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Abstract:

Introduction/purpose: In an interesting article, Perveen & Imdad (2019)
introduced the notion of an MA-simulation function, and utilized it to prove
the existence of a fixed point for a self mapping through «-admisibilty and
the continuity of the self-map in a fuzzy metric space. The purpose of this
paper is to establish a unique fixed point theorem for an MA-contractive
mapping by relaxing the condition of continuity and «a-admissibilty of the
map in a fuzzy metric space. As an application of our result, we study
the existence and uniqueness of the solution to the damped spring-mass
system. The article includes an example which shows the validity of our
results.

Methods: The fixed point method with an MA-simulation function was
used.

Results: A unique fixed point for a self map in a fuzzy metric space is
obtained.

Conclusions: A fixed point of the self map is obtained without the conti-
nuity and a-admissibility of the self map via the MA-simulation function.
Also, the existence and uniqueness of the solution of a damped spring-
mass system in the setting of a fuzzy metric space is obtained.

Key words: fuzzy metric space, M-Cauchy sequence, fixed points, MA-
simulation function.
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Introduction

In 1965, the fuzzy set theory was initiated by Zadeh (1965) introduc-
ing a method to deal with uncertainty and vagueness in everyday life.The
concept of fuzzy sets was used by Kramosil & Michalek (1975) to intro-
duce fuzzy metric spaces. Later on, it was modified by George & Veera-
man (1994) in order to obtain a Hausdorff topology for this class of fuzzy
metric spaces. Contractive mappings in fuzzy metric spaces were studied
by various authors, see, e.g. Mihet (2008), Mihet (2010), Tirado (2012)
and Wardowski (2013),Gregori & Mifiana (2014), and used in establishing
some fixed point theorems in a fuzzy metric space in the sense of George
& Veeraman. Jain et al. (2009), established fixed point results in a fuzzy
metric space by using the concept of a compatible map and a weakly com-
patible map. Khojasteh et al. (2015) introduced simulation functions de-
fined as follows
A mapping ¢ : [0, +00) x [0,+00) — R is said to be a simulation function if
it satisfies the following:

(1) ¢(0,0) = 0;

(2) ¢(t,s) < s—t,forallt,s > 0;

(3) if {t,,} and {s,} are sequences in (0, +o0) such that lim,,_, . t, =

limy, 400 8n > 0, then limsup,, , , .o ((tn,sn) < 0.

After this, several authors utilized a simulation function by modifying it in
various spaces and proved results on a fixed point. Recently, Perveen &
Imdad (2019) introduced an MA-simulation function and proved some fixed
point theorem for a self map through a-admissibility and continuity of the
self map. In this paper, we establish a new fixed point theorem for a self
map using a new contractive condition via the MA-simulation function. The
paper is organized as follows
Following the preliminaries discussions, we introduce a new contractive
condition using the MA-simulation function.Then we study a fuzzy contrac-
tive mapping due to Gregori & Minana (2014), Mihet (2010), Tirado (2012)
and Wardowski (2013). Subsequently, we establish the existence of a
unique fixed point of a self mapping in an M-complete fuzzy metric space
and provide an illustrative example to demonstrate our result. Lastly, we
apply our results to demonstrate the existence and uniqueness of the so-
lution for the damped spring-mass system in the setting of a fuzzy metric
space.
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Now, let us recall the definition of a fuzzy metric space and other results
given in George & Veeraman (1994).

DEFINITION 1. (Schweizer & Sklar, 1983) A mapping * : [0,1] x [0,1] — [0, 1]
is called a continuous triangular norm (t-norm for short) if = is continuous
and satisfies the following conditions:
(i) = is commutative and associative, i.e. a * b = b *x a and
ax*(bxc)=(axb)xc foralla,b,cel0,1];

(i) 1xa =a,foralla € 0,1];

(iii) axc<bxd,fora<b,c<d,fora,b,c,de]|0,1].

The well-known examples of the t-norm are the minimum t-norm x,,,, ax,,
b = min{a, b} written as x,, and the product t-norm x,a * b = ab.

