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Abstract—The paper deals with extensions of algebraic and topological monoids. The extensions
are defined by short exact sequences of objects and morphisms in the corresponding categories of
monoids and their homomorphisms. We consider the normal extensions of discrete monoids and
their Stone–Čech compactifications that are compact right topological monoids. We study proper-
ties of the Stone–Čech compactification functor acting from the category of algebraic monoids and
their homomorphisms to the category of compact right topological monoids and their continuous
homomorphisms. It is shown that this functor preserves the normal extensions of monoids. We also
obtain sufficient conditions for preserving the Schreier extensions of monoids under the action of this
functor.
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1. INTRODUCTION

The paper is concerned with the normal extensions of monoids. Two categories of monoids are
involved in our work. Namely, these are the category of all monoids and their homomorphisms as well as
the category of compact right topological monoids and their continuous homomorphisms. We consider
the Stone–Čech compactification functor between these categories and investigate its action on the
normal extensions of monoids.

The study of extensions is closely connected with many interesting problems in the categories of
Algebra and Functional Analysis (see, for example, [1, 2]). A.H. Clifford [3] introduced the ideal
extensions in the category of semigroups. L. Rédei [4] defined the Schreier extensions of monoids which
are the special case of the normal extensions considered in [5, 6]. It is worth noting that the Schreier
extensions of semigroups are intimately related to the extensions of groups.

The motivation for the work presented here comes from our study of the reduced semigroup C∗-
algebras in [7, 13] and the normal extensions of semigroups in [14, 16]. In [16], it is shown that the normal
extensions of semigroups are applied to solving the functoriality problem for morphisms of semigroup
C∗-algebras which was posed, for example, in [17].

As is well known, the binary associative operation m on a discrete monoid (M,m) has a natural
extension m to the Stone–Čech compactification βM of the discrete topology on M . The pair (βM,m)
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2296 BERDNIKOV et al.

is a compact right topological monoid, and M is a subset of its topological center. The investigation
of algebraic and topological properties of such compact right topological monoids is very interesting
and important. In particular, these monoids have applications to the theory of Banach algebras, to
combinatorial number theory and to topological dynamics (see, for example, [18]).

In the present paper we show that the Stone–Čech compactification functor acting from the category
of monoids preserves the normal extensions. It means that this functor sends each normal extension
of monoids to a normal extension of compact right topological monoids which are the Stone–Čech
compactifications of monoids with discrete topologies. Moreover, we obtain conditions under which the
Stone–Čech compactification functor preserves the Schreier extensions of monoids.

The paper is organized as follows. It consists of four sections. Section 1 is Introduction. In Section 2
we present some preliminaries and set up notation and terminology. The description of the Stone–Čech
compactification functor between the categories of monoids is contained there. Sections 3 deals with the
proof of the property for this functor to preserve the normal extensions of monoids. In Section 4 we give
conditions under which the Stone–Čech compactification functor preserves the Schreier extensions of
monoids.

2. BACKGROUND AND DEFINITIONS

We shall use some basic notions and facts from the theory of categories and functors for which a
standard reference is Mac Lane’s book [19]. For various ways of constructions and for properties of
the Stone–Čech compactifications of topological spaces and discrete monoids, we refer the reader, for
example, to [20] and [18].

Let us consider the Stone–Čech compactification functor

β : Set −→ Comp Haus

from the category Set of all small sets and all functions between them to the category Comp Haus of all
compact Hausdorff spaces and all continuous functions between them. This functor assigns to each set
S the Stone-Čech compactification βS of the discrete topology on S. Recall that for a set S endowed
with the discrete topology we have the homeomorphic embedding eS : S −→ βS such that the image
set im(eS) is dense in the compact space βS and the following universal property is fulfilled. For every
compact Hausdorff space K and every function f : S −→ K there exists a unique continuous function
f : βS −→ K making the diagram

S

K�S

eS
f

f
�

(1)

commute. Notice that we say that the pair (βS, eS), or simply βS itself, is the Stone–Čech compact-
ification of S. The Stone–Čech compactification functor β assigns to every function φ : S1 −→ S2 in
Set the unique continuous function βφ := eS2 ◦ φ : βS1 −→ βS2 such that the diagram

�

��
�S1 �S2

S1 S2

eS2eS1

(2)

is commutative.
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Now we consider the category Mon of all monoids and their morphisms and the category
Comp Monr consisting of all compact right topological monoids and their continuous morphisms.
By morphisms of monoids we mean homomorphisms which preserve identities.

