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(koppekTHbIe IO AjjamMapy JAByMepHbBIE
1 TpEXMepHbIe KpaeBble 3aJa4M )

H.T. Bagaypeun!, C. IO0. KAJAIIHUKOB!

Kpatko onucbiBaioTcst METOI, aJTOPUTM U IMAKET ITPOTPAMM I PEIICHUs KOPPEKT-
HBIX 110 A1aMapy JBYMEPHBIX U TPEXMEPHBIX 3aa4 JJIs CHCTEM CYILIEeCTBEHHO HeJIuHe-
HBIX (T. €. He PA3PEIIEHHBIX OTHOCUTEIBLHO CTAPIIUX IPOU3BOHBIX ) HHTErPO-1uddepeH-
nrajbHO-aredpandeckux ypasHeHuil. s npuBeeHust MOCJeIHUX K CHCTEMe OOBbIU-
HBIX HEJMHEHHBIX ajrebpandecKuX ypaBHEHMI B aJICOPUTME HCIOJIL3YIOTCH ITOJIyYeH-
Hble paHee pOPMYJIbI HHTErpupoBanusd u guddepeHnnpoBanns. B KkadecTBe HEN3BECT-
HBIX CHCTEMa yPaBHEHUN MOXKET TaK¥Ke COIeprKaTh YMUCJIOBbIE MapaMerphl. [IpuBomsTcs
Pe3yAbTaThI PEIIeHNsT YETHIPEX TECTOBBIX ITPUMEPOB.

Karwuesvie cao6a: CylUIeCTBEHHO HeJIUHEHHbIE MHTErpo-IuddepeHialibible ypaB-
HEeHWsI, THTerpo-auddepeHnnaabHo-aIredpandeckue ypaBHeHnsI, YUCACHHbIE METOIbI,
KOMIIBIOTEPHBIE IIPOIPAMMBI.

