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Pa3zaocTHBIE MeTOZBI peleHnd
HeJIOKAJILHBIX KPaeBbIX 3aJa4
naga andpdpepeHnaabHbIX YPaBHEHMI
KOHBeKIun-a1udpdy3un ApodHOro mopsiaka
c 3pdeKkToM HaMaTHh

B macrosiieit pabore B IPsSIMOYTOJIBHON OOJIACTH M3YUAIOTCsA HEJIOKAJbHBIE Kpae-
BbI€ 3aJ[a9U JIJIsi OJJHOMEDHBIX IO MPOCTPAHCTBY AuddepeHInaIbHbIX YPABHEHUN
KOHBeKInU-1uddy3un 1podbHOTro nopsigka ¢ 3P@PEeKTOM MaMITH, B KOTOPBIX HENU3-
BecTHasI (DYHKIUST BXOAUT B auddepeHnnaabHoe BhIpaykeHne U BMeCTe ¢ TeM (hu-
IypUPYeT I0JI 3HAKOM WHTErpaJja. BO3HUKHOBEHWE MHTErPAJILHOIO CJIAraeMOro B
YPABHEHNU CBSI3aHO C HEOOXOMMOCTBIO YINTHIBATH 3aBUCUMOCTH MIHOBEHHBIX 3HA-
YeHmit XapaKTEPUCTUK OMMCBIBAEMOT0 OOBbEKTa OT WX MPEABIAYIINX 3HAUEHUH, T. €.
BJIMSIHUAE HA TEKYIee COCTOSIHUE CUCTEMBI €€ MPEJIbICTOPUHN.

JIJTst YUCTIEHHOTO pelTeHns] HEeJIOKAIbHBIX KPAEBBIX 3a/1a9 MOCTPOEHBI IBYXCJIONHBIE
MOHOTOHHbBIE PA3HOCTHBIE CXEMBbI, AIIIIPOKCUMUPYIONIUE ITH 331491 HA PABHOMEPHOM
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BBenenue

Cy1ecTByeT 6OJIBITIOE KOJTMIECTBO KHUT, MIOCBAMIEHHBIX JPOOHOMY MaTEMATUICCKOMY
aHaIu3y, JPOOHBIM Jud depeHIInaIbHBIM YPABHEHUSM U UX IPUMEHEHUSIM B (DU3UKE, Me-
xanuke, 6uosorun [1-7]. duddepennuaibibie ypaBHEHUs ¢ YACTHBIMU [TPOU3BOJIHBIMA
JIPOOHOTO IOPSi/IKA ABJISIOTCS 000DIIEHNEM yPABHEHUI C YACTHBIMY ITPOU3BOTHBIME IIe-
JIOYUCJIEHHOT'O TTOPSIJIKA U BBI3BIBAIOT OOJIBINO TEOPETUIECKU U TPAKTUIECKII HHTEPEC.
IIpu permennn MHOTEX 3329 B MEXaHUKe, (PU3MKE, OMOJIOTHH 9aCTO BCTPEIAIOTCS CPEIbI
U CHCTEMbI, KOTOPBIE XOPOIIIO HHTEPIIPETUPYIOTCSI KAK (PPaKTAJIBI, IPUMEPAMHE [TOCJIEIHAX
MOTYT CJIY2KUTh CHJIbHO TIOPUCTBIE CPEJbl, KAKOBBIM, HAIIPUMED, SBJISIETCS HOYBOIDYHT.
Permtenne pa3anyHbIx 337249 JJ1s TAKUX CPEJT IPUBOJIUT K KPAeBbIM 3aja4daM st qudde-
PEHIUAJIBHBIX yPABHEHMUIT ¢ JIPOOHO MPOU3BOIHOM.

B pabore paccmaTpuBaloTcs HEJTOKAIbHBIE KPaeBble 3aa49u 11 AU DepeHnaTbHbIX
ypaBHeHUil KoHBeKInu-1uddys3un JIpoObHOTO HOpsiiaka ¢ 3(hPEeKTOM maMsiTh U HeCTaH-
JMapTHBIMA KPaeBBIMHU yCJIOBHUSAMHU. PaccMarpuBaemble B PabOTe HEJIOKAJBHBIE YCJIOBUS
BO3HUKAIOT B IPAKTHKE PErYJINPOBAHUS COJIEBOIO PEKUMA II0UB, KOTJIa PACCOJIEHUE BEPX-
HEro CJIOsl JOCTUTAETCsl CJIUBOM CJIOsi BOJBI C IMOBEPXHOCTH 3ATOILJIEHHOIO HA HEKOTOPOE
BpeMst yaacTka (cM. [8, c¢. 233]). Ecin Ha MOBEPXHOCTH [OJIst KMEETCH CJIOH BObI IIOCTO-
SIHHO# TOJIIUHBI i, TO HA BEPXHEN I'DAHUIIE CJIEIyeT 3aJaTh YCAOBUE

Jc ou
h—=D—, (%)
ot oz
rie ¢ — KOHIEHTPAIUsl COJIM B MMOYBEHHOM pacTBope, D —muddy3uBHOCTSD.

Jlns ommcaHus [BMKEHUs] IPUMECH B IOTOKE OJIHOPOIHON KHUIKOCTU HCIIOIB3YeTCst
nuddepernuanbHoe ypasHeHne n1pobHoro nopsiaka [9]. Jist onpesesnenus merecoobpas-
HOCTHU PEKMMa CMEHBI BOJIBI MOXKET OTPEOOBATHCA PEIeHne KPAEBOI 3a/1a9M C YCIOBUSI-
MU Ha BepxXHell rpaHuIle Tosmy, orandarormedicst or (*). Tak Kak MoUBy CJIeLyeT paccMar-
puBaTh Kak cpery (ppaKkTaJIbHYIO, TO [PU HAIUCAHUU TPAHUIHBIX YCJIOBUIl €CTh CMBICT
TaKKe MCIO0JIb30BaTh KOHIIENINIO (bpaKTaIa

Coagtu = k‘%
Or

PasnrocTHBIM MeTOIAM peITeHNs JIOKAJIBHBIX U HEJIOKAJBHBIX KPAEBBIX 38144 JIJIs Pa3-
JIMIHBIX YPaBHEHWH JPOGHOrO MopsiiKa mocssmensl paborsr [10-22]. B paborax [10-12]
HOJTy 9€HbI PE3YJIbTATHI, IO3BOJISIONINE, KAK U B KJIACCHIeCKoM ciaydae (a=1), npumensTsb
METOJI SHEPIreTUIEeCKUX HEPABEHCTB Il HAXO0XK/ IEHUsI AllPUOPHBIX OIIEHOK KPAEBBIX 333t
JJIs ypaBHEHMs JIPOOHOIO MOpsijika B JudPepeHnnaabHO 1 Pa3HOCTHONW TPaKTOBKAX.

