Ő áåěňě Ďěńìáăàâă őæěŋłĺ łőŋâăłâŋëå çĺáěń^∗ Ć.Ć.Ăàěáâőć, Ă.Č.Ąăąěŋłő 0. Ć ďăŋŋőľ àăąőâě ĺğãçăěâáï ńĺŋěľŋăï íłáâàěňăńìŋăï ğăďăçă ďńï ŋěŕàěàëćŋëå ŋă őâàěğłě äãŋłæĺľ, ŕàěďáâăćĺňëå àïďăňĺ ŕő őàâőčőŋăńìŋëň ňŋőčőçńěŋăň, á őčàăŋĺçěŋĺïňĺ ŋă ğŋăçěŋĺï äãŋłæĺľ ĺ łőíääĺæĺěŋâë àăğńőęěŋĺľ. Ł ğăďăçăň âăłőčő âĺŕă áćőďïâáï íłáâàěňăńìŋëě ğăďăçĺ àăğńĺçŋëå àăğďěńőć ňăâěňăâĺłĺ. Ğďěáì őąáãęďăěâáï ćăàĺăŋâ íâőľ ğăďăçĺ, ćőğŋĺłèĺľ ć ĺááńěďőćăŋĺïå Ť.Ďěńìáăàâă [1], [2] čàăŋĺæ ãŕăłőćőł ć ŋěłőâőàëå ňěâàĺçěáłĺå ŕàőáâàăŋáâćăå. Śåěňă Ďěńìáăàâă ąëńă àăğćĺâă ĺ ãáŕěèŋő ŕàĺňěŋěŋă ć àăąőâăå Č.Ă.Łăąăâïŋáłőčő ĺ Ć.Ĺ.Ńěćěŋèâěľŋă [3], İ.Őďńëęłő ĺ Ŋ.Śńőíŋă [4], Ć.Ĺ.Ńěćěŋèâěľŋă

[5], [6], Ć.Ň.Śĺďěńìŋĺłőćă [7] ć áćïğĺ á ĺááńěďőćăŋĺěň ãŕăłőćőł ňěâàĺçěáłĺå ŕàőáâàăŋáâć

ĺ, ć çăáâŋőáâĺ, łőŋâăłâŋëå çĺáěń ěćłńĺďőćëå ŕàőáâàăŋáâć R^m. Ĺğńőęěŋĺě íâĺå àěğãńìâăâőć ĺ ďàãčăï àőďáâćěŋŋăï, ąőčăâăï ĺŋäőàňăæĺï ĺňěěâáï ć ňőŋőčàăäĺĺ Ďę.Łőŋćěï ĺ Ŋ.Śńőíŋă [8]. Ĺğ ŕőáńěďŋĺå àăąőâ ŋă íâã âěňã áńěďãěâ áłăğăâì ő àăąőâě Ć.Ă.đďĺŋă [9], ć łőâőàőľ ąëń àăğàăąőâăŋ ăŋăńőč áåěňë Ďěńìáăàâă [1] – [8] ďńï ĺğãçěŋĺï ďőáâăâőçŋő őąéěľ ğăďăçĺ ňĺŋĺňĺğăæĺĺ äãŋłæĺĺ äĺłáĺàőćăŋŋőčő çĺáńă âőçěł ŋă ěďĺŋĺçŋőľ áäěàě ěćłńĺďőćă ŕàőáâàăŋáâćă R^m; ĺááńěďőćăŋĺï Ć.Ă.đďĺŋă [9] ąëńĺ ŕàőďőńęěŋë ć [10], [11].

Łőŋâăłâŋëň çĺáńőň ŕàőáâàăŋáâćă R^m, m ≥ 2, ŋăğëćăîâ ňăłáĺňăńìŋőě çĺáńő èăàőć ěďĺŋĺçŋőčő àăďĺãáă á ŋěŕěàěáěłăîéĺňĺáï ćŋãâàěŋŋőáâïňĺ, łăáăîéĺåáï ěďĺŋĺçŋőčő èăàă ŕàőáâàăŋáâćă; íâő çĺáńő ć ďăńìŋěľèěň ąãďěâ őąőğŋăçăâìáï çěàěğ τm. Ğăďăçă ĺááńěďőćăŋĺï łőŋâăłâŋëå çĺáěń ĺňěěâ ąőńìèãî ĺáâőàĺî (áň. [8], [12]). Ć ŋăáâőïéěě ćàěňï âőçŋőě ğŋăçěŋĺě τm ĺğćěáâŋő ńĺèì ŕàĺ m = 2, 3, 8, 24, ă ĺňěŋŋő, τ2 = 6, τ3 = 12, τ8 = 240, τ24 =

196560; ć őáâăńìŋëå áńãçăïå ćőŕàőá ő âőçŋëå ğŋăçěŋĺïå τ_m őâłàëâ. Ďńï ŕàőĺğćőńìŋëå

ğŋăçěŋĺľ m ĺğćěáâŋë őæěŋłĺ áŋĺğã ĺ áćěàåã łőŋáâăŋâë τm; âăł ć çěâëàěåňěàŋőň áńãçăě

24 ≤ τ_4 ≤ 25. (0.1)

Őďŋăłő íâĺ őæěŋłĺ ŋě ďăîâ, ł ŕàĺňěàã, ŕőàïďłă ŕőćěďěŋĺï łőŋâăłâŋőčő çĺáńă τm ŕő m.

Ğăďăçã ő łőŋâăłâŋőň çĺáńě ŕàőáâàăŋáâćă R^m ňőęŋő áäőàňãńĺàőćăâì (áň., ŋăŕàĺňěà, [8, čń.1, §2]) ć âěàňĺŋăå íłáâàěňăńìŋőľ ğăďăçĺ ďńï ŕőďňŋőęěáâć (ŋăğëćăěňëå ć ďăŋŋőľ âěňăâĺłě áäěàĺçěáłĺňĺ łőďăňĺ) ěďĺŋĺçŋőľ áäěàë S = S^{m−1} ⊂ R^m. Ŕãáâì B ěáâì ŋěłőâőàőě ňŋőęěáâćő èăàőć ěďĺŋĺçŋőčő àăďĺãáă ŕàőáâàăŋáâćă R^m á ŋěŕěàěáěłăîéĺňĺáï ćŋãâàěŋŋőáâïňĺ, łőâőàëě łăáăîâáï ěďĺŋĺçŋőčő èăàă (á æěŋâàőň ć ŋăçăńě łőőàďĺŋăâ) ŕàőáâàăŋáâćă. Őąőğŋăçĺň çěàěğ W = W (B) ňŋőęěáâćő âőçěł ěďĺŋĺçŋőľ áäěàë S (ĺńĺ, âő ęě áăňőě, ěďĺŋĺçŋëå ćěłâőàőć ŕàőáâàăŋáâćă), ïćńïîéĺåáï ŕàőěłæĺïňĺ ŋă áäěàã S æěŋâàőć èăàőć B ∈ B; ïáŋő, çâő W áőáâőĺâ ĺğ âőçěł, ć łőâőàëå èăàë B ∈ B łăáăîâáï áäěàë S. Ňŋőęěáâćő W ⊂ S åăàăłâěàĺğãěâáï âěň áćőľáâćőň, çâő (ŕńőáłĺľ) ãčőń ňěęďã ńîąëňĺ ďćãňï àăğńĺçŋëňĺ ćěłâőàăňĺ x, y ∈ W ąãďěâ ŋě ňěŋìèě, çěň^π_3 , ă íâő őğŋăçăěâ, çâő áłăńïàŋőě ŕàőĺğćěďěŋĺě xy ńîąëå ďćãå ćěłâőàőć x, y ∈ W, x ≠ y, ãďőćńěâćőàïěâ ãáńőćĺî xy ≤^1_2 . Šăłĺň őąàăğőň, łőŋâăłâŋőě çĺáńő τm àăćŋő ŋăĺąőńìèěňã ğŋăçěŋĺî ňőéŋőáâĺ ňŋőęěáâćă

W ⊂ S áő áćőľáâćőň − 1 ≤ xy ≤ 1 2 , x, y ∈ W, x ≠ y. (0.2) �_{Řăąőâă ćëŕőńŋěŋă ŕàĺ äĺŋăŋáőćőľ ŕőďďěàęłě Řőááĺľáłőčő Ťőŋďă Ťãŋďăňěŋâăńìŋëå Ĺááńěďőćăŋĺľ,}

čàăŋâ N 96-01-00122

Őæěŋłĺ áŋĺğã łőŋâăłâŋëå çĺáěń ďăîâ łőŋłàěâŋëě áäěàĺçěáłĺě łőďë áő áćőľáâćőň (0.2). Ŕőáâàőěŋĺě íłáâàěňăńìŋëå (ĺńĺ ąńĺğłĺå ł íłáâàěňăńìŋëň) áäěàĺçěáłĺå łőďőć ěáâì ĺŋâěàěáŋëľ ĺ âàãďŋëľ àăğďěń ďĺáłàěâŋőľ čěőňěâàĺĺ, áćïğăŋŋëľ áő ňŋőčĺňĺ àăğďěńăňĺ ňăâěňăâĺłĺ. Ć ďăŋŋőľ àăąőâě ćőŕàőá őą őæěŋłăå áŋĺğã ŋě őąáãęďăěâáï. Ĺáâőàĺçěáłĺě áćěďěŋĺï ĺ àěğãńìâăâë ŋă íâã âěňã ňőęŋő ŋăľâĺ ć ňőŋőčàăäĺĺ [8].

Ńãçèĺě őæěŋłĺ áćěàåã łőŋâăłâŋëå çĺáěń ŕőńãçěŋë ć àăąőâăå Č.Ă.Łăąăâïŋáłőčő ĺ Ć.Ĺ.Ńěćěŋèâěľŋă [3], İ.Őďńëęłő ĺ Ŋ.Śńőíŋă [4], Ć.Ĺ.Ńěćěŋèâěľŋă [5], [6] á ĺáŕőńìğőćăŋĺěň ĺďěĺ Ďěńìáăàâă. Ĺğńőęĺň íâã áåěňã őæěŋłĺ áćěàåã ŕőďàőąŋő (áň. [3], [8, čń.9]). Ŕãáâì α =^{m−3}_2 ĺRk = R^{α,α}_k , k = 0, 1, 2, . . ., ěáâì áĺáâěňă ãńìâàăáäěàĺçěáłĺå ňŋőčőçńěŋőć, őàâőčőŋăńìŋëå ŋă őâàěğłě [−1, 1] á ćěáőň (1 − t^2)^α, ŋőàňĺàőćăŋŋëå ãáńőćĺěň

R_k(1) = 1, k = 0, 1, 2, . . .; ć çăáâŋőáâĺ, ĺňěěň R_0(t) = 1, R_1(t) = t. Őąőğŋăçĺň çěàěğ F = F_m = F(α) ňŋőęěáâćő ŋěŕàěàëćŋëå ŋă őâàěğłě [−1, 1] äãŋłæĺľ f áő áćőľáâćăňĺ:

1) äãŋłæĺï f ŕàěďáâăćńïěâáï ć ćĺďě àïďă f(t) = ∞∑ k=0 f_kR_k(t), (0.3)

łőíääĺæĺěŋâë {fk}^∞_{k=0} łőâőàőčő ãďőćńěâćőàïîâ ãáńőćĺïň:

f_0 > 0, f_k ≥ 0, k = 1, 2, . . ., (0.4)

f(1) = ∞∑ k=0 f_k < ∞; (0.5)

2) äãŋłæĺï f – ŋěŕőńőęĺâěńìŋăï ŋă őâàěğłě [−1,^1_2 ] : f(t) ≤ 0, −1 ≤ t ≤ 1 2 . (0.6)

Ĺğćěáâŋő [3], çâő ňŋőęěáâćő Fm ŕàĺ łăęďőň m ≥ 2 ŋěŕãáâő. Ŋă íâőň ňŋőęěáâćě äãŋłæĺľ őŕàěďěńĺň ćěńĺçĺŋã

w_m = w(α) = inf { f(1)

f_0 : f ∈ F_m } . (0.7)

Őąáãęďăěňăï ğďěáì őæěŋłă áćěàåã łőŋâăłâŋőčő çĺáńă τm ŕàĺćěďěŋă ć áńěďãîéěň ãâćěàęďěŋĺĺ, áőďěàęăéěňáï ć àăąőâăå [3], [4], [5], [6] (áň. âăłęě [8, čń.9, 13 ĺ 14]). İâő ãâćěàęďěŋĺě ŕàĺćěďěŋő ğďěáì á ďőłăğăâěńìáâćőň, ŕőáłőńìłã ďńï ďăńìŋěľèěčő ćăęŋëň ïćńïěâáï ŋě âőńìłő áőďěàęăéěěáï ć ŋěň ŋěàăćěŋáâćő (0.8), ŋő ĺ ŋěłőâőàëě ňőňěŋâë ĺğ ěčő őąőáŋőćăŋĺï.

Šěőàěňă A Ŕàĺ ńîąőň m ≥ 2 ĺňěěâ ňěáâő ŋěàăćěŋáâćő

τ_m ≤ w_m. (0.8)

Ďőłăğăâěńìáâćő. Ćăęŋěľèĺň áćőľáâćőň áĺáâěňë ãńìâàăáäěàĺçěáłĺå ňŋőčőçńěŋőć R_k =

R^{α,α}_k , α =^{m−3}_2 , k ≥ 0, ŋă łőâőàőň áâàőĺâáï ďőłăğăâěńìáâćő, ïćńïěâáï áćőľáâćő ŕőńőęĺâěńì-

ŋőľ őŕàěďěńěŋŋőáâĺ (áň. [3], [8, čń.9]), áőáâőïéěě ć âőň, çâő ďńï ŕàőĺğćőńìŋőčő łőŋěçŋőčő ňŋőęěáâćă W ⊂ S^{m−1} ĺňěěâ ňěáâő ŋěàăćěŋáâćő ∑ x,y∈W R_k(xy) ≥ 0, k = 0, 1, 2, . . .. (0.9)

İâő áćőľáâćő ěáâì áńěďáâćĺě áńěďãîéěčő áőőâŋőèěŋĺï (áň. [13, čń.4, §2]) R_k(xy) = |S^{m−1}| d_k dk∑ j=1 Y_j (x)Y_j (y), čďě |S^{m−1}| – ŕńőéăďì áäěàë S^{m−1}, {Y1, Y2, . . ., Yd_k } – őàâőŋőàňĺàőćăŋŋëľ ąăğĺá ć ŕàőáâàăŋáâćě áäěàĺçěáłĺå čăàňőŋĺł áâěŕěŋĺ k. Ďěľáâćĺâěńìŋő, ĺğ íâőčő áőőâŋőèěŋĺï áńěďãěâ, çâő ∑ x,y∈W R_k(xy) = ∑ x,y∈W |S^{m−1}| d_k dk∑ j=1 Y_j(x)Y_j(y) =

= |S^{m−1}| d_k dk∑ j=1 ∑ x,y∈W Y_j(x)Y_j(y) = |S^{m−1}| d_k dk∑ j=1 | | | | | ∑ x∈W Y_j (x) | | | | | 2 ≥ 0. Śćőľáâćő (0.9) ïćńïěâáï ŋěâàĺćĺăńìŋëň ńĺèì ŕàĺ k ≥ 1, ĺąő, ŕőáłőńìłã R0(t) = 1, âő ∑ x,y∈W R_0(xy) = |W |^2, (0.10)

čďě |W | ěáâì ňőéŋőáâì ňŋőęěáâćă W.

Ďńï ŕàőĺğćőńìŋőčő ňŋőęěáâćă W ⊂ S áő áćőľáâćőň (0.2) ĺ äãŋłæĺĺ f ∈ F àăááňőâàĺň áãňňã_∑ x,y∈W f(xy) = ∑ x∈W f(xx) + ∑ x, y ∈ W x ≠ y f(xy).

Ć ŕàăćőľ çăáâĺ íâőčő áőőâŋőèěŋĺï ŕěàćăï áãňňă àăćŋă |W |f(1); ćâőàăï ęě, ć áĺńã (0.2) ĺ

(0.6), ŋě ŕàěćőáåőďĺâ ŋãńï. Ŕőíâőňã áŕàăćěďńĺćă őæěŋłă ∑ x,y∈W f(xy) ≤ |W |f(1). Ś ďàãčőľ áâőàőŋë, ć áĺńã (0.9), (0.10) ĺ áćőľáâćă 1) äãŋłæĺĺ f ∈ F, ĺňěěň ∑ x,y∈W f(xy) = ∑ x,y∈W ∞∑ k=0 f_kR_k(xy) = f_0 ∑ x,y∈W R_0(xy) + ∞∑ k=1 f_k ∑ x,y∈W R_k(xy) ≥ |W |^2f_0. Śàăćŋĺćăï ŕőńãçěŋŋëě őæěŋłĺ áćěàåã ĺ áŋĺğã áãňňë^∑_{x,y∈W} f(xy), ćĺďĺň, çâő áŕàăćěďńĺćő ŋěàăćěŋáâćő |W | ≤ f(1)

f_0 = ∑_∞ k=0 f_k f_0 . Őâáîďă, ć áĺńã ŕàőĺğćőńìŋőáâĺ ňŋőęěáâćă W áő áćőľáâćőň (0.2) ĺ äãŋłæĺĺ f ∈ F, áńěďãěâ ŋěàăćěŋáâćő

τ_m ≤ inf { f(1)

f_0 : f ∈ F } , (0.11)

łőâőàőě, őçěćĺďŋő, áőćŕăďăěâ á ŋěàăćěŋáâćőň (0.8). Šěőàěňă Ă ďőłăğăŋă.

