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Introduce

One of the most fascinating fields of research in the evolution of nonlinear analysis is fixed point
theory. One of the fundamental results of fixed point theory, the Banach fixed point theorem [1], is crucial
for demonstrating the existence and uniqueness of solutions to a wide range of mathematical problems.
By extending the Banach fixed point theorem to the concept of order-theoretic fixed point outcomes,
Turinici [2] extended Banach’s work and provided a new approach to proving fixed point theorems.
By developing an order-theoretic version of the Banach contraction principle and demonstrating its
applicability to matrix equations, Ran and Reurings [3] adopted this strategy. Later, Samet and Turinici
[4] developed fixed point solutions for nonlinear contractions based on the symmetric closure of an
amorphous binary relation, furthering this line of research.

By extending the contraction principle introduced by Banach to arbitrary binary relations, Alam
and Imdad [5] created a relation-theoretic fixed point theorem that unifies a number of previously known
order-theoretic conclusions.

A new version of the Banach contraction principle for complete metric spaces with a binary relation
was presented by Alam and Imdad [6]. In contrast to earlier fixed point theorems, their method relies on
relation-theoretic analogues of contraction, completeness, and continuity rather than the conventional
metrical definitions of these terms.

Moreover, Jleli and Samet [7] introduced a new metric space, which is referred to as F-metric
space, as an extension of the classical metric space. In this direction, Alnaser et al. [§8] used the notion
to establish some fixed point results in F-metric space with some open problems given, proffer fixed
point theorems in L-fuzzy mappings. Recently, Tomar and Joshi [9] used the concept of F-metric space
as a generalization of traditional metric space and established fixed point results in the context of
relation-theoretic contractions.

Motivated by the significance of the improvements, extensions and generalizations of recent and
classical results in literature to the notion of an F-metric space, we introduce the concepts of F-metric
spaces and subsequently establish some fixed point results relation-theoretic enriched ¢-contraction
mapping within the framework of complete F-metric spaces. To bolster our findings, we offer illustrative
numerical examples demonstrating the practical application of the presented results. Furthermore, we
explore as an application, the solution for two points boundary value problems.

1. Preliminaries

In this section, we introduce the notion of F-metric space and relation-theoretic enriched ¢-
contraction mapping.

Definition 1.1 [10] Let R be a nonempty set’s binary relation. Reflexive X is defined as (z,z) €
RVz € X. When (x,y) € R then (y,z) € R, it is symmetric; when (z,y) € R and (y,z) € R then z = y;
when (x,y) € R and (y,z) € R then (z,2) € R, it is transitive; and when [z,y] € RVx,y € X, it is
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connected or complete or dichotomous.
Definition 1.2 [11] On a nonempty set X, let R be a binary relation. Next, R® represents the
symmetric closure of R, which is defined as the set R U R™! by

R*:=RUR'. (1)

Definition 1.3 [12] On a nonempty set X, let R be a binary relation. R-preserving sequences are
thus defined as {z,} C X if
(Tny Tny1) € RVYn € Ny. (2)

Definition 1.4 [13] Let f be a self-mapping on a set X that is not empty. Then, if for every
z,y € X, a binary relation R on X is T-closed,

(x,y) € R= (Tz,Ty) € R. (3)

Definition 1.5 [14] Let (X, d) be a metric space and R be a binary relation on a nonempty set X.
If all of the R-preserving Cauchy sequences in X converge, then (X, d) is R-complete.

Definition 1.6 [15] Consider a binary relation and a metric space (X,d). When a subsequence
{zn, } of {x,} with [z, ,z] € RVk € Ny exists for each R-preserving sequence {z,} such that z, 4 q,
then R on a nonempty set X is said to be d-self-closed.

Definition 1.7 [16] On a nonempty set X, let R be a binary relation. If there is a z € X such that
(z,2) € R and (y,2) € R for every pair x,y € E, then the subset E of X is said to be R-directed.

Definition 1.8 [2] A path of length £ € N from x to y in R is defined as a finite sequence
{ro,r1,72, e, 7p} iIn X if ro =z, rp, =y and (r;,ri41) € R, 0<i <k —1.

Definition 1.9 [10,12] If a mapping ¢ : [0,00) — [0, 00) satisfies the following conditions, it is
called a comparison function: (i) ¢ is increasing, (i) 37 ¢"(t) < oo for each t > 0.

