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NPUHLIMN CPABHEHMA PELLEHW
HAYA/NTbHO-KPAEBOW 3AAYM ANA CUCTEMBbI
NONYNUHEWUHbBIX MAPABOJIMYECKMX YPABHEHWIA
C HEJIMHENMHbBIMW HENOKA/TBHbIMU

[PAHUYHBIMWN YCNOBUAMMU

A.N. Thagkos*, A.U. HUKUTUH**
*benopyccKuli eocydapcmeeHHbIl yHusepcumem
**YuperoeHue obpazosaHus «Bumebckuli 2ocyoapcmeeHHsbili
yHusepcumem umeHu .M. Maweposa»

B pabome paccmampugaemcsa Ha4anbHO-Kpaesas 3a0a4a 014 cucmemsl foaynuHeliHbIX Napaboauveckux ypasHeHul ¢ HeauHelHbIMU Heso-
Ka/16HbIMU 2PAHUYHbBIMU YCA08UAMU.

Llenb cmamosu — 0oKazamesnbcmeo MPUHUYUNG CPAeHEeHUA peuweHull Ha4anbHo-Kpaesoli 3a0ayu. ABmopamu UCroAb3yomcsa Memodsl meopuu
AuppepeHyuanbHbIX ypasHeHul ¢ YacmHeIMu MPou3800HbLIMU. [JoKa3aHa meopema cpasHeHus peweHul Ha4anbHo-Kpaesoli 3adayu 014 cucmems!
nonaynuHeliHbix Napaboauveckux ypasHeHul ¢ HeauHelHbIMU Hea0KabHbIMU 2PAHUYHBIMU YCA0BUAMU U HEOMPUUAMEbHbIMU HAYanbHbIMU OaH-
HbIMU. Pesynsmamel pabomsi Mmo2ym 6bimb UCMOs308aHbI PU U3y4eHUU dughepeH|uasnbHbIX ypasHeHuUl ¢ YacmHbIMU MPoU3800HbIMU.

Knroueeble cn06a: NpuHYUn cCpagHeHus, noayauHeliHble ypasHeHUs, Hes0KAAbHbIE 2PAHUYHbIE YCAOBUS.

SOLUTION COMPARISON PRINCIPLE
OF THE INITIAL-BOUNDARY VALUE PROBLEM FOR
A SYSTEM OF SEMILINEAR PARABOLIC EQUATIONS WITH
NONLINEAR NONLOCAL BOUNDARY CONDITIONS

A.L. Gladkov*, A.l. Nikitin**
*Belarusian State University
**Educational Establishment «Vitebsk State P.M. Masherov University»

We consider the initial-boundary value problem for a system of semilinear parabolic equations with nonlinear nonlocal boundary conditions.
The aim of this work is to prove the comparison principle of solutions of initial-boundary value problem. In this paper we use the methods of the
theory of partial differential equations. The comparison principle for solutions of initial-boundary value problem for a system of semilinear parabolic

equations with nonlinear nonlocal boundary conditions and nonnegative initial data is proved. The finding can be used to study partial differential
equations.
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MAT3IMATbIKA

1. BeeaeHue. B gaHHol paboTe paccmaTpuBaeTca Haya/lbHO-Kpaesas 3a4a4va 415 CUCTeMbl NONYMHENHbIX Napa-
60/1MYECKMX YPAaBHEHMUI C HEIMHEWHbIMW HENOKANbHbIMU FTPAaHUYHbIMU YCIOBUAMM:

Uy = AU+C (X, t)VP v, = Av+c, (X, t)u, x e Q,t >0,
u(x,t) :Ikl(x, y,Hu™ (y,t)dy, x € 6Q,t >0,
Q

(1)
v(x,t) = J.kz(x, y,t)v" (y,t)dy, x € oQ,t >0,
Q

u(x,0) = ugy(x), v(x,0) = vy (x), x € Q,

rae p, g, m, n — NONOXWUTENbHbIE MOCTOAHHbIE, () — orpaHMueHHas obnactb B RN, N>1, c rnaakoii rpaHnieir 80, ci(x,t),

c2(x,t) — HeoTpuUATE/bHbIE NOKasbHO HenpepbiBHble No lenbaepy ¢GyHKUMKM, onpegeneHHble npu X e, 1 >0,

ki(x,y,t), ka(x,y,t) — HeoTpuLATENbHbIE HEMPEPbIBHbIE GYHKLMKM, onpeaeneHHble npu X € 0C), Y ef_l, 1>0, wo(x), vo(x) —

HeoTpuLaTe/IbHbIE HENPEpPbIBHbIE GYHKLMK, YAOBAETBOPAIOLLME FPAHUYHBIM YCA0BMAM npu t=0.

