x I.1 Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (ff) 26

ČŃĂĆĂ I

Ňěàă ĺààăæĺőŋăńìŋőáâĺ ğŋăçěŋĺľ E-äãŋłæĺľ

x1. Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (α)

Ďőčőćőàĺňáï áàăğã ŕàěďáâăćńěŋĺě äãŋłæĺĺ f(z) ć ćĺďě àïďă (0.4) ŋăÄ ğëćăâì ŋőàňăńìŋëň àăğńőęěŋĺěň äãŋłæĺĺ ć áâěŕěŋŋőľ àïď (ĺńĺ ŕàőáâő ŋőàňăńìŋëň àăğńőęěŋĺěň), ă çĺáńă {f_ν }^∞_{ν=0} { łőíääĺæĺěŋÄ âăňĺ ć ŋőàňăńìŋőň àăğńőęěŋĺĺ. Ŕàĺ íâőň ć áńãçăě f(z) ∈ C [z] ąãďěâ áçĺâăâìáï, çâő f_ν = 0 ďńï ν > deg f.

Ŕőńőęĺň

N = [ (log M)^{1/(m+1)} ] , ε = 1 3(N + m − 1)

, (1.1)

ŕàĺ íâőň ąãďěň áçĺâăâì ŋăâãàăńìŋëľ ŕăàăňěâà M ďőáâăâőçŋő ąőńìÄ èĺň, â.ě. M > M_∗(f_1, . . . , f_m). Ąãłćë C á ĺŋďěłáăňĺ ąãďěň ĺáŕőńìğőÄ ćăâì ďńï őąőğŋăçěŋĺï ŕőńőęĺâěńìŋëå ŕőáâőïŋŋëå, ğăćĺáïéĺå őâ äãŋłÄ æĺľ f_1(z), . . . , f_m(z) ĺ çĺáńă α.

Ńěňňă 1.1. Ďńï ŋăâãàăńìŋőčő M > M_∗ ĺ ćëąàăŋŋëå áőčńăáÄ ŋő (1.1) çĺáńăň N ĺ ε áãéěáâćãîâ ňŋőčőçńěŋë P_{—κ}(z) ∈ Q [z], —κ ∈ ˙, ãďőćńěâćőàïîéĺě áńěďãîéĺň ãáńőćĺïň:

1) ŋě ćáě őŋĺ âőęďěáâćěŋŋő àăćŋë ŋãńî; 2) deg P_{—κ} < M ďńï ćáěå —κ ∈ ˙;

3) łőíääĺæĺěŋâë ć ŋőàňăńìŋőň àăğńőęěŋĺĺ íâĺå ňŋőčőçńěÄ ŋőć ïćńïîâáï æěńëňĺ çĺáńăňĺ, őčàăŋĺçěŋŋëňĺ ŕő ňőďãńî ćěńĺçĺŋőľ C^{ωM/ε}_0 ;

x I.1 Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (ff) 27

4) ŕőàïďőł ŋãńï ć âőçłě z = 0 łăęďőľ ĺğ ńĺŋěľŋëå äãŋłæĺőÄ ŋăńìŋëå äőàň (0.21) ŋě ŋĺęě K = [ (ω − ε)M θ ] = [( 2 − m − 1 N + m − 1 − ε θ ) M ] .

Ďőłăğăâěńìáâćő. Řăááňőâàĺň ŋőàňăńìŋőě àăğńőęěŋĺě âàěąãěňëå ňŋőčőçńěŋőć: P—_κ(z) = M−1∑ ν=0 P—_{κ,ν} ν! z^ν , —κ ∈ ˙, (1.2)

ĺ ąãďěň ĺáłăâì ŋãęŋãî áőćőłãŕŋőáâì æěńëå çĺáěń P_{—κ,ν} , —κ ∈ ˙, ν = 0, 1, . . . , M − 1, őąéěě łőńĺçěáâćő łőâőàëå ωM.

Ŕőńìğãïáì őŕàěďěńěŋĺěň E-äãŋłæĺĺ őďŋőćàěňěŋŋő ďńï äãŋłæĺľ

f_j(z) = ∞∑ ν=0 f_{j,ν} ν! z^ν , j = 1, . . . , m,

ŕőńãçĺň ŋěłőâőàãî ŕőńőęĺâěńìŋãî łőŋáâăŋâã C ĺ ŕőáńěďőćăâěńìŋőáâì {φ_n}^∞_n=1 ⊂ N âăłĺě, çâő |φ_K f_{j,ν} | < C2^K , φ_K f_{j,ν} ∈ Z, j = 1, . . . , m, ν = 0, 1, . . . , K − 1. (1.3) Ğăŕĺèěň ĺáłőňëě äőàňë ć ćĺďě

R—_s(z) = ∞∑ μ=0 R—_{s,μ} μ! z^μ, —s ∈ ^,

čďě, áőčńăáŋő äőàňãńăň (0.21),

R—_{s,μ} = P—_{s,μ} + m∑ j=1 ∑ 06ν6μ μ−ν<M

( μ ν ) P—_{s−}—_{ej,μ−ν} f_{j,ν} , μ = 0, 1, . . . , K − 1.

x I.1 Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (ff) 28

Ďőňŋőęăï łăęďőě ĺğ íâĺå àăćěŋáâć ŋă φ_K , ňë ŕőńãçĺň, áőčńăáŋő ãáńőÄ ćĺî ord_{z=0} R_{—s}(z) ¿ K, —s ∈ ^,

ć âőçŋőáâĺ θK 6 (ω − ε)M ńĺŋěľŋëå ãàăćŋěŋĺľ φ_K R—_{s,μ} = 0, —s ∈ ^, μ = 0, 1, . . . , K − 1, őâŋőáĺâěńìŋő P_{—κ,ν} , —κ ∈ ˙, ν = 0, 1, . . . , M − 1, æěńëě łőíääĺæĺěŋâë łőâőàëå ć áĺńã (1.3) ĺ âőčő, çâő ( μ ν ) < 2^K , ν = 0, 1, . . . , μ, μ = 0, 1, . . . , K − 1, őčàăŋĺçěŋë ŕő ňőďãńî ćěńĺçĺŋőľ 2^K C^{2K} . Őáâăńőáì ćőáŕőńìğőćăâìáï ńěňňőľ Ğĺčěńï (áň. ńěňňã 11 [20, čń.3]), áőčńăáŋő łőâőàőľ áãéěáâćãěâ ŋěâàĺćĺăńìŋëľ ŋăąőà ňŋőčőçńěŋőć (1.2) á æěńëňĺ łőíääĺæĺěŋâăňĺ ć ŋőàňăńìŋőň àăğńőęěŋĺĺ, őčàăŋĺçěŋŋëňĺ ŕő ňőďãńî ćěńĺçĺŋőľ ( ¯2^K C^{2K}

)ˇ_/(¯_−ˇ) < ( ωM22^M C4^M )_{ω/ε} . Şçĺâëćăï, çâő ω < M áőčńăáŋő (1.1), ŕőńãçăěň âàěąãěňőě.

Ďőłăęěň âěŕěàì ãłăğăŋŋőě ćëèě áćőľáâćő (0.23) ďĺääěàěŋæĺăńìŋőčő őŕěàăâőàă (0.22): D m∑ j=1 a_jf_j(z) = m∑ j=1 a_j f._j z. (z) − m∑ j=1 (_m∑ l=1 Q_{lj}(z)a_l ) f_j(z)

= m∑ l=1 a_l f._l z. (z) − m∑ l=1 a_l m∑ j=1 Q_{lj}(z)f_j (z)

= m∑ l=1 a_l ( f^′_l (z) − m∑ j=1 Q_{lj}(z)f_j (z) )

= m∑ l=1 a_lQ_l0(z).

x I.1 Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (ff) 29

Ŕőńőęĺň P [0]—_κ (z) =P—_κ(z), —κ ∈ ˙;

R[0]—_s (z) =R—_s(z), —s ∈ ^,

čďě P_{—κ}(z), —κ ∈ ˙, ĺ R_{—s}(z), —s ∈ ^, { ŕőáâàőěŋŋëě ć ńěňňě 1.1 ňŋőčőçńěŋë ĺ őâćěçăîéĺě ĺň ńĺŋěľŋëě äőàňë (0.21);

R[0](z; —a) = ∑ —s∈^ —a^{—s}R^{[0]}_{—s} (z).

Šőčďă äãŋłæĺőŋăńìŋëě äőàňë

R[^n](z; —a) = ( T (z)D )_n R[0](z; —a), n ¿ 0,

ąãďãâ ĺňěâì ćĺď

R[^n](z; —a) = ∑ —κ:|—κ|=N —a^{—κ}P^{[n]}_{—κ} (z)+ ∑ —κ:|—κ|=N−1 —a^{—κ}P^{[n]}_{—κ} (z) m∑ j=1 a_jf_j(z), n ¿ 0,

ĺ ćåőďïéĺě ć ŋĺå ňŋőčőçńěŋë őâ z ãďőćńěâćőàïîâ áńěďãîéĺň àěłãàÄ àěŋâŋëň áőőâŋőèěŋĺïň:

P [^n+1]

—κ (z) = T (z) ( d dz P [^n]—_κ (z) − m∑ l,j=1 (κ_j − δ_{lj} + 1)Q_{lj}(z)P^{[n]}_{—κ−—el+—ej} (z)

+ ( |—κ| − N + 1 )^m∑ l=1 Q_l0(z)P [^n]—_{κ−}—_{el} (z) ) , —κ ∈ ˙, n ¿ 0. (1.4)

Ăŋăńőčĺçŋëň áőőâŋőèěŋĺïň ãďőćńěâćőàïîâ ĺ őâćěçăîéĺě łăęďőľ äãŋłæĺőŋăńìŋőľ äőàňě

R[^n](z; —a) = ∑ —s∈^ —a^{—s}R^{[n]}_{—s} (z), n ¿ 0, x I.1 Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (ff) 30

ńĺŋěľŋëě äőàňë R^{[n]}_{—s} (z), —s ∈ ^, n ¿ 0, őâ äãŋłæĺľ f_1(z), . . . , f_m(z):

R[^n+1]

—s (z) = T (z) ( d dz R[^n]—_s (z) − m∑ l,j=1 (s_j − δ_{lj} + 1)Q_{lj}(z)R^{[n]}_{—s−—el+—ej} (z) ) , —s ∈ ^, n ¿ 0. (1.5)

Ěáńĺ ććěáâĺ őąőğŋăçěŋĺě

t = max { deg T, max_{l,j} {deg T Q_{lj}} } ,

âő ĺğ ńěňňë 1.1 ĺ áőőâŋőèěŋĺľ (1.4), (1.5) ĺňěěň:

deg P^{[n]}_{—κ} <M + tn, —κ ∈ ˙, n ¿ 0; (1.6)

ord_{z=0} R^{[n]}_{—s} ¿K − n, —s ∈ ^, n ¿ 0. (1.7)

Ńěňňă 1.2. Ďńï ňŋőčőçńěŋă g(z) = ∑ ν g_ν ν! z^ν , g_ν ∈ C ,

ŕőńőęĺň ‖g(z)‖ = max_ν {|g_ν |}. Šőčďă ă) ‖g^′(z)‖ 6 ‖g(z)‖; ą) ‖g_1(z) + g_2(z)‖ 6 ‖g_1(z)‖ + ‖g_2(z)‖; ć) ‖g_1(z)g_2(z)‖ 6 ( deg g_1(z) + deg g_2(z) deg g_1(z) ) ‖g1(z)‖ · ‖g2(z)‖.

x I.1 Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (ff) 31

Ďőłăğăâěńìáâćő áćőľáâć ă) ĺ ą) âàĺćĺăńìŋő. ć) Ŕãáâì

g_i(z) = ni∑ ν=0 g_{i,ν} ν! z^ν , i = 1, 2; h(z) = g1(z)g2(z) =

n_1+n_2∑ η=0 h_η η! z^η.

Šőčďă

h(z) = n_1∑ ν=0 n_2∑ μ=0 g1_{,ν} ν! g2_{,μ} μ! z^ν+^μ =

n_1+n_2∑ η=0 ∑ (ν,μ)∈S_η ( η ν ) g1_{,ν} g2_{,μ} z^η η! , S_η = { (ν, μ) : 0 6 ν 6 n_1, 0 6 μ 6 n_2, ν + μ = η } , η = 0, 1, . . . , n1 + n2,

őâłãďă

|h_η| = | | | | ∑ (ν,μ)∈S_η ( η ν ) g1_{,ν} g2_{,μ} | | | | 6 ‖g1(z)‖ · ‖g2(z)‖^∑_{(ν,μ)∈Sη}^{(η}_ν^), η = 0, 1, . . . , n1 + n2. (1.8)

Ĺňěěň: ∑ (ν,μ)∈S_η ( η ν ) 6^∑_{(ν,μ)∈Sη}^{(n1 + n2 − η}_{n1 − ν}^{)(η}_ν^) = (n_1 + n_2 − η)!η! n1!n2! ∑ (ν,μ)∈S_η ( n1 ν )( n2 μ ) ,

η = 0, 1, . . . , n1 + n2. (1.9) x I.1 Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (ff) 32

Ćőáŕőńìğãěňáï äőàňãńőľ ďńï ąĺŋőňă Ŋìîâőŋă:

(1 + z)^{n1} =

n_1∑ ν=0 ( n1 ν ) z^ν ; (1 + z)^{n2} =

n_2∑ μ=0 ( n2 μ ) z^μ,

őâłãďă

(1 + z)^{n1+n2} =

n_1∑ ν=0 ( n1 ν ) z^ν n_2∑ μ=0 ( n2 μ ) z^μ

= n_1+n_2∑ η=0 ∑ (ν,μ)∈S_η ( n1 ν )( n2 μ ) z^η, (1.10)

ă á ďàãčőľ áâőàőŋë,

(1 + z)^{n1+n2} =

n_1+n_2∑ η=0 ( n1 + n2 η ) z^η. (1.11)

Śàăćŋĺćăï łőíääĺæĺěŋâë ŕàĺ z^η, η = 0, 1, . . . , n_1 + n_2, ć áőőâŋőèěŋĺÄ ïå (1.10) ĺ (1.11), ğăłńîçăěň: ∑ (ν,μ)∈S_η ( n1 ν )( n2 μ ) = ( n1 + n2 η ) , η = 0, 1, . . . , n1 + n2. (1.12)

Őáâăńőáì ŕőďáâăćĺâì ŕőńãçěŋŋőě âőęďěáâćő (1.12) ć ŋěàăćěŋáâćő (1.9) ĺ ŕàőďőńęĺâì őæěŋłã (1.8): |h_η| 6 ‖g1(z)‖ · ‖g2(z)‖ (n_1 + n_2 − η)!η! n1!n2! ( n1 + n2 η )

= ‖g_1(z)‖ · ‖g_2(z)‖ ( n1 + n2 n1 ) , η = 0, 1, . . . , n1 + n2, çâő ĺ âàěąőćăńőáì ďőłăğăâì.

x I.1 Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (ff) 33

Ńěňňă 1.3. ă) Łőíääĺæĺěŋâë ć ŋőàňăńìŋőň àăğńőęěŋĺĺ ňŋőÄ

čőçńěŋőć P^{[n]}_{—κ} (z), —κ ∈ ˙, n ¿ 0, ïćńïîâáï æěńëňĺ çĺáńăňĺ ĺ ŕàĺ

n < C1εM ĺňěěâ ňěáâő őæěŋłă

max_{—κ∈˙} { ‖P [^n]—_κ (z)‖ } < C^{ωM/ε} 0 M^{C2εM} . (1.13)

ą) Ŕàĺ n < C_1εM áŕàăćěďńĺćă őæěŋłă | |R[^n]—_{s∗} (α) | | < C^{ωM/ε} 0 M^{C2εM} C^M3 M^{−K} , —s^∗ = N —e_l∗ . (1.14)

Ďőłăğăâěńìáâćő. ă) Ŕěàćăï çăáâì ãâćěàęďěŋĺï ćëâěłăěâ ĺğ áőÄ

őâŋőèěŋĺľ (1.4) ĺ ćëąőàă (0.6) ňŋőčőçńěŋă T (z). Ŕőńőęĺň

C4 = max { ‖T ‖, max_{l,j} { ‖T Q_{lj}‖ }}

ĺ ćőáŕőńìğãěňáï àěłãààěŋâŋëňĺ áőőâŋőèěŋĺïňĺ (1.4) ĺ ŋěàăćěŋáâćăňĺ

ńěňňë 1.2:

max_{—κ∈˙} { ‖P [^n]—_κ (z)‖

} 6 (m^2 + m + 1)N^{(M + tn − 1}_t^) · C4

× max —κ∈˙ { ‖P [^{n−}1] —κ (z)‖ } , n ¿ 1, őâłãďă ŕàőáâăï ĺŋďãłæĺï ŕő n ďăěâ őæěŋłã

max_{—κ∈˙} { ‖P [^n]—_κ (z)‖

} 6^((m^2 + m + 1)N^{)n} ·^{( 1}_{t!}^{)n (M + tn − 1)!}_{(M − 1)!} · C^n_4

× max —κ∈˙ { ‖P [0]—_κ (z)‖ }

< ( C4(m2 + m + 1)N t! )_n (2M)^{tn}C^{ωM/ε}_0 , n ¿ 0.

x I.1 Łőŋáâàãłæĺï àăæĺőŋăńìŋëå ŕàĺąńĺęěŋĺľ ł çĺáńã f_l∗ (ff) 34

Őáâăńőáì ćáŕőňŋĺâì, çâő n < C_1εM.

