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Abstract

The paper deals with finite-sheeted covering mappings onto the P-adic solenoids and limit
endomorphisms of semigroup C*-algebras. The aim of our exposition is two-fold: firstly, to
present the results concerning the above-mentioned mappings and endomorphisms; secondly,
to demonstrate proofs for some of the results. It has been shown that every covering mapping
onto a solenoid is isomorphic to a power mapping. We have considered dynamical properties
of the covering mappings. A power mapping for the P-adic solenoid is topologically transitive.
A criterion for the covering mapping to be chaotic has been given. The classical Euler—Fermat
theorem may be used in its proof. We have studied limit endomorphisms of C*-algebras gene-
rated by isometric representations for semigroups of rational numbers. We formulate criteria
for limit endomorphisms to be automorphisms in number-theoretic, algebraic, and functional
terms. The necessity of such a criterion has been given from the category-theoretic viewpoint.

Keywords: automorphism of C*-algebras, chaotic, inductive sequence of Toeplitz algebras
associated with sequence of prime numbers, inverse limit and sequence, finite-sheeted covering
mapping, semigroup C™-algebra, solenoid, *-homomorphism, Toeplitz algebra, topologically
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Introduction

Throughout the paper, P = (p1,p2,...) is an arbitrary sequence of prime numbers.
The P -adic solenoid Y p is the inverse limit of the inverse sequence

st f1 st f2 st f3

)

where S! is the unit circle in C, and f,,(2) = 2P, 2 € S', n € N. Thus, ¥p is a sub-

space consisting of threads in the Cartesian product [] S' endowed with the Tichonoff
neN
topology:

Yp= }iLn{Sl,fn} ={(z1,29,...): 2 € Sl,zzj_l = zp,n € N}

If P is the constant sequence (2,2,...), then the solenoid ¥ p is said to be dyadic.

P-adic solenoids are commutative topological groups. Two sequences of prime num-
bers P and @ are said to be equivalent if a finite number of terms can be deleted
from each sequence, so that every prime number occurs the same number of times
in the deleted sequences. It is known that the topological groups ¥p and g are
isomorphic if and only if the sequences P and () are equivalent.

P-adic solenoids were introduced by L. Vietoris in 1927 [1] and D. van Dantzig
and B. van der Waerden in 1928 [2]| (see also [3]). These objects have been studied for
a long time ( see the references below and the literature therein). Solenoids have been
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the focus of attention in various branches of mathematics and physics. In particular,
they provide topological models for the Smale attractors.

As is well known, properties of objects and morphisms in the algebraic and topo-
logical categories have appropriate analogs for objects and morphisms in the categories
of Banach algebras. P-adic solenoids are closely related to semigroup C*-algebras.

The motivation for this work comes from the sources of two kinds. On the one hand,
these are results on covering mappings onto topological groups. On the other hand, these
are papers on semigroup C*-algebras. The corresponding references will be given in
the text. Here, we mention only Pontryagin’s theorem [4, theorem 79] on the existence of
a group structure on a covering space of a connected locally path connected topological
group making a given covering mapping into a morphism of topological groups.

Pontryagin’s theorem. Let f: X — G be a covering mapping from a path con-
nected space X onto a connected locally path connected topological group G with iden-
tity e. Then, for any point € € f~1(e), there exists a unique structure of the topological
group on X, such that € is the identity and f : X — G is a morphism of topological
groups. Furthermore, if G is abelian, then f is a morphism of abelian groups.

Pontryagin’s theorem is one of starting points of our research.

This paper is concerned with finite-sheeted covering mappings onto the P-adic
solenoids, as well as endomorphisms of semigroup C*-algebras for semigroups of ra-
tional numbers. We treat C*-algebras as the inductive limits of inductive sequences of
Toeplitz algebras associated with sequences of prime numbers. It is worth noting that
the semigroup C*-algebra is a natural object, because it is generated by the left regular
representation for an additive semigroup of non-negative rational numbers. The endo-
morphism is considered as the limit *-homomorphism induced by a morphism between
two copies of the same inductive sequence of Toeplitz algebras.

