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DIRICHLET PROBLEM WITH MEASURABLE DATA FOR
QUASILINEAR POISSON EQUATIONS

The study of the Dirichlet problem with arbitrary measurable data for harmonic functions in the unit
disk D goes to the famous dissertation of Luzin, see e.g. its reprint [25]. His result was formulated in
terms of angular limits (along nontangent paths) that are a traditional tool for the research of the
boundary behavior in the geometric function theory.

Following this way, we proved in [16] Theorem 7 on the solvability of the Dirichlet problem for the
Poisson equations AU = G with sources in classes G € LP, p > 1, in Jordan domains with arbitrary
boundary data that are measurable with respect to the logarithmic capacity. There we assumed that
the domains satisfy the quasihyperbolic boundary condition by Gehring-Martio, generally speaking,
without the known (A)—condition by Ladyzhenskaya—Ural’tseva and, in particular, without the outer
cone condition that were standard for boundary-value problems in the PDE theory. Note that such
Jordan domains cannot be even locally rectifiable.

With a view to further development of the theory of boundary value problems for semi-linear
equations, the present paper is devoted to the Dirichlet problem with arbitrary measurable (over
logarithmic capacity) boundary data for quasilinear Poisson equations in such Jordan domains.

For this purpose, it is first constructed completely continuous operators generating nonclassical
solutions of the Dirichlet boundary-value problem with arbitrary measurable data for the Poisson
equations AU = G with the sources G € L?, p > 1.

The latter makes it possible to apply the Leray-Schauder approach to the proof of theorems on the
existence of regular nonclassical solutions of the measurable Dirichlet problem for quasilinear Poisson
equations of the form AU(z) = H(z) - Q(U(z)) for multipliers H € L” with p > 1 and continuous
functions @ : R — R with Q(t)/t — 0 as t — oo.

As consequences, we give applications to some concrete quasilinear equations of mathematical
physics, arising under modelling various physical processes such as diffusion with absorption, plasma
states, stationary burning etc. These results can be also applied to semi-linear equations of mathematical
physics in anisotropic and inhomogeneous media.

MSC: Primary 30C65, 31A05, 31A20, 31A25, 31B25, 35J61 Secondary 30E25, 31C05, 34M50, 35F45,
35Q15.

Keywords: logarithmic capacity, quasilinear Poisson equations, nonlinear sources, Dirichlet problem,
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1. Introduction.

Recall that a path in D := {z € C : |z| < 1} terminating at ¢ € ID is called
nontangential if its part in a neighborhood of ( lies inside of an angle in D with
the vertex at (. Hence the limit along all nontangential paths at ( € 0D also named
angular at the point. The latter is a traditional tool of the geometric function theory,
see e.g. monographs [6,9,14,19,25,29] and [30].

The research of boundary-value problems with arbitrary measurable data is due
to the famous dissertation of Luzin, see its original text [24], and its reprint [25] with
comments of his pupils Bari and Men’shov. Namely, he has established that, for each
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measurable a.e. finite 2r—periodic function ¢(¥) : R — R, there is a harmonic function
U in the unit disk D such that U(z) — o(0) for a.e. ¥ as z — ¢ := ¢ along all
nontangential paths to JD. The latter was based on his other deep result on the
antiderivatives stated that, for any measurable function ¢ : [0,1] — R, there is a
continuous function ¥ : [0,1] — R with ¥’ = 1) a.e., see e.g. his papers [23] and [26],
Theorem VII(2.3) in the Saks monograph [32].

Following this way, we proved in [16] Theorem 7 on the solvability of the Dirichlet
problem for the Poisson equations AU = G with sources in classes G € LP, p > 1, in
Jordan domains with arbitrary boundary data that are measurable with respect to the
logarithmic capacity. There we assumed that the domains satisfy the quasihyperbolic
boundary condition by Gehring—Martio, generally speaking, without the known
(A)—condition by Ladyzhenskaya—Ural’tseva and, in particular, without the outer cone
condition that were standard for boundary-value problems in the PDE theory. Note that
such Jordan domains cannot be even locally rectifiable.

With a view to further development of the theory of boundary value problems
for semi-linear equations, the present paper is devoted to the Dirichlet problem with
arbitrary measurable (over logarithmic capacity) boundary data for quasilinear Poisson
equations in such Jordan domains.

For this purpose, it is first constructed completely continuous operators generating
nonclassical solutions of the Dirichlet boundary-value problem with arbitrary measurable
data for the Poisson equations AU = G with the sources G € LP, p > 1.

