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Abstract. In this paper we investigate narrow linear operators in the setting of Kéthe-Bochner spaces of
vector-valued measurable functions. We prove that for an atomless finite measure space (A, X, 1), a Kothe
F-space E on (A, X, 1) with the absolutely continuous norm, a Banach space X and an F-space Y every
bounded linear operator T': E(X) — Y from a Kéthe-Bochner space E(X) to Y is narrow, whenever the
density of the range space Y is strictly less than the density of E(B) for every B € ¥ with u(B) > 0. Our
main result is based on methods and technique of the set-theoretic topology, the measure theory and the
theory of F-spaces. In this connection, we mention the work of Popov, Semenov and Vatsek [1]|, where
sufficient conditions on a rearrangement invariant space FE were established for the orthogonal projection
onto the closed linear span of the Rademacher system to be a hereditarily narrow operator. Moreover, in [1]
the authors posed a number of open problems turned out to be important for the further development of
the theory of narrow operators.
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1. Introduction

Narrow operators on Banach function spaces (F-spaces) are often viewed as a generaliza-

tion of compact operators. These operators are small in some appropriate sense. The idea to
consider such operators has led to interesting problems which can be applied to Geometric

Functional Analysis.

Narrow operators first were introduced by Plichko and Popov [2]. But actually these

operators were studied by different mathematicians in some partial cases. For example,
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Ghoussoub and Rosenthal in [3] studied so called “norm-sign-preserving” operators from L;
to a Banach space X, that are exactly not narrow operators. Some deep results on
narrow operators were obtained by Johnson, Maurey, Schechtman and Tzafriri in [4]. Later
Maslyuchenko, Mykhaylyuk and Popov discovered that narrow operators have a pure lattice
nature [5]. The rearrangement invariant function spaces constitute the well studied subclass
of Banach lattices. In [1] Popov, Semenov and Vatsek established sufficient conditions on an
rearrangement invariant space E under which the orthogonal projection onto the closed linear
span of the Rademacher system is a hereditarily narrow operator. It is worth noting that in
article [1] the authors stated the list of open problems that turns out to be important for the
further development of the theory of narrow operators (see for instance recent paper [6] and
historical comments therein). In last years narrow operators were studied in the setting of the
noncommutative analysis and the theory of Kéthe-Bochner spaces [6-10].

Suppose that X and Y are Banach spaces (F-spaces) and A(X,Y) is a subclass of
Z(X,Y). The subtle problem of the theory of narrow operators can be stated as follows.

PROBLEM 1.1. For what Banach spaces (F-spaces) X and Y and A(X,Y) C Z(X,Y)
every operator T' € 24(X,Y') is narrow?

For different classes of Banach spaces X, Y and different 2A(X,Y) C Z(X,Y) this problem
had been studied by some authors [7-9, 11, 12] (see also [13] for the detailed comments).
In [11, Theorem 5| the authors showed that every bounded linear operator T' from L, to L,
for 1 < p < 2and p < ¢ is narrow. Later, it was proved in [12, Theorem A] that every bounded
linear operator T': L, — [, is narrow, whenever 1 <p<ocand 1 <r#2<ooorl<p<?2
and r = 2. This result was partially generalized to the setting of bounded linear operators
taking values in noncommutative symmetric operator ideals |9, Theorem 5.2|. It was shown
in [8, Corollary 1.2| that every I strictly singular bounded linear operator T': L, — C, is
narrow whenever 1 < p,r < oo. It was proved in [7, Corollary 4.13] that every laterally-to-norm
continuous dominated orthogonally additive (in general nonlinear) operator 7: E(X) — Y
from Kothe-Bochner space E(X) to ¢y or Iy, 1 < p < oo is narrow.

The aim of these notes is to continue this line of thoughts. We consider Problem 1.1 in
the setting of bounded linear operators defined on Kéthe-Bochner spaces. Our main result is
stated below. All unexplained notions are defined in the next section.

