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AwnnoTtanusi. MerogamMu Teopun CHJIBHO HEMPEPBIBHBIX IOJYTPYIIT JIMHEHHBIX peodpa-
30BaHMiT B 0AHAXOBOM IPOCTPAHCTBE YCTAHABIMBAETCS PABHOMEDHO KOPPEKTHAsl PA3PEIu-
MOCTb T'PAHMYHBIX 337349 JJjis JBYMEpPHOTO ypaBHeHus Jlamigaca B mosmyocu. C 9TOil 1ebio
Ha OI'PAaHUYEHHOM HMHTEPBAJIE IOJIOKUTEIBHON MOJIYOCH yKa3bIBAIOTCS KJIACCHI BECOBBIX ITPO-
crpaHcTB DYHKIMIA ¢ OJHOPOAHBIM ycjoBueM Jlupuxje Ha KoHIax umHTepBasia. OIUCHIBAIOT-

&2
¢t 00J1aCTH OTIPEIe/IeHHsT ONEePATOPOB 3aJaHHbIX JuddepennualbHbIMI BHIPAsKeHUAMA 7oz 1

(—%)%,t € [0,l] m crposiTcsi COOTBETCTBYIOIINE TIOJIYTPYIIIBI, JJIsi KOTOPBIX 9TH OIEPATOPHI
SABJIAIOTCS TeHepaTopaMu. C IMOMOIIBIO MTOJIyYeHHBIX PE3YJIbTaTOB YCTAHABJIMBAETCS [IPEJICTAB-
JIEHWE PEeNIeHn MCCIeayeMbIX 3aaT U MPUBOJAUTCS TOTHAA OIEHKA MTOBEICHUS ITUX PEITeHnit
Ha OECKOHEYHOCTH.

Kuro4deBble cjioBa: KOPPEKTHBIE U HEKOPPEKTHBIE 3a0aYU1,TeHEPATODP CUIHLHO HEIPEPhIB-

HO# IIOJIyT'pYyIIIIbL.

ON THE EXACT ESTIMATION OF THE SOLUTION OF THE
BOUNDARY VALUE PROBLEM OF MIXED TYPE FOR THE

TWO-DIMENSIONAL LAPLACE EQUATION
D. V. Kostin, M. N. Nebolsina, D. S. Semendyaev

Abstract. Methods of the theory of strongly continuous semigroups of linear
transformations in Banach space establish uniformly correct solvability of boundary value
problems for the two-dimensional Laplace equation in the half-axis. For this purpose, classes
of weight spaces of functions with a homogeneous Dirichlet condition at the ends of the interval
are specified on a limited interval of the positive half-axis. The areas of operators definition
given by differential expressions are described % " (fj—;)%,t € [0,]] and the corresponding
semigroups for which these operators are generators are constructed. With the help of the
obtained results, the representation of the solutions of the studied problems is established and
an accurate assessment of the behavior of these solutions at infinity is given.

Keywords: correct and incorrect problems,generator of strongly continuous semi-group.

1. IIOCTAHOBKA 3AJJAYNN

VceiejoBaHuio KOPPEKTHON paspermMOCTi Hada bHO-KPaeBblxX 3aad jijist jauddepenmaabHo-
ro ypaBHEHUS BUJA
d?u(x)
dz?
rje A-JIMHeNHBIA omepaTop, JeHCTBYOMM B 6aHAXOBOM IIPOCTpaHCTBEe F ¢ IJIOTHON 00J1aCThIO
onpegenenns: D(A) C E, nocssimena monorpadust C.IKpeiina [2].

= Au(z),z > 0, (1.1)
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B ciyuae 3ajaum o HaxoxKjieHUn perenust ypaHenus (1.1), yaoBieTBopsIoneii yeaoBusim

u(0) = f, f € D(A), (1.2)
Jim [u(@)] =0, (1.3

B [2] yrBepkmaercsi, uTo ecim onepaTop A NO3UTUBHBIA € OIEHKOI Ha PE30JIbBEHTY

(M —A)7H < <0, (1.4)

M
7’)\
14+ ||

to 3ama4a (1.1)-(1.3) paBHOMEPHO KOppEKTHA, TO €CTh HMeeM €JMHCTBEeHHOe DeIlleHHe, KOTOPOoe
IPECTABUMO B BH/IE

u(z) = Uz, — A2, (1.5)

