ISSN 2075-9827 e-ISSN 2313-0210 https://journals.pnu.edu.ua/index.php/cmp

Carpathian Math. Publ. 2025, 17 (2), 516-526 KapmnaTcpki maTeM. my6a. 2025, T.17, Ne2, C.516-526
doi:10.15330/cmp.17.2.516-526

[\

On embedding semigroups into trioids

Zhuchok Yu.V.12

J.-L. Loday and M.O. Ronco introduced the concepts of a trialgebra and a trioid, and defined
the constructions of a free trialgebra and a free monogenic trioid. Trialgebras are related to the op-
erads associated with chain modules of simplices and Stasheff polytopes. A trioid is the basis of
a trialgebra and it is defined as a set with three binary associative operations satisfying the same
axioms as a trialgebra, so trialgebras are linear analogs of trioids. If the operations of a trioid coin-
cide, it becomes a semigroup. In this paper, we study the natural relationships between arbitrary
semigroups and trioids defined by these semigroups. We present new classes of trioids constructed
from various semigroups and show that any semigroup can be embedded into a suitable non-trivial
trioid as a subtrioid in which all operations coincide.
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1 Introduction

The notion of a trioid first appeared in the paper of J.-L. Loday and M.O. Ronco [11]
at the study of some properties of ternary planar trees. Recall that an algebraic system
(T,H,F, L) with three arbitrary binary associative operations -, I, and L is called a trioid
if for all x,y,z € T the following conditions hold:

(xdy)-z = x(ytz), (Ty)
(xFy)-z = xH(y-z), (Ty)
(x"y)Fz = x(ykz), (T3)
(xy)Hz = x4(yLz), (Ty)
(xLy)Hz = x L (yz), (Ts)
(xdy) Lz = x L (ytz), (Te)
(xFy)Llz = x-(yLlz), (Ty7)
(xLy)Fz = x-(ykz). (Tg)

It is known that trioids are a basis of the notion of a trialgebra [11] that is a non-commu-
tative version of Poisson algebras; in addition, trioids naturally generalize semigroups and
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dimonoids [10]. A nonempty set T equipped with two binary associative operations - and
I satisfying axioms (17)—(T3) is called a dimonoid. Triods have also different relationships
with such structures as doppelsemigroups [21, 34], g-dimonoids [14, 26] and (generalised) di-
groups [16, 35, 36], doppelalgebras and dialgebras [13,15], trigroups [3], Rota-Baxter algebras
and dendriform algebras [8,19], Hopf algebras and tridendriform algebras [5-7], Poisson struc-
tures and Leibniz algebras [1,2,9], graphs and hypergraphs [4, 12], and other structures (see,
e.g., [17,18,25,27]). One of the first results about trioids is the description of the construction
of a free monogenic trioid [11]. Simpler and more convenient model of the free trioid of rank 1
was presented in [31], where the endomorphism semigroup of the free monogenic trioid was
also investigated (in particular, see [32]). The construction of the free trioid of an arbitrary rank
has a similar structure and it was given independently in [24,30]. Further, the main attention
at the study of trioids was devoted to the construction of relatively free trioids and the descrip-
tion of respected least congruences on the free trioid, the investigation of different properties
of relatively free trioids. For example, the structure of free abelian trioids was described in [28],
certain congruences on free trioids were found in [23]. The new models for the free commuta-
tive monogenic trioid and its endomorphism monoid were obtained in [33]. The latest results
on relatively free trioids and verbal congruences on free trioids were presented in [20,22]. Be-
sides, ordered trioids were considered in [29], where in particular it was proved that every
ordered trioid is isomorphic to some ordered trioid of binary relations and representations
of ordered trioids by reflexive and transitive binary relations were described. In this paper,
we study the natural relationships between arbitrary semigroups and trioids constructed from
these semigroups.

The paper is organised as follows. In Section 2, we give examples of trioids defined by
additive semigroups of natural, integer, rational, real and complex numbers. In Section 3, we
present three new classes of trioids that are based on arbitrary semigroups and study some
properties of these trioids. In addition, we show that every semigroup can be embedded into
a suitable non-trivial trioid as a subtrioid in which all operations coincide.

