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Abstract:

Introduction/purpose: This study establishes sufficient conditions for a
sequence to be Cauchy within the framework of controlled revised fuzzy
metric spaces. It also generalizes the concept of Banach’s contraction
principle by introducing several new contraction conditions. The aim is to
derive various fixed-point results that enhance the understanding of these
mathematical structures.

Methods: The researchers employ rigorous mathematical techniques to
develop their findings. By defining a set of novel contraction mappings and
utilizing properties of controlled revised fuzzy metric spaces, they analyze
the implications for sequence convergence. The methodology includes
constructing specific examples to illustrate the theoretical results.

Results: The study presents several fixed-point theorems derived from the
generalized contraction conditions. Additionally, it provides a number of
non-trivial examples that substantiate the claims and demonstrate the
applicability of the results in practical scenarios. A significant application is
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explored regarding the conversion of solar energy into electric power,
utilizing differential equations to highlight this connection.

Conclusion: The findings deepen the understanding of Cauchy sequences
in fuzzy metric spaces and offer a broader perspective on the application of
the fixed-point theory in real-world scenarios. The results pave the way for
further research in both theoretical mathematics and its practical
applications, particularly in the field of renewable energy.

Key words: fixed point theorems, revised fuzzy metric space (RFMS),
contraction principles(CP), Green'’s function, differential equation.

Introduction and preliminaries

The existence of a unique fixed point (UFP) for self-mappings under
suitable contraction conditions over complete metric spaces(CMS) is
guaranteed by Banach’s fixed point theory (BSP) (also known as “the
contraction mapping theorem”), one of the most significant sources of
existence and uniqueness theorems in numerous areas of analysis. New
extensions and generalizations of fixed point results are important
because they increase our understanding of mathematical systems,
enable the solution of specific problems, extend current theorems, and
lead to the development of new theories and applications. They are an
important aspect of mathematical study and have far-reaching
ramifications in a variety of fields.

Fuzzy logic (FL) was established by Zadeh (1965). Unlike the
theory of traditional logic, some numbers are not contained within the
stand. FL afflation of the numbers in the set defines an element within
the interval [0,1]. Zadeh has learned theories of fuzzy sets to be art, the
problem of indefinity with the aid of uncertainty, the essential part of
genuine difficulty.

The theory is seen as a fixed point (FP) in the fuzzy metric space
(FMS) for various processes, one of them utilizing fuzzy logic. Later on,
following Zadeh’'s outcomes, Heilpern (1981) established the fuzzy
mapping (FM) notion and a theorem on an FP for fuzzy contraction
mapping (FCM) in linear MS, expressing a fuzzy general form of BC-
theory. In the definition of FMSs provided by Kaleva & Saikkala (1984), the
imprecision is introduced if the distance between the elements is not a
precise integer. After the first by Kramosil & Michalek (1975) and further
work by George & Veeramani (1994), the notation of an FMS was
introduced. After that, Klement et al. (2004) presented some problems on
trigonomtric terms and releted operators.

Branga & Olaru (2022) proved several fixed point results for self-
mappings by utilizing generalized contractive conditions in the context




of altered MS. Al-Khaleel et al. (2023) used cyclic contractive mappings
of Kannan and Chatterjea type in generalized metric spaces. Czerwik
(1993) found the solution of the well-known BFPT in the context of b-metric
spaces (b-MS). Milaiki et al. (2018) defined controlled MS as a
generalization of b-MS by utilizing a control function a: 22 — [1, ) of the
otherside of the b-triangular inequality. The relation between b-MS and
FMS has been discussed by Hassanzadeh & Sedghi (2018). Li et al.
(2022) used Kaleva—Seikkala’'s type FbMSs and proved several fixed
point results by using contraction mappings. Furthermore, Sedghi &
Shobe (2012) and Sedghi & Shobkolaei (2014) proved various common
FPTs for R-weakly commuting maps in the frame work of FbOMSs. Sezen
(2021) introduced controlled FMS as a generalization of FMS and FbMS
by applying a control function « : 2 - [1,) in a triangular inequality of
the form:

t t
MO, w,t+s)=>M (b,z,—) +M (z,oo,—),for allb,w,z € Zands,t
a(b, z) a(z, w)

>0.

If we take a(b,z) =a(z,w)=1 then its an FMS and for
a(b,z) = a(z, w) = s with s > 1 it is then an FbMS.

Ishtiaq et al. (2022, 2023) established the theory of double-controlled
intuitionistic fuzzy metric-like spaces by “considering the case where the
self-distance is not zero”; if the metric’s value is 0, afterwards it must be a
self-distance and also an established FP theorem for contraction
mappings. See (Schweizer & Sklar, 1960) for triangular conorm (TCN),
continuous triangular conorm (CTCN) (Kaleva & Seikkala, 1984), and TN
of H-type (Hadzi¢, 1979; Hassanzadeh & Sedghi, 2018). In (Hussain et al,
2022), the authors worked on CFMSs by utilizing orthogonality and
pentagonal CFMSs and proved several FPRs for contraction mappings.
Rakic et al. (2020) proved a fuzzy version of BFPT by using Ciric-quasi-
contraction in the context of FbMSs. Younis et al. (2022) proved several
FPRs in the context of dislocated b-metric spaces and solved the turning
circuit problem.

In 2018, Sostak (2018) explored the idea of Revised Fuzzy Metric
Spaces (shortly, RFM-Space) as a new idea to express a revised fuzzy
set. Then Grigorenko et al. (2020) made several proposals based on RFM-
Spaces. Building on the work of Sostak (2018), Muraliraj et al. (2023)
defined the notion of retinal-type revised fuzzy contraction and proved a
fixed point theorem of RFM spaces. Muraliraj & Thangathamizh (Muraliraj
& Thangathamizh, 2021ab) partially came up with the idea of fixed point
results for RFM in revised fuzzy contraction (shortly, RFM contractions).
The following authors (Adabitabar Firozja & Firouzian, 2015; Kider, 2020,
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2021; Moussaoui et al, 2022; Muraliraj & Thangathamizh, 2021a, 2023)
provided many concepts of RFMS and they proved to be quite useful in
this study. Gregori & Mifana (2021) introduced a new version of
contraction principles in the context of fuzzy metric spaces. It is defined by
the means of t-conorms. After that Muraliraj & Thangathamizh (2022),
Thangathamizh et al. (2024) established new revised fuzzy cone
contraction type unique coupled fixed point theorems in revised fuzzy cone
metric spaces by using the property of triangular.

In this article,

- we prove that a sequence must be Cauchy in the CRFMS under
some conditions;

- we prove a fixed point result by using new Ciric-quasi-contraction
and generalize the Banach contraction principle by utilizing several
new contraction conditions;

- we provide several non-trivial examples to show the validity of
the main results;

- we discuss an application concerning the transformation of solar
energy to electric power.

