Ňăâěňăâĺçěáłĺě ğăňěâłĺ �

ŠŐŇ 68 ĆŻŔŞŚŁ 4 ŐŁŠ§ĄŘĲ 2000

ŞĎŁ 517.518.86+519.147

ŐŰĚŊŁĹ ŇĂŁŚĹŇĂŃĲŊŐČŐ ĞŊĂŮĚŊĹ§ ŞČŃŐĆŐČŐ ŁŐĎŐĆŐČŐ ŘĂŚŚŠŐ§ŊĹ§ ĎŃ§ 24 Ĺ 25 ŠŐŮĚŁ ŊĂ ĚĎĹŊĹŮŊŐĽ ŚŤĚŘĚ Ć R^4

Ć. Ć. Ăàěáâőć, Ă. Č. Ąăąěŋłő

Ďăŋŋăï àăąőâă ŕőáćïéěŋă ĺğćěáâŋőľ ğăďăçě ő ňăłáĺňăńìŋőňçĺáńě íńěňěŋâőćøm(s) áäěàĺçěáłőčő s-łőďă (−1 ⩽ s ¡ 1) ć ěćłńĺďőćőň ŕàőáâàăŋáâćě R^m àăğňěàŋőáâĺ m ⩾ 2; ă âőçŋěě, ć ŋěľ àăááňăâàĺćăěâáï äãŋłæĺï Ďěńìáăàâă wm(s), áćïğăŋŋăï á ćěńĺçĺŋőľ øm(s) ŋěàăćěŋáâćőň øm(s) ⩽ wm(s). Ć àăąőâě ŋăľďěŋő àěèěŋĺě ãàăćŋěŋĺï wm(s) = N ŕàĺ m = 4 ĺ N = 24; 25. Ć łăçěáâćě áńěďáâćĺï ŕőńãçěŋő ãâćěàęďěŋĺě, çâő áàěďĺ ńîąëå 25 (24) âőçěł ŋă ěďĺŋĺçŋőľ áäěàě ŕàőáâàăŋáâćă R^4 ćáěčďă ŋăľďãâáï ďćě âőçłĺ, ãčńőćőě àăááâőïŋĺě ňěęďã łőâőàëňĺ áâàőčő ňěŋìèě 60:5^∘ (61:41^∘).

Ąĺąńĺőčàăäĺï: 24 ŋăğćăŋĺï.

Ďăŋŋăï àăąőâă ŕőáćïéěŋă ĺğćěáâŋőľ ğăďăçě ő ňăłáĺňăńìŋőň çĺáńě íńěňěŋâőć ø_m(s) áäěàĺçěáłőčő s-łőďă (−1 ⩽ s ¡ 1) ć ěćłńĺďőćőň ŕàőáâàăŋáâćě R^m àăğňěàŋőáâĺ m ⩾ 2; ă âőçŋěě, ć ŋěľ àăááňăâàĺćăěâáï äãŋłæĺï Ďěńìáăàâă w_m(s) (áň. ŋĺęě (0.7)), áćïğăŋŋăï á ćěńĺçĺŋőľ ø_m(s) ŋěàăćěŋáâćőň ø_m(s) ⩽ w_m(s). Ć àăąőâě ŋăľďěŋő àěèěŋĺě ãàăćŋěŋĺï w_m(s) = N ŕàĺ m = 4 ĺ N = 24; 25. Ć łăçěáâćě áńěďáâćĺï ŕőńãçěŋë ŋőćëě őæěŋłĺ áćěàåã ňăłáĺňăńìŋőčő ğŋăçěŋĺï ãčńőćőčő łőďőćőčő àăááâőïŋĺï ďńï 24 ĺ 25 âőçěł ŋă ěďĺÄ ŋĺçŋőľ áäěàě ć R^4.

Ććěďěŋĺě. Ţőàőèő ĺğćěáâŋő [1, á. 3378, ŕ. 4] ŕàěďŕőńőęěŋĺě, çâő áàěďĺ ćáěå ňŋőÄ ęěáâć ĺğ 24 âőçěł ŋă ěďĺŋĺçŋőľ áäěàě S^3 ěćłńĺďőćă ŕàőáâàăŋáâćă R^4 ňŋőęěáâćő, áőáâőÄ ïéěě ĺğ 24 âőçěł: (±1; 0; 0; 0), (0; ±1; 0; 0), (0; 0; ±1; 0), (0; 0; 0; ±1), (±1=2; ±1=2; ±1=2; ±1=2), ïćńïîéĺåáï ćěàèĺŋăňĺ ŕàăćĺńìŋőčő ćëŕãłńőčő ňŋőčőčàăŋŋĺłă á áĺňćőńőň Ÿńěäńĺ {3; 4; 3} (áň. [2, čń. 22]), ĺňěěâ ňăłáĺňăńìŋő ćőğňőęŋőě ňĺŋĺňăńìŋőě ŕőŕăàŋőě ãčńőćőě àăááâőïŋĺě ňěęďã âőçłăňĺ, â.ě. ŋă ŋěň àěăńĺğãěâáï ňăłáĺňăńìŋőě ãčńőćőě łőÄ ďőćőě àăááâőïŋĺě.

Ďàãčőľ ŋě ňěŋěě ĺğćěáâŋőľ ğăďăçěľ ć R^4 ïćńïěâáï ğăďăçă ŋăåőęďěŋĺï łőŋâăłâŋőčő çĺáńă ø_4 íâőčő ŕàőáâàăŋáâćă. Łőŋâăłâŋëň çĺáńőň ø_m ŕàőáâàăŋáâćă R^m ŋăğëćăěâáï ňăłáĺňăńìŋőě çĺáńő ěćłńĺďőćëå èăàőć ŕàőáâàăŋáâćă őďĺŋăłőćőčőàăďĺãáă (ňőęŋő áçĺÄ âăâì, ěďĺŋĺçŋőčő àăďĺãáă) á ŋěŕěàěáěłăîéĺňĺáï ćŋãâàěŋŋőáâïňĺ, łăáăîéĺåáï őďŋőčő âăłőčő ęě èăàă; őŋő áőćŕăďăěâ á ŋăĺąőńìèěľ ňőéŋőáâìî ňŋőęěáâćă âőçěł ěďĺŋĺçŋőľ

Řăąőâă ćëŕőńŋěŋă ŕàĺ äĺŋăŋáőćőľ ŕőďďěàęłě Řőááĺľáłőčő äőŋďă äãŋďăňěŋâăńìŋëå ĺááńěďőćăÄ ŋĺľ, čàăŋâ ò 99-01-00175.

483 © Ć. Ć. Ăàěáâőć, Ă. Č. Ąăąěŋłő 2000 áäěàë S^{m−1} ŕàőáâàăŋáâćă R^m, ãčńőćőě àăááâőïŋĺě ňěęďã ńîąëňĺ ďćãňï âőçłăňĺ łőÄ âőàőčő ŋě ňěŋìèě 60^∘. Őŕĺáăŋŋőě ćëèě ňŋőęěáâćő âőçěł ďăěâ őæěŋłã ø_4 ⩾ 24. Śőčńăáŋő àěğãńìâăâăň Őďńëęłő ĺ Śńőíŋă [3] áŕàăćěďńĺćă őæěŋłă ø_4 ⩽ 25. Śńěďőćăâěńìŋő, àěèěÄ ŋĺě ğăďăçĺ ő ňăłáĺňãňě ãčńőćőčő łőďőćőčő àăááâőïŋĺï ďńï 25 âőçěł ŋă S^3 áőďěàęĺâ ć áěąě àěèěŋĺě ğăďăçĺ ő ø_4.

Ć ŋăáâőïéěě ćàěňï ŋĺ őďŋă ĺğ ŕěàěçĺáńěŋŋëå ćëèě ğăďăç ŋě àěèěŋă. Ć íâőľ àăąőÄ âě ŕőłăğăŋë ćőğňőęŋőáâĺ łńăááĺçěáłőľ áåěňë Ďěńìáăàâă [4]{[7] ďńï ŕőńãçěŋĺï őæěŋőł áćěàåã ňĺŋĺňăńìŋëå àăááâőïŋĺľ ćő ňŋőęěáâćăå ĺğ 24 ĺ 25 âőçěł ŋă ěďĺŋĺçŋőľ áäěàě çěâëàěåňěàŋőčő ěćłńĺďőćă ŕàőáâàăŋáâćă. Ŕàĺ íâőň áãéěáâćěŋŋő ĺáŕőńìğőćăńăáì ňěâőÄ ďĺłă, àăğàăąőâăŋŋăï ć [8].

Ŕãáâì R^m ěáâì ćěéěáâćěŋŋőě ěćłńĺďőćő ŕàőáâàăŋáâćő àăğňěàŋőáâĺ m ⩾ 2, S^{m−1} = {x ∈ R^m : |x| = 1} { ěčő ěďĺŋĺçŋăï áäěàă, ă B^m_æ (y) = {x ∈ R^m : |x − y| ⩽ æ} { èăà àăďĺãáă æ ¿ 0 á æěŋâàőň ć âőçłě y ∈ R^m; ğďěáì |x| = √ xx { ŋőàňă ćěłâőàă x ∈ R^m, xy = x_1y_1 + x_2y_2 + · · · + x_my_m { áłăńïàŋőě ŕàőĺğćěďěŋĺě ćěłâőàőć (âőçěł) x = (x_1; x_2; : : : ; x_m), y = (y_1; y_2; : : :; y_m) ĺğ R^m.

Ŕãáâì −1 ⩽ s ¡ 1. Ňŋőęěáâćő W ⊂ S^{m−1}, áőďěàęăéěě ŋě ňěŋěě ďćãå âőçěł, ŋăğëćăÄ ěâáï áäěàĺçěáłĺň s-łőďőň, ěáńĺ ďńï ńîąëå ďćãå âőçěł x; y ∈ W , x ≠ y, ĺå áłăńïàŋőě ŕàőĺğćěďěŋĺě xy ãďőćńěâćőàïěâ ãáńőćĺî (−1 ⩽) xy ⩽ s; íâő ãáńőćĺě őğŋăçăěâ, çâő ãčńőÄ ćőě àăááâőïŋĺě (ãčőń) ňěęďã ńîąëňĺ ďćãňï àăğńĺçŋëňĺ âőçłăňĺ ňŋőęěáâćă W ąőńìèě ĺńĺ àăćŋő ğŋăçěŋĺï arccos s:

’(W ) = min{arccos(xy) : x ≠ y; x; y ∈ W } ⩾ arccos s:

Ćěńĺçĺŋă ’(W ) ŋăğëćăěâáï ãčńőćëň łőďőćëň àăááâőïŋĺěň ňŋőęěáâćă W .

Őďŋã ĺğ őáŋőćŋëå ğăďăç ďńï áäěàĺçěáłĺå łőďőć ňőęŋő áäőàňãńĺàőćăâì (áň., ŋăŕàĺÄ ňěà, [9, čń. 1, § 2, ŕ. 2.3]) áńěďãîéĺň őąàăğőň: ďńï ğăďăŋŋëå m ⩾ 2 ĺ −1 ⩽ s ¡ 1 ŋăľâĺ áäěàĺçěáłĺľ s-łőď W ⊂ S^{m−1} ŋăĺąőńìèěľ ćőğňőęŋőľ ňőéŋőáâĺ. Ňë ąãďěň őąőğŋăçăâì íâã ňăłáĺňăńìŋãî ňőéŋőáâì çěàěğ ø_m(s); âăłĺň őąàăğőň,

ø_m(s) = max{|W | : W ⊂ S^{m−1}; W { áäěàĺçěáłĺľ s-łőď}; (0.1)

čďě |W | ěáâì ňőéŋőáâì (łőńĺçěáâćő âőçěł) ňŋőęěáâćă W . İâã ğăďăçã ňőęŋő àăááňăâÄ àĺćăâì (áň. [9, čń. 1, § 2, ŕ. 2.3]) ĺ ć ďćőľáâćěŋŋőľ äőàňě: ďńï ğăďăŋŋëå m ⩾ 2 ĺ N ⩾ 2 ŋăľâĺ áäěàĺçěáłĺľ łőď W ⊂ S^{m−1}, |W | = N , á ŋăĺąőńìèĺň ãčńőćëň łőďőćëň àăááâőïÄ ŋĺěň ’(W ), łőâőàőě ňë őąőğŋăçĺň çěàěğ ’_m(N ), â.ě.

’_m(N ) = max{’(W ) : W ⊂ S^{m−1}; |W | = N }: (0.2)

Ğăďăçĺ (0.1), (0.2) ĺňěîâ ąőńìèãî ĺáâőàĺî; áőőâćěâáâćãîéãî ĺŋäőàňăæĺî ĺ ąĺąÄ ńĺőčàăäĺî ňőęŋő ŋăľâĺ ć [9]{[11]. Őâňěâĺň áěľçăá ńĺèì, çâő ć áńãçăě ŕàőĺğćőńìŋőľ àăğňěàŋőáâĺ m ⩾ 2 ćěńĺçĺŋë ø_m(s) ŕàĺ −1 ⩽ s ⩽ 0 ĺ ’_m(N ) ŕàĺ N ⩽ 2m ŋăèěń Řăŋłĺŋ [12].