HayanbHO-KpaeBsble 3a4a4M A5 He/IMHEWHbIX Napaboanyeckux ypaBHEHUIM U CUCTEM YPaBHEHUI C HEIOKA/bHLIMU
rPaHUYHbIMW YCAOBUAMU UCCNEA0BANNCE MHOTMMW aBTOpamu (cMm., Hanpumep, [1-12] u nmetowwytoca B HUX 6ubamo-
rpadwmio). B [9; 10] paccmaTpmBanacb HayabHO-KpaeBas 3a4aya C He/IoKaAbHbIMM FTPaHUYHbIMU YCAOBUAMM [upuxne
NS NONYNNHENHOro NapaboiMyecKkoro ypaBHeHUsA ¢ NepemeHHbIM KoadduLpyeHToM

U =Au+c(xt)uP,xeQt>0,

u(x,t)=jk(x,y,t)u'(y,t)dy,xa?Q,t>0, (2)

Q

u(x,0)=uy(x),xQ;

rae P, | — nonoxutensHble noctosHHble, GyHKUMM c(X,t), k(x,),t), Uo(X) YAOBNETBOPAIOT YCAOBMAM, aHaNOTMUHBIM

YC/IOBMAM MUCXOAHOW 3agaum. MosyyeH paj yTBEPKAEHNA O eAUHCTBEHHOCTM PeLleHns, CyLWecTBOBaHUN U 06 OTCyT-
cTBMM rnobanbHbIX pewweHunit. B [11; 12] ans 3agaun (2) A0Ka3aHO CyLLeCTBOBaHME IOKANbHOMO KAacCMYeCcKoro pelue-
HWA, NOJIyYEHbI AOCTaTOYHbIE YC/I0BUA CYLLECTBOBAHUA M OTCYTCTBMA rN06a/IbHbIX PELLEHWA.

Llenb cTaTbM — AOKa3aTe/IbCTBO MPUHLMMA CPaBHEHUA PeLIeHMI HayalbHO-Kpaesoi 3agaum (1).

Martepuanbl U meTogbl. [P 3TOM HaMK UCNOL3YIOTCA METOAbI TeopUKN aAnddepeHumanbHbIX YpaBHEHMI C YacT-
HbIMM MPOUN3BOAHBIMU.

2. MpuHUUN CcpaBHeHMA pelleHnt. Beedem onpegeneHve BEPXHErOo UM HUXKHEro peweHuin 3agadn. [ycTb
Q =Qx(0,T), S, =00x(0,T).

Onpegenenue. Mapa HeompuyamensbHsix pyHKYUl (u(x,t),v(x,t)) Hazbieaemca HuxcHUM peweHuem 3ada4u (1)

6 Qr, ecnu u,VeCz’l(QT)ﬂC(éT) u

Uy SAU+C (X, VP, v, <AV+c, (X, t)ud, (x,t) e Qr,

u(x,t) < J.kl(x, y,HU™(y, t)dy, x €3, (x,t) € Sy,
Q

v(x,t) < j Ky (X, Y, OV (y,)dy, X € 30, (x,t) € Sy,
Q

u(x,0) <ug(x), v(x,0) <vy(x), xeQ.

Mapa HeompuyamenoHoix GyHKUUlU (u(x,t),v(x,t)) Hazeieaemca eepxHum peweHuem 3adaqu (1) e Qr, ecnu

uvec?t QN C((_QT ) u sbinonHAemca (3) ¢ HepaseHCMBaMU MPOMUBONOAOHHbIX 3HAKOE.

Teopema. lycme (U,V) u (U,V) — sepxHee u HuxcHee peweHus 3ada4u (1) 6 Qr, coomsemcmseHHo. [pednono-
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sweum, ymo U >0,v>0 usu u>0,v>0 6 61- npu min(p,q,m,n)<1. Toeda U \_IZ (3

Dokasatenbcrtso. Myctb Wl(X,t)za(X,t)—g(X,t), W2(X,t)=\_/(X,t)—\_/(X,t). Torga

(wy (x,t), W, (X,t)) yaosnetsopser HepaseHcTBaM

W, > AW, + ¢, (X,t)6 (x,t)w,, (X,t) €Q;,
W, > AW, +C, (X, )6, (X, t)w,, (x,t) € Q;,

W, (1) 2 [k (X, Y, )6, (v, )wi (y, t)dy, (x,t) €Sy,

w, (x,) = [k, (%, 06, (y, )W, (y,)dy, (x.t) Sy,

w, (x,0) >0,w, (x,0)>0, xeQ,

rae 6, (x,t) (i =:|71) — HeoTpUUaTenbHble HerpepblBHbIE B (ST GYHKLMM B-CUNY YCIOBUII TEOPEMbI.

