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Abstract:

Introduction/purpose: This article establishes several new contractive conditions
in the context of so-called F-metric spaces. The main purpose was to generalize,
extend, improve, complement, unify and enrich the already published results in
the existing literature. We used only the property (F1) of Wardowski as well as
one well-known lemma for the proof that Picard sequence is an F-Cauchy in the
framework of F-metric space.

Methods: Fixed point metric theory methods were used.

Results: New results are enunciated concerning the F-contraction of two map-
pings S and T in the context of F—complete F-metric spaces.

Conclusions: The obtained results represent sharp and significant improvements
of some recently published ones. At the end of the paper, an example is given,
claiming that the results presented in this paper are proper generalizations of
recent developments.

Key words: F-metric space, F'-contraction, fixed point.

Introduction and preliminaries

It is exactly one hundred years since S. Banach (Banach, 1922) proved
the famous principle of contraction in his doctoral dissertation. Since then,
many researchers have been trying to generalize that significant result in
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many directions. In one direction, new classes of metric spaces were cre-
ated and the renowned results were extended to these spaces. Among
them, b-metric and F-metric spaces stand out. The former ones were in-
troduced by Bakhtin (Bakhtin, 1989) and Czerwik (Czerwik, 1993) and the
latter were recently introduced by Jleli and Samet (Jleli & Samet, 2018).
Not that these two cases of spaces are intangible. Namely, there is a b-
metric space that is not F-metric, and vie versa, there is an F-metric that
is not b-metric. Note that convergence, Cauchyness and completeness
of both types of spaces are defined for ordinary metric spaces. Also, it is
worth mentioning that b-metric and F-metric do not have to be continuous
functions with two variables as is the case with ordinary metric. In both
types of spaces, a convergent sequence is a Cauchy and it has a unique
limit. This is what they have in common with ordinary metric spaces. The
continuity of mapping in both classes of spaces is sequential, i.e., the same
as in ordinary metric spaces. Let us now list the definitions of each of the
mentioned types of spaces. For more new details on F-metric spaces and
new developments in the metric fixed point theory, one can see some note-
worthy papers (Asif et al, 2019), (Aydi et al, 2019), (Derouiche & Ramoul,
2020), (Jahangir et al, 2021), (Kirk & Shazad, 2014), (Mitrovi¢ et al, 2019),
(Salem et al, 2020), (Som et al, 2020), (Vujakovi¢ et al, 2020), (Vujakovi¢
& Radenovi¢, 2020), (Younis et al, 2019a), (Younis et al, 2019b).

Definition 1. ((Bakhtin, 1989), (Czerwik, 1993)) Let X be a nonempty set
and s > 1 be a given real number. A function d, : X x X — [0,400) is
said to be a b-metric with the coefficient s if for all x,y, z € X the following
conditions are satisfied:

(dpl) dp (z,y) =0ifand only if x = y
(dp2) dy (7, y) = dp (y, )
(dp3) dp (z,y) < s[dp (z,2) + dp (2,9)].

Let F be the set of functions f : (0,+00) — (—o0,+00) satisfying the
following conditions:

F1) f is non-decreasing,
F>) For every sequence {t,,} C (0,+0oc0), we have

nEI—&I-loo t, = 0 if and only if nngf (tp) = —00.
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Definition 2. (Jleli & Samet, 2018) Let X be a (nonempty) set. A function
dr : X x X — [0,400) is called a F-metric on X if there exists (f,«) €
F x [0,+00) such that for all z,y € X the following conditions hold:

(drl) dr (z,y) =0ifand only if x = y.

(dr2) dF (z,y) = dF (y, 7).

(dr3) Forevery N € N, N > 2 and for every {ui}fvzl C X with (ug,uy) =
(x,y), we have

N-1
dr (z,y) > 0yields f (dr (z,y)) < f (Z dr (Uz‘,ui—&-l)) +a.
=1

In this case, the pair (X, dr) is called a F—metric space.

Wardowski (Wardowski, 2012) considered a nonlinear function F :
(0, +00) — (—o0, +00) with the following characteristics:

(F1) F is strictly increasing.

(F2) F3) above.

(F3) There exists [ € (0,1) such that lim;_,o+ t'F () = 0.

