ŞĎŁ 517.958 Ďăâă ŕőáâãŕńěŋĺï 5 ăćčãáâă 1998 č.

Ďěňěŋâìěćă Ŋ. Ć.

Ńőłăńìŋăï àăğàěèĺňőáâì ĺ àěčãńïàĺğăæĺï ňŋőčőňěàŋőľ őąàăâŋőľ ğăďăçĺ ďńï ŋěłőâőàőčő łńăááă ŋěńĺŋěľŋëå čĺŕěàąőńĺçěáłĺå ãàăćŋěŋĺľ. | Ŋőćőáĺąĺàáł, 1998. | 36 á. | (Ŕàěŕàĺŋâ/ ŘĂŊ. Śĺą. őâď-ŋĺě. Ĺŋ-â ňăâěňăâĺłĺ; ü 53).

Řăááňăâàĺćăěâáï ňŋőčőňěàŋăï őąàăâŋăï ğăďăçă ďńï ŋěńĺŋěľŋőčő čĺŕěàąőńĺçěáłőčő ãàăćŋěŋĺï. Ďőłăğăŋë ńőłăńìŋăï àăğàěèĺňőáâì ĺ ãáâőľçĺćőáâì àěèěŋĺï ć łńăááě äãŋłæĺľ, ăŋăńĺâĺçěáłĺå ŕő çăáâĺ ŕěàěňěŋŋëå. Ŕőáâàőěŋ àěčãńïàĺğĺàãîéĺľ ăńčőàĺâň àěèěŋĺï íâőľ ğăďăçĺ á ŕàĺąńĺęñŋŋëňĺ ďăŋŋëňĺ ĺğ ŕàőáâàăŋáâćă ŋěŕàěàëćŋëå äãŋłæĺľ.

Ăďàěá ăćâőàă: 630090 Ŋőćőáĺąĺàáł, ŕà. Ăłăďěňĺłă Łőŕâîčă, 4. Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺň. Ś.Ń.Śőąőńěćă ŚŐ ŘĂŊ.

© Ďěňěŋâìěćă Ŋ.Ć., 1998 © Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺň. Ś.Ń.Śőąőńěćă ŚŐ ŘĂŊ, 1998

Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺň. Ś.Ń.Śőąőńěćă ŚŐ ŘĂŊ Ŕàěŕàĺŋâ ü 53, ăćčãáâ 1998

ŃŐŁĂŃĲŊĂ§ ŘĂĞŘĚŸĹŇŐŚŠĲ Ĺ ŘĚČŞŃ§ŘĹĞĂŰĹ§ ŇŊŐČŐŇĚŘŊŐĽ ŐĄŘĂŠŊŐĽ ĞĂĎĂŮĹ ĎŃ§ ŊĚŁŐŠŐŘŐČŐ ŁŃĂŚŚĂ ŊĚŃĹŊĚĽŊŻŢ ČĹŔĚŘĄŐŃĹŮĚŚŁĹŢ ŞŘĂĆŊĚŊĹĽ

Ŋ.Ć. Ďěňěŋâìěćă

Ć àăąőâăå [1], [2], [5], [6] ĺğãçăńĺáì ćőŕàőáë àăğàěèĺňőáâĺ ňŋőčőňěàŋëå őąàăâŋëå ğăďăç ďńï ńĺŋěľŋëå čĺŕěàąőńĺçěáłĺå ãàăćŋěŋĺľ. Őŕàěďěńïěňëě ć íâĺå ğăďăçăå łőíääĺæĺěŋâë őąńăďăîâ łőŋěçŋőľ čńăďłőáâìî ŕő őďŋőľ ŕàőáâàăŋáâćěŋŋőľ ŕěàěňěŋŋőľ ĺ ïćńïîâáï ăŋăńĺâĺçěáłĺňĺ äãŋłæĺïňĺ ŕő őáâăńìŋëň ŕěàěňěŋŋëň. Ŕàĺ ĺááńěďőćăŋĺĺ ĺáŕőńìğőćăńăáì âěåŋĺłă èłăń ąăŋăåőćëå ŕàőáâàăŋáâć ăŋăńĺâĺçěáłĺå äãŋłæĺľ.

Ć ŋăáâőïéěľ àăąőâě ĺááńěďãěâáï ćőŕàőá àăğàěèĺňőáâĺ ňŋőčőňěàŋőľ őąàăâŋőľ ğăďăçĺ ďńï ŋěłőâőàőčő łńăááă ŋěńĺŋěľŋëå čĺŕěàąőńĺçěáłĺå ãàăćŋěŋĺľ (ğăďăçă 2). Ćŋăçăńě ăŋăńőčĺçŋëľ ćőŕàőá ĺğãçăěâáï ďńï çăáâŋőčő áńãçăï (ğăďăçă 1). Ŕàĺ ďőłăğăâěńìáâćě âěőàěň áãéěáâćőćăŋĺï ĺáŕőńìğãěâáï ňőďĺäĺæĺàőćăŋŋëľ Ć.Č.Řőňăŋőćëň (áň.[1], [2]) ňěâőď Ŋĺàěŋąěàčă. Ďńï àěèěŋĺï ğăďăçĺ 2 ćëŕĺáëćăěâáï őæěŋłă ãáâőľçĺćőáâĺ (âěőàěňă 3). Ŕőáâàőěŋ àěčãńïàĺğĺàãîéĺľ ăńčőàĺâň àěèěŋĺï íâőľ ğăďăçĺ á ŕàĺąńĺęñŋŋëňĺ ďăŋŋëňĺ ĺğ ŕàőáâàăŋáâćă ŋěŕàěàëćŋëå äãŋłæĺľ (âěőàěňă 4). Őâňěâĺň, çâő àěčãńïàĺğăæĺï áãéěáâćěŋŋëň őąàăğőň ğăćĺáĺâ őâ ćĺďă ăŋăńĺâĺçěáłőľ èłăńë, àăááňăâàĺćăěňőľ ć àăąőâě.

Ğăďăçă 1

Ŕőáâăŋőćłă. Ŕãáâì x ∈ R^1, z ∈ R+ = {z ∈ R^{1|} z > 0}, t ∈ R^1. Řăááňőâàĺň

ğăďăçã őą őŕàěďěńěŋĺĺ ŕăàë äãŋłæĺľ u(x, z, t), q(x, z), ãďőćńěâćőàïîéĺå àăćěŋáâćăň u_{tt} − u_{zz} = u_{xx} + q(x, z)u^m(x, z, t) , x ∈ R^1, z ∈ R_+, (1) t ∈ R^1, u | | t<0 ≡ 0, u_z | | z=0 = g(x)δ(t) + h(x, t)θ(t) (2) u | | z=0 = f(x, t)θ(t) (3) Ğďěáì m ≥ 2 | æěńőě çĺáńő, δ(t) | ďěńìâă-äãŋłæĺï Ďĺàăłă, θ(t) | äãŋłæĺï Ţěćĺáăľďă, g, h, f | ğăďăŋŋëě čńăďłĺě äãŋłæĺĺ, g(x) ≠ 0 ďńï a − S_0 ≤ x ≤ b + S_0, S_0 > 0, a, b ∈ (−∞, ∞).

Oŕàěďěńěŋĺě. Ŕãáâì łăęďőňã ćěéěáâćěŋŋőňã çĺáńã S > 0 ŕőáâăćńěŋő ć áőőâ-

ćěâáâćĺě ąăŋăåőćő ŕàőáâàăŋáâćő A_S ( ŋőàňă ć łőâőàőň őąőğŋăçăěâáï áĺňćőńőň ‖ · ‖_S ), ŕàĺçñň ćëŕőńŋěŋő ãáńőćĺě φ ∈ A_S , S^′ < S ⇒ φ ∈ A_S′ , ‖φ‖_S′ ≤ ‖φ‖_S . Šőčďă őąêěďĺŋěŋĺě íâĺå ŕàőáâàăŋáâć ⋃ 0<S A_S ŋăğëćăěâáï èłăńőľ ąăŋăåőćëå ŕàőáâăàăŋáâć, ă çĺáńő S | ŕăàăňěâàőň èłăńë.

Ććeďñň ć àăááňőâàěŋĺě èłăńã ąăŋăåőćëå ŕàőáâàăŋáâć^⋃_{0<S} A_S (a, b) ăŋăńĺâĺçěáłĺå äãŋłæĺľ φ(x), ďńï łőâőàëå łőŋěçŋă ŋőàňă ‖φ‖_S = sup_{x∈[a,b]} ∞∑ k=0 1 k! |φ^{(k)}(x)|S^k. Ńěčłő ãáâăŋăćńĺćăîâáï áńěďãîéĺě áćőľáâćă őŕěàăæĺľ ãňŋőęěŋĺï ĺ ďĺääěàěŋæĺàőćăŋĺï:

1. Ěáńĺ φ_1 ∈ A_S (a, b), φ_2 ∈ A_S (a, b), âő ‖φ_1 φ_2‖_S ≤ ‖φ_1‖_S ‖φ_2‖_S . 2. Ěáńĺ φ ∈ A_S (a, b), âő ∂^k ∂x^k φ ∈ A_S′ (a, b) ŕàĺ ńîąëå k = 1, 2, . . . ĺ S^′ ∈ (0, S),

ŕàĺçñň ‖ ∂^k ∂x^k φ‖_S′ ≤ k^k ‖φ‖_S (S − S^′)^k . Ğăňěçăŋĺě. Ğăďăçă (1){(3) ďőŕãáłăěâ őąőąéěŋĺě ŋă áńãçăľ x ∈ R^n. Śŕàăćěďńĺćă áńěďãîéăï ńőłăńìŋăï âěőàěňă áãéěáâćőćăŋĺï ĺ ěďĺŋáâćěŋŋőáâĺ àěèěŋĺï.

Šěőàěňă 1. Ŕãáâì 1/g^m(x), g^{′′}(x) ŕàĺŋăďńěęăâ AS_0 (a, b), S0 > 0, äãŋłæĺĺ

f(x, t), f_t(x, t), f_{tt}(x, t), h(x, t), h_t(x, t) ďńï łăęďőčő äĺłáĺàőćăŋŋőčő t ∈ [0, T ], T > 0, ŕàĺŋăďńěęăâ A_{S0} (a, b) ĺ łăł íńěňěŋâë A_{S0} (a, b) ŋěŕàěàëćŋë ŕő t ŋă [0, T ], ŕàĺçñň max [ 2 max_{0≤t≤T} ‖f‖_{S0} (t), 2 max_{0≤t≤T} ‖f_t‖_{S0} (t), max_{0≤t≤T} ‖h‖_{S0} (t) max(2, T ), max ( max 0≤t≤T ‖f tt‖_{S0} (t), max_{0≤t≤T} ‖h_t‖_{S0} (t) ) max ( 2, 6‖g^{−m}(x)‖_{S0} ) , ‖g^{−m}(x)‖_{S0} ) max(2, 3‖g^{′′}(x)‖_{S0} ) ] = R_0, (4) f(x, 0) = −g(x). (5) Šočďă ďńï ńîąőčő R > R_0 ŋăľďñâáï âăłőě ^a, ^aS_0 < T/2, ^a = ^a(S_0, R_0, T , R), çâő ďńï łăęďőčő S ∈ (0, S_0) ć őąńăáâĺ a − S ≤ x ≤ b + S, t ≤ T − z, 0 ≤ z ≤ ^a(S_0 −S)áãéěáâćãěâ ěďĺŋáâćěŋŋőě őąőąéñŋŋőě àěèěŋĺě ğăďăçĺ (1){(3), âăłőě, çâő u | | t<z ≡ 0, ă ŕàĺ t ≥ z äãŋłæĺĺ u(x, z, t), q(x, z) ćňěáâě á ŕàőĺğćőďŋëňĺ^∂_{∂t} u,^∂_{∂z} u, ∂2 ∂t∂z u, ∂2 ∂t2 u ïćńïîâáï ŕàĺ äĺłáĺàőćăŋŋëå z, t íńěňěŋâăňĺ ĺğ A_S (a, b), ŋěŕàěàëćŋëňĺ ŕő ŕěàěňěŋŋëň z, t ć őąńăáâĺ F (S) = {(z, t) | |0 ≤ z ≤ ^a(S_0 − S), z ≤ t ≤ T − z}, ŕàĺçñň ć íâőľ őąńăáâĺ ‖u‖_S (z, t) ≤ R, ‖u_t‖_S (z, t) ≤ R, ‖u_{tt}‖_S (z, t) ≤ R, ‖q‖_S (z) ≤ R − R_0 + R_0S_0

S_0 − S , ‖u_z ‖_S (z, t) ≤ R − R_0 + R_0S_0 S_0 − S , ‖u_{tz} ‖_S (z, t) ≤ R − R_0 + R_0S_0 S_0 − S . (6)

Ďőłăğăâěńìáâćő. Őçěćĺďŋő, çâő àěèěŋĺě ğăďăçĺ (1), (2) őąńăďăěâ áćőľáâćőň u | | t<z ≡ 0. Ŕőíâőňã ďőáâăâőçŋő ěčő ŕőáâàőĺâì ŕàĺ t ≥ z. Ĺáŕőńìğãï ňěâőď ćëďěńěŋĺï őáőąěŋŋőáâěľ [3], ŕěàěľďñň őâ őąàăâŋőľ ğăďăçĺ (1){(3) á àăğàëćŋëňĺ łàăěćëňĺ ãáńőćĺïňĺ ł ğăďăçě á čńăďłĺňĺ łàăěćëňĺ ãáńőćĺïňĺ ć áőőâćěâáâćãîéěľ őąńăáâĺ. Ŕàĺ íâőň ňë ŕőńãçĺň ćăęŋãî äőàňãńã, áćïğëćăîéãî ĺáłőňëľ łőíääĺæĺěŋâ q(x, z) á ćěńĺçĺŋőľ áłăçłă ŕàőĺğćőďŋőľ ∂u/∂t ŋă åăàăłâěàĺáâĺçěáłőľ ŕőćěàåŋőáâĺ t = z, őâłãďă ćőğŋĺłăěâ ć ďăńìŋěľèěň ĺŋâěčàőďĺääěàěŋæĺăńìŋőě ãàăćŋěŋĺě ďńï q.

Ťãŋłæĺî u(x, z, t) łăł àěèěŋĺě ğăďăçĺ (1), (2) ŕàěďáâăćĺň ć őłàěáâŋőáâĺ åăàăłâěàĺáâĺçěáłőľ ŕőćěàåŋőáâĺ t = z ć áńěďãîéěň ćĺďě u(x, z, t) = α(x, z)θ(t − z) + β(x, z)(t − z)θ(t − z)+ + ~u(x, z, t)(t − z)^2θ(t − z), (7) čďě α(x, z), β(x, z), ~u(x, z, t) | čńăďłĺě äãŋłæĺĺ.

Ğŋăçĺâ, ć âőľ ęě őłàěáâŋőáâĺ ďńï u^m(x, z, t) áŕàăćěďńĺćő ŕàěďáâăćńěŋĺě u^m(x, z, t) = θ(t − z) [α^m(x, z) + (t − z) μ(α, β, ~u, t − z)], čďě μ(α, β, ~u, t − z) | ŋěŕàěàëćŋăï äãŋłæĺï áćőĺå ăàčãňěŋâőć. Ćëàăęěŋĺě ďńï μ(α, β, ~u, t − z) ńěčłő ŕőńãçĺâì á ŕőňőéìî äőàňãńë ąĺŋőňă Ŋìîâőŋă.

