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Examples of weakly compact sets in Orlicz spaces

This paper provides a number of examples of relatively weakly compact sets in Orlicz spaces. We s
some results arising from these examples. Particularly, we provide a criterion which ensur;
Orlicz function is increasing more rapidly than another (in a sense of T. Ando). In additien,

that if a bounded subset K of the Orlicz space Lg is not bounded by the modular ®, themit 1
for a set K to remain unbounded under any modular ¥ increasing more rapidly than &.
Keywords: conjugate (complementary) functions, relative weak compactness, Orlicz @functions.
Introduction (
We provide a number of examples of relatively weakly compact(ge icz spaces based mainly
on criteria obtained by a classical work of T. Ando from 1962 {see [1}). It should be noted that there
is a shortage of such examples in the literature. Some (maybéythe t important) examples may be

found in the classical book by M.M. Rao and Z.D. Ren er paper, devoted to the study of
weak compactness in Orlicz spaces that we use ext@nsi is paper is by J. Alexopoulos [3].

On the contrary, weak compactness criteria in bo z function and sequence spaces have been
references therein.

In particular, T. Ando see [1] obtained wea ness criteria in Orlicz (function) spaces from
the perspective of Kéthe duality. The study result T. Ando were extended (with some restrictive
condition) from the setting of finite measurégpaces to the setting of o-finite measure spaces in the work
of M. Nowak in 1986 [11]|. The objecti is paper is to study such criteria and provide examples
that satisfy these criteria. We als some related propositions (see Propositions 2.13 and 2.17).

1 Preliminaries

Initially, the study pr e definition of an N-function (as in [1]), which will be used throughout
the text.

Definition 1.1. function ® : [0,00) — [0, 00) is called an N-function if

the above definition by T. Ando, it is not necessarily true that 2N L pas A\ — 0+,

unlike other classical works (e.g., [15, formulae 1.12 and 1.15], [2; 13|, |3, Proposition 1.1}).
ing two definitions specify some important classes of N-functions.

Definition 1.2. (|2, Definition 1| and |3, Definition 1.5]) An N—function ® is said to satisfy the Ao
condition (® € Asg) if limsup,_, % < 00. That is, there is a K > 0 so that ®(2z) < K - ®(z) for
large values of x.

Definition 1.3. (|2, Definition 2| and [3, Definition 1.8]) An N —function & is said to satisfy the Vg
condition (® € V3) if there is a K > 0 so that (®(z))? < ®(Kx) for large values of z.
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1.1 Decreasing rearrangement

Let (I,m) denote the measure space, where I = (0,00) (resp. (0,1)), equipped with Lebesgue
measure m. Let L(I,m) be the space of all measurable real-valued functions on I equipped with
Lebesgue measure m. Define S(I,m) to be the subset of L(I,m), which consists of all functions f such
that m({t : |f(t)| > s}) < oo for some s > 0. Note that if I = (0,1), then S(I,m) = L(I,m).

For f € S(I,m), we denote by pu(f) the decreasing rearrangement of the function |f|. That is,

wu(t, f) =inf{s >0: m({|f| >s}) <t}, t>0.

1.2 Orlicz spaces

Definition 1.4. A function G : [0,00) — [0, 00] is said to be an Orlicz function§f &
(i) G(0) =0,

(ii) G is not identically equal to zero,
(iii) G is convex,
(iv) G is continuous at zero.

It follows from the definitions that not every N —function is an Or a? (e.g., an N-function
may be discontinuous at zero). The converse also does not hold. F @ the function G(t) =t is
an Orlicz function but not an N—function. For an Orlicz fugctign ( N unction) G we shall consider
an (extended) real-valued function G(f) (also called the moddlar d by an N-function G) defined
on the class of all measurable functions f on I, by \

The set
Lg = {f S(Ivm) : “f”LG < OO},

£z 0: [ (|f|>d <1}

is called an Orlicz space defin rlicz function (or N-function) G (equipped with Orlicz norm).

In fact, we have the f 7 Chapter 3.5, Theorem 1]):
Proposition 1.5. If a -fumction ® € Ay, then Lg is separable (provided the measure space is

separable).

where

It should be state at notions of N-functions and Orlicz functions used interchangeably in many

situations. eve this text we will denote N-functions by Greek letters ®, ¥ and Orlicz functions
to distinguish between them.
s (partial) order relations on Orlicz functions one may define the corresponding relations
in the € paces. We also note that since (in this paper) Orlicz (function) spaces are defined on
finite measure spaces we only need local order relations. However, some results will be also stated for
Orlicz spaces on positive half-line (with small differences on local relations).

