SPb. Math. Society Preprint 2002-14 20 Dec 2002

ŞĎŁ 519.72

Ă. Ć. Łőàőćłĺŋ, Ś. Ň. Ňăèăàáłĺľ Ő ĄŻŚŠŘŐŇ ŔŘĚŐĄŘĂĞŐĆĂŊĹĹ ĂŢŇĚĎĂ{ŘĂŐ Ś ŔŘŐŘĚĘĹĆĂŊĹĚŇ ŔŐ ĆŘĚŇĚŊĹ^1

Ŋă őáŋőćě ďĺáłàěâŋőčő ŕàěőąàăğőćăŋĺï Ăåňěďă{Řăő ć ŕàőáâàăŋáâćě ďĺáłàěâŋëå N-ŕěàĺőďĺçěáłĺå áĺčŋăńőć ŕàĺ N = 2^s ŕőáâàőěŋő ŕăàăňěâàĺçěáłőě áěňěľáâćő àěłãààěŋâŋëå ŕőáńěďőćăâěńìŋőáâěľ őàâőčőŋăńìŋëå ąăğĺáőć. Ŕàěďáâăćńěŋ ïćŋëľ ćĺď ąăğĺáŋëå áĺčŋăńőć. Ŕőłăğăŋő, łăł á ĺå ŕőňőéìî áäőàňĺàőćăâì őąőąéěŋŋëě ćěľćńěâ-ŕăłěâë. Ŕàěďńőęěŋ ąëáâàëľ ăńčőàĺâň ćëçĺáńěŋĺï łőíääĺæĺěŋâőć àăğńőęěŋĺľ ŕő ćáěň ãłăğăŋŋëň ąăğĺáăň.

Ććěďěŋĺě

Ďő 1970-å čč. őáŋőćŋëň ĺŋáâàãňěŋâőň ďĺáłàěâŋőčő čăàňőŋĺçěáłőčő ăŋăńĺğă ïćńïńőáì ŕàěőąàăğőćăŋĺě Ťãàìě. Řăğćĺâĺě ĺ àăáŕàőáâàăŋěŋĺě æĺäàőćëå İĆŇ ŕőâàěąőćăńő ŕàĺćńěçěŋĺï ć łńăááĺçěáłĺľ ďĺáłàěâŋëľ čăàňőŋĺçěáłĺľ ăŋăńĺğ ďàãčĺå őàâőčőŋăńìŋëå ŕàěőąàăğőćăŋĺľ, âăłĺå łăł ŕàěőąàăğőćăŋĺě Şőńèă, Ţăăàă, ďĺáłàěâŋőě łőáĺŋãáŋőě, ŕĺńőőąàăğŋőě ĺ ďàãčĺě ŕàěőąàăğőćăŋĺï [1, 2, 3]. Ć ĺå çĺáńě | ĺ ďĺáłàěâŋőě ŕàěőąàăğőćăŋĺě Ăåňěďă{Řăő [2], łőâőàőě ŕàěďáâăćńïěâ áőąőľ ŕăàăňěâàĺçěáłőě áěňěľáâćő ŕàěőąàăğőćăŋĺľ, ćłńîçăîéěě ć áěąï ŕàěőąàăğőćăŋĺï Ťãàìě ĺ Şőńèă.

Ć ŕőáńěďŋĺě čőďë ąëń àăğàăąőâăŋ ŋőćëľ ŕőďåőď ł ąëáâàëň őàâőčőŋăńìŋëň ŕàěőąàăğőćăŋĺïň. Ć àăąőâăå [4, 5] àěğãńìâăâë ŕàőňěęãâőçŋëå ćëçĺáńěŋĺľ ąëáâàőčő ŕàěőąàăğőćăŋĺï Ťãàìě ćŕěàćëě ąëńĺ ŕàőĺŋâěàŕàěâĺàőćăŋë łăł łőíääĺæĺěŋâë àăğńőęěŋĺľ ŕő ŋěłőâőàëň őàâőčőŋăńìŋëň ąăğĺáăň. Ć ŕàőáâàăŋáâćě ďĺáłàěâŋëå ŕěàĺőďĺçěáłĺå áĺčŋăńőć ŕàĺ ďńĺŋě ŕěàĺőďă, àăćŋőľ 2^s, ąëńĺ ŕőáâàőěŋë àěłãààěŋâŋëě ŕőáńěďőćăâěńìŋőáâĺ őàâőčőŋăńìŋëå ąăğĺáőć, ĺňěîéĺå ąńőçŋãî áâàãłâãàã. Ć àăąőâě [6] á ăŋăńőčĺçŋëå ŕőğĺæĺľ ŕàőăŋăńĺğĺàőćăŋő ďĺáłàěâŋőě ŕàěőąàăğőćăŋĺě Şőńèă. Ŋăĺąőńěě ŕőńŋő íâőâ ŕőďåőď ĺğńőęěŋ ć ŋěďăćŋĺå àăąőâăå [7, 8]. Ć ŋĺå ãłăğăŋő, łăł ĺğ ąńőłőć, ŕàĺŋăďńěęăéĺå àăğŋëň ąăğĺáăň àěłãààěŋâŋőľ ŕőáńěďőćăâěńìŋőáâĺ, äőàňĺàőćăâì őąőąéěŋŋëě ćěľćńěâŋëě ąăğĺáë.

Ć ŋăáâőïéěľ àăąőâě íâőâ ŕőďåőď ŕàĺňěŋěŋ ł ĺááńěďőćăŋĺî ďĺáłàěâŋőčő ŕàěőąàăğőćăŋĺï Ăåňěďă{Řăő. İâő ŕàěőąàăğőćăŋĺě ŕàěďáâăćńïěâ

1Řăąőâă ćëŕőńŋěŋă ŕàĺ äĺŋăŋáőćőľ ŕőďďěàęłě ć äőàňě áőćňěáâŋőčő čàăŋâă Ňĺŋĺáâěàáâćă őąàăğőćăŋĺï Řőááĺľáłőľ Ťěďěàăæĺĺ ĺ Ăďňĺŋĺáâàăæĺĺ Śăŋłâ-Ŕěâěàąãàčă (èĺäà čàăŋâă PD02-1.1-204).

őŕàěďěńěŋŋëľ ĺŋâěàěá, ŕőáłőńìłã ŕőàőęďăîéĺě ěčő ąăğĺáŋëě áĺčŋăńë ŕàĺŋĺňăîâ őčàăŋĺçěŋŋőě çĺáńő ğŋăçěŋĺľ ŋă ěďĺŋĺçŋőľ őłàãęŋőáâĺ łőňŕńěłáŋőľ ŕńőáłőáâĺ. Ć ŕàőáâàăŋáâćě ďĺáłàěâŋëå ŕěàĺőďĺçěáłĺå áĺčŋăńőć áâàőĺâáï áěňěľáâćő àěłãààěŋâŋëå ŕőáńěďőćăâěńìŋőáâěľ őàâőčőŋăńìŋëå ąăğĺáőć. Ťĺŋăńìŋëň ąăğĺáőň ćő ćáěå ŕőáńěďőćăâěńìŋőáâïå ïćńïîâáï ďĺáłàěâŋëě äãŋłæĺĺ Ăåňěďă{Řăő. Ŋă őáŋőćě íâĺå ŕőáńěďőćăâěńìŋőáâěľ áâàőĺâáï ăńčőàĺâň ąëáâàőčő ŕàěőąàăğőćăŋĺï Ăåňěďă{Řăő. İääěłâĺćŋëě àăáçěâŋëě äőàňãńë ŕőńãçăîâáï ŕãâěň ĺáŕőńìğőćăŋĺï ĺŋďěłáŋőľ âěåŋĺłĺ, łőčďă ŕàĺ ãňŋőęěŋĺĺ àăğàěęěŋŋőľ ňăâàĺæë ŋă ćěłâőà ãąĺàăîâáï ćáě őŕěàăæĺĺ á ŋãńěćëňĺ íńěňěŋâăňĺ ňăâàĺæë. Ŕőáńě ŕőáâàőěŋĺï ŕőáńěďőćăâěńìŋőáâĺ őàâőčőŋăńìŋëå ąăğĺáőć ěáâěáâćěŋŋëň őąàăğőň äőàňĺàãěâáï őąőąéěŋŋëľ ćěľćńěâ-ŕăłěâ.