Oonyctum, uto dyHkuma y(X) € c? (£_2) obnagaet cieayoWMMmM CBOACTBAMM:

0<y(X)<16Q, w(x)=1na oQ,
[ 06y, 08, (v, 9 (y)dy <2 wa Sg,
Q

[k, 06y, 00, (v, (y)dy <Lna S;..

W, (X,t) W, (X,t)
oo YT

Monoxum f(x,t) =

Yuutbias (4), nonyuaem, uto napa ¢dyHkumin (f.(x,t),g(X,t)) yaosnersopser HepaseHcTBam

£ 22 s VUt L Af a0, () eQ.,
!// v

g, >—g +2 V/Vg +Ag+¢C,0,f, (xt)eQ;,
v 4
f(x,t)= fkl(x, y,0)0,(y, Dy (y) f(y,)dy, (x,t) €S,
Q

g0 2 [k, (%, y,08,(y, Dy (V) g (y,t)dy, (x.t) €S,

f(x,0)>0,9(x,00>0, xe Q.

PacemoTpum creaytolme byHkumn T (X, t) = f(x,t) +cexp(at), g(xt) = g(xt) + sexp(at),

roe a>rr(1?ax(A—l//+cﬂl+0292),g>0.
RN

napa ¢yHKUni

(4)

(5)

(6)

(8)

Torpa, ucnonbsya (5)—(8), nerko nokasatb, YTo Napa GyHKLMIA (?(X,t),a(x,t)) YA0BNEeTBOPAET HepaBeHCTBaM
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422V +Af+ 01915, (x,t)eQ;,
7 Y

g,>—¢g +2v—V/V§+A§+02€2?, x,t) eQ;,

B L4 14 B 9)
F0D > [l (D0 v (y) F(y.0dy, (0 €Sy,

9> [k, (6 Y08,y 0w (VI (y.DdY, (xt) Sy,

(x,0)>0,9(x,0)>0, xe Q.

[oKaxem, 4to
f(x,t)>0, g(x,t)>0 8 Q, US,. (10)

Mpeanonoxum, uyto (10) He BepHO AnA ?(X,t) . Torpa cywectsyet Touka (X,1,)€Q; US; Takas, uto ?(Xl,tl) =0
m F(1)>0,g(x,t)>0 npn t <t.Ecm % € Q, 70 f (x,t)=0, VF(x,t)=0, AT(x,t)>0.
YunTbiBas nocneaHue cootTHowenus 1 (9), B Touke (Xq,t;) noayumm 0= ?t S AT+ Cﬂla >0.

Ecam X € 6Q, To u3 (5) u (9) cneayert, uto
0= 0x,t)> [k (%, .18 (v, 5)w(y)dy F(x,t,) =O.

MonyyeHHble npoTuBopeuma AokasbisaloT (10). Mepexoga B (10) k npegeny npu & —>0 umeem, uto
f(x,t)=>0, g(x,t)>0, a cnegosatensHo, n W, (X,t)=0,w,(X,t)>0 & Q, US,. 310 pokasbisaer yTeepxaeHune

TEOpeMbI B cuAy HenpepbiBHOCTH dyHKupmii W, (X, t), W, (Xt) B 6T . Cnyyait, korga (10) He BbinonHAETCA Ana §(x,t) ,

paccmatpurBaeTcsa aHanorMyHo. Teopema AOKa3aHa.
3akntoueHmne. PesynbTaTbl PaboTbl MOTYT 6bITb UCMO/b30BaHbI NPU U3yYeHUU AnddepeHLManbHbIX ypaBHeHM
C YaCTHbIMM MPOU3BOLHbIMMU.

JINMTEPATYPA

1. Deng, K. Comparison principle for some nonlocal problems / K. Deng // Quarterly of Applied Mathematics. —1992. —Vol. 50, no. 3. —P. 517-522.

2. Chen, B. A quasilinear parabolic system with nonlocal boundary condition / B. Chen, Y. Mi, C. Mu // Boundary value problems. — 2011. — Article
ID 750769. — 18 p.

3. Zheng, S. Roles of weight functions in a nonlinear nonlocal parabolic system / S. Zheng, |. Kong // Nonlinear Analysis: Theory, Methods and
Applications. —2008. — Vol. 68. — P. 2406-2416.

4. Liu, D. Blowup properties for semilinear reaction-diffusion system with nonlinear nonlocal boundary conditions / D. Liu, C. Mu // Abstract and
Applied Analysis. — 2010. — Article 1D-148035. — 18 p.

5. Gladkov, A.L. Blow-up problem for semilinear heat equation with absorption and a nonlocal boundary condition / A.L. Gladkov, M. Guedda //
Nonlinear Analysis. = 2011. — Vol. 74. — P. 4573-4580.

6. Gladkov, A.L. Semilinear heat equation with absorption and a nonlocal boundary condition / A.L. Gladkov, M. Guedda // Applicable Analysis. —
2012.-Vol. 91, no. 12. — P. 2267-2276.

