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On integration with respect to filter

This article is devoted to the study of one generalization of the Riemann
integral. Namely, in the paper, it was observed that the classical definition
of the Riemann integral over a finite segment as a limit of integral sums,
when the diameter of the division of the segment tends to zero, can be
replaced by a limit of integral sums over a filter of sets, which can be descri-
bed in a certain "good way". This idea was continued, and in the work we
propose a new concept - the integral of a function over a filter on the set of
all tagged partitions of a segment. Using of filters is a very good method in
questions related to convergence or some of its analogues in general topologi-
cal vector spaces. Namely, if the space is non-metrizable, then the concept
of convergence is introduced precisely with the help of filters. Also, using
filters, you can formulate the concept of completeness and its analogues.
The completeness of spaces is one of the central concepts of the theory of
topological vector spaces, since Banach spaces are complete. That is, using
a generalization of the completeness of spaces constructed using filters, we
can explore various generalizations of Banach spaces. We study standard
issues related to integration. For example, does the integrability of the filter
function imply its boundedness? The answer to this question is affirmati-
ve. Namely: the concept of filter boundedness of a function is introduced,
and it is shown that if a function is integrable over filter, then its integral
sums are bounded over the filter, and this function itself is bounded in the
classical sense. Next, we showed that the filter integral satisfies the linearity
property, namely, the integral over filter of the sum of two functions is the
sum of the filter integrals of these functions. We introduce the concept of
an exactly tagged filter, and with the help of such filters we study the filter
integrability of unbounded functions on a segment. We give an example of
a specific unbounded function and a specific filter under which this function
is integrable. Next, we prove a theorem that describes unbounded filter-
integrable functions on a segment. The last section of the article is devoted
to the integration of functions relative to the filter on a subsegment of this
segment.
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1. Introduction

Let us remind main concepts which we use in this paper. Throughout this
article Q stand for a non-empty set. Non-empty family of subsets § C 2% is called
filter on ), if § satisfies the following axioms:

1. 0¢3;
2. il A, Be §then ANB € 3;
3.ifAeFand D D Athen D € 3.

Also very useful for us is a concept of filter base. Non-empty family of subsets
B C 29 is called filter base on €, if () ¢ B and for every A, B € B there exists
C € B such that C' C AN B. We say that filter base generates filter § if and only
if for each A € § there is B € 8 such that B C A.

Let f : R — R be a function. For ¢t € R denote O(t) the family of all nei-
ghbourhoods of t. Let § be a filter on R, y € R. Function f is said to be convergent
to y over filter § (denote y = hm f), if for each U € O(y) there exists A € § such

that for each t € A the follovvlng holds true: f(t) € U. We refers, for example, to
[1] for more information about filter and related concepts.

The concept of filter is a very powerful tool for studying different properties of
general topological vector spaces. For example, in [3| author studies convergence
over ideal, generated by the modular function. Ideal is a concept dual to filter. In
[2] we study completeness and its generalization using filters.

In this article we refer our attention to classical Riemann integral. Let us
remind how we can construct this object. Let [a,b] C R, let f : [a,b] — R be a
continuous function. Denote IT = {a < & < & < ... < &, = b} the partition of

[a, b], in other words, k@1[£k_1’ k] = [a, b]. Consider also the set T' = {t1,ta, ..., tn}
such that for each k = 1,2,...,n t; € [{x_1,&k]. Let us call the pair (I, T') by the

tagged partition on the segment. Denote d(I1) the diameter of the II — maximum
length of [€x_1,&k], where k = 1,2,...,n. Let us recall that function f is said to be

Riemann integrable if there exist the limit I = s hm Z f(tr) - |&k —Ek—1], and we

b
call this limit the Riemann integral of the function f, and write I = [ f(t)dt. We

know many different properties of this integral, for example linearity(,l integration
on subsegment of [a, b] etc.

If we look at the definition of Riemann integral more attentively, we realize
that, in fact we can use one special filter and obtain desirable result. In next
section we are going to develop this idea.