1 . .
rie Uz, — A2) - cuibHO HelpepbIBHAS [OJIYIPYIINa JMHEHHBIX TPe0OPA3OBAHUN € TPOU3BOJISIIIUM

1
oreparopoM —A?2. [lpu aTom cripaBeyiuBa OleHKa,

[w(@)lle < M|z (1.6)

B [4], [5] A.B.Kocruubmv myist ypasuenust (1.1) paceMmarpuBaercst 3a/iada CO CMEIIAHHBIM IDAHIY-
HBIM yCJIOBHEM

—/(0) + pu(0) = f. (1.7)

ITokazano, uro eciu omneparop —A sABJIETCS PeHEPATOPOM CXKUMAIOIIEH HOJIyrpybl U (a:, - A) ¢
OIIEHKOI

|U(x,— A)|| < Me™“*w>=0 (1.8)
to 3amada (1.1)-(1.3)-(1.7) paBHOMEPHO KOPPEKTHO Pa3pelmnMa, ecjiu

pA4Vw >0 (1.9)

U ee pellleHre UMEET BU/]L

u(x) = /e“(ms)U(s, —A%)fds =

= /B_MTU(x—FT,—A%)de (1.10)
0
U CIIDaBeJINBA OIECHKa
lu(t)le < Me™ VI f|p. (1.11)

B nacrosiieit pabore pesysbrarThl npuBejieHHble B paborax (3], [6], upumensitorest K oneparopy A,
zaganaoMy JuddepeHnuaabHbIM BhIpaskeHueM L = —% t € [0,l] C [0,00) B mpocrpancrBax Cp g
HenpepbIBHLIX DyHKIW (1), yI0BIETBOPSIONINX YCIOBHSIM

u(0) =u(l) =0 (1.12)

C HOpMOI
= t)|. 1.13
[ulle mmax |u(t)] (1.13)
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2. OCHOBHOI1 PE3VJIBTAT

[tst onmcamnmst 061acTu onpeesienust oneparopa A BBeeM BeCOBble IPOCTPAHCTBA HELPEPBIB-
upix Ha [0, dyskmmit u(t) C) o ¢ HOpMOI

u(t)

[ullp = sup |= . (2.1)
P te[0,]] SIHQWTt
Hepr,ILHO BUIETH, 9TO CIIpaBe//InBa OIl€HKa
Julle < llullp, (2.2)

13 Koropoit ciemyer siaoxkenne C, o C Cop.
JlemMma 2.1. Baoowcenue Cpo C Co o 6c100y naomuoe.
Hokazarenbcrso. st mpousBosibHO Masioro € > 0 Haiigercst § > 0 rakoe, yro npu ¢t € [0,0] U

[l — 6,1] Bomonusiercs: nepasencrso |u(t)| < e. Janee mycts p(t) = sin 2t n

pool) )t € [0, 4]

p(9)
us(t) = u(t), te(0,l—9) (2.3)
0@ u(t), tell—o,l

Torma oueBuHO U (t) € ()0 U clIpaBeJINBO HEPABEHCTBO

p(t) p(t)
[u(t) —ue(t)] < sup [(1 - —F)u(t)|+ sup [(1 — ———F=)u(t)| < 2e.
: t€[0,0) p(6) tefl—5,] p(l = 6)
Orcroza ciielyer J10Ka3aTe/IbCTBO JIEMMBL.
2
Omneparop A zamaaum nauddepeHImaabHbBIM BhIpaXKeHneM L = —j? 1 0bJIACTBIO OIpeJIe/IeHUs
D(A) = {u S Cp70,Lu S Cp70}. (2.4)

Herpyo mokazath, uto D(A) = Co,0-

Hasee 3amerum, uaro dyukmun p(t) = sin ’TTt SABJIAIOTCSA COOCTBEHHLIMU (PYHKIMSAME OLEPATOPa
A, KOTOPBIM COOTBETCTBYIOT COOCTBEHHBIE UNCIA A, = —(”Tt)Q, n=0,1,..