Now, we provide several definitions and results that are helpful to
understand the main section.

Definition 1 (Sostak, 2018). A binary operation I':[0,1]> = [0,1] is a
CTCN if it verifies the conditions below:

(C 1) T is commutative and associative,

(C 2) T is continuous,

(C3)I'(x,0) =xforall x € [0,1],

(C4)TI'(x,p) <T(cd)fork,p,c,de[01]suchthatk < candp < d.

The examples of CTCN are T,(a,b)=a+b—a.b, Ih(ab)=
max{a, b}, and I},(a,b) = min{a + b, 1}.

Definition 2 (Hadzi¢, 1979). Suppose that I is a TCN and suppose
that [:[0,1] - [0,1],T € N, express the process given below:

I (b) =T'(b,b), [ ;1 (b) = T'(T;(b),b), TEN,b €[0,1].

Then, TCN T is H-type if the family {I':(b)}.cy is equi-continuous at
b=1.

A TCN of H-type is I, and see [9, 18] for examples.

Each t-conorm can be generalized in a different way to an n-ary
process via associativity, taking (b4, ...,b,) € [0,1]™ for the values

[i—1b; = by, Tti—1b; = T(Ti=1b;, by) = I'(by,..., by).

Example 1. An n-ary generalization of the TCNI},;,, I, and I are:

[max(Pq, ..., b)) = max{b,,..., b}

FL(bll o -:b'[) = min{z‘i;l bi - (T - 1) ’ 1}= FP(blt e 'b‘[) = H‘it=1 bi




A TCN T can be extended to accountable infinite operation, for any
sequence (b).en considering from [0,1] the value [[Z; = lim [Z; b;
T—00

The sequence {Tj—;"(b)}.ey is non-increasing and bounded below
and so the limit I, “(b;) exists. In the FP theory (Hadzi¢ & Pap, 2001;
Hadzi¢, 1979), it might be interesting to look at the category of TCNI" and
sequence (b.) in the range [0,1] such that Tll_{glo b, = 0 and

lim [y ™ (by) = lim [y ™ (bes) (1)
Proposition 1. Suppose (b).cn is a series of numbers with the range
[0,1] such that lim b, = 0 and assume I' to be a TCN of H-type. Then,
T—00

lim Tj—; “b,i. Throughout this study, we utilize 22 : E x Z.

T—00

Definition 3 (Sostak, 2018). A 3-tuple (g, M,T) is known as an RFMS
if £ be a some (nonempty) set, T' is a CTCN, and M is an RFM on
E2 x (0,) and satisfies the following conditions, for all b, w,z € E, and
t,s > 0:

(Rfm 1) M(b, w,t) < 1,

(Rfm 2) M(b, w,t) = 0iff b = w,

(Rfm 3) M(b, w,t) = M(w, b, t),

(Rfm 4) T(M(b, w, t), M(w, z,5)) = M(b,z,t +s),

(Rfm 5) M(b, w,.) : (0,0) = [0,1] is continuous.

Definition 4. A 3-tuple (E,M,T) is called an RFbMS if E is a random
(non-empty) set, T' is a CTCN, and M is an RFM on Z2 x (0,) and
satisfies the following conditions for all b,w,z € E,t,s >0, andp>1as a
real number:

(Rb 1) M(b, w,t) < 1,

(Rb 2) M(b, w,t) = 0iff b = w,

(Rb 3) M(b, w,t) = M(w, b, 1),

(Rb 4) I(M(b, ®, 1), M(w,2,5)) = M(b,zp(t +5)),

(Rb 5) M(b, w, —): (0,0) — [0,1] is continuous.

The following fixed point theorem is using a new Ciric-quasi-
contraction in the context of RFbMSs.

Theorem 1. Suppose that (E, M, I',;,) is a complete RFbMS, assume
that f: E - E. If for some X € (0,1), such that

Mg (b, ,5), M (f,b,5), M (fo, ,5),
M (b, @, %), M, (b, foo, i)
Z,t> 0. Then, f has a UFP in E.

Lemma 1. Let M(b, w, —) be an RFbMS. Then, M(b, w,t) is b-non-
decreasing with respect to for all b, w € E.

M, (fb, fw, t) < max , bwe
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Definition 5. Let = be a non-empty set, a: 22 — [1,»), T'is a CTCN,
and M, is an RFM on £2 x [0, «) and satisfies the following conditions for
allb,w,z € E,s,and t > 0:

(ERFMa 1) M (b, w,0) < 1,

(ERFM, 2) My (b, w,t) = 0iff b = w,

(ERFM,, 3) M (b, w,t) = M, (w, b, t),

(ERFM, 4) My (b, 2, a(b,z)(t +5)) < T(Mg(b, ,t), My (w,z,5)),

(ERFM, 4) M(b, w,.): (0,) — [0,1] is right continuous.

Then, the triple (E,M,, ') is said to be an extended revised fuzzy b-
metric space and M, is said to be a controlled RFM on .

Theorem 2. Suppose that (£,M,T") is a complete RFMS with f:Z2 —»
[1, 00), assume that th_)rg) Mgy (b, w,t) = 0, forall b,w € E. Iff : £ - E satisfies
the following for some X € (0,1), such that

Mq (b, f, t) < M, (b, w, ), for all b,w € &t > 0.

Also suppose that for arbitrary by € E and n,q €N, there is
(b, beq) < 3.

where b, = f"by.Then, fhas a UFP in =.

Definition 6. Let Z be a non-empty set, a: £2 - [1,), T'is a CTCN,
and M, is an RFM on E2 x [0, ») and satisfies the following conditions for
allb,w,z€ E,s,and t > 0:

(RFM,1)M, (b, w,0) < 1,

(RFM2)M, (b, »,t) = 0iffb = w,

(RFM3)M, (b, w,t) = Mg (w, b, t),

t S
(RFM4)My(b, 7t +5) < T (Ma (bo, m) M, (0,2, amw))),

(RFM,5)M(b, w,.): (0,) — [0,1] is right continuous.

Then, the triple (, Mg, I') is said to be a CRFMS and M, is said to be
a controlled RFM on Z.

Muraliraj and Thangathamizh, (2021a) proved the following Banach
contraction principle in the context of CRFMS.

Theorem 3. Suppose that (E,M,I") is a complete CRFMS with
a: E2 - [1,), assume that lim M (b, w, t) =0, forallb,w € E.

If f: £ - E satisfies the following for some X € (0, 1), such that

Mq(f, fe,t) < Mg (b, w, ), for all b,w € &, > 0.