We denote by (M,m) a monoid in the category Mon. Here, M is a set and m : M ×M −→ M is a
multiplication in M . As usual, we write xy instead of m(x, y), where x, y ∈ M .

By a compact right topological monoid we mean a triple (M,m,T ), where (M,m) is a monoid,
T is a compact Hausdorff topology in M , and for each a ∈ M , the right shift mapping

ρa : M −→ M : x �−→ xa, x ∈ M,

is continuous.
The identities in all algebraic and topological monoids will be denoted by the same symbol 1.
In what follows, we also use the same bold letter M to denote both objects (M,m) and (M,m,T )

from the categories Mon and Comp Monr respectively. Thus, we write M = (M,m) as well as
M = (M,m,T ).

The bold Greek letters μ, τ ,σ, . . . stand for morphisms in both categories Mon and CompMonr.
The topological center of a compact right topological monoid M = (M,m,T ) is defined as the

subset {a ∈ M | λa is continuous} in M , where λa is the left shift mapping given by

λa : M −→ M : x �−→ ax, x ∈ M.

Further we shall define a covariant functor
β : Mon −→ CompMonr.

Suppose we are given a monoid M = (M,m). The binary operation m has a natural extension,
denoted by m, to the Stone–Čech compactification βM of M . This extension is a unique binary
operation on βM such that for each a ∈ βM the right shift mapping ρa : βM −→ βM is continuous
as well as for each b ∈ M the left shift mapping λb : βM −→ βM is continuous [18, Theorem 4.1].
Under the operation m, the compactification (βM,m,T ) is a compact right topological monoid with
M contained in its topological center [18, Theorems 4.1, 4.4]. As usual, we identify M with the image
set im(eM ) in βM . The identity of M is also the identity for the compact right topological monoid
(βM,m,T ) (see [18, Subsection 9.4])).

By definition, we put that β assigns to an object M = (M,m) of the category Mon the object
(βM,m,T ) of the category CompMonr, that is, we write βM = (βM,m,T ).

Before defining the action of β on morphisms, we introduce two forgetful functors

U1 : Mon −→ Set and U2 : CompMonr −→ Comp Haus.

The former assigns to each monoid M = (M,m) its underlying set M and to each morphism
μ : M −→ N of monoids the same function regarded just as a function between the sets M and N
and denoted by μ : M −→ N . Thus, we shall write U1M = M and U1μ = μ.

The latter assigns to each compact right topological monoid M = (M,m1,T1) its underlying topo-
logical space (M,T1) and to each morphism μ : M −→ N = (N,m2,T2) from Comp Monr the same
function regarded just as a continuous function between the topological spaces (M,T1) and (N,T2). We
shall use the notation U2M = M and U2μ = μ : M −→ N .

To define the action of β on morphisms we take an arbitrary arrow

φ : S1 = (S1,m1) −→ S2 = (S2,m2) (3)

in the category Mon. Then we consider the morphism βU1φ = βφ : βS1 −→ βS2 in the category
Comp Haus.

By [18, Theorem 4.1 (c)], the image set im(eS2) is contained in the topological center of the compact
right topological monoid (βS2,m2,T2). Hence, the image set im(eS2 ◦ φ) is a subset of the topological
center of the monoid (βS2,m2,T2). By [18, Theorem 4.8], this property together with the fact that βφ is
the unique continuous function making diagram (2) commute guarantee that βφ is a homomorphism.
In addition, the commutativity of diagram (2) yields the equalities

βφ(1) = βφ(eS1(1)) = eS2(φ(1)) = eS2(1) = 1,
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that is, βφ preserves the identities.
Thus, for morphism (3) in the category Mon, one has the morphism

βφ : (βS1,m1,T1) −→ (βS2,m2,T2)
in the category CompMonr which is defined to be as a continuous function just βφ. Note, we have

U2βφ = βφ = βU1φ.

It is straightforward to check that for every identity morphism 1M : M −→ M and for arbitrary
morphisms τ : S −→ L and σ : L −→ M in the category Mon the following properties are fulfilled:

β1M = 1βM and β(σ ◦ τ ) = βσ ◦ βτ .

Therefore we conclude that β is a covariant functor. We call β the Stone–Čech compactification
functor between the categories of monoids.

