
formation of the mounts). The adopted mathematical model enables the
analysis of the influence of the powertrain mounts on their thermal loads.
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in — the resulting inertial force of the
piston group

— engine torque

— an attack point of the resulting
inertial force and its coordinates
in relaton to the moving
coordinate system

— the angle of installation of the

E(apbEcp) powertrain (in this case it is 0°)

Me(0,-M,,0)

Fin (-Fi“sin'?’_. 0, F;,cos?)

Figure 3 — Excitation due to inertia force and engine torque
Puc. 3 — Bo3byxdeHue om UHEPUUOHHOU curbi U Kpymsiuje2o MoMeHma 08ueamersi
Cnuka 3 — Mobyde 00 uHepyujanHe cune u 06pmHoe MOMeHmMa Momopa

Bearing in mind the above and using the Newton-Euler principle,
differential equations can be written to describe the observed oscillatory
movements of the powertrain in the form:

M-Zc=>Z7, )

=DM ©)
In the literature (Igami et al, 2008), (Kennings et al, 2014), (Shanguan
et al, 2016), (Simi¢ & Demi¢, 1992) there are a large number of
mathematical models of powertrain mounts, more or less complex. Since
the goal of this paper was to compare the thermal loads of the mounts, it
was considered necessary to simplify the expressions for the
approximation of force in the mounts (for the projections in the direction of
X, Y and Z axes). As far as reactive forces are concerned, they are
opposed to movement.
The forces in elastic mounts are assumed in the form (Demi¢, 1990):

Fci :Cil‘Ai+Ci2’A2+Ci3'A3’ (4)

where ¢, ¢j1, o, and c;3 are the stiffness coefficients, and A is the relative
deformation of the mount.
The viscous forces in the mounts are assumed in the form (Demic,
1990):
2

F.=k, -A+k,-A -sign(A) (®)

where ki, k; are the damping coefficients, the relative deformation speed
of the mount, and sign the corresponding mathematical function.
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The deformation and deformation projections of the powertrain mount
in the Z direction are defined by the terms (Figure 2):

A =2 ~2y-b(p~95): (6)

AZ =Z-Zo-b(p-po). ()

The vibrations of the powertrain also depend on the unbalance of the
engine (torque and inertial forces).

In this particular case, a four-stroke four-cylinder regular diesel engine
with a crankshaft, whose knees were at the same level (angle 180°), was
used. The piston mechanisms present forces (Mihalec et al, 2015), which
are driven by a piston (the forces of gases and the inertial forces of the
piston group), and on the movable bearing of the crankshaft of the
centrifugal and tangential force of the crankshaft. In balancing the inertial
forces of the mass of the piston group (ideally, if the force develops into
the Fourier series), there remain unbalanced inertial forces of the second
and higher orders. It is noted that when there are differences in the
masses of piston groups per cylinders, unbalanced first-order forces occur
(in this case, the case where the masses have been equal to each other).

Assuming that high-order harmonics can be neglected, the
unbalanced inertial force of the observed engine can be expressed in the
form (Frolov & Furman, 1990), (Milliken & Milliken, 1995), (Rotenberg,
1972), (Genta, 2003), (Simi¢, 1988):

|:in:4mr-a)2-/1-6082a)t, (8)

where m, is the reduced mass of the piston group, r is the radius of the
crankshaft knee, o is the angular speed of the engine crankshaft, A is the
ratio of the radius of the crankshaft and the length of the piston engine,
and tis time.

Based on elementary knowledge from the vector theory, statics, and
Figures 2 and 3, the moment from the resulting inertial force defined by
term (8) (Demi¢, 1990) is:

U T
M, =| ac be Ce | 9)
—-F, siny 0 F, cosy
where the expressions in (9) are in accordance with Figure 3.

Centrifugal forces are partially counterbalanced by counter-strategies, or
by other methods, for which readers are referred to (Mahalec et al, 2015).
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The tangential force causes the torque of the engine, which due to its
change has a variable value (unevenness is partially reduced by the
flywheel) (Mahalec et al, 2015).

In the absence of precise data, we assume that the torque that affects
the powertrain can be described by the term (Demi¢, 1990):

M =—M, -i, -i.,(0,95+0,1-rnd), (10)

where M, is the engine torque, and i, is the transmission ratio in the
differential, iy, is the transmission ratio in the transmission, and rnd
random numbers are evenly distributed in the interval [0,1].

The vibrations of the powertrain are also influenced by the vibrations
of the vehicle frame, which are incidental (Demi¢, 1997a), (Demi¢, 1997b),
(Shanguan et al, 2016). Since the complexity of the vehicle spatial model
exceeds the scope of this paper, it was considered appropriate not to use
frame excitations obtained based on a model but to adopt broadband
functions of the exitation in the following form:

exitation = max(rnd — 0.5), (11)

where max = 0.01 m, is work, and rnd has the same meaning as with the
torque of the engine.

The projections of the generalized forces include all the components
of the force and momentum of the corresponding mounts in the direction of
the observed axis (for mounts 1 to 4), the inertial forces and torque
moments of the engine, or the unbalanced inertial forces, as well as the
force of the active suspension which, due to the assumption that it opera-
tes at the powertrain center, has no moment.

Heat loads of the powertrain mounts

Due to the relative movement of the powertrain and the vehicle frame,
work is carried out in the mounts, which is equivalent to the amount of heat
Q (Boji¢, 2011), (lli¢c et al, 1996), (Moran, 2010), (Fermi, 2011), (Demic¢,
2001), (Demi¢, 2013), (Demi¢ & Diligenski, 2016), (Mitschke & Wallento-
witz, 2004). Mechanical work in mounts is defined by the expression
(Mitschke & Wallentowitz, 2004):

Aszm-dzrel =]Fm-'zre.-dt, (12)
0 0
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where F, is the elasto-damping force in the mount, z,,, ,Zre| is the relative

deformation and the deformation rate of the mount (respectively), and t is
the time of deformation.
The mean mechanical strength is given by the expression:

A kb
P:?z?lzm.-dt. (13)
As the effective value of the relative deformation speed of the mount is:
2 T
Zrelef =?.([Zrel dt (14)

then the mean strength can be written in the form;
2
P=K- Zreler ]
It turns into heat, with dominant convection:
P=a-S-Ar, (16)
where P is the power (heat flux), W; ais the coefficient of heat transfer,

W/(m?.°C); S is the convection surface in m% and Az is the temperature

difference between the mounts and the ambient air in °C.
Since « and S are of unknown values and require very complicated
research in order to be defined, they are not discussed in this paper.
Bearing in mind that all four mounts had the same characteristics, we
considered appropriate to carry out an analysis of total heat loads.

(15)

Numerical simulation and analysis of results

From expressions (2-11), it can be established that the differential
equations are non-linear and of second order. Since the Runge-Kutta
method requires them to be reduced to differential equations of the first
order before solving them, they are transformed into this form. In
differential equations 20 parameters were used to describe the
characteristics of the mounts, two inertial parameters, three parameters
describing translatory motion and three parameters describing angular
motion (movement, velocity, acceleration), 12 coordinates of the mounts
and three coordinates of the attack point of the resulting inertial force.
Differential equations were solved using the software that Demi¢, M. had
developed in Pascal. The integration was performed with a time step of
0.0001 s at 524288 points. This enabled a reliable analysis in the range
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0.019-5000 Hz. Obviously, this range is considerably broader than the exi-
tation range of engine motions and the complete powertrain of vehicles.
The integration of differential equations was performed for the case of
classical and hydraulic mounts.

The parameters of the vehicle and its powertrain are given in Table 1, and
the coordinates of the connecting points (mounts) in Table 2 (FAP, 2017).

The mechanical and hydraulic mounts had identical stiffness values in the
direction of the X, Y and Z axes, which were determined in FAP (FAP, 2017),
and shown in Table 3.

Table 1— Typical parameters of FAP1314 and its powertrain
Tabnuua 1— TunuyHble napamempsl ®Al11314 u e2o cunosozo npusoda
Tabena 1 — KapakmepucmuyHu napamempu go3uria ®Al11314 u keaose ro2oHcke epyrne

Maximum engine power, kW 100
Maximum engine speed, min™ 2600
Maximum engine torque, Nm 428
Speed at maximum torque, min”’ 1300
Vehicle mass, kg 12000
Mass of the powertrain, kg 1680
Moments of inertia I,/1,/1,, kgm? 85/35/72
Transmission ratio in the main gearbox, - 3.83
Transmission ratio in direct transmission, - 1

Table 2 — The coordinates of the connection points of mounts
Tabnuua 2 — KoopduHambl mo4yek coeOuHeHUs1 Oropab!
Tabena 2 — KoopduHame 8e3HUX mavaka oc/ioHaya

Position of mounts — a,m b, m c,m
Mount 1 0.5 0.4 0.1
Mount2 0.5 -04 0.1
Mount3 -0.5 04 0.1
Mount4 -0.5 -0.4 0.1

Table 3 — Stiffness of the used conventional and hydraulic mounts

Tabnuya 3 — XKecmkocmb ucrnonb3yemMbix cmaHAapmHbIX U 2uGpasnu4yeckux ornop

Tabena 3 — Kpymocmu KopuwheHUx Kiacu4yHUX u xuopaynudkux oc/ioHaua

cir N/m cio. N/'m? cis, N/m*
X 1200000 250000 60000
Y 1200000 250000 60000
Z 1200000 250000 60000
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In the absence of more precise data, the damping characteristics of the
mounts are approximately defined based on the stiffness of the mounts and
the weight they carry (Genta, 2003), (Simi¢, 1988), and given in Table 4.

Table 4 — Assumed damping characteristics of the mounts
Tabnuua 4 — lNpednonazaembie demnchupyrowue xapakmepucmuku ornopb!
Tabena 4 — lNpemnocmasrbeHe npuaywiHe Kapakmepucmuke ocrioHaua

ki1 (mechanical/hydraulic), Ns/m ki(mechanical/hydraulic), Ns*m?
X 620/62000 1/100
Y 620/62000 1/100
z 620/62000 1/100

For the sake of illustration, the vertical oscillatory exitations of the
powertrain derived from the frame exitations are shown in Figure 4. It is
obvious that the exitations are time-varying and high thermal loads of the
powertrain mounts are to be expected. A similar commentary also applies
when it comes to frame rolling exitations that are not shown here.

0.006 —
0.004 4
0.002
0.000

-0.002

Vertical exitation of frame, m

-0.004

-0.006

[+14] o1 0.2 03 0.4 (18]
Time, s

Figure 4 — lllustration of the vertical excitations of the frame
Puc. 4 — nnrocmpayus eepmukarnbHo20 8030y0eHusi pambl
Cnuka 4 — Uinycmpauuja eepmukarnHux nobyda oksupa

The total heat loads of the four-point system possessing elastic and
damping properties (for all components of force and momentum) are
calculated using expressions (2-15), and the results are shown in Figure 5,
where the values for the heat amount are given in the logarithmic proportions.

By analyzing the numerical data and Figure 5, it can be found that the
mechanical mounts suffer about 49 times less thermal load than the hydra-
ulic ones (for a time period of 52 s, the classical is about 4.85 x 108 J, and
the hydraulic one is 2.37 x 1010 J). This is understandable if one takes
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into account that the hydraulic mount, in addition to the hysteresis in the ti-
re, also has additional movement of the fluid within the mounts. Figure 5
shows that the amount of heat grows over time, and that, if thermal energy
were not conducted from the mounts, they would face distortion of the sha-
pe and characteristics.

—B

1E10

1E9 o

Mechanical work: B-classical, C-hydr., J
g
aal

T T T T 1
0 10 20 0 40 50 &0

Time, s

Figure 5 — Heat amount (mechanical energy) depending on the type of mounts
Puc. 5 — Konuyecmeo menna (MexaHuU4eckolaHepauu) 8 3agucumMocmu om muria ornopbl
Cniuka 5 — lMpomeHa Konu4uHe morsiome (MexaHu4ykoe pada) y OCrIoHyuMa,
3asucHo 00 murna ocrioHaua

350E+009 4

3.00E+009

2 50E+009 -

200E+009

1.50E+009 o

1.00E+009

Heat flux:Hydraulic, W

5.00E+008 <

0.00E+000 ~

Time, s
Figure 6 — The heat flux for hydraulic mounts
Puc. 6 — Tennosol nomok 0r1s1 2udpassiu4ecKuUx ornop

Cnuka 6 — lNpomeHa mornomHoe hrykca Kod xudpayiudkux ocrioHaua

As noted, the heat flux for both types of mounts is calculated, and the
flux for the hydraulic mounts is shown in Figure 6 for illustration. It is
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obvious that it changes stochastically with time, so it is useful to calculate
the effective values for both types of mounts, given in Table 5.

Table 5 — Statistical data on heat flux
Tabnuua 5 — Cmamucmu4yeckue daHHbIE O Mersio8OM MOMOKe
Tabena 5 - Cmamucmuyku nodayu 0 MoriomHoOM ryKcy

Mounts Effective value of heat flux, W
Classic 8.261 10°
Hydraulic 3.639 10°

The analysis of the data in Table 5 indicates that the heat flux is much
higher in hydraulic mounts than in the conventional (rubber-metal) mounts
of the powertrain. This indicates a higher possibility of disrupting the
characteristics of hydraulic mounts than those of conventional ones. That
is why they are larger than the classic ones. It points to the fact that such
high values are the product of rigorous exitations from the vehicle frame
used in the simulation. In practice, they are significantly lower and so are
the actual heat loads of the powertrain mounts. However, the research
carried out aimed to determine the ratio of the thermal loads of classic and
hydraulic mounts, with the help of models, so the results can be adopted
as orientational, which is acceptable in the freight vehicle design phase. It
should be noted that the amplitudes of vibrations of the powertrains in the
case of hydraulic mounts are significantly lower than in the case of
conventional mounts (Demi¢, 1990), (Simi¢ & Demi¢, 1992), (FAP, 2017).

As the aim of the research was to determine which component of the
exitation (including the exitation forces of the inertial force and the torque
of the engine) had the greatest impact on the thermal loads of the
powertrain mount, it was judged appropriate to clarify this problem further
on. It is known that a dynamic system with multiple input quantities and
one output quantity can be shown as in Figure 7. If there is a connection
between the input quantities, the system must first be decoupled (Bendat
& Piersol, 1993), (Bendat & Piersol, 2010). As the oscillatory model of the
powertrain had 4 oscillatory exitations (2 shifts and two exitations from
resulting inertial forces and the torque of the engine), we will summarize
the theory that enables the analysis of the influence of each individual
exitation on the thermal load of the powertrain mounts,heat fluxin
particular. Figure 8 shows the distribution pattern (Bendat & Piersol, 1993),
(Bendat & Piersol, 2010).
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Powertrain
suspension
system

Zn-h
?’ﬂ"‘

Fin —
—
Me

Figure 7 — Block diag

Q — amount of heat or heat flux,
Z, - vertical exitation from the vehicle frame (x1),

Oy~ exitation from rolling the vehicle frame (x2),

Fin — second-order inertial force (x3),
Me — engine torque (x4)

ram of the suspension system of the powertrain

Puc. 7 — brnok-cxema cucmembl no08ecKU curiogozo aegpeeama

Cnuka 7 — briok-Ouja

%3

epamM cucmema 3a oCliaHbake No20HCKe epyrie

3|

—
%21

1
E)
Xy Xaz
T T
E Zr

Xy

X4z
& e &)

Figure 8 — Decoupling scheme
Puc. 8 — Pasesi3bigarowjasi cxema
Cnuka 8 — lllema pacnpe3ara

Bearing in mind the theory from (Demi¢, 1990), (Bendat & Piersol,
1993), (Bendat & Piersol, 2010) and Figure 8, it can be written (all
quantities are given in the complex plane-Fourier or Laplace

transformation):
Xy =X
Xoq :Xl_L:lZ "X
(17)
X321 :Xs_l-13'X1_L23'X241!’
Xpgr =Xy — L1-4 X - |2-1-X2.4! - L3.4 Ky

where x4, X, X3, X4 are the

input quantities,

Xo110 X301 X3 -S€CONd conditional input with the eliminated influence of

the first input; the third co

nditional input with the elimination effect of the
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first and second conditional inputs; the fourth conditional input with the
elimination of the influence of the first and the conditional second and the
third conditional inputs, respectively.

The transfer functions between the input ports can be displayed as
follows:

X X X
L12:_2 |-13:_3 |-14:_41
X X X (18)

X2-1! X2-1!

where Lip, L3, Ly, Ly, Lyy are the corresponding transfer functions
between the conditional input quantities.

Note that portable functions indicate how much the output quantity is
increased or decreased in relation to the input quantity and how big is the
phase delay between them.

On the basis of expressions (17) and (18), partial coherence functions
can be calculated, and they indicate the coupling between the input and
output signals (Demi¢, 1990), (Bendat, 1998), (Bendat & Piersol, 1993),
(Bendat & Piersol, 2010).

2
Yio(iv l2 = [SiQ(H)!—] y (19)
s Soqi-n!

where Siqi.1y is the cross-spectra (the power cross-spectra is a complex
quantity that represents the boundary value of the mathematical expecta-
tion of the products of the conjugated-complex amplitude of one signal
and the complex amplitude of the second signal — it enables the analysis
of the spectral content of the interdependencies of the two signals) and
Sty and Sqq1y  are the corresponding autospectra (the power auto-
spectrum is a real quantity that makes the limit value of the mathematical
expectation of the products of the conjugated-complex and complex am-
plitude of the observed signal- it enables the analysis of the spectral con-
tent of a single signal). The function of ordinary coherence shows
whether there is a connection between the input and output quantities of
the system, and the partial coherence functions are used to analyze the
interconnections of the input and output quantities in the case when there
is a connection between the input quantities (Demi¢, 2001), (Bendat &
Piersol, 1993), (Bendat & Piersol, 2010).

xx(i-1)!
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Figure 9 — Partial coherence functions for hydraulic mounts: B-vertical excitation from the
frame, C-excitation from the rolling of the frame with excluded influence of the vertical
excitation, D-inertial force with excluded influence of the vertical excitation and rolling of
the vehicle frame and E-motor torque with excluded influence of vertical excitation and
rolling of the vehicle frame and the inertial forces of the engine
Puc. 9 — YacmuyHble ¢hyHKYUU KO2epeHmMHocmu 2udpaesiudeckux ornop:
B-sepmukanbHoe 8036yx0eHue om pambl, C-8036yx0eHuUe om KadyeHusi pambi 6e3
803MOXHOCMU 8MUSIHUST 8epMUKasibHO20 8030yxdeHusi, D-uHepyuoHHas cuna bes
B03MOXXHOCMU BIUSIHUST 8€PMUKaTbHO20 8036YXXOEHUS U KaYeHUs1 pambl
mpaHcropmHozo cpedcmea u E- momenm dsuzamerisi 663 803MOXHOCMU 8ITUSHUS
8epmuKarnibHo20 8036yX0eHUS U Ka4yeHUs1 paMbl MpaHCcropmHoeo cpedcmea
u cust uHepyuu 0suzamernsi
Cnuka 9 — MapyujanHe byHKUUje KoxepeHyu 3a xudpayru4ke ocrioHue: B — eepmukarnHe
rnobyde 00 oksupa, C — nobyda 00 sarbarba 0OK8upa ca UCK/bYYeHUM ymuuajem
sepmukasnHux nobyda, D — uHepyujanHa cuna ca Uck/by4YeHuUM ymuuajem nobyda od
8epmuKasiHuUX U 8asbaHba OK8upa 8o3una u E — MomeHm mMomopa ca UcK/by4YeHUM
ymuuajem sepmukarnHux rnobyda u sarbaqba oksuUpa 80o3ura U UHepuyujariHe cusie Momopa

For a more detailed analysis, the partial coherence functions
(expression 19) are calculated using the programs developed by the
author in Pascal (Demié, 2001). For the illustration purposes, Figure 9
shows the calculated values for hydraulic mounts. The data analysis for
the mechanical hydraulic mounts shown in Figure 9 shows that the
coherent partial functions depend on the frequency and type of exitations.
It is considered appropriate to carry out a more detailed analysis of the
data of the partial coherence functions. In that sense, the minimum and
maximum values of the coherent partial functions are calculated and given
in Tables 6 and 7.
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Table 6 — Minimum and maximum values of the partial coherence functions for mechanical mounts
Tabrnuya 6 —MuHUMarnbHbIe U MaKcuMaribHble 3HaYEHUSI napuuarnbHbIX ¢hyHKUUL
Ko2epeHmHocmu 0711 MexXaHUHYECKUX Orop
Tabena 6 — MuHuMariHe u MakcumasiHe peOHOCMU rapuujariHux gyHKUUja KOXepeHUU 3a

MexaHUYKe OC/IOHUe

min max
B 0.308 0.843
C 0.230 0.869
D 0.661 1.000
E 0.541 0.956

Table 7 — Minimum and maximum values of the partial coherence functions for hydraulic mounts
Tabnuya 7 — MuHuMarnbsHbie U MakcuMalsibHble 3Ha4yeHus napyuasnbHbiX hyHKUUU
Ko2epeHmHocmu Or1s 2u0pasiu4ecKux ornop
Tabena 7 — MuHumarnHe u MakcumasiHe epedHocmu napyujanHux yHKUuUja KoXepeHuu
3a xudpayrnu4ke oclioHye

min max
B 0.252 0.741
C 0.216 0.897
D 0.721 1.000
E 0.600 0.839

The analysis of the data from the given tables shows that the type of mo-
unts has an effect on the partial coherence functions, and that their values are
in the interval of 0.216 to 1, indicating that there is a connection between the
input quantities (the exitation from the vehicle frame and the resulting inertial
force and the engine torque) and heat flux (Bendat & Piersol, 1993), (Bendat
& Piersol, 2010). The resulting inertial force and the engine torque have a gre-
ater impact on the thermal loads of the powertrain mounts.

The realized research was aimed at determining the relation between
the thermal loads of the classical (rubber-metal) mounts and hydraulic mo-
unts, with the help of a model, so that the obtained results can be adopted
as a guide, which is necessary during the design phase of the conceptual
design of a freight motor vehicle. It should be noted that hydraulic mounts
have significantly better powertrain vibration damping parameters than the
classical ones (Demic, 1990), (Simi¢ & Demic, 1992).

Conclusion

Based on the research carried out, it can be concluded that with the
help of mechanical models, the influence of the characteristics of the
powertrain mounts on their thermal loads can be analyzed. The analyzes
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have shown that hydraulic mounts are more thermally loaded than the
conventional ones. Due to their heat loads and a complex construction, it
is understandable why they are more rarely applied in freight motor
vehicles. In order to verify the results,experimental research should also
be carried out.
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MPUNOXXEHWE K MCCNEQOBAHUIO TEMJIOBOW
HAIPY3KMOMOPBLI CMNNOBOIO NMPMBOMOA NrPY30BOIO
ABTOMOBUITA

Mupocnae [J. Qemny, HcHa [0. Tnuwosmy

YHuepcuTeT B r. Kparyesau, VIHXeHepHbIN dakynbTeT,

[enaptameHT aBTOTpaHCNOPTHLIX CPeACcTB 1 ABuratenen, r. Kparyesald,
Pecny6nuka Cepbus
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OBNACTb: MalMHOCTpOeHNe, aBToOMOOMNM 1 asuraTenm
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnunckmn

Pe3some:

lMod  delicmeuem  8030yKOeHUU,  BOSHUKAIOWUX 8  pe3yribmame
MUKpowiepoxogamocmu 0opoe, MpaHCMUCCUU, @ makke ycrioguli 08LMKeHUSsT
(YCKOpeHUE, MOPMOXKEHUE, KPUBOITUHEUHOE OBLDKEHUE), MacChl KOMMEPYECKUX
MPaHCIIOPMHLIX CPEOCIM8 COBEPLLIAKOM CIIOXKHbIE KoriebamersibHbIe O8UXKEHUS.
HeeamueHoe e030elicmeue amux nepeMewieHull, a CoomeemcmeeHHo U
OUHaMUYECKUX Hagpy30K Ha OMOPHYIO CUCIEMY MPaHCIIOPMHO20 chedcmea,
MOoXem Obimb CHLKEHO MpU COOmMeemcmeyroueM 6bIbope MoSoKeHUsT U
XapaKmepuCmUK Oropbl CUo8o20 agpeeama. Kak rokasbieaem npakmuka,
Mpu coariaco8aHuU XapakmepucmuK Oropbl CUI08020 npusoda Haue 8cez0
ydUmbIBatomcs makue GbaKmopbl, Kak MUHUMaIbHBIO WyM U eubpayuu
mpaHCropmHoe2o cpedcmea, 8 Mo 8peMsi KaK rpobrieme meriosbix Hagpy30K,
KOmMOopbIM  OHU  11008EP2atomcesi  npu  aKcriyamauuu,  Mpakmu4yecku  He
yoernsemcsi HUKaKo2o 8HUMaHUs. Heobxodumo yyumbigams mom ¢hakm, 4mo
M0BbILUEHHBIE MErTIoBble HagpPy3KU HEeU3bexXHO rpueodsim K MOSPEXOEHUIo
oropb! U yXyOWeHUto ee xapakmepucmuk. CrieQyem ommemums, 4mo Cusibl
Yrpy20-0eMrighepHbIX Oriop BbIrONHSIFOM MeXaHUYeCKyro pabomy, npeobpasysi
MEXaHUYECKYIO SHEP2UIO 8 METTIOBYr0. AHaU3 MEriosbIX Hagpy30K Ha Oropb!
MOxem Bbimb 8bIMOHEH C MOMOUWBIO MEOPEMUYECKUX, SKCIEPUMEHMA TbHBIX
U KOMOUHUpOBaHHbIX Memodos. B Hacmosiuel pabome rnpedcmassieHbl
pe3yrnbmams! Ucciie008aHusl, MOSTyYEHHbIE Ha OCHOBaHUU MEOPEmUYECKUX
mMemodo8 U YrpoueHHOU MexaHuYeckol modesiu mpaHcmuccud. B xode
uccriedogaHusi  UCrbimaHbl — eubpayuu  curiogo2o  npusoda  2py308020
asmomoburia cpedHezo Kriacca rpoussodcmeeHHol nuHetku @Al 1314. C
Y4EMOM IMO20, YMO COBPEMEHHbIE 2pYy308ble asmoMObUIU OCHaLUEHb! Kak
CmMaHOaPMHbIMU  MeXaHUYECKUMU, maK U eudpaeruqeckumu oropamu Obin
rpoeedeH aHaru3 Mmerviogol Hagpy3ku C MOMOWbLI MameMamu4ecko2o
MOOesIUpPOBaHUS, MPUMEHSIEMO20 8 060UX Criydasix. MiccriedogaHusi rnpogedeHb|
C uerblo ornpedesieHuUsi COOMHOLIEHUST Meryiogoll Hagpy3Ku CmaHOapmHbIX
MEXaHUYECKUX U 2UOpasIUYecKUux Orop C MOMOWbI0 MamemMamuYecKux
modesieli, makum 06pasoM, MOsTydeHHbIE PE3yrbmambl MOo2ym CYUmamiCsl
OpUEHMUPOBOYHLIMU, 4YMO  SIBISIEMCST  8aXKHbIM  (haKImopoM Ha  amarie
MPOEKMUPOBaHUST KOMMEPYECKO20 asmompaHCIiopmHo20 cpedcmea. AHarus
roKasasi, Ymo Ko/u4ecmeo mervia, ebipabambieaeMoz0 rpu MPUMEHEHUU
2udpaeruYeCcKUX Oriop, 3HaYUMEsIbHO 8bille, YeM 8 Crlydae IPUMEHEHUST
cmaHOapPMHbIX MexaHU4YecKux oriop. Kpome moeo, pacyem napuuaribHbIX
QOYHKUULI KO2EpeHMHOCMU meryiogoeo Momoka roKasas, Ymo UX 3HayYeHUst
Haxo0amcs 6 OQuarnasoHe om 0216 do 1, 4mo ykasbleaem Ha
83aUMO3a8UCUMOCTIb MEXOY 8XOOHBIMU 3HaYeHUSIMU U MErIo8bIM MOMOKOM.
Kpome moeo, OokazaHO, 4mO UHEPUUOHHasT cuna U Kpymsiyut MoMeHm
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OKasblearom boribliee rlusIHUE Ha MENTiosyro Hagpy3Ky CUIMOBbIX agpezsarmos,
YeM subpalioHHoe 8036y K0eHUE paMbl MPAaHCIIOPMHOZ0 cpedcmea.

Kntouesble criosa: 8036yx0eHUE, KOMMEPYECKULU asmompaHcriopm,
ornopbl, ModenuposaHue, cuoeoll Npusod, mernsioma.

MPUNOI NCTPAXMNBAKY TOMNOTHUX ONTEPEREHA
OCJOHALIA TTOIrOHCKE I'PYTE TEPETHOIr MOTOPHOI BO3WIA

Mupocnae 0. Oemuh, JacHa [. muwosumh
YHuBepautet y Kparyjesuy, ®akynteT nHxewepckux Hayka, Kategpa 3a
MOTOpHa Bo3una u motope, Kparyjerau, Penybnuka Cpbuja

OBJIACT: mawmnHCTBO, MOTOPHa BO3WMa 1 MOTOpH
BPCTAUJIAHKA: opyrmHanHun Hay4yHV YnaHak
JE3VKUYJTAHKA: eHrneckn

Caxemak:

lMod dejcmeom robyda 00 MUKpPOHepasHUHa rymeea, NMo20HCKe epyrie,
Kao u 00 ycrioea Kpemarba (ybp3asaH-e, KOYeHse, KPUBOUHUJCKO
Kpemare) Mace mepemHux eo3usia epuwie CrioKeHa [pOoCmopHa
ocyunamopHa kpemarba. HezamusaH ymuuaj mux kpemarsa, 0OHOCHO
OuHamuykux onmepehera Koje oHa u3a3ueajy u npeHoce Ha Hocehu
cucmeM 803uria, MOXe ce CMarUumu rpasusiHumM u3bopom rosoxaja u
Kapakmepucmuka OCcrioHaua rogoHCKe epyrie.

Y npakcu ce ycaenaluagarbe KapakmepucmuKka ocrioHaua ro2oHCKe apyrie,
Haj4ewhe, epwiu U3 ycriosa MuHUMariHe byke u subpavuja eosusa, npu Yemy
ce, yenasHoM, 3aHemMapyjy moriomHa onmepeherba Kojuma cy OHU U3STOXKEHU
y eKcrrioamauuju, a 3Ha ce 0a oHa HEMUHOBHO 00800e 00 owimehersa camux
ocrioHaya U Hapywiaeakha HUX08UX Kapakmepucmuka.

Tpeba HarnomeHymu Oa efiacmo-fipugyuwHe curne y OC/IoHUuuMa epuie
MexaHU4YKU pad Koju ce npemeapa y morniaomHy eHepeujy. AHanu3a mo-
nnomHux onmepehera ocrioHaua Moxe ce spwumu Kopuwherem meo-
PemcKuX, ekcriepuMeHmarnHux u KombuHosaHux memoda. Y oeom pady
ucmpauearba Cy epuieHa rnpuUMeHOM meopujckux memoda y3 Kopuwhe-
He yrnpowheHoe MexaHu4ko2 Modesia no2oHcke epyne. [Npu mome cy rno-
cMampaHe eubpayuje Mo2OHCKe epyre mepemHo2 MOIMOPHO2 8o3uria
cpedre Krace u3 npousgodHoe npospama DAl 1314. Umajyhu y eudy
3acmynybeHOCM KIacu4yHUX (2yMeHO-MemarsiHux) u xudpaysnudkux ocsio-
Haua ro2oHCKe epyre KOO caspeMeHUX mepemHUX MOMmMOpPHUX 803una, y
pady cy usepuwieHe aHanu3e mMorIomHux ornmepeherba MnomeHymoa 6o-
3una, y3 Kopuwhere mamemamudkoz moderna.

PeanusoeaHa ucmparuearba umara cy 3a yusb 0a ce ymepdu 00HOC mo-
nraomHuUx onmepehera KnacuqyHUX u xudpayrnu4ykux ocrioHaua, y3 rnomoh
molena, na ce OobujeHU pesynmamu Mo2y yceojumu  Kao
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opujeHmMayuoHuU, Wmo je HeornxodHo y ¢ha3u uspade udejHoz rpojekma
mepemHo2 MOmMOopHoe 8o3urna. AHanu3sa je nokasarna 0a je pasgujeHa Ko-
nuquHa moriome Ko0 xudpayruykux ocrioHaua euwecmpyko eeha Heeo
y criyyajy Kopuwhera Kracu4HUX ocrioHaua.

lNoped moea, uspadyHame napyujanHe byHKUUje KOXepeHyu moriom-
Hoz briykca cy rokasane 0a cy muxose epedHocmu y uHmepesary 0,216
0o 1, wmo yka3syje Ha mo da riocmoju eesa uamel}y ynasHux eenuquHa u
mornnom+oe ¢hriykca. lpu mome, gehu ymuuaj Ha moraomHa onmepe-
hersa ocrioHaua rMo2oHCKe gpyre umajy uHepuujanHa cumna u o6pmHu Mo-
MeHm Momopa Heao ocyunamopHe nobyde okeupa eo3ura.

KmmyuyHe  peyu: nobyda, KoMmepyujarHa  eo3usia,  OC/IOHUU,
Modenuparse, No2oHcKa epyna, mornsaoma.
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Summary:

Possible loads on a multiple rocket launcher have been systemized and
analyzed. Based on the analysis of loads, a mathematical-mechanical
model has been made to describe the stability of a MLR hit by a high
explosive-fragmentation projectile (HE-FRAG) in a close range. The
results give the dependency of the launcher stability on explosion
proximity, its typeand the explosive charge mass. The stability limit is
determined by the force that can turn over the laucher and compromise
the stability of projectiles inside. To simplify the given model, the kinetic
energy is calculated for a projectile fragment that hits the launcher.

Key words: load, explosion effect, surface explosion, above ground
explosion, conditions, critical pressure, critical distance, overturn,
stability, kinetic energy.

Introduction

In order to meet stringent tactical-technical requirements regarding
mobility, efficiency, range, up-to-date targets and stiffness,a multiple laun-
ching rocket system construction needs to be specific in comparison to
other assets of support (Kari, 2007, p.9). Looking at it generally, a multiple
launching rocket system is under the following loads (Milinovi¢, 2002,

Static loads (mechanical):

— the effects of the vehicle weight and the launcher type.

Thermic loads:

— the effects from the combustion products during the launch on the
launcher box;
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— the detonation products effects when a projectile explodes in the
vicinity of the launcher.

Dynamic loads:

— dynamic loads during above ground and surface explosions in the
close proximity;

— dynamic loads from the gases during a rocket launch;

— transport loads;

— wind blasts.

From all these loads, the most critical are the dynamic loads during
above ground or surface explosions in the close proximity, so we will only
take this group for a further analysis.

Determining the maximum pressure of the
blast wave on the launcher

As a model for the blast wave pressure, we have accepted a
cylindrical coordinate system with independent variables ¢ and 6 as shown
in Figure1.

dy e

BN dsordy

Figure 1 — Physical model for the directional effect of the blast wave on the launcher
(Lazarevic, 2017, p.11)
Puc. 1 — ®u3suyeckoe so3delicmeue ydapHol eosnHbl Ha PC30 (Lazarevic, 2017, p.11)
Cnuka 1 — @u3auyku moden dejcmesa ydapHoe marnaca Ha naHcep (Lazarevic, 2017, p.11)
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Figure 2 represents the basis of the mechanical-mathematical model
of the stability of the launcher hit by the blast wave from an explosion. The
end result is the maximum pressure of the blast wave during which the
stability of the launcher will not be compromised.

Figure 2 — Balance force of the launcher (Lazarevi¢, 2017, p.20)
Puc. 2 — PasHosecune cun PC30 (Lazarevic, 2017, p.20)
Cniuka 2 — PasHomexxa cuna caMoxoOHoe naHcepa (Lazarevic, 2017, p.20)

D> F,=0,>F =0 >M,=0

P—(T,+T,=0)
fQ+G)=T,+T, (1)
where:
. 25-Ap,° |
P, =Apsingcosd-A =c, - ———————singcosf - A - the

g Ap, + 709205
resulting force caused by the explosion from the left side of the vehicle
onto the side surface of the launcher A;
P, =Ap, - A; - the force of overpressure from the blast wave from
the upper side of the vehicle on the upper surface of the launcher Ag;
f - adherence coefficient of the self propelled launcher when it is static

or when it is on the move.
The average values of the coefficient are given in Table 1.
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Based on the balance (equation 1), it follows (Kari & Milinovi¢, 2008, p.36):

c 25-4p, sinpcosf-A = f-(AP, - A, +G) (2)
“"Ap, +709205° N v

Table 1 — The average values for the adherence cofficient (Simic, 1988, p.104)
Tabnuya 1 — CpedHue 3Ha4YeHus1 KoaghghuyueHma cuyenneHus (Simic, 1988, p.104)
Tabena 1 — lNpoce4yHe spedHocmMu KoeguyujeHma rnpujarbarsa (Simié, 1988, p.104)

B Adherence coefficient
[Types and conditions of the road Dry Wet
Concrete 2 years old 0.74 0.71

5 years old, dirty 0.68 0.64
Asphalt new 0.7-0.8 0.5-0.6

old, dirty - 0.25-0.45
\Woodblocks 0.6-0.8 0.3-0.5
Fired bricks

sand filling 0.7-0.8 0.4-0.5

asphalt filling 0.82-0.89 0.60-0.65
Gravel or macadam 0.6-0.7 0.3-0.5
Slag 0.5-0.6 -
Dirt road 0.50-0.65 0.3-0.4
Lawn25—30%on the wet ground 0.20-0.30 -
Snow powder 0.20-0.40

packed 0.30-0.50
Ice, flat, glazed
(temperature below 0° C) 0.05-0.10

On the basis of the moment equation (2), we get the condition for the
overturning of the launcher onto its side surface during an above ground or
surface explosion (Kari & Milinovi¢, 2008, p.37):

c 25:Ap, sinpcos@- A |-H (AP AG+G)
“"Ap, +709205° s T\ e

B+b

=0 @
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The condition of a critical explosion distance that would impair the
stability of the rocket inside the launch tube from the side is:

25-Ap,’
Ap,, + 709205

The approximate surfaces for the silhouette of the launcher (Figures 3
and 4), are calculatedfor the BM-21 Grad launcher on the basis of the
dimensions given in the tactical-technical characteristics (Jovanci¢, 2014,
pp.80-81). Based on them, the surface on which the overpressure of the
blast wave acts has been determined.

sinpcos@-A —3gT =0 4)

Bl

Figure 3 — The left side surface of the rocket launcher (Lazarevi¢, 2017, p.22)
Puc. 3—- PC30 sud c boky (Lazarevic, 2017, p.22)
Cnuka 3 — lNospwuHa 6o4He cmpaHe naHcepa pakema (Lazarevié, 2017, p.22)

Figure 4 — The surface on the upper side of the rocket launcher (Lazarevic, 2017, p.22)
Puc. 4 — PC30 sud c eepxy (Lazarevic, 2017, p.22)
Cnuka 4 — lNospwuHa 2opH-e cmpaHe naHcepa pakema (Lazarevic, 2017, p.22)

The obtained input data are shown in Table 2.
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Table 2 — Dimensional characteristics of the vehicle (Lazarevic, 2017, p.23)
Tabnuua 2 — PasMmepHbie xapakmepucmuku mpaHcropmHoe2o cpedcmea (Lazarevic, 2017,

p.23
Tabena 2 — [JumeH3uoHe Kapakmepucmuke eo3urna (Lazarevic, 2017, p.23)
Weight of vehicle T 13700 kg
The explosion effect angle (0] 20°+90°
The explosion effect angle 0 -180°+180°

The side surface of the vehicle AL 13.6 m*
The upper surface of the vehicle Ag 16.8 m”
The rear surface of the vehicle A, 10.1 m?
The height of the action of the pressure center H, 1.58 m

Vehicle center height ht 1.2m

Vehicle width B 2m
Tire width b 0.3m

Since this is a squared equation, there are two solutions, out of which
one is negative, so during our calculations we will only use the positive va-
lues of the blast wave pressure acting on the rocket launcher.

Determining the explosion critical distance

Most of the equations for the calculation of the blast wave and the im-
pulse are based on the TNT equation. Thus, for explosives which are not
TNT, it is preferable to know their equivalent mass.

The equivalent mass is calculated with the following equation (Mihelic,
2013, p.18):

E
IVITNTe = e Meksp (5)

EdTNT

where:
Mt — equivalent TNT mass [kg];
Eqexsp — the energy from the explosive detonation [J/kg];
Eqrnr — the energy from the TNT detonation [J/kg];
Moexsp — explosive mass [kg].

The calculation of the TNT equivalent is commonly based on the
energy released during an explosion. The energy can be determined in
many ways. Commonly used methods are based on the hydrodynamic or
thermodynamic parameters.

In Table 3, the calculated TNT equivalents are shown for secondary
explosives. The results are precise enough to be used for the calculation
of the critical distance (Miheli¢, 2013, pp.18-19).
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Table 3 — TNT equivalent for secondary explosives (Miheli¢, 2013, p.20)
Tabnuua 3 — THT akeusaneHm 6pusaHmHbix cHapsidoe (Miheli¢, 2013, p.20)
Tabena 3 — TNT eksusaneHm 3a bpusaHmHe ekcrno3use (Miheli¢, 2013, p.20)

TNT equivalent For the range of
Pressure Impulse pressures(MPa)
CompositionB 1.11 0.98 0.035-0.350
Composition C3 1.08 1.01 0.035-0.350
Composition C4 1.37 1.19 0.070-0.700
Octol 72/25 1.06 1.06 -
PETN 1.27 - 0.035-0.700
RDX 1.14 1.09 -
RDX/TNT 60/40 1.14 1.09 0.035-0.350
Tetryl 1.07 - 0.021-0.140
TNT 1.00 1.00 Standard
Tritonal 1.07 0.96 0.035-0.700

In order to make the calculation of equivalent explosive mass in
ammunition easier, armies in the world maintain data bases with all
necessary data on the amounts of explosives. Such a book is usually
called "the yellow book”.

The necessary data for the explosive mass equivalent to a 155 mm
fragmentation shell is shown in Table 4.

Table 4 — Equivalent mass of explosive for the 1565 mm HE shell (Lazarevi¢, 2016, p.9)

Tabnuua 4 — OkeusaneHmMHasi Macca 83pblg4ambIx eeuiecms hysacHo20 cHapsioa,
kanubpa 155 mm (Lazarevic, 2016, p.9)

Tabena 4 — EkeusaneHmHa Maca ekcrisiosusa 3a T® epaHamy kanubpa 1556 mm
(Lazarevic, 2016, p.9)

TNT-RDX TX
Mass of explosive charge Meksp 8.25 kg
TNT Equivalent E geksp/ EaTnT 1.14
Equivalent mass of explosive MnTe 9.405 kg

The main characteristics of the blast wave are the overpressure on its
front and the time duration of the impulse whose value depends on the
type of explosive used, the mass of the explosive and the distance from
the explosion. On the basis of the experimental results for spherical blast
waves resulting from the detonation of a certain amount of TNT, Sadovsky
has suggested an empirical equation for the calculation of the blast wave
overpressure in the wave front in the following form (Jeremié, 2002,
p.369):
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1
3
me

2
3
M 4k, ™e [bar] (6)

ap =k, r r

+k,
where:

me— explosive charge mass in kg;

r— distance from the center of the explosion in m;

ki, ki, ks — empirical coefficients which depend on the explosive
chargetype.

For TNT explosive and other types of medium-strength explosives,
empirical coefficients for above ground explosions can be taken from
Table 5:

Table 5— Coefficients ki, k2, ks depending on the type of explosion (Lazarevic, 2017, p.13)
Tabrnuya 5— KoaghpuyueHmel ki, ko, ks, 8 3agucumocmu om muria B3pbiea (Lazarevic, 2017, p.13)

Tabena 5— KoegbuyujeHmu ki, ko, ks y 3agucHocmu 00 muna excriiosuje (Lazarevic, 2017, p.13)

Type Above ground explosion Surface explosion
kq 0.85 1.1
ko 3 4.3
ks 8 14

In the case of a surface explosion, the blast wave in the air spreads in
the form of a half sphere (the volume is cut in half), so the overpressure in
this case is bigger. That is when double mass (of the explosive charge
mass) is usually used in equation (6).

Since during a surface explosion there is also a deformation of the
ground, it is necessary to introduce the coefficient n which depends on the
type of ground, so the calculation of the explosive mass in equation (6) is
equal to (Kari & Milinovi¢, 2008, p.33):

m, = 2zm, (7)

By introducing the ks, k,, and ks coefficients of the equivalent
explosive mass, the overturn pressure limit and the pressure which can
compromise the stability of the launcher into equation 6, it is possible to
determine the critical distance for above ground explosions and surface
explosions.

The solution of equation (6) is obtained by transforming it into the
following form (http://forum.matemanija.com/viewtopic.php?f=2&t=186, 2017):

y'+py+cx+d=0 (8)
Where p and q have the following equality:
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2
3(k? +k,3
_m (1+ j Ap(p) (9)

p:

3Ap,
~ m(27k3mAp; +9k,k,Ap,, + Zkf) 0
= 27Ap? (10)
The calculation of the discriminant D is done with the following form:
D= i + p_3 (11)
4 27

With the help of the Cardan equation, we get the solutions which go by y:

ylzs\/—%+ D+3‘\/—%—«/B (12)

So we can get the solution for the third level equation with the
following form:

2
_ k;m?®
3Ap,

r=y (13)

Critical distance in the function of mass

Under the assumption of the launcher overturning onto its side with the
help of equation 3, we get the maximum pressure of Ap, = 314654 Pa. On the
basis of that pressure, the diagram which shows the dependence between the
critical distance and the explosive charge mass is made. The explosive mass is
from 1 to 25 kg. The obtained results are shown in Figure 5.

The influence of fragmentation effects on the
launcher

During an explosion of a fragmentation projectile, besides the blast
wave effect on the launcher, there is also the fragmentation effect. The
fragmentation effect can affect the operation of the launcher system. The
fragmentation effect is defined with the kinetic energy of a fragment,
because of which a short calculationwill be given further on in the text.

The following fragmentation effect factorsdepend on the HE projectile
construction (Stamatovi¢, 1995, p.152):
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— the number, individual weight and shape of fragments;
— the look and direction of the fragmentation dispersion form;
— the range and kinetic energy of fragments.

e Overground explosion == Surface explosion

150 2.00 2.50 3.00 350 4.00 4.50 5.00 550 6.00
Critical distance r [m]
re 5 — The correlaction between the critical distance and the explosive chargemass
for an above ground and surface explosion (Lazarevi¢, 2017, p.30)
5 — 3agucumocmb Kpumu4yecKko2o paccmosiHUS Om Macchl 83PbIBHO20 3apsida, rpu
8030yWHOM U HazeMHoM 83pbise (Lazarevic, 2017, p.30)

Cnuka 5 — 3asucHocm Kpumu4Ho2 pacmojarba 00 Mace eKCrio3ugHoe fyHerba, npu

Had3eMHoj U nospuUHCKoj ekcrinosuju (Lazarevic, 2017, p.30)

The number, individual mass and shape of fragments

It is usual to evaluate the effect of a projectile on the basis of the

following constructional parameters (Stamatovi¢, 1995, p.152):

— relative projectile mass given in the following form k, = m/db;

— relative mass of the explosive charge given in the following form
ke = me/d®,

— charge coefficient k = my/m-100 (%);

— projectile shell thickness & given in calibers.

If the parameters k., k and & change while caliber stays the same, we

will prove that there are optimal values for these parameters with which we
get the biggest number of fragments for the given explosive and projectile
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mass within the boundaries set beforehand (Table 6) (Stamatovi¢, 1995,
p.152).
Table 6 — The fragment mass for the 150 mm HE projectile
(Stamatovic, 1995, p.156)
Tabnuua 6 — Macca gppacmeHmMo8 0CKONOYHO-gby2acHo2o cHapsida 155 mm
(Stamatovic, 1995, p.156)
Tabena 6 — Maca napyadu mpeHymHogby2acHoe nipojekmuna 165 mm

(Stamatovic, 1995, p.156)

Number of fragments
Explosive
Case production and mass from
(kg) u5p ;0 1.5t0 108/(? 2; total
100 g
Warm forging TX/8.25 185 251 14 327
Casting TX/8.25 1969 1596 1 2263

The look and direction of the fragmentation dispersion
form

The usual shape of the inside of a projectile case (Figure 6)
produces three beams during an explosion and the case destruction
(Stamatovi¢, 1995, pp.159-161):

— the beam formed from the front, oval part (around 10%);

— the side beam of the case cylinder part (around 70%);

— the rear beam formed from the case bottom (20%).

2p
_/
™%

Figure 6 — The directions of fragment dispersion (Stamatovi¢, 1995, p.161)
Puc. 6 — HanpaeneHus pasnema ockornkoe cHapsida (Stamatovic, 1995, p.161)
Cnuka 6 — lNpasyu pasnemara nap4adu (Stamatovic, 1995, p.161)
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We can also adopt that with an explosion in the close proximity of
the launcher there are only side beams, i.e. only 70% of the total number
of fragments. Also, projectile fragments lighter than 5 grams donot have
a significant effect on the launcher, thus they will not be taken into
consideration.

The kinetic energy of fragments

The velocity of fragments on the path x decrease under the effect of
wind resistance, which can be shown with the following equation
(Stamatovi¢, 1995, pp.169-172):

F =%CXSpWV§ (14)

where:

C, — the coefficient of the aerodynamic resistance of the fragment of
a mass of my;

S — the biggest fragment cross section normal to the direction of
movement;

pw— air density;

V, — fragmentation velocityat the end of the pathx.

As m,V,pdV, = Fydx, it is obtained:

av, :ECX iVpdx (15)

2 "m,
By adopting that the aerodynamic resistance coefficientC, = constfor
supersonic speeds (for subsonic and transsonic speedsC,isnot constant)

and with the integration of the last equation, we get:

1C S PuX

V,=V,et ™ (16)
where:

Vo — resulting initial velocity of the fragment;

V,— the velocity of a fragment at the end of the pathx.

The fragment with the mass m, possesses kinetic energy, if, when
hitting the target, it has the velocity V,mi, obtained from the following
relation:
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2
M =E. (17)
2
The kinetic energy of the fragment with the mass m; is obtained if we
put equation (17) into equation (16):
o5 o)
2 'm
m,|Ve

E > . (18)

Taking into account the initial velocity, the mass, and the total
number of fragments from Table 6 as well as the critical distance from
equation (13), we get the total kinetic energy of the fragmentation effect
on the launcher.

This model is a rough approximation of the real system. For more
reliable models, we need to do experimental testing inside a ditch or
depression and to determine the initial velocities of fragments using a
radar, which is costly.

Overview of the results

The condition for the overturn of the launcher

Under the assumption that the equivalent explosive mass during an
above ground detonation is constant, i.e. 9.405 kg (equation 5), the
critical distances for overturning are calculated for the independent
variables ¢ and 6, which are between 20 — 90 and -180 to 180,
respectively. The obtained results are shown in Figure 7.
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Figure 7 — Critical distance of launcher overturn in the function of @ and 6 for an above
ground explosion (Lazarevi¢, 2017, p.37)

Puc. 7 — Kpumuyeckoe paccmosiHue onpokudsigaHus PC30 8 gpyHkyuu @ u 6 rnpu
8030yWHbIX 83pbieax (Lazarevic, 2017, p.37)
Cnuka 7 — Kpumu4Ho pacmojarbe npespmarba fiaHcepa y hyHkuuju ¢ u 6 npu
Had3eMHoj ekcrninosuju (Lazarevic, 2017, p.37)

Having in mind that the equivalent explosive mass during a surface
explosion is two times bigger because of the half spherical spread of the
blast wave, multiplied with the coefficient of the ground, we get an
explosive mass of 14.108 kg (equation 7). On the basis of the mass and
critical distance of overturn (equations 3 and 7), the critical distances of
overturn have been calculated for the independent variables ¢ and 6,
which are in the range between 90-20 and -70 to 70, respectively. The
obtained results are shown in Figure 8.
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e $=30° e 9=B0° e D=T0 e =50 e $=50" e =AD" e D=30" e =20°

-130
-120
110 -110
100 -100
0 -80
80 -80
70 -70
-60
-50

10 -10
0

Figure 8 — Critical distance of launcher overturn in the function of @
and 0 for a surface explosion (Lazarevi¢, 2017, p.38)
Puc. 8 — Kputnyeckoe paccrosHme onpokuabisaHua PC30 8 gyHKkuuu @
u 6 Npu Ha3eMHbIX B3pbiBax (Lazarevic, 2017, p.38)
Cnuka 8 — Kpumu4Ho pacmojarbe npespmarba naHcepa y hyHKuuju @
u 6 npu nospwuHckoj ekcrnnosuju (Lazarevic, 2017, p.38)

The condition for compromising the stability of the
projectile inside the launcher tube

With a process similar to the one for overturning during an above
ground explosion, we calculated the critical distance of compromising the
stability of a projectile inside the launcher. With equations (4) and (5), we
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get the critical distances for the independent variables ¢ and 6 which vary
between 90 to 20 and -80 to 80, respectively. The results are shown in Figure 9.

e =50 $=80° $=70° $=60° =50 =407 «§=30" e p=20"

130 -130

120 -120

110 -110

-100

-80

70 -70

50

Figure 9 — Critical distance of compromising the projectile stability in the function of @
and 6 for an above ground explosion (Lazarevic, 2017, p.39)
Puc. 9 — Kpumuyeckoe paccmosiHue HapyweHusi HalexxHo20 ydepxaHusi pakemal 8

yHKYuU @ u 6 npu 8030yWHbIX 83pbisax (Lazarevic, 2017, p.39)
Cnuka 9 — KpumuyHo pacmojar-e Hapyuwasar-a noysdaHoz dpxxarba pakeme y
yHKUUju @ u 6 npu Had3emHoj ekcrinoduju (Lazarevié, 2017, p.39)

Having in mind that the equivalent explosive mass during a suface
explosion is two times bigger because of the spread of the blast wave
multiplied with the ground coefficient, we get an explosive mass of 14.108 kg
(equation 7).
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For a surface explosion, the critical distances for compromising the
projectile stability inside the launcher are calculated. With equations (4)
and (7), we get the critical distances for the independent variables ¢ and 6,
which are in the range from 90-20 and -80 to 80, respectively. The
obtained results are shown in Figure 10.

— (=00 c——}=80" —(=70" ——(=60" ——G=50" —O=40" —=30" —=20"

130 -130

120 -120

110 -110

100 -100
80

-80

70 -70

50 -50

Figure 10 — Critical distance of compromising the projectile stability in the function of ¢
and 0 for a surface explosion (Lazarevi¢, 2017, p.40)
Puc. 10 — Kputudeckoe pacctosiHne HapyweHusi HalexxHo20 ydepxxaHusi pakemal 8
¢yHKYUU @ u 6 npu HaseMHbIx 83pbigax (Lazarevic, 2017, p.40)
Cnuka 10 — Kpumu4Ho pacmojare Hapywasara rnoysdaHoz Opxarba pakeme y
yHKYUju @ U 6 Npu nospwuHckoj ekcrinosuju (Lazarevic, 2017, p.40)
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Conclusion

This mathematical model is a rough approximation of the real
situation. To further develop the model, it is required to take into account
the launcher suspensionand the launcher oscillations.

The analysis of the results has shown that during an above ground
explosion the minimum distance to avoid the overturning of the BM21 Grad
launcher iz 3.6 meters and it is 4.71 meters for a surface explosion
(Figures 7 and 8).

As an addendum to the paper, the critical distance of the explosion
during which the projectile stability would be compromised inside the
launcher tube is also calculated. The stability of the projectile inside the
launcher tube is defined with a maximum force of 3g.

The analysis of the results has shown that, in an above ground
explosion, the minimum distance at which the projectile stability inside the
launch tube would not be compromised is 6.42 meters and it is 8.41
meters when an explosion is a surface one (Figures 9 and 10).

A rough approximation of the fragmentation effect of the projectile on
the launcher was done.

In order to get reliable data, it is necessary to carry out a series of
tests run on a testing field on the given launcher.
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BOEBAA YCTOMYMBOCTbL PC30

Munow C. Jlazapesuy
YHusepcuTteT B r.Kparyesau, PakynbTeT MHXEHepHbIX Hayk, r. Kparyesal,
Pecny6nuka Cepbus

OBNACTb: MalIMHOCTpOEHNe
BWO CTATbW: opuruHanbHas Hay4Has ctaTes
A3bIK CTATbW: aHrnuinckmn

Pe3some:

B daHHol pabome npugedeHbl cucmemamu3ayusi U aHanu3s rpedesibHou
Hazpy3Ku MHO20CMeOoIbHOU pakemHOoU rycKoeol ycmaHoeKu. Mcxods u3
aHarnusa Haepy3Kku, paspabomaHa MexaHUKO-Mamemamudeckas Mooerlb
ycmoudueocmu PC30, nopaxeHHol O® cHapsidoM. Ha ocHosaHuu
MOMYYEHHbIX Pe3yrbmamos 8bisiefieHa 3asUucuMOCmb  ycmouliyugocmu
fyckoeoli ycmaHoekUu om OuarnasoHa e3pbiea, mura 83pbiéa U MaccChl
83pbIBHO20 3apsida. [nasHbIM ycriosuem 6oeeol ycmotivugocmu PC30
sensemcsi pa3pabomka mep o npedomsepawieHuro OrnpoKudbI8aHUs
PC30 u HapyweHusi HalexH020 OepxxaHusi pakemsl 8 ryckogol mpybe.
B uensax ynpoweHuss OaHHOU MoOenu  rpoussedeH pacyem
KuHemuyeckol sHepauu 8030elicmeusi OCKOSIKO8 Ha paKemHY!o 1yCKO8YHo
yCMaHOoBKy.

Knrouessie criosa: Hagpy3Ka, delicmeue 83pblea, Hal3eMHble 83Pbl8bl,
603ayLLIHbIe 83PbI8bl, YyCII08UA, Kpumu4ecKoe OaerneHue, Kpumu4eckoe
paccmosHue, OI'IpOKUObISGHlJe, nyTlOl:I'-IUSOCI‘nb, KUHemu4ecKas 3Hepaeusl.

BEOPBEHA XXWUNABOCT NAHCUPHOIr CUCTEMA

Munow C. JlazapeBuh
YHuBepanTteT y KparyjeBuy, ®akynteT nHxewepckux Hayka, Kparyjesal,
Peny6nuka Cpbuja

OBNACT: malnHCTBO

BPCTA YJIAHKA: opurMHanHn Hay4YHu YnaHak
JESNK YJTAHKA: eHrnecku
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Caxemak:

Y oksupy ogoe pada u3spluwieHa je cucmemamu3sayuja u aHanu3a moayhux
onmepehera euweuyesHUX JlaHcepa pakema. Ha ocHosy aHanuse
onmepehera  u3spaheH je  MameMamuyKko-MexaHU4Yyku  Moder
cmabunHocmu suwWeuesHoe fiaHcepa pakema ro2ofieHoe y HernocpeoHoj
61U3UHU  mpeHymHo-gbyeacHUM ripojekmusiom. [lobujeHu pesynmamu
yKasyjy Ha 3asucHocm cmabunHocmu raHcepa 00 ydarbeHocmu
eKcrio3uje, mura €eKcrso3uje U Mace €eKCro3usHoe ryrera. Kao
epaHuU4yHU ycrioe bopbeHe Xurasocmu JiaHcepa yceojeH je ycrios
royemHoe npespmarba JlaHcepa U Hapyuwaeara oy30aHoe Opxarba
pakeme y naHcupHoj uesu. Padu ynpowhagara npukazaHoe moderna
u3epluUeH je npopadyyH KUHemuyke eHepauje ecbukacHoe rapyema Koje
Oeryje Ha naHcep.

KbyuHe pedu: onmepeherme, dejcmeo ekcrno3uje, Mo8pWUHCKa
ekcrisio3uja, Had3eMmHa eKcro3uja, ycr08u, KpumuyaH fpumucak,
KpUMUYHO pacmojarbe, rpespmare, cmaburHocm, KuHemu4ka
eHepeauja.
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Summary:

Al,O3 is hard oxide ceramics, chemically bioinert and with good sliding
properties; it has found wide application in the design of engineering
components. The aim of the paper was to apply the APS process with
the change of plasma currents in order to produce Al,Os layers of such
structural and mechanical properties which will find application in the
manufacture of biomedical coatings alone or in combination with
hydroxyapatite (HA) on the surfaces of alloys used for making implants.
The coating was deposited with a plasma current of 700, 800 and 900 A.
The mechanical properties of coatings were tested using the Praft &
Whitney standard. The shape of the surface of powder particles and the
coating surface were examined by SEM. The metallographic analysis of
the inner layers was carried out by light microscopy. The best structural
and mechanical properties of the Al,Oz coating deposited with 900A
were confirmed by testing the sliding properties of the coating deposited
and polished to a mirror on the sealing ring paired with the graphite ring
on the water brake.

Keywords: sliding, property, oxides, mechanical properties, deposits,
coatings, Al;O;.
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Introduction

Ceramic coatings are widely used to improve wear resistance of
working surfaces of various mechanisms due to their high strength and
structural stability (Toma et al, 2001, pp.149-158). Al,O; ceramics is
applied to many engineering components where good sliding properties
and wear resistance to friction are required. Because being bioinert in li-
ving tissues, Al,O3; ceramics is applied to the surface modification of bio-
medical coatings deposited on titanium alloys. Good mechanical charac-
teristics of Al,O3 ceramics allow it — since it is inorganic and bioinert - to
be combined in different volume ratios with organic bioactive ceramics
hydroxyapatite (HA) in the process of producing biomedical coatings. In
this way, coating stiffness is reduced, tensile strength and fatigue resi-
stance to friction are increased, which extends the life of the coating (Li
et al, 2006, pp.1166-1172), (Liou, 2009). Applying such modified coa-
tings on the surfaces of titanium alloys significantly enhance the biologi-
cal activity of implants and increase the resistance of titanium alloys to
bio corrosion (Gadow et al, 2010, pp.1157-1164). For the manufacture
and modification of biomedical coatings, ceramics of Al,O; and ZrO, are
most frequently used, alone or in combination, as well as hydroxyapatite
(HA) (Hsiung et al, 2012, pp.457-463).

