ŇĹŊĹŚŠĚŘŚŠĆŐ ŐĄŘĂĞŐĆĂŊĹ§ ŘŐŚŚĹĽŚŁŐĽ ŤĚĎĚŘĂŰĹĹ ĹŘŁŞŠŚŁĹĽ ČŐŚŞĎĂŘŚŠĆĚŊŊŻĽ ŞŊĹĆĚŘŚĹŠĚŠ

Ŋă ŕàăćăå àãłőŕĺáĺ ŞĎŁ 530.145; 539.12

Łőàěŋąńĺâ Śěàčěľ İňňăŋãĺńőćĺç

ŊĚŔĚŘŠŞŘĄĂŠĹĆŊŻĚ ŘĚŸĚŊĹ§ Ć ŇŐĎĚŃ§Ţ ŮĚŠŻŘĚŢŤĚŘŇĹŐŊŊŐČŐ ĆĞĂĹŇŐĎĚĽŚŠĆĹ§

01.04.02 - âěőàěâĺçěáłăï äĺğĺłă

ďĺááěàâăæĺï ŋă áőĺáłăŋĺě ãçěŋőľ áâěŕěŋĺ ďőłâőàă äĺğĺłő-ňăâěňăâĺçěáłĺå ŋăãł

Ŋăãçŋëľ łőŋáãńìâăŋâ - ďőłâőà äĺğ.-ňăâ. ŋăãł, ŕàőäěááőà Ćăńń Ă.Ŋ.

Ĺàłãâáł–2001

—2— Ś Ő Ď Ě Ř Ę Ă Ŋ Ĺ Ě

Ććěďěŋĺě 8

Čńăćă 1 (N, Θ) - ňőďěńì 32

1 Ťĺğĺçěáłĺě ŕőńï ĺ áőąáâćěŋŋëě áőáâőïŋĺï 32 1.1 Őŕàěďěńěŋĺě äĺğĺçěáłĺå ŕőńěľ . . . . . . . . . . . . . . . . . 32 1.2 Őďŋőçăáâĺçŋëě áőáâőïŋĺï . . . . . . . . . . . . . . . . . . . 35 1.3 Ďćãåçăáâĺçŋëě áőąáâćěŋŋëě áőáâőïŋĺï . . . . . . . . . . . . 36 1.4 Śőáâőïŋĺï àăááěïŋĺï . . . . . . . . . . . . . . . . . . . . . . 37 1.5 Śćïğăŋŋëě áőáâőïŋĺï . . . . . . . . . . . . . . . . . . . . . . 40

2 Ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŋă èàěďĺŋčěàőćáłĺě ŕőńï. 41 2.1 Ŕőáâàőěŋĺě ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï . . . . . . . . . . . 41 2.2 Śćïğì łőíääĺæĺěŋâŋëå äãŋłæĺľ á ćőńŋőćëňĺ äãŋłæĺïňĺ àăááěïŋĺï. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

3 Śàăćŋěŋĺě ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ. 51 3.1 Ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŋă in – ŕőńï . . . . . . . . . . . 51 3.2 Ŕàőáâàăŋáâćő ŕàěďáâăćńěŋĺï. . . . . . . . . . . . . . . . . . 53 3.3 Şáńőćĺï áőćňěáâŋőáâĺ őâőąàăęěŋĺľ. . . . . . . . . . . . . . 55 3.4 Ŕàőćěàłă ãáńőćĺľ áőćňěáâŋőáâĺ. . . . . . . . . . . . . . . . . 58

4 Ćëćőďë. 60

Čńăćă 2 4-å äěàňĺőŋŋőě ćğăĺňőďěľáâćĺě 62

1 Ůăáâĺçŋő ďĺăčőŋăńĺğãěňëě ňőďěńĺ. 62 1.1 Őŕěàăâőàŋăï àěăńĺğăæĺï ĺ ŕàőáâàăŋáâćő Ťőłă. . . . . . . . 62 1.2 Śćőľáâćă ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï. . . . . . . . . . . . . 64

—3— 2 Łőŋâăłâŋëě çěâëàěåäěàňĺőŋŋëě ňőďěńĺ. 68 2.1 Ďĺăčőŋăńĺğăæĺï ĺ äĺğĺçěáłĺě ŕőńï. . . . . . . . . . . . . . . 68 2.2 Ńĺŋěăàĺğăæĺï čěľğěŋąěàčőćáłĺå ãàăćŋěŋĺľ . . . . . . . . . . 73 3 Ćëáèĺě łőíääĺæĺěŋâŋëě äãŋłæĺĺ. 76 3.1 Ŕàĺćěďěŋĺě ł ŋőàňăńìŋőľ äőàňě. . . . . . . . . . . . . . . . 76 3.2 Ŕàőĺğćőďïéĺľ äãŋłæĺőŋăń. . . . . . . . . . . . . . . . . . . 79 4 Ćëćőďë. 81 Čńăćă 3 Ťãŋłæĺőŋăńìŋëě ŕàěďáâăćńěŋĺï ĺ àěńïâĺćĺáâáłĺě ňőďěńĺ. 82 1 Şáńőćĺï ńĺŋěăàĺğăæĺĺ. 83 2 Ŕàěďáâăćńěŋĺï łőŋâĺŋãăńìŋëň ĺŋâěčàăńőň. 88 2.1 Ŋěàěńïâĺćĺáâáłĺľ áńãçăľ. . . . . . . . . . . . . . . . . . . . 90 2.2 Řěńïâĺćĺáâáłĺľ áńãçăľ. . . . . . . . . . . . . . . . . . . . . . 95 2.3 Ćğăĺňőďěľáâćĺě łĺàăńìŋëå äěàňĺőŋŋëå ŕőńěľ. . . . . . . . 100 2.4 Ňőďěńì Šĺààĺŋčă. . . . . . . . . . . . . . . . . . . . . . . . . 106 3 Ŕàőąńěňă áćïğăŋŋëå áőáâőïŋĺľ. 110 4 Ćëćőďë. 112 Čńăćă 4 Ŋěíłćĺćăńěŋâŋëě ŕàěďáâăćńěŋĺï ĺ áĺňňěâàĺĺ. 114 1 Ňőâĺćĺàőćłă ňőďěńĺ ĺ ŋěàěńïâĺćĺáâáłĺľ ŕàěďěń. 115 2 Śĺňňěâàĺĺ ňőďěńĺ. 116 3 Ŕàěőąàăğőćăŋĺï Ąőčőńîąőćă ĺ ďĺăčőŋăńĺğăæĺï. 118

—4— 4 Śŕőŋâăŋŋőě ŋăàãèěŋĺě áĺňňěâàĺĺ. 124 4.1 Łőŋďěŋáăâë ĺ ăńčěąàă łćăğĺáŕĺŋă. . . . . . . . . . . . . . . 124 4.2 Őąőąéěŋĺï łćăğĺáŕĺŋőćőľ ăńčěąàë. . . . . . . . . . . . . . . 128 4.3 Ŕěàěåőď ł ”ăďàőŋŋőňã” ąăğĺáã . . . . . . . . . . . . . . . . . 135

5 Ćëćőďë. 137

Čńăćă 5 Ďćãåçăáâĺçŋëě áőáâőïŋĺï ĺ ŕěàěŋőàňĺàőćłă âőŋłőľ ŕőďáâàőľłőľ. 139

1 Čőńďáâőãŋőćáłĺě ąőğőŋë ĺ čăńĺńěěćáłăï ĺŋćăàĺăŋâŋőáâì.139

2 Ŕěàěŋőàňĺàőćłă âőŋłőľ ŕőďáâàőľłőľ. 143 2.1 Őďŋőçăáâĺçŋëľ áěłâőà. . . . . . . . . . . . . . . . . . . . . . 143 2.2 Ďćãåçăáâĺçŋëľ áěłâőà. . . . . . . . . . . . . . . . . . . . . . 146 2.3 Ďàãčĺě àăáèĺàěŋĺï. . . . . . . . . . . . . . . . . . . . . . . . 150 2.4 Ťĺğĺçěáłĺě ãáńőćĺï ŕěàěŋőàňĺàőćłĺ. . . . . . . . . . . . . . 152

3 Ćëćőďë. 154

Čńăćă 6 Šěőàĺï ŕěàěŋőàňĺàőćőł łăł Šěőàĺï àăáèĺàěŋĺľ. 156

1 İńěňěŋâë âěőàĺĺ àăáèĺàěŋĺľ. 156 1.1 Őáŋőćŋëě őŕàěďěńěŋĺï. . . . . . . . . . . . . . . . . . . . . . 157 1.2 Řăáèĺàěŋĺï ć čĺńìąěàâőćőň ŕàőáâàăŋáâćě. . . . . . . . . . . 159 1.3 Ďěńìâă-ŕőâěŋæĺăń ć âěőàĺĺ àăáèĺàěŋĺľ. . . . . . . . . . . . 160 1.4 Řăáèĺàěŋĺï ć ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă. . . . . . . . . . . 162

2 Čőńďáâőãŋőćáłăï ňőďă ”ŕàőâĺć” âěőàĺĺ àăáèĺàěŋĺľ. 168 2.1 Řěčãńïàĺğăæĺï ĺ ŕěàěŋőàňĺàőćłă ďńï àěğőńìćěŋâë. . . . . . 170 2.2 Řěğőńìćěŋâă ć âěőàĺĺ àăáèĺàěŋĺľ. . . . . . . . . . . . . . . 172

—5— 3 Ćëćőďë. 182 Čńăćă 7 Šàěåçăáâĺçŋëě áćïğăŋŋëě áőáâőïŋĺï ć 4-å äěàňĺőŋŋőľ ňőďěńĺ. 186 1 Šàěåçăáâĺçŋëľ áěłâőà ďńï QQQ-łăŋăńă. 186 2 Šàěåçăáâĺçŋëľ áěłâőà ďńï^~AAA-łăŋăńă. 191 3 Řěèěŋĺě ãàăćŋěŋĺľ Ťăďďěěćă ďńï áćïğăŋŋëå áőáâőïŋĺľ á ŋãńěćëň ŕőńŋëň ãčńőćëň ňőňěŋâőň. 195 4 Ćëćőďë. 198 Ğăłńîçěŋĺě 200 Ŕàĺńőęěŋĺï 205 A Łőíääĺæĺěŋâŋëě äãŋłæĺĺ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï. 205 B Őŕěàăâőàŋăï äőàňă Ťãàìě-ŕàěőąàăğőćăŋĺï. 207 C Ŋőàňĺàőćłă ”ŕőďňěŋïîéĺå” őŕěàăâőàőć. 208 D Ĺŋâěčàăńë, ďěâěàňĺŋăŋăâë, łőňąĺŋăâőàĺłă. 210 Ńĺâěàăâãàă 211

—6— Őáŋőćŋëě áőłàăéěŋĺï ĺ őąőğŋăçěŋĺï

(ŁİĎ), ŁŢĎ– łćăŋâőćăï (íńěłâàő) åàőňő/ďĺŋăňĺłă ŊĽŃ– Ŋăňąã-Ľőŋă-Ńăğĺŋĺő (ňőďěńì) (ŁĂŚ) ŁŁŚ– łăŋőŋĺçěáłĺě (ăŋâĺ) łőňňãâăæĺőŋŋëě áőőâŋőèěŋĺï ČŞ– čěľğěŋąěàčőćáłĺě ãàăćŋěŋĺï ČŔ– čěľğěŋąěàčőćáłĺě ŕőńï İŇŔ– íńěłâàőňăčŋĺâŋőě ŕőńě ĄŚ– Ąěâě-Śőńŕĺâěàă (ãàăćŋěŋĺě, ăňŕńĺâãďă, ňăâàĺçŋëľ íńěňěŋâ) ĄŁŸ– Ąăàďĺŋă-Łãŕěàă-Ÿàĺääěàă (ňőďěńì) x, y, z– âàěåňěàŋëě ćěłâőàă łőőàďĺŋăâ; v– ćěłâőà áłőàőáâĺ p, q, k, l, r, s, κ– ćěłâőàă ĺňŕãńìáőć E(k), E(k)– ”čőńëľ” ĺ äĺğĺçěáłĺľ őďŋőçăáâĺçŋëě áŕěłâàë E^P_q , E_2(P, k)– ďćãåçăáâĺçŋëě áŕěłâàë (čńăćë 1–5) m_0, m, ĺ/ĺńĺ M, M– ”čőńëě” ĺ/ĺńĺ ŕěàěŋőàňĺàőćăŋŋëě ňăááë ϵ_{αβ}, ϵ_{12} = 1, – ăŋâĺáĺňňěâàĺçŋëľ âěŋğőà (čńăćë 2, 4, 5) ϵ_ν, ϵ^2 = 1, – ćěłâőà Ňăàłőćă-đłăćë (čńăćă 3) iϵ, ϵ → +0, – ňăńăï ňŋĺňăï ďőąăćłă (čńăćă 3) ϵ_{0,1,2} – łőíääĺæĺěŋâë àăğńőęěŋĺï (5.16) (čńăćă 5) Ψ^a_α(x)– čěľğěŋąěàčőćáłĺě äěàňĺ-ŕőńï ψ^a_α(x)– äĺğĺçěáłĺě (ŕàőąŋëě) äěàňĺ-ŕőńï (čńăćë 2, 3, 4) ψ^a(x)– ąĺáŕĺŋőàŋőě äěàňĺ- ŕőńě (čńăćă 4) H_{[Ψ]}(t)– ğăďăŋŋëľ ĺáåőďŋëľ čăňĺńìâőŋĺăŋ H_{[ψ]}(t), H{A}– čăňĺńìâőŋĺăŋ ć ďĺăčőŋăńìŋőľ ĺ/ĺńĺ ć ŋőàňăńìŋőľ äőàňě †– íàňĺâőćő áőŕàïęěŋĺě (čńăćë 1, 2, 3, 4) A^†_α(k), A_α(k)– őŕěàăâőàë àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï äĺğĺçěáłĺå ŕőńěľ A^#_α (k, t), a^#_α (k, t) – čěľğěŋąěàčőćáłĺě őŕěàâőàë ϕ(q|p)– ŕőńě ąĺńĺŋěľŋőčő ĺáâőçŋĺłă (čńăćë 2, 3) ϕ(x) – čàăááňăŋőćë ŕőńï (čńăćă 3)

—7— ϕ_ζ (x)– łőňŕőŋěŋâë łĺàăńìŋőčő äĺğĺçěáłőčő ŕőńï (čńăćă 3) Φ^±_{Pq}(k), ϕ^{±(l,J,m)}_{Pq} (k)_{αβ}– ćőńŋőćëě äãŋłæĺĺ ć ĺňŕãńìáŋőň ŕàěďáâăćńěŋĺĺ ψ_{q,b}(x)– ćőńŋőćëě äãŋłæĺĺ ć łőőàďĺŋăâŋőň ŕàěďáâăćńěŋĺĺ (čńăćë 5, 6) δ_3(x = 0) −→

Λ∫ d^3k (2π)^3 = Λ^3 6π^2 = 1 V^∗ , − àěčãńïàĺğăæĺï őąàěğăŋĺěň Λ P– őŕěàăâőà ĺňŕãńìáă G– őŕěàăâőà (čěŋěàăâőà) ŕàěőąàăğőćăŋĺï Ąőčőńîąőćă (čńăćă 4) G^±_{αβ}– áőáâăćŋőľ őŕěàăâőà (čőńďáâőãŋőćáłőčő ąőğőŋă) (čńăćë 4, 5) S_Ψ(x), J_Ψ(x) j^ν_{(Ψ)}(x)– čěľğěŋąěàčőćáłĺě âőłĺ (čńăćë 2, 3, 4) S_ψ(x), j^ν_{(ψ)}(x), j^ζ_ϕ(x)– âőłĺ äĺğĺçěáłĺå (ŕàőąŋëå) ŕőńěľ (čńăćë 2, 3) γ^ν ,^^α,^^O^A– ňăâàĺæë Ďĺàăłă ĺ ĺå łőňąĺŋăæĺĺ (čńăćë 3, 4) ∗– łőňŕńěłáŋőě, őŕěàăâőàŋőě, ňăâàĺçŋőě áőŕàïęěŋĺě (čńăćë 4, 5, 6) T – ğăňëłăŋĺě őŕěàăâőàă ĺńĺ ğăňëłăŋĺě őąńăáâĺ (čńăćă 6) z– łőňŕńěłáŋőě áőŕàïęěŋĺě (čńăćă 6) ϕ_±(x)– ďěäěłâŋëě íńěňěŋâë (čńăćă 6) ϕ_m– ćěłâőàă ŕàőáâàăŋáâćă H_m, m > 0 (čńăćă 6) R_T (z)– àěğőńìćěŋâă őŕěàăâőàă T (čńăćă 6) ^G– ňěâàĺçěáłĺľ âěŋğőà ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă (čńăćă 6) χ^{(−n)}_j – őąőąéěŋŋëě ďěäěłâŋëě íńěňěŋâë ĺğ ŕàőáâàăŋáâćă H_{−n} (čńăćă 6) |ψ⟩– ăąáâàăłâŋëľ ąàă-ćěłâőà ŕàőĺğćőńìŋőčő ŕàőáâàăŋáâćă (čńăćă 6) [ψ]– ćěłâőà-áâőńąěæ ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă (čńăćă 6)

—8— Ććěďěŋĺě

Őąéăï åăàăłâěàĺáâĺłă ĺ ăłâãăńìŋőáâì àăąőâë. Ťãŋďăňěŋâăńìŋőľ âěőàěâĺçěáłőľ ŕàőąńěňőľ áőćàěňěŋŋőľ łćăŋâőćőľ äĺğĺłĺ ïćńïîâáï ňěåăŋĺğňë äőàňĺàőćăŋĺï áćïğăŋŋëå áőáâőïŋĺľ ĺ ŕěàěáâàőľłĺ ćăłããňă ć àăğńĺçŋëå, ć âőň çĺáńě ŋěŕěàěŋőàňĺàãěňëå ňőďěńïå łćăŋâőćőľ âěőàĺĺ ŕőńï (ŁŠŔ). Ŋěŕěàâãàąăâĺćŋăï ŕàĺàőďă áćïğăŋŋëå áőáâőïŋĺľ ć łćăŋâőćőľ åàőňőďĺŋăňĺłě (ŁŢĎ) ĺ ć äĺğĺłě łőŋďěŋáĺàőćăŋŋőčő áőáâőïŋĺï ćëğëćăěâ ňŋőčőçĺáńěŋŋëě ŕőŕëâłĺ àăğćĺâĺï ŋěŕěàâãàąăâĺćŋëå ňěâőďőć ć ŁŠŔ, ŋăæěńěŋŋëå ŕàěęďě ćáěčő ŋă ŕőńãçěŋĺě ïćŋëå ŋěŕěàâãàąăâĺćŋëå àěèěŋĺľ áőőâćěâáâćãîéĺå âěőàěâĺçěáłĺå ňőďěńěľ [1].

Ć çăáâŋőáâĺ, ňőďěńĺ á 4-å äěàňĺőŋŋëň ćğăĺňőďěľáâćĺěň ěáâěáâćěŋŋő ćőğŋĺłăîâ ŕàĺ àěèěŋĺĺ èĺàőłőčő łńăááă ğăďăç, łăł ć âěőàĺĺ íńěňěŋâăàŋëå çăáâĺæ, âăł ĺ ć âěőàĺĺ łőŋďěŋáĺàőćăŋŋëå áàěď. Őŋĺ ĺáŕőńìğãîâáï ďńï őŕĺáăŋĺï âăłĺå ŋěŕěàâãàąăâĺćŋëå íääěłâőć, łăł áŕőŋâăŋŋőčő ŋăàãèěŋĺï áĺňňěâàĺĺ ĺ àěęĺňă ŋĺğłőíŋěàčěâĺçěáłőľ ăďàőŋĺğăæĺĺ ć ŁŢĎ, ĺńĺ ćőğŋĺłŋőćěŋĺï éěńĺ ć áŕěłâàě áćěàåŕàőćőďŋĺłă. Ŕőŕãńïàŋëň ŕàĺňěàőň ïćńïěâáï ňőďěńì Ŋăňąã–Ľőŋă–Ńăğĺŋĺő (ŊĽŃ), [2] -[10], ŕěàćőŋăçăńìŋő ćőğŋĺłèăï ěéě ďő ŕőïćńěŋĺï łőŋæěŕæĺĺ łćăàłőć, łăł âěőàĺï íääěłâĺćŋőčő ćğăĺňőďěľáâćĺï ŋãłńőŋőć.

Ć áőćàěňěŋŋőľ äőàňãńĺàőćłě - íâő ňőďěńì á łćăàłőćëňĺ áâěŕěŋïňĺ áćőąőďë, ŕńőâŋőáâì ńăčàăŋęĺăŋă łőâőàőľ ŕőáâàőěŋă á ãçěâőň ŋăąńîďăěňëå ć ŕàĺàőďě áĺňňěâàĺľ ŁŢĎ, čďě, łàőňě âőçŋőľ ďĺŋăňĺçěáłőľ – æćěâőćőľ áĺňňěâàĺĺ, ĺňěěâáï àïď ŕàĺąńĺęěŋŋëå áĺňňěâàĺľ. Ć áěłâőàě áăňëå ńěčłĺå łćăàłőć íâő ăàőňăâőćăï – ĺğőâőŕĺçěáłăï SU(2) ĺ âěáŋő áćïğăŋŋăï á ŋěľ łĺàăńìŋăï SU_L(2)×SU_R(2) áĺňňěâàĺĺ, ŕàĺğŋăŋŋëě áãéěáâćěŋŋëňĺ ďńï ŕőŋĺňăŋĺï áćőľáâć áăňëå ńěčłĺå ăďàőŋőć. Ňőďěńĺ łőŋâăłâŋőčő çěâëàěå äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï őłăğëćăîâáï őáőąěŋŋő ŕőńěğŋë ďńï

—9— ćëïćńěŋĺï ňěåăŋĺğňă ŋăàãèěŋĺï íâĺå áĺňňěâàĺľ, ć çăáâŋőáâĺ, ďĺŋăňĺçěáłőľ čěŋěàăæĺĺ äěàňĺőŋŋëå ňăáá, ćëğćăŋŋőľ áŕőŋâăŋŋëň ŋăàãèěŋĺěň łĺàăńìŋőľ áĺňňěâàĺĺ.

Ŕőŕëâłĺ ŕőáâàőěŋĺï ňăâěňăâĺçěáłĺ łőààěłâŋőľ ŋő äĺğĺçěáłĺ áőďěàęăâěńìŋőľ âěőàĺĺ ŋă őáŋőćě 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï á ŕőňőéìî âěőàĺĺ ćőğňãéěŋĺľ ĺ/ĺńĺ ňěâőďă Šăňňă-Ďăŋłőćă ŕàěďŕàĺŋĺňăńĺáì ěéě Čěľğěŋąěàčőň [11] ĺ Ńăŋďăã [12].

Ĺğćěáâŋő, őďŋăłő, çâő ł ŋěŕěàěŋőàňĺàãěňëň łőŋâăłâŋëň ćğăĺňőďěľáâćĺïň âĺŕă ŊĽŃ ŋě ňőčãâ ąëâì ŕàĺňěŋěŋë ŕőďåőďë ĺ őæěŋłĺ ŋă ąăğě ňěâőďőć őąëçŋőľ âěőàĺĺ ćőğňãéěŋĺľ: ćëçĺáńěŋĺï ŋă őáŋőćě 4-å äěàňĺőŋŋëå ňőďěńěľ áâăńłĺćăîâáï á ”àăğňŋőęăîéĺňĺáï” ãńìâàăäĺőńěâőćëňĺ àăáåőďĺňőáâïňĺ ĺŋâěčàăńőć ŕő 3-å ĺńĺ 4-å ňěàŋőňã ĺňŕãńìáŋőňã ŕàőáâàăŋáâćã. İâĺ àăáåőďĺňőáâĺ ĺŋâěàŕàěâĺàãîâáï, łăł ŕàăćĺńő, ŕãâěň ććěďěŋĺěï ŕăàăňěâàă őąàěğăŋĺï Λ, çâő ŋě âőńìłő őčàăŋĺçĺćăěâ őąńăáâì ŕàĺňěŋĺňőáâĺ ňőďěńĺ [7], ŋő ĺ ïćńïěâáï ŋě ćŕőńŋě łőààěłâŋőľ ňăâěňăâĺçěáłőľ ŕàőæěďãàőľ.

Ć 4-å äěàňĺőŋŋëå ňőďěńïå âěőàĺĺ łőŋďěŋáĺàőćăŋŋőčő áőáâőïŋĺï àěăńìŋëľ äěàňĺőŋ ćáěčďă ďćĺęěâáï ŕàĺ âěňŕěàăâãàě T ≥ 0 ć ąőńěě ĺńĺ ňěŋěě ĺğćěáâŋőľ, àěăńìŋőľ áàěďě ńĺąő ĺğ âăłĺå ęě łăł őŋ äěàňĺőŋőć, ńĺąő ć àěèěâłě á ąőńěě ĺńĺ ňěŋěě àăćŋőňěàŋő àăáŕàěďěńěŋŋëň ğăàïďőň ŕàőâĺćőŕőńőęŋőčő ğŋăłă, çâő ŕàĺćőďĺâ ł ěáâěáâćěŋŋőňã őąàěğăŋĺî ńĺąő ŋă íŋěàčĺĺ Ťěàňĺ, ńĺąő ŋă ďěąăěćáłőľ çăáâőâě, ğăňőàăęĺćăîéĺå Λ. Ć âő ęě ćàěňï, ŕàőáâőě őąàěğăŋĺě àăáåőďïéĺåáï ĺŋâěčàăńőć ć ŕőńěćëå ňőďěńïå âĺŕă ŊĽŃ âàěąãěâ ďőŕőńŋĺâěńìŋëå ňăâěňăâĺçěáłĺå ŕàěďŕĺáăŋĺľ ĺ ĺå őŕàěďěńěŋŋőčő äĺğĺçěáłőčő ĺáâőńłőćăŋĺï. Ěáńĺ ęě ďőŕãáâĺâì ćőğňőęŋőáâì áăňőáőčńăáőćăŋŋőčő őŕĺáăŋĺï íääěłâĺćŋëň łőŋâăłâŋëň çěâëàěåäěàňĺőŋŋëň ćğăĺňőďěľáâćĺěň őąńăáâĺ ŋĺğłőíŋěàčěâĺçěáłőľ ăďàőŋĺğăæĺĺ, âő, ŕő ćĺďĺňőňã, áńěďãěâ ĺğąěčăâì ćŋěáěŋĺï ğăàăŋěě ďőŕőńŋĺ-

—10— âěńìŋëå ”ąőńìèĺå ćŋãâàěŋŋĺå ŕăàăňěâàőć” ć âăłãî, ”ŋěĺğńěçĺňő” ŋěàěńïâĺćĺáâáłãî âěőàĺî ĺ ŕőâàěąőćăâì őâ őáŋőćŋëå ćőğŋĺłăîéĺå äĺğĺçěáłĺå åăàăłâěàĺáâĺł, çâőąë őŋĺ őáâăćăńĺáì łőŋěçŋëňĺ ć ŕàěďěńě Λ → ∞. Ďàãčĺňĺ áńőćăňĺ, ŋěőąåőďĺňő ãłăğăâì ěáâěáâćěŋŋëľ ňěåăŋĺğň ”àăğňěàŋőľ âàăŋáňãâăæĺĺ” ŋěäĺğĺçěáłőčő ďńï ďăŋŋőľ őąńăáâĺ íŋěàčĺľ ŕăàăňěâàă Λ ć ŋăąńîďěňëě äĺğĺçěáłĺě ćěńĺçĺŋë.

Őłăğëćăěâáï, çâő âăłőľ ňěåăŋĺğň ĺ ňăâěňăâĺçěáłăï ŕàĺàőďă ”ŋěŕěàěŋőàňĺàãěňëå” ãńìâàăäĺőńěâőćëå àăáåőďĺňőáâěľ ćáłàëćăîâáï ć àăňłăå âěőàĺĺ àăáèĺàěŋĺľ: áĺńìŋăï áĺŋčãńïàŋőáâì ŕőńěćőčő ćğăĺňőďěľáâćĺï ć íâĺå ňőďěńïå ŋě ďőŕãáłăěâ ŕőáâàőěŋĺï łőààěłâŋőčő łćăŋâőćőňěåăŋĺçěáłőčő čăňĺńìâőŋĺăŋă ć Čĺńìąěàâőćőň ŕàőáâàăŋáâćě. Ŕőíâőňã čăňĺńìâőŋĺăŋ ć łăęďőň N-çăáâĺçŋőň Ťőłőćáłőň áěłâőàě ďőńęěŋ àăááňăâàĺćăâìáï ć àăňłăå ŕàěďŕĺáăŋĺľ, őáŋőćăŋŋëå ŋă âěőàĺĺ áăňőáőŕàïęěŋŋëå àăáèĺàěŋĺľ áĺňňěâàĺçěáłĺå őŕěàăâőàőć [13], [14], ć âőň çĺáńě, á ćëåőďőň ć ŕàőáâàăŋáâćă á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ [15], ŋăŕàĺňěà, ć ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă [16]-[25]. Łăł ãłăğăŋő ć [15], âőńìłő âăłĺň ŕãâěň ňőęŋő ãľâĺ őâ âàĺćĺăńìŋőčő ŋãńìğăàïďŋőčő àěèěŋĺï [12] ć íâĺå ňőďěńïå.

Ś íâőľ âőçłĺ ğàěŋĺï ćěáìňă ŕàĺćńěłăâěńìŋë őłăğëćăîâáï ŋěàěńïâĺćĺáâáłĺě łőŋâăłâŋëě 4-å äěàňĺőŋŋëě ňőďěńĺ, łőâőàëě ć àăňłăå âěőàĺĺ àăáèĺàěŋĺľ ďőŕãáłăîâ ŋăńĺçĺě âőçŋëå ăŋăńĺâĺçěáłĺå àěèěŋĺľ ć âàěåňěàŋőň ŕàőáâàăŋáâćě, ć őďŋő- ĺ ďćãå- çăáâĺçŋőň áěłâőàě. İâĺ àěèěŋĺï, ć áćőî őçěàěďì, ŕőğćőńïîâ ĺááńěďőćăâì ĺ âàěåçăáâĺçŋëľ áěłâőà, ĺ ňőčãâ ŕőáńãęĺâì őáŋőćőľ łăł ďńï ĺğãçěŋĺï ňěåăŋĺğňőć ąőğőŋĺğăæĺĺ ĺ łőŋďěŋáăæĺĺ, âăł ĺ ďńï ćőğňőęŋëå àěńïâĺćĺáâáłĺå őąőąéěŋĺľ ć ďãåě [26].

Śńěďãěâ őâňěâĺâì, çâő ŕàěďńăčăěňëě ğďěáì âőçŋő àěèăěňëě ć ďćãåçăáâĺçŋőň áěłâőàě ŕőńěćëě ňőďěńĺ łőŋâăłâŋőčő ćğăĺňőďěľáâćĺï á ãçăáâĺěň ćěłâőàŋëå âőłőć ŕàĺćőďïâ ł áĺńìŋő áĺŋčãńïàŋëň ŕăàŋëň ŕőâěŋæĺăńăň, łőâőàëě ć áőćàěňěŋŋőľ âěőàĺĺ àăáèĺàěŋĺľ ŕàőïćńïîâáï łăł ńőłăńìŋëě

—11— ĺ, ć âőęě ćàěňï, áěŕăàăąěńìŋëě ćőğňãéěŋĺï łőŋěçŋőčő àăŋčă, áőďěàęăéĺě łőŋěçŋőě çĺáńő ŕàőĺğćőńìŋëå ŕăàăňěâàőć àăáèĺàěŋĺï, ĺňěîéĺå ïáŋëľ äĺğĺçěáłĺľ áňëáń.

Šăłĺň őąàăğőň, łőŋâăłâŋőě 4-å äěàňĺőŋŋőě ŕőńěćőě ćğăĺňőďěľáâćĺě ňőęěâ őłăğăâìáï äĺğĺçěáłĺ ďăęě ąőńěě áőďěàęăâěńìŋëň, ĺ, ć âő ęě ćàěňï, ąőńěě ŕàěďáłăğăâěńìŋëň çěň ŕőŕãńïàŋőě ŋěńőłăńìŋőě áěŕăàăąěńìŋőě 4-å äěàňĺőŋŋőě ćğăĺňőďěľáâćĺě, ďőŕãáłăîéěě ąěáłőŋěçŋő ŕăàăňěâàĺçěáłĺľ ŕàőĺğćőń [27]-[30].

Őŕĺáăŋĺě ăďàőŋőć ŋă őáŋőćě íääěłâĺćŋőčő 4-å äěàňĺőŋŋőčő ńăčàăŋęĺăŋă őąëçŋő áćïğăŋő á àăğńĺçŋëňĺ ćăàĺăŋâăňĺ ŕàőæěďãàë ąőğőŋĺğăæĺĺ. Ŋăŕàĺňěà, ńőłăńìŋăï ąőğőŋĺğăæĺï [31]-[33] ŕàĺćőďĺâ ł àăğńĺçŋëň âĺŕăň áĺčňă - ňőďěńěľ [34] - [45], ďőáâőĺŋáâćă ĺ ŋěďőáâăâłĺ łőâőàëå åőàőèő ĺğćěáâŋë. Ďàãčőľ áãéěáâćãîéĺľ ŕőďåőď ł íâőľ ğăďăçě őáŋőćăŋ ŋă áãňňĺàőćăŋĺĺ ďĺăčàăňň ďńï 2-å äěàňĺőŋŋőľ (çěâëàěåâőçěçŋőľ) äãŋłæĺĺ Čàĺŋă ć àěńïâĺćĺáâáłőľ ŁŠŔ, çâő ŕő áãâĺ íłćĺćăńěŋâŋő àěèěŋĺî ãàăćŋěŋĺï Ąěâě-Śőńŕĺâěàă (ĄŚ) [46], ł łőâőàőňã, äăłâĺçěáłĺ, ŕàĺćőďĺâ ĺ ňěâőď ąĺńőłăńìŋőľ ąőğőŋĺğăæĺĺ [47]-[60].

Ŋě ćďăćăïáì ć ďěâăńìŋëľ ăŋăńĺğ íâőčő ŕőďåőďă, ğăňěâĺň ńĺèì, çâő ŕàïňőě ŕàĺňěŋěŋĺě ãàăćŋěŋĺï ĄŚ áőŕàïęěŋő áő ğŋăçĺâěńìŋëňĺ ŕàĺŋæĺŕĺăńìŋëňĺ ĺ âěåŋĺçěáłĺňĺ áńőęŋőáâïňĺ [46], [61], [62], [63]. Ŕőáłőńìłã, ŕő őąàăğŋőňã ćëàăęěŋĺî İďďĺŋčâőŋă, ”íńěłâàőŋ ćçěàă ĺ ŕàőâőŋ áěčőďŋï ŋě ňőčãâ őąàăğőćëćăâì áćïğăŋŋőčő áőáâőïŋĺï”, ŕàăłâĺçěáłőě ĺáŕőńìğőćăŋĺě íâőčő ãàăćŋěŋĺï ďńï őŕĺáăŋĺï áćïğăŋŋëå áőáâőïŋĺľ, ďăęě á ŕàőáâëň ńěáŋĺçŋëň ïďàőň, ŕàěďŕőńăčăěâ (ğă àěďłĺňĺ ĺáłńîçěŋĺïňĺ [63], [64]) âã [47], ĺńĺ ĺŋãî [65]-[69] (ŕàĺąńĺęěŋŋãî) őďŋőćàěňěŋŋã́î àěďãłæĺî ěčő ł âőçŋő àěèăěňőňã ĺ, łăł ŕàăćĺńő, ŋěàěńïâĺćĺáâáłőňã ãàăćŋěŋĺî Ÿàěďĺŋčěàă (ĺńĺ Ńĺŕŕňăŋă-Ÿćĺŋčěàă). Ńĺèì ĺňěï âăłĺě ïćŋëě (åőâï ĺ ŕàĺąńĺęěŋŋëě) áŕěłâàë ĺ ćőńŋőćëě äãŋłæĺĺ áćïğăŋŋëå áőáâőïŋĺľ, ãęě

—12— őŕĺáëćăîéĺě, őďŋăłő, čńăćŋëľ – ŋěŕěàâãàąăâĺćŋëľ íääěłâ ”áćïğăŋŋőáâĺ”, ňőęŋő ğăâěň ćëçĺáńïâì àăğńĺçŋëě àěńïâĺćĺáâáłĺě ŕőŕàăćłĺ ŋă ğăŕăğďëćăŋĺě, őâďăçã ĺ â.ď. [70], [71]. Ďńï ŕőğĺâàőŋĺï, ŋăŕàĺňěà, àőńì âăłőčő âőçŋő àěèăěňőčő ãàăćŋěŋĺï ĺčàăěâ ãàăćŋěŋĺě Ÿàěďĺŋčěàă á łãńőŋőćáłĺň ŕőâěŋæĺăńőň [73]. Ŕő áãéěáâćã, ćáě ĺğćěáâŋëě âőçŋëě àěèěŋĺï ć ŁİĎ, łăł áăňĺå ãàăćŋěŋĺľ ĄŚ ć ńěáŋĺçŋőň ŕàĺąńĺęěŋĺĺ (ć âőň çĺáńě [63], [64]), âăł ĺ ĺå őďŋőćàěňěŋŋë́å (łćăğĺŕőâěŋæĺăńìŋëå) ăŋăńőčőć [74], ïćńïîâáï âěň ĺńĺ ĺŋëň áŕőáőąőň àěńïâĺćĺğăæĺĺ ćáě âőčő ęě ŋěàěńïâĺćĺáâáłőčő łãńőŋőćáłőčő àěèěŋĺï ďńï ăâőňă ćőďőàőďă [72]. Ś ďàãčőľ áâőàőŋë, ňăáèâăą áőąáâćěŋŋő łćăŋâőćőŕőńěćőčő ŕàőæěááă e^+e^− -ăŋŋĺčĺńïæĺĺ, – łőňŕâőŋőćáłăï ďńĺŋă ćőńŋë íńěłâàőŋă, ć ŁİĎ ć 137 àăğ ňěŋìèě ąőàőćáłőčő àăďĺãáă áőőâćěâáâćãîéěčő áćïğăŋŋőčő áőáâőïŋĺï. Šăłăï ĺěàăàåĺï ňăáèâăąőć ŕőğćőńïěâ, á őďŋőľ áâőàőŋë, ŕàĺ őŕàěďěńěŋĺĺ áćïğăŋŋőčő áőáâőïŋĺï, ć ŕěàćőň ŕàĺąńĺęěŋĺĺ ŕàěŋěąàěçì ěčő ăŋŋĺčĺńïæĺěľ, ă, á ďàãčőľ áâőàőŋë, ŕőğćőńïěâ ŋě őâńĺçăâì ”âőçěçŋãî” ăŋŋĺčĺńïæĺî áćïğăŋŋëå e^+e^− őâ ăŋŋĺčĺńïæĺĺ áćőąőďŋëå [70], [73]. Ŕőńăčăï, çâő, ŕàĺ ŕőďåőďïéěň ćëąőàě ”ďĺăčőŋăńĺğãîéĺå łőŋáâĺâãěŋâőć”, íâă łăçěáâćěŋŋăï łăàâĺŋă äőàňĺàőćăŋĺï áćïğăŋŋëå áőáâőïŋĺľ ďőńęŋă âăł ĺńĺ ĺŋăçě ćőáŕàőĺğćőďĺâìáï ć ńîąőľ łćăŋâőćőľ âěőàĺĺ ŕőńï, ŋěĺğąěęŋő ŕàĺåőďĺň ł ğăłńîçěŋĺî, çâő őŋĺ äőàňĺàãîâáï, ć ŕěàćãî őçěàěďì, ”ãŕàãčĺňĺ” ćłńăďăňĺ, áőďěàęăéĺňĺ őďĺŋăłőćőě çĺáńő őŕěàăâőàőć àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï ”ďĺăčőŋăńĺğãîéĺå łőŋáâĺâãěŋâőć”, ă ŋě ăŋŋĺčĺńïæĺőŋŋëňĺ (äńãłâãăæĺőŋŋëňĺ) çńěŋăňĺ ć ěě čăňĺńìâőŋĺăŋě, ĺğňěŋïîéĺňĺ çĺáńő íâĺå çăáâĺæ.

Ś ďàãčőľ áâőàőŋë, åőàőèő ĺğćěáâŋő, çâő àěèěŋĺï ãàăćŋěŋĺľ Čěľğěŋąěàčă ïćńïîâáï őŕěàăâőàŋëňĺ őąőąéěŋŋëňĺ äãŋłæĺïňĺ, ŕàőĺğćěďěŋĺě łőâőàëå ãęě ć áăňĺå ãàăćŋěŋĺïå ŕńőåő őŕàěďěńěŋő, âőčďă łăł łőààěłâŋőě őŕàěďěńěŋĺě ãàăćŋěŋĺľ ŕőńï ŕőďàăğãňěćăěâ ğŋăŋĺě łăçěáâćěŋŋëå áćőľáâć

—13— ĺå àěèěŋĺľ, łőâőàëě, ć áćőî őçěàěďì, ćěáìňă áĺŋčãńïàŋëň őąàăğőň ğăćĺáïâ őâ ćĺďă íâĺå ãàăćŋěŋĺľ [75]-[80] (ďăńěě ćáîďã h̄ = 1):

i∂_tΨ_α(x, t) = [Ψ_α(x, t) , H{Ψ}] =⇒?! (0.1)

Ŕőďåőď áâăŋďăàâŋőľ âěőàĺĺ ćőğňãéěŋĺľ őáŋőćăŋ ŋă ŕàěďŕőńőęěŋĺĺ, çâő ŕàőĺğćěďěŋĺě čěľğěŋąěàčőćáłĺå ŕőńěľ ňőęěâ ąëâì őŕàěďěńěŋő çěàěğ ŕàőĺğćěďěŋĺě ĺáåőďŋëå áćőąőďŋëå ŕőńěľ, ă àěèěŋĺï čěľğěŋąěàčőćáłĺå ãàăćŋěŋĺľ ňőčãâ ąëâì ŕőáâàőěŋë ŕő âěőàĺĺ ćőğňãéěŋĺľ ć ŕàěďáâăćńěŋĺĺ ćğăĺňőďěľáâćĺï ć ŕàőáâàăŋáâćě Ťőłă ŕěàěŋőàňĺàőćăŋŋëå (ŕő âěőàĺĺ ćőğňãéěŋĺľ) áćőąőďŋëå ŕőńěľ [76], [81]. Őďŋăłő, ŋă íâőň ŕãâĺ áńőęŋő ĺňěâì ďěńő á ŋěŕěàěŋőàňĺàãěňëňĺ (ŕő âěőàĺĺ ćőğňãéěŋĺľ), ć çăáâŋőáâĺ, 4-å äěàňĺőŋŋëňĺ ňőďěńïňĺ ĺ ŕőńãçăâì őŕĺáăŋĺě áćïğăŋŋëå áőáâőïŋĺľ ĺ ãłăğăŋŋëå ćëèě ŋěŕěàâãàąăâĺćŋëå íääěłâőć, ă áăňő áãéěáâćőćăŋĺě ŕàěďáâăćńěŋĺï ćğăĺňőďěľáâćĺï őłăğëćăěâáï ğăŕàěéěŋő âěőàěňőľ Ţăăčă.

Ŕőíâőňã, ğďěáì ŕàěďáâăćńïěâáï ąőńěě ãňěáâŋëň ąőńěě ŕőáńěďőćăâěńìŋőě ĺáŕőńìğőćăŋĺě ŕàőæěďãàë łăŋőŋĺçěáłőčő łćăŋâőćăŋĺï [76], [79], [82], ŕàĺňěŋĺňőľ, ć àăćŋőľ áâěŕěŋĺ, łăł ł ŕěàěŋőàňĺàãěňëň, âăł ĺ ł ŋěŕěàěŋőàňĺàãěňëň (ŕő âěőàĺĺ ćőğňãéěŋĺľ) áĺŋčãńïàŋëň âěőàĺïň ŕőńï.

Šăłăï ŕőŕëâłă ŕàěďŕàĺŋïâă ć ŋăáâőïéěľ àăąőâě. Řăğćĺćăěňëľ ŕőďåőď, ĺáŕőńìğãěâ ĺďěî àăğńőęěŋĺï Ţăăčă ĺńĺ ”ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï”, áćőďïéěčő ŕàőĺğćěďěŋĺï čěľğěŋąěàčőćáłĺå ŕőńěľ ł ŋőàňăńìŋő ãŕőàïďőçěŋŋëň ŕàőĺğćěďěŋĺïň ćëąàăŋŋëå őŕàěďěńěŋŋëň őąàăğőň äĺğĺçěáłĺå ŕőńěľ, ĺ âěáŋő áćïğăŋ á ŕàőæěďãàőľ ”őďěćăŋĺï” Ń.Ď.Ťăďďěěćă. Ŕőďőąŋëě ňěâőďë ąěàãâ ŋăçăńő ć àăąőâăå Ř.Ţăăčă [84], Ń.Ď.Ťăďďěěćă [85], Ň.Ĺ.Ÿĺàőłőćă [86]-[89], ĺ ďà. [90], ĺ àăğćĺćăńĺáì Ă.Ś.Ÿćăàæěň [91], Ţ.Şňěďğăćőľ á áőâàãďŋĺłăňĺ [92], ĺ Ő.Ć.Čàĺŋąěàčőň [94]-[96].

Ŕàőąńěňă ŕàĺďăŋĺï áňëáńă čěľğěŋąěàčőćáłőňã ŕőńî àăáŕăďăěâáï, âăłĺň őąàăğőň, ŋă ďćě çăáâĺ.

—14— Ŕěàćăï çăáâì áőáâőĺâ ć ćëąőàě ŕàěďáâăćńěŋĺï łőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ, ć ŕàőáâàăŋáâćě łőâőàőčő čăňĺńìâőŋĺăŋ ïćńïńáï ąë áăňőáőŕàïęěŋŋëň őŕěàăâőàőň [91]. Ďńï íâőčő ďőáâăâőçŋő ŕőáâàőěŋĺï őŕěàăâőàŋőľ àěăńĺğăæĺĺ (0.2) ŋăçăńìŋëå čěľğěŋąěàčőćáłĺå ŕőńěľ Ψ(x, t_0) çěàěğ ŋăçăńìŋëě äĺğĺçěáłĺě ŕőńï ψ(x, t_0) = ψ[A], łőâőàăï, á őďŋőľ áâőàőŋë, ąëńă ąë ”łăł-âő” áőčńăáőćăŋă á őďŋőćàěňěŋŋë́ňĺ łăŋőŋĺçěáłĺňĺ (ăŋâĺ) łőňňãâăæĺőŋŋëňĺ áőőâŋőèěŋĺïňĺ ((ŁĂŚ), ŁŁŚ) łăł ďńï čěľğěŋąěàčőćáłĺå Ψ(x, t), âăł ĺ ďńï äĺğĺçěłĺå ŕőńěľ ψ(x, t):

Ψ(x, t_0) =⇒ Ψ[ψ(x, t_0)], (0.2) {Ψ_α(x, t) , Ψ^†_β(y, t)} = δ_3(x − y) δ_{αβ} = {ψ_α(x, t) , ψ^†_β (y, t)}, (0.3) {Ψ_α(x, t) , Ψ_β(y, t)} = 0 = {ψ_α(x, t) , ψ_β (y, t)}, {A_α(k) , A^†_β (q)} = δ_3(k − q) δ_{αβ}, {A_α(k) , A_β(q)} = 0; (0.4)

ă, á ďàãčőľ áâőàőŋë, ďőńęŋă ąëâì ăááőæĺĺàőćăŋă á őŕàěďěńěŋŋőľ őŕěàăâőàŋőľ àěăńĺğăæĺěľ ďńï ğăďăŋŋőčő äãŋłæĺőŋăńőň ŕőńěľ Ψ(x, t) čăňĺńìâőŋĺăŋă:

H{Ψ(x, t)} =⇒ H[A], (0.5) ŕàĺćőďïéěľ ł ěďĺŋáâćěŋŋőňã áâăąĺńìŋőňã ćăłããňã |0⟩ ĺ áâăąĺńìŋőňã őďŋőçăáâĺçŋőňã áőáâőïŋĺî | 1, k⟩ á őŕàěďěńěŋŋëň áŕěłâàőň E(k) [91]:

H[A] |0⟩ = Vw_0 |0⟩; A_α(k) |0⟩ = 0; V − őąêěň ŕàőáâàăŋáâćă; (0.6) [ H, A^†_α(k)^] |0⟩ = E(k)A^†_α(k) |0⟩ = E(k) | 1, k⟩ = (H − V w_0) | 1, k⟩. (0.7)

İâő ŕőğćőńïěâ, ćő-ŕěàćëå, ć łăçěáâćě ąăğĺáă ďńï ŕőáâàőěŋĺï áěŕăàăąěńìŋőčő čĺńìąěàâőćă ŕàőáâàăŋáâćă ŕàěďáâăćńěŋĺï ĺáŕőńìğőćăâì äőłőćáłőě ŕàőáâàăŋáâćő, ŋăâïŋãâőě ŋă ćăłããň ĺ ŕàïňëě ŕàőĺğćěďěŋĺï áőąáâćěŋŋëå őďŋőçăáâĺçŋëå áőáâőïŋĺľ ŕőńŋőčő čăňĺńìâőŋĺăŋă, ĺ ŕőáńěďőćăâěńìŋő őŕàěďěńïâì ć ŋěň ďĺŋăňĺłã 2,3,...n – çăáâĺçŋëå ćőğňőęŋëå áőą-

—15— áâćěŋŋëå áőáâőïŋĺľ ŕőńŋőčő čăňĺńìâőŋĺăŋă, ĺğąěčăï âàãďŋőáâěľ áćïğăŋŋëå á âěőàěňőľ Ţăăčă [75]-[83]. Ćő-ćâőàëå, ŕőáłőńìłã àăááňăâàĺćăěňëľ ŕőńŋëľ čăňĺńìâőŋĺăŋ ŕő őŕàěďěńěŋĺî ŋě ğăćĺáĺâ őâ ćàěňěŋĺ, őŋ ĺňěěâ őďĺŋ ĺ âőâ ęě ćĺď ć âěàňĺŋăå čěľğěŋąěàčőćáłĺå ĺ ŋăçăńìŋëå ŕőńěľ, ă áăňĺ čěľğěŋąěàčőćáłĺě ŕőńï ŕőńãçăîâáï ŕàőáâëň áďćĺčőň ŕő ćàěňěŋĺ ŋăçăńìŋëå ŕőńěľ, čěŋěàăâőàőň łőâőàőčő ïćńïěâáï ŕőńŋëľ čăňĺńìâőŋĺăŋ.

Šăłĺň őąàăğőň, äĺğĺçěáłĺě ŕőńï, – íâő, ŕő őŕàěďěńěŋĺî, őďŋőçăáâĺçŋëě ŕőńï, ŕőáâàőěŋŋëě ŕő ćëąàăŋŋőňã ćăłããňã (0.6) ĺ őďŋőçăáâĺçŋőňã áŕěłâàã ŕőńŋőčő čăňĺńìâőŋĺăŋă (0.7), áőąáâćěŋŋëě ďńï ěčő łćăďàăâĺçŋőľ łĺŋěâĺçěáłőľ çăáâĺ ĺ ”ňăłáĺňăńìŋő” ďĺăčőŋăńĺğãîéĺě ěčő ć ćëáèĺå áěłâőàăå, ěáńĺ âőńìłő âăłőćëě ĺňěîâáï.

Ćëďěńïîâáï ďćă áãéěáâćěŋŋő àăğńĺçŋëå ćëąőàă ŋăçăńìŋőčő ňőňěŋâă ćàěňěŋĺ t_0, ŕàĺćőďïéĺå, áőőâćěâáâćěŋŋő, ł ŕàĺŋæĺŕĺăńìŋő àăğńĺçŋëň ŋăąőàăň äĺğĺçěáłĺå ŕőńěľ:

(Čàĺŋąěàč, Şňěďğăćă) t_0 → −∞ : (Ťăďďěěć, Ÿĺàőłőć) t_0 = 0 : ŋěőŕěàăâőàŋőě ŋăçăńìŋőě ãáńőćĺě őŕěàăâőàŋőě ŋăçăńìŋőě ãáńőćĺě (w) lim_{t→−∞}⟨a | Ψ(x, t) − ψ_{in}(x, t) | b⟩ = 0 (s) lim_{t→0} Ψ(x, t) = Ψ [ψ(x.0)] {ψ_{in}[A_{in}]} = ŋěŕőńŋőě ŕàőáâàăŋáâćő Ťőłă {ψ[A]} = ŕőńŋőě ŕàőáâàăŋáâćő Ťőłă ŋěőąåőďĺňő ŋőćőě ŕőńě V_{in} ďńï łăęďőčő őâáãâáâćĺě ďőŕőńŋĺâěńìŋëå ŕőńěľ ŋőćőčő áćïğăŋŋőčő áőáâőïŋĺï ďńï áćïğăŋŋëå áőáâőïŋĺľ ^H^{(w)}= ^H_0{A_{in}} + ^H_0{V_{in}}+? . . . , (⋆) ^H^{(s)}= ^H_0{A} + ^H_I {A}, (⋆⋆) Ğďěáì | a⟩, | b⟩ ŕàőĺğćőńìŋëě ŋőàňĺàãěňëě áőáâőïŋĺï; A-őŕěàăâőàë àőęďěŋĺï, ãŋĺçâőęěŋĺï äĺğĺçěáłĺå áőáâőïŋĺľ; (w) ĺ (s) őâňěçăîâ áńăąëě ĺ áĺńìŋëě (őŕěàăâőàŋëě) àăćěŋáâćă áőőâćěâáâćěŋŋő.

Ďĺăčőŋăńìŋëě őŕěàăâőàŋëě àěăńĺğăæĺĺ á âàěąãěňëňĺ áćőľáâćăňĺ (0.5)– (0.7) ćĺďă (⋆⋆) ćáěčďă áãéěáâćãîâ, ŕő łàăľŋěľ ňěàě, ďńï ŋěàěńïâĺćĺáâáłĺå (ŋěłőćăàĺăŋâŋëå) ňőďěńěľ âĺŕă Ńĺ [76], [92]. Ŕàĺçěň, łăł ŕőłăğăŋő ć čńăćě 4 ŋăáâőïéěľ àăąőâë, ďńï ŋĺå őłăğëćăěâáï ćőğňőęŋëň, æěŋőľ áŕőŋâăŋŋőčő ŋăàãèěŋĺï őďŋőľ ĺğ ćŋãâàěŋŋĺå áĺňňěâàĺľ, őąêěďĺŋĺâì ć

—16— őďŋőň ŕőńě ĺ őŕěàăâőàë àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï; ďńï äěàňĺőŋőć âăłăï őŕěàăâőàŋăï àěăńĺğăæĺï (0.2) ňőęěâ ďăćăâìáï, ŋăŕàĺňěà, ŕàěőąàăğőćăŋĺěň Ąőčőńîąőćă (4.15), ĺğňěŋïîéĺň čńãąĺŋã ”ďĺàăłőćáłőčő ŕőďćăńă” ďńï őâďěńìŋëå łőňŕőŋěŋâ äěàňĺőŋŋőčő ŕőńï.

Ďńï àěńïâĺćĺáâáłĺ łőćăàĺăŋâŋëå ňőďěńěľ ŋăńĺçĺě âăłőľ őŕěàăâőàŋőľ àěăńĺğăæĺĺ, ŕő-ćĺďĺňőňã ćáěčďă, őğŋăçăěâ ĺńĺ áĺńìŋãî (őŕěàăâőàŋãî), ĺńĺ áńăąãî (ŋă ňăâàĺçŋëå íńěňěŋâăå), íłćĺćăńěŋâŋőáâì ěě łăłőľ ńĺąő áćőąőďŋőľ âěőàĺĺ ŕőńï (⋆).

Ŕàĺ ŕőáâàőěŋĺĺ âěőàĺĺ ćőğňãéěŋĺľ ć ŕàěďáâăćńěŋĺĺ ćğăĺňőďěľáâćĺï [76], [81], ŕàěďŕőńăčăěâáï, çâő ć ňőňěŋâ t_0 = 0 ŕàěďáâăćńěŋĺě ŁŁŚ ďńï čěľğěŋąěàčőćáłĺå ŕőńěľ ňőęŋő ćëąàăâì áőćŕăďăîéĺň á äőłőćáłĺň ŕàěďáâăćńěŋĺěň ďńï áćőąőďŋëå ŕőńěľ ψ^{(0)}. Őďŋăłő, ďńï ŕőńï ψ^{(0) [}A^{(0)]}, áőďěàęăéěčő ćňěáâě őŕěàăâőàë ĺ àőęďěŋĺï A^{(0)†} ĺ ãŋĺçâőęěŋĺï A^{(0)} íâő ğăŕàěéěŋő ŋěŕőáàěďáâćěŋŋő âěőàěňőľ Ţăăčă [82], ěáńĺ âőńìłő ŕőńŋëľ čăňĺńìâőŋĺăŋ ŋě áőćŕăďăěâ áő áćőąőďŋëň čăňĺńìâőŋĺăŋőň íâĺå ŕőńěľ.

Śâőńì ęěáâłăï áőćňěáâĺňőáâì ŕàőæěďãàë łćăŋâőćăŋĺï á àěńïâĺćĺáâáłőľ łőćăàĺăŋâŋőáâìî, – äăłâĺçěáłĺ, âőńìłő ŋă áćőąőďŋëå âěőàĺïå ŕőńï, ŕőąãęďăěâ őâłăğăâìáï ńĺąő őâ ïćŋőčő áőąńîďěŋĺï íâőľ łőćăàĺăŋâŋőáâĺ ŕàĺ őŕĺáăŋĺï áćïğăŋŋëå áőáâőïŋĺľ łăł áőáâăćŋëå őąìěłâőć ć łćăŋâőćőľ âěőàĺĺ ŕőńï, ńĺąő, âăł ĺńĺ ĺŋăçě, ŕőęěàâćőćăâì ćáě ęě âőçŋőľ őŕěàăâőàŋőľ ďĺăčőŋăńĺğãěňőáâìî ŕőńŋőčő čăňĺńìâőŋĺăŋă (áňőâàĺ čńăćã 3).

Ďàãčőľ åăàăłâěàŋőľ çěàâőľ ćâőàĺçŋő łćăŋâőćăŋŋëå âěőàĺľ ďńï áĺáâěň á ąěáłőŋěçŋëň çĺáńőň áâěŕěŋěľ áćőąőďë, âăłęě âěáŋő áćïğăŋŋőľ á âěőàěňőľ Ţăăčă [84], ïćńïěâáï ŋěáçěâŋőáâì ąăğĺáă ć ŕàőáâàăŋáâćě ďőŕãáâĺňëå łćăŋâőćëå áőáâőïŋĺľ ĺ, łăł áńěďáâćĺě, ŋăńĺçĺě ć âěőàĺĺ ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëå ŕàěďáâăćńěŋĺľ ŁŁŚ ďńï őŕěàăâőàőć àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï çăáâĺæ [92], [83], ć âőň áňëáńě, çâő ąăğĺáŋëě ćěłâőàă őďŋőčő ŕàěďáâăćńěŋĺï ŋě ïćńïîâáï ńĺŋěľŋőľ áãŕěàŕőğĺæĺěľ ąăğĺáŋëå ćěł-

—17— âőàőć ďàãčőčő ŕàěďáâăćńěŋĺï. Šàěąőćăŋĺě ěďĺŋáâćěŋŋőáâĺ ćăłããňă (0.6) ćëďěńïěâ ŕàěďáâăćńěŋĺï Ťőłă, ć łőâőàëå ŕàőáâő łőŋâàőńĺàőćăâì áăňőáőŕàïęěŋŋőáâì (čăňĺńìâőŋĺăŋă), ŋő őŋő ŋě ïćńïěâáï, ćőőąéě čőćőàï, ŋěőąåőďĺňëň.

