ŇĚŠŐĎ ĎĚŁŐŇŔŐĞĹŰĹĹ ĎŃ§ ŚĹŊČŞŃ§ŘŊŐ ĆŐĞŇŞŹĚŊŊŻŢ ŔĂŘĂĄŐŃĹŮĚŚŁĹŢ ĞĂĎĂŮ ŘĚĂŁŰĹĹ-ĎĹŤŤŞĞĹĹ

Ĺ.Ć. Űěńĺéěćă, Č.Ĺ. Ÿĺèłĺŋ Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺ ňěåăŋĺłĺ ŞàŐ ŘĂŊ, Ěłăâěàĺŋąãàč

1) Ňőďěńĺàőćăŋĺě ĺ ĺááńěďőćăŋĺě ŋěáâăæĺőŋăàŋëå ŕàőæěááőć âěŕńő-ňăááőŕěàě-ŋőáă ć áńãçăě ňăńőáâĺ łőíääĺæĺěŋâă ďĺääãğĺĺ (âěŕńőŕàőćőďŋőáâĺ) ŕàĺćőďĺâ ł àěèěŋĺî łàăěćëå ğăďăç ďńï áĺŋčãńïàŋő ćőğňãéěŋŋëå ŕăàăąőńĺçěáłĺå ãàăćŋěŋĺľ – ãàăćŋěŋĺľ á ňăńëň ŕăàăňěâàőň ε^2 ŕàĺ áâăàèĺå ŕàőĺğćőďŋëå. Ŕàőĺğćőďŋëě àěèěŋĺľ âăłĺå ğăďăç ćąńĺğĺ čàăŋĺæë ŋěőčàăŋĺçěŋŋő ćőğàăáâăîâ ŕàĺ áâàěňńěŋĺĺ ćőğňãéăîéěčő ŕăàăňěâàă ε ł ŋãńî. Ŋăńĺçĺě ňăńőčő ŕăàăňěâàă ĺ ŕőàőęďăěňëå ĺň ŕőčàăŋĺçŋëå áńőěć ćëğëćăěâ åőàőèő ĺğćěáâŋëě âàãďŋőáâĺ ŕàĺ çĺáńěŋŋőň àěèěŋĺĺ łàăěćőľ ğăďăçĺ âàăďĺæĺőŋŋëňĺ ňěâőďăňĺ [1] – [3]. Ŋăŕàĺňěà, ŕőčàěèŋőáâì ŕàĺąńĺęěŋŋőčő àěèěŋĺï ŕàĺ ĺáŕőńìğőćăŋĺĺ łńăááĺçěáłĺå àăğŋőáâŋëå ăŕŕàőłáĺňăæĺľ ŋă àăćŋőňěàŋëå áěâłăå ğăćĺáĺâ őâ ŕăàăňěâàă ε ĺ ňőęěâ ąëâì áőĺğňěàĺňőľ á àěèěŋĺěň łàăěćőľ ğăďăçĺ ŕàĺ ňăńëå ğŋăçěŋĺïå ε. İâĺ âàãďŋőáâĺ ŕőàőęďăîâ ŕàőąńěňã ŕőáâàőěŋĺï çĺáńěŋŋëå ňěâőďőć, áåőďïéĺåáï ε-àăćŋőňěàŋő (á âőçŋőáâìî, ŋě ğăćĺáïéěľ őâ ćőğňãéăîéěčő ŕăàăňěâàă ε).

