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AHHOTANMUA

HUccneoosanus Kpaeesvle 3a0aqu ons YpAasHeHUA cocmaeHoco muna
CpABHUNENbHO HOB0€E HAnpdaesjleHue 6 neopuu Kpaesovlx 3a0adu. OCO6blﬁ unmepec smu
3a0ayqu npedcmaeﬂﬂiom 6 C6A3U C UX NPUTIOIHCEHUEM 6 PA3TTUYHBIM 3a0a4am MexaHuKu
u cj)u3u7<u, maxKue OHU B603HUKawom npu MoaeﬂupoeaHuu menio macc oomeHa 6
KaneaspHo—nopucmsix cpeoax psaoa pa3iudHulXx OUOJOSUYECKUX 00beKmos u Opy2ux
3a0au.

Knroueewvie cnosa: HeflOKaJZb, HEJNOKAJIbHAA 361()611461, YpABHEHUA CMEULARHO-
coCmasHou mun, J1OKaib, CUHSYIIAPHOE UHMeCPATIbHOE YPABHEHUE.

ABSTRACT

The study of boundary value problems for an equation of composite type is a
relatively new direction in the theory of boundary value problems. These problems
are of particular interest in connection with their application in various problems of
mechanics and physics, such they arise when modeling heat and mass transfer in
capillary-porous media of a number of different biological objects and other
problems.

Keywords: Nonlocal, nonlocal problem, equations of mixed-composite type,
locale, singular integral equation.

BBEJAEHUE
OpnocsizHOM oOnactu D, orpanndeHHON TNIagKOW JIMHUM ¢, OMUPAIOIICHCS

na touku A(0;1) u B(1;0) pacronokeHHOi B YeTBEpTH MIOCKOCTH (X >a, Y <0) u

orpeskamu A4, , BE , AE mnpambeix x=0. x=1, y=1 cooTBeTcTBEHHO, TIAe

O, E —rouku ¢ koddpduumenramu (0;0), (L1) paccmarpusarowmast ypasHerust [1-11]
9 (Lu)=0 1)

ay
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+1—sgnyu ~1+sgn yu

Lu =Uu,, > W > y

()

OBCYXJIEHUE U PE3YJIbTATHI
3amaua 1. Haiftu pynkiuio U (X, y) CO CJICIYIOIINM CBOMCTBaMU:

1. ®Oynkuus u(x,y) ABJIIETCSl PEryJsIpHBIM pelleHHeM ypaBHeHus (1) B
obmactu D (y;tO)

2. DOyHKuuA u(x,y) M €€ YaCTHbIE MPOU3BOIAHBIE TIEPBOTO MOPSAKA

HETIPEPHIBHBI B 3aMKHYTOU 00JaCTH D (momyckaercsi, 4TO B TOUKAX 0(0;0), B(l;O)

YaCTHBIC MPOM3BOAHBIC U, , U, MOTYT 00pamarbCs B OCCKOHCYHOCTH IOpsKa

X !
MEHBIIIE STUHUIIBI)
3. OyHKIUA U (X, y) YIAOBIIETBOPSIET TPAHUYHBIM YCIOBHSIM

u|_=f(&) (&-rouxa koutypa o), u|A1E =y, (x)
ul_, =ul. (0<1<1), u(o, y)+u(0,—y)|AAi =y (y) (3)
U0 =V (Y)

rne f,y,y,,v— 3anaHHble (QYHKUUM YIOBJIETBOPSIOIIUE OINPEAEICHHBIM
YCJIOBHSIM TJIAAKOCTH W YCIIOBUSIM COTJIACOBAaHUs, l//( y)—qaCTHaﬁ byHKIMU TIpU

HCCIICIOBaHUST JTUX 3a7ad OyJeM I0Jb30BaThCsd TeM (akTopoMm, 4TO Jr000e
peryisipHoe perieHuu ypaBHeHus (1) npeactaBuMo B BUIE

u(x,y)=z(xy)+ao(x)

(4)
CootserctBerHO (1), Z(X,y)—perymspHoe pelieHi: ypaBHeHHs
1-sgn 1+sgn
zm+%zw—%zy:0 (5)

@ — TIPOU3BOJIbHBIE JIBAXKIBI HENpepbIBHO-IU(DPepeHnpyembie QPyHKIus 0e3
orpaHnueHus obuHocTH MOxkHO npeanonarate @(0)='(0)=0, npexmonaraercs,