Also, suppose that for all b€ E, we obtain lim M,(b,, w) and

n-—-oo

lim Mg (w, b,) which exist and are finite. Then, f has a UFP in E.
n-—-oo




Definition 7. Suppose M(b, w,t) is a CRFMS. For t > 0, the open ball
B(b,],t) with the center b € £ and the radius 0 <l < 1 is expressed as a
sequence {b.}:

G-Convergent to b if M(b,,b,t) » 0 as T — oo or for every t > 0.We
write lim b, = b.

T

is said to be a Cauchy sequence (CS) ifforall 0 <e<landt>0
there exist satisfying 1, € N such that M(b, by, t) < € forall t, m > T,.

The CRFMS(E,M,T) is a G-complete if every Cauchy sequence is
convergent in E.

Main results

In this part, we discuss several new results in the context of CRFMSs.
Lemma 2. Suppose {b.} is a sequence in a CRFMS(E,M,,T). LetX €
(0,1) exist such that

t
Mo((b‘t' bt+1rt) < MO( (b‘t—l'bt'§) (2)
and b, € E, and v € (0,1) exist such that
tlim M(b,w,t) =0,t>0 (3)

Then, {b.} is a Cauchy sequence. _
Proof. Suppose « € (X,1) and the total };i2, k' is convergent, T, € N

exists such that Y2, k! < 1 for every T > 1,. Lett>m > 1,. Since M, b-
non-decreasing, by (RFM, 4), for every t > 0, one can obtain

T+m-1 Ki
My (br, brym, ) < Mg (b‘tl br+mrL>
a(br, brym)
<
kT ey ML
M (b,b , ),M (b ,b , i=t+1
« Tl a(bgbrtq)a(bebrem) @ T+l Prim a(brt1,br4m)a(bebrim)
KT
Mo (bT’ brts, o((b.t,bﬂl)ot(bt,bﬂm)) ’
Mg (bysq,b bt
<r| Mo )
- 7Y T2 g (bry g brs ) d(Dras,brem) A(bebram)/
MO( (bT+2! b‘[+1’1’1’ tz‘i[:tr&;l]{l )
a(bri2,brm)a(brir,brim)a(brbrim)
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IA

tx’T
Ma (bT’ bT+1’ O((b-[,b-[+1)ot(b-[,b-[+m)) ’

T
Moc (b‘[+1' b‘[+2' ) i

a(br+1,bri2)a(bryr,brym)alby,brim)

tK‘l:+2
M (b b )
@ \7TH2 T (b2, bras) A(Brszbram)a(bris,brem)a(brbrrm)
r
MO( b‘t+3'b‘t+4-'

tk

T+3
a(b’t+3rb‘[+4-)a(b’t+2rb‘[+3)(x(b‘[+2lb‘[+m)a(b‘[+1lb‘[+m)a(b‘[lb‘[+m))

M (b b i THm-2 )
« Ttm=2, Fr+m-1, a(br+m-2bt+m-1) Hf:-;n_z a(bj,beim)

tK‘t+m—1
Ma (bﬂ-m_l’ Brsm, a(brsm—2.brem—1) M1 a(bi:b‘t+m))
From inequality (2), one deduces M, (b, bry1,t) < M, (bo,bl,x—tt) and
since T > m and a: 2 - [1, ), one can obtain

Mg (be, brim, )
M (b b ot )
* o= (X(b.[, b‘t+1)(x(b'rr b‘r+m)NT ’

tK‘[+1
M b )] b ’ ’
* < o a(byyq, bryz)a(bryq, brym)alby, b‘t+m)xt+1>

tK‘t+m—2

o(brym—2,brim-1) H-]r:‘:n—z a(b;, br+m)xt+m_1>

tK‘t+m—1
Mo( <b01 bl) T+m—1 (X(bl, b.H_m)N“'m_l)

i=1

As T - oo and by utilizing (3),one obtains M, (b, by, t) <T(0,0,
,0) = 0. Hence,{b.} is a Cauchy sequence in E.

Corollary 1. Suppose {b.} is a sequence in CRFMS (E,M,, ) and T
is H-type. If X € (0,1) exists such that

Mq(be, by, t) < My (beoy, be ), TENE> 0. (4)

Then,{b.} is a continuous Sequence.

Lemma 3. If for b, w € E, and some X € (0,1),

M, (b, ®,t) < M, (b, , i)t > 0. (5)

Then, b = w.
Proof. Inequality (5) implies that

t
M (b, ,t) < M, (b,w,g),t €N, t>0.

Mg <b0, by,




Now,
t
My (b, w,t) < lim M, (b, w,ﬁ) =0,t>0.
T—>00
And by (RFM2), it is easy to see that b = w.
Theorem 4. Suppose that (E,M,T) is a complete CRFMS and
suppose that f: = - =. Let them exist X € (0,1) such that
t t t
M (b, o, 5), Mg (b, fo,£), M (b, 0, )

My b,fcu,E + Mg fb,oo,E
M, (fb, fw, t) < min ( N)z ( R) ,b,w €

Mg (b,fo,g)+ Mq(fb,wg)

1+Mq(bwg)

gt > 0. (6)
and b, w € E such that
tlim My (b,w,t) =0,t>0 (7)

Then, fhas a UFP in E.
Proof. Suppose b, € £ and b.,; = fb, T € N. Consider b = b, an
dw = b;_; in (6), then one can obtain
Mg (by, bryq, t) < My(fbe_y, fby, t),
<

Mg (bes,be ) T (Mo (beor,bog) ). Mo (bebesa ),

< t
min MO( (br, bT, i) ’ Mtx(bt—lyb‘[+1v§)+ Ma(bT,bT,N)

Mg (br—1brs1)+ Ma(brbrsg)
1+Mg(br_1br)
< min {Mq (be_1,be,5), Mo (bebe 5)}
If Mg(by,brys,t) <M, (bT, btﬂ,i),r eEN,t> 0.
Then by Lemma 3 such that b, = b4, T € N, there is
Ma(be, beys,t) < Mo (b Do) T€ N Mo(bo beyy,t)  and by

Lemma 2 it follows that {b.} is a CS. Since, (§, M,T) is complete, b € =
exist such that lim b, = b and
T— 00

lim My (b,b,,t) =0,t> 0. (8)