Ć àăąőâăå [3], [4], [5], [6] ĺ ňőŋőčàăäĺĺ [8, čń.9, 13 ĺ 14] ďńï őæěŋłĺ áćěàåã łőŋâăłâŋőčő çĺáńă ŋă áăňőň ďěńě ĺáŕőńìğőćăńőáì (áőďěàęăéěěáï ć (0.8)) ŋěàăćěŋáâćő τ_m ≤ f(1)

f_0

(0.12)

ďńï łőŋłàěâŋőľ äãŋłæĺĺ f ∈ F. Ąőńěě âőčő, ć łăçěáâćě äãŋłæĺĺ f ćáěčďă ąàăńáï ňŋőčőçńěŋ; ěáâì őáŋőćăŋĺï ŕàěďŕőńăčăâì, çâő àěèěŋĺě ğăďăçĺ (0.7) ŕàĺ ńîąőň m ≥ 2 ąãďěâ ňŋőčőçńěŋőň, â.ě. ŕàěďáâăćńěŋĺě (0.3) àěèěŋĺï ąãďěâ áőďěàęăâì ńĺèì łőŋěçŋőě çĺáńő áńăčăěňëå. Ć áńãçăě m = 8, 24 äãŋłæĺĺ (ňŋőčőçńěŋë) f ąëńĺ ćëąàăŋë âăł, çâő ŋěàăćěŋáâćő (0.12) ďăńő őæěŋłã áćěàåã, áőćŕăďăîéãî á ĺğćěáâŋőľ őæěŋłőľ áŋĺğã. İâă áåěňă, łăł ĺğćěáâŋő, ďăěâ ğŋăçěŋĺě τm ěéě ŕàĺ m = 2. Ĺâăł, ěáńĺ m = 2, 8, 24, âő ŋěàăćěŋáâćő (0.8) ďăěâ âőçŋőě ğŋăçěŋĺě τm, ĺ, łàőňě âőčő, ć íâĺå áńãçăïå τm = wm. Ł ŋăáâőïéěňã ćàěňěŋĺ ŋěĺğćěáâŋő, áãéěáâćãîâ ńĺ ěéě àăğňěàŋőáâĺ m á âăłĺň áćőľáâćőň ĺńĺ, ąőńěě őąéě, á âěň áćőľáâćőň, çâő τm áőćŕăďăěâ á æěńőľ çăáâìî [wm] çĺáńă wm.

Ć ďăŋŋőľ àăąőâě áďěńăŋő áńěďãîéěě.

1) Ćëŕĺáăŋă ďćőľáâćěŋŋăï ğăďăçă ĺ ŕàĺćěďěŋă áőőâćěâáâćãîéăï âěőàěňă ďćőľáâćěŋŋőáâĺ ďńï ğăďăçĺ ŋěáłőńìłő ąőńěě őąéěľ, çěň (0.7). Łăł áńěďáâćĺě ŕőłăğăŋő, çâő íłáâàěňăńìŋăï äãŋłæĺï ğăďăçĺ (0.7) ňőęěâ ĺňěâì ńĺèì łőŋěçŋőě çĺáńő áńăčăěňëå á çěâŋëňĺ ŋőňěàăňĺ.

2) Ďăŋő âőçŋőě àěèěŋĺě ğăďăçĺ (0.7) ŕàĺ m = 4. Ŕàĺ íâőň őłăğăńőáì, çâő w4 =

25.558429097 . . ., ĺ àěèěŋĺěň ïćńïěâáï ňŋőčőçńěŋ, ąńĺğłĺľ ł ćëŕĺáăŋŋőňã àăŋěě ć [4].

Ŋăè àěğãńìâăâ őğŋăçăěâ, çâő ŋěàăćěŋáâćő (0.8) ŋě ňőęěâ ďăâì ďńï çĺáńă τ4 őæěŋłã áćěàåã, ńãçèãî, çěň őæěŋłă áćěàåã ć (0.1), ŕőńãçěŋŋăï İ.Őďńëęłő ĺ Ŋ.Śńőíŋőň [4]. Śńěďőćăâěńìŋő, ďńï âőčő, çâőąë àěèĺâì ćőŕàőá ő âőň, łăłőćő ęě ŋă áăňőň ďěńě ğŋăçěŋĺě çĺáńă τ4 : 24 ĺńĺ 25, ŋãęŋő ńĺąő ãńãçèĺâì őæěŋłã áŋĺğã τ4, ńĺąő ŕőńãçĺâì ŕàĺŋæĺŕĺăńìŋő ŋőćãî őæěŋłã áćěàåã.

Ŕěàěäőàňãńĺàãěň ć ãďőąŋőň ďńï ŋăá ćĺďě ğăďăçã (0.7). Őçěćĺďŋő, çâő ć (0.7) ŋĺęŋîî čàăŋì ďőáâăâőçŋő ąàăâì ŋă ňŋőęěáâćě F = Fm äãŋłæĺľ f ∈ Fm, ã łőâőàëå f0 = 1. Ŕőáłőńìłã R^{α,α}_0 = 1, âő, áńěďőćăâěńìŋő, F ěáâì ňŋőęěáâćő äãŋłæĺľ, ŕàěďáâăćĺňëå ć ćĺďě

f(t) = 1 + ∞∑ k=1 x_kR^{α,α}_k (t), α = m − 3 2 , (0.13)

čďě {xk}^∞_{k=1} ěáâì áãňňĺàãěňăï ŕőáńěďőćăâěńìŋőáâì ŋěőâàĺæăâěńìŋëå ćěéěáâćěŋŋëå çĺáěń, ĺ ŕàĺ íâőň ćëŕőńŋïěâáï áćőľáâćő (0.6). Ŕőńăčăěň

u_m = inf {_∞ ∑ k=1 x_k : f = 1 + ∞∑ k=1 x_kR^{α,α}_k ∈ F_m } . (0.14)

§áŋő, çâő ĺňěěâ ňěáâő àăćěŋáâćő_w

m = 1 + u_m, (0.15)

ĺ, ğŋăçĺâ, ŋěàăćěŋáâćő (0.8) ňőęŋő ğăŕĺáăâì ć ćĺďě

τ_m ≤ 1 + u_m. (0.16)

Ć áńěďãîéěň ŕãŋłâě ąãďěâ ćëŕĺáăŋă ďćőľáâćěŋŋăï ğăďăçă ďńï ğăďăçĺ ŋěáłőńìłő ąőńěě őąéěľ, çěň (0.14) ĺ ŕàĺćěďěŋă áőőâćěâáâćãîéăï âěőàěňă ďćőľáâćěŋŋőáâĺ. 1. Ŕãáâì C = C[a, b] ěáâì (ąăŋăåőćő) ŕàőáâàăŋáâćő ŋěŕàěàëćŋëå (ćěéěáâćěŋŋëå) äãŋłæĺľ ŋă őâàěğłě [a, b] á ŋőàňőľ ‖f‖C = max{|f(t)| : t ∈ [a, b]}, ă l = l1 – (ąăŋăåőćő) ŕàőáâàăŋáâćő áãňňĺàãěňëå ŕőáńěďőćăâěńìŋőáâěľ x = {xk}^∞_{k=1} ćěéěáâćěŋŋëå çĺáěń á ŋőàňőľ

‖x‖_l = ∑_∞ k=1 |x_k|. Ŕãáâì R = {R_k}^∞_{k=1} ěáâì àăćŋőňěàŋő őčàăŋĺçěŋŋăï ŕőáńěďőćăâěńìŋőáâì

ŋěŕàěàëćŋëå äãŋłæĺľ ŋă [a, b]. Ććěďěň ňŋőęěáâćő G ŕőáńěďőćăâěńìŋőáâěľ x = {xk}^∞_{k=1} ∈ l á ŋěőâàĺæăâěńìŋëňĺ íńěňěŋâăňĺ xk ≥ 0, k ≥ 1, âăłĺå, çâő äãŋłæĺï

f(t) = f(t, x) = 1 + ∞∑ k=1 x_kR_k(t) (1.1)

ïćńïěâáï ŋěŕőńőęĺâěńìŋőľ ŋă [a, b]; ąãďěň ŕàěďŕőńăčăâì, çâő ňŋőęěáâćő G ŋěŕãáâő. Ŋăá ĺŋâěàěáãěâ ğăďăçă ĺááńěďőćăŋĺï ćěńĺçĺŋë

u = inf {_∞ ∑ k=1 x_k : x = {x_k}^∞_{k=1} ∈ G } ; (1.2)

íâã ğăďăçã ňë ąãďěň ŋăğëćăâì ć ďăńìŋěľèěň âăłęě ğăďăçěľ (u). Ğăŕĺèěň ěě ć ŋěáłőńìłő ĺŋőľ, ąőńěě ãďőąŋőľ ďńï ĺğãçěŋĺï, äőàňě.

Őąőğŋăçĺň çěàěğ C^+ = C^+[a, b] łőŋãá ŋěőâàĺæăâěńìŋëå äãŋłæĺľ ć ŕàőáâàăŋáâćě C =

C[a, b]. Őâŋőáĺâěńìŋő äãŋłæĺĺ f ∈ Ś^+[a, b] ąãďěň ŕĺáăâì, çâő f ≥ 0; ěáńĺ ęě −f ∈ Ś^+[a, b],

âő ąãďěň ŕĺáăâì, çâő f ≤ 0. Ć ŕàőáâàăŋáâćě l = l1 ćëďěńĺň łőŋãá l^+ ŋěőâàĺæăâěńìŋëå íńěňěŋâőć, ă âőçŋěě, íńěňěŋâőć x = {xk}^∞_{k=1}, ãďőćńěâćőàïîéĺå őčàăŋĺçěŋĺî xk ≥ 0, k ≥ 1. Şáńőćĺňáï ŕĺáăâì x ≥ 0 ĺńĺ x ≤ 0, ěáńĺ áőőâćěâáâćěŋŋő x ∈ l^+ ĺńĺ −x ∈ l^+. Ŕãáâì

A : l → C ěáâì ńĺŋěľŋëľ őŕěàăâőà, őŕàěďěńěŋŋëľ äőàňãńőľ (Ax)(t) = ∞∑ k=1 x_kR_k(t). (1.3)

Ğăďăçã (u) ňőęŋő ŕěàěŕĺáăâì ć áńěďãîéěň ćĺďě

u = inf {_∞ ∑ k=1 x_k : x ≥ 0, Ax + 1 ≤ 0 } . (1.4)

Ćĺďŋő, çâő íâő ěáâì ğăďăçă (ąěáłőŋěçŋőňěàŋőčő) ńĺŋěľŋőčő ŕàőčàăňňĺàőćăŋĺï (áň., ŋăŕàĺňěà, ňőŋőčàăäĺî [14]).

Ćëŕĺèěň ďńï (u) ďćőľáâćěŋŋãî ğăďăçã. Śőŕàïęěŋŋőě ďńï C[a, b] ŕàőáâàăŋáâćő C^∗ =

C^∗[a, b] ŋěŕàěàëćŋëå ńĺŋěľŋëå äãŋłæĺőŋăńőć ŋă C[a, b] ňőęŋő őâőęďěáâćĺâì á ŕàőáâàăŋ-

áâćőň V = V [a, b] äãŋłæĺľ őčàăŋĺçěŋŋőľ ćăàĺăæĺĺ ŋă [a, b], ĺ ŕàĺ íâőň ŋěŕàěàëćŋëľ ńĺŋěľŋëľ äãŋłæĺőŋăń ŋă C[a, b] őŕàěďěńïěâáï äãŋłæĺěľ μ ∈ V á ŕőňőéìî ĺŋâěčàăńă Řĺňăŋă-Śâĺńìâìěáă ŕő äőàňãńě (μ, f) = ∫ b a f(t)dμ(t). (1.5) Śőŕàïęěŋŋëň ŕàőáâàăŋáâćőň l^∗ ďńï ŕàőáâàăŋáâćă l = l1 áãňňĺàãěňëå ŕőáńěďőćăâěńìŋőáâěľ ïćńïěâáï ŕàőáâàăŋáâćő l∞ őčàăŋĺçěŋŋëå ŕőáńěďőćăâěńìŋőáâěľ y = {yk}^∞_{k=1}, ĺ ŋěŕàěàëćŋëľ ńĺŋěľŋëľ äãŋłæĺőŋăń ŋă l őŕàěďěńïěâáï íńěňěŋâőň y ∈ l∞ ŕő äőàňãńě (y, x) = ∞∑ k=1 x_ky_k. Őŕěàăâőà A, őŕàěďěńěŋŋëľ äőàňãńőľ (1.3), ïćńïěâáï ńĺŋěľŋëň őčàăŋĺçěŋŋëň őŕěàăâőàőň ĺğ l ć C. Śőŕàïęěŋŋëľ ěňã őŕěàăâőà A^∗ ïćńïěâáï ńĺŋěľŋëň őčàăŋĺçěŋŋëň őŕěàăâőàőň ĺğ

V = C^∗ ć l_∞ = l^∗; őŋ őŕàěďěńïěâáï ĺğ áőőâŋőèěŋĺï (μ, Ax) = (A^∗μ, x), μ ∈ V, x ∈ l.

Ŋěâàãďŋő ćĺďěâì, çâő íâőâ őŕěàăâőà ŋă äãŋłæĺïå μ ∈ V ğăďăěâáï äőàňãńőľ A^∗μ = {μ_k}^∞_{k=1}, čďě μ_k = ∫ b a R_k(t)dμ(t), k ≥ 1. (1.6) Łàőňě âőčő, őŕàěďěńĺň ćěńĺçĺŋã μ0 áńěďãîéĺň őąàăğőň

μ_0 = ∫ b a 1dμ(t). Ŕãáâì V^+ = V^+[a, b] ěáâì łőŋãá ć V , áőŕàïęěŋŋëľ łőŋãáã C^+, őąàăğőćăŋŋëľ íńěňěŋâăňĺ μ ∈ V, ãďőćńěâćőàïîéĺňĺ ãáńőćĺî (μ, f) ≥ 0 ďńï ńîąőľ äãŋłæĺĺ f ∈ C^+. Ŋěâàãďŋő ŕőŋïâì, çâő V^+ áőáâőĺâ ĺğ ŋěãąëćăîéĺå ŋă őâàěğłě [a, b] äãŋłæĺľ. Ťãŋłæĺî μ ∈ V^+[a, b] ňë ąãďěň ŋăğëćăâì ĺŋőčďă ć ďăńìŋěľèěň ňěàőľ (ŋă [a, b]). Ňŋőęěáâćő l^+_∞, áőáâőïéěě ĺğ ŕőáńěďőćăâěńìŋőáâěľ y = {yk}^∞_{k=1} ∈ l∞ á ŋěőâàĺæăâěńìŋëňĺ łőőàďĺŋăâăňĺ yk ïćńïěâáï łőŋãáőň ć l∞, áőŕàïęěŋŋëň łőŋãáã l^+. Ěáńĺ y ∈ l^+_∞ ĺńĺ −y ∈ l^+_∞, âő ąãďěň áőőâćěâáâćěŋŋő ŕĺáăâì y ≥ 0 ĺ y ≤ 0.

Ŕőńőęĺň_{v = sup {μ}

0 : μ ∈ V^+, A^∗μ + e ≥ 0 } , (1.7)

čďě e = {1}^∞_{k=1} ěáâì ŕőáńěďőćăâěńìŋőáâì ĺğ l∞, łăęďëľ íńěňěŋâ łőâőàőľ àăćěŋ 1; ć ďăńìŋěľèěň ŕőáńěďőćăâěńìŋőáâì e ąãďěâ őąőğŋăçăâìáï áĺňćőńőň 1. Ğăďăçã ĺááńěďőćăŋĺï ćěńĺçĺŋë

(1.7) ąãďěň ŋăğëćăâì âăłęě ğăďăçěľ (v). İâő ěáâì łńăááĺçěáłăï ďćőľáâćěŋŋăï ğăďăçă ďńï

ğăďăçĺ (u) (áň., ŋăŕàĺňěà, [14, čń.2, ŕ.2.3]).

Ĺáåőďï ĺğ ďăńìŋěľèĺå ŕàĺňěŋěŋĺľ ćğăĺňőáćïğĺ ŕàïňőľ ĺ ďćőľáâćěŋŋőľ ğăďăç, ŕàĺćěďěň áåěňã ćőğŋĺłŋőćěŋĺï ďćőľáâćěŋŋőľ ğăďăçĺ (v).

Ńěňňă 1.1 Ěáńĺ ďőŕãáâĺňőě ňŋőęěáâćő G ğăďăçĺ (u) ŋěŕãáâő, âő

1) ďńï ńîąőľ äãŋłæĺĺ μ ∈ V^+, μ ≠ const, ćěńĺçĺŋă

μ_∞ = inf{μ_k, k ≥ 1} (1.8)

őâàĺæăâěńìŋăï: μ_∞ < 0,

2) ďńï (1.7) ĺňěěâ ňěáâő ŕàěďáâăćńěŋĺě

v = sup { μ_0 −μ_∞ : μ ∈ V^+, μ ≠ const } . (1.9)

Ďőłăğăâěńìáâćő. Ďńï äãŋłæĺĺ μ ∈ V^+ ĺ ŕőáńěďőćăâěńìŋőáâĺ x ∈ G, âő ěáâì ŕőáńěďőćăâěńìŋőáâĺ x = {xk}^∞_{k=1} ĺğ łőŋãáă l^+, ďńï łőâőàőľ äãŋłæĺï f, őŕàěďěńěŋŋăï äőàňãńőľ

(1.1), ŋěŕőńőęĺâěńìŋă ŋă őâàěğłě [a, b], ąãďěň ĺňěâì áńěďãîéĺě áőőâŋőèěŋĺï 0 ≥ (μ, f) = ∫ b a f(t)dμ(t) = μ_0 + ∞∑ k=1 μ_kx_k, (1.10)

μ_0 = ∫ b a 1dμ(t) = μ(b) − μ(a). Ĺğ (1.10) áńěďãěâ ŋěàăćěŋáâćő

0 ≥ μ_0 + μ_∞ ∞∑ k=1 x_k; (1.11)

ŋăŕőňŋĺň, çâő ćěńĺçĺŋă μ∞ őŕàěďěńěŋă ć (1.8).