1. Preliminaries

In this section we consider finite-sheeted covering mappings from topological spaces
onto topological groups. All spaces are assumed to be Hausdorff.

Definition 1. For k € N | a surjective mapping f : X — Y between topological
spaces X and Y is called a k-sheeted (k-fold) covering mapping provided that for
each y € Y there exists an open neighborhood W C Y of y, such that the inverse
image f~!(W) can be written as the disjoint union of & open sets lying in X, each of
which is mapped homeomorphically onto W under f.If X is a connected space, then
f:X —Y issaid to be a connected covering.

Now, we recall the definition of isomorphic covering mappings.

Definition 2. A finite-covering mapping f1 : X3 — Y is said to be isomorphic ( or
equivalent) to a covering fo : Xo — Y provided that there exists a homeomorphism
p: X1 — X5 such that the following diagram commutes:

p X,
N

1
Y

X1

i.e., the equality f; = f2 o p holds.

Example 1. Each homeomorphism is an 1-sheeted covering mapping.
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Example 2. For a topological space X and k& € N, the projection onto the first
coordinate f : X x {1,2,...,k} —» X : (&,m) — x, m = 1,...,k, is a k-sheeted
covering mapping. We recall that a k-sheeted covering mapping onto X is said to be
trivial if it is equivalent to that projection.

Example 3. The k-th power mapping fr : S* — S! : 2z — 2F is a k-sheeted
covering mapping.

The P-adic solenoid is a compact connected abelian group under the coordinatewise
multiplication with the identity (1,1,...).

One of the main tools in studying covering mappings onto topological groups is
Pontryagin’s theorem formulated in Introduction. But the P-adic solenoid is not locally
connected at any point. To study the structure of finite-sheeted covering mappings
on topological groups which are not locally connected, we make use of the following
statement [5-7].

Theorem 1. Let f: X — G be a finite-sheeted covering mapping from a connected
space X onto a compact group G with identity e. Then, for any point € € f~1(e), there
exists a unique structure of the topological group on X such that € is the identity and
f: X — G is a continuous homomorphism between the compact groups. Furthermore,
if G is abelian, then f is a continuous homomorphism of the abelian groups.

It follows from this result that all finite-sheeted covering mappings onto the com-
pact connected abelian groups are defined, up to isomorphisms, by polynomials with
continuous coefficients. There are also applications of this theorem to trivial coverings
and to algebraic equations with functional coefficients [5-9]. To present here some of
those applications, we give necessary notations and definitions.

In what follows, the symbol G stands for an additive compact connected abelian
group and G denotes its additive character group, i.e., the group of continuous homo-
morphisms from G to the multiplicative group S'.

For the given k € N we consider the homomorphism of discrete groups defined by

Tk:é—>é:x»—>kzx.

Definition 3. Let k € N. We say that the group G is k-divisible provided that
the homomorphism 73 is surjective.

Note that if G is k-divisible, then the homomorphism 75 is an automorphism,
because G is a torsion-free abelian group [10, theorem 24.25].

As a corollary of theorem 1, one can obtain the following criterion for triviality of
covering mappings onto compact abelian groups.

Theorem 2. Let k > 2 be an integer. Then all k-sheeted covering mappings onto

a compact connected abelian group G are trivial if and only if the character group G is
k! -divisible.

It is worth noting that the necessary and sufficient conditions for G tobe k-divisible
are given in [11]. In particular, it was shown there that the character group G is k-
divisible if and only if the group G admits a k-mean. Below we recall the definition of
a mean.

Definition 4. For an integer k£ > 2, a k-mean on G is a continuous mapping
w:GxGx---xG—=G

from the Cartesian product of k copies of G satisfying the following conditions:
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1) w(g.9:---,9) =g
2) (91,925 - -5 Gk) = H(Gr(1)s Gr(2)s - - - > G (k)
for all elements g, g1, g2, . . ., gr € G and for every permutation 7 of the set {1,2,...,k}.