T—>00
By utilizing (6) and (RFM_4), it is easy to see that b is a FP for f.
Suppose k; € (X,1) and x, = 1 — k; by (6); one can obtain

tiy Ky
Ma(fb, b, t) <T (M(x (fb' bt—l' M) ’ MO‘ (bT' bT_l' Za(bt,b))>
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M (b, bey,

ticy

retron) Ma (0 Do i)

ticy

tkq

I'| min <

Ma(b,bT,m)w(

tky
r <M°‘ (fb’ b, (Z)Za(fb,b)a(fb,bT)N) Ma (b’ bey, (2)2a(b,br—1)a(fb,b)R

. ta
Ma(fb.by(z)z a(fb,b)oc(fb.bt)x)’

ticq

Mu(b'bT_1,(2)2a(b:bt—l)a(ﬂ).b‘[)x)>

ticq

2

Ma(b,bt,m).r<

Ma(fb

tiy

Y'(2)Za(bbr_y)a(fbb

b“‘—l)
"’ (2)2a(fb,b)a(fb,br)R /)’
Ma(b'bT_ I)N)

1+Mg

t
b'bT_l‘za(fb,bT)R)

)
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t
Mo (bT’ b, 2a(b1,b))
forall t > 0. By (8) and as t — oo, one obtains

0,0
tic
(2)2a(fb, bya(b, bt)x) ’ 0) ’
M (fb b ty )
1+r( o\ 10 B 2325 (b, b) (b, by )
1

(v (20,

min <

2
tk
or (M(x (fb, b, (2)Za(fb, b)la(fb, bT)N> )
1
1+0

0
Suppose that b and w are two different FP for f. Then, by applying
(6), one can obtain
M, (b, w,t) = M,(fb,fw,t)

M, (b, w, %) , My (b, fw, %) , My (fb, w, %) ,
M (b, fo, ) + Mg (b, 0, %)
2 e
Mq (b, fo> %) M (M, w, %)
| 1+ M, (b o, é) )

< min <




(Ma (b, w, E) (b w,= \

Mq(b,w,<)+Mq (b
= min a(w)z a(m bu) ,t> 0.

Ma(b W, ) Ma(b w,
1+M (b W,z

and by Lemma 3, it is easy to see thatb = w.
Remark 1. If one takes

t t t 3
M, (b, w, §) M, (b, foo, §) M, (fb, , §),
M (b, feo, ) + Mg (b, 0, %) .
| (o)
Mo (b, fe0,5) - Mg (P, 0,5
1+ M (b, é)

in the above theorem, one then obtains a revised fuzzy version of the
Banach contraction principle.

_(b-w)? (b-w)?
Example 2. Let £ ={0,1,3}, My(b,w,t) =" t [(1—e t |, and

I'=T,. Then, (E,M,I) is a complete CRFMS with a(b,w) =b+ w +1.
Define the function f:Z — E such that f(0) =f(1)=1 and f(3) =0.
Observe that if b= w or w € {0,1}, then M, ( fb,fw,t) =0 and t > 0 and
condition (6) is fulfilled. Suppose b = 1 and w = 3. Then, X € (g%) and
one obtains

4 14

1 1 _4 _1 _4 eRt+4e Rt e Rt.e Kt

M, (fb, fw,t) = et (1 — et) < min{ e Xt e Nt e N, , 7
1+e Rt

Now, suppose b =1 and w = 3, then, choosing X from Gi) one
deduces

1 1 4 1 4e§t+e:te§te:t
M, (fb, fw,t) = e~ t(l—et)<m1n e Xt e Nt,e N, > ,
1+ e_ﬁ
Similarly, if b=3 and w=1 as well as b=3 and w =1, one
establishes that for X € (3,3 condition (6) s fulfilled for all b, w € &,

and t > 0. Hence, all the conditions of Theorem 4 are satisfied with a UFP
b=1.
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Corollary 2. Supposing that (£,M,I") is a complete CRFMS with
a: 22 - [1,), assume that tlim My (b,w,t) = 0. Forallb,w € E. Iff:2 - E
satisfies the following, for some X € (0, 1), such that

Mq(fb, f, t) < M, (b, @, ), forall b,w € £t > 0. Then, f has a UFP in

[

Example 3. £ = AU B, where 4 = [0,1],B = % and M,:E2 x (0, 00) -

[0,1], is defined by
0ifb=w

ifbeBandw € A

Mg (b, w,t) = ¢

ifbe Aand w € B
t+B

—— otherwise
t + max{b, w}

Then, (E,M,T) is CRFMS with I'(b, w) = b.w and a controlled function
a: 2 - [0, ) defined by
Oifb=w

a(b, w) = {min{b, w} otherwise

It is easy to see that all the conditions of Corollary 2 are satisfied.

Consider the ftriangular inequality (RFEM,4) of the revised fuzzy
extended b-metric space defined in Definition 5 as

My (b,z a(b,z)(t+s)) < T(Mg (b, w,t), My(w,z,5))

Let b,z € A, and w € B, the, na(b,z) = 0. Assume t=s =2,b = %,z =

1, and w = 40. There is
1
t+s+ min{b, z} t S
R
t+ ® s+ ®

ths+ max{b, z}

One obtains 0.8 > 0.975, which is a contradiction. Hence, M, is not
an extended revised fuzzy b-metric space. Now, consider the triangular
inequality (b 4) of RFbMS defined in Definition 4 as

My(b,z p(t+5)) < F(Ma(b, w, ), My (w,z, s)).

One obtains
1
p(s+1t)+ i, 7} o[ s
1 - 1’ 1
p(S+t)+—maX{b'Z} t+6 S+6




For p € [1,9], the above inequality is not satisfied.

Theorem 5. Supposing that (8 ,M,TI) is a complete CRFMS
assuming that f:E - E, then X € (0,1) exists

M, (fb, fw, t) < max {Ma (b, w, i) , M (fb, w, i) , M (b, fw, i)} (9)

Forall b,w € E,t > 0 such that

lim My (b, w,t) =0 (10)

T—00

Forallt> 0.Then, f has a UFP in E.
Proof. Suppose b, € E,b.,; = fb;, and t € N from (9) with b = b, and
w = b,_4, for every T € N and t > 0, one can obtain

t t t
Moc(b‘r+1r b‘rr t) < max {Ma (btr b‘r—lr §) , Moc (b‘r+1r b‘r' §) ’ M(x (br: b'r—l' §)}

t t
< max {Ma (bt, br—1'§) , My (br+1' b‘[r&)}
If Mg(bey,be,t) < Mg (br+1.br,§), T€EN, t>0. Then, Lemma 3

implies that b, bey1,T € N, such that Mo (beyy,be, ) < M (bebey,5), T€
N, t> 0.