ą) Ŕãáâì P^{[n]}_{—s}∗_{,ν} , P^{[n]}_{—κ}∗_{,ν} , ν ∈ Z^+, { łőíääĺæĺěŋâë ć ŋőàňăńìŋőň àăğÄ ńőęěŋĺĺ ňŋőčőçńěŋőć P^{[n]}_{—s}∗ (z), P^{[n]}_{—κ}∗ (z), n ¿ 0, áőőâćěâáâćěŋŋő, —κ^∗ = —s^∗ − —e_l∗ ; R^{[n]}_{—s}∗_{,μ}, μ ∈ Z^+, { łőíääĺæĺěŋâë ć ŋőàňăńìŋőň àăğńőęěŋĺĺ ńĺÄ ŋěľŋëå äőàň R^{[n]}_{—s}∗ (z), n ¿ 0. Šőčďă áőčńăáŋő äőàňãńě (0.21)

R[^n]—_s∗ (z) = P [^n]—_s∗ (z) + P [^n]—_κ∗ (z)f_l∗ (z), n ¿ 0, (1.15)

ĺ ğŋăçĺâ,

R[^n]—_s∗_{,μ} = P [^n]—_s∗_{,μ} + μ∑ ν=0 ( μ ν ) P [^n]—_κ∗_{,ν} f_l∗_{,μ−ν} , μ ∈ Z+, n ¿ 0. (1.16)

Ŕàĺ íâőň R[^n]—_s∗_{,μ} = 0, μ < K − n, n < C1εM. Ŕőíâőňã, ěáńĺ ć áőőâŋőèěŋĺĺ (1.16) ćőáŕőńìğőćăâìáï őæěŋłőľ (1.13) ĺ őŕàěďěńěŋĺěň E-äãŋłæĺĺ ďńï f_l∗ (z), âő ňë ŕőńãçĺň (ďńï μ ¿ K − n):

|R[^n]—_s∗_{,μ}| 6 2 μ∑ ν=0 ( μ ν ) max_{—κ∈˙} { ‖P [^n]—_κ (z)‖ } C^μ+1 < (2C)^μ+1C^{ωM/ε}0 M^{C2εM} ,

őâłãďă

|R[^n]—_s∗ (α)| = | | | | ∑ μ¿K−n R[^n]—_s∗_{,μ} μ! α^μ | | | | < C^{ωM/ε} 0 M^{C2εM} ∑ μ¿K−n |α|^μ μ! (2C)^{μ+1}.

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 35

Ŕőńìğãïáì ŋěàăćěŋáâćőň ∑ μ¿K−n |α|^μ μ! (2C)^{μ+1} 6 |α|^{K−n}(2C)^{K−n}+1 (K − n)! ∑ μ¿K−n ( 2C|α| )_{μ−K}+_n (μ − K + n)! = |α|^{K−n}(2C)^{K−n}+1 (K − n)! e2^{C|α|}

< ( 2C|α| )2_M ( e K − n )_{K−n} e2^{C|α|}

< ( 2C|α| )2_M ( e M )_K e2^{C|α|} < e2^{C|α|} ( 2C|α|e )2_M M^{−K} ,

ŕőáłőńìłã M < K − n 6 K < 2M, ŕőńãçăěň:

|R[^n]—_s∗ (α)| < C^{ωM/ε}0 M^{C2εM} e2^{C|α|} ( 2C|α|e )2_M M^{−K} ,

çâő ĺ ďăěâ (1.14).

Ńěňňă 1.3 ĺ àăćěŋáâćő (1.15) őğŋăçăîâ, çâő àăæĺőŋăńìŋőě çĺáńő −P [^n]—_s∗ (α)/P [^n]—_s∗_−—_{el∗} (α) ďńï ńîąőčő ŋě áńĺèłőň ąőńìèőčő n ąãďěâ ďőáâăÄ âőçŋő åőàőèĺň ŕàĺąńĺęěŋĺěň ł çĺáńã f_l∗ (α).

x2. Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë

Řăááňőâàĺň ňăâàĺæã (x_{—κ,—s})_{—κ∈˙;—s∈^}, (2.1) čďě x—_{κ,}—_s = δ—_{κ,}—_s, ěáńĺ |—κ| = N;

x—_{κ,}—_s = m∑ j=1 δ—_κ+—_{ej ,}—_sy_j, ěáńĺ |—κ| = N − 1,

—s ∈ ^, (2.2) x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 36

ŕěàěňěŋŋëě y_1, y_2, . . . , y_m ŋěğăćĺáĺňë. Ŕàĺ ŕőďáâăŋőćłě y_j = f_j(z), j = 1, . . . , m, ňăâàĺæă (2.1) áőčńăáŋő äőàňãńě (0.20) ïćńïěâáï ňăâàĺÄ æěľ ŕěàěåőďă őâ áâàőłĺ ( P—_κ(z) ) —κ∈˙ ł áâàőłě ( R—_s(z) ) —s∈^. Ŕãáâì ğăďăŋő ŋěŕãáâőě ňŋőęěáâćő ~˙ ⊂ ˙ ĺ äãŋłæĺĺ

D—_{κ,}—_κ′ (z) ∈ C (z), D—_{κ,}—_κ′ (z) ≡ 0, —κ^′ ≺ —κ, —κ ∈ ~˙, —κ^′ ∈ ˙ \ ~˙, (2.3)

őŕàěďěńïîâ íńěňěŋâë ňăâàĺæë

(~x_{—κ,—s})_{—κ∈}e_{˙;—s∈^} (2.4)

ŕő äőàňãńě

~x—_{κ,}—_s = x—_{κ,}—_s + ∑ —κ^′∈˙\ė D—_{κ,}—_κ′ x—_κ′_,—_s

= x_{—κ,—s} + ∑ —κ^′∈˙\ė —κ^′≻—κ D—_{κ,}—_κ′ x—_κ′_,—_s, —κ ∈ ~˙, —s ∈ ^. (2.5)

Űěńìî íâőčő ŕăàăčàăäă ąãďěâ ďőłăğăâěńìáâćő őæěŋłĺ áŋĺğã àăŋčă ňăâÄ àĺæë (2.4), áőďěàęăéěľáï ć áńěďãîéěň ãâćěàęďěŋĺĺ.

Ŕàěďńőęěŋĺě 2.1. Ďńï ńîąőčő ŋěŕãáâőčő ňŋőęěáâćă ~˙ ⊂ ˙, Card ~˙ = ~ω, áãéěáâćãîâ ňŋőęěáâćă ˙_1 ⊂ ~˙ ĺ ^_1 ⊂ ^, Card ˙_1 = Card ^_1 = ~θ, ğăćĺáïéĺě âőńìłő őâ ňŋőęěáâćă ~˙ ĺ ŋě ğăćĺáïéĺě őâ àăæĺőŋăńìŋëå äãŋłæĺľ (2.3), âăłĺě, çâő ňĺŋőà det(~x_{—κ,—s})_{—κ∈˙1;—s∈^1} ňăâàĺæë (2.4) őâńĺçěŋ őâ ŋãńï ĺ ~ω ~θ 6^ω_θ −^1_{(N + m − 1)θ} , ěáńĺ^~˙ ≠ ˙; ~ω ~θ = ω θ , ěáńĺ ~˙ = ˙.

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 37 Ńěňňă 2.2. Ŕãáâì ŕàőĺğćőńìŋëě ŕőďňŋőęěáâćă ˙_1 ⊂˙ ĺ ^_1 ⊂^ ćëąàăŋë âăł, çâő Card ˙_1 = Card ^_1. Šőčďă őŕàěďěńĺâěńì

det(x_{—κ,—s})_{—κ∈˙1;—s∈^1}

łăł ňŋőčőçńěŋ őâ ŕěàěňěŋŋëå y_1, . . . , y_m ïćńïěâáï ňőŋőňőň ňãńìÄ âĺáâěŕěŋĺ —r = —r(˙_1, ^_1) = ∑ —s∈^_1 —s − ∑ —κ∈˙_1 —κ ĺńĺ àăćěŋ ŋãńî.

Ďőłăğăâěńìáâćő. Šàěąãěňëľ őŕàěďěńĺâěńì ŕàěďáâăćńïěâ áőąőľ áãňňã ćáěćőğňőęŋëå ŕàőĺğćěďěŋĺľ ćĺďă ± ∏ —κ∈˙_1 x—_{κ,σ}(—_κ),

čďě σ { ŕàőĺğćőńìŋőě ąĺěłâĺćŋőě őâőąàăęěŋĺě ňŋőęěáâćă ˙_1 ŋă ňŋőÄ ęěáâćő ^_1. Ŕőíâőňã ďőáâăâőçŋő ŕőłăğăâì, çâő łăęďőě âăłőě ŋěŋãńěćőě ŕàőĺğćěďěŋĺě ć âőçŋőáâĺ àăćŋő ±—y^{—r}. Ĺğ őŕàěďěńěŋĺï (2.2) íńěňěŋâőć ňăâàĺæë (2.1) áńěďãěâ, çâő ěáńĺ x_{—κ,σ(—κ)} ≠ 0 ďńï ćáěå —κ ∈ ˙_1, âő ďńï łăęďőčő —κ ∈ ˙_1 ńĺąő σ(—κ) = —κ (ĺ âőčďă x_{—κ,σ(—κ)} = 1, |—κ| = N) ńĺąő áãéěáâćãěâ j = j(—κ, σ), 1 6 j 6 m, âăłőľ, çâő σ(—κ) = —κ + —e_j (ĺ âőčďă x—_{κ,σ}(—_κ) = y_j, |—κ| = N − 1). Ŕőíâőňã ∏ —κ∈˙_1

x—_{κ,σ}(—_κ) = ∏ —κ∈˙_1 |—κ|=N−1 y_j(—_{κ,σ}), (2.6)

čďě ŕàőĺğćěďěŋĺě ć ŕàăćőľ çăáâĺ ć áńãçăě ˙_1 ⊂ ^ áçĺâăěň àăćŋëň 1. Śńőęĺň àăćěŋáâćă

σ(—κ) = —κ, ěáńĺ |—κ| = N; —κ + —e_{j(—κ,σ)}, ěáńĺ |—κ| = N − 1, —κ ∈ ˙_1, (2.7) x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 38

ŕő ćáěćőğňőęŋëň —κ ∈ ˙_1 ĺ ćőáŕőńìğãěňáï âěň, çâő σ : ˙_1 → ^_1 ěáâì ąĺěłæĺï: ∑ —κ∈˙_1 |—κ|=N−1 —e_{j(—κ,σ)} = ∑ —κ∈˙_1 σ(—κ) − ∑ —κ∈˙_1

—κ = ∑ —s∈^_1 —s − ∑ —κ∈˙_1 —κ = —r,

ă íâő őğŋăçăěâ, çâő ∏ —κ∈˙_1 |—κ|=N−1 y_j(—_{κ,σ}) = ∏ —κ∈˙_1 |—κ|=N−1 —y^{—ej(κ̄,σ)} = —y^{—r}.

Śőŕőáâăćńïï íâő àăćěŋáâćő á (2.6), ŕőńãçăěň âàěąãěňőě ãâćěàęďěŋĺě.

Ğăňěçăŋĺě. Ĺğ ďőłăğăâěńìáâćă ńěňňë 2.2 ćëâěłăěâ, çâő ćěńĺçĺŋă

Card { —κ ∈ ˙_1 : σ(—κ) = —κ + —e_j } = r_j

ğăćĺáĺâ âőńìłő őâ ňŋőęěáâć ˙_1, ^_1, ĺ ŋě ğăćĺáĺâ őâ ąĺěłâĺćŋőčő őâőÄ ąàăęěŋĺï σ : ˙_1 → ^_1 ćĺďă (2.7).

Ńěňňă 2.3. Ŕãáâì ğăďăŋë ňŋőęěáâćő ~˙ ⊂ ˙, àăæĺőŋăńìŋëě äãŋłæĺĺ (2.3); ŕàőĺğćőńìŋëě ňŋőęěáâćă ˙_1 ⊂ ~˙ ĺ ^_1 ⊂ ^ âăłőćë, çâő Card ˙_1 = Card ^_1. Šőčďă ěáńĺ det(x_{—κ,—s})_{—κ∈˙1;—s∈^1} ≢ 0, âő ĺ det(~x_{—κ,—s})_{—κ∈˙1;—s∈^1} ≢ 0.

Ďőłăğăâěńìáâćő. Ŕěàěŕĺèěň áőőâŋőèěŋĺě (2.5) ć ćĺďě

(~x_{—κ,—s})_{—κ∈}e_{˙;—s∈^} = ( ~D_{—κ,—κ}′ )_{—κ∈}e_{˙;—κ′∈˙}(x_{—κ}′_{,—s})_{—κ}′_{∈˙;—s∈^}, x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 39 čďě ~D—_{κ,}—_{κ′} = δ—_{κ,}—_κ′ , ěáńĺ —κ^′ ∈ ~˙;

D—_{κ,}—_κ′ , ěáńĺ —κ^′ ∈ ˙ \ ~˙,

—κ ∈ ~˙, (2.8)

ĺ ćőáŕőńìğãěňáï äőàňãńőľ Ąĺŋě{Łőèĺ [4, á. 17]:

det(~x_{—κ,—s})_{—κ∈˙1;—s∈^1} = ∑ ˙^′⊂˙ Card ˙^′=Card ˙_1

det( ~D_{—κ,—κ}′ )_{—κ∈˙1;—κ}′_{∈˙}′ det(x_{—κ}′_{,—s})_{—κ}′_{∈˙}′_{;—s∈^1} . (2.9)

Śőčńăáŋő ńěňňě 2.2 łăęďëľ őŕàěďěńĺâěńì det(x_{—κ}′_{,—s})_{—κ}′_{∈˙}′_{;—s∈^1} , őâńĺçÄ ŋëľ őâ ŋãńï, ïćńïěâáï ŕàőĺğćěďěŋĺěň áâěŕěŋěľ ŕěàěňěŋŋëå y_1, . . . , y_m. Ŕőłăęěň, çâő őŕàěďěńĺâěńì, őâćěçăîéĺľ ňŋőęěáâćã ˙^′ = ˙_1 (őâńĺçÄ ŋëľ őâ ŋãńï ŕő ãáńőćĺî), ĺňěěâ ŋăĺąőńìèãî ňãńìâĺáâěŕěŋì áàěďĺ ćáěå ďàãčĺå ŋěŋãńěćëå őŕàěďěńĺâěńěľ âăłőčő ćĺďă, ă łőíääĺæĺěŋâ ŕàĺ ŋěň ć áãňňě (2.9) àăćěŋ 1. Őâáîďă ĺ ąãďěâ áńěďőćăâì ãâćěàęďěŋĺě ńěňňë 2.3.

