ŞĎŁ 519.654

Ő ŇĚŠŐĎĚ ŊĂĹŇĚŊĲŸĹŢ ŁĆĂĎŘĂŠŐĆ ŔŐ ŘĂĆŊŐŐŠŚŠŐ§ŹĹŇ ŞĞŃĂŇ

Ś. Ň. Ňăèăàáłĺľ

(áâãďěŋâ Śăŋłâ-Ŕěâěàąãàčáłőčő Čőáãďăàáâćěŋŋőčő Şŋĺćěàáĺâěâă)

Ŋăãçŋëľ àãłőćőďĺâěńì ŕàőä. Ć. Ŋ. Ňăńőğěňőć

Řăááňăâàĺćăěâáï ğăďăçă ŋăĺńãçèěčő áàěďŋěłćăďàăâĺçěáłőčő ŕàĺąńĺęěŋĺï äãŋłæĺľ, ğăďăŋŋëå ŋă áěâłě f0, 1, . . . , ng, ăńčěąàăĺçěáłĺňĺ ňŋőčőçńěŋăňĺ äĺłáĺàőćăŋŋőľ áâěŕěŋĺ. Ŕőłăğăŋő, çâő ňěâőď Ŕ. Ń. Ůěąëèěćă ďńï àěèěŋĺï íâőľ ğăďăçĺ ňőęŋő ãáőćěàèěŋáâćőćăâì, ěáńĺ ŕàĺ ćëçĺáńěŋĺĺ ğŋăçěŋĺľ ňŋőčőçńěŋă ŋăĺńãçèěčő ŕàĺąńĺęěŋĺï ćőáŕőńìğőćăâìáï áåěňőľ Łńĺŋèőã.

Ććěďěŋĺě

Őąőğŋăçĺň çěàěğ ˝_s ňŋőęěáâćő ăńčěąàăĺçěáłĺå ňŋőčőçńěŋőć áâěŕěŋĺ ŋě ćëèě s. Ğăďăçă ŋăĺńãçèěčő áàěďŋěłćăďàăâĺçěáłőčő ŕàĺąńĺęěŋĺï ďĺáłàěâŋőľ äãŋłæĺĺ {f(0), f(1), . . . , f(n)} ňŋőčőçńěŋăňĺ ĺğ ˝_s áâăćĺâáï âăł: n∑ j=0 [f(j) − π_s(j)]^2 −→ min_{πs}2_{Πs} . (∗)

Ğďěáì s < n. Ŕ. Ń. Ůěąëèěć [1] ŕàěďńőęĺń íääěłâĺćŋëľ ňěâőď ďńï àěèěŋĺï íâőľ ğăďăçĺ, őáŋőćăŋŋëľ ŋă ŕàěďáâăćńěŋĺĺ ňŋőčőçńěŋă π_s ć ćĺďě ńĺŋěľŋőľ łőňąĺŋăæĺĺ ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć. Ć ďăŋŋőľ ğăňěâłě ňěâőď Ŕ. Ń. Ůěąëèěćă ãáőćěàèěŋáâćőćăŋ ğă áçěâ ŕàĺňěŋěŋĺï ŕàĺ ćëçĺáńěŋĺĺ ğŋăçěŋĺľ ňŋőčőçńěŋă ŋăĺńãçèěčő ŕàĺąńĺęěŋĺï áåěňë Łńĺŋèőã [2].

1. Ŕàěďćăàĺâěńìŋëě áćěďěŋĺï

Őąőğŋăçĺň çěàěğ 0 : n ňŋőęěáâćő ãğńőć {0, 1, . . . , n}, ă çěàěğ F(0 : n) | ňŋőęěáâćő ćáěå äãŋłæĺľ, ğăďăŋŋëå ŋă 0 : n ĺ ŕàĺŋĺňăîéĺå ćěéěáâćěŋŋëě ğŋăçěŋĺï. Ććěďěň ć F(0 : n) áłăńïàŋőě ŕàőĺğćěďěŋĺě: ⟨f, g⟩ = n∑ j=0 f(j)g(j), f, g ∈ F(0 : n) . (1.1) Šőčďă ğăďăçã (∗) ňőęŋő ŕěàěŕĺáăâì ć ćĺďě

‖f − π_s‖^2 := ⟨f − π_s, f − π_s⟩ −→ min_{πs}2_{Πs} . (1.2)

Ŕãáâì {φ_0(x), φ_1(x), . . . , φ_n(x)} | áĺáâěňă ňŋőčőçńěŋőć, őàâőčőŋăńìŋëå őâŋőáĺâěńìŋő áłăńïàŋőčő ŕàőĺğćěďěŋĺï (1.1), ŕàĺçěň deg φ_m = m. Šăłĺě ňŋőčőçńěŋë ć ďăńìŋěľèěň ąãďěň ŋăğëćăâì ďĺáłàěâŋëňĺ őàâőčőŋăńìŋëňĺ ňŋőčőçńěŋăňĺ. Ąãďěň ĺáłăâì àěèěŋĺě ğăďăçĺ (1.2) ć ćĺďě π_s(x) = a_0φ_0(x) + a_1φ_1(x) + . . . + a_sφ_s(x). (1.3)

Ŋěâàãďŋő ŕàőćěàĺâì, çâő őŕâĺňăńìŋëě łőíääĺæĺěŋâë a_m ěáâì ŋě çâő ĺŋőě, łăł łőíääĺæĺěŋâë Ťãàìě äãŋłæĺĺ f, łőâőàëě őŕàěďěńïîâáï äőàňãńőľ

a_m = ⟨f, φ_m⟩ ⟨φ_m, φ_m ⟩ , m = 0, 1, . . . , s. (1.4)

Ć áăňőň ďěńě, ďńï ŕàőĺğćőńìŋőčő ňŋőčőçńěŋă

Q_s(x) = c_0φ_0(x) + c_1φ_1(x) + . . . + c_sφ_s(x)

ĺňěěň

‖f − Q_s‖^2 = ⟨ f − s∑ m=0 c_mφ_m , f − s∑ m=0 c_mφ_m ⟩ = ‖f‖^2 − 2 s∑ m=0 c_m⟨f, φ_m ⟩ + s∑ m=0 c^2_m ‖φ_m‖^2 =

= ‖f‖^2 − s∑ m=0 a^2_m ‖φ_m‖^2 + s∑ m=0 (a_m − c_m )^2‖φ_m ‖^2 ≥ ‖f‖^2 − s∑ m=0 a^2_m ‖φ_m‖^2 = ‖f − π_s‖^2 .

