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Coincidence points of pairwise eventually H-restrictive
multi-valued maps with applications in fuzzy fixed point
results

Rashid M.1, Azam A.2

In this article, we define a generalized concept of pairwise eventually H-restrictive multi-valued
mappings which is based on the restrictive conditions described in [Symmetry 2020, 12 (1), 127]. We
also utilize the concept of D(e)-restrictive mappings to explore the coincidence points of the pair
of a continuous single-valued map and an H-continuous multi-valued map. Our main results are
further applied to deduce their corresponding fuzzy fixed point theorems. The latter technique is in
appreciation of the fact that many results from the existing literature on contractive or nonexpansive
multifunctions have their fuzzy counterparts. Finally, for the validity of our results, some useful
examples are also added.
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1 Preliminaries

For the space CB (Q) of closed and bounded subsets of the metric space ((2, d), the distance
function H : CB (Q)) x CB (Q)) — [0, 00) is defined by

H(U,V) =max{supD(Z,U),supD (y,V)}, UV eCB(Q),
where D (1, V) = inf;cy d (17,7). Then the pair (CB(Q2), H) is called Hausdorff metric space.

Definition 1 ([17]). Let ® : QO — CB (Q)) be a multi-valued map. Then v € () is termed as a
tixed point of ® if v € Pv.

Remark 1. In the metric space (CB(Q)),H), v € Q is a fixed point of ® if and only if
D(v,®v) = 0.

Definition 2. The function D is called continuous if v, — v implies D (v,,U) — D (v,U) as
n — oo forany U C Q).

Some properties regarding d, D and H are discussed in [8,9]. For further study of fixed
points for multi-valued mappings we refer to [2,14,16]. The notions of upper and lower semi
continuity are used to define the continuity of a multi-valued map in a metric space [15]. For
the Hausdorff distance H, the concept of H-continuity is defined in the following way.
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Definition 3. Let (Q),d) be a metric space. A multi-valued map ® : QO — CB (Q) is said to
be H-continuous at a point vy, if for each sequence {v,} C Q we have ®v, — Pvy whenever
Up — Vg asn —» co.

Definition 4 ([17]). A multi-valued map ® : 3 — CB (Q) is a multi-valued contraction if
H (®v,®v) < Ad (v,v)
forallv,v € Q), where A € [0,1).

Definition 5 ([7,10]). Let (), d) be a metric space and ® : () — CB (Q)) be a multi-valued map.
An ®-Orbital (or in a simple way Orbital) sequence at a pointv € () is a collection Or (v, ®)
of points in Q) defined by Or(v, ®) = {vy = v,v,41 € Pv,,n=0,1,2,...}.

M. Edelstein [12,13] proposed various modifications of the well-known Banach contraction
principle by improving the set of assumptions. In this continuation, the notion of e-contractive
mappings was initiated [12] and some fixed and periodic point results were proved.

In this article, inspired by work of P. Debnath and M. de La Sen [11], we extend the concepts
of eventually D-restrictive and D (e)-restrictive multi-valued maps to eventually H-restrictive
to evaluate coincidence point results for the pair of multi-valued maps. In this work, Edelstein
type restrictive conditions [3, 6] are utilized for the pairs of multi-valued maps.

2 Main results

In this section, we define a generalized concept of pairwise eventually H-restrictive multi-
valued mappings, which is based on the restrictive conditions described in [11], and evaluate
the coincidence points of the pair of mappings in Theorem 1. We also utilize the concept of
D(e)-restrictive mappings to explore the coincidence points of the pair of a continuous single-
valued map and an H-continuous multi-valued map. For the validity of our results some
useful examples are also added.

The notation coin (P, ¥) refers to the set of all coincidence points of the multi-valued map-
pings ®, ¥ : Q — 2.