The latter makes it possible to apply the Leray-Schauder approach to the proof of
theorems on the existence of regular nonclassical solutions of the measurable Dirichlet
problem for quasilinear Poisson equations of the form AU(z) = H(z) - Q(U(z)) for
multipliers H € LP with p > 1 and continuous functions @ : R — R with Q(t)/t — 0
as t — oo.

As consequences, we give applications to some concrete quasilinear equations of
mathematical physics, arising under modelling various physical processes such as dif-
fusion with absorption, plasma states, stationary burning etc. These results can be also
applied to semi-linear equations of mathematical physics in anisotropic and inhomoge-
neous media.

2. Definitions and preliminary remarks.

First of all, recall that a completely continuous mapping from a metric space
M into a metric space My is defined as a continuous mapping on M; which takes
bounded subsets of M; into relatively compact ones of My, i.e. with compact closures
in My. When a continuous mapping takes M; into a relatively compact subset of M,
it is nowadays said to be compact on M;.

Leray and Schauder extend as follows the Brouwer degree to compact perturbations
of the identity I in a Banach space B, i.e. a complete normed linear space. Namely,
given an open bounded set Q C B, a compact mapping F' : B — B and z ¢ ®(91),
® := ] — F, the (Leray—Schauder) topological degree deg[®, (2, z] of ® in Q over
z is constructed from the Brouwer degree by approximating the mapping F over €2
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by mappings F. with range in a finite-dimensional subspace B (containing z) of B.
It is showing that the Brouwer degrees deg [®., ()., 2] of &, := I. — F;, I. :== I|p_, in
Q. := QN B over z stabilize for sufficiently small positive £ to a common value defining
deg [®,€2, z] of ® in Q over z.

This topological degree “algebraically counts” the number of fixed points of F(-) —
z in €} and conserves the basic properties of the Brouwer degree as additivity and
homotopy invariance. Now, let a be an isolated fixed point of F. Then the local
(Leray—Schauder) index of a is defined by ind [®, a] := deg[®, B(a, ), 0] for small
enough r > 0. ind [®, 0] is called by index of F'. In particular, if F' = 0, correspondingly,
® = [, then the index of F' is equal to 1.

The fundamental Theorem 1 in [22] can be formulated in the following way:

Proposition 1. Let B be a Banach space, and let F(-,7) : B — B be a family of
operators with T € [0, 1]. Suppose that the following hypotheses hold:

(H1) F(-,7) is completely continuous on B for each T € [0,1] and uniformly
continuous with respect to the parameter T € [0,1] on each bounded set in B;

(H2) the operator F := F(-,0) has finite collection of fized points whose total index
s not equal to zero;

(H3) the collection of all fized points of the operators F(-,7), T € [0,1], is bounded
m B.

Then the collection of all fized points of the family of operators F(-,T) contains a
continuum along which T takes all values in [0,1].

Let us also recall with the following analog of the Luzin theorem on the antiderivatives
in terms of logarithmic capacity, see Theorem 3.1 in [10].

Lemma 1. Let ¢ : [a,b] — R be a measurable function with respect to logarithmic
capacity. Then there is a continuous function ® : [a,b] — R with ®'(z) = p(z) q.e.
on (a,b). Furthermore, ® can be chosen with ®(a) = ®(b) = 0 and |®(x)| < € for all
x € [a,b] under arbitrary prescribed € > 0.

Remark 1. In view of arbitrariness of € > 0 in Lemma 1, for each ¢, there is the
infinite collection of such ®. Furthermore, it is easy to see by Lemma 3.1 in [10] that
the space of such functions ® has the infinite dimension.

Corollary 1. Let ¢ : 0D — R be a measurable function with respect to logarithmic
capacity. Then the space of continuous functions ® : 0D — [—1,1] with &(1) = 0,
|®(¢)| < & for all ¢ € OD under arbitrary prescribed € > 0, and ®'(e') = ¢(e') q.e. on
R has the infinite dimension.

On this basis, we obtain the following result, see e.g. Theorem 4.1 in [10].

Proposition 2. Let ¢ : D — R be a measurable function with respect to logarithmic
capacity. Then there is a space of harmonic functions U in the unit disk D of the infinite
dimension with the angular limits

l;né u(z) = ¢(() g.e. on ID . (1)
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Remark 2. By the proof of Theorem 4.1 in [10], u(z) = % U(z), where

2T
; 1 1—r? ;
(1 it
= — ¢ dt 2
Ulre™) 2 ) 1—2rcos(d —t)+r? (%) dt | @)
0

i.e., for any function ® from Corollary 1, u can be calculated in the explicit form