Theorem 1.1. Let (A,%, ) be a finite atomless measure space, E be a Kéthe F-space
on (A, 3, u) with the absolutely continuous norm, X be a Banach space and Y be an F-space
and dens (E(B)) > dens(Y) for every B € ¥ with p(B) > 0. Then every operator T €
Z(E(X),Y) from a Kéthe-Bochner space E(X) toY is narrow.

We note that the special case of Theorem 1.1, when a Banach space X coincides with R,
was obtained in [13, Theorem 2.12].

2. Preliminaries

In this section we state some basic facts and notions that we need for the further
presentation. We refer the reader to [14] for background on the set-theoretical constructions,
to [15] for measure theory, to [13, 16] for F-spaces theory and to [17-19] for Kéthe-Bochner
spaces theory.

A set B is called transitive if the relations C € D € B imply C' € B. A transitive set which
is well ordered by the relation € is called an ordinal. Every well-ordered set B is isomorphic
to a unique ordinal « (i.e. there exists a monotone bijection between B and «). For any two
ordinals «, 8 one of the following relations holds: o € 8, a = 3, 8 € . Note that the natural
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well ordering of ordinals is defined as a < 3, if @ € 8. We observe that an ordinal « is equal
to the set of all ordinals less than . The cardinality of a set B is denoted by |B|. A cardinal
is any ordinal «a, such that |5| < || for every 5 € a. An infinite cardinal ( is denoted by w,
where « is the ordinal which is isomorphic to the set of all infinite cardinals, less than 3. We
note that wg is the least countable infinite cardinal; w; is the least uncountable cardinal. For
every ordinal « there exists the cardinal w,. The cardinality of the cardinal w, is denoted
by N,.
Through the text (A, 3, 1) is supposed to be a finite measure space. Let

N ={DCA:DCN forsome N e€¥ with u(N)=0}.

We say that (A, X, u) is complete if A4 € ¥. All measure spaces below we consider to be
complete.

By Lo(A, %, p) (Lo(p) for shortness) we denote the space of (equivalence classes of)
p-measurable functions from A to R. We shall use the denotation {f € D} := {t € A :
f(t) € D}, where f € Lo(p) and D is a Borel subset of R.

Given a measure space (A, %, u) by Y we denote the Boolean o-algebra of sets from X,
equal up to a set of measure zero, with respect to the natural operations V and A. Two
measure spaces (A;, X, 1;), © € {1,2} are called isomorphic, if there exists a Boolean measure-
preserving isomorphism between the Boolean algebras ZTl and ivg We denote the measure
space (A, X, eu) by e(A, 3, p).

The density of a topological space Y (we shall use the denotation dens(Y)) is defined to
be the least cardinality of a dense subset of Y. Let (A, X, ) be a measure space. By dens(X)
we denote the density of the metric space (3, p) where p(C, D) = u(C A D). A measure space
(A, 3, p) is called homogeneous, if dens(X(B)) = dens(X) for every B € X, with u(B) > 0. Set
2 :={—1,1} and let w,, be an arbitrary infinite cardinal. By p,,, we denote the Haar measure
on the o-algebra ¥, of subsets of the power-set 2 considered as a compact abelian group.
We note that p,, (24¢) = 1.

Proposition 2.1 (First Maharam Theorem [20, Theorem 8, p. 122]). A homogeneous
measure space (A, X, u) is isomorphic to the measure space (2“*,%,,,, lhw, ), Where R, =
dens (%).

Proposition 2.2 (Second Maharam Theorem [13, Theorem 1.14|). Let (A,%, ) be a
finite atomless measure space. Then there exists a unique, at most, countable collection
of ordinals .# and a decomposition A = ||, 4 Aa, With u(Ay) > 0 for every a € A
which is also unique, up to measure zero sets, such that (Aa, %(Aa), i[5 (4,)) i isomorphic to
ea(DY, Xty ), Where 4 = p(Aq).

