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General characteristics of the work

Actuality of the theme. The concept of hypergroup over the group naturally arises

when one tries to extend the concept of quotient group for the case of an arbitrary
subgroup. Instead of the naturally induced binary multiplication operation on the right
quotient-set N\G (for a group G and its normal subgroup N) in the case of arbitrary
subgroup H one can define an analogous operation on a right transversal M of the subgroup
H in the group G, i.e. on a subset M C G with [M N Hg| = 1 for all g € G. Such an
operation on M is considered in several previous research [3, 20, 31]1 and maps the element
pair (a,b) € M x M to such an element ¢ € M that ¢ € H(ab).

It can be proven that the set M with the binary operation defined above is a right
quasigroup with a left neutral element and becomes a group isomorphic to the quotient-
group G/H if H is a normal subgroup. In the section 3.4 of the dissertation we show (see
Theorem 3.7, Corollary 3.7.1 in the dissertation) that any right quasigroup possessing a
left neutral element can be obtained up to isomorphism from a triple (G, H, M) by the
way mentioned above (see also [3] Theorem 1.1, [20] Theorem 3.4). This, in fact, leads
to a Cayley-type theorem for right quasigroups with a left neutral element describing
the latters in terms of permutation group triples (G, H, M) (see Corollary 3.7.1 in the
dissertation). The connection between the group triples (G, H, M) and the hypergroups
over the group is straightforward after we introduce the standard construction of hyper-
groups over the group in the chapter 1 of the dissertation. Moreover, the categorical
equivalence between the theories of hypergroups over the group and the group triples
(G,H, M) can be shown (see [10]). Also, hypergroups over the group, extracting the
algebraic structure of triplets (G, H, M), can be investigated from the perspective of
universal algebra [5, 8, 33, 13, 25|. An important aspect of investigation in universal algebra
is the exploration of hyperidentites [27, 28], which can lead to new directions in the theory
of hypergroups over the group.

Originally formulated for groups, Cayley-type theorems have later been extended for
such concepts as semigroups [7], dimonoids [37, 36|, or g-dimonoids [35]. As we mentioned
above, this list can be expanded with a Cayley-type theorem for right quasigroups with a
left neutral element, and, as a consequence, for loops. Such a theorem allows to investigate
the right quasigroups with a left neutral element by means of group theory, particularly the
theory of group triples (G, H, M). Indeed, in [31] Niemenmaa and Kepka used the concept
of (G, H, M) triples (in their case M = G//H) to prove a necessary and sufficient condition
(Theorem 4.1, see also Theorem 5.1 in [32]) for a group G to be the multiplication group

Hn [31], preserving the concept, an analogous operation was introduced on the right quotient-set
G/H instead of M.



(introduced by Albert in [1] and [2]) of a loop. As a corollary (Theorem 5.2 in [32]) it
can be shown that any non-trivial finite cyclic group can not be the inner mapping group
(introduced by Bruck in [6]) of a loop. In [3] Baer considered a special class of (G, H, M)
triples to describe all nets up to isomorphism in terms of the isotopy (called similarity in
the original paper) classes of loops (Theorems 6.2 (a), 6.3 and 7.1). For more details on
the theory of quasigroups and loops, and isotopy relation see [4].

In [14] Kuznetsov used (G, H, M) triples to get a necessary and sufficient condition
(Theorem 1) for the existence of sharply k-transitive loops of permutations on a finite set
X with the cardinality n > k. Using the special case when k = 2 Kuznetsov described (see
[19], Remark 1) all projective planes of order n (where n is a prime power) by means of
derived loop transversals in G = S, of its subgroup H = St,(S») (the subgroup of all
permutations fixing the elements a,b € {1,2,...,n}), where a,b are arbitrary. Moreover,
in his previous work [15, 16, 17, 18, 14, 19] Kuznetsov developed the theory of transversals
in groups, mainly considering the special case when the largest normal subgroup of G
contained in the subgroup H is trivial, i.e. Coreg(H) = {1}. This special case introduces
several interesting properties for transversals which are also reflected in the theory of
hypergroups over the group in the dissertation.

