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ON LINEARITY OF ISOTOPES OF ABELIAN GROUPS

The concept of middle linearity for isotopes of Abelian groups is introduced. If a quasi-
group is one-sided linear then two of its parastrophes are left linear, two right linear and two
are middle linear. The corresponding formula is given. Relations for the corresponding varieties
and identities are established. Involutional one-sided central quasigroups are characterized.
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Introduction

This article is a continuation of [4, 5, 1]. Throughout the article only isotopes of
commutative groups are under consideration, i.e., the word ‘linear’ could be replaced by
‘central’.

Remind that a quasigroup (Q;o) defined by xoy = axr + fy+a and a0 = 50 = 0
for some group (Q;+,0), is called: 1) left linear if « is an automorphism of (Q;+); 2) right
linear if  is an automorphism of (Q;+); 3) linear if both a and § are automorphisms of
(Q;+). Let (Q;0) be strictly left linear quasigroup, that is, « is an automorphism of (Q;+)
but S is not. It is easy to prove that its (23)-parastrophe and (132)-parastrophe are neither
left linear, nor right linear. The property which corresponds to the left linearity is called here
middle linearity. Namely, (Q;o) is called middle linear if a3~ is an automorphism of the
commutative group (Q;+).

In Theorem 4. and Corollary 2. a dependence among left, right and middle linearities is
established.

1. Preliminaries
A quasigroup is an algebra (Q; -, -,T) satisfying the identities

l 4 r r
(@-y) y=z (z-y)y=z z-(xy=y z(r-y =y (1)
The operation (-) is called main and (E) . (*) areits left and right divisions. These operations
and their dual, which are defined by

x-y:=y-x, Ty =y-x, T -Yyi=y-x (2)

are called parastrophes of (-) and defining identities are called primary. Relationships (2)
e : o . ¢ . . ¢ ¢
establish bijection among identities of signatures (-, -, T) and identities of (-, -, T s-r)
Therefore, throughout of the article we consider identities on quasigroups of signature

L r s st sr

(<, -, -, +, +, ). All parastrophes of (-) can be also defined by:

g
Tig * T20 = T3g 1= X1 T2 = T3,
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where o € S3:= {1, 0,r,s,sl,sr}, s:=(12), £:=(13), r:=(23). It is easy to verify that

)=()
holds for all 0,7 € S5.

Transformation of an identity 10 to identity i0’ using primary identities is called a primary
(parastrophic) transformation |2].

Let P be an arbitrary proposition in a class of quasigroups 2. The proposition P is said
to be a o -parastrophe of P, if it can be obtained from P by replacing in every 7 -parastrophe
the symbol 7 with 707! for 7 € S3; 2 denotes the class of all o -parastrophes of quasigroups
from 2.

Theorem 1. [3] Let A be a class of quasigroups, then a proposition P is true in 2 if and
only if °P is true in 2.

Definition 1. Transformation of the identity id to the identity 10 s called a parastrophic
transformation or o -parastrophic transformation, if it can be obtained by replacing the main
operation with its o~ -parastrophe.

Two identities are called:
1) equivalent, if they define the same variety;

2) primarily equivalent, if one of them can be obtained from the other in a finite number of
applications of primary identities (1)—(2) (primary equivalent identities are equivalent);

3) o -parastrophic, if one of them can be obtained from the other by o -parastrophic
transformation;

4) o -parastrophically equivalent, if they define o -parastrophic varieties (according to
Theorem 1., o-parastrophically equivalent identities define o -parastrophic varieties);

5) o -parastrophically primarily equivalent, if one of them can be obtained in a finite number
of applications of primary identities and oy -, 09 -, ..., 0} - parastrophic transformations
such that o105...0, = o for some k£ € N.

In a generalized case o will be omitted. For example, two identities are called parastrophi-
cally equivalent, if they are o -parastrophically equivalent for some o € S3.

Canonical decompositions of group isotopes

Definition 2. A groupoid (Q;-) is called an isotope of a groupoid (Q';+) iff there exists
a triple of bijections (0,v,7) called an isotopism such that x -y := v(0 'z + v~1y) for all
x,y € Q. An isotope of a group is called a group isotope. A permutation o of a set Q) is called
unitary of a group (Q;+,0), if «(0)=0.

