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ATITPIOPHI OIIITHKUW TUITY KEJIJIEPA-OCCEPMAHA
JOJ1d OBIYI HEJITHIMHUX AHI3OTPOITHUX ITAPABOJITYHUX
PIBHAHDBb 3 ABCOPBIIERO

OTprMaHO MOTOYKOBI OIIHKM 3BEpXY JJIsi PO3B’sI3KiB JBidUl HEJHIHHUX aHIZ0TPONHUX MapaboIIYHUX
piBHSIHB 3 abCOPOIITHUM YIeHOM, sIKi BUpaXKeHi y TepMiHax BifcTani g0 Mexi. OI[IHKK TaKOro THUILY
GepyTh cBiit moyarok B poborax Ixx. B. Kemnepa, P. Occepmana i matorh 3HaYeHHs JJIs TAK 3BAHUX
BEJIUKUX PO3B’SI3KiB.

MSC: 35B45.

Ka10408i caosa: anpiopHi oUiHKU, aHI30MPONHT NAPabONTYHE PIEHAHHA.

1. Beryn.

Y nawiit crarTi orpuMano anpiopi orianku tuity Kesepa—Occepmana Jijist HEBi eM-
HUX PO3B’A3KiB aHI30TPOMHUX NapabOJIYHUX PiBHAHBL 3 abcopbuiftnuMm wienom. Taki
OIIHKN MalOTh Ba)kJIMBe 3HaYEeHHS B TeOpil iICHYBaHHSA 1 HEiCHYBaHHS TaK 3BAHUX Be-
JMKuX po3B’s3kiB, ininifioBanux K. Bangie i M. Mapkycom [1], a Takox y 3amauax
PEeryJIIpHOCTI, YCYBHOCTI 130JIbOBAHUX OCOOJIMBOCTEIA.

Bigmitumo, 1o nepiri orinku Takoro tuity Oysin 3po0JieHi fist piBHsHHS p-Jlamiacy
3 abCOPOITITHUM IJIEHOM

Npu=ul, 2 €QCR", ¢g>p—1

Ix. Kestepoum [2] 1 P. Occepmanom [3] npu p = 2, 1 po3noBciojizkeni Ha BUIIAI0K, KOJIH
p # 2 JI. Backecom [4]: 6yap-sikmii mesin’emuuit poss’ssox u € C2(Q) 3amoBosbHsE
HEpPIBHOCTI

u(z) < edist(x, 89)_11*2“, fu) =ud,
ne dist(x, 082) Bigcranb 10 Mexi i c = c(p, ¢, n).

Bimomo, mo Taxi ominku gjist po3B’sI3KiB eINTUYHAX 1 apaboivHuX PIBHIHD MTOB’ -
3aHi 3 PIBHAHHSIMH, IJI IKUX MAalOTh MICIle TeOpeMM HOPiBHSHHSA. 11 o3HaOMIEHHS
3 pesy/braTamMu JAuBiThbCs [5-8| 1 Ha mocwianHsg B HUX. AHI30TpOIHI einTUYHI Ta ma-
pabostiuni piBHsSHHS Oy 00’€KTOM JTOC/II?KEHHsT HEBEJINKOI KLIBKOCTI pobiT, OCKIIbKA
JIJIsE HUX HEMAE [PUHIINAIY HMOPIBHSHHS, i OCHOBHI POOOTH CTOCYIOTHCSI PiBHSIHDb TiJIbKH
3 KOHKPETHHUM WieHoM abcopbii, a came f(u) = u? (mus. [9-18]). Bzarasi anizorpomni
PIBHSIHHSI MAJIO BUBUEHI, IKiCHA TeOpis /I HUX He 0Oy0BaHa, TOMY OCTAHHIM 9acoM
3POCTaE 3aIliKABJIEHICTDb B JOC/IIKEHH] sIKiICHIX BJIACTUBOCTEH PO3B’SI3KiB IIUX PiBHSIHbD.

Pobory Bukonano 3a miarpumku rpanty 0118U003138 MiwmictepcrBa ocBitu i Haykm YKpainum.
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2. IToctaHoBKa 3aj/ia4i i OCHOBHUII pe3yJIbTAT.

