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RESUME

Using the method of central extensions, we can construct only those Leibniz algebras with nontrivial
centers. Therefore, to identify Leibniz algebras with trivial centers, we apply the method of abelian
extensions. In this paper, we provide a classification of one-dimensional abelian extensions of
solvable Leibniz algebras whose nilradical is a naturally graded filiform Leibniz algebra of maximal
codimension. We give explicit descriptions of these extensions and determine their structures up to
isomorphism.
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1. Introduction

Leibniz algebras were introduced and systematically studied by J.-L. Loday in the early 1990s [§].
However, similar algebraic structures had previously been considered by Bloh under the name D-algebras [2].
While investigating the homology theory of Lie algebras, Loday observed that the antisymmetry condition of
the Lie bracket was not essential for establishing the derivation property on chain complexes. This insight led
him to define what is now known as a Leibniz algebra.

A right (or, equivalently, left) Leibniz algebra is a nonassociative algebra in which the right (respectively,
left) multiplication operator satisfies the derivation rule. In this way, Leibniz algebras naturally generalize Lie
algebras by relaxing the antisymmetry condition, while preserving key structural properties such as the Leibniz
identity.

The extension method is widely regarded as one of the most effective approaches for classifying algebras.
The study of abelian extensions in the context of Leibniz algebras was initially introduced in [3]. Central
extensions of Leibniz algebras were examined in [10], where a complete classification of central extensions for
null-filiform Leibniz algebras was provided. Additionally, the notion of non-abelian extensions was introduced
in [9]. Furthermore, based on the techniques developed in [9], a method for determining abelian extensions of
solvable Leibniz algebras has been presented in [6]. It is important to note that the extensions of solvable Leibniz
algebras and superalgebras have been examined in [4] and [11], with a focus on the central extensions of solvable
algebras in these works.

In this work, we focus on solvable Leibniz algebras whose nilradical is a naturally graded filiform Leibniz
algebra of maximal codimension. Specifically, we investigate their one-dimensional abelian extensions and
describe their algebraic structures. Our aim is to provide a complete characterization of these extensions.

2. Preliminaries

In this section, we recall several fundamental definitions and preliminary results that will be used in the
subsequent sections of the paper.

Definition 1. A vector space with a bilinear multiplication (L, [-,]) is called a Leibniz algebra if for any
x,Yy,z € L the so-called Leibniz identity

([, 9], 2] = [[=, 2], y] + [, [y, =]},

holds.
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For a given Leibniz algebra (L, [, -]), the sequences of two-sided ideals are defined recursively as follows:
LY=L, LM =[LF 1), k> 1, W=, g =zl L) s> 1.

Definition 2. A Leibniz algebra L is said to be nilpotent (respectively, solvable), if there exists n € N
(m € N) such that L™ = {0} (L™ = {0} ).

The maximal nilpotent ideal of a Leibniz algebra is said to be the nilradical of the algebra.

Definition 3. A Leibniz algebra L is called filiform if dim L' =n — i, for 2 < i < n, where n = dim L.

Definition 4. Given a nilpotent Leibniz algebra L with nilindex s, put L; = L'/L**1, 1 <i<s—1, and
Gr(L)=L1 ® Ly®---® Ls_1. Define the product in the vector space Gr(L) as follows:

[(E + L”l,y—i— Lj+1} _ [x,y] _|_Li+j+17

where x € L'/L" y € LI /LI Then [L;,L;] C Liy; and we obtain the graded algebra Gr(L). If Gr(L) and
L are isomorphic, then we say that the algebra L is naturally graded.
Now, we present a method for constructing abelian extensions of solvable Leibniz algebras.

Definition 5. A representation of a Leibniz algebra (L, [-,-]) is a triple (V,1,r), where V is a vector space
equipped with two linear maps 1 : L — gl(V) and r: L — gl(V'), such that the following equalities hold:

Tlay] =Ty OTe —Te 0Ty, gy =1yoly—lzory, Ilzol,=—lyor,, VryeclL. (1)

Here [-,-] is the commutator Lie bracket on gl(V'), the vector space of linear transformations on V.