Moreover, by Lemma 2 {b.} is a Continuous Sequence. Hence, b € E
exists such that limb, = b and
T—00

lim My (b, b, t) =0,t > 0. (11)

T—>00
Now, it is shown that b is an FP forf. Lettingx; € (X,1) and x, = 1 —
k; by (9),0ne can obtain

Ma(fb,b,t)sF<Ma(fb,be, 1), Mg (beg, t;D

a(fb,fby) v a(beyq,fbr)
<
tky tky
Mo (b’ by, a(b,bT)) Me (b’ fb, a(b,fb)) ticy
'l max tiey ,Mg (beyq,b, PTCR)
Mo (bf' bris, a(bt,btﬂ)x)

Taking T — oo and utilizing (11), one deduces

Mq(fb,b,t) < T (max {0, My (b, fb, - (;_“f;)x) ,0})

=T (M (b, o, a(;"‘ft)x),o) = M (b, %), t>0.

where v =""22% ¢ (0,1), one has M(fb,b,t) < M, (f,b,3) t >0,

==
and by Lemma 3, one has fb = b. Suppose that b and w are to different
FP for f, thatis, fb = b and fw = w. By (9), one deduces

M, (fb, fw, t) < max {Ma (b, w, i) , Mg (b, fb, i) , M, (u), fw, E)}

N
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— t _ t\ t
=max {Ma (b, w, ;) , 0,0} = Mg (b, w, ;) = Mg (fb, fw, ;)
For t > 0, and by utilizing the Lemma 3, one has fb = fw, which gives b = w.

Remark 2. If one takes

t t t t
max {Ma (b, w, §) , Mg (fb, b, §) , M, (fw, W, §)} = M, (b, w, §)
in the above theorem, then one obtains a revised fuzzy version of the
Banach contraction principle.

_(b-w)? (b-w)?
Example 4. Suppose = = (0,2), My (b,w,t) = e ¢ ,(1 —e t )

andT' =T}, Then, (g, M, Iis a complete CFMS with a(b, w) =b + w + 2. Let
_(2—b,be(0,1)
fb) = { 1,b € [1,2)
Part 1: If b, w € [1,2), then M, (fb, fw,t) = 0,t > 0 and (9) are trivially
verified.
1

Part 2: If b € [1,2) and w € (0,1), such that X € G'E)’ one can obtain

_(1-w)? (1-w)? 4X(1-w)?
M, (fb, fw,t) = e~ t l1—e t =|1—-¢e ¢ =

M (fu), w,i),t > 0.

Part 3: As in the preceding section, for X € G%) one obtains

Mq (b, fw, £) < M, (b, b, )b € (0,1), w € [1,2),t > 0.
Part 4: If b,w € (0,1), then for X € (5,2), one has

_(1-w)? (1-w)? 4R(1-w)? 4R(1-w)?
M, (fb,fw,t) =e™ t |1—¢e ¢ =e t 1—e ¢

= M, (fo,0,5),b>w,t >0 and My (fb, fw,t) < M, (fw, 0,5),b >

w,t>0

So, condition (9) is fulfilled for allb,w €,t > 0 and by Theorem 5 it
follows that b=1is a UFP for f. A new Ciric-quasi-contraction is
analyzed in the following theorem.

Theorem 6. Supposing that (E,M,T,.x) is a complete CRFMS,
assume that f: £ - E. If for some X € (0,1), such that

M (b, @,5), Mg (b, ),
Mg (fu), w, i) , Mg (fb, w, %) , M, (b, fw, i)
Zt> 0. (12)

M, (fb, fw, t) < max ,b,w €

Then, f has a UFP in E.
1522



Proof. Suppose by € E and b, = fb;, T € N. By utilizing condition
(12) with b = by, w = b,_4, utilizing (FM,4), and the assumption that T =
[max» ONe can obtain

MO((b‘E+1fb‘[r t) <

t t t

(M(l (b‘t' bt—l'g) » Mg (b1:+1, btig) » Mg (b‘t' b‘[—l'g)\\

max { Mg (b‘t+1' b, m) , My (b‘t: be_q, m)

M (berber)
<
max {Moc (b-[, b-[_l,m) , Mgy (b‘t+1' br_l,m)} ,TEN,t> 0.

By Lemma 3 and Corollary 2, it is possible to demonstrate Theorem

5 such that
t

Mg(bry1, b ) < Mg (br' b1 o ow

CS. So, b € E exists such that lim b; = b,
T—00

lim My (b,b,,t) =0,t >0 (13)

T—00

Suppose k; € (X,1) and kx, =1—x;. By (12) and (FM,4), one
deduces

Mg (fb, b, t) < max {Mq (b, for, —2—), Mg (fbe, fbo,—2-)}

),rEN,t>O.and {b.} is a

a(fb,fbr) a(fbr,fb)
<
[ (Malbbe ) Ma (00 G5 Ma (be b i)
max d max max {Mot (fb, b, W&b,bt)x) B Ma (b, bT’m)} }

tky
M (b’ bri, a(b,bm)x)

Mg (br+1: b, ﬁ)

Forallt e N and t > 0. Taking T — o and utilizing (13), one obtains
0, Mg (b, fb,—),0

M, (fb, b, t) < max{ max aa;'cff)x ,0
max {M“ (fb’ b, a(b,fb)a(fb,bT)N) ’ 0} 0
_ tkq
= Mo (fb' b, a(b,fb)oc(fb,bt)x)'t > 0.
and by Lemma 3 with v = w € (0,1)such that fb =b. By
1

condition (12), for two different FPs b = fband w = fw, one can obtain
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M, (fb, fw, t) <

M (b 0,5), Mg (b,b,5), M (f, 0,5),

max
max {Ma (fb, b, m) , My (b, w, m)} , My (b, fw, i)
) M (b o,5), 11,
T max (1M (b0, ) M (b, o, )
Mo (b' @ oc(b,tw)x)
= M, (fb, fw, a(b,tm)N)'t > 0. and by Lemma 3, it follows that b = w.

The next theorem aims to establish a new contractive condition with
the weaker TCN.

Example 5. Suppose ZE=AUB where A=1]0,1],B=N\1 and
My: 22 x (0,00) — [0,1] is a revised fuzzy metric defined by

0 ifb=w
1
e wf ifbeBandw € A
_ 1
M(b, w0, t) = e bt ifbeAandw € B
min{b,w} min{b,w}
e t (1 —e t ) otherwise

Then, (E,M,T) is a CRFMS with T'(b,w) =b.w and a controlled
function a: 22 - [0, ) defined by
0ifb=w

a(b, ) = {min{b + w, 1} otherwise

It is easy to see that all the conditions of Theorem 6 are satisfied.

