Ĺáâĺŋŋő ňŋőčőçăáâĺçŋőě àăááěïŋĺě ć őáæĺńńïâőàŋőň ŕàěďáâăćńěŋĺĺ^�

Ă. Ň. Ÿĺàőłőć^a, đ. Ť. Śňĺàŋőć^{a,b}, Ś. Ă. Ğăľæěć^c

aŊĹĹ§Ť ŇČŞ, Ňőáłćă 119899, Ńěŋĺŋáłĺě čőàë

bInstituto de Ciencias Nucleares, Universidad Nacional Autónoma de México, México 04510,

D.F., México

cŢăąăàőćáłĺľ čőáãďăàáâćěŋŋëľ âěåŋĺçěáłĺľ ãŋĺćěàáĺâěâ, Ţăąăàőćáł 680035, ãń. Šĺåőőłěăŋáłăï, 136

Ăŋŋőâăæĺï

Ŕàőćěďěŋő őąőąéěŋĺě âěőàĺĺ àăááěïŋĺï ć őáæĺńńïâőàŋőň ŕàěďáâăćńěŋĺĺ ŋă áńãçăľ ĺáâĺŋŋő ňŋőčőçăáâĺçŋőčő àăááěïŋĺï.

I. ĆĆĚĎĚŊĹĚ

Ć ďăŋŋőľ àăąőâě äőàňãńĺàãěâáï ŕőďåőď ł âěőàĺĺ ňŋőčőçăáâĺçŋőčő àăááěïŋĺï ć őáæĺńńïâőàŋőň ŕàěďáâăćńěŋĺĺ (ŐŔ). Ŕàĺ íâőň ňë őàĺěŋâĺàãěňáï ŋă ŕàőáâěľèĺľ áńãçăľ, ă ĺňěŋŋő ŋă âăłőľ, łőčďă ćőńŋőćăï äãŋłæĺï ć ăáĺňŕâőâĺçěáłőľ őąńăáâĺ ĺňěěâ ćĺď áäěàĺçěáłőľ ćőńŋë ć ňŋőčőňěàŋőň ŕàőáâàăŋáâćě. İâő áőőâćěâáâćãěâ ŕàĺąńĺęěŋĺî âăł ŋăğëćăěňőčő “ĺáâĺŋŋő” ňŋőčőçăáâĺçŋőčő àăááěïŋĺï (ĹŇŘ) [1,2], â. ě. ãçěâã âőńìłő âăłĺå áőáâőïŋĺľ, łőčďă ć áĺáâěňě ŋăąńîďăěâáï “ďěňőłàăâĺï” ĺ ŋĺ őďŋă ŕăàă ĺńĺ čàãŕŕă çăáâĺæ ŋě ćëďěńïěâáï ć áňëáńě őąàăğőćăŋĺï áćïğăŋŋëå áőáâőïŋĺľ ĺńĺ àăááěïŋĺï ŋă íŋěàčěâĺçěáłőľ ŕőćěàåŋőáâĺ.

∗Ŕőáćïéăěâáï áćěâńőľ ŕăňïâĺ Ŋ. Ă. Śćěèŋĺłőćă.

Ŕőáâàőěŋĺě ćőńŋőćőľ äãŋłæĺĺ ĹŇŘ ćåőďĺâ łăł áőáâăćŋăï çăáâì ć ğăďăçã ŕőáâàőěŋĺï ćőńŋőćőľ äãŋłæĺĺ áĺáâěňë ňŋőčĺå âěń [1]. Ŋő ĺááńěďőćăŋĺě ŕàĺąńĺęěŋĺï ĹŇŘ ĺňěěâ ĺ áăňőáâőïâěńìŋãî äĺğĺçěáłãî æěŋŋőáâì, â. ł. ňŋőčĺě ŕàőæěááë àăáŕăďă ńěčłĺå ïďěà ŋă ŋěáłőńìłő äàăčňěŋâőć åőàőèő őŕĺáëćăîâáï ć íâőň ŕàĺąńĺęěŋĺĺ (áň. őąğőàë [3,4]). Ąőńěě âőčő, ŕàĺąńĺęěŋĺě ĹŇŘ äăłâĺçěáłĺ ŕěàěáâăěâ ąëâì ŕàĺąńĺęěŋĺěň ĺ áâăŋőćĺâáï âőçŋőľ âěőàĺěľ ďńï âăł ŋăğëćăěňëå “ďěňőłàăâĺçěáłĺå àăáŕăďőć” [4], â. ě. âàěåçăáâĺçŋëå àăáŕăďőć A → A1 + A2 + A3, ć łőâőàëå ŋĺ őďŋă ĺğ ąĺŋăàŋëå ŕőďáĺáâěň (AiAj) ŋě ĺňěěâ áćïğăŋŋëå áőáâőïŋĺľ, çěâëàěåçăáâĺçŋëå àăáŕăďőć A → A1 + A2 + A3 + A4, ć łőâőàëå ŋĺ őďŋă ĺğ ąĺŋăàŋëå (AiAj) ĺ âàěåçăáâĺçŋëå (AiAjAk) ŕőďáĺáâěň ŋě ĺňěěâ áćïğăŋŋëå áőáâőïŋĺľ, ĺ â. ď. Ďěňőłàăâĺçěáłĺě àăáŕăďë áâăńĺ ćěáìňă ăłâãăńìŋëňĺ ć ŕőáńěďŋěě ćàěňï ć ïďěàŋőľ äĺğĺłě ć áćïğĺ á ŋăçăńőň áĺáâěňăâĺçěáłőčő ĺááńěďőćăŋĺï á ŕőňőéìî àăďĺőăłâĺćŋëå ŕãçłőć íłğőâĺçěáłĺå łőàőâłőęĺćãéĺå ŋěľâàőŋŋő-ĺğąëâőçŋëå ïďěà, ňŋőčĺě ĺğ łőâőàëå ŕàĺ ŋěąőńìèĺå íŋěàčĺïå ćőğąãęďěŋĺï, ŕàěďáâăćńïîéĺå ŋă ďăŋŋëľ ňőňěŋâ ąőńìèőľ ĺŋâěàěá, ňőčãâ àăáŕăďăâìáï âőńìłő ŕő “ďěňőłàăâĺçěáłĺň łăŋăńăň”, ŋăŕàĺňěà,^{11}Li →^9Li+n+n,^6He →^4He+n+n,^{14}Be →^{12}Be+n+n ĺ ďà. Ĺňěŋŋő ć àăňłăå ňěâőďă ĹŇŘ ŕàőćőďĺńőáì âěőàěâĺçěáłőě ĺááńěďőćăŋĺě ćőğąãęďěŋŋëå áőáâőïŋĺľ âăłĺå ïďěà ć àïďě ŋěďăćŋő őŕãąńĺłőćăŋŋëå àăąőâ, ŋăŕàĺňěà, ć àăąőâăå [5–10]. Ć ŕàĺąńĺęěŋĺĺ ĹŇŘ ăłâĺćŋő ĺááńěďãîâáï ĺ ŋěłőâőàëě ďàãčĺě ăłâãăńìŋëě ğăďăçĺ, ŋăŕàĺňěà, àěğőŋăŋáë ć áĺáâěňăå âàěå ĺ çěâëàěå ŋěľâàőŋőć [11].

Łàőňě âőčő, łăł ąãďěâ ŕőłăğăŋő ŋĺęě, ć ŕàĺąńĺęěŋĺĺ ĹŇŘ ňőęŋő àăááçĺâăâì Sňăâàĺæã ďńï ňŋőčőçăáâĺçŋőľ áĺáâěňë, ĺ, ćëçĺáńïï ěě ŕőńîáă, ŋě âőńìłő őďŋőğŋăçŋő ãáâăŋőćĺâì ŕăàăňěâàë àěğőŋăŋáŋëå áőáâőïŋĺľ, ŋő ĺ ãâőçŋĺâì íŋěàčĺî áćïğĺ áĺáâěňë. İâő ãâőçŋěŋĺě őłăğëćăěâáï áãéěáâćěŋŋëň ďńï áńăąőáćïğăŋŋëå áĺáâěň [8,10]. Ňőęŋő őęĺďăâì, çâő ć âăłőň ŕőďåőďě ł ĺááńěďőćăŋĺî őáŋőćŋőčő ĺ ďàãčĺå áćïğăŋŋëå áőáâőïŋĺľ ňŋőčőçăáâĺçŋőľ áĺáâěňë ŕàĺąńĺęěŋĺě ĹŇŘ ąãďěâ ćěáìňă âőçŋëň.

Ďńï ćëçĺáńěŋĺï åăàăłâěàĺáâĺł ĹŇŘ ěáâěáâćěŋŋő ĺáŕőńìğőćăâì (áň. [2–4] ĺ æĺâĺàőćăŋŋëě âăň àăąőâë) ňěâőď K-čăàňőŋĺł, áćïğăŋŋëľ á àăğńőęěŋĺěň ćőńŋőćőľ äãŋłæĺĺ áĺáâěňë ŕő čĺŕěàáäěàĺçěáłőňã ąăğĺáã. Ďńï àěèěŋĺï ãàăćŋěŋĺľ ňěâőďă K-čăàňőŋĺł

(ć âőň çĺáńě ĺ ć őąńăáâĺ ŋěŕàěàëćŋőčő áŕěłâàă) ŕàěďńăčăěâáï ĺáŕőńìğőćăâì àăğńőęěŋĺě ćőńŋőćőľ äãŋłæĺĺ ŕő áőąáâćěŋŋëň äãŋłæĺïň (3A − 3)-ňěàŋőčő (A — çĺáńő çăáâĺæ ć áĺáâěňě) čăàňőŋĺçěáłőčő őáæĺńńïâőàă ć čĺŕěàáäěàĺçěáłĺå łőőàďĺŋăâăå ρ, Ω. Ć àěğãńìâăâě ňë ŕàĺďěň ł ĺááńěďőćăŋĺî ãàăćŋěŋĺï Ÿàěďĺŋčěàă ć čĺŕěàáäěàĺçěáłőň ŐŔ. İâő őğŋăçăěâ, çâő ćňěáâő àěèěŋĺï áĺáâěňë áćïğăŋŋëå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ ňěâőďă K-čăàňőŋĺł ğăďăçă áćěďěâáï ł ăŋăńĺğã ąěáłőŋěçŋőľ áĺáâěňë ńĺŋěľŋëå ăńčěąàăĺçěáłĺå ãàăćŋěŋĺľ. Ňěâőď ŐŔ [12–16] őłăğăńáï őçěŋì ŕàőďãłâĺćŋëň ć âěőàĺĺ àăááěïŋĺï ĺ àěăłæĺľ á ąĺŋăàŋëňĺ łăŋăńăňĺ [17–21]. Ŋăè ŕőďåőď ïćńïěâáï ěáâěáâćěŋŋëň őąőąéěŋĺěň íâőčő ňěâőďă ŋă áńãçăľ ĹŇŘ.

Ůăáâĺçŋő àěğãńìâăâë íâőľ àăąőâë ąëńă őŕãąńĺłőćăŋă ŋăňĺ ć ćĺďě ŕàěŕàĺŋâă [22] ĺ ĺáŕőńìğőćăŋë ŋăňĺ ć łőŋłàěâŋëå àăáçěâăå ïďěàŋëå áĺáâěň [23,8,10]. Ŋă őáŋőćě őŕëâă íâĺå àăáçěâőć ňë ňőęěň ãâćěàęďăâì ő ćëáőłőľ íääěłâĺćŋőáâĺ ŕàěďńăčăěňőčő ŕőďåőďă, łőâőàăï ňőęěâ ąëâì ěéě ąőńěě ãćěńĺçěŋă ŕàĺ ĺáŕőńìğőćăŋĺĺ ăŋăńĺâĺçěáłĺå àěğãńìâăâőć ďăŋŋőľ àăąőâë, ŋě ŕãąńĺłőćăćèĺåáï àăŋěě.

II. ŞŘĂĆŊĚŊĹĚ ŸŘĚĎĹŊČĚŘĂ Ć ČĹŔĚŘŚŤĚŘĹŮĚŚŁŐŇ ŐŚŰĹŃŃ§ŠŐŘŊŐŇ ŔŘĚĎŚŠĂĆŃĚŊĹĹ

Ćőńŋőćãî äãŋłæĺî áĺáâěňë ĺğ A çăáâĺæ, åăàăłâěàĺğãěňãî ŕőńŋőľ íŋěàčĺěľ E ĺ ďàãčĺňĺ łćăŋâőćëňĺ çĺáńăňĺ, łőâőàëě ňë őąőğŋăçĺň ňãńìâĺĺŋďěłáőň β, ğăŕĺèěň ć ćĺďě àăğńőęěŋĺï (áçĺâăěň, çâő ďćĺęěŋĺě æěŋâàă ňăáá ãęě őâďěńěŋő): |Eβ⟩ = ∑ nKγ ⟨nKγ|Eβ⟩ |nKγ⟩ , (1) čďě ć łăçěáâćě ąăğĺáŋëå äãŋłæĺľ |nKγ⟩ ćëąàăŋë áőąáâćěŋŋëě äãŋłæĺĺ (3A−3)-ňěàŋőčő čăàňőŋĺçěáłőčő őáæĺńńïâőàă á çăáâőâőľ ~ω ć čĺŕěàáäěàĺçěáłĺå łőőàďĺŋăâăå:

|nKγ⟩ = Φ_{nK} (ρ)Y_{Kγ}(Ω). (2)

Ğďěáì: K — čĺŕěàňőňěŋâ; γ — ŋăąőà őáâăńìŋëå łćăŋâőćëå çĺáěń, åăàăłâěàĺğãîéĺå äãŋłæĺĺ YKγ(Ω), łőâőàëě ć áńãçăě áĺáâěňë ąěğáŕĺŋőćëå çăáâĺæ ŕàěďáâăćńïîâ áőąőľ čĺŕěàáäěàĺçěáłĺě čăàňőŋĺłĺ YKγ(Ω) őâ ãčńőćëå ŕěàěňěŋŋëå Ω, ă ěáńĺ ãçĺâëćăîâáï áŕĺŋőćëě ĺ ĺğőáŕĺŋőćëě áâěŕěŋĺ áćőąőďë çăáâĺæ, âő YKγ(Ω) ŕàěďáâăćńïîâ áőąőľ ŕàőĺğćěďěŋĺï (ăŋâĺáĺňňěâàĺğőćăŋŋëě ĺńĺ áĺňňěâàĺğőćăŋŋëě łőňąĺŋăæĺĺ âăłĺå ŕàőĺğćěďěŋĺľ ŕàĺ ŋăńĺçĺĺ ć áĺáâěňě âőęďěáâćěŋŋëå äěàňĺőŋőć ĺńĺ ąőğőŋőć, áőőâćěâáâćěŋŋő) čĺŕěàáäěàĺçěáłĺå čăàňőŋĺł ŋă áŕĺŋ-ĺğőáŕĺŋőćëě äãŋłæĺĺ (γ ć íâőň áńãçăě ćłńîçăěâ ć áěąï âăłęě áŕĺŋ-ĺğőáŕĺŋőćëě łćăŋâőćëě çĺáńă); čĺŕěààăďĺãá ρ = √_A ∑ i=1 (ri − R)^2, ri —

łőőàďĺŋăâă őâďěńìŋőľ çăáâĺæë, R — łőőàďĺŋăâă æěŋâàă ňăáá; n — čńăćŋőě łćăŋâőćőě çĺáńő, åăàăłâěàĺğãîéěě àăďĺăńìŋãî äãŋłæĺî

Φ_{nK} ≡ Φ^L_n (ρ) = ρ^{−(3A−4)/2}φ_{nK}(ρ), (3)

φ_{nK}(ρ) ≡ φ^L_n (ρ) = (−1)^n √ 2λn! Γ(n + L + 3/2)

(λρ)^{L+1}e^{−λ2ρ2/2}L^{L+ 12}n (λ^2ρ^2), (4)

čďě L = K +^{3A − 6}_2 , L^α_n(x) — ŕàĺáőěďĺŋěŋŋëľ ŕőńĺŋőň Ńăčěààă [24], ă λ^{−1} =^√~/(mω) ĺčàăěâ àőńì “àăďĺãáă őáæĺńńïâőàă” ĺ ïćńïěâáï áćőąőďŋëň ŕăàăňěâàőň, ğŋăçěŋĺě łőâőàőčő ćëąĺàăěâáï âăł, çâőąë őąěáŕěçĺâì ďőáâăâőçŋő ąëáâàãî áåőďĺňőáâì ćëçĺáńĺâěńìŋőľ áåěňë. Ąăğĺá (2) őàâőŋőàňĺàőćăŋ: ⟨nKγ| n^′K^′γ^′⟩ = δ_{nn}0δ_{ΓΓ}0, (5) â. ě.^∫ φ^∗_{nK}(ρ)φn0K(ρ) dρ = δnn0 (áĺňćőńőň Γ ňë őąőğŋăçăěň áőćőłãŕŋőáâì łćăŋâőćëå çĺáěń K, γ).