In the plasma spray process, due to high speed of plasma particles
and uneven distribution of temperature in plasma, plasma current chan-
ges significantly affect total or partial melting of Al,O3; powder particles,
which is reflected in the structure and mechanical properties of the coa-
ting (Friis et al, 2001, pp.115-127), (Matejicek & Sampath, 2001,
pp.1993-1999). Previous studies have shown that the properties of the
coating are directly related to the parameters that influence the degree of
melting of particles and the mechanism of deformation of molten drops in
collision with the substrate (Li & Ohmori, 2002, pp.365-374), (Mrdak,
2016a, pp.1-25), (Mrdak, 2016b, pp.411-430). The coating quality is pri-
marily defined by its microstructure (type of phases and homogeneity)
and its mechanical properties that are critical for reliable behavior of the
coating in exploitation (Tucker, 2002, pp.45-53), (Liao et al, 2000,
pp.235-242), (Toma et al, 2001, pp.149-158). The share and the phase
a-Al,O3/y-Al, O3 ratio depends on the amount of heat which drops of mol-
ten particles carry with them and which is directly dependent on the size
of melting particles, cooling rate and substrate temperature (Kulkarni et
al, 2004, pp.124-137), (Yang et al, 2006, pp.1649-1653). The y-Al,O;
phase in the coating is desirable for increasing toughness and cohesive
coating / adhesion strength. Resistance to sliding contact fatigue of the
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Al,O5; coating depends on the phase composition, content and pore size,
and presence of unmelted particles and cracks.

The paper presents an analysis of the results of tests of the mecha-
nical properties and the microstructure of Al,O; coatings deposited with
700, 800 and 900A. Because of economic effects, Al,O3; coatings were
deposited on steel substrates. The aim was to use plasma in the manu-
facture of coating layers to be applied for the modification of biomedical
coatings and the surface modification of alloys used to produce implants.
The coating with the best properties is tested on the sealing ring of the
water brake paired with the graphite ring. The investigation confirmed
that the Al,O; coating, polished to a mirror on the sealing ring, substanti-
ally improved the efficiency of the sealing and significantly reduced the
sealing ring friction abrasion, thus allowing the use of Al,O3 coatings for
implant surface modification.

Materials and experimental details

Al,O; oxide powder used for coating deposition is Metco 105NS pro-
duced by the technique of melting / grinding molded blocks to a granula-
tion of 15 - 45 ym. (Material Product Data Sheet, 2012). Figure 1 (SEM)
shows the surface of Al,O; powder particles used in this work; the partic-
les are of irregular shapes with sharp edges.

: s
Figure 1 — Surface of Al;,O3 particles
Puc. 1 — U3zobpaxeHue nosepxHocmu yacmuy Al2O3
Cnuka 1 - U3aned nospwure Al,O3 yecmuua

To test the mechanical properties and the structure of the layers, the
powder is deposited on steel samples (X15Cr13 EN10027), the charac-
teristics and dimensions of which are prescribed by the Pratt & Whitney
standard (Pratt & Whitney, 2002). To measure the microhardness and
adhesion strength, the Pratt & Whitney standard was used, providing the
measurement procedure relating to the number of samples and the num-
ber of measuring points (Pratt & Whitney, 2002). The paper presents the
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minimum and maximum values of microhardness and average adhesion
strength. The metallographic analysis of the coatings and the content of
pores in the coatings was performed under a light microscope. The pa-
per presents the average values of a share of pores. The analysis of the
surface of the powder particles and the surface of the deposited coating
is carried out by the SEM method.

The Al,O3; powder was deposited at atmospheric pressure with a
SG-100 plasma gun and a power supply of 40kW. The Al,O3; powder
deposition parameters are shown in Table 1. The deposited layers for-
med a coating thickness from 0.18 to 0.20 mm.

Table 1 — Plasma spray parameters
Tabnuua 1 — lNapamempsl nnasmMeHHO20 Harbl1eHUs
Tabena 1 - lNna3ma cripej napamempu

Deposition parameters Values
Plasma current, | (A) 700 | 800 | 900
Plasma Voltage, U (V) 35 37 42

Primary plasma gas

flow rate, Ar (I/min) 50 | 50 | 50
Secondary plasma gas

flow rate, He (I/min) 32 | 32 | 32
Carrier gas . N :

flow rate, Ar (I/min)
Powder feed rate, (g/min) | 40 40 40
Stand-off distance, (mm) 115 | 115 | 115

Results and discussion

Figure 2 illustrates the results of the microhardness of Al,O; coa-
tings deposited with a change in plasma current amperage. The mea-
sured values of coating microhardness were directly related to the
applied current amperage. The lowest microhardness value of 780 — 1010HV,3
belongs to the coating deposited with 700A, and the maximum value of
990 - 1180HV, ; characterizes the coating deposited with 900A. Nonu-
niform and different coating microhardness values are the result of
uneven distribution of micro pores, different pore content and pore size
in the coating layers. The plasma current amperage significantly influ-
enced the melting of powder particles. Lower current intensity was not
enough to melt injected particles throughout the complete cross sec-
tion, which resulted in the deposited particles having a smaller intercon-
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tact surface and a higher intercontact content of micro pores. Due to
poorer melting of particles and a larger share of pores, the coating had
a range of microhardness of 230HV,;. The coating deposited with
900A had a range of microhardness lower than 190HV, ;. High ampera-
ge affects a greater degree of ionization of the He monoatomic gas,
which increases the plasma temperature and heat transfer from plasma
to powder particles.

1200 N
| 1090 g0

1000 L 1010

8004

HV0.3

600 -

400

Microhardness

200-

D_

min. max
800A ) min.

900A max.

Plasma current A
Figure 2 — Results of th e microhardness of Al,Os coatings

Puc. 2 — Pesynbmamsl mukpomeepdocmu riokpbimusi Al2O3
Cnuka 2 — Peaynmamu mukpomespdohe npeenaka Al2O3

Consequently, powder particles melt better and more evenly
throughout the cross section. Liquid drops of molten particles are better
bonded to one another achieving a greater bonding area and stronger
cohesive strength with a smaller proportion of micro pores. Figure 3
shows the results of the adhesion strength of the substrate / Al,O3 coa-
ting bond depending on the amperage. The Al,O; powder deposited
with 700A achieved the lowest value of adhesion strength of 38MPa
with the substrate. Due to uneven and incompletely melted powder par-
ticles in plasma with 700A, particles carry a small amount of heat.
Therefore, incompletely melted particles transfer a smaller amount of
heat to the substrate, which is why their bond to the substrate is weak.
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MPa

Bond strength

800 A

900 A
Plasma carrent A

Figure 3 — Results of the bond strength of Al,O3 coatings
Puc. 3 — Pe3synbmamsbi meepdocmu cesizu nokpbimusi Al;O3
Cnuka 3 — Pesynmamu yepcmohe croja npesnaka Al,O3

Heating the metal substrates from liquid drops of completely melted
AlL,O; particles deposited with 900A increases the adhesive bond
strength to 47 MPa. At the fracture of the samples, it was established
that the fracture mechanism was adhesion at the substrate / Al,O3 coa-
ting interface.

Figure 4 illustrates the cross section of the microstructure of the
Al,O3 coating deposited with 900A. The substrate / coating bond is very
good because contamination from corundum, coarse pores and micro
cracks are not visible at the interface. High amperage of plasma current
allowed the drops of completely melted particles to overlap completely
in collision with the substrate and form thin lamellae and inter lamellar
pores of small size and small content in the coating. In the coating,
there are micro pores of 5 - 10um with a mean share of 4.2%. The
structure of the coating consists of phases of mixed crystals a-Al,O; +
y-Al,O3 (Kulkarni et al, 2004, pp. 124-137), (Yang et al, 2006, pp.1649-
1653).

Figures 5 and 6 illustrate the cross sections and the microstructu-
res of the Al,O; coatings deposited with 800A and 700A.
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50 pm

“k/’/'

Interface Substrate

Figure 4 — Cross section and microstructure of the Al,O3 (900A) coatings
Puc. 4 — lNonepeyHoe cedeHue u mukpocmpykmypa Al>Os nokpsimusi (900A)
Cnuka 4 — Nonpey4Hu npecek u mukpocmpykmypa Al.Os npesnake (900 A)

Due to low thermal conductivity of the oxide powder, lower plasma
current amperage heats and melts powder particles to a lower extent.

e

Interface

Substrate

50 pm

Figure 5 — Cross section and microstructure of the Al,O3 (800A) coatings
Puc. 5 — lNonepey4Hoe ceveHue u mukpocmpykmypa Al,Os nokpbimusi (800A)
Cnuka 5 — lNonpeyHu npecek u mukpocmpykmypa Al,O3 npesnake (800 A)
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Such semi-melted particles are poorly and improperly deformed in
collision with the substrate thus forming pores larger in size and share in
the coatings. Coatings with a higher share of pores of irregular shapes
and larger pores significantly reduce the cohesive strength of the coating
and the coating time and resistance to fatigue friction. Because of their
lower density and inhomogeneity, such coatings will wear faster and are
unreliable in operation.

Substrate

Figure 6 — Cross section and microstructure of the Al,O3 (700A) coatings
Puc. 6 — lNonepey4Hoe ceveHue u mukpocmpykmypa Al,Os nokpbimusi (700A)
Cniuka 6 — NMonpeyHu npecek u mukpocmpykmypa Al;O3 npeenake (700 A)

In the structure of the coating deposited with 800A, there are small
and rough micro pores of irregular shape marked with red arrows. Micro
pores in the coating had a size of 10 - 20pm with a total content of 6.4%.
The microstructure of the worst coatings deposited with 700A is illustra-
ted in Figure 6. The highest content of micro pores of 8.6% and formed
coarse pores over 20um resulted in the coating having the lowest micro-
hardness, the highest microhardness range and the lowest adhesion
strength.

Figure 7 illustrates the surface morphology of the Al,O3 coating depo-
sited with 900A and analyzed by the SEM method. On the surface of the
Al,O3 coating, overlapped particles can be seen, deformed in a characteri-
stic way in collision with the substrate. Drops of molten Al,O3 particles coo-
led to the substrate temperature and formed a disk-like shape. The
morphology of a well-molten particle is marked with a red line in the Figu-
re. Complete overlapping of particles is proof that the Al,O; particles are
completely molten in plasma and as such allow deposition of layers of co-
ating with thin disks - lamellae on whose edges (interfaces) fine micro po-
res and precipitates are present. Micro pores in the Figure are rounded in
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yellow, while precipitates are in red and green. Full overlapping of deposi-
ted particles, due to a large contact area, indicates a good bond between
individual particles in a layer deposited in a single plasma gun shot.

<

Figure 7 — Morphology surface of the Al>O3 coating in the sprayed state, (900A)
Puc. 7 — Mopgpornozusi nosepxHocmu riokpsimusi Al,0s, HaHeceHHo20 HarbineHuem, (900A)
Cniuka 7 — Mopgbonozuja nospuiuHe Al,O3npesrake y HarpckaHoM cmarsy (900 A)

It also indicates good bonding between the layers in the coating as
well as good adhesion of ceramic particles with the roughened substrate
on whose surface liquid Al,O3 ceramic drops stay during cooling to the
substrate temperature. Such deposition of fully molten powder particles
enables the production of coatings of good adhesion / cohesion strength
and provides the coating with good sliding properties and wear resistan-
ce to friction.

Conclusion

On the basis of the results of examining the mechanical, structural
and sliding properties of the Al,O; coatings deposited with 700A, 800A
and 900A, it can be concluded:

The results of coatings microhardness were directly related to the ap-
plied current amperage. The current of 900A melted injected Al,O3 partic-
les in plasma over the complete cross section, which caused the deposi-
ted particles to have a large intercontact surface (good cohesive strength)
and maximum microhardness. The transfer of heat from the liquid drops of
completely molten Al,O; particles to the metal substrate enabled that the
coating has the highest strength of bond adhesion - 47 MPa.
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Plasma current of 900A resulted in Al,O; powder particles melting
completely and, in collision with the substrate, they completely overlapped
and formed a coating of the best microstructure. In this way, thin lamellae
and interlamellar pores of small size with a small share in the coating were
formed in the layers. Micro pores had a size of 5 - 10um with a mean sha-
re of 4.2% in the coating. The structure of the coating consisted of the pha-
ses of mixed crystals of a-Al,O3; + y-Al,Os.

The coating deposited with 900A was tested on the sealing ring of
the water brake paired with its counter pair made of graphite. Testing
the sliding properties showed that the Al,O3; coating brushed and polis-
hed to a mirror on the sealing ring has good properties of sliding fatigue
since the ring sealing efficiency is significantly improved and the ring
wear is reduced.
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NCMBITAHNA MEXAHUYECKUX CTPYKTYPHbBIX
XAPAKTEPUCTUK OKCMOHOW KEPAMUKW Al,O3 HA
N3HOCOCTOMKOCTb NP TPEHNN CKOJNBXEHUA

Muxauno P. Mpaak
LleHtp nccnegosanunm n passutus A.O. « MIMTEJT koMMyHuKaummy, .
Benrpap, Pecny6nuka Cepbus

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

Pe3some:

Al,O3 sensgemcss meepdol  OKCUOHOU KepaMukou, kKomopasi
obnadaem 6uouHepmHbIMU cgolicmeamu U omru4aemcsi 8bICOKOU
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CMOUKOCMbIK Ha CKoNbXeHue, 6nazodapsi 4Yemy OHa WUPOKO
MPUMEHSIeMCs1 8 [POEKMUPOBAHUU UHXEHEPHbIX KOMIOHEHMOS.
Llenb uccnedosaHusi 3aknwodanacb 6 npucriocobneHuu APS
npouecca HaHeCEHUs M1a3MeHHO20 HarlbIIeHUs], MymeM U3MEHEHUs
rnnasMeHHo20 rnomoka, ghopmupyrowezo crou Al,Oj obnadarouwue
makumu CmpPyKmMypHbIMU U MexaHUYeCKUMU Xapakmepucmukamu,
Komopbie Mmoenu 6bl  Halmu npuMeHeHue 8 rnpoussodcmee
6uomeQuUUHCKUX MOKpbIMmul, Kak 6 omoenbHocmu, maKk U 8
KoMmbuHayuu ¢  audpokcuanamumom, 8 4YacmHocmu  Ons
oeepxHOCMU  Crylagos,  UCMOMb3yeMbiX 8  U320moefieHuu
umnnaHmos. Nokpbimue HaHeceHo nnasmeHHouU cmpyed 700, 800 u
900A. MexaHu4yeckue xapakmepuKku [IOKPbIMUSI UCMbIMaHbl 8
coomeemcmeauu co cmaHO0apmamu Pratt & Whitney.

®opma yacmuy ropowika U nog8epxHOCMb MOKPbIMUS UCMbIMaHb!
memodom SEM. Memannozpaghudeckuli aHau3 8HympeHHUX Ci0ea
rpoeedeH ¢ NMoMouwbro €8emogoli MUKPOCKOMUU.

Jlyqwiue cmpykmypHble U MexaHudeckue Kapakmepucmuku Al;Oz
MOKpbIMUST  8bIsi8NIEHbI Yy MOKpbIMuUl, HaHeceHHbix rpu 900A,
ucrnblimaHa CMOUKOCMb Ha CKOMbXeHue, ymeM HaHeCeHusi Ha
ynnomHUmesnibHoe KonbUyo 8 nape C epagumosbiM  KOIbUOM,
3awuwarouee eudpasnuyuckuli mopmo3 U nymem wiughosaHusi
rnokpbImusi 00 3epkarnbHo20 briecka.

Krniroueesble criosa: cKombxXeHue, c8olicmeo, OKCUObI, MexaHu4YyecKue
ceoticmea, HaHeceHue, nokpsimue, Al,Os.

NCMNTUBAHE MEXAHUYKNX CTPYKTYPHUX
KAPAKTEPUCTUKA OKCMAHE KEPAMUKE Al,O3
OTIMOPHE HA KITM3AHE TPEHEM

Muxauno P. Mpaak
Uctpaxuayku n passojHu ueHtap UMTEJ KomyHukaumje a. g., beorpag,
Peny6nuka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA YJIAHKA: opyrMHanHm Hay4dHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

AlL,O; je mepda okcuOHa Kepamuka, XeMujcku 6uouHepmHa ca
00bpuMm K/U3HUM c8ojcmeuMa, Koja je Hawiia WUPOKY MPUMEHY Y
rpojekmosarby UHXeHepCKUX KoMmrnoHeHmu. Ljurb pada 6uo je da ce
APS npouecom ca ripomeHOM rnnasma cmpyje npouseedy crojesu
AlL,O3 cmpykmypHUX U MexaHUYKUX Kapakmepucmuka Koju he Hahu
rpuUMeHy 3a rpou38o0ry bUOMEOUUUHCKUX rpesraka 3acebHo unu y
KombuHayuju ca xudpokcuanamumom (XA) Ha nospwuHama neaypa
Koje ce kopucme 3a u3pady umniaHama. [lpeenaka je dernoHogaHa
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ca nnasma cmpyjom 700, 800 u 900 A. MexaHuu4ke
Kapakmepucmuke rpeenake ucrumaHe cy fnpuMeHoMm cmaHOapda
Pratt & Whitney. O6bnuk nospwuHe 4Yyecmuua npaxa U MospuwiuHa
npesnake ucriumadHa je memodom SEM. Memarnoepachcka aHanusa
YHympawHUx criojega ucriumaHa je c8emiioCHOM MUKPOCKOMUjOM.
Haj6éorbe cmpykmypHe u MexaHudyke Kapakmepucmuke Al,O3
npesnake OernoHosaHe ca 900 A nomepheHe cy ucnumueaH-em
KMU3HUX ceojcmaea rpesrake eroHoeHe U nonupaHe 0o oenedana
Ha 3anmueHOM MPCMEHY yrnapeHoM ca epacbumHuM MpPCcmMeHOM Ha
800€eHOj KOYHULU.

KrbyyHe peuu: Krusamse, €80jcmeo, OKcudu, MexaHu4yka ceojcmea,
Oernosumu, ripeanake, Al,Os.
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Abstract:

The paper deals with the decision-making process in crisis management
with focus on the Army of the Czech Republic (soldiers at the University of
Defence in Brno). Within the research, 44 soldiers were monitored whilst
managing various tactical situations during a three-week complex field
training exercise. The soldiers were supposed to carry out the following
combat assignments: fire control, battle order and radio operation. Prior the
training, the soldiers filled out a questionnaire the questions in which
corresponded with the above mentioned practical tasks. Based on the
acquired outcomes, it may be stated that the assessment of theoretical
solution of selected combat assignments among future squad leaders may
be used for the prediction of how successful the management of such
assignments may be in practice.

Key words: Army of the Czech Republic, soldier, infantry squad, decision-
making process, crisis communication.
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Reviewing the Literature

Decision making is a part of everyday life of all people in a society.
These days, full of emergency events caused either by people or nature, it
is necessary to manage various situations correctly, timely and sufficiently.
The decision-making processes play a significant role in security
environment when fulfilling the assignments of state. Soldiers face life
threatening situations almost every day whilst fulfilling the assignments in
the Army of the Czech Republic (ACR), one of state security components.
Stress is on the agenda every day. An infantry squad on patrol never
knows what will happen. It may be a routine patrol without any unexpected
situations, but it may also be a patrol with obstacles to be overcome,
including e.g. enemy traps or enemy itself. Therefore, every soldier has to
be prepared to face unfavourable emergency events. Faster, more
accurate and more powerful information gaining is necessary, capable of
being evaluated in the preparation and execution phases of the operation.

If we want to acquire decision making capabilities of higher quality
among the ACR personnel, it will be necessary to introduce such activities
which may realize such intention. Such activities may be as follows:

1) personnel selection, focused on people with personality

prerequisites for a quality decision making or readiness to learn it;

2) education in the area of decision-making processes.

The personnel selection process uses various methods with various
criteria validity, such as:

1) biographical data;

2) interview;

3) references;

4) test of expert knowledge;

5) tests of capabilities;

6) tests of personality;

7) simulated situations;

8) assessment centre (combination of the above mentioned methods,

especially simulated situations).

Validity of personnel selection represents the relation between the
values of an employed method (predictor) and a real criterion (drivers’
accident rate, salesmen’s sales results, superiors” assessment). Validity is
mostly measured as a predictor-criterion correlation coefficient. The most
proved tools of personnel selection include simulated situations, often
tailored into the form of case studies. The quality preparation of simulated
situations ideally proceeds in the following format:
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1) data collection in terrain (critical situations);

2) selection of suitable situations for testing (situations distinguishing
between right and wrong behaviour, adequately demanding for the
candidate and with clear assessment criteria);

3) presentation of situations to a sample group of respondents and
collection of responses to individual items;

4) assessment of responses in points by a group of experts;

5) elaboration of a guide for testers.

The case study may be, according to particular conditions, in a written
form in which candidates solve a problem or a set of problems, or in a form
of a role-play in which candidates are participants in a fictitious situation
and their reactions are assessed by an evaluator (or evaluators). (Hronik,
2002), (Hronik, 2007).

A number of research studies deal with the use of simulated situations
for the prediction of future performance of policemen and monitor their
validity. Love & DeArmond (2007) observed required competences among
54 candidates for the post of a police sergeant and they stated the
following ones:

1) providing advice to subordinates;

2) perceptiveness;

3) team leading;

4) problem solving;

5) oral communication;

6) written communication;

7) decisiveness;

8) stress tolerance;

9) planning and organization;

10) independence;

11) work.

The candidates went through a one-day assessment centre, which
included the following fictitious situations: daily administration, oral
presentation, group discussions, problem solving. (Love & DeArmond,
2007). These were compared with the assessment of real problem solving
and the quality of communication. The best problem solving predictors
proved to be written communication skills (r = 0.86) and decisiveness
(0.84), the best communication quality predictors were coping with stress
(r=0.79) and perceptiveness (r = 0.76).

The assessment centre is considered to be the most common and
efficient method of selecting candidates for managerial posts. Israeli police
have been using this candidate selection tool for many years. Dayan et al.
(2002) assessed the validity of assessment centres as tools for selecting
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the candidates for work at police; the participants also went through
psychological tests. The participants took part in basic training and were
assigned various police posts. The research among 712 participants
included psychological tests, simulated situations, and colleagues’
assessment. They were in groups of 13 to 15 people and tasked to
manage the situations similar to those from common police practice (e.g.
to confiscate debtors” assets, to evacuate protesters, to search for
suspects, to arrest suspects, etc.), design a project (e.g. a campaign to
hire new policemen), and prepare a five-minute verbal presentation on a
given topic. They were assessed by a psychologist and an experienced
police officer on scale from 1 to 7. Their results were compared with the
superiors’ assessments after two years of practice, as well as with
superiors’ regular assessments and colleagues’ regular assessments. The
validity of simulated situations was high especially in relation to the training
(r = 0.34) and work success rate (r = 0.43). Personality inventories had
significantly lower validity (although statistically significant).

Research Methodology

During the research, soldiers were monitored when managing various
tactical situations during a 3-day complex field training exercise, which
took place from 28th February to 2nd March 2017 in the Bfezina Military
Training Area. The aim of the complex field training exercise was to verify
outcomes from the learning process in the accredited subject called Field
Training Il. In the second class, the students are trained to be squad
commanders. A student should be capable of independent decision-
making as a squad commander not only in tactical situations, but in the
whole range of activities related to that post. He/she should be capable of
implementing the individual steps of a planning and decision-making
process on a squad level, so called Troop Leading Procedure (TLP).
He/she should be able to analyse a situation from the platoon commander
combat documents, determine options for the solution of a given task,
make a decision and elaborate a squad commander battle order. The
outcomes from learning on this stage of training also include the issuing of
battle order in terrain. There were 44 soldiers, students from the University
of Defence, participating in the training exercise.

During the training exercise the soldiers completed long movements
in terrain with low food supplies and little time for rest and sleeping.
Besides that, the soldiers had to fulfil given assignments while being
assessed on the scale from 0 to 10 points.
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1) Fire control:

It includes the target (enemy) identification, determination of its
distance and direction, and issuing the fire order, or the fire assignment to
the squad, or a weapon.

2) Battle order:

It includes the elaboration of the battle order based on the battle order
from a superior level (platoon) while applying all steps of the TLP. The
assessment was aimed mainly at a correct decision in relation to a tactical
situation and the way the battle order was issued (the form of passing
one’s own decision to subordinates).

3) Radio operation:

It includes putting a RF-13 radiostation into operation, establishing
connection and fulfilling pre-set operational assignments.

At the beginning, the soldiers were given a theoretical questionnaire
(see Table 1) to be filled in. The questionnaire was designed in such a way
that individual questions corresponded to the above mentioned practical
assignments. The answers were assessed by the same evaluators on the
basis of the same criteria as in practical training. The assessment of each
soldier in research was thus based on both practical and theoretical
solutions of individual tasks.

Table 1 — Questionnaire
Tabnuua 1 — AHKema-onpoCcHUK
Tabena 1 — YnumHuk

Combat assignment Questions

Write the types of fire orders and describe in detail, which
information "full fire order” has to include. Write the ways of
target designation and describe in detail, which information
"direct target designation” has to include.

Fire control

How do you proceed when issuing battle order and what do

Battle order you have to pay attention to?

How do you put a radio station into operation? What is a
shortened form of a report (SALTR) transmitted to superior

Radio operation and subordinate radio stations? What information has to be

included in it? What do you have to pay attention to?

The aim of the research was to verify statistically the relation between
theoretical readiness and success to manage given tasks in practice. The
Wilcoxon signed-rank test was used to test the difference between the
outcomes achieved by the monitored group of soldiers in theoretical and
practical parts of individual tasks. Then Spearman’s rank correlation
coefficient was used to assess the strength of links between the scores in
theoretical and practical parts.
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Outcomes and Discussion

The outcomes of fulfilling individual combat assignments differed from
each other significantly (see Table 2, Figures 1-3). The soldiers” outcomes
in the theoretical questionnaire were better than subsequent practical
execution in case of all assignments. This difference was statistically
significant only in the case of "battle order” though. The outcomes in the
practical part were much worse than in the theoretical one in this case.
The assessment of the practical part was clearly the lowest of all the
monitored assignments (average assessment 6.6). It may be assumed on
the basis of such outcome that the practical fulfilment of the assignment
“pattle order” is much more difficult than its theoretical mastering. At the
same time, the practical fulflment of this particular assignment is
significantly more difficult than in the case of other assessed assignments.
The poor mastering of this assignment can be determined by the following
factors:

1) lItis a highly complex assignment;

2) The students were asked to fulfil this assignment for the first time;

3) The students do not have experience with acting in a commander

role and are not able to interpret their decisions formally.

Issuing the battle order is a highly complex assignment, which
requires considerable experience (which the students only start acquiring)
and the ability to act publicly in the role of a commander (leader). The
algorithm of issuing the battle order to subordinates in terrain was
mastered by students very well theoretically. However, practical realization
requires further training and repetition.

Table 2 — Average Assessment of Individual Combat Assignments
Tabnuua 2 — CpedHsisi oyeHka omdersibHbIx 60esbix 3aday
Tabena 2 — lNpoceyHa oyeHa nojeduHayHUx bopbeHux 3adamaka

Combat assignment theory practice
Fire control 9 8.9
Battle order 8.3 6.6
Radio operation 9.4 9.2
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Wilcoxon signed-rank test Spearman's rho
p=<0.001 R=0.485 p<0.001
201 =7 theoretical

T practical

scare

Figure 1 — Outcomes of assessing the “battle order” assignment
Puc. 1 — Pe3ynbmambl oyeHugaHusi 3adadu «6oegoll nopsiGok»
Cnuka 1 — Pe3ynmamu ouerbusarba 3a0amka "Hapehere 3a 60pby”

On the other hand, the combat assignment called “fire control” did not
show statistically significant difference between the outcomes of practical
and theoretical parts (see Figure 2). The outcomes of all parts illustrated
strong correlation (r = 0.621), which means that those soldiers who were
successful in the theoretical part were successful also in the practical
fulflment of this task. Thus it may be assumed that the theoretical
preparation for the fulfilment of this task is appropriate, because it
increases soldiers” chances to succeed in practice. Squad commander fire
control has very clearly determined rules and order of given tasks and, in
the case of the battle order, it is much easier for the students to master this
task in theory than to implement the acquired knowledge in practice. Fire
control is not such a complex activity as the issuing of the battle order and
it can be carried out without a direct contact with subordinates (each squad
member has his/her role in the formation and the squad commander
controls fire just by issuing clearly determined orders). Moreover, this
assignment does not include so high requirements for students’
expression capabilities as in the case of the battle order.
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Wilcoxon signed-rank test Spearman's rho
p=0.543 R=0.621 p<0.001
T 7 theoretical
200 — practical

scaore

Figure 2 — Outcomes of assessing the “fire control” assignment
Puc. 2 — Pe3ynbmambl oyeHugaHusi 3afadyu «yrnpasrneHue o2Hem»
Cnuka 2 — Pesynmamu ouerusarba 3adamka ,yrnpassbar-e gampom”

The outcomes in the "radio operation” assignment are similar to those
in the "fire control” assignment. No statistically significant difference was
monitored between the outcomes of practical and theoretical parts. In
contradistinction to the "fire control” assignment, there was only a weak
correlation between the outcomes of theoretical and practical parts in the
case of the “radio operation” assignment. Despite this fact, this correlation
is statistically significant (p = 0.031) on the 0.05 significance level. The
above mentioned correlation illustrates the fact that it was not difficult for
the assessed soldiers to master the "radio operation” assignment. Practical
fulfilment of such assignment is not pre-conditioned just by theoretical
preparation, but other factors are involved as well. The theoretical
mastering of radio-communication is a significant prerequisite for
successful practice, in the same way as in the case of the "fire control”’
assignment. Moreover, the students carry out this activity usually not in the
presence of the whole squad. Thus, radio-communication is not
demanding as far as the performance in front of subordinates is
concerned. Radio-communication has clearly set rules and routine
terminology, so the theoretical mastering makes it easier to communicate
through radio station. It is easy to handle a radio station, because it does
not require any special technical knowledge.
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Wilcoxon signed-rank test Spearman's rho
p=0.179 R=0.325 p=0.031
254 T 7 theoretical

practical

10

score

Figure 3 — Outcomes of assessing the "radio operation” assignment
Puc. 3 — Pe3ynbmambl oyeHugaHuUsi 3adadqu «opaaHu3ayusi paduocessu»
Cnuka 3 — Pesynmamu ouerusarba 3adamka "KomyHukauuja nymem paduja”

Conclusion

It may be stated on the basis of the acquired outcomes that the as-
sessment of theoretical solutions of selected combat assignments fulfilled
by future squad commanders may be used for the prediction of how suc-
cessful the management of such assignments may be in practice. Signifi-
cant correlations between the outcomes of theoretical and practical soluti-
ons were recorded mainly in the case of the "fire control” assignment. Cer-
tain discrepancy between the outcomes in both parts was monitored in the
case of the “battle order” assignment, as the students achieved systemati-
cally worse outcomes during the practical fulfilment. Such an outcome is
probably pre-conditioned by the complexity of this assignment, which is not
only about learning individual steps, but also about the students” abilities to
perform the roles of commanders. Fulfilment of such assignment requires,
besides theoretical preparation, considerable personal experience, which
the future commanders gain only through practice. Nevertheless, a medi-
um-strong correlation between the assessment outcomes of theoretical
and practical fulfilment of this assignment has been recorded even in that
case.
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MPOLECC MPUHATUSA PELLEHUI NPW BbIMONHEHNN
BOEHHbIX 3AO0AY

Padek Mutayek, Tomac 3emaH, 5H [dpo3a, JSlybow Onpapoycek, [3sud Ynbpux,
Mupxu Nsopxak

YHuBepcuTeT 060pOoHbI B I. BpHO, ®akyrnbTeT BOEHHOro ynpasnexus, r. BpHo,
Pecnybnuka Yexus

OBNACTb: BOEHHbIE Hayku
BWO CTATbW: opuruHanbHas Hay4Has ctaTes
A3bIK CTATbW: aHrnuinckun

Pe3some:

[Npedmemom Hacmosiuel crmambU S8/ISIeMCS MPOUECC MPUHSIMUST peLueHul
8 KPUSUCHOM yripaesieHuu, ¢ 0cobbiM akUueHmoM Ha Boopy»xeHHble curibl
YHewckoli Pecriybriuku (KypcaHmel YHusepcumema 060pOHbI 8 2. BpHO).
UccriedosaHue ocHogaHO Ha HabnodeHusix 3a rnosedeHuemM 44 KypcaHmos 8
PasUYHbIX MaKMUYeCcKUx cumyauusix, rMpoucxXo0siLUX 80 8PEMST CITOXKHbLIX
mpexHederibHbIX rornesbix ydeHul. KypcaHmbl Q0rmkHbI 6biiu 8bINoHUMb
criedyrowjue boesble 3aladu: yrpasereHue ozsHeM, 6oesol rnopsidoK U
opeaHusayusi paduocesidu. [lo Hawana ydqeHuli KypcaHmbl 3arofHsamu
aHKemy-ofpoCHUK, — codepxxawjuli  ebilieyroMsiHymble  3adaqu. Ha
OCHOBaHUU  MOMTy4YeHHbIX Pe3yribmarnog MOXHO —ymeepxdamb, 4mo
ouyeHusaHUe MmeopemuYecKux peweHUll omoeribHbIx 6o0esbix 3adad,
Komopoe 6ydywjue KomaHOUpPk! nodpal3derneHuli rnpueesu 8 OrPOCHUKaXx,
Moxem 6bimb  UCMOIL308aHO MPU  MPOSHO3UPOBaHUU  yCriewHocmu
ynpaeneHusi aHanu3upyembimu 60esbiMu 3adadamu Ha rpaKimuke.

Krrouesnie criosa: Boopy»eHHble curibl Heuwickol Pecriybriuku, condam,
rnexomHele rnoodpasderneHus, MPUHAMUE PeweHus, Kpu3ucHasl
KOMMYHUKaUUs.
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MPOLIEC OANYYMBAHA TOKOM N3BPLUABAHA
3AOATAKA Y BOJCLIN

Padex Mutauek, Tomaw 3emaH, JaH [ipo3a, Jlybow OHApoyLLek,
Haeud Ynnpwux, Jupxu [iBopxak

YHuBepanuteT oabpare y BpHy, ®akynTteT BojHOr pykoBohekba,
BpHo, Yelwka Peny6nvka

OBJ1ACT: BojHe Hayke
BPCTA UJTIAHKA: opyruHanHu Hay4Hu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Unarnak ce 6asu ripouecom 00siyqusarba y KPU3HOM MeHayMeHmy C
HaeariackoM Ha eojcKy Penybnuke Yewke (kademu Ha YHusep3umemy
o06paHe y bpHy). Tokom ucmpaxuearba, nocmampaHa cy 44 kabema y
pasnuuYuUMUM Makmu4kuMm cumyauujama moKOM CJIOKEHE MpOHedesbHe
gexbe Ha mepeHy. O0 wux ce mpaxurno da usspwe criedehe 6opbeHe
3alamke: yrnpasrbare 8ampoM, Hapeheme 3a 60pby u KoOMyHUKauuja
nymem paduja. lpe mpeHuHaa, kademu cy MOMyHUNU YnUmMHUK ca
numaruma Koja cy o0zoeaparna 2ope rnomeHymum 3adauyuma y rpaxcu.
Ha ocHosy 0dobujeHux pesynmama, Moxe ce mepdumu 0Oa oueHa
meopujckoe pewasarba usabpaHux 6opbeHux 3a0amaka mehy 6ydyhum
KomaHOupuma jeduHuua Moxe Oa ce Kopucmu 3a npedsuhare
ycriewHocmu pykogofhersa makeum 3adayuma y rpakcu.

KbyuHe peyu: Bojcka Penybnuke Yewke, 80jHUK, jeduHuya newaduje,
npouec odny4yusarba, KpU3HO KOMYHUUUPaHe.
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Abstract:

This paper presents the characteristics of the materials used in footwear
industry, with a particular emphasis on polyurethane materials for making
soles. The role, purpose and design of soles are also discussed, as well
as the requirements this part of the shoe should satisfy.

The manufacturing of polyurethane soles by liquid injection molding
technology (LIM technology) is described, namely its two procedures. In
the first one, the sole is obtained by pouring polyurethane into an open
tool, and the second one is direct injection of polyurethane on the shoe
upper in a closed tool, thus completing the production of finished footwear.
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The results of testing the specimens cut out from three sole samples show
that almost all quality requirements under technical specifications for this
part of the shoe are met. The tested sole samples do not meet the formal
requirements for tensile strength, although the values of this characteristic in
a sample made of a polyurethane-rubber combination and a sample made
of elastomeric material are very close to the set quality requirements.

Key words: polymeric materials, shoe soles, liquid injection molding
technology, quality.

Introduction

Footwear, in one form or another, has been around for a long time. In
ancient times, the simplest way to protect the foot was to use handy
materials such as bark, leaves, grass and vines wrapped around the foot.
The drawings in the caves of Spain originating from more than 15000 years
ago show people with their feet wrapped in animal skin and fur. But since
the time of ancient Rome to the present day, many types of footwear have
survived, indicating that there were much more types of footwear than anyone
could have expected. Therefore, the intensive development of production
technology of footwear continues today, due to technical and technological
solutions in the production of a variety of footwear (Groover, 2001).

In terms of technology, production is the application of physical and
chemical processes in order to change the geometry, properties and/or
appearance given to raw materials to produce parts or products.
Production also includes completing more parts to create the product.

There are different types of materials used in footwear industry. The
main materials used for making footwear are leather, synthetic polymers,
rubber, plastics, textile materials, knitted materials, wood, cork and in
some cases metal materials (http://www.publications.theseus.fi).

Polymers have become the main specialized materials for footwear
industry. Simply put, polymer is a chemical compound composed of small
molecules arranged in a simple structure to form larger molecules, or to the
full definition, this is a chemical compound or a mixture of compounds
obtained by polymerization and consisting essentially of repeating structural
units (http://www.merriam-webster.com).

The importance of polymers in footwear industry is a result of efforts to
use only the highest quality raw materials. This is very important because it
is directly related to human health. This material is almost always in contact
with human skin. Manufacturers of both plastic and elastomeric materials
co-operate with manufacturers of footwear in order to develop new materials
that must meet the requirements of today's shoes (Melo, Cavaco, 2012).
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In short, footwear consists of an upper and a lower part. The footwear
parts are shown in Figure 1. For the production of shoe uppers, leather is
commonly used. Different polymeric materials are used to create lower parts
of shoes - soles.

The lower part usually consists of the sole, the insole and the tread. To
create soles, high-quality leather (vegetable rack) is used, while the
production of insoles applies slightly less quality leather (vegetable part). For
tread soles, different polymeric materials are commonly used. Polymeric
soles should satisfy a number of requirements in order to achieve the best
possible protection of footwear, being the footwear part in direct contact with
the ground on which a person moves.

1 - Setup
2 - Thermal insulation
3 - Polyurethane membranes
4 - Rubber membrane protection
5 - Assembly insole
6 - Polyurethane part of the sole
7 - Tread rubber part of the sole
8 - Felt
9 - Thermoplastic eaves
10 - Boot/shoe face,
genuine leather

SNAW R -

Figure 1 — Components of shoes (boots)
Puc. 1 — CocmasHbie yacmu obysu (bomuHKa)
Cnuka 1 — CacmasHu Oenosu obyhe (yusme)

Soles, which are in contact with the ground, should meet the following

requirements:

— Good adhesion to various substrates (soil, paving, asphalt, etc.)

— Good flexibility during walking,

— Low wear, which ensures a long service life of shoes,

— Good mechanical characteristics, which allow the strength and
flexibility of the sole, depending on the physical and mechanical
properties of the material used (tensile strength, elongation, etc.)

— Resistance to splitting, which may occur in contact with sharp objects
(stones, nails, etc.)
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— Slight, almost insignificant slipping on wet surfaces, ice and other
slippery surfaces,

— Structural solution that enables easy separation from water, mud,
stones, snow and reduce slippage,

— Medium hardness material that provides flexibility and comfort when
walking, with less fatigue,

— Good and easy adhesion to the upper with the highest possible
soleupper adhesion force when using standard adhesives,

— Low weight, and low-density materials,

— Tightness of the sole-upper bond.

Polymeric materials for footwear industry

It is considered that the durability of a material is directly proportional
to its density. This attitude has a lot of exceptions, but it can be accepted
as a simplified rule shown graphically in Figure 2.

12

0.8

0.6

Density

0.4

0.2

Quality

Figure 2 — Simplified quality-density dependence
Puc. 2 — YnpouweHHas 83auM03a8uCcuUMOCMb Ka4eCcmeo-MiiomHOCMb
Cnuka 2 — YnpowheHa 3agucHocm Keanumem-—z2ycmuHa

A compact material of a relative density value of 1 or greater (relative
density is the ratio of material density and water density) practically has no
holes in it and is a "complete" material feature. If we look at, for example,
abrasion resistance — particularly sole abrasion, this material will withstand
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an abrasive contact for a long time because there is no place on the
surface where material abrasion could begin.

A material the density of which is lower than the density of water must
have a cell structure. Cells can be larger or smaller in size, they may be
more or less connected to each other, i.e. materials may have open or
closed cells. Figure 3 shows open cell (magnification 15x) and closed cell
(magnification 35x) expanded materials - materials with a cellular structure
(https://www.linkedin.com).

- .

Figure 3 — Open cell (a) and closed cell (b) expanded materials
Puc. 3— Omkpbimbie s4elku (a) 3akpbimble sHeliku (6) akcnaHOuposaHHO20 Mamepuarna
Cnuka 3 — OmeopeHe henuje (a) u 3ameopeHe hernuje (6) ekcnaHOupaHo2 Mamepujana

The essence of the reduction in density of a material whose relative
density is always greater than 1 is nothing more than making a cellular
structure in which there are many gaseous components. It is important that
there should be a lot of empty space (filled with a gas, regardless of
whether it is air, carbon dioxide, or something else), so that the whole
structure has less mass than water and therefore lower relative density.
For example, if the abrasion resistance of different materials (from
compact materials to materials of lower density) is shown in the form of a
diagram, it will not be a straight line as in the simplified dependency, but
more like a so-called point cloud, as shown in Figure 4.
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Density

Durability

Figure 4 — The so-called cloud quality — density dependence
Puc. 4 — «ObnayHas» 83auMo3ag8uUCUMOCMb Ka4ecmeo-rni0mHocms
Cniuka 4 — T3s. obnak 3agucHocmu Keanumem—eaycmuHa

If the aforementioned procedure is repeated for other features, there
will be a similar graphical dependency. These data are the basis for
assessing the quality of the materials for making shoe soles.

When it comes to compact materials, it is necessary to consider
leather and vulcanized elastomeric materials. Although soles made of
compact leather have their advantages, they also have certain drawbacks
(lack of durability, decreased water resistance, poor insulation, problems
with the design, etc.). Vulcanized elastomer materials have begun to be
used as a material for soles about 50 years ago and represent a major
technological achievement - rubber soles are waterproof and allow the foot
to be warm and dry even in winter months (Mills, 2007).

The entire group of compact polyurethane materials (for example,
thermoplastic polyurethanes) may have the characteristics listed as good
features of the two aforementioned compact materials.

Polyurethanes are an important class of polymers resulting from a
polycondensation reaction between different polyols, isocyanates and
additives, which allows obtaining a wide range of polymers of various
properties and applications.

As for durability, compact polyurethanes have a significant advantage
in relation to compact materials, vulcanized rubber and leather, which is
visible in Figure 5.
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PU solid

PU cellular

EVA

PvC

TP Rubber
Vulcanise rubber

Leather

Figure 5 — Specific durability of materials for shoe soles
Puc. 5 — YdenbHas npoyHocmb Mamepuarnos 0515 nodowe obysu
Cnuka 5 — CneyuguyHa mpajHocm mamepujana 3a fjoHose obyhe

As far as materials of lower density are concerned, cellular, ie.
expanded polyurethanes cover a wide range of density, starting from a
compact high density material (density of about 0.9 g/cm® to 1 g/cm?),
through a common density of 0.6 g/cm® to 0.5 g/cm?® for high-quality soles,
from 0.5 g/cm? to 0.4 g/cm? for thicker and less quality soles for women's
shoes, from 0.4 g/cm?® to 0.3 g/cm? for lower quality soles for home shoes
or slippers, to low density of 0.3 g/cm® to 0.2 g/cm? for insoles of sports
shoes or flexible soles for comfortable footwear.

People often stop wearing particular shoes because they are not
modern any more, but due to polyurethane durability, they still have value
as used goods. Even if thrown away as waste, such footwear may be used
with other solid waste as a fuel source.

Different polymeric materials (plastics, rubber materials, a combination of
elastomeric materials - plastic materials, expanded materials, etc.) are used for
sole production. The main reason to use the mentioned materials is the fulfil-
ment of a large number of requirements; however, costs of both materials and
the production technology must be taken into account.

In practice, the most commonly used elastomer materials are natural
rubber (NR), thermoplastic rubber (TPR), styrenbytadien rubber (SBR) and
bytadienakrylonitrile rubber (NBR).

The most commonly used plastic materials are polyurethane (PUR)
and polyvinyl chloride (PVC), etc.
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Lately, the soles of polyurethane systems, combined rubber-
polyurethane soles, have been used for making sports shoes and boots. In
addition to having the proper physical and mechanical characteristics, the
lower part of the combined material (rubber) provides good adhesion to the
substrate, and the upper part (polyurethane) provides the necessary
strength of the bond with rubber and leather uppers. Often the upper part
of the polyurethane mid-sole is constructively resolved so that, besides
cementing, it is possible to stitch the sole and the upper, thus resulting in a
stronger sole-upper adhesion force and a longer service life. In sports
shoes, weight, design and elasticity are significant, while in protective
footwear the emphasis is on comfort, durability and protection.

Polyurethane systems

Polyurethanes are plastic materials obtained by combining polyol and
isocyanate; the basic chemical process of this system was discovered by
Otto Bayer in 1937 (http://www.polyurethanes.org).

Polyurethanes are prepared by the exothermic reaction between an
alcohol with two or more reactive hydroxyl (-OH) groups per molecule
(diols, triols, polyols) and isocyanates, which typically have two or more
reactive isocyanate groups (-NCO) per molecule (e, diisocyanates,
polyisocyanates). The basic process is the reaction of the polyurethane
system; for example, a diisocyanate with a diol shown in the following
Figure (Bayer, 1947, pp.257-272).

—N—R'—-N—C—O—R2—
NO=C=N—R'—N=C=0 + nHO—R:—OH —» '[ﬁ I e Oil‘
O H H O
n

Figure 6 — The basic reaction of the polyurethane system
Puc. 6 — basosas peakyusi nonuypemaHogol cucmemal
Cniuka 6 — OcHogHa peakyuja rnonuypemaHcKux cucmema

The group obtained by the reaction of these two molecules is known
as the "urethane bond" and represents an important part of the
polyurethane molecule.

For the production of polyurethane shoe soles, the mentioned
principle is used to control systems that comprise two components. One
component is a polyol with terminal hydroxyl groups, and the other is a
multifunctional diisocyanate. If necessary, color is added to the polyol
component (Rosato et al, 2000).
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Polyurethane systems for shoe soles can be based on polyester or
polyether polyol or a polyol. These two systems have specific features; a
choice of a system depends on the end use of shoes with such soles.

Polyester systems are, generally speaking, more reactive due to the
fact that they are solid at room temperature and it is necessary to warm
them up prior to use. Due to the fact that it is necessary to apply a high
temperature in order to maintain polyester polyols in a liquid form, the ma-
nipulation of this component is somewhat difficult. As the system expands,
material is heated and the temperature of the tool is reduced as well as the
curing time. However, soles based on polyester systems are less durable
and are subject to biological influence, ie. the effects of bacteria and fungi.
These features are quite adequate for the footwear market with fast-
changing designs and models (Yutaka et al, 2009, pp.3722-3742).

The largest number of isocyanates to be used for the production of
polyurethanes have two or more isocyanate groups per molecule. The most
commonly used isocyanates are aromatic diisocyanates, methyl benzene
diisocyanate (better known as toluene diisocyanate TDI) and methylene
diphenyl diisocyanate MDI (Urethanes Technology International, 2015).TDI was
developed first, but is now mainly used for the production of flexible foam of low
density for furniture industry (pillows, etc.). A mixture of diisocyanates known as
TDI consists of two isomers (Figure 7):

CHs o
NCO °

NCO

Figure 7 — TDI isomers
Puc. 7 — Nsomepsbi TDI
Cnuka 7 — N3omepu TDI

MDI is something more complex and allows a wider range of
opportunities in polyurethane production in terms of technologies and end
products. A mixture of MDI diisocyanate is commonly used for the
production of rigid expanded materials. MDI includes the following
diisocyanates, shown in Figure 8.
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Figure 8 — A mixture of MDI
Puc. 8 — Cmecb MDI
Cnuka 8 — Cmewa MDI

The characteristics of the polyurethane material used for LIM (Liquid
Injection Molding) technology for making soles are given in Table 1.

Table 1 — Characteristics of the polyurethane material for LIM technology
Tabnuya 1 — Xapakmepucmuku rnonuypemaHogo2o Mamepuarna 055 mexHonoauu LIM
Tabena 1 — Kapakmepucmuke rnionuypemaHckoe mamepujana 3a JINM mexHonoaujy

Characteristics Testing method Value
Density, g/lcm® DIN 53420 0.62
Tensile strength, MPa DIN 53455 10
Tensile elongation, % DIN 53455 420
Tear resistance, kN/m DIN 53515 20
Abrasion(mass loss), mg DIN 53516 30
Hardness, H°Sh A DIN 53505 70
Resistance to folding P-2 on 25°C > 20.000 foldings
Adhesion force of joint PUR DIN 53530 50 + 10
sole-leather, N/cm
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The production of polyurethane soles by liquid
injection molding technology

Soles of polyurethane systems are produced by liquid injection
molding (LIM) technology. It is an industrial production method that forms
raw materials into a variety of products of a wide range of applications.
This process includes weighing, mixing and pouring two liquid plastic
components (http://www.chemtrend.com).

This technology is different from the standard process of reaction
injection molding because it is based more on mechanical agitation than
on forced stirring under pressure. In this way, a large number of parts with
different characteristics can be produced.

Figure 9 shows the scheme of the equipment for liquid injection
molding technology as well as the dependence of the viscosity on shear
rate at characteristic locations of this equipment(http://www.xiameter.com).

1E+04

1603 g\g :
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©
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2 1E:02
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3 :
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Pump/Mixer _Injection Unit : _ Runner/Cavity
1E+00 - — ‘ — |
1E-01 1E+00 1E+01 1E+02 1E+03 1E+04

Shear Rate, 1/s
Figure 9 — Scheme of the equipment for injection molding technology

Puc. 9 — Cxema obopydosaHusi Orisi u320moerieHuUst odowisb Memodom JIumbsi ol 0asrieHuem
Cnuka 9 — Lllema onpeme 3a mexHono2ujy UreKyuoHo2 obrukosarba
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A photo of one type of an LIM technology machine is shown in Figure 10.

bl

 tl b o A

Ner

Figure 10 — One of the LIM technology machines
Puc. 10 — MawuHa npumeHsiemas 8 LIM mexHonoauu
Cnuka 10 — JedHa 00 mawuHa 3a JIIM mexHonoaujy

The polyol component and the isocyanate component are mixed in
the appropriate ratio and the resulting mixture is injected into a suitable
tool mounted on an injection press. In these conditions, at the same time,
the finished product is molded and the curing process occurs in the tool of
proper temperature for a certain period of time. The tool is most frequently
made of aluminium and its alloys.

For the production of polyurethane soles by the mentioned
technology, two methods are commonly appled.

In the first method, a homogenised liquid mixture flows into the heated
outdoor tool under low pressure, the tool closes, and after a certain time
period, the tool opens and a sole is removed from the tool. Figure 11
shows the casting of the mixture into the tool, and Figure 12 - the
extraction of the sole from the tool. This procedure produces lightweight
soles which can be used for shoes, boots and sport shoes. Thus obtained
polyurethane soles have better wear resistance than rubber soles and the
possibility of colouring in the mass, so that they can be attached to nearly
all kinds of shoes (http://www.essentialchemicalindustry.org).
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Figure 11 — Casting mixture into the tool Figure 12— Removing the sole from the tool
Puc. 11 — anueka ¢gpopm cmecbio Puc. 12 — UzeneyeHue nodowebl u3 ¢hopmMbi
Cnuka 11— Ynusare cmewe y anam Cnuka 12 — Bafjerse hoHa u3 anama

In Figure 13, soles of different designs are shown. Soles are attached
to uppers by gluing and sometimes also by stitching to obtain higher bond
strength.

Figure 13 — Polyurethane soles obtained by technology
Puc. 13 — lNMonuypemaxosasi nodowsa, uzzomosreHHass memodom LIM
Cnuka 13 — lNonuypemaHcku hoHosu dobujeHu JIMM mexHonoaujom
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The second method is a method of direct injection of a polyurethane
sole onto the shoe upper. Figure 14 shows the basic stages of this process
in the manufacture of boots.

A boot upper placed onto the upper movable mold part slowly
descends to the lower embossing tool (left top). After setting the boot
upper onto the lower mold part (right top), the tool closes completely and
the polyurethane system is injected to form a sole (right bottom).
Depending on the applied PUR system, the size of the sole and the
equipment used, the innjection time is from 15 s to 40 s. The temperature
of the tool and the curing time also depend on the system used and the
size of the polyurethane sole. The tool temperature is usually from 25 °C to
95 °C and the time of cementing the PUR sole with the boot upper in a
compact unit is from 5 minutes to 8 minutes. After this time, the tool is
opened and the boot is removed from the tool in about 10 seconds; the
tool is then ready for the next cycle of this process (left bottom).

PUR soles are manufactured by the described procedures with
equipment that may have dozens of complete tools and a system for
injecting polyurethane system(http://www.medical.saint-gobain.com).

Figure 14 — Four stages of the process of direct polyurethane sole injection
onto the boot upper
Puc. 14 — Yembipe amana rpoyecca npsimMoeo fumps rnosauypemaHogol
rnodowebl Ha 8epx bomuHka
Cnuka 14 — HYemupu ¢baze nocmyrika OupekmHoz ybpu3zasarba
rnonuyepaHckoz foHa Ha eopHuwime Yusme
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Quality requirements for soles

The quality requirements for boot soles with leather uppers in
accordance with relevant technical specifications are listed in Table 2.

Table 2 — Quality requirements for boot soles
Tabnuya 2 — TpebosaHus k kayecmsy nodowebi 0119 06y8U 8bICOKO20 MMOKPOST
Tabena 2 — Baxmesu keasumema FoHoea 3a yuame

Characteristics Testing method dQuallty
emands
Density, g/lcm® SRPS ISO 2781:1997 1.15+0.03
Hardness,H°ShA SRPS ISO 7619-1:2014 655
Abrasion, mm? SRPS ISO 4649:2014 max135
Tensile strength, N/mm? SRPS ISO 37:2004 min12
Tensile elongation, % SRPS ISO 37:2004 min280
Tearing resistance,N/mm SRPS ISOG.S2.735 Min 27

Results and Discussion

In this paper, we tested the characteristics of a sole made of an
elastomeric material (sample 1), a sole made of a combined rubber and
polyurethane material (sample 2) and a sole made of a thermoplastic
elastomer material (sample 3). The test results are given in Table 3.

Table 3 — Results of testing the soles

Tabnuya 3 — Pe3ynbmamai ucrsbimaHuli nodows

Tabena 3 — Pesynmamu ucriumusarba fjoHoga

Characteristics* | Testing method Quality Sample | Sample | Sample
demands 1 2 3
. 3 SRPS ISO
Density, g/cm 27811997 1.15+£0.03 | 1.25 1.13 1.16
o SRPS ISO
Hardness,H °Sh A 7619-1:2014 65+5 70 70 75
. 3 SRPS ISO
Abrasion, mm 4649:2014 max 135 93.8 142 78
Tens;lﬁnitr:ﬁ“gth' 35735050 min12 11 116 | 83
Tensile elongation, SRPS ISO .
% 372004 min280 550 775 450
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Quality Sample | Sample | Sample

Characteristics Testing method demands y 2 3

Tearing resistance, SRPS ISO min27 39.8 33 53.4

N/mm G.S2.735
Resistance
to bending SRPS ISO No cracks No No No
(De Mattia device, 123:2014 cracks | cracks | cracks
130.000 cycles)

* Test specimens for testing the characteristics were clipped off from
the sole samples.
The analysis of the quality requirements and the obtained results of
testing the specimens have shown:
— The lowest wear value (78 mm?®) occurs in sample 3, while sample 2
has the highest one (142 mm?)
— Samples 2 and 3 have almost the same tensile strength (11 N / mm?
and 11.6 N/mm?), while sample 1 has a significantly lower value of
this property (8.3 N/ mm?),
— Sample 2 shows the highest elongation value (775%), and sample 3
the lowest one (450%),
— Splitting resistance, which can be seen as structural strength, is
highest in sample 3 (53.4 N/mm), and lowest in sample 2 (33 N/mm),
— The results of testing resistance to bending, hardness and density
are similar for all three samples of the tested soles.

Conclusion

The characteristics of the materials used in footwear industry are
given, with a particular emphasis on polyurethane materials for making
soles. The characteristics of the components are described as well as the
basic chemical reactions, processing technology and the physical
mechanical characteristics of this system.

The materials that can be used in footwear industry, primarily for the
production of shoe soles, have been presented. Also discussed are the
role, purpose and design of soles, as well as the requirements that this
shoe part should satisfy.The manufacture of polyurethane soles by liquid
injection molding technology (LIM technology) is presented, two of its
procedures in particular:
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— The procedure of casting polyurethane material into the open tool
and obtaining a sole as a component for further production, and

— The procedure of obtaining a sole directly by injecting polyurethane
material onto the leather boot upper, which ends in a finished
product.

The results of testing the specimens cut out from three sole samples
show that almost all quality requirements from the technical specifications
for this part of the shoe have been met.

The tested sole samples do not meet the formal requirements for
tensile strength, although the values of this characteristic in the
polyurethane-rubber sample and the elastomeric sample are very close to
the set quality requirement.

The thermoplastic elastomer sole sample has a considerably smaller
tensile strength and slightly higher hardness relative to the defined quality
requirements for these two properties.
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MOJNIMYPETAHOBBIE 1 ONTACTOMEPHbIE YACTW ONA
NMPON3BOACTBA OBYBW METOOOM MNMPAMOIO NNTbA
non OABJIEHMEM

PadosaH M. Kapkanuy®, MosaH P. Pa/:lynosmqﬁ, Hanu6op B. MosaHoBuY®
@ YuusepcuteT 060poHbI B . Benrpaf, BoeHHas akagemus,
r. benrpag, Pecny6bnvka Cepbus
MuHuctepcTBo 060poHbl Pecnybnukm Cepbus,
BoeHHOo-TexHu4eckun MHCTUTYT, . Benrpaa, Pecnybnuka Cepbua
® BoopyxeHHble curbl Pecny6nvku Cepbus,
OnbITHO-3KCNEPUMEHTaNbHBIN TEXHUYECKUIA LIEHTP,
r. benrpag, Pecnybnuka Cepbus

OBNACTb: xuMmnyeckune TexHonormm
BWO CTATbW: 0630pHas ctaTbs
A3bIK CTATbW: aHrnuickuin

Pe3some:

B QdaHHOU pabome onucaHbl  Xapakmepucmuku — Mamepuarsios,
ucrionib3yemMbix 8  rpou3godcmee  0b6ysu, Mo0YepKHyma  porsib
ronuypemaHosbIX Mamepuasnog 6 u32omossieHuu nodows. Takxke
onucaHbl HazHadvyeHue, byHKUUST U KOHCMPYKUUS nodowebl, 8 mom Hucrie
mpebosaHuUsi K  Kadecmsy — ee  U320MOBJIEHUSI. Onucatbl
rpou3eo0cmeeHHble npouyecchb! ronuypemaHo8bIx rodows,
U320MOoeJieHHbIX MemoOoM MpsiMo20 numbesi o0 OaesneHuem (JIIM
mexHoroausi). B kadecmee unmocmpayuu rpusedeHo onucaHue dsyx
memodos OdaHHOU mexHonoauu. [lepebili mMemod nodpasymesaem
3anueKky nonuypemaHa 8 OMmKpbImyr opMy, a emopol - Xudkoe
gopmuposaHue Ha 3amsHymou 3a2omoeke gepxa obysu. Pe3ynbmamel
aHanusza o0b6pasyos, 83Imbix ¢ mpex eudos nodows, nodmeepousnu
coomeemcmeue  mpebogaHusM K  Kadyecmsy,  npednucaHHbIX
mexHu4eckol crieyugbukayueli no daHHomy eudy obysu. Hecmompsi Ha
mo, 4mo ucribimaHHble 06pa3ubi rnodowe ghopmaribHO He ebidepxKarnu
ucrbimaHusi Ha MpPOYHOCMb, 3HaYeHUsl rapamMempos 06pa3yos u3
KOMOUHUpOBaHHO20 Mamepuana pe3uHa-rnonuypueman U obpasyos u3
3/1aCMoMepPHbIX Mamepuanoe docmamoYHO 6rU3KU K YCmaHo81eHHbIM
mpebo8aHUsIM K Kayecmay.

Kntouesble crioga: nonumepHble Mamepuarbl, nodowsebi 0nsi obysu,
mexHos102us NMPSIMO20 fiumbsi 00 0asfieHUEM, Kayecmeo.
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NMONMMYPETAHCKN N ENACTOMEPHW AENTOBU
3A NMHAOYCTPWUJY OBYRHE AOBNJEHU
TEXHOJTOMMJOM TEYHOTI MBEKLIMOHOT OBJTMKOBAHA

PadosaH M. Kapkanuh?, JosaH P. Pauynosmh6, [anu6op b. JosaHosnh®
@ YHuBepanteT onbpaHe y Beorpaay, BojHa akanemuja,

Beorpag, Penybnuka Cpbuja

MuHuctapcTBo ogbpaHe Penybnuke Cpbuje,

BojHoTexHu4kn nHcTuTyT, Beorpaa, Penybnuka Cpbuja
® Bojcka Cpbuje, TexHuuku onuTHM LeHTap, Beorpaa, Peny6nvka Cp6uja

OBNACT: xemujcke TexHornoruje
BPCTA YJTIAHKA: npernegHun unaHak
JESNK YJTAHKA: eHrnecku

Pe3ume:

Y pady cy HasedeHe KapaKmepucmuKke mMamepujana Koju ce Kopucme y
uHdycmpuju obyhe, ca nocebHUM 0C8pPMOM Ha MofAUypemaHcke
mamepujane 3a uspady hoHoea. PasmompeHa je ynoea, HameHa U
KOHCMpyKuuja hoHoea, Kao U 3axmesu Koje bu osaj 0eo obyhe mpebasio
Oa 3a0080sbU.

OnucaHa je npou3godra MonuypemaHckux HoHoea mexHOoIoaujom
MmeYHo2 UH-eKUYUOHOe obriukosarsa (/IIM mexHornoauja).OnucaHa cy dea
nocmyrnka oee mexHosnoeuje. Y npeom ce fhoH 0Oobuja ynuearem
nonuypemaHa y omeopeHu anam, a y OpyaoM OUPEKMHUM
ybpuszasar-em ronuypemana Ha 20pruuime obyhe y 3ameopeHu anam,
qume ce 3aspliasa uspada komrisiemHe obyhe.

