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Universal graphic automaton Atm(G, G’) is the universally attracting object in the category of auto-
mata, for which the set of states is equipped with the structure of a graph G and the set of output
symbols is equipped with the structure of a graph G’ preserved by transition and output functions
of the automata. The input symbol semigroup of the automatonis S(G, G') = End G x Hom(G, G').
It can be considered as a derivative algebraic system of the mathematical object Atm (G, G") which
contains useful information about the initial automaton. It is common knowledge that properties
of the semigroup are interconnected with properties of the algebraic structure of the automaton.
Hence, we can study universal graphic automata by researching their input symbol semigroups.
For these semigroups it is interesting to study the problem of definability of universal graphic auto-
mata by their input symbol semigroups — under which conditions are the input symbol semigroups
of universal graphic automata isomorphic. This is the subject we investigate in the present paper.
The main result of our study states that the input symbol semigroups of universal graphic automata
over reflexive graphs determine the initial automata up to isomorphism and duality of graphs if the
state graphs of the automata contain an edge that does not belong to any cycle.
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INTRODUCTION

One of the main trends of the modern algebra is the generalized Galois theory, the
basis of which was laid in the research of E. Galois and which is devoted to the study of
mathematical objects by means of some derivative algebraic systems connected with the
objects in a special way. Various algebraic systems, topological spaces, formal languages
and many others were considered as initial mathematical objects, and automorphism
groups and endomorphism semigroups of algebraic systems, homeomorphism groups
and semigroups of continuous transformations of topological spaces, syntactic monoids
of formal languages and many others were considered as derivative algebraic systems.
Such studies for automorphism groups of algebraic systems, endomorphism semigroups
of graphs, endomorphism rings of modules, and other derivative algebraic systems were
very successfully carried out by B. I. Plotkin [1], A. G. Pinus [2,3], L. M. Gluskin [4,5],
Yu. M. Vazhenin [6,7], A. V. Mikhalev [8] and many other algebraists. S. Ulam in his
well-known book [9] has mentioned the problem of characterization of mathematical
objects by their endomorphisms and automorphisms.
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The generalized Galois theory also includes studies of structured automata, in which
the systems of states and output symbols are objects of some category K (see, for
example, review in [10]). In this case an automaton is considered as an initial mathe-
matical object and the semigroup of input symbols is considered as a derivative algebraic
system. For example, L. M. Gluskin, Yu. M. Vazhenin and other authors (see, review
in [11]) investigated the endomorphism semigroups of graphs that can be considered
as graphic semi-automata (i.e. automata without output symbols, for which the state
systems are objects of the graph category Gr). In particular, Yu. M. Vazhenin in his
studies [7] considered graphic semi-automata for graphs that contain an edge which
does not belong to any cycle. The main result of the paper states that such graphic
semi-automata are completely determined (up to isomorphism and duality of graphs) by
their semigroups of input symbols.

In this paper we generalize this result for graphic automata, in which the systems of
states and output symbols are objects of the graph category Gr. For any graphs G, G,
in the category of all graphic automata with the state graph G and the output symbol
graph G’ there exists the universally attracting object Atm(G,G’) which is called a
universal graphic automata over the graphs G, G’. The main result of the paper —
Theorem 1 — states that for a reflexive graph G that contains an edge which does not
belong to any cycle and a reflexive graph G’ the automaton Atm(G,G’) is completely
determined (up to isomorphism and duality of graphs) by its input symbol semigroup.

The main result of this paper was announced in [12].

1. PRELIMINARIES

As a preliminary, we introduce some basic terminology from the theory of semi-
groups, the theory of automata and the theory of graphs that will be used and state the
necessary notation. The reader interested in further details may consult, for instance,
A. H. Clifford and G. B. Preston [13], B. I. Plotkin [10], A. M. Bogomolov and V. N. Sa-
lii [14], F. Harary [15].

Let X, Y be arbitrary sets and let p € X x Y be a binary relation. We
put domp ={z € X : (Jy € Y)(z,y) € p}, p ' = {(y,2) € Y x X : (z,y) € p}.
By a mapping of a set X to a set Y, denoted ¢ : X — Y we mean a single-valued
binary relation ¢ C X x Y such that dom ¢ = X. For an element x € X, the image of x
under ¢ is denoted by ¢(z). For a subset A C X, let us denote ¢(A) = {p(x) | z € A}.

