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General characteristics of the work

Relevance of the theme. If in a group G the equality ™ = 1 is a law, then we
say that G is a periodic group of the exponent n, or G is a n-periodic group. All such
groups compose the variety (that is the class of all groups satisfying each one of a given
set of laws). A free group of rank m of this variety is denoted by B(m,n). One of the most
prominent problems in Group theory is the well-known Burnside problem: "Is any finitely
generated group B(m,n) finite?"

The negative solution to the Burnside problem was obtained in the classical series of
works of S.I. Adian and P.S. Novikov [1]. Several years later, Adian in his monograph [2]
modified and enforced the constructed theory and proved the following famous theorem:
"for all odd n > 665 and finite m > 1 groups B(m,n) are infinite."In monograph [2] it was
constructed and investigated several other groups with new unusual properties. The first
important series of groups constructed in [2] by means of generating and defining relations
is denoted by B(m,n,«), where m is the number of generators of the group, n > 665 is
an arbitrary odd number, and « is a natural parameter. In [2] it was proved that a free
Burnside group B(m,n) is the direct limit of groups B(m,n, a) over .

The next important class is associated with the well-known problems of finite basis
of the group theory, which was posed by B. Neumann in 1937. In [2] (see also [3]), it was
proved that for any odd n > 1003 the following family of identities of two variables

{@ Y™ ™y )" =11,

where the parameter p runs over all prime numbers, is nonreducible, that is, no one of these
identities is a consequence of the others. So, for any odd n > 1003 there exists a continuum
of different manifolds A, (II) corresponding to different sets of prime numbers II. For each
fixed value m > 1 there exists a continuum of non isomorphic groups I'(m,n,II), where
T'(m,n,II) is a relatively free groups of rank m of the variety A, (II).

Afterwards, in work [4] (see also [5]) it was shown that, if a group G contains no
involutions and is given by a finite number of relators of the form A", i = 1,2, ..., k, where
all exponents n; are divisible by a fixed odd number n > 665, then the problems of equality
and conjugacy of words are decidable in it.

Any group of the above given ones has the following properties: the group has a
system of defining relations of the form A™ = 1 for some elements of A and each element a
of the group with a finite order satisfies the relation a™ = 1. The following class of so called
n-torsion groups was introduced in the joint work [6]. Suppose that G is a group defined by
a system of generators X, P is the set of all its finite-order elements written in generators
X, and n > 1 is a fixed natural number. A group G is called n-torsion group, if it can be
defined as follows:

G=(X|R"=1,ReP).

In [7] n-torsion groups were named partially Burnside groups. A cyclic group of order
n and any absolutely free group are n-torsion groups for an arbitrary natural n. A. Karrass,
W. Magnus, and D. Solitar in [8] proved that in the group G = (X|A™ = 1), where A is a
simple word (that is, the word that is not the proper power of another word), the element
A has order n in G and each finite-order element in G is conjugate to some power of A. In
addition to [1]—[5], in his another work [9] Adian investigated the free groups of the variety



satisfying the identity [z,y]™ = 1 and proved that the commutator subgroup of these groups
are not periodic groups for odd n > 1001 (it is the solution to the McDonald problem). On
the basis of work [9] it is easy to derive that these free groups also are n-torsion groups. In
work [6] of 2019, it was proved that an n-periodic product of any family of n-torsion groups
is an n-torsion group for any odd n > 665. It is easy to see that free groups of any variety of
the form B,, U, where B, is the Burnside variety and U is the variety whose free groups are
torsion-free, also are n-torsion groups. Some groups which, in fact, are n-torsion were also
constructed and studied in the works by A.Yu. Ol’shanskii, S.V. Ivanov, I.G. Lysenok, and
other authors (see, e.g., [10]-[11]). The authors of work [6] showed that for odd n > 665
for each m-torsion group we can construct a theory analogous to the theory constructed
in monograph [2], which allows studying the n-torsion groups by the methods developed
in [2] and investigating their key properties. In particular, in [6] it was proved that any
n-torsion group may be given by a certain independent system of defining relations of the
form A™ =1 for certain words A. We call such representation of the n-torsion group the
Adian representation.