As we have mentioned above, previous research on using the group triples (G, H, M)
(or, equivalently, hypergroups over the group) was more focused on the right quasigroup
structure Z on right transversals M, whereas the concept of hypergroups over the group
encapsulates also more connections between the group H and the right quasigroup (M, E).
These connections are reflected in the structural mappings and the eight axioms of hyper-
groups over the group and are proven to be enough (see Theorem 1.3 in the dissertation)
for constructing the initial group G from its subgroup H and the given transversal M.
Thus, the hypergroups over the group allow to construct new groups G based on a group
H and a right quasigroup (with a left neutral element) (M, Z). For this one needs to define
the structural mappings of a corresponding hypergroup over the group that satisfy the
eight axioms. In the dissertation it is shown that the mentioned axioms are independent,
however for some special cases four of them follow from the other four by so making the
construction of the group G much more easier.

Let us emphasize that R. Lal has introduced the concept of c-groupoids [20] which
coincides with a special case of the hypergroups over the group, namely the unitary
hypergroups over the group [11]. In the chapter 2 of the dissertation we describe all
hypergroups over the group up to isomorphism in terms of unitary hypergroups over
the group. The concept of c-groupoids has found its applications in a characterization
of Tarski monsters [22], in a research on right transversals in topological groups [23], and

in other problems. Particularly, by using c-groupoids, in [21] Lal and Shukla have shown the



equivalence between the concepts of normal and perfectly stable subgroups of a group in
the case of finite groups. However the question on this equivalence in general (infinite) case
still remains open (see [20]). In the dissertation we define a similar concept of completely
stable subgroup and prove a similar Theorem 4.1 for both finite and infinite cases. Our
proof is conducted by using the concept of hypergroups over the group which has arisen
independently from the concept of c-groupoids.

Also let us mention that the term “hypergroup” is already used for another concept
(see [26, 34|, also [24]). Here this concept of hypergroup is not considered, so sometimes
we will call the hypergroups over the group shortly hypergroups.

The aim of the dissertation: The main goal of the dissertation is to develop the

theory of hypergroups over the group, show some applications and emphasize several

directions for further development. Specifically we aimed to

1. describe all hypergroups over the group up to isomorphism by using a special class,

namely unitary hypergroups over the group;
2. show the independence of the axiomatic system of hypergroups over the group;
3. investigate the connections between the axioms of hypergroups over the group;

4. describe a method to obtain new groups from a given group and a right quasigroup
with a left neutral element (we call it a group extension by a right quasigroup with

a left neutral element);

5. describe right quasigroups with a left neutral element in terms of permutation
groups (by using hypergroups over the group), in essence by proving a Cayley-

type theorem for right quasigroups with a left neutral element;

6. investigate connections between the concepts of normal and completely stable

subgroups of a group by using the concept of hypergroups over the group.

The methods of investigations: In the dissertation results of group and quasigroup

theories are mainly used.

Scientific Innovation: All the main results are novel.

Theoretical and practical value: The results of the work have theoretical character.

The results of the dissertation can be used in the group theory, as well as in the quasigroup
theory.
The approbation of the results All results of the thesis are published in scientific

journals and/or presented in the following scientific conferences:

1. Navasardyan, Shant. “On complete reducibility of hypergroups over the group”,
Yerevan State University, Annual Scientific Session of Student Scientific Society,
pp. 195-203, April 25-29, 2016, Yerevan, Armenia.
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2. Navasardyan, Shant. “On the Axioms of Hypergroups over a Group”’, Harmonic
Analysis and Approximations, VII (Dedicated to 90th Anniversary of Alexandr
Talalyan), pp. 85-87, September 16-22, 2018, Tsaghkadzor, Armenia.

3. Navasardyan, Shant. “The Independence of Axioms of Hypergroup over Group”,
Yerevan State University, Emil Artin International Conference (Dedicated to the
120th Anniversary of Emil Artin), pp. 99-100, May 27 - June 2, 2018, Yerevan,

Armenia.

4. Navasardyan, Shant. “The independence of Axioms of Hypergroup over Group”, 56th
Summer School on Algebra and Ordered Sets, p. 20, September 2-7, 2018, Spindleruv
Mlyn, Czech Republic.