Let L be a Leibniz algebra and let V' be an abelian (i.e., trivial bracket) Leibniz algebra. Suppose,
l:L—= gl(V), r: L — gl(V) are linear maps defining the left and right actions of L on V, respectively. Let
w: L ®L —V be a bilinear map satisfying

w(f,y), 2) = w(e, [y, 2]) — (e, 2] y) — Ly, 2) — ryw(a, 2) + raw(a,y) = 0. (2)

We refer to bilinear maps w that satisfy the compatibility condition described above as 2-cocycles on L
with respect to the pair (I,7). The set of all such 2-cocycles is denoted by Z2(L,1,7).

The 2-coboundary on L with respect to the pair (I,r) is defined as

df($7y) = f([m,y]) - lgo(ﬂc)f(y> - T<P(y)f(m>7 z,y € L,

where ¢ € Aut(L) and f € Hom(L, V). The set of such bilinear maps is denoted by B?(L, [, ).

For w € Z%(L,l,r), we define on the vector space L =L@V the bilinear product [—, =] r..) by
[x+a‘ay+b](l,r,w) = [xay]L +w(x7y)+lzb+rya‘a xay€L7 CL,bEV (3)
The algebra L, = (f, [—, —]@,rw)) is called an abelian extension of L by V. One can easily check that L,

is a Leibniz algebra if and only if w € Z2(L,1,r).

We now establish the conditions under which two abelian extensions of a given algebra are isomorphic.
Given two extensions Ly = L(w!,I*,r!) and Ly = L(w?,1%,7?).

Proposition 1.[6] Two Leibniz algebras L, = L(w!, 1Y, rY) and L, = L(w?,12,72) are isomorphic if and
only if there exists ¢ € Aut(L), ¢ € Aut(V) and f € Hom(L, V), such that

W (@), oY) + 150 F (W) + 15 F(2) = flz,y]) = (0 (2,y),

Bawv(a) =¢(la), r5yvla) =9(rya),
foranyx,ye L, acV.

Given a Leibniz algebra L, an abelian module V' and associated left and right actions (I,r) the group
Aut L x AutV acts on the space of 2-cocycles (L,1,r) by:

wl(m7y) = ¢(W((p($), so(y))), l/z(a’) = w(lw(z)¢_1(a))7 r/z(a’) = ¢(r<p(ac)¢_1(a))'
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In this action, we say that ¢ is an intertwining operator for I’ and [ o ¢ (respectively, ' and r o ¢ ). This
action preserves cohomology classes up to coboundaries: Two extensions L1 = L(w!, 1!, 7!) and Ly = L(w?,1%,7?)
are isomorphic if and only if:

w? —powrop e BXL, 1% r?),

and v intertwines [? with I' o ¢, and 2 with r!' o . Thus, we obtain the following proposition.
Proposition 2.[6] Let Ly = L(w',l*,r!) and Ly = L(w?12,72) be extensions of the solvable Leibniz

~ ~

algebra L by the abelian algebra V. Then the Leibniz algebras L1 and Lo are isomorphic if and only if w' and
w? are in the same Aut L x Aut'V orbit in |J H?(L,1,7).

lLr
3. Main result
In this section, we construct an abelian extension of a solvable Leibniz algebra whose nilradical is naturally
graded filiform algebra and possesses the maximal possible codimension.
It is known that, any complex n-dimensional naturally graded filiform non-Lie Leibniz algebra is
isomorphic to one of the following non-isomorphic algebras [1]:

[61761] = €3,

Fl
[61,61]:67;4_1, 3§Z§TL*1

n

Z[€i761}:€i+1, QSiSTb—l, Fz{

The complete classification of solvable Leibniz algebras whose nilradical is isomorphic to F} or F2 has
been given in [5]. We consider the solvable Leibniz algebra whose nilradical is F} and whose codimension is
maximal. Up to isomorphism, there exists a unique such solvable Leibniz algebra, with the multiplication defined
as follows:

) [e1, 2] = ex, [z,e1] = —e1, [eser] =eip1, 2<i<n—1,

[eiax} = (Z - 1)€i, [eiay] = €4, 2 S 1 S n.