Definition 3. [5] Let (Q;-) be a group isotope and 0 be an arbitrary element of @ , then the
right part of the formula
r-y=ar+a+ Py (3)
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is called a 0-canonical decomposition, if (Q;+) is a group, 0 is its neutral element and
a0 =p0=0.

In this case: the element 0 is defining element; (Q;+) decomposition group; a its free
member; o its left or 2-coefficient; B its right or 1-coefficient; o~ is its middle or 3-
coefficient. Briefly the canonical decomposition will be denoted by (+,0,«, 3, a).

Theorem 2. [5] An arbitrary element b uniquely defines b -canonical decomposition of a group
1sotope.

Let (3) be a canonical decomposition of an isotope (Q;-) of an Abelian group (Q;+).
Then it is easy to varify that all its parastrophes have the following forms

Ty = ar+a+ By; z°y=fx+a+ay;

¢ st
voy=allw—a—Py); x°y=al(—fr—a+y); (4)
voy=p~ar—a+y); - y=p"1(r—a-ay)

Corollary 1. [4] If a group isotope (Q;-) satisfies the identity

wi(x) - wa(y) = ws(y) - wa(x) (5)

and the variables x, y are quadratic, then (Q;-) is isotopic to a commutative group.

Recall, a variable is quadratic in an identity, if it has exactly two appearances in it. An identity
is called quadratic, if all its variables are quadratic.
From [4, Theorem 1| follows a statement:

Theorem 3. Let four quasigroups satisfy a quadratic identity in three variables with properties:
an arbitrary sub-term of the length two (three) has two (three) different variables; any two
different sub-terms of the length two have three different variables. Then all these quasigroups
are 1sotopic to the same group.

In the article, ‘length of a term’ means the number of its individual variables including their
repetitions.

Remark 1. Let (Q;+,0) be a group, Jxr := —x its inverse-valued operation, 0 its
automorphism and ¢ be its permutation. Then J, := ¢ 'Jp is the inverse-valued operati-
on and 0, := ¢ '0p is an automorphism of ¢~ -isomorphe which is denoted by (Q;+) and

©
defined by

Thyi= P~ (o + py). (6)

o~ -isomorphe of (Q;+,0) has the same neutral element 0, if p0 = 0. Also 05 =0 is true.
Proposition 1. A triple (o, 8,7) of permutations of a set Q is an autotopism of a commutati-
ve group (Q,+) if and only if there exists an automorphism 6 of (Q,+) and elements b,c € Q

such that
a = Lc—bea 6 = Lb07 V= L.

Unitary component of an autotopism of an Abelian group is its automorphism.
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2. Linearity of isotopes of Abelian groups

The concepts of left and right linearity are well known and were under consideration by
many authors (see in [1, 7| and their cites). Following [4], we introduce these concepts basing
on the concept of the canonical decomposition (which always exists and is unique) and add a
new concept of middle linearity to compliment to a set of parastrophically closed notions.

Definition 4. An isotope of an Abelian group is called

e i-linear, if 1 -coefficient of its canonical decomposition is an automorphism of the
decomposition group, i =1,2,3;

e one-sided linear, if it is 1 -linear for some i =1,2,3;
e linear, if it is i -linear for all 1 =1,2,3.
Proposition 2. The definitions of left, right and middle linearity given above are correct.

In other words, they do not depend on canonical decompositions of the corresponding group
isotopes.

Proof. Let (+,0,«,/3,a) and (o,e,aq,f1,b) be canonical decompositions of a group isotope
(Q;-). A dependence between them is the following (see [5]):

roy=x—e+y, ax =ar—aec+e, fiy=e— Pe+ Py, b=ae+a+ Pe. (7)

To prove independence of the left linearity concept on canonical decompositions, we have to
prove that «; is an automorphism of the group (Q;o,e) if and only if « is an automorphism
of the group (Q;+,0). The statement ‘ a; is an automorphism of (Q;o,e)’ means that for all

T,y €Q
ai(roy) =airoayy

holds. According to (7), it is equivalent to
alr—e+y)—aet+e=ar—aet+e—e+ay—ae+e,

that is
a(r —e+y) = ax — ae + ay.

Replacing x with x + e we have
alr+y) =alr+e) —ae+ ay. (8)

Putting y = 0 because a0 = 0, we obtain a relationship ax = a(z +e¢e) — ae. It is always true
when « is an automorphism of (Q;+,0). Therefore, (8) is equivalent to a(x +y) = ax + ay.