Šăłĺň őąàăğőň, àěèěŋĺě ğăďăçĺ (∗) áćőďĺâáï ł ŕőáâàőěŋĺî áĺáâěňë ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć ĺ őâëáłăŋĺî łőíääĺæĺěŋâőć Ťãàìě äãŋłæĺĺ f ŕő íâőľ áĺáâěňě.

Ŋăň ŕőâàěąãîâáï âăł ŋăğëćăěňëě äăłâőàĺăńìŋëě ňŋőčőçńěŋë ĺńĺ őąőąéěŋŋëě áâěŕěŋĺ

x^{[m]} = x(x − 1) · · · (x − m + 1) = ( x m ) m! , x^{[0]} = 1 . (1.5)

Ťăłâőàĺăńìŋëľ ňŋőčőçńěŋ ŕőàïďłă m ňőęŋő őåăàăłâěàĺğőćăâì łăł ňŋőčőçńěŋ á ěďĺŋĺçŋëň áâăàèĺň łőíääĺæĺěŋâőň, őąàăéăîéĺľáï ć ŋãńì ć âőçłăå 0, 1, . . . , m − 1.

Ŕàĺňěŋěŋĺě äăłâőàĺăńìŋëå ňŋőčőçńěŋőć ŋă àăćŋőňěàŋőľ áěâłě őąãáńőćńěŋő áåőďáâćőň ĺå áćőľáâć áő áćőľáâćăňĺ őąëçŋëå áâěŕěŋěľ x^m ć ŋěŕàěàëćŋőň áńãçăě. Ć çăáâŋőáâĺ, ńěčłő ćëçĺáńïîâáï łőŋěçŋëě àăğŋőáâĺ äăłâőàĺăńìŋőčő ňŋőčőçńěŋă:

´x^{[m]} = (x + 1)^{[m]} − x^{[m]} = x(x − 1) · · · (x − m + 2) [ (x + 1) − (x − m + 1) ] = m x^{[m}�^{1]} .

Ŕàĺňěŋïï íâã äőàňãńã ł ćëçĺáńěŋĺî ćâőàëå, âàěâìĺå ĺ â.ď. àăğŋőáâěľ, ŋăåőďĺň, çâő ćőőąéě

´^μx^{[m]} = m(m − 1) · · · (m − μ + 1) x^{[m}�^{μ]} = m^{[μ]} x^{[m}�^{μ]} . (1.6)

Ć çăáâŋőáâĺ, ďńï x = 0 ĺňěěň

´^μx^{[m]} | | |_{x=0} = m^{[μ]} 0^{[m}�^{μ]} = { μ!, ěáńĺ m = μ , 0, ěáńĺ m ≠ μ . (1.6a)

Ĺğ őąéěľ âěőàĺĺ [3] ĺğćěáâŋő, çâő őàâőčőŋăńìŋëľ ňŋőčőçńěŋ ěďĺŋáâćěŋěŋ á âőçŋőáâìî ďő ŕőáâőïŋŋőčő ňŋőęĺâěńï, â.ě. ěáńĺ ĺňěîâáï ďćě áĺáâěňë őàâőčőŋăńìŋëå ňŋőčőçńěŋőć ŕőáńěďőćăâěńìŋő ćőğàăáâăîéĺå áâěŕěŋěľ { Q_0, Q_1, . . . , Q_n } ĺ { R_0, R_1, . . . , R_n } , âő áŕàăćěďńĺćő áőőâŋőèěŋĺě R_m(x) = α_mQ_m (x), m = 0, 1, . . . , n. Ć ńĺâěàăâãàě [4, 5, 6] àăááňăâàĺćăîâáï ďĺáłàěâŋëě őàâőčőŋăńìŋëě ňŋőčőçńěŋë ćĺďă

P_m (x) = m∑ k=0 (−1)^k n^{[k]} ( m k )( m + k k ) x^{[k]} , m = 0, 1, . . . , n. (1.7) Šăąńĺæë ğŋăçěŋĺľ ňŋőčőçńěŋőć (1.7) ŕàĺ àăğńĺçŋëå n ŕàĺćěďěŋë ć [6]. İâĺ ňŋőčőçńěŋë ŋőàňĺàőćăŋë ãáńőćĺěň P_m(0) = 1 , m = 0, 1 . . . , n.

Ńîąăï ďàãčăï áĺáâěňă ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć őâńĺçăěâáï őâ áĺáâěňë (1.7) âőńìłő ćëąőàőň ŋőàňĺàőćłĺ.

Ŕő ăŋăńőčĺĺ á ŋěŕàěàëćŋëň áńãçăěň, ďńï ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć ĺňěěâ ňěáâő őąőąéěŋŋăï äőàňãńă Řőďàĺčă. Ă ĺňěŋŋő, ćěàŋă áńěďãîéăï

Šěőàěňă 1. Śĺáâěňă ňŋőčőçńěŋőć { φ_0(x), φ_1(x), . . . , φ_n(x) } , őŕàěďěńïěňëå äőàňãńăňĺ

φ_0(x) = 1 ,

φ_m (x) = ´^m ( x(x − 1) · · · (x − m + 1)(n + 1 − x)(n + 2 − x) · · · (n + m − x) ) , m = 1, 2, . . ., n, (1.8) ïćńïěâáï őàâőčőŋăńìŋőľ őâŋőáĺâěńìŋő áłăńïàŋőčő ŕàőĺğćěďěŋĺï (1.1).

Ď ő ł ă ğ ă â ě ń ì á â ć ő (áà. [1]). Ććěďěň ďńï łàăâłőáâĺ őąőğŋăçěŋĺě

˘_m(x) = x(x − 1) · · · (x − m + 1)(n + 1 − x)(n + 2 − x) · · · (n + m − x) . (1.9) Šăł łăł ˘_m(x) = 0 ŕàĺ x = 0, 1, . . . , m−1 ĺ x = n+m, n+m−1, . . . , n+1, âő ćáě ćëàăęěŋĺï ˘_m (j), ˘_m (j+1), . . . , ˘_m (j+m−1) őąàăéăîâáï ć ŋãńì ŕàĺ j = 0 ĺ j = n+1, ĺ áńěďőćăâěńìŋő, őŕàěďěńïěňëě ŕő íâĺň ćěńĺçĺŋăň àăğŋőáâĺ ´^m�^1˘_m (j), ´^m�^2˘_m (j +1), . . . , ´˘_m(j + m − 2) âăłęě őąàăéăîâáï ć ŋãńì ŕàĺ j = 0 ĺ j = n + 1.

