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Ternary semigroups of topological transformations

A ternary semigroup is a nonempty set with a ternary operation which is associative. The purpose of the
present paper is to give a characterization of open sets of finite-dimensional Euclidean spaces by ternary
semigroups of pairs of homeomorphic transformations and extend to ternary semigroups certain results of
L.M. Gluskin concerned with semigroups of homeomorphic transformations of finite-dimensional Euclidean
spaces.
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Introduction

Lehmer [1] investigated certain triple systems called triplexes, Santiago and Sri Bala [2] developed regular
and completely regular ternary semigroups. Dutta, Kar and Maity studied intra-regular ternary semigroups [3].
Wagner studied generalized heaps and generalized groups [4]. Gluskin showed that semigroups of topological
transformations of bounded closed sets on Euclidean n-spaces define those sets exactly up to homeomorphism [5].
Mustafaev studied semiheaps of homeomorphic maps of open and closed sets of Euclidean n-spaces [6]. In this
paper we study some properties of ternary semigroups of topological maps between open sets of Euclidean
n-spaces.

A ternary semigroup is a nonempty set T’ together with a ternary operation [abc] satisfying the associative
law [[abc]de] = [a]bed]e] = [ab|cde]] for every a,b,c,d,e € T. Any semigroup can be made into a ternary
semigroup by defining the ternary product to be [abc] = abc. A nonempty subset L of a ternary semigroup
T is called a left (right, lateral) ideal of T, if [TTL] C L ([LTT]C L,[TLT] C L). A nonempty subset A
of a ternary semigroup 7T is called a two sided ideal of T if it is a left and right ideal of T. A nonempty
subset A of a ternary semigroup 7T is called an ideal of T if it is a left, right and lateral ideal of T'. If the
intersection K of all the ideals of a ternary semigroup 7' is not empty, we shall call K the kernel of T. A
ternary semigroup is called (left, right) simple if it does not contain any proper (left, right) ideals [7]. A ternary
semigroup is simple if it does not have nontrivial homomorphisms, that is, if each of its homomorphisms is
either an isomorphism or a mapping onto a ternary semigroup consisting of one element. A zero "0"of a ternary
semigroup T is an element such that for all a,b € T, [0ab] = [a0b] = [ab0] = 0. An equivalence relation p on
a ternary semigroup 7' is said to be a left congruence if (a,b) € p = ([sta], [st]) € p for all a,b,s,t € T.
Similarly, p is a right congruence if (a,b) € p = ([ast], [bst]) € p for all a,b,s,t € T and a lateral congruence
if (a,b) € p = ([sat],[sbt]) € p for all a,b,s,t € T. An equivalence relation p on a ternary semigroup 7T is
said to be a congruence if (a,a’) € p, (b,V') € p, (¢, ) € p = ([abc], [a'b'c]) € p for all a,a’, b,V , ¢,/ € T. An
equivalence relation p on a ternary semigroup 7 is a congruence if and only if it is a left, a right and a lateral
congruence on T [8].

Let X and Y be two nonempty sets and let F(X,Y) be the set of all pairs of functions (v,7n), where
v: X —>Yandn:Y — X. The set F(X,Y) is a ternary semigroup with respect to the ternary operation

[(y1,m1) (72, m2) (735 m3)] = (V1m2y3, MY2m3) 5

where (y17m273) 2 = 71 (02 (73 (2))) and (m172m3) y = m (72 (03 (9)))-

Let S be a ternary semigroup and a be any element of S. The set SSa U a is a left ideal of S and is called
the principal left ideal of S generated by a. Consider the following symmetric and reflexive relation on the set
S defined by

o xoy <> x, y € SSala, (z,y €8).
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o denotes the transitive closure of o;. Each class L, of &7 is the union of some principal left ideals of S and
therefore is a left ideal of S. The partition
S =UL, (1)

of the ternary semigroup .S into classes of o7 is the representation of S as the union of the pairwise disjoint left
ideals. We say that (1) is the most fractional partition of S into pairwise disjoint left ideals.

