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In conclusion, application of Darboux transformation to solve explicit solutions for the
(2+1)-dimensional Hirota-Maxwell-Bloch equation (1). In this work Darboux transformation was
used for nonlinear differential equation and taken solutions [1-6]..
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Spaces LQ(Q), 0<p<ow

Let 0 <p < oo and Q would be a measurable set in R", and a function £': Q — C. The function

f e Lp(Q) if f is measurable on Q and
1

p
[1l, o =| 11 0x | <oo
Q
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Note that if meas Q > 0, then the conditions f € L;(€2) and || f ||L () < are not equivalent. If, for
p

example, f:= 1 on a non-measurable subset G of the set QNBy where r>0 is such that
meas(QNBr)>0, f:=—1 on(QNBy)\G, and f := 0 on Q \ By, then f is not measurable on Q, hence does
not belong to Lp(€2) for any O<p<co, but | f|| = <oo.

Lp(Q)

Next, Let (X, p) be a measurable space, for 0 < p < oo, we consider
c)P

WeakL, =1 f : ul(x e X :[F (X)) > 2))< (IJ , for some C > 0.

Let f e L°(R"). The fractional maximal operator M, is defined by

1.2
M, f () =sup|B(x,t)| " ﬂf(Y)‘dy,O <a<n, where [B(x, t)| is the Lebesgue measure of the
t>0 B(X,t)
ball B(x,t). If a = 0, then M = M is the Hardy-Littlewood maximal operator.
-1

MF (x) = sup|B(x, ) j | (y)|dy

t>0 B(x,t)
The operator Mg plays a special and very important role in real and harmonic analysis.
Also Morrey spaces Mp ), play an important role. They were introduced by C. Morrey in 1938 and

defined as follows: for 1 < p<oo, 0<A<n, a function feM if f ¢ L'SC(R”) and
-Alp

| f “Lp(B(x,r)) <®©

||f||MM = ”f”Mp,ﬁ(R”) N Xeilnﬁor

Definition of Morrey-type spaces:
Let O0< p,0<wand let wbe a non-negative measurable function (0,0). We denote by

LM ,.,GM ,,,, the local Morrey-type spaces, the global Morrey-type spaces respectively, the
spaces of all functions f e L'SC(R”) with finite quasinorms

[ =1l o = HON 00 Com

and | f HGM o SUQHf (x+ ')HLM . TeSpectively.

xeR
=[],

Let 0< p,8 <oo. We denote by €2, the set of all function w which are non-negative, measurable on
(0,0),, not equivalent to 0 and such that for some >0 [w(r)]_, ., <.
g (1,00

Pay attention that f ”LM oo - ” f ”GM b1

Moreover, we denote by Q,, the set of all functions w which are non-negative, measurable on

(0,0), not equivalent to 0 and such that for some t,,t, >0
n/p
||w(r)||L9(tlloo) <o ‘w(r)r <0

Ly (0,t2)

Theorem 1.3 from [1] in case of g¢=0:
1) If 1<p <00<p,<00<a<n0<6,60,<c00,w, €y and W,eQ,then the

n/p2 ‘
pa— 1 p— r
t(Z n/ pp+n |n{n a,n/ pZ} Wz(r)

condition ('[—i— p)min{n—a,n/pz}‘ < C||Wl|||_91 (t,) for

L@(Oﬁﬁ)
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all t>0, where ¢>0 is independent of t, is necessary for the boundedness of M, from LM, to
LM

P60, W, *
2)If 1< p; <0,0<p, <0,0<0,<0, <o0,6 < p;,n(l/p,—1/p,), <a<n/p,w eQ,andw, eQ,

then the condition

rn/p2

(t+p)" "]

W, (r) < C||W1||L91 (t,)
L92 (0,0)
for all t>0, where c>0 is independent of t, is sufficient for the boundedness of M, from

LMy, w, to LMg, , and from GMg, , to GMy,

3) In particular case, if
1<p,<p,<00<0<£6, <06, <p,a=nllp -1/p,), ,weQ,and w, €Q, , then the

condition

r n/p,
o) | <l
g, (0,0

for all t=0, where c>0 is independent of t , is necessary and sufficient for the bounedness
of M, from LM, to LM, .

