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Abstract. In the present article, we characterize generalized derivations and left multipliers of prime
rings involving commutators with idempotent values. Precisely, we prove that if a prime ring of charac-
teristic different from 2 admits a generalized derivation G with an associative nonzero derivation g of R
such that [G(u),u]"” = [G(u),u] for all u € {[z,y] : ,y € L}, where L a noncentral Lie ideal of R and
n > 1 is a fixed integer, then one of the following holds:

(i) R satisfies s4 and there exists A € C, the extended centroid of R such that G(z) = az 4+ za + Az

for all x € R, where a € U, the Utumi quotient ring of R,

(ii) there exists v € C such that G(z) = vz for all z € R.
As an application, we describe the structure of left multipliers of prime rings satisfying the condition
([T™(w),u])™ = [T™(u),u] for all u € {[z,y] : z,y € L}, where m,n > 1 are fixed integers. In the end,
we give an example showing that the hypothesis of our main theorem is not redundant.
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1. Introduction

A celebrated result of Wedderburn states that: FEvery finite division ring is commutative
and also any Boolean ring is a commutative ring. In 1945, Jacobson [15] generalized this result
by proving the following: Any ring in which every element satisfies an equation of the form
™) =z is commutative, where n(x) > 1 is an integer related to x. In this vein Herstein [11]
proved the following theorem: If R is a ring with center Z(R), and if 2™ — x € Z(R) for all
x € R, then R is commutative, where n > 1 is a fized integer, which is of course a generalization
of the classical theorem due to Jacobson. Later, Herstein [12] established the commutativity of
rings that satisfy the condition [z,y]™ = [z,y], where n(z,y) > 1 is an integer. These results
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have inspired the development of several techniques to explore the conditions that force a ring
to be commutative, for instance, generalizing Herstein’s conditions, using certain polynomial
constraints, using restrictions on automorphisms, introducing identities involving derivations
and generalized derivations etc. For more details and references one can see a well organized
survey paper by Pinter—Lucke [20].

An additive mapping T': R — R is said to be a left (resp. right) multiplier if T'(zy) = T(x)y
(resp. T(xy) = «T(y)) holds for all z,y € R. If T is both a left as well as a right multiplier of R,
then it is said to be a multiplier of R (cf.; [23] and [25] for details). An additive mappingg: R — R
is called a derivation if g(zy) = g(z)y + zg(y) holds for all z,y € R. An additive mapping G is
called a generalized derivation if there is a derivation g of R satisfying G(zy) = G(x)y + zg(y)
for all z,y € R. Obviously, any derivation is a generalized derivation, but the converse is not
true in general. A significant example is a map of the form F(z) = ax + xb for all x € R, where
a and b are fixed element of R. Moreover, the concept of generalized derivation includes both
the concepts of derivation and left multiplier. Hence, the concept of generalized derivation is
a natural generalization of the concept of derivation and left multiplier. Further, generalized
derivations have been primarily studied on operator algebras. Therefore, any investigation from
the algebraic point of view might be interesting (see for example Hvala [13] and Lee [18], where
further references can be looked). In the present paper, we describe the structure of generalized
derivations and left multipliers of prime rings under some specific situations.

The study of commutators involving derivations goes back to 1957, when Posner [21] proved
that a prime ring R admits a nonzero derivation d satisfying [d(z),z] = 0 for all x € R, is
commutative. Since then, this result has been generalized in many directions. In 2000, Carini
and Filippis [6] studied the nilpotent values of commutators involving derivations of prime rings.
Precisely, they proved that: Let R be a prime ring of characteristic different from 2, L a non-
central Lie ideal of R, d a nonzero derivation of R and n > 1 is a fized integer. If [d(z),z]™ =0
for all x € L, then R is commutative. In 2006, Filippis [9] extended this result to the class of
generalized derivations as follows: Let R be a prime ring of characteristic different from 2, L
a noncentral Lie ideal of R and n > 1 is a fized integer. If R admits a generalized derivation F
associated with a derivation d such that [F(x),z]" =0 for all x € L, then either R satisfies sa,
the standard identity in four noncommuting variables or there exists a € U and A € C such that
F(z) = ax + xa+ Az for all x € R. Therefore, it is natural to look at the idempotent elements
of the set E = {[p(x),z] : © € L}, where ¢ is a mapping and L is a subset of a prime ring R.
Recently, Scudo and Ansari [22]| considered this problem with generalized derivations of prime
rings. In fact, they proved the following theorem:

Theorem 1.1. Let R be a noncommautative prime ring with char(R) # 2, U the Utumi qotient
ring of R, C the extended centroid of R and L a noncentral Lie ideal of R. If G is a generalized
deriation of R with an associated derivation d of R such that [G(u),u]” = [G(u),u] for all
u € L, where n > 1 a fized integer, then one of the following holds:

(i) R satisfies the s4 identity and there exists a € U and A € C such that G(z) = ax +xa+ \x
for all x € R.

(i) there exists v € C such that G(x) = vz for all x € R.
In this line of investigation, Filippis et al. [10] obtained the following result on multilinear

polynomials: Let R be a prime ring with char(R) # 2, C the extended centroid of R, d a nonzero
derivation of R, f(x1,--- ,x,) a multilinear polynomial over C, I a nonzero right ideal of R and
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m > 1 a fixed integer such that

[A(f(@1, s wn), fl@r, o zn)]™ = [d(f (21,0 s 20)), f(@1,0 0 20)]

forall xy,--- ,x, € I. Then either [f(z1, -+ ,Tn), Tnt1)Tnya is an identity for I or d(I)I = (0).

Very recently, Ashraf et al. [2] studied a related problem for automorphisms of prime rings.
Specifically, they proved the following theorem: Let R be a prime ring with char(R) # 2,3 and
L a noncentral Lie ideal of R. If o is an automorphism of R such that [o(x), z]|™ = [o(x), ] for
all x € L, where m > 1 a fized integer, then R is commutative.

The main objective of this paper is to study the above mentioned problem for the set [L, L] =
={[z,y | z,y € L}, where L is a noncentral Lie-ideal of a prime ring R. In fact, we describe the
structure of generalized derivations and left multipliers of prime rings with idempotent values on
commutators. Precisely, we prove the following results:

Theorem 1.2. Let n > 1 be a fized integer. Neat, let R be a prime ring with char(R) # 2, U
the Utumi quotient ring, C' is the extended centroid and L is a noncentral Lie ideal of R. If R
admits a generalized derivation G associated with a derivation g such that [G(u),u]™ = [G(u), u]
for allw € {[z,y] : z,y € L}, then one of the following holds:

(i) R satisfies sy and there exists A € C such that G(x) = ax + xa + Az for all x € R, where
acU.

(ii) there exists v € C' such that G(x) = vyx for all x € R.

Further, as an application, we describe the structure of left multipliers of prime rings. In
particular, we establish the following;:

Theorem 1.3. Let m,n > 1 be fized integers. Next, let R be a prime ring with char(R) # 2, U
the Utumi quotient ring, C' is the extended centroid of R and L is a noncentral Lie ideal of R.
If T is a left multiplier of R such that ([T™(u),u])™ = [T™(u),u] for all u € {[z,y] : z,y € L},
then there exists v € C such that T(x) = vz for all x € R.

2. Preliminaries

A ring R is said to be a prime if for any a,b € R; aRb = (0) implies a = 0 or b = 0. An
additive mapping g : R — R is called a derivation if g(zy) = g(z)y + xg(y) for all 2,y € R. For
a fixed element a € R, a mapping x — [a, z] is a well-known example of a derivation, which is
called the inner derivation induced by a. By generalized derivation, we mean an additive mapping
F : R — Rsuch that F(zy) = F(x)y+zg(y), where g is a derivation of R associated with F. For
any z,y € R, the symbol [z,y] denotes the Lie product (or commutator) zy — yx. An additive
subgroup L of R is known as Lie ideal of R if [z,r] € L for all z € L and r € R. The Utumi
quotient ring of R is denoted by U and C the extended centroid of R. For more detail of these
objects and generalized polynomial identities, we refer the reader to [3]. By s4, we denote the
standard identity in four noncommuting variables, which is defined as follows:

84(1'1, T2,T3, x4) = Z (—1)0$0(1)$0(2)x0(3)1’0(4),
oc€Sy
where Sy is the symmetric group of degree 4 and (—1)7 is the sign of permutation o € Sy. It
is known that by the standard PI-theory, a prime ring R satisfying s4 can be characterized in
a number of ways, as follows: Let R be a prime ring with C' its extended centroid. Then the
following assertions are equivalent:
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dime(RC) < 4.

