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Abstract—In this paper we intend to describe generalized Lie-type derivations using, among
other things, a generalization for alternative algebras of the result: “If F: A — A is a generalized
Lie n-derivation associated with a Lie n-derivation D, then a linear map H = F' — D satisfies
H(pp(z1,22,...,2,)) = pu(H(21),22,...,2,) for all x1,29,...,2, € A”. Thus, if A is a unital
alternative algebra with a nontrivial idempotent e; satisfying certain conditions, then a
generalized Lie-type derivation F': A — A is of the form F(x) = Az + Z(z) for all z € A, where
A€ Z(A)and E: A — Ais a Lie-type derivation.
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1. INTRODUCTION

In this paper, we will deal with the structure named generalized Lie-type derivations of alternative
algebras. For this, we will initially consider some definitions and conventions:

Let A be an algebra not necessarily associative or commutative and consider the following
convention for its multiplication operation: xy -z = (zy)z and x - yz = x(yz) for x,y,z € A, in order
to reduce the number of parentheses. We will denote the associator of Aby (z,y,2) =xy-z—x-yz
for x,y,z € A. An algebra A is said to be flexible if (x,y,z) =0 for all z,y € A. It is known that
alternative algebras are flexible. By [x1,z2] = 2129 — xox1 we will denote the usual Lie product of
r1 and 9.

According to [1], “It is a fascinating topic to study the connection between the associative, Lie
and Jordan structures on A. In this field, two classes of mappings are of crucial importance. One of
them consists of mappings, preserving a type of product, for example, Jordan homomorphisms and
Lie homomorphisms. The other one is formed by differential operators, satisfying a type of Leibniz
formulas, such as Jordan derivations and Lie derivations. In the AMS Hour Talk of 1961, Herstein
proposed many problems concerning the structure of Jordan and Lie mappings in associative simple
and prime rings [2]. Roughly speaking, he conjectured that these mappings are all of the proper
or standard forms. The renowned Herstein’s Lie-type mapping research program was formulated
since then. Martindale gave a major force in this program under the assumption that the rings
contain some nontrivial idempotents [3]. The first idempotent-free result on Lie-type mappings was
obtained by Bresar in [4]. Recently, several new articles have also studied the additivity of maps that
maintain new products and derivable maps about new products among them we can mention [5-9].
Also the structures of derivations, Jordan derivations and Lie derivations on (non-)associative rings
were studied systematically by many people (cf. [1-4, 10-19]). It is obvious that every derivation is
a Lie derivation. But the converse is in general not true. A basic question towards Lie derivations
of the associative algebras is that whether they can be decomposed into the sum of a derivation and
a central-valued mapping, see [3, 4, 10-14, 17] and references therein.”
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34 FERREIRA, DE MORAES

In [1] the authors proved that, under certain conditions on an alternative ring R, a multiplicative
Lie-type derivation D from R into R can be written as a sum of a derivation and a center valued
map vanishing for each (n — 1)th commutator.

Throughout this paper, we will consider F' a field of characteristic different from 2, 3 and A
an unital alternative algebra over F. We also will assume that A has an idempotent element
e1 # 0,1 and will denote the idempotent 1 — ey by es. In this case, A can be represented in the
Pierce decomposition form by A = A1 @ Ao @ A9y @ Agg where Ay = ejAey, A1a = 1 A(l —eq),
Ag1 = (1 —e1)Aeg e Agg = (1 — e1)A(1 — e7), satistying the following multiplicative relations, as we
can see in [20, Proposition 3.4]:

(i) AijAj C Ay (3,5, = 1,2);

(i) AijAi; C Aji (4,5 = 1,2);
(iii) AgjAp =0, if j # k and (i,5) # (k.1), (i,5,k,1=1,2);
(iv) x?j =0, for all z;; € Aj; (4,7 =1,2; i # j).

We will denote by a;; an element of A;;, and will assume that A satisfies
aA-e;=0 implies a=0 (i=1,2). (1)

Now consider
aj1 Ao = {0} = Asja11  implies aj; =0,
Aqgazs = {0} = ax Aoy implies ags = 0.

In fact we have (1) implies (2). Assuming (1), if a11412 = {0} = Azja1; so
anA- ez = a11(An + Az + Aor + Agz) - e2 = (a11411 + a11412) - €2 = a1 412,

Therefore, a11 A - ea = {0} and using (1) it will implies a;; = 0. The case where aA -e; = {0} is
analogous.