Note that any automorphism of the algebra L(F}) has the following form:

p(er) = ae1, () =ber + z, ey) =y,
. . n _aNiti—1 pi—] .
plej) = 2ce; +ai2 3 CU=t—e, 2<j<n,
i=j+1

where a,c € C*, b € C.

Now we describe all 2-coboundaries on L(F}) with respect to the pair (I,r), by the one-dimensional
abelian algebra V = (ej41).

For the basis elements {e1, e, ..., e,,2,y} and f € Hom(L(F}!),V), we put

flei) =cient1, 1<i<n, f(z)=coyienr1, f(y) = cnsaensa.
We consider linear maps [, : g — End(V), such that

lp(ent1) = 1€ny1, Tz(€nt1) = azenyr,

ly(ent1) = Brent1, Tylens1) = Beeny,

for some scalars aq, as, 81, B2 € C.
For any automorphism ¢ € Aut(L(F}!)), consider the map

df (z,y) = f([.’L‘, y]) - lga(z)f(y) - rsa(y)f(x)a

where f is a linear map. We obtain the following result.
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Proposition 3. Any 2-coboundary with respect to the pair (I,7) for the algebras L(F}) has the following
forms:

df (ei,e1) = i1, 2<i<n-—1, df(e1,z) = (1 — ag)eq,
df (e1,y) = —fac1, df (z,e1) = —(1 + a1)en, df(y,e1) = —pici,
5. df (ei,z) = ((1 — 1) —a2)ei,  df(es,y) = (1 — B2)cs, 2<i<n,
) df(x,e) = —aic, df (y, e;) = — P, 2<i<n,
df (z,2) = —(o1 + a2)cny1, df (x,y) = —a1cny2 — Pacni1,
df (y, ) = —Picny1 — @i, df(y,y) = —(B1 + B2)cno.

Now, using the algorithm for constructing solvable Leibniz algebras, we derive all possible extensions of
the solvable Leibniz algebra L(F}!) by the one-dimensional abelian algebra V = (e,+1). The condition (1), to
the linear maps [,7 : L(F}) — End(V), which defined as (4), leads to the following system of equations:

ar(on +a2) =0, ai1(Bi+B2) =0,

Bi(ar +az) =0, Bi(Br+ B2) =0. (5)

In the following proposition, we describe all 2-cocycles on L(F!) with respect to the pair (I,r) taking
values in the one-dimensional abelian algebra V = (e;,41).

Proposition 4. A basis of Z2(L(F}),1,r) consists of the following cocycles:

IL.ay=p1=P2=0,a2=1:

w(ei,e1) =b;1, 2<i<n-1, w(z,e1) = bpt1,1,

w(ej,z) =G —2)bi—11, 3<i<n, w(ez,y) = b2 ni2, (@)
w(e;,y) =bi—11, 3<i<n, w(y,e1) = bnya1,

w(xa x) = bnt1,n41, W(ya :E) = bny2,n41-

2. a1 =1 =032=0,a2=2:

w(er,er) = b, w(er,x) =biny1, w(z,e1) = b1 nt1,

w(eq,e1) = b, 2<i<n-—1, w(ez, z) = bapt1,

w(e,z) = (G —3)bi—11, 3<i<n, w(ez,y) = —ba i1, (b)
w(es, y) = bs,nt2, w(ei,y) =bi—11, 4<i<mn,