Characterization of open sets of Fuclidean n-spaces by ternary semigroups

Let €1 and Q2 be two open sets of a finite-dimensional Euclidean space. H; (£;,);) denotes the set of all
homeomorphic maps from ©; to ;, where i, j = 1,2, (i # j). Let K; (Q;, ;) denote the set of all a € H; (Q;, ;)
for which there is an n-sized element E, C ; (a set homeomorphic to some closed n-ball) and a closed set F,, C
Qj such that aQ); C F, C IntE,, where 1, = 1,2 (’L 7é ]) Let OH = OH (Ql,QQ) = H; (Ql,Qg) X Hy (Qg,Ql)
be the set of all pairs of homeomorphic maps (a,b), where a € Hy (21,Q2), b € Hs (Q22,€Q1). The set OH is a
ternary semigroup with respect to the ternary operation

[(al, bl) (QQ, bg) (a3, bg)] = (albgag, blagbg) .

Clearly, the set K = K (Q4,Qs) = K7 (21,Q2) X K3 (Q2,1) is a ternary subsemigroup and even an ideal of the
ternary semigroup OH.

Theorem 1. Let R and R’ be finite-dimensional Euclidean spaces. Let €; and 5 be open sets of a
finite-dimensional Euclidean space R and Q) and ) be open sets of a finite-dimensional Euclidean space
R’. The ternary semigroups K (21,9) and K (], Q%) are isomorphic if and only if the spaces ©; and €} are
homeomorphic (i = 1, 2).

Proof. Let Q1 and €25 be open subsets of a finite-dimensional Euclidean space R and let Q] and ) be open
subsets of a finite-dimensional Euclidean space R’. Suppose that £ : Q; — Q) is a homeomorphism of Q; onto
Q) and & : Q9 — Q5 is a homeomorphism of Q5 onto €. Then, the mapping ¢, ¢, : K (1,Q2) = K (Q7,95)
defined by

Pé1 62 (avb) = <§2a§;1>§1b€51)
is an isomorphism from K (Q1,s) onto K (27, Q5). The proof of the necessary condition follows from Lemmas
1-5.

Throughout this paper the symbol ¢ denotes an isomorphism ¢ : K (1, Q) — K (Q}, Q%) unless otherwise
stated.

Lemma 1. Let (a1,b1), (az,b2) € K (Q1,2) such that

(az,b2) (21,92) C (a1,b1) (21,9Q2) .

Then,

14 (G'Qv bQ) (Qllv QIQ) Co (alv bl) (Qlla QI2)
Proof. Let (a1, a2), (b1,b2) be any two elements in K (21, 22) such that
(az,b2) (21,92) C (a1,b1) (,€22).

If
[ (a1,b1) (27, 41) @ (a1, b1)] = [p (a1, b1) (23, 9) @ (a1, b1)] (2)

is valid for some (x],y1), (x5, y5) € K (2],9Q5%), then there exist elements (z1,y1), (22,y2) € K (1,2) such
that ¢ (z1,11) = (2], y1) and @ (z2,y2) = (4, y5). Therefore

[p (a1,b1) ¢ (z1,91) ¢ (a1,b1)] = [p (a1,b1) ¢ (T2, y2) ¢ (a1, b1)] .

From this it follows
¢ [(a1,b1) (z1,91) (a1,b1)] = ¢ [(a1,b1) (x2,y2) (a1,b1)]

and since ¢ is an isomorphism of K (21,5) onto K (£, %) we have

[(a1,b1) (z1,91) (a1, b1)] = [(a1,b1) (z2,92) (a1, b1)] .
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Then,
[(az2,b2) (z1,91) (a2, b2)] = [(a2, b2) (x2,y2) (a2, b2)]
[p (a2, b2) ¢ (21,91) ¢ (a2, b2)] = [¢ (a2, b2) ¢ (72, y2) ¢ (az, b2)]

[ (a2, b2) (27, 41) @ (a2, b2)] = [p (az, b2) (x3,Ys) ¢ (a2, b2)] -

Since the last equality is valid for every (z},v}), (25, y5) € K (], %) satisfying (2), we have
¥ (a27 b2) (Q/lv Q/Z) Ce (al’ bl) (Q/lv 9/2)

The following two lemmas are immediate consequences of Lemma 1.

