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MATEMATHKA

YK 517.6:517.958

K BOIPOCY O PEIYKIIMA HEOJHOPO/IHOI KPAEBOI 3AJJAUM IMPUXJIE
JUISI BOJTHOBOI'O YPABHEHUS HA OTPE3KE

Kauo. gus.-mam. nayx, ooy. /1.@. IIACTYXOB, kauo. ¢pus.-mam. nayx, ooy. 10.®. IACTYXOB
(Ilonoukuii 2ocyoapcmeennblii yHUgepcument);
H.K. BOJIOCOBA
(Mockoeckuii 2ocyoapcmeennblit mexuuueckuit ynugepcumem um. H.3. baymana)

IIpeonooicen aneopumm peuienus obwell HAYaIbHO-KPAesoll 3a0aiu HeOOHOPOOHO20 BOIHOB020 YpABHe-
HUsL Ha ompe3sKe ¢ HeOOHOPOOHBIMU Kpaesbimu yciosuimu. Onpedeneno nonsmue kpaeou ynxyuu. Mcxoonas
3a0a4a ¢ HeOOHOPOOHLIMU KPAEBLIMU YCIOBUAMU PEOYYUPYEMC K 08YM NPOCHBIM MOOUDUYUPOBAHHBIM 3004~
yam, m.e. K 3a0aye ¢ MOOUDUYUPOBAHHOU NPABOL HACMbIO U K 3a0aie ¢ MOOUPUYUPOBAHHBIMU HAUATbHLIMU
VCIO0BUSAMU, HO C OOHOPOOHBIMU 2pAHUYHbLIMU YyCaogusamu. Tlonyueno pasnodicenue He6a3Ku 3a0aiu 8 CAMOM 00-
wem guoe 0t ONMUMATLHO20 NAPAMEMPA ANNPOKCUMAYUU PAZHOCMHOU cxembl z = 1. Dopmyna Hessi3ku onpe-
oensiemcsi npou3600HbIMU YEMHO20 NOPAOKA NO 8PEMEHU U KOOpOUHAme om Npagoll Yacmu ypagHeHus i npou3s-
BOOHBIMU YEeMHO20 NOPAOKA NO 8peMeHu om Kpaesoll @ynkyuu. Hanucana npoepamma na ocnose ancopumma
PeOyKyul, peuieHbl MOYHO U YUCTIEHHO MPU MECMO8blX NpumMepd, noKaswleéarouue, Yno HeoOHOPOOHble Kpaesbie
yenogust Jfupuxie coxpansiiom éce C8OUCMEd 3a0ayu ¢ 0OHOPOOHLIMU KPAEGLIMU YCIOBUSMU NPU UCIOTb308AHUU
MOOUDUYUPOBAHHBIX YCIIOBULL U KPACBOU (DYHKYUU.

Knroueewie cnosa: xpaesas pynxyus, moouduyuposanuvie Hau4aIbHble YCI08UA U NPABAS YACMb YPAEHe-
HUsl, HEOOHOPOOHO-KpAesasi 3a0a4d B0IHOB020 YPABHEHUs HA OMpe3Ke, CO2NACO8AHUE HAYAIbHBIX U KPAEeBbix
YCo8ul.

BBenenue. PaccMOTpUM NpOU3BOJIBHYI0 HEOJHOPOAHYIO HauyalbHO-KPAeBYIO 3aJady JJjisl BOJHOBOTO
YpaBHCHHS HA OTPE3Ke ¢ KpaeBbIMU ycinoBusimMu [Jupuxie. OOBIYHO 3a1a4d MAaTEeMAaTHYCCKOW (DU3MKH PEIIArOT
JUI OTHOPOJHBIX TPaHWYHBIX YCIOBHH, IMOApa3yMeBas, 4TO BO3MOXKHA PEXyKIHS 3aaddl C HEOTHOPOIHBIMH
TPaHUYHBIMU YCIIOBUSAMH K 3aJa4€ C OJHOPOIAHBIMU TpaHUYHbIMU ycnoBusmu [1-3, 5, 14]. C npyroit cTopoHHI,
OTMETHM Ba)XKHOCTh OCOOCHHOCTCH T'DaHMYHBIX YCJIOBHI B 33aJauaX MaTeMAaTHYCCKOW (DM3UKH, €CIIU TPAHUIIBI
UMEIOT CIIOKHYIO TE€OMETPHIO WIIM TpaHWYHbIe (DYHKIIMU MPUHAIISKAT K Oojiee cimabomy kiaccy (YHKIWH,
HaIpuMep, KIacCy KyCOYHO-HEIPEPHIBHBIX QYHKINIT Ha oTpe3ke. HeomHopomHast kpaeBas 3a7ada SKBHBaJICHTHA
OJTHOPOJTHO-KPAeBOi 3a1a4e ¢ MOAUDUIIMPOBAHHBIMU HEOTHOPOJHBIMHI HAYATbHBIMH YCIOBUSIMH U MOIUDUIIH-
POBaHHOW MPaBOM YacThI0 BOJHOBOTO YPAaBHEHUS, TOTJA B CIIydac KyCOYHO-HEMPEPHIBHBIX KPACBBIX (PYHKIUI
MO>KHO HCTIOJIB30BaTh METOIBI yrpaBisieMblx cucteM OJ1Y [9, 10].

YyacTHUKM ceMuHapa «Bo300HOBiIsIeMbIe MCTOYHHMKH 3Heprum» B MI'Y, ocHOBaHHOro mpodeccopom
B.B. AnekceeBbiM, a. ¢. M. H., akagemukoM PAEH, cuntany, 4To B 3aJauaXx MareMaTHIecKoi (PU3HMKH Ompee-
JISTIONTYIO POJTh UTPAIOT TPaHWYHBIE YCIOBUA. B MaHHO# cTaThe, mpomoinkaromiei padoty [1] Ha coydait HeoHO-
POIHBIX KpaeBBIX YCIIOBHI Ha OTpe3Ke, BOTHOBOE ypaBHEHHE Ha OTPE3KEe paccMaTpUBaeTCs B caMoii o0miel mo-
CTaHOBKE 3a/Ia4H.

OTMETHM TaKke, 4TO YpaBHEHHS MAaTeMaTHIeCKOW (DM3MKH, HCIIOJIb3yeMble B TaHHOW paboTe u B pabdo-
tax [1, 5], perraeMblie peIOKEHHBIMU B HUX aJITOPUTMaMH C TBOWHON TOYHOCTHIO, OTKPBIBAIOT MYTh JJIS TIPH-
MCHCHUS YpaBHCHHUI MaTeMaTHYCCKOW (PU3UKU B COBEPIICHHO HOBOW 0OJIacTH — cTeraHorpaduu. MeTos Briep-
Bele mpemoxkeH H.K. Bomocosolt, cotpynaukom MI'TY um. H.D. Baymana, xotopoil mpuHanIekuT cMmenas
upes OTOOpaKeHMS IPOCTPAHCTBA KYCOYHO-HENPEPHIBHBIX (YHKIMA B IPOCTPAHCTBO OECKOHEUHO-
muddepeHIUpyeMbIX (QYHKIMA Ha MPSAMOYTOJIBHHUKE, IPUMEHSSI KOOPAWHATHBIC (DYHKIMH CIEIHATBHOTO BHIA,
HO TIPY 3TOM COXPAHSIOTCS OCOOCHHOCTHU MIOCTAHOBKH KpaeBoii 3ajauu i ypaBHeHus [lyaccona [4, 6-8].

B ypaBHEHUSIX MaTeMaTHIecKOl (U3NKHU, SBILIOIIUXCS CICICTBHEM BaPHAIIMOHHBIX METOIOB W METOJOB
pemennst OJ1Y, MOTYT HCITOJIB30BAThCSI HOBBIE PE3YJIbTATHI, OJMydeHHBIE B padoTax [11-13].

IMocTanoBKa 3agaun. PaccMOTpUM HavyaJIbHO-KPACBYIO 3a/1a4y JIsi HEOJIHOPOJHOTO BOJIHOBOTO YpaBHE-
HUS Ha OTPE3Ke:
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2 2
Ou_ 207, (1), x0(a,b), t0(0,T)
ar* ax?
u (x,O) =¢(x), xO[a,b] (1)

u; (x,O) = l]J(x), xU[a,b]
u(a,t) =Wy (1), u(b,1) =Y (1), t0[0,T],

rie  a’ - KBaJpaT (pa3oBOi CKOPOCTH BOJIHEI,
f(x,t) — HEOmHOPOHAS MpaBas YacTh BOJTHOBOTO YpaBHEHUS HA OTpe3ke[a,b];

d(x), Y (x) — HEOAHOPOAHbIE HaYaJIbHBIE YCIOBUS;
My (1), My (f) — HEOMHOPOAHBIE TPAHUYHBIE YCIOBHS;
(x,t) — KOOpAMHATA U BPEMs COOTBETCTBEHHO.

[IpoBenem nuHelinyto penykuuro 3anaud (1). Iloctpoum mpocreiinnyto JIMHEHHYIO (QYHKIHIO, YIOBIETBO-
PSIFOLIYIO KPAaCBbIM yCIIOBHSAM:

Omnpenenenne 1. Iycts 0Q — KycoyHo-TIaAKas rpaHuia obmactu Q , Q - xommakT. JIBaxbl Herpe-
priBHO auddepenuupyemyto ¢pyHkiuo V (Q,T) nc? (Q,T), V:QxT - R', HENpEepHIBHYIO Ha I'paHule o0Jia-

ctu V (652) ac (6Q) U ONpEEIICHHYIO BO BCEM 00JaCTH 3a1a4uu Q:

Vin =[ﬂjuza>+[ﬂ] b0, @
b-a b-a

HA30BEM Kpaeeoul (hynkyuei 1 ucxoaHou 3agauu (1), eciu

D V(a0 =w @), Vb0 = py (0, 10[0,T1, V©OQ;. 0 = (5.1), i =11,

TO ecTh rpann4Hast Gynkuus V(Q,7), Ha i-it komnoHeHte 0C); IpaHUIBI C IEPEMEHHBIMH F;, PaBHA i-if
(GyHKIMU TpaHUYHEIX yenoBuit V(0Q;,1) = |; (rl-,t) = ﬁ, rne | — mapamerp CBSI3HOCTH;

2) V(x,t) sBAseTCs OJHUM U3 3 ClIaraeMbIX YUCICHHOTO perieHus 3anauu (1) B 3aMKHYTO# 00nacTu Q..