Ŕàőłőňňěŋâĺàãěň áőďěàęăŋĺě áâăâìĺ ŕő ŕăàăčàăäăň. Ć § 1 ŕàĺćőďïâáï ŕàěďćăàĺâěńìŋëě áćěďěŋĺï, ŋěőąåőďĺňëě ďńï ďăńìŋěľèěčő ĺğńőęěŋĺï ňăâěàĺăńă. Ć § 2 ĺğãçăîâáï áćőľáâćă ňăâàĺæ-áőňŋőęĺâěńěľ, ćåőďïéĺå ć äăłâőàĺğăæĺî ňăâàĺæë ďĺáłàěâŋőčő ŕàěőąàăğőćăŋĺï Ăåňěďă{ Řăő, ĺ áâàőïâáï ŕőáńěďőćăâěńìŋőáâĺ őàâőčőŋăńìŋëå ąăğĺáőć. Ć § 3 ŕàěďáâăćńěŋă ćëçĺáńĺâěńìŋăï áåěňă ąëáâàőčő ŕàěőąàăğőćăŋĺï Ăåňěďă{Řăő. Ć § 4 ďěâăńìŋő ĺğãçăîâáï ąăğĺáŋëě áĺčŋăńë ĺğ àěłãààěŋâŋëå ŕőáńěďőćăâěńìŋőáâěľ: ćëïáŋïěâáï ĺå áâàãłâãàă ĺ ïćŋëľ ćĺď, ãáâăŋăćńĺćăěâáï áćïğì ňěęďã ďĺáłàěâŋëňĺ äãŋłæĺïňĺ Ăåňěďă{Řăő, čăàňőŋĺłăňĺ Ťãàìě ĺ äãŋłæĺïňĺ Şőńèă. Ć § 5 áâàőĺâáï őąőąéěŋŋëľ ćěľćńěâ-ŕăłěâ.

§1. Ŕàěďćăàĺâěńìŋëě áćěďěŋĺï

1.1. Őąőğŋăçĺň çěàěğ C N ńĺŋěľŋőě ŕàőáâàăŋáâćő łőňŕńěłáŋőğŋăç-

ŋëå N-ŕěàĺőďĺçěáłĺå äãŋłæĺľ æěńőçĺáńěŋŋőčő ăàčãňěŋâă x = x(j),

j ∈ Z. İńěňěŋâë ŕàőáâàăŋáâćă C N ąãďěň ŋăğëćăâì áĺčŋăńăňĺ. Ć C N

őąëçŋëň áŕőáőąőň ććőďïâáï áłăńïàŋőě ŕàőĺğćěďěŋĺě ĺ ŋőàňă: ⟨x, y⟩ = N−1∑ j=0 x(j) y(j), ‖x‖ = ⟨x, x⟩^{1/2}. Ěďĺŋĺçŋëň N-ŕěàĺőďĺçěáłĺň ĺňŕãńìáőň ŋăğëćăěâáï áĺčŋăń δ_N (j), àăćŋëľ ěďĺŋĺæě, łőčďă j ďěńĺâáï ŋă N, ĺ àăćŋëľ ŋãńî ŕàĺ őáâăńìŋëå

j ∈ Z. Śĺáâěňă áďćĺčőć δN (j), δN (j − 1), . . . , δN (j − N + 1) őąàăğãěâ

őàâőŋőàňĺàőćăŋŋëľ ąăğĺá ć C_N .

Ŕőńőęĺň u_k(j) = ω^{kj}_N , čďě ω_N = exp(2πi/N) | łőàěŋì N-ľ áâěŕěŋĺ ĺğ 1. Śĺčŋăńë u_0(j), u_1(j), . . . , u_{N−1}(j) őąàăğãîâ ěéě őďĺŋ őàâőčőŋăńìŋëľ ąăğĺá ć C_N , łőâőàëľ ŋăğëćăěâáï íłáŕőŋěŋæĺăńìŋëň.

1.2. Ć ďăńìŋěľèěň áçĺâăěň, çâő N = 2^s, čďě s | ŋăâãàăńìŋőě çĺáńő,

őâńĺçŋőě őâ ěďĺŋĺæë. Ŕőńőęĺň N_ν = N/2^ν, ´_ν = 2^{ν−1}. Ć çăáâŋőáâĺ, ´_1 = 1, ´_2 = 2, ´_{ν+1} = N_{s−ν} ŕàĺ ν = 0, 1, . . ., s.

Ńîąőě çĺáńő j ∈ 0 : N − 1 ňőęŋő ğăŕĺáăâì ć ďćőĺçŋőň łőďě: j = (j_{s−1}, j_{s−2}, . . . , j_0)_2. İâă ğăŕĺáì őğŋăçăěâ, çâő j = j_{s−1}2^{s−1} + j_{s−2}2^{s−2} + . . . + j_0, čďě j_ν ∈ {0, 1} ŕàĺ ćáěå ν = 0, 1, . . . , s − 1. Ććěďěň őąőğŋăçěŋĺě

rev_s(j) = (j_0, j_1, . . . , j_{s−1})_2.

Őŕěàăæĺï rev_s áőŕőáâăćńïěâ çĺáńã j çĺáńő rev_s(j), ďćőĺçŋëľ łőď łőâőàőčő àăćěŋ ŕěàěćěàŋãâőňã ďćőĺçŋőňã łőďã çĺáńă j. Ĺďěŋâĺäĺłăâőà rev áćïğăŋ áő áńőćőň àěćěàá, ă ĺŋďěłá s ãłăğëćăěâ ŋă łőńĺçěáâćő àěćěàâĺàãěňëå ďćőĺçŋëå àăğàïďőć.

1.3. Ďĺáłàěâŋőě ŕàěőąàăğőćăŋĺě Ăåňěďă{Řăő ŕàěďáâăćńïěâ áőąőľ

ŕăàăňěâàĺçěáłőě áěňěľáâćő ďĺáłàěâŋëå őàâőčőŋăńìŋëå ŕàěőąàăğőćăŋĺľ [2]. Ŕàĺ łăęďőň r = 1, . . . , s őŋő ğăďăěâáï ňăâàĺæěľ

G^{(r)} = D^{(r)}_s D^{(r)}_{s−1} · · · D^{(r)}_1 , (1.1) čďě D^{(r)}_ν = diag [ A^{(r)}_0 , A^{(r)}_1 , . . . , A^{(r)}_{Δν −1} ] ⊗ E_{Nν} , ν ∈ 1 : s; (1.2)

A^{(r)}_l = ( 1 ω rev^s�^{1(l)} N 1 −ω rev^s�^{1(l)} N ) , l ∈ 0 : ´_r − 1, ( 1 1 1 −1 ) , l ∈ ´_r : ´_s − 1;

(1.3)

E_{Nν} | ěďĺŋĺçŋăï ňăâàĺæă ŕőàïďłă N_ν, áĺňćőń ⊗ őğŋăçăěâ âěŋğőàŋőě ŕàőĺğćěďěŋĺě ňăâàĺæ (áň., ŋăŕàĺňěà, [9]).