Ć áńãçăě áĺáâěňë ďćãå çăáâĺæ (A = 2) ĺğńăčăěňăï ŋĺęě âěőàĺï ŕěàěåőďĺâ ć őąëçŋãî âěőàĺĺ ďćãåçăáâĺçŋőčő àăááěïŋĺï, łőâőàőě ïćńïěâáï çăáâŋëň áńãçăěň ĹŇŘ. Ŕàĺ íâőň K = L = L, čďě L — őàąĺâăńìŋëľ ňőňěŋâ, čĺŕěàáäěàĺçěáłĺě äãŋłæĺĺ YKγ(Ω) ŕěàěåőďïâ ć őąëçŋëě áäěàĺçěáłĺě äãŋłæĺĺ YLm(ϑ, φ), ă äãŋłæĺĺ (3)–(4) — ć àăďĺăńìŋëě äãŋłæĺĺ âàěåňěàŋőčő áäěàĺçěáłĺ-áĺňňěâàĺçŋőčő őáæĺńńïâőàă. Ĺŋďěłáë Γ ĺčàăîâ âã ęě äőàňăńìŋãî àőńì, çâő ĺ ĺŋďěłáë, àăğńĺçăîéĺě àăğńĺçŋëě łăŋăńë ć âěőàĺĺ ďćãåçăáâĺçŋőčő àăááěïŋĺï. Őâňěâĺň, őďŋăłő, çâő ŋĺęě ňë ĺŋâěàěáãěňáï âőńìłő áńãçăěň, łőčďă ŕőàőčőćăï íŋěàčĺï ćő ćáěå “łăŋăńăå” Γ őďĺŋăłőćă. Ć ďćãåçăáâĺçŋőň áńãçăě íâő áőőâćěâáâćãěâ âőňã, çâő ňë àăááňăâàĺćăěň őąéãî âěőàĺî àăááěïŋĺï ŋă ŋěæěŋâàăńìŋőň ŕőâěŋæĺăńě, áňěèĺćăîéěň áőáâőïŋĺï á àăğńĺçŋëňĺ ňőňěŋâăňĺ L ĺńĺ, ŕő łàăľŋěľ ňěàě, á àăğńĺçŋëňĺ ğŋăçěŋĺïňĺ ŕàőěłæĺĺ ňőňěŋâă m ĺ àăğńĺçŋëňĺ ğŋăçěŋĺïňĺ ŕàőěłæĺĺ áŕĺŋă σ. Šěőàĺï ńěčłő ňőęěâ ąëâì őąőąéěŋă ĺ ŋă őąéĺľ áńãçăľ, ć łőâőàőň ãçĺâëćăîâáï ĺ àăğńĺçŋëě äĺğĺçěáłĺě łăŋăńë, áőőâćěâáâćãîéĺě àăğńĺçŋëň ćőğąãęďěŋĺïň ćŋãâàěŋŋĺå áâěŕěŋěľ áćőąőďë àăááňăâàĺćăěňëå çăáâĺæ, ă, áńěďőćăâěńìŋő, ĺ åăàăłâěàĺğãěňëå àăğńĺçŋëňĺ ŕőàőčőćëňĺ íŋěàčĺïňĺ. Šăłőě őąőąéěŋĺě ňőęěâ ŕàěďáâăćńïâì ĺŋâěàěá ĺ ďńï áĺáâěň á A ¿ 3.

Őçěćĺďŋő, çâő ãàăćŋěŋĺě Ÿàěďĺŋčěàă ć čĺŕěàáäěàĺçěáłőň ŐŔ ŕàĺŋĺňăěâ ćĺď: ∑ n0K0γ0 ⟨nKγ| H − E |n^′K^′γ^′⟩ ⟨n^′K^′γ^′| Eβ⟩ = 0. (6) Ğďěáì H = T + V . Ňăâàĺæă łĺŋěâĺçěáłőľ íŋěàčĺĺ T ďĺăčőŋăńìŋă ŕő ĺŋďěłáăň Γ, Γ^′ ĺ âàěåďĺăčőŋăńìŋă ŕő ĺŋďěłáăň n, n^′: ⟨nKγ| T |n^′K^′γ^′⟩ =~ ω 2 δ_{ΓΓ}0 [ − √ (n + 1) ( n + L + 3 2 ) δ_{n+1,n}0

+ ( 2n + L + 3 2 ) δ_{nn}0 − √ n ( n + L + 1 2 ) δ_{n−1,n}0 ] . (7)

Ć őâńĺçĺě őâ łĺŋěâĺçěáłőľ íŋěàčĺĺ, ňăâàĺçŋëě íńěňěŋâë ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ, łőâőàãî ňë ŕàěďáâăćĺň ć ćĺďě áãňňë ŕőâěŋæĺăńőć ŕăàŋőčő ćğăĺňőďěľáâćĺï: V = ∑ i<j V (ri − rj), ŋő ïćńïîâáï ďĺăčőŋăńìŋëňĺ ŕő ĺŋďěłáăň Γ, Γ^′ (ğă ĺáłńîçěŋĺěň

áńãçăï A = 2 á æěŋâàăńìŋëňĺ áĺńăňĺ).

Őďŋĺň ĺğ ďőáâőĺŋáâć őáæĺńńïâőàŋőčő ąăğĺáă ć ğăďăçě ĹŇŘ ïćńïěâáï âő, çâő ć ŋěň ńěčłő őáãéěáâćńïěâáï ŕěàěåőď őâ őďŋőčő ŋăąőàă łőőàďĺŋăâ §łőąĺ ł ďàãčőňã — íâő áãéěáâćěŋŋő őąńěčçăěâ àăáçěâ ňăâàĺçŋëå íńěňěŋâőć ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ [2,19,25]. Śĺáâěňă (6) ŕàěďáâăćńïěâ áőąőľ ąěáłőŋěçŋëľ ŋăąőà ńĺŋěľŋëå ăńčěąàăĺçěáłĺå ãàăćŋěŋĺľ ŋă łőíääĺæĺěŋâë ⟨nKγ| Eβ⟩ ≡ ⟨nΓ| Eβ⟩ àăğńőęěŋĺï (1). Ďěńő, őďŋăłő, ãŕàőéăěâáï âěň, çâő ŕàĺ ďőáâăâőçŋő ąőńìèĺå n ňăâàĺçŋëě íńěňěŋâë ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ

⟨nΓ| V |n^′Γ^′⟩ áâăŋőćïâáï ňăńëňĺ ŕő áàăćŋěŋĺî á ňăâàĺçŋëňĺ íńěňěŋâăňĺ łĺŋěâĺçě-

áłőľ íŋěàčĺĺ ⟨nΓ| T |n^′Γ^′⟩ (ŕőáńěďŋĺě, łăł ćĺďŋő ĺğ (7), ńĺŋěľŋő àăáâãâ á àőáâőň n ŕàĺ

n ≫ 1). Ŕőíâőňã ŕàĺ ąőńìèĺå ğŋăçěŋĺïå n ňőęŋő őâąàőáĺâì ňăâàĺçŋëě íńěňěŋâë ŕő-

âěŋæĺăńìŋőľ íŋěàčĺĺ V , áőåàăŋĺć ć őąńăáâĺ n ≫ 1 ňăâàĺçŋëě íńěňěŋâë łĺŋěâĺçěáłőľ íŋěàčĺĺ, â. ě. ňőęŋő ŕőńőęĺâì

⟨nΓ| H |n^′Γ^′⟩ = ⟨nΓ| T |n^′Γ^′⟩ , ěáńĺ n > n_Γ ĺńĺ n^′ > n_Γ0. (8)

Łőŋłàěâŋëě ğŋăçěŋĺï ćěńĺçĺŋ nΓ ć łăęďőľ ŕăàæĺăńìŋőľ ćőńŋě Γ ćëąĺàăîâáï ďőáâăâőçŋő ąőńìèĺňĺ, âăłĺňĺ, çâőąë ŕàĺ ĺå ãćěńĺçěŋĺĺ àěğãńìâăâë àăáçěâőć őáŋőćŋëå åăàăłâěàĺáâĺł áĺáâěňë ŋě ŕàěâěàŕěćăńĺ áãéěáâćěŋŋëå ĺğňěŋěŋĺľ.

Ć ŕàĺąńĺęěŋĺĺ (8) áĺáâěňă ãàăćŋěŋĺľ (6) àăğąĺćăěâáï ŋă ďćě çăáâĺ: łőŋěçŋőňěàŋãî “ćŋãâàěŋŋîî” őąńăáâì ďőáâăâőçŋő ňăńëå ğŋăçěŋĺľ n 6 nΓ ĺ ąěáłőŋěçŋãî “ćŋěèŋîî” ĺńĺ “ăáĺňŕâőâĺçěáłãî” őąńăáâì á n > nΓ, čďě ãçĺâëćăîâáï ńĺèì ňăâàĺçŋëě íńěňěŋâë łĺŋěâĺçěáłőľ íŋěàčĺĺ ĺ ŕàěŋěąàěčăěâáï ćğăĺňőďěľáâćĺěň ňěęďã çăáâĺæăňĺ. Ćő ćŋěèŋěľ őąńăáâĺ ć áĺńã ďĺăčőŋăńìŋőáâĺ łĺŋěâĺçěáłőľ íŋěàčĺĺ ŕő ĺŋďěłáăň Γ, Γ^′ ãàăćŋěŋĺï ŋă łőíääĺæĺěŋâë ⟨nΓ| Eβ⟩, őâćěçăîéĺě àăğŋëň ŕăàæĺăńìŋëň ćőńŋăň Γ, àăğďěńïîâáï, ĺ ĺå ňőęŋő àěèăâì ŋěğăćĺáĺňő ďàãč őâ ďàãčă. Ć íâőľ őąńăáâĺ łőíääĺæĺěŋâë ⟨nΓ| Eβ⟩ ãďőćńěâćőàïîâ âàěåçńěŋŋëň àěłãààěŋâŋëň áőőâŋőèěŋĺïň (ŠŘŚ): √ (n + 1) ( n + L + 1 2 ) ⟨n − 1, Γ| Eβ⟩ − ( 2n + L + 3 2 − q^2 ) ⟨nΓ| Eβ⟩

+ √ n ( n + L + 3 2 ) ⟨n + 1, Γ| Eβ⟩ = 0. (9)

Ğďěáì q = –/λ =^√2E/(~ω). Śőőâŋőèěŋĺě (9) áńěďãěâ àăááňăâàĺćăâì łăł àăğŋőáâŋőě ãàăćŋěŋĺě ćâőàőčő ŕőàïďłă, łőâőàőě ĺňěěâ, ćőőąéě čőćőàï, ďćă ńĺŋěľŋő ŋěğăćĺáĺňëå àěèěŋĺï. Őďŋőğŋăçŋëľ ćëąőà àěèěŋĺï ãàăćŋěŋĺï (9) ďőáâĺčăěâáï ŋăńőęěŋĺěň áőőâćěâáâćãîéĺå ăáĺňŕâőâĺçěáłĺå ãáńőćĺľ ć łăęďőľ ŕăàæĺăńìŋőľ ćőńŋě Γ = K, γ. Ć åőàőèő ĺğãçěŋŋőň áńãçăě őąëçŋőčő ŕőâěŋæĺăńìŋőčő àăááěïŋĺï (A = 2) á æěŋâàăńìŋëň ćğăĺňőďěľáâćĺěň [12–16] ňăâàĺçŋëě íńěňěŋâë čăňĺńìâőŋĺăŋă ďĺăčőŋăńìŋë ŕő ĺŋďěłáăň Γ, Γ^′ (ć íâőň áńãçăě K áőćŕăďăěâ á áőåàăŋïîéĺňáï ãčńőćëň ňőňěŋâőň L) ĺ àěèěŋĺě ć łăęďőľ ŕăàæĺăńìŋőľ ćőńŋě ňőęěâ áâàőĺâìáï ŋěğăćĺáĺňő. Ŋő ć ąőńěě őąéěň áńãçăě ĹŇŘ

(A ¿ 3) ňăâàĺçŋëě íńěňěŋâë čăňĺńìâőŋĺăŋă H ãęě ŋě ďĺăčőŋăńìŋë ŕő Γ, Γ^′. Ŕőíâőňã

àěèěŋĺï ć àăğŋëå ŕăàæĺăńìŋëå ćőńŋăå Γ = K, γ ćő “ćŋãâàěŋŋěľ” őąńăáâĺ őłăğëćăîâáï áćïğăŋŋëňĺ ďàãč á ďàãčőň. Ć àěğãńìâăâě ŕàőąńěňă ĹŇŘ ŕàĺőąàěâăěâ åăàăłâěà ğăďăçĺ ŋă áćïğăŋŋëě łăŋăńë. Őâňěâĺň, çâő ć áńãçăě ąěááâàãłâãàŋëå äàăčňěŋâőć ğăďăçă ĹŇŘ ńĺèì äőàňăńìŋő ŕàěďáâăćńïěâ áőąőľ ğăďăçã áćïğăŋŋëå łăŋăńőć, â. ł. ćáěň àăááňăâàĺćăěňëň “łăŋăńăň” áőőâćěâáâćãěâ őďĺŋ ĺ âőâ ęě äĺğĺçěáłĺľ łăŋăń, ĺąő őŋĺ őâćěçăîâ őďŋőňã ĺ âőňã ęě äĺğĺçěáłőňã ŕàőæěááã. Šěň ŋě ňěŋěě, ňë ąãďěň čőćőàĺâì ő ŕăàæĺăńìŋőľ ćőńŋě Γ = K, γ łăł ő łăŋăńě Γ ĺ ććőďĺâì ć àăááňőâàěŋĺě àăğńĺçŋëě ćěńĺçĺŋë, ĺáŕőńìğãěňëě ć âěőàĺĺ ňŋőčőłăŋăńìŋőčő àăááěïŋĺï, ŋăŕàĺňěà, S-ňăâàĺæã, áćïğëćăîéãî àěèěŋĺï ć àăğńĺçŋëå łăŋăńăå Γ, ĺ â. ŕ. Řăğńĺçŋëě äĺğĺçěáłĺě łăŋăńë âăłęě ňőčãâ ąëâì ãçâěŋë ć àăňłăå ŋăèěčő ŕőďåőďă.

