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We give a geometric classification of all 6-dimensional nilpotent Tortkara
algebras over C:
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1. Introduction

An anticommutative algebra A is called a Tortkara algebra if it satisfies the identity

abð Þ cbð Þ ¼ J a; b; cð Þb; where J a; b; cð Þ ¼ abð Þcþ bcð Þaþ cað Þb:

These algebras were introduced by Dzhumadildaev in [14]. It is easy to see that each metabelian
Lie algebra (i.e., ðxyÞðztÞ ¼ 0) is a Tortkara algebra. Another group of examples comes from
Zinbiel algebras. Recall that an algebra A is called a Zinbiel algebra if it satisfies the identity

xyð Þz ¼ x yz þ zyð Þ:

Zinbiel algebras were introduced by Loday [32] and studied in [2, 12, 13, 15, 16, 30, 33, 35].
Under the Koszul duality, the operad of Zinbiel algebras is dual to the operad of Leibniz algebras.
Zinbiel algebras are also related to Tortkara algebras [14] and Tortkara triple systems [9]. More
precisely, every Zinbiel algebra is a Tortkara algebra under the commutator multiplication.

There are many results related to both the algebraic and geometric classification of small
dimensional algebras in the varieties of Jordan, Lie, Leibniz and Zinbiel algebras; for algebraic
results see, for example [1, 11, 18, 19, 23, 25–27, 28]; for geometric results see, for example
[1, 3–6, 8, 10, 11, 19–31, 34]. Here we give a geometric classification of 6-dimensional nilpotent
Tortkara algebras over C: Our main result is Theorem 3 which describes the rigid algebras in
this variety.

Degenerations of algebras is an interesting subject, which has been studied in various papers.
In particular, there are many results concerning degenerations of algebras of low dimension in a
variety defined by a set of identities. One of important problems in this direction is a description
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of the so-called rigid algebras. These algebras are of big interest, since the closures of their orbits

under the action of the generalized linear group form irreducible components of the variety

under consideration (with respect to the Zariski topology). For example, the rigid algebras in the

varieties of all 4-dimensional Leibniz algebras [24], all 4-dimensional nilpotent Novikov algebras

[26], all 4-dimensional nilpotent bicommutative algebras [27], all 4-dimensional nilpotent asso-

symmetric algebras [23], all 6-dimensional nilpotent binary Lie algebras [1], and some other has

been classified. There are fewer works in which the full information about degenerations has

been found for some variety of algebras. This problem has been solved for 2-dimensional pre-Lie

algebras in [7], for 2-dimensional terminal algebras in [11], for 3-dimensional Novikov algebras

in [8], for 3-dimensional Jordan algebras in [20], for 3-dimensional Jordan superalgebras in [6],

for 3-dimensional Leibniz algebras in [25], for 3-dimensional anticommutative algebras in [25],

for 4-dimensional Lie algebras in [10], for 4-dimensional Lie superalgebras in [5], for 4-dimen-

sional Zinbiel algebras in [30], for 3-dimensional nilpotent algebras [17], for 4-dimensional nilpo-

tent Leibniz algebras in [30], for 4-dimensional nilpotent commutative algebras [17], for 5-

dimensional nilpotent Tortkara algebras in [19], for 5-dimensional nilpotent anticommutative

algebras in [17], for 6-dimensional nilpotent Lie algebras in [21, 34], for 6-dimensional nilpotent

Malcev algebras in [31], for 7-dimensional 2-step nilpotent Lie algebras in [4], and for all 2-

dimensional algebras in [28].

1.1. Definitions and notations

Given an n-dimensional complex vector space V, the set HomðV� V;VÞ ffi V
� � V

� � V is a

vector space of dimension n3. This space has a structure of the affine variety C
n3
: Fix a basis

e1; :::; en of V. Every l 2 HomðV� V;VÞ is determined by the n3 structure constants cki;j 2 C

such that lðei � ejÞ ¼
Pn

k¼1 c
k
i;jek: A subset of HomðV� V;VÞ is Zariski-closed if it can be

defined by a set of polynomial equations in the variables cki;j (1 � i; j; k � n).
Let T be a set of polynomial identities. All algebra structures on V satisfying polynomial iden-

tities from T form a Zariski-closed subset of the variety HomðV� V;VÞ: We denote this subset

by LðTÞ: The general linear group GLðVÞ acts on LðTÞ by conjugation:

g � lð Þ x� yð Þ ¼ gl g�1x� g�1y
� �

for x; y 2 V; l 2 LðTÞ � HomðV� V;VÞ and g 2 GLðVÞ: Thus, LðTÞ is decomposed into