Pesynmamu ucrumusarba erpysema, UCeYeHuUx U3 mpu y3opka foHoea,
yKasyjy Ha UcCnyHeHe CKOPO C8UX 3axmesa Keanumema rpema
MexHUYKOj crieyuchukayuju 3a oeaj 0eo obyhe. VMcnumusaHu y3opuyu
hoHosa hopmarnHo He 3adogosrbasajy 3axmes 3a rnpPeKkudHy uspcmohy,
mada cy spedHocmu o0ee Kapakmepucmuke Ko y3opka ypaheHoz 00
KombuHoBaHO2 Mamepujania  2yma-rioiuypemaH U y30pka 00
enlacmomepHoe Mamepujania epro bnu3y rfocmaesbeHoe 3axmesa
Keanumema.

KrbyuHe peyu: nonumepHu mamepujanu, hoHosu obyhe, mexHonoauja
meyHoe UH-eKUUOoHoe 0br1uKo8aksa, Keanumem.
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Summary:

Modern diesel fuel injection systems called "common rail systems” have
been increasingly developing over the past two years. Along with the
development of such systems it has been, at the same time, necessary to
follow the development of ancillary systems used for their proper and
efficient operation. This paper provides a detailed presentation of the
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latest generation of common rail systems operating at high pressure
together with problems regarding diesel fuel filtration.

Key words: common rail systems, pumps, maintenance, fuel filtration,
diesel fuel, filters.

Introduction

Modern common rail systems designed for diesel fuel injection repre-
sent the main type of fuel distribution in diesel engines. The traditional
conception of fuel injection with in-line or rotational piston pumps that
operates at low working pressures is gradually abandoned due to high
environmental requirements being introduced in industrial developed
countries. Additionally, with imposition of very strict regulations with regard
to environmental issues, manufactures of diesel fuel injection systems have
to adapt to both the regulations and laws and the market itself.

Lately, on the global market of common rail system manufacturers,
there have been several companies supplying the global automotive
industry (passenger, freight, special purpose army vehicles, diesel-electric
generators sets, etc).

Among the global suppliers of common rail systems, the major ones
are: Cummins, Denso, Delphi, Bosch, Heinzmann, Ganser, Liebherr, Merce-
des, Mitshubishi, MTU (Motoren Turbinen und Union-Germany), Perkins,
Rollce Royse, Siemens, etc.

Denso, Delphi, Bosch and Siemens are the manufacturers of fuel
injection systems designed primarily for passenger, light commercial and
freight vehicles, while Cummins, HeinzmannPerkins, Mitshubishi, Rollce
Royce, Ganser, Liebherr are primarily oriented to high-horsepower engines
for heavy freight vehicles, off-road vehicles, navy, railways, etc.

Some manufacturers of modern common rail (CR) systems, such as
Denso, have been continuously developing new designs, thus giving a new
task to other manufacturers. Since the end of the first quarter of 2016,
Denso has been planning the start-up of its latest common rail system
design operating at 3000 bars (Hydac, 2015b).

Fuel injection systems operating at high working pressures require
clean fuel with as few contaminants as possible, such as solid particles and
water. The function of new fuel filtration systems is to maintain the quality of
fuel at the required cleanliness level.
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Development of CR systems and gas emission
regulations

Many well-known international manufacturers of diesel engines and
diesel engine components have been involved in design and development
of CR systems. Among them are: Cummins, Denso, Delphi, Bosch (Fiat),
Heinzmann, Ganser, Liebherr, Siemens and others. Since 1995, when the
Japanese Denso introduced the first CR systems into commercial
production (Denso, 2016), (240 landmarks of Japanese automotive
technology, 2016), other international manufacturers have joined the race.

Some manufacturers have developed CR system generation
operating at 2000 — 2500 bars, for low-horsepower engines (passenger
vehicles and light commercial vehicles). The major ones of them are:
Denso, Bosch and Delphi.

Back in 2002, Denso launched systems operating at 1800 bar wor-
king pressure, then in 2008, systems operating at 2000 bars, and finally in
2013 systems operating at 2500 bars appeared on the market (Denso,
2016).

Bosch develops their CR system designs in cooperation with the FIAT
development centre who was among of the first ones to initiate the
development of modern CR systems. Due to some difficulties, FIAT
integrated with Bosch to start mutual development of fuel injection systems
(Petruzzelli, 2013), (Robert Bosch GmbH, 2010). In 1997, Bosch developed
a system operating at 1350 bar working pressure (Robert Bosch GmbH,
2009), in 1999 the working pressure was increased to 1400 bars (Robert
Bosch GmbH, 2009), in 2001 to 1600 bars (Robert Bosch GmbH, 2009),
(Robert Bosch GmbH, 2011a), and in 2007 with a new pump and injector
generation the working pressure was increased to 2000 bars (Robert
Bosch GmbH, 2009), (Robert Bosch GmbH, 2014). At the beginning of
2015, Bosch increased the working pressure to 2500 bars (Robert Bosch
GmbH, 2011b) for passenger cars and light commercial vehicles, and to
2700 bars for heavy freight vehicles (Robert Bosch GmbH, 2015).

Delphi — the leading American manufacturer of CR systems was
following the development of CR systems by other international
manufacturers, to launch, at the end of the ‘90s, its own series of CR
systems operating at 1400 bars, which resulted in the latest generations
that operate at 2000 up to 2700 bars (Delphi France SAS, 2007), (Knight
et al, 2012), (Meek et al, 2014).

Based on the above mentioned, we can conclude that the majority of
international manufacturers have developed the latest generation of CR
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systems operating at 2000-2700 bar working pressures, except for Denso
and Delphi who have developed CR system designs operating at 3000
bars, which are currently being tested by engine manufacturers. We can
emphasize that the latest CR system designs operating at 2500 bars,
comparing to 2000 bars, show higher efficiency in fuel consumption up to
3%, decrease in solid particles in exhaust gasses even up to 50%, as well
as decrease in nitrogen oxides from exhaust gasses up to 8% comparing
to previous generation operating at up to 2000 bars (Denso, 2016). By
increasing the working pressure in CR systems to higher levels, lower
emissions of harmful compounds are obtained (primarily NOx) as well as
lower soot emissions, i.e. solid particles in exhaust gasses. This is very
important in respect to environmental regulations, laws and standards
being currently in force and new regulations that will be even more stringent
(new Euro 7 standard regarding gas emissions has been announced).

In the European Union, passenger cars and light commercial vehicles
produce about 15% of the total quantity of CO, emissions, while heavy
road vehicles produce about 20% of CO, emissions (European Comission,
2007), (http://ec.europa.eu, 2016).

There was sudden increase in relative CO, emission obtained from
combustion of fossil fuels in road traffic, from 21% of the total quantity in
1990 up to 28% in 2004 (European Comission, 2007), (Mulvey, 2007),
(Suellentrop, 2007). Although there were considerable improvements in
engine manufacturing technologies during the past few years — especially
regarding fuel consumption efficiency, which reflects in lower CO,
emissions — they were insufficient regarding neutralization of the effect of
increased traffic. EU — 25 directive relating to reduction of total gas
emissions resulted in the reduction of the greenhouse effect by nearly 5%
between 1990 and 2004; however, CO, emission from road traffic
increased by 26% (European Comission, 2007).

Currently, hydrocarbons emission (HC), nitrogen oxides (NOx),
nonmethane hydrocarbons (NMHC), carbon monoxide (CO) and
particulate matter (PM) emissions, have been regulated by particular
European norms for the majority of vehicle types, including cars, trucks,
trains, tractors and similar engines, but excluding marine engines and
airplanes. Different standards apply to each type of vehicles.

Newly produced models of vehicles have to fulfil current and planned
standards. EU Regulative No. 443/2009 prescribes an average CO, target
emission for new passenger cars at the level of 130 g/km, which was to be
implemented in phases between 2012 and 2015. From 2015 to 2021, target
emission is only 95 g/km and it will apply from 2021. For light commercial
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vehicles CO, emission will be 175 g/km starting from 2017, and 147 g/km
from 2020 (International Council on Clean Transportation, 2014).

According to the EU norms, allowed quantity of emissions of air pollutants
is defined according to the emission standards relating to certain groups of ve-
hicles classified according to their size and purpose. The emission standards for
motor vehicles are classified in the following categories: passenger vehicles,
light commercial vehicles (several categories depending on transport capacity),
trucks and busses, large freight vehicles and off-road vehicles (agricultural, con-
struction, mining and other vehicles).

Passenger vehicles and light commercial vehicles are the most used
vehicles in road transport, so the following tables show the European
emission standards for passenger and light commercial vehicles powered
by diesel engines.

Table 1 — European emission standards for passenger cars (Category M*), g/lkm
Tabnuua 1 — Esponelickue cmaHOapmbl 8biX/10MHbIX 2a308 01151
neekosbix asmomoburiel (kameaopus M*), e/km
Tabena 1 — Esporicku eMucuoHU cmaHOapdu 3a rymHudka eo3una (kameesopuja M*), g/km

Tier Date CO | THC | NMHC | NOx | HC+NOx | PM Plkm]
Euro | July 1992 | 2.72 - - - 0.97 0.14 -
1* (3.16) (1.13) | (0.18)

Euro January 1.0 - - - 0.7 0.08 -

2 1996

Euro January 0.64 - - 0.5 0.56 0.05 -

3 2000

Euro January 0.5 - - 0.25 0.3 0.025 -

4 2005

Euro | September | 0.5 - - 0.18 0.23 0.005 -
5a 2009

Euro | September | 0.5 - - 0.18 0.23 | 0.005 | 6x10™
5b 2011

Euro | September | 0.5 - - 0.08 0.17 | 0.005 | 6x10™
6 2014

* Before Euro 5, passenger vehicles>2500 kg were type approved as light
commercial vehicles N4-|
* Values in parentheses are conformity of production (COP) limits

For light commercial (transport) vehicles from Ni-I category, the
allowed level of some particles according to the Euro standards is the
same as in the previous Table relating to passenger vehicles. It can be
seen from the notes in Table 1, where passenger vehicles up to Euro 5
norm are classified as light commercial vehicles.
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Table 2 — European emission standards for light commercial vehicles 1305-1760 kg
(Category N+-Il), g/km
Tabnuya 2 — Esponielickue cmaHOapmbl 8biX/I0MHbIX 2a308 0115 /1e2KUX KOMMepYeCKUX
asmomobuneti 1305 -1760 ke (kamezopus Ny-1l), e/km
Tabena 2 — Esporicku emucuoHU cmaHO0apOu 3a naka KomepuyujanHa sosuna
1305-1760 kg (kamezopuja H+-Il), g/lkm

Tier Date | CO | THC | NMHC | NOx | HC+NOx | PM | P[km]
Euo1 | OS0T 1547 | - - - |14 0.19 -
Euo2 | YANAY [125 | - - - o 0.12 -
Euo3 | YNV log | - - loes |0.72 0.07 i
Euro 4 er(‘)‘é%ry 063 | - - |033 |0.39 0.04 -
Euro 5a| S0P 063 | - - |0235 |0295 o005 | -
Euro 5b Se';tgﬂber 063 | - - ]0.235 |0.295 0.005 |6x10"
Euro 6 Segtg{gber 063 | - - |0.105 |0.195 0.005 |6x10"

Table 3 — European emission standards for light commercial vehicles >1760 kg max
3500 kg. (Category N+-Ill & N3), g/km
Tabnuua 3 — Esponetickue cmaHOapmb! 8bIX/10MHbIX 2a308 07151 [1e2KUX KOMMePYeCKUX
asmomobuneli >1760 ke makc. 3500 ka. (kameezopusi Hq-1ll & Hy), a/km

Tabena 3 — Esporicku emucuoHu cmaHOapdu 3a naka komepuujanHa eo3una >1760 kg makc.

3500 kg (kameeopuja H+-1ll & Hy), g/km

Tier  |Date CO [THC |NMHC [NOx [HC+NOx [PM  [Plkm]
Euo1 | 9520 169 - - - 17 0.25 -
Euo2 | ANV |15 - - - 12 0.17 -
Euro 3 er(‘)‘fﬁry 0.95 - - |0.78 |0.86 0.1 -
Euro 4 Jazr(‘)%%ry 0.74 - - |0.39 |0.46 0.06 -
Euro 5a Segtg{?)ber 0.74 - - lo28 |0.35 0.005 -
Euro 5b Segtgﬂber 0.74 - - lo28 |0.35 0.005 |6x10"
Euro 6 Se‘;tg{?.)ber 0.74 - - |0.125 |0.215  [0.005 |6x10"
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After Euro 2, EU regulations introduced different emission limits for
petrol and diesel engines. Diesel engines have more stringent CO,
standards but are allowed higher NOx emissions.

The above presented Tables 1, 2 and 3 show that diesel-powered
vehicles with direct injection are subjected to limited emissions of 0.005
g/km according to Euro 5 and Euro 6 norms that were introduced in 2010-
2014, depending on the type of vehicle (passenger or light commercial
vehicles of certain transport capacity) (Macaudiére & Matthess, 2013),
(Emission Standards European Union, 2015), (The European Parliament
and the Council of the European Union, 2007).

Based on European norms and standards, the majority of
manufacturers of direct injection diesel engines have decided on
development of engines with minimum emission of harmful substances. In
order to achieve that, leading manufacturers of diesel injection systems
are trying to improve the existing direct injection systems by developing
new designs of injection systems and their accompanying components
such as filtration systems, which enable their efficient and reliable
operation. Additionally, development of new common rail systems is aimed
towards gradual abandoning of Diesel Particulate Filters (DPF), which in
the exhaust section of the system cause certain problems during the
engine exploitation due to accumulation of soot particles.

Modern CR systems

Figure 1 shows a Denso fuel injection system of older generation. The
system consists of the driving part of the system, where two pumps have
been connected to the same drive shaft.

The first pump (SCV) is the supply pump that supplies fuel from the
tank up to the distribution pump which distributes the fuel further into the
system through the delivery valve up to the high-pressure accumulation
reservoir. From the accumulation reservoir, the fuel under high pressure
(approx. 2000 bars), is distributed up to the injector that contains
electronically controlled valves controlled by an electronic control unit
(ECU and EDU). The excessive fuel that appears during the injector
operation or because of transgression of the preset pressure of the
accumulation reservoir will be returned through the return lines directly into
the reservoir.
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Picture 1 — CR system example (Denso, 2007)
Puc. 1 — lNpumep cucmembl common rail (Denso, 2007)
Cnuka 1 — lNpumep jedHoe common rail cucmema (Denso, 2007)

Modern generation of CR systems, manufactured by Bosch and Rolls
Royce, are shown in Figures 2 and 3. Bosch modern injectors CRS3-27
are built around fast-switching piezo injectors that always inject the
optimum amount of fuel into the cylinders for clean and economical
combustion.

The CRI3-27 piezo injectors lead the way in multiple injection
technology due to their capability for smallest pilot injection quantities, fast
injection sequences, and low injection quantity drift over system lifetime.
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CRS2-25 common-rail system
The individual components in a networked system

i m
-
= 5] ther components
Pl [ Fuel filter
(1]
@ Pre-delivery pressure
o @ High pressure

Return-line pressure

Electrical connection
Fuel

Picture 2 — Example of a modern CR system (Robert Bosch CRS 3-27, 2015)
Puc. 2 — lNpumep cospemeHHoUl cucmembl Bosch common rail
(Robert Bosch CRS 3-27, 2015)

Cnuka 2 — lNpumep caspemeHoe Bosch common rail cucmema
(Robert Bosch CRS 3-27, 2015)

Because the piezo actuator is integrated into the injector body, the
injectors are slim and require much optimized packaging than their
solenoid valve counterparts. Due to their robust piezo principle, the
injectors are compatible with various fuel qualities for various fuel qualities.
The piezo actuator generates approximately ten times the force of solenoid
valves. Therefore, the piezo injector is less sensitive against particle
contaminated fuel.

Rolls Royce CR system with fuel accumulator injectors (see Figure 3).
Because of its performance capabilities, the CR system has established
itself as standard equipment on car diesel engines in the course of the last
few years. The version of the system as described is also well suited for
use in small capacity industrial engines. In the case of engines with larger
cylinder capacities, however, the conventional CR system is now revealing
its limitations, since these require a relatively large quantity of fuel to be
injected into the cylinder for each ignition stroke. This produces pressure
pulsations in the CR system’s fuel reservoir that can interfere with the
subsequent injection sequences. Since 2000, MTU has used an advanced
version of the common rail system for the Series 4000 and 8000 engine,
and since 2004 for the Series 4000 as well, in which the fuel injectors have
an integrated fuel reservoir (see Figure 4). This permits the fuel lines
between the injectors and the CR to have a relatively small cross section.
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During an injection sequence, all that happens is that the pressure in the
injector's own fuel reservoir drops slightly. This prevents pressure
fluctuations in the common rail system and, therefore, a momentary
undersupply or oversupply of fuel to the injectors.

(1) High-pressure pump (3) Rail system

(2) High-pressure line @) Injectors

Picture 3 — Example of a modern MTU Rolls Royce CR system (Kech, 2014)
Puc. 3 — lNpumep cospemeHHol cucmembl MTU Rolls Royce common rail (Kech, 2014)
Cnuka 3 — lNpumep caspemeHoz MTU Rolls Royce common rail cucmema (Kech, 2014)

(1) Accumulator

(2) Filter

@ Limiting valve

(@) Actuator solenoid

@ Pilot valve

@ Control holes

(7) Nozzle element made of

high-temperature-
resistant steel

Nozzle needie 2
@ Nozzle [

High-pressure connection

@ Electrical connection

Picture 4 — Injector with the integrated fuel reservoir (Kech, 2014)
Puc. 4 — ®opcyHka co 6cmpoeHHbIM MOornueHbIM akkymyrnsmopom (Kech, 2014)
Cnuka 4 — ilbekmop ca uHmeepucaHum akKymyrnamopom eopusa (Kech, 2014)
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Modem injectors of the last generation, operating at 2000-2500 bars, have
100 — 200 um nozzles at the injector discharge line for the purpose of producing
an optimum fuel spray and mist out of the minimum fuel quantity, which again
creates a problem regarding the quality and cleanliness of the fuel.

Figure 5 shows a new generation injector G4S produced by Denso,
which, comparing to earlier injector types, performs a faster injection cycle
along with smaller fuel consumption.

Modern injectors have contact surface clearances between the needle
and the seat of 2-5 ym, so that care must be taken that the working fluid is
clean. Figure 6 shows the cross section of the injection part of the injector
and the needle; the needle moves up and down performing the distribution
of fuel into the nozzle part of the injector.

an-— Pressure reil [bar]
e

Series
G3s

S & C

PO - R
o 5

G35 (2000 bar}

AW
-}

-

Injection quantity [mm®/stroke]

Control
Rod

- Wl
i
I Nozzle
29 Lo needle ~—_
0 Y r T
o 0,80 1,00

0,20 0,40 0,60

Shot-to-shot-quantity-deviation
[mm?¥/stroke]

©

Injection quantity
[mm?¥/stroke]

[t

Actuation period [ms]

Picture 5 — Comparison of the old (G3S — 2000 bar) and the new
(G4S — 2500 bar) injector generation (Matsumoto et al, 2013)
Puc. 5 — ConocmasneHue cmapbix 0bpa3syoe ¢hopcyHok (IF3C — 2000 6ap) ¢ HosbIMU
(F4C — 2500 6ap) (Matsumoto et al, 2013)
Cniuka 5 — lNopehere uHjekmopa cmapuje (F3C — 2000 6ap) u Hosuje 2eHepayuje
(r4C — 2500 6ap) (Matsumoto et al, 2013)

Seat

Initial seating line
Injector body
Sac

Nozzle hole

Picture 6 — Cross sectional view of the top of the fuel injector
Puc. 6 — 3obpaxeHue rnonepeyHo2o ceyeHuUs HakOHeYHUKa GhopCyHKU
Cnuka 6 — Npukas npeceka spwHoe 0esna uHjekmopa
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Figure 7a shows the nozzle part of the injector when it is new, Figure
7b shows it during the exploitation and Figure 7c shows it after it has been
damaged due to improper maintenance and fuel filtration.

7 3 7

a b c
Picture 7 — Look of the damaged nozzle (Common rail Injectors FAQ — triplet diesel
injection — Waco, 2011)
Puc. 7 — N3obpaxeHue nospexdeHHoe2o cornna gopcyHku (Common rail Injectors FAQ —
triplet diesel injection — Waco, 2011)
Cnuka 7 — lNpukas uzeneda owmeheHe mnasHuye (Common rail Injectors FAQ — triplet
diesel injection — Waco, 2011)

Based on all of the above mentioned regarding the fuel distribution
system presented in Figure 1, we may conclude that all CR systems
represent small hydraulic systems. If we take a more detailed look, the
system contains positive displacement pumps of the same design as in a
hydraulic system. The design of the SCV supply pump consists mainly of
different designs of gear or vane pumps, while in the supply section radial-
piston pumps are used. One of the good features of supply pumps is their
ability to achieve high working pressures, which particularly relates to
radial-piston pumps. However, operation of pumps at high working
pressures requires the use of fluid of a specific level of cleanliness, in our
case diesel fuel. Diesel fuel as working fluid must fulfil certain requirements
regarding lubrication features as well as regarding the minimum content of
contaminants. Contaminants mostly present in the fuel are solid particles
and water. Designers of hydraulic systems have already noticed these
issues in hydraulic components of older generations (primarily with pumps,
but also with other hydraulic components sensitive to the presence of
contaminants). Modern hydraulic systems in transport vehicles such as CR
fuel injection systems also require so-called working fluid “treatment”
regarding the necessary level of fuel filtration and water separation, the
same as with the aforementioned hydraulic systems.
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Fuel filtration issues with CR systems

The majority of the manufacturers of filtration media supply the market
with filter elements that enable fuel filtration up to the cleanliness level of
4 um, with 95% water separation degree; however, they do not mention
solid particles separation levels.

Solid particles separation levels, or better, filtration efficiency, is
defined by the beta factor (Bx) — meaning the relation between the number
of particles of size (x) in oil, before and after filtration. Figure 8 shows a
filter with the number of particles at the filter entrance and exit.

)
v
o
SO P~ S
N =

Picture 8 — Filter separation of solid particles (Jocanovi¢, 2015)
Puc. 8 — ®unbmpuposaHue meepdbix yacmuy (Jocanovic, 2015)
Cnuka 8 — Uzdeajar-e ygpcmux yecmuua rmomohy gpunmepa (Jocanovié, 2015)

As an example, we have shown a simple simulation of filter elements
operation with the beta factor 100 and 99% solid particles filtration degree.

If we suppose that the filter presented in Figure 8 requires 4 pm( filter
element, i.e. the filter separates particles of 4 um, and bigger, it means
that the filter efficiency regarding solid particle separation is equal to the
beta factor p4. If the filter element is marked with B4 = 100 and if at the filter
entrance there is the following number of particles (quantities of particles
taken as an example):

ny = 1000 of solid particles equal to or bigger than 4 um, in 1 ml of oil
sample,

then the following number of particles will appear at the filter exit:

n;; = 10 of solid particles equal to or bigger than 4 umy, in 1 ml of oil
sample,

then the efficiency of separation of 4 um(,-sized particles is equal to:
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5 - n, > x(um)
*on, = x(um)
i.e. for the previous example:
1000
=——=100.
By 10

The beta factor is defined by filter manufactures, and it can be defined
for other particle sizes of 4, 6, 14... um,, regardless of their specified
filtration degree.

The solid particle filtration degree is defined in relation to the
measured value of the beta factor (By) in percentage relation:

S=100- 100

[%].
Based on the By factor and the solid particle separation degree, their
comparative review can be performed as shown in Table 4.

Table 4 — Comparison of Bx and the adequate solid particles separation degree
Tabnuya 4 — CpasHeHue [ hakmopa ¢ coomgemcmeayoueli CmerneHbIo 8bisierIeHHbIX
meepObix Yacmuy,

Tabena 4 - lNopeher-e [« hakmopa u odzoeapajyhea cmeneHa u3deajarba 48pcmux

Jyecmuua
B factor Solid particles separation degree[%)]

20 95

75 98.66

100 99

200 99.5

500 99.8

1000 99.9

Based on the previously shown example, we can conclude (taught by
experience and work with modern hydraulic systems where the pumps and
small clearance systems (like servo systems) operate with 2 — 5 um
clearances), that we can draw a parallel between hydraulic and modern
CR systems. In order to have modern injection systems operating
smoothly and without damage in the form of wear of the pump and injector
working components, lately, the filter manufacturers have understood the
issues and started producing filters that will be used for fuel filtration in this
case. All major filters manufacturers (Hydac, Parker, Pall, Fleetguard, etc.)
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have already started the production of filters that should satisfy the fuel
cleanliness requirements according to standards imposed by CR system
pump and injector manufacturers. According to Table 5, the manufacturers
of fuel filters for common rail systems require certain levels of fuel
cleanliness regarding the allowed quantity of solid particles according to
ISO 4406/99. According to this standard, in 1 ml of fuel, the allowed
quantity of 4, 6 and 14 um-sized solid particles is observed (ACEA, 2013).

Table 5 —The required purity class fuel according to the requirements of
manufacturers of CR systems (Hydac, 2015a)
Tabnuua 5 — Knacc yucmomsi monnuga, 8 coomgemcmauu ¢ mpebogaHusimMu
npoussodumersiss cucmembl common rail (Hydac, 2015a)
Tabena 5 — Knace yucmohe 2opusa npema 3axmeguma rpousgohaya common rail
cucmewma (Hydac, 2015a)

Organization Particulate 1ISO 4406  |Water
Bosch 11/8/6 at injector <200 ppm
CAT 18/16/13 at storage 200 ppm
18/16/13 at storage
CUMMINS 15/13/10 at vehicle tank|< 200 ppm
12/9/6 at injector
Worldwide Fuel Charter{18/16/13 No free emulsified, dissolved < 200 ppm

With regard to the Worldwide Fuel Charter adopted in 2013 (ACEA,
2013), Table 5 shows that fuel cleanliness criteria have been made more
stringent by CR system manufacturers even by 6 or 7 times since then.
Modern injectors cannot operate with 18/16/13 fuel cleanliness levels
when for a proper operation cleanliness levels 11/8/6 are required. Table 6
shows a practical example of comparison of these two cleanliness classes
with the number of particles present in the fuel sample.

Table 6 —Comparison of classes of fuel cleanliness according to ISO 4406/99 standard
Tabnuuya 6 — CpasHumersbHas mabnuya Ki1accos 4ucmomal morusa,
8 coomeemcmaeuu co cmaHdapmamu NCO 4406/99
Tabena 6 — YnopedHa mabesna knaca Yucmohe 2opusa ripema NMCO 4406/99 cmaHOapdy

ISO 4406: 1999 Hydraulic Fluid Power Solid Contamination Code
ISO Code Number of Particles per 1 ml of Fluid
More Than Up To and Including

At storage

18 1300 2500

16 320 640

13 40 80
At injector

11 10 20

8 1.3 25

6 0.32 0.64
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Comparison of two different fuel cleanliness classes shows that the
need for fuel cleanliness in injectors is much bigger comparing to the
number of particles present in fuel distributor tanks. Cleanliness level 11,
related to 4 pumy-sized particles, is by 130 times cleaner comparing to
level 18, while cleanliness level 8, related to 6 um(y-sized particles, is even
by 246 times cleaner comparing to level 16 than the fuel being stored in
fuel distributor storage tanks. From the above presented example, we can
conclude that the need for new filtration technologies for new types of CR
systems is much bigger comparing to older generations. Some filter
manufacturers, such as Hydac, are leading other manufacturers who have
already started developing certain filtration units for fuel used in modern
diesel engines. According to their studies, it is necessary, at each step of
the fuel transport, to provide a corresponding filtration level in order to
satisfy the required fuel cleanliness level regarding the presence of
particles and water as contaminants. Figure 9 shows all fuel filtration levels
for the purpose of maintaining the required fuel cleanliness level.

Refinery

Secondary
Storage Tank

@ Bulk Fuel Treatment

Fuel Treatment
(point of use)

On-Board
Fuel Treatment

Usage

Picture 9 — Fuel filtration treatment locations from refineries to the final consumer
(Hydac, 2015b)
Puc. 9 — YposHu chunbmpuposaHusi mornnuea om Hecpmenepabambigarowje2o 3agoda
00 KOHe4HOoe20 rnosb3osamens (Hydac, 2015b)
Cnuka 9 — Husou ¢punmpupara eopusa 00 paghuHepuje 00 Kpaji-e2 nompouwada
(Hydac, 2015b)

In America and some European countries, fuels coming out of
refineries are already being treated in this way. What we must specially
take care of is fuel filtration performed right in vehicles, which is called
“Onboard Fuel Treatment”. This method of filtration includes pre-filtration
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and final filtration. The pre-filtration process is performed by the filtration
unit designed in two parts. One part is designed for rough separation of
water by warming-up of fuel and fine separation of water by the filtration
medium, while the second part of the filtration medium performs the
filtration of solid particles. Such filter units are commonly installed in the
pipeline between the fuel tank and the supply pump.

The second filtration part relates to the so-called main — final filters
that are installed in a location between the supply pump and the high
pressure pump. Main - final filters provide high level of fuel cleanliness with
a solid particles separation level of 99.9 % and the beta factor fx=1000.
The aim of the filtration procedure is to provide proper operation of high
pressure pumps and sensitive parts of the CR system, i.e. the injectors
themselves. Figure 10 shows a modern system, consisting of the fuel tank,
the pre-filter whose task is to separate water and bigger particles in the
system, the supply pumps, the main — final filter, the CR system and the
return line through which the fluid overflow returns. The overflow fluid ser-
ves for lubrication and cooling of the distribution — the radial piston pump.

Return of surplus fuel to lubricate/cool the CR pump

l Prefilter Main Filter I

Fuel tank Automatic Common
water Rail
discharge

Picture 10 — Fuel filtration system with pre-filtration and main-filtration (Hydac, 2015b)
Puc. 10 — Cuctema hunbTpMpoBaHWs TONMBa C NPeABapUTENbHbIM U FMaBHbIM
dunbTpom (Hydac, 2015b)

Cnuka 10 — Cucmem 3a unmpuparbe eopusa ca rnpemauiimepom U arnasHum
¢punmepom (Hydac, 2015b)
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Fuel pre-filtration units

Figure 11 shows a modern solution of the filtration unit for fuel
prefiltration.

It consists of an aluminium housing containing the following parts:

+ Filter element — a synthetic medium having excellent hydrophobic
features for water and solid particles separation;

* Heating unit — for heating of fuel at the start-up and during the
operation in order to provide optimum water separation;

+ Water presence detection sensor — for signalling the presence of
water in fuel.

Different water separation media operate under different
principles. Hydrophobic barrier media, such as silicone treated cellulose,
reject water and causes it to bead up on the upstream surface. As the
beads become larger, they run down the face of the element into a cup
under the force of gravity. Hydrophilic depth coalescing media, such as
glass micro-fibre, have high affinity for water. The water in the fuel
associates with the glass fibres and over time as more water enters from
the upstream side, massive droplets are formed. The water moves through
the filter with the fuel and on the downstream side, falls out of the fuel flow
into a collection cup.

Increased use of surface active fuel additives and fuel components
such as biodiesel have rendered conventional separating media less
effective and filter manufacturers have needed to develop new approaches
such as composite media and ultra-high surface area coalescing
media (Stanfel, 2009), (Pangestu & Stanfel, 2009), (Bessee & Hutzler,
2009). Methods of quantifying fuel/water separation performance have
also been affected (Stone et al, 2009).

Fuel filters can also contain additional features such as fuel heaters,
thermal diverter valves, de-aerators, water-in-fuel sensors, and filter
change indicators.
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Screw-in
cover plate

Aluminium

housing B Hydrophobic

stainer

trap
Heater

discharge

Fuel water

; mmFuel ==Water
mixture

Picture 11 — Cross section of the pre-filter (Hydac, 2012)
Puc. 11 — lNonepey4Hoe cevyeHue ycmpolticmea 0ns npedsapumeribHo20
gunbmpuposaHus (Hydac, 2012)
Cnuka 11 — lNpecek ypehaja 3a npemeunmpayujy eopusa (Hydac, 2012)

A fuel preheater helps to minimize the accumulation of wax crystals

that can form in the fuel as it cools to low temperatures. Common heating
methods use electric heaters, engine coolant or recirculated fuel.
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The filter medium is designed in several combinations of synthetic
medium, of which the most efficient combination is glass/synthetic, which
removes solid particles, in the pre-filtration process, to the level of 6 pm,,
and water with an efficiency of 95% (Schroeder Industries, 2016).

Filter elements for main — final filtration

This group of filter elements was used for fuel filtration in CR systems
before. However, due to the presence of water in modern diesel fuels
(resulting form addition of biodiesel which is hydroscopic) it became nearly
impossible to filter the fuel in the mixture of particles and water that were
saturating the filter elements very quickly. Accordingly, old filter elements
did not have to achieve a high level of separation of solid particles, with the
beta factor within the range of 100 — 200 and the efficiency level of
99 - 99.5%.

However, new CR systems operate at very high pressures amounting
to 2000-2500 bars, with even 3000 bars in the future, so that the working
fluid — diesel fuel in our case, must have the maximum fluid cleanliness.
For this reason, the idea about pre-filiration was born, leaving the final
filtration to be performed with filters of a higher level of separation of solid
particles and water.

For this reason, it will be necessary to use high separation filter
elements that will be able to satisfy very high criteria, especially regarding
the separation level of solid particles required for 11/8/6 fuel cleanliness
standard. In order to achieve this, a CR system will use, as the main — final
filter element, the filter elements of high separation levels 99.8 to 99.9%, or
the beta factor px = 500 up to Bx = 1000. That this topic is not new and
was considered before, prove the research described in the paper by von
Stockhausen (von Stockhausen et al, 2009). These research works,
however, were done for the systems operating at lower working pressures
and with slightly bigger clearances in injectors.

Modern CR systems equipment, which is required to solve problems
related to filtering quality, is very expensive. If we know that the passenger
car injector can have a price range from a couple of hundreds to a couple
of thousands of Euros, (high pressure pumps prices can be even higher),
then the filtering problem cannot be ignored. Activities like diagnostics,
adjustments, reparation or replacement of CR system components (such
as injectors, pump, pressure regulation valves, flow regulation valves,
ECU, etc.) must be carried out by qualified personnel.

987

Jocanovi¢, M. et al, Diesel fuel filtration problems with modern common rail injection systems, pp.968-993



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 4

Conclusions

Passenger cars, off-road vehicles, freight vehicles, disel-electric
generator sets and others are subject to the heaviest exploitation
conditions. In order to provide proper and efficient operation of the injection
CR system, as well as of the engine itself, which, of course, produces
effects on the vehicle exploitation features, it will be necessary to provide
high quality diesel fuel. Modern CR systems have subsystems which
monitor engine and CR system condition and exploitation performances.
Based on collected data, central computer controls engine operation, in
order to reduce emission of harmful gases and to achieve better fuel
economy (Cummins Engines, 2016).

This paper presents some of the currently used CR systems, as well
as some that will be used in the future and require high cleanliness fuel
regarding the presence of contaminants, i.e. solid particles and water. We
have specified current requirements of manufacturers of CR systems
equipment regarding the fuel cleanliness and allowed water presence.
Additionally, we have compared the allowed levels determined by
manufacturers with the old Worldwide Fuel Charter levels, and based on
the comparison, we have defined the necessary levels of the efficiency
degrees for both pre-filtration and the main — final filter elements, in order
to determine sufficient quality levels for both current and future CR
systems.

Also, modern CR systems that are being used in the vehicle engines
subject to Euro 5 and 6 norms regarding exhaust gas quality, require the
diesel fuel cleanliness class to be minimum 12/9/6, or better according to
ISO 4406/99 standard regulating the presence of solid particles. It means
that fuel should be filtered through the top quality filtration media providing
the fuel cleanliness level in injectors in respect of solid particles not bigger
than 4 ym(,, or even smaller with the solid particle separation level being
minimum 99.9% and the beta factor of the filter x=1000.

However, modern multi-purpose filters commonly used in modern
diesel engines do not satisfy the required quality level and are not
designed to provide the sufficient and required fuel quality level for modern
CR systems and injectors.

With the application of modern solutions for pre-filtration and final
filtration, the required quality level of fuel can be achieved for modern fuel
injection systems.

The advantages of pre-filtration systems to be used in vehicles are as
follows:

+ the possibility of automatic water separation;

988



+ the possibility of installation of fuel heaters and installation of sensors
for water presence detection;

* high flexibility regarding the position of installation in relation to the
entrance and exit of fuel;

 continuous water separation during the whole exploitation life of the
filter element;

+ economical and reliable operation of the filter element, easily
replaceable;

+ easy detection of the presence of other contaminants in fuel (metal,
other deposits, etc.) that can be detected visually and sent to
analysis;

« water filtration with an efficiency level of >95%;

* separation of solid particles up to the size of 6 um,.

Filter elements for main — final filtration have completely different
concept — they are mainly intended for separation of solid particles from
fuel with the minimum quantity of residual water from the pre-filtration
process.

This filter group is produced in different designs (replaceable
elements with housing or more commonly, spin-on design) with the
following characteristics:

+ easy to install and uninstall;

» absolute fluid filtration (declared level of contaminant separation

degree);

« fuel filtration of particles of 4 ym(c) and smaller;

» solid particles separation level equal to or higher than 99.9% with

B,=1000.

It is only this method of filtration that can provide quality and safe
operation of modern CR systems and diesel engines, preventing high
costs of maintenance that could occur as a consequence of poor or
insufficient quality of diesel fuel, which is commonly manifested in the form
of frequent defects in the pumps and CR system injectors. In addition to its
reliability in exploitation, the aim is to achieve the engine operation with the
lowest possible emission of harmful matter, which the manufacturers of
engines and injection systems have to satisfy.

References

- 240 landmarks of Japanese automotive technology - common rail
ECD-U2, [Internet]. Available at: https://www.jsae.or.jp/autotech/data_e/10-
8e.html. Accessed: 10 July 2016.

989

Jocanovi¢, M. et al, Diesel fuel filtration problems with modern common rail injection systems, pp.968-993



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 4

- ACEA, 2013, Worldwide Fuel Charter.

Bessee, G. & Hutzler, S., 2009. The effects of diesel fuel additives on water
separation performance. SAE International Journal of Fuels and Lubricants,
2(1), pp-287—293. Available at: http://dx.doi.org/10.4271/2009-01-0868.

- Common rail Injectors FAQ - triplet diesel injection - Waco, 2011.
[Internet]. Available at: http://tripletdiesel.com/rail-injector.html. Accessed: 5 July
2016.

- Cummins Engines, 2016. QuickCheck 5600. [Internet]. Available at:
https://cumminsengines.com/quickcheck-5600. Accessed: 10 July 2016.

- Delphi France SAS, 2007. Common rail manual - principles of operation,
France.

- Denso, 2016. Denso develops a new diesel common rail system with the

world’s highest injection pressure. [Internet]. Available at:
http://www.globaldenso.com/en/newsreleases/130626-01.html.  Accessed: 10
July 2016.

- Denso, 2007. Service manual Common reil system, Japan. Emission
Standards European Union, 2015. Cars and Light Trucks, DieselNet.

- European Comission, 2007. "European Commission plans legislative
framework to ensure the EU meets its target for cutting CO, emissions from
cars. Ref: IP/07/155 07/02/2007".

http://ec.europa.eu/clima/policies/transport/vehicles/index_en.htm.
Accessed: 20 June 2016.

- Hydac, 2012. Pre-Filtration for Ultimate Cleanliness and Efficiency:
HYDAC Diesel PreCare, E 7.125.1/05.12, Germany.

- Hydac, 2015a. The New World of Advanced Diesel Filtration, FSP1406-
1622, Germany.

- Hydac, 2015b. Diesel Fuel Filters, FSP1504-1683, Germany. Inc, 2016
Ec. (2013) News: Denso announces 2500 bar common rail injection system.
[Internet]. Available at: http://www.dieselnet.com/news/2013/06denso.php.
Accessed: 10 June 2016.

- International Council on Clean Transportation, 2014. EU CO, standards
for passenger cars and light-commercial vehicles.

Jocanovi¢, M., 2015. Automatizacija procesa rada — Osnove hidrauli¢nog
upravijanja, Novi Sad, FTN (in Serbian).

Kech, J., 2014. How does Common Rail Injection work? MTU Rolls Royce.
[Internet]. Available at: http://www.mtu-report.com/Technology/Research-
Development/How-does-Common-Rail-Injection-work. Accessed: 7 July 2016.

Knight, A., Crossley, S., Draper, D. E., 2012. Development of High
Pressure Common Rail Systems Incorporating Advanced Electronic Control
Strategies for Future Heavy Duty Vehicles, Fortschritt-Berichte VDI, Reihe 12,
Nr. 735.

Macaudiére, P. & Matthess, N., 2013. Elimination des particule, PSA
Peugeot Citroen.

990



Matsumoto, S., Date, K., Taguchi, T. & Herrmann, O.E., 2013. Der Neue
Diesel-Magnetventil-Injektor von Denso. MTZ - MotortechnischeZeitschrift,
74(2), pp.146—150. Available at: http://dx.doi.org/10.1007/s35146-013-0033-6.

Meek, G., Williams, R., Thornton, D., Knapp, P., 2014. F2E - Ultra High
Pressure Distributed Pump Common Rail System. SAE Technical Paper 2014-
01-1440. Available at: http://dx.doi.org/10.4271/2014-01-1440. ISSN 0148-7191.

Mulvey, S., 2007. EU car CO, fight only beginning. By Stephen Mulvey,
BBC News, 7 February 2007.

Pangestu, F.D. & Stanfel, C.M., 2009. Media for water separation from
Biodiesel-Ultra low sulfur diesel blends. SAE International Journal of Fuels and
Lubricants, 2(1), pp.305-316. Available at: http://dx.doi.org/10.4271/2009-01-
0871.

Petruzzelli, A.M., 2013. A story of breakthrough: The case of common rail
development. In: 35th Druid Celebration Conference, Barcelona, Spain, June
17-19.

- Robert Bosch GmbH, 2009. Milestones in Common Rail Development,
70049 Stuttgart, Germany.

- Robert Bosch GmbH, 2010. Annual Report 2010.Bosch Group, Stuttgart,
Germany.

- Robert Bosch GmbH, 2011a. Diesel Systems-Common Rail System
CRS1-16 with 1,600 bar and solenoid injectors, 70049 Stuttgart, Germany.

- Robert Bosch GmbH, 2011b. Common-rail injection systems CRS2-25
diesel common-rail system with solenoid valve injectors and 2,500 bar, 70049
Stuttgart, Germany.

- Robert Bosch GmbH, 2014. Common Rail Systems with up to 2,000 bar
for off-highway applications, 70049 Stuttgart, Germany.

- Robert Bosch GmbH, 2015. Common-rail injection systems CRS 3-27
diesel common-rail system with piezo injectors and 2,700 bar, 70049 Stuttgart,
Germany.

- Schroeder Industries, 2016. Fuel Filtration. [Internet]. Available at:
http://www.schroederindustries.com/sites/IntranetContent/Departments/Marketin
g/Literature_Anon/Section3_On-BoardDieselFiltration.pdf. Accessed: 12 June
2016.

Stanfel, C., 2009. Fuel filtration: Protecting the diesel engine. Filtration &
Separation, 46(3), pp.22-25. Available at: http://dx.doi.org/10.1016/s0015-
1882(09)70124-7.

Stone, W., Bessee, G. & Stanfel, C., 2009. Diesel fuel/water separation test
Methods—Where we are and where we are going. SAE International Journal of
Fuels and Lubricants, 2(1), pp.317-323. Available at:
http://dx.doi.org/10.4271/2009-01-0875.

Suellentrop, C., 2007. EU to compromise on auto emissions - by Dan
Bilefsky, International Herald Tribune.

991

Jocanovi¢, M. et al, Diesel fuel filtration problems with modern common rail injection systems, pp.968-993



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 4

- The European Parliament and the Council of the European Union, 2007.
Regulation (EC) No 715/2007, pp.5-9.

Von Stockhausen, A., Mangold, M.P., Eppinger, D. & Livingston, T.C.,
2009. Procedure for determining the allowable particle contamination for diesel
fuel injection equipment (FIE).SAE International Journal of Fuels and Lubricants,
2(1), pp.294-304. Available at: http://dx.doi.org/10.4271/2009-01-0870.

MPOBJEMbI d®UNbTPUPOBAHWA AVN3EJIBHOIO TOMIMBA B
COBPEMEHHOW CNCTEME BINMPbICKA COMMON RAIL

Mumap T. MouaHoBuy?®, Benubop B. KapaHosmqﬁ, [apko M. Knexxesnu®,
Mapko [l. OpoLuHsiK'
2 YuusepcuTeT B T. HoBn-Cag, PakynbTeT TEXHUYECKUX Hayk,

dakynbTeT NpoMbILLNEHHOW UHXeHepuw, . HoBu-Cag, Pecny6nuka Cepbus
6 YHuepcuteT B r. HoBu-Caa, PakynbTeT TEXHUYECKMX HayK,

PakynbTeT NPOMbILLNEHHON UHXeHepuw, . HoBu-Cag, Pecnybnuka Cepbus
® YuusepceuTeT B r. BaHs-lyka, MawmnHOCTpouTeNbHbIA dakynbTeT,

r. Bans-Nyka, Pecnybnuka Cepb6ckasi, BocHusi u MNepueroBuHa
" YuusepcuteT B 1. HoBu-Cap, ®akynbTeT TeXHUYECKUX Hayk,

dakynbTeT NPOMbILLNEHHON UHXeHepuw, . HoBu-Cag, Pecny6nuka Cepbus

OBNACTb: malumMHoCTpoeHune
BWO CTATbW: npodeccrnoHanbHas ctaTbs
A3bIK CTATBW: aHrnunckun

Pe3swome:

8a nocnedHue 200bI 3aMemHO 603POC/I0 pPas3sUMUe COBPEMEHHbIX
cucmem eripbicka OU3esibHo20 moruea, o0 Ha3saHuemM ,common rail”.
Hapsidy ¢ passumuem OaHHbIX cucmem HeobxoOuMO OOHO8PEMEHHO
cnedumb 3@ COOMBEMCMYIOUWUM  pasgumueM  8CrioMo2amesibHbIX
cucmem, Komopble obecriequsaiom UX MpasuiibHy U 3¢hghekmusHyto
pabomy.

B daHHol cmambe noOpobHO orucaHbi ocriedHUe MOoKO/IeHUsT common
rail cucmem, komopsie pabomarom oo 6bICOKUM Oas/ieHUEeM, a MakKxe
obcyxxdaromesi 80ornpochkl (hunbmpuposaHusi Ou3esibHO20 monnusa, U
rnodyepkHyma npobriema 3a2psi3HEHUS OKpy»karoujeli cpedbl om
MPOMbILLIEHHO20 MOruea.

Knoueeble cnosa: common rail cucmembl, MEXHO02Uu4YecKue
rpoyecckl unbmpuposaHus, OuseslbHoOe moriueo, obciyxusaHue,
Hacochl, hunbmpel.
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MPOBJIEM oUNTTPUPAHA OUNSEST-TOPUBA KO CABPEMEHNX
COMMON RAIL CNCTEMA YBEPU3IABAHA

Mumap T. JouaHosuh?®, Benu6op B. KapaHoswhﬁ, [Hapko M. Knexesuh®,
Mapko [1. OpoLursak’
% YHusepauteT y Hosom Capy, GakynteT TEXHUUKNX Hayka,
Opcek 3a nHaycTpujcko MHXenepcTBo, Hosu Caa, Penybnuvka Cpbuja
6 YHuepautet y Hosom Cagy, ®akynTeT TEXHUYKUX HayKa,
Opcek 3a nHAycTpujcko uHxerwepcTeo, Hoeu Cag, Penybnuka Cpbuja
® YuusepauteT y Bansoj lyun, MawwuHcku dakynTet, Bawa Jlyka,
Penybnuka Cpncka, BocHa n XepueroBuHa
" YHuBepauteT y HoBom Capy, dakynteT TEXHUUKMX HayKa,
Opcek 3a nHpycTpujcko nHxerwepcteo, Hosu Cag, Penybnuka Cpbuja

OBNACT: malnHCTBO
BPCTA YJTAHKA: cTpy4Hnunaxak
JE3UK YNNTAHKA: eHrnecku

Caxemak:

CaspemeHu cucmemu 3a ybpuseasare Ousern sopusa, nod Ha3ueoMm
scommon rail” nocrnedmwux HEeKO/UKO 200uHa ce Haz/o passujajy.
Yropedo ca paseojem osux cucmema nompebHO je ucmospemMeHO
npamumu u odpefeHu pa3eoj MoMohHUX cucmema Koju ce Kopucme 3a
HUX08 npasurnaH U egpukacaH pad. Y pady je OemasrbHO orucaHa
rnocnedra eeHepauyuja common rail cucmema Koju pade ca 8UCOKUM
padHum nipumucyuma. HaeedeH je u npobnem cbunmpupara Ousers-
eopusa u us0eajarba HENOXesbHUX KOHMamuHaHama y MO20HCKOM
eopusy.

KmbyyHe peyu: common rail cucmemu, mMEeXHOMOWKU rpouecu
unmpupara, 0usern-2opusa, odpxasare, nymrne, humepu.
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Summary:

This paper is based on the observations of prescribed actions during the
maintenance of artillery weapons and immediately prior to the execution of
combat firing. Adjusting the parallelism of the axes of the optical devices
and the axis of the artillery barrel directly affects shooting accuracy.

With a new method of parallel axes alignment, based on the use of laser
pointers, the axis parallelism deviation is reduced to a minimum, which
improves the precision of artillery firing. Reliable, easier and faster check
of the axes parallelism is enabled as well as axes alignment with the
artillery barrel axis.

Keywords: rectification, optical axes, laser pointer.

Introduction

A new method for checking the parallelism of the axes' of optical
devices and the axis of the field artillery weapon H-122mm D30 (J) was
applied in the study. Shooting from this weapon is realized using the
following optical sight devices:

— the optical sight ON-122-M78, intended for direct shooting at targets

up to a distance of 2000 meters,

— panoramic sight (panorama) P-M78, indirect target shooting to a

distance of 16,000 meters.

! Checking the parallelism of the axes of optical devices and the artillery weapon barrel axis as well
as their alignment (cancellation of deviations in parallel) is called rectification.
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Figure 1 — Field weapon - 122mm howitzer D30
Puc. 1 - UNsobpaxeHue opydus cyxornymHol apmurnnepuu aybuya 122mm 30
Cnuka 1 — lNpuka3 3emarbckoe opyha xaybuya 122 mm 430

Sighting devices, regardless of their precise adjustment in produc-
tion, must be checked and adjusted during use. These devices stop be-
ing adjusted during use due to wear and tear of moving parts, shocks du-
ring shooting and transport, which causes deviation from the axis paralle-
lism and increases the error in weapon accuracy regarding distance and
direction.

The aim of the research is the implementation of a new method for
checking and adjusting optical axes and the barrel axis, based on the
precision of a laser beam emitted by a laser pointer. In this way, the devi-
ation of axes from the parallel is reduced to the minimum value, or zero.

The existing method of checking axes parallelism, on the basis of
which further adjustments are made?, is directly dependent on the
gunner, which leads to different types of errors. One of them is parallax
which occurs due to aiming through the barrel bore and the crosshair on
the muzzle brake. Also, the existing method is also dependent on the ha-
ir/fiber thickness, from which the crosshair is made and mounted on the
muzzle brake. It is used for aiming at distant targets and / or at a rectifica-
tion board. It is clear that the existing method is dependent on human abiliti-
es so it does not provide complete reliability due to subjective errors.

According to technical documentation, checking the parallelism of
the optical sighting axis with the barrel axis is always performed after mo-
unting the optical sight (OS) on the weapon. Considering the high perio-

2 Under further adjustment, it is understood that the axes of the optical devices are aligned with the
axis of the weapon barrel.
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dicity of repeating paralellism tests, it is necessary to facilitate and acce-
lerate the method. This is enabled by the proposed method of checking
axes parallelism using a laser beam (pointer), which makes the method
fully reliable.

Existing method of checking axis parallelism
according to technical documentation

Checking axes parallelism means checking the parallel of the three axes
(Drzavni sekretarijat sa narodnu odbranu, Tehni¢ka uprava, 1969):

— optical sight axis,

— optical panoramic sight axis,

— H-122mm D-30 barrel axis.

The goal is that there is no deviation from the parallelism of the
imaginary axes of the optical devices and the weapon barrel. In this way,
ideal conditions are provided, enabling the accuracy of the sighting
devices and the weapon accuracy.

The weapon is placed in a combat position on a flat and hard
surface. The barrel is brought into a horizontal position by means of a tilt
mechanism, and in the direction towards the rectification board or a
remote target.

Checking and adjusting the parallelism
of the panoramic sight axis with the barrel axis

Checking the parallelism of the P-M78 panoramic sight axis and the
axis of the weapon barrel, as well as the adjustment of the axis to "ideal”
parallelism is performed in two ways:

— using a selected target point at a distance of 1000 m,

— using a rectification board at a distance of 50 m from the barrel

muzzle.

At the muzzle brake, a hair from the crosshair® is tightened into the
existing notches®. An aiming point is selected at a distance of 1000 m
from the muzzle (Figure 2). The firing mechanism parts are disassembled

® Hair of the crosshair - it is made of a fiber of certain thickness. In the tool kit, there is a fiber of
about 2 mm in thickness, red, so that it can be easily visible at aiming at a target or at a cross on
the rectification board.

* The notches on the muzzle (gas brake) are embeded in the production after the weapon is shot.
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from the breechblock. Aiming through the opening for the firing
mechanism probe tip over the crosshair on the muzzle brake, the gunner
locks the weapon barrel at a chosen target point. The barrel is moved
using a gun laying mechanism. Aiming through the panoramic sight, the
gunner adjusts the device until the crosshair of the panoramic sight
overlaps with the chosen target and the indices are in the "0” position.

If there is no suitable target point in the vicinity and if visibility is
limited, checking the parallelism of the optical axis of the panoramic sight
with the barrel axis is done using a rectification board (Figure 3). The
board is placed at a distance of 50 m from the howitzer muzzle, vertically
and perpendicularly to the barrel axis.

1000 m

Figure 2 — The process of rectification to the remote selected target
Puc. 2 — Memod cripsmneHusi mpaekmopuu rpu HagedeHuu ro ebibpaHHoU danbHel yenu
Cnuka 2 — lNocmynak pekmucbukayuje Ha ydarbeHu usabpaHu yusb

As seen in Figure 3, there are three crosses on the board®, whose
layout and distance corresponds to the position of the optical devices
(panoramic sight and optical sight, red and blue cross, respectively) and
the axis of the weapon (black cross) in the 3D space.

2o

=8
e

Figure 3 — H-122 mm howitzer D30 rectification board
Puc. 3 — bopmoeol 6annucmuyeckuli ebiquciumerns X-122 mm 2aybuusi 130
Cnuka 3 — Tabna 3a pekmucbukauujy xaybuue X-122 mm 430

® Crosses on the rectification board are referred to as aiming points.
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The parallelism is checked in the following manner: aiming is
performed through the bore axis (i.e.hairs of the crosshair) which is thus
aligned with the crosss on the right side of the rectification board (Figure 4).
The panoramic sight and the optical sight are used for aiming at the crosses
on the left side of the rectification board. If the axes of the optical devices
deviate from the centres of the crosses on the rectification board, their
adjustment is necessary. In this way, the axes of the optical devices are
brought into the center of the corresponding cross on the rectification board,
which corresponds to the indices on the devices in the "0" position.

Aiming point
of the

panoramic
sinht

- L—  Aiming
point of
0s

Aiming point
of the axis of

50 m the gun bore

B
-

I 3

Figure 4 — The process of rectification with a rectification board
Puc. 4 — Memod cripsimneHus npuyesia ¢ 6opmosbiM bannucmu4ecKuM 8bl4uciumesnem
Cnuka 4 — lNocmynak pekmucgbukayuje ca mabriom 3a pekmucbukayujy

The technical documentation requires that such rectification be reali-
zed by 2 mechanics. The first one aims via the crosshair, aligns the bore
axis with the chosen target or the cross on the rectification board and
constantly controls the muzzle position. The other mechanic then adjusts
the axes of the optical devices with the target or the crosses on the recti-
fication board.

Permissible deviation, when taking the maximum firing distance with
the panoramic sight, is 0-00.5 thousandths per direction (Savezni sekre-
tarijat za narodnu odbranu, Tehni¢ka uprava, 1987).
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Checking and adjusting the OS axis parallelism
with the barrel axis

The preparatory actions for the procedure for checking and adjusting
the parallelism of the ON-122-M78 OS axis and the barrel axis are the
same as the previously explained procedure for the panoramic sight. For
the correct operation of the OS, it is necessary that its optical axis be
parallel with the bore axis both in the vertical and the horizontal plane.
Checking the parallelism of the OS axis and the bore axis is done at a
minimum distance of 1000 m or using a rectification board at a distance of
50 m from the muzzle.

In the same way as with the panoramic sight (Figure 2), a target is
aimed at a minimum distance of 1000 m, using a crosshair. Then, aiming
through the OS eyepiece, the gunner determines the position of the top of
the arrow in relation to the selected target point. If the OS is correct and
properly set, then the top of the arrow will overlap with the remote selected
point, and the horizontal line of the crosshair passes through the zero
position of the distance scales. If this is not the case, it is necessary to
carry out the OS adjustment.

When checking the parallelism of the ON axis with the bore axis using
the rectification board (Fig. 4), the procedure for checking parallelism in the
panoramic sight is repeated, and the allowed deviation is 0-01.5
thousandths per direction (Savezni sekretarijat za narodnu odbranu,
Tehni¢ka uprava, 1987).

Problems in the rectification procedure
according to technical documentation

When implementing the described methods for checking the
parallelism of the optical axes of the panoramic sight and the OS with the
barrel axis, we face some problems that cause the measurement
uncertainty of the method. Measurement uncertainty depends on the
person's ability to precisely determine a target point and aim at it. In this
way, a measurement error directly affects the accuracy of the optical
devices and, indirectly, the accuracy of the weapon, and the method itself
contains measurement uncertainty.
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A procedure of aiming using the barrel axis

The considered method of checking and adjusting axes parallelism is
prescribed by technical documentation. In the realization of the method for
checking the axes parallelism, the crosshair is used to aim through the
bore at a distant target or at the right cross on the rectification board. The
success of aiming using the crosshair depends on the ability of the human
eye to perform precise targeting, as well as on the thickness of the
hair/fiber with which the target is aimed at. In the weapon STA? kit, there is
a factory-standardised fiber which is placed on a gas brake and by which a
target is aimed. Therefore, an error is inevitable since the success of the
method depends on the human capability to perform the necessary aiming
at the remote target or at the cross on the rectification board.

The effect of the thickness of the hair on the precise aiming is
considered, assuming that the man has sufficient visual abilities to use a
0,5-2 mm thick fiber over the bore axis to aim at the right cross on the
rectification board and the distant target. An example is given in Figure 5.

The rectification board is placed at a distance of 50 meters from the
weapon muzzle. Three 10mm thick crosses are drawn on the board, for
each of the axes of the optical devices and the weapon bore axis (as it
corresponds to their position in the space).

Y

4785 mom 50000 wim

il el -
4 b =

Figure 5 — The process of rectification using the rectification board
Puc. 5 - Memod cnipsimneHusi HagedeHusi ¢ nomouwibo 6o0pmMoeozo
bannucmuy4eckozo 8blHucIuUmerns
Cnuka 5 — lNocmynak pekmucgbukayuje nomohy mabne 3a pekmugbukauyujy

To see how the thickness of the fiber affects the correct check of the
axes parallelism, the fiber (hair of the crosshair) projection on the
rectification board will be calculated. The projection of the fiber is the

® STA — Abbreviation of spare tools and accessories




shape and size of the fiber which the human eye sees on the rectification
board when aiming using the crosshair. From the theorem on the similarity
of triangles, it follows that (Kalezi¢, 2010):

L. :de =L, 0 x, (1)
L, =L +L;. ()
where:
L. — weapon bore length,
d — the thickness of the aiming fiber,
L —distance of the board from the weapon muzzle, and
X — projection of the fiber on the rectification board.

Using formula (1) gives the following: 4785:0.5=54785: x , where:
_ 54785x0.5

= X=572mm.
4785 (3)

It is concluded that the projection of the 0,5 mm thich fiber on the
rectification board located at a distance of 50 mm is 5,72 mm’. This means
that the crosshair on the gas brake has a projection on the rectification
board as in Figure 6.

Comparison of
crosses and
projections of the fiber

Projection of
the fiber on the
board

Crosshair
on the

Figure 6 — The projection of the crosshairs on the board for rectification
Puc. 6 — [Npoekyusi nepekpecmus Ha 60pmosom 6annucmu4ecKom eblqucumerne
Cnuka 6 — lNpojekyuja kpcma koH4Yuha Ha mabny 3a pekmucbukauyujy
Figure 6 shows a projection of a 0.5 mm thick fiber. For the thickness
of the fiber of 2 mm, which is actually used in practice, the projection is

"The projection of the fiber on the rectification board is a 5.72 mm thick cross, viewed horizontally

and vertically.
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22.3 mm. In this case, the center of the crosshair on the rectification board
will practically not be seen, which is a potential mistake in the realization of
the adjustment of axes parallelism.

For the rectification method at a distant point (1000 m), the thickness
of the projection of the fiber is: 4785:0.5=1000000: x , where:

100478505
4785

The projection of a 0.5 mm thick fiber at a distant chosen target
located at a distance of 1000 m amounts to 105 mm. The projection of the
crosshair of the thickness of 0.5 mm at a distant target can be presented
as in Figure 7.

Projection
g I ; ’ of the

Figure 7 — Example of the projection of the crosshairs on a distant target
Puc. 7 — [pumep npoekyuu nepekpecmusi no danbHel uenau
Cnuka 7 — lNpumep npojekyuje kpcma KoHYuha Ha ydarbeHuU Yusib

= x =105mm. (4)

Comparing a
distant
target and a
projection of
the

Figure 7 shows that, due to the projection of the fiber on a distant
target, the distant target is practically hidden behind the projection, and the
precise alignment of the axes is difficult (aiming with the bore axis). For the
case of the thickness of the fiber of 2 mm, the case is more pronounced as
the projection of the fiber to the distant target is 420 mm. Table 1 shows an
overview of the fiber thickness and its projections for different rectification
modes.