III. ŘĚŸĚŊĹĚ ŞŘĂĆŊĚŊĹ§ ŸŘĚĎĹŊČĚŘĂ Ć ĂŚĹŇŔŠŐŠĹŮĚŚŁŐĽ

ŐĄŃĂŚŠĹ

III.Ă. Łăçěáâćěŋŋëľ ăŋăńĺğ àěèěŋĺľ àăğŋőáâŋőčő ãàăćŋěŋĺï (9)

Ćő “ćŋěèŋěľ” őąńăáâĺ (â. ě. ŕàĺ n > nΓ) łőíääĺæĺěŋâë ⟨nΓ| Eβ⟩ àăğńőęěŋĺï (1) ć łăęďőň łăŋăńě Γ ãďőćńěâćőàïîâ àăğŋőáâŋőňã ãàăćŋěŋĺî ćâőàőčő ŕőàïďłă (9). Ć íâőľ őąńăáâĺ ŕàěŋěąàěčăěâáï ćğăĺňőďěľáâćĺěň ňěęďã çăáâĺæăňĺ, â. ě. (9) ŕàěďáâăćńïěâ áőąőľ áćőąőďŋőě ãàăćŋěŋĺě Ÿàěďĺŋčěàă ć čĺŕěàáäěàĺçěáłőň ŐŔ. Ďńï ŋěčő ňőčãâ ąëâì ŋăľďěŋë âőçŋëě àěèěŋĺï. Őďŋăłő ŕàěęďě, çěň ŕőńãçĺâì ĺå ć ïćŋőň ćĺďě, őąáãďĺň łăçěáâćěŋŋëľ åăàăłâěà őęĺďăěňëå àěèěŋĺľ. Ďńï íâőčő ăŕŕàőłáĺňĺàãěň àăğŋőáâŋőě ãàăćŋěŋĺě (9) ďĺääěàěŋæĺăńìŋëň ãàăćŋěŋĺěň ćâőàőčő ŕàïďłă. Ňěâőď ăŕŕàőłáĺňăæĺĺ àăğŋőáâŋëå ãàăćŋěŋĺľ ćâőàőčő ŕőàïďłă ďĺääěàěŋæĺăńìŋëňĺ àăğćĺćăńáï ŋăňĺ ć àăąőâăå [26,27], čďě ŕőńãçěŋë ćáě ŋěőąåőďĺňëě áőőâŋőèěŋĺï, ĺááńěďőćăŋă ĺå âőçŋőáâì, čàăŋĺæë ŕàĺňěŋĺňőáâĺ ĺ â. ŕ. Őąőáŋőćăŋĺě ĺáŕőńìğőćăŋŋőčő ŋĺęě ŕőďåőďă ňőęŋő ŋăľâĺ ć ãłăğăŋŋëå àăąőâăå. Őâňěâĺň, çâő ć ďăŋŋőň àăğďěńě ňë ĺŋâěàěáãěňáï âőńìłő łăçěáâćěŋŋëň ăŋăńĺğőň àěèěŋĺľ ãàăćŋěŋĺï (9), ă ŕőíâőňã ĺáŕőńìğãěň ŕàőáâěľèĺľ ćăàĺăŋâ ăŕŕàőłáĺňăæĺĺ àăğŋőáâŋőčő ãàăćŋěŋĺï (9) ďĺääěàěŋæĺăńìŋëň, ŋě ãçĺâëćăěň ćńĺïŋĺě ďőŕőńŋĺâěńìŋőčő ŕőâěŋæĺăńă (áň. [27]) ĺ őčàăŋĺçĺćăěňáï ãçěâőň çńěŋőć áàăćŋĺâěńìŋő ŋěćëáőłőčő ŕőàïďłă ňăńőáâĺ. Ŕàĺ ŋěőąåőďĺňőáâĺ ŕőńãçěŋŋëě ŋĺęě áőőâŋőèěŋĺï ňőčãâ ąëâì ńěčłő ãâőçŋěŋë ňěâőďăňĺ, ĺğńőęěŋŋëňĺ ć [27].

Ććěďěň ćěńĺçĺŋã z = 2^√n +^L_2 +^3_4, łőâőàãî ňë ąãďěň àăááňăâàĺćăâì łăł ŋěŕàěàëćŋãî ŕěàěňěŋŋãî. Ćňěáâő łőíääĺæĺěŋâőć àăğńőęěŋĺï (1) ĺáŕőńìğãěň äãŋłæĺî

χ(z) = z^{12} ⟨nΓ| Eβ⟩. Řăğńăčăï ńěćãî çăáâì ãàăćŋěŋĺï (9) ć àïď ŕő áâěŕěŋïň^1z ĺ őáâăćńïï

âőńìłő çńěŋë ďő ćâőàőčő ŕőàïďłă ŕő^1_z ćłńîçĺâěńìŋő, ŕàĺåőďĺň ł ďĺääěàěŋæĺăńìŋőňã ãàăćŋěŋĺî χ^{′′} − L(L + 1) z^2

+ q^2χ = 0, (10)

łőâőàőě ďőáâăâőçŋő âőçŋő ăŕŕàőłáĺňĺàãěâ ŠŘŚ (9) ć őąńăáâĺ z ≫ 1.

Řěèěŋĺï őďŋőňěàŋőčő ãàăćŋěŋĺï Ÿàěďĺŋčěàă (10) á æěŋâàőąěęŋëň ŕőâěŋæĺăńőň, őâćěçăîéĺň “ňőňěŋâã” L (ŋăŕőňŋĺň, çâő ŕàĺ çěâŋőň çĺáńě çăáâĺæ A “ňőňěŋâ” L — æěńëľ, ă ŕàĺ ŋěçěâŋőň A “ňőňěŋâ” L — ŕőńãæěńëľ), ćëàăęăîâáï çěàěğ ńĺŋěľŋãî łőňąĺŋăæĺî äãŋłæĺľ Ąěááěńï J_{L+} 1_2 (qz) ĺ Ŋěľňăŋă N_{L+} 1_2 (qz), łőâőàëě ňë őŕàěďěńïěň ć áőőâćěâáâćĺĺ á [28]. Ć àěğãńìâăâě ãáâăŋăćńĺćăěň, çâő łőíääĺæĺěŋâë àăğńőęěŋĺï (1) ĺňěîâ áńěďãîéěě ăáĺňŕâőâĺçěáłőě ŕőćěďěŋĺě ć őąńăáâĺ n ≫ 1: ⟨nΓ| Eβ⟩ −→_{n→∞} α √ qz J_{L+} 1_2 (qz) + β √ qz N_{L+} 1_2 (qz)

−→_{n→∞} √ 2 π [ α sin ( qz − πL 2 ) − β cos ( qz − πL 2 )] , (11)

čďě α ĺ β — łőŋáâăŋâë, ŋě ğăćĺáïéĺě őâ n. Ůĺáńěŋŋëě ğŋăçěŋĺï łőŋáâăŋâ α ĺ β őŕàěďěńïîâáï ŕőćěďěŋĺěň äãŋłæĺĺ ⟨nΓ| Eβ⟩ ŕàĺ ňăńëå n, čďě ãęě ŋěńìğï ĺáŕőńìğőćăâì ăáĺňŕâőâĺçěáłőě ãàăćŋěŋĺě (9) ĺ áńěďãěâ ãçĺâëćăâì ŕőâěŋæĺăńìŋãî íŋěàčĺî ćğăĺňőďěľáâćĺï çăáâĺæ (áň. ŋĺęě àăğďěń IV).

Łćăğĺłńăááĺçěáłĺě áőőąàăęěŋĺï àăąőâë [14] ŕőłăğëćăîâ, çâő ŕàĺ ąőńìèĺå ğŋăçěŋĺïå n őáæĺńńïâőàŋëě ąăğĺáŋëě äãŋłæĺĺ ćěďãâ áěąï łăł δ-äãŋłæĺĺ ć łńăááĺçěáłőľ âőçłě ŕőćőàőâă ρŕőć = z/λ (áň. ŕőďàőąŋěě Ŕàĺńőęěŋĺě A), ĺ ŕàĺćőďïâ ŋăá ł âőňã, çâő (áň. ćëàăęěŋĺě (Ŕ.Ă.2) ć Ŕàĺńőęěŋĺĺ A) ⟨nΓ| Eβ⟩ ∼ Ψ^L_{Eβ}(z/λ), (12) čďě Ψ^L_{Eβ}(ρ) — ćőńŋőćăï äãŋłæĺï áĺáâěňë ć łőőàďĺŋăâŋőň ŕàěďáâăćńěŋĺĺ. Őâáîďă áńěďãěâ, çâő ć łőőàďĺŋăâŋőň ŕàőáâàăŋáâćě ŋăąőàã ćěńĺçĺŋ ⟨nΓ| Eβ⟩ á ăáĺňŕâőâĺłőľ (11) áőőâćěâáâćãîâ àăďĺăńìŋëě ćőńŋőćëě äãŋłæĺĺ á ăáĺňŕâőâĺłőľ ćĺďă

Ψ^L_{Eβ}(ρ) = ∑ n ⟨nΓ| Eβ⟩ φ^L_n (ρ) −→_{n→∞} G √–ρ^[αJ_{L+} 1_2 (–ρ) + βN_{L+} 1_2 (–ρ)^] −→_{n→∞}G √ 2 π [ α sin ( –ρ −^{πL}_2 ) − β cos ( –ρ −^{πL}_2 )] , (13)

čďě G — ŋőàňĺàőćőçŋăï łőŋáâăŋâă, – = qλ — ćőńŋőćőě çĺáńő. Šăłĺň őąàăğőň, ćěńĺçĺŋă φ = arctg^β_α ĺňěěâ áňëáń äăğë ĹŇŘ ć ďăŋŋőľ ŕăàæĺăńìŋőľ ćőńŋě Γ. Ěáńĺ őďĺŋ ĺğ łőíääĺæĺěŋâőć α ĺńĺ β ïćńïěâáï ňŋĺňëň, âő (13) áőőâćěâáâćãěâ áåőďïéĺňáï ĺńĺ àăáåőďïéĺňáï áäěàĺçěáłĺň ćőńŋăň ć ŕăàæĺăńìŋőľ ćőńŋě Γ. Ĺğ (11)–(13) ćĺďŋő, çâő ěáńĺ ňë åőâĺň ŕőńãçĺâì àěèěŋĺě ŠŘŚ (9), ŕàĺćőďïéěě ł ăáĺňŕâőâĺłě^√–ρ J_{L+} 1_2 (–ρ) ďńï łőőàďĺŋăâŋőľ ćőńŋőćőľ äãŋłæĺĺ, âő ŋãęŋő âàěąőćăâì, çâőąë ⟨nΓ | Eβ⟩ −→_{n→∞}^√qz J_{L+} 1_2 (qz), ă àěèěŋĺě á łőőàďĺŋăâŋőľ ăáĺňŕâőâĺłőľ^√–ρ N_{L+} 1_2 (–ρ) ŕőńãçăěâáï, ěáńĺ ŠŘŚ (9) ďőŕőńŋĺâì ăáĺňŕâőâĺçěáłĺň ãáńőćĺěň ⟨nΓ | Eβ⟩ −→_{n→∞}^√qz N_{L+} 1_2 (qz). Ł ŕőńãçěŋĺî ïćŋőčő ćĺďă àěèěŋĺľ ŠŘŚ (9) á âăłőľ ăáĺňŕâőâĺłőľ (ă âăłęě âĺŕă áåőďïéĺåáï ĺ àăáåőďïéĺåáï áäěàĺçěáłĺå ćőńŋ^√–ρ H^{(1,2)}_{L+} 1_2 (qz), čďě H^{(1,2)}ν (z) — äãŋłæĺĺ Čăŋłěńï [24,28]) ňë ĺ ŕěàěåőďĺň.

III.Ą. Ťãŋďăňěŋâăńìŋëě áĺáâěňë àěèěŋĺľ áćőąőďŋőčő ãàăćŋěŋĺï Ÿàěďĺŋčěàă ć

čĺŕěàáäěàĺçěáłőň őáæĺńńïâőàŋőň ŕàěďáâăćńěŋĺĺ

Řăááňőâàĺň ćěńĺçĺŋë S^L_n (q), C^L_n (q) ĺ C^L_n^{(±)}(q), őŕàěďěńïěňëě ćëàăęěŋĺïňĺ:

S^L_n (q) = √ 2n! λΓ(n + L + 3/2) q^{L+1}e^{−q2/2}L^{L+ 12}n (q^2), (14)

C^L_n (q) = − 2q πS^L_0 (q) P ∞∫ 0 S^L_0 (q^′)S^L_n (q^′) q^2 − q^{′2} dq^′, (15)

C^L_n^{(+)}(q) = − 2q πS^L_0 (q) ∞∫ 0 S^L_0 (q^′)S^L_n (q^′) q^2 − q^{′2} + iε dq^′, (16)

C^L_n^{(−)}(q) = − 2q πS^L_0 (q) ∞∫ 0 S^L_0 (q^′)S^L_n (q^′) q^2 − q^{′2} − iε dq^′, (17)

Ć ćëàăęěŋĺïå (16)–(17) ďőąăćłă ±iε ãłăğëćăěâ ŋăŕàăćńěŋĺě őąåőďă ŕőńîáőć; P őğŋăçăěâ, çâő ĺŋâěčàăń áńěďãěâ ćëçĺáńïâì ć áňëáńě čńăćŋőčő ğŋăçěŋĺï. Ŕőłăęěň, çâő S^L_n (q),

C^L_n (q) ĺ C^L_n^{(±)}(q) ïćńïîâáï àěèěŋĺïňĺ àăğŋőáâŋőčő ãàăćŋěŋĺï (9).

Šőâ äăłâ, çâő S^L_n (q) ãďőćńěâćőàïěâ (9), ŋěŕőáàěďáâćěŋŋő áńěďãěâ ĺğ àěłãààěŋâŋőčő áőőâŋőèěŋĺï ďńï ŕőńĺŋőňőć Ńăčěààă [24]. Ĺáŕőńìğãï íâő, ŕàïňőľ ŕőďáâăŋőćłőľ (15)–

(17) ć (9) ãąěęďăěňáï ć âőň, çâő^L_n (q), C^L_n^{(+)}(q) ĺ C^L_n^{(−)}(q) âăłęě ãďőćńěâćőàïîâ (9) ŕàĺ

n > 0, ă âőçŋěě, ŋěőďŋőàőďŋőňã àăğŋőáâŋőňã ãàăćŋěŋĺî ćâőàőčő ŕőàïďłă √ (n + 1) ( n + L + 1 2 ) A^L_{n−1} − ( 2n + L + 3 2 − q^2 ) A^L_n + √ n ( n + L + 3 2 ) A^L_{n+1} = − 2q λπS^L_0 (q) δ_{n0} , (18)

čďě n ¿ 0, ă A^L_n ňőęŋő ğăňěŋĺâì ŋă^L_n (q), C^L_n^{(+)}(q) ĺńĺ C^L_n^{(−)}(q).

Ś ŕőňőéìî äőàňãńë Śőåőæłőčő 1 x ± i ε = ∓iπδ(x) + P 1 x (19)

ŕőńãçăěň áćïğì àěèěŋĺľ (15)–(17) ďàãč á ďàãčőň:

C^L_n^{(±)}(q) = C^L_n (q) ± i S^L_n (q), (20) ĺńĺ C^L_n (q) = 1 2 ( C^L_n^{(+)}(q) + C^L_n^{(−)}(q) ) . (21)

Ńîąăï ŕăàă àěèěŋĺľ (14)–(17) ãàăćŋěŋĺï (9) ïćńïěâáï ńĺŋěľŋő ŋěğăćĺáĺňőľ ĺ őąàăğãěâ äãŋďăňěŋâăńìŋãî áĺáâěňã àěèěŋĺľ. Ůâőąë ãąěďĺâìáï ć íâőň, áńěďãěâ ćëçĺáńĺâì, âăł ŋăğëćăěňëľ, őŕàěďěńĺâěńì Łăğőàăââĺ [29], ĺčàăîéĺľ ć âěőàĺĺ àăğŋőáâŋëå ãàăćŋěŋĺľ àőńì ćàőŋáłĺăŋă, ĺ ŕőłăğăâì, çâő őŋ ŋě őąàăéăěâáï âőęďěáâćěŋŋő ć ŋãńì ŕàĺ ńîąëå n. Őŕàěďěńĺâěńì Łăğőàăââĺ ďćãå àěèěŋĺľ un ĺ vn àăğŋőáâŋőčő ãàăćŋěŋĺï ćâőàőčő ŕőàïďłă őŕàěďěńïěâáï áőőâŋőèěŋĺěň:

K_n(u, v) = u_{n+1}v_n − u_nv_{n+1}. (22)

Ďńï ćëçĺáńěŋĺï Kn(C^L, S^L) áńěďãěâ ćőáŕőńìğőćăâìáï áãňňőľ Łàĺáâőääěńï-Ďăàąã ďńï ŕőńĺŋőňőć Ńăčěààă [24]:

(n + 1)!