Ć őąńăáâĺ àăğàăąőâłĺ ε-àăćŋőňěàŋëå çĺáńěŋŋëå ňěâőďőć ďńï áĺŋčãńïàŋő ćőğňãéěŋŋëå ŕăàăąőńĺçěáłĺå ĺ íńńĺŕâĺçěáłĺå ãàăćŋěŋĺľ áńőęĺńĺáì ďćă őáŋőćŋëå ŕőďåőďă: (ă) őáŋőćăŋŋëľ ŋă ňěâőďăå ŕőďčőŋłĺ [1, 3], (ą) ĺáŕőńìğãîéĺľ áěâłĺ, áčãéăîéĺěáï ć őłàěáâŋőáâĺ ŕőčàăŋĺçŋëå (ĺ ŕěàěåőďŋëå) áńőěć [2, 3]. Ć áńãçăě áčãéăîéĺåáï áěâőł èăč áěâłĺ ć őłàěáâŋőáâĺ ŕőčàăŋĺçŋőčő áńőï àěğłő ĺğňěŋïěâáï, çâő ňőęěâ ćëğëćăâì ğăâàãďŋěŋĺï ŕàĺ çĺáńěŋŋőľ àěăńĺğăæĺĺ áåěň. Ŕőíâőňã ćőğŋĺłăěâ ĺŋâěàěá ł ňěâőďăň, ĺáŕőńìğãîéĺň àăćŋőňěàŋëě áěâłĺ. Ć íâőň áňëáńě ňěâőďë ŕőďčőŋłĺ ïćńïîâáï ŕàĺćńěłăâěńìŋëňĺ, ŕőáłőńìłã ŕőğćőńïîâ ĺáŕőńìğőćăâì ŕàőáâěľèĺě àăćŋőňěàŋëě áěâłĺ. Őďŋăłő, ďńï ğăďăç á ŕăàăąőńĺçěáłĺňĺ ŕőčàăŋĺçŋëňĺ áńőïňĺ ňěâőďë ŕőďčőŋłĺ őłăğëćăîâáï ŋěŕàĺčőďŋëňĺ ďńï ŕőáâàőěŋĺï ε-àăćŋőňěàŋő áåőďïéĺåáï áåěň (áň., ŋăŕàĺňěà, [3, 4]). Ć áćïğĺ á íâĺň ćőğŋĺłăěâ ŕàőąńěňă ŕőáâàőěŋĺï ε-àăćŋőňěàŋëå çĺáńěŋŋëå ňěâőďőć ŋă àăćŋőňěàŋëå áěâłăå á ĺáŕőńìğőćăŋĺěň ĺďěĺ ďěłőňŕőğĺæĺĺ łăł őąńăáâĺ, âăł ĺ áăňőčő àěèěŋĺï.

Ć ŋăáâőïéěľ àăąőâě àăááňăâàĺćăěâáï ğăďăçă Ďĺàĺåńě ďńï áĺŋčãńïàŋő ćőğňãéěŋŋëå ŕăàăąőńĺçěáłĺå ãàăćŋěŋĺľ àěăłæĺĺ-ďĺääãğĺĺ ε^2 ∑ s=1,2 a_s(x, t) ∂^2 ∂x^2_s − c(x, t) − p(x, t) ∂ ∂t u(x, t) = f(x, t), (x, t) ∈ G, čďě G = D × (0, T ], D = {x : 0 < xs < ds, s = 1, 2}, łőíääĺæĺěŋâë ãàăćŋěŋĺï ĺ ŕàăćăï çăáâì ïćńïîâáï ďőáâăâőçŋő čńăďłĺňĺ, ąőńěě âőčő, 0 < a0 ≤ as(x, t) ≤ a^0,

0 < p_0 ≤ p(x, t) ≤ p^0, 0 ≤ c(x, t) ≤ c^0, (x, t) ∈ G. Ćőğňãéăîéĺľ ŕăàăňěâà ε ŕàĺ-

ŋĺňăěâ ŕàőĺğćőńìŋëě ğŋăçěŋĺï ĺğ ŕőńãĺŋâěàćăńă (0, 1]. Ŕàĺ ε → 0 ć őłàěáâŋőáâĺ ąőłőćőľ čàăŋĺæë ňŋőęěáâćă G ŕőïćńïîâáï őďŋőňěàŋëě ĺ ďćãňěàŋëě (ãčńőćëě) ŕăàăąőńĺçěáłĺě ŕőčàăŋĺçŋëě áńőĺ. Ŕàěďŕőńăčăěň, çâő ŋă ňŋőęěáâćě S^⋆, őąàăğőćăŋŋőň

1) Řăąőâă ćëŕőńŋěŋă ŕàĺ äĺŋăŋáőćőľ ŕőďďěàęłě Řőááĺľáłőčő äőŋďă äãŋďăňěŋâăńìŋëå ĺááńěďőćăŋĺľ (ŕàőěłâ 98-01-00362).

ŕěàěáěçěŋĺěň áâőàőŋ G, ćëŕőńŋěŋŋë ãáńőćĺï áőčńăáőćăŋĺï ŋěőąåőďĺňőčő ŕőàïďłă, őąěáŕěçĺćăîéĺě ďőáâăâőçŋãî čńăďłőáâì àěèěŋĺï ŕàĺ łăęďőň äĺłáĺàőćăŋŋőň ğŋăçěŋĺĺ ε.