IIpeumymiecTBO JWHEWHON KpaeBod ¢yHKIuM V(x,f) MO KOOpAWHATE X 3aKIOYaeTCsl B TOM 4TO,
a? % =0, T.e. KpaeBas (PyHKIUS JaeT HyJEBOH BKJIaJ] B BOJHOBOE ypaBHeHue 3anaun (1).

X

3ameuanmne 1. 3aganue kpaeBoil ¢pyHkuuu B Buje (2) s 3anaun (1) He eAMHCTBEHHO, HATIPUMED, OIpe-

n m
nenennto (1) ynosierBopsieT GyHkmust V(x,t) = (%j Moy (1) + (Z—xj M (@), n,mUON.
-a -a

Yreepaxaenne 1. Ha rnagkux aaeMeHTax rpaHulibl pasmMepHocTd dim7z; =1 CyliecTByeT HpOU3BOAHAS
KpaeBol ()yHKIMH 110 HOPMAIM 7; M BJOJIb KacaTeJIbHOTO BEKTOPA K IpaHHULE T, paBHAas COOTBETCTBYIOIIUM
TIPOM3BOTHBIM OT TPAHUYHBIX YCIOBHIL:

voe (ag,), Bl VEEent) e i=id.

ot €-0 ot on; £-0 on;

Jloka3aTesibeTBO. B cuy Toro, uro kpaeBas ¢yHKIMs ABaxasl quddepeHnnpyema 1mo onpeaeaeHuo 1,
PpasnoXuM KpaeByio (yHKUuIo B psixt Tenopa, coxpaHsisi ciiaraeMble CO BTOPIMH HPOU3BOIHBIMU BKIIFOUUTEIHHO

aV(ri +Enl~,t) +£62V(Vi +89ni,t)

V(r +en +80,1) =V (r; +en;,1) +8 p > P = (60(0,1)
V(ri +8ni+T6,t)—V(rl~ +8ni,t) _aV(ri +£nl~,t)+602V(ri +£6nl~,t)
5 - ot 2 ot2
o 0 Lt TV (i ven) o OV temr) O () v(0Q,)0¢ (09;),
£6-0 o €-0 ot ot

rae 1 +€n; +TO — TOUKa, yJAICHHAS OT TPAHUYHOI TOUKH F; 110 BHYTPEHHEH HOpManu 7;(7;) HA PacCTOSHHE €

U BJIOJIb KAaCATEJILHOTO BeKTOpa T(7;) B rpaHMYHOI Touke Ha paccTosHue O, n;(r;); O T(r).

61



2018 BECTHUK IIOJIOKOI'O IT'OCYAPCTBEHHOI'O YHUBEPCUTETA. Cepus C

AHaI0TUYHO MOJIy4yum

6V(rl~ +Enl~,t) +£62V(Vi +89ni,t)

V(ri +£nl~+5ni,t)=V(rl~ +Enl~,t)+5 on 5 6nl~2 = (60(0.1)
V(ri +Enl~+5nl~,t)—V(ri +£ni,t) _6V(rl~ +Enl~,t) +§62V(Vi +89nl~,t)
6 - 6nl~ 2 anl.z
o O Ve ) (ven) o V(s o) OMi(n) v(9;)0¢, (09,).
£5-0 e} £-0 on, on,

1 1

B TOYKaAX HapyHIeHI/IH TJ1agKOCTHU rpaHI/IuLI BeKTOpI)I nl(};) nu T(};) HEC OnpeﬂeHeHI)I, HC OHpeﬂeﬂeHIﬂ
O (1) 0wy (1)
on. ot

1

, IOATOMY MOJKHO TpeOoBaTh TOJIBLKO OoJiee cabbIX yCIOBHM I KpaeBoW (GyHKUMHU Ha

rpanune V(0Q;,1) =|; (ri,t), V(GQ) aoc (6Q) . Jloka3aTensCTBO yTBep:KIeHus 1 3aBepIieHo.
Perrenne cucremsl ypasHenui (1) ¢ kpaeBoit (yHkimeit (2), coracHo onpeeaeHuio 1, pa3ioxuM B CyMMy
ulx,t) =Vix,t)+U(x,1) . 3
IoxacraBum hopmyny (3) B cucremy ypaBHeHuid (1):
Uy +Vy =a* (U +Vi )+ f(0,0) =a°U + (1), xO(a,b), 10(0,T)
V(x,0)+U(x,0) = ¢(x), xO[a,b]
V,(x,00+U,(x,0) =(x), xO[a,b]
Via,t) =W @), U(a,t) =0, V(b,t) =, (1), U(b,t) =0, tO[0,T].

Bripakast n3 nocnenHel cucTeMsl ypaBHeHUH HensBecTHYI0 pyHkuuio U(x,t), momydum
U, =d’U, -V, +f(x,t)=a’U,, - (b ju 5 (1) - ( jul(t)+f(x 1), xO(a,b), t0(0,T)

U(x,0) = ¢(x) =V (x,0) = d(x) = ( ]Hz(O) [ jM(O) xUla,b] @

Ut<x,0>:w(x)—vt<x,0>:w(x)—( jHQ(O) ( jm(m x0la,b]
U(a,t)=0,U(b,t) =0,:0[0,T].

Kak BuanOo u3 cucrembl ypaBHeHuid (4), oHa JuHEiiHa oTHOcUTENbHO U(X,f), 4TO JaeT BO3MOXKHOCTh

IPOBECTH PEAYKIMIO JIMHEHHON 3anaun U (x,1) =U (x,1) + Uy (x,1) :

X—a

Uty = Uy - (b juz(t) [ ju1(t)+f(xt) xU(a,b), t1(0,T)

Uy (x,0)=0, xOla,b] (®))
Uy (x,0) =0, xO[a,b]
U(a,t) =0, Uy(b,t) =0, t 1[0, T],

Us, =a*Us ... xO(a,b), t0(0,T)

ju2<0> ( ju1<0> xOla,b]

Uy (x,0) = ¢(x) = (b
(6)

Uzt(x,0)=qJ(x)—(b j ,(0) - [ j 1(0), xO[a,b]
Usy(a,t)=0, U, (b,t) =0, tO[0,T].

HenocpencTBeHHO HoAcTaHOBKOH yOexxmaemcs, ucnonssdys opmyny U(x,t) =Up(x,t) +Uy(x,t), 4To
MOCTPOYHO CyMMa COOTBETCTBYIOIIMX ypaBHEHUH cucteM (5) u (6) maeT Takoe ke ypaBHEHHE M3 CUCTEMBI ypaB-
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HeHuil (4), B Toil xe cTpoke. To ecTb nuHelHas penykuus 3agayu (4) cBenach K peuieHuro 3aaad (5) u (6),
a cymMMa peleHui 3aaa4 (5) u (6) paBHa PEIIEHUIO CUCTEMbI YpaBHEHUH (4) BBUY €€ TMHEHHOCTH.

Takum oOpa3zom, mcxonHas 3amava (1) ¢ HCOAHOPOMHBIMH TPAaHWYHBIMH YCIOBHSAMH HMEET peIicHHE
u(x,t) =V(x,t) +U;(x,1) + U, (x,1) , rne kpaeBas dyukuus V(x,7) onpeznenena Gpopmyioi (2) 1 Ha KOHLAX OT-
pe3Ka paBHa rpaHUYHBIM ycinoBusaM B (1), a U;(x,1), U, (x,t) — peleHus TMHEHHBIX CUCTEM ypaBHEeHHH (5) u (6).

OtmeTnMm, uto B padote [1, dopmyinsr (15) (16), (18), (19), (22), (24)] npeanoxeH aarOpUTM HHHUIIHATH-
3allMU 33J1a4d Ha BTOPOM BPEMEHHOM CJIO€ 10 HadalbHBIM ycioBusaM 3anauu (1). [lpeanoxxen u anroput™ s
YUCJICHHOTO pernenus 3aaad (5), (6) B [1, dopmyinsr (20), (27)] ¢ OMHOPOAHBIMU KPACBBIMU yCIOBHSMHU HA OC-
HOBHOM BpPEMEHHOM OTpEe3Ke C OECKOHEYHBIM TOPSAKOM aIlllPOKCUMAIIMH ITyTeM BBIOOpa ONTHMAIBHOTO Tapa-
METpa anmpOKCUMAIINK Pa3HOCTHOW CXEMBI, a TAKXKE aJTOPUTM MacIITaOUPOBaHHS 3a0a9d, COKPAMAIONTHI THC-

JI0 JIEMEHTapHBIX MaTeMaTHIECKUX oneparuii B [1, popmynsr (21), (28)] B 12 pas.

3anayda (5) UMeeT OJJHOPOAHBIC YCIOBHS, HO BOJHOBOC YPAaBHCHUE COACPKHUT MOAU(DUIIMPOBAHHYIO TIPABYIO
4acTh, U3MEHEHHYIO KpaeBbIMU ycioBusMu 3a1auu (1). Tlo cpaBHenuto ¢ 3apaueii (1), 3amaya (6) umeer 0JJHOPOTHOE
YpaBHEHHE W OTHOPOIHBIE KPAeBbIe YCIOBHS, HO HAYaJIbHBIE YCIIOBUS MOTU(DUIIMPOBAHBI KPAcBBEIMHU YCIOBUSIMH HIC-
xomHo# 3amaun (1). Takum oOpa3om, MBI cBenH 001ILyIO 3a1a4y (1) ¢ HEOTHOPOAHBIMH KPAaeBBHIMHU YCIOBHSIMH K IBYM
M3BECTHBIM 3a1a4aM (5), (6) ¢ MomudHUIIMPOBaHHOH MPaBOil YaCTHIO BOJHOBOTO YPaBHEHHS W MOJAMMDUITPOBAHHBIMU
Ha4YaJbHBIMH YCJIOBHSMH COOTBeTCTBeHHO. Ho 3amaun (5), (6) perieHs! airoputMamM, peaIoKeHHBIMA B padote [1].
TeM He MeHee Hy)XHO TOIpoOHEe PaCCMOTPETH 0OCOOCHHOCTH Pa3HOCTHEIX 3a1ad (8), (9).