GLðVÞ-orbits that correspond to the isomorphism classes of algebras. Let OðlÞ denote the orbit

of l 2 LðTÞ under the action of GLðVÞ and let OðlÞ denote the Zariski closure of OðlÞ:
Let A and B be two n-dimensional algebras satisfying identities from T and l; k 2 LðTÞ repre-

sent A and B respectively. We say that A degenerates to B, and write A ! B; if k 2 OðlÞ: In this

case OðkÞ � OðlÞ: Hence, the definition of a degeneration does not depend on the choice of l

or k. If A 6ffi B; then A ! B is a proper degeneration. We write A 6! B if k 62 OðlÞ: Note also

that if A ! B and B ! C; then A ! C:

Let A be represented by l 2 LðTÞ: Then A is said to be rigid in LðTÞ if OðlÞ is an open sub-

set of LðTÞ: Recall that a subset of a variety is irreducible if it cannot be represented as a union

of two non-trivial closed subsets. A maximal irreducible closed subset of a variety is an irreducible

component. It is well known that every affine variety can be represented as a finite union of its

irreducible components in a unique way. Observe that A is rigid in LðTÞ if and only if OðlÞ is

an irreducible component of LðTÞ:
We use the methods applied to Lie algebras in [22]. If A ! B and A 6ffi B; then

dimDerðAÞ<dimDerðBÞ; where DerðAÞ is the Lie algebra of derivations of A. We will compute

the dimensions of algebras of derivations and will check the assertion A ! B only for such A

and B that dimDerðAÞ<dimDerðBÞ:
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To prove degenerations, we construct families of matrices parametrized by t. Namely, let A

and B be two algebras represented by the structures l and k from LðTÞ respectively. Let e1; :::; en
be a basis of A and let cki;j (1 � i; j; k � n) be the structure constants of k in this basis. If there

exist a
j
iðtÞ 2 C (1 � i; j � n; t 2 C

�) such that Eti ¼
Pn

j¼1 a
j
iðtÞej (1 � i � n) form a basis of V for

every t 2 C
�
; and the structure constants of l in the basis Et1; :::; E

t
n are functions cki;jðtÞ such that

limt!0 c
k
i;jðtÞ ¼ cki;j; then A ! B: In this case Et1; :::;E

t
n is called a parametrized basis for A ! B:

2. The geometric classification of 6-dimensional nilpotent Tortkara algebras

The geometric classification of 6-dimensional nilpotent Tortkara algebras is based on the

description of all degenerations of 6-dimensional nilpotent Malcev algebras [31]. Note that the

algebras g6 and g8 from [31] are not Tortkara. Hence, every 6-dimensional nilpotent

Tortkara–Malcev algebra degenerates from one of the following algebras:

g5 : e1e2 ¼ e3; e1e3 ¼ e4; e1e4 ¼ e5; e1e5 ¼ e6; e2e3 ¼ e5; e2e4 ¼ e6;
M

�

6 : e1e2 ¼ e3; e1e3 ¼ e5; e1e5 ¼ e6; e2e4 ¼ �e5; e3e4 ¼ e6:

It remains to take into account all 6-dimensional nilpotent non-Malcev Tortkara algebras. These

algebras were described in [18]. We recall in the next theorem their classification.

Theorem 1. Let T be a 6-dimensional nilpotent non-Malcev Tortkara algebra over C. Then T is

isomorphic to one of the following algebras:

T
6
00 : e1e2 ¼ e3; e1e3 ¼ e4; e2e4 ¼ e5;

T
6
01 : e1e2 ¼ e3; e1e3 ¼ e4; e1e4 ¼ e5; e2e3 ¼ e5; e2e4 ¼ e6;

T
6
02 : e1e2 ¼ e3; e1e3 ¼ e4; e2e3 ¼ e5; e2e4 ¼ e6;

T
6
03 : e1e2 ¼ e3; e1e3 ¼ e4; e1e4 ¼ e5; e2e4 ¼ e6;

T
6
04 : e1e2 ¼ e3; e1e3 ¼ e4; e1e5 ¼ e6; e2e4 ¼ e6;

T
6
05 : e1e2 ¼ e3; e1e3 ¼ e4; e2e3 ¼ e6; e4e5 ¼ e6;

T
6
06 : e1e2 ¼ e3; e1e3 ¼ e4; e2e4 ¼ e6; e3e5 ¼ e6;