The first main results in th Chapter 1 is about central extensions of n-torsion group
and ther subgroups.

The next results are about central extensions of free groups of infinitely based varieties
of S.I. Adian by free Abelian groups, about their some verbal subgroups, Schur multipliers
and some applications.

In the Chapter 3 we consider the laws from the point of view of probability. Consider
the following general problem. Let us choose an arbitrary word w(x1,...,2¢) in the free
group F; of rank ¢ and some finitely generated group G. Let d.(w) denote the number of
all ordered rows (g1, ...,g¢) of length ¢ of elements of the group G from the ball B¢ s(r)

dr(w)
(va(r))*
identity w = 1 being satisfied in the ball Bg,s(r) of the group G. The question arises: if

dr(w)
(va(r))t

The aim of the thesis:

e to prove that any Abelian group D can be embedded as a center into some group
Ap so that the quotient group Ap/D is isomorphic to the given n-torsion group,

e to prove that every finite subgroup of each n-torsion group is a cyclic group,

e to prove that for any countable abelian group D and n > 1003 there exists a group
Aqp(G) such that verbal subgroup of the group Ap(G) corresponding to the word system
{[zP™, y*"]"}, p € 11, coincides with the Abelian group D,

e to prove that the group Ap(G) is a free group of rank m in the variety of groups
defined by the system of identities [[z"",y""]|", 2] =1, p € II,

e to prove that the Schur multiplier of the free group of the variety generated by the
system of identities {[zP",y""]" = 1}, p € 11, is a free Abelian group of countable rank,

e to prove that In the variety of groups defined by the law [z",y] = 1 there exist two
generator infinite torsion groups,

e to prove that For any sufficiently large odd number n t(her)e is a 4-generated group
dr(z?

¥(r)

for which w(g1,...,g¢+) = 1 in G. Then the number shows the probability of the

for r — oo we have — 1, then is w = 1 an identity in G (see[12], Problem 1.3)?

G, in which the identity 7 = 1 does not hold and we have — lasr — 0.



The methods of investigations. In the thesis we apply methods and use the results
obtained on the basis of the theory of Novikov-Adian, created for the study of periodic
groups, as well as other known methods of Combinatorial Group Theory.

Scientific innovation. All results are new.

Practical and theoretical value. The results of the work have theoretical character.
The results of the thesis can be used in the study of n-torsion groups, periodic groups, free
groups of some varieties, central extensions, almost identities in some n-periodic products
of groups.

Approbation of the results. The obtained results were presented at the scientific
research seminar of Group theory at Yerevan State University, 2021-2025; at the
International Conference Mal’tsev Meeting on the , 2077, Novosibirsk, Russia.

The main results of the thesis

1 Chapter 1.

Let us consider an alphabet of letters {z1, 22, -+, Zm, - }. We denote by F the free
group freely generated by x1,22, -+ ,Zm, -+ and denote by F, the free group generated
by z1,x2, - ,&m for m > 1. If G is a group, a : {z1,Z2,"** ,Tm, -} — G is a mapping
of the free generators of F into G, then the image of the some word w(z1,z2, "+ ,ZTm)
under the corresponding homomorphism « : Fos — G is called a value of the word w in
G. In this situation the letters x; are described as variables, and w = w(z1,z2, -+ ,Tm) is

referred to as a word in n variables.

Definition 1.1. (see [18]) The word w is called a law or identity in the group G if the

only possible value of w in G is 1 for all possible homomorphisms « : F, — G.

Definition 1.2. The word u is a consequence of the set of words W if u is a law in a
group G whenever every word from W is a law in G. The sets W1 and Wa of words are

equivalent if every word in W1 is a consequence of Wa and vice versa.

Definition 1.3. A wvariety of groups is the class of all groups satisfying each one of a given

set of laws.

Definition 1.4. (see [13]) A group G is called relatively free if it possesses a set of

generators such that every relator of these generators is a law in G.



Let X be an arbitrary group alphabet, R be some set of words, written in this alphabet,
n > 1 be a fixed natural number, and

G=(X|R"=1,ReR) (1)

be the presentation of some group G.