Ŕőďáâăćńïï àăğńőęěŋĺě (7) ć ãàăćŋěŋĺě (1) ĺ ŕàĺàăćŋĺćăï łőíääĺæĺěŋâë ŕàĺ őáőąěŋŋőáâïå, ŕőńãçăěň ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï ďńï äãŋłæĺľ α(x, z), β(x, z): α_z = 0, −α_{zz} + 2β_z = α_{xx} + qα^m. (8) Ś ďàãčőľ áâőàőŋë, ŕőďáâăćńïï (7) ć łàăěćëě ãáńőćĺï (2), (3) ĺ ŕàĺàăćŋĺćăï łőíääĺæĺěŋâë ŕàĺ δ, θ ĺňěěň α(x, 0) = −g(x), α(x, 0) = f(x, 0). (9) Őâáîďă ŕőńãçăěň ŋěőąåőďĺňőě ãáńőćĺě àăğàěèĺňőáâĺ ğăďăçĺ f(x, 0) = −g(x). Śőŕőáâăćńïï (8) ĺ (9), ŋăåőďĺň äãŋłæĺî α(x, z): α = −g(x) (10) ĺ ćëàăęěŋĺě ĺáłőňőčő łőíääĺæĺěŋâă q(x, z) çěàěğ äãŋłæĺî β(x, z): q(x, z) = 1 (−1)^mg^m(x)

[2β_z (x, z) + g^{′′}(x)]. (11)

Őâňěâĺň, çâő ĺğ ŕàěďáâăćńěŋĺï (7) ćëâěłăěâ ∂u ∂t | | t=z+0 = β(x, z). (12) Ć őąńăáâĺ t ≥ z ≥ 0, a − S_0 ≤ x ≤ b + S_0 ğăďăçã (1){(3) ğăňěŋĺň ŋă íłćĺćăńěŋâŋãî u_{tt} − u_{zz} = u_{xx} + q(x, z)u^m(x, z, t), a − S_0 ≤ x ≤ b + S_0, t > z > 0, (13) u_z | | z=0 = h(x, t), u | | z=0 = f(x, t), t ≥ 0, (14) u | | t=z+0 = α(x, z), t ≥ 0. (15) Ŕőáâàőĺň, ĺáåőďï ĺğ ćëŕĺáăŋŋëå ćëèě áőőâŋőèěŋĺľ, ğăňłŋãâãî áĺáâěňã ĺŋâěčàőďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ őąàăâŋőľ ğăďăçĺ ć őąńăáâĺ D = {(x, z, t) | | a − S_0 ≤ x ≤ b + S_0, 0 ≤ z ≤ t ≤ T − z}. Łàőňě âőčő, ďőŕőńŋĺň íâã áĺáâěňã ãàăćŋěŋĺïňĺ ďńï ŕàőĺğćőďŋëå u_z, u_{tz} , u_{tt}, ãłăğăŋŋëå ć äőàňãńĺàőćłě âěőàěňë. Őąőğŋăçĺň φ_1 = u, φ_2 = u_t, φ_3 = q, φ_4 = u_z, φ_5 = u_{tz}, φ_6 = u_{tt}.

Şàăćŋěŋĺě ďńï φ_1 = u ŕőńãçăěâáï ĺğ àăćěŋáâć (13), (14) őąàăéěŋĺěň őŕěàăâőàă ∂2 ∂t2 −^{∂2}_{∂z2} á ďăŋŋëňĺ Łőèĺ ŕàĺ z = 0 (äőàňãńă Ďăńăňąěàă):

φ_1(x, z, t) = φ^0_1(x, z, t) −^1_2^z ∫ 0 t+(z−ξ)∫ t−(z−ξ) (φ_{1xx} + φ_3 φ^m_1 )(x, ξ, τ ) dτ dξ, čďě φ^0_1(x, z, t) = 1 2 [f(x, t + z) + f(x, t − z)] + 1 2 t+z∫ t−z h(x, τ ) dτ. (16)

Ďńï ŕőńãçěŋĺï ćâőàőčő ĺğ ãàăćŋěŋĺľ ŕàőďĺääěàěŋæĺàãěň ŕő t ğăďăçã (13), (14) ĺ ćŋőćì ćőáŕőńìğãěňáï äőàňãńőľ Ďăńăňąěàă. Ĺňěěň φ_2(x, z, t) = φ^0_2(x, z, t) − 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) (φ_{2xx} + m φ_3 φ^{m−1}_1 φ_2)(x, ξ, τ ) dτ dξ, čďě (17) φ^0_2(x, z, t) = 1 2 [f_t(x, t + z) + f_t(x, t − z)] + 1 2 [h(x, t + z) − h(x, t − z)]. Ćëćěďěň ãàăćŋěŋĺě ďńï φ_3 = q. Ŕőńőęĺň ć àăćěŋáâćě (17) t = z + 0: β(x, z) = φ^0_2(x, z, z) − 1 2 z∫ 0

2z−ξ∫

ξ (φ_{2xx} + m φ_3 φ^{m−1}_1 φ_2)(x, ξ, τ ) dτ dξ

Ă âěŕěàì ćëçĺáńĺň β_z (x, z):

β_z (x, z) = [φ^0_{2z}(x, z, z) + φ^0_{2t}(x, z, z)] − z∫ 0 (φ_{2xx} + m φ_3 φ^{m−1}_1 φ_2)(x, ξ, 2z − ξ) dξ.

Ŕőďáâăćńïï íâő ćëàăęěŋĺě ć àăćěŋáâćő (11), ŕőńãçăěň ĺáłőňőě ãàăćŋěŋĺě

φ_3(x, z) = φ^0_3(x, z) − 2 (−1)^mg^m(x) z∫ 0 (φ_{2xx} + m φ_3× × φ^{m−1}_1 φ_2)(x, ξ, 2z − ξ) dξ, φ^0_3(x, z) = 2 (−1)^mg^m(x) [ f_{tt}(x, 2z) + h_t(x, 2z) ] + g^{′′}(x) (−1)^mg^m(x) . (18)

Şàăćŋěŋĺï ďńï äãŋłæĺľ φ_4, φ_5 ćőğŋĺłăîâ ŕàĺ ďĺääěàěŋæĺàőćăŋĺĺ ŕő z àăćěŋáâć (16) ĺ (17): φ_4(x, z, t) = φ^0_4(x, z, t) − 1 2 z∫ 0 [(φ_{1xx} + φ_3 φ^m_1 )(x, ξ, t + z − ξ)+

+ (φ_{1xx} + φ_3 φ^m_1 )(x, ξ, t − z + ξ)] dξ, φ^0_4(x, z, t) = φ^0_{1z} = 1 2 [ f_t(x, t + z) − f_t(x, t − z)+ + h(x, t + z) + h(x, t − z) ] , (19)

φ_5(x, z, t) = φ^0_5(x, z, t) − 1 2 z∫ 0 [ (φ_{2xx} + m φ_3×

× φ^{m−1}_1 φ_2)(x, ξ, t + z − ξ) + (φ_{2xx} + m φ_3 φ^{m−1}_1 φ_2)(x, ξ, t − z + ξ) ] dξ, φ^0_5(x, z, t) = φ^0_{2z} = 1 2 [ f_{tt}(x, t + z) − f_{tt}(x, t − z)+ + h_t(x, t + z) + h_t(x, t − z) ] .

(20)

Ŕőáńěďŋěě ãàăćŋěŋĺě ďńï φ_6 = u_{tt} ăŋăńőčĺçŋő ŕěàćëň ďćãň. Ğăďăçã (13),(14) ŕàőďĺääěàěŋæĺàãěň ďćăęďë ŕő t, ă ĺáłőňőě ŕàěďáâăćńěŋĺě ćëŕĺèěň ŕő äőàňãńě Ďăńăňąěàă: φ_6(x, z, t) = φ^0_6(x, z, t) − 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) (φ_{6xx} + m(m − 1)φ_3×

× φ^{m−2}_1 φ^2 + mφ_3 φ^{m−1}_1 φ_6)(x, ξ, τ ) dτ dξ, φ^0_6(x, z, t) = 1 2 [f_{tt}(x, t + z) + f_{tt}(x, t − z)] + 1 2 [h_t(x, t + z)− − h_t(x, t − z)]. (21)

Ĺâăł, ňë ĺňěěň áĺáâěňã (16){(21) ĺğ èěáâĺ ĺŋâěčàőďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ, ć łőâőàãî ćåőďïâ ŕàőĺğćőďŋëě âőńìłő ŕő ŕěàěňěŋŋőľ x ĺ âőńìłő ŕőď ğŋăłőň ĺŋâěčàăńă. Ğăŕĺèěň íâã áĺáâěňã ć őŕěàăâőàŋőň ćĺďě

φ = T (φ), φ = (φ_1, . . . , φ_6) (22)

ĺ őąőğŋăçĺň φ^0 = T (0), φ^0 = (φ^0_1, . . . , φ^0_6).

Ŕő őâŋőèěŋĺî ł ãàăćŋěŋĺî (22) áŕàăćěďńĺćă áńěďãîéăï

Ńěňňă 1. Ć ŕàěďŕőńőęěŋĺïå âěőàěňë 1 ďńï ńîąőčő R > R0 ŋăľďñâáï âăłőě

^a, ^aS_0 < T/2, ^a = ^a(S_0, R_0, T, R), çâő ďńï łăęďőčő S ∈ (0, S_0) áãéěáâćãěâ ěďĺŋáâćěŋŋőě àěèěŋĺě ãàăćŋěŋĺï (22) âăłőě, çâő łőňŕőŋěŋâë ćěłâőà-äãŋłæĺĺ φ ŕàĺ äĺłáĺàőćăŋŋëå (z, t) ∈ F (S) ïćńïîâáï íńěňěŋâăňĺ ĺğ A_S (a, b) ŋěŕàěàëćŋëňĺ ŕő ŕěàěňěŋŋëň z, t ĺ ďńï ŋĺå áŕàăćěďńĺćë ŋěàăćěŋáâćă ‖φ_i − φ^0_i ‖_S (z, t) ≤ R − R_0, i = 1, 2, 6, ‖φ_i − φ^0_i ‖_S (z, t) ≤ R − R_0 S_0 − S , i = 3, 4, 5. (23) Ďőłăğăâěńìáâćő. Ĺáŕőńìğãěň ňőďĺäĺæĺàőćăŋŋëľ Ć.Č. Řőňăŋőćëň (áň., ŋăŕàĺňěà, [2]) ňěâőď Ń. Ŋĺàěŋąěàčă [4].

Ŕãáâì a_0 > 0 ĺ a_0 ≤ T/2S_0. Řăááňőâàĺň áåőďïéãîáï ňőŋőâőŋŋő ãąëćăîéãî çĺáńőćãî ŕőáńěďőćăâěńìŋőáâì

a_n = a_{n−1}/(1 + 1 n^2 ), n = 1, 2, . . . , ĺŋďãæĺàőćăŋŋãî ŕőáńěďőćăâěńìŋőáâì ćńőęěŋŋëå őąńăáâěľ F_n = {(z, t, S) | | 0 < S < S_0, 0 < z < a_n(S_0 − S), z ≤ t ≤ T − z} ĺ ĺå áěçěŋĺľ F_n(S) ŕńőáłőáâïňĺ S = const. Őąőğŋăçĺň ^a = lim a_n.

Ďńï ãàăćŋěŋĺï (22) ŕőáâàőĺň ŕàőæěáá ŕőáńěďőćăâěńìŋëå ŕàĺąńĺęěŋĺľ

φ^{n+1} = T (φ^n), n = 0, 1, 2, . . . , φ^n = (φ^n_1 , . . . , φ^n_6 )

ĺ őąőğŋăçĺň ψ^n = φ^{n+1} − φ^n, n = 0, 1, 2, . . . , ψ^n = (ψ^n_1 , . . . , ψ^n_6 ).

Şâćěàęďăěâáï, çâő ňőęŋő ćëąàăâì a_0 > 0 âăł, çâő ďńï łăęďőčő n = 0, 1, 2, . . . ćëŕőńŋěŋë ŋěàăćěŋáâćă ‖φ^n_i − φ^0_i ‖_S (z, t) ≤ R − R_0, i = 1, 2, 6, ‖φ^n_i − φ^0_i ‖_S (z, t) ≤ R − R_0 S_0 − S , i = 3, 4, 5, (z, t) ∈ F_n(S), (24)

λ_n = max { max i=1,2,6 sup (z,t,S)∈Fn [ ‖ψ^n_i ‖_S (z, t) a_n(S_0 − S) − z z ] , max i=3,4,5 sup (z,t,S)∈Fn [ ‖ψ^n_i ‖_S (z, t) (a_n(S_0 − S) − z)^2 a_nz ]} < ∞, (25)

ŕàĺçñň φ^n_i ∈ A_S (a, b) ŋěŕàěàëćŋë ŕő z, t ć ğăňëłăŋĺĺ F_n(S) ĺ äãŋłæĺőŋăńìŋăï ŕőáńěďőćăâěńìŋőáâì φ^n áåőďĺâáï àăćŋőňěàŋő ć ŋőàňě A_S (a, b) ŕő ŕěàěňěŋŋőľ x ĺ ŋőàňě ŕàőáâàăŋáâćă C(F (S)), F (S) =^{∞⋂}_{n=0} F_n(S) ŕő ŕěàěňěŋŋëň z, t.

Őáâăŋőćĺňáï ŋă őâďěńìŋëå ňőňěŋâăå ŕőńãçěŋĺï őæěŋőł (24), (25). Ŕàěęďě ćáěčő, ĺğ ãáńőćĺľ âěőàěňë 1 áńěďãěâ, çâő ‖φ^0_i ‖_{S0} (z, t) ≤ R_0, i = 1, . . . , 6. Ŕàĺ íâőň φ^1_i ∈ A_S (a, b) ĺ ŋěŕàěàëćŋë ďńï (z, t) ∈ F_0(S), 0 < S < S_0. Šőčďă łőňŕőŋěŋâë ψ^0 = φ^1 −φ^0, őçěćĺďŋő, őąńăďăîâ ăŋăńőčĺçŋëň áćőľáâćőň čńăďłőáâĺ. Şąěďĺňáï, çâő ŕàĺ n = 0 ŋěàăćěŋáâćő (25) ĺňěěâ ňěáâő.

Ŕãáâì (z, t, S) ∈ F_0. Ćëąěàěň ďńï ĺńńîáâàăæĺĺ ŕěàćőě ĺ âàěâìě ãàăćŋěŋĺï ĺ ŕőńãçĺň ďńï ‖ψ^0_i ‖_S (z, t) őæěŋłĺ á ćěáőćëňĺ ňŋőęĺâěńïňĺ z a_0(S_0 − S) − z , a_0z (a_0(S_0 − S) − z)^2 . Ŕàĺ i = 1 ĺňěěň

‖ψ^0_1‖_S (z, t) ≤ 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) [ ‖φ^0_{1xx}‖_S (ξ, τ ) + ‖φ^0_3‖_S (ξ)×

× (‖φ^0_1‖_S (ξ, τ ))^m ] dτ dξ ≤ 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) [ 4R_0 (S(ξ) − S)^2

+ R^{m+1}_0 ] dτ dξ ≤

≤ z∫ 0 (z − ξ) [ 16R_0a^2_0 (a_0(S_0 − S) − ξ)^2

+ R^{m+1}_0 ] dξ ≤ ≤ a^2_0R_0(16 + R^m_0 S^2_0 ) z∫ 0 z − ξ (a_0(S_0 − S) − ξ)^2 dξ ≤ ≤ a^2_0R_0(16 + R^m_0 S^2_0 ) z a_0(S_0 − S) − z . Ğďěáì S(ξ) ćğïâő ć ćĺďě S(ξ) = 1 2a_0

(a_0(S_0 + S) − ξ).

Ŕàĺ âăłőň ćëąőàě S(ξ) > S ĺ (ξ, τ, S(ξ)) ∈ F_0. Ďńï ‖ψ^0_2 ‖_S (z, t), ‖ψ^0_6‖_S (z, t) őæěŋłĺ ăŋăńőčĺçŋë.

Ŕãáâì âěŕěàì i = 3:

‖ψ^0_3‖_S (z) ≤ R_0 z∫ 0 ‖φ^0_{2xx} + mφ^0_3 (φ^0_1)^{m−1}φ^0_2‖_S (ξ, 2z − ξ)dξ ≤

≤ R_0 z∫ 0 [ 4R_0

(S(ξ) − S)^2

+ mR^{m+1}_0 ] dξ ≤ R^2_0a_0(16 + mR^m_0 S^2_0 ) ×

× z∫ 0 a_0 (a_0(S_0 − S) − ξ)^2 dξ ≤ R^2_0a_0(16 + mR^m_0 S^2_0 ) a_0z (a_0(S_0 − S) − z)^2 . Őæěŋłĺ ďńï łőňŕőŋěŋâ ψ^0_4, ψ^0_5 áőďěàęăâ âăłőľ ęě ćěáőćőľ ňŋőęĺâěńì.

Ŕàőďěńăć ćëłńăďłĺ ďńï ćáěå i = 1, . . . , 6, ŕőńãçĺň

λ_0 ≤ a_0μ_0(a_0, R_0, S_0),

čďě μ_0(a_0, R_0, S_0) | ŋěŕàěàëćŋăï äãŋłæĺï ŕěàěňěŋŋëå a_0, R_0, S_0 ĺ, áńěďőćăâěńìŋő, őčàăŋĺçěŋă ć ńîąőľ őčàăŋĺçěŋŋőľ őąńăáâĺ. Ŕőíâőňã λ_0 łőŋěçŋő.

Ďńï (z, t, S) ∈ F_1 ĺňěěň:

‖φ^1_i − φ^0_i ‖_S (z, t) = ‖ψ^0_i ‖_S (z, t) ≤ λ_0z a_0(S_0 − S) − z ≤ λ_0a_1 a_0 − a_1

= λ_0, i = 1, 2, 6,

‖φ^1_i − φ^0_i ‖_S (z, t) = ‖ψ^0_i ‖_S (z, t) ≤ λ_0a_0z (a_0(S_0 − S) − z)^2 ≤ ≤ λ_0a_0a_1 (a_0 − a_1)^2(S_0 − S) = 2λ_0 (S_0 − S) , i = 3, 4, 5. Ěáńĺ ćëąàăâì a_0 âăł, çâőąë 2λ_0 ≤ R−R_0, âő ŕàĺ n = 1 ąãďãâ ćëŕőńŋěŋë ŋěàăćěŋáâćă (24).