Table 1 — Comparative overview of the fiber thickness and its projections on the target
Tabnuua 1 — CpasHumersbHbil 0630p MOAWUHbLI TepeKkpecmusi U e20 fNpoeKuuU Ha uesb
Tabena 1 — YnopedHu npuka3 0ebrbuHe KOHYa U He208€e rpojekyuje Ha yusb

PROJECTION
Thickness of e The distant target —
the fiber A rectification board - 50 m 1000 m
0.5 mm 572 mm 105 mm
2mm 22.3 mm 420 mm

Table 1 clearly identifies a problem caused by the fiber thickness
when aiming at a distant target or at a cross on the rectification board
(aiming point). Namely, the projection of the fiber thickness makes it
difficult to accurately aim the bore axis at a distant chosen target and the
rectification board, because the projection is much bigger than the target,
so the fiber projection hides the target, i.e. the target point. In this way, the
accuracy of the method depends on the skill of the mechanic who
performs aiming. Something more precise is aiming at the rectification
board, because the thickness of the projection, in some cases, is slightly
smaller than the thickness of the cross on the rectification board.

It is concluded that, according to technical documentation, the method
of checking the parallelism of the axes of optical devices and the weapon
bore is based on the unreliable method of bringing the axes to the distant
target or the cross on the rectification board. Unreliability leads to the
impossibility of precisely locating the selected distant target or the center of
the cross on the rectification board, which leads to an error in determining
the deviation of the individual axes from the imaginary parallel lines. The
result is an unreliable way of rectification and insufficient accuracy of
aiming devices, which directly affects the weapon precision during firing.

Parallax

Parallax is a shift of the target in relation to the crosshair when we
move our head up or down as we look through the optics (Drzavni sekreta-
rijat za narodnu odbranu, Tehni¢ka uprava, 1969ab). Parallax occurs when
the target does not fall on the same plane as the crosshair. A parallactic
error occurs when aiming at long distances. The error in this case is a ma-
ximum of one thickness of a crosshair fiber or 0-00.5 thousandths. Since
parallax occurs when aiming at targets at long distances, axes parallelism
should be checked using a rectification board.
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Calculation of the axes deviation and impact
on the aiming accuracy

Based on the shown method for checking the parallelism of the axes
of the panoramic sight and the weapon bore, according to technical
documentation, the allowed deviation from the parallel is 0-00.5
thousandths. Also, the allowed deviation of the optical sight axis from the
barrel axis is 0-01.5 thousandths. These allowed deviations are manifested
in the aiming accuracy and the firing accuracy as seen in Figure 8 and the
accompanying tables below.

From the given calculation, for the allowed deviation of the panorama
axis from the barrel axis, at a distance of 16 km®, the aiming error amounts
to 8 m. Proportionally, by reducing the distance to the target, the error
decreases (Table 2).

THE
i TARG
|
I=Dxa D=16km
& — allowed deviation
Panorama
a [ =16000 x 0.0005 =8m

Optical telescope
[/ =2000x%0.0015=3m

Figure 8 — Example of the error calculation
Puc. 8 — lNpumep pacyema nozpewHocmel
Cniuka 8 — lpumep npopayvyHa epewke

& Maximum shooting distance.




Table 2 — Calculation of aiming errors according to the technical documentation —

panorama
Tabnuuya 2 — Pacyem nozpewHocmel HagedeHusi Mo mexHu4yeckol doKymeHmayuu -
naHopama
Tabena 2 — lNpopayvyH epelwke HUllarkeHa npema mexHu4Kkoj AoKymeHmauuju —
naHopama
Distance to Permissible deviation of Aiming error in the
destination (m) the panorama axis horizontal plane (m)
16 000 0-00.5 thousandths 8
8 000 0-00.5 thousandths
4 000 0-00.5 thousandths 2
2000 0-00.5 thousandths 1
1000 0-00.5 thousandths 0.5

The calculation shows that for the permitted deviation of the axis of

the optical sight from the barrel axis, at a distance of 2000m, the aiming
error is 3 m. Proportionally, by reducing the distance to the target, the error
decreases (Table 3).

Table 3 — Calculation of aiming errors according to the technical
documentation - telescope
Tabnuya 3 — Pacyem noepewHocmeti HagedeHust
o mexHu4eckoli OoKyMeHmauyuu — meJseckorn
Tabena 3 — NpopayyH epewke HUWaH-eHa rnpemMa mexHu4Koj
OoKkymeHmauyuju — OypbuH

Distance to Permissible deviation Aiming error in the
destination (m) of the OS axis horizontal plane (m)
2000 0-01.5 thousandths 3
1000 0-01.5 thousandths 1.5
500 0-01.5 thousandths 0.75

The values of the aiming error in the horizontal plane displayed in
Tables 2 and 3 represent the maximum deviation values according to the
technical documentation, and in real conditions they are higher. This will
be demonstrated by the application of the proposed method, where the
obtained deviation values will be compared, based on which it can be
concluded that in real conditions the deviation is higher.

The aiming error value in the vertical plane, based on the permissible
deviation from the parallelism of the axes of the barrel and the aiming
devices, decreases with the range increase. At the maximum range, the

error is negligible.
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Improving the rectification method using
a laser pointer

On the basis of the performed analysis of aiming errors in real
conditions due to the thickness of the crosshair fiber, parallax and the axes
parallelism checking skills during the application of the rectification method
according to the technical documentation, measurement uncertainty
occurs in the realization of the parallelism checking method. The
application of the proposed rectification method based on the use of a
laser pointer eliminates the influence of the human factor on the
measurement procedure (aiming with the crosshair and parallax).

Rectification method using a laser pointer

The rectification procedure using a laser pointer is the following:

— laser pointer is held with the appropriate clamping tool,

— the clamping tool with the laser pointer is placed at the place of the

122 mm artillery primer,
— at the muzzle (gas brake), an appropriate circular mesh with a cross
in the center is placed® (Figure 9),

— rectification board is placed at a distance of 50 m from the muzzle,

— the laser pointer is activated and the clamp tool sets the laser beam

to pass through the center of the circular mesh (through the cross),

— the circular mesh is removed from the gas brake and by gun laying, the

laser beam is directed onto the right cross of the rectification board,

— the deviation of the optical devices from the corresponding crosses on the

rectification board is measured and necessary adjustments are made.

In order to determine the real deviation of the optical axes on the
basis of which the calculation of the aiming error will be carried out the
proposed rectification method using a laser beam was applied to an
overhauled H-122 mm D30 artillery piece. Once again, the parallelism of
all axes was checked using the method prescribed by the technical
documentation' (Savezni sekretarijat za narodnu odbranu, Tehnitka
uprava, 1987), followed by the rectification based on the proposed method
with a laser pointer.

® The circular mesh is of a round shape with a cross in the middle, as shown in Figure 9. The circular
mesh is an integral part of the fire control tool of the computing department.

10 Aiming at the rectification board was done using 2 mm thick fibers of the crosshair placed on the
notches of the gas brake, for easier and more accurate aiming.




Figure 9 — Circular mesh
Puc. 9 — NsobpaxeHue npuyenbHolU cemku
Cniuka 9 — Npuka3s KpyxHe Mpexe

The laser beam was directed to the center of the circular mesh in the
manner described above (Figure 10) and then to the corresponding cross
on the rectification board. The following deviations of the panorama axis
and the optical sight axis were obtained after the rectification was
performed, in relation to the piece barrel axis:
— Panorama:
» 2 thousandths in the direction and
* 4 thousandths per elevation,

— Optical sight:
» 2 thousandths in the direction.

The checking and adjusting the optical axes of the panorama and the
OS was repeated by the method prescribed in the technical documentation
and once again the same results were obtained, i.e. the same deviations.
As all the requirements of the measurement method were met, it is
obvious that the technical documentation method has certain
measurement uncertainty. Measurement uncertainty was a result of a lack
of a method that depends on the subjective factor (the human eye), the
crosshair fiber thickness and the parallax. Measurement uncertainty
directly causes aiming error, and indirectly firing inaccuracy as shown in
Tables 4 and 5.
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Figure 10 — Laser beam directed at the center of the circular mesh
Puc. 10 — UzobpaxxeHue nasepHo20 ueneykazamers, Harnpas/ieHHo20 8 UeHmp
npuyenbHoU cemku
Cnuka 10 — lNpuka3 nacepckoa CHora ycMepeHoa2 y ueHmap KpyxHe Mpexe

Aiming errors in artillery pieces, based on the obtained deviations in the
parallelism of the axes of optical devices, are calculated in Tables 4 and 5.

Table 4 — Calculation of the aiming errors using the laser pointer - panorama
Tabnuua 4 — Pacdyem nozpewHocmel HageOeHUs C MOMOW,bHO JTa3ePHO20
uerneykazamers - naHopama
Tabena 4 — NpopayyH epewke HUWaHeHa NnPUMeHOM flacepckoa obenexusaya —

naxopama'
Distance to destination | Permissible deviation of Aiming error in the
(m) the panorama axis direction (m)
16 000 0-00.5 thousandths 32
8 000 0-00.5 thousandths 16
4 000 0-00.5 thousandths 8
2000 0-00.5 thousandths 4
1000 0-00.5 thousandths 2

The values obtained in Tables 4 and 5 represent real aiming errors
that occur in the horizontal level with the H-122 mm D30 piece. As it can
be seen, there are errors in the parallelism of the axes and they are higher
than those prescribed by the technical documentation (Savezni sekretarijat
za narodnu odbranu, Tehni¢ka uprava, 1987), (Table 2 and 3).

" Aiming error leads to an error in firing elements determination and, consequently, to the deviation

from the average impact point.
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Table 5 — Calculation of the aiming errors using the laser pointer - optical telescope
Tabnuya 5 — Pacuem noepewHocmel HagedeHUs C MOMOWbO /1a3€pPHO20
ueneykasamerisi - OfMmMuU4Yeckul meseckor
Tabena 5 — NpopayyH epewke HUWarkeHa MpUMEeHOM Jlacepckoe obenexusaya —

onmuyku OypbuH

Distance to destination

(m)

Permitted OS deviation

Aiming error in the
direction (m)

2 000 0-01.5 thousandths 4
1 000 0-01.5 thousandths 2
500 0-01.5 thousandths 1

The obtained results show that the human factor has a dominant
influence on the quality of the method of adjusting the optical axes. The
only way to achieve quality results and a minimal deviation of the
parallelism of the optical axes from the bore axis is to exclude the human
factor and improve the rectification method.

This is achieved by the proposed rectification method using a laser
pointer, which is based on the fact that the laser beam propagates in a
straight line to the aiming point on the rectification board, thereby
contributing to the method accuracy. This method eliminates the
unreliability of aiming with crosshairs and the parallax of the human eye,
since the influence of a man from the critical part of the measurement
method is eliminated. This reduces the method measurement uncertainty.
In addition, the proposed method is implemented by one artillery crew
member, unlike the previous one where two members were necessary. A
reduced number of staff affects the reduction of norms, which directly
increases capacity.

Description of the proposed method

The proposed rectification method, i.e. the verification of the
parallelism of the optical axes with the bore axis, uses a laser beam of a
laser pointer in order to increase the accuracy of aiming at the cross on
the rectification board. After aiming with the laser beam, the deviations of
the optical axes are checked and corrected.

The rectification method using a laser pointer is given previously while
the subsequent corrections on optical devices are described and
implemented according to the method given in the technical
documentation (Savezni sekretarijat za narodnu odbranu, Tehnicka
uprava, 1987).

The clamping tool used to hold the laser pointer is shown in Figure 11.
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Laser pointer

Figure 11 — Clamping tool with a mounted laser pointer
Puc. 11 — U306paxeHue 3axXuMHbix 0emarnel ¢ na3epHbIM yereykasamenem
Cnuka 11 — lNpuka3 cme3Hoe aflama ca rnocmaessbeHUM flacepckuM obenexusaqyem

Figure 12 shows the components of the clamping tool. The
components allow the mounting and fixing of the laser pointer, as well as
its shifting along the X and Y axes when directing the laser beam.

Adjustable
coupling

Clamping tool

Clamping
sleeve

Figure 12 — Parts of the clamping tool for the laser pointer
Puc. 12 — 3axumHble demarnu na3epHoe20 ueseykasamerns
Cnuka 12 — [Jenosu cme3Ho2 anama niacepckoe obenexusaya

After placing the laser pointer in the clamping tool, the clamping tool is
fastened to the technological sleeve (Figure 13). In the center of the
sleeve, in the opening in which the primer is placed, there is a thread by
means of which the clamping tool for the laser pointer is fixed, which
allows the laser beam to overlap the bore axis. An appropriate opening is
made on the sleeve to check the direction of the laser beam.




Clamp fixing
point

Laser beam
directional check

Figure 13 — Technological sleeve
Puc. 13 — U3obpaxeHue mexHono2u4eckol ausb3bl
Cnuka 13 — lNpuka3 mexHoowKe 4aype

Alignment is performed by adjusting the clamping tool on the X and Y
axes (with four screws on the adaptive coupling, two screws for each axis)
so that the laser beam is directed to the center of the circular mesh located
on the gas brake on the muzzle. The edge of the technological sleeve is
removed from the place where the extruders come in so that breech is
open and accessible.

Figure 14 shows a technological sleeve with a mounted clamping tool
and a laser pointer.

After directing the laser beam into the center of the circular mesh, it is
considered that the laser beam matches the imaginary axis of the weapon
bore. The circular mesh is removed from the gas brake and by the rotating
the barrel in direction and elevation, the laser beam is directed to the lower
right-hand cross of the rectification board placed at a distance of 50 m
from the muzzle (Fig. 15). In this way, the laser beam represents a
prolonged bore axis towards the aiming point of the rectification board.

After bringing the laser beam to the aiming point of the rectification
board, it is possible to read the deviations of the optical axes of the
panorama and the OS from the corresponding aiming points (crosses) on
the rectification board and to correct them. The correction is done in such
a way that they are set up to have their optical axis at the appropriate
aiming points of the rectification board and adjusting the scale according to
TU-I. The parallelism of all three axes is thus achieved, which ensures the
accuracy of the optical devices and weapon precision when shooting at a

remote target.
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Figure 14 — Clamping tool with a laser pointer on the technological sleeve
Puc. 14 — 3aumHOU UHCMPYMEHM C Na3epHbIM UerieyKasamerem Ha mexHoIo2u4ecKol aurb3e
Cnuka 14 — Cme3Hu anam ca nacepckum obernexusayemM Ha MexHOOWKOf Yaypu

Figure 15 — Layout of the rectification board with the laser beam at the aiming point of the
weapon barrel axis
Puc. 156 — UsobpaxeHue Ha 6opmogom bannucmu4yecKoM ebl4Hucumerne ¢ nas3epHbim
yKa3amesieM 8 mouKe fpuyesnia cmeosia opyousi
Cnuka 15 — M32ned mabne 3a pekmugbukayujy ca 1acepckuMm CHOMOM Ha HUWAHCKO]
Tayku oce yesun opyha

The proposed rectification method with a laser pointer can be applied
to any artillery piece or weapon in day and night conditions, provided there
is an appropriate technology sleeve, the clamping tool and the rectification
board.




Structure of tools and working tools with
economic indicators

Table 6 lists the data on the necessary tools and means for
implementing the method of rectification with the laser pointer, as well as
the necessary funds and their sources.

Table 6 — Data on the necessary resources and tools for the method application
Tabnuya 6 — CeedeHusi 0 HeObX0OUMbIX pecypcax U UHcmpymMeHmax Ornsi MPUMEHeHUSs
OaHHbIX Memodos
Tabena 6 — Nodayu o nompebHum cpedcmeuma U arnamy 3a rnpumeHy memode

Name of tools and : Approximate
b means of work Bl ST price (RSD)
1 Laser pointer * 1 Procurement from 1 200,00
the market
The Army
2 Technological sleeve 1 (?f S.erb'.a -
(Finalisation
in the Institute)
Clamping tc_)ol for a 1 Productl_on at the 800,00
laser pointer Institute
4 Circular mesh 1 The Army of Serbia -
5 A rectification board 1 The Army of Serbia -
IN TOTAL: o TOI Cacak 2 000,00

The data listed in Table 6 refers to the tools and means of work for
one type of artillery pieces, except for those marked with an asterisk that
can be used for all types of artillery weapons. The product in position 2, a
technological sleeve, needs to be upgraded in the Institute, by making a
hole for fixing the clamping tool to carry the laser pointer (Figure 11). The
tool in position 3 is made in the Institute.

The total cost per one set, for one piece type, is about 2,000 RSD.

Conclusion

The aim of the research was to improve the existing method of
rectification of the axes of optical devices in order to achieve better
precision of shooting with the current weapons. The goal is achieved by
applying a new rectification method based on the use of laser pointers.

The description of the method of rectification of optical devices based
on the use of the laser pointer and its application in the process of general
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overhaul of the H-122mm howitzer D30 at the Technical Overhauling
Institute Cacak, as well as the obtained results by measurement, show the
following advantages of the proposed method:

— the subjective factor in the realization of the method is eliminated,

— it provides accurate data on the deviation of the optical axes,
allowing their correction and harmonization,

— the aiming accuracy and the firing accuracy are achieved,

— measurement uncertainty of the rectification method is reduced to a
minimum, which ensures the reliability of the rectification method,

— much shorter technological time required to check the alignment of
the optical axes and the weapon barrel axis,

— checking the alignment of the optical axes and the barrel axis is
carried out by one person, which reduces the necessary
technological capacity envisaged for these procedures,

— a uniform rectification quality is achieved in each repeatition of the
axes alignment check,

— rectification is solely done using a rectification board located at a
distance of 50 m and in this way the method does not depend on
climatic conditions, the time of the day or night, and the possibilities
of determining a distant target by which the TU-I method is
implemented. Also, since rectification is done at small distances, the
parallax error is avoided.

Further research in this area can be directed to the application of the
proposed method of rectification with a laser pointer to all artillery pieces
up to 155mm caliber, including the M84 tank. Also, research can be
applied to weapons using a periscope for rectification.
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COBEPLUEHCTBOBAHWE METOOOB CINPAMIEHNA
HABEOEHNA ONTUYECKNX YCTPOUCTB
C NMPUMEHEHMEM NASEPHOTI O LIENIEYKA3ATEJSA

BotikaH M. PagoHuy, bpaHko B. Pecumuny
BoopyxeHHble cunbl Pecnybnuku Cepbusi, CyxonyTHble BOMCKa,
TexHu4yeckoe 6opo pemoHTa Yauvak, r.4avak, Pecnybnuka Cepbus

OBNACTDb: nornctmka, TeXHU4eCKoe 00CnyxuBaHue
1 TEXHNYECKNE pecypcehbl

BWO CTATbW: npogeccroHanbHas ctaTbs

A3bIK CTATbW: aHrnuinckmn

Pe3some:

[aHHasi cmambsi OcHOoBaHa Ha HabnodeHUsiX 3a BbIMNOSIHeHUEeM
npednucaHHbIX Oelicmeull, OCywecmensieMbIX Ha apmuriiepuliCKoM
opyduu 80 epemsi codepxaHusi u cepsuca HernocpedcmeeHHO rneped
ebinonHeHuemM 6oesbix cmpesnbb. CoariacoeaHHOCMb napariesibHocmu
oceli onmu4eckux fpubopos U ocu cmeosia apmusepulickozo opyousi
HarpsMyro e/usiem Ha MmoYHoCmb rpuuena u cmpessbbl. C moMouwbio
HOB020 Memoda coafiacogaHusi napasienbHocmu oceli, OCHO8aHHO20 Ha
MPpUMEHeHUU  Jla3epHO20  Uesleykasamersis,  OMKJ/IOHeHUs  om
rapasnniensHocmu ocell c8e0eHbl K MUHUMYMY, meM caMbiM rosebiliasi
moyHocmb  cmpenibbbl  apmusiniepulickoeo  opydusi.  PaspabomaH
bbicmpbltl, neakuli u HadeXXHbIl Memod ceepKU naparsiniesibHocmu oced,
€02/1ac08aHHbIX C OCbHO CMEOsIa apmusiiiepulickozo opyousi.

Knwouesble crioga: crnpsiMieHue HagedeHus, ornmu4yeckue ocu,
Jla3epHbIl uerieykasamerib.

MOBOJbWAHE METOAE PEKTU®GUNKALINJE OMNTUYKNX CMNPABA
NMPUMEHOM NACEPCKOI OBEJIEXXMBAYA

BojkaH M. Papowuh, bpaHko B. Pecumuh
Bojcka Cpbuje, KonHeHa Bojcka, TeXHU4YKn peMOoHTHM 3aBog Yadak, Yavak,
Peny6nuka Cpbuja

OBNACT: nornctuka, oapxaBare TEXHUYKMX CpeacTaBa
BPCTA YJIAHKA: cTpy4HuM unaHak
JESUNK YJTAHKA: eHrnecku

Caxxemak:

Pad je Hacmao Ha ocHogy caarniedasar-a rnpornucaHux padru, Koje ce
pearnusyjy Ha apmurbepujckoM cpedcmsy, y moky oOpxaeara cpedcmea
u HeriocpedHoO ripe u3eohewa b6ojesux eahama 08UM Ccpedcmeom.
Ycaenawaearbe napanenHocmu oca Ofmu4yKux crpasa U oce uesu
apmurbepujckoe cpedcmea OUPEKMHO ymude Ha npeuyusHocm eaharba

cpedcmeom.
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Hoeom memodom ycaenawasara rnapasnesiHocmu oca, 3acHO8aHOj Ha
Kopuwhetby nacepckoz obenexusaya, o0cmynare rnapasaenHocmu oca
800U ce Ha MUHUMYM, 4Yume ce robosrblasa npeyusHocm ealjarba
apmurbepujckum cpedcmeom. Takolje, omozgyhaea ce noysdaHa, nakwia u
6p3a nposepa rnapanesiHocmu oca U HeHo ycaanaluasarbe ca 0CoM Uesu
cpedcmea.

KrbyuHe pedu: pekmudbukayuja, onmu4dke oce, nacepcku obenexusad.
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Summary

Fast technological development has made noise an inevitable part of
everyday life. The main sources of noise are: machines, factories, traffic
and noise from the neighbourhood. As a mixture of sounds of different
charcteristics, noise can be permanent, nonpermanent and impact with
different levels, duration and time distribution. Due to the harmful effects of
noise on human health, it is necessary to undertake steps which will
conrtribute to the reduction of noise levels. Noise pollution and activities
for the protection against noise have been analysed in this paper.

Keywords: acoustics, noise.

Introduction

Noise is most often defined as undesirable sound, and in that sense,
it obeys all laws of acoustics as a special part of physics which studies
generation, propagation and perception of sound.

Sound representes a type of a mechanical wave which can be
detected by the sense of hearing (Georgijevi¢, 2005, pp.253-257). It is
created by oscillating, in other words, by compression and spreading of air
molecules travelling under the influence of an external force. As every
mechanical wave, sound is determined by two basic physical parameters -
wavelength and frequency. Wavelength is a distance between two
neighbouring condensations, as well as two neighbouring attenuations of
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the medium through which sound travels. Frequency is the number of
oscillations produced in one second and is measured in the unit called
Hertz (Hz). A normal human ear can hear frequencies in the range from 20
to 20 000Hz. Every sound below a frequency of 20 Hz is called infrasound
and every sound under 20 000 Hz is called ultrasound; they have wide
application in medicine and technology. Certain animals (such as dogs,
cats, bats, etc.) have a much wider spectrum of hearing sounds (Figure 1).

Till 35,000 Hz Till 120,000 Hz

Till 25,000 Hz

Till 100,000 Hz

Figure 1 — Range of audibility in animals
(http://www.znanje.org/i/i25/05iv08/05iv08091 1fll/zvuk.htm, 2016)
Puc. 1 - [uana3soH crbIiluuMocmu U80MHbIX
(http://www.znanje.org/i/i25/05iv08/05iv08091 1fll/zvuk.htm, 2016)
Cnuka 1— Cnekmap 4yjHocmu Kod XUu8omuH-a
(http://www.znanje.org/i/i25/05iv08/05iv08091 1fll/zvuk.htm, 2016)

Sounds are, according to their characteristics, divided into two main
groups: murmurs and tones. A murmur is a sound which appears by
irregular oscillations of a sound source where the frequency is constantly
changed. A tone appears by regular oscillations of a sound source where
the frequency is constant.

Intensity of noise

Like every other type of a mechanical wave, a sound is determined
also by its intensity, which represents the amount of sound energy passing
through the surface area unit (Vuci¢ & lvanovi¢, 2000, pp.301-303). Also,
every sound source possesses certain power which is equal to the energy
which in the time unit passes through the surroundung space and is
expressed in Watts (W). The ratio of power and intensity of a sound wave
is given by the following expression (Sas, 2007, pp.6-7):

P=4m? = I[W] (1)

where:
P — source power
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I — sound intensity on the surface of the imaginary sphere
r—radius of the imaginary sphere

A direct application of the linear scale for measuring sound intensity
would lead to very big numbers which are, therefore, very difficult for
manipulation. Besides, the human ear does not respond to sound
stimulations linearly but logarithmically. For that reason, the concept of
subjective sound intensity is introduced in practice as (Sas, 2007, pp.7):

L= loloil(dB) )
[0
where:
| — objective sound intensity for the given subjective
l—objective sound intensity for the referent intensity (threshold of
hearing -10"W/m?)

The unit for this logarithmic ratio is decibel (dB).

A mechanical wave which has an intensity of about 10W/m? is not
experienced as a sound, because it produces pain in the ear. This value is
called the limit of pain. Subjective intensity of sound at the threshold of
hearing is 0 dB, whereas subjective intensity of sound at the limit of pain is
120 dB (Georgijevi¢, 2005, p.283). However, depending on the type of
sound, the feelings of pleasantness and unpleasantnessare not directly
connected to sound intensity. Some examples of sound intensity levels for
certain cases are given in Table 1 (Georgijevi¢, 2005, p.283).

Table 1 — Levels of sound intensity for characteristic cases
Tabnuua 1 — YpogeHb epoMKOCMU 38yKa XapaKkmepHbIX UCMOYHUKO8
Tabena 1 — Hueo ja4uHe 38yKka Kapakmepucmu4HUX usgopa

Sound intensity level Examples from the environment

130 jet engine at a distance of 20m

120 loud rock music

110 compression drill at a distance of 2m
100 motorcycle without silencers

90 car horn at a distance of 5m

80 loud shouting, heavy traffic

70 playing the piano, noisy restaurant
60 conversation, office

50 normal conversation, quiet street

40 quiet conversation, quiet music

30 very quiet surroundings

20 very quiet garden outside the town
10 rustling of leaves in the quietest wind
0 threshold of hearing
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Sources of noise

Noise represents an important, undesirable pollutant of the
environment. The level of noise depends on sound source power,
soundpath propagation length, i.e. on the distance from the emitter to the
sourounding of the recipient (Cvetkovi¢ & Pras€evi¢, 2005, pp.111-117).
The main sources of noise in urban areas are traffic noise, noise from the
neighbourhood and industrial noise (Beli¢ et al, 2009, p.5), (Damjanovi¢ &
Miti¢, 2015, pp.19-21). Traffic noise is present in most of the cities. It is
estimated that,duringa rush hour in city streets with heavy traffic, sound
intensity varies from 80dB onwards. A special threat to the population from
noise represents the proximity of airports wherethe level of noise in
adiameter of 1km is estimated to be 90dB and higher. As for the noise
from the neighbourhood, which includes playgrounds, schools,
kindergardens, etc., its general estimation is difficult and it mainly depends
on a concrete case. A pleasant place for living is considered to be a place
in which its intensity does not exceed 60dB at a distance of 25m from the
sound source.Industrial plants have different influence depending on
working places, but in most cases they represent a source of so-called
constant noise which appears in the uniform work regime. Particularly
harmful to health are sound sources representing different types of very
fast impacts or explosions (less than 1s). They are, by the rule, differently
categorised in order to determine their impact on the human health.

Influence of noise on the human health

Contemporary processes of urbanization and industralization are
constantly increasing the number of noise sources so that today there is
almost no working place or settlement not exposed to noise. Noise is
among physical agents harmful to health and, besides hearing damage, it
has a number of nonauditive effects (Nikoli¢c & Nikoli¢, 2013, pp.93-96),
(http://www.b92.net/zdravlje/prevencija.php, 2016).

Disruption of sleep is considered to be the basic and the most important
one because it further leads to mood swings, feeling of tiredness, apathy,
decrease in working ability, headache and pronounced nervosis. A number of
field studies have indicated that sleeping is particularly badly affected by heavy
vehicles and trains. For a good night's sleep, it is desirable that noise doesnot
exceed 30dB. It is considered that noise of about 65dB can cause anxiety,
irritability or headachein very sensitive persons. Noise of about 90dB can affect
hearing and cause neurovegetative problems (hypertension, endocrine and
metabolic disorders). When the level of noise exceedsa value of 90dB,
permanent damage of hearing occurs as well as serious neurovegetative

problems.
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Noise protection measures

Since today noise often disturbs basic human activities such as work, rest
and sleep and can also be a cause of permanent hearing damage, different
protection measures are introduced in order to reduce noise levels to the
permitted values. In order for the problem of noise level reduction to be solved
in a proper way, it is necessary to provide reliable noise measurements. Noise
measuring represents obtaininga precise sound intensity value which further
determines which sound can cause potential damage and which protection
measures should be undertaken in order to improve the acoustics of dwellings,
industial plants, music and movie halls, etc.

Nowadays, there are a number of standard methods for measuring
the physical parameters of noise which are relatively simple for use; their
purpose is to assess the level of damage in accordance with the rules and
norms for certain conditions. The basic instrument for noise level
determination is a phonometer (soundmeter, measurer of the noise level)
(Bruel & Kjaer, 1984, pp.10-15). It is presented at Figure 2.

Figure 2 — Phonometer (http://www.3me.rs/portfolio-item/db-200-profesionalni-merac-
nivoa-buke-sa-pc-interfejsom, 2016)
Puc. 2 — ®oHomemp (http://www.3me.rs/portfolio-item/db-200-profesionalni-merac-nivoa-
buke-sa-pc-interfejsom, 2016)
Cnuka 2 — ®oHomemap (http://www.3me.rs/portfolio-item/db-200-profesionalni-merac-
nivoa-buke-sa-pc-interfejsom, 2016)

A phonometer is often equiped with a filter (octave, one-third octave)
which can determine the noise amplitude spectrumas well.

If a place is affected by a number of different noise sources (n), then
the equivalent noise level can be obtained by the expression (Sas, 2007,
pp.21):

Ly, L, L,,

L=10log 10 +101 +...+10 3)
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Table 2 gives an overview of several annual noise levels at several
different locations in the city of Belgrade (Damjanovi¢ & Miti¢, 2015, pp.73-74):

Table 2 — Overview of the noise level in the city of Belgrade
Tabnuua 2 — O630p yposHs wyma 8 2opode benepad
Tabena 2 — lNpeaned Hugoa byke y epady beoepady

Measuring place Time of day | 2003. | 2005. | 2010. | 2013.
Bul. Despota Stefana :%{]t g? ;g gé 2(13
Bul. Kralja Aleksandra g%{]t 23 g? 28 gg
KB ight 4047|5451
Zeleni Venac g%yht 2(83 ;g (73? (753
Jurija Gagarina day 65 |59 |60 |60
night 63 49 55 55
o[ s %
Narodnog Fronta :;{]t g; g; 22 22
Ustanigka glagyht 22 gg gg gg
Vojvode Stepe ot 6260|7164
SR —

The measured values indicate that the levels of communal noise are
very high and mostly exceed prescribed values.

The main noise protection measure is the reduction of noise at its
very source. New and silent technologies allow that certain machines are
quieter than conventional equipment. The noise protection measures are
divided in two main groups: individual and group protection measures
(Sas, 2007, pp.38-48). Individual protection implies wearing different types
of earsets, helmets and earplugs providing protection power in the range
from 15 to 30dB, even more. Collective or general protection measures
present raising different walls, obstacles and absorption elements (trees,
etc.) along sound waves propagation paths in blocks of flats, hospitals,
schools and other objects where people dwell. (Cvetkovi¢ & Prascevic,
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2005, pp.159-179). It is important to highlight that even small holes in such
obstacles reduce their efficiency. In residential areas, problems with noise
can be solved by relocating roads out of such areas or by building
underground traffic. And finally, if noise is not reduced at its source, the
only way left to decrease its influence is on the way from the emitter to the
recipient. This protection method is realised through: spatial planning, the
layout of the rooms in the building, construction of partitions of certain
characteristics, construction of walls and windows in accordance with
defined norms and fixing house installations in accordance with the norms
for noise protection (JUS U.J6.201, 1990).

Social-legal aspects of noise protection present different types of
technical regulations about noise measuring methods, about permitted
noise levels, as well as the ways of controlling and sancioning noise
polluters. Harmful effects of noise at working places in our country were for
the first time defined in the document ,Pravilnik o opStim merama i
normativima zasite na radu od buke u radnim prostorijama® (Sluzbeni list
SFRJ, 21/92). The maximum allowed levels of noise in the environment
are given in the document “Pravilnik o dozvoljenom nivou buke u Zivotnoj
sredini” (Sluzbeni glasnik RS,54/92). The document “Zakon o zastiti od
buke u Zivotnoj sredini®, (Sluzbeni glasnik RS, 36/09, 88/10) defines the
most important obligations within the framework of protection against noise
and vibrations.

Conclusion

Noise is an indispensable part of modern living. It is considered to be
every undesirable, disturbing sound, which means that not every sound is
regarded as noise. In the past few decades in industrially developed
countries, noise has become one of the main sources of disturbance of
many different human activities but also a cause of complex damage to the
human health. In order to monitor harmful effects and undertake certain
protection measures in the concrete conditions, it is necessary to
determine the noise level by measurements. In practice, it is often the case
that the level of noise varies, more or less in time. In order to protect
people, in most of the countries, a lot of attention is paid to defining the
highest allowable noise level, which, depending on the type of the activity,
can be between 35dB and 90dB. This can be mainly achieved by so-called
ecological protection measures which imply the use of the best spatial
layout in order to decrease noise effects.
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WyM, NCTOYHWKW LLYMA N UX BOS,D,EVIC'I:BVIE
HA KAHYECTBO PABOYEN N OKPY>XAIOLLEW CPE[bI

CaHs I. Kopuua, KpucmuHa [. Monosny
YHuBepcuTeT «YHNOH — Hukona Tecnay», ®akynbTeT 9Konorum n oxpaHbl
oKpy>katoLen cpeasl, r. benrpag, Pecnybnuka Cepbus

OBJIACTb: akycTuKa, WyM, 3alumuTe OKpyxatoLLien cpeapl
B/ CTATbW: npodeccrnoHanbHas cratbs
A3bIK CTATbW: aHrnumnckmin

Pe3some:

Bcrnedcmesue mexHoIo2u4eckoeo pa3sumusi 8 CO8PEMEHHOM MUpe, WyM
cman HeomwemrieMoli yacmbio  riogceOHesHocmu.  OCHOBHbIMU
UCMOYHUKaMU  WymMa SIefstomcsi  pasfiuyHble  MauwluHbl, CMaHKU,
habpuku, 3as00bl, MpaHCoOPmM U Mpovue 38yKU U3 OKpy»KeHus. Kak
COBOKYIMHOCMb Pa3fuUYHbIX 38YK0O8 WyM MoXxem 6bimb cmayuoHapHbIM U
HecmauUOHaprlM, NMOCMOSAHHBIM U HEernoCMmMOoOsIHHbIM, KO.I'leGﬂiOLL(UMCFI,
rpepbIBUCMbLIM U UMITYSIbCHbLIM, OM/UY4amsCsi 10 YPOBHIO U repuody
s8o30elicmeus. Tak Kak WyM okasblgaem HezamugHoe eo3delicmeue Ha
300posbe 4Yeriogeka, HeOOXOOUMO MPUHSIMb 8CEe B803MOXHbIE MepPbI M0
CHUXEHUIO YypoeHsl wyma. B daHHolU cmambe npedcmaesrieH aHanus
HeeamueHo20 6030elicmausi wyma U orucaHbl Mepbl U cpedcmea o
3awjume om wyma.

Knroyesnbie criosa: akKycmuka, wym.

BYKA, N3BOPU BYKE U HbEH YTULIAJ HA KBAJTIUTET
PAOHE N XXMBOTHE CPEOVNHE

Cama Jb. Kopuua, Kpucmuna [. Nonosuh
YHuBepanteT YHUOH — Hukona Tecna, @akynTeT 3a eKonorunjy n sawtuty
XVBOTHe cpeaunHe, beorpaa, Peny6nuvka Cpbuja

OBJIACT: akycTuka, Oyka, 3aLUTUTa XMBOTHE CpeanHe
BPCTA YJTAHKA: cTpy4Hn YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Ybp3aHUM MexHOMOWKUM pa3eojeM caspeMeHoz HoeedaHcmea Oyka je
rnocmarna HeusbexaH 0eo ceakoOHesHoe xueoma. OCHOBHU U3eopu byke
Ccy MauwuHe, ¢habpuke, caobpahaj, kao u 3e8yuu u3 cycedcmea. Kao
MewasuHa 38yKoea pas3fuyumux Kapakmepucmuka Oyka Moxe bumu
mpajHa, ucripekuGaHa u ydapHa, MPOMJeHSbUBUX HUB0A, pas/iuyurmnoe
mpajarba U 8peMeHcKe pacriodesie. 3602 HeHo2 WmemHoe ymuuyaja Ha
JbyOCKO 30paerbe rnompebHo je npedysemu odpeheHe akmueHocmu
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padu pedykosara Hugoa Oyke. Y o0eom paly aHanusupaHa je
3aecaheHocm bykom u OerlamHOCMU Ha rnaHy 3awmume 00 He.

KrbydHe peuu: akycmuka, byka.
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Abstract:

Logistics prevention should be viewed as a system (composed of
subsystems and components), as a function (group of related tasks
grouped according to certain criteria) and as a process (course of
arranged events in time). Logistics prevention is a part of the overall
defence system logistics suport which prevents the infringe of projected
and present performances of a supported system. Logistics prevention, as
a function, includes all measures and activities planned by logistics
authorities and implemented by logistics authorities and non logistics
personnel. They are aimed at preventing the occurence of phenomena
and processes that negatively affect the ability and performances of a
defence system. At a time of intense defence system organisational
changes, the approach to logistics prevention should be systematic and
adequately dealt with due fo its significance. The principles related to
design, preparation and operation of the whole defence logistics also
relate to design, preparation and implementation of logistics preventive.

Key words: military logistics, system, logistics prevention.
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Introduction

If a defence system is to perform assigned tasks successfully,
achieve results and high set goals and fulfill assigned missions, it is
essential to have high-quality logistics support, an important segment of
which are logistics prevention activities within all functions of logistics
support. Logistics prevention implies a set of measures and procedures
planned and organised by logistics administrative authorities, and realised
by logistics units and nonlogistics personnel in the defense system, or, if
necessary, appropriate entities outside the defense system. Preventive
measures and procedures of logistics administrative and executive bodies
are focused on preventing the occurrence of adverse events and
processes that can act negatively on the ability of the defense system as a
complex organisational and multilevel organisational system, in order to
reduce the consequences of such events and processes. Prevention in the
context of this work involves a holistic approach. It consists of prevention
activities carried out by holders of logistics support (LoS) functions (health
care, infrastructure, maintenance, supply, transportation, general logistics),
prevention activities in the framework of joint LoS functions (planning,
purchasing, sales, handling and disposal of material assets, payment
services to third parties, etc.), and prevention of logistics character in the
preparation and use of supported systems (preparation, equipment based
on merit, development, use). Only in this way it is possible to approach
prevention globally and act locally, ensuring maximum defense system
readiness with optimised costs.

Logistics prevention has been treated differently by bearers of
logistics functions. Therefore, achievements are different in each of the
logistics functions. There was no common wiev on logistics prevention
management among logistics functions as shown below in Table 1.

Examples of logistics preventive application
in practice

There are many examples of intensifyng measures and procedures
when logistics-related objects face some kind of unwanted state (Atanaskovic¢
et al, 2012a, pp.191-199), (Atanaskovic¢ et al, 2012b, pp.69-78).

In such situations, the organisation system performaces become
vulnerable. In all logistics functions, there are many examples of
implementing prevention activities since they have numerous benefits,
some of which are shown further on in the paper.
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Table 1 — Review of prevention activities related to logistics functions
Tabnuua 1 — O630p paszsumusi npoghuakmu4yeckux meponpusmudi

no prHKL(UFIM Jioeucmuku

Tabena 1 — Npeaned pa3soja Npe8eHMUBHUX aKmueHOCMU Mo yHKyujama 5102ucmuke

SUPPLY MAINTENANCE COMMISSARIAT
1 2 3
| LEVEL (batallion) | LEVEL (batallion) | LEVEL (batallion)
— requisition, — basic maintenance, - feeding,
— warehousing, — technical maintenance — water supply,
- guarding, (I, I technical inspection), —dressing,
— proposal of a renewal plan, — professional soldier training. — bathing,
— dispersion of material — haircutting,

reserves,
— professional soldier
training.

— periodical inspection of
equipment,

— professional soldier
training.

I LEVEL (brigade

— procurement for stock
management,

— budget and echelonment,

— warehousing,

— guarding,

— stock renewal,

— dispersion of material
reserves,

— professional soldier
training.

I LEVEL (brigade
— basic maintenance,
— technical maintenance
(I, Il technical inspection),
— assistance to the lower
maintenance level,

— professional soldier training.

Il LEVEL (brigade

— disposal,

— professional soldier
training.

I LEVEL

(operation unit level)

— procurement for stock
management,

— warehousing,

— guarding,

— stock renewal,

— dispersion of material
reserves,

— professional soldier
training.

Il LEVEL
(operation unit level)

— professional soldier training.

I LEVEL

(operation unit level)

— disposal,

— professional soldier
training.

IV LEVEL

(Headquarters level)

— procurement for stock
management,

— warehousing,

— guarding,

— stock renewal,

— dispersion of material
reserves,

— reserves maneuver

— professional soldier
training.

IV LEVEL
(Headquarters level)

— professional soldier training.

IV LEVEL

(Headquarters level)

— disposal,

— professional soldier
training.
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— professional soldier training.

TRANSPORT INFRASTRUCTURE HEALTH CARE
4 5 6
| LEVEL | LEVEL I LEVEL
(batallion) (batallion) (batallion)
— making requirements for -regular maintenance of facilities — medical inspection,
transportation, — triage,

— water control,
- request for deration,
desinfection and

— making transportation plans,

— making march plans

- professional soldier
training,

— assistance to lower units,

— professional soldier

disinsection,
— professional soldier
training.
Il LEVEL Il LEVEL Il LEVEL
(brigade) (brigade) (brigade)

— making inspection and
verification plans (lightning
conductors, measuring
equipment, etc.).

— assistance to the lower
health care level,

— sending requests for
deration, desinfection
and disinsection,

— professional soldier

I LEVEL

(operation unit level)

— making transportation plans,

— making march plans,

— land Il level motion
control,

— professional soldier training .

I LEVEL

(operation unit level)

— forwarding inspection and
verification plans (lightning
conductors, measuring
equipment, etc.) to the fourth
level.

I LEVEL

(operation unit level)

— systematic inspection of
peoples and animals,

— preventive medical
labaratory analysis,

— deration, desinfection
and disinsection,

— professional soldier

training.

IV LEVEL
(Headquarters level)
— approvaling of petrol
consumtion quotas,
— main motion control.

IV LEVEL

(Headquarters level)

— approval of inspection and
verification plans (lightning
conductors, measuring
equipment, etc.) and
controlling their realisation

IV LEVEL

(Headquarters level)

— professional soldier
training.

The result of friction and corrosion processes is wear and tear of materials.
According to (http:/mwww.harco.rs/o-podmazivanju.htim/, 2015), friction, wear
and corrosion cause reduction of GDP for 4.5%. This amount is 3.5 mil. euros
in the case of Federal Republic of Germany (mostly in energy). Tribology deals
with finding solutions for losses caused by friction, wear and corrosion.

If tribology knowledge is applied in all phases of industrial processes,
saving is possible. Saving is manifested through (Figure 1):

— reducing energy spending due to friction reducing;

— reducing costs of lubricants;

— reducing maintenance costs;

— fewer losses caused by failures;

— increasing equipment efficiency and work time.
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Statistics of bearing failures causes

m bad assembly
® inadequate lubrication
material lassitude

® other causes

Figure 1 — Statistics of possible causes of bearing failures
(http://www.harco.rs/o-podmazivanju.htim, 2015)
Puc. 1 — lNpumep npu4uHbl omka3a noowunHUKo8
(http://www.harco.rs/o-podmazivanju.htim, 2015)
Cnuka 1 — lNpumep y3poka omka3uear-a fexajesa
(http://www.harco.rs/o-podmazivanju.htim, 2015)

Motor vehicles are machines exposed to wear and tear. Today’s
motor vehicles are sofisticated computer-controlled machines which need
less care by consumers and have higher levels of reliability than their
precursors. Regular periodical maintenance is important for reliable
performances and saving on the road. Because of that, most of big
companies sign maintenance contracts in the same time when purchasing
new motor vehicles (http://autobusi.net, 2015).

A large number of failures, especially in industries, lead to enormous
costs. Saving is significant due to the implementation of infra red
thermography (IRT) (http://www.termografija.rs, 2015). Today, IRT is
implemented in all areas of the human life (medicine, crime investigation,
biology, mechanical engineering, everyday life). Infra red thermography is
very important for technical systems diagnostics as a method which does
not require halting working processes. Furthermore, IRT can be used for
diagnostics of the state of the following equipment:

— electricity and power supply equipment;
mechanical equipment;
building constructions;
industry machines;
transport infrastructure.

Infra red thermography can discover potential damage on buildings
(Figure 2), and enable repair at favorable moments for consumers. In that
manner, large scale damage can be avoided.
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Figure 2 — Thermal images of the Saint Sava’s Temple in Belgrade and a Bole¢ Church
(suburb of Belgrade) (http://www.termografija.rs, 2015)
Puc. 2 — Tennosoe usobpaxeHue Xpama Cessmoeo Caesbi U uepksu 8 . boney
(http://www.termografija.rs, 2015)
Cnuka 2 — Tepmosu3sujcka cnuka Xpama Ceemoe Case u upkse y boneuy
(http://www.termografija.rs, 2015)

Everyday life and powers of the nature point to the necessity to
implement logistics prevention (http://studiob.rs, 2015): "Frequent floods
on the left Danube river bank are a consequence of uncleaned canals
(Figure 3). In order to prevent this, their cleaning has began
(http://studiob.rs, 2015)."

Puc. 3 — HebpexHoe u bezomgemcmeeHHOE OMHOWEHUE Yerioeeka
K npupode (http://studiob.rs, 2015)
Cnuka 3 — Jbydcka Hebpuza u Hemap rpema npupoou
(http://studiob.rs, 2015)

Preventive reactions are also very important in the logistics field of
health care. Regular preventive inspection enables detecting diseases in
their initial phase and gives greater chances for full and permanent
recovery. Inadequate preparation of medical staff and a lack of complete
information about the injured could have unforeseeable consequences, as
confirmed by the death toll after the Russian special forces action in the

Dubrovka Theater in 2002.
1032
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Given the fact that a human life is priceless, we can emphasise that
safety and health at work represent a group of activities which, besides
having a human character, contributes significantly to material saving.

The improvement of the present state of defence logistics, as
described in this paper, is reflected in the fact that military logistics and its
prevention activities should function in accordance with the systematic
approach to the management principles and logic of large organisation
systems, taking into account particularities of individual logistics functional
areas, time requirements and achievements in domestic and world
practice as stated above.

The main aim of logistics prevention implementation is to recognize
and preemt user requirements.

Development of the logistics prevention
concept

Logistics prevention contributes to raising the level of awareness of
logistics service users and contributes to creating conditions for less
logistics resources involvement. In that manner, the whole logistics support
of the defence system becomes cheaper.

The concept of development of logistics prevention is influenced by
the present state of logistics services and numerous factors such as:

— physionomy of contemporary challenges, risks and threats;
legal and system documents in the defence field;
structure and size of the army, its organisation and functioning mode;
achieved level of development of weapons and military equipment;
achieved level of development of the logistics infrastructure and task
execution technology in logistics functions;
level of logistics culture in the defence system;
characteristics of logistics requests;

— defence policy.

Logistics prevention should be constantly adjusted to supported
system requests; on the other hand, supported systems must be designed
taking into account logistics prevention requests. Supported systems also
need to adapt to the possibilities of logistics systems (Atanaskovi¢ et al,
2009, pp.127-139), (Pamucar et al, 2016).

The principles related to design, preparation and functioning of
defence logistics also relate to design, preparation and functioning of
logistics prevention.

Certain elements of logistics prevention are already built in the defence
logistics system in order to perform its tasks shown below in Table 2.
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Table 2— Logistics prevention elements implemented in the system of logistics support design process
Tabnuua 2 — dnemeHmbI POguUAaKMUYeCcKUx Meponpusmul, Komopbie Heobxodumo
8secmu 8 cucmemy Jfioeucmuyeckol nodoepKKU Npu NpoeKkmuposaHuu
Tabena 2 — Enemenmu nosucmuyke npegeHmuse Koje mpeba yepadumu npu

npojekmoearby cucmema fo2ucmuyke nodpuike

NAME OF
LOGISTICS
FUNCTION

ELEMENTS OF LOGISTICS
PREVENTION

ACQUISITION

Logistics prevention is implemented in the aquistion process by
regulating this area by means of laws, standards and principles,
by creating favorable organisational culture, by defining the
organisation and technology for which it is implemented and by
ensuring transparency in procurement.

The quality of the ordered products and services is controlled by the
purchaser.

SALE

Logistics prevention is implemented in the sale process by
regulating this area by means of laws, standards and principles, by
creating favorable organisational culture, by defining the
organisation and technology for which it is implemented and by
ensuring transparency in sale.

SUPPLY

The correct expression of the need for equipment; establishing the
standards, criteria and norms for rations; research of the market and
supply sources; defining the focus and priorities, monitoring,
inventory management of stored materials.

MAINTENANCE

Application of maintenance systems for all classes of equpment, taking
into account their particularities
Basic maintenance (daily inspections, periodic inspections, operation,

exploitation measurements);
Technical maintenance (the first inspection and the second inspection,

inspection of less complex equipment, conservation, maintenance
assistance in the performance of basic periodic inspections);

Medium repair (medium repair of components and aggregates taking into
consideration time and exploitation resources, conservation, assistance to
maintenance technical inspections);

General overhaul (general overhaul of components and aggregates taking
into consideration time and exploitation resources, conservation,
assistance to medium repair;

Revision (equipment, components and aggregates);

Checks Inspections (all activities prescribed in technical instructions).

TRANSPORT

Movement control and the use of communications in the zone of
operations; regulation and control of military traffic participants
(movement control for motorized military motorcades, and
sometimes for individual vehicles in public transport and the
regulation and control of the movement of military participants in
public transport and closed military areas). Application of security
measures in movement and transport.Personnel transport and cargo
transport. Obligations in equipping and use of equipment from the
functional competence.

Epler, I. et al, Concept of logistics prevention development in a defence system, pp.1027-1043



NAME OF
LOGISTICS
FUNCTION

ELEMENTS OF LOGISTICS
PREVENTION

HEALT CARE

Medical support (preventive medical care: hygiene and prophylactic
measures, anti-epidemic measures, medical measures for anti-
radiation, hemical, and biological protection; specific measures of
medical care and evaluation of sanitary-epidemiological situation.
Using equipment from the functional competence.

Veterinary support (veterinary - sanitary inspection of animals for

slaughter and foodstuff of animal origin, health care of ungulates,
isolation of wounded and sick ungulates).

GENERAL
LOGISTICS

Services to feed the personnel. Services for the purpose of dressing.
Communal services. Energy services. Furnishing facilities and
production and service plants. Accommodation and service activities
(accommodation of personnel, laundry and dry cleaning equipment,
bathing and dressing, barber, tailoring and shoemaking services,
payment services for the provision of energy products and electricity,
maintenance and production of general logistics equipment).
Service standards of general logistics services. Other general
logistics needs. Elements of the quality of life.

INFRASTRUCTURE

Planning spatial development and alignment with the needs of
defense system. Management of real estate and rights related to
real estate. Current and investment (capital) maintenance.
Preventive and corrective maintenance of thermal power plants.

Logistics prevention involves two groups of tasks:
— tasks of preparing logistics prevention;
— tasks of implementing logistics prevention.

The phases of logistics prevention organisation and common tasks
realised within the frame of logistics functions are shown in Table 3.

Table 3 — Logistics prevention phases and tasks

Tabnuua 3 — @marnbl u 3adaHusi jo2ucmu4eckol npoghunakmuku
Tabena 3 — ®ase u 3adayu fo2ucmuydKke rnpeseHmMuse

TASKS OF LOGISTICS PREVENTION

PREVENTION

PHASES OF PREPARING LOGISTICS PHASES OF IMPLEMENTING

LOGISTICS PREVENTION

Quality design and dimensioning of logistics Practical application of specific
systems dealing with logistics prevention, its measures and actions of logistics
elements and processes. prevention.

Identifying threats to logistics prevention and
chances that can facilitate the realization of
logistics prevention.

Coordination of measures and
activities of logistics prevention to
give coordinated action and
homogeneous treatment at the
internal and external level.
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TASKS OF LOGISTICS PREVENTION

PHASES OF PREPARING LOGISTICS
PREVENTION

PHASES OF IMPLEMENTING
LOGISTICS PREVENTION

Identification and assessment of the needs
for logistics prevention and quantification of
logistics possibilities.

Control over the quality and quantity
of applications of logistics prevention.

Planning logistics prevention (planning tasks,
manpower, material support, financial
support, if needed, intelligence and security
support) in all elements of logistics systems,
stages in the life cycle of the Army and
hierarchical levels of organisation of the
Army, taking into account all aspects of the
logistics prevention (spatial, time,
organisational and technological aspect).

Application of the prescribed
measures and activities (individual
and collective) in accordance with the
prescribed time and exploitation
resources, principles, standards and
technology.

Education of logistics personnel in the field of
logistics prevention.

Monitoring the key performance
indicators of logistics prevention and
measuring business parameters to
determine business performance.

Education of management personnel in the
field of logistics prevention.

Practical application of acquired
knowledge by improving the state of
logistics prevention within one’s
functional jurisdiction.

Education of nonlogistics personnel in the
field of logistics prevention and promotion of
preventive culture.

Pactical application of acquired
knowledge by improving the state of
logistics prevention within one’s
functional jurisdiction.

Consideration of control measures in logistics
prevention.

Control of realization of
implementation of logistics prevention
measures.

Identifying the requirements of compatibility
in the field of logistics prevention.

Control of compliance with the
applicable regulations of logistics
prevention.

The study of legal acts, regulations and
standards relating to the organisation and
technology of logistics prevention.

Proposing amendments to logistics
prevention regulations.

Training subordinates in the application of
prescribed measures and activities (individual
and collective) in accordance with the
prescribed time and exploitation resources
and other principles and standards.

Monitoring experiences and trends in
the field of prevention in other
organisations.

Monitoring the key performance indicators of
logistics prevention and measuring business
parameters to measure logistics prevention
SucCCess.

Revisiting the representativeness of
the key performance indicators of
logistics prevention and methods for
their measurement.

Preparation and implementation of logistics prevention should be
considered regarding the levels of the defence system organisation and
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structure (especially the Army as its most important part) and regarding the
logistics system organisation and structure. In that process, all phases of
the defence system life cycle and their respective tasks should be covered.
A simplified model of a logistics prevention organisation in the defence
system is shown in Table 4.

Tabel 4 — Model of logistics prevention organisation

Tabnuua 4 — Modenb noaucmuyveckol npoghunakmuku
Tabena 4 — Moden opeaHu3oear-a /102UCmuYKe rnpeseHmuse

PHASES IN THE ARMY LIFE CYCLE WHERE THE ARMY

NAME OF PERFORMS ITS TASKS, DELIVERS RESULTS AND

LOGISTICS ACHIEVES GOALS

FUNCTIONS AND PEACE (including

THEIR STRUCTURE | crisisand MOBILIZATION | WAR

BY THE LEVELS OF | emergency

THE DEFENCE situations)

SYSTEM prep. implem. | prep. implem. | prep. | implem.

ORGANISATION of log. of log. | oflog. of log. of log. | of log.
prev. prev. prev. prev. prev. | prev.

SUPPLY

.. subfunctions

..elements of the
system which realizes
the function...
MAINTENANCE

.. subfunctions
..elements of the
system which realizes
the function...
TRANSPORT

.. subfunctions
..elements of the
system which realizes
the function...

HEALT CARE

.. subfunctions
..elements of the

WHO?, WHAT?, WHERE?, WHEN?, WITH WHAT AND
WITH WHOM?, HOW AND HOW MUCH?, HOW MUCH IS
THAT?, CONSEQUENCES OF LOGISTICS PREVENTION

system which realizes ABSENCE
, i (spatial, time, organisational and technological and financial
the function...
aspects)

GENERAL LOGISTIC
subfunctions
..elements of the
system which realizes
the function...
INFRACTURE

.. subfunctions
..elements of the
system which realizes
the function...
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Elements of the concept of logistics prevention
development

Necessary elements of the concept of logistics prevention
development are logistics functions performance indicators and quantitive
indicators of logistics needs and abilities (number of members, surface
area, volumes, time resources, exploitation resources, work ability,
capacities, overhaul ability, etc.).

Design of logistics processes and dimensioning their resources
(personnel, equipment, object, facilities) must be carried out for the most
unfavorable system condition (extreme load). The degree of filling for a
specific state is regulated by management decisions. The system’s ability
to move fast from one state to another must be taken into account (from
peace to the state of war) where implementing its own transformation and
the transformation of the supported system must be carried out at the
same time.

Based on the aforementioned (Project "VA -TT/6/13-15", 2015), it can
be concluded that the approach to the development of logistics prevention
must be holistic. The elements that must be considered in the concept of
logistics prevention development are as follows:

— Managing personnel (addmision in the logistics system, staff training
management, necessary knowledge, skills, habits, attitudes, training,
education and specialisation, leaving the logistics system);

— Equipment and supplies from the logistics jurisdiction (defining the
scope and quality needs and ways for their procurement);

— Equipment and supplies necessary for logistics unit activities
(defining the scope and quality needs and ways of their
procurement);

— Logistics infrastructure (facilities, plants, installations, etc.);

— Peacetime and wartime organisation schemes of logistics bodies and
units;

— Peacetime and wartime individual and material formations of logistics
bodies and units;

— Logistics bodies jurisdictions and tasks in accordance with the army
organisation levels;

— Optimising the implementation of logistics processes and
information, material and energy flows in defence logistics;

— Logistics norms, logistics military literature and documentation;

— Logistics defence planning and logistics support planning;

— The principles of the constitution and functioning of logistics;
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— Method of functioning of logistics bodies and units and the method of
executing logistics tasks;

— Logistics support to logistics bodies and units;

— Logistics information system (Andreji¢ et al, 2010, pp.33-61);

— Degree of internal organisation within the logistics system and
coordination of functioning of logistics bodies at different hierarchical
levels;

— Degree of readiness (availability) and reliability of logistics services,
bodies and units for the implementation of tasks in each of assigned
missions;

— Army training for the preparation and execution of logistics
operations;

— Resources required for the development of logistics services (by
type, quantity and quality);

— Application of the concept of integrated logistics support in equipping
the Army with armament and military equipment (Andreji¢ &
Sokolovi¢, 2009, pp.32-53);

— Improving logistics aspects of training, education and specialisation
of nonlogistics personnel;

— Modeling of logistics units for usual (standard) and "ad hoc" tasks;

— Modalities of the reliance of logistics in the Army on the state
logistics;

— Logistics interoperability;

— Control parameters and evaluation of achieved status, performance
and quality of work of logistics units;

— Focal points and priorities in the theoretical and operational
functioning of the logistics system,

— Management of the development and operation of logistics.

The developing concept of logistics prevention requires active work,
energetic and coordinated actions of all logistics subjects in the defence
system.

Investment in  personnel, organisational and tehnological
modernization, equipment, plants and installations modernization and
management, should not be regarded as a cost but as investment for
better future for logistics services and the overall defence system.

The concept of logistics prevention development as an intelectual and
philosophical idea must be followed by a detailed logistics prevention
operation plan. It must get answers to the following questions: What?,
Who?, How? Until when?, Where?, Who with?, How?, With what and how
to realise it?, How much does it cost? and Who provides resources?

Epler, I. et al, Concept of logistics prevention development in a defence system, pp.1027-1043



Conclusion

The data reported in this paper, as a result of the observation of a real
logistics support system, show that certain LoS functions have developed
preventive actions and this characteristic makes them more effective in
practice. In addition, there is still a lot of space for the existing state of the
logistics prevention to become more perfect. Development and full
implementation of the proposed concept of logistics prevention significantly
contribute to the rationalization of many demands in appearance,
optimising the structure and dimensioning of logistics elements, reducing
the stress of the system, reducing costs and increasing efficiency and
effectiveness.The overall quality of logistics prevention depends on the
quality of the application at the place where logistics requirements appear,
but also on the quality of the design of logistics prevention carried out at
higher hierarchical levels of the logistics system organisation. The battle
for a high level of readiness, availability and long life of the system
(organisational, technical and biological) is won with high quality logistics
prevention. Failures due to the imperfections of the logistics prevention
system (poorly-designed) or due to insufficient quality functioning of
logistics prevention generate significant negative consequences in the
system in a form of unnecessarily high costs, failure to execute specific
tasks or loss of life (GeneralStab Vojske Srbije, 2009). During the design
and implementation of organisational changes in defense logistics, all
elements of the logistics system functions and processes should be
viewed critically and in terms of benefits for the preparation and
implementation of logistics prevention (Stanojevi¢ et al, 1999, p.651). One
way of improving the quality of logistics prevention is timely recognition of
user's requests and responses to them, based on an adequate information
system and rapid transport (Andreji¢ & Ljubojevi¢, 2009, pp.15-27). While
searching for an optimal model of logistics prevention, what should be
taken into account is logistics interoperability (both at the national and
international level), developed in accordance with the dynamics of
integrations in the field of defense and our real possibilities.
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KOHLEMT PA3BUTUA MPODUNAKTUYECKNX MEPOMPUATAN B
OBNACTU NOTMCTUKN B CUCTEME OBOPOHbI

Mzopb V. Annep, Mapko [. AHapevy, MapbsH A. MuneHkos,
Bnada C. Cokonosuy

YHuBepcuTeT 060poHbl B 1. benrpaa, BoeHHas akagemust,
Kadenpa noructuku, r. benrpag, Pecny6nuka Cepbus

OBNACTb: noructuka
BWO CTATbW: npodeccroHanbHasi ctaTbs
A3bIK CTATbW: aHrnuiickmin
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Peswome:

lMpogpunakmuyeckue meponpusimusi 8 obracmu fioeucmuKU Heobxo0UMO
paccmampusamb  Kak cucmeMy  (8kmoyarowlyro  rnodcucmembsl U
anemMeHmMbl), Kak  QyHKyur  (2pyrnna  OOHOPOOHbIX  3adaHud,
Ope2aHU308aHHbIX M0 OnpedesieHHOMY KpUMepur)) U Kak rpouecc
(mopsidok  Oelicmeuli 8 medyeHue  ornpedesieHHO20  8PEMEHU).
lpocbunakmuyeckue  Mepornpusimusi  A6MSIMCS  Heombemiemou
yacmbto sioeucmuydeckoli  nodoepxku 8 cucmeme 0OOpPOHbI, OHU
criocobcmeyrom  npedomepalieHuUr0  803MOXHOCMU  HapyweHuUsi
3anpoeKkmuposaHHbix yHKUUl U OesimersibHOCMU cucmeMbl U ee
anemeHmMos (a makxe o0bbekmos desimeribHOcMU), criedo8ameribHO,
OHU OKas3sblearom 6orbUWOoe 8/lUsSHUE Ha passumue QyHKUUl cucmemsb! 8
uernom. [lpogbunakmuyeckue MePONpUSIMUST Kak hbyHKUUS BKIToqaom
KoMmnekc — mepornpusmud,  pa3pabomaHHbIX U Op2aHU308aHHbIX
nodpasdeneHusimu  Jloeucmuku. A 8 ocywecmeneHuu  OaHHbIX
Meporpusmut rnpUHUMaom ydacmue Kak JlI02UCmuYecKuli repcoHarl,
mak u compyOHUKU Opyaux rodpa3deneHul. Llenb  daHHbIX
Mepornpusmuti 3axknodaemcs 8 npedyrnpexx0eHuu siereHuUl U rnpoyeccos,
Komopbie moaru bbl HebrazonpusmHo Noenusimes Ha ¢hyHKUUU cucmemsl
060pOoHbI. Bo epemsi ocywiecmernieHus MacwmabHbIX Op2aHU3aUyUOHHbIX
rnepemeH cucmeMbi 060POHbI POsib MPOGhUIAKMUYECKUX Meponpusmul 8
obrnacmu no2ucmuKu OCOBEHHO 8axkHa, MO3MOMYy UX CUCMeEeMHOU
paspabomke HeobxoOumo rnocesimume  0coboe  eHUMaHue. B
paspabomke npoghuniakmudeckux Meponpusimuli 8 obriacmu f102ucmuKu
MPUMEHSIIOMCST me e MPUHUUMbI U no0Xo0, Kak U 8 MpoeKmuposaHuU,
nod2o0moekKe U oCyuwecmerieHuU /102Uucmu4eckol 060pPOHbI 8 UETIOM.