Śĺčŋăńë w^{(r)}_k (j) = G^{(r)}[k, j], k = 0, 1, . . ., N − 1, (1.4) ŋăğőćěň ďĺáłàěâŋëňĺ äãŋłæĺïňĺ Ăåňěďă{Řăő. Ťőàňãńőľ (1.4) áĺčŋăńë w^{(r)}_k (j) őŕàěďěńěŋë ŋă őáŋőćŋőň ŕěàĺőďě j ∈ 0 : N − 1. Ďăńěě őŋĺ ŕàőďőńęăîâáï N-ŕěàĺőďĺçěáłĺ ŋă ćáě æěńëě j ∈ Z. Ŕàĺ äĺłáĺàőćăŋŋőň r ∈ 1 : s áĺáâěňă áĺčŋăńőć w^{(r)}_0 (j), w^{(r)}_1 (j), . . . , w^{(r)}_{N−1}(j) őąàăğãěâ őàâőčőŋăńìŋëľ ąăğĺá ć ŕàőáâàăŋáâćě C_N .

§2. Ŕőáńěďőćăâěńìŋőáâì őàâőčőŋăńìŋëå ąăğĺáőć 2.1. Ğăäĺłáĺàãěň r ∈ 1 : s ĺ ĺğãçĺň áćőľáâć ňăâàĺæ, ćåőďïéĺå ć

äăłâőàĺğăæĺî (1.1). Ććěďěň őąőğŋăçěŋĺě

a^{(r)}(l) = { ω rev^{s(2l)}

N , ěáńĺ l ∈ 0 : ´_r − 1, 1, ěáńĺ l ∈ ´_r : ´_s − 1.

Ńěňňă 2.1. Ňăâàĺæă D^{(r)}ν ĺňěěâ áńěďãîéãî áâàãłâãàã:

D^{(r)}_ν [lN_{ν−1} + σN_ν + p, lN_{ν−1} + τN_ν + p] = (−1)^{στ} [ a^{(r)}(l) ]_τ , l ∈ 0 : ´_ν − 1, p ∈ 0 : N_ν − 1, σ, τ ∈ {0, 1}; D^{(r)}_ν [k, j] = 0 ŕàĺ őáâăńìŋëå k, j ∈ 0 : N − 1.

Ďőłăğăâěńìáâćő. Ŕãáâì k = (2l + σ)Nν + p, j = (2l^′ + τ)Nν + p^′, čďě

p, p^′ ∈ 0 : N_ν − 1, l, l^′ ∈ 0 : ´_ν − 1, σ, τ ∈ {0, 1}. Śőčńăáŋő (1.2) ĺňěěň

D^{(r)}_ν [k, j] = { A^{(r)}_l [σ, τ], ěáńĺ l = l^′ ĺ p = p^′, 0 ć ŕàőâĺćŋőň áńãçăě.

Ŕàĺ íâőň ć áĺńã (1.3)

A^{(r)}_l [σ, τ] = { (−1)^{στ} ω^τ rev^s�^{1(l)}

N , l ∈ 0 : ´_r − 1, (−1)^{στ} , l ∈ ´_r : ´_s − 1 } = (−1)^{στ} [ a^{(r)}(l) ]_τ (2.1) (ňë ćőáŕőńìğőćăńĺáì âěň, çâő rev_{s−1}(l) = rev_s(2l)).

Ńěňňă ďőłăğăŋă. � Őąőğŋăçĺň Q^{(r)}ν = D^{(r)}ν D^{(r)}_{ν−1} · · · D^{(r)}_1 .

Ńěňňă 2.2. Ŕàĺ ćáěå ν = 1, . . . , s áŕàăćěďńĺćă äőàňãńă Q^{(r)}_ν [ Q^{(r)}_ν ]_∗ = 2^νE_N , čďě [ Q^{(r)}ν ]_∗ | áőŕàïęěŋŋăï ŕő őâŋőèěŋĺî ł Q^{(r)}ν ňăâàĺæă.

Ďőłăğăâěńìáâćő. Ŕàěęďě ćáěčő őâňěâĺň, çâő A^{(r)}_l^[A^{(r)}_l^{]∗} = 2E2 ŕàĺ

ćáěå l ∈ 0 : ´_s − 1. Őâáîďă, ŕőńìğãïáì áćőľáâćőň âěŋğőàŋőčő ŕàőĺğćěďěŋĺï (A ⊗ B)(C ⊗ D) = (AC) ⊗ (BD), ŕőńãçăěň D^{(r)}_ν [ D^{(r)}_ν ]_∗ = diag ( 2E_2, 2E_2, . . . , 2E_2

Δ_ν àăğ

) ⊗ E_{Nν} = 2E_N .

Őłőŋçăâěńìŋő, Q^{(r)}_ν [ Q^{(r)}_ν ]_∗ = D^{(r)}_ν D^{(r)}_{ν−1} · · · D^{(r)}_1 [ D^{(r)}_1 ]_∗ · · · [ D^{(r)}_{ν−1} ]_∗[ D^{(r)}_ν ]_∗ = 2^νE_N .

Ńěňňă ďőłăğăŋă. �

2.2. Ŋă őáŋőćě äăłâőàĺğăæĺĺ (1.1) ŕőáâàőĺň ć C N ŕàĺ N = 2^s ŕő-

áńěďőćăâěńìŋőáâì őàâőčőŋăńìŋëå ąăğĺáőć {g^{(r)}ν (k; j)}^{N−1}_{k=0} , ν = 0, 1, . . . , s, âăł, çâőąë g^{(r)}_0 (k; j) = δ_N (j − k) ĺ g^{(r)}s (k; j) = w^{(r)}_k (j). Śĺčŋăńë g^{(r)}ν (k; j) łăł íńěňěŋâë ŕàőáâàăŋáâćă C_N ąãďěň őąőğŋăçăâì g^{(r)}ν (k); ν-ľ ąăğĺá ğăŕĺèěň ć ćĺďě ćěłâőà-áĺčŋăńă g^{(r)}ν = ( g^{(r)}ν (0), g^{(r)}ν (1), . . . , g^{(r)}ν (N − 1) )_⊤ ĺ őŕàěďěńĺň ěčő äőàňãńőľ

g^{(r)}_ν = D^{(r)}_ν D^{(r)}_{ν−1} · · · D^{(r)}_1 g^{(r)}_0 . (2.2)

Ć ńěňňě 2.2, ŕő áãéěáâćã, ãáâăŋőćńěŋő, çâő áâàőłĺ ňăâàĺæë Q^{(r)}ν ŕőŕăàŋő őàâőčőŋăńìŋë ĺ łćăďàăâ ŋőàňë łăęďőľ ĺğ ŋĺå àăćěŋ 2^ν. Şçĺâëćăï áőőâŋőèěŋĺě g^{(r)}ν = Q^{(r)}ν g^{(r)}_0 , ŕàĺåőďĺň ł áńěďãîéěňã ćëćőďã.