B paGore [11] nocrpoen HOBbI pa3HOCTHBIH anasor (HasbiBaeMblil dopmystoi L2 —1),
obecrieanBaroN il TOPSAJIOK ATMIPOKCHMAITAH JpobHoit mpomssommoit Kamyto O(737%).
JlokazaHbl yCTONYMBOCTD IPEJIaraeMbIX CXEM, a TaKXKe UX CXOJMMOCTH B Lo-HOpMeE CO
CKOPOCTBIO, PABHON HOPSIAKY IOTPEITHOCTH AIMTPOKCIMAIIAN.

JIpobHbIe MPOU3BOHBIE BKIIFOYAIOT B Ce0sl HEJIOKAJBHYIO MH(POPMAIINAIO, ¥, CJIeI0Ba~
TEJIbHO, MX BBIYUC/ICHHE TPeOyeT OTPOMHBIX 3aTpaT HA XPAHEHWE W BBIYUCIUTEIbHBIE
pecypcbl. B pabore [13| cTpouTcsi KOMIAKTHAS KOHEYHO-PA3HOCTHAS CXEMa BBICOKOTO
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nopsizika Jyist ypasaenusi cyonuddysuu apobuoro mopsiaka, a B [14] npegaraercs ad-
deKTuBHAS cXeMa BBICOKOTO TOPSIKA TOYHOCTH JJIsi BBIYUCJIEHUsT IPOOHOM TPON3BOIHOMN
KamyTo na ocaose dbopmyist L2 — 1o, npejyioxensoit B [11]. B pa6ore [15] uccaeayrorest
3aJ1a9¥ JIJIsi MHOTOMEPHBIX ypaBHEHuil cyouddy3un JpoOHOro pacipe ie/IeHHOrO MOPsiJI-
ka. [IpuBosITCS YnCIeHHbIE IIPUMEPHI, ITOKa3bIBAOIINE (PDDEKTUBHOCTD MTPEJIOKEHHBIX
pasHOCTHBIX cxeM. B [16] nccemnyeres kace HAUATBLHO-KPAEBBIX 337141 TPOCTPAHCTBEHHO-
BPEMEHHBIX JIPOOHBIX ypaBHeHN KOHBeKnn-auddysun. IIpemraraercs HOBBIiT 6e3yCI0B-
HO yCTOWYUBBIA HEABHBI PA3HOCTHBIA METOM, CXOAANUNACA C TOYHOCTBIO JI0O BTOPOr'O IO~
PAIKA KAK BO BPEMEHHBIX, TaK M B [IPOCTPAHCTBEHHBIX llepeMeHHbIX. B pabore [17] pas-
paboTaHbl Pa3HOCTHBIE CXEMbI BTOPOIO IOPSIIKA JIJIsi PEIleHUs] OJHOMEPHBIX U JIBYyMep-
HBIX ypaBHeHUi JpoOHOU quddy3un pacipeie/leHHOTO 10 BpeMeHu nopsiiaka. Jloka3anbr
6€e3yCJI0BHAST yCTONYMBOCTD U CXOAMMOCTD IIPEIJIaraeMoil pa3HOCTHON cXeMbl B Lo-HOpMe.

B paborax [18-22] MeTOI0M 3HEPreTHIECKAX HEPABEHCTB TI0JLY Y€HbI AITPUOPHBIE OIEH-
Ky perennit B guddepeHnnaabHoil 1 pa3HOCTHON TPAKTOBKAX, OTKY/A CJICAYIOT €JIH-
CTBEHHOCTHh U HEIPEPBHIBHAA 3aBUCUMOCTH DEIIEHNs OT BXOJHBIX JAHHBIX 33Ja9u. B cu-
JIy JUHEHHOCTH PACCMAaTPUBAEMBIX 3aJad IOJyJYEHHBbIE AIPUOPHBIE OIMEHKHU IIO3BOJISIOT
YTBEPKJIATH CXOAUMOCTD NPUOIMZKEHHOrO PEIIEHUs K TOYHOMY (B IPEIIOJI0KEHUH CyTIIe-
CTBOBAHUS MOCJIEIHETO B KJIacCe JOCTATOYHO TIaJkuX (yHKIH) CO CKOPOCTHIO, PABHOM
MTOPSIJIKY TOIPEITHOCTU AITPOKCUMAIIWH.

Hacrosimast pabora mocBsiieHa n3y9eHuI0 HEJIOKAJIbHBIX KPAEBBIX 3384 JJIs OJHO-
MEPHBIX 10 TPOCTPAHCTBY AudDepeHITHATBHBIX YPABHEHNN KOHBEKITHU-TU(dDy3un 1pob-
HOTO TIOPsi/iKa ¢ 3P HEKTOM TaMATH, B KOTOPOM Hen3BecTHas PYHKITN BXOTUT B audde-
PEeHINAIHHOE BBIPAXKEHUE U BMeCTe C TeM (bUTypUPYeT 110 3HAKOM HHTerpaJja. Bo3Huk-
HOBEHUE MHTETPAJILHOTO CJIAraeMOr0 B YPABHEHUHU CBS3aHO C HEOOXOMMMOCTHIO YUUTHI-
BaTh 3aBUCUMOCTH MTHOBEHHBIX 3HAUCHUI XapPAKTEPUCTUK OIMUCHIBAEMOT0 OObEKTa OT MX
MIPEIbIIYINUX 3HAYEHUN, T. €. BJIMSHAE Ha TEKYIIee COCTOSIHUE CUCTEMBI €€ TIPEIBICTOPUN.
JLJIsT TUCIIEHHOTO PEIeHns 33,121 TOCTPOEHBI JIBYXCJIOWHBIE MOHOTOHHBIE PA3HOCTHBIE CXe-
MBI, AIlIIPOKCUMUPYIOIINE STU 33/Ia1 HA PABHOMEPHOM ceTke. MeTo/I0M SHePreTHIeCKIX
HEPABEHCTB IOJIyYEHbI AllPHOPHBIE OIEHKHN B AuddepeHnuaabHoil 1 Pa3HOCTHON TpakK-
TOBKaX. V3 MOTy9eHHBIX OIEHOK CJIEIYIOT €IMHCTBEHHOCTh M yCTONYNBOCTD PEIIEHUs 110
[IpaBOl YaCTH ¥ HAYAJIHHBIM JAHHBIM, 8 TAKXKE — B CHJLY JIMHEHHOCTH PA3HOCTHBIX 33T
— CXOIMMOCTH PEIIeHUs] PA3HOCTHON 3a/1a9M K PEIIEHUIO COOTBETCTBYOMmEN muddepen-
HUaIbHO 331241 co cKopocThio cxoaumoctu O(h? +72).