Knoyesbie crnosa: B0€HHast Jio2ucmuka, cucmema,
npogbunakmuyeckue Mepornpusimus.

KOHLIEMNT PA3BOJA NOMMMCTUNYKE MNMPEBEHTWVBE
Y CUCTEMY OOBPAHE

Ueop J. Ennep, Mapko O. Angpejuh, MapjaH A. MuneHkos,

Bnada C. Cokonosuh

YHuBepauteT ogbpaHe y beorpaay, BojHa akagemuja, Kateapa noructuke,
Beorpan, Peny6nuka Cpbuja

OBNACT: noructuka
BPCTA YJTAHKA: cTpy4H/ YnaHak
JE3UK YNNTAHKA: eHrnecku

Caxemak:

Jloaucmuyky npeseHmusy mpeba rnocMampamu Kao CUCmeM (CayurbeH
00 nodcucmema u enemeHama), Kao QOyHKUUjy (epyna CpOOHUX
3alamaka 2pyriucaHux ro o0peheHoM Kpumepujymy) u kao rpouec (mok
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ypeheHux dozahaja y epemeHy). Jloeucmuyka rpeseHmMusa je deo yKyrHe
Jnoaucmuuke rnodpwke cucmemy o0bpaHe Koju cripeyasa Oa ce Hapyuwie
npojekmosaHe, y cmeapu rocmojehe nepghopmaHce cucmema Koju ce
rnodpxasea U H-e208UX erleMeHama (objekama Oeriogarba o2UCmUKe),
O0HOCHO Koju ymude Ha yHarpehere nepgopmaHcu cucmema Koju
rnodpxaea. Jloeucmuuka rpeseHmusa, kao yHKyuja, nodpaymesa cee
Mepe U aKmusHOCMU Koje MiiaHupajy u opeaHu3yjy fl0eucmuyKu opaaHu,
a peasusyjy noaucmuyku op2aHu, jeQUHUUe U HEeroeucmuyko ocobrbe.
OHe cy ycmepeHe Ha cripeyagsare Hacmyrarba rojaea u npoueca Koju
HeeamueHO Oernyjy Ha criocobHocmu U rnepghopmaHce cucmema
o0bpaHe. Y 6peMeHy UHMEH3UBHUX Ope2aHU3ayUOHUX [poMeHa y
cucmemy odbpaHe, cucmeMcKoMm ypehery roaucmudyke rpeseHmuse
mpeba damu adekeamaH 3Hadaj u roceemumu My Hapoyumy Maxmy.
lMpuHyunu koju ce OOHOcCe Ha npojekmosarse, npunpemMy U
yHKYUOHUCaHe roaucmuke o0bpaHe y uernuHu OOHoce ce U Ha
rpojekmosarse, nNpunpemy u cripogofjer-e /102Ucmu4Ke rnpeseHmuse.

Krbque peyu: GOjHa Jioeucmuka, cucmem, yiocucmu4ka ripeeeHmuea.
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Abstract:

The possibilities of the information management system are unimaginable.
"Information warfare" (IW), defined as a targeted effort to undermine and
neutralize hostile command and control systems for the purpose of
protecting and coordinating the activities of command and control systems
of friendly forces, is a frequently used term. Most of modern political and
military systems of command and control are based on high speeds of
computer-based communication. Hence, the information infrastructure is
the "infomercial” arena in which information warfare is conducted. Every
system or a person that forms part of this sphere is a potential target in
IW. The form of information warfare is the way of its exposure and it is
expressed through the structure of events and activities related to the
processes that take place in it. This means that the form of information
warfare is a special feature that distinguishes it qualitatively from other
forms. It is evident that information warfare dramatically affects the mode
of war, regardless of whether it is only an evolutionary period or
represents a revolutionary development.

Key words: terrorism, systems, Internet, command and control systems,
command and control.

Introduction

Every day we witness the incomprehensible capabilities of the
information management system. For this reason, it is no wonder that in
the daily conversation, "information warfare" (IW) is often mentioned. It is
sometimes even regarded as a future cornerstone of the future military
doctrines of some countries, even of those most developed ones.




Information warfare has enormous political, technical, operational, and
legal implications for the military. Therefore, here we will try to define IW,
identify potential military uses and applications, as well as the problems
that are responsible for the implementation of this new doctrine.

What is information warfare?

Information Warfare (IW) is a targeted effort to undercut and
neutralize the enemy's command and control system for the purpose of
protecting and coordinating the activities of the command and control
system of friendly forces (Blair, 2001).

Information warfare may include (Reisman & Antoniou, 1994):

— collecting tactical information,

— checking the accuracy of information,

— spreading propaganda and disinformation to demoralize or
manipulate the opponent and the public,

— undermining the quality of opponent information,

— denying the opponent the opportunity to collect information.

Some governments spend billions of dollars to establish agencies that
will collect and store information about potential threats to their security.
Information is a strategic advantage (Campen, 2002).

This is a fact first understood by computer hackers, many of whom
are currently serving long-term prison sentences, precisely because of
attempts to alienate confidential information.

Types of information warfare

The form of information warfare is the way of its exposure and it is
expressed through the structure of events and activities related to the
processes that take place in it. This means that the form of information
warfare is a special feature that distinguishes it qualitatively from other
forms.

In the available literature dealing with information warfare, there are
more views on the forms of its manifestation, the most widespread
perceptions being those of eminent experts from that area Schwartau and
Libbicky’s.

Winn Schwartau classifies information warfare in three groups:
1) personal information warfare; 2) corporate information warfare; 3) global
information warfare (Petrovi¢, 2001).

According to Martin Libicki, information warfare occurs in the following
forms: 1) warfare in the sphere of command and control; 2) intelligence
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warfare; 3) electronic warfare; 4) psychological warfare; 5) hacker warfare;
6) economic-information warfare; 7) cyber warfare (Libicki, 1995). All of
these forms are connected, especially hacker warfare and cyber warfare
that are not completely disjunctive.

The official definition of the US Department of Defense on warfare in
command and control is: "Command and Control Warfare is a military
strategy that applies information warfare on the battlefield in order to
separate the command structure of the opponents’ from the units they
command (the original English term is to be defeated) (Libicki, 1995).
Defusing can be done by damaging the head (commander, command
post) or door (communication), depending on different tactical and
strategic purposes. Libicki believes it is much more important than finding
the physical location of a commander finding a command post.
Attacking the command positions, especially if it is timely adjusted, may
have exceptional operational consequences and it is not necessary for the
opponent to be "beheaded”. In most situations, the command post is a
knot in the entire structure of the opponent and its elimination is rarely
missed if such a possibility is indicated.

It can be destroyed by classic bombs, but also by interrupting power
supplies, electromagnetic interference, computer viruses, interrupting
communications, etc. (Libicki, 1995). "Damage to the Door" means the
intersection of communications by the enemy, which makes command and
control incapacitated, which has a decisive influence on the final outcome
of the conflict.

War in the sphere of command and control can be conducted
offensively (C2 - attack) and defensively (C2 protect) (United States
Department of the Army, 1993). Based on the above, it can be concluded
that the aim of C2W is to degrade or destroy the opponents' potential for
command and control while at the same time protecting their own C2
potentials from such activities.

Intelligence is an activity that aims at finding goals, evaluating combat
actions, preventing surprises, etc. Primary intelligence sources can be
classified into different categories: Human Intelligence (HUMINT), Signal
Intelligence (SIGINT), Technical Intelligence (TECHINT) and others
(Group of authors, 2000). In Brussels, on February 23, 2000, the European
Parliament began a debate on a planetary spy network, called "Echelon".
A network of 120 satellites covers the entire planet and makes a system
that is able to control 2 billion messages daily, thanks to artificial
intelligence and given key words. According to some western papers that
are difficult to verify, the most commonly used keywords for automatic
messaging devices in Echelon regional centers are: "kill the president",
"anarchy", Glock-26 - a ceramic gun impossible to detect by metal
detectors and other. The Echelon's satellite spy system, therefore, deals
with the collection and analysis of various (political, security, economic,




technological, trade, etc.) data. The only control center in Gloucester (UK)
employs 15,000 people who are involved in the analysis of collected data
(Prvulovi¢, 2002).

Electronic warfare is warfare in which electronic and other means
directly affect the enemy's electronic means and systems as well as
combat systems and weapons based on their use of electronics.
Electronic warfare is also defined as a military activity that involves the
use of electromagnetic and targeted energy in terms of dominating and
managing events in the electromagnetic spectrum and in terms of an
electronic attack on the enemy and its combat systems. Schlecher
defines electronic warfare as "a military action aimed at controlling the
electromagnetic spectrum” (Schleher, 1999). According to a study by the
Faculty of Electrical Engineering, University of Belgrade, electronic
warfare is a set of military actions whose main goal is to control
electromagnetic space, its domain. In the context of information and
electronic war relation, electronic war is considered to be a subset of
information warfare (Group of authors, 2000).

In FM-105 rule, electronic warfare is defined as "any military action
involving the use of electromagnetic and targeted energy to control the
electromagnetic spectrum (EMS) or an attack on an opponent.” (United
States Department of the Army, 1993). Electronic warfare is, in essence,
the battle for the control of the electromagnetic spectrum.

In order to achieve the stated goal, activities that have an offensive
character - Electronic Attack (EA) and defensive character - Electronic
Protection (EP) are applied. In addition, Electronic Support (ES)
represents activities aimed at collecting information for the needs of EA,
EP, avoiding opponents’ actions, using their own combat resources
(Group of authors, 2000).

An electronic attack is a part of electronic warfare involving the use
of electromagnetic energy or targeted energy for an attack in order to
degrade, neutralize or destroy the opponents’ combat potentials.
Electronic jamming and deception are "soft kill" measures while "hard kill"
measures are the effects of self-inflicted missiles on electromagnetic
radiation (Anti-Radiation Missile — ARM) and action directed
electromagnetic energy (Directed Electromagnetic Weapons - DEW).
Electronic protection is a part of electronic warfare that encompasses
activities aimed at protecting one's own people and means of the effects
of electronic warfare by an opponent, and from unintentional emissions
generated by own transmitters that can degrade, neutralize or destroy
the combat potentials of their own forces.
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Electronic support is a part of electronic warfare that includes
activities of discovering, identifying, and location of sources of deliberate or
unintentional radiation of electromagnetic energy to detect opponents™
actions, to discover the location of targets, to plan and implement support
for electronic warfare and other tactical activities. Information about an
opponent collected through electronic warfare has a significant intelligence
dimension, and then electronic warfare can be viewed as intelligence
warfare. However, intelligence warfare is in the function of planning and
conducting electronic warfare and, in particular, the formation of an
electronic picture of the battlefield. Therefore, the relation between
electronic and intelligence warfare best describes the term coordination,
which is also characteristic of some other forms of information warfare
(Vuleti¢, 2005).

Szafranski under psychological warfare involves the use of
information against the human mind (Szafranski, 1995). The United States
considers psychological warfare an integral part of any armed conflict. Due
to the great importance given to this form of IW, many professional and
scientific institutions, faculties, research centers, institutes are engaged in
the USA. A comprehensive system of military authorities and units for
psychological warfare has been developed in this country. They are
smaller in composition and narrow-specialized (10-15 members) so they
can be combined for specific tasks. In the US military rule FM-106, the
notion of psychological warfare is reduced and, at the operational level, it
is talking about psychological operations. This document states that
"psychological operations have the goal of transmitting selected
information and indicators intended for foreign listeners and viewers in
order to influence their emotions, motives and objective reasoning and,
ultimately, the behavior of foreign governments, organizations, groups and
individuals to achieve their own interests and goals. "The main goal of a
psychological operation in protecting one's own command and control
system is to minimize the effects of opponent's propaganda and activities
in order to disinfect their own strengths and the population. The goal of
PSYOP (psychological operations) is to influence the attitudes and
behaviors of those they are pursuing (United States Department of the
Army, 1996). According to the American philosopher and political scientist
from the late twentieth century, Noam Chomsky, this method of conducting
psychological warfare plays an important role and affects about 20% of the
population, relatively educated, who takes part in making certain decisions.
Media action on this structure of people and their acceptance of doctrine is
crucial because they can take part in the creation and implementation of
politics. The other part or 80% of the population is merely an observer of
events, they should execute orders, messages and tasks and not interfere
with the affairs of decision makers. This part of the population is just
becoming a target of mass media, whose goal is that these people are




mere observers of events and perpetrators, who should not be tired of
what is happening in the world (Stoki¢, 1995).

Hacker Warfare is one of the forms of information warfare that are
most often performed by individuals. A hacker attack is usually aimed at
congestion and changing the content of the attacked web site. Because of
their functional and physical characteristics, computer systems represent
an ideal target for attackers. In order to check the resilience of its computer
networks against attacks by hackers, in 1994 the Defense Information
Security Agency (DISA) tested and formed its own hacker team and
ordered them to attack Pentagon computer networks over the Internet.
After completing the testing, DISA's official position is that they are not
prepared to defend themselves from the "electronic version of Perl Harbur"
and that their computer structure is not safe (Munro, 1995). In October
1994, a Pentagon warned against a growing threat that goes beyond
isolated, though irritating and increasingly frequent hacking attempts. It is
about organized attacks on a wider, coordinated basis with strategic
implications. Behind these threats can be terrorist groups or some
countries and it is very difficult to detect them. The use of hacker warfare
depends to a large extent on the number of computers in use and the
number of Internet users. The degree of integration of computer networks
is inversely proportional to the effects of hacker warfare. In contemporary
conflicts and technologically inferior countries, they have the opportunity to
successfully conduct hacker warfare.

The term "economic-information warfare" is still not fully defined, but it
is clear that this form of information warfare is guided by information of
economic significance for the conflicting parties. Information of economic
importance can be information about various contracts, development
strategy of the company, internal structure and organization, marketing
and production plans, investments and more. It is obvious that, in a global
context, the “conflict” of the economic and intelligence services is
constantly present, around confidential information that would be used
against its competitors in the interests of its companies. This "conflict"
essentially constitutes an economic (or an industrial) espionage. Former
CIA director George Tenet pointed out that the economy was the primary
area of intelligence work in the 1990s. Foreign espionage, and after so
many years after the end of the Cold War, remains a major threat to
Russian national interests, said Nikolai Kovalyov, the then head of the
Federal Security Service (FSB) of Russia. The case of a spyware attack
on IBM (International Business Machines), which was carried out by some
twenty people who worked for Japanese Hitachi, is known to have stolen
confidential information worth between 750 million and 2.5 billion dollars
over the course of three years. The operation was cut in 1982 by the FBI in
its famous sting operation. In 1997, General Motors made a loss of $ 100
million just because one side company developed a vehicle based on data
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stolen from its premises (Munro, 1995). After analyzing all the methods
and techniques (legal and illegal) of economic and information warfare on
the world market, especially due to the fact that most countries do not
have technologically equipped and efficient economic intelligence systems,
an idea of special agencies that can provide such professional services
emerged. The agency's job can be offensive (to help break a certain
company or state into the global market by revealing confidential economic
information about a particular market and rival companies or to expel a
competitor from the game by various techniques) or defensive (to protect a
country or company from the theft of industrial and business secrets, to
disclose the use of corruption or other illegal means by a competitor in a
particular business, thereby hindering that business, etc.).

The growing dependence of the society on information and
communication technology creates numerous weak points. Because of
these critical points, as well as due to the accentuated complexity and
strong interdependence, national infrastructures that connect, run and
serve computers have become extremely sensitive. The connectivity of
network communications increases their vulnerability, due to the greater
possibility of accessing the information structure from various parts of the
world. Cyberspace is an area that provides new opportunities for warfare.
Arkville and Ronfield defined cyber warfare as a series of actions that
break or destroy the opponents' information and communication systems
(Arquilla & Ronfeldt, 1995). Cyber warfare can be conducted offensively or
defensively. The object of cyber attack can be everything that connects,
launches and serves computers (military computer systems, state
administration systems, air and rail traffic control systems, gas, water and
electricity supply systems, and others). Given their importance, purpose
and number, especially in the developed countries of the West, it is evident
that the information environment offers cyber attackers the right wealth of
choices of highly valued goals. Recognizing the growing problem, in order
to protect the national information infrastructure, the United Task Force on
Computer Network Defense (JTF-CND) was formed in 1998 in the United
States. Its task is to monitor all existing and potential attacks on the
information systems of the US Department of Defense, to link all federal
agencies to the unique network and national infrastructure protection
center and, in the event of an attack, to enable a quick network recovery
and respond adequately. In February 2003, the National Strategy for the
Security of Cyberspace, which provides the basis for the protection of vital
national infrastructure (United States Department of Defense, 2015), was
adopted in the USA. Cyber attacks are more extensive, more
sophisticated, better coordinated than hacking attacks and directed
towards the enemy's significant goals. The use of cyber warfare depends
to a large extent on the number of computers in use and the number of
Internet users. In an armed conflict, computer attacks may only be carried




out by members of the armed forces with a careful assessment of the
potential damage to the attacked target.

Examples of malicious programs of information
warfare

Most of the modern political and military systems of command and
control are based on high speeds of computer-based communication.
Hence, the information infrastructure is the "infomercial" arena in which
information warfare is conducted. Every system or a person that is part of
this sphere is a potential target in IW. Therefore, it is necessary to first
identify, isolate and analyze each element of the enemy infosphere. They
then deny, destroy, or make useless data that should reach the opponent.
It is even more harmful if false information is inserted, and in this way the
enemy starts to make wrong decisions (Toffler, 1993).

In addition, IW can influence political, economic or military goals
through: conferences for journalists of important personalities, sabotage of
the economy, sabotage of development facilities and scientific research,
sabotage of satellite communications, destruction of the information
network (Leonhard, 2008).

Information operations are planned for the transmission of selected
information to a foreign population in order to influence their feelings and
objective judgment, and therefore the behavior of foreign governments,
organizations and society. The purpose of information operations is to
encourage or reinforce foreign attitudes and behaviors suitable for
achieving the political and military objectives of the information operations
initiators. In these operations, propaganda methods from the field of
psychological warfare are often used, and such operations are often
referred to as information-propaganda activities. An example of such an
operation can be found in the use of the term Palestinian state, which was
used by the PLO around 1964, although it never officially existed, which
meant a non-dewish, non-Israeli country. In this operation it was important
to release certain information into circulation. After that, it was first used by
journalists, then by public opinion, and finally by politicians (de Arcangelis,
1999).

A person who has an unauthorized access to computer and
telephone systems is called a hacker, and the friker term may also be
heard (Sterling, 1992).

Since the 1970s when they first appeared, they have repeatedly
shown their talent in overcoming computer security systems for accessing
information. Not only that. They even approached the databases of various
corporations and agencies, and thus caused damage in millions of dollars

(Schwartau, 1994).
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In order to achieve this, certain funds are needed, so-called
Weapons. They can be divided into four categories: software, hardware,
electromagnetic systems, and other means (Baker, 1998). The software
consists of programs designed to collect, alter, deny information or even
destroy the hostile infosphere. Examples of such software have even
exotic names: demons, viruses, Trojan horses or Trojans, logic bombs,
etc. (Trainor & Krasnewich, 2009).

A demon is a program which, when installed or introduced into the
system, records all commands that are entered. It can detect access
codes, encryption keys, or similar information. A similar program is a
sniffer.

Virus is a program that after attacking files files on the computer or
those on the network. It extends to other files without any real damage or
can make them unusable, causing deletion of files.

"Virus is a program or code that replicates itself in other files that it
contacts. Any program, a boot sector, a document that supports macros
can be infected and infected by changing the contents of that file and
copying its code in it.

A computer virus usually consists of two parts.

— The first part is a self-copying code that allows the propagation of

the virus

— The second part is useful information that can be harmless or

dangerous.

Some consist only of a self-copying code. Sometimes a virus requires
the interaction of a person to propagate such as launching a program that
contains a virus or opening an infected file.The first true ancestor of
today's virus was the Prevading animal that was able to access other
programs on the UNIVAC 1108 computer system. The first confirmed
finding of a computer virus was in 1981 and it was called Elk Cloner. This
virus infected the BOOT diskette sector for Apple Il computers. In 1988, it
was the Jerusalem virus that erased all running programs, and in 1989
Datacrime was able to execute the low-lewel format of the zero path on the
disk. In the same year, a real virus firm was activated in Bulgaria. At least 50
viruses including New Zealand and Michelangelo have been created so far.

A biological virus cannot reproduce itself, but it can capture the cells
of another organism and use the reproductive mechanism of each host cell
to make its own copy. New copies leave the host and look for new hosts to
repeat the process. The software virus works the same way. It extends
from a program to a program, or from a disk to a disk, and uses every
infected program, file, or disk to make as many of its copies as possible.
Virus software is usually hidden in the operating system of the computer or
in application programs. Some viruses do nothing but playback, others




display messages on the computer screen while others destroy data or
delete discs.

One of the most famous email viruses was the Melissa virus.
Melissa spread like a fire among Windows systems, infecting 90000
systems in just a few days. Melissa was not designed to damage the
systems, but suddenly a message burst out some email servers. The 30-
year-old author of the Melissa virus, a resident of New Jersey,attracted by
a Melissa player, was discovered and prosecuted (Milosavljevi¢ et al,
2013, p.281).

Viruses can be transmitted in many ways, and nowadays virtually all
viruses are transmitted over the Internet, and can also be transmitted by
diskettes, interchangeable hard disks, compact discs and other removable
media.

Trojan horses in computer jargon are malicious programs that are
"masked” as useful or expanding "attached” to other useful programs.
"Trojans” usually do unwanted actions in a computer, hidden in the
"background". The most common of these unwanted actions is the
disclosure of user passwords, bank information and other confidential
information by "eavesdropping” the data exchange or simply by reading
those files, and reporting them to the "owner” of theTrojan horse.

There are also Trojan horses in the police service dealing with the
collection of information for the purpose of detecting a criminal offense
(Remote Forensic Software). This form of citizen spying is enforceable in
some countries and is carried out under a court order, in some, despite the
conflict with the Constitution, in the preparation phase, while in some
cases it has been rejected. Such Trojans are spread by installing or
updating commercial operating systems and other software and hardware
components of computers, as well as through Internet providers by
infiltrating into existing data transfer mechanisms, which must, in their
products and services, be provided at the request of the country
concerned.

Famous Trojan horses

— Back Orifice

— Netbus

—  SubSeven.

"Trojan horse is a program that can do something useful while
simultaneously carrying out some secretly destructive work. As in the old
story of a wooden horse that brought Greek soldiers through the gates of
Troy, a software trojan horse hides the real enemy. These programs often
have game-like names or user programs. When an inexperienced
individual takes over and launches such a program, he can erase files,
alter data, or cause another type of damage. Some network saboteurs use
Trojan horses to pass secret information to other unauthorized users.
One type of Trojan horse - a logic bomb is programmed to attack as a
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reaction to a particular event or sequence of events. For example, a
programmer can install a logic bomb designed to destroy data files if a
programmer ever appears on a list released in the company's personal
service file. A logic bomb can be activated when a particular user logs in,
when he enters a special code into the database field, or when the user
performs a certain order of actions. If a logic bomb is triggered by an event
associated with a timer, it is called a timed bomb. There is a well-known
virus with a logic bomb, programmed to destroy computer files with data
on Michelangelo's birthday (Milosavljevi¢ et al, 2013, p.281).

Spyware is a broad category of malware created to partially intercept
or take control of the computer without the knowledge or permission of the
user. Although the name suggests that it is about programs that monitor
the work of users, this name today denotes a wide range of programs that
exploit the computer to gain benefits for a third party. The spy is different
from virus and worm in that it usually does not reproduce itself. Like many
new viruses, a spy is designed to exploit infected computers for
commercial gain. Typical tactics are displaying pop-up ads, stealing
personal data (including financial information such as credit card numbers
and passwords), tracking online activities for marketing purposes, or
redirecting HT TP requests to advertisement pages. In some cases, the spy
is used to check compliance with the license terms for using the program.

Infection in most cases occurs when opening pages with illegal or
pornographic content.

Computer worms are computer programs that multiply themselves.
They use computer networks to copy to other computers, often without the
influence of the man. Unlike viruses, they do not have to infect other
programs by their actions. They can also be accessed as a file in the e-
mail, and their access to the computer allows for gaps in operating
systems and applications. Worms make the network more difficult, and can
damage data and reduce computer security.
Internet worms and viruses create problems for infected computers, but
worms can do more damage due to network traffic that they generate
when expanding the Internet. For example, SQL Slammer worm doubled
in January 2003 the number of infected computers every 8.5 seconds.

The first known worm was made by a Kornel University student during
an experiment in 1988. The worm was accidentally released onto the
Internet and blocked 6000 computers across the United States. In the
summer of 2001, a worm called Code Red appeared. Its target was
Internet services that run under Microsoft servers. The US government
and Microsoft have sent warnings about worms and made free software
patches to protect the server (Miles et al, 2017).

Security and reliability issues are the most critical in military
applications. For the successful implementation of the mission, the army
must make sure that its systems are safe from spying and enemy attacks.




At the same time, many modern military applications are pushing the
boundaries of information technology beyond what they have ever been.
Huge assets are invested in the development of smart weapons - missiles
that use a computerized guidance system to locate the target. Command
guidance system allows the operator to control the missile path.

Self-powered self-propelled projectiles can monitor moving targets
without human assistance, using infrared thermal self-leveling devices or
"visual pattern recognition” technology. Weapons using "smart” guidance
systems can be extremely precise in determining the exact position of
enemy targets in many cases. One problem with high-tech weapons is
that they reduce the time that people have to make a decision between
life or death. As the time for making a decision decreases, the possibility
of error increases.

An even more controversial possibility is for people to be completely
excluded from the decision-making process. The trend in military research
is clear about weapons that require almost immediate reactions - what only
computers can do. An autonomous system is a complex system that can
assume almost complete responsibility for the task without human data
entry, verification or decision making. The automated defense system from
the projectiles has been stirring up public hearings on false alarms. But for
many who understand the limitations of the computer, the biggest question
is the reliability of the software. Tavi systems require tens of millions of
program code lines. The system cannot be fully tested in advance because
there is no way to precisely simulate unpredictable global war conditions.
In order to operate efficiently, the system should be absolutely reliable. A
small mistake can lead to a major disaster. Many military experts suggest
that future wars may not be conducted in the air, on land or in the sea. The
front line of the future can be in the cyber space. Attacking connected
computer networks, the enemy can damage telecommunications systems,
power lines, banking and financial systems, hospitals and medical
systems, water and gas supplies, oil pipelines and emergency government
services without the use of conventional weapons (Milosavijevi¢ & Miskovié,
2011).

Conclusion

The doctrine of IW has significant implications for modern military
theories. Now an enemy soldier is no longer a big target. The effort is
aimed at preventing communication between the command and the
soldiers, in order to prevent the coordinated actions of the enemy. This can
be achieved by breaking into the command and control system of the
enemy and its infantry by using computer systems of weapons and
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software attacks. Goals can be of military, political or economic
significance. Still, many questions remain unresolved. Intelligence
agencies need to evaluate the benefits of coordinated hacking and
tampering and obtaining important information.

The nineties of the twentieth and the beginning of the twenty-first
century will be recorded in the world history as a period of expansion of the
applications of various forms of information warfare. Based on the above
facts, it can be concluded that the application of a particular IW form
depends on a number of circumstances (eg funds available) and is
determined by the goals to be achieved. An analysis of the application of
information warfare in contemporary conflicts provides an answer to the
question of which the form of information warfare is permanent and which
is a temporary companion of armed conflicts. Permanent forms of
information warfare are C2W, EW and psychological warfare. Hacking,
economic-information and cyber warfare are occasional and very often
used forms of information warfare in contemporary conflicts.
First of all, it takes a lot of studies and discussions to make the theory of
information warfare a practical doctrine. It is evident that information
warfare will dramatically affect the mode of war, regardless of whether it is
only an evolutionary period or represents a revolutionary development. All
in all, there are great efforts by individuals and groups of researchers that
information warfare become a part of the military service in the 21st
century.
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®OPMbl UHOOPMALMOHHBLIX BOVH U NMPUMEPbI
BPEOOHOCHbIX NMPOIr'PAMM B KUBEPBOWHE

[paeax 3. JamaHoBu4
r. 3peHsiHuH, Pecnybnuka Cepbus

OBNACTb: nHdopmaTtuka
BWAO CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnuinckmn

Pesome:

Heucyepriaembie ~ 803MOXHOCMU  cucmeMbl  UHQOOPMaUUOHHO20
yrpaeneHusi ¢ KaxObiM OHeM cmaHoesmcsi ece b6oriee 04Ye8UOHBI.
OuyeBUOHO U UX MPUMEHEHUE 8 mak Ha3bieaeMol «UHGOPMayUOHHOU
e8oliHe» (VMB), komopasi npedcmasrnisiem cobol uesieHarnpasieHHble
Oelicmeusi, npednpuHsmbie 0Onsi  OOCMUXeHUsT UHGOPMaUUOHHO20
npesocxodcmea, nymém HaHeceHus ywepba, U rPomueHUKa npu
0OHO8pEMEHHOU 3auwume u ynpasneHuu UHgbopmauued,
UHGbOPMaUUOHHBLIMU fipoyeccamu U UHGhOpMayUOHHbLIMU cucmemMamu Kak
c8oUx CcobCmBeHHbIX, maK U OpyXecmeeHHbIX cus. bonbwuHcmeo
CO8PEMEHHbIX MOIUMUYECKUX U B0EHHbIX CcucmeM yrpaeneHuss u
KoMaHAoB8aHUSsI UCIO/Ib3YHM 8bICOKOPOCKOPOCMHYH C8513b MpU MOMOUU
Komribtomepa. Takum obpa3oM, UHGhOpMayuUOHHas UHgpacmpykmypa
unu «uHgocghepa» cmarna apeHol 0Onsi KubepeoliHbl. JTlobasi cucmema
unu - YeriogeK, Haxodsauuecsi 8 30He «UHQOCepbl»  A6NAHMmMCcs
rmomeHyuanbHoU  MUWEHbO 8  UHGhopMauyuoHHOU  eoliHe. ®opma
UHopMayuoHHOU 80UHbI rposierisemcsi 8 criocobax eosdelicmeaus,
sKIroqarwux npedcmasrieHue cmpykmypbl cobbimuti u deticmeud,
cesi3aHHbIX C [poyeccamu, KOmopble poucxodsam 8 ee paMKax.
Kubepeolina no ceoeli HeopduHapHoOU ¢bopMe  CyuecmeeHHo
omrnudaemcsi om OJpyeux eudos eoUH. Ee nosierneHue, 6e3ycroeHo,
enusiem Ha MemoObl 80EHHO20 Oesfla BHOCS KaK 380/IFOUUOHHOU, mak U
PEBOITIOUUOHHOU Xapakmep 8 pa3sumue 80eHHOU cmpameauu.

Knrodegbie crosa: meppopusam, cucmeMbl, UHMepHem, cucmemsbl
KoMaHO0BaHUsI U yrpaesneHusi, yrpasneHue u KOHMpoJib.

oMU NHPOPMALIMOHOTI PATOBAHA U NMPUMEPK
3NOHAMEPHWX NMPOITPAMA KOMIMNJYTEPCKOIr PATOBAHA

Hpazar 3. NamjaHoBuh
3peraHuH, Penybnuka Cpbuja

OBJIACT: nHcdopmaTtmka
BPCTA YJIAHKA: cTpy4HuM unaHak
JE3UK YJTAHKA: cpncku




Caxxemak:

MoeyhHocmu cucmema 3a yrpaerbare UHghopMauujama cy Hecaeneduse. Cee
yewhe ce nomurse ,uHgopmaLUoHO pamoegarse” (UP) koje ce deghuHuLue Kao
yCMepeHU Harop 0a ce u3splwiU rodpusar-e U Heympasulie HerpujamerbCeKu
cucmem KomaHOe U KOHmMporie padu 3auwimume U KoopOuHauuje akmueHocmu
cucmema KomaHOe U KOHmMporie rpujamesbCKux cHaea. BehuHa modepHux
MOMUMUYKUX U 80jHUX cucmema KomMaHOe U KOHMposie 3acHuea ce Ha 8LUICOKUM
bp3uHamMa KomyHuKauuje romohy komrjymepa. Omyda je uHgbopmayuoHa
UHgbpacmpykmypa, OOHOCHO uHbocgbepa’, apeHa y Kojoj ce 8odu
uHgbopmayuoHo pamoearke. Ceaku cucmem unu fuue Koju cy deo ose cehepe
npedcmaerba nomexyujarnHy memy y VIP. Obriuk uHgbopMayUoHo2 pamoegarsa
Je Ha4uH H-e20802 eKCrIoHUparka U UcKasyje ce Kpo3 cmpykmypy Oozafjaja u
aKmueHoCMU 8e3aHuUX 3a MNpouece Koju ce y Hemy odsujajy. To 3Ha4u da je
00nuK  UHGhopMayLUoHo2 pamoearsa ocebHa KapaKkmepucmuka Koja ea
KeasumamueHo paafiukyje 00 Jdpyeux obrnuka. EeudeHmHo je Oa
UHGbOpMAaUUOHO pamoearse OpaMamuyHO ymuye Ha HadquH pamoearsa be3
ob3upa Ha mo Oa /U je OHO camMo egosTyumueHU repuod unu npedcmaerba
PEeBOITYULIOHaPHU Pa3eo;.

Krby4yHe peyu: mepopu3am, cucmemu, UHMEepHem, KOMaHOHU U

KOHMPOIIHU cucmemu, KoMaHde U KoHmporie.
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Abstract:

When using pontoon material for deploying a bridge crossing point and/or
some other type of crossing of water obstacles (ferry, landing), it is very
important to organize works during the preparation, construction and
disengagement of pontoon units and materials for the deployment and
maintenance of already deployed crossing points. In the Serbian Armed
Forces (SAF) there are specialized units for such works within military
engineering, pontoon battalions, and within the River Flotilla (brigade
units). The organization of engineering works given in the article
represents a method for finding solutions to the use of movable assets
and personnel in establishing bridge crossing points (BCPs) made of
pontoon materials with a capacity of 20 t. The lack of contemporary
literature in drafting the basic documents for the establishment of BCPs
(existing literature dates from the 70s and 80s of the last century) is only
one of the problems encountered when working in this area so, in the
preparation of project documentation, experience from practice is heavily
relied upon.

Key words: engineering units, engineering works, river crossing, pontoon
materials.




Introduction

A place for crossing a water obstacle, in principle, is a part of a certain
type of water barrier, bank and hinterland on both banks to be used in
order to ensure a smooth and continuous delivery of people and movable
assets (MAs) of all categories over any kind of water barriers (such as
rivers, canals, or lakes).

The crossing point is different in size, type of crossing organized,
conditions of access and exit roads to the river, forestation and camoufla-
ge conditions, units, number of MAs needed to be transferred to the other
bank and a number of other factors. Depending on the ways of
overcoming water obstacles, there are different crossing points as follows:

— ford crossing point,

— swimming crossing point,

— place of crossing the ice,

— amphibious crossing point,

— ferry crossing point,

— bridge crossing point (BCP),

— underwater crossing point (Pifat, 1980).

It is important to make a distinction between the terms bridge and
BCP. The bridge is only one element of a BCP, namely just an artificial
object on the water barrier, while a BCP is a regulated part of the river with
its banks and the hinterland (part of the crossing section) where the river is
crossed thus enabling continuous movement of units from one bank to the
other. A BCP generally includes:

— starting (output) line,

— the access roads to the river,

— land or water points of pontoon material delivery,

— points of installation of bridge elements,

— axis of the bridge,

— upstream and downstream anchor lines,

— location for the deployment of empty cars,

— organs of control and protection services (CPSs) for BCPs,

— reserves of the crossing commander in crossing assets,

— fortified objects for the protection of personnel and resources,

— dams (barrier, obstacles) on the river for the protection of the

bridge from vessels,

— group for building a bridge opening (only on navigable rivers),

— landmine obstacles at BCP access points (GeneralStab JNA, 1974).

Commanders at a brigade level or higher have the right to decide on
bridge elevation. A BCP can be organized immediately after the successful
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completion of a violent crossing, deployed bridgehead, and when a BCP is
out of reach of enemy fire. Bridge assembling starts, in principle, between
0.5 - 2 h after the start of fording water barriers.This de facto means that
the bridge construction starts immediately after establishing a bridgehead
and, for a specified time period, it is necessary to ensure that the bridge
construction site is out of reach of enemy fire (from small arms or direct
artillery). BCPs are generally established at night, while the crossing is
performed during the daylight at ferry crossing points (FCPs). The bridge
is disassembled for FCPs and the sections of the bridge are used as
ferries. During the day, a bridge can also be displaced and tied to the
bank, camouflaged until the end of daylight.

Pontoon bridges represent a kind of bridges on floating supports
(pontoons). They are designed to overcome water obstacles where there
are no permanent bridges. A pontoon itself is a vessel with a hull with the
upper deck mainly closed. It is intended for the construction of floating
support for pontoon bridges or some types of ferries. A set of a pontoon
bridge consists of a certain number of floating elements with cars, road
surfaces on cars, tugboats to tow cars, sets of auxiliary equipment, tools
and spare equipment and motor vehicles for the pontoon transport. Their
basic feature is the reinforcement of the upper surface of the pontoon that
serves as a carriageway for traffic (Gardijan, 2001).

Modern pontoon bridges, which are found in the armed forces of
almost all countries (including the armament of the Serbian Armed
Forces), represent a structural version of the Soviet PMP pontoon bridge
which the armed forces of Israel captured from Egypt in war in 1973. The
Serbian Armed Forces have 3 sets of pontoon bridges (pontoon stock 3)
which are arranged in 2 pontoon battalions, and in 6 pontoon companies
(each company is responsible for 0.5 pontoon stock).

In order to establish a BCP, the activities of more specialties and units
from a pontoon battalion must be engaged and synchronized, including:
reconnaissance and diving, pontoon and road as well as certain parts of
the logistics battalion.

The paper describes an example of organizing engineering works in
deploying a BCP with a capacity of 20 t made of pontoon material, with the
calculation of the necessary manpower, pontoon material, the required
time and a dynamic parallel plan of deployment works.

Set of a pontoon bridge M71

The set of the pontoon bridge SPB M71 is intended for setting up ferry
and bridge crossings in overcoming water barriers. It can be used to
construct:

— pontoons of a carrying capacity of 60 and 20 t (Class 60 and 20), and




— ferries of a carrying capacity of 20 to 170 t. The main types of ferries
are 40, 60, 80, 110 and 150 t.

The SPB M71 (park) is constructed so that it can be divided into two halves
and each half consists of a separate unit (two halfparks) with which a bridge or
ferry crossing can be set independently. It is clear from the above why one
pontoon company is responsible for one halfpark, precisely for the reason that it
could independently deploy a BCP. The SPB M71 basic features are:

— bridge is constructed of floats (4 prefabricated pontoons) which

represent the ready-made sections of the bridge or the ferry;

— in structural terms, bridge and ferry floats are identical;

— for ferry landing, unloading and/or loading MAs, slipways are not

needed;

— float decks represent roadways of bridges and ferries with 4 lanes;

— forloads up to 20 t and a width of up to 3 m, two lanes can be used.

The capacity of each float, i.e. floating article (FA) is 20 t, and the
capacity of the end (bank) float article (EFA) is 10 t.The time required for
the assembly of a bridge/ferry is calculated from the moment when the first
military vehicle (m/w) with a laden article arrives at the water (this method
of calculating time is performed only in the case where articles can be
immediately lowered to the water). In case of bad weather conditions,
high-speed waterflow, shortage of personnel, enemy fire and the like, the
time norm increases by 1.5 to 2 times.

For the transport of FAs and EFAs, motor vehicles FAP 2026 BDS are
used. For the transportation or towing, the RPP M68/88 (river pusher
propeller, or tug, which represents the structural version of the Soviet
tugboat BMK-130M) is used as well as the AB M70 (aluminum boat) with
an OBM (outboard motor). In addition, the FAP AVG 2026 motor vehicle is
used for carriage with the OBM AB M70 and accessories for navigation.

Table 1 shows the basic tactical and technical data relating to the
SPB M71, as well as the possibility to assemble bridges from this set
standards and necessary manpower.

Table 1 — List of tactical and technical data for the SPB M71
Tabnuua 1 — Takmuyeckue U mexHudeckue OaHHbie MMl M71
Tabena 1 — Takmu4ko-mexHudku nodauyu Krm mMr71

No. | Part of set Quantity Weight /kg/
1. FA on m/w 32 /

2. EFA on m/w 4 /

3. | Pavement surfacing on m/w 2 /

4. RPP with m/w 12 /

Support equipment, tools and
S spare parts - set L /
6. FA on m/w / 17840
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No. | Part of set Quantity Weight /kg/
7. EFA on m/w / 18170
8. FA / 7230
9. EFA / 7860
10. | RPP M68 / 4350

Possibilities of assembling bridges

Bridge capacity 60 t (Class 60)

Length/width of the bridge Number of people for | The time required for

No. | roadway in m cons_tructior) the con_stru_ctior! at
) (pontoniers+driver) day/night in min
1. 227 /6.50 68+34 30/50
Bridge capacity 20 t (Class 20)
1. |382/3.30 | 68+34 | 50 / 80

Figure 1 shows two float articles assembled into a bridge section, in Figure 2
there is a RPP M88 attached to the bridge section with a tug, and Figure 3 shows
a class 20 bridge which connects the Great War Island in Belgrade with the bank.

Figure 1— Float on water
Puc. 1 - lnom Ha eode
Cnuka 1 - Tl1nosHuU YynaHak Ha 800U

Figure 2 — Tug RPP M88
Puc. 2 — BykcupHoe cydHo Pl M88
Cnuka 2 - Pemopkep Pl M88




Figure 3 — Pontoon bridge class 20
Puc. 3 — lNoHmMoHHbIU mocm knacc 20
Cnuka 3 - lNoHmoHcku mocm knace 20

The concept of organization of engineering works

Organization of engineering works is a purposeful activity focused on
synchronysing human and material resources of an engineering unit in
time, area and type of work, in order to complete quality engineering tasks,
with the most rational use of time, manpower, resources and energy
(Hristov,1978).

In many aspects, the organization of engineering works is very similar
to the organisation of construction works (similar concepts, principles,
methods of work, etc.), and because of this similarity in the realization and
development of tasks, the literature in the field of civil engineering is very
often used. Despite the similarity of the above organizations, engineering
works are different, mainly because they are based on the military rules of
use, resources, personnel, military logistics support system and the like.

Organization of engineering works is a remarkable method of
,hetworking” or combining theoretical and practical capabilities of an
engineering unit (technical and human), as well as a way of finding the
best solution to apply these capabilities in realizing assigned tasks in the
most cost-effective way. Commanders of engineering units, as well as their
superiors, are a special type of managers. Since there are eight specialties
within military engineering, we can only imagine how much knowledge and
skills this group of people must have.

In accordance with the principles of the organization of engineering
works, prior to any engagement of one engineering unit or its part, there is
preparation of engineering works consisting of the following elements:

—  Study of the task with supporting data and information:
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» exploring the content, volume, difficulty level and conditions,

+ the study of the Technical Solution, and

» development of a plan of reconnaissance and preparation of
units for the execution of the task.

Situation Assessment:

* enemies (closeness, activity),

* one’s own power (availability of manpower and MAs),

» characteristics of the water barriers (speed, width, depth of the
water flow, coverage of the coastal area in greenery, the slope
and height of the banks, access roads and the composition of
the bottom),

» speed of the water flow, because of the drift of vessels, and,
consequently, their reduced capacity, and

* time (increase in the norms because of the enemy, the
meteorological conditions, human factor).

Reconnaissance of works area - depending on the type of work

being performed;

Arranging the camp and/or the site;

* done according to the following principles: grouping, environ
mental quality, technological priorities and succession, gravity,
communication and security.

Organization of material preparation - depending on the type of

work being performed;

Organization of transport;

+ external and

* internal.

Operational order (OPORD) depends on the work being

performed, but, in principle, it should have the following elements:

« task for each subordinate unit according to the project
documentation (manufacture, repair, maintenance of the road
section, and the like),

+ sites for the reserves of pontoon material,

» the method of traffic regulation in the work area,

» production facilities, plants (for ferries, platforms, access roads,
ramps, etc.),

» safety measures,

* measures of combat security, and

» deadlines for individual phases and tasks in general.




Establishment of a BCP with a capacity of 20 t from
the SPB M-71 with the organization of engineering works

Irrespective of the type of water obstacle crossing, prior to the BCP
establishment, the pontoon unit commander is handed the OPORD, with
the appendix “F" - OPORD Engineering, prepared by the engineering
officer in the brigade command and/or unit of the same rank, where the
Plan of engineering operations is given in detail, with the engineering plan
of actions and the specific task of establishing the BCP. The Plan also
specifies MAs and the personnel. The explanation of the Plan of
engineering operations is provided in the Guidelines for operational
planning and command operations in the SAF - Annexes page |-59
(Generalstab Vojske Srbije, 2013).

Upon receipt and understanding of the task, the commander issues a
preparation order to subordinate commanders, and with the command
members he organises reconnaissance. In pontoon battalions, there is a
specialty, reconnaissance and diving, which forms the core of the
reconnaissance patrol (from a group to a platoon) whose task is to collect
data about the characteristics of the water obstacle in the allocated
crossing point area. The patrol can walk or use an m/w depending on the
distance of the crossing point region. In practice, since reconnaissance-
diving squads (RECO) have not been developed, i.e. in no pontoon
battalion the RECO organization and establishment structure has such
personnel but only RECO equipment, the commander forms a
reconnaissance patrol from the existing personnel.

In practice, there is usually no time for this activity; instead, information
is obtained from the superior command and/or government institutions
dealing with these issues (such as the Directorate of Waterways). Then the
commander develops a technical solution for the bridge construction and
organizes the work for the entire BCP. To solve this task, the commander
may engage some other persons from his unit (deputies, experienced non-
commissioned officers or professional soldiers).

The norms for the assembly of the bridge class 20 are listed in Table
1, page 221, the Combat Rules for pontoon and amphibious units
(Generalstab JNA, 1974), and refer to a pontoon company and a
battalion. According to this rule, a pontoon company can assemble a
bridge class 20 with a maximum length of:

— 193.25 m at water speed < 1,5 m/s and,

— 173 m at water speed > 1.5 m/s.

The basic problem here is the fact that there is currently no recent
literature, or current standards for the assembly and the establishment of
BCPs, as well as that the current norm relates to the organizational-
formation structure and the capabilities of a pontoon company from the
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time of the then-JNA, which represents the difference in the terms of
structure and capabilities of the SAF pontoon companies. It is true that the
SPB M71has not changed much (for example, under the existing rules,
float carriers or RPP and CA M70 are m/w FAP 2220 BDS and AVG, and
now the m/w are FAP 2026 BDS and AVG, with the difference in the
number of RPP and RPP OBM departments in the pontoon companies
and the like), but there is a change in the structure in terms of manpower
of pontoon units. Literature relating to the organization of engineering
works dates from the end of the 70s of the last century, and there is not
one kind of recent literature that deals with this issue. It is important to
emphasize the fact that a road plotoon is also engaged in deploying BCPs,
primarily for building access roads to the bridge and slipways for ramps;
however, the standards in the current literature refer to engineering
machines that have been out of use for a long time.

Organization of engineering works is a very important element when
performing any kind of engineering work, as a good knowledge of these
issues can result in maximum optimization in terms of stress of any kind of
resources (both material and technical, and human), affecting not only the
work duration time, but also the cost of the works. It is important to
emphasize that this would reduce the possibility of injury to personnel and
frequent failures of equipment. In practice, most often engineering officers
rely on experience and many actions are performed based on the
experience of decades of practice in dealing with pontoons.

In order to overcome the above mentioned problems and to meet the
existing norms, it is necessary to: change the material structure of the SAF
pontoon units through a system of lessons learned; start work on the
literature relating to the organization of engineering works, where, in
addition to experience-based knowledge, it is necessary to implement
knowledge from other ,related” areas — economics, civil engineering,
mechanical engineering, hydrology and meteorology.

The following part of the paper gives an example of a task, i.e. project
documentation consisting of: the data from the engineering
reconnaissance (Table 2), calculation for the required pontoon material,
the specification of the required MA and the people (Tables 3 and 4) and a
part of the organization of engineering works in deploying a BCP, i.e. a
concrete product of all calculations is illustrated through a parallel dynamic
plan (Table 5).




APPROVAL:
COMMANDER
Brigadier General
N.N.

Numeral designation according to
the records of 03 / 20XX

TASK

1. Execute the march of the 1st pontoon company, and the 1st squad/
road construction platoon/ 111th pontoon battalion from the village of
Neradovac into the village of Rataje and establish a BCP, by assembling a
bridge, class 20, with a length of approximately 150 m in accordance with
the technical solution given with the task.

2.0rganize a reconnaissance patrol at a squad level and send it to
collect information on the characteristics of the water obstacle.

3. Construct a bridge class 20, no later than 12:00 o’clock on:
XX.03.20XX. The crossing of the technical workload across the bridge is to
be finished no later than 12:30 on: XX.03.20XX.

4. Establish a BCP with all the elements no later than 16:00 o’clock
on: XX.03.20XX. and submit a written report by courier.

5. Directly secure the BCP during the works executed with one’s own
forces and resources, on the commander’s orders. In terms of combat
security of a wider BCP, rely on combat security measures.

6. Regulate the movement across the bridge with one’s own forces.

7. At the crossing point, there have not been any preparations.

DATA

from the engineering reconnaissance across the river Juzna Morava
at village Rataje

Reconnaissance start: 06.00 XX.03.20XX. year
Reconnaissance end: 08.00 XX.03.20XX. year
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Table 2 — Data from the engineering reconnaissance
Tabnuua 2 — [JaHHble UHXeHepHOU pa3eedKu
Tabena 2 — lNodayu ca uHxurepujckoe uzsuhar-a

The required data Reconnaissance results
Width of the water level |\I;|VV\\//I|__== 11‘::55 E
at various water levels HWL = 125 m
LWL =13 m/s
Z\tlz\i/taerrijlfse Svdater levels MWL = 1.2 m/s
HWL = 0.7 m/s
LWL=45m
The depth of water at various water MWL =2.8 m
levels HWL=1.8m
Composition of bottom and banks clay + sand; shore is gently sloping

Access roads to the site with information on the type of road and objects on the
road:

—on this bank, they are well kept and coated with asphalt;

— on the other bank, it is necessary to repair a road section 300 m long

unloading point - 150 m from the
bank; approach possibility - 1 ramp

Point for unloading material, downstream from the axis of the
possibility of approach and bridge - the possibility to throw 2 FAs
possibility of camouflage in one go and 1 ramp upstream from

the axis of the bridge - the possibility
to throw 5 FAs in one go

Existence of local materials

and floating assets no

Change of water level poor, no large shifts in changes in

water level
Existence of facilities on the river no
Data on forests in the BCP region Bank covered with trees
Convenient location for assembling downstream 1 ramp-throwing 2 FAs
ferry — bridge parts upstream 1 ramp-throwing 5 FAs

Number of workshops in the BCP region no

Possibility to use the RPP and OBM good

Water level 2 0.4 m left bank = 3.2 m

right bank =1.2m

Note: The data relating to the water level - high, medium and low (HWL, MWL
and LWL) are taken from relevant civilian structures and/or based on
experience; since it takes long to acquire this information, and since there is no
time for that, especially in combat conditions, the current values are taken.

Data relating to the water level are experiential or taken from the field when

raising a bridge.
1070




CALCULATION OF A PONTOON BRIDGE CLASS 20

a) Calculation of the length of the bridge
Calculation of the required length of FAs is carried out based on the
formula:

S-2%M 145-235
6.75 6.75

18

adopt 18 FA lengths
where:
B — number of the required FA lengths
S — width of the river in meters (m)
M —is a length of EFAs and FAs, that is, the bank sections on both
sides of the river i.e.. 2*(6.75 +5) = 23.5m

b) length of the pontoon bridge made of FAs => 18*6.75=121.5m
c) width of the river, the depths bigger than 0.4 m (for assembling
floats, the water depth must be bigger than 0.4 m)

S =S—(ath)=145-(3.2+1.8)=140m
whvere:

S — width of the river in meters (m)

S1 —required width of the river in meters

a — data obtained from the reconnaissance of this bank

b — data obtained from the reconnaissance of the other bank
d) total length of the bridge made of pontoon material:

18*6.75+ 2*M =121.5+23.5=145m

e) withdrawing EFAs:

— leftbank—0.5m
— rightbank—0.5m

g) length of the bridge with the road (the length of the bridge +
ramps made of EFASs):

145 +2*2=149m
h) calculation of the number of complete floating articles:
B, =22 ckr)_, 1846 15

2 %

adopt 13 complete FAs
where:
B1 - the required number of complete FAs
B2 - adopted length of the number of required FAs
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k — coefficient of the influence of water flow, for the water flow speed
of 1to 1.5 m/s, is 5. (Pifat, 1980)

The calculation shows that there is a difference between the number
of the required lengths and the number of complete articles (the values
obtained in the formulas ,,a" and "h"), because for the bridge class 20,
every third FA is complete, and the two previous ones are disassembled to
halves (as it can be seen in Figure 3). The total length of the bridge is 149
m, which is longer than the width of the river (145 m), and thus we
conclude that the calculation is correct and applicable in practice, i.e.

manageable.
Table 3 — List of needed assets
Tabnuua 3 — lNepedyeHb He0bXx00UMbIX cpedcme
Tabena 3 — lNonuc nompebHux cpedcmasa

No. Name of MA Unit Amount
From the 1st pontoon company
1. FA with m/w FAP 2026 BDS piece 13
2. EFA with m/w FAP 2026 BDS piece 2
3. RPP with m/w FAP 2026 AVG piece 4
4. AB M70 piece 3
S. OBM Johanson 40 piece 3
Reserve
6. FA with m/w FAP 2026 BDS piece 3
7. RPP with m/w FAP 2026 AVG piece 2
8. AB M70 piece 2
9. OBM Johanson 40 piece 2
From a road-construction platoon

1. Dozer TG 220 piece 1
2. ULT 160C piece 1
3. Tipper 6.5 t piece 1
4. Rig piece 1




Table 4 — List of required manpower
Tabnuua 4 — lNepeyeHb HEOOXOOUMbIX Crieyuanucmos
Tabena 4 — Cniucak nompebHoe rbydcmesa

No. Name of duties Personnel category Number
of persons
From the 1st pontoon company

1. Company commander officer 1

2. Platoon commander officer 2

3. Squad commander non-commissioned officer 4

4, Attendant SPB M71 30

5. Driver attendant SPB M71 19

6. Attendant RPP professional soldier 8

7. Attendant OBM 6
Total: 3 officers, 4 non-commissioned officers and 63 professional soldiers

Reserve

6. Attendant SPB M71 6

7. Driver attendant SPB M71 . . 5

8 Attendant RPP professional soldier 2

9. Attendant OBM 4

Total: 19 professional soldiers
From a road-construction platoon

1. Squad commander non-commissioned officer 1

2. Attendant ULT 160C 1

i Tllgir;e;:\:grer professional soldier 1

5. Attendant TG 220 1

Total: 1 non-commissioned officer and 4 professional soldiers
Total: 3 officers, 5 non-commissioned officers and 86 professional soldiers

TIME CALCULATION
a) Road preparation:

— company march: village of Neradovac - village of Rataje = 12 km
=>0.50 h;

— assembling a 40 t carrying capacity ferry and transporting the
engineering machinery to the other bank (TG-220; ULT 160C;
—Tipper 6.5) => 1.00 h;

— repair of the section of the exit road, a distance of 300 m => 2.00 h;

— total required time: 3.50 h = 3h 30 min.

Kovacevic¢, N., Organization of engineering works in deploying a bridge crossing point made of class 20 pontoon material,pp.1060-1079




VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 4

b) Assembling the bridge:
— company march: village of Neradovac - village of Rataje = 12 km
=>0.50 h;

— assembling a bridge class 20 t

» lowering the floating articles in two waves at h = 0.12>0.24 h;
* lowering the RPP in water in one wave after 0.12 h =>0.12 h;
+ assembling articles (bridge sections) => 0.50 h;
+ linking bridge sections into the bridge axis => 0.50 h;
 technical inspection of the bridge and test load crossing => 0.50 h;
Total time required for the bridge assembly: 2.36 h =2 h 21 min

C) Total time required: 5.36 = h 5 h 21 min.

d) The total required time for the BCP deployment with parallel
activities (adequate organization of engineering works): 3.50 = h 3
h 30 min - This difference occurs because the preparation of the
access roads and ramps should begin prior to the bridge
installation; namely, after the arrival at the crossing point, the
assembly of a class 40 ferry should start immediately and the
engineering machinery should be transported to the other bank
where the exit section of the road is prepared, while on this bank
there are parallel ongoing works on lowering SPB M71 parts into
water and their assembly.

Note: Standards for lowering SPB M71 parts, as well as for their

assembly, are taken from the book Pontoon Bridge M71, pp. 23-24
(Generalstab JNA, 1976).

ORGANIZATION OF WORKS

The 1st pontoon company:

Company command:

— monitors and controls the work of subordinates and deals with any
issues on the spot;

— improves documentation necessary for the functioning of the BCP;

— determines the personnel for the BCP (in terms of determining the
number of persons needed for specific BCP organs).

The 1st pontoon platoon:

— regulates the exit section of the road in a length of 300 m

— lowers 4 RPPs (1 for the downstream river guard, and 3 for linking
the bridge sections into the axis);

— assembles a part of the bridge out of 10 FAs and 1 EFA - the

downstream part;
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— with the available manpower, establishes a part of the CCS - the
bridge crew, maintenance of the ramp on the right bank, traffic
regulation station on the right bank;

— establishes a post for observing the water level.

The 2nd pontoon platoon:

— lowers 3 AB M70 with 3 OBM,;

— assembles a part of the bridge out of 3 FAs and 1 EFA - the
upstream part;

— with the available manpower, establishes a part of the CCS - the
maintenance of the ramp on the left bank, the station to regulate
traffic on the left bank, downstream and upstream river guard,
rescue station, emergency squad;

Table 5 — Parallel dynamic plan
Tabnuua 5 — Npagbuk naparnnensHOU QUHaMUKU
Tabena 5 — NapanenHu QuHaMu4Ku rnnaH

No. Activit Duration in h
y 12 3[4]5]6
1. Company march —

Assembling a ferry and transporting
machinery

Preparation of access roads

Assembling bridge sections ; el

Linking the bridge sections into the axis ;-—g |

B2 S Il B

Load testing and technical inspection _—

Table 5 provides an overview of the budget for the establishment of a
CBP through a parallel dynamic plan, where it can be seen how much a
quality organization of engineering works affects the duration of works and
the consumption of resources. The dashed line shows the duration of the
process when activities are not performed concurrently, and the solid line
shows the process duration when the activities run simultaneously.

Optimizing the organization of engineering works for this task could
be achieved primarily by applying or introducing into operational use
contemporary engineering earthmoving machines.

Conclusion

In accordance with the current concept of warfare and the concept of
air-ground operations which has become a ,cliché” of combat operations,
especially in the US Armed Forces and NATO member countries, it is easy
to notice that the speed of maneuvering has become one of the decisive
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factors for successful execution of any military operation. Whether it is a
question of offensive combat operations, which are the main type of
operations in the US Armed Forces and NATO member countries, or
defensive combat actions, it is evident that, in addition to modern
techniques and good planning, speed and ability to perform a maneuver
are a prerequisite for retaining initiatives during action, and for achieving the
goal. Therefore, today all modern armies of the world have a large number
of various means for overcoming water obstacles (Milojevic, 2010, p.129).

A big problem in the allocation of tasks and the estimation of time for
their implementation is the fact that there are no contemporary norms and
adequate literature that could serve as an orientation to determine the time
required for the organization of works of preparation, establishment and
maintenance of BCPs. It is necessary in the future, based on the current
(real) conditions of the units and means, to carry out standardization of
works in the establishment of BCPs, i.e. to elaborate a comprehensive and
detailed organization of engineering works during the realization of these
tasks; in other words, to start dealing with prevention, not just the
consequences, because BCPs can also be used in peacetime for Domain
3 tasks in the SAF mission.

Tactically and technically speaking, crossing over water obstacles is
an exclusive activity of specialized engineering units - pontoon units. The
order to establish some kind of crossing over water obstacles of certain
objects can only and exclusively be issued by operating level unit
commanders (Kitanovi¢, 2000).

In all armed forces of the world, pontoon bridges are the backbone of
overcoming water obstacles. The armed forces of the Russian Federation
are the leaders in this area. The data which proves this fact is that the
Russian troops have had a pontoon rail bridge in their operational use
since 2005.