7. Cui, Z. Blow-up of solutions for nonlinear parabolic equation with nonlocal source and nonlocal boundary condition / Z. Cui, Z. Yang, R. Zhang //
Applied Mathematics and Computation. —2013. —Vol. 224. - P. 1-8.

8. Ye, Z. Global existence and blow-up for a porous medium system with nonlocal boundary conditions and nonlocal sources / Z. Ye, X. Xu //
Nonlinear Analysis. — 2013. — Vol. 82. - P. 115-126.

9. Gladkov, A.L. Blow-up of solutions for semilinear heat equation with nonlinear nonlocal boundary condition / A.L. Gladkov, K.I. Kim // Journal of
Mathematical Analysis and Applications. —2008. — Vol. 338, no. 1. — P. 264-273.

10. Gladkov, A.L. Uniqueness and nonuniqueness for reaction-diffusion equation with nonlocal boundary condition / A.L. Gladkov, K.I. Kim //
Advances in Mathematical Sciences and Applications. —2009. — Vol. 19, no. 1. — P. 39-49.

11. Gladkov, A.L. A reaction-diffusion system with nonlinear nonlocal boundary conditions / A.L. Gladkov, A.l. Nikitin // International Journal Partial
Differential Equations. —2014. — Vol. 2014. - P. 1-10.

12. Gladkov, A.L. On the existence of global solutions of a system of semilinear parabolic equations with nonlinear nonlocal boundary conditions /
A.L. Gladkov, A.l. Nikitin // Differential Equations. —2016. — Vol. 52, no. 4. — P. 467-482.




BecHik BAY. —2019. — Ne 4(105)

10.

11.

12.

REFERENCES
Deng K. Comparison principle for some nonlocal problems / K. Deng // Quarterly of Applied Mathematics. — 1992. — Vol. 50, no. 3. — P. 517-522.
Chen B. A quasilinear parabolic system with nonlocal boundary condition / B. Chen, Y. Mi, C. Mu // Boundary value problems. — 2011. — Article
ID 750769. — 18 p.
Zheng S. Roles of weight functions in a nonlinear nonlocal parabolic system / S. Zheng, I. Kong // Nonlinear Analysis: Theory, Methods and
Applications. — 2008. — Vol. 68. — P. 2406-2416.
Liu D. Blowup properties for semilinear reaction-diffusion system with nonlinear nonlocal boundary conditions / D. Liu, C. Mu // Abstract and
Applied Analysis. —2010. — Article ID 148035. — 18 p.
Gladkov A.L. Blow-up problem for semilinear heat equation with absorption and a nonlocal boundary condition / A.L. Gladkov, M. Guedda //
Nonlinear Analysis. — 2011. — Vol. 74. — P. 4573-4580.
Gladkov A.L. Semilinear heat equation with absorption and a nonlocal boundary condition / A.L. Gladkov, M. Guedda// Applicable Analysis. —
2012.-Vol. 91, no. 12. —P. 2267-2276.
Cui Z. Blow-up of solutions for nonlinear parabolic equation with nonlocal source and nonlocal boundary condition / Z. Cui, Z. Yang, R. Zhang //
Applied Mathematics and Computation. —2013. — Vol. 224. - P. 1-8.
Ye Z. Global existence and blow-up for a porous medium system with nonlocal boundary conditions and_nonlocal sources./ Z. Ye, X. Xu //
Nonlinear Analysis. — 2013. — Vol. 82. - P. 115-126.
Gladkov A.L. Blow-up of solutions for semilinear heat equation with nonlinear nonlocal boundary condition / A.L. Gladkov, K.I. Kim // Journal of
Mathematical Analysis and Applications. —2008. — Vol. 338, no. 1. — P. 264-273.
Gladkov A.L. Uniqueness and nonuniqueness for reaction-diffusion equation with nonlocal boundary condition / A.L: Gladkov, K.I. Kim //
Advances in Mathematical Sciences and Applications. —2009. — Vol. 19, no. 1. — P. 39-49.
Gladkov A.L. A reaction-diffusion system with nonlinear nonlocal boundary conditions / A.L. Gladkov, A.l. Nikitin // International Journal Partial
Differential Equations. —2014. — Vol. 2014. — P. 1-10.
Gladkov A.L. On the existence of global solutions of a system of semilinear parabolic equations with nonlinear nonlocal boundary conditions /
A.L. Gladkov, A.l. Nikitin // Differential Equations. —2016. — Vol. 52, no. 4. — P. 467-482.

locmynuna e pedakyuro 24.06.2019
Aodpec 0nsa KoppecnoHOeHyuu: e-mail: gladkoval@mail.ru — Fnagkos AJ1.



mailto:gladkoval@mail.ru