Ďăńìŋěľèěě ďőłăğăâěńìáâćő ŕàőćőďĺâáï ňěâőďőň ĺŋďãłæĺĺ. Ŕàěďŕőńőęĺň, çâő φ^{n+1}, ψ^n ďńï n = 0, 1, 2 . . . , k ãďőćńěâćőàïîâ ŋěàăćěŋáâćăň (24), (25) ĺ őąńăďăîâ ŋãęŋëňĺ áćőľáâćăňĺ čńăďłőáâĺ. Ŕőłăęěň, çâő ŕőďőąŋëě ŋěàăćěŋáâćă ĺ áćőľáâćă ćëŕőńŋěŋë ŕàĺ ãćěńĺçěŋĺĺ k ŋă ěďĺŋĺæã. Ć çăáâŋőáâĺ, ãáâăŋăćńĺćăěâáï,çâő λ_{k+1} ≤ λ_k ρ, ρ = a_0ρ_0(a_0, R_0, S_0, R), (26) čďě ρ_0 | ŋěŕàěàëćŋăï äãŋłæĺï áćőĺå ăàčãňěŋâőć.

Ŕãáâì (z, t, S) ∈ F_{k+1}. Ĺáŕőńìğãï ŕàěďŕőńőęěŋĺï ňěâőďă ĺŋďãłæĺĺ, ŕőńãçĺň áőőâćěâáâćãîéãî őæěŋłã ďńï ‖ψ^{k+1}_1 ‖_S (z, t):

‖ψ^{k+1}_1 ‖_S (z, t) ≤ 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) ‖ψ^k_{1xx} + φ^{k+1}_3 (φ^{k+1}_1 )^m − φ^k_3(φ^k_1)^m‖_S (ξ, τ ) dτ dξ.

Ğăňěâĺň, çâő

φ^{k+1}_3 (φ^{k+1}_1 )^m − φ^k_3(φ^k_1 )^m = ψ^k_3 (φ^{k+1}_1 )^m + φ^k_3ψ^k_1 [ (φ^{k+1}_1 )^{m−1} + φ^k_1(φ^{k+1}_1 )^{m−2}+ + . . . + (φ^k_1)^{m−1} ] . Ğŋăçĺâ,

‖ψ^{k+1}_1 ‖_S (z, t) ≤ z∫ 0 (z − ξ) [ 4λ_k ξ (S(ξ) − S)^2(a_{k+1}(S_0 − S(ξ)) − ξ) + + λ_ka_kξR^m (a_{k+1}(S_0 − S) − ξ)^2 + mλ_k ξR^{m−1}(R − R_0 + R_0S_0) (a_{k+1}(S_0 − S) − ξ)(S_0 − S) ] dξ ≤ λ_k z∫ 0 (z − ξ)×

× ξ 32a^2_{k+1} + a_ka_{k+1}S_0R^m + mR^{m−1}a^2_{k+1}S_0(R − R_0 + R_0S_0) (a_{k+1}(S_0 − S) − ξ)^3 dξ ≤ ≤ λ_k a^2_0[32 + S_0R^m + mS_0R^{m−1}(R − R_0 + R_0S_0)] z a_{k+1}(S_0 − S) − z , (z, t, S) ∈ F_{k+1}. Ğďěáì S(ξ) ćëąàăŋő ć ćĺďě S(ξ) = 1 2a_{k+1}

(a_{k+1}(S_0 + S) − ξ).

Őæěŋĺň âěŕěàì ‖ψ^{k+1}_3 ‖_S (z):

‖ψ^{k+1}_3 ‖_S (z) ≤ R_0 z∫ 0 ‖ψ^k_{2xx} + mφ^{k+1}_3 (φ^{k+1}_1 )^{m−1}φ^{k+1}_2 − mφ^k_3× × (φ^k_1)^{m−1}φ^k_2 ‖_S (ξ, 2z − ξ)dξ.

Ăŋăńőčĺçŋő ŕàěďëďãéĺň ćëçĺáńěŋĺïň ĺňěěň:

‖ψ^{k+1}_3 ‖_S (z) ≤ R_0λ_k a_0[32 + mS_0R^m + m^2S_0R^{m−1}(R − R_0 + R_0S_0)]× × z∫ 0 a_{k+1}ξ (a_{k+1}(S_0 − S) − ξ)^3 dξ ≤ R_0λ_ka_0[32 + mS_0R^m + m^2S_0R^{m−1}×

× (R − R_0 + R_0S_0)] a_{k+1}z (a_{k+1}(S_0 − S) − z)^2 , (z, t, S) ∈ F_{k+1}. Ŕàőďěńăć ćëłńăďłĺ ďńï őáâăćèĺåáï łőňŕőŋěŋâ ‖ψ^{k+1}_i ‖_S (z), ŕőńãçĺň ć áőőâćěâáâćĺĺ á ŋăèĺň ĺŋďãłæĺőŋŋëň ŕàěďŕőńőęěŋĺěň őæěŋłĺ ďćãå âĺŕőć á ćěáőćëňĺ ňŋőęĺâěńïňĺ z (a_{k+1}(S_0 − S) − z) ĺ a_{k+1}z (a_{k+1}(S_0 − S) − z)^2

. Ŕàĺ i = 1, 2, 6 ĺňěîâ ňěáâő őæěŋłĺ ŕěàćőčő âĺŕă, ă ŕàĺ i = 3, 4, 5 | őæěŋłĺ ćâőàőčő âĺŕă. Łàőňě âőčő, ńěčłő ćĺďěâì, çâő ćëŕőńŋěŋő ŋěàăćěŋáâćő (26).

Ďńï (z, t, S) ∈ F_{k+2} ĺňěěň

‖φ^{k+2}_i − φ^0_i ‖_S (z, t) ≤ k+1∑ n=0 ‖ψ^n_i ‖_S (z, t) ≤ k+1∑ n=0 λ_nz a_n(S_0 − S) − z ≤ ≤ λ_0 k+1∑ n=0 ρ^na_{n+1} a_n − a_{n+1} ≤ a_0μ_0 k+1∑ n=0 ρ^n(n + 1)^2, i = 1, 2, 6,

‖φ^{k+2}_i − φ^0_i ‖_S (z, t) ≤ k+1∑ n=0 λ_na_nz (a_n(S_0 − S) − z)^2 ≤ λ_0 S_0 − S k+1∑ n=0 ρ^na_na_{n+1} (a_n − a_{n+1})^2 ≤ ≤ 2a_0μ_0 S_0 − S k+1∑ n=0 ρ^n(n + 1)^4, i = 3, 4, 5.

Ćëąěàěň âěŕěàì a_0 > 0 âăłĺň, çâő

ρ < 1, 2a_0μ_0 ∞∑ n=0 ρ^n(n + 1)^4 ≤ R − R_0.

Šőčďă ŕàĺ n = k + 2 ąãďãâ ćëŕőńŋěŋë ŋěàăćěŋáâćă (24). Šěň áăňëň ğăćěàèěŋő ďőłăğăâěńìáâćő ĺŋďãłæĺőŋŋőčő ŕàěďŕőńőęěŋĺï.

Ćáě ŕőáâàőěŋŋëě ŕőáńěďőćăâěńìŋëě ŕàĺąńĺęěŋĺï φ^n łăł äãŋłæĺĺ x ŕàĺŋăďńěęăâ A_S (a, b) ďńï (z, t, S) ∈ F =^∞ ⋂ n=0 F_n, ŋěŕàěàëćŋë ŕő z, t ć őąńăáâĺ F (S) =^∞ ⋂ n=0 F_n(S) ĺ

ďńï ŋĺå áŕàăćěďńĺćë ŋěàăćěŋáâćă (24). Ŕàĺ S ∈ (0, S_0) àïď^{∞∑}_{n=0} ψ^n(x, z, t) áåőďĺâáï àăćŋőňěàŋő ć ŋőàňě A_S (a, b) ŕő ŕěàěňěŋŋőľ x ĺ ŋőàňě C(F (S)) ŕő ŕěàěňěŋŋëň z, t. Ŕőíâőňã łőňŕőŋěŋâë ŕàěďěńìŋőľ äãŋłæĺĺ φ = lim_{n→∞} φ^n = ∞∑ n=0 ψ^n + ψ^0 ïćńïîâáï íńěňěŋâăňĺ A_S (a, b), ŋěŕàěàëćŋëňĺ ŕő (z, t) ∈ F (S), ãďőćńěâćőàïîâ ĺŋâěčàăńìŋëň ãàăćŋěŋĺïň (16){(21) ĺ ďńï ŋĺå áŕàăćěďńĺćë ŋěàăćěŋáâćă (23). Ěďĺŋáâćěŋŋőáâì ŕőáâàőěŋŋőčő àěèěŋĺï ãáâăŋăćńĺćăěâáï áâăŋďăàâŋëň ŕàĺñňőň [4]. Ńěňňă 1 ďőłăğăŋă, âěň áăňëň ğăćěàèěŋő ďőłăğăâěńìáâćő âěőàěňë 1.

Ğăďăçă 2

Ŕőáâăŋőćłă. Řăááňőâàĺň âěŕěàì őąàăâŋãî ğăďăçã ďńï ãàăćŋěŋĺï u_{tt} − u_{zz} = u_{xx} + q(x, z)F (u(x, z, t), x, z, t), x ∈ R^1, z ∈ R_+, t ∈ R^1 (27) á ŋăçăńìŋëňĺ ĺ łàăěćëňĺ ãáńőćĺïňĺ u | | t<0 ≡ 0, u_z | | z=0 = g(x)δ(t) + h(x, t)θ(t), (28) u | | z=0 = f(x, t)θ(t). (29) (g(x) ≠ 0, a − S_0 ≤ x ≤ b + S_0, F (0, x, z, t) = 0). Ňë őáâăćńïěň ğďěáì ŕàěęŋĺě ąãłćěŋŋëě őąőğŋăçěŋĺï. Ğăďăďĺňáï ćőŕàőáőň: ŕàĺ łăłĺå ãáńőćĺïå ŋă äãŋłæĺĺ F (u, x, z, t), g(x), h(x, t), f(x, t) ďńï íâőľ ğăďăçĺ áŕàăćěďńĺćă ăŋăńőčĺçŋăï âěőàěňě 1 ńőłăńìŋăï âěőàěňă áãéěáâćőćăŋĺï ĺ ěďĺŋáâćěŋŋőáâĺ àěèěŋĺï ć âőň ęě łńăááě čńăďłőáâĺ?

Ććěďñň ŕăàăňěâàë T > 0, S_0 > 0, γ_1, γ_2 ∈ (−∞, ∞), R_{00} > 0.

Ŕãáâì ďńï łăęďőľ äĺłáĺàőćăŋŋőľ âőçłĺ (z, t) ĺğ őąńăáâĺ ´ = {0 ≤ z, z ≤ t ≤ T − z, T > 0} äãŋłæĺĺ F (u, x, z, t), ∂F ∂t (u, x, z, t) ŕàĺŋăďńěęăâ ŕàőáâàăŋáâćã B.

Ŕàőáâàăŋáâćő B áőáâăćńïîâ ăŋăńĺâĺçěáłĺě äãŋłæĺĺ ψ(u, x) ďćãå ăàčãňěŋâőć: ďńï ńîąőčő x ∈ [ a−S_0, b+S_0 ] äãŋłæĺï ψ(u, x) ďőŕãáłăěâ ŕő u ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě ć őąńăáâì ˙ łőňŕńěłáŋőčő ŕěàěňěŋŋőčő w = u + iv, áőďěàęăéãî ć áěąě ğăňłŋãâãî őąńăáâì —˙(γ_1, γ_2, R_{00}) = {w ∈ C | ||w − γ| ≤ R_{00}, γ ∈ [ γ_1, γ_2 ] } (áň. àĺá. 1).

-

&%’$r^{@@IR00fl1} &%’$r^@@R^{fl2}_{—˙(R00)}^{(w = u + iv)} Re u

Řĺá. 1

Ś ďàãčőľ áâőàőŋë, ďńï ńîąőčő u ∈ ˙ äãŋłæĺï ψ(u, x) ŕàĺŋăďńěęĺâ A_{S0} (a, b). Ćëçĺáńĺň M = max_{(z,t)∈Δ} max ξ∈Γ(Ω̄(γ1,γ2,R00)) ‖ ‖F (ξ, x, z, t) ‖ ‖ S0 , (30)

~M = max_{(z,t)∈Δ} max ξ∈Γ(Ω̄(γ1,γ2,R00)) ‖ ‖ ∂F ∂t (ξ, x, z, t) ‖ ‖ S0 , (31)

čďě `(—˙(γ_1, γ_2, R_{00})) | čàăŋĺæă őąńăáâĺ ˙(γ_1, γ_2, R_{00}).

Řăááňőâàĺň őąńăáâì D = {(x, z, t) | |a−S_0 ≤ x ≤ b+S_0, S_0 > 0; (z, t) ∈ ´} ĺ äãŋłæĺî u_0(x, z, t) ć D: u_0(x, z, t) = 1 2 [f(x, t + z) + f(x, t − z)] + 1 2 t+z∫ t−z h(x, τ )dτ. Śçĺâăěň, çâő f(x, t), h(x, t) ĺğ čàăŋĺçŋëå ãáńőćĺľ (28), (29) âăłőćë, çâő γ_1 = min (x,z,t)∈D u_0(x, z, t), γ_2 = max (x,z,t)∈D u_0(x, z, t). (32) Šěőàěňă 2. Ŕãáâì g^{′′}(x) ŕàĺŋăďńěęĺâ AS_0 (a, b), S0 > 0, äãŋłæĺĺ f(x, t), ft(x, t),

f_{tt}(x, t), h(x, t), h_t(x, t) ŋěŕàěàëćŋë ŕő t ∈ [ 0, T ] , T > 0 áő ğŋăçěŋĺïňĺ ć ąăŋăåőćőň

ŕàőáâàăŋáâćě A_{S0} (a, b), äãŋłæĺï 1/F (−g(x), x, t, t) ŋěŕàěàëćŋă ŕő t ∈ [ 0, T/2 ] áő ğŋăçěŋĺïňĺ ć A_{S0} (a, b), ŕàĺçñň ćëŕőńŋěŋë ãáńőćĺï (32) ĺ max [ 2 max_{0≤t≤T} ‖f‖_{S0} (t), 2 max_{0≤t≤T} ‖f_t‖_{S0} (t), max_{0≤t≤T} ‖h‖_{S0} (t) max(2, T ), max 0≤t≤T /2 ‖ ‖ 1 F (−g(x), x, t, t) ‖ ‖ S0 (t) max ( 6 max_{0≤t≤T} ‖f_{tt}‖_{S0} (t), 6 max_{0≤t≤T} ‖h_t‖_{S0} (t), 3‖g^{′′}(x)‖_{S0} , 2) ] = R_0,

(33)

f(x, 0) = −g(x). (34) Ŕãáâì ďăńěě äãŋłæĺĺ F (u, x, z, t),^{∂F}_{∂t} (u, x, z, t) ŋěŕàěàëćŋë ŕő (z, t) ć ´ áő ğŋăçěŋĺïňĺ ć ŕàőáâàăŋáćě B, őŕĺáăŋŋőň ćëèě.