The collection of ordinals .# that appears in Proposition 2.2 is called the Maharam set
of the measure space (4, %, ).

Below in the text an F-space is a complete metric real or complex linear space Z equipped
with an invariant metric d (i.e. d(z,y) = d(x + z,y + z) for all z,y,z € Z). The map
II-1]: X — R4 defined by

o] == d(x,0) = d(0,2), = € X,

is called the F-norm of the F-space X. Clearly d(z,y) = ||z — y|| because d is invariant. The
linear space Lg(u) of all classes of equivalence of y-measurable almost finite functions on [0, 1]
equipped with the invariant metric

1
R - g
df.9) = O/ T 170 - 9] ™
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is turned out to be an F-space. A very important class of F-spaces that are not Banach
spaces is the class of L,(u) spaces with 0 < p < 1. A linear operator T: Z — Y between
F-spaces Z and Y is called bounded, if there exists C' > 0, such that ||Tz|| < C||z|| for every
x € Z. The linear space of all bounded linear operators from Z to Y is denoted by Z(Z,Y).
An F-space FE of equivalence classes of measurable almost finite functions on A is said to be
a Kothe F-space, if the following conditions hold:

1. E is an order ideal of Lg(p) and condition |z| < |y| implies that ||z| < ||y|| for all
x,y € F;

2.1, € E.
In particular, we note that |||z||| = ||z for all z € E.

DEFINITION 2.1 [13, p. 3]. A K6the F-space on a finite atomless measure space has:

L. the absolutely continuous norm provided that lim,p, )0 [|*1p,|| = 0 for each z € E
and every decreasing sequence of sets D,, € ¥ with (>, D,, = &,

2. the absolutely continuous norm on the unit if lim,pyo [[1p| = 0.

It is clear that the absolutely continuous norm || - || is absolutely continuous on the unit.

The converse assertion is not true [13, Example 1.2].

Given sets A1, ..., A, the equality A = | | | A; means that A = J;"; A; and 4,NA; =&
for any 7,7 € {1,...,n}, i # j. If n = 2, we use the denotation A = A; U As. The identity
operator on a vector space X we denote by Idx. The characteristic function of a set A is
denoted by 14.

Let X be a Banach space. A function f: A — X is called simple if there exist x1,...,z, €
X and Ay,..., A, € ¥,such that f =" | x;14,. A function f: A — X is called p-measurable
if there exists a sequence of simple functions (fy, )nen With lim, o0 || f(-)— fn(-)||x = 0 p-almost
everywhere.

By Lo(A, %, u, X), or Lo(u, X) for brevity, we denote the space of (equivalence classes of)
p-measurable vector functions acting from A to X. As usual, vector-functions are equivalent
if they have equal values at almost all points of the set A. Suppose that F is an F-space on
(A, 3, ). The Kothe-Bochner space E(X) on (A, X, ) is defined [19, p. 178| as

E(X):={f € Lo(A, %1, X) . [If()lx € E}.

Since E is an F-space the vector space E(X) is an F-space with respect to the F-norm
Iflecxy == IIlfC)llx|lz. Suppose that B € 3. By E(X)(B) we denote the Kéthe-Bochner
space on (B,X(B), ju|xp)) that is

E(X)(B) == {f € Lo(B.X(B), uls(n). X) « [If()llx € E}.

In particular if a Banach space X coincides with R we have that E(B) = {flgp : f € E}.
We note that the theory of Kéthe-Bochner space is the well developed field of the modern
analysis (see [19, 21]).

3. Proof of the Main Result

In this section we prove the main result of the paper. We start with a definition of a narrow
operator.

DEFINITION 3.1 |22, Definition 3.1]. Let E' be an F-space on a finite atomless measure
space (A,3,u), X be a Banach space and Y be an F-space. A bounded linear operator
T: E(X) — Y from a Kéthe-Bochner space F(X) to Y is called narrow (functionally narrow
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in the terminology of [22]), if for every B € ¥, x € X and € > 0 there exists a decomposition
B = CUD, with C,D € ¥ and pu(C) = (D), such that the following inequality holds
IT(z1lc —x1p)|| < e.