B obmexeniit obsacri Qp = Q x (0,7),0 < T < 00,2 C R", n > 2 posrusine-
MO HEBiJI €éMHI PO3B’SI3KH KBa31IiHIHHOIO 1MapaboIiYHOrO PiBHSHHS APYTOr0 MOPSIAKY Y
JIMBEPTEHTHOMY BUTJISII

up — divA(x,t,u, Vu) + ap(u) =0, (z,t) € Qp. (1)
Ha koedimientn pisasinast A = (aq, ..., a,) 1 ap 6yJeMo HaKIaIaTH HACTYIIHI yMOBI
e A= (ay,...,ap) i ag 3ag0BosbHsIIOTH YMOBI Kapareosopi

Az, t,u, £)E > 1n Z | (=D i) g, i
i=1

1—L

n Pq

@i, £, €)] < vy ™ TV |3 Juf (oD g ci=Tn, (2)

ao(u) = v1f(u),

zie vy, vy JopaTHi cradi , f(u)— HelepepBHA, 10JaTHs (DYHKIIS Ta, /I IOKA3HUKIB
Mg, p; CIpaBEJJINBI HEPIBHOCTI

. K
2<p1 <..<pp, min m; >1, max mi(p; — 1) <1+ —, p<n, (3)
1<i<n n

1<i<n
1\~ my
ae k=n(pm—d)—1)+p, d= > 2
i=1

He BTpavaroun crijbHOCTI, Oy1eM0 BBaXKaTH, IO My, = 1I£1a<x m;.
Stsn
Brenemo HeoOXiTHI O3HATEHHSI.

Osnavenns 1. Byzemo kasarn, mo dyHKIIS ¢ HATEXKHUTH UPOCTOPY Vi m (1),
n
saxio ¢ € C(0, T, L2(Q) i Y [[ || mi=D@=1) |, [P dzdt < oo.
=10

Osnauenns 2. Byjgemo kazartu, 1mo u— ciaabkuii po3s’s30k piBasHHs (1), KO
u € Vpm(Qr) 1 aus 6ynp-sikoro inrepsasy (f1,t2) C (0,7') cupaBemuBa inTerpaibha
TOTOXKHICTH

to

t2
/ugodx + //{—ucpt + Az, t,u, Vu)Vo + ag(u)pt dedt =0 (4)
Q t;, t1 Q

o
mist Beix ¢ € Vi (Qr).
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BayBarkennsi 1. YMmoBa (3) rapanTye JIOKAJIbHY OOMEKEHICTh CJIAOKOrO PO3B’sI3KY
piBusaus (1) ([19)).

st popMmysitoBaHHST TOJIOBHOIO Pe3yJIbTaTa BBEIEMO HACTYIHI ITO3HAYeHHsS. 3a-
diKCyeMO JTOBUIBHY TOYKY (w(o),t(o)) € Qp, nus oynp-sakux 7,601,060, ...,0, > 0 9
(01, ..., 0,) Busmauemo muninapu Qg (20, tO)) = {(z,t) : |t — tO)| < 7, |2; — :c | <

0;, i = 1,n} inosmaaemo M (0,7):=  sup u, 6(6,7):= sup O(u),®(d,7):=
Qo+ ((®),£®) Q0.+ (20)4®)
u
sup  P(u = [g(s)ds, g(s)=s""1f(s).
Qo7 (z(O)t(®) 0

Teopema 1. Hexati suxonani ymosu (2), (3) i u— nesid’emnuil caabkuil poss’asok
pienanns (1), npunycmumo maxoore, wo f € CH(RL) i f'(u) > 0. Bagircyemo moury
(2@ tO) € Qp i nexat o € (0,1), 7 € (0,min(5",t©, T — ), 6; € (0,6,) dasn
iel ={i=Tn:mipi—1) < mppn—1)} i6; =0, dnnicl ={i=T1n
mi(p;i — 1) = mp(pn — 1)}, Todi icryromo dodamni cmani c1,co, AKL 3aie2CaMb AUULE
610 M, V1, V9 MY, ceey My, PLy ooy Py WO GUKOHYEMBCA

Pn

u(x(o),t(o) ( 1pp’ﬂ>mn(pn—l) 1 + Z 19p1 mn (pn— 1) 7rL1(p171) (5)
ZEI
abo
®(c0,07) < ci1(1 — 0)~20,Pn5(0, 7)M™ P19, 7). (6)

Y sunadry, xoau I' nycma mmosrcuna, mobmo mi(pr — 1) = ma(pa — 1) = ... =
Mmp(pn — 1), abo cnpasedausa ouinka

u(@®, 1) < (g T, (™)

abo (5) mae micue.