1. IlocTaHoBKa HeJIOKAJILHOUN KpaeBoil 3ajauu
B szamknyTom mmmsape Qp = {(x,t):0<x <1, 0<t < T} paccMOTPUM CJIeIyIONTy IO
HEJIOKAJIBHYIO KPAeBYIO 3aJaTy
d 0 0 /
u u
Ogpu = p (k(x)ﬁx) —H’(:c)% + /p(x,t,T)u(x,T)dT+ flz,t),
0
O<z<l, 0<t<T, (1)

ke (0)ug (0, 8) = Br1 ()u(0, t) + Bra(t)0%u(0,t) — pa(t), 0<t< T, (2)
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— k(Dug(l,t) = Bar(t)u(l, t) + Baa(t)OGu(l,t) — pa(t), 0<t< T, (3)
u(z,0) =up(x), 0<ax <l (4)

rJe

0 <co < k(x), Pra(t), Ba(t) < c1,
|ﬂ11(t)7 ﬂZl(t)a T(I)v p(‘rvth)a kz(x)a Tm($)| < C2, (5)

Ur

t
o 1 x,T)
o = I(l-a) / (t — T)adT
0

— apobuas npousBoanas Kamyro mopsaka a, 0<a <1, ¢;=const>0,i=0,1,2.

B panbreitmiem Gyzem upeaionararb, 9ro perenue 3aigadu (1)—(4) cymecrByer u
00J1a/1aeT HyKHBIMH 10 X0y U3JI0YKEHUA TPOU3BOIHBIMU.

Bynem Takake mcnosib30BaTh MOJIOKUTENIBHBIE TOCTOsIHHBIE dncaa M;, 1=1,2,..., 3a-
BUCSIIIIE TOJBKO OT BXOJHBIX JAHHBIX PACCMATPUBAEMON 3a/1a9H.

2. AnpuopHnas onienka B auddepeHiiuaiabHoii popme
st nostyaenusi anpropHoii oneHKn perenusi 3a1a49u (1)—(4) yMHOXKHMM ypaBHEHHe
(1) cramsipro Ha U =u+ OFyu:

t

(85"tu,U> - ((kuz)x7U) + (ruI,U> + / pudr, U | + ( f, U>7 (6)

0

I
rie (a,b) = Ofabdx, (a,a) =||a||?, u a,b — 3anannbie na [0,l] dynxuun.

IMounb3ysicy nepasencrsom Kormu ¢ € u siemmoit 1 [10], mpeobpasyem ciaraemble, BXO-
Jsmme B ToxkaectBo (6). Torma mocie HecsoxHBIX npeobpazosannit u3 (6) mosydaem

HEPaBEHCTBO
laa 2 1 oS 2 2 1804 \/E 2 <
5 oellullo + 2” OtUHoJFCOHUxHoJF2 ot |V kue[|g <
t
! 2 2 2 2 (7)
< Ukug| -+ My (I[ulld + o) + Mo [ llulifdr + Msl£13.
0

Ouennm mepBoe ciaraemoe B pasoit wactu (7):

Uk, ; = (w(t,t) + 081, 0) (12(t) — Br(B)u(l,2) — Baa (D)0l 1)) +
+(u(0,t) + 3&u(0,t)) (“1(t) = Puu(0,t) — 512(15)55;11(0,0) =
= pa(t)u(l,t) + pa(t)08yu(l, 1) — Bar (t)u(1,) — B (H)u(l, )IG,u(l,t) —

— B ()L, 361, 1) — oo (1) (D0, 1) s (0, 0) + g ()50, 1)
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- ﬂll(t)uz((),t) - ﬁllu((),t)ﬁg‘tu(o,t) — ,Blg(t)u((),t)a&u(o,t) —
— B (3u(0.0)) < M=+ 23) + 21 (3u(1.1)) e (F5u(0.1)) +
£1,€ 2 2 2 2
+ Mo (||u||0 + ||ux|\0) — B22(t) (‘%’tu(lﬂf)) — ba(t) (8&u(0,t)) :

Bribupas €1 = B22(t),e2 = f12(t), U3 MOCIEAHEr0 HEPABEHCTBA, Oy 9aeM

1
Ukuy,
0

< Mg (l[ulld + lual3) + M7 (43 + 1i3). (8)
Yuntesas (8), us (7) HAX0AUM HEPABEHCTBO

06, (Il + 1VEual3) + luall3 + 105l <
t
2 \/> 2 2 2 2 2 (9)
< Ms ([Julld + 1Vkue 3) + My [ lulddr + Mo (IFI3 + 1) + 13(8)),
0

e
2 2 2
el o = lwll3 + e 2.

HeiictBys1 oneparopom apobHOro marerpuposanus Dg,” Ha 00e 9aCTH HEPABEHCTBA
(9), u3 mocseIHEroO MOy IaeM

s 00 + D™ (sl + 16:1) < MaDG g0, + MaD" [ i+
(10)

My (Daﬂ (L7 +120) + 30)) + ||uo<x>||%vg<o,l>>-

IIpeo6pasyem Bropoe ciiaraemoe B mpapoii uactu (10) ciemyromnmm o6pasom:

t

t t
Y 1
D5 [ Wl = 15 [ = / s = s [ ol / T
0 0

S

o

t i
1 (t—71)
=m/l\ullé(—7\ Jis = e [ (€= )7 lulfds =
0 0
L [ (= )luligdr _ T
o (t — 7)||ul|gdr _
— sy [ €~ Pt < s [T < el

0 0

Tlonyaaem

Dye / JulRdr < =Dyl (11)
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C nmomompio (11) u3 (10) caemyer

el g o) + D (lsallf + 105l ) <

(12)
< M1 Dl 0. + M (Daﬂ (1713 + w2(0) + 3)) + ||uo<x>|%vg<o,l>>-
Ha ocroBanuu jemmbl 2 [10] u3 (12) nosydaeM anprOpHYIO OIEHKY
ulls 0.0 + D™ (13 + gl ) < -

< M (D5 (1113 + 1830) + 130)) + o)y 0, )

riae M =const >0, 3aBucsImast TOJIbKO OT BXOAHBIX JaHHbIX (1)—(4),

t
udTt

w1
Diu =ty | oy

0

— npobubriit naTerpas Pumana — JlnyBuuis nopsaka o, 0 < a < 1.

Teopema 1. Ecmr k(z) € CY0,1], r(x) € C[0,1], q(x,t), f(z,t) € C(Qr), u(z,t) €
C*%(Qr) N CY(Qy), 0% u(z,t) € C(Qr) u Bomomnensr ycrosus (5), Torga A1 pemte-
aust 3agaun (1)—(4) cupasesusa onenka (13).

U3 cupaseymusoctu otenku (13) cremayior e MHCTBEHHOCTD U yCTORINBOCTD PEIIEHUST
10 IIPaBOil YacTU U HAYaJIbHBIM JaHHBIM.