Definition 1.5. The group (1) is said to be an n-torsion group if for every elementY € G,

either Y™ =1, or'Y is of infinite order.

Proposition 1.1. ([6, Proposition 3.2]) The system of defining relations {A™ = 1,A €
U, Ea} of the group

G—<X|A”_1,Ae OEQ> (2)

is an independent system of relations, that is, any of these relations does not follow from

the others.

A cyclic group of order n and infinite cyclic group are n-torsion groups for an arbitrary
natural n. A. Karrass, W. Magnus, and D. Solitar in [8] proved that in the group G =
(X|A™ = 1), where A is a simple word (that is, the word that is not the proper power
of another word), the element A has order n in G and each finite-order element in G is
conjugate to some power of A.

In addition to [1]-[5], in his another work [9] Adian investigated the free groups of
the variety satisfying the identity [z,y]™ = 1 and proved that the commutator (or derived)
subgroup of these groups are not periodic groups for odd n > 1001 (it is the solution to
the McDonald problem). On the basis of work [9] it is easy to derive that these free groups
also are n-torsion groups.

In the work [6] of 2019, it was proved that an n-periodic product of any family of
n-torsion groups is an n-torsion group for any odd n > 665. Recall that n-periodic products
of groups were introduced by Adian in 1976 in [14].

The class of n-torsion groups is sufficiently broad. For instance, it is easy to see, that
the free groups of arbitrary rank m as well as the free Burnside groups B(m,n) are n-
torsion groups for any natural n. By definition, the free Burnside group B(m,n) of period
n and rank m has the following presentation:

B(m,n) = (a1, a2, ...,am|w"™ = 1),

where w runs through the set of all words in the alphabet {ai,a2,...,am}. The group
B(m,n) is the quotient group of the free group F,, of rank m by the normal (verbal)
subgroup F;, generated by all possible nth powers of the elements of F,,.

It immediately follows from the definition of the n-torsion group G that the mapping
from G to B(X,n) is identical on the generators X is continued to the surjective



homomorphism, where B(X,n) is a free Burnside group of period n with the same system
of generators X as G. In particular, any non cyclic n-torsion group is infinite if n has an
odd divisor k > 665 or a divisor of the form & = 16m > 8000 due to the above-mentioned
Adian theorem and due to the Lysenok theorem [15] (see also [10]).

As it was mentioned in [6], the groups B(m,n,a), ['(m,n,II), m > 1 (the set of which
is continual), the free groups of a variety satisfying the identity [z, y]"™ = 1 are also n-torsion
groups (see [3]-[9]). Some other n-torsion groups and their properties have been studied
in the works (see, e.g., [16]—[17]). The following proposition allows us a way to construct a
new series of n-torsion groups.

Proposition 1.2. If F' is an absolutely free group and N is a normal subgroup of F such
that the quotient group F/N is a torsion-free group, then the group F/N™ is an n-torsion
group for any n > 1, where N™ is the subgroup generated by the n-th powers of all elements

from N .

It is easy to see that free groups of any variety of the form B, U, where B,, is the
Burnside variety and U is the variety whose free groups are torsion-free, also are n-torsion
groups. Some groups which, in fact, are n-torsion were also constructed and studied in
the works by A.Yu. Ol'shanskii, S.V. Ivanov, I.G. Lysenok, and other authors (see, e.g.,
[10]-{11]).

For any odd n > 1003, by I'(m, n, II) is denoted the free group of rank m of the variety
of groups, determined by the following family of identities of two variables:

{(="y" ™y )" = 11, (3)

where the parameter p runs over an arbitrary set of prime numbers II. In [29], it was proved
that this groups are n-torsion and that any finite subgroup of each free group I'(m,n,II)
of an arbitrary rank m > 1 is a cyclic group. A similar assertion for free Burnside groups
B(m,n) of an odd period n > 665 and of any rank has been proved earlier by Adian in [2]
(see Ch. VII of [2]). Notice that for absolute free groups this assertion has a simple proof.