Lemma 2. Let (a1,b1), (az,b2) € K (Q1,Q). If

(al,bl) (91792) n (a27b2) (Qth) 75 ,

then

@ (a1,b1) (21, Q) N @ (az,b2) (§21,05) # 2.
Lemma 8. Let (a1,b1), (az,b2), (as,b3) € K (21,03). The equation
[(a2,b2) (a1,b1) (z2, y2)] = (as, bs)
has a solution for (x2,y2) € K (21,£2) if and only if there exist n-sized elements 77 and T» such that
Ty C boa1Qq, Ty C ash1Qs, a3, C IntTs, b3y C IntTy.

Let (o, 8) € Q1 x Qy. We say that an infinite sequence {(a;, b;)};—, of elements (a;,b;) € K (£1,€2) has a
limit (e, 3), if the following conditions are satisfied:

a) (N2y0ifd2,NZ5a:(h) = (o, B)

b) for every i there exists an element (x;11,y;+1) such that

[(@ig1,bi1) (@i, bs) (i1, Yir1)] = (@iy2, biga) .
A sequence {(a;,b;)};o, of elements (a;,b;) € K (1,Q2) converging to the point (a, 3) € Q1 x Q3 can be built,
for example, as follows. Suppose that F; C 2; is a closed n-ball centered at o and 17 C €25 is a closed n-ball
centered at . There exists (a1,b1) € K (£21,82) such that
a € b1y C ImﬁEl, 6 € a1 C IntT;.

Suppose now that Es is a closed n-ball in 125 and centered at a and T is a closed n-ball in a1£2; and centered
at . Then, there exists an element (ag,bs) € K (21, Q2) such that

a € byl C IntEs, ﬁ € asf)y C IntTs.

Let a; = (bgal)*1 () and 1 = (agbl)fl (8). Let A; C Q5 be a closed n-ball centered at oy and By C Qs be a
closed n-ball centered at ;. Clearly,

o€ b2a1A1 n EQ,/B € asb1 By NTs.

Let E3 C Int (baa; A1 N E3) be a closed n-ball centered at «, and let T5 C Int (agb; By NT») be a closed n-ball
centered at . Then, there exists an element (as, bs) € K (€21, s) such that

a € b3Q2, ﬁ S ang

and
b3y C IntFEs, a3 C IntTs.

By Lemma 3, the point zo = (agbl)_1 as,Ys = (bgal)_l b3 is the solution of the equation

[(a2,b2) (a1,b1) (x2,y2)] = (a3, b3).

86 Bulletin of the Karaganda University



Ternary semigroups of topological ...

Assume now that the first n terms of the sequence are already found. Denote ay—1 = (bnan_1) " (@) and
Bn_1 = (anbn_l)_l (8). Suppose that A,,_1 C £ is a closed n-ball centered at a,,—1 and B,—; C €9 is a closed
n-ball centered at 3,,_1. Clearly,

a e bnanflAnfl N EnHB € anbnlenfl N Tn

Let E, 41 C Int (bpan—1A4,—1 N Ey,) be a closed n-ball centered at «, and let T}, 1 C Int (apby—1Bn—1 NT,) be
a closed n-ball centered at 3. Then, there exists an element (a,41,bn+1) € K (Q21,$2) such that

a € bpy18da, B € any1fl

and
b1 C IntE, 11, a,4180 C IntTh 1.

By Lemma 3, the point z,, = (anbn,l)f1 Gpa1sYn = (bnan,l)f1 bny1 is the solution of the equation

[(a’rla bn) (an—h bn—l) (xna yn)] = (a7l+17 b7l+1) .

This sequence satisfies condition (b) and condition (a), if the sequences of radii of F,, and T;, converge to zero.