This article is an attempt to take a comprehensive look at all the
specific characteristics in the establishment of BCPs for a bridge class 20
made of CPB M71 and its components, i.e. to point out the importance of
timely and quality organization of engineering works in this task. Also, the
article seeks to point out the possibility of the CPB M71 (its parts - RPP,
OBM, BA M70) multiuse which was (unfortunately) confirmed during the
catastrophic floods in Serbia in May 2014, and during the NATO
aggression on the Federal Republic of Yugoslavia in 1999. Consequently,
the SAF must urgently start the modernization of the existing CPB M71, or
acquire new types of sets of pontoon bridges from abroad.
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OPIrAHM3ALNA MHXEHEPHbLIX PABOT MPU YCTPOWCTBE
MOHTOHHOIO MOCTA KITACCA 20 HA MECTE MNMEPEXO[IA

HeHad B. KoBayeBny
YHuBepcuTeT 06opoHsl B . benrpaa, BoeHHas akagemusi,
Kapetckas 6puraga, r. benrpaa, Pecny6nuka Cepbus

OBJIACTb: nHXeHepHble BoWcka
BWO CTATbW: npaktuyeckuii onbit
A3bIK CTATbW: aHrnunckmn

Pe3swome:

lMpu ucnonb3o8aHuUU MOHMOHO8 0711 ycmpolicmea MOCMOo8 UsuU MpoYuUx
sudos rnepexoda 4epes B600HbIE npezpadbl (napombl, OecaHMHbIe
neperpasbl) YpessbiHaliHO 8aXXHO paspabomamb makue smaribli pabom
Kak: opeaHu3auusi  rnodzomosumersibHbiX  pabom,  op2aHu3auus
npoussodcmea pabom, a makke pacrpedeneHue nodpasdeneHuli u
Mamepuarnog Orisi COOpPY)XeHUs U colOepxaHusi mecma reperpasel.
lMpoussodcmeom OaHHO20 euda pabom 3aHumaromcsi creyuarsbHbie
rnodpasderieHuUsi UHXeHepHbIX eolick BoopyxeHHbIx curn Pecrybriuku
Cepbusi — MOHMOHHO-MOCMO8020 bamariboHa, A6NAUEe20Cs Yacmbio
PeyHol promunuu (o6beduHeHue - b6puzada). OnucaHHass 8 OaHHOU
cmambe opzaHu3auusi UHXeHEPHbIX pabom npedcmaensem cobol
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uenecoobpasHyro paspabomky ecex rnpoueccos, 3adelicmeo8aHHbIX 8
obnacmu nepernpaebl 4Yepe3 600Hble rpeepadbl, 8 MmMOM yucre
pacripedesieHue  Haz2py3ku Ha MOHMepos pu  ycmpolicmee
MMOHMOHHOMOCMO8bIX rieperipas, 2py30nodbemHocmbio 20 moHH. OOHoU
U3 HacywHbix rpobrieM, ¢ Komopol cmasikueartomcsi 0€HHbIE UHXEHEPb!
rpu  oghopmrieHUU OCHOBHOU OoKymMeHmauuu o ycmpoticmsy [1MIT,
56715€mMCcs omcymemeue CospeMeHHOU fiumepamypbl (Cyuiecmsyrowas
numepamypa omHocumcsi K 70-80-biM 200am rpowisio2o 8eKa), makum
0bpasom, pa3pabomyuku BbIHYXOeHbI OnupPambCs UCKITHOYUMEbHO Ha
rpakmu4eckuli Orbim Kak 8 OGbOpMIIeHUU MPOEeKMHoU OOKyMeHmauuu,
mak u 8 camMom ripoyecce rpousgodcmea pabom.

Knrodeeble criosa: UHXeHEpHble 80UCKa, UHXeHepHble pabomsi,
neperpasa Yyepes peKy, MNOHMOHbI.

OPTAHN3ALINJA UHXNHEPUJCKNX PAOOBA MNP
YCMNOCTABJbAHY MOCHOIr MECTA MPEJACKA
OO NMNOHTOHCKOIr MATEPWJANA KNACE 20

Herad B. Kosayesuh
YHuBesutet ogbpaHe y beorpaay, BojHa akagemuja, Kagetcka 6puraga,
Beorpag, Penybnuka Cpbuja

OBJIACT: nrxumepuja
BPCTA YJ1IAHKA: nckyctea 13 npakce
JESNK YJTAHKA: eHrnecku

Caxemak:

lMpunuxkom yrnompebe MOHMOHCKO2 mamepujana 3a
ycriocmassbakbe MOCHO2 Uu/unu Heke Opyze epcme ripesacka
rnpeko s8odeHe npenpeke (ckesickoe, decaHmHoz2), 8pJi0 je 8axHa
opeaHusayuja useohewa padosa MPUIUKOM fpunpeme, y MoKy
ycriocmaesbama, asu U npu Oe3aHeaxogawy jeduHuya U
MOHMOHCKO2 Mamepujana 3a ycrocmasgy u oldpxaeare mecma
npenacka. 3a useohewe osux padosa y Bojcyu Cpbuje nocmoje
cneyujanusoeaHe (HameHcke) jeduHuye. To cy jeQuHuuye jedHe 00
crieyujanHocmu 'y okKsupy poda UHXUH-epuje, MOHMOHUPCKE
crieyujanHocmu, Koje ee3ucmupajy y OKeupy MOHMOHUPCKUX
bamasboHa, 0OHOCHO y oksupy PeyHe ¢pnomune (jeduHuya paHaa
bpuzade). OpeaHuszayuja UHXUHKEepPUjcKUX padoea Koja je onucaHa
y 4ynaHky npedcmassba, y cmeapu, U3Halaxere
HajuyenucxolHujez pewera y noenedy yrnompebe MOKpemHuUX
cmeapu, anu u Hanpesdawa Jsbydcmea, nApu ycriocmaesbaky
MOCHO2 Mecma npesacka 00 [IOHMOHCKO2 Mamepujana,
Hocusocmu 20 m. Hedocmamak caspemeHe numepamype camo je
jedaH y Hu3y npobnema ca Kojuma ce cpycpehy cmapewuHe
npunukom u3pade OCHOBHUX OOKymMeHama 3a ycriocmassbare




MMTrl-a (nocmojeha numepamypa je u3 70-ux u 80-ux e00uHa
npowrnoe eeka), me ce rnpu pady ca osum cpedcmsuma U npu
uspadu rnpojekmHe OOKyMeHmMauyuje yanasHOM oOcriawajy Ha
npakmuy4Ha uckKycmea.

KrbyyHe pedu: UHXUHbEpUjcKe jeQUHUUEe, UHXUHepUjcKu padosu,
rpenas rnpeko peka, MoHMOHCKU Mamepujarl.
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CMMNO3NJIYM ,NMPEBEHLINJA
CAOBPARAJHNX HE3IOOA
HA INMYTEBUMA 2016”

Anekcardap XK. [pobrakoBuh

Bojcka Cpbuje, N eHepanwTab, Ynpasa 3a noructuky (J-4), Beorpag,
Peny6bnuka Cpbuja,

e-mail: drobnjakovic.aleksandar@gmail.com,

ORCID iD: “http://orcid.org/0000-0003-0864-6298
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OBNACT: caobpahaj
BPCTA UYJTAHKA: npukas
JE3UK YJTAHKA: cpncku

Caxemak:

Ha cumriosujymy Koju ce cmampa HajyanedHUjumM CmpyYHUM CKYroMm U3 0ge
obniacmu y Penybnuyu Cpbuju, npunadHuyu Murucmapcmea odbpaHe u
Bojcke Cpbuje y3enu cy 3anaxeHo y4yewhe ca wecm cmpy4dHux padoga U3
obriacmu 6e36edHocmu 80jHUX y4eCHUKa y caobpahajy Ha nymesuma. Mu-
Hucmapcmeo 00bpare u Bojcka Cpbuje yriaxy 3HamHe Hariope Ha rose-
hary Hugoa 6e3bedHOCMU 8OjHUX y4ecHUKa y caobpahajy, wmo ymude u
Ha Hueo be3bedHocmu caobpahaja y Pertybriuyu Cpbuju.

KrbyyHe pedu: 6e3bedHocm 60jHUX y4ecHUKa y caobpahajy, obyka
8o3aya, akmueHa b6e3bedHocm 8o3una, cmpameauja 6e3bedHocmu
caobpahaja, 3ameopeHu cucmemu, e6pedHo8are bezbedHocmu
caobpahaja, caobpahajHe He3200e, Mymesu.

Y opraHunsaunjmu dakynreta TEXHUYKMX Hayka YHuBepauTeTa y HoBom
Capny, CaobpahajHor dhakynteta YHuBepauteta y beorpagy, Pakynteta
3a rpaheBuHy, caobpahajHO MHXEHEPCTBO U apXUTEKTYPY YHUBep3uTeTa
y Mapubopy, Bucoke TtexHudke wkone y Hwuwy, WHTepHaumMoHanHor
ueHTpa 3a 6esbegHocTt caobpahaja, KpumuHanuctuiko-nonuumjcke
akagemuje n3 3eMyHa u Yapyxkewa 3a 6e3begHoct caobpahaja Cpouie,
13. n 14. oktobpa 2016. roguHe ogpxaH je Xl mefhyHapogHn cumMnosnjym
.l |peBeHuUmja caobpahajHux He3roga Ha nytesuma 2016” y Hosom Cagy.




Ha cumnosaunjymy koju ce cmaTpa HajyrinegHujum CTPyYHUM CKYroMm m3
oBe obnactn y Penybnuumn Cpbuju, npeseHTtoBaHo je 45 pagosa og 80
ayTopa v koayTopa, o kojux 30 cTpaHuUX CTpyyH-aka.

TpagMumoHanHO W Ha  OBOM  CUMMO3WjymMy  MpUnagHuum
MwuHnctapctea ogbpaHe n Bojcke Cpbuje y3enu cy 3anaxeHo yyewhe ca
LWeCT CTPyYHMX pagoBa M3 obnactn ©6e36eqHOCTM BOjHMX YYECHUKa Yy
caobpahajy Ha nyTeBnMa, oko 13% o CBUX NPe3eHTOBaHUX pagoBa.

YBOAHY ped ogpXao je npeacenHuk nporpamckor oabopa npod. ap
Kpcto Jlunosay ca Caob6pahajHor chakynteta YHusepauteTa y beorpagy.
Y nme Munnctapctea ogbpaHe n Bojcke Cpbuje cTpy4HM CKyn no3gpaBuno
je HadenHuk Operberwa 3a caobpahaj u TpaHcnopT YNpaee 3a fOrucTuky
(J-4) MeHepanwTaba BC nykoBHuk gp »Kerbko PaHkoBuh, u uctakao ga
MwuHnctapcteo ogbpaHe u Bojcka Cpbuje ynaxy 3HaTHe Hanope Ha
noeehamy HMBoa 6e36e4HOCTM BOjHMX y4ECHUKA Y caobpahajy, WTo yTude
n Ha HuBo 6es3bepHoctTn caobpahaja y Penybnuum Cpbuju. Takohe,
N3pasmno je BENMKO 3a0BOSbLCTBO WTO NpunagHium MuHuctapctea oabpa-
He 1 Bojcke Cpbuje TpaguumoHasnHo y4ecTByjy Ha CUMMO3Mjymy.

OcHoOBHe TemaTcke LenmHe (cecuje) oBor cumnosmjyma oune cy:

1. Opranunsauuja n cnposohere 6e3begHocTn caobpahaja.

2. be3begHujn yuecHnum y caobpahajy.

3. be3begHuju NyTeBM N KpeTame.

4. be3begHuja Bo3una.

5. AKTMBHOCTW HaKOH He3roge.

Y cecuju 1. npe3eHTOBaH je pag Ha Temy ,Possible use of ISO stan-
dards liability in drivers training” (MoryhHocT npumeHe NCO ctaHgappa y
obyumn Bo3aya), aytopa nykoBHuka ap Xerbka PaHkoBuha, noTnykoBHUKa
mMp Anekcangpa Nowwuha n majopa mp Uropa MunaHosuha.

Y pagy je npeactaerbeH npukas craHgapga I1ISO 39000 ,Road Safety
Management” (Ynpaerbawe 6e3begHowhy caobpahaja) u moryhHocT
H-eroBe npumeHe y obyum Bosava. VictakHyT je 3Hadaj obyke Bo3aua, anu u
3Ha4aj Mepa Koje ce nMpeay3nMajy HakoH 3aBplueTka obyke BO3ada pagu
beHor yHanpehewa. [MpukasaHO je M CNpoBedeHO WUCTpaxuBarwe Y
ayToLukonama o ytuuajy 6poja caobpahajHux Hesroga v npekpLiaja HakoH
3aBpLueHe obyke Ha HaumMH obyke Bo3aya. [TpMMeHOM cTaTUCTUYKOr anara
JOKa3aH je BenvKu yTuuaj MHpopmMaumja 0 NoHallakwy Bo3ava HakoH obyke
Ha MoryhHoCcT yHanpehewa npoueca obyke (Rankovic et al, 2016,
pp.25-34).

Y cecuju 2. npeseHToBaHa cy gABa paja Ha Temy ,Crparteruvja
OesbegHocTn caobpahaja y 3aTBOpeHMM  cucTemMuma”, aytopa
noTnykoBHMKa Mp AnekcaHgpa lNowwuha, nykoBHuka ap >Kesbka PaHkosuha
n Majopa AnekcaHgpa [pobwakoBuha u ,BpegHoBawe 6e36egHOCTU
caobpahaja y 3aTBOpeHMM cucTteMuMma’, ayTopa nykoBHuka Op >Kerbka

Drobnjakovi¢, A., Trinaesti medunarodni simpozijum ,Prevencija saobraéajnih nezgoda na putevima 2016”, pp.1080-1085



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol .65, issue 4

PaHkoBuha, notnykoBHMka Mp AnekcaHapa lowuha n majopa Anekcangpa
Opobrakosuha.

Y pagy nog HasumBom ,Crpaternja 6e3begHocTn caobpahaja y
3aTBOPEHMM CUCTEMMMA” MpUKa3aHa je MeTogonornja uspage crpatervje
y 3aTBOpPEHUM cuctemmma, ca nocebHum ocBpToM Ha Crtparternjy
Oe3begHOCTM  BOjHMX  ydecHMKka Yy caobpahajy. HarnaweHe cy
cneununyHocTn Koje opgpehyjy HauMH W CTPYKTypy CcTpaTtervje Kkao
Hajsuwer perynatmBHor akrta. [lpeacrtaBrbeH je M npukas  [gBa
ncTpaxueamna y Kojuma cy npumeHom SWOT aHanuse geduHucaHe mepe
3a noeehawe 6e3begHocT caobpahaja n BuM3Mja N LUIBLEBU Y OKBUPY
cTpaTermje. Ha kpajy je nanoxeH kpartak npukas Ctpaternje 6e36egHocTn
BOjHUX y4yecHuKa y caobpahajy. Nopea npukasa crama, ykasaHo je Ha
notpedby pedwuHucawa MUCHje, BM3Wje U UWIbEBA, Kao W nogpydja
AeroBara Koju ofrosapajy cneunduyHOCTUMa 3aTBOPEHUX cucTema
(Gosic et al, 2016, pp.91-100).

Y pagy nog HasuBom ,BpegHoBawe 6e30egHocTu caobpahaja vy
3aTBOPEHMM cucTeMmma’ MpukasaHa je meTogoriorvja u gat npegnor
Moena BpegHoBara 6e3begHocTn caobpahaja y 3aTBOPEHMM CUCTEMUMA,
ca nocebHMM ocBpToM Ha 6e30eQHOCT BOjHUX YyYecHuka y caobpahajy.
Takohe, npeactaBrbeH je nperneq YCBOjeHUX mHaukatopa 6e36egHocTu
caobpahaja y €eBpoOMNCKMM 3emMibamMa W HauuH HKUxXoBor npahemsa.
lMpumMeHOM CcTaTUCTUYKOr anata [oka3aHa je BeOMa jaka Kopenauuja
namehy nojeouHMx uHamMkatopa u nokasaTerba nocneguua caobpahajHux
He3roga, Ha OCHOBY Yera je M gokasaHa MoryhHoOCT npumeHe opabpaHux
WHOMKaTopa y 3aTBOpPEeHMM cucTemMymMa. HarnmaweHe cy cneumduyHOCTH
Koje yTu4y Ha BpegHoBawe 6e36egHocTy caobpahaja, a nocebHo Ha n3bop
nokasartesba Koju Ha onTMManaH HauuH npeseHTyjy cTtawe M omoryhasajy
AedmHUcake Mepa 1 akTMBHOCTU Ha yHanpehewy ctawa (Rankovic et al,
2016, pp.111-118).

Y cecwijun 4. Nnpe3eHTOBaHa Ccy ABa paga Ha Temy ,,CucTemM TpaHcnopTa
onacHor TepeTa y Bojcum Cpbuje ca ocBpTOM Ha 00yKy ydecHuKa”, aytopa
notnykoBHuka Odparuwe 3uHaje, notnykoBHuka CnobopaHa Llakouha un
majopa AnekcaHgpa [Opobwakosuha n ,Edektn npumeHe 6e3benHe u
€eKo-BOXHe y 00yum Bosaya y Bojcum Cpbuje”, aytopa noOTnyKOBHUKA
Cnob6ogaHa LlakoBuha, noTnykoBHuka [parvwe 3uHaje n  Majopa
AnekcaHngpa [pobhakosuha.

Y pagy nog HasueoM ,CMUCTEM TpaHcnopTa onacHor TepeTa y Bojcum
Cpbuje ca ocBpTOM Ha 00yKy yyYecHuKa” NpuKasaH je cMcTem TpaHcrnopTa
onacHor TepeTta y Bojcun Cpbuje n weroee crneundunyHOCTU Koje ce
ornedajy y HameHu, BPCTM M KOMMYMHM OMacCHOr TepeTa Koju ce
TpaHcnopTyje. ocebHO je uctakHyT 3Hayaj obyke M ocnocobrbaBamsa
cBuX cybjekaTa Koju Cy YKibydeHM Yy TpaHCMoOpT onacHor TepeTa. [art je
nperneg passujeHnx Kypcesa npunaroheHmx notpebama Bojcke Cpbuje,




uurbeBa obyke M rpyne nvua 3a Kojy je HameweHa (Zinaja et al, 2016,
pp.211-220).

Y pagy nog HasuBoM ,Edektn npumeHe 6e3benHe M eKO-BOXHE Y
06yum Bo3aya y Bojcum Cpbuje” npukasaH je cuctem obyvaBara Bo3aya y
Bojcum Cpbuje, ca nocebHMM OCBPTOM Ha peanusauujy obyke y npumMeHu
Oe3begHe w©n  eko-Boxwe. [lpukasaH je HoBuM 0OnMK gogaTHor
ocnocobrbaBakba BO3aya BOjHMX BO3WNa y KojemM cy AeduHMcaHu
nokasaTesbu BpeQHOBaka NPOMEHa NoHallakwa Bo3aya, HaumH npahewa
n ynopefhuBawe pesynrtata, kKao U NOCTUrHYTU edeKkTn ca CTaHoBMLITa
yHanpehetwa 6e36e4HOCTU BOjHUX y4ecHMKa Yy caobpahajy Ha nyteBuma u
nosehamwy eHepreTcke edukacHOCTU BO3HOr napka y Bojcum Cpbuje. Y
3aKrby4Ky paga HaBedeHW Cy NO3UTUBHM edekT! MO CBUM NocMaTpaHum
nokasaterbMma, HWUXOB YyTULA] Ha ©6e30egHOCT BOJHMX Yy4yecHuka Yy
caobpahajy u npegnoxeHa macoBHuja npumeHa y Bojcum Cpbuje, no
aszama (Cakovi¢ et al, 2016, pp.221-229).

Y cecujn 5. npeseHTOoBaH je pag Ha Temy ,CaBpemeHn cucTemm
akTmBHe 6e30eQHOCTM BO3WMa U HMXOBa 3acCTyNibEHOCT Ha BO3WMMa 3a
npeBo3 MeHaumeHTa MuHuctapcTBa ogbpaHe u Bojcke Cpbuje”, aytopa
kaneTtaHa cu Cnaska NaHTUha.

Y pagy cy pasmaTpaHu cucTemMun aktuBHe 6e36eaHOCTU BO3una Koju
ce yrpanyjy y Bo3una HoBUje MPOU3BOAHE, a 3aTUM je U3BpLUEeHa aHanunsa
HMXOBE 3aCTyN/beHOCTM Ha BO3UNMMa Koja Cce KopucTe 3a npeBo3
MeHapmeHTa MuHuctapctea ogbpaHe u Bojcke Cpbuije. MNpeacrtaerbeH je
nperneq 3acTyn/beHOCTM cuctema Ha ogabpaHoj rpynn MOTOPHMX BO3una
y Bojcum Cpbuje. Y 3akrbyuky je HarnmaweH 3Ha4vaj carnegaBaha CTBAPHUX
notpeba ynotpebe HaBedeHMX cucTeMa MPUIIMKOM HabaBke MOTOPHUX
Bosuna (Panti¢, 2016, pp.375-382).

Ha kpajy ctpyyHor ckyna [porpamckun oabop ycBojuo je npeanor
3aKrbyyaka ca cumnosunjyma, mctudyhm sanaxeHo ydewhe npunagHuka
MwuHnctapcTea ogbpaHe n Bojcke Cpbuje Ha ckyny.
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Pe3some:

lMpedcmasumenu MuHucmepcmea 060pOHbI U BOOpy»KeHHbIX curl
Pecniybniuku  Cepbusi  nipuHsnu akmugHoe ydacmue & pabome
cuMmnosuyma,  Komopblli  cyumaemcsi  caMol  3HadumersibHoU
npogheccuoHanbHol KoHgbepeHyuel 8 obriacmu mpaHcriopma u riymed
coobujeHus 8 Pecriybriuke Cepbusi, npedcmasue eHUMaHU0 ayoumopuu
wecmb rpogheccuoHarnbHbIx cmamel 8 obrnacmu 6e3onacHocmu
B0EHHbIX y4acmHUKO8 OOpOXHO20 OBuxeHus. B pabomax 6biia
noduyepkHyma posb MuHucmepcmea 060poHbI U BoopyxeHHbIx cus PC,
Komopble rnpUHUMarom 8ce 803MOXHbLIE Mepbl 0711 MOBbILLEHUS YPOBHST
6e30rmacHOCMU 80EHHbIX y4acmMHUKO8 OOPOXHO20 OBUXKEHUS], OKa3bleasi
mem cambiM 6r1a2onpusimHoe e/lusiHUEe U Ha yposeHb be3onacHocmu
0opoxHO20 dswxeHusi 8 Pecrnybniuke Cepbusi 6 uerom.

Knrouesbie criosa: 6e30MacHOCMb 80EHHbLIX YHaCMHUKO8 OGOPOXKHO20
0suxeHusi, o0by4deHue eodumenel, akmueHass 6e3onacHocmb
mpaHcriopmHo20 cpedcmea, cmpameausi 6e3ornacHocmu GOPOXHO20
O0BUXKEHUSI, 3aKpbimble CcUCMeMbl, aHanu3 U oueHka be3ornacHocmu
O0pPOXHO20 08UXEHUS, OOPOXHO-MPaHCIOPMHbIE MPOUCWECMBUS,
dopoeu.
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CABPEMEHO HAOPYXXAHE N BOJHA OIMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBEOPYOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

OO0pxaH Ocmu mehyHapoOHU cajamM HaopyXara U 80jHe
onpeme ,[lapmHep 2017”7

Op 27. po 30. jyHa 2017. roguHe y beorpagy je ogpxaH Ocmn mefyHa-
poaHuM cajaMm Haopyxawa 1 BojHe onpeMe ,[apTHep 2017”. Cajam ce Tpaguum-
OHarnHo oApxaBa CBake Apyre roavHe, a oBe roAvHe Cy manaraym mManu Ha
pacnonarawy xane 1 n 4 beorpagckor cajmMa, Kao U OTBOpPEHM NMPOCTOP Mcnpen
xane 1.

TpaguumMoHanHu nokpoBuTerb cajma je MuHuctapcTtBo oabpaHe Peny-
6nuke CpOuje, y cyopraHusaumju ca jaBHum npegysehem ,Jyrommnopt CAIMP”
N N3BpPLUHOj opraHm3aumnju beorpagckor cajma. Ocmu no peay ,lMaptHep 20177
oKynuo je ykynHo 128 usnarada, og Kojux je Hajsuwe 6uno ns Cpbuje, Hux
91, pok cy meRy 3emrbama ydecHuuama 6une n dpaHuycka, Ayctpuja, OuH-
cka, Hemauka, Benuka bputanuja, Utanuja, CAL, Kuna, NHguja n gpyre. Of
3emarba U3 permoHa cBoje npeacTaBHMKe Ha cajMy umane cy byrapcka, LipHa
opa, bocHa n XepuerosuHa, XpBaTcka u CnoseHuja.

» .
| \
———

——

>

HayuoHanHu npoussohad ,Jymko ALl” npedcmasuo je HajHosuje eriemeHme npou3so0Ho2
npoepama. @omo: Munow Jeemuh




OcHOBHM UUIb CajMa jecTe npeacTaBibakbe HaopyXawa U BOjHE Onpeme
HaunoHanHmMx npoussohaya M npoussofjadya M3 MHOCTPAHCTBA, OCTBApMBaHE
O[HOCa MOCMNOBHE M Hay4yHe capadhe, pa3MeHa uckycrtasa namehy cTpyyvraka
13 obnacTtu, 0QHOCHO CTBapawe NO3NTUBHOI aMbujeHTa 3a NokpeTawe NUHULK-
jaTnBa 3a capagwy 1 pasymeBane. Takohe, cajam ,[lapTHep” yBek je u npunu-
Ka 3a 3BaHWYHe WHOCTpaHe [Jenerauuje ga yroBope AWPEKTHO cHabaeBarbe
OpYy)XaHuX cHara, Kao 1 Ja y4yecTByjy y CTPy4HOM npatehem nporpamy Koje op-
raHnsyje Munucrtapcteo ogdpaHe P. Cpbuje.. Y okBupy oBOroguvLiker nparte-
her nporpama peanu3oBaH je ABOAHEBHW ckyn [pynauwje npoussohaya HBO
nog Ha3sMBOM OCHOBHOM TeMoOM ,YTuuaj uHgyctpuje 4.0 Ha pa3Boj ogbpambe-
He TeXHOJsoLWKe U nHaycTpujcke 6ase Penybnnke Cpbuje”.

Y okBupy Ocmor cajma HaopyXarwa M BOjHE Onpeme npencrtaBuiin cy ce
MwuHuctapcteo ogbpaHe Penybnunke Cpbuje ca pacnonoXxmBmm HayuYHUM, TeX-
HUYKMM U PEMOHTHUM KanauuTeTuma, HauuoHanHu npomssohaun HBO, nonyt
JM ,Jyroumnopt CAMP”, ,TeneonTtuk — xmnpockonu A.0.0", ,Jymko Al”, ,Mune
Oparuh”, MMT — HameHcka ALl”, ,3acTtaBa opyxje”, ,[1pBn napTusaH Yxuue” n
apyru. O vHOCTpaHux npoussohada u oBe roguHe npeacrasunu cy ce ,Aim-
point AB”, ca BpXyHCKMM pechriekCHUM HULLIAHUMa KOju Cy JaHac y ynotpebu y
BennkoM 6pojy BOjHMX U NONMULMjCKMX jeAnHMLA 3a crieunjanHe HaMmeHe, 3aTuUm
ntanujaHcku npoussohad ,Benelli Armi Spa”, nanoxmswm Tpn mogena 6opbe-
HMX caumapwuua, pmHcka komnanuja ,Sako Ltd”, npomoBuMcaBLIn ABa KBanNnuTeT-
Ha cMcTeMa nyLiaka 3a NpeunsHo rafake ca CUCTEMOM MaHyerHor penetmpa-
Ha, aycTpujcka komnaHuja ,Ritter & Stark”, ca cBojom nywkom ,SLX” y kanu-
6py .308 Winchester, ,Walter Arms”, npomMoBMCaBLUM HEKOJTMKO CUCTEMA MOJTY-
ayTomMaTCKmMx nuutosea, ,Surefire LLC”, ca cBOjuM noy3gaHum TakTUYKMM fam-
nama, ,AD2V Industries GmbH” n3s Ayctpuje, npeactaBmBLUN U3Y3€THO Mofe-
paH cucTeM 3a ocmaTpane Y HOhHUM ycrioBuMa 1 opyru.

HauuoHanHa o06pambeHa uHOycmpuja

JaBHo npepgysehe ,Jyroumnopt CAIMNP”, ca ceanwtem y bBeorpagy,
NpeacTaBuno je BULWIE CUCTEMA PasnUYUTUX HaMeHa, Of KOjuX CYy MHOrM
BUREHW M Ha HepaBHO oOpraHW3oBaHOM npukasy y LleHTpy 3a onuToBawe
HaopyxXara 1 BojHe onpemMe ,HuknHuun”.

MoceTnoumn cy manu MNpunuky Aa ce ynosHajy ca pakeTHUM CUCTEMOM
Beoma aTpakTuBHor uarnega ,AJ1AC”, HameweHoM 3a rahjarbe NOKPETHUX U He-
MOKPEeTHUX HenpujaTerbeBMX UuIbeBa Ha 3emribu M Boau. Cuctem ce cactoju
0f, NaHcepa ca LIeCT pakeTHUX KOHTejHepa 1 KoMaHAHOr Bo3una, a omoryhaBsa
rahawe unrbeBa BaH BM3YernHOr KOHTakTa, Nnpema koopauHaTama JobujeHum
Of, apTUIbepujCKMX ocmartpava, OAHOCHO Apyrux m3smhadkmx cuctema. Cam
naHcep pakeTa Kapakrepuile n3yseTHa aytomaTtusauuja dpyHkumja. MNMaxwy no-
ceTunaua NpuBYKao je U MOAEPHN30BAHN BULLELIEBHU pakeTHU cuctem ,Orams”,
KOju je Hamer€eH 3a OnwTy BaTpeHy NOAPLKY jeanHuua bpuragHor HuBoa. Bu-
LIeLEeBHN pakeTHM CUCTEM MOHTMpa Ce Ha KaMWOH HaumoHanHor npoussohaya
Tmna ,®AlN 2026”, koju je onpemIbeH 1 OKMoNHOM KabuHoM 3a nocagy. Moaep-
HW3auuja oBor cuctema Takohe nogpasymeBa W yrpagky cuctema 3a ynpa-
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Bfbake BaTPOM, MHEPLUMOHO-HaBuraumoHor cuctema un GPS, paguo-ypehaja
.1anec’, mogyna ,YINAPC” 3a aytomaTcko gobujarse enemeHata rafjamwa u gp.
M3y3eTHO MHTepecoBake MOKasaHo je U 3a MOoAynapHW BULLELEBHU paKeTHM
cuctem Llymaawmja” koju, 3a caga, kKopucTu ABe BpPCTe pakeTa: ,JepuHa-1”, go-
meTa 285 kunometapa, ogHOCHO ,JepuHa-2”, pometa oo 70 km. Y okBupy
oBOroauwWHer cajMa npegysehe je npeacrtaBuio U ayTomMaTCKu Tomn-xayouuy
»<Anekcangap”, kanubpa 155 mm, ca 6p3nHom narbbe of 6 rpaHaTa y MUHYTMW.
MpencraerbeHa je U camoxogHa xaybuua ,HOPA Bb-52”, kanmbpa 155 mm, 3a-
TMM MoaepHu3oBaHa 6opbeHo-oknonHa Bo3una 4x4 M-11,,M-15,,M-16, ca ga-
JTbUHCKM ynpaBrbaHuM 6opbeHnm ctaHuuyama — OYBC. MNoceTtnounm cy Takohe
nmanu NpunuKy ga ce yrnosHajy 1 ca kapaktepucTukama BulleHaMeHcKor bop-
OeHo-oknonHor Bo3una 4x4 ,Mwunow”, OgHOCHO BULUEHAMEHCKUM OKITOMHUM
BO3unnom Toudkawem 8x8 ,Jlazap 3”, Koju je npeacTaBrbeH y KOHuUrypaumju ca
ayTomaTckmm Tornom 2-A 42 pycke npousBoare n kanubpa 30 mm, Hamere-
HUM 3a YHULLITaBak€e HenpujaTerbeBe 3aKnoHheHe U He3akNoweHe XnBe cune,
NaKOOKIOMN/bEHUX TEXHUYKMX CpeAcTaBa, OLHOCHO nakoyTBpheHux objekaTa
Ha pgarbmHama o 3000 meTapa. HaBegeHa BO3una Cy Ha 3ayXewy U nNpu je-
anHnuamva XXaHgapmepuje Penybnuke Cpbuje. WM3y3eTHO nHTepecaHTaH 6uo
je n npen 6ecnunotHu xenukontep ,CTpLuIbeH”.

Pakemnu cucmem ,,AJIAC”, npouseohaya ,Jyeoumnopm CAlP”. ®omo: Munow Jeemuh




KomnaHuja ,Teneontuk — xupockonu” npeacTaBuna je BulIe enemeHara
npousBogHor nporpamMa. NoHoC KoMNaHuje Cy CBakako HOBE HULLIAHCKe crnpaBe
Ca jeAVHCTBEHM KOHCTpYKUmjckum pellersuma tuna HCB-3, ogHocHo HCB-4b.

HuwaHcke cnipase HCB-3(neeo) u HCB-4b, npou3eohaya , Terneonmuk — xupockornu”.
®omo: Munow Jesmuh

CnpaBe cy HameheHe ynpaBibakwy MuHobauavmma 60 u 82 mm (HCB-
3), ogHocHo 120 mm (HCB-4B), y npaBuy uMrba y AHEBHUM M HOAHUM yCroBu-
Ma. Peuy je 0 nsysetHo pobyCcTHUM cnpaBama 4unju cy OenoBu TpeTUpaHn HaHo-
YyecTuuama pagm yseharwa pagHor Beka U OTNOPHOCTU Ha eKCTPeMHe KnumarT-
cko-TepeHcke ycnoe. O6a mogena oanukyjy ce spctom nogene 1/6000. Tako-
fe, KoMnaHuWja je npegctaBuna v BUWE MOAENa Npurywimeaya nyuxa, Koju cy
y MOTNYHOCTM TpeTupaHu HaHo4ecTuuama, 3aTuM npurylimeaye 3a nonyayro-
maTcku nuwTore LI3-99, ogHocHo cepujy ,999”, kannbpa 9 mm, kao n mogen
3a nuwTorbe kanubpa .22 JIP, anu n jypyiiHe nywke kanubpa 7,62x39 mm,
OAHOCHO 5,56 mm. 3aHMMIbMBO je BMMo NPUMETUTM U MpUrylumMBaye nyLHa
Hameh-eHe 3a MuTparees ,3actaBa M-84", kanubpa 7,62x54 mm P, kao un npu-
rylvBade 3a nyLike 3a npeuusHo rafake, nonyT mogerna 3a cucreme ,3acta-
Ba M-93”, y kannbpy 12,7x108 mm, ,3actaBa M-76", y kanubpy 7,92x57 mm,
HOBM CUCTEM MyLUKe ca MaHyenHum penetupamwem ,3actasa M-07, y kannbpy
7,62x51 mm u gp. Mehy octanum npoussoguma komnaHvje Tpeba nsasojutu
CUCTEM 3a ynpaBrbake BaTPOM KOjU je cacTaBHW Ae0 onpeme cuctema npous-
Bohaua ,Jyronmnopt CAIP”, wTo je cnyyaj u ca BoheHOM rnaBoM 3a pakeTHU
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cuctem L,AJIAC”. Y nutamwy cy age Bpcte rnase ,AJIAC gHeBHu” n ,AJIAC Hoh-
HW”. KomnaHwuja je npeacrasuna n Buwe Mogena pedrnekCHUX U ONTUYKUX HU-
LaHa Koju cy y ynotpebu npu jeamHmuama Bojcke Cpbuje.

Ha wtaHgy npoussohava ,Mune [Oparnh” nocetuoum cy ce mornm yno-
3HaTK ca BULLE KOHUrypaumja TakTUUKNX yHMdopMmu, onpeme n 6anmcTuyknx
npoussoga. Beoma 3anaxeHn 6unu cy n HOBM mMogenu 6anuCTUUKMX LUremMo-
Ba, Kao 1 6anncTUYKMX Npcnyka.

Py4Hu 6auay epaHama M-11, kanubpa 40 mm, npouseohaya ,[1M1T — HameHcka”.
®omo: Munow Jesmuh

Ctpyynwaum n3 TpcTeHunka npeacrtaBunm cy pydHe bauave rpaHata M-11,
opgHocHO M-13, oba y kanubpy 40 MM, y KOHGUrypauuju ca TEenecKomnckum u
npeknanajyivum KyHOakoMm, jypuLUHUM PYKOXBaToOM U pedrieKCHUM HULLIAHOM
Tvna “Norconia R205-30”, Hemauke npousBoare. [Jobolwm NomMeHyTnx Mmogena
Cy KanauuTeTa 6 rpaHara.

M3y3eTHO aTpakTMBaH 61o je u wrtaHg npomseohayda ,3acTaBa opyxje” ns
Kparyjesua. lNponssohay je npeacrtaBmo pasnmyunuTte cUcTeme, of Kojux je ca-
Kako HajaTpakTMBHWjU BUO MOOEpHW30BaHW MporpamM ayToMaTCKUX nyllaka u
nyLwaka 3a npeumsHo rahamwe. NoceTnoun cy ce Mornu ynosHatu ca TT kapak-
TepucTukama HoBe MopynapHe ayTtomaTcke nyuwke 6,5x39 mm/7,62x39 mm,
ca cUCTeMOM Mo3ajmuue 6apyTHMX racoBa Kao NPUHLMNOM paja, OQHOCHO Au-
PEKTHOM MO03ajMMLOM ca AyrMM Tp3akeM Kruna Kao BPCTOM no3ajMuue u 6pa-
BIbeHEM MNpeko poTupajyher 3aTtBapaya. 3axBarbyjyhu MoHTUpaHum ,Pica-




tinny” wuHama no npuHumny 12-6, cuctem omoryhaea npuxeaTt gopartHe Tak-
TUYKe ornpeme M ONTo-enekTpoHckux ypehaja. MNopen nomeHyTe, npoussohay
je npegctaBuo u aytomartcke nywke M-05 H1, y kannbpy 7,62x51 mm HATO,
3atum M-05 E1, y kanmbpy 7,62x39 mm, kao n M-05 E2 n mogen E3, y ncrom
kanubpy. O nywaka 3a npeunsHo rahawe Ha WTaHay cy bune npeacrtaBrbeHe
M-12 ,LpHo konrbe” n M-93 ,LipHa cTpena”, y pasopHom kanubpy 12,7 mm,,
opgHocHo M-07 AC y kanubpy 7,62x51 HATO, cBe ca cucteMoM MaHyernHor
peneTupara, 3atum nonyaytomarcke M-91 H, y kanubpy 7,62x51 mm HATO,
M-91 y kanubpy 7,62x54 mm P. 3aHumrbnBo je 61no NpMMeTUTU Oa Cy HEKM
O MOMEHYTUX cuctema Omnu npeacTaBribeHN y KOHUrypaumjy ca ONTUYKUM
HuwaHuma ,Valiant”. Og nonyayTomaTCkux nuwTorba y kanmbpy 9 mm npoms-
Bohau je npencrasuno cepuje LI3-999, ogHocHo E3-9.

UHocmpaHu usnaza4qu

Cajam Haopyxara u BojHe onpeme ,[lapTHep” je U oBe roguHe, Tpaguum-
OHaIrlHO, OKYNnuo peHomupaHe npoussofave u3 mHocTpaHcTea. [MoceTnoun cy
ce MOrfnu ynosHaTu ca [enioM MpPOW3BOAHOr nporpama no3HaTe KoMMaHuje
»<Aimpoint AB”, koja je y okBMpY CBOr WITaHAa NpeacTaBuna HEKONMKO moaena
.red dot” HMwaHa n ysennyasaya, mehy Kojuma Cy cBakako Hajno3HaTuje cepu-
je ,Comp M3”, ogHocHo ,Comp M4”, kao u komnakTHuje ,Micro T-1” n ,Micro T-

.

lpouseodu komnaHuje ,Aimpoint AB”. ®omo: Munow Jesmuh
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WtanunjaHkca komnaHuja ,Benelli Armi Spa” npeactaBuna je Tpu mogena
6opbeHnx caumapuua, mehy Kojuma je BeoMma nosHata u cepuja M-4, koja je, y
pasnMunTUM Moaenuma, y ynotpedu n y enutHuMM jeauHuuama cpricke nonu-
unje 1 Bojcke.

duHcka komnaHuvja ,Sako Ltd” npeacrasvna je ABa n3y3eTHO aTpakTMBHA
cuctema ,penetupkun” (eHr. bolt action). Y nutamwy cy cepuje ,Sako TRG M-107,
opHocHo ,Tikka T3x TAC A1”. Cepuja M-10 je, npema pednma npeacraBHuUKa
KOMMaHuje, KOHCTpyMcaHa NpMMapHo npema notpedama MonvumjcKnx jeanHu-
ua 3a cneumjanHe HameHe: ,OBMM CUCTEMOM HYAMMO €NIMTHOM CTpenuy da y
pasnuunMTUM cueHapujuma ynotpedu ucty nywky y3 MUHUMarHe U3MeHe y KOH-
CTpyKumju. Tako, npumepa paau, y cutyauujama y Kojuma ce MeTa aHraxyje Ha
MakbuUM JarbMHama, WTOo je y NONUUMjCKMM akunjama n Hajdewhe cnydaj, Hawa
nywka y kannbpy .308 Winchester ca uesu gyxuHe 16 unu 20 nHya n npury-
lwmBayem nyuha ouna 6m ognnyaH nsbop. Hacynpot Tome, kaga je notpebHa
Beha npobojHOCT, O4HOCHO aHraxoBake MeTe Ha BehuM JarbMHama, opyxje
ce nako moaudukyje jeqHOCTaBHUM MerakeM LieBMW, 3aTBapadvkor ckrnona u
oksupa”. MNMopen .308 Winchester, kynumma ce Hyau n nomeHyTa cepmja y Ka-
nmbpuma .300 Winchester Magnum, ogHocHo .338 Lapua Magnum. Cepuja
»Tikka T3x TAC A1” pafeHa je no y3opy Ha ,Tikka T3”, a Hyau ce y kanubpy
.308 Winchester, y3 kanauntet oksupa oa 10 meTaka.

JuaumarnHe Hao4yape 3a ocMampare y HohHUM ycrosuma ,Luxiter-1”.
®omo: Munow Jesmuh




Ha oBoroguwrem cajMy npeactaBsuna ce U ayctpujcka komnaduja ,Ritter
& Stark”, ca nywkom ca cuctemoMm MaHyenHor penetupamwa SLX-308, y kanu-
6py .308 Winchester, a Benvky naxwy nocetunaua npuByknu cy n Nponssoam
aycTpujcke komnaHuje ,AD2V Industries GmbH”, noce6Ho ,Luxiter-1" — guru-
TanHe Haovape 3a ocmaTtpawe y HohHum ycnosuma. Cuctem obesbehyje je-
OWHCTBEHe aHarnorHe u gurutande npuctyne (eHr. interface), koju omoryhasa-
jy, nopepn octanor, U1 BUAEO-CHUMake , yBohewe 1 obpaagy vHdopmaumja 13
crnorballkbyx M3Bopa 1 Tome crnmnyHo. 3axsarbyjyhu HUCKOM npoduny Haovape
Ce MOry HOCWUTK M y CUTyauuju Kaga onepartvBal, HOCK LUMIEM MMM Kauury ca
MOHTUpPaHMM BMU3MpoM. lpema pevMma npeacTaBHMKa KOMMNaHWje, cUCTeM ce
MOXE KOPUCTUTU M y AHEBHUM ycrioBuma 0e3 pasnuke y KBanuteTy Crvke, pe-
3onyumje 795x596, a noceOHM ceH3opu peaykyjy brbecak npunukom narooe u
ynotpebe nMpoTEXHUYKMX U EKCMIO3UBHUX CpeacTaBa, 6e3 onacHOCTM No Bug.
baTepuje ob6e3behyjy ayToHomujy paga og 10 catm, a ykynHa maca og 440
rpama He npeacTtaBrba ontepehewe HW Npu oyxoj ynotpebu.

Murnow M. Jestuh (Milo§ M. Jevtié),

ypeaHuk cajta specijalne-jedinice.com,

e-mail: info@specijalne-jedinice.com,

ORCID iD: " http://orcid.org/0000-0002-1305-7618

Takmuuka ynompeba 6anucmuykux wmumosa

Banuctuyku WTMTOBM NpeAcTaBrbajy U3y3eTHO BaXkaH €NeMEHT TaKTudke
onpeme Koju Kopucte mnocebHo o0b6yyeHW onepaTtvBuu npu  nsBohewy
HaMEHCKMX aKTMBHOCTM Yy cheumdundyHuMm okonHoctuMma. Wapahyjy ce op
MaTepujana u3yseTHe TBpAohe, a OCHOBHa HamMeHa UM je OCTBapuBahe
Ganuctnyke sawTuTe ogpefheHor HMBOA. Y 3aBWCHOCTM O HMBOA 3alUTUTE,
Koju ce gaHac yrnaBHoM ycknahyjy ca ctaHgapgom 0108.01 (nyHe o3sHake NIJ
Std 0108.01) o GanuCTU4KM OTMOPHWM 3aWTUTHMM MaTepujanuma (eHrn.
Ballistic Resistant Protective Materials), koju je yTBpAMo HaumoHamnHm
nHctutyT npaBae CA[L (eHrn. National Institute of Justice-NIJ), centembpa
1985. roguHe, GanMCTUYKM LWTUTOBM ChpevaBajy npobujawe npojekTuna
pasnuMunMTuX Kanubapa ncnarbeHnx u3 BaTpeHor opyxja. HapasHo, 6anuctnyku
WTMTOBM CryXke W 3a dparMeHTaumoHy 3awTuTy onepaTuBua, OOHOCHO
3alWTUTY O nocreguua MexaHUJKOr ygapa Hekor pparmMeHTa wunm 4YBpcCTOr
npeamerta.

lNpouseodma u 3axmesu mpxuuwima

EnemeHTn Ganuctmnyke onpeme gaHac cy Hem3ocTtaBaH [eO0 KOHdurypa-
unje onpeme onepatuBaua. 3axBarbyjyhu pasBojy HameHcke MHAycTpuje K
TeXHUKe yonwTe, omoryheHa je MacoBHa nNpous3Bofwa OBe BPCTe Onpeme, y3
obapare TpoLIKOBa MPOU3BOAHE, LITO je yTMuano M Ha obapare TpXULIHE
LeHe, na cy gaHac 6anucTuyku Npou3Boan A0 CTaHAapAHe Onpeme BOjHUX U
nonuuumjckux copmaumja. YHanpehusawem TexHonoruje npounsBoare, Kao u
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yBehaBawem uckycTBa u3 ynotpebe Ha TepeHy, peHoMupaHu npou3sohauu
ycMepaBanu cy kanauuteTte y pasnuuutum npasuuma. MogepHo TpxuwTe no-
CTaBrba BUCOKe cTaHdapde, mehy kojuma kopucHuum Hajsuwe obpahajy na-
XKy Ha YKynHy mMacy 6anuCTuykor WTuTa, Kao U Ha HMBO BanncTnyke 3awTtuTe
KOju ce rapaHTyje. MIcTopujckn nocMmaTtpaHo, Moxe ce NMpMMeTUTU TeHdeHuuja
ymaruMBara YKyrnHe Mace LWTUTOBa, WTO je omoryheHo npBeHCTBEHO ynoTpe-
6om caBpeMeHMX maTepujana y u3paau. YMawuBaweM yKyrnHe mace yBehaHa
je KoHdopHOCT onepaTmBLa, anu 1 6poj cuTyaumja y Kojuma ce ogpeheHun mo-
aen wtuta (nNpe ceBera py4HM 6anUCTUYKM LWITUT) MOXE TaKTUYKM OnpaBOaHo
ynoTpebutn. Mawa Maca WwtuTa ntekako nobosrolaBa maHeBpucarwe, yBeha-
Bajyhn n 6opbeHy edumkacHOCT MHAMBMAOYaANHOr KOpucHuKa, 6opbeHe rpyne
nnn Tuma.

Bpcme

MogepHy 6anMCcTUyKM LUITUTOBM MOTY Ce CMCTEMaTU3oBaTy Mpema KpuTepujy-
My BEMMYMHE U, HapaBHO, HMBOY BanucTuuke sawwTute. Y NONUUMCKUM U BOJHUM
dropmMaumjama KopucTe ce MHAMBUAYaNHW, py4HU 6anmMcTUYKM LUTUTOBY KOjU Cy Npu-
naroheHn Hocrouy. Hajuewhe 06e36ehyjy H1Bo 3awTtute Il unu llIA, npema Hekom
of ycBojeHux ctavgapga (Hnp. NIJ Std 0101.04, NIJ Std 0108.01 v gpyrum). MNMopea
PYYHMX, Y ynoTpebu cy 1 cpearun, OOQHOCHO BENUKM 6annCTUYKM LWTUTOBU KOjU CY,
ycnen Behe mace, HenpuknagHu 3a py4YHO HOLLEHe, Te Ce NOCTaBIbajy Ha NocTorba
ca ToukmhrMa n ryparem rnomepajy. OCHOBHa NPEeAHOCT PyYHUX LUTUTOBA je npu-
XBaT/bMBUja Maca Kkoja omoryhaea Opxxe MaHeBpucamwe 1 edmKacHuje n3Bohere
LumMper cnekTpa AedaH3mBHMX 1 0PaH3UBHUX TaKTUYKNX pagrn. OCHOBHU HegocTa-
Tak, ca gpyre CcTpaHe, O4HOCMK Ce Ha Maby 3alUTUTHY MOBPLLUKHY, anun ce OHa npesa-
3unasu ynotpebom Beher WTWUTa, KOjU AMMEH3MjaMa U MacoM orpaHuyaBa 1 BpcTe
cuTyaumja y Kojuma ce onpasaaHo Moxe yrnoTpedutu.

Tpeba nomMeHyTn 1 MogynapHe KOHCTpyKuuje y koje ce ymehy GanmcTud-
Ke nrodye, a Koje ce, No noTpebu, mory dumkcupaTn y pasnmiuntum nonoxajuma,
y cknagy ca notpebama KOHKpeTHe uHTepBeHuuje. majyhu y Buay 3HavajHy
3alUTUTHY NOBPLUMHY, OBE KOHCTPYKLUMje ce, noped 6annctnykux susnpa, onpe-
Majy 1 MakUM nyLlKapHuuama”, koje omoryhasajy onepatMsuuma ga aHraxyjy
meTe, ocTajyhu noTnyHo 3aknokeHn nsa 6anucTnykmx nnova. MogynapHe KoH-
CTpyKuuje ce Takohe nomepajy nomohy Toukmha.

Obyka

Banuctuykm WTUTOBM CY KOHCTPYKUMCKM MPUIMYHO jeaHocTaBHW. [pu ynosHa-
Bakby orepaTtuBLa ca KOHKPETHMM Mogernom Hajpeha naxwa obpaha ce Ha 6anu-
CTUYKN BM3UP, YKONUKO je LUTUT UCMOPYYEH Y TaKBOj KOHbUrypaumju, 3aTuM Ha cBe-
TIIOCHE Namre Ha NpeaH0j CTPaHM 1 eproHoOMCKy pydKy Ha 3aan0j. Pag namnu ce, no
npaBuny, KOHTPOMNWLLIE NOMEPaH-eM MosioXkaja Npekuaada Uim NpUTUCKakem TacTte-
pa, Koju cy HajueLlhe NOCTaBIbEHN Ha €ProHOMCKO] PYUKM M flako Cy AOCTYMHW.

OCHOBHM cermMeHT obyke y Be3u ca DanmMCTUYKMM LUTUTOBUMA jecTe uay-
YaBatse U yBexxbaBare TakTUYKE KpeTHE Y napy, rpynv unm Tumy npu ynoTtpe-
Oun GanucTMYKor WTUTa U BULLIE HBUX, Ca TeXULWTEM Ha TakTuuu npu |/|3|30F]e-




by ynaga y objekTe 3aTBOpeHOr Tvna, npeTpare u yMwhewa npocTopuja, anm
n npu n3sohemwy AedaH3nBHUX paaHKn. JegHa of NpeTnocTaBkn BarbaHe KpeT-
e jecTe n yBexbaBare TeXHMKA HOLWEeHa WTuTa. Ycnea cneundunyHor obnm-
Ka 1 3HaTHe Mace LWTUT Ce NPUNUKOM HOLIEeHa Mopa gpXaTu WTo bnuke ueH-
TPy paBHOTEXe Tena, pagu yMmarwmBarwa CTpeca Ha akTUBUpPaHE CKeneTHe Mu-
wrhe. TexHuka HolleHwa 3aBMCU U O KOHUrypaumje wtuTta, OAHOCHO Of Tora
0a Ny je onpemrbeH BU3MPOM UNK He. Y cniyyajy ga 6anuctuyku Wtnt Hema
BM3Mp Tada WTUTOHOLA, NO MpaBuiy, WTUT APXKW Tako Aa ropwa msuua dyae
OTNPUNNKE Yy HMBOY ycaHa unu 6page. OBOM MPUIIMKOM LITUTOHOLLA, Nopesa
GanucTuyKor wnema, Mopa HoCUTU 1 GannucTuikn BM3uUp, a NoXerbHo je da ce
Yy OBOM Chyyajy BU3UP U LUTUT JOANPY]Y.

=

lpumep ynompebe banucmuykux wmumosa padu 3awmume aHmumepopucmuyKe
epyne y Harnady. ®omo: Munow Jesmuh

LWtnT ce, no npaBuny, HOCKU NOMONHOM LUAKOM, JOK JOMWHAHTHOM LLAKOM
onepaTuBaLl, HOCU OpyXje, Hajyelwhe NUWTOMb UAN N3PasnTo KOMMAKTHU ayTo-
MaT, OQHOCHO OpyXje 3a Nu4YHy 3awTuTty (eHrn. Personal Defense Weapon-
PDW). NMpu obyyaBarwy onepaTtuBaua naxwwa ce, Takohe, ycmepaBa u Ha yBe-
xbaBat€e 1 NpaBUMHO YCBajake TEXHMKA HOLLEHA OpYyXja NPU HOLLUEHY LITUTA,
pagu LWTO Maker nsnarawa Lake unm pyke.

LWTutoHowa, no npasuny, ogpehyje napameTpe KpeTwe rpyne unuv tuma:
npaBay u Op3uHy. [NpaBau KkpeTwe npunarofjaBa ce BPCTU OKPyXewa, a
O6p3vHa 6u Tpebano ga Oype ,kOHTponucaHa Xypb6a”, Tj. y HuBoy Op3or
xogawa. lMopen Tora, 3agatak je LWITUTOHOLWIE Jda CBOjoj rpynn vnm TUMY
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caonwTaBa MH(popMauuvje y Be3nm ca KOHuUrypauujoMm OKpyxewa, Kao U 0O
youeHum npetwama. C 063npom Ha TO Aa ce WTUTOHOLWa, No npasuny, Npeu
cyodaBa ca NpeTHOM, HYXHO je Aa Gyae BeomMa nckycaH n obyyeH onepaTtumeal
Koju He cMme 3abopaBuTu Aa je NpyMapHW 3agaTtak WTUTOHOLWE Aa WTUTK CBOjy
rpyny vnu TuMm, a He Aa aHraxyje Mety. MehyTum, yKOnnko cy ocTBapeHu
ycnosu 3a ynotpeby BaTpeHOr opyxja Kao CpeAcTBa MpUHyAe W LUTUTOHOLUA,
HapaBHO, MOXe aHraxosaTu MeTy. Pagwa aHraxoBarwa MeTe 3aBUCU Of
TEXHUKe KOjoM ornepaTuBal, HOCU OpyXje Npu HOWewy LWTuTa, Kao n of
KOH(urypaumje camor wtuta (YKOnuKo je, npvMmepa pagu, WTUT ONpemMsibeH
GanncTNykMM BU3MPOM onepaTMBaL, MOXe HULIaHUTW NOoCTaBibakeM Opyxja
ncnpen Buanpa). Onepatusum, Takohe, ysBexbaBajy U pagwe MHCTUHKTUBHOT
Huwamwewa. MoHTupawem nacepckor obenexuBada UWba Ha Opyxje
LWUTUTOHOLWIA 3HATHO CUTYPHWje W jedHOCTaBHMje MOXe aHraxosaTu MeTy W
oyekMBaTW MpeunsHuju norogak. PokycupaweM Ha CBETMOCHY Tayky Ha MeTu
LWTMTOHOLWA MOXe YynoTpebuTn BaTpeHO opyXje y3 MWHMMAnHO ,oTBapare”
wake u pyke. Y cuTyauujama kaga ce npeTwa oKycMpa Ha LITUTOHOLY U
nokywasa Aa nsbuvje unv otme 6anUCTUYKK WTKUT, LUTUTOHOLIA MOpa yMeTH aa
cayyBa LWITUT N NpUMEHOM DU3NYKE CHare Kao CpeacTBa MpuHyde. Y TakBum
cuTyauujama Mory ce NpUMEHUTN T3B. ,CXUEeNA ynnepuyT” yaapadke TeEXHUKE.

Takmuyka ynompeba

Wmajyhn y Buay npumapHy HameHy GanucTWYKOr LITUTa jacHo je Aa ce
TakTU4KM onpaBAaHa ynotpeba nNpBEHCTBEHO O4HOCKM Ha cuTyauwuje y Kojuma
Ce onpaBgaHo NpeTnocTaBrba Aa je OCYyMhbUYEHU (MK BULLE N1La) HAaopYyXaH
BaTPEHUM OpPYXjeM.

YnoTtpeba Ganuctuykor wruTa npunarofhaea ce yTBpheHum n npetnocra-
BIbEHNM OKOJTHOCTMMa KOHKPETHE CuTyauuje, ca TEXULLITEM Ha BPCTU OKpYXe-
Ha Yy KojeM ce M3BOAW MHTepBeHUMja, 0COOMHE MpeThku N Apyre YnkbeHuue,
OQHOCHO onpaBAaHe npetnocTaBke. [MoHekan M cuTaH geTarb, Kao LWTO Cy, Ha
npumep, cTeneHuue ucnpen ynasHux Bpata, yMHOromMe MOry yTuuaty Ha Tak-
TUKY rpyne unu Tuma. Y cnyvdajy ynaga y 3aTBOpeHu, ogHOCHO BapukagupaHu
objekaT, jegaH on onepaTuBaua onpema ce 1 ,0BHOM” 3a npobujare. MNpun ns-
BONewy ynaga BeoMa je BaKHO Aa ce onepaTvBUM rpyne unu TuMma He ofBaja-
jy, Te Aa KOHCTaHTHO LUTUTOHOLLY Ha Heku HauynH obaBeluTaBajy 0 cBOM 6nu-
CKOM MPUCYCTBY, Kako OU OH Morao octatu QOKycupaH Ha COMCTBEHU BWUAO-
Kpyr. CneunduryHOCT dejcTaBa OBe BpPCTE 3axTeBa M 3HA4ajHy AMHAMUYHOCT
npv NocTynawy, Na je BaXHO Aa LUTUTOHOLWA AUKTMPA OnTUMarnaH Temmno KpeT-
H€ KOjy, Kao WTO je HarnaweHo, Tpeba npumapHo npunarofaBaTtn ocobuHama
HernocpeaHor okpyxewa. Kaga cy y nutamwy npoctopuje y objektuma, nusyset-
Ha naxkwa noceehyje ce npaBuUHOM ,0TBapawy yrnosa’ u Apyrum cermeHTuma
TaKTMKe NocTynama.




e bt & v
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lpumep npunazohasarkba makmuke nocmynarma Kapakmepucmukama HerocpedHo2
OKpyxera. ®omo: Munow Jesmuh

Hema cymie fa cy 6anMcTnykm LUTUTOBU M3Y3E€THO KOPUCTaH, NpakTu4aH
€ereMEeHT 3alliTUTHE TakTU4ke onpemMe, Te TPOoLleHe HaMEHCKUX CpeacTaBa Ha
HabaBKy MOAEpPHUX LUTUTOBA MOy3daHMX npoussofada npeacraBrba paumnoHa-
naH pacxog. Minak, oBu LUTUTOBM OCTBapYjy CBOjy CBPXY CaMO YKOSIMKO UX KO-
pucte gobpo obyveHn onepaTmBLN.

Munow M. JeBTuh (Milo§ M. Jevtic),

ypeOHuUK cajma specijalne-jedinice.com,

e-mail: info@specijalne-jedinice.com,
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[TyHom 6p3uHom Harped — Pycuja Hacmaerba ripospam
usepadme pamHux 6podoea’

PatHa MopHapuua Pycke ®epepaunje Hanasuna ce 2010. roguHe y
036UrbHUM HOBYaHUM npobnemuma. HoBowmsrpaheHn Gpoaosu Hucy mornu aa
3ameHe Hu noctojehe. Tek HakoH 20 roguHa pycka LpHomopcka droTa gobuna
je no jeaHy HoBy noamopHuLy ¥ peraty. MehyTum, Kaga je y y nutamwy onepa-
TMBHA ynotpeba, amepuyka paTtHa MopHapuua npumehyje aa je HUBO aKTMBHO-
CTW PYCKMX NOAMOPHULA HajBULLK joLL O XIagHor paTa.

Hauwme, pagm ce o npoMeHn nonutuke n ybpmnsraBawy 3HavajHe pruHaHChj-
cke unHjekumje. MNpoueryje ce ga cy NocnoBu Ha uarpagwn 6pogoBa 3HaTHO 60-
be hMHaHCMpaHM U fa je cyma of 2 Mmunuvjapae Aonapa KojomM je domHaHcupaH
pa3Boj paTHux 6pogosa y 2010. rogmHu, 2016. roanHe HapacTao Ha 6 munujap-
av gonapa. MNutawe je konuko he Pycuja mohu ga nsgpxun osaj Temno ¢ o63u-
POM Ha CTake y eKOHOMUWjW, anu 3a caja M Aarbe nogpxasa pa3Boj BENUKOT
6poja nporpama.

Hocayu asuoHa

JeanHn pycku Hocad aBuoHa, Project 1143.3, Admiral Kuznetsov, 2017.
roguHe ynyheH je Ha reHepanHu pPeMOHT, WTO 3HauuM ga he pycka paTHa
MOpHapuua octatu 6e3 jeanHor Hocaya u To Ha HeogpefeHn nepuop.

e s e T R N

Pycku Hocay asuoHa Project 1143.3 Admiral Kuznetsov je, HakoH onepauyuja y Cupuju,
ynyheH Ha eeHepasnHu peMoHm

! Jane’s Navy International September 2016




Ha pyxe ctase Pycuju je notpebaH BENMKM HOcCa4y aBUMOHA Ha HyKIeapHu
MOroH, anu je Takas NodyxBaT TPEHYTHO NOA 3HAKOM NuTawa ¢ 063npoM Ha Mno-
ctojehe pecypce 1 pasHe unsjase y LUTamnu.

lMospwuHcka ghrioma

Pyckn BojHM nnaHepu npepnaxy narpagry BENUKUX N CIIOXEHUX pasapa-
ya. Y jaBHOCTHM cy ce ToKoM jyHa 2017. roguHe nojasune BECTU O MnaHmpamwy ns-
rpagtwe HoBe knace pasapadva HocmocTM of 4vak 15.000 ToHa ca HykneapHUM
noroHom knace Lider koju 61 3ameHnnn pasapaye knace Udaloy | (Project 1155
Fregat), Udaloy Il (Project 1155.1 Fregat Il) n Sovremennyy (Project 956
Sarych), Kao U 0 HOBOM KracuM4yHOM Hocady aBWoOHa, Takohe Ha HykneapHu ro-
FOH, anu ¢ 063npoM Ha MHaAHCUjCKy CUTyauujy nuTake je ga nu he To 6uTN mMo-
ryhe.