Ěáńĺ μ = const, âő ŕőáńěďŋěě ŋěàăćěŋáâćő ŕàěćàăéăěâáï ć ąěááőďěàęăâěńìŋőě àăćěŋáâćő

0 = 0. Ďőŕãáâĺň, çâő μ ∈ V^+, μ ≠ const, ĺ, ğŋăçĺâ, μ_0 > 0. Ńîąőľ íńěňěŋâ x = {x_k}^∞_{k=1} ∈ G,

őçěćĺďŋő, ŋěŋãńěćőľ, ĺ ŕőâőňã ďńï ŋěčő^{∑∞}_{k=1} xk > 0. Ć áĺńã íâőčő ĺğ (1.11) áńěďãěâ, çâő

μ_∞ < 0. Ŋěàăćěŋáâćő (1.11) ňőęŋő ŕěàěŕĺáăâì âěŕěàì ć ćĺďě ∞∑ k=1 x_k ≥ μ_0 −μ_∞ , (1.12)

ă íâő ćńěçěâ őæěŋłã_{u ≥ v, (1.13)}

ć łőâőàőľ ćěńĺçĺŋă v őŕàěďěńěŋă, ŕőłă, áőőâŋőèěŋĺěň (1.9).

Şąěďĺňáï, çâő ďńï ćěńĺçĺŋë v ĺňěěâ ňěáâő âăłęě äőàňãńă (1.7). Ďěľáâćĺâěńìŋő, ć (1.9), őçěćĺďŋő, ňőęŋő őčàăŋĺçĺâìáï äãŋłæĺïňĺ μ ∈ V^+ á μ∞ = −1, â.ě. v =

sup {μ_0 : μ ∈ V^+, μ_∞ = −1} . Ďőŕãáâĺň, çâő äãŋłæĺï μ ∈ V^+, μ ≠ const, âăłőćă, çâő μ_∞ > −1 (ŋăŕőňŋĺň, çâő ŕàĺ íâőň μ_∞ < 0). Šőčďă äãŋłæĺï λ = (−μ_∞)^{−1}μ ŕàĺŋăďńě-

ęĺâ ňŋőęěáâćã V^+ ĺ ďńï ŋěě λ∞ = −1, λ0 > μ0. Ŕőíâőňã ďńï v ĺňěěâ ňěáâő äőàňãńă

v = sup { μ_0 : μ ∈ V^+, μ_∞ ≥ −1 } , (1.14)

áőćŕăďăîéăï, őçěćĺďŋő, á (1.7). Ńěňňă ďőłăğăŋă.

Ğăňěçăŋĺě 1.1 Ĺğ ŕàĺćěďěŋŋëå âőńìłő çâő àăááãęďěŋĺľ ćĺďŋő, çâő ěáńĺ ŋă äãŋłæĺĺ

μ ∈ V^+ ďőáâĺčăěâáï ćěàåŋïï čàăŋì ć (1.7) ĺńĺ, âő ęě áăňőě, ć (1.14) (â.ě. ěáńĺ μ ěáâì

àěèěŋĺě íâĺå ğăďăç), âő μ∞ = −1.

Śńěďãîéěě ãâćěàęďěŋĺě, łăł ňë ãćĺďĺň, ćëâěłăěâ ĺğ őąéĺå äăłâőć âěőàĺĺ ďćőľáâćěŋŋőáâĺ ğăďăç (ąěáłőŋěçŋőňěàŋőčő) ńĺŋěľŋőčő ŕàőčàăňňĺàőćăŋĺï.

Šěőàěňă 1.1 Ŕàěďŕőńőęĺň, çâő ďőŕãáâĺňőě ňŋőęěáâćő G ğăďăçĺ (u) ŋěŕãáâő. Šőčďă

1) ğăďăçĺ (u) ĺ (v) áćïğăŋë áőőâŋőèěŋĺěň ďćőľáâćěŋŋőáâĺ

u = v; (1.15)

2) łăęďăï ĺğ ğăďăç (u) ĺ (v) ĺňěěâ àěèěŋĺě, â.ě. áãéěáâćãîâ ŕőáńěďőćăâěńìŋőáâì x ∈ G ĺ äãŋłæĺï μ ∈ V^+, μ ≠ const, ŋă łőâőàëå ć (1.4) ĺ (1.9) ďőáâĺčăîâáï áőőâćěâáâćěŋŋő ŋĺęŋïï ĺ ćěàåŋïï čàăŋĺ;

3) ŕőáńěďőćăâěńìŋőáâì x = {x_k}^∞_{k=1} ∈ G ĺ äãŋłæĺï μ ∈ V^+, ïćńïîâáï àěèěŋĺïňĺ áőőâćěâáâćěŋŋő ğăďăç (1.4) ĺ (1.9) ć âőň ĺ âőńìłő âőň áńãçăě, ěáńĺ őŋĺ őąńăďăîâ áńěďãîéĺňĺ áćőľáâćăňĺ: (μ, f) = ∫ b a f(t)dμ(t) = 0, čďě f(t) = 1 + ∞∑ k=1 x_kR_k(t), ĺ ěáńĺ ŋőňěà k ≥ 1 âăłőć, çâő

μ_k = ∫ b a R_k(t)dμ(t) > μ_∞ = min{μ_k : k ≥ 1}, âő x_k = 0.

Ďőłăğăâěńìáâćő âěőàěňë ąãďěâ ŕàőćěďěŋő á ĺáŕőńìğőćăŋĺěň àěğãńìâăâőć, ŕàĺćěďěŋŋëå ćő ćâőàőľ ĺ âàěâìěľ čńăćăå ňőŋőčàăäĺĺ [14], ŕàĺçěň äőàňăńìŋő íâĺ àěğãńìâăâë áńěďãěâ ŕàĺňěŋïâì ŋě ł ğăďăçăň (u), (v), ă ł íłćĺćăńěŋâŋëň ĺň ğăďăçăň

−u = sup { − ∞∑ k=1 x_k : x ≥ 0, Ax + 1 ≤ 0 } , −v = inf { −μ_0 : μ ∈ V^+, A^∗μ + 1 ≥ 0 } . Ďńï ε > 0 àăááňőâàĺň ğăďăçã

u(ε) = inf {_∞ ∑ k=1 x_k : x ≥ 0, Ax + 1 ≤ ε } , ïćńïîéãîáï ε-àăáèĺàěŋĺěň ğăďăçĺ (u). Ńěčłő ãąěďĺâìáï, çâő ěáńĺ 0 < ε < 1, âő

u(ε) = (1 − ε)u, ă ŕőâőňã ćěńĺçĺŋă u = lim_{ε→+0} u(ε) áőćŕăďăěâ á u; íâőâ äăłâ őğŋăçăěâ,

çâő ĺáåőďŋăï ğăďăçă (u) łőààěłâŋă. Őâáîďă (áň. âěőàěňã 1.1 čńăćë 3 łŋĺčĺ [14]) áńěďãěâ àăćěŋáâćő (1.15).

Ŕàőáâàăŋáâćő l ïćńïěâáï áőŕàïęěŋŋëň ďńï ąăŋăåőćă ŕàőáâàăŋáâćă c0 áåőďïéĺåáï ł ŋãńî ŕőáńěďőćăâěńìŋőáâěľ y = {yk}^∞_{k=1} ćěéěáâćěŋŋëå çĺáěń á ŋőàňőľ ‖y‖c_0 = max{|yk| :

k ≥ 1}. Łőŋãá l^+ ïćńïěâáï áńăąő^∗ ğăňłŋãâëň ňŋőęěáâćőň (â.ě. ğăňłŋãâëň ć âőŕőńőčĺĺ σ(l, c_0) ć áâăŋďăàâŋëå őąőğŋăçěŋĺïå [15] ĺ [16]) ć ŕàőáâàăŋáâćě l. Ł ğăďăçě (u) ŕàĺňěŋĺňă

ńěňňă 1.3 čńăćë 3 ĺğ [14]. Ć áĺńã íâőľ ńěňňë ğăďăçă (1.4) ĺňěěâ àěèěŋĺě x ∈ G.

Ďőŕãáâĺň, çâő íńěňěŋâ x = {xk}^∞_{k=1} ŕàĺŋăďńěęĺâ ňŋőęěáâćã G, â.ě. ãďőćńěâćőàïěâ őčàăŋĺçěŋĺïň ğăďăçĺ (1.4). Ŕàĺ ńîąőň ε > 1 ĺňěěň 1 + ∞∑ k=1 εx_kR_k(t) ≤ 1 − ε, t ∈ [a, b]. Śńěďőćăâěńìŋő, âőçłă εx őąńăďăěâ âěň áćőľáâćőň, çâő äãŋłæĺï g = −1 − A(εx) ïćńïěâáï ćŋãâàěŋŋěľ âőçłőľ łőŋãáă C^+. Šăłĺň őąàăğőň, ďńï ğăďăçĺ (1.4) ćëŕőńŋïěâáï ãáńőćĺě Śńěľâěàă (áň., ŋăŕàĺňěà, [14, čń.3, §2]). Őâáîďă áńěďãěâ (áň. âěőàěňã 2.1 ĺ áńěďáâćĺě 2.1 čń.3 ĺğ [14]), çâő áãéěáâćãěâ äãŋłæĺï μ, ŋă łőâőàőľ ć (1.7) ďőáâĺčăěâáï ćěàåŋïï čàăŋì. Ďńï íâőľ äãŋłæĺĺ, łăł ňë ćĺďěńĺ ćëèě (áň. ğăňěçăŋĺě 1.1), ĺňěěâ ňěáâő àăćěŋáâćő μ∞ = −1. Ŕőíâőňã ŋă äãŋłæĺĺ μ ďőáâĺčăěâáï ćěàåŋïï čàăŋì âăłęě ĺ ć (1.9).

Ŕãáâì íńěňěŋâë x ∈ G ĺ μ ∈ V^+, μ ≠ const, ïćńïîâáï àěèěŋĺïňĺ ğăďăç (1.4) ĺ (1.9) áőőâćěâáâćěŋŋő. Ŋă íâĺå íńěňěŋâăå ŋěàăćěŋáâćő (1.13) őąàăéăěâáï ć àăćěŋáâćő. Ĺğ ďőłăğăâěńìáâćă (1.13) ńěčłő áďěńăâì ćëćőď, çâő íâĺ x ĺ μ őąńăďăîâ áćőľáâćăňĺ, ãłăğăŋŋëňĺ ć âàěâìěň ãâćěàęďěŋĺĺ âěőàěňë. Ć çăáâŋőáâĺ, ŋăľďěâáï ŋőňěà k^∗ ≥ 1, ŋă łőâőàőň ďőáâĺčăěâáï ňĺŋĺňãň: μk� = min{μk : k ≥ 1} = μ∞. Őąàăâŋő, ěáńĺ ŕăàă x ∈ G ĺ μ ∈ V^+, μ ≠ const, őąńăďăěâ ãłăğăŋŋëňĺ ć âěőàěňě áćőľáâćăňĺ, âő ŋă ŋěľ ŋěàăćěŋáâćő (1.13) őąàăéăěâáï ć àăćěŋáâćő. Ć íâőň áńãçăě ĺňěěň ∞∑ k=1 x_k = u = v = μ_0 −μ_∞ , ĺ, áńěďőćăâěńìŋő, ŕőáńěďőćăâěńìŋőáâì x ĺ äãŋłæĺï μ ïćńïîâáï àěèěŋĺïňĺ ğăďăç (1.4) ĺ

(1.9) áőőâćěâáâćěŋŋő. Šěőàěňă ďőłăğăŋă.

Ňěàã μ = μ^∗ ∈ V^+, ïćńïîéãîáï àěèěŋĺěň ďćőľáâćěŋŋőľ ğăďăçĺ (v) ĺ őďŋőćàěňěŋŋő äãŋłæĺî

f(t) = f^∗(t) = 1 + ∞∑ k=1 x_kR_k(t) ∈ F, (1.16)

ïćńïîéãîáï àěèěŋĺěň ŕàïňőľ ğăďăçĺ (u) ňőęŋő őåăàăłâěàĺğőćăâì ć âěàňĺŋăå ”łćăďàăâãàŋőľ äőàňãńë” á őŕàěďěńěŋŋëňĺ íłáâàěňăńìŋëňĺ áćőľáâćăňĺ ŋă łńăááě Φ äãŋłæĺľ

φ ∈ C[a, b], ŕàěďáâăćĺňëå àïďăňĺ

φ(t) = φ_0 + ∞∑ k=1 φ_kR_k(t) á áãňňĺàãěňőľ ŕőáńěďőćăâěńìŋőáâìî {φk}^∞_{k=0} ćěéěáâćěŋŋëå (ŋěőąïğăâěńìŋő ŋěőâàĺæăâěńìŋëå) łőíääĺæĺěŋâőć:^{∑∞}_{k=0} |φk| < ∞; íâă åăàăłâěàĺğăæĺï, ŕő áãéěáâćã, ąãďěâ őğŋăçăâì åőàőèő ĺğćěáâŋëľ äăłâ, çâő íłáâàěňăńìŋăï ŕăàă f ∈ F, μ ∈ V^+ åăàăłâěàĺğãěâáï âěň, çâő őŋă ïćńïěâáï áěďńőćőľ âőçłőľ áőőâćěâáâćãîéěľ äãŋłæĺĺ Ńăčàăŋęă.

Śńěďáâćĺě 1.1 Ć ŕàěďŕőńőęěŋĺĺ, çâő ďőŕãáâĺňőě ňŋőęěáâćő G ğăďăçĺ (u) ŋěŕãáâő, áŕàăćěďńĺćë áńěďãîéĺě ãâćěàęďěŋĺï.

I. Ěáńĺ ňěàă μ ∈ V^+, μ ≠ const, ïćńïěâáï àěèěŋĺěň ğăďăçĺ (1.9), âő ŋă ňŋőęěáâćě äãŋłæĺľ φ ∈ Φ ĺňěěâ ňěáâő äőàňãńă

φ_0 = Ω ∫ b a φ(t)dμ(t) + Γ ∞∑ k=1 φ_k − ∞∑ k=1 γ_kφ_k, φ ∈ Φ, (1.17)

á łőíääĺæĺěŋâăňĺ Ω = 1 μ_0

> 0, Γ = 1 u > 0, γ_k = μ_k − μ_∞ μ_0

≥ 0 (k ≥ 1), (1.18)

ĺ ŕàĺ íâőň ďńï íłáâàěňăńìŋőľ äãŋłæĺĺ (1.16) ğăďăçĺ (1.2) ćëŕőńŋïîâáï ãáńőćĺï ∫ b a f(t)dμ(t) = 0, (1.19)

x_k = 0, ěáńĺ γ_k > 0, k ≥ 1. (1.20)

II. Őąàăâŋő, ěáńĺ ňěàă μ ∈ V^+, μ ≠ const, âăłőćă, çâő ŋă łńăááě äãŋłæĺľ φ ∈ Φ ĺňěěâ ňěáâő äőàňãńă (1.17) á ŋěőâàĺæăâěńìŋëňĺ łőíääĺæĺěŋâăňĺ Ω, Γ, γ_k(k ≥ 1), ĺ, łàőňě âőčő, áãéěáâćãěâ äãŋłæĺï f ∈ F, àăğńőęěŋĺě (1.16) łőâőàőľ őąńăďăěâ áćőľáâćăňĺ (1.19) – (1.20), âő

1) ňěàă μ ïćńïěâáï àěèěŋĺěň ďćőľáâćěŋŋőľ ğăďăçĺ (1.9), 2) ďńï łőíääĺæĺěŋâőć Ω, Γ, γ_k(k ≥ 1) äőàňãńë (1.17) ćëŕőńŋïîâáï áőőâŋőèěŋĺï (1.18),

3) äãŋłæĺï f ïćńïěâáï àěèěŋĺěň ŕàïňőľ ğăďăçĺ (1.2).

Ďőłăğăâěńìáâćő. Ďńï ńîąőľ ŕăàë äãŋłæĺľ φ ∈ Φ, μ ∈ V ĺňěěň (μ, φ) = ∫ b a φ(t)dμ(t) = ∞∑ k=0 μ_kφ_k = μ_0φ_0 + μ_∞ ∞∑ k=1 φ_k + ∞∑ k=1 (μ_k − μ_∞)φ_k, (1.21)

čďě μ∞ = inf {μk : k ≥ 1} . Őâáîďă áńěďãěâ, çâő łăęďăï ňěàă μ ∈ V^+, μ ≠ const, ŕőàőęďăěâ ŋă ňŋőęěáâćě äãŋłæĺľ φ ∈ Φ äőàňãńã

φ_0 = 1 μ_0 ∫ b a φ(t)dμ(t) − μ_∞ μ_0 ∞∑ k=1 φ_k − ∞∑ k=1 μ_k − μ_∞ μ_0 φ_k. (1.22)

Ěáńĺ ňěàă μ = μ^∗ ∈ V^+, μ ≠ const, ïćńïěâáï àěèěŋĺěň ğăďăçĺ (1.9), âő äőàňãńă (1.22) ŕàĺŋĺňăěâ ćĺď (1.17) – (1.18). Śćőľáâćă (1.19) – (1.20) íłáâàěňăńìŋőľ äãŋłæĺĺ f ∈ F áőďěàęăâáï ć âàěâìěň ãâćěàęďěŋĺĺ âěőàěňë 1.1.