This theorem was proved in [2]. Namely Theorem 9 from this source which is proved by a certain
estimation for L -norms of M f over balls B(x,r), which allowed to simplify the problem of

boundedness of M in local Morrey-type spaces to the problem of boundedness of the Hardy
operator on the cone of non-negative non-increasing functions.

Theorem 9. If 1< p; <00,0< p, <00, =0,0 <, <0, W, €€, , then the condition

rn/ P2
W, (1) mintnn/ Pz}‘ <00 js necessary for the boundedness of
(t+p) Ly, (0:0)

n/ py+min{n,n/ p,}

supt_
t>0

M, from L, to LMy, ,, .

2.1f1<p <00<p,<oo,nl/p,-1/p,), <a<n/p,w,eQ,, a=0
then the conditionw, (r)r "“»*'*) e, (0,:0)and assume that p, =p,, is sufficient for the
boundedness of M, from L, to LM, ,, .

3. In particular case, if 1< p, < p, <0,0< 6, <0,a=n(l/p, -1/ p,) and w, €, , or
1<p,<p,<»0<8,<o,a=n(/p -1/ p,)and w, €Q, , or

1<p,<o0<p,<oo,n(l/p, -1/p,), <a<n/p,0,=0and w, eQ,, then condition from 2 is
necessary and sufficient for the boundedness of M, from L, to LM, ,, .

Later we will assume that a=0.
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Proof. First consider the case of spaces LMy, \, .
Sufficiency : By Corollary (Let 1< p; <©,0< p, <oo,n(d/ p, =1/ p,), <a<nlp,.

Then there exists C>0 such that M, f|, o S Cro"WRAR)|f||  for all r>0 and for all
p2 ! P1

f eL,.) appliedto LM%%

W, (r)“M a f ”Lp2 (B(0,r))

< CHWZ(r)ra—n(ll p1-1/p,)
)

Ml =] ]
@M o0, wp Lg, (0,00)1 Mgy

In our case:

M|y,

Remark. Another approach to to the problem osyf finding sufficient conditions for the
boundedness of M _ in local Morrey-type spaces may be based on the inequality established by

Sawer «Two Weight Norm Inequalities for Certain Maximal and Integral Operators».
P
JM, £)()Pdx < C [[ ()" (Mg, J0)AX, where 1< p<eoand C > 0is independent of
B(0,r) R"
fel,, andr, which is generalization of the weighted inequality of Fefferman and Stein for

a=0. However if one follows the argument which worked for g =0, this will lead in the case
a =n(l/ p,—1/ p,) only to a sufficient condition

r Ve
W2 (r)[ j = C(7)||W1”|_91(t,oo)

t+r

ng (0,00

W, (r)||Ma f ”L < Cuwz(r)r—n(ll p;—1/ py)

Ly, (0,00 Ly, (0,0) Loy

202 W2 B ‘ py (B(O,1))

Lo, (0,0)

where ¥ any positive number less than n/ p, .
The case of the assumption without &, < p, is still an open question.

Literature
1. V.l. Burenkov, A. Gogatishvili, V.S. Guliyev, R.Ch. Mustafayev, Boundedness of
the fractional maximal operator in local Morrey-type spaces.
2. V.1.Burenkov, H.V.Guliyev, V.S.Guliev, Necessary and sufficient conditions for the

boundedness of fractional maximal operators in local Morrey-type spaces. Journal of computational
and applied mathematics, no. 208 (2007), 280-301.

VK 517
KOMITAKTHOCTB OIEPATOPA JIPOBHOT'O UHTETPUPOBAHHUS TUIIA
XOJbMI'PEHA

Kadunen Acem /layiieTr0eKKbI3bI
assem.kabiden@gmail.com
Maructpant EHY um. JI.H. 'ymunesa, r. Actana, Kazaxcran
Hayunslit pykoBoauTens — A.M. AbbuiacBa

2050


mailto:assem.kabiden@gmail.com

	титул