In Chapter 1 we will prove a generalization of a result about finite subgroups of free
Burnside groups. In [29] we proved that every finite subgroup of each relatively free n-
torsion group is a cyclic group for any odd n > 1003. Later in [31] we proved the following
a more general result.

The aim of Chapter 1 is to prove the following results.

Theorem 1.1. (see [29], [31]) Every finite subgroup of each m-torsion group is a cyclic

group of exponent n for any odd n > 1003.

Theorem 1.2. (see [31]) Any m-generated Abelian group D can be embedded as a center

into some group Ap so that the quotient group Ap/D is isomorphic to the given n-torsion



group with representation (2), and in this group there are at least m defining relations.

For the proof of Theorem 1.2 we propose the following construction of a group A»(G)
by fixing an arbitrary not more than countable Abelian group D defined by the generators
and defining relations (see also [18]):

sz<d1,d2,..47di7...|’f':1,7‘€:R>7 (4)

where R is some set of words in the group alphabet di,d2,...,d;,.... By condition of
Theorem 1.2 the inequality |J| > |{d1,d2,...,d;,...}| is valid.
By Ap(G) we denote the group defined by the system of generators of two types

a1, az,...,0mnm (5)
and
di,d2,...,di,..., (6)
and the system of defining relations of three kinds
r=1 forall reR, (7)
aid; = dja;, (8)
A} =d; 9)

forall i = 1,2,...,m, 7 € J and A; € €. In this case, if |J| > |{d1,d2,...,di,...}| =k,
then for all j > k we define
A% = dy. (10)

J

For the groups Ap(G) the following main theorem is true.

Theorem 1.3. For anym > 1, oddn > 1003, and any Abelian group D with representation

(4) the following statements are true:

1. The center of the group An(G) coincides with D.

2. The quotient group of the group Ao (G) by the subgroup D is the given n-torsion group

G.

2 Chapter 2.

The aim of this chapter is to construct and study central extensions of free groups of
infinitely based varieties of S.I. Adian by free Abelian groups. Using these extensions, we
will obtain the description of the Schur multiplier of the free groups of Adian varieties.



As it was mentioned in Chapter 7?7, these varieties are given by the following system
of laws (identities) in two variables

{@mymamy Ty = 1), (1)

where the parameter p runs through all prime numbers and n > 1003 is an arbitrary fixed
odd number. The system (11) of laws is independent, that is, none of these identities is
a consequence of the others (the question of the existence of such systems was posed by
B. Neumann in 1937). This implies that for any odd n > 1003 there exists a continuum
of different varieties A, (II) corresponding to different sets of primes II, if we require that
p € II. At the same time, for fixed m > 1 there exists a continuum of non-isomorphic groups
I'(m,n, IT), where I'(m, n, II) is a relatively free group of rank m of the variety A, (II). These
varieties were first constructed by S.I. Adian in [19, 3]. Their detailed description is also
contained in the monograph [2]. A number of new interesting properties of free groups
T'(m,n,II) of A,(II) varieties were obtained recently in [17, 20]. In fact, in [17] it was
proved that the centralizer of any non-identity element in a relatively free group I'(m, n, II)
in any of the varieties under consideration is cyclic, and for every m > 1 the set of all non-
isomorphic free groups of rank m in these varieties is of the cardinality of the continuum.
Moreover, all these groups have trivial centre, all their abelian subgroups are cyclic, and
all their non-trivial normal subgroups are infinite. For any free group I'(m,n,II) in any
of these varieties was also obtainad a description of the automorphisms of the semigroup
End(T'(m,n,II)), answering a question posed by Plotkin in 2000. In particular, it was proved
that the automorphism group of any semigroup End(I'(m,n,II)) is canonically embedded in
the automorphisms group Aut(End(I'(m,n,II))) of the semigroup End(I'(m, n,1I)). In [20]
it was proved that every normal automorphism (i.e., an automorphism that stabilizes any
normal subgroup) of noncyclic free groups I'(m, n, IT) is an inner automorphism. Recall that
the first result about normal automorphisms of some n-torsion groups was obtained in [21],
[22]. In particular, in [21] it was proved that for an arbitrary odd n > 1003 and m > 1 every
automorphism of the free Burnside group B(m,n) that stabilizes every maximal normal
subgroup N of B(m,n) of infinite index is an inner automorphism. For the same values of
m and n it was established that the subgroup of inner automorphisms of Aut(B(m,n)) is
maximal among the subgroups in which the orders of the elements are bounded by n. Some
other results about normal automorphisms of n-torsion groups can be found in [23], [24].