Publications: The main results of this dissertation are published in four conference
abstracts mentioned above, and four scientific articles which are mentioned at the end of
this synopsis.

The structure and volume of the dissertation: The thesis is consisted of intro-

duction, four chapters, conclusion and a list of references. The publications of the author
is four conference abstracts, and four articles. The number of references is 47. The volume

of the thesis is 77 pages.



The main content of the dissertation

Chapter 1: definition and preliminary results on hypergroups over the
group. Let G be a group, H be its subgroup, and M C G be a right transversal of
H in G. Then the following elements can be uniquely represented as multiplications of

elements from H and M:
(St1) a-a="a-a”,
(St2) a-b=(a,b)-a,b],
where “a, (a,b) € H and a®, [a,b] € M. Hence the following mappings can be defined:
(®) ®: M x H— M, P(a,a) = a”, (P)¥: M x H— H, ¥(a,a) = “a,
E)2:MxM-— M, Z(a,b) = [a, ] (A)A:MxM— H, A(a,b) = (a,b).

It can be proved (9], Theorem 2, [38], Theorem 1, [12], Theorem 2.2) that the mappings
®, U, =, A satisfy the following conditions.

[11

(P1) The mapping = is a binary operation on M such that (M, Z) is a right quasigroup

with a left neutral element, i.e.
(7) any equation [z,a] = b with elements a,b € M has a unique solution in
M;
(#) (M, ZE) has a left neutral element o, i.e. [0,a] = a for any a € M.
(P2) The mapping ® is an action of the group H on the set M, i.e.
(1) (a*)? = a*P for any elements o, 3 € H and for every a € M;
(4) a® = a for each a € M, where ¢ is the neutral element of H.
(P3) For any a € H there is an element 8 € H such that o = °3.

(P4) The following identities (A1) — (A5) hold:

(A1) “(a- ) =a- "B,

(A2) [a,b]* = [a",b"],

(43) (a,b) - =(a) - (a"*,b),

(A4) [[a,b], ] = [a®, [b, ],

(45) (a.b) - ([a,0],¢) = *(b,c) - (a®, b, ¢]).



Definition 1.1 For an arbitrary set M, a group H and a system of mappings 2 =
(®,V,=,A) we call the triple (M, H,Q) a (right) hypergroup over the group if the
conditions (P1) — (P4) are satisfied. Such a hypergroup is denoted by M.

Speaking on a hypergroup Mg, we by default denote (if not mentioned otherwise) its
system of structural mappings by Q = (®, ¥, =, A), the neutral element of the group H by
¢, the left neutral element of the binary operation = by o, and 6 = (A(0,0))™".

Definition 1.2 In the case when the hypergroup My is obtained by considering a
group G, its subgroup H, a transversal M, and the operations ®, ¥, Z, A defined by (®) —
(A) we say that My is obtained by the standard construction from the triple
(G, H, M). Sometimes we call such triples (G, H, M) group triples.

Definition 1.3 Let My and M}, be two hypergroups, with the systems of structural
mappings Q = (®, V¥, =, A) and Q' = (&', V', =, A’) respectively. A morphism

£ My — Mjp (1)

of hypergroups over the group is a pair f = (fo, f1), consisting of a group homomorphism
fo: H— H' and a map of sets f; : M — M’, such that:

(M®) ®ofi=(fix fo)od, (M¥)¥ofo=/(f1x fo)ol,

(MZ) ZEofi=(fix fi)oZ, (MA)Aofo=(fix fi)oA
Naturally, we will call a morphism f = (fo,f1) : Mg — M}, isomorphism if the
mappings fo, f1 are invertible.

Let H be an arbitrary group, M be an arbitrary set. The set of all hypergroups Mgy
with the basic set M, defined over the group H, is denoted by Hg(M, H). For the basic
set M and the group H, the set of classes of isomorphic hypergroups My is denoted
by Hg(M, H). An important problem in the theory of hypergroups over the group is to
describe the set Hg(M, H).