The question on the existence of means on solenoids was considered in [12, 13].
Finally, we note that various generalizations of Pontryagin’s theorem are provided
in [14-17].

2. Coverings of P-adic solenoids

In what follows, we shall consider finite-sheeted covering mappings onto P-adic
solenoids. There is a vast literature on these coverings. Note that R. Fox’s theory of
overlays was applied to the study of coverings onto the solenoids in 1972 ( see [18-20]).

Let us take k € N. We consider the morphism {h¥ : n € N} between two copies of
the same inverse sequence and the limit mapping h% induced by this morphism:

st f1 st f2 st f3 o Yp
| I |7 I
st f1 st f2 st f3 o Yp,

where hk(z) =z and z € S!. Therefore, we get h%(g) = g*, where g € Zp.

Various properties of the mappings h% : ¥p — Up are considered in [21, 22, 24].
It is worth noting that the paper [23] is devoted to so-called generalized solenoids.

It is known that every mapping h’,g : ¥p — Yp is a finite-sheeted covering (see, for
example, [21, lemma 1], [22, proposition 8], [24, proposition 1]). More precisely, we have
the following assertions concerning those mappings ( [24, proposition 3, theorem 1 and
theorem 2]).

Theorem 3. Let P be a sequence of prime numbers and let k > 2 be an integer.
Then, the limit mapping h% : ¥ p — Xp is a homeomorphism if and only if every prime
divisor of k is equal to infinitely many terms of the sequence P.

Theorem 4. Let P be a sequence of prime numbers and let k > 2 be an integer.
Then, the mapping h’f) is a k-sheeted connected covering of the P -adic solenoid Xp if
and only if every prime divisor of k is equal to a finite number of terms in the sequ-
ence P.

It is interesting to note that theorem 3 and theorem 4 are applied to the crossed
product C*-algebras in [25].

Theorem 5. Let f: X — Xp be a k-fold connected covering of the P -adic solenoid
YXp. Then, f is is isomorphic to h’},.

Proof. We shall give a proof of the theorem by making use of the results in [5-7]
(see also [24, remark 2]). The approximation construction given there yields the following
commutative diagram:

Cn

(Xnaen) - (Xn+1’€n+1)
4 \"”k HV 4
1 fn 1

¢"Z (Svl) - (Svl) :¢"+1
L P

(sh,1) = (st 1)
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Here, firstly, the family {( X,,es),(,} is an inverse sequence consisting of connected

locally path, connected pointed spaces, and continuous mappings of pointed spaces.
Secondly, for every n € N, there exists a continuous surjection 7, : X — X,,, such that
Tn = (0 Cnt10...0Cm 0Ty whenever n < m. Thirdly, the sequence {7, : (X,,e,) —
(S, 1)} is a morphism between inverse sequences {( Xy,,e,),(,} and {(S', 1), f.}.
Fourthly, every n,, is a k-sheeted covering mapping of pointed spaces.

Let the morphism {7, : (X,,e,) — (S', 1)} induce the limit mapping

lln{nn} : m{(Xnaen)vgn} — Xp.

Applying the universal property of the inverse limit im{( Xy, e,),¢,} to the se-
quence {7,}, we get the continuous mapping ¢ : X — @1{( Xn,en),Cn}. It is straight-
forward to check that p is a homeomorphism. Moreover, it establishes an isomorphism
between f and lim{n,} (see [6, p. 10]).