Let us instead of an Abelian group D (4) chose the free Abelian group D of countable
rank given by the following generators and defining relations:

D = (di,da,...,di,... | Vi,j [di,d;] = 1). (12)

Let us also instead of a group G take the group G = I'(m,n, II).
The next result is a more precise modification of Proposition 1.3. When instead of
n-torsion group G we take the free group I' = I'(m,n,II) of the variety defined by the
law [zP",yP"]" = 1, then we get an opportunity to consider and to describe the verbal

subgroup of Ay (") generated by the word [zP", yP"]". For the obtained group Ao (I") we
get the following theorems.

Theorem 2.1. The group Ap(T") is a free group of rank m in the variety of groups ©

defined by the system of identities [[zP",y*"|", 2] =1, p € IL.



Theorem 2.2. For any m > 1 and odd n > 1003 :

1) the center of the group Ap(T) coincides with D;

2) the quotient group of the group Ao (L) by the subgroup D is the group G =
I'(m,n,II);

3) verbal subgroup of the group Ao (I') corresponding to the word system {[zF", y*"|"},

p € 11, coincides with the Abelian group D (12).

From point 3) of Theorem 2.2 it immediately follows

Corollary 2.1. The center of the group An(T") is a free Abelian group of countable rank.

Moreover, the elements {d;|j € N} are free generators of the center Ap(T).

Theorems 2.1, 2.2 are also allow to investigate the Schur multipliers of the free groups
Ap(G) = Fin/[Fm, N] for different ranks m > 1. It follows from Theorems 2.1, 2.2 that

Theorem 2.3. The Schur multiplier of the free group of the variety generated by the system
of identities {[z"",y""]" = 1}, p € 11, is a free Abelian group of countable rank for all finite

ranks m > 1 and odd periods n > 1003.

The next theorem gives a positive answer to Macedonska’s question: Does there exist
a finitely generated torsion group of unbounded exponent generating a proper variety?.

Theorem 2.4. In the variety of groups defined by the law [z",y] = 1 there exist two

generator infinite periodic groups with the unbounded exponent groups.

The above mentioned Theorems 2.1, 2.2 and Corollary 2.1 were published in [31]. The
proof of Theorem 2.3 was published in the paper [32].

3 Chapter 3.

Consider an arbitrary finitely generated group G with a set of generators S. Let
Bg,s(r) denote the ball of radius r centered at the unit element of the Cayley graph of this
group (S-ball). We denote the number of elements in this ball by vy(r). It is well known
that for a free group of rank m the equality

T (@m— 1)~ 1)

VY (1) =

10



holds.

Now consider the following general problem. Let us choose an arbitrary word
w(x1,...,x¢) in the free group F; of rank ¢ and some finitely generated group G. Let d,(w)
denote the number of all ordered rows (g, ..., g¢+) of length ¢ of elements of the group G
from the ball Bg s(r) for which w(gi,...,¢9:) =1 in G. Then the number

dr(w)
(va (7))t

shows the probability of the identity w = 1 being satisfied in the ball Bg,s(r) of the group
G. The question arises: if for r — oo we have

dr(w)
()

then is w = 1 an identity in G (see [12], Problem 1.3)7
A negative answer to this question was proved in [26]. Moreover, it was established
that for every odd n > 10'® and large enough k >> 1 there exists a group G, generated by
dr(z?
a finite set S = {s1,..., sx} such that the (z1) — 1 for the word w = z7, but 27 =1

a(r

isn’t an identity in G (¢ = 1). In the WOI‘k’y [27]) it was considered an n-periodic product
of a free periodic group of rank 2 and an infinite cyclic group. It was proved that in this
product, the probability of satisfying the identity z™ = 1 is 1, but it does not hold on
the entire product. In [28] considered n-periodic products of cyclic groups of order n and
two-generator relatively free groups satisfying identities of the form [zP",y""|" = 1 and
proved that in each of these products, the probability of satisfying ™ = 1 is equal to 1,
despite the fact that the identity does not hold throughout any of these groups.