2. Integration with respect to filter

Just for simplicity we are going to consider functions, defined on [0, 1]. Let
f :[0,1] — R be a function. As above, denote II = {a < & < & < ... <
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&y = b} the partition of [0, 1], in other words, kgl[é’k_l,ﬁk] = [0, 1]. Consider also

the set T = {t1,t9,...,t,} such that for each k = 1,2,...,n tx € [x—1,&k]. For
k=1,2,...,n denote Ay := |& — &k_1]. Denote also TP[0, 1] the set of all tagged
partition of [0, 1]. For a tagged partition (II,T) € TP[0, 1] denote

S(fILT) = f(te) Ay
k=1

Now we are going to introduce the central definition of this paper. It seems that
the this definition is new. At least, we didn’t find it in the literature.

Definition 1. Let f : [0,1] — R be a function, § be a filter on TP[0, 1].
We say that f is integrable over filter § (§F-integrable for short), if there exists
I € R such that I = lién S(f,II,T). The number I is called the F-integral of the

1
f (denote I = [ fdF).
0
Remark 1. The fact that f is §-integrable we will write as follows:

f e nt(3).

Remark 2. Using Definition 1 we can construct the Riemann integral as
follows. Let 6 > 0 be a real positive number. Denote

Pes = {(ILT) € TP[0,1] : d(TI) < 6},
where d(IT) stands for diameter of II. Consider now

It is easy to check that B_s is a filter base. Denote s filter generate by B_s.
Let f:[0,1] — R be a function. Then f is integrable by Riemann if there exists
the limit :1§1m S(f,IL,T).
<é
Bellow we study different properties of filter integration. Let us introduce one
more technical concept.

Definition 2. Let X be a non-empty set, f : X — R be a function, and § be
a filter on X. We say that f is bounded with respect to § (F-bounded for short), if
there is C' > 0 such that there exists A € § such that for every t € A |f(t)| < C.

The following lemma is very simple, but for readers convenient we present its
proof.

Lemma 1. Let X be a non-empty set, f: X — R be a function, and § be a
filter on X. Suppose that there exists I € R, I = lién f- Then f is §-bounded.

Proof. We know that I = lién f. It means that for every € > 0 there exists
A € § such that for all t € A |f(t) — I| < e. Consider

lf@) = I < |f(t) —I] <e.



28 D. Seliutin

In other words, |f(¢)| < |I|+¢e. Then just put C := |I| + €.
The next theorem generalizes well-know fact about Riemann integral: if functi-
on in integrable by Riemann then it’s bounded.

Theorem 1. Let § be a filter on TP[0,1], f :[0,1] — R be a function, and
f € Int(F). Then S(f,I1,T) is §-bounded.

Proof. Just use Lemma 1.

Let us formulate well-known fact about Riemann integral, using filters.

Theorem 2. Let f : [0,1] — R, there exists hm S(f,IL,T). Then f is bounded,

1<6

in other words, there is C > 0 such that for all t € [0,1] |f(t)] < C.
The next theorem is natural generalization of the Theorem 2.

Theorem 3. Let f : [0,1] = R, let § be a filter on T P|0, 1] such that for every
A € F there exists B € g5 such that B C A and let there exists I € R such that
I = liénS(f, II,T). Then C > 0 such that for each t € [0, 1] we have |f(t)] < C.

Proof. There exists I € R such that I = lién S(f,II,T) if and only if for all

e > 0 there exists A € § such that for all (II,T) € A |S(f,II,T) —I| < e. We
know that for A € § there is B € F.5 such that B C A, then, particularly, for
all € > 0 there exists A € § there is B € §4 such that B C A such that for all
(ILLT) € B |S(f,II,T) — I| < € = for all € > 0 there exists B € s such that
for all (II,T) € B |S(f,II,T) — I| < €. So using Theorem 2, there exists C' > 0
such that for each ¢ € [0, 1] we have |f(t)| < C, in other words, f is bounded.
Now we are going to demonstrate that filter integration has additive property.
To demonstrate this we proof next easy two lemmas. The following Lemmas 2
and 3 are well-known, but for readers comprehension we present their proofs.

Lemma 2. Let X be a non-empty set, f, g: X — R be a functions, and § be
a filter on X. Let x = liénf, Yy = liéng. Then lién(f—i—g) =x+y.

