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The width of a verbal subgroup V(G, W) [1] over a set W is equal to
a least value m € N U {oco} such that every element from V (G, W) can be
represented as the product of at most m values of words from W.

In a group G, the set of squares of its elements is denoted by S(G). We
consider the set of all squares S(A,,) of the alternating group A,, as a generati-
ng set for A, [2].

Theorem 1. The set of all squares S(A,,) from A,, does not coincide with

the whole alternating group A, and does not form a proper subgroup of A,,.
The set S(A,,) is generating set for A,,. The verbal width of V(A,,S (A,)) =2
forn > 3.

Lemma 1. An arbitrary element g € A, having the cyclic structure
[(2k)1, (2r)Y] can be presented in the form of a product of 2 squares of hy, ho €
A, with 2 joint letters in their cyclic presentation on n-letters alphabet, 2k +
2r — 2 ways.

Theorem 2. If in cyclic structure of g € A, every even cycle appears
an even number of times, i.e. mor = 0(mod 2), and at least one of the two
following conditions holds:

1)

Fiz(g)] >1  (a)
_ 1, (b
max (map—1) > 1, (b)

L
2) > par =0 (mod 2),
=1

then this g can be presented as g = h%, h € A,,. The vice versa is also
true. The condition mo; = 0(mod2) is sufficient and necessary in S,.

Theorem 3. Let A € PSLy(F,), whereF, is some field, and eigenvalues
of A has algebraic multiplicity equal to geometric multiplicity, then for a
matriz A, there is a matric B € PSLy(F,) such that

B>=A
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if and only if, tr(A) + 2 or —tr(A) + 2 is a quadratic residue in Fp,.

A

»

Al
(1 3)

i.e. A is simple matriz, a square root B of A exists in PSLy(F}).

Theorem 4. Under conditions (
a Jordan block of the form

) =1 in F, and matriz A is similar to

The following criterion to be square for semisimple matrix in GLo(F,) is
found.

Theorem 5. If a matrizx A € GLo(F}) is semisimple with non multiples
eigenvalues, then square root VA € GLo(F,) iff (%) =1, where 1 <i <2, in
Fp.

The problem of recognition of square in S,, with using presentation of
word in involutive type ray-like generating set T = {(1,2);(2,3);...;(n —
1,n)} is solved analogous problem for A, and Mitsuhashi’s generating set is
considered.

Theorem 6. The verbal width of the verbal subgroups generated by squares
of the following Mg, Mg, M1y Mathieu groups are equal to 1. The structure of
V(S(Mg),Mg) 18 (Cg X Cg) A 02.

Theorem 7. The following Mathieu groups My, Myo, Moy, Msy, Moo,
Moss and My have the verbal width vw(M;;,S(M;;)) = 2.
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BepbasibHa mupuHa HaJd MHOXKWHOIO KBaJIpATiB Yy 3HAKO3MiHHIl
rpymi i rpynax Marbe, kpuTepiii kBagpatuanocti B PSLa(F,),
GLy(Fp).

Ukrainian annotation

SHaiiieHo BepbabHy MIUPUHY 110 MHOXKHHI KBaAPAaTiB [IJIsi 3HAKO3MIHHOI Ipy-
nu i rpyn Marse. oseneni kpurepii kBagparuanocti gyt rpyn A,,, PSLa(F),)
1 GLy(Fp).
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