Independence of right and middle linearity concepts from canonical decompositions can
be proved in the same way. a

Lemma 1. Any two from left, right and middle linearities of an Abelian group isotope imply
the third one.

Proof. It is evident because automorphy of any two coefficients of a canonical decomposition
implies automorphy of the third one. O
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Lemma 2. Let 0 be an arbitrary element of Q@ and (+,0,a, 8,a) be a canonical decomposition
of a commutative group isotope (Q;-), then 0-canonical decompositions of parastrophes of
(Q;-) are the following

:Efy:ow:—i-a—i-ﬁy; (9)

vty =PBr+a+ay; (10)

" y=a 'z + Jyata+ JuB.a My, (11)
st -1 -1 -1, .

x - y=Jfoa x+ Jya a+a My (12)

Ty = Japfta —g JsB ta %ﬁ— By (13)

sroo a1 -1 -1 4

Try=pTr A e at JsapBTy. (14)

Proof. If (9) is the 0-canonical decomposition of (Q;-), then (10) is 0-canonical decomposi-
tion of s-parastrophe of (Q;-).
First, we show that (11)—(14) are true. Consider (11) and (13):

atr+ Jyata + JuBacty ©) a N aa™tr + aJyala+ ad,foaly) =

—a Nzt Jat By =aw—a—By) L'y

T~ 4 Jof Nt 57y © 3185587z + BIsBa+ BB y) =

=Y Jax+ Ja+y) =" (—ax —a+vy) Gt Y.
Thus, (11) and (13) are true.
l r

Because (sz) and () are s-parastrophes of (-) and () respectively, (12) and (14) hold.
Since a0 = 0 = 0 and J,0 = Jg0 = JO = 0, all coefficients in (9)—(14) are unitary
(see Remark 1.). Therefore, each of (9)—(14) is 0-canonical decomposition of the corresponding
parastrophe of (Q;-). O

Theorem 4. Let i € {1,2,3} and o € Ss. If an isotope of an Abelian group is i -linear, then
its o -parastrophe is io~ ' -linear.

Proof. Let (Q;-) be an isotope of an Abelian group and let (9) be its 0-canonical decomposi-
tion. According to Lemma 2., (9)—(14) imply the following table for components of 0-canonical
decompositions of the parastrophes of (Q;-):

L s l st r ST
Left coefficient o B a ! JoBac™ | JaapB™? gt
Right coefficient I&; a | JyB.a7t a~l Bt Jpagt
Middle coefficient | a8~ | Ba™t | BN, JoBa Jpag aglJB
Decomposition
group OIS N T I S N RO R RS
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Let (Q;-) be 2-linear, i.e., left linear that is « is an automorphism of (Q;+). According to
Remark 1., a, = «a, so, « is an automorphism of the group (Q;+). Therefore, ¢-parastrophe

of (Q;-) is 2-linear, s- and s¢-parastrophes are 1-linear.
Since J, a and a~! are automorphisms of (Q;+), Remark 1. implies that Jsas and
ozgng are automorphisms of (Q;+). It means that r- and sr-parastrophes of (Q;-) are
B

3-linear.

If (Q;-) is l-linear, one can establish linearity of its parastrophes analogically.

Let (Q;-) be 3-linear. It means that «oB~' is an automorphism of (Q;+). Since
(Ba™')"' = aB~!, s-parastrophe of (Q;-) is 3-linear as well.

We claim that J,8,a~! and JsagB™! are automorphisms of (Q;+) and (Q;—g—) respecti-

vely. Indeed, according to Remark 1., J, and (B,a™')™! = af;! are automorphisms of (Q;+),

Js and apfB~! are automorphisms of (Q;+).
B

Therefore, ¢- and sr-parastrophes of (Q;-) are 2-linear, sf- and r-parastrophes are
1-linear. O
Using the concepts left, right and middle linearity, the theorem immediately implies

Corollary 2. Relationships among one-sided linearity of an isotope of an Abelian group and
its parastrophes are given in the following table:

Linearity L l r S st sr
left left left middle | right right | middle
right right | middle | right left maddle left

middle | middle | right left middle left right

Definition 5. A quasigroup (Q;-) will be called strictly i-linear, if it is i -linear and it is not
j -linear for some j #1i.

For example, if a quasigroup is 1-linear, then the right coefficient is an automorphism of the
decomposition group and neither left coefficient, nor middle coefficient is an automorphism. It
follows from Lemma 1..