Řăááňőâàĺň łăęďőě ŋěŋãńěćőě áńăčăěňőě áãňňë (2.9). Ŕãáâì ˙^′ { ŕàőĺğćőńìŋőě ŕőďňŋőęěáâćő ˙, Card ˙^′ = Card ˙_1, âăłőě, çâő det( ~D_{—κ,—κ}′ )_{—κ∈˙1;—κ}′_{∈˙}′ ≠ 0.

Ěáńĺ ˙^′ = ˙_1, âő

det( ~D_{—κ,—κ}′ )_{—κ∈˙1;—κ}′_{∈˙}′ = det(δ_{—κ,—κ}′ )_{—κ∈˙1;—κ}′_{∈˙1} = 1.

Ěáńĺ ęě ˙^′ ≠ ˙_1, âő ~˙^′ = ˙^′ ∩ ~˙ ⊂ ˙_1. Ďěľáâćĺâěńìŋő, ć ŕàőâĺćŋőň áńãçăě áãéěáâćãěâ ňãńìâĺĺŋďěłá —κ^′ ∈ ~˙^′ ⊂ ~˙ âăłőľ, çâő —κ^′ /∈ ˙_1. Šőčďă ďńï ńîąőčő —κ ∈ ˙_1 ĺňěěň ~D_{—κ,—κ}′ = δ_{—κ,—κ}′ = 0, ĺ ğŋăÄ çĺâ, det( ~D_{—κ,—κ}′ )_{—κ∈˙1;—κ}′_{∈˙}′ = 0. Ĺâăł, ~˙^′ ⊂ ˙_1.

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 40

Řăáłńăďëćăï őŕàěďěńĺâěńì ňăâàĺæë ( ~D_{—κ,—κ}′ )_{—κ∈˙1;—κ}′_{∈˙}′ ŕőáńěďőćăÄ âěńìŋő ŕő áâàőłăň á ŋőňěàăňĺ —κ ∈ ~˙^′ ⊂ ~˙, áőčńăáŋő (2.8) ŕőńãçĺň á âőçŋőáâìî ďő ğŋăłă őŕàěďěńĺâěńì

det( ~D_{—κ,—κ}′ )_{—κ∈˙1\}e_{˙′;—κ′∈˙′\}e_{˙′} = det(D_{—κ,—κ}′ )_{—κ∈˙1\}e_{˙′;—κ′∈˙′\}e_{˙′} .

Ŕőáłőńìłã ˙^′ ≠ ˙_1, ĺňěěň μ = Card(˙_1 \ ~˙^′) = Card(˙^′ \ ~˙^′) ¿ 1. Şŕőàïďőçĺň íńěňěŋâë ňŋőęěáâć ć ńěłáĺłőčàăäĺçěáłőň ŕőàïďłě:

˙_1 \ ~˙^′ = {—κ^{(1)}, . . . , —κ^{(μ)}}, —κ^{(1)} ≺ · · · ≺ —κ^{(μ)};

˙^′ \ ~˙^′ = {—r^{(1)}, . . . , —r^{(μ)}}, —r^{(1)} ≺ · · · ≺ —r^{(μ)}.

Ěáńĺ ďńï ŋěłőâőàőčő ν, 1 6 ν 6 μ, ćëŕőńŋěŋő —r^{(ν)} ≺ —κ^{(ν)}, âő áőčńăáÄ ŋő (2.3)

D—_{κ,}—_κ′ = 0, —κ ∈ {—κ(^ν), . . . , —κ(^μ)}, —κ^′ ∈ {—r(1), . . . , —r(^ν)}.

İâő őğŋăçăěâ, çâő ŕěàćëě ν áâőńąæőć ňăâàĺæë (D_{—κ,—κ}′ )_{—κ∈˙1\}e_{˙′;—κ′∈˙′\}e_{˙′} ńĺŋěľŋő ğăćĺáĺňë, çâő ŋěćőğňőęŋő ććĺďã ãáńőćĺï

det(D_{—κ,—κ}′ )_{—κ∈˙1\}e_{˙′;—κ′∈˙′\}e_{˙′} = ± det( ~D_{—κ,—κ}′ )_{—κ∈˙1;—κ}′_{∈˙}′ ≠ 0.

Ŕőíâőňã —r^{(ν)} ≻ —κ^{(ν)} ďńï ćáěå ν = 1, . . . , μ, ĺ, ć çăáâŋőáâĺ,

μ∑ ν=1 —r^{(ν)} ≻ μ∑ ν=1 —κ^{(ν)}, x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 41 ĺńĺ ∑ —κ∈˙^′\ė^′ —κ ≻ ∑ —κ∈˙_1\ė^′ —κ. Šăłĺň őąàăğőň, ńîąőňã ŋěŋãńěćőňã áńăčăěňőňã ć áãňňě (2.9), áőőâÄ ćěâáâćãěâ ńĺąő ňŋőęěáâćő ˙^′ = ˙_1 ńĺąő ňŋőęěáâćő ˙^′, ďńï łőâőàőčő ∑ —κ∈˙^′ —κ ≻ ∑ —κ∈˙_1 —κ.

Ŋő ŕőáńěďŋěě ãáńőćĺě áőčńăáŋő ńěňňě 2.2 őğŋăçăěâ, çâő ňãńìâĺáâěŕěŋì áőőâćěâáâćãîéěčő ňŋőęěáâćăň ˙^′, ^_1 ňőŋőňă ňńăďèě ňãńìâĺáâěŕěŋĺ ňőŋőňă, áőőâćěâáâćãîéěčő ňŋőęěáâćăň ˙_1, ^_1. Śńěďőćăâěńìŋő, ć ňŋőÄ čőçńěŋě det(~x_{—κ,—s})_{—κ∈˙1;—s∈^1} őâ ŕěàěňěŋŋëå y_1, . . . , y_m ŕàĺáãâáâćãěâ ŕő łàăľŋěľ ňěàě őďĺŋ ňőŋőň á ŋěŋãńěćëň łőíääĺæĺěŋâőň. İâő ğăćěàèăěâ ďőłăğăâěńìáâćő.

Ąãďěň àăááňăâàĺćăâì ŕăàë (˙_1, σ), čďě ˙_1 ⊂ ~˙ ĺ σ : ˙_1 → ^, ãďőćÄ ńěâćőàïîéĺě áńěďãîéĺň ãáńőćĺïň:

1) Card σ(˙_1) = Card ˙_1, â.ě. σ { ąĺěłæĺï ňŋőęěáâć ˙_1 ĺ σ(˙_1); 2) őâőąàăęěŋĺě σ : ˙_1 → ^ ĺňěěâ ćĺď (2.7);

3) ěáńĺ —κ ∈ ˙_1 ĺ —κ + —e_j ≺ σ(—κ), âő —κ+ —e_j ∈ σ(˙_1) ĺ σ^{−1}(—κ + —e_j) ≻ —κ. Ńěňňă 2.4. Ěáńĺ ~˙ ≠ ?, âő ŕăàë (˙_1, σ), ãďőćńěâćőàïîéĺě ãáńőćĺïň 1){3), áãéěáâćãîâ.

Ďőłăğăâěńìáâćő. Řăááňőâàĺň őâďěńìŋő áńãçăĺ, łőčďă ~˙ ∩ ^ ≠ ? ĺ łőčďă ~˙∩^ = ?. Ć ŕěàćőň ćőğìňěň ŕàőĺğćőńìŋëľ íńěňěŋâ —κ ∈ ~˙∩^ ĺ ŕőńőęĺň σ(—κ) = —κ, ćő ćâőàőň { ŕàőĺğćőńìŋëľ íńěňěŋâ —κ ∈ ~˙ ĺ ŕőńőęĺň σ(—κ) = —κ + —e_m ∈ ^. Šőčďă ŕăàă ({—κ}, σ), őçěćĺďŋő, ãďőćńěâćőàïěâ ãáńőćĺïň 1) ĺ 2). Łàőňě âőčő, ŋě áãéěáâćãěâ j, 1 6 j 6 m, âăłőčő, çâő —κ + —e_j ≺ σ(—κ). Ŕőíâőňã ãáńőćĺě 3) âăłęě ćëŕőńŋěŋő ďńï ãłăğăŋŋőľ ŕăàë.

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 42 Ńěňňă 2.5. Ŕãáâì ňŋőęěáâćő ˙_1 ⊂ ~˙ ćňěáâě á őâőąàăęěŋĺÄ ěň σ : ˙_1 → ^ ãďőćńěâćőàïîâ ãáńőćĺïň 1){3). Šőčďă ńîąőě ąĺěłÄ âĺćŋőě őâőąàăęěŋĺě ňŋőęěáâćă ˙_1 ć σ(˙_1) ćĺďă (2.7) áőćŕăďăěâ á σ.

Ďőłăğăâěńìáâćő. Ŕãáâì σ^′ { ŕàőĺğćőńìŋăï ąĺěłæĺï ňŋőęěáâćă ˙_1 ć ^_1 = σ(˙_1) ćĺďă (2.7). Šőčďă ěáńĺ —κ ∈ ˙_1 ∩ ^, âő σ^′(—κ) = —κ = σ(—κ). Ŕőíâőňã, ěáńĺ σ^′(—κ) ≠ σ(—κ), âő —κ ∈ ˙1 \ ^. Ŕàěďŕőńőęĺň, çâő áãéěáâćãîâ íńěňěŋâë —κ ∈ ˙_1, ďńï łőâőàëå σ^′(—κ) ≠ σ(—κ). Ŕãáâì j^′,

1 6 j^′ 6 m, { ŋăĺąőńìèĺľ ŋőňěà, ďńï łőâőàőčő áãéěáâćãěâ —κ^′ ∈ ˙1 á

ãáńőćĺěň σ^′(—κ^′) = —κ^′ + —e_j′ ≠ σ(—κ^′). Łăł ąëńő őâňěçěŋő ć ğăňěçăŋĺĺ ł ńěňňě 2.2,

Card{—κ ∈ ˙_1 : σ^′(—κ) = —κ + —e_j} = Card{—κ ∈ ˙_1 : σ(—κ) = —κ + —e_j}.

Ĺğ ãáńőćĺï σ^′(—κ) = —κ + —e_j, j^′ < j 6 m, ć áĺńã ćëąőàă j^′ ćëâěłăěâ, çâő σ^′(—κ) = σ(—κ). Šăł çâő ňŋőęěáâćă {—κ ∈ ˙_1 : σ^′(—κ) = —κ + —e_j} ĺ {—κ ∈ ˙1 : σ(—κ) = —κ + —e_j}, j^′ < j 6 m, áőćŕăďăîâ, ĺ ğŋăçĺâ, ěáńĺ σ(—κ) = —κ + —e_j ŕàĺ j^′ < j 6 m, âő σ(—κ) = σ^′(—κ). Ŕőíâőňã ĺğ ãáńőćĺï σ^′(—κ^′) = —κ^′ + —e_j′ ≠ σ(—κ^′) = —κ^′ + —e_{j1} , ćëâěłăěâ, çâő j1 < j^′. Łàőňě âőčő, ěáńĺ —r ∈ ˙_1 âăłőćő, çâő σ^′(—κ^′) = σ(—r) = —r + —e_{j2} , âő j_2 < j^′. Ć ŕàőâĺćŋőň áńãçăě σ(—r) = σ^′(—r) ĺ ŕőáłőńìłã σ^′ { ąĺěłæĺï, ĺňěěň —κ^′ = —r ĺ σ^′(—κ^′) = σ(—κ^′), çâő ŕàőâĺćőàěçĺâ ćëąőàã íńěňěŋâă —κ^′ ∈ ˙1. ĆőáŕőńìÄ ğãěňáï âěň, çâő —e_j′ ≺ —e_{j1} ĺ —e_j′ ≺ —e_{j2} :

—κ^′ + —e_j′ ≺ —κ^′ + —e_{j1} = σ(—κ^′);

σ^−1(—κ + —e_j′ ) = σ^−1 ( σ^′(—κ^′) ) = —r = σ^′(—κ^′) − —e_{j2} = —κ^′ + —e_j′ − —e_{j2} ≺ —κ^′,

ă íâő ŕàőâĺćőàěçĺâ ãáńőćĺî 3), áŕàăćěďńĺćőňã ďńï ŕăàë (˙_1, σ) ŕàĺ —κ = —κ^′. Ŕőńãçěŋŋőě ŕàőâĺćőàěçĺě ďőłăğëćăěâ, çâő σ^′(—κ) = σ(—κ) ďńï ćáěå —κ ∈ ˙_1.

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 43

Ŕãáâì ~θ = max

(˙_1,σ) {Card ˙1}, čďě ňăłáĺňãň ąěàěâáï ŕő ćáěćőğňőęŋëň ŕăàăň (˙_1, σ), ˙_1 ⊂ ~˙, ãďőćńěÄ âćőàïîéĺň ãáńőćĺïň 1){3). Śàěďĺ ćáěå âăłĺå ŕăà (˙_1, σ), Card ˙_1 = ~θ, ćëąěàěň âã, ďńï łőâőàőľ ćěńĺçĺŋă ∑ —κ∈˙_1 ( σ(—κ) − —κ )

ňĺŋĺňăńìŋă (ć áňëáńě ńěłáĺłőčàăäĺçěáłőčő ŕőàïďłă), ĺ ğăäĺłáĺàãěň ěě. Ďńï ćëąàăŋŋőľ âăłĺň őąàăğőň ŕăàë (˙_1, σ) ŕőńőęĺň ^_1 = σ(˙_1), ˙_2 = ~˙ \ ˙_1.

Ńěňňă 2.6. Śŕàăćěďńĺćő áńěďãîéěě ćńőęěŋĺě: m⋃ j=1 (˙_2 + —e_j) ⊂ ^_1.

(Ğďěáì ňë ŕőńăčăěň ˙_2 + —e_j = {—κ + —e_j : —κ ∈ ˙_2}, j = 1, . . . , m.)

Ďőłăğăâěńìáâćő. Ŕàěęďě ćáěčő ďőłăęěň, çâő ˙2 ∩^ = ?, âőçŋěě, çâő ěáńĺ —κ ∈ ~˙ ∩ ^, âő —κ ∈ ˙_1. Ěáńĺ íâő ŋě ćëŕőńŋěŋő, â.ě. ŋěłőâőàëľ íńěňěŋâ —κ^∗ ∈ ~˙ ∩ ^ ŋě ńěęĺâ ć ˙_1, âő áãéěáâćãěâ ŕăàă (˙^∗_1, σ^∗), čďě ˙^∗_1 = ˙_1 ∪ {—κ^∗},

σ^∗(—κ) = σ(—κ), ěáńĺ —κ ∈ ˙1;

—κ^∗, ěáńĺ —κ = —κ^∗,

ãďőćńěâćőàïîéăï ãáńőćĺïň 1){3), ŋő Card ˙^∗_1 > Card ˙_1. İâő ŕàőâĺÄ ćőàěçĺâ ćëąőàã ŕăàë (˙_1, σ). Ŕőíâőňã ˙_2 ∩ ^ = ? ĺ, ğŋăçĺâ, m⋃ j=1 (˙_2 + —e_j) ⊂ ^.