Ćěńĺçĺŋă ø_m(1=2) áőćŕăďăěâ (áň., ŋăŕàĺňěà, [9, čń. 1, § 2]) á łőŋâăłâŋëň çĺáńőň ø_m ŕàőáâàăŋáâćă R^m: ø_m = ø_m ( 1 2 ) ; m ⩾ 2: (0.3)

Ć ŋăáâőïéěě ćàěňï łőŋâăłâŋëě çĺáńă ø_m ĺğćěáâŋë ńĺèì ŕàĺ m = 2; 3; 8; 24, ă ĺňěŋŋő: ø_2 = 6, ø_3 = 12, ø_8 = 240, ø_{24} = 196560; ďńï ŕàőĺğćőńìŋëå ğŋăçěŋĺľ m ĺğćěáâŋë őæěŋłĺ áŋĺğã ĺ áćěàåã íâĺå łőŋáâăŋâ (áň., ŋăŕàĺňěà, [9, čń. 1]).

Ć ďăńìŋěľèěň őæěŋłĺ áŋĺğã ďńï (0.1) őąáãęďăâìáï ŋě ąãďãâ. Ďńï őæěŋłĺ áćěàåã çĺáÄ ńă ø_m(s) çăáâő ĺáŕőńìğãěâáï áåěňă Ďěńìáăàâă, ćőğŋĺłèăï ć ěčő ĺááńěďőćăŋĺïå [4], [5], ă ğăâěň ãáŕěèŋő àăğćĺâăï ĺ ŕàĺňěŋěŋŋăï ć àăąőâăå [3], [6], [7], [13]{[19] ĺ ć àïďě ďàãčĺå àăąőâ.

Ŕãáâì R_k = R^{ff;ff}_k , k = 0; 1; 2; : : :, ěáâì áĺáâěňă ãńìâàăáäěàĺçěáłĺå ňŋőčőçńěŋőć (ňŋőčőçńěŋőć Čěčěŋąăãíàă), őàâőčőŋăńìŋëå ŋă őâàěğłě [−1; 1] á ćěáőň (1 − t^2)^ff, ff = (m−3)=2, ŋőàňĺàőćăŋŋëå ãáńőćĺěň R_k(1) = 1. Şłăğăŋŋăï áåěňă ąăğĺàãěâáï ŋă áćőľáâćě ŕőńőęĺâěńìŋőľ őŕàěďěńěŋŋőáâĺ ňŋőčőçńěŋőć R_k, ă âőçŋěě, ŋă áćőľáâćě ŕőńőęĺâěńìŋőľ őŕàěďěńěŋŋőáâĺ ïďěà R_k(xy) ŋă ďěłăàâőćőň ŕàőĺğćěďěŋĺĺ S^{m−1} ×S^{m−1} (áň., ŋăŕàĺňěà, [9, čń. 9, § 3, âěőàěňă 1]) ĺ ŕàĺćőďĺâ ł áńěďãîéěľ íłáâàěňăńìŋőľ ğăďăçě [6], [7], łőâőàãî ŋăň ãďőąŋő áäőàňãńĺàőćăâì ć äőàňě ąńĺğłőľ ł âőľ, łőâőàăï ĺáŕőńìğőćăńăáì ć àăąőâě ăćâőàőć [8].

Őąőğŋăçĺň çěàěğ F_m(s) ňŋőęěáâćő ŋěŕàěàëćŋëå ŋă őâàěğłě [−1; 1] äãŋłæĺľ f áő áńěÄ ďãîéĺňĺ áćőľáâćăňĺ:

1) äãŋłæĺï f ŕàěďáâăćńïěâáï ć ćĺďě àïďă

f(t) = ∞∑ k=0 f_kR_k(t); (0.4)

łőíääĺæĺěŋâë łőâőàőčő ãďőćńěâćőàïîâ ãáńőćĺïň

f_0 ¿ 0; f_k ⩾ 0; k = 1; 2; : : :; f(1) = ∞∑ k=0 f_k ¡ ∞; (0.5)

2) f { ŋěŕőńőęĺâěńìŋăï äãŋłæĺï ŋă őâàěğłě [−1; s]:

f(t) ⩽ 0; t ∈ [−1; s]: (0.6)

Ĺğćěáâŋő [7], çâő ňŋőęěáâćő F_m(s) ŕàĺ łăęďőň m ⩾ 2 ĺ s ∈ [−1; 1) ŋěŕãáâő. Ŋă íâőň ňŋőęěáâćě äãŋłæĺľ àăááňőâàĺň ğăďăçã ő ćëçĺáńěŋĺĺ ćěńĺçĺŋë

w_m(s) = inf { f(1) f_0

: f ∈ F_m(s) } : (0.7)

Ğăďăçã (0.7) ňë ąãďěň ŋăğëćăâì ĺŋőčďă ğăďăçěľ w_m(s). Śńěďãîéěě ãâćěàęďěŋĺě áőÄ ďěàęĺâáï ć àăąőâăå [6], [7].

Šěőàěňă Ă. Ďńï ŕàőĺğćőńìŋőčő s ∈ [−1; 1) ŕàĺ ńîąőň ŋăâãàăńìŋőň m ⩾ 2 ĺňěÄ ěâ ňěáâő ŋěàăćěŋáâćő ø_m(s) ⩽ w_m(s): (0.8)

Ůĺáńő ø_m(s) æěńőě, ŕőíâőňã ćěńĺçĺŋã w_m(s) ć ŕàăćőľ çăáâĺ (0.8) ňőęŋő ğăňěŋĺâì ŋă ěě æěńãî çăáâì [w_m(s)] ĺ, áńěďőćăâěńìŋő, áŕàăćěďńĺćă őæěŋłă

ø_m(s) ⩽ [w_m(s)]; m ⩾ 2; s ∈ [−1; 1):

Łăł ćĺďŋő ĺğ őŕàěďěńěŋĺï (0.7) ĺ ãâćěàęďěŋĺï (0.8), ńîąăï äãŋłæĺï f ∈ F_m(s) ďăěâ őæěŋłã áćěàåã ďńï ćěńĺçĺŋë w_m(s), ă ğŋăçĺâ, ĺ ďńï ø_m(s). Ŋă íâőň ŕãâĺ ć [13], [3] ąëńĺ ŕőńãçěŋë, ć çăáâŋőáâĺ, őæěŋłĺ áćěàåã ďńï ø_8; ø_{24}, łőâőàëě áőćŕăńĺ á ĺğćěáâŋëňĺ őæěŋÄ łăňĺ áŋĺğã. Őďŋőľ ĺğ őáŋőćŋëå æěńěľ ďăŋŋőľ àăąőâë ïćńïěâáï ďăńìŋěľèěě ĺğãçěŋĺě łőŋâăłâŋőčő çĺáńă ø_4 ŕàőáâàăŋáâćă R^4. Őâňěâĺň ŋěáłőńìłő őâŋőáïéĺåáï ł íâőľ ŕàőąÄ ńěňě àěğãńìâăâőć. Ŕő ĺğńőęěŋŋőľ âőńìłő çâő áåěňě Ďěńìáăàâă á ŕőňőéìî łőŋłàěâŋőľ äãŋłæĺĺ (łőâőàăï ŋă áăňőň ďěńě ěáâì ŋěłőâőàëľ ăńčěąàăĺçěáłĺľ ňŋőčőçńěŋ) Őďńëęłő ĺ Śńőíŋ [3] ŕőńãçĺńĺ őæěŋłã ø_4 ⩽ 25. Ć àăąőâě ăćâőàőć [8] àěèěŋă ğăďăçă (0.7) ć áńãÄ çăě m = 4, s = 1=2. Ŕàĺ íâőň őłăğăńőáì, çâő w_4(1=2) = 25:558429097 : : : ĺ àěèěŋĺěň ïćńïěâáï ňŋőčőçńěŋ, ąńĺğłĺľ ł ćëŕĺáăŋŋőňã àăŋěě ć [3], ă ğăâěň ãâőçŋěŋŋëľ ć àăąőÄ âăå [20], [21]. Řăąőâë Ąőľćăńěŋłőćă [20], [21], [18] ĺ àăąőâă [19] áâăńĺ ĺğćěáâŋë ăćâőàăň ãęě ŕőáńě ćëåőďă ĺå àăąőâë [8]. Ć [20] ĺğãçăîâáï áćőľáâćă íłáâàěňăńìŋőľ äãŋłæĺĺ f ć ğăďăçě (0.7) ŕàĺ m = 4, s = 1=2 (åőâï áăňă ğăďăçă ć àăąőâě ŋě àěèěŋă). Ć çăáâŋőáÄ âĺ, ć [20] ďőłăğăŋő, çâő ã íłáâàěňăńìŋőľ äãŋłæĺĺ łőíääĺæĺěŋâ f_6 = 0, ă ŕàĺ ŋěłőâőàëå ďőŕőńŋĺâěńìŋëå ŕàěďŕőńőęěŋĺïå ąãďãâ ćëŕőńŋïâìáï âăłęě ãáńőćĺï f_7 = 0 ĺ f_8 = 0.

Ŋěâàãďŋő ŕőŋïâì, çâő äãŋłæĺĺ ø_m(s) ĺ w_m(s) ŕő s ∈ [−1; 1) ŋě ãąëćăîâ. Ďőćőńìŋő őçěćĺďŋő, çâő ø_m(−1) = w_m(−1) = 2 [12] ĺ ø_m(s), ă ğŋăçĺâ, ĺ w_m(s) áâàěňïâáï ł +∞ ŕàĺ s → 1. Řăááňőâàĺň ğăďăçã, ć őŕàěďěńěŋŋőň áňëáńě őąàăâŋãî ğăďăçě (0.7). Ďńï ğŋăçěŋĺľ ŕăàăňěâàă w ⩾ 2 ŕőńőęĺň

s_m(w) = inf{s ∈ [−1; 1) : w_m(s) ⩾ w}; (0.9)

äãŋłæĺî s_m ňőęŋő ĺŋâěàŕàěâĺàőćăâì, łăł őąàăâŋãî äãŋłæĺĺ w_m. Ĺŋâěàěá ŕàěďáâăćÄ ńïîâ ğŋăçěŋĺï äãŋłæĺĺ (0.9) ďńï ŋăâãàăńìŋëå ğŋăçěŋĺľ ăàčãňěŋâă w = N .

Ć ŋăáâőïéěľ àăąőâě ąãďěâ àěèěŋă ğăďăçă (0.9) ć áńãçăě m = 4 ďńï ğŋăçěŋĺľ ăàčãÄ ňěŋâă w, àăćŋëå 25 ĺ 24, â.ě. ąãďãâ ŋăľďěŋë ğŋăçěŋĺï s_4(25) ĺ s_4(24); ŕàĺąńĺęěŋŋő íâĺ ğŋăçěŋĺï âăłőćë: s_4(25) = 0:4925150241 : : :, s_4(24) = 0:4785451836 : : :, ğďěáì ĺ ć ăŋăÄ ńőčĺçŋëå áĺâãăæĺïå ŋĺęě ďńï ŕàĺňěŋïěňëå ŋăňĺ ćěńĺçĺŋ ŕàĺćěďěŋë 10 ďěáïâĺçŋëå ğŋăłőć (åőâï, ŋă áăňőň ďěńě, ňë ĺáŕőńìğőćăńĺ 30 ğŋăłőć). Ĺğ íâőčő àěğãńìâăâă ąãďěâ áńěďőćăâì, ć çăáâŋőáâĺ, âăłőě ãâćěàęďěŋĺě.

Śńěďáâćĺě 0.1. Śàěďĺ ńîąëå 25 (24) âőçěł ŋă áäěàě S^3 ⊂ R^4 ćáěčďă ŋăľďãâáï ďćě âőçłĺ, ãčńőćőě àăááâőïŋĺě ňěęďã łőâőàëňĺ áâàőčő ňěŋìèě 60:5^∘ (61:41^∘).

Ć àăąőâăå Ńěćěŋèâěľŋă [13], [16] äăłâĺçěáłĺ áőďěàęăâáï (áň. [19]) őæěŋłĺ áćěàåã ňĺÄ ŋĺňăńìŋëå ãčńőćëå àăááâőïŋĺľ N âőçěł ŋă áäěàě S^{m−1} ďńï ńîąëå ŋăâãàăńìŋëå çĺáěń N ⩾ 2 ĺ m ⩾ 2. Ć çăáâŋőáâĺ, áőčńăáŋő íâĺň àěğãńìâăâăň áàěďĺ ńîąëå 24 âőçěł ŋă áäěàě S^3 ćáěčďă ŋăľďãâáï ďćě âőçłĺ, ãčńőćőě àăááâőïŋĺě ňěęďã łőâőàëňĺ áâàőčő ňěŋìÄ èě 61:65^∘, ă ďńï ńîąëå 25 âőçěł ŋă áäěàě S^3 ňĺŋĺňăńìŋőě ŕőŕăàŋőě ãčńőćőě àăááâőïŋĺě áâàőčő ňěŋìèě 60:79^∘, ĺŋëňĺ áńőćăňĺ, ďńï ćěńĺçĺŋë (0.2) áŕàăćěďńĺćë ŋěàăćěŋáâćă

’_4(24) ¡ 61:65^∘; ’_4(25) ¡ 60:79^∘; (0.10)

ŋă áăňőň ďěńě, ĺğ àěğãńìâăâőć àăąőâë [16] áńěďãîâ őæěŋłĺ s_4(24) ⩾ 0:4749504898 : : :, s_4(25) ⩾ 0:4880762504 : : :, łőâőàëě ĺ ćńěłãâ ŋěàăćěŋáâćă (0.10).