Note that any unital prime alternative algebra over a field of characteristic # 3 with a nontrivial
idempotent satisfies the condition (1), as we can see in Therorem 1 at [21]: "Let 2R be a 3-torsion
free alternative ring. So fR is a prime ring if and only if aR - b =0 (or a - Rb = 0) implies a = 0 or
b= 0 for a,b € R

As at [1], let us define the following sequence of polynomials:

p1(x) = x and p,(z1, 22, ..., 2n) = [Pr-1(21,22, ..., Tpn_1), Tn]

for all integers n > 2, then po(x1,z9) = [x1, 22|, p3(x1,x2, x3) = [[21,22], 23], etc. Let n > 2 be an
integer. A linear map D : A — A is called a Lie n-derivation if

n
D(pn(x17x27 AR an)) = an(xlax27 AR 7'1:7;—17D(mi)7x’i+17 AR 7'1:71)
=1

for all x1,xo,...,2, € A. In particular, a Lie 2-derivation is a Lie derivation and a Lie 3-derivation
is a Lie triple derivation. Lie 2-derivations, Lie 3-derivations and Lie n-derivations are collectively
referred to as Lie-type derivations. A linear map F': A — A is said to be a generalized Lie
n-derivation if there exists a Lie n-derivation D : A — A such that

F(pp(z1,22, ... 7)) = pp(F(21),22,...,2y)
n
+ > pal@r, @, @i, D(@:), Tig1, )
=2

for all x1,x2,...,x, € A. In particular, a generalized Lie 2-derivation is a linear map F’ that satisfies
F([x1,x9]) = [F (1), 22] + [x1, D(x2)] for all x1,29 € A,
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where D is a Lie derivation of A. A generalized Lie 2-derivation is a generalized derivation for
the Lie product. Note, that any Lie n-derivation is an example of a generalized Lie n-derivation.
Just like for Lie n-derivations we will also refer to generalized Lie 2-derivations, generalized Lie
3-derivations and generalized Lie n-derivations collectively as generalized Lie-type derivations.

The main purpose of the paper is to describe generalized Lie n-derivation of unital alternative
algebras with idempotents, which satisfy (1).

In a recent work [22], Benkovi¢ proved a result about generalized Lie derivations of unital algebras
with idempotents.

The hypotheses in Benkovi¢’s theorem [22] allowed the author to make its proof based on calculus
using the Pierce decomposition notion for associative algebras.

The notion of the Pierce decomposition for alternative algebras is similar to that one for
associative algebras. However, this similarity is restricted to its written form, not including its
theoretical structure since the Pierce decomposition for alternative algebras is a generalization of
that classical one for associative algebras.

Taking this fact into account, in the present paper many results can be seen as generalizations
of Benkovi¢’s results [22] to the class of alternative algebras.

2. PRELIMINARIES AND THE MAIN THEOREM

Let us start with a result that appears in [21]| that will be very useful for us what characterize
the commutative center of an alternative ring A:

Lemma 1.
Z(A) ={z11 + 222 : 211 € A11, 222 € A2,
[211 + 222, A12] = [211 + 2022, A21] = {0}}.

Proof. On the one hand assume that z = 211 + 212 + 221 + 222 € Z(A).

Then ze; = e1z implies z19 = z91 = 0. Furthermore, for any 15 € A5 and z91 € Aoy, it follows
that zz12 = 2122 and zx9; = 2912 that

[211 + 222, A12] = [211 + 222, A21] = {0}.
On the other hand, assume that z11 € A1, 290 € Ago, and
(211 + 222, A12] = [211 + 222, Ao1] = {0}.

To prove z11 + 292 € Z(A), one only needs to check z; € Z(A;;),7i=1,2. In fact, for any
r11 € A11 and any 115 € A1o, we have

(z11m11 — r1211)m12 = (211r11)7m12 — (r1izn)r2 = 21 (rnri2) — ri(ziri2)
= (r11712) 222 — T11(r12222) = T11(r12222) — T11(r12222) = 0.

Hence (211711 — r11211)A - e2 = 0. Therefore z1; € Z(A11) by condition of [21, Theorem 4].
Similarly, we can check z90 € Z(Ag2).

We will follow with a result that is a generalization of Proposition 2.1 in [23].