We define the notion of majorization for Orlicz functions (for o-finite measure spaces). Let G and
G be two Orlicz functions.

Definition 1.6. (e.g., |16, Definition 16.1.1]) We say that
(1) G majorises Gy at 0 (G =¢ G2) if there exist positive numbers a, b, z¢ such that

Go(x) < bGi(ax) forall 0 <z < x.
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(2) G1 majorises Gy at 00 (G = G2) if there exist positive numbers a, b, zo such that
Ga(x) < bGi(ax) forall = > xo.

(3) G1 majorises G2 (G1 > G2) if G1 =¢ G2 and Gy > Ga.

Moreover, one can set b = 1 in the above definition (see [16, Proposition 16.1.2]). Also, the condition
G1 > G2 may be checked via the following (see [16, Proposition 16.1.3]):

Proposition 1.7. G1 = Gy if and only if

Go(z) < bGi(az), x>0

for some b > 0 and a > 0. ‘\x

Also, we provide a definition of equivalent Orlicz functions on o—finite re §pace (see [16,
Definition 16.3.1]):
d ¥~

Definition 1.8. Two Orlicz functions G7 and G5 are called equivalent, denete G, if G1 > Go
and Go = G1.

The following definition for equivalence of N-functions on finit re Space may be found in |3,
Definition 1.3]: ®

Definition 1.9. For N—functions ®1, Py we write ®; < if is a K > 0 so that ®1(z) <
Oy (Kx) for large values of x. If &1 < &y and Py < Py ¢ that ®; and ®5 are equivalent.

Note for finite measure space, the notion of jorisation 18 slightly different as we do not care
about majorisation at zero.

We will denote by ¥ the function complem
of Young (with the condition @ — 0+ ast—0

ary (or conjugate) to an N—function ® in the sense
ed by ([15; 11])

U(t up{s|t| — ®(s): s>0}.

We notice that W is again an tion (see [9; 258]).

eakly compact sets in Orlicz spaces

In this section, wi ngwn criteria of relative weak compactness in Orlicz spaces and provide
also state some concluding remarks and prove related propositions.

as proved by T. Ando in [1, Theorem 1].

be an N-function and let (€2, %, 1) be a finite measure space. A subset K of

Lg)—compact if and only if

P(A
%—)a/ﬂ]f(t)\du as A0

uniformly with respect to f(t) € K, where oo = limy_,o4 ®(\)/A.

It is worthwhile to note that Theorem 2.1 (unlike many others) is valid for any N—function (in
the sense of Ando), that is, « is not necessarily zero by definition. We note that the extension of this
Theorem to the o-finite case was given by M. Nowak [14, Theorem 1.1| only in the case o = 0.

Below we provide examples of relatively weakly compact sets in Lg[0, 1] by using Theorem 2.1.
Later we will provide another criteria of weak compactness in Orlicz spaces and apply these criteria to
the following examples.

74 Bulletin of the Karaganda University



Examples of weakly ...

Example 2.2. (i) Let ®(xz) = e® — 1. Then the subset K = {fy(x) = aP : p > 1} of L[0,1] is
relatively weakly compact. Indeed, K is bounded and since o = limy_,¢ eAT_l =1, it is enough to show

(by Theorem 2.1) that
P 1 1 1
Joedt =1 / Pt = ———
A 0 p+1
uniformly with respect top > 1 as A | 0.
Applying the L’Hopital’s rule, we get

P p_ L(ap AP 1p
O<hmf( — At 1)dt=hmf0(te t) dt
ALO A L0 1

P )\ 6)\ -1 ‘

< lim ( ¢ dt<hm/ b —1—>0\
A0 A
as A — 0 uniformly with respect to f € K (independent of p).
For example, when p = 1, then K
peMdt—1 e —1-
A
as A J 0 as desired.

However, when p > 1, the integral fo  dt is not expres s of elementary functions.
(ii)) Let ®(xr) = e* — x — 1 and the subset K as i e in this case @ = 0 (so ® is an
N —function). Obviously

fol (e/\tp — AP

0

uniformly with respect to p as A | 0 as it is redu ase (i). For example, when p =1

S(Nf)  Jo(—Xqt—1)dt 26> —2— A2 —2)

= = —0
A 2)2

as A | 0. As in (i), The uniform @ ence holds for every p > 1, however, as in example (i), the
integral is not expressed in terms ofyelementary functions either.

