ŠŘŞĎŻ ĹŊŚŠĹŠŞŠĂ ŇĂŠĚŇĂŠĹŁĹ Ĺ ŇĚŢĂŊĹŁĹ ŞàŐ ŘĂŊ

Šőň 5 1998

ŞĎŁ 517.518.837

ŠŐŮŊŐĚ ŊĚŘĂĆĚŊŚŠĆŐ ĎĘĚŁŚŐŊĂ – ŚŠĚŮŁĹŊĂ Ć ŔŘŐŚŠŘĂŊŚŠĆĚ L^2(R^m)^1

Ă. Č. Ąăąěŋłő

Ŕőńãçěŋő âőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă – Śâěçłĺŋă ć ŕàőáâàăŋáâćě L^2(Rm) ňěęďã ŋăĺńãçèĺň ŕàĺąńĺęěŋĺěň äãŋłæĺĺ æěńëňĺ äãŋłæĺïňĺ ğăďăŋŋőčő íłáŕőŋěŋæĺăńìŋőčő áäěàĺçěáłőčő âĺŕă ĺ áäěàĺçěáłĺň ňőďãńěň ŋěŕàěàëćŋőáâĺ äãŋłæĺĺ ćěéěáâćěŋŋőčő ŕőàïďłă r ˘ 1; ãáâăŋőćńěŋë őæěŋłĺ áćěàåã ĺ áŋĺğã (őâńĺçăîéĺěáï ďàãč őâ ďàãčă ć ďćă àăğă) ďńï ŋăĺňěŋìèěčő ğŋăçěŋĺï ăàčãňěŋâă ňőďãńï ŋěŕàěàëćŋőáâĺ, ŋăçĺŋăï á łőâőàőčő âőçŋăï łőŋáâăŋâă ć ŋěàăćěŋáâćě Ďęěłáőŋă – Śâěçłĺŋă ćëåőďĺâ ŋă áćőľ ňĺŋĺňãň.

Ććěďěŋĺě. Ţőàőèő ĺğćěáâŋő ŋěàăćěŋáâćő Ďęěłáőŋă [1] E_n(f)_C ≤ Kω ( f, 1 n ) C , f ∈ C(T), ć ŕàőáâàăŋáâćě C2π ćěéěáâćěŋŋëå ŋěŕàěàëćŋëå 2π-ŕěàĺőďĺçěáłĺå äãŋłæĺľ ĺńĺ, âőęě áăňőě, ć ŕàőáâàăŋáâćě C(T) ŋěŕàěàëćŋëå ćěéěáâćěŋŋëå äãŋłæĺľ ŋă őďŋőňěàŋőň âőàě Tňěęďã àăćŋőňěàŋëň ŕàĺąńĺęěŋĺěň äãŋłæĺĺ f ∈ C(T) âàĺčőŋőňěâàĺçěáłĺňĺ ŕőńĺŋőňăňĺ áâěŕěŋĺ n ĺ ěě àăćŋőňěàŋëň ňőďãńěň ŋěŕàěàëćŋőáâĺ ŕěàćőčő ŕőàïďłă á łőŋěçŋőľ łőŋáâăŋâőľ K, ŋě ğăćĺáïéěľ ŋĺ őâ f, ŋĺ őâ n. İâőâ àěğãńìâăâ ąëń ŕěàěŋěáěŋ ŋă áńãçăľ áâăàèĺå ňőďãńěľ ŋěŕàěàëćŋőáâĺ ŕőàïďłă r = 2, 3 . . . (Ŋ.Ĺ.Ăåĺěğěà [2, áâà.

217, 190] – áńãçăľ r = 2, Ś.Ą.Śâěçłĺŋ [3] – őąéĺľ áńãçăľ) ĺ ŋă áńãçăľ

äãŋłæĺľ ňŋőčĺå ŕěàěňěŋŋëå (áň. [4], [5]). Ŕěàćëľ âőçŋëľ àěğãńìâăâ ć ŋěàăćěŋáâćě Ďęěłáőŋă ãáâăŋőćĺń Ŋ.Ŕ.Łőàŋěľçãł [6] ć ŕàőáâàăŋáâćě C(T) (á ŕěàćëň ňőďãńěň ŋěŕàěàëćŋőáâĺ). Ŋ.Ĺ.Ůěàŋëå [7], [8] ŋăèěń âőçŋãî łőŋáâăŋâã ć ŋěàăćěŋáâćě Ďęěłáőŋă – Śâěçłĺŋă ć ŕàőáâàăŋáâćě L^2(T) (á ňőďãńěň ŋěŕàěàëćŋőáâĺ ŕőàïďłă r = 1, 2, 3 . . .).

Ć ŋăáâőïéěě ćàěňï ĺňěěâáï àïď âőçŋëå àěğãńìâăâőć ć íâőň ŋăŕàăćńěŋĺĺ, łăł ďńï ŕàőáâàăŋáâć äãŋłæĺľ őďŋőľ ŕěàěňěŋŋőľ, âăł ĺ ďńï ŕàőáâàăŋáâć äãŋłæĺľ ŋěáłőńìłĺå ŕěàěňěŋŋëå. Ąőńěě ŕőďàőąŋő ĺáâőàĺï íâőčő ćőŕàőáă ĺğńőęěŋă ć àăąőâě ăćâőàă [9]. Ĺáâőàĺçěáłĺě áćěďěŋĺï, őâŋőáïéĺěáï ŋěŕőáàěďáâćěŋŋő ł âěňě ĺááńěďőćăŋĺï ďăŋŋőľ àăąőâë, ąãďãâ ŕàĺćěďěŋë ŋĺęě. Şŕőňïŋěň áěľçăá ńĺèì àăąőâã Ć.Ă.đďĺŋă [10], ć łőâőàőľ ďőłăğăŋő âőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă ňěęďã ŋăĺńãçèĺň áàěďŋěłćăďàăâĺçŋëň ŕàĺąńĺęěŋĺěň äãŋłæĺĺ ŋă ňŋőčőňěàŋőň âőàě T^m, m ≥ 2, âàĺčőŋőňěâàĺçěáłĺňĺ ŕőńĺŋőňăňĺ ğăďăŋŋőčő áäěàĺçěáłőčő ŕőàïďłă ĺ ěě łńăááĺçěáłĺň ňőďãńěň ŋěŕàěàëćŋőáâĺ ŕěàćőčő ŕőàïďłă őŕàěďěńïěňőčő á ŕőňőéìî ćëŕãłńőčő, ğăňłŋãâőčő, æěŋâàăńìŋő áĺňňěâàĺçŋőčő âěńă. Ŕàĺ ďőłăğăâěńìáâćě íâőčő ŋěàăćěŋáâćă őŋ, äăłâĺçěáłĺ, ŕőńãçĺń àőďáâćěŋŋëľ àěğãńìâăâ ć ŕàőáâàăŋáâćě L^2(R^m).

