Vladikavkaz Mathematical Journal
2023, Volume 25, Issue 4, P. 20-28

VK 517.98
DOI 10.46698/b8543-3760-0663-x

ON B-WEAKLY DEMICOMPACT OPERATORS ON BANACH LATTICES

H. Benkhaled! and A. Jeribi!
! Department of Mathematics, Faculty of Sciences of Sfax, University of Sfax,
Road Soukra km 3.5, B. P. 1171, Sfax 3000, Tunisia
E-mail: hedi.benkhaled13@gmail.com, Aref.Jeribi@fss.rnu.tn

Abstract. Aqzzouz and Elbour proved that an operator T' on a Banach lattice E is b-weakly compact
if and only if ||Tz,| — 0 as n — oo for each b-order bounded weakly null sequence {z,} in E4. In this
present paper, we introduce and study new concept of operators that we call b-weakly demicompact, use
it to generalize known classes of operators which defined by b-weakly compact operators. An operator T’
on a Banach lattice F is said to be b-weakly demicompact if for every b-order bounded sequence {zn}
in By such that z, — 0 in o(E,E’) and ||z, — Tz,|| — 0 as n — oo, we have ||z,| — 0 as n — oo.
As consequence, we obtain a characterization of K B-spaces in terms of b-weakly demicompact operators.
After that, we investigate the relationships between b-weakly demicompact operators and some other
classes of operators on Banach lattices espaciallly their relationships with demi Dunford—Pettis operators
and order weakly demicompact operators.

Keywords: Banach lattice, K B-space, b-weakly demicompact operator, order weakly demicompact
operator, demi Dunford—Pettis operator.
AMS Subject Classification: 46B42, 47B60.

For citation: Benkhaled, H. and Jeribi, A. On b-Weakly Demicompact Operators on Banach Lattices,
Vladikavkaz Math. J., 2023, vol. 25, no. 4, pp. 20-28. DOI: 10.46698 /b8543-3760-0663-1.

1. Introduction and Preliminaries

Throughout this paper X, Y will denote Banach spaces and E, F' will denote Banach
lattices. The set of all bounded linear operators on X is denoted by .Z(X). The positive cone
of E will be denoted by Ey = {x € E; 0 < x}.

Recall from [1] that a subset A of E is called b-order bounded if it is order bounded in
the topological bidual E”. Note that every order bounded subset of E is b-order bounded,
however, the converse is not true in general. But a Banach lattice F is said to have property (b)
if each subset A of E is order bounded whenever it is b-order bounded. An operator T' from
a Banach lattice E into a Banach space X is said to be b-weakly compact if it carries each b-
order bounded subset of F into a relatively weakly compact subset of X. The class of b-weakly
compact operators was introduced by Alpay, Altin and Tonyali in [1] on vector lattices. After
that, a series of papers, which gave different characterizations of this class of operators, were
published (see [2, 3|). In [4], the authors proved that an operator T : E — E is b-weakly
compact if and only if || Tz, || — 0 for every b-order bounded sequence {x,} C E satisfying
x, — 0 for the topology o(E, E") (see [4, Theorem 2.2|). This characterization is proved by
B. Altin in [3] for the first time with Banach lattices with order continuous norms.
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Recall from [5] that an operator 7' : Z(T) C X — X, where 2(T) is a subspace of X,
is said to be demicompact if, for every bounded sequence (x,) in the domain 2(T) such
that (z, — Tx,) converges to x € X, there is a convergent subsequence of (x,). Note that
each compact operator is demicompact, but the opposite is not always true. In fact, let
Idx : X — X be the identity operator of a Banach space X of infinite dimension. It is clear
that —Idy is demicompact but it is not compact. Jeribi [6] used the class of demicompact
operators to obtain some results on Fredholm and spectral theories.

Let us recall from [7] that an operator T : 2(T) C X — X is said to be weakly
demicompact if, every bounded sequence (z,,) in Z(T") such that (x,, — T'z,,) weakly converges
in X, has a weakly convergent subsequence. This class includes both the weakly compact and
demicompact operators.

Recall from [8] that an operator T : X — X is said to be demi Dunford-Pettis (DDP in
short), if for every sequence {z,} in X such that 2, — 0 in o(X,X’) and ||z, — Txy| — 0
as n — 0o, we have ||z,|| — 0 as n — oo. In [8, Theorem 2.4], the authors showed that
an operator 1" from X into X is demi Dunford—Pettis if and only if X has the Schur property.

