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Elementary Abelian 2-subgroups
in an Autotopism Group
of a Semifield Projective Plane *

0. V. Kravtsova
Siberian Federal University, Krasnoyarsk, Russian Federation

Abstract. We investigate the hypotheses on a solvability of the full collineation group
for non-Desarguesian semifield projective plane of a finite order (the question 11.76 in
Kourovka notebook). It is well-known that this hypotheses is reduced to the solvability
of an autotopism group. We study the subgroups of even order in an autotopism group
using the method of a spread set over a prime subfield. It is proved that, for an elementary
abelian 2-subgroups in an autotopism group, we can choose the base of a linear space
such that the matrix representation of the generating elements is convenient and uniform
for odd and even order; it does not depend on the space dimension. As a corollary,
we show the correlation between the order of a semifield plane and the order of an
elementary abelian autotopism 2-subgroup. We obtain the infinite series of the semifield
planes of odd order which admit no autotopism subgroup isomorphic to the Suzuki group
S2(22™*1). For the even order, we obtain the condition for the nucleus of a subplane
which is fixed pointwise by the involutory autotopism. If we can choose such the nucleus
as a basic field, then the linear autotopism group contains no subgroup isomorphic to the
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50 0. V. KRAVTSOVA

alternating group As. The main results can be used as technical for the further studies
of the subgroups of even order in an autotopism group for a finite non-Desarguesian
semifield plane. The obtained results are consistent with the examples of 3-primitive
semifield planes of order 81, and also with two well-known non-isomorphic semifield
planes of order 16.

Keywords: semifield plane, spread set, Baer involution, homology, autotopism.

1. Introduction

The coordinatization of points and lines in a finite projective plane
enable us to study the geometric properties of a plane connected with
the algebraic properties of its coordinatizing set. It is well-known that
classical or Desarguesian projective plane is coordinatized by a field and
a translation plane by a quasifield. A semifield (“quasitelo”, according
A.G. Kurosh) coordinatizes a translation plane with the property that its
dual plane is also translation plane. Such a plane is called a semifield plane;
it admits large groups of central collineations (or automorphisms).

There is a conjecture ( [3], p. 178) concerning the solvability of a full
collineation group of any non-Desarguesian semifield plane of a finite order
(see also [11], Question 11.76, 1990). Presently this conjecture is confirmed
for some classes of semifield planes, but there is no general approach to solve
the problem. According [3] and Feit-Thompson theorem on a solvability
of any group of odd order, it is necessary to study subgroups of even order
in an autotopism group (collineations fixing a triangle).

In [5;7] the author has shown that an involutory autotopism admits a
matrix representation which is convenient for reasoning and calculations.
The present paper develops an approach using linear spaces and spread sets
to study autotopism subgroups of even order. The matrix representation
is constructed for elementary abelian 2-subgroup of autotopisms which is
generated by Baer involutions. This representation is uniform for semifield
planes of even or odd order. The connection is determined for an order of
a plane and 2-rank of an autotopism group. The main result is as follows.

Theorem 1. Let w be a non-Desarguesian semifield plane of order pN (p be
prime) which autotopism group contains an elementary abelian 2-subgroup
H of order 2™ and all its involutions are Baer,

H = <7'1> X (TQ) X -+ X <Tm>;

here T; are Baer involutions firing pointwise different Baer subplanes ; (i =
1,2,...,m). Then 2™ is a factor of N and a base of 2N -dimensional linear
space over Z, can be chosen such that 7; is determined by a block-diagonal
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ELEMENTARY ABELIAN 2-SUBGROUPS OF AUTOTOPISMS 51

matriz with 2 blocks of dimension (N/20=1) x (N/2'~1) as follows

L:(OE]%) if p> 2, L:(jgg) if p=2. (1.1)

Note that blocks-submatrices by default have the same dimension ev-
erywhere in the paper. So, in (1.1) any block is of dimension (N/2%) x
(N/29).

Under additional conditions, the results are obtained on autotopism
subgroup H ~ Sz(22"*1) if p > 2 and H ~ Ay if p = 2 (Corollary 1
and Lemma 4).

2. Main definitions and preliminary discussion

State the main definitions, according to [3;12].