Example 1. The quasigroup (Z4;0) which is defined by x oy := (13)x + (23)y is strictly left
central, since the circle (13) is an automorphism of (Zs;+) and neither the circle (23), nor
the circle (13)(23) = (123) is an automorphism of (Zy;+) . Therefore, its parastrophes (Zy;0)
and (Zy; g) are strictly right central and middle central respectively.

3. Linearity of varieties and corresponding identities
Definition 6. A class of quasigroups will be called

e i-linear, if all its quasigroups are i -linear;

e involutional i-linear, if all its quasigroups are @ -linear and their canonical 1 -th coeffici-
ents are involutions;

e strictly ¢-linear, if all its quasigroups are 1i-linear and there exists a strictly 1 -linear
quasigroup in the class.
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e i-central, if all its quasigroups are i-central, i.e., their canonical decomposition groups
are commutative;

e strictly i-central, if all its quasigroups are i-central and there exists a strictly 1 -central
quasigroup in the class.

Consequently, the involutional strictly left central quasigroup variety is a variety of left linear
quasigroups which are isotopic to commutative groups and left coefficients in their canonical
decompositions are involutions, i.e., the functions that are their own inverse.

Lemma 3. Any two from 1-, 2-, 3-linearities of classes of quasigroups imply the third one.
Proof. It immediately follows from Definition 6. and Lemma 1.. a

Definition 7. An identity is called i-linear (strictly i-linear), if it defines i -linear (strictly
i -linear) variety of quasigroups.

Theorem 5. Let i € {1,2,3} and o € Ss. If a class of quasigroups is i-linear, then its
o -parastrophe is io~! -linear.

Proof. Let a class of quasigroups 2 be i-linear. It means that each quasigroup (Q;-) from
2( is i-linear. Then according to Theorem 4., o -parastrophe of (Q;-) is io~!-linear. Since 72
consists of all o -parastrophes of quasigroups from 2l, the class % is ioc~!-linear. O

Theorem 6. Let i € {1,2,3} and o € S3. If a class of quasigroups is strictly i-linear, then
its o -parastrophe is strictly io~" -linear.

Proof. Let a class of quasigroups 2 be strictly i-linear, i.e., all quasigroups from 2 are
i-linear and there exists a quasigroup (Q;-) in 2 which is not j-linear for some j # i.

According to Theorem 5. all quasigroups from % are io~!-linear. The o -parastrophe (Q; (-7)
is not jo~!-linear, otherwise o~ !-parastrophe of (Q;°), i.e. the quasigroup

0.—1 g
(@7 (+) = (@)
is j-linear. Therefore, the quasigroup (Q;(-;) and consequently the variety “2 are strictly
ioc~! -linear. O

According to Definition 7., Theorems 5., 6. imply the following

Corollary 3. Let i € {1,2,3} and o € S3. If a class of quasigroups is i-linear (strictly
i -linear), then its o -parastrophe is io~' -linear (strictly io=" -linear).

Further we will consider varieties 2, 2, € defined by identities

(wy - u)v = (20 - u)y, (15)
oy - uv) = u(y - wv), (16)
2y " ww) = u(vz - y) (17)

respectively. The following theorem is true.
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Theorem 7. The varieties A, B, € are different.

1. A =" is the variety of all involutional left central quasigroups;

2. B = A = A is the variety of all involutional right central quasigroups;
3. €="A =" s the variety of all involutional middle central quasigroups.

Proof. 1. According to Definition 1., ¢-parastrophe of (15) has the form

(x ) uw) o= ((z"v) u)"y.

In the right part of the equality we use the definition of the left division:

4 L

(@ v) u=(((x"y)

Replace = with zu -y and apply the first identity from (1):

(zu-y) “v) “u=(z- o)y

According to the definition of the left division, we have

(x?v)y~u: (xu-y)gv.
In the right part of the equality we apply the definition of the left division. Replacing = with
zv and using the first identity from (1), we receive an identity which coincides with (15).
Thus, (15) is equivalent to its ¢-parastrophe, i.e. 2 = 2.
Let a quasigroup (Q;-) satisfy the identity (15). Put 2 =a (a € Q) in (15) and define
the operation (o) by
roy:= L,x -y,

then (15) can be written as follows

(you)-v=(vou)-y.

