SPb. Math. Society Preprint 2002-12 15 Dec 2002

ŞĎŁ 519.857: 533.6.011.72

Ł ŔŐŚŠŘŐĚŊĹđ ŐŔŠĹŇĂŃĲŊŻŢ ŞĎĂŘŊŐ-ĆŐŃŊŐĆŻŢ ŚĹŚŠĚŇ^1

Ć.Ŋ.Ňăńőğěňőć, Ă.Ć.Őňěńìçěŋłő

Ć àăąőâě ŕőłăğëćăěâáï, çâő ğăďăçă ŕőáâàőěŋĺï őŕâĺňăńìŋëå ãďăàŋőćőńŋőćëå áĺáâěň ć áćěàåğćãłőćőň ŕőâőłě čăğă őâŋőáĺâáï ł ďĺáłàěâŋëň ğăďăçăň őŕâĺňăńìŋőčő ãŕàăćńěŋĺï. Ďěâăńìŋő ĺááńěďãěâáï áĺáâěňă, ňăłáĺňĺğĺàãîéăï áâăâĺçěáłőě ďăćńěŋĺě. Ňěâőďőň ďĺŋăňĺçěáłőčő ŕàőčàăňňĺàőćăŋĺï ŋăľďěŋő čńőąăńìŋő őŕâĺňăńìŋőě àěèěŋĺě áőőâćěâáâćãîéěľ íłáâàěňăńìŋőľ ğăďăçĺ ĺ ãáâăŋőćńěŋă ěčő ěďĺŋáâćěŋŋőáâì. Ĺğãçěŋë ŕàěďěńìŋëě áćőľáâćă íłáâàěňăńìŋőčő ğŋăçěŋĺï æěńěćőľ äãŋłæĺĺ łăł äãŋłæĺĺ ŕăàăňěâàőć ğăďăçĺ.

1. ĆĆĚĎĚŊĹĚ

Ğăďăçă ŕőáâàőěŋĺï őŕâĺňăńìŋëå ãďăàŋő-ćőńŋőćëå áĺáâěň ćŕěàćëě ćőğŋĺłńă ć áőàőłőćëå čőďăå ŕàőèńőčő ćěłă ć áćïğĺ á ŕàőąńěňőľ âőàňőęěŋĺï áćěàåğćãłőćőčő ŕőâőłă ďő ďőğćãłőćëå áłőàőáâěľ á ňĺŋĺňăńìŋëňĺ ŕőâěàïňĺ ŕőńŋőčő ďăćńěŋĺï [1, 2]. Ć Řőááĺĺ ďăŋŋőľ ŕàőąńěňőľ ğăŋĺňăńáï Č.Ĺ.Ŕěâàőć, ć Čěàňăŋĺĺ { Ł.Őáćăâĺç. Ć ĺå ĺááńěďőćăŋĺïå ąëńő ãáâăŋőćńěŋő, çâő ŕőâěàĺ ŕőńŋőčő ďăćńěŋĺï ć áĺáâěňě ĺğ ŋěáłőńìłĺå łőáëå ĺ ğăňëłăîéěčő ŕàïňőčő áłăçłőć ãŕńőâŋěŋĺï ćáěčďă ňěŋìèě ŕőâěàĺ ŕőńŋőčő ďăćńěŋĺï ŋă őďĺŋőçŋőň ŕàïňőň áłăçłě. Ŕàĺ íâőň ďńï ğăďăŋŋőčő çĺáńă áłăçłőć ćáěčďă ňőęŋő ŕőďőąàăâì ĺå ĺŋâěŋáĺćŋőáâĺ âăł, çâőąë ŕőâěàĺ ŕőńŋőčő ďăćńěŋĺï ąëńĺ ňĺŋĺňăńìŋëňĺ. Č.Ĺ.Ŕěâàőć ć áćőĺå àăąőâăå ĺááńěďőćăń âăłęě ŕőćěďěŋĺě áâăâĺçěáłőčő ďăćńěŋĺï ć áĺáâěňě ĺğ ŋěáłőńìłĺå łőáëå ĺ ğăňëłăîéěčő ŕàïňőčő áłăçłőć ãŕńőâŋěŋĺï. Őŋ ŕőłăğăń, çâő ŕàĺ ŋěłőâőàëå çĺáńăå Ňăåă ŋăąěčăîéěčő ŕőâőłă áŕàăćěďńĺć ăŋăńőčĺçŋëľ àěğãńìâăâ { âăłĺě áĺáâěňë őłăğëćăîâáï íääěłâĺćŋěě őďŋőčő ŕàïňőčő áłăçłă.

1Řăąőâă ćëŕőńŋěŋă ŕàĺ äĺŋăŋáőćőľ ŕőďďěàęłě Řőááĺľáłőčő äőŋďă äãŋďăňěŋâăńìŋëå ĺááńěďőćăŋĺľ (łőďë ŕàőěłâőć 00-15-96106 ĺ 01-01-00231).

Ĺŋâěŋáĺćŋőáâĺ łőáëå áłăçłőć ć őŕâĺňăńìŋëå áĺáâěňăå ć àăąőâăå Č.Ĺ.Ŕěâàőćă őŕàěďěńïńĺáì çĺáńěŋŋő. Ĺğ àěğãńìâăâőć àăáçěâőć áńěďőćăńő, çâő íâĺ ĺŋâěŋáĺćŋőáâĺ ďőńęŋë ąëâì ŕàĺňěàŋő àăćŋë ňěęďã áőąőľ. Ł.Őáćăâĺç àěèăń ğăďăçã őą őŕâĺňăńìŋőň ćőááâăŋőćńěŋĺĺ ŕőńŋőčő ďăćńěŋĺï ăŋăńĺâĺçěáłĺ. Őŋ ŕőłăğăń, çâő ć âőçłě, ŕőďőğàĺâěńìŋőľ ŋă íłáâàěňãň, ĺŋâěŋáĺćŋőáâĺ łőáëå áłăçłőć ďőńęŋë ąëâì àăćŋë ňěęďã áőąőľ. Őďŋăłő ïćŋëľ ćĺď àěèěŋĺï ć ěčő àăąőâăå ŕőńãçěŋ ŋě ąëń. Šăłőě àěèěŋĺě ąëńő ŕàěďêïćńěŋő ć àăąőâě [3], őŕãąńĺłőćăŋŋőľ ć 1995 čőďã. Ć ŋěľ ŋăàïďã á áĺáâěňăňĺ, őŕâĺňĺğĺàãîéĺňĺ áâăâĺçěáłőě ĺńĺ ŕőńŋőě ďăćńěŋĺě, ąëńĺ ĺááńěďőćăŋë áĺáâěňë, ňăłáĺňĺğĺàãîéĺě ŕńőâŋőáâì ĺńĺ áłőàőáâŋőľ ŋăŕőà. Ć àăąőâăå [4, 5] áŕĺáőł čăğőďĺŋăňĺçěáłĺå ŕěàěňěŋŋëå, ďńï łőâőàëå áãéěáâćãîâ őŕâĺňăńìŋëě ãďăàŋő-ćőńŋőćëě áĺáâěňë, ąëń àăáèĺàěŋ, ă ć [6] ąëńă ĺááńěďőćăŋă čěőňěâàĺï âăłĺå áĺáâěň.

Ć àăąőâě [7] ąëńő őâňěçěŋő, çâő àăááňăâàĺćăěňëě ğăďăçĺ őâŋőáïâáï ł ğăďăçăň ŋěńĺŋěľŋőčő ŕàőčàăňňĺàőćăŋĺï á ŋěńĺŋěľŋëňĺ őčàăŋĺçěŋĺïňĺŋěàăćěŋáâćăňĺ. Ďńï áĺáâěňë, őŕâĺňĺğĺàãîéěľ ŕőńŋőě ďăćńěŋĺě, ąëńĺ ŕàőćěàěŋë ďőáâăâőçŋëě ãáńőćĺï ńőłăńìŋőľ őŕâĺňăńìŋőáâĺ ć âőçłě, ŕőďőğàĺâěńìŋőľ ŋă íłáâàěňãň. Őďŋăłő ćőŕàőá ő čńőąăńìŋőľ őŕâĺňăńìŋőáâĺ ĺ ěďĺŋáâćěŋŋőáâĺ ŕőńãçěŋŋőčő àěèěŋĺï őáâăćăńáï őâłàëâëň.

Ć ďăŋŋőľ àăąőâě ăćâőàë ĺáåőďïâ ĺğ âőčő, çâő ğăďăçĺ ŕőáâàőěŋĺï őŕâĺňăńìŋëå ãďăàŋő-ćőńŋőćëå áĺáâěň ïćńïîâáï ďĺáłàěâŋëňĺ ğăďăçăňĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï. Ŋă ŕàĺňěàě áĺáâěňë, ňăłáĺňĺğĺàãîéěľ áâăâĺçěáłőě ďăćńěŋĺě, ďőłăğëćăěâáï čńőąăńìŋăï őŕâĺňăńìŋőáâì ĺ ěďĺŋáâćěŋŋőáâì ŕőńãçěŋŋőčő àěèěŋĺï. Ŕàĺ íâőň ĺáŕőńìğãěâáï ňěâőď ďĺŋăňĺçěáłőčő ŕàőčàăňňĺàőćăŋĺï. Ĺááńěďãîâáï ŕàěďěńìŋëě áćőľáâćă íłáâàěňăńìŋőčő ğŋăçěŋĺï æěńěćőľ äãŋłæĺĺ łăł äãŋłæĺĺ ŕăàăňěâàőć ğăďăçĺ.