1Řăąőâă ćëŕőńŋěŋă ŕàĺ äĺŋăŋáőćőľ ŕőďďěàęłě Řőááĺľáłőčő äőŋďă äãŋďăňěŋâăńìŋëå ĺááńěďőćăŋĺľ, čàăŋâë N 96-01-00121, N 96-01-00122

Ć ďăŋŋőľ àăąőâě ŋă őáŋőćě ňěâőďőć Ŋ.Ĺ.Ůěàŋëåă, Ć.Ă.đďĺŋă, á ĺáŕőńìğőćăŋĺěň áåěňë àăąőâë ăćâőàă [9], ŋăľďěŋă ŋăĺňěŋìèăï łőŋáâăŋâă ć ŋěàăćěŋáâćě Ďęěłáőŋă – Śâěçłĺŋă ďńï ŋăĺńãçèĺå áäěàĺçěáłĺå áàěďŋěłćăďàăâĺçŋëå ŕàĺąńĺęěŋĺľ äãŋłæĺľ, ğăďăŋŋëå ŋă ćěéěáâćěŋŋőň ěćłńĺďőćőň ŕàőáâàăŋáâćě R^m, m ≥ 1, æěńëňĺ äãŋłæĺïňĺ ğăďăŋŋőčő íłáŕőŋěŋæĺăńìŋőčő áäěàĺçěáłőčő âĺŕă ć âěàňĺŋăå áäěàĺçěáłőčő ňőďãńï ŋěŕàěàëćŋőáâĺ ćěéěáâćěŋŋőčő ŕőàïďłă r ≥ 1.

1. Ŕőáâăŋőćłă ğăďăçĺ. Ĺáâőàĺï ćőŕàőáă. Ć ďăŋŋőľ àăąőâě ŋă őáŋőćě ŕőŋïâĺï áäěàĺçěáłőčő áďćĺčă ĺńĺ, çâő âő ęě áăňőě, áäěàĺçěáłőčő áàěďŋěčő (áň. [11, čń. 1, 4]) ŕő áåěňě Čàîŋćăńìďă – Ńěâŋĺłőćă (áň. [12, § 20]) őŕàěďěńïěâáï àăğŋőáâŋëľ őŕěàăâőà ŕőàïďłă r > 0 (ŋěőąïğăâěńìŋő æěńőčő) á èăčőň t ∈ R, ă á ŕőňőéìî ŋěčő – áőőâćěâáâćãîéĺľ ňőďãńì ŋěŕàěàëćŋőáâĺ łőňŕńěłáŋőľ äãŋłæĺĺ f ∈ L^2(R^m), ć âěàňĺŋăå łőâőàőčő ğăâěň áâăćĺâáï ğăďăçă ő âőçŋőľ łőŋáâăŋâě ć ŋěàăćěŋáâćě Ďęěłáőŋă – Śâěçłĺŋă ďńï ŋăĺńãçèĺå ŕàĺąńĺęěŋĺľ ć ŕàőáâàăŋáâćě L^2(R^m) łńăááőň Wσ æěńëå äãŋłæĺľ ĺğ L^2(R^m) íłáŕőŋěŋæĺăńìŋőčő áäěàĺçěáłőčő âĺŕă σ > 0. Ś ŕőňőéìî ĺğćěáâŋëå àăááãęďěŋĺľ, łőâőàëě ĺáŕőńìğőćăńĺáì, ł ŕàĺňěàã, Ć.đ.Ŕőŕőćëň ć àăąőâăå [13] – [15], ãłăğăŋŋăï ćëèě ňŋőčőňěàŋăï ğăďăçă áćőďĺâáï (áň. ŕãŋłâ 2 ŋĺęě) ł őďŋőňěàŋőľ ğăďăçě, ć áćőî őçěàěďì, ŕőáńěďŋïï ğăďăçă íłćĺćăńěŋâŋă (áň. ŕãŋłâ 3 ŋĺęě) ğăďăçě ő âőçŋőň ŋěàăćěŋáâćě Ďęěłáőŋă – Śâěçłĺŋă ć ŕàőáâàăŋáâćě L^2(R+, x^{m−1}) ćěéěáâćěŋŋëå ĺğňěàĺňëå äãŋłæĺľ ŋă ŕőńãőáĺ R+, áãňňĺàãěňëå á łćăďàăâőň á ćěáőň x^{m−1}.

Ĺâăł, ŕãáâì L^2 = L^2(R^m) ěáâì čĺńìąěàâőćő ŕàőáâàăŋáâćő łőňŕńěłáŋëå äãŋłæĺľ ŋă R^m á őąëçŋëň áłăńïàŋëň ŕàőĺğćěďěŋĺěň ĺ ŋőàňőľ (f, g) = ∫ Rm^{f(x)ḡ(x) dx , ‖f‖ =} √ (f, f) . Ć ďăńìŋěľèěň ňë ąãďěň çăáâő ĺáŕőńìğőćăâì ŕàěőąàăğőćăŋĺě Ťãàìě äãŋłæĺĺ f ∈ L^2, őŕàěďěńĺć ěčő áâăŋďăàâŋëň őąàăğőň äőàňãńőľ (áň. [16]) ^f(y) = 1 (2π)^{m/2} ∫ Rm^{f(x)e−ix·ydx,} ğďěáì x · y =^{m∑}_{k=1} xkyk – áłăńïàŋőě ŕàőĺğćěďěŋĺě ćěłâőàőć x, y ĺğ R^m.

Ťãŋłæĺî f ∈ L^2 ňőęŋő ćëàăğĺâì çěàěğ ěě ŕàěőąàăğőćăŋĺě Ťãàìě^^f ŕő äőàňãńě f(x) = 1 (2π)^{m/2} ∫ Rm^{^f (y)eix·ydy. (1)} Ďńï ŕàěőąàăğőćăŋĺľ Ťãàìě ć ŕàőáâàăŋáâćě L^2 ĺňěěâ ňěáâő äőàňãńă Ŕńăŋèěàěńï (f, g) = ( ^f, ^g) , f, g ∈ L^2. (2) Őąőğŋăçĺň çěàěğ Wσ łńăáá æěńëå äãŋłæĺľ íłáŕőŋěŋæĺăńìŋőčő áäěàĺçěáłőčő âĺŕă σ > 0, ŕàĺŋăďńěęăéĺå ŕàőáâàăŋáâćã L^2 (áň. [5, § 3.2.6],