Pycku pasapay knace Udaloy I

Ouekyje ce ga he ocHoBy pycke drnote 4umHUTU dperate knace Project
22350 Admiral Gorshkov 1 To aBagecet 6pogoa. PagoBu cy nodenu 2005.
roauHe un ybp3saBajy ce ¢ 0631pom Ha yroxeHa dnHaHcmjcka cpecrTea. PagoBu
Ha 6pogoBmma aga, Tpu 1 YeTnpm 3anovetun cy 2009, 2012. n 2013. roguHe, anu
Cy ucnutmBaka nNpBOr Gpoga Te knace noTpajana gyxe Hero wTo je 6uno
nnaHupaHo. lNopep Tora, cykobu y YKpajuHu yTuuanm cy Ha npecTaHak capaghe
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y Be3u C MCMOPYKOM AeroBa CUCTEMa MOMOPCKUX racHuMX TypbuHa. TpeHyTHO
Pycnvja pagu Ha wmsrpaghn COMCTBEHUX KanauuteTa, ann To Hehe OuTu
3aBpLueHo npe 2019. roguHe. MNpBa dperata 13 NOMeHyTe Krnace 3aBpLUeHa je, a
yBoherwe y onepatusBHy ynotpeby oyekyje ce Tokom 2017. rognHe. Opyru 6poa
N3 cepuvje NOPUHYT je, AOK Cy pagoBu Ha Tpyny Tpeher 6poaa ckopo 3aBpLUEHMU.
MehyTum, NnuTare noroHa 3a Te 6poaoBe joL YBEK HUje pPELLEHO.

®peeama knace Project 22350 Admiral Gorshkov

Tokom 2010. rogmnHe oanyyeHo je Ja ce rpagun HoBa BapujaHTa dperaTte
knace Project 1135 Krivak. PagoBu cy ybp3o 3anoyeTt Ha dperatama knace
Project 11356 Admiral Grigorovich, anu cy onet, 36or pata y YkpajuHu, ctonu-
paHu 36or HegocTaTka genoBa MOroHckMx cuctema. Mnak, gsa cy 6poga ucno-
pydeHa Tokom 2016. rogmHe, a ovekyje ce Kpaj pagoBa u Ha Tpehem 6poay.




®pezama knace Project 11356 Admiral Grigorovich

3ameHa dperarta knace Grisha dperatama Project 20380 Steregushchiy
3anoyeTa je Ha net 6pogosa y nepuopy of 2010. go 2014. roguHe. MehyTum,
Kpusa y YKpajuHu je yTuuana v Ha oBaj nporpam, Tako a cy pajoBu Ha npeo-
ctanum 6pogoBnma n3 Te knace npeknHyTtu. [pBa aBa 6poga mcnopydyeHa cy
2016. roguHe, a 3aBpLueTak pagoBa Ha Tpehem 6mo je nnanupaH go kpaja 2016.

roavHe.

Operata Project 20380 Steregushchiy
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TpaHcdep Hemadkmx guaen-moTtopa komnanvje MTU 6uo je ctonupah, a y
majy 2016. roguHe omoryheHa je nHctanauuja gusen-motopa DDA 12000 pycke
komnaHuje Kolomna. NoHOBO je 3anoyeTta narpagkwa 6pogosa knace 20380. [Isa
6poga cy nopuHyTa noyetkom 2015. rognHe, a cnegeha gsa 6poga cpeguHom
2015. un noueTtkom 2016. roguHe.

MNarpagrwa 6pogoBa mogmdmkoBaHe knace 21631 Buyan-M ca BepTtukan-
HUM naHcepuma NpoTuBOpoacknx paketa 3anodeta je 2010. roguHe m Tpajana
je oo 2015. roguHe. MNopuHyTO je oeBeT GpogoBa, a NpBM NyT cy ucrnpobaHu y
okTobpy 2015. rogmHe, Kaga cy ca wUx ucnarbeHe kpcrapehe pakete tvna Kali-
br Ha unrbese y Cupuju.

Maru pamHu 6podosu

Jdowno je 4O MHTEpecaHTHOr pa3Boja y CEeKTopy Mawux paTtHux Bpogosa.
Kako ce ucnoctaBuno ga he Habaeka 6pogosa knace 20380 pagu 3ameHe 3a-
cTapenux KkopeeTa u dperata 6uTtn ckyna, 2010. rogMHe nojaBunm cy ce niaHo-
B/ 0 HabaBuwu Beher 6poja mawmx, jedpTMHMjuX GpogoBa Koju 6u NonyHWUM oBy
npasHuHy. PagoBu Ha usrpagmm natponHux 6pogosa knace 22160 Bykov 3ano-
yeTn cy Tokom 2014. roguHe. Tpu kobunuue nopuHyTte cy y nepuogy og 2014.
0o 2016. roauHe, a o4ekyje ce na he mopHapuua gobuTn Hajmare wecT 6poao-
Ba oBe knace y nepuoay oa 2017. po 2020. rognHe. Cmatpa ce ga he u oBu
©poaosn 6uTK onpemMrbeHn kpctapehum paketama Tuna Kalibr.

lMampornHu 6pod knace 22160 Bykov




OBaj TpeHO ce HacTaBrba U Tokom 2015. rogMHe ca HOBMM NaTPOSTHUM
6pogosuma knace 22800 Karakurt HaopyxxaHuMm kpctapehum paketa og kojux he
jepaH 6poj butn nspahneH Ha Kpumy. Odekyje ce aa he ce oBa knaca cacrtojatu
oa 18 6poposa.

Apyeu npoepamu

HajaBrbeHa je uarpagwa nocebHor Tewwko HaopyaHor 6poaa HamereHor
3a onepauuje 6nu3y ceeBepHOr nona, kKao U jow ABa naTponHa Gpoga knace
23350 HamereHa 3a onepauuje Ha APKTUKY.

Takohe, akTUBHO ce pagu Ha nojadaBaky ¢roTe nomohHux Gpogosa o
Kojux Hajsehu feo aatvpa u3 CoBjeTCKUX BPeMeHa.

HaunhweHnn cy Benvku nomaum y amdubujckoj obnactu, roe mopHapuvua
npenasm ca fecaHTHUX OpofoBa MpPOjeKTOBaHMX 3a MCKpLaBake ornpeme Ha
obany Ha Benuke amdumbujcke bpogose Koju ca Behe garbnHe Mory uckpuasaTu
Tpyne u onpemMmy nytem gecaHTHux 6pogoBa m xenukontepa. OBu nnaHoBu cy
TPEHYTHO 3acTanu ¢ 063MpoM Ha Kpu3y y YKpajuHu 1 NoHULWITaBake yroBopa 3a
ncnopyky asa cpaHuycka amcubujcka 6poaa knace Mistral, ann camo TpeHyT-
HO, jep ce Beh pagn Ha NpojeKToBamy CMMYHMX BENUKMX amdumbujckmx 6pogosa.

Hpazar M. Byykosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: “=http://orcid.org/0000-0003-1620-5601

Hoee u cmape (ModepHu308aHe) pycke noOMOPHUUE?

Pycunja he nopuHyTh oBe HanpeaHe HykneapHe nogmMmopHuue Tokom 2017.
roauHe. 3amMeHWK KOMaHOaHTa pycke MopHapuue Buueaammnpan Bukrop Bypcyk
nsjaBuno je ga he aBe HOBe HykreapHe NOAMOPHMLIE BUTUM NOPUHYTE, N TO jegHa
knace Improved Project 955-A, a gpyra knace Yasen-M.

Pagwn ce o HajMogepHUWjMM pycKUM nogMopHMLaMa, HykreapHoj 6bannuctmny-
Koj nogMopHuum knace Improved Project 955-A Borei |l (,CeBepHu BeTap”) u Hy-
KneapHoj HanagHoj nogMopHuum knace Project 855 Yasen-M. NogmopHuua kna-
ce Project 955A Borei-ll je, y cTBapu, mogepHusoBaHa Bep3uja knace Project
955 Borei, koja he 3ameHUTH cTpaTeLlke HykneapHe NogMOPHULE U3 COBjeTCKOr
BpeMeHa, knace Project 941 Typhoon u knace Project 667 BDRM Delta IV.

% The Diplomat 27th December 2016
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® Associated Press Photo

Pycka 6anucmuyka nodmopHuya Knace Project 955/955A

Paposu Ha nogmopHuum knace Project 955A Borei Il, nog HasveBom Knyaz
Vladimir, 3anoyetun cy 20. jyna 2012. roguHe y 6pogorpagunuwity Sevmash y
rpagy Severodvinsk, a ouekyje ce ga he 6utn 3aspweHn oo 2018. roguHe, kaga
ce o4eKyje HeHo yBohere y onepaTuBHy ynotpeby. Pycuja nnaHupa dnoTy of
ocaM cTpaTeLllkux NogMopHuUa knace Borei, og kojux he Tpyn 6utn knace Borei
n net knace Improved Borei Il (MogepHu3oBaHe Bep3uje). MogepHusoBaHa Bep-
3uja knace Borei |l 6uhe onpemrbeHa ca 4eTMpu godaTHa KOHTejHepa 3a naHcu-
pate GanucTuykux paketa tuna Bulava (RSM-56), umahe mawu Tpyn, a 6uhe
onpemMsrbeHa HOBUM aKyCTUYKMM ypehajuma u jow Tvwa y OgHOCY Ha OCHOBHM
mogen. Obe Bepsuvje buhe onpemrbeHe HOBUMM pakeTama Tuna Bulava. Knaca
Borei umahe kanauuteT o 16 UHTEPKOHTUHEHTANHMX pakeTa, oK he MmoaepHu-
30BaHa knaca Borei |l Hocntn go 20 pakeTa oBor Tuna.

MogaepHusoBaHa BapwujaHTa knace Borei umahe moryhHocT naHcupara 96
00 200 XxnnepcoHNYHNX HykneapHux 6ojeBux rnasa ca moryhHolwwhy He3aBUCHOT
MaHeBpucara cHare of no 100—-150 kunoToHa.

[aHac pycka mMopHapuvua uma Tpu noamopHuue knace Borei: Alexander
Nevsky, Vladimir Monomakh (y pyckoj naumduykoj ¢ornotu) n Yuri Dolgoruky ko-
ja je pacnopeheHa y pyckoj ceBepHoj roTu.

Pycka mopHapuua nma TpeHyTHO camo jeHy HanagHy HykneapHy nogmop-
Huuly knace Yasen — K-329 Severodvinsk. To je mogmMopHMUa HOCUMBOCTU 0Of
13.800 ToHa, oyxuHe 119 meTapa ca Bprio BUCOKMM HMBOOM ayTomaTu3auuje.
HaxxanocT, nogMopHu1La OBe Krace je U3y3eTHO CKyna, Yak U OBa nyTa CKyniba
oA cTpaTteluke nogmopHuue knace Borei, na je Pycuja ysena camo jegHy noga-




MOpPHMLLYY OBe Knace y onepatuBHy ynoTpeby y ogHOCY Ha nnaHuMpaHux ocam.
MpeTtnocTtasrba ce Aa he jow Tpu A0 YeTUPW NOAMOPHMLIE OBe Knace 6uTu 3aBp-
weHe go kpaja 2020. rogmHe. MehyTnm, noctaerba ce nNuTawe Aa nu he pycka
noMmopcka uHayctpuja 6mutn y moryhHoCTM Aa 3aBpLumn BuLIE of ABe MOAMOPHU-
ue knace Yasen 36or dpmHaHcujckux npobnema. NpBa nogMopHULA OBe knace
noaBprHyTa je NoMopckum TectoBuma jow 2011. roguHe, anu ce He 3Ha a nu je
y onepaTMBHOj ynotTpebu unmn He, Nako je HaBOOHO 3aBpLUMIa CBOjy NPBY MUCKjY
Tokom aBrycta 2016. roauHe.

Hoeu nodmopHuyku mopriedo ca morniom-{um Hagoherem

O6e knace nogMopHuua 6uhe onpemrbeHe HOBMM TOpMNeaoM, No Ha3MBOM
Futlyar, koju je TpeHyTHO y pa3un ucnutuearwa. OH npeacTaBrba MoAepHN30BaHy
Bep3ujy camoHaBogeher topnena 533 munumetapa Fizik-1 kojum cy o HegasBHO
HaopyXaHe pycke nogmopHuue. Topnego Fizik-1 uma gyxuny og 7,2 meTtapa,
Macy og 2.200 knnorpama n 6ojeBy rnay og 300. MoTop Toprneaa KOpUCTH cre-
umjanHo ropmBo ymMecTo CTaHOapAHe MellaBuHe KMCeoHuka u Boge. Toprneno
Fizik-1 uma gBa 1 no nyta Behu gomet of 3actapenor toprnega USET-80 koju
Ce Hanasu y HaopyXaky pycke MOpHapuue joll Of ocaMaeceTux rogmHa u Ko-
jeM nuctuye pok ynotpebe.

Topnepgo Futlyar 6uhe onpemrbeH HOBMM CUCTEMOM BOheHa ca Npoayxe-
HUM gomeTtoM. Odekyje ce aa he Topnego nmaTtn gomet 50 kM, Bp3nHy oa npeko
50 yBopoBa u gybuHy ynotpebe o 400 m. To cy napameTpu Koje noceadyjy v
apyra pycka topnega, kao wrto cy topnega Fizik-1, anv he oBaj Topnego 6utu
OonpeMrbeH CUCTEMOM 3a TOMIOTHO HaBofewe n buhe moryhe HaBoguTu ra us
NOAMOpHHULIE.

YBoherweMm HoBor Topnega Futlyar 6uhe 3ameneHe Bepauje Fizik-1 n Fizik-
2, nako cy Te ABe Bep3unje Tek HefaBHO yBegeHe (jyH 2016. roamHe) y Haopyxa-
H€ pycke MopHapuLe.

ModepHuszauyuja pyckux noOmMopHuua

Mopen paga Ha nogMopHWLUaMa nete reHepauumje, Pycuja he nsspmti mo-
AepHu3auujy gecet BuweHaMeHckux nogmopHuua go 2020. roguHe. [1Ba pycka
6poporpagunuwTta, Zvyozdochka Ha ceBeposanaay u Zvezda Ha ganekom ncTo-
Ky Pycuje, paguhe moaepHusauuvjy geceT HykrneapHuxX nogmMopHuua knace Pro-
ject 971 Akula u Project 949A Oscar Il y cneaehmx HeKonuko roanHa.

[ee noamopHuue knace Oscar |l aktTuBHe cy y pyckoj ceBepHOj noTtu, a
neT NOOMOPHKMLA Te Knace Hamnase ce y pyckoj naumdumykoj dnotu. Ca gpyre
CTpaHe, net nogmMmopHuua knace Akula pacnopeheHe cy y pyckoj naumdpunykoj
¢noTn, a WecT y pyckoj ceBepHoj hnoTu. MNpeTtnoctasriba ce ga nsmehy 40 n 70
npoLeHaTta pyckux nogMmopHuua y obe dnote Huje onepatuBHo. Ouyekyje ce aa
he MmogepHu3aumja oBUX NOAMOPHMLA (HAaopyXake U BUTAIHKU CUCTEMM) Npoay-
XUTU HMXOB XXUBOTHM Bek 3a jow 15 o 20 roguHa.

Mopen nogmopHuua oBe Ase knace, pycku agmmpan Vladimir Chirkov unsjaBuo
je, Tokom anpuna 2016. roanHe, aa he n noamopHue knace Project 945 Sierra |
BUTK yKIbydeHe y npojekaT mogepHusauuje. NpBobUTHY NnaH npeasuha Moaep-
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HU3auujy ABe NnogMopHuLEe oBe Knace Ao kpaja 2017. rognHe, nako OH He uarne-
4a 1 OCTBaprbuB.

YuHn ce ga cy npobnemu nHaHCuKjcke npupoae ytuuanu Ha oBakBy OAnyKy py-
cke MopHapuue. Havme, Benvka Kalhera 1 orpoMHu (HenpeasufeHn) TPpOLLKO-
BY n3rpagh-e HoBe neTe Knace HanagHWx nogmopHuue knace Project 885 Yasen
npeacTaerbajy pasnor oBakse oanyke. lNMogmopHuue knace Yasen Tpebano je
Ja 3ameHe cBe HanagHe nogmopHuue knace Akula, Sierra n Oscar go 2020. ro-
OVHE, anu cy NOMeEHYTM TPOLLKOBM TO CNpeynnn. Y BPEMEHCKOM MHTepBany Ko-
jm je buna npegpuheHa u3rpagka ocaMm nogmopHuua knace Yasen camo je
jedHa 3aBplLueHa, JOK Cy CBe ocTasne y pasnuuutum asama narpagre.

Kapga cy y nuTamwy KOHBEHUMOHANHE NogmMopHuue, oveknsano ce ga he ce npe-
hn Ha NpounsBoawy HOBe nNogMopHuue knace Project 677 Lada ca noroHoM He-
3aBUCHUM of Ba3fgyxa, koje 6u 3ameHune dnoty og oko 20 nogmopHuLa knace
Project 877/636 M Kilo n knace Improved Kilo. Mehytum, 3anoveTa je nponssoa-
Ha Ha camMo TpWU NOOMOpPHULE Te Krnace, a OANYyYeHO je Aa ce NMOHOBHO 3anoyHe
npounssogma krnace 636 M. MpBobuTHN NnaH ga ce nspage Tpy NogMopHuLe 3a
upHomopcky noTy noesehaH je Ha wecT. icnopyke cy BpLueHe No nnaHy, Tako
Oa je npea nogmopHuua Novorossiysk yspwiteHa y dpnoty Tokom 2015. roguHe.
Mcnopyka octaTtka of neT nogMopHuLa o4ekyje ce 0o kpaja 2017. roguHe.

&
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lNModmopHuya knace Project 677 Lada

Moyetkom 2016. rognHe nojaBunn cCy ce M3BeLWTaju O NNaHy uarpagHe
cepuje of WwecT nogMopHuua 3a naumndunyky drioTy koje cy Tpebane na 3ameHe
ocaM CTapujux Au3ern-enekTPUYHUX MNOAMOPHULA. YKOSIMKO Ce HacTaBu OBUM




TeMnom (ykrbyuyjyhm ncnopyke nogMmopHuua Amxkupy n BujeTHamy) npeocTtanux
neT nogmopHuua 6uhe ncnopyyeHo o kpaja 2017. roguHe.

Ca ppyre ctpaHe, 6yayha pycka nogMopHuyka conoTta cagpxahe n HoBy
NMOAMOPHULLYY ca NOrOHOM He3aBMCHMM Of, Basayxa nopf Hasusom Kalina. Ouekyje
ce na he npeux 10 nogmopHuLUa oBor Trna 6utu ucnopydeHo ao 2030. roguHe.

Hpazar M. Bydkosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: “=http://orcid.org/0000-0003-1620-5601

Raptor u Ligthning Hucy suwe camu: ocmamak ceema passuja
rnemy eeHepauyujy rosaya

Nako cy CAl 3a capa jeavHa gpxaBa Koja uma noBue 6ombapaepe nete
reHepaumje (Lockheed Martin F-22 Raptor n F-35 Ligthning Il Joint Strike Fig-
hter) y onepaTtnBHoj ynotpebu, huxoBu caBesHUUW, anu 1 NPOTUBHULM, U3 CBE
CHare ce Tpyae Oa CMake NpegHoCT pa3Bojem nporpama passoja netenuua ne-
Te reHepauuje.

Nako F-22 Huje H1kaga nobuo n3Bo3Hy [o3BONYy amepudke Bnage, F-35 he

O6UTM JOMMHaHTHa nnatdopma y 3anagHUM U CaBeE3HUYKMM apceHanuma TOKOM
cnegehnx geueHuvja. Mehytum, 1 gpyre 3emroe ce Tpyae fa pa3Bujy nety reHe-
pauujy nnatdopmm y cnegehunx geceTt 4o NeTHAeCT roguHa.
Kaga ce nomumwy nporpaMu passoja neTe reHepauuje noeaua BaXXHO je Ta4yHOo
aeduHncaTn Wwra TO 3Ha4Yn, OQHOCHO NPOBEPUTM Aa fM je TO camMO MapKeTuH-
LKW TPUK, Ha Npumep koMmnaHuje Lockheed Martin pagn gemoHcTpupara cynep-
MOPHOCTU CBOjUX NeTenuua, HapounTo y OOHOCY Ha pycke aBuoHe. OBa rpaga-
uunja ynotpebroaa ce 3a gedmH1ucame HOBe reHepaumje noeaua Koju cy ,HeBu-
OJ/bMBK®, @ LITO Ce MOCTMXKE NPEeKo KoHurypauuje yHyTpallker cknagulitera
Haopyxara, ynoTpebom KOMMNO3MTHUX MaTepujana 1 gu3ajHa aBMOHa, Cynepkp-
ctapehe 6p3unHe 1 0b6jeanHeHnx ceHsopa.

Mo oBum kputepujymmma obuyHO ce npuxBaTa Aa, OCMM ABa aMepuyka
aBuoHa, F-22 n F-35, nocToju ykynHo cefam nnatdopMmu nete reHepauuje Koje
ce Hanase y NocTynky passoja LWMpoM cBeTa. JeaHa o wux je Sukhoi T-50 Per-
spektivinnyi Aviatsonnyi Kompleks Frontovoi Aviatsyi (PAK-FA), 3atum UHawnja
ca Pycnjom pagm Ha pasBojy noBsua nete reHepauuje, Fifth Generation Fighter
Aircraft (FGFA)/Prospective Multirol Fighter Aircraft (FGFA) n Advanced Medium
Combat Aircraft (AMCA), janaHcka komnaHuja Mitsubishi Heavy Industries pas-
Buja F-3, 6uBwmn X-2 Advanced Technology Demonstrator-Experimental (ATD-
X), JyxHa Kopeja passuja nosau Korean Fighter Experimental (KFX), knHecka
komnaHuja Chengdu Aircraft Corporation (CAC) pagn Ha passojy nosua J-20,
OOK KnHecka komnaHuja Shenyiang Aircraft Corporation (SAC) passuja FC/J-31
n, Ha Kkpajy, Typcka passuja aBmoH Turkish Figther Experimental (TFX).

3 |HS Jane’s International Defence Review October 2016
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Sukhoi T-50

Kako oBe nnaTtdpopme npencraBrbajy cam TEXHOMOLLKMA BPX aepoHayTUyke
WHOYCTPpWje Huje YyAHO LUTO Cy TexHuuKke cneumduKkaumje CTporo 4yBaHe.
Ynpkoc Tome, nojaBunu cy ce ogpeheHn getarbu y nakeTy ca cnvkama Koje cy
cny4ajHo vnu HamepHo objaBrbeHe. Ha ocHoBy Tora moryhe je u3BpmMTH
NpoLeHy NoTeHUMjanHmx MorynhHOCTM OBMX aBUOHA.

Pycku nporpam PAK-FA je, HecymwuBO, Hajsue Hanpegosao. Pagosu Ha
nporpamy 3ano4vetn cy 1998. roguHe HaKOH COBJETCKMX W PYCKMX NOKyllaja 3a
pa3BojeM nete reHepaumje kpo3 nnatdopme MiG 1.42 n Sukhoi S-37/47Berkut.

Y jaHyapy 2010. roguHe u3BpLleH je NpBM NpobHM net nosua PAK-FA.
PAK-FA. Cnorba nnymn Ha aBMOH neTe reHepauuje Koju je ,HeBnasbmB” ca CBUX
cTpaHa, ocMM ca 3agwe. Ca npefwe CTpaHe BeEHTUNATOpCcKe nonaTtuue
CKpMBEHE Cy YyCMCHMUMMAa Basgyxa y ob6nuky cnoBa S, LWTO orpaHu4aBa
onbujawe pagapckmx Tanaca, [OK je ocTtaTak KOHCTpyKuMje aBuoHa paheH nog
yrrnoBuMma, LUTO Y3 YHyTpallke CKNaauliTeHe Haopyxkawa Takofje yTnye Ha
cnabwujy pagapcky BUArbMBOCT. Mako ce Boau kao nnatdopMa neTe reHepaumje,
aHanuMTnyapu cymajy y nyHe 6opbeHe moryhHocTv nosua PAK-FA.

MHOMM CMCTEMM MHCTanMpaHu Ha aBMOHY MpecnvKkaHu cy ca nosua Su-30,
ykibydyjyhm pagap Irbis, kao n motope komnanuje NPO Saturn 117S. Pagap Ir-
bis Hana3u ce y kaTeropuju nNacuMBHOI enekTpoHCKor ckeHupawa (PESA) n He
Moxe 6UTM MOOEepHM30BaH Ha HMBO CUCTEMAa aKTMBHOI €NIEKTPOHCKOI CKeHupa-
Ha (AESA). Y ToKy je pa3Boj pagapa ca enekTpoHckum ckeHnpamwem N036 Byel-




ka HameweHOM noBuy PAK-FA. NHauve, AESA pagapv nmajy Mmaky pagapcky
BMABLMBOCT, OTNOPHMjM CYy HA OMETake U MHOIO Cy Noy3aaHuju.

PAK-FA peduHuTUBHO HUWje ,HEBUOBUB” Ca CBOje 3aawe cTpaHe. Tpoau-
MEH3WOHanHe oKpyrne MnasHule Ha NpPoToTuny jecy Bpno edukacHe n obesbe-
Ryjy cynepmaHeBapabuiHOCT aBMOHY, ann He Mackupajy pagapcky ogpas, a Be-
poBaTHo je aa he 6yayhe cepujcke maluvHe MMaTh UCTY KoHdUrypauujy. Nako je
jacHo 3awWTo je oBakBa KOH(urypauuja ynotpebrbeHa Ha nosuy F-35 kojem Haj-
Beha onacHocT oA HenpujaTerbcke NBO npeTu ca poHTanHe cTpaHe, To He Ba-
XM 1 32 aBMOHE Yuja je yrora nocTu3ame Ba3gyLuHe CynepmopHOCTH, Kao LWTO je
ynora nosua PAK-FA.

Kao n gpyre netenuvue nete reHepauuje, PAK-FA 3agpxaBa cBoje ,HeBU-
OrbmBe” 0cobrHe ynoTpedom yHyTpallker CnpemMHuka Haopyxawa 1 tona Gsh-
301 9A1-4071K 30 mm. PAK-FA Hocu HajHOBMWje pakeTe Basgyx-Basgyx M Ba-
30yx-3emrba y 4YeTUpW MHTEepHa crnpemuvliTa (aBa y cpedwem geny v gsa Ha
KpajeBMMa BasgyLUHWX ycUCHMKA). Takohe, onpemMrbeH je U ca LWeCT CNOrbHUX
noABeCHMX Tayaka 3a MUcuje y Kojuma ,HEBUAIbUMBOCT” HEMa 3Ha4vajHy ynory.

Wako je moryhe aHanusupaTtu cTeneH ,HEBUAIBUBOCTU® Ha OCHOBY Camor
An3ajHa netenuvue, MHOre CTBapu 3aBuce 1 04 UHTEPHe CTPYKType aBnoHa. Tpe-
HYTHO CE KOMMO3UTHW AENOBU, HEOMXOAHMW 3a ,HEBMAIBLMBOCT  aBMOHA, OENOBU
Tpyna, kpuna v gpyru nogcvucrtemum uspafyjy camo py4yHo. To Huje npobnem kaga
je y nutawy nspaga npototuna, anu he npeacraerbaT BENUKM Npobnem kaga
Oyae nokpeHyTa cepujcka Npon3BodHa aBUOHa.

[o paHac Hucy objaBrbeHe MHdopmauuje o ocobnHama pagapckm abcop-
Oyjyhux matepujana aBumoHa PAK-FA, nako cy ce nojaBunu M3BeLUTAjM KOjU Ha-
BOAE [a je pagapcky ogpas aBnmoHa caMo YeTpHaecTu Aeo ogpasa nosua Su-27
Flanker (To 6u 3Hauuno ga je ogpas npototuna PAK-FA mawu op nona kea-
JpaTHa MeTpa ako ce padvyHa fa je oapas Su-27 20 kBagpaTHUX MeTapa, anu je
TO OneT MHOro BULUE 0f amepuykor nosua F-22 3a koju je objaBrbeH nogaTak o
B1ArbMBOCTU Ha HMBOY 0.0001 kBagpaTHOr MeTpa.

Mopen cBor ,HeBuarbmeor® gusajHa, aBnoH PAK-FA Guhe onpemrbeH Haj-
HOBMjOM CEH30PCKOM TEXHOrOormjoM y obnuky pagapckor cuctema AESA Sh121
komnanuje NIIP. Mako je oBaj cMcteM HeCyMHMBO CMOCOBaH, OH je Mnak Ha Hu-
BOY Hajborbunx peluera koja KOpuUcTe aBWOHU 4eTBpTe reHepauuje. MNpema py-
CKMM Meamjuma, oBa KoHdurypaumja omoryhasa nosuy PAK-FA moryhHocT ae-
Tekuuje, nokauunje n npahewa 0o 60 unrbeBa UCTOBPEMEHO Ha farbMHama Ao
400 kM. JloBau, Moxe aHraxoBaTtu 16 LUurbeBa UCTOBPEMEHO.

Mo nutawy objeauraBama ceHsopa, nosay, PAK-FA Moxe usspLutuTH cje-
AVHbaBake pafapckux nopgaTtaka ca ApYruM CeH3opuma Ha aBMOHY, anu u ca
CMOrbHUM CeH3opuMa, WTO omMoryhyje npeuusHy crnvky GojHOr norba koja ce
npukasyje NUnoTy NPeko HajHOBUjUX KAOUHCKMX MHCTpyMeHaTa.

Jletenuua PAK-FA je npBu nyT npukasaH Ha aepo-mutuHry MAKS TOoKOM
2011. roguHe. MNpBe npoueHe cy rosopurne aa he aBuoH yhu y onepaTtmeHy yno-
Tpeby pyckor paTHor BasgyxonnoBctea Ao 2015. roguHe, na je Taj pok noMepeH
Ha kpaj 2016. roguHe, 3aTnm Ha 2017. roanHy, ann ce TPeHYTHO POKOBW BULLE

HE NoOMUKY.
1109
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Mako je nnaHvpaHa Habaeka 200 aBuoHa, y MapTty 2015. roguHe objaBrbeHo je
na he 6utn HabaerbeHo camo 12 npumepaka go 2020. roguHe. MNMocTaerea ce nuTa-
H€ 3aLUTO je HaBeaeH Tako Manu 6poj aBMoHa, a MOBOAOM Tora rnojaBune cy ce WH-
dopmaLmje y Megmjuma Koje HaBode Aa je U3y3eTHO TELLKO M3paavTn Aenose aBno-
Ha rno nocTojehum NpojeKTy, HapoUnTO Kada cy y NuTakwy MoTopu. Nako cy nocrtoje-
hn mogenu PAK-FA onpemrseHn motopuma AL-41F1 3a koje ce HaBoau fa Tpolle
MHOrO ropuBea, a He NPoM3BOAEe JOBOIbaH MOTUCAK, NMaH je Aa oHu Byay 3ameH-eHu
MHOro ecpukacHujyum 1 jaunum motopuma lzdeliye 30, Koju cy joLl yBeK y pa3sBOjHO]
daan, a koja 61, Nno Hekum npegBunarwuma, Tpajana vak go 2027. roguHe. Ynpkoc
cBux noctojehmx npobnema, ovekyje ce na he PAK-FA 6utu y onepaTtnBHOj yrnoTpe-
6u go 2050. roguHe, a MOXKOa 1 HaKOH Tora.

Ynopeno, 6ap TeopeTcku, Tede u npojekat MHOWjCKOr ,HEBNASbMBOT” NoBLa

FGFA/PMF. ok he PAK-FA 6utn jegHocea, iHanja nma notpebe 3a ABoceaom
BapujaHToM. Tokom 2010. rogmHe nHamjcka Bnaga je objasuna ga he notpowun-
T 32 munujapge gonapa Ha npojektoBake, passoj u npounssogwy 200 go 250
netenuua, nako je Taj 6poj y HakHagHUM u3jaBama ceegeH Ha 140.
WHanjcka BapujaHTa PAK-FA, FGFA/PMF npeacrasrba nonoBuHY UHOWjCKUX MO-
Tpeba 3a aBMOHMMA neTe reHepauyje, Aok he Apyry NonoBuHy caynHaBaTu roB-
un ADA AMCA. Pagu ce 0 aBMOHY Koju 6u Tpebano ga 3ameHu hnoTty WHAWj-
ckux nosaua Tuna SEPECAT Jaguar n Dassault Mirage 2000. To he 6utn Bu-
LeHaMeHCKa neTenuua HaMmekweHa MucHjama BasgyluHe cynpemauuje, bnucke
Ba3gylwHe ogbpaHe, Mncmnjama QyOuHCKOr npoaopa u cneyujanHiMm Mucujama, a
ynasak y onepaTuHy ynotpedy ovekyje ce HakoH 2020 roguHe.

Jloeay, AMCA je y pa3BojHoj chasu jow og 2007. rogmHe, anu jow Huje oa-
Makao of, KoHuenTyanHe ¢ase. Pagu ce o nosuy jegHoceny, onpemMrbeHor ca
JBa MOTOpa, Tpane3ongHum Kpunuma v ABOCTPYKMM BepTUKanHum ctabunusa-
Topuma. Ovekyje ce ga he AMCA mncnywaaTtu BehuHy oapendu koje geduHuLy
»,HEBUABUBN® aBMOH, OCUM KOHBEHLIMOHANMHMX U3OYBHUKA, CIMYHO Kao Kopg, py-
ckor PAK-FA.

MpetnoctaBba ce pga he noeay AMCA  nokpetatu  ABa
Typb6oBeHTUnatopcka motopa GTRE GTX 35 VS Kaveri NG, a 6uhe onpemrseH
AESA pagapom, anu 6e3 HazHaka o0 KOM Mofeny ce pagu. BepoBaTHo je aa he
TMN pagapa OuUTU UCTU UM CNYaH OHOM Koju Byae nocTtaBrbeH Ha aBMOH PAK-
FA, a ouekyje ce ga he u nutawe ypehaja 3a MHGpaUpBEHO Tparawe K
npaherwe BUTK peLeHo Ha CrinYaH HauuH.

AMCA he 6MTK HaopyXaH ca Tpu pakeTe Basgyx-Basdyx 3a npecpeTawe
uurbeBa BaH BU3yenHoOr gOMeTa UM 4YeTUMpu pakeTe Basdyx-Basgyx KpaTkor
JomeTa y MucMjama BasfgyluHe CynepuopHOCTM, Aok he 3a mucuje Basgyx-
3eMrba GMTU HaopyxXaH npeuusHuM nnaHupajyhum aBuo-6ombGama koje he ce
HanasuTn y YyHyTpalwkem cnpemuwTy. ABuoH he 6utn onpemrbeH ca 10
noABeCHMX Tayaka 3a MUcuje y Kojuma ,HEBUABUBOCT” HEMa HeKy yrnory.
MpepeuheHa maca nosua AMCA 6uhe 18.000 kr npy nonetawy, MakcMarHa
6p3vHa 1,8 maxa, makcMmarnHa BucmHa oo 16.000 m n pagujyc gejctea go 1.500
kM. Ouekyje ce ga he npoToTMn MMaTtu cBoj NPo6HM neT Tokom 2017. roguHe, a




npetnoctaeba ce Aa he MHOMCKO paTHO Ba3gyxOMfoOBCTBO W MOpHapuua
Hapy4nTh npeko 250 aBnoHa.

Bydyhu uHdujcku nosay AMCA

C ob3mpom Ha 10 ga cy CALl yckpatune gossony 3a Habasky nosua F-22
Raptor, kojum je JanaH nnaHupao ga 3ameHun aBuoH Mitsubushi F-2, gpxaBa je
oanydmna Aa nokpeHe cBoj gomahu nporpam Mitsubishi ATD-X/X2 ,Shinshin”.
Pagn ce o TexHONOLWKOM AeMOHCTpaTopy, a He O NpOTOTUMY onepaTuBHe
nnatcpopme. lNpeu nogaum cy ce nojasunu 2005. roguHe, nako je nporpam
3BaHM4YHO 3ano4eo TeK OBE roanHe KacHuje.

MpBu mMogen y NyHoj BenuuuMHU npukasaH je 2008. roguMHe u Ty ce MOrmno
npumeTutn da je ATD-X/X2 cnuyHux rabaputeTta kao weeackn Gripen. o us-
rnegy MakeTe MOrfio OM ce 3aKkibyunTu Oa je TeXULTe Ha ,HEBUAIBLUBOCTU U
MaHeBpabunHocTn, anu Huje moryhe 3akrbyuntn ga nu he 6utn ynotpebroeHu
pagapcku ancopbyjyhmn maTtepujanu, ,nameTHa” onnara aBMoHa, NAaCUBHW CEH30-
pv 1 MHpaupBeHn Tparad. Hema nogataka 0 aBUOHCKMM MHCTPYMEHTMMA, anuv
ce npeTtnocTasrba ga he curypHo 6uTn nHctanupaH pagap Tuna AESA.

Y Toky je pag Ha moTtopy XF5-1 komnanuje IHI Corporation, unja cHara 6u
6una 44,5-89 kunowyTHa.

G
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JanaHcku nosay, Mitsubishi ATD-X/X2 ,Shinshin“
MpBK TEXHOMOLLKM AeMOHcTpaTop nojasuno ce 8. maja 2014. roguHe, a Npeun
net tpebano je ga 6yae y jaHyapy 2015. roguHe. JleT je unak ognoxeH 36or
npobnema ca cohTBEPOM KOjU KOHTPONMLUE ayTOMAaTCKO NOKpeTake MOTopa,
Tako ga ce aBmoH ATD-X/X2 BuHyo y Hebo Tek y anpuny 2016. roauHe.
TexHonowkn gemoHcTpaTop ATD-X/X2 Tpeba na obe3beam TexHonolwky 6asy
Ha OCHOBY koje 6v JanaH gollao Ao noBaua neTte reHepauuje, a morao 6u npeg-
CTaBIbaTu OCHOBY U 3a ,LecTy reHepauujy” nnatcopmu. HakHagHo he 6uTtn go-
HeTa oanyka o Tome fa nv he ce Leo npojekaT passujat y JoMahoj pexujn nnu
he ce nhu Ha 3ajedHWYKM pa3Boj HA MefyHapoOHOM HUBOY.
Ha ocHoBy gocTynHux MHopmMaumja npeTnoctaeiba ce ga he makcumanHa no-
netHa maca aBuoHa 6utn oko 13.000 kr, makcumanHa BucuHa oko 20.000 M,
MakcuMarnHa op3uHa y HuBoy maxa 2,25 (1,82 y pexxumy cynepkpcTapera) u pa-
avjyc gejctea oko 2.200 km (ca ABa noaBecHa pe3epBoapa).

JyxxHa Kopeja Takohe pasBuja nosau nete reHepaumje nog o3Hakom KFX,
WTO je npojekaT koMmnaHuje Korea Aerospace Industries, a npeasuheH je kao 3a-
MeHa 3a jyxxHokopejcke nosue F-16 Fighting Falcon.

MHooHesunja ce npukrbyymna npojekty Ha ocHoBy kojer he 6utu passujeHa
nnatcpopma IFX. dopmanHuM cnopasym O MOYeTKYy UCTpaxuBawa W passoja
notnucane cy obe 3emree y aBrycty 2012. roguHe. JyXHoKopejcka komnaHuja
BOAW npojekaT y capawu ca amepuykom komnaHujom Lockheed Martin
(ynoxeHo 8 wmwunujapan ponapa), OOK MHAoHe3wja y4yecTByje ca jeaHOM
MuUnvjapaom gorapa u onumjom Habaeke go 50 noeaua.




JyxHa Kopeja makohe passuja nosay neme eeHepauyuje nod o3Hakom KFX

Mako je npBOOUTHO NMaHWpaHO MNOCTM3ake OnepaTuBHE CMOCOBHOCTU
aBunoHa KFX/IFX 3a 2023. roguHy, bylieTcka orpaHuyera u TeXHUYKM npobnemm
HaBenu cy komnaHujy KAl ka npesohewy nporpama pasBoja nosua nete
reHepauvje y pasBoj noBua ,reHepaumje 4.5”, WTO 3HauM opfycTajame 0f
BENMKOr, jeqHoCeaor, BULLEHAMEHCKOr aBMOHa ca ABa MoTopa, pagapoM Tuna
AESA n yHyTpawmwbUM CNPEMHUKOM HaopyXaka Ha jeqHOMOTOPHW aBUOH ca
ynotpeboM cuctema M aBMOHCKUX WMHCTpPyMeHaTa koju cy Beh pasBujeHu 3a
aBuoH FA-50, a koju, y CyWITUHW, NpeAcTaBrba 3aMeHy TpeHaxHor aBuoHa T-50
Golden Eagle.

Y jyny 2014. noHoBO gonasu oo npeokpeta. MnHuctapcTeo ogbpaHe npo-
MEHUINO je CBOjy oanyky v oanyyuno aa he ce HactaButu pag Ha NpPBOOMTHOM
AnsajHy asnoHa KFX.

MocTtojehmn nmogauun ykasyjy Ha To ga he KFX/IFX umaTtn noneTtHy macy opf
24.000 kr, JOK Apyrv nodauu HUCY AOCTYMHU, a o4yekyje ce ga he Penybnuka Jy-
Ha Kopeja HapyunTun oko 150 oBux netenuua.

KuHa, Takohe, pagu Ha pa3Bojy aBWOHa neTe reHepaumje. To cy ase nnar-

dopme — J-20 n FC/J-31 oa kojux cy o6e nmane cBoje npee NpobHe neToBse.

Vuckovi¢, D., SAVREMENO NAORUZANE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp. 1098-1117



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 4

J-20 je npBa kMHecka nnatcdopMa nete reHepaumje Koja je npukasaHa jas-
HocTu jow y geuembpy 2010. rogmHe, nako ce cnekynuiuie aa je heH npsu Npood-
HM neT 06aBIbEH HEKOMMKO MECEeLM paHuje.

MpeTnocTaBrba ce Aa NOCTOjM LWIECT NpOTOTUNOBA Y ha3n UCNUTUBAHA, KO-
ju ce mefycobHO Mano pasnukyjy, a NnocToje 1 He3BaHWYHM M3BELLTaju Aa je ns-
paheH Mawn 6poj aBuoHa koju je Beh McnopyvyeH KMHECKOM paTHOM Ba3gyxo-
MNroBCTBY.

KuHnecku nosay, J-20

OcHoBHM am3ajH nosua J-20 nogpa3ymeBa OBOMOTOPHM jeaHoced ca Ao-
OaTHUM KpuruMMa pagu noctmusawa Behe maHeBapabunHoctu. Kapakrepuctumke
,HEBNAIBUBOCTN” cacToje ce y nocebHo obnukoBaHWM cTabunusatopuma, yHy-
TpalwHheM CNpeMULLTY HaopyxXawa M NocebHO obnvMkoBaHWM BpaTuMa CjajHor
Tpana. ABnoH nokpehe pycku moTtop u3 cepuje AL-31FM, a odekyje ce ga he ce-
pujckn npumepum 6mutn noroweHn motopuma WS15 Emei 3a koje ce kaxe aa he
OMTK oNpemMIbEHM CUCTEMOM 3a BEKTOpUCara notucka. Oyekyje ce aa he norox-
cka rpyna nokpetatu nosad o 6psuHe 2100 km/4y. Mogaum Koju ce ogHoce Ha
CTPYKTYPY, aBUOHCKE MHCTPYMEHTe 1 cuctem nosua J-20 HACY no3HaTu.

WMako je npojekToBaH kao onepaTtueHa nnaTtdgopma, nosad, J-20 genumMmMyHo
je pasBujeH paau UcTpaxmBara HOBMX TexHororunja. BehnHa genosa aBuoHa je
Aomahe npoussogme, ocuM MoTopa. MoTop je pyckor mopekna v cBu gocaga-
WHM nokywaju KnHe ga npoussene peHtabunaH, CHaxaH 1 noyagaH MoTop joL
YBEK HUCY YpOOUIU NAOL4OM.




Mo HaBoguma u3 kMHeckux uaBopa noeay J-20 je yBedeH y onepaTuUBHY
ynotpeby Beh y anpuny 2017. roguHe. HoBn nogauu rosope ga he noeay, 6utn
KopuwheH Kao npecpeTad y Mucujama Basgyx-Basgyx Benukor gomMeTa ca 3a-
OaTKOM npecpeTara HenpujaTerbCkMx aBUOHA-UMCTEPHM M LINWjYHCKMX neTehnx
nnatcopmMmu, anu 1 ca 3agaTkoM [a Hanaga HenpujaTterbeBe cucTeme Ba3fgy-
WHe ofbpaHe, OPOAOBIbE M KOMHEHA KOMYHMKaLMOHa NocTpojerwa. Hoee cnuke
aBMoOHa mnak roBope o ogpeheHnm HegocTaumMma. Hanme, Kao n Kog pyckor He-
BMABLMBOT NOBLA, BUCOK je KoeuunjeHT HEBMAIBUBOCTU Ha MpeaH0j CTpaHMu,
anu He n ca 6okoBa 1 3adHe CTpaHe aBMOHa, WTO he CUrypHo yTuuaTtu n Ha Mu-
cuje aBMOHA.

Hosun nogauwn rosope ga he J-20 npecpetatm unrbeBe Ha garbuHama [o
200 km, kopuctehmn pakety Basgyx-Basgyx PL-15. KoHkypeHT my je FC/J-31,
Shen Fei. Mako ce npuyano o ,jow jeqHOM aBMOHY neTe reHepauumje”, Tek cy ce
2012. rognHe nojaBune npee crivke osor nosua. OHe cy npukasane jegHocepq
FC/J-31, MHOro mamu y ogHocy Ha J-20, WTo je HaBeno Ha nomMmucao Aa ce pagu
O aBMOHY KOjU1 je Ha OOH0j rpaHULM neTenuvua nete reHepauuje. Pagu ce o aBu-
OHY Ca HUCKO NOCTaBIbEHUM TPane3ogHUM KpUMMa, cnofba OKpeHYTUM BEpPTU-
KanHum cTabunmsaTopuma M yHyTpalHhUM ClpemMulliTeEM Haopyxawa. OBakea
KOHCTpYKUMja yKka3syje Ha oapeheH cTeneH ,HeBUAbLUBOCTU.

KuHnecku nosay, jedHoced FC/J-31

FC/J-31 je onpemrbeH, kao u J-20, ca gBa pycka TypboBeHTMnaTopcka
moTtopa, Klimov RF-93, a o4vekyje ce aa he aBMOHW U3 cepujcke MPOU3BOAH-E
6UTU ONpeEMIbEHN MOTOPUMA KUHECKE MPOU3BOAHE.
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Mogaum 3a oBaj aBMOH Cy LWITYpW, anu ce MnpeTnocTaB/ba da nocegyje
,BULLUEHAMEHCKE CMOCOOHOCTW”, MHTerpauunjy ekCTepHux nogataka, moryhHocT
pasMeHe nogartaka, MOryhHOCT Hanaga Ha uurbeBe BaH BU3yernHor gjomeTta, Mo-
ryhHOCT npeumsHor rafawa uurbesa y CBUM BPEMEHCKMM YCroBUMa, HU3aK pa-
Oapcku ogpas, H13ak MHdpaupBeHn ogpas, kao 1 oanuyHe MoryhHoCTH y npoTu-
BENEKTPOHCKOj Bopou.

ABUOHCKN CUCTEMU OMUCaHU CYy Kao ,CUCTEM OTBOPEHE apXUTEKTYpe Koju je
KoMnaTnbunaH ca HanpegHUM padapCKUM, eNEKTPOHCKMM OMTUYKMM CEH30p-
CKUM CUCTEMUMA, MHTEIPUCAHUM KOMYHMKALMOHUM U HaBUraLMOHUM CUCTEMUMA
N cucTeMMMaA 3a eNeKTPOHCKO oMeTare”. ABMOH MMa YeTrpu MHTepHa Hocaya
3a pakeTe, LWEeCT eKCTePHNX NOABECHNX HOCaya 3a HanpeaHe pakeTe Ba3gyx-Ba-
30yX 1 Bas3gyx-3emrba.

Hema nHdopmaumja o gatymy yBohewa y Haopyxamwe nosua FC/J-31, anu
je aBMOH NpBM NMyT MpuKasaH Ha M3NoXxOm Ba3QyxonyoBHOr Haopyxawa Zhuhai
airshow Tokom HoBeMbBpa 2016. rognHe Ha kojeM je npumeheH enekTpPoonTUYKK
HULLAHCKN CUCTEM CNMYaH OHOM Ha amepudkom nosuy F-35, a npetnocraerba
ce pa je noeal Taga 6uo onpemrbeH pagapckum cuctemom KLJ-7A AESA koju
je passuna kunHecka komnaHuja Nanjing Research Institute of Electronics Tec-
hnology.

FC/J-31 uma makcmanHy macy npv nonetawy of 22.226 kr ca Makcumann-
HUM TEXMHOM Haopyxara of 2.268 kr. MakcumanHa 6pavHa je 1,8 maxa, gok je
pagujyc neta oko 1.000 kM ca yHyTpalHMm pesepBoapuma n oko 1.600 kv ca
NoABECHUM pe3epBoaprma.

Ha kpajy, Typcka pasBuja cBoj aBUOH neTe reHepaumje TF-X koju 6u Tpeba-
no pa yhe y Haopyxamne 2023. roguHe.

Typcka komnaHuja TAl yapyxuna ce ca komnaHujom Saab y KOHUenTyarnHoj
hasu npojekta.

WMako jow yBek Huje obenopareH An3ajH aBMoHa, oyekyje ce aa he TF-X
6uTM cnuyHor obnuka Kao Apyrv NoBUM NeTe reHepauuje Koju cy caga y passojy
ca Tpane3ougHUM KpUIToM, OBOCTPYKUM BEPTUKANHUM cTabunusatopuma.

Wako ce MHOro npuya o rnoBuuma neTe reHepauuje, oyvekyje ce ga he MHo-
M NOBLM YeTBPTE reHepauuje, Kao U OHWU KnacnduKoBaHM Kao NoBUKU reHepaum-
je 4.5 octaTn y onepaTuBHOj ynoTpebu cnegehmnx Hekonunko geuexnja. OBu aBu-
OHM, kao wTto cy Typhoon, Gripen, Rafale, F/A-18 Super Hornet, n F-15 Advan-
ced Eagle, buhe HaopyxaHn pakeTama Ba3agyx-Ba3gyx 3a 60pby BaH BM3yernHor
nometa Tnna MBDA Meteor.

OBwu aBunoHu cy, nnu he yckopo 6uTtn, onpemrseHn pagapuma tuna AESA n
HanpegHVM MNacuMBHUM Tparayuma, WTo he yTuuatnm Ha ymarewe npegHoCcTy
nosaua nete reHepaumje. Ynotpeba nacuBHux Tparada je HapouuUTO 3aHUMIbU-
Ba, jep npowmssohayn oBakBux ypehaja Harnawasajy MoOryhHoOCT ageTtekuuje u
npahewa netenvua nete reHepauuje. MNMpunukoM cycpeta aMepuykmx n dpax-
LyCKMX aBMOHa Ha BOjHMM Bexbama, dpaHuycku nosum tuna Rafale ycnenu cy
Ja neTekTyjy n npate amepuyke nosue F-22 Ha garsMHama koje cy um omoryhu-
ne naHcupawe pakeTa Basayx-Basgyx. Pagu ce o ypehajuma koju cy onpemrbe-
HW HanpegHWM OMTOENEKTPOHCKUM ypehajuma 1 nHgpaupBeHum Tparaumma. To




nm omoryhyje getekToBawe UUIbEBA Ca ManuM pagapckum O4pa3oM Ha darbu-
Hama Of YaK HEeKONMMKO AeceTuHa kunomeTapa (HuwaHcku cuctem OLS-35 py-
ckor nosua Su-35 geTekTyje TepmanHu oApa3 aBMOHA Ha JarbWMHW Of OKO Cce-
AampeceT Kunometapa), ca Kojux Mory naHcupaTtu U HaBeCcTu pakeTe Ba3gyx-Ba-
3a0yx. Y 0oBOM criyyajy noTnyHo je HebuTaH pagapcku ogpas aBuMoHa, jep je aBu-
OH JeTeKTOBaH Ha OCHOBY CBOje TepmarnHe crvke dopMupaHe og U3gyBHUX ra-
COBa, anv n 3axearbyjyhn aepogmMHamMmmn4koM rpejamwy CTPYKType aBumoHa. Ha He-
cpehy, ToMe HajBuLLIEe AONPUHOCK YNPaBo ,HEBUAIBbMBA” Onnarta aBuoHa Koja Hu-
je moTnyHo rnartka, na gonasu go Beher Tpewa Ha ogpehenum Gp3avHama. [a
npoHuja 6yae Beha, WwWTo he MOTOpM aBMOHa neTe reHepaumje 6uTn MohHUjN BU-
we he 3arpeBaTu CTPyKTypy, WTo he noBehaBaTu MoryhHocT geTekuunje nacus-
HUM TparadymMma Kojuma Ccy onpemMsbeHe netenuvue 4eTBpTe reHepaumje. NHave,
TexXHosorMja nacmMBHUX Tparada rnocToju jow of Kpaja cefamaeceTux roguHa, a
npBu cy je ynotpebunun AmepukaHum y ceom nosuy F-14 Tomcat, a 3atum n Co-
BjeTn y ceom nosuy MiG-29, kao n y cepujama nosua Su-27. HapaBHO, faHa-
WHWM NacUBHU Tparaym cy MHOrO OCETIbMBUjW Y OAHOCY Ha npBe ynoTpebrbeHe
npumepke, a Morrno 6u ce oecuTn ga NpegHOCT noBala neTe reHepauuje y 3HaT-
HOj Mepu Byae NoHMLWTEHa.

Hpaear M. Byukosuh (Dragan M. Vuc&kovié),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: “&http://orcid.org/0000-0003-1620-5601
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No3nB N YNYTCTBO AYTOPUMA
NPUMMALWEHNE U MHCTPYKUWUW ONA ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3uB U YNYTCTBO AYTOPUMA O HAYMHY NPUNPEME YJTAHKA

YnyTcTBO ayTopyMmMa O HayduHy npunpemMe 4naHka 3a objaBrbuBawe Yy
BojHomexHu4kom enacHuky ypafeHo je Ha ocHoBy AkTa O ypehuBawy HayyHUX
yaconuca, MwuHucTapcTBa 3a Hayky W TexHomnowku pa3soj Penybnuke Cpbuje,
eBuaeHumMoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MpumeHa oBor AkTa
NPBEHCTBEHO CIyXMW yHanpehewy kBanuteta Aomahmx yaconmca v HUXOBOTr NOTNyHUjer
YKIbyuMBama y MefyHapoaHu cUCTEM pa3MeHe HayyYHuXx MHopmalmja. 3acHoBaHoO je Ha
meRyHapoaHum ctangapauma 1SO 4, 1ISO 8, 1ISO 18, I1ISO 215, 1ISO 214, ISO 18, 1ISO 690,
1ISO 690-2, ISO 999 n ISO 5122, ogHocHo oarosapajyhvm gomahum ctaHgapanma.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.M0.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wtamnaHo nsgawe, e-ISSN
2217-4753 — online, UDC 623+355/359) jecte MynTUAMCUMMNMHAPHW HAy4YHU 4aconuc
MuHuctapcTBa onbpaHe Penybnvke Cpbuje, koju 06jaBrbyje Hay4yHe U CTPyYHe YnaHke,
Kao M TexXHW4YKe MHpopMaumje O CaBpeMEHWM CUCTEMMMA Haopyxawa U CaBpeMeHUM
BOjHMM TexHornorujama. Yaconvc npaTtv jeAUHCTBEHY MHTEPBUOOBCKY TEXHWUYKY MOAPLUKY
Bojcke Ha npuHUMNY NOrMCTUYKE CMCTEMCKe NoapLuke, 0bracTu OCHOBHUX, MPUMEHEHNX
M pasBOjHUX UCTpaxuBama, Kao M MPOM3BOAHY U ynoTpeby cpedcTaBa Haopyxara U
BOjHE oOnpeme, Te ocTana Teopujcka W npakTu4yHa pJocTurHyha koja AJonpuHoce
ycaBpluaBary CBWUX MPUNagHWKa cprcke, pervoHanHe u MefyHapogHe akagemcke
3ajegHuue, a nocebHo npunagHuka MuHnctapctea ogopaHe n Bojcke Cpbuije.

MuvHUCTapcTBO NpOCBETE, Hayke W TexHorowkor passoja Penybnuke Cpbuje,
carnacHo oanyuu m3 unada 27. ctaB 1. Tadka 4), a no npMbaBrbLEHOM MULLILEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 HayyHouCTpaxmBaykoj aenatHocTu (,Cryxb6eHu
rmaciuk PC”, 6p. 110/05, 50/06-ucnp. u 18/10), yTBpAWNO je kKaTeropmsauunjy
BojHoTexHu4kor rnacHuka, 3a 2016. roguHy:

3a 0bnacT TeXHOMOLUKM pa3Bo;j:

— Ha NMCTU Yaconuca 3a Matepujane u xemmjcke TexHornoruje:

kaTeropuja Bogehu Hay4yHM Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NMCTU Yaconuca 3a eneKTPOHMUKY, TerleKOMyHuKaumje U MHcopmaumnoHe
TexHonoruje:

KaTeropuvja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NIMCTU Yaconuca 3a MalIMHCTBO:

KaTeropuvja Hay4Hu 4aconuc HaumMoHanHor 3Hadvaja (M52),

3a 0bnact oCHOBHa UCTPaxuBaHa:

— Ha NIMCTU Yaconuca 3a MaTemMaTuKy, padyyHapcKe Hayke U MeXaHUKY:

KaTeropuja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52).

YcBojeHe nucte gomahux yaconuca 3a 2016. roguMHy mory ce BuaeTw Ha cajTy
BojHoTexHuukor rmacHuka, ctpaHuua Kateropusauuja 4aconuca (MwuHucTapctBo
npocBeTe, Hayke M TexHomnoLikor pasBoja Penybnuke Cpbuje jow yBek Huje objaBuno
3BaHWYHY KaTeropusauujy Hay4yHux Yaconuca 3a 2017. roguHy).

[eTarbHuje nHdopmaumje mory ce npoHahu n Ha cajty MuHucTapcTBa npocBeTe,
HayKe 1 TexHorowkor passoja Penybnuke Cpbuje.




Mopaum o kateropusaumjym mory ce npatutn n Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja yaconuca nsspLueHa je npema MpaBUnHUKY O NOCTYMKY U HAUYMHY
BpedHOBaka W KBAHTUTATMBHOM MCKa3vBaky HAy4YHOUCTPaXMBavkmx pesyntaTa
ncTpaxueaya, Koju je nponucao HaunoHanmHW caBeT 3a Hay4YHW M TEXHOMOLUKN pasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBUM MPaBUITHUKOM M TaberioM 0 BPCTU M KBaHTUMMKaLMU MHAMBUAYAMHNX
Hay4YHOMCTPaXMBaYKNX pesynTaTa (y cactasy [paBunHuka), objaBreeHu pag y BojHoTexHU4KoM
rmacHyKy BpeaHyje ce ca 2 6oga (kateropuja M51) u 1,5 6og (kateropuja M52).

Yaconuc ce npatu y koHTekcTy Cpnckor uuTtatHor mHaekca — CluHpekc (6asa
nogartaka gomahmx Hay4yHuX yaconuca) u Pyckor nHaekca HaydHor uutmpawa (PUHLL).
MoaBprHyT je cranHoMm BpeaHOBawy (MOHUTOPUHIY) Yy 3aBUCHOCTM Of YTULAJHOCTM
(vmnakta) y camum 6asama u, nocpegHo, y meRyHapogHum (Clarivate Analytics)
uMTaTHMM  uHAekcuma. [leTarbM O MHAEKCUpawy MOry ce BuMAETM Ha  cajTy
BojHoTexHuukor rnacHuka, cTpaHuua NHgekcupakse Yaconuca.

BojHoTexHnukn rnacHuk omoryhaBa u npumemnyje Creative Commons (CC
BY) ogpenbe o aytopckum npaBuma. [letarbu 0 ayTOpPCKUM npaBvMa MOry ce BUOETU Ha
cajTy Yaconuca, cTpaHulua AyTopcka npaBa M NOfITUKa caMoapXuBMpama.

PagoBu ce npedajy nyTeM OHNajH cuCTeMa 3a €EneKTPOHCKO YypehuBare
ASEESTANT, koju je pa3suo LleHTap 3a eBanyauujy y obpasoBamny u Hayum (LLIEOH).

MpucTyn u pernctpaumja 3a cepBuC BpLUe ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpaHmue ASEESTANT wnu  CUWMHOEKC, oOHOCHO [OUWPEKTHO Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

[eTtarbHO ynyTcTBO O perucTpaumjy 1M npujaBu 3a CepBUC Hamna3n ce Ha cajty
www.vtg.mod.gov.rs, cTpanuua YnyTcTBO 3a e-Yp: EnektpoHcko ypehuame — ASEESTANT.

MoTpebHO je Oa ce cBM ayTopu KOjU MogHoce pykonuc 3a objaBrbuBame Yy
BojHoTexHuukom rnacHuky pernctpyjy y pernctap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuum cajta Peructpaumja 3a pobujawe ORCID
MOEeHTUMKaUMOHe windpe.

BojHOTEXHMYKM rmacHWK objaBrbyje YnaHKe Ha CPrCKOM, EHITIECKOM, PYCKOM, HEMaYKoM
Unu cppaHLycKkoMm jeauky (arial, cprnicka hupunuua nnm cprcka natMHvua, BenuymnHa cnosa 11
pt, npopeg Single).

Moctynak npunpeme, nucawa M ypehuBawa unaHka Tpeba ga Gyae y carmacHocTu
caWMzjaBom o etnykom noctynawy (http://www.vtg.mod.gov.rs/izjava-o-etickom-
postupanju.html).