Proposition 1. The commutative center of A is
Z(A) ={a11 + a2 € A1 + Aoz | [a11 + a2, 712] = 0, [a11 + azo, x21] = 0
for all z19 € A1, 291 € Ao}

(3)

Furthermore, there exists a unique algebra isomorphism 71 : Z(A)ey — Z(A)ea, such that axig =
x127(a) and xo1a = T(a)xoy for all x19 € Aya, x91 € A2y and for any a € Z(A)ey.
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Proof. In Lemma 1 we saw that Z(A) is of the desired form.

It is easy to see that Z(A) C {a11 4+ ag9 € A1 + Ao | [(IH + (IQQ,ZL‘lQ] =0, [(IH + a22,ZL‘21] =0
for all z19 € A1g,291 € Agl}. Let a1+ age € A1 + A be such that [CL11 + agg,l‘lg] =0,
[a11 + ag2,x91] = 0 for all x15 € Aj9, 291 € Agq. To show that a1 + aze € Z(A), we just prove that
[a11 + a22,211] = 0 and [a11 + ag2,x92] = 0 for all x1; € Aj1, x99 € Ao respectively. Indeed, by
flexible identity linearization we have

[all + a227$11]$12 = (allmll)l’lz - ($11a11)3312
= a11(3311$12) - 3311(G11$12)
= (z11712)a22 — r11(T12022)
([an + CLQQ,ZL‘lQ] =0 for all 19 € Alg)
= z11(T12a22) — 211 (212022)
=0
and

mzl[all + 022,3311] = 3321(a11$11) - 3321(3311011)
(wa1a11)211 — (T21711)011
= (a22221)r11 — ag2(w21711)
([all + agg,xgl] =0 for all 97 € Agl)
= a(r21211) — az(r21211)
= 0.

Since [a11 + ag2,11)A12 = 0 = Ag1]a11 + age, x11], assumption (1) implies [a11 + age, z11] = 0 for
all x1; € Ay;. Similarly, we can prove that [a11 + ag2,x92] = 0 for all xz9g € Agg, whence it follows
that Z(A) D {all + a9y € A1+ Ago ‘ [CL11 + agg,l’lg] =0, [a11 + agg,xgl] =0for all 19 € A1o, 291 €
As1}. Therefore commutative center is of the desired form.

Now by direct calculation using (3) we get Z(A)e; is a subalgebra of Z(A;;) and Z(A)es
is a subalgebra of Z(Ag). Clearly, for each a € Z(A)e;, there exists b € Z(A)ea such that
a+be Z(A). We can write 7(a) = b, because if az12 = 2120 = x12b" and x91a = brgy = b'wgy for
all x19 € Ajg, 291 € Agy then b =10 by assumption of (1). That means that there exists a unique
b=rT(a) € Z(A)ey such that a + b € Z(A). For any a,a’ € Z(A)e; and A € F, we have

(Aa)z12 = Aaz12) = Mx127(D)) = z12(A7T(D)),
1‘21()\(1) = )\(1‘21&) = )\(T(b)l‘m) = ()\T(b))l‘gl,
(@ + a)x1y = 212(7(a) + 7(d')),

xo1(a+ad') = (r(a) + 7(a’)) w21,

and by linearization of flexible identity

(ad)z12 = a(d'w12) = (d'712)7(a) = d/(z127(a)) = (v127(a))7(a’)
= x12(7(a)7(a")),

xo1(aad’) = (wo1a)d’ = 7(d')(x210) = (7(a’)x21)a = 7(a)(7(a')z21)
= (r(a)7(a))z21,

for all x19 € A15 and w9y € Agy. Therefore 7(Aa) = A7(a), 7(a +a’) = 7(a) + 7(a’) and 7(ad’) =
7(a)7(a’), by assumption of (1) and the proof of the proposition is now complete.

The following result, taken from [21, Lemma 8] plays a crucial role in this paper.

Proposition 2. For z; € Z(Ay), i = 1,2, there exists an element z € Z(A) such that z; = ze;.
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Proof. Since A;; is 3-torsion free alternative ring we get Z(A;;) € N (Ay). Let be z; € Z(Ay), it
is clear that e;xz; = z;xe; holds for all z € A then, [24, Lemma 4], there is an element z € Z(A)
such that z; = ze;.