JIyist co3maHusl YUCIICHHOTO aJiTOPUTMa HEOTHOPOJHON KPaeBoil 3a/1auu 1o aHamoruu ¢ hopmyiioi (2) mo-
CTPOMM JMCKPETHBIN aHAJIOT KPaeBoil ()YHKIIMK Ha PABHOMEPHOMW CETKE JJIsi HEOJHOPOTHON KPaeBoOii 3a1auu:

n mh b
sz(xm,rn):(x Juz(f) ( Julu)—( juz(m)*'[a—jlh(m) (7
b- b—-a

(b-a) _

m=0,M, n:(),_N, h=

—, X, =a+mh, t, =nl.

Hcnonp3ys BcrioMoratenbHyto (GyHKImIO (7), aHanoruyHo 3amadam (5), (6) MOAYyYMM UX Pa3HOCTHBIN
aHaJIOT ¢ MOTU(PUIIMPOBAHHBIMU HEOTHOPOJHBIMH YCIIOBHSMH (VIS IIa0JIOHA KPECT)

n+l n-1 n n n
Uim *Uim =201 _ 2 Uit * Vi1 =

20U —
5 2 + f(a+mh,nt), m=1,M -1, n=1,N -1

T
7(a+mh,nr) f(a+mh,nt) - ( juz( nt) — [

Ul =0, U2 =0m=0.M
Ulg =O,U1nM =O, n=0,_N.

b—a—-mh b- Cl)

b-

j“ l(nT) fm? h=

U22+1+U2”m_1—2U1ﬁ1: 2 Uyt U1 =20 =t T
1 n? M N’

mh b h
0 =¢(a+mh)=d(a+mh)- ( juz(O) (%)ul(o)—fbm’m 0.M

m=1,M-1,n=1,N-1

9

mh b—a-mh —
Usgoy = 0. W(a+mh) = Y(a+mh) - ( ju2<0) (b—julan W, m=0,M
U20=O,U2M:0,n=0,N.
u"+1+un_1—2u_" 2 Uy FU ) 2u_" n (b-a)
m ”12 m _ 2 7m ”12 m f,ﬁ,h——,r—— m=1LLM-1,n=1,N-1
T h M N
X, =a+mh, t, =nt, f, = f(a+mh,nt)- ( ju2(nr) (%jul(m)
0 b—a-mh

u(a+mh,0) = up, = d(a+mh) = d(a+mh) - [b ju2<0>( jm(m ¢, m=0,M (10

b-
w(a+mh,v) =ty =Gy (a+mh), m=0,M, ;(x) = F(O(0),W(x)
u(a,nt) =ufl =0, u(b,nt) =uly =0, n=0,N

W(a+ mh) = W(a+mh)- ( hju2<0> (M

p jm(m W,s Opp () = F(, (), W, (1))
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n _ysn n _y/n n n
um_vm+um_vm+U1m+U2m’

tne V. upy, Ui, Uyl — peenus 3anad (7), (10), (8) 1 (9) COOTBETCTBEHHO.

Btopoii BpeMeHHOI croii u,ﬁ , cornacto (10), ¢ ucnons3oBanuem moaupunuposanusx ¢, .Y, ycio-

BUW TpeOyeT 3amaHus u,ln, ”21 axanmorugHo Gopmynam (15), (18) u3 [1, c. 175, 176], cBa3bIBas Tpu (4eTbipe)
MOCJIEIOBATEIEHBIX BPEMEHHBIX CIIOs. J[JIs1 OTHOPOIHOTO BOJHOBOTO ypaBHEHHS (9) MONYYUM CHCTEMY JIMHEH-
HBIX YPAaBHEHHUH C TPEXIMArOHAIbHON CUMMETPUYECKON MAaTPHIIEH, perraeMoid METOI0OM MIPOTOHKH C ONTUMAaJIb-
HBIM TapaMeTpoM ammpokcumanum z = 1 [1, ¢. 175, popmyna (15)]:

Ushyet = 4Ushy +Ushyss =28, =210, = F, +0(T), A, =1, B, =1,C,y =4, m =L, M =1, Uply =0, Up}, =0,

(dhopmymamu mporonku Buepen [1, 5]

B AN, 1—-F
A =—m,v =w,m=1,M_1,)\0=0,V0=U2%)=0,)\M:O,VM:Uz}W:O
" Cn _Am)\m—l " Cn _Am)\m—l

u popmynamu nporonku Hazax B [1, c. 175, popmyna (16)]

Uyl =\, Uk i +v,, m=M-11. (11)

Jlis onTuManbHOro mapamerpa z = 1, cBA3bIBast MATh MOCIEI0BATENBHBIX BPEMEHHBIX CJIOEB, BhIpaXkas UX
JpyT Yepe3 apyra, OCTaBJIsAsl B 3aIIMCH TOJIBKO 2 MEPBBIX C10s1, aHanoruuHo gopmyse (18) uz [1, c. 176] momydnm
maTuararonanbayo CJIAY:

9 9 - -

U _EUZ}w—l +10U,, _EUZ}”” FUsz = Oy + By + 0,000 +3TU, +0(T4) =Fy +0(T4)’
_ _ 9, __9 _ _ by ry - _

Aml —1, Am2 —_EBml —_E, Cm —_10, Bm2 —1, Fm —d)m +¢m_1 +¢m+1 +3T'.IJm, m—2,M—2.

IMonyuum ananoruuno popmyne (19) [5; 1, ¢. 176]) popmyIibl IPOrOHKH BriepeT

— Blm + A2m)\2m—l + Alm)\lm—Z)\Zm—l o = BZm
m ’ m )
Cn~ Alm)\lm—Z)\lm—l - Alm)\ 2m-2 " A2m)\lm—l Cn~ Alm)\lm—Z)\lm—l - Alm)\ 2m-2 " AZmAlm—l

A

— Alm)\lm—ZVm—l + AV -2 * AomVm-1 ~ m=2.M -2,

C = Ay M m-2Mm-1 = A A am-2 = Ay M-t

m

Mo =0, Mg =0, Ay =0, Ay =0,V =Usg =0,
ayl oap'! | a2 ! an !
Vi=U2a=U2,Vy =Uy =0,vy = U2m-1=U2m-1,

1 1
(12) an
rae 3anuck U 21 = U 21 uMTaeTcs Tak: 3HAYCHHIO U%l B (opmyiie (12) npucBamBaeTcs cTapoe 3HaAYCHHE U%l
n3 hopmynsl (11).
Torna hopmyisl TpOroHKH Haszas aHanorudHo [1, c. 176, dopmyna (196)] umeror Bux

AMp-1 =0, Ao =0, Mgy =0, Agpy =0,

U = MUt ¥ AamUsps #V, m=M =2,2. (12)
IpoBepuM, 9TO yKa3aHHBIE KO3((PUIUEHTHI HA TPAHULIAX AIOT KpaeBhle YCIOBUS JIUpuXIe:
Us =AioUai +AagUab +Vg =Usgy. Usj =My 3Uss + Ay Un}s +vy = Uy,
Uair-1 = Myr—1Uab +Aapr-1Uah #Var-1 =Usig1: Usig-2 = Mar—aUsy-1 + AaaraUsy +V g2

1 _ 1 1 o
Usm =MmUsyvi Yoy Usprao +Vy =Uspy -
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Kosddumente matpuit CJIAY A, =1, B, =1, C,, =4 B dopmynax nporosku (11)n A, =1, A,, = —%,
9
B, = —E, C, =-10, B,, =1 B dopmynax (12), yIoBIETBOPSAIOT yCIOBUIO KOPPEKTHOCTU (HOPMYI NPOTOHKH

([1, c. 177, yrBepxknenune 3]) U COBMAAIOT ¢ aHAJIOTHYHBIMY KO3 (GUIIMEHTAMH, KOPPEKTHOCTh KOTOPBIX JOKa-
3aHa B pabote [1].

3amuuieM SBHYIO Pa3HOCTHYIO CXEMY UIS PEeIIeHHsS OJHOPOIHOTO YPAaBHEHHUS, YUUTHIBAs ONTHMAIbHBIHA
napametp z = 1 u3 [1, c. 178, popmyna (20)] c 6ecCKOHESUHBIM TIOPSAKOM aIlMPOKCHMAIIHH:

Usp = Uspas # Uiy =Ugpy 0 =2,Nm=1,M ~1. (13)

m

Bo3morkeH Takke anropuT™M MacmTabupoBaHus (YKPYITHEHUs) STYEEK CETKH C TIapaMeTpoM z = 1 u Koad-
¢unuenToM MacTabUpoBaHus [ , COKPAIIAIONIMM YHCIO ¥ BPeMsl BEIUUCIICHUIA B I pas.

CHavaa WHUITHAIH3AMMS TPOBOJUTCS ¢ IaroM T Mo BpeMeHu 1o ¢opmynam (11), a 3arem mo dopmy-
nam (12), nanee mo siBHOU popmyre (13), ¢ MUHUMATBHBIME IIAraMu CeTKU (/1,T) pemaeTcs BOJHOBOE YpaBHE-

mie U," =U"  +U," Uy n=2,1,m=1,M -1 Bo Bpemennom mpomexytke f=[2T,/*T]. Cpean
peutenus B cinoe U, (mh,[*T1), m =O,_M U cpenu HavansHOro cnos U, (mh,0), m =0,_M BBIOUPAIOTCS Y3JIBI
Oosee  penxoi CETKHU Xy =a+th*l*ml, ml= m , U pelleHue Ha  peaxoi CeTKe
Us(a+ml*h*1,0), Uy(a+ml*h*1,1%T), ml=0,M /[ .