Ć àăąőâě [19] ć ŋěłőâőàëå łőŋłàěâŋëå áńãçăïå ďńï ćěńĺçĺŋë (0.9) ąëńĺ ãłăğăŋë ąőÄ ńěě áĺńìŋëě őæěŋłĺ, ŋăŕàĺňěà áńěďãîéăï őæěŋłă, łőâőàãî ć ŕàĺŋïâëå ğďěáì őąőğŋăçěÄ ŋĺïå ňőęŋő ğăŕĺáăâì âăł: s_4(24) ⩾ 0:47763. Őâáîďă ćëâěłăěâ, çâő áàěďĺ ńîąëå 24 âőÄ çěł ŋă áäěàě S^3 ćáěčďă ŋăľďãâáï ďćě âőçłĺ, ãčńőćőě àăááâőïŋĺě ňěęďã łőâőàëňĺ áâàőčő ňěŋìèě 61:47^∘.

Śńőíŋ, Śňĺâ ĺ Ţăàďĺŋ [22] ŕőáâàőĺńĺ łőŋłàěâŋőě ňŋőęěáâćő ĺğ 25 âőçěł ŋă ěďĺŋĺçÄ ŋőľ áäěàě S^3 ŕàőáâàăŋáâćă R^4 á ňĺŋĺňăńìŋëň ãčńőćëň àăááâőïŋĺěň, ąőńìèĺň ńĺąő àăćÄ ŋëň 57:4988826^∘. Šěň áăňëň, őŋĺ ãńãçèĺńĺ àěğãńìâăâ àăąőâë [23, á. 158], ć łőâőàőľ ãâćěàęďăěâáï, çâő ’_4(25) ⩾ 56:5^∘. Ŕěàěçĺáńěŋŋëě àěğãńìâăâë ňőęŋő ğăŕĺáăâì ć ćĺďě áńěďãîéĺå őæěŋőł ćěńĺçĺŋ (0.2), (0.9):

60^∘ ⩽ ’_4(24) ¡ 61:47^∘; 57:4988826^∘ ⩽ ’_4(25) ¡ 60:79^∘;

0:47763 ⩽ s_4(24) ⩽ cos ’_4(24) ⩽ 0:5;

0:4880762504 ⩽ s_4(25) ⩽ cos ’_4(25) ⩽ 0:5373161: (0.11)

1. Ćëçĺáńěŋĺě ğŋăçěŋĺï s_4(25). Ć çěâëàěåňěàŋőň áńãçăě (m = 4) ŕőłăğăâěńì ff àăćěŋ 1=2 ĺ ňŋőčőçńěŋë R_k = R^{1=2;1=2}_k ïćńïîâáï ňŋőčőçńěŋăňĺ Ůěąëèěćă ćâőàőčő àőÄ ďă, ŋőàňĺàőćăŋŋëňĺ ãáńőćĺěň R_k(1) = 1, â.ě. ňŋőčőçńěŋăňĺ

R_k(t) = sin(k + 1)` (k + 1) sin`

; t = cos `; k = 0; 1; 2; : : : : (1.1)

Ďńï äőàňãńĺàőćłĺ őáŋőćŋőčő àěğãńìâăâă àăąőâë ŋăň ŕőŋăďőąïâáï ŋěáłőńìłő őŕàěďěÄ ńěŋĺľ ĺ őąőğŋăçěŋĺľ. Ŕãáâì H ěáâì áńěďãîéĺľ ňŋőčőçńěŋ ďćăďæăâì ćőáìňőľ áâěŕěŋĺ:

H(z) = 1744568320000 z^{28} + 19824640000 z^{27} − 11368270848000 z^{26} + 299992125440 z^{25} + 33683617005056 z^{24} − 1690611799808 z^{23} − 59756580346080 z^{22} + 3740858012128 z^{21} + 70524254066704 z^{20} − 4516619739088 z^{19} − 58188563861056 z^{18} + 3200479271680 z^{17} + 34328475907496 z^{16} − 1262955136312 z^{15} − 14563330120710 z^{14} + 172742066070 z^{13} + 4417415566665 z^{12} + 76811504675 z^{11} − 942777154875 z^{10} − 46753060057 z^9 + 137285137301 z^8 + 11621133345 z^7 − 12856584451 z^6 − 1594636173 z^5 + 680106134 z^4 + 118057108 z^3 − 13255560 z^2 − 3691008 z − 186624: (1.2)

Őŋ ĺňěěâ çěâëàŋăďæăâì ćěéěáâćěŋŋëå ĺ çěâëàŋăďæăâì łőňŕńěłáŋëå łőàŋěľ:

z_1 = −1:0416743109 : : :; z_2 = −0:9918041575 : : :; z_3 = −0:8449780198 : : :; z_4 = −0:8175275067 : : :; z_5 = −0:7387597195 : : :; z_6 = −0:5411187835 : : :; z_7 = −0:4069720983 : : :; z_8 = −0:2950901339 : : :; z_9 = −0:2696741063 : : :; z_{10} = −0:1591723800 : : :; z_{11} = −0:0913396135 : : :; z_{12} = 0:4109824855 : : :; z_{13} = 0:4925150241 : : :; z_{14} = 0:6197533558 : : :; (1.3) z_{15;16} = −0:8891104747 : : : ± i 0:1829442719 : : :; z_{17;18} = −0:4736286597 : : : ± i 0:0577014541 : : :; z_{19;20} = 0:4317085516 : : : ± i 0:0656750849 : : :; z_{21;22} = 0:4484454172 : : : ± i 0:0031683147 : : :; z_{23;24} = 0:8021254198 : : : ± i 0:3917816767 : : :; z_{25;26} = 0:9371073469 : : : ± i 0:1945583784 : : :; z_{27;28} = 1:0751005630 : : : ± i 0:2302148263 : : : :

(1.4)

Őáőąãî àőńì ć ďăńìŋěľèěň ąãďěâ ĺčàăâì ěčő âàĺŋăďæăâëľ ćěéěáâćěŋŋëľ łőàěŋì, ãáńőÄ ćĺňáï őąőğŋăçăâì ěčő ąãłćőľ d; âăłĺň őąàăğőň,

d = z_{13} = 0:4925150241 : : : : (1.5)

Śàěďĺ ćáěå ćěéěáâćěŋŋëå łőàŋěľ ŕőńĺŋőňă H âőńìłő łőàěŋì z_{13} ńěęĺâ ŋă âőň ęě áăňőň őâàěğłě [0:4880762504; 0:5373161], çâő ĺ ćěńĺçĺŋă s_4(25) (áň. (0.11)). Őďŋĺň ĺğ őáŋőćÄ ŋëå àěğãńìâăâőć ďăŋŋőľ àăąőâë ïćńïěâáï áńěďãîéěě ãâćěàęďěŋĺě, ć łőâőàőň ďőłăğăŋő, çâő, ŋă áăňőň ďěńě, ćěńĺçĺŋë s_4(25) ĺ z_{13} áőćŕăďăîâ ňěęďã áőąőľ; ć íâőň ãâćěàęďěŋĺĺ ĺáŕőńìğőćăŋë őąőğŋăçěŋĺï (0.7), (1.5).

Šěőàěňă 1.1. Ŋă ŕőńãĺŋâěàćăńě [−1; 1) ãàăćŋěŋĺě w_4(s) = 25 ĺňěěâ ěďĺŋáâÄ ćěŋŋőě àěèěŋĺě s = d ĺ, âăłĺň őąàăğőň,

s_4(25) = d = 0:4925150241 : : : : (1.6)

İâő ãâćěàęďěŋĺě ąãďěâ ŕőńãçěŋő łăł áńěďáâćĺě ŕàĺćőďĺňőľ ŋĺęě âěőàěňë 1.2. Ććěďěň ŋěáłőńìłő çĺáěń, ćëàăęăîéĺåáï çěàěğ d, ĺ äãŋłæĺî, őâŋőáĺâěńìŋő łőâőàőľ ć ŕőáńěďáâćĺĺ ąãďěâ ďőłăğăŋő, çâő őŋă ïćńïěâáï íłáâàěňăńìŋőľ ć ğăďăçě w_4(d). ŘăááňőâÄ àĺň łãąĺçěáłĺľ ŕőńĺŋőň

G(z) = (320 d^2 + 48 d − 68)z^3 + (240 d^3 + 108 d^2 + 39 d − 12)z^2 + (160 d^4 + 48 d^3 − 166 d^2 + 16 d + 42)z + 80 d^5 + 12 d^4 − 113 d^3 − 4 d^2 + 21 d + 4: (1.7)

İâőâ ŕőńĺŋőň ĺňěěâ ďćă łőňŕńěłáŋëå łőàŋï

¸_{1;2} = −0:2486667705 : : : ± i 0:0422341143 : : :

ĺ őďĺŋ ćěéěáâćěŋŋëľ łőàěŋì, łőâőàëľ ňë őąőğŋăçĺň çěàěğ ¸; ěčő ŕàĺąńĺęěŋŋőě ğŋăçěŋĺě âăłőćő ¸ = −1:3689346636 : : : : (1.8)

Ŕőńőęĺň ȷ = −13 + 24 d − 4 ¸ + 30 d¸ + 24 d^2¸ + 64 d^2 2(17 − 12 d − 80 d^2)

= 0:5035865245 : : :; (1.9) ı = 7 + 6 d¸ + 6 ȷ + 16 ¸ + 16 d + 40 dȷ −40 = −0:0468609188 : : :; (1.10)

q = d + 2 ¸ = −2:2453543031 : : :; (1.11) r = 2 d¸ + d^2 + 3 ¸^2 − 2 ȷ − 2 = 1:5089025621 : : : : (1.12)

Őŕàěďěńĺň ňŋőčőçńěŋ ďěćïâőľ áâěŕěŋĺ

f^∗(t) = (t − d)(t^3 − ¸t^2 + ȷt − ı)^2(t^2 + qt + r): (1.13)

Ŋĺęě ňë ŕőłăęěň, çâő ňŋőčőçńěŋ f^∗ ŋěŕőńőęĺâěńěŋ ŋă őâàěğłě [−1; d] ĺ łőíääĺæĺěŋâë Ťãàìě f^∗_k ňŋőčőçńěŋă (1.13) ć ěčő àăğńőęěŋĺĺ

f^∗(t) = 9∑ k=0 f^∗_k R_k(t) (1.14)

ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă ŋěőâàĺæăâěńìŋëě, ŕàĺçěň f^∗_0 ¿ 0, â.ě. äãŋłÄ æĺï f^∗ ŕàĺŋăďńěęĺâ łńăááã F_4(d); ąőńěě âőčő, íâă äãŋłæĺï ïćńïěâáï íłáâàěňăńìŋőľ ć ğăďăçě w_4(d). Šőçŋěě, ĺňěěâ ňěáâő âăłőě ãâćěàęďěŋĺě.

Šěőàěňă 1.2. Ťãŋłæĺï f^∗, ğăďăŋŋăï áőőâŋőèěŋĺïňĺ (1.7){(1.13), ŕàĺŋăďńěęĺâ ňŋőęěáâćã F_4(d) ĺ ïćńïěâáï ěďĺŋáâćěŋŋőľ (á âőçŋőáâìî ďő ŕőńőęĺâěńìŋőčő ŕőáâőïŋŋőčő ňŋőęĺâěńï) íłáâàěňăńìŋőľ äãŋłæĺěľ (àěèěŋĺěň) ğăďăçĺ (0.7) ŕàĺ m = 4, s = d; ŕàĺ íâőň áŕàăćěďńĺćë àăćěŋáâćă

w_4(d) = f^∗(1) f^∗_0

= 25: (1.15)

Ďőłăğăâěńìáâćő âěőàěňë 1.2 ąãďěâ àěăńĺğőćăŋő ć ćĺďě ŋěáłőńìłĺå ćáŕőňőčăâěńìŋëå ãâćěàęďěŋĺľ. Őæěŋłã áćěàåã ďńï ćěńĺçĺŋë w_4(d) ďăěâ äãŋłæĺï f^∗. Őæěŋłă áŋĺğã ąãďěâ ŕőńãçěŋă á ŕőňőéìî łćăďàăâãàŋőľ äőàňãńë (ŋă ąőńěě èĺàőłőň ć áàăćŋěŋĺĺ á F_4(d) łńăááě äãŋłæĺľ), áőďěàęăéěľáï ć áńěďãîéěľ ŋĺęě ńěňňě 1.1.

Ŕãáâì C[−1; 1] ěáâì ŕàőáâàăŋáâćő ćěéěáâćěŋŋëå äãŋłæĺľ, ŋěŕàěàëćŋëå ŋă őâàěğłě [−1; 1]. Őąőğŋăçĺň çěàěğ ˘_4 ňŋőęěáâćő äãŋłæĺľ f ∈ C[−1; 1], ŕàěďáâăćĺňëå àïďăňĺ ŕő ňŋőčőçńěŋăň R_k = R^{1=2;1=2}_k , k = 0; 1; 2; : : :, á ăąáőńîâŋő áãňňĺàãěňőľ ŕőáńěďőćăâěńìÄ ŋőáâìî ćěéěáâćěŋŋëå łőíääĺæĺěŋâőć:

˘_4 = { f ∈ C[−1; 1] : f(t) = ∞∑ k=0 f_kR_k(t); f_0; f_1; f_2; · · · ∈ R; ∞∑ k=0 |f_k| ¡ ∞ } ; (1.16)

őçěćĺďŋő, F_4(d) ⊂ ˘_4.