W(xax) n+1,n+1> W(yax) = bn+27n+1-

3 a1 =p1=0,0=1,=1:

wler,y) =binr2,  wleier) =bi, 2<i<n-—1,
w(ez, ) =bapt1, wlex)=(i—2)bi—11, 3<1<n, (©
w(e%y) = b2,n+23 W(LL‘, 61) = b 1,n+2; (QZ’ ) = bn+1,n+1>
UJ(Z’, (E) = bn+1,n+la W(?Ja l’) = bn+2,n+17 (y ) - bn+2,n+1-
4' 041:61:07 Qg =N, 62:1:
W(elax) (TL - 1)b1 n+1; w(elvy) = bl,n+17 w(xael) - bl,n+1a
w(ela 61) ’L 1 2 S Z S n, W(ez,f]}) = b2,n+1; (d)
wle,z)=(GF—n—1)bi_11, 3<i<n, w(z,y) = bnt1,nt2,
OJ(.T7 LU) nanrl n+2; w(% y) = bn+2,n+27 w(,’% l’) = nbn+2,n+27
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5. a1 =p1 =0, (ag, B2) ¢ {(1,0),(2,0),(1,1),(n,1)}:

w(er,z) = (ag — 1)by ny1, w(er,y) = B2b1,ny1, w(ez, ) = (a2 — 1)bg py1,
w(ei, e1) = b, 2<i<n-—1, wlea,y) = (B2 — 1)ba nt1,
w(ei,z) = ( —-1- Ozg)bz 1,15 w(ei,y) = (1 — ,62)bi—1,1, 3 S 7 S n, (6)
OJ(iL', 61) = b 1,n+1; w(xvx) = aan+1,n+1a w(x,y) = Ban+1,n+1a
w(y, ) = aobnionit, w(y,y) = Babnt2,nt1-
6. oy =—ap=-1,51=-PB2=0:
w(er, ) = b1 nt1, wle,y) =bint2, wle2,y) = bania,
w(es,e1) = b, 2<i<n-—-1, w(z,e1) = —bini1,
wle, ) = (1 —2)bi—1,1, w(x,e;)=bi_11, 3<i<m, (f)
w(elay) - bl 1,1 3 S { S n, w(x’GQ) = b27n+23
w(y, e1) = —b1 ny2, w(z,y) = bpyint2, WU, T) = —bni1nyo-
7. a1 = —ag, B1 = =P, (a1,51) # (=1,0) :
wler,z) = (a1 + 1)byny1, wler,y) = P1biny1,
w(eg,x) = (a1 + 1)ba py1, wlez,y) = (B1 + 1)ba ny1,
w(euel)*blh 2§Z§Tl*1,
w(es,z) = (a1 +i—1)bj—11, 3<i<mn,
w(emy) (/81 + 1) i—1,1, 3<1<n, (h)
w(z,e1) = —(a1 + b1 ny1, w(z,e2) = —a1ba ny1,
w(z,e;) = —aibi—11, 3 <1t <n,
w(y,e1) = —B1b1nt1, w(y, e2) = —B1ba ny1,
w(y,e;) = =Prbi—1,1, 3<1<n,
UJ(.’L’, y) = anrl n+2; w(ya 37) = _bn+1,n+2~
Proof. For any w € Z*(L(F}),l,r), let us denote w(a,c) = b;jent1, 1 < 4,5 < n + 2, where a,c €
{e1,ea,...,en,x,y}. Using equality (2), we compute the cocycles and obtain the following relations:
/8151,1 =0, 5251,1 =0, alb1,1 =0,
(2—a2)bi1 =0, b =0, 2<i<n,
bi,j = 0, 2 S j S ) S n, Blbn,l = O7
(1= PB2)b,1 =0, arb, =0, (n—ag)b,1 =0,
(1 + 1)b1 g1 = (@2 — 1)bny11, bint1 = (o1 + a2 — 1)bpta,1,
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Babint1 = (a2 — 1)by o,
B1b1nt2 = Babnga 1,

b1 nt2 = 1bpio 1 + Babnyi 1,
bit1nt1 = (i —a2)b;1,
a1bipt1 = (o +1 — )byt 4,
bnyoiv1 = —Bibia,

