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Abstract:

Introduction/purpose: This paper establishes some new results of Piri—
Kumam-Dung-type mappings in a complete metric space.The goal was to
improve the already published results.

Methods: Using the property of a strictly increasing function as well as the
known Lemma formulated in (Radenovic et al, 2017), the authors have
proved that a Picard sequence is a Cauchy sequence.

Results: New results were obtained concerning the F — contraction
mappings of S in a complete metric space. To prove it, the authors used
only property (W1).

Conclusion:The authors believe that the obtained results represent a
significant improvement of many known results in the existing literature.
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Introduction and preliminaries

It is well known that the Banach fixed point theorem is the most
celebrated result in Nonlinear analysis, Functional analysis, Mathematical
Analysis, Topology and other mathematical disciplines. It shows that in a
complete metric space, each contractive mapping has a unique fixed
point. This result is used as a main tool for the existence of solutions of
many non-linear problems. A great number of generalizations of this
famous results appear in the literature. On the one hand, the usual
contractive condition is replaced by a weakly contractive condition, while,
on the other hand, the action space is replaced by some generalization of
a standard metric space (as b —metric space, partial metric space, partial
b—metric space, b-metric like space, G-metric space, G, —metric
space, etc).

A fundamental role in the foundations of the constructions is played
by the fixed point theorems in metric spaces. They have been intensively
studied for quite some time. The Banach fixed point theorem (proved in
1922 (Banach, 1922)), provides a technique for solving a variety of
problems in mathematical science and engineering.

In recent investigations, Wardowski (Wardowski, 2012) described a
new contraction where the author proved fixed point results in a very
general setting in a so-called F —contraction. Piri and Kumam (Piri &
Kumam, 2014) refined his results by launching some weaker conditions
on self-mapping regarding a complete metric space and over the
mapping F . For more details see (Chen et al, 2016), (Cosentino & Vetro,
2015), (Cosentino et al, 2015), (Ciri¢, 2003), (Dey et al, 2019), (Dung et
al, 2015), (Goswami et al, 2019), (Gubran et al, 2021), (Kadelburg &
Radenovi¢, 2018), (Lukacs & Kajanto, 2018), (Luambano et al, 2019),
(Minak et al, 2014), (Piri & Kumam, 2014, 2016), (Popescu & Stan,
2020); (Secelean, 2013, 2016), (Shukla et al, 2014), (Wardowski, 2012,
2018), (Wardowski & Dung, 2014).

In the further work we need the following notation.

Definition 1.1 (Wardowski, 2012) Let (A, p) be a metric space and 3 be

a family of mappings F :(0,+o0) — (—0,+0) satisfying conditions:
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(W1) F s strictly increasing, i.e. for all a,be(0,+»), a<b implies
F(a)<F(b);
(W2) for each sequence {a,}<(0,+x),neN, lima =0 if and only if

N—+00

lim F(a,)=-x;

N—-+o0

(W3) there exists se(0,1) such that lima‘F(a)=0.
a—0"

A mapping S: A — A is said to be an F —contraction (or Wardowski
function) on (A,p) if there exists 6>0 such that for all u,veA,

p(Su,Sv)>0 implies

0+F(p(Su,Sv))<F(p(u,v)). (1.1)

Some examples of an F —contraction can be found, for instance, in

(Wardowski, 2012). It is obvious, based on condition (W1) and inequality
(1.1), that every F —contraction is necessarily continuous.

Remark 1.1 Let F:(0,+w0)—>(—0,+x) be a strictly increasing function.

Then there are two possibilities:
1. F(0+0)=IlimF(x)=mmeR;

x—0"

2. F(O+0):X|Lr9 F(X)=-o0.

Hence, each strictly increasing function F:(0,+w)—>(—o0,+0) satisfies
either 1. or 2. For more details, see (Aljanci¢, 1969, Proposition 1,
Section 8). In the first case, we have that F satisfies (W3). Indeed,
lim xX“F(x)=0"-m=0 for all ke(0,1). It is clear that in the second case

x—0"
F satisfies condition (W2).

Further, Wardowski in (Wardowski, 2012) proved some new fixed
point result which was a proper generalization of the Banach contraction
principle.