The last identity satisfies conditions of Theorem 3., then (Q;-) is a group isotope. The identity
(15) has the form (5) with respect to the quadratic variables y and v. In virtue of Corollary 1.,
(Q;-) is isotopic to some Abelian group. It implies that (3) is 0-canonical decomposition of
(Q;-) . Applying (9) to (16), we have

a(alaz +a+ By) +a+ Bu) +a+ Bv = a(alaz +a+ Bv) +a+ fu) +a+ By. (18)

Since a0 = S0 = 0, then the last equality at x = y = 0 implies that « is an automorphism
of (Q;+).

Putting z = u = v = 0 in (18), we obtain a3 = 3, that is, a® = . Therefore, (Q;") is
a left involutional central quasigroup.

Vice versa, let (Q;-) be a left involutional central quasigroup, i.e.,

r-y=azr+a+ Py, o=y, (19)

for an automorphism « of a group (Q;+), a permutation 8 of @ with S0 =0 and an element
a € Q. We claim that (Q;-) satisfies (15). Indeed,

(acy-u)-v(g)a(a(&x+a+ﬁy)+a+6u)+a+[3v.

Fedir Sokhatsky, Olena Tarkovska 115



ISSN 1817-2237. Bicuuk JouHY. Cep. A: Ilpupoaguuui Hayku. - 2017.- Ne 1-2

Since « is an automorphism of (Q;+), then

(zy - u) v =’z + a’a+ By + aa + aBu+a + Po.
Because the group (Q;+) is Abelian and a? = ¢, we have

(zy-u) -v=ca’r+a’a+ Py +aa+afu+a+ fv=

=z +a?a+ Bv+aa+ afu+a+ By =

= o’z + o?a + o?Bv +aa + afu+a+ By =

= afalaz +a+ fv) +a+ fu) +a+ By ) (v -u) - y.
Thus, (Q;-) satisfies the identity (15) and therefore item 1. has been proved.

2. s-parastrophe of (15) is
((z-y) " w)

By the definition of s-parastrophe, we obtain v(u-yx) = y(u-vzx). It coincides with (16) after
mutual relabeling of x and v, y and w. Therefore, (16) is s-parastrophically equivalent to
(15), i.e. B =*A. Moreover,

S

o= ()

u) .

B = A = (‘A = 9.

By the definition, a quasigroup (Q;-) belongs to the variety *2 if and only if its s-
parastrophe (Q;?) belongs to the variety 21. Let

ry=oar+a+ Py

be a canonical decomposition of (Q;-). 2l is the variety of all involutional left central quasi-
groups. It means that (Q;+) is an Abelian group, « is its automorphim and o? = . According
to (10) of Lemma 2.,
T-y=pfr+a+ ay. (20)
Therefore every quasigroup from *2l is involutional right central one.
Let (Q;-) be an arbitrary involutional right central quasigroup. Then (Q; ‘?) is a involuti-

onal left central quasigroup, i.e., (Q;?) belongs to 2. Consequently, (Q;-) belongs to 2.
Thus, *2 is the variety of all involutional right central quasigroups.

3. The following identity is r-parastrope of (15)

((z"y) " w)

Replace y with zy, v with zv and use the third identity from (1):

T

o= (") )"

“u) Ty,

(y-u) av=(v-u)" zy.

In the left part of the equality we apply the definition of the right division. Replacing u with
vu and using the third identity from (1), we receive

(y " vu) - (u - zy) = 2v.
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. . 4 .
Put v instead of y . vu, i.e., yv - u instead of v:

T

v(u - zy) = x(yv : u).

Relabeling variables according to the cycle (zuyv), we obtain (17). It means that (17) and
(15) are r-parastrophically primary equivalent, so, € ="2.
Moreover, because r¢ = sr, we have

C="9 = r(@m) — T@Q[ — ST

By the definition, a quasigroup (Q;-) belongs to the variety "2 if and only if its -
parastrophe (Q;T) belongs to the variety 2. Let

r-y=ar+a+ Py

be 0-canonical decomposition of (Q;-). According to (13) of Lemma 2., O-canonical decomposi-
tion of (Q;") is
vty =0v+ JsB a+ By,
B B

where § := JzapfB~!. By virtue of Remark 1., Jz:= 71J8, as = 'af and

Tty = BBz + By).