Šőčďă ďńï ńîąőčő R ĺğ ĺŋâěàćăńă (R_0, R_0 + R_{00})ŋăľďñâáï âăłőě ^a, ^aS_0 < T/2, ^a = ^a(S_0, R_0, R_{00}, T, R, M, ~M), çâő ďńï łăęďőčő S ∈ (0, S_0) ć őąńăáâĺ a − S ≤ x ≤ b + S, t ≤ T − z, 0 ≤ z ≤ ^a(S_0 − S) áãéěáâćãěâ ěďĺŋáâćěŋŋőě őąőąéñŋŋőě àěèěŋĺě ğăďăçĺ (27){(29) âăłőě, çâő u | | t<z ≡ 0, ă ŕàĺ t ≥ z äãŋłæĺĺ u(x, z, t), u_t ≡^{∂u}_{∂t} (x, z, t), q(x, z) ïćńïîâáï ŕàĺ äĺłáĺàőćăŋŋëå z, t íńěňěŋâăňĺ ĺğ A_S (a, b)ŋěŕàěàëćŋëňĺ ŕő ŕěàěňěŋŋëň z, t ć őąńăáâĺ F (S) = {(z, t) | |0 ≤ z ≤ ^a(S_0 − S), z ≤ t ≤ T − z}, ŕàĺçñň ć íâőľ őąńăáâĺ áŕàăćěďńĺćë őæěŋłĺ ‖u − u_0‖_S (z, t) ≤ R − R_0, ‖u_t − u_{0t}‖_S (z, t) ≤ R − R_0, ‖q − q_0‖_S (z) ≤ R − R_0 S_0 − S

, (35)

čďě q_0(x, z) = 2 F (−g(x), x, z, z) [ f_{tt}(x, 2z) + h_t(x, 2z) ] + g^{′′}(x) F (−g(x), x, z, z) . Ďőłăğăâěńìáâćő. Ŕő ăŋăńőčĺĺ á ğăďăçěľ 1, ĺáŕőńìğãï áâăŋďăàâŋëľ ňěâőď ćëďěńěŋĺï őáőąěŋŋőáâěľ [3], ŕěàěľďñň őâ őąàăâŋőľ ğăďăçĺ (27){(29) á àăğàëćŋëňĺ čàăŋĺçŋëňĺ ďăŋŋëňĺ ł íłćĺćăńěŋâŋőľ ğăďăçě á čńăďłĺňĺ čàăŋĺçŋëňĺ ďăŋŋëňĺ ć őąńăáâĺ t ≥ z ≥ 0, a − S ≤ x ≤ b + S, S < S_0. Śńěďáâćĺěň ãáńőćĺï F (0, x, z, t) = 0 ïćńïěâáï àăćěŋáâćő u ≡ 0 ďńï z < t. Ŕőíâőňã F (u(x, z, t), x, z, t) = 0 ďńï z < t.

Ťãŋłæĺî u(x, z, t) łăł àěèěŋĺě ğăďăçĺ (27), (28) ŕàěďáâăćĺň ć őłàěáâŋőáâĺ åăàăłâěàĺáâĺçěáłőľ ŕőćěàåŋőáâĺ t = z ć ćĺďě u(x, z, t) = α(x, z)θ(t − z) + β(x, z)(t − z)θ(t − z) + ~u(x, z, t)(t − z)^2θ(t − z), (36) čďě α(x, z), β(x, z), ~u(x, z, t) | čńăďłĺě äãŋłæĺĺ.

Ćőáŕőńìğőćăćèĺáì ćëàăęěŋĺěň (36), ćëŕĺèěň ŕàěďáâăćńěŋĺě ć âőľ ęě őłàěáâŋőáâĺ ďńï äãŋłæĺĺ F (u(x, z, t), x, z, t).

Ĺáŕőńìğãï äőàňãńã Ńăčàăŋęă, ŋăåőďĺň F (u(x, z, t), x, z, t) = F (u(x, z, z), x, z, z)+ + ∂ ∂t F (u(x, z, t), x, z, t) | | t=t∗ (t − z), (37)

čďě t^∗ ∈ [z, t].

Śńěďőćăâěńìŋő, ć őłàěáâŋőáâĺ åăàăłâěàĺáâĺłĺ t = z ĺňěěâ ňěáâő àăćěŋáâćő F (u(x, z, t), x, z, t) = F (α(x, z), x, z, z)θ(t − z)+ + ∂ ∂t F (u(x, z, t), x, z, t) | | t=t∗ (t − z)θ(t − z) (38) Ŕőďáâăćńïï (36) ĺ (38) ć ãàăćŋěŋĺě (27) ĺ ŕàĺàăćŋĺćăï łőíääĺæĺěŋâë ŕàĺ őáőąěŋŋőáâïå, ŕőńãçăěň ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï ďńï äãŋłæĺľ α(x, z), β(x, z): α_z = 0, −α_{zz} + 2β_z = α_{xx} + q F (α(x, z), x, z, z). (39) Ś ďàãčőľ áâőàőŋë, ĺğ (28), (29) áńěďãěâ, çâő α(x, 0) = −g(x), α(x, 0) = f(x, 0), (40) őâłãďă ćőğŋĺłăěâ ŋěőąåőďĺňőě ãáńőćĺě àăğàěèĺňőáâĺ ğăďăçĺ f(x, 0) = = −g(x). Śőŕőáâăćńïï (39) ĺ (40), ŋăåőďĺň äãŋłæĺî α(x, z): α(x, z) = −g(x). (41) Ĺğ ŕàěďáâăćńěŋĺï (36) ïáŋő, çâő β(x, z) | áłăçőł ŕàőĺğćőďŋőľ ŕő t őâ àěèěŋĺï ŋă åăàăłâěàĺáâĺłě t = z: ∂u ∂t | | t=z+0 = β(x, z). Ĺáłőňëľ łőíääĺæĺěŋâ q(x, z) ńěčłő ćëàăęăěâáï ć áĺńã (39) çěàěğ äãŋłæĺî β(x, z): q(x, z) = 1 F (−g(x), x, z, z) [ 2β_z + g^{′′}(x) ] . (42)

Ć őąńăáâĺ t ≥ z ≥ 0, a − S ≤ x ≤ b + S, S < S_0 ğăďăçã (27){(29) ğăňěŋĺň ŋă íłćĺćăńěŋâŋãî u_{tt} − u_{zz} = u_{xx} + q(x, z)F (u(x, z, t), x, z, t), a − S ≤ x ≤ b + S, t > z > 0, (43) u_z | | z=0 = h(x, t), u | | z=0 = f(x, t), t ≥ 0, (44) u|_{t=z+0} = α(x, z), t ≥ 0. (45)

Ŕőáâàőĺň, ĺáåőďï ĺğ ćëŕĺáăŋŋëå áőőâŋőèěŋĺľ, ğăňłŋãâãî áĺáâěňã ĺŋâěčàőďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ őąàăâŋőľ ğăďăçĺ ć őąńăáâĺ a − S ≤ x ≤ b + S, S < S_0, 0 ≤ z ≤ t ≤ T − z. Őąőğŋăçĺň φ_1 = u, φ_2 = u_t, φ_3 = q.

Ďěľáâćãï ăŋăńőčĺçŋő âőňã, łăł ňë ŕőáâãŕăńĺ ć ğăďăçě 1, ćëćěďěň ãàăćŋěŋĺï ďńï φ_1, φ_2, φ_3. Őŋĺ ĺňěîâ áńěďãîéĺľ ćĺď φ_1(x, z, t) = φ^0_1(x, z, t) − 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) [ φ_{1xx}+ + φ_3F (φ_1, x, ξ, τ ) ] (x, ξ, τ )dτ dξ, φ^0_1(x, z, t) = 1 2 [ f(x, t + z) + f(x, t − z) ] + 1 2 t+z∫ t−z h(x, τ )dτ, (46)

φ_2(x, z, t) = φ^0_2(x, z, t) − 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) [ φ_{2xx}+

+ φ_3 ∂F ∂φ_1 (φ_1, x, ξ, τ )φ_2 + φ_3 ∂F ∂t (φ_1, x, ξ, τ ) ] (x, ξ, τ )dτ dξ,

φ^0_2(x, z, t) = 1 2 [ f_t(x, t + z) + f_t(x, t − z) ] + + 1 2 [ h(x, t + z) − h(x, t − z) ] ,

(47)

φ_3(x, z) = φ^0_3(x, z) − 2 F (−g(x), x, z, z) z∫ 0 [ φ_{2xx}+ + φ_3 ∂F ∂φ_1 (φ_1, x, ξ, 2z − ξ)φ_2+ + φ_3 ∂F ∂t (φ_1, x, ξ, 2z − ξ) ] (x, ξ, 2z − ξ)dξ, φ^0_3(x, z) = 2 F (−g(x), x, z, z) [ f_{tt}(x, 2z) + h_t(x, 2z) ] + + g^{′′}(x) F (−g(x), x, z, z) .

(48)

Śĺáâěňã (46){(48) ğăŕĺèěň ć őŕěàăâőàŋőň ćĺďě φ = T (φ), φ = (φ_1, φ_2, φ_3) (49) ĺ őąőğŋăçĺň φ^0 = T (0), φ^0 = (φ^0_1, φ^0_2, φ^0_3).

Ŕő őâŋőèěŋĺî ł ãàăćŋěŋĺî (49) áŕàăćěďńĺćă áńěďãîéăï Ńěňňă 2. Ć ŕàěďŕőńőęěŋĺïå âěőàěňë 2, ďńï ńîąőčő R ĺğ ĺŋâěàćăńă (R0, R0 +

R_{00}) ŋăľďěâáï âăłőě ^a, ^aS_0 < T/2, ^a = ^a(S_0, R_0, R_{00}, T , R, M, ~M ), çâő ďńï łăęďőčő

S ∈ (0, S_0) áãéěáâćãěâ ěďĺŋáâćěŋŋőě àěèěŋĺě ãàăćŋěŋĺï (49) âăłőě, çâő łőňŕőŋěŋâë ćěłâőà-äãŋłæĺĺ φ ŕàĺ äĺłáĺàőćăŋŋëå (z, t) ∈ F (S) ïćńïîâáï íńěňěŋâăňĺ ĺğ A_S (a, b) ŋěŕàěàëćŋëňĺ ŕő ŕěàěňěŋŋëň z, t ĺ ďńï ŋĺå áŕàăćěďńĺćë ŋěàăćěŋáâćă

‖φ_i − φ^0_i ‖_S (z, t) ≤ R − R_0, i = 1, 2

‖φ_3 − φ^0_3‖_S (z) ≤ R − R_0 S_0 − S . (50)

Ďőłăğăâěńìáâćő ńěňňë 2 ć őáŋőćŋőň ăŋăńőčĺçŋő ďőłăğăâěńìáâćã ńěňňë 1. Ŕãáâì ŕő-ŕàěęŋěňã

a_n = a_{n−1}/(1 +^1_{n2} ), n = 1, 2, . . . , (a_0 > 0, a_0 ≤^T_{2S0} ),

a = lim_{n→∞} a_n = a_0 ∞∏ n=1 1 1 +^1_{n2} ,

F_n = {(z, t, S) | |0 < S < S_0, 0 < z < a_n(S_0 − S), z ≤ t ≤ T − z}, F_n(S) | áěçěŋĺï F_n ŕńőáłőáâïňĺ S = const.

Ďńï ãàăćŋěŋĺï (49) ŕőáâàőĺň ŕàőæěáá ŕőáńěďőćăâěńìŋëå ŕàĺąńĺęěŋĺľ

φ^{n+1} = T (φ^n), n = 0, 1, . . . , φ^n = (φ^n_1 , φ^n_2 , φ^n_3 ).

Őąőğŋăçĺň ψ^n = φ^{n+1} − φ^n, n = 0, 1, 2, . . . , ψ^n = (ψ^n_1 , ψ^n_2 , ψ^n_3 ).

Şâćěàęďăěâáï, çâő ŕàĺ ŕőďåőďïéěň ćëąőàě a_0 ∈ (0, T/2S_0) ďńï ńîąőčő n = 0, 1, 2, . . . ćëŕőńŋěŋë ŋěàăćěŋáâćă ‖φ^n_i − φ^0_i ‖_S (z, t) ≤ R − R_0, i = 1, 2, ‖φ^n_3 − φ^0_3‖_S (z) ≤ R − R_0 S_0 − S , (z, t) ∈ F_n(S), (51)

λ_n = max { max_{i=1,2} sup (z,t,S)∈Fn [ ‖ψ^n_i ‖_S (z, t) a_n(S_0 − S) − z z ] , (52) sup (z,t,S)∈Fn [ ‖ψ^n_3 ‖_S (z)

(a_n(S_0 − S) − z)^2 a_nz ] < ∞, ŕàĺçñň φ^n_i ∈ A_S (a, b) ŋěŕàěàëćŋë ŕő z, t ć ğăňëłăŋĺĺ F_n(S) ĺ äãŋłæĺőŋăńìŋăï ŕőáńěďőćăâěńìŋőáâì φ^n(x, z, t) àăćŋőňěàŋő áåőďĺâáï ŕő ŕěàěňěŋŋőľ x ć ŋőàňě ŕàőáâàăŋáâćă A_S (a, b) ĺ ŕő ŕěàěňěŋŋëň z, t ć ŋőàňě ŕàőáâàăŋáâćă C(F (S)), F (S) =^∞ ⋂ n=0 F_n(S).

Şâćěàęďěŋĺě ďőłăğëćăěâáï ňěâőďőň ňăâěňăâĺçěáłőľ ĺŋďãłæĺĺ.

Ąăğă ĺŋďãłæĺĺ. Ĺğ ãáńőćĺľ âěőàěňë 2 áńěďãěâ, çâő φ^0_i (x, z, t), i = 1, 2, 3 ŋěŕàěàëćŋë ŕő z, t ć ´ áő ğŋăçěŋĺïňĺ ć ąăŋăåőćőň ŕàőáâàăŋáâćě A_{S0} (a, b), ŕàĺ íâőň ‖φ^0_i ‖_{S0} (z, t) ≤ R_0, i = 1, 2, 3. Ŕěàěåőďĺň ł áńěďãîéěňã ŕàĺąńĺęěŋĺî. §áŋő, çâő φ^1_i ∈ A_S (a, b) ĺ ŋěŕàěàëćŋë ďńï (z, t) ∈ F_0(S), 0 < S < S_0. Łőňŕőŋěŋâë ψ^0_i = φ^1_i − φ^0_i őąńăďăîâ ăŋăńőčĺçŋëň áćőľáâćőň čńăďłőáâĺ. Şąěďĺňáï, çâő ŕàĺ n = 0 ĺňěěâ ňěáâő ŋěàăćěŋáâćő (52). Ŕãáâì (z, t, S) ∈ F_0. Ŕàőćěďñň ŕőďàőąŋëě ćëçĺáńěŋĺï ďńï ŕěàćőľ ĺ âàěâìěľ łőňŕőŋěŋâ ψ^0.

Ŕàĺ i = 1 ĺňěěň

‖ψ^0_1‖_S (z, t) ≤ 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) ‖ ‖φ^0_{1xx} + φ^0_3 F (φ^0_1, x, ξ, τ ) ‖ ‖ S (ξ, τ )dτ dξ ≤

≤ 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) [ 4R_0 (S(ξ) − S)^2

+ R_0 M ] dτ dξ ≤ a_0μ_{01} z a_0(S_0 − S) − z , čďě μ_{01} = a_0R_0(16 + MS^2_0 ). Ğďěáì, łăł ĺ ć ğăďăçě 1, S(ξ) ćëąàăŋő ć ćĺďě S(ξ) = 1 2a_0 ( a_0(S_0 + S) − ξ ) . Łőŋáâăŋâă M őŕàěďěńïěâáï ŕő äőàňãńě (30).

Ŕãáâì âěŕěàì i = 3:

‖ψ^0_3‖_S (z) ≤ R_0 z∫ 0 ‖φ^0_{2xx} + φ^0_3 ∂F ∂φ_1 (φ^0_1, x, ξ, 2z − ξ)φ^0_2+

+ φ^0_3 ∂F ∂t (φ^0_1, x, ξ, 2z − ξ)‖_S (ξ, 2z − ξ)dξ.