In [9], Benkhaled et al provided a systematic approach to the demicompactness criteria by
using the framework of the theory of Banach lattices. More precisely, they introduced the class
of order weakly demicompact operators on Banach lattices. An operator T from a Banach
lattice F into itself is said to be order weakly demicompact if for every order bounded sequence
{z,,} in E such that 2, = 0in o(E, E’) and ||z, — Tx,|| — 0 as n — oo, we have ||z,| — 0
as n — 0o.

The purpose of this work is to pursue the analysis started in [9] in order to define a new
class of operators on Banach lattices that we call b-weakly demicompact operators and study
some of their properties.

This paper is organized in the following way. In Section 2, the notion of b-weakly
demicompact operators is introduced (see Definition 2.1). Note that the class of b-weakly
demicompact operators contains that of b-weakly compact operators (see Proposition 2.1).
After that, a new characterization of K B-space Banach lattices in terms of b-weak
demicompactness of its identity (see Theorem 2.2) is established. In Section 3, our aim is to
study the connections between b-weakly demicompact operators and some other operators on
Banach lattices spacial their relationships with order weakly demicompact (see Proposition 3.1
and Corollary 3.1) and demi Dunford—Pettis operators (see Propositions 3.2 and 3.3).

To state our results, we need to fix some notations and recall some definitions that will
be used in this paper. Let E be a vector lattice, for each z,y € F with x < y, the set
[z,y] = {2z € E: 2 < z < y} is called an order interval. A subset of F is said to be order
bounded if it is included in some order interval. A Banach lattice is a Banach space (E, || - ||)
such that E is a vector lattice and its norm satisfies the following property: for each z,y € F
such that |z| < |y|, we have ||z|| < ||y||. If E is a Banach lattice, its topological dual FE’,
endowed with the dual norm, is also a Banach lattice. A norm || - || of a Banach lattice FE is
order continuous if for each generalized sequence {z,} such that z, | 0 in E, the sequence
{za} converges to 0 for the norm || - ||, where the notation z, | 0 means that the sequence
{zo} is decreasing, its infimum exists and inf{z,} = 0. A Banach lattice E is said to be
a K B-space whenever each increasing norm bounded sequence of F, is norm convergent.
A Banach lattice F is said to be an AM-space if for each x,y € E such that inf{z,y} = 0,
we have ||z + y|| = max{||z|, ||y|]|}. A Banach lattice E is said to have weakly sequentially
continuous lattice operations whenever x,, — 0 in o(E, E') implies |z,| — 0 in o(E, E’). In
an AM-space the lattice operations are weakly sequentially continuous.
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We will use the term operator T': E — F between two Banach lattices to mean a bounded
linear mapping. It is positive if T(x) > 0 in F whenever x € E;. We write S < T if
(T — S)x > 0 for every x € F;. We say that S is dominated by T'.

For the theory of Banach lattices theory and operators, we refer the reader to
the monographs [10, 11].

2. Definition and Some Properties

We commence by the following definition.

DEFINITION 2.1. Let E be a Banach lattice. An operator T': F — FE is said to be b-weakly
demicompact if for every b-order bounded sequence {z,} in F, such that 2, — 0 in o(E, E’)
and ||z, — Tx,|| — 0 as n — oo, we have ||z,]| = 0 as n — oo. The collection of b-weakly
demicompact operators will be denoted by # 2,(E).

EXAMPLE 2.1. For every scalar o # 1, aldgy € W Py (F).

Our following result proves that the class of b-weakly demicompact operators includes that
of b-weakly compact operators.

Proposition 2.1. Let E be a Banach lattice. If T : E — FE is an b-weakly compact
operator, then T' is b-weakly demicompact.

< Let {z,} be a b-order bounded sequence of E. such that z,, — 0 in o(E, E’) and
|z, — T'zy|| — 0 as n — co. We have to show that ||z,| — 0 as n — oco. By reason of T'
is b-weakly compact and in view of [4, Theorem 2.2|, we obtain that ||Tx,| — 0 as n — oo.
Since we can write
[zl < llzn = Tz + [|T2n]]

for each n, then ||z,|| — 0 as n — oco. >

REMARK 2.1. The converse of Proposition 2.1 is false in general. Let Idpejoq be
the identity operator from L°[0, 1] into itself. Clearly that —Id L>[0,1] 18 b-weakly demicompact
(see Example 2.1). On the other side, L°°[0,1] is not K B-space. Hence, Idpe[y ) is not b-
weakly compact (see |1, Proposition 2.10]).