3. YcToiiunBOCTb I CXOOAMMOCTb paBHOCTHOfI CXeMbI

Huddepennuanpuoit 3amade (1)—(4) Ha paBHOMEPHO ceTKe Wp, HOCTABUM B COOT-
BETCTBHE PA3HOCTHYIO CXEMy BTOPOI'O MOPsijIKa allllPOKCUMaImu no h u 7 [23]:

J+3
Ab:, Y= (aiyg({’))x + 07 a4+ 6 ayl) + 3 ol i+l (14)
s=0
it+3
%oalyi‘,’g = Buyy”) — 0.5k Z Pb.sYoT + B12AG,, Yo — fir, t € Wy, (15)
s=0
its
— enanyl R = Baryly) — 050 > ph YNT + B2 yn — iz, tE€T,,  (16)
s=0
y(xv 0) = UO(gj)a T € Wh, (17)

e

Bra = Br2 + 0.5k, f(tjro) = p1(tjso) + 0~5h90é7
Bas = Baa(tjre) + 0.5k,  fia(tjre) = pa(tjte) + 0.5k,
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0 = k(zi_o5), bzgg o= Flanting), 10— 1(0) <0,

ry =r() >0, y(") =yt 4+ (1-

o), & =d@iti,), af"” =o'

al(a’a):(lJra)l_O‘f(lflJra)l * 1>, 0:1—%,
1 R 0.5h|r| Pei
= = — pazHocTHOe 4ncjio PeitHosbica
1+ R L 1% Jica,
j+% -1

057, 7=0 1
Z T+05T<v 4ol 4oit2 )7 7= T ,m,m1+27
= T7j§£07m7m+§.

(6N 1 — — — —
b >:2_a[(z+o—)2 ¢ (l-1+0)? a} —5[(z+a)1 4 (l—1+0)], 1

upu j = 0, céa’g) = aéa’g);

WV

a0 1l 5 — g
upu j >0, @) = 2“ ) +b§if> — bga"’), I<s<j—1,
a(_a,cr) . b§_a,a’)’

J S:]’

1—«o _ . .
C((ea"a) > (S + G) > 07 pgs = p('rivt]JrUrTS-HT)v pz s _pztg'

-«

J
a (a ), s
AOtJ+Uy 2 - O[ g —s yt

— Pa3HOCTHBII aHaJOr APOoOGHOH mpoussomnoil Kamyro mopsaka a, 0 <a <1, obecrieun-
Batomuit mopsiok Tounoctu O(T37%) [11].

BBe,ILel\l CKaJIsIpHbIC IIPOU3BEJICHUA 1 HOPMY:

N . N
d= 3 s e {O.5h, i =0,N, Z weoih

= h, i #0, N,
(1, 4] = |[u][3,

Iepenumem B onepaTopHoM Buje 3ajaady (14)—(17):

AGy, .y = Atjao)y' ™ + 3,

y(z,0) = ug(z), x € wp,
rIe

A( J+<7) @) =

~ % , 1T AT 1
Ry = se(ay)), + bmayl” + bra Dyl + Z playiT i=1N —1

Ai ((T) - %(%Oa’ y:z: O 511?/0 +0. 5h Z pO syOT 512A8tj+{,y0> 1= 07

A+y§\?) = %( - %NaNyw N 521yN +0.5h Z PN SUNT — 522A8’tj+c,yN) i=N,
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¥ = Pi, ZZI,N—:[,
B = {v = 2(mltyse) + 05h¢] ), i =0,
ot =2 (pa(tjye) + 0~5h@3v), i=N.
_ 1
o = 1+0,iz.\gg\ , 7o <0
_ 1
AN = 1+(1;5\;L\:)N\ , Ty = 0.
YmuoxuM (18) ckansipHO Ha §:
|:A0tj+0y gi| = [K(tj-‘ro)y(a)ag} + [5, g:|a (20)

e 5=y + A8, 1+oY- C yuerom semmbt 1 [11] onenum cymmbl, sxosamue B (20):

[Agt-“"y’g} - [AS‘tde )+A0ty+ay} - [Agﬁ.fwy’y(g)}Jr (21)
1 85,,,9°] = 388, 0B + 1185, vl

[A(t0) 5] = (A9, 5) + 0.5hg0 A~y + 0.5thA+y%’) -

it
= (%(ayg(,;’))z’g) + (b_ayag")?g) + (b+a(+1)y§f),§) + Z pg)syf?,g +
s=0
‘Fllo?foalyz 0 5112/0 Yo — %NaNyg(g ])VyN - ﬂl2y0A0t7+dy0 - (22)
ity ity
— PaynAf,,,yn + 0.5hyo Z Pb.sYoT — Bo1 v’ G + 0.5hn + Z PN SYUNT-
s=0 s=0

OuenuMm cymmbl, Bxojsmme B (22):

N
(Aay)er9) = p2ay?| = (ayl”, Gep)s] =
= gN%NaNyg(;])\[ - ﬂo%oalyg(gg (ayg(ga) »zY + %(71)%} =
= gnonanys Ry — yo%oalyig - (ayg({’),%iy(")] - (ayé"),%jAS‘twy} -

( 7y )} - (ayf{’)w(‘” S‘tmyz} <
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< nsenanyT = Goroary) +ellag, . ulli + M5 (I ™18 + 157113) —

- 1+hM2< s, (yi7)? } - m@%a Agtj+oy:%j| <

o llo+
315 (113 + 155718) = Mallyl™ 113 = Maa,.. | Vaseys] 3,

(b7apl”,5) + (a9, 5) = (b7l 5 )+
(b w08 y) n (b+a(+1)yf(no'),y(a)> I <b+a(+1)y;a>7A3tj+ﬂy> <

< el ullE + M5 (18 + 157113 (24)
itz it+3 J+3

Z pLosT g | +0.5hg0 Y ph s+ 0.5hgn Y o yhT — By o —
= s=20 s=0

yN%NaNyij)v - yo%oalyg(gg + ¢[[AG,
(23)

i+3
— ﬁQly](\crr)ﬂN = — 612@0A8tj+0/y0 - BzngAgtj+ayN = Z Pf,syfiy(”) +
5=0
i+3
Z Pg,syfiAS}Hoy - 511(?/80))2 - 511yéo)Ag‘tH0y0 — 521@}(\7))2 _
s=0

- BQly(()a)Agtj+gyN - 512:9(()0)A8tj+0y0 — B2 (Agtﬁoyo)Q - »32291(\7)A8tj+0y1v -
i+3 2
— P83y, un)® <enllAGy, ol + Mg 1| D0 plwiT | |+
5=0
2 2

5% (113 + IE71R) + e (A6, 00) +2s(A6, ., ov) -

9 9 it i+
— Bua (B8, 50) — Boa (B8, un ) <erlldb, W+ ML D 027 D )|+

s=0 s=20

2 2
M5 ()3 + 15718) +e2 (A8, m0) +es (A8, 0n) <
i+3

<erllag,, vl + M Y R+ M5e (Il + 1ui13) + )
s=0

2 2 2 2
+52<A8tj+ay0> +63(A8t_7.+(,yzv> —512(A8tj+(,yo) —ﬁ22<A8tj+UyN).
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Ha ocroBanuu (23)—(25), ucxons u3 (22), HAXO/UM OIEHKY