Őæěŋĺň ‖ ‖ ∂^kF ∂u^k | | u=u0 (x,z,t) ‖ ‖ S (z, t), S ∈ (0, S_0). Ňŋőęěáâćő ğŋăçěŋĺľ ∂^kF ∂u^k | | u=u0(x,z,t) áőćŕăďăěâ á ňŋőęěáâćőň ğŋăçěŋĺľ ∂^kF ∂u^k | | u=ũ0 , čďě ~u_0 | ŕàőĺğćőńìŋăï âőçłă ĺğ őâàěğłă [γ_1, γ_2], ă âàőľłă ŕěàěňěŋŋëå (x, z, t) ∈ D. Ćőáŕőńìğãěňáï âěň äăłâőň, çâő F ďőŕãáłăěâ ŕő ŕěàćőňã ăàčãňěŋâã ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě ć őąńăáâì ˙. Ć łàãčě àăďĺãáă R_{00} á æěŋâàőň ć âőçłě ~u_0 ćëŕĺèěň ĺŋâěčàăńìŋãî äőàňãńã Łőèĺ: F (u, x, z, t) = 1 2πi ∫ |ξ−ũ0|=R00 F (ξ, x, z, t) ξ − u dξ. Őâłãďă ∂^kF ∂u^k | | u=ũ0 = k! 2πR^k_{00} 2π∫ 0 F (~u_0 + R_{00}e^{iφ}, x, z, t) e^{ikφ} dφ. Ğŋăçĺâ, áŕàăćěďńĺćă áńěďãîéăï őæěŋłă: ‖ ‖ ∂^kF ∂u^k | | u=u0 (x,z,t) ‖ ‖ S (z, t) ≤ k! R^k_{00}

M. (53)

Ĺáŕőńìğãï ŋěàăćěŋáâćă (53), ŕőńãçĺň: ‖ ‖ ∂F ∂φ_1 (φ^0_1, x, ξ, 2z − ξ) ‖ ‖ S ≤ M R_{00} . Ŕő ãáńőćĺî âěőàěňë 2 äãŋłæĺï^{∂F}_{∂t} ďőŕãáłăěâ ŕő ŕěàćőňã ăàčãňěŋâã ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě ć őąńăáâì ˙. Śńěďőćăâěńìŋő, áŕàăćěďńĺćă őæěŋłă, ăŋăńőčĺçŋăï (53): ‖ ‖∂^{k+1}F ∂t∂u^k | | u=u0(x,z,t) ‖ ‖ S (z, t) ≤ k! R^k_{00} ~M . (54) Ğŋăçĺâ,_‖ ‖∂F ∂t (φ^0_1, x, ξ, 2z − ξ) ‖ ‖ S ≤ ~M. Şçĺâëćăï ćëèěĺğńőęěŋŋőě, ĺňěěň

‖ψ^0_3‖_S (z) ≤ R_0 z∫ 0 [ 4R_0 (S(ξ) − S)^2

+ R^2_0 M R_{00}

+ R_0^~M ] dξ ≤

≤ R^2_0a_0(16 + R_0 M R_{00}

S^2_0 + ~M S^2_0 ) z∫ 0 a_0 (a_0(S_0 − S) − ξ)^2 dξ ≤

≤ a_0μ_{03} a_0z (a_0(S_0 − S) − z)^2 ,

čďě μ_{03} = R^2_0 ( 16 + S^2_0 ( R_0M R_{00}

+^~M )) . Ďńï ‖ψ^0_2‖_S (z, t) (łăł ĺ ďńï ‖ψ^0_1‖_S (z, t)) áŕàăćěďńĺćă őæěŋłă á ćěáőćëň ňŋőęĺâěńěň z a_0(S_0 − S) − z : ‖ψ^0_2‖_S (z, t) ≤ a_0μ_{02} z a_0(S_0 − S) − z , čďě μ_{02} = μ_{03} a_0 R_0 . Ĺâăł, ĺğ ŕőńãçěŋŋëå őæěŋőł ĺňěěň: λ_0 ≤ a_0μ_0, μ_0 = max_{1≤i≤3} μ_{0i}(a_0, R_0, R_{00}, S_0, M, ~M ).

Ŕőáłőńìłã a_0, R_0, S_0, M,^~M łőŋěçŋë, ă R_{00} ≠ 0, âő λ_0 łőŋěçŋő.

Ďńï (z, t, S) ∈ F_1 áâăŋďăàâŋëň ŕàñňőň ŕőńãçĺň (áň. ğăďăçã 1): ‖φ^1_i − φ^0_i ‖_S (z, t) ≤ λ_0, i = 1, 2,

‖φ^1_3 − φ^0_3‖_S (z) ≤

2λ_0 S_0 − S

Ěáńĺ ćëąàăâì a_0 âăł, çâőąë 2λ_0 ≤ R−R_0, âő ŕàĺ n = 1 ąãďãâ ćëŕőńŋěŋë ŋěàăćěŋáâćă (51).

Ĺŋďãłæĺőŋŋëľ èăč. Ŕãáâì φ^{n+1}, ψ^n ďńï n = 0, 1, . . . , k ãďőćńěâćőàïîâ ŋěàăćěŋáâćăň (51), (52) ĺ őąńăďăîâ ŋãęŋëňĺ áćőľáâćăňĺ čńăďłőáâĺ. Ŕőłăęěň, çâő ŕőďőąŋëě ŋěàăćěŋáâćă ĺ áćőľáâćă ćëŕőńŋěŋë ŕàĺ ãćěńĺçěŋĺĺ k ŋă ěďĺŋĺæã.

Ĺğ ćĺďă ĺŋâěčàőďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ (46){(48) ïáŋő, çâő ŋăň ŕőŋăďőąïâáï őæěŋłĺ ŋőàňë ć A_S (a, b) áńőęŋëå äãŋłæĺľ F (u(x, z, t), x, z, t), ∂F ∂u (u(x, z, t), x, z, t), ∂F ∂t (u(x, z, t), x, z, t). Ğăňěâĺň, çâő ŕàĺ u = u_0 (ąăğă ĺŋďãłæĺĺ) áőőâćěâáâćãîéĺě őæěŋłĺ ŕőńãçăńĺáì ĺğ áőőâŋőèěŋĺľ (53), (54).

Řăááňőâàĺň ć D äőàňăńìŋő áőáâăćńěŋŋëľ àïď ∞∑ k=0 1 k! ∂^kF ∂u^k | | u=u0 (x,z,t) (x, z, t) (u(x, z, t) − u_0(x, z, t))^k (55) ĺ ĺááńěďãěň ćőŕàőá ő ěčő áåőďĺňőáâĺ.

Ňë ĺéěň àěèěŋĺě u(x, z, t) ŋăèěľ ğăďăçĺ ć łńăááě äãŋłæĺľ, ďńï łőâőàëå

‖u − u_0‖_S ≤ R − R_0 < R_{00}, S ∈ (0, S_0). (56)

Ć áĺńã (56) ĺ (53) àïď ∞∑ k=0 1 k! ‖ ‖∂^kF ∂u^k | | u=u0(x,z,t) ‖ ‖ S (z, t)(‖u − u_0‖_S (z, t))^k áåőďĺâáï, ă, ğŋăçĺâ, áåőďĺâáï ĺ àïď (55). Łàőňě âőčő, F ďőŕãáłăěâ ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě ŕő ŕěàćőňã ăàčãňěŋâã. Ğŋăçĺâ, äãŋłæĺï F (u(x, z, t), x, z, t) ïćńïěâáï áãňňőľ áćőěčő àïďă Šěľńőàă (55): F (u(x, z, t), x, z, t) = ∞∑ k=0 1 k! ∂^kF ∂u^k | | u=u0 (x,z,t) (x, z, t) (u(x, z, t) − u_0(x, z, t))^k. Ŋă ĺŋďãłæĺőŋŋőň èăčě ňë ćőáŕőńìğãěňáï ŋěàăćěŋáâćăňĺ: ‖F (u_1(x, z, t), x, z, t)‖_S ≤ ∞∑ k=0 (R − R_0)^k k! ‖ ‖∂^kF ∂u^k | | u=u0 (x,z,t) ‖ ‖ S (z, t) ≤ ≤ M R_{00} R_{00} − R + R_0 , (57)

‖F (u_1(x, z, t), x, z, t) − F (u_2(x, z, t), x, z, t)‖_S ≤ ≤ ‖u_1 − u_2‖_S (z, t) ∞∑ k=1 (R − R_0)^{k−1}

(k − 1)! ‖ ‖ ∂^kF ∂u^k | | u=u0 (x,z,t) ‖ ‖ S (z, t) ≤ ≤ ‖u_1 − u_2‖_S (z, t) M R_{00}

L(R, R_0, R_{00}),

(58)

‖ ‖∂F ∂u (u_1(x, z, t), x, z, t) ‖ ‖ S ≤ ∞∑ k=1 (R − R_0)^{k−1} (k − 1)! × × ‖ ‖∂^kF ∂u^k | | u=u0 (x,z,t) ‖ ‖ S (z, t) ≤ M R_{00}

L(R, R_0, R_{00}),

(59)

‖ ‖∂F ∂u (u_1(x, z, t), x, z, t) − ∂F ∂u (u_2(x, z, t), x, z, t) ‖ ‖ S ≤ ≤ ‖u_1 − u_2‖_S (z, t) ∞∑ k=2 (R − R_0)^{k−2}

(k − 2)! ‖ ‖∂^kF ∂u^k | | u=u0(x,z,t) ‖ ‖ S (z, t) ≤ ≤ ‖u_1 − u_2‖_S (z, t) M R^2_{00}

P (R, R_0, R_{00}),

(60)

‖ ‖∂F ∂t (u_1(x, z, t), x, z, t) ‖ ‖ S ≤ ~M R_{00} R_{00} − R + R_0

, (61) ‖ ‖∂F ∂t (u_1(x, z, t), x, z, t) − ∂F ∂t (u_2(x, z, t), x, z, t) ‖ ‖ S ≤ ≤ ‖u_1 − u_2‖_S (z, t) ~M R_{00}

L(R, R_0, R_{00}),

(62)

čďě L(R, R_0, R_{00}) = ∞∑ k=0 (k + 1) (R − R_0 R_{00} )_k = R^2_{00} (R_{00} − R + R_0)^2 ,

P (R, R_0, R_{00}) = ∞∑ k=0 (k + 2)(k + 1) (R − R_0 R_{00} )_k = 2R^3_{00} (R_{00} − R + R_0)^3 . İâĺ őæěŋłĺ áŕàăćěďńĺćë ďńï äãŋłæĺĺ F (u(x, z, t), x, z, t), ãďőćńěâćőàïîéěľ ãáńőćĺïň âěőàěňë 2 (F ďőŕãáłăěâ ŕő u ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě ć őąńăáâì ˙) ĺ äãŋłæĺľ u_1(x, z, t), u_2(x, z, t) ĺğ A_S (a, b) ŕő ŕěàćőňã ăàčãňěŋâã âăłĺå, çâő ‖u_i − u_0‖_S (z, t) ≤ R − R_0 < R_{00}, i = 1, 2.

Ŕãáâì (z, t, S) ∈ F_{k+1}. Őæěŋĺň ‖ψ^{k+1}_1 ‖_S (z, t):

‖ψ^{k+1}_1 ‖_S (z, t) ≤ 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) ‖ψ^k_{1xx} + φ^{k+1}_3 F (φ^{k+1}_1 , x, ξ, τ )−

− φ^k_3 F (φ^k_1, x, ξ, τ )‖_S (ξ, τ )dτ dξ = 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) ‖ψ^k_{1xx} + ψ^k_3 F (φ^{k+1}_1 , x, ξ, τ )+

+ φ^k_3[F (φ^{k+1}_1 , x, ξ, τ ) − F (φ^k_1, x, ξ, τ )]‖_S(ξ, τ )dτ dξ. Ĺáŕőńìğãï ŕàěďŕőńőęěŋĺï ňěâőďă ĺŋďãłæĺĺ, ŋěàăćěŋáâćă (57), (58) ĺ ćëąĺàăï S(ξ) = 1 2a_{k+1}

(a_{k+1}(S_0 + S) − ξ), ĺňěěň

‖ψ^{k+1}_1 ‖_S (z, t) ≤ z∫ 0 (z − ξ) [ 4λ_k ξ (S(ξ) − S)^2(a_{k+1}(S_0 − S(ξ)) − ξ) + + λ_k a_kξ (a_{k+1}(S_0 − S) − ξ)^2 M R_{00} R_{00} − R + R_0 + R − R_0 + R_0S_0 S_0 − S ×

× λ_k ξ a_{k+1}(S_0 − S) − ξ M R_{00}

L(R, R_0, R_{00}) ] dξ ≤

≤ λ_ka_0ρ_{01} z∫ 0 (z − ξ)ξ (a_{k+1}(S_0 − S) − ξ)^3 dξ ≤ λ_ka_0ρ_{01} z a_{k+1}(S_0 − S) − z , čďě ρ_{01} = a_0 [ 32 + S_0M

( R_{00} R_{00} − R + R_0 + R − R_0 + R_0S_0 R_{00}

L(R, R_0, R_{00}) )] . Ŕőńãçĺň âěŕěàì őæěŋłã ďńï ‖ψ^{k+1}_3 ‖_S (z):

‖ψ^{k+1}_3 ‖_S (z) ≤ R_0 z∫ 0 ‖ ‖ψ^k_{2xx} + ψ^k_3 ∂F ∂φ_1 (φ^{k+1}_1 , x, ξ, 2z − ξ)φ^{k+1}_2 + φ^k_3× × [ ∂F ∂φ_1 (φ^{k+1}_1 , x, ξ, 2z − ξ) − ∂F ∂φ_1 (φ^k_1, x, ξ, 2z − ξ) ] φ^{k+1}_2 +

+ φ^k_3 ∂F ∂φ_1 (φ^k_1, x, ξ, 2z − ξ)ψ^k_2 + ψ^k_3 ∂F ∂t (φ^{k+1}_1 , x, ξ, 2z − ξ) + φ^k_3 × × [∂F ∂t (φ^{k+1}_1 , x, ξ, 2z − ξ) − ∂F ∂t (φ^k_1, x, ξ, 2z − ξ) ]‖ ‖ S (ξ, 2z − ξ)dξ ≤

≤ R_0 z∫ 0 [ 4λ_k ξ (S(ξ) − S)^2(a_{k+1}(S_0 − S(ξ)) − ξ) + λ_k a_kξ (a_{k+1}(S_0 − S) − ξ)^2 ×

× ML(R, R_0, R_{00})R + R − R_0 + R_0S_0 S_0 − S λ_k ξ (a_{k+1}(S_0 − S) − ξ) M R^2_{00} ×

× P (R, R_0, R_{00})R +

R − R_0 + R_0S_0 S_0 − S λ_kξ (a_{k+1}(S_0 − S) − ξ) M R_{00} ×

×L(R, R_0, R_{00}) + λ_k a_kξ (a_{k+1}(S_0 − S) − ξ)^{2 ~} M R_{00} R_{00} − R + R_0 + + R − R_0 + R_0S_0 S_0 − S λ_kξ (a_{k+1}(S_0 − S) − ξ) ~M R_{00}

L(R, R_0, R_{00}) ] dξ ≤

≤ λ_k a_0ρ_{03} z∫ 0 a_{k+1}ξ (a_{k+1}(S_0 − S) − ξ)^3 dξ ≤ λ_k a_0ρ_{03} a_{k+1}z (a_{k+1}(S_0 − S) − z)^2 , (z, t, S) ∈ F_{k+1}, čďě ρ_{03} = R_0 [ 32 +

S_0M R_{00} ( L(R, R_0, R_{00})(2R − R_0 + R_0S_0) + R R_{00} P (R, R_0, R_{00}) ) + S_0^~M

( R_{00}

R_{00} − R + R_0 + R − R_0 + R_0S_0

R_{00}

L(R, R_0, R_{00}) )] .

Ńěčłő ćĺďěâì, çâő ‖ψ^{k+1}_2 ‖_S (z, t) őæěŋĺćăěâáï áńěďãîéĺň őąàăğőň:

‖ψ^{k+1}_2 ‖_S (z, t) ≤ λ_ka_0ρ_{02} z a_{k+1}(S_0 − S) − z , (z, t, S) ∈ F_{k+1}, čďě ρ_{02} = ρ_{03} a_0 R_0 . Ŕőńãçěŋŋëě őæěŋłĺ ŕőğćőńïîâ ğăłńîçĺâì, çâő

λ_{k+1} ≤ λ_k ρ, ρ = a_0ρ_0, ρ_0 = max_{1≤i≤3} ρ_{0i}(a_0, R_0, R_{00}, R, S_0, M, ~M).

Ĺğ ćĺďă äãŋłæĺľ ρ_{0i} ĺ ãáńőćĺľ R_{00} ≠ 0, R_{00} > R − R_0 áńěďãěâ, çâő λ_{k+1} < ∞.

Ďńï (z, t, S) ∈ F_{k+2} áâăŋďăàâŋëň őąàăğőň ĺňěěň:

‖φ^{k+2}_i − φ^0_i ‖_S (z, t) ≤ a_0μ_0^{k+1} ∑ n=0 ρ^n(n + 1)^2, i = 1, 2,

‖φ^{k+2}_3 − φ^0_3‖_S (z) ≤

2a_0μ_0 S_0 − S k+1∑ n=0 ρ^n(n + 1)^4.

Ćëąěàěň âěŕěàì a_0 > 0 âăłĺň, çâő

ρ < 1, 2a_0μ_0 ∞∑ n=0 ρ^n(n + 1)^4 ≤ R − R_0.

Šőčďă ŕàĺ n = k + 2 ąãďãâ ćëŕőńŋěŋë ŋěàăćěŋáâćă (51). Šěň áăňëň ğăćěàèěŋő ďőłăğăâěńìáâćő ĺŋďãłæĺőŋŋőčő ŕàěďŕőńőęěŋĺï.

Ďăńěě ďőáńőćŋő ćőáŕàőĺğćőďĺâáï őłőŋçăŋĺě ďőłăğăâěńìáâćă ńěňňë 1.