A semifield is a set S with two binary algebraic operations + and * such
that:

1) (S,+) is an abelian group with neutral element 0;

2) (S'\ {0}, %) is a loop;

3) both distributivity laws hold, a * (b+c¢) =axb+axc, (b+c¢)*xa =
b*a+ cx*a for any a,b,c € S.

The weakening of two-sided distributivity to one-sided leads to a quasi-
field, left or right.

A semifield S contains the subsets N,, N,,, IN; which are called right,
middle and left nuclei respectively:

N, ={neS|(axb)xn=ax(bxn)Va,be S},
Np={neS|(axn)xb=ax(nxb)Va,be S}, (2.1)
Ny ={neS|(nxa)*xb=nx(axb) Va,be S}.

Its intersection Ng = N; N N,;, N N, is called the nucleus of a semifield,
the set
Z={2€Ny|zxa=axzVaeS}

is the center of a semifield. The nuclei and the center of a finite semifield
are subfields; a semifield is a linear space over these subfields.

Consider a linear space W, n-dimensional over the finite field GF(p®),
and a subset of linear transformations R C GL,(p®) U {0} such that:

1) R consists of p"® square (n x n)-matrices over GF'(p®);

2) R contains the zero matrix 0 and the identity matrix E;

3) for any A,B € R, A # B, the difference A — B is a nonsingular
matrix.

The set R is called a spread set [3]. Consider a bijective mapping 6 from
W onto R and present the spread set as R = {6(y) | y € W}. Determine
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the multiplication on W by the rule z xy = x - 0(y) (z,y € W). Then
(W, +, %) is a right quasifield of order p™® [10;12]. Moreover, if R is closed
under addition then (W, +,*) is a semifield.

To construct and study finite semifields, the center Z is used usually
as a basic field. But it may be more convenient to consider a linear space
W and a spread set over a prime field Z,. In this case the mapping 6 is
presented using only linear functions; it greatly simplifies reasoning and
calculations (also computer).

Further we consider a semifield W as n-dimensional linear space over
Z,,. Determine now a projective plane 7 of order p”, using W

1) the affine points of the plane 7 are the elements (z,y) (x,y € W) of
the space W @ W;

2) the affine lines are the cosets to subgroups

V(o) ={(0,9) [y e W}, V(m) ={(z,20(m)) [x € W} (meW);

3) the set of all cosets to the subgroup V(m) or V(oo) is the singular
(or infinity) point (m) or (co), respectively;

4) the set of all singular points is the singular (or infinity) line [oo];

5) the incidence is set-theoretical.

Such the projective plane 7 is a semifield plane, its full collineation group
is Autm =T NG. Here T = {1, | a,b € W} is a translations group,

Tap : (2,y) = (x +a,y+b), x,yecW,

G is a translation complement, it is a stabilizer of the point (0,0). The
automorphisms from G are presented by linear transformations of W & W:

a:(z,y) = (z,y) <é g)’

where A, B, C, D are (n xn)-matrices over Z,,. Note that the representation
of G using linear transformations only is possible because we consider a
spread set over a prime field. In other cases the collineations from G are
represented by semilinear transformations.

The subgroup A < G of collineations fixing a triangle with sides [o0], lo,
I3 and vertices (00), (0,0) € lo,l3, Ps € [00], is called an autotopism group.
Without loss of generality, we can assume that the linear autotopisms are
determined by block-diagonal matrices,

A0
A (z,y) = (2,y) (0 D) :
here the matrices A and D satisfy the condition (for instance, see [6])
A7'9(m)D € R VO(m) € R. (2.2)
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The collineations fixing a closed configuration have special properties. It
is well-known [3] that any involutory collineation is a central collineation
or a Baer collineation.

A collineation of a projective plane is called central if it fixes a line
pointwise (the azis) and a point linewise (the center). If the center is
incident to the axis then a collineation is called an elation, and a homology
in another case. The order of any elation is a factor of the order |7| of a
projective plane, and the order of any homology is a factor of |r| — 1.

The translation complement G of a non-Desarguesian semifield plane is
G = QX A, where § is the group of elations with the axis [0] and the center
(00) (so-called shears). It is an elementary abelian group of order |r|. So,
the investigation of a full collineation group of a semifield plane means a
description of its autotopism group [3].