__ 2 2
Rty @7 < eallAg,,,, o3 + 22 (8, m0) +es(A8,, uv) +

2 2 j+%
— P2 (A&ﬁ(,yo) — Ba2 (Agtj“yN) + Mg! Z |[ZJH(2)7_'+
s=0
5% (1l 1 + 1113 — Mallys™ 113 = MaasG,,,, IVaseys]f3.
[5, 17} = (,7) + 0.5h¢™Fo + 0.5h T In = (, ) + 7o (ul + 0.5h<,00) +
+yn (uz + 0~5h¢N) = (¢, 9) + Yop1 + 0.5hpoo + Ynpz + 0.5hpNYN =
= [90, 17] + padio + p2gn = [w,y(”)} + [%Aﬁt#ayh
yl” + MAG,, Yo + payy) + P2AG, YN <
<1 l[88,, 0 + o2 (A%, 0) +es (A8, uv) +
#0537 (4 1i3) + M (1 + 1S71) + M3 Il

YunreBasg (21)-(27), uz (20) noaydaem

1
380, WG+ 118G, ylle + MadG,,, [Vasey:][5+

2 2
M7 NE + Bua (A5, 00) + Boa (85, 0n) <

]+2

2
<218, 0l + 222 (A5, w0) + 22388, uw) +ME Y i3
s=0
M2 (1l ON8 + s 113) + M= (3 + 13) + MEH IR,
1
Bribupas £; = 1= %, 3= @ u3 (28) nosygaem

Ag,,, (W + IVazylg) + 8718 + 1148, vl <

J+2
< M (Il )3 + [Varyl113) + Mo S 91137 + Mao (Il + 13 + 13).
s=20

YaursiBas, 9TO
J
vl = Z 1127 4+ 0.57|[y7]13,
s = O =

nepenuineM (29) B upyroit dopme

AS L (W6 + [Vazey:ls) < Mgy (1?15 + [[Vasyl H[G5) +
+ M3, (1[5 + |[Vazylll§) + MasF?,

(26)

(28)

(29)
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riie

ZI 1187 + [[l3 + 13 + 13-
s=0

Ha ocroBannu jgemmbl 7 [12] u3 (30) nosydgaem

" Wz < Mo (100100 + s, ') (31)
rje Moy =const >0, ne 3apucstimast ot h u 7, |[y ]|2 Lo, = =|[y]|3+||yz]|3- Uz (31) nomyaum

By o) < M24<|[y°n%vg(ol T max (Z| )27 + 1 10+uf+u§)>. (32)

0<j’'<g

Baeus ofosmasieme g/ = max [ly73, ¢ yreron [5]1 0, = 3+ 12l 13 (32) oy~
quM

j
g/t < Mo Z g7 + MagFy, (33)

s=0
rie

F = 10" z0n + i, (Il + 4t +153).

C nomompio semmbt 4 (M. [24, crp. 171]) u3 (33) nmomyuaem

=18 < 3 (1 VBug o + g, (16l + 42 +43) ) (31)
SYAS Y

riae M — moJio:KuTeIbHAS IIOCTOdAHHAasA, HE 3aBUCAIIadA OT hur.

Teopema 2. Ilycrs Boiiosanens: ycaoBus (5), TOrga CymecTByeT Takoe Tg, YTO €CJIH
7 < Tp, TO /ISl penteHust pasHocTHOH 3aga4dn (14)—(17) cupasemnba onenka (34).

U3 cipaseymuBocTn oneHky (34) CJIEYIOT €IMHCTBEHHOCTD U YCTORINBOCTD PEIICHUST
sajaqn (14)-(17) 1o npaBoii 9ACTH U HAYATBHBIM JAHHBIM.

[yersb u(z,t) — pemrenne 3a1a4u (1) (4), y(wi,t;)=y] — pemenne pasHOCTHOI 38 1241
(14)—(17). Torma, noxcrasnss y; =z +u] B coornomenust (14)—(17), momyunm 3a1ay

I 2
i+
A, 2= (aiz;‘ﬂ) b7 a2l + b a2+ S pl a4 v, (35)
s=20
Ji+3
%00,129(63 = ﬂllzég) — 0.5h Z paszfﬁ +/812A8(tj+020 -, tew,, (36)
s=0
J+3
_ %NCLNZQ(;])V = ﬂ21zj(\‘,7) — 0.5h Z pgv7szjsvf +/822Agtj+o-ZN — Uy, tEwW,, (37)
s=0

z2(x,0) =0, =z €wp, (38)
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rae UW=0(h*+72%), 1y =0(h*+7?%), 0o =0(h®+7%) — HOTPEIHOCTH AIIPOKCHMAIIH
nuddepennmanbroit 3amaun (1)—(4) pasnocrroit cxemoit (14)—(17) B kiacce pereHnu
u=u(z,t) 3amaan (1)—(4).

ITpumensist onerky (34) K perrennto 3agaqn (35)—(38), nomyuaem

2412 < Mogljeluéj (I[\Iﬂlﬂg + y{,Q + yg/2>’ (39)
rine M =const >0, He 3aBucsiias or h u 7.

U3 cupasegyiuBocru oneHku (39) cielyer cXOAUMOCTb PEIIeHHs PA3HOCTHOM 3a/a4u
(14)—(17) x pemenmio muddepenrmanbhoit 3agauu (1)—(4) B embicie vHopmbt |[z7 1|2 Ha
KazKJIOM CJIO€ TaK, 9TO CYIIECTBYET TAKOe Tg, 9TO IPU T < Tg CIIPABEIINBA, OIEHKA

Hyj+1 _ uj+1”g <M (h2 +72) )

4. IlocTaHOBKa HeJIOKAJIbHOI KpaeBoil 3ajiauu Jjisi nuddepeHim-
AJIbHOTO ypaBHEHUs KOHBEKIUU-AndpPy3un ApoOHOT0 mopsaKa
c oneparopom Beccensi m anpmopHasi onleHKa B AuddepeHiiu-
ajbHOIT popme

B zamknyTom nmmsape Qp ={(z,t):0<z <1, 0<t<T'} paccMOTPUM KPaeByto 3a/1ady
C HeJIOKAJLHBLIM YCJIOBHEM
t
ou ou

w L0/ ou Ju
O = o D (kD) 4 2y / pla,t,)ue, )dr + f(z,1),
0

O<zx<l, 0<t<T, (
i m = <t<
;13})3: E(x)ug(z,t) =0, 0<t<T, (
— k(Dua(l,t) = Pr(t)u(l,t) + B2() 0 ull, t) — p(t), 0<t<T, (42
u(z,0) =wup(x), 0<x <, (

rome 0<m<2.