DEFINITION 2. (George & Veeraman, 1994) A fuzzy metric space is an or-
dered triple (X, M, x) such that X is a (nonempty) set, x is a continuous
t-norm and M is a fuzzy set on X x X x (0,+00) satisfying the following
conditions, for all z,y,z € X and t,s > 0;

(GV1) M(x,y,t) > 0;

(GV2) M(x,y,t) = 1ifandonly if x = y;

(GV3) M(x,y,t) = M(y,z,t);

(GV4) M(x,z,t+s) > M(x,y,t)* M(y, z,s);

(GV5) M(x,y,.): (0,+00) — (0,1] is continuous.

Note that in view of the condition (GV2) we have M (z,z,t) = 1, for all
xeXandt>0and M(z,y,t) <1,forallz #yandt> 0.
The following notion was introduced by George & Veeraman (1994).

DEFINITION 3. (George & Veeraman, 1994) A sequence {z,} in a fuzzy
metric space (X, M, ) is said to be M-Cauchy, or simply Cauchy, if for
each ¢ € (0,1) and each t > 0 there exists an ny € N, such that
M(zp,xm,t) > 1 — ¢, for all n,m > ng. Equivalently, {x,} is Cauchy if
limyy, p—st00 M (2n, Tm,t) = 1, forall t > 0.

LEMMA 1. (Grabiec, 1988) Let (X, M,*) be a fuzzy metric space. Then
M(x,y,.) is non-decreasing for all x,y € X.
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THEOREM 1. (George & Veeraman, 1994) Let (X, M, x) be a fuzzy metric
space and T be the topology induced by the fuzzy metric. Then for a se-
quence {x,} in X,{x,} — x ifand only if M (x,,,xz,t) — 1 asn — oc.

DEFINITION 4. George & Vieeraman (1994) (X, M, x) (or simply X) is called
M-complete if every M-Cauchy sequence in X is convergent.

LEMMA 2. (Saha et al., 2016) If x is a continuous t-norm, and
{an},{Bn}, {7} are sequences such that o,, -+ av and ,, - yasn — +oo
then

lm (o * Bk * ) = a*x lim B *x7,
k—+o0 k—+o00

and
limy_, (o * B * ) = axlimy_, B * 7.

LEMMA 3. (Saha et al., 2016) Let {f(k,.) : (0,+00) — (0,1];k =0,1,2,...,}
be a sequence of functions such that f(k,.) is continuous and monotone
increasing for each k > 0. Thenlimy_, o f (k, t) is a left continuous function
in tand lim, ., f(k,t) is a right continuous function in t.

DEFINITION 5. (Perveen & Imdad, 2019) Let (X, M, «) be a fuzzy metric
space. A mapping S : X — X is said to be a-admissible if there exists a
function o : X x X x (0,4+00) — [0, +00) such that for all t > 0

z,y € X,a(z,y,t) > 1 implies a(Sz, Sy, t) > 1.

M A-Simulation function

In Perveen & Imdad (2019), the authors have defined the following MA-
simulation function in a fuzzy metric space:
A mapping € : (0,1] x (0,1] — R is said to be an MA-simulation function if
it satisfies the following conditions:

(&) &(t,s) < 1 — 1 forallt,s € (0,1);

(&2) if {tn},{sn} are a sequence in (0,1] such that lim, ,it, =
lim, s4+008, = [ € (0,1), and ¢, < s,, for all n € N, then
limsup,, ;o &(tn, sn) < 0.

The set of all MA-simulation functions is denoted by =, 4.

DEFINITION 6. (Perveen & Imdad, 2019) Let (X, M, ) be a fuzzy metric
space and £ € Zyr 4. A mapping S : X — X is said to be a-admissible
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=y a-contraction if there exists a function & € =Zy;4 such that forall t > 0, it
satisfies the following:

z,y € X,a(z,y,t) > 1 implies  §(M(z,y,t), M(Sz,Sy,t)) > 0.

Now we define a new contractive condition employing an MA-simulation
function as follows:

DEFINITION 7. Let (X, M, %) be a fuzzy metric space and & € Ey;4. A map-
ping S : X — X is said to be =); 4 contractive if for some & € =), 4 and for
all t > 0, it satisfies the following condition:

z,y € X,x #y,&(M(z,y,t), M(Sz, Sy,t)) > 0. (1

Gregori & Sapena (2002) defined the fuzzy contractive mappings as
follows:
Let (X, M, %) be a fuzzy metric space. A mapping 7' : X — X is called a
fuzzy contractive mapping if there exists k € (0, 1) such that

1 1
m—lék(m—l),forallx,yex

REMARK 1. The fuzzy contractive mapping defined by Gregori &
Sapena (2002), is Zjpa-contractive if we take ¢ € Epya to be
£t,s) = k(2 —1)— (2 —1), for all s,t € (0,1), and k& € (0,1) in
(1).