[17, čń. 3, § 4], [18]). Łńăáá W_σ áőáâőĺâ ĺğ äãŋłæĺľ g ∈ L^2, ŋőáĺ-

âěńì supp ^g ŕàěőąàăğőćăŋĺï Ťãàìě łőâőàëå ńěęĺâ ć ěćłńĺďőćőň èăàě

Šőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă – Śâěçłĺŋă 3

B^m_σ = {x ∈ R^m : |x| =^√x · x ≤ σ} àăďĺãáă σ > 0 á æěŋâàőň ć ŋăçăńě łő-

őàďĺŋăâ ŕàőáâàăŋáâćă R^m. Ŋăĺńãçèĺň ŕàĺąńĺęěŋĺěň äãŋłæĺĺ f ĺğ L^2 łńăááőň Wσ ŋăğëćăěâáï ćěńĺçĺŋă E_σ(f) = inf{‖f − g‖ : g ∈ W_σ}. Śäěàĺçěáłĺľ áďćĺč á èăčőň t ∈ R ĺńĺ, çâő âő ęě áăňőě, áäěàĺçěáłőě áàěďŋěě (áň. [11, čń. 4, áâà. 72]) ěáâì őŕěàăâőà st, ďěľáâćãîéĺľ ŕő ŕàăćĺńã s_tf(x) = 1 | S^{m−1} | ∫ Sm�1^{f(x + tξ)dξ, (3)} čďě S^{m−1} = {x ∈ R^m : |x| = 1} – ěďĺŋĺçŋăï ěćłńĺďőćă áäěàă ć R^m, ă | S^{m−1} | – ŕńőéăďì ěě ŕőćěàåŋőáâĺ. Ć áńãçăě m = 1 ěďĺŋĺçŋăï áäěàă S^0

áőáâőĺâ ĺğ ďćãå âőçěł −1, 1 ĺ ŕőď ěě ňěàőľ ňë ŕőŋĺňăěň çĺáńő 2. Šăłĺň őąàăğőň, őŕěàăâőà st ć íâőň áńãçăě ŕàĺőąàěâăěâ ćĺď stf(x) =^1_2 {f(x −

t) + f(x + t)}. Ĺğćěáâŋő, çâő ŋőàňă őŕěàăâőàă s_t, łăł őŕěàăâőàă ĺğ L^2(R^m)

ć L^2(R^m), àăćŋă ěďĺŋĺæě (áň., ŋăŕàĺňěà, äőàňãńã (27) ŋĺęě). Ŕőíâőňã ňőęŋő ŕàĺňěŋĺâì łőŋáâàãłæĺî Čàîŋćăńìďă – Ńěâŋĺłőćă (áň. [12, § 20]) ďńï ŕőáâàőěŋĺï àăğŋőáâŋőčő őŕěàăâőàă ŕőàïďłă r > 0 (ŋě őąïğăâěńìŋő æěńőčő). Ă ĺňěŋŋő, àăğŋőáâŋëň őŕěàăâőàőň ŕőàïďłă r > 0 á èăčőň t ∈ R ŋăğëćăěâáï őŕěàăâőà

Δ^r_t = (I − s_t)^{r/2} = ∞∑ k=0 (−1)^k ( r/2 k ) s^k_t , (4)

čďě I ěáâì âőęďěáâćěŋŋëľ őŕěàăâőà ĺ s^0_t = I. Ďńï äãŋłæĺĺ f ∈ L^2 ěě ňőďãńěň ŋěŕàěàëćŋőáâĺ ŕőàïďłă r > 0 ŋăğëćăěâáï áńěďãîéăï äãŋłæĺï ăàčãňěŋâă τ ≥ 0_ω r(f, τ) = sup_{|t|≤τ} ‖Δ^r_t f‖. Ďńï äãŋłæĺľ, ğăďăŋŋëå ŋă ňŋőčőňěàŋőľ áäěàě áőőâćěâáâćãîéĺě àăğŋőáâŋëě őŕěàăâőàë ĺ ňőďãńĺ ŋěŕàěàëćŋőáâĺ ďàőąŋőčő ŕőàïďłă àăááňăâàĺćăń Ţ.Ŕ.Řãáâăňőć [19].

Ć ďăŋŋőľ àăąőâě ĺğãçăěâáï ğăďăçă ő âőçŋőľ łőŋáâăŋâě K = Kσ(τ, r, m),

σ > 0, τ > 0, r > 0, m ≥ 1 ć ŋěàăćěŋáâćě Ďęěłáőŋă – Śâěçłĺŋă E_σ(f) ≤ Kω_r ( f, τ σ ) , f ∈ L^2(R^m). (5)

Ŋăĺňěŋìèãî łőŋáâăŋâã ć íâőň ŋěàăćěŋáâćě ňőęŋő ŕàěďáâăćĺâì ć ćĺďě K_σ(τ, r, m) = sup { E_σ(f) ω_r ( f,^τ_σ ) : f ∈ L^2(R^m), f ≢ 0 } . (6)

Ŋěâàãďŋő ŕőłăğăâì, çâő ćěńĺçĺŋă Kσ(τ, r, m) ŋě ğăćĺáĺâ őâ σ; ć áńěďãîéěň ŕãŋłâě ąãďěâ ďăŋő łàăâłőě ďőłăğăâěńìáâćő íâőčő ãâćěàęďěŋĺï.

Ŕěàěľďěň ł ĺğńőęěŋĺî ĺğćěáâŋëå àěğãńìâăâőć, őâŋőáïéĺåáï ł ğăďăçě ő âőçŋőľ łőŋáâăŋâě (6) ć ŋěàăćěŋáâćě (5). Ăćâőàë ŕàĺćőďĺňëå ŋĺęě

4 Ă. Č. Ąăąěŋłő

àěğãńìâăâőć ŕàĺňěŋïîâ ďàãčĺě ňőďãńĺ ŋěŕàěàëćŋőáâĺ, ŋő ŕàĺ ďőłăğăâěńìáâćě őŋĺ ŕěàěåőďïâ ł ğăďăçăň, łőâőàëě ćőğŋĺłăîâ ĺ ć ďăŋŋőľ àăąőâě. Ňë ŕàĺćěďěň ãłăğăŋŋëě àěğãńìâăâë ć ŕàĺŋïâëå ğďěáì őąőğŋăçěŋĺïå.

Ŋăçŋěň á őďŋőňěàŋőčő áńãçăï. Ĺ.Ĺ.Ĺąàăčĺňőć ĺ Ť.Č.Ŋăáĺąőć [22] ŕőńãçĺńĺ âăłőě ãâćěàęďěŋĺě

Šěőàěňă A ([22]). Ďńï ŕàőĺğćőńìŋőčő σ > 0 ĺ ńîąőľ äãŋłæĺĺ f ∈

L^2(R), f ≢ 0, áŕàăćěďńĺćë ŋěàăćěŋáâćă

E_σ(f) < ω_1 ( f, π σ ) , (7)

E_σ(f) < ω_2 ( f, π σ ) . (8)

Śńěďãîéĺľ àěğãńìâăâ ąëń ŋěğăćĺáĺňő őâ ŕàěďëďãéěčő ďőłăğăŋ Ć. đ. Ŕőŕőćëň [23].