1. BBeagenue u mocraHOBKa 334241

HeobxomumocTh 9HCIEHHOIO pelieHns KPaeBbIX 3aJiad JJId CHUCTEeM HeJUHEHHbIX audde-
PEHIINAIbHBIX, WHTErPpaJbHbIX W HHTErpo-auddepeHnnaabHo-aJIredOpandecKux ypaBHeHui
(MJAY), zaBucamux oT AByX 1 60jiee apryMeHTOB, 4acTO BO3HUKAET IPU MATEMATHIECKOM
MOJIEJINPOBAHUK PAa3JIMYHBIX (DU3NUIECKUX TIPOIECCOB B Hayke u Texuuke [1-7|. Haubosee
HCIIOJIb3YEMbIM B HACTOSIIEE BPeMsl METOIOM JIJIsl YMCJEHHOIO PEIeHns TaKuX 3a/1a4 SaBJIs-
eTCsl METOJT KOHETHBIX pasHocTeil [8-11], Ha ocHOBE KOTOPOTO peraroTest MPUKJIaIHbIE 38,11
MmaTeMarnaeckoii pusukn [12, 13|. B cBsa3u ¢ pasBuTieM BBIYUCIUTENBHON TEXHUKI 9TOT Me-
TOJI, YCIEITHO UCIOJIb3YeTCsl Ha MHOTOIPOIeCCOPHbIX cucteMax |14, 15|. Hecmorpst Ha To uTo
dyHIaMeHTaIbHbIE OCHOBBI JIJI PEIIeHus] YPaBHEHUIl ¢ 9aCcTHBIMU ITPOU3BOJHBIME XOPOIIIO
u3BecTHBI [16-24], ux nporpaMMHas peajusalys CBsI3aHa CO 3HAUUTEJTbHBIMEI TPY/THOCTAM,
IIOCKOJIbKY HE CYIIECTBYET aJI'OPUTMOB JIjIsI PEIIeHUs] TAKUX ypaBHEHUI B OOIIEM BHUJIE, ITO
3aCTaBJIdACT UCCACIOBATENICA TIPU PEIICHNN KazKJI0M KOHKPETHOW NPUKJIAIHONA 3a/a9Ud B Ka-
YecTBE€ HaYaJIbHOI'O Iara COCTaBJIATH COOTBETCTBYIOIIYIO IIPOI'DaMMYy M BBIIOJJIHATDH eé oT-
najky. [lupoko ucnosb3yemble mporpamMMubie kKomiiekcs (Maple, Macsyma, Mathematica,
Reduce, Matlab u ap.), npejiaraembie Ha pbIHKE IPOrPAMMHBIX IPOJLYKTOB U3BECTHBIME 34~
PYyOEKHBIMI KOPIOPAIIUAME, HE MOI'YT OBITH IIPUMEHEHBI JJIsl PEIIeHUsT CUCTEM CYIIeCTBEHHO
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HeJIMHEeHHbIX nHTerpo-auddepennuaibao-aaredbpandeckux ypasuenuii (CHUIAY) ¢ gact-
HBIMH ITPOU3BOJIHBIMEU. HUKe KpaTKO ONUCHIBAETCs TPEJJIOKEHHBIN paHee YUC/IEHHBIH Me-
Toj1, [25—28| u npuBOJATCs CBEJIEHNs O IPOrpaMMax JijIs aBTOMATHYeCKoro pemtenusi Ha [TK
KOPPEKTHBIX 110 AJaMapy JABYMEPHBIX M TPEXMEPHBIX CHCTEM, MAJBIX 110 pasMepy, B 00-
IeM CJIydae CYNIECTBEHHO HEJIMHEHHBIX UHTEerpO-1uddepeHInajbHO-aJIredpaniecKnx ypas-
HeHuit [29], copeprKalx HEM3BECTHBIE YUCIOBBIE TAPDAMETPBI, KOTOPbIe MOTYT BXOJUTH He
TOJIBKO B COCTaB OCHOBHBIX YpaBHEHNI, HO U B Kpaepble ycaoBus. O0IacTH NHTErPUPOBAHUS
paccMaTpUBAEMbIX YPABHEHUN JIOKHBI ObITH OrpaHUYEHbl KOOPAUHATHBIMUA JIMHUSAMU WJIN
MMOBEPXHOCTSAMU B OOIIEM C/lydae KPUBOJIMHEHHBIX HEOPTOTOHAJIBHBIX CUCTEM Koop/uHaT. Pe-
MAIOTCH CJIETYIONINE 38 A n:

— KpaeBble 3aJa4u JId IByMepHbIX cucrtem VJIAY;

— KpaeBble 33/1a9u i TpéxMepHbIx cucreM VJIAY.

2. Meto/ pellieHUs U IIporpaMMHasl peaJjin3aliis

st mpeobpazoBanusa mHTEIPo-aud depeHImaabHo-aIredpaniecKoil 3a/1a9u K CucTeMe HeJln-
HEMHBIX aJareOpanvdecKux ypaBHEHUI OTHOCUTEIBHO y3JI0BBIX 3HAUYEHUN (DYHKIIHI, KOTOpPbIE
3aTeM JIOJIKHBI OBITh PEIeHbl U3BECTHBIMU METOaMU, UCIOIb3yeTcsd (hopMmyta juddepen-
nuposanust Jyist pyukiuii W, Koropast B 0JJHOMEPHOM cJiydae uMeer BuJ [25, 28|

r—1
W =3 "DI(E - DS)Tw; ™" + D'W,

=0

e W W, T — BeKTOp y3JI0BBIX 3HAYEHHH TPON3BOIHBIX (DYHKIHI OPSIKA 7', BEKTOD
V3JI0BBIX 3HaYEHUil (PYHKINNE U €IUHUYIHBIN BEKTOp coOoTBeTcTBeHHO; S, D, E — marpu-
IIBI MHTErPHPOBaH, 1M epeHIIPOBAHTS W eIHHIIHAS MATPHIIA COOTBETCTBEHHO; W] = —
3HavUeHnsd (DYHKIMI 1 UX TPOM3BOJHBIX B HAYAJIBLHOM y3Jle T = T7.