Theorem 1.1 (Wardowski, 2012) Let (A,p) be a complete metric space
and S:A— A be an F—contraction. Then S has a unique fixed point

u"eA and for every ue A the sequence {S"u},neN convergesto u".
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This theorem played a significant role in the further research in the
metric fixed point theory. Several authors, see (Chen et al, 2016),
(Cosentino & Vetro, 2015), (Cosentino et al, 2015), (Ciri¢, 2003), (Dey et
al, 2019), (Dung et al, 2015), (Goswami et al, 2019), (Gubran et al,
2021), (Kadelburg & Radenovi¢, 2018), (Lukacs & Kajanto, 2018),
(Miculescu & Mihail, 2017), (Piri & Kumam, 2014, 2016), (Popescu &
Stan, 2020), (Secelean, 2013, 2016), (Shukla et al, 2014), (Wardowski,
2012, 2018), (Wardowski & Dung, 2014) generalized it by introducing the
various type of F —contractions in other general metric spaces,
especially in b—metric spaces, partial metric spaces, etc. Others have
considered Wardowski’s approach in a multi-valued case for metric
spaces and its generalizations.

In 2013, Secelean (Secelean, 2013) proved that condition (W2) in
Definition 1.1 can be replaced by an equivalent condition
(A1) infF=—o0, 0r
(A2) there exists a sequence {a,} =(0,+x), neN such that

lim F(a,)=-x.

nN—+o0

Considering Theorem 1.1, with conditions (Al), (A2) and a new
condition
(PK1) , F is continuous on (0,+w),

Piri and Kumam (Piri & Kumam, 2014) introduced a new type of F —
contraction, a so-called F —Suzuki contraction. With this notion, they
generalized and extended the well-known fixed point results of
Wardowski (Wardowski, 2012) and Secelean (Secelean, 2013).

Definition 1.2 (Piri & Kumam, 2014) Let (A,p) be a metric space. A
mapping S:A — A is said to be an F —Suzuki contraction if there exists

6>0 such that for all uveA with p(Su,5v)>0, %p(u,Su)<p(u,V)
implies
0+F(p(Su,Sv))<F(p(u.v)),

where F satisfies (W1), (A1) and (PK1).
Theorem 1.2 (Piri & Kumam, 2014) Let S: A — A be a given mapping in

a complete metric space (A,p). Suppose that F:(0,+)—>(—o0,+x)
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satisfies conditions (W1), (A1) and (PK1), and let there exist >0 such
that for all u,ve A with p(Su,Sv)>0 holds

0+F(p(Su,Sv))<F(p(u.v)).
Then, S has a unique fixed point u"e A and for every ue A the
sequences {S"uf,neN convergesto u".

Theorem 1.3 (Piri & Kumam, 2014) Let (A,p) be a complete metric
space and S:A — A be an F —Suzuki contraction. Then S has a unique
fixed point u"eA and for every ueA the sequence {S'uj,neN
converges to u”.

It is well known (see, for instance, (Cosentino & Vetro, 2014)) that
the contraction conditions for the mappings S:A— A on the metric

space (A, p) containing mainly the elements
p(uv), p(u,Su), p(v,Sv),p(u,Sv), p(v,Su) can be complemented with
p(S°u,v),p(S%u,Sv), p(Su,u) and p(S?u,Su). This fact inspired Dung
and Hang (Dung & Hang, 2015) to introduce a new concept, a
generalized F —contraction, and to prove several fixed point theorems

for such mapping.
Definition 1.3 (Dung & Hang, 2015) A mapping S of the metric space

(A, p) into itself is said to be a generalized F —contraction on (A, p) if

there exists F :(0,+00) — (—o0,+00) satisfying conditions (W1), (W2), (W3)

and 6>0 such that, for all u,ve A, with p(Su,Sv)>0 follows
0+F(p(Su,Sv))<F(II(u,v)),

where

I (u,v)=max{p(u,v),p(u,Su), p(v,Sv), p(u,Sv)+p(v,Su)’

2
,O(SZU,U)J;P(SZU,SV),p(szu,Su),p(szu,v),p(szu,SV)}'
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Theorem 1.4 (Dung & Hang, 2015) Let (A,p) be a complete metric
space and let S:A— A be a generalized F -contraction. If S or F is
continuous, then S has a unique fixed point u* A and for every ue A
the sequence {S"u},neN converges to u”.