Ďőłăęěň őąàăâŋőě ãâćěàęďěŋĺě. Ĺâăł, ďőŕãáâĺň, çâő ďńï äãŋłæĺľ φ ∈ Φ ĺňěěâ ňěáâő äőàňãńă (1.17) á ŋěőâàĺæăâěńìŋëňĺ łőíääĺæĺěŋâăňĺ. Ěáńĺ φ ∈ F, âő ć äőàňãńě (1.17) ∫ b a φ(t)dμ(t) ≤ 0, ∞∑ k=1 γ_kφ_k ≥ 0, ĺ, łăł áńěďáâćĺě, áŕàăćěďńĺćő ŋěàăćěŋáâćő

φ_0 ≤ Γ ∞∑ k=1 φ_k. Őâáîďă ćëâěłăěâ, çâő Γ > 0, ĺ ďńï ńîąőľ äãŋłæĺĺ φ ∈ F ĺňěěâ ňěáâő őæěŋłă 1 φ_0 ∞∑ k=1 φ_k ≥ 1 Γ . Ŋă äãŋłæĺĺ f ∈ F áő áćőľáâćăňĺ (1.19) – (1.20) ŕőáńěďŋïï őæěŋłă ďőáâĺčăěâáï. Ŕőíâőňã ĺňěîâ ňěáâő àăćěŋáâćă inf { 1 φ_0 ∞∑ k=1 φ_k : φ ∈ F } = 1 Γ = u = ∞∑ k=1 x_k;

ŕőáńěďŋěě àăćěŋáâćő őğŋăçăěâ, çâő äãŋłæĺï f ïćńïěâáï íłáâàěňăńìŋőľ ć ğăďăçě (1.2). Ŕőďáâăćĺć ć äőàňãńã (1.17) äãŋłæĺî φ(t) ≡ 1 ∈ Φ, ŕőńãçăěň áőőâŋőèěŋĺě 1 = Ωμ0 ĺńĺ, âő ęě áăňőě, Ω =^1_{μ0} . Ćğïć âěŕěàì ć äőàňãńě (1.17) äãŋłæĺî φ(t) = Rk(t), k ≥ 1, ŕőńãçăěň áőőâŋőèěŋĺě_{0 = μk}

μ_0

+ Γ − γ_k (1.23)

ĺńĺ −^{μk}_{μ0} = Γ − γk. Ŕőáłőńìłã ŕő ŕàěďŕőńőęěŋĺî γk ≥ 0, âő ĺňěěň őæěŋłã −^{μk}_{μ0} ≤ Γ ĺ, łăł áńěďáâćĺě, őæěŋłã −^μ1_{μ0} ≤ Γ. İâã őæěŋłã ňőęŋő ğăŕĺáăâì ć ćĺďě^{μ0}_{−μ}1 ≥^1_Γ = u. Őâáîďă, ć áĺńã őŕàěďěńěŋĺï (1.9) ćěńĺçĺŋë v ĺ ŕěàćőčő ãâćěàęďěŋĺï âěőàěňë 1.1, áńěďãěâ, çâő μ0 −μ1^{= v,} ĺ^, âăłĺň őąàăğőň^, ňěàă^μ ïćńïěâáï íłáâàěňăńìŋőľ ć ğăďăçě^{(1.9).} Śőőâŋőèěŋĺě

(1.23) ćńěçěâ âăłęě âàěâìě áőőâŋőèěŋĺě ć (1.18). Ćáě ãâćěàęďěŋĺï áńěďáâćĺï 1.1 ďőłăğăŋë.

Śńěďáâćĺě 1.2 Ďőŕãáâĺň, çâő äãŋłæĺĺ R_k ŕőáńěďőćăâěńìŋőáâĺ R = {R_k}^∞_{k=1} ⊂ C[a, b] àăćŋőňěàŋő őčàăŋĺçěŋë ĺ (ŕőâőçěçŋő) áåőďïâáï ł ŋãńî ŋă őâàěğłě [a, b]. Šőčďă àěèěŋĺě x = {x_k}^∞_{k=1} ğăďăç (1.2), (1.4) áőďěàęĺâ ńĺèì łőŋěçŋőě çĺáńő őâńĺçŋëå őâ ŋãńï íńěňěŋâőć x_k, ĺ, ğŋăçĺâ, áőőâćěâáâćãîéăï äãŋłæĺï f(t) = 1 +^{∑∞}_{k=1} x_kR_k(t) âăłęě áőďěàęĺâ ńĺèì łőŋěçŋőě çĺáńő áńăčăěňëå.

Ěáńĺ ŕőáńěďőćăâěńìŋőáâì äãŋłæĺľ R_k àăćŋőňěàŋő áåőďĺâáï ł ŋãńî ŋă őâàěğłě [a, b], ĺ çĺáńő K ćëąàăŋő âăł, çâőąë ŕàĺ k ≥ K ćëŕőńŋïńőáì ŋěàăćěŋáâćő ρ_k = ‖R_k‖_{C[a,b]} < 1 u , (1.24) čďě u ěáâì ğŋăçěŋĺě ğăďăçĺ (1.4), âő x_k = 0 ďńï ŋőňěàőć k ≥ K, ĺ, ğŋăçĺâ, áőőâćěâáâćãîéăï äãŋłæĺï f ąãďěâ áőďěàęăâì ŋě ąőńěě, çěň K áńăčăěňëå: f(t) = 1 +^{∑K}_{k=1} x_kR_k(t).

Ďőłăğăâěńìáâćő. Ŕő ŕàěďŕőńőęěŋĺî äãŋłæĺĺ R_k àăćŋőňěàŋő őčàăŋĺçěŋë ĺ ćáîďã ŋă őâàěğłě [a, b] áåőďïâáï ł ŋãńî. Őâáîďă, ć áĺńã âěőàěňë Ńěąěčă ő ňăęőàăŋâŋőľ áåőďĺňőáâĺ (áň., ŋăŕàĺňěà, [17, čń.V, §5, ŕ.4]), áńěďãěâ, çâő ďńï ńîąőľ äãŋłæĺĺ μ ∈ V ĺ, ć çăáâŋőáâĺ, ďńï äãŋłæĺĺ μ, ïćńïîéěľáï àěèěŋĺěň ďćőľáâćěŋŋőľ ğăďăçĺ (1.9), ąãďěâ ĺňěâì ňěáâő áćőľáâćő μk → 0, k → ∞. Ŕőáłőńìłã ŕàĺ íâőň μ∞ = min{μk : k ≥ 1} < 0, âő áãéěáâćãěâ ńĺèì łőŋěçŋőě çĺáńő ŋőňěàőć k, âăłĺå, çâő μ∞ = μk. Ć áĺńã âàěâìěčő ãâćěàęďěŋĺï âěőàěňë 1.1 íâő ćńěçěâ ŕěàćőě ãâćěàęďěŋĺě áńěďáâćĺï. Ďăńěě, ďńï íłáâàěňăńìŋőľ ňěàë μ ∈ V^+ ŕàĺ ńîąőň k ĺňěěň |μ_k| = | | | | | ∫ b a R_k(t)dμ(t) | | | | | ≤ ρkμ^0 = ρku|μ^∞|. Ŕőíâőňã, ěáńĺ ďńï ŋőňěàă k ćëŕőńŋïěâáï ãáńőćĺě (1.24), âő ďńï íâőčő ŋőňěàă |μk| < |μ∞| ĺ, âěň ąőńěě, μk > μ∞. Şâćěàęďěŋĺě áńěďáâćĺï ďőłăğăŋő ŕőńŋőáâìî.

Řăááňőâàĺň áĺáâěňã R = R^{α,β} = {Rk}^∞_{k=1}, α > −1, β > −1, ňŋőčőçńěŋőć §łőąĺ

R_k = R^{α,β}_k ŕőàïďłă k, őàâőčőŋăńìŋëå ŋă őâàěğłě [−1, 1] á ćěáőň (1 − t)^α(1 + t)^β ĺ ŋőà-

ňĺàőćăŋŋëå ãáńőćĺěň Rk(1) = 1. Śőőâćěâáâćãîéăï ğăďăçă (1.2) ďńï áĺáâěňë R ŋă őâàěğłě

[a, b] = [−1, s], čďě −1 < s < 1, ĺğãçăńăáì ć àăąőâăå [3], [6], [7] ĺ ć ňőŋőčàăäĺĺ [8, čń.9] ć

áćïğĺ á ĺááńěďőćăŋĺěň ćěàåŋĺå čàăŋĺæ ãŕăłőćőł łőňŕăłâŋëå àĺňăŋőćëå áĺňňěâàĺçěáłĺå ŕàőáâàăŋáâć àăŋčă 1. Šăł ć àăąőâě [3] ďőłăğăŋő, çâő ěáńĺ ŕăàă ĺŋďěłáőć α, β âăłőćă, çâő ŕàőĺğćěďěŋĺě ńîąëå ďćãå ňŋőčőçńěŋőć §łőąĺ ŕàěďáâăćĺňő ć ćĺďě ńĺŋěľŋőľ łőňąĺŋăæĺĺ ňŋőčőçńěŋőć §łőąĺ á ŋěőâàĺæăâěńìŋëňĺ łőíääĺæĺěŋâăňĺ ĺńĺ, çâő âő ęě áăňőě,

∫_1 −1 R_k(t)R_l(t)R_n(t)(1 − t)^α(1 + t)^βdt ≥ 0 ďńï ćáěå ŋăâãàăńìŋëåk, l, n, (1.25)

âő ŕàĺ ńîąőň s ∈ (−1, 1) ďőŕãáâĺňőě ňŋőęěáâćő G = G^{α,β}(s) ğăďăçĺ (1.2) (ĺńĺ, âő ęě áăňőě, áőőâćěâáâćãîéěě ňŋőęěáâćő F = F^{α,β}(s) äãŋłæĺľ (1.1)) ŋěŕãáâő. Ć çăáâŋőáâĺ, ŋěàăćěŋáâćő (1.25) ćëŕőńŋïěâáï [18] (áň. âăłęě [19]) ŕàĺ α ≥ β ≥ −1/2. Ĺğćěáâŋő (áň. [20, á.175]), çâő ŕàĺ α > β ≥ −1/2 ňŋőčőçńěŋë §łőąĺ R^{α,β}_k àăćŋőňěàŋő áåőďïâáï ł ŋãńî ŋă őâàěğłě [−1, s] ďńï ńîąőčő äĺłáĺàőćăŋŋőčő s ∈ (−1, 1). Őâáîďă á ŕőňőéìî áńěďáâćĺï 1.2 ŕőńãçăěň âăłőě ãâćěàęďěŋĺě.

Śńěďáâćĺě 1.3 Ć áńãçăě R = R^{α,β} = {R^{α,β}_k }^∞_{k=1}, α > β ≥ − 1 2 , ć ğăďăçě (1.2) ŋă őâàěğłě [−1, s], s ∈ (−1, 1), íłáâàěňăńìŋăï äãŋłæĺï áãéěáâćãěâ ĺ ïćńïěâáï ňŋőčőçńěŋőň (łőŋěçŋőľ áâěŕěŋĺ); áãéěáâćãěâ âăłęě íłáâàěňăńìŋăï ňěàă μ = μ^{α,β} ∈ V^+[−1, s] ć áőőâćěâáâćãîéěľ ďćőľáâćěŋŋőľ ğăďăçě (1.9), ĺ íâă ňěàă ąãďěâ áőáàěďőâőçěŋă ńĺèì ć łőŋěçŋőň çĺáńě âőçěł.

Ńěňňă 1.2 Ďőŕãáâĺň, çâő äãŋłæĺĺ R_k ŕőáńěďőćăâěńìŋőáâĺ R = {R_k}^∞_{k=1} ⊂ C[a, b] àăćŋőňěàŋő őčàăŋĺçěŋë ŋă őâàěğłě [a, b] ĺ (ŕőâőçěçŋő) áåőďïâáï ł ŋãńî ŋă ŕőńãĺŋâěàćăńě (a, b]. Šőčďă ďńï ńîąőľ äãŋłæĺĺ μ ∈ V [a, b] ćëŕőńŋïěâáï áőőâŋőèěŋĺě ∫ b a R_k(t)dμ(t) = R_k(a) ( μ(a + 0) − μ(a) ) + o(1), k → ∞. (1.26)

Ďőłăğăâěńìáâćő. Ŕãáâì μ ∈ V [a, b]. Őąőğŋăçĺň çěàěğ μ^∗ äãŋłæĺî, őŕàěďěńěŋŋãî áńěďãîéĺň őąàăğőň_{μ∗(a) = μ(a + 0),} μ^∗(t) = μ(t), t ∈ (a, b]. Šőčďă ĺňěěň

μ_k = ∫ b a R_k(t)dμ(t) = R_k(a) ( μ(a + 0) − μ(a) ) + ∫ b a R_k(t)dμ^∗(t). (1.27)

Ŕő ãáńőćĺî äãŋłæĺĺ Rk áåőďïâáï ł ŋãńî ŋă ŕőńãĺŋâěàćăńě (a, b]. Ŕőáłőńìłã äãŋłæĺï μ^∗ ŋěŕàěàëćŋă ć âőçłě a (áŕàăćă), âő, áńěďőćăâěńìŋő, ŕőáńěďőćăâěńìŋőáâì Rk áåőďĺâáï ł ŋãńî ŕőçâĺ ćáîďã ŋă [a, b] őâŋőáĺâěńìŋő ňěàë μ^∗. Łàőňě âőčő, ŕàěďŕőńăčăěâáï, çâő äãŋłæĺĺ Rk àăćŋőňěàŋő őčàăŋĺçěŋë. Ŕőíâőňã, áőčńăáŋő âěőàěňě Ńěąěčă ő ňăęőàăŋâŋőľ áåőďĺňőáâĺ, ňőęŋő ãâćěàęďăâì, çâő_{∫ b} a R_k(t)dμ^∗(t) → 0, k → ∞. (1.28) Ĺğ áőőâŋőèěŋĺľ (1.28) ĺ (1.27) áńěďãěâ ãâćěàęďěŋĺě (1.26).

2 2.

Ğăďăçă (0.14) ěáâì çăáâŋëľ áńãçăľ ğăďăçĺ (1.4); ďćőľáâćěŋŋőľ ďńï (0.14) ąãďěâ ïćńïâìáï ğăďăçă ćëçĺáńěŋĺï ćěńĺçĺŋë

v_m = sup { μ_0 −μ_∞ : μ ∈ V^+ [ −1, 1 2 ] , μ ≠ const } , (2.1) čďě μ_∞ = inf{μ_k : k ≥ 1}, μ_k =

∫ 1_2 −1 R^{α,α}_k (t)dμ(t), α = m − 3 2 . Łăł ňë ãęě őâňěçăńĺ ćëèě, ňŋőęěáâćő F = Fm ŕàĺ łăęďőň m ≥ 2 ŋěŕãáâő [3]. Ŕőíâőňã ďńï ğăďăç (0.14) ĺ (2.1) ĺňěěâ ňěáâő áńěďãîéěě ãâćěàęďěŋĺě, áőďěàęăéěěáï ć âěőàěňě 1.1. Šěőàěňă 2.1 Ŕàĺ ńîąőň m ≥ 2 ďńï ğăďăç (0.14) ĺ (2.1) áŕàăćěďńĺćë ãâćěàęďěŋĺï.

I. Ğăďăçĺ (0.14) ĺ (2.1) áćïğăŋë áőőâŋőèěŋĺěň ďćőľáâćěŋŋőáâĺ

u_m = v_m. (2.2)

II. Łăęďăï ĺğ ğăďăç (0.14) ĺ (2.1) ĺňěěâ àěèěŋĺě, â.ě. áãéěáâćãîâ äãŋłæĺï

f(t) = 1 + ∞∑ k=1 x_kR^{α,α}_k (t), α = m − 3 2 , (2.3)

ŕàĺŋăďńěęăéăï ňŋőęěáâćã F = F_m (â.ě. ãďőćńěâćőàïîéăï őčàăŋĺçěŋĺïň (0.4) - (0.6)), ĺ äãŋłæĺï μ ∈ V^+ = V^+[−1,^1_2 ], μ ≠ const, ŋă łőâőàëå ć (0.14) ĺ (2.1) ďőáâĺčăîâáï áőőâćěâáâćěŋŋő ŋĺęŋïï ĺ ćěàåŋïï čàăŋĺ.

III. Ťãŋłæĺĺ f ∈ F_m ĺ μ ∈ V^+ ïćńïîâáï àěèěŋĺïňĺ áőőâćěâáâćěŋŋő ğăďăç (0.14) ĺ (2.1) ć âőň ĺ âőńìłő âőň áńãçăě, ěáńĺ őŋĺ őąńăďăîâ áńěďãîéĺňĺ áćőľáâćăňĺ:

1) őŕàěďěńïěňăï äãŋłæĺěľ μ ňěàă áőáàěďőâőçěŋă ŋă ňŋőęěáâćě ŋãńěľ äãŋłæĺĺ f ĺğ őâàěğłă [−1,^1_2 ],

2) ěáńĺ ŋőňěà k ≥ 1 âăłőć, çâő μ_k > μ_∞, âő áőőâćěâáâćãîéĺľ łőíääĺæĺěŋâ x_k ć àăğńőęěŋĺĺ (2.3) àăćěŋ ŋãńî: x_k = 0.