Any of nuclei (2.1) corresponds to the set of matrices [14]

R, ={M € GL,(p)U{0} | MT = TM VT € R},
Ry, ={MeR|MTeRVT € R},
R, ={M e R|TM € RVT € R},

these sets are the subfields in GL,(p) U {0}. Its intersection Ry is called
naturally the nucleus of a plane. The central collineations forms the cyclic
subgroups in an autotopism group [14]:

1) H, ~ N} ~ R} is the group of homologies with the axis [0, 0] and the
center (00);

2) Hy ~ N} ~ R} is the group of homologies with the axis [co] and the
center (0,0);

3) Hy, ~ N}, ~ R is the group of homologies with the axis [0] and the
center (0).

The matrix representation of these groups is as follows:

- {(E ) [wem. mm{(Y D) wer)
= {(4 1) wen).

A collineation of a projective plane 7 of order m is called Baer collinea-
tion if it fixes pointwise a subplane of order \/|7| = /m (Baer subplane).

Studying the autotopism subgroups of even order, we will focus on the
subgroups generated by commuting involutions to obtain the important
technical results. Naturally, we will distinguish cases of semifield planes of
odd or even order due to the geometric meaning of the involutions.

Let m be a semifield plane of odd order. Then its autotopism group
A always contains the normal elementary abelian subgroup Hy of order 4



54 0. V. KRAVTSOVA

generated by homologies,

Hy = {g, hy = <_0E g) Jhy = <§ _0E>  hs = <_OE _0E> } (2.3)

Each of these homologies is the unique involution in the cyclic group which
is isomorphic to the multiplicative group of the nucleus (middle, right,
left) of a coordinatizing semifield. Evidently, these homologies are not
conjugated in A.

The case when the factor-group A/Hy is of odd order is not of interest
from the point of view of the solvability problem. So we assume further
that A contains a Baer involution 7. If |r| = 2V then the autotopism group
A does not contain the central collineations; for p = 2 we assume 7 € A
too. We use the following results on the matrix representation of a Baer
involution 7 and a spread set of m which were obtained earlier in [5;7].

Let 7 be a non-Desarguesian semifield plane of order pV (p be prime).
If its autotopism group A contains a Baer involution 7 then N = 2n is even
and the base of 4n-dimensional linear space over Z, can be chosen such

that
L O
T = <O L> , (2.4)

where the matrix L € GLay(p) is (1.1). The set of points of the Baer
subplane 7, which is fixed by 7 consists of all vectors (0, z,0,y), where z,
y are elements of n-dimensional linear space over the field Z,,.

If p > 2 then the spread set R in G Loy, (p) U{0} consists of the matrices

o(V,U) = (m‘(/U) f((}/)) . (2.5)

Here V € Q, U € K, Q, K are some spread sets in GL,(p) U {0}, K is the
spread set of the Baer subplane m., m, f are additive injective functions
from K and @ to GL,(p) U {0}, and m(E) = E.

If p = 2 then the spread set R in GL2,(2) U {0} consists of the matrices

U+V+m(V)+w(V) f(V)+ m(U)> , (2.6)

o(v.U) = ( 1% U+w(V)

where U,V € K, K is the spread set of the Baer subplane 7, in GL,(2) U
{0}. The additive functions m, f,w map K to the ring of (n x n)-matrices
over Zg, m(FE) = 0, the function f is injective, the lower row of the matrix
w(V') consists of zeros for all V € K.

Note that this result proved in [5] is a natural generalization of a matrix
representation which was obtained in 1989 by N.L. Johnson et al. [1] for
the case when a semifield plane of order 22" has a nucleus of order 2".
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3. Results for semifield planes of odd order

Let m be a non-Desarguesian plane of odd order and 7 be a Baer in-
volution in the autotopism group A. We will study the involutions in A
commuting with 7; it may be Baer involutions or homologies h; (2.3).

Lemma 1. Let 7 be a non-Desarguesian semifield plane of order p™ (p > 2
be prime), T € A be a Baer involution (2.4). If o # T is a Baer involution
in Cp(T) then the restriction of o onto the Baer subplane 7, is a homology
or a Baer involution. In the first case o = hyT (i = 1,2,3); in the second
case N 1s divisible by 4 and, with the appropriate base,

L0OO0O
0LOO
=100 L0 (3.1)
00O0L
Proof. Because o commutes with 7,
A1 0 0 O
[0 4 0 0
o 0o B 0|
0 0 0 B2

where A;, B; € GLy/2(p), A} = B} = E (i = 1,2). Then o, = </(1)2 BE) >
2

is an autotopism of the Baer subplane 7., identity or involutory homology,
or Baer involution.