Ňŋőčőçńěŋ âàěâìěľ áâěŕěŋĺ z^3 − ¸z^2 + ȷz − ı; (1.17) łćăďàăâ łőâőàőčő ïćńïěâáï őďŋĺň ĺğ áőňŋőęĺâěńěľ ć ŕàăćőľ çăáâĺ (1.13), ĺňěěâ âàĺ ćěéěáâćěŋŋëå łőàŋï:

a = −0:8305233622 : : :; b = −0:3958876231 : : :; c = −0:1425236781 : : : : (1.18)

İâĺ âàĺ çĺáńă, őąőğŋăçěŋĺï (1.1){(1.13), (1.16), ă âăłęě őąőğŋăçěŋĺě

~(A; B; C; D) =

1 + 2(B + C + D + BD + CD + CB + 4BCD)

8(A − 1)(A − B)(A − C)(A − D)

(1.19)

ĺáŕőńìğãîâáï ć áńěďãîéěľ ńěňňě.

Ńěňňă 1.1. Ďńï łăęďőľ äãŋłæĺĺ f(t) = ∑_∞ k=0 f_kR_k(t) ∈ ˘_4 ĺňěěâ ňěáâő łćăďÄ àăâãàŋăï äőàňãńă

f_0 = 2 ß ∫_1 −1 f(t) √ 1 − t^2 dt = L(f) − ∑ ˚⩾1 L(R_˚ )f_˚ ; (1.20)

ć łőâőàőľ L ěáâì äãŋłæĺőŋăń

L(f) = 1 25 f(1) + ˘(a)f(a) + ˘(b)f(b) + ˘(c)f(c) + ˘(d)f(d) (1.21)

á łőíääĺæĺěŋâăňĺ

˘(a) = ~(a; b; c; d) = 0:123069069 : : :; (1.22) ˘(b) = ~(b; c; d; a) = 0:198093840 : : :; (1.23) ˘(c) = ~(c; d; a; b) = 0:274002556 : : :; (1.24)

˘(d) = ~(d; a; b; c) =

1 + 2(¸ + ȷ + 4ı) 8(d − 1)(d^3 − d^2¸ + dȷ − ı)

= 0:364834533 : : : : (1.25)

Ťãŋłæĺőŋăń L őąńăďăěâ áćőľáâćăňĺ

L(1) = 1; L(R_˚) = 0 ŕàĺ ˚ = 1; 2; 3; 4; 5; 9; (1.26) L(R_˚ ) ¿ 0 ŕàĺ ˚ ⩾ 6, ˚ ≠ 9: (1.27)

Ďőłăğăâěńìáâćő. Řăááãęďěŋĺï, łőâőàëě ĺáŕőńìğãîâáï ďńï őąőáŋőćăŋĺï íâőľ ńěňÄ ňë, ăŋăńőčĺçŋë âěň, çâő ŕàĺňěŋïńĺáì ć àăąőâě [8] ŕàĺ ďőłăğăâěńìáâćě ńěňňë 4.2, áćïÄ ğăŋŋőľ á ğăďăçěľ ĺááńěďőćăŋĺï ćěńĺçĺŋë w_4 = w_4(1=2), ŕőíâőňã ňë ŕàĺćěďěň íâĺ àăáÄ áãęďěŋĺï ďőćőńìŋő łàăâłő.

Ćŋăçăńě ŋăľďěň ďőáâăâőçŋëě ãáńőćĺï ŋă ćěéěáâćěŋŋëě ãğńë −1 ⩽ A ¡ B ¡ C ¡ D ¡ 1 ĺ łőíääĺæĺěŋâë ˘_A; ˘_B; ˘_C ; ˘_D; fl_6; fl_7; fl_8 ďńï áãéěáâćőćăŋĺï łćăďàăâãàŋőľ äőàÄ ňãńë ćĺďă

f_0 = 2 ß ∫_1 −1 f(t) √ 1 − t^2 dt = L (f) + 8∑ ˚=6 fl_˚ f_˚ ; (1.28)

L (f) = 1 25 f(1) + ˘_Af(A) + ˘_B f(B) + ˘_C f(C) + ˘_Df(D); (1.29) ŋă ňŋőęěáâćě ćáěå ŕőńĺŋőňőć ďěćïâőľ áâěŕěŋĺ f(t) =

∑_9 k=0 f_kR_k(t). Ąőńìèĺŋáâćő ĺğ íâĺå ãáńőćĺľ ąãďãâ âăłęě ĺ ŋěőąåőďĺňëňĺ.

Ŋă ŕěàćőň íâăŕě ŋăľďěň ãáńőćĺï, łőâőàëň ďőńęŋë ãďőćńěâćőàïâì ŕăàăňěâàë A; B; C; D. Śďěńăěň áĺňňěâàĺçěáłãî ğăňěŋã

U = A + B + C; V = AB + AC + BC; W = ABC:

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

Ø(t) = t^3 − U t^2 + V t − W: (1.30)

Ŋĺęě ňë ŕőńãçĺň ŋěáłőńìłő ãàăćŋěŋĺľ á ŋěĺğćěáâŋëňĺ D; U; V; W , á ŕőňőéìî łőâőàëå ŕőńãçĺň őďŋő ãàăćŋěŋĺě á őďŋĺň ŋěĺğćěáâŋëň D.

Řăááňőâàĺň ňŋőčőçńěŋ ŕïâőľ áâěŕěŋĺ

œ(t) = (t − 1)(t − D)Ø(t): (1.31)

Řăğńőęĺň ěčő ćŋăçăńě ŕő áâěŕěŋïň ŕěàěňěŋŋőľ t, ă ğăâěň, ŕàĺňěŋïï ĺğćěáâŋëě (áň. [24, á. 28, äőàňãńă (41)]) ŕàěďáâăćńěŋĺï

t^k = 2^{−k}

[k=2]∑

˚=0 (k + 1 − 2˚)^2

k + 1 −˚ ( k ˚ ) R_{k−2˚}(t); k = 0; 1; 2; : : :; (1.32)

áâěŕěŋěľ ŕěàěňěŋŋőľ çěàěğ ňŋőčőçńěŋë Ůěąëèěćă ćâőàőčő àőďă, ŋăľďěň ŋãńěćőľ łőíäÄ äĺæĺěŋâ, ãçăáâćãîéĺľ ć àăğńőęěŋĺĺ œ(t) =

∑_5

k=0 œ_kR_k(t) ŕőńĺŋőňă œ ŕő ňŋőčőçńěÄ ŋăň R_k œ_0 = − 1 8 (1 + D + U + 8DW + 2DU + 2V + 2DV + 2W ):

Ŕőďáâăćĺć ňŋőčőçńěŋ œ ć äőàňãńã (1.28), ŕőńãçăěň ŕěàćőě ŋěőąåőďĺňőě ãáńőćĺě áãéěáâÄ ćőćăŋĺï íâőľ äőàňãńë: œ_0 = 0, łőâőàőě íłćĺćăńěŋâŋő àăćěŋáâćã W = 1 + D + U + 2V + 2DU + 2DV

−2(1 + 4D)

: (1.33)

Ďěľáâćãï ăŋăńőčĺçŋő, á ŕőňőéìî ŕőńĺŋőňă

h(t) = (t − D)Ø(t) (1.34)

ĺ äőàňãńë (1.28) ŋăåőďĺň ěéě őďŋő ćëàăęěŋĺě ďńï ŕăàăňěâàă W

W = − 1 40 (7 + 6DU + 6V + 16U + 16D + 40DV ): (1.35)

Ŕàĺàăćŋïć ŕàăćëě çăáâĺ àăćěŋáâć (1.33), (1.35), ŕőńãçĺň ãàăćŋěŋĺě, íłćĺćăńěŋâŋőě áńěďãîéěňã àăćěŋáâćã: V = −13 + 24D − 4U + 30DU + 24D^2U + 64D^2 2(17 − 12D − 80D^2)

: (1.36)

Šăłĺň ęě áŕőáőąőň, ŕàĺňěŋïï ŕőńĺŋőňë h_1(t) = (t − 1)(t^3 − U t^2 + V t − W ); h_2(t) = (t − 1)(t − D)(t − B)(t − C); h_3(t) = (t − 1)(t − D)(t − A)(t − C); h_4(t) = (t − 1)(t − D)(t − A)(t − B);

(1.37)

ŕőńãçăěň

˘_D =

1 + 2(4W + U + V ) 8(D − 1)(D^3 − D^2U + DV − W )

= ~(D; A; B; C); (1.38) ˘_A = ~(A; B; C; D); ˘_B = ~(B; C; D; A); ˘_C = ~(C; D; A; B): (1.39) Ŕőďáâăćńïï ć (1.28) ňŋőčőçńěŋë R_˚, ˚ = 6; 7; 8, ŕőńãçĺň ěéě âàĺ ŋěőąåőďĺňëå ãáńőćĺï: fl_˚ = −L (R_˚) ŕàĺ ˚ = 6; 7; 8: (1.40) Ďěćïâì ãáńőćĺľ (1.33), (1.35), (1.38), (1.39), (1.40) ïćńïîâáï ŋěőąåőďĺňëňĺ ďńï áãÄ éěáâćőćăŋĺï łćăďàăâãàŋőľ äőàňãńë (1.28).

Ŕőáâàőĺň âěŕěàì ňŋőčőçńěŋ (t) =

∑_9

k=0 _kR_k(t), ŋă łőâőàőň ğăŋãńïîâáï ćáě äãŋłÄ æĺőŋăńë, áâőïéĺě ć ŕàăćőľ çăáâĺ äőàňãńë (1.28) (á ãçěâőň ŕàěďáâăćńěŋĺï (1.29)), łàőÄ ňě ğŋăçěŋĺï ć âőçłě t = 1, â.ě. ňŋőčőçńěŋ áő áćőľáâćăňĺ (A) = (B) = (C) = (D) = _6 = _7 = _8 = 0: (1.41) Ŕőńőęĺň Q = D + 2U; R = −2 + 2DU + D^2 + 3U^2 − 2V (1.42) ĺ àăááňőâàĺň ňŋőčőçńěŋ ďěćïâőľ áâěŕěŋĺ (t) = (t − D)(t^3 − U t^2 + V t − W )^2(t^2 + Qt + R): (1.43) Şçĺâëćăï (1.42), ŋăľďěň çěâëàě áâăàèĺå ĺ ŋãńěćőľ łőíääĺæĺěŋâë Ťãàìě ć ěčő àăğńőÄ ęěŋĺĺ (t) = 9∑ k=0 _kR_k(t) (1.44)

ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă R_k

_9 = 5 256 ; _8 = _7 = 0; (1.45) _6 = 7 64 (−2U D^2 − 3DU^2 − 2W + 6V U + 2DV − 4U^3 + 2D − D^3 + 4U ); (1.46) _0 = 1 64 (10 D + 20 U + 22 W − 32 D^2V^2U − 32 D^2V U + 80 W V − 16 W U^2 + 48 V^2U + 32 W^2U − 64 D^2W U^2 + 32 DV^3 − 16 D^3V^2 − 32 D^3W U − 16 D^3V + 42 DV + 64 W V^2 − 48 V U^3 − 64 D^3W^2 + 64 DW V U − 24 DU^4 − 8 D^3U^2 − 16 D^2U^3 + 62 V U + 128 DW^2V − 5 D^3 − 20 U^3 − 96 W V U^2 + DU^2 − 128 D^2W^2U + 128 DW^2 − 10 U D^2 + 64 DV^2 + 64 DW U − 32 DV U^2 − 48 DV^2U^2 − 96 DW U^3 − 192 DW^2U^2): (1.47)

Ŋăńőęĺň ŋă ŕăàăňěâàë D; U; V; W ãáńőćĺě _6 = 0, â.ě.