Let b = %,m =40,z=1, and t =s = 1. Then, it does not satisfy the
triangle inequality (EM,4) of Definition 5. Hence, it is not an extended
revised fuzzy b-metric space. Now, show that it is not an RFbMS.
Considering the triangle inequality (b4) of Definition 4, there is

min{b,w} min{b,w} 1 1 _1 L
e Pp(t+s) <1 — e p(t+s) ) <T (e‘E, e‘ﬁ) =e 2P <1 - e20>

2 2 1 1
<eT (1 - eﬁ) _ T (1 - eﬁ)
It is clear that the above inequality is not satisfied for p = 2. Hence, it
is not RFbMS.
Theorem 7. Supposing that (£,M,T),I' > T}, is a complete CRFMS,
assume that f: £ - E. For some X € (0,1), let




M. (b @,5), Mq (b, b, £), My (f, ,7),

M, (fb, fw, t) < max m’ M, (b’ fo, i) ,b,w €

Zt>0. (14)

And b, w € E exists such that lim M (b, w,t) = 0,t > 0. (15)

T—00

Then, f hasa UFP in Z.

Proof. Letb, € Zand b, = fb;,T € N.Takingb = b, and w = b,_; in
(14), by (RFMy4) and ' > I}, one can obtain

Mg (beyq, b t) <

t t
Mot (b‘tr b‘t+1r g) ) Mo( (fb' b' §) ,

max Mg (bess, b ) M (bobeos, )

2t t t
\/Ma (fb, w, g) . Ma (b.[, b.[_l,m) ) Ma (b.[, bt,g)
Forallb,w € E,t > 0. Since M, (b, w, t) is a b-non-decreasing in t and

J k. p = max{x, p}, one deduces

t
Mo (bT“’ br, a(bm,bt)x) ’

t
Mo (bT’ bey, a(bt,bt_l)}()
By Lemmas 2 and 3, one can obtain,
t

Ma(b‘t+1'b‘t' t) < Ma (b‘t' bt_l,m),‘[ eEN, t>0.

Hence, {b.} is a CS. Since (&, M,T) is complete, b € E exist such that
lim b; = b and lim Mg(b,b,,t) =0,t >0 (16)
T—>00

T—>00
Supposing k; € (8,1) and x, = 1 — k4, by (14) and (FMy4) one can
obtain

try Ky
M, (fb,b,t) < T (Ma (fb, fb, ——2— (fb’bm)x) M, ( fby, b, —aa)m,b)x))

Mg (beyq, bpt) < max Or all TeN, t>0.

<
tky Ky ke
Mo (b' be, a(b,bT)N) M (b’ fb, oc(b,fb)N) Mo (bT’ brsr, a(bt,bm)N)
tky tK—l
F i \/M(X (fb, b, o((fb,b)o((fb,bt_)x) . Mq (b; b‘[l (X(fb,bt)a(b'bt)x)

tkq
Mo (b’ bri, ot(b,bﬂ.l)}()

Mot (b‘t+1l b, ﬁ)
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<
M (b, be, —), M (b, 0, =) Mg (b, by, ———)

a(b,bp)R o(b,fb)R (b, bry)R
tky tKq
max {M“ (fb' b, oc(fb,b)oc(fb,bT)N) M (b’ b, a(fb,bt)oc(b,b.[)x)}

I'l max
tiy
Mo (b‘ bri, a(b,bm)x)

tk,
Ma (bT+1’ b‘ a(b-[+1,b))
Forallt e N andt > 0.Taking T —» o and utilizing (16), there is

0 (5.

max {Ma (fb, b, m—l) , 0} ,0
try

a(fb,b)a(fb,b )R
a(fb,b)o((fb,bt)x) ,£>0.
a(fb,b)a(fb,by)R
K

M, (fb,b,t) < I'{ max

= Mq (b, b,
And by Lemma 3 with v = € (0,1) such that fb = b.
1
Let b and w are two different FPs for f. By (2.13), one obtains
Mg (b, ,5), M (f,b,5), Mq (foo, 0, %)
M, (fb, fw,t) <T

JMa (fo.b, ) Ma (b0, =) Mo (b,0,2)

<T <Ma (b,o,5),0,0,max {0, M, (b, m)} M (b,w, i))

= M, (b, wm) = M, (fb, fo, a(fb,tfm)x)’t > 0.

And thus, by Lemma 3,0ne obtains b = w.

_(b-w)? (b-w)?
Example 6. Suppose E = {0,1,3},My(b,w,t) = ¢t [1—¢ ¢

and ' = T;,. Then,(E,M,T) is a complete CRFMS with a(b,w) =b + w + 1.
Define the function f: £ - Esuchthatf0 =f1 = 1and f3 = 0. Observe that
if b=w or w€{0,1}, then, M, (fb,fw,t) =0,t> 0 and (14) is fulfilled.
Suppose b=1and w =3.Then, X € G%) one obtains

1 1 _X X 9R X
M, (b, fw,t) = e t(l—et)Smax{e t,e t,e t,e t,O}

Suppose b = 1 and w = 3.Then, by choosing X € (%%) one has

_1 1 _4R X RN
M, (fb, fw,t) = e t(l—et)Smax{e t,0,e t,e t,e t}




Similarly,ifb=3andw=1aswellasb=3and w =1, thenforX €

(%,i), condition (14) is met for allb,w € E, and t > 0. As a result, Theorem
7 is satisfied witha UFP b = 1.

An application to the transformation of solar energy to
electric power

Sun-based boards are currently being distributed and shown widely
to reduce people’s reliance on petroleum derivatives which are less
environmentally friendly. Nearly 19 trillion kilowatts of power were
transported internationally in 2007. In comparison, the amount of day light
that enters the Earth’s surface in a single hour is enough to illuminate the
entire planet for a full year. The question is: how do those dazzling and
warm beams of light obtain power? A numerical model of the electric flow
in an RLC equal circuit, often known as a “tuning” circuit, can be presented
with a basic understanding of how light is converted into power. In the
fields of radio and communication engineering, this circuit has several
uses. The version that is being presented can be used to calculate the
production of electric power, provide tools to improve building
performance, and can be used as a decision-making tool when designing
a hybrid renewable electricity system based on solar power. Every aspect
of this system is mathematically expressed as a differential equation in

(Younis et al, 2022) using the following equation
R dE

d26
{@ = 0(0.6®) ~ 55 (17)
€(0)=0,C'0)=m

where Q:[0,1] x R* - R is a continuous function that is condition (17)
to the integral equation to which it is equivalent.

o(8) = J; N(8,DO(L, E(M)dl, 9 € [0,1] (18)

where the Green’s function N(9, b), it follows:

_ (0 —DeMMEODg <c<1<1

N(.b) { 00<9<1<1 (19)

where Q(M(b, w)) > 0 is a constant, as determined by the values of
R and £, mentioned in (3.1).

Let £ = C([0,9], R*) be the set of all real continuous positive

functions that are expressed on the set [0,c]. Let Z be endowed with the
CRFMS given by the following

0ift=0
M(b, w,t) = { su % otherwise for allb,w € £ (20)
te[0,1] :
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One can verify that (§,M,N)is a complete CRFMS with a controlled
function a: 22 - [0, 0),defined by a(b,w) =b + w + 1.