27
0 r (1 —r2)sin(9 —t) it
= — — P dt . 3
u(re™) T / (1 —2rcos(9 —t) +r?)? (%) 3)
0
Later on, it was shown by Theorems 1 and 3 in [31] that the functions u(z) can be
represented as the Poisson—Stieltjes integrals
1 s
o | P01 dd(e?) Vz=re? re(0,1), 9e[-ma], (4)
7r

—T

Uq;(z) =

where P.(0) = (1 —r%)/(1 —2rcos© +r?),r < 1,0 € R, is the Poisson kernel.
The corresponding analytic functions A(z) in D with the real parts u(z) can be
represented as the Schwartz—Stieltjes integrals

1
Se(2) = 57 Efi
oD

dd(¢), zeD, (5)

because of the Poisson kernel is the real part of the (analytic in the variable z) Schwartz
kernel (( + z)/({ — z). Integrating (5) by parts, see Lemma 1 and Remark 1 in [31],
we obtain also the more convenient form of the representation

S@(z)—;/(i(i)ﬁdg, 2eD. (6)
oD
Note that by Corollary 1 the spaces of solutions of the Dirichlet problem in the
classes of harmonic and analytic functions generating by integral operators Ug and S,
correspondingly, under each fixed boundary date ¢ that is measurable with respect to
logarithmic capacity have the infinite dimension.

Next, given a bounded Borel set E in the plane C, a mass distribution on F is
a nonnegative completely additive function v of a set defined on its Borel subsets with

v(E) = 1. The function
UV (z) = /10g

E

1
C] a(Q) )

z —
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is called a logarithmic potential of the mass distribution v at a point z € C. A
logarithmic capacity C(FE) of the bounded Borel set E is the quantity

CE)=e", V = inf Vo(E),  Vu(E) = sup U"(2) . (8)

It is also well-known the following geometric characterization of the logarithmic
capacity, see e.g. the point 110 in [27]:

C(E) = 7(F) := lim Vnﬁ (9)

n—oo

where V,, denotes the supremum of the product

=1,....n
V(zt,oom) = ] ok —al (10)
k<l
taken over all collections of points zi,..., 2, in the set E. Following Fékete, see [11],

the quantity 7(F) is called the transfinite diameter of the set E.

Remark 3. Thus, we see that if C(E) = 0, then C(f(£)) = 0 for an arbitrary
mapping f that is Hélder continuous.

In order to introduce sets that are measurable with respect to logarithmic capacity,
we define, following [5], inner C, and outer C* capacities:

Ci(F) : = sup C(E), C*(E) : = inf C(O) (11)
FCE ECO
where supremum is taken over all compact sets F' C C and infimum is taken over
all open sets O C C. A set F C C is called measurable with respect to the
logarithmic capacity if C*(F) = C(F), and the common value of C,(F) and C*(E)
is still denoted by C(FE).
A function ¢ : ' — C defined on a bounded set F C C is called measurable with
respect to logarithmic capacity if, for all open sets O C C, the sets

N={z€ E:9(z) €O} (12)

are measurable with respect to logarithmic capacity. It is clear from the definition that
the set E is itself measurable with respect to logarithmic capacity.

Note also that sets of logarithmic capacity zero coincide with sets of the so-called
absolute harmonic measure zero introduced by Nevanlinna, see Chapter V in [27].
Hence a set E is of (Hausdorff) length zero if C'(E) = 0, see Theorem V.6.2 in [27].
However, there exist sets of length zero having a positive logarithmic capacity, see e.g.
Theorem IV.5 in [5].

Remark 4. It is known that Borel sets and, in particular, compact and open sets are
measurable with respect to logarithmic capacity, see e.g. Lemma I.1 and Theorem III.7
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in [5]. Moreover, as it follows from the definition, any set E C C of finite logarithmic
capacity can be represented as a union of a sigma-compactum (union of countable
collection of compact sets) and a set of logarithmic capacity zero. Thus, by Remark
3 functions that are measurable with respect to the logarithmic capacity are invariant
under Hoélder continuous mappings.

It is also known that the Borel sets and, in particular, compact sets are measurable
with respect to all Hausdorff’s measures and, in particular, with respect to measure
of length, see e.g. Theorem II(7.4) in [32|. Consequently, any set E C C of finite
logarithmic capacity is measurable with respect to measure of length. Thus, on such a
set any function ¢ : E — C being measurable with respect to logarithmic capacity is
also measurable with respect to measure of length on £. However, there exist functions
that are measurable with respect to measure of length but not measurable with respect
to logarithmic capacity, see e.g. Theorem IV.5 in [5].

Later on, we use the abbreviation q.e. (quasi-everywhere) on a set £ C C if
the corresponding property holds only for all { € E except its subset of zero logarithmic
capacity, see e.g. [21] for this term.

