Moayasb Delphi u Lazarus RK Method v.4.00 beta

Monynb coaepuT (QyHKUIHIO IS peleHUs OOBIKHOBEHHBIX U depeHInantbHbIX
YPAaBHEHUN M UX CHCTEM (IIPAKTUYECKH HEOTPAHMUYEHHOrO pa3mepa) MeToaom PyHre-
KyTThl 4-r0 panra ¢ nocTosSsHHbIM IIaromM. M3 MoOJyJis TOCTYNHBI BCE THUIIbI, KOTOPHIE
HY>KHBI JJ11 paOOThI C HUM.

Meron npenna3znaven s cucteM OlY Buaa:

X=f(t,X)Y,...),
Y=g(tX)Y,...),
U T.AO.,

HMCIOINUX PCIICHUC:

X=X(t),
Y=Y (¢),
U T.O.,

rae t — He3aBucuMas nepeMeHHas (0OBIYHO BpeMs);

X, Y ¥ T.1. — uCKOMBIE€ (DYyHKLIMU (3aBUCUMBIE OT t mepeMeHHbIE).

@yukunu f, g U T.A. NOJDKHBI OBITh 3a7aHbl. TakKe JOJDKHBI OBITh 3aJaHHBI U
HayaJIbHbIE YCIIOBUSA, T.€. 3HAUCHUS] UICKOMBIX (DYHKIIMI B HA4YaJIbHbII MOMEHT.

Opnno nud. ypaBHEHHE — YaCTHBIN CITydail CUCTEMBI C OJTHUM 3JIEMEHTOM.

MeTton MOkeT ObITh MOJIE3€H W JJIs pelieHus Au. ypaBHEHUH BBICHIETO (BTOPOTO U
T.J.) TOpSAKa, T.K. 3TH  ypPaBHEHUS MOTYT OBbITh NPEACTABIEHBl CUCTEMON AUQ.
YPaBHEHUH NIEPBOTO MOPAIKA.

Merton Pynre-KyTThl 3akiit04aeTcss B MPUMEHEHUHU CIAEAYIONTUX (GOpPMYII:

Xk+1:Xk+é(k1+2k2+2k3+k4),

Yk+1:Yk+é(m1+2m2+2m3+m4)3

rac

ko=t (e, X, Y- )AL,
mlzg(tkyxk’Yk)"')At, ey

At m

k
k2=f(tk+7,Xk+?1,Yk+ > ) At,

At k, m,
=g(t,+— X, +—, Y, +—,...)At, ...
m, g(k I R SN ) 5



k,=f(t,+—
(2

k
At ,Xk+—2,Yk+m2

—,...)A
2 2’ s,

k m

2

ko =f (6, +ALX, +k,, Y, +m,,... ) At,
m,=g(t, +AtX, +K,, Y, +m,,... )AL, ...

MoayJib BBOJUT CICAYIOIIME TUMBL:

1)

2)

3)

Tun TFloat — mpocto Tunm Double (BbI MOXeTe ero 3aMeHUTh, HAIPUMEp, Ha
Extended):

type
TFloat = Double;

Tunet TFloatVector u TFloatMatrix — oaHOMEpHBII W JIBYMEPHBIH
IUHAMUYECKHE MACCHUBEI DJIeMeHTOB Tumna TFloat:

type
TFloatVector = array of TFloat;
TFloatMatrix = array of array of TFloat;

Tun TSystem — npoueaypHslit:

type
TSystem = procedure(t: TFloat; const X: TFloatVector;
var RP: TFloatVector);
Hpouez[ypbl JAHHOTI'O THIIA MCITIOJB3YIOTCA KAaK BXOAHBIC B METOJAC W CIIY>KAT AJIA
onucaHus cucteMbl ypaBHeHuil. Xots Delphi u Lazarus mo3BoJiitoT U3MEHATH
QJIEMCHTBI KOHCTAHTHOI'O JUMHAMHWYCCKOI'O MaCCHuBa, B TCJIC ITPONCAYPHI CICAYCT
HCHO0Jb30BATh AJIEMEHTHI MaccuBa X TOJBbKO AJIA yreHus!