IIpu =0 crasurcsa ycsiosue orpanndennocru pemenus |u(0,t)| < oo, KOTOpOe 9KBU-
BasieHTHO ycsosuio (41). Ecim dbyukuuu r(0), ¢(0,t), £(0,t) Koreunsl, To yciosue (41)
pasHOCcHIbHO ToxaecTBY k(0)u(0,6)=0 [23, c. 173].

Juia nosydenust anpuopHoit onenku pemenus 3agaqau (40)—(43) ymuoxum (40) cka-
sgspuo na U :

t

(88‘tu,me> = ((acmkux)z,U> + (ruw,me) + /pud7'7 z"U | + (f, me>, (44)
0

riae 2™U =a™ (u+95,u).
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Torma u3 (44) nocse HEKOTOPBIX IPeOOPA30BAHUIT TIOJLy daeM

m

1 o m m 1 Yol m
506 (2wl + 11 Vi) + coll® o + 51962 % ullf <
(45)

m

o Ukugly+ 31 [ o uldr + M (¥ ull + 0% Vi 3) + Mo 115

OuennMm mepBoe ciraraeMoe B npasoil dactu (45):
2" Ukug|, = I™ (u(l,t) + ﬁ&u(l,t))k(l,t)uz(l,t) -
= 7 (ull, 1) + 050t 0) () — B (0)ul, ) — Bo()OGu(L, 1)) =
= 1"u(l, ) p(t) + 1" p(®)dgu(l, t) — I (1, 1) () —
— "B (t)u(l, )dgu(l,t) — 1" Ba(t)u(l, 1) 5,ul, t) — 1™ Ba(t) (D,u(l, 1))
t

)
m feY « 2 R R
<= B (@6l 1)? — (e, ) + M5 (2% ulld + 1o, |3) + Mop(0):

Broibupast £ =1 f5(t), U3 1OCIEIHETO HEPABEHCTBA CJIEIYET
2" Ukugly < Ma (o % ul} + o ual§) + Msp(2). (46)
YanrsiBas (46), uz (45) moydaeM HepaBEHCTBO

36, (2% wlld + % Viu, |3) + llo % s |3 + 1962 % ullf <

t
(47)
Ms (2% ull + 0% Vs 3) + 3r [ la% ullr + Vs (2% £ + a(t)):
0

ITpumennm oneparop ApobHOrO nHTErpupoBanns Dy, K 06enM 4acTsM HEPABEHCTBA
(47). Torna ¢ momorpto jgemmsl 2 [10] u3 (47) moaydaem OleHKY

o ulldg o) + Do (2% e + 1960 % wll?)

<
ns . (48)
<M (D5 (% FIR + #3(0) + o % wo(@)llEz o) )

rjie M =const >0, 3aBUCAT TOJIBKO OT BXOJHBIX JAHHLIX 3ajadn (40)—(43),

m m

% wlfyy 0,0y = o ull§ + Il % ua3.

Teopema 3. Ecim  k(z) € CY0,1], r(z) € C[0,1], q(x,t), f(z,t) € C(Qr),
u(z,t) € C20(Qr) N CH(Qy), d5u(w,t) € C(Qp) n Bomomnens ycrosus (5), Torga
Jutst pemmennst 3aa4n (40)—(43) crnpasemmusa anpuopHasi onenka (48).

U3 cinpaseymuBocTn oneHky (48) CJIEYIOT €/IMHCTBEHHOCTD U yCTOWINBOCTD PEIICHHUST
[0 IIPABOI YACTU U HAYAIBHBIM JAHHBIM.
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5. YCTOYMBOCTh U CXOJAMMOCTb PA3HOCTHOM CXeMbI

Huddepennuanbuoii 3anade (40)—(43) Ha paBHOMEDHOI CeTKe Wy, MOCTABUM B COOT-
s o b_ o
pon (55?10.5(@; )) +— (»T?io.saiy;z,i )+
T Z;
(49)

BETCTBHE PA3HOCTHYIO CXEMY C IOPSIIKOM AIIPOKCHMAIIN O(%) [21]:
’_{AgtHUZJ =~ (@)

i+3
+ Z pz,syf?+(pgv (J?,t) S Wh,T,

bt m ()
T (xi+0.5ai+1yz,i)
s=0
i+3
(o) _ 0.5h 0.5h i sl o~
H001Yz0 = ontﬁoyo Tl P Opo,syoT - M1, (50)
J+3
- %NaNyg(—:J)v = Ay — 0.5k D PNUNT + B2 L un — fi2, (51)
s=0
T € Wwp, (52)

y(gj, 0) = UO(I)a

fiz = s2pu(tj1 o) + 0.5,

rie
o . 05k
B1 = xP1(tjro), Pa=%PB2+0.5h, fi1= m@%»
1 ; 1 ;
o = 1 05hr] _ PH T6+U SO, v = 0.5h|r% 7| P Tﬁrg >0,
t e T+ =05
r=rt4+r7, Jrl=rt—r7, rf= O.5(1"+ |T|) >0, r = 0.5(1" - |7’|) <0,
_ _ jto . _ TN
o ) j:_%i’r', j 7 q; ) Z:17N_17
L {qf*l”, i=0,N,
~ fosh, i=o0,
b i=1T,N -1,

ZfIT7, i=1,N -1,

j_ )%
i {f;*", i=0,N,
B m(m — 1)h? [ —
=1+ 2122 , 1=1,N—1,
i 0.5hm 1 1 0.5h|r| 572
=1 = ) i= 0, Ri=—]—.
S 1 — %.5hm “TIER kio.s
IMepenumenm (49)—(52) B omeparopHoit dhopme
AL,y = Moy + @ (53)
y(@,0) = uo(z), (54)
re
=i, (z,t) € whr,
o mmenne [P mOE@
1+ 24.’172 5 ® = 2 :W,ulax:(h
§0+ = ﬁﬂQv x =1

N
Il

Hi, T E Wh, _
»; =

1, x =0,1,
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/N\(tj—w)yz(g) = fjﬁl (ﬂfi’io.wiyf—fg)w + ;’T; (ﬂn 0. 5aiy;(ig))+

- (o J+2
+W(1'TH) 50i+1Yx >+ Z pz Ui T

s=0
A(4+I+oN, 0 _ _ (o o
A7)y = S Ay, ( ) = =ndl (%Oalyig + OH Z 0% SyOT), z=0,
Aty = — %(%N(INZ/;N + 511/1\;
it3

— 0.5k Z pNgyNT‘i’%/BQ 0tjse yN) x =1

Vunoxum Tereps (53) ckamspro ma g =™y ?) 2™ Ag,

j+ay'

(J:{Agtj+gy,xmgj) (l_\( jto)Y (o ),xmgj} + (<T>7x’”g}. (55)