We recall that two measurable functions f,g € Lo(A,X,u) are called stochastically
independent, if

u{{f € DY {g € D}} = u{f € Diu{g € D}

for every Borel subset D of R.

Proposition 3.1 [2, Theorem 2.2|. On a homogeneous measure space (A,%, ) with
dens(¥) > Yo and ag = |X| there exists a system (7)a<a, Of stochastically independent
u-measurable functions, such that for every « the following conditions hold:

L |ral =1, [4radu=0;

2. 0(ra)a<ay = 2

We say that (rq)a<a, is the generalized Rademacher system on (A, X, p).

Proposition 3.2. Let (A,X,u) be a homogeneous measure space with p(A) = 1,
dens (X) > Ng, (ra)a<a, be the generalized Rademacher system on (A,X,p) and rg # 1y
with B <~ < ag. Then p{t € A: rg(t) =ry(t)} = 1.

<1 Consider the sets:

Ag, ={teA: r3(t)=1}; Ag_:={tecA: rg(t)=—1};

Ay, ={teA: r,(t)=1}; A,_={teA: r,(t)= -1}
A=A, NA,; A__:=A3 NA,_.
We need to prove that
1
pAs) + p(A--) = 5. (1)

By Proposition 3.1 (1) we have that

p(As ) = n(Ag ) = p(Ay,) = (A, ) = 5.

Taking into account that rg and r, are stochastically independent we have that

1

plAss) = n(Ap (A ) = 750 plA) = ulAp Ju(A,) = i

and we obtain equality (1) by the direct calculation. >

Proposition 3.3. Let (A, X, u) be a finite atomless measure space, E be an F-space on
(A, 3, u) with an absolutely continuous norm on the unit, X be a Banach space, Y be an
F-space and T € Z(E(X),Y ). Then the following statements are equivalent:

1. T is a narrow operator;

2. for every B € ¥, z € X and € > 0 there exists D € $(B) with u(D) > 1u(B) and a de-
composition D = GUH, with G, H € ¥(B) and u(G) = pu(H), such that |T(zlg—x1pg)|| < e.

<(2) = (1). Fix B€ %, 2 € X and € > 0. Choose D € X(B) with u(D1) > 2u(B)
and a decomposition D = G U Hy, with Gy, H; € ¥(Dq) and u(Gy) = p(Hy), such that
|T(z1c, — zlm,)|| < §. Set By := B\ Dy, and choose Dy € X(By) with u(D2) > $u(B)
and a decomposition Dy = Go Ul Ha, with Go, Hy € ¥(D2) and u(Gz) = p(Hsz), such that
|T(x1q, — 1m,)|| < §. Suppose that Dy,...,D,, Gi,...,G, and Hy,..., H, have been
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chosen. Set B, := B\ (U}, D;) and choose D, 11 € X(B,) with y(Dy41) > $u(By) and a
decomposition Dy +1 = Gpi1 U Hpqq, with Gpq1, Hyp1 € 2(Dpy1) and w(Gpy1) = p(Hpg1),
such that | T(zlg,,, — *1m,,,)| < saer. Then put G := | |2, G, and H := | |72 H,. We
observe that lim,,— o ,u(|_|;L°°:m Hn) = lim,,— 00 u( L, Gn) =0. It is clear that B=GUH
and p(G) = p(H). Now, we have

m—1
1‘1@ — len = 1‘1@ — a1,

2 7o

n= E(X) n=1 E(X)
n=m E(X) n=m X E n=m E

Taking into account the norm of E is absolutely continuous on the unit we have that

lim [z ||l « = |lz] lim [|1 « =0
m—00 |_| Gn m—00 |_| Gn
n=m n=m E

and therefore x1g =3 7, zlg,. Now we may write

(o] o
» Talg, - Y Talp,

n=1 n=1

o
< |72, - Toly, || <e

n=1

|T(z1q — 21m)| =

and the assertion is proved.

