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YIK 519.63
A. T1. AHkoBCKMI

WCCNEOOBAHUE CMEKTPAJIbHOWU YCTONYMBOCTU OBOBLLEHHbIX
METOOOB PYHIE — KYTTA MPUMEHUTEJIbHO K HAYAIIbHO-KPAEBbIM
3AOAYAM ONA YPABHEHUW NAPABOJSIMYECKOIO TUMA.

Il. HEAABHbIE METO[bI

Paccmompersl KOHKPemMHble PeaAU3AUUL PA3HBLL HeA8HBLL 0000UeHHbLL Memo0os8
Pyneze — Kymma (MPK) npumeHumeavHo K UUCAEHHOMY UHMEZPUPOBAHUIO MO
8pemMeHU HAUAAbHO-KPaesoll 3adauu 048 napaboauneckozo YypasgHeHUus 8Mmopozo no-
padka u uccaedosara ux cnexmpaavras ycmouuusocms. Iloxasano, wmo ece Hess-
Hole 0000wernble MPK 06e3ycao8Ho cnekmpaibHo Ycmouuussl, HO HeKomopbvle U3
HUX obaadarom ceoticmeom YCA08HOU MOHOMOHHOCTU UUCAEHHO20 PeweHus no
epemenu. PYHKYUU cnexmpanvHoll ycmolyusocmu Hes8Hblx 0000wennuvie MPK
ABAAIOMCA PAYUOHANbHBLMU. TIpOBedeHo cpasHeHUue aHAAIUMULECKO20 PeueHUs 3a-
dauu HecmayuoHaPHOU O00HOMEePHOU MenaonPosoOHOCU C ee YUCAEHHbLMU Ppelle-
HUAMU, NOLYUEHHBLMU PA3HBLMU Hes8Hblmu 0000uwennbluu MPK. IIpodemoncmpu-
POBAHO, UMO 8 IMOM cAyHUae npumenHenue 00Hocmadulinble memodos Pado ¢ nocae-
dyroweti Juckpemusayueti 3a0a4U NO NPOCMPAHCMBEEHHOU NepemenHotl npusooum
K KAACCUUECKOU KOHeUHOPA3ZHOCMHOIU cxeme ¢ onepedxcenuem (cxreme Jlaacorena), a
ucnoavdoganue oonHocmaduiinozo memoda I'aycca — Jlexcandpa — ¥ wecmumouey-
HOU cummempuunol creme (cxeme Kpanxa — Huxoacona). Iloxadano, umo ouazo-
HAADHO HesieHble 0000ujenHble memodv. Hépcemma u Bappudica peaausyromes
npumepHo maxk e, Kax u odHocmadulnsie memodsv. Pado u I'aycca — Jlexcandpa,
HO UMEM MOUHOCMDb MO 8PeMeHHOMY wWazy Ha 00uH — mpu nopadka 6oabwyro.
Ha ocnoge conocmasnienHus YUCAEHHBLE U QHAAUMUULECKUX DPeweHUll YCcmaHnoeieHo,
Ymo 0Asf MOAYUEHUS NPAKMUUECKU NPULOOHBLL UUCAEHHbIX PeuwleHull 6e3 Kaxux-
AUb0 OzpaHUYeHUL HA UWaA2 NO BPeMeHU UYeaecoo0PAa3HO UCNOABL30BAMb O00HO- U
mpexcmadutinvle 0600uweHHble Memodv, Pado uau 08yx- u uemwlpexcmadutinbvie
memodv. Jlobammo IIIC. Bce ocmaavHble seéHble U HessHble o0o0b6uwennvie MPK
mpebyrom ggedeHus 02pPaHULeHUT HA Wa2 NO 8PeMeHU.

OOCHNIOXEHHS CNEKTPANBHOI CTINKOCTI Y3ArAlIbHEHUX METO/AIB PYHIE — KYTTA
CTOCOBHO NOYATKOBO-KPAUOBUX 3AOAY ANA PIBHAHb MAPABOJIIYHOIO TUNY.
I. HEABHI METOOU