2 New examples of trioids

Let ' = (N, +) be the additive semigroup of all natural numbers. By T(N) we denote
the union of N and all possible direct products N2 =NxN,N3=NxN xN, ..., that is,
T(N) = Ujen N'. For all x; € N we identify the expression (x;) with the corresponding x;.
For every x = (x1,%x2,...,%,) € T(N) we put x* = x1 + x5 + - - - + x;,. Further, we extend the
semigroup operation on N to three binary operations -,+, and L on T(N) as follows:

(ay,a,...,ay) = (by, b, ..., by) = (a1,...,a4, 1,8, +b" +m—1),
(ay,az,...,an) F (b1, by, ... by) = (a++b1+n—1,b2,...,bm),
(ay,ap,...,an) L (b1,bo, ..., by) = (a1,...,4y_1,8n +b1,bo, ..., by)

forallai,b]- € N,where1 <i<n1<j<m.
Proposition 1. The algebra T (N) = (T(N),,F, L) is a trioid.

Proof. Firstly, we show that all operations -,F, and L of 7 (N) are associative. For all
a=(ay,az,...,an),b=(by,by,...,by), c=(c1,c2,...,cx) € T(N), we have
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a4 (b-Hc)=a-(by,...,by_1,by+ct+k—1)
= (ar,...,ap_ 1,8, +b" +cT +m+k—2)
= (ar,...,ap_1,ap +b"+m—1)Hdc=(a-4b) ¢,

ab(brc)=abk (b +c1+m—1,c,...,c)
=@ +b" ey +n+m—2,c,...,cp)
=@ +b+n—-1,by,...,by)Fc=(akb)Fc

al (blc)y=al (by,...,byy—1,bm+c1,c2...,¢k)
=(ay,...,ap—1,8n+ b1, ..., byy_1,bm+c1,¢2, ..., Ck)
=(a,...,ap-1,a0+b1,by,...,by) Lc=(a Lb) Lec.
Therefore, (T(N), %), * € {,-, L}, are semigroups. Taking into account the equalities
a4 (bFc)=a-4 (b " +c1+m—1,c,...,cx)
=(ai,...,ap_1,a, +b" +c " +m+k—2)=(a-4b) g,

ab(bFc)= @ +bt+ci+n+m—2,c,...,c)
=(ai,...,ap 1,00 +b"+m—-1)Fc=(a-b)Fc,

a4 (bLc)y=a-4b,...,by—1,bm+c1,c2,...,¢k)
=(ai,...,ap_1,a, +b" +c"+m+k—2)=(a-b) g,

ab(bkc)= @ +bt+ci+n+m—2,c,...,c)
=(ay,...,ap_1,8n+by,bo,...,byy) Fc=(a Lb) kg

we conclude that the axioms (T3), (T3), (Ty), and (Tg) hold.
Now we check axioms (T5)—(T7):

al (b4c)=al (by,..., by_1,by+ct+k—1)
= (all"'/al’l—llan+b1/b21"'/bm—1/bm+c++k_1)
= (a1,...,0p-1,a0+ b1, by, ..., by) 4c=(a L D) A,
al(bre)y=al (b"+c+m—1,c...,¢c)
= (ay,...,ay_1,8, +b"+m—14ci,c,...,ct)
=(ay,...,ap_1,an+b"+m—1) Lc=(a-b) Lg,
ak(bLlc)y=at (by,...,by—1,bm+c1,c2,...,¢k)
=(at+by+n—1,by,...,by_1,bm+c1,c0,...,ck)
=(a"+by+n—-1,by,...,by) Lc=(akb) Lc.
Finally, the axiom (T3) also holds, since
akF(bHdc)=abt (by,...,by_1,bm+c"+k—1)
=(a"+by+n—1,by...,by_1,by+c"+k—1)
=@t +b+n—1,by...,by) dc=(akFb)c.
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Remark 1. A triod is called commutative (see, e.g., [22]) if all trioid operations are commuta-
tive. Note, T (N') = (T(N), ,I, L) is not a commutative trioid (all operations of T (N') are not
commutative) while N' = (N, +) is a commutative semigroup. In addition, the semigroups
(T(N),) and (T(N), ) of the trioid T (N) are anti-isomorphic.

Proposition 2. Let S = (S, +) be one of such semigroups as the additive semigroup Z of all
integers, the additive semigroup Q of all rational numbers, the additive semigroup R of all
real numbers or the additive semigroup C of all complex numbers. Then the algebraic system
T(S) =(T(S),H,+, L), defined analogously to T (N') in Proposition 1, is a trioid.

