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Abstract. In this paper, we give the complete characterization of the boundedness of the
discrete fractional maximal operator M., , defined on Z", n € N, v € [0,n), between the classical
Lorentz sequence spaces A,(v) and Aj(w), where 0 < p,q < oo, {v(m)} and {w(m)} are non-
negative sequences defined on N. We first obtain a sharp upper estimate for the nonincreasing
rearrangement of the discrete fractional maximal operator M.,z , with a supremal operator involving
a discrete Hardy operator and the nonincreasing rearrangement of the sequence {z(k)}, and we show
that this estimate is sharp by showing a lower estimate for special sequences. Using this result, we
can reduce the characterization of the boundedness of the discrete fractional maximal operator M,
between the discrete weighted Lorentz sequence spaces to the boundedness of the discrete supremum
operator between weighted Lebesgue sequence spaces, restricted to nonincreasing sequences. This
problem was investigated in the recent paper by the authors, which enables us to obtain the final
characterization.
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1. Introduction

We start with the definition of the decreasing rearrangement of the real sequences. We will
follow the book [1] reformulating the definitions for the special case of the o -finite measure space
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(Z",P(Z"™),m) where m is the usual counting measure, which is defined as follows: for a finite set
A, m(A) is the number of its elements, and for infinite A we have that m(A4) = oo.

Definition 1 (Distribution function and decreasing rearrangement). Consider the measure space
(2", P(Z"™),m) . For any bounded sequence {x(k)}rezn of real numbers, we define its distribution
function my : [0,00) — [0,00] in the following way:

my(w) =mi{k € Z" : |z(k)| > w}, w>0.
Then for ¢ > 0 we define the decreasing rearrangement:
z*(t) = inf{w > 0 : my(w) < t}
and the decreasing rearrangement {x*(i)}5°; of the sequence {z(k)}rezn as
(1) = 2™ (t(7)) = inf{w > 0 : my(w) < t(i)}

forany ¢ —1 <t(i) <i, ieN.
It should be noticed that an alternative equivalent definition of the decreasing rearrangement is
possible.

x* (i) = sup min |z(k)| i€ N.

ECZ™m(E)=i k€E (&)
We use the convention here that inf () = co. Thus, if m,(w) > ¢ for all w >0, then z*(i) = 0.
We denote z**(k) as the average {z*(k)}ren:

k
1
(k) = - > at(i), keN.
=1

We will use the following conventions. We write A < B if there exists a constant C' € (0,00)
independent of appropriate quantities such that A < CB. We write A ~ B if we have both A < B
and B < A. We put 1/(+o00) =0, 0/0 =0, 0-(+o0) = 0. Moreover, we omit arguments of
integrands as well as differentials in integrals when appropriate in order to keep the exposition as
short as possible. We will denote by LHS(x) and RHS(x), the left-hand side and right-hand side
of an inequality (x), respectively. Note that since the counting measure m can only take integer
values (or infinity), it does not matter which exact ¢ is chosen for the given k, as long as it is in
the aforementioned interval.

In this paper, an upper bound is obtained for a nonincreasing rearrangement of a discrete
fractional-maximal operator through a certain supremal operator. We assume throughout that
w and v are sequences of nonnegative terms. Their partial sums are denoted by

m m
W(m)=> wk), V(m)=> v(k), meN.
k=1 k=1
In the case where the series converges, or we consider the limit of the sequence of partial sums, we
write:

V(oco) = lim V(m).

m—ro0

Definition 2. Given a fized sequence w(k)ren of nonnegative real numbers not identically equal to
zero and a fived p € (0,00). The classical Lorentz sequence space A\p(w) is the set of all complex
sequences & = x(k)yczn such that ||z||y, ) < 0o, where

ooa:*k:p-wk %7 0 o0,
oy - | (S 0rwm)" 0<p

k=1
sup z* (k) - w(k), p = 00.
k>1
Notice that the || - |[x,(w) does not necessarily have to be a norm.
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Definition 3.
Ap(w) ={z € Z" : ||z, (w) < +o0}.