By a simple calculation we can easily see:

Remark 1. Let A be a unital alternative algebra with a nontrivial idempotent e; and eo =1 — e.
For any z € A with x = 11 + x12 + 21 + 222 and for any integer n > 2 we have

po(z,e1,. . e1) = (=1)" oy + 29
and

(. e, ... e2) = 12 + (—1)"Layy.
In particular, [z,e1] = —x12 + 221 and [z, e3] = w12 — T21.

The main result of the paper is as follows:

Theorem 1. Let A be a unital alternative algebra with a nontrivial idempotent ey satisfying (1).
Let us assume that

(Z) Z(All) = Z(A)el,
(ii) Z(Agg) = Z(A)(Eg.

Then any generalized Lie-type derivation F : A — A is of the form F(x) = A\x 4+ Z(x) for all
x € A, where A € Z(A) and Z: A — A is a Lie-type derivation.

With the purpose of proving our main theorem, we will initially generalize the result that follows
for alternative algebras.

According to Benkovi¢ [22], “If F': A — A is a generalized Lie n-derivation associated with a Lie
n-derivation D, then a linear map H = F' — D satisfies

H(pn(xlax%”'ymn)) :pn(H(xl)ax27"'7mn) (4)
for all x1,x9,...,2, € A. So, it suffices to consider linear maps with property (4). Note that H is
actually a generalized Lie n-derivation whose associated Lie n-derivation is the zero map.”

Proposition 3. Let A be a unital alternative algebra with a nontrivial idempotent ey satisfying (1).
Let us assume that Z(A11) = Z(A)er and Z(Ag) = Z(A)es.
If a linear map H : A — A satisfies
H(pn(xlax%”'ymn)) :pn(H(xl)ax27"'7mn) (5)

forall x1,xa,...,xy € A, then H(x) = Az + (z) for allx € A, where A\ € Z(A) andy: A — Z(A)
is a linear map such that v(pn(A4,...,A)) =0.

Remark 2. The next results are generalizations of the results obtained by Benkovi¢ [22] for
the case of alternative algebras. It is important to observe these results are held because the
following properties the Pierce decomposition for alternative algebras are valid as we can see in |20,
Proposition 3.4]:

(i

(i

) (Tij Yjk, 2ki) = 03f (4,4, k) # (4,4,9), for all x5 € Aysj, yjx € Aji and 21 € Agy;
) (wijyij)zig = Wijzij)wi; = (2i5i5)yig i @ # J for all @i, yij, 255 € Ay

(@id) wij(yijzjs) = (@ij2j5)yij = 255 (@ijyig) i @ # j for all wij, yij € Aij, zj5 € Ajj;
(1v) 45 (2iYis) = (zi%ij)yij = (TijYij)zi if 1 # j for all @ij,yi5 € Aij, zi € Aus.
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To make it clearer, we divide the proof of Proposition 3 into some Lemmas. We will start with
this one

Lemma 2. We have H(e1), H(es) € A1 + Ags.

Proof. Using Remark 1 and (5) we have
H(pn(er,e2,. ., €2)) = pu(H(e1), ea, ... ea) = H(er)iz + (=1)" ' H(e1)a

and

H(pn(ea,e1,...,e1)) =pn(H(e2),e1,...,e1) = (=1)" " H(es)12 + H(e2)21.
Since H(pp(e1,e2,...,€2)) = H(pp(ez,e1,...,e1)) =0, it follows that H(e1)12 = H(eq)21 =
H(ez)12 = H(ez)21 = 0. Therefore, H(ey), H(e2) € A11 + Aga.

Lemma 3. Let Z(A) be the commutative center of A, hence we get H(e;);; € Z(A)e; where
i,7 €{1,2} and i #j.

Proof. Let us start with n = 2, using Lemma 2 we have
0 = H([ei, zj5]) = [H(e:), z55] = [H(e:)5, 7]

for all z;; € Aj; implying H (e;)j; € Z(Aj;). By assumption Z(A;;) = Z(A)e;, therefore the Lemma
holds ton = 2. Now consider n > 3, z;; € Aj;, x;; € A;jand xj; € Aj; with i # j arbitrary elements.
We can write

H(pn(ei,xjj,mij, ej, . ,6]')) = 0,
H(pn(euw]]vl‘]lv €y v ,67;)) = 07

pu(H(€i), xjj, Tij, €5, - - s e) = —wig[H (ei) 5, 251,
and
Pu(H (€i), zjj, Tji €, - -, €i) = [H(€:) 5, 5]
By assumption of (1) we get [H(e;);j,%j;] =0. Hence, H(e;)j; € Z(Aj;) = Z(A)e; and the
Lemma holds to n > 3.