3. doBeneHHsI OCHOBHOTI'O pe3yJibTaTy.
3.1 HomomikHuit maTepiaji

o
Jlema 1. ([20]) Hezati Q € R™ n > 2 obmesicena mmoscuna, u € WHH(Q), modi
CNPABedAUBa HACTRYNHA HEPIGHICTL

n
n
fullzoey <2 TT | [ lualde | o a= "
i=1 Q

de dodamma cmana vy 3aAeACUMD Auwe 610 M.

Jlema 1. (|21]) Hezat daa nocaidosnocmi nesid ’emnux wucea {y;}jen, j = 0,1,2, ...
BUKOHYEMDHCA HEPIBHICTD

yjr1 < CWy;*e,
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dee,C > 0,b> 1. Todi cnpasedrusa oyinka

(e -1 (te)l =15 (14¢)i

< C b &2 Eyo
1
Sokpema, Axwo Yo < C‘%b_?, modi lim y; = 0.
j—00

3.2 HomnomixkHi pe3yjbTaTu

Badikcyemo noBinbHY TOUKY (T, 1) € Qp, 11 OyAb-AKAX 11, -y Ny, > 0,0 = (11, ., )
i s > 0 Busnademo muminapu @y ¢(Z,t) = Qn(z) x (t — s,t + ), mob Qys(z,t) C Qr
gepe3 ( MO3HAYEMO HEBiT €MHY KYCKOBO-TVIaJIKy (YHKIIIO, o obepraeThbes B ) Ha 1ma-
paboutiuniit Mexi Qy s(Z,t). Bymemo BBazkaTH, 110

. K

2<p1 <o <ppo1 <pp, min m; >1, mp(p,—1) <1+ —, p<n. (8)
1<i<n n

Yepes v mo3HadeMo CTary, dKa 3aJ€KATh TIIbKH BiL N, V1, V2, P1, -y Dpy M1, -y My

1 BMIHIOETHCS BiJI psijIKa J0 PSJIKA.

Jlema 3. Hezati u — nesid’emnutl caabkutll pose’azok pienannsa (1) i nerad eu-
wonani ymosu (2), (3). Todi daa woocnozo yurindpy Qps(z,t) C Qr i das woorcrol
dodammwvoi cmanoi k sukoryemves HepisHicMb

sup / (P(u) — Cp"dz:JrZ// 1)(pi_1)’uxi|pi<pndxdt+
-/ / Fg(u) (@) ~ k) ¢ dad < [ [ (@) ~ 172Gl dade+

Ak \M,S Ak,n,s

_|_,YZ// 5pz ( Ju (mifl)(pfl)mgci’pidxdt7 (9)

de A s = {(x,t) € Qns(T,t) : D(u) > k}.

Jlosedenns. B inrerpasnbay ToTOXKHICTH (4) migcraBuMo npobHY (DYHKIIIO ¢ =
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(®(u) — k)4g(u)¢P. 3acrocysasin ymoBy (2), 0OTpIMaeMo

sup / (®(u) — k). CPrda + / / F)g(u)(®(w) — k) 4 P dadt+

[t— t\<s i
)10,
= 1141@7]5
< [[ @) 02 il e+
Ak,n,s
1—L
Py
HZ// Zg e g e | x
1= 1Ak

i—1

2-1 (mi—1)PL- B
X gri (u)u Pi (D(u) — k)4|Cp|C P dadt.

3 ocranubol hopMyIH, BUKOPUCTOBYIOUYH HepiBHicTh FOHIa i oueBHHY HEpiBHICTH
% < 0(u), npuxomumo 1o onjnku (9). O

3.3 Hoseneunst Teopemn 1
Poszrisinenmo rpmisap Qg Az, ), ¢(0 )) i Hexal'/‘l (z,t) ,ILOBiJIbHa TOYKA Y Qof o7 (33(0) , t(o)).