For m = (my,ma, -+ ,my,) € Z" and N € N we define the set
SN ={k€Z" : |k —m|loc < N},

where |[|(z(1),2(2), -+ ,z(n))|lec := max{|z(i)] : 1 < i < n} for each (z(1),z(2),---,z(n)) €
Z™. Then |S, n| = (2N + 1)" is the cardinality of the set S, n. Let 7 € [0, n) r =
((1),2(2), - ,x(k)) € Z™. The discrete fractional maximal operator M., is defined by

(Myz)(m) = sup [Spn|» D |z(k)], m e Z".
NeN s
m,N

The aim of this paper is to establish a condition for the boundedness of the discrete fractional
maximal operator from Ap(v) to Ag(w).

2. Preliminaries

Theorem 1. [I, Chapter-2, Theorem 2.2| If x = {z(m)}mezr and b = {b(m)}mezn are complex

sequences, then
> a(m)b(m) <> 2 (k)b*
k=1

mezZm

Lemma 1. Let n € N and ~ € [0,n), then the following inequalities hold:

sup (M,z)* (k) < D3 sup ko z*(k), (1)
ke N

sup k'~ (M ) < Dy Z |x(k (2)

ke N kezZn
where D3 and Dy are positive constants depending only on n and -y

Proof. Using the definition of M, and Theorem [l we get

sup (Myx)* (k) = sup (M x)(m)

ke N mez"™
J_
= sup sup |[Spn|n ! Z |x(k)|
mezZn NeN .
‘Sm,N‘
< sup sup [Spn[n !t D a*(i)
mezZn NeN ]
Ism,N‘
.
= sup sup |Spn|n ! Z i (0)
me Zn NeN ,
N ‘Sm,N‘
< sup sup |Sp|n Z i sup /M2 (i)
mezZn NeN | ieN
< Dysup /"2 (i)
i€EN

the estimate proved.
Now we prove the estimate . Fix a number A > 0 and set

— n.
Ex={keZ": (Myx)(k) > \}.
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We want to estimate

_a " C
m(Ex)'""n = m({k € Z" : (Myz)(k) > A\}) < 74 > Ja(k))-
kezn
For each k € E), choose NN} such that

! S fam)| > A

Sk, 17/ meSmn

Thus E)\ C Ugeg, Sk.n, . Take any finite set E C E), and apply the Vitali covering lemma [2]
Chapter-1, Lemma, p. 9]. So there exists a disjoint subcollection {S; = Sk; n, } selected by the
J

Vitali covering lemma, such that:

m(E)\) < 3" Z m(S])
J

and
m(By)' " <377y m(s))!
J
<3N N a(m)|
j meS;
<3N DY fa(m)]
mEU]-Sj
<3N N fe(m)],
mezZ™
SO 5
sup Am(Ey)"n < 3777 Z |z(m)]
A>0 mezZm™
sup m'= 7 (My)*(m) = sup Am(Ex)' % <377 3 [a(m)]
meN A>0 mezn
which is an estimate with Dy =377, O

3. Main results

In the following theorem, an upper bound estimate for the nonincreasing rearrangement of the
discrete fractional maximal operator is obtained.

Having defined the A,(w) norm, we can now move on to the sequence spaces induced by that
norm. For the definition to make sense, we only take sequences with finite norm.

Theorem 2. Let n € N and vy € [0,n). Then there exists a positive constant D; , depending only
on n and v, such that

(Myz)*(m) < Dy sup  EV"z**( k), meN (3)

m<k<oo

for any sequence x = {x(m)}pmezn .

Proof of Theorem [2l Fix k € N and let x €I} (Z"). We may assume that

loc

k
sup kY/m1 Zl’*(]) < 0 (4)

m<k<oo j=1

otherwise holds trivially. Then by the Hardy-Littlewood inequality

k
D x(k) < at(i) < oo
i=1

ke@
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Characterization of the Boundedness of the Discrete Fractional Maximal Operator...

for every set @ C Z" of measure at most k. In particular, if we put

E={meZ":|z(m)| > z"(k)},
then m(F) < k [I, Chapter 2, (1.18)], and so >_ |z(k)| < co. We define the sequences:
keE

yr(m) = max{|z(m)| — x*(k),0} sgn z(m), m e 7",
zi(m) = min{|x(m)|, * (k) } sgn z(m), mezZ".