Ovakius rkd4fixed() pewmenus OY u cucrem OY

[TporoTun GyHKIUN CIETYIOIIHIA:

function rk4fixed(
Syst : TSystem;
const InitConds : TFloatVector;
First : TFloat;
Last : TFloat;
PointsCnt : Cardinal;
out tPoints : TFloatVector;
out XPoints : TFloatMatrix;



St
)

epsFact : Cardinal =1
Word;

[TapameTpsl HyHKIIMH:

D

2)

3)

4)

S)

6)

7)

Syst —BXOOHOW mnapaMmeTp MpoueaypHoOro tuma TSystem, omnucheBarolIMi
IpaBble YAaCTU CUCTEMBbI ypaBHEHUU (T.e. QpyHkumu f, g€ W T.1.; CM. BBIIIE).
YpaBHEHHSI CUCTEMBI U HCKOMBIE IEPEMEHHBIE HYMEPYIOTCS C MHAEKCA HOJIb.
[TapameTp OyneT pacCMOTpPEH Ha IPUMEPE HUKE.

InitConds — BxoaHO#W mapaMeTp, BEKTOP HAYalbHBIX 3HAUYEHUN HCKOMBIX
nepeMeHHbIX (HavyaibHbIe ycioBHs). Hymepanus coriacoBaHa ¢ Hymepaiueu
YPAaBHEHUM CUCTEMBI, T.€. JUISl IEPBOT0 YPABHEHUSI CUCTEMBI, UMEIOILIETO UHIEKC
HOJIb, HAYAJIBHOE YCJIOBUE UMEET TOXKE UHAEKC HOJIb U T. 1.

First, Last — BxomHple mapameTpbl, HadaimbHas (UIsI KOTOPOW 3aJaHbI
HaYyaJIbHbIE YCIIOBUSA) M KOHEYHAsl TOYKU Pacu€THOIO MHTEpBaa.

PointsCnt — BxoaHON mapaMeTp, KOJIMYECTBO TOYEK PaCUETHOTO WHTEpBajia
JUISL BBIXOJIHBIX JAHHBIX.

tPoints — BbIXOJHOI mNapameTp, OJHOMEPHBIA MacCHUB, B KOTOpPBIA OymyT
BBIBOJIUTHCS 3HAYEHHS HE3aBUCUMOW MNepeMeHHOM. Pa3mep n maccuBa paBeH
YUCITy TOYEK 0 pACYETHOMY MHTEpBaly 1 coxpaHeHus. Hymepanus Touek — ¢
Hys. IHAEKCY HOJIb COOTBETCTBYET HayajbHAs TOYKA PACYETHOI'O MHTEpBaJa.
MakcumanbHbli UHAEKC (paBHBIM #7-1) COOTBETCTBYET  KOHILy pPacy&THOTrO
VMHTEPBAJIA.

XPoints — BBIXOJHOHW mapameTp, ABYMEPHBIA MaccuB (MaTpuIla) pe3yjbTaTOB
pacuéTa nepeMeHHbIX (0e3 yuera He3aBUCUMO). MaTpuiia uMeeT pa3Mep m Ha n,
IJIe M — YUCIIO NMEePEMEHHBIX (He CUuTasi HE3aBUCHUMYIO), a # — TO-K€, UTO U JIsl
tPoints. Hanpumep, XPoints[1,0] — 3HaueHue nmepeMeHHOM ¢ UHIEKCOM | B
Ha4vaJIbHOM TOYKE pacu€THOTO UHTEPBAJIA.

StepsFact — BxoaHoW mnapametp, ciyxammii (Hapsaay ¢ PointsCnt) s
PEryJIMPOBAaHMS TOYHOCTH M BPEMEHM PACUETA MYTEM YBEIWYEHUS UYMCIIA [AaroB
Ha pacyeTHOM uHTepBajie B StepsFact pa3 BHyTpu Meroma. Hampumep, eciu
3aJIaHHOE YMCJIO TOYEK JUIsi coxpaHeHus: paBHO 11 (coorBercTByeT 10 maram), To
c mapametpoM StepsFact, paBubiM 1 ThIC., pacuér OyAeT BeCTUCH C OOIUM
yuciaoMm maroB 10 Teic. IIpoMexxyTouHble pacyETHbIE TOYKH W3 pe3yJibTara
otrOpachiBatoTcs. JlaHHBIN TapamMeTp Mo-yMOJTYAHUIO YCTAHOBIICH B €IUHUILY.