−2U D^2 − 3DU^2 − 2W + 6V U + 2DV − 4U^3 + 2D − D^3 + 4U = 0: Ŕőďáâăćĺň ć íâő ãàăćŋěŋĺě ćňěáâő ŕăàăňěâàă W ěčő ćëàăęěŋĺě (1.35) ĺ, ďőňŋőęĺć ŕőÄ ńãçĺćèěěáï ãàăćŋěŋĺě ŋă 20, ŕàĺďěň ł ãàăćŋěŋĺî 7 − 40U D^2 − 60DU^2 + 6DU + 6V + 96U + 56D + 80DV + 120V U − 80U^3 − 20D^3 = 0: Ćëàăğĺň őâáîďă ŕăàăňěâà V V = 40 U D^2 + 60 DU^2 − 7 − 6 DU − 96 U − 56 D + 80 U^3 + 20 D^3 2(3 + 40 D + 60 U ) : Ĺğ ŕőáńěďŋěčő áőőâŋőèěŋĺï ĺ (1.36) áńěďãěâ, çâő F (D; U ) = 0; (1.48) čďě F (D; U ) = 4 + 21D + 42U + 320U^3D^2 + 16DU − 12U^2 + 48U^3D − 113D^3 − 68U^3 + 39DU^2 + 48U D^3 + 160U D^4 + 108D^2U^2 + 240D^3U^2 + 12D^4 + 80D^5 − 166U D^2 − 4D^2: (1.49) Śěľçăá ňë ŕőńãçĺň ěéě őďŋő ãàăćŋěŋĺě őâŋőáĺâěńìŋő ŋěĺğćěáâŋëå D; U . ŤőàňãÄ ńă (1.28) ŋă äãŋłæĺĺ (ć ŕàěďŕőńőęěŋĺĺ, çâő ćëŕőńŋěŋë ãáńőćĺï (1.41)) ŕàĺŋĺňăěâ ćĺď _0 = 1 25 (1): (1.50) Ĺáŕőńìğãï áőőâŋőèěŋĺï (1.47), (1.42), (1.43), àăćěŋáâćő (1.50) ňőęŋő ŕěàěŕĺáăâì ć âăłőľ äőàňě 1 128 F_1(D; U; V; W ) = 0; čďě F_1(D; U; V; W ) = 64 + 122 D + 244 U + 256 V + 422 W + 512 DW V − 672 D^2V^2U − 544 D^2V U + 1616 W V − 272 W U^2 + 816 V^2U + 256 DW + 672 W^2U − 1344 D^2W U^2 + 672 DV^3 − 336 D^3V^2 − 672 D^3W U − 272 D^3V + 256 DU + 666 DV + 1344 W V^2 − 816 V U^3 + 128 U^2 − 384 W U^3 + 1536 D^3W^2 + 1344 DW V U − 128 W^2V − 256 D^2U^2 − 192 V^2U^2 − 408 DU^4 − 136 D^3U^2 − 272 D^2U^3 − 384 U^3D − 192 W^2U^2 − 128 D^3W + 910 V U + 3072 DW^2V − 128 D^3W V + 256 DW V^2 − 256 D^2W V U − 384 DW V U^2 − 61 D^3 − 244 U^3 − 2016 W V U^2 + 384 W U + 89 DU^2 − 3072 D^2W^2U − 384 W U^2D − 320 V^2 − 256 W U D^2 + 3072 DW^2 − 128 U D^3 + 64 W^2 + 512 W U V + 128 V^3 − 512 DV U − 192 U^4 − 256 D^2V U^2 − 384 DV U^3 − 128 D^3V U + 1008 DV^2U^2 − 122 U D^2 + 1216 DV^2 + 1344 DW U − 544 DV U^2 + 256 V^2DU + 2016 DW U^3 − 4608 DW^2U^2:

Ŕőďáâăćńïï áîďă ćëàăęěŋĺě (1.35) ďńï W , ŕőńãçăěň 1 50 F_2(D; U; V ) = 0; čďě F_2(D; U; V ) = 572 D + 1877 U − 4141 V + 95872 D^2V^2 + 74240 D^2V + 13992 V U^2 + 61056 D^2V^2U + 86592 D^2V U − 8192 D^4 − 12288 D^5 + 11604 V^2U − 30144 DV^3 + 258912 D^3V^2 + 131904 D^3V + 12475 DU − 11352 DV + 1248 V U^3 − 36000 D^3U^3 + 6022 U^2 − 12744 U^4D^2 − 16640 D^4V^2 − 27136 D^4V − 31080 D^2U^2 + 5304 V^2U^2 − 15216 DU^4 − 67472 D^3U^2 − 54316 D^2U^3 − 15960 U^3D + 39680 D^2V^3 − 5184 D^3U^4 + 8864 V U − 241536 D^3U^2V − 153216 D^4V U − 59520 U^2D^2V^2 + 20294 D^3 + 632 U^3 − 69120 D^3U^3V − 230400 D^3U^2V^2 + 12566 DU^2 − 789 2 − 3456 U^3D^4 − 22608 U^2D^4 + 12800 U D^3V^2 − 38784 U D^4 − 46080 U^2D^4V − 153600 U D^4V^2 − 93888 U^3D^2V − 23040 D^5V U − 76800 D^5V^2 − 61440 D^5V + 153600 D^3V^3 − 6664 U D^3 − 7472 V^2 − 3456 U^4 − 86544 D^2V U^2 − 9216 D^5U − 1728 D^5U^2 + 2160 DV U^3 + 2224 D^3V U − 3536 V^3 + 25612 U D^2 − 37472 DV^2 + 39368 DV U^2 − 4160 V^2DU + 16896 D^2 + 12776 DV U + 45216 DV^2U^2:

Ĺ ŋăłőŋěæ, ŕőďáâăćĺć ć íâő ãàăćŋěŋĺě ćëàăęěŋĺě (1.36) ďńï V , ŕàĺåőďĺň ł áőőâŋőèěŋĺî

1250ˇ(D; U ) (80D^2 + 12D − 17)^2

= 0; (1.51)

ć łőâőàőň

ˇ(D; U ) = 68 + 165 D + 42 U − 785 D^3 − 1280 D^7 − 196 U^3 − 640 D^2 − 262 D^2U − 4072 D^3U^2 + 6512 D^2U^3 − 2280 DU^4 + 1528 DU + 1496 D^4 + 1360 D^5 + 324 U^2 − 816 U^4 − 384 D^6 + 911 DU^2 − 28160 D^6U^3 − 58752 D^5U^3 − 14080 D^7U^2 − 34944 D^6U^2 − 15360 D^7U − 7168 D^6U − 29376 D^4U^4 + 10752 D^2U^4 + 22784 D^3U^3 + 18960 D^3U^4 + 12352 D^4U^2 − 12256 D^4U^3 + 20928 D^5U + 2576 D^5U^2 − 42240 D^5U^4 − 1192 D^2U^2 + 3008 D^4U − 10216 D^3U − 2432 U^3D: (1.52)

Řěğãńìâăŋâ ŕőńĺŋőňőć F; ˇ ŕő ŕěàěňěŋőľ U (áň. (1.49), (1.52)) ĺňěěâ ćĺď

2048H(D)(1 − D)(80D^2 + 12D − 17)^3;

čďě ŕőńĺŋőň H őŕàěďěńěŋ äőàňãńőľ (1.2). Ćőğìňěň ć łăçěáâćě D âàĺŋăďæăâëľ ćěéěáâÄ ćěŋŋëľ łőàěŋì ŕőńĺŋőňă H (áň. (1.5)), â.ě. ŕőńőęĺň D = d. Ğăňěâĺň, çâő ŕőńĺŋőň F (d; U ) áőćŕăďăěâ á ŕőńĺŋőňőň G(U ), őŕàěďěńěŋŋëň äőàňãńőľ (1.7). Ŕőńĺŋőň ˇ(d; U ) őąőğŋăçĺň çěàěğ T (U ). Šăłĺň őąàăğőň, ĺňěěň

G(U ) = F (d; U ); T (U ) = ˇ(d; U ):

Ŕő ŕőáâàőěŋĺî àěğãńìâăŋâ ŕőńĺŋőňőć G ĺ T àăćěŋ ŋãńî, ŕőíâőňã ã íâĺå ŕőńĺŋőňőć ĺňěěâáï, ŕő łàăľŋěľ ňěàě, őďĺŋ őąéĺľ łőàěŋì. Ćëèě (áň. (1.7), (1.8)) čőćőàĺńőáì, çâő ŕőńĺŋőň G ĺňěěâ ďćă łőňŕńěłáŋëå łőàŋï ¸_{1;2} = −0:2486667705 : : : ± i 0:0422341143 : : : ĺ őďĺŋ ćěéěáâćěŋŋëľ łőàěŋì ¸ = −1:3689346636 : : : . Ŕőáłőńìłã

T (¸_{1;2} ) = 3:2260630885 : : : ± i 0:001371204116 : : : ≠ 0;

âő ć áĺńã áłăğăŋŋőčő ćëèě ćëŕőńŋïěâáï àăćěŋáâćő T (¸) = 0. Šăłĺň őąàăğőň, ãçĺâëćăï, çâő 80d^2 + 12d − 17 = 8:3158642123 : : : ≠ 0, ŕőńãçăěň, çâő ŕăàă

D = d; U =¸

ïćńïěâáï őďŋĺň ĺğ àěèěŋĺľ áĺáâěňë ďćãå ãàăćŋěŋĺľ (1.48), (1.51) á ďćãňï ŋěĺğćěáâŋëňĺ. Ć íâőň áńãçăě ć áĺńã äőàňãń (1.35), (1.36), (1.42), (1.9){(1.12) ĺňěěň

V = ȷ; W = ı; Q = q; R = r:

Łàőňě âőčő, ŕőńĺŋőň (1.30) áőćŕăďăěâ á ŕőńĺŋőňőň (1.17), ŕőíâőňã

A = a; B = b; C = c:

Őâáîďă âăłęě áńěďãěâ, çâő äãŋłæĺï , ğăďăŋŋăï äőàňãńőľ (1.43), ĺ äãŋłæĺï f^∗, őŕàěÄ ďěńěŋŋăï àăćěŋáâćőň (1.13), áőćŕăďăîâ.

Ĺğ äőàňãń (1.38), (1.39) ćëâěłăěâ, çâő łőíääĺæĺěŋâë ˘_A; ˘_B; ˘_C ; ˘_D äãŋłæĺőŋăńă L (áň. (1.29)) áőćŕăďăîâ á łőíääĺæĺěŋâăňĺ (1.22){(1.25) äãŋłæĺőŋăńă L, őŕàěďěńěŋŋőčő ć (1.21). Śńěďőćăâěńìŋő, äőàňãńă (1.28) á ãçěâőň (1.40) ŕàĺňěâ ćĺď

f_0 = 2 ß ∫_1 −1 f(t) √ 1 − t^2 dt = L(f) − 8∑ ˚=6 L(R_˚)f_˚ : (1.53)

Ŋă ďăŋŋőň íâăŕě àăááãęďěŋĺľ ňőęŋő ãâćěàęďăâì, çâő äőàňãńă (1.53) ćëŕőńŋïěâáï ŋă ňŋőčőçńěŋăå, őŕàěďěńěŋŋëå äőàňãńăňĺ (1.31), (1.34), (1.37) ŕàĺ ćëąàăŋŋëå D; U; V; W; A; B; C, ă âăłęě ŋă ňŋőčőçńěŋăå R_6; R_7; R_8 ĺ = f^∗. Şłăğăŋŋëě ďěáïâì ňŋőčőçńěŋőć őąàăğãîâ ąăğĺá ć ňŋőęěáâćě P_9 ňŋőčőçńěŋőć áâěŕěŋĺ ŋě ćëèě ďěćïâĺ. Ŕőíâőňã łćăďàăÄ âãàŋăï äőàňãńă (1.53) ćëŕőńŋïěâáï ďńï ńîąőčő ňŋőčőçńěŋă ĺğ P_9. Ĺğ ŋěě, ć çăáâŋőáâĺ, áńěďãěâ, çâő L(1) = 1 ĺ L(R_˚ ) = 0 ŕàĺ ˚ = 1; 2; 3; 4; 5; 9, â.ě. ĺňěěâ ňěáâő (1.26).

Őçěćĺďŋő, äőàňãńã (1.53) ňőęŋő àăáŕàőáâàăŋĺâì ŋă ćěáì łńăáá äãŋłæĺľ ˘_4, ěáńĺ ğăÄ ŕĺáăâì ěě ć äőàňě (1.20){(1.25). Ŋăň őáâăńőáì ŕàőćěàĺâì ŋěàăćěŋáâćă (1.27). Ďńï őąÄ őáŋőćăŋĺï íâĺå ŋěàăćěŋáâć ćőáŕőńìğãěňáï áńěďãîéĺňĺ ďćãňï áćőľáâćăňĺ ňŋőčőçńěŋőć Ůěąëèěćă ćâőàőčő àőďă:

1) R_˚(1) = 1, ˚ ⩾ 0;

2) ňŋőčőçńěŋë R_˚ ŋă ĺŋâěàćăńě (−1; 1) ŕőâőçěçŋő áâàěňïâáï ł ŋãńî ŕàĺ ˚ → ∞.

Łăł áńěďáâćĺě íâĺå áćőľáâć ĺňěěň L(R_˚ ) → 1=25 ¿ 0 ŕàĺ ˚ → ∞, ć áĺńã çěčő ŋěÄ àăćěŋáâćă (1.27) ŋãęŋő ŕàőćěàĺâì ńĺèì ďńï łőŋěçŋőčő çĺáńă ĺŋďěłáőć ˚. Ŕőďàőąŋěě, ćőáŕőńìğőćăćèĺáì äőàňãńőľ (1.1), ŕőńãçĺň

L(R_˚) = 1 25 + ˘(d) sin(˚ + 1)`_0 (˚ + 1) sin `_0

+ ˘(a) sin(˚ + 1)`_1 (˚ + 1) sin `_1

+ ˘(b) sin(˚ + 1)`_2 (˚ + 1) sin `_2

+ ˘(c) sin(˚ + 1)`_3 (˚ + 1) sin `_3 ; čďě `_0 = arccos d = 1:0558191061 : : :; `_1 = arccos a = 2:5508429904 : : :; `_2 = arccos b = 1:9778305716 : : :; `_3 = arccos c = 1:7138069835 : : : :

Ŕőíâőňã ďńï ńîąőčő ˚ ⩾ 1 áŕàăćěďńĺćă őæěŋłă

L(R_˚) ⩾ 1 25 − ˘(d) + ˘(a) + ˘(b) + ˘(c) ˚ + 1 max { 1 sin `_0 ; 1 sin `_1 ; 1 sin `_2 ; 1 sin `_3 }

= 1 25 ( 1 − 24 (˚ + 1) sin `_1 ) :

Őâáîďă ńěčłő ŕőńãçĺâì, çâő L(R_˚ ) ¿ 0 ŕàĺ ˚ ⩾ 43. Ďńï ˚ ⩽ 42 ãáńőćĺï (1.27) ŕàőćěàïÄ îâáï ŋěŕőáàěďáâćěŋŋëňĺ ćëçĺáńěŋĺïňĺ. Ńěňňă 1.1 ďőłăğăŋă.

