JladopaTopnasi padora 6. MeTox HaYaIbHBIX IAPAMETPOB pellleHHsl MpocTeliieil 3axaun
BAPHAIMOHHOT0 MCYMCJICHUS.

ITouck sxcTpeManu B IpocTeniel 3aaaue BapualliOHHOIO UCYUCIEHUS

X:
J(y)=fF(x, y,y')dx >extr, yOq) =y, Y(X)=Y,

X
CBOJIUTCS K PEHICHUIO TU(QepeHINATEHOTO YpaBHEHU BTOPOTO MopsiaKa (ypaBHEHHS Diffiepa), TOMOIHEHHOTO KPaeBbIMH
ycnoBusiMi. CyTh METOJa HadaJbHBIX [ApaMETPOB 3aKIIOYAETCA B MOJMEHE KpacBOM 3aJaudl 3aJadei ¢ HadalbHBIMH
ycrmomsimMu  (3amadeiit Komm). [l pemenns 3amaun Komm cymecTByeT MHOMKECTBO MPHONMKEHHBIX METO/OB, HE
UCTIONB3YIOMIMX CHUMBOJIBHBIC BBIYUCICHHS. OTH METOABl MOTYT OBITH pEajM30BaHbl B Pa3JIMUHBIX MPUKIATHBIX
nporpamMmax M ¢ TMOMOIIBIO Pa3JIMYHBIX $3BIKOB IIPOrPaMMHUPOBaHMsS, KOTOPHIE, KpOME apH(PMETHYECKHX OIlepalni,
MOJIJIEP)KUBAIOT TAK)KE BBI30B 3JIEMEHTApHBIX MaTeMaTHUECKUX (DYHKIIUH.

1. Cgenenue aupPepeHIHATLHOTO YPaBHEHHsT BTOPOro Mmopsiika K  CHCTeMe
AU depeHIHANbHBIX YPABHEHUH NIEPBOI0 NOPsAKa

OTMeTHM, YTO Ul BCEX BApPUAHTOB 3aJlaHMN U3 JabopaTopHOW paboThl 2 (3agaHue a)) ypaBHeHHe Jiiepa MOXKET
OBITH CBEAEHO K BUIY AH(D(HEpEeHINATHLHOTO YpaBHEHHS BTOPOTO MOPSAIKA, Pa3pelIEHHOTO SBHO OTHOCHTEIBHO BTOPOH
MIPOU3BOJHOM,

y'=f(xy.y). (6.1)
C 1OMOIIIBIO 3aMEHBI TEPEMEHHBIX
=y, V=Y
mudepennmanpHoe ypapHenue (6.1) npuMer Bux cucteMbl AuddepeHIatbHbIX YpaBHeHUH IepBOro MopsaKa
Vl =V2,
vy =T (X v, V).
Ecnn, kpome 3Hauenus pynxuun Y(X ) =V;(X), onpenenuts 3Hauenne npoussoanoit Yy'(X)=V,(¥), T0o nomydennyio

3agavy KOH.II/I, KakK 6yz(eT IMMOKa3aHO AaJjiee, MOXKHO PCIINTH HpI/I6J'II/I)K€HHO.

2. Ilpubau:kennoe pemenue 3agaun Komm merogom Pynre-KyTThl

OcHoOBHas HJesi METOAO0B NPUOIMKEHHOTO pemeHns 3anaun Komm uis HopMaibHOM cucTeMbl anddepeHInaIbHbIX
YpaBHEHUH

Yoty v =y ©62)
COCTOMT B CIEAYIONEM: TPOU3BOANTCA pPa30MEHHe OTpe3Ka pelieHHs] 3aJadyd C 3aJaHHBIM I1aroM, NPOU3BOIHAS
HEM3BECTHOW (DYHKIMM 3aMeHseTCS pa3HOCTHOW TNPOW3BOJHOM, 3aTeM 3HaueHHs NPHOJIMKEHHOTO —pelleHHs
MIOCJIEZIOBATEIHLHO OT HAYAJILHOTO YCIIOBHSI BBIYUCIISIOTCS B y3J1aX pa3OueHus.