It is obvious thatb*is a solution of integral Equation (18), and as a
result, a solution of differential equation (17) which governs the system of
converting solar energy into electric power if and only if b* is an FP of f. It
is installed as a guarantee of the existence of FP of f.

Theorem 8. Assume the following problem fulfills:

f:[0,9]2 - R™* is a continuous function;

there exists a continuous function N:[0,9]> - Rt such that

sup f: N(o,]) > 1
a€[0,9]

max{f(a,1,b(1), f(a,1, w(1))} = N(a, bymax{D(b(l), w(1))} and

min{f(a, 1, b(l), f(e, ], (1))} = N(o, b)min{D(b(l), w(1))} for all a,l€
[0,1], b,w € RTand X € (0,1) exists such that

(bM, M)

(M, (b(l), w(l),g) M, (b(l), fm(l),%) M, (fb(l), m(l),%)

M, (b0, fo (), &) + My (B0, 0 (), £)
= min+« > >

Mq (b0, fo D, %) + M (B0, 0(), &)

\ 1+ M (b, (), 5)
Differential equation (17) that represents the solar energy problem

has a solution as a result and integral equation (18) also has a solution.
Proof. For b, w € E, by use of assumptions (I) to (lll), one has

M(fb, fo,6) = sup min{ f;N(s,l)n(l,b(l))dl, f(;: N@ODOLw)dI}+t
te[0,1] max{ [y NOD)QLbM)ALS, NOHQLw®)dl}+t
9 .
_ o Jy min{N(®,DQ(L,b®), N(®, DA, w@))} dl +t
te[0,1] f(f’ max{N(®9,1)) (1, b)), N®, D, w@))} +t’
fg) N, Dmin{Q(l, b(1))dl Q(l, w(1))dI} +t
= sup
te[0,1] ff N, Dmax{Q(, b(1))dl Q(1, w(1))dl} +t’
9
N, D) min{D(b(1), w(1))}dl +t
< sup fg { ( )} = M(D(b, w,t))
tef01] [7N(9,1) max{D(b(1), (1))} dI +t'
Thus, all conditions of Theorem 4 are fulfilled, i.e., the operator f has

an FP which is the solution to differential equation (17) regulating the
conversion of solar energy to electrical power.




Open Problems 1. The following open problem is provided for further
applications of the findings in this article:

Optional appliance renewal is one of the most basic concerns in
management science and engineering economics. Corporations
periodically purchase new appliances and sell old ones in order to operate
the equipment permanently. If §(t,z) is the efficiency of the appliance at
time period T and 6(T) is the cost at the purchasing time, then,

-1

e MS(T) = [ e [8(T,2) — 8(a(2),2)]du, o < T < oo,

where z is the usage time of the machine and n is the constant of the
industry wide discount rate.

Can the results established in this note or their variants be applied to
solve the aforementioned integral equation?

Can the results derived in this article be controlled in graphical revised

fuzzy metric spaces? Can one demonstrate the aforementioned findings
for multi-valued mappings?

Conclusions

In the perspective of controlled revised fuzzy metric spaces, this
manuscript contains a number of fixed point theorems and a sufficient
condition for a sequence to be Cauchy. As a result, the well-known
contraction requirements with controlled revised fuzzy metric spaces have
been combined to simplify the proofs of several fixed point theorems.
Furthermore, an application to transform solar energy to electric power
has been discussed. In the future, these results will be enhanced in the
framework of tripled controlled revised fuzzy metric spaces and
pentagonal controlled revised fuzzy metrics spaces.
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Resumen:

Introduccién/objetivo: Este estudio establece condiciones suficientes para
que una secuencia sea Cauchy dentro del marco de espacios métricos
difusos revisados y controlados. También generaliza el concepto del
principio de contraccion de Banach al introducir varias condiciones nuevas
de nuevas. El objetivo es derivar varios resultados de punto fijo que
mejoren la comprension de estas estructuras matematicas.

Métodos: Los investigadores emplean técnicas mateméaticas rigurosas
para desarrollar sus hallazgos. Al definir un conjunto de asignaciones de
contraccién novedosas y utilizar propiedades de espacios métricos difusos
revisados y controlados, analizan las implicaciones para la convergencia
de secuencias. La metodologia incluye la construccion de ejemplos
especificos para ilustrar los resultados tedricos.

Resultados: El estudio presenta varios teoremas de punto fijo derivados de
las condiciones de contraccion generalizada. Ademas, proporciona una
serie de ejemplos no triviales que fundamentan las afirmaciones y
demuestran la aplicabilidad de los resultados en escenarios practicos. Se
explora una aplicacion importante con respecto a la conversion de energia
solar en energia eléctrica, utilizando ecuaciones diferenciales para resaltar
esta conexion.

Conclusion: Los hallazgos profundizan la comprension de las secuencias
de Cauchy en espacios métricos difusos y ofrecen una perspectiva mas
amplia sobre la aplicacion de la teoria del punto fijo en escenarios del
mundo real. Los resultados allanaron el camino para futuras
investigaciones tanto en matematicas tedricas como en sus aplicaciones
practicas, particularmente en el campo de las energias renovables.

Palabras claves: teoremas del punto fijo, espacio métrico difuso
revisado (RFMS), principios de contraccion (CP), funcion de Green,
ecuacion diferencial.

Pe3ynbTaThl HENOABMXHON TOYKM B yNpaBnseMblX NEPeCMOTPEHHbIX
ha3oBbIX METPUYECKUX NPOCTPaAHCTBaX, NPYMEHAEMbIX ANnd
npeobpa3oBaHnsi CONMTHEYHOW SHEPTUK
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PYBPUKA TPHTW: 27.25.17 MeTpnyeckasa Teopus oyHKLMNA,
27.39.15 IluHelHble NPOCTPaHCTBA, CHAOXEHHbIEe
TOMOoNIornen, NOPsAKOM U APYruMuy CTPYKTypamm
BWO CTATbW: opurmHanbHasa Hay4yHas ctaTbs

Pesrome:

BeedeHue/uenb: B daHHoM uccriedosaHuu ycmaHoeneHbl ycrnogus ons
moeo, Ymobb! rocrnedosamesnibHocmbs Kowu Haxodusiacb 8 pamkax
KOHMpOonAupyembiX  epecMOmpPeHHbIX  HEeYemKUX  MempuyecKux
npocmpaHcma. B cmambe makxe obobuwjaemcs KoHUenuus npuHyuna
cxamusi baHaxa, 680051 HECKOMbKO HOB8bIX ycrosull cxxamus. Llenb
Cmambu 3aKro4Yaemcsi 8 MoJfyYeHUU PasfuyHbIX pe3yrbmamos C
uKkcuposaHHOU MOYKOU, Komopble yrydwam [[OHUMaHue 3mux
MamemMamu4ecKux CmpyKkmyp.