Definition 1.10 [17,18] If there is a function ¢ : [0,00) — [0,00), then a function T" from a metric
space (X, d) onto itself is called ¢-contraction fulfilling

d(Tz,Ty) < ¢(d(z,y)), Va,ye€ X. (4)

F-metric space is now introduced as follows: let g : (0,4+00) — R and F referred to the collection of
functions g verifying: (F1)0 < x < t = g(z) < g(t), (F2) for the sequence {z,} C R*, nh_)rr;o T, =0%&
ILm g(zy,) = —00.

""" Definition 1.11 [3,19] Let X be nonempty set and dr : X x X — [0,400). Assume there exists
(9,h) € F x [0,400) such that (i) (z,y) € X x X,dr(x,y) =0 x =y, (i) dr(z,y) = dr(y,z), for all
(z,y) € X x X, (iii) for each (z,y) € X x X, for each N € N, N > 2, and for each (u;)¥, C X with
(u1,un) = (x,y), then

N-1
dr(z,y) > 0= g(dr(z,y)) < g lz dr (@i, Tiv1)

=1

+h. (5)

Then, dr is referred to as F-metric on X and (X, dr) is referred to as F-metric space.
Example 1.12 [3] Let dr : R x R — [0, +00) be a function define by

(x—y)? if (z,y) €[0,3] x [0,3],
dr = , (6)
lz —yl, if (z,y) ¢ [0,3] x [0, 3],
with g(t) = In (¢) and h = In(3) admits F-metric.

Definition 1.13 [10] Let (X,dr) be F-metric space. (i) Let {x,} C X. The sequence {z,} is
referred to as F-convergent to x € X if {x,} is convergent to z in F-metric dz. (ii) The sequence
{z,,} is referred to as F-Cauchy, if liIB dr(xn, m) = 0. (iil) (X, dr) is F-complete if each F-Cauchy

n,Mm— 00

sequence in X is F-convergent to x € X.
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2. Main results

Theorem 2.1 Let (X,dr, R) remains as a relational metric space endued with F-metric space.
Assume that the self mapping 7' : X — X satisfies the assertions: (i) T(X) C Y C X so that (Y,dx)
is R-complete, (ii) X[T, R] is nonempty, (iii) R is termed as T-closed; (iv) T remains R-continuous, or
R|y is regarded as dz-self-closed; (v) for all (z,y) € R, there exist ¢ € ¥ verifying

where
d]:(CE, T.’l?)d]:(y, Ty)
d}—(fv’y)’d]:(x’Tx)’d}-(y’Ty)7d]:(z,y)+d]:(x,Ty)+d}-(y,Tx)7

dr(x,Tx)dr(z, Ty) + dr(y, Tx)dr(y, Ty) ’

M (z,y) = max (8)

then T admits a fixed point in X. Furthermore, if (vi) T(X) remains R*-connected, then T fulfils a
unique fixed point in X. Additionally, the sequence {z,} C X, x,,11 = Txp, n € Ny, then F-convergent
to a fixed point.
Proof Using the condition (ii), there exist xyp € X (T, R) and construct sequence {z,} C X
satisfying
Tpt1 = Ty, Yn € IN. (9)

Since (zg,Tzo) € R and T-closedness of R, we have
(T‘LCQ7 T2$(]), (T2.’E0, T?’xo), ceny (Tn(E(], Tn+1$()) € R. (10)

Using (9) and (10), we have
(n,Tnt1) € R, Yn € IN. (11)

Hence, {z,} is R-preserving sequence. Using the (8), (9) and (11), we have

d}'(mna $n+1) = d]:(T:L‘n,h Txn) < (ZS(N(-Tnfla xn))v (12)
where

dr(tn—1,2n),dr(Tn-1,TTn_1),dr(zn, Tx,),
dr(tn—1,Txn_1)dr(xn, Tx,)

N(zn—1,2) = maxq dr(z,_1,2n) + dr(Tn_1, T2n) + dr(Tn, TTp_1)’ =

dr(xn—1,Txn_1)dr(xn_1,Txy) + dF(Xn, Txpn_1)dF(xn, Tx,)

dr(xp, Txp—1) + dr(xn_1,Txy)
dr(Tn—1,2n),dr(Tn-1,%n), dr(Tn, Tni1),
dr(Tn—1,2n)dr(Tpn, Tni1)