3. On completely continuous Dirichlet operators.
Here we apply the designation of the logarithmic (Newtonian) potential N¢
of sources G € LP(C), p > 1, with compact supports given by the formula:

Na(z) = ;r/lnz—w]G(w) dm(w) , (13)
C

where dm(w) corresponds to the Lebesgue measure in the plane.

As known, Ng with G supported in D is continuous in C, belongs to the class
W2P(D) and ANg = G a.e. Moreover, Ng € Wli’cq((C) for ¢ > 2, consequently, N¢ is
locally Holder continuous. If G € LP(C), p > 2, then N¢g € C’llof((C) for a:= (p—2)/p,
and for all @ € (0,1) under p = oo, see e.g. Lemma 3 in [16] or Theorem 2 in [17].

Furthermore, the collection { N} is equicontinuous if the collection {G} is bounded
by the norm in LP(C). More precisely, on each compact set S in C

INclle < MGl (14)

where M is a constant depending only on S and, in particular, the restriction of Ng
to D is a completely continuous bounded linear operator, see e.g. Lemma 2 in [16] or
Theorem 1 in [17].

By Proposition 2 there is a space of harmonic functions u in the unit disk D of the
infinite dimension with the angular limits q.e. on 0D

il_ﬂfé u(z) = Ya(Q) = ¢(Q) — vc(C),  ¢c(C):=Ng(() . (15)
Note that U := u + Ng|p with such u are continuous solutions of the Poisson
equation AU = G a.e. in the class I/Vlif(]D)) with the angular limits
liné U(z) = ¢(() q.e.ondD. (16)
z—
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By Remark 2 such a harmonic function « : D — R can be obtained in the form of
the real part of the analytic function

Su(2) ::j/(f_(i))zdg, 2eD, (17)

oD

where ¥ is an antiderivative of the function g from Corollary 1.
Consequently, such a harmonic function v can be represented in the form

u(z) = uo(z) — ug(z), uo(z) := ReSa(z), wug(z) = ReSsp,(2), (18)

where ® and ®¢ are antiderivatives of ¢ and g in Corollary 1, correspondingly. Note
that the harmonic function ug does not depend on the sources G at all.

Let us choose the function ®¢ in a suitable way to guarantee that the correspon-
dence G — u + Ng|p is a Dirichlet operator D¢ that is completely continuous on
compact sets in D generating solutions of the Poisson equation AU = G a.e. in the
class C'N T/Vlif(]l)) with the Dirichlet boundary condition (16).

Namely, the following function ®4 is an antiderivative for the function ¢g:

)
Dg(C) = /NG(ew) do — SW), ¢=¢€Y 6,9¢c]0,27], (19)
0

where S : [0,27] — C is either zero or a singular function of the form

27
S(9) = C(ﬁ)/NG(e”) do, ¢=¢% 0,9€[0,27], (20)
0

with a singular function C' : [0,27] — [0,1] of the Cantor ladder type, ie., C is
continuous, nondecreasing, C'(0) = 0, C(2r) = 1 and ¢/ = 0 q.e. Recall that the
existence of such functions C follows from Lemma 3.1 in [10].

Setting ug = Re Sg,,, it is easy to see by (14) that

[®c(Q)] < 4nM-|Gl,  V(edD (21)
and by (6) that, for constants C, and C} depending only on r € (0, 1),
lug(2)] < Sag(2)] < Cr-|Gllp, YV 2zeDr, (22)

[ug(21) —uc(22)| < [Seq(21) = Saq(22)| < CL|Glpl21 — 2] 21,22 €D (23)

Consequently, the operator ug := Re Sg,, is completely continuous on compact sets in
D by the Arzela-Ascoli theorem, see e.g. Theorem IV.6.7 in [8]. Thus, we obtain the
next conclusion.

18



Dirichlet problem with measurable data for quasilinear Poisson equations

Lemma 2. Let ¢ : 0D — R be measurable over logarithmic capacity. Then there
is a Dirichlet operator Dg over G : D — C in LP(D), p > 1, generating continuous
solutions U : D — R of the Poisson equation AU = G in the class VVE)CP(]D) with the
Dirichlet boundary condition (16) in the sense of angular limits q.e. on 0D, that is
completely continuous over D, for each r € (0,1).