Ćőğňőęŋőáâì ćëàőęďěŋĺï ćăłããňŋëå áőáâőïŋĺľ ŕàĺćőďĺâ ł áŕőŋâăŋŋőňã ŋăàãèěŋĺî áĺňňěâàĺĺ ĺ ŕőïćńěŋĺî ć âěőàĺĺ čőńďáâőãŋőćáłĺå ąőğőŋőć. Ć őâáãâáâćĺě äãŋďăňěŋâăńìŋëå áłăńïàŋëå ŕőńěľ ŋăàãèěŋĺě őáãéěáâćńïěâáï ďĺŋăňĺçłáłĺ ĺ ŕàőïćńïěâáï çěàěğ ŋěŋãńěćëě ćăłããňŋëě áàěďŋĺě őŕěàăâőàőć áőőâćěâáâćãîéĺå áőáâăćŋëå áőáâőïŋĺľ,– äěàňĺőŋŋëě łőŋďěŋáăâë. Ğăňěâĺň, çâő ĺŋâěàŕàěâăæĺï čőńďáâőãŋőćáłĺå ąőğőŋőć, łăł őąëçŋëå áćïğăŋŋëå áőáâőïŋĺľ áâăńłĺćăěâáï á őŕàěďěńěŋŋëňĺ âàãďŋőáâïňĺ. Ć àěńïâĺćĺáâáłőľ âěőàĺĺ íâő – ąěğňăááőćőáâì ĺ, áńěďőćăâěńìŋő, őâáãâáâćĺě ďńï ŋĺå áĺáâěňë ŕőłőï, â.ě. őâáãâáâćĺě áĺáâěňë æěŋâàă ňăáá ďńï áőáâăćńïîéĺå çăáâĺæ. Łăğăńőáì ąë, ć ŋěàěńïâĺćĺáâáłőľ âěőàĺĺ ŕőńï, čďě ãáńőćĺě àăćěŋáâćă ŋãńî íŋěàčĺĺ čőńďáâőãŋőćáłőčő ąőğőŋă ŕàĺ ŋãńěćőň ĺňŕãńìáě ńěčłő ãďőćńěâćőàïěâáï őąëçŋëň ŋěàěńïâĺćĺáâáłĺň áŕěłâàőň, ŋĺłăłĺå ŕàőąńěň á ŋĺň ąëâì ŋě ďőńęŋő. Őďŋăłő, ŕàĺ ďěâăńìŋőň àăááňőâàěŋĺĺ ćëïáŋïěâáï, çâő, łăł áćïğăŋŋőňã áőáâőïŋĺî á ŋãńěćőľ íŋěàčĺěľ áćïğĺ ŕàĺ ŋãńěćőň ãčńőćőň ňőňěŋâě, ěňã ŋěâ ňěáâă ĺ áàěďĺ őąëçŋëå ŋőàňĺàãěňëå àěèěŋĺľ ãàăćŋěŋĺï Ÿàěďĺŋčěàă á ŕàőĺğćőńìŋëň łőàőâłőďěľáâćãîéĺň ŕőâěŋæĺăńőň, ãďőćńěâćőàïîéĺň ãáńőćĺïň âěőàěňë Ńěćĺŋáőŋă [98]. Ŕàőïćńěŋĺěň âőçěçŋőčő åăàăłâěàă íääěłâĺćŋőčő ŕőâěŋæĺăńă 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï, äőàňĺàãîéěčő čőďáâőãŋőćáłőě áőáâőïŋĺě, ňőęŋő áçĺâăâì, ć çăáâŋőáâĺ, âő, çâő łőňŕâőŋőćáłăï ďńĺŋă ćőńŋë íâőľ çăáâĺæë ğŋăçĺâěńìŋő ąőńìèě ěě åăàăłâěàŋőčő àăğňěàă ĺ ěě ćőńŋőćăï äãŋłæĺï ĺňěěâ åăàăłâěà ďěńìâă-äãŋłæĺĺ [52]-[55]. Łăł ŕőłăğăŋő ć čńăćăå 5, 6, ďńï ďőáâăâőçŋő áĺńìŋő áĺŋčãńïàŋőčő âőçěçŋőčő ŕőâěŋæĺăńă ć âěőàĺĺ àăáèĺàěŋĺľ őâłàëćăěâáï ŋőćăï ćőğňőęŋőáâì

—18— ĺŋâěàŕàěâăæĺĺ âăłőľ čőńďáâőãŋőćáłőľ ňőďë, łăł áőąáâćěŋŋőčő àěèěŋĺï ć àăáèĺàěŋŋőň ŕàőáâàăŋáâćě áőáâőïŋĺľ á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ.

Őâőąàăęěŋĺě őďŋőčő ŕàěďáâăćńěŋĺï ŁŁŚ ŋă ďàãčőě, ćőőąéě čőćőàï, ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋőě ŕěàćőňã, ŋě ïćńïěâáï, ćőőąéě čőćőàï, ĺğőňőàäĺğňőň [99]. Őďŋăłő, ć áńãçăě, łőčďă őďŋő ĺğ íâĺå ŕàěďáâăćńěŋĺľ ěáâì ŕàěďáâăćńěŋĺě čěľğěŋąěàčőćáłĺå ŕőńěľ ć ŕàőĺğćőńìŋëľ ňőňěŋâ ćàěňěŋĺ t, ă ďàãčőě, – ŕàěďáâăćńěŋĺě äĺğĺçěáłĺå ŕőńěľ ć äĺłáĺàőćăŋŋëľ ňőňěŋâ ćàěňěŋĺ t_0, âăłőě őâőąàăęěŋĺě ŋőáĺâ ŋăğćăŋĺě ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï [92]. Šăł łăł ďĺŋăňĺçěáłĺě ãàăćŋěŋĺï łćăŋâőćőľ âěőàĺĺ ŕőńï ŕĺèãâáï ďńï čěľğěŋąěàčőćáłĺå őŕěàăâőàőć, ă ŋăąńîďăěňëě ćěńĺçĺŋë ćëàăęăîâáï ĺå ňăâàĺçŋëňĺ íńěňěŋâăňĺ ŕő äĺğĺçěáłĺň áőáâőïŋĺïň, ŕőáâàőěŋŋëň ŋăď äĺğĺçěáłĺň ćăłããňőň ć âěàňĺŋăå őŕěàăâőàőć äĺğĺçěáłĺå ŕőńěľ, âő ńîąãî łćăŋâőćő-ŕőńěćãî ğăďăçã ňőęŋő, âăłĺň őąàăğőň, áćěáâĺ ł ğăďăçě őŕàěďěńěŋĺï čěľğěŋąěàčőćáłĺå őŕěàăâőàőć ć ŕàěďáâăćńěŋĺĺ äĺğĺçěáłĺå ŕőńěľ. Ćëąőà íâőčő ŕàěďáâăćńěŋĺï ŋěěďĺŋáâćěŋŋěŋ ĺ őŕàěďěńïěâáï ďőŕőńŋĺâěńìŋëňĺ ãáńőćĺïňĺ, áćïğăŋŋëňĺ áő áćőľáâćăňĺ ŕàőáâàăŋáâćă ĺŋâěàěáãěňëå äĺğĺçěáłĺå áőáâőïŋĺľ. Ć őâáãâáâćĺě áłőńì ŋĺąãďì ŕőńŋőčő őŕĺáăŋĺï ćáěå ćőğňőęŋëå ŕàěďáâăćńěŋĺľ ŁŁŚ [82], [93], ć őąéěň áńãçăě, őáâăěâáï ńĺąő ďěäőàňĺàőćăâì ĺáåőďŋëľ čăňĺńìâőŋĺăŋ, őâąàăáëćăï ć ŋěň ”ŕńőåĺě” – ŋěáőåàăŋïîéĺě çĺáńő çăáâĺæ (äńãłâãăæĺőŋŋëě [81]) çńěŋë, ńĺąő, ŕàěďŕőńőęĺć áãéěáâćőćăŋĺě ŕàěďáâăćńěŋĺï Ψ(x, t_0) á ŋãęŋëňĺ áćőľáâćăňĺ (0.3)-(0.7) (ŋő, ćőğňőęŋő, á ŋěěďĺŋáâćěŋŋëň ćăłããňőň), áőáàěďőâőçĺâìáï ŋă áńěďáâćĺïå âăłőčő áŕőáőąă łćăŋâőćăŋĺï, áćïğăŋŋëå ŋěŕőáàěďáâćěŋŋő ńĺèì á ćĺďőň äãŋłæĺőŋăńőć Ψ[ψ(x, t)] ĺ ψ[A] [92], [102]. Šăłăï ŕőáâăŋőćłă ğăďăçĺ àăááňőâàěŋă ć ŕěàćëå âàěå čńăćăå ŋăáâőïéěľ àăąőâë.

Ćâőàăï çăáâì ŕàőąńěňë, âăłĺň őąàăğőň, áőáâőĺâ ć ŕőáâàőěŋĺĺ áőőâćěâáâćãîéěčő ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï čěľğěŋąěàčőćáłĺå ŕőńěľ ŋă

—19— äĺğĺçěáłĺě ć ćĺďě áâěŕěŋŋőčő àïďă ŋőàňăńìŋëå ŕàőĺğćěďěŋĺľ äĺğĺçěáłĺå ŕőńěľ (àăğńőęěŋĺï Ţăăčă):

Ψ_α(x, t) = e^{iH(t−t0)} Ψ_α(x, t_0) e^{−iH(t−t0)} =⇒ N_ψ^{F^t_{t0} [ψ(x, t_0)]^} = N_A^{{ ~}F^t_{t0}[A]^} , (0.8) łőâőàőě, łăł ŕőłăğăŋő ć ďăŋŋőľ àăąőâě, ďńï t- ńőłăńìŋëå ćğăĺňőďěľáâćĺľ, ć áńãçăě łőŋěçŋëå t_0, àěèăěâ ŕàőąńěňã ďőőŕàěďěńěŋĺï ŕàőĺğćěďěŋĺï čěľğěŋąěàčőćáłĺå ŕőńěľ ŕãâěň äĺłáăæĺĺ (âőńìłő ć čăňĺńìâőŋĺăŋě!) ŕàőæěďãàë őďŋőćàěňěŋŋő́čő ãŕőàïďőçěŋĺï [čěľğěŋąěàčőćáłĺå ŕőńěľ, őďŋőğŋăçŋő áćïğăŋŋőľ á åőàőèő őŕàěďěńěŋŋëň ŋőàňăńìŋëň ãŕőàïďőçěŋĺěň] äĺğĺçěáłĺå ŕőńěľ. Őŕěàăâőàŋăï àěăńĺğăæĺï (0.2) ĺčàăěâ, őçěćĺďŋő, àőńì ŋăçăńìŋőčő ãáńőćĺï ł íâőľ ğăďăçě.

Ŋěáňőâàï ŋă ćŋěèŋîî äőàňăńìŋãî ŕàőáâőâã (0.8) ĺ, łăğăńőáì ąë, ŕő áãâĺ âěåŋĺçěáłĺľ åăàăłâěà, íâă çăáâì ŕàőąńěňë, łăł ŕőłăğëćăěâ ěě őąáãęďěŋĺě ć ŕěàćőľ čńăćě ďăŋŋőľ àăąőâë, ãęě ďńï őďŋőľ ĺ âőľ ęě ňőďěńĺ âàěąãěâ őâďěńìŋőčő àăááňőâàěŋĺï ďńï àăğńĺçŋëå ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ ĺ ňőęěâ ŕőàőęďăâì ŕàĺŋæĺŕĺăńìŋëě őèĺąłĺ ďăęě ć áěàìěğŋëå ňőŋőčàăäĺïå ŕő ŁŠŔ [92].

Ć ŋěďăćŋĺå àăąőâăå Čàĺŋąěàčă [94]-[96], ćáńěď ğă Şňěďğăćőľ ĺ ďà. [92] áďěńăŋă ĺŋâěàěáŋăï ŕőŕëâłă áőğďăŋĺï ŋă őáŋőćě ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ŋă ”in”- ŕőńï íääěłâĺćŋőčő ćëçĺáńĺâěńìŋőčő ňěâőďă ŋěŕěàâãàąăâĺćŋőčő ăŋăńĺğă ć łćăŋâőćőľ âěőàĺĺ ŕőńï. Ěčő ŕàěĺňãéěáâćă őąãáńőćńěŋë âěň, çâő áőőâćěâáâćãîéĺě łőíääĺæĺěŋâŋëě äãŋłæĺĺ őâćěçăîâ ”ňĺŋĺňăńìŋőňã” áåőďã á ňăááőćőľ ŕőćěàåŋőáâĺ ńĺèì ŕő őďŋőľ ĺğ çăáâĺæ, ăćâőňăâĺçěáłĺ áőőâćěâáâćãîâ áćïğŋëň čàăäăň ĺ ďăîâ őďŋőćàěňěŋŋő âàěåňěàŋőě ĺ łőćăàĺăŋâŋőě őŕĺáăŋĺě, ŋě áâăńłĺćăïáì á ŕàőąńěňőľ őâŋőáĺâěńìŋőčő ćàěňěŋĺ, ć őâńĺçĺě őâ Ąěâě-Śőńŕĺâěàőćáłőčő ŕőďåőďă. Ŕőïćńěŋĺě ďőŕőńŋĺâěńìŋëå in − (out) őŕěàăâőàőć áćïğăŋŋëå áőáâőïŋĺľ (⋆) őąãáńőćńěŋő ŋěáőåàăŋěŋĺěň ŁŁŚ ć áńãçăě áńăąëå (w) ŋăçăńìŋëå ãáńő-

—20— ćĺľ ĺ ŕőğćőńïěâ łăł àăğ áőčńăáőćăâì ŁŁŚ ďńï čěľğěŋąěàčőćáłĺå ĺ ăáĺňŕâőâĺçěáłĺå ŕőńěľ [92]. Ŕőáłőńìłã, ć âěàňĺŋăå íâĺå ăáĺňŕâőâĺçěáłĺå ŕőńěľ ŕőńŋëľ čăňĺńìâőŋĺăŋ, ŕő őŕàěďěńěŋĺî, ćëčńïďĺâ ć áńăąőň áňëáńě łăł áćőąőďŋëľ [81], âő, łăğăńőáì ąë, ěáâěáâćěŋŋő ćëąàăâì íâĺ ŕőńï ć łăçěáâćě äĺğĺçěáłĺå. Šăłőľ ŕőďåőď, âěáŋő áćïğăŋŋëľ á S- ňăâàĺçŋőľ ŕőáâăŋőćłőľ ğăďăçĺ àăááěïŋĺï, ïćńïěâáï čőáŕőďáâćãîéěľ ŕăàăďĺčňőľ ć łćăŋâőćőľ âěőàĺĺ ŕőńï ãęě ŋă ŕàőâïęěŋĺĺ ňŋőčĺå ńěâ. Šàãďŋőáâì ěčő, őďŋăłő, áőáâőĺâ ć âőň, çâő ĺňěŋŋő ŕàĺ ŋăńĺçĺĺ áćïğăŋŋëå áőáâőïŋĺľ ŕőńŋëľ ŋăąőà ăáĺňŕâőâĺçěáłĺå in − (out) ŕőńěľ őłăğëćăěâáï èĺàě ŕőńŋőčő ŋăąőàă čěľğěŋąěàčőćáłĺå (ĺńĺ èàěďĺŋčěàőćáłĺå) ŕőńěľ ĺ ïćńïěâáï ğăàăŋěě ŋěĺğćěáâŋëň [92]! Ć çăáâŋőáâĺ, ŋě ĺğćěáâŋë ŋĺ áŕěłâàë áćïğăŋŋëå áőáâőïŋĺľ, äĺčãàĺàãîéĺå ć íâőň ăáĺňŕâőâĺçěáłőň čăňĺńìâőŋĺăŋě (⋆), ŋăŕàĺňěà, ćĺďă (1.93), ŋĺ áăňő ĺå łőńĺçěáâćő. İâă ŕàőąńěňă ŕàĺőąàěâăěâ őáőąãî őáâàőâã ć ŁŢĎ, čďě äĺğĺçěáłĺě łćăàłĺ, ěáńĺ ĺ áãéěáâćãîâ, âő ŋě ňőčãâ ąëâì ŕőńãçěŋë ĺğ ğăâàăćőçŋëå łćăàłőćëå ŕőńěľ ŕő âěőàĺĺ ćőğňãéěŋĺľ [100], [101]. İâő ŕőąãęďăěâ ć ďăŋŋőľ àăąőâě ćëąàăâì ć łăçěáâćě äĺğĺçěáłĺå ŕőńěľ èàěďĺŋčěàőćáłĺě ŕőńï, áőćŕăďăîéĺě á čěľğěŋąěàčőćáłĺňĺ ŕàĺ t = t_0 = 0.

Ŕàěďńăčăěňãî ğďěáì łőŋæěŕæĺî ŕàőąŋëå äĺğĺçěáłĺå ŕőńěľ, łăł ”ďĺăčőŋăńĺğãîéĺå łőŋáâĺâãěŋâőć”, ňőęŋő, âăłĺň őąàăğőň, àăááňăâàĺćăâì łăł ŕőŕëâłã áĺŋâěğă ĺğćěáâŋőľ łőŋæěŕæĺĺ łćăğĺçăáâĺæ [97] ĺ łőŋæěŕæĺĺ ăáĺňŕâőâĺçěáłĺå in−, (out−) ŕőńěľ [79], [80].

Űěńĺ àăąőâë.

• Řăğćĺâĺě ŋěŕěàâãàąăâĺćŋőčő ňěâőďă ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ ďńï ŋěŕěàěŋőàňĺàãěňëå ňőďěńěľ çěâëàěåäěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï ŕãâěň ŕőáńěďőćăâěńìŋőčő ĺáŕőńìğőćăŋĺï ŕàőæěďãàë łăŋőŋĺçěáłőčő łćăŋâőćăŋĺï.

—21— • Ćëïáŋěŋĺě áňëáńă łőíääĺæĺěŋâŋëå äãŋłæĺľ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ŋă èàěďĺŋčěàőćáłĺě ŕőńï á ŕőáńěďãîéĺň ĺáŕőńìğőćăŋĺěň ĺå ďńï àěèěŋĺï ğăďăçĺ ő àăááěïŋĺĺ ĺ áćïğăŋŋëå áőáâőïŋĺïå ć łőŋłàěâŋëå ňőďěńïå ŁŠŔ.

• Ŕőńãçěŋĺě ïćŋëå àěèěŋĺľ ďńï čěľğěŋąěàčőćáłĺå ŕőńěľ ć âěàňĺŋăå äĺğĺçěáłĺå ŕőńěľ.

• Ŕőáâàőěŋĺě ĺ ĺááńěďőćăŋĺě 4-å äěàňĺőŋŋëå ŕőńěćëå ňőďěńěľ, ďőŕãáłăîéĺå âőçŋëě àěèěŋĺï ĺ ŕàěďěńìŋëľ ŕěàěåőď Λ → ∞,

• Ŕőáâàőěŋĺě ŕőáńěďőćăâěńìŋőľ ŕàőæěďãàë ŕěàěŋőàňĺàőćłĺ ďńï ŋěŕěàěŋőàňĺàãěňëå (ć őąëçŋőň áňëáńě) ňőďěńěľ çěâëàěåäěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï ŋă ïğëłě Λ− őąàěğăŋĺï.

• Őąőáŋőćăŋĺě íâőľ ŕàőæěďãàë ŕěàěŋőàňĺàőćłĺ ć àăňłăå âěőàĺĺ áăňőáőŕàïęěŋŋëå àăáèĺàěŋĺľ á ćëåőďőň ć ŕàőáâàăŋáâćă á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ.

• Łăçěáâćěŋŋőě őŕĺáăŋĺě ńěčłĺå ăďàőŋőć, łăł áćïğăŋŋëå áőáâőïŋĺľ łćăàłőć ŋă őáŋőćě âăłĺå ňőďěńěľ 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï. Ŕěàćőőçěàěďŋőľ æěńìî ğďěáì ïćńïěâáï őâćěâ ŋă áăłàăňěŋâăńìŋëľ ćőŕàőá İ.Ťěàňĺ: ”Ůâő ęě ďńï íâőľ ğăďăçĺ ĺčàăěâ àőńì ăâőňă ćőďőàőďă?”

Ŕőíâőňã őáŋőćŋőě ĺğ ĺáŕőńìğãěňëå ŕàĺ íâőň ŕàĺąńĺęěŋĺľ, - íâő ŋěàěńïâĺćĺáâáłőě ŕàĺąńĺęěŋĺě, áďěńăŋő ć ŕàěďŕőńőęěŋĺĺ, çâő, ŕàĺ ŕőďåőďïéěň ćëąőàě ”łőŋáâĺâãěŋâőć”, ďĺăčőŋăńĺğãîéĺå čăňĺńìâőŋĺăŋ (áň. ŋĺęě), ĺáłőňëľ íääěłâ ”áćïğăŋŋőáâĺ” ŕő áćőěľ áãâĺ ďőńęěŋ ąëâì őďŋőćàěňěŋŋë́ň [47]-[60] ĺ áőåàăŋïâìáï ć áőőâćěâáâćãîéěň ŋěàěńïâĺćĺáâáłőň ŕàěďěńě.

—22— Ŕő íâőľ ęě ŕàĺçĺŋě ć őáŋőćã àăááňőâàěŋĺï ŕőńőęěŋă ŋěàěńïâĺćĺáâáłăï ŕőńěćăï ňőďěńì áő ćğăĺňőďěľáâćĺěň âĺŕă ”âőł ⊗ âőł”, łőâőàăï, ŕàĺ ŋăńĺçĺĺ ćğăĺňőďěľáâćĺï ćěłâőàŋëå âőłőć, áőďěàęĺâ őáŋőćŋëě ãńìâàăäĺőńěâőćëě àăáåőďĺňőáâĺ àěńïâĺćĺáâáłőľ ŕőńěćőľ ňőďěńĺ, áćïğăŋŋëě á áĺŋčãńïàŋëň åăàăłâěàőň ćğăĺňőďěľáâćĺï. Őďŋăłő, áőåàăŋěŋĺě (ŕàĺ ŕőďåőďïéěň ćëąőàě ďĺăčőŋăńĺğãîéĺå ”łőŋáâĺâãěŋâőć”) çĺáńă çăáâĺæ ŕőğćőńïěâ ïćŋő àěăńĺğőćăâì äőłőćáłőě ŕàőáâàăŋáâćő ĺ ŕěàěćěáâĺ ŕàőąńěňã ŋă ïğëł ŕőâěŋæĺăńìŋőľ âěőàĺĺ.

Ćâőàőě, ŋěïćŋő ĺáŕőńìğãěňőě ğďěáì ŕàěďŕőńőęěŋĺě, áőáâőĺâ ć âőň, çâő àăďĺãá ćğăĺňőďěľáâćĺï ďńï íâĺå ďĺăčőŋăńĺğãîéĺå ”łőŋáâĺâãěŋâőć” ĺ ĺå łőňŕâőŋőćáłăï ďńĺŋă ćőńŋë áçĺâăîâáï (łăł ĺ ďńï âïęěńëå łćăàłőć) ğŋăçĺâěńìŋő ňěŋìèě åăàăłâěàŋőčő ňăáèâăąă łőŋäăľňěŋâă ŁŢĎ. Šő ěáâì, ŕàĺ őŕàěďěńěŋĺĺ ĺå áćïğăŋŋëå áőáâőïŋĺľ łőŋäăľňěŋâ ŋě ãçĺâëćăěâáï, ĺå 4-å äěàňĺőŋŋőě ćğăĺňőďěľáâćĺě áçĺâăěâáï łőŋâăłâŋëň, ă áőőâćěâáâćãîéĺľ ŕőâěŋæĺăń, – âőçěçŋëň.

Ŋăãçŋăï ŋőćĺğŋă.

1. Ć ďĺááěàâăæĺĺ ćŕěàćëě ŕőáâàőěŋë âőçŋëě őŕěàăâőàŋëě àěèěŋĺï ďćãåçăáâĺçŋőčő áěłâőàă ďńï ŋěàěńïâĺćĺáâáłőľ 3D ňőďěńĺ 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï á ãçăáâĺěň ćěłâőàŋëå âőłőć, áő áŕőŋâăŋŋëň ŋăàãèěŋĺěň áĺňňěâàĺĺ, ďńï ŕőńěľ, áőďěàęăéĺå łăł őŕěàăâőàë àőęďěŋĺï âăł ĺ ãŋĺçâőęěŋĺï. Ŕőńãçěŋ ŕőńőęĺâěńìŋëľ őâćěâ ŋă ćőŕàőá ő áãéěáâćőćăŋĺĺ áćïğăŋŋëå áőáâőïŋĺľ ć íâőľ ňőďěńĺ ć ŕàěďěńě Λ → ∞.

2. Ďăŋő őąőáŋőćăŋĺě áőőâćěâáćãîéěľ ŕàőæěďãàë ŕěàěŋőàňĺàőćłĺ ”âőŋłőľ ŕőďáâàőľłőľ” ć àăňłăå âěőàĺĺ áăňőáőŕàïęěŋŋëå àăáèĺàěŋĺľ á ćëåőďőň ć ŕàőáâàăŋáâćă áőáâőïŋĺľ á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ ŕãâěň ïćŋőčő ŕőáâàőěŋĺï ŕőďåőďïéěľ àěďãłæĺĺ ŕàőáâàăŋáâćă Ŕőŋâàï-

—23— čĺŋă.

3. Şáâăŋőćńěŋă áćïğì čőńďáâőãŋőćáłőľ áâěŕěŋĺ áćőąőďë á ďőŕőńŋĺâěńìŋëňĺ łőňŕőŋěŋâăňĺ íâőčő ŕàőáâàăŋáâćă.

4. Ŋă íâőľ âőçŋő àěèăěňőľ ňőďěńĺ ãďăńőáì ŕàőáńěďĺâì ŋěŕőáàěďáâćěŋŋëľ ŕàěďěńìŋëľ ŕěàěåőď àăğńĺçŋëå áőćőłãŕŋőáâěľ ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëå čĺńìąěàâőćëå ŕàőáâàăŋáâć łőčěàěŋâŋëå áőáâőïŋĺľ ”łćăàłőćëå ŕăà” ć ŕàőáâàăŋáâćă łőčěàěŋâŋëå áőáâőïŋĺľ àăğńĺçŋëå ”ăďàőŋőć”, ĺ áőőâćěâáâćãîéĺľ ěňã ŕěàěåőď őâ ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëå ŕàěďáâăćńěŋĺľ ”łćăàłőćëå” ŁĂŚ ł ŕàěďáâăćńěŋĺïň ”ăďàőŋŋëå” ŁŁŚ.

5. Ŕãâěň ăŋăńĺâĺçěáłőčő ĺ çĺáńěŋŋőčő ăŋăńĺğă őąŋăàãęěŋő, çâő âàěåçăáâĺçŋëě áćïğăŋŋëě áőáâőïŋĺï íâőľ ňőďěńĺ ć Ěäĺňőćáłőň áńãçăě 1 ŕàăłâĺçěáłĺ áàăğã ćëåőďïâ ŋă áőőâćěâáâćãîéĺľ íłáŕőŋěŋæĺăńìŋëľ ăáĺňŕâőâĺçěáłĺľ àěęĺň.

6. Ŋă ŕàĺňěàăå àăğńĺçŋëå ňőďěńěľ âěőàĺĺ ŕőńï ŕőłăğăŋő, çâő íääěłâĺćŋëň áàěďáâćőň ăŋăńĺğă áćïğăŋŋëå áőáâőïŋĺľ, ć âőň çĺáńě ĺ ć ŋěŕěàěŋőàňĺàãěňëå âěőàĺïå, ïćńïěâáï ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŋă áőőâćěâáâćěŋŋő ŕőďőąàăŋŋëě èàěďĺŋčěàőćáłĺě ŕőńï (t_0 = 0), łőâőàëě ĺ ćëąĺàăîâáï ć łăçěáâćě äĺğĺçěáłĺå ŕőńěľ (0.2) ãłăğăŋŋëå ćëèě ”ďĺăčőŋăńĺğãîéĺå łőŋáâĺâãěŋâőć”. Šăłőľ ćëąőà ŕàěďáâăćńïěâáï äĺğĺçěáłĺ ąőńěě ăďěłćăâŋëň ŕàőąńěňě áćïğăŋŋëå áőáâőïŋĺľ, ŕőáłőńìłã ďńï ŋĺå ćğăĺňőďěľáâćĺě ŋĺłőčďă ŋě ”ćëłńîçăěâáï”. Őŋ őłăğëćăěâáï, âăłęě, ŋăĺąőńěě íłőŋőňŋëň, ŕőáłőńìłã ďăěâ őŕĺáăŋĺě łăł áćïğăŋŋëå áőáâőïŋĺľ âăł ĺ áőáâőïŋĺľ àăááěïŋĺï ć âěàňĺŋăå łőíääĺæĺěŋâŋëå äãŋłæĺľ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï.

1Ćĺàâãăńìŋëľ ãàőćěŋì á ŋãńěćőľ íŋěàčĺěľ åőâï ąë ć ďćãå ďćãåçăáâĺçŋëå ŕőďáĺáâěňăå ŕàĺćőďĺâ ł ąěáłőŋěçŋőľ áěàĺĺ áčãéăîéĺåáï ł ŋãńî âàěåçăáâĺçŋëå áćïğăŋŋëå áőáâőïŋĺľ

—24— 7. Ŕőłăğăŋő, çâő łőíääĺæĺěŋâŋëě äãŋłæĺĺ íâőčő ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï őŕàěďěńïîâ áőąáâćěŋŋëě ćőńŋőćëě äãŋłæĺĺ ŕőńŋőčő čăňĺńìâőŋĺăŋă, áőďěàęăâ ďěâăńìŋãî ĺŋäőàňăæĺî ő ďĺŋăňĺłě áĺáâěňë, ĺ, âăłĺň őąàăğőň, ďăîâ àěèěŋĺě łăł S-ňăâàĺçŋőľ ğăďăçĺ àăááěïŋĺï, âăł ĺ ŕàőąńěňë áćïğăŋŋëå (áâăæĺőŋăàŋëå) ĺ ŋěáâăąĺńìŋëå (łćăğĺáâăæĺőŋăàŋëå) áőáâőïŋĺľ. Śãéěáâćěŋŋő, çâő ňőęŋő ŕőńãçĺâì ğăňłŋãâëě ãàăćŋěŋĺï ŋă ŋĺğèĺě łőíääĺæĺěŋâŋëě äãŋłæĺĺ (ŋăŕàĺňěà, ďćãåçăáâĺçŋëě) ĺ ŕàĺ ŋăńĺçĺĺ ŋěáőåàăŋïîéĺå çĺáńő çăáâĺæ (ŋăçĺŋăï á âàěå) ”ŕńőåĺå” - äńãłâãăæĺőŋŋëå çńěŋőć ćëáèěčő ŕőàïďłă. İâő ŕőğćőńïěâ ŋăďěïâìáï, çâő őąőąéěŋĺě ŋă áńãçăľ àěńïâĺćĺáâáłőčő ćğăĺňőďěľáâćĺï őąéěčő ćĺďă ňőęěâ ąëâì ŕőńãçěŋő ŋă ŕãâĺ çăáâĺçŋőľ ďĺăčőŋăńĺğăæĺĺ čăňĺńìâőŋĺăŋă á ŕőňőéìî ŕőďåőďïéěčő äăďďěěćáłőčő ŕàěőąàăğőćăŋĺï [91], ”áďćĺčăîéěčő” ŕńőåĺě äńãłâãăæĺőŋŋëě çńěŋë ć ćëáèĺě ŕőàïďłĺ ŕő őŕěàăâőàăň àőęďěŋĺï, ãŋĺçâőęěŋĺï.

8. Ć àăňłăå íâőčő ŕőďåőďă, ć ŋěłőâőàëå àěèăěňëå áńãçăïå, ć âőň çĺáńě ĺ ďńï àěńïâĺćĺáâáłĺå ňőďěńěľ, ŕőłăğăŋă ćőğňőęŋőáâì ”ěáâěáâćěŋŋőľ” ńĺŋěăàĺğăæĺĺ čěľğěŋąěàčőćáłĺå ãàăćŋěŋĺľ, ŕőğćőńïîéăï ŕőńãçĺâì ğăňłŋãâëě ćëàăęěŋĺï ďńï čěľğěŋąěàčőćáłĺå ŕőńěľ ć âěàňĺŋăå äĺğĺçěáłĺå ŕőńěľ, ăŋăńőčĺçŋëě àěèěŋĺïň 2D ňőďěńěľ Šĺààĺŋčă, Ÿćĺŋčěàă ĺ Ťěďěàąãèă [75], [80], [96].

9. Ć áńãçăě őďŋőćàěňěŋŋő́ľ àěńïâĺćĺáâáłőľ 4-å äěàňĺőŋŋőľ ŕőâěŋæĺăńìŋőľ ňőďěńĺ Ć.Ŋ. Ŕěàćãèĺŋă á δ- ŕőâěŋæĺăńìŋëň ćğăĺňőďěľáâćĺěň [49] ŕőńãçěŋă ŋőàňăńìŋăï äőàňă őŕěàăâőàŋëå àěèěŋĺľ ďńï íâĺå čěľğěŋąěàčőćáłĺå ŕőńěľ ć ćĺďě łőŋâĺŋãăńìŋëå ĺŋâěčàăńőć ŕő âàăěłâőàĺïň ć äăğőćőň {x, p}- ŕàőáâàăŋáâćě.

Ğăňěâĺň âăłęě, çâő ć àěńïâĺćĺáâáłĺå ňőďěńïå 4-å äěàňĺőŋŋőčő ćğăĺ-

—25— ňőďěľáâćĺï łăł ďńï ďĺàăłőćáłĺå âăł ĺ ďńï ňăľőàăŋőćáłĺå äěàňĺőŋőć ŋă íâőň ŕãâĺ ãďăńőáì ŕőńãçĺâì ŋőćëě őďŋőçăáâĺçŋëě àěèěŋĺï, őâńĺçŋëě őâ ĺğćěáâŋëå àěèěŋĺľ ŊĽŃ [105], [106].

Ŕőńőęěŋĺï ćëŋőáĺňëě ŋă ğăéĺâã:

• §ćŋëě ćëàăęěŋĺï ďńï ŕěàćëå łőíääĺæĺěŋâŋëå äãŋłæĺľ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï čěľğěŋąěàčőćáłĺå ŕőńěľ ŋă èàěďĺŋčěàőćáłĺě ŕőńï łăł ć ŋěàěńïâĺćĺáâáłőľ (N, Θ)– ňőďěńĺ, âăł ĺ ć ňőďěńĺ çěâëàěåäěàňĺőŋŋőčő łőŋâăłâŋőčő ćğăĺňőďěľáâćĺï ŕàĺ ŋăńĺçĺĺ ćěłâőàŋëå âőłőć.

• Śćïğì łőíääĺæĺěŋâŋëå äãŋłæĺľ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï čěľğěŋąěàčőćáłĺå ŕőńěľ ŋă èàěďĺŋčěàőćáłĺě ŕőńï á âőçŋëňĺ ćőńŋőćëňĺ äãŋłæĺïňĺ 2-å-çăáâĺçŋëå áőáâőïŋĺľ ĺ őŕěàăâőàőň Ňěńńěàă ć íâĺå ňőďěńïå.

• Şáńőćĺï ãŋĺâăàŋőľ íłćĺćăńěŋâŋőáâĺ ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ čěľğěŋąěàčőćáłĺå ŕőńěľ ŋă èàěďĺŋčěàőćáłĺě ĺ ŋă ăáĺňŕâőâĺçěáłĺě äĺğĺçěáłĺě ŕőńï.

• Ňěâőď ńĺŋěăàĺğăæĺĺ ãàăćŋěŋĺľ Čěľğěŋąěàčă á ŕőňőéìî ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ŋă èàěďĺŋčěàőćáłĺě äĺğĺçěáłĺě ŕőńï.

• Ğăňłŋãâőě ćëàăęěŋĺě ďńï ŋőàňăńìŋőčő áĺňćőńă äãŋłæĺőŋăńă ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï čěľğěŋąěàčőćáłőčő ŕőńï ŋă äĺğĺçěáłĺě ŕőńï, ďńï łőíääĺæĺěŋâŋëå äãŋłæĺľ ěčő ŋőàňăńìŋőľ äőàňë ĺ ĺå ŕàőĺğćőďïéěčő äãŋłæĺőŋăńă ć ćĺďě äãŋłæĺőŋăńìŋőčő ĺŋâěčàăńă ŕő äăğőćőňã ŕàőáâàăŋáâćã ďńï ŋěàěńïâĺćĺáâáłőľ ňőďěńĺ 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï ĺ ć ćĺďě Š- ãŕőàïďőçěŋŋőľ íłáŕőŋěŋâë – ďńï (N, Θ)- ňőďěńĺ.

—26— • Ğăňłŋãâőě ćëàăęěŋĺě ďńï čěľğěŋąěàčőćáłőčő ŕőńï ć ćĺďě äãŋłæĺőŋăńìŋőčő ĺŋâěčàăńă ŕő äăğőćőňã ŕàőáâàăŋáâćã őâ Š- ãŕőàïďőçěŋŋőčő äãŋłæĺőŋăńă äĺğĺçěáłĺå ŕőńěľ ďńï (3+1)D ňőďěńěľ Čàőááă- Ŋěćìě ĺ Ŋăňąã-Ľőŋă-Ńăğĺŋĺő, ăŋăńőčĺçŋőě àěèěŋĺî 2D ňőďěńěľ Šĺààĺŋčă ĺ Ÿćĺŋčěàă.

• Ğăňłŋãâőě ćëàăęěŋĺě ďńï ŋőàňăńìŋőčő áĺňćőńă äãŋłæĺőŋăńă ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï čěľğěŋąěàčőćáłőčő ŕőńï ŋă äĺğĺçěáłĺě ŕőńï ć ćĺďě äãŋłæĺőŋăńìŋőčő ĺŋâěčàăńă ŕő äăğőćőňã ŕàőáâàăŋáâćã ďńï àăğńĺçŋëå ćăàĺăŋâőć őďŋőćàěňěŋŋő́ľ àěńïâĺćĺáâáłőľ ŕőâěŋæĺăńìŋőľ ňőďěńĺ Ć.Ŋ. Ŕěàćãèĺŋă á δ- ŕőâěŋæĺăńìŋëň ćğăĺňőďěľáâćĺěň.

• §ćŋőě őŕĺáăŋĺě ŕàěďěńìŋőčő ŕěàěåőďă őâ áőćőłãŕŋőáâĺ ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëå ŕàěďáâăćńěŋĺľ ”łćăàłőćëå” ŁĂŚ ŕàĺ ŋăńĺçĺĺ áŕőŋâăŋŋőčő ŋăàãèěŋĺï áĺňňěâàĺĺ ł ŕàěďáâăćńěŋĺî ”ăďàőŋŋëå” ŁŁŚ ĺ ćëàăęěŋĺï ďńï őŕěàăâőàőć, őáãéěáâćńïîéĺå ğăňěŋã őďŋőľ áŕőŋâăŋŋő ŋăàãèěŋŋőľ áĺňňěâàĺĺ SU(2) ďàãčőľ áĺňňěâàĺěľ SU(2).

• Ňăâěňăâĺçěáłăï äőàňãńĺàőćłă ňěåăŋĺğňă àăğňěàŋőľ âàăŋáňãâăæĺĺ, őâćěçăîéěčő ŕěàěŋőàňĺàőćőçŋőľ ŕàőæěďãàě ďńï ”ŋěŕěàěŋőàňĺàãěňëå”, ŋő őŕěàăâőàŋő ďĺăčőŋăńĺğãěňëå 4-å äěàňĺőŋŋëå ŕőńěćëå čăňĺńìâőŋĺăŋőć, ŕãâěň ŕàőáâőľ àěčãńïàĺğăæĺĺ őąàěğăŋĺěň á ěáâěáâćěŋŋőľ ćëçĺâăâěńìŋőľ ŕàőæěďãàőľ áőćňěáâŋő á ”âőŋłőľ ŕőďáâàőľłőľ” ğăćĺáĺňőáâĺ őâ őąàěğăŋĺï ğăâàăćőçŋëå ňăááë ĺ łőŋáâăŋâë áćïğĺ, łőâőàăï ć ŕàěďěńě áŋïâĺï őąàěğăŋĺï ćëďěńïěâ ěďĺŋáâćěŋŋőě àěèěŋĺě ć N-çăáâĺçŋëå áěłâőàăå N=0,1,2,3.

• Ňăâěňăâĺçěáłőě őąőáŋőćăŋĺě ŕěàěŋőàňĺàőćőçŋőľ ŕàőæěďãàë ”âőŋłőľ ŕőďáâàőľłőľ” ŕãâěň ŕőáâàőěŋĺï áăňőáőŕàïęěŋŋőčő àăáèĺàěŋĺï áőőâćěâáâćãîéĺå łćăŋâőćőňěăŋĺçěáłĺå čăňĺńìâőŋĺăŋőć ć łă-

—27— ęďőň N-çăáâĺçŋőň áěłâőàě N=0,1,2,3, á ćëåőďőň ć ŕàőáâàăŋáâćă áőáâőïŋĺľ á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ ĺ ŕőáâàőěŋĺï áőőâćěâáâćãîéěľ íâőňã àăáèĺàěŋĺî àěďãłæĺĺ ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă ć ďćãåçăáâĺçŋőň áěłâőàě.

• Šőçŋőě àěèěŋĺě ďńï Čőńďáâőãŋőćáłőľ ňőďë ĺ ňěåăŋĺğň ěčő âàăŋáäőàňăæĺĺ ć ďőŕőńŋĺâěńìŋãî ”ďěäěłâŋãî łőňŕőŋěŋâã” àěèěŋĺï ć âěőàĺĺ àăáèĺàěŋĺľ. Śćïğì ňăááë Čőńďáâőãŋőćáłőčő ąőğőŋă á łĺŋěâĺçěáłőľ ňăááőľ (ŋěàěńïâĺćĺáâáłĺå) łőŋáâĺâãěŋâŋëå łćăàłőć.

• Šőçŋëě àěèěŋĺï ďńï ćőńŋőćëå äãŋłæĺľ ďćãåçăáâĺçŋëå áćïğăŋŋëå áőáâőïŋĺľ, áőáâőïŋĺľ àăááěïŋĺï ĺ Š-ňăâàĺæë ďńï ŋěàěńïâĺćĺáâáłĺå 4-å äěàňĺőŋŋëå ŕőńěćëå čăňĺńìâőŋĺăŋőć áő ćğăĺňőďěľáâćĺěň ćěłâőàŋëå âőłőć.

• Ăáĺňŕâőâĺçěáłĺě ĺ çĺáńěŋŋëě àěèěŋĺï ďńï áŕěłâàă ĺ ćőńŋőćëå äãŋłæĺľ âàěåçăáâĺçŋëå áćïğăŋŋëå áőáâőïŋĺľ ć íâőľ ňőďěńĺ.

Ńĺçŋëľ ćłńăď ăćâőàă.

Ćłńăď ăćâőàă ć àăğàăąőâłã ğăéĺéăěňëå ŕőńőęěŋĺľ ĺ áőőâćěâáâćãîéĺě ŕãąńĺłăæĺĺ ïćńïěâáï őŕàěďěńïîéĺň.

Ăŕàőąăæĺï àăąőâë.

Řěğãńìâăâë, ŕàěďáâăćńěŋŋëě ć ŋăáâőïéěľ ďĺááěàâăæĺĺ ďőłńăďëćăńĺáì ŋă áěňĺŋăàăå ŃŠŤ ŐĹ§Ĺ ĺ Ĺ§Ť ĺň. Ąãďłěàă, ŋă ňěęďãŋăàőďŋëå áěňĺŋăàăå ”IX International WorkShop. High Energy Physics and Quantum Field Theory” (Ğćěŋĺčőàőď, 1994), ”X International WorkShop. High Energy Physics and Quantum Field Theory” (Ğćěŋĺčőàőď, 1995), ”XI International WorkShop. High Energy Physics and Quantum Field Theory” (Śăŋłâ- Ŕěâěàąãàč, 1996), IX International Seminar QUARKS-96 (§àőáńăćńì, 1996), ŋă ňěęďãŋăàőďŋëå łőŋäěàěŋæĺïå ”Problems of Quantum Field Theory”

—28— (Ăńãèâă, 1996), ”Quantum Systems: New Trends and Methods” (Ňĺŋáł, 1996), ”XXV Ğĺňŋěľ èłőńě ĹŠİŤ” (Ňőáćă 1997), Ąăľłăńìáłőľ èłőńě ŕő äãŋďăňěŋâăńìŋőľ äĺğĺłě ”Ăáâàőäĺğĺłă ĺ äĺğĺłă ňĺłàőňĺàă” (Ĺàłãâáł 1998).

Ŕãąńĺłăæĺĺ.

Řěğãńìâăâë, ŕàěďáâăćńěŋŋëě ć ŋăáâőïéěľ ďĺááěàâăæĺĺ, őŕãąńĺłőćăŋë ć 11 àăąőâăå [107] - [117].

Śőďěàęăŋĺě àăąőâë.

Ďĺááěàâăæĺï áőáâőĺâ ĺğ Ććěďěŋĺï, 7 čńăć, Ğăłńîçěŋĺï ĺ Ŕàĺńőęěŋĺï ĺ áőďěàęĺâ 226 áâàăŋĺæ ĺ 2 àĺáãŋłă. Śŕĺáőł ńĺâěàăâãàë ćłńîçăěâ 189 ŋăĺňěŋőćăŋĺľ.

Ć Čńăćě 1, ŕàěáńěďãîéěľ, ć ŕěàćãî őçěàěďì, ňěâőďĺçěáłĺě æěńĺ, ŕőáâàőěŋĺě ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ŋă èàěďĺŋčěàőćáłĺě ŕőńï ŕőďàőąŋő őâàăąăâëćăěâáï ŋă ŕàĺňěàě čăňĺńìâőŋĺăŋă çăáâĺçŋő àěèăěňőľ (N, Θ) - ňőďěńĺ. Şáâăŋăćńĺćăěâáï áćïğì ěčő łőíääĺæĺěŋâŋëå äãŋłæĺľ á ćőńŋőćëňĺ äãŋłæĺïňĺ àăááěïŋĺï ĺ áćïğăŋŋëå áőáâőïŋĺľ. Ďěňőŋáâàĺàãěâáï ćőğňőęŋőáâì ńĺŋěăàĺğăæĺĺ čěľğěŋąěàčőćáłĺå ãàăćŋěŋĺľ ĺ ěě áćïğì á ďĺăčőŋăńĺğăæĺěľ čăňĺńìâőŋĺăŋă. Ŕàőćěďěŋő áàăćŋěŋĺě àăğńĺçŋëå ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ ĺ ŕőłăğăŋő, çâő łăł áăňă őŕěàăâőàŋăï àěăńĺğăæĺï âăł ĺ ćĺď ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï áãéěáâćěŋŋő ğăćĺáïâ őâ ćëąőàă ŋăçăńìŋőčő ňőňěŋâă ćàěňěŋĺ t_0, őŕàěďěńïîéěčő ŋăçăńìŋëě ãáńőćĺï ďĺŋăňĺçěáłőľ ğăďăçĺ. Şłăğăŋő ŋă ŕàĺŋæĺŕĺăńìŋãî őèĺąőçŋőáâì äőàňãńë (3.1.62) ĺ ŋěŕàăćőňěàŋőáâì áćïğăŋŋëå á ŋěľ àăááãęďěŋĺľ ć ňőŋőčàăäĺĺ [92] (ňěęďã äőàňãńăňĺ (3.1.82ą) ĺ (3.1.82ć)).

Ć Čńăćě 2 ăŋăńőčĺçŋëľ ăŋăńĺğ ŕàőćěďěŋ ďńï àăğńĺçŋëå ŋěàěńïâĺćĺáâáłĺå ňőďěńěľ łőŋâăłâŋőčő 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï, ć âőň çĺáńě ŕàĺ ŋăńĺçĺĺ ćěłâőàŋőčő âőłă. Ďńï ćáěå ãŕőňïŋãâëå ňőďěńěľ ãáâăŋőćńěŋő, çâő łőíääĺæĺěŋâŋëě äãŋłæĺĺ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï łăł

—29— áâěŕěŋŋőčő àïďă ŕő ŋőàňăńìŋëň ŕàőĺğćěďěŋĺïň äĺğĺçěáłĺå ŕőńěľ A(k) (ĺńĺ ψ(x, 0)) ŕőńŋőáâìî őŕàěďěńïîâ ďĺŋăňĺłã ŕőáńěďőćăâěńìŋő ć łăęďőň n- çăáâĺçŋőň áěłâőàě. Ŋăľďěŋë ïćŋëě ćëàăęěŋĺï ďńï ŕěàćëå łőíääĺæĺěŋâŋëå äãŋłæĺľ ć íâĺå ňőďěńïå. Ŕőłăğăŋő çâő, łăł ć áńãçăě N − Θ ňőďěńĺ, âăł ĺ ŋěłőâőàëå łőŋâăłâŋëå 4-å äěàňĺőŋŋëå ćğăĺňőďěľáâćĺľ ãďăěâáï ŕőńŋőáâìî ńĺŋěăàĺğőćăâì ğăďăçã ĺ ŕőńãçĺâì ğăňłŋãâőě ćëàăęěŋĺě ďńï ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï. Şáâăŋőćńěŋő áåőďáâćő łőíääĺæĺěŋâŋëå äãŋłæĺľ ďńï íâĺå ňőďěńěľ. Ŕőńãçěŋë ŕàőáâëě ãàăćŋěŋĺï ďńï ŕàőĺğćőďïéĺå äãŋłæĺőŋăńőć íâĺå äãŋłæĺľ ĺ ĺå äőàňăńìŋëě àěèěŋĺï.

Ć Čńăćě 3 ŕőłăğăŋă ŕàĺňěŋĺňőáâì ňěâőďă ńĺŋěăàĺğăæĺĺ ł ŋěłőâőàëň àěńïâĺćĺáâáłĺň ňőďěńïň çěâëàěåäěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï. Ŕőńãçěŋë ćëàăęěŋĺï ďńï čěľğěŋąěàčőćáłőčő őŕěàăâőàă ĺ łőíääĺæĺěŋâŋëå äãŋłæĺľ ěčő ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ć ćĺďě äãŋłæĺőŋăńìŋëå ĺŋâěčàăńőć ŕő âàăěłâőàĺïň ć äăğőćőň ŕàőáâàăŋáâćě ĺ àăğćĺâë ňěâőďë ĺå ćëçĺáńěŋĺï. Ŕàőáńěęěŋă àěăńĺğăæĺï íâőčő ŕőďåőďă ć àěńïâĺćĺáâáłőľ ŕőâěŋæĺăńìŋőľ ňőďěńĺ ćğăĺňőďěľáâćĺï łĺàăńìŋëå äěàňĺőŋőć ĺ ěě ďćãňěàŋőčő ăŋăńőčă – ňőďěńĺ Šĺààĺŋčă. Őąáãęďăěâáï ćőğňőęŋőáâì ĺáŕőńìğőćăŋĺï íâĺå ŕàěďáâăćńěŋĺľ ďńï àěèěŋĺï àěńïâĺćĺáâłőľ ŕàőąńěňë áćïğăŋŋëå áőáâőïŋĺľ.

Ć Čńăćě 4 ŕàěďńőęěŋă ”ŁŢĎ-ňőâĺćĺàőćăŋŋăï” ŋěàěńïâĺćĺáâáłăï çěâëàěåäěàňĺőŋŋăï ňőďěńì áő ćğăĺňőďěľáâćĺěň ćěłâőàŋëå âőłőć á ŋěâàĺćĺăńìŋőľ ćŋãâàěŋŋěľ SU(2) × SU(2) × U(1) áĺňňěâàĺěľ, ďőŕãáłăîéăï ŋěŕőáàěďáâćěŋŋãî ŕőáâăŋőćłã ĺ âőçŋőě àěèěŋĺě ğăďăçĺ ŋă áőąáâćěŋŋëě ğŋăçěŋĺï čăňĺńìâőŋĺăŋă ć N – çăáâĺçŋőň áěłâőàě ŕàĺ N = 0, 1, 2, ĺ ĺááńěďőćăŋĺě áěłâőàă N = 3.

Řăááňőâàěŋë âàĺ àăğńĺçŋëå őŕěàăâőàŋëå àěăńĺğăæĺĺ, őâćěçăîéĺě àăğńĺçŋëň ŕàěďáâăćńěŋĺïň ŁĂŚ. Ŕőńãçěŋë íŋěàčĺĺ ćăłããňŋőčő ĺ őďŋőçăáâĺçŋőčő áőáâőïŋĺľ. Ŕàőćěďěŋ ăŋăńĺğ ĺáåőďŋőľ SU(2) × SU(2) × U(1)

—30— - áĺňňěâàĺĺ čăňĺńìâőŋĺăŋă ďńï ćáěå âàěå àěăńĺğăæĺľ. Ŕőłăğăŋő, łăł ć őďŋőľ ĺğ ŋĺå ŕàőĺáåőďĺâ áŕőŋâăŋŋőě ŋăàãèěŋĺě áĺňňěâàĺĺ. Ŕőńãçěŋ őŕěàăâőà áőőâćěâáâćãîéěčő čőńďáâőãŋőćáłőčő ąőğőŋă łăł áőáâăćŋőčő áőáâőïŋĺï ďćãåäěàňĺőŋőľ áĺáâěňë. Ŕőáâàőěŋő őąőąéěŋĺě łćăğĺáŕĺŋőćőľ ăńčěąàë. Ŕãâěň ŕőáâàőěŋĺï ŕőďåőďïéĺå łőčěàěŋâŋëå áőáâőïŋĺľ ŕàőłńăááĺäĺæĺàőćăŋë àăğńĺçŋëě ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëě áěłâőàë ňőďěńĺ, ŕàőáńěęěŋë ňěåăŋĺğňë ćőááâăŋőćńěŋĺï áĺňňěâàĺĺ ŕàĺ ğăňěŋě őďŋőľ áŕőŋâăŋŋő ŋăàãèěŋŋőľ áĺňňěâàĺĺ ďàãčőľ ĺ ŕàěďěńìŋëľ ŕěàěåőď őâ ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëå ”łćăàłőćëå” ąăğĺáőć ł ”ăďàőŋŋőňã” ąăğĺáã.

Ć Čńăćě 5 ĺááńěďãîâáï ďćãåçăáâĺçŋëě áőáâőïŋĺï ć íâőľ ňőďěńĺ. Şáâăŋőćńěŋ ňăčŋőŋŋëľ íŋěàčěâĺçěáłĺľ áŕěłâà ĺ áâàãłâãàă áőáâőïŋĺľ, áőőâćěâáâćãîéĺå áőáâăćŋëň čőńďáâőãŋőćáłĺň ąőğőŋăň. Řăğćĺâă ŕàőæěďãàă ŕěàěŋőàňĺàőćłĺ ”âőŋłőľ ŕőďáâàőľłőľ” ŋă őáŋőćě ŕàěďěńìŋőčő ŕěàěåőďă Λ → ∞. Ŋăľďěŋë ćőńŋőćëě äãŋłæĺĺ ĺ íŋěàčěâĺçěáłĺě áŕěłâàë áőąáâćěŋŋëå őďŋő- ĺ ďćãå- çăáâĺçŋëå áőáâőïŋĺľ čăňĺńìâőŋĺăŋă, őâćěçăîéĺå àăááěïŋĺî ĺ ŋőàňĺàãěňëň áćïğăŋŋëň áőáâőïŋĺïň.

Ć Čńăćě 6 àăğćĺâăï ŕàőæěďãàă ŕěàěŋőàňĺàőćłĺ őąőáŋőćëćăěâáï ć àăňłăå âěőàĺĺ áăňőáőŕàïęěŋŋëå àăáèĺàěŋĺľ á ćëåőďőň ć ŕàőáâàăŋáâćă áőáâőïŋĺľ á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ,– ňăâěňăâĺçěáłĺ ŋăĺąőńěě ŕőáńěďőćăâěńìŋőčő áŕőáőąă ăŋăńĺğă áĺńìŋő áĺŋčãńïàŋëå ćőğňãéěŋĺľ. Ŕàĺćěďěŋë őáŋőćŋëě íńěňěŋâë ĺáŕőńìğãěňëå ćăàĺăŋâőć âěőàĺĺ àăáèĺàěŋĺľ ć čĺńìąěàâőćë ŕàőáâàăŋáâćă ĺ ŕàőáâàăŋáâćă á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ. Ŕőáâàőěŋă ŕőďåőďïéăï àěďãłæĺï ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă. Şáâăŋőćńěŋă áćïğì čőńďáâőãŋőćáłőľ áâěŕěŋĺ áćőąőďë á ďőŕőńŋĺâěńìŋëňĺ łőňŕőŋěŋâăňĺ íâőčő ŕàőáâàăŋáâćă.

Ć Čńăćě 7 ĺğãçăîâáï âàěåçăáâĺçŋëě áćïğăŋŋëě áőáâőïŋĺï íâőľ ňőďěńĺ, ŕàőĺğćőďĺâáï ĺå łńăááĺäĺłăæĺï ŕő ĺğőáŕĺŋã, ŕőńãçăěâáï ĺ ăŋăńĺğĺàãěâáï áĺáâěňă ãàăćŋěŋĺľ ŋă ćőńŋőćëě äãŋłæĺĺ ďńï łăęďőčő ĺğ ğŋăçěŋĺľ

—31— ĺğőáŕĺŋă. Őąáãęďăěâáï áăňőáőŕàïęěŋŋőě àăáèĺàěŋĺě čăňĺńìâőŋĺăŋă ć âàěåçăáâĺçŋőň áěłâőàě ĺ çĺáńěŋŋőě àěèěŋĺě áőőâćěâáâćãîéĺå ãàăćŋěĺľ Ťăďďěěćă.

Ć Ğăłńîçěŋĺĺ ŕěàěçĺáńěŋë őáŋőćŋëě őáőąěŋŋőáâĺ àăğćĺćăěňőčő ŕőďåőďă ĺ ćëćőďë ĺğ ŕőńãçěŋŋëå àěğãńìâăâőć.

Ć Ŕàĺńőęěŋĺĺ ŕàĺćěďěŋë: àěèěŋĺě áĺáâěň ãàăćŋěŋĺľ ďńï łőíääĺæĺěŋâŋëå äãŋłæĺľ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï; őŕěàăâőàŋëě äőàňãńë ďńï ŕàěőąàăğőćăŋĺï Ťãàìě; ćëćőď äőàňãńë ŕàĺćěďěŋĺï ł ”ŋőàňăńìŋőľ äőàňě” ďńï íłáŕőŋěŋâ őâ őŕěàăâőàőć ăńčěąàë SU(2); ćëćőď ćëàăęěŋĺï ďńï ŋőàňĺàőćłĺ ”őąěáæćěçĺćăîéĺå” őŕěàăâőàőć; ćëćőď łőňąĺŋăâőàŋëå áőőâŋőèěŋĺľ ďńï łàăâŋëå ĺŋâěčàăńőć.