(B2 — )b g1 =
ﬁlbn+1,n+1 = Oa

(042 +1-— i)bi7n+2,

a1bpionye =0,
B1bint1 = (2 — i+ 1)bpta,

(B2 — Dbpy2,i = Pibinta,

B1bins1 = (a2 — )bpya 1,
Bobp+11 = (1 + a1)bi nia,
(1 — a2)bpy21 = Bibnti1,

bpt1,i+1 = —a1b; 1,

(o + 042)bn+1,i =0,
29<i<n—1,

a1bint2 = (B2 — Dbns1i,

Oélbn+1,n+1 =0,
aobpio; = —B1bpt1,
albn+2,i = *52bn+1,i7
(B1 + B2)bnt2,i =0,

(B1 + B2)bpt2,1 =0,
2<i<n—1,
2<1<n,

2<1<n,
B1bat2,nt2 =0,
2 <1< n,
2<1<n,
2 <11 <n,
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(01 + a2)bpt1 nt2 = Bobntintt, (B1 4 B2)brt2.nt1 = byt nia,
a1bpto st — 2bpiingo + Bobnyint1 =0, a2bniont2 + Brbputinye — Babnyont1 = 0.

By equation (5), we deduce that either ay = 51 = 0, or @1 = —ag and f; = —f5. Accordingly, to
determine the values of the coeflicients b; ;, we consider the following two cases:

Case 1. Let a; = 81 = 0. Then we have

b1, =0, 2 <1< n,

b;j =0, 2<j57<i<n, b1 nt1 = (2 — D)byy11,
b1 nt2 = Bobny11, biginyr = (@ —ao)bin, 2<i<n-—1,

bpy1,: =0, bpi2: =0, 2<i<n,

and the following restrictions

Babi,1 =0, (2= az)bi1 =0,

(1= B2)bn1 =0, (n—ag)by1 =0,
Babpyo1 =0, (ag = 1)byyo21 =0,

(B2 = Dbiny1 = (2 +1—9)bj nt2, 2<i<n,

obpt1my2 = Babnyint, Babnyo,nt1 = a2bnio nto,

Now, consider the following subcases:

1.1. If Qg = 1, 52 = 0, then we obtain bi,n+1 = (Z - 2)bi,n+27 2 S ) S n, and b171 = bn71 = bn+1,n+2 =
bnt2nt+2 = 0. Hence, we conclude that any 2-cocycles on L(F}) with respect to the pair (I,7) is given
by the expression in (a).

1.2. If Qg = 2, 52 = O, then we obtain bi,n+1 = (Z — S)bi,n—i-27 2 <1< n, and b17n+2 = bn,l = bn_;,_271 =
bnt1,n+2 = bnt2nt+2 = 0. Hence, we get that any 2-cocycles on L(F}) with respect to the pair (I,7)
has the form (b).

1.3. If Qg = 17 ﬁg = 1, then we obtain bn+1}n+2 = bn+1,n+1, bn+2,n+1 = bn+2,n+2a and bl,l = bl,n+1 =
bni = bpi21 = binto = 0, 3 <i < n. Hence, we get that any 2-cocycles on L(F}) with respect to
the pair (I,r) has the form (c).

1.4. If Qg =N, /82 = 1, then we obtain bl,n+1 = (nfl)b17n+2, nbn+1,n+2 = bn+1,n+17 bn+2,n+1 = nbn+27n+2,
and by 1 = b, 1 = byyo1 = binya =0, 2 < i < n. Hence, we get that any 2-cocycles on L(F}) with
respect to the pair (I,7) has the form (d).

1.5. If (ag, B2) ¢ {(1,0),(2,0),(1,1),(n,1)} then we obtain
(B2 — Db g1 = (aa + 1 —0)bjnye, 2<1i<n,

Oé2bn+1,n+2 = ﬁzbn+1,n+1, ﬁzbn+2,n+1 = a2bn+2,n+2;

and b1 = byp,1 = bpt2,1 = 0. Hence, we get that any 2-cocycles on L(Fﬁ) with respect to the pair
(I,7) has the form (e).