To show the universality property of the standard construction for a given hypergroup
My we will construct a group triple (G, H, M) such that M+; is isomorphic to My.

Consider the Cartesian product G = H x M = {aa | « € H,a € M} and the following
binary operation on it:

aa- b= (a-*B-(a”,b))]a”,b]. (2)
It can be shown ([9], Theorem 4) that the set G with a binary operation defined by Eq. 2
is a group with the neutral element fo.

Now when we have defined the group G, let us consuder the following subsets of it:

H={(a-0)o|acH}, M = {ea|a € M}. (3)



Then (see [9], Theorem 5) H C G is a subgroup of the group G, and M is a (right)

transversal of H in G. Moreover, the mapping pair
fo:H—H, aw—(a-0)o, fi:M— M, aw ea

is an isomorphism between the hypergroups My and Mﬁ, where Mﬁ is the hypergroup
obtained by the standard construction from the group triple (G, H, M).

Definition 1.4 The group G is called the exact product of H and M associated
with the hypergroup Mg. We also call G the extension of the group H by the right
quasigroup (with a left neutral element) (M, Z) associated with the hypergroup M.

Definition 1.5 For the hypergroup My the structural mappings ®, ¥, =, A are called

trivial if respectively

®(a,a) =aforalla € M,a € H,
(a,a) =aforalla e M,a € H,

S

Z(a,b) = o for all a,b € M and, consequently, by using (P1)(i), M = {o},
A(a,b) = A(o,0) =07 for all a,b € M.

Let Mg be a hypergroup with the system of structural mappings Q = (®, ¥, Z, A). For
any mapping x : M — H, a + ko consider the following mappings:

—1 a —1
w(a, @) = ke - ¥(a,a) - Eg(aa) = Fa @ Kga,

= E(®(a, kp),b) = [a™, ],

= Kq - U(a, kp) - A(P(a, kp),b) - Hg(lq?'(a,nb),b) = Kq - %Ko - (@™, D) - K[;,libyb].

It can be shown ([9], Proposition 3) that the system of structural mappings Q. =
(Pr, Uy, Ex, Ax) satisfies the conditions (P1) — (P4) hence forms a hypergroup structure
on M over H. We denote this hypergroup by (Mu).

Definition 1.6 The map x € H is called a scalar, if for an element o € H we have
ke = « for all elements a € M. We denote such s by oM.

The set of all mappings & : M — H and the set of all scalars are denoted by H* and
(HM)const respectively.

Definition 1.7 We say that a hypergroup My is similar to a hypergroup (Mg)" if

there exists a scalar £ € (H™)cons: such that (Mg) = (Mg)sx.

Chapter 2: unitary hypergroups over the group. This chapter is devoted to an

important class of hypergroups, namely unitary hypergroups over the group. This class
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provides a description of all hypergroups M up to isomorphism for a given set M and a
group H. Moreover, in this chapter an algorithm is discussed to obtain all hypergroups up
to isomorphism from a complete representative set of non-isomorphic unitary hypergroups.

Definition 2.1 A hypergroup My is called unitary hypergroup, if A(o,0)™! =6 =
€, where ¢ is the neutral element of the group H.

Theorem 2.1 ([11], Theorem 2.1) For any hypergroup Mpy there exists a unique
unitary hypergroup (M), similar to M. In this case if (Mg) = (Mp),, then k = M.

Let My and M’y be arbitrary hypergroups over the group, fo : H — H' be a
homomorphism of groups, fi : M — M’ be a map of sets and f = (fo, f1).

Definition 2.2 The pair of elements x € H and &’ € (H’)M’ is called compatible

with f = (fo, f1), if
ko fo=fiokr' (ie. fo(ka) = K} (a) for any a € M). (4)

We denote by Compatf the set of all pairs (x,x') € HM x (H')M/, compatible with
f = (fo, f1). Note that the set H™ (as well as (H')M/) together with the operation * (for
which (k % A)a = Ka - Aq) forms a group.

Proposition 2.1 ([11], Proposition 4.1) The subset Compatf of the set H™ x (H')M/
determines a subgroup of the direct product of groups H* and (H ')M/.