Šěőàěňă 2.1. Ŕàĺ ćáěå ν ∈ 0 : s áĺčŋăńë g^{(r)}ν (0), g^{(r)}ν (1), . . . ,

g^{(r)}ν (N − 1) őąàăğãîâ őàâőčőŋăńìŋëľ ąăğĺá ć C_N ĺ ‖g^{(r)}ν (k)‖^2 = 2^ν , k = 0, 1, . . ., N − 1. Ĺğ (2.2) áńěďãěâ, çâő

g^{(r)}_ν = D^{(r)}_ν g^{(r)}_{ν−1}, ν = 1, . . . , s. (2.3)

Ťőàňãńă (2.3) ĺ ńěňňă 2.1 ŕőğćőńïîâ ğăŕĺáăâì àăğćěàŋãâãî áåěňã ŕěàěåőďă őâ ąăğĺáă g^{(r)}_{ν−1} ł ąăğĺáã g^{(r)}ν :

g^{(r)}_0 (k) = δ_N (· − k), k ∈ 0 : N − 1;

g^{(r)}ν (2lN_ν + p) = g^{(r)}_{ν−1}(lN_{ν−1} + p) + a^{(r)}(l) g^{(r)}_{ν−1}(lN_{ν−1} + N_ν + p), g^{(r)}ν ( (2l + 1)N_ν + p ) = g^{(r)}_{ν−1}(lN_{ν−1} + p) − a^{(r)}(l) g^{(r)}_{ν−1}(lN_{ν−1} + N_ν + p), (2.4) l ∈ 0 : ´_ν − 1, p ∈ 0 : N_ν − 1, ν = 1, . . . , s.

§3. Ąëáâàőě ŕàěőąàăğőćăŋĺě Ăåňěďă{Řăő

3.1. Ńîąőľ áĺčŋăń y ∈ C N ŕàĺ N = 2^s ňőęŋő àăğńőęĺâì ŕő

őàâőčőŋăńìŋőňã ąăğĺáã g^{(r)}ν (0), g^{(r)}ν (1), . . . , g^{(r)}ν (N − 1) ŕàĺ łăęďőň ν = 0, 1, . . . , s: y = N−1∑ k=0 y^{(r)}_ν (k) g^{(r)}_ν (k). (3.1)

Ğďěáì y^{(r)}ν (k) = 2^{−ν} ⟨y, g^{(r)}ν (k)⟩. Ć çăáâŋőáâĺ,

y^{(r)}_0 (k) = N−1∑ j=0 y(j) δ_N (j − k) = y(k), k = 0, 1, . . . , N − 1.

Śőčńăáŋő (2.4)

y^{(r)}_ν (2lN_ν +p) = 2^{−ν} [⟨ y, g^{(r)}_{ν−1}(lN_{ν−1}+p) ⟩ +a^{(r)}(l) ⟨ y, g^{(r)}_{ν−1}(lN_{ν−1}+N_ν +p) ⟩] = = 1 2 [ y^{(r)}_{ν−1}(lN_{ν−1} + p) + a^{(r)}(l) y^{(r)}_{ν−1}(lN_{ν−1} + N_ν + p) ] . Ăŋăńőčĺçŋőě ćëàăęěŋĺě ňőęŋő ŕőńãçĺâì ĺ ďńï y^{(r)}ν ( (2l + 1)N_ν + p ) . Ŕàĺåőďĺň ł áńěďãîéěľ àěłãààěŋâŋőľ áåěňě ćëçĺáńěŋĺï łőíääĺæĺěŋâőć àăğńőęěŋĺľ (3.1):

y^{(r)}_0 (k) = y(k), k ∈ 0 : N − 1;

y^{(r)}ν (2lN_ν + p) =^1_2 [ y^{(r)}_{ν−1}(lN_{ν−1} + p) + a^{(r)}(l) y^{(r)}_{ν−1}(lN_{ν−1} + N_ν + p) ] , y^{(r)}ν ( (2l + 1)N_ν + p ) =^1_2 [ y^{(r)}_{ν−1}(lN_{ν−1} + p) − a^{(r)}(l) y^{(r)}_{ν−1}(lN_{ν−1} + N_ν + p) ] , (3.2) l ∈ 0 : ´_ν − 1, p ∈ 0 : N_ν − 1, ν = 1, . . . , s. Ŕàĺ ν = s ŕőńãçăěň àăğńőęěŋĺě áĺčŋăńă y ŕő ďĺáłàěâŋëň äãŋłæĺïň Ăåňěďă{Řăő: y(j) = N−1∑ k=0 y^{(r)}_s (k) w^{(r)}_k (j).

Ŕőŕãâŋő ćëçĺáńïîâáï łőíääĺæĺěŋâë àăğńőęěŋĺľ ŕő ćáěň ŕàőňěęãâőçŋëň ąăğĺáăň.

Ťőàňãńă (3.2) ďőŕãáłăěâ őąàăéěŋĺě. Ďěľáâćĺâěńìŋő, ŕőńìğãïáì âěň, çâő |a^{(r)}(l)| = 1, ňőęŋő ğăŕĺáăâì

y^{(r)}_{ν−1}(lN_{ν−1} + p) = y^{(r)}ν (2lN_ν + p) + y^{(r)}ν ( (2l + 1)N_ν + p ) , y^{(r)}_{ν−1}(lN_{ν−1} + N_ν + p) = a^{(r)}(l) [ y^{(r)}ν (2lN_ν + p) − y^{(r)}ν ( (2l + 1)N_ν + p )] , (3.3) l ∈ 0 : ´_ν − 1, p ∈ 0 : N_ν − 1, ν = s, s − 1, . . . , 1. Őáŋőćŋăï àőńì äőàňãń (3.3) ğăłńîçăěâáï ć âőň, çâő á ĺå ŕőňőéìî ćëçĺáńïîâáï ğŋăçěŋĺï áĺčŋăńă y, ğăďăŋŋőčő ć ćĺďě (3.1) ŕàĺ ŋěłőâőàőň ν ∈ 1 : s, ŋă őáŋőćŋőň ŕěàĺőďě, ă ĺňěŋŋő:

y(k) = y^{(r)}_0 (k), k ∈ 0 : N − 1.

3.2. Ťőàňãńë (3.2) ŕàĺ r = s áőćŕăďăîâ á ćëçĺáńĺâěńìŋëňĺ äőàňã-

ńăňĺ ăńčőàĺâňă Łãńĺ{Šìîłĺ ąëáâàőčő ŕàěőąàăğőćăŋĺï Ťãàìě, áćïğăŋŋőčő á ŕàőàěęĺćăŋĺěň ŕő ćàěňěŋĺ [4, 10]. Ŕàĺ r = 1 äőàňãńë (3.2) őŕĺáëćăîâ ăńčőàĺâň ąëáâàőčő ŕàěőąàăğőćăŋĺï Şőńèă á ŕàőàěęĺćăŋĺěň ŕő ćàěňěŋĺ [6].

İâő ďăěâ ŋăň őáŋőćăŋĺě ŋăğćăâì ćëçĺáńĺâěńìŋãî áåěňã (3.2) ąëáâàëň ŕàěőąàăğőćăŋĺěň Ăåňěďă{Řăő, áćïğăŋŋëň á ŕàőàěęĺćăŋĺěň ŕő ćàěňěŋĺ.

§4. Śćőľáâćă ąăğĺáőć g^{(r)}ν

4.1. Ŕőńãçĺň ïćŋőě ŕàěďáâăćńěŋĺě ďńï ąăğĺáŋëå áĺčŋăńőć g^{(r)}ν (k).