Ğăňěçăŋĺě 2.1 Ňŋőčőçńěŋë R_k = R^{α,α}_k ïćńïîâáï çěâŋëňĺ ĺńĺ ŋěçěâŋëňĺ ć áőőâćěâáâćĺĺ á âěň, ąãďěâ ńĺ çĺáńő k çěâŋëň ĺńĺ ŋěçěâŋëň, çâő, ć çăáâŋőáâĺ, ćńěçěâ áćőľáâćő Rk(−1) =

(−1)^k. Łàőňě âőčő, ĺğćěáâŋő (áň., ŋăŕàĺňěà, [20, á.175]), çâő R_k(t) → 0, k → ∞, ďńï t ∈ (−1, 1), α > −1/2. Ŕőíâőňã, áőčńăáŋő ńěňňě 1.2, ďńï ńîąőľ äãŋłæĺĺ μ ∈ V [−1,^1_2 ] ĺ, ć

çăáâŋőáâĺ, ďńï íłáâàěňăńìŋőľ äãŋłæĺĺ μ ∈ V^+ ĺňěěň

μ_k = (−1)^k ( μ(−1 + 0) − μ(−1) ) + o(1), k → ∞. (2.4)

Ďăńěě, áőčńăáŋő ńěňňě 1.1, áŕàăćěďńĺćő áćőľáâćő μ∞ < 0, ĺ, ğŋăçĺâ, àăćěŋáâćő μk = μ∞ ňőęěâ ćëŕőńŋïâìáï ńĺèì ďńï łőŋěçŋőčő çĺáńă çěâŋëå ŋőňěàőć k. Őâáîďă, ć áĺńã âàěâìěčő ãâćěàęďěŋĺï âěőàěňë 2.1, áńěďãěâ, çâő ŕàĺ ńîąőň m ≥ 3 íłáâàěňăńìŋăï äãŋłæĺï (2.3) ğăďăçĺ (0.14) ňőęěâ ĺňěâì ńĺèì łőŋěçŋőě çĺáńő ŋěŋãńěćëå áńăčăěňëå á çěâŋëňĺ ŋőňěàăňĺ k. Ć áćïğĺ á íâĺň ŕőńěğŋő őâňěâĺâì, çâő ńîąăï äãŋłæĺï f ∈ Fm, ă ğŋăçĺâ, ĺ íłáâàěňăńìŋăï äãŋłæĺï (2.3) ğăďăçĺ (0.14) őąïğăâěńìŋő ĺňěěâ ŋěŋãńěćëě áńăčăěňëě łăł á ŋěçěâŋëňĺ, âăł ĺ á çěâŋëňĺ ŋőňěàăňĺ k ≥ 1. Ďěľáâćĺâěńìŋő, äãŋłæĺï f ∈ Fm ŋě ňőęěâ ąëâì çěâŋőľ, ĺąő ã ŋěě f(−1) ≤ 0, f(1) > 0. Šőçŋő âăł ęě, äãŋłæĺï f(t) − 1 ŋě ňőęěâ ąëâì ŋěçěâŋőľ, ĺąő ć íâőň áńãçăě f(0) − 1 = 0, ĺ, łăł áńěďáâćĺě, f(0) = 1, çâő ŕàőâĺćőàěçĺâ ŕàěďŕőńőęěŋĺî f(0) ≤ 0.

3 3.

Ŋĺęě ć ďăŋŋőľ àăąőâě ąãďěâ ďăŋő àěèěŋĺě ğăďăç (0.7), (0.14) ĺ (2.1) ďńï m = 4. Ŕàĺ m = 4 ňŋőčőçńěŋë Rk = R^{12 , 12}_k ïćńïîâáï ňŋőčőçńěŋăňĺ Ůěąëèěćă ćâőàőčő àőďă, ŋőàňĺàőćăŋŋëňĺ ãáńőćĺěň Rk(1) = 1; ğďěáì íâĺ ňŋőčőçńěŋë ąãďãâ őąőğŋăçăâìáï áĺňćőńăňĺ Pk. Ĺâăł, ŋăá ĺŋâěàěáãěâ ćěńĺçĺŋă

w = w_4 = inf { f(1)

f_0

: f ∈ F_4 } (3.1)

ŋă ňŋőęěáâćě F = F4 äãŋłæĺľ f, ŕàěďáâăćĺňëå àïďăňĺ f(t) = ∞∑ k=0 f_kP_k(t) (3.2)

(ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă), łőíääĺæĺěŋâë łőâőàëå ŋěőâàĺæăâěńìŋëě, ă âőçŋěě, f0 > 0, fk ≥ 0, k = 1, 2, . . ., ĺ ãďőćńěâćőàïîéĺå ãáńőćĺî f(1) =^{∑∞}_{k=0} fk < ∞; łàőňě âőčő, ŕàěďŕőńăčăěâáï, çâő äãŋłæĺĺ f ∈ F4 ŋěŕőńőęĺâěńìŋëě ŋă őâàěğłě J = [−1,^1_2 ].

Łăł ãęě őâňěçăńőáì, 24 ≤ τ4 ≤ 25. Őæěŋłă áŋĺğã τ4 ≥ 24 ĺğćěáâŋă ďăćŋő; íâã őæěŋłã ďăîâ łőŋłàěâŋëě łńăááĺçěáłĺě áäěàĺçěáłĺě łőďë W ⊂ S^3 ⊂ R^4, łőâőàëě ňőęŋő ŋăľâĺ, ŋăŕàĺňěà, ć ňőŋőčàăäĺĺ [8, Š.1, čń.1, §2, ŕ.2.4]. Őæěŋłă áćěàåã τ4 ≤ 25 ąëńă ŕőńãçěŋă İ.Őďńëęłő ĺ Ŋ.Śńőíŋőň [4] (áň. âăłęě [8, čń.13]) á ŕőňőéìî ŋěàăćěŋáâćă (0.12). Ďńï őąőáŋőćăŋĺï íâőľ őæěŋłĺ őŋĺ ŋăèńĺ łőŋłàěâŋãî äãŋłæĺî f ∈ F4, ă âőçŋěě, ňŋőčőçńěŋ ďěćïâőľ áâěŕěŋĺ

f(t) = 1 + 9∑ k=1 a_kP^∗_k (t), (3.3)

ć àăğńőęěŋĺĺ łőâőàőčő ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă P^∗_k , ŋőàňĺàőćăŋŋëå ãáńőćĺěň

P^∗_k (1) = ( k +^1_2 k ) = ( 1 +^1_2 ) ( 2 +^1_2 ) . . . ( k +^1_2 ) k! , k ≥ 1,

łőíääĺæĺěŋâë ak ĺňěîâ áńěďãîéĺě ğŋăçěŋĺï a1 = 2.412237, a2 = 3.261973, a3 =

3.217960, a_4 = 2.040011, a_5 = 0.853848, a_6 = a_7 = a_8 = 0, a_9 = 0.128520. Ďńï íâőľ äãŋłæĺĺ f(1) ≤ 25.5585, ă őâáîďă áńěďãěâ, çâő τ_4 ≤ 25.

Ŕàĺćěďěŋŋëľ âőńìłő çâő àěğãńìâăâ İ.Őďńëęłő ĺ Ŋ.Śńőíŋă ćńěçěâ őæěŋłã

w_4 ≤ 25.5585. (3.4)

Ĺğ ďăńìŋěľèěčő ąãďěâ ćĺďŋő, çâő íâă őæěŋłă ďăěâ ŕàăłâĺçěáłĺ âőçŋőě ğŋăçěŋĺě ćěńĺçĺŋë

w_4, ĺ ňŋőčőçńěŋ (3.3) ćěáìňă ąńĺğőł ł àěèěŋĺî ğăďăçĺ (3.1).

Šőçŋőě àěèěŋĺě ğăďăçĺ (3.1) ąëńő ŋăňĺ ŕőńãçěŋő ŕő áńěďãîéěľ áåěňě. Ćŋăçăńě ňë ŕàőćěńĺ íłáŕěàĺňěŋâ ŋă łőňŕìîâěàě, çĺáńěŋŋő àěèăï ğăďăçã ńĺŋěľŋőčő ŕàőčàăňňĺàőćăŋĺï, ïćńïîéãîáï ďĺáłàěâĺğăæĺěľ ğăďăçĺ (3.1); ďĺáłàěâĺğăæĺï áőáâőïńă ć âőň, çâő ąěáłőŋěçŋăï áãňňă (3.2) ąëńă ğăňěŋěŋă ŋă ďőćőńìŋő ąőńìèãî łőŋěçŋãî (ďő 40 áńăčăěňëå), ĺ ãáńőćĺě ŋěŕőńőęĺâěńìŋőáâĺ äãŋłæĺĺ f ŋă őâàěğłě J = [−1,^1_2 ] ąëńő ğăňěŋěŋő ăŋăńőčĺçŋëň ãáńőćĺěň ŋă ďőáâăâőçŋő čãáâőľ áěâłě ĺğ őâàěğłă J. Ć àěğãńìâăâě ąëń ŕőńãçěŋ ňŋőčőçńěŋ

f^∗(t) = 9∑ k=0 f^∗_k P_k(t), (3.5)

ŕàăłâĺçěáłĺ áőćŕăďăîéĺľ á ňŋőčőçńěŋőň (3.3). Ňŋőčőçńěŋ f^∗ őąńăďăěâ áńěďãîéĺňĺ őáőąěŋŋőáâïňĺ:

1) ěčő łőíääĺæĺěŋâë f^∗_k á ŋőňěàăňĺ k = 6, 7, 8 àăćŋë ŋãńî:

f^∗_6 = f^∗_7 = f^∗_8 = 0, (3.6)

ă őáâăńìŋëě – ŕőńőęĺâěńìŋëě,

2) ňŋőčőçńěŋ f^∗ ĺňěěâ ŋă őâàěğłě J âàĺ ďćőľŋëå łőàŋï a, b, c ĺ ŕàőáâőľ łőàěŋì d =^1_2 , − 1 < a < b < c < d = 1 2 , (3.7)

łàőňě âőčő, f^∗ ĺňěěâ ŕăàã łőňŕńěłáŋő áőŕàïęěŋŋëå łőàŋěľ.

Ďőŕãáâĺň âěŕěàì, çâő âőçŋőě àěèěŋĺě f^∗ ğăďăçĺ w4 ĺňěěâ ãłăğăŋŋëľ ğďěáì ćĺď (3.5) –

(3.7). Ć áĺńã âěőàěňë 2.1 ňőęŋő ãâćěàęďăâì, çâő àěèěŋĺě μ^∗ ∈ V^+[J] áőőâćěâáâćãîéěľ

ďćőľáâćěŋŋőľ ğăďăçĺ (â.ě. ğăďăçĺ (2.1) ďńï m = 4) ěáâì ňěàă, áőáàěďőâőçěŋŋăï ć âőçłăå

a, b, c, d, ĺ, ğŋăçĺâ, ŋă äãŋłæĺïå f ∈ C(J) ĺňěěâ ňěáâő äőàňãńă

(μ^∗, f) =

∫ 1_2 −1 f(t)dμ^∗(t) = Af(a) + Bf(b) + Cf(c) + Df(d), (3.8) čďě A, B, C, D – ŋěőâàĺæăâěńìŋëě ćěéěáâćěŋŋëě çĺáńă, ïćńïîéĺěáï ğŋăçěŋĺïňĺ ňěàë μ^∗ âőçěł a, b, c, d ĺ ŋăğëćăěňëě ďăńěě ćěáăňĺ. Ŕàĺ áďěńăŋŋëå ŕàěďŕőńőęěŋĺïå äãŋłæĺï f^∗ ĺ ňěàă μ^∗ ąãďãâ ãďőćńěâćőàïâì áńěďãîéĺň ãáńőćĺïň.

1) Ťãŋłæĺï f^∗ ĺňěěâ ćĺď

f^∗(t) = (t − a)^2(t − b)^2(t − c)^2 ( t − 1 2 ) g_2(t),

čďě g2(t) = t^2 + qt + r ěáâì ňŋőčőçńěŋ ćâőàőčő ŕőàïďłă á ďćãňï łőňŕńěłáŋő áőŕàïęěŋŋëňĺ łőàŋïňĺ._{2)}

Řăğńőęěŋĺě (3.5) äãŋłæĺĺ f^∗ ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă ĺňěěâ ŋěőâàĺæăâěńìŋëě łőíääĺæĺěŋâë f^∗_k , ĺ ŕàĺ íâőň f^∗_6 = f^∗_7 = f^∗_8 = 0.

3) Ŕăàăňěâàë A, B, C, D ňěàë μ^∗ âăłőćë, çâő łőíääĺæĺěŋâë

μ_k =

∫ 1_2 −1 P_k(t)dμ^∗(t) = AP_k(a) + BP_k(b) + CP_k(c) + DP_k(d)

őąńăďăîâ áćőľáâćăňĺ_μ

1 = μ_2 = μ_3 = μ_4 = μ_5 = μ_9(= μ_∞);

ňőęŋő áçĺâăâì, çâő ňěàă μ^∗ ŋőàňĺàőćăŋă âăł, çâő íâő őąéěě ğŋăçěŋĺě łőíääĺæĺěŋâőć àăćŋő −1 : μ1 = μ2 = μ3 = μ4 = μ5 = μ9 = −1.

Ŕěàěçĺáńěŋŋëě ãáńőćĺï ďăîâ áĺáâěňã ďěćïâĺ (ŋěńĺŋěľŋëå) ãàăćŋěŋĺľ á ďěćïâìî ŋěĺğćěáâŋëňĺ, łőâőàëňĺ ïćńïîâáï ŕăàăňěâàë a, b, c, A, B, C, D ĺ ďćă łőíääĺæĺěŋâă q, r ňŋőčőçńěŋă g2(t) = t^2 + qt + r. Ŕőńãçěŋŋãî áĺáâěňã ňë ãáŕěèŋő àěèĺńĺ ŋă łőňŕìîâěàě á ŕőňőéìî ŕăłěâă ăŋăńĺâĺçěáłĺå ćëçĺáńěŋĺľ Maple.

Řăáçěâë ŋă łőňŕìîâěàě ŕőğćőńĺńĺ ŋăň ŕőáâàőĺâì äãŋłæĺĺ f^∗ ĺ μ^∗; íłáâàěňăńìŋőáâì ęě íâőľ ŕăàë äãŋłæĺľ őąőáŋőćëćăěâáï ŋĺęě ăŋăńĺâĺçěáłĺ, ąěğ ŕàĺćńěçěŋĺï łőňŕìîâěàă. Ć ŕàĺćőďĺňëå àăááãęďěŋĺïå ňë ćëŕĺáëćăěň ŕàĺąńĺęěŋŋëě ğŋăçěŋĺï ćáěå ćáâàěçăîéĺåáï ŕěàěňěŋŋëå (łőàŋěľ ãàăćŋěŋĺľ ĺ ŋěőąåőďĺňëå äãŋłæĺľ íâĺå łőàŋěľ), çâő ŕőğćőńĺâ çĺâăâěńî, ŕàĺ ŋěőąåőďĺňőáâĺ, ŕàőćěáâĺ ŋãęŋãî ńőłăńĺğăæĺî íâĺå ŕěàěňěŋŋëå.

Ůĺáńěŋŋëě àăáçěâë ŋă łőňŕìîâěàě ďĺáłàěâŋőčő ăŋăńőčă ğăďăçĺ (3.1) ąëńĺ őáãéěáâćńěŋë ăćâőàăňĺ ŕőáàěďáâćőň ŕàőčàăňňë àěèěŋĺï ğăďăç ńĺŋěľŋőčő ŕàőčàăňňĺàőćăŋĺï á ňăńëň çĺáńőň ŋěĺğćěáâŋëå ĺ ąőńìèĺň çĺáńőň őčàăŋĺçěŋĺľ, ńîąěğŋő ŕàěďőáâăćńěŋŋőľ ŋăň Ń.Ć.Ŕěâàăł; ŕàĺ ŕàőćěďěŋĺĺ ăŋăńĺâĺçěáłĺå àăáçěâőć ŋă łőňŕìîâěàě ć ŕăłěâě Maple ąőńìèãî ŕőňőéì ŋăň őłăğăńĺ Ś.Ć.Ąěàďëèěć ĺ Ň.Ć.Ďěľłăńőćă. Ćáěň ĺň ăćâőàë ćěáìňă ąńăčőďăàŋë.

Ďńï äőàňãńĺàőćłĺ àěğãńìâăâőć őáâăćèěľáï çăáâĺ àăąőâë ŋăň ŕőŋăďőąïâáï ŋěáłőńìłő őŕàěďěńěŋĺľ ĺ őąőğŋăçěŋĺľ. Ŕãáâì H ěáâì áńěďãîéĺľ ňŋőčőçńěŋ áěďìňőľ áâěŕěŋĺ

H(z) = z^7 + 23 8 z^6 + 29 12 z^5 − 11 96 z^4 − 185 144 z^3 − 877 1152 z^2 − 3 16 z − 9 512 . (3.9)

Őŋ ĺňěěâ âàĺ ćěéěáâćěŋŋëå ĺ çěâëàě łőňŕńěłáŋëå łőàŋï:

ξ_1 = −1.368502640 . . .,

ξ_2 = −0.320830326 . . .,

ξ_3 = 0.739659011 . . .,

ξ_{4,5} = −0.659115894 . . . ± i · 0.230039449 . . .,

ξ_{6,7} = −0.303547128 . . . ± i · 0.137565088 . . ..