Remark 5. Note that the nonlinear operator Dy constructed above is not bounded
except the trivial case ® = 0 because then Dy = S¢ # 0. However, the restriction of
the operator D¢ to D, under each r € (0,1) is bounded at infinity in the sense that
max |D(2)] < M - ||G||p for some M > 0 and all G with large enough ||G||,. Note also

thag by Corollary 1 we are able always to choose ® for any ¢, including ¢ = 0, which
is not identically 0 in the unit disk D.
Moreover, by the above construction U := D¢ belongs to the class Wﬁ)’cq(D) for

some ¢ > 2, consequently, U is locally Holder continuous. If G € LP(D), p > 2, then
U e Cl’a(ID)) for o := (p—2)/p, and for all « € (0,1) under p = occ.

loc

4. The Dirichlet problem in the unit disc.
In this section we study the solvability of the Dirichlet problem for semi-linear
Poisson equations of the form AU(z) = H(z) - Q(U(z)) in the unit disk D.

Theorem 1. Let ¢ : D — R be measurable with respect to the logarithmic capacity.
Suppose that H : D — R is a function in the class LP(D) for p > 1 with compact support
inD and Q : R — R is a continuous function with

t
im 20 _ g (24)

t—oo ¢
Then there is a function U : D — R in the class VVlif(]D)) such that
AU(z) = H(z)-Q(U(2)) a.e. in D (25)
with the angular limits

lim U(z) = ¢(C) g.e. on OD . (26)

z—(¢

Moreover, U belongs to the class Wlif(D) for some q > 2, consequently, U is locally
Hélder continuous and, if G € LP(D), p > 2, then U € CI{)’?(]I))) fora:=(p—2)/p, and
for all a € (0,1) under p = oo.

Proof. 1f ||H||, = 0 or ||Q|lc = O, then any harmonic function from Theorem
7.2 in [18] gives the desired solution of (25). Thus, we may assume that |H||, # 0 and
1Qllc # 0. Set Q. (t) = ! ax |Q(7)|, t € RT :=[0,00). Then the function Q. : Rt — R*

<t

7|
is continuous and nondecreasing and, moreover, by (24)
«(T
im &0 (27)

t—o00 t
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By Lemma 2 and Remark 3 we obtain the family of operators F(G;7) : L¥, (D) —
L% (D), where L%, (D) consists of functions G € LP(ID) with supports in the support of
H

Y

F(G;7) := 7H -Q(Dg) V1 el0,1] (28)

which satisfies hypothesis H1-H3 of Theorem 1 in [22], see Proposition 1. Indeed:

H1). First of all, by Lemma 2 the function F(G;7) € LY (D) for all 7 € [0,1] and
G € L¥,(C) because the function Q(D¢) is continuous and, furthermore, the operators
F(-;7) are completely continuous for each 7 € [0,1] and even uniformly continuous
with respect to the parameter 7 € [0, 1].

H2). The index of the operator F(-;0) is obviously equal to 1.

H3). Let us assume that solutions of the equations G = F(G;7) is not bounded in
L% (D), i.e., there is a sequence of functions G, € LY, (D) with ||G,||, — oo as n — oo
such that G,, = F(Gy;7,) for some 7, € [0,1], n = 1,2,.... However, then by Remark
5 we have that, for some constant M > 0,

1Gnlly < [1H]lp @« (M [|Gnllp)

and, consequently,
QuM[Gull,) 1
M||Gull, — — M| H[|p

for all large enough n. The latter is impossible in view of the condition (27). The
obtained contradiction disproves the above assumption.

Thus, by Proposition 1 there is a function G € L% (D) with F(G;1) = G, and by
Lemma 2 the function U := D¢ gives the desired solution of (25). The rest properties
of the given solution U follows from Remark 5. [J

> 0 (29)

Remark 6. By the construction in the above proof, U = Dg, where D¢ is the
completely continuous Dirichlet operator described in the last section, and the support
of G is in the support of H and the upper bound of ||G||, depends only on |H]|, and
on the function . Moreover, G : D — R is a fixed point of the nonlinear operator
Q¢ := H-Q(Dg) : LY, (D) — L% (D), where L, (D) consists of functions G in LP(D)
with supports in the support of H.

5. On quasihyperbolic boundary condition.

Further, it is said that a domain D satisfies the quasihyperbolic boundary con-
dition by Gehring-Martio, see [12], if there exist some constants a and b and a point
20 € D such that

d(z0,0D)
< - - 7
kp(z,2z0) < a + b In 102, 0D) VzeD, (30)
where
k(zz)'—inf/ds V2,24 €D
=l 5 ) d(c.op) "
g
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is the quasihyperbolic distance by Gehring-Palka, see [13]. Here d(¢,0D) denotes
the Euclidean distance from the point { € D to D and the infimum is taken over all
rectifiable curves v joining the points z and z, in D.

Recall that by the discussion in [18], every smooth (or Lipschitz) domain satisfies the
quasihyperbolic boundary condition but such boundaries can be even nowhere locally
rectifiable.