YTO O IEIUKOM JIGKUT B II0JIOCE OrpaHWYeHHBIMH TpsMbiMu X=0, X=1 Ha
ocHoBaHuu (3)-(5) 3amaua 1 peayuupyercs K ONPEACTICHUIO PETYISPHOTO PEIICHUS
ypaBHeHus (5) B obnactu D(y & 0) YAOBJIETBOPSIOIIETO KPAEBBIM YCIOBUSIM
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N

Z|o': f(ﬁ)—a)(x), Z|BE Z|><| (P(Y)
2o, =0(¥) (0<y <), 2|, =y (y)-o(-

2] =2 (%)= @(%), 2|, =0(Y)

(6)

Jloka)keM €AMHCTBEHHOCTh pemieHus 3agadya 1. Ecm f =y =y =0=0, TO
byHKIHS z(x, y) HE MOXET JIOCTUTaTh  IMOJOXKHUTEJIBHOTO  MaKCUMyMa
(oTpuLaTenpHOrO0 MUHMMYMa) Ha oTpe3ke OB u A4, . JIeHCTBUTENBHO MPEAIOI0KUM,
YTO TIOJIOKUTENIbHBIA MaKCUMyM (OTPUUATEIbHBIA MHUHHUMYM) JIOCTUTAEeTCS B
HekoTopol Touke N (XO,O) . To ypasuenus 2z, —z, =0 cuenyer, uTO
zy(XO,O) <0 (zy(XO,O) > 0) C JPYroil CTOPOHBI, M3 DJUIMNTUYECKON 9acTu 00JIacTH
D= {(X, y)eD, x>0, y< 0} umeer z,(%,,0)>0, (zy(XO,O) < O) . U3 mocraHoBKM

3a[a4u CJeAyeT, YTo I|m 12(xy)=limz(x,y), ILry_z (x,y)=limz,(x,y) orciona

y—>0+ Y0+

3aKJII0YaeM, 4YTO (1)yHKI_II/I$I Z(x, y) HE MOXET JIOCTUIaTh IOJIOKUTEIBHOTO
MakcUMyMa (OTpHUIIATeIbHOIO MUHUMYMa) Ha OB .

[lycts  yHKIUA Z(x, y) JNOCTUTAET  TOJIOKUTEIBHO  MaKCHUMyMa
(OTpULIATENIPHOTO MHUHHMYMa) B TOYKE N(O, y) orpeske 40 . Torna Z(x,y)

AOCTUTACT TIIOJOKHUTCIbHO MHUHHMYMa (OTpI/IHaTCHBHOFO MaKCI/IMyMa) B TOYKC

N,(0,y) orpeske AO . U3 ycnous ZX|AO =0 crnexyer, uto Z(x,y) He JOCTHraet

IMOJIOKUTCIIbHOI'O MaKCHUMYyMa (OTpI/IHaTCJ'IBHOFO MI/IHI/IMYMa) Ha OTKPBITOM OTPEC3KE
OA.

CrnemoBartenbHO, Z(x, y) HE JIOCTUTaeT IOJIOKUTEIBHO MAaKCUMyMa
(oTpunarenpHoro MuHuMyma) Ha A0 . DyHKUUA Z(x,y) HE MOXKET JOCTUraTh

MOJIOKUTEIBHOTO MakCUMyMa (OTpUIIATeNIbHOTO MUHUMYMa) Ha BE . B mpotuBHOM
cllydyae  9TOT  MaKCUMyM  JOJDKEH  peaju30oBaTbCcsi  BHYTPH  o0iactu

D, = {(X, y)eD, x>0, y< 0} , 4TO HEBO3MOXKHO OTCIOAa ciexyer, 4ro z(x,y)=0 B
o6mactu D,. Torna ¢(y)=0,w(x)=0 Cnenosarensro, z(x,y)=0 u B obmactu D,.
Taxum o6pas3om, 1oka3zaHo, 4TO U (x, y) =0 B oOmactu D.