2. ŔŐŚŠĂŊŐĆŁĂ ĞĂĎĂŮĹ Ĺ ŤŐŘŇŞŃĹŘŐĆŁĂ ŐŚŊŐĆŊŻŢ ŘĚĞŞŃĲŠĂŠŐĆ

Řăááňăâàĺćăěâáï ŕńőáłőě áâăæĺőŋăpŋőě áćěpåğćãłőćőě âěçěŋĺě áőćěpèěŋŋőčő ŋěćïğłőčő čăğă á ŕőáńěďőćăâěńìŋő păáŕőńőęěŋŋëňĺ áłăçłăňĺ ãŕńőâŋěŋĺï. Ŕãáâì f_k { ğŋăçěŋĺě čăğőďĺŋăňĺçěáłőľ ŕěàěňěŋŋőľ f ğă k -ň áłăçłőň. Ĺáŕőńìğãï ĺğćěáâŋëě áőőâŋőèěŋĺï ŋă áłăçłăå, ňőęŋő àăğŋőáâì ńőčăàĺäňőć ln f_k − ln f_{k−1} ćëàăğĺâì çěàěğ çĺáńő Ňăåă M_{k−1} ŕőâőłă ŕěàěď áłăçłőň ĺ ĺŋâěŋáĺćŋőáâì J_k áłăçłă, àăćŋãî őâŋőèěŋĺî áâăâĺçěáłĺå ďăćńěŋĺľ ğă áłăçłőň ĺ ďő áłăçłă [3]. Śńěďőćăâěńìŋő, àăğŋőáâì ńőčăàĺäňőć K^{(f)} čăğőďĺŋăňĺçěáłőľ ŕěàěňěŋŋőľ f ğă ãďăàŋő-ćőńŋőćőľ áĺáâěňőľ ĺ ďő ŋěě ćëàăęăěâáï çěàěğ ĺŋâěŋáĺćŋőáâĺ J_k ĺ çĺáńă Ňăåă M_{k−1} ŕő äőàňãńě ćĺďă K^{(f)} = n∑ k=1 K^{(f)}_k (J_k, M_{k−1}). (2.1)

Ćňěáâő çĺáńă Ňăåă ć ãďăàŋő-ćőńŋőćëå áĺáâěňăå ãďőąŋěě àăąőâăâì á čăğőďĺŋăňĺçěáłőľ äãŋłæĺěľ

μ = 1 + ε(M^2 − 1), ε = γ − 1 γ + 1 , čďě γ { ŕőłăğăâěńì ăďĺăąăâë. Őâŋőèěŋĺě ğŋăçěŋĺľ íâőľ äãŋłæĺĺ ğă áłăçłőň ĺ ďő ŋěčő áćïğăŋő á ĺŋâěŋáĺćŋőáâìî k -čő áłăçłă J_k áőőâŋőèěŋĺěň [3] μ_k μ_{k−1} = φ(J_k), φ(t) = t + ε t(1 + εt) . (2.2)

Şáńőćĺě ŋěãąëćăŋĺï íŋâàőŕĺĺ ŋăłńăďëćăěâ őčàăŋĺçěŋĺě J_k ≥ 1 ŋă ĺŋâěŋáĺćŋőáâì k -čő áłăçłă. Łàőňě âőčő, ďńï áãéěáâćőćăŋĺï (k + 1) -čő áłăçłă, k = 1, . . . , n−1 , ŋěőąåőďĺňő, çâőąë ŕőâőł ğă k -ň áłăçłőň őáâăćăńáï áćěàåğćãłőćëň (μ_k ≥ 1) . İâő ãáńőćĺě ćëŕőńŋïěâáï ć áńãçăě J_k ≤ A(μ_{k−1}) , čďě A(t) = t − 1 2ε + √ (t − 1)^2 4ε^2 + t. Ğă ŕőáńěďŋĺň áłăçłőň ć áĺáâěňě ŕőâőł ňőęěâ ąëâì ĺ ďőğćãłőćëň, çâő ŕőğćőńïěâ ŕàĺ k = n ŋěáłőńìłő àăáèĺàĺâì őąńăáâì ĺğňěŋěŋĺï ĺŋâěŋáĺćŋőáâĺ: J_n ∈ [1, B(μ_{n−1})], B(t) = (1 + ε)t − 1 ε . Šăłĺň őąàăğőň, ć őąéěň áńãçăě J_k ∈ U_k(μ_{k−1}), k = 1, . . . , n. (2.3) Ŕőď őŕâĺňăńìŋőľ ďńï čăğőďĺŋăňĺçěáłőľ ŕěàěňěŋŋőľ f ãďăàŋő-ćőńŋő-ćőľ áĺáâěňőľ ŕőŋĺňăěâáï áĺáâěňă, ďőáâăćńïîéăï íłáâàěňăńìŋőě ğŋăçěŋĺě æěńěćőľ äãŋłæĺĺ (2.1) ŕàĺ őčàăŋĺçěŋĺïå (2.2), (2.3). Ćĺďĺň, çâő ğăďăçă ŕőáâàőěŋĺï őŕâĺňăńìŋőľ ãďăàŋő-ćőńŋőćőľ áĺáâěňë őâŋőáĺâáï ł ďĺáłàěâŋëň ğăďăçăň őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ([8]{[10]). Řőńì ãŕàăćńïîéĺå ŕăàăňěâàőć ć íâőľ ğăďăçě ĺčàăîâ ĺŋâěŋáĺćŋőáâĺ J_k ćåőďïéĺå ć áĺáâěňã áłăçłőć, ă àőńì äăğőćëå ŕěàěňěŋŋëå, őŕàěďěńïîéĺå áőáâőïŋĺě áĺáâěňë, { ğŋăçěŋĺï μ_k . Ŕőáńěďőćăâěńìŋő àăáŕőńőęěŋŋëě áłăçłĺ ãŕńőâŋěŋĺï ŕěàěćőďïâ áćěàåğćãłőćőľ ŕőâőł ĺğ ŋăçăńìŋőčő áőáâőïŋĺï μ_0 ć łőŋěçŋőě áőáâőïŋĺě μ_n . Ŕàĺ íâőň čĺŕěàąőńĺçŋőáâì ãàăćŋěŋĺľ, őŕĺáëćăîéĺå âăłőčő àőďă âěçěŋĺï, őŕàěďěńïěâ íćőńîæĺőŋŋëľ åăàăłâěà íâőčő ŕěàěåőďă, ŕàěćàăéăï ĺááńěďãěňãî íłáâàěňăńìŋãî ğăďăçã ć ďĺáłàěâŋãî ğăďăçã őŕâĺňăńìŋőčő ãŕàăćńěŋĺï.

Ć ďăŋŋőľ áâăâìě ŕőďàőąŋő àăááňăâàĺćăěâáï ğăďăçă ŕőáâàőěŋĺï áĺáâěňë, áőáâőïéěľ ĺğ n łőáëå áłăçłőć ãŕńőâŋěŋĺï ĺ ďőáâăćńïîéěľ ňăłáĺňăńìŋőě ğŋăçěŋĺě áâăâĺçěáłőňã ďăćńěŋĺî ğă ŕőáńěďŋĺň áłăçłőň. Ğăäĺłáĺàãěň ŕăàăňěâàë n ≥ 2 , μ_0 ≥ 1 , ε ∈ (0, 1/3] ĺ áäőàňãńĺàãěň íłáâàěňăńìŋãî ğăďăçã:

ňăłáĺňĺğĺàőćăâì n∑ k=1 ln J_k (2.4)

ŕàĺ őčàăŋĺçěŋĺïå

1 ≤ J_1 ≤ A(μ_0), μ_1 = μ_0φ(J_1),

1 ≤ J_2 ≤ A(μ_1), μ_2 = μ_1φ(J_2), . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 ≤ J_{n−1} ≤ A(μ_{n−2}), μ_{n−1} = μ_{n−2}φ(J_{n−1}), 1 ≤ J_n ≤ B(μ_{n−1}). Ććěďěň őąőğŋăçěŋĺě μ_∗ = 1/(1−ε) . Ć àăąőâě ďőłăğëćăîâáï áńěďãîéĺě ãâćěàęďěŋĺï.

Šěőàěňă 1. Ŕàĺ μ_0 ∈ [1, μ_∗] ěďĺŋáâćěŋŋëň àěèěŋĺěň ğăďăçĺ (2.4) ïćńïěâáï ŋăąőà J^∗_1 = J^∗_2 = . . . = J^∗_{n−1} = 1 , J^∗_n = B(μ_0) . Ŕàĺ μ_0 ≥ μ_∗ ěďĺŋáâćěŋŋőě àěèěŋĺě ğăďăçĺ (2.4) őŕàěďěńïěâáï âăł:

J^∗_1 = J^∗_2 = . . . = J^∗_{n−1} =: J^∗, J^∗_n = B(μ^∗_{n−1}), μ^∗_{n−1} = μ_0[φ(J^∗)]^{n−1}.

Ğďěáì J^∗ { ěďĺŋáâćěŋŋëľ ŋă [1, A(μ_0)] łőàěŋì ãàăćŋěŋĺï ( J J + ε )_{n−2} (1 + εJ)^n = μ_0(1 − ε)(1 + ε)^2. (2.5)

İłáâàěňăńìŋőě ğŋăçěŋĺě æěńěćőľ äãŋłæĺĺ ğăďăçĺ (2.4) őąőğŋăçĺň çěàěğ L_n ĺ ąãďěň àăááňăâàĺćăâì ěčő łăł äãŋłæĺî ŕăàăňěâàă μ_0 .

Šěőàěňă 2. Ťãŋłæĺï L_n(μ_0) ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňă ŋă ŕőńãőáĺ [1, +∞) . Ŕàĺ íâőň ć łàĺâĺçěáłőľ âőçłě μ_0 = μ_∗ áŕàăćěďńĺćë àăćěŋáâćă L_n(μ_∗) = ln 2 1 − ε , L^′_n(μ_∗) =

1 − ε^2 2ε . Šěőàěňă 3. Ŕàĺ äĺłáĺàőćăŋŋőň μ_0 > μ_∗ ĺňěěâ ňěáâő ŕàěďěńìŋőě áőőâŋőèěŋĺě

lim_{n→∞} L_n(μ_0) =

1 + ε 2ε ln[(1 − ε)μ_0] + ln 2 1 − ε .