[Hanee ucnonssyercs popmyna (13) ¢ xpynHbM BektopoMm mara (I * h,[* 1)

1=z2=12d?/11® = 1=hla, U5 =0, +U L ~U" T nl =2 N/ L ml =1, M /1-1. (14)

PaccmoTpuM BTOpYyIO 3a1ady MHULMANM3AMK z = | 175 cucTeMbl ypaBHEHUH (8) CBSKEM YCJIOBUS ISt
3 BpemennsIx cinoeB Uy (x,0) = ¢(x) =0, Uy, (x,0) = P(x) =0, f(x,t) #0, Torna Ha dTane MHUIMATH3ALUY 110
TpeM (4eThIpeM) BpeMeHHBIM ciiosiM (popmyna (22) B padote [1, c. 179]) umeem

Uyt = 4Upy Uiy = = fr i © +U == T Ay =1L B, =1, C =4, Fyy == f, P, m=1LM -1 (15)

Bocnons3yemest 3atem ¢opmynamu nporonku (11) ¢ yderom (15) s pemenus Ul}n,m=1,M -1,

UI%) = UI}VI =0. [lepeitmeM ko BTOpPOH 3amade WHUIMAIU3ANN IS 4 BpEMEHHBIX CJIOEB, aHAJIOTUIHO GopMyJie
24) u3 [1, c. 180]:

1 9 1 19,1 1 _ (77 9+— .2 4
Uim-2 _EUIm—l +1001,, _EU1m+1 tUppen = _[fm,Z _Efm,l + fm-11 +fm+1,1]T +0(T ) (16)

¢ K03pPUITUEHTaAMH

9 9 —_— 99—
Aml =1, Am2 = _EBml = _E’ Cm =-10, Bm2 =1, Fm = _(fm,Z _Efm,l +fm—l,l +fm+l,l

| ae ! as! | 16) ! s !
)\10 :O, )\20 :0, )\11 =O, )\21 =0, VO :Ulo :O, Vl = U]] = U]l,VM :UIM :0, VM—I = UlM—] = U]M—l,

UCTIONBb3Ys POpMyYIIbI MPOroHKH (12), moyduM BTOpOH BpeMEHHOH cJ10it 3anaun (8) Ul}n,m =0,M .

Haxownen, Hy’)XKHO HamucaTb OCHOBHYIO PEKYPPEHTHYIO Pa3HOCTHYIO (GopMyiTy Il pelieHus HEOXHOPO-
HOTO YpaBHEHUS ¢ HyJIEBEIMH MOIM(UIMPOBAHHBIMU Ha4aIbHBIMHU YCIOBHAMHM. J[i1s mapamerpa z = 1 uMeeM 1o
¢dopmyne (25) u3 [1, c. 180])

Uit = Uy U —Up +fm,nT2 +R(U12)a n=2,N,m=1LM -1, 17)
— 0%V
fm,n = fmn _(Vm,n)” ’ a 7;1,” =0.
X
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Yr1Bep:kaenue 2. OCTaTOYHBIN YICH MOTPENTHOCTH B popMmyiie (17) 3aBUCUT OT IPaBOii 4acCTH BOJTHOBOTO
ypaBHEHHSI U KpaeBo# GYHKIMH U PEJCTABUM B BUJIEC

)iy

) 2.[2k aZkan

- kz=1 (2k)1 972k

= 2k-1
2k lazz 3> r
3219 2k=1-D)

Joxa3aTeanscTBo. Bocnonb3yemcs ¢opMysoil HEBsS3KM B OOINEM BUAC Ui OJHOMEPHOTO BOJIHOBOTO
ypaBHEHHS Ha OTpe3Ke, MoydeHHo# B padote [1, c. 180, popmymna (26)], ¢ yaerom dhopmymst (17), nmeem

n+l n-1 2 21
Ulm - U1m+1+U1m—l Ulm +fm nt

+——| a
4!

0 frun

64
f;n,n + a2
0x

x> or? o ot

[ azfmn azfmn a4fm,n+a4fm,n]+

.

66
+a4 fm,n

ox®

8
LS
8!

ox2ort o

44.2 +a2 66E+O6EJ+
0x" 0t

. 710 a8
10!

107
0" foun

ox®

68
fm,n + a6

107
50" foun |

* Fun .
0x%ar>

8
4.a fm,n +

2 agﬂ,ruragﬂ,n .
ax*or

ox2a® ot

610_ 010_
6 fm,n + 4 fm,n +

12
+2T al()
12!

ax'0 0x30r?

4
—7n n n—1 2 21
= U1m+l + Ulm—l - Ulm + fm,nT + 41 [a

6
a fm,n +a4

5 alOE . alom}-

ox*ar® ox>or® ar'0

6
6!

ox%ar*

5 0% foun
o2

O o

4
6 fm,n +612
o’

ox*

ox’or> o’

0 foun , 0" fun } .

6
a fm,n +a2

ax®

8
+ 21 a6
8!

ox2ort o

0 foun , O Fonn |,
ox*or?

10
+ 21 ag
10!

10
§ 0" foun |

ox®

10
109,

8
a fm,n +a6

10
60" fun

8
0 fm,n +4*

8
a fm,n +a2
0x%ar2

0 fyun @ foun |,
ox*or*

ox2a® o

10 10 10
4a fm,n+ 20 fm,n_i_a fm,n

+
12! ax'0 0x30r?

ot 04Vm,n _ E 0

6V n _ﬁagvm,n _ 2T10 alovm,n

ox*or® a0

2
_2 0V,
or?

12

axart ox*ar®

4! 6[4 6! at6

—gyrn n n—1
= U1m+l + Ulm—l - Ulm + fmn

rae

m: fm,n _[

YTBepikaeHue 2 10Ka3aHo.

b-
b j“z (@ H( bh-

8! 10! 12! a2

atlo

a2(k—l) Fom ]

ar®

PERT ).(

Xm

w 52k A2k
217° 07V,

—kZ:l (2k)1 g2k

(18)

2kz 21

ZIatZ(k—l—l)

j“l (t,) —MoauUIMPOBAHHOE Y3]I0BOE 3HAUCHHE IIPAaBOK YaCTH.

AHAaJOTUYHO BBIpaXXeHHIO (14) MOXKHO MPOBECTH YKPYITHEHHUE Iara B HEOJHOPOIHONH MOIUPHUITUPOBAH-
HOH MpaBoil YaCTH BOJHOBOI'O ypaBHEHUS AJsl cUcTeMbl ypaBHeHHH (8). CHavasla MHUIMATU3aLUs TPOBOAUTCS
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c maroM T BpeMeHu 1o ¢opmynam (15), a 3arem no dpopmynam (16), nanee no siBHOH (opmyse (18) ¢ MuHu-

MaJIbHBIMU IIIaraMH CETKHU (h,T) pelaeTcs BOJHOBOE YpaBHEHHE ¢ HEBsI3Koi obriero Buaa (18)

Uit = Uy + U — U™ +fm,nT2 +R(U1nm)’ n=2,N,m=1,M -1, (19)

BO BpeMeHHOM npomexyTke [0,/*T], n DE.
Cpenu pemenus B cinoe Uj(a+mh,l*T1), m=0,M u cpeau HavanbHoro cios Uj(a+mh,0), m=0,M
BBIOUPAIOTCS y3IIbl O0JIee PEeAKOU CeTKU X, =a+hl*ml, ml =0,M /I, t,; =1*[*nl, n1 =0,1, Torga nony4yaem

PCUICHUC Ha pe,uxoi/i CCTKC

{Ul(a+m1*h*l,0), Uy(a+ml*h*11%7), ml=0,M /1 ={U1(a+m1*h*l,tn1), ml=0,M /1, nl =o,1}.

ajiee ucrnosib3yercs opmyia (19) ¢ kpynHbIM 1marom (l”‘h,l”‘l’),1:z:1'2(12/h2 =T1=hla:
Y pMy. Py

Urii™ = Uit + Uiy =Ui + F 0 +R(Ug ), 1 =2N 7 m=1M /11 (20)

B nocneqnux popmynax (19), (20) HeBsizka R(U 1%) ompenaessaeTcs AByMsl MOCIEIHUMHU CyMMaMU U3
BeIpaxkeHus (28) B [1, c. 181].
Paccmotpum TecToBbIi npuMep 1:
Uy =u,, +sin(t)sin(x), x0(0,1), >0
u (x, O) =cos(x), xUI[0,

21
ut(x,O):sin(Zx), x [0, ] 1)
u(0,1) =cos(t) =Y (¢), u(TLt) = —cos(t) = U, (), t 2 0.

u(x,t) =V (x,1) + Uy (x,£) + U, (x,1) = cos(x) cos(t) +%(sin(t) —tcos(t))sin(x) +%;m(2t) (22)

MoOHO IIpOBEPUTH, YTO pEIICHUE CHCTeMbl ypaBHeHHH (21) omuckiBaeTcst Gopmysoit (22), T.e. yaoBie-

TBOPSIET BOJIHOBOMY YpaBHEHMIO U 4 ycioBusM (21).
K nHeogHOpomHOM KpaeBoi 3anade (21) MOKHO MPUMEHHUTD PEAYKIIMIO K OJTHOPOIHOM 3a7ade, OMMMCaHHYIO
¢dopmynamu (1)—(6). Bocrionbzyemest popmyinamu (2), (5), (6) ¢ kpaeBoii pyHKIMEH:

Vix,t) = ( juz )+ (uj W@ = (Ej (—cos(t)) + ( L xjcos(t) = [1 —chos(l‘)
b-a T T T

U ¢ MOANGHUINPOBAHHOH MTPAaBOH 4acTbIO

X

-a

b—a

fx,n=f,t)-V(x,1t)= —[ﬁjcost+cost+sinxsint, =V, (x,1) =V(x,1)
Tt

Y TOYHBIM permreHueM — hopmyia (22), ucronbays hopmyiny (18), momyanm

4 6 8 10 12 2 4 6
- 1 T T T T 61 7 T T
Ut = Uy + Uy =UL 420 (—12 —2—+3— —4—+5———+...J + 2V, (——— +— —]

21 4 6l 8 100 12! 21 41 6!
2 4 6 4 6 8 10 12
1mcos@=t =T+t ST osm) = Ssint= L2 oo 43T oy T ysT 0T,
21 41 6 2dt 2 2! 4 76l 8l 100 12!