Šěőàěňă B ([23]). Ŕãáâì σ > 0. Šőčďă ďńï łăęďőľ ŋěŋãńěćőľ äãŋłæĺĺ f ∈ L^2(R) ćëŕőńŋïîâáï ŋěàăćěŋáâćă

E_σ(f) < ω_1 ( f, τ σ ) , τ ≥ π, (9)

E_σ(f) < 2_r ( 2r r )_{−1} ω_r ( f, τ σ ) , τ ≥ 2π, r = 2, 3, 4, . . . (10) İâĺ ŋěàăćěŋáâćă ïćńïîâáï âőçŋëňĺ, â.ě. ďńï ćěńĺçĺŋë (6) ć őďŋőňěàŋőň áńãçăě (m = 1) áŕàăćěďńĺćë àăćěŋáâćă

K_σ(τ, 1, 1) = 1 ŕàĺ τ ≥ π; (11)

K_σ(τ, r, 1) = 2_r ( 2r r )_{−1} ŕàĺ τ ≥ 2π, r = 2, 3, 4, . . . (12)

Ňőęŋő ãâćěàęďăâì, çâő

K_σ(τ, 1, 1) > 1 ŕàĺ 0 < τ < π. (13)

İâőâ äăłâ áńěďãěâ ĺğ àěğãńìâăâőć Ŋ.Ĺ.Ůěàŋëåă [7], [20] ő ŋăľňěŋìèěň ğŋăçěŋĺĺ ăàčãňěŋâă ňőďãńï ŋěŕàěàëćŋőáâĺ (ŕěàćőčő ŕőàïďłă), ŋăçĺŋăï á łőâőàőčő âőçŋăï łőŋáâăŋâă ć ŋěàăćěŋáâćě Ďęěłáőŋă ć ŕàőáâàăŋáâćě L^2(T) ćëåőďĺâ ŋă áćőľ ňĺŋĺňãň. Şâćěàęďěŋĺě (13) ćëâěłăěâ âăłęě ĺğ ąőńěě ŕőğďŋěčő àěğãńìâăâă Ńőčăŋă [21].

Ŕěàěľďěň ł ňŋőčőňěàŋőňã áńãçăî. Ć.đ.Ŕőŕőć [13] ďőłăğăń, çâő K_σ(τ, 1, m) = 1, σ > 0, τ ≥ 2π, m = 2, 3. (14) Łăł ãęě ąëńő őâňěçěŋő ćëèě, Ć.Ă.đďĺŋ [10] ãáâăŋőćĺń âőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă ňěęďã ŋăĺńãçèĺň áàěďŋěłćăďàăâĺçŋëň ŕàĺąńĺęěŋĺěň äãŋłæĺĺ ŋă ňŋőčőňěàŋőň âőàě T^m, m ≥ 2, âàĺčőŋőňěâàĺçěáłĺňĺ ŕőńĺŋőňăňĺ ğăďăŋŋőčő áäěàĺçěáłőčő ŕőàïďłă ĺ ěě łńăááĺçěáłĺň ňőďãńěň ŋěŕàěàëćŋőáâĺ ŕěàćőčő ŕőàïďłă őŕàěďěńïěňőčő á ŕőňőéìî ćëŕãłńőčő, ğăňłŋãâőčő, æěŋâàăńìŋő áĺňňěâàĺçŋőčő âěńă. Ŕàĺ ďőłăğăâěńìáâćě íâőčő ŋěàăćěŋáâćă őŋ, äăłâĺçěáłĺ, ŕőńãçĺń àőďáâćěŋŋëľ àěğãńìâăâ ć ŕàőáâàăŋáâćě L^2(R^m). Ć çăáâŋőň áńãçăě łőčďă ãłăğăŋŋőě ćëèě âěńő ïćńïěâáï ěćłńĺďőćëň èăàőň, ĺğ àěğãńìâăâă Ć.Ă.đďĺŋă ňőęŋő ćëćěáâĺ àăćěŋáâćő K_σ(τ, 1, m) = 1, σ > 0, τ ≥ 2τ_{(m−2)/2}, m = 2, 3, 4, . . ., (15) čďě τν – ŕěàćëľ ŕőńőęĺâěńìŋëľ ŋãńì äãŋłæĺĺ Ąěááěńï Jν ĺŋďěłáă ν (áň. äőàňãńã (19) ŋĺęě). Śőąáâćěŋŋő ŕőŋĺňăŋĺě âőčő, łăł ãłăğăŋŋëľ ćëćőď ňőęŋő őáãéěáâćĺâì, ŕőğćőńĺńő ăćâőàã ďăŋŋőľ àăąőâë ŕőńãçĺâì őæěŋłã K_σ(τ, r, m) ≤ 1, σ > 0, τ ≥ 2τ_{(m−2)/2}, r ≥ 1, m = 2, 3, 4, . . ., (16) łőâőàăï ćňěáâě á őæěŋłőľ áŋĺğã K_σ(τ, r, m) ≥ 1, σ > 0, τ > 0, r > 0, m = 2, 3, 4, . . ., (17) ćëâěłăîéěľ ĺğ àěğãńìâăâă Ć.Ć.Ăàěáâőćă [24, ŕ. 3], [9, ńěňňă 4.2], ćńěçěâ àěèěŋĺě ğăďăçĺ (6) ŕàĺ ŋăńőęěŋŋëå ć (16) őčàăŋĺçěŋĺïå, ă ĺňěŋŋő, çâő K_σ(τ, r, m) = 1, σ > 0, τ ≥ 2τ_{(m−2)/2}, r ≥ 1, m = 2, 3, 4, . . . (18) İâő ãâćěàęďěŋĺě ĺ ïćńïěâáï őáŋőćŋëň àěğãńìâăâőň ŋăáâőïéěľ àăąőâë.