T
6
07 : e1e2 ¼ e3; e1e3 ¼ e4; e4e5 ¼ e6;

T
6
08 : e1e2 ¼ e3; e1e3 ¼ e4; e1e4 ¼ e6; e1e5 ¼ �e6; e2e3 ¼ e5; e2e4 ¼ e6;

T
6
09 að Þ : e1e2 ¼ e3; e1e3 ¼ e4; e1e5 ¼ aþ 1ð Þe6; e2e3 ¼ e5; e2e4 ¼ ae6;

T
6
10 : e1e2 ¼ e3; e1e3 ¼ e6; e1e4 ¼ e5; e2e3 ¼ e5; e4e5 ¼ e6;

T
6
11 : e1e2 ¼ e3; e1e4 ¼ e5; e1e5 ¼ e6; e2e3 ¼ e5;

T
6
12 : e1e2 ¼ e3; e1e4 ¼ e5; e1e5 ¼ e6; e2e3 ¼ e5; e2e4 ¼ e6;

T
6
13 : e1e2 ¼ e3; e1e4 ¼ e5; e1e5 ¼ e6; e2e3 ¼ e5; e3e4 ¼ e6;

T
6
14 : e1e2 ¼ e3; e1e4 ¼ e5; e2e3 ¼ e5; e4e5 ¼ e6;

T
6
15 : e1e2 ¼ e3; e1e3 ¼ e4; e1e4 ¼ e5; e1e5 ¼ e6; e2e4 ¼ e6;

T
6
16 : e1e2 ¼ e3; e1e3 ¼ e4; e1e4 ¼ e5; e2e5 ¼ e6;

T
6
17 : e1e2 ¼ e3; e1e3 ¼ e4; e1e4 ¼ e5; e2e3 ¼ e5; e2e5 ¼ e6;

T
6
18 að Þ : e1e2 ¼ e3; e1e3 ¼ e4; e1e4 ¼ e5; e1e5 ¼ aþ 1ð Þe6; e2e3 ¼ e5; e2e4 ¼ ae6;

T
6
19 : e1e2 ¼ e3; e1e3 ¼ e4; e1e5 ¼ e6; e2e4 ¼ e5; e3e4 ¼ e6:

All listed algebras are non-isomorphic, except T6
09ðaÞ ffi T

6
09ð�a�1Þ:

Remark 2. There is only one 6-dimensional nilpotent non-metabelian Tortkara algebra: T
6
19:

Obviously, T6
19 is rigid.

The main result of the present paper is the following theorem.

Theorem 3. The variety of 6-dimensional nilpotent Tortkara algebras over C has 3 irreducible com-

ponents defined by the rigid algebras T6
10;T

6
17 and T

6
19:
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Proof. The algebras T6
10;T

6
17 and T

6
19 are rigid, because they have the minimal dimension of deriv-

ation algebras among all 6-dimensional nilpotent Tortkara algebras, which is 7. The rest of 6-
dimensional nilpotent Tortkara algebras degenerate from (at least) one of these algebras, as shown
in the table below (Table 1). w

Funding

The work was supported by RSF 18-71-10007.

ORCID

Ivan Kaygorodov http://orcid.org/0000-0003-2084-9215
Mykola Khrypchenko http://orcid.org/0000-0002-4504-3261

References

[1] Abdelwahab, H., Calder�on, A. J., Kaygorodov, I. (2019). The algebraic and geometric classification of nilpo-
tent binary Lie algebras. Int. J. Algebra Comput. 1–17. DOI: 10.1142/S0218196719500437.

Table 1. Degenerations of 6-dimensional nilpotent Tortkara algebras.

T
6
19 ! g5 Et1 ¼ te1 þ t�2e2�t�3e3�t�4e4; Et2 ¼ e2 þ t�1e3 þ t�2e4; Et3 ¼ te3 þ e4 þ 2t�4e5