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 44

Ŕàěďŕőńőęĺň âěŕěàì áãéěáâćőćăŋĺě j, 1 6 j 6 m, âăłőčő, çâő ˙_2 + —e_j ⊄ ^_1, ĺ áàěďĺ ćáěå âăłĺå j ćëąěàěň ňăłáĺňăńìŋőě j^∗. İâő őğŋăçăěâ, çâő ďńï ŋěłőâőàőčő —κ^∗ ∈ ˙_2 ćëŕőńŋěŋő —κ^∗ + —e_j∗ /∈ ^_1. Łàőňě âőčő, —κ^∗ + —e_j ∈ ^_1 = σ(˙_1) ďńï ćáěå j, j^∗ < j 6 m, â.ě. ďńï âăłĺå j, çâő —κ^∗ + —e_j ≺ —κ^∗ + —e_j∗ . Ŕőłăęěň, çâő σ^{−1}(—κ^∗ + —e_j) ≻ —κ^∗ ďńï ćáěå âăłĺå j.

Ěáńĺ íâő ŋě âăł, âő ćëąěàěň ňăłáĺňăńìŋőě j âăłőě, çâő —κ^∗ + —e_j ≺ —κ^∗ + —e_j∗ ĺ —κ^′ = σ^{−1}(—κ^∗ + —e_j) ≺ —κ^∗. Ěáńĺ σ(—κ^′) = —κ^′ + —e_j′ , âő

—κ^∗ + —e_j − —e_j′ = —κ^′ = σ^{−1}(—κ^∗ + —e_j) ≺ —κ^∗,

őâłãďă —e_j ≺ —e_j′ . Řăááňőâàĺň ŕăàã (˙^∗_1, σ^∗), čďě ˙^∗_1 = (˙_1 \ {—κ^′}) ∪ {—κ^∗} ĺ σ^∗(—κ) = σ(—κ), ěáńĺ —κ ∈ ˙1 \ {—κ^′} = ˙^∗1 \ {—κ^∗};

—κ^∗ + —e_j = σ(—κ^′), ěáńĺ —κ = —κ^∗.

Ďńï ŋěě, őçěćĺďŋő, áŕàăćěďńĺćë ãáńőćĺï 1), 2). Ć áĺńã ćëąőàă j ãáńőÄ ćĺě 3) ćëŕőńŋěŋő ŕàĺ —κ^∗ ∈ ˙^∗_1. Ŕőáłőńìłã σ(˙_1) = σ^∗(˙^∗_1) ĺ

(σ^∗)^{−1}(—κ^∗ + —e_j) = —κ^∗ ≻ —κ^′ = σ^{−1}(—κ^∗ + —e_j) = σ^{−1}(—κ^′ + —e_j′ ),

âő ãáńőćĺě 3) áŕàăćěďńĺćő ĺ ŕàĺ ńîąőň —κ ∈ ˙^∗_1 \{—κ^∗} = ˙_1 \{—κ^′}. Ĺâăł, ŕăàă (˙^∗_1, σ^∗) ãďőćńěâćőàïěâ ãáńőćĺïň 1){3) ĺ ∑ —κ∈˙^∗_1 ( σ^∗(—κ) − —κ ) = ∑ —κ∈˙^∗_1 \{—κ^∗} ( σ^∗(—κ) − —κ ) + ( σ^∗(—κ^∗) − —κ^∗ )

= ∑ —κ∈˙_1\{—κ^′} ( σ(—κ) − —κ ) + —e_j ≺ ∑ —κ∈˙_1\{—κ^′} ( σ(—κ) − —κ ) + —e_j′ = ∑ —κ∈˙_1 ( σ(—κ) − —κ ) , x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 45

ă íâő ŕàőâĺćőàěçĺâ ćëąőàã ŕăàë (˙_1, σ).

Šăłĺň őąàăğőň, ňë ŕőńãçĺńĺ, çâő —κ^∗ /∈ ˙_1, —κ^∗ + —e_j∗ /∈ σ(˙_1) ĺ ěáńĺ —κ^∗ + —e_j ≺ —κ^∗ + —e_j∗ , âő —κ^∗ + —e_j ∈ σ(˙_1) ĺ σ^{−1}(—κ^∗ + —e_j) ≻ —κ^∗. Ŕőíâőňã ŕăàă (˙^∗_1, σ^∗), čďě ˙^∗_1 = ˙_1 ∪ {—κ^∗},

σ^∗(—κ) = σ(—κ), ěáńĺ —κ ∈ ˙1;

—κ^∗ + —e_j∗ , ěáńĺ —κ = —κ^∗,

ãďőćńěâćőàïěâ ãáńőćĺïň 1){3), ć âő ćàěňï łăł Card ˙^∗_1 > Card ˙_1. İâő ŕàőâĺćőàěçĺâ ćëąőàã ŕăàë (˙_1, σ). Śńěďőćăâěńìŋő, ˙_2 + —e_j ⊂ ^_1 ďńï ćáěå j, 1 6 j 6 m, çâő ĺ âàěąőćăńőáì ďőłăğăâì.

Ńěňňă 2.7. Ďńï ŕàőĺğćőńìŋëå ňŋőęěáâć A, B ĺ ńîąőčő ćěÄ éěáâćěŋŋőčő β, 0 < β < 1, ĺňěěâ ňěáâő ŋěàăćěŋáâćő

Card(A ∪ B) ¿ β Card A + (1 − β) Card B;

őŋő ŕàěćàăéăěâáï ć àăćěŋáâćő âőčďă ĺ âőńìłő âőčďă, łőčďă ňŋőÄ ęěáâćă A ĺ B áőćŕăďăîâ.

Ďőłăğăâěńìáâćő. Ěáńĺ ãňŋőęĺâì ŕěàćőě ĺğ őçěćĺďŋëå ŋěàăćěŋáâć

Card(A ∪ B) ¿ Card A, Card(A ∪ B) ¿ Card B, (2.10)

ŋă β, ă ćâőàőě { ŋă (1 − β) ĺ áńőęĺâì, âő ŕőńãçĺň âàěąãěňőě ŋěàăćěŋáâćő. Ŋěàăćěŋáâćă (2.10) ŕàěćàăéăîâáï ć àăćěŋáâćă âőńìłő ć áńãçăě A ∪ B = A ĺ A ∪ B = B.

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 46

Ńěňňă 2.8. Ďńï ŋăâãàăńìŋëå çĺáěń m ¿ 1, N ¿ 1 ŕãáâì ˙_2 { ŕàőĺğćőńìŋőě ŕőďňŋőęěáâćő {—κ : κ_1 + · · · + κ_m = N − 1} ĺ

^_2 = m⋃ j=1 (˙_2 + —e_j) ⊂ {—κ : κ_1 + · · · + κ_m = N}.

Šőčďă Card ^_2 ¿ N + m − 1 N Card ˙_2, (2.11)

ŕàĺçěň àăćěŋáâćő ĺňěěâ ňěáâő ńĺèì ć őďŋőň ĺğ âàěå áńãçăěć: m = 1, ˙2 = ? ĺńĺ ˙2 = {—κ : κ1 + · · · + κ_m = N − 1}.

Ďőłăğăâěńìáâćő. Ć áńãçăě m = 1 ĺňěěň őçěćĺďŋőě àăćěŋáâćő Card ^_2 = Card ˙_2. Ŕőíâőňã ŕãáâì m ¿ 2 ĺ ďńï m − 1 ãâćěàęďěŋĺě ńěňňë ďőłăğăŋő. Řăğőąìěň ňŋőęěáâćő ˙_2 (ďăęě ěáńĺ őŋő ŕãáâőě) ŋă ŋěÄ ŕěàěáěłăîéĺěáï ŕőďňŋőęěáâćă

˙^{(ν)}_2 = {—κ ∈ ˙_2 : κ_1 + · · · + κ_{m−1} = ν}, ν = 0, 1, . . . , N − 1, (2.12)

ĺ ŕőńőęĺň

^^{(ν)}_2 = m−1⋃ j=1 (˙^{(ν)}_2 + —e_j), ν = 0, 1, . . . , N − 1. (2.13)

Šőčďă

^_2 = m⋃ j=1 (˙_2 + —e_j) = m⋃ j=1 N−1⋃ ν=0 (˙^{(ν)}_2 + —e_j) = N−1⋃ ν=0 ( ^^{(ν)}_2 ∪ (˙^{(ν)}_2 + —e_m) )

= [ ˙^{(0)}_2 + —e_m ] ∪ N−1⋃ ν=1 [ ^^{(ν−1)}

2 ∪ (˙(^ν)2 + —e_m) ] ∪ [ ^^{(N−1)} 2 ] .

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 47

Ňŋőęěáâćă ć łćăďàăâŋëå áłőąłăå ŋě ŕěàěáěłăîâáï, âăł łăł łăęďőě ĺğ ŋĺå åăàăłâěàĺğãěâáï áćőěľ áãňňőľ ŕěàćëå m − 1 łőőàďĺŋăâ ćåőďïéĺå ňãńìâĺĺŋďěłáőć. Ŕőíâőňã

Card ^_2 = Card ˙^{(0)}_2 + N−1∑ ν=1 Card ( ^^{(ν−1)}

2 ∪ (˙(^ν)2 + —e_m) ) +Card ^^{(N−1)}_2 .

(2.14) Śőčńăáŋő ńěňňě 2.7 ĺňěěň:

Card ( ^^{(ν−1)}

2 ∪ (˙(^ν)2 + —e_m)

) ¿^ν_N Card ^^{(ν−1)}_2 +^{N − ν}_N Card ˙^{(ν)}_2 ,

ν = 0, 1, . . . , N − 1, (2.15)

çâő ďăěâ ćőğňőęŋőáâì ŕěàěŕĺáăâì (2.14) ć ćĺďě

Card ^_2 ¿ Card ˙^{(0)}_2 + N−1∑ ν=1 ( ν N Card ^^{(ν−1)}_2 + N − ν N Card ˙^{(ν)}_2 )

+ Card ^^{(N−1)}_2 = N−1∑ ν=0 ( ν + 1 N Card ^^{(ν)}_2 + N − ν N Card ˙^{(ν)}_2 ) . (2.16)

Őáâăńőáì ćőáŕőńìğőćăâìáï ĺŋďãłæĺőŋŋëň ŕàěďŕőńőęěŋĺěň ďńï ňŋőęěáâć (2.12){(2.13):

Card ^^{(ν)}_2 ¿ ν + m − 1 ν + 1

Card ˙^{(ν)}_2 , ν = 0, 1, . . . , N − 1,

ĺ ŋěàăćěŋáâćő (2.16) ŕàĺňěâ âàěąãěňëľ ćĺď:

Card ^_2 ¿ N−1∑ ν=0 ( ν + 1 N · ν + m − 1 ν + 1

Card ˙^{(ν)}_2 + N − ν N Card ˙^{(ν)}_2 )

= N + m − 1 N N−1∑ ν=0 Card ˙^{(ν)}_2 = N + m − 1 N Card ˙_2.

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 48

İâő ŋěàăćěŋáâćő áâăŋőćĺâáï àăćěŋáâćőň, ěáńĺ łăęďőě ĺğ ŋěàăćěŋáâć (2.15) ŕàěćàăéăěâáï ć àăćěŋáâćő, â.ě. ěáńĺ

˙^{(ν)}_2 + —e_m = ^^{(ν−1)}_2 = m−1⋃ j=1 (˙^{(ν−1)}

2 + —e_j), ν = 1, . . . , N − 1. (2.17)

Ěáńĺ ˙^{(0)}_2 ≠ ?, â.ě. ˙^{(0)}_2 = {(0, . . . , 0, N − 1)}, âő ĺŋďãłæĺěľ ŕő ν = 1, . . . , N − 1 á ŕőňőéìî (2.17) ńěčłő ãáâăŋăćńĺćăěň àăćěáâćő ˙^{(ν)}_2 = {—κ : κ_1 + · · · + κ_{m−1} = ν}. Ěáńĺ ęě ˙^{(0)}_2 = ?, âő ĺŋďãłæĺěľ ŕő ν = 1, . . . , N − 1 á ŕőňőéìî (2.17) ãáâăŋăćńĺćăěň, çâő ˙^{(ν)}_2 = ?. Ŕőíâőňã (2.11) áâăŋőćĺâáï ŕàĺ m ¿ 2 àăćěŋáâćőň âőńìłő ć áńãçăě, łőčÄ ďă ˙_2, ïćńïîéěěáï őąêěďĺŋěŋĺěň ňŋőęěáâć (2.12), ńĺąő áőćŕăďăěâ c {—κ : κ1 + · · · + κ_m = N − 1} ńĺąő ŕãáâő.

Ďőłăğăâěńìáâćő ŕàěďńőęěŋĺï 2.1. Ćëąěàěň ňŋőęěáâćő ˙_1 ⊂ ~˙ ĺ őâőąàăęěŋĺě σ : ˙_1 → ^, łăł íâő ąëńő ŕàőďěńăŋő ŕěàěď ńěňňőľ 2.6, ĺ ŕőńőęĺň

^_1 = σ(˙_1), ˙_2 = ~˙ \ ˙_1, ^_2 = m⋃ j=1 (˙_2 + —e_j).

Ŕőáłőńìłã σ : ˙_1 → ^_1 { ěďĺŋáâćěŋŋőě ąĺěłâĺćŋőě őâőąàăęěŋĺě ňŋőÄ ęěáâćă ˙_1 ćő ňŋőęěáâćő ^_1, âő det(x_{—κ,—s})_{—κ∈˙1;—s∈^1} ≢ 0, őâłãďă ĺ ĺğ ńěňňë 2.3 det(~x_{—κ,—s})_{—κ∈˙1;—s∈^1} ≢ 0.

Ěáńĺ ˙_2 = ? ĺńĺ ˙_1 = ~˙, âő

~ω ~θ = Card ~˙ Card ^_1 = Card ˙_1 Card ^_1

= 1 < 1 + N N + m − 1 .

x I.2 Ăńčěąàăĺçěáłăï ŕàĺàőďă ŕěàěåőďŋőľ ňăâàĺæë 49

Ěáńĺ ęě ˙_2 ≠ ?, âő ^_2 ≠ ?, ĺ ğŋăçĺâ, Card ^_2 > 0. Ć áĺńã ńěňÄ ňë 2.6 ĺňěěň ^_2 ⊂ ^_1, őâłãďă Card ^_2 6 Card ^_1. Śőčńăáŋő ńěňňě 2.8 ŕőńãçăěň:

~ω ~θ = Card ~˙ Card ^_1 = Card ˙_1 + Card ~˙ \ ˙_1 Card ^_1 = Card ˙_1 Card ^_1 + Card ~˙ \ ˙_1 Card ^_1

= 1 +

Card ˙_2 Card ^_1 6 1 + Card ˙_2 Card ^_2 6 1 + N N + m − 1 ,

ŕàĺçěň ~ω ~θ = 1 + N N + m − 1 = ω θ âőńìłő ć áńãçăě ~˙\˙_1 = ˙_2 = {—κ : |—κ| = N −1}, â.ě. ˙_1 = ^_1 = ^_2 =^ ĺńĺ ~˙ = ˙ = { —κ : |—κ| ∈ {N − 1, N} } . Šăłĺň őąàăğőň, ěáńĺ ~˙ ≠ ˙, âő

~ω ~θ < 1 + N N + m − 1 = 2N + m − 1 N + m − 1 = ω θ .

Ŕőáńěďŋěě őğŋăçăěâ, çâő (2N +m−1)~θ −(N +m−1)~ω ¿ 1, ĺ ŕőáłőńìłã

~θ 6 Card ^ = θ, ĺňěěň: ω θ − ~ω ~θ = (2N + m − 1)~θ − (N + m − 1)~ω (N + m − 1)~θ ¿ 1 (N + m − 1)θ .