It follows from the well-known lifting lemmas in the classical theory of covering
mappings that every mapping h* can be lifted with respect to the covering mapping
Mt (Xn,en) — (St,1) to a homeomorphism of pointed spaces

On - (Sl, 1) — (Xn,en).
The commutativity of the above diagram yields the following equalities:

Tn © ¢n o fn = hﬁ o .fn = fn o h'l,cH_l = fn O Mn+41 © ¢n+1 =1Tn © gn o ¢n+1-

By the uniqueness of liftings, we see that the equality ¢, o f,, = {, o ¢p41 holds for
each n € N. Therefore, the sequence of homeomorphisms {¢,} is a morphism between
the inverse sequences {(S!,1), f,} and {( X,,en), (. }. Consequently, we can consider
the limit mapping, which is a homeomorphism:

@1{%} (Xp— liLn{(Xnaevz)7<n}-

In addition, we have the equality: lim{n,} o lim{¢,} = Y. Thus, we conclude that

the mappings lln{nn} and h¥  and, hence, f and h¥ are isomorphic, as required. [

Further, we discuss dynamical properties of the finite-sheeted covering mappings
onto the P-adic solenoids (see also [21, 22, 24, 26]).

Definition 5. For n € N, the composite h¥ o h% o... 0 hk (n times) is called
the n-th iteration of h% and is denoted by (h%)™ ( (R%)! = hK). A point x € Xp is
said to be periodic if there exists n € N, such that (h%)"(z) = =.

Definition 6. The covering mapping h% : Xp — Yp is said to be topologically
transitive provided that for each pair of open sets U,V C ¥ p there exists n € N, such
that (RE)"(U) NV # 0.

Definition 7. A covering mapping h% : £p — Xp is said to be chaotic if it is
topologically transitive and the set of its periodic points is dense in Xp.

The following theorem for an arbitrary P-adic solenoid is an analog of proposition 8
in [21] for the dyadic solenoid. Their proofs are similar.

Theorem 6. A covering mapping h% : ¥p — Sp is topologically transitive for
every integer k > 2.

It is worth noting that we make use of the Euler—Fermat theorem in the proof of
the following statement (see [24, proposition 6]).
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Theorem 7. Let P be a sequence of prime numbers and let k be an integer greater
than 1. Then the covering mapping h% is chaotic if and only if there exists a prime
number q satisfying the following conditions:

1) q is not a divisor of the integer k;

2) 9N €N, such that ¢ # p, for allm > N.

Now, we recall the classical result, which is usually referred as the Euler—Fermat
theorem. Note that Fermat’s little theorem is its special case.

The Euler—Fermat theorem. Let a be a natural number coprime to m € N. Then
a?™ =1 (mod m).

Here, ¢(m) is a value of the Euler function at m. That is, ¢(1) =1 and, for m > 1,
the number ¢(m) is defined as follows:

-1 -1 -
p(m)=g¢' a7 g o = D2 = 1) (g — 1),
where m = qll1 ql22 ...ql is the canonical factorization of m, so that, q1,qa,...,qn > 2
are distinct prime numbers and [q,[5,...,[, € N.

For the dynamics of generalized solenoids, we refer the reader to [23, § 6,9].

Finally, we note that there exists a connected covering space of the solenoid, which
does not admit a topological group structure, such that a covering mapping becomes
a morphism of topological groups. Of course, such a covering mapping is infinite-
sheeted [27].

3. Limit endomorphisms of semigroup C*-algebras

Together with the sequence P = (pi1,p2,...) we consider the dual group of
the P-adic solenoid, i.e., the additive group of rational numbers:

i;5@133:{

- mEZ,nGN}.
DP1P2 - Pn

Let T' denote either the group Z or Qp. Let 't = T'N[0;+00) be a positive cone
in the ordered group I'. As usual, we denote by [2(I'") the Hilbert space of all square
summable complex-valued functions on the additive semigroup I't. Let {e,|a € T}
be the canonical orthonormal basis in (?(I'") given by e,(b) = 0a,p, Where ., =1 if
a=>5b and 0 if a # b.

Let B(I*(T'")) be the C*-algebra of all bounded linear operators on the Hilbert
space [2(I'F). For every a € I'", we define the isometry V, € B(I>(I'")) by setting

Vaeb = €a+b;

where b € I'". The sub-C*-algebra of B(I1*(I'")) generated by the set {V,|a € T} is
called the reduced semigroup C* -algebra of T, or the Toeplitz algebra generated by T'T .
It is denoted by Cj(I'"). In the case I' = Z, we denote it by 7 and use the symbols
T and T™ instead of V; and V,,, respectively, where n € Z™.