Let o, be an identity mapping of 7, As = Bs = E. Then for any matrix
6(V,U) from the spread set R (2.5) the condition (2.2) holds:

A 0 By 0
(O E) o(v,U) ( ’ E) R

For instance, for £ € R we have B; = A;. Further, we can choose a new
base of the linear space without changing 7 such that the matrix A; leads
to a Jordan normal form. Under the condition, o is a Baer involution, so its
characteristic roots are only —1 and 1, and in an equal amount. Moreover,
its minimal polynomial is A2 — 1 and so the Jordan normal form of A; is
necessarily —F, i.e. ¢ = 7. We obtain the contradiction to the assumption
of lemma.

Let o, be the involutory homology with the axis [0]. Then Ay = —F,
By = E and B; = —A; from the condition (2.2). Converting A; to a Jordan

normal form, we obtain diagonal matrix with diagonal elements +1. Show
that A; = £FE. Indeed, for 6(0,U) using (2.2) we have

(5 ) (0 ) 2) = (A ) e
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so m(=U) = —Aim(U)A1, Aim(U) = m(U)A; for all U € K. Assume
that A; contains —1 and 1, then

~E 0\ k
Al:(o E>N/2—k;

(here the number of rows is on the right). Divide the matrix m(U) to the
blocks of correspondent dimension and multiply:

m() = (3 32) ny— i

_(—=My —M>y\  [—Mi M,
Aim(U) = ( Ms M,y ) B (—Mz My

i.e. the matrices m(U) are block-diagonal for all U € K. It is impossible

because the set {m(U) | U € K} is a spread set in GLy/(p) U {0} and it
N/2

>:m(U)A1=>M2:M3:O,

consists of p matrices determined uniquely, for instance, by lower row.
If 0 < k < N/2 then the number of variants is less. So, diagonal elements
of the matrix Ay are all —1 or all 1. We have the cases 0 = hy or o = hy7.

If o, is the involutory homology with the axis [0,0] then the similar
reasoning leads to ¢ = hg or ¢ = hor. If 0, is the involutory homology
with the axis [0o] then o = hg or 0 = h3T.

Consider now the case when o is a Baer involution. Then N is divisible
by 4 and, with appropriate base, we have Ay = By = L. Converting A; and
By to a Jordan normal form, we deduce that corresponding matrices are
both diagonal with diagonal elements +1. Moreover, from the condition
(2.2) for 0(0,F) = E we have Ay = Bj. Because the amount of (—1)-
elements is equal to the amount of 1-elements, without loss of generality
we assume A1 = B; = L. The lemma is proved. O

Let 7 be a semifield plane of odd order pY, H < A is an elementary
abelian 2-group of order 2™ without homologies. Then all involutions in H
are Baer and the base of a linear space can be chosen such that all these
involutions are represented by diagonal matrices. Enumerate the basic
involutions in H: 71, 7To,..., Ty, Then the matrix 7 is formed by two
diagonal matrices L of the dimension (N/2 x N/2), the matrix 75 is formed
by four matrices L of the dimension (/N/4 x N/4), and so on. The matrix
T is formed by 2™ matrices L of the dimension (N/2™~! x N/2m~1);
evidently, that N/2™ > 1. This reasoning proves the Theorem 1 in the
case p > 2.

Corollary 1. Let © be a non-Desarguesian semifield plane of order p~
(p > 2 be prime). If N is not divisible by 2>™*! then an autotopism group
of ™ does not contain the subgroups isomorphic to Sz(2?"*1) for alln > m.
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Proof. A Sylow 2-subgroup in the Suzuki group Sz(22"*!) contains an el-
ementary abelian subgroup of order 22"*! its involutions are conjugated
(for instance, see [15]). If H is such the autotopism subgroup then H does
not contain homologies. Then the number 22! must be a factor of N. [

Corollary 2. Let © be a non-Desarguesian semifield plane of order p™
(p > 2 be prime), where N = 2" - s, s is odd. If F' is a subgroup of the
autotopism group A, which is generated by homologies, then the 2-rank of
the factor-group A/F is at most r.