Case 2. Let a; = —ag and 51 = —f2. Then we have

bis =0, 1<i<n, b = 0,

bi; =0, 2<3<i<n, bptins1 =0,

bpi2ni2 =0, b1 n+1 = —bnt1,1, bint2 = 1bpio 1 — Bibnyi 1,
bnt2nt1 = —bntint2, bint1 =@ —1+a)bi—11, bpt1,i =—aabi_11,

bpto,i = —B1bi—1,1, 3<i<n,
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and the following restrictions

B1bint2 = —Bibnt2.1, B1b1 1 = (1 + b1 g2, Bibiny1 = —(o1 + 1)byyo,
a1b i1 = —(a1 + Dbpt12, Pibant1 = —(a1 + 1)bpgo2,
arbipnto = —(B1 + Dbpt14,  Bibinto = —(61 + Dbpga;  2<i<n,
Now, consider the following subcases:
2.1. If o] = —1, ,81 = O7 then we obtain bi,n+2 = b7z+1,i7 2 < ) < n, and b27n+1 = bn+2,i = 0, 2 < ) <n.

Hence, we get that any 2-cocycles on L(F!) with respect to the pair (/,7) has the form (f).
2.2. If (a1, 1) # (—1,0), then we obtain by, 421 =

B1b1 g1 =

—b1,n42, and

(a1 + 1)bi g, aibypir = —(aq +Dbpyi2, Pibansr = —(a1 + 1)bpta2,

—(B1 + Dbpy1, —(B1 + D)bpya,

In this case, we conclude that any 2-cocycles on L(F}) for the pair (I,r) have the form (h). This
concludes the proof of Proposition 4.

Q1biny2 = B1bint2 = 2<i<n.

By Propositions 3 and 4, we obtain the following corollary:
Corollary. We have the following:

L Ifar =1 =f2=0, ay =1, then dim H2(L(F}),l,r) = 1, H*(L(F}),1,r) = (w(y, e1));

IL If oy = 1 = B2 = 0, az = 2, then dim H2(L(F}),1,r) = 2, H(L(F}),1,r) = (w(e1, e1),w(es,));

I Ifay =1 =0, az =1, Bo = 1, then dim H2(L(F}),1,r) = 2, HX(L(F}),1,r) = (w(e2, z), w(e2, y));

IV. If ay = B1 =0, ag = n, fo = 1, then dim HA(L(FL),1,7) = 1, H*(L(FL),1,7) = (w(en, e1));

V. If ar = B1 = 0, (az, B2) ¢ {(1,0),(2,0),(1,1), (n, 1)}, then dim H>(L(F}),1,r) = 0;

VI If ay = —ay = —1, fi = Bo = 0, then dim H*(L(F}),l,r) = 2, H*(L(FY),l,7) = (w(er,x) —
w(x,er),w(er, y) — w(y, e1));

VIL If an = —az, 1 = P2, (a1, 1) # (=1,0), then dim H*(L(F,),1,r) = 0.

Now, we can formulate the following result.

Theorem. Let L be an extension of the solvable Leibniz algebra L(F}) by the abelian algebra V = (e, 41).
Then L is isomorphic to one of the following non-isomorphic algebras:
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€i, 61] = €i+1,