Ć áńěďãîéěľ ńěňňě ĺğãçăîâáï áćőľáâćă äãŋłæĺĺ f^∗ , őŕĺáăŋŋőľ áőőâŋőèěŋĺïňĺ (1.5), (1.7){(1.14).

Ńěňňă 1.2. Ťãŋłæĺï f^∗ ŕàĺŋăďńěęĺâ ňŋőęěáâćã F_4(d), ĺ ďńï ŋěě ĺňěěâ ňěáÄ âő àăćěŋáâćő f^∗(1) = 25f^∗_0 .

Ďőłăğăâěńìáâćő. Ŋăľďěň łőíääĺæĺěŋâë Ťãàìě f^∗_k ňŋőčőçńěŋă (1.13) ć ěčő àăğńőÄ ęěŋĺĺ (1.14) ŕő ňŋőčőçńěŋăň R_k = R^{1=2;1=2}_k Ůěąëèěćă ćâőàőčő àőďă. Ďńï íâőčő ãďőąŋő ćőáŕőńìğőćăâìáï äőàňãńőľ (1.32). Ć àěğãńìâăâě ŕőńãçĺň ďńï łőíääĺæĺěŋâőć àăğńőęěÄ ŋĺï âăłĺě ćëàăęěŋĺï:

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

f^∗_5 = 9 16 ȷ + 9 32 r + 3 8 ı¸ + 3 16 ȷ^2 + 9 32 ¸^2 + 9 16 d¸ + 3 8 dı + 81 256 − 9 32 qd − 9 16 q¸ + 3 8 dȷ¸ − 3 8 qȷ¸ − 3 8 qdȷ − 3 16 qd¸^2 + 3 8 rd¸ − 3 8 qı + 3 8 rȷ + 3 16 r¸^2 = 0:1006597630 : : :;

f^∗_4 = − 25 64 d − 25 32 ¸ − 25 32 ı + 25 64 q − 5 16 rd¸^2 − 5 8 rdȷ − 5 8 rȷ¸ + 5 8 qdı + 5 8 qı¸ − 25 32 ȷ¸ − 25 32 dȷ − 5 8 wȷ − 5 8 rı + 5 8 qdȷ¸ + 5 16 qȷ^2 − 5 16 dȷ^2 − 5 8 dı¸ + 25 32 qd¸ − 25 64 d¸^2 + 25 32 qȷ + 25 64 q¸^2 − 25 64 rd − 25 32 r¸ = 0:2220776796 : : :;

f^∗_3 = 7 8 ȷ + 7 16 r + dıȷ + 3 8 + ı¸ + 1 2 ȷ^2 + 1 2 w^2 + 7 16 ¸^2 + 7 8 d¸ + dı − 7 16 qd − 7 8 q¸ + rdȷ¸ − 1 2 qdȷ^2 − qıȷ + rı¸ + rdı − qdı¸ + 1 2 rȷ^2 + dȷ¸ − qȷ¸ − qdȷ − 1 2 qd¸^2 + rd¸ − qı + rȷ + 1 2 r¸^2 = 0:3133127365 : : :;

f^∗_2 = − 21 64 d − 21 32 ¸ − 27 32 ı + 21 64 q − 3 2 rıȷ − 3 4 rdȷ^2 − 9 16 rd¸^2 − 9 8 rdȷ − 9 8 rȷ¸ + 9 8 qdı + 9 8 qı¸ − 27 32 ȷ¸ + 3 4 qı^2 − 27 32 dȷ − 9 8 ıȷ − 9 8 rı + 9 8 qdȷ¸ + 9 16 qȷ^2 − 9 16 dȷ^2 − 9 8 dı¸ − 3 2 rdı¸ + 3 2 qdıȷ − 3 4 dı^2 + 27 32 qdu − 27 64 d¸^2 + 27 32 qȷ + 27 64 q¸^2 − 27 64 rd − 27 32 r¸ = 0:2749299247 : : :;

f^∗_1 = 7 16 ȷ + 7 32 r − dı^2q + dıȷ + 5 8 ı¸ + 5 16 ȷ^2 + 1 2 ı^2 + 7 32 ¸^2 + 7 16 d¸ + 5 8 dı + 21 128 − 7 32 qd − 7 16 q¸ + rdv¸ − 1 2 qdȷ^2 − qıȷ + urı + rdı − qdı¸ + 1 2 rȷ^2 + 2rdıȷ + rı^2 + 5 8 dȷ¸ − 5 8 qȷ¸ − 5 8 qdȷ − 5 16 qd¸^2 + 5 8 rd¸ − 5 8 qı + 5 8 rȷ + 5 16 r¸^2

= 0:1637887936 : : :;

f^∗_0 = − 7 128 d − 7 64 u − 5 32 ı + 7 128 q − 1 2 rıȷ − 1 4 rdȷ^2 − 1 8 rd¸^2 − 1 4 rdȷ − 1 4 rȷ¸ + 1 4 qdı + 1 4 qı¸ − 5 32 ȷ¸ + 1 4 qı^2 − 5 32 dȷ − dı^2r − 1 4 ıȷ − 1 4 rı + 1 4 qdȷ¸ + 1 8 qȷ^2 − 1 8 dȷ^2 − 1 4 dı¸ − 1 2 rdı¸ + 1 2 qdıȷ − 1 4 dı^2 + 5 32 qd¸ − 5 64 d¸^2 + 5 32 qȷ + 5 64 q¸^2 − 5 64 rd − 5 32 r¸ = 0:0455958394 : : : : (1.54)

Ňŋőčőçńěŋ f^∗ ŋěŕőńőęĺâěńěŋ ŋă őâàěğłě [−1; d], ĺąő ŕőáńěďŋĺľ ňŋőęĺâěńì (t^2 +qt+r) ć ěčő ŕàěďáâăćńěŋĺĺ (1.13) ĺňěěâ ŕőńőęĺâěńìŋëľ ňĺŋĺňãň ŋă ćáěľ ďěľáâćĺâěńìŋőľ őáĺ: r − (q=2)^2 = 0:248498575 : : : ¿ 0. Łàőňě âőčő, ĺğ äőàňãń (1.54), áńěďãěâ, çâő ćáě ěčő łőíääĺæĺěŋâë f^∗_k ć àăğńőęěŋĺĺ (1.14) ŋěőâàĺæăâěńìŋë ĺ f^∗_0 ¿ 0. Śőčńăáŋő őŕàěďěńěÄ ŋĺî (0.4){(0.6) ŕőńĺŋőň f^∗ ŕàĺŋăďńěęĺâ ňŋőęěáâćã F_4(d).

Ć áĺńã (1.13), (1.17), (1.18) ĺ (1.54) ďńï äãŋłæĺĺ f^∗ ćëŕőńŋïîâáï áćőľáâćă

f^∗(d) = f^∗(a) = f^∗(b) = f^∗(c) = f^∗_6 = f^∗_7 = f^∗_8 = 0:

Ŕőíâőňã ŋă äãŋłæĺĺ f^∗ äőàňãńă (1.20) ŕàěćàăéăěâáï ć àăćěŋáâćő f^∗_0 = f^∗(1)=25. ŃěňÄ ňă ďőłăğăŋă.

Śńěďãîéăï ńěňňă ŕőğćőńĺâ ŕőłăğăâì, çâő f^∗ ïćńïěâáï ěďĺŋáâćěŋŋőľ (á âőçŋőáâìî ďő ŕőáâőïŋŋőčő ŕőńőęĺâěńìŋőčő ňŋőęĺâěńï) íłáâàěňăńìŋőľ äãŋłæĺěľ ğăďăçĺ w_4(d).

Ńěňňă 1.3. Ďőŕãáâĺň, çâő f ěáâì ŕőńĺŋőň (ŋě ćëèě) ďěćïâőľ áâěŕěŋĺ áő áćőľáâćăňĺ:

1) ďńï f áŕàăćěďńĺćő ŕàěďáâăćńěŋĺě

f(t) = h(t)g(t); (1.55) čďě h(t) = (t − d)(t − a)^2(t − b)^2(t − c)^2 = (t − d)(t^3 − ¸t^2 + ȷt − ı)^2, ă g ěáâì ŋěłőâőàëľ ŕőńĺŋőň ćâőàőľ áâěŕěŋĺ;

2) ć àăğńőęěŋĺĺ

f(t) = 9∑ ˚=0 f_˚ R_˚(t) (1.56)

ŕőńĺŋőňă f ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă àăćŋë ŋãńî åőâï ąë ďćă ĺğ âàěå (ć çăáâŋőáâĺ, ćáě âàĺ) łőíääĺæĺěŋâă f_6; f_7; f_8.

Šőčďă ŕőńĺŋőň f á âőçŋőáâìî ďő ŕőáâőïŋŋőčő ňŋőęĺâěńï áőćŕăďăěâ á äãŋłæĺěľ (ŕőńĺŋőňőň) f^∗, â.ě. f = Cf^∗, čďě C = const; ŕàĺ íâőň ěáńĺ f ∈ F_4(d), âő C ¿ 0.

Ďőłăğăâěńìáâćő ńěňňë ŕàőćěďěň ć ŋěáłőńìłő íâăŕőć. 1) Ďőŕãáâĺň ćŋăçăńě, çâő ŕőńĺŋőň g ć ŕàěďáâăćńěŋĺĺ (1.55) ĺňěěâ ćĺď

g(t) = t^2 + Qt + R (1.57)

á ŋěłőâőàëňĺ ćěéěáâćěŋŋëňĺ łőíääĺæĺěŋâăňĺ Q; R. Ćëŕĺèěň ïćŋëě ćëàăęěŋĺï łőíäÄ äĺæĺěŋâőć f_6; f_7 ĺ f_8 ć ŕàěďáâăćńěŋĺĺ (1.56) ŕőńĺŋőňă f. Ŋěâàãďŋő ãąěďĺâìáï, çâő

f(t) = t^9 + A_8t^8 + A_7t^7 + A_6t^6 + #(t); (1.58) čďě A_8 = Q − d − 2¸; A_7 = 2d¸ + R + 2ȷ − dQ − 2¸Q + ¸^2;

A_6 = −d¸^2 − 2ı + ¸^2Q + 2ȷQ − 2¸R + 2d¸Q − 2¸ȷ − 2dȷ − dR

ĺ, ŋăłőŋěæ, # ěáâì ŋěłőâőàëľ ňŋőčőçńěŋ ŕïâőľ áâěŕěŋĺ. Ŕőďáâăćńïï ć (1.58) ŕàěďáâăćÄ ńěŋĺï (1.32) áâěŕěŋěľ t^9; t^8; t^7; t^6 çěàěğ ňŋőčőçńěŋë Ůěąëèěćă ćâőàőčő àőďă, ŕőńãçăěň áńěďãîéĺě ćëàăęěŋĺï:

f_6 = − 49 128 ¸ − 49 256 d − 7 32 ı + 49 256 Q + 7 32 d¸ Q + 7 64 ¸^2Q − 7 64 d¸^2 − 7 64 dR − 7 32 dȷ + 7 32 ȷ Q − 7 32 ¸ R − 7 32 ¸ ȷ; (1.59)

f_7 = 1 16 R + 1 8 ȷ + 1 16 ¸^2 − 1 8 ¸ Q − 1 16 dQ + 1 8 + 1 8 d¸; (1.60)

f_8 = − 9 256 d + 9 256 Q − 9 128 ¸: (1.61)

Ŋăńăčăï ŋă äãŋłæĺî f ńîąëě ďćă ĺğ âàěå ãáńőćĺľ f_6 = 0, f_7 = 0, f_8 = 0, â.ě. ŕàĺàăćÄ ŋĺćăï ŕàăćëě çăáâĺ ńîąëå ďćãå ĺğ âàěå áőőâŋőèěŋĺľ (1.59){(1.61) ł ŋãńî, ŕőńãçăěň áĺáâěňã f_˚ = 0; f_¯ = 0; 6 ⩽ ˚ ¡ ¯ ⩽ 8; (1.62)

ďćãå ńĺŋěľŋëå ãàăćŋěŋĺľ őâŋőáĺâěńìŋő ďćãå ŋěĺğćěáâŋëå Q ĺ R. Ćő ćáěå âàěå ćőğňőęÄ ŋëå áńãçăïå őŕàěďěńĺâěńì íâőľ áĺáâěňë ´_{˚;¯} őâńĺçěŋ őâ ŋãńï. Ŋăŕàĺňěà, ďńï áĺáâěňë f_7 = 0, f_8 = 0 ěě őŕàěďěńĺâěńì ´_{7;8} àăćěŋ −9=4096; ŋă áăňőň ďěńě, ďńï ŋăá ćăęŋő, çâő ´_{7;8} ≠ 0.

Šăłĺň őąàăğőň,ńîąăï áĺáâěňă ďćãå ãáńőćĺľ (1.62) ĺňěěâ ěďĺŋáâćěŋŋőě àěèěŋĺě Q; R. Ć áĺńã (1.13) äãŋłæĺï f^∗ ĺňěěâ ŕàěďáâăćńěŋĺě (1.55)+(1.57), ĺ áőčńăáŋő (1.54) ďńï ŋěě ćëŕőńŋïîâáï ãáńőćĺï (1.62). Őâáîďă áńěďãěâ, çâő Q = q ĺ R = r. Śńěďőćăâěńìŋő, f = f^∗ ěáâì ěďĺŋáâćěŋŋăï äãŋłæĺï, ãďőćńěâćőàïîéăï ãáńőćĺïň (1.55), (1.57) ĺ (1.62).