Proof. We know that x = liénjf, so for each U € O(x) there is A € § such
that f(A) C U. Analogically, y = lién f, it means that for each V'€ O(x) there is

B € § such that f(B) C V. We have to demonstrate that for each W € O(z +y)
there exists C' € § such that (f + ¢)(C) C W. Let fix W € O(z + y). Then
there exist Wi € O(x) and Wy € O(y) such that W O W + Wa. Then there
are C1, Cy € § such that f(Cy) C Wy and f(Cs) C Wa. Denote C' := Cy N Co.
Clearly that C' € §. So

(f+9)(C)=f(C)+9(C)Cc Wi+ Wy CW.
Lemma 3. Let X be a non-empty set, f : X — R be a function, § be a filter
on X, and o € R. Let x —h{_nf Then hmaf = a.
Proof. x = hm f, it means that for each U € O(z) there is A € § such that
f(A) CcU. We have to demonstrate that for all V' € O(ax) there is B € § such
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that (af)(B) C V. Suppose that o # 0. The case a = 0 is obvious. Remark that
it W e O(z) then aW € O(ax). So just put B := A. Then (af)(B) = af(B) C
aU € O(ax).

Theorem 4. Let § be a filter on TP[0,1], f,g : [0,1] — R be a functions,

a, BER, fent(F) and g € Int(F). Then (af + Bg) € Ini(F)
Proof. Just use Lemmas 2 and 3.

3. Integration with respect to different filters

In the previous section we’ve studied arithmetic properties of integral over
filter and problems deals with boundedness. This section is devoted to integration
over different filters and its relations.

Remark 3. Let us note that despite the fact that this section is devoted to
the integration with respect to different filters, here we describe some properties
of filters deals with integration. Explicit examples of filters different from one,
described in Remark 2, appear in the following sections.

For (II,T) € TP[0,1] and t € T we denote A(t) length of the element of
partition of I which covers t.

Let (I11,T1), (Iz, T5) be partitions of [0, 1]. Consider

p((Iy, Ty), (g, T3)) =
POENUERCOIED SENORD ENC!

teT1NTy Ty \T2 Ty \T1

For easy using of concept defined above consider F : [0,1] — [1[0, 1], such that

F(t) = e, where
Lif 7 =t
el(T) = {

0, otherwise.

It is clearly then that
p((HlaT1>7 (H27T2)) = ||S(F>H1>T1) - S(F7H27T2)H

Now we are going to demonstrate that the mapping p, defined above, is a
metric, or distance between two tagged partitions.

Proposition 1. Consider p: TP[0,1] x TP[0,1] — R, p((II1,T1), (Il2, T2)) =
||S(F, 111, Th) — S(F, 112, 1%)||. Then p satisfies all metric azioms.

Proof.

1. let (Hl,Tl) = (HQ,TQ).
It is clear that in this case p((II1,71), (Il2, T2)) = 0;
2. let p((Hl,Tl), (HQ,TQ)) =0.

Then p((I11, T1), (2, T2)) = > [A1(t)=A2(t)|[+ > A1)+ >0 Ao(t) =
teT1 N1y Tl\TQ TQ\Tl
0. We have a sum of non-negative numbers equals to 0. This means that
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e VteTi N ’A1(t) — AQ(t)’ =0=>ViteT1NTy Al(t) = Ag(t);
o Vel \T2 Al(t) = O;
o Vt e TQ\Tl Ag(t) =0;

= (I, 71) = (Ilz, T»).
3. consider (Hl,Tl), (HQ,TQ), (Hg,Tg). Then

p((1, Th), (I, T3)) =
[[S(F, 1, T1) — S(F, s, T) + S(F, 3, T3) — S(F, 3, T3)|| <
[S(F, Iy, T1) — S(F, s, T3)|| + [|S(F, 115, T3) — S(F, I3, T5)||

p((I1, Th), (3, T3)) + p((I13, 13), (112, 13))

Now we introduce very important concept.

Definition 3. Let §1,§2 be filters on T'P[0, 1]. We say that F2 p-dominates fi-
lter §1 (F2 =, §1), if for every € < 0 and for each A; € F; there exists Ay € Fo such
that for all (Ilp, T3) € Ag thereis (I}, T1) € A; such that p((I11, T1), (Ip, T2)) < e

Proposition 2. Let §2 O §1. Then §2 p-dominates §1.

Proof. As §2 D §1 we obtain that if A € §; then A € F5. Consider an
arbitrary £ > 0. Then for every A; € §1 there is Ay € §o, Ao := Ay such that
for each (Ily,T3) € Ag there exists (II1,71) € Ay, (II;,77) := (Ilz,T) such that
p (I, T1), (M2, T3)) = p ((H2, T3), (2, T3)) = 0 < &.