Γ(n + α + 1)(x − y) [ L^α_n(x)L^α_{n+1}(y) − L^α_{n+1}(x)L^α_n(y) ] = n∑ m=0 m! Γ(m + α + 1) L^α_m(x)L^α_m(y) (23)

ĺ áćőľáâćőň őàâőčőŋăńìŋőáâĺ S^L_n (q): ∞∫ 0 S^L_n (q)S^L_n0(q) dq = λ^{−1}δ_{nn}0. (24)

Ć ĺâőčě ŕőńãçăěň

K_n(C^L, S^L) = − 2q πλ √ (n + 2)(n + L + 3/2)

. (25)

Ĺáŕőńìğãï (20), âěŕěàì ŋěáńőęŋő ćëçĺáńĺâì ĺ őŕàěďěńĺâěńĺ Łăğőàăââĺ ďńï ďàãčĺå ŕăà àěèěŋĺľ:

K_n(C^{L(±)}, S^L) = ∓iK_n(C^{L(±)}, C^L) = i 2 K_n(C^{L(+)}, C^{L(−)}) = K_n(C^L, S^L). (26)

Ć Ŕàĺńőęěŋĺĺ Ą àăááňőâàěŋë àăğńĺçŋëě áćőľáâćă àěèěŋĺľ (14)–(17), ŕőńãçěŋë ĺå ćëàăęěŋĺï çěàěğ áŕěæĺăńìŋëě äãŋłæĺĺ, ĺğãçěŋë ăáĺňŕâőâĺłĺ ŕàĺ n → ∞, ĺááńěďőćăŋő ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě, ŋăłőŋěæ, őąáãęďăîâáï ćăęŋëě ďńï ŕàĺńőęěŋĺľ ćőŕàőáë çĺáńěŋŋőčő àăáçěâă äãŋłæĺľ S^L_n (q), C^L_n (q) ĺ C^L_n^{(±)}(q). Ňë ęě ŕěàěåőďĺň ł ćőŕàőáã ő âőň, łăłĺě ăáĺňŕâőâĺłĺ ć łőőàďĺŋăâŋőň ŕàőáâàăŋáâćě áőőâćěâáâćãîâ àěèěŋĺïň (14)–(17).

III.Ą.1. Řěèěŋĺě S^L_n (q)

Řăğŋőáâŋőě ãàăćŋěŋĺě (9), łőâőàőňã ãďőćńěâćőàïěâ S^L_n (q), ĺčàăěâ àőńì áćőąőďŋőčő ãàăćŋěŋĺï Ÿàěďĺŋčěàă ć ŐŔ ďńï ŕăàæĺăńìŋőľ ćőńŋë á čĺŕěàňőňěŋâőň K.

Ć łőőàďĺŋăâŋőň ŕàěďáâăćńěŋĺĺ áćőąőďŋőě àăďĺăńìŋőě ãàăćŋěŋĺě Ÿàěďĺŋčěàă ĺňěěâ ćĺď [ − d^2 dρ^2 + L(L + 1)

ρ^2

− –^2 ] χ_{Kγ}(ρ) = 0. (27)

Řěčãńïàŋëň àěèěŋĺěň ãàăćŋěŋĺï (ŋőàňĺàőćăŋŋëň ŋă δ-äãŋłæĺî őâ –) ïćńïěâáï χ_{Kγ}(ρ) = √–ρ J_{L+} 1_2 (–ρ). Őáæĺńńïâőàŋëě äãŋłæĺĺ ć ĺňŕãńìáŋőň ŕàěďáâăćńěŋĺĺ S^L_n (q) ïćńïîâáï łőíääĺæĺěŋâăňĺ àăğńőęěŋĺï äãŋłæĺĺ χ_{Kγ}(ρ) ŕő àăďĺăńìŋëň őáæĺńńïâőàŋëň äãŋłæĺïň (4), â. ě. ∞∑ n=0 S^L_n (q) φ^L_n (ρ) = χ_{Kγ}(ρ) =

√–ρ J_{L+} 1_2 (–ρ) −→_{ρ→∞} √ 2 π sin ( –ρ −^{πL}_2 ) . (28)

Ďńï ďőłăğăâěńìáâćă (28) ďőáâăâőçŋő ćëçĺáńĺâì ĺŋâěčàăń

S^L_n (q) = ∞∫ 0 √–ρ J_{L+} 1_2 (–ρ) φ^L_n (ρ) dρ, (29)

çâő ŋěáńőęŋő áďěńăâì á ŕőňőéìî äőàňãń ĺğ áâăŋďăàâŋëå áŕàăćőçŋĺłőć (áň., ŋăŕàĺňěà,

[30,31]), ĺ ãąěďĺâìáï, çâő ŕőńãçěŋŋőě ćëàăęěŋĺě áőćŕăďăěâ á (14).

III.Ą.2. Řěèěŋĺï^L_n (q) ĺ^L_n^{(±)}(q) L n (q) ĺ^L_n^{(±)}(q) ãďőćńěâćőàïîâ ŋěőďŋőàőďŋőňã àăğŋőáâŋőňã ãàăćŋěŋĺî ćâőàőčő ŕő-

àïďłă (18). Ŋěáńőęŋő ãąěďĺâìáï, çâő ć łőőàďĺŋăâŋőň ŕàőáâàăŋáâćě íâőňã ãàăćŋěŋĺî őâćěçăěâ ŋěőďŋőàőďŋőě ãàăćŋěŋĺě Ÿàěďĺŋčěàă [ − d^2 dρ^2 + L(L + 1) ρ^2

− –^2 ] χ_{Kγ}(ρ) = 2– πS^L_0 (q) φ^L_0 (ρ). (30)

Ďńï àěèěŋĺï ãàăćŋěŋĺï (30) ĺáŕőńìğãěň ăŕŕăàăâ äãŋłæĺĺ Čàĺŋă. Š. ł. äãŋłæĺĺ

χ_{Kγ}(ρ), őŕàěďěńïěňëě ćëàăęěŋĺěň (28), áőáâăćńïîâ ŕőńŋëľ ŋăąőà àěèěŋĺľ áćőąőďŋőčő

ãàăćŋěŋĺï Ÿàěďĺŋčěàă (27) ĺ ŋőàňĺàőćăŋë ŋă δ-äãŋłæĺî őâ –, âő äãŋłæĺî Čàĺŋă ňőęŋő ğăŕĺáăâì ć ćĺďě

G^{(±)}_E (ρ, ρ^′) = − ∞∫ 0 t √ ρρ^′ J_{L+} 1_2 (tρ) J_{L+} 1_2 (tρ^′)

–^2 − t^2 ± iε^{dt. (31)}

Ćëçĺáńïï íâőâ ĺŋâěčàăń á ŕőňőéìî äőàňãń ĺğ áâăŋďăàâŋëå áŕàăćőçŋĺłőć [30,31], ŕőńãçĺň

G^{(+)}_E (ρ, ρ^′) = iπ 2 √ ρρ^′ J_{L+} 1_2 (–ρ_<) H^{(1)}_{L+ 12} (–ρ_>), (32)

G^{(−)}_E (ρ, ρ^′) = − iπ 2 √ ρρ^′ J_{L+} 1_2 (–ρ_<) H^{(2)}_{L+ 12} (–ρ_>), (33)

čďě ŕőď ρ> (ρ<) ŕőďàăğãňěćăěâáï ąőńìèăï (ňěŋìèăï) ĺğ ćěńĺçĺŋ ρ, ρ^′.

Řăááňőâàĺň çăáâŋëě àěèěŋĺï ãàăćŋěŋĺï (30):

χ^{(±)}_{Kγ} (ρ) = 2– πS^L_0 (q) ∞∫ 0 G^{(±)}_E (ρ, ρ^′) φ^L_0 (ρ^′) dρ^′. (34)

Ś ŕőňőéìî (29) ĺ (32)–(33) ńěčłő ćëçĺáńĺâì ăáĺňŕâőâĺłĺ ćëàăęěŋĺï (34):

χ^{(+)}_{Kγ} (ρ) = −→_{ρ→∞} i

√–ρ H^{(1)}_{L+} 1_2 (–ρ) −→_{ρ→∞} √ 2 π e^{i(}–^{ρ− π}

L_{2 )} , (35)

χ^{(−)}_{Kγ} (ρ) = −→_{ρ→∞} −i √–ρ H^{(2)}_{L+} 1_2 (–ρ) −→_{ρ→∞} √ 2 π e^{−i(}–^{ρ− π}

L_{2 )} . (36)

Ŋăľďěň łőíääĺæĺěŋâë B^{(±)}n (q) àăğńőęěŋĺï

χ^{(±)}_{Kγ} (ρ) = ∞∑ n=0 B^{(±)}_n (q) φ^L_n (ρ), (37)

ďńï çěčő áńěďãěâ ćëçĺáńĺâì ĺŋâěčàăń:

B^{(±)}_n (q) = ∞∫ 0 χ^{(±)}_{Kγ} (ρ) φ^L_n (ρ) dρ (38)

Ŕőďáâăćńïï (34) ć (38) ĺ ãçĺâëćăï (31) ĺ (29), ŕőńãçĺň ďńï B^{(±)}n (q) ćëàăęěŋĺï, ć âőçŋőáâĺ áőćŕăďăîéĺě á (16)–(17).

Šăłĺň őąàăğőň, äĺğĺçěáłĺľ áňëáń C^L_n^{(±)}(q) ğăłńîçăěâáï ć âőň, çâő àïďë ∑ n C^L_n^{(±)}(q) φ^L_n (ρ) áåőďïâáï ł äãŋłæĺïň , łőâőàëě ŕàĺ ρ → ∞ ĺňěîâ ăáĺňŕâőâĺłã âĺŕă

áåőďïéĺåáï ĺńĺ àăáåőďïéĺåáï ćőńŋ: ∞∑ n=0 L n (±) (q) φ^L_n (ρ) −→_{ρ→∞} √ 2 π e^{±i(}–^{ρ− π}

L_{2 )} . (39)

Ăŋăńőčĺçŋő, á ŕőňőéìî äãŋłæĺĺ Čàĺŋă

G^P_E(ρ, ρ^′) = 1 2 ( G^{(+)}_E (ρ, ρ^′) + G^{(−)}_E (ρ, ρ^′) ) (40)

ňőęŋő ŕőłăğăâì, çâő ∞∑ n=0 L n (q) φ^L_n (ρ) −→_{ρ→∞} √ 2 π cos ( –ρ −^{πL}_2 ) . (41)

III.Ą.3. Řěğőŋăŋáë ĺ áćïğăŋŋëě áőáâőïŋĺï

Ďő áĺå ŕőà ňë ĺááńěďőćăńĺ àěèěŋĺï ćő “ćŋěèŋěľ” őąńăáâĺ ďńï áőáâőïŋĺľ á ŕőńőęĺâěńìŋőľ íŋěàčĺěľ E. Ć áńãçăě áćïğăŋŋëå áőáâőïŋĺľ E < 0, ĺ ňë ŕàĺåőďĺň ł ĺááńěďőćăŋĺî ćő “ćŋěèŋěľ” őąńăáâĺ ãàăćŋěŋĺï (9), ć łőâőàőň áńěďãěâ ŕőńőęĺâì q^2 < 0, â. ě. áńěďãěâ áçĺâăâì q çĺáâő ňŋĺňëň. Ŕàĺ ĺğãçěŋĺĺ àěğőŋăŋáŋëå áőáâőïŋĺľ áĺáâěňë ĺğ A çăáâĺæ ŋãęŋő ĺáłăâì àěèěŋĺï ãàăćŋěŋĺï Ÿàěďĺŋčěàă ŕàĺ łőňŕńěłáŋëå ğŋăçěŋĺïå íŋěàčĺĺ E ĺ ĺňŕãńìáă q.

Řăááňőâàĺň, ł çěňã ŕàĺćěďěâ ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě ć łőňŕńěłáŋãî ŕńőáłőáâì q ćőńŋőćëå äãŋłæĺľ, ŕőńãçăěňëå ć ŕàěďńăčăěňőň äőàňăńĺğňě. Ć łőőàďĺŋăâŋőň ŕàőáâàăŋáâćě ćőńŋőćëě äãŋłæĺĺ ŋă ăáĺňŕâőâĺłě ρ → ∞ őŕàěďěńïîâáï àïďăňĺ ćĺďă^∑_n S^L_n (q) φ^L_n (ρ),^∑_n^L_n (q) φ^L_n (ρ) ĺńĺ^∑_n^L_n^{(±)}(q) φ^L_n (ρ), ă ĺááńěďőćăŋĺě ăŋăńĺâĺçěáłőčő ŕàőďőńęěŋĺï ć łőňŕńěłáŋãî ŕńőáłőáâì q ćőńŋőćëå äãŋłæĺľ áćőďĺâáï ł ĺááńěďőćăŋĺî ăŋăńĺâĺçěáłőčő ŕàőďőńęěŋĺï äãŋłæĺľ S^L_n (q),^L_n (q) ĺ^L_n^{(±)}(q). İâő ĺááńěďőćăŋĺě ŕàőćěďěŋő ć Ŕàĺńőęěŋĺĺ Ą, ĺğ łőâőàőčő áńěďãěâ, çâő ďńï áćïğăŋŋëå áőáâőïŋĺľ, ďńï łőâőàëå

q = i|q|, âőńìłő àïďë ∑ n L n (+)(i|q|) φ^L_n(ρ) ŕàĺ ρ → ∞ ŋě áőďěàęĺâ íłáŕőŋěŋæĺăńìŋő àăáâã-

éĺå çńěŋőć. Šăłĺň őąàăğőň, ĺňěŋŋő àěèěŋĺï^L_n^{(+)}(i|q|) ĺ áńěďãěâ “áèĺćăâì” á àěèěŋĺïňĺ ćő “ćŋãâàěŋŋěľ” őąńăáâĺ ďńï áćïğăŋŋëå áőáâőïŋĺľ áĺáâěňë. §ćŋăï äőàňãńă ďńï ĺå ćëçĺáńěŋĺï ďăŋă ć Ŕàĺńőęěŋĺĺ (áň. (Ŕ.Ą.13)). Ďńï àěğőŋăŋáŋëå áőáâőïŋĺľ ŋăĺąőńěě ěáâěáâćěŋŋő ćëàăęăâì ćőńŋőćãî äãŋłæĺî ŋă ăáĺňŕâőâĺłě çěàěğ ńĺŋěľŋãî łőňąĺŋăæĺî àïďőć^∑_n^L_n^{(+)}(q) φ^L_n (ρ) ĺ^∑_n^L_n^{(−)}(q) φ^L_n (ρ), łőâőàëě ŕàĺćőďïâ ŕàĺ ρ → ∞ ł ăáĺňŕâőâĺłăň âĺŕă àăáåőďïéĺåáï ĺ áåőďïéĺåáï áäěàĺçěáłĺå ćőńŋ. Šăłĺň őąàăğőň, àěèěŋĺï ćő “ćŋãâàěŋŋěľ” őąńăáâĺ áńěďãěâ ć íâőň áńãçăě “áèĺćăâì” á àěèěŋĺïňĺ^L_n^{(+)}(q) ĺ^L_n^{(−)}(q) ćő “ćŋěèŋěľ” őąńăáâĺ.

IV. ŔŐŚŠŘŐĚŊĹĚ ŔŐŃŊŐĽ ĆŐŃŊŐĆŐĽ ŤŞŊŁŰĹĹ ĹŇŘ

IV.Ă. Şáńőćĺě “áèĺćăŋĺï” àěèěŋĺľ ćő “ćŋãâàěŋŋěľ” ĺ “ćŋěèŋěľ” őąńăáâïå

Ňë ŕőáâàőĺńĺ äãŋďăňěŋâăńìŋãî áĺáâěňã àěèěŋĺľ ćő “ćŋěèŋěľ” őąńăáâĺ, â. ě. ŕàĺ

n > n_Γ. Šěŕěàì ŋăň áńěďãěâ àăááňőâàěâì ćőŕàőá ő áćïğĺ íâĺå àěèěŋĺľ á àěèěŋĺïňĺ ćő

“ćŋãâàěŋŋěľ” őąńăáâĺ. Ś íâőľ æěńìî ŋĺęě ďăŋő őąőąéěŋĺě ŋă áńãçăľ ĹŇŘ àěğãńìâăâőć àăąőâ [12,32], łăáăîéĺåáï áèĺćłĺ àěèěŋĺľ ćő “ćŋãâàěŋŋěľ” ĺ “ćŋěèŋěľ” őąńăáâïå ć ňŋőčőłăŋăńìŋőň áńãçăě.