In this article, we will prove Theorem 1.2, Theorem 1.3 and Theorem
1.4 in the easier way: using only condition (W1) and the following
Lemma.

Lemma 1.1 (Radenovi¢ et al, 2017) Let {u,}, neN be a sequence in the

metric space (A, p) such that lim p(u,.u,,)=0.1f {u} is not a Cauchy

in (A, p), then there exists ¢£>0 and two sequences {n } and {m,} of

positive integers such that n, >m, >k and the sequences

{P(unk U, )} ’{p(unkuvumk )}’ {p(unk 'umk—l)}’{p(unk+l’umk—l)}’{p(unk+l’umk+l)}'
tendto & as k >+,

Remark 1.2 Notice, that if the condition of Lemma 1.1 is satisfied, then

the sequences {p(u u )} and {p(unk+s,umk+1)} also converge to &*

n+s1om,

when k — 4+, where seN.

Results
We begin this section with the theorem which generalizes and
improves Theorem 1.2. In our result, the function F :(O,+oo)—>(—oo,+oo)

satisfies only condition (W1).
Theorem 2.1 Let (A, p) be a complete metric space and S:A — A be a

F —contraction mapping with property (W1), that is, let there exist 8 >0
such that

6+F(p(Su,Sv))<F(po(u,v)), (2.1)
forall u,ve A with Su=Sv.
Then S has a unique fixed point, say, u” and for all ue A the sequence
{S"u},neN convergesto u".
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Proof. Firstly, from condition (W1), there are both IiTF(c): F(d-0)

and IirBF(c):F(d +0) for all de(0,+»), because it is known from
mathematical analysis that the following is true

F(d-0)<F(d)<F(d+0), de(0,+x). (2.2)

Further, from the assumption that S is an F —contraction, it follows

that S is contractive (u=v implies p(Su,Sv)< p(u,v)). This means that

the mapping S is continuous. Besides, F —contractive condition (W1)
implies the uniqueness of the fixed point if it exists.
We will show that S has a fixed point. Let u, be an arbitrary point in

A . Consider the sequence {u,},neNuU{0} with u,,=Su,. If u =u.,
for some keNuU{0} then u, is a unique fixed point of S and the

conclusion of the Theorem follows. Therefore, suppose that u, #u,,, for

n+l
all neNuU{0}. Based on F —contractive condition (2.1) of the mapping
S, we get
F(p(u,U,.,))<0+F(p(u,,u,,))<F(p(u,.u,)), (2.3)
for all ne N, that is, in accordance with property (W1), it follows
p(u,, Uy, )< p(u, U, ) forall ne N,

This further means that p(u,.u,,)—>p" >0 as n—+w, as well as
p(u,,u,,)>p" for all neNU{0}. If we chose now that p* >0, then the
relation

0+F(p(uyU,,))<F(p(u,4.4,)), (2.4)
implies
0+F(p +0)<F(p" +0), (2.5)
which is a contradiction. Thus, p* =0, i.e., n'LfI]OP(Un,Uml) =0.

Next, we show that {u },neNuU{0} is a Cauchy sequence by
assuming the contrary. If we put u=u, and v=u,,keN in F-

contractive condition (2.1), we obtain
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0+ F(p(unwl,umkﬂ))s F(,o(unk Up, )) . (2.6)

Since, according to Lemma 1.1, both p(unk+l,umk+1) and p(unk,umk)
tendto & as k -+, we have

0+F (& +0)<F(& +0), (2.7)

which is wrong. We conclude that {u,},neNuU{0} is a Cauchy

sequence, hence it converges to some u“eA as (A,p) is complete.

*

Since S is continuous, it follows that Su™=u", i.e., u
point of S and the Theorem is proved.

Now we state one consequence that can be obtained concerning the
F —contractive self-mapping S which satisfies one of five conditions.

Corolarry 2.1 Let (A,p) be a complete metric space and let S:A—> A

is a unique fixed

be a self-mapping such that there exists 6 >0,1=12,3,4,5 so for all

u,ve A with p(Su,Sv)>0, the following contractive conditions holds:

6.+ p(Su,Sv) < p(u,v),

1 1

0, - < ,

p(Su,Sv)  p(u,v)

1 1

o, ———— Su,Sv)<— V),

A p(Su,Sv)+p( u,Sv) p(u,v)+p(u v)
1 1

94 + 1_ep(5u,3v) = 1_ep(u,v) !