Ďńï íâőčő ććěďěň áĺáâěňã ňăâàĺæ { T^{(r)}ν }_s ν=1:

T^{(r)}_1 = ( 1 1 1 −1 ) , (4.1)

T^{(r)}_ν [2l + σ, 2m + τ] = A^{(r)}_l [σ, τ] T^{(r)}_{ν−1}[l, m], (4.2) l, m ∈ 0 : ´_ν − 1, σ, τ ∈ {0, 1}, ν = 2, . . . , s. Őâňěâĺň, çâő T^{(r)}ν | łćăďàăâŋăï ňăâàĺæă ŕőàïďłă ´_{ν+1}.

Šěőàěňă 4.1. Śŕàăćěďńĺćő ŕàěďáâăćńěŋĺě

g^{(r)}_ν (lN_ν + p) =

Δ_ν+1−1 ∑ m=0 T^{(r)}_ν [l, m] g^{(r)}_0 (mN_ν + p), (4.3) l ∈ 0 : ´_{ν+1} − 1, p ∈ 0 : N_ν − 1, ν ∈ 1 : s.

Ďőłăğăâěńìáâćő ŕàőćěďěň ňěâőďőň ňăâěňăâĺçěáłőľ ĺŋďãłæĺĺ.

Ŕàĺ ν = 1 äőàňãńă (4.3) ŕàĺŋĺňăěâ ćĺď

g^{(r)}_1 (p) = g^{(r)}_0 (p) + g^{(r)}_0 (N_1 + p),

g^{(r)}_1 (N_1 + p) = g^{(r)}_0 (p) − g^{(r)}_0 (N_1 + p),

çâő áőćŕăďăěâ á (2.4) ŕàĺ ν = 1.

Śďěńăěň ĺŋďãłæĺőŋŋëľ ŕěàěåőď őâ ν − 1 ł ν. Ŕàěďáâăćĺň ĺŋďěłá l ∈ 0 : ´_{ν+1} − 1 ć ćĺďě l = 2l^′ + σ, čďě l^′ ∈ 0 : ´_ν − 1, σ ∈ {0, 1}. Ŋă őáŋőćăŋĺĺ (2.4), (2.1), ĺŋďãłæĺőŋŋőčő ŕàěďŕőńőęěŋĺï ĺ (4.2) ŕőńãçăěň g^{(r)}_ν ( (2l^′ + σ)N_ν + p ) = 1∑ τ=0 (−1)^{στ} [ a^{(r)}(l^′) ]_τ g^{(r)}_{ν−1}(l^′N_{ν−1} + τN_ν + p) =

= 1∑ τ=0 A^{(r)}_l0 [σ, τ]

Δ_ν −1∑

m0_{=0}

T^{(r)}_{ν−1}[l^′, m^′] g^{(r)}_0 ( m^′N_{ν−1} + (τN_ν + p) ) =

= Δ_ν −1∑

m0_{=0} 1∑ τ=0 T^{(r)}_ν [2l^′ + σ, 2m^′ + τ] g^{(r)}_0 ( (2m^′ + τ)N_ν + p ) =

= Δ_ν+1−1 ∑ m=0 T^{(r)}_ν [l, m] g^{(r)}_0 (mN_ν + p).

Šěőàěňă ďőłăğăŋă. �

Šěőàěňă 4.2. Śŕàăćěďńĺćő âőęďěáâćő

g^{(r)}_ν (lN_ν + p; j) = g^{(r)}_ν (lN_ν ; j − p), (4.4)

l ∈ 0 : ´_{ν+1} − 1, p ∈ 0 : N_ν − 1, ν ∈ 1 : s.

Ďőłăğăâěńìáâćő. Ć áőőâćěâáâćĺĺ á (4.3) ĺňěěň

g^{(r)}_ν (lN_ν ; j) =

Δ_ν+1−1 ∑ m=0 T^{(r)}_ν [l, m] δ_N (j − mN_ν ).

Ŕőíâőňã

g^{(r)}_ν (lN_ν ; j − p) =

Δ_ν+1−1 ∑ m=0 T^{(r)}_ν [l, m] δ_N ( j − (mN_ν + p) ) =

= Δ_ν+1−1 ∑ m=0 T^{(r)}_ν [l, m] g^{(r)}_0 (mN_ν + p; j) = g^{(r)}_ν (lN_ν + p; j).

Šěőàěňă ďőłăğăŋă. �

4.2. Ťőàňãńă (4.3) ďăěâ âőçŋőě ŕàěďáâăćńěŋĺě ő áâàãłâãàě ąăğĺá-

ŋëå áĺčŋăńőć, őďŋăłő łőíääĺæĺěŋâë ć íâőň àăğńőęěŋĺĺ ŋě őŕàěďěńěŋë ïćŋő, ă ćëçĺáńïîâáï àěłãààěŋâŋő ŕő äőàňãńě (4.2). Őâćěâ ŋă ćőŕàőá ő ïćŋőň ćëàăęěŋĺĺ ďńï íńěňěŋâőć ňăâàĺæë T^{(r)}ν őłăğëćăěâáï ďőćőńìŋő ŋěâàĺćĺăńìŋëň.

Ŕãáâì p, q | æěńëě çĺáńă, ŕàĺŋăďńěęăéĺě ňŋőęěáâćã {0, 1, . . . , N − 1}. Ğăŕĺèěň ĺå ďćőĺçŋëě łőďë p = (p_{s−1}, p_{s−2}, . . . , p_0)_2, q = (q_{s−1}, q_{s−2}, . . . , q_0)_2 ĺ ŕőńőęĺň {p, q}_ν = ν−1∑ k=0 p_k q_k. Ąãďěň ĺáŕőńìğőćăâì áâăŋďăàâŋëě őąőğŋăçěŋĺï ⌊α⌋ ďńï æěńőľ çăáâĺ ćěéěáâćěŋŋőčő çĺáńă α ĺ ⟨m⟩_n ďńï őáâăâłă őâ ďěńěŋĺï æěńőčő çĺáńă m ŋă ŋăâãàăńìŋőě n.

Šěőàěňă 4.3. Ŕãáâì ν ∈ 1 : s, l, m ∈ 0 : ´ν+1 − 1. Śŕàăćěďńĺćő àăćŋěáâćő

T^{(r)}_ν [l, m] = ω^m rev^{s(l)}

N , ěáńĺ l ∈ 0 : ´_{r+1} − 1;

ω^{Δκ} �r+2 ⌊_m Δ_κ�_r+2 ⌋ revs(l) N (−1)^{{l,⟨m⟩Δκ}�^{r+2 }s} , ěáńĺ l = ´_{κ+1} + l^′, l^′ ∈ 0 : ´_{κ+1} − 1, κ ∈ r : ν − 1. (4.5)

Ďőłăğăâěńìáâćő. Ŕãáâì çĺáńă l ĺ m ĺňěîâ ďćőĺçŋëě łőďë (lν−1,

l_{ν−2}, . . . , l_0)_2 ĺ (m_{ν−1}, m_{ν−2}, . . . , m_0)_2 áőőâćěâáâćěŋŋő.

Ŕàĺ ν = 1 ĺňěěň l = l_0 < ´_{r+1} ŋěğăćĺáĺňő őâ r, ŕőíâőňã

T^{(r)}_1 [l, m] = ω^m rev^{s(l)}

N = ω^{ml0Δs}_N = (−1)^{ml}, çâő áőőâćěâáâćãěâ (4.1).