Şàăćŋěŋĺě Ÿàěďĺŋčěàă ć čĺŕěàáäěàĺçěáłőň ŐŔ áćőďĺâáï ł áĺáâěňě ńĺŋěľŋëå ăńčěąàăĺçěáłĺå ãàăćŋěŋĺľ (6). Řăááňőâàĺň âě ĺğ ãàăćŋěŋĺľ íâőľ áĺáâěňë, ć łőâőàëå ĺŋďěłá

n 6 nΓ. Ś ãçěâőň (7) ĺ (8) ĺå ňőęŋő ğăŕĺáăâì ć ćĺďě ∑ Γ0, n6n_Γ0 ⟨nΓ |H − E| n^′Γ^′⟩ ⟨n^′Γ^′ | Eβ⟩ = − ⟨n_ΓΓ |T | n_Γ + 1, Γ⟩ ⟨n_Γ + 1, Γ | Eβ⟩ δ_{nnΓ} . (42) Ąãďěň áçĺâăâì, çâő áĺáâěňă őďŋőàőďŋëå ãàăćŋěŋĺľ (42) àěèěŋă, â. ě. ŋăľďěŋë áőąáâćěŋŋëě ğŋăçěŋĺï Eλ ĺ áőąáâćěŋŋëě ćěłâőàë ⟨nΓΓ | λ⟩ őąàěğăŋŋőľ ňăâàĺæë čăňĺńìâőŋĺăŋă ⟨nΓ| H |n^′Γ^′⟩, n 6 nΓ, n^′ 6 nΓ0. Šőčďă łőíääĺæĺěŋâë ⟨nΓ | Eβ⟩ ďńï “ćŋãâàěŋŋěľ” őąńăáâĺ ŋěáńőęŋő ćëàăğĺâì çěàěğ ŋăąőà łőíääĺæĺěŋâőć ⟨nΓ + 1, Γ | Eβ⟩:

⟨nΓ | Eβ⟩ = ∑ Γ0 ⟨nΓ |P | n_Γ0 + 1, Γ^′⟩ ⟨n_Γ0 + 1, Γ^′ | Eβ⟩ , (43) čďě ⟨nΓ |P | n_Γ0 + 1, Γ^′⟩ = ⟨nΓ |P| n_Γ0Γ^′⟩ ⟨n_Γ0Γ^′ |T | n_Γ0 + 1, Γ^′⟩ , (44)

ă ňăâàĺçŋëě íńěňěŋâë ⟨nΓ |P| n^′Γ^′⟩ ňăâàĺæë P ≡ (H − E)^{−1} ć őąàěğăŋŋőň őáæĺńńïâőàŋőň ŕàőáâàăŋáâćě n 6 nΓ, n^′ 6 nΓ0 ãďőąŋő ćëçĺáńïâì á ŕőňőéìî ćëàăęěŋĺï ⟨nΓ |P| n^′Γ^′⟩ = ∑ λ ⟨nΓ | λ⟩ ⟨λ | n^′Γ^′⟩ E − E_λ . (45)

Śőőâŋőèěŋĺï (43)–(45) ŕőğćőńïîâ ćëçĺáńĺâì ćőńŋőćãî äãŋłæĺî ćő “ćŋãâàěŋŋěľ” őąńăáâĺ (ŕàĺ n 6 nΓ), ěáńĺ ĺğćěáâŋő àěèěŋĺě ćő “ćŋěèŋěľ” őąńăáâĺ. Ś ďàãčőľ áâőàőŋë, łőíääĺæĺěŋâ ⟨nΓΓ | Eβ⟩ áőőâŋőèěŋĺěň (9) áćïğăŋ áő ćáěňĺ łőíääĺæĺěŋâăňĺ ⟨nΓ | Eβ⟩ ćő “ćŋěèŋěľ” őąńăáâĺ (ŕàĺ n ¿ nΓ) ĺ, áńěďőćăâěńìŋő, ăŋăńőčĺçŋëň őąàăğőň ćëàăęăěâáï çěàěğ äãŋďăňěŋâăńìŋãî áĺáâěňã àěèěŋĺľ ãàăćŋěŋĺï (9). Ŕőíâőňã, ŕőńăčăï ć (43)

n = n_Γ, ŕőńãçĺň áĺáâěňã ãàăćŋěŋĺľ ďńï őŕàěďěńěŋĺï àěèěŋĺľ ćő “ćŋěèŋěľ” őąńăáâĺ.

Ŋĺęě ňë ŕőďàőąŋěě ĺááńěďãěň ŕàőæěďãàã ŕőáâàőěŋĺï ćőńŋőćőľ äãŋłæĺĺ őâďěńìŋő ďńï ďĺáłàěâŋőčő ĺ ŋěŕàěàëćŋőčő áŕěłâàőć.

IV.Ą. Ďĺáłàěâŋëľ áŕěłâà

Ďńï áőáâőïŋĺľ ďĺáłàěâŋőčő áŕěłâàă ćőńŋőćăï äãŋłæĺï ďőńęŋă íłáŕőŋěŋæĺăńìŋő ğăâãåăâì ŕàĺ ρ → ∞. Ŕőíâőňã ć łăęďőň łăŋăńě ćő “ćŋěèŋěľ” őąńăáâĺ łőíääĺæĺěŋâë

⟨nΓ | Eβ⟩ àăğńőęěŋĺï (1) ŕàőŕőàæĺőŋăńìŋë^L_n^{(+)}(i|q|) (áň. (Ŕ.Ą.13)). Őąőğŋăçăï −

[S]_{ΓΓ} √– łőíääĺæĺěŋâ ŕàőŕőàæĺőŋăńìŋőáâĺ ć łăŋăńě Γ, ŕőńãçĺň ŕàĺ n ¿ nΓ: ⟨nΓ | Eβ⟩ = − 1 √–^{[S]ΓΓLn (+)(i|q|). (46)} Ŕőďáâăćńïï (46) ć (43), čďě ŕőńăčăěň n = nΓ ĺ ďńï ŕàőáâőâë áçĺâăěň, çâő ćěńĺçĺŋă – = |q|λ ćő ćáěå łăŋăńăå őďĺŋăłőćă, ŕőńãçăěň:

[S]_{ΓΓ}^L_{nΓ}^{(+)}(i|q|) = ∑ Γ0 ⟨n_ΓΓ |P | n_Γ0 + 1, Γ^′⟩ [S]_Γ0_Γ0^L 0 nΓ0+1 (+) (i|q|). (47)

Śőőâŋőèěŋĺï (47) ŕàěďáâăćńïîâ áőąőľ áĺáâěňã ńĺŋěľŋëå ăńčěąàăĺçěáłĺå ãàăćŋěŋĺľ ŋă łőíääĺæĺěŋâë [S]ΓΓ. Şáńőćĺě àăğàěèĺňőáâĺ íâőľ áĺáâěňë ĺňěěâ ćĺď:

det A = 0, (48)

čďě íńěňěŋâë ňăâàĺæë A őŕàěďěńïîâáï ćëàăęěŋĺïňĺ:

[A]_{ΓΓ}0 = ⟨n_ΓΓ |P | n_Γ0 + 1, Γ^′⟩^L 0 nΓ0+1 (+) (i|q|) − δ_{ΓΓ}0^L_{nΓ}^{(+)}(i|q|). (49)

Şáńőćĺě (48) áńěďãěâ àăááňăâàĺćăâì łăł ãàăćŋěŋĺě ďńï őŕàěďěńěŋĺï ãàőćŋěľ íŋěàčĺĺ áĺáâěňë (őâ íŋěàčĺĺ ğăćĺáïâ ŋě âőńìłő ćěńĺçĺŋë^L_n^{(+)}(i|q|), ŋő ĺ ňăâàĺçŋëě íńěňěŋâë

⟨n_ΓΓ |P | n_Γ0 + 1, Γ^′⟩ — áň. (44)–(45)). Ŋăľďěŋŋëľ ŕãâěň çĺáńěŋŋőčő àěèěŋĺï ãàăćŋěŋĺï (48) ŋăąőà ãàőćŋěľ ďĺáłàěâŋőčő áŕěłâàă ãâőçŋïěâ ďńï áćïğăŋŋëå áőáâőïŋĺľ ğŋăçěŋĺï

E_λ, ŕőńãçěŋŋëě ć àěğãńìâăâě ďĺăčőŋăńĺğăæĺĺ őąàěğăŋŋőľ ňăâàĺæë čăňĺńìâőŋĺăŋă.

Ďńï łăęďőčő ãàőćŋï ĺğ ďĺáłàěâŋőčő áŕěłâàă, àěèăï áĺáâěňã ãàăćŋěŋĺľ (47), ŋăåőďĺň łőíääĺæĺěŋâë [S]ΓΓ, ŕőáńě çěčő á ŕőňőéìî (46) ĺ (43) ŕőńãçăěň ćőńŋőćãî äãŋłæĺî. Š. ł. ŋăąőà łőíääĺæĺěŋâőć [S]ΓΓ ňőęŋő őŕàěďěńĺâì âőńìłő á âőçŋőáâìî ďő őąéěčő ňŋőęĺâěńï, âő ćőńŋőćãî äãŋłæĺî áńěďãěâ őâŋőàňĺàőćăâì.

IV.Ć. Ŋěŕàěàëćŋëľ áŕěłâà

Ć ŋěŕàěàëćŋőň áŕěłâàě àěèěŋĺě ćő “ćŋěèŋěľ” őąńăáâĺ ąãďěň áâàőĺâì ć ćĺďě áãŕěàŕőğĺæĺĺ àăáåőďïéĺåáï ĺ áåőďïéĺåáï ćőńŋ (â. ě. àěèěŋĺľ (16) ĺ (17), áőőâćěâáâćěŋŋő). Ŕãáâì áåőďïéăïáï ćőńŋă ĺňěěâáï âőńìłő ć łăŋăńě Γ^′, ă àăáåőďïéĺěáï ćőńŋë — ćő ćáěå łăŋăńăå. Šőčďă ŕàĺ n ¿ nΓ: ⟨nΓ | Eβ⟩ = 1 2 √– ( δ_{ΓΓ}0^L_n^{(−)}(q) −^L_n^{(+)}(q) [S]_{ΓΓ}0 ) , (50)

čďě [S]ΓΓ0 ŕő áćőěňã áňëáńã ăŋăńőčĺçŋë ňăâàĺçŋëň íńěňěŋâăň S-ňăâàĺæë. Ŕő ăŋăńőčĺĺ á âěň, łăł ąëńő ŕőńãçěŋő (47), ćëćőďĺň ãàăćŋěŋĺě ďńï őŕàěďěńěŋĺï S-ňăâàĺæë:

A^s S = B^s, (51)

čďě ňăâàĺæë A^s ĺ B^s ĺňěîâ áńěďãîéĺě íńěňěŋâë:

[A^s]_Γ0_Γ = ⟨n_Γ0Γ^′ |P | n_Γ + 1, Γ⟩^L_{nΓ+1}^{(+)}(q) − δ_{ΓΓ}0^L_{nΓ}^{(+)}(q), (52)

[B^s]_Γ0_Γ = ⟨n_Γ0Γ^′ |P | n_Γ + 1, Γ⟩^L_{nΓ+1}^{(−)}(q) − δ_{ΓΓ}0^L_{nΓ}^{(−)}(q). (53)

Šăłĺň őąàăğőň,

S = (A^s)^{−1} B^s. (54)

Ğďěáì, łăł ĺ ć (47), ŕőńăčăńőáì, çâő ĺňŕãńìáë – ćő ćáěå łăŋăńăå őďĺŋăłőćë. Ćëçĺáńĺć S-ňăâàĺæã ŕàĺ ğăďăŋŋőľ íŋěàčĺĺ E, ĺáŕőńìğãï (54), ŋă őáŋőćě àěèěŋĺľ (16)–(17) áâàőĺň áŋăçăńă á ŕőňőéìî (50) ćőńŋőćãî äãŋłæĺî á âàěąãěňőľ ăáĺňŕâőâĺłőľ ćő “ćŋěèŋěľ” őąńăáâĺ, ă ğăâěň, ĺáŕőńìğãï (43), — ĺ ćő “ćŋãâàěŋŋěľ” őąńăáâĺ. Ŕàĺ íâőň áńěďãěâ ŕőňŋĺâì, çâő àěèěŋĺï (16)–(17) áőőâćěâáâćãîâ ŋőàňĺàőćłě ŋă δ-äãŋłæĺî őâ ĺňŕãńìáă – = qλ.

Ś âőçłĺ ğàěŋĺï çĺáńěŋŋëå àăáçěâőć ćňěáâő ŋěŕőáàěďáâćěŋŋőčő ćëçĺáńěŋĺï Sňăâàĺæë ŕő äőàňãńě (54), ć łőâőàãî ćåőďïâ łőňŕńěłáŋëě ňăâàĺæë (52) ĺ (53), íääěłâĺćŋěě ŕàěďćăàĺâěńìŋő ćëçĺáńĺâì âăł ŋăğëćăěňãî K-ňăâàĺæã. K-ňăâàĺæă ďěľáâćĺâěńìŋă, ĺ őŋă áőőâćěâáâćãěâ ŕàěďáâăćńěŋĺî àěèěŋĺï ć łăŋăńě Γ ćňěáâő (50) ć äőàňě ⟨nΓ | Eβ⟩ = 1 √–^{eiδΓ} ( δ_{ΓΓ}0^L_n (q) − S^L_n (q) [K]_{ΓΓ}0 ) , (55)

čďě äăğă ĹŇŘ δΓ őŕàěďěńïěâáï ćëàăęěŋĺěň e^{2iδΓ} = [S]ΓΓ. Ććőďï ňăâàĺæë [ A^K ] Γ0_Γ = ⟨nΓ0Γ

′ |P | n_Γ + 1, Γ⟩ S^L_{nΓ+1}(q) − δ_{ΓΓ}0 S^L_{nΓ}(q), (56) [ B^K ] Γ0_Γ = ⟨nΓ0Γ

′ |P | n_Γ + 1, Γ⟩^L_{nΓ+1}(q) − δ_{ΓΓ}0^L_{nΓ} (q), (57)

ŕőńãçăěň:

K = (A^K)^{−1} B^K. (58)

Šěŕěàì ďńï ćëçĺáńěŋĺï S-ňăâàĺæë ĺáŕőńìğãěň

S = (I + i K)(i K − I)^{−1}, (59)

čďě ŕőď I ŕőďàăğãňěćăěâáï ěďĺŋĺçŋăï ňăâàĺæă. Ć (59) ňőęŋő ćëďěńĺâì ďěľáâćĺâěńìŋãî ĺ ňŋĺňãî çăáâĺ:

Re S = I − 2 ( I + K^2 )_{−1} , (60)

Im S = −2K ( I + K^2 )_{−1} . (61)

Őâňěâĺň, çâő ĺğ (54) áńěďãěâ, çâő ŕőńîáë S-ňăâàĺæë ć łőňŕńěłáŋőľ ŕńőáłőáâĺ ňőčãâ ąëâì ŋăľďěŋë ŕãâěň àěèěŋĺï ãàăćŋěŋĺï

det A^s = 0, (62)

čďě A^s őŕàěďěńïěâáï ćëàăęěŋĺěň (52). Ŕàĺ íâőň ãàăćŋěŋĺě (48), őŕàěďěńïîéěě íŋěàčĺî áćïğăŋŋëå áőáâőïŋĺľ áĺáâěňë, őçěćĺďŋő, ïćńïěâáï çăáâŋëň áńãçăěň (62) ďńï ŕőńîáőć S-ňăâàĺæë, àăáŕőńőęěŋŋëå ŋă ňŋĺňőľ őáĺ.