Ŕàěďńőęěŋĺě 2.1 ďőłăğăŋő ŕőńŋőáâìî.

x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 50 x3. Ďőłăğăâěńìáâćő âěőàěňë 1

Ŕãáâì a_1, . . . , a_m { ŕàőĺğćőńìŋőě àěèěŋĺě áĺáâěňë (0.10); y_1, . . . , y_m { ŕàőĺğćőńìŋőě àěèěŋĺě áĺáâěňë (0.5). Šőčďă ŋăąőà äãŋłæĺľ

x—_κ = —a—^κ(1 + a1y1 + · · · + a_my_m)^{N−|}—^{κ|}, —κ ∈ ˙,

ãďőćńěâćőàïěâ áĺáâěňě ńĺŋěľŋëå őďŋőàőďŋëå ďĺääěàěŋæĺăńìŋëå ãàăćÄ ŋěŋĺľ d dz x—_κ = − m∑ l,j=1 κ_jQ_{lj}x—_{κ−}—_{ej}+—_{el} + ( N −|—κ| )^m∑ l=1 Q_l0x—_κ+—_{el} , —κ ∈ ˙, (3.1)

ŕőàïďłă ω. Ůěàěğ β ∈ C őąőğŋăçĺň âőçłã, őâńĺçŋãî őâ ŕőńîáőć àăæĺőŋăńìŋëå äãŋłæĺľ Q_{lj}, l = 1, . . . , m, j = 0, 1, . . . , m (ŕőáłőńìłã Q_{lj} ∈ Q (z), l = 1, . . . , m, j = 0, 1, . . . , m, ć łăçěáâćě β ňőęŋő ćğïâì ńîąőě âàăŋáæěŋďěŋâŋőě çĺáńő, ŋăŕàĺňěà, β = e). Śőčńăáŋő âěőàěňě áãéěáâćőćăŋĺï ďńï ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ ŋăľďěâáï äãŋďăňěŋÄ âăńìŋăï ňăâàĺæă àěèěŋĺľ (φ_{lj})_{l,j=1,...,m} őďŋőàőďŋőľ áĺáâěňë (0.10) ĺ çăáâŋőě àěèěŋĺě (γ_l)_{l=1,...,m} ŋěőďŋőàőďŋőľ áĺáâěňë (0.5) âăłĺě, çâő φ_{lj} | |_z =β= δ_{lj}, γ_l | |_z =β= 1, l, j = 1, . . . , m. Ŕőńőęĺň, łàőňě âőčő,

ψ_j = m∑ l=1 φ_{lj}γ_l, j = 1, . . . , m. Šőčďă ψ_j | |_z =β = m∑ l=1 φ_{lj} | |_z =β·γ_l | |_z =β= 1, j = 1, . . . , m. Ńěňňă 3.1. İńěňěŋâë ŕàőĺğćőńìŋőľ äãŋďăňěŋâăńìŋőľ ňăâàĺÄ æë àěèěŋĺľ áĺáâěňë (3.1) ïćńïîâáï ňŋőčőçńěŋăňĺ őâ φ_{lj}, ψ_j, l, j = 1, . . . , m, (3.2) áâěŕěŋĺ ŋě ćëèě N á łőíääĺæĺěŋâăňĺ ĺğ C .

x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 51 Ďőłăğăâěńìáâćő ďőáâăâőçŋő ŕàőćěáâĺ ďńï őďŋőľ äãŋďăňěŋâăńìÄ ŋőľ ňăâàĺæë àěèěŋĺľ, âăł łăł ńîąăï ďàãčăï ćëàăęăěâáï çěàěğ ŋěě ãňÄ ŋőęěŋĺěň ŋă ňăâàĺæã á íńěňěŋâăňĺ ĺğ C .

Őąéěě àěèěŋĺě —a = (a_1, . . . , a_m) áĺáâěňë (0.10) ňőęěâ ąëâì ŕàěďÄ áâăćńěŋő ć ćĺďě a_l = ρ1φ_l1 + · · · + ρ_mφ_{lm}, l = 1, . . . , m, čďě ρ_1, . . . , ρ_m { ŕàőĺğćőńìŋëě çĺáńă ĺğ C . Šőčďă

a1γ1 + · · · + a_mγ_m = m∑ l,j=1 ρ_jφ_{lj}γ_l = ρ1ψ1 + · · · + ρ_mψ_m

ĺ ŋăąőà äãŋłæĺľ

—a^{—κ}(1 + a_1γ_1 + · · · + a_mγ_m)^{N−|—κ|} = m∏ l=1 (ρ_1φ_{l1} + · · · + ρ_mφ_{lm})^{κl}

× (1 + ρ1ψ1 + · · · + ρ_mψ_m)^{N−|}—^{κ|} = ∑ —r∈˙ —ρ^{—r}u_{—κ,—r}, —κ ∈ ˙,

ŕàĺ ńîąëå ğŋăçěŋĺïå ρ_1, . . . , ρ_m áőáâăćńïěâ àěèěŋĺě áĺáâěňë (3.1). İâő őğŋăçăěâ, çâő ďńï łăęďőčő —r ∈ ˙ ćěłâőà (u_{—κ,—r})_{—κ∈˙} àăğňěàŋőáâĺ ω ãďőćÄ ńěâćőàïěâ áĺáâěňě (3.1). Šěň áăňëň ňë ŕőńãçĺńĺ ω àěèěŋĺľ íâőľ áĺáÄ âěňë.

Ŕőłăęěň, çâő det(u_{—κ,—r})_{—κ,—r∈˙} ≢ 0. Ďńï íâőčő ŕőáçĺâăěň ğŋăçěŋĺě íâőčő őŕàěďěńĺâěńï ć âőçłě z = β. Ĺňěěň: ∑ —r∈˙ —ρ^{—r}u_{—κ,—r} | |_z =β = m∏ l=1 ( ρ1φ_l1 | |_z =β+ · · · + ρ_mφ_{lm} | |_z =β )_{κl}

× ( 1 + ρ_1ψ_1 | |_z =β+ · · · + ρ_mψ_m | |_z =β )_{N−|}—_{κ|} = —ρ^{—κ}(1 + ρ_1 + · · · + ρ_m)^{N−|—κ|}, —κ ∈ ˙.

x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 52

Ŕőíâőňã ďńï ćáěå —r ≺ —κ ćëŕőńŋěŋő u_{—κ,—r} | |_z =β= 0, ă łàőňě âőčő, ĺňěěň u—_{κ,}—_κ | |_z =β= 1, —κ ∈ ˙. Šăłĺň őąàăğőň, çĺáńőćăï ňăâàĺæă (u_{—κ,—r} | |_z =β)_{—κ,—r∈˙} ĺňěěâ âàěãčőńìŋëľ ćĺď, ŕàĺçěň ŋă ěě ďĺăčőŋăńĺ áâőïâ ěďĺŋĺæë. ŚńěÄ ďőćăâěńìŋő, ěě őŕàěďěńĺâěńì det(u_{—κ,—r})_{—κ,—r∈˙} | z=β= 1. Ŋő őâáîďă ćëÄ âěłăěâ, çâő ňăâàĺæă (u_{—κ,—r})_{—κ,—r∈˙} ïćńïěâáï äãŋďăňěŋâăńìŋőľ ňăâàĺæěľ àěèěŋĺľ áĺáâěňë (3.1). Ěě íńěňěŋâë u_{—κ,—r}, —κ, —r ∈ ˙, ïćńïîâáï ňŋőčőÄ çńěŋăňĺ őâ äãŋłæĺľ (3.2) áâěŕěŋĺ ŋě ćëèě N á łőíääĺæĺěŋâăňĺ ĺğ C . Ńěňňă ďőłăğăŋă.

Ńěňňă 3.2. Ŕãáâì φ_1(z), . . . , φ_W (z) { áőćőłãŕŋőáâì äãŋłæĺľ, ăŋăńĺâĺçěáłĺå ć ŋěłőâőàőľ őąńăáâĺ; äãŋłæĺĺ λ_0(z) ≢ 0, λ_1(z), . . . , λ_L(z) ïćńïîâáï ňŋőčőçńěŋăňĺ őâ φ1, . . . , φ_W áâěŕěŋĺ ŋě ćëèě n á łőíääĺæĺěŋâăňĺ ĺğ C , ŕàĺçěň

D_l(z) = λ_l(z) λ0(z) ∈ C (z), l = 1, . . . , L. (3.3)

Šőčďă ďńï àăæĺőŋăńìŋëå äãŋłæĺľ (3.3) áŕàăćěďńĺćő ŕàěďáâăćńěŋĺě

D_l(z) = B_l(z) B0(z) , l = 1, . . . , L; B_l ∈ C [z], deg B_l 6 C5n, l = 0, 1, . . . , L,

čďě ŕőáâőïŋŋăï C_5 ğăćĺáĺâ âőńìłő őâ äãŋłæĺľ φ_1, . . . , φ_W .

Ďőłăğăâěńìáâćő. Řăááňőâàĺň łőńìæő C (z)[φ_1, . . . , φ_W ] ĺ ćëąěàěň ć ŋěň ňăłáĺňăńìŋőě łőńĺçěáâćő ăńčěąàăĺçěáłĺ ŋěğăćĺáĺňëå ŋăď C (z) íńěňěŋâőć ξ_1, . . . , ξ_w ĺ őąőğŋăçĺň ąãłćőľ d áâěŕěŋì ăńčěąàăĺçěáłőčő àăáÄ èĺàěŋĺï C (z, φ_1, . . . , φ_W ) ⊃ C (z, ξ_1, . . . , ξ_w). Ůěàěğ μ_1, . . . , μ_d őąőğŋăÄ çĺň ąăğĺá ŕőńï C (z, φ_1, . . . , φ_W ) ŋăď C (z, ξ_1 , . . . , ξ_w). Ŕőćâőàïï àăáÄ áãęďěŋĺï àăąőâë [9, á. 274{275], ŕàěďáâăćĺň äãŋłæĺĺ λ_0, λ_1, . . . , λ_L ć x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 53 ćĺďě

λ_l = d∑ i=1 b_{li}μ_i a^n , l = 0, 1, . . . , L, b_{li} ∈ C [z, ξ1, . . . , ξ_w], deg_z b_{li} 6 C5n, i = 1, . . . , d, l = 0, 1, . . . , L,

čďě ňŋőčőçńěŋ a ∈ C [z, ξ_1, . . . , ξ_w] ĺ ŕőáâőïŋŋăï C_5 ğăćĺáïâ âőńìłő őâ äãŋłæĺľ φ_1, . . . , φ_W . Šőčďă

D_l = a^nλ_l a^nλ0 = d∑ i=1 b_{li}μ_i d∑ i=1 b0_iμ_i , l = 1, . . . , L,

őâłãďă d∑ i=1 μ_i(D_lb0_i − b_{li}) = 0, l = 1, . . . , L, ĺńĺ D_lb0_i − b_{li} = 0, i = 1, . . . , d, l = 1, . . . , L, ććĺďã ńĺŋěľŋőľ ŋěğăćĺáĺňőáâĺ μ_1, . . . , μ_d ŋăď C (z, ξ_1 , . . . , ξ_w). ŔőáłőńìÄ łã λ_0 ≠ 0, ďńï ŋěłőâőàőčő i, 1 6 i 6 d, ćëŕőńŋěŋő b_{0i} ≠ 0. Ŋě őčàăŋĺçĺÄ ćăï őąéŋőáâĺ ňőęŋő áçĺâăâì, çâő b_{01} ≠ 0. Łăł ćëâěłăěâ ĺğ ŕőáńěďŋěčő àăćěŋáâćă, D_l = b_l1 b01 , l = 1, . . . , L. Ňŋőčőçńěŋë b_{l1}, l = 0, 1, . . . , L, ïćńïîâáï ńĺŋěľŋëňĺ łőňąĺŋăæĺïňĺ ŕàőĺğćěďěŋĺľ áâěŕěŋěľ ξ_1, . . . , ξ_w á łőíääĺæĺěŋâăňĺ ĺğ C [z] ĺ, ŕőáłőńìłã x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 54

ξ1, . . . , ξ_w ăńčěąàăĺçěáłĺ ŋěğăćĺáĺňë ŋăď C (z), ă D1, . . . , D_L ∈ C (z), äãŋłæĺĺ (3.3) ğăŕĺèãâáï ć âàěąãěňőň ćĺďě

D_l = B_l B0 , l = 1, . . . , L,

čďě B_l ∈ C [z] { ŋěłőâőàëě łőíääĺæĺěŋâë ňŋőčőçńěŋőć b_{l1}, l = 0, 1, . . . , L, ĺ ğŋăçĺâ, deg B_l 6 deg_z b_{l1} 6 C_5n, l = 0, 1, . . . , L,

çâő ğăćěàèăěâ ďőłăğăâěńìáâćő ńěňňë.

Ńěňňă 3.3. Őŕàěďěńĺâěńì det ( P [^n]—_κ (z) ) n=0,1,...,ω−1;—κ∈˙ (3.4) őâńĺçěŋ őâ ŋãńï.

Ďőłăğăâěńìáâćő. Ŕàěďŕőńőęĺň, çâő őŕàěďěńĺâěńì (3.4) âőęďěáâÄ ćěŋŋő àăćěŋ ŋãńî, ĺ ğŋăçĺâ, àăŋč áőćőłãŕŋőáâĺ äőàň R^{[0]}(z; —a), R^{[1]}(z; —a), R[2](z; —a), . . . àăćěŋ ~ω, čďě ~ω < ω. Šăł łăł R[0](z; —a) ≢ 0, âő ~ω ¿ 1. Ŕő ńěňňě 6 [20, čń.3] äãŋłæĺőŋăńìŋëě äőàňë

R[^n](z; —a) = ∑ —κ:|—κ|=N —a^{—κ}P^{[n]}_{—κ} (z) + ∑ —κ:|—κ|=N−1 —a^{—κ}P^{[n]}_{—κ} (z) m∑ j=1 a_jf_j(z),

n = 0, 1, . . . , ~ω − 1,

ńĺŋěľŋő ŋěğăćĺáĺňë. Ŕőíâőňã àăŋč ňăâàĺæë ( P [^n]—_κ (z) ) n=0,1,...,eω−1;—κ∈˙

x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 55

àăćěŋ ~ω, ĺ ć ŋěľ ňőęŋő ćëąàăâì ~ω ńĺŋěľŋő ŋěğăćĺáĺňëå áâőńąæőć. ĄãÄ ďěň ďěńăâì âăłőľ ćëąőà \áńěćă ŋăŕàăćő", â.ě. áâőńąěæ á ŋőňěàőň —κ ∈˙ ćëąĺàăěâáï ć âőň ĺ âőńìłő âőň áńãçăě, łőčďă őŋ ńĺŋěľŋő ŋě ćëàăęăěâáï çěàěğ áâőńąæë á ŋőňěàăňĺ, ňěŋìèĺňĺ —κ. Šőčďă ąăğĺáŋëě áâőńąæë ąãďãâ ĺňěâì ŋőňěàă ĺğ ŋěłőâőàőčő ňŋőęěáâćă ~˙ ⊂ ˙, ŕàĺçěň á ŋěłőâőàëňĺ àăÄ æĺőŋăńìŋëňĺ äãŋłæĺïňĺ (2.3) ąãďãâ áŕàăćěďńĺćë àăćěŋáâćă

P [^n]—_{κ′} (z) = ∑ —κ∈ė P [^n]—_κ (z)D—_{κ,}—_κ′ (z) = ∑ —κ∈ė —κ≺—κ^′ P [^n]—_κ (z)D—_{κ,}—_κ′ (z),

n = 0, 1, . . . , ~ω − 1, —κ^′ ∈ ˙ \ ~˙.