BekTopb! y3/10BBIX 3HAYEHUI CMENIAHHBIX ITPOU3BOJIHBIX TTOJIYYaIOTCd B PE3yJ/IbTaTe IMPH-
MeHeHus (hopMyJibl T depeHITTPOBaHNS K IIPUBEJIEHHOMY PAaBEHCTBY B JIDYIOM HaIIpPaBJie-
uuu. [lockonbKy sTa omeparug gBisgeTcs (DOPMATbLHON, TO MOBBIIEHNE TOPSIKA TPOU3BOJI-
HBIX B cucteMax KoppekTHbix MJIAY He Biieder 3a coOOil OSIBIEHUST JOMOJHATETBHBIX TPY/I-
HOCTell B IPOrpaMMHOI peasin3anuu ajaropurma. Cjenyer 3aMeTUTh, 9TO 3JIEMEHThBI MATPHUIL
UHTErpupoBaHud U JuddepeHImpoBans He MOTYT ObITh 3aITUCAHBI B BUJIE (DOPMYJI, HCIIOJIb-
3yeMbIX JIJIsi (DOPMAJIBLHOIO ITPOrPaAMMUPOBAHUSA, TaK KaK IPEJICTAB/IAIOT COOOI MHTErpasibl
U TIPOrPAMMEPYIOTCsT Ha OCHOBE MX Bbruncienus |25, 28].

Paszpaboranusie s perenns: cucrem VJIAY nporpaMmvbr paboTatoT Ha OCHOBE MUHUMY-
Ma, UCXOJIHBIX JAHHBIX, T.€. HeOOXOIMMOCTh MUCATH KOJ[ IPOIPAMMBI JIJId PEIIeHU KazKI0i
3a/1a91 ¥ BBITOTHATD €€ OTJIaJIKy HCKJrodaeTcsd. /i crapra mrepalimoHHOr0 Ipoliecca B Ma-
MaTh [IK ciieryer BBecTH ciemyioniue naniblie: YUCI0 YypaBHEHU, TEKCThI PEITIAeMbIX yDaBHe-
HUi B OOBITHON MaTeMaTH4IeCcKoi (hopMe, TapaMeTpbl CETKHU Y3JI0B, MAKCUMAJIbHbIE 3HAMEHU S
HOPSIJIKA [POU3BO/IHBIX, TOYHOE DEIeHUe 33/1a9u (€C/i OHO U3BECTHO) /ISt IIPOBEPKH AJIeK-
BATHOCTH BBIYUCJIEHUH, HaUaIbHOE TPUOIMKEHNEe U KpaeBbie ycaoBus. [lepes 3anonenuem
OYepeJIHOI CTPOKM WMCXOJHBIX JTAHHBIX HA JIUCILIEN BBIBOJIUTCH IOJICKA3Ka O COIEPIKUMOM
sToi#t cTpoku. [locsie BBOZa CTPOKM BBIMOJIHSETCS TPOBEPKa MPABUIBLHOCTU JIAHHOTO COJEp-
JKUMOIO, a B cJlydae OOHapyzKeHUsi OIMUOKHU BBOJ| MPEKPAIIAECTCH U Ha SKPAH BBIBOJIUTCH
COOTBETCTBYIOIIEEe COODITICHHE.
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B ornnyme oT Bcex M3BECTHDLIX IIporpaMMHBIX KOMIIJIEKCOB B Halll€eM CJIy4ae IIpOoI'paMMBbI
BBIYUCJ/IAIOT U BBIBOAAT Ha II€9aThb Y3JIOBblEe 3HAYCHUA HE TOJIbKO d)yHKL[I/IfI, HO TaKXKe 1 UX
IIPOU3BOJHLIX, B TOM YMCJI€, BOSMO2>KHO, CMCIIaHHBbIX.

3. Ilaker mporpamMm

[Taker cocTouT U3 CIIEAYIONIUX JIBYX OTJIEILHBIX TTPOIPAMM.

