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AHHOTauMs. B pasnuusaplx cdepax dYeIOBEUECKOW IeATETHbHOCTH BO3HHUKAET
HEOOXOJIMMOCTh PEIICHUs MPUKIATHBIX 33]]a4, B OCHOBE KOTOPBIX JIEKAT KPaeBbie

3amaun. [lpu permieHMM HayalbHO-KPAEBBIX 3aJlay 1E€JIECO00Pa3HO HCIOIb30BAThH
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ACUMITOTUYECKHE MeETOonAbl. IIpy 3TOM Ha TOYHOCTH pPACUETOB BIIMSIOT Kak
OCHOBHBIE, TaK M BcCIOMOrarelibHble (akTopbl. [Ipu ydere TOIBKO OCHOBHBIX
(bakTOpOB perieHue NoaydyaeTcs He TOYHOE, a MpU J00aBJIECHUHU JOMOTHUTEIbHbBIX
BO3HMKAIOT TMpOOJIEeMbl B BBIYHMCICHUSX. B 3TOM ciydae paccMarpuBaeTcs
ACUMIITOTUYECKOE PELIEHHUE, KOTOPOE JTAaeT BO3MOXKHOCTHb BBIYUCIHUTH C
HEOOXOJUMOM TOYHOCTBIO TMOCTABJICHHYIO 3adady. Ilpu acuMOToTHYECKOM
BBIYMCJICHUM HEKOTOPBIX KPAaeBbIX 3aJlay MEMOPAHHOW 3JEKTPOXUMHUU BO3HUKAIOT
YPaBHEHUS C YaCTHBIMHU IPOU3BOJHBIMH, B KOTOPBIX MOYKHO 3aMETUTH YJIEHBI,
3aBUCSIIME OT 3HAKA UCKOMOW (PYHKIIMU U 3aMUCHIBAIONINECS C HCIOJIb30BAHUEM
byakiuii  XoBucaiiga. JloOaBieHue B JIMHEWHbIE YpPAaBHEHHS C YaCTHBIMHU
POM3BOJHBIMU 4JIEHOB ¢ (yHKIMeH XodBucaija MPUBOAUT K HOBOMY KIlaccy
KBa3WIMHEUHBIX YPAaBHEHUM, KOTOPBIE OTJIMYAKOTCA OT KJlacca JIMHEWHBIX
ypaBHEHU, HO MMEIOT CXOJCTBAa MO cBoilcTBaM. KpaeBwle 3agaum 111 JAHHOTO
KJIaCCa KBa3WJIMHEHMHBIX YPAaBHEHUM HA JAaHHbIM MOMEHT BPEMEHHM HEIOCTATOYHO
UCCIIEIOBaHbl. B JaHHOW CTaThe pacCMaTpHUBAETCS YHUCIEHHOE PEIICHHUE KPacBOu
3a71auM I ypaBHEHUs Tapaboianyeckoro tuna ¢ GyHkiuend Xapucana.

KiioueBble c¢JIOBAa: TpaHWYHBIE YCIOBUS, AUCKpeTu3amus, nuddepeHmanibabe
ypaBHEHUS, KBa3WIMHECHHBIC ypaBHEHHS, HadaJdbHBIC YCIOBHS, (QYHKIUS

Xn3BHUcamaa.
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Abstract. In various spheres of human activity there is a need to solve applied
problems, which are based on the boundary value problems. When solving initial
boundary value problems, it is advisable to use asymptotic methods. At the same
time, the accuracy of the calculations is influenced by both main and auxiliary
factors. Taking into account only the main factors, the solution is not accurate, and
adding additional problems in the calculations. In this case, we consider the
asymptotic solution, which makes it possible to calculate the problem with the
necessary accuracy. In the asymptotic calculation of some boundary value problems
of membrane electrochemistry, partial differential equations arise, in which one can
notice the terms depending on the sign of the desired function and written using the
Heaviside functions. Adding terms with the Heaviside function to linear partial
differential equations leads to a new class of quasi-linear equations that differ from
the class of linear equations but have similarities in properties. The boundary value
problems for this class of quasi-linear equations are not sufficiently investigated at
the moment. This article discusses the numerical solution of the boundary value

problem for the parabolic type equation with the Heaviside function.
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BBenenue
PaccmoTpuMm  KBa3WJIMHEWHBIE YpaBHEHHUS Mapa0dOJMUECKOro THIA C

dyHkuei XsBucaina [1]

2 =245 — x()div($V), t > 0,x € (0,1),y € (0,1) ,
a TaKJKC KpPacCBLBIC YCJ'IOBI/IH:
1) rpaHUYHBIE YCIIOBUS:

Sl,-o=AtY)<0, S| _, =B(t,y)<0, S|y:0=C(t,x), S|y:L:D(t,x),
2)  HavaJgbHbBIC YCIOBUS
Slyo=So(X,y)
3)  yCIOBHS COrIacOBaHMs MPaHUYHBIX ycioBui [3]:
C(t,0)=A(1,0)<0; C(t,1)=B(t,0); D(t,0)=A(t,L)<0; D(t,1)=B(t,L)
4)  yCIIOBUS COTJIAaCOBAHUS IPAHUYHBIX U HAYAIBLHBIX YCIIOBHIA:
So(0.y)=A0.y); So(1,y)=B(0.y); So(x,0)=C(0,x); So(x,L)=D(0,x);

PemnM paccmarpuBaeMyro HadajdbHO-KpaeByro 3amady [5]. Jus atoro
BBITIOJIHUM PSJT ICUCTBUN.