Ut = Ul + UL — U +T8IT) £, + 2V, (1-cos(D)) =

U o +UR _ =U Y +Tsin(T) sin(mh) sin(nt) + 2[1 - (zinhjjcos (nt)(1=cos(1)), (23)
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B mnepBoM mnpumepe no ¢opmyie (23) mia OECKOHEUHOro psifa IOJIydeHA Npou3eoosawas QyHKyus

TSin(T) fr, + 2V, (1 —cos(T)) , COCTOSIIAas U3 ABYX ciaraeMbiX. [lepBoe coBmagaeT ¢ aHaJOTUIHBIM IPHUMEPOM

C TOH ke HEOTHOPOTHOU MPABOM YaCTHIO BOJIHOBOTO YPaBHEHHS U OJTHOPOJIHBIMY KPACBHIMHU YCIOBUSIMHE B pabo-
te [1, c. 181]. Bropoe crnaraemoe cBOMM CylecTBOBaHHEM O053aHO KPaeBOM (YHKIMH W3 MEPBOrO MpUMEpA.
IIpenmnonoxum, 9To0 aHATUTUYECKOE pelIeHne Kaxaon dacTHoH 3amaqu (18), (19) mpencraBumo B BUIE OECKO-
HEYHOT'O0 MEJIEHHO CXOISIIeToCs psAaa Uil KaX oW W3 moa3aaad ¢ MOAU(DHUIMPOBAHHBIMH HEOIHOPOIHBIM
YpaBHCHHEM WM ¢ MOAU(DUIUPOBAHHBIMH HAYaJIbHBIMU yCIOBUSAMH. TOra 3KOHOMHEE YHCICHHO PEIlaTh Kax-
Iy10 3 MOIU(HUIIMPOBAHHBIX MO3a/1a4, CPAaBHUBAA X CYMMY U CYMMY C KpaeBoi (pyHKIHEH ¢ M3BECTHBIM 00-
IOIMM TOYHBIM pemreHueM. B Tabmmie 1 mo mopsaxy 3ammcaHBl YUCICHHBIE PEIICHUs 9acTHBIX 3amad (8), (9),

KpacBast (byHKIII/IH 1 CyMMa BCEX TPEX BEJINYUH COOTBETCTBCHHO

Uy (x,0), Uy (x,0), V(x, 1), Uy (x,1) +Us (x,£) + V(x,1), £ = 25.1327412287183.

Tabmuua 1
Ui (x,1) U,(x,1) Vx,t) Ui(x,0) +Uy(x,0) +V(x,1)
0.000000000000000E+00 0.000000000000000E+00 1.00000000000000 1.00000000000000
-3.88322207745093 0.151056516295153 0.800000000000000 -2.93216556115578
-7.38632732196183 0.209016994374947 0.600000000000000 -6.57731032758688
-10.1664073846305 0.187785252292473 0.400000000000000 -9.57862213233804
-11.9513286589662 0.109016994374947 0.200000000000000 -11.6423116645913
-12.5663706143592 -7.216449660063518E-16 0.000000000000000E+00 12.5663706143592
-11.9513286589662 -0.109016994374948 -0.200000000000000 -12.2603456533412
-10.1664073846305 -0.187785252292473 -0.400000000000000 -10.7541926369230
-7.38632732196184 -0.209016994374948 -0.600000000000000 -8.19534431633678
-3.88322207745093 -0.151056516295154 -0.800000000000000 -4.83427859374609

0.000000000000000E+000

0.000000000000000E+000

-1.00000000000000

-1.00000000000000

B nepBoM cronbrie Tabnuipl 2 ¢ paBHOMEPHBIM IIaroM yKa3aHbl KOOPAMHATHI y3710B. Bo BTopoM cromndie

3aIicaHbl 3HAYEHUsI pelIeHust coryiacHo ¢opmyiie (22) B y3/1ax KOOpAMHATHON CETKH

u(x,t) =V (x,t) + Uy (x,1) + U, (x,1) = cos(x) cos(r) +%( sin(t) =t cos(t)) sin(x) +

Tabiuma 2

sin(2x) sin(2¢)
S

X

exact

(Ul(x,t) +Uy(x, 1) + V(x,t)) numerical

0.000000000000000E+000

1.00000000000000

1.00000000000000

0.314159265358979 -2.93216556115578 -2.93216556115578
0.628318530717959 -6.57731032758688 -6.57731032758688
0.942477796076938 -9.57862213233805 -9.57862213233804
1.25663706143592 -11.6423116645913 -11.6423116645913
1.57079632679490 -12.5663706143592 -12.5663706143592
1.88495559215388 -12.2603456533412 -12.2603456533412
2.19911485751286 -10.7541926369230 -10.7541926369230

2.51327412287183

-8.19534431633677

-8.19534431633678

2.82743338823081

-4.83427859374609

-4.83427859374609

3.14159265358979

-1.00000000000000

-1.00000000000000

B tpersem cronbue mporpaMma BEIYHCIIET CYMMY KpaeBOH (D)YHKIMH W YHCIICHHBIX pelleHni 3a1a4 (8),
(9). Ilporpamma ¢ mapamerpamu n = 100, / = 10, m = 8, t = n-m-t = 25.1327412287183 Bo3Bpamaer Hopmy Ye-
ObIimeBa i HeBsizku 3amaun (7). Hopma oTHOCHTENBHOM morpemHocTi uMeeT nopsimok 1E-15, uto cooTBet-

CTBYET IBOWHOM TOYHOCTH pemieHus. [locneanue cTono1p! Tabmui 1 1 2 coBOagaroT.

OtHocutenbHass HopMma UeObrmeBa paBHa 1.119445273655962E-015. Cpennee apudpmeTHdeckoe oT Mo-
Iyl YACIICHHOTO PEIICHHWs B KOHEYHBIH MOMEHT BpPEMEHHM IO BCeM y3iam cocrtaBisieT 7.93409415003782.

B npumepe 1 kpaesble ycioBus W (¢) = cos(?),l, (f) = —cos(?) AnHENHHO 3aBUCUMBI.
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TecToBblif MpuMep 2.
U, =u,, +tsin(x), x0(0,1), >0
u(x,0) =sin(x/2), x0[0, T
24

u, (x,O) = %cos(x/ 2), x [0, 1]
u(0,1) =sin(z/2) = Yy (1), u(Tt) =cos(t/2) =, (2), t = 0.
TouHnoe perrenne npumepa (24) ecthb
u(x,t) = (t - sin(t)) sin(x)+sin(x/2)cos(¢/2)+cos(x/2)sin(t/2)

C KpaeBoii ¢pyHKIMen

Vix,1) = (z—:;’jpz (t) +(Z:2Jul(t) = (%Jaos(z /2) +(

1 MOAM(HULIMPOBAHHON MPABOW YaCThIO

m—X

Jsin(t /2)
Tt

F(0) = f(x.1) =V, (x,0) = £sin(x) +——cos(t / 2) + ( - xj sin(t/2)
41 4m
a TaAKXE C MO,HI/Iq)I/IHI/IpoBaHHLIMI/I Ha4vYaJIbHBIMHU yCHOBI/IHMI/I:
() = d(x) = V(x,0) =sin(x/2) -, Px) = Px) -V, (x,0) =%c0s(x/ 2) —(HZ_XJ .
Tt Tt

Torz[a MO[[I/I(i)I/IIII/IPOBaHHLIe MpaByrlO 4aCcTb BOJIHOBOI'O YPAaBHCHHA W HAYaJbHBIC YCJIOBUSA HJII BTOPOTO

TECTOBOT'O pUMEpa MOACTaBUM B hopmyiry (18):

.[6

.[8

1m

2 4 6 8 10 12 2 4
wtl _ oom " el LB oA SR SR T T
U = U1m+1 + Ulm—l - Ulm + me,n ( + ——t + m,n

——————t— -+
2141 6! 8! 10! 12!

.[10 .[12

+ —
210101 212121

= U + UL, — U +2(n1)sin(mh) (1 - cos(D)) + 2((’”—@ cos(nt/2)+ [ I
Tt

n=2,N, m=1,M —1.

+ ] =Ulpe1 U1 =Ul +2fn (1 - coS(T)) +2V, 0 (1 —cos Gn =

~ mhjsin(nr / 2)](1 —cos(%D, (25)

2221 2%41 206! 2881

[poussopsias dynkuus 2 f,, , (1 - cos(T)) +2V, 0 (1 —cos (%D B Qopmyie (25) cocTouT U3 ABYyX Cla-

raeMbIX: TIEPBOC CllaracMoc 06y0J'IOBJ'IeH0 npaBoi/i YacCTbIO BOJIHOBOI'O YpaBHCHHA, BTOPOC OIIPCACIACTCA Kpac-

BOW (yHKIHMEH.