Wardowski (Wardowski, 2012) called the mapping T : X — X, defined
on a metric space (X,d), an F—contraction if there exist = > 0 and F
satisfying (F1)-(F3) such that

T+ F(d(Tz,Ty)) < F(d(x,y)) whenever d (Tx,Ty) > 0.

The authors in (Asif et al, 2019) take B =
{F :(0,400) = (—00,+00) : F satisfies F;) and F3)}.

In 2019, A. Asif et al., (Asif et al, 2019) formulated and proved the
fixed-point and common fixed-point results for single-valued Reich-type
and Kannan-type F-contractions in the setting of 7-metric spaces:

Theorem 1. Suppose (f,a) € Bx[0,+00) and (X,dr) is an F—complete
F-metric space. Let S,T : X — X be self-mappings. Suppose there exist
F € F and 7 > 0 such that

T+ F(dr (Sz,Ty)) < F(a-dr (z,y) +b-dr (z,5z) + c-dr (y,Ty)) (1)
fora,b,c € [0,.+4 oo) such that a + b+ c < 1 with
min {d}' (S.’L’,Ty) 7d.7: (x,y) 7d.7: (.’IJ, Sl‘) ad]: (y7Ty)} > Oa

forall (z,y) € X x X. Then S and T have at most one common fixed point
in X.
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Corollary 1. Suppose (f,a) € Bx[0,+o0) and (X, dr) is an F—complete F-
metric space Let S,T : X — X be self-mappings. Suppose that k € [0, 1),
there exist F' € F and T > 0 such that

T (S0,70) < F (§ (e (050) 4 dr (7)) (2

with min {dr (Sz,Ty) ,dr (x,y),dr (z,Sz),dr (y,Ty)} > 0, for all (z,y) €
X x X. Then S and T have at most one common fixed point in X.

By replacing S with 7', the authors obtained the following result for single
mapping.

Corollary 2. Suppose (f,a) € Bx|[0,+o0) and (X, dr) is an F—complete F -
metric space Let T : X — X be self-mapping. Suppose that for k € [0, 1),
there exist F' € F and T > 0 such that

P F (@ T) < F (5 @ To +drTy)) @)

with min {dr (Tx,Ty),dr (z,Tx) ,dr (y,Ty)} > 0, for all (z,y) € X x X.
Then T have at most one fixed point in X.

Definition 3. Let (X, dr) be an F—complete F-metric space and S, T : X —
X be self-mappings. Suppose thata+ b+ ¢ < 1fora,b,c € [0,+00). Then
the mapping T is called a Reich-type F-contraction on B (zo,r) C X if there
exist F € F and T > 0 such that for all x,y € B (z¢,r)

T+ F(dr (Sz,Ty)) < F(a-dr (z,y) +b-dr (z,5c) +c-dr (y,Ty)). (4)

Theorem 2. Suppose (f,a) € Bx[0,+00) and (X,dr) is an F—complete
F-metric space. Let T be a Reich-type F-contraction on B (zg,r) C X.
Suppose that for xy € X and r > 0, the following conditions are satisfied:

(@) B (zg,r) is F—closed,

(b) dr (xg,x1) < (1 =X)r,forzy € X and \ = ‘f—fg,

(c) There exist 0 < e < r such that f ((1 — A*™1)r) < f () — a, where
k € N.
Then S and T have at most one common fixed point in B (zg, 7).

Taking S = T in Theorem 2, the authors in ((Asif et al, 2019), Corollary

3.) obtained the following result for single mappings.
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Corollary 3. Suppose (f,«a) € Bx|[0,+00), (F,7) € Bx (0,+00),(X,dr) is
an F—complete F-metric space and T : X — X is a self-mapping. Sup-
pose that a + b+ ¢ < 1 for a,b,c € [0,+00). Suppose that for xo € X and
r > 0, the following conditions are satisfied:

(@) B (xo,r) is F—closed,

(b)7+F (dr (Sz,Ty)) < F(a-dr (z,y) +b-dr (z,Sz) +c-dr (y, Ty))for
all z,y € B (zo,7),

(€) dr (vo,21) < (1 = A)r, forz; € X and A = &2,

(c) There exist 0 < e < r such that f ((1 — A1) r) < f(e) — a, where
keN.
Then T has at most one fixed point in B (zg,r) .