Aximno U(I(O) ) (T —1ppn)mn(pn T Z (

ko)

) ) , romi M(0,7)=

Py
max(M0),60;7)) > (r~ ) =01 3 (9; o) TEEITET  ore Qus(2,1) ©
i=1
Pn
Qo (@t ne s = (1—0)0h» M= a= (9, 1), n; = (1—0)0,7" M™i(Pi=H=mn(Pn—1)
(9 7),i = 1,n. s CblKCOBaHOl cranoi k > 011,57 = 0,1,2... BusHaueMo oy =
( + 27 ! + +2) Mgl = (al + 12 == 1)77sz = 1 n, nj1 = (nl,j,lv--wnn,j,l)a
sji = (ou + 2 T s, ky = k(1 - 27 ) Qjt = @15, (Z,1), Apy o = {(2,1) € Qjy -
. a¢; o ‘
Fu) >k} Let ¢ € CR(Q30), 0 < G < 1,6 = Lin Qyy, |52 | < 92711y i = Tom,
)%
ot

< ,},2j+l871'

BacrocyBasiiu HepiBHiCTH ['bostbepa i Jlemy 1, orpumaemo

J[ @~ ke <

Akjy1g+1

IN

n+1
T 1
// ]+1)+C ) dxdt | Ak g1 <

Akjyq.+1
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sy
<yl swo [ @@kt |
|t—t|<8j7l B
nj,l(a;)
s
_1
// ‘ — k)3 Q) | dedt | Ayl (10)
J+1Jl
Buxkopucrosytoun HepiBaicTs P(u) — kj > Qj%, dKa CIpaBeInBa Ha MHOXKHUHI
Ak 1,40 q)((“)) < 0(u), oninuMo apyruit gogaHoK y npasiit wactusi (10):
/ (@) ~ k), |dsar < / [ 9@ () ~ kyia) G o+
g+1Jl J+1]l
0 _
Ty // )% [ | dade <
J+1Jl
Dy
<2k // D@Dy, PicPdadt | x
kjt1.0:0
pi—1
TP
u pz71 .
]G s @ - ) grasar |+
kjt1.0:t
0 _
+7//(<I>(u)—kj)+ % | =1 gyt <
Akl
1
Py
<27k p15(9 T)M (D) 0, 7) // mz—l)(pi_l)|uxi|pi<jp”dxdt x
1—L
Py
0
[fws@ -k a4 [fow k2|52 aa
kj.g,l Akj,]-,l

Obuparoun k 3 ymMOBI

k> 0,P5(0, 7)M™ P10, T),
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Ta, BukopucroBytoun Jlemy 3, 3 (10), (11) maemo

Yj+1,1 = // J+1) dxdt <y(1—o0)~ 720“)’”{_"“‘@773(% I~ “+1y "l"n+1.

Akj 141

Hexait Q; = Quyn,ays, 1 = sup ®(u), 3 Jlemn 2 ummusae, mo y;; — 0, Ko j — 00,
Qi
3a YMOBH, 1110 Kk 3aJI0BOJIBHSIE PIBHOCTI

K2 = (1= o) 72 [Qys(2,1)] ! / / O2(u) .
Qi+1

Akmio € € (0, 1), Toxi 3 onepeHbOT HEPIBHOCTI OTPUMAEMO

O < ~0,P6(0, T)Mm"p"_l(G, T)+

N

(1= o) ISk, M 0,10 QoD | [ fudsar | <

1.5 @D
< ey + 0,750, T)M™ P19, 1)+
+ye 1 — o) 250, T) M™ X0, 7) Q) 5(7, 7)) //f(u)dxdt, 1=0,1,2...
Qn s (20)
3 1poro 3a JOIOMOIOIO ITEpalliil IPUXOIUMO 10 OIIHKU

-1
u(z,1)) < Bp < ' ptye o7 (e27)
=0

< [ 67500, A0, 7) 4+ 806, 1) (0,7) Q@D [ [l |
Qn %(wf)

JJIsT KosKHOTO | > 1.
O6epemo € = 2771 m06 cyma y mpasiit uacTumi 6ysa 361KHIM PSLIOM, KOJIH | — 00:

®(u(z,1)) < v(1—0) 0, Pn5(0, ) M™ P19, 7)dzdt+

(1= o) (0, T M8, 7) | Qs (2, B) 1 / / F(u)dadt. (12)
Qg,%(fvﬂ
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Hexaﬁf € C((])O(Qn,s(ja{;))ao < 5 < 175 =1 y Qg,%(jaf)v

%) < ~s71. o6 ominmTu imrerpan y npasiii uactuni dopmysiu (12), y inre-

< ypiti o=

]-anv

IpaJIbHY TOTOXKHICTE (4) migcTaBuMo GYHKIHO ¢ = u%ggpn. BukopucroByoun ymMoBy
(2), mepiBricTb ['bosibiiepa 1 epexostun 110 rpanuil, Koju € — 0, OTpPUMaEMo