Definition 6. Let ((),d) be a metric space. A multi-valued map ® : 3 — CB (Q) is called an
eventually D-restrictive if there exists k € IN such that D(v,, ®v,) < D(v,Pv) foralln > k,
whenever D(v, ®v) > 0 for some v € (), where v, € Or(v, P).

Definition 7. Let (Q),d) be a metric space. A multi-valued map ® : O — CB (Q) is termed as
p-Orbitally continuous if whenever a subsequence {v,,} of a sequence {v,} converges to some
v € O, ie. ifvy,, — v, then for any fixed positive integer p, vy, +p — vp and vy, — Doy,
where v, is the pth term of the ®-Orbital sequence Or (v, D) .

Definition 8. Let (), d) be a metric space and ®,¥ : () — CB (Q) be any two multi-valued
maps. An (®,Y)-Orbital (or in a simple way Orbital) sequence of ® and ¥ at a pointv € Q) is
a set Or(v, ®,Y) of points in Q) defined by

Or (v, ®,Y) = {vyg = v,v241 € Pvoy, V212 € Yvou41,m=0,1,2,...}.

Definition 9. Let (Q),d) be a metric space. Two multi-valued maps ®,¥ : Q — 20
are called pairwise eventually H-restrictive if there exists a positive integer k such that
H(®vy,, Yv,41) < H(Pv,¥ov) for all n > k, whenever H(®v, Yv) > 0 for some v € (),
where v, € Or(v,®,Y).
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Theorem 1. Let (Q,d) be a metric space and ®,¥ : Q — 22 be any two pairwise even-
tually H-restrictive p-Orbitally continuous multi-valued mappings. If for some vy € ), the
Orbital sequence Or(v, ®,¥) of the pair (®,¥) has a subsequence {vy,} converging to v,
thenv € coin (®,Y).

Proof. Firstly, we assume that v,11 # v, and also v,, & coin (P, ¥) for all n € IN, otherwise we
obviously get a coincidence point.
As lim v, = v and the pair (®, V) is p-Orbitally continuous, for a fixed element p € IN, we
get 1—00
Unidp — Up, cDUZ(ﬂHrp) — q)’(sz, ‘I’vz(ni+p)+1 — T02p+1.
Let v NYv = ¢ and H (v, Yv) > 0. Since (P, ¥Y) is pairwise eventually H-restrictive,
there exists ¥ € IN such that H (®vy,, Yv2,41) < H (Pv, ¥v) forall n > r. Also

H (®vy,, Yvo,41) < H (v, ¥o) .

Let
1
¢ = 5 [H (Pv, Yv) — H (Pvyy, Yop,11) | > 0.
By using the continuity of H and p-Orbital continuity of the pair (®, ¥), we get
}g?o H(CDUZ(ni+r)/ TvZ(ni+r)+1) = H(q)Uer TUZrJrl)-

For an arbitrary positive real number ¢ > 0, there exists an adequately large n; = g such

that
H(q)vz(q+,),‘1’vz(q+,)+1) < H(q)vzy,‘fvzprl) +&.

For ¢ = ¢/, we have

1 1
H(®vy( 11y, ¥0pg1r)+1) < H(Pva, Yvor41) + EH(CPU,TU) - EH(CPUzr,‘YUer)

1
< 3 [H (®vy,, Yvar41) + H (Do, ¥0) |.

Since H(®va,, ¥v2,41) > 0 (for vp, # v,41 and v, & coin (P, ¥)) and (P, ¥) is pairwise
eventually H-restrictive, there exists a non-negative integer k such that

H(®”2(n+q+r)/ 1II’()Z(n+q+r)+1) < H(®02(q+r)/‘F02(q+r)+l)
for all n > k, where vy, 141, € Or(vg4,, @, Y). Similarly
H(CDUan lII"')Zn—i-l) < H(CDUZ(qur)/ ‘sz(q+r)+1)
forall n > k + q +r, where v, € Or(vy4+,S, ®). So, we obtain
1
H(®vy,, ¥vu41) < 5 [H (®v,¥v) + H (Pvy, Y02,11) |
foralln > k + g+ r. Thus,
1
H ((szni,‘fvzni+1) < E [H (CDU,TU) +H (q)vzy,‘fvz,url)] .
Consequently, applying limit i — oo and using the facts, we obtain