Et4 ¼ t2e4 þ t�2e5 þ 2t�3e6; Et5 ¼ e5; Et6 ¼ te6
T
6
19 ! M

�

6 Et1 ¼ te1�t�1e2�t�2e3; Et2 ¼ e2�
��1
t
e3; Et3 ¼ e4 þ �t�3e5

Et4 ¼ e3��t�1e4��t�4e5; Et5 ¼ �t�1e5 þ
��1
t2
e6; Et6 ¼ �e6

T
6
19 ! T

6
00 Et1 ¼ e1; Et2 ¼ e2; Et3 ¼ e3

Et4 ¼ e4; Et5 ¼ e5; Et6 ¼ t�1e6
T
6
19 ! T

6
01 Et1 ¼ e1 þ e2�t�2e3; Et2 ¼ te2 þ e3 þ t�2e4; Et3 ¼ te3 þ e4 þ t�2e5�t�4e6

Et4 ¼ te4 þ e5; Et5 ¼ te5 þ ð1�t�1Þe6; Et6 ¼ e6
T
6
19 ! T

6
02 Et1 ¼ te1; Et2 ¼ e2 þ t�1e3 þ t�3e4; Et3 ¼ te3 þ e4

Et4 ¼ t2e4; Et5 ¼ e5 þ ðt�1�t�2Þe6; Et6 ¼ e6
T
6
19 ! T

6
03 Et1 ¼ te1 þ t�2e2�t�4e3; Et2 ¼ e2; Et3 ¼ te3

Et4 ¼ t2e4; Et5 ¼ e5�t�2e6; E6 ¼ e6
T
6
19 ! T

6
04 Et1 ¼ te1; Et2 ¼ e2; Et3 ¼ te3

Et4 ¼ t2e4; Et5 ¼ e5�t�1e6; E6 ¼ te6
T
6
10 ! T

6
05 Et1 ¼ e1 þ t�1e2�te5; Et2 ¼ e2; Et3 ¼ e3

Et4 ¼ t�1e5 þ e6; Et5 ¼ t2e4; Et6 ¼ �te6
T
6
05 ! T

6
06 Et1 ¼ �e1; Et2 ¼ e2 þ t�1e3 þ te5; Et3 ¼ �e3�t�1e4;

Et4 ¼ e4; Et5 ¼ t2e5; Et6 ¼ �te6
T
6
05 ! T

6
07 Et1 ¼ te1; Et2 ¼ e2; Et3 ¼ te3

Et4 ¼ t2e4; Et5 ¼ t�2e5; Et6 ¼ e6
T
6
19 ! T

6
08 Et1 ¼ te1�t�1e3; Et2 ¼ e2 þ t�1e3�t�2e4; Et3 ¼ te3 þ e4 þ t�3e6;

Et4 ¼ t2e4�t�1e6; Et5 ¼ e5 þ 2t�1e6; E6 ¼ �te6
T
6
19 ! T

6
09ðaÞ Et1 ¼ te1; Et2 ¼ e2 þ t�1e3 þ

a
ðaþ1Þt2 e4; Et3 ¼ te3 þ e4;

Et4 ¼ t2e4; Et5 ¼ e5 þ
1

ðaþ1Þt e6; Et6 ¼
t

aþ1
e6

T
6
12 ! T

6
11 Et1 ¼ e1; Et2 ¼ te2; Et3 ¼ te3

Et4 ¼ t2e4; Et5 ¼ t2e5; Et6 ¼ t2e6
T
6
19 ! T

6
12 Et1 ¼ e1 þ e2�t�1e3; Et2 ¼ te2 þ t�1e3 þ t�2e4; Et3 ¼ te3 þ t�1e4 þ t�2e5�t�3e6

Et4 ¼ e4 þ t�2e5; Et5 ¼ e5 þ ðt�2�t�1Þe6; E6 ¼ e6
T
6
10 ! T

6
13 Et1 ¼ e1 þ t�1e3 þ te4; Et2 ¼ t2e2; Et3 ¼ t2e3�te5

Et4 ¼ t4e4; Et5 ¼ t4e5; Et6 ¼ t5e6
T
6
10 ! T

6
14 Et1 ¼ te1; Et2 ¼ e2; Et3 ¼ te3

Et4 ¼ e4; Et5 ¼ te5; Et6 ¼ te6
T
6
19 ! T

6
15 Et1 ¼ te1 þ t�2e2�t�3e3; Et2 ¼ e2; Et3 ¼ te3

Et4 ¼ t2e4; Et5 ¼ e5�t�1e6; Et6 ¼ te6
T
6
17 ! T

6
16 Et1 ¼ t�1e1; Et2 ¼ e2; Et3 ¼ t�1e3

Et4 ¼ t�2e4; Et5 ¼ t�3e5; Et6 ¼ t�3e6
T
6
19 ! T

6
18ðaÞ Et1 ¼ te1 þ t�2e2�

a
ðaþ1Þt3 e3; Et2 ¼ e2 þ t�1e3 þ

a
ðaþ1Þt2 e4; Et3 ¼ te3 þ e4 þ

a
ðaþ1Þt4 e5�

a2

ðaþ1Þ2t5
e6

Et4 ¼ t2e4 þ t�2e54; Et5 ¼ e5 þ
1

ðaþ1Þt e6; Et6 ¼
t

aþ1
e6

COMMUNICATIONS IN ALGEBRA
VR

207

https://doi.org/10.1142/S0218196719500437


[2] Adashev, J., Camacho, L., Gomez-Vidal, S., Karimjanov, I. (2014). Naturally graded Zinbiel algebras with