Note that it is well-known the so-called, (A)—condition by Ladyzhenskaya—Ural’tse-
va, which is standard in the theory of boundary-value problems for PDE, see e.g. 1.1.3
in [20]. Recall that a domain D in R", n > 2, is called satisfying (A)-condition if

mes DN B(¢,p) < Ogmes B((,p) V(¢edD, p<po (31)

for some O¢ and py € (0,1), where B((, p) denotes the ball with the center ¢ € R™ and
the radius p.

Recall also that a domain D in R™, n > 2, is said to be satisfying the outer cone
condition if there is a cone that makes possible to be touched by its top to every
boundary point of D from the completion of D after its suitable rotations and shifts.
It is clear that the outer cone condition implies (A)-condition.

Probably one of the simplest examples of a domain D with the quasihyperbolic
boundary condition and without (A)-condition is the union of 3 open disks with the
radius 1 centered at the points 0 and 1 41. It is clear that this domain has zero interior
angle at its boundary point 1.

Theorem 2. Let D be a Jordan domain in C with the quasihyperbolic boundary
condition, 0D have a tangent g.e. and ¢ : 0D — R be measurable with respect to
logarithmic capacity.

Suppose that H : D — R is a function in the class LP(D) for p > 1 with compact
support in D and @ : R — R is a continuous function with

im 20 _ g (32)

t—00 t

Then there is a continuous function U : D — R in class Wli’f(D) such that

AU = H(§)-QU()) a.e. in D (33)
with the angular limits

lim U (&) = ¢(w) g.e. on 0D . (34)

E—w

Moreover, U belongs to the class Wli’g(D) for some q > 2, consequently, U is locally
Hélder continuous in D and, if G € LP(D), p > 2, then U € Cllo’?(D) fora:=(p—2)/p,
and for all o € (0,1) under p = oc.

Proof. Let ¢ be a conformal mapping of D onto D that exists by the Riemann
mapping theorem, see e.g. Theorem I1.2.1 in [14]. Now, by the Caratheodory theorem,
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see e.g. Theorem I1.3.4 in [14], ¢ is extended to a homeomorphism & of D onto D.
Furthermore, by Corollary of Theorem 1 in [4], ¢x := é|lpp : 0D — 0D and its inverse
function are Hélder continuous. Then @ := ¢ o ¢;! is measurable with respect to the
logarithmic capacity by Remark 4.

Now, set H = |C'|> - H o C, where C' is the inverse conformal mapping C := ¢~
D — D. Then it is clear by the hypothesis of Theorem 2 that H has compact support
in D and belongs to the class LP(D). Consequently, by Theorem 1 there is a continuous
function U : D — R in the class W'li’f (D) such that

1.

AU(z) = H(z)-Q(U(2)) a.e.in D (35)
with the angular limits

lim U(z) = () q.e.on 0D, (36)

z—(C

moreover, U = Dg, where D is the completely continuous Dirichlet operator described
in Section 3, and the support of G is in the support of H and the upper bound of HGHP
depends only on || H||, and on the function Q.

Next, setting U = U o¢, by simple calculations, see e.g. Section 1.C in [1], we obtain
that AU = |/|?- AUoc and, consequently, the continuous function U : D — C is in the
class VVlif(D) that satisfies equation (33) a.e. and, moreover, U(&) = D5 (c(€)), where
D¢ is the completely continuous Dirichlet operator from Section 3. Hence, by Remark
5, U belongs to the class VVli’g(D) for some ¢ > 2, consequently, U is locally Holder
continuous in D and, if G € LP(D), p > 2, then U € C’I{)’S(D) for a := (p — 2)/p, and
for all @ € (0,1) under p = occ.

It remains to show that (36) implies (34). Indeed, by the Lindelof theorem, see e.g.
Theorem II.C.2 in [19], if OD has a tangent at a point w, then arg [c.(w) — ¢(§)] —
arg [w—¢] — const as £ — w. In other words, the images under the conformal mapping
c of sectors in D with a vertex at w € 9D is asymptotically the same as sectors in D with
a vertex at ( = c4(w) € dD. Consequently, nontangential paths in D are transformed
under ¢ into nontangential paths in D and inversely q.e. on 9D and 0D, respectively,
because 0D has a tangent q.e. and ¢, and ¢, ! keep sets of logarithmic capacity zero.
O

Remark 7. By the construction in the above proof, U(§) = Dg(c(§)), where c is
a conformal mapping of D onto D, Dg is the completely continuous Dirichlet operator
described in Section 3 and G : D — R is a fixed point of the nonlinear operator
Qc. == H-Q(Dg.) : L%, (D) — L% (D), where L? (D) consists of functions G in LP(D)
with supports in the support of H := |C'|? - H o C, where C is the inverse conformal
mapping C :=c¢~ ' : D — D.