The implication (1) = (2) is obvious. >

Proposition 3.4. Let Z and Y be F-spaces, G C Z, such that |G| > dens(Y) and
T € £(Z,Y). Then for every € > 0 there exist v,w € G, such that ||Tv — Tw| < e.

<1 We prove the assertion by assuming the contrary. Suppose that there exists € > 0, such
that ||Tv — Tw|| > ¢ for all v,w € G. By our assumption there exists a dense subset H of Y,
such that |H| < |G|. By density of H, for every v € G we can choose h, € H, such that
|Tv — hy|| < §. We claim that all h, # h,, for all v,w € G. Indeed, for each v,w € G we have
that -

e <|Tv = Tw|| < | Tv = ho|| + [ Tw = hw|| + llho = hull < 5 + [[ho = hu|

and therefore ||h, — hyl| > 5. Consider the set Hy := {h, : v € G}. Clearly, Hy C H,

|Hp| = |G| > |H| and we come to the contradiction. >

Proposition 3.5. Let E be an F-space on an atomless finite measure space (A, %, 1),
X be a Banach space and B € ¥ with u(B) > 0. Then the identity operator IdpxyB) on
E(X)(B) is not narrow.

<1 We prove the assertion by assuming the contrary. Suppose that Idgxp) is a narrow
operator. Fix x € X with [|z|| = 1 and ||[1g||g > € > 0. Then there exists a decomposition
B =CU D, such that C, D € X(B) with u(C) = u(D), such that

HIdE(X)(B)(xlc - xlD)HE(X)(B) = H |zlc — z1p| x HE =|1lc —1pllp = H 1 —1p| HE <E.
By disjointness of 1¢ and 1p we have that
‘10 — 1D‘ = ’10’ + ’_1D‘ = 10 +1p=1p

and therefore
Ilc —1plllg = 1Blg > e

Hence, we come to the contradiction. >
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Proposition 3.6. Let E be an F-space on (2“*,%,,, i, ) and X be a Banach space.
Then dens(E(X)(B)) > X, for each B € ¥,,, with i, (B) > 0. If, moreover, X is a separable
Banach space and the norm of E is absolutely continuous then dens(E(X)(B)) = X,.

< Suppose that B € ¥, and p, (B) > 0. First we show that
dens(E(X)(B)) = X,.

Assume, on the contrary, that dens(E(X)(B)) < X,. By Proposition 3.5 the identity operator
Idpxy) on E(X)(B) is not narrow. Then by Proposition 3.3, there exist B € X, v € X
and € > 0, such that for every D € X(B) with u(D) > 3u(B) and every decomposition
D =GUH, with G, H € ¥(B), the inequality

[Tdpxys) (le — eln)|| = ||lole — zlu > ¢

holds. By Proposition 2.1 the measure space (B,Yu,(B),tw,|s,, (B)) 18 isomorphic to
(P9, Ysgs o) and we may assume that p, |5, ()(B) = 1. By Proposition 3.1
E(B) contains the generalized Rademacher system (rq)a<w, Of cardinality N,. Since
dens(E(X)(B)) < dens(E(X)) < Y,, by Proposition 3.4 there exist indexes 8 # v < wa,
such that ||z(ry — rg)| < 2e. Set h := 252 and observe that h is {—1,0,1}-valued function
on B. Consider the sets

G:={teB:h(t)=1}; H:={teB:h(t)=-1}; D=GUH.