4. Results for semifield planes of even order

If || = 2"V then any homology is of odd order, so an elementary abelian
2-subgroup in the autotopism group A contains only Baer involutions.

Lemma 2. Let w be a non-Desarguesian semifield plane of order 2V, 7 € A
E E
0 F
Ca(7) and the Baer subplanes 7, and m, are different then the restriction
of o onto mw; is a Baer involution, N is divisible by 4, and o is represented
by (3.1), with the appropriate base.

be a Baer involution (2.4), where L = . If o is a Baer involution in

Proof. If 0 € Cp(7) is a Baer involution then

A Ay 00
o 4 0o o
0 0 By B
0 0 0 B

where A% = B% = FE, A1Ay; = AyAy, B1By = By B;. The restriction of o
%1 391> is not an identity or a homology. So,
o, is a Baer involution; then the bases of the subspaces {(0,z2,0,0)} and
{(0,0,0,y2)} can be chosen such that A1 = By = L, Ay = By, AyL = LA,,

then Ay = 131 32
1

using the transition matrix

onto Baer subplane 7, o, = (

>. Convert the base of 2IN-dimensional linear space

E
0
0
0

cotmaQ
Qoo

0
0
E
0
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0 D
Dy Dy
involution 7 preserves its matrix representation, and the matrix T'oT !
become block-diagonal of the form (3.1).

This arguments complete the proof of Lemma 2 and, evidently, prove
the Theorem 1 for the case p = 2. O

where C' = ( > Direct calculations show that in the new base the

Remark 1. Without lost of generality, we can assume that in Theorem 1
a semifield plane 7 of order ¢" is represented by a linear space over the
nucleus Nyg 2 GF(q) (¢ = p°, p be prime), and A is a subgroup of linear
autotopisms over GF(q).

Consider the case when a Baer involution o (in the notation of Lemma 2)
acts on the Baer subplane 7, as identity mapping.

Lemma 3. Let m be a non-Desarquesian semifield plane of order 2V, and
7,0 € A are commuting Baer involutions fixing the same Baer subplane
pointwise, m; = my. Then the nucleus Ky of this subplane is of order > 4,
and, with appropriate base, T is (2.4),

A€ K] (4.1)

g =

E
0 EO0
0 0 F
000

e o

Proof. It is enough to show that A € K{j. Indeed, consider the condition
(2.2) for o and for the spread set (2.6):

<§ é) (V. U) <§ é) €R VU,V eK. (4.2)

For V =0 and arbitrary U € K from (4.2) we have

((é m(U) +§U+UA> _ ((é m[(]U))7

UA = AU, that is A € K| = Cgp,(2)(K), the matrix A is from the left
nucleus of the subplane 7. For U = 0 and arbitrary V € K:

<E A) (V—I—m(V)+w(V) f(V)) <E A> B

0 E 1% wv))\o E) T

_ov.0) + <AOV VA+m(V)A+ W(Qf +AVA+ Aw(V)) oV A)

it is true if AV =V A € K and
m(VA)=V(A+ A2) +m(V)A+w(V)A+ Aw(V), VYV e K. (4.3)

So, the matrix A is from the intersection of the right, middle and the left
nuclei of the subplane 7, i.e. from the nucleus Ky = K; N K,,, N K,.. ]
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If the nucleus K of the subplane 7, is a subfield (up to isomorphism) of
the nucleus Ry of the plane 7 then we can consider K as a basic field and
a subgroup Ag of linear autotopisms over K. In this case A = aF € K is
a scalar matrix, so the following lemma holds.

Lemma 4. Let a nucleus Ry of a plane © of even order 2 contains a
nucleus Ko of a Baer subplane my. Then the subgroup Ay of linear over
Ky autotopisms of w does not contain a subgroup H isomorphic to the
alternating group A4 with involutions fixing g pointwise.