We note that in the s n Theorem 2.1 the uniform convergence is crucial as the following
example illustrates, i.e., e convergent is not sufficient.

Ezxample 2.5 (z ‘In(z 4+ 1) and K = {fp(z) = eP* : p > 0} be a subset of Ly[0,1].
Note that ® is on with a = 0. Now we check the condition of uniform convergence as in

Theorem 2.1:
S(Af)  fy AP - In(AeP® + 1)dx
A A
Ael -In(AeP +1) —A-In(A+1) — AP + A+ 1In(AeP + 1) —In(A + 1)
= )

N (AeP)2 = X2 A(e? —1)

T p
as A | 0. However, it is easy to see that the convergence is not uniform with respect to p since

®(\f) _

Sup ——<—
p>0 A

—0

for all A > 0. Hence, by Theorem 2.1, the subset K is not relatively weakly compact in Lg|0, 1].
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Note, however, if 0 < p < 1, that is K = {f,(z) = e’* : 0 < p < 1}, then K is relatively weakly
compact in Lg |0, 1]. We also note that the set K in Example 2.3 is not bounded (in norm) in Lg[0, 1].
Hence, this fact clearly implies that K is not relatively weakly compact. In general, norm boundedness
does not imply weak compactness.

Also note that Lg[0, 1] is separable since ® € Ay by Proposition 1.5. Indeed, ®(2z) < K - ®(x) for
large x since In(2x + 1) < 3In(z + 1) = In(x + 1)3 or equivalently, 2z + 1 < (z + 1)? for large =.

Below we state another two criteria of weak compactness criteria in Orlicz spaces due to T. Ando.

Lemma 2.4. (see [1; 171]) A subset K of Lg|0, 1] is (relatively) weakly compact if and only if it is
weakly bounded and equi continuous in the following sense:

sup [ 1F6)-9(0ldi =0 a5 u(B) >0, Ec 0.1 g<>em
fex

Lemma 2.5. (|1; 172]) Let B be a o-algebra of subsets of (0, 1). When B 1s boundedness
by modular ®(f) implies (relative) weak compactness, if and only if ®(A

D(nA
h)\rg i£f <I>((77)\)) > 2n for some n > O

Remark. Note that Lemma 2.5 may also be applied to show that 1n Example 2.2 (both (i)

and (ii)) is relatively weakly compact in Lg|0, 1]. Indeed, Qf e boundedness by the modular

®(f) is obvious. Also, (with n = 2)

(2
lim inf (2% = limi 2 =4
A—00 CI)()\) A—00
As for (ii), we have
1 1 1
/ O (2P)dx = / (e* — 1)dx < / e®dr <3, forall p>0.
0 0

Taking supremum over all p > 0, ain boundedness of a set K by modular ®. Also, by setting
= 2, we obtain

1nf 2)\ — 1 >2.-2=4.
Recall that a set i le 2.3 is not relatlvely weakly compact, which may not be proved via
using Lemma 2. as is not bounded by the modular ®(f). Indeed,

1
O (eP?)dx = / eP¥ In(eP” + 1)dx =
0

1
=—[e’In(e’ +1) —2In2—e’ +1+In(eP +1)] > 00 as p— 0.
p
Though fails (V2),

P L onAIn(pA 4 1)
lim inf (N = liminf Ao\ + 1)

=n<2n forall n>0.

Note that in general, if K is not relatively weakly compact, then it is not necessarily true that K
is not bounded by the modular ®(f).

Now we provide an example of a set K such that K is bounded by modular ® and ®(\) that does
not have (V3).
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Example 2.6. Let ®(x) =z -In(x + 1) and K = {f,(z) =2P: p > 0}. Note K is bounded by the
modular ®(f). Indeed,
1
sup/ P - In(z? 4+ 1)dx < 1.
p>0J0
However, since ®(z) fails (V3), we conclude that K is not relatively weakly compact by Lemma 2.5.

Now we state the relation between conjugate N-functions in terms of Ag, Vy relations (see [2,
Chapter 2.3, Theorem 3|).

Remark 2.7. ®(x) has V3 if and only if its conjugate ¥(x) has Aj.

For example, let ®(x) = e* —x — 1, = > 0. Then it is easy to see that ® € Vj. Its conjugate
function ¥(z) =z -In(z + 1) —x + In(z + 1), > 0 has As.