Theorem 2.2 ([11], Theorem 4.2) If f gives a morphism from the hypergroup over
the group My to the hypergroup over the group My, and the pair (k,x’) is compatible
with f, then f gives a morphism from the hypergroup (Mg), to the hypergroup (My/),/,
as well.

Theorem 2.3 ([11], Theorem 4.3) Suppose that the pair f = (fo, f1) determines a
morphism from the hypergroup Mg to the hypergroup My,. Let x € (HM)const,m’ S
(HHM /)Const be such scalars that f determine a morphism from the hypergroup (Mpg),
to the hypergroup (Mp/)./. Then the pair (k,x’) is compatible with f.

Hence the following theorem holds.

Theorem 2.4 Let f = (fo, f1) : Mg — Mj;, be an arbitrary morphism of hypergroups
over the group, K = o™ € (HM) onst and &' = (o/)M' c ((H')M/)Const. Then f: (Mu). —
(M), is a morphism of hypergroups over the group if and only if fo(a) = o'.

Let My be a hypergroup over the group H. Denote by Aut(H,Mp) the subgroup
of Aut(H) consisting of such automorphisms fo : H — H that there exists a bijection
fi: M — M such that (fo, f1) is an automorphism of the hypergroup My.

There exists a natural group action
HXAut(H7MH)_>H7 (Oé,fo)'—)fo(()é) (5)

of the group Aut(H,Mpg) on H. It is a restriction of the natural action of the group
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Aut H on H. The orbits of this action form a partition of H. We denote this partition by
P(H, Mmu).

Recall that for the basic set M and the group H, the set of classes of isomorphic
hypergroups is denoted by Hg(M, H). Similarly we denote by Hg. (M, H) the set of classes
of isomorphic unitary hypergroups.

Theorem 2.5 ([11], Theorem 6.1) Suppose that

1) Su € Hgu(M, H) is an arbitrary section of the partition Hg.(M, H) of the set
Hgu(M, H),

2) S(Mu) C H is a section of the partition P(H, Mg) of H for each My € S..
Let (S(MH)M)C,mst - (HM)Const be the set of all scalars ™ with a € S(Mu).

Then

3) S ={(Mu)s | Mg € Su, & € (S(Mg)™)const} € Hg(M, H) is a section of the
partition Hg(M, H) of the set Hg(M, H).

Chapter 3: hypergroup axioms. In this chapter we discuss the question of the
independence of the hypergroup axioms, investigate some connections between them, and
as a consequence obtain an efficient way to construct a special class of exact products of
a given group H and a set M. Additionally a Cayley-type theorem is obtained for right
quasigroups with a left neutral element.

Theorem 3.1 ([29], Theorem 1) The axiomatic system of hypergroups over the group,
consisted of (P1),(P2),(P3) and the identities (A1), (A2), (A3),(A4), (A5) making up
(P4), is independent.

The proof of Theorem 3.1 is done by constructing corresponding models. The following
theorems allow the construction of the models.

First let M be a set, H be a group, and Q = (®, ¥, =, A) be a system of mappings for
which the notations (®) — (A) will be used. Let us define the following mappings.

U:M—Ty, Y(a)=W, where V,:H—>H, a—‘aq, (6)
where Ty is the set of all mappings H — H.
®:H—Tu, P(a)=,, where o : M — M, a > a”, (7)

where T is the set of all mappings M — M.
Theorem 3.2 ([29], Theorem 2) Let M be an arbitrary set, H be a group (with the
neutral element ), Q = (&, ¥, =, A) be a system of mappings such that ® is trivial and

(M,E) is a group. In that case,
11



1) if Ais trivial and A(o, 0) = ¢, then for the fulfillment of the axioms (A1), (A3), (A5)
and non-fulfillment of the axiom (P3), it is necessary and sufficient that ¥ be
an antihomomorphism and ¥(a) be a non-surjective homomorphism for any
a € M,

2) if A is trivial, A(o,0) = ¢, and H is a finite group, then for the fulfillment of the
axioms (P3), (A3), (A5) and non-fulfillment of the axiom (A1), it is necessary
and sufficient that ¥ be an antihomomorphism, ¥ (a) be such a bijective function
that ¥(a)(e) = € for any a € M, and ¥(a) be a non-homomorphic function for

an element a € M;