A mapping ¢ : X — {x} denoted ¢, is called a constant mapping of a set X to
an element x. A mapping of a set X to itself is called a transformation of X. The
identity transformation of a set X is denoted by Ay. A one-to-one mapping ¢ : X — Y
satisfying ¢(X) =Y is called a bijection of X onto Y. In this case the inverse mapping
0 'Y — X is defined by the formula p=(y) = = & ¢(z) = y.

For mappings ¢ : X — Y, ¥ : Y — Z, the composition ¢ : X — Z is defined by the
formula (¢v)(z) = 1(¢(z)) for z € X. Denote the Cartesian product ¢ x ¢ = p?, where
¢ (21, 22) = (p(21), (p(22)) Tor 21,22 € X.

Following [14], by a graph we mean an algebraic structure G = (X, p), where X is a
non-empty set and p is a binary relation p C X x X that is called an adjunct relation.
The elements of X and p are called vertices and edges, respectively. The edge (x,z) € p
is called a loop. Vertices z,y € X are called adjacent if (z,y) € p or (y,z) € p.
If e = (z,y) is an edge then e is said to join the vertex x with the vertex y. Edges
er = (z1,y1), €2 = (x9,y2) are called adjacent if y; = xo. A sequence of adjacent edges
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(xo, 1), (x1,22), ..\ (Tpn_2,%n_1), (Tn_1,x,) is called a path from the vertex x, to the
vertex x,. In case of equality zy = z,, the path is called a cycle.

A graph G = (X, p) is called reflexive if its adjunct relation p is a reflexive binary
relation, i.e. (z,z) € p for any x € X. Further, only reflexive graphs are considered.

For a graph G = (X, p) the graph G = (X, p~ ") is called the dual graph of G.

Let G = (X,p), G’ = (X',p) be graphs. A mapping ¢ : X — X' is called a
homomorphism of G to G’, denoted ¢ : G — G, if the following condition holds:

(Va,y € X)((z,y) € p= (0(x),0(y)) € p').

We denote by Hom(G,G’) the set of all homomorphisms of G to G’. Obviously, for
any vertex x € X', satisfying (x,x) € p/, the constant mapping ¢, : X — {z} is a
homomorphism of G to G".

A homomorphism ¢ : G — G’ is called an isomorphism of G onto G’ if ¢ is a
bijection of X onto X’ and the following condition holds:

(Vz,y € X)((z,y) € p & (p(x), 0(y)) € 0).

An isomorphism of G onto G is called an anti-isomorphism of G onto G'. Graphs G, ¢
are called isomorphic (respectively, anti-isomorphic) if there is an isomorphism (re-
spectively, an anti-isomorphism) of G onto G’.

A homomorphism of a graph G = (X, p) to itsell is called an endomorphism of G.
We denote by End G the semigroup of all endomorphisms of G under the composition.
Obviously, the identity transformation Ay of the vertex set X is an endomorphism of G.
Moreover, for any x € X, the constant mapping ¢, : X — {z} is an endomorphism
of G.

For graphs G, G', S(G, G’) let us denote the semigroup End G xHom(G, G') equipped
with the following binary operation [10]

(0, 0) - (1,91) = (pp1, 091),

where (o, %), (p1,11) € End G x Hom(G, G").

We denote by Z(G,G’) the set of all right zeros of the semigroup S(G,G’) and
by U(G,G") the set of all left identities of the semigroup S(G,G’). These sets are
respectively defined in the semigroup S(G,G") by the formulas of the semigroup theo-
ry ®(z) = (Vy)(yzr = x) and ¥(z) = (Vy)(xy = y). By analogy with the lemmas 2.1-
2.3 [16], it is easy to prove the following results.

Lemma 1. For any reflexive graphs G = (X,p), G' = (X',p), the semi-

group S(G,G") satisfies the following conditions:

1) an element s € S(G,G") is a right zero of the semigroup S(G,G") if and only
if there exist a € X, b € X' such that s = (c,, ) [or the constant mappings
Co: X —{a}, ¢ : X = {b};

2) an element s € S(G,G") is a left identity of the semigroup S(G,G") if and only
if s =(Ax,v) for some ¢ € Hom(G, G").