(LL'n 1, T n)-i—d]:(l'n 1,$n+1)+d}'($n,l‘n) =

F( -1, 20)dr(Tn—1, Tnt1) + dr(Tn, Tn)dF(Tn, Tri1)
dr(xn,zn) + dF(Tn_1,Tni1)

= max

d
d

d}'(xn—hxn)vd}'(xn—l,xn)a
= max (13)
d]—'(xnal‘n+17d]-'(-rnflaxn)ad}'(mnflaxn))
Implies
dr(Tn—1,%n), dF(Tn-1,2n),
d]:(l'n»mn—‘rl) §¢ max ]:( ' ) ]:( ' ) (14)
df(-rnvxn-i-lad}_(xn—l;xn)yd}'(mn—laxn))

Now suppose dz(Zy, Tp+1)>dr(Tn_1,2s). Using (i) of definition 1.9, we have

d}'(xnu mn+1) S Qb(d}'(xnfhxn)) < df(mnyxn+1)7 (15)
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a contradiction. So

dr(Tn, Tni1) < O(dr(Tn—1,7n)). (16)
By continuing the process on n and using (ii) of definition 1.11, we have
dF(Tn, Znt1) < @"(dr(20,21)),n € No. (17)

Using (17), Vm, n € Ng and m > n, we get

m—1 m—1

D dp(wi i) < ¢ (dr(xo, 21)). (18)
i=n i=n
By (ii) of definition 1.11 and as n — oo, ZZ’;} ¢*(dx(zo,71)) — 0. That is, there exists € > 0 fulfilling
0 < S gt (dr (0, 21)) < €
Let (g, h) fulfil (iii) of definition 1.8. By (F2), for fixed € > 0,

g (Z ¢i(df(wo,xl))> <g(e) —h. (19)

Using (iii) of definition 1.8 and (19), dz(2m,z,) > 0.
Implies

m—1 m—1
9(dF(Tn, vm)) < g (Z d]-'(wiaxiJrl)) +h<g <Z ¢i(df($0,$1))> +h <g(e). (20)

i=n i=n

Again> by (]:1)
Adr(xn,zm) < €, m>n. (21)

Thus, the F-Cauchy sequence in X is {z,}. Hence, {z,} is an F-Cauchy sequence that preserves R.
{z,} is also an R-preserving F-Cauchy sequence in Y since {z,,} € T(X) C Y. The hypothesis (i) states
that if (Y, dx) is R-complete, then x, iz drz*.
If T is R-continuous, we have

Tna1 = Ty, i dr)Tx*. (22)
So Tx* = z*, shows z* is a fixed point of T. However, if Ry is dz-self-closed, then given the R-preserving
sequence {z,} in Y as z, iz dra*, there exists a subsequence {z,, } of {z,} with [z,,,2*] € R|y C
R, Vk € Ng and z,, 4 drx*.

Now

g(d}-(x*, TCL'*)) < g(df(x*7 Txnk)"i_d}'(Txnk ’ T.’L'*))-i-h = g(d;.—(x’ﬂ xnk+1)+d.7:(xnk+l ) Tx*))+h — —o0.
(23)
As n — oo, using (F2), a contradiction. Thus, dx(z*, Tx*) = 0, that is, «* = T'z*. Implies z* is a fixed
point of T
Let u and v be two different fixed points of 7" such that Tw = v and T'v = v in order to demonstrate
the fixed point’s uniqueness. Thus

u,v € T(X), Tru=u,T"v=uv,n¢€ Ny. (24)

Given that T'(X) is R®-connected, there is a path say {z1, 22, 23, ..., 2 } of finite length k in R*-connected
from u to v, such that zp = u, zi = v and (z;,2;41) € R*, 1 =0,1,2,....,k — 1. R is T-closed according
to hypothesis (iii), and (T"z;,T"z;4+1) € R*®, where i = 0,1,2,...,k — 1 and n € INy. Assuming that
dr(u,v) >0,

k—1
g(dr(u,v)) = g(dr(T"20,T"2)) < g (Z d]—‘(TnZianZi-i-l)) +h<
1=0

k—1 k-1
g (,uZd;(T"lzi,Tnlel)) +h<gyg (,uZ Zd}-(T"in,T"ZZiH)) + h. (25)