// f(u)ePrdadt <~ // u|&|€Pn L dadt+
Qn, IE) Qn, IE)

17

+VZ Z [ e azae ’ // Pt

nsxﬂ n,s(Z;1)

Pq

Tenep mizcraBisioun B iHTErpajbHy TOTOXKHICTE (4) mpobHy dyHKI0 ¢ = ulPr,
BUKOPHUCTOBYIOUM yMOBY (2) i HepiBaicTs FOnra, maemo

[ #werdsde < 016,710, @) (13)
Qn,s(T,1)

Kowmbinyioun mepisrocti (12), (13), mpuxoaumMo /10 OIiHKE

®(u(z, 1)) < o 10, Pn5(0, T)M™ P18, 7). (14)

Ockinbku (T, t) Oyia JOBIIbHA TOUKA 3 LHIHADY Qpg or (x(o), t(o)), TOZI 3 HEPIBHOCTI
(14) BuxozuTh HeoOxigHa oninka (6), mo goBogurs Teopemy 1.
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M.A. Shan
Keller-Osserman a priori estimates for doubly nonlinear anisotropic parabolic equations

with absorption term.

We are concerned with divergence type quasilinear parabolic equation with measurable coefficients and
lower order terms model of which is a doubly nonlinear anisotropic parabolic equations with absorption
term. This class of equations has numerous applications which appear in modeling of electrorheological
fluids, image precessing, theory of elasticity, theory of non-Newtonian fluids with viscosity depending
on the temperature. But the qualitative theory doesn’t construct for these anisotropic equations.
So, naturally, that during the last decade there has been growing substantial development in the
qualitative theory of second order anisotropic elliptic and parabolic equations. The main purpose is to
obtain the pointwise upper estimates in terms of distance to the boundary for nonnegative solutions
of such equations. This type of estimates originate from the work of J. B. Keller, R. Osserman, who
obtained a simple upper bound for any solution, in any number of variables for Laplace equation. These
estimates play a crucial role in the theory of existence or nonexistence of so called large solutions of such
equations, in the problems of removable singularities for solutions to elliptic and parabolic equations.
Up to our knowledge all the known estimates for large solutions to elliptic and parabolic equations
are related with equations for which some comparison properties hold. We refer to I.I. Skrypnik, A.E.
Shishkov, M. Marcus , L. Veron, V.D. Radulescu for an account of these results and references therein.
Such equations have been the object of very few works because in general such properties do not hold.
The main ones concern equations only in the precise choice of absorbtion term f(u) = u?. Among the
people who published significative results in this direction are I.I. Skrypnik, J. Vetois, F.C. Cirstea,
J. Garcia-Melian, J.D. Rossi, J.C. Sabina de Lis. The main result of the paper is a priori estimates of
Keller-Osserman type for nonnegative solutions of a doubly nonlinear anisotropic parabolic equations
with absorption term that have been proven despite of the lack of comparison principle. To obtain

these estimates we exploit the method of energy estimations and De Giorgy iteration techniques.

Keywords: a priori estimates, anisotropic parabolic equations.
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Orninku Tuny Kemrepa—Occepmana u1st aHI30TPOIHUX NapaboJIiYHUX PIBHSHD 3 abCOPOIEro

M.A. ITlaus
Anpuopnbie onenku Tumna Kesuiepa-OccepmaHa 151 ABaXK bl HEJIMHEMHBIX AaHU30TPOMHBIX

napaGoimdecKux ypaBHeHHII ¢ abcopbrmeii.

Ilosry4geHBI TOTOYEYHBIE OLIEHKU CBEPXY JJIsl PEIIEHU IBasK/ Ibl HEJIMHEWHBIX aHU30TPOITHBIX 11apadoJIn-
9eCKAX ypPaBHEHNU ¢ aOCOPOIMOHHBIM YJIEHOM B TEPMHUHAX PACCTOAHUSA M0 rpaHUIlibl. OIEHKH TAKOro
Tuna 6epyT cBoe Hadaso B paborax k. Kemepa, P. Occepmana n nmeror 3navueHue st TaK Ha3bl-

BAEMBIX OOJIBINNAX PEIIeHMIA.

Katoueswvle cnosa: anpuopHsvle OUEHKU, AHU30TMPOTIHDbLE napa6(mu%ec1€ue YpasHEHUA.

Jonenpkuii Harionaabauii yuiBepcurer imerni Bacuist Cryca, Ompumaro 25.09.18
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