Ŕãáâì F (x) | ŕàőĺğćőńìŋăï äãŋłæĺï. Ŕàĺňěŋĺň ł ćëàăęěŋĺî^n ∑ j=0 F (j)´^m˘_m (j) ŕőáńěďőćăâěńìŋő m àăğ äőàňãńã áãňňĺàőćăŋĺï ŕő çăáâïň n∑ j=0 u(j)´v(j) = u(j)v(j) | | |^{j=n+1} j=0 − n∑ j=0 v(j + 1)´u(j) . Ŕőńãçĺň n∑ j=0 F (j)´^m ˘_m(j) = [ F (j)´^m�^1˘_m(j) − ´F (j)´^m�^2˘_m(j + 1) + ´^2F (j)´^m�^3˘_m (j + 2) − . . .

. . . + (−1)^m�^1˘_m(j + m − 1)´^m�^1F (j) ]| |^{j=n+1} j=0 + (−1)^m n∑ j=0 ˘_m(j + m)´^m F (j) .

Ŋő ŕő ćëèěáłăğăŋŋőňã őâŋőáĺâěńìŋő äãŋłæĺĺ ˘_m (j + m − 1), ă âăłęě àăğŋőáâěľ ´^m�^1˘_m (j), ´^m�^2˘_m(j + 1), . . . , ´˘_m(j + m − 2), ćáě çńěŋë, áâőïéĺě ćŋě ğŋăłă áãňňë, őąàăéăîâáï ć ŋãńì. Śńěďőćăâěńìŋő, n∑ j=0 F (j)´^m˘_m(j) = (−1)^m n∑ j=0 ˘_m (j + m)´^m F (j) .

Ğăňěâĺň, çâő ˘_m (j + m) = 0 ŕàĺ j = n, n − 1, . . . , n − m + 1, ŕőíâőňã ćěàåŋĺň ŕàěďěńőň áãňňĺàőćăŋĺï ňőęŋő ŕőńőęĺâì j = n − m. Őłőŋçăâěńìŋő ĺňěěň n∑ j=0 F (j)´^m˘_m(j) = (−1)^m n�m_∑ j=0 ˘_m (j + m)´^m F (j) . (1.10)

Ŕőďáâăćńïï âěŕěàì F = φ_0, F = φ_1, . . . , F = φ_m�_1 ĺ ğăňěçăï, çâő ŕàĺ íâőň ´^mF (x) ≡ 0, âăł łăł deg F < m, ŕőńãçĺň: n∑ j=0 φ_0(j)´^m ˘_m(j) = 0, n∑ j=0 φ_1(j)´^m ˘_m(j) = 0, . . . , n∑ j=0 φ_m�_1(j)´^m ˘_m (j) = 0 .

Ćáŕőňĺŋăï, çâő φ_m(x) = ´^m ˘_m(x), ňë ãąěęďăěňáï, çâő áĺáâěňă ňŋőčőçńěŋőć (1.8) ďěľáâćĺâěńìŋő ïćńïěâáï őàâőčőŋăńìŋőľ őâŋőáĺâěńìŋő áłăńïàŋőčő ŕàőĺğćěďěŋĺï (1.1). Šěőàěňă ďőłăğăŋă.

Ŋăľďěň áâăàèĺľ łőíääĺæĺěŋâ ňŋőčőçńěŋă φ_m(x). Ďńï ňŋőčőçńěŋă ˘_m (x) ĺňěěň: ˘_m(x) = x(x − 1) · · · (x − m + 1) (n + 1 − x)(n + 2 − x) · · · (n + m − x) = (−1)^m x^{2m} + . . .

Őâáîďă φ_m (x) = ´^m˘_m (x) = (−1)^m (2m)^{[m]} x^m + . . .

Şçĺâëćăï âőâ äăłâ, çâő áâăàèĺľ łőíääĺæĺěŋâ ňŋőčőçńěŋă (1.7) àăćěŋ (−1)^m (2m)^{[m]} n^{[m]} m! , ňë ňőęěň ćëïćĺâì áćïğì ňěęďã íâĺňĺ ňŋőčőçńěŋăňĺ:

φ_m (x) = n^{[m]} m! P_m(x) . (1.11)

Őâáîďă ŋăåőďĺň ïćŋőě ćëàăęěŋĺě ďńï ňŋőčőçńěŋă φ_m(x):

φ_m (x) = n^{[m]} m! m∑ k=0 (−1)^k n^{[k]} ( m k )( m + k k ) x^{[k]} . (1.12)

Ďńï ňŋőčőçńěŋă (1.7) ĺğćěáâŋő ğŋăçěŋĺě ěčő ŋőàňë [5]:

‖P_m‖^2 =

(n + m + 1)^{[m+1]} (2m + 1) n^{[m]} . Őâáîďă, ŕőńìğãïáì áőőâŋőèěŋĺěň (1.11), ňőęŋő ŋăľâĺ ŋőàňã ňŋőčőçńěŋă φ_m(x):

‖φ_m‖^2 = ( m! )_2

2m + 1

(n + m + 1)^{[2m+1]} . (1.13)

Ŕàěďáâăćńěŋŋëå áćěďěŋĺľ ďőáâăâőçŋő, çâőąë ŕěàěľâĺ ł àăááňőâàěŋĺî àěğãńìâăâőć Ŕ. Ń. Ůěąëèěćă.

2. Řěğãńìâăâë Ůěąëèěćă

Łăł ąëńő ŕőłăğăŋő ć ŕ. 1, àěèěŋĺě ğăďăçĺ (∗) ňőęěâ ąëâì ŕàěďáâăćńěŋő äőàňãńőľ (1.3) á łőíääĺæĺěŋâăňĺ (1.4). Őáâăěâáï ńĺèì ćëąàăâì ŋőàňĺàőćłã ďńï áĺáâěňë ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć ĺ ŕàěďáâăćĺâì áőőâćěâáâćãîéãî ćëçĺáńĺâěńìŋãî áåěňã ďńï ŋăåőęďěŋĺï łőíääĺæĺěŋâőć { a_m } . Śńěďãï [1], àăááňőâàĺň ć łăçěáâćě ąăğĺáŋőľ áĺáâěňë ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć áĺáâěňã (1.8). Ŕőńìğãïáì ŕőŋïâĺěň őąőąéěŋŋőľ áâěŕěŋĺ, ćëàăęěŋĺě ďńï ňŋőčőçńěŋă (1.9) ňőęŋő ğăŕĺáăâì łàăâłő:

˘_m (x) = x^{[m]} (n + m − x)^{[m]} .