3. ĆŚŔŐŇŐČĂŠĚŃĲŊŻĚ ŔŘĚĎŃŐĘĚŊĹ§

3.1. Ńěňňă 1. Ŋă ŕőńãőáĺ (0, +∞) äãŋłæĺï φ(t) áâàőčő ãąëćăěâ őâ +∞ ďő 0 ĺ áâàőčő ćëŕãłńă. Ŕàĺ íâőň φ(1) = 1 ĺ

φ(A(μ)) = μ^{−1} ŕàĺ μ > 0. (3.1)

Ďőłăğăâěńìáâćő. Ŕőáłőńìłã

φ^′(t) = − ε(1 + 2εt + t^2) [t(1 + εt)]^2 < 0,

φ^{′′}(t) = 2ε(1 + 3εt + 3ε^2t^2 + εt^3)

[t(1 + εt)]^3 > 0, âő äãŋłæĺï φ(t) áâàőčő ãąëćăěâ ĺ áâàőčő ćëŕãłńă ŋă (0, +∞) . Łàőňě âőčő, lim_{t→+0} φ(t) = +∞, lim_{t→+∞} φ(t) = 0.

Őçěćĺďŋő, çâő φ(1) = 1 . Şàăćŋěŋĺě φ(t) = μ^{−1} ŕàĺ äĺłáĺàőćăŋŋőň μ > 0 ĺňěěâ ěďĺŋáâćěŋŋëľ ŕőńőęĺâěńìŋëľ łőàěŋì t_∗ . Ŕàőćěàĺň, çâő t_∗ = A(μ) . Ďńï íâőčő ŕěàěŕĺèěň ãàăćŋěŋĺě φ(t) = μ^{−1} ć ćĺďě εt^2 − (μ − 1)t − εμ = 0. Ěďĺŋáâćěŋŋëň ŕőńőęĺâěńìŋëň łőàŋěň ŕőáńěďŋěčő ãàăćŋěŋĺï ïćńïěâáï t_∗ = A(μ) . Ńěňňă ďőłăğăŋă.

Ććěďěň äãŋłæĺî ψ(t) = φ(t)(1 + εt)^2 (1 − ε)(1 + ε)^2 = (t + ε)(1 + εt) t(1 − ε)(1 + ε)^2 = 1 (1 − ε)(1 + ε)^2 [ 1 + ε^2 + ε ( t + 1 t )] . Ńěňňă 2. Ŋă ŕőńãőáĺ [1, +∞) äãŋłæĺï ψ(t) áâàőčő ćőğàăáâăěâ ĺ áâàőčő ćëŕãłńă. Ŕàĺ íâőň ψ(1) = μ_∗ , ψ^′(1) = 0 .

Ďőłăğăâěńìáâćő őçěćĺďŋő.

3.2. Şàăćŋěŋĺě (2.5) ŋă őâàěğłě [1, A(μ0)] àăćŋőáĺńìŋő áńěďãîéěňã ãàăćŋěŋĺî ψ(J) = μ_0[φ(J)]^{n−1}. (3.2)

Ńěňňă 3. Ŕàĺ μ_0 ≥ μ_∗ ãàăćŋěŋĺě (3.2) ĺňěěâ ŋă [1, A(μ_0)] ěďĺŋáâćěŋŋőě àěèěŋĺě J^∗ . Ŕàĺ íâőň J^∗ = 1 , ěáńĺ μ_0 = μ_∗ . Ěáńĺ ęě μ_0 > μ_∗ , âő J^∗ > 1 . Ąőńěě âőčő, J^∗ → 1 , ňőŋőâőŋŋő ãąëćăï, ć ďćãå áńãçăïå: łőčďă μ_0 äĺłáĺàőćăŋő ĺ n → ∞ ĺ łőčďă n äĺłáĺàőćăŋő ĺ μ_0 → μ_∗ + 0 .

Ďőłăğăâěńìáâćő. Ŕő ńěňňě 2 äãŋłæĺï ψ(J) ŋă [1, A(μ_0)] áâàőčő ćőğàăáâăěâ őâ ğŋăçěŋĺï ψ(1) = μ_∗ . Ťãŋłæĺï ĺğ ŕàăćőľ çăáâĺ ãàăćŋěŋĺï (3.2) ŕő ńěňňě 1 áâàőčő ãąëćăěâ ŋă âőň ęě őâàěğłě őâ ğŋăçěŋĺï μ_0 ďő μ^{−n+2}_0 . Ŕőáłőńìłã μ^{−n+2}_0 ≤ 1 < μ_∗ , âő ŕàĺ μ_0 ≥ μ_∗ ãàăćŋěŋĺě (3.2) ĺňěěâ ŋă [1, A(μ_0)] ěďĺŋáâćěŋŋőě àěèěŋĺě J^∗ (áň. äĺč.1). Őçěćĺďŋő, çâő J^∗ = 1 ŕàĺ μ_0 = μ_∗ . Śâőńì ęě őçěćĺďŋő ğăłńîçěŋĺě ńěňňë ĺ ŕàĺ μ_0 > μ_∗ . Ńěňňă ďőłăğăŋă.

3.3. Śńěďãîéĺľ âěåŋĺçěáłĺľ àěğãńìâăâ ć ďăńìŋěľèěň ąãďěâ ĺčàăâì ćăęŋãî àőńì.

Ńěňňă 4. Ŕàĺ t ≥ 1 , J ≥ 1 áŕàăćěďńĺćő àăćěŋáâćő 1 J + (1 + ε) t εB(t) · φ^′(J) φ(J) = (1 − ε)(1 + ε)^2[t − ψ(J)] εB(t)(J + ε)(1 + εJ) . (3.3)

Ďőłăğăâěńìáâćő. Ĺňěěň 1 J + (1 + ε) t εB(t) · φ^′(J) φ(J) = 1 J [ 1 − (1 + ε) t εB(t) · ε(1 + 2εJ + J^2) (J + ε)(1 + εJ) ] = = [(1 + ε) t − 1](J + ε)(1 + εJ) − ε(1 + ε) t (1 + 2εJ + J^2) εB(t)J(J + ε)(1 + εJ) = = (1 + ε) t (1 − ε^2)J − (J + ε)(1 + εJ) εB(t)J(J + ε)(1 + εJ) = (1 − ε)(1 + ε)^2[t − ψ(J)] εB(t)(J + ε)(1 + εJ) . Ńěňňă ďőłăğăŋă.

3.4. Őąàăâĺňáï ł ğăďăçě (2.4). Őâňěâĺň, çâő äãŋłæĺĺ A(t) ĺ B(t) , ãçăáâćãîéĺě ć äőàňĺàőćăŋĺĺ őčàăŋĺçěŋĺľ, áâàőčő ćőğàăáâăîâ ŋă ŕőńãőáĺ [1, +∞) ĺ A(1) = B(1) = 1 . Ĺğ áőőâŋőèěŋĺľ

1 ≤ J_k ≤ A(μ_{k−1}), μ_k = μ_{k−1}φ(J_k)

ĺ ńěňňë 1 áńěďãěâ, çâő μ_{k−1} ≥ μ_k ≥ 1 . Ğŋăçĺâ,

μ_0 ≥ μ_1 ≥ . . . μ_{n−1} ≥ 1. (3.4)

Őáőąěŋŋőáâì őčàăŋĺçěŋĺľ ğăďăçĺ (2.4) ğăłńîçăěâáï ć âőň, çâő ěáńĺ J_k = A(μ_{k−1}) ŕàĺ ŋěłőâőàőň k ∈ {1, . . . , n−1} , âő ŋěőąåőďĺňő J_{k+1} = . . . = J_n = 1 . Ńěňňă 5. Řěèěŋĺě ğăďăçĺ (2.4) áãéěáâćãěâ. Ďőłăğăâěńìáâćő. Ŕőáłőńìłã

μ_k = μ_0 k∏ s=1 φ(J_s), âő ŕěàěňěŋŋëě μ_1, . . . , μ_{n−1} ňőęŋő, ćőőąéě čőćőàï, ĺáłńîçĺâì. Šőčďă áâăŋěâ őçěćĺďŋëň, çâő ňŋőęěáâćő ŕńăŋőć ğăďăçĺ (2.4) (ćěłâőàőć (J_1, . . . , J_n) , ãďőćńěâćőàïîéĺå őčàăŋĺçěŋĺïň íâőľ ğăďăçĺ) ğăňłŋãâő. Ć áĺńã (3.4) ďăŋŋőě ňŋőęěáâćő ïćńïěâáï ĺ őčàăŋĺçěŋŋëň. Őčàăŋĺçěŋŋőáâì ĺ ğăňłŋãâőáâì ňŋőęěáâćă ŕńăŋőć ćňěáâě á ŋěŕàěàëćŋőáâìî æěńěćőľ äãŋłæĺĺ čăàăŋâĺàãîâ áãéěáâćőćăŋĺě àěèěŋĺï ã ğăďăçĺ (2.4). Ńěňňă ďőłăğăŋă.

Őâňěâĺň, çâő ŕàĺ μ_0 = 1 ňŋőęěáâćő ŕńăŋőć áőáâőĺâ ĺğ ěďĺŋáâćěŋŋőčő ćěłâőàă (1, . . . , 1) . Őŋ, ěáâěáâćěŋŋő, ĺ ąãďěâ àěèěŋĺěň ğăďăçĺ (2.4).