Čńăćă 1

(N, Θ) - ňőďěńì

Ć íâőľ čńăćě ŕőáâàőěŋĺě ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ŋă èàěďĺŋčěàőćáłĺě ŕőńï őâàăąăâëćăěâáï ć ďěâăńìïå ŋă åőàőèő ĺğćěáâŋőľ çăáâĺçŋő àěèăěňőľ ňőďěńĺ łćăŋâőćőľ âěőàĺĺ ŕőńï. Ć ŕěàćőň ŕăàăčàăäě ŋă ïğëłě íâĺå ŕőńěľ ćőáŕàőĺğćěďěŋë ĺğćěáâŋëě àěèěŋĺï ďćãåçăáâĺçŋőčő áěłâőàă íâőľ ňőďěńĺ [92]. Ćő ćâőàőň ŕăàăčàăäě ŕőáâàőěŋő ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŋă èàěďĺŋčěàőćáłĺě ŕőńï, łőâőàőě ć âàěâìěň ŕăàăčàăäě áàăćŋĺćăěâáï á őâőąàăęěŋĺěň ŋă ăáĺňŕâőâĺçěáłĺě ŕőńï [92].

1 Ťĺğĺçěáłĺě ŕőńï ĺ áőąáâćěŋŋëě áőáâőïŋĺï

1.1 Őŕàěďěńěŋĺě äĺğĺçěáłĺå ŕőńěľ

Ŕőď (N, Θ) - ňőďěńìî ğďěáì ŕőŋĺňăěâáï X-ňőďěńì âĺŕă Ńĺ, – á çěâëàěåńĺŋěľŋëň ćğăĺňőďěľáâćĺěň [76], łőâőàăï őŕàěďěńïěâáï ďćãňï čěľğěŋąěàčőćáłĺňĺ ŕőńïňĺ: äěàňĺőŋŋëň N(x) ĺ ąőğőŋŋëň Θ(x), x = (x, t). Čăňĺńìâőŋĺăŋ ňőďěńĺ ĺňěěâ ćĺď: H = ∫ d^3x { N^†(x)μ(∇^2)N(x) + Θ^†(x)w(∇^2)Θ(x) + +λ ∫ d^4y ∫ d^4zᾱ(x − y)ᾱ(x − z)N^†(x)N(x)Θ^†(y)Θ(z) } , (1.1)

—33— čďě ᾱ(x − y) = α(x − y)δ(t_x − t_y), ă μ(∇^2) ĺ w(∇^2) őŕàěďěńěŋë áőőâŋőèěŋĺïňĺ:

μ(∇^2)e^{ikx} = m(k)e^{ikx}; w(∇^2)e^{ikx} = ω(k)e^{ikx}. (1.2) ŁŁŚ âăłőćë:

{N(x), N^†(y)}δ(t_x − t_y) = [Θ(x), Θ^†(y)]δ(t_x − t_y) = δ_4(x − y), (1.3) {N(x), N(y)}δ(t_x − t_y) = [Θ(x), Θ(y)]δ(t_x − t_y) = 0, [N(x), Θ(y)]δ(t_x − t_y) = [N(x), Θ^†(y)]δ(t_x − t_y) = 0.

Ă ãàăćŋěŋĺï Čěľğěŋąěàčă i∂_tN(x) = [N(x), H], i∂_tΘ(x) = [Θ(x), H], (1.4) ŕàĺćőďïâ ł áńěďãîéĺň ãàăćŋěŋĺïň ďćĺęěŋĺï : (i∂_t − μ(∇^2))N(x) = { λ ∫ d^4y ∫ d^4zᾱ(x − y)ᾱ(x − z)Θ^†(y)Θ(z) } N(x), (1.5) (i∂_t − w(∇^2))Θ(x) = λ ∫ d^4y ∫ d^4zᾱ(y − x)ᾱ(y − z)N^†(y)N(y)Θ(z). (1.6) Ğăňěâĺň, çâő čăňĺńìâőŋĺăŋ ĺ ãàăćŋěŋĺï Čěľğěŋąěàčă ĺŋćăàĺăŋâŋë őâŋőáĺâěńìŋő ďćãå ŋěğăćĺáĺňëå ŕàěőąàăğőćăŋĺľ äăğë: ŕàěőąàăğőćăŋĺï äăğë N : N(x) −→ e^{iα1} N(x), ŕàěőąàăğőćăŋĺï äăğë Θ : Θ(x) −→ e^{iα2} Θ(x). (1.7) Ŕěàěľďěň ł ĺňŕãńìáŋőňã ŕàěďáâăćńěŋĺî čěľğěŋąěàčőćáłĺå ŕőńěľ: N(x) = ∫ d^3k (2π)^{3/2} n(k, t)e^{ikx−im(k)t}, Θ(x) = ∫ d^3k (2π)^{3/2} o(k, t)e^{ikx−iω(k)t}. (1.8) Ŋăè áŕőáőą ŕőáâàőěŋĺï ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï áâăàâãěâ á őçěćĺďŋëå âőęďěáâć ďńï čěľğěŋąěàčőćáłĺå őŕěàăâőàőć: n(k, t) = e^{im(k)(t−t0 )}e^{iH(t−t0)}n(k, t_0)e^{−iH(t−t0)},

—34— o(k, t) = e^{iω(k)(t−t0)}e^{iH(t−t0)}o(k, t_0)e^{−iH(t−t0)}. (1.9) i∂_tn(k, t) = −m(k)n(k, t) + [n(k, t), H], i∂_to(k, t) = −ω(k)o(k, t) + [o(k, t), H]. (1.10) Śńěďãîéĺň èăčőň ïćńïěâáï őŕěàăâőàŋăï àěăńĺğăæĺï čăňĺńìâőŋĺăŋă (1.1) ć âěàňĺŋăå ŕőńěľ n(k, t_0), o(k, t_0). Ćëąőà ňőňěŋâă ćàěňěŋĺ t_0 ďĺłâãěâáï äĺğĺçěáłőľ ŕőáâăŋőćłőľ ğăďăçĺ. Ŕàĺŋïâő áçĺâăâì, çâő ďńï ŕőáâàőěŋĺï S- ňăâàĺæë ŋěőąåőďĺňă àěăńĺğăæĺï ć âěàňĺŋăå íâĺå ŕőńěľ ŕàĺ t_0 −→ −∞ (in-ŕőńěľ). Ŋĺęě ąãďěâ ŕőłăğăŋő, çâő ďńï àěèěŋĺï łăł ğăďăçĺ àăááěïŋĺï, âăł ĺ ğăďăçĺ ŋă áćïğăŋŋëě áőąáâćěŋŋëě áőáâőïŋĺï ŕőńŋőčő čăňĺńìâőŋĺăŋă ćěáìňă ãďőąěŋ ĺŋőľ ćëąőà: t_0 = 0. Ć ďăńìŋěľèěň ĺňěŋŋő íâĺ ŕőńï ąãďěň ŋăğëćăâì äĺğĺçěáłĺňĺ ŕőńïňĺ. Šőčďă, ďńï íâĺå äĺğĺçěáłĺå ŕőńěľ

N(k) ≡ n(k, t_0), Θ(k) ≡ o(k, t_0), (1.11)

áŕàăćěďńĺćë áńěďãîéĺě łőňňãâăæĺőŋŋëě áőőâŋőèěŋĺï^1:

{N(k), N^†(l)} = δ_3(k − l), [Θ(k), Θ^†(l)] = δ_3(k − l), (1.12) {N(k), N(l)} = [Θ(k), Θ(l)] = 0, [N(k), Θ(l)] = [N(k), Θ^†(l)] = 0.

Őŕàěďěńĺň ćăłããň ŕő őâŋőèěŋĺî ł äĺğĺçěáłĺň ŕőńïň

N(k) | 0⟩ = 0, Θ(k) | 0⟩ = 0. (1.13)

Čăňĺńìâőŋĺăŋ (1.1) (ŕő őŕàěďěńěŋĺî ŋě ğăćĺáïéĺľ őâ ćàěňěŋĺ) ĺ ć âěàňĺŋăå äĺğĺçěáłĺå ŕőńěľ ňőęŋő ŕàěďáâăćĺâì ć ćĺďě áãňňë áćőąőďŋőčő čăňĺńìâőŋĺăŋă H_0 ĺ čăňĺńìâőŋĺăŋă ćğăĺňőďěľáâćĺï H_I : (t_0 = 0)

H_I = λ ∫ d^3p ∫ d^3k ∫ d^3q^~α(−q)^~α(k + q − p) N^†(p)N(k)Θ^†(k + q − p)Θ(q),

1Śńěďãï [92], ĺáŕőńìğőćăŋë őďĺŋăłőćëě ąãłćë N, Θ ďńï őąőğŋăçěŋĺï ğăćĺáïéĺå őâ łőőàďĺŋăâ x, y, z čěľğěŋąěàčőćáłĺå ŕőńěľ ĺ ğăćĺáïéĺå őâ ĺňŕãńìáőć q, k, p, l, s, r äĺğĺçěáłĺå ŕőńěľ.

—35— H_0 = ∫ d^3p^[m(p) N^†(p)N(p) + ω(p) Θ^†(p)Θ(p)^] , H = H_0 + H_I . (1.14) čďě äãàìě-őąàăğ äãŋłæĺĺ α(x) őŕàěďěńěŋ łăł: ~α(p) = ∫ d^3x (2π)^{3/2} e^{ipx}α(x), α(x) = ∫ d^3p (2π)^{3/2} e^{−ipx} ~α(p), (1.15) α^∗(x) = α(x),^~α^∗(p) =^~α(−p). (1.16) Ńőłăńìŋëľ ŕàěďěń ąãďěâ őğŋăçăâì ďńï ŋěě, çâő: α(x) ⇒ δ_3(x),^~α(p) ⇒ 1 (2π)^{3/2}

. (1.17) Ńěčłő ćĺďěâì, çâő őŕàěďěńěŋŋőě ćëèě ćăłããňŋőě áőáâőïŋĺě ïćńïěâáï áőąáâćěŋŋëň áőáâőïŋĺěň ŕőńŋőčő čăňĺńìâőŋĺăŋă á íŋěàčĺěľ àăćŋőľ ŋãńî. H | 0⟩ = 0. (1.18) Śńěďãîéĺě ŋĺğèĺě áěłâőàă íâőľ ňőďěńĺ âăłęě ńěčłő ćëáâàăĺćăîâáï ďńï íâőľ àěăńĺğăæĺĺ, ăŋăńőčĺçŋő [92].

1.2 Őďŋőçăáâĺçŋëě áőáâőïŋĺï

Őŕàěďěńĺň őďŋőçăáâĺçŋëě áőáâőïŋĺï:

| N(p)⟩ = N^†(p) | 0⟩, | Θ(p)⟩ = Θ^†(p) | 0⟩. (1.19) Ĺáŕőńìğãï (1.14),(1.18) ŋěâàãďŋő ãąěďĺâìáï, çâő őŋĺ âăłęě ąãďãâ áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ ŕőńŋőčő čăňĺńìâőŋĺăŋă: H | N(p)⟩ = [H, N^†(p)] | 0⟩ = m(p) | N(p)⟩, H | Θ(p)⟩ = [H, Θ^†(p)] | 0⟩ = ω(p) | Θ(p)⟩. (1.20)

—36— Šěŕěàì á ŕőňőéìî âőęďěáâć (1.9),(1.10),(1.18) ńěčłő őŕàěďěńĺâì ďěľáâćĺě čěľğěŋąěàčőćáłĺå ŕőńěľ ŋă ćăłããň: n(k, t) | 0⟩ = N(k) | 0⟩ = 0, o(k, t) | 0⟩ = Θ(k) | 0⟩ = 0; n^†(k, t) | 0⟩ = N^†(k) | 0⟩, o^†(k, t) | 0⟩ = Θ^†(k) | 0⟩; (1.21) [H, n^†(p, t)] |0⟩ = e^{iHt−im(p)t}[H, N^†(p)]e^{−iHt} |0⟩ = m(p)N^†(p) |0⟩ = = m(p) | N(p)⟩, [H, o^†(k, t)] |0⟩ = e^{iHt−iω(k)t}[H, Θ^†(k)]e^{−iHt} |0⟩ = ω(k)Θ^†(k) |0⟩ = = ω(k) | Θ(k)⟩, (1.22)

Ĺáŕőńìğãï (1.9), ňőęŋő ććěáâĺ ğăâěň ŕàőæěďãàã ”ŋőàňăńìŋőčő ãŕőàïďőçěŋĺï” ŋěŕőáàěďáâćěŋŋő ďńï čěľğěŋąěàčőćáłĺå ŕőńěľ ć čăňĺńìâőŋĺăŋě, ŕőáłőńìłã ŋěğăćĺáĺňőáâì Ŋ őâ ćàěňěŋĺ őğŋăçăěâ çâő: : H^{e^{−im(p)t}n(p, t) ; e^{−iω(k)t}o(k, t)^} :=: H {N(p) ; Θ(k)} :, (1.23) â.ě. ”ŋőàňăńìŋăï äőàňă” čăňĺńìâőŋĺăŋă ć âěàňĺŋăå čěľğěŋąěàčőćáłĺå ŕőńěľ ŕőńãçăěâáï ŕàőáâőľ ğăňěŋőľ ć (1.14) äĺğĺçěáłĺå ŕőńěľ N(p), Θ(k) ŋă čěľğěŋąěàčőćáłĺě ŕőńï e^{−im(p)t}n(p, t) ĺ e^{−iω(k)t}o(k, t) áőőâćěâáâćěŋŋő ĺ ąãďěâ âěŕěàì łőààěłâŋő őŕàěďěńïâì ŋěńĺŋěľŋëě çńěŋë ć ŕàăćőľ çăáâĺ àěďãæĺàőćăŋŋëå čěľğěŋąěàčőćáłĺå ãàăćŋěŋĺľ (0.1). Ććěďěŋŋőě âăłĺň őąàăğőň őŕàěďěńěŋĺě ŋőàňăńìŋőľ äőàňë ć âěàňĺŋăå čěľğěŋąěàčőćáłĺå ŕőńěľ ŕő áãâĺ ăŋăńőčĺçŋő ŕàĺěňã ććěďěŋĺï ŋěłőňňãâĺàãîéĺå áĺňćőńőć, ĺáŕőńìğőćăŋŋőňã ć Ďőąăćńěŋĺĺ 1 àăąőâë [99] ŕàĺ ćëćőďě âěőàěňë Ćĺłă ďńï åàőŋőńőčĺçěáłĺå ŕàőĺğćěďěŋĺľ.

1.3 Ďćãåçăáâĺçŋëě áőąáâćěŋŋëě áőáâőïŋĺï

Śőáâőïŋĺï | NN⟩, | ΘΘ⟩ ĺ | NΘ⟩ őŕàěďěńĺň àăćěŋáâćăňĺ:

| Θ(q)Θ(k)⟩ = Θ^†(q)Θ^†(k) | 0⟩,

—37— | N(q)N(k)⟩ = N^†(q)N^†(k) | 0⟩, | N(q)Θ(k)⟩ = N^†(q)Θ^†(k) | 0⟩. (1.24) Ć áĺńã ŕěàěáâăŋőćőçŋëå áőőâŋőèěŋĺľ (1.12), ĺňěěň:

H | Θ(q)Θ(k)⟩ = H_0 | Θ(q)Θ(k)⟩ = (ω(q) + ω(k)) | Θ(q)Θ(k)⟩, H_I | Θ(q)Θ(k)⟩ = 0, H | N(q)N(k)⟩ = H_0 | N(q)N(k)⟩ = (m(q) + m(k)) | N(q)N(k)⟩, H_I | N(q)N(k)⟩ = 0. (1.25) Šăłĺň őąàăğőň, áőáâőïŋĺï | Θ(q)Θ(k)⟩ ĺ | N(q)N(k)⟩ ïćńïîâáï áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ ŋăèěčő čăňĺńìâőŋĺăŋă, ć áĺńã őâáãâáâćĺï ćğăĺňőďěľáâćĺï ňěęďã çăáâĺæăňĺ őďŋőľ ŕàĺàőďë. Šő ęě áăňőě, őçěćĺďŋő, ňőęŋő áłăğăâì ĺ ő ŕàőĺğćőńìŋëå áőáâőïŋĺïå âĺŕă: n∏ i=1 Θ^†(q_i) |0⟩;^{n∏}_{i=1} N^†(q_i) |0⟩, (1.26) â.ě. áőåàăŋïîâáï ŕő őâďěńìŋőáâĺ çĺáńă çăáâĺæ Θ ĺ N. Ďěľáâćĺě čăňĺńìâőŋĺăŋă ŋă áőáâőïŋĺě | N(q)Θ(k)⟩ ĺňěěâ ćĺď: H_I | N(q)Θ(k)⟩ = λ ∫ d^3p^~α(−k)^~α(p) | N(q + k − p)Θ(p)⟩, H_0 | N(q)Θ(k)⟩ = (m(q) + ω(k)) | N(q)Θ(k)⟩. (1.27) â.ě. áőáâőïŋĺě | N(q)Θ(k)⟩ ŕàĺ ŕàőĺğćőńìŋëå q ĺ k ŋě ïćńïěâáï áőąáâćěŋŋëň áőáâőïŋĺěň čăňĺńìâőŋĺăŋă (1.14).

1.4 Śőáâőïŋĺï àăááěïŋĺï

Ďńï ŕőáâàőěŋĺï áőáâőïŋĺï àăááěïŋĺï | R^±{N(p)Θ(q)}⟩ ćőáŕőńìğãěňáï áâăæĺőŋăàŋëň ãàăćŋěŋĺěň Ÿàěďĺŋčěàă: H | R^±{N(p)Θ(q)}⟩ = E^{p+q}_q | R^±{N(p)Θ(q)}⟩, čďě: E^{p+q}_q = ω(q) + m(p). (1.28)

—38— Ć áőőâćěâáâćĺĺ á čàăŋĺçŋëňĺ ãáńőćĺïňĺ ğăďăçĺ àăááěïŋĺï ąãďěň ĺáłăâì áőáâőïŋĺě àăááěïŋĺï | R^±{N(p)Θ(q)}⟩ ć áńěďãîéěň ćĺďě: | R^±{N(q)Θ(k)}⟩ =| N(q)Θ(k)⟩+ | S^±{N(q)Θ(k)}⟩, (1.29) čďě | N(q)Θ(k)⟩ ≡ N^†(q)Θ^†(k) | 0⟩ - áćőąőďŋăï ŕăďăîéăï ćőńŋă, ă | S^±{N(q)Θ(k)}⟩ - àăááěïŋŋăï ćőńŋă (áåőďïéăïáï, ĺńĺ àăáåőďïéăïáï). Ŕőďáâăćńïï ŕàěďáâăćńěŋĺě (1.29) ć ãàăćŋěŋĺě (1.28), ŕőńãçĺň ŕàěęďě ćáěčő áőőâŋőèěŋĺï:

(H − E^{p+q}_q ) | S^±{N(p)Θ(q)}⟩ = −^{[[}H, N^†(p)^] , Θ^†(q)^] | 0⟩ = (1.30) = −H_I | N(p)Θ(q)⟩; | S^±{N(p)Θ(q)}⟩ = −1 H − E^{p+q}q ∓ iδ H_I | N(p)Θ(q)⟩. Łăł åőàőèő ĺğćěáâŋő [81], ćëâěłăîéěě ĺğ (1.29) ĺ (1.30) ŕàěďáâăćńěŋĺě ďńï | R^±{N(q)Θ(k)}⟩ íłćĺćăńěŋâŋő őąëçŋőňã ńĺŋěľŋőňã ãàăćŋěŋĺî Ńĺŕŕňăŋă - Ÿćĺŋčěàă: | R^±{N(q)Θ(k)}⟩ =| N(q)Θ(k)⟩ + 1 E^{q+k}_k − H_0 ± iδ H_I | R^±{N(q)Θ(k)}⟩. (1.31) Őŕàěďěńĺň ćőńŋőćãî äãŋłæĺî áőáâőïŋĺï àăááěïŋĺï R^{p,k}_± (q) áńěďãîéĺň őąàăğőň: | R^±{N(p − k)Θ(k)}⟩ = ∫ d^3qR^{p,k}_± (q) | N(p − q)Θ(q)⟩, (1.32) Ŕőďáâăćńïï (1.32) ć (1.31) ğăŕĺèěň ãàăćŋěŋĺě Ńĺŕŕňăŋă-Ÿćĺŋčěàă ć ćĺďě: ∫ d^3qR^{p,k}_± (q) | N(p − q)Θ(q)⟩ = (1.33) =| N(p − k)Θ(k)⟩ + 1 E^p_k − H_0 ± iδ H_I ∫ d^3rR^{p,k}_± (r) | N(p − r)Θ(r)⟩, čďě: E^p_k ≡ ω(k) + m(p − k). Ś ŕőňőéìî (1.27) ŋăåőďĺň: H_I ∫ d^3qR^{p,k}_± (q) | N(p−q)Θ(q)⟩ = λ ∫ d^3q^~α(−q)R^{p,k}_± (q) ∫ d^3l^~α(l) | N(p−l)Θ(l)⟩.

—39— Tőčďă, | S^±{N(p − k)Θ(k)}⟩ = = λ ∫ d^3l^~α(−l)R^{p,k}_± (l) ∫ d^3q^~ α(q) E^p_k − E^pq ± iδ | N(p − q)Θ(q)⟩. (1.34) Ŕőáńě ŕőďáâăŋőćłĺ (1.34) ć (1.33), ŕàĺåőďĺň ł ãàăćŋěŋĺî Ťàěďčőńìňă ćâőàőčő àőďă á ćëàőęďěŋŋëň ïďàőň: A^±(p, k) = ∫ d^3lR^{p,k}_± (l)^~α(−l). R^{p,k}_± (q) = δ_3(k − q) + A^±(p, k) λ^~α(q) E^p_k − E^pq ± iδ , (1.35)

Ďőňŋőęăï (1.35) ŋă^~α(−q) ĺ ĺŋâěčàĺàãï ŕő d^3q, ŕőńãçăěň: A^±(p, k) =^~α(−k)Q^{p(±)}_k , Q^{p(±)}_k = 1 + λ ∫ d^3q

|^~α(q) |^2 E^pq − E^p_k ∓ iδ −1 . (1.36)

Šăłĺň őąàăğőň, áőáâőïŋĺě àăááěïŋĺï ŕàĺŋĺňăěâ ćĺď: R^{p,k}_± (q) = δ_3(k − q) + λ^~α(q)^~α(−k) E^p_k − E^pq ± iδ Q^{p(±)}_k . (1.37) Ŕàőćěàĺň ŕàăćĺńìŋőáâì ŋőàňĺàőćłĺ ŕőńãçěŋŋőčő áőáâőïŋĺï: ⟨R^±{N(p − k)Θ(k)} | R^±{N(p_1 − k_1)Θ(k_1)}⟩ = = δ_3(p − p_1) ∫ d^3q δ_3(k − q)δ_3(k_1 − q) + δ_3(k − q) λ^~α(q)^~α(−k_1) E^p_{k1} − E^pq ± iδ Q^{p(±)}_{k1} +

+δ_3(k_1 − q) λ^~α(−q)^~α(k) E^p_k − E^pq ∓ iδ Q^{p(∓)}_k + λ^2 |^~α(q) |^{2 ~}α(−k_1)^~α(k) (E^p_k − E^pq ∓ iδ)(E^p_{k1} − E^pq ± iδ) Q^{p(∓)}_k Q^{p(±)}_{k1} . Ŕőáńěďŋěě áńăčăěňőě ć ŕőďëŋâěčàăńìŋőľ áãňňě ŕàěőąàăğãěâáï áńěďãîéĺň őąàăğőň:

λ^~α(−k_1)^~α(k)Q^{p(∓)}_k Q^{p(±)}_{k1} ∫ d^3q λ |^~α(q) |^2 E^p_k − E^p_{k1} ∓ iδ 1 E^p_{k1} − E^pq ± iδ − 1 E^p_k − E^pq ∓ iδ = λ^~α(−k_1)^~α(k) E^p_k − E^p_{k1} ∓ iδ (Q^{p(±)}_{k1} − Q^{p(∓)}_k ).

—40— Ŕőďáâăćńïï íâő ćëàăęěŋĺě ć ŕàěďëďãéěě àăćěŋáâćő, ĺňěěň: ⟨R^±{N(p − k)Θ(k)} | R^±{N(p_1 − k_1)Θ(k_1)}⟩ = = δ_3(p − p_1) ∫ d^3q ∗ R^{p,k}_± (q) R^{p,k1}_± (q) = δ_3(p − p_1) δ_3(k − k_1). (1.38)

Ŕàĺ δ → 0, á ãçěâőň äőàňãń Śőåőæłőčő: 1 w ± i0 = P 1 w ∓ iπ δ(w), ďńï ňăâàĺçŋőčő íńěňěŋâă S-ňăâàĺæë ŕőńãçăěň,

⟨N(p − k)Θ(k) |^^S^{±1} | N(p_1 − k_1)Θ(k_1)⟩ = = ⟨R^∓{N(p − k)Θ(k)} | R^±{N(p_1 − k_1)Θ(k_1)}⟩ = = δ_3(p − p_1) ∫ d^3q ∗ R^{p,k}_∓ (q) R^{p,k1}_± (q) = δ_3(p − p_1) S^p_±(k, k_1); (1.39) S^p_±(k, k_1) = { δ_3(k − k_1) ∓ 2πi δ(E^p_{k1} − E^p_k ) λ^~α(k)^~α(−k_1) Q^{p(±)}_{k1} } . 1.5 Śćïğăŋŋëě áőáâőïŋĺï

Őďŋőàőďŋëľ ăŋăńőč ãàăćŋěŋĺï ŋă áőáâőïŋĺě àăááěïŋĺï á ŕőńîáőň ć âőçłě íŋěàčĺĺ áćïğĺ ïćńïěâáï ãàăćŋěŋĺěň ŋă ćőńŋőćãî äãŋłæĺî B^p(q) ŋěłőâőàőčő áćïğăŋŋőčő áőáâőïŋĺï | B^p⟩, łőâőàăï őŕàěďěńïěâáï àăćěŋáâćőň: | B^p⟩ = ∫ d^3qB^p(q) | N(p − q)Θ(q)⟩, âőčďă, ĺğ (1.35) áńěďãěâ:

B^p(q) = λ^~α(q) M(p) − E^pq ∫ d^3kB^p(k)^~α(−k), (1.40) ĺńĺ, ććőďï ŋőàňĺàőćőçŋãî łőŋáâăŋâã Z^p, B^p(q) = Z^{p ~} α(q) M(p) − E^pq , Z^p = λ ∫ d^3kB^p(k)^~α(−k), (1.41) âăł çâő ãáńőćĺě ŋőàňĺàőćłĺ ďăěâ ∫ d^3k^∗B^p (k)B^p(k) =| Z^p |^2 ∫ d^3q

|^~α(q) |^2 [M(p) − E^pq ]^2

⇒ 1. (1.42)

Šăłĺň őąàăğőň: | B^p⟩ = Z^p ∫ d^3q^~ α(q) M(p) − E^pq | N(p − q)Θ(q)⟩ . (1.43)

—41— Şáńőćĺě àăğàěèĺňőáâĺ ãàăćŋěŋĺï (1.40) őŕàěďěńïěâ íŋěàčĺî M(p) áćïğăŋŋőčő áőáâőïŋĺï:

1 + λ ∫ d^3q

|^~α(q) |^2 E^pq − M(p) ≡ [Q^p_k]^{−1} | | | E^p_k →M (p) = 0 (1.44)

Śőáâőïŋĺě àăááěïŋĺï ďőńęŋő ąëâì őàâőčőŋăńìŋő áćïğăŋŋőňã áőáâőïŋĺî. Ďěľáâćĺâěńìŋő: ⟨B^{p1} | R^±{N(p − k)Θ(k)}⟩ = δ_3(p_1 − p)⟨0 | ∫ d^3q^∗B^p (q)R^{p,k}_± (q) | 0⟩ =

= δ_3(p_1 − p) ~α(−k) E^p_k − M(p) + +Q^p_k λ^~α(−k) E^p_k − M(p) ∫ d^3q |^~α(q) |^2 1 E^p_k − E^pq + 1 E^pq − M(p) = 0. (1.45)

Šăłęě ŋěŕőáàěďáâćěŋŋő ŕàőćěàïěâáï, çâő ãáńőćĺě ŕőńŋőâë íâőľ áĺáâěňë ćőńŋőćëå äãŋłæĺľ:

δ_3(k − s) = ∫ d^3qR^{p,q}_± (s)^∗R^{p,q}_± (k) + B^p(s)^∗B^p (k), (1.46)

íłćĺćăńěŋâŋő ćŕőńŋě őŕàěďěńěŋŋëň (ĺ őçěćĺďŋëň) ăŋăńĺâĺçěáłĺň áćőľáâćăň äãŋłæĺĺ Q^{p(±)}_k =^~Q^p(E^p_k ± i0) (1.36) ć łőňŕńěłáŋőľ ŕńőáłőáâĺ E^p_k: Im^~Q^p(E ± i0) = ∓π^|^~Q^p(E ± i0)^|^2 λ ∫ d^3q |^~α(q)|^2 δ(E^p_q − E),

~Q^p(E^p_k ± i0) = 1 π ∞∫

0 dE Im^~Q^p(E + i0) (E − E^p_k ∓ i0) − | Z^p |^2 λ (M(p) − E^p_k ) . 2 Ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŋă èàěďĺŋčěàőćáłĺě ŕőńï.

2.1 Ŕőáâàőěŋĺě ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï

Ďńï őŕàěďěńěŋĺï ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ćőáŕőńìğãěňáï ãàăćŋěŋĺïňĺ Čěľğěŋąěàčă (1.5), (1.6), ŕěàěćěďï ĺå ć ĺňŕãńìáŋőě ŕàěďáâăćńěŋĺě:

i∂_tn(l, t) = (1.47)

—42— = λ ∫ d^3p ∫ d^3q^~α(q)^~α(−p)e^{i(Eq+lq −Eq+lp )t}o^†(q, t)o(p, t)n(l + q − p, t), i∂_to(l, t) = (1.48) = λ^~α(l) ∫ d^3p ∫ d^3q^~α(p − q − l)e^{i(Eq+ll −Eq+ll+q−p )t}n^†(q, t)n(p, t)o(l + q − p, t). Ŋăçŋěň á ŕàőáâőčő, ŋő ćěáìňă ćăęŋőčő ďńï ćáěľ ďăŋŋőľ àăąőâë ŋăąńîďěŋĺï. Ĺğ ãàăćŋěŋĺï ďćĺęěŋĺï (1.5) ŋěŕőáàěďáâćěŋŋő ćëâěłăěâ, çâő i∂_t(N^†(x)N(x)) =^[(N^†(x)N(x)) , H^] =^[(N^†(x)N(x)) , H_0^] =⇒ (1.49) =⇒ N^†(x) [ μ(^→∇^2) − μ(^←∇^2) ] N(x) ≡ [ μ(^→∇^2) − μ(^←∇^2) ] → (N^†(x)N(x)), â.ě. íćőńîæĺï ŕő ćàěňěŋĺ őŕěàăâőàă N^†(x)N(x) őŕàěďěńïěâáï âőńìłő łĺŋěâĺçěáłőľ (łćăďàăâĺçŋőľ ŕő ŕőńïň) çăáâìî ŕőńŋőčő čăňĺńìâőŋĺăŋă. Ŕěàěåőďï ł łőőàďĺŋăâŋőňã ŕàěďáâăćńěŋĺî äĺğĺçěáłĺå ŕőńěľ ăŋăńőčĺçŋő (1.8):

N_0(x) = ∫ d^3k (2π)^{3/2} N(k)e^{ikx−im(k)t} = e^{−itμ(∇2)}N_0(x, 0), Θ_0(x) = ∫ d^3k (2π)^{3/2}

Θ(k)e^{ikx−iω(k)t} = e^{−itw(∇2)}Θ_0(x, 0), (1.50)

őąŋăàãęĺćăěň, çâő ŕàĺ ãáńőćĺĺ ěďĺŋáâćěŋŋőáâĺ àěèěŋĺï ãàăćŋěŋĺľ (1.47), (1.48), (1.49) á őŕěàăâőàŋëňĺ ŋăçăńìŋëňĺ ãáńőćĺïňĺ (1.11) (áňőâàĺ Ććěďěŋĺě), ďĺŋăňĺçěáłőě őâőąàăęěŋĺě íâőčő őŕěàăâőàă ć ŕàěďáâăćńěŋĺĺ âăłĺå ŕőńěľ ďőńęŋő ĺňěâì ćěáìňă ŕàőáâőľ ćĺď: N^†(x)N(x) = N^†_0 (x)N_0(x), (1.51) ∫ d^3k e^{it(m(k)−m(k+l))} n^†(k, t)n(k + l, t) = ∫ d^3k e^{it(m(k)−m(k+l))} N^†(k)N(k + l) Ŋő âőčďă ãàăćŋěŋĺě (1.48) őłăğëćăěâáï ŋă áăňőň ďěńě ńĺŋěľŋëň ŕő čěľğěŋąěàčőćáłőňã ŕőńî o(k, t). Śńěďőćăâěńìŋő: ∂_to(k, t) = ∫ d^3l K_N (k, l; t)o(l, t), (1.52) K_N (k, l; t) = −iλ^~α(k)^~α(−l) ∫ d^3ρ e^{it(Eρk −Eρl )}N^†(ρ − k)N(ρ − l), (1.53)

—43— ĺ ŕěàěåőďï ł ĺŋâěčàăńìŋőňã ãàăŋěŋĺî

o(k, t) = Θ(k) + ∫ t 0 dη ∫ d^3l K_N (k, l; η)o(l, η), (1.54) ćĺďĺň, çâő őŕěàăâőà o(k, t) ńĺŋěěŋ ŕő äĺğĺçěáłőňã ŕőńî Θ(k) ĺ ŋěńĺŋěěŋ ńĺèì ŕő N(k). Ěčő àěèěŋĺě ňőęŋő ğăŕĺáăâì ć ćĺďě

o(k, t) = Θ(k) + ∫ d^3l R_N (k, l; t)Θ(l) = T { exp [∫ t 0 dη^^K_N (η) ] Θ } (k), (1.55)

čďě^^K_N (η) -ĺŋâěčàăńìŋëľ őŕěàăâőà á ïďàőň K_N (k, l; η), ă R_N (k, l; t)- ěčő ”àěğőńìćěŋâă”. Ěáńĺ őŕěàăâőà o(k, t) ãęě ğăďăŋ (1.55) ć âěàňĺŋăå äĺğĺçěáłĺå ŕőńěľ, âő ãàăćŋěŋĺě (1.47) ŋă n(k, t) őłăğëćăěâáï âăłęě ńĺŋěľŋëň: ∂_tn(k, t) = ∫ d^3l K_O(k, l; t)n(l, t), K_O(k, l; t) = (1.56) = −iλ ∫ d^3ρ e^{it(Eρ−k−Eρ−l)} ~α(ρ − k) ~α(l − ρ)o^†(ρ − k, t)o(ρ − l, t), (1.57) ĺ ěčő àěèěŋĺě ğăŕĺáëćăěâáï ć ăŋăńőčĺçŋőň ćĺďě: n(k, t) = T { exp [∫ t 0 dη^^K_O(η) ] N } (k), (1.58)

čďě őŕěàăâőà^^K_O(η) ŕőńŋőáâìî ăŋăńőčĺçěŋ őŕěàăâőàã ć (1.55). Ć ńőłăńìŋőň ŕàěďěńě (1.17) ěčő čěľğěŋąěàčőćáłőě ïďàő K_O(k, l; t) ŕő âěň ęě ŕàĺçĺŋăň (1.51) áćőďĺâáï ł ïďàã K_Θ(k, l; t), ćëàăęěŋŋőňã çěàěğ äĺğĺçěáłĺě ŕőńï o(k, t) −→ Θ(k). Ć ŕőáńěďãîéĺå ďćãå čńăćăå ŋăąńîďěŋĺě (1.49)- (1.58) ąãďěâ àăğćĺâő ďńï ďàãčĺå, ć âőň çĺáńě àěńïâĺćĺáâáłĺå 4-å äěàňĺőŋŋëå ňőďěńěľ âěőàĺĺ ŕőńï.

Ŕőńŋőě àěèěŋĺě ğăďăçĺ ő ŕőáâàőěŋĺĺ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ŕàěďŕőńăčăěâ ŋěőąåőďĺňőáâì ŕàĺćěďěŋĺï áĺňćőńĺçěáłĺå ćëàăęěŋĺľ (1.55), (1.58) ł ŋőàňăńìŋőľ äőàňě ŕő èàěďĺŋčěàőćáłĺň őŕěàăâőàăň N(k), Θ(k). Ć őąéěň ćĺďě íâă ŕàőąńěňă àăááňőâàěŋă ć áńěďãîéĺå čńăćăå 2 ĺ 3. Őďŋăłő, ďńï ĺğãçěŋĺï áěłâőàă á łőŋěçŋëň çĺáńőň çăáâĺæ ďőáâăâőçŋő őčàăŋĺçĺâìáï ěě àěèěŋĺěň ć łőŋěçŋőň ŕőàïďłě ŕő áâěŕěŋïň äĺğĺçěáłĺå ŕőńěľ.

—44— Ŕőáâàőĺň ďĺŋăňĺçěáłőě őâőąàăęěŋĺě á âőçŋőáâìî, ŋěőąåőďĺňőľ ďńï ăŋăńĺğă ďćãåçăáâĺçŋëå áőáâőïŋĺľ. Řăááňőâàĺň çăáâŋőě àěèěŋĺě ãàăćŋěŋĺľ (1.47), (1.48), ŕàĺ łőâőàőň ŕàěőąàăğőćăŋĺě äăğë ĺŋďãæĺàãěâáï áőőâŋőèěŋĺïňĺ: N(k) −→ e^{iα1} N(k), Θ(k) −→ Θ(k), Θ(k) −→ e^{iα2} Θ(k), N(k) −→ N(k). (1.59) Šőčďă, ć áĺńã áĺňňěâàĺĺ ãàăćŋěŋĺľ Čěľğěŋąěàčă, ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï ąãďãâ ĺňěâì ćĺď:

o(p, t) = O^t_0[Θ(k), N(k)] = Θ(p) + ∫ d^3q ∫ d^3kN^†(q)N(p + q − k)Θ(k) · ·G(t; q, p; p + q − k, k) + (1.60) + ∫ d^3q ∫ d^3kΘ^†(q + k − p)Θ(q)Θ(k)Y (t, p, q + k − p, q, k) + . . . , n(p, t) = N^t_0 [N(k), Θ(k)] = N(p) + ∫ d^3q ∫ d^3kΘ^†(q)N(p + q − k)Θ(k) · ·F (t; p, q; p + q − k, k) + (1.61) + ∫ d^3q ∫ d^3kN^†(q + k − p)N(q)N(k)R(t, p, q + k − p, q, k) + . . . . Ĺňŕãńìáë ć äãŋłæĺïå F ĺ G ãŕőàïďőçěŋë áőčńăáŋő ŕàăćĺńã: (N, Θ; N, Θ)^2. Ňŋőčőâőçĺïňĺ őąőğŋăçěŋë ŋőàňăńìŋëě ŕàőĺğćěďěŋĺï ąőńěě ćëáőłőčő ŕőàïďłă, – çěâćěàâőľ áâěŕěŋĺ ĺ ćëèě. İâő ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŕàĺćěďěŋő ŕőńŋőáâìî ć áńěďãîéěľ čńăćě (2.85).

Őçěćĺďŋő, çâő ďńï ŕőáâàőěŋĺï ďćãåçăáâĺçŋőčő áőáâőïŋĺï ďőáâăâőçŋő őčàăŋĺçĺâìáï çńěŋăňĺ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï, áőďěàęăéĺňĺ ŋě ąőńěě âàěå őŕěàăâőàőć, â.ł. őáâăńìŋëě çńěŋë ŋă ćăłããňě ğăŋãńïîâáï.

Őâćńěłăïáì âěŕěàì őâ ŕàőæěďãàë ńĺŋěăàĺğăæĺĺ, ćőáŕőńìğãěňáï ćŋőćì ãàăćŋěŋĺïňĺ Čěľğěŋąěàčă (1.47), (1.48) ďńï ŕőĺáłă łőíääĺæĺěŋâŋëå äãŋłæĺľ ŕàĺ ŋőàňăńìŋëå ŕàőĺğćěďěŋĺïå ć ďĺŋăňĺçěáłőň őâőąàăęěŋĺĺ. Ŕőď-

2Ňë ćŋőćì ŕàĺďěàęĺćăěňáï áĺáâěňë őąőğŋăçěŋĺľ [92]

—45— áâăćńïï ć ŋĺå ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï (1.60),(1.61), ŕàěęďě ćáěčő ğăňěçăěň, çâő äãŋłæĺĺ Y ĺ R ć íâĺå őâőąàăęěŋĺïå ďőńęŋë ąëâì âőęďěáâćěŋŋő àăćŋë ŋãńî. Ďěľáâćĺâěńìŋő, ŕàăćëě çăáâĺ ãàăćŋěŋĺľ (1.47), (1.48) áőďěàęăâ âőńìłő áńăčăěňëě, áőáâőïéĺě ĺğ ŕàőĺğćěďěŋĺľ őŕěàăâőàőć äĺğĺçěáłĺå ŕőńěľ àăğńĺçŋőľ ŕàĺàőďë (N ĺ Θ). Ć âő ćàěňï, łăł ńěćëě çăáâĺ ãàăćŋěŋĺľ áőďěàęăâ, âăł ęě áńăčăěňëě, ćłńîçăîéĺě ŋőàňăńìŋëě ŕàőĺğćěďěŋĺï, łőâőàëě ňőęŋő áåěňăâĺçŋő őąőğŋăçĺâì (Θ^†)^nΘ^{n−1} ĺńĺ (N^†)^nN^{n−1}. Őçěćĺďŋő, äãŋłæĺĺ ŕàĺ íâĺå ŕàőĺğćěďěŋĺïå ďőńęŋë őąàăéăâìáï ć ŋãńì.

Ć áĺńã âőčő, çâő ãàăćŋěŋĺï Čěľğěŋąěàčă áőďěàęăâ ć ŕàăćőľ çăáâĺ âàěåőŕěàăâőàŋëě ŕàőĺğćěďěŋĺï, ŋăň ŋěőąåőďĺňő ćëïáŋĺâì, łăłőľ ŕőàïďőł àăğńőęěŋĺï o(l, t) ĺ n(l, t) áńěďãěâ áőåàăŋïâì, á âěň, çâőąë ŋě ŕàěćëáĺâì ęěńăěňãî âőçŋőáâì. Śåěňăâĺçŋő őąőğŋăçĺć áńăčăěňëě ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ ŋőàňăńìŋëňĺ ŕàőĺğćěďěŋĺïňĺ, áőďěàęăéĺňĺáï ć ŋĺå, ňőęěň ćëŕĺáăâì áńěďãîéĺě áĺňćőńĺçěáłĺě àăćěŋáâćă:

(Θ^†ΘN + ...) = (Θ^† + Θ^†N^†N + ...)(Θ + N^†NΘ + ...)(N + Θ^†ΘN + ...), (1.62) (N^†NΘ + ...) = (N^† + N^†Θ^†Θ + ...)(N + Θ^†ΘN + ...)(Θ + N^†NΘ + ...). (1.63)

Ŋěâàãďŋő ãąěďĺâìáï, çâő ŋěőąåőďĺňăï ŋăň őŕěàăâőàŋăï áâàãłâãàă ńěćőľ çăáâĺ íâĺå áőőâŋőèěŋĺľ ćőáŕàőĺğćőďĺâáï ć ŕàăćőľ çăáâĺ âőńìłő ŋă ŕőďçěàłŋãâëå çńěŋăå (ŕőáńě ŕěàěňŋőęěŋĺï ďőńęŋë áőåàăŋĺâìáï âőńìłő ŋőàňăńìŋëě ŕàőĺğćěďěŋĺï, áőďěàęăéĺě őďĺŋ áőŕàïęěŋŋëľ őŕěàăâőà Θ^† ć áńãçăě ãàăćŋěŋĺï (1.62) ĺ N^† ć áńãçăě ãàăćŋěŋĺï (1.63)). Ŕěàěåőďï, ŋăłőŋěæ, őâ ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï (1.47) ł ĺŋâěčàăńìŋőňã ŕőńãçăěň: ∫ d^3q ∫ d^3pΘ^†(q)Θ(p)N(l + q − p)F (t; l, q; l + q − p, p) =

—46— = −iλ t∫ 0 dη ∫ d^3q ∫ d^3p^~α(−p)^~α(q)e^{i(El+qq −El+qp )η} { Θ^†(q)Θ(p)N(l + q − p) + + ∫ d^3kΘ^†(q)Θ(k)N(l + q − k)F (η; l + q − p, p; l + q − k, k) } . (1.64) Őâłãďă: F (t; l, q; l + q − p, p) = −iλ ~α(q) t∫ 0 dηe^{iEl+qq η} { ~α(−p)e^{iEl+qp η} + + ∫ d^3k^~α(−k)e^{iEl+qk η}F (η; l + q − k, k; l + q − p, p) } . (1.65) Ăŋăńőčĺçŋëě ŕàěőąàăğőćăŋĺï á ãàăćŋěŋĺěň (1.48) ďăîâ: ∫ d^3q ∫ d^3pN^†(q)N(l + q − p)Θ(p)G(t; q, l; l + q − p, p) = −iλ t∫ 0 dη ∫ d^3q · ∫ d^3p^~α(l)^~α(p − q − l)e^{i(El+ql −El+ql+q−p)η} { N^†(q)N(p)Θ(l + q − p) + + ∫ d^3kN^†(q)N(l + q − k)Θ(k)G(η; p, k; l + q − p, l + q − k) } , G(t; q, l; l + q − p, p) = −iλ^~α(l) t∫ 0 dηe^{iEl+ql η} { ~α(−p)e^{iEl+qp η} + + ∫ d^3k^~α(k − q − l)e^{iEl+ql+q−k η}G(η; k, l + q − k; l + q − p, p) } . (1.66) Śàăćŋĺćăï (1.65) ĺ (1.66) ŕőńãçăěň, çâő, ŋěáňőâàï ŋă áãéěáâćěŋŋőě àăğńĺçĺě ŕőńŋëå àěèěŋĺľ (1.55) ĺ (1.58): F (t; l, q; l + q − p, p) = G(t; l, q; l + q − p, p). (1.67) Ğăľňěňáï àěèěŋĺěň ãàăćŋěŋĺï (1.65). Ńěčłő ćĺďěâì, çâő ŕàăćăï çăáâì (1.65) ŕàěďáâăćĺňă ć ćĺďě: F (t; l, q; l + q − p, p) = −iλ^~α(q)^~α(−p) t∫ 0 dξe^{iξ(El+qq −El+qp )}f(ξ, l + q, p). (1.68)

—47— Ŕőďáâăćńïï (1.68) ć (1.65) ĺňěěň: −iλ^~α(q)^~α(−p) t∫

0 dξe^{iξ(El+qq −El+qp )}f(ξ, l + q, p) = −iλ^~α(q) t∫

0 dηe^{iηEl+qq} { ~α(−p) ·e^{iηEl+qp} − iλ ∫ d^3k^~α(−k) η∫

0 dτ^~α(k)^~α(−p)e^{iηEl+qk} e^{i(El+qk −El+qp )τ} f(τ, l + q, p) } . Ŕőáńě ŕàěőąàăğőćăŋĺľ, ŕőńãçăěň ćőńìâěààőćáłőě ĺŋâěčàăńìŋőě ãàăćŋěŋĺě á àăğŋőáâŋëň ïďàőň: f(ξ, l + q, p) = 1 − ξ∫

0 dτK^{l+q}_p (ξ − τ)f(τ, l + q, p) (1.69) čďě: K^{l+q}_p (ξ − τ) = iλ ∫ d^3k |^~α(k) |^2 e^{−i(El+qk −El+qp )(ξ−τ )}. (1.70) Şàăćŋěŋĺě (1.69) àěèăěâáï á ŕőňőéìî ŕàěőąàăğőćăŋĺľ Ńăŕńăáă. Ŋăŕàĺňěà, ŕàĺ t > 0: ^L_γ [f(ξ, l + q, p)] ≡ ∞∫

0 e^{−γξ} f(ξ, l + q, p)dξ = 1 γ^(1 +^^L_γ [K]^)

, (1.71)

Ĺŋâěčàăń ć ğŋăňěŋăâěńě ćëçĺáńïěň ňěŋïï ŕőàïďőł ĺŋâěčàĺàőćăŋĺï: ^L_γ [K] ≡ ∞∫

0 e^{−γξ} K^{l+q}_p (ξ)dξ = iλ ∫ d^3k |^~α(k) |^2 ∞∫

0 dξe^{−i(El+qk −El+qp )ξ} e^{−γξ} = = λ ∫ d^3k | ~α(k) |^2 E^{l+q}_k − E^{l+q}p − iγ ≡ I^{l+q}_0^(γ − iE^{l+q}_p^) .^^L^∗_γ [K] =^^L_{−γ} [K]. (1.72)

Őąàăéěŋĺě ŕàěőąàăğőćăŋĺï (1.71) ďăěâ àěèěŋĺě ć áńěďãîéěň ćĺďě: f(ξ, l + q, p) = 1 2πi i∞+Δ ∫ −i∞+Δ dγ γ e^{γξ} 1 + λ ∫ d^3k

|^~α(k) |^2 E^{l+q}_k − E^{l+q}p − iγ . (1.73)

Ňăńăï ćěéěáâćěŋŋăï ďőąăćłă Δ > 0 őğŋăçăěâ, çâő łőŋâãà ĺŋâěčàĺàőćăŋĺï ďńï ξ > 0 ćëąàăŋ âăł, çâőąë ćáě őáőąěŋŋőáâĺ ŕőďëŋâěčàăńìŋőľ

—48— äãŋłæĺĺ (ĺňěîéĺěáï âőńìłő ŋă ňŋĺňőľ őáĺ) ńěęăńĺ áńěćă őâ ŋěčő. Řěèěŋĺě ďńï ξ < 0 ďăěâáï âăłĺň ęě ĺŋâěčàăńőň, őďŋăłő âőâ ęě łőŋâãà ĺŋâěčàĺàőćăŋĺï ć (1.73) ďőńęěŋ ŕàőåőďĺâì âěŕěàì âăł, çâőąë ćáě őáőąěŋŋőáâĺ ńěęăńĺ áŕàăćă őâ ŋěčő. Ć ĺâőčě, ŕàĺ ε(t) ≡ sign(t), àěèěŋĺě (1.68) âăłőćő: F (t; l, q; l + q − p, p) = −iλ^~α(q)^~α(−p) t∫

0 dξe^{iξ(El+qq −El+qp )} ·

· ε(t) 2πi i∞+Δε(t) ∫ −i∞+Δε(t) dγ γ e^{γξ} ( 1 +^^L_γ [K]^)

. (1.74)

2.2 Śćïğì łőíääĺæĺěŋâŋëå äãŋłæĺľ á ćőńŋőćëňĺ

äãŋłæĺïňĺ àăááěïŋĺï.

Ś ŕőňőéìî (1.27) ŕěàěŕĺèěň (1.30) áńěďãîéĺň őąàăğőň: | S^∓{N(p)Θ(q)}⟩ = iλ^~α(−q) ∫ d^3k^~α(k) ±∞∫

0 dηe^{−i(Ep+qq ∓iδ)η}e^{iHη}Θ^†(k) ·N^†(q + p − k) | 0⟩, (1.75)

čďě ĺáŕőńìğőćăŋŋő áńěďãîéěě ŕàěďáâăćńěŋĺě: 1 H − E^{p+q}q ± iδ = 1 i ±∞∫

0 dηe^{iη(H−Ep+qq ±iδ)}. (1.76) Ďăńěě, ďńï őŕěàăâőàŋőľ çăáâĺ ŕőďĺŋâěčàăńìŋőčő ćëàăęěŋĺï ĺňěěň e^{iHη}Θ^†(k)N^†(q + p − k) |0⟩ ≡ e^{iηEq+pk} o^†(k, η)n^†(q + p − k, η) |0⟩ = (1.77) = e^{iηEq+pk} [N^†(q + p − k) + ∫ d^3r ∫ d^3lN^†(r − l + q + p − k) ·Θ^†(l)Θ(r)F^∗(η; q + p − k, r; r − l + q + p − k, l)][Θ^†(k) + + ∫ d^3r ∫ d^3lN^†(k + r − l)Θ^†(l)N(r)F^∗(η, r, k; k + r − l, l)] | 0⟩.

—49— Őâąàăáëćăï ŋőàňăńìŋëě ŕàőĺğćěďěŋĺï ąőńěě çěň âàěå őŕěàăâőàőć ŕőńãçăěň: = e^{iηEq+pk} [ N^†(q + p − k)Θ^†(k) + (1.78) + ∫ d^3lN^†(q + p − l)Θ^†(l)F^∗(η; q + p − k, k; q + p − l, l) ] | 0⟩. Ŕőďáâăćńïï (1.78) ć (1.75), ŋăåőďĺň: | S^∓{N(p)Θ(q)}⟩ = iλ^~α(−q) ∫ d^3k^~α(k) { ±∞∫ 0 dηe^{−i(Ep+qq −Ep+qk ∓iδ)η} · | N(q + p − k)Θ(k)⟩ + ∫ d^3l ±∞∫ 0 dηe^{−i(Ep+qq −Ep+qk ∓iδ)η} ·F^∗(η, q + p − k, k; q + p − l, l) | N(q + p − l)Θ(l)⟩ } . (1.79) Śàăćŋĺćăï (1.79) á łőňŕńěłáŋő áőŕàïęěŋŋëň (1.65), ŕőńãçăěň, çâő: | S^∓{N(p)Θ(q)}⟩ = = iλ^~α(−q) ∫ d^3k^~α(k) ±∞∫ 0 dηe^{−i(Ep+qq −Ep+qk ∓iδ)η} | N(q + p − k)Θ(k)⟩ + + ∫ d^3l [ F^∗(±∞; p, q; p + q − l, l) − −iλ ~α(−q) ±∞∫ 0 dηe^{−i(Ep+qq −Ep+ql ∓iδ)η} ~α(l) ] | N(q + p − l)Θ(l)⟩, (1.80) ĺńĺ őłőŋçăâěńìŋő: | S^∓{N(p)Θ(q)}⟩ = ∫ d^3l F^∗(±∞, p, q; p + q − l, l) | N(q + p − l)Θ(l)⟩. Ŕőńãçěŋŋőě áőőâŋőèěŋĺě ŕàőćěàïěâáï ŋěŕőáàěďáâćěŋŋő. Ďńï íâőčő, ŕőďáâăćńïï (1.73) ć (1.68) àăááňőâàĺň őďĺŋ ĺğ ŕàěďěńőć. Şáâàěňńïï t ł +∞ ĺ ććőďï ňŋőęĺâěńì áåőďĺňőáâĺ e^{−δt}, ŕőńãçăěň: F (∞, p, q; p + q − l, l) = (1.81)

—50— = −iλ^~α(q)^~α(−l) 2πi ∞∫

0 dξ i∞+Δ ∫ −i∞+Δ dγ e^{γξ} e^{iξ(Ep+qq −Ep+ql +iδ)} γ 1 + λ ∫ d^3k

|^~α(k) |^2 E^{p+q}_k − E^{p+q}_l − iγ =

= −iλ^~α(q)^~α(−l) 2πi i∞+Δ ∫ −i∞+Δ dγ^[E^{p+q}_l − E^{p+q}_q + i(γ − δ)^{]−1} iγ 1 + λ ∫ d^3k | ~α(k) |^2 E^{p+q}_k − E^{p+q}_l − iγ .

Ŕőáłőńìłã íłáŕőŋěŋâă âěŕěàì őâáãâáâćãěâ, łőŋâãà ĺŋâěčàĺàőćăŋĺï ňőęŋő ğăňłŋãâì łăł áńěćă, âăł ĺ áŕàăćă. Őáőąěŋŋőáâĺ ŕőďĺŋâěčàăńìŋőľ äãŋłæĺĺ, őąãáńőćńěŋŋëě ňŋőęĺâěńěň iγ 1 + λ ∫ d^3k

|^~α(k) |^2 E^{p+q}_k − E^{p+q}_l − iγ −1 , (1.82)

ąńăčőďăàï ďőąăćłě Δ > 0, ŋăåőďïâáï, łăł ĺğćěáâŋő, áńěćă őâ łőŋâãàă ĺŋâěčàĺàőćăŋĺï, âőčďă łăł ŕőńîá [ E^{p+q}_l − E^{p+q}_q + i(γ − δ)^{]−1} (1.83)

ńěęĺâ áŕàăćă őâ ŋěčő ć áĺńã ãáńőćĺï áåőďĺňőáâĺ ĺŋâěčàăńă ŕő dξ, őąãáńőćńěŋŋőľ ďőąăćłőľ iδ, Δ < δ. Ğăňëłăï łőŋâãà ć ŕàăćőľ ŕőńãŕńőáłőáâĺ, ŋăåőďĺň: F (∞, p, q; p + q − l, l) = λ^~α(q)^~α(−l)^(E^{p+q}_q − E^{p+q}_l + iδ^{)−1} 1 + λ ∫ d^3k

|^~α(k) |^2 E^{p+q}_k − E^{p+q}q − iδ =

= λ^~α(q)^~α(−l) (E^{p+q}q − E^{p+q}_l + iδ) Q^{p+q(+)} q . (1.84)

Ąěàï łőňŕńěłáŋő-áőŕàïęěŋŋőě ćëàăęěŋĺě, ĺ ãçĺâëćăï, çâő

Q^{p(±)∗}_q = Q^{p(∓)}_q ,^~α(−q) =^~α^∗(q), (1.85)

őłőŋçăâěńìŋő ŕàĺåőďĺň ł ãęě ğŋăłőňőňã ćëàăęěŋĺî ďńï ćőńŋőćőľ äãŋłæĺĺ áőáâőïŋĺľ àăááěïŋĺï (1.37):

R^{p+q,q}_± (l) = δ_3(l − q) + λ^~α(−q)^~α(l) (E^{p+q}q − E^{p+q}_l ± iδ) Q^{p+q(±)} q . Šăłĺň őąàăğőň:

—51— R^{p+q,q}_± (l) = δ_3(l − q) + F^∗(∓∞; p, q; p + q − l, l) | | | | | E^{p+q}q →E^{p+q}q ±iδ . (1.86)

3 Śàăćŋěŋĺě ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ.

3.1 Ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŋă in – ŕőńï

Ĺáłãááâćő ćëąőàă ”łăŋďĺďăâőć” ŋă àőńì äĺğĺçěáłĺå ŕőńěľ áőáâőĺâ ć âőň, çâőąë ŕőńãçĺćèĺěáï ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï ŋě ŋăàãèăńĺ łăŋőŋĺçěáłĺå łőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ ĺ őąàăğőćëćăńĺ ŕőńŋëľ ŋăąőà őŕěàăâőàőć ć ŕàőáâàăŋáâćě áőáâőïŋĺľ. Ďńï íâőľ æěńĺ ć [92] ŕàěďńăčăěâáï, âăł ŋăğëćăěňăï ŕàőæěďãàă áăňőáőčńăáőćăŋĺï. Őŋă ğăłńîçăěâáï ćő ććěďěŋĺĺ ďőŕőńŋĺâěńìŋëå äĺğĺçěáłĺå ŕőńěľ ć ďĺŋăňĺçěáłőě őâőąàăęěŋĺě, á ŕőáńěďãîéěľ ŕàőćěàłőľ łőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ. Ĺŋăçě čőćőàï, ŕàőĺğćőďĺâáï ŕőáńěďőćăâěńìŋăï ďőáâàőľłă ŕàőáâàăŋáâćă Ťőłă ďő ŕőńŋőčő ŕàőáâàăŋáâćă áőáâőïŋĺľ.