B Tabmune 3 coOpaHbl pe3ysbTaThl YHCICHHOTO PEIICHHS MpUMepa 2 ¢ HapaMeTpaMu IpOrpaMMbl

n=100, [ =10, m=8, t=nlind@ =25.1327412287183 .
Tabmuua 3

X exact

(Ul(x, D+U(x,1)+V(x, t)) numerical

0.000000000000000E+000 -4.898425415289509E-016

-4.898425415289509E-016

0.314159265358979

7.92287861994210

7.92287861994209

0.628318530717959 15.0816716382986 15.0816716382986
0.942477796076938 20.7868052690006 20.7868052690006
1.25663706143592 24.4904425702249 24.4904425702249
1.57079632679490 25.8398480099049 25.8398480099049
1.88495559215388 24.7116743123074 24.7116743123074

2.19911485751286

21.2238212934494

21.2238212934494

2.51327412287183

15.7237111602188

15.7237111602188

2.82743338823081

8.75413249549701

8.75413249549700

3.14159265358979

1.00000000000000

1.00000000000000
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OtHocutenbHas HopMma YeObrmeBa paBHa 3.004681541631892E-015. Cpennee apudmeTndeckoe OT MO-
JyJsl YUCIEHHOTO pEIleHHs] B KOHEUHBbII MOMEHT BPEMEHH IO BceM y3naMm cocraBiseT 16.5534985368844.

HopmMa morperiHoct umeer nopfmoxlo_ls , T.€. IporpamMma padoTaeT C UCIOJIL30BAHHEM aJIrOPUTMAa COTJIACHO
¢dopmynam (11)—(20) ¢ aBoitHol TouHOCTBIO. B puMmepe 2 kpaesble ycnoBus [y (¢) = cos(t/2), Uy (¢) =sin(t/?2)
JIUHEHHO HE3aBUCHUMBI.

TecToBblif mpumep 3.

Uy =u,, +cos(3t)sin(3x), x0(0, 1), >0
u (x,O) =sinx, x [0, 1T

u, (x,0) = %sin (3—2’Cj x0[0, 71 (26)

u(0,1) =0 =py (), u(Tt) = —sin (%) =M, (1), t20.
Ero TouHoe pemienue ecth

u(x,t) =sin (3_2)6) sin (%j +ésin (3x) sin (3t) +sin xcost

¢ KpaeBoil Qynkmmenr V(x,t) = (?j My (1) + (Fj M@= —(ij sin (%) 1 MOAU(UIIMPOBAHHON TpaBOi
—a —a T

yacTelo f(x) = f(x,1) =V, (x,0) = cos(3¢)sin(3x) —z—xsin (%j , @ TaKXKe ¢ MOAU(DHUIIUPOBAHHBIMHA HAYaJIbHBIMHU
Tt

3x

YCJIOBUSIMHU m =¢(x) -V (x,0) =sinux, m =Px) -V, (x,0)= %sin (7j +§

2n
Torna HaliicHHBIC MOIU(UIIMPOBAHHBIC TIPABYIO YaCTh BOJIHOBOTO YPABHEHUS M HAYAJbHBIC YCIOBUS IS
TpeThero TecTOBOI0 MpUMepa IoAcTaBUM B hopMyiy (28):

2 24 46 468  A8-10 L1012
n+l _yon no -l T 371 3’31 v 37t
Ulm _U1m+1+U1m—l Ulm +2fm,n(2! 2 41 +3 6! 4 8! +5 10! 6 121 oot
32 (3 3010 (38 (31070 3212
w2V, 2] =2 —++] 2| == 2] =+ 2| ——|2| —+..|=
’ 2) 2! 2) 4! 2) 6! 2) 8! 2 10! 2 12!
n n n—-1 . 2 31
=Ul L +UL L —U 4 fm,n(3rs1n(3r)—81 )+2Vm’n (1—c0s(7n. 7
Tlockonbky
2 4 6 4 6 8
3t 3t 3t 3t 3t 3t
1-cosan =GB B T d )= a2 B0 B0 B0,
2! 4! 6! 2dt 2! 4! 6! 8!
10 12 2 2.4 4.6 6.8 810 1012
3t 3t
P CL) I CLJ ENICION SO i <M ML S P +.. =2 6in(31) -
10! 12! 2! 4! 6! 8! 10! 12! 2
2 24 446 26-8  A8.10  Al0.12
LA S AT B SIS AL SO < L SRS A S| DV Ry S TR
2! 4! 6! 8! 10! 12! 2

3V 3V (3010 (3t 300 (3P 31

== =+ == —=+|=| —-|=| —+..=1-cos| —|.

2) 20 \2) 4! \2) 6! \2) 8 \2) 10! \2) 12! 2
[Mpoussopsias yukuus f,, , (3T sin(31) - 8'[2) 2V, [1 —Cos (3—2Tjj B opmysie (27) COCTOUT U3 IBYX

CJIara€MbIX, IIEPBOC cClaracMoc 06YC.HOBJ'I€HO HpaBOﬁ YacCTbIO BOJIHOBOI'O0 YpaBHCHUS, BTOPOC COOTBCTCTBYCT
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KpacBol ¢yHKIuU. B Tabmuie 4 mokasaHbl pe3yJbTaThl YUCICHHOTO PELICHUS MpUMepa 3 ¢ mapaMeTpaMu Ipo-
rpammbl 1 =200, [ =20, m =4, t = nmt =12.5663706143592.

Tabmuma 4
X exact (Ul(x, HN+U,(x,1)+V(x, t)) numerical

0.000000000000000E+000 0.000000000000000E+000 0.000000000000000E+000
0.314159265358979 0.309016994374945 0.309016994374945
0.628318530717959 0.587785252292470 0.587785252292472
0.942477796076938 0.809016994374946 0.809016994374947
1.25663706143592 0.951056516295155 0.951056516295152
1.57079632679490 1.00000000000000 0.999999999999998
1.88495559215388 0.951056516295155 0.951056516295152
2.19911485751286 0.809016994374947 0.809016994374948
2.51327412287183 0.587785252292471 0.587785252292473
2.82743338823081 0.309016994374946 0.309016994374948
3.14159265358979 8.572244476756629E-016 7.347638122934264E-016

OtHocutenbHas HopMma UeObrmeBa paBHa 7.209524148017449E-015. Cpennee apudpmeTHdIeckoe OT MO-
JyJsl YUCICHHOTO pEIleHHs B KOHEUHBI MOMEHT BpeMEHH 10 BceM y3nam cocrtaBiseT 0.631375151467504.

Hopwma norpenrHocti uMeeT NopsaoK 1079, re. nporpamMMa paboTaeT ¢ UCHONb30BAHUEM AJITOPUTMA COTTACHO
¢dopmynam (11)—-(20) ¢ nBoiiHOM ToyHOCTHIO. B mpuMmepe 3 3agaHoO TONBKO OJHO HEHYJIEBOE KPaeBOE YCIOBHUE

. t
W@ =0,y (1) = —sm[%). TakuM o0Opa3oMm, TpYU PaACCMOTPEHHBIX MpPHMEpPa HCUEPIBIBAIOT BCE PA3TMIHBIC

ClIydad 3aZlaHusi HEOJHOPOJHBIX YCJIIOBHH, ITOKA3bIBAIOIINE, YTO MPOTrpaMMa, HAMMCAaHHAS MO alroputMy Qop-
My (11)—(20), yuciaeHHO pelaeT HavyanbHO-KPAeBYIO 3aJady BOJIHOBOIO ypaBHEHMs HAa OTpe3Ke C JBOMHOM
TOYHOCTBIO.

JIst KITaccuYecKoro pemenus 3a1ad MaTeMaTHIeCKOH (PU3NKH HEOOXOANMO TaKKe COTrTacoBaTh HA4allbHBIE
U KpaeBble ycaoBus [3; 4, c. 43], koTopble 3aKIHOYAOTCs U1l IOCTAaHOBKU 3a7aud (1) B BBIIOJHEHUHU YCIOBUIL

Via,0) =), V(b,1) = U5 (1), §(a) = u(a,0) = Uy (0), (b) = u(b,0) = p (0). (28)

OTMGTI/IM, YTO B ICPBLIX JABYX MpUMEpaAX YCJIOBUC COIrJIaCOBaHUSA KIIACCHYCCKOIO PCHICHUSA BBIIIOJHCHO
Ha IByX KOHIOAX OTPE3Ka U, KaK CICACTBUC, JOCTUTHYTO MEHBIIEE 3HAYEHNE HOPMBI IOI'PEITHOCTH, YE€EM B TPETH-
€M IpuMeEpe, B KOTOPOM YCJIOBHUE COIIACOBAHUS BBIIMNOJHCHO Ha JICBOM KOHIE OTPC3Ka, HO HC BBIINIOJHCHO Ha

npaBoM ero Koie: ¢ (a) -1 (0)=0,¢ (b) —H,(0)=1#0. B pesynprare HOpMa MOTPEUIHOCTH, MOITyYEHHAs

nporpaMmMoii, 6ompmie mpuMepHo B 10 pas, yeM B MEpBBIX ABYX IPUMEpax, TEM HE MEHEE YCTOMYMBOCTH BCEX
YKa3aHHBIX aJITOPUTMOB PAa3HOCTHBIX CXEM MMEET MECTO H B CIIydae PaccoriIacOBaHMSI HAYAJBHBIX W TPAaHHIHBIX
yCIIOBUH.
ITporpamma nanmcana Ha s3pike FORTRAN u ucnionb3yeT BXoIHbIe (PYHKIIMHA TE€CTOBOT0 mMpuMepa 2.
OnwmeM BXOAHBIE (YHKIMH TPOTPAaMMBI, YHCICHHO peMIaloeld IPOU3BOJIBHYI0 HEOJHOPOTHYIO
HavyaJIbHO-KPaeBYIO 3aJauy JAJisi BOJIHOBOTO YpPaBHEHHUSI Ha OTPE3Ke:

Pet) = f(xt) —v,(x,0) = f(x,1) - ( jp.z (t)+(

BOJIHOBOTO YPaBHEHUS;

jul (t) — mogudumMpoBaHHas TpaBas 4acTh
-a

u0(x) = p(x) - [ ju2<0>+( jm(m ul(x) = P(x) - ( ]u2<0>+( ]ul (0) — moudm-

POBaHHBIC YCJIOBHUS JUIS HAYaJIbHOTO CMECINCHHS TOYCK OTpPe3Ka CTPYHBI U MOAM(DHUIMPOBAHHBIC YCIOBHS IS
HaYaIbHOM CKOPOCTH TOUYEK CTPYHEI.