Corollary 4. Suppose (f,«) € Bx[0,+00),(F,7) € Bx (0,+00),(X,dr) is
an F—complete F-metric space. Let S,T : X — X be a self-mappings
and k € [0,1). Suppose that for xo € X and r > 0, the following conditions
are satisfied:

(@) B (zo,r) is F—closed,

(b) 7+F (dr (Sz,Ty)) < F(a-dr (z,y) +b-dr (z,Sx) + c-dr (y,Ty))for
all x,y € B (xg,r),

(€) dr (zo,21) < (1 — A)r, forz; € X and A = £,

(c) There exist 0 < e < r such that f ((1 — A*1)r) < f () — a, where
ke N.
Then S and T have at most one common fixed point in B (zg,7) .

Further in the same paper ((Asif et al, 2019), Definitions 6, 8, Theorem
5, Corollary 5.), the authors gave the following:

Definition 4. Let (X, dr) be a metric space. Let CB (X) be the family of all
non-empty closed and bounded subsetsof X. Let H : CB (X)xCB (X) —
[0,+00) be a function defined by

H (A, B) = max {supD (x, B),supD (y, A)} , (5)
€A yeDB

where D (z,B) = inf{dr(x,y):y € B}. Then H defines a metric on
CB (X) called the Hausdorff-Pompeiu metric induced by dr.
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Definition 5. Let (X,dr) be an F-metric space. Suppose F' € B and H :
CB(X) x CB(X) — [0,4+00) be the Hausdorff-Pompeiu metric function
defined in Definition 2. A mapping T : X — CB (X) is known as a set-
valued Reich-type contraction if there is some T > 0 such that

2r+ F(H (Tz,Ty)) < F(a-dr(z,y) +b-dr (z,Sz) +c-dr (y,Ty)) (6)
for (z,y) € X x X and a,b, c € [0,+00) such thata+ b+ ¢ < 1.

Theorem 3. Let (X,dr) be an F—complete F-metric space and (f,«) €
Bx[0,+00). If the mapping T : X — CB(X) is a set-valued Reich-type
F-contraction such that F is right continuous, then T' has a fixed point in X.

Corollary 5. Suppose (f,a) € Bx[0,4+00) and (X,dr) is an F—complete
F-metric space. LetT : X — CB (X) be a Reich-type F—contraction such
that F' is right continuous. Suppose that for k € [0, 1), there exist F € B
and T > 0 such that

PP () < F (S 0T < dr 0 T)) ()

with min{H (Tx,Ty) ,dr (z,Tx),dr (y,Ty)} > 0 forall (z,y) € X x X.
Then T has a fixed point in X.

In the sequel, we will use the following two results:

Lemma 1. ((Mitrovic et al, 2019), Lemma 1.) Let (X, d,) (resp. (X,dr) be a
b-metric (resp. F—metric) space and {x,,}'> the sequence in it such that

dp (Tny Tnt1) < A= dp (Tp—1,2n) (reSp. dr (Tn, Tn+1) < A dF (Tn-1,75)),

(8)
for all n € N, where X € [0,1). Then {x,,}'> is a d,—Cauchy sequence in
(X,dyp) (resp.dz—Cauchy sequence in (X,dr)).

Lemma 2. Let {zni1},envioy = {T%ntnenugoy = {720} wenuioy » T0%0 =
xo be a Picard sequence in F-metric space inducing by mapping T : X —
X and initial point xo € X. If dr (xn,pn+1) < dF (xp—1,2y)) foralln € N
then x,, # x., whenever n # m.
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Proof. Let x,, = x,, for some n,m € Nwithn < m. Then z,.1 = Tx, =
Txy, = xme1- Further, we get

d]: (.’L‘n,.’L'n+1> = d]: (mm,xm+1) < d]: (xm_l,a:m) < ... < d]: (:L'n,.Tn_;,_l),

which is a contradiction. O

Some improved results

Firstly, since F' : (0,400) — (—o0,+00) it follows that (1) is possible
only if dr (Sz,Ty) > 0 where z,y € X. Also, the condition (F1) yields
that a - dr (xz,y) + b - dr (x,Sz) + ¢ - dr (y,Ty) > 0 for all z,y € X for
which dr (Sz,Ty) > 0. This means that at least of a, b, ¢ € [0, +00) must be
distinct of 0. Now we can improve the formulation of Theorem 1 and all its
corollaries from (Asif et al, 2019) and give new proofs as the following.