Proof. It is analogous to the proof of Proposition 1. O

Remark 2. For a semigroup S = (S,+) consisting of some numbers, the algebraic system
T(S)=(T(S),,F, L), defined exactly as in Proposition 1, is a trioid if and only if S+ N C S.
For example, the additive semigroups of the form S, = {x € N : x > n}, where n € N, satisfy
the condition S, + N = S, 41 C Sy, so they define corresponding trioids. However, e.g., for
the semigroup 2Z = (2Z,+), the algebra T (2Z) = (T(2Z),,t, L), defined analogously to
T (N) in Proposition 1, does not form a trioid.

Let S = (S, +) be a semigroup consisting of some numbers and satisfying the condition
S+ N C S. By Remark 2, the algebra 7 (S) defined as in Proposition 1, is a trioid. We call
T (S) the trioid defined by the additive semigroup S. Thus, we obtain a class of trioids that are
based on additive semigroups of given numbers. In particular, the algebras from Propositions
1 and 2 are trioids defined by the additive semigroups of all natural, integer, rational, real and
complex numbers respectively.

3 Main results

A trioid we call trivial if at least some two of its three operations coincide, and non-trivial
otherwise. Thus, a non-trivial trioid has three pairwise different operations. If S = (S, ) is a
semigroup, sometimes we refer to S as a trivial trioid (S, *, *, *).

By [36, Theorem 4], for an arbitrary group H there exists a non-trivial digroup (binary
operations of such digroup are distinct) such that the group part of this digroup coincides
with H. A similar statement holds for dimonoids: for an arbitrary semigroup there exists a
non-trivial dimonoid containing this semigroup as a subdimonoid in which operations co-
incide (see [36, Theorem 1]). In connection with this, it is natural to consider the following
question: is there for an arbitrary semigroup a non-trivial trioid containing it as a subtriod, in
which all operations coincide? The answer to this question is positive.

Let S = (S, *) be an arbitrary semigroup. We extend the operation of S to the binary
operations -, -, and L on Tr(S) = SU (S x S) by

a-(b,c)=axbxc, (bc)da=(bcxa), (ab)-(c,d) = (abxcxd),
ak (b,c)=(axb,c), (bc)la=bxcxa, (ab)t (c,d)=(axbxcd),
al (bc)=axbxc, (bc) La=bxcxa, (ab) L (c,d)=axbxcxd

for all elements a,b,c,d € S.
One of the main results of this section is the following statement.
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Theorem 1. For an arbitrary semigroup S = (S, %), the algebra Tr(S) = (Tr(S),-,+-, L) isa
non-trivial trioid containing S as a subtrioid, in which all operations coincide.

Proof. By [36, Theorem 2], (Tr(S), ,F) is a dimonoid, so operations - and - are associative
and (T7)—(T3) hold. It is clear that L is an associative operation too. Further we will check the
last five trioid axioms for 77(S).

Leta,b,c € Tr(S). The case a,b,c € Sistrivial. Ifa € S x S,a = (a1,a;),and b, ¢ € S, then

(a-b)4c=(ay,ap+b) 4c=(a,ap*bxc)

= (ay,a2) 4 (bxc)=a- (b Lc),
(a Lb)dc=(ap*apxb) dc=ayxay*bxc,
(a-b) Lc=(ay,apxb) Lc=a;*xay*xbxc,
(aFb) Lec=(ayxapxb) Lc=a;*xayxbxc,
(aLb)Fc=(ag*xapxb)Fc=ayxay*xbxc

and on the other hand,

L(bHdc)=al (bkFc)=ak (b Lc)
=ak (bkc)=a;*xayxbxc.
The case a,b € S and ¢ = (c1,c2) € S x S can be proved similarly to the case above.
Leta,c € Sand b = (b1, by) € S x S. Taking into accounta 4b =a L b = a* by x by, we
obtain
(a4b)dc=(@Llb)dc=(a-b) Lc
=(alb)Fc=axb xbyxc,
A Lc)=a-A(byxbyxc)=axbyxbyxc,
L (bdc)=a L (by,by*xc) =axbyxbyxc,
L(bkFc)=al (by*xbyxc)=axby*xbyx*c,
F(bkFc)=at (byxbyxc)=axbyxbyxc,
(abb) Lc=(axby,bp) Lc=axbyxbyx*c
=ak (byxbyxc)=at (b Lc).