Őâňěâĺň ěéě, çâő ĺğ àăąőâ [13] – [15] áńěďãěâ àěèěŋĺě ğăďăçĺ (6) ő ćëçĺáńěŋĺĺ ćěńĺçĺŋë Kσ(τ, r, m) ďńï σ > 0, r > 0, m = 2, 3, 4, . . ., ŕàĺ ”ňăńëå” τ. Ŕőďàőąŋěě, ŕãáâì ν = (m − 2)/2, m = 2, 3, 4, . . ., ňĺŋĺňăńìŋőě ŕőńőęĺâěńìŋőě ğŋăçěŋĺě ăàčãňěŋâă ŋőàňĺàőćăŋŋőľ äãŋłæĺĺ Ąěááěńï jν (áň. äőàňãńë (20), (19) ŋĺęě), ŕàĺ łőâőàőň őŋă ďőáâĺčăěâ ńőłăńìŋőčő ňĺŋĺňãňă, őąőğŋăçĺň çěàěğ hν, ă ňĺŋĺňăńìŋőě ŕőńőęĺâěńìŋőě ğŋăçěŋĺě ăàčãňěŋâă äãŋłæĺĺ jν, ŕàĺ łőâőàőň ďőáâĺčăěâáï ěě ńőłăńìŋëľ ňăłáĺňãň, őąőğŋăçĺň çěàěğ tν . Ěďĺŋáâćěŋŋëľ łőàěŋì ãàăćŋěŋĺï jν(u) = jν(tν ), u ∈ (0, hν), őąőğŋăçĺň çěàěğ aν. Šőčďă ďńï ńîąëå

σ > 0, τ ∈ (0, a_ν], r > 0, m ≥ 2 ĺňěěâ ňěáâő àăćěŋáâćő K^2_σ(τ, r, m) = {1 − j_ν(τ)}^{−r}. Ć őďŋőňěàŋőň áńãçăě (m = 1) ł ŋăáâőïéěňã ćàěňěŋĺ ŋěâ ŋĺ őďŋőľ âőçłĺ ĺğ őąńăáâĺ 0 < τ < π, σ > 0, r > 0, ŕàĺ łőâőàőľ ąëńă ąë ŋăľďěŋă ćěńĺçĺŋă Kσ(τ, r, 1). 2. Řěďãłæĺï ł őďŋőňěàŋőľ ğăďăçě ďńï äãŋłæĺľ Ąěááěńï. Ťãŋłæĺï Ąěááěńï ĺŋďěłáă ν őŕàěďěńïěâáï âăł (áň. áâà. 51, äőàňãńă (8) ć [25], áâà. 12, äőàňãńă (2) ć [26])

J_ν (z) = ( z 2 )_{ν ∞}∑ k=0 (−1)^k

Γ(k + 1)Γ(k + ν + 1) ( z 2 )_{2k} . (19)

Ŋőàňĺàőćăŋŋőľ äãŋłæĺěľ Ąěááěńï ĺŋďěłáă ν ŋăğëćăěâáï äãŋłæĺï

j_ν(z) = Γ(ν + 1) ( 2 z )_ν J_ν (z). (20)

6 Ă. Č. Ąăąěŋłő

Łăł ĺğćěáâŋő (áň. [25]; § 7.3, áâà. 23, äőàňãńă (4) ĺ § 7.13, áâà. 98, äőàňãńă (3) ć [26]), őŋă őąńăďăěâ áńěďãîéĺňĺ áćőľáâćăňĺ |j_ν(t)| ≤ j_ν (0) = 1, ν ≥ − 1 2 , t ∈ R, (21)

lim_{u→∞} j_ν(u) = 0, ν > − 1 2 . (22)

Ŕàĺćěďěň ďćă ćăęŋëå ŕàĺňěàă âăłĺå äãŋłæĺľ

j_− 1_2 (t) = cos t, j 1_2 (t) = 1 t sin t. Ś ŕőňőéìî äőàňãńë Ŕńăŋèěàěńï (2) ŋěâàãďŋő ãąěďĺâáï, çâő ćěńĺçĺŋă ŋăĺńãçèěčő ŕàĺąńĺęěŋĺï äãŋłæĺĺ f ∈ L^2(R^m) łńăááőň Wσ ćëàăęăěâáï çěàěğ ŕàěőąàăğőćăŋĺě Ťãàìě^^f äãŋłæĺĺ f äőàňãńőľ

E^2_σ(f) = ∫ |y|≥σ | ^f(y)|^2dy. (23) Ğăäĺłáĺàãěň ŕàőĺğćőńìŋëľ ćěłâőà y ∈ R^m ĺ ŕőńőęĺň ey(x) =

e^{ix·y}, x ∈ R^m. Ĺğćěáâŋő (áň. čń. 4, áâà. 72, äőàňãńë (4.1)–(4.4) ć [11]),

çâő őŕěàăâőà st áäěàĺçěáłőčő áďćĺčă á èăčőň t ∈ R (áň. (3)) ďěľáâćãěâ ŋă äãŋłæĺî ey áńěďãîéĺň őąàăğőň

s_te_y(x) = 1 |S^{m−1}| ∫ Sm�1^{ei(x+tξ)·ydξ =} = e^{ix·y} |S^{m−1}| ∫ Sm�1^{eitξ·ydξ = j m�22 (t|y|)ey(x). (24)} Ŋă ŕőáńěďŋěň èăčě ć (24) ňë ćőáŕőńìğőćăńĺáì ĺğćěáâŋëňĺ áőőâŋőèěŋĺïňĺ ďńï ãáàěďŋěŋĺï íłáŕőŋěŋâë ŕő áäěàě (áň. [11, čń. 1, áâà. 15–16], [16],

[27, čń. 3, § 8], [13]). Šăłĺň őąàăğőň, ďńï äãŋłæĺĺ s_te_y ĺňěěň, őłőŋçăâěńì-

ŋő, äőàňãńã s_te^{ix·y} = j m�2_2 (t|y|)e^{ix·y}, t ≥ 0, x, y ∈ R^m. (25) Ŕàĺňěŋĺć k àăğ ł őąěĺň çăáâïň àăćěŋáâćă (1) őŕěàăâőà áäěàĺçěáłőčő áďćĺčă ĺ ćőáŕőńìğőćăćèĺáì áőőâŋőèěŋĺěň (25), ŕőńãçĺň

s^k_t f(x) = 1 (2π)^{m/2} ∫ Rm^{^f(y) (skt eix·y) dy =} = 1 (2π)^{m/2} ∫ Rm^{jkm�22 (t|y|) ^f(y)eix·ydy, k = 0, 1, 2, . . . (26)} İâő áőőâŋőèěŋĺě ć áĺńã áćőľáâćă (21), ćńěçěâ àăćěŋáâćő ěďĺŋĺæě ŋőàňë őŕěàăâőàă s^k_t (łăł őŕěàăâőàă ĺğ L^2(R^m) ć L^2(R^m)) ŕàĺ ńîąëå t ∈ R, k =

1, 2, . . .; ć çăáâŋőáâĺ (ŕàĺ k = 1) ĺňěěň

‖s_t‖ = 1, t ∈ R. (27)

Šőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă – Śâěçłĺŋă 7

Ĺáåőďï ĺğ őŕàěďěńěŋĺï (4) àăğŋőáâŋőčő őŕěàăâőàă, á ŕőňőéìî äőàňãńë (26) ŕőńãçĺň ŕàěďáâăćńěŋĺě