Őáőąãî àőńì ć ďăńìŋěľèěň ąãďěâ ĺčàăâì ŋăĺňěŋìèĺľ ćěéěáâćěŋŋëľ łőàěŋì; ŋăň ãďőąŋő őąőğŋăçĺâì ěčő çěàěğ ξ. Šăłĺň őąàăğőň,

ξ = ξ_1 = −1.368502640 . . .. (3.10)

Ććěďěň çěâëàě çĺáńă, łőâőàëě ćëàăęăîâáï çěàěğ ξ ŕő äőàňãńăň η = −33 − 100ξ + 36ξ^2 + 96ξ^3

48 + 144ξ

= 0.501597587 . . ., (3.11) ζ = − 1 4 − ξ 3 − η 2 = −0.044631247 . . ., (3.12) q = 2ξ + 1 2 = −2.237005280 . . ., (3.13)

r = 3ξ^2 + ξ − 2η − 7 4 = 1.496700613 . . .. (3.14)

Šěŕěàì á ŕőňőéìî çĺáěń ξ, η, ζ, q, r őŕàěďěńĺň ňŋőčőçńěŋ ďěćïâőľ áâěŕěŋĺ

f^∗(t) = ( t − 1 2 ) (t^3 − ξt^2 + ηt − ζ)^2(t^2 + qt + r); (3.15)

őąőğŋăçĺň çěàěğ f^∗_k łőíääĺæĺěŋâë ć àăğńőęěŋĺĺ

f^∗(t) = 9∑ k=0 f^∗_k P_k(t) (3.16)

f^∗ ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă. Ŕãáâì, ŋăłőŋěæ, a < b < c ěáâì łőàŋĺ ňŋőčő-

çńěŋă_{z3 − ξz2 + ηz − ζ; (3.17)}

íâĺ łőàŋĺ ĺňěîâ áńěďãîéĺě ŕàĺąńĺęěŋŋëě ğŋăçěŋĺï

a = −0.827548728 . . ., b = −0.409134511 . . ., c = −0.131819400 . . .. (3.18)

Őďŋĺň ĺğ őáŋőćŋëå àěğãńìâăâőć ďăŋŋőľ àăąőâë ïćńïěâáï áńěďãîéěě ãâćěàęďěŋĺě. Šěőàěňă 3.1 Ťãŋłæĺï f^∗, őŕàěďěńěŋŋăï á ŕőňőéìî áőőâŋőèěŋĺľ (3.9)-(3.16), ŕàĺŋăďńěęĺâ ňŋőęěáâćã F_4 ĺ ïćńïěâáï ěďĺŋáâćěŋŋőľ (á âőçŋőáâìî ďő ŕőńőęĺâěńìŋőčő ňŋőęĺâěńï) íłáâàěňăńìŋőľ äãŋłæĺěľ (àěèěŋĺěň) ğăďăçĺ (3.1); ŕőňĺňő âőčő, áŕàăćěďńĺćë àăćěŋáâćă w_4 = f^∗(1) f^∗_0 = 8ξ − 18η − 15 ξ = 25.558429097 . . .. (3.19)

Śőőâćěâáâćãîéăï ďćőľáâćěŋŋăï ğăďăçă (â.ě. ğăďăçă (2.1) ŕàĺ m=4) ĺňěěâ ěďĺŋáâćěŋŋőě (á âőçŋőáâìî ďő ŕőńőęĺâěńìŋőčő ňŋőęĺâěńï) àěèěŋĺě μ^∗, ïćńïîéěěáï ňěàőľ, áőáàěďőâőçěŋŋőľ ć âőçłăå a, b, c ĺ^1_2 , łőâőàăï ğăďăěâ ŋă ŕàőáâàăŋáâćě ŋěŕàěàëćŋëå ŋă őâàěğłě [−1,^1_2 ] äãŋłæĺľ f äãŋłæĺőŋăń

(μ^∗, f) =

∫ 1_2 −1 f(t)dμ^∗(t) = M(a)f(a) + M(b)f(b) + M(c)f(c) + M ( 1 2 ) f ( 1 2 ) (3.20)

á ćěáăňĺ M(a) = 2 + 3(b + c) + 6bc 8(a − 1) ( a −^1_2 ) (a − b)(a − c) · 8ξ − 18η − 15 ξ = 3.169774489 . . .,

M(b) = 2 + 3(a + c) + 6ac 8(b − 1) ( b −^1_2 ) (b − a)(b − c) · 8ξ − 18η − 15 ξ = 4.805310571 . . .,

M(c) = 2 + 3(a + b) + 6ab 8(c − 1) ( c −^1_2 ) (c − a)(c − b) · 8ξ − 18η − 15 ξ = 7.442808460 . . .,

M ( 1 2 ) = 2 ·

3 + 2ξ + 6η 9 + 2ξ + 24η · 8ξ − 18η − 15 ξ = 9.140535577 . . .; (3.21) ďńï ňěàë μ^∗ łőíääĺæĺěŋâë Ťãàìě μ^∗_k =^{∫ 12}_{−1} P_k(t)dμ^∗(t) ĺ ćěńĺçĺŋă μ^∗_∞ = min{μ^∗_k : k ≥ 1} őąńăďăîâ áćőľáâćăňĺ

μ^∗_1 = μ^∗_2 = μ^∗_3 = μ^∗_4 = μ^∗_5 = μ^∗_9 = μ^∗_∞ = −1, (3.22)

μ^∗_k > μ^∗_∞ = −1, k ≥ 1, k ≠ 1, 2, 3, 4, 5, 9. (3.23)

Ŕàěďćăàĺâěńìŋő ďőłăęěň ŋěáłőńìłő ćáŕőňőčăâěńìŋëå ãâćěàęďěŋĺľ. Ŋĺęě ąãďãâ ĺáŕőńìğőćăâìáï áńěďãîéĺě ĺğćěáâŋëě (áň., ŋăŕàĺňěà, [21, á.30]) àăğńőęěŋĺï áâěŕěŋěľ ŕěàěňěŋŋőľ çěàěğ ňŋőčőçńěŋë

U_n(t) = (n + 1)P_n(t) = sin(n + 1)θ sin θ

, t = cos θ, n = 0, 1, 2, . . ., (3.24)

Ůěąëèěćă ćâőàőčő àőďă:

1 = U_0(t), t = 1 2 U_1(t),

t^2 = 1 4 ( U_2(t) + U_0(t) ) , t^3 = 1 8 ( U_3(t) + 2U_1(t) ) , t^4 = 1 16 ( U_4(t) + 3U_2(t) + 2U_0(t) ) , t^5 = 1 32 ( U_5(t) + 4U_3(t) + 5U_1(t) ) , (3.25)

t^6 = 1 64 ( U_6(t) + 5U_4(t) + 9U_2(t) + 5U_0(t) ) , t^7 = 1 128 ( U_7(t) + 6U_5(t) + 14U_3(t) + 14U_1(t) ) , t^8 = 1 256 ( U_8(t) + 7U_6(t) + 20U_4(t) + 28U_2(t) + 14U_0(t) ) , t^9 = 1 512 ( U_9(t) + 8U_7(t) + 27U_5(t) + 48U_3(t) + 42U_1(t) ) . Ńěňňă 3.1 Ťãŋłæĺï f^∗, őŕàěďěńěŋŋăï á ŕőňőéìî áőőâŋőèěŋĺľ (3.9)-(3.15), ŕàĺŋăďńěęĺâ ňŋőęěáâćã F_4.

Ďőłăğăâěńìáâćő. Ć ŕàăćőľ çăáâĺ (3.15) ňŋőčőçńěŋ g_2(t) = t^2 + qt + r ŕőńőęĺâěńìŋëľ ŋă ćáěľ ćěéěáâćěŋŋőľ őáĺ, ĺąő min{g2(t) : t ∈ R} = r −^{( q}_2^{)2} = 0.245652457 . . . > 0. Ŕőíâőňã f^∗(t) ≤ 0, −1 ≤ t ≤ 1 2 . (3.26)

Ŋăň őáâăńőáì ďőłăğăâì, çâő ć àăğńőęěŋĺĺ (3.16) äãŋłæĺĺ (3.15) ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă łőíääĺæĺěŋâë f^∗_k ŋěőâàĺæăâěńìŋëě, ŕàĺçěň f^∗_0 > 0. Ćŋăçăńě àăğńőęĺň

f^∗ ŕő áâěŕěŋïň ŕěàěňěŋŋőľ t :

f^∗(t) = 9∑ k=0 c_kt^k. (3.27)

Ś ŕőňőéìî äőàňãń (3.9) – (3.15) ŕőńãçăěň

c_9 = 1, c_8 = 0, c_7 = −2, c_6 = 0,

c_5 = −2ζξ − 3η^2 − 2ξη − 4η + 3ξ^3 − ξ^2 − 7ξ 4 + 3ξ^4 = 1.844949212 . . .,

c_4 = 2η^2 + 2ζη − 2ζξ^2 + 6η^2ξ + 4ζ − 2ηξ^2 + 3ηξ − 6ηξ^3 + 7η 4 − 3ξ^4 2 − ξ^3 2 + + 7ξ^2 8 = 0.693337331 . . .,

c_3 = −2ζη + ζ^2 + 3ζξ^2 − 3ζξ − 2η^2ξ − 2η^2 − 8ζηξ + 6ζξ^3 − 2η^3 + 3η^2ξ^2 − − 7ζ 4 + 3ηξ^3 + ηξ^2 − 7ηξ 4 = −0.237297380 . . ., (3.28)

c_2 = 2ζηξ + 4ζη + 2ζ^2ξ − 3ζξ^3 − ζξ^2 + 7ζξ 4 + η^3 −

3η^2ξ^2 2 − η^2ξ 2 + 7η^2 8 + + 4ζη^2 − 6ζηξ^2 = −0.168059741 . . .,

c_1 = −2ζ^2 − 2ζη^2 + 3ζηξ^2 + ζηξ − 7ζη 4 − 2ζ^2η + 3ζ^2ξ^2 = −0.028297176 . . .,

c_0 = ζ^2η − ζ^2ξ 2 + 7ζ^2 8 − 3ζ^2ξ^2 2 = −0.001490675 . . ..

Ŕàĺňěŋĺć âěŕěàì ć àăğńőęěŋĺĺ (3.27) äőàňãńë (3.25), (3.24) ĺ (3.28), ŋăåőďĺň łőíääĺæĺěŋâë f^∗_k ć àăğńőęěŋĺĺ (3.16)

f^∗_9 = 5 256 , f^∗_8 = f^∗_7 = f^∗_6 = 0,

f^∗_5 = 3 16 ( c_5 − 21 16 ) = 0.099834227 . . .,

f^∗_4 = 5 16 c_4 = 0.216667916 . . .,

f^∗_3 = 1 2 (c_5 + c_3 − 1) = 0.303825915 . . .,

f^∗_2 = 3 4 ( 3 4 c_4 + c_2 ) = 0.263957443 . . .,

f^∗_1 = c_1 + 1 2 c_3 + 5 16 c_5 − 35 128 = 0.156163262 . . .,

f^∗_0 = c_0 + 1 4 c_2 + 1 8 c_4 = 0.043161556 . . .. (3.29)

Šăłĺň őąàăğőň, àăğńőęěŋĺě (3.16) äãŋłæĺĺ f^∗ ĺňěěâ ŋěőâàĺæăâěńìŋëě łőíääĺæĺěŋâë ĺ

f^∗_0 > 0. Ńěňňă 3.1 ďőłăğăŋă.

Ďőłăğăŋŋăï âőńìłő çâő ńěňňă ďăěâ őæěŋłã áćěàåã ćěńĺçĺŋë w4, ĺ, łăł ňë ãćĺďĺň ć ďăńìŋěľèěň, íâă őæěŋłă âőçŋăï. Ďńï őąőáŋőćăŋĺï ŋãęŋőľ őæěŋłĺ áŋĺğã ćěńĺçĺŋë w4 ňë áěľçăá ŕőáâàőĺň áŕěæĺăńìŋãî łćăďàăâãàŋãî äőàňãńã, áőďěàęăéãî ŋě âőńìłő ğŋăçěŋĺï äãŋłæĺĺ, ŋő ĺ ěě łőíääĺæĺěŋâë Ťãàìě ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă; ŕő áãéěáâćã íâă äőàňãńă ïćńïěâáï äőàňãńőľ (1.17) ďńï ğăďăç u4, v4. Ńěňňă 3.2 Ŋă ňŋőęěáâćě Φ_4 äãŋłæĺľ f ∈ C[−1, 1], ŕàěďáâăćĺňëå àïďăňĺ f(t) = ∞∑ k=0 f_kP_k(t) (3.30) á áãňňĺàãěňőľ ŕőáńěďőćăâěńìŋőáâìî {f_k}^∞_{k=0} ćěéěáâćěŋŋëå (ŋěőąïğăâěńìŋő ŋěőâàĺæăâěńìŋëå) łőíääĺæĺěŋâőć:^{∑∞}_{k=0} |f_k| < ∞, ĺňěěâ ňěáâő łćăďàăâãàŋăï äőàňãńă

f_0 = 2 π ∫_1 −1 f(t) √ 1 − t^2dt = L(f) − ∑ ν≥1 L(P_ν )f_ν, (3.31)

ć łőâőàőľ äãŋłæĺőŋăń L ğăďăŋ áőőâŋőèěŋĺěň

L(f) = λ(1)f(1) + λ ( 1 2 ) f ( 1 2 ) + λ(a)f(a) + λ(b)f(b) + λ(c)f(c) (3.32)

á łőíääĺæĺěŋâăňĺ λ(1) = ξ 8ξ − 18η − 15

= 0.039126035 . . ., (3.33) λ ( 1 2 ) = 2 3 + 2ξ + 6η 9 + 2ξ + 24η

= 0.357632917 . . ., (3.34) λ(a) = 2 + 3(b + c) + 6bc 8(a − 1) ( a −^1_2 ) (a − b)(a − c) = 0.124020708 . . ., (3.35)

λ(b) = 2 + 3(a + c) + 6ac 8(b − 1) ( b −^1_2 ) (b − a)(b − c) = 0.188012751 . . ., (3.36)

λ(c) = 2 + 3(a + b) + 6ab 8(c − 1) ( c −^1_2 ) (c − a)(c − b) = 0.291207586 . . ., (3.37)

čďě çĺáńă ξ, η, a, b, c őŕàěďěńěŋë äőàňãńăňĺ (3.9)-(3.18). Łàőňě âőčő, äãŋłæĺőŋăń L őąńăďăěâ áćőľáâćăňĺ L(1) = 1; (3.38) L(P_ν ) = 0 ŕàĺ ν = 1, 2, 3, 4, 5, 9; (3.39) L(P_ν) > 0 ŕàĺ ν ≥ 1, ν ≠ 1, 2, 3, 4, 5, 9. (3.40)

Ďőłăğăâěńìáâćő. Ćŋăçăńě ŋăľďěň ďőáâăâőçŋëě ãáńőćĺï ŋă ćěéěáâćěŋŋëě ãğńë − 1 < A < B < C < 1 2 (3.41)

ĺ łőíääĺæĺěŋâë λ1, λ_{1/2}, λA, λB, λC, γ6, γ7, γ8 ďńï áãéěáâćőćăŋĺï łćăďàăâãàŋőľ äőàňãńë ćĺďă

f_0 = 2 π ∫_1 −1 f(t) √ 1 − t^2dt = L(f) − 8∑ ν=6 γ_νf_ν , (3.42)

L(f) = λ_1f(1) + λ_{1/2}f ( 1 2 ) + λ_Af(A) + λ_Bf(B) + λ_Cf(C), (3.43)

ŋă ňŋőęěáâćě ćáěå ŕőńĺŋőňőć ďěćïâőľ áâěŕěŋĺ f(t) = 9∑ k=0 f_kP_k(t). (3.44)

Ąőńìèĺŋáâćő ĺğ íâĺå ãáńőćĺľ ąãďãâ âăłęě ĺ ŋěőąåőďĺňëňĺ; á ŋĺå ĺ ŋăçŋěň. Ŕőńőęĺň U = A + B + C, V = AB + AC + BC, W = ABC. (3.45)

Ĺğ âěőàěňë Ćĺěâă áńěďãěâ, çâő A, B, C ïćńïîâáï łőàŋïňĺ ňŋőčőçńěŋă

t^3 − Ut^2 + V t − W. (3.46)

Řăááňőâàĺň ňŋőčőçńěŋ ŕïâőľ áâěŕěŋĺ

σ(t) = (t − 1) ( t − 1 2 ) (t^3 − Ut^2 + V t − W ). (3.47)

Őŋ ąãďěâ ĺňěâì áńěďãîéěě àăğńőęěŋĺě ŕő áâěŕěŋïň t

σ(t) = t^5 − ( 3 2 + U ) t^4 + ( 1 2 + 3 2 U + V ) t^3 − ( 1 2 U + 3 2 V + W ) t^2 + + ( 1 2 V + 3 2 W ) t − 1 2 W. Ś ŕőňőéìî äőàňãń (3.25) ĺ (3.24) ŋăľďěň łőíääĺæĺěŋâ σ0 ć àăğńőęěŋĺĺ σ(t) = 5∑ k=0 σ_kP_k(t) ňŋőčőçńěŋă σ ŕő ňŋőčőçńěŋăň Pk; ŕàĺ íâőň ňë ćőáŕőńìğãěňáï âěň, çâő łőíääĺæĺěŋâ σ0 áőćŕăďăěâ á łőíääĺæĺěŋâőň ŕàĺ U0 ć àăğńőęěŋĺĺ ňŋőčőçńěŋă σ ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă Uk (íâőâ äăłâ ąãďěâ ŋăňĺ ĺáŕőńìğőćăâìáï ĺ ŋĺęě)

σ_0 = − 1 8 ( 3 2 + U ) − 1 4 ( 1 2 U + 3 2 V + W ) − 1 2 W = − 3 4 ( 1 4 + 1 3 U + 1 2 V + W ) . Ŕőďáâăćĺć ňŋőčőçńěŋ σ ć äőàňãńã (3.42), ŕőńãçăěň ŕěàćőě ŋěőąåőďĺňőě ãáńőćĺě áãéěáâćőćăŋĺï íâőľ äőàňãńë: σ0 = 0 ĺńĺ, çâő âő ęě áăňőě, – ãáńőćĺě (áàăćŋĺâě á (3.12)) W = − 1 4 − U 3 − V 2 . (3.48)

Śěľçăá ňë ćëàăğĺň łőíääĺæĺěŋâë λ1, λ_{1/2} łćăďàăâãàŋőľ äőàňãńë (3.42) – (3.43) çěàěğ U ĺ V. Ŋăçŋěň á λ1. Řăááňőâàĺň ňŋőčőçńěŋ çěâćěàâőľ áâěŕěŋĺ φ(t) = ( t − 1 2 ) (t^3 − Ut^2 + V t − W ) =