Assume a = (a1,a;),b = (b, bp) € S x Sand ¢ € S. In this case, we obtain

(a-b) "4c=(ay,ap*byxby) 4c = (a,ay%byxbyxc)
= (a1,a2) 4 (b1 xbyxc)=a— (b L),

(a Lb)dc=(ag*xay*by*by) 1c=uayxapxbyxby*c
= (a1,a2) L (by,bpxc) =a L (bHc),

(a4b) Lc=(a1,apxbyxby) Lc=a;*xayxbyxbyxc
= (a1,a2) L (byxbyxc)=a L (bFc),

(abb) Lec=(ag*ap*by,byp) Lc=ayxay*xbyxbyxc
= (ay,ap) F (byxbyxc)=at (b Lc),

(a Lb)Fc=(ayxapxbyxby)-c=ayxapxby*xby*c
= (ay,ap) F (byxbaxc)=alt (bFc).
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For the casesa € S, b = (by,by),c = (c1,c2) € Sx S, ora = (ay,a2),¢ = (c1,¢2) € SX S
and b € §, the proofs are similar to the case above.
Finally, for a = (a1,a2),b = (b1, b2),¢ = (c1,¢2) € S X S, we get

(a4b)dc=(ay,axxbyxby) " c=(a;,ap+byxby*cq*cy)
= (ay,ap) 4 (byxbyxcyxcy) =a (b L),

(a Lb)dc=(ay*xay*xby*xby) 1c=uayxapxbyxby*ci*cy
= (a1,a2) L (by,by*xc1xcp) =a L (bc),

(a-b) Lc=(ay,ap%by*by) Lc=ayxap+xbyxby*ci*cy
= (a1,a2) L (byxby*cy,¢c0) =a L (blkc),

(abb) Lec=(ay*xay*by,bp) Lc=ayxayxbyxby*cy*cy
= (ay,a2) F (by xbaxcyxcy) =ak (b Lc),

(a Lb)Fc=(ay*xap*by*xby) Fc=(ag*xayxbyxbyxcy,ca)
= (ay,a2) F (by xbyxcy,cp) =at (b o).

Therefore, the axioms (T4)—(Tg) hold for 7r(S) too and so, it is a trioid. By construction,
Tr(S) is non-trivial and contains S as a trivial subtrioid. O

Some classes of trioids that are defined using arbitrary commutative semigroups can be
found, for example, in [28]. Now we will construct two more classes of non-trivial trioids that
are also defined by arbitrary semigroups.

For a semigroup S = (S, *), we denote by TR(S) the union of S and all possible direct
products S2=5x5,83=5%xS5x8,..., thatis, TR(S) = Ujen S'. We identify the expres-
sion (x1) with the corresponding x; € S. For every x = (x1,x2,...,%,) € TR(S) we put
x* = X1 % X * - - - % X,,. Further, we extend the semigroup operation on § to four binary opera-
tions 4,F, L, and L’ on TR(S) as follows:

4 (b1,by, ..., by) = (a1,...,a5-1,a, % b"),

(b1, by, ..., by) = (a" xby, by, ..., by),

L (b1, by, ..., by) = (a1,...,4y-1,8n % b1, b, ..., by),
1" (by, by, ..., by) =a* xb*

(alra2/'--ral’l
(ay,az,...,a,
(alll;lz;- . -/ai’l

(alra2/'--ral’l
forallal,b] € S,wherel <i<n1<j<m.

Theorem 2. For any semigroup S = (S, *), each of the algebras TR(S) = (TR(S),-,F, L)
and TR'(S) = (TR(S),,F, L") is a non-trivial trioid containing S as a subtrioid, in which all
operations coincide.

