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The present paper deals with the study of behavior of the solution of Poisson equation with the free
term from weighted grand Lorentz spaces. © 2020 Bull. Georg. Natl. Acad. Sci.
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In the present paper we consider the Poisson equation
Au(x)= f(x), a.e. xeQ, )

where Q is a bounded Lipschitz domain in R", n>3

When fel” (Q) , 1< p <o, the existence and behavior of the solution of (1) was studied in [1] (see

8§9.4). The corresponding result is named as the Calderdn-Zygmund inequality. An extension of the latter
result to some new function spaces is done in [2], Section 14.9.

Let in recall the definition of weighted Lorentz spaces. Suppose that W is a weight function given on
Q i.e. w is a. e. positive and integrable on Q .

Weighted Lorentz space is a set of measurable functions f : Q — R' for which the norm

s

» . s
||f Lﬁ‘,x(Q)=(SJ(w{er:|f(x)|>r})”rs1drj , ISp<o, 1<s<mo
0

is finite.
Here for the Borel e we set

we = J.w(x)dx.

e

It is easy to see that [7” (Q) coincides with the weighted Lebesgue spaces.

On the base of the above mentioned function space we defined the weighted grand Lorentz spaces.

Let I< p<oo, 1<s<oandlet >0. For ameasurable /" and weight w let
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0
_ r-1
Lp).sﬁ(Q) - Sup & "f
v 0<e<p-1

s

mee)”

The spaces /*“ (o) are non-reflexive, non-separable Banach function spaces. In [3] the extrapolation

problem and application to the mapping properties of fundamental integral operators of Harmonic Analysis

in weighted grand Lorentz spaces are explored. In the sequel the different constants independent of
preimages f will be denoted by c .

In the sequel for every multi-index & with || <k , we use the mixed partial derivatives

a\a\f

AL, a,
ox/[" -+ Ox;,

With respect to the equation (1) the following statement holds.

Theorem 1. Let 1< p,s <§ and let@ > 0. Then for fe1”*’(Q) equations (1) is solvable and the

) ys' Lo 1 1 2
solution ue L * (Q), where ———==and s'= L
p q n n—2s
Furthemore,
i) "u LW"%H(Q) S C"f 1759()

.. 1 1 1 ,
ii) "Dl”"L’)""‘%(Q) Sc”f"L,,,y\ﬂ(Q) when ;—:=;, l<s<n and s'= P

iii) | D%

P50 (Q) sc ||f

Lp).s.z} (Q) .

Definition. A weight function w:Q — R' is said to be of Muckenhoupt class 4,(Q) if

sip[m | w(x)dx}(m [ ww'(x)dxjpl@o,

QN8B QNB

where the supremum is taken over all balls with centers in QQ and p’'= % 1

Theorem 2. Let 1< p,s <§ and let 6> 0. Suppose that we 4 . Then for f e L the equation (1)
1+L
e

. . : 1 2
is solvable and the solution u belongs to f e L7’ (Q), where ———== and s' =
p q n n—2s
«

. Furthemore

' 4
2@ S lpoaiay:

Theorem 3. Let 1< p,s <g and let 6 >0. Suppose thatwe 4, (G) Then for the derivatives of the

solution of (1) we have the following estimates:

) [p'u

NP
s~ S C”
o self

1 1 1
oo Where ———=—_1<s<n and s'=
W p r n n—s
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.o 2
if) "D u”L{ﬁ"*ﬂ(Q) < C"f"L’.I"“H ’

Here we need to notice that

Ap (Q) c AHL (Q) c Al+

’

P P

(Q).

N

Finally we mention that the proofs of afore said theorems are based on the integral representation of the
solutionu and boundedness results on singular and fractional integral operators established in [3].
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