Lemma 4. If the ternary semigroups K (Q1,Q2) and K (Q}, Q%) are isomorphic, then there exist a bijective
map f from Oy X Qs onto ) x QY and bijective maps &; from €2, onto €2 (i = 1,2) such that f («a, 8) = ({1, &20)
for every (o, B) € Q1 x Qo.

Proof. Let (v, B) be any point in Q1 x Qs and let {(a;,b;)};—, be a sequence of elements (a;, b;) € B (4, 2)
converging to the point («,8). Denote ¢ (a;,b;) by (aj,b;). The sequence {(aj,b;)};=, converges to the point
(o, 8"). Define a map f: (21,9Q2) = (Q7,95) by f (o, 8) = (¢, ). The point (¢, 5") does not depend on the
choice of the sequence {(a;,b;)};=, of elements (a;,b;) € B (Q4,€s) converging to the point («, 3). The map f is
one-to-one and there are one-to-one maps &; from §; onto Q; for (i = 1,2) such that V (a, 8) € Q1 xQa, f (o, B) =
= (flav f?ﬁ)

Lemma 5. 1) The following implication holds

(a, B) € (a,0) (1,92) = [ (e, B) = (10, 628) € ¢ (a,b) (27, )

for any (a, 8) € Q1 x Q4 and (a,b) € K (21,02).
2) The map f is a homeomorphism from ; x 5 onto Q) x Q) and therefore the map &; is a homeomorphism

from €; onto €2} for i = 1,2.

Theorem 2. The ternary semigroup K (21,{2) is a minimal ideal (the kernel) of the ternary semigroup
OH (Q1,95).

Theorem 3. Let €1 and 3 be open subsets of a finite-dimensional Euclidean space R and Q) and € be
open subsets of a finite-dimensional Euclidean space R’. The ternary semigroups OH (1, 2) and OH (9}, Q%)
are isomorphic if and only if the spaces €; and €} are homeomorphic (i = 1, 2).

Properties of the ternary semigroup of topological maps

Let G be a group and let A = G U {0} be a zero adjoint semigroup. Let I, A be non-empty sets and let P
be a A x I matrix over A such that every row and every column of P contain at least one non-zero entry. The
set § = A x I x A with ternary multiplication

[(a;3,A) (b; 4, 1) (c; b, v)] = (apajbpukcs i, v)

is a ternary semigroup with zero 0 = (0,4, A). Let (4,7, \) denote a subset of S consisting of all triples (a, %, \),
where a € A and i, \ are fixed elements, then

S= U (AiN).
i€l NEA

From the definition of the ternary operation it follows that S is the union of its nonzero minimal right ideals
R; and S is the union of its nonzero minimal left ideals Ly, where

Ri = AgA (A, 7, )\) y L)\ = ig[ (A7 Z, A) .
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The ternary semigroup S does not contain any proper two sided ideals, in particular, S does not contain any
proper ideals. We denote S by M°(G, I, A, P).

Let R and R’ be finite-dimensional Euclidean spaces, 1 and 5 be open subsets of a finite-dimensional
Euclidean space R and let Q] and QY be open subsets of a finite-dimensional Euclidean space R’. Suppose that
&1 : Q1 — Qf is a homeomorphism of 1 onto ) and &3 : Q5 — Q is a homeomorphism of Qs onto 5. Then,
the mapping ¢¢, ¢, : K (Q1,Q2) = K (97, 5) defined by

e, e (a,b) = (baal ', 6106, )

is a homeomorphism from K (21, 2) onto K (], Q5).