Őŕĺáăŋŋăï ć ŕàěďëďãéěň ŕăàăčàăäě ŕàőæěďãàă ŕőáâàőěŋĺï ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ ŋě ŋãęďăńăáì ć áăňőáőčńăáőćăŋĺĺ, â.ł. ćëąàăŋŋëě äĺğĺçěáłĺě ŕőńï N(k) ĺ Θ(k) á áăňőčő ŋăçăńă ãďőćńěâćőàïńĺ ŕàăćĺńìŋëň łőňňãâăæĺőŋŋëň áőőâŋőèěŋĺïň (1.12) ĺ őąàăğőćëćăńĺ ŕőńŋëľ ŋăąőà. Őďŋăłő, ćňěáâő t_0 = 0, ćőğňőęěŋ ĺŋőľ ćëąőà (čěľğěŋąěàčőćáłĺå) ŕőńěľ n(k, t_0), o(k, t_0), ć łăçěáâćě äĺğĺçěáłĺå ŕőńěľ, ă ĺňěŋŋő, ăáĺňŕâőâĺçěáłĺå in-ŕőńěľ, t_0 −→ −∞. Šăłőľ ćëąőà ŕàĺŋïâő áçĺâăâì æěńěáőőąàăğŋëň, ŋăŕàĺňěà, ŕàĺ S - ňăâàĺçŋőľ ŕőáâăŋőćłě ğăďăçĺ. Ŕőáâàőěŋĺě ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ć àăňłăå (N, Θ) - ňőďěńĺ, ŕàĺ âăłőň ćëąőàě äĺğĺçěáłĺå ŕőńěľ ďěâăńìŋő àăááňőâàěŋő ć ňőŋőčàăäĺĺ Ţ.Şňíďğăćë ĺ ďà. [92].

Ŕőáâăćĺň ŕěàěď áőąőľ æěńì áàăćŋĺâì íâőâ ŕőďåőď á âěň, łőâőàëľ àăğćĺâ ćëèě. Ďńï ŋăçăńă, ćłàăâæě őŕĺèěň ĺŋâěàěáãîéĺě ŋăá àěğãńìâăâë,

—52— ŕőńãçěŋŋëě čàãŕŕőľ Şňíďğăćë^3.

Ĺáåőďŋëľ ćëąőà äĺğĺçěáłĺå ŕőńěľ N_{in}, Θ_{in} (N, Θ)-ňőďěńĺ ć [92], łăł áőőâćěâáâćãîéĺå in-ŕőńěľ, ŕàĺćőďĺâ ł ŋăàãèěŋĺî łőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ (1.3). Śńěďãï ćëèěőŕĺáăŋŋőľ ńőčĺłě, ććěďěň ďőŕőńŋĺâěńìŋőě äĺğĺçěáłőě ŕőńě V , ŋěáłőńìłő ćĺďőĺğňěŋĺć áőőâŋőèěŋĺï (1.59), ĺŋďãæĺàãîéĺě ŕàěőąàăğőćăŋĺï äăğë N ĺ Θ: äăğă N : N_{in}(k) −→ e^{iα1} N_{in}(k), V (k) −→ e^{iα1} V (k), Θ_{in}(k) −→ Θ_{in}(k), äăğă Θ : Θ_{in}(k) −→ e^{iα2} Θ_{in}(k), V (k) −→ e^{iα2} V (k), N_{in}(k) −→ N_{in}(k). Ŕőńě V ĺŋâěàŕàěâĺàãěâáï łăł áőáâăćŋăï äěàňĺ-çăáâĺæă. Ć áĺńã íâĺå äăğőćëå ŕàěőąàăğőćăŋĺľ ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï ďőńęŋë ćëčńïďěâì áńěďãîéĺň őąàăğőň [92]: n(l, t) ≡ N^t_{−∞}[N_{in}(k), Θ_{in}(k), V (k)] = N_{in}(l) + + ∫ d^3q ∫ d^3kc(l, q; l + q − k, k)e^{i(El+qq −El+qk )t}Θ^{j†}(q)N_{in}(l + q − k)Θ_{in}(k) + + ∫ d^3kh(l, k; l + k)e^{i(El+kk −M (l+k))t}Θ^†_{in}(k)V (l + k) + ..., (1.87) o(l, t) ≡ O^t_{−∞}[N_{in}(k), Θ_{in}(k), V (k)] = Θ_{in}(l) + + ∫ d^3q ∫ d^3kc(q, l; l + q − k, k)e^{i(El+ql −El+qk )t}N^†_{in}(q)N_{in}(l + q − k)Θ_{in}(k) + + ∫ d^3kh(k, l; l + k)e^{i(El+kl −M (l+k))t}N^†_{in}(k)V (l + k) + ..., (1.88) čďě c ĺ h őŕàěďěńïîâáï ŕőáàěďáâćőň ćëçĺáńěŋĺï ňăâàĺçŋëå íńěňěŋâőć őâ ãàăćŋěŋĺľ Čěľğěŋąěàčă: ⟨Θ_{in}(l) | (1.47) | N_{in}(l + q − k)Θ_{in}(k)⟩, ⟨N_{in}(q) | (1.48) | N_{in}(l + q − k)Θ_{in}(k)⟩ ĺ ⟨Θ_{in}(l) | (1.47) | V (l + k)⟩, ⟨N_{in}(l) | (1.48) | V (l + k)⟩ áőőâćěâáâćěŋŋő: c^{(±)}(l, q; l + q − k, k) = λ^~α(q)^~α(−k)Q^{l+q(±)}_k E^{l+q}_k − E^{l+q}q ± iδ = R^{l+q,k}_± (q) − δ_3(k − q); 3Ćáě ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï ĺğ àăąőâë [92] ŕěàěćěďěŋë ďńï ãďőąáâćă ĺğ łőőàďĺŋăâŋőčő ŕàěďáâăćńěŋĺï ć ĺňŕãńìáŋőě, ŕàĺçěň, c_{[92]}(2π)^{3/2} = c^{(+)}

—53— h(l, q; l + q) = Z^{l+q}λ^~α(q) M(l + q) − E^{l+q}q = B^{l+q}(q); â.ě. (1.89) R^{p,k}_± (q) = δ_3(k − q) + c^{(±)}(p − q, q; p − k, k), B^p(q) = h(p − q, q; p). (1.90) Şęě ć (1.77) őŕěàăâőàŋőě ŕàőĺğćěďěŋĺě n(k, t) o(p, t) áâàőĺâáï ŕãâěň ŋěŕőáàěďáâćěŋŋőčő ãňŋőęěŋĺï ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ (1.61), (1.60), ĺńĺ (1.87), (1.88) ĺ ŕàĺćěďěŋĺï ěčő ł ŋőàňăńìŋőľ äőàňě. Ć ŕőďåőďě àăąőâë [92] íâő őŕěàăâőàŋőě ŕàőĺğćěďěŋĺě áćïğăŋő ŋěŕőáàěďáâćěŋŋő á ŋőćëň őŕěàăâőàőň, – őŕěàăâőàőň ãŋĺçâőęěŋĺï áćïğăŋŋőčő áőáâőïŋĺï. Ĺáŕőńìğãï (1.90), ŕőńãçĺň (áàăćŋĺ á (1.77), (1.78)): e^{−itEpq} o(q, t)n(p − q, t) = (1.91) = e^{−itM (p)} B^p(q) V (p) + ∫ d^3k e^{−itEpk} R^{p,k}_+ (q) Θ_{in}(k)N_{in}(p − k) + . . . . Ňŋőčőâőçĺě, łăł ĺ ćěğďě ćëèě, őąőğŋăçăěâ áńăčăěňëě ąőńěě ćëáőłőčő ŕőàïďłă ŕő ŋőàňăńìŋëň ŕàőĺğćěďěŋĺïň ŕőńěľ, łőâőàëě ĺáçěğăîâ ŋă ⟨0 |. Ćâőàőľ çńěŋ ć ŕàăćőľ çăáâĺ íâőčő őâőąàăęěŋĺï, őâćěâáâćěŋŋëľ, łăł ćáłőàě ąãďěâ ćĺďŋő, ğă (N, Θ) àăááěïŋĺě (áň. âăłęě [96]), áçĺâăěâáï, ł áőęăńěŋĺî, őâáãâáâćãîéĺň ć äőàňãńě (3.1.62) àăąőâë [92], çâő ŕàĺćőďĺâ ł ŋěŕàăćőňěàŋőáâĺ őáŋőćăŋŋëå ŋă ŋěľ àăááãęďěŋĺľ ć őąőáŋőćăŋĺě àăćěŋáâćă ăáĺňŕâőâĺçěáłĺå őŕěàăâőàőć áćïğăŋŋëå áőáâőïŋĺľ V_{out}(p) ĺ V_{in}(p) ≡ V (p) (3.1.82ć).

Šěŕěàì ŋěőąåőďĺňő őŕàěďěńĺâì àăğãňŋãî ŕàőæěďãàã áàăćŋěŋĺï ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ (1.61), (1.60) ĺ (1.87), (1.88) áőőâćěâáâćěŋŋő.

3.2 Ŕàőáâàăŋáâćő ŕàěďáâăćńěŋĺï.

Śńěďãěâ őąàăâĺâì ćŋĺňăŋĺě ŋă âő, çâő, ć áĺńã (1.21), ćăłããň ŕőńěľ N, Θ ïćńïěâáï âăł ęě ćăłããňőň ŕőńěľ N_{in}, Θ_{in}. Śńěďőćăâěńìŋő, ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï (1.61), (1.60) ĺ (1.87), (1.88) àěăńĺğãîâ čěľğěŋąěàčőćáłĺě őŕěàăâőàë ŋăď őďŋĺň ĺ âěň ęě čĺńìąěàâőćëň ŕàőáâàăŋáâćőň áőáâő-

—54— ïŋĺľ. Ć őâńĺçĺě őâ ŕőńěľ N, Θ, őŕěàăâőàë N_{in}, Θ_{in} ŋě őąàăğãîâ ŕőńŋőčő ŋăąőàă őŕěàăâőàőć. İâő ćëŋãęďăěâ ŋăá ďőáâàăĺćăâì ŕàőáâàăŋáâćő, ŕőàőęďěŋŋőě őŕěàăâőàăňĺ N_{in}, Θ_{in} (őąőğŋăçĺň ěčő çěàěğ ℑ_{N Θ}), ŋěłőâőàëň ŕàőáâàăŋáâćőň, ŕőàőęďěŋŋëň ďőŕőńŋĺâěńìŋëň őŕěàăâőàőň V = V_{in} á âěň ęě ćăłããňŋëň ćěłâőàőň. İâő ďőáâàőěŋŋőě ŕàőáâàăŋáâćő, ćőőąéě čőćőàï, áőďěàęĺâ áőáâőïŋĺï, őàâőčőŋăńìŋëě áőáâőïŋĺïň ŕàőáâàăŋáâćă ℑ_{N Θ}. İâőâ äăłâ őďŋőğŋăçŋő ãłăğëćăěâ ŋă ŋěćőğňőęŋőáâì ćëàăğĺâì ŕőńě V ć âěàňĺŋăå N_{in}, Θ_{in}. Łăł ŕőłăğăŋő ŋĺęě, ŋěğăćĺáĺňőáâì ŕőńěľ V ĺ N_{in}, Θ_{in} ŕàőïćĺâáï, ć äăłâőàĺğăæĺĺ ãàăćŋěŋĺľ ŋă łőíääĺæĺěŋâŋëě äãŋłæĺĺ ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ.

Ŋă ćëàăęěŋĺě V ć âěàňĺŋăå őŕěàăâőàőć N, Θ ŕàĺŋæĺŕĺăńìŋëå ğăŕàěâőć ŋěâ. Łăł ãęě ąëńő áłăğăŋő, őąă ŋăąőàă äĺğĺçěáłĺå ŕőńěľ àěăńĺğãîâ őŕěàăâőàë Čěľğěŋąěàčă ŋăď őďŋĺň ĺ âěň ęě čĺńìąěàâőćëň ŕàőáâàăŋáâćőň. Şàăćŋěŋĺï Čěľğěŋąěàčă, ïćńïïáì ãàăćŋěŋĺěň ŕěàćőčő ŕőàïďłă ŕő ćàěňěŋĺ, őąěáŕěçĺćăîâ, âăłĺň őąàăğőň, âàĺćĺăńìŋőáâì ć íâőľ ňőďěńĺ ãŋĺâăàŋőčő ŕàěőąàăğőćăŋĺï őâ čěľğěŋąěàčőćáłĺå ŕőńěľ ć ŕàěďáâăćńěŋĺĺ N, Θ ł čěľğěŋąěàčőćáłĺň ŕőńïň ć ŕàěďáâăćńěŋĺĺ N_{in}, Θ_{in}, V . Śńěďőćăâěńìŋő, ŕőńï Čěľğěŋąěàčă ć ŕàěďáâăćńěŋĺĺ N_{in}, Θ_{in}, V , ćğïâëě ć ŋãńěćőľ ňőňěŋâ ćàěňěŋĺ ňőęŋő őâőęďěáâćĺâì c äĺğĺçěáłĺňĺ ŕőńïňĺ N(k), Θ(k). Ć çăáâŋőáâĺ ĺğ (1.91) ŕàĺ t = 0 ĺňěěň

Θ(q)N(p − q) = B^p(q) V (p) + ∫ d^3k R^{p,k}_+ (q) Θ_{in}(k)N_{in}(p − k) + . . . Ğă ňŋőčőâőçĺěň ğďěáì, łăł őąëçŋő, áłàëćăîâáï áńăčăěňëě ąőńěě ćëáőłőčő ŕőàïďłă ŕő ŋőàňăńìŋëň ŕàőĺğćěďěŋĺïň ŕőńěľ, łőâőàëě ĺáçěğăîâ ŋă ⟨0|. Ŕőďáâăćńïï íâő ćëàăęěŋĺě ć áőŕàïęěŋŋőě àăćěŋáâćã (1.43), ĺ ĺáŕőńìğãï őàâőčőŋăńìŋőáâì (1.45) ĺ ŋőàňĺàőćłã (1.42), (1.38), ĺ (1.39), ŋăåőďĺň: ⟨B^p |= ⟨0| ∫ d^3q B^{p∗}(q) N(p − q)Θ(q) = ⟨0| ∫ d^3q B^{p∗}(q) · · { B^p(q) V (p) + ∫ d^3k R^{p,k}_+ (q) Θ_{in}(k)N_{in}(p − k) + . . . } = ⟨0| V (p);

—55— ăŋăńőčĺçŋő, ĺğ (1.32), ĺňěěň: | R^±{N(p − k)Θ(k)}⟩ = = ∫ d^3qR^{p,k}_± (q) N^†(p − q) Θ^†(q) |0⟩ = ∫ d^3qR^{p,k}_± (q) · · ∗ B^p (q) V^†(p) + ∫ d^3l ∗ R^{p,l}_+ (q) N^†_{in}(p − l)Θ^†_{in}(l) + . . . |0⟩ = = ∫ d^3l N^†_{in}(p − l)Θ^†_{in}(l) |0⟩ δ_3(l − k) S^p_−(l, k) = N^†_{in}(p − k)Θ^†_{in}(k) |0⟩. N^†_{out}(p − k)Θ^†_{out}(k) |0⟩. (1.92)

â.ě. áőáâőïŋĺě V^†(p) | 0⟩, ŕőńãçěŋŋőě ŕãâěň áăňőáőčńăáőćăŋĺï, ć âőçŋőáâĺ áőćŕăďăěâ áő áćïğăŋŋëň áőáâőïŋĺěň | B^p⟩, ŕőńãçěŋŋëň ć àěğãńìâăâě àěèěŋĺï ğăďăçĺ ŋă áőąáâćěŋŋëě ğŋăçěŋĺï, ă áőąáâćěŋŋëě áőáâőïŋĺï àăááěïŋĺï áőćŕăďăîâ áőőâćěâáâćěŋŋő á 2-å çăáâĺçŋëňĺ in- ĺ out- áőáâőïŋĺïňĺ [92], á ãçěâőň ŕőâěàïŋŋőčő âăň ćłńăďă ć (1.91).

Ğăňěâĺň, őďŋăłő, çâő, ć őâńĺçĺě őâ (1.14), ŕàěďáâăćńěŋĺě ŕőńŋőčő čăňĺńìâőŋĺăŋă ć âěàňĺŋăå őŕěàăâőàőć N_{in}(p), Θ_{in}(p), V (p) áŕàăćěďńĺćő âőńìłő ć áńăąőň áňëáńě [92]:

H^{(w)}=⇒ ∫ d^3k { m(k)N^†_{in}(k)N_{in}(k) ⊕ ω(k)Θ^†_{in}(k)Θ_{in}(k) ⊕ M(k)V^†(k)V (k) } . (1.93) Ĺ âőńìłő ć íâőň áňëáńě áőáâőïŋĺï (1.92) ïćńïîâáï, ćőőąéě čőćőàï, ěčő áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ (áň. Ććěďěŋĺě, (⋆)).

3.3 Şáńőćĺï áőćňěáâŋőáâĺ őâőąàăęěŋĺľ.

Šěŕěàì áàăćŋĺň ŋěŕőáàěďáâćěŋŋő ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï (1.61) ĺ (1.87). Ś ãçěâőň ŕàěďëďãéĺå ğăňěçăŋĺľ, ĺáŕőńìğãï ěďĺŋáâćěŋŋőáâì ČŔ ĺ áâàőï ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŋă ”in” -ŕőńï ďćãňï ŕãâïňĺ:

n(k, t) = N^t_{−∞}[N_{in}(k)] = N^t_0 [N(k)] = N^t_0^{N^0_{−∞}[N_{in}(k)]^} , (1.94)

ňőęŋő áàăćŋĺâì àěğãńìâăâë [92] á ŋăèĺň ŕőďåőďőň. Ŕěàěŕĺáăć (1.61) ć âěàňĺŋăå N_{in}, Θ_{in}, V ăŋăńőčĺçŋő âőňã, łăł íâő ąëńő áďěńăŋő ćëèě,

—56— ŕőńãçĺň: n(l, t) = N_{in}(l) + ∫ d^3q ∫ d^3k Θ^†_{in}(q)Θ_{in}(k)N_{in}(l + q − k) · ·[c(l, q; l + q − k, k) + F (t; l, q; l + q − k, k) + + ∫ d^3p c(l + q − p, p; l + q − k, k)F (t; l, q, l + q − p; p)] + + ∫ d^3q Θ^†_{in}(q)V (l + q)[h(l, k; l + q) + + ∫ d^3k h(l + q − k, k; l + q)F (t; l, q; l + q − k, k)]. (1.95) Ŕàĺàăćŋïć íâő ł ďĺŋăňĺçěáłőňã őâőąàăęěŋĺî (1.87), ćĺďĺň, çâő ńěćăï ĺ ŕàăćăï çăáâĺ ŕőńãçĺćèěčőáï őŕěàăâőàŋőčő ãàăćŋěŋĺï ŕőńŋőáâìî áőćŕăďãâ, ěáńĺ ąãďãâ ŋěğăćĺáĺňő ćëŕőńŋïâìáï áńěďãîéĺě àăćěŋáâćă: h(l, q; l + q) { e^{i(El+qq −M (l+q))t} − 1 } = (1.96) = ∫ d^3p h(l + q − p, p; l + q)F (t; l, q; l + q − p, p), c(l, q, l + q − k, k) { e^{i(El+qq −El+qk )t} − 1 } = F (t, l, q, l + q − k, k) + + ∫ d^3pc(l + q − p, p, l + q − k, k)F (t, l, q, l + q − p, p). (1.97) Ğăňěâĺň, çâő ńěćăï çăáâì àăćěŋáâćă (1.97) őąàăéăěâáï ć ŋãńì ŕàĺ q = k, áńěďőćăâěńìŋő, ěáńĺ ł äãŋłæĺĺ c(l, q, l + q − k, k) ŕàĺąăćĺâì δ_3(q − k), âő àăćěŋáâćő, ć áňëáńě őąőąéěŋŋëå äãŋłæĺľ, ŋě ĺğňěŋĺâáï . Šőâ äăłâ, çâő (1.97), (1.96) áćïğëćăîâ łőíääĺæĺěŋâŋëě äãŋłæĺĺ, áâőïéĺě ŕőď ğŋăłőň ĺŋâěčàăńă, ŕőğćőńïěâ àăááňăâàĺćăâì àăćěŋáâćă ĺňěŋŋő ć âăłőň áňëáńě. Šăłĺň őąàăğőň, ŕőďáâăćĺć ïćŋëě ćëàăęěŋĺï ďńï c ĺ h ŕőńãçĺň: Z^{l+q}λ^~α(q) M(l + q) − E^{l+q}q { e^{i(El+qq −M (l+q))t} − 1 } = λZ^{l+q} ∫ d^3p^~ α(p) M(l + q) − E^{l+q}p F (t; l, q; l + q − p, p), (1.98) δ_3(q − k) + λ^~α(−k)^~α(q)Q^{l+q(±)}_k E^{l+q}_k − E^{l+q}q ± iδ { e^{i(El+qq −El+qk )t} − 1 } = (1.99) = ∫ d^3p δ_3(k − p) + λ^~α(−k)^~α(p)Q^{l+q(±)}_k E^{l+q}_k − E^{l+q}p ± iδ F (t; l, q; l + q − p, p),

—57— ĺńĺ ć âěàňĺŋăå ďćãåçăáâĺçŋëå ćőńŋőćëå äãŋłæĺľ : B^{l+q}(q) { e^{i(El+qq −M (l+q))t} − 1 } = ∫ d^3p B^{l+q}(p)F (t; l, q; l + q − p, p), (1.100) R^{l+q,k}_± (q) { e^{it(El+qq −El+qk )} − 1 } = ∫ d^3p R^{l+q,k}_± (p)F (t; l, q; l + q − p, p). Ŋěâàãďŋő ğăňěâĺâì, çâő, á ãçěâőň őŕěàăâőàŋëå ãáńőćĺľ áâăąĺńìŋőáâĺ (1.21), íâĺ àăćěŋáâćă őâćěçăîâ ŕàőáâő ďćãň àăğńĺçŋëň äőàňăň ğăŕĺáĺ őďŋőćàěňěŋŋő́čő Ąěâě-Śőńŕĺâěàőćáłőčő ňăâàĺçŋőčő íńěňěŋâă: ⟨0| n(l, t) o(q, t) | 2, l + q⟩ = e^{it(El+qq −W2(l+q))}χ^{l+q}(l − q), (1.101) áćïğăŋŋëň, áőőâćěâáâćěŋŋő, á ďćãňï äőàňăňĺ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï (1.9) ĺ (1.60), (1.61). Ğďěáì | 2, l + q⟩ ěáâì áőąáâćěŋŋőě ďćãåçăáâĺçŋőě áćïğăŋŋőě áőáâőïŋĺě | B^{l+q}⟩, ńĺąő áőáâőïŋĺě àăááěïŋĺï | R^±{N(l)Θ(q)}⟩. Ĺáŕőńìğãï őŕàěďěńěŋĺï áőáâőïŋĺľ àăááěïŋĺï (1.37) ĺ S- ňăâàĺæë (1.39): lim t→{+∞,−∞} e^{it(Epk −Epq )}R^{p,q}_± (k) = S^p_+(k, q), δ_3(q − k) δ_3(q − k), S^p_−(k, q) , (1.102) ĺğ ãáńőćĺľ áőćňěáâŋőáâĺ (1.100), ğăŕĺáăŋŋëå ć ćĺďě: e^{it(Epk−Epq )}R^{p,q}_± (k) = ∫ d^3s R^{p,q}_± (s) [δ_3(s − k) + F (t; p − k, k; p − s, s)] , (1.103) e^{it(Epk −M (p))}B^p(k) = ∫ d^3s B^p(s) [δ_3(s − k) + F (t; p − k, k; p − s, s)] , ŕàĺ t → ±∞ ŋěňěďńěŋŋő ŕàĺåőďĺň áŋőćă ł ŕàěďáâăćńěŋĺî (1.86) ć ćĺďě: lim_{t→∓∞} [δ_3(s − k) + F (t; p − k, k; p − s, s)] = ∗ R^{p,k}_± (s). (1.104) Şáńőćĺě ŕőńŋőâë (1.46) ŕőğćőńïěâ ”àěèĺâì” (1.103) őâŋőáĺâěńìŋő F : δ_3(s − k) + F (t; p − k, k; p − s, s) = ∫ d^3qe^{it(Epk −Epq )}R^{p,q}_± (k)^∗R^{p,q}_± (s) + (1.105) + e^{it(Epk−M (p))}B^p(k)B^{p∗}(s) = ⟨N(p − k)Θ(k)|e^{itH0}Π^p_2e^{−itH} |N(p − s)Θ(s)⟩, â.ě. íâă łőíääĺæĺěŋâŋăï äãŋłæĺï őŕàěďěńïěâáï, ŕő áãâĺ, ŕàőěłâőàőň Π^p_2 ć Ňěńńěàőćáłőň őŕěàăâőàě àăááěïŋĺï ŋă ŕőďŕàőáâàăŋáâćő áőąáâćěŋŋëå ďćãåçăáâĺçŋëå ŕàőňěęãâőçŋëå NΘ- áőáâőïŋĺľ ŕőńŋőčő čăňĺńìâőŋĺăŋă, á ğăďăŋŋëň ŕőńŋëň ĺňŕãńìáőň p.

—58—

3.4 Ŕàőćěàłă ãáńőćĺľ áőćňěáâŋőáâĺ.

Ŕàěőąàăğãěň (1.73), (1.74) áńěďãîéĺň őąàăğőň: f(ξ, l + q, p) = ε(ξ) 2πi i∞+Δε(ξ) ∫ −i∞+Δε(ξ) e^{σξ} e^{iEl+qp ξ} dσ (σ + iE^{l+q}p ) [ 1 + I^{l+q}_0 (σ)

] , (1.106)

F (t; l, q; l + q − p, p) = −iλ^~α(q)^~α(−p) t∫

0 dξe^{iξEl+qq} ·

· ε(t) 2πi i∞+Δε(t) ∫ −i∞+Δε(t) dσ e^{σξ} (σ + iE^{l+q}p ) [ 1 + I^{l+q}_0 (σ)

] . (1.107)

čďě: γ = σ + iE^{l+q}_p , I^{l+q}_0 (σ) = λ ∫ d^3k

|^~α(k) |^2 E^{l+q}_k − iσ . (1.108)

Şàăćŋěŋĺě ŋă áŕěłâà áćïğăŋŋëå áőáâőïŋĺľ (1.44) ğăŕĺèěâáï âěŕěàì ć ćĺďě:

1 + I^P_0 (−iM(P)) = 0. (1.109) Ŕàěďŕőńăčăï, çâő àěèěŋĺě (1.109), áãéěáâćãěâ ĺ ěďĺŋáâćěŋŋő, âőęďěáâćěŋŋő ŕěàěŕĺèěň 1 + I^{l+q}_0 (σ) łăł:

1 + I^{l+q}_0 (σ) = I^{l+q}_0 (σ) − I^{l+q}_0 (−iM(l + q)) = λ [iσ − M(l + q)] I^{l+q}_1 (σ), čďě: I^{l+q}_1 (σ) = ∫ d^3k | ~α(k) |^2 (E^{l+q}_k − iσ)(E^{l+q}_k − M(l + q)) . (1.110)

Ğăňěâĺň, çâő íâőâ ęě ĺŋâěčàăń őŕàěďěńïěâ ŋőàňĺàőćłã ćőńŋőćőľ äãŋłæĺĺ áćïğăŋŋőčő áőáâőïŋĺï (1.42) ∫ d^3k^∗B^p (k)B^p(k) =| Z^p |^2 I^p_1 (−iM(p)). (1.111)

Ňěŋïï ŕőàïďőł ĺŋâěčàĺàőćăŋĺï, ŕěàěŕĺèěň ŕàăćãî çăáâì àăćěŋáâćă (1.98) áńěďãîéĺň őąàăğőň: −iλZ^{l+p} t∫

0 dξe^{iξEl+qq ~}α(q) ε(t) 2πi i∞+Δε(t) ∫ −i∞+Δε(t) e^{σξ}dσ (iσ − M(l + q))I^{l+q}_1 (σ) ·

—59— · ∫ d^3p | ~α(p) |^2 (M(l + q) − E^{l+q}p )(σ + iE^{l+q}p ) = = λZ^{l+p} t∫

0 dξe^{iξEl+qq ~}α(q) ε(t) 2πi i∞+Δε(t) ∫ −i∞+Δε(t) e^{σξ}dσ iσ − M(l + q) =

= λ Z^{l+q ~}α(q) M(l + q) − E^{l+q}q [ e^{i(El+qq −M (l+q))t} − 1 ] . (1.112)

Šăłĺň őąàăğőň, ãąěęďăěňáï, çâő àăćěŋáâćő (1.98) ćëŕőńŋïěâáï âőęďěáâćěŋŋő. Ăŋăńőčĺçŋő ďőłăğëćăěâáï âőęďěáâćěŋŋőáâì àăćěŋáâćă (1.99). Ďńï íâőčő ďőáâăâőçŋő ćëçĺáńĺâì ĺŋâěčàăń. ∫ d^3p^~ α(−p)R^{l+q,k}_± (p) E^{l+q}p − iσ =^~α(−k) { 1 E^{l+q}_k − iσ − −Q^{l+q(±)} k λ ∫ d^3p |^~α(p) |^2 (E^{l+q}p − iσ)(E^{l+q}p − E^{l+q}_k ∓ iδ) }

Řăğńăčăï 1 (E^{l+q}p − iσ)(E^{l+q}p − E^{l+q}_k ∓ iδ) = = 1 E^{l+q}_k − iσ ± iδ 1 E^{l+q}p − E^{l+q}_k ∓ iδ − 1 E^{l+q}p − iσ , ĺ ğăňěçăï, çâő: Q^{l+q(±)}_k = [ 1 + I^{l+q}_0 (±δ − iE^{l+q}_k ) ]−1 , (1.113)

ŕàĺćěďěň ŋăè ĺŋâěčàăń ł ćĺďã ~α(−k) E^{l+q}_k − iσ ± iδ { 1 − Q^{l+q(±)}_k [ I^{l+q}_0 (±δ − iE^{l+q}_k ) − I^{l+q}_0 (σ) ]} = =^~ α(−k) E^{l+q}_k − iσ ± iδ Q^{l+q(±)} k [ 1 + I^{l+q}_0 (σ) ] . (1.114)

Šőčďă ŕàăćăï çăáâì (1.99) ŕàĺňěâ ćĺď −iλ^~α(q)^~α(−k)Q^{l+q(±)}_k t∫

0 dξe^{iξEl+qq} ε(t) 2πi i∞+Δε(t) ∫ −i∞+Δε(t) dσ e^{σξ} σ + iE^{l+q}_k ∓ δ =

= −iλ^~α(q)^~α(−k)Q^{l+q(±)}_k t∫

0 dξe^{iξ(El+qq −El+qk ∓iδ)}, (1.115)

—60— çâő, őçěćĺďŋő, áőćŕăďăěâ á ńěćőľ çăáâìî (1.99). Ğďěáì ŕàőĺğćěďěŋĺě ε(t) ĺ łőŋâãàŋőčő ĺŋâěčàăńă ĺňěěâ őďŋő ĺ âőęě ğŋăçěŋĺě ďńï őąőĺå ğŋăłőć t, ξ, ĺ ŋěğăćĺáĺňő ±iδ âăł łăł ãłăğăŋŋëě ćëèě ãáńőćĺï őąåőďă őáőąěŋŋőáâěľ őğŋăçăîâ, çâő ğďěáì Δ > δ → 0.

4 Ćëćőďë.

Ŕőńãçěŋŋëě ćëèě àěğãńìâăâë ďěňőŋáâàĺàãîâ ŋă łőŋłàěâŋőľ ňőďěńĺ, çâő ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï (1.60), (1.61) őďŋőğŋăçŋő őŕàěďěńïîâ ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŕàőĺğćěďěŋĺï őďŋőćàěňěŋŋë́å čěľğěŋąěàčőćáłĺå őŕěàăâőàőć (1.91) ŕàőáâő łăł ŕàőĺğćěďěŋĺě őâďěńìŋëå ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ, â.ě. ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï (1.60), (1.61) őąàăğãîâ őďŋőćàěňěŋŋã́î őŕěàăâőàŋãî ăńčěąàã čěľğěŋąěàčőćáłĺå ŕőńěľ, âőčďă łăł ďĺŋăňĺçěáłĺě őâőąàăęěŋĺï (1.87), (1.88), ććěďěŋëě ć àăąőâě [92], őąàăğãîâ âăłãî ăńčěąàã čěľğěŋąěàčőćáłĺå ŕőńěľ âőńìłő ć áńăąőň áňëáńě, ŕőáłőńìłã, ć íâőň áńãçăě, ŕőńŋëľ ŋăąőà äĺğĺçěáłĺå ŕőńěľ (łăł ŋăąőà ăáĺňŕâőâĺçěáłĺå ŕőńěľ, ćłńîçăîéĺľ ďőŕőńŋĺâěńìŋëě – áćïğăŋŋëě áőáâőïŋĺï) èĺàě, çěň ŋăąőà ĺáåőďŋëå čěľğěŋąěàčőćáłĺå ŕőńěľ.

Őŕěàăâőàŋëě ŋăçăńìŋëě ãáńőćĺï (1.11) (ć őâńĺçĺě őâ ŋăçăńìŋëå ãáńőćĺľ ć áńăąőň áňëáńě ŋă ăáĺňâőâĺçěáłĺě ŕőńï (⋆), őŕĺáăŋŋëå ćő Ććěďěŋĺĺ), čăàăŋâĺàãîâ ěďĺŋáâćěŋŋőáâì àěèěŋĺï ćáěå ãàăćŋěŋĺľ ďćĺęěŋĺï ĺ ŕőğćőńïîâ őąőáŋőćăâì ňěâőď ńĺŋěăàĺğăæĺĺ ČŞ, łőâőàëľ, ŕő áãâĺ, ïćńïěâáï ŕàőïćńěŋĺěň áőčńăáőćăŋŋőáâĺ ŕàőæěďãàë łćăŋâőćăŋĺï á ďĺŋăňĺłőľ áĺáâěňë, ćëàăęăîéěľáï, ć çăáâŋőáâĺ, ć ďĺăčőŋăńĺğãěňőáâĺ čăňĺńìâőŋĺăŋă ŋă ćëąàăŋŋëå äĺğĺçěáłĺå ŕőńïå. Ğăąěčăï ćŕěàěď, őâňěâĺň, çâő ŋěŕőáàěďáâćěŋŋőě ŕàĺňěŋěŋĺě íâőčő ňěâőďă ć àěńïâĺćĺáâáłĺå âěőàĺïå ŕőńï ćőğňőęŋő, ŕő ćĺďĺňőňã, ńĺèì ć ćěáìňă őčàăŋĺçěŋŋőň çĺáńě ãłăğăŋŋëå ŋĺęě áńãçăěć. Ďńï łăńĺąàőćőçŋëå âěőàĺľ âĺŕă ŁİĎ, ŕàőőąàăğőň łőâő-

—61— àőľ ňőęŋő ãáńőćŋő áçĺâăâì àăááňőâàěŋŋãî ćëèě ňőďěńì, őŋő áâăńłĺćăěâáï á ňŋőčőçĺáńěŋŋëňĺ âàãďŋőáâïňĺ, őŕĺáăŋŋëňĺ ć čńăćě 3.

Ć ğăłńîçěŋĺĺ ğăňěâĺň, çâő, ćő-ŕěàćëå, ŕěàěåőďőň ł ŋőćëň θ-ŕőńïň ňőęŋő ŕàĺćěáâĺ ćğăĺňőďěľáâćĺě ć (1.1) ł ńőłăńìŋőňã ćĺďã: H = ∫ d^3x { N^†(x)μ(∇^2)N(x) + θ^†(x)W (∇^2)θ(x) + (1.116) +λN^†(x)N(x)θ^†(x)θ(x) } , čďě: θ(x) = ∫ d^4zᾱ(x − z)Θ(z), θ^†(k) =^~α(k)Θ^†(k), θ(k) =^~α(−k)Θ(k), (1.117)

W (∇^2)e^{ikx} = Ω(k)e^{ikx}, Ω(k) = ω(k) |^~α(k)|^2 . (1.118)

Őďŋăłő, íâő ŕőćńěçěâ ŋě âőńìłő ĺğňěŋěŋĺě łĺŋěâĺçěáłőľ íŋěàčĺĺ (1.118), ŋő ĺ ŕàĺćěďěâ ł ŋăàãèěŋĺî ńőłăńìŋőáâĺ ŁŁŚ (1.3):

[θ(x), θ^†(y)]δ(x_0 −y_0) = ∫ d^4zᾱ(x−z)ᾱ(y−z) = δ(x_0 −y_0) ∫ d^3k|^~α(k)|^2 e^{ik(x−y)}.

(1.119) Śńěďőćăâěńìŋő, ŋě áćïğăŋŋëě, ŋă ŕěàćëľ ćğčńïď, ŕàőæěďãàë àěčãńïàĺğăæĺĺ ďńï ŁŁŚ ĺ čăňĺńìâőŋĺăŋă ćğăĺňőďěľáâćĺï ŋě ïćńïîâáï, ŋă áăňőň ďěńě, ŋěğăćĺáĺňëňĺ ĺ, ŕő łàăľŋěľ ňěàě, ďőńęŋë ğăďăćăâìáï ěďĺŋëň ŕăàăňěâàőň àěčãńïàĺğăæĺĺ.

Ćő-ćâőàëå, á ãçěâőň ãáńőćĺľ áåőďĺňőáâĺ ĺŋâěčàăńőć (1.110), (1.111), ć çăáâŋőáâĺ, ďńï E^{l+q}_k ∼ k^2 ć ŋěàěńïâĺćĺáâáłőľ łĺŋěňăâĺłě, àěèěŋĺïň (1.36), (1.37), (1.41), (1.107) ďńï ćőńŋőćëå ĺ łőíääĺæĺěŋâŋëå äãŋłæĺľ ňőęŋő ŕàĺďăâì áňëáń ĺ ć ńőłăńìŋőň ŕàěďěńě (1.17), ěáńĺ áňĺàĺâìáï á ŋěćőğňőęŋőáâìî ïćŋőčő őŕàěďěńěŋĺï ćłńăďă íŋěàčĺĺ áćïğĺ ć M(P) (âőçłĺ ćëçĺâăŋĺï) ĺğ âěàïîéěčő âőčďă áćőľ ŕàěęŋĺľ áňëáń ãàăćŋěŋĺï (1.109). İâĺ ğăňěçăŋĺï ĺáŕőńìğãîâáï ć ďăńìŋěľèěň, ŕàĺ àăááňőâàěŋĺĺ ńőłăńìŋëå 4-å äěàňĺőŋŋëå ňőďěńěľ.

Čńăćă 2

4-å äěàňĺőŋŋőě ćğăĺňőďěľáâćĺě

Ć íâőľ čńăćě àăááňőâàěŋë őąőąéěŋĺï ňěâőďă ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ ŋă 4-å äěàňĺőŋŋëě X-ňőďěńĺ âĺŕă Ńĺ [76] ŕàĺ ŋăńĺçĺĺ ćëáèĺå ”äńãłâãăæĺőŋŋëå çńěŋőć”. Şáâăŋőćńěŋŋëě ć ŕěàćőň ŕăàăčàăäě őąéĺě áćőľáâćă ďĺăčőŋăńĺğãěňëå ňőďěńěľ ĺńńîáâàĺàãîâáï ćő ćâőàőň ŕăàăčàăäě ŋă ŕàĺňěàăå łőŋâăłâŋëå 4-å äěàňĺőŋŋëå ćğăĺňőďěľáćĺľ ćĺďă ”âőł ⊗ âőł” áő áłăńïàŋëň ĺ ćěłâőàŋëň âőłăňĺ. Ďńï ŕőńãçěŋëå àěèěŋĺľ ńĺŋěăàĺğőćăŋŋëå ãàăćŋěŋĺľ Čěľğěŋąěàčă ć âàěâìěň ŕăàăčàăäě àăááňőâàěŋă ŕàőæěďãàă ŕàĺćěďěŋĺï ł ŋőàňăńìŋőľ äőàňě ĺ ãàăćŋěŋĺï ŋă ćëáèĺě łőíääĺæĺěŋâŋëě äãŋłæĺĺ.

1 Ůăáâĺçŋő ďĺăčőŋăńĺğãěňëě ňőďěńĺ.

1.1 Őŕěàăâőàŋăï àěăńĺğăæĺï ĺ ŕàőáâàăŋáâćő Ťőłă.

Ŕàěďŕőńőęĺň, çâő, ŕőňĺňő áćőľáâć (0.3)-(0.7), ďńï àăááňăâàĺćăěňőľ őŕěàăâőàŋőľ àěăńĺğăæĺĺ (ŋěğăćĺáïéĺľ őâ ćàěňěŋĺ) àěďãæĺàőćăŋŋëľ çěâëàěåäěàňĺőŋŋëľ čăňĺńìâőŋĺăŋ ć ňőňěŋâ ćàěňěŋĺ t_0 = 0 ŋě áőďěàęĺâ ”äńãłâãăæĺőŋŋëå” çńěŋőć [81] ćŕńőâì ďő ŕïâőčő ŕőàïďłă ĺ ďőŕãáłăěâ àăğąĺěŋĺě: H = H_0 + H_I , ŕàĺ íâőň, łćăďàăâĺçŋăï ŕő äĺğĺçěáłĺň ŕőńïň çăáâì ĺčàăěâ àőńì ”áćőąőďŋőčő” čăňĺńìâőŋĺăŋă H_0, ă őáâăćèăïáï çăáâì

—63— H_I ≡ H − H_0 âăłőćă, çâő H_I | 0⟩ = 0, ĺ ďńï ńîąőčő 2-å çăáâĺçŋőčő áőáâőïŋĺï | R^0_{αβ}(P, q)⟩ ≡ A^†_α( P 2 + q)A^†_β( P 2 − q) | 0⟩ (2.1) ćëŕőńŋïěâáï àăćěŋáâćő:

H_I | R^0_{αβ}(P, q)⟩ ≡ (H − H_0) | R^0_{αβ}(P, q)⟩ ≡ (2.2) ≡ {[ H, A^†_α ( P 2 + q )] , A^†_β (P 2 − q )} | 0⟩ =⇒ ∫ d^3s 2K^P (q, s) | R^0_{αβ}(P, s)⟩,

ŋăŕàĺňěà: H_0{A}^{def}≡ ∫ d^3kE(k)A^†_α(k)A_α(k); [H_0, A^†_α(k)] ≡ E(k)A^†_α(k); (2.3) H_I {A} = ∫ d^3q ∫ d^3p ∫ d^3κ ∫ d^3l δ_3(q + p − κ − l) K^{q+p}

( q − p 2 , κ − l 2 ) · ·A^†_α(κ)A^†_β (l)A_β (p) A_α(q) +^∑_{m,n≥3}^[(A^†)^m(A)^n + (A^†)^n(A)^{m]} , (2.4)

K^P (r, s) = K^P (−r, −s); K^{∗P} (s, r) = K^P (r, s), (2.5)

čďě ćğăĺňőďěľáâćĺě ŋě ğăćĺáĺâ őâ áŕĺŋă, ă ŕőáńěďŋïï áãňňă ć (2.4) áĺňćőńĺğĺàãěâ ćőğňőęŋëě ćëáèĺě áâěŕěŋĺ ćğăĺňőďěľáâćĺï, ďőŕãáłăîéĺě ”äńãłâãăæĺőŋŋëě” çńěŋë á m ≠ n. Śãéěáâćőćăŋĺě őŕěàăâőàŋëå àěăńĺğăæĺľ âăłőčő âĺŕă ďńï àěńïâĺćĺáâáłĺå čăňĺńìâőŋĺăŋőć áćïğăŋő á ćőğňőęŋőáâìî ĺå çăáâĺçŋőľ őŕěàăâőàŋőľ ďĺăčőŋăńĺğăæĺĺ ĺ ïćńïěâáï őâďěńìŋëň őâłàëâëň ćőŕàőáőň [91]. Ŕő łàăľŋěľ ňěàě, őŋĺ ćáěčďă áãéěáâćãîâ ďńï àăááňăâàĺćăěňëå ğďěáì ňőďěńěľ âĺŕă Ńĺ.

Őçěćĺďŋő, ć íâőň áńãçăě ĺňěěâáï ěáâěáâćěŋŋőě äőłőćáłőě ŕàőáâàăŋáâćő, áőąáâćěŋŋőě ďńï H_0 (2.3):

H_0{A} A^†_{α1}(k_1) · · · A^†_{αn}(k_n) | 0⟩ = n∑ j=1 E(k_j) A^†_{α1}(k_1) · · · A^†_{αn}(k_n) | 0⟩, (2.6)

Ŋěŕőáàěďáâćěŋŋőľ ŕőďáâăŋőćłőľ ňőęŋő ŕàőćěàĺâì, çâő ć íâőň ŕàőáâàăŋáâćě Ťőłă áãéěáâćãîâ àěèěŋĺï ğăďăçĺ ŋă áőąáâćěŋŋëě ğŋăçěŋĺï łăł ďńï

—64— ďćãåçăáâĺçŋëå áćïğăŋŋëå áőáâőïŋĺľ, âăł ĺ ďńï áőáâőïŋĺľ àăááěïŋĺï H | R^±_{αβ}(P, q)⟩ = E_2(P, q) | R^±_{αβ}(P, q)⟩, H | B^P_{αβ} ⟩ = M_2(P) | B^P_{αβ} ⟩, (2.7) E_2(P, q) ≡ E( P 2 + q) + E( P 2 − q); M_2(P) ≡ E_2(P, ib), (2.8) ĺ ğăŕĺáëćăîâáï ć áńěďãîéěľ äőàňě: | R^±_{αβ}(P, q)⟩ =| R^0_{αβ}(P, q)⟩ + 1 E_2(P, q) ± iδ − H H_I | R^0_{αβ}(P, q)⟩, (2.9) | R^±_{αβ}(P, q)⟩ = ∫ d^3κ | R^0_{αβ}(P, κ)⟩Φ^±_{Pq}(κ), (2.10) | B^P_{αβ} ⟩ = ∫ d^3κ | R^0_{αβ}(P, κ)⟩B^P (κ). (2.11) Śőőâćěâáâćãîéĺě ćőńŋőćëě äãŋłæĺĺ ãďőćńěâćőàïîâ ćëâěłăîéĺň ĺğ (2.7), (2.9), (2.11) őąëçŋëň ĺŋâěčàăńìŋëň ãàăćŋěŋĺïň Ńĺŕŕňăŋă-Ÿćĺŋčěàă:

Φ^±_{Pq}(κ) = δ_3(κ − q) + 1 E_2(P, q) − E_2(P, κ) ± iδ · ∫ d^3r Φ^±_{Pq}(r) 2 K^P (r, κ),

B^P (κ) = 1 M_2(P) − E_2(P, κ) · ∫ d^3r B^P (r) 2 K^P (r, κ). (2.12)

1.2 Śćőľáâćă ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï.

Ďĺŋăňĺçěáłĺě őâőąàăęěŋĺĺï (0.8) ďńï íâőľ ňőďěńĺ ĺňěîâ ćĺď: e^{iHt}A^†_α(k)e^{−iHt} ≡ e^{iE(k)t}a^†_α(k, t) = e^{iE(k)t} A^{t†}_0 [A(k)], (2.13) a^†_α(k, t) = A^†_α(k) + ∫ d^3p ∫ d^3lA^†_α(l)A^†_β(k + p)A_β(l + p) · ·F^{(1)∗}(t; p | l, k) + . . . , (2.14) e^{iHt}A_α(k)e^{−iHt} ≡ e^{−iE(k)t}a_α(k, t) = e^{−iE(k)t}A^t_0 [A_α(k)] , (2.15) a_α(k, t) = A_α(k) + ∫ d^3l ∫ d^3p A^†_β (l + p)A_β (k + p)A_α(l) · ·F^{(1)}_A (t; p | l, k) + . . . =⇒ (ďńï m = n) (2.16) =⇒ A^t_0 [A_α(k)] = A_α(k) +^{∞∑}_{n=1} ∫ d^3l^{n∏}_{j=1} {∫ d^3q_j ∫ d^3p_j } · ·^{n∏}_{j=1} { A^†_{βj} (q_j ) } 1∏ j=n { A_{βj} (p_j)^} A_α(l) Y^{(n)}_A (t; k; {q_j }^n_1 |{p_j }^1_n; l), (2.17)

—65— Ğďěáì ĺ ďăńěě áçĺâăěâáï, çâő ŕőàïďőł őŕěàăâőàŋëå áőňŋőęĺâěńěľ ”áńěćă ŋă ŕàăćő” őâćěçăěâ ãŕőàïďőçěŋĺî ć ŕàőĺğćěďěŋĺĺ ”áŋĺğã ććěàå” . Şáńőćĺě m = n ć (2.17) őğŋăçăěâ ŕőńŋőě őâáãâáâćĺě ”äńãłâãăæĺőŋŋëå çńěŋőć”, łőčďă àěďãæĺàőćăŋŋëľ čăňĺńìâőŋĺăŋ (2.3), (2.4) łőňňãâĺàãěâ á őŕěàăâőàőň çĺáńă çăáâĺæ: N_A^{def}≡ ∫ d^3kA^†_α(k)A_α(k), (2.18)

ĺńĺ ďàãčĺň ăŋăńőčĺçŋëň őŕěàăâőàőň ğăàïďă [76]. Ĺğ ãàăćŋěŋĺľ (2.14), (2.16) áńěďãěâ, çâő ćăłããň ĺ őďŋőçăáâĺçŋőě áőáâőïŋĺě őáâăîâáï áâăąĺńìŋëňĺ ŕàĺ ćáěå t,

a_α(k, t) |0⟩ =⇒ A_α(k) |0⟩ ≡ 0; a^†_α(k, t) |0⟩ =⇒ A^†_α(k) |0⟩ =| 1, k, α⟩; (2.19) [ H{a}, a^†_α(k, t)^] |0⟩ ≡ e^{iHt−iE(k)t [}H{A}, A^†_α(k)^] e^{−iHt} |0⟩ = E(k) A^†_α(k) |0⟩. Ŕőŕàěęŋěňã ŋăáâăĺćăï ŋă ŋěğăćĺáĺňőáâĺ őâ ćàěňěŋĺ őŕěàăâőàă ŕőńŋőčő čăňĺńìâőŋĺăŋă (ŋěğăćĺáĺňő őâ ćĺďă ěčő őŕěàăâőàŋőľ àěăńĺğăæĺĺ ĺ ŋăńĺçĺï ćëáèĺå äńãłâãăæĺőŋŋëå çńěŋőć), ňőęŋő, łăł ĺ ćëèě (1.23), á ŕőňőéìî (2.13), (2.15) äőàňăńìŋő őŕàěďěńĺâì ŋőàňăńìŋőě ãŕőàïďőçěŋĺě őďŋőćàěňěŋŋë́å čěľğěŋąěàčőćáłĺå ŕőńěľ (ČŔ) ŋěŕőáàěďáâćěŋŋő ć čăňĺńìâőŋĺăŋě. Ŕàĺ íâőň, ãáńőćĺï áâăąĺńìŋőáâĺ (2.19) čăàăŋâĺàãîâ ŋěĺğňěŋŋőáâì ŕàěďáâăćńěŋĺï ŁŁŚ (ŁĂŚ) ć ŕàőæěááě íćőńîæĺĺ ŕő ćàěňěŋĺ t. Šőčďă áőőâćěâáâćãîéĺľ (2.3), (2.4) ŋőàňăńìŋő ãŕőàïďőçěŋŋëľ čăňĺńìâőŋĺăŋ ćĺďă (1.23) ćŋőćì ąãďěâ łőààěłâŋő őŕàěďěńïâì ŋěńĺŋěľŋëě çńěŋë ć àěďãæĺàőćăŋŋëå čěľğěŋąěàčőćáłĺå ãàăćŋěŋĺïå (ČŞ) (0.1):

(i∂_t − E(P)) Ψ_α(x, t) = [Ψ_α(x, t) , H_I {Ψ}] . (2.20) i∂_ta_α(k, t) = [a_α(k, t) , H_I {a}] =⇒ ∫ d^3l Q_{(a)}(k, l; t) a_α(l, t); (2.21) Q_{(a)}(k, l; t) =⇒ ∫ d^3q ∫ d^3p a^†_β (q, t) a_β (p, t) e^{it[E(k)+E(q)−E(p)−E(l)]} · ·δ_3(k + q − p − l) 2 i K^{l+p} ( l − p 2 , k − q 2 ) + . . . . (2.22)

—66— Ć áńãçăě (2.17) őâáãâáâćãěâ ŕőńïàĺğăæĺï ŋě âőńìłő ćăłããňă ĺ őďŋőçăáâĺçŋőčő, ŋő ĺ ńîąőčő N-çăáâĺçŋőčő áőáâőïŋĺï, ĺ ěčő áâăąĺńìŋőáâì ĺ íâő ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŕőğćőńïîâ ŕàĺćěáâĺ ŕàőĺğćěďěŋĺě N ŕőńěľ ŋă ćăłããňě ł ćĺďã: ⟨0 |^{N∏}_{i=1} a_α(k_i, t) −→ ⟨0 |^{∑ N∏}_{i=1} ∫ d^3s_i A_α(s_i). (2.23)

Ěáńĺ ęě äńãłâãăæĺőŋŋëě çńěŋë ć (2.4) ĺňěîâáï ŕàĺ min(m, n) ≥ N_0 ≥ 3, âő àěďãłæĺï (2.23) ćőğňőęŋă, łőŋěçŋő, âőńìłő ďńï N < N_0. Šěň ŋě ňěŋěě, ŕàĺ m, n ≥ 3, ãęě ďńï ŕěàćőľ łőíääĺæĺěŋâŋőľ äãŋłæĺĺ ć (2.16)

Y^{(1)}_A (t; k; q | p; l) ≡ δ_3(k + q − p − l) F^{(1)}_A (t; p − k | l, k), (2.24)

ďőáńőćŋő ŕőćâőàïï àăááãęďěŋĺï (1.62)-(1.65) ŕàěďëďãéěľ čńăćë, ĺğ àěďãæĺàőćăŋŋëå ČŞ (2.21) ŕőńãçăěň ğăňłŋãâőě ĺŋâěčàăńìŋőě ãàăćŋěŋĺě á âěň ęě áăňëň ïďàőň (2.4), (2.12) [109] (á ãçěâőň (2.5) ĺ (2.8)):

F^{(1)}_A ( t; −κ − q | | | | P 2 + κ, P 2 + q ) ≡ F^{(1)}_A ( t; κ + q | | | | P 2 − κ, P 2 − q ) = = t∫

0 dη e^{iη[E2(P,q)−E2(P,κ)]} [ 2 i K^P (κ, q) + ∫ d^3r e^{iη[E2(P,κ)−E2(P,r)]}· · 2 i K^P (r, q) F^{(1)}_A ( η; κ + r | | | | P 2 − κ, P 2 − r )] . (2.25)

Ěčő àěèěŋĺě áőďěàęĺâ ćáî ĺŋäőàňăæĺî ő ďćãåçăáâĺçŋőň áěłâőàě, ŋěŕőáàěďáâćěŋŋő őŕàěďěńïï ćőńŋőćëě äãŋłæĺĺ ĺ ďĺáłàěâŋőčő ĺ ŋěŕàěàćëŋőčő áŕěłâàă:

Φ^±_{Pq}(κ) = δ_3(κ − q) + F^{(1)∗}_A ( t = ∓∞; κ + q | | | P 2 − κ, P 2 − q ) , (2.26) ŕàĺ E_2(P, q) → E_2(P, q) ± iδ, δ → +0, B^P (k) = res Φ^±_{Pq}(k)|_{E2(P,q)=M2(P)}. (2.27)

İâő ŕőğćőńïěâ ĺáŕőńìğőćăâì łőíääĺæĺěŋâŋëě äãŋłæĺĺ F, Y ďńï àěèěŋĺĺ ğăďăçĺ ŋă áőąáâćěŋŋëě ğŋăçěŋĺï (2.7) ĺ ŕàĺ ŋăńĺçĺĺ ćëáèĺå äńãłâãăæĺőŋŋëå çńěŋőć (2.4). Łăł ĺ ć (N, Θ)-ňőďěńĺ, áőőâŋőèěŋĺě (2.26) ćëâěłăěâ

—67— ĺğ áàăćŋěŋĺï (2.25) ŕàĺ t → ∞ áő áńěďãîéĺň ćëàăęěŋĺěň ďńï áőáâőïŋĺľ àăááěïŋĺï (2.10): | R^±_{αβ}(P, q)⟩ =| R^0_{αβ}(P, q)⟩ + ∫ d^3κ 2i K^P (q, κ) · · ∓∞∫

0 dt e^{−it(E2(P,q)−E2(P,κ)±iδ)} a^†_α( P 2 + κ, t) a^†_β( P 2 − κ, t) | 0⟩, (2.28) łőâőàőě ŕőńãçăěâáï ĺğ (2.9) á ŕőňőéìî (2.15) ĺ áâăŋďăàâŋőčő ŕàěďáâăćńěŋĺï (E_2(P, q) ± iδ − H)^{−1} = i ∓∞∫

0 dt e^{it(H−E2(P,q)∓iδ)}. (2.29) Łăł ĺ ć ŕàěďëďãéěň áńãçăě (1.100), äőàňãńë (2.15), (2.16) ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï, á ãçěâőň ãáńőćĺľ áâăąĺńìŋőáâĺ (2.19), ŕőàőęďăîâ ďćě äőàňë ğăŕĺáĺ őďŋőćàěňěŋŋë́å ĄŚ ňăâàĺçŋëå íńěňěŋâőć: ⟨0| a_α( P 2 + κ, t)a_β ( P 2 − κ, t) | 2, P⟩ = e^{it(E2(P,κ)−W2(P))}χ^P_{αβ}(κ) = (2.30) = e^{it(E2(P,κ)−W2(P))}⟨0| A_α( P 2 + κ)A_β ( P 2 − κ) | 2, P⟩, χ^P_{αβ}(κ)^[e^{it(E2(P,κ)−W2(P))} − 1^] = (2.31) = ∫ d^3r χ^P_{αβ}(r) F^{(1)}_A ( t; κ + r | | | | P 2 − r, P 2 − κ ) , čďě áőąáâćěŋŋőě ďćãåçăáâĺçŋőě áőáâőïŋĺě ŕőńŋőčő čăňĺńìâőŋĺăŋă | 2, P⟩ ňőęěâ ąëâì ńĺąő áćïğăŋŋëň áőáâőïŋĺěň |B^P_{αβ} ⟩ á W_2(P) = M_2(P), ńĺąő áőáâőïŋĺěň àăááěïŋĺï | R^±_{αβ}(P, q)⟩ á W_2(P) = E_2(P, q), (2.7), (2.8), çâő ŕàĺćőďĺâ ćŋőćì ł àăćěŋáâćăň [109]: Φ^±_{Pq}(κ)^[e^{it(E2(P,κ)−E2(P,q))} − 1^] B^P (κ)^[e^{it(E2(P,κ)−M2(P))} − 1^] = ∫ d^3r

Φ^±_{Pq}(r) B^P (r) · ·F^{(1)}_A ( t; κ + r | | | | P 2 − r, P 2 − κ ) . (2.32)

Ŕàĺćńěłăï áîďă ńĺèì őąéĺě őŕàěďěńěŋĺï ĺ áćőľáâćă Φ^±_{Pq}(κ), B^P (κ) (1.38), (1.39), (1.46), (1.102), ćŋőćì ŕàĺåőďĺň ł áőőâŋőèěŋĺî (2.26) ĺ ł ŕàěďáâă-

—68— ćńěŋĺî çěàěğ ďćãåçăáâĺçŋëľ ŕàőěłâőà Π^P_2 ć őŕěàăâőàě Ňěńńěàă:

δ_3(k − s) + F^{(1)}_A ( t; k + s | P 2 − s, P 2 − k ) = (2.33)

= e^{it[E2(P,k)−M2(P)]}B^P (k)B^{P∗}(s) + ∫ d^3qe^{it[E2(P,k)−E2(P,q)]}Φ^±_{Pq}(k)Φ^{±∗}_{Pq} (s) = = ∫ d^3P^{′′} ∫ d^3P^′⟨R^0_α′′_β′′ (P^{′′}, k) | e^{itH0} Π^P_2 e^{−itH} | R^0_α′_β′ (P^′, s)⟩,

ŕàĺ α^{′′} = α^′ ≠ β^{′′} = β^′, ăŋăńőčĺçŋőňã (1.105). Ĺŋâěčàăńìŋëě ãàăćŋěŋĺï (2.12), (2.25) àěèăîâáï âőçŋő ďńï ćëàőęďěŋŋëå ïďěà ćĺďă:

K^P (r, s) =^{m<∞∑}_{n=1} V_n(r) U_n(s). (2.34)

2 Łőŋâăłâŋëě çěâëàěåäěàňĺőŋŋëě ňőďěńĺ.