[

lei, y] = ei,

[e;, 2] = (i — 1)e,
le1, x] = eq,
[y, e1] = eny1,

61,61] = €n+1,

[

[ei, e1] = €it1,
[e2,y] = ea,

lei, y] = e,
[ei,z] = (i — 1)ey,
[z, e1] = —eq,

2<i<n-—1,
2<1i<n,
2 <1< n,
[z,e1] = —eq,

[en+17 x] = 6n+17

le1, z] = eq,
29<i<n—1,
les, y] = e3 + eny1,
4 <1 <n,
2<1<n,

[en+1a .’L‘] = 2en+17

~

L4Z

61761] = €n+1,

[

lei, e1] = €it1,
lei,y] = e,
lei, a] = (i = 1)e,
[z,e1] = —eq,

le1, 2] = eq,
9<i<n—1,
2 <1< n,
2<1<n,

[ent1, 2] = 2€n41,

29<i<n—1,
[e2, ] = €2 + eny1,
3<i<n,

3 <t <n,

[x,e1] = —ex,

[en+la y] = €n+1,
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[eiael]zei—&-la 2§’L§Tl*1, .
[ei;el]_el 1, Slgnv
. . +
le2,y] = ez + eny1, [e2, 7] = ez + depq, .
. [eiay]:ei7 QSZSTL,
s [e%y]:eia SSZSTL’ .
L5(6> : . . Lg [6“17] = (7’ - 1)€i7 2<1 < n,
lei,x] = (i —1)e;,  3<i<m,
[61,.7;] = €1, [mael] = —é€1,
[61737] = €1, ['7;761] = —é€1,
o - [€n+1am] = N€n+1, [en-i-lvy] = €n+1,
[ent1,7] = enq1, [ent1,Y] = €nt1,
le1, 2] = e1 +enq1, [ese1] = eiq1, 2<i<n—1,
L7: [ej,x]=(i—1)e;, [es,y] = ey, 2<i<n,
[en-ﬁ-lax] = €n+1, [xael] = —€1 — en+17 [$,€n+1] = _€n+1,
le1, 2] = e1 + 0epy, le1, Y] = eny1s lei, e1] = €it1, 2<:<n-—1,
fg(é) o lens1, 7] = ey, lei, 2] = (i — L)es,  [es,y] = e, 2<i<n,
[z,e1] = —e1 —0eny1, [T,ens1] = —€ny1, [y,e1] = —€ni1.

Proof. By Corollary, we have that H*(L(F!),l,7) = 0 in cases V and VII. Thus, it is enough to consider
the remaining cases.

L. a; = 1 = B2 =0, ay = 1. In this case, the second cohomology group satisfies dim H?(L(F}!),l,7) = 1
and 2-cocycle defined by w(y, e1) = e,41 form a basis on this space. That is, H2(L(F}),l,r) = (@).

Consider an automorphism ¢ € Aut(L(F})), and an automorphism ¢ € Aut(V) satisfying 1(e,q1) =
Aén+1. Then the action of these automorphisms on the cohomology class 6w € H?(L(F}!),1,r) results in
a new class 8, where

8 =6xa, U'=1 1" =nr

By choosing A =1 and a = %, we can normalize the representative so that §' = 1.

Thus, the corresponding extended algebra L, = L(F}!) @ {e,+1} has nontrivial products given by

[y7€1] = w(yael> = €n+1, [€n+1733] =Tzln4l = Ep41-

Hence, we obtain the algebra El.

II. o = B = B2 = 0, ag = 2. In this case, dim H?(L(F}),l,r) = 2, and the basis of this space is given by
the 2-cocycles
wi(er,e1) = ent1, wa(es,y) = eny1-

Automorphisms ¢ € Aut(L(F}!)) and ¥ € Aut(V) act the element §;07 + dats to 84wy + 4z as
§) = 81ha?, 0% = da)ac.
— If 65 = 0, then 6, = 0 and &; # 0. Taking A =1, a = %, we can suppose §; = 1 and obtain the

algebra Eg.
— If 02 # 0, then choosing A =1, ¢ = g—;a, we get 0) = 0}, and obtain the algebra Ls.

. a3 =B =0, ag = 1, B2 = 1. In this case, dim H2(L(F}),l,r) = 2, and the basis of this space is given by
the 2-cocycles
wi(e2, T) = ent1, wa(e2,y) = ent1-

Automorphisms ¢ € Aut(L(F})) and ¢ € Aut(V) act the element §,w7 + d2w3 to 8wy + dhws as
5/1 = (51)\6, 55 = 52)\6.