Lemma 4. Let be 7:Z(A)ey — Z(A)ey the isomorphism of Proposition 1, o= H(ej)11 —
T_l(H(el)QQ) € A1 and ﬁ = H(€2)22 — T(H(eg)n) c Agg, so we get o+ ﬁ S Z(A)

Proof. Using the property of 7 we have
[H(ey),r19) = H(e1)11z12 — x12H (e1)22 = (H(e1)11 — 7 (H(e1)22))r12 = ax12,

[H(e2),z12) = H(e2)11212 — x12H (e2)22 = x12(7(H (e2)11 — H(e2)22) = —x120,
for all x12 € A13. Now on the one hand we get,
H(z12) = H(le1,212]) = H(pn(er,z12,€2,...,€2))
= pu(H(er),z12,€2,...,€2) = pp_1([H(e1),z12],€2,...,€2)
= pn-1(azi2,€2,...,62) = ax12.
And on the other hand,
H(xz12) = —H([e2,z12]) = —H (pn(e2, z12,€2, ..., €2))
= _pn(H(€2)7x127 627 LR 762) = _pn—l([H(e2)7fE12]7 627 sey 62)
= _pn—l(_m12187 627 L 762) = .T]_Q,B,

for all x99 € Ay3. Hence [a+ B, x12] = 0 for all 215 € Ajs. By a strictly analogous proof, we have
[a+ B,291] = 0 for all 91 € Azy. Therefore a4 5 € Z(A).
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Lemma 5. Let the linear map v: A — A be defined by vy(x) = H(x) — \x for all x € A where
A =11 + aoe € Z(A). Then v satifies the properties of Proposition 3.

Proof. Firstly observe

Y(pn(z1, 22,y 2n)) = pu(y(x1), T2, . .., 2y).
For all ;; € A;; with i # j we have vy(z;;) = 0. Indeed,
Y(xij) = H(xij) — Avij = oz — (0a1 + aoo)xy; = 0.
Let x;; € Ay be as Y(pn (i, €5, ..., €5)) = pn(v(xii), €5, ..., €5), 50 Y(x4)i5 = 0 for i # j. Now,
0 =(zszij) = Y(Pn(Tiss Tijs €5y - - - 1 €5))
= pa(Y(@ii), wij, €5, -, €5)
= [y(@ii)ii + V(i) j5, i)
and
0 =y(xjizii) = Y(On(Tii, Tjis €, - - -, €))
= pn(v(@ii), xjis €y . ., €5)
= [y(@ii)ii +v(@i) 5, -
Therefore, (i) = v(xi)11 +v(zii )22 € Z(A) and v maps into the center of A. By property
Y(pn(z1, 22, ..., 2n)) = pu(y(x1), 22, ..., 2,) clearly we have v(p,(A4,A,...,A)) =0.

From the Lemmas proved above we have that Proposition 3 holds. Now we are ready to prove
Theorem 1.

Proof of Theorem 1: Let F': A— A be a generalized Lie-type derivation with an asso-
ciated Lie-type derivation D. According to Benkovi¢ [22] we consider H = F' — D and clearly
H(pp(x1,29,...,24)) = pp(H(x1),22,...,2,) for all z1,29,...,2, € A. Now using Proposition 3
we have F(x) = Ax+ D(x)+y(z) with A € Z(A). We observe that == D +~ is a Lie-type
derivation and Theorem 1 has been proved.

Due to the proof of Theorem 1, we have the following

Theorem 2. Let A be a unital alternative algebra with a nontrivial idempotent ey satisfying (2).
Let us assume that

(Z) Z(All) = Z(A)el,
(ii) Z(AQQ) = Z(A)EQ.

Then any generalized Lie-type derivation F': A — A is of the form F(x) = \x + E(z) for all x € A,
where A € Z(A) and = : A — A is a Lie-type derivation.

As a consequence we have the following result

Corollary 1 ([22], Theorem 2.3). Let A be a unital associative algebra with a nontrivial
idempotent e; satisfying (2).
Let us assume that

(1) Z(All) = Z(A)el,
(ii) Z(AQQ) = Z(A)EQ.