1
H (®v,Yv) = lim H (®vay,, Yvou,41) < 5 [H (Pv,Yv) + H (Pvy,, Yup,41)] -
1—00
Hence
H (®v,¥Yv) < H (®vy,, Yvpr41),
which is a contradiction. Therefore v N Yv # ¢. O
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Example 1. Let QO = [0,1] U {&,n}, where {,7 € R\ [0,1], d(x,y) = |x —y|. Let us define
®,¥: Q0 — CB(Q) by

1-3%,1], x€01], 1-3,1], xel0,1],
CI)(X) = {C! 77} ’ X = C’, T(x) = {g}/ X = gr
{n}, x=1, {&nt, x=1.

Now it is easy to verify that ® (x) ¥ (x) = [1—%,1] U{¢, 1} . An (®,¥)-orbital sequence
{An}o o suchthatA, 1 =1— % can be constructed at a point A = Ay = 1 as follows:

2 7 20 61
A = A3_§’ A4—8—1,..., and
2 2
AMEDA = | , A e¥YA =|5,1],
3 3
A3 € OA - A€ YAz = 17 1
3 2 = 2 s 4 3 = 27/ s

Clearly, we have

A2n+1 € ®A,y, )\2n+2 S T)\szrl, n=20,12,...,
and the pair (®,Y) is eventually H-restrictive. Also, there exists a monotone increasing sub-
sequence {A3, :n=1,2,3,...} converging to 1. Thus all the conditions of the above theorem
are satisfied and hence 1 € coin(®,Y).

Theorem 2. Let (Q),d) be a compact metric space, ® : 3 — CB(Q) be a H-continuous set
valued map and f : () — X be a continuous map such that for each v € (), there existsn € IN
for which D (fv, ®v) > 0 implies D (fv,, ®v,) < D (fv, ®v), where fvy, is the nth term of the
Orbital sequence

Or(v,®,f) ={vo =0, fou41 € Pvy, n=0,1,2,...}.
Then ® and f have a coincidence point.
Proof. Consider a function ¢ : () — [0, c0) defined as ¢ (v) = D (fv, ®v) . Since d and D both
are continuous, so ¥ is continuous as well. Thus ¢ achieves its least value at some point, say
6 € Q. Now if D (f0,P60) > 0, then by hypothesis there exists n € IN such that
D (f6,,90,) < D (f6,®0).

This implies ¢ (6,) < ¥ (0), which is a contradiction to the choice of 6.

Hence D (f0,90) =0, i.e. f6 € 0. O

Definition 10. Let (€),d) be a metric space. A multi-valued map ® : Q3 — CB(Q) and a
mapping f : Q — X are said to be pairwise eventually D (¢)-restrictive if there exists ¢ > 0
such that D (fv,®v) < D (fv, ®7) for all fv € ®y, whenever 0 < D (fvy, Py) < e for some
v € Q.

Theorem 3. Let (), d) be a metric space. Let ® : ) — CB (Q) be a H-continuous multi-valued
map and f : Q3 — Q) be a continuous map. If f and ® are pairwise eventually D (¢)-restrictive
and the Orbital sequence

Or(vy, @, f) = {vp € Q, fo,11 € Pv,},

contains a convergent subsequence vy, which converges to 0, then f € ®9, i.e. 0 is a coinci-
dence point of f and ®.
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Proof. Assume that v,,1 # v, and v, & coin (P, f) . Since vy, is a convergent subsequence of
vy, for € > 0 there exists integers ny and Npt1 such that d (vnp, van) < ¢, since f is continuous
50 D(fou,, fon,+1) < & Thus we have

D(fon,, ®va,) <,
since fvnpﬂ € @vnp. Now fvnp ¢ @vnp, SO
D(fvan,CI)van) < D(fon,, Doy,

by definition of D (e)-restrictive.
Thus the sequence {D (fo, ®oy) }_

and hence is convergent. We have fv,, 1 € ®vy,. This implies

is strictly decreasing sequence of real numbers
P

D(fvnp+1'q)v”p) =0= plgrolo D(fvnpﬂ’q)vnp) =0

= D(fw,®0) =0 (for somew € (), since ® is H-continuous)
= fon,, = fw and fw € ®b.