3) if A is trivial, A(o,0) = ¢, and H is a finite group, then for the fulfillment of the
axioms (P3), (A1), (A5) and non-fulfillment of the axiom (A3), it is necessary
and sufficient that ¥ be a non-antihomomorphism, ¥(a) be a homomorphism
for any a € M, and ¥(o) be a bijection;

4) if W is trivial then for the fulfillment of the axioms (P3), (A1), (A3) and non-
fulfillment of the axiom (A5), it is necessary and sufficient that elements A(a, b)
be in the center Z(H) of the group H for any a,b € M, and the following
identity not be satisfied for some a,b,c € M:

(45)"  (a,b) - ([a,0],¢) = (b, ) - (a, [b, c]). (8)

Theorem 3.3 (|29], Theorem 3) Let M be an arbitrary set, H be a group and 2 =
(®,¥,=,A) be a system of mappings such that ¥ and A are trivial with A(o,0) = €. In
that case,

1) if (M, E) is a group, then for the fulfillment of the axioms (P1), (A2), (A4) and
non-fulfillment of (P2), it is necessary and sufficient that ®(«) : (M,Z) —
(M, Z) be a homomorphism for any « € H, ®(¢) be the identity mapping of M
and ® not be a homomorphism;

2) if (M,E) is a group, then for the fulfillment of the axioms (P1),(P2),(A4)
and non-fulfillment of the axiom (A2), it is necessary and sufficient that ®
be a homomorphism, ®(¢) be the identity mapping of M and ®(«) not be a
homomorphism for an element o € H;

3) if ® is trivial, then for the fulfillment of the axioms (P2), (A2), (A4) and non-
fulfillment of the axiom (P1), it is necessary and sufficient that the binary
operation = be associative but (M, =) not be a group;

4) if ® is trivial and (P1) holds, then for the fulfillment of the axioms (P2), (A2)
and non-fulfillment of the axiom (A4), it is necessary and sufficient that (M, =)

not be a group.
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Note that the conditions of Theorem 3.2 immediately follow the fulfillment of the
axioms (P1), (P2), (A2), (A4). Similarly the conditions of Theorem 3.3 follow the fulfillment
of (P3), (A1), (A3), (A5).

Definition 3.1 Let H be a group, M be a set and

®: M xH— M, &(a,a):=a” (9)

be a (right) group action of H on M, i.e. the hypergroup axiom (P2) holds. The group
action @ is called effective if there is no non-trivial element o € H such that a® = a for
any a € M.

Theorem 3.4 Let H be a group, M be a set, and a system of structural mappings (2 =
(®, ¥, =, A) satisfies the axioms (P1), (P2), (A2), (A4). If the group action ® is effective,
then (A1), (A3), (A5) are also satisfied. Moreover, if in addition 0* = o for all & € H then
the condition (P3) is also satisfied.

Definition 3.2 The hypergroup My with the system of structural mappings Q =
(®, ¥, =, A) is called completely reduced if the group action ® is effective, i.e. ker & =
{e}.

Hence Theorem 3.4 gives an efficient way to construct completely reduced hypergroups
from a group H and a set M. This leads us to the efficient way of constructing exact
products of a group H and a set M associated with completely reduced hypergroups over
the group.

Theorem 3.5 Let H be an arbitrary group, M be an arbitrary set. To construct all
exact products G = H x M associated with completely reduced hypergroups My it is

sufficient to perform the following steps:

1. Consider all binary operations Z : M x M — M which induce a right quasigroup

structure with a left neutral element on the set M.

2. Consider all effective group actions ® : M x H — M preserving the left neutral
element of the right quasigroup (M, E).

3. For the group monomorphism
®:H—Su, a—®,: M- M, P.(a)=2P(a,) (10)
check the following conditions:

3.1. Raod)aoR;al € ®(H) for any a € M, € H,
3.2. RooRy oR[;lb] € ®(H) for any a,b e M

where Rq : M — M is the right translation of the right quasigroup (M, =) by the

element a € M.