By Proposition 3.2 u(D) = u(B) and D = G U H is the decomposition of D, such that
|lx1le — x1g]|| < . Hence, we come to the contradiction and the inequality dens(E(X)(B)) >
N, is proved. It remains to show that dens(E(X)(B)) = R, for a separable Banach space X.
Suppose that 2 is a countable dense subset of X. Set

S(X)(B) := {ZmBMi, ne N} :

i=1

where x; € 2 and A; are cylindric measurable sets from ¥, for all i € {1,...,n}. Using the
absolutely continuity of the norm of E we deduce that S(X)(B) is a dense subset of E(X)(B).
Since the set V of all cylindric measurable sets from ¥, has cardinality R, it follows that

dens(E(X)(B)) < |A||V] = |ARg = Na.

Hence, dens(E(X)(B)) = N, and the proof is completed. >

REMARK 3.1. In particular, for an F-space E on (2“*, %, l,,) with the absolutely
continuous norm and every B € ¥,  with p,, (B) > 0 by Proposition 3.6 we have that
dens(E(B)) = X,.

Now we are ready to prove Theorem 1.1.

< PrOOF oF THEOREM 1.1. Fix T' € Z(F(X),Y). By Proposition 3.3(2) it is enough
to prove that for every B € ¥, z € X and € > 0 there exist D € $(B) with u(D) > 2u(B)
and a decomposition D = G U H, with G, H € ¥(B) and u(G) = p(H), such that ||T(zlg —
zlg)|| <e Fixe >0, 2 € X and B € ¥ with u(B) > 0. By Proposition 2.2 there exists a
decomposition A =| |, , Aq, such that for a € .# the measure spaces (Aa, X(Aa), p[5(4,))
and £4(2%*, Xu,, Hw, ) are isomorphic, for &4, such that > . ,eq = pu(A). Set B, := BN A,
for every a € .4 . Take a € .4, such that u(B,) > 0. We observe that (Ba, X(Ba), it|s(B,)) 18



On Narrow Operators on Kéthe—Bochner Spaces 47

a homogeneous measure space and consequently by Proposition 2.1 we may assume that the
measure spaces (2, ¥y, , flw, ) and (Ba, ¥(Ba), itlx(B,)) are isomorphic. Taking into account
that (2¥¢, %, thw, ) is a homogeneous measure space and using Remark 3.2 we have that

dens (F(2%*)) = dens(X(2%*)) = R, > dens(Y).

By Proposition 3.1 we have that E(2“~) contains a generalized Rademacher system (r4)a<w,
of cardinality w,. Since dens(Y) < X, by Proposition 3.4 there exist indexes n% # 0% < w,,
such that

2,6
T (xrpe —zrge)|| < —.
! p(A)
Set g 1= 12 grea . We note that ¢, is {—1,0,1}-valued function on Z2“~. Now we may write

Trye — xrge = 20qq = 2(vlg, — x1m,)
for every a € A with p(By) > 0. Set A" :={a € M : u(B,) > 0} and

Go:={t€ 2“ : qo(t) =1}; Hy:={t € 2“: q,(t) = -1}
Dy :=GoUH,, acd'.

By Proposition 3.2 we have that i, (Do) = 3pw, (2%) and p, (Ga) = s, (Ha) for every
a € A Set
G= || Ga; H= || Ho and D=GUH.
acd’ acA'’
We note that (D) = 2u(B) and pu(G) = u(H). Now, taking into account the absolutely

continuity of the norm of E and using the same arguments as in the proof of Proposition 3.3
we may write

|T(2le — 21g)| = |T ( > e, - 1Ha)> H
ac. A’
1 1 2,6
= Z T(2qa)| < > Z | T (@rye — arga)| < 2 Z 1(A) —°
ae M oA’ aEM

and the narrowness of T is proved. >

REMARK 3.2. We note that in [13, Theorem 2.12] the norm of E is assumed to be
absolutely continuous on the unit, but actually in the proof of the theorem the norm needs
to be absolutely continuous.
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OB Y3KIX OIIEPATOPAX B IIPOCTPAHCTBAX KETE — BOXHEPA