R satisfies s4.

e R is commutative or R embeds into My (F'), for a field F.

R is algebraic of bounded degree 2 over C.

R satisfies [[22, 9], [x,9]] (see |5, Lemma 1]).
In order to prove this result, we need the following remarks:

Remark 1 ([18], Theorem 3). Every generalized derivation of R can be uniquely extended to a
generalized derivation of U and assumes the form that F(x) = ax + g(x) for some a € U and a
derivation g of U.

Remark 2 ([7], Theorem 2). If I is a two-sided ideal of R, then I, R and U satisfy the same
generalized polynomial identities with coefficients in U.

3. Main results

We begin our discussions with the following lemma.

Lemma 1. Let R = My (C) be the ring of k x k matrices over a field C with char(R) # 2 and
a,be R. If k=2 andn > 1 a fized integer such that

([alu, v] + [u, v]b, [um]])n = [a]u, v] + [u, v]b, [u, v]]
for all u,v € [R, R], then b — a is central.
Proof. By the given hypothesis, R satisfies the generalized polynomial identity

(lallz1, m2], [w3, ma]] + [[1, 22], [3, 24]]b, [21, T2], [23, 24]]]) " —

—la[[z1, z2], [x3, wa]] + [[71, 2], [23, 2410, [[71, 22], [25, 24]]].

(1)

k
Let us assume that b —a = ) ajjeqj, where a; € C and e;; denotes the standard matrix
ij=1
unit with (¢, j)-th place 1 and 0 elsewhere. For i # j, we choose x1 =e;;, T2 =¢€;;, T3 =¢;; and
Ty = €44 With thiS, we have [5617 1’2] = €45, [.’,E37 1’4] = €43 —C€j;4 and hence [[Il, SCQ], [1‘37 1‘4]] = 726”'.
In this view, it follows from (1) that

4”([&6@‘ =+ eijb, 67;]‘})” — 4[aeij + €ijb, e,-j] =0.

Performing the computations and using the fact that char(R) # 2 and n > 1, we obtain
eij(b—a)e;; =0, where ¢ # j. It implies that aj; = 0 for all i # j, hence b — a is a diago-
nal matrix. For any C-automorphism £ of R, £(b — a) enjoys the same property as b — a does;
ie.,

([E(@)[[x1, w2, [w3, 4] + [[21, 23], [3, 24]]E (D), [[21, 22), [25, 24]]]) " —
—[¢(a)[[x1, z2], [x3, 2a]] + [[21, 2], [23, 24]JE(D), [[21, T2], [23, 24]]].

for all x1,x9, 23,24 € R, implies that £(b — a) is a diagonal matrix. In particular, let £(z) =
= (1+e;;)xz(1 — e;;), where i # j, then we see that the (j,4)-th entry of £(b — a) is zero, i.e.,

0= (&b —a))i; = aij — i + o — aji = =i + ;.

It implies ay; = oj; with 4 # j. It forces that b — a central element in R. O
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Lemma 2. Let R = My (C) be the ring of all k x k matrices over the field C with char(R) # 2
and g € R. If k > 2, and n > 1 a fized integer such that

(lqllz1, wa, (w3, xa]l, [[1, 2], [z, 24]]])" = [qll21, w2, (23, 2a]], [[21, 2], [23, 24]]]

for all x1,x9,23,24 € R, then q € Z(R).

k
Proof. Let ¢ € R,i.e., g = Y. ¢rsers, where g,s € C and e, denotes the usual matrix unit with
r,s=1
(r,s)-th entry 1 and 0 elsewhere. For i # j, we choose z1 = e;;, T2 = €;5, T3 = e;; and x4 = ej;.
With this, we have [[z1, z2], [x3, £4]] = —2e;;. In this view, our situation yields

4" ([geiz, eij])™ — 4[qeij, €] = 0.