13



4. Define the mapping ¥ : M x H — H as ¥(a,a) = @' (R, 0 o 0 R}4).
5. Define the mapping A : M x M — H as A(a,b) = @ (R, 0 Ry 0 R[:b])l

6. Define the binary operation
aa- b= (a- "B (a”,b))[a",b] (1)

on the set G = H x M, which makes G a group.

The following result is a corollary from Theorem 3.4. It (with a different formulation)
can also be found in [3] (Theorem 1.1 (a)) or in [20] (Theorem 3.4). As a consequence we
get a Cayley-type theorem for right quasigroups with a left neutral element.

Theorem 3.6 Let (M, E) be a right quasigroup with a left neutral element o. There
exist a group H and mappings ®, U, A such that My is a completely reduced hypergroup
with the system of structural mappings Q = (&, ¥, E, A).

Corollary 3.6.1 (Cayley type theorem) Let @ be a right quasigroup with a left neutral
element. Then there exist a permutation group G, a subgroup H < G and a (right)
transversal M C G of H such that @ is isomorphic to the groupoid (M, =), where

E:MxM— M, Z(a,b)=c suchthat ce MNH(a-b). (12)

Chapter 4: normal and completely stable subgroups of a group. In this chapter
we discuss another application of the concept of hypergroups over the group. We show the
equivalence between the concepts of normal and completely stable subgroups of a group.

Definition 4.1 The subgroup H in the group G is called completely stable, if all
right transversals M with the right quasigroup operation Z are isomorphic to each other
as right quasigroups with a left neutral element.

Remark A similar definition of perfectly stable subgroup of a group is given in [21].
According to [21] the subgroup H < G is called perfectly stable if all right transversals
(M, E) such that M N H = {e} are isomorphic to each other.

Proposition 4.1 Let G be a group, H be a normal subgroup of G. Then H is a
completely stable subgroup of G.

Theorem 4.1 ([30], Theorem 2) The subgroup H of the group G is completely stable
if and only if H is a normal subgroup.

Remark Let us note that in [21] it is shown that for finite groups G the concepts of
perfectly stable and normal subgroup are equivalent. However the question about infinite
groups still remains open. Hence for groups where the concepts of perfectly and completely

stable subgroups are equivalent our result generalizes Lal’s theorem for the infinite case.
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Wdthnthnmd

Upkbwhinunipniomy nnumdtwuhpyby GO fudph ougpdudp npnpuwd hhybphudpbpn, ugugybp

L0 htiplywy wprymbpbbpn:

1.

Tudph OQuypiuip npnpywd hhwbipfudptipp Gupugpud G hgninpdnipyub Goypmpjudp
fudph OGupdudp npndwd mbhywp hhwybpfudpbph hgninpdnipyub nuubph dhengny:
Wytith 62gnhy’ nhgnp
1) Su € Hgu(M, H)-p Hg (M, H) puqinpjut Hg, (M, H) yypnhiwd Judwjwluh
hugpnype L,
2) S(Mu) C H-p H-h P(H, My) ppnhdwd nput hupnyp b judwyuluwd My €
Su-h huntwn: Yagmp (S (Mu)™)eonst © (H™)const-n pninn wylghuh o™ uluiuiptibiph
pwqumpmbb k, np « € S(My):

Wn nbiypmd

3) 8 = {(Mu)x | Mg € Su, & € (S(Mu)")const} C Hg(M, H)-n Hg(M,H)
puwqumpyub Hg(M, H) ppnhiwd hwgpnyp b