Now J%D(fvnp,®vnp) = D(f6,P0) < e and ;%D(fvnp+l,®vnp+1) = D(fw, ®w). The

(o]

sequence {D (fv;, @vl)}?inp .1 is a subsequence of convergent sequence {D (fvy, @vm)}m:np

and hence converges to same limit. It follows that
D (f6,90) = D (fw, dw) .
Now if f0 ¢ 9, since fw € P and D (f8, Pf) < ¢, then we have
D (fw,®w) < D (f0, D),
which is a contradiction. Hence f6 € 6. O

Example 2. Let QO = [0,5],d (x,y) =[x —y|, P : Q — CB(Q) and f : QO — Q) are defined

by
q)(x):{[o,s—g}, xe€[0,3], f(x):2—§.

Now f(4) ¢ ®(4) and D(f4,P4) = D(1.2,[2.67,5]) = 147 < 1.5 = €. For fv € [2.67,5],
we have
D (fv,®v) < D (f4,P4).
An orbital sequence {A, },,_, such that A, =2 — % can be constructed at a point A = Ay = 2,
as follows:

AE’:%’ 7:%/ Aszﬁ,... and
%:fMECD)\o:[O,Z], %Zf)\zecb)\l:[ol%],
%:f}bECD)\Z:{OI%], %Zf&eqm:{o,%z],
%:ﬁ%eq’M:[Q%},....
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Clearly, fA,+1 € ®PAy,n = 0,1,2,..., implying that f and ® are pairwise eventually
D(e)-restrictive. Also, there exists a monotone increasing subsequence {Ay, : n=1,2,3,...}
converging to 3. Thus all the conditions of the above theorem are satisfied and hence

1(3) 1= pa] -x(3)

Theorem 4. Let (Q),d) be a compact metric space, ® : 3 — CB(Q)) be a H-continuous set
valued map and f : () — Q) be a continuous map such that for each v € (), there existsn € N
for which0 < D (fv,®v) < e implies D (fv,, ®v,) < D (fv, Pv), where fv, is the nth term
of Orbital sequence

Or(v,®,f) ={vo =0, fo,41 € vy, n=0,1,2,...}.
Then ® and f have a coincidence point.

Proof. Let vy € Q. Since () is compact, the orbital sequence {fv,} has a limit point. So
for given ¢ > 0, there exists p € N such that 0 < D (fv,, Pv,) < &. Define the function
P :Q — [0,00) by ¢ (v) = D (fv,Pv) . Since d and D both are continuous, so ¥ is continuous
as well. Thus 1 achieves its least value at some point, say 6 € ().

Now ¢(0) = D(f8, ®0) = min{D(fv,®v) :v € O} < D(fv,, Pvp) <e. If D(f6, PO) > 0,
then by hypothesis there exists j € N such that D (f6;, ®6;) < D (f6,®0). This implies
¥ (6;) < (0), which is a contradiction to the choice of 6.

Hence D(f6,®0) =0, i.e. f6 € 6. O

3 Applications in fuzzy fixed point results

Here, the results from previous section are applied to deduce their corresponding fuzzy
fixed point theorems. In fact, all the results of this section are new and can be treated as in-
dependent. However, we decided to connect these two ideas using elementary technique to
appreciate the fact that many results from the literature regarding contractive or non-expansive
multi-functions have their fuzzy counterparts. To this end, we recall the necessary preliminar-
ies of fuzzy sets and fuzzy mappings as follows.