Šăłĺň őąàăğőň,

´ = ´(z) = det ( P [^n]—_κ (z) ) n=0,1,...,eω−1;—κ∈ė ≢ 0,

ĺ áőčńăáŋő őæěŋłě (1.6) ŋăåőďĺň, çâő

deg ´ < ~ωM + ~ω(~ω − 1) 2 t < ~ωM + ω2t.

Ďńï ŕàőĺğćőńìŋőčő àěèěŋĺï a_1, . . . , a_m áĺáâěňë (0.10) ŋăąőà äãŋłÄ æĺľ x—_κ =

—a^{—κ}, ěáńĺ |—κ| = N;

—a^{—κ}(a_1f_1 + · · · + a_mf_m), ěáńĺ |—κ| = N − 1,

áőáâăćńïěâ àěèěŋĺě áĺáâěňë ńĺŋěľŋëå őďŋőàőďŋëå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ (3.1) ŕőàïďłă ω. Ć ďőłăğăâěńìáâćě ńěňňë 8 [20, čń.3, x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 56

c. 102{103] àăæĺőŋăńìŋëě äãŋłæĺĺ D_{—κ,—κ}′ , —κ ∈ ~˙, —κ^′ ∈ ˙ \ ~˙, ąëńĺ ŕàěďÄ áâăćńěŋë ć ćĺďě

D—_{κ,}—_κ′ = − λ—_{κ,}—_κ′ λ , λ ≢ 0, —κ ∈ ~˙, —κ^′ ∈ ˙ \ ~˙, (3.5)

čďě λ ĺ λ_{—κ,—κ}′ { ňĺŋőàë ŕőàïďłă (ω − ~ω) ŋěłőâőàőľ äãŋďăňěŋâăńìŋőľ ňăâàĺæë àěèěŋĺľ áĺáâěňë (3.1). Ŕő ńěňňě 3.1 íńěňěŋâë íâőľ äãŋďăÄ ňěŋâăńìŋőľ ňăâàĺæë àěèěŋĺľ ěáâì ňŋőčőçńěŋë őâ äãŋłæĺľ (3.2) áâěŕěÄ ŋĺ ŋě ćëèě N á łőíääĺæĺěŋâăňĺ ĺğ C . Ŕőíâőňã ňĺŋőàë λ, λ_{—κ,—κ}′ , —κ ∈ ~˙, —κ^′ ∈ ˙ \ ~˙, ŕőàïďłă (ω − ~ω) ïćńïîâáï ňŋőčőçńěŋăňĺ őâ äãŋłæĺľ (3.2) áâěŕěŋĺ ŋě ćëèě (ω−~ω)N 6 ωN á łőíääĺæĺěŋâăňĺ ĺğ C . Łăł áńěďãěâ ĺğ ńěňňë 3.2, ďńï àăæĺőŋăńìŋëå äãŋłæĺľ (3.5) áãéěáâćãěâ ŕàěďáâăćńěŋĺě

D—_{κ,}—_κ′ (z) =

B—_{κ,}—_κ′ (z) B(z) , B, B—_{κ,}—_κ′ ∈ C [z], B ≢ 0, deg B 6 C_5ωN, deg B_{—κ,—κ}′ 6 C_5ωN, —κ ∈ ~˙, —κ^′ ∈ ˙ \ ~˙, (3.6)

čďě ŕőáâőïŋŋăï C_5 ğăćĺáĺâ âőńìłő őâ áőćőłãŕŋőáâĺ äãŋłæĺľ (3.2), łőâőÄ àëě, ć áćőî őçěàěďì, őďŋőğŋăçŋő őŕàěďěńïîâáï áĺáâěňőľ (0.5) (âőçłă β ŋě ğăćĺáĺâ ŋĺ őâ çěčő). Ŋő ĺğ ńěňňë 3 [20, čń.3] áńěďãěâ, çâő áĺáâěÄ ňă (0.5) ŕőńŋőáâìî ğăďăěâáï ŋăąőàőň ńĺŋěľŋő ŋěğăćĺáĺňëå ŋăď C (z) äãŋłæĺľ 1, f_1(z), . . . , f_m(z). Ŕőíâőňã C_5 = C_5(f_1, . . . , f_m).

Ďńï ŕàőĺğćőńìŋőčő ňŋőčőçńěŋă v ∈ C (z)[y_1, . . . , y_m] çěàěğ v( —f) őąőÄ ğŋăçĺň àěğãńìâăâ ŕőďáâăŋőćłĺ ć ŋěčő äãŋłæĺľ f_1(z), . . . , f_m(z) ćňěáâő ŕěàěňěŋŋëå y_1, . . . , y_m áőőâćěâáâćěŋŋő. Šőčďă ŕőďőąŋő (0.20)

R[^n]—_s (z) = ∑ —κ∈˙ P [^n]—_κ (z)x—_{κ,}—_s( —f), n = 0, 1, . . . , ~ω − 1, —s ∈ ^, x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 57 ĺ

R[^n]—_s (z) = ∑ —κ∈ė P [^n]—_κ (z)x—_{κ,}—_s( —f) + ∑ —κ^′∈˙\ė P [^n]—_{κ′} (z)x—_κ′_,—_s( —f)

= ∑ —κ∈ė P [^n]—_κ (z) ( x—_{κ,}—_s( —f) + ∑ —κ^′∈˙\ė D—_{κ,}—_κ′ (z)x—_κ′_,—_s( —f) )

= ∑ —κ∈ė P [^n]—_κ (z)~x—_{κ,}—_s( —f), n = 0, 1, . . . , ~ω − 1, —s ∈ ^, (3.7)

čďě ňŋőčőçńěŋë x_{—κ,—s} ∈ C [y_1, . . . , y_m], —κ ∈ ˙, ~x_{—κ,—s} ∈ C (z)[y_1, . . . , y_m], —κ ∈ ~˙, —s ∈ ^, őŕàěďěńïîâáï áőčńăáŋő äőàňãńăň (2.2) ĺ (2.5).

Ćëąěàěň ŕő ğăďăŋŋőňã ňŋőęěáâćã ~˙ ⊂ ˙ ć áőőâćěâáâćĺĺ á ŕàěďńőęěÄ ŋĺěň 2.1 ňŋőęěáâćă ˙_1 ⊂ ~˙ ĺ ^_1 ⊂ ^, Card ˙_1 = Card ^_1 = ~θ. Šőčďă őŕàěďěńĺâěńì χ = χ(z) ňăâàĺæë ( B(z)~x—_{κ,}—_s( —f) | δ—_{κ,}—_r ) —κ∈ė;—s∈^_1,—r∈ė\˙_1 , (3.8)

á âőçŋőáâìî ďő ğŋăłă àăćŋëľ

B eθ · det ( ~x—_{κ,}—_s( —f) ) —κ∈˙_1;—s∈^_1 ,

ïćńïěâáï ŋěćëàőęďěŋŋëň ňŋőčőçńěŋőň őâ äãŋłæĺľ f_1(z), . . . , f_m(z) ĺ ŋě àăćěŋ ŋãńî âőęďěáâćěŋŋő ććĺďã ĺå ăńčěąàăĺçěáłőľ ŋěğăćĺáĺňőáâĺ. Ś ďàãčőľ áâőàőŋë, B(z)~x_{—κ,—s}( —f), —κ ∈ ~˙, —s ∈ ^_1, ěáâì ŋěłőâőàëě ńĺŋěľÄ ŋëě äőàňë őâ äãŋłæĺľ 1, f_1(z), . . . , f_m(z) á łőíääĺæĺěŋâăňĺ ĺğ C [z] ĺ őæěŋłőľ C_5ωN ŋă áâěŕěŋĺ íâĺå łőíääĺæĺěŋâőć áőčńăáŋő (3.6). Ŕőíâőňã χ łăł ňŋőčőçńěŋ őâ z, f1, . . . , f_m ĺňěěâ áâěŕěŋì ŋě ćëèě ~θ · C5ωN ŕő z x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 58

ĺ ŋě ćëèě ~θ ŕő čàãŕŕě f_1, . . . , f_m. Ŕő âěőàěňě 1 [10] ŕőàïďőł ŋãńï íâőčő őŕàěďěńĺâěńï ć âőçłě z = 0 ŋě ŕàěćőáåőďĺâ

C6(C5 ~θωN + 1)~θ^m < 2C5C6θ^m+1ωN,

čďě C_6 = C_6(f_1, . . . , f_m).

Ěáńĺ ãňŋőęĺâì ňăâàĺæã ( P [^n]—_κ (z) ) n=0,1,...,eω−1;—κ∈ė , őŕàěďěńĺâěńì łőâőàőľ àăćěŋ ´, áŕàăćă ŋă ňăâàĺæã (3.8), âő áőčńăáŋő áőőâŋőèěŋĺïň (3.7) ŕőńãçĺň ňăâàĺæã ( B(z)R[^n]—_s (z) | P [^n]—_r (z) ) n=0,1,...,eω−1;—s∈^_1,—r∈ė\˙_1 . Ěě őŕàěďěńĺâěńì àăćěŋ ´χ ≢ 0. Ć ŕěàćëå ~θ áâőńąæăå íâőľ ňăâàĺæë áâőïâ ńĺŋěľŋëě äãŋłæĺőŋăńìŋëě äőàňë, ŕőàïďőł ŋãńï łőâőàëå ć âőçłě z = 0 ć áőőâćěâáâćĺĺ á őæěŋłăňĺ (1.7) ŋě ŋĺęě K − ~ω. Ŕőíâőňã

ord_{z=0} ´χ ¿ ~θ(K − ~ω) > ~θK − θω.

Ś ďàãčőľ áâőàőŋë,

ord_{z=0} ´χ = ord_{z=0} ´ + ord_{z=0} χ 6 ord_{z=0} ´ + 2C_5C_6θ^{m+1}ωN,

őâłãďă ord_{z=0} ´ > ~θK − θω − 2C_5C_6θ^{m+1}ωN, x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 59 ĺ ğŋăçĺâ,

0 6 deg ´ − ord_{z=0} ´ < ~ωM −^~θK + ω^2t + θω + 2C5C6θ^{m+1}ωN. (3.9)

Ćëąĺàăěň M_∗ = M_∗(f_1, . . . , f_m) âăł, çâőąë ďńï ćáěå M > M_∗ ćëŕőńÄ ŋïńőáì ω2t + θω + 2C5C6θ^m+1ωN < ε θ M, (3.10)

ĺ âőčďă K < ( ~ω ~θ + ε θ~θ ) M 6^{( ~ω}_{~θ} +^ε_θ^)M. Őáâăńőáì ćőáŕőńìğőćăâìáï őæěŋłőľ ŕàěďńőęěŋĺï 2.1:

~ω ~θ 6^ω_θ −^1_{(N + m − 1)θ} =^{ω − 3ε}_θ ,

őâłãďă K < ω − 2ε θ M, çâő ŕàőâĺćőàěçĺâ ćëąőàã K ć ãáńőćĺĺ ńěňňë 1.1. Ŕőńãçěŋŋőě ŕàőâĺÄ ćőàěçĺě ďőłăğëćăěâ ńěňňã.

Ńěňňă 3.4. Śŕàăćěďńĺćő àăćěŋáâćő

´(z) = det ( P [^n]—_κ (z) ) n=0,1,...,ω−1;—κ∈˙ = z ord_{z=0} ´´ 0(z),

čďě ´_0(z) { ňŋőčőçńěŋ, ´_0 ≢ 0 ĺ deg ´_0 < 2εM.

x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 60 Ďőłăğăâěńìáâćő. Śőčńăáŋő őæěŋłě (3.9) á ~ω = ω ĺ ~θ = θ ĺňěěň:

deg ´ − ord_{z=0} ´ < ωM − θK + ω^2t + θω + 2C_5C_6θ^{m+1}ωN < 2εM,

çâő ĺ âàěąőćăńőáì.

Šěŕěàì ňë ŕőďčőâőćńěŋë ďńï ŕěàěåőďă ł çĺáńőćëň ńĺŋěľŋëň äőàÄ ňăň.

Ńěňňă 3.5. Řăŋč çĺáńőćőľ ňăâàĺæë ( P [^n]—_κ (α) ) n=0,1,...,ω+[2εM];—κ∈˙ àăćěŋ ć âőçŋőáâĺ ω.

Ďőłăğăâěńìáâćő íâőčő äăłâă ĺáŕőńìğãěâ áâăćèĺě ãęě áâăŋďăàâŋëÄ ňĺ àăááãęďěŋĺï Ğĺčěńï, ăŋăńőčĺçŋëě ŕàĺćěďěŋŋëň ć ďőłăğăâěńìáâćě ńěňňë 10 [20, čń.3], ĺ őŕĺàăěâáï ŋă àěğãńìâăâ ńěňňë 3.4. Őçěćĺďŋëň áńěďáâćĺěň ĺğ íâőľ ńěňňë ïćńïěâáï áńěďãîéěě ãâćěàęďěŋĺě.

Ńěňňă 3.6. Řăŋč çĺáńőćőľ ňăâàĺæë ( P [^n]—_s∗ (α) P [^n]—_κ∗ (α) ) n=0,1,...,ω+[2εM], čďě —s^∗ = N —e_l∗ , —κ^∗ = (N − 1)—e_l∗ , àăćěŋ ďćãň.

Ďőłăğăâěńìáâćő âěőàěňë 1. Ďńï ŕàőĺğćőńìŋőčő M > M∗, čďě

M_∗ őŕàěďěńïěâáï áőčńăáŋő ŋěàăćěŋáâćã (3.10), ćőáŕőńìğãěňáï àěğãńìâăÄ âőň ńěňňë 3.6 ĺ ćëąěàěň æěńëě çĺáńă n_1, n_2, 0 6 n_1 < n_2 6 ω + 2εM < 3εM, âăłĺě, çâő çĺáńőćăï ňăâàĺæă ( P [^{n1}]—_s∗ (α) P [^{n1}]—_s∗_−—_{el∗} (α) P [^{n2}]—_s∗ (α) P [^{n2}]—_s∗_−—_{el∗} (α) ) , (3.11) x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 61

čďě —s^∗ = N —e_l∗ , —κ^∗ = (N −1)—e_l∗ , ŋěćëàőęďěŋă. Ŕãáâì α = a/b, čďě a ∈ Z, b ∈ N . Ŕőńőęĺň

q_j = b^M+^{tnj} (M + tn_j)!P

[n_j ] —s^∗−—e_l∗ (α) ∈ Z;

p_j = −b^M+^{tnj} (M + tn_j)!P

[n_j ] —s^∗ (α) ∈ Z;

r_j = b^M+^{tnj} (M + tn_j)!R

[n_j ] —s^∗ (α) = qj fl^∗ (α) − pj , j = 1, 2.