Previous proposition shows us that p-dominance generates some relation of
order on TP[0, 1] and is more general concept that relation of inclusion.

It is clear that if §1 C §2 and f € Int(F1) then f € Int(F2) — just use the
definition of function limit over filter. So we can formulate next easy proposition.

Proposition 3. Let f :[0,1] — R be a function, §1, §2 be filters on TP|0, 1]
such that §1 C F2 and f € Int(F1). Then f € Ini(F2).

Theorem 5. Let §1,382 be filters on [0,1]. Let f : [0,1] — R be a bounded

function. Let I = ligm S(f,I,T) and §2 >, 1. Then I = ligm S(f,IL,T).
1 2
Proof. Denote C' := sup |f(t)|.
t€(0,1]

We have to proof that for every € > 0 there exists B € §2 such that for each
(HB,TB) € B we have |S(f, HB,TB) — I| <E.

We know that for every e > 0 there exists A € §1 such that for each (II;,T7) €
A we have |S(f,11;,1T1) — I]| < e.

Now for an arbitrary ¢ > 0 and A € §; found above one can find As € F such
that for all (HQ, Tz) € As thereis (Hl, Tl) € A such that p((Hl, Tl), (Hg, TQ)) <e
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Then put B := Ay. Then for all (Ilg,Tr) € B we have (II1,77) € A such that

|S(f7HBvTB) _I| =
|S(f7HB7TB) _S(fv]-_-[lle) +S(f7H17T1) _I| <
1S(f, 1, Tp) — S(f, 1y, T1)| + |S(f, Ty, T1) — I =

Yo @I IAB®) — A+ Y (O] Ap(t)+

teTpNT tETB\Tl
SO At) +e < C-p((Tp, T), (I, T)) + € <
teTi\Tg

Ce+e<e(l1+0).

4. Exactly tagged filters

In this part of our paper we consider problems deals filter integration of
unbounded functions.

Definition 4. Let B be a filter base on T'P[0,1]. We say that B is ezactly
tagged if there exist A C [0,1] — a strictly decreasing sequence of numbers such
that for each B € B and for every (I, T) € B we have that TN A = (.

Definition 5. We say that filter § on T P[0, 1] is ezactly tagged if there exists
exactly tagged base ‘B of §.

Theorem 6. If filter § on TP[0,1] is ezactly tagged then there exists
unbounded function f :]0,1] — R such that f € Int(F).

1
Proof. Denote N~1 = {n and consider next filter base B = (B, )nen on
neN
TPI0,1]:
By = {(ILT): TNN"" =0 and d(I) < 1};
1
By = {(H,T) :TNN"! =0 and d(T0) < 2},
1
B3 = {(H,T) :TNN"! =0 and d(II) < 3};

B = {(H,T) TN =0 and d(IT) < ;}

Consider now

1
n, ift=— neN
f(t) = n

0, otherwise

Then for each n € N and for every (I, T") € B,, we have that S(f,II,T) =0,
S0 li%nS(f, I,T)=0.

For a tagged partition (II,7T") of [0,1] and 7 € [0,1] denote ¢(II,T,7) the
number which is equal to the length of the segment A € II, for which 7 € A, if
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TeT If ¢ T, weput (I, T,7) = 0. In this notation

S(fILT) = Y f(HUILT,¢).

t€(0,1]

Theorem 7. For a filter § on T P[0, 1] the following assertions are equivalent:

1. There exists an unbounded function f : [0,1] — [0, +00) such that S(f,11,T")
18 §-bounded;

2. There exists a countable subset {t,}nen C [0,1] such that there is A € §
such that for every (II,T) € A

> n- (LT, t,) < 1

neN

Proof. (1)=-(2): Let f be a non-negative, unbounded function on [0, 1] such

that there is C' > 0 and B € § such that for each (II, ') € B we have > f(¢)-

te(0,1]
((I1,T,t) < C. As f is unbounded, there exists (o) C [0,1] such that for every
n € N f(ay) > Cn. Then there exists (a,,) C [0,1], C > 0, thereis A € §, A:= B
such that for all (I, T) € A we obtain:

g n-LILT, ap) < E f(am) AL T, o) <
C
te[0,1] neN

fo HTt)<%-C:1.

t€[0,1]

(2)=(1): Let there exists a countable subset {t,}nen C [0,1] and C' > 0 such

that there is A € § such that for every (II,T) € A > n-¢(II,T,t,) < C. Consider
neN

n, ift=a,, n€N
f&)=9.".
0, if t # ay,

Obviously, f(t) is unbounded. Then there is C' > 0 and thereis B € §, B := A
such that for every (II,T) € A

function

S ) -ILT ) <Y flan) - LILT, ) <

te€(0,1] neN
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5. Integration over filter on a subsegment

Our next goal is as follows: if function f is integrable on [0, 1] over filter § on
TP[0,1] then for an arbitrary [o, 8] C [0,1] function f is is integrable on [, f]
over filter §.