Therefore, § = (37 1JB)(8~'aB)B3" = B~ Ja. Since (Q;-) belongs to 2, then 6% = and 0
is an automorphism of the commutative group (Q; —g, 0).

Consequently, 6(x 4+ y) = dz + dy, i.e.,
B B

68~ (Bx + By) = B~ (Box + Bdy),

Replace Bz with z and By with y: B8z + y) = BéB 'z + BIS1y. Therefore,
o8~ = B(B1Ja)p™t = Jap~! is an automorphism of the commutative group (Q;+),
so, af3~! is an automorphism of the group. Mereover, §> = ¢ means B 'JaS 'Ja = ¢, or
J2afta = f,ie. (af™1)? =. Thus, (Q;-) is an involutional middle central quasigroup. O

Conclusions

There are three one-sided notions of centrality of quasigroups (i.e., linearity of isotopes of
Abilian groups): left centrality (i.e. 2-centrality), right centrality (i.e. 1-centrality) and middle
centrality (i.e. 3-centrality). A dependence among these notions is: If a quasigroup is i -central,
then its o -parastrophe is ic~1 -central. The set of all isotopes of a commutative group is parted
into three disjoint parastrophically closed subsets: non-linear quasigroups; strictly one-sided
central quasigroups and central quasigroups.
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®eqaip Coxanpkuii, Osena TapkoBcbKa

30610y6ay Kapeopu MamemamuuHo2o anaridy © dupeperuiarvhur pisHaAns, Joneuvrud
Haytonasvhut yrisepcumem imeni Bacuas Cmyca;

cm. aaboparm rxahedpu MAmemamusnozo anari3y i oudeperuiasvrur pienans, loneyvrud
HAULoHaALHUT YyHisepcumem iment Bacuaa Cmyca

IIPO JIIHINHICTD I30TOIIIB ABEJIEBUX I'PVYII

PE3SIOME
BBejeno mousaTTS cepeHbOl JHIHHOCTI JUig i30TOomiB abejeBux rpyi. fIKimo kBa3irpymna mae
O/IHOCTOPOHHIO JIHIAHICTD, TO cepel 11 mapacTpodiB: aBa JiBOJIIHIHI, JBa TPABOJiIHIAHI Ta /1Ba
cepeHBOIIHINHI. 3HaiiTeHa BiamoBiAHA dopMyIa. A TaKoK BCTAHOBJIEHO 3aJI€KHICTH MiXK Bijl-
HOBIIHEMHU TOTOXKHOCTSIMHU Ta MHOroBugaMu. OXapakKTepH30BaHO iIHBOJIIOTHBHI OJIHOCTOPOHHBO
MEeHTPAaIbHI KBa3irpymu.

Karwdyosi ciaoBa: ksasiepyna, AiHIGHG Kea3iepyna, 2pynosudl i30mon.

Denop Coxankwmii, Esrena TapkoBckas

sasedyrowut Kapedpoli MaMeMamuiecko20 aHaAu3a U Juddepenyuarvonue ypasHeHud,
Joneuykutds nayuonarvrol yrusepcumem umenu Bacwas Cmyca;
cm. aaboparm Kapedpol MAMEMAMUYECK020 GHAAU3A U Juddepenuuarorvs ypasHenul,
Joneuruti nayuonasvhol yrusepcumem umeny Bacwvas Cmyca

O JINHEMHOCTU N30TOIIOB ABEJIEBHIX I'PVIIII

PESIOME
BBejeno nougrue cpe/iHeit TMHEHHOCTH /1 N30TONOB abesieBbIX rpyI. Kein KBasurpyima nve-
€T OJIHOCTOPOHHIOID JTUHEHHOCTH, TO CpeJiud ee HapacTpodoOB: JIBa JE€BOJIUHEHHbIE, /IBa IPABOJIH-
HeifHble U J1Ba cpenHesnHelHble. Halimena coorBercTByomas ¢gpopmyaa. A Tak:Ke yCTaHOBJIEHA,
3aBUCHMOCTDH MEXKJY COOTBETCTBYIOIIMMHU TOXKIECTBAMH U MHOTOOOpasusmu. OxapaKTepu30Ba-
HbI THBOJIIOTUBHBIE OJHOCTOPOHHE MEHTPAJIbHBIE KBA3ZUTPYIIITHI.

KuaroueBble caoBa: %8a3u2pynna, AUHEUHAA K6A3UPYNNA, 2pYnnosoti usomon.
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