Bocrnons3yemcsi B nanHoi j1abopaTtopHOil paboTe OJHMM K3 TaKWX METOJOB, a, UMEHHO, MeTOoJ0M PyHre-KyTThl
YETBEPTOTO MOPSIKA TOYHOCTH

ki + 2K, + 2k, +k
Yia = Yi +AY;; Ayi=h(1 26 3tke)

k= 0%, ) k2=f[Xi+g,yi+gk1j; k3=f(xi+g,yi+gk2j; ks =f (% +h,y;+hks),

KOTOPBIi peann3oBan B ciucteme Maxima B Bue GyHKIHH

, e i=0,1,...,

rk ((ODEL, ..., ODEn], [y1, ..., yn], [initl, ..., initn], domain),

rae ODEL, ..., ODEN — xoMIoHeHTHI MpaBoi gactu cuctemsl (6.2); Y1, ..., YN — 3aBUCHMBIe TepeMennble; initl, ..., initn —
HayallbHbIE YCJIOBUS, COOTBETCTBYIOIIME 3aBUCHMBIM IIepeMeHHBIM; AOMAIN — CIKMCOK M3 YeThIpex 3aeMeHToB [X,X1,X2,h],
B KOTOPOM X — HE3aBHCUMasl TiepeMeHHasi, X1 u X2 — jieBast ¥ mpaBasi rpaHuiia 00macTu pemenus, h — mar pa3oreHwus.



Ipumep.
Pemnts 3anauy Koum y"=y'+y+Xx, y(0)=1, y'(0)=2 meromom Pynre-KyrTel yeTBEpTOrO mopsixa.
Pemenne. C moMomipio 3aMeHBI IEpEMEHHBIX NpHBeAeM 3amaHHoe an(p(depeHIraTbHOe YpaBHEHHE K CHCTEME
YpaBHEHUH [IEPBOTO MOPSIIKA
Vo' =Vs,
{v2'=v2+v1+x

U BocmoJib3yeMcs pyukiuei rk(...):
x1:0; yl:1; dyl: 2; /* nauansusie yciosus */
h: 0.1; /* mar pazouenus */
X2: 3; I* HexoTopas mpasast paHuIIa 00JIACTH pemeHus */
rk([v2, v2+v1+x],[v1,v2],[y1, dyl],[x, X1, x2, h]);

3. [Iepexox oT KpaeBoii 3a1a4u K 3axa4e Kommu

Ecnu cucrema auddepeHuanbHbix ypaBHeHui (6.2) JuHeliHas (1axe ¢ mepeMeHHbIMH KO3 PHUIUCHTAMHU), TO
BEKTOP PEIIEHHUH B JI000H TOUKE Y(X,) TaKke OyAeT JIMHEHHO 3aBUCETh OT HAaYaIbHBIX ycinoBuii (cM. Gpopmyny Koum ms

peLIeHns TMHEHHOH HeOJHOPOIHOM cucTeMbl AuddepeHIHaIbHbIX YpaBHeHHUH):

y(%) = Ay(x) +b.
roe A— marpuna N Ha N, b — n-mepHeiii Bekrop. s ucxomHoro auddepernuanpHoro ypasuenus (6.1), ecnu oHo
SIBJISCTCS JIMHEHHBIM, 5TO 03HAYaeT BHINOJHCHHE PAaBEHCTBA

y(x;)=ay'(x)+b, abeR,
T.€. PElICHHE Ha MPABOM KOHIIe 0Tpe3ka (Ipu (PUKCHPOBAHHOM y(%) ) THUHEHHO 3aBUCHT OT MPOU3BOIHON HA JIEBOM KOHIIE