Note that the class of b-weakly demicompact operators lacks the vector space structure.
To illustrate this, we give the following example.

EXAMPLE 2.2. Let E = ¢g and Idg : F — E be the identity operator. Clearly, T' = 2Idg
and S = —Idg are b-weakly demicompact operators (see Example 2.1). But the operators
T+S = Idg and —S = Idg are not. In fact, put x,, = e,, for every n, where e,, is the sequence
with the nth entry equals to 1 and others are zero. So that {x,} is an b-order bounded and
weakly nul sequence of E. Moreover, ||z, — (T + S)zy,|g = ||xn — (—5)zn||z = 0. Note that
lzn||z = |lén]lco = 1. This proves that ||z,| g does not converges to zero.

REMARK 2.2. Note that the set of all b-weakly demicompact is not norm closed in .Z(E).
n+2

In fact, consider T, = *= Id, for each n € N* where Id., be the identity operator on c.

Clearly that {T},} C # Z,(F) (see Example 2.1). On the other hand, since we can write
2

)

n-+2

|, - 1d | =

Ide, — Idg,

2
== 1d,
[

it follows that lim,,—,~ |7 — Idc,|| = 0. Therefore, {T},} is norm convergent to Id.,. But, in
view of Example 2.2, Id,, is not b-weakly demicompact.

The following result asserts that an b-weakly compact perturbation of an b-weakly
demicompact operator is b-weakly demicompact.
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Theorem 2.1. Let T and S operators on a Banach lattices E. If T is b-weakly demi-
compact and S is b-weakly compact, then T + S is b-weakly demicompact operator.

< Let {x,} be a b-order bounded sequence of E, such that z, — 0 in o(F, E’) and
|z — (T 4+ S)x,|| — 0 as n — oo. We have to show that ||z,]| — 0 as n — oo. Using the
b-weak compactness of S and from [4, Theorem 2.2|, we infer that [|Sz,| — 0 as n — oo.
From the following inequality

|z — Tn|| = [|2n — Ton — Stp + S0 || < |20 — (S + T)n|| + || S0

then ||z, — Tzy,|| — 0 as n — oo. Thus, the b-weak demicompactness of T implies that
|zn|l = 0 as n — oco. Therefore, T'+ S is b-weakly demicompact. >
The following result discus the b-weak demicompactnees of 2 x 2 matrix operators.

Proposition 2.2. Let E, I' be two Banach lattices and Ty : E — F, Ty : F' — F be two
operators. If Ty is b-weakly demicompact, then the matrix operator T : E — E defined by

~ (0 0
7= (n n)

is b-weakly demicompact with E=E&F.
< Let {Z, = (xn,yn)}, zn, € E and y, € F, be a b-order bounded sequence of (E)Jr
such that #, — 0 in o(E, E') and ||&, — Tvi“nHE — 0 as n — oo. Our aim is to prove that

[ Znllz — 0 as n — oo. Since we can write

%0 = T2l 5 = || (@0, yn) = T(@n, y) | 5 = (@) = (0, Tran + Tagn) ||
= H(xruyn - Tlxn - TQyn)HE = HanE + Hyn - Tlxn - TZynHF7

for each n € N. Then
[#all; — 0 (1)

and
[yn — Than — Taynl|, = 0 (2)

as n — oo. It is clear from (1) that || Tiz,||r — 0 as n — oo. Furthermore, in view of (2) and
from the following inequalities:

[yn = Tatm|| o < [|vn — Thwn — Toyn| p + || Tizn | o

we infer that ||y, — Toyn|lF — 0 as n — co. The b-weak demicompactness of Ty asserts that
lynl|F — 0 as n — oo. Therefore, we conclude that

|2l = [zl + ]l - =0

as n — oo. This completes the proof. >

The next result gives a characterization of K B-spaces in terms of b-weak demicompactness
of its identity operator. Also, it is a generalization of Proposition 2.10 of Alpay—Altin—
Tonyali [1].

Theorem 2.2. Let E¥ be a Banach lattice, then the following assertions are equivalent:

(i) E is a K B-space.

(i9) Every operator T : E — E is b-weakly compact.

(#i1) Every operator T : E — E is b-weakly demicompact.
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(iv) The identity operator of E is b-weakly demicompact.