Pozzaanymo KoHKpemHi peanidayii PI3HUX HEABHUX Y3a2aibHeHUux memodis Pyhnee —
Kymma (MPEK) ¢cmoco8Ho 4uca08020 tHMezPYsaHHs 3d 4aACOM NOUAMKOB0-KPAUO0BOT 3a-
daui Oasi NAPAbOATUHOZ0 PIBHAHHSA OPY2020 NOPAOKY 1 00CAIOHCEHO IX CNeKMPAAbHY
cmitikicms. Iloxasano, wo eci HesaeHi ysazaavHeni MPHK e 06e3ymosnHo cnexmpanrvHo
cmilkumu, ase 0eskKi 3 HUX MANOMB 8AACTNUBICND YMOBHOT MOHOMOHHOCME UUCA08020
po36’a3ky 3a uacom. DYynxryli cnexmparvHol cmitikocmi HesasHux YysazanvheHuxr MPK e
payionaavhumu. IIpogedeno NOPIBHAHKHA AHAAIMUUHO20 PO36’A3KY HeCMAYIOHAPHOT 00-
HOBUMIPHOL 3a0aUi MenaonposioHoCMI 3 11 YUCA0BUMU PO38’A3KAMU, OMPUMAHUMY PI3-
HuMu HeasHuMmu Y3azasvHenumu MPK. IIpoOemoncmposano, wo 8 yvomy eunadky 3a-
cmocysartsa o0nocmaditinux memodis Pado 3 nacmynuoto ouckpemusayiero 3adaui 3a
NPOCMOPOBOI0 3MIHHO NPUBOOUMb 00 KAACUUHOL CKIHUEHHODPIZHUYe80T cremMu 3 eune-
pedacennam (cxemu Jlaaconena), a euxopucmanus odrocmaditinozo memody Iaycca —
Jleacanopa — 0o wecmumoukogol cumempuunoi cxremu (cremu Kpanxa — Hixoacona).
IToxazano, wo 0ia20HAABHO HeA8HI Y3azanbHeni memoldu Hepcemma i Bappidca peani-
3Yr0MbCA NPUBAUSHO MAK CaAMO, K i 00Hocmaditini memodu Pado i Iaycca — Jlexcand-
pa, ase MaOMb MOUHICMb 3A UACOBUM KPOKOM HA O00UH—MPU mopadku Oirvwy. Ha
OCHO8T CNIBCMABACHHSA UUCAO0BUX 1 AHAAVIMUUHUX PO36’A3KI8 BCMAHOBAEHO, WO 0Aas
OMPUMAHHSA NPAKMULHO NPUOATMHUL YUCL08UX PO38’a3Ki8 6e3 0YOb-aKuxr odmedxncens Ha
KPOK 3a uacom OOYiabHO eukropucmamu 00HO- i mpucmaditini ysazarvHeHi memoou
Pado abo 080- i womupucmadiiini memodu Jobammo IIIC. Vci tHwi s6HI ma Hes8Hi
y3azanvieni MPK nompebytoms 8gedents 00meHceHd Ha KPOK 3a UACOM.



STUDY OF THE SPECTRAL STABILITY OF GENERALIZED RUNGE - KUTTA METHODS APPLIED
TO INITIAL-BOUNDARY VALUE PROBLEMS FOR EQUATIONS OF PARABOLIC TYPE.
Il. IMPLICIT METHODS

Specific implementations of the different implicit generalized Runge — Kutta methods
(RK methods) are considered for the numerical time integration of initial-boundary
value problem for second order parabolic equation and their spectral stability is investi-
gated. It is shown that all implicit generalized RK methods are unconditionally spectral-
ly stable, but some of them have the property of conditional monotonicity of the nume-
rical solution in time. The spectral stability functions of the generalized implicit RK
methods are rational functions. The comparison of the analytical solution for the one-
dimensional problem of nonstationary heat conduction with numerical solutions, obta-
ined by different generalized implicit RK methods, is performed. It is demonstrated that
in this case the using of the one-stage Radau methods with subsequent discretization of
the problem in the spatial variable leads to a classical finite-difference scheme ahead (to
the Laasonen scheme), and the use of single-stage method of Gauss — Legendre leads to
six-point symmetric scheme (to the Crank — Nicolson scheme). It is shown that the dia-
gonally implicit generalized Norsett and Burrage methods are realized approximately in
the same way as one-step Radau and Gauss — Legendre methods, but they have the ac-
curacy in time step on one to three orders of magnitude more. It is established on the
basis of a comparison of numerical and analytical solutions that to obtain practically
suitable numerical solutions without any restriction on the time step it is advisable to
use one- and three-stage generalized Radau methods or two- and four-stage Lobatto I1IC
methods. All other implicit and explicit generalized RK methods require the imposing
restrictions on the time step.
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