6. Dirichlet problem in physical applications.
Theorem 2 on the Dirichlet problem for quasilinear Poisson equations with arbitrary
measurable boundary data over the logarithmic capacity can be applied to mathematical
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problems appearing under modeling various types of physical and chemical absorption
with diffusion, plasma states, stationary burning etc.

The first circle of such applications is relevant to reaction-diffusion problems. Prob-
lems of this type are discussed in [7], p. 4, and, in detail, in [2]. A nonlinear system is
obtained for the density U and the temperature T' of the reactant. Upon eliminating
T the system can be reduced to equations of the type (33),

AU = o-QU) (37)

with o > 0 and, for isothermal reactions, Q(U) = U A where 8 > 0 that is called the
order of the reaction. It turns out that the density of the reactant U may be zero in a
subdomain called a dead core. A particularization of results in Chapter 1 of |7] shows
that a dead core may exist just if and only if § € (0,1) and o is large enough, see also
the corresponding examples in [15]. In this connection, the following statements may
be of independent interest.

Corollary 2. Let D be a Jordan domain with the quasihyperbolic boundary condition,
0D have a tangent q.e. and ¢ : 0D — R be measurable with respect to logarithmic
capacity.

Suppose that H : D — R is a function in the class LP(D) for p > 1 with compact
support in D.

Then there is a solution U : D — R in the class W2P(D)NW,24(D) for some q > 2,

loc loc
consequently, locally Hélder continuous of the equation

AU = HE-U(, 0< B <1, a.e. in D (38)
satisfying the Dirichlet boundary condition

lim U() = ¢(w) g.e. on 0D (39)

E—w

in the sense of the angular limits, i.e., along all nontangent paths.
In addition, if G € LP(D), p > 2, then U € CIIO’S‘(D) for a:= (p—2)/p, and for all
a € (0,1) under p = cc.

Note also that certain mathematical models of a thermal evolution of a heated
plasma lead to nonlinear equations of the type (37). Indeed, it is known that some of
them have the form Ay(u) = f(u) with ¢/(0) = oo and ¢'(u) > 0 if u # 0 as, for
instance, 1 (u) = |u|9"'u under 0 < ¢ < 1, see e.g. [7]. With the replacement of the
function U = 1 (u) = |u|? - signu, we have that u = |U|% -signU, Q = 1/q, and, with
the choice f(u) = |u|? - signu, we come to the equation AU = |U? - signU = (U).

Corollary 3. Let D be a Jordan domain with the quasihyperbolic boundary condition,
0D have a tangent q.e. and ¢ : 0D — R be measurable with respect to logarithmic
capacity.

Suppose also that H : D — R is a function in the class LP(D) for p > 1 with
compact support in D.
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Then there is a solution U : D — R in the class W2P(D)NW,24(D) for some ¢ > 2,
consequently, locally Héolder continuous of the equation

AUE) = HE - U] UE), 0<p8 <1, a.e. in D (40)

with the Dirichlet boundary condition (39) in the sense of the angular limits.

In addition, if G € LP(D), p > 2, then U € Cﬁ)’?(D) for a:= (p—2)/p, and for all
a € (0,1) under p = co.

Finally, we recall that in the combustion theory, see e.g. [3,28| and the references
therein, the following model equation

aug;’t) = %‘Au—i—e“, t>0, z€ D, (41)
takes a special place. Here u > 0 is the temperature of the medium and § is a certain
positive parameter. We restrict ourselves here by the stationary case, although our
approach makes it possible to study the parabolic equation (41), see [15]. Namely, the
corresponding equation of the type (33) is appeared here after the replacement of the
function u by —u with the function Q(u) = e~ that is bounded at all.

Corollary 4. Let D be a Jordan domain with the quasihyperbolic boundary condition,
0D have a tangent q.e. and ¢ : D — R be measurable with respect to logarithmic
capacity.

Suppose also that H : D — R is a function in the class LP(D) for p > 1 with
compact support in D.

Then there is a solution U : D — R in the class W2P(D)NW.29(D) for some q > 2,

loc loc
consequently, locally Héolder continuous of the equation

AU = H(€) -V a.e. in D (42)

with the Dirichlet boundary condition (39) in the sense of the angular limits.
In addition, if G € LP(D), p > 2, then U € Cﬁ)’?(D) for a:= (p—2)/p, and for all
a € (0,1) under p = co.