Şáâőľçĺćőáâì Šăł ęě łăł ĺ ć âěőàěňě áãéěáâćőćăŋĺï ććěďñň ŕăàăňěâàë T > 0, S_0 > 0 γ_1, γ_2 ∈ (−∞, ∞), R_{00} > 0, R_0 > 0. Őąőğŋăçĺň çěàěğ Q(S_0, T, γ_1, γ_2, R_0) ňŋőęěáâćő âàőěł äãŋłæĺľ (g(x), h(x, t), f(x, t)), ďńï łőâőàëå ćëŕőńŋěŋë ãáńőćĺï âěőàěňë 2, ć âőň çĺáńě ĺňěîâ ňěáâő áőőâŋőèěŋĺï (32), (33), (34). Ŕàĺ äĺłáĺàőćăŋŋőň R_{00} ŕő äőàňãńăň (30), (31) ćëçĺáńĺň M, ~M . Šěŕěàì ďńï ńîąëå (g, h, f) ∈ Q(S_0, T, γ_1, γ_2, R_0) ĺ äĺłáĺàőćăŋŋőčő R ĺğ ĺŋâěàćăńă (R_0, R_0 + R_{00}) àěèěŋĺě ğăďăçĺ (27){(29) áãéěáâćãěâ ĺ őŕàěďěńěŋő ć őďŋőľ ĺ âőľ ęě őąńăáâĺ. Ŕőíâőňã àěèěŋĺï, őâćěçăîéĺě àăğŋëň ďăŋŋëň, ňőęŋő áàăćŋĺćăâì ňěęďã áőąőľ.

Śŕàăćěďńĺćă áńěďãîéăï âěőàěňă ãáâőľçĺćőáâĺ. Šěőàěňă 3. Ŕãáâì (g, h, f) ∈ Q(S0, T, γ1, γ2, R0), (—g, —h, —f) ∈ Q(S0, T , γ1, γ2, R0), R | äĺłáĺàőćăŋŋőě çĺáńő ĺğ ĺŋâěàćăńă (R_0, R_0 + R_{00}). Őąőğŋăçĺň

max_{0≤θ≤1} max 0≤z≤T /2 ‖ ‖∂F ∂u (−—g(x) + θ(—g(x) − g(x)), x, z, z) ‖ ‖ S0 = K. (63)

Šőčďă áãéěáâćãěâ âăłőě ^a, ^aS_0 < T/2, ^a = ^a(S_0, R_0, R_{00}, T, R, M, ~M), çâő ďńï àěèěŋĺľ ğăďăçĺ (27){(29) (u, q) ĺ (—u, —q), őâćěçăîéĺå áőőâćěâáâćěŋŋő ďăŋŋëň

(g, h, f) ĺ (—g, —h, —f) áŕàăćěďńĺćë ŋěàăćěŋáâćă ‖u − —u‖_S (z, t) ≤ Cε, ‖u_t − —u_t‖_S (z, t) ≤ Cε, ‖q − —q‖_S (z) ≤ Cε S_0 − S , (z, t) ∈ F (S), 0 < S < S_0, (64)

čďě ε = max[‖g − —g‖_{S0} , 2 max_{0≤t≤T} ‖f − —f ‖_{S0} (t), 2 max_{0≤t≤T} ‖f_t − —f_t‖_{S0} (t), max 0≤t≤T ‖ h − —h‖_{S0} (t) max(2, T ), 8 max_{0≤t≤T} ‖f_{tt} − —f_{tt}‖_{S0} (t), 8 max_{0≤t≤T} ‖h_t − —h_t‖_{S0} (t), 2‖g^{′′} − —g^{′′}‖_{S0} ], (65)

ă ŕőáâőïŋŋăï C ğăćĺáĺâ őâ S_0, R_0, R_{00}, T, R, M, ~M, K.

Ďőłăğăâěńìáâćő. Ďńï àăğŋőáâěľ u − —u = ~u, ut − —ut = ~ut, q − —q = ~q ćëŕĺèěň ńĺŋěľŋãî áĺáâěňã ĺŋâěčàőďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ ~u = ~u_0 − 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) [ ~u_{xx} + ~qF (u, x, ξ, τ )+ + —q~u 1∫ 0 ∂F ∂u (—u + θ~u, x, ξ, τ )d θ ] (x, ξ, τ )dτ dξ, ~u_0 = 1 2 [ ~f(x, t + z) + ~f (x, t − z) ] + 1 2 t+z∫ t−z ~h(x, τ )dτ, (66)

~u_t = ~u_{t0} − 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) { ~u_{txx} + ~q ∂F ∂u (u, x, ξ, τ ) u_t+

+ —q~u 1∫ 0 ∂^2F ∂u^2 (—u + θ~u, x, ξ, τ ) dθ u_t + —q ∂F ∂u (—u, x, ξ, τ )~u_t+ + ~q ∂F ∂t (u, x, ξ, τ ) + —q~u 1∫ 0 ∂^2F ∂t∂u (—u + θ~u, x, ξ, τ )dθ } (x, ξ, τ )dτ dξ, ~u_{t0} = 1 2 [ ~f_t(x, t + z) + ~f_t(x, t − z) ] + 1 2 [ ~h(x, t + z) − ~h(x, t − z) ] ,

(67)

~q = ~q_0 − 2 F (−g(x), x, z, z) z∫ 0 { ~u_{txx} + ~q ∂F ∂u (u, x, ξ, 2z − ξ) u_t+ + —q~u 1∫ 0 ∂^2F ∂u^2 (—u + θ~u, x, ξ, 2z − ξ) dθ u_t+

+ —q ∂F ∂u (—u, x, ξ, 2z − ξ)~u_t + ~q ∂F ∂t (u, x, ξ, 2z − ξ)+ + —q~u 1∫ 0 ∂^2F ∂t∂u (—u + θ~u, x, ξ, 2z − ξ) dθ } (x, ξ, 2z − ξ)dξ,

~q_0 = − —q [ F (−g(x), x, z, z) − F (−—g(x), x, z, z) ] F (−g(x), x, z, z) + + 2 F (−g(x), x, z, z) [ ~f_{tt}(x, 2z) + ~h_t(x, 2z ] +^~ g^{′′}(x) F (−g(x), x, z, z) .

(68)

Ŕàĺ íâőň ňë ćőáŕőńìğőćăńĺáì ńěňňőľ Ăďăňăàă: F (u, x, z, t) − F (—u, x, z, t) = 1∫ 0 dF dθ (—u + θ(u − —u), x, z, t)dθ = = ~u 1∫ 0 ∂F ∂u (—u + θ~u, x, z, t) dθ. Őçěćĺďŋő, çâő ĺğ ãáńőćĺľ âěőàěňë 3 áńěďãěâ, çâő ‖~u_0‖_{S0} ≤ ε, ‖~u_{t0}‖_{S0} ≤ ε. (69) Őæěŋĺň áćěàåã ‖~q_0‖_S , čďě S ∈ (0, S_0) ćëąàăŋő ć âěőàěňě áãéěáâćőćăŋĺï: ‖~q_0‖_S ≤ R_0 R − R_0 + R_0S_0

S_0 − S εK + R_0ε ≤ εR_0 K(R − R_0 + R_0S_0) + S_0 S_0 − S

. (70)

Ğďěáì ňë ćőáŕőńìğőćăńĺáì áőőâŋőèěŋĺïňĺ (63), (65) ĺ őæěŋłőľ ĺğ âěőàěňë 2: ‖—q‖_S ≤ R − R_0 + R_0S_0 S_0 − S . Ŕàĺňěŋïï ł ńĺŋěľŋőľ őâŋőáĺâěńìŋő ~u, ~u_t, ~q áĺáâěňě ãàăćŋěŋĺľ (66){(68) ňěâőď ŕőáńěďőćăâěńìŋëå ŕàĺąńĺęěŋĺľ, ĺáŕőńìğőćăŋŋëľ ŕàĺ ďőłăğăâěńìáâćě âěőàěňë áãéěáâćőćăŋĺï, ŋăľďñň, çâő ŕàĺ âőň ęě áăňőň ćëąőàě a_0 ďńï àěèěŋĺï ŋăèěľ áĺáâěňë áŕàăćěďńĺćë ŋěàăćěŋáâćă ‖~u − ~u_0‖_S (z, t) ≤ C_1ε, ‖~u_t − ~u_{t0}‖_S (z, t) ≤ C_1ε, ‖~q − ~q_0‖_S (z) ≤ C_1ε S_0 − S , (z, t) ∈ F (S), 0 < S < S_0. §áŋő, çâő ďńï őŕàěďěńěŋĺï łőŋáâăŋâë C_1 ďőáâăâőçŋő őæěŋĺâì áćěàåã ‖~u_1−~u_0‖_S (z, t), ‖~u_{t1} − ~u_{t0}‖_S (z, t), ‖~q_1 − ~q_0‖_S (z) (ĺŋďãłæĺőŋŋăï ąăğă).

Ďńï ŕěàćőľ łőňŕőŋěŋâë ĺňěěň: ‖~u_1 − ~u_0‖_S (z, t) ≤ 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) [ ‖~u_{0xx}‖_S + ‖~q_0‖_S ‖F (u, x, ξ, τ )‖_S+

+ ‖—q‖_S ‖~u_0‖_S ‖ ‖ 1∫ 0 ∂F ∂u (—u + θ~u, x, ξ, τ ) dθ ‖ ‖ S ] (ξ, τ )dτ dξ ≤

≤ 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) [ 4ε (S(ξ) − S)^2

+ R_0ε

K(R − R_0 + R_0S_0) + S_0 S_0 − S M×

× R_{00} R_{00} − R + R_0 + R − R_0 + R_0S_0

S_0 − S ε M R_{00}

L(R, R_0, R_{00}) ] dτ dξ ≤ ≤ a_0ε~μ_{01} z a_0(S_0 − S) − z , čďě ~μ_{01} = a_0 { 16 + S_0R_0[(R − R_0 + R_0S_0)K + S_0] M

R_{00} R_{00} − R + R_0 + + S_0(R − R_0 + R_0S_0) M R_{00}

L(R, R_0, R_{00}) } . Ğďěáì ňë ćőáŕőńìğőćăńĺáì ãęě ĺğćěáâŋëňĺ äőàňãńăňĺ ďńï áãŕěàŕőğĺæĺĺ ăŋăńĺâĺçěáłĺå äãŋłæĺľ (57), (59). Ŕőïáŋĺň ŕàăćőňěàŋőáâì âăłőčő ŕàĺňěŋěŋĺï ŋă ŕàĺňěàě äőàňãńë (59). Ěáńĺ u, —u | àěèěŋĺï, ãďőćńěâćőàïîéĺě ŋěàăćěŋáâćăň ‖u − u_0‖_S ≤ R − R_0, ‖—u − u_0‖_S ≤ R − R_0, âő ^u = —u + θ(u − —u), 0 ≤ θ ≤ 1, ãďőćńěâćőàïěâ ŋěàăćěŋáâćã ‖^u − ^u_0‖_S ≤ R − R_0, čďě äãŋłæĺï ^u_0 = —u_0 + θ(u_0 − —u_0), 0 ≤ θ ≤ 1, ŕàőąěčăěâ ňŋőęěáâćő ğŋăçěŋĺľ [γ_1, γ_2]. Ŕőíâőňã áŕàăćěďńĺćă őæěŋłă, ĺďěŋâĺçŋăï á (59): ‖ ‖ 1∫ 0 ∂F ∂u (—u + θ~u, x, z, t) dθ ‖ ‖ S ≤ 1∫ 0 M R_{00}

L(R, R_0, R_{00}) dθ = M R_{00}

L(R, R_0, R_{00}).

Ďńï ćâőàőľ łőňŕőŋěŋâë ĺňěěň ‖~u_{t1} − ~u_{t0}‖_S (z, t) ≤ 1 2 z∫ 0 t+(z−ξ) ∫ t−(z−ξ) [ ‖~u_{0txx}‖_S + ‖~q_0‖_S M R_{00}

L(R, R_0, R_{00})R+

+ R − R_0 + R_0S_0

S_0 − S ‖~u_0‖_S M R^2_{00}

P (R, R_0, R_{00})R +

R − R_0 + R_0S_0 S_0 − S M R_{00} ×

× L(R, R_0, R_{00})‖~u_{t0}‖_S + ‖~q_0‖_S ~M R_{00} R_{00} − R + R_0 + R − R_0 + R_0S_0 S_0 − S ×

× ‖~u_0‖_S ~M R_{00}

L(R, R_0, R_{00}) ] dτ dξ ≤ z∫ 0 (z − ξ) [ 16a^2_0ε (a_0(S_0 − S) − ξ)^2 + + a^2_0S_0εR_0((R − R_0 + R_0S_0)K + S_0)L(R, R_0, R_{00})R (a_0(S_0 − S) − ξ)^2 M R_{00} + a^2_0S_0(R − R_0 + R_0S_0)εP (R, R_0, R_{00})R

(a_0(S_0 − S) − ξ)^2 M R^2_{00} + + a^2_0S_0(R − R_0 + R_0S_0)L(R, R_0, R_{00})ε

(a_0(S_0 − S) − ξ)^2 M R_{00} + + a^2_0S_0εR_0((R − R_0 + R_0S_0)K + S_0) ~M

(a_0(S_0 − S) − ξ)^2

R_{00} R_{00} − R + R_0 + + a^2_0S_0(R − R_0 + R_0S_0)εL(R, R_0, R_{00})

(a_0(S_0 − S) − ξ)^2 ~M R_{00} ] dξ ≤

≤ a_0ε~μ_{02} z a_0(S_0 − S) − z , čďě ~μ_{02} = a_0 { 16 + S_0(R − R_0 + R_0S_0) [ M R^2_{00}

P (R, R_0, R_{00})R + M R_{00}

L(R, R_0, R_{00})+

+^~ M R_{00}

L(R, R_0, R_{00}) ] + S_0R_0((R − R_0 + R_0S_0)K + S_0) [ M R_{00}

L(R, R_0, R_{00})R+

+^~M

R_{00} R_{00} − R + R_0 ]} . §áŋő, çâő ďńï âàěâìěľ łőňŕőŋěŋâë áŕàăćěďńĺćă őæěŋłă ‖~q_1 − ~q_0‖_S (z) ≤ a_0ε~μ_{03} a_0z (a_0(S_0 − S) − z)^2 , čďě ~μ_{03} = ~μ_{02}

R_0 a_0 . Őçěćĺďŋő, çâő

C_1 =

(R − R_0) max_{i=1,2,3} ~μ_{0i} max i=1,2,3 μ 0i , čďě μ_{0i} ćëçĺáńïńĺáì ć âěőàěňě áãéěáâćőćăŋĺï (ąăğă ĺŋďãłæĺĺ).

Şçĺâëćăï ŋěàăćěŋáâćă (69), (70) ĺňěěň ‖~u‖_S (z, t) ≤ (C_1 + 1)ε, ‖~u_t‖_S (z, t) ≤ (C_1 + 1)ε, ‖~q‖_S (z) ≤ C_1ε S_0 − S

+ εR_0

(R − R_0 + R_0S_0)K + S_0 S_0 − S = = ε S_0 − S [ C_1 + R_0(R − R_0 + R_0S_0)K + R_0S_0 ] .

Ć łăçěáâćě C ćëąěàěň

C = max{C_1 + 1, C_1 + R_0(R − R_0 + R_0S_0)K + R_0S_0}.

Šěőàěňă 3 ďőłăğăŋă.

Řěčãńïàĺğăæĺï

Ć âěőàěňăå 2, 3 čàăŋĺçŋëě ďăŋŋëě ïćńïîâáï ăŋăńĺâĺçěáłĺňĺ äãŋłæĺïňĺ ŕěàěňěŋŋoľ x ĺ ŋěŕàěàëćŋë ŕő t, â.ě. ğăďăîâáï ć âőň ęě łńăááě čńăďłőáâĺ, čďě ĺéěâáï àěèěŋĺě. Ć àěăńìŋëå áĺâãăæĺïå čàăŋĺçŋëě ďăŋŋëě ĺğňěàïîâáï á ŋěłőâőàőľ őèĺąłőľ. Ćőğŋĺłăěâ ğăďăçă ő ŕőáâàőěŋĺĺ ãáâőľçĺćőčő ňěâőďă àěèěŋĺï ĺáåőďŋőľ őąàăâŋőľ ğăďăçĺ á ŕàĺąńĺęñŋŋëňĺ ďăŋŋëňĺ ĺğ ďàãčőčő äãŋłæĺőŋăńìŋőčő ŕàőáâàăŋáâćă.

Őąőğŋăçĺň âőçŋëě čàăŋĺçŋëě ďăŋŋëě ğăďăçĺ 2 (g^T (x), f^T (x, t), h^T (x, t)), ĺň áőőâćěâáâćãěâ âőçŋőě àěèěŋĺě (u^T (x, z, t), q^T (x, z)). Ŕãáâì (g^δ(x), f^δ(x, t), h^δ(x, t)) | ďăŋŋëě, ĺğňěàěŋŋëě á őèĺąłőľ. Ąãďěň ĺğňěàïâì ěñ ŕàĺ łăęďőň äĺłáĺàőćăŋŋőň t ć ŋőàňě ŕàőáâàăŋáâćă C[a − S_0, b + S_0]. Ŕãáâì ‖g^T − g^δ‖_{C[a−S0,b+S0]} ≤ δ, ‖f^T − f^δ‖_{C[a−S0,b+S0]}(t) ≤ δ, ‖f^T_t − f^δ_t ‖_{C[a−S0 ,b+S0]}(t) ≤ δ, ‖h^T − h^δ‖_{C[a−S0,b+S0]}(t) ≤ δ,

‖f^T_{tt} − f^δ_{tt}‖_{C[a−S0,b+S0]}(t) ≤ δ, ‖h^T_t − h^δ_t ‖_{C[a−S0,b+S0]}(t) ≤ δ,

‖(g^T )^{′′} − (g^δ)^{′′}‖_{C[a−S0,b+S0 ]} ≤ δ, 0 ≤ t ≤ T.