Definition 11 ([18]). Let Q2 be a nonempty set. A fuzzy set in () is a function with domain ()
and values in [0,1] = I. If A is a fuzzy set in Q) and x € Q), then the function value A(x) is
called the grade of membership of x € A. We denote the collection of all fuzzy sets in Q by 1.
Let A € I? and a € I. The a-level set of A, denoted by [A),, is defined by

Al = {xeQ:A(x) >0}, if a=0,
C{xeQ:A(x) >a}, ifxc(0,1],

where by M we mean the closure of the crisp set M.
We say that A € Icp(Q) if A € I? and [A], is nonempty closed and bounded.

Definition 12 ([4,5]). Let Q) be a nonempty set and Y be a metric space. A map F : Q — I¥
is called a fuzzy mapping. A fuzzy mapping F is a fuzzy subset of () X Y with membership
value F(x)(y).
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Definition 13 ([1]). Let F and T be two fuzzy mappings from Q) into I®. A pointv € Q is
called a fuzzy fixed point of F if there exists « € (0,1] such thatv € [Fv|,. The point u is said
to be a common fuzzy fixed point of F and T if v € [Fv], N [Tv], for some a € (0, 1].

To discuss the main results of this section, we introduce the following auxiliary concepts.

Definition 14. Let (Q),d) be a metric space and F : 3 — Icg(Q)) be a fuzzy multi-valued
map. An F-orbital sequence at a pointv € () is a set Or(v, F) of points in Q) defined by

Or(v,F) = {vg = v, vy41 € [Foula, n=0,1,2,..., a« € (0,1]}.

Definition 15. Let (Q),d) be a metric space. A fuzzy multi-valued map F : QO — Icp(Q) is
said to be eventually D-restrictive if there exists k € IN such that D(vy, [Fv,]o) < D(v, [F]a)
for alln > k, whenever D(v, [Fv],) > 0 for somev € () and « € (0,1], where v,, € Or(v, F).

Definition 16. Let (Q),d) be a metric space. A fuzzy multi-valued map F : QO — Icp(Q)
is said to be p-orbitally continuous if whenever a subsequence {v,,} of a sequence {v,} con-
verges to some v € (), i.e. if v,, — v, then for any fixed p € IN, we have v,,, — v, and
[Fvu,4pla — [Fv]a for some « € (0,1], where v, is the pth term of the F-orbital sequence
Or(v, F).

Definition 17. Let (Q),d) be a metric space and F, T : QO — Icp(Q)) be any two fuzzy multi-
valued maps. An (F, T)-orbital sequence of F and T at a pointv € Q) is a set Or(v, F, T) of
points in () defined by

Or(v,F,T) = {vg = v, vaps1 € [Foonla, v2n42 € [TU2ns1]la, n=0,1,2,..., a € (0,1]}.

Definition 18. Let (Q),d) be a metric space. Two fuzzy multi-valued maps F, T : QO — I are
said to be pairwise eventually H-restrictive, if there exists k € IN such that

H([Foo]a, [Toon41]a) < H([Fola, [Tv]a)

for all n > k, whenever H([Fv|y,[Tv]y) > 0 for some v € Q and « € (0,1], where
vy € Or(v, F,T).

Theorem 5. Let (Q),d) be a metric space and F, T : QO — I} be any two pairwise H-restrictive
p-orbitally continuous fuzzy multi-valued maps. If for some vy € (), the Orbital sequence
Or(v, F, T) of the pair (F, T) has a subsequence {v,,} converging to v, thenv € coin(F, T).