Then x =y + 2, and

Yk (1) = Xownn (@ (1) — 2" (k)), ieN
23 (1) = min {z"(7), 2" (k)}, ieN
whence from :
00 k
> ) = o wi) = Y (#50) — 2" (1)) < 30w (0).
mezn i=1 i=1 i=1

From the inequality it follows that

k
(Myy)* (i) < Dai?/™ ™0 > Jyi(m)| < Dai?™ ™1y (i), i €N,

mezZ" i=1

By and we have:

(Myz,)"(i) < Ds sup i/"z(i)
1<i<o0o

= ngax{ sup 7/"x*(k), sup i"’/"x*(i)}
0<i<k k<i<oo

Q

Ds max{k”/":c*(k:), sup ﬂ/”x*(i)}

k<i<oo

IN

Dy sup iV/"z*(i).
k<i<oo

Hence

sup (Myz,)*(i) < D3 sup V" (i),
0<i<oo k<i<oo

(M,y:c)*(k:) < (nyk)*(k:) + sup (Mvzk)*(i).

0<i<oo
By using, and we get

k
(Myz)" (k) < D4k7/”_12x*(i)+D3 sup /™" (i)

=1 k<i<oo
< (D4+ D3) sup iV"a* (i)
k<i<oo
= Dy sup i""a* (i),
k<i<oo

with D1 = Ds+ Dy.
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Theorem 3. Let us n € N and v € [0,n) . Inequality mn Theorem@ 1s sharp in the sense that
for any positive nonincreasing sequence x = {x(m)}men there exists a sequence y = {y(k)}rezn
such that y*(k) = z(k), k € N and the inequality holds:

(Myy)*(m) > Dy sup  KV/"y™( k)
m<k<oo
= Dy sup ot ), m,keN, 12
2m<k<oo Z ( )

where Do - is a positive constant depending only on n and .

Proof of Theorem [Bl Let for any m € N define

Ny = {1},
Np={ieN:ii=@m—3"+1,---,2m—-1)", m=23,...,
and
Qm:={keZ :11211a<x|k()]— m — 1}.

It is clear that
#{N1} = #{Q1} =1,
and
#{Nm} = #{Qm} = 2m —-1)" — 2m - 3)", m=2,3,---
N = UmeNNma 7" = UmENQm-

Let
Om:Qm — Ny, meN

be one-to-one functions.
Define © : Z" — N
O(k) =0, (k), if k€ Qmn.
y(k) =z(0(k)), keZ".

Then, for every k,m € Z" such that ||k|e > ||m||cc , We have
My(y)(m) 2 lSowpl ™ 32 Iw()

JES0, |1kl 00
v—n Ikl
—c(zukuooﬂ) S Y i)
i1 jeQ;
—n Ikl
—c<2ukuoo ) S Y e(00)
=1 jeQ;
o [l
c(zukum ) S Y Jx(m)
=1 mENi
y—n Cllklloo+1)"
(2ukuoo ) S )
=1

Consequently,

M, m 20 -1 x(i
(y)(m) (2”m”mH ZI
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Characterization of the Boundedness of the Discrete Fractional Maximal Operator...

Hence, followed on taking rearrangements. O

Remark 1. For the classical fractional maximal operator, similar statements are proven in [3],
and for the generalized fractional maximal operator, they are considered in [4].

From Theorem [2] and Theorem [3] follows the following.

Lemma 2. Let n € N, v € [0,n) and 0 < ¢,p < oco. Assume that {v(m)} and {w(m)}

are given nonnegative weight sequences. Then the operator M., is bounded from Mp(v) to Ag(w)
(M : Xp(v) = Ag(w) ) i.e.

(Z((Mv )*(k))qw(k)> e <Z(y(k)*)pv(k)> p (13)

k=1 k=1

holds for any sequence y = {y(m)}mezn , if and only if the following inequality

0 k q q o %
(Z <sup kllzx(z’)> w(m)> < Cy (Z x(k:)%(k)) (14)

m=1 \"<Fk i=1 k=1

holds for all nonnegative, nonincreasing sequences {x(n)}nen. Moreover, if Ci and Cs are the

best constants in and , respectively, then Ci ~ Cs and the multiplicative constants in all
the equivalences above depend only on p,q .

Proof of Lemma 2l We will prove the equivalence of two statements:

The boundedness of the operator M, from A,(v) to Ag(w), i.e., the fulfillment of inequality
. The fulfillment of inequality for all nonnegative, nonincreasing sequences {x(n)}n,en -

(13) = (14).