MemoOsi: B uccnedosaHuu npuMeHsinucL cmpoaue Mamemamu4eckue
memoOdbl Ons npedcmasneHusi omkpbimud. Onpedesisis Habop HOBbIX
COKpauwarouuxcs omobpaxeHul u ucronb3ysi ceoticmea
KOHMPOUPYEMbIX  [IEPECMOMPEHHbIX  HEYEMKUX  MEempuYeCcKuXx
npocmpaHcms,  6binu  MpoaHanu3uposaHbl  umMnaukayuu - 0ns
cxodumocmu riocriedosamersnisHocmel. Memodornozausi eknodaem 8
cebsi pa3pabomky KOHKPemHbIX [PUMepPos,  UMIHCMPUpPYOWUX
meopemuyeckue pesyrnbmamsbl.

Pesynbmamel: B uccriedosaHuu rnpedcmasrieHo HECKO/IbKO meopem O
Hernod8UXHOU MOYKe, MOMYyYEeHHbIX U3 0606WEeHHbIX yCrio8Uli CXamusi.
lMomumo mozo, npusodumcss pss@ HempuguasbHbIX [PUMEPOS,
Komopble 060CHO8bI8alom  ymeepxdeHuss U  OeMoHcmpupyrom
pUMEeHUMOCMb  pe3y/ibmamog 8  [PaKmu4YecKux  CcueHapusix.
Paccmampusaemcsi eaxHasi chepa [MpUMEHeHus, cesi3aHHas C
rnpeobpasogaHueM COMIHEYHOU 3Hepauu 8  3/1eKmMPUYECcKyr C
ucrionb3o8aHueM OuggbepeHyuanbHbIX ypasHeHUU.

Bbigodbl:  [MonydyeHHble  pesynbmamsl  yanybrnsom  noHuUMaHue
nocnedosamensHocmeli  Kowu 8 as06bIx  MempuyYeCKUX
rnpocmpaHcmeax U packpblieaom 6oree WupoKyro nepcrnekmusy Onsi
MPUMEHeHUs1 meopuu ¢huKCUPOBaHHOU MOYKU 8 peasibHbIX CUEHapPUSIX.
Pesynbmamesi npoknadkieatom nyme 0515 OasnbHelwux uccrnedosaHuli
Kak 8 obrnacmu meopemuyeckol MamemMamuku, mak u 8 obnacmu ee
fpakmu4yecko2o  MpuUMEHeHUs, 8 4YacmHocmu, 6 obracmu
80306H08/1SIEMbIX UCMOYHUKO8 SHEPaUU.

Knouesbie crosa: meopembl o HernoosUXHOU movuke,
rnepecMompeHHoe Heyemkoe Mempu4deckoe rpocmpaHcmeo (RFMS),
npuHyunel cxamusi (CP), yHkyus [puHa, OuggpepeHyuanbHoe
ypasHeHue.




PesynTati HenoMm4He Tayke y KOHTPONMcCaHUM peBuanpaHnm dasm
MEeTPUYKMM NPOCTOpMMa NPUMEHEHN Ha NpeTBapare conapHe
eHepruje y enexkTpuyHy

PasuyardupaH Tanratamux®, A6denxamud Mycaym®,

TamjaHa JoweHoBuh®, CmojaH PapeHosuh"

@ MIHCTUTYT 3a TexHonorujy Llennap (aytoHomHu), Ogerbere 3a matemaTuky,
Kanumnypam, Tamun Hapgy, Peny6nuka NHauja,
ayTop 3a npenucky

6 Yuueepautet ,Cyntan Mynaj CrimmejH*,
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OBJIACT: maTtematuka
KATEFOPWJA (TUIM) YNAHKA: opurHanHu Hay4yHu pag

Caxxemak:

Yeod/yurs: Y cmyduju ce ycriocmasrbajy 0080sbHU ycriogu 0a cekeeHua
byde Kowujesa y okeUpy KOHMPOIIUCaHUX peaudupaHux ¢hasu MempuyKux
npocmopa. Takohe, 2eHepanusyje ce KoHuernm baHaxogo2 npuHyuna
KOHMpakuyuje ysohereM HEeKONUKO HO8UX ycrioea KoHmpakuyuje. Ljurs je
Oa ce u3gedy pasnuqumu pesynmamu HernoMu4yHe maydke Koju dogode 0o
borbez pasymesarba 08e MamemMamuykKe cmpykmype.

Memode: Aymopu pa3ssujajy ceoja omkpuha Kopuwherem pusoposHUX
MamemamuyKux mexHuka. [echuHucarbem cKyrna HO8UX rpecriukasarba
KOHmpakuuja u Kopuwherem ceojcmea KOHMPOJIUCaHUX PesudupaHux
hasu Mempuykux pocmopa  aHanusupaHecy UMIUKayuje 3a
KOHeep2eHUujy cekeeHue. Memodorioeuja yKibydyje KOHCmpyucare
KOHKpemHux rnipumepa 3a usycmpayujy meopujckux pesysmama.

Pesynmamu: Cmyduja npedcmasrba HEKOMUKO meopema HerloMu4He
mayke u3ee0eHUX U3 eeHeparnu3osaHux ycrioea KoHmpakuyuje. Noped
moea, HasoOu 6pojHe HempusujarHe pPUMeEPe Koju MOMKperbyjy
mepdre U OeMOHCmpUpajy MpuMeHrbU8socm pesyrmama y npakmuyHUM
cueHapujuma. lpukasaHa je eaxHa npumeHa y obracmu npemeapar-a
conapHe eHepeuje y ernekmpuyHy eHepeujy romohy OugbepeHyujariHe
JjedHaduHe.

Sakmpyyqak: Hanasu npodybrbyjy pasymesare Kowujesux cekeeHuu y
a3u MempuykuM npocmopuma u Hyde wupy rnepcriekmusy rnpumeHe
meopuje HerlokpemHe mayke y cueHapujuMa U3 peariHog xusoma.
Pesynmamu omeapajy riym 3a darba ucmpakuear-a, Kako y meopujcKoj
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MameMamuuu, mako Uy HEeHUM NPaKmuyHUM rnpuMeHama, nocebHo y
obriacmu obHoesbuUge eHepeauje.

KrbyyHe pedqu: meopeme HernokpemHe madke, ripepaheHu a3su
mempuyku npocmop (RFMS), npuHyunu koHmpakyuje (CP), puHosa
yHKUuja, duchepeHyujanHa jeGHaqyuHa.
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