The following definition may be found in [17, Definition 53.1], [2, Chapter 1.3[%

Definition 2.8. A function ® : R — R is called a Young function if and only if:

(i) @(x) = lel ¢(s)ds for all z € R;

(i) ¢ : R4 — Ry is continuous and strictly increasing;

(i) ¢(0) =0 and ¢(s) = 00 as s — 0.

Throughout this paper, however, we restrict our attention to Yo tiens @ : Ry — Ry. It

is noted that every Young function is not an N—function (in the®ensé of Ando). However, in most
Aniti
le

papers the definition of a Young function coincides with @e nition of an N —function (with the
condition limg,_,o4 q)gf) = 0), for example, [3, Definition 1.1
Young (or N-)function. For example, ®(z) = zarctan x i

The notion of Orlicz functions (as well as of N

not every Orlicz function is a
h ‘ajfunction.
oung functions) is known since 1940s.

of them are not N—functions, and some are
Examples of Orlicz functions ® : Ry — Ry
®(x) = 2P, p > 1 (corresponding to Lebes
N —function and a Young function);

0 if 0<zx<1,
d(x) = 1 =T= sponding to the Lebesgue space Lo, neither Young nor N-
oo if x> 1;

function).
otg nor N —function);
ung and N —function);
and'in general e” — >} 2—],6 for any n € N;
oung but N —function);
(neither Young nor N—function);
(both Young and N —function);
ep>1 (neither Young nor N—function);
n(z+e)— (z+e) (neither Young nor N—function);
arctanz (not Young but N—function);
if 0<z<l,
if x>1;
z? if 0<z<1/2
x—1/4 if x>1/2; etc.
While discussing relative weak compactness in Orlicz space Lg,, it is natural to ask whether there
is another Orlicz function ®3 # ®; such that Lg, coincides with Lg,. The following theorem shows

equivalent conditions when two Orlicz spaces Lg, and L, coincide on (0, 00) (as sets), see, for example
[16, Theorem 16.3.2].
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Theorem 2.9. Let ®1 and ®5 be two Orlicz functions. The following are equivalent:
(1) @1 = Pg (ie., P; > Py and Py > P; as in Definition 1.6) ;

(2) Ly, (0,00) = L, (0,00) as sets;

(3) Il llLe, and |[ - ||z, are equivalent, i.e.,

ar|lfllce, <Ilfllze, < azllfllLe,

for all f and some a; > 0, ag > 0;
(4) a1¢1L4, (¥) < Ly, (7) < a2pr,, () for all z > 0 and some a; > 0, az > 0;
(5) @1(a1z) < Pa(z) < Py(agx) for all z > 0 and some a; > 0, az > 0.
In condition (4) above, ¢r, (x) stands for the fundamental function of an Orhcz& nd is

defined as follows:
¢re () = [[LjoxllLa-

Note that constants a; and ay in the above conditions (3) , and ( sen the same.
However, if we consider Lg on a finite measure space, the notlon of e icz functions is
slightly different (compare Definitions 1.6 and 1.9), which entails the cor changes in Theorem

2.9. For example, let

x2 if 0<z<l1
r—1/4 if ¥

Then Lg(0,1) = L1(0,1) while Lg(0,00) # Li(0,00)gimde ®(z) ~ = as in Definition 1.9,
thus Ly(0,1) = L;(0,1). To show that Lg( , one may consider a function
f(z) = m_l/gx((),l/m(az), which belongs to L;(0, 00) not belong to Lg(0,00). Or, on the other
hand, this is easily checked since one cannot
b. Therefore, ®(z) is not equivalent to = on (0,
Now we state Theorem 2.9 for L (0, 1)

Theorem 2.10. Let ®1 and ®5 be two icz functions. The following are equivalent:
(1) @1 = @4 (ie., @1 > Py and Py > in Definition 1.9);

(2) Ly (0, 1) = L, (0, 1) as seif
31 ||L<I>1 and || - ||Lq>2 , Le.,

|f||L<1>1 < ||f||Lq>2 > a’2||f“Lq>1
0,

for all f and so
(4) 0101, (2
(5) ®1(a1z) <

0;
< a2pLy, (z) for all z > x and some a; > 0, az > 0, xg > 0;
< @y (agx) for all x > xp and some a; > 0, ag >0, z¢ > 0.

ition will be needed to state another weak compactness criterion in Orlicz spaces.
110 (see [1; 173]) We say that W(z) is increasing more rapidly than ®(x), if for any
t p, g > 0 such that

U(px) >p-n-®(x) for > xg.