= t^4 − ( U + 1 2 ) t^3 + ( 1 2 U + V ) t^2 − ( 1 2 V + W ) t + 1 2 W = (3.49) = 4∑ k=0 φ_kP_k(t);

ńěčłő ãąěďĺâìáï, çâő

φ_0 = 1 8 + 1 4 ( 1 2 U + V ) + 1 2 W, φ(1) = 1 2 (1 − U + V − W ). (3.50)

Ćŋőćì ŕőďáâăćńïï âěŕěàì ãęě ňŋőčőçńěŋ φ ć äőàňãńã (3.42), ŕőńãçăěň ćâőàőě ŋěőąåőďĺňőě ãáńőćĺě áãéěáâćőćăŋĺï íâőľ äőàňãńë: φ0 = λ1φ(1), łőâőàőě ć áĺńã (3.50), (3.48) íłćĺćăńěŋâŋő àăćěŋáâćã

λ_1 = U 8U − 18V − 15

. (3.51)

Ăŋăńőčĺçŋő, ĺáŕőńìğãï ňŋőčőçńěŋ

χ(t) = (t − 1)(t^3 − Ut^2 + V t − W ) = 4∑ k=0 χ_kP_k(t), (3.52)

ã łőâőàőčő, łăł ŋěâàãďŋő ŕàőćěàĺâì,

χ_0 = 1 8 (1 + 2U + 2V + 8W ), χ ( 1 2 ) = − 1 2 ( 1 8 − 1 4 U + 1 2 V − W ) , ŕőńãçăěň âàěâìě ŋěőąåőďĺňőě ãáńőćĺě

λ_{1/2} = 2

3 + 2U + 6V 9 + 2U + 24V

. (3.53)

Ŕő íâőľ ęě áåěňě á ŕőňőéìî ňŋőčőçńěŋőć

(t − 1) ( t − 1 2 ) (t − B)(t − C), (t − 1) ( t − 1 2 ) (t − A)(t − C), (3.54)

(t − 1) ( t − 1 2 ) (t − A)(t − B) ŕőńãçăěň ãáńőćĺï

λ_A =

2 + 3(B + C) + 6BC 8(A − 1) ( A −^1_2 ) (A − B)(A − C) ,

λ_B =

2 + 3(A + C) + 6AC 8(B − 1) ( B −^1_2 ) (B − A)(B − C) , (3.55)

λ_C =

2 + 3(A + B) + 6AB 8(C − 1) ( C −^1_2 ) (C − A)(C − B) . Ŕőďáâăćńïï ć (3.42) ňŋőčőçńěŋë Pν , ν = 6, 7, 8, ŕőńãçĺň ěéě âàĺ ŋěőąåőďĺňëå ãáńőćĺï

γ_ν = L(P_ν ) ŕàĺ ν = 6, 7, 8. (3.56)

Ŕőáâàőĺň âěŕěàì ňŋőčőçńěŋ ψ(t) =^{∑9}_{k=0} ψkPk(t), ŋă łőâőàőň ğăŋãńïîâáï ćáě äãŋłæĺőŋăńë, áâőïéĺě ć ŕàăćőľ çăáâĺ äőàňãńë (3.42), łàőňě ğŋăçěŋĺï ć âőçłě t = 1, â.ě. ňŋőčőçńěŋ áő áćőľáâćăňĺ ψ ( 1 2 ) = ψ(A) = ψ(B) = ψ(C) = ψ_6 = ψ_7 = ψ_8 = 0.

Ŕőńőęĺň

Q = 2U + 1 2 , (3.57)

R = 3U^2 + U − 2V − 7 4 (3.58)

ĺ àăááňőâàĺň ňŋőčőçńěŋ ďěćïâőľ áâěŕěŋĺ ψ(t) = ( t − 1 2 ) (t^3 − Ut^2 + V t − W )^2(t^2 + Qt + R). (3.59)

Ďńï íâőčő ňŋőčőçńěŋă ĺňěěň

ψ(t) = t^9 − 2t^7 + 6∑ k=0 C_kt^k, (3.60) čďě C_6 = −2W + 6UV + V −

3U^2 2 + 7U 2 − 4U^3 + 7 8 , C_5 = −2W U − 3V^2 − 2UV − 4V + 3U^3 − U^2 − 7U 4 + 3U^4,

C_4 = 2V^2 + 2W V − 2W U^2 + 6V^2U + 4W − 2V U^2 + 3V U − 6V U^3 + 7V 4 − − 3U^4 2 − U^3 2 + 7U^2 8 , C_3 = −2W V + W^2 + 3W U^2 − 3W U − 2V^2U − 2V^2 − 8W V U + 6W U^3 −

− 2V^3 + 3V^2U^2 − 7W 4 + 3V U^3 + V U^2 − 7V U 4 , (3.61)

C_2 = 2W V U + 4W V + 2W^2U − 3W U^3 − W U^2 + 7W U 4 + V^3 −

3V^2U^2 2 − − V^2U 2 + 7V^2 8 + 4W V^2 − 6W V U^2,

C_1 = −2W^2 − 2W V^2 + 3W V U^2 + W V U − 7W V 4 − 2W^2V + 3W^2U^2,

C_0 = W^2V −

W^2U 2 + 7W^2 8 − 3W^2U^2 2 . Őâáîďă á ŕőňőéìî äőàňãń (3.25) ĺ (3.24) ŋăåőďĺň çěâëàě áâăàèĺå łőíääĺæĺěŋâă

ψ_9 = 5 256 , ψ_8 = ψ_7 = 0, ψ_6 = 7 64 C_6 (3.62)

ć àăğńőęěŋĺĺ ψ(t) = 9∑ k=0 ψ_kP_k(t) (3.63)

ňŋőčőçńěŋă ψ ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă Pk.

Ć łćăďàăâãàŋőľ äőàňãńě (3.42) ĺňěěâáï 11 ŕăàăňěâàőć, ć âő ćàěňï łăł ńîąőľ ňŋőčőçńěŋ ďěćïâőľ áâěŕěŋĺ őŕàěďěńïěâáï á ŕőňőéìî 10 łőíääĺæĺěŋâőć. Ć áćïğĺ á íâĺň ňë ĺňěěň ćőğňőęŋőáâì ŋăńőęĺâì ŋă ŕăàăňěâàë łćăďàăâãàŋőľ äőàňãńë ãáńőćĺě

ψ_6 = 0. (3.64)

İâő ãáńőćĺě ćëąàăŋő ĺğ áőőąàăęěŋĺľ áőčńăáőćăŋĺï ŕàïňőľ ĺ ďćőľáâćěŋŋőľ ğăďăçĺ ĺ čĺŕőâěğë (3.6) őâŋőáĺâěńìŋő íłáâàěňăńìŋőľ äãŋłæĺĺ ğăďăçĺ w4. Ć áĺńã (3.62), (3.61) ĺ (3.48) ãáńőćĺě (3.64) ňőęŋő ŕěàěŕĺáăâì ć ćĺďě 25 6 U + 2V + 11 8 + 6V U − 3 2 U^2 − 4U^3 = 0. (3.65)

Őâáîďă ŕăàăňěâà V ćëàăęăěâáï çěàěğ U äőàňãńőľ V = 96U^3 + 36U^2 − 100U − 33 48(1 + 3U)

. (3.66)

Ĺáåőďï ĺğ äőàňãń (3.60), (3.61), (3.25), (3.24), á ãçěâőň àăćěŋáâćă C6 = 0 (áň. (3.62), (3.64)) ŋăľďěň łőíääĺæĺěŋâ á ŋãńěćëň ĺŋďěłáőň ć àăğńőęěŋĺĺ (3.63) ňŋőčőçńěŋă (3.59)

ψ_0 = 7 32 V + 1 2 W + 1 2 W V U + 7 8 W^2 + 7 64 U^2 + 15 32 V^2 − 3 2 W^2U^2 + W^2V + + 5 4 V W + 3 8 UV − 1 16 U^3 + 7 16 UW + 1 4 V^3 − 3 16 U^4 − 1 2 W U^2 − − 3 2 W V U^2 − 3 4 W U^3 − 3 8 V^2U^2 + W V^2 − 1 4 V U^2 + 5 8 V^2U − 3 4 V U^3. (3.67)

Ŋěâàãďŋő ŋăľâĺ ğŋăçěŋĺě äãŋłæĺĺ (3.59) ć ěďĺŋĺæě

ψ(1) = 1 2 (1 − U + V − W )^2(1 + Q + R) = = 1 2 (1 − U + V − W )^2 ( 3U^2 + 3U − 2V − 1 4 ) . (3.68)

Ťőàňãńă (3.42) á ďőŕőńŋĺâěńìŋëň ãáńőćĺěň (3.64) (ĺńĺ, çâő âő ęě áăňőě, (3.65)) ŋă ěě ŕăàăňěâàë ŋă ňŋőčőçńěŋě ψ ŕàĺŋĺňăěâ ćĺď

ψ_0 = λ_1ψ(1).

Ŕőďáâăćńïï áîďă ćëàăęěŋĺě (3.51) ďńï λ1 ĺ ćëàăęěŋĺï (3.67), (3.68) ďńï ψ0, ψ(1), ŋăľďěň ěéě őďŋő ãàăćŋěŋĺě ďńï ŕăàăňěâàőć U, V, W

λ_1ψ(1) − ψ_0 =

U(1 − U + V − W )^2 ( 3U^2 + 3U − 2V −^1_4 ) 2(8U − 18V − 15) − − 7V 32 − W 2 − W V U 2 − 7W^2 8 − 7U^2 64 − 15V^2 32 + 3W^2U^2 2 − W^2V − − 5W V 4 − 3V U 8 + U^3 16 − 7W U 16 − V^3 4 + 3U^4 16 + W U^2 2 + 3W V U^2 2 + + 3W U^3 4 + 3V^2U^2 8 − W V^2 +

V U^2 4 − 5V^2U 8 + 3V U^3 4 = 0.

Ğăňěŋĺć ć ŋěň W ěčő ćëàăęěŋĺěň (3.48) çěàěğ U, V, ŕőńãçĺň áőőâŋőèěŋĺě

3U^4 16 − 11U^3 96 + 3V U^3 16 − 3V U^2 16 − 49U^2 192 + 3V U 64 − V^2U 4 + 55U 384 + 9 128 − V^2 16 + V 16 = 0.

Ŕőďáâăćĺć ć íâő áőőâŋőèěŋĺě ćëàăęěŋĺě (3.66) ŕăàăňěâàă V çěàěğ U, ŕàĺďěň ł áńěďãîéěňã ãàăćŋěŋĺî ďńï ŕăàăňěâàă U

4608U^7 + 13248U^6 + 11136U^5 − 528U^4 − 5920U^3 − 3508U^2 − 864U − 81 36864(1 + 3U)^2 = = H(U) 8(1 + 3U)^2

= 0, (3.69)

čďě H ğăďăŋő äőàňãńőľ (3.9).

Łăł ãęě čőćőàĺńőáì ćëèě, ňŋőčőçńěŋ H (ă ğŋăçĺâ, ĺ ãàăćŋěŋĺě (3.69)) ĺňěěâ âàĺ ćěéěáâćěŋŋëå łőàŋï. Ŋăá ĺŋâěàěáãěâ àěèěŋĺě, őąěáŕěçĺćăîéěě ćëŕőńŋěŋĺě ãáńőćĺľ (3.41); íâĺň áćőľáâćőň őąńăďăěâ ńĺèì àěèěŋĺě (3.10). Ć áćïğĺ á íâĺň, á ďăŋŋőčő ňőňěŋâă ŕàěďŕőńačăěâáï, çâő U = ξ. Ŕàĺ íâőň ŕàěďŕőńőęěŋĺĺ, ć áĺńã äőàňãń (3.66), (3.48), (3.57),

(3.58), (3.11) – (3.14) ĺňěěň V = η, W = ζ, Q = q, R = r. Őâáîďă áńěďãěâ, çâő ňŋőčőçńěŋ (3.46) áőćŕăďěâ á ňŋőčőçńěŋőň (3.17), ă ŕőâőňã A = a, B = b, C = c. (3.70) İâő, ć çăáâŋőáâĺ, ćńěçěâ, çâő äãŋłæĺï ψ, ğăďăŋŋăï äőàňãńőľ (3.59), ĺ äãŋłæĺï f^∗, ãłăğăŋŋăï ć ńěňňě 3.1, áőćŕăďăîâ: ψ = f^∗. Łàőňě âőčő, ĺğ äőàňãń (3.51), (3.53), (3.55) ćëâěłăěâ, çâő łőíääĺæĺěŋâë λ1, λ_{1/2}, λA, λB, λC äãŋłæĺőŋăńă L (áň. (3.43)) áőćŕăďăîâ á łőíääĺæĺěŋâăňĺ (3.33) – (3.37) äãŋłæĺőŋăńă L, őŕàěďěńěŋŋőčő ć (3.32). Śńěďőćăâěńìŋő, äőàňãńă (3.42) ŕàĺňěâ ćĺď

f_0 = 2 π ∫_1 −1 f(t) √ 1 − t^2dt = L(f) − 8∑ ν=6 L(P_ν )f_ν. (3.71)

Ŋă ďăŋŋőň íâăŕě àăááãęďěŋĺľ ňőęŋő ãâćěàęďăâì, çâő äőàňãńă (3.71) ćëŕőńŋïěâáï ŋă ňŋőčőçńěŋăå (3.47), (3.49), (3.52), (3.54), ă âăłęě ŋă ňŋőčőçńěŋăå P6, P7, P8 ĺ ψ = f^∗. Şłăğăŋŋëě ďěáïâì ňŋőčőçńěŋőć őąàăğãîâ ąăğĺá ćő ňŋőęěáâćě P9 ňŋőčőçńěŋőć áâěŕěŋĺ ŋě ćëèě ďěćïâĺ. Ŕőíâőňã łćăďàăâãàŋăï äőàňãńă (3.71) ćëŕőńŋïěâáï ďńï ńîąőčő ňŋőčőçńěŋă ĺğ P9. Ĺğ ŋěě, ć çăáâŋőáâĺ, áńěďãěâ, çâő L(Pν ) = 0 ŕàĺ ν = 1, 2, 3, 4, 5, 9, â.ě. ĺňěěâ ňěáâő

(3.39). Ŕőďáâăćĺć ć äőàňãńã (3.71) ňŋőčőçńěŋ f(t) ≡ 1, ŕőńãçăěň âăłęě ãâćěàęďěŋĺě (3.38).

Őçěćĺďŋő, äőàňãńã (3.71) ňőęŋő àăáŕàőáâàăŋĺâì ŋă ćěáì łńăáá äãŋłæĺľ Φ4, ěáńĺ ğăŕĺáăâì ěě ć äőàňě (3.31) – (3.37). Ŋăň őáâăńőáì ŕàőćěàĺâì ŋěàăćěŋáâćă (3.40). Ďńï őąőáŋőćăŋĺï íâĺå ŋěàăćěŋáâć ćőáŕőńìğãěňáï áńěďãîéĺňĺ ďćãňï áćőľáâćăňĺ ňŋőčőçńěŋőć Ůěąëèěćă ćâőàőčő àőďă: 1) Pν (1) = 1, ν ≥ 0, 2) ňŋőčőçńěŋë Pν ŋă ĺŋâěàćăńě (−1, 1) ŕőâőçěçŋő áâàěňïâáï ł ŋãńî ŕàĺ ν → ∞. Łăł áńěďáâćĺě íâĺå áćőľáâć ĺňěěň (áà. á ńěňňőľ 1.2)

L (P_ν ) → λ(1) > 0 ŕàĺ ν → ∞; ć áĺńã çěčő ŋěàăćěŋáâćă (3.40) ŋãęŋő ŕàőćěàĺâì ńĺèì ďńï

łőŋěçŋőčő çĺáńă ĺŋďěłáőć ν. Ŕőďàőąŋěě, ćőáŕőńìğőćăćèĺáì áőőâŋőèěŋĺïňĺ (3.24), ĺňěěň

L(P_ν) = λ(1) + λ ( 1 2 ) sin(ν + 1) π 3 (ν + 1) sin^π_3 + λ(a) sin(ν + 1)θ_1 (ν + 1) sin θ_1 + λ(b) sin(ν + 1)θ_2 (ν + 1) sin θ_2 + + λ(c) sin(ν + 1)θ_3 (ν + 1) sin θ_3

, (3.72) čďě θ_1 = arccos a = 2.545523452 . . ., θ_2 = arccos b = 1.992301679 . . ., θ_3 = arccos c = 1.703000500 . . ..

Ŕőíâőňã ďńï ńîąőčő ν ≥ 1 áŕàăćěďńĺćă őæěŋłă

L (P_ν ) ≥ ≥ λ(1) − ( λ ( 1 2 ) + λ(a) + λ(b) + λ(c) ) 1 ν + 1 max { 1 sin^π_3 , 1 sin θ_1 , 1 sin θ_2 , 1 sin θ_3 } = = λ(1) −

1 − λ(1) (ν + 1) sin θ_1 . Őâáîďă ńěčłő ŕőńãçĺâì, çâő L (Pν ) > 0 ŕàĺ ν ≥ 45. Ďńï ν ≤ 45 ãáńőćĺï (3.40) ŕàőćěàïîâáï ćëçĺáńěŋĺïňĺ. Ńěňňă 3.2 ďőłăğăŋă.

Ďőłăğăâěńìáâćő âěőàěňë 3.1. Ďńï äãŋłæĺĺ, ă ŋă áăňőň ďěńě, – ňŋőčőçńěŋă ďěćïâőľ áâěŕěŋĺ f^∗(t) =^{∑9}_{k=0} fkPk(t), őŕàěďěńěŋŋőčő áőőâŋőèěŋĺěň (3.15), ćëŕőńŋïîâáï áćőľáâćă f^∗ ( 1 2 ) = f^∗(a) = f^∗(b) = f^∗(c) = f^∗_6 = f^∗_7 = f^∗_8 = 0.