2.1 Ďĺăčőŋăńĺğăæĺï ĺ äĺğĺçěáłĺě ŕőńï.

Ć łăçěáâćě ŕàĺňěàă ćőğìňěň ňőďěńĺ ńőłăńìŋőčő çěâëàěåäěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï. Őŕàěďěńĺň áńěďãîéĺě ćěńĺçĺŋë: ěďĺŋĺçŋëľ ăŋâĺáĺňňěâàĺçŋëľ âěŋğőà ćâőàőčő àăŋčă ϵ_{αβ} = −ϵ_{βα}, ϵ_{αβ}ϵ_{γβ} = δ_{αγ}, ϵ_{12} = 1,

x = (x, t), t = x_0, P = −i^→∇_x, P^† = i^←∇_x, (2.35) ←→ P = −i ( → ∇_x−^←∇_x ) = P + P^†, χ_Ψ(x, y) = ϵ_{αβ}Ψ_α(x)Ψ_β(y); χ_Ψ(x) = χ_Ψ(x, x) = ϵ_{αβ}Ψ_α(x)Ψ_β(x); S_Ψ(x) =^(Ψ^†_α(x) Ψ_α(x)^) ; J_Ψ(x) = ( Ψ^†_α(x)^{←→}P Ψ_α(x) ) . (2.36)

Ŕàĺçěň: Ψ_α(x) Ψ_β(x) = 1 2 ϵ_{αβ} χ_Ψ(x); ϵ_{αβ} Ψ_α(x)^{←→}P Ψ_β(x) = 0; (2.37)

Y_{αβ}(x, y) ≡ Ψ_α(x) Ψ_β(y) + Ψ_α(y) Ψ_β(x) =⇒ | | | | | x_0=y_0 ϵ_{αβ} χ_Ψ(x, y), Y_{αβ}(x, y)Ψ_γ(z) + Y_{αβ} (y, z)Ψ_γ(x) + Y_{αβ} (z, x)Ψ_γ(y) | | | | x_0=y_0=z_0

= (2.38)

= Y_{αβ}(x, y)Ψ_γ(z) + Y_{γα}(x, y)Ψ_β(z) + Y_{βγ} (x, y)Ψ_α(z) | | | | | x_0=y_0=z_0

≡ 0;

S_Ψ(x) Ψ_α(x) = − 1 2 ϵ_{αβ} Ψ^†_β(x) χ_Ψ(x); (2.39)

—69— ć áĺńã ăŋâĺłőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ ďńï ŕőńěľ Ψ_α(x):

{Ψ_α(x) , Ψ_β(y)} | | | | x_0=y_0

= 0; ĺ áőčńăèěŋĺï: { Ψ_α(x) , Ψ^†_β (y) }| | | x_0=y_0

= δ_{αβ} δ_3(x − y) =⇒ | | | | x=y δ_{αβ} 1 V^∗ , (2.40)

(áňőâàĺ Ćëćőďë ć čńăćě 1) łőâőàőě, ć çăáâŋőáâĺ, őğŋăçăěâ, çâő:

Ψ^†_α(x) S_Ψ(x) Ψ_α(x) ≡ 1 2 χ^†_Ψ(x) χ_Ψ(x) =⇒ S_Ψ(x) ( S_Ψ(x) − 1 V^∗ ) . (2.41)

Řăááňőâàĺň âěŕěàì łőŋâăłâŋëě 4-å äěàňĺőŋŋëě ćğăĺňőďěľáâćĺï á ŕńőâŋőáâïňĺ, áőďěàęăéĺňĺ âăłĺě ńőłăńìŋëě áłăńïàŋëľ ĺ ćěłâőàŋëľ âőłĺ:

H_1(x) = Ψ^†_α(x) E(P) Ψ_α(x) − λ 8 χ^†_Ψ(x)χ_Ψ(x); (2.42)

H_2(x) = Ψ^†_α(x)E(P)Ψ_α(x) − λ 4 ( S_Ψ(x) )2 + μ 4 (J_Ψ(x))^2 =⇒ (2.43)

: H_2(x) := w_0 + Ψ^†_α(x) E(P) Ψ_α(x) − λ 8 χ^†_Ψ(x) χ_Ψ(x) + (2.44) + μ 4 Ψ^†_α(x) ( J_Ψ(y)·^{←→}P_x ) Ψ_α(x) | | | | | x=y , Ğďěáì E(k) ïćńïěâáï ŕàőĺğćőńìŋëň ”čőńëň” őďŋőçăáâĺçŋëň áŕěłâàőň, ă V^∗ ňőęŋő ŕàĺďăâì áňëáń ŕàőáâàăŋáâćěŋŋőčő őąêěňă ćőğąãęďěŋĺľ, E(k)- (ŕěàěŋőàňĺàőćăŋŋëľ) őďŋőçăáâĺçŋëľ áŕěłâà ďńï äĺğçěáłĺå ŕőńěľ.

Ćğăĺňőďěľáâćĺï (2.42), (2.43) ŕàĺćőďïâ ł ďĺăčőŋăńĺğőćăŋŋőňã čăňĺńìâőŋĺăŋã (2.3), (2.4) ć ŋőàňăńìŋőľ äőàňě ŕő čěľğěŋąěàčőćáłĺň ĺ/ĺńĺ äĺğĺçěáłĺň ŕőńïň (2.44):

: H_2{Ψ(x, t)} :≡ ∫ d^3x : H_2(x, t) :⇒ H{A} = Vw_0 +H_0{A}+H_I {A}, (2.45)

á ćëàőęďěŋŋëň ïďàőň ćĺďă (2.34) ĺ ŕăàăňěâàăňĺ: 2 i K^P (r, s) = i 2(2π)^3 { λ − μP^2 + μ (r + s)^{2}} ; (2.46)

E(k) → E^{(±)}(k) = μ 4V^∗ ( k^2 + <<k^2>>^) + λ 4V^∗ ∓ ( E(k) − λ 2V^∗ ) ; (2.47)

w_0 → w^±_0 =

1 ± 1 V^∗ ( <<E(k)>> − λ 2V^∗ ) ; <<E(k)>>^{def}= V^∗ Λ∫ d^3k (2π)^3 E(k),

—70— ěáńĺ őŕěàăâőàŋăï àěăńĺğăæĺï, ŋăŕàĺňěà, âăłőćă, çâő čěľğěŋąěàčőćáłĺě ŕőńï ŕàĺ t = t_0 = 0 ŕàőáâő áőćŕăďăîâ á äĺğĺçěáłĺňĺ ŕőńïňĺ, çâő ňőęŋő ćáěčďă őáãéěáâćĺâì, ŕő łàăľŋěľ ňěàě, ďćãňï ŕãâïňĺ:^1

Ψ_α(x, t) = e^{iHt} Ψ_α(x, 0) e^{−iHt} =⇒ F^t_0 [ψ_α(x, 0)] , čďě: Ψ_α(x, 0) = Ψ_α [ψ_α {A(k)}] ⇒

−ϵ_{αβ} ψ^†_β (x, 0); (+), E(k) → E^{(+)}(k) ψ_α(x, 0); (−), E(k) → E^{(−)}(k) ψ_α(x) = ∫ d^3k (2π)^{3/2} e^{i(k·x)−iE(k)t}A_α(k) = e^{−itE(}P^)ψ_α(x, 0). (2.48)

Śőőâćěâáâćãîéĺě ČŞ (2.20), (2.21) ďńï ČŔ:

Ψ_α(x) = ∫ d^3k (2π)^{3/2} e^{i(k·x)−iE(k)t} a_α(k, t), (2.49) (i∂_t − E(P)) Ψ_α(x) =^^V_Ψ(t; x, P) Ψ_α(x) ≡ J_α(x), (2.50) ^V_Ψ(t; x, P) = − λ 2 S_Ψ(x) + μ [ (J_Ψ(x) · P_x) − i 2 (∇_x · J_Ψ(x)) ] ; čďě: Q_{(a)}(k, l; t) = ∫ d^3P a^†_β (P − k, t)a_β (P − l, t) e^{it[E2(P, P2 −k)−E2(P, P2 −l)]} · · 2 i K^P ( l − P 2 , k − P 2 ) , – Ťãàìě-őąàăğ e^{itE(}P^{)^}V_Ψ(t; x, P)e^{−itE(}P^),

(áň. (B.2)), íłćĺćăńěŋâŋë ĺŋâěčàăńìŋőňã ãàăćŋěŋĺî §ŋčă-Ťěńìďňăŋă:

Ψ_α(x) = ψ_α(x) +

x_0∫

0 dy_0 ∫ d^3y Δ_{αβ} (x − y) J_β(y), (2.51)

čďě ćőğňőęŋë őąă ğŋăłă x_0 ĺ ććěďěŋă ŕěàěáâăŋőćőçŋăï äãŋłæĺï äĺğĺçěáłĺå ŕőńěľ [79]:

Δ_{αβ}(x − y) = {ψ_α(x) , ψ^†_β (y)} = δ_{αβ}e^{−i(x0−y0)E(}P^{x)}δ_3(x − y) = (2.52) = δ_{αβ} < x|e^{−i(x0−y0)E(}P^)|y >= δ_{αβ} ∫ d^3k (2π)^3 e^{i(k(x−y))}e^{−i(x0−y0)E(k)}. 1Ć áńãçăě (+), ć (2.44) ŕàěďŕőńăčăîâáï ãęě ”ŕàăćĺńìŋëě” čěľğěŋąěàčőćáłĺě ŕőńï Ψ → ψ, Ψ^† → ψ^†.

—71— Ć áĺńã (2.19) ŕàĺçĺŋŋëľ ŕàőŕăčăâőà čěľğěŋąěàčőćáłĺå ŕőńěľ áćőďĺâáï ł ŕàĺçĺŋŋőňã ŕàőŕăčăâőàã äĺğĺçěáłĺå ŕőńěľ, łőâőàëľ ďńï àěăńĺğăæĺĺ ćĺďă (2.48) áőćŕăďăěâ á ğăŕăğďëćăîéěľ äãŋłæĺěľ Čàĺŋă:

Δ^{(C)}_{(Ψ)αβ} (x, y) ≡ ⟨0| T ( Ψ_α(x) Ψ^†_β(y) ) |0⟩ ≡ (2.53) ≡ θ(x_0 − y_0)⟨0|Ψ_α(x)Ψ^†_β(y)|0⟩ − θ(y_0 − x_0)⟨0|Ψ^†_β(y)Ψ_α(x)|0⟩ =⇒ Δ^{(C)}_{(ψ)αβ} (x − y) ≡ ⟨0|T ( ψ_α(x) ψ^†_β (y) ) |0⟩ =⇒ Δ^{(R)}_{(ψ)αβ} (x − y) = (2.54)

θ(x_0 − y_0)Δ_{αβ}(x − y) = iδ_{αβ} ∫ d^4k (2π)^4 e^{−i(k,(x−y))} 1 k_0 − E(k) + i0

. (2.55)

Łăł ŕőłăğăŋő ć ŕàĺńőęěŋĺĺ Ă, àěèěŋĺě ãàăćŋěŋĺï (2.25) á ćëàőęďěŋŋëň ïďàőň (2.46) ďńï ďćãåçăáâĺçŋőčő áŕěłâàă őąéěčő ćĺďă (2.8) âăłőćő [107]:

F^{(1)}_A ( t; κ + q | | | | P 2 − κ, P 2 − q ) = t∫

0 dηe^{iηE2(P,q)}ε(t) i∞+Δε(t) ∫ −i∞+Δε(t) dσ e^{ση} σ + iE_2(P, κ) · D^P_{κ 1}(σ) + q^2D^P_{κ 2}(σ) 2(2π)^4D^P_0 (σ) + μq^j (2π)^4 ∏jl ⊥(P) 1 − 2μJ^P_δ (σ) + ∏jl ‖ (P) 1 − 2μJ^P_D (σ) κ^l ,(2.56) á ŕàőěłâőàăňĺ:^{∏jl}_⊥(P) = δ_{jl} − P^jP^l P^2 ,^{∏jl}_‖ (P) = P^jP^l P^2

, (2.57)

ĺ ŕàĺ μ = 0 áćőďĺâáï ł áńěďãîéěňã ŕàőáâőňã ćëàăęěŋĺî: =⇒ t∫

0 dη e^{iηE2(P,q)} ε(t) 2(2π)^4 i∞+Δε(t) ∫ −i∞+Δε(t) dσ e^{ση} (σ + iE_2(P, κ)) · λ ( 1 − λ J^P_0 (σ)^)

. (2.58)

Ğďěáì ε(η) = ε(t) ≡ sign(t), Δ → +0, J^P_δ (σ) = 1 2 [ J^P_1 (σ) − J^P_D(σ)^] ,

J^P_n (σ) J^P_D(σ) J^P_{jl}(σ) = 1 2 ∫ d^3r (2π)^3 · 1 E_2(P, r) − iσ · ( r^{2)n} (r · P)^2 P^2 r^jr^l ; (2.59)

D^P_0 (σ) D^P_{κ 1}(σ) D^P_{κ 2}(σ) = [ μ J^P_1 (σ) − 1^{]2} − μ^2 J^P_0 (σ)J^P_2 (σ) − (λ − μP^2) J^P_0 (σ) λ − μP^2 + μκ^2 + μ^{2 [}J^P_2 (σ) − κ^2J^P_1 (σ)^] .

μ + μ^{2 [}κ^2J^P_0 (σ) − J^P_1 (σ)^]

(2.60)

—72— Ŕőńăčăï σ = ±δ − iE_2(P, q), ĺ őąőğŋăçăï I^{P±}_{{...}}(q) = J^P_{{...}} (±δ − iE_2(P, q)) , D^{P±}_{{...}}(q) = D^P_{{...}} (±δ − iE_2(P, q)) , (2.61) ĺğ (2.12) ĺńĺ ĺğ (2.26), (2.56) á δ > Δ, δ → +0, ďńï áőąáâćěŋŋëå äãŋłæĺľ àăááěïŋĺï á äĺłáĺàőćăŋŋőľ çěâŋőáâìî (ãčńőćëň ňőňěŋâőň) l = 0, 1 ĺ áŕĺŋőň J=0,1, őŕàěďěńěŋŋëå ć áĺňňěâàĺçŋőň ąăğĺáě (σ_j, j = 1, 2, 3 - őąëçŋëě ňăâàĺæë Ŕăãńĺ (4.9)):

(δ_{αβ}, (σ_j )_{αβ}) −→ (ϵ_{αβ},^^τ^j_{αβ} ), ϵ_{αβ} = i(σ_2)_{αβ} ,^^τ^j_{αβ} =^^τ^j_{βα} = i(σ_2σ_j )_{αβ}, łăł: | l, J, m; P, q⟩^± = ∫ d^3κ ϕ^{±(l,J,m)} Pq (κ)_{αβ} | R^0_{αβ}(P, κ)⟩, (2.62) ϕ^{±(l,J,m)} Pq (κ)_{αβ} = χ^{(J,m)}_{αβ} Φ^{±(l)}_{Pq} (κ), ϕ^{±(l,J,m)}_{Pq} (κ)_{αβ} = −ϕ^{±(l,J,m)}_{Pq} (−κ)_{βα}, (2.63) χ^{(0,0)}_{αβ} = 1 √ 2 ϵ_{αβ}; χ^{(1,m)}_{αβ} = i √ 2^^ τ^{(m)}_{αβ} , (2.64)

^τ^{(0)}_{αβ} = i^^τ^3_{αβ} ;^^τ^{(±1)}_{αβ} = ±i √ 2 ( ^τ^1_{αβ} ∓ i^^τ^2_{αβ}^) ; (2.65)

ŕőńãçăěň áńěďãîéĺě ćëàăęěŋĺï:

Φ^{±(l)}_{Pq} (κ) = 1 2 [ Φ^±_{Pq}(κ) + (−1)^lΦ^±_{Pq}(−κ)^] ; (2.66)

Φ^{±(l)}_{Pq} (κ) = 1 2 δ_3(κ − q) + (−1)^lδ_3(κ + q) +

T^{(l)±}_P (q; κ) E_2(P, κ) − E_2(P, q) ∓ i0 ; T^{(0)±}_P (q; k) = C^{P±}_1 (q) + k^2 C^{P±}_2 (q) =

D^{P±}_{q1} (q) + k^2 D^{P±}_{q2} (q) (2π)^3D^{P±}_0 (q)

, (2.67)

T^{(1)±}_P (q; k) =^(k · C^{P±}_3 (q)^) = 2μ (2π)^3 k^j ∏jl ⊥(P) 1 − 2μI^{P±}_δ (q) + ∏jl ‖ (P) 1 − 2μI^{P±}_D (q) q^l, á ŕàőěłâőàăňĺ (2.57). Ŋőàňĺàãěňëě ćőńŋőćëě äãŋłæĺĺ őąëçŋëå áćïğăŋŋëå áőáâőïŋĺľ (ŋő ŋě čőńďáâőãŋőćáłőľ ňőďë ĺğ čń.5) ïćńïîâáï ŕàőáâő ćëçěâăňĺ ćőńŋőćëå äãŋłæĺľ àăááěïŋĺï Φ^{±(l)}_{Pq} (k) ć áőőâćěâáâćãîéĺå ŕőńîáăå:

iσ =⇒ (E_2(P, q) ± i0) =⇒ M^{(l)}_2 (P), q =⇒ ib(P), (2.68)

—73— D^P_0 (σ) = 0; 1 − 2μJ^P_δ (σ) = 0; 1 − 2μJ^P_D(σ) = 0; (2.69) Φ^{±(l)}_{Pq} (k) → B^{P(l)}(k) = Z^{(l)}(P, k) [ E_2(P, k) − M^{(l)}_2 (P) ]−1 ; (2.70) Z^{(0)}(P, k) = C_1(P) + k^2 C_2(P); Z^{(1)}_{⊥,‖}(P, k) = ( k · C^{⊥,‖}_3 (P) ) ; čďě: C_n(P) = res C^{P±}_n (q)|_{E2(P,q)=M2(P)}. (2.71)

Ďńï áńãçăï μ → 0 : C^{P±}_1 (q) → λ(2π)^{−3} λI^{P±}_0 (q) − 1

, C^{P±}_{2,3} (q) → 0. (2.72)

Ňőęŋő ãąěďĺâìáï, çâő, łăł ĺ ć (N, Θ)-ňőďěńĺ, ŕőńãçěŋŋëě àěèěŋĺï (2.56)- (2.70) ăćâőňăâĺçěáłĺ ãďőćńěâćőàïîâ ãáńőćĺïň (2.32).

2.2 Ńĺŋěăàĺğăæĺï čěľğěŋąěàčőćáłĺå ãàăćŋěŋĺľ

Ćőğćàăéăïáì ł ČŞ, àăááňőâàĺň ćëâěłăîéĺě ĺğ ŋĺå ãàăćŋěŋĺï ďńï âőłőć S_Ψ(x) ĺ J_Ψ(x), ăŋăńőčĺçŋëě (1.49). Ŕãáâì, á ãçěâőň (2.35), [ E(P) − E(P^†)^]_→ S_Ψ(x) ≡ Ψ^†_α(x)^[E(P) − E(P^†)^] Ψ_α(x), âőčďă: i∂_tS_Ψ(x) =^[E(P) − E(P^†)^]_→ S_Ψ(x) − iμ∇_x ·^(Ψ^†_α(x)J_Ψ(x)Ψ_α(x)^) = =^[E(P) − E(P^†)^]_→ S_Ψ(x) − iμ (∇_x · {J_Ψ(x) , S_Ψ(x)}) ; (2.73) i∂_tJ^l_Ψ(x) =^[E(P) − E(P^†)^]_→ J^l_Ψ(x) + iλΨ^†_α(x)^(∇^l_xS_Ψ(x)^) Ψ_α(x) − −μ [ ∇^{{n}_x (∇_z − ∇_y)^{l}} + ∇^{[n}_y ∇^{l]}_z + ∇^n_z ∇^l_z − ∇^n_y∇^l_y ]( Ψ^†_α(y)J^n_Ψ(x)Ψ_α(z)^) | | | x=y=z =^[E(P) − E(P^†)^]_→ J^l_Ψ(x) + i λ 2 {( ∇^l_xS_Ψ(x)^) , S_Ψ(x)^} − −i μ 2 [( ∇_x ·^{J_Ψ(x) , J^l_Ψ(x)^{})} +^{{(}∇^l_xJ_Ψ(x)^) · , J_Ψ(x)^{}]} . (2.74) Ďńï E(P) = ω(−∇^2) ĺ ńîąőľ àěčãńïàŋőľ ć z = 0 äãŋłæĺĺ ω(z) á âőłőň S_Ψ(x) áćïğăŋ áőåàăŋïîéĺľáï ğăàïď: U(t) = ∫ d^3xS_Ψ(x, t), ∂_tU(t) = −μ ∮ Σ_R

dΣ ·^(Ψ^†_α(x)J_Ψ(x)Ψ_α(x)^{) R→∞}−→ 0. (2.75) Ŕàĺçěň, ĺğ (2.36) ĺ (2.40) ćëâěłăěâ ŕàőáâőě, ŋő ćăęŋőě áőőâŋőèěŋĺě: [S_Ψ(x) , S_Ψ(y)] | | | | x_0=y_0

= 0 · δ_3(x − y) ≡ 0. (2.76)

—74— Ŕőíâőňã, áńãçăľ μ = 0 ğăáńãęĺćăěâ őâďěńìŋőčő àăááňőâàěŋĺï. Śőčńăáŋő (2.41), ŋőàňăńìŋăï äőàňă (2.44) ďńï H_2(x) (2.43) ŕàĺ μ = 0 őâńĺçăěâáï őâ H_1(x) (2.42) âőńìłő ŕěàěőŕàěďěńěŋĺěň őďŋőçăáâĺçŋőľ ĺ ćăłããňŋőľ íŋěàčĺĺ: E(k) = E(k) −→ E^{(±)}(k) = λ 4V^∗ ∓ ( E(k) − λ 2V^∗ ) , (2.77)

w_0 = 0 −→ w^±_0 =

1 ± 1 V^∗ ( <<E(k)>> − λ 2V^∗ ) . Ŕőïćńěŋĺě ć (2.76) èćĺŋčěàőćáłĺå çńěŋőć ćőğňőęŋő âőńìłő ěáńĺ ďńï łăłőľ ńĺąő őŕěàăâőàŋőľ àěăńĺğăæĺĺ (2.48) ŕàĺ |k| → ∞, ĺňěîâáï ğŋăçěŋĺï íŋěàčĺĺ őąőĺå ğŋăłőć, E(k) < 0 ĺ E(k) > 0, â.ě. ěáńĺ ”ďĺàăłőćáłĺľ ŕőďćăń” áőďěàęĺâ áőáâőïŋĺï áő áłőńì ãčőďŋő ąőńìèĺň |k| [118], [119]. İâőčő ńěčłő ĺğąěęăâì, ŕőâàěąőćăć ňőŋőâőŋŋőčő ćőğàăáâăŋĺï äãŋłæĺĺ E(k), â.ě. áőőâćěâáâćãîéěľ ňőŋőâőŋŋőáâĺ E(k) ŕàĺ ďőáâăâőçŋő ąőńìèĺå |k|.

Ĺğ (2.73) ćĺďŋő, çâő ŕàĺ μ = 0 ğăćĺáĺňőáâì őâ ćàěňěŋĺ őŕěàăâőàă S_Ψ(x) ćŋőćì, ăŋăńőčĺçŋő (1.49)–(1.51), őŕàěďěńïěâáï âőńìłő łĺŋěâĺçěáłőľ (łćăďàăâĺçŋőľ) çăáâìî čăňĺńìâőŋĺăŋă ĺ ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ďńï ŋěčő ć ŕàěďáâăćńěŋĺĺ äĺğňçěáłĺå ŕőńěľ (2.48) őłăğëćăěâáï âàĺćĺăńìŋëň. Ďěľáâćĺâěńìŋő, âőčďă ĺğ (2.73), ŋăŕàĺňěà ďńï áńãçăï E^{(−)}(k), ïćáâćãěâ:

E(P) − E(P^†) = E(P) − E(P^†), (2.78) çâő áőćňěáâĺňő á őŕàěďěńěŋĺïňĺ P, P^† (2.35) ĺ E(P) âőńìłő ěáńĺ

E(P) − E(P) = E(P^†) − E(P^†) = const, (2.79)

ć áőčńăáĺĺ á (2.77). Šőčďă (2.73) ňőęŋő ŕàěďáâăćĺâì ć ćĺďě:

i∂_tS_Ψ(x) = [S_Ψ(x), H_2 {Ψ}] =⇒ [S_Ψ(x), H_0 {Ψ}] = [S_Ψ(x), H_0 {Ψ}] , (2.80)

ŕőáłőńìłã, ć áĺńã (2.43), (2.76), S_Ψ(x) ”ŋě çãćáâćãěâ” ćőğŋĺłăîéãî ĺğ (2.41) àăğŋĺæã ŋă S_Ψ(x) ňěęďã ŕńőâŋőáâïňĺ H_0 ĺ H_0, â.ě. àăğŋĺæã ŋă íâã

—75— (ąěáłőŋěçŋãî) łőŋáâăŋâã (2.79) ňěęďã E(k) ĺ E(k), çâő ĺ ŕőğćőńïěâ ćëąàăâì ŕőáńěďŋîî ć áőőâćěâáâćĺĺ á ŕőáńěďŋĺň ãàăćŋěŋĺěň (2.80). Ŋő âőčďă őŕěàăâőàŋëě ŋăçăńìŋëě ãáńőćĺï (2.48) ŕàĺćőďïâ ł æěŕőçłě àăćěŋáâć:

S_Ψ(x, t) ≡ e^{iHt} S_Ψ(x, 0) e^{−iHt} =⇒ e^{iH0t} S_Ψ(x, 0) e^{−iH0t} =⇒ (2.81) =⇒ e^{iH0t} S_Ψ(x, 0) e^{−iH0t} =⇒ e^{iH0t} S_ψ(x, 0) e^{−iH0t} ≡ S_ψ(x, t). Śńěďőćăâěńìŋő, ČŞ (2.21), (2.50), (2.51) áâăŋőćïâáï ńĺŋěľŋëňĺ ŕő őâŋőèěŋĺî ł ČŔ Ψ_α(x, t):

(i∂_t − E(P)) Ψ_α(x, t) = − λ 2 S_Ψ(x, t) Ψ_α(x, t) =⇒ − λ 2 S_ψ(x, t) Ψ_α(x, t), (2.82)

ă ĺå àěèěŋĺě ŕàĺćőďĺâ, ăŋăńőčĺçŋő (1.55), (1.58), ł ïćŋőňã, åőâï ĺ äőàňăńìŋőňã ćëàăęěŋĺî ďńï ČŔ ć âěàňĺŋăå äĺğĺçěáłĺå ŕőńěľ ć ćĺďě Šãŕőàïďőçěŋŋőľ íłáŕőŋěŋâë [107], [109] ŕàĺ t > 0:

Ψ_α(x, t) = T exp i t∫

0 dη [ λ 2 S_ψ(x, η) − E(P) ] ψ_α(x, 0) = (2.83)

= e^{−itE(}P^)T exp i λ 2 t∫

0 dη e^{iηE(}P^) S_ψ(x, η) e^{−iηE(}P^) ψ_α(x, 0) =

= e^{−itE(}P^)T exp i λ 2 t∫

0 dη S_ψ (x + ηv(P), η) ψ_α(x, 0). (2.84)

Ğďěáì P – őŕěàăâőà ďĺääěàěŋæĺàőćăŋĺï ĺğ (2.35), ă v(p) = ∇_pE(p), â.ě. ïćńïěâáï áőőâćěâáâćãîéěľ čàãŕŕőćőľ áłőàőáâìî (B.3). Śĺňćőń Šãŕőàïďőçěŋĺï őâŋőáĺâáï łăł ł őŕěàăâőàăň äĺğĺçěáłĺå ŕőńěľ, âăł ĺ ł ŋěłőňňãâĺàãîéĺň ňěęďã áőąőľ őŕěàăâőàăň P ĺ X = x, ĺ ŋě ňőęěâ ąëâì őŕãéěŋ ďăęě ěáńĺ ğăňěŋĺâì őŕěàăâőà S_ψ(x, η) łńăááĺçěáłĺň ćŋěèŋĺň ŕőńěň (áň. čńăćã 3). Řăğãňěěâáï, ŕàĺ t > 0 őŕěàăâőà ψ_α(x, 0) ňőęŋő ćŋěáâĺ ŕőď ğŋăł Š-ŕàőĺğćěďěŋĺï. Őłőŋçăâěńìŋëľ ćĺď ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ČŔ (2.17) őŕàěďěńïěâáï ŕàĺćěďěŋĺěň íâőčő áĺňćőńĺçěáłőčő àěèěŋĺï

—76— (2.83) ł ŋőàňăńìŋőľ äőàňě ŕő äĺğĺçěáłĺň ŕőńïň. Ŕàěďáâăćńïěâáï ğăâàãďŋĺâěńìŋëň ŕőńãçĺâì âăłőě àěèěŋĺě ć âěàňĺŋăå in-ŕőńěľ, őáőąěŋŋő ŕàĺ ŋăńĺçĺĺ áćïğăŋŋëå áőáâőïŋĺľ, ćŕőńŋě ďőŕãáâĺňëå ć íâőľ ňőďěńĺ, łăł ŕőłăğăŋő ć čńăćăå 5, 6 ĺ ć [110], [113].

3 Ćëáèĺě łőíääĺæĺěŋâŋëě äãŋłæĺĺ.

3.1 Ŕàĺćěďěŋĺě ł ŋőàňăńìŋőľ äőàňě.

Ŕàőąńěňã ŕàĺćěďěŋĺï ł ŋőàňăńìŋőľ äőàňě äőàňăńìŋëå àěèěŋĺľ (1.55), (2.83) ńĺŋěăàĺğőćăŋŋëå ãàăćŋěŋĺľ (1.54) ĺ (2.82) ďńï őąěĺå ňőďěńěľ ňőęŋő áćěáâĺ ł őďŋőľ ĺ âőľ ęě áĺáâěňě ńĺŋěľŋëå ãàăćŋěŋĺľ. Ćëŕĺèěň, ŋăŕàĺňěà, ïćŋëľ ćĺď ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï O^t_0, – ŋőàňăńìŋőľ äőàňë àěèěŋĺï (1.55) ďńï ąőğőŋŋőčő ŕőńï:

o(k, t) ≡ O^t_0[Θ(k), N(k)] = Θ(k) +^{∞∑}_{n=1} ∫ d^3l^{n∏}_{j=1} {∫ d^3q_j ∫ d^3p_j } · ·^{n∏}_{j=1}^{N^†(q_j)^{} 1∏}_{j=n}^{N(p_j )^} Θ(l) Y^{(n)}_N (t; k; {q_j }^n_1 |{p_j }^1_n ; l). (2.85)

Łăł ĺ àăŋěě, ğďěáì ĺ ďăńěě áçĺâăěâáï, çâő ŕőàïďőł őŕěàăâőàŋëå áőňŋőęĺâěńěľ ”áńěćă ŋă ŕàăćő” őâćěçăěâ ãŕőàïďőçěŋĺî ”áŋĺğã ććěàå” ć ąěáłőŋěçŋőň ŕàőĺğćěďěŋĺĺ, ă âăłęě, çâő

< k|^^K_N (η)|l >≡ K_N (k, l; η) = ∫ d^3q ∫ d^3p N^†(q) N_(p) X_N (η; k, q |p, l),(2.86) X_N (η; k, q |p, l) = −iλ^~α(k)^~α(−l)e^{iη[ω(k)+m(q)−m(p)−ω(l)]} δ_3(k + q − p − l).

Ŋőàňăńìŋăï äőàňă äěàňĺőŋŋőčő àěèěŋĺï (2.83) ĺňěěâ ćĺď (2.17):

a_α(k, t) ≡ A^t_0 [A_α(k)] = A_α(k) +^{∞∑}_{n=1} ∫ d^3l^{n∏}_{j=1} {∫ d^3q_j ∫ d^3p_j } · (2.87) ·^{n∏}_{j=1} { A^†_{βj} (q_j ) } 1∏ j=n { A_{βj} (p_j )^} A_α(l) Y^{(n)}_A (t; k; {q_j }^n_1 |{p_j}^1_n; l),

—77— ă, ć áĺńã (2.49), (2.50) ĺ (2.82), ãàăćŋěŋĺě (2.51), ć áőőâćěâáâćĺĺ á (1.54), (1.55), ďăěâ:

a_α(k, t) = A_α(k) + t∫

0 dη ∫ d^3l Q_{(A)}(k, l; η) a_α(l, η) = = ∫ d^3l < k|T exp t∫

0 dη^^K_A(η) |l > A_α(l); (2.88) < k|^^K_A(η)|l >≡ Q_{(A)}(k, l; η) = ∫ d^3q ∫ d^3p A^†_β (q) A_β(p) X_A(η; k, q |p, l);

X_A(η; k, q |p, l) = iλ 2(2π)^3 e^{iη[E(k)+E(q)−E(p)−E(l)]} δ_3(k + q − p − l). (2.89) Ć áĺńã łőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ ďńï äěàňĺ-ŕőńěľ, äãŋłæĺĺ Y^{(n)} ć őąőĺå áńãçăïå ďőńęŋë ąëâì áĺňňěâàĺçŋë őâŋőáĺâěńìŋő ŕàőĺğćőńìŋőľ, ŋő őďŋőćàěňěŋŋőľ ĺ őďĺŋăłőćőľ ŕěàěáâăŋőćłĺ {q_j}^n_1 , ĺ {p_j}^1_n, âăł łăł ĺňěŋŋő âăłăï áĺňňěâàĺï ćëďěńïěâáï ŕàĺ ĺŋâěčàĺàőćăŋĺĺ. Şàăćŋěŋĺï (1.54) ĺ (2.88) ŕàĺćőďïâ ł őďĺŋăłőćëň àěłãàěŋâŋëň ãàăćŋěŋĺïň ŋă Y^{(n)}:

Y^{(n)}(t; k; {q_j }^n_1 |{p_j }^1_n; l) = t∫

0 dη ∫ d^3κ ∫ d^3s^{n∑}_{ν=1} X (η; k, q_ν |s, κ) · · { δ_3(s − p_ν) 1 n Y^{(n−1)}(η; κ; {q_j}^n_{1=j≠ν} |{p_j }^1_{n=j≠ν} ; l) + +Y^{(n)}(η; κ; {q_j}^{ν−1}_1 , s, {q_j }^n_{ν+1}|{p_j}^1_n ; l) } . (2.90) Ŕàĺ n = 1 ğďěáì ŋãęŋő ğăňěŋĺâì Y^{(n−1)} → Y^{(0)}(t; k|l) = δ_3(k−l). Řěèěŋĺě íâĺå ãàăćŋěŋĺľ ďőńęŋő, âăłĺň őąàăğőň, ĺňěâì ćĺď:

Y^{(n)}_N (t; k; {q_j }^n_1 |{p_j}^1_n ; l) = δ_3 k − l +^{n∑}_{j=1}(q_j − p_j) ~α(k)^~α(−l) t∫

0 dη · ·e^{iηω(k) n∑}_{ν=1} e^{iηm(qν )} F^{(n)}_N (η; {q_j}^n_{1=j≠ν} |{p_j }^1_n ; l), (2.91) Y^{(n)}_A (t; k; {q_j }^n_1 |{p_j}^1_n ; l) = δ_3 k − l +^{n∑}_{j=1}(q_j − p_j) t∫

0 dη e^{iηE(k)} · ·^{n∑}_{ν=1} e^{iηE(qν )} F^{(n)}_A (η; {q_j }^n_{1=j≠ν} |{p_j}^1_n ; l), (2.92)

—78— čďě:

F^{(n)}_{A,N} (t; {q_j}^n_{1=j≠ν} |{p_j}^1_n; l) = ε(t) 2πi i∞+Δε(t) ∫ −i∞+Δε(t) dσe^{σt}f^{(n)}_{A,N} (σ; {q_j}^n_{1=j≠ν} |{p_j }^1_n; l),

(2.93) f^{(n)}_{A,N} (σ; {q_j}^n_{1=j≠ν} |{p_j }^1_n; l) = ∞∫

0 dte^{−σt}F^{(n)}_{A,N} (t; {q_j}^n_{1=j≠ν} |{p_j }^1_n; l), ă ć áńãçăě (N, Θ) ňőďěńĺ łőíääĺæĺěŋâŋëě äãŋłæĺĺ (2.91) ďńï ąőğőŋŋőčő ŕőńï ďőńęŋë őąńăďăâì ěéě ăŋâĺáĺňňěâàĺěľ ŕő ŕěàěáâăŋőćłě q_j ĺ p_j ŋěğăćĺáĺňő. Ŕőńãçăîéĺěáï őâáîďă ãàăćŋěŋĺï ňőčãâ ąëâì àěèěŋë ïćŋő ŕàĺ n = 1. Ć çăáâŋőáâĺ, ďńï ńăŕńăáőćáłĺå ŕàőőąàăğőć, ć áőčńăáĺĺ á (1.106), (1.107) ĺ (2.24), (2.58) ŋăåőďĺň:

f^{(1)}_N (σ; p; l) = λ i 1 ( 1 − J^{l+p}_N (σ) ) [σ + i {m(p) + ω(l)}]

, (2.94)

f^{(1)}_A (σ; p; l) = iλ 2(2π)^3 1 ( 1 − J^{l+p}_A (σ) ) [σ + i {E(p) + E(l)}] ,

čďě, ć áőőâćěâáâćĺĺ á őŕàěďěńěŋĺïňĺ (2.59), (1.108):

J^P_A (σ) = iλ 2(2π)^3 ∫ d^3κ σ + i[E(κ) + E(P − κ)] ≡ λ 2 ∫ d^3κ (2π)^3 1 [E^P_κ − iσ] = (2.95) = λ 2 ∫ d^3r (2π)^3 1 [E_2(P, r) − iσ] ≡ λJ^P_0 (σ),

J^P_N (σ) = λ i ∫ d^3κ |^~α(κ) |^2 σ + i[ω(κ) + m(P − κ)] = −λ ∫ d^3κ |^~α(κ) |^2 [E^P_κ − iσ] ≡ −λI^P_0 (σ), âő ěáâì : E^P_κ = E(κ) + E(P − κ) ω(κ) + m(P − κ) áőőâćěâáâćěŋŋő. (2.96)

Ŕőďçěàłŋěň, çâő àěèěŋĺï (2.94) ąëńĺ ŕőńãçěŋë àăŋěě ąěğ ĺáŕőńìğőćăŋĺï ńĺŋěăàĺğăæĺĺ ČŞ, âăł łăł ãàăćŋěŋĺï (2.90) ŋă Y^{(1)} (2.24) ĺ F^{(1)} (2.25) őâ ŋěě ŋĺ łăł ŋě ğăćĺáïâ.

—79— Ŕàĺ n = 2 ãàăćŋěŋĺě (2.90) áćőďĺâáï ł ãàăćŋěŋĺî Ťàěďčőńìňă á ŋěćëàőęďěŋŋëň ïďàőň, łőâőàőě őâćěçăěâ ãęě âàěåçăáâĺçŋőľ ğăďăçě, ă áőőâćěâáâćěŋŋő n-ăï łőíääĺæĺěŋâŋăï äãŋłæĺï őŕĺáëćăěâ áěłâőà á n + 1 çăáâĺæăňĺ.

3.2 Ŕàőĺğćőďïéĺľ äãŋłæĺőŋăń.

Ąěáłőŋěçŋăï áĺáâěňă ãàăćŋěŋĺľ (2.90) ďńï łőíääĺæĺěŋâŋëå äãŋłæĺľ ŋőàňăńìŋőľ äőàňë őąěĺå ňőďěńěľ ňőęěâ ąëâì ğăŕĺáăŋă ć ćĺďě őďŋőčő ĺŋâěčàő-ďĺääěàěŋæĺăńìŋőčő äãŋłæĺőŋăńìŋőčő ãàăćŋěŋĺï ďńï ĺå ŕàőĺğćőďïéěčő äãŋłæĺőŋăńă őâ łńăááĺçěáłőčő ąĺńőłăńìŋőčő ĺáâőçŋĺłă ϕ(q|p):

Z (t; k, l, [ϕ]) ≡^{∞∑}_{n=0}^{n∏}_{j=1} {∫ d^3q_j ∫ d^3p_j ϕ(q_j |p_j) } Y^{(n)}(t; k; {q_j}^n_1 |{p_j}^1_n; l), (2.97)

Y^{(n)}(t; k; {q_j}^n_1 |{p_j}^1_n; l) = 1 n! n∏ j=1 δ δϕ(q_j |p_j) Z (t; k, l, [ϕ]) | | | | ϕ=0 , (2.98) d dt Z (t; k, l, [ϕ]) = ∫ d^3q ∫ d^3p ϕ(q|p) ∫ d^3κ ∫ d^3s X (t; k, q|s, κ) · (2.99) · δ_3(s − p) + δ δϕ(s|p) Z (t; κ, l, [ϕ]) , á ŋăçăńìŋëň ãáńőćĺěň:

Z (0; k, l, [ϕ]) = Y^{(0)}(0; k|l) = δ_3(k − l) =< k|l > . (2.100)

Ŕőáłőńìłã ğďěáì, ŕő őŕàěďěńěŋĺî: δϕ(k|l) δϕ(q|p) = δ_3(k − q)δ_3(l − p), âő àăğňěàŋőáâĺ ϕ(q|p) ĺ δ δϕ(q|p) (2.101)

áőćŕăďăîâ á àăğňěàŋőáâìî δ_3(k − q).

§ďàă X_N , X_A (2.86),(2.89), á ãçěâőň (2.96), ŕàěďáâăćńïîâáï çěàěğ őŕěàăâőàë P ĺ X (B.1), (B.3), ŋăŕàĺňěà, ć ćĺďě:

e^{it[E(k)+E(q)−E(p)−E(κ)]} δ_3(k + q − p − κ) = =< k|e^{−iq}Xe^{it} [ EP_{q −E}P_p^] e^{ip}X|κ >= (2.102)

= e^{it[E(q)−E(p)]} < k|e^{itE(}P^)e^{−i(q−p)}Xe^{−itE(}P^)|κ >= (2.103) = e^{it[E(q)−E(p)]} < k|e^{−i(q−p)Q(t)}|κ >, Q(t) = X + tv(P), (2.104)

çâő ćňěáâě á ãáńőćĺěň (2.100) ŕőďáłăğëćăěâ ĺáłăâì àěèěŋĺě (2.99) ć ćĺďě ňăâàĺçŋőčő íńěňěŋâă őŕěàăâőàă

Z (t; k, l, [ϕ]) =< k|Z (t, [ϕ]) |l > . (2.105) Ŕőńăčăï: ΦX_t (q|p) = ϕ(q|p)e^{it[E(q)−E(p)]}e^{−i(q−p)}X, (2.106) ĺňěěň: d dt Z (t, [ϕ]) = iλ 2(2π)^3 e^{itE(}P^) ∫ d^3q ∫ d^3p ΦX_t (q|p) · (2.107) · 1 + ∫ d^3s δ δΦX_t (s|p) e^{−itE(}P^)Z (t, [ϕ]) . Ğďěáì, ăŋăńőčĺçŋő (2.84), ňőęŋő ŕěàěľâĺ őâ X ł ŋěłőňňãâĺàãîéĺň ŕàĺ àăğŋëå ćàěňěŋăå őŕěàăâőàăň Q(t). Łăł ćáěčďă, ŕàĺ ĺáŕőńìğőćăŋĺĺ ąĺńőłăńìŋëå ĺáâőçŋĺłőć [120]-[122], ŕàőĺáåőďĺâ áãéěáâćěŋŋőě ŕőŋĺęěŋĺě ŕőàïďłă äãŋłæĺőŋăńìŋëå ŕàőĺğćőďŋëå ć (2.98), ă ãàăćŋěŋĺě (2.107) ćëčńïďĺâ ŕàőéě őąëçŋëå ãàăćŋěŋĺľ ďńï ŕàőĺğćőďïéěčő äãŋłæĺőŋăńă łőíääĺæĺěŋâŋëå äãŋłæĺľ ŋőàňăńìŋőľ äőàňë S-ňăâàĺæë ďńï íâőčő ęě ćğăĺňőďěľáâćĺï [123]. Ěčő àěèěŋĺě âăłęě ňőęěâ ąëâì ŕàěďáâăćńěŋő ć ćĺďě äőàňăńìŋőľ Š-ãŕőàïďőçěŋŋőľ íłáŕőŋěŋâë (I- ěďĺŋĺçŋëľ őŕěàăâőà):

Z_A (T, [ϕ]) = e^{iT E(}P^)T exp i T∫

0 dt −E(P) + λ 2(2π)^3

· (2.108) · ∫ d^3q ∫ d^3p ΦX_t (q|p) 1 + ∫ d^3s δ δΦX_t (s|p) I, ~α^∗(P)Z_N (T, [ϕ]) = e^{iT ω(}P^)T exp −i T∫

0 dt ω(P) + λ|^~α(P)|^2 ∫ d^3q · (2.109) · ∫ d^3p ϕ(q|p) ∫ d^3se^{it[m(q)−m(s)]}e^{−i(q−s)}X δ_3(s − p) + δ δϕ(s|p) ~α^∗(P). Ć áńěďãîéěľ čńăćě ćëàăęěŋĺï ďńï łőíääĺæĺěŋâŋëå äãŋłæĺľ ĺ ĺå ŕàőĺğćőďïéěčő äãŋłæĺőŋăńă ŕőńãçěŋë ć ćĺďě äãŋłæĺőŋăńìŋëå ĺŋâěčàăńőć

—81— őâ äãŋłæĺőŋăńőć őŕàěďěńïěňëå ŕő àěèěŋĺî őďŋőčő őďŋőňěàŋőčő ćőńìâěààőćáłőčő ĺŋâěčàăńìŋőčő ãàăćŋěŋĺï.

4 Ćëćőďë.

Šăłĺň őąàăğőň, ňěâőď ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ ŋă èàěďĺŋčěàőćáłĺě ŕőńï ŕàĺňěŋĺ́ň ł àăğńĺçŋëň ŕőńěćëň ćğăĺňőďěľáâćĺïň çěâćěàâőľ áâěŕěŋĺ. Ŕàőæěďãàë ńĺŋěăàĺğăæĺĺ čěľğěŋąěàčőćáłĺå ãàăćŋěŋĺľ ĺ ŕàĺćěďěŋĺï ĺå àěèěŋĺľ ł ŋőàňăńìŋőľ äőàňě, ă âăłęě ćĺď ĺ áňëáń áőőâćěâáâćãîéĺå łőíääĺæĺěŋâŋëå äãŋłæĺľ őłăğëćăîâáï ěďĺŋőőąàăğŋëňĺ ďńï ňőďěńěľ á őďĺŋăłőćőľ áâàãłâãàőľ íńěňěŋâăàŋőľ ćěàèĺŋë ćğăĺňőďěľáâćĺï ŕàĺ ãáńőćĺĺ ěčő çěâŋőáâĺ ŕő äěàňĺőŋŋëň ŕőńïň. Ć çăáâŋőáâĺ łőíääĺæĺěŋâŋăï äãŋłæĺï F^{(1)} ŕàĺ âàěå őŕěàăâőàăå ŕőŕàěęŋěňã áőďěàęĺâ ćáî ĺŋäőàňăæĺî ő ďćãåçăáâĺçŋőň áěłâőàě, ćłńîçăï ćőńŋőćëě äãŋłæĺĺ àăááěïŋĺï ĺ áćïğăŋŋëå áőáâőïŋĺľ, ĺ ŕőŕàěęŋěňã ãďőćńěâćőàïěâ áőďěàęăéěňã ĺå ŋěńĺŋěľŋőňã áőőâŋőèěŋĺî (ãŋĺâăàŋőáâĺ). Ŕőáâàőěŋĺě ŕàőĺğćőďïéěčő äãŋłæĺőŋăńă łőíääĺæĺěŋâŋëå äãŋłæĺľ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï, áãâì ŋőàňăńìŋőľ äőàňë čěľğěŋąěàčőćáłőčő őŕěàăâőàă, ŕàĺ íâőň ğăňěâŋő ãŕàőéăěâáï ŕãâěň ććěďěŋĺï łńăááĺçěáłĺå ąĺńőłăńìŋëå ĺáâőçŋĺłőć. Řěèěŋĺě áőőâćěâáâćãîéěčő ĺŋâěčàő-ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï âăłęě ňőęěâ ąëâì ğăŕĺáăŋő ć ćĺďě Š-ãŕőàïďőçěŋŋőľ íłáŕőŋěŋâë, ŋě áőďěàęăéěľ, őďŋăłő, ŋĺłăłĺå ŕőńěćëå őŕěàăâőàőć. Ć áńěďãîéěľ čńăćě őŋő ąãďěâ ŕőńãçěŋő ć ąőńěě ïćŋőň ćĺďě äãŋłæĺőŋăńìŋőčő ĺŋâěčàăńă ŕő äăğőćőňã ŕàőáâàăŋáâćã.

Čńăćă 3

Ťãŋłæĺőŋăńìŋëě ŕàěďáâăćńěŋĺï ĺ àěńïâĺćĺáâáłĺě ňőďěńĺ.

Ć íâőľ čńăćě ŕàőæěďãàă ńĺŋěăàĺğăæĺĺ ČŞ ŕàĺňěŋïěâáï ďńï ŕőńãçěŋĺï àěèěŋĺľ àěńïâĺćĺáâáłĺå çěâëàěåäěàňĺőŋŋëå ňőďěńěľ ć D = 3 + 1. Śăňă ćőğňőęŋőáâì ŕőńãçěŋĺï ŕàěďáâăćńěŋĺľ ćĺďă (2.83) ć àěńïâĺćĺáâáłőň áńãçăě ŋě łăęěâáï ąěáŕőńěğŋőľ, â.ł., ăŋăńőčĺçŋő àěèěŋĺî 2D-ňőďěńěľ Šĺààĺŋčă ĺ Ÿćĺŋčěàă őŋă ďăěâ őŕěàăâőàŋőě ćëàăęěŋĺě ďńï čěľğěŋąěàčőćáłőčő ŕőńï ć ŕàőĺğćőńìŋëľ ňőňěŋâ ćàěňěŋĺ t = T çěàěğ őŕěàăâőàë äĺğĺçěáłĺå ŕőńěľ ć ŕàěďëďãéĺě ňőňěŋâë, ŋăçĺŋăï á t = 0, ŋěğăćĺáĺňő őâ ĺå ĺŋâěàŕàěâăæĺĺ ć âěàňĺŋăå őŕěàăâőàőć àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï çăáâĺæ, çâő ŕőğćőńïěâ, ć őŕàěďěńěŋŋőň áňëáńě, őâďěńĺâì ŕàőąńěňã ŕőáâàőěŋĺï ďĺŋăňĺłĺ őâ ŕàőąńěňë (ćâőàĺçŋőčő) łćăŋâőćăŋĺï. Ŕőáńěďŋïï ŋěŕőáàěďáâćěŋŋő áćïğăŋă á ŕàőæěďãàőľ ŕàĺćěďěŋĺï àěèěŋĺï ł ŋőàňăńìŋőľ äőàňě, – ğăďăçěľ, àěèăěňőľ ć őąéěň ćĺďě á ŕőňőéìî âěőàěňë Ćĺłă á ŕàĺćńěçěŋĺěň âěåŋĺłĺ äãŋłæĺőŋăńìŋőčő ĺŋâěčàĺàőćăŋĺï [79], [99], [124]. Ć ŕěàćőň ŕăàăčàăäě ćëćőďïâáï őąéĺě ãáńőćĺï ńĺŋěăàĺğăæĺĺ ČŞ ďńï àěńïâĺćĺáâáłĺå ňőďěńěľ çěâëàěåäěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï ĺ äőàňăńìŋëě àěèěŋĺï íâĺå ãàăćŋěŋĺľ. Ćő ćâőàőň ŕăàăčàăäě íâĺ àěèěŋĺï ŕàĺćőďïâáï ł ŋőàňăńìŋőľ äőàňě á ĺáŕőńìğőćăŋĺěň äãŋłæĺőŋăńìŋëå ňěâőďőć.

—83—

1 Şáńőćĺï ńĺŋěăàĺğăæĺĺ.

Řăááňőâàĺň ãáńőćĺï ńĺŋěăàĺğăæĺĺ ďńï çěâëàěåäěàňĺőŋŋőčő čăňĺńìâőŋĺăŋă ćĺďă: x = (x, x_0), γ^ν = (γ, γ^0), γ^5 = iγ^0γ^1γ^2γ^3- ňăâàĺæë Ďĺàăłă,

H_{[Ψ]}(t) = ∫ d^3x ( Ψ^{†a}(x)^^E_0(P)Ψ^a(x)^) + 1 2 ∑ A ( S^A_Ψ(x)^{)2}

≡ H_{0[Ψ]} + H_{I[Ψ]}, (3.1)

~H_{[Ψ,B]}(t) = ∫ d^3x ( Ψ^{†a}(x)^^E_0(P) Ψ^a(x)^) +^∑_A^(S^A_Ψ(x)B^A(x)^)

, čďě: (3.2)

^E_0(P) = (^^α · P) + γ^0m_0,^^α = γ^0γ, S^A_Ψ(x) = ( Ψ^{†a}_α (x)^{( ^}O^{A)ab}_{αβ} Ψ^b_β(x) ) , (3.3) { Ψ^a_α(x) , Ψ^b_β(y)^} | | | x_0=y_0

= 0, { Ψ^a_α(x) , Ψ^{†b}_β (y) }| | | x_0=y_0

= δ_{αβ}δ^{ab} δ_3(x − y), (3.4)

Ψ^a_α(x)– ąĺáŕĺŋőà á ńőàěŋæěćëň ĺŋďěłáőň α ĺ ĺŋďěłáőň ćŋãâàěŋŋěľ áĺňňěâàĺĺ a, Ψ^a_α(x) =^(Ψ^{†a}(x)γ^{0)}_α,^^O^A– ŋěłőâőàëě ňăâàĺæë ŕő íâĺň ĺŋďěłáăň, x_0 = t ĺ ŕőŕàěęŋěňã δ_3(x = 0) −→ 1/V^∗ ć (3.4). Ďńï áàăćŋěŋĺï ŕăàăńńěńìŋő ćëŕĺáëćăěâáï ćğăĺňőďěľáâćĺě (3.2) c ćŋěèŋĺň ŕőńěň B^A(x). Ĺğ (3.1)-(3.4) ćëâěłăîâ äőàňăńìŋëě ãàăćŋěŋĺï Čěľğěŋąěàčă:

i∂_tΨ^a_α(x) =^[Ψ^a_α(x) , H_{[Ψ]}(t)^] =^{([ ^}E(P) +^^V_Ψ(x)^] Ψ(x)^{)a}_α , P = −i^→∇_x, (3.5) −i∂_tΨ^{†a}_α (x) = ( Ψ^†(x)[^^E^†(P^†) +^^V^†_Ψ(x)] )a α , čďě: P^† = i^←∇_x, (3.6) ĺ â.ł. H^†_{0,I} = H_{0,I} , âő (^^E(P))^† =^^E^†(P^†) =⇒^^E(P^†),^{( ^}O^{A)†} = ±^^O^A, (3.7) ^V_Ψ(x) =^^V^†_Ψ(x) =^∑_A S^A_Ψ(x)^^O^A,^~V_B (x) =^~V^†_B (x) =^∑_A B^A(x)^^O^A, (3.8)

^E(P) = (^^α · P) + γ^0m_0 +^^μ_0 =^^E_0(P) +^^μ_0,^^μ_0 = 1 V^∗ ∑ A ( ^O^{A)2} . (3.9)

Ğďěáì † őğŋăçăěâ ńĺąő ňăâàĺçŋőě íàňĺâőćő áőŕàïęěŋĺě, ńĺąő (3.6) ďńï őŕěàăâőàă P. Ăŋăńőčĺçŋő (2.73), (2.76), őâáîďă ŋăåőďĺň ãàăćŋěŋĺě ďćĺęěŋĺï ďńï čěľğěŋąěàčőćáłőčő ”âőłă”:

i∂_t^^V_Ψ(x) =^∑_A { ( Ψ^†(x)^{[ ^}O^{A ^}E(P) −^^E(P^†)^^O^{A]} Ψ(x)^) + (3.10) + ( Ψ^†(x) [ ^O^{A^}V_Ψ(x) −^^V^†_Ψ(x)^^O^A ] Ψ(x) )} ( ^O^{A)} ≡^{[^}V_Ψ(x) , H_{[Ψ]}(t)^] (3.11)

—84— =^{[^}V_Ψ(x) , H_{0[Ψ]}(t)^] +^{[^}V_Ψ(x) , H_{I[Ψ]}(t)^] =⇒^{[^}V_Ψ(x) , H_{0[Ψ]}(t)^] , (3.12) âőčďă ŋěőąåőďĺňő, çâőąë^∑_A^∑_B^{( ^}O^{B) [ ^}O^A ,^^O^{B] ( ^}O^{A)} = 0, (3.13)

ĺńĺ:^{[ ^}O^A ,^^O^{B]} = 0, âő ěáâì^[S^A_Ψ (x) , S^B_Ψ (y)^] | | | | x_0=y_0

= 0, (3.14)

čďě łàãčńëě áłőąłĺ őčàăŋĺçĺćăîâ ďěľáâćĺě ňăâàĺçŋőčő ãňŋőęěŋĺï. Şáńőćĺï (3.13), (3.14) ãďőćńěâćőàïîâáï ńîąëň ŋăąőàőň łőňňãâĺàãîéĺå ňěęďã áőąőľ ňăâàĺæ^^O^A. Ŋăŕàĺňěà, ďńï ěďĺŋáâćěŋŋőľ ňăâàĺæë^^O^A −→^^O:

(I) ćëąőà^^O = √ λγ^0 ⊗ I őâćěçăěâ ćăàĺăŋâã ňőďěńĺ Čàőááă-Ŋěćìě [125];

(II) ćëąőà^^O = √ λγ^0γ^5 ⊗ I, – ćăàĺăŋâã ňőďěńĺ Ŋăňąã-Ľőŋă-Ńăğĺŋĺő [5];

(III) ćëąőà^^O = √ λγ^0γ^ν ϵ_ν(c_V + c_Aγ^5) ⊗ I, γ^νϵ_ν = γ^0ϵ_0 − γϵ, ϵ^2 = 1, ĺńĺ

(IV) ŋăąőà^^O^{(V )} = √ λ_V γ^0γ^ν ϵ_ν ⊗ I,^^O^{(A)} = √ λ_Aγ^0γ^5γ^νϵ_ν ⊗ I ĺğ ďćãå łőňňãâĺàãîéĺå ňăâàĺæ őâćěçăěâ ćăàĺăŋâăň őďŋőćàěňěŋŋő́ľ àěńïâĺćĺáâáłőľ ŕőâěŋæĺăńìŋőľ ňőďěńĺ Ć.Ŋ. Ŕěàćãèĺŋă [47]-[60] á δ- ŕőâěŋæĺăńőň ŕăàŋőčő ćğăĺňőďěľáâćĺï, ϵ_ν- ćěłâőà Ňăàłőćă-đłăćë.