L.A. Coburn studied the Toeplitz algebra for the additive semigroup of non-negative
integers [28]. R.G. Douglas [29] considered the case of subsemigroups in the additive
group of all real numbers. G.J. Murphy [30] explored the general case of ordered groups.
In the last decade, semigroup C*-algebras have also attracted a considerable attention
from researchers (see, for example, [31-34] and references therein).
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Definition 8. An isometric homomorphism(or representation) from T'" into a uni-
tal C'*-algebra B is a mapping given by

p: Tt - B:a—W,
such that the equalities W*W, =1 and W4, = W, W, are valid for all a, b € T'".
Clearly, the mapping defined by the formula
7: T = CTT) a1V,

is an isometric homomorphism. Furthermore, it is the universal one. Explicitly, this
means that 7 satisfies the following universal property (see [30, theorems 1.3,1.9]).

Theorem 8. Let p: 't — B be an isometric homomorphism. Then, there exists
a unique *-homomorphism p* : C*(I'") — B, such that the diagram

p

crrh) B

N7

F+

is commutative, i.e., p*om = p. Moreover, if p(a) is non-unitary for every a > 0, then
the x-homomorphism p* is injective.

We note that one can find self-contained proofs of some results from [30] in [35,
corollaries 2.5, 2.6].

In the literature on the subject, the universal property of the isometric homomor-
phism for 't = Z% is also known as the Coburn theorem, which is formulated in
the following form (see, e.g., [36, theorem 3.5.18]).

Theorem 9. Let V be an isometry in the unital C* -algebra B. Then, there exists
a unique unital *-homomorphism ¢ : T — B, such that o(T) = V. Moreover, if
VV* £1, then ¢ is isometric.

In the sequel, for the x-homomorphism ¢ defined in the Coburn theorem, we shall
write shortly ¢ : 7 — B : T +— V.

As an immediate consequence of the Coburn theorem, one has that for each positive
integer n there exists a unique unital *-homomorphism of C*-algebras

p: T —T:T—T"

Furthermore, the *-homomorphism ¢ is isometric. Using such *-homomorphisms, we
define inductive sequences of the Toeplitz algebras.

Definition 9. For an arbitrary sequence of prime numbers P = {py,ps,...} and
the sequence of isometric *-homomorphisms {¢, : 7 — 7T : T > TP»}>2, , the in-
ductive sequence

T P1 T P2 T ¥3

is called the inductive sequence of Toeplitz algebras associated with the sequence P.

Theorem 10. Let P = {pi1,ps,...} be a sequence of prime numbers and let
{T, 03125 be the inductive sequence of Toeplitz algebras associated with P. Then,

there exists an isomorphism of C* -algebras between the inductive limit of the given
sequence of algebras and the Toeplitz algebra generated by the semigroup Q; :

im{7, o} = CF(Qp)-
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This result can be considered as a partial case of theorem 1.6 from [30] about the con-
tinuity of the functor sending groups to Toeplitz algebras. The point is that the group
Qp is the inductive limit of the inductive sequence of groups:

7 -7 =7 5, .

where the connecting homomorphisms are given by 7,(m) = p,m, m € Z. One can
check this well-known fact by making use of definitions.

For k € N, we consider the limit endomorphism ¢ : C(Q}) — C;(Q}) defined
by the morphism {p* : n € N} between two copies of the same inductive sequence of
the Toeplitz algebras associated with P :

T 25T 257 2 .. CHQ})
w’fl lv’z“ lw’é lv?
T -2 7 2.7 .. CHQYP),

where the vertical morphisms are given by ¢F : 7 — 7 : T+ T*.
It can be seen that the limit endomorphism % : C*(Qf) — C(Q}) coincides with
the *x-homomorphism defined by the universal property of isometric homomorphisms:

=%

C;(QF) C*(Q})

~
Qf

Here, the x-homomorphism py, is given by the formula
Ok QJIS — C:(Q;S) a— Vig-
We have the following criterion for (% to be an automorphism of C*-algebras.