Proof. Let ®,¥ : O — 22 be any two multi-valued maps, respectively defined by
®x = [Fx|, and ¥x = [Tx],

forall x € Q) and some a € (0, 1]. It suffices to show that the pair (®, ¥) is pairwise eventually
H-restrictive. Since the pair (F, T) of fuzzy multi-valued maps is eventually H-restrictive, there
existk € N, v € Q) and a sequence v, € Or(v, F, T) such that for all n > k, we have

H(®u, Su) = H([Fuly, [Tu]s) > H([Fvan|a, [TU2n+1)a) = H(Pv2y, Y02,,41)

for some « € (0,1]. Consequently, all the conditions of Theorem 1 are satisfied. Hence, it can
be applied to find v € Q) such that v € coin(F, T). O
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Definition 19. Let (Q),d) be a metric space. A fuzzy multi-valued map F : QO — Icp(Q))
is said to be H-continuous at a point vy € (), if for each sequence {v,} in Q) such that
lim d(v,,v9) = 0, there exists « € (0, 1] such that

n—oo

lim H([Fou]a, [Fvola) = 0.

n—oo

Equivalently, F is H-continuous at a point vy € (), if for every € > 0, there exists # > 0
such that d(v,, vg) < n implies H([Fv, |, [Fvola) < € for some a € (0,1]. A map F is said to be
continuous if it is continuous at each point of ().

Example 3. Let Q) = [0,00) and d(v, w) = |v — w| for allv,w € Q. Define F : O — Ic5(Q)) by

, f0<t<ov+3,

, elsewhere.

F(o)(t) = {

OIN NI—

Suppose « = 0.3. Then for all v € Q) we have [Fv], = [0,v + 3|. Fore > 0, take = ¢, then
d(v,w) < 1 implies H([Fv]s, [Fw]s) < €. Thus, F is H-continuous.

Lemma 1. Every H-continuous fuzzy multi-valued map with closed a-level set has a corre-
sponding H-continuous multi-valued map.

Proof. Let F : O — Icp(Q)) be an H-continuous fuzzy multi-valued map. Then for every
€ > 0 there exists 7 > 0 such that whenever d(v,,v9) < 7 we have H([Fuy]q, [Fv]s) < € for
some & € (0,1]. Consider a multi-valued map ® : O — CB(Q) defined by ®v = [Fv|,
for all v € Q) and some « € (0,1], then H(®v,, Pv) = H([Foula, [Fv]a) < €, thatis, O is
H-continuous. U

Theorem 6. Let ((),d) be a compact metric space, F : ) — Icp(Q)) be an H-continuous fuzzy
multi-valued map and f : () — Q) be a continuous map such that for each v € (), there exists
n € N and a € (0,1] for which D(fv, [Fv|,) > 0 implies D(fvy, [Fou|a) < D(fv, [Fv]s), where
fvy is the nth term of the orbital sequence

Or(v,F, f) ={vo =v, fuy41 € [Fopla, n=0,1,2,...}.
Then F and f have a coincidence point.

Proof. By taking ®v = [Fv], for allv € () and some & € (0, 1], we get that all the hypotheses of
Theorem 2 coincide with that of Theorem 6. Hence, f and F have a coincidence pointin (2. [

Definition 20. Let (Q),d) be a metric space. A fuzzy multi-valued map F : Q — Icp(Q)
and a mapping f : QO — Q) are said to be pairwise eventually D(e)-restrictive if there exist
€ > 0 and a € (0,1] such that D(fv, [Fv]s) < D(fv, [Fyl«) for all fv € [Fy|., whenever
0 < D(f7,[Fy]a) < € for somey € Q).

Theorem 7. Let (Q),d) be a metric space. Let F : Q) — Icp(Q) be an H-continuous fuzzy multi-
valued map and f : Q) — Q) be a continuous map. If f and F are pairwise D (€)-restrictive and
the orbital sequence

Or(vg, F, f) = {vo € Q, fo,41 € [Foula}
contains a convergent subsequence {v, }, which converges to 6, then f0 € [F0],, i.e. 0 is a
coincidence point of f and F.
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Proof. By Lemma 1, for F there exists a corresponding H-continuous multi-valued map,
say @ : O — CB(Q). Forall v € ) and some « € (0,1], take ®(v) = [Fv],, then Theorem 3
can be applied to find the coincidence point of f and F. O

The following example is given in support of Theorem 4.