Tirado (2012) defined the following contraction.
Let (X, M, ) be a fuzzy metric space. A mapping 7' : X — X is a Tirado
contraction if there exists k € (0, 1) such that
1-M(Txz,Ty,t) < k(1 — M(x,y,t)), forall z,y € X.

REMARK 2. Every Tirado contraction is =y, 4-contractive if we take £ € =4
tobe &(t,s) = k(1 —t)+ (s—1),forall t,s € (0,1),in (1).

Mihet (2010) defined the class ¥ of mappings as follows:
Let : (0,1] — (0, 1] such that ¢ is continuous, non-decreasing and v (t) >
t,forallt € (0,1).
Lety € . Amapping T : X — X is called a fuzzy «-contractive mapping
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M(z,y,t) >0 implies M(Tz,Ty,t) > p(M(x,y,t)),
forallz,y € X and ¢t > 0.

REMARK 3. Every fuzzy -contractive mapping is =,;4-contractive, if we
take € € Eppatobe E(t,s) = s —(t), forall t,s € (0,1).

Wardowski (2013) defined the following class H of mappings as follows:
Let H be the family of the mappings n : (0,1] — [0, +o0) satisfying the
following conditions:

(H-1) n transforms (0, 1] onto [0, +00);

(H-2) n is strictly decreasing.

A mapping T : X — X is called fuzzy H-contractive with respectton € H
if there exists £ € (0, 1) satisfying the following condition:

n(M(Tz,Ty,t)) < kn(M(z,y,1)),
forallz,y € X and ¢t > 0.

REMARK 4. In view of the remark in Gregori & Mifiana (2014), every fuzzy H-
contractive mapping with respect to n € H is =, 4-contractive with respect
to the function £ € =4, if we define £(t,s) = k(n(t)) — n(s)), forall t,s €
(0,1) in equation (1).

The following result has been established in Perveen & Imdad (2019)
Theorem 3.1 (Perveen & Imdad, 2019) Let (X, M, %) be a complete fuzzy
metric space and S : X — X is an a-admissible =;;4-contraction with
respect to £. Assume that the following conditions are satisfied

zye X, a(z,y,t) >1 implies  &{(M(z,y,t), M(Sz,Sy,t) >0,

(a) there exists zy € X such that a(zp, Szo,t) > 1;
(b) S is triangular a-admissible;

(c) S is continuous
or
if {z,} is a sequence in X such that a(z,, z,+1,t) > 1, for all n €
N,t>0and {z,} — z, for some z € X, there exists a sub sequence
{zn, } of {2z} such that a(z,,,z,t) > 1,forall k € N and ¢t > 0.
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Then, S has a fixed point in X.

Main results

Ouir first new result is the next one.

Theorem 1 Let S be a self map on a complete fuzzy metric space
(X, M, *). For some ¢ € =4 the map S is Z),4 contractive. Then, S
has a unique fixed point in X.

Proof. First we prove the uniqueness of the fixed point. Suppose « and v
be two fixed points of S. Then u = Su and v = Sv. We show that u = v.
Suppose, on the contrary, that v # v, then Su # Sv. Now

0 < &M (u,v,t), M(Su,Sv,t)),(using equation (1))

= &(M(u,v,t), M(u,v,t)),
1 1 .
< M(u,v,t) M(u,v,t)’(usmg &)

= 0.

which is not possible. So, u = v. Thus, if the map S has a fixed point, then
it is unique.

Now we prove the existence of the fixed point of the selfmap S. Forzy € X
define the sequence {z,} by Sx,, = 1, forn =0,1,2,....

Now we consider the different cases for the sequence {z,} .

CASE | Suppose z,, = x,41, for some n € N. Now z, = x,41 = Sz,
and so we have Sz, = x,. Thus, z, is a fixed point of the map S in this
case. So we can assume the consecutive terms of the sequence {z,} are
distinct.