Proof. We show first that operations -, I, and L of 7TR(S) are associative. For all elements
a=(ay,ay,...,a,),b=(by,by,...,bm), c=(c1,c2,...,cx) € TR(S), we get

a4 (bdc)=a-A(by,...,bpuy-1,bmxc*) = (ay,...,a,-1,an % b* x ")
= (ay,...,ap—1,a,%xb*) 4c=(a-4b) ¢,
atb(bkFc)=at (b"*cy,c,...,c) = (a* *b" xcq,00,...,Ck)
= (a"xby,by,....by)Fc=(akb)Fc
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and
al(blc)y=al (by,...,by—1,bm*cy,co... cp)

= (alz---;an—lran*bll---;bm—lfbm*C1/C2/---;Ck)

= (ay,...,p-1,an%b1,by, ..., byy) Lc=(a Lb) Lec

Thus, (TR(S), o) is a semigroup for any o € {-,I-, L }. Since

a4 (bkc)=a-A (" *xcy,ca,...,cp)
=(ay,...,ap-1,a, %" xc*) = (a4b) ¢,
ab (bkc)=(a*«b"*cy,co ..., k)
= (ay,...,ap_1,an%xb*)Fc=(a-b) Fg,
a4 (bLc)y=a4by,..., by_1,bm*ci,c...,ck)
=(ay,...,ap-1,ap%b* xc*) = (a4b) ¢,
ab (bkc)=(a*«b"*cy,co ..., Ck)

= (ay,...,ay-1,8n% by, by, ..., b)) Fc=(a Lb)Fec,

the axioms (T3), (T3), (Ty), and (Tg) hold.
The axiom (T3) also holds, since

ab(bdc)=at (by,...,by_1,bm*c*) = (a*xby,ba, ..., by_1,bm*c")

= (a**by,by,...,bp) 4c=(akb) e
Further we check axioms (T5)—(T7):

al (b-dc)=al (by,...,by—1,bm*c")

= (all' </ p—1,0n * blrbZI- . -rbmflrbm * C*>

=(ay,..., 001,80 %b1, by, ..., by) 4c=(a L D) A,

al (bFc)=al (b*xcy,co...,ck)
=(a,...,ay_1,a,%*b" xcy,c2,...,¢k)
= (ay,...,ap—1,a,%b*) Lc=(a—b) L,
ak(bLc)y=ab (by,...,by—1,bm*c1,co,...,ck)
= (a*xby, by, ..., byyxc1,02,...,Ck)
= (a**by,by,...,bp) Lc=(atb) Lec.

Obviously, L’ is associative on TR(S). To prove that TR/(S) = (TR(S),,+, L) is a trioid
it is enough to check the trioid axioms (T4)—(T3g). Foralla = (ay,a3,...,a,),b = (b1, b2, ..., bm),

c=(c1,¢2,...,¢x) € TR(S), we have

a-(bLl'c)=a-*=*c)

=(ay,...,ap-1,a,%b" xc*) = (a-4b) ¢,
al’(bHdc)=a L' (by,...,by_1,bmxc*) =a"* (b*xc*)

= (a**b*)Hdc=(aLl'b) e,
al’(bFc)=al’ (b**cy,cp...,cp) =a"*(b*xc*)

= (a1,...,ap_1,an%b*) L' c=(a-b) L',
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and
ab(bLl'c)=abk (b**c*)=a**(b"*c")
= (a* *by,by,...,byy) L'c=(akb) L'c,
ab (bkc)=(a**b"*cy,ca,...,Ck)
= (@ xb*)Fc=(a L' b) e

Consequently, TR(S) and TR/(S) are trioids that are obviously non-trivial, and their
operations -,F, 1, and L' on S coincide. This means that each of these trioids contains S as a
subtrioid whose operations all coincide. O

We call the obtained trioids 77(S), TR(S), and T R/(S) from the theorems above the trioid
extensions of the semigroup S.
Theorems 1 and 2 immediately imply the following statement.

Corollary 1. Any semigroup can be embedded into suitable non-trivial trioids as a subtrioid,
in which all operations coincide.

Remark 3. Theorems 1, 2 give new classes of trioids that are defined by arbitrary semigroups.
We note that all operations on the trioid T R(S) are not commutative, while S = (S, *) is
an arbitrary semigroup; the operation L (respectively, 1') of the trioid Tr(S) (respectively,
TR'(S)) is commutative if S = (S, %) is commutative.

Let 7 = (T,<,>,1t) and 7' = (T',</,>',1') be arbitrary trioids. Recall that a mapping
¢ : T — T is called a homomorphism of T into T" if (x xy)¢ = x¢ ' y¢ for all x,y € T and any
x € {=<, >, 1}

Finally, we consider some properties of trioids constructed in Theorems 1 and 2.

