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We study the qualitative properties of

solutions to the equations with nonstandard
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growth:

“Vu) =0, plx) =1, (1)
TEVu) =0, a(r)>0,1<p<gq, (2)
T2u) =0, alz, ) >0, 1 <p<q. (3)

(1) - p(x)-Laplacian equation

(2) - double phase elliptic equation
(3) - double phase parabolic equation




Motivation
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point. The coefficient a(-) serves to regMa{e the mixture
between two different materials, with p and
g hardening, respectively.




Motivation

u - original image
| - noisy image
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min [(|Vu[P® + |u — 1]?)dx
()
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Results for Eq. (1)

Let u be a bounded weak solution of Eq. (1) and let condition

osc p(x) < -

o o<r<1, o<L<oeo
B, (xo) h log - (4)

be fulfilled, then u is H&lder continuous at point X,.



Results for Eq. (1

Let u be a bounded non-negative weak sub-solution to Eq. (1), let
condition (4) be fulfilled. Then there exist positive numbers f}f, V1
depending only on n, p, K;, K,, M such that forany 6 € (o,p — 1)

0
max U < (|Bp(}{0)\_ / uﬂdx) + v p,

Bp{x[}

o) Particularly, if u is a bounded non-negative weak solution to equation (1),
provided that Byg,(X,) C ) and then
1 .
Iﬂglog— max U < 7y ( min u+ p),
- 1 1L 1 P <1 Bg{"‘ﬂ:‘ BE(ID]
log log — Iﬂg —
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Result for Eq. (2)
Definition

Let @(x, V) := VP + a(x)v3. We write W>®()(Q)) for the class of
functions u € W>*(Q)) with [ @(x, |[Vu])dx < co and we say that a

measurable function u : () — IR belongs to the elliptic class DG (Q2) if

u € W>?)(Q)) and there exist numbers ¢ > o, q > 1 such that for any

ball Bg;(x,) C O, any k € R and any ¢ € (o, 1) the following
inequalities hold:

/ ®(x, |Vu|)d /@(X! (u _rk))dX.

kr1 —0)

here (u —k)+ := max{®(u —k), o}, A", := Br(xo) N {(u—k)+ > o}.




We suppose that @(x,v) : O x Ry — R is a non-negative function
such that for any x € () the function v — ®(x, v) is increasing and

Resu It for Jm@(x, V) =o, vli}rfm@(X.V) = +o0. We also assume that

(@) There exist1 < p < g such that forx € () and forw > v > o there
Eq (2) holds
° (f)p P D(x, w) - (ﬂ)q
v/, T @(xv) S \v/

(®P)) There exists > o, R > o and continuous, non-decreasing function

. } . I
A(r) € (o,1) on the interval (o, R), ]!l_rg A(r) = o, r![}g o 0, such

that for any B;(x,) C Br(Xo) C () and some A > o there holds

A(r)v - A(r)v Lo
BF(KD)( rH_E ) S A (PBr(xo)( rl‘l‘% )’ rES VS )L(I'),

Conditions

here
b — d(x.v), O — inf ®(x V) > o.
3, (xo) (V) XESBL:&) (x,V), g ) (V) B (xo) (x,v), v>o

(A) Foranyo < r < p < Rthere holds

b
A(r) = A(p) (—) with some b > o.



Result for Eq. (2)

Letu € DG~ (Q)), u = o, let conditions (®), (P,), (A) be fulfilled. Let
Bgo(Xo) C Br(Xo) C Q let additionally u € L} _(€)) with somes > o

and (fsz( ) > < d. Then there exists a positive constant C
depending only on the known parameters and d, such that

Bo(Xo)| " / (u—l—p)gdx g%p)( inf u+p)

Bp (Xo)
Bp (%) :

where 6 > o is some fixed number depending only on the known data.




Result for Eq. (3)
Conditions

We assume that there exists positive continuous non-increasing function
1u(r) > 10ntheinterval (0,1), lim u(r)r* ® = o with some b € (o, 1)

r—0Q
such that

[a(x,t)=aly, 7) [SAu(r)rd P, (x,1), (Y, T) € QrrlXo to) C Q1 (5)

with some A > o.

In addition, we suppose that the equation (3) is degenerate at the point
(X0, to) Which means that there exists K;, R, > o such that the function

K
W (Xo, to, V) := VP2 + a(Xo, to)VY ? is non-decreasing for v > R—E" (6)
O




Fix point (Xo,t,) € Q, letu € C(Q1) be a positive bounded weak
solution to Eq. (3) and let the conditions (5), (6) be fulfilled. Assume also

tha Result

a(Xo,to) > 0.

Then there exists R > o, depending only on the data and a(x,, t, ), and for Eq (3)

there exist positive numbers c, C, depending only upon the data such
that for all p < R?, either

P | =t

U(xo,to) < Cpz,

or

U(Xe, t C inf u(-t
(6. to) < C inf u(:.1)

witht € (to +360,t, +60), 0 :=

Qp,ﬂ'(xﬂr tn) C Qp,p(xnrtn) C QI{R?- (Kn-t-:::-
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