nilindex n�3; : Lin. Algebra Appl. 443: 86–104. DOI: 10.1016/j.laa.2013.11.021.
[3] Alvarez, M. A. (2018). On rigid 2-step nilpotent Lie algebras. Algebra Colloq. 25(2): 349–360.
[4] Alvarez, M. A. (2018). The variety of 7-dimensional 2-step nilpotent Lie algebras. Symmetry 10(1): 26. DOI:

10.3390/sym10010026.
[5] Alvarez, M. A., Hern�andez, I. (2018). On degenerations of Lie superalgebras. Lin. Multilin. Algebra 1–16.

DOI: 10.1080/03081087.2018.1498060.
[6] Alvarez, M. A., Hern�andez, I., Kaygorodov, I. (2018). Degenerations of Jordan superalgebras. Bull

Malaysian Math. Sci. Soc. DOI: 10.1007/s40840-018-0664-3.
[7] Bene�s, T., Burde, D. (2009). Degenerations of pre-Lie algebras. J. Math. Phys. 50(11):112102–112109. DOI:

10.1063/1.3246608.
[8] Bene�s, T., Burde, D. (2014). Classification of orbit closures in the variety of three-dimensional Novikov

algebras. J. Algebra Appl. 13(02):1350081–1350033. DOI: 10.1142/S0219498813500813.
[9] Bremner, M. (2018). On Tortkara triple systems. Commun. Algebra 46(6):2396–2404. DOI: 10.1080/

00927872.2017.1384003.
[10] Burde, D., Steinhoff, C. (1999). Classification of orbit closures of 4-dimensional complex Lie algebras.

J. Algebra 214(2):729–739. DOI: 10.1006/jabr.1998.7714.
[11] Calder�on, A. J., Fern�andez Ouaridi, A., Kaygorodov, I. (2018). The classification of 2-dimensional rigid

algebras. Lin. Multilin. Algebra 1–17. DOI: 10.1080/03081087.2018.1519009.
[12] Camacho, L., Ca~nete, E., Gomez-Vidal, S., Omirov, B. (2013). p-filiform Zinbiel algebras. Lin. Algebra Appl.

438(7):2958–2972. DOI: 10.1016/j.laa.2012.11.030.
[13] Dokas, I. (2010). Zinbiel algebras and commutative algebras with divided powers. Glasgow Math. J. 52(2):

303–313. DOI: 10.1017/S0017089509990358.
[14] Dzhumadildaev, A. (2007). Zinbiel algebras under q-commutators. J. Math. Sci. (New York) 144(2):

3909–3925.
[15] Dzhumadildaev, A., Ismailov, N., Mashurov, F. (2019). Embeddable algebras into Zinbiel algebras via the

commutator. J. Algebra. arXiv:1809.10550
[16] Dzhumadildaev, A., Tulenbaev, K. (2005). Nilpotency of Zinbiel algebras. J. Dyn. Control Syst. 11(2):

195–213. DOI: 10.1007/s10883-005-4170-1.
[17] Fern�andez Ouaridi, A., Kaygorodov, I., Khrypchenko, M., Volkov, Y. (2019). Degenerations of Nilpotent

algebras. arXiv:1905.05361.
[18] Gorshkov, I., Kaygorodov, I., Khrypchenko, M. (2019). The algebraic classification of Tortkara algebras.

arXiv:1904.00845.
[19] Gorshkov, I., Kaygorodov, I., Kytmanov, A., Salim, M. (2019). The variety of nilpotent Tortkara algebras.

J. Sib. Federal Univ. Math. Phys. 12(2):173–184.
[20] Gorshkov, I., Kaygorodov, I., Popov, Yu. (2019). Degenerations of Jordan algebras and marginal algebras.

Algebra Colloq.
[21] Grunewald, F., O’Halloran, J. (1988). Varieties of nilpotent Lie algebras of dimension less than six.