=0 i=0
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Continuing this process, we have

k—1
<g (/an de(zi72i+1)> +h — —o0, (26)
=0

as n — 00, using (F2), a contradiction. Thus, dz(u,v) = 0, implies, u = v.
Example 2.2. Let X = (—10,10] be the set on F-metric defined by
2|w_y‘7 x # y7
0, T =y,
with ¢g(t) = —1/¢ and h = 1. The relation R on X is define as R(z,y) = x,y € X : x > y with closure
symmetry as R® = {(z,y) : eitherx <y ory < z}. Let ¢ : [0,00) — [0, 00) be define as ¢(t) = 4/5¢t and
T:X — X by

-3/2, pe(-10,-1]
-1, € (—1,0
() = pelno 9
_1/23 pE (072]
2, p € (2,10]
Iy =1[2,5 C X, T(X) = [-3/2,-1,-1/2,2]. Then (Y,dr) is R-complete and T'(X) C YV C X.

However, X is not R-complete or complete. It is evident that T is neither continuous nor R-continuous,
and that R is T-closed. A sequence that is R -preserving and converges to 0 is z,, = 1/n, while {z,,} =
{—1/2} converges to —1/2. T(X) is R*-connected, and R|y is dz-self-closed. Assume that x = —3/2
and that the fixed point is unique at —3/2 in order to verify this. Furthermore, F-converges to —3/2 if
the sequence {z,} C X, such that x, = =3n/(2n+ 1), n € IN.

Let (X,dr, R) remains as a relational metric space endued with F-metric space. Assume that the
self mapping T : X — X satisfies the assertions: (i) T(X) C Y C X so that (Y,dr) is R-complete, (ii)
X|[T, R] is nonempty, (iii) R is termed as T-closed; (iv) T remains R-continuous, or R|y is regarded as
dr-self- closed; (v) for all (z,y) € R, there exist ¢ € ¥ verifying

d]:(T.’L‘, Ty) < ¢(N($, y))7 (29)

where

A (e, Ta)dr (y, Ty)

dr(x,y),dr(x, Tx),dr(y, Ty), ,

F@ ) dr @ To), dr 0. 1Y), Gy 0 (e, Ty) + dr (5, T)

dr(x, Tx)dr(z, Ty) + dr(y, Tx)dr(y, Ty) ’
a7y, Te) + dr(a, Ty)

N(z,y) = max (30)

then T admits a fixed point in X.

Corollary 2.3. If (vi) R|p(x) remains complete, then 7" fulfils a unique fixed point in X. Moreover,
if the sequence {x,} C X, 41 = Tx,, n € Ny, is F-convergent to a fixed point

Proof. Theorem 2.1 is further supported by the fact that =,y € T(X), [z,y] € R|r(X) indicates
that x,y is a path of length 1 in R*|p(x) from x to y if hypothesis (vi) is true. T'(X) is hence R*-
connectedness. Thus, we have the result.

Corollary 2.4. If (vi) T(X) remains R*-directed, then 7 fulfils a unique fixed point in X . Moreover,
if the sequence {z,} C X, 2,41 = Tz, n € Ny, is F-convergent to a fixed point.

Proof. To further support the proof of Theorem 2.1, if the hypothesis (vi) is true, then x,y € T'(X),
existsz € X such that (z,z) € R® and (y, z) € R® indicates that x,y, z is a path of length 2 in R® from
x to y. T(X) is R*-connected as a result. We thus have the result.

Corollary 2.5. if (vi) u(z,y, R®) # ¢, then T fulfils a unique fixed point in X. Moreover, if the
sequence {z,} C X, z,41 = Txp, n € Ny, is F-convergent to a fixed point

Proof. As an extension of the proof of Theorem 2.1, if the hypothesis (vi) is true, then z,y € T(X),
and there is a path from z to y, say {z1, 22, 23, ..., 2} of finite length %k in R®, such that zg =z, z;, = y.
T(X) is hence R*-connected. Thus, we have the result.
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3. Application

Here, we solve the boundary value problems by applying our previous findings. Assume that X =
C[I,R] and that I[0,1] and C[I, R] are the collections of all continuous functions on [0,1]. We now
consider the subsequent Theorem.