In this chapter we will strengthen the result of [26] by showing that we can take k = 4
and provide a simpler direct proof of the following main result.

Theorem 3.1. For any sufficiently large odd number n there is a 4-generated group G, in

which the identity 7 = 1 does not hold and we have

d(z7)

—1 as r — oo.
v(r)

The main result of this chapter was published in [33].
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uuonentyu
Qphgnp Gtinuih Sunpgyub
Tovphiph ayppnowljub ptnquyumdatp

Unbkbwhinunipymbp tdhpwd L n-nnpnuiny  fudptiph@, npubg Yaigppnbwub
pinuyimdbtphtt b npnp Yhpwpmpymbdbtph: Gopwnphbp, np G-0 X dbnpnbbph
huniwjuipgny punwip E, P-0 tpw pninp ytpewynp Jupgh wpwppbph puqinpymbab £
wnpuwhwppdud X dtnpnitpny, b n > 1-p hpuud phwluid phy t: G unudpp Yngnd
L n-nmpnoinyg punidp, bpt wyl upnn £ uwhdwdgty htgplyw) Gepy. G = (X|R" =
1,ReP):

Whwpwipmd nwunwibwuhpdlyp G pujuwiuwiwsuwth  dad Yayp n pytphd
huwdiwyuwipwupiwinng - n-nnpnudiny - judptin, hwgpnily  wygnphpdny  Junmgyty &b
npuig Yhbgppniwlwd phnjuybnudttp, nundbwuhpdt] gpubg hwugpympnbddbpp b
Yhpwnnipjmbbbn:

Unbktwhinunipymbnud uipugyty G htplywg hhdtwywt wpnymbpbtpp.

o Uwyuwgnigyty L, np guwifugwd Wpbkpjwih D punudp Jupbih b Obpnptp npytu
Ytyppnl hog-np Ap fudph dbe wybwtu, np Ap/D pwbnpn fumdph hgnunpd |hih
npywd n-nnpnuiny pudpht,

o wiyugnigyty £, np jnpupwblsjnip n-ninpnuiny judph gubuguwd ybpowynnp
tibpwhunuip ghlythy funwp t,

e wyuwgnigyty £, np gubljugwd hwpytih wpbjjud D fudph b n > 1003 Yhinp pyh
hwdwp gnympymd mboh Ay (G) unudp, nph [2P™, yP"]"™ (p € II) pwnbtph hwdwlwpghb
hudwyunpuupnwinn Jappwy Ghpwpnuipp hwdptyond D Wpbywh fudph htig,

o wuyyugmgyty k, np Ap (G) unwdpp [P, yP?]", 2] = 1 (p € II) bnybnipymbbbph
hwdwlupgny npnpywd fudpbiph puquwatnieyub m nwbgh hwpwpbpud wqugp unwdp
L,

o wwywgmgyty k, np [zP7,yP"]" =1 (p € II) bnybmpymbibph hwdwlupgny
npnpqud  Jtipgwynp pwigh hwpwpbpuud wquy fwdph Smiph puqiwyugpyhgp
hwoytih nwigh wquyp wptijwb jundp

e wuywgngyy L, np [2",y] = 1 Gnybmpming uwhiwbjwd hudpbph
puquwalinipyniinud gnynipynih nbtb Gpyne dtnpnny wiuwhdwbwthwy Epuynitiitpny
wiyting wwpptipwlui judptp,

o wuyuwgnmgyty £, np guiugwd pwjuwluwiwswth dtd Ytyp n pyh hwdwp

gnynipinil nubh 4 dtnpnny G fumdp, npmud 27 = 1 Gnybmpgnuip ptinh smbh, vwljuyt
dr(27)

y(r)

— 1 tipp r — oot
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3akJrroueHue
T'eBoprau I'purop l'eramoBua