Finally, due to the factorization theorem in [15], we are able by the quasiconformal
replacements of variables to extend the above results to semi-linear equations of the
Poisson type describing the corresponding physical phenomena in anisotropic and
inhomogeneous media, too, that shall be published elsewhere.
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B. I'yrasiucekuii, O. HecmenoBa, B. Pazanos, A. €Edimymikin

Basaua [dipixje 3 BuMiproBanuMu JaHuMu Ui KBasisgiHilinux piBasap Ilyaccona.

Hocuimxkenns 3agaqi ipixse 3 10BUIbHUMYA BUMIPHUMY TPAHUYIHUME JAHUMHU JJTsI TAPMOHIIHUX PYHK-
uiit B oquauaHOMy Kpy3i D nounHaersest 3 Bigomol qucepranit Jlysina, qus., Hanp., [25]. oro pesymns-
Tar 6yB cOPMYILOBAHMI B TepMiHAX KyTOBUX I'PAHUIL (TOGTO y3/0BXK HEIOTHYHUX IUJIAXIB 10 TOUYOK
mexku D), skl € TpaJuIIHHIM IHCTPYMEHTOM IS HOC/IIZKEHHS TPAHIIHOI TIOBEIIHKA B T€OMETPUTHIi
reopil dyrkuiit. Caimyoun um nuisixom, Mu gosenu B [16] Teopemy 7 npo poss’sizaicTs 3amaqi dipixie
nya piBusins [lyaccona AU = G 3 mxepesnamu B Kinacax GLP, p > 1, B »)KopmaHoBuX 00/1aCcTAX 3 J10-
BIIbHUMU I'PAaHUYHUMHU JAHUMU, BUMIDHUMHU BiJTHOCHO Jiorapudmivunoi emuocri. Tomi mu npumyckasiu,
mo 00J1acTi 3aI0BOIBHSAIOTH KBasirinepbosiuny rpanuydny ymoBy lepmara—Maprio, B3arasi kaxKydn,
6e3 Bimomol (A)—ymoBn JlamkeHCHKOI—Y paJIbIIeBOl 1, 30KpeMa, 6e3 yMOBU 30BHIIIHBOIO KOHYCA, sIKi
Oy/M CTAHIAPTHUMH JJjid KpailoBUX 3a/ad B Teopil piBHAHb 3 YACTUHHUMU MOXITHUMHU. 3BEPTAEMO
yBary, IMo MexKM TaKUX YKOPJAHOBHUX OOJiacTeil MOXKYTh OyTH HABITH JIOKAJIHLHO HE CIpsIMIIOBaHI. 3
METOIO TIOJIAJIBITIOTO PO3BUTKY TEOPil KpaloBHX 3ajadv Jijisi HANIBIIHINHUX PIBHAHb, I CTATTHA IIPU-
cBaaena 3aga49i Jlipixsie 3 HOBUIbHUME BUMipHUME (BIIHOCHO JOrapudMITHOI €MHOCTI) TPDAHHMTHUMEA
JAaHUMHU I KBasiiiHiiinux piBusaHb [lyaccona B Takux »KopjgaHoBux objactax. /s mboro mu cro-
JaTKy OyIyeMO IIJIKOM HEIePEPBHI OIepaTopH, sKi TeHepyIOTh HEeKJIACHIHI po3B’sa3ku 3agad4i lipixie
3 JOBIIbHUMU BUMIpHUMU JaHuMu jyist piBasiHHs [lyaccona AU = G 3 jpkepesnamu G € LP) p > 1.
Ocranne moszBossie 3acrocyBatn minxinm Jlepe-Illaymepa mo moBeHZEHHST TeopeM MpO iCHYBaHHST pe-
CYJISIPHUX HEKJACUYIHUX pO3B’a3KuB BuMipHOl 3ajaqi ipixsie mjs kBasiminiitaux piBHsHb Ilyaccona
surinsny AU(z) = H(z) - Q(U(z)) 3 muoxxuukamu h € LP 3 p > 1 i HenepepBHUME DYHKIsIMU
g: R —=>R3gq(t)/t - 0saxt — oco. Hanpukinni HaBeseMo 3aCTOCyBaHHS JIO JESKMX KOHKDETHUX
KBa3i/liHEHHUX PIBHAHbL MAaTEMATUYHO! (DI3UKH, [0 BUHUKAIOTH IPU MOJETIOBAHHI PI3HUX (Di3MIHUX
nporieciB, Takux sk audy3sis 3 abcopbiieo, craH mwia3Mu, crarionapae ropinus i T.a. i pesysnsraTn
TAKOXK MOXKYTb OyTH 3aCTOCOBaHI JI0 HAIIBJIIHIMHUX PIBHAHL MaTeMaTHYHOI (i3UKM B aHI30TPONHUX i

HEOHOPIHUX CepeIOBUIINAX.
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