Theorem 11. Let P be a sequence of prime numbers and let k > 2 be an integer.
Then, the limit endomorphism ¢% : C:(Q}) — Cr(QF) is an automorphism if and
only if each prime divisor of k is equal to infinitely many terms of the sequence P.

For the complete proof of this theorem, we refer the reader to [37]. As noted in [37,
remark 3.10], the proof of the “only if” part of theorem 11 can be established by a way
different from that given in [37, section 3|. Below, we sketch out the way of the proof.

Proof. Let us assume that we are given a limit automorphism of C*-algebras:
o+ C1(@}) — CI(@h).
Using results in [29, 30], we can consider the following commutative diagram:
ci@p) —- @)
i Js
@, @)

c@p) —*— C(@Qp)
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Here, firstly, K is the commutator ideal of C;(Q}), i.e., the closed ideal generated by
all elements of the form ab — ba, where a,b € C}(QF}). It is clear that if £ : A — B is
a *-homomorphism of C*-algebras, then {(K(A)) C {(K(B)), with the equality if &
is surjective, where K(A) and K(B) are the commutator ideals of C*-algebras A and
B, respectively. Secondly, 9 is the quotient x-homomorphism, and ¢, as well as ¢ are
the isomorphisms of C*-algebras. Thirdly, Qp is the compact dual group of the discrete
group Qp and C(Qp) is the commutative C*-algebra of all complex-valued continuous
functions on @ P
Further, let us consider the spectrum functor (see, e.g., [38, Ch.IV, §1]):

UCBA — CT op,

i.e., the contravariant functor from the category of unital commutative Banach algebras
and their continuous unital homomorphisms to the category of compact topological
spaces and their continuous mappings. It sends the algebra C(Qp) to its spectrum,
i.e., the space of multiplicative functionals, or, equivalently, to the space of maximal
ideals, which is homeomorphic to the compact space Qp. By the Pontryagin duality,
the compact group Qp is topologically isomorphic to the P-adic solenoid Xp.

One can see that the isomorphism ¢ really induces the k-th power mapping

hlfg:Zp—>Zp,

which is the isomorphism of topological groups.
By theorem 3, we conclude that each prime divisor of the number %k occurs infinitely
many times in the sequence P. This completes the proof. U

Using number-theoretic arguments, one can easily prove that, for a natural number
k > 2, every prime divisor of k is equal to infinitely many terms in the sequence P if
and only if the group of rational numbers Qp is k-divisible. Combining this observation
and the result from [11] on the existence of means (see section 2) with theorem 11, we
obtain the following assertion.

Theorem 12. Let P be a sequence of prime numbers and let k > 2 be an integer.
The following conditions are equivalent:

1) the limit *-homomorphism % : CX(QL) — C(QF) is an automorphism of
C* -algebras;

2) the group of rational numbers Qp is k-divisible;

3) the P-adic solenoid Xp admits a k-mean.

Finally, we consider several examples. Let k > 2 be an integer.

Example 4. Let P = (2,3,5,7,...) be the sequence of all prime numbers. Then,
the k-th power mapping k%, : ¥p — p is a chaotic k-fold covering mapping. The limit
endomorphism % : C*(Qf) — C(Q}) is not an automorphism of C*-algebras.

Example 5. We take a periodic sequence P = (2,3,2,3,2,3,...). Then, the k-th
power mapping h¥, : ¥p — ¥p is a k-fold covering mapping if and only if neither 2 nor
3 is a divisor of k. Every mapping k%, is chaotic. An endomorphism %, : C (QJIQ) —
Ccr (Q;) is an automorphism if and only if there exist non-negative integers m and n,
such that k =2™m3".