Ŕàĺ ãáńőćĺïå (3.13), (3.14) ćłńăď ćâőàëå áńăčăěňëå ć ãàăćŋěŋĺïå (3.10)– (3.11), (3.12) ĺáçěğăěâ ĺ íćőńîæĺï őŕěàăâőàă^^V_Ψ(x) őŕàěďěńïěâáï âőńìłő őďŋőçăáâĺçŋëň (łćăďàăâĺçŋëň) čăňĺńìâőŋĺăŋőň, ćőőąéě čőćőàï, á ŋőćëň łĺŋěâĺçěáłĺň çńěŋőň^^E(P), ććěďěŋŋëň ć ŕàăćőľ çăáâĺ (3.12) âăł, çâőąë: ∑ A [ ^O^{A ^}E(P) −^^E(P^†)^^O^{A]} =^∑_A^{[ ^}O^{A ^}E(P) −^^E^†(P^†)^^O^{A]} . (3.15)

Ŕőćâőàïï ďńï (3.10)–(3.15) àăááãęďěŋĺï (2.78)–(2.82), ćŋőćì ŕàĺåőďĺň, łăğăńőáì ąë, ł ćëćőďã ő âàĺćĺăńìŋőáâĺ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï íâőčő őŕěàăâőàă ć ŕàěďáâăćńěŋĺĺ áőőâćěâáâćãîéĺå äĺğĺçěáłĺå ŕőńěľ { ψ^a_α(x) , ψ^b_β (y)^} | | | x_0=y_0

= 0, { ψ^a_α(x) , ψ^{†b}_β (y) }| | | x_0=y_0

= δ_{αβ}δ^{ab} δ_3(x − y), (3.16)

—85— ψ^a_α(x) = ψ^a_α(x, t) = e^{itH0}ψ^a_α(x, 0)e^{−itH0} = ( e^{−it ^E(}P^)ψ^a(x, 0) ) α , (3.17) ^V_Ψ(x, t) =⇒^^V_ψ(x, t), H_{0[ψ]}(t) = ∫ d^3x^(ψ^{†a}(x)^^E(P)ψ^a(x)^) = H_{0[ψ]}(0), (3.18) čďě:^^E(P) =^^E_0(P) +^^μ_0 +^^M ≡^^E(P) +^^M,^^M^† =^^M, (3.19) őâłãďă:^∑_A^{[ ^}O^A ,^^M^] = 0, (^^E(P))^† =^^E^†(P^†) =⇒^^E(P^†). (3.20)

Ŕàĺ íâĺå ãáńőćĺïå ŋěĺğćěáâŋăï ”ŕěàěŋőàňĺàőćłă ňăááë”^^M äĺğĺçěáłőčő ŕőńï ψ^a_α(x, t) âăłęě áőłàăéăěâáï ć àăğŋőáâĺ (3.15). Őďŋăłő, åőâï^^E(P) (3.9) ãďőćńěâćőàïěâ ĺň ăćâőňăâĺçěáłĺ, ã ŋăá ŋěâ őáŋőćăŋĺľ ŕàĺàăćŋĺćăâì ěě^^E(P) ďő âěå ŕőà, ŕőłă ŋě ãáâăŋőćńěŋă áćïğì^^E(P) á őďŋőçăáâĺçŋëň áŕěłâàőň ŕőńŋőčő čăňĺńìâőŋĺăŋă ĺ ŋě äĺłáĺàőćăŋă áőőâćěâáâćãîéăï ĺŋâěàŕàěâăæĺï äĺğĺçěáłĺå ŕőńěľ (3.17) ć âěàňĺŋăå őŕěàăâőàőć àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï çăáâĺæ. Ŕőáłőńìłã âőçŋăï őŕěàăâőàŋăï ďĺăčőŋăńĺğăæĺï ŕőńŋőčő čăňĺńìâőŋĺăŋă (3.1), ďăęě ć őďŋőçăáâĺçŋőň áěłâőàě, ŋě ŕàěďáâăćńïěâáï ćőğňőęŋőľ, ŕőńï ψ (3.17), ć őâńĺçĺě őâ ŋěàěńïâĺćĺáâáłőčő áńãçăï čńăćë 2, ĺčàăîâ âěŕěàì àőńì ”ŕàőąŋëå” ŕőńěľ, ĺ ĺå áŕěłâà ^E(P) −→ ω(k) ŋě őąïğăŋ ŋěŕőáàěďáâćěŋŋő áőćŕăďăâì á őďŋőçăáâĺçŋëň áŕěłâàőň W (k) ŕőńŋőčő čăňĺńìâőŋĺăŋă. Ŋěćőğňőęŋőáâì ć àěńïâĺćĺáâáłőľ âěőàĺĺ ŕőńï, ć őâńĺçĺě őâ (2.81), čăàăŋâĺàőćăâì ěďĺŋáâćěŋŋőáâì àěèěŋĺï ČŞ á ğăďăŋŋëňĺ ŋăçăńìŋëňĺ ãáńőćĺïňĺ, áćïğăŋŋăï á őâáãâáâćĺěň âăň áłőńì ŋĺąãďì ŕőńŋőčő őŕĺáăŋĺï ćáěå ćőğňőęŋëå ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëå ŕàěďáâăćńěŋĺľ ŁŁŚ [80], őğŋăçăěâ, çâő ŕàőĺğćěďěŋŋăï ć (3.18) ğăňěŋă čěľğěŋąěàčőćáłőčő ”âőłă” S^A_Ψ (x) ”âőłőň” őďŋőçăáâĺçŋëå ŕàőąŋëå ŕőńěľ S^A_ψ (x) ćő ňŋőčőň ăŋăńőčĺçŋă ŕàěďŕőńőęěŋĺî ő áãéěáâćőćăŋĺĺ łăł ŕàěďáâăćńěŋĺï ćğăĺňőďěľáâćĺï, âăł ĺ ăáĺňŕâőâĺçěáłĺå in- (out-) ŕőńěľ [75], ŋő, ŋă ŋăè ćğčńïď, őŋă ŕàěďáâăćńïěâáï ąőńěě ăďěłćăâŋëň ăŋğăæěň. Ťăłâĺçěáłĺ, (3.12) áőćňěáâŋő á (3.13)–(3.15) ŕàĺŋĺňăîâáï ğďěáì ğă ãáńőćĺï áőčńăáőćăŋŋőáâĺ ŕàőæěďãàë łćăŋâőćăŋĺï (3.16)–(3.20) á ďĺŋăňĺłőľ áĺáâěňë ŕàĺ őâáãâáâćĺĺ âőçŋőľ őŕěàăâőàŋőľ ďĺăčőŋăńĺğãěňőáâĺ (0.6),

—86— (0.7), (2.3), (2.4), (2.19) ŕőńŋőčő čăňĺńìâőŋĺăŋă ć őďŋőçăáâĺçŋőň áěłâőàě ŋă ćëąàăŋŋëå äĺğĺçěáłĺå ŕőńïå. Ŕàĺ íâőň ŕàőĺğćőń, ďőŕãáłăěňëľ ãáńőćĺïňĺ (3.15), ĺńĺ (3.19), (3.20), őáâăćńïěâ őŕàěďěńěŋŋëě ćőğňőęŋőáâĺ ďńï ŕěàěŋőàňĺàőćłĺ ŕăàăňěâàőć őďŋőçăáâĺçŋőčő áŕěłâàă. Őąéěě ”àěèěŋĺě” ãáńőćĺï (3.19) ĺňěěâ ćĺď:

^M = I^~μ +^∑_A^{( ^}O^{A)2 ~}c + γ^{0 ~}m + γ^{5 ~}ν, (γ^{0,5†} = γ^{0,5}, γ^† = −γ), (3.21)

čďě, ŕő ãáńőćĺî (3.20), ŕő łàăľŋěľ ňěàě,^~μ ĺ/ĺńĺ^~c ňőčãâ ąëâì ćáěčďă őâńĺçŋë őâ ŋãńï. Ŕăàăňěâàã^~μ, ć áőőâćěâáâćĺĺ á [5], [60], [126], [127], ňőęŋő ŕàĺďăâì áňëáń ŕěàěŋőàňĺàőćłĺ åĺňĺçěáłőčő ŕőâěŋæĺăńă, çìě ”čőńőě” ğŋăçěŋĺě, ŕàĺ^^μ_0 ∝ λ I, őŕàěďěńïěâáï (3.9). İâő ĺňěěâ ňěáâő ć áńãçăě (I), (II) ĺńĺ (IV) ŕàĺ λ_V + λ_A = 0, â.ě.^^μ_0 ≡ 0. Őâňěâĺň, çâő ŋěĺğąěęŋőáâì ěčő ŕőïćńěŋĺï ãęě ć ãàăćŋěŋĺïå ďćĺęěŋĺï (3.5), (3.9) áćïğăŋă á 4-őľ áâěŕěŋìî ćğăĺňőďěľáâćĺï äěàňĺ-ŕőńěľ ĺ á ĺğąàăŋŋëň áŕőáőąőň àěčãńïàĺğăæĺĺ łőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ (3.4). Łăł ĺ ć ŋěàěńïâĺćĺáâáłőň áńãçăě (2.77), (2.79), ćáě ŕăàăňěâàë ć (3.21) ïćńïîâáï łőŋáâăŋâăňĺ.

Ńĺèì ěáńĺ ŕőğćőńïîâ ãáńőćĺï (3.15), (3.20), ňőęŋő ŕőŕëâăâìáï őŕàěďěńĺâì^^M, ăŋăńőčĺçŋő (2.79), ŕő őďŋőçăáâĺçŋőňã áŕěłâàã ŕőńŋőčő čăňĺńìâőŋĺăŋă, ŋăŕàĺňěà, ĺğ àěèěŋĺï áőőâćěâáâćãîéěčő ãàăćŋěŋĺï Ÿćĺŋčěàă-Ďăľáőŋă [47]–[60], ĺńĺ ŕãâěň çăáâĺçŋőľ őŕěàăâőàŋőľ ďĺăčőŋăńĺğăæĺĺ ŕőńŋőčő čăňĺńìâőŋĺăŋă (3.1) ŕőďåőďïéĺň ŕàěőąàăğőćăŋĺěň Ąőčőńîąőćă [105]. Ĺŋâěàŕàěâăæĺï ćőğňőęŋőľ ğăćĺáĺňőáâĺ őâ ĺňŕãńìáă ŕěàěŋőàňĺàőćăŋŋőľ ňăááë m (ĺ ŕăàăňěâàőć^~c,^~ν) ćŋőćì ďĺłâãěâáï ãáńőćĺěň (3.15):

^M −→^^M(P^†P), m = m_0 +^~m,^~m =⇒^~m(k^2) −→^~m(P^†P), ĺ â.ď. (3.22)

Ć őâńĺçĺě őâ ŋěàěńïâĺćĺáâáłőľ ňőďěńĺ (2.75), áőőâćěâáâćãîéĺě ”âőłăň” S^A_Ψ (x) (3.3) ğăàïďë, ćőőąéě čőćőàï, ŋě áőåàăŋïîâáï. İâő ěéě ŋě čăàăŋâĺàãěâ ŋěïćŋő ŕàěďŕőńăčăěňőčő őâáãâáâćĺï ćłńăďőć èćĺŋčěàőćáłĺå çńěŋőć

—87— [128] ć äőàňăńìŋëå ãàăćŋěŋĺïå (3.10)–(3.12). Őďŋăłő, ŋěŕàőâĺćőàěçĺćőáâì őâáãâáâćĺï âăłĺå çńěŋőć ć łőňňãâăâőàăå (3.14) á áőőâćěâáâćãîéĺňĺ ”âőłăňĺ” ŕàőąŋëå őďŋőçăáâĺçŋëå ŕőńěľ (3.16), (3.17) ïćńïěâáï ŕàőïćńěŋĺěň áăňőáőčńăáőćăŋŋőáâĺ ŕàěďńăčăěňőľ ŕàőæěďãàë ńĺŋěăàĺğăæĺĺ (3.12)–(3.18).

Řěèěŋĺě ńĺŋěăàĺğőćăŋŋőčő łăŋőŋĺçěáłőčő ãàăćŋěŋĺï (3.5)

i∂_tΨ^a_α(x, t) =^{([ ^}E(P) +^^V_ψ(x, t)^] Ψ(x, t)^{)a}_α , Ψ^a_α(x, 0) = ψ^a_α(x, 0), (3.23)

ňőęěâ ąëâì ğăŕĺáăŋő áĺňćőńĺçěáłĺ, ăŋăńőčĺçŋő äőàňãńě (2.83), ć ćĺďě Š – ãŕőàïďőçěŋŋőľ íłáŕőŋěŋâë ŕàĺ T > t > 0:

Ψ^a_α(x, T ) = T exp −i T∫

0 dη^{[ ^}E(P) +^^V_ψ(x, η)^] ψ(x, 0) a

α ≡ (3.24) ≡ (∫ d^3yY_{(ψ)}(T, x|y, 0)ψ(y, 0) )a α = (∫ d^3yY_{(ψ)}(T, x|y, t)Ψ(y, t) )a α (3.25) = e^{−iT ^E (}P^)T exp −i T∫

0 dηe^{iη ^E (}P^{)^}V_ψ(x, η)e^{−iη ^E(}P^) ψ(x, 0) a

α , (3.26)

čďě, ŕàĺ T > 0, ňőęŋő, łăł ĺ ć ŋěàěńïâĺćĺáâáłőň áńãçăě (2.83), ćëŋěáâĺ őŕěàăâőà ψ_α(x, 0) ĺğ ŕőď ğŋăłă Š- ŕàőĺğćěďěŋĺï. Ć ŕőáńěďŋěň ćëàăęěŋĺĺ, ŕàĺ ^μ_0 ∝ λ I, ňőęŋő ”ćŋãâàĺ” Š- íłáŕőŋěŋâë áŋőćă ğăňěŋĺâì ^E(P) −→^^E_0(P). İâã Š-íłáŕőŋěŋâã áńěďãěâ áàăćŋĺâì áő áâăŋďăàâŋëň ćëàăęěŋĺěň ďńï čěľğěŋąěàčőćáłőčő ŕőńï çěàěğ S– ňăâàĺæã ć ŕàěďáâăćńěŋĺĺ ăáĺňŕâőâĺçěáłĺå (in, out) ŕőńěľ ĺńĺ ć ŕàěďáâăćńěŋĺĺ ćğăĺňőďěľáâćĺï (int) [73], [79]:

S_{[ψ}ex_] = T exp −i ∞∫ −∞ dtH_{I[ψ}ex_](t) , (3.27) Ψ_α(x) = S^{−1}_{[ψ}ex_]T^{ψ^{ex}_α (x)S_{[ψ}ex_]^} , ex = in, out, int. (3.28)

Ŋăľďěŋŋőě ŕàěďáâăćńěŋĺě (3.24) çěàěğ äĺğĺçěáłĺě ŕőńï (3.17) ćëčőďŋő őâńĺçăěâáï őâ (3.28) âěň, çâő, ćő ŕěàćëå, áőďěàęĺâ ćďćőě ňěŋìèãî áâěŕěŋì

—88— ŕőńěľ ć íłáŕőŋěŋâě, ă ćő ćâőàëå, áâőïéĺľ ć íłáŕőŋěŋâě (3.24) őŕěàăâőà ĺňěěâ ïáŋëľ äĺğĺçěáłĺľ áňëáń: őŋ ĺčàăěâ àőńì íääěłâĺćŋőčő ąőğőŋŋőčő ćŋěèŋěčő ŕőńï, łőâőàëň ĺ ňőęěâ ąëâì ğăňěŋěŋ ć áőőâćěâáâćãîéěň ŕàĺąńĺęěŋĺĺ áăňőáőčńăáőćăŋŋőčő ŕőńï Ţăàâàĺ-Ťőłă [92]. Ďěľáâćĺâěńìŋő, àěèěŋĺě ć áńãçăě ćŋěèŋěčő ŕőńï (3.2) ŕőńãçăěâáï ĺğ (3.24) ğăňěŋőľ ćáîďã ^E(P) −→^^E_0(P),^^V_ψ(x) −→^~V_B (x), (ĺ^^E(P) −→^^E_0(P), (3.29) ďńï áńăąőčő ŕőńï), âő ěáâì: Y_{(ψ)}(x_0, x|y, y_0) −→ (3.30) Y^{ab(B)}_{αβ(ψ)}(x|y) = θ(x_0 − y_0)Δ^{ab}_{αβ(Ψ)}(x|y) ≡ θ(x_0 − y_0) { Ψ^a_α(x) , Ψ^{†b}_β (y) } , ěáâì äãŋłæĺï àăáŕàőáâàăŋěŋĺï äěàňĺőŋă ćő ćŋěèŋěň ŕőńě B^A(x) [130]. Śőčńăáŋő (3.8), (3.14) íâő ŕőńě ąãďěâ ńőàěŋæ-áłăńïàőň ć áńãçăě (I) ĺ ŕáěćďőáłăńïàőň ć áńãçăě (II), ă ć áńãçăïå (III), (IV), łăł ŕőłăğăŋő ŋĺęě, íääěłâĺćŋő áćőďĺâáï ł 4-å ćěłâőàã, ĺ/ĺńĺ ł 4-å ŕáěćďőćěłâőàã.

2 Ŕàěďáâăćńěŋĺï łőŋâĺŋãăńìŋëň ĺŋâěčàăńőň.

Śńěďãîéěľ ğăďăçěľ ïćńïěâáï ”àăáŕãâëćăŋĺě”, ŋă áłőńìłő íâő ćőğňőęŋő, Š– íłáŕőŋěŋâë (3.24) á æěńìî ďăńìŋěľèěčő ěě ŕàĺćěďěŋĺï ł ŋőàňăńìŋőľ äőàňě. İääěłâĺćŋëň áàěďáâćőň ďőáâĺęěŋĺï őąěĺå íâĺå æěńěľ ïćńïîâáï łőŋâĺŋãăńìŋëě ĺŋâěčàăńë ŕő âàăěłâőàĺïň [99], [124], [131]– [134]. Ňěâőďë ćëçĺáńěŋĺï âăłĺå ĺŋâěčàăńőć ăłâĺćŋő àăğàăąăâëćăîâáï ć ŋăáâőïéěě ćàěňï ć áćïğĺ á àăğńĺçŋëňĺ ğăďăçăňĺ łćăŋâőćőľ âěőàĺĺ ŕőńï [135]-[137], ĺ, ąěğãáńőćŋő, ŕàěďáâăćńïîâ âăłęě áăňőáâőïâěńìŋëľ ĺŋâěàěá. Ŕőíâőňã, ďăńěě ğďěáì ŕàěďŕàĺŋïâă ŕőŕëâłă ŕãâěň àăğćĺâĺï ĺďěľ, ğăńőęěŋŋëå ć àăąőâăå [138]-[143] ŕàĺ ćëçĺáńěŋĺĺ ěćłńĺďőćáłőčő ŕàőŕăčőâőàă äěàňĺőŋă ćő ćŋěèŋěň ŕőńě, ŕőńãçĺâì ŋěŕőáàěďáâćěŋŋő čěľğěŋąěàčőćáłĺľ őŕěàăâőà äěàňĺ-ŕőńï ć ŕàőáâàăŋáâćě Ňĺŋłőćáłőčő, ć ďãåě ŕőďåőďă [144].

Śĺňćőń Š– ãŕőàïďőçĺćăŋĺï ć (3.24) ŕőďàăğãňěćăěâ łăł ãŕőàïďőçĺćăŋĺě ďěľáâćĺï őŕěàăâőàőć P ĺ X = x, âăł ĺ ŕàőĺğćěďěŋĺï ŕőńěćëå őŕě-

—89— àăâőàőć ψ(x, η), ă âăłęě ŕàőĺğćěďěŋĺï ňăâàĺæ^^α, γ^0,^^O^A: T = T_xT_γ T_ψ. Ğăŕĺáăć ěčő ŕàĺ τ = T/N á ŕőňőéìî äőàňãńë Šàőââěàă ć ćĺďě ŕàěďěńă:

Y_{(ψ)}(T, x|y, 0) =<x|T exp −i T∫

0 dη^{[ ^}E(P) +^^V_ψ(X, η)^]

|y >= (3.31)

(ŕàĺ T > t > 0) = ∫ d^3z Y_{(ψ)}(T, x|z, t)Y_{(ψ)}(t, z|y, 0) = (. . .) = (3.32) <x| lim_{N →∞}^{1∏}_{n=N} { I_{xn} exp^[−iτ^^E(P)^] I_{pn} exp^[−iτ^^V_ψ(X, (n − 1)τ)^] } |y >, čďě x_N = x, x_0 = y, ĺ ćŋőćì ĺáŕőńìğőćăŋő áőčńăèěŋĺě ĺğ (2.17), (2.85), ćáâăćńïï ć łăęďãî n-ãî äĺčãàŋãî áłőąłã ŕőńŋëě áĺáâěňë áőáâőïŋĺľ

I_{xn} = ∫ d^3x_n |x_n >< x_n| = I_{pn} = ∫ d^3p_n |p_n >< p_n|, ĺ ŕőńăčăï ŕàĺ N → ∞ : p_n = p(nτ), x_n = x(nτ), x_n − x_{n−1} ≈ ẋ(nτ)τ, η = nτ, (3.33)

á ãçěâőň äőàňãń ĺğ ŕàĺńőęěŋĺï B, ŕàĺďěň ł ĺŋâěčàăńã ŕő âàăěłâőàĺïň:

Y_{(ψ)}(T, x|y, 0) =

x(T )=x ∫ x(0)=y Dx(η) ∫ Dp(η) exp i T∫

0 dη ( p(η) · ẋ(η) ) · (3.34)

· T_γT_ψ exp −i T∫

0 dη [ ^E(p(η)) +^^V_ψ(x(η), η) ] , á ňěàőľ: Dx(η) Dp(η) =^{0∏}_{η=T} d^3x(η)d^3p(η) (2π)^3

, (3.35)

čďě:

x(T )=x ∫ x(0)=y

Dx(η) = ∫ Dẋ(η) δ_3 x − y − T∫

0 dη ẋ(η) . (3.36)

İâő ŕàěďáâăćńěŋĺě őďŋőğŋăçŋő [132], [133], ŕőáłőńìłã áâőïéĺĺľ ć íłáŕőŋěŋâě čăňĺńìâőŋĺăŋ ïćńïěâáï áãňňőľ őŕěàăâőàőć, ğăćĺáïéĺå őâďěńìŋő őâ P ĺ X. Ğăňěâĺň, çâő âăłĺň ęě áćőľáâćőň őąńăďăěâ ŋěàěńïâĺćĺáâáłĺľ 4-å äěàňĺőŋŋëľ čăňĺńìâőŋĺăŋ (2.43) ŕàĺ μ = 0, ŋő ŋě őąńăďăěâ čăňĺńìâőŋĺăŋ (1.1) NΘ- ňőďěńĺ, őąă, őďŋăłő, ďőŕãáłăîéĺě ńĺŋěăàĺğăæĺî ČŞ.

—90—

2.1 Ŋěàěńïâĺćĺáâáłĺľ áńãçăľ.

Ŕőáłőńìłã ć ăŋăńőčĺçŋëå äőàňãńăå ŋěàěńïâĺćĺáâáłőľ ňőďěńĺ (2.43) ŕàĺ μ = 0 őâáãâáâćãěâ áĺňćőń ňăâàĺçŋőčő ãŕőàïďőçĺćăŋĺï T_γ, âő ĺğ (2.83), ćňěáâő (3.34), ďńï őďŋőçăáâĺçŋőčő áŕěłâàă E(k) (2.77) őąéěčő ćĺďă ŕőńãçăěň^1:

Y_{(ψ)}(T, x|y, 0) =

x(T )=x ∫ x(0)=y

Dx(η) L_E (T |0, [ẋ(η)]) · (3.37)

· T_ψ exp i λ 2 T∫

0 dη ( ψ^†(x(η), η) ψ(x(η), η) ) , čďě: L_E (T |t, [ẋ(η)]) = ∫ Dp(η) exp i T∫

t dη [( p(η) · ẋ(η) ) − E(p(η)) ] . (3.38) Őâňěâĺň, çâő ŕàĺ λ = 0 íâő ćëàăęěŋĺě, ŕàĺ T = x_0 − y_0 > 0, áćőďĺâáï, őçěćĺďŋő, ł (ğăŕăğďëćăîéěľ) äãŋłæĺĺ Čàĺŋă (2.52), (2.54), (2.55):

Y^{(0)}_{(ψ)}(x_0, x|y, y_0) =

x(x_0)=x ∫ x(y_0)=y

Dx(η) L_E (x_0|y_0, [ẋ(η)]) = (3.39)

= θ(T ) < x|e^{−iT E(}P^)|y > = θ(T )Δ_{(ψ)}(x − y; T ) = (ŕàĺ x_0 > z_0 > y_0) = Δ^{(R)}_{(ψ)} (x − y) = ∫ d^3zΔ^{(R)}_{(ψ)} (x − z)Δ^{(R)}_{(ψ)} (z − y), (3.40) ă ć áĺńã ğăŕăğďëćăŋĺï ć (2.54), ďńï ńîąőčő t-ńőłăńìŋőčő őŕěàăâőàă K: det [ I − KΔ^{(C)}_{(ψ)} ] =⇒ det [ I − KΔ^{(R)}_{(ψ)} ] = 1. (3.41) Šőčďă łćăďàăâĺçŋőáâì ŕő äěàňĺ-ŕőńïň äãŋłæĺőŋăńă (3.37) ŕőğćőńïěâ, ŕãâěň ŕàĺňěŋěŋĺï ł ŋěňã Ćĺłőćáłőľ őŕěàăæĺĺ ŕàĺćěďěŋĺï (3.61)–(3.71) (ŋĺęě), ŕőńãçĺâì ěčő ŋőàňăńìŋëľ áĺňćőń [99], [124], ć áńěďãîéěň ćĺďě (N_ψ őğŋăçăěâ ŋőàňăńìŋãî äőàňã ŕő ŕőńïň ψ):

Y_{(ψ)}(T, x|y, 0) =

x(T )=x ∫ x(0)=y

Dx(η) L_E (T |0, [ẋ(η)]) · (3.42)

1Ć íâőň ŕãŋłâě ćàěňěŋŋő áŋőćă ψ– ďćãåłőňŕőŋěŋâŋëě áŕĺŋőàŋëě ŕőńï ĺğ čńăćë 2.

—91— · N_ψ exp T∫

0 dt t∫

0 dξ ( ψ^†(x(t), t) I_{[x(η)]}(t|ξ) ψ(x(ξ), ξ) ) , čďě: I_{[x(η)]}(t|ξ) = i λ 2 δ(t − ξ) + i λ 2 t∫

ξ dτΔ_{(ψ)}(x(t) − x(τ); t − τ) I_{[x(η)]}(τ|ξ). (3.43)

Ŕőáńěďŋîî ćěńĺçĺŋã ňőęŋő ĺŋâěàŕàěâĺàőćăâì, łăł ”čàěąěŋłã” ŕőńŋőľ ”ăňŕńĺâãďë àăááěïŋĺï” ŋă ”ćŋěèŋěň ŕőńě” λ ŕàĺ ďćĺęěŋĺĺ ŕő ğăďăŋŋőľ âàăěłâőàĺĺ x(η) ňěęďã ňőňěŋâăňĺ ćàěňěŋĺ ξ ĺ t. Ŕàěďáâăćńěŋĺï (3.39), (3.40) ĺ (3.42) ŕőğćőńïîâ ãąěďĺâìáï, çâő őďŋőňěàŋőě ãàăćŋěŋĺě (3.43) ŕőàőęďăěâ ćáî ąěáłőŋěçŋãî áĺáâěňã ãàăćŋěŋĺľ ďńï łőíääĺæĺěŋâŋëå äãŋłæĺľ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï (2.90).

Ŋăçŋěň á ćőáŕàőĺğćěďěŋĺï àěèěŋĺï ďńï ŕěàćőľ łőíääĺæĺěŋâŋőľ äãŋłæĺĺ Y^{(1)} (2.24). Ćőáŕőńìğőćăćèĺáì áćőľáâćăňĺ (3.32), (3.39), (3.40) äãŋłæĺőŋăńìŋëå ĺŋâěčàăńőć ĺ ŋăńĺçĺěň őŕàěďěńěŋŋőčő ćàěňěŋŋő́čő ãŕőàïďőçěŋĺï T > t > ξ > 0, ŕàĺ áàăćŋěŋĺĺ á äőàňãńőľ (2.87) ćâőàőčő çńěŋă àăğńőęěŋĺï íłáŕőŋěŋâë (3.42) ć ĺňŕãńìáŋőň ŕàěďáâăćńěŋĺĺ ŕőńěľ (2.48), (2.49) ŕőńãçăěň:

Y^{(1)}(T ; k, q|p, l) =< k + q| T∫

0 dte^{itE} P_q^{t∫} 0 dξ R(t|ξ)e^{−iξE} P_p

|l + p >, (3.44)

< z|R(t|ξ)|ζ >= x(t)=z ∫ x(ξ)=ζ Dx(η) L_E (t|ξ, [ẋ(η)]) I_{[x(η)]}(t|ξ) (2π)^3

. (3.45)

Ĺğ ãàăćŋěŋĺï (3.43) ďńï ćěńĺçĺŋë I_{[x(η)]}(t|ξ) őçěćĺďŋë łăł ŋăńĺçĺě âàăŋáńïæĺőŋŋőľ ĺŋćăàĺăŋâŋőcâĺ ŕő äãŋłæĺőŋăńìŋőľ ŕěàěňěŋŋőľ [x(η)], âăł ĺ őâáãâáâćĺě âăłőćőľ ŕő ćàěňěŋŋë́ň ŕěàěňěŋŋëň t, ξ, ŕőáłőńìłã I_{[x(η)]}(t|ξ) ŋě ïćńïěâáï ”ŕőńŋőæěŋŋëň” ňăâàĺçŋëň íńěňěŋâőň łăłőčő ńĺąő őŕěàăâőàă. Ć âőęě ćàěňï, ňăâàĺçŋëľ íńěňěŋâ (3.45) ĺŋćăàĺăŋâěŋ ŕő őâŋőèěŋĺî ł őąěĺň âàăŋáńïæĺïň, â.ě. ğăćĺáĺâ âőńìłő őâ àăğŋőáâěľ (z − ζ) ĺ (t − ξ). Śńěďőćăâěńìŋő, őŕěàăâőà R(t|ξ) ïćńïěâáï äãŋłæĺěľ âőńìłő őâ őďŋőčő őŕěàăâőàă ĺňŕãńìáă P −→ P ĺ ŕőďçĺŋïěâáï ćëâěłăîéěňã ĺğ (3.39)

—92— ĺ (3.43), (3.45) ãàăćŋěŋĺî: R(t|ξ) = iλ 2(2π)^3 δ(t − ξ) + iλ 2 t∫

ξ dηF (P; t − η) R(η|ξ) = R(t − ξ), (3.46) [ Δ_{(ψ)}(x − y; T )^{]2} =< x|F(P; T )|y >= ∫ d^3P (2π)^3 e^{iP(x−y)}F(P; T ), (3.47)

F(P; T ) = ∫ d^3q (2π)^3 e^{−iT} [^{E(q)+E(}P^{−q)}] ≡ ∫ d^3q (2π)^3 e^{−iT E} P_q , (3.48)

łőâőàőě ŋěňěďńěŋŋő àěèăěâáï ŕàěőąàăğőćăŋĺěň Ńăŕńăáă: R(t) = λ 2(2π)^4 i∞+Δε(t) ∫ −i∞+Δε(t) dσ e^{σt} ( 1 − λ JP_0 (σ)

), čďě: ε(t) = sign(t), (3.49)

J^P_0 (σ) = i 2 ∞∫

0 dt e^{−σt}F(P; t) = 1 2 ∫ d^3κ (2π)^3 1 [E^P_κ − iσ] , (3.50)

ć áőčńăáĺĺ á (2.59), (2.95), (2.96). Šăłĺň őąàăğőň, ŕàĺ äãŋłæĺőŋăńìŋőň ãáàěďŋěŋĺĺ ć (3.45) ”čàěąěŋłă” (3.43) ”ăňŕńĺâãďë àăááěïŋĺï” ŋă ćŋěèŋěň ŕőńě őďŋőľ çăáâĺæë á ğăďăŋŋőľ âàăěłâőàĺěľ ŕàěćàăéăěâáï ć æěŕőçłã ŕěâńěćëå ďĺăčàăňň (3.47), (3.50) ďńï ăňŕńĺâãďë ďćãåçăáâĺçŋőčő àăááěïŋĺï àěăńìŋëå çăáâĺæ áő ćğăĺňőďěľáâćĺěň âĺŕă λδ_3(x_1 − x_2) [110] (áňőâàĺ ŕãŋłâ 2.2 čńăćë 5), ŕőďçĺŋïîéěľáï ãęě ãàăćŋěŋĺî (3.46) âĺŕă Ďăľáőŋă. Ćëçĺáńïï ć (3.44) ĺŋâěčàăń ŕő ξ ĺ ãçĺâëćăï àăáŕőńőęěŋĺě őáőąěŋŋőáâěľ ć (3.49) ć ŕńőáłőáâĺ σ (ãłăğăŋŋőě ć (1.73), (1.82)), ňőęŋő ćőáŕàőĺğćěáâĺ àěèěŋĺě (2.24), (2.58), (2.94) ć őŕěàăâőàŋőň ćĺďě:

Y^{(1)}_A (T ; k, q|p, l) =< k + q| YP(T ; q|p) |l + p >, (3.51)

YP(T ; q|p) = T∫

0 dte^{itE} P_q ε(t) 2(2π)^4 i∞+Δε(t) ∫ −i∞+Δε(t) dσ e^{tσ} ( σ + iEP_p ) λ ( 1 − λ JP_0 (σ) ) ,

čďě ε(t) = ε(T ). Ěéě àăğ ŕőďçěàłŋěň, çâő íâő ęě àěèěŋĺě ąëńő ŕőńãçěŋő àăŋěě ć (2.58) ąěğ ĺáŕőńìğőćăŋĺï ńĺŋěăàĺğăæĺĺ ČŞ.

—93— Ďńï ŕàőćěàłĺ áĺáâěňë ãàăćŋěŋĺľ (2.90), á ãçěâőň (2.48), ććěďěň äãŋłæĺőŋăń W(T, q|p, [x(η)]) őâ âàăěłâőàĺĺ x(η), ŕőńőęĺć ć (3.42): T∫

0 dt t∫

0 dξ ( ψ^†(x(t), t) I_{[x(η)]}(t|ξ) ψ(x(ξ), ξ) ) = (3.52) = ∫ d^3q ∫ d^3pA^†_β (q)A_β(p)W(T, q|p, [x(η)]),

W(T, q|p, [x(η)]) = T∫

0 dt t∫

0 dξ e^{itE(q)−iqx(t)} I_{[x(η)]}(t|ξ) (2π)^3 e^{ipx(ξ)−iξE(p)}, (3.53)

őâłãďă: W(T, q|p, [x(η)]) = iλ 2(2π)^3 T∫

0 dt ∫ d^3s · (3.54) · e^{it[E(q)−E(s)]−i(q−s)x(t)} [ δ_3(s − p) + W(t, s|p, [x(η)]) ] . Ğăňěâĺň, âěŕěàì, çâő ŕàőĺğćěďěŋĺě äěàňĺőŋŋëå őŕěàăâőàőć ć łăęďőň áńăčăěňőň ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï (2.87) ïćńïěâáï ć âőçŋőáâĺ ŋőàňăńìŋőľ äőàňőľ ďńï n-őľ áâěŕěŋĺ ŕàőĺğćěďěŋĺľ A^†A, łőňňãâĺàãîéĺå ňěęďã áőąőľ ŕőď áĺňćőńőň N_ψ (â.ł. ďńï (2.48) N_ψ = N_A):

N_A^{n∏}_{j=1} { A^†_{βj} (q_j)A_{βj} (p_j ) } =^{n∏}_{j=1} { A^†_{βj} (q_j) } 1 ∏ j=n { A_{βj} (p_j) } (3.55)

Šőčďă àăğńőęěŋĺě íłáŕőŋěŋâë ć (3.42) ďăěâ áńěďãîéěě ćëàăęěŋĺě ďńï n-őľ łőíääĺæĺěŋâŋőľ äãŋłæĺĺ:

Y^{(n)}_A (T ; k; {q_j }^n_1 |{p_j}^1_n; l) = e^{iT E(k)} ∫ d^3x ∫ d^3y < k|x > · (3.56) · x(T )=x ∫ x(0)=y

Dx(η) L_E (T |0, [ẋ(η)]) 1 n! n∏ j=1 { W(T, q_j |p_j , [x(η)]) } < y|l > . Ďĺääěàěŋæĺàőćăŋĺě íâőčő ćëàăęěŋĺï ŕő T ŋěňěďńěŋŋő ŕàĺćőďĺâ ł ãàăćŋěŋĺî (2.90) ć ďĺääěàěŋæĺăńìŋőľ ŕő ćàěňěŋĺ äőàňě, ěáńĺ ãçěáâì, çâő, âăłęě łăł ĺ ć áńãçăě Y^{(0)} ĺ Y^{(1)}, ğăćĺáĺňőáâì őâ ćàěňěŋĺ T ğă áçěâ ŕěàćëå ďćãå äăłâőàőć ćğăĺňŋő łőňŕěŋáĺàãěâáï ć äãŋłæĺőŋăńìŋőň ĺŋâěčàăńě, ĺ ďĺääěàěŋæĺàőćăâì ŋěőąåőďĺňő âőńìłő ŕàőĺğćěďěŋĺě: d dT n∏ j=1 { W(T, (j)) } =^{n∑}_{ν=1}^{n∏}_{1=j≠ν} { W(T, (j)) } d dT W(T, (ν)).

—94— Ŕőďáâăćĺć áîďă ŕàőĺğćőďŋãî ĺğ ãàăćŋěŋĺï (3.54), ďńï ćëçĺáńěŋĺï ĺŋâěčàăńă ŕő d^3x ďőáâăâőçŋő ć äãŋłæĺőŋăńìŋëľ ĺŋâěčàăń, łăł ć ňăâàĺçŋëľ íńěňěŋâ (3.31), ćáâăćĺâì ěďĺŋĺæã ć ćĺďě: < x|O = ∫ d^3κ e^{−iT E(κ)} < x|κ > e^{iT E(κ)} ∫ d^3z < κ|z >< z|O, ă ğăâěň ćŋőćì ćőáŕőńìğőćăâìáï őŕàěďěńěŋïňĺ (3.56) ĺ (2.89), (2.103). Šőçŋő âăłĺň ęě ŕãâěň ŕàőćěàïěâáï, çâő ãàăćŋěŋĺî (2.99) ãďőćńěâćőàïěâ ŕàőĺğćőďïéĺľ äãŋłæĺőŋăń: Z (T ; k, l, [ϕ]) = e^{iT E(k)} ∫ d^3x ∫ d^3y < k|x >

x(T )=x ∫ x(0)=y

Dx(η) · (3.57)

· L_E (T |0, [ẋ(η)]) exp {∫ d^3q ∫ d^3p ϕ(q|p) W(T, q|p, [x(η)]) } < y|l > . Ćëďěńěŋĺě ďěńìâă-äãŋłæĺĺ ğăłőŋă áőåàăŋěŋĺï ĺňŕãńìáă, ćŕőńŋě őçěćĺďŋőě ć (3.51), ŋěâàãďŋő őáãéěáâćĺâì ĺ ďńï őáâăńìŋëå łőíääĺæĺěŋâŋëå äãŋłæĺľ Y^{(n)} á n > 1. Ŋăŕàĺňěà, ćáâăćńïï ć äãŋłæĺőŋăńìŋëľ ĺŋâěčàăń (3.56) (ãňŋőęăï ěčő ŋă) ěďĺŋĺæã [1], [124]: 1 = 1 T T∫

0 dτ ∫ d^3a δ_3 ( x(τ) − a ) , (3.58)

ă ğăâěň áďćĺčăï ŕěàěňěŋŋëě x(η) → x(η) + a ĺ âő ęě ďńï x, y, á ãçěâőň ïćŋőčő ćĺďă (3.53) ĺ ãłăğăŋëå ćëèě âàăŋáńïæĺőŋŋëå áćőľáâć ćáěå ćåőďïéĺå ćěńĺçĺŋ, ćëçĺáńěŋĺěň ĺŋâěčàăńă ŕő d^3a ŕőńãçăěň:

Y^{(n)}_A (T ; k; {q_j}^n_1 |{p_j }^1_n; l) = (2π)^3δ_3 k − l +^{n∑}_{j=1}(q_j − p_j)

· (3.59) · e^{iT E(k)} ∫ d^3x ∫ d^3y < k|x > 1 T T∫

0 dτ ·

· x(T )=x ∫ x(0)=y

Dx(η) δ_3 ( x(τ) ) L_E (T |0, [ẋ(η)]) 1 n! n∏ j=1 { W(T, q_j |p_j, [x(η)]) } < y|l > .

—95— Ĺńĺ, ćëďěńïï ć (3.56) áàěďŋîî âőçłã: x = r + h/2, y = r − h/2, âěň ęě ŕãâěň ŋăåőďĺň:

Y^{(n)}_A (T ; k; {q_j }^n_1 |{p_j}^1_n; l) = δ_3 k − l +^{n∑}_{j=1}(q_j − p_j)

· (3.60) · e^{iT E(k)} ∫ d^3h exp { − i 2 (k − l)h } · · x(T )=h ∫ x(0)=−h

Dx(η) L_E (T |0, [ẋ(η)]) 1 n! n∏ j=1 { W(T, q_j |p_j, [x(η)]) } . 2.2 Řěńïâĺćĺáâáłĺľ áńãçăľ.

Ŕàěęďě ćáěčő, ŋăŕőňŋĺň őáŋőćŋëě íâăŕë őŕěàăæĺĺ T_ψ ŕàĺćěďěŋĺï ł ŋőàňăńìŋőľ äőàňě åàőŋőńőčĺçěáłőčő ŕàőĺğćěďěŋĺï ďńï íłáŕőŋěŋâë őâ łćăďàăâĺçŋőčő äãŋłæĺőŋăńă [79], [99], [124]. Šăł łăł ďńï ńîąőčő äãŋłæĺőŋăńă F [ψ] (I- ěďĺŋĺçŋëľ őŕěàăâőà):

T_ψF [ψ] = N_ψ exp ∫ d^4z ∫ d^4ζ ← δ δϕ^a_γ (z) Δ^{(C)ab}_{γγ}′_{(ψ)}(z|ζ) → δ δϕ^{∗b}_γ′ (ζ) F [ϕ] | | | | | | | ϕ → ψ ϕ^∗ → ψ^† , (3.61)

âő âőčďă: T_ψ ( exp [∫ d^4x ∫ d^4y ψ^{†a}_α (x)K^{ab}_{αβ}(x|y)ψ^b_β(y) ]) = (3.62) = det [ I − KΔ^{(C)}_{(ψ)} ] N_ψ ( exp [∫ d^4x ∫ d^4y ψ^{†a}_α (x)T^{ab}_{αβ} (x|y)ψ^b_β(y) ]) , čďě ŕàőŕăčăâőàë ĺ ŕěàěáâăŋőćőçŋëě äãŋłæĺĺ àăáŕàőáâàăŋěŋĺï âĺŕă (2.52)- (2.55) ďńï ŕàőąŋëå ŕőńěľ ψ (3.16), (3.17), ă âăłęě ïďàă őŕěàăâőàőć őŕàěďěńěŋë, á ãçěâőň (3.81) (ŋĺęě), áőőâćěâáâćěŋŋő, łăł:

Δ^{(R)}_{(ψ) ^E} (x|y) = θ(x_0 − y_0)Δ_{(ψ) ^E}(x|y) =

x(x_0)=x ∫ x(y_0)=y

Dx(η)^^L_{^E} (x_0|y_0, [ẋ(η)]) , (3.63) Δ^{ab}_{γγ′(ψ) ^E}(x|y) = { ψ^a_γ (x) , ψ^{†b}_γ′ (y) } = Δ^{(−)ab}_{γγ′(ψ) ^E} (x|y) + Δ^{(+)ab}_{γγ′(ψ) ^E} (x|y) = (3.64) = δ^{ab} ( e^{−i(x0−y0) ^E(}P^{x)} ) γγ^′ δ_3(x − y) = δ^{ab} <x| ( e^{−i(x0−y0) ^E(}P^) ) γγ^′ |y>; (3.65) Δ^{(C)ab}_{γγ′(ψ) ^E} (x|y) ≡ ⟨γ, a, x |Δ^{(C)}_{(ψ)} |y, b, γ^′⟩ = ⟨0|T ( ψ^a_γ (x) ψ^{†b}_γ′ (y) ) |0⟩ = (3.66)

—96— = T ( ψ^a_γ (x) ψ^{†b}_γ′ (y) ) − N ( ψ^a_γ (x) ψ^{†b}_γ′ (y) ) = Δ^{(R)ab}_{γγ′(ψ) ^E} (x|y) − Δ^{(+)ab}_{γγ′(ψ) ^E} (x|y); (3.67) K^{ab}_{αβ}(x|y) = ⟨α, a, x |K|y, b, β⟩, T^{ab}_{αβ} (x|y) = ⟨α, a, x |T |y, b, β⟩; (3.68) T = K + KΔ^{(C)}_{(ψ)} T = [ I − KΔ^{(C)}_{(ψ)} ]−1 K = K + T Δ^{(C)}_{(ψ)} K = (3.69) = K [ I − Δ^{(C)}_{(ψ)} K ]−1 = K + N K ( det [ I − KΔ^{(C)}_{(ψ)} ])−1 , (3.70) det [ I − KΔ^{(C)}_{(ψ)} ] = exp { T r ( ln [ I − KΔ^{(C)}_{(ψ)} ])} , (3.71)

ĺ čďě N ĺ det [ I − KΔ^{(C)}_{(ψ)} ] , áőőâćěâáâćěŋŋő, ňĺŋőà Ťàěďčőńìňă ĺ őŕàěďěńĺâěńì Ťàěďčőńìňă [145] ďńï őŕěàăâőàă I − KΔ^{(C)}_{(ψ)} . Őčàăŋĺçĺćăïáì ďăńěě łőŋáâăŋâŋőľ ŕěàěŋőàňĺàőćőçŋőľ ŕăàăňěâàĺğăæĺěľ (3.21) á^~ν = 0, ěě ňőęŋő ćëąàăâì âăł, çâőąë ĺňěâì ć (3.65) őąëçŋëľ ďĺàăłőćáłĺľ áŕěłâà, âőčďă [79], [80], ŕàĺ I- ěďĺŋĺçŋăï ňăâàĺæă, (γ∂) = γ^ν ∂_ν = γ^0∂_x0 + γ∇_x :

^E(P) = (^^α · P) + γ^0m, ω(k) = + √ k^2 + m^2, T = x_0 − y_0, (3.72) e^{−iT ^E(}P^{x)}e^{ikx} =

I cos(T ω(k)) − i^^E(k) sin(T ω(k))

ω(k) e^{ikx} = (3.73)

=^(I∂_x0 − i^^E(P_x)^) sin(T ω(k)) ω(k) e^{ikx} = 1 i ( i(γ∂) + m ) γ^0 sin(T ω(k))

ω(k) e^{ikx}, Δ^{ab}_{αβ(ψ) ^E} (x − y) = δ^{ab [}I∂_x0 − i^^E(P_x)^]_{αβ} D_m(x − y), (3.74) D_m(x − y) = ε(x_0 − y_0) 2π ∂ ∂ϱ [ θ(ϱ)J_0(m √ ϱ) ] = (3.75) = ε(x_0 − y_0) 2π δ(ϱ) − m θ(ϱ) 2 √ ϱ J_1(m √ ϱ) , ϱ = (x − y)^2, Δ^{(C)ab}_{αβ(ψ) ^E} (x − y) = δ^{ab [}I∂_x0 + i^^E(P_x)^{]−1}_{αβ} δ_4(x − y), (3.76) Δ^{(C)ab}_{αβ(ψ) ^E} (x − y) = δ^{ab [}I∂_x0 − i^^E(P_x)^]_{αβ} D^{(C)}_m (x − y), (3.77)

D^{(C)}_m (x − y) = i 2π^2 ∂ ∂ϱ ( K_0(m^√iϵ − ϱ) ) = im (2π)^2

K_1(m √ iϵ − ϱ) √ iϵ − ϱ , D^{(C)}_0 (x − y) = i (2π)^2 1 (iϵ − ϱ) , D_0(x − y) = ε(x_0 − y_0) 2π δ(ϱ). čďě J_n(z), K_n(z)- äãŋłæĺĺ Ąěááěńï ĺ Ňăłďőŋăńìďă áőőâćěâáâćěŋŋő [165].

—97— Ŕőłăęěň âěŕěàì, çâő ć áńãçăïå (III) ĺ (IV) ć ćëàăęěŋĺĺ (3.34) ňőęŋő ”àăáæěŕĺâì” T_ψ ĺ T_γ , ćőáŕőńìğőćăćèĺáì, äăłâĺçěáłĺ, âěň, çâő ć ŕàőæěááě ŕàĺćěďěŋĺï ł ŋőàňăńìŋőľ äőàňě (3.62), äěàňĺ-ŕőńï ψ_α ć (3.61) ğăňěŋïîâáï čàăááňăŋőćëňĺ ćěńĺçĺŋăňĺ ϕ_α. Śőőâćěâáâćěŋŋő, äěàňĺ-çěâŋëě łőňąĺŋăæĺĺ, ŋăŕàĺňěà, ć áńãçăě (III) (čďě ďńï ŕàőáâőâë c_A = 0) ćĺďă B^ν_{(ϕ)}(x, t) = λϵ^ν ( ϕ(x, t)(γϵ)ϕ(x, t) ) , čďě: ϕ = ϕ^∗γ^0, (γϵ) = γ^ν ϵ_ν, (3.78) áâăŋőćïâáï őąëçŋëňĺ c-çĺáńăňĺ. Śďćĺčăï âőčďă ć (3.34) ŕěàěňěŋŋãî ĺŋâěčàĺàőćăŋĺï:

p(η) −→ p(η) + B_{(ϕ)}(x(η), η), ŕàĺ u(η) ≡ (u(η), u_0(η)) = (ẋ(η), 1), (3.79)

ŕőńãçăěň: Y_{(ψ)}(T, x|y, 0) =

x(T )=x ∫ x(0)=y

Dx(η)^^L_{^E} (T |0, [ẋ(η)]) · (3.80)

· T_ψ exp −i T∫

0 dη ( u(η) B_{(ψ)}(x(η), η) ) , čďě: ^L_{^E} (T |t, [ẋ(η)]) = ∫ Dp(η)T_γ exp i T∫

t dη [( p(η) · ẋ(η) ) −^^E(p(η)) ] , (3.81) ăŋăńőčĺçŋő (3.38). Őďŋăłő, ŋă íâőň ăŋăńőčĺï ğăłăŋçĺćăěâáï, ĺ, ŕőáłőńìłã ŕàĺçĺŋŋëľ ŕàőŕăčăâőà (3.66), (3.67) ąőńěě ŋě ïćńïěâáï ğăŕăğďëćăîéĺň, ĺğ (3.62), ćňěáâő (3.42), (3.43), ŕàĺ x(η) = (x(η), η), ẋ(η) = u(η), T_{[x(η)]}(x|y) = δ_3 ( x − x(x_0) ) ^I_{[x(η)]}(x_0|y_0) δ_3 ( y − x(y_0) ) , (3.82) K_{[x(η)]}(x|y) = δ_3 ( x − x(x_0) ) ^I^0_{[x(η)]}(x_0|y_0) δ_3 ( y − x(y_0) ) , (3.83) ^I^0_{[x(η)]}(t|ξ) = −iλ(u(t) ϵ)γ^0(γϵ) δ(t − ξ), ŕőńãçăěň: (3.84)

Y_{(ψ)}(T, x|y, 0) =

x(T )=x ∫ x(0)=y

Dx(η)^^L_{^E} (T |0, [ẋ(η)]) det [ I − K_{[x(η)]}Δ^{(C)}_{(ψ)} ] · (3.85)

· N_ψ exp T∫

0 dt T∫

0 dξ ( ψ^†(x(t))^^I_{[x(η)]}(t|ξ) ψ(x(ξ)) ) , čďě: ^I_{[x(η)]}(t|ξ) =^^I^0_{[x(η)]}(t|ξ) + T∫

0 dτ T∫

0 dη^^I^0_{[x(η)]}(t|τ)Δ^{(C)}_{(ψ)} ( x(τ) | | |x(η) ) ^I_{[x(η)]}(η|ξ). (3.86)

—98— Ğďěáì, äăłâĺçěáłĺ, ćŋőćì ĺňěěň ďěńő á őďŋőňěàŋëň, ŋő ãęě äàěďčőńìňőćáłĺň őŕěàăâőàőň á ŋěáĺňňěâàĺçŋëň äãŋłæĺőŋăńìŋëň ňăâàĺçŋëň ïďàőň < t|^^Z|ξ >=^^Z(t|ξ) = −iλΔ^{(C)}_{(ψ) ^E} ( x(t) − x(ξ) ) γ^0(γϵ)(u(ξ) ϵ), (3.87)

^I_{[x(η)]}(t|ξ) =^^I^0_{[x(η)]}(t|ξ) + T∫

0 dτ^^I_{[x(η)]}(t|τ)^^Z(τ|ξ). (3.88) T r^{{^}Z^} = −iλ ( (x(T ) − x(0))ϵ ) Sp ( Δ^{(C)}_{(ψ) ^E}(0)γ^0(γϵ) ) = 0, âőčďă: (3.89) det [ I − K_{[x(η)]}Δ^{(C)}_{(ψ)} ] = det [ I − Δ^{(C)}_{(ψ)} K_{[x(η)]} ] =⇒ det^[I −^^Z^] = (3.90)

=^{∞∑}_{n=0}

(−1)^n n! n∏ j=1 T∫

0 dξ_j det_{(n)}^{[ ^}Z_{αkαl} (ξ_k|ξ_l)^] = (3.91)

= e^{−T r}{^{^Z}}^~det [ I − K_{[x(η)]}Δ^{(C)}_{(ψ)} ] =⇒ (3.92)

=⇒^{∞∑}_{n=0}(−1)^{n n∏}_{j=1} ξ_{j−1}∫

0 dξ_j ~det_{(n)}^{[ ^}Z_{αkαl} (ξ_k|ξ_l)^] ,

čďě ξ_0 = T , ĺáŕőńìğőćăŋő (D.1) ĺ áĺňňěâàĺï ďěâěàňĺŋăŋâă n- őčő ŕőàïďłă ŕàĺ ŕàőĺğćőńìŋőľ, ŋő őďŋőĺňěŋŋőľ ŕěàěáâăŋőćłě ĺ áâàőł ĺ áâőńąæőć, ă âĺńìďă ć ŕőáńěďŋĺå àăćěŋáâćăå őğŋăçăěâ, çâő, ć áőőâćěâáâćĺĺ á (3.71) ĺ (3.89), ěčő ďĺăčőŋăńìŋëě íńěňěŋâë ćĺďă^^Z_{αα}(ξ|ξ) ğăňěŋěŋë ŋãńïňĺ [170]. Ś ŕőňőéìî áőőâŋőèěŋĺľ (3.63) ĺ (3.81) ćëçĺáńěŋĺě ŕěàćőčő çńěŋă àăğńőęěŋĺï íłáŕőŋěŋâë ć (3.85),

Y^{(0)}_{(ψ)}(T, x|y, 0) =

x(T )=x ∫ x(0)=y

Dx(η)^^L_{^E} (T |0, [ẋ(η)]) det^[I −^^Z^] , (3.93)

áćőďĺâáï, ć ĺâőčě, ł ĺŋâěčàĺàőćăŋĺî ńĺèì ŕő ŋăąőàã ŕàĺçĺŋŋő ãŕőàïďőçěŋŋëå âàăěłâőàĺľ x(ξ_j) → x_j , x_j = (x_j, ξ_j), x_0 = (x, T ):

Y^{(0)}_{(ψ)}(T, x|y, 0) =^{∞∑}_{n=0}(−1)^{n n∏}_{j=1} ∫ d^3x_j ξ_{j−1}∫

0 dξ_j Δ_{^E} ( x_{j−1} | | | |x_j ) · (3.94) · Δ_{^E} ( x_n | | |y ) ~det_{(n)}^{[ ^}Z_{αkαl} (ξ_k|ξ_l)^] ,

—99— čďě, ŕőíâőňã, ć âőň çĺáńě ĺ ŕàĺçĺŋŋëě ŕàőŕăčăâőàë ć^^Z_{αkαl} (ξ_k|ξ_l) ğăňěŋïâáï áőőâćěâáâćãîéĺňĺ çăáâőâŋëňĺ çăáâïňĺ (3.64), őâćěçăîéĺňĺ, łăł ĺ ć ŋěàěńïâĺćĺáâáłőň áńãçăě, àăáŕàőáâàăŋěŋĺî âőńìłő àěăńìŋëå çăáâĺæ, ŋăåőďïéĺåáï ŋă ňăááőćëå ŕőćěàåŋőáâïå, ćőőąéě čőćőàï, àăğńĺçŋëå, ěáńĺ ^E ≠^^E. Ĺáŕőńìğãï (3.70) ĺ ăŋăńőčĺçŋőě (3.91) ćëàăęěŋĺě ďńï N çěàěğ áãňňã őŕàěďěńĺâěńěľ, ňőęŋő âăłĺň ęě ŕãâěň ŕàĺćěáâĺ ł ”ŕàĺçĺŋŋőňã” ćĺďã ĺ ćâőàőľ çńěŋ àăğńőęěŋĺï íłáŕőŋěŋâë ć (3.85):

Y^{(1)}_{(ψ)}(T, x|y, 0) =

x(T )=x ∫ x(0)=y

Dx(η)^^L_{^E} (T |0, [ẋ(η)]) det^[I −^^Z^] · (3.95)

· N_ψ T∫

0 dt T∫

0 dξ ( ψ^†(x(t))^^I_{[x(η)]}(t|ξ) ψ(x(ξ)) ) = ŕàĺ x(ξ_j) → x_j , x_j = (x_j , ξ_j), x_0 = (x, T ),

=^{∞∑}_{n=0}(−1)^n n+1∏ j=1 ∫ d^3x_j ξ_{j−1}∫

0 dξ_j Δ_{^E} ( x_{j−1} | | |x_j ) Δ_{^E} ( x_{n+1} | | |y ) · (3.96)

·^{n+1∑}_{k=1}^~det_{(n)}^{[ ^}Z_{αmαl} (ξ_m|ξ_l)^] | | | | m,l≠k N_ψ^(ψ^†_α(x_k)ψ_α(x_k)^) +

+^{n+2∏}_{j=1} ∫ d^3x_j ξ_{j−1}∫

0 dξ_j Δ_{^E} ( x_{j−1} | | | |x_j ) Δ_{^E} ( x_{n+2} | | | |y ) ·

·^{n+2∑}_{r=1}^{n+2∑}_{r≠k=1}^~det_{(n+1)}^{[ ^}Z_{αmαl} (ξ_m|ξ_l)^] | | | | | m≠k l≠r N_ψ^(ψ^†_{αr} (x_r)ψ_{αk} (x_k)^) ,

čďě ćŋőćì ĺáŕőńìğőćăŋő (D.1) ĺ (D.4). Šăłĺň őąàăğőň, ŋă ãàőćŋě őďŋő- ĺ ďćãåçăáâĺçŋëå ŕàőæěááőć ŕàőáńěęĺćăěâáï őŕàěďěńěŋŋăï áćïğì ŕàěďńăčăěňőčő ŕőďåőďă á ňěâőďăňĺ Ÿćĺŋčěàőćáłőľ âěőàĺĺ ĺáâőçŋĺłőć [146], [147]. Łăł ĺ ć ŋěàěńïâĺćĺáâáłĺå ňőďěńïå čńăćë 2, ŕàěďěń ŕàĺ T → ∞ łőíääĺæĺěŋâŋëå äãŋłæĺľ őŕěàăâőàőć Y^{(0),(1)}_{(ψ)} (T, x|y, 0) ďőńęěŋ áőďěàęăâì ĺŋäőàňăæĺî őąő ćáěå áőąáâćěŋŋëå áőáâőïŋĺïå őďŋő- ĺ ďćãå- çăáâĺçŋőčő áěłâőàă [109] (áňőâàĺ ŋĺęě, ŕăàăčàăä 3).