Assume that the operator M, is bounded, i.e. the inequality holds for any sequence
{y(m)}mez, . We will show that this implies inequality for nonincreasing sequences x(k)gen -
By Theorem (3| for given nonincreasing sequence (z(k)ren there exists multivariable sequence
{y(m)}mez, such that y*(k) =x(k) k€N and

(M (y))"(k) = Dy sup ity w ().
<1<oo j=1

Therefore, from inequality follows

Q|
3 =

<D, (Z(Mv(y))*(k))qw(k)> < Dy'Cy (Z y*(k)pv(k)>

Therefore, we obtain with
Cy < Dy'C).
[14) = (13).
Assume that inequality holds for all nonnegative, nonincreasing sequences {z(n)}. We will
show that this implies the boundedness of the operator M, , i.e., inequality for any sequence
Y.
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Using Theorem |2 and for nonincreasing sequence
((y*)(k))ren , we obtain

(Z((Mwy)*(k))qw(/ﬂ))

k=1

Q=

8
Ql

<Dy (D | sup i 1Zy w(k)

k=1 k<i<oo

B =

< DGy (Z <y*<k>>%<k>>

k=

—_

Therefore, we obtain with
C, < D1Cs.
O

In the theorem below, we give a characterization for computing inequality (13) under various
choices of the parameters p and q.

Theorem 4. Let n € N. v € [0,n), and 0 < p,q < co. Assume that {w(m)} and {v(m)} are
given nonnegative real numbers not identically equal to zero. Then the inequality

(Z ((Mvaf)*(k))qw(k)> Ye) (Z(w(k)*)pv(k)> p
k=1 k=1

holds for any sequences {x(m)} if and only if:
(i) If 1 <p<gq, then max{C'o,Cl,Cg,C’g} < 00, where

0o l
=1
p—1

= 5
Oy = sup kn W (k) V(mﬂl Po(m +1) ;
keN me1 miPV(m+1)

(xo
>

p—1

= % r ﬁvm v
czzsup<ziq(gnw(i)> <Z V(”Z ( +1)> 7

keN \ i=k m=1 mrV(m+1)

k H .
C3 = sup (Zw(z)zqnw) V(k) ».

keN \

(ii) If p>1 and q < p, then max{Cy, Cy,Cs5,Cq,C7} < 00, where

- (33 W‘”w(z‘))p_qwz—nw(m( Vim) = v >>>
(22 3 Tt

k 1 (p—lq . p—q

p qw sup i %71)% V(m) 1*?1}(m + 1) P—q Pq

(ZW k<i<poo (7;1 mﬁV(m—i—l) > > )

Ce = (ZW P aw(k) sup i%%V(i)_ﬁ

k<i<oo
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(p—1)a  p—gq

v (ZV(m—i—l)_lV(m)llpv(m+1)) o ) "

m>1

y - &
Cr = (Z (Zw(z)zqnw> w(k) sup zthV(z)Pth> .
k=1 \ i=1 <
(iii) If 0 <p <1 and p < q, then max{Cs,Co} < oo, where

Cs = sup k%_IW(k:)% sup iV (i) »
keN 1<i<k

1
q
Co = sup <qu i ) sup V(i) P

keN 1<i<k

(iv) If 0 < ¢ <p <1, then then max{C1,C11} < 0o, where

q

o] o] p—q
Cro = (Z (Zwu)iq(l‘”) kG Vw(k) sup z‘quva)qqp>

k=1 \ i=k Isi<k

r—gq

2 _pq q \ "

Cn = g W (k P aw(k) sup inr=aV(i)a-p .
k<i<oo

Moreover, if we denote by C the best constant in , then

max{Cy, C1,Ca,Cs} in the case (i),
G n max{Cy, Cy, C5,Cs,C7} in the case (ii),

max{Cs,Co} in the case (iii),
max{C19, C11} in the case (iv).

Moreover, the multiplicative constants in all the equivalences above depend only on p,q .

Proof of Theorem [4. The proof easily follows from Lemma [2| by using [5, Theorem 2.3|, with
u(@) = in', a(m) = w(m) and b(m) = v(m). It is easily seen that z(k) = k= ' and
SUp;<j<n u(j)j = nw . Therefore, in the cases (iii) and (iv), we have one condition less than in
[5, Theorem 2.3] because in case (iii) we have C' ~ Cs + Cg + C19 and Cyg < Cs. In case (iv) we
have C =~ Cy1 + C12 + C13, Ci3 < O, therefor C ~ C11 + C12, C11 and Cig are now Cig and
Chy -

]

We note that weighted inequalities for Hardy operators and for other operators have also been
considered in the literature [6]-[13].