3.5. Ŕàőćěàĺň, çâő ŕàĺ μ_0 ≥ μ_∗ ćěłâőà (J^∗, . . . , J^∗, B(μ^∗_{n−1})) , ãłăğăŋŋëľ ć âěőàěňě 1 łăł àěèěŋĺě ğăďăçĺ (2.4), ãďőćńěâćőàïěâ őčàăŋĺçěŋĺïň íâőľ ğăďăçĺ. Ć áĺńã (3.4) ďőáâăâőçŋő ŕőłăğăâì, çâő J^∗ ≤ A(μ^∗_{n−2}) , čďě μ^∗_{n−2} = μ_0[φ(J^∗)]^{n−2} . Ŕěàěŕĺèěň ŕőáńěďŋěě ŋěàăćěŋáâćő ć àăćŋőáĺńìŋőň ćĺďě φ(J^∗) ≥ φ(A(μ^∗_{n−2})) . Śőčńăáŋő (3.1), φ(A(μ^∗_{n−2})) = (μ^∗_{n−2})^{−1} . Şçĺâëćăï ěéě (3.2), ŕàĺåőďĺň ł æěŕőçłě àăćŋőáĺńìŋëå ŕěàěåőďőć φ(J^∗) ≥ (μ^∗_{n−2})^{−1} ⇐⇒ μ_0[φ(J^∗)]^{n−1} ≥ 1 ⇐⇒ ψ(J^∗) ≥ 1.

Šăłĺň őąàăğőň, ćáě áćěńőáì ł ŕàőćěàłě ŋěàăćěŋáâćă ψ(J^∗) ≥ 1 . Ŋő íâő áďěńăâì ńěčłő: ψ(J^∗) ≥ ψ(1) = μ_∗ ≥ 1 .

3.6. Ć ğăďăçě (2.4) ŋĺçâő ŋě ňěèăěâ ć łăçěáâćě J_n ćğïâì ňăłáĺňăńìŋő ćőğňőęŋőě ğŋăçěŋĺě B(μ_{n−1}) . Šőčďă ğăďăçă (2.4) ŕàĺňěâ áâăŋďăàâŋëľ ćĺď ďĺáłàěâŋőľ ğăďăçĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï: n−1∑ k=1 ln J_k + ln B(μ_{n−1}) → sup, (3.5) μ_k = μ_{k−1}φ(J_k), 1 ≤ J_k ≤ A(μ_{k−1}), k = 1, . . . , n − 1. Ĺňěŋŋő ğăďăçã (3.5) ňë ĺ ąãďěň ć ďăńìŋěľèěň ĺááńěďőćăâì.

4. ŐŔŠĹŇĂŃĲŊŻĚ ĎĆŞŢŚŁĂŮŁŐĆŻĚ ŚĹŚŠĚŇŻ 4.1. Ğăŕĺèěň ğăďăçã (3.5) ŕàĺ n = 2 :

Q_2(J_1) := ln J_1 + ln B(μ_1) → sup_J 1∈[1,A(μ0)] . (4.1)

Ğďěáì μ_1 = μ_0φ(J_1) .

Ńěňňă 6. Ŕàĺ μ_0 ∈ [1, μ_∗] ěďĺŋáâćěŋŋëň àěèěŋĺěň ğăďăçĺ (4.1) ïćńïěâáï J^∗_1 = 1 . Ŕàĺ íâőň Q_2(J^∗_1 ) = ln[(1 + ε)μ_0 − 1] − ln ε. (4.2)

Ŕàĺ μ_0 ≥ μ_∗ ěďĺŋáâćěŋŋőě àěèěŋĺě ğăďăçĺ (4.1) őŕàěďěńïěâáï âăł:

J^∗_1 = ε^{−1}[(1 + ε) √ (1 − ε)μ_0 − 1]. (4.3)

Ŕàĺ íâőň Q_2(J^∗_1 ) = ln(1 + 2εJ^∗_1 + (J^∗_1 )^2) − ln(1 − ε^2). (4.4)

Ďőłăğăâěńìáâćő. Ĺňěěň

Q^′_2(J_1) = 1 J_1 + (1 + ε)μ_0 εB(μ_1) φ^′(J_1) = 1 J_1 + (1 + ε)μ_1 εB(μ_1) · φ^′(J_1) φ(J_1) . Śőčńăáŋő (3.3), Q^′_2(J_1) =

(1 − ε)(1 + ε)^2[μ_1 − ψ(J_1)] εB(μ_1)(J_1 + ε)(1 + εJ_1) . Ťãŋłæĺï μ_1(J_1) = μ_0φ(J_1) ŋă őâàěğłě [1, A(μ_0)] áâàőčő ãąëćăěâ őâ ğŋăçěŋĺï μ_0 ďő 1 , ć âő ćàěňï łăł ψ(J_1) áâàőčő ćőğàăáâăěâ őâ ğŋăçěŋĺï μ_∗ . Ŕàĺ μ_0 ∈ [1, μ_∗] àăğŋőáâì μ_1 −ψ(J_1) őâàĺæăâěńìŋă ŋă (1, A(μ_0)] (áň. äĺč.2). İâő čăàăŋâĺàãěâ, çâő ňăłáĺňãň Q_2(J_1) ŋă [1, A(μ_0)] ďőáâĺčăěâáï ŕàĺ J^∗_1 = 1 ĺ àăćěŋ ln B(μ_0) . Ŕőáńěďŋěě áőőâćěâáâćãěâ (4.2).

Ŕãáâì âěŕěàì μ_0 ≥ μ_∗ . Šőčďă àăğŋőáâì μ_1 − ψ(J_1) ŋă [1, A(μ_0)] őąàăéăěâáï ć ŋőńì ć ěďĺŋáâćěŋŋőľ âőçłě J^∗_1 , ŕàĺçěň áńěćă őâ J^∗_1 íâă àăğŋőáâì ŕőńőęĺâěńìŋă, ă áŕàăćă őâ J^∗_1 { őâàĺæăâěńìŋă (áň. äĺč.3). Ğŋăçĺâ, J^∗_1 ïćńïěâáï ěďĺŋáâćěŋŋőľ âőçłőľ ňăłáĺňãňă äãŋłæĺĺ Q_2(J_1) ŋă [1, A(μ_0)] .

Ŋăľďěň âőçłã J^∗_1 . Şàăćŋěŋĺě μ_1 = ψ(J_1) àăćŋőáĺńìŋő ãàăćŋěŋĺî (2.5) ŕàĺ n = 2 . Ěčő ěďĺŋáâćěŋŋëľ ŕőńőęĺâěńìŋëľ łőàěŋì őŕàěďěńïěâáï äőàňãńőľ (4.3).

Ŕàőćěàĺň àăćěŋáâćő (4.4). Ĺňěěň

μ^∗_1 = μ_0φ(J^∗_1 ) = ψ(J^∗_1 ) = 1 (1 − ε)(1 + ε)^2 [ 1 + ε^2 + ε ( J^∗_1 + 1 J^∗_1 )] ,

B(μ^∗_1) = 1 ε [ 1 1 − ε^2 ( 1 + ε^2 + ε ( J^∗_1 + 1 J^∗_1 )) − 1 ] = 1 1 − ε^2 ( 2ε + J^∗_1 + 1 J^∗_1 ) , Q_2(J^∗_1 ) = ln J^∗_1 + ln B(μ^∗_1) = ln(1 + 2εJ^∗_1 + (J^∗_1 )^2) − ln(1 − ε^2).

Ńěňňă ďőłăğăŋă.

Ńěňňă 6 áőďěàęĺâ âěőàěňã 1 ŕàĺ n = 2 .

4.2. Šőçłă μ_0 = μ_∗ ŕàĺŋăďńěęĺâ łăł őâàěğłã [1, μ_∗] , âăł ĺ ŕőńãőáĺ [μ_∗, +∞) . Ć őąőĺå áńãçăïå ŕàĺ μ_0 = μ_∗ áŕàăćěďńĺćő àăćěŋáâćő Q_2(J^∗_1 ) = ln(2/(1 − ε)) . Őâáîďă, ć çăáâŋőáâĺ, áńěďãěâ, çâő íłáâàěňăńìŋőě ğŋăçěŋĺě æěńěćőľ äãŋłæĺĺ Q_2(J^∗_1 ) łăł äãŋłæĺï ŕăàăňěâàă μ_0 ŋěŕàěàëćŋă ŋă [1, +∞) .

Ďăńěě, lim μ0→μ_∗−0 dQ_2(J^∗_1 ) dμ_0 = 1 − ε^2 2ε . (4.5)

Ŕàĺ μ_0 > μ_∗ ĺňěěň dJ^∗_1 dμ_0 = 1 − ε^2 2ε √ (1 − ε)μ_0 . Şçĺâëćăï íâő, ŋăåőďĺň lim μ0→μ_∗+0 dQ_2(J^∗_1 ) dμ_0 = lim_{μ0→μ∗+0}

2(J^∗_1 + ε) 1 + 2εJ^∗_1 + (J^∗_1 )^2 · dJ^∗_1 dμ_0 = 1 − ε^2 2ε . (4.6)

Ŋă őáŋőćăŋĺĺ (4.5), (4.6) ğăłńîçăěň, çâő äãŋłæĺï Q_2(J^∗_1 ) ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňă ŕő μ_0 ŋă [1, +∞) , ŕàĺçěň ć łàĺâĺçěáłőľ âőçłě μ_0 = μ_∗ ćëŕőńŋïěâáï àăćěŋáâćő

dQ_2(J^∗_1 ) dμ_0 | | |_{μ0=μ∗} =

1 − ε^2 2ε . Šěň áăňëň, ďőłăğăŋă âěőàěňă 2 ŕàĺ n = 2 .

5. ŐŔŠĹŇĂŃĲŊŻĚ ŠŘĚŢŚŁĂŮŁŐĆŻĚ ŚĹŚŠĚŇŻ

5.1. Řăááňőâàĺň ğăďăçã (3.5) ŕàĺ n = 3 :

ln J_1 + ln J_2 + ln B(μ_2) → sup, (5.1)

μ_1 = μ_0φ(J_1), 1 ≤ J_1 ≤ A(μ_0), μ_2 = μ_1φ(J_2), 1 ≤ J_2 ≤ A(μ_1).

Śőčńăáŋő ńěňňě 5 àěèěŋĺě ğăďăçĺ (5.1) áãéěáâćãěâ.