Δ^r_t f(x) = 1 (2π)^{m/2} ∫ Rm { 1 − j m�2_2 (t|y|) } r_2 ^f(y)e^{ix·y}dy, f ∈ L^2(R^m), (28) ďńï ńîąëå t ∈ R, r > 0, m ≥ 1. Őâáîďă ć áĺńã äőàňãńë Ŕńăŋèěàěńï áńěďãěâ, çâő

‖Δ^r_t f‖^2 = ∫ Rm { 1 − j m�2_2 (t|y|) }_r | ^f(y)|^2dy. (29) Ťőàňãńë (29) ĺ (23) áćőďïâ ňŋőčőňěàŋãî ğăďăçã (6) ł őďŋőňěàŋőľ íłáâàěňăńìŋőľ ğăďăçě ő âőçŋőľ łőŋáâăŋâě C = Cσ(τ, r, ν) ć ŋěàăćěŋáâćě ∞∫ σ F (u)du ≤ C · sup_{0≤t≤τ/σ} ∞∫ 0 {1 − j_ν (tu)}^rF (u)du (30) ŕàĺ σ > 0, τ > 0, r > 0, ν = (m−2)/2 ŋă ňŋőęěáâćě ćáěå ŋěőâàĺæăâěńìŋëå äãŋłæĺľ F ∈ L(R+) (ćěàåŋïï čàăŋì ŕő ňŋőęěáâćã |t| ≤ τ/σ ć ŕàăćőľ çăáâĺ (30) ğăňěŋěŋă ŋă ćěàåŋîî čàăŋì ŕő ňŋőęěáâćã 0 ≤ t ≤ τ/σ ĺáåőďï ĺğ áćőľáâćă çěâŋőáâĺ ŋőàňĺàőćăŋŋőľ äãŋłæĺĺ Ąěááěńï jν). Ďńï âőçŋőľ łőŋáâăŋâë Cσ(τ, r, ν) ć ŋěàăćěŋáâćě (30) áŕàăćěďńĺćă äőàňãńă

C_σ(τ, r, ν) = sup F ∈ F^+(σ)

∞∫ σ F (u)du

sup 0≤t≤τ/σ ∞∫ σ {1 − j_ν (tu)}^rF (u)du , (31)

čďě_{F +(σ) = {F ∈ L(σ, ∞) : F ≢ 0, F ≥ 0}} ěáâì ňŋőęěáâćő äãŋłæĺľ ŋěŋãńěćëå, ŋěőâàĺæăâěńìŋëå ĺ áãňňĺàãěňëå ŋă ŕőńãőáĺ (σ, ∞). Ŕàĺ íâőň łőŋáâăŋâë (6) ĺ (31) áćïğăŋë áőőâŋőèěŋĺěň K^2_σ(τ, r, m) = C_σ ( τ, r, m − 2 2 ) (32) ďńï σ > 0, τ > 0, r > 0, m = 1, 2, . . . Şąěďĺňáï, çâő ćěńĺçĺŋă Cσ (τ, r, ν) ŋě ğăćĺáĺâ őâ σ. Ć ĺŋâěčàăńăå, ãçăáâćãîéĺå ć (31), ŕàőĺğćěďěň ğăňěŋã ŕěàěňěŋŋëå v = u/σ. Ć àěğãńìâăâě ŕőńãçĺň_{∞∫} σ F (u)du = σ ∞∫ 1 F (σv)dv, (33) ∞∫ σ {1 − j_ν (tu)}^rF (u)du = σ ∞∫ 1 {1 − j_ν(σtv)}^rF (σv)dv. (34)

8 Ă. Č. Ąăąěŋłő

Ďńï äãŋłæĺĺ F ∈ F^+(σ) àăááňőâàĺň äãŋłæĺî Φ(v) = F (σv); ïáŋő, çâő

Φ ∈ F^+(1). Ŕőáâàőěŋŋőě őâőąàăęěŋĺě őáãéěáâćńïěâ ćğăĺňŋő őďŋőğŋăçŋőě

áőőâćěâáâćĺě ňěęďã ňŋőęěáâćăňĺ F^+(σ) ĺ F^+(1). Ŕőíâőňã ĺňěěň

C_σ(τ, r, ν) = sup_{F ∈F+ (σ)} ∞∫ 1 F (σv)dv

sup 0≤t≤τ/σ ∞∫ 1 {1 − j_ν(σtv)}^rF (σv)dv =

= sup

Φ∈F+(1)

∞∫ 1 Φ(v)dv

sup 0≤~t≤τ ∞∫ 1 {1 − j_ν (~t · v)}^rΦ(v)dv = C_1(τ, r, ν);

ğďěáì ąëńă ććěďěŋă ŋőćăï ŕěàěňěŋŋăï^~t = σt. Šăłĺň őąàăğőň, ŕàĺŋĺňăï ćő ćŋĺňăŋĺě àăćěŋáâćő (32), ŕőńãçăěň, çâő ŕàĺ σ > 0, τ > 0, r > 0 ćëŕőńŋïîâáï àăćěŋáâćă C_σ(τ, r, ν) = C_1(τ, r, ν), ν ≥ − 1 2 ; (35) K_σ(τ, r, m) = K_1(τ, r, m), m = 1, 2, 3, . . . (36) 3. Ŋěàăćěŋáâćő Ďęěłáőŋă – Śâěçłĺŋă ć L^2(R_+, x^{2ν+1}), ν ≥ −^1_2 .

Ł ğăďăçě (31) ŕàĺćőďĺâ âăłęě ćőŕàőá ő âőçŋőň ŋěàăćěŋáâćě Ďęěłáőŋă – Śâěçłĺŋă ć ŕàőáâàăŋáâćě L^2_ν = L^2(R+, x^{2ν+1}), ν ≥ −1/2, ćěéěáâćěŋŋëå äãŋłæĺľ ŋă ŕőńãőáĺ R+ áő áńěďãîéĺň áłăńïàŋëň ŕàőĺğćěďěŋĺěň ĺ ŋőà- ňőľ (F, G)_ν = ∞∫ 0 F (x)G(x)x^{2ν+1}dx, ‖F ‖_ν = √ (F, F )_ν . Ďńï äãŋłæĺľ ĺğ L^2_ν ŋăň ŕőŋăďőąïâáï ĺğćěáâŋëě (áň. [28, áâà. 112, 113], łőňňěŋâăàĺĺ Ŋ.Ĺ.Ăåĺěğěàă ł łŋĺčě [29], áâà. 211, 212, äőàňãńë (1), (2)) äőàňãńë àăğńőęěŋĺï ć ĺŋâěčàăń Ťãàìě – Čăŋłěńï ŕő ŋőàňĺàőćăŋŋëň äãŋłæĺïň Ąěááěńï jν(xy) G(x) = 1 2^ν Γ(ν + 1) ∞∫ 0 Ğ(y)j_ν(xy)y^{2ν+1}dy, (37) čďě^˘G =^˘Gν ěáâì ŕàěőąàăğőćăŋĺě Čăŋłěńï äãŋłæĺĺ G ∈ L^2_ν , â.ě.