Theorem 4. Suppose (f,a) € B x [0,+00) and (X, dr) is an F—complete
F—metric space. Let S,T : X — X be self mappings. Suppose there exist
a strictly increasing function F : (0, +o00) — (—o0, +00) and T > 0 such that
dr (Sz,Ty) > 0 yields

T4+ F (dr (S2,Ty)) < F (a- dg (v,y) +b- dr (2, 50) + c- dr (5. Ty)) , (9)

fora,b,c € [0,+00) such that a® +b*> +c2 >0anda+b+c < 1.
Then S and T have at most one common fixed point in X, if at least one of
the mappings S or T is continuous.

Proof. Already, we first eliminate the function F. Indeed, from (9) if
dr (Sz,Ty) > 0 follows

dr (Sz,Ty) <a-dr (z,y) +b-dr (z,5%) + c-dr (y,Ty),  (10)

where a,b,c € [0,+00), a®> +b* + ¢ > 0and a + b+ ¢ < 1. Further, we give
the proof in several steps:

The step 1.

The point 7 is a fixed of S if and only if it is a fixed pointof . Let ST ==
and Tz # 7. Putting z = y = 7 in (10) we get

dr (,7T7) = dr (S7,T7) < a-dr (T,Z) + b - dr (T,ST) + c- dr (T, TT)
=a-0+b-0+c-dr(z,TT),

i.e., (1—¢)dr(z,T7) < 0. Since, ¢ € [0,1) we obtain the contradiction.
Therefore, T7 = 7.

344



Conversely, let 7 = Tz and Sz # 7. In this case, we get
dr (%,f) =dr (%,TT) <a-dr (T,f) +b-dr (z,5%) +c-dr (T,7)

=a-04+b-dr(z,5T)+c-0,

i.e., (1-0b)dr (Sz,z) < 0 which is a contradiction, because b € [0,1).
Hence, it follows that Sz = .

The step 2.

The uniqueness of a possible common fixed point for S and T

Let T ## 7 be two common fixed points for S and T. Then putting in (10)
x =7 and y =7 we get:

d]:(SE)Ty) < (Id]:(f,y)—f—bd]:(f,Sf)'i‘Cd]:(y,Ty),

i.e., (1 —a)-dr(z,7) < 0. Which is a contradiction with  # 7. This means
that a possible common fixed point for S and T is unique.

The step 3.

In this step, we shall prove the existence of at least one common fixed
point of S and T.

Therefore, suppose that xg is an arbitrary point and define a sequence
{zn} by

Tont1 = STo, aNd w240 = T'Top41,

forn € NU{0} . Itisclearthat dr (x2n+1, Z2n+2) > 0and dr (xon+3, Tant2) >
0 for all n € NU {0} . Now, by (10) we further get (x = z2y,,y = z2p+1)

dr (Tan+1, Ton+2) < a-dr (Ton, Tont1)+b-dr (Ton, Tont1)+c-dr (Tont1, Tont2) ,

i.e., d]: (x2n+1,x2n+2) < k- d]: (-T2n7552n+1) where k = % S [O, 1). And
similar dr (xon+3, Tont2) < k - dr (ran+2, Ton+1) - Hence, for all n € N we
have

dr (xnyxn—&-l) <k-dr <$n—1,xn) <dFr ($n—17xn) .

According to Lemmas 9 and 10, we have that the sequence {xz,} is a
dr—Cauchy in an F—complete F-metric space (X, dr) and z,, # x,,, when-
ever n # m. This further means that there is (unique) z* € X such that
T, — ¥ as n — +oo.

Firstly, let S be continuous. Then z9,+1 = Sx2, — Sz* = z* since
in each F—metric space the subsequence of each convergent sequence
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converges to the unique limit. Now, we will prove that also Tz* = z*.
Indeed, if Tz* # x* then by using (10) with x = y = z* we get

dr (2", Tz*) = dr (Sz*,Tz") < a-dr (2%, 2" )+b-dr (x*, Sz™)+c-dr (2, Tz")

=a-dr (2%, 2%)+b-dF (x*, Sx™)+c-dr (", Tz*) = a-0+b-0+c-dr (x*, Tz") .

Finally, we obtain that (1 —¢) - dr (z*,Tx*) < 0 which is a contradiction
because we suppose dr (z*, Tx*) # 0.