UnaHak Tpeba fa cagpXu CaXeTak ca Kiby4yHVMM peunma, yBoA, paspady, 3akibydak,
nnUTepaTypy 1 pe3rMe ca Kiby4HUM peynma Ha eHrneckom jesnky (6e3 Hymepaumje Hacrnosa u
nogHacnosa). Obum unaHka Tpeba ga Gyae oko jegHor aytopckor Tabaka (16 crpaHuua
dopmata A4 ca npopenom Single), a HajuLLe 24 cTpaHuLe.

UnaHak Tpeba ga Oyae HanvcaH Ha obpacuy 3a nucakwe 4naHka, Kojyu ce y
€NeKTPOHCKOj hopMM MOXe MPey3eTu ca cajTa Ha cTpaHuum Obpasal 3a nucare YnaHka.

Hacnos

Hacnos Tpeba aa ogpaxaBa Temy 4naHka. Y MHTepecy je yaconuca v aytopa aa ce
KOpUCTE peyn npuknagHe 3a UHAEKCcUpare U NpeTpaxuBarke. AKO TaKBUX pPeYn Hema y
HacrnoBy, NOXerbLHO je Aa ce npuaoda u nogHacnos. Hacnos Tpe6a na 6yae npeseneH u
Ha EHrMeckn jesuk.

OBW HacnoBu UCMCYjy Ce UCnpes caxeTka Ha ogroBapajyhem jeanky.
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Tekyhu HacnoB

Tekyhn HacrnoB ce ucnucyje ca CTpaHe CBake CTpaHuLUe YnaHka paav nakule
naeHTudukaumje, nocebHo konuja unaHaka y enekTpoHckoM obnuky. Cagpxu npesvme u
MHUUMjan MMeHa ayTopa (ako ayTopa MMa Bulle, npeoctanu ce o3HayaBajy ca et al.*
unu 1 ap.“), Hacnoee paga u Yaconuca u konauujy (rognHa, BONTlyMeH, CBECKa, NoveTHa
1 3aBplUHa cTpaHuua). Hacnosu yaconuca v YnaHka mMory ce Aatu y ckpaheHomM obnuky.

Ume ayTopa

Hasogam ce nyHo ume 1 npesume (CBMX) ayTopa. Beoma je noxersHo Aa ce HaBedy
N cpefdwa crnosa aytopa. ViMeHa u npesumeHa gomahux aytopa yBeK ce ucnucyjy y
opuvrnHanHoM obnuky (ca CpnckuM AUjakpUTUHKMM 3HaKOBMMA), HE3ABUCHO Of je3uka Ha
KOjeM je HanucaH pag.

HasuB yctaHoBe ayTopa (achmnujauuja)

Hasogwu ce nyH (3BaHW4HW) HA3MB M CeauLUTe YCTAHOBE Yy KOjOj je ayTop 3arnocreH, a
€BEeHTyanHo M Ha3vWB YCTaHOBE Y KOjoj je ayTop 06aBuvo UCTpaxuBame. Y CrOXEHUM
opraHusauMjamMa HaeBogu ce ykynHa xujepapxuja (Hnp. YHuBepauteT opbpaHe y Beorpagy,
BojHa akapemwuja, Kateopa npupogHo-matemaTtndkvx Hayka). bap jenHa opraHusauuja y
Xujepapxvju mopa OuTM npaBHO nuue. AKO ayTopa MMa BULLE, @ HeKW MOTUYYy U3 uCTe
ycTaHoBe, Mopa ce, MocebHMM O3HakamMa WnM Ha ApYrv HayvH, HasHauMTu U3 Koje of
HaBedeHMX yCTaHOBa MOTMYe CBakM Of HaBedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HakoH MMeHa ayTopa. PyHKUMja 1 3BaHe ayTopa Ce He HaBode.

KoHTakT nogauu
Agpeca unu e-agpeca CBMX ayTopa Aaje ce Ha NPBOj CTPaHWULM YNaHKa.

KaTeropuja (Tvn) unaHka

KaTteropusauuja unaHaka obaBesa je ypegHuWTBa M Of MocebHe je BaKHOCTM.
KaTeropujy unaHka mory npegnaratm peueH3eHTW W YnaHoBW YpegHWLITBA, OOHOCHO
ypeaHuum pybpuka, anu OQrOBOPHOCT 3a KaTeropvsauujy CHOCU WCKIbYYMBO [MaBHU
ypeaHuK.

YnaHuwm y Yaconucuma ce pasBpcrtaBajy y cnegehe kateropuje:

HayuyHn unaHum:

1. opurMHanaH Hay4YHu pag (pag y KojeM ce M3Hoce MPeTXo4HO HeobjaBrbvBaHu
pesynTaTi CONCTBEHWNX UCTPaXuBama Hay4HUM METOAOM);

2. npernegHu pap (pag Koju cagpXv OopurMHanaH, getarbaH U KpUTUYKM MpuKas
ucTpaxusaykor npobnemMa wnu nogpyyja y kojem je aytop ocTtBapuo ogpeheHu
OONPYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

3. KpaTKo UM NPeTxXodHO caomnwTere (OpUrMHanHW Hay4YHu pag nyHor dopmaTa,
anun marer obuma nnu NpenuMMUHapHOr KapakTepa);

4. HayyHa KpWTMKa, OOHOCHO nornemwuka (pacnpaBa Ha ogpefeHy HayyHy Temy,
3aCHOBaHa MCKIbYYMBO Ha Hay4yHOj aprymeHTaumju) u ocBpTy.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe wumMatn obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOr u3gawa HayyHe rpahe (MCcTopujcko-apXmBeke,
nekcukorpadcke, bubnuorpadcke, npernega nogataka U cn.) — OoTag HemosHate unm
HEe[0BOSbHO MPUCTYNaYHe 3a Hay4YHa UCTPaKMBaHa.

PapoBu knacudukoBaHn Kao Hay4HU Mopajy umaTu 6ap ABe NO3NTUBHE peLieH3uje.

AKo ce y yaconucy objaBrbyjy ¥ NpUo3n BaHHay4yHOr KapakTepa, Hay4YHu unaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEHN y MPBOM Aeny CBECKE.
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CTpyyHM ynaHuym:

1. CTpyYyHM pag (Npwuror y KojeM Ce Hyde MCKycTBa KOpuCHa 3a yHanpefene
npodecroHarnHe npakce, anu Koja HUCY HY>XHO 3acCHOBaHa Ha Hay4HOM MeTOAY);

2. nHdpopmaTmBHU NpuUnor (YBOAHUK, KOMEHTap 1 c1.);

3. npukas (kkbure, padyHapckor nporpama, cnyyaja, HayvHor gorahaja, n cn.).

Jesuk paga

Jesnk paga Moxe OGUTU CPNCKW, €HrMeckn unu Apyru je3vk Koju ce KOpUCTU Y
MefyHapoaHoj KOMyHuKaumju y oapeheHoj HayyHoj obnactu (pycku, Hemadku unm
paHLyCcKm).

TekcT Mopa BUTK je3andkn u CTUMCKU JoTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum ctangapaHnx). Cee dusuyke BenuunHe mopajy 6utn uspaxeHe y MefyHapogHom
cuctemy MepHux jeamHuua — Sl. Pegocnen obpasaua (dopmyna) o3Hayasa ce peaHuM
6pojeBuMa, ca gecHe CTpaHe y OKpyrnvMm 3arpagama.

CaxeTak (ancTpakT) U pesume

CaxeTak (ancTpakT) jecTe KpaTak MHopMaTuBaH npukas cagpxaja YnaHka Koju
ynTaouy omoryhaBa ga Op30 M TayHO OLEHW HErOBY PerneBaHTHOCT. Y UHTepecy je
ypegHvWTaBa M aytopa [a CaxeTak CaapXu TepMMHE KOju Cce 4YecTo Kopucte 3a
MHAeKcupare 1 npetpary ynaHaka. CactaBHWM OenoBu caxeTka Cy LWib UCTpaxuBara,
MeToau, pesynTtaTu n 3akrbyyak. Caxetak Tpeba ga nma og 100 go 250 peun n Tpeba ga
ce Hanasu usmefy 3arnaerba (Hacrnos, UMeHa ayTopa W Ap.) U KIbYYHUX peyun, HaKOH
KOjUX criegm TeKkCT unaHka. AKO je paj HamucaH Ha CprckoMm (PYCKOM, HEMaykoM unu
paHLyCKOM) je3nKy MOXerbHO je Aa ce, Nopef caXeTka Ha CPrCKOM (PYyCKOM, HEMa4koM
unu paHLycKoM), Aaje U caxeTak y NpoLIMPEeHOM OBMMKY Ha EHrI1IeCcKOM je3nKy — Kao
T3B. pe3ume (summary). OBakaB pe3avme Tpeba ga byae Ha Kpajy YnaHka, HakoH oderbka
Jlutepatypa. BaxHo je ga pesvme Oyage y cTpykTypupaHoM ObBnuvKy, a HeroBa AyxuHa
mMoxe 6utn go 1/10 gyxuHe 4naHka (ONWWpHWMjM je of caxeTka ca noyeTka unaHka).
MoyeTak oBor pe3nmea moxe OMTN NpeBedeHN caxeTak (Ca MoyveTka 4raHka), a 3aTtum
Tpeba ga cnepe npesBedeHV rNaBHU HACMOBKM, NOAHACMOBU M OCHOBE 3aKiby4ka unaHka
(nnTepaTypa ce He npesoaw). MNoTpebHo je Aa ce y CTPYKTypuMpaHOM pe3vnmMey npeseae u
[Aeo TeKCTa Ucnop Hacrnosa v nogHacnosa, Boaehu padyHa Aa oH 6yae nponopumoHanaH
HMXOBO] BENWYMHW, a da ofpaxasBa CYyLTWHY. HakoH pe3vMea Ha €HINeckoM jesuky
(npowwmpeHor caxeTka) Oofaje ce Heros npeBod Ha cprickoM, ga 6w pepgakuuja
M3BpLUMNA NPOBEPY U NEKTYPY.

KrbyuHe peun

KrbyyHe peun cy TepmumHu unu dpase Koje agekBaTHO npefcTaBrbajy caapaj
YnaHka 3a notpebe nHaekcupamwa u npeTpaxvearsa. Tpeba nx gogersnsatun ocnawajyhu
ce Ha Heku MehyHapoaHu m3BOp (MOMUC, PEeYHUK Wnu Te3aypycC) Koju je Hajwumpe
npuxeaheH unu yHyTap gate HayyHe obrnacTtu. 3a Hnp. Hayky yonwTe, TO je nucra
Krby4HUX peun Web of Science. Bpoj kibyuHux peun He moxe 6utm Behu og 10, a y
MHTEepecy je ypedHULITBA M ayTopa Aa yyecTanocT wuxose ynotpebe byae wro Beha.
KrbyyHe peuun Aajy ce Ha je3uKy Ha KOjeM je HanmcaH unaHak (CaxkeTak) U Ha eHrneckom
jeauKky. Y ynaHKy ce nuLly HEMocpedHO HAKOH CaXeTka, O4HOCHO HakoH pesumMea.

Cunctem ASEESTANT y Ty cBpxy kopucTu crneumjanHy anatky KWASS: aytomatcko
eKCTpaxoBamwe KIbyYHUX peyn M3 AUCUMNMIMHapHUX Tesaypyca/peyHuka no usbopy u
pyTMHe 3a HuXxoB opabup, Tj. npuxsaTawe OAHOCHO ofAbaumBare of CTpaHe ayTopa

WA ypeaHuka.
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[aTtym npuxBaTama YnaHka

[JaTtym kafa je ypeOHWLWTBO NPUMMUIIO YnaHak, AaTyM Kafa je ypeOHWLITBO KOHa4Ho
NpUXBaTWMO uYnaHak 3a objaBrbMBare, Kao W AaTymum kaja cy y MefyBpemeHy
[OCTaBIbEHE EBEHTYarHe UCNpaBKe pykonuca HaBOAE Ce XPOHOIOLLKUM pefocnenoM, Ha
cTasfiHoM MecCTy, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 0AHOCHO Ha3MB Nporpama y OKBMpY Kojer je YnaHak HacTao,
Kao W Ha3MB MHCTUTYUMje Koja je dhMHaHcuMpana npojekat unu nporpam, HaBogu ce Yy
noce6Hoj HaNOMEHW Ha CTarHOM MECTY, Mo NpaBuIy Npu OHY NPBEe CTpaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKO je ynmaHak y MnpeTxodHOj Bepauju 61O M3MNOXeH Ha CKymy y Buay YCMeHor
caonwTewa (MO4 MCTUM WNW CAMYHUM HACMOBOM), nogatak o Tome Tpeba aa Gyae
HaBegeH y nNoce6GHOj HanomeHw, No NpaBwuny Npu AHy NpBe cTpaHe uynaHka. Pag koju je
Beh objaBrbeH y HEKOM 4aconucy He Moxe ce 006jaBuTU y BOjHOTEXHUYKOM FMacHuKy
(npewTamnatu), HA NOA CAMYHUM HACNOBOM U M3MEHEHOM OBMUKY.

TaGenapHu u rpacuykn npukasm

MoxersHo je Aa HacnoBwu CBUX Npukasa, a No MoryhcTBy M TeKCTyanHW cagpxaj,
Oyay Aatv 4BOje3NYHO, Ha je3nKy pada U Ha eHrMeCcKOM je3uKy.

Tabene ce nuLy Ha NUCTU HAYMH Kao M TEKCT, @ O3Ha4aBajy ce pegHuM GpojeBuma
ca ropmwe cTpaHe. PoTtorpaduje n LpTexmn Tpeba ga Oyay jacHu, npernegHy 1 NOrogHK 3a
penpoaykuujy. Llptexe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTU Ha KEbEHO MECTO Y TEKCTY.

3a cnvke n rpadukoHe He CMe Ce KOPUCTUTM CHUMakK ca eKkpaHa padyHapa
nporpamMa 3a npukynrbare nogaraka. ¥ camom TeKCTy YnaHKka npenopydyje ce ynotpeba
cruvKa n rpadmkoHa HenocpedHo U3 Mporpama 3a aHanuay nogaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBsohemne (uuTnpame) y Tekcty
HauyvH no3vBana Ha M3BOpE Y OKBMPY YraHka Mmopa 6uTu jegHoobpasaH.

BojHOTEXHUYKM rNacHWK 3a pedepeHumpare (UMTMpare n HaBohewe nuTepatype)
npumetbyje XapBapAcku cnuctem pedepeHun, OQHOCHO XapBapACKu NPUPYYHUK 3@ CTWM
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y 0OBWU4HUM
3arpagama, Ha MecTy Ha KOjeM Ce BpLUM MOo3uBawe, OOQHOCHO UMTMpake nutepartype
HabpojaHe Ha Kpajy YnaHka, obaBesHo y 06MYHOj 3arpagu HanucaTtu Npe3nMe LmMTupaHor
ayTopa, roavHy m3gawa nybnvkauuje ns koje umtupate WU, eBeHTyarnHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[leTarbHO ynMyTCTBO O HauMHy LMTMpara, ca NpMMepuma, AaTo je Ha CTpaHuum
cajTa YnyTcTBO 3a XapBapAcku MpupydHuK 3a ctun. MoTpebHo je ga ce nosvBame Ha
nuTepaTypy Yy TEKCTY ypaau y cknagy ca MOMeHYTUM ynyTCTBOM.

Cuctem ASEESTANT y cBpxy KOHTpoOse HaBohewa (untupawa) y TEKCTY KOPUCTU
cneuujanHy anaTky CiteMatcher: oTkpuBame M30CTaBrbeHWX LuTaTa y TeKCTy paga u 'y
nonucy pedgepeHLm.

HanomeHe (cpycHoTe)
HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hamnasu TeKCT Ha Koju ce oaHocCe.
Mory cagpxatn mamwe BaxHe AeTarbe, JOMNyHcKa objallera, Ha3Hake o KopuwheHum




1M3BopuMa (Ha npumep, Hay4yHoj rpafu, NpupydyHMuMMa), anu He mory 6utn 3ameHa 3a
LUTMpaHy nuteparypy.

INucTa pecepeHumn (nutepartypa)

LintupaHa nutepatypa obyxBaTta, no npasuny, Gubnuorpadcke n3sope (4naHke,
MoOHorpadumje 1 cn.) U gaje ce UCKIbY4MBO Yy 3aceOHOM oferbKy unaHka, y Buay nuicre
pedepeHun. PedepeHue ce He npeBofe Ha je3vk paga v Habpajajy ce y nocebHom
oferbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rMAcHUK, KAa0 Ha4yMH MCnuca nuTepaType, NpuMekbyje XapBapacku
cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce obaBe3HO nuile Ha nNaTMHWYHOM NUCMy M Habpaja no abeuenHom
pepocneny, Hasogehu Hajnpe npesumena aytopa, 6e3 Hymepauuje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuu, ca npuMepuma, AaTo je Ha
CTpaHMuM cajTa YnyTCcTBO 3a XapBapAcku NpupyYHUK 3a ctun. MNoTpebHo je ga ce nonuc
nuTepaType Ha Kpajy YnaHka ypagu y cknagy ca NnoMeHyTUM ynyTCTBOM.

HecTtaHgapaHo, HEMOTNYHO UNKU HegocneaHo HaBohewe nuTepaTtype y cuctemmnma
BpedHOBaka vaconuca cmartpa Ce [JOBOSbHMM pasfioroM 3a OcrnopaBake HayyHor
cTaTyca Yaconuca.

Cnctem ASEESTANT y cBpXy KOHTpone npaBuiiHOr ucnuca nucte pedepeHum
KOpuCTK cneumjanHy anatky RefFormatter: koHTpona o6nukoBawa pedepeHumn y cknagy
ca XapBapacKvM NpYpYy4YHUKOM 3a CTWI.

MponpaTtHo nucmo (camo 3a aytope u3 Peny6nuke Cpbuje u no nocebHom
3axTeBy ypeaHuka)

Mopen unaHka gocTaerba ce nNponpaTHO NUCMO Yy Kojem Tpeba nctahu o Kojoj BpCcTr
uynaHka ce pagu, Koju cy rpaduykm npunosu (potorpachmje n LpPTEXN) OpUrMHANHK, a
KOj\ NO3ajMIbEeHMN.

Y nponpaTHOM MMCMYy HaBoAe Ce U Nnofaun aytopa: MMe, Cpefhe CIoBo, nNpesvme,
YuH, 3Bakbe, e-mawn, agpeca nocnogasua (BIM), kyhHa agpeca, TenedoH Ha pagHOM
MecTy 1 kyhHu (MO6GuNHW) TenedoH, pavyH n Ha3uB GaHke, CO mecTa cTaHoBawa, 6poj
nunyHe kapte u JMbB rpafaHa.

CBM pagoBM NoAnexy CTPYYHOj peLeH3uju.

Cnuncak peueH3eHata BojHOTEXHMYKOr rnmacHMka MoXe ce BMOETU Ha CTpaHuuum
cajta Cnucak peueHseHaTa. [lpouec peueH3vpawa objaweH je Ha cTpaHuum
cajTa PeLeH3eHTCKM nocTynak.

Appeca pepakuuje:

BoOjHOTEXHMYKM rNaCHNK,

Bpahe Jyrosuha 19, [lom Bojcke Cpbuje,

11000 Beorpag,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
YpeaHuk
Mp Hebojwa Mahewa, gunn. nHx.
nebojsa.gacesa@maod.gov.rs,

http://orcid.org/0000-0003-3217-6513,

Ten.: BojHn 23-720 (011/3201-720),

011/3241-311, 064/8080-118
1123

POZIV | UPUTSTVO AUTORIMA / MPUMMALLEHVE N MHCTPYKLIMW ANA ABTOPOB PABOT / CALL FOR PAPERS, pp. 1118-1134



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, Issue 4

NPUMMALLEHUWE N UHCTPYKLUNA ONA ABTOPOB O NMOPAOKE
NoAroToBKN CTATbU

MHCTpykuus anst aBTOpPOB O Mopsiike MOArOTOBKM CTaTbM K OMNybrnvkoBaHuio B
XypHane «BoeHHO-TEXHMYECKMIN BECTHMK» pa3paboTaHa B COOTBETCTBUM C AKTOM O
pefakTMpoBaHMU Hay4HbIX XypHanoB MUHWCTEPCTBa Hayku U TEXHONOrMYECKOro pa3BTusi
Pecnybnukn Cepbusi, Ne 110-00-17/2009-01 ot 09.07.2009 r. NpumeHeHnem atoro AkTa,
B MNeEpBYD o4yepedb, OOECnevMBaeTCs COBEPLUEHCTBOBAHME KadecTBa OTEYECTBEHHbIX
XyHanoB K ux 0Oornee MOMHOro BKIIOYEHVS B MeXOyHapogHyl cuctemy obmeHa
Hay4yHON nHdopmaumen. NHCTpyKUMs COOTBETCTBYET MeXAyHApOAHbIM cTaHaapTam ISO
4, IS0 8, ISO 18, ISO 215, ISO 214, 1SO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 n
COOTBETCTBYIOLUMM OTEYECTBEHHBIM CTaHAapTaMm.

BoeHHo-TexHMuyeckun BecTHUK (Vojnotehni€ki glasnik / Military Technical
Courier), BTr.mMo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wusnaHue, e-ISSN 2217-4753 — online, UDK 623+355/359, gaBnsetcsa
MyNbTUANCUMNIIMHAPHBIM Hay4YHbIM XypHanom MuHucTepcTtBa o6opoHbl PecnyGnuku
Cepbusi, KoTOpbIi NyOGNMKyeT HayyHble W npodpeccuoHanbHble CcTaTbM, a Takke
TEXHUYECKYIO MH(OPMALMIO O COBPEMEHHbIX CUCTEMAx BOOPYKEHUS M COBPEMEHHbIX
BOEHHbIX TexHororusx. XXypHan cnegut 3a eOuHOW MEXBOWCKOBOW TeXHWYeCKOon
noaaepXkoW BOOPYXXEHHbIX CUI1, OCHOBAHHOW Ha NMPUHLMMNAX CUCTEMHOW NMOTUCTUKK, 3a
NPVKNagHbiMM U MHHOBALMOHHBIMW Hay4YHbIMW WUCCIEAOBaHUsIMW, B TOM 4ucne, B
obnacTtv Npor3BoACTBa BOEHHOro 060pyaoBaHMsS U CPeaCcTB BOOPYXKEHUS, U 3@ MPOYUMU
TEOPEeTUYECKUMN U MNPaKTUYECKMMM  OOCTVKEHVUAMW,  KOTOpble  CMocob6CTByOT
npodeccrMoHansHOMy COBEPLUEHCTBOBaHMIO NpeacTaButenei cepbckoro, perMoHansHoro
M MeXZyHapoAHOro  akagemmyeckoro coobuiectBa, W OCOBEHHO  crnyKalux
MuHunctepcTBa O6opoHbl U BoopyxeHHbix cun Pecnybnvku Cepbus.

MuHucTepcTBO 00pa3oBaHusi, HaykM W TeXHOmorndeckoro pas3sutus Pecnybnuku
Cepbus, cormacHo pelueHunto no cT. 27 absau 1, NyHKT 4 1 Mo NONy4eHHOMY TOMKOBaHUIO CT.
25 ab3ay 1 nyHKT 5 3akoHa O HaydYHo-UccrnemoBaTenbckon aesaTensHoctu (,CnyxobexHu
rnacHuk PC", Ne 110/05, yTBepxauno kateropmsaumio BoeHHO-TEXHUYECKOro BECTHMKa 3a
2016 roq;

Kateropun B 06rnacTv TeXHONOrM4Yeckoro pa3suTus:

— Obnactb MaTepuanoB U XMMUYECKOMN TEXHONOIMU:

BeAYLLMIN Hay4YHbIV XXypHan HauMoHaneHoro 3HavyeHus (M51),

— OO6nactb 3NEKTPOHUKM, TeNeKOMMYHUKauMh U  MHGOPMaLUOHHBLIX
TEeXHONOIMMI: Hay4HbIN XypHan HauMoHanbHOro 3HavyeHusi (M52),

— Obnactb MexaHUKK:

Hay4HbIV XXypHan HauMoHanbHoro 3HavyeHus (M52).

KaTeropun B 06racT OCHOBHbIX UCCIEL0BaHUINA:

— Obnactb MaTemMaTUKa, KOMNbIOTEPHbIE HAYKU, TEXHUYECKMEe HayKu:

Hay4YHbIV XXypHan HauMoHanbHoro 3HaveHusa (M52).

MHdpopmaumio oTHOCMTENBHO kaTteropmusaumm 3a 2016 rog MOXHO MOCMOTPETb Ha
cTpaHuue canta BoeHHO-TexHuU4Yeckoro BecTHMka  Karteropu3aumsa  BecCTHWKa
(MUHMCTEPCTBOM MPOCBELLEHNSI, HAYKM W TEXHONOrM4eckoro passutust PecnyOnukm
Cepbusi noka He MpoM3BOAUINOCH OhMUMANBHOE PaHXUPOBaHUE Hay4YHbIX >XYpHaroB 3a
2017 roa.).

Bornee nogpoGHyld MHOPMaLUI0O MOXHO npoyuTaTtb Ha cante MuHucTepcTBa
obpa3oBaHusi, Hayku 1 TexHonormyeckoro passutus Pecnybnuku Cepbus.
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MHdopmaumio o kateropmsauum MOXHO nocMoTpeTb U Ha cante KOBCOH-a
(KoHcopumnym 6ubnuotek Pecnybnukn Cepbusi no BonpocaM 06beaAnHEHNUsT 3aKyMOK).

KaTteropusaumsa BecTHuka npoBefeHa cornacHo [lonoxeHnio o nopsiake m crnocobe
KaTeropmsaummn Hay4YHO-MCcCcrneaoBaTeNbCKMX pe3ynbTaToB, yTBEpKAeHHOMY HavuunoHanbHbIM
KOMMWTETOM NO Hayke v TexHonorusim (Cnyxbenu rmacHuk PC, Ne 38/2008).

B cooTtBeTCTBUM C BhlleyKka3aHHbIM [TonoxkeHneM n Tabnuukon c nokasatensmu
KnaccugvkaumMm U1 - KaTeropusauunm  MHAMBMAYasbHBIX  Hay4YHO-UCCIeLoBaTeNbCKMX
pesynbTaToB  (ABNSOWENncs  HeoTbemnemow  4acTeto  [lonoxenusi),  paborta,
onybnvkoBaHHasi B BOEHHO-TEXHWYECKOM BECTHUKE, OLIEHNBAETCSH CreayoLLmMm cnocobom: 2
6anna (kateropust M51) n 1,5 6annos (kateropusa M52).

XKypHan cooTtBeTcTBYeT crtaHaapTam Cepbckoro umtatHoro uHgekca — SCindeks
(basa paHHbIX OTeYeCTBEHHbIX HayyHbIX XXypHanoB), a Takke Poccuiickoro mHaekca
Hay4yHoro uuTtupoBaHus (PUHLL). XXypHan nocTosiHHO oueHuBaeTcs (MOHWUTOPUWHI) B
3aBMCUMOCTM OT YNCIEHHOrO NoKa3aTens BaXXHOCTM HAay4YHOro XypHana B camux 6asax, B
T.4. ONOCPEeAOBAHHO B MeXAyHAPOAHbIX UMTaTHbIX MHaekcax (Clarivate Analytics).

C vHdopmaLmeit 06 MHOEKCMPOBaHUM MOXHO O3HaKOMUTBLCSI Ha CTpaHuue cailTta
XypHana «/HaekcpoBaHue BEeCTHUKay.

«BOEHHO-TEXHNYECKUIA BECTHUK» OOecnedMBaeT 4YuTaTensM BO3MOXHOCTb OTKPbLITOro
[OCTyna, B COOTBETCTBMM C MOSIOXEHUsIMM 0O aBTOPCKUX MpaBax, yTBEPKAEHHbIMMU
Creative Commons (CC BY). C wuHcTpykunen o6 aBTOPCKUX MpaBax MOXHO
O3HAKOMUTBLCA HA CTpaHvMue ABTOPCKME MpaBa W MONIMTUKA CaMOapXMBUPOBaHMS,
nepevas no cceinke http://www.vtg.mod.gov.rs/index-ru.html.

Pa6otel npeactaBnsitotca nytem  online  cuctemon  e-Yp:  OneKTpoHHoe
n3gaTtenbcTBO ASEESTANT, 3anyuweHHoe LleHTpom nopoepxuBaroLmmMm passuTme
obpasoBaHus 1 Hayku (LIEOH).

lMpaBa pocTyna u peructpauus B cucteme oQOpPMNATCA NO agpecy
http://mww.vtg.mod.gov.rsfindex-ru.html, yepe3 ctpannuy «ASEESTANT» wimn «CLMHOEKC»
(aseestant.ceon.rs/index.php/vtg).

C VHCTpYyKUMen No perucTpaummn n npasy AOCTYNa MOXHO 03HAKOMWUTBLCH NO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue «HCTpykuMa no e-Yp: JInekTpoHHoe
n3gatensctBo ASEESTANT».

Bce aBTOpbI, NpeaocTaBnstoLLme CBOM PyKONMCH Ha Myornvkaumio B peaakumio XXypHana
«BOEHHO-TEXHNYECKNIA BECTHUKY» LOMKHbI NPoiTh permctpaumio B peectpe ORCID (Open
Researcher and Contributor ID), B COOTBETCTBMM C WHCTPYKUMEA Ha CTpaHWUe cawta
Peructpauus B peectpe ORCID ans npucBoeHns naeHTumKaLmoHHOro koaa.

BoeHHo-TexHNYeCKkun BECTHUK BbIMYCKAET CTaTbu Ha CepbCKOM, PYCCKOM, aHTTUIACKOM,
HemeLuKoM unu dpaHuy3ckom a3bikax (Arial, wpndT 11 pt, npoben Single).

MpoLecc NoAroToBkM, HANMCaHWs U PefakTUPOBaHWS! CTaTbW JOMKEH OCYLLECTBISTHCS
B COOTBETCTBUM C MpMHLMNaMn dtudeckoro kogekca (http://www.vtg.mod.gov.rs/etichyeskiy-
kodyeks.html).

CTtaTtbsl 4OMKHA cogepXXaTb CHOXKET C KIYEeBbIMU ClIOBaMU, BBeAEHME, pa3paboTky,
BbIBOAbI, CMUCOK WCMOMb30BaHHOW NUTEpaTypbl U pe3loMe C KIYeBbIMU CrOBaMKU Ha
aHrnuMnckoM s3blke (6e3 Hymepaumu 3arornioBKOB M noasarornoBkoB). O6bem cTaTbu He
[OOIMKEH NpeBbILLaTh OAMH aBTOpCKuii NUCT (16 cTpanuy dopmata A4 ¢ npobenom Single).

CraTtba gomkHa OblTb HanvMcaHa Ha obpasue HanucaHus cTtaTby, KOTOPbIN MOXHO
ckayaTb Ha cTpaHuue canTa «[lpaBuna n obpaseL, cocTaBneHns ctatbu».
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3aronoBok

3arofioBoK AOIMKEH OTpaxaTb TeMy cTtaTbW. VIHTepechl ypHana u aBTopa cocTosT
B UCMOMb30BaHWM CroB, yoobOHbIX Ans uHAekcauun u noucka. Ecnu Takue crnoea He
cofep)kaHbl B 3arofioBke, TO enaTenbHO 406aBMTb U N043arofoBoK. 3arofioBOK AOMKEH
OblTb NepeBefeH Ha aHMMWACKMIA A3blK. OTU 3arofoBKU NULYTCS Mepes ClokeTamu Ha
COOTBETCTBYIOLLEM A3bIKE.

TeKywmin 3aronoBokK

TekylWwnin 3aronoBOK MULIETCS B TUTYNe KaxgoW CTpaHuubl CTaTbM C LUEmbio
ynpoLweHnsa naeHTndukaumm, B NepBo o4epeamn Konuin cTatbel B 3MEeKTPOHHOM BuAe.
CopepxuT B cebe damunuio M MHULManN MMeHW aBTopa (B Criyyae ecnv asBTOpOB
HECKONbKO, OocTanbHble obo3HavalTcs ¢ «et al.» vunu «n gp.»), 3aronoBkn paboTbl U
XypHana (rog, obbem, TeTpagb, HavanbHas W 3akMouUTENbHas CTpaHuua). 3aronoBku
XXypHana n ctaTby MOryT NPMBOAUTBLCS B COKpPALLEHHOM BUAE.

®PUO aBTOpa

[MpuBoaaTcs nonHas chamunus n nonHoe nms (Bcex) aBTopos. OueHb XenaTernsHo,
4yT0bbI GbINU NpUBEAeHbl U cpegHVe OykBbl aBTOPOB. PamMUNUA U UMS OTEHECTBEHHbIX
aBTOPOB BCerga nuwyTcsa B OpurMHanbHOM Buae (C cepbckumy AnakpuTUYecKummn
3Hakamu), He3aBMCMMO OT A3bIKa, Ha KOTOpPoM paboTa HanmcaHa.

HanmeHoBaHue yupexaeHusa aBTopa (addpunuaums)

MpuBoauTca nonHoe (ocuumanbHoe) HaMeHOBaHNE N MECTOHAXOXAEHWNE YXXOHNS,
B KOTOPOM paboTaeT aBTop, a Takke HaVMeHOBaHWE YYpeXAeHUs, B KOTOPOM aBTop MBer
nccrnepoBaHne. B cnyyae CrnoXHbix opraHusaumin npusoamTcs oblias nepapxus (Hanp.
YHuBepcuteT o06opoHbl B . benrpage, BoeHHas akagemus, Kadegpa BOeHHbIX
SNTPOHHBIX cucTeM). o kpariHen mepe, ogHa U3 3TUX OpraHu3auui B Mepapxun OOIhKHa
MMeTb CTaTyc lopuamdeckoro nuua. B cnyyae ecnm aBTOpOB HECKOIBKO, U €CNN HEKTObIe
paboTalT B OQHOM YYpPEXOEHUN, HYXKHO OTAENbHbIMW 0603HAYEHNAMY UMK KKUM-HUOYOb
ApyrMm cnocobom ykasaTb B KaKOM M3 MPUBELEHHbIX yYpexaeHui paboTaeT kaxabin 13
npusedeHHbIX aBTopos. Addunmaumsa nuwertca HenocpedcTBeHHO nocne VO asTopa.
JomxHocTb 1 kBanudmkaums no obpasoBaHMio He yKasblBaloTCS.

KoHTakTHbIe AaHHble
Mo4yToBLI aapec W/MNuM ANEKTPOHHBLIN aJpec aBTOPOB YKa3blBAlOTCS Ha NEpPBOM
CTpaHu1LUbl CTaTbMy.

KaTeropus (tun) ctatbu

KaTeropusauma crtatben sBnsietca 06s13aHHOCTbIO pedakuum M umeet ocoboe
3Ha4veHune. KaTeropmo CTaTtbl MOryT npeanaratb peueH3eHTbl U YneHbl pegakuuun, T.e.
penaktopbl pyOpuK, HO OTBETCTBEHHOCTb 3a KaTeropus3aumio HeceT WCKIIYUTENbHO
rmaBHbIN pegakTop. CTtaTby B XXypHanax pacnpeaensitoTcs no crieaytoLwmnm KaTeropusm:

Hay4yHble cTatbu:

1. opurMHanbHas HayvHas pabota (pabota, B KOTOpOW MPUBOAATCH paHbLUe
Heony6nMKoBaHHbIe pe3ynbTaTbl COBCTBEHHbIX MCCNeA0BaHNN HayYHbIM METOAOM);

2. HarnspHas paboTta (paboTta, copepxalwias OpPUrMHamnbHbIN, OeTanbHbIA |
KpuTU4Yeckuin 063op uccnegoBaTtensckon npobnembl nnm obnactu, B KOTOpbIA aBTop
BHEC onpeaeneHHbI BKNaa, BUOUMbIA HA OCHOBE aBTouUTaT);

3. KpaTkas unu npegsapuTenbHas nHdopmaums (opurmHaneHas HayvHas pabota
nonHoro popmata, Ho MeHbLLero obbema Unu metoLLas NpeaBapUTenbHbBIN XapakTep);
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4. Hay4yHasa KpUTUKa, T.e. NonemMuka (GUCKYCCUS Ha ONpPeAeneHHyYI0 Hay4yHylo Temy,
060CHOBaHHas NCKNIOYNTENBHO Ha Hay4yHOW aprymeHTauumn) n 6ernble 0630psbl.

OpHako, B HEKOTOpbIX 0bracTax Hay4yHas paboTta B XypHarne MoxeT uMeTb opmy
MOHOrpadmyeckoi CTyauMu, a Takke KpUTUYECKOro W34aHWs HayyHoro Martepuana
(McTOpMKO-apxmMBHOTO, fekcukorpaduyeckoro, bubnuorpadumyeckoro, ob63opa AaHHbIX U
T.N.) — A0 TexX MOP HEeW3BECTHOr0 WNM HeOoCTaTOMHO [AOCTYMHOro ANA  Hay4HbIX
nccrnegosaHnin. PaboTbl, KnaccuuunpoBaHHble B KAYeCTBE HayyHbIX, OOMKHbI UMETb,
Mo MeHbLUen Mepe, ABE NONOXUTENbHbIE PELeH3NN.

B cny4vyae ecnn B XypHane 00bABMAITCA U NpUNoXeHna, He nveruimne Hay‘-leIl7I
Xapaktep, Hay4Hble CTaTbW OOJTKHbI ObITb crpynnmpoBaHbl U YETKO BblaesieHbl B nep30|7|
vYacTtu TeTpagun.

[podheccroHanbHble cTaTbi:

1. npodeccroHanbHasi paboTa (NPUNOXEHWUs, B KOTOPbIX MpeafiaratloTcs onbIThl,
nonesHble AN COBEPLUEHCTBOBAHUSI MPOCECCUOHANbHOW MPaKTMKM, HO KOTOpble He
OOMKHbl B 06s13aTenbHOM nopsigke ObiTb 060CHOBaHbI HA HAYYHOM MeTOoAE);

2. HOPMATUBHOE NPUNOXEHNE (NepeaoBas cTaTbsi, KOMMEHTapUiA U T.M.);
3. peueH3ns (KH1rv, KOMMbLIOTEPHON NPOrpaMMbl, Criydas, Hay4HOro cobbITuS 1 T.M.).

A3blk paboTbl

PaboTta MoxeT ObiTb HanucaHa Ha CepOGCKOM, aHrMMIACKOM WNW OPYroMm A3biKe,
MCNonb3yemMom B MeXAyHapoAHON KOMMYHUKauuW B onpefeneHHon HayqHon obnactu
(pycckuii, HEMeLKMUIA Unu paHLLy3CKni).

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUITUCTUHECKOM CMbICNE YMNOPSA0YEH,
cucTemaTtusmpoBaH, 6e3 cokpalleHuii (3a UCKNYeHneM ctaHaapTHbIX). Bee dusnyeckne
BeInn4nHbl OOIMKHbI COOTBETCTBOBATL Me>|<,quapo,J:lH0|7| cucrteme egvHUL, U3MepeHna —
CW. OuepepHocTb opmyn obo3HavaeTcsi MOPSAKOBLIMU HOMEpPaMK, C MPaBoON CTOPOHLI
B KPYrIibIX CKOBKax.

CroxeT (abcTpakT) u pestome

CioxeT (abcTpakT) siBNsieTcsl KpaTkuM MHOPMAaTUBHbIM 0030pOM cofepKaHus
cTatbu, obecneumBaroLLMM YuTaTento ObICTPO M TOYHO OLEHUTb ero peneBaHTHOCTb. B
MHTEpecax pedakuuy 1 aBTOPOB, YTODbI CIOXET copepXan TePMMHbI, YacTo UCMOSb3yemble
ONa MHAOEKCUPOBaHMSA M noucka ctatber. COCTaBHbIMM YacTAMU CloXKeTa ABMSATCA Lernb
nccnegoBaHnsa, MeToabl U 3aknodeHne. B cioxete gormkHo 6biTb oT 100 go 250 cnos, n
AOIMDKEH HaxoauTcs mexay Tutynamu (3aronosok, PO aBTOpoB M Ap.) U KMKOYEBLIMU
crnosamu, 3a KOTOpbIMW criedyeT TekcT cratbu. Ecnn pabota HanucaHa Ha cepbckom
(pycckom, HemeLKOM unu dpaHLy3CcKoM) A3blke, KenaTefibHO, YToObl KpoMe CloXeTa Ha
cepbckom (pycckoM, HeMeukoM unu dpaHuysckom) Obin MpefocTaBneH U CloXeT B
pacluMpeHHOM BMAe Ha aHrMUACKOM S3blke — B KayecTBe T.H. pestoMe (summary). Takown
pe3toMe JOIKEeH HaxogomuTbCA B KOHUeE cTaTebW, nocrie pasgena JlutepaTypa. BaxHo,
4YTOGbLI pestomMe ObINo B CTPYKTYPUPOBaHHOM BUAE, U €ro AnnHa MOXeT coctasnate Ao 1/10
OMVHbl cTaTbn (OHO Goree OOLIMPHO, Yem CHOXKET M3 Hayana crartbu). Havanom gaHHoro
pestoMe MoxeT OblTb NepeBefeHHbIN CIXeT (M3 Hayana cTaTbu), @ 3aTtem [AOSIKHbI
crnefosaTb NepeBefeHHbIe rfaBHble 3arofioBKY, MOA3ArofioBKA M OCHOBbI 3aKMOYEHNS
cTaTbu (MUTepaTypa He nepeBoanTCs). B CTPyKTypMpoBaHHOM pestoMe HY>XHO nepeBecTy
YacTb TeKcTa NoA 3aroflIoBKOM U 3arofloBKOM, MPUHMMAasi BO BHMMaHWe, YTobbl oHa bbina
nponopLm1oHanbHa ux pasmepy ¥ B TO e BpeMsi oTpaxarna CyTb.
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KnioyeBble cnoBa

KnioyeBbiMM  crioBamMu  SIBASIOTCSE  TEPMUHbI WM dpasbl,  afAeKBaTHO
npeacTaensowmne cogepkaHne cratbu, Heobxognmoe ONnsi MHAEKCMPOBaHMS U Moucka.
Wx Hapgo npucyxgaTtb, onupasicb NpyM 3TOM Ha KakoW-TO MeXAyHapOoAHbIA WUCTOYHWK
(pernctp, cnoBapb, Te3aypyc), Hawbornee npuemnembli BHYTPW [AHHOW Hay4HON
obnacTtn. Ymcno knoyveBbIX CNOB He MOXeT npesbiwaTtb 10, a B MHTepecax peaakummn u
aBToOpoB, 4TOObI MX 4acToTa Gbina kak MoxHO 6Gonblue. Knioyesble crioBa AaloTcs Ha
A3blke, HAa KOTOPOM HamnucaHa CTaTbsl (CHOXET), M Ha aHImuiickoM sA3blke. B ctatbe OHU
NULLYTCS HEMOCPEACTBEHHO NOCIIE CIOXeTa, T.e. Nocrne pestome.

Mporpamma ASSESTANT npenoctaBnsieT BO3MOXHOCTb MCMOMb30BaHNUSI cepBuca
KWASS: aBTOomMaTMyeckoe OUKCMpPOBaHME KIOYEBLIX CIOB M3 UCTOYHUKOB/CNOBApeE Mo
BbIGOPY, T.€., KOTOPbIE aBTOP/PEeAaKTOp BOCMPUHUMAET UMK HET.

[Jata nony4eHunsa ctaTtbu

[ata, korga pefakuusa nornyyuna craTtbio, daTta, Korga pefakums OKoHYaTerlbHO
NnpuHANa cTtaTtbto And 0I'Iy6J'IVIKOBaHVIF|, a Takxke gaTbl, KOrga 3a UCTeKWMn nepmog Obinn
npenocTaBneHbl 3BeHTyalbHble WCnpaBfieHNUA PYKONUCK, NPUBOOATCA B XPOHOMOrM4eckom
nopsake, Ha NOCToOAHHOM MeCTe, KaK npaBuiio, B KOHUE CTaTbW.

BbipaxeHue 6narogapHocTH

HavmeHoBaHMe M HOMep NpoekTa, T.e. Ha3BaHWe MporpaMmbl, B KOTOPOW CTaTbsl
BO3HMKNA, KaK U HaMMEHOBaHWE YYpEeXOeHWsl, KoTopoe (hMHAHCUPOBANoO MPOEKT WU
nporpamMmy, NPUBOASITCS B OTAENbHOM NPUMEYaHWUN Ha MOCTOSIHHOM MECTE, Kak NpaBuno,
BHW3Y NEPBON CTPaHWLbI CTaTbW.

Mpeabiaywme Bepcumn paboTnbl

B cnyyae ecnu ctatbsi B npegpiayLlen Bepcumn Gbina n3noxeHa B yCTHOM obpalleHnm
(non, oAnHaKOBbLIM MMM MOXOXMM Ha3BaHWEM), cBegeHne 06 3TOM JOIMKHO ObiTh yKasaHo
B OTAENbHOM MpMMEYaHuKn, Kak npaBuio, BHU3Y MNEPBOW CTpaHuubl cTaTbu. Pabota,
KOTOpas yXe onyonvMkoBaHa B HEKOTOPOM M3 XXypHAIoB, HE MOXET ObITb onybnvkoBaHa B
BoeHHO-TEXHMYECKOM BeCTHMKa (MepeneyartaHa), HW Mof MOXOXMM Ha3BaHWEM, HU
M3MEHEHHOM BUAE.

TabnuyHoe u rpacdmuyeckoe npepcTaBneHme

XKenatenbHo, 4TOObI Ha3BaHUs Bcex MpeacTaBneHWn (MO BO3MOXHOCTM U
TeKCTyanbHoe cogepxaHue) 6binm npedcTaBneHbl Ha ABYX A3blkax (Ha A3blke paboTbl n
Ha aHrnuiickom). Tabnuubl NULYTCA TakUM >Xe CrocoboM Kak u TekcT n obo3HavarTcs
NopsiAKOBLIMM HOMEPaMU C BepXHeW CTOPOHbl. doTorpadun U pUCYHKM AOIMKHbI BbiTb
MOHATHbLI, HArmMSAAHbLI U yaobHbIe Ans penpodykumn. PUCYHKM Hago AenaTb B NporpaMMax
Word unu corel. ®otorpadun n pucyHkn Hago NocTaBuUTb Ha Xernaemoe MecTo B TEKCTE.

[na cospaHua um3obpaxeHu n rpadmkoB KCMNOMNb3OBaHME YHKUMM CHUMKa C
3KpaHa (CKpuHLWoOoTa) He Jonyckaetcd. B camom TekcTe cTaTbM peKkoOMeHOyeTcs
npumMeHeHne wnsobpaxeHun n rpadmkoB, 06paboTaHHbLIX TakUMW Mporpammamu, Kak:
Excel, Matlab, Origin, SigmaPlot n np.

CcbInku (UMTUpPOBaHME) B TEKCTE

OdopmrnieHMe CCbIMOK Ha UCTOMHMKM B paMKkax CTaTbM [OMKHO  ObITb
0AHOOOpasHbLIM.

BoeHHO-TeXHUYEeCKUn BECTHUK [Ans OPOPMIIEHMST CCbINOK, UUTaT U Chiucka
MCNoNb30BaHHOW NUTepaTypbl Nosnb3yeTcs rapBapackorn cuctemon (Harvard Referencing
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System, Harvard Style Manual). B TekcTe B ckobkax npMBoAMTCS haMmmnms LMTMpyemoro
aBTopa (Unu damunusa NepBoOro aBTopa, €CriM aBTOPOB HECKOSbKO), rod M3gaHus u no
HeobxoaMmmocTn Homep cTpaHuubl. Hanpumep: (MetpoBudy, 2010., nn. 10-20).
PekomeHgaumm o cnocobe UMTUPOBaHUS pasMelleHbl Ha cTpaHuue canta «MHCTpyKumnst
no ucrnonb3oBaHuio apBapackoro ctunsi». MNpu oopMMIeHNM CCbINoK, LMTaT U crucka
MCMOMb30BaHHON NUTEpaTypbl HEOOXOAMMO NPUAEPXKUBATLCS YCTAHOBMEHHbLIX HOPM.

Mporpamma ASEESTANT npegoctaBnsieT npM  UATMPOBAHUM  BO3MOXHOCTb
ucrnonb3oBaHus cepsuca CiteMatcher: cukcupoBaHue nponyLleHHbIX umTaT B paboTte u
crnvcke nuTepaTtypsbl.

MpumMeyaHna (CHOCKM)

[MpumevaHns ykasblBalOTCA BHU3Y CTPaHWLbl, Ha KOTOPOW HAaXOOUTCA TEKCT, K
KOTOPbIM OHM OTHOCATCA. MOryT cogepaTb MeHee BaXHble AeTanu, OOMOSfHUTENbHbIE
00bsACHEHUS, YKa3aHuA 00 MCnonb30BaHHbLIX MCTOYHMKAX (Hanp. Hay4YHOM MaTtepuane,
Cl'lpaBO‘-lHVIKaX), HO HE MOoryT ObITb 3amMeHon Ans LMTUPOBAHHOMN nntepartypbl.

INucT pechepeHumin (nurTepaTypa)

LinTvpoBaHHOW nuTepaTypon oOXBayeHbl, kak npasuno, 6ubnuorpaduyeckme
WCTOYHMKM (CTaTbW, MOHOrpachum ¥ T.N.) U OHA NPEeaCTaBMsSETCA MWCKIIOYUTENBHO B
OTAenLHOM pasfene craTbu, B Buae nucta pedepeHumi. PedepeHuun He nepesBoasTcs
Ha A3bIK paboThbl.

BoeHHO-TeXHUYeCKWI BECTHUK Ansi ohopMIIEHNs ClUcKa UCMONb30BaHHOW NuTepaTypel
npumeHseT rapsapgckyto cuctemy (Harvard Style Manual). B cnucke nutepatypbl
WCTOYHVKM JatoTcs B andaBUTHOM Mopsiake aBTOPOB UMM pefakTopoB. PekomeHdaumm o
cnocobe LMTMPOBaHUSI pasmelleHbl Ha CTpaHuue camTta «VHCTpyKUMs Mo MCMoMb30BaHMIo
apBapgackoro ctunsy. MNpu ochopmeHnn cnmcka UCronb3oBaHHOW NuTepaTypbl HEO6X0AMMO
npuaepXmBaTbCsl yCTaHOBMEHHbBIX HOPM.

Mporpamma ASEESTANT npu odopmneHun crnucka nutepaTtypbl npefocTaBnsier
BO3MOXHOCTb Mcnonb3oBaHusa cepeuca RefFormatter: koHTponb odhopmnenns cnucka
nMTepaTypbl B COOTBETCTBMM CO CTaHAapTamu FapBapAckoro ctuns.

HectaHpgapTHoe, HemonHoe W HemnocrnefoBaTeflbHOE MpUBEAeHVe nuTepaTtypbl B
cucTeMax OLEHKM XKypHana cyMTaeTcs [AOCTaTOYHOW MPUYMHOM AN ocrnapuBaHust
Hay4Horo craTtyca XypHana.

Bce paﬁOTbl noanexart cneu. peueH3InpoBaHUIo.

Cnncok peLeH3eHTOB BOEHHO-TEXHMYECKOro BECTHMKA MOXHO MOCMOTPEeTb Ha
cTpaHuue canta Cnucok peLeH3eHToB. [pouecc peueH3npoBaHMsa ONncaH Ha CcTpaHuue
canTta NpaBuna peLeH3npoBaHus.

MouToBbIM agpec pepakuun:
«BOjHOTEXHMYKN FNacHUKy,

11000 Beorpap, yn. bpahe Jyrosuha 19,
e-mail: vojnotehnicki.glasnik@mod.gov.rs.

PEOAKTOP
Kangnpat TexHndeckunx Hayk Heboliwa Navella
nebojsa.gacesa@mod.gov.rs
http://orcid.org/0000-0003-3217-6513
Ten: +381 11 3241 311,
+381 64 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 Technical Courier are based on the Act on scientific journal editing of the Ministry
of Science and Technological Development of the Republic of Serbia, No 110-00-
17/2009-01 of 9™ July 2009. This Act aims at improving the quality of national journals
and raising the level of their compliance with the international system of scientific
information exchange. It is based on international standards 1SO 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,
BTr.mo.ynp.cp6, ISSN 0042-8469 - print issue, e-ISSN 2217-4753 — online, UDC
623+355/359) is a multidisciplinary scientific journal of the Ministry of Defence of the
Republic of Serbia. It publishes scientific and professional papers as well as technical
dataon modern weapon systems and military technologies. The journal covers
inter-service technical support to the Army on the principle of logistic system support;
fundamental, applied and development research; production and use of weapons and
military equipment as well as other theoretical and practical achievements leading to
professional development of all members of Serbian, regional and international academic
communities, members of the Ministry of Defence and the Army of Serbia in particular.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the year 2016

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 2016 can be viewed on the
website of the Military Technical Courier, page Journal categorization (The Ministry of
Education, Science and Technological Development of the Republic of Serbia has not yet
published the official evaluation of scientific journals for 2017).

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
Development (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
monitored depending on the impact within the bases themselves and indirectly in the
international (e.g. Clarivate Analytics) citation indexes. More detailed information can be
viewed on the website of the Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASEESTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASEESTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic
Editing - ASEESTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, English, Russian,
German or French, using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion, references and the summary in English language (without heading and
subheading enumeration). The article length should not exceed 24 pages of A4 paper
format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.
Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.
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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.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:
Scientific articles:

1. Original scientific paper (giving the previously unpublished results of the author’s
own research based on scientific methods);

2. Survey paper (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution visible through his self-citation);

3. Short or preliminary communication (original scientific paper of full format but of a
smaller extent or of a preliminary character);

4. Scientific critique or forum (discussion on a particular scientific topic, based
exclusively on scientific argumentation) and commentaries.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form of a
monograph or a critical edition of scientific data (historical, archival, lexicographic, bibliographic,
data survey, etc.) which were unknown or hardly accessible for scientific research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

1. Professional paper (contribution offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

2. Informative contribution (editorial, commentary, etc.);

3. Review (of a book, software, case study, scientific event, etc.)

Language

The article can be in Serbian, English or other language used in international
communication in a particular scientific field (Russian, German or French).




The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’'s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
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
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appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.

For figures and graphs, proper data plot is recommended i.e. using a data analysis program
such as Excel, Matlab, Origin, SigmaPlot, etc. It is not recommended to use a screen capture of a
data acquisition program as a figure or a graph.

Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the
Harvard Referencing System given in the Harvard Style Manual. When citing sources
within your paper, i.e. for in-text references of the works listed at the end of the paper,
place the year of publication of the work in parentheses and optionally the number of the
page(s) after the author's name, e.g. (Petrovic, 2012, pp.10-12). A detailed guide on
citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASESESTANT system uses a special tool
CiteWatcher to find out quotes left out within papers and in reference lists.

Footnotes

Footnotes are given at the bottom of the page with the text they refer to. They can
contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)
The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier applies the
Harvard System — Harvard Style Manual. All bibliography items should be listed alphabetically by
author’'s name, without numeration. A detailed guide for listing references, with examples, can be
found on Military Technical Courier website on the page Instructions for Harvard Style Manual.
Reference lists at the end of papers should follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

All articles are peer reviewed.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review
Process page of the website.

Address of the Editorial Office:
Vojnotehnicki glasnik/Military Technical Courier,
Brace Jugovi¢a 19, Dom Vojske Srbije,
11000 Beograd,
Republic of Serbia,
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Editor
NebojSa GaceSa MSc
nebojsa.gacesa@mod.gov.rs
http://orcid.org/0000-0003-3217-6513
tel.: +381 11 3241 311,
+381 64 8080 118




OBABELWTEHA CAPAOHMLUNMA N HATAOLIMMA
COOBLUEHWA ANA ABTOPOB N YATATENEN
INFORMATION FOR CONTRIBUTORS AND READERS

MuHucTapcTBO NpocBeTe, Hayke U TeXHOMOLIKOr pa3Boja Penyonuke Cpouje
objaBuno kateropusauujy BojHotexHuukor rmacHuka 3a 2015. n 2016. roguHy

MuvHUCTapcTBO NpOCBETE, Hayke W TexHosnowkor passoja Penybnuke Cpbuje,
carnacHo oanyuu m3 unada 27. ctaB 1. Tayka 4), a nNo npMbaBrbLEHOM MULLILEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 Hay4yHouCTpaxmBaykoj aenatHocTu (,Crnyxb6eHu
rmaciuk PC” 6p. 110/05, 50/06-ucnp. wn 18/10), yTBpOUNoO je KaTeropmsauujy
BojHoTexHu4kor rnacHuka, 3a 2015. n 2016. roauHy:

3a 06nacT TEXHOMOLUKM pa3Bo;j:

— Ha NUCTM 4Yaconuca 3a maTepujane M XeMujCKe TexHOmnoruje: kareropwja

BoAehn Hay4YHU Yaconuc HaumoHanHor 3Havaja (M51),
— Ha NMCTW 4Yaconuca 3a eneKkTPOHWKY, TeneKkoMyHuKauuje u MHdopmaumoHe
TEeXHoMorvje: Kateropmja Hay4HM 4Yaconuc HaumMoHarnHor 3Havaja (M52),

—  Ha NMCTM Yaconuca 3a MaLIMHCTBO: KaTeropuja Hay4Hu 4aconuc HaumoHanHor

3Hauvaja (M52),

3a 06nacT OCHOBHa UCTpaxuBama:

— Ha nuCTM vaconuca 3a MaTemaTuKy, padyHapcke Hayke W MeXaHWKy:

KaTeropwja Hay4Hu 4aconuc HauMoHanHor 3Hadvaja (M52).

YcBojeHe mucte pomahux vaconmca 3a 2015. n 2016. roguHy mory ce BWOETU Ha
cTpaHnum Kateropusaumija yaconuca (http:/mww.vtg.mod.gov.rs/kategorizacija-casopisa.html).

HeTtarbHuje nHopmauuje mory ce npoHahu n Ha cajty MuHucTapcTBa npocseTe,
HayKe 1 TexHomnowkor passoja Penybnuke Cpbuje.

KaTteropusauuja 4yaconuca nsspLueHa je npema [NpaBUnHUKY O NOCTYMKY U HAYMHY
BpedHOBaka W KBaHTUTATMBHOM MCKa3vBaky HAy4YHOMUCTpaXuBaudkvx pesyntaTa
ucTpaxueaya, Koju je nponucao HauuoHanmHW caBeT 3a Hay4YHW M TEXHOMOLUKN pPa3Boj
(Cnyx6enn rmacHuk PC, 6poj 38/2008).

Y cknagy ca 0BvM MPaBUITHUKOM 1 Tabenom o BPCTU U KBAHTUMMKALMN MHANBMOYAMHNX
Hay4YHOMCTPaXKMBaYKuNX pesynTaTa (y cactasy [paBunHuka), objaBrbeHn pag y BojHoTexH14KoM
rNacHWKy BpeaHyje ce ca 2 6oga (kateropuvja M51) u 1,5 604 (kateropuja M52).

MuHUCTepCcTBO 06pa30BaHUsA, HayKU U TEXHONOMMYECKOro pasBuUTus
Pecny6nukun Cepbus yTBepAUIo KaTeropusaumio XXypHana
«BoeHHO-TexHn4ecknit BeCTHUK» 3a 2015 n 2016 rogpbl

MuHucTepcTBOM 06pa3oBaHUs, Haykm U TEXHONOrMYeckoro passutusa Pecnybnukm
Cepbusa cornacHo pelueHuto no cT. 27 absay 1, NyHKT 4 1 NO NOTyYEHHOMY TOJTKOBAHUIO
ct. 25 abszay 1 nyHkt 5 BakoHa O Hay4YHO-MCCNeOoBaTENbCKOW AeATEeNbHOCTU
(«Cnyx6enn rnacHmk PC» Ne 110/05, 50/06-ucnp. n 18/10) yTBepxaeHa kateropusauusi
XypHana «BoeHHOo-TexHu4eckun BecTHuK» 3a 2015 n 2016 roabi:

Kateropun B 06rnacTtu TeXHONOrM4eckoro pa3smTms:

— Ob6nacTb MaTepmanoB U XMMUYECKON TEXHONOTUN: BEAYLUUIA HAYYHbIN XypHan

HauMoHanbHoro 3HaveHus (M51),
— O6nacTb aneKTPOHUKX, TENEKOMMYHUKAUUA U MHAPOPMALIMOHHBIX TEXHOMOTUIA:
Hay4HbIV XXypHan HaunoHanbHoro 3HavyeHus (M52),
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— O6nacTb MeXaHWMKN: Hay4HbIN XypHan HaunoHanbHoro 3HadveHus (M52).

KaTteropun B 061acT OCHOBHbIX UCCEeA0BaHWIA:

O6nacte MaTemaTtuka, KOMMbIOTEPHbIE HayKW, TEXHUYECKMe HayKu: HayYHbIN
XKypHan HaunoHanbHOro 3HadyeHus (M52).

C wHdopmauvenn o kateropusaumm 3a 2015 1M 2016 rogbl MOXHO O3HAaKOMUTLCA Ha
cTpanvue Kateropusaums BectHuka (http:/mww.vtg.mod.gov.rskategorizacia-vestnika.html).

Bonee nogpobHo ¢ MHOpMaLmen MOXHO O3HAKOMUTBLCA Ha canTe MuHucTepcTBa
obpasoBaHusi, Haykn 1 TexHonormyeckoro passutus Pecnybnuku Cepbus.

KaTeropusauusa >XypHana npoBedeHa B COOTBETCTBMM C PermameHToM O nopsigke M
MeTOAax  KaTeropusauuy  HaydHO-MCCredoBaTenbCkMX — Pe3ynbTaTtoB,  YTBEPXOEHHOro
HaLwoHanbHbIM KOMUTETOM MO Hayke 1 TexHonorusim (Cryx6enu rmacHmk PC, Ne 38/2008).

B cooTBeTCTBUM C BbllLEyKa3aHHbIMK MOSIOXeHsaMn PermameHta u Tabnuuen no
KraccmdmkaLmm 1 Kateropysauyn MHaMBMAyanbHbIX Hay4YHO-MCCreaoBaTenbCkMX pesynbTaTtos
(ABnsOLLMXCA HEOTbeMMeMON YacTbio PermameHta), paboTa, omybnukoBaHHas B XXypHare
«BOeHHO-TEXHNYECKNIN BECTHMK», OLIEHMBAETCS criegyrowmm obpasom: 2 Ganna (kateropuvst
M51) n 1,5 6annos (kateropusi M52).

Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the years
2015 and 2016

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 Technical Courier for the years 2015 and 2016

in the field Technological Development:

— on the list of periodicals for materials and chemical technology, category: lead-

ing 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 period-

ical 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 years 2015 and 2016 can be viewed on
the web page Journal categorization (http://www.vtg.mod.gov.rs/journal-categorisation-1.html).

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.
The periodical is categorized in compliance with the Regulations on the procedure and
method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological Develop-
ment (Official Gazette of RS, No 38/2008).

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51) and 1.5 (one and a

half) point (category M52).
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