Ğ(y) = 1

2^ν Γ(ν + 1) ∞∫ 0 G(x)j_ν(xy)x^{2ν+1}dx, Ć áńãçăě ν = −1/2 ŕàěőąàăğőćăŋĺě Čăŋłěńï^˘G =^˘G−1/2 ŕěàěåőďĺâ ć őąëçŋőě łőáĺŋãá-ŕàěőąàăğőćăŋĺě Ťãàìě, â.ě. ďńï G ∈ L^2_{−1/2} áŕàăćěďńĺćë äőàňãńë G(x) = √ 2 π ∞∫ 0 Ğ(y) cos xydy, Ğ(y) = √ 2 π ∞∫ 0 G(x) cos xydx.

Šőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă – Śâěçłĺŋă 9

Ďńï σ > 0 őŕàěďěńĺň łńăáá Wσ,ν äãŋłæĺľ G ∈ L^2_ν , ã łőâőàëå ŕàěőąàăğőćăŋĺě Čăŋłěńï áőáàěďőâőçěŋő ŋă őâàěğłě [0, σ], â.ě. W_{σ,ν} = { G ∈ L^2_ν : supp Ğ ⊆ [0, σ] } . Ć ŕàőáâàăŋáâćě L^2_ν ĺňěěâ ňěáâő áńěďãîéěě àăćěŋáâćő Ŕăàáěćăńï

(F, G)_ν = (F̆ , Ğ)_ν, F, G ∈ L^2_ν. (38)

Ĺğ íâőčő àăćěŋáâćă áńěďãěâ, çâő ďńï ćěńĺçĺŋë E_σ(F )_ν = inf{‖F − G‖_ν : G ∈ W_{σ,ν} } ŋăĺńãçèěčő ŕàĺąńĺęěŋĺï äãŋłæĺĺ F ∈ L^2_ν łńăááőň Wσ,ν áŕàăćěďńĺćă äőàňãńă

E^2_σ(F )_ν = ∞∫ σ |F̆ (y)|^2y^{2ν+1}dy. (39)

Řăááňőâàĺň őŕěàăâőà áďćĺčă Tt = Tt,ν á èăčőň t ∈ R+, ďěľáâćãîéĺľ ŋă äãŋłæĺĺ f ∈ L^2_ν ŕő ŕàăćĺńã

T_tF (x) = 1 2 {F (x + t) + F (|x − t|)}, ν = −^1_2 , 1 α(ν) π∫ 0 F (√ t^2 + x^2 − 2xt cos φ ) sin^{2ν} φdφ, ν > −^1_2 ,

(40)

čďě α(ν) = π∫ 0 sin^{2ν} φdφ. Ğăäĺłáĺàãěň y ∈ R_+ ĺ àăááňőâàĺň ďěľáâćĺě íâőčő

őŕěàăâőàă ŋă äãŋłæĺî βy(x) = jν(yx). Ć 1875 čőďã Ń.Čěčěŋąăãíà (áň. [25, áâà. 400]) ďőłăğăń ćăęŋőě âőęďěáâćő, ĺňěŋãěňőě äőàňãńőľ ãňŋőęěŋĺï

T_tβ_y(x) = β_y(t)β_y(x),

â.ě. T_tj_ν(yx) = j_ν(yt)j_ν(yx), ν ≥ − 1 2 , t, x, y ∈ R_+. (41) Ć áńãçăě ν = −1/2 äőàňãńă (41) ŕěàěåőďĺâ ć åőàőèő ĺğćěáâŋãî äőàňãńã ĺğ âàĺčőŋőňěâàĺĺ 1 2 {cos y(x + t) + cos y(x − t)} = cos yt cos yx.

Śćőľáâćă őŕěàăâőàă áďćĺčă (40) ĺááńěďőćăń Ą.Ň.Ńěćĺâăŋ, łőâőàëľ, ć çăáâŋőáâĺ, ďőłăğăń [28, áâà. 125] ěčő áăňőáőŕàïęěŋŋőáâì, ŕàĺ íâőň áãéěáâćěŋŋãî àőńì áëčàăńă äőàňãńă ãňŋőęěŋĺï (41).

Ńěňňă Ă ([28]). Ďńï ńîąëå äãŋłæĺľ F, G ĺğ ŕàőáâàăŋáâćă L^2_ν , ν ≥

−1/2, áŕàăćěďńĺćő áńěďãîéěě àăćěŋáâćő

(T_tF, G)_ν = (F, T_tG)_ν, t ∈ R_+. (42)

10 Ă. Č. Ąăąěŋłő

Ŕàĺňěŋïï àăćěŋáâćă (37), (41), ă âăłęě áőőąàăęěŋĺï ŕ.1 ćëèě, őŕàěďěńĺň őŕěàăâőà łőŋěçŋőľ àăğŋőáâĺ ŕőàïďłă r > 0 á èăčőň t ∈ R+

δ^r_t = (I − T_t)^{r/2} = ∞∑ k=0 (−1)^k ( r/2 k ) T^k_t , čďě I – âőęďěáâćěŋŋëľ őŕěàăâőà ĺ T^0_t = I. Śőőâćěâáâćãîéĺľ ňőďãńì ŋěŕàěàëćŋőáâĺ ŕőàïďłă r > 0 äãŋłæĺĺ F ∈ L^2_ν ěáâì ω_r (F, τ)_ν = sup_{0≤t≤τ} ‖δ^r_t F ‖_ν, τ ≥ 0. Ŕàĺňěŋïï äőàňãńã ãňŋőęěŋĺï (41) ĺ àăćěŋáâćő Ŕăàáěćăńï (38) ďńï ŕàěőąàăğőćăŋĺï Čăŋłěńï, ŕàĺåőďĺň ł áőőâŋőèěŋĺî

‖δ^r_t F ‖^2_ν = ∞∫ 0 {1 − j_ν (ty)}^r |F̆ (y)|^2y^{2ν+1}dy, ν ≥ − 1 2 . (43)

Őâáîďă ĺ áőőâŋőèěŋĺï (39) ćĺďŋő, çâő ŕàĺ σ > 0, τ > 0, r > 0, ν ≥ −1/2 ćěńĺçĺŋă

Q_σ (τ, r, ν) = sup { E_σ(F )_ν ω_r ( F,^τ_σ ) ν : F ∈ L^2_ν, F ≢ 0 } , (44)