Example 4. Let O = [0,1] and d be the usual metric on Q). Let F : 3 — Icp (Q)) be a fuzzy
muti-valued map defined by

E O < t < i
F)() =46 17
&, ﬁ Stgzl

for some a € (0,1]. Define a continuous function f : O — Q by f (z) = 5. Now for a given
€ >0,d(z1,22) <1 = § implies

21— 22
10

<l|lz1—zm| <y <e

H ([Fail,, [Fz2l) = H ([ 3. 35) - [535)) <

Hence, F is H-continuous.
Suppose v = 0.2. Then [Fvy], = [0.01176,0.02] and 0 < D (fv, [F7],) = 0.08 < 0.1. Also,
for all fv € [Fv]|,, we have

D (fv, [Ful,) < D (fv, [Fvla),
which implies that F and f are pairwise D(0.1)-restrictive. Now consider the Orbital sequence

Or (0.9,F, f) = {vy € Q: fu,,1 € [Fu,],} = {0.9,0.12,0.016,0.002,... },

which contains a subsequence converging to 0, then f0 € [F0],, that is 0 is the coincidence
point of the mappings F and f.

Conclusion. In this article, we discussed the coincidence points of a pair of multi-valued map-
pings by introducing a notion of pairwise eventually H-restrictive mappings. This restrictive
condition is inspired by the Edelstein-type contractive conditions. We evaluated the coinci-
dence points of a pair of multi-valued and single valued mappings by utilizing the concept
of pairwise eventually D (¢)-restrictive mappings. By assuming f = I we can easily achieve
[11, Theorem 3]. In addition, our main results are further applied to deduce their correspond-
ing fuzzy fixed point theorems. The latter technique is in appreciation of the fact that many
results from the existing literature on contractive or nonexpansive multifunctions have their
tuzzy counterparts.

The study of common fixed points for such H-restrictive maps is suggested for future work.
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Y 1ili cTaTTi BBOAUTBCS y3araAbHeHe MOHSTTSI IOapHO 3peToo H-06MeXyBaAbHIX 6araTo3Ha-
YHMX BiAOOpakeHb, IO I'PYHTYETHCS Ha 0OMeXYBaABHMX YMOBaX, omMcaHmx y [Symmetry 2020, 12
(1), 127]. Tako>X BUKOPUCTOBY€ETHCSI MOHSITTSI D (€)-06MeXyBaAbHMX BiAOOPaXKeHb AAS AOCAIAKEHHSI
TOYOK 36iry mapy HellepepBHOTO OAHO3HAYHOTO BiaOOpakeHHs Ta H-HellepepBHOTro 6araTo3HayvHoO-
ro BirobpaxenHs. OCHOBHI pe3yAbTaTI AdAi 3aCTOCOBYIOTBCSI AASI OTPMMAHHS BiAIIOBIAHIX TeopeM
IIpo HeuiTKi Hepyxomi Touku. Takuii mAXiaA 3yMOBAEHMIA THM, IO 6araTo pe3yAbTaTiB, BIAOMMX Y
AlTepaTypi AASL cTHCKaOUWMX ab0 HepO3IMPIOBAABHMX 6araTo3HAUHMX BiAOOpa’keHb, MAIOTh CBOL
aHaAOIM B Teopii HeuiTKMX MHOXMH. HacaMkiHelb, AAsI IATBEpAKEHHST KOPEKTHOCTI OTpUMAaHMX
pe3yAbTaTiB HaBeACHO KiAbKa MOKa30BUX MPUKAAAiB.

Kutouosi cnosa i ppasu: H-obmexyBarbHe BiaobpaxkeHHsI, D(€)-06MeXyBaabHe BiAOOpaXKeHHsI,
TOUKa 36iry.