4. Conclusion

In this paper, we have obtained sharp upper and lower bounds for the nonincreasing rearrangement
of the discrete fractional maximal operator in weighted Lorentz-type sequence spaces \,(v) —
Ag(w) . These estimates were derived using supremal operator techniques and reduction arguments
applied to cones of monotone sequences.

In the paper [7]-[8], a continuous case is considered. In the discrete case, the result was problem-
atic, and the result is essentially different. We have proved the new Copson theorem for the discrete
case; in the results, it can be seen that it uses shifts - this is a new effect. Also, obtaining the
estimate below for the decreasing rearrangement of the fractional maximal function is more difficult
than in the continuous case. In the continuous case, it is enough to consider a radial function, there
is no analog of a radial sequence in Z".
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Our results generalize and refine known weighted inequalities for discrete Hardy-type and kernel
operators. The established equivalences involving iterated supremal expressions highlight a deep
connection between discrete harmonic analysis and classical real-variable techniques.

From a practical perspective, such rearrangement-based estimates can be useful in problems re-
lated to smoothing analysis, approximation, and stability assessment in discrete computational set-
tings.

Future research may focus on extending these results to generalized discrete potential-type oper-
ators and exploring their role in grid-based models.
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Canmakranran JlopeHi| Ti30eKTepi KeHICTIKTEPi apachlHAAFbI JUCKPETTi OOJIIIEKTI
MaKCUMAJIJIbI OMEePATOPAbIH IIIEHEJITEH/IINH CUTIATTaY

A. Torarumsuiu !, H.A. Bokaes?, H.K. Kysey6aesa 2 *
! Yexus rolIbIM aKaIeMHUSCHIHBIH, MaTeMaTuKa HHCTUTYThI, 115 67 IIpara 1, 2Kurna xermeci, 25, Yexus
2 JLH. T'ymunes arbrgarst Eypasus yarTeik yausepcuteri, Cornaes kemmeci, 2, 010008, Acrana, Kasaxcram

Ansotarusa. DByn maxamana 6i3 Z", n € N, v € [0,n), kublHbIHIa aHbIKTagran M,
JUCKPETTI OOJIMEKTIK MAKCUMAJIJIbI OIEPATOPBIHBIH KJIACCUKAJIBIK, JIOpeHt| TizbekTep KeHicTiKTepi
Ap(v) Men Aj(w) apacblga IreHesreH OOJIYBIHBIH TOJIBIK CHIATTAMACHIH OGepeMis, MYHIArbI
0 < pg < oo, an {v(m)} xome {w(m)} — N KuUbIHBIHIA AHBIKTAJFAH TEpiC eMec
Ti36exTep.  Aupnpiven 6i3 Myx  aucKperTi GeJIIIEKTIK MAKCHMAJIBI OIEPATOPBLIHBIH, OCHeiTin
AJIMACTBIPYBI YIIIH J9J1 JKOFaprbl Oarajiayjibl alambl3, Oyl Garaiay JUCKpeTTi Xapju OlnepaTopbl
men {xz(k)} Tizberiniy ecHnelTiH aJMACTBHIDYBIH KAMTUTBIH CYNPEMYyMJbIK OIEPATOP AapPKBLIbI
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epuekTeseni. CoHpmaii-ak, apHaiibl TI30EKTep YIIIH TOMEHT Darajiayjibl KeJITIpy apKbLIbl AJIbIHFaH
Garasiay/iblH JIQJINiH KepcereMis.  Ocbl HOTMKEHI TaiijlajlaHa OTBIPBII, CaJMakThl JIopeHry
TizbekTep KeHicTikTepi apaceingarel M, AuCKperTi OGeJIIeKTiK MaKCHMaJJbl OIePaTOPLIHBIH
MIEHEJITeH/IITIH CUIIATTay MIcesecin cajaMakThl Jleber TizbekTep KeHICTIKTEP] apachlHIAFbl TUCKPETTI
CYIIPEMYM OII€PATOPBIHBIH, IEHEeJTeH/IINH 3epTTeyre KejaTipyre 0oJaibl. Aramran  mocese
ABTOPJIAP/IbIH, KYMBICTAPBIH/IA 3€PTTETeH, COHBIH HOTHKECIH/IE JIUCKPETT OOJIIIEKTIK MaKCUMAJI/IbI
M., omepaTOpBIHBIH, IUCKPETTI caJMakThl JIopeHn KeHicTiKTepinie IIeHeIreH/iriHe TYIKITIKTI
cuUmaTTaMa aJyra MyYMKIHIIK Oepi.