(v) ||zn|| = 0 asn — oo for every b-order bounded sequence {x,} of E, satisfying x,, — 0
for the topology o(E, E").

< (i) = (it). The proof follows from [12, Proposition 2.1].

(#9) = (i4i). See Proposition 2.1.

(73i) = (iv) is obvious.

(iv) = (v). Let Idg : E — E be a b-weakly demicompact and we have to show that
for every b-order bounded weakly null sequence {z,} of E; we have ||z,| — 0 as n — oc.
Let {z,} be such a sequence. It is clear that lim, ||z, — Idgx,| = 0. Since Idg is b-weakly
demicompact, we obtain ||z,|| — 0 as n — oco.

(v) = (7). It follows from [4, Corollary 2.3|. >

Recall from that the class of b-weakly compact operators satisfies the domination problem,
i. e., if £ and F are two Banach lattices, and S and T are two operators from FE into F' such
that 0 < S < T and T is b-weakly compact, then S is b-weakly compact (see [1, Corollary 2.9]).
One of the short comings of the class of b-weakly demicompact operators is that it does not
satisfy the domination problem. To illustrate this, we give the following example.

EXAMPLE 2.3. Consider the positive operators S, T : C1([0,1]) — ¢ defined by

1 1

S(f) = (/rff(x)dx, /r;f(x)dx, )

0 0

T(f) = (jf(x)dm,jf(m)dx,...),
0 0

where 7, denotes the sequence of the Rademacher functions on [0, 1]. Clearly, 0 < S
holds. Put £ = C!([0,1]) @ cp. Consider now the matrix operators 0 < S < T : E

defined by
~ 0 0 - 0 0
r= (T 2Idco> and 5 = (5 Idco>'

Since 2Id,, is b-weakly demicompact (see Example 2.1), then T is b-weakly demicompct
(see Proposition 2.2). On the other side, S is not b-weakly demicompact. In fact, consider
the sequence z,, = (0,¢,,) for every n, where e, is the sequence with the nth entry equals to

1 and others are zero. This sequence is b-order bounded and z,, — 0 in O'(E, (E)I) Moreover,

and

<T
— F

|Zn — §§n\|5 = 0. If S is b-weakly demicompact then |Znll g = llenllcc = 1 — 0 which is
impossible.

Let us recall that an operator T : E — FE is called central if it is dominated by a multiple
of the identity operator that is 1" is a central operator if and only if there exists some scalar
A > 0 such that |Tz| < A|z| holds for all z € E (see [13]). In the following result, we prove
that the dominance problem for central b-weakly demicompact operators is valid.

Theorem 2.3. Let S, T : E — E be two positive operators on a Banach lattice such
that 0 < S < T < I holds. If T is a b-weakly demicompact operator, then S is b-weakly
demicompact.

< Let {z,} be a b-order bounded sequence of E. such that z,, — 0 in o(E, E’) and
|z, — Szyn|| — 0 as n — oco. From [13, Theorem 3.30|, we have

|20 = Sn| = [(I = S)(Jzal)] = [T = S|[(lza])] = (I = 5)(zn),
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for all n. From the following inequalities
(I =T)(zn)| = (I = T)(xn) < (I = 5)(zn),

we get ||(I —T)(zn)|| < ||(I —S)(zy)]| for all n. This implies that ||, — Tz,| — 0 as n — oc.
The b-weak demicompactness of T' implies that ||z,|| — 0 as n — oo and so S is b-weakly
demicompact. >

We close this section by the following remark.

REMARK 2.1. As the class of b-weakly compact operators [14], the set of b-weakly
demicompact operators does not satisfy the duality property.

More precisely, there is a b-weakly demicompact operator T' from E into E whose dual T”
from E’ into E’ is not b-weakly demicompact operator and conversely, there is an operator
T from FE into F which is not b-weakly demicompact operator while its dual 7" from E’ into
E’ is one. In fact, the identity operator Id; is b-weakly demicompact but its dual which is
the identity operator Id;~ is not b-weakly demicompact.

Conversely, the identity operator Id,, is not b-weakly demicompact, but its dual which is
the identity operator Id;: is b-weakly demicompact.

3. Relationships with Order Weakly Demicompact
(Respective Demi Dunford—Pettis) Operators

As mentioned in the introduction, this section is dedicated to investigate the relationships
between the class of b-weakly demicompact and some other operators on Banach lattices.

The following result proves that the class of order weakly demicompact operators contains
the class of b-weakly demicompact operators.