O 1neHTpPAJIbHBIX PACHINPEHUSIX TPYIIII

Jluccepramus MOCBSIIIEHa M3YUEHUIO TPYII C N-KPYyIe€HHEM, X [EHTPAJIbHBIM pac-
HIMPEHUsIM U HEKOTOPBIM IpuiiokeHuaM. lIpenmosoxkum, uro G rpymnma ¢ cucreMoil o0-
pasyronux X, P MHOXKeCTBO BceX €€ 3JIeMEHTOB KOHEYHOIO IIOPSIKA, BBIPAXKEHHBIX de-
pe3 obpazyromue X, u n > 1 ¢dukcupoBaHHOe HaTypajbHOe umcyo. ['pynma G Ha3bI-
BAaETCS 2pynnotl ¢ N-KpyueHuem, €CJIu OHA MOXKEeT ObITh 3aJaHa CJIEIYIOUUM 00pa30M:
G=(X|R"=1,Re?).

B pabore ncciieoBanbl rpymibl ¢ n-KpydeHueM, COOTBETCTBYIOIIUE JIOCTATOYHO OOJIb-
MM HEYETHBIM YHCJIAM 7, C IIOMOIIBIO CIEIUATHEHOTO AJITOPUTMA IIOCTPOEHBI UX IEHTPAIIb-
Hble PACIINPEHUs, U3y IE€HBI UX CBONCTBA U MPUJIOXKEHUS.

B nuccepraruu mosryteHs! CaeAyIone OCHOBHbIE Pe3yIbTaThl:

e Jlokazano, uro Jobyio abeseBy rpymiy [) MOXHO BJIOXKHTH B KadecTBe IEHTDA
HeKoTOpo#l rpynusl Ap Tak, uro dakroprpynna Ap/D nsomopdHa 3aJaHHON rpymme ¢
N-TIOPOXK JICHUEM.

e JlokazaHo, ITO J106ast KOHETIHAsI OAIPYIIIA IPOU3BOILHON IPYIIIEI C N-KPYYEHAEM
ABJACTCA NAKJITIECKON I'DYIIION.

e JlokazaHo, 4To s Jiio6o# cuéTHOoil abesieBoil rpynmbl D U HEYETHOrO YuUCaa N >
1003 cymectByer rpynma Ap(G), y KoTOpoil BepbasbHAsl MOATPYIIIA, COOTBETCTBYIOIIA
cucreme cios [zP", yP"]" (p € II), coBuanaer ¢ abeneroii rpymmoit D.

e JTokazaHo, uro rpymmna Ap(G) saBisiercs cBOGOAHO!N IPYIIOH paHra 1m B MHOI000-
pasuu rpymil, 3aJJaHHOM cucTeMoit ToxaecTs [[zP™, yP"* ", z] =1 (p € II).

e Jlokazano, uro MHOKHUTEJB Lllypa cBOGOIHOM IPYHIIEI KOHEYHOTO PAHTa MHOTOOOpa-
3Usl IPYIIL, IOPOZKIEHHOM cucremoii Toxaects [zP", yP"]"™ = 1 (p € II) siBasiercst cBOGOAHOM
abeJieBOil IPyIIoil CIETHOTO paHTa.

e JToka3aHo, 9TO B MHOr0OOpa3uy IPYyIIl, 3aJaHHOM TOXKIecTBoM [x™,y] = 1, cyme-
CTBYIOT OECKOHETHBIE IIEPUOAUYIECKNE IPYNIBI C HEOTPDAHWYEHHON IKCIOHEHTOW C IBYM:I
TTOPOXK TATOIIIIMI.

) ,H‘OKaBaHO, 9TO OJIdA 1106010 JO0CTaTOYIHO 0OJIBIIIOrO HEYETHOI'O YUCIA T cyuaiecrByeT

rpynna G ¢ 4eTbIpbMs 0OpPa3yIONIMMU, B KOTOPOH TOXKIECTBO T = 1 HEe BBINOJHSIETCH,
n
r(z1)

y(r)

OJTHAKO — 1 mpu r — oo.
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