1. IIporpamma BOUNDS2 npejnasnadena jjis 9UCJIEHHOTO PEIIeHns KOPPEKTHBIX JIBY-
MEpHBIX KPAeBbIX 3a/[a4 B CUCTeMe KOOpAUHAT (', Yy) JJisi CYIIeCTBEHHO HEJIMHEHHBIX CUCTEM
NJIAY, koTopbie B CBOEM cOCTaBe KPOME TOJJIEYKAIUX BBIUYUCICHUIO (DYHKITUI MOTYT UMETh
TaKKe HEM3BECTHbBIE YNCJ/IOBBIE TTAPAMETPDI.

JLJ1g yCITeNHOro 9MC/JIeHHOTO PEIIeHus 0/ I0OHBIX 3a/1a4 NIPUHIMAIOTCS OObIYHbBIE YCJIOBUS
U OrpaHUYIeHUs:

— cucTeMa ypaBHEHUil JIOKHA ObITH KOPPEKTHOW U HE YKECTKOI;

— qncyio ocHOBHBIX VJTAY 10/2KHO PABHATHCS YHUCIY HEM3BECTHBIX (DYHKITHIA;

— €CJIM CHCTeMa YPaBHEHUI COJEPXKUT HEKOTOPOE UUCJIO TOJIEXKAIINX BBITHCIEHNIO THC-
JIOBBIX TIaPAMETPOB, TO K OCHOBHBIM YPaBHEHUSM HEOOXOJIUMO JI00aBUTH COOTBETCTBYIOIIEE
YUCJIO JIOTIOJTHUTETbHBIX YPABHEHUM, COJIEPKAINX ST ITapaMeTPhI;

— KaxKJI0e OCHOBHOE U KazKJ0€ JIONOJHUTETLHOE YPABHEHNE MOYKET COJIEPXKATh B CBOEM
cocTaBe IPOW3BO/IHBIE JTIOOON (DYHKIINU, MHTErPajbl U UCKOMBIE MapaMeTpbl, BXOJIAIINe B
MOJIBIHTErpAJIbHBIE BhIpayKeHus MHTerpaJsos. [Ipexycmorpeno ncnomp3oBanne 10 TUIIOB WH-
TerpaJjioB: JBa THUIIA C MOCTOSHHBIMU U IME€PEMEHHBIMU BEPXHUMU IpeJleJIaMi U 00JIACTHIO
UHTErPUPOBAHMUS, COBIIAJIAIONIEN ¢ 00/IaCTbIO, HA KOTOPOIT UIETCs PelleHne 3a/1a9u, OCTa b
Hble BOCEMb THIIOB C TOCTOAHHBIMH W TIEPEMEHHBIMU BEPXHUMU IIpEJIe/IaMU [IPU UHTErpH-
POBAHUY O Y€THIPEM KOODIMHATHBIM JIMHUSIM, OTPAHUIUBAIONIIM 00IaCTh (9TH TOCIeHIe
MOTYT OBITH BKJIOUEHBI B COOTBETCTBYIOIINE KPaeBble YCIOBHs);

— JI71d KayKJI0W HEeM3BEeCTHON (PYHKIIMN OCHOBHBIE YDaBHEHUs JOJKHBI UMETh B CBOEM
cocTaBe 1o KpaiiHeil Mepe OJIHO ypaBHEHMe ¢ HECMENTaAHHBIMI ITPOU3BOIHBIMU TOH (PyHKIINN
HAWBBICIIIETO TIOPSJIKA;

— JIJIs KaXKJI0I'0 HEM3BECTHOI'O MapaMeTpa JIONOJIHUTEIbHbIE YPAaBHEHUs JIOJIZKHBI UMETh
B CBOEM COCTaBe ypaBHEHWe, CojiepzKalliee JJAaHHBIN apaMerp;

— B 00JIACTU MHTEIPUPOBAHUS PEIIECHUE 3a/1a49U He JIOJIZKHO OBITh CHIBHO OCIIUJIIUPYIO-
IIHM;

— pa3Mepbl pelraeMbIX 3aj1a49 orpannauBaiorcs pecypcavu [1K.