Since n > 1 and char(R) # 2, we get e;;qe;; = 0, where ¢ # j. It implies that ¢;; = 0 for all i # j,
hence ¢ is a diagonal matrix. With the same reasoning of Lemma 1, we find that ¢ € Z(R). O

Proposition 1. Let R be a noncommutative prime ring with char(R) # 2, U the Utumi quotient
ring and C' the extended centroid of R. If for some a,b € U and a fizved integer n > 1,

[a[ua U] + [ua v]ba [ua ,U]]n = [a[ua ”U] + [ua U]ba [ua 'UH
for all u,v € [R, R], then either R satisfies s4 and b—a € C or a,b € C.

Proof. By our assumption, R satisfies the generalized polynomial identity

la[[z1, z2], [73, wa]] + [[T1, 2], [23, 240, [[21, T2], [23, 24]]]" =

= [a[[x17x2]v [x37x4H + [[xlva]v [$37x4]]b7 Hxhx?]ﬂ [5C37:L‘4]]].
Let us assume that

Q(21, 22, 23, 24) = [a[[z1, T2], [23, 24]] + [[21, 22], [73, 24]]b, [[T1, 2], [73, 24]]]"

_[a[[xl’mQ]v ["E3’x4ﬂ + [[mlaxﬂv [:Eg,:L’4Hb, [[1'17‘%2]7 [$3afc4]]]-

Since R and U satisfy the same generalized polynomial identities (see Remark 2), we have
Q(x1,x9,x3,24) = 0 for all z1, 29, 23,24 € U. In case C is infinite, then Q(z1, z2,x3,24) = 0 for
all 21,29, 23,24 € U ®¢c C, where C denotes the algebraic closure of C. Since U and U ®¢ C
are centrally closed (see [8, Theorem 2.5, Theorem 3.5|), we may replace R by U or U ®¢ C
according as C' is finite or infinite, respectively. Therefore, we may assume that R is centrally
closed over C, which is either finite or algebraically closed. If both a,b € C, then we have
nothing to prove. Therefore we assume that at least one of a and b is not in C. Then by
Remark 2, Q(z1,x2,x3,24) is a nontrivial generalized polynomial identity for R. Now, with the
aid of Martindale’s theorem [19], R is a primitive ring having nonzero socle H with C' as the
associated division ring. In this sequel, a result due to Jacobson [14, p.75] yields that R is
isomorphic to a dense ring of linear transformations of some vector space V over C. For some
positive integer k, let dim¢e (V) = k < oo, then by density of R on V, R = M (C). In view of our
assumption dimg (V) # 1. Moreover, in case dime (V) = 2, then R satisfies s4 and b —a € C by
Lemma 1.

We now assume that dime (V) > 3. For any v € V, we first show that the vectors v and bv
are linearly C-dependent. In this view, we suppose that for some 0 # v, the set {v, bv} is linearly
C-independent and show that a contradiction follows. Since dime (V) > 3, there exists some
w € V such that the set {v,bv,w} is linearly C-independent. By the density of R, there exist
T1,29,x3, 24 € R such that

v =0; zov=—w; x3v=0; x4v = w;
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x1bv = v; xbv =0; x3bv =0; x4bV = w;
T1w =v; Tow = bv; xzw =1v; zaw =0.