Again, to see the existence of the fixed point in the other case, we first show
that all the terms of the sequence {x,,} are distinct.

CASE Il Suppose z,, = x,,, for some m > n, and consecutive terms of the
sequence {z,} are distinct. Then Sx,, = Sx,,, i.€e. , Tp41 = Tpmy1. AlsO

0 < g(M(xnaxTH-l)t)?M(S‘TTHSCEH-‘Flvt)J (USing equation (1 ))

= g(M(xnvxn—i-l,t)vM(xn+1a$n+2at))
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1 1

< — , (usin .
M($naxn+17t) M(xn+17xn+27t) ( ggl )

M (xp, Tpy1,t) < M(2ps1,Tnso,t), forallt>o0. (2)
Repeating the above procedure m-times, we get

M (2, Tng1,t) < M(Tpq1, Tpy2,t) < < M(Tm, Tmga,t) = M (20, Tnga, t),

which yield M (zy,, xp11,t) < M(zy,xn+1,t) Which is not true. So, this case
does not arise and we conclude that z,, # z.,, for distinct n, m € N. Thus,
the elements of the sequence {z,} are distinct.

STEP 1 In this step, we prove that lim,,_, ;oo M (2, xn+1,t) = 1, forall t > 0.
From equation (2), we have

M($n, Tn+1, t) < M(xn—O—l; Tn+2, t), forall t > 0.

Thus, {M (zn,zn+1,t)}, for each ¢ > 0, is a strictly increasing sequence
which is bounded above by 1. Let lim,, 4 oo M (2, Tpt1,t) = a(t), fort > 0.
We claim that a(t) = 1.
Suppose, if possible, on the contrary, that a(s) < 1, for some s > 0.
Taking s, = M(zp41,Tnt2,s) and t, = M(zy,,z,+1,s) then again from
equation (2), ¢, < sy, for all n and using the condition (£2) we have

0 <limsup {(M (2, Tnt1,5), M(Tni1, Tni2,s)) <0,

n—-4o0o

which is not possible and we arrive at a contradiction. Hence a(s) = 1. e.

lim M(zp,xn4+1,t) =1, forallt> 0. (3)

n—-+o0o

Now we prove that the sequence {z,,} is M-Cauchy. Suppose, if possible,
on the contrary, that it is not true: then there exist n € (0,1),t, > 0 and the
sequences {p(n)},{q(n)} (¢(n)) being the smallest integer corresponding

to p(n).

n < p(n) < Q(n)v M(xp(n)v Lg(n)> tO) <1l-mn, M(ij(n)a Lg(n)—1s tO) >1—n.
(4)
STEP 2 In this step, we show that lim,, , oo M (Tp(n)—1, Tg(n)—1,t0) = 1 =1,
Now foralln > 1,0 < A < tp/2, we obtain,

l—n = M(.%'p(n), xq(n)7t0)7 (usmg(4))

= M(2p(n), Tp(n)—15A) * M(Epn)—1, Tg(n)—1 to = 2A) *+ M (2 () -1, Z(n
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Let
hy (t) = limnﬁooM(:Ep(n)—la Lg(n)—1s t)) t>0.

Taking the limit supremum on both sides of the above inequality and using
the properties of M and %, and by Lemma 2, we obtain

1-n >1=x mnﬁ+mM(xp(n)_1, Tg(n)—1> to — 2)\) * 1 (usmg(3)) (5)
— ha(to — 2)).

Since M is bounded with the range in (0, 1] continuous and non-decreasing
in the third variable t, it follows from Lemma 3, that i, is continuous from
the left. Therefore, for A — 0, we obtain

hy (tO) = mn%+<>o]\4(xp(n)—17 Lg(n)—1> tO) <l-n (6)
Let

h?(t) = himn_>+ooM(xp(n)—lv Lg(n)—1, t)7t > 0.
Again, foralln > 1,tg > 0

M('rp(n)fla Tg(n)—1, A+ tO) M(xp(n)fla Lp(n)> /\) * M(xp(n)axq(n)flv tO)