B obiactu mHTErpupoBaHus MPEIyCMOTPEHBI JIBa criocoba (pOPMUPOBAHUs CETKH Y3JIOB,
IIPU TIEPBOM U3 KOTOPBIX YUCJIO Y3JIOB CJEIYET 33/IaBaTh /I KaxK/I0i U3 oceil OT/IeJIbHO, PN
BTOPOM — IIIar CeTKH MPUHUMAETCS OJIMHAKOBLIM JIJII 00X Oceii.

2. IIporpamma BOUNDSS3 ucnosib3yercs i1 9UCIEHHOTO PENIeHUs CYIIECTBEHHO HeJIu-
ueitabix IJIAY B cucreme koopausaat (x,y, z). YCJIOBUS ¥ OrPAHUYEHHUsI I YCIIEITHOTO Pe-
IIIeHNs 9TUX YPABHEHUI B OCHOBHOM Te ke, 910 1 iyt nporpamybl BOUNDS2, Ho ¢ coorBert-
CTBYIOIUMH TTOnIpaBKamu. Hampumep, nmpeycMoTpeHo ucob3oBanue 14 TUIIOB MHTErpaJsioB:
JIBa TUIA C TTOCTOSHHBIMU U TIePEMEHHBIMI BEPXHUMHU MIpeJieIaMi U 00JIaCThI0 MHTEIPUPOBa-
HUs, COBIAJIAIONIEHN ¢ 00/1acThIo, Ha KOTOPOU WINETCs pelleHne 3a/1a9u, ocTaabuble 12 TUIIOB
UHTErPAJIOB C IOCTOSIHHBIMUA U TI€PEMEHHBIMHM BEPXHUMU IIpeJelaMU IIPU MHTEIPUPOBAHUN
IO MIECTH KOOPJMHATHBIM TTOBEPXHOCTIM, OTPAHUIUBAIONUM 00JIaCTh.
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4. TecToBble IpUMeEPHI

4.1. KpaeBas 3agaua aJjisg Tpéx HeJauHelHbIX VIJIAY, comepKaiiiasi ABa YMCJIOBbIX
napamerpa (pemienue BoinoHsiercs mo nmporpamme BOUNDS?2)

Uppae + U° + Uppe sin2(x + y)] + ucosla(z + y)] — sin(z +y) =0,
Uy + vy + uw — sin(x + y) cos(xyg) —rz—y=0,

T 7'1'/2 X

y
w + / / vy (s, t)dsdt + //xsv(p, s)dsdp — cos(zy®) — 2°y* /6 — 7% /16 = 0,
0 0 00

T Y
a+4b— b + //xsv(p, s)dpds — 3y — 3 =0,
0 0

b—a+w— cos(ry®) = 0.
[panunp obsactu uarerpupoBanus 0 < z, y < 7/2.
Kpaesbie ycioBus

Uz (0,9) + 1w(0,y) 4+ v(0,y) + [v(0,y)]* — siny + cosy = 0,

Uz (0,y) + v(m/2,y) — cosy — my /2 =0,
Uy (0,y) +siny = 0;
/2
v(0,9) = 0, uge(7/2,y) + / aw(0, s)ds/3 + sin(m/a+y) — y = 0,
/2
o(2,0) + v(x,0) + /[a/?) +uls,m/2)]ds — (1 + 7/2)a = 0.

Tounoe permenue u(z,y) = sin(z + y), v(x,y) = vy, w(z,y) = cos(zy?), a =3, b= 4.

Hauanproe npubsmzkenne ug(z,y) =vo(z,y) =wo(x,y) =0, ag = 2,1, by = 3,2.

B pesyabTaTe penreHns Ha ceTKax 1 X m MOJIyYeHbl CICYIOIUe 3Ha9eHIA MaKCHMAILHOTO
OTKJIOHEHHA /11 (DYHKIMI TPUOJINKEHHOIO PeIlleHnsT OT TOYHOro A:

Asys = 0.021, Aig13=16-10"% Ar3=15-10"% Ajg.7 =25-1075.