Example 6. We consider the sequence P = (2,2,3,2,3,5,2,3,5,7,...). We have
the equality Qp = Q, where Q is the group of all rational numbers. Then, the k-th
power mapping A% : ¥p — ¥p is a homeomorphism, which is not chaotic. The limit
endomorphism % : C*(Qf) — C7(Q}) is an automorphism.
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HakpbiTusi coieHOnZI0B U aBTOMOP(MU3MbI NOJyrpynnoBbix C*-ajrebp
P.H. I'ymepos

Kasancxuti (ITpusoaotcekuti) dedepanvrnti yrusepcumem, 2. Kasanwv, 420008, Poccus

Awunorarus

B craTbe paccmaTpuBaroTCs KOHEIHOIMCTHBIE HAKPBIBAIOIINE OTOOpaykeHusi P - aIimrdecKmx
COJIEHOWJIOB M IIPeJIEbHBbIE SHIOMOPGMU3MBI TOIyTrpynnoBbix C™ -anrebp. Iens Hamrero usio-
JKEHUS IBOsIKA. BO-TIepBBIX, 9TO MpEICTAaBIEHNE PE3Y/IBTATOB, KACAIOIINXCS TaKUX OTOOparke-
HUN 1 SHAOMOP}U3MOB. BO-BTOPBIX, MbI JIEMOHCTPUDPYEM JOKA3ATEIHLCTBA HEKOTOPBIX M3 HUX.
TTokasbiBaeTcst, YTO KaKJ0€ HAKpbIBaloOllee OTOOpayKeHHe COJIEHOMa N30MOpPgHO oTobparke-
HUIO BO3BEJEHUsI B CTeleHb. MbI 06CyK/IaeM JUHAMUYIECKHE CBOMCTBA HAKPBIBAIOIINX OTOO-
paxennii. OrobpakeHre BO3BEIEHUsI B CTENEHD JJjid P- aJudecKoro COJIEHOU A sIBJIA€TCS TO-
[TOJIO'MYECKU TPAH3UTUBHBIM. JlaeTcss Kpurepnii XaOTMYHOCTH HAKPBIBAIOIIETO OTOOPAXKEHHUSI.
Kaccuuaeckast reopema @Pepma-Ditstepa MOKeT ObITH HCIIOIH30BaHA JJIsI €r0 JOKA3aTEILCTBA.
Jlajiee MBI paccMaTpuBaeM Ipejiesibable 3HI0MOpdu3Mbl C™ -ajirebp, MOPOXKIEHHBIX U30METPHU-
YECKVMH IIPEJICTABICHUSIMY IOJIyTIPYII PAllMOHAIBHBIX Yrcesl. B TeopeTnKo-4uciIoBbIX, ajareb-
pamvyeckux u PYHKIIMOHAIBHBIX TEPMHUHAX HAMU (DOPMYJIUPYIOTCST KPUTEPUH TOTO, UYTO Ipe-
JieJibHbIE dHIOMOPGU3MbI OyayT aBroMopdusmamu. C TEOPETHKO-KATETOPHOW TOYKHU 3PEHUS
JlaeTcsl JOKA3aTebCTBO HEOOXOAMMOCTH YCIOBUSI B TAKOM KPHUTEPHH.

KioueBsblie ciioBa: asromopdusm C™ -anrebp, anarebpa Temmuna, *-romoMopdusm, WH-
JYKTHBHAsI [TOCJIEI0BATEIBHOCTD aiarebp Temuna, acconmupoBaHHasi C IOCJIEI0BATEILHOCTHIO
MIPOCTBIX YUCEJT, KOHETHOJIMCTHOE HAKPBIBAOIIEe 0TOOparKeHre, OOpaTHbIE W WHIYKTUBHBIE 10~
CJIeIOBATEIHHOCT U TIPeJIesl, oayTpytmnosast C* -anrebpa, TOJIOTMYECKN TPAH3UTUBHOE, Xao-
THUYECKOE.
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