Ćáŕőňĺŋăï, çâő φ_m (x) = ´^m˘_m (x), ĺ ŕőńìğãïáì äőàňãńőľ (1.10), ŋăåőďĺň n∑ j=0 φ_m (j)f(j) = (−1)^m n�m_∑ j=0 (j + m)^{[m]} (n − j)^{[m]} ´^mf(j) ,

ĺńĺ, ŕěàěåőďï ł ąĺŋőňĺăńìŋëň łőíääĺæĺěŋâăň, n∑ j=0 φ_m(j)f(j) = (−1)^m ( m! )_2^n�^m∑ j=0 ( j + m m )( n − j m ) ´^mf(j) . Ćŋőáï íâã ćěńĺçĺŋã ć äőàňãńã (1.4) ĺ ŕőďáâăćńïï ĺğćěáâŋőě ğŋăçěŋĺě ŋőàňë ňŋőčőçńěŋă φ_m (x) (äőàňãńă (1.13) ), ŋăåőďĺň

a_m = (−1)^m

2m + 1 (n + m + 1)^{[2m+1]} n�m_∑ j=0 ( j + m m )( n − j m ) ´^mf(j) . Ććěďěň áńěďãîéěě őąőğŋăçěŋĺě:

F_m = (−1)^m

2m + 1 n + 1 n�m_∑ j=0 ( j + m m )( n − j m ) ´^m f(j) ( n + m + 1 m ) . (2.1)

Šőčďă ďńï łőíääĺæĺěŋâőć (1.4) ĺňěěň

a_m = F_m n^{[m]} m! . Šăłĺň őąàăğőň, ňë ŕőńãçăěň áńěďãîéěě ćëàăęěŋĺě ďńï ĺáłőňőčő ňŋőčőçńěŋă ŋăĺńãçèěčő áàěďŋěłćăďàăâĺçěáłőčő ŕàĺąńĺęěŋĺï:

π_s(x) = s∑ m=0 F_m n^{[m]} m!

φ_m (x) , (2.2)

čďě łőíääĺæĺěŋâë F_m ŋăåőďïâáï ĺğ äőàňãńë (2.1), ă ąăğĺáŋëě ňŋőčőçńěŋë φ_m(x) | ĺğ äőàňãńë (1.12). Řăáłàëćăï áãňňë, ğăłńîçăîéĺěáï ć íâĺå äőàňãńăå, ňë ŋăľďěň π_s(x) ć ćĺďě ňŋőčőçńěŋă áâěŕěŋĺ s.

Őďŋăłő ąőńěě ãďőąŋëň á ćëçĺáńĺâěńìŋőľ âőçłĺ ğàěŋĺï őłăğëćăěâáï ŕàěďáâăćńěŋĺě ňŋőčőçńěŋă π_s(x) á ŕőňőéìî ĺğćěáâŋőľ ĺğ çĺáńěŋŋőčő ăŋăńĺğă [5, 6] ĺŋâěàŕőńïæĺőŋŋőľ äőàňãńë Ŋìîâőŋă π_s(x) = s∑ μ=0 ´^μπ_s(0) μ! x^{[μ]} , (2.3)

ŕőáłőńìłã ćěńĺçĺŋë π_s(0), ´π_s(0), . . . , ´^sπ_s(0), łăł ąãďěâ ŕőłăğăŋő ŋĺęě, ńěčłő ćëçĺáńïîâáï.

Őŕàěďěńïï àăğŋőáâĺ ´^μπ_s(x), čďě μ ∈ {0, 1, . . . , s}, ŋăåőďĺň:

´^μπ_s(x) = s∑ m=0 F_m n^{[m]} m!

´^μφ_m (x) ,

´^μφ_m (x) = n^{[m]} m! m∑ k=0 (−1)^k n^{[k]} ( m k )( m + k k ) ´^μx^{[k]} .

Ğăňěâĺň, çâő ´^μφ_m(x) ≡ 0 ŕàĺ m < μ, ŕőíâőňã ŋĺęŋĺľ ŕàěďěń áãňňĺàőćăŋĺï ć ŕěàćőľ äőàňãńě ňőęŋő ğăňěŋĺâì ŋă m = μ.

Śőčńăáŋő äőàňãńě (1.6a), ć áãňňě, ŕàěďáâăćńïîéěľ ćěńĺçĺŋã ´^μφ_m (x), ŕàĺ x = 0 őáâăěâáï âőńìłő őďĺŋ çńěŋ, áőőâćěâáâćãîéĺľ k = μ, ćáńěďáâćĺě çěčő ŕőńãçăěâáï

´^μφ_m(0) = (−1)^μ n^{[m]} m! n^{[μ]} ( m μ )( m + μ μ ) μ! ,

´^μπ_s(0) = s∑ m=μ (−1)^μ μ! n^{[μ]} ( m μ )( m + μ μ ) F_m . Ŕěàěåőďï ł äăłâőàĺăńăň, ćëćěďěŋŋãî äőàňãńã ňőęŋő ğăŕĺáăâì âăł:

´^μπ_s(0) = s∑ m=μ (−1)^μ

(n − μ)! (m + μ)! F_m n! μ! (m − μ)! . (2.4)

Ďńï ãŕàőéěŋĺï ćëçĺáńěŋĺľ ŕő äőàňãńě (2.4) ććěďěň áńěďãîéěě őąőğŋăçěŋĺě:

(μ, m) = (−1)^μ

(n − μ)! (m + μ)! n! μ! (m − μ)! . Řăááňőâàĺň ŕőďàőąŋěě áćőľáâćă (μ, m). Ğăňěâĺň, çâő ŕàĺ μ = 0 ćëàăęěŋĺě

(n − μ)! (m + μ)! n! μ! (m − μ)!

őąàăéăěâáï ć 1, ă ŕőâőňã (0, m) = 1 , m = 0, 1, 2, . . . (2.5) Ďăńěě,

(μ + 1, m) (μ, m) = − (n − μ − 1)! (n − μ)! (m + μ + 1)!