J. Algebra 112(2):315–325. DOI: 10.1016/0021-8693(88)90093-2.
[22] Grunewald, F., O’Halloran, J. (1988). A characterization of orbit closure and applications. J. Algebra 116(1):

163–175. DOI: 10.1016/0021-8693(88)90199-8.
[23] Ismailov, N., Kaygorodov, I., Mashurov, F. (2019). The algebraic and geometric classification of nilpotent

assosymmetric algebras. preprint.
[24] Ismailov, N., Kaygorodov, I., Volkov, Y. (2018). The geometric classification of Leibniz algebras. Int.

J. Math. 29(05):1850035. DOI: 10.1142/S0129167X18500350.
[25] Ismailov, N., Kaygorodov, I., Volkov, Y. (2019). Degenerations of Leibniz and anticommutative algebras.

Can. Math. Bull. DOI: 10.4153/S0008439519000018.
[26] Karimjanov, I., Kaygorodov, I., Khudoyberdiyev, A. (2019). The algebraic and geometric classification of

nilpotent Novikov algebras. J. Geom. Phys. 143:11–21. DOI: 10.1016/j.geomphys.2019.04.016.
[27] Kaygorodov, I., P�aez-Guill�an, P., Voronin, V. (2019). The algebraic and geometric classification of nilpotent

bicommutative algebras. arXiv:1903.08997.
[28] Kaygorodov, I., Volkov, Y. (2018). The variety of 2-dimensional algebras over an algebraically closed field.

Can. J. Math. DOI: 10.4153/S0008414X18000056.
[29] Kaygorodov, I., Volkov, Yu. (2019). Complete classification of algebras of level two. Moscow Math. J. arXiv:

1710.08943.
[30] Kaygorodov, I., Popov, Yu., Pozhidaev, A., Volkov, Y. (2018). Degenerations of Zinbiel and nilpotent

Leibniz algebras. Lin. Multilin. Algebar 66(4): 704–716. DOI: 10.1080/03081087.2017.1319457.
[31] Kaygorodov, I., Popov, Yu., Volkov, Yu. (2018). Degenerations of binary-Lie and nilpotent Malcev algebras.

Commun. Algebra 46(11):4928–4941. DOI: 10.1080/00927872.2018.1459647.

208 I. GORSHKOV ET AL.

https://doi.org/10.1016/j.laa.2013.11.021
https://doi.org/10.3390/sym10010026
https://doi.org/10.1080/03081087.2018.1498060
https://doi.org/10.1007/s40840-018-0664-3
https://doi.org/10.1063/1.3246608
https://doi.org/10.1142/S0219498813500813
https://doi.org/10.1080/00927872.2017.1384003
https://doi.org/10.1080/00927872.2017.1384003
https://doi.org/10.1006/jabr.1998.7714
https://doi.org/10.1080/03081087.2018.1519009
https://doi.org/10.1016/j.laa.2012.11.030
https://doi.org/10.1017/S0017089509990358
https://doi.org/10.1007/s10883-005-4170-1
https://doi.org/10.1016/0021-8693(88)90093-2
https://doi.org/10.1016/0021-8693(88)90199-8
https://doi.org/10.1142/S0129167X18500350
https://doi.org/10.4153/S0008439519000018
https://doi.org/10.1016/j.geomphys.2019.04.016
https://doi.org/10.4153/S0008414X18000056
https://doi.org/10.1080/03081087.2017.1319457
https://doi.org/10.1080/00927872.2018.1459647


[32] Loday, J.-L. (1995). Cup-product for Leibniz cohomology and dual Leibniz algebras. Math. Scand. 77(2):
189–196. DOI: 10.7146/math.scand.a-12560.

[33] Naurazbekova, A., Umirbaev, U. (2010). Identities of dual Leibniz algebras, TWMS. J. Pure Appl. Math.
1(1):86–91.

[34] Seeley, C. (1990). Degenerations of 6-dimensional nilpotent Lie algebras over C: Commun. Algebra 18(10):
3493–3505.

[35] Yau, D. (2007). Deformation of dual Leibniz algebra morphisms. Commun. Algebra 35(4):1369–1378. DOI:
10.1080/00927870601115872.

COMMUNICATIONS IN ALGEBRA
VR

209

https://doi.org/10.7146/math.scand.a-12560
https://doi.org/10.1080/00927870601115872

	Abstract
	Introduction
	Definitions and notations

	The geometric classification of 6-dimensional nilpotent Tortkara algebras
	References