Ŕőáłőńìłã n_j < 3εM, ňőęŋő ćőáŕőńìğőćăâìáï őæěŋłăňĺ ńěňňë 1.3 ďńï æěńëå çĺáěń q_j ĺ ńĺŋěľŋëå äőàň r_j, j = 1, 2:

|q_j| < b^M+^{tnj} (M + tn_j)! M+tnj ∑ ν=0 C^{ωM/ε} 0 M^{C2εM} ν! α^ν 6 C^{ωM/ε}_0 M^{M+C7εM} 6 M^M C^{M(log M)m/(m+1)} 8 ; |r_j| < b^M+^{tnj} (M + tn_j)!C^{ωM/ε}0 M^{C2εM} C^M3 M^{−K} 6 M^{−M+C9εM+M(m−1)/(N+m−1)}C^{ωM/ε}_0 6 M^{−M} C^{M(log M)m/(m+1)}_{10} , j = 1, 2. (3.12)

Ćëąěàěň q_∗ =^1_2 M^{M∗}_∗ C^{−M∗(log M∗)m/(m+1)}

10 ĺ ŕãáâì p, q { ŕàőĺğćőńìÄ ŋëě æěńëě çĺáńă, |q| ¿ q_∗. Ćőğìňěň ŋăĺňěŋìèěě æěńőě M âăłőě, çâő

M^{−M} C^M(log^M)^{m/(m+1)}

10 6^1_2 |q|^{−1}, (3.13)

ŕàĺ íâőň ćëŕőńŋěŋő M > M_∗. Šőčďă

M^M C^M(log^M)^{m/(m+1)}

8 6 (M − 1)^{M−1}(2C8)^{M(log M)m/(m+1)} 6 2|q|(2C8)^{M(log M)m/(m+1)} 6^1_2 |q|(4C8)^{M(log M)m/(m+1)} . (3.14)

x I.3 Ďőłăğăâěńìáâćő âěőàěňë 1 62

Ĺğ ćëąőàă (3.13) ćëâěłăěâ, çâő

C11 log M < log log |q| < C12 log M,

ĺ áńěďőćăâěńìŋő,

(4C_8)^{M(log M)m/(m+1)} 6 (M^M )^{C13(log M)−1/(m+1)}

6 |q|^{γ(log log |q|)−1/(m+1)} , γ > 0. (3.15)

Őæěŋłĺ (3.12) áőčńăáŋő ŋěàăćěŋáâćăň (3.14), (3.15) ĺ (3.13) áőőâćěâáâćěŋÄ ŋő ŕěàěŕĺèãâáï ć ćĺďě:

|q_j| < 12 |q|1+^γ(log log^{|q|})^{−1/(m+1)} , |r_j| < 12 |q|^−1, j = 1, 2.

Ňăâàĺæă ( q1 p1 q2 p2 )

ŋěćëàőęďěŋă ć ćĺďã ŋěćëàőęďěŋŋőáâĺ (3.11). Ŕőíâőňã, ŕő łàăľŋěľ ňěÄ àě, őďŋă ĺğ ńĺŋěľŋő ŋěğăćĺáĺňëå ŋăď C ńĺŋěľŋëå äőàň r_1, r_2 ďőńęŋă ąëâì ńĺŋěľŋő ŋěğăćĺáĺňőľ á r = qf_l∗ (α) − p. Ŕãáâì ďńï őŕàěďěńěŋŋőáÄ âĺ íâő ąãďěâ äőàňă r_1, â.ě.

λ = det ( q p q1 p1 ) = det ( q −r q1 −r1 ) ≠ 0. Ŕőáłőńìłã ćáě ćåőďïéĺě ć ńěćëľ őŕàěďěńĺâěńì çĺáńă ïćńïîâáï æěńëňĺ, âő ĺ λ ∈ Z, ĺŋëňĺ áńőćăňĺ, |λ| ¿ 1. Šăłĺň őąàăğőň, 1 6 |λ| = |rq1 − qr1| 6 |r| · |q1| + |q| · |r1| < 12 |r| · |q|1+^γ(log log^{|q|})^{−1/(m+1)} + 12 ,

őâłãďă |r| > |q|^−1^{−γ}(log log^{|q|})^{−1/(m+1)} , çâő ğăćěàèăěâ ďőłăğăâěńìáâćő âěőàěňë 1.

x I.4 Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě 63 x4. Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě Ĺğńőęěŋŋăï ćëèě łőŋáâàãłæĺï áãéěáâćěŋŋő ĺáŕőńìğãěâ ãáńőćĺě ăńÄ čěąàăĺçěáłőľ ŋěğăćĺáĺňőáâĺ ŋăď C (z) àăááňăâàĺćăěňëå E-äãŋłæĺľ. Őďŋăłő, ć áńãçăě m = 2 ãďăěâáï ãâőçŋĺâì ŕàěďńőęěŋĺě 2.1 ĺ âěň áăÄ ňëň őáńăąĺâì íâő ãáńőćĺě.

Ńěňňă 4.1. Ŕãáâì ňŋőęěáâćő ˙_1 ⊂ ~˙ ĺ őâőąàăęěŋĺě σ :˙_1 →^ ãďőćńěâćőàïîâ áćőľáâćăň 1){3), őŕĺáăŋŋëň ŕěàěď ńěňňőľ 2.4. Šőčďă ňĺŋőà det(~x_{—κ,—s})_{—κ∈˙1;—s∈^1} , ^_1 = σ(˙_1), ňăâàĺæë (2.4) àăćěŋ

± ∏ —κ∈˙_1 σ(—κ)=—κ+—e_2

~x—_{κ,}—_κ+—_{e2} · ∏ —κ∈˙_1 —κ−—e_2∈˙_1 det ( ~x—_{κ−}—_{e2,}—_{κ−}—_{e2}+—_{e1} ~x—_{κ−}—_{e2,}—_κ ~x—_{κ,}—_{κ−}—_{e2}+—_{e1} 1 ) . (4.1)

Ďőłăğăâěńìáâćő. Ŕěàěáâăćĺň ć ňăâàĺæě (~x_{—κ,—s})_{—κ∈˙1;—s∈^1} áâőńąÄ æë âăłĺň őąàăğőň, çâőąë ŋă čńăćŋőľ ďĺăčőŋăńĺ ŕőńãçĺćèěľáï ňăâàĺæë X áâőïńĺ íńěňěŋâë ~x—_{κ,σ}(—_κ), —κ ∈ ˙1, ĺ ŕőłăęěň, çâő ňăâàĺæă X ĺňěěâ \ŕőçâĺ âàěãčőńìŋëľ" ćĺď.

Ŕàěęďě ćáěčő őâňěâĺň, çâő

—s ≺ —κ, —s ∈ ^, —κ ∈ ~˙ =⇒ ~x_{—κ,—s} = 0 (4.2)

áőčńăáŋő őŕàěďěńěŋĺî (2.5), âăł łăł ć íâőň áńãçăě —s ≺ —κ, —s − —e_2 ≺ —κ ĺ —s − —e_1 ≺ —κ. Ŕãáâì —κ { ŕàőĺğćőńìŋëľ ňãńìâĺĺŋďěłá ĺğ ˙_1. Řăááňőâàĺň őâďěńìŋő ďćě ćőğňőęŋőáâĺ.

ă) |—κ| = N − 1. Ďőłăęěň, çâő ć íâőň áńãçăě ć áâàőłě á ŋőňěàőň —κ ňăâÄ àĺæë X ńěćěě čńăćŋőľ ďĺăčőŋăńĺ àăáŕőńőęěŋë ŋãńěćëě íńěňěŋâë. Ďńï íâőčő ć áĺńã (4.2) ďőáâăâőçŋő ŕőłăğăâì, çâő ĺğ ãáńőćĺľ —κ^′ ≺ —κ, —κ^′ ∈ ˙_1 áńěďãěâ σ(—κ^′) ≺ —κ.

x I.4 Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě 64

Ěáńĺ |—κ^′| = N, âő σ(—κ^′) = —κ^′ ≺ —κ.

Ěáńĺ |—κ^′| = N −1, âő —κ^′ 4 —κ− —e_1 + —e_2, őâłãďă σ(—κ^′) 4 —κ^′ + —e_1 4 —κ+ —e_2. Řăćěŋáâćő σ(—κ^′) = —κ + —e_2 ćőğňőęŋő ńĺèì ć áńãçăě —κ^′ = —κ − —e_1 + —e_2, ĺ âőčďă σ(—κ) ≠ σ(—κ^′) = —κ + —e_2, â.ě. σ(—κ) = —κ + —e_1. Ĺğ ãáńőćĺï 3) ĺ âőčő, çâő —κ + —e_2 ≺ —κ + —e_1 = σ(—κ) ćëâěłăěâ, çâő —κ^′ = σ^{−1}(—κ + —e_2) ≻ —κ, çâő ŕàőâĺćőàěçĺâ ŕàěďŕőáëńłě —κ^′ ≺ —κ. Śńěďőćăâěńìŋő, σ(—κ^′) ≠ —κ + —e_2 ĺ σ(—κ^′) ≺ —κ + —e2. Őâáîďă σ(—κ^′) 4 —κ, ĺ ć âő ęě ćàěňï σ(—κ^′) ≠ —κ, ŕőáłőńìłã |σ(—κ^′)| = N, |—κ| = N − 1. Őłőŋçăâěńìŋő, σ(—κ^′) ≺ —κ. Ćőáŕőńìğőćăćèĺáì ãâćěàęďěŋĺěň (4.2), ŕőńãçăěň:

—κ^′ ≺ —κ, —κ^′ ∈ ˙_1 =⇒ ~x_{—κ,σ(—κ}′_) = 0. (4.3)

ą) |—κ| = N. Ŕőłăęěň, çâő ěáńĺ —κ^′ ≺ —κ − —e_2, —κ^′ ∈ ˙_1, âő σ(—κ^′) ≺ —κ. Ŕőáłőńìłã ňãńìâĺĺŋďěłáë —κ − —e_2, —κ áőáěďŋĺě ćő ňŋőęěáâćě ˙, íâő ąãďěâ őğŋăçăâì, çâő ć áâàőłě á ŋőňěàőň —κ ňăâàĺæë X ńěćěě čńăćŋőľ ďĺăčőŋăÄ ńĺ áâőïâ ŋãńěćëě íńěňěŋâë, łàőňě, ąëâì ňőęěâ, íńěňěŋâă ~x_{—κ,σ(—κ−—e2)}, ŕàěďèěáâćãîéěčő ~x_{—κ,σ(—κ)}, ć áńãçăě —κ − —e_2 ∈ ˙_1.

Ěáńĺ |—κ^′| = N, âő σ(—κ^′) = —κ^′ ≺ —κ − —e_2 ≺ —κ.

Ěáńĺ |—κ^′| = N − 1, âő —κ^′ 4 —κ − —e_1 ĺ σ(—κ^′) 4 —κ^′ + —e_1 4 —κ. Řăćěŋáâćő σ(—κ^′) = —κ ŋěćőğňőęŋő, âăł łăł σ^−1(—κ) = —κ. Ŕőíâőňã σ(—κ^′) ≺ —κ.

Ćőáŕőńìğőćăćèĺáì ãâćěàęďěŋĺěň (4.2), ć áńãçăě ą) ŕőńãçăěň:

—κ^′ ≺ —κ, —κ^′ ∈ ˙_1 =⇒

~x—_{κ,σ}(—_κ′) = 0, ěáńĺ —κ^′ ≺ —κ − —e2;

~x—_{κ,σ}(—_κ′) = ~x—_{κ,σ}(—_{κ−}—_{e2}), ěáńĺ —κ^′ = —κ − —e2. (4.4) Ěáńĺ —κ − —e_2 ∈ ˙_1, âő σ(—κ − —e_2) = —κ − —e_2 + —e_1, ŕőáłőńìłã σ(—κ − —e_2) ≠ (—κ − —e_2) + —e_2 = —κ = σ(—κ). Ś ďàãčőľ áâőàőŋë, ěáńĺ σ(—r) = —r + —e_1, —r ∈ ˙_1, âő áőčńăáŋő ãáńőćĺî 3) ćëŕőńŋěŋő —r + —e_2 ∈ σ(˙_1) ĺ σ^{−1}(—r + —e_2) ≻ —r, â.ě. σ^−1(—r + —e2) = —r + —e2 ĺ —r + —e2 ∈ ˙1.

x I.4 Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě 65

Śőčńăáŋő ãâćěàęďěŋĺïň (4.4) ĺ (4.3) ćďőńì čńăćŋőľ ďĺăčőŋăńĺ ňăâÄ àĺæë X áâőïâ őďŋőňěàŋëě ąńőłĺ

(~x_{—κ,—κ}), —κ ∈ ˙_1, σ(—κ) = —κ, —κ − —e_2 /∈ ˙_1, ĺńĺ (~x_{—κ,—κ+—e2} ), —κ ∈ ˙_1, σ(—κ) = —κ + —e_2,

ĺńĺ ďćãňěàŋëě ąńőłĺ ( ~x—_{κ−}—_{e2,}—_{κ−}—_{e2}+—_{e1} ~x—_{κ−}—_{e2,}—_κ ~x—_{κ,}—_{κ−}—_{e2}+—_{e1} ~x—_{κ,}—_κ ) , —κ ∈ ˙1, σ(—κ) = —κ, —κ − —e2 ∈ ˙1,

ă ć ńěćěě ĺ ŋĺęě íâĺå ąńőłőć àăáŕőńőęěŋë ŋãńĺ. Ŕőíâőňã ĺ á ãçěâőň âőčő, çâő ~x_{—κ,σ(—κ)} = 1 ć áńãçăě σ(—κ) = —κ áőčńăáŋő äőàňãńě (2.5), őŕàěďěÄ ńĺâěńì det(~x_{—κ,—s})_{—κ∈˙1;—s∈^1} = ± det X àăćěŋ (4.1), çâő ĺ âàěąőćăńőáì.

Ďőłăğăâěńìáâćő âěőàěňë 2. Ťãŋłæĺĺ f_1(z), f_2(z) ŋě ïćńïîâáï ňŋőčőçńěŋăňĺ, ŕőáłőńìłã łăęďăï ĺğ ŋĺå ńĺŋěľŋő ŋěğăćĺáĺňă ŋăď C (z) á ěďĺŋĺæěľ. Łăł æěńëě äãŋłæĺĺ, őâńĺçŋëě őâ ňŋőčőçńěŋőć, f_1(z) ĺ f_2(z) ïćńïîâáï âàăŋáæěŋďěŋâŋëňĺ äãŋłæĺïňĺ. Ŕőłăęěň, çâő ďńï ŋěłőâőàőčő l ∈ {1, 2} äãŋłæĺĺ 1, f1(z), f2(z), f 2_l (z) ńĺŋěľŋő ŋěğăćĺáĺňë ŋăď C (z).

Ŕàěďŕőńőęĺň, çâő íâő ŋě âăł. Šőčďă

f 2_l (z) = E_l0(z) + E_l1(z)f1(z) + E_l2(z)f2(z), l = 1, 2; E_{lj} ∈ C (z), l = 1, 2, j = 0, 1, 2, (4.5)

ŕőáłőńìłã äãŋłæĺĺ 1, f_1(z), f_2(z) ńĺŋěľŋő ŋěğăćĺáĺňë ŋăď C (z). Ěáńĺ E12 ≡ 0, âő âàăŋáæěŋďěŋâŋăï äãŋłæĺï f1(z) ãďőćńěâćőàïěâ ăńčěąàăĺÄ çěáłőňã ãàăćŋěŋĺî y^2 − E_{11}y − E_{10} = 0, çâő ŋěćőğňőęŋő. Ŕőíâőňã

f2(z) = f 21 (z) − E11(z)f1(z) − E10(z) E12(z) , E12 ≢ 0, x I.4 Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě 66

ĺ ŕőáńě ŕőďáâăŋőćłĺ íâőčő ćëàăęěŋĺï ć ãàăćŋěŋĺě (4.5) ŕàĺ l = 2 ğăÄ łńîçăěň, çâő âàăŋáæěŋďěŋâŋăï äãŋłæĺï f_1(z) ãďőćńěâćőàïěâ ăńčěąàăÄ ĺçěáłőňã ãàăćŋěŋĺî

(y^2 − E_{11}y − E_{10})^2 − E_{22}E_{12}(y^2 − E_{11}y − E_{10}) − E_{21}E^2_{12}y − E_{20}E^2_{12} = 0,

çâő őŕïâì ęě ŋěćőğňőęŋő. Ŕőńãçěŋŋőě ŕàőâĺćőàěçĺě ŕőłăğëćăěâ, çâő ŕő łàăľŋěľ ňěàě őďŋă ĺğ äãŋłæĺľ f^2_l (z), l ∈ {1, 2}, ŋě ćëàăęăěâáï ńĺÄ ŋěľŋő á łőíääĺæĺěŋâăňĺ ĺğ C (z) çěàěğ äãŋłæĺĺ 1, f_1(z), f_2(z). Ŋě őčàăÄ ŋĺçĺćăï őąéŋőáâĺ, ňőęŋő áçĺâăâì, çâő l = 2, â.ě. çâő äãŋłæĺĺ 1, f_1(z), f2(z), f 22 (z) ńĺŋěľŋő ŋěğăćĺáĺňë ŋăď C (z).