(m + μ)! μ! (μ + 1)! (m − μ)! (m − μ − 1)! = − (m + μ + 1)(m − μ) (n − μ)(μ + 1) , őâłãďă áńěďãěâ (μ + 1, m) = − m(m + 1) − μ(μ + 1) (n − μ)(μ + 1) (μ, m) . (2.6) Řěłãààěŋâŋőě áőőâŋőèěŋĺě (2.6) ć áőćőłãŕŋőáâĺ á ŋăçăńìŋëňĺ ãáńőćĺïňĺ (2.5) ďăěâ ćőğňőęŋőáâì ńěčłő ćëçĺáńïâì ćáě ğŋăçěŋĺï ňŋőęĺâěńěľ (μ, m) ć äőàňãńě

´^μπ_s(0) = s∑ m=μ (μ, m)F_m . Ŋă őáŋőćăŋĺĺ ćëèě áłăğăŋŋőčő ğăłńîçăěň, çâő ĺáłőňëľ ňŋőčőçńěŋ ňőęěâ ąëâì ŕàěďáâăćńěŋ ć ćĺďě (2.3), čďě ćěńĺçĺŋë π_s(0), ´π_s(0), . . . , ´^sπ_s(0) ŋăľďãâáï ŕő äőàňãńăň

π_s(0) = F_0 + F_1 + F_2 + F_3 + . . . + F_s , ´π_s(0) = (1, 1)F_1 + (1, 2)F_2 + (1, 3)F_3 + . . . + (1, s)F_s , ´^2π_s(0) = (2, 2)F_2 + (2, 3)F_3 + . . . + (2, s)F_s , ´^3π_s(0) = (3, 3)F_3 + . . . + (3, s)F_s , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ´^sπ_s(0) = (s, s)F_s ,

(2.7)

ć łőâőàëå ćěńĺçĺŋë F_0, F_1, . . . , F_s őŕàěďěńïîâáï äőàňãńőľ (2.1), ă ňŋőęĺâěńĺ

(1, 1) , (1, 2) , (1, 3) . . . (1, s) ,

(2, 2) , (2, 3) . . . (2, s) , ... (s, s) ćëćőďïâáï őďĺŋ ĺğ ďàãčőčő á ŕőňőéìî àěłãààěŋâŋőčő áőőâŋőèěŋĺï (2.6) á ŋăçăńìŋëňĺ ďăŋŋëňĺ (2.5).

Ćëçĺáńěŋĺě ğŋăçěŋĺľ ňŋőčőçńěŋă π_s(x), ŕàěďáâăćńěŋŋőčő ć ćĺďě (2.3), æěńěáőőąàăğŋő ŕàőćőďĺâì ŕő áåěňě Čőàŋěàă ďńï ňŋőčőçńěŋőć ć äőàňě Ŋìîâőŋă [7].

3. Ďăńìŋěľèěě àăğćĺâĺě

Ć ŕ. 2 ďńï ćëçĺáńěŋĺï ğŋăçěŋĺľ ňŋőčőçńěŋă ŋăĺńãçèěčő áàěďŋěłćăďàăâĺçěáłőčő ŕàĺąńĺęěŋĺï π_s(x) ĺáŕőńìğőćăńáï ňěâőď Ŕ. Ń. Ůěąëèěćă, áćïğăŋŋëľ á ŕěàěåőďőň őâ ŕàěďáâăćńěŋĺï (2.2) ł ŕàěďáâăćńěŋĺî (2.3). Ğďěáì ňë àăááňőâàĺň ăńìâěàŋăâĺćŋëľ ŕőďåőď. Őŋ őáŋőćăŋ ŋă áőćàěňěŋŋőľ ĺďěőńőčĺĺ àěłãààěŋâŋëå ćëçĺáńěŋĺľ [7].

Šěőàěňă 2. Ŕãáâì ňŋőčőçńěŋ π_s(x) ŕàěďáâăćńěŋ ć ćĺďě

π_s(x) = s∑ m=0 a_m Q_m(x) , čďě ňŋőčőçńěŋë Q_m (x) ãďőćńěâćőàïîâ âàěåçńěŋŋőňã àěłãààěŋâŋőňã áőőâŋőèěŋĺî

Q_{m+1}(x) = A_m (x − α_m)Q_m(x) + B_m Q_m�_1(x) . (3.1)

Ććěďěň ŕ ő á ń ě ď ő ć ă â ě ń ì ŋ ő á â ì Ł ń ĺ ŋ è ő ã { b_m }_{s+2} m=0 áńěďãîéĺň őąàăğőň:

b_{s+2} = b_{s+1} = 0 , b_m − A_m (x − α_m)b_{m+1} − B_{m+1}b_{m+2} = a_m , m = s, s − 1, . . ., 0.

Šőčďă ğŋăçěŋĺě ňŋőčőçńěŋă π_s ć âőçłě x ňőęŋő ćëçĺáńĺâì ŕő äőàňãńě

π_s(x) = b_0Q_0(x) + b_1 [ Q_1(x) − A_0(x − α_0)Q_0(x) ] . (3.2)

Ď ő ł ă ğ ă â ě ń ì á â ć ő. Ğăňěŋïï ć ŕàěďáâăćńěŋĺĺ ňŋőčőçńěŋă π_s(x) łăęďëľ łőíääĺæĺěŋâ a_m ŋă áőőâćěâáâćãîéãî łőňąĺŋăæĺî b_m , b_{m+1} ĺ b_{m+2}, ğăŕĺèěň:

π_s(x) = s∑ m=0 a_m Q_m(x) = s∑ m=0 [ b_m − A_m (x − α_m)b_{m+1} − B_{m+1}b_{m+2} ] Q_m(x) =

= s∑ m=0 b_m Q_m(x) − s+1∑ m=1 A_m�_1(x − α_m�_1)b_m Q_m�_1(x) − s+2∑ m=2 B_m�_1b_m Q_m�_2(x) .

Ćëďěńïï ĺğ ŕěàćőľ áãňňë ďćă ŕěàćëå çńěŋă (ŕàĺ m = 0 ĺ m = 1), ă ĺğ ćâőàőľ áãňňë | őďĺŋ (ŕàĺ m = 1), ĺ ãçĺâëćăï, çâő b_{s+2} = b_{s+1} = 0, ŕőńãçăěň:

π_s(x) = b_0Q_0(x) + b_1Q_1(x) − A_0(x − α_0)b_1Q_0(x)+ + s∑ m=2 b_m [ Q_m (x) − A_m�_1(x − α_m�_1)Q_m�_1(x) − B_m�_1Q_m�_2(x) ] . Ćëàăęěŋĺě ć łćăďàăâŋëå áłőąłăå, áőčńăáŋő (3.1), ěáâì âőęďěáâćěŋŋëľ ŋãńì, áńěďőćăâěńìŋő, àăćěŋáâćő (3.2) áŕàăćěďńĺćő. Šěőàěňă ďőłăğăŋă.