Ć àăňłăå ŕàěďńăčăěňőčő ŕőďåőďă ňőęěâ ąëâì ŕőáâàőěŋă ćőńŋőćăï äãŋłæĺï ć ŕàĺąńĺęěŋĺĺ ĹŇŘ, ć łőâőàőľ ãçâěŋő ąőńìèőě łőńĺçěáâćő łőňŕőŋěŋâ á àăğńĺçŋëňĺ ğŋăçěŋĺïňĺ čĺŕěàňőňěŋâă K. Őďŋăłő ĺğ-ğă ćëáőłőčő æěŋâàőąěęŋőčő ąăàìěàă L(L + 1)/ρ^2 = ( K + 3A − 62 ) ( K + 3A − 42 ) /ρ^2 ãçěâ łăŋăńőć á ąőńìèĺňĺ ğŋăçěŋĺïňĺ K ćő “ćŋěèŋěľ”

őąńăáâĺ, ćĺďĺňő, ąãďěâ ŋěáãéěáâćěŋŋëň ŕàĺ őčàăŋĺçěŋŋëå íŋěàčĺïå áĺáâěňë E. Ŕőíâőňã ňőęŋő ć łăçěáâćě ŕàőáâěľèěčő “ňĺŋĺňăńìŋőčő” ŕàĺąńĺęěŋĺï ãçěáâì ćő “ćŋěèŋěľ” őąńăáâĺ âőńìłő őďĺŋ łăŋăń á K = Kmin (áň., ŋăŕàĺňěà, ŕő íâőňã ŕőćőďã [23], čďě ĺááńěďőćăńĺáì ňőŋőŕőńìŋëě ćőğąãęďěŋĺï ïďàă^{12}C á ãçěâőň ěčő àăğćăńă ŋă âàĺ α-çăáâĺæë). Ňĺŋĺňăńìŋőě ŕàĺąńĺęěŋĺě áőőâćěâáâćãěâ ãçěâã áćïğĺ őâłàëâőčő łăŋăńă á K = Kmin á ĺáłãááâćěŋŋő ğăłàëâëňĺ łăŋăńăňĺ á K > Kmin, ěáńĺ ćő “ćŋãâàěŋŋěľ” őąńăáâĺ ć àăğńőęěŋĺě ćőńŋőćőľ äãŋłæĺĺ ćłńîçăîâáï łőňŕőŋěŋâë á K > Kmin. Ć íâőň áńãçăě ãŕàőáâĺâáï ćëçĺáńěŋĺě ňŋőčĺå ćěńĺçĺŋ. Ć çăáâŋőáâĺ, ďńï łőíääĺæĺěŋâőć

⟨nΓ | Eβ⟩ àăğńőęěŋĺï (1) ćő “ćŋěèŋěľ” őąńăáâĺ ňőęŋő ĺáŕőńìğőćăâì ćëàăęěŋĺě ⟨nΓ | Eβ⟩ = [ cos δ_0 S^{L0}_n (q) + sin δ_0^{L0}_n (q) ] δ_{KKmin} , (63)

čďě L0 = Kmin +^{3A − 6}_2 , ă δ0 — äăğă ĹŇŘ ć łăŋăńě, áőőâćěâáâćãîéěň K = Kmin. Şáńőćĺï “áèĺćăŋĺï” âőčďă ŕàĺćőďïâ ł áńěďãîéěňã áőőâŋőèěŋĺî ďńï őŕàěďěńěŋĺï äăğë

δ_0:

tg δ_0 = −

S^{L0}_ν (q) − S^{L0}_{ν+1}(q) P_0 C^{L0}_ν (q) − C^{L0}_{ν+1}(q) P_0

, (64)

čďě ν = nΓ_0 , P0 = ⟨νΓ0 |P | ν + 1, Γ0⟩, Γ0 = {Kmin, γ}.

Ćňěáâő őďŋőčő łăŋăńă ćő “ćŋěèŋěľ” őąńăáâĺ ňőęŋő ãçěáâì ďćă ĺńĺ ŋěáłőńìłő łăŋăńőć, áőőâćěâáâćãîéĺå ňĺŋĺňăńìŋëň ğŋăçěŋĺïň čĺŕěàňőňěŋâă K. Ŕàĺ íâőň ćő “ćŋãâàěŋŋěľ” őąńăáâĺ ňőęŋő őáâăćĺâì čőàăğďő ąőńìèěě çĺáńő łőňŕőŋěŋâ, áőőâćěâáâćãîéĺå àăğńĺçŋëň ğŋăçěŋĺïň K. Ťĺğĺçěáłĺ íâő őğŋăçăěâ, çâő ŋă ąőńìèĺå àăááâőïŋĺïå ąãďãâ ãçâěŋë âőńìłő áãéěáâćěŋŋëě łőňŕőŋěŋâë ćőńŋőćőľ äãŋłæĺĺ ĺ őâąàőèěŋë łőňŕőŋěŋâë á ąőńìèĺňĺ K, ŕőďăćńěŋŋëě æěŋâàőąěęŋëň ąăàìěàőň, őďŋăłő íâő ŋě ĺáŕőàâĺâ őŕĺáăŋĺě ćőńŋőćőľ äãŋłæĺĺ ŋă ňăńëå àăááâőïŋĺïå, čďě ãçěâ łőňŕőŋěŋâ á ąőńìèĺňĺ K ćăęěŋ ďńï őŕĺáăŋĺï łőàőâłőďěľáâćãîéĺå łőààěńïæĺľ. Šăłăï čĺąłőáâì ŕőğćőńïěâ áâàőĺâì ćëáőłőíääěłâĺćŋëě ĺ âőçŋëě ŕőďåőďë ł őŕĺáăŋĺî áĺáâěň ŋěáłőńìłĺå çăáâĺæ.

V. ĞĂŁŃđŮĚŊĹĚ

Ćëèě ŕőńãçěŋë ćáě ŋěőąåőďĺňëě ćëàăęěŋĺï ďńï ŕőáâàőěŋĺï ćőńŋőćőľ äãŋłæĺĺ áĺáâěňë ŋěáłőńìłĺå çăáâĺæ ć ďĺáłàěâŋőň ĺńĺ ć ŋěŕàěàëćŋőň áŕěłâàě ć ŕàĺąńĺęěŋĺĺ ĹŇŘ. Śãéěáâćěŋŋőě ďőáâőĺŋáâćő ŕàěďńăčăěňőčő ŕőďåőďă ğăłńîçăěâáï ć âőň, çâő ŋăĺąőńěě âàãďőěňłãî çăáâì — ŕőáâàőěŋĺě ĺ ďĺăčőŋăńĺğăæĺî őąàěğăŋŋőľ ňăâàĺæë čăňĺńìâőŋĺăŋă — ŋěőąåőďĺňő ŕàőćěáâĺ âőńìłő őďĺŋ àăğ, ŕőáńě çěčő ćőńŋőćăï äãŋłæĺï ňőęěâ ąëâì ćëçĺáńěŋă ŕàĺ ńîąőľ ğăďăŋŋőľ íŋěàčĺĺ. İŋěàčěâĺçěáłăï ğăćĺáĺňőáâì S-ňăâàĺæë, ćőńŋőćëå äãŋłæĺľ ĺ ďàãčĺå ŋăąńîďăěňëå őŕàěďěńïěâáï âőńìłő íŋěàčěâĺçěáłĺň ğŋăňěŋăâěńěň ć ãàăćŋěŋĺĺ (45) ĺ ğăćĺáĺňőáâìî őâ íŋěàčĺĺ áćőąőďŋëå àěèěŋĺľ ć ŐŔ S^L_n (q),

C^L_n (q) ĺ C^L_n^{(±)}(q), ďńï łőâőàëå ŕőńãçěŋë ăŋăńĺâĺçěáłĺě ćëàăęěŋĺï. İâő ŕőğćőńïěâ ŕàő-

ćőďĺâì ŕőďàőąŋëě àăáçěâë ć èĺàőłőň íŋěàčěâĺçěáłőň ĺŋâěàćăńě á ňěńłĺň èăčőň ŕő íŋěàčĺĺ, ŕàăłâĺçěáłĺ őáãéěáâćĺâì ćëåőď ć łőňŕńěłáŋãî ŕńőáłőáâì íŋěàčĺľ ďńï àăáçěâă ŕőńîáőć ňŋőčőçăáâĺçŋőľ S-ňăâàĺæë ĺ â. ď.

Ŋěáőňŋěŋŋëň ďőáâőĺŋáâćőň äőàňăńĺğňă ďńï ïďěàŋő-äĺğĺçěáłĺå ŕàĺńőęěŋĺľ ïćńïěâáï ŕàěďáâăćńěŋĺě ćőńŋőćőľ äãŋłæĺĺ ć ćĺďě áãŕěàŕőğĺæĺĺ őáæĺńńïâőàŋëå äãŋłæĺľ, çâő ŕőğćőńïěâ ďăâì ŋăčńïďŋãî ĺŋâěàŕàěâăæĺî ŕőńãçěŋŋëå àěèěŋĺľ ć âěàňĺŋăå ňőďěńĺ őąőńőçěł.

Ăćâőàë ąńăčőďăàŋë Ŋ.Ă.Śćěèŋĺłőćã, Ś.Ł.Śãáńőćã ĺ Č.Ť.Ťĺńĺŕŕőćã ğă áâĺňãńĺàãîéĺě ďĺáłãááĺĺ. Řăąőâă ćëŕőńŋěŋă ŕàĺ çăáâĺçŋőľ ŕőďďěàęłě Łőŋłãàáŋőčő Űěŋâàă äãŋďăňěŋâăńìŋőčő ěáâěáâćőğŋăŋĺï ŕàĺ Śăŋłâ-Ŕěâěàąãàčáłőň ãŋĺćěàáĺâěâě ĺ Čőáãďăàáâćěŋŋőľ Ŕàőčàăňňë Şŋĺćěàáĺâěâë Řőááĺĺ.

ŔŘĹŃŐĘĚŊĹ§.

Ŕ.Ă. δ-äãŋłæĺï łăł ŕàěďěń őáæĺńńïâőàŋőľ äãŋłæĺľ ŕàĺ ąőńìèőň ğŋăçěŋĺĺ čńăćŋőčő łćăŋâőćőčő çĺáńă

Şâćěàęďěŋĺě ő âőň, çâő ŕàĺ ąőńìèĺå ğŋăçěŋĺïå čńăćŋőčő łćăŋâőćőčő çĺáńă n őáæĺńńïâőàŋăï äãŋłæĺï φ^L_n (ρ) ćěďěâ áěąï łăł δ-äãŋłæĺï Ďĺàăłă ćáâàěçăěâáï ćŕěàćëě, ćĺďĺňő, ć àăąőâě [14]. Őďŋăłő, ŋăáłőńìłő ŋăň ĺğćěáâŋő, ć ïćŋőň ćĺďě ćëàăęěŋĺě ďńï δ-äãŋłæĺĺ łăł ŕàěďěńă φ^L_n (ρ) ŕàĺ n → ∞ ŋĺčďě ŋě őŕãąńĺłőćăŋő. Ŕőáłőńìłã íâő ćëàăęěŋĺě ćěáìňă ŕőńěğŋő ďńï ăŋăńĺğă ăáĺňŕâőâĺł ćőńŋőćëå äãŋłæĺľ ć ŐŔ, ňë ŕàĺćőďĺň ěčő ć íâőň Ŕàĺńőęěŋĺĺ.

Śőąáâćěŋŋőě áőáâőïŋĺě ãàăćŋěŋĺï Ÿàěďĺŋčěàă ďńï čăàňőŋĺçěáłőčő őáæĺńńïâőàă, åăàăłâěàĺğãěňőě íŋěàčĺěľ En = ~ω^(2n + L +^3_2^), ĺňěěâ łńăááĺçěáłãî âőçłã ŕőćőàőâă

ρ_{ŕőć} = 1 λ 2n + L + 3 2 + √( 2n + L + 3 2 )_2 − L(L + 1) 1 2 ≈ 1 λ √ 2 ( 2n + L + 3 2 ) . (Ŕ.Ă.1)

Ŕőáńěďŋěě àăćěŋáâćő áŕàăćěďńĺćő á âőçŋőáâìî ďő çńěŋőć ćâőàőčő ŕőàïďłă ŕő^1_n . Őáæĺńńïâőàŋăï äãŋłæĺï φ^L_n (ρ) ŕàĺ n ≫ 1 ďőáâăâőçŋő ąëáâàő őáæĺńńĺàãěâ ŋă ĺŋâěàćăńě

0 < ρ < ρ_{ŕőć}. Šăłĺň őąàăğőň, őąńăáâì ĺŋâěčàĺàőćăŋĺï 0 < ρ < ρ_{ŕőć} ŋě ćŋőáĺâ ćłńăď ć

ĺŋâěčàăńë âĺŕă ∫ f(ρ) φ^L_n (ρ)dρ á ďőáâăâőçŋő ňěďńěŋŋő ňěŋïîéĺňĺáï äãŋłæĺïňĺ f(ρ).

Ć âőęě ćàěňï, őąńăáâì ĺŋâěčàĺàőćăŋĺï ρ > ρŕőć âăłęě ŋě ćŋőáĺâ ćłńăď ć ĺŋâěčàăń ĺğ-ğă ąëáâàőčő ğăâãåăŋĺï äãŋłæĺĺ φ^L_n (ρ), őŕàěďěńïěňőčő ňŋőęĺâěńěň e^{−λ2ρ2/2} ć (4). Šăłĺň őąàăğőň, ćłńăď ć ĺŋâěčàăń ďăěâ âőńìłő ďőáâăâőçŋő ňăńăï őłàěáâŋőáâì âőçłĺ ŕőćőàőâă, â. ě. ∫ f(ρ) φ^L_n (ρ) dρ ∼ f(ρ_{ŕőć}), ĺńĺ, ĺŋëňĺ áńőćăňĺ, φ^L_n (ρ) = g δ(ρ − ρ_{ŕőć}) ŕàĺ n ≫ 1,

čďě ňŋőęĺâěńì g, ćőőąéě čőćőàï, ğăćĺáĺâ őâ n.