O, + 1 < 1

e—p(Su,Sv) _ep(Su,Sv) - e—p(u,v) _ep(u,v) '
Then, in each of these cases, S has a unique fixed point u" e A and
forall ue A the sequence {S"u},neN convergesto u’.

Proof. As each of the functions F(r)=r, F,(r)=-=, F(r)=-=+r,
r r

1
1-expr

1

=——————— where r=p(uv)>0, is
exp(—r)—expr ,o( )

F.(r)

and F(r)
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strictly increasing on (0,+w), the proof immediately follows by Theorem

2.1
The following result is related to the generalization and the
improvement of Theorem 1.2.

Theorem 2.2 Let (A,p) be a complete metric space and let S:A —> A is
an F —Suzuki contraction mapping where F satisfies condition (W1),

that is, there exists 6 >0 such that %p(u,Su) <p(u,v) implies

0+F(p(Su,Sv))<F(p(u.v)), (2.8)
forall u,ve A with p(Su,Sv)>0.
Then S has a unique fixed point u"eA and for each ue A the

sequence {S"uf, neN convergesto u’.

Proof. It is easily seen that relation (2.8) implies the uniqueness of the
fixed point if it exists. Indeed, if we suppose that there are two distinct

*

fixed points u® and v of S, then it is clear that from
%p(u*,Su*)<p(u*,v*) follows
6+F(p(8u*,8v*))s F(p(u*,v*)), ie.
6?+F(p(u*,v*))sF(p(u*,v*)),

which is a contradiction.
Now we show the existence of the fixed point. Let u,eA be an

arbitrary point and {u },neNuU{0} is the corresponding Picard
sequence, i.e. u,=S"u, with an initial value u,=S,. If u, =u,,, for
some keNu{0}, then u, is an unique fixed point and the proof is

complete.
Therefore, suppose u,#U,, for all neNuU{0}. In this case

%p(un,un+l)<p(un,un+l) holds true for all neNuU{0}, so from (2.8) we

have

705

Vujakovi¢, J. et al, On some F - contraction of Piri-Kumam-Dung—type mappings in metric spaces pp.697-714



aVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 4

€+ F (p(uml' un+2)) < F (p(un'un+l)) '
that is, according to condition (W1) we get
P(UpaiUy.,) < o(Uy, Uy, ), forall ne NU{0}.

As in the proof of Theorem 2.1, we obtain that p(u,.u,,)—>0 as

n+1

n—-+o0. Since p(un,unkﬂ)—)O and P(Unk,umk)—>§+ as k — +oo it follows

that there is some k eN such that %p(unk,umk+1)<p(unk,umk), for all
ke N with k>k, . Then, for k >k;, we have
0+ F(p(unk+11umk+l))g F(,o(unk,urnk ))
thatis 6+ F (&' +0)<F(&*+0), which is a contradiction because 6>0.
Hence we conclude that {u,},neNuU{0} is a Cauchy sequence.
The completeness of the metric space (A, p) guarantees the existence
of some point u” € A such that nILTwp(un,u*)zo. The rest of the proof is

analogous to the proof of Theorem 1.3 from (Piri & Kumam, 2014) on
page 7. One can find that following inequalities hold

%p(un,Sun)<p(un,u*), or %p(Sun,Szun)<p(Sun,u*) :

forall neNuU{0}.
Further, from relation (2.8), it follows

.49+ F(p(Sun,Su*))s F(p(un,u*)) ,or 0+ F(p(Szun,Su*))g F(p(Sun,u*)),
h 9+F(p(un+1,8u*))s F(p(un,u*)),or

0+F(p(uy2:80")) < F(p(upu”)). (2.9)

Finally, using condition (W1), we can write inequalities (2.9) in the
form

p(Uy1,Su7) < p(ug,u7), or p(u,,,,Su™) < p(uy,,.u7). (2.10)