Šěőàěňă 2 ïćńïěâáï ňőďĺäĺłăæĺěľ àěłãààěŋâŋőľ áåěňë Łńĺŋèőã [2]. Ĺáŕőńìğőćăŋĺě íâőľ áåěňë, łăł áńěďãěâ ĺğ àěğãńìâăâőć çĺáńěŋŋëå íłáŕěàĺňěŋâőć, ğŋăçĺâěńìŋő ãŕàőéăěâ ŕàőæěďãàã ćëçĺáńěŋĺï ğŋăçěŋĺľ ňŋőčőçńěŋă π_s(x), çâő ŕàĺćőďĺâ ł áőłàăéěŋĺî ćàěňěŋĺ ĺ ãćěńĺçěŋĺî âőçŋőáâĺ ćëçĺáńěŋĺľ.

Ŋăľďěň ŕőáńěďőćăâěńìŋőáâĺ Łńĺŋèőã ďńï áĺáâěň ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć, ććěďěŋŋëå äőàňãńăňĺ (1.7) ĺ (1.12). Ďńï ňŋőčőçńěŋőć (1.7) ĺğćěáâŋő àěłãààěŋâŋőě áőőâŋőèěŋĺě [5]:

P_{m+1}(x) =

2m + 1 (m + 1)(n − m) (n − 2x)P_m(x) − m(n + m + 1) (m + 1)(n − m)

P_m�_1(x) , (3.3)

P_0(x) = 1 , P_1(x) = 1 − 2x n . Őâáîďă, ŕőńìğãïáì (1.11), ŋěâàãďŋő ŕőńãçĺâì àěłãààěŋâŋőě áőőâŋőèěŋĺě ĺ ďńï ćâőàőľ áĺáâěňë:

φ_{m+1}(x) = (2m + 1)(n − 2x)φ_m(x) − m^2 ( (n + 1)^2 − m^2 ) φ_m�_1(x) , (3.4)

φ_0(x) = 1 , φ_1(x) = n − 2x .

Ğăňěâĺň, çâő łőíääĺæĺěŋâë F_m, ććěďěŋŋëě äőàňãńőľ (2.1), ěáâì ŋě çâő ĺŋőě, łăł łőíääĺæĺěŋâë Ťãàìě äãŋłæĺĺ f ŕő áĺáâěňě ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć (1.7) (íâő áńěďãěâ ĺğ (2.2) ĺ (1.11) ). Ŕőíâőňã ďńï íâőľ áĺáâěňë ĺňěěň: b_m − 2m + 1 (m + 1)(n − m)

(n − 2x)b_{m+1} +

(m + 1)(n + m + 2) (m + 2)(n − m − 1) b_{m+2} = F_m , (3.5)

π_s(x) = b_0P_0(x) + b_1 [ P_1(x) − 1 n (n − 2x)P_0(x) ] = b_0 . (3.6)

Ďńï áĺáâěňë (1.12), áőőâćěâáâćěŋŋő, ĺňěěň:

~b_m − (2m + 1)(n − 2x)~b_{m+1} + (m + 1)^2((n + 1)^2 − (m + 1)^2)~b_{m+2} = a_m , (3.7)

π_s(x) = ~b_0φ_0(x) + ~b_1 [ φ_1(x) − (n − 2x)φ_0(x) ] = ~b_0 . (3.8)

Šăłĺň őąàăğőň, ěáńĺ ŋăň ĺğćěáâŋë łőíääĺæĺěŋâë F_m, âő ňë ňőęěň ćëçĺáńïâì ğŋăçěŋĺï ňŋőčőçńěŋă ŋăĺńãçèěčő áàěďŋěłćăďàăâĺçěáłőčő ŕàĺąńĺęěŋĺï π_s(x) łăł ňĺŋĺňãň âàěňï àăğńĺçŋëňĺ áŕőáőąăňĺ | ŕő áåěňě, ŕàěďńőęěŋŋőľ Ŕ. Ń. Ůěąëèěćëň, ĺńĺ á ŕőňőéìî ňőďĺäĺæĺàőćăŋőľ áåěňë Łńĺŋèőã ďńï ďćãå àăááňőâàěŋŋëå ćëèě áĺáâěň ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć. Řěğãńìâăâë çĺáńěŋŋëå íłáŕěàĺňěŋâőć ŕő ŕàĺňěŋěŋĺî àăğńĺçŋëå ćëçĺáńĺâěńìŋëå áåěň ĺ ĺå ăŋăńĺğ ąãďãâ ŕàěďáâăćńěŋë ć ŕ. 4.

Ğăňěâĺň, çâő ćëçĺáńěŋĺě áăňĺå łőíääĺæĺěŋâőć F_m âőęě ňőęŋő ŕàőĺğćěáâĺ á ĺáŕőńìğőćăŋĺěň àěłãààěŋâŋëå áőőâŋőèěŋĺľ. Ěáńĺ ŕàěďáâăćĺâì F_m ć ćĺďě

F_m = n�m_∑ j=0 ψ_m(j) ´^m f(j) , (3.9)

âő ďńï łőíääĺæĺěŋâőć ψ_m(j) ąãďěâ ĺňěâì ňěáâő àěłãààěŋâŋőě áőőâŋőèěŋĺě

ψ_m (j + 1) =

(j + m + 1)(n − j − m) (j + 1)(n − j) ψ_m (j) , j = 0, 1, . . ., n − m − 1,

ψ_m(0) = (−1)^m

2m + 1 n + 1

( n m ) ( n + m + 1 m ) . (3.10)

Ŕàĺ íâőň ćëçĺáńïâì ψ_m (0) ŋěŕőáàěďáâćěŋŋő ŋěâ ŋěőąåőďĺňőáâĺ, âăł łăł ďńï ŋĺå âőęě ěáâì àěłãààěŋâŋőě áőőâŋőèěŋĺě:

ψ_{m+1}(0) = −

(2m + 3)(n − m) (2m + 1)(n + m + 2) ψ_m(0) , m = 0, 1, . . ., s − 1, ψ_0(0) = 1 n + 1 . (3.11)

4. Ůĺáńěŋŋëě íłáŕěàĺňěŋâë

Ś æěńìî ćëïáŋěŋĺï íääěłâĺćŋőáâĺ ćëçĺáńĺâěńìŋëå áåěň, àăááňőâàěŋŋëå ć ŕŕ. 2 ĺ 3, ąëńĺ ŕàőĺğćěďěŋë çĺáńěŋŋëě íłáŕěàĺňěŋâë áńěďãîéěčő ćĺďă. Ć łăçěáâćě ĺáåőďŋőľ äãŋłæĺĺ f(x) čěŋěàĺàőćăńáï áńãçăľŋëľ ňŋőčőçńěŋ ćĺďă

f_s (x) = ξ_0 + ξ_1x + ξ_2x^2 + . . . + ξ_sx^s , (4.1)