Ŕãáâì ćŋăçăńě μ_0 ∈ [1, μ_∗] . Ğăäĺłáĺàãěň J_1 ∈ [1, A(μ_0)] . Ĺňěěň μ_1 ∈ [1, μ_∗] . Ć őáâăćèěľáï ďćãåáłăçłőćőľ áĺáâěňě ć áĺńã ńěňňë 6 őŕâĺňăńìŋëň ŕăàăňěâàőň ąãďěâ J^∗_2 = 1 . Ŕàĺ íâőň μ^∗_2 := μ_1φ(J^∗_2 ) = μ_1 . Ćëąőà J_1 ŕőďçĺŋïěâáï ãáńőćĺî

ln J_1 + ln B(μ_1) → sup_{J1∈[1,A(μ0)]} .

Ŕőáłőńìłã μ_0 ∈ [1, μ_∗] , âő áŋőćă ŕő ńěňňě 6 ŕőńãçăěň J^∗_1 = 1 . Šăłĺň őąàăğőň, ěďĺŋáâćěŋŋëň àěèěŋĺěň ğăďăçĺ (5.1) ŕàĺ μ_0 ∈ [1, μ_∗] ïćńïěâáï J^∗_1 = J^∗_2 = 1 .

5.2. Őąàăâĺňáï ł őáŋőćŋőňã áńãçăî μ_0 ≥ μ_∗ . Šőčďă őŕâĺňăńìŋőě ğŋăçěŋĺě J_1 = J^∗_1 ďőńęŋő ąëâì âăłĺň, çâő μ^∗_1 := μ_0φ(J^∗_1 ) ≥ μ_∗ . Ďěľáâćĺâěńìŋő, ŕàĺ μ^∗_1 ∈ [1, μ_∗) ŕő ŕàěďëďãéěňã ŋěőąåőďĺňő J^∗_1 = 1 ĺ μ^∗_1 = μ_0 , âăł çâő μ_0 ∈ [1, μ_∗) . Ŋő íâő ŕàőâĺćőàěçĺâ ãáńőćĺî μ_0 ≥ μ_∗ . Ŕàĺåőďĺň ł ćëćőďã, çâő ďőáâăâőçŋő àăááňăâàĺćăâì J_1 ∈ [1, T_0] , čďě T_0 őŕàěďěńïěâáï ĺğ ãàăćŋěŋĺï μ_0φ(T_0) = μ_∗. (5.2)

Ďńï T_0 ňőęŋő ğăŕĺáăâì ïćŋãî äőàňãńã

T_0 = μ_0 − μ_∗ + √ (μ_0 − μ_∗)^2 + 4ε^2μ_0μ_∗ 2εμ_∗ . Ŕàĺ äĺłáĺàőćăŋŋőň J_1 ∈ [1, T_0] ŕőńãçăěň ďćãåáłăçłőćãî áĺáâěňã á μ_1 ≥ μ_∗ . Ŋă őáŋőćăŋĺĺ ńěňňë 6 ğăďăçă (5.1) ŕàĺŋĺňăěâ ćĺď

Q_3(J_1) := ln J_1 + ln J^∗_2 (J_1) + ln B(μ^∗_2) → sup, (5.3)

μ_1 = μ_0φ(J_1), 1 ≤ J_1 ≤ T_0,

J^∗_2 = J^∗_2 (J_1) = ε^{−1}[(1 + ε) √ (1 − ε)μ_1 − 1],

μ^∗_2 = μ_0φ(J_1)φ(J^∗_2 ).

Ŋăŕőňŋĺň, çâő ďńï J^∗_2 ŕàĺ ćáěå J_1 ∈ [1, T_0] ćëŕőńŋïěâáï áőőâŋőèěŋĺě ψ(J^∗_2 ) = μ^∗_2 .

5.3. Ńěňňă 7. Ťãŋłæĺï J^∗_2 (J_1) áâàőčő ãąëćăěâ ŋă őâàěğłě [1, T_0] ďő ğŋăçěŋĺï 1 . Şàăćŋěŋĺě J^∗_2 (J_1) = J_1 ĺňěěâ ŋă [1, T_0] ěďĺŋáâćěŋŋőě àěèěŋĺě J^∗_1 .

Ďőłăğăâěńìáâćő. Śâàőčőě ãąëćăŋĺě äãŋłæĺĺ J^∗_2 áńěďãěâ ĺğ áâàőčőčő ãąëćăŋĺï äãŋłæĺĺ φ . Ŕàĺ íâőň áőčńăáŋő (5.2)

J^∗_2 (T_0) = ε^{−1}[(1 + ε) √ (1 − ε)μ_0φ(T_0) − 1] = 1.

Ŋăńĺçĺě ěďĺŋáâćěŋŋőčő ŋă [1, T_0] łőàŋï ã ãàăćŋěŋĺï J^∗_2 (J_1) = J_1 őçěćĺďŋő (áň. äĺč.4). Ńěňňă ďőłăğăŋă.

Ńěňňă 8. Ťãŋłæĺï μ^∗_2 = μ^∗_2(J_1) áâàőčő ãąëćăěâ ŋă [1, T_0] ďő ğŋăçěŋĺï

μ_∗ .

Ďőłăğăâěńìáâćő áńěďãěâ ĺğ àăćěŋáâćă μ^∗_2 = ψ(J^∗_2 ) ĺ ńěňň 2, 7. 5.4. Őąàăâĺňáï ł ğăďăçě (5.3). Ŕő áãéěáâćã, ć ŋěľ ĺďěâ àěçì ő ňăłáĺňĺğăæĺĺ äãŋłæĺĺ Q_3(J_1) ŋă őâàěğłě [1, T_0] .

Ńěňňă 9. Ŕàĺ μ_0 ≥ μ_∗ ğăďăçă (5.3) ĺňěěâ ěďĺŋáâćěŋŋőě àěèěŋĺě

J^∗_1 , łőâőàőě ïćńïěâáï łőàŋěň ãàăćŋěŋĺï (2.5) ŕàĺ n = 3 . Ŕàĺ íâőň áŕàăćěďńĺćő àăćěŋáâćő J^∗_2 (J^∗_1 ) = J^∗_1 .

Ďőłăğăâěńìáâćő. Ŕàőďĺääěàěŋæĺàãěň æěńěćãî äãŋłæĺî:

Q^′_3(J_1) = 1 J_1 + 1 J^∗_2 dJ^∗_2 dJ_1 + 1 B(μ^∗_2) dB(μ^∗_2) dJ_1 . Ŕőáłőńìłã B(μ^∗_2) = ε^{−1}[(1 + ε)μ_0φ(J_1)φ(J^∗_2 ) − 1] , âő

dB(μ^∗_2) dJ_1 = 1 + ε ε μ_0 [ φ^′(J_1)φ(J^∗_2 ) + φ(J_1)φ^′(J^∗_2 ) dJ^∗_2 dJ_1 ] = = 1 + ε ε μ^∗_2 [ φ^′(J_1) φ(J_1) + φ^′(J^∗_2 ) φ(J^∗_2 ) · dJ^∗_2 dJ_1 ] . Ğŋăçĺâ,

Q^′_3(J_1) = 1 J_1 + (1 + ε)μ^∗_2 εB(μ^∗_2) · φ^′(J_1) φ(J_1) + [ 1 J^∗_2 + (1 + ε)μ^∗_2 εB(μ^∗_2) · φ^′(J^∗_2 ) φ(J^∗_2 ) ] dJ^∗_2 dJ_1 . Şçĺâëćăï (3.3), ŕőńãçăěň

Q^′_3(J_1) =

(1 − ε)(1 + ε)^2 εB(μ^∗_2) [ μ^∗_2 − ψ(J_1) (J_1 + ε)(1 + εJ_1) + μ^∗_2 − ψ(J^∗_2 ) (J^∗_2 + ε)(1 + εJ^∗_2 ) · dJ^∗_2 dJ_1 ] .

Ŋő μ^∗_2 = ψ(J^∗_2 ) , âăł çâő

Q^′_3(J_1) =

(1 − ε)(1 + ε)^2[μ^∗_2 − ψ(J_1)] εB(μ^∗_2)(J_1 + ε)(1 + εJ_1) . Ŕàőĺğćőďŋăï Q^′_3(J_1) őąàăéăěâáï ć ŋőńì ŕàĺ J_1 = J^∗_1 , čďě J^∗_1 { ěďĺŋáâćěŋŋëľ ŋă [1, T_0] łőàěŋì ãàăćŋěŋĺï μ^∗_2 = ψ(J_1) . İâă ŕàőĺğćőďŋăï ŕőńőęĺâěńìŋă ŕàĺ J_1 < J^∗_1 ĺ őâàĺæăâěńìŋă ŕàĺ J_1 > J^∗_1 . Śńěďőćăâěńìŋő, J^∗_1 { ěďĺŋáâćěŋŋăï âőçłă ňăłáĺňãňă äãŋłæĺĺ Q_3(J_1) ŋă [1, T_0] .

Ŕàĺŋĺňăï ćő ćŋĺňăŋĺě àăćěŋáâćő μ^∗_2 = ψ(J^∗_2 ) , ŕàĺåőďĺň ł ćëćőďã ő âőň, çâő ψ(J^∗_2 (J^∗_1 )) = ψ(J^∗_1 ) . Ć áĺńã áâàőčőľ ňőŋőâőŋŋőáâĺ äãŋłæĺĺ ψ ŋă [1, T_0] ĺňěěň J^∗_2 (J^∗_1 ) = J^∗_1 . Ŕőáńěďŋěě őğŋăçăěâ, çâő J^∗_1 ěáâì ěďĺŋáâćěŋŋëľ ŋă [1, T_0] łőàěŋì ãàăćŋěŋĺï J^∗_2 (J_1) = J_1 .

Řăćěŋáâćő μ^∗_2(J^∗_1 ) = ψ(J^∗_1 ) ňőęŋő ŕěàěŕĺáăâì âăł: μ_0[φ(J^∗_1 )]^2 = ψ(J^∗_1 ) . Ŕőńãçĺńĺ, çâő J^∗_1 ïćńïěâáï łőàŋěň ãàăćŋěŋĺï (3.2) ŕàĺ n = 3 ĺńĺ, çâő àăćŋőáĺńìŋő, łőàŋěň ãàăćŋěŋĺï (2.5) ŕàĺ n = 3 . Ńěňňă ďőłăğăŋă.