Ŕãáâì ňŋőęěáâćă ˙_1 ĺ ^_1 ćëąàăŋë ŕő ğăďăŋŋőňã ~˙ ⊂ ˙ ć áőőâćěâÄ áâćĺĺ á ŕàěďńőęěŋĺěň 2.1 ĺ àăæĺőŋăńìŋëě äãŋłæĺĺ (2.3) ŕàěďáâăćńěŋë ć ćĺďě (3.6). Őąőğŋăçĺň çěàěğ σ : ˙_1 → ^_1 âăłőě ąĺěłâĺćŋőě őâőąàăÄ ęěŋĺě, çâő ŕăàă (˙_1, σ) ãďőćńěâćőàïěâ ãáńőćĺïň 1){3). Śőčńăáŋő äőàÄ ňãńě (2.5) ĺňěěň:

~x—_{κ,}—_κ+—_{e2} = y2 + D—_{κ,}—_κ+—_{e2} , ěáńĺ σ(—κ) = —κ + —e2;

~x—_{κ−}—_{e2,}—_{κ−}—_{e2}+—_{e1} = y1 + D—_{κ−}—_{e2,}—_{κ−}2—_{e2}+—_{e1} y2

+ D_{—κ−—e2,—κ−—e2+—e1} , ěáńĺ σ(—κ) = —κ, —κ − —e_2 ∈ ˙_1;

~x—_{κ−}—_{e2,}—_κ = y2, ěáńĺ σ(—κ) = —κ, —κ − —e2 ∈ ˙1;

~x—_{κ,}—_{κ−}—_{e2}+—_{e1} = D—_{κ,}—_{κ−}2—_{e2}+—_{e1} y2

+ D_{—κ,—κ−—e2+—e1} , ěáńĺ σ(—κ) = —κ, —κ − —e_2 ∈ ˙_1, x I.4 Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě 67

őâłãďă, ěáńĺ ćőáŕőńìğőćăâìáï ńěňňőľ 4.1,

χ = ± det ( B(z)~x—_{κ,}—_s( —f) ) —κ∈˙_1;—s∈^_1 = ± ∏ —κ∈˙_1 σ(—κ)=—κ —κ−—e_2 /∈˙_1 B(z) · ∏ —κ∈˙_1 σ(—κ)=—κ+—e_2 { B(z)f2(z) + B—_{κ,}—_κ+—_{e2} (z) }

× ∏ —κ∈˙_1 —κ−—e_2∈˙_1 B(z) { −B—_{κ,}—_{κ−}2—_{e2}+—_{e1} (z)f 22 (z) + B(z)f1(z)

+ ( B—_{κ−}—_{e2,}—_{κ−}2—_{e2}+—_{e1} (z) − B—_{κ,}—_{κ−}—_{e2}+—_{e1} (z) ) f2(z) + B—_{κ−}—_{e2,}—_{κ−}—_{e2}+—_{e1} (z) } . Ŕőáłőńìłã B(z) ≢ 0 ĺ äãŋłæĺĺ 1, f_1(z), f_2(z), f^2_2 (z) ńĺŋěľŋő ŋěğăćĺáĺÄ ňë ŋăď C (z), ŕőáńěďŋěě ŕàőĺğćěďěŋĺě őâńĺçŋő őâ ŋãńï. Ćëàăęěŋĺï ć äĺÄ čãàŋëå áłőąłăå ňőęŋő àăááňăâàĺćăâì łăł ňŋőčőçńěŋë őâ z, f_1(z), f_2(z) áâěŕěŋĺ ŋě ćëèě C_5ωN ŕő z ĺ ŋě ćëèě 2 ŕő čàãŕŕě f_1, f_2. Śőčńăáŋő áńěďÄ áâćĺî ĺğ âěőàěňë 1 [8] ŕőàïďőł ŋãńï łăęďőčő âăłőčő ćëàăęěŋĺï ć âőçłě z = 0 ŋě ćëèě C14(C5ωN + 1)23^3 6 C15ωN,

čďě ŕőáâőïŋŋăï C_{14}, ă áńěďőćăâěńìŋő, ĺ C_{15}, ğăćĺáĺâ âőńìłő őâ äãŋłæĺľ f1(z), f2(z). Łàőňě âőčő,

ord_{z=0} B(z) 6 deg B(z) 6 C_5ωN 6 C_{15}ωN.

Ŕőíâőňã

ord_{z=0} χ 6 ∑ —κ∈˙_1 σ(—κ)=—κ —κ−—e_2 /∈˙_1 C15ωN + ∑ —κ∈˙_1 σ(—κ)=—κ+—e_2 C15ωN

+ ∑ —κ∈˙_1 —κ−—e_2∈˙_1

(C_{15}ωN + C_{15}ωN)

= Card ˙_1 · C_{15}ωN 6 C_{15}ω^2N.

x I.4 Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě 68

Őáâăńőáì ć ďőłăğăâěńìáâćě ńěňňë 3.3 ćëąàăâì M_∗ = M_∗(f_1, f_2) âăł, çâőąë ďńï ćáěå M > M_∗ ćëŕőńŋïńőáì ŋěàăćěŋáâćő ω2t + θω + C15ω2N < ε θ M. Ćáě őáâăńìŋëě àăááãęďěŋĺï őáâăîâáï ąěğ ĺğňěŋěŋĺľ. İâő ğăćěàèăěâ ďőłăğăâěńìáâćő âěőàěňë 2.

Ďőłăğăâěńìáâćő áńěďáâćĺï 1. Ěáńĺ äãŋłæĺĺ 1, f(z), f^′(z) ńĺÄ ŋěľŋő ŋěğăćĺáĺňë ŋăď C (z), âő áŕàăćěďńĺćőáâì ŋěàăćěŋáâćă | | |f(α) − p q | | | > |q|^− 2−γ(log log |q|)^{−1/3} (4.6)

ćëâěłăěâ ĺğ âěőàěňë 2. Ć ŕàőâĺćŋőň áńãçăě äãŋłæĺï f(z) ńĺąő ńĺŋěľŋő ğăćĺáĺňă á ěďĺŋĺæěľ ĺ, łăł æěńăï äãŋłæĺï, ïćńïěâáï ňŋőčőçńěŋőň, ńĺąő ãďőćńěâćőàïěâ ďĺääěàěŋæĺăńìŋőňã ãàăćŋěŋĺî ŕěàćőčő ŕőàïďłă E1(z)y^′ + E0(z)y = F (z), E1, E0, F ∈ C [z], ć łőâőàőň ňŋőčőçńěŋë E_1, E_0, F ćğăĺňŋő ŕàőáâë, ă łàőňě âőčő, E_1, E_0, F ∈ Q [z] áőčńăáŋő ńěňňě 3 [20, čń.3]. Ć ŕěàćőň áńãçăě f(α) ïćńïěâÄ áï àăæĺőŋăńìŋëň çĺáńőň, ŕőáłőńìłã f(z) ∈ Q [z]. Ćő ćâőàőň áńãçăě, ěáńĺ E_1(α) ≠ 0, âő áŕàăćěďńĺćőáâì ŋěàăćěŋáâćă (4.6) áńěďãěâ ĺğ àěÄ ğãńìâăâă (0.7) Ă.Ą. Ÿĺďńőćáłőčő ŕàĺ m = 1. Ěáńĺ ęě E_1(α) = 0, âő E_0(α)f(α) = F (α), őâłãďă f(α) = F (α)/E_0(α) ∈ Q , âăł łăł àăÄ ćěŋáâćő E_0(α) = 0 ŋěćőğňőęŋő ććĺďã ćğăĺňŋőľ ŕàőáâőâë ňŋőčőçńěŋőć E1, E0, F . Šěň áăňëň ňë ďőłăğăńĺ (4.6) ć áńãçăě, łőčďă f(α) ŋě ïćńïÄ ěâáï àăæĺőŋăńìŋëň çĺáńőň. Ěáńĺ f(α) = a/b ∈ Q , âő ďńï ćáěå p, q ∈ Z, |q| ¿ |b|, ńĺąő f(α) = p/q ńĺąő | | |f(α) − p q | | | = |aq − bp| |bq| ¿ 1 |bq| ¿ 1 q2 , őâłãďă áńěďãěâ ŋěàăćěŋáâćő (4.6). Şâćěàęďěŋĺě ďőłăğăŋő ŕőńŋőáâìî.

x I.4 Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě 69 Ďőłăğăâěńìáâćő áńěďáâćĺï 2. Ďőłăęěň, çâő ŕàĺ ńîąëå ğŋăçěÄ ŋĺïå ŕăàăňěâàőć λ, μ ∈ Q \ {−1, −2, . . . } äãŋłæĺĺ 1, K_{λ,μ}(z), K^′_{λ,μ}(z) ńĺŋěľŋő ŋěğăćĺáĺňë ŋăď C (z). Ŕàěďŕőńőęĺň, çâő íâő ŋě âăł, ĺ ďńï ŋěÄ łőâőàőľ ŕăàë λ, μ íâĺ äãŋłæĺĺ áćïğăŋë ãàăćŋěŋĺěň

P0(z) + P1(z)K_{λ,μ}(z) + P2(z)K^′_{λ,μ}(z) = 0, P0, P1, P2 ∈ C [z], (4.7)

čďě P_0(z) + P_1(z)y_1 + P_2(z)y_2 ∈ C [z, y_1, y_2] { ŋěŕàĺćőďĺňëľ ňŋőčőÄ çńěŋ. Ğăňěŋïï ć ãàăćŋěŋĺĺ (4.7) z ŋă −z ĺ ŕőńìğãïáì âěň, çâő K_{λ,μ}(z) ĺ K^′_{λ,μ}(z) ïćńïîâáï áőőâćěâáâćěŋŋő çěâŋőľ ĺ ŋěçěâŋőľ äãŋłæĺïňĺ, ŕőńãÄ çĺň P0(−z) + P1(−z)K_{λ,μ}(z) − P2(−z)K^′_{λ,μ}(z) = 0. Ŕőáłőńìłã äãŋłæĺï K_{λ,μ}(z) ńĺŋěľŋő ŋěğăćĺáĺňă ŋăď C (z) á ěďĺŋĺæěľ, ňŋőčőçńěŋ P_0(−z)+P_1(−z)y_1 −P_2(−z)y_2 ďěńĺâáï ŋă ňŋőčőçńěŋ P_0(z)+ P1(z)y1 + P2(z)y2 ć łőńìæě C [z, y1, y2]. İâő ćőğňőęŋő ńĺèì ć őďŋőň ĺğ ďćãå áńãçăěć:

P0(−z) ≡ P0(z), P1(−z) ≡ P1(z), P2(−z) ≡ −P2(z),

ĺńĺ P0(−z) ≡ −P0(z), P1(−z) ≡ −P1(z), P2(−z) ≡ P2(z). Śńěďőćăâěńìŋő, äãŋłæĺĺ 1, K_{λ,μ}(z), K^′_{λ,μ}(z)/z áćïğăŋë ńĺŋěľŋëň ãàăćÄ ŋěŋĺěň á łőíääĺæĺěŋâăňĺ ĺğ C [z^2 ]. Ć ŕěàćőň áńãçăě íâő ãàăćŋěŋĺě

P0(z) + P1(z)K_{λ,μ}(z) + ( zP2(z) ) K^′_{λ,μ}(z) z = 0, x I.4 Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě 70

ćő ćâőàőň {

P0(z) z + P1(z) z K_{λ,μ}(z) + P2(z) K^′_{λ,μ}(z) z = 0.

Ŕőíâőňã äãŋłæĺĺ 1, ψ(z), ψ^′(z), čďě

K_{λ,μ}(z) = ψ(z2), K^′_{λ,μ}(z) = 2zψ^′(z2),

ńĺŋěľŋő ğăćĺáĺňë ŋăď C (z). Ś ďàãčőľ áâőàőŋë,

ψ(z) = 1 + ∞∑ ν=1 z^ν ν∏ x=1 1 b(x) , b(x) = −4(x + λ)(x + μ),

ĺ ŕő âěőàěňě 2 àăąőâë [3] äãŋłæĺĺ 1, ψ(z), ψ^′(z), ńĺŋěľŋő ŋěğăćĺáĺňë ŋăď C (z). Ŕőńãçěŋŋőě ŕàőâĺćőàěçĺě ďőłăğëćăěâ ńĺŋěľŋãî ŋěğăćĺáĺÄ ňőáâì ŋăď C (z) äãŋłæĺľ 1, K_{λ,μ}(z), K^′_{λ,μ}(z) ŕàĺ ńîąëå ğŋăçěŋĺïå ŕăÄ àăňěâàőć λ, μ ∈ Q \{−1, −2, . . . }. Ťãŋłæĺï K_{λ,μ}(z) ïćńïěâáï àěèěŋĺěň ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï

y^{′′} + 2λ + 2μ + 1 z y^′ + ( 1 + 4λμ z2 ) y = 4λμ z2 .

Őáâăńőáì ćőáŕőńìğőćăâìáï ãâćěàęďěŋĺěň âěőàěňë 2.

Ďőłăğăâěńìáâćő áńěďáâćĺï 3. Ťãŋłæĺï A_{λ,μ,β}(z) ïćńïěâáï àěÄ èěŋĺěň ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï

y^{′′} + ( λ + μ + 1 z − 1 ) y^′ + λμ − (β + 1)z z2 y = λμ z2 x I.4 Ďőłăğăâěńìáâćő âěőàěňë 2 ĺ áńěďáâćĺľ ĺğ ŋěě 71

ĺ ŕàěďáâăćĺňă ć ćĺďě

A_{λ,μ,β}(z) = 1 + ∞∑ ν=1 z^ν ν∏ x=1 a(x) b(x) , a(x) = x + β, b(x) = (x + λ)(x + μ).

Śőčńăáŋő âěőàěňě 2 [3] ŕàĺ ńîąëå ğŋăçěŋĺïå ŕăàăňěâàőć λ, μ, β ∈ Q \{−1, −2, . . . } âăłĺå, çâő β −λ, β −μ /∈ N ∪{0}, äãŋłæĺĺ 1, A_{λ,μ,β}(z), A^′_{λ,μ,β}(z) ńĺŋěľŋő ŋěğăćĺáĺňë ŋăď C (z) ĺ ŕőíâőňã ňőęŋő ćőáŕőńìğőÄ ćăâìáï âěőàěňőľ 2 ŋăáâőïéěľ àăąőâë. Ěáńĺ β − λ = 0, âő äãŋłæĺï A_{λ,μ,β}(z) ïćńïěâáï àěèěŋĺěň ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï

y^′ + ( μ z − 1 ) y = μ z

ĺ ďńï ŋěě ňőęŋő ćőáŕőńìğőćăâìáï àěğãńìâăâőň (0.7) ŕàĺ m = 1. ĂŋăÄ ńőčĺçŋő àăááňăâàĺćăěâáï áńãçăľ β − μ = 0. Şâćěàęďěŋĺě ďőłăğăŋő ŕőńŋőáâìî.

Ğăňěçăŋĺě. Ěáńĺ β − λ ∈ N, âő ďńï ŋěłőâőàëå α ∈ Q \ {0} çĺáńő

A_{λ,μ,β}(α) ňőęěâ ąëâì àăæĺőŋăńìŋëň. Šăł, ŋăŕàĺňěà,

A_{λ,μ,λ}+1(μ − λ − 1) = μ λ + 1 .