Theorem 3.1. Let the second order differential equation be

d?y .
i o(t,x(t)), withx(0) =0, z(1) =0, (31)
x
where ¢ : [0,1] x R — R represents a continuous function and ¢ € I.
Then, there exists A > 0 such that

(t) — y(t)

0 < o(t,2(t) + Ax(t) — [o(t, y(t) + Ay(t)] < )\ma (32)
where z(t) > y(t) and z(t), y(¢) € X, then 2* in X is the unique solution of (46).
Proof. The boundary value problem in (46) can be represented as
" (t) + Az(t) = ¢(t, z(t)) + Az(t), te€]0,1], z(0) =0, z(1) =0, (33)
or )
o) = [ GO o6) + M@l for te 39

with the Green function as

G = =
wO=sw =1 o (SRS (35)

If we define a map T : X — X, then 2 € X is a solution of (34) if it is the solution of (46). Then

Ta(t) = [ GUOI0(E2(6) + Ma(e)de.
with binary relation
R={(z,y) € X x X : z(t),y(t) > 0 where (x —y)(t) > 0,Vt € [}. (36)

Then, the following cases arises:
Case I. Now consider

exp (sup ja(t) — m), £(t) # (1),

tel
0, z(t) = y(t),

dr(x(t),y(t)) = (37)

where g(t) = —1/t, t > 0 and h = 1. Then, (X, dr) admits R-complete F-metric spaces.

Case II. Let {z,(t)} be an R-preserving Cauchy sequence such that x,(t) — z(t). In that case,
Tp(t) > Xpi1(t), t € I, n € Ny, and 2, (t)zp+1(t) > 0. Then, either x,(t) < 0 or x,(¢) > 0 are present.
We get a sequence of positive values that converges to x(t) if we assume that x(t) > 0 for ¢ € I. Because
of this, z(t) > 0, or (z,(t),z(t)) € R, t € I, n € Ny. Implies that dz-self-closed is admitted by R.

Case IIL. For (z,y) € R, that is, z(t) > y(t) by (32), ¢(t,y(t)) + Ay(t) < o(t,z(t)) + Ax(t), Vi e I
and G(t,£) >0, (t,£) € I x I, we obtain

1 1
Ta(t) :/0 G(t,O)[D(E, x(§)) + Ax(8)]dE Z/O G(t,O)[0(&,y(8)) + Ay(§)]ds = Ty(?). (38)

Implies (Txz(t), Ty(t)) € R, that is, R is T-closed. For any x(t) > 0, Tz(t) > 0, that is, (z(t), Tx(t)) € R.
Then, X [T, R] remains non-empty.



88 M. Pamexu, JI. Parxyp, B. Cunrx, . Agameku, I11. Maksapy, JI. H. Mumpa, B. H. Mumpa

Case IV. For (z,y) € R
A7 (Ta(). Ty(1)) = oxp <i‘é‘f Ta(t) - Ty<t>> _
1 1
exp (sup [ 6t ote.s0) + 2l - [ Gl e+ Ay(&)}ds>

tel 0

<o (s [ @02 2520 a6) <o (suplet©) - wie) [ .0

tel Jo y(&) — (&) tel
—exp (suple(6) < ()] [ (1= 0gae+ [ (1= nae) < e (suplat) - w05 )
< pexpsupa(t) — y(0)] = o(V(.1)) (39)

If X =Y =CII,R], Y admits that it is R*-connected. Therefore, T' has a unique fixed point and all of
the hypotheses of Theorem 2.1 are satisfied.

Conclusion

In this paper, we explored the concept of F-metric spaces to establish some fixed point results
for relation-theoretic enriched ¢-contraction utilizing a complete F-metric spaces. This study provides
significant advancements in the understanding of relation-theoretic mapping, using illustrative numerical
examples, we showcased the practical applicability of the results and explored as an application, the
solution for two points boundary value problems. Future work could also explore the extension of this
results to quasimetric space and fuzzy set valued mappings.

Acknowledgment: The authors want to thank everyone who has assisted us in finishing this task.

Conflicting interests: The authors declared that there are no competing interests.

Cunucok smreparypsbl/References

1. Banach, S. Sur les operations dans les ensembles abstraits et leur application aux equation integrales.
Fundamenta Mathematicae, 1922, vol.3, pp. 133-181.

2. Turinici, M. Ran-Reurings fixed point results in ordered metric spaces. Libertas Mathematica, 2011, vol.31,
pp. 49-55.