Śďěńăěň ĺŋďãłæĺőŋŋëľ ŕěàěåőď őâ ν − 1 ł ν. Ĺŋďěłáë l, m ŕàěďáâăćĺň ć ćĺďě l = 2λ + l_0, m = 2μ + m_0, čďě λ = (l_{ν−1}, . . . , l_1)_2, μ = (m_{ν−1}, . . . , m_1)_2. Ŋěâàãďŋő ćĺďěâì, çâő rev_s(λ) = 2rev_s(2λ) ĺ

rev_s(l) = l_0´_s + rev_s(2λ). (4.6)

Őâáîďă, ć çăáâŋőáâĺ, áńěďãěâ, çâő

ω rev^{s(λ)}

N = ω^2 rev^{s(2λ)}

N = ω^2 rev^{s(l)}_N . (4.7)

Ĺáåőďï ĺğ (4.2) ĺ (2.1), ňőęěň ğăŕĺáăâì

T^{(r)}_ν [l, m] = (−1)^{l0m0} [ a^{(r)}(λ) ]_{m0} T^{(r)}_{ν−1}[λ, μ]. (4.8) Řăááňőâàĺň őâďěńìŋő áńãçăĺ l ∈ 0 : ´_{r+1} − 1, l ∈ ´_{r+1} : ´_{r+2} − 1 ĺ l ≥ ´_{r+2}.

Ŕàĺ l ∈ 0 : ´_{r+1} − 1 ĺňěěň λ ∈ 0 : ´_r − 1 ĺ, łăł áńěďáâćĺě, a^{(r)}(λ) = ω rev^{s(2λ)}

N . Ć áĺńã (4.8), ĺŋďãłæĺőŋŋőčő ŕàěďŕőńőęěŋĺï, (4.7) ĺ (4.6) ŕőńãçăěň

T^{(r)}_ν [l, m] = (−1)^{l0m0} ω^{m0} rev^{s(2λ)}

N ω^μ rev^{s(λ)} N = = ω^{m0(lΔs+} rev^{s(2λ))}

N ω^{2μ} rev^{s(l)}

N = ω^m rev^{s(l)} N , çâő áőőâćěâáâćãěâ (4.5).

Ŕãáâì l = ´_{r+1} + l^′, l^′ ∈ 0 : ´_{r+1} − 1, âőčďă λ = ´_r + ⌊l^′/2⌋ < ´_{r+1}. Ŕàĺ íâőň a^{(r)}(λ) = 1 ĺ

T^{(r)}_ν [l, m] = (−1)^{l0m0} ω^μ rev^{s(λ)}_N = ω^{2μ} rev^{s(l)}_N (−1)^{{l0 ,m0}s} ,

çâő áőőâćěâáâćãěâ ŋĺęŋěľ áâàőçłě äőàňãńë (4.5) ŕàĺ κ = r.

Ŕãáâì, ŋăłőŋěæ, l = ´_{κ+1} + l^′, l^′ ∈ 0 : ´_{κ+1} − 1, ŕàĺ ŋěłőâőàőň κ ∈ r + 1 : ν − 1. Ć íâőň áńãçăě λ = ´_{(κ−1)+1} + ⌊l^′/2⌋ ≥ ´_{r+1}, a^{(r)}(λ) = 1 ĺ T^{(r)}_ν [l, m] = (−1)^{l0m0} ω^{Δ(κ}

�1)�r+2 ⌊_μ Δ(_κ�1)�_r+2 ⌋ revs(λ)

N (−1)^{{λ,⟨μ⟩Δ(κ}�^{1)}�^{r+2 }s} =

= ω^{Δκ}

�r+2 ⌊_μ Δ_κ�_r+1 ⌋ revs(l) N (−1)^{{λ,⟨μ⟩Δκ}�^{r+1 }s +l0m0} .

Őáâăńőáì ğăňěâĺâì, çâő ⌊^μ_{Δκ}�_{r+1} ⌋ = ⌊^m_{Δκ}�_{r+2} ⌋ ĺ

{λ, ⟨μ⟩_{Δκ}�_{r+1} }_s + l_0m_0 = k−r∑ p=1 l_pm_p + l_0m_0 = {λ, ⟨m⟩_{Δκ}�_{r+2} }_s.

Šěőàěňă ďőłăğăŋă. �

Śńěďáâćĺě. Ŋěŋãńěćëě ğŋăçěŋĺï ńîąőčő ąăğĺáŋőčő áĺčŋăńă g^{(r)}ν (k; j) ĺňěîâ ćĺď ω^n_{Δr+1} , čďě n | ŋěłőâőàőě æěńőě çĺáńő ĺğ ňŋőęěáâćă {0, 1, . . . , ´_{r+1} − 1}, ğăćĺáïéěě őâ ν, k ĺ j.

Ďěľáâćĺâěńìŋő, ćáě ğŋăçěŋĺï áĺčŋăńă g^{(r)}ν (k; j) àăćŋë ńĺąő ŋãńî, ńĺąő łăłőňã-âő íńěňěŋâã ňăâàĺæë T^{(r)}ν . Ŕàĺ íâőň, áőčńăáŋő (4.5), ćőğňőęŋë ďćă ćăàĺăŋâă: ńĺąő l ∈ 0 : ´_{r+1} −1, ĺ âőčďă rev_s(l) = (l_0, . . . , l_{r−1}, 0, . . . , 0)_2 = N_rrev_r(l) ĺ

ω rev^{s(l)}

N = ω rev^{r (l)}_{Δr+1} ; (4.9) ńĺąő l = ´_{κ+1} + l^′ ŕàĺ ŋěłőâőàőň κ ∈ r : ν − 1, ĺ âőčďă rev_s(l) = N_{κ+1}rev_{κ+1}(l) ĺ ω^{Δκ}�^{r+2} rev^{s(l)}

N = ω rev^{κ+1(l)}

Δ_r+1 , (4.10)

ŕőáłőńìłã ´_{κ−r+2}N_{κ+1} = N_r.

4.3. Ťőàňãńă (4.3) ŕàĺ ν = s ďăěâ ŋăň ćëàăęěŋĺě ďńï ďĺáłàěâŋëå

äãŋłæĺľ Ăåňěďă{Řăő:

w^{(r)}_l (j) = f^{(r)}_s (l; j) = N−1∑ m=0 T^{(r)}_s [l, m] δ_N (m − j) = T^{(r)}_s [l, j].

Ć çăáâŋőáâĺ, ŕàĺ r = s áőčńăáŋő (4.5) ĺňěěň

w^{(s)}_l (j) = ω^j rev^{s(l)} N = u rev_{s(l)}(j), l, j ∈ 0 : N − 1. Ďàãčĺňĺ áńőćăňĺ, ďĺáłàěâŋëě äãŋłæĺĺ Ăåňěďă{Řăő w^{(s)}_l ńĺèì ŕőàïďłőň ŋãňěàăæĺĺ őâńĺçăîâáï őâ ďĺáłàěâŋëå íłáŕőŋěŋæĺăńìŋëå äãŋłæĺľ.

Ňěŋěě őçěćĺďěŋ áńěďãîéĺľ àěğãńìâăâ.

Šěőàěňă 4.4. Ŕàĺ r = 1 ďĺáłàěâŋëě äãŋłæĺĺ Ăåňěďă{Řăő áőćŕăďăîâ á ďĺáłàěâŋëňĺ äãŋłæĺïňĺ Şőńèă: w^{(1)}_l (j) = (−1)^{{l,j}s} , l, j ∈ 0 : N − 1.