To achieve this purpose we need to construct some restriction of filter § on
subsegment [o, 8] C [0, 1]. Now we present how we can construct such restriction.

Consider an arbitrary [a, 8] C [0, 1]. We consider only T such that T'N(«, 5) #
(). Consider an arbitrary (II,T) € TP|0, 1].

We have four cases:

1. min{T N («, 8)} > min{II N (o, B)}
max{T N (o, 8)} < max{II N («, 8)};

2. min{7T N (e, )} > max{IIN (0,a)}
max{7T N («a, 8)} < max{IIN (o, B)};

We have to construct a restriction of (II, T') on [a, 5]. In each of four described
cases we have such (Il,Ty) € TPo, 5], k =1,2,3,4:

1. I = ( I\ ((TIN[0, &) U (ITN(B, 1))Umin{Hﬂ(a,B)}Umax{l‘[ﬂ(a,ﬁ)}))U

{a, B}
T =T\ (T N0, ) U(TN(B1]));

2. I, = (H \ (TN [0, @) Umax{II N (o, )} U (1N (8, 1)))) U {a, 8}
15 =Th;

3. I3 = (H \ (N[0, ) Umin{II N ()} U (1IN [B, 1)))) U{a, B}
T3 =1z,

4. T, = (H\ (TN [0,a)) U (TN [B, 1)))) U{a, B}
Ty=T.

Now if we have an arbitrary filter § on T'P[0, 1] we can construct filter F, g
on T'P|a, (], induced with § in such way: consider an arbitrary A € § and for each
(I, T) € A we have to execute an algorithm, described above. For each A € §
denote A2 the restriction of A on [av, ], described above.
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Definition 6. Let § be a filter on TP[0,1], [a, 8] C [0, 1]. We call the filter
§ o, B]-complemented if for each A € §, for every (I}, T1), (Il2,T5) € AL there
exists (II*, T*) € TP[0, ] and (II**,T**) € TP[p, 1] such that

(I, 7*) U (IIy, T7) U (IT™, T*") € A,

(IT*, T*) U (I, T2) U (IT™, T**) € A.
Here we present promised result about filter integration on subsegment.

Theorem 8. Let f : [0,1] — R, § be a filter on TP[0,1] such that for each
[, B] € [0,1] § is [« B]-complemented. Let f be integrable of [0, 1] with respect to
§. Then for every [a, 5] C [0,1] f is integrable on [a, 5] with respect to §

Proof. We know that for an arbitrary € > 0 there exists A € § such that for
all (Hl,Tl), (HQ,TQ) € A we have: |S(f, Hl,T1> — S(f, HQ,T2)| <e.

Let fix ¢ > 0 and consider an arbitrary [, 5] C [0,1]. For A € § consider
an arbitrary (IT',771), (I12,T?) € ABAs Fis [a, B]-complemented we can find
(TI*,T*) € Af and (IT**,T**) € Aj such that (T, Ty) == (I, T*) U (I, T") U
(I, 7**) € A and (Igg, Too) = (II*,T*) U (112, T?) U (ITI**,T**) € A. Then
€ > ’S(f>H117T11) - S(f>H22aT22)| = ‘S(f>H1>T1) - S(f7H27T2)|'
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IIpo inrerpyBanns BizgHocHO dinbTpa
JLJ. Cenrorin
Xapriscoruti naytonasvruli ynisepcumem iment B. H. Kapasina
matidarn Ceobodu 4, 61022, Xapxise, Vrpaina