>
> M(xp(n)vxp(n)—lv )‘) * (1 - 77) (USIng(4))
Taking the limit infimum as n — +oc in above inequality, we obtain

h?()\ + tO) = liimn*)JrooM(mp(n)fh Lg(n)—1, A+ tO)v
2 himn—>+ooM($p(n)7xp(n)—17 )‘> * (1 - 77)7
= 1x(1-7), (using(3))
(1—mn)
Since M is continuous and bounded with the range in (0,1] and non-

decreasing in the third variable t, it follows from Lemma 3, that h5 is con-
tinuous from the right. Therefore, for A — 0, we obtain

himn—H—ooM(xp(n)—l? Lg(n)—1> tO) >1-n. (7)

Combining inequalities (6) and (7), we get

lim M(ajp(n)—l’ Lg(n)—1, tU) =1-n. (8)

n—-+o00
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STEP 3 In this step, we show that lim,,, ;oo M (z(n), Tq(n), to) = 1 — 1.
From equation (6), we have

m71%4»001\4(3717@)7 Lg(n)s to) <1—mn. 9)
Also, for alln > 1 and ¢ty > 0, we have
M<$p(n)7 Lg(n)> t0+2)‘) > M(.%'p(n), Lp(n)—1, A)*M(H?p(n)_l, Lg(n)—1, tO)*M(mq(n)—

Taking the limit infimum as n — +oo in the above inequality, using(8) and
the properties of M and x and by Lemma 3, we obtain

himn—>+ooM(xp(n)7xq(n)vt0 + 2)‘) > 1x himn—H-ooM(xp(n)—lv Lg(n)—1, tO) * 1
=1-n,
(10)
Since M is bounded with the range in (0, 1] continuous and non-decreasing
in the third variable t, it follows by Lemma 3 that lim,, , . M (z},(n), T4(n), to)
is a continuous function of t from the right. Therefore, for A — 0, we obtain

himnﬁ\+ooM(xp(n)7xq(n)7t0) >1-n. (11)
Combining inequalities (9) and (11), we get

HETOOM($p(n)7xq(n))t0) =1-n. (12)
STEP 4 In this step, we show that the sequence {z,} is an M-Cauchy
sequence.

Taking = = ,(,,)_1 and y = x,(,)—; in equation (1), we have

p(n)

0 < &M (2zpm)—1,Tgm)—151), M(STpm)—1, STg(n)—1,1))

- §(M(xp(n)—l7 Lg(n)—1, t)a M(xp(n) s Lg(n)s t))
1 1

< - ’
M(xp(n)fla Lg(n)—1, t) M(Ip(n)’ Lg(n)s t)
i.e.
M(l‘p(n)_l, Tg(n)—1 t) < M(:L'p(n), Zy(n)> t), forall t > 0.
Taking t, = M(Tpm)—1,Tgm)—1,t) aNd s, = M(Tpp), Tem),t) then

t, < sn, forall n and using equations (8) and (12), we have
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lim t,= lim s,=1-—n.
n—-+oo n—-+o0o

Using (§2) we have

0 < limsup g(M(xp(n)—la Lg(n)—1, t)a M(xp(n)a'rq(n)vt)) <O0.

n—-+oo

which is not possible and we arrive at a contradiction. So, the sequence
{z,} is an M-Cauchy sequence in X which is M-complete. Therefore, there
exists u € X such that

{zn} — u. (13)

{Szp} — u. (14)

STEP 5 Now we show that Su = u. Suppose, on the contrary, that Su # u.
Then there exists a positive integer n( such that Su # z,,, for all n > ny (for
otherwise we get Su = ). Taking x = v and y = x,, in equation (1) we get

0 < &M(u,xn,t), M(Su,Szp,t))
1 _ 1
M(u, zn,t)  M(Su,Sxy,,t)

M(u, zp,t) < M(Su, Sxy,,t), forallt > 0.

As M is continuous and for n — +oco and using equations (13) and (14), we
obtain

M (u,u,t) < M(Su,u,t), forall t > 0.
So, M(Su,u,t) > 1, and we arrive at a contradiction as Su # wu. Thus
Su = u. O]

We llustrate by the following example that the necessity of the a-
admissibility and the continuity of the self map S is not all required for the
existence of the unique fixed point of the map.
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Example (of Theorem 1): Let X = [—1, 1], and define a fuzzy set M on
X x X x (0,400) by:

1; ifx =y,

, , forallx,y € X, t € (0,
min{1 — 21— Wy if g £y, y (0, +00)

M(m,y,t) = {

Taking &(t,s) = k(2 — 1) — (3 — 1), forallt, s € (0,1] and a * b = min{a, b}
then (X, M, x) is an M-complete fuzzy metric space.
Define the mapping o : X x X x (0, +0c0) by

L ifa,y €[0,1/2],

0, otherwise. ,forallx,y € X, t € (0,400).

oot = {

Define the self-map S on X by

S(x) = { (1): :]:O_ISZQCS?O , forallx,y € X, t € (0,+00).
Thus, all the conditions of primary result theorem are satisfiedand z = 1 is
the unique fixed point of the map S.