(71)

Ŕő ğăèãňńñŋŋëň čàăŋĺçŋëň ďăŋŋëň ŕőáâàőĺň àěčãńïàĺğőćăŋŋëě ďăŋŋëě, ŕàĺŋăďńěęăéĺě A_{S0} (a, b) ŕő ŕěàěňěŋŋőľ x. Ŕàőďěńăěň íâő ŋă ŕàĺňěàě äãŋłæĺĺ g^δ (x) ∈ C[a − S_0, b + S_0].

Ŕãáâì S < S_0. Ŕő ğăďăŋŋőľ äãŋłæĺĺ g^δ(x) ŕőáâàőĺň äĺŋĺâŋãî äãŋłæĺî ~g^δ (x): ~g^δ(x) = g^δ(x) η(x), čďě η(x) ∈ C^∞(R), 0 ≤ η(x) ≤ 1, η(x) ≡ 1 ŕő łàăľŋěľ ňěàě ŋă ĺŋâěàćăńe (a − (S_0 − S)/3, b + (S_0 − S)/3), η(x) ≡ 0 ŕő łàăľŋěľ ňěàě ćŋě ĺŋâěàćăńă (a−S_0, b−S_0). Cŕőáőą ŕőáâàőěŋĺï âăłĺå äãŋłæĺľ η(x) áň., ŋăŕàĺňěà, ć [7]. Ťãŋłæĺî ~g^T (x) ŕőáâàőĺň ăŋăńőčĺçŋő. Őçěćĺďŋő, ~g^T (x) ∈ C^∞[a − S_0, b + S_0]. Ğăňěâĺň, çâő |~g^T (x) − ~g^δ(x)| ≤ δ, x ∈ [a − S_0, b + S_0]. Ććěďñň ć àăááňőâàěŋĺě äãŋłæĺî g^{δ,α}(x) = √ α √ π b+S0∫

a−S0 ~g^δ(ξ)e^{−α(x−ξ)2} dξ (72) ĺ ďőłăęěň, çâő g^{δ,α}(x) ∈ A_{S0} (a, b) ŕàĺ ńîąőň łőŋěçŋőň α. Ďěľáâćĺâěńìŋő, äőàňăńìŋő ŕàőďĺääěàěŋæĺàãěň g^{δ,α}(z) ŕő z = x + iy:

(g^{δ,α}(z))^′ = √ α √ π b+S0∫

a−S0 ~g^δ(ξ) d dz e^{−α(z−ξ)2} dξ.

Ğăňěâĺň, çâő_| | d dz e^{−α(z−ξ)2} | | = 2α^√(x − ξ)^2 + y^2e^{−α(x−ξ)2+αy2} . Őâáîďă ćĺďŋő, çâő ŕàĺ ńîąőň łőŋěçŋőň α äãŋłæĺï g^{δ,α}(z) ïćńïěâáï æěńőľ . Śńěďőćăâěńìŋő, g^{δ,α}(x) ∈ A_{S0} (a, b) ďńï ńîąőčő S_0 > 0. Ťãŋłæĺĺ f^{δ,α}(x, t), f^{δ,α}_t (x, t), h^{δ,α}(x, t), f^{δ,α}_{tt} (x, t), h^{δ,α}_t (x, t), (g^{δ,α}(x))^{′′} áâàőïâáï ăŋă- ńőčĺçŋő.

Řěčãńïàĺğőćăŋŋëň ďăŋŋëň (g^{δ,α}, f^{δ,α}, h^{δ,α}) ĺğ ŕàőáâàăŋáâćă A_{S0} (a, b) ŕő x áőőâćěâáâćãěâ àěèěŋĺě (u^{δ,α}, q^{δ,α}). Ŕőłăęěň, çâő íâő àěèěŋĺě áåőďĺâáï ŕàĺ δ → 0 ł âőçŋőňã (u^T , q^T ) ć ŋőàňě A_S (a, b), S < S_0 ŕő ŕěàěňěŋŋőľ x ĺ ć ŋőàňě C(F (S)) ŕő ŕěàěňěŋŋëň z, t, ěáńĺ α ŕőďåőďïéĺň őąàăğőň áćïğăŋő á δ.

Ŕőńőęĺň S^∗ = (S_0 + 2S)/3. Ćőáŕőńìğãěňáï ŋěàăćěŋáâćăňĺ (64) ĺğ âěőàěňë 3 á ğăňěŋőľ (u, u_t, q) ŋa (u^T , u^T_t , q^T ); (—u, —u_t, —q) ŋa (u^{δ,α}, u^{δ,α}_t , q^{δ,α}). Ąãďěň ĺňěâì ‖u^T − u^{δ,α}‖_S (z, t) ≤ C_2 max [ ‖g^T − g^{δ,α}‖_S∗ , max_{0≤t≤T} ‖f^T − f^{δ,α}‖_S∗ (t), max 0≤t≤T ‖ f^T_t − f^{δ,α}_t ‖_S∗ (t), max_{0≤t≤T} ‖h^T − h^{δ,α}‖_S∗ (t), max_{0≤t≤T} ‖f^T_{tt} − f^{δ,α}_{tt} ‖_S∗ (t), max 0≤t≤T ‖ h^T_t − h^{δ,α}_t ‖_S∗ (t), ‖(g^T )^{′′} − (g^{δ,α})^{′′}‖_S∗ ] ≡ C_2 G,

‖u^T_t − u^{δ,α}_t ‖_S (z, t) ≤ C_2 G, ‖q^T − q^{δ,α}‖_S (z) ≤ 3C_2 S_0 − S G, čďě C_2 = max{8, T } C. (Łőŋáâăŋâă C ąëńă ćëçĺáńěŋă ć âěőàěňě ãáâőľçĺćőáâĺ.)

Őæěŋĺň ćěńĺçĺŋã G. Řăááňőâàĺň ‖g^T −g^{δ,α}‖_S∗ . Őæěŋĺň ćŋăçăńě | | d^k dx^k g^T − d^k dx^k g^{δ,α} | |, x ∈ [a, b], k = 0, 1, 2, . . . Ŕãáâì k = 0. Ŕàĺ x ∈ [a, b] ĺňěěň: | |g^T (x) − g^{δ,α}(x) | | ≤ | |g^T (x) − √ α √ π b+S0∫

a−S0 ~g^T (ξ)e^{−α(x−ξ)2} dξ | | + √ α √ π | | b+S0∫

a−S0 (~g^T (ξ)− − ~g^δ(ξ))e^{−α(x−ξ)2} dξ | | ≤ | | √ α √ π g^T (x) ∞∫ −∞ e^{−α(x−ξ)2} dξ − √ α √ π b+S0∫

a−S0 ~g^T (ξ)×

×e^{−α(x−ξ)2}dξ | | + δ √ α √ π | | b+S0∫

a−S0 e^{−α(x−ξ)2} dξ | | = I_0 + δ √ α √ π | | b+S0∫

a−S0 e^{−α(x−ξ)2}dξ | |. Ććěďñň ćáŕőňőčăâěńìŋëľ ňăńëľ ŕăàăňěâà l = l(α). Ŕőâàěąãěň l < 1 3 (S_0 − S). (73)

Ğăćĺáĺňőáâì l őâ ŕăàăňěâàă àěčãńïàĺğăæĺĺ α ąãďěâ ãáâăŋőćńěŋă ć ďăńìŋěľèěň. Ďńï

I_0 áŕàăćěďńĺćă áńěďãîéăï őæěŋłă

I_0 ≤ √ α √ π x+l∫ x−l |g^T (x) − ~g^T (ξ)|e^{−α(x−ξ)2} dξ + √ α √ π x−l∫ −∞ |g^T (x)|e^{−α(x−ξ)2}dξ+ + √ α √ π ∞∫ x+l |g^T (x)|e^{−α(x−ξ)2}dξ + √ α √ π x−l∫ a−S0 |~g^T (ξ)|e^{−α(x−ξ)2} dξ + √ α √ π ×

× b+S0∫

x+l |~g^T (ξ)|e^{−α(x−ξ)2} dξ ≤ 1 √ π √ αl∫ − √ αl | |g^T (x) − ~g^T (x − η √ α ) | |e^{−η2} dη+ 2M^T_{(a,b)} √ π ∞∫ √ αl e^{−η2} dη + 2^~M^T_{(a−S0 ,b+S0)} √ π ∞∫ √ αl e^{−η2} dη,

čďě √ α(x − ξ) = η, − √ αdξ = dη, M^T_{(a,b)} = max{‖g^T ‖_{C[a,b]}, max_{0≤t≤T} ‖f^T ‖_{C[a,b]}(t), max_{0≤t≤T} ‖f^T_t ‖_{C[a,b]}(t), max 0≤t≤T ‖ h^T ‖_{C[a,b]}(t), max_{0≤t≤T} ‖f^T_{tt} ‖_{C[a,b]}(t), max_{0≤t≤T} ‖h^T_t ‖_{C[a,b]}(t), ‖(g^T )^{′′}‖_{C[a,b]}}, ~M^T_{(a−S0,b+S0)} = max{‖~g^T ‖_{C[a−S0,b+S0]}, max_{0≤t≤T} ‖ ~f^T ‖_{C[a−S0 ,b+S0]}(t), max 0≤t≤T ‖ ~f^T_t ‖_{C[a−S0,b+S0]}(t), max_{0≤t≤T} ‖~h^T ‖_{C[a−S0,b+S0]}(t), max_{0≤t≤T} ‖ ~f^T_{tt} ‖_{C[a−S0,b+S0]}(t), max 0≤t≤T ‖ ~h^T_t ‖_{C[a−S0 ,b+S0]}(t), ‖(~g^T )^{′′}‖_{C[a−S0,b+S0]}}. §áŋő, çâő ~M^T_{(a−S0,b+S0)} ≤ ≤ M^T_{(a−S0,b+S0)}. Şçĺâëćăï őçěćĺďŋőě ŋěàăćěŋáâćő ∞∫ √ αl e^{−η2} dη ≤ ∞∫ √ αl e^{−2ηl√α} e^{l2α}dη = e^{−l2α} 2l √ α ,

őŕàěďěńěŋĺě äãŋłæĺĺ ~g^T (x) ĺ ãáńőćĺě (73), ŕőńãçăěň őłőŋçăâěńìŋő ŕàĺ x ∈ [a, b]: |g^T (x) − g^{δ,α}(x)| ≤ M^T_{1(a−l,b+l)} l + M^T_{(a,b)}e^{−l2α} √ πl √ α + + M^T_{(a−S0,b+S0)}e^{−l2α} √ πl √ α + δ √ α √ π | | | b+S0∫

a−S0 e^{−α(x−ξ)2} dξ | | | , (74)

čďě M^T_{1(a−l,b+l)} = max{‖ d d x g^T ‖_{C[a−l,b+l]}, max_{0≤t≤T} ‖ d d x f^T ‖_{C[a−l,b+l]}(t), max 0≤t≤T ‖ d d x f^T_t ‖_{C[a−l,b+l]}(t), max_{0≤t≤T} ‖ d d x h^T ‖_{C[a−l,b+l]}(t), max_{0≤t≤T} ‖ d d x f^T_{tt} ‖_{C[a−l,b+l]}(t), max 0≤t≤T ‖ d d x h^T_t ‖_{C[a−l,b+l]}(t), ‖(g^T )^{′′′}‖_{C[a−l,b+l]}}.

Ŕãáâì âěŕěàì k = 1, 2, . . . Ŕőńãçĺň őæěŋłã ďńï | | d^k d x^k g^T − d^k d x^k g^{δ,α} | |, x ∈ [a, b]: | | d^k d x^k g^T − d^k d x^k g^{δ,α} | | ≤ | | | d^k d x^k g^T − √ α √ π b+S0∫

a−S0 ~g^T (ξ) d^k dx^k e^{−α(x−ξ)2} d ξ | | |+ + √ α √ π | | | b+S0∫

a−S0 (~g^T (ξ) − ~g^δ(ξ)) d^k d x^k e^{−α(x−ξ)2}d ξ | | |. Őąőğŋăçĺň ŕěàćőě áńăčăěňőě, áâőïéěě áŕàăćă, çěàěğ I_1. Ńěčłő ćĺďěâì, çâő

I_1 = | | | d^k d x^k g^T (x) − √ α √ π b+S0∫

a−S0 ~g^T (ξ) (−1)^k d^k d ξ^k e^{−α(x−ξ)2} d ξ | | | = = | | | √ α √ π d^k d x^k g^T (x) ∞∫ −∞ e^{−α(x−ξ)2}d ξ − √ α √ π b+S0∫

a−S0 d^k d ξ^k ~g^T (ξ)e^{−α(x−ξ)2} d ξ | | |. Ŕő ăŋăńőčĺĺ á I_0 ŕőńãçĺň ďńï I_1: I_1 ≤ M^T_{k+1(a−l,b+l)} l + M^T_{k(a,b)}e^{−l2α} √ πl √ α + + | | | √ α √ π b+S0∫

x+l d^k ~g^T d ξ^k e^{−α(x−ξ)2} d ξ | | | + | | | √ α √ π x−l∫ a−S0 d^k ~g^T d ξ^k e^{−α(x−ξ)2}d ξ | | |. (75)

Őæěŋĺň ĺŋâěčàăńë ć ŕàăćőľ çăáâĺ ŋěàăćěŋáâćă (75). Ŕőáłőńìłã |x − ξ| ≥ l, ĺňěěň e^{−α(x−ξ)2} ≤ e^{−αl2} . Śńěďőćăâěńìŋő, | | | √ α √ π b+S0∫

x+l d^k ~g^T d ξ^k e^{−α(x−ξ)2} d ξ | | | ≤ | | | √ α √ π b+S0∫

x+l d^k ~g^T d ξ^k e^{−αl2} d ξ | | | = = √ α √ π e^{−αl2} | | | d^{k−1} ~g^T d ξ^{k−1} | | |_{ξ=x+l} | | | ≤ √ α √ π e^{−αl2} M^T_{k−1(a−l,b+l)}. Őæěŋłă ŕőáńěďŋěčő ĺŋâěčàăńă ć ŕàăćőľ çăáâĺ ŋěàăćěŋáâćă (75) ĺďěŋâĺçŋă. Őłőŋçăâěńìŋő ŕőńãçĺň: | | | d^k d x^k g^T − d^k d x^k g^{δ,α} | | | ≤ M^T_{k+1(a−l,b+l)} l + M^T_{k(a,b)}e^{−l2α} √ πl √ α + 2 √ α √ π ×

×e^{−αl2}M^T_{k−1(a−l,b+l)} + δ √ α √ π | | | b+S0∫

a−S0 d^k d x^k e^{−α(x−ξ)2}d ξ | | |, (76) x ∈ [a, b], k = 1, 2, . . . Şçĺâëćăï őŕàěďěńěŋĺě ŋăèěľ S-ŋőàňë ‖g‖_S = sup_{x∈[a,b]} ∞∑ k=0 1 k! |g^{(k)}(x)|S^k ĺ őæěŋłĺ (74), (76), ąãďěň ĺňěâì ‖g^T − g^{δ,α}‖_S∗ ≤ ∞∑ k=0 M^T_{k+1(a−l,b+l)}l S^{∗k} k! + ∞∑ k=0 M^T_{k(a,b)}e^{−αl2} √ πl √ α S^{∗k} k! + + M^T_{(a−S0,b+S0)}e^{−αl2} √ πl √ α +^{∞∑}_{k=1} 2 √ α √ π e^{−αl2} M^T_{k−1(a−l,b+l)} S^{∗k} k! +^{∞∑}_{k=0} δ √ α √ π × × | | | b+S0∫

a−S0 d^k d x^k e^{−α(x−ξ)2}d ξ | | | S^{∗k} k! = ˚_1 + ˚_2 + M^T_{(a−S0,b+S0)}e^{−αl2} √ πl √ α + ˚_3 + ˚_4.