Ďőłăğăâěńìáâćő. Ğăäĺłáĺàãěň l, m ∈ 0 : N − 1, l = (ls−1, . . . , l0)2,

m = (m_{s−1}, . . . , m_0)_2. Ťőàňãńă (4.5) ŕàĺ r = 1 ĺ ν = s á ãçěâőň (4.9) ĺ (4.10) ŕàĺňěâ ćĺď

T^{(1)}_s [l, m] =

(−1)^m rev^{1(l)}, ěáńĺ l ∈ {0, 1};

(−1) ⌊_m Δ_κ+1 ⌋ revκ+1(l)( −1)^{{l,⟨m⟩Δκ+1 }s} , ěáńĺ l = ´_{κ+1} + l^′, l^′ ∈ 0 : ´_{κ+1} − 1, κ ∈ 1 : s − 1. (4.11)

Ěáńĺ l_{s−1} = l_{s−2} = . . . = l_1 = 0, âő l = l_0 = rev_1(l) ĺ

T^{(1)}_s [l, m] = (−1)^{l0(m0+2m1+...)} = (−1)^{l0 m0} = (−1)^{{l,m}s} .

Ěáńĺ l_{s−1} = l_{s−2} = . . . = l_{κ+1} = 0 ĺ l_κ = 1 ŕàĺ ŋěłőâőàőň κ ∈ 1 : s − 1, âő l = ´_{κ+1} + l^′, čďě l^′ = (l_{κ−1}, . . . , l_0)_2, ĺ rev_{κ+1}(l) = (l_0, l_1, . . . , l_{κ−1}, 1)_2 = 2rev_κ(l^′) + 1. Śőčńăáŋő (4.11) ĺňěěň

T^{(1)}_s [l, m] = (−1) ⌊_m Δ_κ+1 ⌋ (−1)^{{l,⟨m⟩Δκ+1 }s} = (−1)^{mκ +{l,⟨m⟩Δκ+1 }s} . Ŕàĺ íâőň

m_κ + {l, ⟨m⟩_{Δκ+1} }_s = l_κm_κ + κ−1∑ p=0 l_pm_p = {l, m}_s. Ĺâăł, ňë ŕőłăğăńĺ, çâő ŕàĺ ćáěå l, m ∈ 0 : N − 1 ćëŕőńŋïěâáï àăćěŋáâćő T^{(1)}s [l, m] = (−1)^{{l,m}s} . Őáâăńőáì ãçěáâì, çâő w^{(1)}_l (j) = T^{(1)}s [l, j].

Šěőàěňă ďőłăğăŋă. �

§5. Őąőąéěŋŋëě ćěľćńěâŋëě ąăğĺáë

2.1. Ŋă őáŋőćě àěłãààěŋâŋőľ áåěňë ŕěàěáçěâă ąăğĺáőć (2.4) ŕàĺ łă-

ęďőň r ∈ 1 : s ňőęŋő áâăŋďăàâŋëň őąàăğőň ŕőáâàőĺâì őąőąéěŋŋëľ ćěľćńěâ-ŕăłěâ [7, 8]. Ă ĺňěŋŋő, ňőęŋő áçĺâăâì, çâő ąăğĺá g^{(r)}_{ν−1} àăğąĺâ ŋă ´_ν ąńőłőć; ąńőłĺ ŕőňěçěŋë ĺŋďěłáőň l. Łăęďëľ âăłőľ ąńőł áőďěàęĺâ N_{ν−1} íńěňěŋâőć á ĺŋďěłáăňĺ p ĺ p + N_ν . Śőčńăáŋő äőàňãńăň (2.4) ąńőł á ĺŋďěłáőň l ąăğĺáă g^{(r)}_{ν−1} ŕőàőęďăěâ ďćă ąńőłă ąăğĺáă g^{(r)}ν á ĺŋďěłáăňĺ 2l ĺ 2l + 1, ŕàĺçěň ć łăęďőň ąńőłě ŋăåőďĺâáï N_ν íńěňěŋâőć á ćŋãâàěŋŋĺň ĺŋďěłáőň p. Šăłőě àăğąĺěŋĺě ŋă ąńőłĺ őąńăďăěâ ğăňěçăâěńìŋëň áćőľáâćőň: áőčńăáŋő âěőàěňě 4.2 áĺčŋăńë l-čő ąńőłă ć ąăğĺáě g^{(r)}ν ïćńïîâáï áďćĺčăňĺ őąàăğãîéěčő áĺčŋăńă g^{(r)}ν (lN_ν ; j).

Łőńĺçěáâćő őàâőčőŋăńìŋëå ąăğĺáőć ć ŕàőáâàăŋáâćě C_N ňőęŋő ğŋăçĺâěńìŋő ãćěńĺçĺâì, ěáńĺ äőàňĺàőćăâì ąăğĺáë ĺğ ąńőłőć àăğŋëå ãàőćŋěľ. Ŕàĺ íâőň ć ąăğĺá ďőńęŋë ćłńîçăâìáï âőńìłő âě ąńőłĺ, łőâőàëě ŋě ŕőďćěàčăîâáï ďăńìŋěľèěňã ďěńěŋĺî (âăł ŋăğëćăěňëě óćĺáïçĺěô ąńőłĺ). Šăłĺě ąăğĺáë ŕőńãçăîâáï őàâőčőŋăńìŋëňĺ ăćâőňăâĺçěáłĺ: őàâőčőŋăńìŋőáâì áĺčŋăńőć (ν − 1)-čő ãàőćŋï ĺğćěáâŋă, ă áĺčŋăńë łăęďőčő ćĺáïçěčő ąńőłă ν-čő ãàőćŋï ïćńïîâáï ńĺŋěľŋëňĺ łőňąĺŋăæĺïňĺ áĺčŋăńőć ŋěłőâőàőčő ąńőłă (ν − 1)-čő ãàőćŋï ĺ ŕőíâőňã őŋĺ őàâőčőŋăńìŋë áĺčŋăńăň ĺğ őáâăńìŋëå ąńőłőć (ν − 1)-čő ãàőćŋï.

Őàâőčőŋăńìŋëě ąăğĺáë ć C_N ŕàĺ N = 2^s, áäőàňĺàőćăŋŋëě ĺğ ąńőłőć ćáěå ãàőćŋěľ ν = 1, . . . , s, ŋăğëćăîâáï őąőąéěŋŋëňĺ ćěľćńěâŋëňĺ ąăğĺáăňĺ. Śőćőłãŕŋőáâì ćáěå ćőğňőęŋëå ćěľćńěâŋëå ąăğĺáőć (ŕàĺ äĺłáĺàőćăŋŋőň r) őąàăğãěâ őąőąéěŋŋëľ ćěľćńěâ-ŕăłěâ.

Šăłĺň őąàăğőň, ŋă őáŋőćě ďĺáłàěâŋőčő ŕàěőąàăğőćăŋĺï Ăåňěďă{Řăő á ŕàőàěęĺćăŋĺěň ŕő ćàěňěŋĺ ć ŕàőáâàăŋáâćě C_N ňőęŋő ŕőáâàőĺâì s ćěľćńěâ-ŕăłěâőć. Ŕàĺ íâőň r-ľ ćěľćńěâ-ŕăłěâ åăàăłâěàĺğãěâáï áńěďãîéěľ őáőąěŋŋőáâìî: łăęďëľ áĺčŋăń ĺğ ńîąőčő ćěľćńěâŋőčő ąăğĺáă ňőęěâ ŕàĺŋĺňăâì ğŋăçěŋĺï âőńìłő ĺğ ňŋőęěáâćă {0, ω^0_{Δr+1} , ω^1_{Δr+1} , . . . , ω^{Δr+1−1}_{Δr+1} }. Ŋăŕàĺňěà, ŕàĺ r = 1 ŋěŋãńěćëňĺ ğŋăçěŋĺïňĺ áĺčŋăńőć ňőčãâ ąëâì âőńìłő çĺáńă 1 ĺ −1; ŕàĺ r = 2 | çĺáńă 1, −1, i ĺ −i; ĺ â. ď.