If the mapping T is continuous, the proof is similar.
The theorem is completely proved. [J

Remark 1. Our Theorem 11 generalizes, improves, complements and uni-
fies the corresponding Theorem 3 from (Asif et al, 2019) in several direc-
tions. First of all, it is worth to notice that some parts of the proof for The-
orem 3 are doubtful. Namely, the authors in their proof use that F-metric
dr is a continuous function with two variables (dr (z,,yn) — dr (x,y) if
dr (zn,x) — 0 and dr (yn,y) — 0), which is not case. Also, it is clear
that the function F' in their Theorem 3 and in both Corollaries 1 and 2 is
superfluous.

The next two corollaries follows from our Theorem 11.

Corollary 6. Suppose (f,a) € B x [0,+00) and (X, dr) is an F—complete
F—metric space. Let S, T : X — X be self mappings. Suppose there exist
strictly increasing function F : (0, +0c0) — (—o0,+00) and 7 > 0 such that
dr (Sz,Ty) > 0 yields

T+ F(dr (Sz,Ty)) < F (S (dF (z,Sz) + cdF (%Ty))) , (1)

fork € [0,1).
By replacing S with T, we get the following result for single mapping:

Corollary 7. Suppose (f,a) € B x [0,+00) and (X, dr) is an F—complete
F—metric space. LetT : X — X be self mapping. Suppose there exist
strictly increasing function F : (0, +0c0) — (—o0,+00) and 7 > 0 such that
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dr (Tz,Ty) > 0 yields

T4+ F(dr(Tz,Ty)) < F (l; (dr (x,Tx) 4+ cdr (y,Ty))> , (12)

fork € 10,1).
Then T has at most one fixed point in X, if it is continuous.

Remark 2. Now we give the following Important Notice:

It is useful to note that the other results from (Asif et al, 2019) can be
repaired and supplemented in the same or similar way. It should also be
said that the results on Hausdorff-Pompeiu metric given in (Asif et al, 2019)
are dubious. This will be discussed in another of our papers.

The immediate consequences of our Theorem 11 are the following new
contractive conditions that complement the ones given in (Collaco & Silva,
1997), (Rhoades, 1977) for usual metric spaces. For more contractive con-
ditions in the framework of metric spaces see (Ciri¢, 2003), (Consentino &
Vetro, 2014), (Dey et al, 2019), (Karapinar, et al), (Piri & Kumam, 2014),
(Salem et al, 2020), (Wardowski & Dung, 2014). In the sequel we will obtain
several new contractive conditions in the framework of 7—metric spaces.

Corollary 8. Suppose (f,a) € B x [0,+00) and (X, dr) is an F—complete
F—metric space. Let S, T : X — X be self mappings. Suppose there exist
71 > 0 such that dr (Sx,Ty) > 0 yields

71 +dr (Sz,Ty) <a-dr(z,y)+b-dr(z,Sx)+c-dr (y,Ty), (13)

for a,b,c € [0,+00) such thata® +b>+ 2 >0anda+b+c < 1.
Then S and T have at most one common fixed point in X, if one of the
mappings S or T is continuous.

Corollary 9. Suppose (f,a) € B x [0,+00) and (X, dr) is an F—complete
F—metric space. Let S, T : X — X be self mappings. Suppose there exist
T9 > 0 such that dz (Sz,Ty) > 0 yields

7o +dr (Sz,Ty) < a-dr(z,y), (14)

fora €10,1) .
Then S and T have at most one common fixed point in X, if one of the
mappings S or T is continuous.
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Corollary 10. Suppose (f,«) € B x [0,+00) and (X, dr) is an F—complete
F—metric space. Let S, T : X — X be self mappings. Suppose there exist
73 > 0 such that dr (Sz,Ty) > 0 yields

3 +dr (Sz,Ty) <b-dr(zx,Sx)+c-dr(y,Ty), (15)

for b, c € [0,+00) such that b> + ¢ > 0and b+ c < 1.
Then S and T have at most one common fixed point in X, if one of the
mappings S or T is continuous.

Corollary 11. Suppose (f,«) € B x [0,+00) and (X, dr) is an F—complete
F—metric space. Let S, T : X — X be self mappings. Suppose there exist
T4 > 0 such that dg (Sz,Ty) > 0 yields

1 1
< _
dr (Sa,Ty) = b-dr (a,52) +c-dr (y, Ty)

Ty — (16)
for b, c € [0,+00) such that b> + ¢ > 0and b+ c < 1.