Proposition 3. Let S = (S, x) be an arbitrary semigroup. Then

(i) S as a trivial trioid is an epimorphic image of each of the trioids Tr(S), TR(S) and
TR (S);

(ii) the semigroups (Tr(S), ) and (Tr(S),F) of the trioid Tr(S) are anti-isomorphic if S is
commutative;

(iii) the semigroups (TR(S), ) and (TR(S),F) of the trioid T R(S) are anti-isomorphic if S
is commutative;

(iv) there exists a monomorphism of Tr(S) into TR'(S).
Proof. (i) Define a mapping ¢ from the trioid 7R (S) onto the trivial trioid (S, *, *, *) by
@ a=(a;,ay,...,a,) — a" =ap*ay*---*xa.

It is clear that Sp = S, therefore ¢ is a surjection. Moreover, for all a = (ay,ay,...,a,),
b= (by,by,...,bym) € TR(S) we have

((aq,a2,...,ay) A (b1, by, ..., bm))p = (a1,...,a4,_1,a, % b") @
=ap*ap*---xapxb" =a"xb" =a¢gxbey,
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((a1,a2,...,a0) F (b1,b, ..., b)) @ = (a" x by, by, ..., b))
=a"xbyxby*x---xby =a"xb" =apxbe,

((alra2/'--ral’l) 1 (blleI"'rbTH))qD = (alr~'~/anflral’l*blrbZI"-rbTH)qD
=ay k- ka1 kA xbyxbyx - xby = agxbe.

Analogously, S as a trivial trioid is an epimorphic image of 7R'(S). In particular, a map-
ping ¢ : Tr(S) — Ssuch that (a,b)p =axband cp = cforalla,b,c € S is an epimorphism of
Tr(S) onto S.

(ii) Let S = (S, %) be a commutative semigroup. Define a transformation 7 of Tr(S) by

(a,b)n = (b,a) and cy = c for all a,b,c € S. It is obvious that # is a bijection and 7|s is an
anti-isomorphism of S. Besides,

((a,b) 4 (c,d))y = (a,bxcxd)y = (bxcxd,a)

(

(dxcxba) = (d,c)F (ba) = (c,d)y + (a,b)y,
(a,bxc)y = (bxc,a)
(
(

((a,0) A c)y

cxb,a) =ct (b,a) =cyt (a,b)y,

axbxc)y=axbxc

(@ (b,c))y

xbxa=(c,b)Fa=(bc)ytay

foralla,b,c,d € S, so 1 is an anti-isomorphism of (Tr(S), ) into (Tr(S), F). The statement (iii)
can be proved in a similar way:.

(iv) It is not difficult to check that 77(S) is identically embedded into 7TR'(S). O
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XK.-A. Aopeit Ta M.O. PoHKO BBeAM TIOHSITTSI TpMaArebpu i Tpioiaa, a TakoX BU3HAUMAM KOH-
CTPYKIii BiABHOI TpMaATe6py i BiABHOTO MOHOTeHHOTO Tpioiaa. Tpmaarebpy mos’s13aHi 3 orreparamuy,
acoLifOBaHMMM 3 AAHITIOTOBMMI MOAYASIMMU CiMIIAeKCiB i moaiTomamu Craredpa. Tpioia € ocHOBOIO
TpraATebpy i BM3HAYAETLCS K MHOXMHA 3 TPboMa OGiHAPHMMM acOLIaTVBHMMIU ONlepallisiMy, IO
3aAOBOABHSIIOTH TVM e aKcioMaM, 1o i Tpmaarebpa, ToMy TpuasTrebpy € AiHIHMMM aHaAOTaMI
Tpioiais. SIkmIo omeparii Tpioiaa 36iraloThCsl, TO BiH cTae HAMiBrpymow. Y Lill CTATTi BUBYAIOTHCS
NPUPOAHL 3B SI3KM MiX AOBIABHMMM HaIliBrpyIaMM Ta TPiOiAaMM, IO BM3HAYAIOTHCS LVIMM HarliB-
rpynamu. [IpeacTaBA€HO HOBi KAacu TpPioiAiB, TOOyAOBaHMX 3 Pi3HMX HaIBIPYI, i MOKa3aHO, IO
6yAb-sKa HaIliBrpyTia MoXe OyTV BKAaAeHA Y AeSIKII HeTPUBiaABHIMIA TPioia K MATpioia, B IKOMY
BCi omepariii 36iraroThbcsl.

Kntouosi crosa i ppasu: Tpioia, AiIMOHOIA, HaliBrpyTia, MOHOMOPi3M.