Proof. Consider H ~ Ay as (1,0,7), where 7 and ¢ are the commuting
involutions, the collineation v is of order 3 and y~'7y = o. According
Lemma 3, the Baer involution 7 is (2.4), o is (4.1), and the condition (4.3)
for the scalar matrix A = aF € Ky become

m(aV)+am(V) =V, VvV e K. (4.4)
Because 7y = o, we have
By B, 0 0
1 0 aB;y 0 O
TZlo 0o & o |
0 0 0 aCy

and 0y = y70 leads to a®> = a + 1. Note, that m(E) = 0. Then the
condition (4.4) for V = E leads to m(aF) = E, and for V = aFE to

m(a’E) + am(aF) = oE, m(aE)+m(E)+aF = oF, m(aFE) = 0.
This contradiction proves the lemma. O

The question on a subgroup isomorphic to A4 in the collineation group
of a finite semifield plane has been raised for a long time. For instance,
I.V. Busarkina (Sheveleva) used the absence of A4 in an autotopism group
to prove the solvability of a full collineation group for a p-primitive semifield
plane with additional conditions for a spread set [13]. In the case of even
order the author provided [4] examples of semifield planes admitting Ay
in the translation complement.

Lemma 5. Let m be non-Desargquesian semifield plane of order 2™ with
the right nucleus R, of order 4%, k > 1. Then m admits a subgroup of
collineations isomorphic to the alternating group As.

Proof. Let the right nucleus R, of a plane 7 contains a subfield of order 4,
and M € R be a primitive element of this subfield, M3 = E. Consider two
elations wy,wy €  with the axis [0] and the center (c0), and the homology
v € H, with the axis [0, 0] and the center (c0),

E E E M E 0
“r={or) “2“\or) 77\owmMm)
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Then we can prove by direct calculations that |wi| = |wa| = 2, |y] = 3,
Y lwry = we, ie. (Wi, wa) N () ~ Ay O

5. Examples

Example 1. There are exactly two, up to isomorphism, non-Desarguesian
semifield planes of order 16 = 24 (for instance, see [5]). Their autotopism
groups A are of order 18 and 108, the centralizier of a Baer involution in A
equals to Zy or Zo N S3, respectively. This is consistent with the Lemmas 2
and 3.

Example 2. As was proved in [14], there are exactly 124 non-isomorphic
semifield planes of order 256 with the left nucleus R; ~ GF(16), which
admit a Baer involution 7 in the translation complement Gy. These planes
are determined by spread sets of (2 x 2)-matrices over GF'(16), and G/Gq ~
Aut R;. Because |rr| = 256 = 2%, an elementary abelian 2-subgroup in the
autotopism group A is of order at most 8. According the main Theo-
rem 1, the subgroup of linear autotopisms Ag does not contain involutions
commuting with 7.

The results obtained here are completely consistent with the computer
calculations presented in [2]. The centralizier of a Baer involution 7 in the
linear autotopism group Ag equals to

CAO(T) = Hl X Hrd X <7’>,

where H,.q ~ R} N R;. All Baer involutions in Ag are conjugated, the order
Agis 2-5°-3™ (s,m =1,2,3) or 2-5-32-17, the group Ay is solvable.

Example 3. There are exactly eight, up to isomorphism, semifield planes
of order 81 = 3* admitting a Baer involution (more detail, see [9]). For
each of these 2-rank of the autotopism group A equals three, the group
A is of order 2™ (m = 8,...,11), it is solvable and it contains four or
100 (in a unique case) Baer involutions. Taking in account the involutory
homologies, we see that the results are consistent with those proved above.

6. Conclusion

Evidently, that a convenient matrix representation of elementary abelian
2-subgroups in an autotopism group of a non-Desarguesian semifield pro-
jective plane allows us to investigate another even-order autotopism sub-
groups. In order to study the main problem of the solvability of a full
collineation group, the author considers it possible to use the obtained

Wssectus VIpKyTCKOro rocy1apCTBEHHOIO YHUBEPCUTETA.
2020. T. 32. Cepust «Maremaruxas. C. 49-63



ELEMENTARY ABELIAN 2-SUBGROUPS OF AUTOTOPISMS 61

(mainly technical) results to further study the series of planes that do not
admit known non-abelian simple groups as automorphism groups.
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62 0. V. KRAVTSOVA