Then S and T have at most one common fixed point in X, if one of the
mappings S or T is continuous.

Corollary 12. Suppose (f,«) € B x [0,+0o0) and (X, dr) is an F—complete
F—metric space. Let S, T : X — X be self mappings. Suppose there exist
75 > 0 such that dr (Sx,Ty) > 0 yields

1

Ty) < —
Tdr (0 TY) < — S T e dr (0. T9)

E d]" (quTy>

forb,c € [0,+00) such thatb?> + ¢ > 0and b+ c < 1.
Then S and T have at most one common fixed point in X, if at least one of
the mappings S or T is continuous.

Corollary 13. Suppose (f,«) € B x [0, +00) and (X, dr) is an F—complete
F—metric space. Let S, T : X — X be self mappings. Suppose there exist
T¢ > 0 such that dr (Sz,Ty) > 0 yields

1 1

* 1 —exp (dr (Sz,Ty)) == 1—exp(b-dr(x,Sx)+c-dr (y,Ty)()178)

T6
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for b, c € [0,+00) such that b> +c2 > 0and b+ c < 1.
Then S and T have at most one common fixed point in X, if one of the
mappings S or T is continuous.

Proof. As each of the functions F; (r) = r, i = 1,3, Fy(r) = -1, F5(r) =
—L 4 Fs(r) = #p(r) is strictly increasing on (0, +00) , the proof imme-
diately follows by our Theorem 11 and their corollaries. [

Example 1. Finally, we give the following simple example that support our
Theorem 11 with S = T. Suppose that X = {2n + 1:n € N} . Define the
dr—metric given by the following

Oifz =y
d]: (.’I/',y) = { e|z—y‘ if © # y.

Let F(r)=—e"and T : X — X is defined by

[ 3ifne{1,2}
T(an){ 2 —1ifn > 3.

It is clear that dr is a F—metric and F is strictly increasing on (0, +o00) . All
the conditions of Theorem 11 are satisfied. Indeed, putting in equation (9)
b=c=0,wegetforz#y:

e, e Tz=Tyl > . e l*=vl Taking z = 2n + 1,y = 2m + 1,n # m we
further obtain e~127=2ml > ¢ . ¢=127=27| Since n # m this means that there
exists a € [0, 1) such that (9) holds true, i.e., T" has a unique fixed point in
X ={2n+1:n € N}, which is x = 3. Note that lim,_, o F' (r) = —1, then
Theorem 3 from (Asif et al, 2019) is not applicable here. This shows that
our results are proper generalizations of the ones from (Asif et al, 2019).

Conclusion

In this article, we obtained several new contractive conditions in the
framework of F—metric spaces. Our results improve, extend, complement,
generalize, and unify various recent developments in the context of 7 —met-
ric spaces. An example shows that the main results of (Asif et al, 2019) are
not applicable in our case. We think that this is a useful contribution in the
framework of F'-contraction introduced by D. Wardowski.
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MEPECMOTP U YNYYILEHNE HEKOTOPbIX HOBbIX
PE3YNLTATOB B F-METPUYECKMX NMPOCTPAHCTBAX

3opaH [1. Mutposuy?®, Mydacup Woynuc®, Murnoe [l. Paosuy®
@ YHuBepcuTeT B I. BaHs-Jlyka, aneKkTpoTexHUYeckuii hakynesTer,
r. bansa-Ilyka, Pecnybnvka Cep6ckas, bocHusa n MepuerosuHa,
KOppecnoHAeHT
6 YH/UBEpPCUTETCKUIA TeXHonorm4eckuin MHetutyT PITIB,
Kadpeapa npuknagHom matematuku, r. bxonan, M., Nngusa
® KparyeBaukuii yHUBEPCUTET, MALLMHOCTPOUTENbHBIV haKynbTerT,
r. Kpaneso, Pecnybnuka Cepbus
PYBPUKA TPHTWU: 27.00.00 MATEMATUKA:
27.25.17 MeTpuyeckasn Teopust yHKLUNA,
27.33.00 NHTerpaneHble ypaBHEHUS,
27.39.29 TMpubnmkeHHble MeToabl
(PYHKLMOHANbLHOro aHanmaa
BWL CTATbW: opurmHanbHas Hay4Hasi cTaTbsi

Pesome:

BeedeHue/uerns: B 0danHOU cmambe ycmaHaenueaemcsi
HECKOJIbKO HOBbIX CXUMarowux ycrioeuli 8 KOHMeKcme mak
Ha3sbigaeMbix F-mempuyveckux npocmpaHcme. OcHogHas uersb
cmambu 3akndaemcss 8 0600WeHuUU, pacwupeHuU, yy4-
weHuu, OornorHeHuu, o0bbeduHeHuu paHee orybnuKo8aHHbIX
pesynbmamos 8 cyujecmsyrowel numepamype. Mbi ucnosns-
308asu mornbko ceolicmeo (F1) Bapdoeckozo, a makxe OOHY
Xopowo u3secmHyro riemMmy 055 dokazameribemea moao, 4mo
nocnedosamenbHocmb [lukapa moxdecmeeHHa F-Kowu e
pamkax F-mempuyeckoz20 npocmpaHcmea.

Memoobl: B cmambe npumeHeHbl Memodbl Mempu4yeckol meo-
puu Herod8UXXHOU MOYKU.

Pesynbmamei:  CchbopmynuposaHbl Ho8ble pesyrnbmambl 0 F-
cxxamuu d8yx omobpaxeruli S u T 8 koHmekcme F-ronHbix F-
MempuYecKux npocmpaHcmes.

Bbi1800bi: [NosyyeHHbie pe3yribmambl 3Ha4UMmeribHO YilyHYUeHb!
10 CPaBHEHUIO C HEKOMOPbLIMU HEOABHO Oy 6IUKOB8aHHbLIMU pe-
synbmamamu. B 3aknrodeHuu npusodumcsi npumep, Ookasbi-
sarowuli, Ymo pesynibmamsl, npedcmasrieHHble 8 daHHOU cma-
mebe, 6515 mces coomeememeyruwum 0bobuweHuem HedasHUX
pesynbmamos.

Knroueenle cnoga: F-mempuyeckoe npocmpaHcmeo, F-cxxamue,
HernodsuXXHasi mouyka.
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PEBM3NJA N NMOBOJbLUAHE HEKMX HOBUX PESYITTATA Y
F-METPUYKM MNMPOCTOPUMA

3opan [1. Mutposuh?, Mydacup Joyunc®, Munoje [1. PajoBuh®
@ Yuueep3auteT y Bamsoj Nyuu, ENekTpoTexHnYKku cakynTer,
Bara Jlyka, Penybnuka Cpncka, BocHa n XepuerosuHa,
ayTop 3a Npenucky
5 YHVBep3anTeTCKN UHCTUTYT 3a TexHonorujy - PITIB,
Operbene 3a npumekeHy Mmatematuky, bonan, M. I, NHawvja
® YHuBep3auTeT y Kparyjesuy, MalumHcku chakynTer,
KparbeBo, Penybnuka Cpbuja

OBNACT: matemaTtuka
BPCTA YJTIAHKA: opurnHanHu HayyHu pag

Caxemak:

Yeod/uurb: Oeaj pad ycriocmaesba HEKO/TUKO HOBUX KOHMPaK-
MUBHUX yC/108a y KOHMEKCMY mako38aHux JF-MempuyKux rpo-
cmopa. [nasHu yusb je eeHeparnu3ayuja, npowuperse, nobosb-
ware, OonyHa u objedur-er-e eeh dobujeHux pesynmama y
nocmojehoj numepamypu. KopuwheHo je camo ceojcmeo (F})
Bapdosckoe, kao u jedHa dobpo nosHama fiema 3a 0oka3s 0a je
lNukapoe HU3 F-Kowujes y okeupy F-MempuykKoz rnpocmopa.

Memode: KopuwheHe cy memode mempuyke meopuje ¢huKCHe
mauke.

Pesynmamu: O6jasrbeHu cy Ho8U pesynmamu y ee3u ca
F-KoHmpakyujama 3a 0ea ripecriukasarba y OKsupy JF-
KOMIMiemHux F-MempuyKux rnpocmopa.

Bakmwyuak: [JobujeHu pedynmamu npedcmasrbajy 3HaqajHa ro-
bosrbwarka, Kao U rnpasy eeHepanusayujy Hekux HedasHo obja-
8/bEHUX pe3ynimama, Wmo rokasyje npumep HaseOeH Ha Kpajy
paoda.

KrbyyHe peyu: F-Mempudku npocmop, F-koHmpakuuja, QpukcHa
madka.
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