With all this, our hypothesis implies that

0 = (([a[[z1,z2], [3, z4]] + [[21, 22], [23, 24]]b, [[T1, T2], [T3, Z4]]])" —
—([a[[z1, 2], [23, m4]] + [[21, T2], [23, 24]]b, [[T1, T2], [T3, 24]]]) )V =
= (2" = 2)v,

Since char(R) # 2, it leads a contradiction. Thus for any v € V, the vectors v and bv are linearly
C-dependent. Therefore, there exists some 7, € C' such that bv = 7,v for all v € V. By a standard
argument, one can easily check that 7, is not depending on the choice of v, i.e., bv = v for all
v € V. In this view, we have

b,ulv = (bu)v — u(bv)
_ 0

for all v € V. This argument shows that for each u € V, [b,u] acts faithfully as a linear trans-
formation on the vector space V, and hence [b,u] = 0, i.e., b € Z(R). Now Eq. (2) implies
that

[(a +b)[[x1, z2], [x3, T4]], [[21, T2], [73, 24]]]" — [(@ + b)[[21, 22], [73, 4], [[T1, 2], [23, 24]]] = 0.

for all x1, s, z3,24 € R. In this case, we get a + b € C by Lemma 2. Hence, a € C.
In case dime (V) = oo, by Wong [24, Lemma 2|, R satisfies the generalized polynomial identity

([a]u, v] + [u, v]b, [u, v]])™ — [a]u, v] + [u, v]b, [u,v]] = 0.

In this case the conclusion follows from [22, Proposition]. It completes the proof. O

3.1. Proof of Theorem 1.2

It is well known that every generalized derivation G takes the form G(x) = ax + g(x) for all
z € R, where a € U (see Remark 1). By [4, Lemma 1], there exists a nonzero ideal I of R such
that [I,I] C L. Therefore our hypothesis gives

([a[[xlvl?]a [1'37:54]] + g([[xlva]a [1'37554]])7 [[1’1, xQL [xsa%]]])n =
= [a[[x1, 2], [v3, 24]] + g([[21, 2], [23, 24]]), [[T1, T2], [T3, T4]]]

for all x1,x9, z3,24 € I. In light of Remark 2, we find that R satisfies the GPI

(lal[z1, x2], [ws, 4] + g([[x1, 22, [23, 24])), [[21, 22), [25, 24]]]) " —
—la[[z1, z2], [x3, wa]] + g([[71, 2], [23, 24]]), [[T1, 2], [23, 24]]]-

(3)

If ¢ is the U-inner derivation, i.e., for some ¢ € U, g(x) = [¢,z] for all € R. In this view, we
have G(z) = (a + ¢)x — xc for all x € R. By Proposition 1, we are done.
We now assume that g is not U-inner, in this case we call g an outer derivation. On expending
(3), we get
(lallz1, 2], [ws, zal] + [[g(x1), w2, [23, 2a]] + [[21, 9(22)], [w3, @a]] + [[21, 22], [9(23), 2a]]+
Hlar, 22, [23, g (2], [, 22), [w3, 2a]]])" — lallzy, 22], [w3, )] + [[g(21), w2], [w3, 4]+
[

+[[m179(‘r2)}7 [x3,1'4H + [mlva]a [g(x3)v‘r4]] + Hxlv‘rQ]» [x3vg(x4)Ha Hxlv‘r2]a [5537%4]}] = 0.
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With aid of a result due to Kharchenko [16, Theorem 2|, R and hence Usatisfies the GPI

([a[[xlaxﬂ, [x3vx4H + [[A’I'?]v [x3ax4]] + [[mla B]v [x3ax4]] + Hxlax2]7 [Mv x4]]+
+([z1, z2), [3, NN, [[x1, 22, [23, 24]]]) " — [al[z1, 22], [v3, 24]] + [A, 2], [25, 24]]+
+[['r17 B]a [x37x4” + [[x17x2]’ [M7 $4]] + [[wlal‘?]v [1‘3, N”’ [[xla 1‘2], [1‘3,.1‘4]]] =0.

In particular, we find

([alfx1, za), (w3, 4], [[21, 22], (23, 2al]])" = [allz1, 22, [23, 24]], [[X1, 22], [23, 24]]] = O,

for all z1,x9,23,24 € R. In view of Lemma 2, it implies that a € C. Thus the above relation
reduces to

(H[Aa 3;‘2], [m3’$4]] + Hxl, BL [$3,$4H + [[$1,$2], [Mv 1'4]} + [[.231,1‘2], [l‘g, N]]? [[xlva]v [1‘3, 1‘4]”)”—
_H[Aa $2]7 [3737‘%'4]] + [[3717 BL [.%'3,1‘4]]4— [[1’1,.%'2], [M7 '754”"" [[.%'1,1'2], [m37N]]’ [[‘TlvaL [.%‘3,I4]]]= 0.