This proves that u” is a unique fixed point of S, i.e., Su”=u".
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The immediate consequence of Theorem 2.2 is the following result.
Corollary 2.2 Let (A,p) be a complete metric space and let S:A > A

be self-mapping such that there exists 6 >0,i=1234,56 so for all
uveA with p(Su,Sv)>0 the following implications hold true:
%p(u,Su)<p(u,v) implies

6, + p(Su,Sv)< p(u,v), or

o, - ! <- ! or
* p(su,sv)” p(uv)’
1 1
0, ————— Su,Sv)<— V),
A p(Su,Sv)+p( u,Sv) p(u,v)+p(u v), or
1
H4+ep(8u,Sv) Sep(Su,Sv) or
1 1
95 +1_ep(5u,3v) S:L_ep(u,v) , OF
o+ 1 y 1

e—p(Su,Sv) _ ep(Su,Sv) - e—p(u,v) _ep(u,v) '
Then in each of these cases, S has a unique fixed point u" e A and
forall ue A the sequence {S"uj,neN convergesto u’.

After all, we give the proof of Theorem 1.4 in an easier way: using
only condition (W1) and Lemma 1.1.
Theorem 2.3 Let (A,p) be a complete metric space and S:A—> A is a
generalized F —contraction which satisfies condition (W1), that is, there
exists #>0 such that for all u,ve A with p(Su,Sv)>0 follows

0+F(p(Su,Sv))<F(I1(u,v)), (2.11)
where

I1(u,v) =max{p(u,v), p(u,Su), p(v,Sv), p(U,SV)—ZFp(V, Su),

,p(Szu,Su),p(Szu,v),p(Szu,SV)}.

p(Su,u)+ p(S%u,Sv)
2
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If S or F is continuous, then S has a unique fixed point u* € A and
for every ue A the sequence {S”u}, neN convergesto u”.

Proof. Since p(Su,Sv)>0 it follows that contractive condition (2.11) is

well defined. Further, condition (2.11) implies the uniqueness of the fixed
point if it exists. In order to show that S has a fixed point, suppose that

U, is an arbitrary point in A and define a sequence {un} eA,n eNu{O}

by u,,=Su,. If we chose u, =u,, for some keNuU{0}, then u, is a

unique fixed point of S and the proof of the Theorem is completed.
Therefore, suppose that p(u,,u,,,)>0 for all neNuU{0}. Using

generalized F —contractive condition (2.11), of the mapping S, we
obtain

F(p(un'un+l))<9+|:(p( n+1))<F(H( n-1? )7 (212)
where

TT(Uy 1,Uy ) = max{ o (Uy 1,Uy ), (U 12Uy ) (U Uy,

p(un 1 n+1)+01'0( ntl’ n1)+O1p(un+1’un)’p(unu’un)’o}

2 2
= max{p(unl’ un)lp(un ’ un+1) M}

<max{ p(Uy 1,Uy ), 2 (Up Uyt )}-

It is clear that max{p(u,_,u,), p(U,.U,,; )} = (U, .U, ), otherwise, we
get a contradiction. This further means that lim p( 2iUpg)=0.

Next, we prove that {u },neNuU{0} is a Cauchy sequence by
supposing it is not. Putting u=u, and v=u, in generalized F -
contractive condition (2.11) we have

0+F(p(unk+1,umk+1))§ F(p(unk,umk )) (2.13)

where

(U, Uy, ) =max{ p(uy oy ), 2 (Uy Uy 1), £(Un U 1),
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p(unk 'umk+1)+p(umk ’unk+1) IO(LJnk+2'l'Jnk )+p(unk+21umk+1)
2 ’ 2 ’
p(unk+2’unk+1)1p(unk+2’umk )’p(unk+2’umk+1)}‘

According to Lemma 1.1, one can find that lim IT(u, ,u,, )=¢".

Therefore, from (2.13), it follows that 6+ F(§*+O)s F(§*+O),

which is a contradiction so we can conclude that the sequence
{u,}, neNuU{0} is a Cauchy sequence. Since (A,p) is a complete
metric space, it converges to some u’ €S . Finally, if S is continuous,
then Su® =u” and the theorem is proved.

Suppose now that F is continuous and let p(u",Su")>0. Putting u=u,

and v=u" in condition (2.11) we get

0+ F(p(uml,u*))s F(H(un,u*)) (2.14)
where
H(un,u*)zmax{p(un,u*),p(un,un+1), p(u”,su”),
p(USU™ )+ p(U"Uy1) P (Unizily )+ o (Un,z0SUT)
2 ’ 2 '
p(umz,uml),p(umz,u*),p(umz,Su*)} .