Lemma 2. Let G = (X, p), G' = (X', p') be reflexive graphs. Then the formula of
the semigroup theory

S(r,y) = (@) A B(y) A (V) (U(e) = ze = ye)
defines the binary relation € g on the semigroup S(G,G"), such that the following

statements hold:
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1) e@ey is an equivalence on the set Z(G,G') such that for any elements
s,s1 € Z(G,G"), s = si(eay) if and only if s = (ca,cz), 51 = (CasCy), for
some a € X and x,y € X';

2) [or any right zero s = (c4,c) of the semigroup S(G,G") the equivalence class
e (s) is {(ca,cu) | © € X'}

Following [10], by an automaton we mean a system A = (X, S, X', 0, \) consisting
of a set of states X, a semigroup of input symbols S, a set of output symbols X', a
transition function 6 : X x S — X and an output function A : X x S — X' such that

d(z,st) =(6(x,s),t) and A(z,st) = A(d(x,s),t)

for any x € X and s,t € S.
For every s € S, we define the mappings d, : X — X, A\s : X — X’ by the formulas

ds(x) = 0(x,s), As(x) = Az, s),

where z € X.

An automaton A = (X,S,X’,6,\) is said to be graphic if its sets X and X’ are
equipped with structures of graphs G = (X, p) and G’ = (X', p’) such that for every
s € S the transition function d is an endomorphism of G and the output function A
is a homomorphism of G to G’ respectively. In this case we denote the automaton by
A= (G, S,G, 6, N).

By a homomorphism of a graphic automaton A = (G,S,G’,d,\) into a graphic
automaton A; = (G4, S1,G,01, A1) we mean an ordered triplet v = (f, 7, g), consis-
ting of homomorphisms f : G — Gy, 7 : S — 51, g : G — G, such that, for any
r € X, s,t €85, the following conditions hold

w(s-t) =m(s) - 7(t), f(6(x,s)) = 0(f(x) w(s)), g\ (z,5)) = M (f(z),7(s)).

A homomorphism v = (f, 7, g) of A to A, is called an isomorphism of the automaton
A onto the automaton A, if f: G — Gy, 7:S — Sy, g: G' — G are isomorphisms.

An important example of a graphic automaton is given by the following algebraic
system

Atm(G,G) = (G,S(G,G),G,6°,\°),

where G = (X, p), G’ = (X', p’) are graphs and for every z € X, (¢,¢) € S(G,G’) the
equalities 6°(z, (p,¥)) = p(x), A°(z, (p,1)) = (z) hold. It is easy to verify that the
automaton Atm(G,G") satisfies the followmg universal property: for any graphic auto-
maton A = (G,S,G’,0,\) there exists a homomorphism 7 : S — S(G,G’) such that
v = (Ax,m, Ax/) is a homomorphism of A to Atm(G,G"). For this reason the automa-
ton Atm(G, G’) is called [10] a universal graphic automaton over the graphs G, G'.

2. MAIN RESULT

The main result of this paper gives us the following solution of the problem of
definability of universal graphic automata by their input symbol semigroups.

Theorem 1. Let G, G', Gy, G be reflexive graphs, such that the graph G contains
an edge which does not belong to any cycle, and Atm(G,G"), Atm(Gy,G)) be the
universal graphic automata over the graphs G, G' and G, G respectively. Then the
following conditions are equivalent:
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1) the graphs G, G’ are isomorphic to the graphs G, G or to the dual graphs
Z}vl, 61’71 respectively;

2) the semigroups of input symbols S(G,G"), S(G1,G)) of the automata Atm(G, G'),
Atm(G4, GY) are isomorphic;

3) the automaton Atm(G G') is isomorphic to the automaton Atm(G,,GY) or to the
automaton Atm(Gl, G’l) over the dual graphs G, G’

Proof. Obviously, 3) implies 1), 2). On the other hand, any isomorphisms
f:G— Gy, g: G — G} determine a mapping 7 : S(G,G’) — S(G1,G}) by the for-
mula

(e, ¥) = (f* (), (f x 9)(¥)),

where (¢,v) € S(G,G’"). Indeed, by the definition, the image f*(¢) = f~'¢f is an
endomorphism of G; and the image (f x g)(v) = f~%g is a homomorphism of G,
to G'. It is easy to verify that 7 is an isomorphism of the semigroup S(G,G’) onto the
semigroup S(G1, GY) such that the ordered triplet v = (f, 7, g) is an isomorphism of the
automaton Atm(G,G’) onto the automaton Atm(Gy, GY).