8nyg & yppdwd fudph Ghupdwdp npnpdwd hhytippudptiph (P1), (P2), (P3) W (P4)-p
Juqunn (A1) — (A5) wpuhndbbiph wilwhinpmbp:
Uyugniguwd E phnpbd, puyp nph (P3), (A1), (A3), (A5) wpuhndbtipp plunud tb
(P1),(P2),(A2),(A4) wpuhniltiphg, ® fudpwyhl gnpdnnnipjub tHtyphynipiniihg b
®(0, &) = 0 wuwyiwbhg Juiwjuwlwd « € H qpupph hwdwp:
Uypugywd E dbpnn, puyp nph Jupbh b juemgty Gnp adpbp’ Giobnyg qgpdud A fudphg L
(M, Z) awu giqnp ypuuppny we pywghfuiphg: W Gnp fudpbin wiwimd op H uiph
pUnuyimuttp (M, ) dwu shiqnp puppny wy pYuiqhudpny:
Wupugmgywd b Lbhh phwh phinpbd dwhe shqnp yuppny we pywghpudptiph hudwp®
oqutiiny fudph Dyuwpiwdp npnoYwd hhwbipfudptinh qunuithwphg: Wkih 62qphy’ nhgnip
Q-0 dwfu stignp puppny we pJughfunudp k, wyn nhiypnid gnyniynid mbh phnunpnipymattph
wjbwhuh G funudp, bpw H < G thpwjunudp b H-h (we) ppwiuytpuw; M C G, np Q-0
haqninpd £ (M, E) ludpwltipyht, npptin

E:MxM-—M, ZEb=c wiytunp ceMNH(a-b). (13)

8nyg L ppyud npdw) b Jupupbjuwbu upuph) Gipwpdptph hwuugnipynibbtph
hwdwnpdtipnipyniop:
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Pesome

Hucceprarus NOCBsIIeHa T'HIeprpynmnaM Haj rpynmnoit. [losmydens! cienyromue pe3yiib-

TaTbI.

1. [ano onucanue runeprpyIi Ha | FPYTIIOi ¢ TOYHOCTBIO /10 U30MOP(hHU3Ma C TIOMOIIHIO
M30MOP(QHBIX KJIACCOB yHUTAPHBIX TUIEPIPYI HaJ| rpynmnoii. Todnee, J10mycTUM
1) Su C Hgu(M, H) ceuenne pasbuenns Hg., (M, H) muoxecrsa Hg,(M, H),

2) S(Mu) C H ceuenne pastuenust P(H, My) muHO>ecTBa H 1J151 IPOU3BOIBHOIO
My € Sy. Ilycrs (S(MH)M)const - (HM)Const MHOXKECTBO TAKHMX CKAJISIPOB
oM, a0 o € S(Mpy).

Torma

3) S = {(Mu)x | Mu € Su, & € (S(Mir)™)const} € Hg(M, H) ectb ceuenue
pasbuenust Hg(M, H) muoxecrsa Hg(M, H).

2. JlokazaHa HE3aBUCHMOCTb AKCHOM THIIEPIPYIII HaJl IPYIIION, TOUHee He3aBUCHMOCTD
(P1),(P2),(P3) u (Al) — (A5) obpasyiouue (P4).

3. Hokazana reopema 1o koropoii akcuomsl (P3), (A1), (A3), (A5) cieayror u3 akcuom
(P1),(P2),(A2),(A4), eddexrusroctu aeiictsust ® u ycnosus P(o,a) = o, qus

KaxKJI0To djieMenTa o € H.

4. Honyqu METO/ II0 KOTOPOMY MOZKHO IIOCTPOUTH HOBBIE I'DYIIIBI UCXOAA U3 I'PYIIIIBI

H w npaBoii KBA3UTPYIIIILI C JIEBBIM HEATPATBHBIM d1eMerToM (M, Z).

5. [okazana Teopema tumna Keym mj1s mpaBbIX KBa3UTPYIIl C JIEBBIM HEHTPAIbHBIM
snemenToM. TodHee, mycTh () IpaBast KBA3UTPYIIIA C JIEBBIM HEATPAIbHBIM SJIEMEH-
toMm. Torma cymecrByfoT Takas rpymmna noacraHoBok G, ee cyorpymma H < G un

(npassrit) Tpancsepcaas M C G, aro  mzomopdua rpyumouny (M, =Z), rae
E:MxM-—M, ZE(ab)=c tak,uro c€ MNH(a-b). (14)

6. Jloka3zaHa SKBUBAJEHTHOCTD MMOHSTHI HOPMAJBHBIX ¥ COBEPIIEHHO CTAOMIBHBIX MO~

rpymiL.
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