Using the preceding observations, it is easily seen that the diagram

�

�

�

on omp onr

et omp aus

U1 U2

(4)

commutes.
Further we recall definitions concerning extensions of monoids. For details in the theory of semigroup

extensions we refer the reader to [5, 6, 21, 22].
Let S, L, M and τ : S −→ L, σ : L −→ M be objects and morphisms either in the category Mon or

in the category CompMonr. The sequence

S
τ−−−−→ L

σ−−−−→ M (5)

is said to be exact at the term L if the image set τ(S) coincides with the preimage set for the identity
of M under the function σ, that is, the equality σ−1(1) = τ(S) holds, where S = U1S. Note that for
z ∈ M we write σ−1(z) instead of σ−1({z}).

The triple (L, τ ,σ) is called a normal extension of the monoid S by means of the monoid M if τ and
σ are injective and surjective respectively, and sequence (5) is exact at the term L.

In other words, every normal extension is defined by a short exact sequence

1 −−−→ S
τ−−−−→ L

σ−−−−→ M −−−→ 1 (6)

consisting of monoids and their homomorphisms. Throughout, the symbol 1 stands for the trivial
monoids in the categories Mon and Comp Monr. It is worth noting, that we use here the terminology
of [22]. Namely, a short sequence of monoids (6) is said to be exact if τ is injective, σ is surjective and
sequence (6) is exact at the term L.

A triple (L, τ ,σ) is called a Schreier extension of the monoid S by means of the monoid M if this
triple is a normal extension and there exists a subset

{xz | σ(xz) = z, z ∈ M \ {1}} (7)

in L having the following property: every element y ∈ L \ τ(S) has a unique factorization in the form
y = xzτ(a), where z ∈ M \ {1} and a ∈ S. In that case, the set L can be decomposed as follows:

L = τ(S)
⊔

⎛

⎝
⊔

z∈M\{1}
xzτ(S)

⎞

⎠ , (8)

where we set xzτ(S) := {xzτ(a) | a ∈ S}.
Often we say that the monoid L itself is an extension of the monoid S by the monoid M. Note that in

this case some authors say that L is an extension of the monoid M by the monoid S.
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3. NORMAL EXTENSIONS OF MONOIDS
AND THEIR STONE–ČECH COMPACTIFICATIONS

In this section we show that the Stone–Čech compactification functor β between the categories
Mon and Comp Monr preserves normal extensions of monoids. We divide the proof of this statement
into two lemmas.

As is known, the Stone–Čech compactification functor β : Set −→ Comp Haus preserves injective
and surjective morphisms (see, for example [18, Exercise 3.4.1]). Using the commutativity of diagram (4)
and the property of any functor to preserve the retractions and the coretractions, one has the first lemma
stating that the Stone–Čech compactification functor between the categories of monoids preserves
injective and surjective morphisms as well. For the sake of completeness, we prove this lemma.

Lemma 1. Let μ : M −→ N be a morphism in the category Mon. Then the morphism
βμ : βM −→ βN is injective if μ is injective, and surjective if μ is surjective.

Proof. Let us assume that a morphism μ : M −→ N is an injection. It follows that μ : M −→ N is
an injective function. Since a morphism of the category Set is injective if and only if it is a coretraction,
the function μ is a coretraction. But every covariant functor preserves coretractions, so that the
morphism βμ has a left inverse morphism in the category Comp Haus. Hence, βμ is injective.

The commutativity of diagram (4) implies the equality U2βμ = βμ. As a consequence, the
morphisms U2βμ as well as βμ are injective. In the similar way one shows that the Stone–Čech
compactification functor β preserves surjections. �

Adjointness of the Stone–Čech compactification functor β is involved in the proof of the following
lemma. Before giving this proof, we recall some standard facts about the adjoint functors and the
coproducts in the categories Set and Comp Haus.

The Stone–Čech compactification functor β is left adjoint to the forgetful functor (see [19, p. 125])

V : Comp Haus −→ Set

which sends each compact Hausdorff space to the underlying set of its points and forgets about the
continuity of functions.

As is known, one of the most useful properties of the left adjoint functors is to preserve the colomits,
in particular, the coproducts which exist in domains of those functors [19, Ch. V, § 5].