Similarly, any isomorphisms f, g of the graphs G, G’ onto the dual graphs
G, G determine an isomorphism = : S(G,G') — S(Gl,G’) by the formula

(¢, ¢) (f2(o), (f x 9)(®)) (here (p,v) € S(G,G")) such that the ordered tri-
plet v = (f,m,g) is an isomorphism of the automaton Atm(G,G’) onto the automa-
ton Atm(Gl,G ). Hence, 1) implies 3).

Let us now verify that 2) implies 1). Let = be an isomorphism of the semi-
group S(G,G’) onto the semigroup S(G,GY). It is well-known that any isomorphism
holds the true value of formulas of the semigroup theory. In particular, the isomor-
phism 7 preserves the true value of the formulas ®(x), U(z) and 3(z,y). It follows that 7
maps the set Z(G, G’) of right zeros of the semigroup S(G,G’) onto the set Z(Gy,GY)
of right zeros of the semigroup S(Gi,G)) and the set U(G,G") of left identities of the
semigroup S(G,G’) onto the set U(G1, GY) of left identities of the semigroup S(Gy, GY).
Moreover, by lemma 2 the Cartesian product 7* maps the equivalence ¢ = (g ¢y on
the semigroup S(G,G’) onto the equivalence ;1 = g(¢, ;) on the semigroup S(G1,GY).
In view of lemma 1, for any a € X, o’ € X', there exist a; € X, a} € X| such that
T(Ca; Car) = (Cay, Cay). Hence, m maps the equivalence class e(c,, co) onto the equivalence
class €1(ca,, o). It Tollows that the formulas f(a) = a1 and g,(a’) = a} determine the
mappings f: X — X; and g, : X’ — X7 (a € X) such that the equality holds

7T<Caaca’) = (Cf(a)acga(a’))' (1)

[t is easy to verify that f is a bijection of X onto X; and for every a € X, g, is a
bijection of X’ onto X].
Consider (p, ) € S(G,G’) and for arbitrary a € X we denote

p(a) =b, ¥(a) =d. (2)
By definition of S(G,G") for any y € X’ the equalities hold

(cascy) - (9, 9) = (cap, Ca¥) = (Cp(a)s Cy(a))-
Then (2) is equivalent to the equality (c,,c¢,) - (v, ¢) = (cp, ca)-
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By definition of the isomorphism ,

T(cas cy) - (0, ¥0) = (s, ca). (3)
Let us denote 7(p, 1) = (¢’,¢'). By (1),

T(Cay Cy) = (Cf(a), Couty))s T(Co:Ca) = (Cop)s Cop(d))-

Then (3) implies
(Cf(a) Coat)) * (@' 0") = (Crv)» Cop(a))-
On the other hand,

(Cfa)s Caaw) - (915 0") = (er@)s cr@)¥V) = (Cor(s(a)), Co(f(a))-

Hence,
(Cor(£(a)) Cor(fa)) = (Crb)s Capa))s

which is equivalent to the following condition
¢'(fa)) = f(0) = f(e(a)), ¥'(f(a)) = g(d) = gy (1(a)). (4)

Then (4) implies that fo' = of, ¢ = f~tof = f*(¢) and ¢/ = ¥, where the mapping
¥ 1 Xy — X is defined by the formula

W2 (f(a) = go(a) (¥ (a))

for every a € X.
Thus, for any (¢,v) € S(G,G"), the following equality holds

(e, ) = (f* (), ¥%). (5)

It follows that the mapping m, = f? is a bijection of the set End G onto the set
End G;. Moreover, it is obvious that f* preserves the composition. Hence, for any
0,1 € EndG the equality m(pp1) = m(p)mi(p1) holds. Then the mapping m; is an
isomorphism of the semigroup End G onto the semigroup End G;. By the condition of
the theorem G is a reflexive graph with an edge (ug,vy) € p which does not belong to
any cycle. It follows from [7] that the mapping f is an isomorphism of the graph G
onto the graph G, or onto the dual graphs G

Suppose that f is an isomorphism of G' onto G;. Hence (f(uo), f(vo)) € p1 is an
edge of the graph G, which does not belong to any cycle. Next we show that, for any
point a € X the mapping g, is an isomorphism of the graph G’ onto the graph G7. It
is easy to verify that for vertices xg,y0 € X’ the condition (zg,y0) € p’ is equivalent
to the condition ¥?(ug, vo) = (g, yo) for some homomorphism ) € Hom(G, G"). Indeed,
it ¥%(ug,vo) = (wo,y0) for some homomorphism v : G — G’ then (xg,y0) € p' by
the definition of graph homomorphism. On the other hand, let (x,y0) € p/. Define a
mapping ¢ : X — X’ by the following formula:

W Yo, if there exists a path from the vertex vy to the vertex wu,
u) =
xo, otherwise.
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We show that ¢ is a homomorphism of the graph G to the graph G'. Let (s,t) € p. If
there exists a path from the vertex vy to the vertex s, then by the condition (s,t) € p
there exists a path from the vertex v, to the vertex t. Then by our definition of ¥
the conditions #(s) = 1(t) = yo hold. Since the graph G is reflexive, the conditions
(¥(s),¥(t)) = (yo,y0) € p' hold. If there is no a path from the vertex v, to the vertex s,
then by our definition of ¢ the condition v (s) = zo holds. Since ¥(t) € {xo, 9o} and the
graph G is reflexive, the condition (¢(s),1(t)) € p' holds.

Thus, in any case the condition (s,t) € p implies (¢(s),%(t)) € p'. Hence
Y € Hom(G, G').

Since (f(uo), f(v0)) € p1 is an edge of the graph G;, which does not belong to any
cycle, it is similar for vertices (), y; € X] that the condition (xj,v;) € p} is equivalent
to the condition ¥?(f(uo), f(vo)) = (xf, y) for some homomorphism ¢ € Hom(Gy, G}).

Suppose that for vertices xg,y0 € X’ the condition (zg,y0) € p' holds. It is
equivalent to the condition ¥?(ug,vy) = (zo,y0) for some ¢ € Hom(G,G"). Hence
(ca, ) € S(G,G") and, as it was proved before, 7((cq,%)) = (¢p(a),¥°) for the ho-
momorphism % € Hom(G1,G,). By our definition of the mapping ¥ for any = € X
the following equalities hold:

O (f(2) = Gea(w) (V(2)) = ga(tb()).

In particular, for ug, vy € X the following equalities hold:

Ve (f(uo)) = ga((u0)) = galzo), ¥ (f(v0)) = ga(?(v0)) = gal(¥o)-

[t follows that the homomorphism ¢° € Hom(G;,G}) maps the ordered
pair (f(uo), f(vo)) € p1 to the ordered pair (g.(z0),9.(v0)) and the condition
(9a(0), 9a(y0)) € p) holds.

Let us assume the converse case — for some vertices x(,y, € X; the condition
(zh,ys) € py holds. It is equivalent to the condition ¥?(f(ug), f(vo)) = (x4, v)) for some
homomorphism ¢y € Hom(G4, GY). Hence, (cfy,11) € S(G1,G1) and by our definition
of the isomorphism 7 : S(G,G") — S(G1,GY) there exists (p,¢) € S(G,G’) such that

7((¢, 1)) = (¢f(a),¥1). From the previously proven part follows that cp,) = f*(¢) and
Uy = P, Smce cf = f~lof the condition ¢ = fep)f~! = ¢, holds. Hence

=1 (f(u0)) = ¥ (f(w0)) = ga(¥(uo)), W(uo) = g5 (5),

vh = 01(F(00)) = U5 (F(00)) = gu((v0)), (v0) = g5 (46)

)
and the homomorphlsm ¢ € Hom(G,G) maps the ordered pair (ugp,v9) € p to the
ordered pair (g, ' (x}), 95 (ys)). Thus, (g5 (x}), 9, (v4)) € p' and g, is an isomorphism
of the graph G’ onto the graph G.

Similarly, if f is an isomorphism of the graph G onto the dual graphs évl, then all

mappings g, are isomorphisms of the graph G’ onto the dual graphs G, since in this
case the condition (ug,v9) € p is equivalent to the condition (f(vo), f(ug)) € p1 and
hence (xg,y0) € p’ is equivalent to (ga(vo), gu(0)) € p}. Therefore, 2) implies 1). O

CONCLUSION

The results obtained shows that universal graphic automata over the graphs from a
wide class of graphs are completely determined (up to isomorphism and the duality of
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graphs) by their input symbol semigroups. Consequently, on the one hand, the characte-
ristics of the input symbol semigroups of universal graphic automata must be defined by
the characteristics of the automata, and on the other hand, the characteristics of these
semigroups must characterize the automata to same extent. This approach allows us
to study the properties of such automata by studying properties of their input symbols
semigroups.
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06 onpepnensieMoCTN yHUBEpCasibHbIX rpachnyeckux aBTomaTtoB
CBOMMM MOJNyrpynnamMmm BXOA4HbIX CUrHaNoB