Take A= B = M = 0. It implies that

([[3717562]5 [1‘37 NH7 [[.%'1,.%'2], [m37$4]]])n = [[[.%'1,1'2], [m37N]]’ [[‘TlvaL [.%‘3,$4]]]. (4)

Since it is a polynomial identity for R, in view of a result due to Lanski [17, Lemma 1|, it
follows that for a suitable field F, we have R = M (F), moreover R and My (F) satisfy same
generalized polynomial identity. Since R is noncommutative, k£ > 2. Choose 1 = e;;, T2 = €j;,
T3 = €55, Ty = €jj4, N = _2eij~ With thiS, we have [ZZ?1,.’L’2} = €y — €5y, [:Z?g, $4] = €j; and
[z3, N] = 2e;;. In this view, from (4), we have

(—=1)"8"(ess — ej;)" = 8(eis — €j;). (5)

If n = 2, we find 8%(e;; — ej;)> = 8(esi — ej5). It implies that Te; = —9ej; with i # j, a
contradiction. Now we suppose that n > 2. Right multiply the (5) by e;;, we get

(—1)”8”6”‘ = 861']', i.e., (—1)n8n_1€ij = €ij
with i # j, a contradiction. It completes the proof.

Following are immediate consequences of Theorem 1.2.

Corollary 1 ([22], Main Theorem). Let R be a noncommutative prime ring with char(R) # 2,
U the Utumi qotient ring of R, C the extended centroid of R and L a noncentral Lie ideal of R.
If G is a generalized derivation of R with an associated derivation d of R such that [G(u),u]™ =
= [G(u),u] for all w € L, where n > 1 a fized integer, then one of the following holds:

(i) R satisfies the sy identity and there exists a € U and A € C such that G(z) = ax + xa+ A\x
forallxz € R.

(i) there exists v € C such that G(x) = vz for all x € R.

Corollary 2. Let n > 1 are fized integers. Next, let R be a prime ring with char(R) # 2, U the
Utumi quotient ring, C' the extended centroid of R and L a noncentral Lie ideal of R. If T is a
left multiplier of R such that ([T(u),u])™ = [T(u),u] for all uw € {[z,y] : x,y € L}, then there
exists A € C such that T(x) = Az for all x € R.
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Proof. Tt is well know that every left multiplier is generalized derivation with ¢ = 0. Hence, G
takes the form G(z) = ax for all z € R and some a € U. The given hypothesis gives that R
satisfies

lal[z1, z2], [x3, wal], [[21, 22], [23, T4]]]" = [a[[1, 22], [23, 24]], [[21, 22], [23, 24]]].

Set Q(z1,x2,x3,24) = [[T1,x2], [x3, 24]], [[T1, 2], [£3, 24]], & multilinear polynomial in the vari-
ables 1, x2, 3, x4. Thus, R satisfies

[aQ(z1, z2, 23, 24), QUx1, T2, T3, 24)]" = [aQ(21, X2, T3, 24), Q(z1, T2, T3, T4)].

In light of [1, Lemma 3.10], it follows that a € C, which completes the proof. O

3.2. Proof of Theorem 1.3

Let m, n > 1 be fixed integers and 7' : R — R be left multiplier such that [T (u),u]” =
= [T™(u),u] for all u € {[z,y] : x,y € L}, where L is noncentral Lie ideal of R. Then, by using
induction on m, it is straightforward to check that T is a left multiplier of a ring R if and only of
T™ is a left multiplier of R. Hence, direct application of Corollary 3.5 yields the required result.
This completes the proof of Theorem 1.3.

We conclude this article with the following example which demonstrates that Theorem 1.2
does not holds for arbitrary rings.