Note that the map S is neither continuous nor a-admissible as

forz = 0and y = 1/2 we have S(0) = 0,5(1/2) = 0 and a(x,y,t) =
a(0,1/2,t) = 1 but a(Sz, Sy, t) = «(S(0),S5(1/2),t) = a(1,1,t) =0 < 1.

Application (to the damped spring-mass system)

In this section, by applying our theorem, we prove the existence of the
unique solution for the spring mass system in an automobile suspension
system. Let m be the mass of the spring and F' be the external force act-
ing on it, then the critical damped motion of this system subjected to the
external force F' is governed by the following initial value problem:

d?v dv
B = 1
mos +pdt mE(r,v(r)) =0, (15)

v(0) = 0,v'(0) =0,
where m is the mass of the spring, (> 0) is the damping constant and F’
is the external force acting on it given by F': [0, J] x Rt — R is continuous.
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In terms of in integral equation, the above problem is

J
o(r) = /0 R(r, 2)F (2, 0(2))dz, 1€ [0,J]] (16)

where the respective Green’s function R(r, z) with i = £ is given by

R(r,z) =

176“(7‘72) H < < < N
{u , ifo<z<r<J,; (17)

0, ifo<r<z<J

Theorem 2 Consider equation (16) with R(r, z) given by (17). Suppose
(2.11) g € (C]0, J], R) is a lower solution of problem equation (16), i. e.

J
6(r)§/0 R(r,z)F(z,v(2))dz, (18)

(2.12) F(z,.) is an increasing function on (0,1] for every z € [0,J] and
choose p suitably such that
info<,<y R(r,2) > 0.

0< sup (6(u,7))? < 1/2. (19)
0<rJ

R(r,2)F(z,1) < J7 1,
where §(p,r) = (1+r57;e”)
(2.13) For each r € [0, J] and u,v € X, we have

|F(r,u(r)) — F(r,o(r))| < Mu(r) —o(r)], A€ (0,1). (20)

Then equation (16) has a solution in (C|0, 1], R) which is a unique solution
for initial value problem (15).

Proof. Taking X = (C|0,J], R). Then X is a complete metric space with a
sup-metric

d(z,y) = sup |(t) = y (1)

and the space (X, M, ) is a complete metric space if we take M (z,y,t) =

m, forall z,y € X and t > 0 and taking p x ¢ = pq, forallp, q <€ (0,1].
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Define S : X — X by
J
Sv(r) = / R(r,2)F(z,v(z))dz, forallv e X. (21)
0

Then v is a solution of (16), if v is a fixed point of S.
For u,v € X we have

J J
|Su(r) — Sv(r)] = \/0 R(r,z)F(z,u(z))dz—/O R(r,2)F(z,v(2))dz|

IN

J
/0 R(r,2)|F(z,u(z)) — F(z,v(z))|dz

J
< / R(r,2) sup |F(zu(z) — F(z,0(2))|dz
0 0<r<J

J
= sup |F(z,u(z))—F(z,v(z))|/0 R(r, z)dz

0<r<J
J
< X sup |u(z)—v(z)]/ R(r, z)dz
0<r<J 0
1 _ru
< A swp fu(z) —v(e)| B
0<r<J 2

1+rpy—e™

|Su(r) — Sv(r)| < X sup |u(z) —v(2)| 5

0<r<J ©
Taking the supremum, we get

sup |Su(r) — Sv(r)| < X sup |u(z) —v(z)| sup (5(u,r))>.
0<r<J 0<r<J 0<r<J

d(Su,Sv) < X sup (6(u,7))%d(u,v)

0<r<J
< %d(u,v).
Also
1 1 - d(Swu, Sv)
M(Swu, Sv,t) B t
< Ad(u,v)
- 2t
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A 1