Ńěňňă 9 ćňěáâě á ăŋăńĺğőň áńãçăï μ_0 ∈ [1, μ_∗] ĺğ àăğď.5.1 čăàăŋâĺàãîâ áŕàăćěďńĺćőáâì âěőàěňë 1 ŕàĺ n = 3 .

6. ŐŔŠĹŇĂŃĲŊŻĚ n -ŚŁĂŮŁŐĆŻĚ ŚĹŚŠĚŇŻ

6.1. Śďěńăěň ĺŋďãłæĺőŋŋëľ ŕěàěåőď őâ n − 1 ł n , n ≥ 4 . Řăááňőâàĺň ğăďăçã (3.5) ĺ ŕàěďŕőńőęĺň ćŋăçăńě, çâő μ_0 ∈ [1, μ_∗] . Ğăäĺłáĺàãěň J_1 ∈ [1, A(μ_0)] . Ĺňěěň μ_1 ∈ [1, μ_∗] . Ć őáâăćèěľáï (n − 1) -áłăçłőćőľ áĺáâěňě ŕő ĺŋďãłæĺőŋŋőňã ŕàěďŕőńőęěŋĺî őŕâĺňăńìŋëňĺ ŕăàăňěâàăňĺ ąãďãâ J^∗_2 = . . . = J^∗_{n−1} = 1 . Ćëąőà J_1 ŕőďçĺŋïěâáï ãáńőćĺî

ln J_1 + ln B(μ^∗_{n−1}) → sup_{J1∈[1,A(μ0)]} . (6.1)

Ć ďăŋŋőň áńãçăě μ^∗_{n−1} = μ_1 . Ŕàĺ μ_0 ∈ [1, μ_∗] ěďĺŋáâćěŋŋëň àěèěŋĺěň ğăďăçĺ (6.1) áőčńăáŋő ńěňňě 6 ïćńïěâáï J^∗_1 = 1 . Šăłĺň őąàăğőň, ěďĺŋáâćěŋŋëň àěèěŋĺěň ğăďăçĺ (3.5) ŕàĺ μ_0 ∈ [1, μ_∗] ąãďěâ J^∗_1 = J^∗_2 = . . . = J^∗_{n−1} = 1 .

6.2. Ŕãáâì âěŕěàì μ_0 ≥ μ_∗ . Šőčďă őŕâĺňăńìŋőňã J_1 = J^∗_1 áőőâćěâáâćãěâ μ^∗_1 = μ_0φ(J^∗_1 ) , âăłőě, çâő μ^∗_1 ≥ μ_∗ (ěáńĺ ąë μ^∗_1 ∈ [1, μ_∗) , âő ŕő ŕàěďëďãéěňã J^∗_1 = 1 ĺ μ^∗_1 = μ_0 , μ_0 ∈ [1, μ_∗) , çâő ŕàőâĺćőàěçĺâ ãáńőćĺî μ_0 ≥ μ_∗ ). Ğŋăçĺâ, ďőáâăâőçŋő àăááňăâàĺćăâì J_1 ∈ [1, T_0] , čďě T_0 { łőàěŋì ãàăćŋěŋĺï (5.2).

Ć áĺńã ĺŋďãłæĺőŋŋőčő ŕàěďŕőńőęěŋĺï ğăďăçă (3.5) ŕàĺŋĺňăěâ ćĺď

Q_n(J_1) := ln J_1 + (n − 2) ln J^∗(J_1) + ln B(μ^∗_{n−1}) → sup_J 1∈[1,T0] . (6.2)

Ğďěáì μ^∗_{n−1} = μ_0φ(J_1)[φ(J^∗)]^{n−2} ĺ J^∗ ãďőćńěâćőàïěâ áőőâŋőèěŋĺî ( J^∗ J^∗ + ε )_{n−3} (1 + εJ^∗)^{n−1} = μ_0φ(J_1)(1 − ε)(1 + ε)^2. (6.3)

Ććěďěň őąőğŋăçěŋĺï c = (1 − ε)(1 + ε)^2 , G(t) = 1 μ_0c ( t t + ε )_{n−3} (1 + εt)^{n−1}.

Šőčďă (6.3) ňőęŋő ŕěàěŕĺáăâì âăł:

G(J^∗) = φ(J_1). (6.4)

Ťőàňãńă (6.4) ŋěïćŋő őŕàěďěńïěâ J^∗ łăł äãŋłæĺî őâ J_1 .

Ńěňňă 10. Ťãŋłæĺï J^∗ = J^∗(J_1) ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňă ĺ áâàőčő ãąëćăěâ ŋă ŕőńãőáĺ (0, +∞) . Ŕàĺ íâőň J^∗(T_0) = 1 . Şàăćŋěŋĺě J^∗(J_1) = J_1 ĺňěěâ ŋă [1, T_0] ěďĺŋáâćěŋŋőě àěèěŋĺě J^∗_1 .

Ďőłăğăâěńìáâćő. Ŕő ãáńőćĺî n ≥ 4 , âăł çâő G(0) = 0 . Ďăńěě,

G^′(t) = ε μ_0c ( t t + ε )_{n−4} (1 + εt)^{n−2} t + ε [ (n − 3) 1 + εt t + ε + (n − 1)t ] . Ŕőáłőńìłã G^′(t) > 0 ŋă (0, +∞) , âő äãŋłæĺï G ĺňěěâ ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňãî ŋă (0, +∞) áâàőčő ćőğàăáâăîéãî őąàăâŋãî äãŋłæĺî G^{−1} . Ŕàĺňěŋĺć G^{−1} ł (6.4), ŕőńãçĺň J^∗ = G^{−1}(φ(J_1)) . Šěŕěàì áâăŋőćïâáï őçěćĺďŋëňĺ ĺ ŋěŕàěàëćŋăï ďĺääěàěŋæĺàãěňőáâì ĺ áâàőčőě ãąëćăŋĺě äãŋłæĺĺ J^∗ ŋă (0, +∞) .

Ŕàĺ J_1 = T_0 áőőâŋőèěŋĺî (6.3) ãďőćńěâćőàïěâ J^∗ = 1 . Ğŋăçĺâ, J^∗(T_0) = 1 . Şçĺâëćăï, çâő J^∗(J_1) áâàőčő ãąëćăěâ ŋă [1, T_0] ďő ğŋăçěŋĺï 1 , ă J_1 ŋă âőň ęě őâàěğłě áâàőčő ćőğàăáâăěâ őâ ğŋăçěŋĺï 1 , ŕàĺåőďĺň ł ćëćőďã ő âőň, çâő áãéěáâćãěâ ĺ ěďĺŋáâćěŋŋă âőçłă J^∗_1 ∈ [1, T_0] áő áćőľáâćőň J^∗(J^∗_1 ) = J^∗_1 . Ńěňňă ďőłăğăŋă.

Ńěňňă 11. Ćěńĺçĺŋă μ^∗_{n−1} łăł äãŋłæĺï őâ J_1 áâàőčő ãąëćăěâ ŋă [1, T_0] ďő ğŋăçěŋĺï μ_∗ .

Ďőłăğăâěńìáâćő. Ĺğ őŕàěďěńěŋĺï μ^∗_{n−1} ĺ (6.3) áńěďãěâ, çâő

μ^∗_{n−1} = ψ(J^∗). (6.5)

Őáâăěâáï áőáńăâìáï ŋă ńěňňë 10 ĺ 2.

Ńěňňă 12. Ŕàĺ μ_0 ≥ μ_∗ ğăďăçă (6.2) ĺňěěâ ěďĺŋáâćěŋŋőě àěèěŋĺě

J^∗_1 , łőâőàőě ïćńïěâáï łőàŋěň ãàăćŋěŋĺï (2.5). Ŕàĺ íâőň J^∗(J^∗_1 ) = J^∗_1 .

Ďőłăğăâěńìáâćő. Ŕàőďĺääěàěŋæĺàãěň æěńěćãî äãŋłæĺî:

Q^′_n(J_1) = 1 J_1 + n − 2 J^∗ dJ^∗ dJ_1 + 1 B(μ^∗_{n−1}) dB(μ^∗_{n−1}) dJ_1 . Ŕőáłőńìłã B(μ^∗_{n−1}) = ε^{−1}[(1 + ε)μ_0φ(J_1)[φ(J^∗)]^{n−2} − 1] , âő dB(μ^∗_{n−1}) dJ_1 = 1 + ε ε μ_0 [ φ^′(J_1)[φ(J^∗)]^{n−2} + (n − 2)φ(J_1)[φ(J^∗)]^{n−3}φ^′(J^∗) dJ^∗ dJ_1 ] = = 1 + ε ε μ^∗_{n−1} [ φ^′(J_1) φ(J_1)

+ (n − 2) φ^′(J^∗) φ(J^∗) dJ^∗ dJ_1 ] . Ğŋăçĺâ,

Q^′_n(J_1) = 1 J_1 + (1 + ε)μ^∗_{n−1} εB(μ^∗_{n−1}) φ^′(J_1) φ(J_1)

+ (n − 2) [ 1 J^∗ + (1 + ε)μ^∗_{n−1} εB(μ^∗_{n−1}) φ^′(J^∗) φ(J^∗) ] dJ^∗_2 dJ_1 . Ć áĺńã (3.3)

Q^′_n(J_1) =

(1 − ε)(1 + ε)^2 εB(μ^∗_{n−1}) [ μ^∗_{n−1} − ψ(J_1) (J_1 + ε)(1 + εJ_1)

+ (n − 2) μ^∗_{n−1} − ψ(J^∗) (J^∗ + ε)(1 + εJ^∗) dJ^∗ dJ_1 ] . Ŋă őáŋőćăŋĺĺ (6.5) ŕőńãçăěň

Q^′_n(J_1) =

(1 − ε)(1 + ε)^2[μ^∗_{n−1} − ψ(J_1)] εB(μ^∗_{n−1})(J_1 + ε)(1 + εJ_1) .