Introduce the following symmetric and reflexive relation o, in the ternary semigroup OH (1,2) : (a1,b1),
(az,b2) € o, if and only if (a1,b1) = (az,b2) or (a1,b1), (a2,b2) € R,y for some (a,b) € OH (21,Qs), where
Rqp) is a right ideal of OH (£21,€2) generated by (a,b). Since the relation o, is stable, its transitive closure @,
is a congruence on OH (Q1, ). Each equivalence class R, of &, either consists of one element of OH (21, Q5)
not contained in K (q,€s) or is a right ideal of OH (€21, 22). Then,

K (Q1,89) = o}éJIRa

is the most fractional partition of K (4, €2) into pairwise disjoint union of the distinct right ideals of OH (4, 2a).
Let A; be some component of the set €21, B, be some component of the set {25 and R;, be a subset of the
ternary semigroup K (€1, 2s) consisting of (a,b) such that a2y C B,,,0Qs C A;. If (a,b) is any element of R;,
and (z1,y1) , (z2,y2) are the elements of the ternary semigroup OH (€1, 2), then from afdy C B, 00 C A; it
follows that
ayll‘ng C BN’ bl‘lngQ C A;.

Thus, (ay1z2,bx1y2) € Ry, and R, is a right ideal of OH (€4, Q2). Consequently, the partition

K (8, 0) = ieI,L:eMRi“
is the presentation of K (€21, 22) as the pairwise disjoint union of the distinct right ideals of OH (€21, Q3).
Lemma 6. If E; is any closed ball contained in €2;, and «;,3; are any points in IntF;, then there is
(b1,b2) € K (21,Q2) such that
g, B € ijj, ijj C IntE;,

where 4,5 = 1,2 (¢ # 7).
Proof. Let (a1,a2) be an arbitrary element in K (£21,s), C; be a closed ball in a;€Q; and A;, B;, D; be any
closed balls such that
Q, C IntE;, B; C IntD;, D, C IntE;, Oéi,ﬁi € IntB;.

Futher, let f; be the homeomorphisms of 4; onto D; such that f; (C;) = B;. Then (b1, b2) = (faa1, f1az) is the
requiered element of K (21, Q2).

Lemma 7. The partition
K (Q21,9) =

U R;
iclpeM
is the most fractional partition of K (£21,22) into pairwise disjoint right ideals of OH (21, s).
Proof. Tt is sufficient to show that for any ¢ € I, u € M the condition
(ao, bo) s (a, b) S Riu
implies
(ao, bo) s (a7 b) € o,.

Let’s prove this for the maps by and b from €5 into A;, where A; is a component of Q1. Let £ € byQs, &' € bQs.
Since &, £’ € A;, they can be connected by a simple arc [ contained in A;. We have d (F,. (4;),1) = m > 0, where
F, (4;) is a boundary of A;. Then, it can be found finite covering of I with open balls of radius r < m centered
on [. Denote these balls by Fai (k= 1,2, ..., s), numerated in order of their centers positions on [. Choose points

gk € Fop N E2k+2, (k =1,2,....,8 — 1)
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and denote & = &, &, = €. Since Ey, C A;, there are closed balls Dyy, in Eyy, such that
Ek—1,&k € IntDgg. According to Lemma 1 there exists a homeomorphism bop from s to €y such that
bor€do C IntDoyj and

fkfl,fk € b2k927 (k =1,2,...,5 — ].) .

Denote b = bagsyo. There are closed sets Eo; 1 and Ej; ; centered at & such that Ey;1 C Ejy;; C byl N
N baita, (k=1,2,...,s). By Lemma 1, there exists a homeomorphism boj41 from s to €25 such that bg; 1109 C
IntFEs;11. Let E be a closed n-ball containing the set {27 and let E be a closed n-ball contained in ;. If fo; 41

is a homeomorphism from E onto Ej; | for which fai1 (E) = FE5;4+1, then

—1 —1
baiv1 = baioby; fair10 fyiq1b2it1,
—1 1
baiv1 = bait20by of2it1 0 fo1b2i41,

where k = 0, 1,2, ..., s. Analogously, it can be shown that the following equations hold for some homeomorphism
92i+1

-1 -1
a2i+1 = Q2i 0 0g; §2i+1 © gg;1102i+1,
-1 -1
A2i+1 = A2442 O A9;1902i+1 © gg;41A2i+1,

where j =0,1,2,...,s" and ass 42 = a. Suppose that s < s'. Thus, (a;—1,b;—1), (a;,b;) € 7, fori =1,2,...,25+2
and
(aj_l, b25+2) , (aj, b25+2) S Trfori = 1, 2, ceey 25 —+ 2

This means that (ag,bo), (a,b) € ;.