2) Ŕàěďŕőńőęĺň, çâő ć ŕàěďáâăćńěŋĺĺ (1.55) äãŋłæĺĺ f ňŋőčőçńěŋ g ĺňěěâ ćĺď g(t) = Ct^2 + Qt + R ĺ ŕàĺ íâőň C ≠ 0. Šőčďă äãŋłæĺï f_C = f=C ãďőćńěâćőàïěâ ćáěň ãáńőćĺïň ńěňňë ĺ ć ěě ŕàěďáâăćńěŋĺĺ (1.55) ćâőàőľ ňŋőęĺâěńì ĺňěěâ ćĺď (1.57). Őâáîďă, łăł ňë âőńìłő çâő ŕőłăğăńĺ, áńěďãěâ, çâő f=C = f^∗ ĺńĺ, âő ęě áăňőě, f = Cf^∗. §áŋő, çâő ěáńĺ f ∈ F_4(d), âő C ¿ 0.

3) Ŋăłőŋěæ ŕőłăęěň, çâő ěáńĺ ďńï äãŋłæĺĺ f ćëŕőńŋïîâáï ãáńőćĺï ńěňňë ĺ ć áőőâŋőÄ èěŋĺĺ (1.55) ćâőàőľ ňŋőęĺâěńì ĺňěěâ ćĺď g(t) = Qt+R, âő f ≡ 0. Ďěľáâćĺâěńìŋő, äãŋłÄ æĺï ~f = f^∗ + f ãďőćńěâćőàïěâ ćáěň ŕàěďŕőńőęěŋĺïň ńěňňë. Ďńï íâőľ äãŋłæĺĺ áŕàăÄ ćěďńĺćă äőàňãńă ~f = h~g, ć łőâőàőľ ~g ěáâì ňŋőčőçńěŋ ćâőàőľ áâěŕěŋĺ ~g(t) = t^2 + ~Qt + ~R á łőíääĺæĺěŋâăňĺ ~Q = q + Q, ~R = r + R. Ňŋőčőçńěŋ ~g ĺňěěâ ćĺď (1.57). Őâáîďă, łăł ãęě ďőłăğăŋő, áńěďãěâ, çâő ~f = f^∗, ă ŕőâőňã f ≡ 0. Ńěňňă 1.3 ďőłăğăŋă ŕőńŋőáâìî.

Ďőłăğăâěńìáâćő âěőàěňë 1.2. Ć áĺńã ńěňňë 1.2 äãŋłæĺï f^∗, őŕàěďěńěŋŋăï áőőâŋőèěŋĺěň (1.13), ŕàĺŋăďńěęĺâ ňŋőęěáâćã F_4(d) ĺ ďńï ŋěě ĺňěěâ ňěáâő àăćěŋáâćő f^∗(1) = 25f^∗_0 . Ŕőíâőňã áŕàăćěďńĺćă őæěŋłă

w_4(d) ⩽ f^∗(1) f^∗_0

= 25:

Ďőłăęěň őąàăâŋőě ŋěàăćěŋáâćő w_4(d) ⩾ 25: (1.63)

Ďńï ŕàőĺğćőńìŋőľ äãŋłæĺĺ f ∈ F_4(d) áŕàăćěďńĺćă łćăďàăâãàŋăï äőàňãńă (1.20), (1.21). Łőíääĺæĺěŋâë 1=25; ˘(d); ˘(a); ˘(b); ˘(c) íâőľ äőàňãńë ŕőńőęĺâěńìŋëě, ă łőíääĺæĺěŋÄ âë L(R_˚ ), ˚ ⩾ 1, ŋěőâàĺæăâěńìŋëě (âőçŋěě, L(R_˚ ) ¿ 0, ˚ ⩾ 6, ˚ ≠ 9 ĺ L(R_˚) = 0, ˚ = 1; 2; 3; 4; 5; 9). Ć áĺńã áćőľáâć (0.4){(0.6) äãŋłæĺĺ f ∈ F_4(d) őâáîďă áńěďãěâ őæěŋłă

f_0 = L(f) − ∑ ˚⩾1 L(R_˚)f_˚ ⩽ 1 25 f(1); (1.64)

łőâőàăï ćńěçěâ ŋěàăćěŋáâćő (1.63). Šěň áăňëň, őąőáŋőćăŋő ãâćěàęďěŋĺě (1.15); ć çăáâÄ ŋőáâĺ, ďőłăğăŋő, çâő äãŋłæĺï f^∗ ïćńïěâáï íłáâàěňăńìŋőľ ć ğăďăçě w_4(d).

Ďńï ğăćěàèěŋĺï ďőłăğăâěńìáâćă âěőàěňë 1.2 őáâăńőáì ŕàőćěàĺâì, çâő (á âőçŋőáâìî ďő ŕőńőęĺâěńìŋőčő ňŋőęĺâěńï) äãŋłæĺï f^∗ ïćńïěâáï ěďĺŋáâćěŋŋőľ íłáâàěňăńìŋőľ. Ťãŋłæĺï

f(t) = ∞∑ ˚=0 f_˚ R_˚(t) ∈ F_4(d) (1.65)

ïćńïěâáï íłáâàěňăńìŋőľ ć âőň ĺ âőńìłő âőň áńãçăě, ěáńĺ ŋă ŋěľ ŋěàăćěŋáâćő (1.64) őąÄ àăéăěâáï ć àăćěŋáâćő. Ć áĺńã áćőľáâćă (1.27) ďńï íâőčő ŋěőąåőďĺňő, çâőąë ć ŕàěďáâăćÄ ńěŋĺĺ (1.65) íłáâàěňăńìŋőľ äãŋłæĺĺ f łőíääĺæĺěŋâë f_˚ á ŋőňěàăňĺ ˚ ≠ 0; 1; 2; 3; 4; 5; 9 ąëńĺ àăćŋë ŋãńî; ć çăáâŋőáâĺ, íâő őğŋăçăěâ, çâő äãŋłæĺï f ěáâì ŕőńĺŋőň ŋě ćëèě ďěÄ ćïâőľ áâěŕěŋĺ. Łàőňě âőčő, ďőńęŋő ćëŕőńŋïâìáï àăćěŋáâćő L(f) = f(1)=25, łőâőàőě íłćĺćăńěŋâŋő âőňã, çâő f(d) = f(a) = f(b) = f(c) = 0:

Šăłĺň őąàăğőň,âőçłă d ďőńęŋă ąëâì ŕő łàăľŋěľ ňěàě ŕàőáâëň,ă âőçłĺ a; b ĺ c { ďćőľŋëÄ ňĺ ŋãńïňĺ ŕőńĺŋőňă f. Śńěďőćăâěńìŋő, f ĺňěěâ ćĺď f(t) = h(t)g(t), čďě h(t) = (t − d) × (t − a)^2(t − b)^2(t − c)^2, ă g { ŋěłőâőàëľ ňŋőčőçńěŋ ćâőàőľ áâěŕěŋĺ. Őâáîďă ć áĺńã ńěňÄ ňë 1.3 áńěďãěâ, çâő f = Cf^∗, čďě C { ŋěłőâőàăï ŕőńőęĺâěńìŋăï łőŋáâăŋâă. Šěőàěňă 1.2 ďőłăğăŋă.

Ńěňňă 1.4. Ďńï äãŋłæĺĺ w_4(s), őŕàěďěńěŋŋőľ äőàňãńőľ (0.7), áŕàăćěďńĺćë áńěÄ ďãîéĺě ďćă ãâćěàęďěŋĺï: w_4(s) ¡ w_4(d) ŕàĺ −1 ⩽ s ¡ d, w_4(s) ¿ w_4(d) ŕàĺ d ¡ s ¡ 1.

Ďőłăğăâěńìáâćő. Řăááňőâàĺň ňŋőčőçńěŋ g(t) = 20t + 1 = 20R_1(t) + R_0(t). Ś ŕőÄ ňőéìî ňŋőčőçńěŋőć f^∗; g ĺ çĺáńă ”, 0 ⩽ ” ⩽ 1, őŕàěďěńĺň ňŋőčőçńěŋ (ďěćïâőľ áâěŕěŋĺ)

F (t) = F (”; t) = ” f^∗(t) f_0

+ (1 − ”)g(t):

Ŋãńì ~s = −0:05 ňŋőčőçńěŋă g ńěęĺâ ňěęďã âőçłăňĺ c ĺ d (áň. (1.18), (1.5)), ŕàĺçěň ňŋőčőçńěŋ g ŋă ŕőńãĺŋâěàćăńăå [−1; ~s) ĺ (~s; d] áőőâćěâáâćěŋŋő őâàĺæăâěńìŋëľ ĺ ŕőńőęĺÄ âěńìŋëľ. Ŕőíâőňã ŕàĺ ńîąőň ”, 0 ¡ ” ¡ 1, ŕőńĺŋőň F ŋă őâàěğłě [−1; ~s] őâàĺæăâěńìŋëľ. Ďăńěě, ŕőáłőńìłã, F (~s) ¡ 0, F (d) ¿ 0, âő ňŋőčőçńěŋ F ĺňěěâ ŋă ĺŋâěàćăńě (~s; d) ŋãńì; ŋăĺňěŋìèĺľ ĺğ ŋĺå őąőğŋăçĺň çěàěğ s(”). Ěáâěáâćěŋŋő ŕőńőęĺâì s(0) = ~s = −0:05, s(1) = d. Ďńï t ∈ [~s; d] äãŋłæĺï F (”; t) ŕő ŕěàěňěŋŋőňã ” ∈ [0; 1] ãąëćăěâ, ŕőíâőňã äãŋłÄ æĺï s(”) ćőğàăáâăěâ (őâ ğŋăçěŋĺï s(0) = ~s ďő ğŋăçěŋĺï s(1) = d). Ŋěâàãďŋő ŕőŋïâì, çâő äãŋłæĺï s(”) ŋěŕàěàëćŋă ŋă őâàěğłě ” ∈ [0; 1].

Ŕőńĺŋőň F (t) = F (”; t) ãďőćńěâćőàïěâ ãáńőćĺî F (t) ⩽ 0, −1 ⩽ t ⩽ s(”). Łàőňě âőčő, łőíääĺæĺěŋâë Ťãàìě F_k, 0 ⩽ k ⩽ 9, ć àăğńőęěŋĺĺ F ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă, őçěćĺďŋő, ŋěőâàĺæăâěńìŋëě ĺ F_0 = 1. Śńěďőćăâěńìŋő, F ŕàĺŋăďńěęĺâ łńăááã F_4(s(”)). Ŕőíâőňã ŕàĺ 0 ⩽ ” ¡ 1 ĺňěěâ ňěáâő őæěŋłă w_4(s(”)) ⩽ F (1) = 25”+(1−”)g(1) = 25” + (1 − ”)21 ¡ 25 = w_4(d). Őâáîďă áńěďãěâ, çâő w_4(s) ¡ 25 = w_4(d) ďńï s ∈ [~s; d). Ťãŋłæĺï w_4(s) ŕő ŕěàěňěŋŋőňã s ∈ [−1; 1) ŋě ãąëćăěâ, ă ŕőâőňã w_4(s) ¡ 25 = w_4(d) ŕàĺ ćáěå s ∈ [−1; d).

Ŕãáâì âěŕěàì s ¿ d. Ŋăň ŋãęŋő ďőłăğăâì, çâő w_4(s) ¿ w_4(d) = 25. Ąãďěň àăááãęÄ ďăâì őâ ŕàőâĺćŋőčő. Ďőŕãáâĺň, çâő w_4(s) ⩽ w_4(d), ă ğŋăçĺâ, ŋă áăňőň ďěńě, w_4(s) = w_4(d) = 25. Ć áĺńã âěőàěňë 2.1 àăąőâë [8] ć ğăďăçě w_4(s) áãéěáâćãěâ íłáâàěňăńìŋăï äãŋłæĺï; őąőğŋăçĺň ěě áĺňćőńőň f^s. Ŕőáłőńìłã s ¿ d ĺ w_4(s) = w_4(d), âő äãŋłæĺï f^s ąãďěâ ïćńïâìáï íłáâàěňăńìŋőľ ĺ ć ğăďăçě w_4(d). Śőčńăáŋő âěőàěňě 1.2 ć ğăďăçě w_4(d) íłÄ áâàěňăńìŋăï äãŋłæĺï ěďĺŋáâćěŋŋăï (á âőçŋőáâìî ďő ŕőńőęĺâěńìŋőčő ŕőáâőïŋŋőčő ňŋőÄ ęĺâěńï) ĺ, ğŋăçĺâ, f^s = Cf^∗, C ¿ 0. Őďŋăłő, ěáńĺ t ∈ (d; s], âő f^∗(t) ¿ 0, ă f^s(t) ⩽ 0, çâő ŕàőâĺćőàěçĺćő. Ńěňňă ďőłăğăŋă.

Ďőłăğăâěńìáâćő âěőàěňë 1.1. Šěőàěňă 1.1 ěáâì áńěďáâćĺě âěőàěňë 1.2 ĺ ńěňÄ ňë 1.4.