Ŕàőĺğćőďŋăï Q^′_n(J_1) őąàăéăěâáï ć ŋőńì ŕàĺ J_1 = J^∗_1 , čďě J^∗_1 { ěďĺŋáâćěŋŋëľ ŋă [1, T_0] łőàěŋì ãàăćŋěŋĺï μ^∗_{n−1} = ψ(J_1) (áň. ńěňňë 11 ĺ 2). Ŕàĺ J_1 < J^∗_1 ŕàőĺğćőďŋăï Q^′_n(J_1) ŕőńőęĺâěńìŋă, ă ŕàĺ J_1 > J^∗_1 { őâàĺæăâěńìŋă. Śńěďőćăâěńìŋő, J^∗_1 { ěďĺŋáâćěŋŋőě àěèěŋĺě ğăďăçĺ (6.2).

Śőčńăáŋő (6.5), ψ(J^∗(J^∗_1 )) = ψ(J^∗_1 ) . Ŋă őáŋőćăŋĺĺ áâàőčőľ ňőŋőâőŋŋőáâĺ äãŋłæĺĺ ψ ğăłńîçăěň, çâő J^∗(J^∗_1 ) = J^∗_1 , â.ě. J^∗_1 ïćńïěâáï ěďĺŋáâćěŋŋëň ŋă [1, T_0] łőàŋěň ãàăćŋěŋĺï J^∗(J_1) = J_1 .

Řăćěŋáâćő μ^∗_{n−1}(J^∗_1 ) = ψ(J^∗_1 ) ňőęŋő ŕěàěŕĺáăâì âăł: μ_0[φ(J^∗_1 )]^{n−1} = ψ(J^∗_1 ) . Ŕőáńěďŋěě őğŋăçăěâ, çâő J^∗_1 { łőàěŋì ãàăćŋěŋĺï (3.2) ĺńĺ, çâő àăćŋőáĺńìŋő, łőàěŋì ãàăćŋěŋĺï (2.5).

Őąéěě ğŋăçěŋĺě J^∗_1 ćáěå őŕâĺňăńìŋëå ŕăàăňěâàőć áŋőćă őąőğŋăçĺň çěàěğ J^∗ . Łăł âőńìłő çâő ąëńő őâňěçěŋő, J^∗ ãďőćńěâćőàïěâ ãàăćŋěŋĺî (2.5). Ńěňňă ďőłăğăŋă.

Ńěňňă 12 ćňěáâě á àăááãęďěŋĺïňĺ ĺğ àăğď. 6.1 čăàăŋâĺàãîâ áŕàăćěďńĺćőáâì âěőàěňë 1 ć őąéěň áńãçăě.

7. ŚĆŐĽŚŠĆĂ İŁŚŠŘĚŇĂŃĲŊŐČŐ ĞŊĂŮĚŊĹ§ ŰĚŃĚĆŐĽ ŤŞŊŁŰĹĹ

7.1. Őąàăâĺňáï ł âěőàěňě 2. Ŕàĺ n = 2 őŋă ďőłăğăŋă ć àăğď.4.2, ŕőíâőňã áçĺâăěň, çâő n ≥ 3 .

Śőčńăáŋő âěőàěňě 1

L_n(μ_0) = ln B(μ_0) ŕàĺ μ_0 ∈ [1, μ_∗],

(n − 1) ln J^∗ + ln B(μ^∗_{n−1}) ŕàĺ μ_0 ≥ μ_∗,

čďě μ^∗_{n−1} = μ_0[φ(J^∗)]^{n−1} ĺ J^∗ { łőàěŋì ãàăćŋěŋĺï (2.5). Ŕőáłőńìłã (2.5) àăćŋőáĺńìŋő (3.2), âő μ^∗_{n−1} = ψ(J^∗) . Ŕàĺŋĺňăï íâő ćő ćŋĺňăŋĺě, ğăŕĺèěň

L_n(μ_0) = (n − 1) ln J^∗ + ln B(ψ(J^∗)) ŕàĺ μ_0 ≥ μ_∗. (7.1)

Ŋă őâàěğłě [1, μ_∗] äãŋłæĺï L_n(μ_0) ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňă ĺ

L_n(μ_∗) = ln 2 1 − ε , L^′_n(μ_∗ − 0) =

1 − ε^2 2ε . (7.2)

Ťãŋłæĺï L_n(μ_0) ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňă ĺ ŋă ŕőńãőáĺ [μ_∗, +∞) , ŕàĺçěň ć áĺńã àăćěŋáâćă J^∗(μ_∗) = 1 ĺ äőàňãńë (7.1)

L_n(μ_∗) = ln B(ψ(1)) = ln B(μ_∗) = ln 2 1 − ε . Őâáîďă ĺ ĺğ ŕěàćőľ äőàňãńë ć (7.2) áńěďãěâ, ć çăáâŋőáâĺ, çâő äãŋłæĺï L_n(μ_0) ŋěŕàěàëćŋă ŋă [1, +∞) . Šěőàěňă 2 ąãďěâ ďőłăğăŋă, ěáńĺ ňë ãáâăŋőćĺň, çâő ŋăàïďã áő ćâőàőľ äőàňãńőľ ć (7.2) áŕàăćěďńĺćő ŕàěďěńìŋőě áőőâŋőèěŋĺě L^′_n(μ_∗ + 0) =

1 − ε^2 2ε . (7.3)

Ććěďěň äãŋłæĺî

G_1(t) = 1 c ( t t + ε )_{n−2} (1 + εt)^n,

čďě c = (1 − ε)(1 + ε)^2 , ĺ ŕěàěŕĺèěň ãáńőćĺě, łőâőàőňã ãďőćńěâćőàïěâ J^∗ , ć ćĺďě G_1(J^∗) = μ_0. (7.4) Řăćěŋáâćőň (7.4) ćěńĺçĺŋă μ_0 őŕàěďěńěŋă łăł äãŋłæĺï őâ J^∗ . Ŋăŕőňŋĺň, çâő n ≥ 3 , âăł çâő G_1(0) = 0 . Ďăńěě,

G^′_1(t) = ε c ( t t + ε )_{n−3} (1 + εt)^{n−1} t + ε [ (n − 2) 1 + εt t + ε + n t ] . Ŕőáłőńìłã G^′_1(t) > 0 ŋă (0, +∞) , âő äãŋłæĺï G_1 ĺňěěâ ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňãî ŋă (0, +∞) áâàőčő ćőğàăáâăîéãî őąàăâŋãî äãŋłæĺî G^{−1}_1 . Ŕàĺňěŋĺć G^{−1} ł (7.4), ŕőńãçĺň J^∗ = G^{−1}_1 (μ_0) , ŕàĺçěň ŕő âěőàěňě ő ŕàőĺğćőďŋőľ őąàăâŋőľ äãŋłæĺĺ dJ^∗ dμ_0 = 1 G^′_1(J^∗) . Ć áĺńã ńěňňë 3, J^∗ → 1 , ňőŋőâőŋŋő ãąëćăï, ŕàĺ äĺłáĺàőćăŋŋőň n ĺ μ_0 → μ_∗ + 0 . Ğŋăçĺâ, lim μ0→μ_∗+0 dJ^∗ dμ_0 = [ (n − 1) 2ε 1 − ε^2 ]_{−1} .

Ŋă őáŋőćăŋĺĺ (7.1) ŕàĺ μ_0 > μ_∗ ĺňěěň

L^′_n(μ_0) = n − 1 J^∗ dJ^∗ dμ_0 + (1 + ε)ψ^′(J^∗) εB(ψ(J^∗)) dJ^∗ dμ_0 . Ŋő ψ^′(J^∗) → ψ^′(1) = 0 ŕàĺ μ_0 → μ_∗ + 0 , ŕőíâőňã lim μ0→μ_∗+0 L^′_n(μ_0) = (n − 1) lim_{μ0→μ∗+0} [ 1 J^∗ dJ^∗ dμ_0 ] = 1 − ε^2 2ε . Ŕàěďěńìŋőě áőőâŋőèěŋĺě (7.3), ă á ŋĺň ĺ âěőàěňă 2 ďőłăğăŋë.

7.2. Ŕěàěåőďĺň ł ďőłăğăâěńìáâćã âěőàěňë 3. Ńěňňă 13. Ŕàĺ μ_0 > μ_∗ áŕàăćěďńĺćă äőàňãńă

lim_{n→∞} n(J^∗ − 1) =

1 + ε 2ε ln μ_0 μ_∗ . (7.5)

Ďőłăğăâěńìáâćő. Ŋăŕőňŋĺň, çâő, áőčńăáŋő ńěňňě 3, J^∗ → 1 , ňőŋőâőŋŋő ãąëćăï, ŕàĺ äĺłáĺàőćăŋŋőň μ_0 > μ_∗ ĺ n → ∞ .

Řăáŕĺèěň ŕőďàőąŋő àăćěŋáâćő ψ(J^∗) = μ^∗_{n−1} , ãçĺâëćăï, çâő φ(1) = 1 : ψ(J^∗) = μ_0[φ(J^∗)]^{n−1} = μ_0[1 + (φ(J^∗) − 1)]^{(φ(J ∗)−1)−1(φ(J ∗)−φ(1))(n−1)} =

= μ_0 { [1 + (φ(J^∗) − 1)]^{(φ(J ∗)−1)−1}

}_φ′_{(Θn)(J} ∗_{−1)(n−1)} . (7.6) Ğďěáì ^_n ∈ (1, J^∗) . Ćëàăęěŋĺě ć äĺčãàŋëå áłőąłăå őąőğŋăçĺň çěàěğ g_n . Őçěćĺďŋő, çâő g_n → e ŕàĺ n → ∞ . Őâňěâĺň âăłęě, çâő

φ^′(^_n) → − 2ε 1 + ε ŕàĺ n → ∞. Ŕàőńőčăàĺäňĺàőćăć àăćěŋáâćő (7.6), ŕőńãçĺň

(n − 1)(J^∗ − 1) = ln[ψ(J^∗)/μ_0] φ^′(^_n) ln g_n . Ć ŕàěďěńě ŕàĺ n → ∞ ŕàĺåőďĺň ł (7.5). Ńěňňă ďőłăğăŋă.