Cymma ¢dyskumit fan(x,t)+ ffO(x,t)+ f2(x,t) B nporpamMme paBHa M3BECTHOMY TOYHOMY PELICHUIO.

Ecmu ykazanuble QYHKINH HalACHBI, TO UX 3alMCHIBAIOT B MPOTpaMMy (IUIs OIIpeesIeHIs] HOPMBI HEBSI3KHU 3a-
nmauu o YeOsieBy). [lepBblic fBa cliaraeMbIX MPEACTABISIOT YaCTHBIC pelIcHUs 3a1a9u (1), COOTBETCTBYIOIIHE
HEOJIHOPOAHBIM HAaYaJIbHBIM YCJIOBUSM W HEOAHOPOIHBIM T'PAHUUYHBIM YCIOBUSIM, TPETHE CIaraéMoe COOTBET-
CTBYET HEOJHOPOJAHOW MPABOM YaCTH BOJIHOBOTO YPaBHEHHS.
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IIporpamma Hammcana Ha si3eike FORTRAN, ee ocobeHHOCTRIO siBisieTcss m = 4k, kO N , ObicTponeii-
ctBue (BpeMs paboTsl) coctaniser 0,01 c.

program wave;integer(8), parameter::n=100,n1=10,ll=n/n1;integer(8)::i,j,k;integer(8),parameter::m=8
real(8):: num(0:n+1,0:m*n+1),num0(0:n+1,0:m*n+1);real(8)::par(0:n+1),sum,s,tay2,f00(0:n+1)
real(8)::res1(0:n+1),I(0:n+1),f0(0:n+1),aa33(0:n+1), res2(0:n+1);

real(8):: aa(0:n+1),bb(0:n+1),cc(0:n+1),ff(0:n+1),ccc(0:n+1),0tv(0:n+1),0tv0(0:n+1)
real(8)::eps(0:n+1),nu(0:n+1),eps0(0:n+1),f11(0:n+1),f22(0:n+1)

real(8)::a1(0:n+1), a2(0:n+1), b1(0:n+1), b2(0:n+1),aa11(0:n+1),cc11(0:n+1),bb11(0:n+1)
real(8)::eps00(0:n+1),0tv00(0:n+1), 11(0:n+1),12(0:n+1),res3(0:n+1)

real(8):: aa1(0:n+1),bb1(0:n+1),aa2(0:n+1),bb2(0:n+1),aa3(0:n+1),bb3(0:n+1)
real(8)::max1,max2,max3,max4,max44,epss(0:n+1);real(8)::max5,ch,t,yy,max55,mm,tay1,cl,ff0,v,pi
real(8)::ul,u0,f1,f2,fan,z,vel,x,y,a,b,c,d,h1,tay,tt,x1,x2,x3,x4,hh,fy
v(x,t)=(x/(2d0*dasin(1d0)))*dcos(t/2d0)+(((2d0*dasin(1d0))-x)/(2d0*dasin(1d0)))*dsin(t/2d0)
fy(x,t)=dsin(x)*t+(x/(4d0*(2d0*dasin(1d0))))*dcos(t/2d0)+(((2d0*dasin(1d0))-
x)/(4d0*(2d0*dasin(1d0))))*dsin(t/2d0)
ul(x)=dcos(x/2d0)/2d0-(((2d0*dasin(1d0))-x)/(2d0*(2d0*dasin(1d0))))
u0(x)=dsin(x/2d0)-(x/(2d0*dasin(1d0)));fan(x,t)=0d0;f1(x,tay)=-2d0*u0(x)-2d0*tay*u1(x);
ffO(x,t)=dsin(t/2d0)*dcos(x/2d0)+dsin(x/2d0)*dcos(t/2d0);f2(x,t)=dsin(x)*(t-dsin(t));
pi=2d0*dasin(1d0);a=0d0;b=pi;z=1d0;vel=1d0;max1=-100d0; max2=-100d0; max4=-100d0; max44=-100d0
max5=-100d0; max55=-1000d0;mm=-100d0;h1=(b-a)/dfloat(n);tay=dsqrt(z)*h1/vel

do k=0,n;x=a+h1*dfloat(k);x2=x+h1;x1=x-h1;x4=x+2d0*h1;x3=x-2d0*h1
aa(k)=1d0;bb(k)=1d0;cc(k)=4d0;f0(k)=f1(x,tay);ff(k)= 3d0*ul(x)*tay+u0(x1)+u0(x2)+u0(x)
al(k)=1d0;a2(k)=-4.5d0;b2(k)=1d0;b1(k)=-4.5d0;ccc(k)=-10d0;aal(k)=1d0
bb3(k)=1d0;f11(k)=-fy(x,tay)*tay*tay;aall(k)=z;bb11(k)=z;cc11(k)=2d0+2d0*z
f22(k)=-((fy(x1,tay)+fy(x2,tay))+fy(x,2d0*tay)-4.5d0*fy(x,tay)) *tay *tay
enddo;nu(0)=0d0;nu(n)=0d0;I(0)=0d0;I(n)=0d0;res1(0)=nu(0);res1(n)=nu(n)

do k=1,n-1;x=a+h1*dfloat(k);f0(k)=f1(x,tay); nu(k)=(aa(k)*nu(k-1)-fO(k))/(cc(k)-aa(k)*I(k-1))

I(k)= bb(k)/(cc(k)-aa(k)*I(k-1));enddo;do k=n-1,1,-1;res1(k)= I(k)*res1(k+1)+nu(k);enddo

do j=0,n;x=a+h1*dfloat(j); par(j)=fan(x,tay);eps(j)= par(j)-resi(j)

if( eps(j)<=0d0 )then;eps(j)=-eps(j);else;endif;enddo;do  j=0,n;if( eps(j)>=max1 )then;max1=
eps(j);endif;enddo

print*,"norma C1=",max1;do k=0,n;res2(k)= res1(k);enddo;
11(0)=0d0;11(1)=0d0;12(0)=0d0;12(1)=0d0;11(n)=0d0;12(n)=0d0;|1(n-1)=0d0
12(n-1)=0d0;nu(n-1)=res2(n-1);nu(n)=res2(n);nu(1)=res2(1);nu(0)=res2(0)

do j=2,n-2,1;11(5)=(a1(G)*I1(j-2)*12(j-1)+a2(§)*I2(-1)+b1())/(ccc(i)-a1(G)*11(5-2)*11(j-1)-a2(3) *I11(5-1)-a1(§)*I12(-2))
12(3)=b2(j)/(ccc(§)-a1(G)*I1(j-2)*I1(j-1)-a1(j)*12(j-2)-a2(j) *I1(j-1))
nu(§)=(a1()*I1(G-2)*nu(G-1)+a2(j)*nu(j-1)+al()*nu(j-2)-ff(§))/(ccc(i)-a1(G)*11(-2)*I1(j-1)-a1(G) *I12(-2)-
a2(j)*11(-1))

enddo;do j=n-2,0,-1;res2(j)=I1(G)*res2(j+1)+I2(j)*res2(j+2)+nu(j);enddo

do j=0,n;x=a+h1*dfloat(j); par(j)=fan(x,tay);eps(j)= par(j)-res2(j)

if( eps(j)<=0d0 )then;eps(j)=-eps(j);else;endif;enddo;do j=0,n

if( eps(j)>=max1 )then;max1= eps(j);endif;enddo;do j=2,n-2;if(eps(j)>=max2)then
max2=eps(j);endif;if(mod(j,n1)==0)then;endif;enddo;print*,"norma C2=",max2

do i=0,n;if(mod(i,n1)==0)then;endif;enddo;do j=0,n1
x=a+h1*dfloat(j);num0(0,j)=0d0; num0O(n,j)=0d0; numO(j,0)=u0(x);num0(j,1)=res2(j)

enddo;do j=1,n1-1;do i=1,n-1
numO(i,j+1)=num0(i+1,j)+num0(i-1,j)-num0(i,j-1);enddo;enddo; tay1=tay*dfloat(n1)
hh=h1*dfloat(n1);t=dfloat(n*m)*tay;num0(0,1)=0d0; num0(ll,1)=0d0; hum0(0,0)=0d0; num0(ll,0)=0d0
do i=0,ll;x=a+hh*dfloat(i); numO0(i,1)=numO0(i,n1);num0(i,0)=u0(x)
numO0(0,i)=0d0;numO0(ll,i)=0d0;otv(i)=fan(x,t);enddo;do j=0,l*m;num0(0,j)=0d0;num0(ll,j)=0d0;enddo
do j=1,II*m-1;do i=1,lI-1;numO(i,j+1)=num0(i+1,j)+num0(i-1,j)-num0(i,j-1);enddo;enddo

do i=0,lI;eps0(i)=numO(i,II*m)-otv(i);if(eps0(i) < 0d0)then;eps0(i)=-eps0(i);endif

if(eps0(i) >max44)then; max44=eps0(i);endif

s=s+abs(otv(i));enddo;print*,"norma C404=",max44,max44*dfloat(ll)/s
nu(0)=0d0;nu(n)=0d0;1(0)=0d0;I(n)=0d0;res1(0)= nu(0);res1(n)= nu(n)

do k=1,n-1;x=a+h1*dfloat(k);nu(k)=(aall(k)*nu(k-1)-f11(k))/(cc11(k)-aal1(k)*I(k-1))