Ďńï àăááňăâàĺćăěňőľ łàăěćőľ ğăďăçĺ áâàőïâáï ε-àăćŋőňěàŋő áåőďïéĺěáï àăğŋőáâŋëě áåěňë. Ĺáŕőńìğőćăŋĺě âěåŋĺłĺ ďěłőňŕőğĺæĺĺ őąńăáâĺ ĺ àěèěŋĺï ŕőğćőńïěâ ŕàĺćěáâĺ ĺáåőďŋãî ğăďăçã ł ”íłćĺćăńěŋâŋőľ” áĺáâěňě łàăěćëå ğăďăç ďńï àěčãńïàŋőľ ĺ áĺŋčãńïàŋőľ łőňŕőŋěŋâ àěèěŋĺï. Řěèěŋĺě ğăďăçĺ ňőęěâ ąëâì ŕàěďáâăćńěŋő ć ćĺďě u(x, t) = U(x, t) + ∑ j=1,...,4 V_{(j)}(x, t) + ∑ i=1,...,4, j=i+1 V_{(ij)}(x, t), (x, t) ∈ G, čďě U(x, t) – čńăďłăï (àěčãńïàŋăï) çăáâì àěèěŋĺï, V_{(j)}(x, t) – őďŋőňěàŋëě ŕăàăąőńĺçěáłĺě ŕőčàăŋĺçŋëě áńőĺ, V_{(ij)}(x, t) – ãčńőćëě ŕăàăąőńĺçěáłĺě áńőĺ. Ğăňěâĺň, çâő áĺŋčãńïàŋëě çăáâĺ àěèěŋĺï áãéěáâćěŋŋő őâńĺçŋë őâ ŋãńï âőńìłő ć őłàěáâŋőáâĺ čàăŋĺæë ĺ ąëáâàő ãąëćăîâ (ćňěáâě á ŕàőĺğćőďŋëňĺ) ŕàĺ ãďăńěŋĺĺ őâ ŋěě. İâő ŕőğćőńïěâ àăááňăâàĺćăâì ŕőčàăŋáńőľŋëě äãŋłæĺĺ ńĺèì ć ąńĺęăľèěľ őłàěáâŋőáâĺ čàăŋĺæë. Łàăěćëě ğăďăçĺ ďńï ăďďĺâĺćŋëå łőňŕőŋěŋâ àěèěŋĺï ăŕŕàőłáĺňĺàãîâáï ŋěïćŋëňĺ àăğŋőáâŋëňĺ áåěňăňĺ ŋă àăćŋőňěàŋëå áěâłăå [5]. Ŕàĺ ŕőďåőďïéěň ćëąőàě ŕăàăňěâàőć áåěň ĺ ŕőďőąńăáâěľ őŕàěďěńěŋĺï ŕőčàăŋáńőľŋëå äãŋłæĺľ ŕőáâàőěŋŋőě ŕàĺąńĺęěŋŋőě àěèěŋĺě áåőďĺâáï ł âőçŋőňã ε-àăćŋőňěàŋő ŋă ćáěľ őąńăáâĺ G. Śłőàőáâì ε-àăćŋőňěàŋőľ áåőďĺňőáâĺ őæěŋĺćăěâáï (ć ŋőàňě L1) ćěńĺçĺŋőľ O ( N�2_{ln}2_{N + N}�1_0^)_, čďě_{N = min [ N1, N2 ], Ns + 1, s = 1, 2} ĺ_{N0 + 1 –} çĺáńő ãğńőć

áěâłĺ, áőőâćěâáâćěŋŋő, ŕő ŕàőáâàăŋáâćěŋŋőľ ŕěàěňěŋŋőľ xs ĺ ŕő ćàěňěŋŋőľ ŕěàěňěŋŋőľ t. Ŕàĺćőďïâáï àěğãńìâăâë çĺáńěŋŋëå íłáŕěàĺňěŋâőć, ŕőďâćěàęďăîéĺě âěőàěâĺçěáłãî őæěŋłã áłőàőáâĺ áåőďĺňőáâĺ.

ŃĹŠĚŘĂŠŞŘĂ

[1] Ďãńăŋ İ., Ňĺńńěà Ďę., Ÿĺńďěàá Ş. Řăćŋőňěàŋëě çĺáńěŋŋëě ňěâőďë àěèěŋĺï ğăďăç á ŕőčàăŋĺçŋëň áńőěň. Ň.: Ňĺà, 1983.

[2] Ÿĺèłĺŋ Č.Ĺ. Śěâőçŋëě ăŕŕàőłáĺňăæĺĺ áĺŋčãńïàŋő ćőğňãéěŋŋëå íńńĺŕâĺçěáłĺå ĺ ŕăàăąőńĺçěáłĺå ãàăćŋěŋĺľ. Ěłăâěàĺŋąãàč: ŞàŐ ŘĂŊ, 1992.

[3] Miller J.J.H., O’Riordan E., Shishkin G.I. Fitted numerical methods for singular perturbation problems. Singapore: World Scientific, 1996.

[4] Shishkin G.I. On finite difference fitted schemes for singularly perturbed boundary value problems with a parabolic boundary layer // J. Numer. Analysis & Appls. 1997. V. 208. P. 181-204.

[5] Śăňăàáłĺľ Ă.Ă. Šěőàĺï àăğŋőáâŋëå áåěň. Ň.: Ŋăãłă, 1989.