Since F(p(unﬂ,Su*))—)F(p(u*,Su*)) and I1(u,,u")—> p(u’,Su") as
n— oo, taking the limit in (2.13), when n tends to infinity, we obtain
0+ F(p(u*,Su*))s F(p(u*,Su*)),
which is in contradiction with 6>0. Therefore, the assumption
p(u*,Su*)>0 is wrong. This means that p(u*,Su*)zo, ie., U is a

unique fixed point of the generalized F —contraction S and the proof is
finished.

From the previous theorem, one consequence can be obtained
assuming some strictly increasing function instead of F .
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Corollary 2.3 Let (A, p) be a complete metric space and let S:A — A is
a generalized F —contraction such that there is 6 >0,i=12,3 and that
for all u,ve A with p(Su,Sv) >0 the following implication holds true

6, + p(Su,Sv) <II(u,v),

1 1
92 _ ep(Su,Sv) + ep(Su,Sv) < _en(u,v) + el‘l(u,v)

1
O, —— Su,Sv)<—
? p(Su,Sv)+p( Sv) I

where
IT(u,v)=max{p(u,v), p(u,Su), p(v,Sv), puSV)« p(v. Su)’

2
p(%u,u)+ p(5%,5v) ’p(szu,Su),p(szu,V),p(szu,sv)}.

Then S has a unique fixed point uU"eA and for all ueA the
sequence {S"uf, neNu{0} convergesto u".

1

Proof. Putting F,(r)=r, F,(r)=—e" +e" and Fs(r)=—£+r in relation to
r

2

(2.12), the results follows.

Conclusion

In this article we get some new results concerning the F -
contraction mappings of S in a complete metric space. To prove it, we
used only property (W1). We believe that this is a significant
improvement of the known results in the existing literature.
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O HEKOTOPBIX F - COKUMAKOLWMX OTOBPAXEHNAX TUMA
MMPN-KYMAH-OYHI'A B METPUYECKNX MPOCTPAHCTBAX
EneHa 3. ByHKOBI/IHa, KoppecnoHaeHT, CmosH H. Pa,CI,eHOBVN6

4 MpuLITUHCKWIA yHUBEPCUTET, ECTECTBEHHO-MaTeMaThuecknii akynbTeT,
r. Kocoscka MutpoBuua, Pecnybnuka Cepbus

o Benrpaackun yHnsepcuteT, MawmHocTpouTenbHbln akynbTeT,
r. bBenrpag, Pecnybnuka Cepbus

PYBPUKA M'PHTW: 27.00.00 MATEMATUKA;

27.39.27 HenvHenHbIn pyHKUNOHANbHbBIN aHanu3
B[O CTATbW: opurmHanbHasa HayyHas ctatbs
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Pestome:

BeedeHue/uenb: B daHHOU cmambe rpedcmasrieHbl HeKomopsble U3
Hoeelwux pesynbmamoe omobpaxeHul muna lNupu-Kymama-LyHea e
rnosIHOM MempuyYeckom rpocmpaHcemee. Llenbto pabombi  6bi10
yny4qweHue onybruKkogaHHbIXpaHee pe3yibmamos.

Memodei: Vicrionb3ys ceolicmeo cmpo2o go3pacmarowel pyHKyuu, a
makxe U38eCMHYy0 JieMMy, CGhOPMYIIUPO8aHHYO 8 uccriefogaHuuU
(Radenovi¢c et al, 2017) 6bino 0OokazaHo, 4Ymo OaHHas
rnocnedosamersibHOCMb si8nsiemcsi nocnedosamenbHocmbio [Nukapa —
Kowuwu.

Pesynbmamel: B daHHOU cmambe npedcmasneHO HEeCKOMbKO HOBbIX
pe3ynbmamos, Mosfy4YeHHbIX rnymem HabnwdeHuss F — cxumarowjux
omobpaxeHuli S 8 oIHOM Mempu4yeckoM rpocmpaHcmee. B
Kayecmee OokaszamenibCmea  UCMOMb308asioCh  UCKIYUMEbHO
ceoticmeo (W1).