2. Ćëçĺáńěŋĺě ğŋăçěŋĺï s_4(24). Őŕàěďěńĺň ňŋőčőçńěŋ

h(z) = 6068404224 z^{24} − 5559746560 z^{23} − 32435331072 z^{22} + 30162632704 z^{21} + 76657888256 z^{20} − 69950994432 z^{19} − 105547058176 z^{18} + 90905438208 z^{17} + 93805633312 z^{16} − 72899067584 z^{15} − 56276296952 z^{14} + 37463407248 z^{13} + 23144486195 z^{12} − 12425086062 z^{11} − 6505367271 z^{10} + 2613609108 z^9 + 1227229561 z^8 − 331172622 z^7 − 149222121 z^6 + 22205608 z^5 + 10721860 z^4 − 490544 z^3 − 368104 z^2 − 10880 z + 2432: (2.1)

Ŕő ćëèě ŕàĺňěŋěŋŋőľ áåěňě ňőęŋő ďőłăğăâì áńěďãîéěě ãâćěàęďěŋĺě.

Šěőàěňă 2.1. Ŋă ŕőńãĺŋâěàćăńě [−1; 1) ãàăćŋěŋĺě w_4(s) = 24 ĺňěěâ ěďĺŋáâÄ ćěŋŋőě àěèěŋĺě s = x_{12}, čďě x_{12} = 0:4785451836 : : : ěáâì ďćěŋăďæăâëľ (ŕő ćőğàăáÄ âăŋĺî) ćěéěáâćěŋŋëľ łőàěŋì ŕőńĺŋőňă (2.1).

Őąőáŋőćăŋĺě íâőľ âěőàěňë ąăğĺàãěâáï ŋă ŕàĺćőďĺňëå ŋĺęě âàěå ãâćěàęďěŋĺïå. Ć äőàňãńĺàőćłě íâĺå ãâćěàęďěŋĺľ ĺáŕőńìğãîâáï őąőğŋăçěŋĺï: d = x_{12} = 0:4785451836 : : : ěáâì ďćěŋăďæăâëľ (ŕő ćőğàăáâăŋĺî) ćěéěáâćěŋŋëľ łőàěŋì ŕőńĺŋőňă h, ğăďăŋŋőčő äőàÄ ňãńőľ (2.1); u = −1:5458619083 : : : ěáâì ěďĺŋáâćěŋŋëľ ćěéěáâćěŋŋëľ łőàěŋì ňŋőčőçńěŋă

G(z) = (3040 d^5 + 2304 d^4 − 1264 d^3 − 832 d^2 + 144 d + 64)z^3

+ (3040 d^6 + 2784 d^5 − 416 d^4 − 720 d^3 − 120 d^2 + 32 d + 8)z^2 + (3040 d^7 + 2304 d^6 − 4184 d^5 − 2464 d^4 + 1732 d^3 + 704 d^2 − 204 d − 64)z + 1824 d^7 + 288 d^6 − 2856 d^5 − 753 d^4 + 1050 d^3 + 255 d^2 − 108 d − 24; v = 6 d − 3 + 15 d^2 + 7 du − u + 6 d^2u 2(4 − 19 d^2 − 3 d)

= 0:6856630844 : : :; w = du + v − u − d − 3 dv 3 − 7 d

= −0:082479688 : : :; q = 8 vu + 16 du^2 + 8 d^2u + d + 2 u + 8 u^3 − 8 w 8 du − 8 v + 12 u^2 + 4 d^2 − 7

= −2:1915353439 : : :; r = 14 + 30 v + 16 v^2 − 16 wu − 13 u^2 + 8 duv + 4 u^4

8 du − 8 v + 12 u^2 + 4 d^2 − 7 + 8 du^3 + 12 d^2u^2 − 8 vd^2 − 8 dw + 2 du − 7 d^2 8 du − 8 v + 12 u^2 + 4 d^2 − 7

= 1:4453876673 : : :;

ĺ, ŋăłőŋěæ,

a = −0:8602964888 : : :; b = −0:4898419662 : : :; c = −0:1957234532 : : :

ěáâì łőàŋĺ ňŋőčőçńěŋă z^3 − uz^2 + vz − w.

Šěőàěňă 2.2. Ťãŋłæĺï

f^∗(t) = (t − d)(t^3 − ut^2 + vt − w)^2(t^2 + qt + r) (2.2) ŕàĺŋăďńěęĺâ ňŋőęěáâćã F_4(d) ĺ ïćńïěâáï ěďĺŋáâćěŋŋőľ (á âőçŋőáâìî ďő ŕőÄ ńőęĺâěńìŋőčő ŕőáâőïŋŋőčő ňŋőęĺâěńï) íłáâàěňăńìŋőľ äãŋłæĺěľ (àěèěŋĺěň) ğăďăçĺ (0.7) ŕàĺ m = 4, s = d. Ŕőňĺňő âőčő, áŕàăćěďńĺćë àăćěŋáâćă

w_4(d) = f^∗(1) f^∗_0

= 24:

Ŕàĺ ďőłăğăâěńìáâćě íâőľ âěőàěňë ĺáŕőńìğãîâáï áńěďãîéĺě ďćă ãâćěàęďěŋĺï.

Ńěňňă 2.1. Ťãŋłæĺï f^∗, őŕàěďěńěŋŋăï äőàňãńőľ (2.2), ŕàĺŋăďńěęĺâ ňŋőęěáÄ âćã F_4(d). Šőçŋěě, äãŋłæĺï f^∗ ĺňěěâ ŋěőâàĺæăâěńìŋëě łőíääĺæĺěŋâë ć ěě àăğÄ ńőęěŋĺĺ f^∗(t) =

∑_9

k=0 f^∗_k R_k(t) ŕő ňŋőčőçńěŋăň Ůěąëèěćă ćâőàőčő àőďă, ŕàĺçěň

f^∗_k ¿ 0 ŕàĺ 0 ⩽ k ⩽ 9, k ≠ 6; 7; f^∗_6 = f^∗_7 = 0:

Łàőňě âőčő, f^∗(t) ⩽ 0 ŕàĺ t ∈ [−1; d], f^∗(t) ¿ 0 ŕàĺ t ∈ (d; 1].

Ńěňňă 2.2. Ďńï łăęďőľ äãŋłæĺĺ f(t) = ∑_∞ k=0 f_kR_k(t) ∈ ˘_4 ĺňěěâ ňěáâő łćăďÄ àăâãàŋăï äőàňãńă

f_0 = 2 ß ∫_1 −1 f(t) √ 1 − t^2 dt = L(f) − ∑ ˚⩾1 L(R_˚ )f_˚ ;

ć łőâőàőľ L ěáâì äãŋłæĺőŋăń

L(f) = 1 24 f(1) + ˘(a)f(a) + ˘(b)f(b) + ˘(c)f(c) + ˘(d)f(d)

á łőíääĺæĺěŋâăňĺ

˘(a) = ~(a; b; c; d) = 0:0996029075 : : :; ˘(b) = ~(b; c; d; a) = 0:1465314359 : : :; ˘(c) = ~(c; d; a; b) = 0:3337257176 : : :; ˘(d) = ~(d; a; b; c) = 0:3784732721 : : :;

čďě äãŋłæĺï ~ őŕàěďěńěŋă äőàňãńőľ (1.19). Łàőňě âőčő, äãŋłæĺőŋăń L őąńăďăěâ áćőľáâćăňĺ

L(1) = 1; L(R_˚ ) = 0 ŕàĺ ˚ = 1; 2; 3; 4; 5; 8; 9;

L(R_˚ ) ¿ 0 ŕàĺ ˚ ⩾ 6, ˚ ≠ 8; 9:

ŚŔĹŚŐŁ ŰĹŠĹŘŐĆĂŊŊŐĽ ŃĹŠĚŘĂŠŞŘŻ

[1] Mackay A. L. The packing of three-dimensional spheres on surface of a four-dimensional hyÄ persphere // J. Phys. A: Math. Gen. 1980. V. 13. P. 3373{3379.

[2] Łőłáâěà Č. Ś. Ň. Ććěďěŋĺě ć čěőňěâàĺî. Ň.: Ŋăãłă, 1966.

[3] 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 Combin. Theory Ser. A. 1979. V. 26. ò2. P. 210{214.

[4] Delsarte Ph. Bounds for unrestricted codes, by linear programming // Philips Res. Rep.

1972. V. 27. P. 272{289.

[5] Ďěńìáăàâ Ť. Ăńčěąàăĺçěáłĺľ ŕőďåőď ł áåěňăň őâŋőèěŋĺľ âěőàĺĺ łőďĺàőćăŋĺï. Ň.: Ňĺà, 1976.

[6] Delsarte P., Goethalts J. M., Seidel J. J. Spherical codes and designs // Geom. DediÄ cata. 1977. V. 6. P. 363{388.

[7] Łăąăâïŋáłĺľ Č. Ă., Ńěćěŋèâěľŋ Ć. Ĺ. Ő čàăŋĺæăåďńï ãŕăłőćőł ŋă áäěàě ĺ ć ŕàőáâàăŋÄ áâćě // Ŕàőąńěňë ŕěàěďăçĺ ĺŋäőàňăæĺĺ. 1978. Š. 14. ò1. Ś. 3{25.

[8] Ăàěáâőć Ć. Ć., Ąăąěŋłő Ă. Č. Ő áåěňě Ďěńìáăàâă őæěŋłĺ łőŋâăłâŋëå çĺáěń // Šà.

ŇĹĂŊ. 1997. Š. 219. Ś. 44{73.

[9] Łőŋćěľ Ďę., Śńőíŋ Ŋ. Şŕăłőćłĺ èăàőć, àěèěâłĺ ĺ čàãŕŕë. Š. 1, 2. Ň.: Ňĺà, 1990. [10] Conway J. H., Sloane N. J. A. Sphere Packings, Lattices and Groups (Second Edition).

New York: Springer Verlag, 1993.

[11] Conway J. H., Sloane N. J. A. Sphere Packings,Lattices and Groups (Third Edition). New York: Springer Verlag, 1998.

[12] Rankin R. A. The closest packing of spherical caps in n dimensions // Proc. Glasgow Math.

Assoc. 1955. V. 2. P. 139{144.

[13] Ńěćěŋèâěľŋ Ć. Ĺ. Ő čàăŋĺæăå ďńï ãŕăłőćőł ć n-ňěàŋőň ěćłńĺďőćőň ŕàőáâàăŋáâćě // Ďőłń.

ĂŊ ŚŚŚŘ. 1979. Š. 245. Ś. 1299{1303.

[14] Śĺďěńìŋĺłőć Ć. Ň. Őą íłáâàěňăńìŋëåňŋőčőçńěŋăå, ĺáŕőńìğãěňëåŕàĺ őæěŋłăå ňőéŋőáâĺ łőďă // Ŕàőąńěňë ŕěàěďăçĺ ĺŋäőàňăæĺĺ. 1980. Š. 16. ò3. Ś. 17{30.

[15] Bannai E., Sloane N. J. A. Uniqueness of certain spherical codes // Canad. J. Math. 1981.

V. 33. P. 437{449.

[16] Ńěćěŋèâěľŋ Ć. Ĺ. Čàăŋĺæë ďńï ãŕăłőćőł ňěâàĺçěáłĺå ŕàőáâàăŋáâć ĺ ŋěłőâőàëě ĺå ŕàĺÄ ńőęěŋĺï // Ŕàőąńěňë łĺąěàŋěâĺłĺ. 1983. Š. 40. Ś. 44{110.

[17] đďĺŋ Ć. Ă. Ňĺŋĺňãň ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ âőçěçŋőľ áĺáâěňë ğăàïďőć // Ďĺáłàěâŋăï ňăâěň. 1992. Š. 4. ò2. Ś. 115{121.

[18] Boyvalenkov P. Extremal polynomials for obtaining bounds for spherical codes and designs // Discrete Comput. Geom. 1995. V. 14. P. 167{183.

[19] Boyvalenkov P. G., Danev D. P., Bumova S. P. Upper bounds on the minimum disÄ tance of spherical codes // IEEE Trans. Inform. Theory. 1996. V. 42. ò5. P. 1576{1581.

[20] Boyvalenkov P. On the upper bounds for the kissing numbers // Serdica. 1992. V. 18.

P. 278{285.

[21] Boyvalenkov P. On the extremality of the polynomials used for obtaining the best known upper bounds for the kissing numbers // J. Geom. 1994. V. 49. P. 67{71.

[22] Hardin R. H., Sloane N. J. A., Smith W. D. Spherical codes // http://www.research.att.com/~njas/packings/index.html.

[23] Čăńĺěć Ÿ. Ĺ. Ňŋőčőłàăâŋëě ãŕăłőćłĺ ĺ ŕőłàëâĺï áäěàë // Ďĺáłàěâŋăï ňăâěň. 1996.

Š. 8. ò3. Ś. 148{160.

[24] Ŕăèłőćáłĺľ Ś. Ćëçĺáńĺâěńìŋëě ŕàĺňěŋěŋĺï ňŋőčőçńěŋőć ĺ àïďőć Ůěąëèěćă. Ň.: Ŋăãłă, 1983.

(Ć.Ć. Ăàěáâőć) Şàăńìáłĺľ čőáãďăàáâćěŋŋëľ ãŋĺćěàáĺâěâ, č. Ěłăâěàĺŋąãàč (Ă.Č. Ąăąěŋłő) Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺ ňěåăŋĺłĺ ŞàŐ ŘĂŊ, č. Ěłăâěàĺŋąãàč E-mail: Vitalii.Arestov@usu.ru, Alexander.Babenko@imm.uran.ru

Ŕőáâãŕĺńő 02.08.1999 Ĺáŕàăćńěŋŋëľ ćăàĺăŋâ 01.03.2000