I(k)= bb11(k)/(cc11(k)-aal1(k)*I(k-1));enddo;do k=n-1,1,-1;res1(k)= I(k)*res1(k+1)+nu(k);enddo

do j=0,n;x=a+h1*dfloat(j); par(j)=f2(x,tay);eps(j)= par(j)-resi(j)

if( eps(j)<=0d0 )then;eps(j)=-eps(j);else;endif;enddo;do j=0,n

if( eps(j)>=max4 )then;max4= eps(j);endif;enddo;print*,"norma C101=",max4

do k=0,n;res2(k)= res1(k);enddo;I1(0)=0d0;I1(1)=0d0;I2(0)=0d0;I2(1)=0d0
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11(n)=0d0;12(n)=0d0;11(n-1)=0d0;I2(n-1)=0d0; nu(n-1)=res2(n-1)
nu(n)=res2(n);nu(1)=res2(1);nu(0)=res2(0);do j=2,n-2,1
11(G)=(a1(G)*I1(§-2)*12(j-1)+a2()*I12(5-1)+b1(j))/(ccc(§)-al(G)*11(-2)*11(j-1)-a2(G) ¥I1(5-1)-a1(§) *I12(j-2))
12(3)=b2(j)/(ccc(G)-a1(G)*I1(j-2)*I1(5-1)-a1(j)*12(j-2)-a2(j) *I11(G-1))
nu(§)=(@1G)*113G-2)*nu(j-1)+a2(j)*nu(j-1)+a1(G)*nu(j-2)-f22(3))/ (ccc()-a1(G)*11(G-2)*I11(-1)-a1(G) ¥12(-2)-a2(5)*11(5-1))
enddo ;do j=n-2,0,-1;res2(j)=I1(j)*res2(j+1)+12(j)*res2(j+2)+nu(j);enddo

do j=0,n;x=a+h1*dfloat(j); par(j)=f2(x,tay);eps(j)= par(j)-res2(j);if(mod(j,n1)==0)then;endif

if( eps(j)<=0d0 )then;eps(j)=-eps(j);else;endif;enddo;do j=0,n;if( eps(j)>=max5 )then;max5= eps(j);endif;enddo;
do j=0,n;if(eps(j)>=max5)then;max5=eps(j); endif;enddo;print*,"norma C202=",max5 !;pause

do j=0,n;x=a+h1*dfloat(j);num(j,0)=0d0;num(j,1)=res2(j);enddo;do j=1,n1-1;do i=1,n-1
x=a+h1*dfloat(i);y=tay*dfloat(j)
num(i,j+1)=num(i+1,j)+num(i-1,j)-num(i,j-1)+2d0*fy(x,t)*(1d0-cos(tay))+2d0*v(x,t)*(1d0-cos(tay/2d0))
enddo;enddo;do i=0,n;res3(i)=num(i,n1);enddo;hh=h1*dfloat(n1);tayl=tay*dfloat(n1)
t=tay*dfloat(n*m);print*,"t=",t;do i=0,ll;x=a+hh*dfloat(i);num(i,1)=res3(i*n1)
num(i,0)=0d0;otv(i)=f2(x,t);enddo;do j=0,lI*m;num(0,j)=0d0;num(ll,j)=0d0;enddo

do j=1,II*m-1;do i=1,ll-1;x=a+hh*dfloat(i); t=tay1*dfloat(j)

num(i,j+1)=num(i+1,j)+num(i-1,j)-num(i j-1)+2d0*fy(x,t)*(1d0-cos(tay1))+2d0*v(x,t)*(1d0-cos(tay1/2d0))
enddo;enddo;s=0d0;do i=0,ll;eps(i)=num(i,lI*m)-otv(i);if(eps(i)<=0d0)then;

eps(i)=-eps(i); endif;if(eps(i)>=max55)then; max55=eps(i); endif
if(otv(i)>=maax)then; maax=otv(i); endif;enddo; print*,"norma C505=",max55,max55*dfloat(ll)/maax;
t=tay1*dfloat(m*Il);s=0d0;do i=0,ll;x=a+hh*dfloat(i);otv00(i)=num(i,II*m)+numO(i,lI*m)+v(x,t)
res3(i)=f2(x,t)+fan(x,t)+ffO(x,t); epss(i)=0tv00(i)-res3(i);if(epss(i)<0d0)then; epss(i)=-epss(i); endif;s=s+res3(i);
if(epss(i)>mm)then; mm=epss(i);endif; print* x; print*,res3(i),otv00(i);enddo

print*,"norma C=",mm*dfloat(ll)/abs(s),abs(s)/ dfloat(ll);end program wave

B pabote nomy4ueHsI pe3ysIbTaThI:

1. JluneiiHas HEOOHOPOIHAS HAYAIBHO-KpAeBasl 3a/aua Ul BOJHOBOTO YPaBHEHHUS HA OTPE3KE PEAYKIIH-
el CBOJUTCS K PEIICHUIO IBYX YacTHBIX 3a7ad C OJHOPOJHBIMH KPAaeBbIMH YCIOBUSIMH. IlepBas UMeeT 0XHOPOA-
HOE ypaBHEHHE U MOAN(DHUINPOBAHHBIC HAYaIbHBIC YCIOBUS. BTOpas — onHOpOAHBIE HaYaIbHBIE YCIOBHS U BOJI-
HOBOE ypaBHEHHUE ¢ MOAN(DHUIUPOBAHHON IPABOH YaCTHIO.

2. B pasnoctHoM Buze nosrydeHsl gopmynsl (11)—(20) mis pemeHuss HEOJHOPOJHOM KpaeBoil 3a1auy,
KOTOPBIE IIEPEXOJIAT B aHAOornuHbIe hopmyisl (15)—(28) pabotsl [1] B ciyyae o JHOPOIHBIX KPAeBbIX YCIOBHIA.

3. B siBHOM BHze nonyuyeHa HeBsi3ka obmero Buna (¢popmyna (18), cocrosiias U3 JBYyX CyMM: CllaracMmble
HIepBOM JIBOMHON CYMMBI COZIEpXKAT IPON3BOIHBIC YETHOTO TOPSAKA [0 KOOPJIMHATE U BpeMeHH (Kak U B paboTe
[1, c. 180, popmyma (26)], cinaraembie BTOPOH CyMMBI POTIOPIIMOHAIEHBI Y€THBIM MTPOU3BOIHBIM 11O BPEMEHHU OT
KpaeBoit pynknun. KpaeBoit MOKeT OBITH JTF00ast [BAXIbI HETIPEPhIBHO AuddepeHnupyemas QyHKIUs, Ha Tpa-

Hune obnactu 0Q) , paBHas KPacBEIM YCIOBUAM M;(#),i =1,] u aBnsAromAACcs OAHUM M3 3 CllaraéMbIX YUCIEHHO-

T'O peleHus B 3aMKHYTO# obnactu Q.

4. Bce MoauduuupoBaHHbIe PYHKIUH — NpaBas 4acTh YPaBHCHUS, HAYAIbHBIC YCIOBUSA W OOIIMN BUA
HEBS3KH 3a/1auu B popmyse (18) — onpenensitorcsi Takke KpaeBol (PyHKLHMEH, T.€. MOIy4YEHHbIE arOPUTMBI CO-
OTBETCTBYIOT TPAAHUILINAM PEIICHHUS 3a7a4d MaTeMaTHIecKol (PM3NKH KOJUIEKTHBOM ceMnHapa «Bo3oOHOBIsIeMbIe
WCTOYHUKH YHEPTUI».

5. Hammcana mporpamMma # MOJydeHBI TPH TECTOBBIX mpumepa (21), (24), (26) ¢ TOUYHBIMU pEICHUSIMU
IPY BBIOOPE ONTHMAJIBHOTO MapaMeTpa armpoKCHMAINH z = 1, ¢ KOTOPBIM Kak HEOTHOPOAHAs KpaeBas 3a1aua,
Tak W 3a/a4a ¢ OJHOPOTHBIMH YCJOBHSIMHM PEIIAIOTCS ¢ ABOWHON TOYHOCTHIO. TakuMm oOpa3oM, BCe CBOWMCTBA
(TOYHOCTB, MACIITAOMPYEMOCTh AITOPUTMA, METO MPOU3BOMANINX (HYHKIUH, OBICTPONEHCTBHE U T.J.) C OITH-
MaJIbHBIM MMapaMEeTPOM alpPOKCUMALUK COXPAHSIOTCS KaK B OJHOPOJHOM KpaeBoil 3ajjaue, Tak U B HEOJTHOPOJ-
HO 3a/1a4e ¢ KpaeBbIMU ycinoBusaMu [upuxiie.

6. bnaromaps anroputmy unuumanuzauuu (15), (16), (18), (19), (22), (24) (uto mpoBepeHO Hporpam-
MOIf) YHCJICHHOE peIIeHUe C ucmoiib3oBaHueM anroputma (11)—(20) mo Hopme UeObimieBa OIU3KO K TOYHOMY
PELICHHUIO HE TOJIBKO IPU COIIACOBAHHBIX HAYAJIBHBIX M KPAEBBIX YCIOBUSX, HO U MPHU OTCYTCTBUM UX COTJIAcoO-
BaHUs B KJIACCHYCCKOM CMBICIIC PCIICHUS 33714 YPAaBHCHUI MaTeMaTUIeCKON (PU3HKH.
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Hocmynuna 24.09.2018

TO QUESTION ABOUT OF THE LUMPY MARGINAL PROBLEM DIRIHLE
FOR WAVE EQUATION ON LENGTH

D. PASTUHOYV, Y. PASTUHOV, N. VOLOSOVA

The Offered algorithm of the decision general initial-marginal problem of the lumpy wave equation on
length with lumpy marginal condition. The Certain notion to marginal function. The Source problem with lumpy
marginal condition is reduced to two simple modified problem, i.e. to problem with modified by right part and to
problem with modified initial condition, but with uniform border condition. It Is Received decomposition to in-
accuracy of the problem in most general type for optimum parameter of the approximations pazHocmuou
schemes z = 1. The First double amount to inaccuracy complies with amount for problem with uniform marginal
condition; the second single amount contains the composed proportional derived even order on time from mar-
ginal function. The Writtenned program on base of the built algorithm to reductions, are solved exactly and nu-
merically three test examples, showing that marginal conditions Dirihle save all characteristic of the task with
uniform marginal condition when use the modified conditions and marginal function.

Keywords: boundary function, modified initial conditions and the right part of the equation, inhomogeneous
boundary value problem of the wave equation on the segment, coordination of initial and boundary conditions.
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