HepeXOI[I/IM K A0Ka3aTCJIbCTBY CYHICCTBOBAHUA PCHICHHA 3aJavu. I[JISI

TIPOCTAThl HPEANONOKHM YTO & — Ayra OKpPyXKHOCTH x°+ > =1. Perymspuoe B
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obmactu D, pemenne ypaBHeHHsA (5) YIOBIETBOPSIONIEE KpPAEBBIM YCIOBUAM

z),o=0(Y): 2 ‘ =u,(x), 7| = f(&)—o(x) maercs bopmymnoii
(x,y) J.u (x,y,t,0 dt+j 6G d@—jlu(t)G(x, y;0,t)dt
an )
2 &=L

(6)
f_(6’) f(@)—a)(COSQ); G(X, y;§,77)—¢)yHKuI/I;I I'puna. U3 paBenctBa (6)

oM IeM r(x)

1 t2x2

(x)+ = o[ dt = ,(x
(7)
rac
gl(x):fu(t)e(x,o;o,t)duzff‘(e)% do
et i g1

2

B cuily HeNpephIBHOCTH IEPBBIX MPOM3BOMHBIX OT GyHKuMH Z(X,y) u3
napabonuyeckoil yactu D, obmactu D momydaem cooTHomeHne Mexay 7(x) u
v(x)

o (x)—v,(x)=0
(8)
Hcnons3ys yenosus 7(0)=7(1)=0, u3 (8) momydaem
Jx'ul dt+jl £)o,(t)dt =0
0

9)

Hckimouast 7'(X)u3 (8) u (9), umeem

%_Iul(t)( A% = zjdt:F(x)

1-xt? t?—x

(10)
rae
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[lonp3ysch 3aMEHOMN EPEMEHHBIX

t? X
e e
ypaBHeHus (10) mpuBOIUM K BUITY
1¢m v) -
v VP
(11)
rae
1+t* 1+ x*
n(v)=u®C, P(5)=F(L

OOpainast naTerpansHoe ypasuenue (11), umeem

A

Bo3Bpamasach K cTapuM MEPEMEHHBIM X W t , MOJIYyYMM HWHTETPaJIbHOE
ypaBHeHne @penronbma BTOPOTo pojia

ul(x)—%iko(x,t)ul(t)dt = £,(x)

(12)
rae K, (X,t) —pe30JIbBEHTA SiIpa

_hl

+

O'—.H

g(x

rie f~0 (X) , 0 (X,t) —U3BECTHBIC (DYHKIIUH.
[ToncraBiisist 3HaUCHUS Ul(x) B hopmyny (9) onpenensem z'(x)
1
x)= Jpl(x,t)w(t)dt +F(x)
0

(13)
Pemenue ypaBHeHus (5), yA0BIETBOPSIONIEE KPAEBBIM YCIOBUIM Z| on = gp(y),

7). =gol(y)—a)(1)=g5l( ), 2|, =7(X) maercs dopmymoit

I¢ G:(x,y;0,t)dt— | @ (1)G (xyltdt+J' G™(x,y;t,0)dt

o'—.~<

(14)
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rae G (X, Y;&,n7)— byrkuus ['pua.
Peammsys ycmosue z| =@ (y) ortHocutenbHO @i(Y) , moiydaeMm

MHTErpalbHOE YpaBHEHHE BonbsTeppa BTOPOro pojia ¢ JOCTATOUHO IIAKHE SIAPOM
1t .
0, +—— 1@ (t)G.(I,y;L,t)dt =F
(Pl(y) 5 ,_7['([%( ) 5( y;Lt) z(y)

(15)
TIe

Fz(y):%:[go(t)G;(l,y;O,t)dtnL Zj;Ir(t)G*(l, yit,0)dt

VYpaBuenus (15) umeetr eTMHCTBEHHOE pPEICHUE
Peanusyro yenosue z|, =y (y)—o(-y) nmeem

o(y) =l//(y)—jul(t)G(O,—y;t,O)dt - T f_(e)aG(O’_y;aC:Se’Sine)d9+

2
1

+[v,(~1)G(0,—y;0,~t)dt

0

Ioxcrapisis sHauenus @(y), @ (y) B Gopmyny (14) u mcnons3ys ycnous
Z AE =y, (X)—o(x), ms onpenenennst w(x) (0<x<1) momydaem HHTErpanbHOE

ypaBHeHusi ®Dpenroibma BTOPOro poja, pa3pelIMMOCTh KOTOPOTO CIEAyeT W3
€MHCTBEHHOCTH PEIIICHUE 3a]Ia4u.
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