čďě ξ_0, ξ_1, . . ., ξ_s | àăćŋőňěàŋő àăáŕàěďěńěŋŋëě ŋă őâàěğłě [ -1,1 ] áńãçăľŋëě ćěńĺçĺŋë. Ğăâěň ďńï ňŋőčőçńěŋă (4.1) ćëçĺáńïńĺáì łőíääĺæĺěŋâë F_m (ŕő äőàňãńăň (3.9){(3.11)) ĺ áâàőĺńáï ňŋőčőçńěŋ ŋăĺńãçèěčő áàěďŋěłćăďàăâĺçěáłőčő ŕàĺąńĺęěŋĺï π_s(x). Ćëçĺáńěŋĺě ğŋăçěŋĺľ ňŋőčőçńěŋă π_s(x) ŕàőĺğćőďĺńőáì ŕïâìî àăğńĺçŋëňĺ áŕőáőąăňĺ | ŕő áåěňě Ůěąëèěćă (äőàňãńë (2.3) ĺ (2.5){(2.7)) ĺ ŕő ňőďĺäĺæĺàőćăŋŋőľ áåěňě Łńĺŋèőã ďńï çěâëàěå áĺáâěň ďĺáłàěâŋëå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć (łàőňě ďćãå áåěň, őŕĺáăŋŋëå äőàňãńăňĺ (3.5){ (3.8), ąëńĺ ěéě àăááňőâàěŋë áåěňë á őàâőŋőàňĺàőćăŋŋëňĺ ňŋőčőçńěŋăňĺ ĺ őàâőčőŋăńìŋëňĺ ňŋőčőçńěŋăňĺ á ěďĺŋĺçŋëň áâăàèĺň łőíääĺæĺěŋâőň). Ć łăęďőň áńãçăě őŕàěďěńïńăáì őâŋőáĺâěńìŋăï ŕőčàěèŋőáâì ε = ‖f_s − π_s‖ ‖f_s‖ . (4.2)

Šěőàěâĺçěáłĺ ňŋőčőçńěŋë f_s(x) ĺ π_s(x) ďőńęŋë áőćŕăďăâì, őďŋăłő ŋă ŕàăłâĺłě ĺğ-ğă őčàăŋĺçěŋŋőáâĺ ňăŋâĺááë ĺ áćïğăŋŋëå á íâĺň ŋěĺğąěęŋëå őèĺąőł őłàãčńěŋĺï ćěńĺçĺŋă ε őłăğëćăěâáï őâńĺçŋőľ őâ ŋãńï. Ĺňěŋŋő íâă ćěńĺçĺŋă ĺ áńãęĺńă łàĺâěàĺěň ãáâőľçĺćőáâĺ âőľ ĺńĺ ĺŋőľ ćëçĺáńĺâěńìŋőľ áåěňë.

Ŋă áěâłăå 0 : n ŕàĺ n = 50 ĺ n = 100 ĺ áâěŕěŋïå ĺáåőďŋőčő ňŋőčőçńěŋă s = 10, 15, 20, . . ., 45 ąëńő ŕàőĺğćěďěŋő ŕő N = 1000 çĺáńěŋŋëå íłáŕěàĺňěŋâőć. Ć łăęďőň íłáŕěàĺňěŋâě őŕàěďěńïńăáì őâŋőáĺâěńìŋăï ŕőčàěèŋőáâì (4.2), ĺ ŕő őłőŋçăŋĺĺ ćëçĺáńïńőáì ěě áàěďŋěě ğŋăçěŋĺě

—ε = 1 N N∑ k=1 ε_k (4.3) ĺ ćěńĺçĺŋă áàěďŋěłćăďàăâĺçěáłőčő őâłńőŋěŋĺï σ = [ 1 N N∑ k=1 (ε_k − —ε)^2 ]_{1/2} . (4.4)

Ĺğńőęěŋŋëľ ŕńăŋ ŕàőćěďěŋĺï íłáŕěàĺňěŋâőć ąëń àěăńĺğőćăŋ ć ćĺďě ŕàőčàăňňë ć áàěďě ŕàőčàăňňĺàőćăŋĺï Delphi Desktop v. 2.0 äĺàňë Borland International ŋă őąêěłâŋő-őàĺěŋâĺàőćăŋ-ŋőň àăáèĺàěŋĺĺ ïğëłă Pascal. Ćëçĺáńěŋĺï ćěńĺáì á ďćőľŋőľ âőçŋőáâìî (âĺŕ double: 8 ąăľâ, ďĺăŕăğőŋ ğŋăçěŋĺľ 5, 0 · 10�^{324}...1, 7 · 10^{308}).

Řěğãńìâăâë íłáŕěàĺňěŋâőć ŕàĺćěďěŋë ć âăąń. 1. Řěğãńìâăâë ŕő ŕàĺňěŋěŋĺî ňőďĺäĺæĺàőćăŋŋőľ áåěňë Łńĺŋèőã ďăŋë âőńìłő ďńï áĺáâěňë ňŋőčőçńěŋőć (1.7), ŕőáłőńìłã àăğńĺçĺï ňěęďã çěâëàìňï ćăàĺăŋâăňĺ áåěňë Łńĺŋèőã ćěáìňă ŋěğŋăçĺâěńìŋë ŕő áàăćŋěŋĺî á àěğãńìâăâăňĺ, ŕőńãçěŋŋëňĺ ŕő ňěâőďã Ůěąëèěćă.

Őáŋőćëćăïáì ŋă ďăŋŋëå âăąń. 1, ňőęŋő áďěńăâì ćëćőď, çâő ćëçĺáńěŋĺě ňŋőčőçńěŋă ŋăĺńãçèěčő áàěďŋěłćăďàăâĺçěáłőčő ŕàĺąńĺęěŋĺï π_s(x) ŕő ňőďĺäĺæĺàőćăŋŋőľ áåěňě Łńĺŋèőã ğŋăçĺâěńìŋő ãáâőľçĺćěě, çěň ŕő áåěňě, ŕàěďńőęěŋŋőľ Ŕ. Ń. Ůěąëèěćëň.