For arbitrary objectsA1 and A2 inSet, a disjoint unionA1
⊔
A2 together with the natural embeddings

A1
i1−−−−−→ A1

⊔
A2

i2←−−−−− A2.

is a coproduct of A1 and A2. Since the functor β preserves the coproducts, one has the coproduct
diagram

βA1
βi1−−−−−→ β

(
A1

⊔
A2

)
βi2←−−−−− βA2

in the category Comp Haus.
On the other hand, a topological sum βA1

⊔
βA2 with the natural embeddings

βA1
j1−−−−−→ βA1

⊔
βA2

j2←−−−−− βA2

is a coproduct of objects βA1 and βA2 in the category Comp Haus.
It follows from the universal property for coproducts that there exists a unique isomorphism

γ : βA1
⊔

βA2 −→ β(A1
⊔

A2) in the category Comp Haus such that the diagram

�
�(A1     A2)�A1     �A2

�Ak

�ikjk
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is commutative for each k = 1, 2. As a consequence, one has the equality

β
(
A1

⊔
A2

)
= βi1(βA1)

⊔
βi2(βA2). (9)

In the sequel, we shall make use of equality (9) for proving Lemma 2 and Theorem 2.
Lemma 2. Let a sequence of objects and morphisms in the category Mon

S
τ−−−−→ L

σ−−−−→ M (10)

be exact at the term L. Then the sequence of objects and morphisms in the category CompMonr,

βS
βτ−−−−−→ βL

βσ−−−−−→ βM (11)

is exact at the term βL.
Proof. The exactness of sequences (10) and (11) at the middle terms is equivalent to the validity of

the equalities im(τ) = σ−1(1) and

im(βτ) = (βσ)−1(1) (12)

in the categories Set and Comp Haus respectively. To prove that equality (12) holds we shall consider
two decompositions of the compact space βL.

Firstly, we consider the disjoint union L = σ−1(1)
⊔
(L\σ−1(1)) and the natural embeddings

l1 : σ
−1(1) −→ L and l2 : L\σ−1(1) −→ L

in the category Set.
Since the left adjoint functor β : Set −→ Comp Haus preserves the coproducts we get (see (9))

βL = β
(
σ−1(1)

⊔
(L\σ−1(1))

)
= βl1(βσ

−1(1))
⊔

βl2(β(L\σ−1(1))). (13)

Now, we show that the equality

βl1(βσ
−1(1)) = im(βτ) (14)

holds. To this aim, let us consider the function τ im : S −→ im(τ) = σ−1(1) which is the corestriction
of the function τ to the set im(τ). Obviously, one has the equality τ = l1 ◦ τ im. Because the function
τ im is surjective, the function βτ im is also surjective [18, Exercise 3.4.1]. Hence, we get equality (14) as
follows:

im(βτ) = im(βl1 ◦ βτ im) = im(βl1) = βl1(βσ
−1(1)).

Therefore, combining (13) with (14), we have the first decomposition of the space βL:

βL = im(βτ)
⊔

βl2(β(L\σ−1(1))). (15)

Furthermore, let us consider the second decomposition of the space βL:

βL = (βσ)−1(1)
⊔

(βσ)−1(βM \ {1}). (16)

We prove that one has the following relations:

im(βτ) ⊂ (βσ)−1(1) and βl2(β(L\σ−1(1))) ⊂ (βσ)−1(βM \ {1}). (17)

To prove the former, let us consider the mapping σ1 : σ
−1(1) −→ {1} and the natural embedding

i1 : {1} −→ M in the category Set. Obviously, the diagram

��1

i1

l1

M{1}

L��1(1)
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is commutative, that is, σ ◦ l1 = i1 ◦ σ1 which implies the relation βσ ◦ βl1 = βi1 ◦ βσ1. By (14), one
has the following equalities:

im(βσ ◦ βl1) = βσ(βl1(βσ
−1(1))) = βσ(im(βτ)), (18)

Because the functions σ1 and βσ1 are surjective, and βi1 is unit preserving, we get the equalities

im(βi1 ◦ βσ1) = im(βi1) = {1}. (19)

It follows from relations (18) and (19) that in (17) the first inclusion is valid.
To prove that in (17) the second incluson holds, we proceed as follows. In the category Set let us take

the mapping σ2 which is defined by

σ2 : L \ σ−1(1) −→ M \ {1} : x �−→ σ(x),

and the natural embedding i2 : M \ {1} −→ M . Consider the commutative diagram

��2

i2

l2

MM\{1}

LL\��1(1)

Then we have the equality

βσ ◦ βl2 = βi2 ◦ βσ2. (20)

for the compositions of the mappings in the category Comp Haus. Note that one has

im(βσ ◦ βl2) = βσ(βl2(β(L \ σ−1(1))); (21)

im(βi2 ◦ βσ2) ⊂ im(βi2) = βi2(β(M \ {1})). (22)