Ŕőíâőňã ŋă äãŋłæĺĺ f^∗ äőàňãńă (3.31) ŕàěćàăéăěâáï ć àăćěŋáâćő

f^∗_0 = λ(1)f^∗(1),

ĺğ łőâőàőčő áńěďãěâ, çâő_{f ∗(1)}

f^∗_0 = 1 λ(1) = 8ξ − 18η − 15 ξ . Ć áĺńã ńěňňë 3.1 ďńï ďőłăğăâěńìáâćă (3.19) ďőáâăâőçŋő ŕőłăğăâì, çâő

w_4 ≥ 1 λ(1)

. (3.73)

Ďńï őąőáŋőćăŋĺï íâőčő ŋěàăćěŋáâćă ňőęŋő ćőáŕőńìğőćăâìáï ãâćěàęďěŋĺïňĺ ńěňňë 3.2 ĺ áńěďáâćĺï 1.1. Őďŋăłő ąãďěâ łőàőçě ŕàĺćěáâĺ ŋěŕőáàěďáâćěŋŋőě őąőáŋőćăŋĺě ŋěàăćěŋáâćă

(3.73).

Ďńï ŕàőĺğćőńìŋőľ äãŋłæĺĺ f ∈ F4 áŕàăćěďńĺćă łćăďàăâãàŋăï äőàňãńă (3.31) –

(3.32). Łőíääĺæĺěŋâë λ(1), λ

(_1 2 ) , λ(a), λ(b), λ(c) íâőľ äőàňãńë ŕőńőęĺâěńìŋëě, ă łő-

íääĺæĺěŋâë L(Pν), ν ≥ 1, – ŋěőâàĺæăâěńìŋëě (âőçŋěě, L(Pν) > 0, ν ≠ 1, 2, 3, 4, 5, 9 ĺ

L(P_ν) = 0, ν = 1, 2, 3, 4, 5, 9). Ć áĺńã áćőľáâć (0.3) – (0.6) äãŋłæĺĺ f ∈ F_4 őâáîďă áńě-

ďãěâ őæěŋłă_f

0 ≤ λ(1)f(1), (3.74)

łőâőàăï ćńěçěâ ŋěàăćěŋáâćő (3.73). Šěň áăňëň őąőáŋőćăŋő ãâćěàęďěŋĺě (3.19) ĺ őďŋőćàěňěŋŋő ďőłăğăŋő, çâő äãŋłæĺï f^∗ ïćńïěâáï íłáâàěňăńìŋőľ ć ğăďăçě w4. Ŋěâàãďŋő ŕőŋïâì, çâő ŋěàăćěŋáâćő (3.74) őąàăéăěâáï ć àăćěŋáâćő ć âőň ĺ âőńìłő ć âőň áńãçăě, ěáńĺ äãŋłæĺï f ńĺèì ŕőńőęĺâěńìŋëň ňŋőęĺâěńěň őâńĺçăěâáï őâ äãŋłæĺĺ f^∗, ŕőíâőňã äãŋłæĺï f^∗ ïćńïěâáï ěďĺŋáâćěŋŋőľ íłáâàěňăńìŋőľ (á âőçŋőáâìî ďő ŕőńőęĺâěńìŋőčő ňŋőęĺâěńï).

Ŕãáâì μ ěáâì ňěàă ŋă [−1,^1_2 ], áőáàěďőâőçěŋŋăï ć âőçłăå a, b, c ĺ^1_2 á ćěáăňĺ (3.34) – (3.37). Őçěćĺďŋő, áŕàăćěďńĺćő áőőâŋőèěŋĺě

∫ 1_2 −1 f(t)dμ(t) = L(f) − λ(1)f(1), f ∈ C[−1, 1], čďě L(f) – äãŋłæĺőŋăń, őŕàěďěńěŋŋëľ äőàňãńőľ (3.32). Ŕőáłőńìłã Pk(1) = 1, âő ďńï łőíääĺæĺěŋâőć Ťãàìě μν =^{∫ 12}_{−1} Pν(t)dμ(t) íâőľ ňěàë ĺňěěň ŕàěďáâăćńěŋĺě μν = L(Pν) −

λ(1). Ĺğ íâőčő áőőâŋőèěŋĺï ĺ (3.38) – (3.40) áńěďãěâ, çâő

μ_0 = 1 − λ(1), μ_∞ = −λ(1),

μ_ν = μ_∞, ν = 1, 2, 3, 4, 5, 9, (3.75) μ_ν > μ_∞, ν ≥ 1, ν ≠ 1, 2, 3, 4, 5, 9. Ćĺďŋő, çâő äãŋłæĺï f^∗ (ĺğãçěŋŋăï ć ńěňňě 3.1) ĺ ŕőáâàőěŋŋăï âőńìłő çâő ňěàă μ ãďőćńěâćőàïîâ ŕàěďŕőńőęěŋĺïň âàěâìěčő ãâćěàęďěŋĺï âěőàěňë 2.1. Ŕőíâőňã ňěàă μ ąãďěâ íłáâàěňăńìŋőľ ć ğăďăçě v4. Ć áĺńã âěőàěňë 2.1 ńîąăï íłáâàěňăńìŋăï ňěàă ~μ ğăďăçĺ v4 ďőńęŋă ąëâì áőáàěďőâőçěŋă ć âőçłăå a, b, c,^1_2 , ă, łàőňě âőčő, ďőńęŋă őąńăďăâì áćőľáâćăňĺ

~μ_1 = ~μ_2 = ~μ_3 = ~μ_4 = ~μ_5 = ~μ_9 = ~μ_∞. Őâáîďă ŋěâàãďŋő ŕőńãçĺâì, çâő ňěàë ~μ ĺ μ ďőńęŋë

áőćŕăďăâì á âőçŋőáâìî ďő ŕőńőęĺâěńìŋőčő ňŋőęĺâěńï. Ĺňěŋŋő âăł áćïğăŋë ňěęďã áőąőľ ňěàă μ ĺ ňěàă μ^∗, őŕĺáăŋŋăï ć äőàňãńĺàőćłě âěőàěňë 3.1, ă âőçŋěě

μ^∗ = μ −μ_∞ = μ λ(1) . Šăłĺň őąàăğőň, ňěàă μ^∗ ïćńïěâáï ěďĺŋáâćěŋŋőľ íłáâàěňăńìŋőľ (á âőçŋőáâìî ďő ŕőńőęĺâěńìŋőčő ňŋőęĺâěńï) ć ğăďăçě v4; áćőľáâćă (3.22) ĺ (3.23) íâőľ ňěàë áńěďãîâ ĺğ áćőľáâć

(3.75) ňěàë μ. Šěőàěňă 3.1 ŕőńŋőáâìî ďőłăğăŋă.

Ďőłăğăŋŋăï âőńìłő çâő âěőàěňă 3.1 ďăěâ âőçŋőě àěèěŋĺě ğăďăç w4, u4, v4. Śěľçăá ňë ďăďĺň ďőćőńìŋő ŕàőáâãî, ć áàăćŋěŋĺĺ á âőçŋëň àěèěŋĺěň, őæěŋłã áŋĺğã íâĺå âàěå ćěńĺçĺŋ.

Šěőàěňă 3.2 Ŋă ňŋőęěáâćě Φ_4 äãŋłæĺľ f, ŕàěďáâăćĺňëå àïďăňĺ f(t) = ∞∑ k=0 f_kP_k(t), ∞∑ k=0 |f_k| < ∞, ĺňěěâ ňěáâő łćăďàăâãàŋăï äőàňãńă

f_0 = 2 π ∫_1 −1 f(t) √ 1 − t^2dt = ~L(f) − ∑ ν≥6 ~L(Pν )fν, (3.76) ć łőâőàőľ äãŋłæĺőŋăń^~L ğăďăŋ áőőâŋőèěŋĺěň ~L(f) = ~λ(1)f(1) + ~λ ( 1 2 ) f ( 1 2 ) + ~λ ( − 1 8 ) f ( − 1 8 ) + ~λ ( − 2 5 ) f ( − 2 5 ) + + ~λ ( − 24 29 ) f ( − 24 29 ) (3.77)

á łőíääĺæĺěŋâăňĺ

~λ(1) = 523 13356 , ~λ ( 1 2 ) = 1238 3465 , ~λ ( − 1 8 ) = 2048 7335 , ~λ ( − 2 5 ) = 3125 15624 , ~λ ( − 24 29 ) = 20511149 164970344

. (3.78)

Łàőňě âőčő, äãŋłæĺőŋăń^~L őąńăďăěâ áćőľáâćăňĺ

~L(Pν) > 0 ŕàĺ ν ≥ 6. (3.79)

Ďőłăğăâěńìáâćő. Ťőàňãńă (3.76), őçěćĺďŋő, ćëŕőńŋïěâáï ďńï ňŋőčőçńěŋőć P_ν ŕàĺ ńîąőň

ν ≥ 6. Śŕàăćěďńĺćőáâì íâőľ äőàňãńë ďńï ňŋőčőçńěŋőć P_ν ŕàĺ 0 ≤ ν ≤ 5 ŋěâàãďŋő őąőáŋő-

ćăâì ŋěŕőáàěďáâćěŋŋëňĺ ćëçĺáńěŋĺïňĺ. Ŕàőćěàłă ŋěàăćěŋáâćă (3.79) ŕàőćőďĺâáï ŕő âőľ ęě áåěňě, łăł íâő ďěńăńőáì ć ńěňňě 3.2 ŕàĺ ďőłăğăâěńìáâćě ŋěàăćěŋáâć (3.40). Šěőàěňă 3.2 ďőłăğăŋă.

Ĺğ äőàňãńë (3.76) ńěčłő áńěďãěâ (áň. ďőłăğăâěńìáâćő (3.74)) ŋěàăćěŋáâćő f0 ≤^~λ(1)f(1) ĺ, łăł áńěďáâćĺě, ŋěàăćěŋáâćő w4 ≥ (^~λ(1))^{−1}. Šăłĺň őąàăğőň, âěőàěňă 3.2 ďăěâ őæěŋłã

w_4 ≥

13356 523 = 25.537284894 . . .,

ąńĺğłãî ł âőçŋőňã ğŋăçěŋĺî w4 = 25.558429097 . . ..

4. Ŋăň ŕàĺïâŋő ćëàăğĺâì ŋăèã ŕàĺğŋăâěńìŋőáâì Ć.Ă.đďĺŋã. Ĺňěŋŋő ć àěğãńìâăâě ŋěőďŋőłàăâŋëå őąáãęďěŋĺľ ďăŋŋőľ âěňăâĺłĺ á Ć.Ă.đďĺŋëň ã ăćâőàőć ćőğŋĺł ĺŋâěàěá ł ŋěľ, ĺ, łăł áńěďáâćĺě, – ŕőïćĺńăáì íâă àăąőâă.

Ŋăãçŋőě ĺ çěńőćěçěáłőě őąéěŋĺě á Ś.Ą.Śâěçłĺŋëň őłăğăńő őčàőňŋőě ćńĺïŋĺě ŋă ŋăá ĺ ŋăèĺ ŋăãçŋëě ĺŋâěàěáë, ğă çâő ňë ćáěčďă ąãďěň ěňã ąńăčőďăàŋë. Ąőńìèőě ňěáâő ć ěčő ŋăãçŋëå ĺááńěďőćăŋĺïå ĺ ĺááńěďőćăŋĺïå ěčő ãçěŋĺłőć ãďěńïńőáì íłáâàěňăńìŋëň ğăďăçăň ĺ, ć çăáâŋőáâĺ, íłáâàěňăńìŋëň ğăďăçăň ďńï äãŋłæĺľ, ŕàěďáâăćĺňëå àïďăňĺ ŕő àăğńĺçŋëň áĺáâěňăň, á őčàăŋĺçěŋĺïňĺ ŋă ğŋăçěŋĺï äãŋłæĺľ ĺ łőíääĺæĺěŋâë àăğńőęěŋĺľ, łăłőćëňĺ ĺ ïćńïîâáï őąáãęďăěňëě ğďěáì ğăďăçĺ.

Śŕĺáőł æĺâĺàőćăŋŋőľ ńĺâěàăâãàë

[1] Delsarte Ph. Bounds for unrestricted codes, by linear programming // Philips Res. Rep., 1972. V.27. P.272–289.

[2] Ďěńìáăàâ Ť. Ăńčěąàăĺçěáłĺľ ŕőďåőď ł áåěňăň őâŋőèěŋĺľ âěőàĺĺ łőďĺàőćăŋĺï. Ň.:

Ňĺà, 1976.

[3] Łăąăâïŋáłĺľ Č.Ă., Ńěćěŋèâěľŋ Ć.Ĺ. Ő čàăŋĺæăå ďńï ãŕăłőćőł ŋă áäěàě ĺ ć ŕàőáâàăŋáâćě // Ŕàőąńěňë ŕěàěďăçĺ ĺŋäőàňăæĺĺ, 1978. Š.14, ćëŕ.1. Ś.3–25.

[4] Odlyzko A.M., Sloane N.J.A. New bounds on the number of unit spheres that can touch a unit sphere in n dimensions // J. of Combinatorial Theory, Series A 26, 1979. P.210–214.

[5] Ńěćěŋèâěľŋ Ć.Ĺ. Ő čàăŋĺæăå ďńï ãŕăłőćőł ć n−ňěàŋőň ěćłńĺďőćőň ŕàőáâàăŋáâćě // ĎĂŊ ŚŚŚŘ, 1979. Š.245. Ś.1299–1303.

[6] Ńěćěŋèâěľŋ Ć.Ĺ. Čàăŋĺæë ďńï ãŕăłőćőł ňěâàĺçěáłĺå ŕàőáâàăŋáâć ĺ ŋěłőâőàëě ĺå ŕàĺńőęěŋĺï // Ŕàőąńěňë łĺąěàŋěâĺłĺ, 1983. Š.40. Ś.44–110.

[7] Śĺďěńìŋĺłőć Ć.Ň. Őą íłáâàěňăńìŋëå ňŋőčőçńěŋăå, ĺáŕőńìğãěňëå ŕàĺ őæěŋłăå ňőéŋőáâĺ łőďă // Ŕàőąńěňë ŕěàěďăçĺ ĺŋäőàňăæĺĺ, 1980. Š.16, ćëŕ.3. Ś.17–30.

[8] Łőŋćěľ Ďę., Śńőíŋ Ŋ. Şŕăłőćłĺ èăàőć, àěèěâłĺ ĺ čàãŕŕë. Š.1,2. Ň.: Ňĺà, 1990. 791 á.

[9] đďĺŋ Ć.Ă. Ňĺŋĺňãň ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ âőçěçŋőľ áĺáâěňë ğăàïďőć // Ďĺáłàěâŋăï ňăâěňăâĺłă, 1992. Š.4, ćëŕ.2. Ś.115–121.

[10] Łőńãèőć Ă.Ć., đďĺŋ Ć.Ă. Ő łőŋáâàãłæĺĺ Łőàłĺŋă–Ğőńőâăàěćă // Ďĺáłàěâŋăï ňăâě-

ňăâĺłă, 1994. Š.6, ćëŕ.1. Ś.155–157.

[11] Andreev N.N. An extremal property of the icosahedron // East Journal on Approximations, 1996. V.2, N 4. C.459–462.

[12] Šőâ Ń.Ť. Řăáŕőńőęěŋĺï ŋă ŕńőáłőáâĺ, ŋă áäěàě ĺ ć ŕàőáâàăŋáâćě. Ň.: ČĹŤŇŃ, 1958.

363 á.

[13] Śâěľŋ Ĺ., Ćěľá Č. Ććěďěŋĺě ć čăàňőŋĺçěáłĺľ ăŋăńĺğ ŋă ěćłńĺďőćëå ŕàőáâàăŋáâćăå.

Ň.: Ňĺà, 1974. 333 á.

[14] Čőńìèâěľŋ Ě.Č. Šěőàĺï ďćőľáâćěŋŋőáâĺ ć ňăâěňăâĺçěáłőň ŕàőčàăňňĺàőćăŋĺĺ ĺ ěě ŕàĺ-

ńőęěŋĺï. Ň.: Ŋăãłă, 1971. 351 á.

[15] Ąãàąăłĺ Ŋ. Šőŕőńőčĺçěáłĺě ćěłâőàŋëě ŕàőáâàăŋáâćă. Ň.: Ĺğď-ćő Ĺŋőáâàăŋŋőľ ńĺâě-

àăâãàë, 1959. 410 á.

[16] Řőąěàâáőŋ Ă., Řőąěàâáőŋ Ć. Šőŕőńőčĺçěáłĺě ćěłâőàŋëě ŕàőáâàăŋáâćă. Ň.: Ŋăãłă, 1967.

258 á.

[17] Łőńňőčőàőć Ă.Ŋ., Ťőňĺŋ Ă.Č. İńěňěŋâë âěőàĺĺ äãŋłæĺľ ĺ äãŋłæĺőŋăńìŋőčő ăŋăńĺğă.

Ň.: Ŋăãłă, 1968. 496 á.

[18] Gasper G. Linearization of the product of Jacobi polynomials. I // Can. J. Math., 1970. V 22, N 1. P.171–175.

[19] Koornwinder T. Positivity proofs for lineralization and connection coefficients of orthogonal polynomials satisfying an addition formula // J. London Math. Soc. Second Series. 1978. V.18. Part 1. P.101–114.

[20] Śěčě Č. Őàâőčőŋăńìŋëě ňŋőčőçńěŋë. Ň.: Ťĺğňăâčĺğ, 1962. 500 á. [21] Ś.Ŕăèłőćáłĺľ Ćëçĺáńĺâěńìŋëě ŕàĺňěŋěŋĺï ňŋőčőçńěŋőć ĺ àïďőć Ůěąëèěćă. Ň.: Ŋă-

ãłă, 1983. 384 á.