Proposition 3.1. Let E be a Banach lattice. Every b-weakly demicompact operator
T : E — E is order weakly demicompact.

< Let T': E — E be a b-weakly demicompact operator. We have to show that ||z,| — 0
as n — oo for every order bounded sequence {x,} of E; such that z,, — 0 in o(E, E') and
|z, — Tzy|| — 0 as n — oo. Let {z,} be such a sequence, then {z,} is a b-order bounded
sequence of E such that x,, — 0in o(E, E') and ||z, —Tx,|| — 0 as n — oco. Thus, the b-weak
demicompactness of T" implies that ||z,| — 0 as n — co. >

REMARK 3.1. Note that an order weakly compact operator need not be b-weakly de-
micompact operator. In fact, the identity operator of the Banach lattice ¢y is order weakly
compact (because the norm of ¢y is order continuous norm, see |9, Theorem 2.1]) but it is not
b-weakly demicompact (because cg is not K B-space, see Theorem 2.2).

If Banach lattice F has the property (b), then the class of b-weakly demicompact operators
on F coincides with that of order weakly demicompact operators on E.

Corollary 3.1. Let E be a Banach lattice has property (b), then each order weakly
demicompact operator from E into E is b-weakly demicompact.

The space of b-weakly demicompact operators is bigger than the space of demi Dunford—
Pettis operators.

Proposition 3.2. Every demi Dunford—Pettis operator from a Banach lattice E into itself
is b-weakly demicompact.

< Consider T : E — FE be a demi Dunford—Pettis operator and we have to show that it is
b-weakly demicompact. Let {x,,} be a b-order bounded of E such that x,, — 0 in o(E, E’)
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and ||z, — Txy| — 0 as n — oco. The fact that T" is demi Dunford-Pettis, we obtain ||z,| — 0
as n — oo and the proof is finished. >
However, as the next example shows, the converse of Proposition 3.2 is not true in general.

EXAMPLE 3.1. The identity operator Idpijgq : LY0,1] — LY0,1] is b-weakly demi-
compact. On the other hand, L'[0,1] does not have the Schur property, it follows from
[8, Theorem 2.4] that Idpi ;) is not demi Dunford—Pettis.

To give a sufficient condition under which the classes of demi Dunford—Pettis operators
coincide with the class of b-weakly demicompact operators, we need to present the following
lemma.

Lemma 3.1 [15, Lemma 2.8]. Let E be a Banach lattice. Then every positive norm
bounded increasing net {x,} of E is b-order bounded, i. e., {x,} is order bounded in
the topological bidual E".

Proposition 3.3. Let E be an AM-space. Let T : E — E be an operator such that
Idp — T > 0. Then the following assertions are equivalent:

(1) T is demi Dunford—Pettis.

(2) T is b-weakly demicompact.

< (1) = (2). It follows from Proposition 3.2.

(2) = (1). Let T : E — E be a b-weakly demicompact operator and we have to show
that 7" is demi Dunford—Pettis. Let p(x) = ||z|| for every = € E, then p is a continuous lattice
seminorm on FE. Suppose that T' is not demi Dunford—Pettis. Then, there exists a sequence
{zn} of E such that z,, — 0 in o(E,E"), ||z, — Tx,| — 0 as n — oo and ||z,|| > 1. By [10,
Theorem 4.31|, FE has weakly sequentially continuous lattice operations. So, we may assume
that {z,} € E;. Corollary 2.3.5 of [11| shows that for every 0 < ¢ < 1, there exists a
subsequence {k,} C N and a disjoint sequence {y,} C Ey such that y, < z,, |lynll = ¢
for all n € N. Since y, < g, and 2, — 0 in o(E,E’") as n — oo, the sequence {y,} is
norm bounded. So, the sequence u, = ),y is an increasing norm bounded sequence.
Hence, from Lemma 3.1, there exists #”” € E/ such that 0 < u, < 2”. So, {u,} is a b-order
bounded sequence in Ey such that u, — 0 in o(E, E’). Also, the fact that Idg — T > 0
and |z, — Tzl — 0 as n — oo, then |lu, — Tu,|| — 0 as n — oo. Thus, the b-weak
demicompactness of T implies that ||u,|| — 0 as n — co. Since we can write y, = u, — Up—1,
then ||y, || — 0 as n — oo. This gives a contradiction. Therefore T is demi Dunford—Pettis. >

There exists a b-weakly demicompact operator from a Banach lattice F into E that is
not weakly demicompact. In fact, consider the identity operator Idpig 1 : LY0,1] — L0, 1].
As the Banach lattice L'[0,1] is K B-space, it follows from Theorem 2.2 that I drajo,1) is b-
weakly demicompact but not weakly demicompact. The next proposition characterize Banach
lattices F for which each b-weakly demicompact operator T': F — E is weakly demicompact.
First, we need to recall the following result:

Corollary 3.2 [8, Corollary 3.5|. Let E be a Banach lattices. Then the following assertions
are equivalent:

(1) Every demi Dunford—Pettis operator T : E — E is weakly demicompact.