4.2. KpaeBas 3aga4da g TpEx cyniecTBeHHO HeqmHeitHbIX TJTAY, comep>karmiasa
aBa unciioBbix nmapamerpa (BOUNDS?2)

Uy + Uy + w? + 2sin(x + y) — (sinz cosy)® =0,
z oy
v$+vy—i—//u(s,t)dsdt—i—u—sinx—siny—1:0,
00

w/2

/2 Ty Ty
w + / / v(s,t)dsdt / / u(s, t)dsdt + //vx(s, t)dsdt — sinx cosy — xy = 0,
00 00

0 0
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w/2p/2

a—l—bg+//v(p,s)dpds—64:(),
0 0
b+sina —sin3 —4 =0.

panurpr obmactn naTerpupoanns 0 < z, y < /2.
Kpaesnie ycioBus
u(0,y) —asiny/3 = 0,
u(m/2,y) — cosy = 0,
v(0,y)+y+a—b+1=0,
u(z,0) —sinz = 0,
/2
u(z, m/2) + /uy(s,ﬂ/Z)ds —cosx +sinb—sind+1=0,
0
v(z,0) —x = 0.

Tounoe pemenue u(z,y) = sin(z +vy), v(z,y) =z —y, w(zr,y) =sinzcosy, a =3, b = 4.

Haganbsaoe npubimmkenne ug(z,y) =vo(x,y) =wo(z,y) =0, ag = 2.1, by = 3.2.

B pesysibrare peleHns Ha ceTKax 1 X 1m MOJLy YeHbl CJIe Iy oIue 3HATeHNsT MAKCUMAJIbHOTO
OTKJIOHEHUS MPUOJIMKEHHOIO PEIleHus OT TOIHOro A:

Asys =81-107%,  Apsuis =2.0-10710  Agyqs =4.6-107% Az =7.1-107%

4.3. KpaeBas 3aga4da ajs Tpéx cymiecrBenHo HesmmHeiinbix TJTAY (BOUNDS3)

z oy =z T/27/27/2
uzw+uyy+uzz+u+///u(p,s,t)vy(p,s,t)dpdsdt+///u(p,s,t)dpdsdp—
000 0 0 0
—cos(x + z) — cos(y + z) + cos(x +y + z) — cosx — cosy — cos z — cos(z +y) — 1 =0,
n/2m/2m/2
vx—l—vy—l—v%—///u(p,s,t)dpdsdt—x—y+z—4:O,
0 0 0

x Y z
w+v2 + / / /[u(p, $,t) — Uyy(p, s,1)|dpdsdt — sinx cosycosz —1 = 0.
000

['panunpt obsiactu uarerpuposanus 0 < z,y, z < m/2.
Kpaesnie ycioBus

w/27/2

u(0,y,2) + / /ux(ﬂ/Q, s, t)dsdt —sin(y + z) +2 =0,
0 0

u(m/2,y,z) — cos(y + z) =0,
v(0,y,2) —y+2=0,
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u(z,0,z) —sin(z + z) = 0,
u(z,m/2,2) — cos(x + z) =0,
v(x,0,2) —xz+2=0,
u(z,y,0) —sin(z +y) =0,

w/2m/2

u(x,y, m/2) + / /uz(p, s,0)dpds — cos(x + y) = 0.
00

Tounoe perenne u(z,y, z) = sin(z+y+2), v(z,y,2) = x+y—=z, w(x,y, z) = sinx cosyx
Cos 2.

Hauanbuoe npubszkenue ug(z,y, z) = 0, vo(z,y, z) = 0, wo(z,y, z) = 0.

B pesysbrare periennst Ha ceTkax H X5 X5, TX7X 7T u 9X 9 X9 nmorydeHbl COOTBETCTBEHHO
CcJIe Iy IONIHe 3HAYCHNs MAKCUMAJILHOTO OTKJIOHEHH IPUO/INKEHHOTO PElIeHns OT TOYHOrO A:

3.1-1072, 4.7-107%, 107S.

4.4. KpaeBas 3aga4a ajs AByX cyliiectBeHHO HequHelHbix UJTAY (BOUNDS3)

Uz + Uyy + Uszz + u + sin(uyy) + v+ 2sin(r +y — 2) —sin(sin(z —z —y)) —z+y — 2 =0,
T Y =z

v® +v —exp(u,) +sin ///u(t, s,r)dtdsdr | +exp(cos(x+y—2z))—sin(zyz(r—y+2)/2)—
0 0 0

—(r—y+2P—ar+y+z=0.