Őáőąő ćëďěńĺň ćěľćńěâŋëľ ąăğĺá, łőâőàëľ ŕőńãçĺâáï, ěáńĺ łăęďëľ àăğ ďěńĺâì ąńőł á áăňëň ňăńěŋìłĺň ŋőňěàőň (çâő áőőâćěâáâćãěâ ćëąőàã l = 0 ć äőàňãńăå (2.4)). Ŕőáłőńìłã a^{(r)}(0) = 1 ŕàĺ ćáěå r, âő ĺğ (2.4) ŕőńãçĺň g^{(r)}_0 (k) = δ_N (· − k), k ∈ 0 : N − 1;

g^{(r)}ν (p) = g^{(r)}_{ν−1}(p) + g^{(r)}_{ν−1}(N_ν + p),

g^{(r)}ν (N_ν + p) = g^{(r)}_{ν−1}(p) − g^{(r)}_{ν−1}(N_ν + p),

(5.1) p ∈ 0 : N_ν − 1, ν = 1, . . . , s. Őâňěâĺň, çâő äőàňãńë (5.1) ŕàĺ ńîąőň r ŕőàőęďăîâ őďĺŋ ĺ âőâ ęě ćěľćńěâŋëľ ąăğĺá

g_s(0); g_ν(N_ν + p), p ∈ 0 : N_ν − 1, ν = 1, . . . , s.

İâőâ ąăğĺá ŋăğëćăěâáï ąăğĺáőň Ţăăàă, áćïğăŋŋëň á ŕàőàěęĺćăŋĺěň ŕő ćàěňěŋĺ. Őŋ ąëń ćŕěàćëě àăááňőâàěŋ ć [10] ĺ ďěâăńìŋő ĺğãçěŋ ć [11, 12].

Śŕĺáőł ńĺâěàăâãàë

[1] Šàăåâňăŋ Ă. Ň., Šàăåâňăŋ Ć. Ă. Őáŋőćë âěőàĺĺ ďĺáłàěâŋëå áĺčŋăńőć ŋă łőŋěçŋëå ĺŋâěàćăńăå. Ň.: Śőćěâáłőě àăďĺő, 1975. 208 á.

[2] Ăåňěď Ŋ., Řăő Ł. Ř. Őàâőčőŋăńìŋëě ŕàěőąàăğőćăŋĺï ŕàĺ őąàăąőâłě æĺäàőćëå áĺčŋăńőć. Ň.: Śćïğì, 1980. 248 á.

[3] Ďăčňăŋ İ. Ě., Łãåăàěć Č. Ă. Ąëáâàëě ďĺáłàěâŋëě őàâőčőŋăńìŋëě ŕàěőąàăğőćăŋĺï. Ŋőćőáĺąĺàáł: Ŋăãłă, 1983. 232 á.

[4] Ňăńőğěňőć Ć. Ŋ., Šàěâìïłőć Ă. Ă. Ŋőćëľ ŕőďåőď ł ăńčőàĺâňã Łãńĺ{Šìîłĺ // Ćěáâŋĺł ŚŔąČŞ. Śěà. 1. 1997. Ćëŕ. 3 (ò15). Ś. 57{ 60. [5] Ňăńőğěňőć Ć. Ŋ., Šàěâìïłőć Ă. Ă. Ăńčőàĺâň Łãńĺ{Šìîłĺ ĺ ďĺáłàěâŋőě ŕàěőąàăğőćăŋĺě Ţăăàă // Ćěáâŋĺł ŚŔąČŞ. Śěà. 1. 1998. Ćëŕ. 3 (ò15). Ś. 31{34.

[6] Ňăńőğěňőć Ć. Ŋ., Šàěâìïłőć Ă. Ă. Śěłæĺőŋĺàőćăŋĺě, őàâőčőŋăńìŋőáâì ĺ ŕěàěáâăŋőćłĺ // Ćěáâŋĺł ŚŔąČŞ. Śěà. 1. 1999. Ćëŕ. 1 (ò1). Ś. 16{21.

[7] Ňăńőğěňőć Ć. Ŋ., Ňăèăàáłĺľ Ś. Ň. Őąőąéěŋŋëě ćěľćńěâŋëě ąăğĺáë, áćïğăŋŋëě á ďĺáłàěâŋëň ŕàěőąàăğőćăŋĺěň Ćĺńěŋłĺŋă|Łàěáâěŋáőŋă // Ăńčěąàă ĺ ăŋăńĺğ. 2001. Š. 13. ò1. Ś. 111{157.

[8] Ňăńőğěňőć Ć. Ŋ., Ňăèăàáłĺľ Ś. Ň. Ťőàňãńă Čńăááňăŋă, ąëáâàőě ŕàěőąàăğőćăŋĺě Ťãàìě ĺ ćěľćńěâŋëě àăğńőęěŋĺï // Šàãďë Śăŋłâ- Ŕěâěàąãàčáłőčő ňăâěňăâĺçěáłőčő őąéěáâćă. Š. 9. 2001. Ś. 97{119.

[9] Ćőěćőďĺŋ Ć. Ć., Łãğŋěæőć đ. Ă. Ňăâàĺæë ĺ ćëçĺáńěŋĺï. Ň.: Ŋăãłă, 1984. 318 á.

[10] Ňăńőğěňőć Ć. Ŋ., Ŕěćŋëľ Ă. Ą., Šàěâìïłőć Ă. Ă. Ąëáâàőě ćěľćńěâŋőě ŕàěőąàăğőćăŋĺě ďĺáłàěâŋëå ŕěàĺőďĺçěáłĺå áĺčŋăńőć ĺ ĺğőąàăęěŋĺľ // Ŕàőąńěňë ŕěàěďăçĺ ĺŋäőàňăæĺĺ. 1998. Š. 34. Ćëŕ. 2. Ś. 77{85.

[11] Ňăńőğěňőć Ć. Ŋ., Ňăèăàáłĺľ Ś. Ň. Śàăćŋĺâěńìŋőě ĺğãçěŋĺě ďćãå ćěľćńěâŋëå ąăğĺáőć // Ŕàőąńěňë ŕěàěďăçĺ ĺŋäőàňăæĺĺ. 2000. Š. 36. Ćëŕ. 2. Ś. 27{37.

[12] Ňăńőğěňőć Ć. Ŋ., Ňăèăàáłĺľ Ś. Ň. Ţăăàőćáłĺě áŕěłâàë ďĺáłàěâŋëå áćěàâőł // Ęãàŋ. ćëçĺáń. ňăâ. ĺ ňăâěň. äĺğ. 2000. Š. 40. ò6. Ś. 954{960. 14

ŔĚŘĚĆŐĎ ŊĂĞĆĂŊĹ§ ŚŠĂŠĲĹ ŊĂ ĂŊČŃĹĽŚŁĹĽ §ĞŻŁ

A. V. Korovkin and S. M. Masharsky ON THE FAST AHMED{RAO TRANSFORM WITH SUBSAMPLING IN TIME