Hence, relations (20), (21) and (22) imply

βσ(βl2(β(L \ σ−1(1))) ⊂ im(βi2) = βi2(β(M \ {1})). (23)

We claim that
βi2(β(M \ {1})) = βM \ {1}. (24)

Indeed, since the left adjoint functor β preserves the coproducts we have the decomposition (compare
with (9))

βM = βi2(β(M \ {1}))
⊔

βi1(β{1}). (25)

It follows from the commutativity of the diagram

eMe{1}

�i1

i1

M�{1}

M{1}

that the following equalities hold:

βi1(β{1}) = βi1(e{1}({1})) = eM (i1({1})) = eM ({1}) = {1}. (26)

Combining (25) and (26), we obtain equality (24), as claimed. Therefore, relations (23) and (24) yield
the second inclusion in (17).

Finally, using (15), (16) and (17), we get equality (12), as desired. �
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As an immediate consequence of Lemma 1 and Lemma 2, we obtain

Theorem 1. Let β : Mon −→ Comp Monr be the Stone–Čech compactification functor. Let
a triple (L, τ ,σ) be a normal extension of a monoid S by a monoid M. Then the triple
(βL, βτ , βσ) is a normal extension of the compact right topological monoid βS by the compact
right topological monoid βM.

4. SCHREIER EXTENSIONS OF MONOIDS
AND THEIR STONE–ČECH COMPACTIFICATIONS

This section is concerned with the Schreier extensions of monoids by means of finite monoids.
Firstly, for a such extension (L, τ ,σ) we prove Theorem 2 on a decomposition of the set space

βL. Secondly, Theorem 3 states that the Stone–Čech compactification functor β transfers a Schreier
extension of monoids (L, τ ,σ), where L has the left cancellation property, to the Schreier extension of
the Stone–Čech compactifications of the compact right topological monoids.

Let us consider a normal extension (L, τ ,σ) of monoids defined by a short exact sequence

1 −−−→ S
τ−−−−→ L

σ−−−−→ F −−−→ 1 (27)

in the category Mon, where F is a finite monoid. Since the finite set F , which is equipped with the
discrete topology, is a compact Hausdorff space, the pair (F, 1F ) is its Stone–Čech compactification. Of
course, the multiplication m in the Stone–Čech compactification F coincides with the multiplication m

inF. Therefore, in that case, after applying the Stone–Čech compactification functorβ to sequence (27),
we can consider the short exact sequence

1 −−−→ βS
βτ−−−−−→ βL

βσ−−−−−→ F −−−→ 1,

and say that it defines the normal extension (βL, βτ , βσ) of the compact right topological monoid βS
by F.

Theorem 2. Let β : Mon −→ Comp Monr be the Stone–Čech compactification functor. Let a
triple (L, τ ,σ) be a Schreier extension of a monoid S by a finite monoid F. Then (βL, βτ , βσ) is a
normal extension of the compact right topological monoid βS by F. Moreover, there is a subset

{xz | βσ(xz) = z, z ∈ F \ {1}} (28)

in the set βL such that one has the decomposition

βL = βτ(βS)
⊔

⎛

⎝
⊔

z∈F\{1}
xzβτ(βS)

⎞

⎠ . (29)

Proof. Since the triple (L, τ ,σ) is a Schreier extension of monoids, we have finite set (7) and finite
decomposition (8) with z ∈ F \ {1} instead of z ∈ M \ {1}.

Consider the natural embeddings in the category Set

j : τ(S) −→ L and jz : xzτ(S) −→ L

for every z ∈ F \ {1}.

Because the Stone–Čech compactification functor preserves the coproducts, we obtain (see (9))

βL = βj(β(τ(S)))
⊔

⎛

⎝
⊔

z∈F\{1}
βjz(β(xzτ(S)))

⎞

⎠ . (30)

The arguments similar to those in the proof of Lemma 2 show that we have

βj(β(τ(S))) = βτ(βS). (31)
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Combining (30) and (31), we get the decomposition

βL = βτ(βS)
⊔

⎛

⎝
⊔

z∈F\{1}
βjz(β(xzτ(S)))

⎞

⎠ . (32)

It follows from the commutativity of the diagram

1FeL

��

�

F�L

FL

that the value of the function βσ : βL −→ F at the point xz := eL(xz) ∈ βL is equal to the element
z ∈ F \ {1}.