I'yruosa A. K.!, leynexes P. P.1, Ilmmen M. A.1:23

! CeBepo-OceTnHCKuMii rOCYIApCTBEHHBIA yHUBEPCHTET,
Poccus, 362025, Bnanukaskas, yn. Baryruna, 44-46;
2 FOskHb1il MaTemaruyecKuii macTuTyT — human BHI] PAH,
Poccus, 362025, Baagukaskas, yi. Baryruna, 53;
3 Ceepo-Kaskascknii 1ienTp MaTeMaTndeckux uccienopannii BHI] PAH,
Poccus, 363110, c. MuxaitioBckoe, yiu. Buibamca, 1

E-mail: gutnovaalina®gmail.com, resuandeunezev@gmail.com, plimarat@yandex.ru

Amnnoranus. B nannoit crarbe nccienyoTcs y3Kue JUHEHbIe orepaTopbl B npocrpaHcTBax Kére — Box-
Hepa u3MepuMbIX BekTop-byHKnuii. Bo BBeennn ynomsnyra padora [lomosa, Ceménosa u Bamex [1], B xo-
TOPOIi aBTOPBI yCTAHOBUJIN JIOCTATOYHBIE YCJIOBUS TOrO, 9TO B HAHAXOBOM CHMMETPUIECKOM IIPOCTPAHCTBE U3~
MepuMbIX GyHKIUI £ OpTOroHAIbHBI IPOEKTOP HA 3aMKHYTOE MOIIPOCTPAHCTBO, OPOXK IEHHOE (DYHKITASMI
Panemaxepa, sBisiercs HaCTE€ICTBEHHO Y3KUM omeparopoM. Harre mccienoBanme TakKe CBSA3aHO C U3y JIEHU-
eM 0600menHbIx cucreM Pajemaxepa. JlokasbiBaercs, 9To Jjisl IIPOCTPAHCTBA, C KOHEYHON 6e3aTOMHON Mepoit
(A, X, u), Kére F-npocrpancrsa E ma (A, X, 1) ¢ abCOMIOTHO HENTPEPBIBHON HOPMOIi, 6aHAXOBA IPOCTPAHCTBA X
u F-npocrpancrsa Y 11060i orpannvenusiii tuHeinsiit oneparop 1': E(X) — Y, neficrsytomumii u3 mpocTpan-
crBa Kére — Boxnepa F(X) B Y siBisiercss y3KUM, eciiy IIOTHOCTh F-ipocrpadcTBa Y CTPOro MeHbIIE ILI0T-
Hocru E(B) pust mo6oro B € ¥ upu p(B) > 0. Jloka3aTeJbCTBO OCHOBHOIO PE3yJ/IbTaTa OIIMPAETCS HA METObI
U TEXHUKY TEOPETUKO-MHOXKECTBEHHOM TOIOJIOTHHU, TEOPUU Mephl u Teopuu [F-npoctpancts. KmroueBbiM Tex-
HAYECKUM HHCTPYMEHTOM BBICTYIIaeT TeopeMa MarapaMm o pa3jioyKeHHUH OJHOPOIHBIX IIPOCTPAHCTB C MEPOi,
ITO3BOJISIIONIAs CBECTHU 33/1a9y K aHAIu3y Ha 0000IeHHbIX TpocTpancTBax Pagemaxepa. [Ipenioxkennsrii moaxosn
OTKPBIBAET MEPCIEKTUBDI /I XaPAKTEPU3AINN Y3KUX OIIEPATOPOB B IUPOKUX KJraccax mpocrpancts Kére —
Boxnepa, BriIodas HecenapabesIbHBII CIIydail.

KutroueBble cjoBa: y3KHil oneparop, IJI0THOCTD, OJIHOPOJHOE IIPOCTPAHCTBO C Mepoi, MHOxKecTBO Ma-
rapaM, F-npocrpancTBo, npocrpancrso Kére — Boxnepa.
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