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HasHaueHne naketos DifEq n Splines

Cucrem

YPaBHeHUii, peluaemsb!

<€ noMoLwkio nakeTa Eq
Maker DifEq nossonsieT pewaTb YNCAeHHBIMU MeToAamMu nobbie cucTtembl 06bIKHOBEHHbIX

AunddepeHumanbhbix ypasHennii (OY), paspewweHHbIx OTHOCMTENIBHO CTApLWINX
Npoun3BOAHbIX:
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—dny/dtn — obosHaueHue n-Toii npoussogHol dyHkuun y(t) no HesaBucumon
t, — Bp , a F; — HenpepbieHo-aund dbepeHumpyembie dbyHKLMN cBOMX
nepemMenHbix. Byaem B panbHeilluem nonaraTb BbINOJIHEHHBIMU HaYasbHble yCOBUS ANS

cncremsbl (1):

¥ (2) =Cf; k=T, —Li=1L,N), )
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cooTBeTCTBYlOWNe CTaHAapTHON 3afgaqe Kowm, rge C’f— Ha4asibHble 3HAa4€HNS MPON3BOAHBIX
k-ro nopsigka dpyHkumin y;(t). Mpn aTom KoMaHAbI NakeTa BbIBOAAT 4MC/IEHHOE pelueHue

cuctembl B yHKLMOHanbHOM Buge Y, (t), He TpebyloWwMM AONONHNTENBHBIX MPOrpaMMHBIX
npoueayp ANA peanusayunu.

HasHauenme nakera Splines

Maker nporpamm Splines npegHasHadeH ans paboTbl co cnnaiiHamu, B TOM 4mcne ans
TpaHcdhOpMaL MM YUCNEHHOrO pelleHnst B chnnaliHbl, No3sonsoWwmnx obpalwarbesa ¢
NONYHeHHbLIMU PeLIeHUsIMU, KaK € 06bI4HBIMN aHanUTU4ecKUMU pyHKLMSMMU, B TOM Hucne,
Hanpumep, AunddepeHLNpPOBaTL U NHTErPpUPOBaATh 3TU PELLEHUS MPOCTLIMN KOMaHAAMU 1
pesynbTaT OnNATb NPeACTaBAsTb B cnsaiiHoBol gopme. Cnnaiin ectb pyHKyms, obnacte
onpeaeneHns KOTOpoil pasbuTa Ha KOHEYHOE YMC/IO . OTPE3KOB, HAa KaXXAOM M3 KOTOPbIX
cnnaiiH coBnajaeT ¢ HEKOTOPbIM anrebpanyeckuMm MHOro4neHom (MONMHOMOM).

MakcumanbHas s cTeneHeil MCNONb30BaHHbIX NOJIMHOMOB HasbiBaeTcsi CTENEHbIO CrnaiiHa.
Ecnun Bce oTpeskn nmeloT oUHaKOBYIO ANINHY, cNnaliH Ha3biBaeTcsi PABHOMEPHbBIM.
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Pabota ¢ naketamu DifEq n Splines

Ans sarpyskn naketos daiinel YuDifEquat.m n YuSplines.m gosn>xHbl 6bITb NoMeLLeHbl B Ty

>Ke nanky, B KOTOPOI Hax0AUTCA coxpaHeHHbIli paboqnii cbaiin name.mw, nubo ykasaHb!
abCconioTHbIE NN OTHOCUTENbHbIE CChINKM Ha 3Tu chbaiinsl, Hanpumep,
D:/Maple/libraries/YuDifEquat.m.

read ‘Yusplines.m';

> restart:
read 'YuDifEquat.m’;

Pemenne NpsSMBIM 9HCTeHHEBIM HATETPHPOBAHNEM OPOCTOil KOMAH0H
> Eq:=(DBR82) (x) (£)=-0.1%D (x) (£) -x(t)-0.01%x(t) *3+sin(t);
Eg-=D"? (x)(1) = ~0.1D(x) (1) — x(r) — 0.01x(2)* + sin(r)

> I1C:=x(0)=0,D(x) (0)=1;
IC:=x(0)=0,D(x)(0) = 1

> s81:=(xi)->Splines[ODESpline] ([Eq], [IC],45,24*Pi,48,1,1,xi);
S51:= 8= Spiines gy (| Eql, [1C], 45,24, 48,1, 1.E)

> ss1(1);
0.961626844667055

[> evalf(ssixi).3);

Puc. 1. Bupg okna Maple ¢ 3arpy>xeHHbIMU nakeTamu.

axeHusix npn pabore ¢ nakerom D

FPorTERoEore © (hEprinmo CoEm o e

3ameTum, 4To Bo M3bexxaHUM owWMBOK NponsBoAHbIe N-ro nopsifka cyHkyun f(x)
pekoMeHAyeTCcsi BBOAUTb € noMoLlybto onepatopa (D0en) (£f) (x), npousBogHas nepBoro
nopsigka Toraa sanucbiBaetcs B Buge D(£) (x)!
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KomaHgbl naketa DifEq