OyHKIHMS BO3BpAIIaeT KOABI OIMMMOOK. Pe3ynbrarel pacdy€TOB JOCTYIIHBI 4Yepe3
nepeMenable tPoints m XPoints.

Cucok KoJ10B OIIHOOK:

Error Code 1000: HeBepHbie 1aHHBIE.
Error Code 2000: Koner maTepBaia 10mKeH OBITH IO OCH HE paHee ero Havama.
Error Code 3000: HeBO3MOXHO BBIJICTUTH AMSITh.



Error Code 0: Omubok He 00HAPYKEHO.

[Tpumep pemenus cucrembl aud. ypaBHeHu ripu nomon Gdyukumu rkd4fixed()

HYCTI) 3aJada I1I0CTaBJICHA TaK:

dXe/dt = -1/t
Xm/dt = '2X9/t2
Xo(1) = 1

X:(1) = 1

Ona uMeeT cieaylollee aHaTUTUYECKOe pelleHre (M03*e MOXXHO CPaBHUTh C HUM
pe3yiabTaThl pacuéTa):

X@(t) = 1/t
X:(t) 1/t?

[Ipexxne Bcero 3anuuiem npoueaypy Syst, onpenensionlyo cucTeMy ypaBHEHU:

procedure Syst(t: TFloat; const X: TFloatVector;
var RP: TFloatVector);

begin
RP[O] := -1.0/(t*t); // O3Ha4daeT dX@/dt = -1/t"2
RP[1] := -2.0*X[0]/(t*t); // o3HavaeT dX1l/dt = -2X0/t"2
end;

N maccuB HavanbHbIX ycioBuid (ux 2) InitConds:
var InitConds : TFloatVector;
SetLength(InitConds, 2); // BblgeneHue namsaTu

InitConds[0]

= 1.0; // Xe(1) =1
InitConds[1] := 1.0; // X1(1) =1
// To-xe, HOo kopo4ye: InitConds := [1,1];

JlonmycTuM, MBI XOTHM NOJIyYUTh pacyeTHbIE 3HaUeHUs B Toukax t =1,2, .., 11. Oro 11
TOYEK, HaunHasi ¢ ucxomHou (y Hac First = 1) u 3akanumBas 11. Torma 3amamum
napameTpy Last 3nauenue 11 u mapamerpy PointsCnt 3nauenue 11. StepsFact
no0MpaeTcs MoJ KEJAEMYK TOYHOCTh pacuéra. 3aJlaluM €ro, Harpumep, paBHbM 10.
MaccuBsl pe3ynbTaTOB HA30BEM B BBI3BIBAIOLIE MTpOrpaMme, Harpumep, tOut u XOuts.



var
tOut : TFloatVector;
XOuts : TFloatMatrix;

s pacueTa BbI3bIBaeM (YHKIIUIO METOJIA:
Code := rk4fixed(Syst, InitConds, 1., 11., 11, tOut, Xouts, 10);

[locne BemonHnenus GyHKOUsS BepHeT koa omubku Code Ttmma Word (aty
NepeMEHHYI0 HaJl0 OOBSBUTH 3apaHee). Eciin Bce HOpMasbHO, TO 3TOT KOA — HOJb. [1pu
YCHEIIHOM BBINMONHEHUH B MaccuBax tOut m XOuts OynyT comepxkaTbesi pe3yIbTaThl
peLIeHUs CUCTEMBI. Pe3yibTaTsl pacyeTa TPaKTyIOTCs TaK:

tOut[I] — t[I]
Xouts[@, I] — XO[I]
XOuts[1, I] — X1[I]
rac I- HOMCP TOYKH, HAYMHAA C HYJIA.

CwM. Takxke mpuiaraemseiii kK Moayito npumep (aisa Lazarus).