B cBs131 ¢ 3THM JOKaXKeM CJIELYIONIYIO TEOPEMY

Teopema 2.1. Onepamop A asaaemca 2eHEPAMOPOM CUAHO HenpePueHot nosyepynnv U(z, —
A) 6 npocmpancmeazr Cp o U 0as Hee cnpasediusa OueHKa

Iwr)Qx

U (2, — A)| < e 7 (2.5)

Jokazarenscrso. Tak kax p(t) = —sin(T)?t ects cobersennas dbynkmus omeparopa A, To ode-

BUJTHO CIIPABEJIJINBO PABEHCTBO

i
l

R\, —Ap=N+A)"p=—F— (2.6)

2
Ucnonbayem npejcrasienne dbyukinun ['puna st perenns ypasaernst Au(t) -+ d djgt) =f@t) (fe
('), umeeM ciiejiyrolee MpeJcTaBjIeHne Jjisi Pe30JbBEHThI oneparopa — A

(AL +A)7Hf(t) = R\, —A) f(t) =
[ / shVAEshV/A(L — ) F(€)de+

0

1
 VAshv
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l

+ / shv/MtshV (L — €)f(€)dE], A #0 (2.7)

U3 roro, aro B (2.7) siapo dyuknun ['puna MOI0KATEIBLHO U HOIOKATEIbHBL Bec p(t) n3 (2.6)
CJIEJIyeT OIEHKA
/1l
[R(A, =A)], < WREIER (2.8)
Ara orerka 1o reopeme Xusute-Puimuiica obecriednBaeT oneHKy (2.5) 1 10Ka3aTEILCTBO TEOPEMBI.

Bameuanme. B ouenkazx (2.5), (2.8) sec p(t) moorcno 3amenumo sxeusasermmuvim p(t) = (1 —
t). Vcnonbayst pasencrso (2.7) B dopmysie

w100
U(x,—A)g(t)ZQLm / RO g(x)d, (2.9)

HoJiydaeM cjejiyrolee pejcrasienne st nosyrpyunet U(z, — A)

w—+ioco
1
Uz, — A)g(t) = — MR, — A)gdr =
(e~ Ag) = 5z [ RO, A
w—+ioco 1 00
= / )\/ e~ (n+l) \/_l[ch\/—(§+l—x)
Ww—100 n=0

—chVA(E — 2 —1)] d§+/z @AV eh /N (z + 1 — €)— (2.10)

[
_ (2nl—t—8)2 t 5)2
—ehV/X(z — L+ ©)g(€)dE N = —— /
"* 90
l
_ @u—t+&)?
e T g6 de = / G, A)g(€)de.
0
B,ZLQC]) MBI BOCIIOJIB30OBaAJINCH paBeHCTBal\H/I
1 VU oV
N _ o © > e
n=0
H .
1 e 1w
-— d\ = e 4z
2mi ) vV VX

1
OmuepaTopsl - A UMeOT KBaJIpaTHBIl KOPEHb, pryeM orepaTopbl —(—A)2 siBJISIOTCS TeHepaTopa-

1
MU CUJIBHO HenpepbIBHbIX nosyrpymi U(z, — A2), cesasannbix ¢ noayrpynamu U(z, — A) coorHo-
IIeHneM

Uy (e, A)g(t) = \F / 683/4; A)g(t)ds. (2.11)
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Takum 06pazoM, TOJydaeM CJIEAYIOINIee BhIPAXKEHUS JIJIsl TIOJIYTPYIII C OIIEPATOPOM —(—A)l/ 2

l
x > 1
U1/2(x7A)g(t) - ;/ Z [(27’LZ—|—75—£)2 —|—£l72_
o n=—0o0

n

1

T o L2 ek

W3 npuBeeHHLIX Pe3y/ILTATOB CJIeLyeT
Teopema 2.2.3adava 0 HaTOMHCIEHUU PEUEHUSA YPAGHEHUS

Pu 0%
. - = > .
52 + 07 0,z >0,y € [0,l] C [0,00) (2.12)

y(?oe/cemeop.ﬂmwee YycaosuAM

ou

5y Hu@w)le—o = g(y), (2.13)
u(z,0) = 0,u(z,l) =0, (2.14)

20e )

9y
lgll, = sup |=—57—| (2.15)

velo] sin” 7y
umMeem e@uncmeemwe pewerue, ecau

p+ >0, (2.16)

l

ono umeem eud (1.10), 20e U(x, — A%) onpedeasemces npedcmasaenuem (2.11) u cnpasedausa
ouenKa

u(z,y (T g(y
‘—.(2 W_) | < e WHDT gup |- (272 |. (2.17)
yelo,] S TY yelo,l] S TY
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