Further, we claim that, for each z ∈ F \ {1}, the equality

xzβτ(βS) = βjz(β(xzτ(S))) (33)

holds. Indeed, let us consider the left shift mappings λxz : M −→ M and λxz : βL −→ βL. As was
noted in Section 2, the element xz belongs to the topological center of the compact right topological
monoid βL, that is, the function λxz is continuous. Hence, the commutativity of the diagram

eLeL

�xz

�xz

�

�L,�L

LL

the universal property of the Stone–Čech compactification βL (see (2)) and the definition of the function
βλxz (see (2)) yield the equality of continuous functions

λxz = βλxz . (34)

Consider the left shift mapping λ̃xz : τ(S) −→ xzτ(S) : τ(a) −→ xzτ(a), where a ∈ S. Notice, it is
surjective. Hence, the function βλ̃xz : β(τ(S)) −→ β(xzτ(S)) is also surjective. Furthermore, we have
the commutative diagram

jz

�xz�xz

j

L.

~

L�(S)

xz�(S)

Therefore, applying the Stone–Čech compactification functor β to the equality λxz ◦ j = jz ◦ λ̃xz of
compositions, we get

βλxz ◦ βj = βjz ◦ βλ̃xz . (35)

We are now in a position to show the validity of equality (33). According to the above arguments, one
has the following:

xzβτ(βS) = xz(βjβ(τ(S))) (by (31))
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= (βλxz ◦ βj)(β(τ(S))) (by (34))

= (βjz ◦ βλ̃xz)(β(τ(S))) (by (35))

= βjz(β(xzτ(S))) (by surjectivity of βλ̃xz),

as claimed.
Using (32) and (33), we obtain equality (29), as required. �

Remark 1. In general, the extension of compact right topological monoids constructed in Theorem 2
is not a Schreier extension. Really, for an element y ∈ βL \ βτ(βS) its factorization in the form
y = xzβτ(a), where z ∈ F \ {1} and a ∈ βS, may not be unique.

The following theorem gives a sufficient condition for an extension of the Stone–Čech compactifica-
tion of a compact right topological monoid to be a Schreier extension.

Before formulating this result, we recall that an element a in a monoid M is said to be left cancelable
if whenever x, y ∈ M and ax = ay, one has x = y. In other words, the left shift mapping λa : M → M
is injective. A monoid M is said to be left cancellative, or with the left cancellation property, if every
a ∈ M is left cancelable.

Theorem 3. Let β : Mon −→ Comp Monr be the Stone–Čech compactification functor. Let
(L, τ ,σ) be a Schreier extension of a monoid S by a finite monoid F and L be a left cancellative
monoid. Then (βL, βτ , βσ) is a Schreier extension of the compact right topological monoid βS
by F.

Proof. By Theorem 2, the triple (βL, βτ , βσ) is a normal extension. Moreover, we are given
decomposition (29) for the set βL constructed by making use of decomposition (8) with z ∈ F \ {1}
instead of z ∈ M \ {1}. Let us take an arbitrary element y ∈ βL \ βτ(βS). Then there exists a unique
element xz in set (28) such that y ∈ xzβτ(βS).

Further, we take the element xz ∈ L from set (7). Notice that xz = eL(xz). Since the monoid L is left
cancellative, the element xz is left cancelable. By [18, Lemma 8.1], the element xz is also left cancelable.

As a consequence, because the function βτ is injective, there exists a unique element a ∈ βS such
that y = xzβτ(a), as required. �

Remark 2. Let a triple (L, τ ,σ) be a Schreier extension of a monoid S by a finite monoid F. From
the proof of Theorem 3, one sees that (βL, βτ , βσ) is a Schreier extension if there exists set (7) in L
such that each element xz is left cancelable.
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(Walter de Gruyter, Berlin, 2012).
19. S. Mac Lane, Categories for the Working Mathematician, 2nd ed. (Springer Science, New York, 1998).
20. R. C. Walker, The Stone–Čech Compactification (Springer, Berlin, 1974).
21. E. S. Lyapin, Semigroups (Fizmatgiz, Moscow, 1960) [in Russian].
22. B. V. Novikov, “Semigroup cohomologies: A survey,” Fundam. Prikl. Mat. 7 (1), 1–18 (2001).

LOBACHEVSKII JOURNAL OF MATHEMATICS Vol. 42 No. 10 2021

Correct
Карандаш
новая строка

admin
Комментарий текста
вставить (4)

admin
Комментарий текста
вставить (4)

admin
Комментарий текста
вставить (4)

admin
Комментарий текста
вставить (12)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