Sometimes it is convenient to use the following equivalent definition.
Definition 2.12. (see [1; 173]) We say that ¥(z) is increasing more rapidly than ®(x), if for any
€ > 0 there exist 9§, z¢p > 0 such that
O(0x)
J

e¥(z) > for x> xo.
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We note that U(\) has (V3) if and only if ¥ is increasing more rapidly than itself [1; 173|. If
U(z) > ®(z) for all x > 0, then it is not necessarily true that ¥ is increasing more rapidly than
®. Now we prove a result, which allows one to check whether one Orlicz function is increasing more
rapidly than another.

Y(x)

Proposition 2.13. Let ® and ¥ be two Orlicz functions. If lim, . 3 = O then W is increasing
more rapidly than &.

Proof. If lim, gga:; = 00, then for any 1 > 1 there exists x1 > 0 such that ¥(x) > n- ®(x) for

all z > x;. Since VU is convex there exist p, zo > 0 such that U(pz) > p- ¥(z) for all x > 5. Hence,

Y(x)=p-¥(x) Zp-n- D(z)

for all z > xp, where o = max{x,z2} (this is even stronger statement than requ1
The following theorem is also due to T. Ando [1, Theorem 2.

Theorem 2.14. A subset K of Lg|0, 1] is relatively Weakly compact if a is bounded by
the modular defined by an N —function (depending on K) ¥(x) increasing more ly than &(x

Ezample 2.15. Let ®(x) = e —1, then the Orlicz functlon U(x reasing more rapldly
than ®(z).

Indeed, fix any € > 0 and choose § = 1. Then we need to sh there exists x¢p > 0 such
that ¢ - (e””2 —1) > e®* —1 for all z > xg. It is obvious thatgdor > 0 one can find such zg > 0

12

since liminf, oo &= = co. Note ®(z) = e® — 1 is ction (in the sense of Ando) with
o = limg;_g @ =1, while ¥ is an N —function o

Now using the Theorem 2.14 we prove that a set ample 2.2 (both (i) and (ii)) is relatively

weakly compact in Lg|0, 1].

Ezxample 2.16. Recall in Example 2.2
K ={f,(x) =aP: p>1} is relatively we
Alternatively, by Theorem 2.14 an le 2 15 it remains to show that a set K is bounded by
the modular defined by an N—fu — 1, that is, to show that sup,>, fo P)dx < oo.

Indeed,
N / a:—1</ e’ d:v—1<1/2

we obtaln the desired result.
x) = € — 1 is also increasing more rapidly than ®(x) = e* —x — 1,
all z > 0. Thus, by the previous argument we may conclude that the set
also relatively weakly compact.

(i), @ e? — 1. It has been shown that the subset
ly compact in Lg|0, 1].

Taking supremum ov:
As for (ii),

since e —x — 1

Proof. Indeed, it suffices to find an N-function function ®, another Orlicz function ¥, which
increases more rapidly than ® and a function f for which the inequality fol O(f(z))dx < fol U (f(x))dx
fails. For such purposes, one may choose ®(z) = z, ¥(z) = 2'° and f(z) = .

Thus, recall that a set K in Example 2.3 was not bounded by the modular ®, hence by Remark 2.17
it is not necessarily true that K is not bounded by the modular W, defined by some Orlicz function ¥,
increasing more rapidly than ®. However, since a set K is not relatively weakly compact in L0, 1] we
conclude (by Theorem 2.14) that there is no such function ¥ such that K is bounded by the modular ¥.
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Recall that the complementary (or conjugate) function ¥ to ® in the sense of Young, is defined by
(see [15; 11])
U(t) = sup{s|t| — ®(s) : s> 0}. (1)

Since in this paper we work on positive half-line Ry (that is t > 0), we may omit the modulus sign
in the formula (1).

The following constructive way of identifying a conjugate function to a given Young function is
given in |2, Theorem 3, Formula (14) and Corollary 2, p. 10].

Theorem 2.18. Let @ : R4+ — R4 be a Young function, that is
x
O () :/ ¢(s)ds, x>0,
0
where ¢(0) = 0, ¢ : R+ — R4 is nondecreasing and left continuous. Let 1 \genera ized)

inverse of ¢. Then the conjugate function ¥ to ® may be defined as follows: 6

U(z) :/ P(s)ds, x>0. Q
0
Now we provide examples of pairs of mutually conjugatg Orlicz fun .