Řăááňőâàĺň ˚_1. Ŕőńőęĺň —S = (2S_0 + S)/3. Ŕőáłőńìłã ćëŕőńŋěŋő ãáńőćĺě (73), ćáěčďă ĺňěěâ ňěáâő ćłńîçěŋĺě ďńï őąńăáâěľ ˙(a − l, b + l, —S) ⊂ ˙(a, b, S_0), (77) čďě ˙(a − l, b + l, —S) = {z ∈ C | | | |z − ξ| ≤ —S, ξ ∈ [a − l, b + l]}, ˙(a, b, S_0) = {z ∈ C | | | |z − ξ| ≤ S_0, ξ ∈ [a, b]}. Ťãŋłæĺï g^T (x) ŕàĺŋăďńěęĺâ ŕàőáâàăŋáâćã A_{S0} (a, b). İâő őğŋăçăěâ, çâő őŋă ďőŕãáłăěâ ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě ć ğăňłŋãâãî őąńăáâì ˙(a, b, S_0). Şçĺâëćăï (77), ĺňěěň, çâő g^T (z) ăŋăńĺâĺçŋă ćáîďã ć ˙(a − l, b + l, —S). Śŕàăćěďńĺćë ŋěàăćěŋáâćă Łőèĺ: M^T_{k+1(a−l,b+l)} ≤ M^T_{Ω(a−l,b+l,S̄)} (k + 1)! —Sk+1 , čďě M^T_{Ω(a−l,b+l,S̄)} = max { max z∈Γ(Ω(a−l,b+l,S̄)) |g^T (z)|, max_{0≤t≤T} max z∈Γ(Ω(a−l,b+l,S̄)) |f^T (z, t)|, max_{0≤t≤T} max z∈Γ(Ω(a−l,b+l,S̄)) |f^T_t (z, t)|, max_{0≤t≤T} max z∈Γ(Ω(a−l,b+l,S̄)) |h^T (z, t)|, max 0≤t≤T max z∈Γ(Ω(a−l,b+l,S̄)) |f^T_{tt} (z, t)|, max_{0≤t≤T} max z∈Γ(Ω(a−l,b+l,S̄)) |h^T_t (z, t)|, max z∈Γ(Ω(a−l,b+l,S̄)) |(g^T (z))^{′′}| } , `(˙(a − l, b + l, —S)) | čàăŋĺæă őąńăáâĺ ˙(a − l, b + l, —S).

Śńěďőćăâěńìŋő, ďńï ˚_1 ĺňěěâ ňěáâő őæěŋłă:

˚_1 = ∞∑ k=0 M^T_{k+1(a−l,b+l)} l S^{∗k} k! ≤ M^T_{Ω(a−l,b+l,S̄)} l —S ∞∑ k=0 (k + 1) (S^∗ —S )_k . Ńěčłő ćĺďěâì, çâő 1 —S ∞∑ k=0 (k + 1) (S^∗ —S )_k = 1 —S 1 ( 1 − S^∗ —S )_2 =

3(2S_0 + S) (S_0 − S)^2 .

Šőčďă ˚_1 ≤ M^T_{Ω(a−l,b+l,S̄)} l 3(2S_0 + S) (S_0 − S)^2

. (78)

Řăááňőâàĺň ˚_2:

˚_2 = ∞∑ k=0 M^T_{k(a,b)}e^{−l2α} √ π l √ α S^{∗k} k! .

Ĺáŕőńìğãï ŋěàăćěŋáâćă Łőèĺ M^T_{k(a,b)} ≤ M_{Ω(a,b,S0)}k! S^k_0 , ŕőńãçĺň

˚_2 ≤ e^{−l2α} l √ α 1√ π M_{Ω(a,b,S0)} ∞∑ k=0 (S^∗ —S )_k = = e^{−l2α} l √ α 1√ π M_{Ω(a,b,S0)} 3S_0 2(S_0 − S) . (79)

Řăááňőâàĺň ˚_3. Őæěŋĺň M^T_{k−1(a−l,b+l)} ĺğ ŋěàăćěŋáâć Łőèĺ. Šőčďă ďńï ˚_3 ĺňěěâ ňěáâő áńěďãîéěě ŋěàăćěŋáâćő:

˚_3 =^{∞∑}_{k=1} 2 √ α √ π e^{−l2α}M^T_{k−1(a−l,b+l)} S^{∗k} k! ≤ ≤ 2 √ α √ π e^{−l2α}M^T_{Ω(a−l,b+l,S̄)} S^∗ ∞∑ k=1 1 k (S^∗ —S )_{k−1} . Ćëçĺáńĺň S^∗ ∞∑ k=1 1 k (S^∗ —S )_{k−1} = —S ∞∑ k=1 1 k (S^∗ —S )_k = —S ln 1 1 − S^∗ —S = 2S_0 + S 3 ln 3(2S_0 + S) S_0 − S . Ğŋăçĺâ ˚_3 ≤ 2 √ α √ π e^{−l2α}M^T_{Ω(a−l,b+l,S̄)} 2S_0 + S 3 ln 3(2S_0 + S) S_0 − S

. (80)

Őæěŋĺň ˚_4. Ććěďñň ć àăááňőâàěŋĺě ăŋăńĺâĺçěáłãî äãŋłæĺî ψ(x) = b+S0∫

a−S0 e^{−α(x−ξ)2} d ξ. Šőčďă ŕő őŕàěďěńěŋĺî S-ŋőàňë ąãďěň ĺňěâì: x ∈ [a, b], ˚_4 = ∞∑ k=0 δ √ α √ π | | | b+S0∫

a−S0 d^k d x^k e^{−α(x−ξ)2} d ξ | | | S^{∗k} k! ≤ δ √ α √ π ‖ψ(x)‖_{AS∗(a,b)} ≤ ≤ δ √ α √ π ‖ψ(x)‖_{AS∗(−∞,∞)} . Câăŋďăàâŋëň ŕàĺñňőň ŕőńãçĺň: ‖ψ(x)‖_{AS∗(−∞,∞)} ≤ M^ψ_{Ω(−∞,∞,S0)} 1 1 − S^∗ S_0 ,

čďě M^ψ_{Ω(−∞,∞,S0)} = max_{|Im z|=S0} |ψ(z)|. Oæěŋĺň áćěàåã M^ψ_{Ω(−∞,∞,S0)}. Ńěčłő ćĺďěâì, çâő | | | b+S0∫

a−S0 e^{−α(z−ξ)2} d ξ | | | ≤ e^{αS20} √ π √ α , z = x + iy, |y| = S_0.

Śńěďőćăâěńìŋő, ďńï ˚_4 áŕàăćěďńĺćő ŋěàăćěŋáâćő:

˚_4 ≤ δe^{αS20}

S_0 S_0 − S^∗

. (81)

Şçĺâëćăï ŕőńãçěŋŋëě őæěŋłĺ (78){(81) ĺ őçěćĺďŋëě ŋěàăćěŋáâćă M^T_{Ω(a−l,b+l,S̄)} ≤ M^T_{Ω(a,b,S0)} ≡ M_0, M^T_{(a−S0,b−S0 )} ≤ M^T_{Ω(a,b,S0)} ≡ M_0, őłőŋçăâěńìŋő ąãďěň ĺňěâì ‖g^T − g^{δ,α}‖_S∗ ≤ σ(δ, α, l, S_0, S, M_0), čďě σ(δ, α, l, S_0, S, M_0) = l 3(2S_0 + S) (S_0 − S)^2

M_0+ + e^{−l2α} l √ α 1√ π M_0

5S_0 − 2S 2(S_0 − S) + + √ αe^{−l2α} 2√ π M_0

2S_0 + S 3 ln 3(2S_0 + S) S_0 − S + + δe^{αS20} 3S_0 2(S_0 − S) ≡ ≡ Q_1 l + Q_2 e^{−l2α} l √ α + Q_3 √ αe^{−l2α} + Q_4 δe^{αS20} . (82)

Őæěŋłĺ ďńï max_{0≤t≤T} ‖f^T − f^{δ,α}‖_S∗ (t), max_{0≤t≤T} ‖f^T_t − f^{δ,α}_t ‖_S∗ (t), max_{0≤t≤T} ‖h^T − h^{δ,α}‖_S∗ (t), max 0≤t≤T ‖ f^T_{tt} − f^{δ,α}_{tt} ‖_S∗ (t), max_{0≤t≤T} ‖h^T_t − h^{δ,α}_t ‖_S∗ (t), ‖(g^T )^{′′} − (g^{δ,α})^{′′}‖_S∗ ĺďěŋâĺçŋë. Ğŋăçĺâ, G ≤ σ(δ, α, l, S_0, S, M_0). Ćëąěàěň ćáŕőňőčăâěńìŋëľ ŕăàăňěâà l(α) âăł, çâőąë l(α) → 0 ĺ l^2(α)α → ∞ ŕàĺ α → ∞. Ŋăŕàĺňěà, ć łăçěáâćě l(α) ňőęŋő ćğïâì l = √ ln α α . (83)

Šőčďă σ(δ, α, l(α), S_0, S, M_0) = σ(δ, α, S_0, S, M_0) = = Q_1 √ ln α α + Q_2 1 α √ ln α

+ Q_3 1√ α + Q_4δe^{αS20} .

(84)

§áŋő, çâő ćâőàőě ĺ âàěâìě áńăčăěňëě áâàěňïâáï ł ŋãńî ąëáâàěě ŕàĺ α → ∞, çěň ŕěàćőě.

Ćëąěàěň α(δ) àăćŋëň

α(δ) = 1 S^2_0 ln P δ + ln ln 1 S^2_0 ln P δ 1 S^2_0 ln P δ , (85) čďě P =

Q_1 Q_4 = 2M_0(2S_0 + S) (S_0 − S)S_0 . Šăłőľ ćëąőà α áńěďãěâ ĺğ ãáńőćĺï ŕàĺąńĺęñŋŋőčő (ŕàĺ δ → 0, α → +∞) àăćěŋáâćă ŕěàćőčő ĺ çěâćñàâőčő áńăčăěňëå äőàňãńë (84), â.ě.

Q_1 √ ln α α ≈ Q_4δe^{S20 α}. Ŕőłăęěň, çâő ŕàĺ âăłőň ćëąőàě α äãŋłæĺï σ(δ, α, S_0, S, M_0) áâàěňĺâáï ł ŋãńî, ěáńĺ δ → 0 ĺ ŋăľďñň íłćĺćăńěŋâŋãî ěľ ąěáłőŋěçŋő ňăńãî. Şçĺâëćăï (85), ĺňěěň σ(δ, α(δ), S_0, S, M_0) ≡ ~σ(δ, S_0, S, M_0) ∼

∼ 2Q_1 ln 1 S^2_0 ln P δ 1 S^2_0 ln P δ = 6M_0(2S_0 + S) (S_0 − S)^2 ln 1 S^2_0 ln P δ 1 S^2_0 ln P δ , δ → 0. (86)

Ťőàňãńőľ (86) ŕàĺ łőŋěçŋőň δ ĺ ğăďăŋŋőľ ćěńĺçĺŋě S_0 − S ňőęŋő ŕőńìğőćăâìáï, ěáńĺ ćëŕőńŋěŋő ãáńőćĺě (73) (ŕàĺ íâőň α(δ), l(α) ćëçĺáńïîâáï ŕő äőàňãńăň (85), (83)).

Śŕàăćěďńĺćă áńěďãîéăï âěőàěňă àěčãńïàĺğăæĺĺ ŕő α.

Šěőàěňă 4. Ŕãáâì čàăŋĺçŋëě ďăŋŋëě (g^T , f^T , h^T ) ĺ (g^δ, f^δ , h^δ) ãďőćńěâćőàï-

îâ ãáńőćĺïň (71). Řěèěŋĺě (u^T , q^T ) áőőâćěâáâćãěâ âőçŋëň čàăŋĺçŋëň ďăŋŋëň (g^T , f^T , h^T ), ă (u^{δ,α}, q^{δ,α}) áőőâćěâáâćãěâ àěčãńïàĺğőćăŋŋëň ďăŋŋëň (g^{δ,α}, f^{δ,α}, h^{δ,α}), čďě g^{δ,α}(x) ğăďăñâáï äőàňãńőľ (72), ă f^{δ,α}(x, t), h^{δ,α}(x, t) áâàőïâáï ăŋăńőčĺçŋő. Šőčďă ŕàĺ 0 < S < S_0 ĺ α, őŕàěďěńïěňőň äőàňãńőľ (85), áŕàăćěďńĺćë áńěďãîéĺě őæěŋłĺ ‖u^T − u^{δ,α}‖_S (z, t) ≤ C_2 ~σ(δ, S_0, S, M_0), ‖u^T_t − u^{δ,α}_t ‖_S (z, t) ≤ C_2 ~σ(δ, S_0, S, M_0), ‖q^T − q^{δ,α}‖_S (z) ≤ 3C_2 S_0 − S ~σ(δ, S_0, S, M_0), (z, t) ∈ F (S), ć łőâőàëå ~σ(δ, S_0, S, M_0) ğăďăñâáï àăćěŋáâćőň (86).

Ńĺâěàăâãàă.

1. Řőňăŋőć Ć.Č. Ő ńőłăńìŋőľ àăğàěèĺňőáâĺ ŋěłőâőàëå ňŋőčőňěàŋëå őąàăâŋëå ğăďăç ďńï ãàăćŋěŋĺľ čĺŕěàąőńĺçěáłőčő âĺŕă.// Ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. 1989. â.25, ü 2. Ś. 275{282.

2. Řőňăŋőć Ć.Č. Ćőŕàőáë łőààěłâŋőáâĺ ğăďăçĺ őŕàěďěńěŋĺï áłőàőáâĺ ğćãłă.// Śĺą. ňăâ. ęãàŋ. 1989. â.30, ü 4. Ś.125{134.

3. Łãàăŋâ Ř. Şàăćŋěŋĺï á çăáâŋëňĺ ŕàőĺğćőďŋëňĺ. Ň: Ňĺà, 1964. 830 á.

4. Ŋĺàěŋąěàč Ń. Ńěłæĺĺ ŕő ŋěńĺŋěľŋőňã äãŋłæĺőŋăńìŋőňã ăŋăńĺğã. Ň: Ňĺà, 1977. 232 á.

5. Řőňăŋőć Ć.Č., Ďěňěŋâìěćă Ŋ.Ć. Ńőłăńìŋăï àăğàěèĺňőáâì ĺ àěčãńïàĺğăæĺï őąàăâŋőľ ğăďăçĺ ďńï âěńěčàăäŋőčő ãàăćŋěŋĺï ć æĺńĺŋďàĺçěáłőľ őąńăáâĺ.// Ňăâ. ăŋăńĺğ ĺ ďĺáłà. ňăâ-łă. Ňěęćãğ. áą. ŋăçŋ. âà. Ŋőćőáĺąĺàáł: Ŋőćőáĺą. ãŋ-â. 1988. C. 72{89.

6. Ďěňěŋâìěćă Ŋ.Ć. Ńőłăńìŋăï àăğàěèĺňőáâì őąàăâŋőľ ğăďăçĺ ďńï ãàăćŋěŋĺï čĺŕěàąőńĺçěáłőčő âĺŕă ć ďĺćěàčěŋâŋőň ćĺďě.// Ďěŕ. ć ĆĹŊĹŠĹ ü 2808-Ć 93. Řěď. \Śĺą. ňăâ. ęãàŋ.".

7. Ćńăďĺňĺàőć Ć.Ś. Şàăćŋěŋĺï ňăâěňăâĺçěáłőľ äĺğĺłĺ. Ň.: Ŋăãłă, 1981. 512 á.

Ďěňěŋâìěćă Ŋaâăńìï Ćńăďĺňĺàőćŋă

Ńőłăńìŋăï àăğàěèĺňőáâì ĺ àěčãńïàĺğăæĺï ňŋőčőňěàŋőľ őąàăâŋőľ ğăďăçĺ ďńï ŋěłőâőàőčő łńăááă ŋěńĺŋěľŋëå čĺŕěàąőńĺçěáłĺå ãàăćŋěŋĺľ.

Ŕàěŕàĺŋâ ü 53

Ŕőďŕĺáăŋő ć ŕěçăâì Ťőàňăâ 60×84 1/8. Ŕěçăâì őäáěâŋăï.

Şáń. ŕěç. ń. 4,6. Şç.-ĺğď. 1,6. Šĺàăę 115 íłğ. Ğăłăğ ü .

Ńĺæěŋğĺï ŃŘ ü 065614 őâ 8 ïŋćăàï 1998 č.

Ĺğďăâěńìáâćő ĹŇ ŚŐ ŘĂŊ.

630090 Ŋőćőáĺąĺàáł, ŕà. Ăłăďěňĺłă Łőŕâîčă, 4.

Ńĺæěŋğĺï ŔŃĎ ü 57{43 őâ 22 ăŕàěńï 1998 č. Őâŕěçăâăŋő ŋă ŕőńĺčàăäĺçěáłőň ãçăáâłě ĹŇ ŚŐ ŘĂŊ.

630090 Ŋőćőáĺąĺàáł, ŕà. Ăłăďěňĺłă Łőŕâîčă, 4.