3. Ran, A.C.M., Reurings, M.C. A fixed point theorem in partially ordered set and some applications to matrix
equation. Proceedings of the American Mathematical Society , 2004, vol. 132, pp. 1435-1443.

4. Samet, B., Turinici, M. Fixed point theorems on a metric space endowed with an arbitrary binary relation
and applications. Communications in Mathematical Analysis and Applications, 2012, vol. 13, no. 2, pp. 82-97.

5. Alam, A., Imdad, M. Relation-theoretic contraction principle. Journal of Fized Point Theory and Applications,
2015, vol.17, no. 4, pp. 693-702.

6. Alam, A., Imdad, M. Relation-theoretic metrical coincidence theorems. Filomat, 2017, vol.31, no. 14, pp.
4421-4439.

7. Jleli, M., Samet, B. On a new generalization of metric spaces. Journal of Fized Point Theory and Applications,
2018, vol. 20, no. 3, p. 56.

8. Alnasera, L.A., Lateefa, D., Fouada, H.A., Ahmadc, J. Relation theoretic contraction results in F-metric
spaces. Journal of Nonlinear Science and Applications, 2019, vol. 12, pp. 337-344.

9. Tomar, A., Joshi, M. Relation-Theoretic Nonlinear Contractions in an F-Metric Space and Applications.
Rendiconti del Circolo Matematico di Palermo, 2021, vol. 70, no. 2, pp. 835-852.

10. Raji M., Rajpoot A. K., Hussain A., Rathour L., Mishra L. N., Mishra V. N. Results in Fixed Point Theorems

for Relational-Theoretic Contraction Mappings in Metric Spaces. Tuijin Jishu/Journal of Propulsion Technology,
2024, vol. 45, no. 1, pp. 4356-4368.



CrkuMmarorue oTobpaskeHust 110 Jupudy 89

11. Raji M., Rajpootl K.A., Rathour L., Mishral L.N., Mishral V.N. Coincidence point results for relational-
theoretic contraction mappings in metric spaces with applications. Open Journal of Mathematical Analysis, 2024,
vol. 8, no. 1, pp. 1-17.

12. Lj, B. Ciri¢, A generalization of Banach‘s contraction principle spaces. Proceedings of the American
Mathematical Society, 1974, vol. 45, no. 2, pp. 267-273.

13. Tomar, A., Joshi, M., Padaliya, S.K., Joshi, B., Diwedi, A. Fixed point under set-valued relation-theoretic
nonlinear contractions and application. Filomat, 2019, vol. 33, no. 14, pp. 4655-4664.

14. Khan F. A. Almost contractions under binary relations. Axioms, 2022, vol. 11, p. 441.

15. Algehyne E. A.) Altaweel N.H., Areshi M., Khan F. A. Relational-theoretic almost ¢-contractions with
applications to elastic beam equations. AIMS Mathematics, 2023, vol. 8, no. 8, pp. 18919-18929.

16. Sawangsup K., Sintunavarat W., Roldan-Lopez-de-Hierro A. F. Fixed point theorems for FR-contractions
with applications to solution of nonlinear matrix equations. Journal of Fixed Point Theory and Applications,
2017, vol. 19, pp. 1711-1725.

17. Raji, M. Generalized -1 contractive type mappings and related coincidence fixed point theorems with
applications. The Journal of Analysis, 2023, vol. 31, pp. 1241-1256.

18. Raji M., Rajpoot A. K., Al-omeri WF., Rathour L., Mishra L. N., Mishra V. N. Generalized a-1 Contractive
Type Mappings and Related Fixed Point Theorems with Applications. Tuijin Jishu/Journal of Propulsion
Technology, 2024, vol. 45, no. 10, pp. 5235-5246.

19. Raji M.; Rathour L., Makwaru S., Mishra L. N., Mishra V. N. Fuzzy enriched contraction for ay-fuzzy fixed
point results in b-metric spaces satisfying L-fuzzy mappings with application, Kocaeli Science Congress 2024
(KOSC-2024), 2024, pp. 132-139. https://doi.org/10.5281/zenodo.14331936.