Then any generalized Lie-type derivation F' : A — A is of the form F(z) = Ax 4+ Z(x) for all x € A,
where A € Z(A) and Z: A — A is a Lie-type derivation.

RUSSIAN MATHEMATICS Vol. 656 No. 9 2021



40

10.
11.

12.

13.

14.

15.
16.

17.

18.

19.

20.
21.

22.

23.

24.

FERREIRA, DE MORAES
REFERENCES

. Ferreira B.L.M., Guzzo H., Wei F. “Multiplicative Lie-type derivations on alternative rings”’, Communi-

cations in Algebra 48, 5396-5411 (2020).

Herstein I.N. “Lie and Jordan structures in simple associative rings”, Bull. Amer. Math. Soc. 67, 517-531
(1961).

Martindale W.S. III “Lie derivations of primitive rings”, Michigan Math. J. 11, 183-187 (1964).

Bresar M. “Commuting traces of biadditive mappings, commutativity-preserving mappings and Lie
mappings”’, Transactions of the American Math. Soc. 335, 525-546 (1993).

Li C., Lu F., Wang T. “Nonlinear maps preserving the Jordan triple *-product on von Neumann
algebras”, Annals of Funct. Anal. 7 (3), 496-507 (2016).

Li C., Lu F. “Nonlinear Maps Preserving the Jordan Triple 1-*-product on von Neumann algebras”,
Complex Anal. and Operator Theory 11 (1), 109-117 (2017).

Li C., Zhao F., Chen Q. “Nonlinear skew Lie triple derivations between factors”, Acta Mathematica
Sinica, English Ser. 32 (7), 821-830 (2016).

Zhao F., Li C. “Nonlinear *-Jordan triple derivations on von Neumann algebras”, Math. Slovaca 68 (1),
163-170 (2018).

Zhao F., Li C. “Nonlinear maps preserving the Jordan triple x-product between factors”, Indagationes
Math. 29 (2), 619-627 (2018).

Abdullaev I.Z. “n-Lie derivations on von Neumann algebras”, Uzbek. Mat. Zh. 56, 3-9 (1992).
Benkovié¢ D. “Lie triple derivations of unital algebras with idempotents”, Linear Multilinear Algebra 63,
141-165 (2015).

Benkovi¢ D., Eremita D. “Multiplicative Lie n-derivations of triangular rings”, Linear Algebra Appl.
436, 4223-424 (2012).

Li C.-J., Chen Q.-Y. “Additivity of Lie multiplicative mappings on rings”’, Adv. in Math. (China) 44
(7), 15038 (2015).

Li C.-J. Fang X.-C., Lu F.-Y., Wang T. “Lie triple derivable mappings on rings”’, Comm. Algebra 42,
2510-2527 (2014).

Ferreira B.L.M., Guzzo H.Jr. “Lie maps on alternative rings”, Boll. Unione Mat. Ital. 13, 181-192 (2020).
Ferreira B.L.M., Guzzo H.Jr. “Characterizaiton of Lie multiplicative derivation of alternative rings”,
Rocky Mountain J. Math. 49, 761-772 (2019).

Fosner A. Wei F., Xiao Z.-K. “Nonlinear Lie-type derivations of von Neumann algebras and related
topics”, Colloq. Math. 132, 53-71 (2013).

Kaygorodov 1., Popov Yu. “Alternative algebras that admit derivations with invertible values and
invertible derivation”, Izv. Math. 78, 922-936 (2014).

Kaygorodov 1., Popov Yu. “A characterization of nilpotent nonassociative algebras by invertible Leibniz-
derivations”, J. Algebra 456, 323-347 (2016).

Slater M. “Prime alternative rings, I”, J. Algebra 15, 229-243 (1970).

Ferreira B.L.M., Kaygorodov I. “Commuting maps on alternative rings”’, Ricerche di Matematica (2020),
DOI: 10.1007/s11587-020-00547-z.

Benkovi¢ D. “Generalized Lie derivations of unital algebras with idempotents”’, Operators and matrices
12, 357-367 (2018).

Benkovi¢ D. “Lie triple derivations of unital algebras with idempotents”, Linear Multilinear Algebra 63,
141-165 (2015).

Bai Z., Du S. “Strong commutativity preserving maps on rings”’, Rocky Mountain J. Math. 44, 733-742
(2014).

RUSSIAN MATHEMATICS Vol. 65 No. 9 2021