—(=——— —1), forall Xt .
Q(M(u,v,t) ), uveX,t>0

Taking £(t,s) = 3(2 —1) — (} — 1), forallt, s € (0,1]. All the conditions of

the primary result theorem are met. As a result S has a unique fixed point
in X.
O
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Resolucién de un sistema resorte-masa amortiguado mediante
la funcion de simulacion MA
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CAMPO: matematicas
TIPO DE ARTICULO: articulo cientifico original

Resumen:

Introduccién/objetivo: En un interesante articulo, Perveen & Im-
dad (2019) introdujeron la nocién de una funcién de simulacion
MA y la utilizaron para demostrar la existencia de un punto fijo
para una auto papeo mediante a-admisibilidad y la continuidad
del auto mapeo en un espacio métrico difuso. El propésito de es-
te trabajo es establecer un teorema de punto fijo unico para una
aplicacion MA-contractiva mediante la relajacion de la condicion
de continuidad y «-admisibilidad del mapa en un espacio mé-
trico difuso. Como aplicacién de nuestro resultado, estudiamos
la existencia y unicidad de la solucién para el sistema resorte-
masa amortiguado. El articulo incluye un ejemplo que muestra
la validez de nuestros resultados.
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Métodos: Se utiliz6 el método de punto fijo con una funcién de
simulacion MA

Resultados: Se obtuvo un tnico punto fijo para una auto mapa
en un espacio métrico difuso.

Conclusion: Se obtiene un punto fijo de los auto mapas sin la
continuidad ni la a-admisibilidad del auto mapa mediante la fun-
cién de simulacion MA. Ademas, se obtiene la existencia y unici-
dad de la solucién de un sistema resorte-masa amortiguado en
el contexto de un espacio métrico difuso.

Palabras claves: espacio métrico difuso, secuencia M-Cauchy,
puntos fijos, funcién de simulaciéon MA.

PeleHune I'IpO6J'IeMbI p,emnchpOBava CUCTeMbl Mmacca-
NpyXxuHa € NOMOLLbIO TEMAaTNU4YECKOro MmogenmpoBaHnd

Lllo6a Oxaitn®, koppecnonaeHT, CmosiH H. PaneHosnuc?,

Wuwup Oxann®

@ lUpwu BaiiwHae BuabanuTx Buwsaeuapananms,
MatemaTtunyecknii pakynerer,
WHpayp, Mapxesa-Mpagew, Pecnybnuka MHous

5 Benrpagckuit yHMBEPCUTET, MaLLMHOCTPOUTENbHBINA dhakymnsTeT,
r. benrpag, Pecnybnuka Cepbus

PYBPUKA T'PHTW: 27.25.17 MeTpuyeckas Teopus yHKLUN,
27.39.15 JlnHelHble NpOCTpaHCTBA,
CHabXXeHHble Tornonoruen,
NopsAKOM M APYrMMKU CTPYKTYpamu
BWL CTATbW: opurinHanbHas Hay4Hasi cTaTbsi

Pesrome:

BeedeHue/uenb: B ceoell uHmepecHeliweli cmambe Perveen
& Imdad (2019) esenu noHamue ¢hyHKUUU Mamemamu4ecko-
20 Mo0enuposaHusi, Ucronb3ys eeo 0511 Ookasamesibcmea cy-
wecmeosaHusi Hernods8UXHOU MOYKU MpU caMoomobpaxxeHuu
yepe3 «-00MycmuMoCcmb U HErNpepbIBHOCMb 0MobpaxeHusi 8
HeYemKoM Mempu4yeckom rpocmpaHcmee. Llens daHHoU cma-
mbu — npedcmasumps yHUKarbHYyt0 meopemy O HernodeuxHoU
moyke 0511 MameMamu4ecko2o omobpaxeHus, ocriabus ycro-
8ue HerpepbiBHOCMU U «-00ryCmuMOCmu caMoomobpaxKeHusi
8 HEYemKoM Mempu4eckoM rpocmpaHcmee. B uensx noo-
meep>k0eHusi pesyribmamos uccriedosaHusi bbiu U3y4YeHbl Cy-
wjecmeosaHue U yHUKanbHoCMb peweHus rnpobremesl demrgpu-
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poeaHusi cucmeMbl Macca-npyxuHa. B cmamese npusedeH npu-
mep, Komopbili dokasbieaem OOCMOBEPHOCMb Pe3yribmamos
uccnedosaHus.