ABTODBI

Myxammen Panxku, i1.¢d.-M.H., gonent, Hayuno-rexanyaeckuit yausepcurer Kondurrosne, Ocapa, mrar
Koru, Hurepus.
E-mail: rajimuhammed11@gmail.com

Jlakimvu Patxyp, 7.¢d.-M.H., jorienTt, HanponabHbll TeXHOJIOTHYeCKU MHCTUTYT, Jasrrianr, Afijpkalt
796 012, mrrat Muzopam, Muns.
E-mail: laxmirathour817@gmail.com

Bunait Cunrx, m.¢d.-Mm.H., gorent, Haruonaabublil TexHoaorndeckuii nactutyT, Hasrrmanr, Afimkant
796 012, rrat Muzopam, Nuans.
E-mail: vinaysinghl4aug@gmail.com

WUcaak Apamxxku, jg.d.-m.H., norenr, Hayano-rexandaeckuii yruBepcurer Koudiosnc, Ocapa, mrar
Koru, Hurepus.
E-mail: isaacadajidreal@gmail.com

Ta6anu MakBapy, a.d.-M.H., morent, Yausepcurer Jap-sc-Canama, Tanzanus.
E-mail: makwaru.shabani@Qudsm.ac.tz

Jlakmmvu Hapasu Muwunipa, 1.¢d.-m.H., mpodeccop, Texnomorndeckuit nuctutyt Besnypy, Bemwnypy
632 014, mrar Tamuraan, Vamaus.
E-mail: lakshminarayanmishra04@gmail.com

Buimnmny Hapasa Murapa, 1.¢.-M.H., npodeccop, HarmonapHbIN yHEBEPCUTET MAaJIBIX HAPOIOB UM.
WMuauper Nangu, Jlannyp, Amapkanrak, Arymmnyp, mrar Majaxbs-IIpagemnr 484 887, Muaust.
E-mail: vishnunarayanmishra@gmail.com



90 M. Pamexu, JI. Parxyp, B. Cunrx, . Agameku, I11. Maksapy, JI. H. Mumpa, B. H. Mumpa

ITpock6a cchLIaThC HA 3TY CTATHIO CJIEAYIOMIMM O0Dpa3oM:

Pajzku M., Parxyp JI., Cunrx B., Anameku 1., Maksapy 1., Mumpa JI. H., Mumpa B. H. Cxkumarorpe
oTobpakeHus 10 dupudy ¢ TOYKN 3pEeHUsi TEOPUU OTHOIINEHU B F-METPUIECKUX ITPOCTPAHCTBAX U Pa3-
BHUTHE TEOPUU HENOJBUKHBIX ToueK. IIpocmparcmeo, epemsa u dyndamernmanvrvie 63aumMoeticmeus.
2025. Ne 2. C. 81—90.

Authors

Muhammed Raji, Ph.D, Associate Professor, Department of Mathematics, Confluence University of
Science and Technology, Osara, Kogi State, Nigeria.
E-mail: rajimuhammedl1@gmail.com

Laxmi Rathour, Ph.D, Associate Professor, National Institute of Technology, Chaltlang, Aizawl 796
012, Mizoram, India.
E-mail: laxmirathour817@gmail.com

Vinay Singh, Ph.D, Associate Professor, National Institute of Technology, Chaltlang, Aizawl 796 012,
Mizoram, India.
E-mail: vinaysinghl4aug@gmail.com

Isaac Adaji, Ph.D, Associate Professor, Department of Mathematics, Confluence University of Science
and Technology, Osara, Kogi State, Nigeria.
E-mail: isaacadajidreal@gmail.com

Shabani Makwaru, Ph.D, Associate Professor, University of Dar es Salaam, Tanzania.
E-mail: makwaru.shabani@udsm.ac.tz

Lakshmi Narayan Mishra, Ph.D, Professor, Vellore Institute of Technology, Vellore 632 014, Tamil
Nadu, India.
E-mail: lakshminarayanmishra04@gmail.com

Vishnu Narayan Mishra, Ph.D, Professor, Indira Gandhi National Tribal University, Lalpur,
Amarkantak, Anuppur, Madhya Pradesh 484 887, India.

E-mail: vishnunarayanmishra@gmail.com

Please cite this article in English as:

Raji M., Rathour L., Singh V., Adaji I., Makwaru S., Mishra L. N., Mishra V. N. Ciri¢ contraction type
of relation-theoretic mappings in F-metric spaces and advancements in fixed point approach. Space,
Time and Fundamental Interactions, 2025, no. 2, pp. 81-90.