OcHOBHas1 4aCTh

1)  Ksanropanue [6]. O6mactes U={(x,y,t)€[0,1]x[0,L]x[0,:0)} pazmoxum
c marom hy, hy m mo Bpemenu ¢ marom h=t. Jlanee mis ynpomieHus: perieHus
paccMOTpUM YacTHBIA ciydail, korma hy,=hy=h. A Taxxke, Oymer mpuUMeHSTHCS
OJIMHAKOBOE 0003HAYEHUE JIJIsl HCXOHBIX (DYHKIINH, HAIJISKAIINX UM, PA3HOCTHBIX
b yHKITHH.

3areM BBEAECM YETHIPE OJHOMEPHBIX M TPU JIBYMEPHBIX MacCHBa, KOTOPHIC

COOTBCTCTBYIOT pasMCPHOCTH:
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N=|3|+1, M=|=] +1: AIM]; BIN]; C[NJ; DINJ; So[N.MJ; S,[N.M];
Sn[N,M].

Paccunraem wmaccuB A[M] mo dopmyne A())=A(t,(j-1)h), j=1, t -
¢duxcupoBanHoe 3HaueHue. Maccussl B,C,D,So naxoaum mogo0HbIM 00pazom [2]. S
Ha MPOIILJIOM CJIO€ IO BPEMEHHU 3aluIleM Yepe3 Sy, a yepe3 Sy- Ha TeKYIIEeM CIIoe Mo
t.

2)  Ilpumensiem siBHyr cxemy u3 ypaBHenus i 1=2, N-1; j=2, M-1
HailneM Sy, Sy.

[lepeiinem ot auddepeHMaTbHBIX YpPaBHEHUH K pa3sHOCTHBIM [9], ¢
MIOMOIIBIO 3aMEHBI TIPOM3BOTHBIX KOHEYHBIMH Pa3HOCTSIMHU 110 (popMyiam:

25 _Sui)-Sy(i)
ot T
Sp(i+1,)Vy(i+1,))-Sp(1,)V1(i.j)
n ,
_SpHLDV,(+1)-SyD V(i)
n )
0*S _ Sp(i+1,))-28,(1,))+Sp (i-1.,))
ox2 h?
0*S _Sp(i,j+1)-2S,(i,)+S,(-1.)
oy? h?
[Tpu noacranoBke B ypaBHeHue monyuum [10]:
Sn(i, J)-Sp(i, J) i Sp(i+1,j)-28pgi,j)+Sp(i-1,j) N
T h

 SATDEEDHO s v (7-55).

h2
i=2, N-1:j=2, M-1,

0
p (SVy)=

0
p (SV,)

: 1 .
B KOTOpoM div, (Z'Sp) - TUCKPETHBIN ONEpaTop AUBEPTEHUMH, HAXOIUTCS

o gpopmyie:
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div, (% ,Sp) _ Sp(i+1,J)V1(i+1r;j)-3p(i,j)V1(iJ) .
n Sp(I’J+1)V2(I!J;l)'sp(I’J)VZ(I!J), i:2, N-l;j:2, M-1.

PemiM faHHbIe ypaBHEHHs OTHOcUTENbHO Sy (i,j), momyuum [7]: mpwm

i=2, N-1;j=2, M-1:
Sn (Iij)zsp(la.l)-i-}\'F (Sp(|+11J)-28p(Ia.l)+Sp(|-11.l)) +

+ 5 (Sp(+1)-28,(1.)+8, (0.j-1) ) -x(S,)dlivg (2.5, ),
rac
0, ecom S (i,j<0

(
1(Spdivy)(S,)= 4' h (Sp(l+l,j)V1(I+1,j)-Sp(I,j)V1(I,J)+

(7 (8000, #DVa( #D-8, LDV ), Sy(i, >0
3) IlpucBauBaem 3HaUYCHHUE HA TPAHUIIAX:
Sp(LD=A®), j=1, M, S,(N.D=B(), =1 M,
Sp(i,1)=C(i), i=1, N, S,(i,M)=D(i), i=1,N.
3anuiieM ajaropuTM YUCICHHOTo perieHus [4]:
1) t=0, npucBoeHNEe HAaYAIbHBIX 3HAYEHUA:
Sp(i.D)=So(i,j), rae So(i,j)=So((i-1)h,G-Dh).
2) t=t+ 7, nepexoauM Ha CICAYIOIIUN CJIOMN, TOra:
a)  serumcnsem Sy(i,j) npu i=2, N-1;j=2, M-1. [8]
b)  maxommm maccuBbl A[M]; B[M]; C[N]; D[N] mo ¢bopmyrnam naHHbIC
BBIIIIC:
A(=A(-Dh), =1, M,
B()=B(t,(-Dh), j=1, M,
C(i)=C(t,(-1)h), i=1, N,
D(i)=D(t,(-1)h), i=1, N.
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C)  BeBomUM rpaduk S, (i,]).
3)  PaccmorpuM JOCTHXKEHHSI KOHEYHOTO BPEMEHH tx M COMOCTaBUM €ro

[9] Ecim t < ty, To Sp(i,j)= Sn(i,j), iI=1, N; j=1, M, 3arem mepexof Kk mary 2, HHa4e

BBIXO/I.
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