Mpocreii

5 KOMaHpa aBTOMaTU3MPOBaHHOrO pelienus cucremsr OLY

Mpocreiiweii kOMaHaoi YncneHHoro pewerunst cuctembsl OV (1) ¢ HaYanbHBIMK yCOBUSIMA
(2) siBnsieTcs1 TpexnapameTpu4eckasi nporpammHas npoueaypa DifEq[NumDsolve] (SystemODE,
InitsConditions, Method). O naTunapameTpuyeckoli npoueaype pelleHns C NepesarpysKoi
CM. LMTUPOBaHHYIO NUTepaTypy. YKasaHHasi KOMaHAa co3jaeT Npoueaypy pPeLleHUst CUCTeMbl
OV c nomoubio metoga Method, BeTpoeHHoro B naket Maple; sHa4eHne aToro napamerpa
45 cootsetcTByeT MeToay Pynre-KyrtTta 4-5 nopsagkos, 78 — metogy Pynre-Kyrta 7-8
nopsigkos, rosenbrock — metony Posenbpoka, stiff — metopy stiff uHTerpuposanus >xectkmx
ypaBHeHuii, classic — knaccudeckomy metopay (no ymondaHuto metopom diinepa), taylor —
MeTofoOM pasfioxeHusi B psaabl Teiinopa (cm., Hanpumep [17,18] ). Mpu aTom BbIBOA
pelleHnii OCyLIEeCTBASIETCA B BU/Je YNOPSIJOMEHHOrO CMUCKA B BOXKEHHbIMMN B Hero M
YNopsiio4eHHbIMM cnuckamu Yuncnoeblx cpyHkyuii. [pn aTom nepsbiii ynopsgoqeHHbIi
CMMCOK COREP>XXWUT HMC/ieHHble 3HaqeHnst N uckombix pyrkuumii: [X[1](t),..X[NI(£)],
nopsifiok 3anucv 3HaYeHu pyHKLMIA B CAMCKe COBMajaeT c NOPsiAKOM 3anucum
AunddepeHUManbHbIX ypaBHeHNA cuctemsbl. BTopoili ynopsinodeHHblii cnncok copepxuT
3Ha4YeHMsl NepBbIX NPOU3BOAHBIX TeX (PYHKLMIA, NPOM3BOAHbIE KOTOPbIX He HUXXe BTOPOro
nopsifka cogepxatca B cucteme OZ1V. Mopsifok 3anucy 3Ha4eHUii NepBbIX NPOU3BOAHBIX
byHKUMIA B cnucke coBnafaeT ¢ nopsaakom sanucu audcbepeHLmanbHbIX ypasHeHUR
CUCTeMbl - MPU 3TOM MPONYCKAOTCsl 3HA4YEHNs1 NPOU3BOAHBIX TeX (bYHKLMIA, NPOM3BOAHbIE
Bblllle MEePBOro Nopsiika KoTopbix He copepxaTcsi B cucteme OAY. Tpetuii ynopsgodeHHblii
CMMCOK COAEPXXNUT 3Ha4eHUsI NepPBbIX NMPON3BOAHBLIX Tex hyHKUNI, NPON3BOAHbIE KOTOPbIX He
HUXXe TpeTbero nopsigka copepxatcsi B cucteme OJV. MNMopaaok 3anucn 3Ha4eHN BTOPbIX
npounsBoAHbIX pyHKLMIA B cMcKe coBrnagaeT c nopsifkom sanucu aunddepeHumManbHbIx
YPaBHEHMA CUCTEMBbI - MPM 3TOM MPONYCKalOTCs 3HA4YEHMS] BTOPbIX NPOU3BOAHBIX TeX
byHKLMIA, NPON3BOAHbIE Bbille BTOPOro Nopsifika KOTOPbIX He cofepxxaTcs B cucteme OV,
n 1.4. cm. maple-cdaiin

PacnosHaBaHne cucrem

YPaBHeH| B nakete DifEq

B nakeTe cylyecTByeT BCTpPOeHHasi MPOrpaMMHasi NpoLieAypa KOHBEPTUPOBAHUSA CUCTEMbI
OV k HopManbHOU cMcTeMe, C MOMOLLbLIO MPUMEHEHNSI KOTOPOIi MOXXHO NpoHabniopaThb
CUCTeMy 3aMeHbl NepeMeHHbIX B 3agade Kowu:

>DifEq[SysCauchy_Convliorm] ([Eql, [IC]); 3pecb [Eq]l — ynopspodenHas cuctema OV,
[IC] — ynopsfoYeHHas cucTeMa HadasbHbIX YCNOBMIAT.

aI'Io,c;poEHm’:Tl/l cm. maple-chaiin, a Takxe cratbto Astopos B No 4 2016 roga
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