Ezxample 2.19. Let ®(z) = e* —x — 1, x > 0, then it isgeas nd its conjugate function (via
Theorem 2.18) ¥(z) = - In(z + 1) — 2 + In(x + 1), \Ch, by definition, is also an Orlicz
(moreover, both of them are N —functions) functiqa.

Indeed, ® () = ¢” — 1 whose inverse is ¥’ (z)
U(z) = [fIn(t+1)dt =z -In(z+1)—z+1n . easy to see that this function coincides with
the one defined by formula (1).

We note that ® is not equivalent to ¥ on (0,

m2 if, 09x<1,

xS

We note that ® is an /N +fung @
L3(0,1). Its conjugate functl )
f

ere is no C' > 0 such that ®(z) < ¥(Cx)).

Ezxample 2.20. Let ®(z) =

d L (0,00) # Ly(0,00) for any p > 1. However, Ly (0,1) =

(fﬂ)z{
3

0<zr <,
%i x> 1.
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I i . E. Hecinbaes!'?, K. Tenenos!?
L Mamemamu e Mamemamurasvlk, Mmodeavoey urcmumymos, Aamamot, Kasaxeman;
2 On-Pap amutrdaev, Kasax yammow ynusepcumemi, Aamamo, Kasaxcman
Opany kK TEPiHAEri 9J/ICi3 »KMHAKBI >KUbIHIaPAbIH MbICAJIIAPbI

€HICTIKTEPIHJIEr CATBICTBIPMAJIBI 9JICI3 YKMHAKBI YKUBIHIAPIBIH KeHOip MbICAI APl KeJl-
-aK OCbl MBICAJIIAP/AH TYBIHAANTHIH KeWOip HoTHKeJep KepceriireH. Aram afTKania,
19 (DYHKIUSCHIHBIH, €eKiHIITCiHe KaparaH/a >KbLIJaMbIpaK ©CeTiHIH KaMTaMacChl3 €TeTiH KpHUTe-

oceTiH Ke3 KesreH W MOZyJIADBI IIEKeJIMEreH KyiiHle Kaaybl MYMKIH €KeHi aHbIKTAJIFAH.

Kiam cesdep: Tyiiingec (TOMBIKTHIPFBIINI) (DYHKIHAIAP, CAJIBICTHIPMAJIBI 9JICI3 }KUHAKBLIBIK, OpJInd KeHiCTiK-
tepi, N —dyukusiap.
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D. Dauitbek, Y. Nessipbayev, K. Tulenov

J. Hayntoex™?, E. Hecunbaes'?, K. Tymnenos!?

L Mnemumym mamemamuky u Mamemamuueckozo modeauposarua, Aamame, Kazaxcman;
2 Kasazcxutl nayuoraibrod yrusepcumem ument asb-Papabu, Aimamo, Kasaxcman

ITpumepsbl ci1abo KOMIAKTHBIX MHOXKECTB B IIpocTpaHcTBax OpJnya

B crarbe MBI IpUBOAUM psif IPUMEPOB OTHOCHTEJIHLHO CIa00 KOMIIAKTHBIX MHOXKECTB B IIPOCTPAHCTBAX
OpJinua. Kpome TOro, rojiydeHbl HEKOTOPbIE pe3yJIbTaThl, BHITEKAIONIUE U3 STUX IIPUMEpPOB. B gacTHOCTH,
MOJTyYeH KPUTEPHUii, KOTOPBI rapanTupyer, 94to ofgHa ¢yukmus Opinda Bo3pacTaeT ObICTpee, YeM Ipyrast
(B cmpicie T. Anpo). Kpome Toro, mokasaHo, 4TO €CaM OMpaHUYEHHOE MOAMHOXKECTBO K HpocTpaHc
OpJinua Le He orpanmyeHo MouayssipomM ¥, To MHOxKecTBO K MOXKET ocTaBaTbCs HeorpaHuse
sroboro momysstpa W, pactymum Obictpee, dem P. ¢

Kmouesvie caosa: conpsizkeHuble (J0momHuTebHbe) DyHKIUN, OTHOCUTEIbHAS C1a6as KOMIAKEHOC

crpancrsa Opisinyaa, N-dyHKIuAA.
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