B. A. MonyaHosB, P. A. ®apaxyTouHOB

MonyaHos Bnagumup AnekcaHApoBuY, OOKTOP (PM3UKO-MaTeMaTuyeckmx Hayk, npogoeccop
Kadhenpbl TEOPETUHECKUX OCHOB KOMMbIOTEPHOW BesonacHoctu u kpuntorpadum, Capartos-
CKWUI HaUVOHaNbHbIA NCCNenoBaTeNibCKU rocyiapCTBEHHbIN yHUBepcnuTeT umeHn H. I'. YepHbl-
wesckoro, Poccus, 410012, r. Caparos, yn. AcTpaxaHckas, a. 83, molchanovva@mail.ru

dapaxyTauHoB PeHaT AByxaHOBMWY, CTYEHT KadpeLpbl TEOPETUYECKMX OCHOB KOMMbIOTEPHON
6esonacHocTU K Kkpuntorpacpum, CapaToBCKUA HaUMOHAaNbHbIA UCCNenoBaTeNbCKUA rocy-
[apcTBeHHbIi yHMBepcuTeT umeHu H. . YepHbiwesckoro, Poccusi, 410012, r. Capatos,
yn. ActpaxaHckas, o. 83, renatfara@mail.ru

YHuBepcanbHblii rpadgomyeckmini astomat Atm(G,G’) — 3TO yHMBEpPCaNnbHO MPUTArMBaroLWni
00bEeKT B KaTeropmMm aBTOMaTOB, Y KOTOPbIX MHOXECTBO COCTOSHWA HaOeneHo CTPyKTYpoi
rpada G' 1 MHOXECTBO BbIXOJHbIX CUrHANOB — CTPYKTypor rpada G’, COXpaHSioWmnMmMcs yHK-
UnamMm nepexonoB U BbIXOO40B aBTOMATOB. I'Ionyrpynna BXOOHbIX CUTHANoOB TakKoro aBToMaTta
umeeT BN S(G,G’) = EndG x Hom(G,G"). OHa MOXeT paccMatpuBaTbCs Kak Mpov3BOA-
Has anrebpanyeckas cuctema Mmatematmyeckoro obbekta Atm(G, G'), KoTopas coaepXuT no-
nesHyo UHdopmaumno 06 ncxoaHoM ob6bekTe. XOpowo M3BECTHO, YTO CBOMCTBA TakoW Mony-
rpynnbl B3avMOCBS3aHbl CO CBOMCTBaMM anrebpanyeckoi cTpykTypbl aBTomata. CnepoBartens-
HO, yHMBepcasbHble rpaduyeckMe asToMaTbl MOXHO M3y4aTb MyTEM WUCCNEefOoBaHWMS WX Mo-
AYrpynn BXOLAHbIX curHanos. [lna Takux nonyrpynn npeactaenseT uHtepec npobnema onpene-
NSEMOCTN YHMBEPCATbHbIX rpadpuyeckix aBToMaToB CBOVMM MONYrpynnamMm BXOL4HbIX CUTHAMNOB:
npw Kakux ycnoBumax NONyrpynnbl BXOAHbIX CUFHANO0B YHMBEPCANbHbIX Frpatpnyecknx aBToMaToB
6ynyT nsomopdHsl. B aaHHol paboTe Mbl uccnenosanu a1y npobnemy. OCHOBHOIM pesynbTart
Hawe paboTbl COCTOMT B TOM, YTO YHMBEpCaNbHble rpacduyeckne aBToMmaTbl Han pednek-
C/BHbIMU FpanaMVI onpenenarTcya nonyrpynnaMm CBOMX BXOOHbIX CUTHANOB C TOYHOCTbO OO
n3omMopgm3Ma 1 oBOMCTBEHHOCTM rpadooB, ecnv B rpadpe COCTOAHUIA aBToMara Hangertcs nyra,
He BXOLAWAS HN B OOWNH OPLUKI.

Knroyesbie cnoBa: 06o6weHHas Teopus anya, asTomart, rpady, Nonyrpynna, MU3oMopgusMm.
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