DJieMeHTapHbIe abejieBbI 2-MOATrPYINIbI B I'PYIIIE aBTOTO-
MU3MOB MOJIYIIOJIEBOI IMMPOEKTUBHON IJIOCKOCTH

O. B. Kpasnosa
Cubupcruti gedeparvroit yrusepcumem, Kpacnosapck, Poccutickan Pedeparus

Awnunoranusi. V3ydaercs runoresa pa3penimMOCTH TOJTHON TPYIIIBI aBTOMOPMU3MOB
HeJ1e3aproBoil OJIYNOJIeBOH IPOEKTUBHON NJIOCKOCTH KOHEYHOTro mopsiika (Bompoc 11.76
B Koyposckoit Terpann). Kak m3BecTHO, 9Ta THNOTE3a PELyIUPYETCA K PA3PEITUMOCTH
IPYIIBI aBTOTONNU3MOB. V3y4as HOArPYIIBbI YETHOTO IOPSAKA B I'DYIIIE aBTOTOIU3MOB,
MBI IPUMEHSIEM METO/T C MCIOJIb30BAHUEM PETYISPHOTO MHOYKECTBA HA/T TIOJIEM ITPOCTOTO
nopsaka. IlokazaHo, 4TO HJ1a 3/1eMeHTAapHON abeseBOil 2-IOArPYNIBI B I'DYIIIE aBTO-
TONMM3MOB BBIOOD 6a3mca JUHEHHOrO MPOCTPAHCTBA IMO3BOJISET MOCTPOUTH MaTPUIHOE
[IpEeJICTABJIEHNE IIOPOXKIAIONINX JIEMEHTOB, €JMHOODOPA3HOE IS ITOJIYIIOJIEBBIX IIJIOCKO-
CcTeil YeTHOrO M HEYETHOTO TOPSIIKA U He 3aBUCIIIEe OT Pa3MEPHOCTH MPOCTPAHCTBA. B
KaveCTBE CJIEJICTBUSI YKA3aHO YCJIOBUE, CBSI3BIBAIOIIEE HMOPSIIOK IIOJIYIIOJEBOM IJIOCKOCTH
¥ TIOPSIJIOK 3JIEMEHTApPHON abesieBoi 2-IOJrpYIIIbl aBTOTONM3MOB. BbljiesieHa GecKoHed-
Hasl Cepusl MOJIYITOJEBbIX IIJIOCKOCTEN HEYETHOTO TMOPSIIKA, HE JOMYCKAMIINX MOATPYIIILY
aBTOTOMM3MOB, M3oMopduyo rpymme Cymsykn Sz(2°"T!). B ciyuae wernoro mopsmxa
IUIOCKOCTH IIOJIyYI€HO YCJIOBHE Ha SIAPO MOAIIOCKOCTH, HMOTOYETHO (DUKCHPYEMOil aBTO-
TONIM3MOM IIOPsAAKa JBa. BBIOOpP Takoro sigpa B KadecTBe OCHOBHOIO IIOJIS IIPHUBOIUT
K OTCYTCTBHIO B TDYIIE JIMHEHHBIX aBTOTONMM3MOB HOJTPYIIILI, N30MOPMHON 3HAKOIIE-
pemenHoii rpymme Ay. OCHOBHBIE JTOKAa3aHHBIE PE3YJILTATHI SIBJISIOTCH TEXHUIECKUMU W
HEOOXOMUMBI JJTsT JAJIBHEHINEro u3ydeHus MOATPYII YETHOTO MOPS/IKA B TPYIIE aBTO-
TOIN3MOB KOHEYHOI HeJ[e3aProBOii MOJIYTIOJIeBOi IIIOCKOCTH. Pe3ybrarsl coracyorcs ¢
MPUBEIEHHBIMA B CTAThe IIPUMePAMU 3-IPUMUTHBHBIX IOJIYIIOIEBBIX IIOCKOCTEH MOPS/I-
Ka 81, a TakKe ¢ XOPOIIO U3BECTHBIMU JIBYMsI IPUMeEPaMU HEM30MOP(MHBIX MOJIYIIOIEBBIX
mJI0cKocTeit nopsiaka 16.

KuaroueBbie ciioBa: MOJymoJieBasi MJIOCKOCTh, PETYJISIPHOE MHOXKECTBO, GIPOBCKast
WHBOJIIOIS], TOMOJIOTHSI, aBTOTOIIN3M.
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