Analogously, it can be shown that

K () = ieI,LuJeMRw
is the most fractional partition of K (Q1,€)s) into pairwise disjoint right ideals.
Theorem 4. The quotient OH (21, Q) /77 is a ternary semigroup with the minimal ideal K (£21,3) /o7

Proof. Since K (1, 22) is an ideal of OH (€21, Q) the quotient K (Q4,2) /7, is an ideal of OH (4, Q2) /7.
It follows from Lemma 2 that the elements of K (21, 2) /7, are the classes R;y. Let G = {e} be the unit group,
and let P be a A x I matrix over G. Denote by T the completely simple ternary semigroup over G = {e}.
To each element R;y of K (Q1,Q2) /7, assign an element (e;i, A) of T. The map f is the isomorphism from
K (21,82) /7, onto T. Indeed,

f([RiaRjuRe]) = f (Riv) = (e54,v)

= [(e;3,A) (€34, 1) (&5 b, v)] = [f(Rix) f (Rjp) f (R )]

Theorem 5. The ternary semigroup K (£21,85) /&, is a topological invariant of the pair (Q1,s).

Proof. Let € and Q3 be open subsets of a finite-dimensional Euclidean space R™ and let Q] and ) be
open subsets of a finite-dimensional Euclidean space R™. If & : Q; — €} (i = 1,2) is a homeomorphism, then
the mapping f : K (Q1,Q2) — K (Q],Q5) defined by

Fa,b) = (b2ae7 610065 Y)

is an isomorphism from K (1, Q) onto K (€}, €%). In the case of & the component A4; C € is mapped onto
the component A}, C Qf, in the case of £, the component By C € is mapped onto the component Bj, C €.
Therefore K (£21,€2) /7, is isomorphic to K (2;,Q5) /7.
The following three theorems are immediate consequences of Lemma 7.

Theorem 6. The spaces 1 and Qs are connected if and only if the ternary semigroup K (1, 3) cannot
be represented as the pairwise disjoint union of its distinct right ideals.

Theorem 7. If the quotient K (1, 2) /7, is finite and its order is a prime number, then one of the spaces
)1 and €2, is connected.

Theorem 8. Let €y and (25 be open subsets of a finite-dimensional Euclidean space. The space (25 is
connected if and only if the quotient K (21, 3) /7 is a ternary semigroup of left zeros, the space 1 is connected
if and only if the quotient K (1, 22) /7, is a ternary semigroup of right zeros.

Theorem 9. If at least one of the ternary semigroups R;,, in the partition K (Q1,82) = IU MRW is simple,
el,pue

then the spaces €21 and {25 are connected.
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Proof. Introduce the following relation p;,, in the ternary semigroup R;, : V (¢1,¢1),

(p2,02) € Ripy ((p1,01), (p2,¢2)) € piy if and only if V& € Aim € By,01(§) = ¢2(8),01(n) = é2(n).
The relation p;, is a congruence on R;,. Indeed, if (¢1,¢1), (p2, ¢2) are any two elements of R;, such that

((p1,91), (p2,92)) € pip and (21,y1), (z2,92) € Riy, then

(Qolad)l) p,ij‘ (‘P25¢2) — {vg S Awn € B;u (wzvyi) S Ri,u
01221 (§) = @ayor1 (§) , 112201 () = Y1222 ()} —
Y (@i, yi) € Rig,
([(z1,91) (x2,92) (@1, 01)], [(®1,y1) (@2, ¥2) (P2, P2)]) € pPip-

Analogously, it can be shown that

([(z1,91) (01, 01) (22, 92)], [(21, 91) (P2, P2) (T2, 92)]) € pip,
([(p1,81) (1, 91) (w2, 92)] , (92, P2) (21, 91) (T2, Y2)]) € pip-