— If 65 = 0, then 65 = 0 and §; # 0. Taking A = 1, ¢ = %, we can suppose §f = 1 and obtain the
algebra f4.
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IV.

10.
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— If 5 # 0, then choosing A =1, ¢ = é, we get 65 = 1 and obtain the algebra Z5(6).

a; = B1 =0, azg = n, B2 = 1. In this case dim H?(L(F!),l,r) = 1 and H*(L(F}),l,r) = (@), where
w(en,e1) = ent1. Automorphisms ¢ € Aut(L(F!)) and ¢ € Aut(V) act the element 6w to §'w, as follows:

5 =6 a" e

Taking A = % and a = ¢ = 1, we can suppose ¢’ = 1. Thus, the new products of the algebra L=
L(F}) @ {en+1} are given by:

[Bmel] = w(en,el) = €n+1, [6n+1,$] =TzCn41 = NEp41, [€n+1,y] =Ty€n+1 = En41-

Therefore, we obtain the algebra Eg.

a; = —ag = —1, B; = B = 0. In this case dim H?(L(F}!),l,7) = 2, and the basis of this space is given by
the 2-cocycles

wi(e1,2) = ent1, wi(@,e1) = —eny1,  waler,y) =eny1, w2(y,€1) = —€ny1.
Automorphisms ¢ € Aut(L(F})) and ¢ € Aut(V) act the element §;w7 + datvs to 81wy + Fhws as
81 =d1ha, 0y = da)a.

— If 5 = 0, then 65 = 0 and d; # 0. Taking A = 1, a = %, we can suppose 0; = 1 and obtain the
algebra E7.
— If §3 # 0, then choosing A =1, a = é, we get 65 = 1 and obtain the algebra Zg(é).

This completes the proof.
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REZYUME

Markaziy kengaytma metodidan foydalanib, markazi noldan farqli bo’lgan algebralarni qurishimiz
mumkin. Shuning uchun, markazi trivial bo’lgan Leybnits algebralarini aniglash uchun Abel
kengaytmalar metodidan foydalanamiz. Ushbu ishda nilradikali maksimal ko-o’lchamli tabiiy usulda
gradiurlangan filiform Leybnits algebrasi bo’lgan yechiluvchi Leybnits algebralarining bir o’lchovli
Abel kengaytmalarining klassifikatsiyasi keltirilgan. Bu kengaytmalar aniq ifodalangan va ularning
strukturalari izomorfizm aniqligini tasniflangan.

Kalit so‘zlar: Leybnits algebrasi, yechiluvchanlik, nilpotentlik, filiform Leybnits algebralari, Abel
kengatma.

PE3IOME

MeTomoM 1EeHTPAIbHBIX PACIIAPEHUN MOXKHO ITOCTPOUTH TOJBKO Takume ajareOpnl JleitbHumna, meHTp
KOTOpBIX HeTpuBHaseH. [losTomy 1y1a onpenesenns aaredbp JlebHUIA ¢ TPUBUATBHBIM IIEHTPOM MBI
HCIIONIb3yeM MeToJ1 abe/leBhIX pacinupennii. B mammoit pabore mpeacTaBiena KaacCUMOUKAIUS OIHO-
MEpHBIX abeJIeBbIX PACIIUPEHUN pa3permmMbix ajaredop JleiibHuia, HUIbPaMKaI KOTOPBIX SIBJISIETCSI
€CTeCTBEHHO I'Paly upOBaHHOM dutmdopMHOil aredbpoii JleiibHua MakcuMaIbHON KOPA3MEPHOCTH.
JlaroTcst IBHBIE ONMCAHWS TAKUX PACIIMPEHUN U OMPENEJISIIOTCS UX CTPYKTYPBI C TOYHOCTHIO JI0 U30-
Mopdusma.

Karoueswie caosa: Anrebpa JleiitbHniia, paspermmMocThb, HUJIBIIOTEHTHOCTD, huindopMHbIe aareb-
pol JleitbHura, abesrleBoe paciimpeHue.
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