Bbigodbl: Aemopbl cHumarom, 4Ymo Mosly4YeHHbIe UMU pe3yrbmamal
npedcmaensom cobol 3HayumeribHbil 6Krnade OaHHyro obracmb
HayKu.

Knrouesnie cnosa: MNpuHyun baHaxa, F — cxxumarowiee omobpaxxeHue,
MempuyYecKoe rpocmpaHcmeo, HernodeLUXXHasi mo4yka.

O HEKUM F—KOHTPAKTMBHWM MPECINKABAHBUMA MNMUPU-
KYMAM-OYHIOBOI' TUMA Y METPUYKUM NMPOCTOPUMA

Jenera 3. Byjakosuh®, ayTop 3a npenmucky, CmojaH H. PapeHosuh®

4 YHusepanteT y MpuwtuHm, MpupogHo—MaTeMaTuiki dakynTer,
Kocoscka Mutposuua, Penybnuka Cpbuja

6YH|/|Bep3|/|TeT y Beorpagy, MawwuHcku cpakynTeT,
Beorpag, Penybnuka Cpbuja

OBJIACT: maTtemaTtumka
BPCTA UJTAHKA: opurinHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Y unaHKy cy ycriocmaerbeHU Hoeu pe3ynmamu  3a
npecnukasawa  lNupu—Kymam—[yHzoeoe muna y  KOMIIEMHOM
mempudkom rnpocmopy. Lurb pada jecme da ce nobosbwajy eeh
objaerbeHu pesynmamu.

Memode: Kopucmehu ceojcmeo cmpozo pacmyhe yHKuuje, Kao u
rnosHamy nemy ¢opmynucaHy y (Radenovic et al, 2017), dokasaHo je Oa
Je MNukapos HU3 y cmeapu Kowiujes.

Pesynmamu: [JobujeHo je HeKonuUKO HO8UX pe3ysimama rnocMmampajyhu
F—koHmpakmueHa npecriukagara 00 S y KOMIMIIEMHOM MEempPUYKOM
npocmopy. Y dokasy je kopuwherHa camo ocobuHa (W1).
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Sakrbyuyak: Aymopu eepyjy 0a OobujeHu pesynmamu npedcmasrbajy
3HayajaH donpuHoc docadawHuM ro3Hamum pesyamamuma.

KrbyyHe peyu: BaHaxoe npuHyurn, F—KOHMpakmueHo MpecsiuKkasarse,
MempuYKU POCMOop, HermoKpemHa madka.

Paper received on / lata nony4yenus pabotel / Jatym npujema unaxka: 05.07.2020.
Manuscript corrections submitted on / [lata nony4eHus ncnpasneHHon Bepcun paboTsl /
Jatym goctaBrbama ucnpasku pykonuca: 13.07.2020.

Paper accepted for publishingon / Jata okoH4YaTeneHoro cornacoaHus pabotsl / Jatym
KOHa4YHOr nNpuxBaTaka YnaHka 3a objaBrbmBane: 15.07.2020.

© 2020 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2020 AsTopbl. OnybnukoBaHo B «BoeHHo-TexHu4eckuiiBecTHUK / Vojnotehnickiglasnik /
MilitaryTechnical Courier» (www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). [laHHasi ctaTbs B OTKPLITOM
[0CTyne 1 pacnpocTpaHAeTCsA B COOTBETCTBUM C nuueH3unen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2020 Aytopu. O6jaBno BojHoTexHuukm rmacHuk / Vojnotehnickiglasnik / MilitaryTechnicalCourier
(www.vtg.mod.gov.rs, BTr.Mo.ynp.cp6). OBo je UnaHak OTBOpeHOr NpucTyna u auctpubyupa ce y
cknagy ca Creative Commons nuueHuom (http://creativecommons.org/licenses/by/3.0/rs/).

714



http://www.vtg.mod.gov.rs/
http://втг.мо.упр.срб/
http://creativecommons.org/licenses/by/3.0/rs/
http://www.vtg.mod.gov.rs/
http://creativecommons.org/licenses/by/3.0/rs/
http://www.vtg.mod.gov.rs/
http://втг.мо.упр.срб/
http://creativecommons.org/licenses/by/3.0/rs/