—100—

2.3 Ćğăĺňőďěľáâćĺě łĺàăńìŋëå äěàňĺőŋŋëå ŕőńěľ.

Łăł ãęě ąëńő ğăňěçěŋő ćëèě, ć áńãçăě (IV), ŕàĺ λ_V + λ_A = 0, ĺňěěň ^μ_0 = 0. Šőčďă, ŕàĺ m_0 = 0 ďńï őáâăćèĺåáï ňăâàĺæ^^α^ν = γ^0γ^ν ĺ γ^5 ňőęŋő ćëąàăâì ąńőçŋő-ďĺăčőŋăńìŋőě áŕĺŋőàŋőě ŕàěďáâăćńěŋĺě (σ-ňăâàĺæë Ŕăãńĺ (4.9)):^^α^0 = I, ^α = σ 0 0 −σ , γ^5 = I 0 0 −I , ψ^a_α(x) = ϕ^a_+(x) ϕ^a_−(x) , (3.97)

^E(P) =^^E(P) = (^^α · P) , Π_ζ = I + ζγ^5 2 , σ_ζ = (ζσ, I), ζ = ±1, (3.98) ĺ ăŋăńőčĺçŋőě àăğąĺěŋĺě ďńï čěľğěŋąěàčőćáłĺå ŕőńěľ Ψ^a_ζ (x) = Π_ζ Ψ^a(x). Ŕàěďáâăćńïï čăňĺńìâőŋĺăŋ ćğăĺňőďěľáâćĺï ďńï íâőčő áńãçăï ć ćĺďě H_{I[Ψ]} = 2λ^(Ψ^{†a}_+ (x)(σ_+ϵ)Ψ^a_+(x)^{) (}Ψ^{†b}_− (x)(σ_−ϵ)Ψ^b_−(x)^) , (3.99) á ŕőňőéìî ćëâěłăîéĺå ĺğ ŋěčő ãàăćŋěŋĺľ ďćĺęěŋĺï ďńï ŕőńěľ ĺ âőłőć j^a_{ν(Ψ)}(x) =^(Ψ^a(x)γ_νΨ^a(x)^) ĺ ( Ψ^{†a}_ζ (x)OΨ^a_ζ (x) ) , ŕàĺ ńîąőň [O, (σ_ζ ϵ)] = 0:

i∂_tΨ^a_ζ (x) = [ ζ (σ · P) + 2λ ( Ψ^{†b}_{−ζ} (x)(σ_{−ζ} ϵ)Ψ^b_{−ζ} (x) ) (σ_ζ ϵ) ] Ψ^a_ζ (x), (3.100) i∂_t ( Ψ^{†a}_ζ (x)OΨ^a_ζ (x) ) = Ψ^{†a}_ζ (x)ζ^[O (σ · P) −^(σ · P^{†)} O^] Ψ^a_ζ (x), őâłãďă: ∂_ν ( Ψ^{†a}_ζ (x)σ^ν_ζ Ψ^a_ζ (x) ) = 0, ∂^ν j^a_{ν(Ψ)}(x) = 0, (3.101) ŕàĺ: ( Ψ^{†a}_{−ζ} (x)(σ_{−ζ} ϵ)Ψ^a_{−ζ}(x) ) =⇒ ( ϕ^{†a}_{−ζ} (x)(σ_{−ζ} ϵ)ϕ^a_{−ζ} (x) ) , (3.102) ŋěâàãďŋő ãąěďĺâìáï, çâő ąńőçŋő-ďĺăčőŋăńìŋăï áâàãłâãàă (3.97) őŕěàăâőàă (3.34) ćőáŕàőĺğćőďĺâáï ć ŕàőæěááě ěčő íćőńîæĺĺ (3.24)–(3.26):

Ψ^a_+(x, T ) Ψ^a_−(x, T ) = ∫ d^3y

Y_{(ϕ−)}(T, x|y, 0) 0

0 Y_{(ϕ+)}(T, x|y, 0) ϕ^a_+(y, 0) ϕ^a_−(y, 0)

.(3.103)

Ŕőćâőàïï ŕàěőąàăğőćăŋĺï (3.31)–(3.34) ĺ (3.78)–(3.88) ďńï łăęďőčő ĺğ Y_{(ϕζ )}(T, x|y, 0) =⇒ <x| T_xT_σT_{ϕζ} · (3.104) · exp i T∫

0 dη [ ζ (σ · P) − 2λ(σ_{−ζ} ϵ) ( ϕ^†_ζ (X, η)(σ_ζ ϵ)ϕ_ζ(X, η) )] |y >,

—101— – íâĺå ąńőłőć ć őâďěńìŋőáâĺ, ŕàĺďěň ł áńěďãîéĺň ŕàěďáâăćńěŋĺïň:

Y_{(ϕζ )}(T, x|y, 0) =

x(T )=x ∫ x(0)=y

Dx(η)^^L_{ζσ} (T |0, [ẋ(η)]) det^[I −^^Z_ζ^] · (3.105)

· N_{ϕζ} exp T∫

0 dt T∫

0 dξ ( ϕ^†_ζ (x(t))^^I_{[x(η)](ζ)}(t|ξ) ϕ_ζ(x(ξ)) ) , čďě: ^L_{ζσ} (T |0, [ẋ(η)]) = ∫ Dp(η)T_σ exp i T∫

0 dη [( p(η) · (ẋ(η) + ζσ) )] , (3.106) x(x_0)=x ∫ x(y_0)=y

Dx(η)^^L_{−ζσ} (x_0|y_0, [ẋ(η)]) = θ(x_0 − y_0)Δ_{(ϕζ )}(x − y), (3.107)

Δ_{(ϕζ )}(x − y) = e^{−i(x0−y0)ζ(σ·}P^{x)}δ_3(x − y) = (3.108) = [I∂_x0 − iζ(σ · P_x)] D_0(x − y) = (σ_{−ζ} ∂_x) ε(x_0 − y_0) 2π δ^((x − y)^{2)} ,

Δ^{(C)}_{(ϕζ)}(x − y) = (σ_ζ ∂_x)^{−1}δ_4(x − y) = 2i (2π)^2 (σ_{−ζ} (x − y)) [(x − y)^2 − iϵ]^2

, (3.109) ^Z_ζ (t|ξ) = −2iλΔ^{(C)}_{(ϕζ )} ( x(t) − x(ξ) ) (σ_ζ ϵ)(u(ξ) ϵ), (3.110) ^I^0_{[x(η)](ζ)}(t|ξ) = −2iλ(u(t) ϵ)(σ_ζ ϵ) δ(t − ξ), (3.111)

^I_{[x(η)](ζ)}(t|ξ) =^^I^0_{[x(η)](ζ)}(t|ξ) + T∫

0 dτ^^I_{[x(η)](ζ)}(t|τ)^^Z_ζ (τ|ξ). (3.112)

Ŕàĺçĺŋŋëě ćëàăęěŋĺï ćĺďă (3.93)-(3.96) ďńï ŕěàćëå çńěŋőć àăğńőęěŋĺï íłáŕőŋěŋâë (3.105) âăłęě ĺňěîâ ňěáâő ŕőáńě ćëďěńěŋĺï exp^(−T r^{{^}Z_ζ^{})}, á ğăňěŋőľ Δ_{^E} (x|y) −→ Δ_{(ϕ−ζ )}(x − y) (3.108), ĺ^^Z(t|ξ) −→^^Z_ζ (t|ξ) (3.110). Šő ěáâì ć łăęďőľ ĺğ áőőâćěâáâćãîéĺå ŕěâěńì ŕàĺáãâáâćãîâ äãŋłæĺĺ àăáŕàőáâàăŋěŋĺï őąőĺå ŕőńěľ ϕ_±(x).

Ć őâńĺçĺě őâ àăąőâ [139]-[143], ďńï ćëçĺáńěŋĺï áŕĺŋőàŋëå äãŋłæĺőŋăńőć (3.106) łăł æěńőčő ćőáŕőńìğãěňáï ”ěáâěáâćěŋŋőľ” àěčãńïàĺğăæĺěľ ňăááőćëň çńěŋőň (3.72) ŕàĺ őąêěďĺŋěŋĺĺ ĺå ć ŕàěďáâăćńěŋĺĺ (3.81), (3.98):

^L_{−σ} (T |0, [ẋ(η)]) 0

0^^L_{+σ} (T |0, [ẋ(η)])

= lim_{m→0}^^L_{^E} (T |0, [ẋ(η)]) , (3.113)

—102—

^L_{^E} (T |0, [ẋ(η)]) =^{0∏}_{η=T}

∫ d^3p_η (2π)^3 exp^[iτ(p_η · ẋ_η) − iτ^^E(p_η)^] , τ = T N . Šőčďă, á ŕőňőéìî (3.73)-(3.75) ĺŋâěčàăńë ŕő p_η ćëçĺáńïîâáï ć ćĺďě: [ I∂_τ − (^^α · ∇_z) − imγ^{0]} ε(τ) 2π [ δ(τ^2 − z^2) + O(m^2) ] , z = τẋ_η. (3.114)

Őâáîďă, ŕàĺ τ → +0, m → 0, ŋăåőďĺň:

^L_{ζσ} (T |0, [ẋ(η)]) = ℵ^{0∏}_{η=T} δ^{(1) (}1 − ẋ^2(η)^) I − ζ(σ · ẋ(η)) 2 , (3.115)

ĺńĺ:^^L_{ζσ} (T |0, [ẋ(η)]) = ℑ[ζẋ(η)] ℵ^{0∏}_{η=T} { δ^{(1) (}1 − ẋ^2(η)^) } , (3.116)

čďě ℵ- ŋőàňĺàőćőçŋăï łőŋáâăŋâă. Šăł łăł őąă áőňŋőęĺâěńï á ŕàăćőľ áâőàőŋë íâőčő àăćěŋáâćă őŕàěďěńïîâáï ěďĺŋëň äãŋłæĺőŋăńìŋëň ĺŋâěčàăńőň (3.106) ć ěčő ńěćőľ çăáâĺ, âő ďńï äãŋłæĺőŋăńă ℑ[ζẋ(η)] ŋěőąåőďĺňő ŕàĺŋïâì:

ẋ^2(η) = 1, őâłãďă (ẍ(η) · ẋ(η)) = 0. (3.117) Šőčďă, ďńï áőáěďŋĺå áőňŋőęĺâěńěľ ć ňőňěŋâë η ĺ η + τ ĺňěěň: I − ζ(σ · ẋ(η + τ)) 2 · I − ζ(σ · ẋ(η)) 2 = = I + ( σ · ẋ(η + τ) )( σ · ẋ(η) ) 2 · I − ζ(σ · ẋ(η)) 2 = = [ I + τ i 2 ( (ẍ(η) × ẋ(η)) · σ )] · I − ζ(σ · ẋ(η)) 2 + O(τ^2),

çâő ŕőğćőńïěâ ŕőńãçĺâì ďńï ŋěčő ŕàěďáâăćńěŋĺě:

ℑ[ζẋ(η)] =^{0∏}_{η=T} I − ζ(σ · ẋ(η)) 2 = (3.118)

= T_σ exp i 2 T∫

0 dη ( (ẍ(η) × ẋ(η)) · σ ) I − ζ(σ · ẋ(0)) 2 = (3.119) = I − ζ(σ · ẋ(T )) 2 T_σ exp i 2 T∫

0 dη ( (ẍ(η) × ẋ(η)) · σ ) .

—103— Ć àăąőâăå [139], [143] őŋ ąëń ŕőńãçěŋ âăłęě ć ćĺďě:

ℑ_{D=3}[ζẋ(η)] = I − ζ(σ · ẋ(T )) 2 · I − ζ(σ · ẋ(0)) 2 · (3.120) · I + (ẋ(T ) · ẋ(0)) 2 −1/2 exp { − i 2 Φ_{D=3} ( C[ζẋ(η)] + ∂C )} , čďě: Φ_{D=3} ( C[n(ℓ)] + ∂C ) = 2π∫

0 dℓϕ̇(ℓ)(1 − cos θ(ℓ)), (3.121) n(ℓ) = n(θ, ϕ) = (sin θ cos ϕ, sin θ sin ϕ, cos θ) ,

ïćńïěâáï äăğőľ Ąěààĺ [148], áćïğăŋŋőľ á ăďĺăąăâĺçěáłőľ íćőńîæĺěľ łőŋæă ěďĺŋĺçŋőčő ćěłâőàă n(ℓ), 0 ≤ ℓ ≤ 2π, ŕő ğăňłŋãâőňã łőŋâãàã őâ ŋăçăńìŋőčő ŕőńőęěŋĺï ćěłâőàă áłőàőáâĺ n(0) = ζẋ(0) = n(2π) ł łőŋěçŋőňã ŕőńőęěŋĺî ćěłâőàă áłőàőáâĺ n(π) = ζẋ(T ) ćďőńì łőŋâãàă C[ζẋ(η)] ŋă ěďĺŋĺçŋőľ áäěàě, ĺ őąàăâŋő, ŕő łàăâçăľèěľ ďãčě ěě ąőńìèőčő łàãčă ∂C. Čěőňěâàĺçěáłĺ äăğă ŕàěďáâăćńïěâ áőąőľ ŕńőéăďì, őčàăŋĺçěŋŋãî íâĺň ğăňłŋãâëň łőŋâãàőň ŋă ěďĺŋĺçŋőľ áäěàě – ćëàěğăŋŋëľ ĺň âěńěáŋëľ ãčőń Ω(C + ∂C). Šăłĺň őąàăğőň, ăďĺăąăâĺçěáłőě àăááňőâàěŋĺě őłăğëćăěâáï ćŕőńŋě ăďěłćăâŋëň ŕàĺ ćëçĺáńěŋĺĺ áŕĺŋőàŋőčő äãŋłæĺőŋăńă (3.106), çâő ãłăğëćăěâ ŋă ěčő ãňěáâŋőáâì ĺ ŕàĺ őŕàěďěńěŋĺĺ őáâăńìŋëå áőňŋőęĺâěńěľ ć (3.105). Őâňěâĺň, çâő áăň ěďĺŋĺçŋëľ ćěłâőà áłőàőáâĺ u(η) = ẋ(η) ŋě őŕĺáëćăěâ, ćőőąéě čőćőàï, ğăňłŋãâőčő łőŋâãàă C + ∂C, ŕőíâőňã ŋăâãàăńìŋëľ ŕăàăňěâà 0 ≤ η ≤ T âàăěłâőàĺĺ x(η) áćïğăŋ á íćőńîæĺěľ âőńìłő ŕő łőŋâãàã C.

Ĺáŕőńìğãï ğăňłŋãâőáâì ăńčěąàë ňăâàĺæ Ŕăãńĺ, ňăâàĺçŋãî Š- íłáŕőŋěŋâã ć (3.119) ňőęŋő ğăňěŋĺâì őąëçŋőľ:

T_σ exp i 2 T∫

0 dη ( (u̇(η) × u(η)) · σ ) = exp { − i 2 ( w(T ) · σ )} , (3.122)

čďě ćěłâőà w(t) = r(t)v(t), |v(t)| = 1, őŕàěďěńïěâáï ĺğ ãàăćŋěŋĺï

(v̇ × v)(1 − cos r) − v̇ sin r − vṙ = (u̇ × u) , r(0) = 0. (3.123)

—104— Ďńï ěčő ćëćőďă őąőğŋăçĺň Š-íłáŕőŋěŋâã áńěćă ć (3.122) çěàěğ O(T ), ă áŕàăćă,– çěàěğ^^O(T ). Ŕěàćăï ŕőďçĺŋïěâáï ãàăćŋěŋĺî:

Ȯ(t) = i^((u̇(t) × u(t)) · S^)O(t), O(0) = I, S = σ 2 , ă ćâőàăï: ˙^O(t) = ^W(t)^O(t), ^W(t) = −i^{1∫} 0 dξe^{−iξ(Sw(t))} ( S · ẇ(t) ) e^{iξ(Sw(t))}. Ŕőáłőńìłã, ŕőď ĺŋâěčàăńőň ćőğŋĺł őŕěàăâőà áŕĺŋőćëå ćàăéěŋĺľ, ŋěňěďńěŋŋő ŕőńãçăěň ďńï^^W(t) ćëàăęěŋĺě ĺğ ńěćőľ çăáâĺ (3.123), ãňŋőęěŋŋőě ŋă iS. Řăćěŋáâćő (3.122) őğŋăçăěâ [135]:^^W(t) = i ( (u̇(t) × u(t)) · S ) , â.ě.

ãàăćŋěŋĺě (3.123).

Łăł ĺğćěáâŋő, äăğă Ąěààĺ áćïğăŋă á ŋăńĺçĺěň łàãçěŋĺï ã âàăěłâőàĺĺ [148]. Ąãďěň ĺáłăâì ěďĺŋĺçŋëľ ćěłâőà v(t) ć ćĺďě àăğńőęěŋĺï ŕő àěŕěàã Ťàěŋě [149] ěďĺŋĺçŋëå ćěłâőàőć u, ν, β– łăáăâěńìŋőľ, ŋőàňăńĺ ĺ ąĺŋőàňăńĺ, áćïğăŋŋëå, áőčńăáŋő (3.117), á ďćĺęěŋĺěň ŕő âàăěłâőàĺĺ x(η):

u = ẋ(η), β = (u × ν) , ν = (β × u) , u = (ν × β) : (3.124) v(t) = v (ϑ(t), φ(t)) = u sin ϑ cos φ + ν sin ϑ sin φ + β cos ϑ. (3.125)

Ŕőďáâăćńïï (3.125) ć (3.123), á ŕőňőéìî (3.124) ĺ ãàăćŋěŋĺľ Ťàěŋě [149]: u̇ ν̇ β̇ = 0 k 0 −k 0 κ 0 −κ 0 u ν β , (3.126)

čďě k- ěě łàĺćĺğŋă, ă κ- ěě łàãçěŋĺě, âăłęě ğăćĺáïéĺě őâ t, ŕőáńě ŋěłőâőàëå ŕàěőąàăğőćăŋĺľ ŕàĺďěň ł áĺáâěňě ãàăćŋěŋĺľ:

ṙ = k cos ϑ, φ̇ = κ cot ϑ cos φ − k 2 , ϑ̇ = κ sin φ − k 2 sin ϑ cot r 2 . (3.127)

İâã áĺáâěňã ňőęŋő ŕàěďáâăćĺâì ć ”ŕőçâĺ ńĺŋěľŋőň” ćĺďě, ěáńĺ á àăğńőęěŋĺěň (3.125) ć ąăğĺáě Ťàěŋě ăááőæĺĺàőćăâì àăğńőęěŋĺě ć ŋěŕőďćĺęŋőň

—105— ąăğĺáě ďńï ćěłâőàă R(t) á łőňŕőŋěŋâăňĺ: R(t) = (X, Y, Z) ≡ sin r 2 (sin ϑ cos φ, sin ϑ sin φ, cos ϑ) , (3.128) Ẋ Ẏ Ż = 0 k 2 0 − k 2 0 κ 0 −κ 0

X Y Z + 0 0 k 2 √ 1 − R^2

, R(0) = 0. (3.129)

Ŕőńãçěŋŋăï áĺáâěňă, åőâï ĺ ŕőåőęă ŋă ãàăćŋěŋĺï Ťàěŋě (3.126), ĺňěěâ áőćěàèěŋŋő ĺŋőľ áňëáń, âăł łăł őŕĺáëćăěâ ĺğňěŋěŋĺě łőňŕőŋěŋâ ćěłâőàă ć ŋěŕőďćĺęŋőň ąăğĺáě, ă ŋě áăňĺå ćěłâőàőć íâőčő ąăğĺáă. Őâňěâĺň âăłęě ãňěŋìèěŋĺě ćďćőě ćěńĺçĺŋë, áőőâćěâáâćãîéěľ łàĺćĺğŋě. Ďńï ŕàőĺğćőńìŋőľ ğăćĺáĺňőáâĺ őâ t łàĺćĺğŋë ĺ łàãçěŋĺï íâă áĺáâěňă, ąěğãáńőćŋő, ŋě ŕàőéě ĺáåőďŋőľ Š-íłáŕőŋěŋâë. Őďŋăłő, őŋă ãŕàőéăěâáï, ěáńĺ, ć ăďĺąăâĺçěáłőň ŕàĺąńĺęěŋĺĺ, áçĺâăâì ĺå ňěďńěŋŋő ňěŋïîéĺňĺáï äãŋłæĺïňĺ, ĺ ŕőńŋőáâìî ńĺŋěăàĺğãěâáï, ěáńĺ âăłőćëň ęě ŕàĺŋïâì ĺ ŋěńĺŋěľŋëľ ŋěőďŋőàőďŋëľ çńěŋ, ŕőńăčăï ěčő àăćŋëň ğŋăçěŋĺî ŕàĺ t = 0, â.ě. k/2. Šőčďă, àěèěŋĺě (3.129), ãďőćńěâćőàïîéěě ŋăçăńìŋőňã ãáńőćĺî ĺňěěâ ćĺď: X(t) = k^2κ 4ω^2 ( t − sin ωt ω ) , Y (t) = kκ 2ω^2

(1 − cos ωt) , (3.130) Z(t) = k^3 8ω^2 t + 4κ^2 k^2 sin ωt ω , ω = κ^2 + k^2 4 , Őâňěâĺň, çâő ąěğ ãçěâă ŋěőďŋőàőďŋőčő çńěŋă ć (3.129) ąëńő ąë ŋěćőğňőęŋő ãďőćńěâćőàĺâì ŋăçăńìŋőňã ãáńőćĺî. Ŕőńãçăîéěěáï őâáîďă, á ãçěâőň (3.125), čàőňőğďłőě ćëàăęěŋĺě ďńï w(T ) ćëŕĺáëćăâì ŋě ąãďěň. Őčàăŋĺçĺňáï ŕàěďěńőň íâőčő ćëàăęěŋĺï ďńï ”ŕőçâĺ ŕàïňëå” âàăěłâőàĺľ ŕàĺ k ≃ κ ĺ κT ≪ 1. Šőčďă: w(T ) ≃ β(T ) κT , çâő ĺ ŕő ćěńĺçĺŋě ĺ ŕő ŋăŕàăćńěŋĺî ćŕőńŋě áőčńăáãěâáï á (3.119)-(3.121). Ŕőáłőńìłã ďńĺŋă âàăěłâőàĺĺ, ć ŕàĺŋïâëå ěďĺŋĺæăå, àăćŋă T , âő, áőčńăáŋő äőàňãńě Čăãááă- Ąőŋŋě [149] ć áńãçăě ŕőáâőïŋŋőčő łàãçěŋĺï, ďńï ğăňłŋãâőčő łőŋâãàă C ĺňěěň: κT = Ω(C), âő ěáâì âěńěáŋëľ ãčőń, őŕàěďěńïîéĺľ äăğã Ąěààĺ.

—106—

2.4 Ňőďěńì Šĺààĺŋčă.

Ć âő ćàěňï, łăł ć çěâëàěå ĺğňěàěŋĺïå ĺňěěâáï ńĺèì áńăąăï ŋăďěęďă á ŕőňőéìî ŕàěőąàăğőćăŋĺľ Ťĺàæă ŕő ćáěň ĺňěîéĺňáï ĺŋďěłáăň [28] ãáâăŋőćĺâì íłćĺćăńěŋâŋőáâì âőčő ĺńĺ ĺŋőčő 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï őďŋőňã ĺğ ćăàĺăŋâőć (I)–(IV), ć ďćãå ĺğňěàěŋĺïå, łăł ŕőłăğăŋő ěéě Šĺààĺŋčőň, ćáě 4-å äěàňĺőŋŋëě ćğăĺňőďěľáâćĺï, ć őâáãâáâćĺě ďőŕőńŋĺâěńìŋëå ĺŋďěłáőć ćŋãâàěŋŋĺå áĺňňěâàĺľ, ć áãéěáâćěŋŋőň [75] íłćĺćăńěŋâŋë ňěęďã áőąőľ. İâő, ąěğãáńőćŋő, ŕàőńĺćăěâ áćěâ ŋă àěèăěňőáâì ňőďěńĺ Šĺààĺŋčă á âőçłĺ ğàěŋĺï ŕàěďńăčăěňőčő ğďěáì ŕőďåőďă, ŕőáłőńìłã, ŋěŕőáàěďáâćěŋŋő ŋă ãàăćŋěŋĺïå ďćĺęěŋĺï (3.135), (3.136), őŋă őłăğëćăěâáï ŕàïňëň ďćãňěàŋëň ăŋăńőčőň łĺàăńìŋőľ ňőďěńĺ ĺğ ŕàěďëďãéěčő ŕãŋłâă.

Ďěľáâćĺâěńìŋő, ďńï ďćãňěàŋőčő ćăàĺăŋâă ćğăĺňőďěľáâćĺï âĺŕă (IV), (3.99), ć áőőâćěâáâćãîéěň ”łĺàăńìŋőň” ŕàěďáâăćńěŋĺĺ [80], [150], ŕőáńěďőćăâěńìŋő ĺňěěň ćňěáâő (3.97)–(3.102): (áãňňĺàőćăŋĺï ŕő ζ ŋĺčďě ŋěâ!)

γ^0 = σ^1 = 0 1 1 0 , γ^1 = −iσ^2 =

0 −1 1 0 ,^^α^0 = I = 1 0 0 1 , (3.131)

^α^1 =⇒ γ^5 = γ^0γ^1 = σ^3 = 1 0 0 −1

, x^ζ = t + ζx^1, ζ = ±1, (3.132)

σ^ν_ζ → ℘^ν_ζ = (℘^1_ζ , ℘^0_ζ ) = (ζ, 1), (℘_ζ ϵ)(℘_{−ζ} ϵ) = (ϵ^0)^2 − (ζϵ^1)^2 = ϵ^2 = 1, (3.133) j^ν_{(Ψ)}(x) =^(Ψ(x)γ^ν Ψ(x)^) , H_{I[Ψ]} −→ 2λ^(Ψ^†_+(x)Ψ_+(x)^{) (}Ψ^†_−(x)Ψ_−(x)^) ,(3.134) i∂_tΨ_ζ (x) = [ ζP^1 + 2λ ( Ψ^†_{−ζ} (x)Ψ_{−ζ}(x) )] Ψ_ζ(x), ĺńĺ: (3.135) ∂_ζ Ψ_ζ (x) = −iλ ( Ψ^†_{−ζ} (x)Ψ_{−ζ} (x) ) Ψ_ζ (x), čďě 2∂_ζ = ∂_t + ζ∂_x1 = ℘^ν_ζ ∂_ν ,(3.136) ∂_νj^ν_{(Ψ)}(x) = 0, ∂_ν ( Ψ^†_ζ(x)℘^ν_ζ Ψ_ζ (x) ) = ∂_ζ ( Ψ^†_ζ (x)Ψ_ζ (x) ) = 0, (3.137) 2 ( Ψ^†_ζ (x)Ψ_ζ(x) ) =⇒ 2 ( ϕ^†_ζ (x)ϕ_ζ (x) ) = j^ζ_ϕ(x) = j^0_{(ψ)}(x) + ζj^1_{(ψ)}(x). (3.138)

Šăłĺň őąàăğőň, ćěłâőà Ňăàłőćă-đłăćë ϵ^ν ć ďćãňěàĺĺ ăćâőňăâĺçěáłĺ ĺáçěğăěâ ĺğ čăňĺńìâőŋĺăŋă ćğăĺňőďěľáâćĺï. Ĺŋćăàĺăŋâŋëě äãŋłæĺĺ áćő-

—107— ąőďŋëå ŕőńěľ ć ďćãňěàĺĺ ŕőńãçăîâáï ĺğ (3.75), (3.77) őâąàăáëćăŋĺěň ŕàőĺğćőďŋőľ ŕő ϱ ĺ ãňŋőęěŋĺěň ŋă π [75], [80], [150], [152] (γ_e- ŕőáâőïŋŋăï İľńěàă, μ- äĺłáĺàőćăŋŋëľ ňăááőćëľ ňăáèâăą, ϵ → +0):

D_m(x) = ε(x_0) 2 θ(x^2)J_0(m √ x^2) = D^{(−)}_m (x) + D^{(+)}_m (x), x^2 = x^ζ x^{−ζ} , (3.139)

D^{(C)}_m (x) = i 2π K_0 ( m √ iϵ − x^2 ) , D^{(C)}_0 (x) = 1 2πi [ ln ( μ 2 √ iϵ − x^2 ) + γ_e ] ,(3.140)

D^{(−)}_0 (x) = 1 4πi ln iϵx_0 − μ^2x^2 4 + 2γ_ϵ , D_0(x) = ε(x_0) 2 θ(x^2), (3.141)

Δ^{(C)}_{0(ψ)}(x)γ^0 = (γ∂)D^{(C)}_0 (x) = (γx) 2πi(x^2 − iϵ) , ă â.ł. ∂_ζ ψ_ζ (x) = 0, âő:(3.142)

ψ_ζ (x) = ϕ_ζ (x^{−ζ} ), { ϕ_{−ζ} (x^ζ ), ϕ^†_{−ζ}′ (y^{ζ′}) } = δ_{ζζ}′ δ(x^ζ − y^ζ ) = Δ_{(ϕ−ζ )}(x|y),(3.143) ⟨0| T ( ϕ_{−ζ} (x^ζ ), ϕ^†_{−ζ} (y^ζ ) ) |0⟩ = (2πi)^{−1} x^ζ − y^ζ − iϵε(x_0 − y_0)

= Δ^{(C)}_{(ϕ−ζ)}(x|y), (3.144)

⟨0| ϕ_{−ζ} (x^ζ )ϕ^†_{−ζ} (y^ζ ) |0⟩ = 1 2πi 1 (x^ζ − y^ζ − iϵ) = Δ^{(−)}_{(ϕ−ζ)}(x|y). (3.145)

Łăł áĺňćőńĺçěáłĺě ŕàěďáâăćńěŋĺï (3.24)–(3.26), âăł ĺ äãŋłæĺőŋăńìŋëě ŕàěďáâăćńěŋĺï (3.34)–(3.36), ćĺďă (3.103)–(3.105), ŕàĺćőďïâ ł őďŋĺň ĺ âěň ęě ćëàăęěŋĺïň ďńï àěèěŋĺï ČŞ (3.135), (3.138):

Ψ_ζ(x^1, T ) ≡^^Ψ_ζ (x^ζ , x^{−ζ} ) = ∫ dy^1Y_{(ϕ−ζ )}(T, x^1|y^1, 0) Ψ_ζ (y^1, 0) = (3.146)

= T_xT_{ϕ−ζ} exp −i T∫

0 dη [ ζP^1_x + λj^{−ζ}_ϕ (x^1, η) ] Ψ_ζ (x^1, 0) = = e^{−iT ζ}P^{1x} T_xT_{ϕ−ζ} exp −iλ T∫

0 dη e^{iηζ}P^{1x} j^{−ζ}_ϕ (x^1, η)e^{−iηζ}P^{1x}

Ψ_ζ (x^1, 0)

=⇒ T_{ϕ−ζ} exp −iλ T∫

0 dη j^{−ζ}_ϕ^(x^1 − ζ(T − η), η^) Ψ_ζ (x^1 − ζT, 0), (3.147)

^Ψ_ζ(x^ζ , x^{−ζ} ) = T_{ϕ−ζ} exp −iλ x^ζ∫

−x^{−ζ} dy^ζ ( ϕ^†_{−ζ} (y^ζ )ϕ_{−ζ} (y^ζ) ) ^Ψ_ζ (−x^{−ζ} , x^{−ζ} ). Ć őŕěàăæĺĺ áďćĺčă (3.79)–(3.81) âěŕěàì ŋěâ ŋěőąåőďĺňőáâĺ, ŕőáłőńìłã ŋěâ áőőâćěâáâćãîéěčő ňăâàĺçŋőčő ãŕőàïďőçěŋĺï T_σ, ć áĺńã çěčő, âăłęě,

—108— (3.107), á ãçěâőň (3.36), áćőďĺâáï ł (3.143), ŕőáłőńìłã (3.106) ŕàĺćőďĺâáï âěŕěàì ł ćĺďã:

^L_{−ζσ} (T |0, [ẋ(η)]) −→^^L_{−ζ}^(T |0, [ẋ^1(η)]^) =^{0∏}_{η=T} { δ^(ẋ^1(η) − ζ^) } , (3.148)

ă íćőńîæĺï ČŔ őŕàěďěńïěâáï âěŕěàì őŕěàăâőàőň (3.146) ć ćĺďě:

Y_{(ϕ−ζ )}(T, x^1|y^1, 0) = (3.149) = x^1(T )=x^1 ∫ x^1(0)=y^1

Dx^1(η)^^L_{−ζ}^(T |0, [ẋ^1(η)]^) T_{ϕ−ζ} exp −iλ T∫

0 dη j^{−ζ}_ϕ^(x^1(η), η^) =

= δ^(x^1 − ζT − y^{1)} T_{ϕ−ζ} exp −iλ T∫

0 dη j^{−ζ}_ϕ^(x^1 − ζ(T − η), η^) . (3.150) Šăłĺň őąàăğőň, ć àőńĺ ŕàőąŋőčő äĺğĺçěáłőčő ŕőńï ψ(x), âăł ęě łăł ĺ ć ŕàěďëďãéěľ ňőďěńĺ, ćëáâãŕăěâ őďŋőçăáâĺçŋőě ąěğňăááőćőě äěàňĺőŋŋőě ŕőńě ψ_ζ (x^1, t) = ϕ_ζ (x^{−ζ} ) (3.140)–(3.145), ŕàěďáâăćĺňőě ć ćĺďě àăğńőęěŋĺï ŕő őŕěàăâőàăň àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï [150]:

ψ_ζ (x) = ϕ_ζ (x^{−ζ} ) =

∫ dp^1 √ 2π θ(ζp^1) [ e^{−i(px)}a_ζ (p^1) + e^{i(px)}b^†_ζ(p^1) ] , (3.151) { a_ζ (p^1), a^†_ζ′ (q^1) } = { b_ζ (p^1), b^†_ζ′(q^1) } = δ_{ζζ}′ δ(p^1 − q^1), (3.152) { a_ζ (p^1), b^#_ζ′ (q^1) } = 0, b^# = b, b^†, (px) = |p^1|t − p^1x^1.

Ŋăçăńìŋëě ãáńőćĺï ł (3.146)–(3.147) âăłęě ěáâěáâáâćěŋŋő ĺďěŋâĺäĺæĺàãîâáï ć âěàňĺŋăå íâĺå ŕőńěľ ć ćĺďě:

Ψ_ζ (x^1 − ζT, 0) ≡^^Ψ_ζ (−x^{−ζ} , x^{−ζ} ) =⇒ ϕ_ζ (x^{−ζ} ). (3.153)

Őąëçŋőě àěèěŋĺě ňőďěńĺ [75], őâćěçăîéěě ĺŋâěčàĺàőćăŋĺî ãàăćŋěŋĺľ (3.136), (3.138), ąãďěâ őâńĺçăâìáï őâ (3.147) ňŋőęĺâěńěň, áćïğăŋŋëň á ćëąőàőň ĺŋőčő ŋĺęŋěčő ŕàěďěńă ĺŋâěčàĺàőćăŋĺï: −x^{−ζ} → −∞ ŕő dy^ζ ,

—109— ĺńĺ 0 → −∞ ŕő dη. İâő ŕàĺŋæĺŕĺăńìŋőě őâńĺçĺě áćïğăŋő á ĺŋőľ ĺŋâěàŕàěâăæĺěľ äĺğĺçěáłĺå ŕőńěľ ϕ_ζ (x^{−ζ} ), – łăł ăáĺňŕâőâĺçěáłĺå in− ŕőńěľ:

Ψ_ζ (x^1 − ζT, −∞) ≡^^Ψ_ζ (−∞, x^{−ζ} )^{(w)}=⇒ ϕ_{ζin}(x^{−ζ} ), (3.154)

ĺňěîéěľ ňěáâő, ćőőąéě čőćőàï, ńĺèì ć áńăąőň áňëáńě. Ŋěáňőâàï ŋă âő, çâő, äőàňăńìŋő ďńï (3.138), ć áĺńã (3.143): [ j^ζ_ϕ(x^1, η), j^ζ_ϕ(y^1, t) ] = 0, (3.155)

ŋěőŕàěďěńěŋŋőáâì ŕàőĺğćěďěŋĺï ŕőńěľ ć (3.138) ĺğ-ğă c– çĺáńőćőľ áĺŋčãńïàŋőáâĺ (3.144), (3.145) ŋě ŕőğćőńïěâ ŕàőáâő őŕãáâĺâì ć àěèěŋĺĺ (3.147), (3.150) áĺňćőń ãŕőàïďőçěŋĺï T_{ϕ−ζ} . Ěčő ŋãęŋő ğăňěŋĺâì, ŕàĺ ŕěàěåőďě ł áćőąőďŋëň áłăńïàŋőňã ĺ ŕáěćďőáłăńïàŋőňã ŕőńïň ρ(x) ĺ Σ(x):

dx^ζ j^{−ζ}_ϕ (x^ζ ) ≡ dx^ζ 2 ( ϕ^†_{−ζ} (x^ζ ) ϕ_{−ζ} (x^ζ ) ) = (3.156) = dx_ν ( ψ(x)γ^ν (I − ζγ^5)ψ(x) ) =⇒ dx_ν ∂^ν ( ρ(x) − ζΣ(x) ) , áĺňćőńőň áőőâćěâáâćãîéěčő ŋőàňăńìŋőčő ŕàőĺğćěďěŋĺï [75], [80]. Őçěćĺďŋő, ćâőàőľ çńěŋ àăğńőęěŋĺï âăłőľ ŋőàňăńìŋőľ íłáŕőŋěŋâë őâ (3.150) ąãďěâ, łăł ĺ ŕàěęďě, ć (3.42), (3.95), (3.105), áőďěàęăâì ŕěàćëě áâěŕěŋĺ íâĺå ”áőáâăćŋëå” ŕőńěľ, őâćěçăîéĺå äěàňĺőŋŋëň áćïğăŋŋëň áőáâőïŋĺïň.

Šăłĺň őąàăğőň, őáŋőćŋőě ŋăąńîďěŋĺě ŕàěďńăčăěňőčő ğďěáì ňěâőďă ńĺŋěăàĺğăæĺĺ ČŞ ćëïćńïěâáï łăł àăğ ŕàĺ áàăćŋěŋĺĺ íâőľ ŕàőæěďãàë ć ŋěàěńïâĺćĺáâáłőľ ňőďěńĺ 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï ĺ ć ňőďěńĺ Šĺààĺŋčă. Ďńï ńĺŋěăàĺğăæĺĺ ČŞ őąěĺå ňőďěńěľ áãéěáâćěŋŋő, çâő ć âěőàĺĺ ĺňěěâáï âőńìłő äěàňĺőŋŋőě ŕőńě, ŋő ć ŕěàćőľ őŋă âěáŋő áćïğăŋă á ďĺăčőŋăńĺğãěňőáâìî čăňĺńìâőŋĺăŋă ãęě ŋă őďŋőçăáâĺçŋëå äĺğĺçěáłĺå ŕőńïå, ă ćő ćâőàőľ őąïğăŋă àăğďěńěŋĺî ŕěàěňěŋŋëå ďńï ŕàőèńőčő ĺ ąãďãéěčő

—110— áćěâőćőčő łőŋãáă. Ŋě âàãďŋő ŕàőáńěďĺâì ăŋăńőčĺçŋëľ ňěåăŋĺğň ńĺŋěăàĺğăæĺĺ ČŞ ĺ ć ďàãčőľ ĺğćěáâŋőľ âőçŋő àěèăěňőľ 2D ňőďěńĺ ćğăĺňőďěľáâćĺï ďćãå àăğńĺçŋëå ňăááĺćŋëå äěàňĺ-ŕőńěľ, – ňőďěńĺ Ťěďěàąãèă [75], ć łőâőàőľ, ŕő ćĺďĺňőňã ćŕěàćëě, ć âőň ęě łőŋâěłáâě, çâő ĺ ć ďăŋŋőľ àăąőâě, äăłâĺçěáłĺ ąëńĺ ïćŋő ĺáŕőńìğőćăŋë őďŋőçăáâĺçŋëě ”ŕàőąŋëě” èàěďĺŋčěàőćáłĺě ŕőńï ćĺďă (3.17).

3 Ŕàőąńěňă áćïğăŋŋëå áőáâőïŋĺľ.

Ć čńăćě 1, ŋă ŕàĺňěàě NΘ ňőďěńĺ ąëńő ŕőłăğăŋő, çâő áőąáâćěŋŋëě áőáâőïŋĺï àăááěïŋĺï ŕőńŋőčő čăňĺńìâőŋĺăŋă ŕàőáâő áőćŕăďăîâ á ďćãåçăáâĺçŋëňĺ in−, out− áőáâőïŋĺïňĺ (ĺ ăŋăńőčĺçŋő ďńï áćïğăŋŋëå áőáâőïŋĺľ), ěáńĺ ŕàěďáâăćńěŋĺï łőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ őáâăîâáï ŋěĺğňěŋŋëňĺ ć ŕàőæěááě íćőńîæĺĺ, â.ě., ěáńĺ ŕőńŋëľ ĺ łĺŋěâĺçěáłĺľ čăňĺńìâőŋĺăŋë ňőčãâ ąëâì àěăńĺğőćăŋë (ĺ ďĺăčőŋăńĺğőćăŋë) ć őďŋőň ĺ âőň ęě čĺńìąěàâőćőň ŕàőáâàăŋáâćě. İâő ŋěćőğňőęŋő ć àěńïâĺćĺáâáłőň áńãçăě, ŕőáłőńìłã ŕàěďáâăćńěŋĺï ŁŁŚ ďńï (čěľğěŋąěàčőćáłĺå [81]) in− ĺ out− őŕěàăâőàőć âěŕěàì őâńĺçăîâáï ŋă áăňőň ďěńě őâ ŕàěďáâăćńěŋĺľ ŁŁŚ ďńï ”čőńëå” áćőąőďŋëå ĺńĺ őďŋőçăáâĺçŋëå ”ŕàőąŋëå” äĺğĺçěáłĺå ŕőńěľ (3.16)-(3.18), ďĺăčőŋăńĺğãîéĺå, áőőâćěâáâćěŋŋő, ĺńĺ âőńìłő ”ğăâàăćőçŋãî” çăáâì, ĺńĺ ćěáì ”ŕěàěŋőàňĺàőćăŋŋëľ” łĺŋěâĺçěáłĺľ čăňĺńìâőŋĺăŋ (3.18). Ŕőíâőňã, ŕàĺ őŕàěďěńěŋĺĺ ĄŚ ćőńŋőćëå äãŋłæĺľ áćïğăŋŋëå áőáâőïŋĺľ ĺ àăááěïŋĺï ć âěàňĺŋăå in− ĺ out− áőáâőïŋĺľ ŕàĺåőďĺâáï ĺáŕőńìğőćăâì ăáĺňŕâőâĺçěáłĺě ãáńőćĺï áńăąőľ áåőďĺňőáâĺ LSZ [153]. Šő ěáâì íâĺ in-, out- áőáâőïŋĺï ïćńïîâáï áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ âőńìłő ć áńăąőň áňëáńě, łăł ć (⋆) Ććěďěŋĺï ĺńĺ ć (1.93).

Ĺŋâěàěáãïáì ğďěáì ŕàěęďě ćáěčő ŕàőąńěňőľ áćïğăŋŋëå áőáâőïŋĺľ, ŕőŕëâăěňáï ŋěŕőáàěďáâćěŋŋő ŕěàěŋěáâĺ àěğãńìâăâë ŕàěďëďãéĺå ďćãå čńăć

—111— ŋă àěńïâĺćĺáâáłĺľ áńãçăľ (3.16)-(3.18). Ğăňěâĺň, ŕàěęďě ćáěčő, çâő őáŋőćŋőě àăćěŋáâćő ŋěàěńïâĺćĺáâłőčő áńãçăï, – áćïğì ňěęďã ćőńŋőćőľ äãŋłæĺěľ àăááěïŋĺï ĺ łőíääĺæĺěŋâŋőľ äãŋłæĺěľ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ćĺďă (1.86), (2.26), ĺňěěâ áãéěáâćěŋŋő ăáĺňŕâőâĺçěáłĺľ åăàăłâěà ĺ áőďěàęĺâáï ć ŋěńĺŋěľŋőň ĺŋâěčàăńìŋőň áőőâŋőèěŋĺĺ (1.100), (2.32) ňěęďã ŋĺňĺ. İâő áőőâŋőèěŋĺě, ć áćőî őçěàěďì, ïćńïěâáï íńěňěŋâăàŋëň áńěďáâćĺěň ďćãå äőàň ğăŕĺáĺ őąéěčő ćĺďă ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï (2.15), (2.17) ĺ áĺńìŋëå – őŕěàăâőàŋëå ãáńőćĺľ áâăąĺńìŋőáâĺ ćăłããňă ĺ őďŋőçăáâĺçŋőčő áőáâőïŋĺï (1.21), (2.19), łőâőàëě, łăł ćĺďŋő ĺğ ŕàěďëďãéěčő, ïćńïîâáï ŕàőáâëň őâàăęěŋĺěň ďĺăčőŋăńìŋőáâĺ ŕőńŋőčő čăňĺńìâőŋĺăŋă ŋă íâĺå áőáâőïŋĺïå, â.ě. őâáãâáâćĺï ŋĺğèĺå äńãłâãăæĺőŋŋëå çńěŋőć.

Šăłĺň őąàăğőň, çâőąë ”ŕěàěŋěáâĺ” íâĺ äőàňãńë ŋă àěńïâĺćĺáâáłĺľ áńãçăľ, ŋěőąåőďĺňő âăł àăáŕőàïďĺâìáï áćőąőďőľ ć ćëąőàě ŕěàěŋőàňĺàőćőçŋőľ ŕăàăňěâàĺğăæĺĺ (3.21), çâőąë ŕàőąŋëě ŕőńï (3.16)-(3.18) őŕâĺňăńìŋő ŕőďåőďĺńĺ ŋă àőńì ďĺăčőŋăńĺğãîéĺå. Ďàãčĺňĺ áńőćăňĺ, çâőąë ćłńăď ŋěďĺăčőŋăńìŋëå (äńãłâãăæĺőŋŋëå) çńěŋőć čăňĺńìâőŋĺăŋă ćğăĺňőďěľáâćĺï ć âěàňĺŋăå íâĺå ŕőńěľ ąëń, ć ŋěłőâőàőň áňëáńě, ŕàěŋěąàěęĺňő ňăń ć ŋĺğèĺå: ŋãńì-, őďŋő-, ďćãå- çăáâĺçŋëå áěłâőàăå (áňőâàĺ Ććěďěŋĺě). Ŕàěŋěąàěčăï ĺňĺ ć ŕěàćőň ŕàĺąńĺęěŋĺĺ, ŕőńãçăěň ćőğňőęŋőáâì őďŋőćàěňěŋŋőľ ďĺăčőŋăńĺğăæĺĺ âăłőčő (ŋěńőłăńìŋőčő) ”ŕőńŋőčő” ĺ łĺŋěâĺçěáłőčő čăňĺńìâőŋĺăŋőć ć ćăłããňŋőň ĺ őďŋőçăáâĺçŋőň áěłâőàě, ďěľáâćãîéĺå âőčďă ć őďŋőň čĺńìąěàâőćőň ŕàőáâàăŋáâćě, – ŋăď őďŋĺň ćăłããňőň, çâő ćŋőćì ŕàĺćőďĺâ ł ãáńőćĺïň ćĺďă (2.19) ĺńĺ (4.33) (ŋĺęě) ďńï ”ŕőćěàŋãâëå” őŕěàăâőàőć àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï, áőáâăćńïîéĺå âěŕěàì ěďĺŋőě čěľğěŋąěàčőćáłőě ŕőńě (4.33). Šőčďă ďńï ŋěčő ãáńőćĺïňĺ áâăąĺńìŋőáâĺ ćăłããňă ĺ őďŋőçăáâĺçŋëå áőáâőïŋĺľ ąãďãâ àăćěŋáâćă:

Ψ^a_α(x, t) |0⟩ =⇒ ψ^a_α(x, t) |0⟩; Ψ^{†a}_α (x, t) |0⟩ =⇒ ψ^{†a}_α (x, t) |0⟩. (3.157)

—112— İâő ŕőğćőńïěâ ďńï őďŋőćàěňěŋŋő́ľ ĄŚ ćőńŋőćőľ äãŋłæĺĺ, ăŋăńőčĺçŋő (2.30), (2.31), ŕőńãçĺâì:

⟨0| Ψ^a_α(x, t)Ψ^b_β (−x, t) | 2, P⟩ = e^{−itW2(P) ~}χ^{(P)ab}_{αβ} (x) = (3.158) = e^{−itW2(P)}⟨0| ψ^a_α(x, 0)ψ^b_β (−x, 0) | 2, P⟩ = ⟨0| ψ^a_α(x, t)Ψ^b_β (−x, t) | 2, P⟩. Ŕőďáâăŋőćłă ć ŕőáńěďŋěě ćëàăęěŋĺě àăğńőęěŋĺï Ţăăčă ďńï ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï Ψ[ψ], ŋăŕàĺňěà, (3.103), (3.105), ďőńęŋă, ćěàőïâŋő, ŕàĺćěáâĺ ł ĺŋâěčàăńìŋëň áőőâŋőèěŋĺïň ćĺďă (1.100), (2.32) ďńï őâďěńìŋëå çăáâőâŋëå çăáâěľ ĄŚ ćőńŋőćőľ äãŋłæĺĺ, őâłãďă ŕàěďěńìŋëň ŕěàěåőďőň t → ±∞ ąãďěâ ćëâěłăâì ĺå ĺáłőňăï áćïğì ćĺďă (1.86), (2.26) á ěčő łőíääĺæĺěŋâŋëňĺ äãŋłæĺïňĺ. Ćłńîçěŋĺě äńãłâãăæĺőŋŋëå çńěŋőć ŕő âěőàĺĺ ćőğňãéěŋĺľ ďőńęŋő ńĺèì áńěčłă ŋăàãèăâì íâã ĺďĺńĺî, ŕàĺćőďï ł łőŋěçŋőľ èĺàĺŋě áćïğăŋŋëå áőáâőïŋĺľ, őŕàěďěńěïěňëå, łăł őąëçŋő, ŕőńîáăňĺ ć ăňŕńĺâãďăå ćőńŋőćëå äãŋłæĺľ àăááěïŋĺï.

Ğăňěâĺň ć ğăłńîçěŋĺĺ, çâő áőőâŋőèěŋĺï (3.157) ĺ (3.158) ŕàĺćőďïâ ł áőćŕăďěŋĺî ńĺèì ćáěå ďćãåâőçěçŋëå äãŋłæĺľ (Čàĺŋă ĺ Şăľâňăŋă) ďńï čěľğěŋąěàčőćáłĺå ĺ äĺğĺçěáłĺå ŕőńěľ. Ćăłããňŋëě áàěďŋĺě âàěå ĺ ąőńěě ŕőńěľ ãęě ŋě ąãďãâ őďĺŋăłőćëňĺ ć áőőâćěâáâćĺĺ á ĺğćěáâŋőľ âěőàěňőľ ő àěłőŋáâàãłæĺĺ âěőàĺĺ ŕőńï ŕő ćáěň ěě äãŋłæĺïň Şăľâňăŋă [80], [91].

4 Ćëćőďë.

Łăł ĺğćěáâŋő, őáŋőćŋãî àőńì ŕàĺ ŕőáâàőěŋĺĺ àěèěŋĺľ ďćãňěàŋëå ňőďěńěľ Šĺààĺŋčă ĺ Ÿćĺŋčěàă áëčàăńő ćëïáŋěŋĺě ŕőńěćőčő áőáâăćă ĺ áćőľáâć ĺňěîéĺåáï ć ňőďěńĺ äěàňĺőŋŋëå âőłőć [75], [80]. Ćő ćáěå őŕĺáăŋŋëå ćëèě ŕàĺňěàăå ńĺŋěăàĺğăæĺĺ ČŞ ďěńăěâáï ŕőŕëâłă łőŋáâàãłâĺćŋő őâćěâĺâì ŋă ăŋăńőčĺçŋëľ ćőŕàőá: Ĺğ łăłőčő ŕőńï ŕőáâàőěŋ äěàňĺőŋŋëľ âőł ć ďăŋŋőľ ňőďěńĺ? Šăłăï ŕőáâăŋőćłă ćőŕàőáă ŕàăćőňěàŋă

—113— ŋě âőńìłő ć NΘ– ňőďěńĺ ĺ ňőďěńïå 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï. Őŋă ŕàăćőňěàŋă, ŋăŕàĺňěà, ć ŁİĎ, ěáńĺ ãçěáâì çâő áőåàăŋěŋĺě äěàňĺőŋŋőčő ćěłâőàŋőčő âőłă âăłęě ïćńïěâáï âăň áńěďáâćĺěň ãàăćŋěŋĺľ ďćĺęěŋĺï ĺ ĺňěěâ ćĺď àăćěŋáâćă (3.12). Őďŋăłő, ćő-ŕěàćëå, íâőâ âőł ŋě áőďěàęĺâáï ŋěŕőáàěďáâćěŋŋő ć ČŞ ďńï äěàňĺ-ŕőńï, çâő, ć őâáãâáâćĺě őŕěàăâőàŋőľ ďĺăčőŋăńĺğãěňőáâĺ ńĺèăěâ ŋăá ćőğňőęŋőáâĺ áăňőáőčńăáőćăŋŋëå ŕàěďŕőńőęěŋĺľ ő ěčő áâàãłâãàě ĺ őŕěàăâőàŋëå ŋăçăńìŋëå ãáńőćĺïå. Ćő-ćâőàëå, ã ŋěčő ĺňěîâáï âěŕěàì àăğńĺçŋëě, ŋě łőňňãâĺàãîéĺě ňěęďã áőąőľ łőňŕőŋěŋâë, ć äőàňĺàőćăŋĺĺ łőâőàëå, ŋăàïďã á äěàňĺŕőńïňĺ, âăłęě àăćŋőŕàăćŋő âěŕěàì ãçăáâćãîâ ŋěğăćĺáĺňëě őŕěàăâőàë łćăŋâőćăŋŋőčő İŇŔ (âőł áňěéěŋĺï); ŋăŕàĺňěà, ć ňőďěńĺ Ÿćĺŋčěàă ŕőńŋëľ őŕěàăâőà âőłă áłńăďëćăěâáï ăďďĺâĺćŋő ĺğ âőłă áćőąőďŋëå äěàňĺőŋőć ĺ őŕěàăâőàă İŇŔ ć łăńĺąàőćłě Ńőàěŋæă [150], [151]. Ŕàěőďőńěŋĺě íâĺå âàãďŋőáâěľ ŕőâàěąőćăńő ąë ŋě âőńìłő ćŋőćì ďěäőàňĺàőćăâì ĺáåőďŋëľ čăňĺńìâőŋĺăŋ ćğăĺňőďěľáâćĺï ł őďŋőľ ĺğ ňőďěńěľ âĺŕă Ńĺ [76], ńĺąő ŕàĺćńěçì ćŋőćì ć âěőàĺî ŕőŋïâĺě őŕěàăâőàŋőčő àăćěŋáâćă ć áńăąőň áňëáńě, ŋő ĺ łăł-âő ĺğąăćĺâìáï őâ íâĺå őŕěàăâőàőć İŇŔ. Ŕőáłőńìłã őąňěŋ çĺáâő ŕőŕěàěçŋëňĺ äőâőŋăňĺ ŋě ŕàĺćőďĺâ ł äőàňĺàőćăŋĺî áćïğăŋŋőčő áőáâőïŋĺï ĺ ćğăĺňőďěľáâćĺě á ŋĺňĺ őłăğëćăěâáï çĺáâő äńãłâãăæĺőŋŋëň, őâćěçăîéĺň ńĺèì ğă ěčő àăáŕăď ĺńĺ ăŋŋĺčĺńïæĺî, âő ďńï íâőľ æěńĺ ŕàőéě ćáěčő ŕàőĺŋâěčàĺàőćăâì ŕàőĺğćőďïéĺľ äãŋłæĺőŋăń ŕő ŕőŕěàěçŋőňã äőâőŋŋőňã ŕőńî (ć łãńőŋőćáłőľ łăńĺąàőćłě), çâő ćőğćàăéăěâ ŋăá ł íääěłâĺćŋőľ 4-å äěàňĺőŋŋőľ âěőàĺĺ [47]-[53].

Čńăćă 4

Ŋěíłćĺćăńěŋâŋëě ŕàěďáâăćńěŋĺï ĺ áĺňňěâàĺĺ.

Ć íâőľ čńăćě ŕàěďńőęěŋă ŋěàěńïâĺćĺáâáłăï çěâëàěåäěàňĺőŋŋăï ňőďěńì áő ćğăĺňőďěľáâćĺěň ćěłâőàŋëå âőłőć á ŋěâàĺćĺăńìŋőľ ćŋãâàěŋŋěľ SU(2)× SU(2) × U(1) áĺňňěâàĺěľ, ďőŕãáłăîéăï, łăł ąãďěâ ŕőłăğăŋő ďăńěě, ŋěŕőáàěďáâćěŋŋãî ŕőáâăŋőćłã ĺ âőçŋőě àěèěŋĺě ğăďăçĺ ŋă áőąáâćěŋŋëě ğŋăçěŋĺï čăňĺńìâőŋĺăŋă ć N – çăáâĺçŋőň áěłâőàě ŕàĺ N = 1, 2, ĺ çĺáńěŋŋőě àěèěŋĺě ěě ŕàĺ N = 3.