IIpeoGpasyeM cymMMbl, BXofsIIue B TOXKAeCTBO (55), mosib3ysack HepasercTsoM Kommu ¢ €

(;{Agtﬂay’xmg) - (%Agtj+oy7xmy(”)] (%AOt e T AOtﬁa } -

J : S
> (586, @307 + (2 (86, %) |
( (tﬁ-a) (o)

] (Ay(”) ™y +05hA+yN TNYN =

(z(x?zo‘saiy;”)x,g) + (b7 (@10 50087),5) + (VF (@ sl 7). 7) +

its ity

Z Pi YT Y | — YN %NaNy N+ By - 0-5}12 PN SYNT + 2B AG, YN |=

s=0 s=0

- (xﬁo.syaiya(c . i: ( “(@m ))»ﬂ) + (b*xﬁo_g)a(ﬂ),ygf)g)-q-
i+ 3
+ S0 ™y | = BraRyin + aR05hgy > Py yNT — (57)
s=0 s=0
— zﬁngyNAOtﬁ_d +

- SCN)ZJN%N&N%(“)V - Xy, 5%0(113/:(5 o)yo

IIpeobpasyem ciaraemble B nmpapoii gactu (57)

- (zﬁo.ﬂiya(zo)a(%ﬂ)i} = - (x?lo_5a¢y;”),%fg+%(*1)371} =

_ (Way;a)’%jy(a)] _ (a*cmayé"),mA&H y} _

_ <jmayé‘7)’%(_1)yéa):| — (i’may( %( 1)Aa1+6 I:| <
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<elag,,,, =¥yl + Mg (o y )8 + o518 -
s (7o 0] - 5 (0 2
e (e )] - e (e A, 2] <
1+hM2 ({L‘ ax (ya: ) 2(1—|—hM2) o ax 0t1+ayz
<A, 2%yl + Mg (o Fy )8 + a5 )3) -
— Myll2% D)5 — MadG,,, |2 vayslS,
(b= @l ), 5) + (b alosat ™, yg) = (b7 2yl 5 )+

+(b z ay(") Ade, jto y) * (b+xﬁ0.5a(+1)y$),y(g)) * (b xi+0.5a(+l)y(a) A, ) <

T 025.7‘_'_(7 Y

(58)

<ellag,,, =%yl + 2 (o Fy 1R + 7518, (59)
i+d its
Z _A.m, (o) mg 5hi j s = = mE  AQ _
Pl 2"y | = Brafyn Uy + aR05hIN D oy YNT — #Bor RN AG:,, UN =
s = s=0
Jt+3 ‘
= X" pliramy| - By gy — o Run G,y <
s=20
its it
<| X ol amy |+ DD it amAg, y| - AR )? -
s=0 s=0
— ()Aa _ m (U)Aa _ m( A 2<
BlmNyN Otjr o YN Pazly 0t o YN Paxly 0tj 1IN ) S
it+3
<eulag,,, e+ e (A%, o) + MY ey )i -
s=0 (60)
- %6 VA,

0tj+o (yn)? — 3z Bo (Agtj+ayN> + Mz? (”‘E’; MNE+z%y (U)Hg)'
Yuaursisas (58)—(60), uz (57) momayunm

- o m 2
(A amg| <eillag,, o Byl + e (A5, un) +

its

052 (2 y N + 2%y ONR) + Mg Y o ylfET
s=0 (61)
— MyllaF Y1 - Mang, 0% Varyal B+ (5% - o )insewanyh -
—5{6 VA ( — [3( ) — 2 s00a1y %G
2 0t) 4o yn)* NP2 Otj+ayN 0.579001Y5 0 Y0,

(®,07g] = (¢.0™9) + 05hakine™ = (o,0™5) +2Rityn =
= (e.a™y ) + (072G, v) + 2Rifiagy <

<erllas,, o F )l + M5 (Il ¥y )8 + 15 F 5N ) + Mt 2% oIl + o Riain. (62)
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Ha ocrosanuu (56)—(62) u3 (55) caexyer

J:{ m _m _m o
(5586, @502 + Madg,,,, 2% Vsl + Ms 2% o3+
— o m 2 ~ 52 m oA« 2 ~m a 2
+| (AOtH_C, (x> y)) + ﬂijAOtHg(yN) + sz’ Ba (Aotj+ayN> <

m 2
<2618, ¥ ylR + 200 (A6, ov) + (7% - o ) onanyTeon -
it+3

— allshoroaryly + Mt Y leFyl 37 + Ms(en) |2 |} + oo+ (63)
s=0

M (erse2) (Jla y @R + 12 47113

PaccMoTpuM TpeThe, 9eTBEpTOe U CeabMOe caaraemble B npaBoii qactu (63)

(fﬁ - 35713) %NGNZJ;Z)\/QN - 1337550%01113/9(53 + TV feyYN =

Jjt+3
_ (. 0.5h
= 20590 (Nl - m( gtﬁc, Z Iz syOT)>

s=0

+(53% - ‘TKLT)QN (/12 - By - 52Agtj+ayN) + @R fi2YN =

- - . 0.5h 2
= 938?52/80)% + 2G5 1 A0, , Yo — e 5y(0)A8tJ+UZ/0 p—— 1% 5 (Agtﬁ(,yo) +
i+3 i+3
+m w3 v oy S 0 WA, yo + TRy i+
s=0 s=0

TR 2D, UN — (xN - mﬁs)él (W32 = (% — %) Buyly A, uw -
~ - 2
— (% — 2o\ By, uw — (7% — o) B8, 0w ) <

2 2
<€3 (Agtj+ay0) téa (Agtj+ayN) + My (ﬂ% + ﬁ%) +

Jt+3
M55 Y (wibs)?7 + Mip e (Il % g 1R + (i) + 155718 -
s=0

(64)
B 4(h+1) Agmayg - (571(} - xN) i = A0, (yn)* =
_ ngj_hl mg,% (A(C)Ytj_,_‘,yo)Z _ (j’;\} — xm>52 <A8{t_,»+(,yN>2,

VYunreisas npeobpazosanus (64), ns (63) npu

Paay _ hagy Ba

_ — — (M _ m
€1 = 1 €3 78(m+1)’ e4 = (T xN)z

) g2 =

| N
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[IOJIy 1aeM
x a m \2 o _m 2 _m (0)7,2 b7 N m 2
5 A8 ()| Mudg, e Va4 Ml )G + (5 (88, 0 F ) [+
h 5 By
+m OsAgtHG?Jo"'( 2 5’3%4‘( —UCN) 5 A(()thJrc,(yN)Q—F
0.5h . [ ra By . By 5
+m$0‘5( Otj+6y0) +< 2 N+( )2 (AOtJJrgyN) <
Jt+3
< Musllo® ol + Mg 3 0% o)fF7 + M (7 + 3+ (65)
s=0

m 2
+ M (o2 y7)3 + 1% 5N + (wdswo) )

rIe

m m

m 2
lo# )8 = 2% 4113 + (wcfsvo ) -

IIpeobpasyem 1epBoe, YeTBepToe, MIECTOE U BOCHMOE CllaraeMble B jeBoil yactu (65)
C ydeToM T'_q 5 = %xﬁ:

<37A8¢tj+g(x";y)2] + (QQBZ Ty + ( a:N) B;) AOtHU(yN) +
+ (Z, (A&ﬁg(x?y))j + (”252 4 (R x%)%) (Agt,-+ayzv>2 =
= (588 F0?) + a0+ (5 (a5, @%0) ) +
(S ( i+ (R mi)a (P
+ (”252 o+ (T xN)ﬁ;) (AgtH(,yN)Q _ (;Ag‘tﬁg(x%yF) I
+ (;‘ (A&Ho (x?y))2> + (%262}(; + Osh ) Ag, . (yn)>+
+ (ffzx’j\} + Osh ) (Agtj+ay1\z>2 > ]\/.;18 (1 AG: . (x%y) )-i-
o+ 252

m «
TN AL, 5

(86, %)) + 55 (86,,.0) >
1(1 AG: Jto (x 2/)2) + OlzthAgt”U (CUN)2 +i ( (Aoatj+ (x y))Q) + )

1
]|g+ﬁ”A0tHU yl13,

S

0.5h .. (4 2 1
+— 2 xN(AOtJ+UyN) > 12A0t3+(,“
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rae
l,ecru m =0,m > 1,

M = 2
1 1 ecmnm € (0,1), h < hy = ,/m%ffm).

Yunrssas (66), uz (65) caenyer

m

AG, Nz g3+ 2%y 13 + 188, e Fyll} < Maolla® y@) 3+

0tj+o
(AR (67)
+Ma1 ) ||$71/”§?+M22(H9ﬁ80||3+ﬁ? +/l§),
s=0

rae m 2
o )l = % i3 + 7% vVaseyslld + (wcfsvo ) -

Iosropstst paccyxaennst (30)—(34), uz (67) moy<unM OIEHKY

oo < 0 (200 + s (el af+i3)). (69

e M — mosokuTebHas TTOCTOsTHHAS, HE 3aBUCAIIast OT h U T.

Teopema 4. Ilycrp Bemosrensr yeaopus (4), (44) torma cymecTByroT Takme To, hy,
uro ecian T < To, h < hg, TO muist pemrenusi pasnocrHoii 3agadn (49)—(52) cupasesiiiBa
oreHka (68).

W3 onenku (68) ciie/[yI0T eIMHCTBEHHOCTD U YCTORYNBOCTD peneHnst 3a1a9u (49)—(52)
1O TIPaBOil YaCTH U HAYAJIBHBIM JIAHHBIM.

Ilycrs u(x,t) — pemenne sagaan (40)—(43), y(zi,t;) =y! — permenne pasHoCTHOI
samadn (49)—(52). Torma, moxcrasiss yf = zf —|—u{ B coornomenus (49)—(52), momyanm
3aJady IS Z:

IANY a m i (o b_j m (o
%AOtHaZ = ﬁ (xi—oisajzagc )>x + W (xi—o.sagzg’-))—l-
pti i+s (69)
m (o) i s~ j
+E (wi+o.5a?+1zx7i) + gz::O P 25T+, (2,t) € wh
i+3
() _ 050 0.5h o
%Oalzx70 = THAOtj+” zZ0 — T_H = Opé,SZOT - V17 (70)
J+s
_ %NaNZHg?I,TI)V = 5121(\‘;) — 0.5h Z PN ENT + BNy, . 2N — Do, (71)
s=0
z(x,0) =0, x € wp, (72)

rme =0 (@) , 1=0 (h2 + 7'2), Uy = O(h2 + 72) — TOTPENIHOCTH aIIPOKCHMAIIIN

nuddepennmanbroit 3amaun (40)—(43) pasnocTHol cxemoit (49)—(52) B Kiacce pereHAn
u=u(x,t) samaun (40)—(43).
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B cuiy Toro, uro zamaua (69)—(72) sumefina, nosromy, npumenss oneHky (68) x
sasade (69)—(72), moaydgaem OIEHKY

o 212 < M max (Jl2% 07 )3+ 7+ 55), (73)
0<7'<J
rae M = const >0, He 3apucsmas or h u 7.

U3 onenkn (73) corenytoT e JMHCTBEHHOCTD U yCTOHIMBOCTD PEIleHnsl DA3SHOCTHOM cxe-
Mol (49)—(52) mo mpaBoil YacTH M HAYAIBHBIM JAHHBIM, & TAKXKE CXOJUMOCTH DEIleHMUs]
pasnocTHoit 3asaun (49)—(52) x pemenuto (40)—(43) B cerounoit Hopme |z% 27F1(|3 co
ckopocTbio O (h2—|—7'2) TaK, 9YTO €CJU CYIIEeCTBYIOT Takue hg, Ty, TO upu h < hg,7 < 7
CTIPABEJINBA, AllPUOPHAS OIEHKA

2% (y7+! = w? ) [ls < MjaZ 7y (B2 +72) <M (B° +77),

rine M =const >0, He 3aBucsimasi or h u 7.

3ameuanue 1. Tomydennsie B aHHON paboTe Pe3yIbTATHI CIPABE/JINBEL U B CIIydae,
korja ypasuenue (1) umeer Buj

L0 du ou |
Ogru = P2 (k(;v,t)(%> —l—r(m,t)% — /q(s,t)u(s,t)ds + f(z,t),
0

O<z<l,0<t<T, (1%)

ecsiu TOTPeGOBATh BhIOJIHEHUs yciaoBusd |¢(z,t)] < ca.
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ABSTRACT

In the present paper, in a rectangular domain, we study nonlocal bound-
ary value problems for one-dimensional in space differential equations of
convection-diffusion of fractional order with a memory effect, in which the
unknown function appears in the differential expression and at the same
time appears under the integral sign. The emergence of the integral term
in the equation is associated with the need to take into account the de-
pendence of the instantaneous values of the characteristics of the described
object on their respective previous values, i.e. the effect of its prehistory on
the current state of the system.

For the numerical solution of nonlocal boundary value problems, two-
layer monotone difference schemes are constructed that approximate these
problems on a uniform grid. Estimates of solutions of problems in differ-
ential and difference interpretations are derived by the method of energy
inequalities. The obtained a priori estimates imply the uniqueness, as well
as the continuous and uniform dependence of the solution on the input data
of the problems under consideration and, due to the linearity of the prob-
lem under consideration, the convergence of the solution of the difference
problem to the solution of the corresponding differential problem with the
rate O(h% + 72).

Key words: Boundary value problems, a priori estimate, differential equa-
tion of fractional order, fractional Caputo derivative, convection-diffusion
equation, memory effect.
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