Example 1. Let H denotes the ring of quaternions and

0 a b
R= 0 ¢ d | |abec,deH,,
0 0 0
0 0 b
and L = 0 0 d |a,b,d € H » be the noncentral Lie ideal of R. It can be seen that R
0 0 0
0 a b
is not a prime ring. Let us define a mappings g, G : R — R such that G| 0 ¢ d =
0 0 0
0 0 b 0 a b 0 a b
= 0 0 d and g| 0 ¢ d = 0 0 d |. It is easy to check that G is a
0 0 0 0 0 0 0 0 0
nonzero generalized derivation with an associative derivation g of R and satisfying the iden-
tity [G(u),u]” = [G(u),u] for all uw € [L,L]. Since H is a noncommutative rings, it is not

difficult to accomplish that R does not satisfy the identity [[x2,y], [x,y]], which is equivalent to s4
(see [5, Lemma 1]), consequently R does not satisfy sy. Therefore, neither R satisfies sy nor G
takes the form G(x) = \x for all x € R and some \ € C. Hence, the assumption of primeness in
Theorem 1.2 can not be omitted.

The research of the second author is supported by SERB-DST Project India under Grant
no. MTR/2019/000603.
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N nemnorenTHbIe 3HAYEHNST KOMMYTATOPOB C OOOOIIIEHHBIMUA
anddepeHITTpoBaHNAMN

I'ypuungep C. Canjaxy

Kadenpa maremaTtnkn MemopuaabHbBIN HAITMOHAIBHBIN KoJLTemK [laTens
Pamxnypa, [lenmxad, Muaaus

MTakup Asm

Kadempa maremarukn

Amurapxckuii MyCyJIbMaHCKUNA YHUBEPCUTET

Auturapx, Yrrap-Ilpagem, Unausa

AnaHoTanusa. B macrosieil crarbe MBI XapakTepudyeMm o0000IIeHHbIe TuddepeHIInpOBaHUs U JIEBbIE
MYJIBTUILIUKATOPBI TEPBUYHBIX KOJIEIl, BKJIOYAIONUE KOMMYTATOPBI C MUJIEMIIOTEHTHBIMA 3HAYEHUSIMU.
A MMEeHHO, MBI JIOKA3bIBAEM, UTO €CJIM [IEPBUYHOE KOJIBIO XaPAKTEPUCTUKHU, OTJIMIHONW OT 2, JIOIyCKaeT
o6o6rennoe muddepentposanre G ¢ aCCONUATHBHBIM HEHYJIEBBIM uddepeHnupoBanueM g Koyblia R
takoe, 910 [G(u), u]” = [G(u), u] nns Beex u € {[z,y] : ®,y € L}, rne L — Heuenrpaibuslit uneast Jlu R,
an > 1 — dpuUKCHpPOBaHHOE 1IEJI0€ YUCJIO, TO BBIIOJHIETCS OIHO U3 CJIELYIONUX YTBEPXKJICHUI:

(i) R ynmosnersopsier s4 u cymecrtByer A €C, paclIMpeHHBIH LEHTD TsiKecTH R, Takoi, dro
G(z) = ax + za + Az qs Beex © € R, tae a € U, dakrop-konbno Yrymu Koabna R,

(ii) cymecrByer A € C, takoe, uro G(z) = yx nus Becex « € R.

B katecTBe IPUIIOZKEHHST ONUIIEM CTPOEHHUE JIEBBIX MyJIBTUILIMKATOPOB IEPBUYHBIX KOJIELl, yA0BJIETBOPSI-
tomux yeaosuio ([T (u), u])™ = [T™ (u),u] for all uw € {[z,y] : ,y € L}, rne m,n > 1 — dpukcupoBaHHbie
1eJIble uncia. B 3aK/ouenne npuBeieM IpuMep, IOKa3blBaIONIMil, ITO yCJI0BUe Hallel OCHOBHOM T€opeMbI
HE SIBJISIETCS] U30bITOUHbBIM.

KuroueBsbie ciioBa: mepBUYHOE KOJIBIO, uieas JIu, o6obmenusrit soisog, GPI.
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