Memodbi: B cmambe ucrnosnb3o08aH Memod HIoO8UXHOU MOYKU
¢ ¢pyHkyuet MA-modenupoesaHusi.

Peaynbmambl: Honyqua YHUKarbHas HernodsuXXHasi MmoyKa
onsa caM00m06pa)KeHu;=l 8 He4YeImKoM mempu4d4eCcKoM ripocmpaH-
cmee.

Bbigo0bi: HenodsuxHasi moyka camoomobpaxeHusi rosydYyeHa
b6e3 yyema HernpepbiBHOCMU U «-00MycmumMocmu camoomob-
paxeHusi ¢ nomowibto pyHkuuu MA-modenuposarus. Nomumo
moeo, No08ep)KEeHO CywecmeosaHue U yHUKarnbHOCMb PeUEHUs
npobnemsl demrichupogaHuUsi cucmembl Macca-rpyXxuHa 8 ycro-
BUSIX HEYEMKO20 MEMPUYECKO20 rIpocmpaHcmea.

Krnroueeble crioga: HeYemkoe Mempuyeckoe MpocmpaHCcmeo,
nocrnedosamenbHocmb Kowu, HernodsuxxHble moyku, MA-
umumauyuoHHoe MoodenuposaHue.

PewaBare npuryeHor cucrema onpyra-maca nomohy MA
cumynaumoHe dyHKumje

Llo6a Llajn?, ayTop 3a npenucky, CmojaH H. PaneHosnh®,
Wuwup Llajn?
2 YuueepauteT Lpu BeluHas Buajanut, Matematuyku dpakynrer,
WHoop, Magja Npagew, Penybnuka NHavja
5 YuuBepauTeT y Beorpaay, MalumHcku akynTer,
Beorpag, Peny6nuka Cpbuja

OBNACT: matemaTtunka
KATEFOPWJA (TWM) YNAHKA: opurMHanHu Hay4Hu pag

Caxemak:

Yeod/uurs: Y ceom 3aHumsrbusom pady Perveen & Imdad (2019)
yeenu cy nojam MA cumynauuoHe ¢hyHkyuje kopucmehu 2a 3a
dokasuearbe rocmojarba (YUKCHEe madke 3a camoripecriukasa-
€ KPO3 q-puxeamsbugocm U KOHMUHyumem camornpecsiuka-
garba y pacriiuHymumM Mempuykum ripocmopuma. Lurb ogoe
pada jecme Oa ycmaHosu meopemy jeduHcmeeHe (huKCHe may-
Ke 3a MA KOHmMpakmueHO ripeciukasaH-e penaxkcayujom ycriosa
KOHMUHyumema u «-fpuxeamsbueocmu mMare y pacriauHymom
mempu4kom ripocmopy. Padu npumeHe dobujeHux pesynmama,
ucrumaHo je nocmojare U jeQUHCM8eHOCM pelera npuayuwe-
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Hoe cucmema onpyaa-maca. Hagodu ce u npumep Koju riokasyje
ganudHocm pe3ynmama.

Memode: KopuwheHa je memoda ¢hukcHe madyke ca MA cumy-
nayuoHoM ¢hyHKUUJOM.

Pesynmamu: [JobujeHa je jeQuHcmeeHa ¢hukcHa madka 3a ca-
Moripecriukasare y pacriuHymom Mempu4yKkoM rnpocmopy.

Bakrpyyak: ®ukcHa mayka camoripecriukasara 0obujeHa je
6e3 KoHmMuUHyumema u a-rpuxsamsbUusocmu caMmoripecsiukasa-
wa nymem MA cumynayuoHe pyHkyuje. YmepheHo je, makohe,
rocmojarbe U jedUHCMBeHOCM peuwera fnpuayweHoe cucmema
orpyea-maca rpu rocmassbamy pPacriauHymoa MempuyKoe cu-
cmema.

KrbyyHe pedu: pacrnuHymu mempudku rnpocmop, M-Kowujes
Hu3, hukcHe madke, MA cumynayuoHa chyHKyuja.
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