['panunb obactu uarerpupoBanus 0 < z,y, z < w/2.
Kpaessie ycioBusa

y oz
u(0,y,2) + //u((), s,t)dsdt +siny —sinz — 2sin(y — 2z) = 0,
00

u(m/2,y, ) — cosly — 2) =0,
u(z,0,z) —sin(z — z) =0,
u(x,7/2,2) — cos(x — 2) = 0,
w/2m)2
u(x,y,0) + cos / /u(s,t,O)dsdt —sin(z +y) —1=0,
0 0

T Yy
u(z,y,m/2) + //u(s,t,W/Q)dsdt +cosz +cosy —1=0.
00

Tounoe pemenne u(x,y,z) =sin(x +y — 2), v(z,y,2) = —y + z.
Hauanbroe npubmmzkenne ug(z,y, z2) = vo(x,y, z) = 0.
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B pesynbrare perennsi MaKCuMaJIbHOE OTKJIOHEHHE TPUOINKEHHOIO PeIlleHnsl OT TOYHO-

ro A morydeHo st Bropoi (byHkiun v. [ pa3sHBIX CeTOK 3HAYEeHWsT 3TOTO OTKJIOHEHMsT
OBLIN paBHBI:

Arxrxry = 1.7-107%, Anixiixiy) = 1.0-107°%, Arxrxi) = 2.0-107%, Aqixrxr) = 5.6-107°.

B szak/mouenmne 3aMeTnM, 9TO, IO MHEHHWIO aBTOPOB, B MaTeMaTUYECKOU JIMTepaTrype He

COEPZKUTCA CBG,ZLGHI/II'/JI O MEeTOoaxX YUCJIEHHOI'O peleHnd MHOI'OMEPHbBIX CUCTEM CyHIECTBEHHO
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Method and program package for solution of systems of essentially nonlinear
integro-differential-algebraic equations (two- and three-dimensional boundary
value problems)

Bandurin Nikolay G.!, Kalashnikov Sergey Yu.!

Goal: the development of method, algorithm and software package for numerical solution
of the well-posed (in the sense of Hadamard) two- and three-dimensional problems for the
systems of highly nonlinear (i.e., in general, not solved with respect to higher derivatives)
integro-differential algebraic equations.

Method: contrary to the known methods, based on the procedure of interpolation of the
unknown function by algebraic polynomials, an absolutely original approach is applied,
which is based on the procedure of interpolation of the derivative of the unknown func-
tion. As a result, the necessity is eliminated to use the grid nodes, which do not belong
to the domain, where the integration is performed. Consequently, the process of solving
highly nonlinear integro-differential algebraic equations can be maximally formalized: it is
sufficient to enter the equations in the usual mathematical form and necessary numerical

YVolgograd State University of Architecture and Civil Engineering, 400074, Volgograd, Russia
Corresponding author: Bandurin Nikolay G., e-mail: bandurin _ng@mail.ru



Meton n naker mporpamMm JJIsi 9ACIE€HHOIO PEIIEeHUs] CUCTEM ...

11

parameters into the computer memory. When solving the partial differential equations, the
described procedure is used in the first direction first and then the interpolation procedure
in the second direction is performed using the obtained results, etc.

The results of the solution of test problems for highly nonlinear integro-differential alge-
braic equations, which are obtained using the software in automatic mode, i.e. using the
minimum of initial data without additional programming, confirm the high accuracy of the
suggested approach.

Conclusion: the first time in the history of computational mathematics the method is
suggested and the first test programs are developed for the automatic solution of the well-
posed (in the sense of Hadamard) systems of highly nonlinear integro-differential algebraic
equations. Contrary to the all known software packages, the developed software computes
and outtypes the node values not only of functions, but also their derivatives and, among
them, probably, mixed ones.

Keywords: highly nonlinear integro-differential algebraic equations, numerical methods,
computer programs.
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