Consider the mapping f (¢, ¢) = (¢, ¢') from R;, to K (A;, B,,) such that

P

A =¢.9|s, =9¢"

Clearly, the mapping f is a homomorphism of R;, to K (A;, B,). Now, let the ternary semigroup R;, be simple
and let at least one of the spaces 1 or €25 be connected. Suppose that €7 is disconnected but €25 is connected.
The elements (1, ¢1), (p2,¢2) can be found in R;, such that ((p1,¢1), (p2,¢2)) € pin (p1,p2 can map
to two disjoint balls E1, Es C Q5 and because of this ¢ (£) # @2 (£),£ € Q1). Besides, there are more than
one element in each class of p;,. Indeed, if ¢ is a homeomorphism of €; to the closed ball E; C 3 and g is a
homeomorphism of Q; to the closed ball E5 C 5 such that E1 N Ey =0, By, E5 C E3, where E3 is a closed ball
in 9, then the mapping
p(a),if a e A;,
x(e) = { g((oz))7 ifa ¢ A,

where A; is a component of €2, is a homomorphism of €y to Qs. Clearly, x # ¢ and x |4, = ¢ |a,. Therefore
((x,9), (¢, ®)) € pi1. Here ¢ denotes some homeomorphism of 5 into the interior of some n-element containd
in Q; and p;; is some congruence on R;; (By = Q3). Then it follows that f is a homomorphism from R;; onto
f(Ri1) C K (4;,9Q5), which contains more than one element. But f is not an isomorphism, which contradicts
the simplicity of R;;.
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TonosorusablK TYPJAEHAIPY/AiH, TePHAPJIbI >KaPThLJIANTOIITAPbI

TepHapibl >KapThLIAfTONI — OYJI ACCOIMATUBTI TEpHAPJIbI Olepaluschl bap 6ocemec »KUbIH. MakKalaHbIH
MAaKCATbl — aKBIPJIbI OJIIIEM €BKJINJ, KEeHICTIKTEPIHIH AIlNbIK YKUBIHTBIFBIH TOMEOMOP(THI KailTa Kypy
2KYITAPBIHBIH, TEPHAPJIBL KaPThIIAiTONTapbiMeH cunartay *koue JI.M. Imymkunniy akbIp/ibl emmeMai eB-
KJIUJT KeHICTiKTepiHiH roMeoMopdThl TYPJIEHIIPY/IiH, KapThLIaUTONTapblHA KATHICTHI Keibip HoTHXKeepin
TepiC KapThLIANTONTAPFA TapaTy.

Kiam cesdep: EBKMA n-KeHICTIK, TepHAPJIBI KAPTHLIARTOI, TOMEOMOPMTHI TYPJIEHIIPY.

. X. MypamaoB

Bauotcrnesocmounniti ynusepcumem, Huxocus, Typuus

TepHapHbIle MOJYTPYIITHI TOMOJOTUYECKNX ITpeodpa3oBaHMii

TeprapHas mosyrpymnma — 3TO HEIyCTOe MHOXKECTBO C ACCOIMATHBHOII TepHapHOU omnepanuein. [lens Ha-
CTOAIEN CTATPU — OXapaKTEepPU30BaTh OTKPHITHIE MHOYKECTBA KOHEYHOMEPHBIX €BKJIMIOBBIX IIPOCTPAHCTB
TePHAPHBIMH MOJIYTPYIIIAMA AP TOMEeOMOPMHBIX TPeodpa30BaAHMi U PACHPOCTPAHUTH HA TEPHAPHBIE II0-
JIyTPYIIIbI HEKOTOphIe pedynbraThl JI.M. [iymkuHa, Kacaromuecs: MOJIyTrpyIl roMeoMOP(MHBIX Tpeodpa3o-
BaHMIII KOHETHOMEDPHBIX €BKJINJOBBIX IIPOCTPAHCTB.

Kmouesvie ca06a: eBKINIOBO N-IMPOCTPAHCTBO, TEPHAPHAS MOIYTPYIINa, TOMEOMOPMHbIE TPEOOPAZOBAHUSI.
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