Ďńï ćëçĺáńěŋĺï ňŋőęĺâěńï g ĺáŕőńìğãěň áőőâŋőèěŋĺě (29), ć ńěćőľ çăáâĺ łőâőàőčő ğăňěŋĺň áćőąőďŋãî ćőńŋőćãî äãŋłæĺî ć ŐŔ S^L_n (q) ěě ăáĺňŕâőâĺçěáłĺň ćëàăęěŋĺěň (Ŕ.Ą.18). Ć àěğãńìâăâě ŋăåőďĺň: φ^L_n (ρ) −→_{n→∞} λ^{− 12} ( n + L 2 + 3 4 )_− 1_4 δ ( ρ − 2 λ √ n + L 2 + 3 4 ) . (Ŕ.Ă.2)

Ŕ.Ą. Śćőľáâćă äãŋłæĺľ S^L_n (q), C^L_n (q) ĺ C^L_n^{(±)}(q)

Ŕ.Ą.1. Ćëàăęěŋĺï ďńï äãŋłæĺľ C^L_n (q) ĺ C^L_n^{(±)}(q) çěàěğ áŕěæĺăńìŋëě äãŋłæĺĺ

Ŋăľďěň ćëàăęěŋĺě àěèěŋĺľ C^L_n^{(±)}(q) çěàěğ ĺğćěáâŋëě áŕěæĺăńìŋëě äãŋłæĺĺ. Ďńï íâőčő ŋěáłőńìłő ŕàěőąàăğãěň ĺŋâěčàăń ć (16), ććěďï őąőğŋăçěŋĺï s = q^{′2}, α = L +^1_2, ĺ ćőáŕőńìğãěňáï äőàňãńőľ Řőďàĺčă ďńï ŕőńĺŋőňőć Ńăčěààă [33]:

L^α_n(x) = 1 n! e^xx^{−α} d^n dx^n ( e^{−x}x^{n+α} ) . (Ŕ.Ą.1)

Šőčďă ć àěğãńìâăâě n-łàăâŋőčő ĺŋâěčàĺàőćăŋĺï ŕő çăáâïň, ŕőńãçĺň áńěďãîéěě ćëàăęěŋĺě ďńï C^L_n^{(+)}(q):

C^L_n^{(+)}(q) = 1 π ( 2n! λ Γ(L + n + 3/2) )_{1/2} e^{q2/2} q^{−L} ℑ^α_n^{(+)}(q), (Ŕ.Ą.2) čďě

ℑ^α_n^{(+)}(q) = ∞∫ 0 e^{−s}s^{α+n} ( s − (q^2 + iε)

)_{n+1} ds. (Ŕ.Ą.3)

Ďńï ćëçĺáńěŋĺï ĺŋâěčàăńă ć (Ŕ.Ą.3) ć áńãçăě q^2 > 0 őŕàěďěńĺň ŕěàěňěŋŋãî z =

−(q^2 + iε), âăł çâő arg z = ϕ = −π + β, β → +0 (â. ě. ϕ > −π). Šőčďă, áďěńăć ć

(Ŕ.Ą.3) ğăňěŋã t = s/z, ŕőńãçĺň ďńï ℑ^α_n^{(+)}(q) ćëàăęěŋĺě

ℑ^α_n^{(+)}(q) = z^α

∞ ei^φ ∫ 0 e^{−tz}t^{α+n}(t + 1)^{−n−1} dt, (Ŕ.Ą.4)

čďě φ = −ϕ < π, łőâőàőě áàăćŋĺň á ĺŋâěčàăńìŋëň ŕàěďáâăćńěŋĺěň ćëàőęďěŋŋőľ čĺŕěàčěőňěâàĺçěáłőľ äãŋłæĺĺ Šàĺłőňĺ Ψ(a, c; x) [34] Ψ(a, c; x) = 1 Γ(a)

∞ ei^φ ∫ 0 e^{−xt} t^{a−1}(1 + t)^{c−a−1} dt,

Re a > 0, −π < φ < π, − π 2 < φ + arg x < π 2 , (Ŕ.Ą.5)

čďě ŕàěďŕőńăčăěâáï, çâő äãŋłæĺĺ t^{a−1} ĺ (1 + t)^{c−a−1} ŕàĺŋĺňăîâ čńăćŋëě ğŋăçěŋĺï. Ć àěğãńìâăâě âăłőčő áàăćŋěŋĺï áâăŋőćĺâáï őçěćĺďŋëň, çâő ĺŋâěčàăń ℑ^α_n^{(+)}(q) ćëàăęăěâáï çěàěğ čńăćŋőě ğŋăçěŋĺě äãŋłæĺĺ Šàĺłőňĺ Ψ(a, c; x) ŋă ŋĺęŋěň ąěàěčã àăğàěğă ćďőńì őâàĺæăâěńìŋőľ ćěéěáâćěŋŋőľ ŕőńãőáĺ, â. ě. ć âőçłě x = e^{−iπ}q^2; ŕàĺçěň a = n + L +^3_2 ĺ

c = L + 3 2 . Ăŋăńőčĺçŋëě àăááãęďěŋĺï ňőęŋő ŕàőćěáâĺ ĺ ďńï C^L_n^{(−)}(q). Šăłĺň őąàăğőň, őłőŋçăâěńìŋőě ćëàăęěŋĺě ďńï C^L_n^{(±)}(q) ŕàĺŋĺňăěâ ćĺď

C^L_n^{(±)}(q) = 1 π √ λ √ 2n! Γ(n + L + 3/2) e^{q2/2} q^{L+1} e^{∓iπ(L+ 12 )} Ψ ( n + L + 3 2 , L + 3 2 ; e^{∓iπ}q^2 ) . (Ŕ.Ą.6)

Ťãŋłæĺî C^L_n (q) ňőęŋő ćëàăğĺâì çěàěğ äãŋłæĺî Ńăčěààă 2-őčő àőďă Q^α_n(z) [35,33]:

C^L_n (q) = 1 π √ 2n! λΓ(n + L + 3/2) q^{L+1} e^{−q2/2} Q^{L+1/2}_n (q^2). (Ŕ.Ą.7)

Śőőâŋőèěŋĺě (Ŕ.Ą.7) áńěďãěâ ĺğ áàăćŋěŋĺï (15) á ĺŋâěčàăńìŋëň ŕàěďáâăćńěŋĺěň ďńï

Q^α_n(z) [35,33]:

Q^α_n(z) = 1 z^αe^{−z} P ∞∫ 0 t^αe^{−t}L^α_n(t) t − z dt. (Ŕ.Ą.8)

Łàőňě âőčő, ĺáŕőńìğãï (21) ĺ (Ŕ.Ą.6), äãŋłæĺî C^L_n (q) ňőęŋő ćëàăğĺâì çěàěğ áãňňã äãŋłæĺľ Šàĺłőňĺ Ψ ( n + L + 3 2 , L + 3 2 ; −q^2 ) ŋă ćěàåŋěň ĺ ŋĺęŋěň ąěàěčăå àăğàěğă ćďőńì őâàĺæăâěńìŋőľ ďěľáâćĺâěńìŋőľ ŕőńãőáĺ.

Ćáě ŕàĺćěďěŋŋëě ćëèě ćëàăęěŋĺï ňőęŋő ĺáŕőńìğőćăâì ďńï áĺáâěňë ŕàőĺğćőńìŋőčő çĺáńă çăáâĺæ. Őâňěâĺň, çâő L — æěńőě ć áńãçăě çěâŋőčő çĺáńă çăáâĺæ A, ĺ, áőőâćěâáâćěŋŋő, ŕăàăňěâàë äãŋłæĺĺ Šàĺłőňĺ ( n + L + 3 2 ) ĺ ( L + 3 2 ) — ŕőńãæěńëě. Šőčďă ćëàăęěŋĺï ďńï àěèěŋĺľ C^L_n (q) ĺ C^L_n^{(±)}(q) ňőęŋő ãŕàőáâĺâì, ŕőáłőńìłã ć íâőň áńãçăě äãŋłæĺî Ψ(a, c; −x) ňőęŋő ćëàăğĺâì (áň., ŋăŕàĺňěà, [34]) çěàěğ ćëàőęďěŋŋëě čĺŕěàčěőňěâàĺçěáłĺě äãŋłæĺĺ 1F1(−a, c; x) ĺ 1F1(1−a, 2−c; x), ŕàĺçěň äãŋłæĺî 1F1(−a, c; x) ňőęŋő ćëàăğĺâì çěàěğ ŕàĺáőěďĺŋěŋŋëľ ŕőńĺŋőň Ńăčěààă, ŕőáłőńìłã ĺňěěň c − a = −n. Ć àěğãńìâăâě ĺáłőňëě ćëàăęěŋĺï ŕàĺŋĺňăîâ ćĺď:

C^L_n (q) = ( 2n! λ Γ(L + n + 3/2) )_{1/2} Γ(L + 1/2) π e^{−q2/2} q^{−L}_1F_1 ( −n − L − 1 2 , −L + 1 2 ; q^2 ) , (Ŕ.Ą.9)

C^L_n^{(±)}(q) = ( 2n! λ Γ(L + n + 3/2) )_{1/2} e^{−q2/2}×

× [ Γ(L + 1/2) π q^{−L}_1F_1 ( −n − L − 1 2 , −L + 1 2 ; q^2 ) ± i q^{L+1}L^{L+ 12}n (q^2) ] . (Ŕ.Ą.10)

Ďńï áńãçăï őąëçŋőčő ďćãåçăáâĺçŋőčő àăááěïŋĺï (A = 2) ćëàăęěŋĺě (Ŕ.Ą.9) ąëńő ŕőńãçěŋő ć [15].

Ŕ.Ą.2. Ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě äãŋłæĺľ C^L_n (q) ĺ C^L_n^{(±)}(q) ć łőňŕńěłáŋãî ŕńőáłőáâì q

Ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě ć łőňŕńěłáŋãî ŕńőáłőáâì q őáæĺńńïâőàŋőľ äãŋłæĺĺ ć ĺňŕãńìáŋőň ŕàěďáâăćńěŋĺĺ S^L_n (q), ćëàăęăîéěľáï çěàěğ ŕőńĺŋőň Ńăčěààă (áň. (14)), âàĺćĺăńìŋő. Ć áćïğĺ á íâĺň ňë őąáãęďăěň ŋĺęě âőńìłő ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě äãŋłæĺľ C^L_n^{(±)}(q) ĺ C^L_n (q).

Ğăňěâĺň, çâő ŕàĺ ćëćőďě (Ŕ.Ą.6) ďńï ćěéěáâćěŋŋëå ŕőńőęĺâěńìŋëå q^2 ŋăňĺ ąëńă ŕàőĺğćěďěŋă ğăňěŋă −(q^2 ± i ε) → e^{∓iπ}(q^2 ± i ε), łőâőàăï ŕőğćőńĺńă ćëàăğĺâì àěèěŋĺě

C^L_n^{(±)}(q) çěàěğ ğŋăçěŋĺï čńăćŋőľ ćěâćĺ äãŋłæĺĺ Šàĺłőňĺ Ψ(a, c; x). Ćëàăęěŋĺě (Ŕ.Ą.6)

ňőęŋő àăááňăâàĺćăâì, łăł őŕàěďěńěŋĺě äãŋłæĺĺ C^L_n^{(+)}(q) (C^L_n^{(−)}(q)) ć ćěàåŋěľ (ŋĺęŋěľ) ŕőńãŕńőáłőáâĺ łőňŕńěłáŋőľ ŕńőáłőáâĺ ĺňŕãńìáőć q, čďě 0 < arg q 6 π (−π < arg q 6 0). Ăŋăńĺâĺçěáłőě ŕàőďőńęěŋĺě C^L_n^{(+)}(q) (C^L_n^{(−)}(q)) ć ŋĺęŋîî (ćěàåŋîî) ŕőńãŕńőáłőáâì q ňőęŋő őáãéěáâćĺâì á ŕőňőéìî äőàňãń ăŋăńĺâĺçěáłőčő ŕàőďőńęěŋĺï äãŋłæĺĺ Ψ(a, c; x) (áň., ŋăŕàĺňěà, [34]). Řěğãńìâĺàãîéăï äőàňãńă ĺňěěâ ćĺď

C^L_n^{(+)}(q) = C^L_n^{(−)}(q) + 2 i S^L_n (q). (Ŕ.Ą.11)

Ăŋăńőčĺçŋăï äőàňãńă ďńï ăŋăńĺâĺçěáłőčő ŕàőďőńęěŋĺï C^L_n^{(−)}(q) ć ćěàåŋîî ŕőńãŕńőáłőáâì q âăłőćă:

C^L_n^{(−)}(q) = C^L_n^{(+)}(q) − 2 i S^L_n (q). (Ŕ.Ą.12)

Ğăďăć á ŕőňőéìî äőàňãń ăŋăńĺâĺçěáłőčő ŕàőďőńęěŋĺï (Ŕ.Ą.11)–(Ŕ.Ą.12) äãŋłæĺĺ

C^L_n^{(±)}(q) ćő ćáěľ łőňŕńěłáŋőľ ŕńőáłőáâĺ q, ňë âěň áăňëň á ãçěâőň (21) ğăďăńĺ ćő ćáěľ

łőňŕńěłáŋőľ ŕńőáłőáâĺ q ĺ äãŋłæĺî C^L_n (q).

Ťőàňãńë ăŋăńĺâĺçěáłőčő ŕàőďőńęěŋĺï (Ŕ.Ą.11), (Ŕ.Ą.12) ŕàěďáâăćńïîâ ŕàăłâĺçěáłĺľ ĺŋâěàěá ďńï àăáçěâă ŕőńîáőć S-ňăâàĺæë. Ŕàĺ íâőň ć áńãçăě àěğőŋăŋáőć ŋăá ć ŕěàćãî őçěàěďì ĺŋâěàěáãîâ äãŋłæĺĺ C^L_n^{(±)}(q) ć ŋĺęŋěľ ŕőńãŕńőáłőáâĺ łőňŕńěłáŋőľ ŕńőáłőáâĺ q, ă ć áńãçăě áćïğăŋŋëå áőáâőïŋĺľ ŋăĺąőńìèĺľ ĺŋâěàěá ŕàěďáâăćńïěâ äãŋłæĺï C^L_n^{(+)}(q) őâ çĺáâő ňŋĺňőčő q = i |q|. Ć ćĺďã ćăęŋőáâĺ íâőčő áńãçăï ŕàĺćěďěň ïćŋëľ ćĺď ĺŋâěčàăńìŋőčő ŕàěďáâăćńěŋĺï ďńï äãŋłæĺĺ C^L_n^{(+)}(i q), łőâőàőě ŋě áőďěàęĺâ ŋĺłăłĺå őáőąěŋŋőáâěľ: L n (+) (i|q|) = 2 π √ 2n! λΓ(n + L + 3/2) |q|^Le^{−|q|2/2} ∞∫ 0 t^{2L+2}e^{−t2} L^{L+ 12}n (t^2) |q|^2 + t^2 dt . (Ŕ.Ą.13)

Ŕ.Ą.3. Ăáĺňŕâőâĺłĺ äãŋłæĺľ S^L_n (q), C^L_n (q) ĺ C^L_n^{(±)}(q) ŕàĺ n ! 1

Ŋăľďěň ăáĺňŕâőâĺłã äãŋłæĺľ C^L_n^{(±)}(q) (16)–(17) ŕàĺ ąőńìèĺå ğŋăçěŋĺïå ĺŋďěłáă n (ĺ őčàăŋĺçěŋŋëå q). Ďńï íâőčő ňë ćőáŕőńìğãěňáï ăáĺňŕâőâĺçěáłĺň ćëàăęěŋĺěň ďńï äãŋłæĺĺ Šàĺłőňĺ Ψ(a, c; x) ĺğ łŋĺčĺ [36], łőâőàőě á ãçěâőň őçěćĺďŋëå ŕěàěőąőğŋăçěŋĺľ ĺňěěâ ćĺď: Ψ ( 1 4 u^2 + 1 2 b, b; z^2 ) −→_{u→∞} e^{z2/2}z^{1−b} 2^{2−b}u^{b−1} Γ(^1_4 u^2 +^1_2 b)

K_{b−1}(uz), (Ŕ.Ą.14)

čďě b ĺ z^2 ŕàěďŕőńăčăîâáï őčàăŋĺçěŋŋëňĺ, ă Kν(x) — ňőďĺäĺæĺàőćăŋŋăï äãŋłæĺï Čăŋłěńï. Ŕěàěåőďï ł äãŋłæĺïň H^{(1)}ν (x) ĺ H^{(2)}ν (x), ŕőńãçăěň ăáĺňŕâőâĺçěáłĺě ćëàăęěŋĺï ďńï C^L_n^{(±)}(q):

C^L_n^{(+)}(q) −→_{n→∞} +i √ 2q λ H^{(1)}_{L+ 12} ( 2 ( n + L 2 + 3 4 ) 1_2 q )

−→_{n→∞} √ 2 πλ ( n + L 2 + 3 4 )_− 1_4 exp ( i [ 2 ( n + L 2 + 3 4 ) 1_2 q − πL 2 ]) , (Ŕ.Ą.15)

C^L_n^{(−)}(q) −→_{n→∞} −i √ 2q λ H^{(2)}_{L+ 12} ( 2 ( n + L 2 + 3 4 ) 1_2 q )

−→_{n→∞} √ 2 πλ ( n + L 2 + 3 4 )_− 1_4 exp ( −i [ 2 ( n + L 2 + 3 4 ) 1_2 q − πL 2 ]) . (Ŕ.Ą.16)

Šăłĺň őąàăğőň, ŕőńãçěŋŋëě ŋăňĺ ćëàăęěŋĺï (Ŕ.Ą.6) ďńï àěèěŋĺľ ŠŘŚ (9) C^L_n^{(±)}(q) ĺňěîâ ăáĺňŕâőâĺłã àăáåőďïéĺåáï ĺ áåőďïéĺåáï áäěàĺçěáłĺå ćőńŋ ć ŐŔ.