JlaHy CTATTIO IPUCBSIYEHO JOCJIIIKEHHIO OJHOIO y3arajbHeHHs interpasia Pimana. A
came, B poOOTi MoOMideHo, IO KIacCHYIHe O3HAYeHHs iHTerpasa PiMana mo cKiHIeHHOMY
BiZIPi3KY fIK I'PAaHUIN IHTErpAIbHAX CYM, KOJIH JiaMeTp po30uTTs Biapizka mpamMye 10 Hy-
JIsi, MOYKe OyTH 3aMiHEHO HA TPAHUINO IHTErPAJIBLHUX CYyM M0 (DiIBTPY MHOKUH, SKi MOXKHA
onucaru nesanM "xoporuM guaoM". 10 imeio mpomoBkeHo, i B poOOTi 3amponoHOBAHO
HOBE MOHSATTS — iHTerpasna (QyHKIIl mo pifbTpy HA MHOKKHI BCiX BiAMideHHX pO30OHTTIB
Bizmpiszka. Bukopucrtanusa pinbTpiB € myKe XOPOIINM METOIOM B MUTAHHAX, OB SI3aHIX
3i 36ixkHiCTIO a00 JMesgkuMu 11 aHAJIOraMy B 3arajbHUX TOMOJOTIYHAX BEKTOPHHUX IIPOCTO-
pax. A came, SKIIO TPOCTIp HE € METPU3OBHUM, TO MOHATTS 301KHOCTI BBOIUTLCS CaMe
3a mormoMoro ¢inprpis. Takox, BUKOpUCTOBYOUH (DiabTpu, MOKHA (OPMYIIOBATH MO~
HATTS TOBHOTH Ta i1 aHaJsoriB. IloBHOTA MpOCTOpIB € OMHNM i3 TIEHTPAJIHHUX TTOHATDH Te-
Opil TOMOMOTiYHUX BEKTOPHUX IIPOCTOPIB, OCKIILKKA OAHAXOBI IPOCTOPHU € MOBHUMHU. T00-
TO, BAKOPUCTOBYIOYH y3arajbHEHHs [IOBHOTU [IPOCTOPIB, MOOYI0BAHUX 3 BUKOPUCTAHHIM
GINTBTPiB, MU MOXKEMO JTOCJIIIKYBATH Pi3Hi y3arajbHeHHST OaHAXOBUX TPOCTOpiB. dasi B
CTATTI AOCTIIKYIOThCSI CTAHIAPTHI MUTAHHS, TMOB’sA3aHi 3 iHTerpyBanusM. Hampukia,
qu BUTIKAE 3 iHTerpoBHOCTI dyHKIIT M0 (inbrpy i obmexkenicts? Ha 1e nutanns maHo
cTBepAHy BiAnoBiab. JJokmaaHimme: BBEIEHO TOHATTSA 00OMeXKeHOCTi pyHKIII 3a PiabTpoMm,
obmerkeHuMU 38 PLIBTPOM, a caMa I PYHKIA € OOMEKEHOIO B KJIACHIHOMY PO3YMiHHI.
Jam Mu mokaszaniu, 1o iHTerpas 3a (MiJIbTpOM 330BOJIBHSIE BIACTUBICTD JIHIAHOCTI, a
came iaTerpas 3a dimbrpoMm Big cymu aBox (yHKIIH € cymoro imTerpasis 3a diapTpom
UX J0JaHKiB. My BBOAWMO MOHATTS TOYHO BigmideHoro ¢inbrpa, i 3a JOMOMOrOI0 Ta-
KuX (PiITbTPiB BUBIAEMO iHTETPOBHICTD 3a (PiTbTPOM HEOOMEKEHUX HA BiApi3Ky (yHKITIH.
My HaBOAMMO IPHUKJIAT KOHKPETHOI HeoOMezKeHOI (PyHKIIII Ta KOHKpeTHOro (isbprpa, 3a
AKUM JaHa, GYHKIIS € iIHTerpoBHOIO Jlaii Mu TOBOAMMO TEOpeMy, sika OMUCYE HeOOMeKe-
Hi, iHTErpoBHi 3a dinbrpoMm, dyukmii Ha BiApisky. OcTaHHiil PO3ALI CTATTI TPUCBIIEHO
inTerperpyBanns GbyHKIIH BiTHOCHO (DiIbTpa MO MiABIAPI3KY JTaHOrO BiApi3Ka.

Karwuosi crosa: iHTEerpat; dplabTp; igeast; 6asa diabrpa.

Icropis crarTi: orpumana: 20 mumag 2023; octanuiit BapianT: 24 aucromana 2023
npuiitaaTa: 25 aucronaga 2023.