OTpE3Ka, U UICKOMOC 3HAYCHUEC HpOHSBO}IHOﬁ MOJKET OBITh BBEIYHCJICHO KaK

y'(x) = Y00 (6.3)
a

Opnaxo 3HaYeHus koG duuueHToB @ u b HewsBecTHBI U HoIEKAT OnpeaencHu0. ONPeaenuM HX CICAYIOLUM 00pa3oM.
Crauana Bo3bMeM Y(X ) =Y, H, nonoxkuB y'(x) =0, mocrpoum pemenue no merony Pynre-KyrTol 10 X, u nomyunm, uro

b=y%(x,), rae y°(X) — pemenne cooTBeTCTBYIONIEE HAUANBHBIM YCI0BUAM Y(X) =Y, Y'(X)=0. 3arem, nonoxus
y'(%) =1, onare moctpouM peuienre no merogy Pynre-Kyrrel 10 X, u nomyumm, uro a+b= yl(xz), rae yl(x) -
peleHre COOTBETCTBYIOLICE HAYalIbHBIM yCIOBUAM Y(X ) =Y, Y'(¥)=1. Pewas cucremy nnHeHHbIX ypaBHEHUI
0
b=y (%),
a+b=y'(x,),

HaiiieM ucKoMble Koah¢uuuentsl @ u b . C nomoruso Gpopmysisl (6.3) onpenenuM HeJOCTAIOIIee HAYAIbHOE YCIOBHE.

4. HOCTpOCHI/Ie AUCKPETHOI'0 U HEMIPEPBIBHOI'O rpa(bmca B OAHOM rpaquecm)M OKHE

PesynbraTom BbluMcneHuit mo merony PyHre-KyTTel ABIsleTCS CHHCOK TOYEK, MO KOTOPOMY CTPOMTCS JIOMaHas
(mpubmkeHHoe peuienue). s Toro yToObl CpaBHUTH MPHOIIMIKEHHOE PEIICHNE C TOUYHBIM pelIeHreM (13 J1abopaTopHoil
paboTsl 2) HE0OXOAUMO TOCTPOUTH UX TPAPHKH.

[IpuBenem mpuMep TOro, Kak 3TO MOXKHO cienats. llocrpoum rpadux ¢ymkuum y =sin(x) u rpadux TabauvHOR

¢yHKINN ((paKTHIECKH CIHICKA TOYEK)
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Ha orpeske [0,3]:




list: [[0,1], [0.5, 0.5], [1,0], [1.5, 0.5], [2,1], [2.5,0.5], [3,011;
func: sin(x);
plot2d ([[discrete, list], func], [x, O, 3], [xlabel,"x"],[ylabel,"y"]);
3ameuanue K mpuMepy.

Oyukrys rK(...) s 3agaHuii ©3 TaHHOH J1TaG0PaTOPHO# paboThl BO3BPAIIAET CIIMCOK, KaXKIBIM 3JIEMEHTOM KOTOPOTO
ABJIAETCA CIUCOK U3 TPEX 27eMeHTOB [X, Y, y']. Jlns Toro uto6s! chopMUpoBaTh CIUCOK, COCTOAMIMI U3 Map [X, Y], MOKHO
BOCIIOJIB30BaThCs CIEAYIONIEH KOHCTPYKIUEH

makelist ([p[1].p[2]]. p, sol_rk);
rae Sol_rk — penrenue, monmyderHoe ¢ momorisio Gyukumu rk(...).

5. 3amaunme

Jlnst cBOero BapwaHTa W3 J1abopaTopHOM paboThl 2 (3amavya a)) ¢ MOMOIIBI0 METO/Ia HAYANBHBIX MapaMeTpOB HAWTH
sKrcTpeMans. CpaBHUTH TOMYYCHHOE TPUOIIKEHHOE PEIICHHE C DKCTPEMaNbio M3 JTabopaTopHoit paboTel 2 (3amada a)),
MTOCTPOMB HUX TpaduKH.