Ăáĺňŕâőâĺłă àěèěŋĺï C^L_n (q) ńěčłő ŋăåőďĺâáï á ŕőňőéìî (21) ĺ ăáĺňŕâőâĺł (Ŕ.Ą.15)–(Ŕ.Ą.16): C^L_n (q) −→_{n→∞} − √ 2q λ N_{L+} 1_2 ( 2 ( n + L 2 + 3 4 ) 1_2 q )

−→_{n→∞} √ 2 πλ ( n + L 2 + 3 4 )_− 1_4 cos ( 2 ( n + L 2 + 3 4 ) 1_2 q ) . (Ŕ.Ą.17)

Ŋăłőŋěæ, ăáĺňŕâőâĺłă àěèěŋĺï S^L_n (q) ńěčłő ŋăåőďĺâáï á ŕőňőéìî (20) ĺ ăáĺňŕâőâĺł (Ŕ.Ą.15)–(Ŕ.Ą.17) ĺńĺ ŋěŕőáàěďáâćěŋŋő ĺğ ăáĺňŕâőâĺçěáłĺå àăğńőęěŋĺľ ďńï ŕőńĺŋőňőć Ńăčěààă (áň., ŋăŕàĺňěà, [24]): S^L_n (q) −→_{n→∞} √ 2q λ J_{L+} 1_2 ( 2 ( n + L 2 + 3 4 ) 1_2 q )

−→_{n→∞} √ 2 πλ ( n + L 2 + 3 4 )_− 1_4 sin ( 2 ( n + L 2 + 3 4 ) 1_2 q ) . (Ŕ.Ą.18)

Ŕ.Ą.4. Ő ŋăåőęďěŋĺĺ çĺáńěŋŋëå ğŋăçěŋĺľ S^L_n (q),^L_n (q) ĺ^L_n^{(±)}(q)

Ŋăĺąőńěě íääěłâĺćŋëň ňěâőďőň ćëçĺáńěŋĺï çĺáńěŋŋëå ğŋăçěŋĺľ àěèěŋĺľ (14)–(17) ŕàĺ ŕàőĺğćőńìŋëå n ŕàěďáâăćńïěâáï ŋěŕőáàěďáâćěŋŋőě ĺáŕőńìğőćăŋĺě àěłãààěŋâŋëå áőőâŋőèěŋĺľ (9) (ďńï S^L_n (q)) ĺ (18) (ďńï àěèěŋĺľ (15)–(17)). Ŕàĺ íâőň àěłãàáĺî ňőęŋő őáãéěáâćńïâì łăł áćěàåã ćŋĺğ (őâ ąőńìèĺå ğŋăçěŋĺľ n ł ňăńëň), âăł ĺ áŋĺğã ććěàå (őâ ňăńëå ğŋăçěŋĺľ n ł ąőńìèĺň). Ć ŕěàćőň áńãçăě ňőęŋő ćëąàăâì ŋěłőâőàőě m ≫ 1 ĺ àăááçĺâăâì ŕăàã ğăâàăćőçŋëå ğŋăçěŋĺľ A^L_m(q) ĺ A^L_{m+1}(q) (ŕőď A^L_n (q) ŕőďàăğãňěćăěâáï őďŋă ĺğ äãŋłæĺľ S^L_n (q),^L_n (q) ĺńĺ^L_n^{(±)}(q)), ŋěőąåőďĺňëå ďńï ŋăçăńă àăáçěâőć ŕő àěłãààěŋâŋőňã áőőâŋőèěŋĺî (9) ĺńĺ (18), ĺáŕőńìğãï őďŋő ĺğ ăáĺňŕâőâĺçěáłĺå ćëàăęěŋĺľ (Ŕ.Ą.15)–(Ŕ.Ą.18). İâőâ ăńčőàĺâň ćěáìňă ŕàőáâ ć àěăńĺğăæĺĺ, őďŋăłő ŕàĺ őŕàěďěńěŋŋëå ãáńőćĺïå ňőęěâ ŕàĺćěáâĺ ł çĺáńěŋŋëň ŋěãáâőľçĺćőáâïň ŕàĺ ŋăåőęďěŋĺĺ äãŋłæĺľ ŕàĺ ňăńëå n.

Ąőńěě ãáâőľçĺćőľ ïćńïěâáï àěłãàáĺï áŋĺğã ććěàå. Ďńï őŕàěďěńěŋĺï ŋăçăńìŋëå ğŋăçěŋĺľ äãŋłæĺľ ć íâőň ăńčőàĺâňě áńěďãěâ ćőáŕőńìğőćăâìáï áőőâŋőèěŋĺïňĺ:

L^α_{−1}(x) = 0, L^α_0 (x) = 1. (Ŕ.Ą.19)

Ć àěğãńìâăâě S^L_{−1}(q) = C^L_{−1}(q) =^L_{−1}^{(±)}(q) = 0. Ğŋăçěŋĺě S^L_0 (q) ŕőńãçĺň ŋěŕőáàěďáâćěŋŋő ĺğ (14) ŕàĺ ŕőňőéĺ (Ŕ.Ą.19), ă ďńï ćëçĺáńěŋĺï^L_0 (q) ĺ^L_0^{(±)}(q) áńěďãěâ ćëçĺáńïâì ĺŋâěčàăńë, ćåőďïéĺě ć ćëàăęěŋĺï (15)–(17) á ãçěâőň (Ŕ.Ą.19). Őâňěâĺň, çâő ĺŋâěčàăń (15) ŕàĺ n = 0 ŋěáńőęŋő ćëàăğĺâì ŕàĺ ŋěçěâŋőň A çěàěğ ĺŋâěčàăńìŋãî íłáŕőŋěŋâã, ă ŕàĺ çěâŋőň A — çěàěğ äãŋłæĺî őèĺąőł (áőőâćěâáâćãîéĺě ćëàăęěŋĺï ďńï áńãçăï A = 2 ŕàĺćěďěŋë ć àăąőâě [15]).

Ăŋăńőčĺçŋëň őąàăğőň ňőęŋő ćëçĺáńïâì ĺ àěèěŋĺě (Ŕ.Ą.13) ďńï áćïğăŋŋëå áőáâőïŋĺľ, ă âăłęě äãŋłæĺĺ^L_n^{(±)}(q) ďńï łőňŕńěłáŋëå ğŋăçěŋĺľ q.

Ćňěáâő çĺáńěŋŋőčő ćëçĺáńěŋĺï ĺŋâěčàăńőć ďńï ŋăåőęďěŋĺï ğăâàăćőçŋëå ğŋăçěŋĺľ L 0 (±)(q) ĺ^L_0 (q) ňőęŋő ĺáŕőńìğőćăâì ĺ ăŋăńĺâĺçěáłĺě ćëàăęěŋĺï ďńï íâĺå äãŋłæĺľ

(Ŕ.Ą.6), (Ŕ.Ą.7) ĺńĺ (Ŕ.Ą.9)–(Ŕ.Ą.10) çěàěğ äãŋłæĺî Šàĺłőňĺ ĺńĺ ćëàőęďěŋŋëě čĺŕěàčěőňěâàĺçěáłĺě äãŋłæĺĺ, ă âăłęě àăğńĺçŋëě áőőâŋőèěŋĺï ďńï íâĺå áŕěæĺăńìŋëå äãŋłæĺľ, łőâőàëě ňőęŋő ŋăľâĺ ć ňŋőčőçĺáńěŋŋëå áŕàăćőçŋĺłăå ĺ ňőŋőčàăäĺïå. Ć çăáâŋőáâĺ, ňőęŋő ĺáŕőńìğőćăâì ŋěŕàěàëćŋëě ďàőąĺ, łőâőàëě ďăîâ őďĺŋ ĺğ ŋăĺąőńěě ãáâőľçĺćëå ĺ âőçŋëå ňěâőďőć àăáçěâă àăğńĺçŋëå čĺŕěàčěőňěâàĺçěáłĺå äãŋłæĺľ [37]. Ŕàĺ ĺáŕőńìğőćăŋĺĺ àăğńĺçŋëå áőőâŋőèěŋĺľ ďńï äãŋłæĺĺ Šàĺłőňĺ áńěďãěâ, őďŋăłő, ŕàőïćńïâì ăłłãàăâŋőáâì, łőčďă çĺáńő çăáâĺæ A ŋěçěâŋő (L — ŕőńãæěńőě), â. ł. ć íâőň áńãçăě äãŋłæĺĺ Ψ ( n + L + 3 2 , L + 3 2 ; e^{∓iπ}q^2 ) őâŋőáïâáï ł áŕěæĺăńìŋőňã, âăł ŋăğëćăěňőňã, ńőčăàĺäňĺçěáłőňã áńãçăî ĺ ďńï ĺå àăáçěâă áńěďãěâ ĺáŕőńìğőćăâì âőńìłő âě ćëàăęěŋĺï, łőâőàëě áŕàăćěďńĺćë ć íâőň áńãçăě.

Ńĺâěàăâãàă [1] Ňěàłãàìěć Ś.Ŕ., Ťăďďěěć Ń.Ď. Łćăŋâőćăï âěőàĺï àăááěïŋĺï ďńï áĺáâěňë ŋěáłőńìłĺå çăáâĺæ. –Ň.: Ŋăãłă, 1985.

[2] Ďęĺąãâĺ Ř.Ĺ., Łàãŕěŋŋĺłőćă Ŋ.Ą. Ňěâőď čĺŕěàáäěàĺçěáłĺå äãŋłæĺľ ć łćăŋâőćőľ ňěåăŋĺłě ŋěáłőńìłĺå âěń. –Šąĺńĺáĺ: Ňěæŋĺěàěąă, 1984.

[3] Ďęĺąãâĺ Ř.Ĺ. –İŮĂ§, 1983, 14, 741.

[4] Shirokov A.M. –Proc. Int. Conf. Perspectives of Nucl. Phys. in the Late Nineties (Hanoi, Vietnam, March 14–18, 1994). Eds. Nguyen Dinh Dang, Da Hsuan Feng, Nguyen Van Giai, Nguyen Dinh Tu. Singapore: World Scientific, 1995, 295.

[5] Danilin B.V., Zhukov M.V., Vaagen J.S., Bang J.M. –Phys. Lett. B, 1993, 302, 129. [6] Danilin B.V., Rogde T., Ershov S.N., Heiberg-Andersen H., Vaagen J.S., Thompson I.J., Zhukov M.V. –Phys. Rev. C, 1997, 55, R577.

[7] Fedorov D.V., Jensen A.S., Riisager K. –Phys. Rev. C, 1994, 49, 201. [8] Smirnov Yu.F., Lurie Yu.A., Shirokov A.M. –Revista Mex. Fis., 1994, 40, Supl. 1, 63.

[9] Ńãàìě đ.Ă., Ÿĺàőłőć Ă.Ň., Ąăŋč Ľ.Ň. –Ĺğć. ŘĂŊ, Śěà. äĺğ., 1997, 61, 87.

[10] Ńãàìě đ.Ă., Ÿĺàőłőć Ă.Ň. –Ĺğć. ŘĂŊ, Śěà. äĺğ., 1997, 61, 2121. [11] Sofianos S.A., Rakityansky S.A., Vermaak G.P. –J. Phys. G, 1997, 23, 1619. [12] Yamani H.A., Fishman L. –J. Math. Phys. 1975, 16, 410. [13] Broad J.T. –Phys. Rev. A, 1978, 18, 1012.

[14] Ťĺńĺŕŕőć Č.Ť., Őåàĺňěŋłő Ĺ.Ŕ. –§Ť, 1980, 32, 932; Ťĺńĺŕŕőć Č.Ť. –§Ť, 1981, 33, 928.

[15] Smirnov Yu.F., Nechaev Yu.I. –Kinam, 1982, 4, 445; Ŋěçăěć đ.Ĺ, Śňĺàŋőć đ.Ť.

–§Ť, 1982, 35, 1385.

[16] Revai J., Sotona M., Zofka J. –J. Phys. G, 1985, 11, 745. [17] Ťĺńĺŕŕőć Č.Ť., Ćăáĺńěćáłĺľ Ć.Ś., Ŋěáâěàőć Ă.Ć. –§Ť, 1984, 40, 1418. [18] Okhrimenko I.P. –Nucl. Phys. A, 1984, 426, 121.

[19] Ťĺńĺŕŕőć Č.Ť., Ćăáĺńěćáłĺľ Ć.Ś., Ůőŕőćáłĺľ Ń.Ń. –İŮĂ§, 1984, 15, 1338; 1985, 16, 349.

[20] Filippov G.F. –Rivista Nuovo Cim., 1989, 12, 1.

[21] Łŋëà Ć.Ă., Ňăğãà Ă.Ĺ., Śňĺàŋőć đ.Ť. –§Ť, 1990, 52, 754; 1991, 54, 1518; 1993, 56, 72.

[22] Śňĺàŋőć đ.Ť., Ÿĺàőłőć Ă.Ň. –Ŕàěŕàĺŋâ ĹŠŤ-88-47Ř. Łĺěć: 1988. [23] Ňĺåěńăèćĺńĺ Š.§., Śňĺàŋőć đ.Ť., Ÿĺàőłőć Ă.Ň. –§Ť, 1988, 48, 969; Mikhelashvili T.Ya., Shirokov A.M., Smirnov Yu.F. –J. Phys. G, 1990, 16, 1241.

[24] Ąěľâňěŋ Č., İàďěľĺ Ă. Ćëáèĺě âàăŋáæěŋďěŋâŋëě äãŋłæĺĺ, â. 2. –Ň.: Ŋăãłă, 1974. [25] Śňĺàŋőć đ.Ť., Ÿĺâĺłőćă Ł.Ć. –İŮĂ§, 1977, 8, 847. [26] Smirnov Yu.F., Suslov S.K., Shirokov A.M. –J. Phys. A, 1984, 17, 2157. [27] Braun P.A., Shirokov A.M., Smirnov Yu.F. –Molec. Phys., 1985, 56, 573. [28] §ŋłě Ł., İňďě Ť., Ńñè Ť. Śŕěæĺăńìŋëě äãŋłæĺĺ. –Ň.: Ŋăãłă, 1977. [29] Ňĺàőńîąőć Ă.Ă., Śőńďăâőć Ň.Ă. Ńĺŋěľŋëě őďŋőàőďŋëě àăğŋőáâŋëě ãàăćŋěŋĺï.

–Ň.: Ŋăãłă, 1981.

[30] Čàăďèâěľŋ Ĺ.Ś., Řëęĺł Ĺ.Ň. Šăąńĺæë ĺŋâěčàăńőć, áãňň, àïďőć, ŕàőĺğćěďěŋĺľ.

–Ň.: Ťĺğňăâčĺğ, 1963.

[31] Ŕàãďŋĺłőć Ă.Ŕ., Ąàëçłőć đ.Ă., Ňăàĺçěć Ő.Ĺ. Ĺŋâěčàăńë ĺ àïďë. Śŕěæĺăńìŋëě

äãŋłæĺĺ. –Ň.: Ŋăãłă, 1983.

[32] Broad J.T., Reinhardt W.P. –J. Phys. B, 1976, 9, 1491.

[33] Ŋĺłĺäőàőć Ă.Ť., Şćăàőć Ć.Ą. Śŕěæĺăńìŋëě äãŋłæĺĺ ňăâěňăâĺçěáłőľ äĺğĺłĺ. –Ň.:

Ŋăãłă, 1984.

[34] Ąěľâňěŋ Č., İàďěľĺ Ă. Ćëáèĺě âàăŋáæěŋďěŋâŋëě äãŋłæĺĺ, â. 1. –Ň.: Ŋăãłă, 1973. [35] Şćăàőć Ć.Ą. –ĎĂŊ ŚŚŚŘ, 1959, 125, 281.

[36] Śńěľâěà Ń.Ďę. Ćëàőęďěŋŋëě čĺŕěàčěőňěâàĺçěáłĺě äãŋłæĺĺ. –Ň.:

Ćëçĺáńĺâěńìŋëľ æěŋâà ĂŊ ŚŚŚŘ, 1966.

[37] Ďęőãŋá Ş., Šàőŋ Ć. Ŋěŕàěàëćŋëě ďàőąĺ. Ăŋăńĺâĺçěáłăï âěőàĺï ĺ ŕàĺńőęěŋĺï.

–Ň.: Ňĺà, 1985.