Łàőňě âőçŋőáâĺ, ćăęŋőě ğŋăçěŋĺě ĺňěěâ âăłăï åăàăłâěàĺáâĺłă ćëçĺáńěŋĺľ, łăł ğăâàăçěŋŋőě ŋă ŋĺå ćàěňï. Ć âăąń. 2 ŕàĺćěďěŋő áàěďŋěě ćàěňï, ğăâàăçěŋŋőě ŋă àěèěŋĺě őďŋőľ ăŕŕàőłáĺňăæĺőŋŋőľ ğăďăçĺ ć ğăćĺáĺňőáâĺ őâ ćĺďă íłáŕěàĺňěŋâă.^1 Ć ŕőáńěďŋěň áâőńąæě ŕàĺćěďěŋő áàěďŋěě ćàěňï ŋăåőęďěŋĺï łőíääĺæĺěŋâőć F_m (őąéăï çăáâì áåěň Ůěąëèěćă ĺ Łńĺŋèőã). Ğŋăçěŋĺï ŕàĺćěďěŋë ć ňĺńńĺáěłãŋďăå.

Ĺğ âăąń. 2 ćĺďŋő, çâő ňőďĺäĺæĺàőćăŋŋăï áåěňă Łńĺŋèőã ŋě âőńìłő ãáâőľçĺćěě, ŋő ĺ ğŋăçĺâěńìŋő ąëáâàěě áåěňë Ůěąëèěćă.

Šăąńĺæă 1 Ćĺď Ůěąëèěć Łńĺŋèőã íłáŕěàĺňěŋâă —ε σ —ε σ

n = 50, s = 10 4,851·10�^{15} 3,486·10�^{15} 2,588·10�^{16} 5,213·10�^{17} n = 50, s = 15 5,386·10�^{14} 3,964·10�^{14} 2,484·10�^{16} 4,957·10�^{17} n = 50, s = 20 6,897·10�^{13} 5,176·10�^{13} 2,408·10�^{16} 5,252·10�^{17} n = 50, s = 25 6,278·10�^{12} 4,520·10�^{12} 2,459·10�^{16} 6,101·10�^{17} n = 50, s = 30 6,190·10�^{11} 4,497·10�^{11} 2,610·10�^{16} 7,460·10�^{17} n = 50, s = 35 5,287·10�^{10} 3,196·10�^{10} 2,753·10�^{16} 8,563·10�^{17} n = 50, s = 40 3,247·10�^9 1,793·10�^9 2,807·10�^{16} 8,919·10�^{17} n = 50, s = 45 1,452·10�^8 8,509·10�^9 3,022·10�^{16} 1,078·10�^{16}

n = 100, s = 10 5,221·10�^{15} 3,717·10�^{15} 2,586·10�^{16} 5,711·10�^{17} n = 100, s = 15 1,001·10�^{13} 7,674·10�^{14} 3,013·10�^{16} 5,780·10�^{17} n = 100, s = 20 3,130·10�^{12} 1,759·10�^{12} 3,215·10�^{16} 5,791·10�^{17} n = 100, s = 25 3,593·10�^{11} 2,432·10�^{11} 3,367·10�^{16} 6,552·10�^{17} n = 100, s = 30 3,996·10�^{10} 2,920·10�^{10} 3,501·10�^{16} 6,776·10�^{17} n = 100, s = 35 5,304·10�^9 3,865·10�^9 3,681·10�^{16} 7,635·10�^{17} n = 100, s = 40 6,326·10�^8 4,762·10�^8 3,794·10�^{16} 8,086·10�^{17} n = 100, s = 45 4,578·10�^6 4,342·10�^6 3,953·10�^{16} 9,042·10�^{17}

1Ćëçĺáńěŋĺï ŕàőćőďĺńĺáì ŋă łőňŕìîâěàě IBM PC á ŕàőæěááőàőň Intel Pentium á âăłâőćőľ çăáâőâőľ 75 ŇČæ ĺ ćáâàőěŋŋëň ňăâěňăâĺçěáłĺň áőŕàőæěááőàőň.

Šăąńĺæă 2 Ćĺď íłáŕěàĺňěŋâă Ůěąëèěć Łńĺŋèőã Ćëçĺáńěŋĺě {F_m}

n = 50, s = 10 15,7 11,9 10,1 n = 50, s = 15 22,5 12,9 10,3 n = 50, s = 20 30,7 14,1 10,7 n = 50, s = 25 40,7 15,2 11,0 n = 50, s = 30 53,0 16,3 11,3 n = 50, s = 35 67,4 17,2 11,4 n = 50, s = 40 83,9 18,2 11,7 n = 50, s = 45 102,1 19,0 11,8

n = 100, s = 10 22,6 14,7 11,2 n = 100, s = 15 35,2 17,1 12,4 n = 100, s = 20 51,7 19,6 13,1 n = 100, s = 25 72,4 21,9 13,9 n = 100, s = 30 97,1 24,2 14,8 n = 100, s = 35 125,7 26,3 15,4 n = 100, s = 40 158,5 28,5 16,0 n = 100, s = 45 195,1 30,7 16,7

Śŕĺáőł ńĺâěàăâãàë

1. Ůěąëèěć Ŕ. Ń. Őą ĺŋâěàŕőńĺàőćăŋĺĺ ćěńĺçĺŋ àăćŋőőâáâőïéĺå / Ŕőńŋ. áőąà.

áőç. Š.1. Ň., Ĺğď-ćő ĂŊ ŚŚŚŘ, 1949. Ś. 66{85.

2. Clenshaw C. W. A Note on the Summation of Chebyshev Series // Math. Tabl. Aids Comput. 1955. Vol. 9. P. 118{120.

3. Śěčñ Č. Őàâőčőŋăńìŋëě ňŋőčőçńěŋë. Ň., Ťĺğňăâčĺğ, 1962. 500 á. 4. Śãěâĺŋ Ŕ. Ł. Łńăááĺçěáłĺě őàâőčőŋăńìŋëě ňŋőčőçńěŋë. Ň., "Ŋăãłă", 1979. 416 á. 5. Ąěàěğĺŋ Ĺ. Ś., Ęĺďłőć Ŋ. Ŕ. Ňěâőďë ćëçĺáńěŋĺľ. Š.1. Ň., Ťĺğňăâčĺğ, 1962.

464 á.

6. Ňĺńŋ Ć. İ. Ůĺáńěŋŋëľ ăŋăńĺğ. Ň., Ĺğď-ćő ĺŋőáâà. ńĺâ-àë, 1951. 292 á. 7. Ňăńőğñňőć Ć. Ŋ., Ŕěćŋëľ Ă. Ą. Řěłãààěŋâŋëě ćëçĺáńěŋĺï. Ń., Ĺğď-ćő ŃČŞ, 1976.

56 á.