(2) The norm of E’ is order continuous.

Proposition 3.4. Let E be an AM-space. Every b-weakly demicompact operator T :
FE — FE such that Idg — T > 0 is weakly demicompact.

<1 Assume that F is an AM-space and let T : E — FE be a b-weakly demicompact
operator such that Idg — T > 0. We have to show that T is weakly demicompact. In view
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of Proposition 3.3, we obtain that T" is demi Dunford—Pettis. Note that if E is an AM-space,
the norm of E’ is order continuous. Hence, the result follows from Corollary 3.2. 1>

Question 3.1. Give an operator T from a Banach lattice E into E& which is a weakly
demicompact; but is not b-weakly demicompact.
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O b»-CJIABO JEMNKOMITAKTHBIX OITEPATOPAX
HA BAHAXOBBIX PEIIIETKAX

Benxanen X.1, Txepubu A.!

! Kacenpa maremaruxu, @akyabrer ecrecTBenubix nayk Cdakca, Yuusepcurer Ccaxca,
Tynuc, 3000, Cdaxc, a/a 1171, Topora Coykpa, km 3,5
E-mail: hedi.benkhaled13@gmail.com, Aref.Jeribi@fss.rnu.tn

Annoranusi. Ak3ys n Dubbyp JtoKkazasu, aro oneparop 1’ Ha 6aHaxoBoil perierke F b-ciabo KOMIAKTEH
TOra M TOJBKO Toraa, Korga || Tz,|| — 0 npu n — 0o mist KaxkJoil b-IopsiIKOBO OrpaHUYeHHON HOCJIe/10-
BaTeIbHOCTD {Tn} B E4, ciabo cxomsmeiics K Hym0. B HaCTOsAIEH CTaThe MBI BBOIUTCA M U3y9aeTCsl HOBOE
nousTHe b-ci1abo JEeMHUKOMIIAKTHOI'O OIlepaTopa, KOTOPOe HCIOJIb3yeTcs st 00ODIIEH s N3BECTHBIX KJIACCOB
OIIepaTOPOB, OIIpeiesieMbIX b-csrabo KomnakTHbIMU ornieparopamu. Oneparop T’ Ha 6GaHaxoBoil perierke F Ha-
3pIBAETCA b-C1a60 JEMUKOMIAKTHBIM, €CJIN IS JIIOOOH OrpaHUYIEeHHOM MOCIe0BATEIBHOCTH { Ty } b-IOpsiKa B
E. Takoit, uto , = 08 0(E,E’) u ||zn — Tzn|| — 0 mpu n — 0o, umeeM ||z, || — 0 nupu n — oo. Kax caen-
CTBHE, MBI IIOJIy4daeM XapakTepusamnuio K B-IpocTpaHCTB B TepMHUHAX b-ci1ab0 JEeMUKOMIAKTHBIX OIIEPATOPOB.
Jlastee, ucciie0BaHbI B3ANMOCBS3U MeXK 1y b-cj1abo JIeMUKOMIIAKTHBIMYU OIEPATOPAMU ¥ HEKOTOPBIMU JIPYTUMEI
KJIACCAMM OIIEpaTOPOB Ha GaHAXOBBIX PelleTKax, 0COOEHHO, cBA3M ¢ oneparopamu fAemu-/landopra-Ilerruca n
[TOPSIJIKOBBIMU CJ1a00 JIEMUKOMITAKTHBIME OIIEPATOPAMH.

KuroueBbie ciioBa: Banaxosa pemerka, K B-npocTpaHCcTBO, b-ci1ab0 JeMHUKOMIIAKTHBINA OmepaTop, Io-
PSIZIKOBBII €1a00 JIeMUKOMITAKTHBIN ornieparop, oreparop aemu lawndopaa — [lerruca.
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