Ŋă őáŋőćăŋĺĺ (7.1) ďőłăğăâěńìáâćő âěőàěňë 3 áćőďĺâáï ł ŕàőćěàłě ŕàěďěńìŋőčő áőőâŋőèěŋĺï

lim_{n→∞}(n − 1) ln J^∗ =

1 + ε 2ε ln μ_0 μ_∗ =: ~_w. (7.7)

Ŋő íâő áńěďãěâ ĺğ ńěňňë 13 ĺ àăćěŋáâćă

(n − 1) ln J^∗ = (n − 1)(J^∗ − 1) ln[1 + (J^∗ − 1)]^{(J ∗−1)−1}.

7.3. Ś äĺğĺçěáłőľ âőçłĺ ğàěŋĺï äőàňãńă (7.7) őğŋăçăěâ, çâő ńőčăàĺäň őâŋőèěŋĺï áâăâĺçěáłőčő ďăćńěŋĺï ğă ŕàěďŕőáńěďŋĺň áłăçłőň ć őŕâĺňăńìŋőľ áĺáâěňě ł ďăćńěŋĺî ć ŋěćőğňãéěŋŋőň ŕőâőłě áâàěňĺâáï ł łőŋěçŋőľ ćěńĺçĺŋě ~_w , ŕàěďáâăćńïîéěľ áőąőľ ńőčăàĺäň ĺŋâěŋáĺćŋőáâĺ J_w ŕàőáâőľ ćőńŋë áęăâĺï, âőàňőğïéěľ ŕőâőł ďő μ_∗ . Ć áâăâìě [3] ŕőłăğăŋő, çâő ãďăàŋőćőńŋőćăï áĺáâěňă, áőáâőïéăï ĺğ ŕàőáâőľ ćőńŋë á ĺŋâěŋáĺćŋőáâìî J_w ĺ ğăňëłăîéěčő ŕàïňőčő áłăçłă á ĺŋâěŋáĺćŋőáâìî B(μ_∗) , ïćńïěâáï ŋăĺńãçèěľ á âőçłĺ ğàěŋĺï ňăłáĺňĺğăæĺĺ áâăâĺçěáłőčő ďăćńěŋĺï. Śőőâŋőèěŋĺě (7.7), âăłĺň őąàăğőň, ŕőłăğëćăěâ, çâő á ãćěńĺçěŋĺěň çĺáńă áłăçłőć ć őŕâĺňăńìŋőľ ďńï áâăâĺçěáłőčő ďăćńěŋĺï áĺáâěňě ďő ąěáłőŋěçŋőáâĺ ŕàőĺáåőďĺâ łăçěáâćěŋŋëľ ŕěàěåőď { áĺáâěňă ĺğ n − 1 łőáőčő áłăçłă ŕàěćàăéăěâáï ć őŕâĺňăńìŋãî ĺğíŋâàőŕĺçěáłãî ćőńŋã.

8. ĞĂŁŃđŮĚŊĹĚ

Ć ďăŋŋőľ àăąőâě ğăďăçă, ŕőáâăćńěŋŋăï ć áěàěďĺŋě ŕàőèńőčő ćěłă Č.Ĺ.Ŕěâàőćëň, ŕőńãçĺńă őłőŋçăâěńìŋőě àěèěŋĺě. Ŕàĺŋæĺŕĺăńìŋëň ňőňěŋâőň, ŕőğćőńĺćèĺň ďőłăğăâì čńőąăńìŋãî őŕâĺňăńìŋőáâì ĺ ěďĺŋáâćěŋŋőáâì àěèěŋĺï, őłăğăńáï âőâ äăłâ, çâő ãłăğăŋŋăï ğăďăçă ïćńïěâáï ďĺáłàěâŋőľ ğăďăçěľ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï. Ăŋăńĺğ ŕàěďěńìŋëå áćőľáâć ŕőńãçěŋŋőčő àěèěŋĺï ŕőłăğăń, çâő ŕàĺ ãćěńĺçěŋĺĺ çĺáńă áłăçłőć ďő ąěáłőŋěçŋőáâĺ ňăłáĺňăńìŋőě ğŋăçěŋĺě æěńěćőľ äãŋłæĺĺ áâàěňĺâáï ł ćěńĺçĺŋě ~_w + ln B(μ_∗) . Ŕőáńěďŋïï ŕàěďáâăćńïěâ áőąőľ ńőčăàĺäň ĺŋâěŋáĺćŋőáâĺ áĺáâěňë, áőáâőïéěľ ĺğ ŕàőáâőľ ćőńŋë áęăâĺï ĺ ğăňëłăîéěčő ŕàïňőčő áłăçłă ĺ ïćńïîéěľáï ŋăĺńãçèěľ á âőçłĺ ğàěŋĺï ňăłáĺňĺğăæĺĺ áâăâĺçěáłőčő ďăćńěŋĺï.

ŚŔĹŚŐŁ ŃĹŠĚŘĂŠŞŘŻ

1. Ŕěâpőć Č.Ĺ. Ĺğąpăŋŋëě âpãďë. Ăípőňěåăŋĺłă ąőńìèĺå áłőpőáâěľ ĺ łőáňĺçěáłĺě ĺááńěďőćăŋĺï. Ň.: Hăãłă, 1992.

2. Čěpňăŋ Ř. Śćěpåğćãłőćëě ćåőďŋëě ďĺääãğőpë. Ň.: Ťĺğňăâčĺğ, 1960. 3. Őňěńìçěŋłő Ă.Ć., Şáłőć Ć.Ŋ. Őŕâĺňăńìŋëě ãďăàŋő-ćőńŋőćëě áĺáâěňë //Ĺğć. ŘĂŊ. Ňěåăŋĺłă ęĺďłőáâĺ ĺ čăğă. 1995. ò6. Ś.118{126.

4. Ěàőäěěć Ć.Ł., Őňěńìçěŋłő Ă.Ć., Şáłőć Ć.Ŋ. Ăŋăńĺğ ăłãáâĺçěáłőčő ĺňŕěďăŋáă ć áâăæĺőŋăàŋëå áćěàåğćãłőćëå âěçěŋĺïå //Ĺŋęěŋěàŋő-äĺ-ğĺçěáłĺľ ęãàŋăń. 1998. Š.71. ò4. Ś.663{668.

5. Őňěńìçěŋłő Ă.Ć., Şáłőć Ć.Ŋ. Ňăłáĺňăńìŋëě ãčńë ŕőćőàőâă áćěàåğćãłőćőčő ŕőâőłă ć ãďăàŋő-ćőńŋőćëå áĺáâěňăå //Ĺğćěáâĺï ŘĂŊ. Ňěåăŋĺłă ęĺďłőáâĺ ĺ čăğă. 1998. ò3. Ś.148{156.

6. Őňěńìçěŋłő Ă.Ć., Şáłőć Ć.Ŋ. Čěőňěâàĺï őŕâĺňăńìŋëå ãďăàŋő-ćőńŋő-ćëå áĺáâěň //Ŕàĺłńăďŋăï ňěåăŋĺłă ĺ âěåŋĺçěáłăï äĺğĺłă. 1997. Š.38. ò5. Ś.29{35.

7. Ňăńőğěňőć Ć.Ŋ., Őňěńìçěŋłő Ă.Ć., Şáłőć Ć.Ŋ. Ő ňĺŋĺňĺğăæĺĺ ŕőâěàì ŕőńŋőčő ďăćńěŋĺï ŕàĺ âőàňőęěŋĺĺ áćěàåğćãłőćőčő ŕőâőłă //Ŕàĺłńăďŋăï ňăâěňăâĺłă ĺ ňěåăŋĺłă. 1998. Š.62. Ćëŕ.6. Ś.1015{1021.

8. Ąěńńňăŋ Ř. Ďĺŋăňĺçěáłőě ŕàőčàăňňĺàőćăŋĺě. Ň.: Ĺğď-ćő ĺŋőáâà.

ń-àë, 1960.

9. Ąőńâïŋáłĺľ Ć.Č. Őŕâĺňăńìŋőě ãŕàăćńěŋĺě ďĺáłàěâŋëňĺ áĺáâěňăňĺ.

Ň.: Ŋăãłă, 1973.

10. Ŕàőŕőľ Ă.Ĺ. İńěňěŋâë âěőàĺĺ őŕâĺňăńìŋëå ďĺáłàěâŋëå ŕàőæěááőć.

Ň.: Ŋăãłă, 1973.

ŔŐĎŔĹŚĹ Ł ŤĹČŞŘĂŇ 1.Ťĺč.1. Čàăäĺłĺ äãŋłæĺľ ψ(J) (łàĺćăï 1) ĺ μ_0[φ(J)]^{n−1} (łàĺćăï 2), ŕőáâàőěŋŋëě ŕàĺ n = 4 , μ_0 = 2 , ε = 1/6 .

2.Ťĺč.2. Čàăäĺłĺ äãŋłæĺľ ψ(J_1) (łàĺćăï 1) ĺ μ_1(J_1) (łàĺćăï 2), ŕőáâàőěŋŋëě ŕàĺ μ_0 = 1.1 ĺ ε = 1/6 .

3.Ťĺč.3. Čàăäĺłĺ äãŋłæĺľ ψ(J_1) (łàĺćăï 1) ĺ μ_1(J_1) (łàĺćăï 2), ŕőáâàőěŋŋëě ŕàĺ μ_0 = 2 ĺ ε = 1/6 .

4.Ťĺč.4. Čàăäĺłĺ äãŋłæĺľ J_1 (łàĺćăï 1) ĺ J^∗_2 (J_1) (łàĺćăï 2), ŕőáâàőěŋŋëě ŕàĺ μ_0 = 2 , ε = 1/6 .