ïćńïîéăïáï âőçŋőľ łőŋáâăŋâőľ ć ŋěàăćěŋáâćě Ďęěłáőŋă – Śâěçłĺŋă ć ŕàőáâàăŋáâćě L^2_ν E_σ(F )_ν ≤ Q_σ(τ, r, ν)ω_r ( F, τ σ ) ν , F ∈ L^2_ν, (45)

ãďőćńěâćőàïěâ àăćěŋáâćã Q^2_σ(τ, r, ν) = C_σ(τ, r, ν). (46) Śńěďőćăâěńìŋő (áň. (32)), ŕàĺ σ > 0, τ > 0, r > 0, m = 1, 2, 3, . . . ĺňěěň K_σ(τ, r, m) = Q_σ ( τ, r, m − 2 2 ) . (47)

4. Őáŋőćŋëě àěğãńìâăâë. Ŋăŕőňŋĺň, çâő çěàěğ τ_ν ňë őąőğŋăçăńĺ ŕěàćëľ ŕőńőęĺâěńìŋëľ ŋãńì äãŋłæĺĺ Ąěááěńï Jν ĺŋďěłáă ν (ĺńĺ, çâő âőęě áăňőě, ňĺŋĺňăńìŋëľ ŕőńőęĺâěńìŋëľ ŋãńì ŋőàňĺàőćăŋŋőľ äãŋłæĺĺ Ąěááěńï jν ĺŋďěłáă ν).

Šěàěňă 1. Ŕãáâì σ > 0, ν ≥ −1/2. Šőčďă ĺňěîâ ňěáâő áńěďãîéĺě ãâćěàęďěŋĺï

(Ă) ďńï łăęďőľ ŋěŋãńěćőľ äãŋłæĺĺ F ∈ L^2_ν ćëŕőńŋïîâáï ŋěàăćěŋáâćă

E_σ(F )_ν < ω_r ( F, τ σ ) ν , r ≥ 1, τ ≥ 2τ_ν, (48) E_σ(F )_ν < 2^{(1−r)/2}ω_r ( F, τ σ ) ν , 0 < r < 1, τ ≥ 2τ_ν.

(Ć) ŕàĺ ν > −1/2, r > 0, τ > 0, σ > 0 áãéěáâćãěâ ŕőáńěďőćăâěńìŋőáâì

äãŋłæĺľ F_k (k = 1, 2, . . .) ĺğ L^2_ν, âăłăï, çâő lim_{k→∞} E_σ(F_k)_ν ω_r(F_k, τ)_ν ≥ 1. (49)

Ğ ă ň ě ç ă ŋ ĺ ě 1. Şâćěàęďěŋĺě (Ć) âěőàěňë 1 ïćńïěâáï ŕàőáâëň áńěďáâćĺěň ďőćőńìŋő őąéěčő àěğãńìâăâă Ć.Ć.Ăàěáâőćă [24, ŕ. 3], [9, ńěňňă 4.2] ĺ áćőľáâć (21), (22).

Ğ ă ň ě ç ă ŋ ĺ ě 2. Łăł ãęě őâňěçăńőáì ćëèě, ŕàĺ ν = −1/2, r = 1, 2 ŋěàăćěŋáâćő (48) áńěďãěâ ĺğ àěğãńìâăâă, ŕőńãçěŋŋőčő ć áőćňěáâŋőľ àăąőâě Ĺ.Ĺ.Ĺąàăčĺňőćă ĺ Ť.Č.Ŋăáĺąőćă [22], łàőňě âőčő, ŕàĺ ν = −1/2, r = 1 Ć.đ.Ŕőŕőć [23] ŋěğăćĺáĺňő ãáâăŋőćĺń àěğãńìâăâ, ĺğ łőâőàőčő áńěďãěâ ŋěàăćěŋáâćő (48) ĺ ěčő âőçŋőáâì. Ŕàĺ ν = −1/2, r > 1 ŋěàăćěŋáâćő (48) áńěďãěâ ĺğ àěğãńìâăâă Ć.Ć.Ÿăńăěćă [30]. Ć áńãçăě ν = 0, 1/2, r = 1,

τ ≥ 2τ_{1/2} = 2π ŋěàăćěŋáâćă (48), (49) áńěďãîâ ĺğ àěğãńìâăâőć, ŕőńãçěŋ-

ŋëå Ć.đ.Ŕőŕőćëň [13], [15].

Śńěďáâćĺě 1. Ěáńĺ ν > −1/2, σ > 0, âő ďńï âőçŋőľ łőŋáâăŋâë (44) ć ŋěàăćěŋáâćě Ďęěłáőŋă – Śâěçłĺŋă (45) ć ŕàőáâàăŋáâćě L^2(R_+, x^{2ν+1}) áŕàăćěďńĺćë áőőâŋőèěŋĺï

Q_σ (τ, r, ν) = 1 ŕàĺ τ ≥ 2τ_ν , r ≥ 1, (50)

Q_σ(τ, r, ν) > 1 ŕàĺ 0 < τ < τ_ν , r > 0. (51)

Ď ő ł ă ğ ă â ě ń ì á â ć ő. Řăćěŋáâćő (50) ćëâěłăěâ ĺğ ŋěàăćěŋáâć (48) ĺ (49) âěőàěňë 1. Ć áĺńã áőőâŋőèěŋĺľ (35), (46) ŋěàăćěŋáâćő (51) ďőáâăâőçŋő ďőłăğăâì ŕàĺ σ = 1, â.ě. ďőłăğăâì, çâő Q1(τ, r, ν) > 1 ŕàĺ 0 < τ < τν . İâő ŋěàăćěŋáâćő ňőęŋő ŕőńãçĺâì, ŋăŕàĺňěà, á ŕőňőéìî äãŋłæĺĺ fε(x), ã łőâőàőľ ŕàěőąàăğőćăŋĺě Čăŋłěńï ĺňěěâ ćĺď

f̆_ε(y) = |y|^{−ν−1/2}, τ ≤ |y| ≤ τ + ε, 0, |y| ∉ [τ, τ + ε], čďě 0 < ε <^{τν}_τ − 1. Ďěľáâćĺâěńìŋő, á ŕőňőéìî äőàňãń (44), (39) ĺ (43) ąãďěň ĺňěâì Q^2_1(τ, r, ν) ≥ E^2_1 (f_ε)_ν

ω^2_r (f_ε, τ)_ν ≥ 1 {1 − j_ν(τ(1 + ε))}^r > 1. Śńěďáâćĺě 1 ďőłăğăŋő.

Ĺğ àăćěŋáâć (32), (46), âěőàěňë 1 ĺ áńěďáâćĺï 1 ŕőńãçăěň ăŋăńőčĺçŋëě ãâćěàęďěŋĺï ďńï ğăďăçĺ (6) ő