Tyiiin ce3mep: GeJekTi MakCUMaJIIbl OIIEPATOpP, caJMakKTaJraH Jlopenr TizbekTep KeHiCTiri,
CyIPEMYM OIIEPATOPHI, XaPIH OIEPATOPHI.

XapaKTepucTUKa OTrPaHUYEHHOCTH JUCKPETHOTO JIPOOHO-MaKCUMAaJIBHOTO olepaTopa
MeXK/Iy BECOBBIMU IIPOCTPAHCTBAMU IOCJIe/foBaTesibHOCTEel JlopeHia

A. Torarumsuiu !, H.A. Bokaes?, H.K. Kysey6aesa 2 *
! UncrutyT MaremaTukn Yermckolt akagemun Hayk, yi.2Kutaa, 25, 115 67 Ilpara 1, Yemckas Pecmybamka,
2 Espasuiickuii Harmonaibueii yausepcurer uM. JL.H. Dymmiésa, yia.Carmaesa, 2, 010008, Acrana,

Kazaxcran
AnnaoTtaius. B nmamboit pabore TpMBOAWUTCS TOJJHASI XapaKTepHU3allnsl OrPAHMYEHHOCTH
JINCKPETHOrO  JIPOOHOTO ~ MaKCHMaJbHOrO — omeparopa M.,  OIpeJeIeHHoro Ha 7,

n € N, v € [0,n), Kak oneparopa, JAefiCTBYIONIEro MeKJly KJIACCUUYeCKHMHU [POCTPAHCTBAMU
nociegosarenbaocreit Jlopenna A,(v) m Ag(w), rme 0 < p,g < oo, a {v(m)} u {w(m)}
HEOTPHIATE/ILHBIE TTOCIE0BATEIBHOCTH, 3aaannble Ha N. CHadana MbI TIOJydaeM TOYHYIO OIECHKY
CBEPXY Il HEBO3PACTAIONIEH I[EPECTAHOBKH IociaegoBareabnoctn Myx  (pesyiabrara jeificTsus
JIICKPETHOTO JIPOOGHOI0 MAKCUMAJBLHOTO OIIEPATOPA) Yepe3 CyNpPeMasIbHBII OMepaTop, BKIKOUYAOIIII
JIICKPETHBIN omeparop Xap/u U HEeBO3PACTAILYI0 IIepecTaHoBKY mnocienosareasnoctn {x(k)},
TOYHOCTH ITOU OIEHKM IIOJITBEPKIAETCS COOTBETCTBYIOIIEH OIEHKOW CHU3Y JJjIsl CIEeIUAJIbHBIX
nocsIeIoBaTeIbHOCTeN.  VICIoNb3yst 3TOT Pe3y/abraT, 3alady O XapaKTepU3allud OrPAHHYEHHOCTH
JIUCKPETHOrO  JAPOOHOrO  MaKCHMAJBLHOIO —onepaTopa M,  MeXJy JUCKPETHBIMU BECOBBIMU
IPOCTPAHCTBAME TI0CTIE0BaTebHOCTEH JIOpeHia MOXKHO cBecTH K 3ajade 06 OrpaHuYeHHOCTH
JUCKPETHOT'O CyIIpeMaJIbHOT'O OollepaTopa MeE2K/1y BECOBBIMU IIPOCTPaHCTBaMU IIOC.He,ZLOBaTe.HbHOCTeﬁ
Jlebera, paccMaTpuBaeMOro Ha KJacce HEBO3PACTAIOIIUX IIOCIEI0BATEIbHOCTEH. DTa 3a1aua Oblia
ucesieioBana B paboTax aBTOPOB, YTO MO3BOJIMJIO IMOJYYIUTH OKOHUYATENLHYIO XapaKTEePUCTUKY
OrPaHMYEHHOCTH JUCKPETHOIO JIPOOHOIO MAKCHMAJBHOIO omeparopa M., B MCKPETHBIX BECOBBIX
npocTpancreax Jlopemna.

KumroueBble cjioBa: UCKPETHBINH APOOHO MaKCHUMAJbHBLINA OIEpaTop, BECOBOE IPOCTPAHCTBO
nocyeoBaTenbHocTeil JIopenna, cynpeMaabHbIil oneparop, onepaTop Xap/IH.
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