Ğďěáì ĺğãçěŋë âàĺ àăğńĺçŋëě ďĺăčőŋăńĺğãîéĺě őŕěàăâőàŋëå àěăńĺğăæĺĺ, őâćěçăîéĺě àăğńĺçŋëň ŋěíłćĺćăńěŋâŋëň ŕàěďáâăćńěŋĺïň ŁĂŚ. Ŋăľďěŋë íŋěàčĺĺ ćăłããňŋőčő ĺ őďŋőçăáâĺçŋőčő áőáâőïŋĺľ. Ŕàőćěďěŋ ŕőďàőąŋëľ ăŋăńĺğ ĺáåőďŋőľ SU(2)×SU(2)×U(1) - áĺňňěâàĺĺ čăňĺńìâőŋĺăŋă ďńï ćáěå âàěå àěăńĺğăæĺľ. Ŕőłăğăŋő, łăł ć őďŋőľ ĺğ ŋĺå ŕàőĺáåőďĺâ áŕőŋâăŋŋőě ŋăàãèěŋĺě áĺňňěâàĺĺ. Ŕőńãçěŋë őŕěàăâőàë áőőâćěâáâćãîéĺå čőńďáâőãŋőćáłĺå ąőğőŋőć łăł áőáâăćŋëå áőáâőïŋĺľ ďćãåäěàňĺőŋőľ áĺáâěňë. Ďăŋő őąőąéěŋĺě łćăğĺáŕĺŋőćőľ ăńčěąàë. Ĺğãçěŋë ŋěíłćĺćăńěŋâŋëě ŕàěďáâăćńěŋĺï ŁĂŚ ŋăď łőčěàěŋâŋëňĺ áãŕěàŕőğĺæĺïňĺ ćëàőęďěŋŋëå ćăłããňŋëå áőáâőïŋĺľ. Ŕàőáńěęěŋë àăğńĺçŋëě ćăàĺăŋâë ćőááâăŋőćńěŋĺï áĺňňěâàĺĺ, ŕàőæěáá ”ŕőďňěŋë” őďŋőľ áŕőŋâăŋŋő ŋăàãèěŋ-

—115— ŋőľ áĺňňěâàĺĺ ďàãčőľ ĺ ŕàěďěńìŋëľ ŕěàěåőď őâ ”łćăàłőćőčő” ąăğĺáă ł ”ăďàőŋŋőňã”.

1 Ňőâĺćĺàőćłă ňőďěńĺ ĺ ŋěàěńïâĺćĺáâáłĺľ ŕàěďěń.

Łăł ãłăğëćăńőáì ćő Ććěďěŋĺĺ, őďŋőľ ĺğ æěńěľ ďăŋŋőľ àăąőâë ïćńïěâáï ŕőáâàőěŋĺě ”ŁŢĎ- ňőâĺćĺàőćăŋŋőľ” ŋěàěńïâĺćĺáâáłőľ ňőďěńĺ łőŋâăłâŋőčő 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï, âőçŋő àěèăěňőľ ć ďćãåçăáâĺçŋőň áěłâőàě ŕàĺ ŋăńĺçĺĺ áŕőŋâăŋŋőčő ŋăàãèěŋĺï áĺňňěâàĺĺ. Ć łăçěáâćě ŕàőőąàăğă âăłőľ ňőďěńĺ àăááňőâàĺň čăňĺńìâőŋĺăŋ (2.43) ĺğ čńăćë 2, ŋő á ąőńěě ąőčăâëň ŋăąőàőň SU(2) áĺňňěâàĺľ [5]. Ďőŕãáâĺň, çâő äěàňĺőŋŋőě ŕőńě ĺňěěâ ŕőňĺňő ”ĺğőâőŕĺçěáłőčő” ĺŋďěłáă α = 1, 2 ěéě őďĺŋ ĺŋďěłá ”æćěâőćőľ” áĺňňěâàĺĺ a = 1, 2. İâĺ ŋăğćăŋĺï ďőćőńìŋő ãáńőćŋë, łăł ĺ áăňă ĺŋâěàŕàěâăæĺï íâĺå áĺňňěâàĺľ ć ŋěàěńïâĺćĺáâáłőň ŕàěďěńě. Ďěľáâćĺâěńìŋő, őâćńěłăïáì őâ áńőęŋőľ ŕàőąńěňë ŁŢĎ- őąőáŋőćăŋĺï àěńïâĺćĺáâáłőčő 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï [154], àăááňőâàĺň, ŋăŕàĺňěà, àěńïâĺćĺáâáłĺě ŕőŕàăćłĺ, ćőğŋĺłăîéĺě ć ŋěàěńïâĺćĺáâáłőň ŕàěďěńě ĺğ áãňňë àěńïâĺćĺáâáłĺå áłăńïàŋőčő ĺ ćěłâőàŋőčő ćğăĺňőďěľáâćĺľ ćĺďă: (ψ^a(x)ψ^a(x))^2 + (ψ^a(x)γ^ν ψ^a(x))^2 =⇒ 2 ( S_Ψ(x) )2 − [J_Ψ(x) − ζ_Ψ(x)]^2 , (4.1) čďě ć áâăŋďăàâŋőň ŕàěďáâăćńěŋĺĺ γ - ňăâàĺæ ŕàĺŋïâő:

γ^0 = I 0 0 −I , γ = 0 σ −σ 0 ,

ψ^a(x) =

Ψ^a(x) Ξ^a(x) , Ξ^a_α(x) ≃ 1 2mc ((σ · P)Ψ^a(x))_α , (4.2)

ŋő, ć őâńĺçĺě őâ (2.35), âőłĺ őŕàěďěńěŋë âěŕěàì łăł (ŕőďàăğãňěćăěâáï áćěàâłă ŕő ŕőćâőàïîéĺňáï α, β):

S^a_Ψ(x) =^(Ψ^{†a}_α (x)Ψ^a_α(x)^) , J^a_Ψ(x) = 1 2mc ( Ψ^{†a}_α (x)^{←→}P Ψ^a_α(x) ) , (4.3)

—116— ζ^a_Ψ(x) = 1 2mc ( ∇×(Ψ^{†a}_α (x)σ_{αβ} Ψ^a_β(x))^) , S_Ψ(x) =^∑_a S^a_Ψ(x), J_Ψ(x) =^∑_a J^a_Ψ(x), ζ_Ψ(x) =^∑_a ζ^a_Ψ(x).

Śńěďőćăâěńìŋő, áâàãłâãàă ćğăĺňőďěľáâćĺï (2.43) ąãďěâ ćőáŕàőĺğćőďĺâìáï ĺ ć áńãçăě ”ŕőďňěŋë” ”ĺğőâőŕĺçěáłőčő” áŕĺŋă őąëçŋëň (ńőàěŋæěćëň) áŕĺŋőň, ěáńĺ ŕàěŋěąàěçì âőłőň áŕĺŋőćőčő ŋăňăčŋĺçĺćăŋĺï ζ(x) ŕő áàăćŋěŋĺî á âőłőň íńěłâàĺçěáłőčő ğăàïďă J(x), ďàãčĺňĺ áńőćăňĺ, ěáńĺ ŕàěŋěąàěçì őąëçŋëňĺ áŕĺŋ-őàąĺâăńìŋëň ĺ áŕĺŋ-áŕĺŋőćëň ćğăĺňőďěľáâćĺïňĺ. Šăłőě ŕàěŋěąàěęěŋĺě őłăğëćăěâáï áőčńăáőćăŋő á ŋăèĺň ŕőáńěďãîéĺň àăááňőâàěŋĺěň. Ňőęŋő ŕőłăğăâì, çâő ăŋăńőčĺçŋëľ (4.1) ćłńăď àěńïâĺćĺáâáłőčő ŕáěćďőáłăńïàŋőčő ĺ ăłáĺăńìŋő-ćěłâőàŋőčő âőłőć áćőďĺâáï ć íâőň ŕàěďěńě ńĺèì ł àăğńĺçŋëň ćăàĺăŋâăň áŕĺŋ-áŕĺŋőćőčő ćğăĺňőďěľáâćĺï.

Ĺňěï, ŋăłőŋěæ, ć ćĺďã âăłęě àăğŋőőąàăğŋëě áåěňë àăáèĺàěŋĺï áĺňňěâàĺĺ (ć âőň çĺáńě æćěâőćőľ [155]) ć őąêěďĺŋěŋŋëå âěőàĺïå áĺńìŋőčő ĺ íńěłâàőáńăąőčő ćğăĺňőďěľáâćĺľ [156], ŕàĺŋĺňăěňőě ğďěáì ďőŕãéěŋĺě, ő ŋăńĺçĺĺ ”őáâăâőçŋőľ” SU(2) × SU(2) × U(1) áĺňňěâàĺĺ ã 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï łőŋáâĺâãěŋâŋëå (łăł ąãďěâ ćĺďŋő ŋĺęě) łćăàłőć ć ŋěàěńïâĺćĺáâáłőň ŕàěďěńě, łăęěâáï ćŕőńŋě ŕàăćďőŕőďőąŋëň.

2 Śĺňňěâàĺĺ ňőďěńĺ.

Ŕőíâőňã àăááňőâàĺň áńěďãîéĺľ čăňĺńìâőŋĺăŋ á âőłăňĺ (4.3) (őâńĺçĺě ć ďćőľłã łőíääĺæĺěŋâă ŕàĺ S(x) ć (4.1) ďńï ďăńìŋěľèěčő àőńĺ ŋě ĺčàăěâ): H{Ψ} = ∫ d^3x { Ψ^{†a}_α (x) E(P) Ψ^a_α(x) − λ 4 [( S_Ψ(x) )2 − (J_Ψ(x))^2 ]} , (4.4)

—117— á äěàňĺőŋŋëňĺ ŕőńïňĺ Ψ^a_α(x), ãďőćńěâćőàïîéĺňĺ ăŋâĺłőňňãâăæĺőŋŋëĺ áőőâŋőèěŋĺïň ďńï a, α = 1, 2: { Ψ^a_α(x) , Ψ^b_β (y)^}|_{x0=y0} = 0, { Ψ^a_α(x) , Ψ^{†b}_β (y) }| | | x_0=y_0

= δ_{αβ}δ^{ab} δ_3(x − y), (4.5)

ŕàĺ ãáńőćĺĺ, çâő { Ψ^a_α(x) , Ψ^{†b}_β (y) }| | | x_0=y_0;x=y −→ δ_{αβ}δ^{ab} 1 V^∗ . (4.6)

Ğďěáì E(k) - ŕőłă ŕàőĺğćőńìŋëľ ”čőńëľ” őďŋőçăáâĺçŋëľ áŕěłâà, V^∗ ĺňěěâ ŕàěęŋĺľ áňëáń őąêěňă ćőğąãęďěŋĺï, łőâőàëľ ďăńěě ąãďěâ áćïğăŋ á ŕăàăňěâàőň ĺňŕãńìáŋőčő őąàěğăŋĺï Λ (4.19).

Čăňĺńìâőŋĺăŋ (4.4) ĺŋćăàĺăŋâěŋ őâŋőáĺâěńìŋő čńőąăńìŋëå ŕàěőąàăğőćăŋĺľ áĺňňěâàĺĺ SU_J (2) × SU_T (2) × U(1):

Ψ^a_α(x) → Ψ^{′a}_α(x) = e^{iϕ}Ψ^a_α(x), Ψ^a_α(x) → Ψ^{′a}_α(x) = W^{ab}Ψ^b_α(x), (4.7) Ψ^a_α(x) → Ψ^{′a}_α(x) = U_{αβ}Ψ^a_β(x),

čďě e^{iϕ} čěŋěàĺàãěâ U(1) - ŕàěőąàăğőćăŋĺï, (ϕ - ćěéěáâćěŋŋăï łőŋáâăŋâă), W^{ab}, U_{αβ} - ŕőáâőïŋŋëě SU(2) - ňăâàĺæë, čěŋěàĺàãîéĺě SU_T (2) ĺ SU_J (2) - ŕàěőąàăğőćăŋĺï áőőâćěâáâćěŋŋő. Śőčńăáŋő âěőàěňě Ŋěâěà [79] ďőńęŋë áãéěáâćőćăâì áőåàăŋïîéĺěáï âőłĺ, áćïğăŋŋëě á ĺŋćăàĺăŋâŋőáâìî ńăčàăŋęĺăŋă őâŋőáĺâěńìŋő íâĺå ŕàěőąàăğőćăŋĺľ. Ŕőńìğãïáì áâăŋďăàâŋőľ ŕàőæěďãàőľ, ŋăåőďĺň áőőâćěâáâćãîéĺě čěŋěàăâőàë: J^i T^r_{αβ} = 1 2 ∫ d^3x Ψ^{†a}_α (x) (σ^i)_{αβ}δ^{ab} (τ^r)^{ab}

Ψ^b_β(x), U = 1 2 ∫ d^3x S_Ψ(x), (4.8)

čďě J^i – čěŋěàăâőàë ”ĺğőâőŕĺçěáłĺå” SU_J (2) ŕàěőąàăğőćăŋĺľ, T^r = δ_{αβ} T^r_{αβ} – čěŋěàăâőàë ďőŕőńŋĺâěńìŋëå – ”æćěâőćëå” SU_T (2) ŕàěőąàăğőćăŋĺľ, ĺ U – U(1) ğăàïď, ă σ^i, τ^r -ďćă ŋěğăćĺáĺňëå ŋăąőàă ňăâàĺæ Ŕăãńĺ:

σ^1_{αβ} = τ^1_{ab} = 0 1 1 0 , σ^2_{αβ} = τ^2_{ab} = 0 −i i 0 , σ^3_{αβ} = τ^3_{ab} = 1 0 0 −1

. (4.9)

—118— Ŕàïňëě ćëçĺáńěŋĺï ďăîâ áńěďãîéĺě łőňňãâăæĺőŋŋëě áőőâŋőèěŋĺï: [ J^i , J^{j]} = iϵ_{ijk}J^k,^[T^r , T^{l]} = iϵ_{rln}T^n (4.10) [ J^i , T^{r]} =^[J^i , U^] = [T^r , U] = 0. [ H , J^{i]} = [H , T^r] = [H , U] = 0, (4.11)

Ŋă áăňőň ďěńě áĺňňěâàĺï áĺáâěňë čőàăğďő èĺàě ĺ ć ňőďěńĺ ĺňěěâáï ŋăąőà ĺğ 4 × 4 = 16 àăğńĺçŋëå áőåàăŋïîéĺåáï ğăàïďőć Z^{ab}_{αβ} = ∫ d^3x Ψ^{†a}_α (x)Ψ^b_β(x),^[H , Z^{ab}_{αβ}^] = 0, (4.12) [ Z^{ab}_{αβ} , Z^{cd}_{γλ}^] = Z^{a′b′}_α′_β′^(δ^{a′a}δ_α′_αδ^{b′d}δ_β′_λδ^{bc}δ_{βγ} − δ^{a′c}δ_α′_γδ^{b′b}δ_β′_β δ^{ad}δ_{αλ}^) , (4.13) ŕàěďáâăćĺ́ňëľ âăłęě ć ćĺďě ŋăąőàă ĺğ 3×4+3+1 = 16 ŋěğăćĺáĺňëå ğăàïďőć (4.8), ĺğ łőâőàëå ňőęŋő ćëąàăâì áěňì čěŋěàăâőàőć ŕàïňőčő ŕàőĺğćěďěŋĺï čàãŕŕ (4.10). Ćőğňőęŋë, őďŋăłő, ďàãčĺě ćăàĺăŋâë ćëąőàă ĺğ (4.13) ŕàïňőčő ŕàőĺğćěďěŋĺï (ŕőď-) čàãŕŕ SU(2), łőâőàëě âăłęě ąãďãâ ĺáŕőńìğőćăŋë ŋĺęě. Ąőńěě âőčő, ć čăňĺńìâőŋĺăŋě (4.4) ĺáåőďŋëě áĺňňěâàĺĺ SU_J (2) ĺ SU_T (2) äěàňĺőŋŋëå ŕőńěľ (4.7), őçěćĺďŋő, ăąáőńîâŋő ŋěàăğńĺçĺňë ”ŋă łńăááĺçěáłőň ãàőćŋě”. Řăğńĺçĺě ňőęěâ ŕàőïćĺâìáï âőńìłő ŕàĺ łćăŋâőćăŋĺĺ, ŋăŕàĺňěà ŕàĺ áŕőŋâăŋŋőň ŋăàãèěŋĺĺ őďŋőľ ĺğ áĺňňěâàĺľ. Ŕàĺ íâőň ïćŋëľ ćĺď čěŋěàăâőàőć ğăćĺáĺâ őâ łőŋłàěâŋőľ àěăńĺğăæĺĺ čěľğěŋąěàčőćáłĺå ŕőńěľ Ψ^a_α(x) çěàěğ äĺğĺçěáłĺě ŕőńï ĺ áőőâćěâáâćãîéĺě őŕěàăâőàë àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï.

3 Ŕàěőąàăğőćăŋĺï Ąőčőńîąőćă ĺ ďĺăčőŋăńĺğăæĺï.

Ććőďï čěľğěŋąěàčőćë ŕőńï (ČŔ) ć ĺňŕãńìáŋőň ŕàěďáâăćńěŋĺĺ

Ψ^a_α(x, t) = ∫ d^3k (2π)^{3/2} e^{i(kx)} b^a_α(k, t), { b^a_α(k, t) , b^{†b}_β (q, t) } = δ_{αβ}δ_{ab}δ_3(k − q), (4.14)

—119— àăááňőâàĺň àăğńĺçŋëě őŕěàăâőàŋëě àěăńĺğăæĺĺ ČŔ ŕàĺ t = 0 çěàěğ äĺğĺçěáłĺě ŕőńï, áćïğăŋŋëě ńĺŋěľŋëňĺ ŕàěőąàăğőćăŋĺïňĺ Ąőčőńîąőćă:

b^a_α(k, 0) = eG d^a_α(k) e^−G = u_a d^a_α(k) − v_aϵ_{αβ}d^{†a}_β (−k), (4.15) čďě, łőŋěçŋő, ŋěâ áãňňë ŕő a, u_a = cos θ_a, v_a = sin θ_a, Ψ^a_α(x, 0) = eGψ^a_α(x, 0)e^−G, H{Ψ} ≡ H{b} = eGH{d}e^−G, G =^∑_{a=1,2} θ_a 2 ϵ_{αβ} ∫ d^3k [ d^{†a}_α (k)d^{†a}_β (−k) + d^a_α(k)d^a_β (−k) ] = −G^†, (4.16)

ă őŕěàăâőàë d^a_α(k) ŕőďçĺŋïîâáï âăłĺň ęě łőňňãâăæĺőŋŋëň áőőâŋőèěŋĺïň (4.14). Ś ãçěâőň áćőľáâć (2.37), (2.38), (2.39) (ďńï łăęďőčő äĺłáĺàőćăŋŋőčő a), íâő ŕàĺćőďĺâ ł àěďãæĺàőćăŋŋőňã čăňĺńìâőŋĺăŋã ć ŋőàňăńìŋőľ äőàňě, âőçŋő ďĺăčőŋăńĺğãěňőňã ŋăď ŕőďåőďïéĺň ćăłããňőň ďńï âàěå àăğńĺçŋëå őŕěàăâőàŋëå àěăńĺğăæĺľ ŕàĺ ãáńőćĺïå u_av_a = 0, a = 1, 2:

H{d} = Vw_0 +^^H{d},^^H{d} =^^H_0 +^^H_I , V- őąêěň ŕàőáâàăŋáâćă, (4.17) w_0 = 1 V^∗ [ (2<<E(k)>> − 4g)^(v^2_1 + v^2^) − 8g(v_1v_2)^{2]} , <<1>> = 1, (4.18) <<E(k)>>^{def}= V^∗ Λ∫ d^3k (2π)^3 E(k), V^∗ = 6π^2 Λ^3 , <<k^2>> = 3 5 Λ^2, g = λ 4V^∗ , (4.19) d^a_α(k) |0⟩ = 0,^^H{d} |0⟩ = 0,^{[ ^}H{d} , d^{†a}_α (k)^] |0⟩ = E^a(k) d^{†a}_α (k) |0⟩, (4.20) E^a(k) = g (2mc)^2 ( k^2 + <<k^2>>^) + g + (1 − 2v^2_a)^[E(k) − 2g(1 + 2v^2_{3−a})^] , (4.21) ^H_0{d} =^∑_{a=1,2} ∫ d^3k E^a(k) d^{†a}_α (k) d^a_α(k), (4.22) ^H_I {d} =^∑_{a,b} ∫ d^3k_1d^3k_2d^3k_3d^3k_4 δ(k_1 + k_2 − k_3 − k_4) · ·K^{(ab)} ( k_1 − k_2 2 ; k_4 − k_3 2 ) d^{†a}_α (k_1)d^{†b}_β (k_2)d^b_β(k_3)d^a_α(k_4) = (4.23) = −1 (2π)^3 ∫ d^3r ∫ d^3s ∫ d^3P { 1 4 [ μ^((r + s)^2 − P^{2)} + λ^] · ·^∑_{a=1,2} d^{†a}_α ( P 2 + r ) d^{†a}_β (P 2 − r ) d^a_β ( P 2 − s ) d^a_α ( P 2 + s ) + + 1 2 [ μ^((r + s)^2 − P^{2)} + λ(1 − 2v^2_1)(1 − 2v^2 )^] ·

—120— ·d^{†1}_α ( P 2 + r ) d^{†2}_β ( P 2 − r ) d^2_β ( P 2 − s ) d^1_α ( P 2 + s )} , μ = λ (2mc)^2 , ć ŕàőâĺćőŕőńőęŋőáâì ćăàĺăæĺőŋŋëň àěèěŋĺïň ŕàĺ u_av_a ≠ 0 á ŋěäĺłáĺàőćăŋŋëň çĺáńőň çăáâĺæ, ĺáŕőńìğãěňëň őąëçŋő ć âěőàĺĺ áćěàåŕàőćőďĺňőáâĺ ĺ âěőàĺĺ ïďàă [157]. İâĺ àěăńĺğăæĺĺ áőőâćěâáâćãîâ âàěň àăğńĺçŋëň áĺáâěňăň, łőčďă v_{1,2} ŋěğăćĺáĺňő ŕàĺŋĺňăîâ ğŋăçěŋĺï 0,1. Łăęďăï ĺğ íâĺå áĺáâěň àěăńĺğãěâáï ŋă áćőĺå äĺğĺçěáłĺå áőáâőïŋĺïå, łőâőàëě áâàőïâáï łăł ćőğąãęďěŋĺï ŋăď áćőĺň áőąáâćěŋŋëň ćăłããňőň (4.18), (4.20). Ŕàĺ íâőň őďŋőçăáâĺçŋëě áőáâőïŋĺï łăęďőľ ĺğ áĺáâěň őąńăďăîâ àăğńĺçŋëňĺ áĺňňěâàĺïňĺ ĺ àăğńĺçŋëňĺ áŕěłâàăňĺ íŋěàčĺľ (4.21). Ťĺğĺçěáłĺ íâő őğŋăçăěâ, çâő łăęďăï ĺğ áĺáâěň őŕĺáëćăěâ áćőľ ŋăąőà çăáâĺæ. Ć őâáãâáâćĺě ćŋěèŋěčő ňăłàőŕăàăňěâàă, ňěŋïîéěčő áćőąőďŋãî íŋěàčĺî áĺáâěňë (âĺŕă âěňŕěàăâãàë, ďăćńěŋĺï ĺńĺ åĺňĺçěáłőčő ŕőâěŋæĺăńă T , P , μ), ğďěáì ĺňěěň ďěńő ĺňěŋŋő á âàěňï àăğńĺçŋëňĺ łćăŋâőćőŕőńěćëňĺ áĺáâěňăňĺ, ă ŋě á àăğńĺçŋëňĺ äăğăňĺ őďŋőľ ĺ âőľ ęě äĺğĺçěáłőľ áĺáâěňë. Ćăłããňŋăï íŋěàčĺï (4.18), łăł őąëçŋő, äĺłáĺàãěâ ŋăçăńő íŋěàčěâĺçěáłőľ èłăńë łăęďőľ ĺğ íâĺå áĺáâěň ĺ ďăńěě áçĺâăěâáï ćëçâěŋŋőľ, âăł łăł ěě ăąáőńîâŋőě ğŋăçěŋĺě ŋě ŋěáěâ äĺğĺçěáłőčő áňëáńă, ŕőáłőńìłã (äăğőćëě) ŕěàěåőďë ňěęďã íâĺňĺ áĺáâěňăňĺ ŋě àăááňăâàĺćăîâáï. Šěň ŋě ňěŋěě, ŋĺęě, ďńï ãďőąáâćă őŋĺ ŋăğćăŋë łăł B,C,A áĺáâěňë ĺńĺ äăğë őďŋőľ łćăŋâőćőŕőńěćőľ âěőàĺĺ (4.4). Řăááňőâàĺň ŕőáńěďőćăâěńìŋő ćáě âàĺ áĺáâěňë. B-áĺáâěňă: v_1 = v_2 = 0, θ_1 = θ_2 = 0, B_α(k) = d^1_α(k),^~B_α(k) = d^2_α(k), w^B_0 = 0,

E_B (k) = E^{1,2}_B (k) = E^a(k) = g (2mc)^2 ( k^2 + <<k^2>>^) − g + E(k). (4.24)

Ŕãáâì^{(^}f^{)ab} = f^{ab} - ŕàőĺğćőńìŋăï ŕőáâőïŋŋăï SU_T (2) ňăâàĺæă, âőčďă ČŔ ĺňěěâ ćĺď:

B_α(k, t) ~B_α(k, t) e^{−itEB (k)} = e^{iHt} B_α(k) ~B_α(k) e^{−iHt}, (4.25) Ψ^a_α(x) → Ψ^a_α(x)_B = ∫ d^3k (2π)^{3/2} [ f^{a1}B_α(k, t) + f^{a2 ~}B_α(k, t)^] e^{i(kx)−itEB (k)}.

Ŕàĺçĺŋŋăï äãŋłæĺï Čàĺŋă íâőľ àěăńĺğăæĺĺ, ăŋăńőčĺçŋő (2.55), áőćŕăďăěâ á ğăŕăğďëćăîéěľ:

Δ^{(C)ab}_{(ΨB )αβ}(x, y) =_B⟨0| T ( Ψ_α(x) Ψ^†_β(y) ) |0⟩_B = (4.26) = δ^{ab}δ_{αβ}θ(x_0 − y_0) e^{−i(x0−y0)EB(}P^)δ_3(x − y) = = iδ^{ab}δ_{αβ} ∫ d^4k (2π)^4 e^{−i(k(x−y))} 1 k_0 − E_B (k) + i0 . Ŋě âàãďŋő ŕàőćěàĺâì, çâő áőőâćěâáâćãîéěě ćăłããňŋőě áőáâőïŋĺě | 0⟩_B ïćńïěâáï áĺŋčńěâŋëň ďńï őąěĺå SU_J (2) ĺ SU_T (2) čàãŕŕ, ă őďŋőçăáâĺçŋëě ćőğąãęďěŋĺï B ĺ^~B ŕàěőąàăğãîâáï ŕő äãŋďăňěŋâăńìŋőňã ŕàěďáâăćńěŋĺî SU_J (2). Ĺáŕőńìğãï (4.8), (4.25), ŋăåőďĺň ŕàĺ i, r, l = 1, 2, 3:

J^i = 1 2 ∫ d^3kσ^i_{αβ} [ B^†_α(k)B_β (k) +^~B^†_α(k)^~B_β (k) ] , (4.27) U = 1 2 ∫ d^3k [ B^†_α(k)B_α(k) +^~B^†_α(k)^~B_α(k) ] , Y^1_{αβ} = 1 2 ∫ d^3k [ B^†_α(k)^~B_β(k) +^~B^†_α(k)B_β (k) ] , Y^2_{αβ} = i 2 ∫ d^3k [ ~B^†_α(k)B_β(k) − B^†_α(k)^~B_β (k) ] , Y^3_{αβ} = 1 2 ∫ d^3k [ B^†_α(k)B_β(k) −^~B^†_α(k)^~B_β (k) ] , T^r_{αβ} = Y^l_{αβ} · 1 2 Tr { ^f^†τ^{r ^}fτ^l } , Y^r_{αβ} = T^l_{αβ} · 1 2 Tr { ^fτ^{r ^}f^†τ^l } , (4.28)

čďě Y^r_{αβ} ŕàěďáâăćńïîâ čěŋěàăâőàë T^r_{αβ} ŕàĺ f^{ab} −→ δ^{ab}. Šăł çâő ćăłããňŋőě áőáâőïŋĺě | 0⟩_B , őŕàěďěńěŋŋőě ŕő őâŋőèěŋĺî ł őŕěàăâőàăň B ĺ

—122— ~B, ďěľáâćĺâěńìŋő őąńăďăěâ ćáěňĺ ŋãńěćëňĺ łćăŋâőćëňĺ çĺáńăňĺ, â.ě. ïćńïěâáï áőáâőïŋĺěň á ŋěŋăàãèěŋŋőľ áĺňňěâàĺěľ:

J^i |0⟩_B = U |0⟩_B = Y^r_{αβ} |0⟩_B = T^r_{αβ} |0⟩_B = 0, (4.29)

ĺ ńěęĺâ ć áĺŋčńěâŋőň ŕàěďáâăćńěŋĺĺ ŕő SU_J (2) ĺ SU_T (2). Ĺğ ãáńőćĺľ

Y^3B^†_α(k) |0⟩_B = + 1 2 B^†_α(k) |0⟩_B, Y^{3 ~}B^†_α(k) |0⟩_B = − 1 2 ~B^†_α(k) |0⟩_B, (4.30)

ŕàĺ Y^r ≡ δ_{αβ} Y^r_{αβ}, áńěďãěâ, çâő őďŋőçăáâĺçŋëě ćőğąãęďěŋĺï B ĺ^~B ćňěáâě őąàăğãîâ äãŋďăňěŋâăńìŋőě ŕàěďáâăćńěŋĺě SU_T (2). C-áĺáâěňă: v_1 = v_2 = 1, θ_1 = θ_2 = π/2, ϵ_{αβ}C_β(k) = d^1_α(k), ϵ_{αβ}^~C_β (k) = d^2_α(k), w^C_0 = (4/V^∗) (<<E(k)>> − 4g),

E_C (k) = E^{1,2}_C (k) = E^a(k) = g (2mc)^2 ( k^2 + <<k^2>>^) + 7g − E(k), (4.31)

Ψ^a_α(x) → Ψ^{†a}_α (x)_C = ∫ d^3k (2π)^{3/2} [ f^{a1}C^†_α(k, t) + f^{a2 ~}C^†_α(k, t) ] e^{itEC (k)−i(kx)}, čďě ĺáŕőńìğőćăŋë őŕàěďěńěŋĺï ăŋăńőčĺçŋëě (4.25). Śćőľáâćă áĺňňěâàĺĺ íâőľ áĺáâěňë âăłęě ŕőńŋőáâìî ăŋăńőčĺçŋë áĺňňěâàĺïň áĺáâěňë B, ă ěě ŕàĺçĺŋŋăï äãŋłæĺï Čàĺŋă ăŋăńőčĺçŋă (4.26).

A-áĺáâěňă: v_1 = 0, v_2 = 1, θ_1 = 0, θ_2 = π/2, (ĺńĺ v_1 = 1, v_2 = 0),

A_α(k) = d^1_α(k), ϵ_{αβ}^~A_β(k) = d^2_α(k), w^A_0 = 2 V^∗ (<<E(k)>> − 2g) , (4.32) ąãďěâ àăááňőâàěŋă ŕőďàőąŋěě. Ŕãáâì f^{ab} áŋőćă ŕàőĺğćőńìŋăï ŕőáâőïŋŋăï SU_T (2) ňăâàĺæă, âőčďă áőőâćěâáâćãîéěě ČŔ (4.14) ĺ ěčő ŕàĺçĺŋŋăï äãŋłæĺï Čàĺŋă ŕő äőàňě áåőďŋë á àěńïâĺćĺáâáłĺňĺ (ďăńěě |0⟩ ≡|0⟩_A): A_α(k, t) e^{−itE(−)A (k)} ~A_α(k, t) e^{−itE(+)A (k)} = e^{iHt} A_α(k) ~A_α(k) e^{−iHt}, A_α(k, t) |0⟩ = A_α(k) |0⟩ A^†_α(k, t) |0⟩ = A^†_α(k) |0⟩,

(4.33)

Ψ^a_α(x)_A = ∫ d^3k (2π)^{3/2} [ f^{a1}A_α(k, t)e^{−itE(−)A (k)} + f^{a2 ~}A^†_α(−k, t)e^{itE(+)A (−k)} ] e^{i(kx)},

—123— Δ^{(C)ab}_{(ΨA)αβ} (x, y) ≡ ⟨0|T ( Ψ^a_α(x)Ψ^{†b}_β (y) ) |0⟩ = (4.34) = δ_{αβ} [ θ(T )e^{−iT E(−)A (}P^)f^{a1 ∗}f^{b1} − θ(−T )e^{iT E(+)A (}P^)f^{a2 ∗}f^{b2} ] δ_3(x − y) = = iδ_{αβ} ∫ d^4k (2π)^4 e^{−i(k(x−y))} f^{a1 ∗}f^{b1} k_0 − E^{(−)}_A (k) + i0 + f^{a2 ∗}f^{b2} k_0 + E^{(+)}_A (−k) − i0 , čďě T = x_0 − y_0, ă áŕěłâàë ĺňěîâ ćĺď:

E^a(k) ≡ E

(_2 1 ) A (k) = E^{(±)}_A (k) ≡ (4.35) ≡ E^{_{~A} A }(k) = g (2mc)^2 ( k^2 + <<k^2>>^) − g ± (4g − E(k)) . Ďńï íâőľ àěăńĺğăæĺĺ čěľğěŋąěàčőćáłőčő ŕőńï (4.33), á ãçěâőň Tr (σ) = 0, ĺňěěň áńěďãîéĺě áőåàăŋïîéĺěáï ğăàïďë ŕàĺ i, r, l = 1, 2, 3:

J^i = 1 2 ∫ d^3kσ^i_{αβ} [ A^†_α(k)A_β (k) −^~A^†_β (−k)^~A_α(−k) ] , (4.36) U = 1 2 ∫ d^3k [ A^†_α(k)A_α(k) +^~A_α(−k)^~A^†_α(−k) ] , G^1_{αβ} = 1 2 ∫ d^3k [ A^†_α(k)^~A^†_β(−k) +^~A_α(−k)A_β (k) ] , G^2_{αβ} = i 2 ∫ d^3k [ ~A_α(−k)A_β (k) − A^†_α(k)^~A^†_β (−k) ] , G^3_{αβ} = 1 2 ∫ d^3k [ A^†_α(k)A_β(k) −^~A_α(−k)^~A^†_β (−k) ] , G^0_{αβ} = T^0_{αβ} = 1 2 ∫ d^3k [ A^†_α(k)A_β (k) +^~A_α(−k)^~A^†_β (−k) ] , T^r_{αβ} = G^l_{αβ} · 1 2 Tr { ^f^†τ^{r ^}fτ^l } , G^r_{αβ} = T^l_{αβ} · 1 2 Tr { ^fτ^{r ^}f^†τ^l } , (4.37)

čďě âěŕěàì G^r_{αβ} ŕàěďáâăćńïîâ čěŋěàăâőàë T^r_{αβ} ŕàĺ f^{ab} −→ δ^{ab}. Ŕőńăčăï τ^0 = I, ŕàĺ ν, μ = 0, 1, 2, 3, á ãçěâőň Tr (τ ) = 0 ĺ âőęďěáâć Ťĺàæă: 1 2 3∑ ν=0 τ^ν_{ab}τ^ν_{cd} = 1 2 (τ_{ab} · τ_{cd}) + 1 2 δ_{ab}δ_{cd} = δ_{ad}δ_{bc}, 1 2 Tr (τ^ντ^μ) = δ^{νμ}, (4.38)

ŕőáńěďŋěě àăćěŋáâćő (4.36) ĺ (4.37) ňőęŋő őąìěďĺŋĺâì ć ćĺďě: T^ν_{αβ} = G^μ_{αβ} · 1 2 Tr { ^f^†τ^{ν ^}fτ^μ } , G^ν_{αβ} = T^μ_{αβ} · 1 2 Tr { ^fτ^{ν ^}f^†τ^μ } . (4.39)

—124—

4 Śŕőŋâăŋŋőě ŋăàãèěŋĺě áĺňňěâàĺĺ.

4.1 Łőŋďěŋáăâë ĺ ăńčěąàă łćăğĺáŕĺŋă.

Ć ďěľáâćĺâěńìŋőáâĺ ňăâàĺæă f^{ab} =^{(^}f(n)^{)ab} á âőçŋőáâìî ďő äăğőćőčő U(1) - ňŋőęĺâěńï ŕăàăňěâàĺğãěâ ŋěłőâőàëľ ŕőćőàőâ ěďĺŋĺçŋőčő ćěłâőàă őâ őáĺ z ł ěďĺŋĺçŋőňã ćěłâőàã n = n(ϑ, φ) ćőłàãč ćěłâőàă u ŋă ãčőń ϑ: ^f(n) = e^{−iφT3} e^{−iϑT2} = e^{−iϑ(T·u)}e^{−iφT3} , T = τ 2 ,^^f(n)T_3^^f^†(n) = (n · T) ,(4.40) n(ϑ, φ) = (sin ϑ cos φ, sin ϑ sin φ, cos ϑ) , u = (− sin φ, cos φ, 0) , (4.41) (n · u) = 0, âőčďă, ŕàĺ G^r = δ_{αβ} G^r_{αβ} : (T )^2 = (G)^2 , (n · T ) = G^3, (4.42)

čďě ãçâěŋë âăłęě áőőâŋőèěŋĺï (4.37), (4.38).

Ĺáŕőńìğãï (4.4), (4.8) ĺ (4.33), (4.34) ňőęŋő ãąěďĺâìáï, çâő ďńï áĺáâěňë A SU_T (2) ĺ U(1) – áĺňňěâàĺĺ őłăğëćăîâáï áŕőŋâăŋŋő ŋăàãèěŋë: ⟨0|T ( Ψ^a_α(x)τ_{ba}Ψ^{†b}_β (x) ) |0⟩ = δ_{αβ} n V^∗ , |0⟩ ≡|0⟩_A, (4.43) −⟨0| (n · T ) |0⟩ = −⟨0| G^3 |0⟩ = ⟨0| U |0⟩ = V V^∗ ≡ L, (4.44)

čďě Š-ŕàőĺğćěďěŋĺě (4.34) ć őďŋőľ âőçłě, ŕàĺ T = 0, őŕàěďěńïěâáï łăł ŕőńãáãňňă ŕàěďěńőć T → ±0, V - ŕàőáâàăŋáâćěŋŋëľ őąêěň áĺáâěňë, ă łőŋďěŋáăâ (4.43) ďăěâ ňăłàőáłőŕĺçěáłĺě ćěńĺçĺŋë (4.44), ŕàőŕőàæĺőŋăńìŋëě íâőňã őąêěňã. Śőőâćěâáâćěŋŋő âěőàěňě Čőńďáâőãŋă [80], áãéěáâćãîâ çěâëàě áőáâăćŋëå čőńďáâőãŋőćáłĺå áőáâőïŋĺï á ąőğőŋŋëňĺ łćăŋâőćëňĺ çĺáńăňĺ. Ĺå ňőęŋő ăááőæĺĺàőćăâì á ćőńŋăňĺ ŕěàěćőàőâă áŕĺŋă (ňăčŋőŋăňĺ) ćăłããňŋőľ ”áàěďë”, őąńăďăîéěľ U(1) ğăàïďőň L ĺ áŕőŋâăŋŋőľ ”æćěâőćőľ” ŋăňăčŋĺçěŋŋőáâìî −L (4.44) ć ŋăŕàăćńěŋĺĺ ěďĺŋĺçŋőčő ćěłâőàă n (4.43) [92]. Őŋĺ ŕőàőęďăîâáï (ĺ ãŋĺçâőęăîâáï) ĺğ |0⟩_A őŕěàăâőàăňĺ:

G^±_{αβ}(0) = T^r_{αβ} · 1 2 Tr { ^f(n)τ^{±^}f^†(n)τ^r } = ∫ d^3k

A^†_α(k)^~A^†_β (−k) ~A_α(k) A_β (−k)

, (4.45)

—125— ďńï łőâőàëå [H , G^±_{αβ}(0)] = 0, čďě: τ^± = τ^1 ± iτ^2. (4.46)

Ć áőőâćěâáâćĺĺ áő áňëáńőň ćěńĺçĺŋë V^∗ ć (4.6) ĺ ŕőáńěďŋĺň àăćěŋáâćőň (4.44) ćěńĺçĺŋã L ňőęŋő âăłęě ĺŋâěàŕàěâĺàőćăâì, łăł (áâàěňïéěěáï ł ąěáłőŋěçŋőáâĺ) çĺáńő łőààěńĺàőćăŋŋëå äěàňĺőŋŋëå ŕăà ”áâăàëå” d (B)- äěàňĺőŋőć ć ”ŋőćőň” ćăłããňě A-áĺáâěňë ĺńĺ łăł íääěłâĺćŋőě łőńĺçěáâćő ŕńőáłĺå ćőńŋ, äőàňĺàãîéĺå čőńďáâőãŋőćáłĺľ ćőńŋőćőľ ŕăłěâ [158]. Šő ěáâì, ć âő ćàěňï, łăł čăňĺńìâőŋĺăŋ (4.4) ćőćáě ”ŋě çãćáâćãěâ” ŕőćőàőâë äěàňĺőŋŋëå ŕőńěľ (4.7), (4.40):

Ψ^a_α(x) = f^{ab}(n)^∘Ψ^b_α(x) = e^{i(G·Ω) ∘}Ψ^a_α(x) e^{−i(G·Ω)}, T^r = e^{i(G·Ω)}G^re^{−i(G·Ω)}, (4.47) cos Ω 2 = cos ϑ 2 cos φ 2 , Ω Ω sin Ω 2 = ( − sin ϑ 2 sin φ 2 , sin ϑ 2 cos φ 2 , cos ϑ 2 sin φ 2 ) , ^f(n) = e^{−i(T·Ω)}, Ω = |Ω|;^[H , T^r_{αβ}^] =^[H , G^r_{αβ}^] = 0, (4.48)

čďě^∘Ψ^a_α(x) ěáâì (4.33) á f^{ab} −→ δ^{ab}, ă G^r_{αβ} ≡^∘T^r_{αβ} ćëàăęăěâáï çěàěğ^∘Ψ^a_α(x) âőľ ęě äőàňãńőľ (4.8), ćăłããňŋëě ęě áàěďŋĺě (4.43) áãéěáâćěŋŋő åăàăłâěàĺğãîâáï ćěłâőàőň n(ϑ, φ): àăğŋëň ěčő ŋăŕàăćńěŋĺïň őâćěçăîâ àăğŋëě ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëě ćăłããňë, áćïğăŋŋëě áőőâćěâáâćãîéĺň őŕěàăâőàőň ąőčőńîąőćáłőčő ŕőćőàőâă (4.47) [159], ć łăçěáâćě čěŋěàăâőàőć łőâőàőčő ćëáâãŕăîâ âěŕěàì őŕěàăâőàë G^r, őąàăğãîéĺě âã ęě ăńčěąàã SU_T (2) (4.10). Őŕěàăâőà Łăğĺňĺàă ŋă íâőľ ăńčěąàě ĺňěěâ ĺğćěáâŋëľ áŕěłâà:

(G)^2 −→ Ł(Ł + 1), Ł = 1 2 , 1, 3 2 . . . ; G^3 −→ −Ł, −Ł + 1, · · · Ł. (4.49)

Ććőďï ŕőćëèăîéĺľ ĺ ŕőŋĺęăîéĺľ őŕěàăâőàë

G^± =⇒ δ_{αβ} G^±_{αβ}, G^±_{αβ} = G^1_{αβ} ± iG^2_{αβ} = G^±_{αβ}(0), (4.50)

ńěčłő ãąěďĺâìáï, çâő ďěľáâćĺě G^+ ŋă ćăłããň ãćěńĺçĺćăěâ çĺáńő ŕăà A^~A ć áőáâőïŋĺĺ á ŋãńěćëň ŕőńŋëň ”ĺğőâőŕáŕĺŋőň”, ãňěŋìèăï ăąáőńîâŋãî

—126— ćěńĺçĺŋã ”æćěâőćőľ ŋăňăčŋĺçěŋŋőáâĺ” ć ŋăŕàăćńěŋĺĺ n:

(T )^2 |0⟩ = (G)^2 |0⟩ = L (L + 1) |0⟩, G^− |0⟩ = 0, (4.51) (T )^{2 (}G^{+)N} |0⟩ = (G)^{2 (}G^{+)N} |0⟩ = L (L + 1)^(G^{+)N} |0⟩, (n · T )^(G^{+)N} |0⟩ = G^{3 (}G^{+)N} |0⟩ = (−L + N)^(G^{+)N} |0⟩, (4.52)

ŋő, ŋě ćëćőďï, őďŋăłő, ğă ŕàěďěńë ”ćăłããňŋőčő æćěâőćőčő L – ňãńìâĺŕńěâă” àăğňěàŋőáâĺ 2L + 1. Šăłĺň őąàăğőň, ŕàĺŕĺáëćăï ćăłããňŋőňã áőáâőïŋĺî őŕàěďěńěŋŋëě (áâàěňïéĺěáï ł ąěáłőŋěçŋőáâĺ) łćăŋâőćëě çĺáńă ŕő čàãŕŕě SU_T (2), ďńï ŋőàňĺàőćăŋŋëå N-čőńďáâőãŋőćáłĺå áőáâőïŋĺľ á ŋãńěćëň ”ĺğőâőŕáŕĺŋőň” ĺňěěň: |0⟩_A ≡ |L, −L⟩ = eG^A |0⟩_B,_A⟨0||0⟩_A = ⟨L, N − L|L, N − L⟩ = 1, (4.53) |L, N − L⟩ = (2L − N)! (2L)!N! ( G^{+)N} |L, −L⟩. (4.54) Ğăćĺáĺňőáâì őâ N ğŋăçěŋĺï ňăłàőáłőŕĺçěáłőľ ćěńĺçĺŋë ”æćěâőćőľ” ŋăňăčŋĺçěŋŋőáâĺ (4.44), (4.52) ãłăğëćăěâ ŋă ãŋĺâăàŋãî ŋěíłćĺćăńěŋâŋőáâì ŕàěďáâăćńěŋĺľ ăŋâĺłőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ (4.14), ŕőáâàőěŋŋëå ŋăď áőáâőïŋĺïňĺ (4.54) á ňăłàőáłőŕĺçěáłĺ ąőńìèĺňĺ N ∼ L, łăł ŋăď ćăłããňŋëňĺ [159]. Ŕőíâőňã ďőńęěŋ áãéěáâćőćăâì ŋěğăćĺáïéĺľ őâ L, äőàňăńìŋő ãŋĺâăàŋëľ őŕěàăâőà ąőčőńîąőćáłőčő ŕàěőąàăğőćăŋĺï, ”őáãéěáâćńïîéĺľ” íâã ãŋĺâăàŋãî ŋěíłćĺćăńěŋâŋőáâì. Ěčő ŋěâàãďŋő ŕőáâàőĺâì [160], łăł ”ŕàőĺğćőďïéĺľ őŕěàăâőà”, őâćěçăîéĺľ ŕàőĺğćőńìŋőňã ŋě äĺłáĺàőćăŋŋőňã çĺáńã ”ĺğőáłăńïàŋëå” čőńďáâőãŋőćáłĺå ąőğőŋőć ć ćĺďě őŕàěďěńěŋŋőľ ”łőčěàěŋâŋőľ áãŕěàŕőğĺæĺĺ” íâĺå ćëàőęďěŋŋëå ŕő íŋěàčĺĺ ”ćăłããňŋëå” áőáâőïŋĺľ:

|η⟩_L = ℵ_L(η)^{∞∑}_{N =0} η^N (2L)! (2L − N)!N! |L, N − L⟩ = (4.55) = ℵ_L(η) exp^(ηG^{+)} |L, −L⟩.

—127— Śőőâćěâáâćãîéĺľ ŋőàňĺàőćőçŋëľ ňŋőęĺâěńì ℵ_L(η) ńěčłő ćëçĺáńïěâáï á ŕőňőéìî äőàňãń (C.1), (C.2) ĺ ćěáì őŕěàăâőà ćőááâăŋăćńĺćăěâáï ĺğ áőőąàăęěŋĺľ äőàňăńìŋőľ ãŋĺâăàŋőáâĺ:

ℵ_L(η) =^(1 + |η|^{2)−L} , (4.56) |η⟩_L = 1 (1 + |η|^2)^L L∑ S=−L η^{L+S} (2L)! (L + S)!(L − S)! |L, S⟩ = (4.57) = exp^(ηG^{+)} exp^(G^3 ln(1 + |η|^2)^) |L, −L⟩ = = exp^(ηG^{+)} exp^(G^3 ln(1 + |η|^2)^) exp^(−η^∗G^{−)} |L, −L⟩ ≡ (4.58) ≡ exp^(υG^+ − υ^∗G^{−)} |L, −L⟩ ≡ exp (−iθ(G · u)) |L, −L⟩, (4.59) čďě, ŕàĺ η = − tan θ 2 e^{−iϕ}, ĺňěěň: υ = − θ 2 e^{−iϕ}. (4.60) Ć ŕőáńěďŋĺå ćëàăęěŋĺïå (4.57)-(4.60) ŋě âàãďŋő ãğŋăâì ŕàěďáâăćńěŋĺě łőčěàěŋâŋëå áőáâőïŋĺľ ŋă čàãŕŕě SU_T (2) [161]- [163] (á ãçěâőň àěăńìŋőčő őąàëćă àïďă ć (4.55) ŕàĺ N = 2L), ĺ áâăŋďăàâŋőě ćëàăęěŋĺě őŕěàăâőàă ŕőćőàőâă ćĺďă (4.40) áőáâőïŋĺľ (4.54) á őŕàěďěńěŋŋëň ğŋăçěŋĺěň ”ŋăňăčŋĺçěŋŋőáâĺ” G ćďőńì őáĺ z ć áőáâőïŋĺï á âăłĺň ęě ěě ğŋăçěŋĺěň ćďőńì ŋăŕàăćńěŋĺï ěďĺŋĺçŋőčő ćěłâőàă n(θ, ϕ) ćĺďă (4.41), çìï áâěàěőčàăäĺçěáłăï ŕàőěłæĺï ŋă łőňŕńěłáŋãî ŕńőáłőáâì ďăěâáï çĺáńőň η (4.60): G^3|L, −L⟩ = −L |L, −L⟩, (G · n)|n⟩_L = −L|n⟩_L, |n⟩_L ≡ |η⟩_L. (4.61) Šăłĺň őąàăğőň, ŕěàěňěŋŋëľ ćěłâőà ŕàěďáâăćńěŋĺï łőčěàěŋâŋëå áőáâőïŋĺľ n(η) = n(θ, ϕ) ć (4.58)-(4.61) áőőâćěâáâćãěâ ćěłâőàã ”ćăłããňŋőľ ŋăňăčŋĺçěŋŋőáâĺ” n(ϑ, φ) ć (4.43), ă àăćěŋáâćő (4.61) áőőâćěâáâćãěâ àăćěŋáâćăň (4.44), (4.52) ŕàĺ ŕěàěåőďě őâ ŕàěőąàăğőćăŋĺï őŕěàăâőàőć (4.47) ł ŕàěőąàăğőćăŋĺî ”ćăłããňŋőčő” áőáâőïŋĺï (4.58), ěáńĺ őŕěàăâőàë (4.59) ĺ (4.47) őáãéěáâćńïîâ őďĺŋ ĺ âőâ ęě ŕőćőàőâ áőáâőïŋĺľ.

Śłăńïàŋőě ŕàőĺğćěďěŋĺě ďćãå łőčěàěŋâŋëå áőáâőïŋĺľ ĺňěěâ ćĺď [161]: L⟨η^′ |η⟩_L = (1 + η^{′∗}η)^2 (1 + |η^′|^2) (1 + |η|^2) L =_L⟨n^′(η^′)|n(η)⟩_L, (4.62)

—128— |_L⟨η^′ |η⟩_L|^2 = 1 − |η^′ − η|^2 (1 + |η^′|^2) (1 + |η|^2) 2L = 1 + (n^′ · n) 2 2L (L→∞) −→ 0, (4.63)

âăł łăł ćëàăęěŋĺě ć łćăďàăâŋëå áłőąłăå ŕàĺ äĺłáĺàőćăŋŋëå η^′ ≠ η ŕő ňőďãńî ćáěčďă ňěŋìèě 1. İâă őàâőčőŋăńìŋőáâì (4.63) ïćŋő ďěňőŋáâàĺàãěâ ãŋĺâăàŋãî ŋěíłćĺćăńěŋâŋőáâì ŕàěďáâăćńěŋĺľ ŁĂŚ (4.14) ďńï łőčěàěŋâŋëå – ”ćăłããňŋëå” áőáâőïŋĺľ á àăğŋëňĺ n(η) ŕàĺ L → ∞. Ćőğňőęěŋ, őďŋăłő, àăááňőâàěŋŋëľ ŋĺęě ĺŋőľ ŕàěďěńìŋëľ ŕěàěåőď ďńï íâĺå áőáâőïŋĺľ, ŕěàěćőďïéĺľ ĺå ć ąőğőŋŋëě łőčěàěŋâŋëě áőáâőïŋĺï.

Ăńčěąàă, ŕőáâàőěŋŋăï ŋă őŕěàăâőàăå G^±, G^3 ć ńĺâěàăâãàě ŋőáĺâ ŋăğćăŋĺě łćăğĺáŕĺŋőćőľ ăńčěąàë [158].

4.2 Őąőąéěŋĺï łćăğĺáŕĺŋőćőľ ăńčěąàë.

Ć ďăŋŋőľ ňőďěńĺ íâă ăńčěąàă ňőęěâ ąëâì őąőąéěŋă áńěďãîéĺň őąàăğőň. Ŕàěęďě ćáěčő, á ŕőňőéìî (4.36), (4.50) ňőęŋő ãćĺďěâì, çâő őďŋőçăáâĺçŋëě áőáâőïŋĺï, ĺňěï ”ĺğőâőŕáŕĺŋ” 1/2, ŕàĺŋăďńěęăâ æćěâőćőňã ňãńìâĺŕńěâã ŋă ěďĺŋĺæã ňěŋìèěľ àăğňěàŋőáâĺ 2L:

G^−A^†_α(k) |0⟩ = 0, (T )^2 A^†_α(k) |0⟩ = ( L^2 − 1 4 ) A^†_α(k) |0⟩, (4.64)

(n · T ) A^†_α(k) |0⟩ ≡ G^3A^†_α(k) |0⟩ = ( −L + 1 2 ) A^†_α(k) |0⟩.

Šőęě áăňőě ĺňěěâ ňěáâő ďńï^~A^†_α(k) |0⟩. Ůâőąë ŕőŋĺğĺâì íâã àăğňěàŋőáâì (ŋăŕàĺňěà, ďő ŋãńï), ŋě ňěŋïï ŕàĺ íâőň ďàãčĺå łćăŋâőćëå çĺáěń, ŋěőąåőďĺňő, ć áőőâćěâáâćĺĺ á (4.15), (4.53), ãąàăâì ĺğ ćăłããňă |0⟩_A ąěáłőŋěçŋőě çĺáńő çăáâĺæ őďŋőčő áőàâă, –^~A, őąêěďĺŋěŋŋëå (ŕőŕăàŋő) ć áőáâőïŋĺï á ŋãńěćëň ”ĺğőâőŕáŕĺŋőň”. Čěŋěàăâőà áőőâćěâáâćãîéěčő ŕàěőąàăğőćăŋĺï Ąőčőńîąőćă [160], ŕő áãâĺ, őąàăâŋőčő ł (4.53), ěáâì ŕàőáâő őŕěàăâőà −G_A (4.16), ŕàĺ θ_1 = 0, θ_2 = π/2, ćëàăęěŋŋëľ ć âěàňĺŋăå őŕěàăâőàőć^~A_α(k):

G_A = π 2 ∫ d^3k ϵ_{αβ} [ ~A^†_α(k)^~A^†_β (−k) +^~A_α(k)^~A_β (−k) ] . (4.65)

—129— Ćőğňőęŋë, őďŋăłő, ĺŋëě ŕãâĺ ŕőńãçěŋĺï ”ąěáæćěâŋëå áőáâőïŋĺľ”, őâŕàăćńïïáì őâ ćăłããňă A-áĺáâěňë. Ĺáŕőńìğãï ćëâěłăîéĺě ĺğ (4.13) łőňňãâăæĺőŋŋëě áőőâŋőèěŋĺï: [ G^3 , G^±_{αβ}^] =^[G^3_{αβ} , G^{±]} = ±G^±_{αβ},^[σ^k_{αβ}G^3_{αβ} , σ^l_{γλ}G^±_{γλ}^] = ±δ^{kl}G^±, (4.66) [ G^± , G^∓_{αβ}^] = ±2G^3_{αβ} ,^[σ^k_{αβ}G^±_{αβ} , σ^l_{γλ}G^∓_{γλ}^] = ±2δ^{kl}G^3 + iε^{kln}σ^n_{αβ} G^0_{αβ}, [ (G)^2 , G^±_{αβ}^] = ±2^(G^±_{αβ}G^3 − G^±G^3_{αβ}^) ,^[G^±_{αβ} , G^±_{γλ}^] = 0, â.ł. (τ^±)^2 = 0, (4.67) J^n =^(σ^n_{αβ}G^0_{αβ}^) , Tr (σ) = 0,^[G^r_{αβ} , G^{r]} = 0, r = 1, 2, 3, (4.68) ĺ áćőľáâćă ćăłããňă: |0⟩ =|0⟩_A, J |0⟩ = 0, G^−_{αβ} |0⟩ = 0 =^(G^3_{αβ} + G^0_{αβ}^) |0⟩, G^3_{αβ} |0⟩ = −δ_{αβ} L 2 |0⟩, (4.69) ĺňěěň: G^{3 (}σ_{αβ}G^+_{αβ}^) |0⟩ = (1 − L)^(σ_{αβ} G^+_{αβ}^) |0⟩, (4.70) (G)^{2 (}σ_{αβ} G^+_{αβ}^) |0⟩ = L (L − 1)^(σ_{αβ}G^+_{αβ}^) |0⟩, (4.71)

â.ě. ďőąăćńěŋĺě ł ćăłããňã őďŋőľ čőńďáâőãŋőćáłőľ äěàňĺőŋŋőľ ŕăàë ć áőáâőïŋĺĺ á ěďĺŋĺçŋëň ”ĺğőâőŕáŕĺŋőň”, ăŋăńőčĺçŋő (4.64), ŕőŋĺęăěâ ãęě ŋă ěďĺŋĺæã ŕőńŋëľ ”æćěâőćőľ” áŕĺŋ, â.ě. ŋă ďćă àăğňěàŋőáâì ”ćăłããňŋőčő æćěâőćőčő ňãńìâĺŕńěâă”^1. Ůâőąë ŕàőďćĺŋãâì íâő ŋăąńîďěŋĺě ďăńìèě, ććěďěň ć ĺğőâőŕĺçěáłőň ŕàőáâàăŋáâćě ćěłâőà w ĺ àăááňőâàĺň áőáâőïŋĺï ćĺďă^((w · σ)_{αβ} G^+_{αβ}^{)N} | 0⟩. Ć Ŕàĺńőęěŋĺĺ C ŕőłăğăŋő, çâő ĺğ (4.51), (4.66)-(4.71) áńěďãěâ

(G)^{2 (}(w · σ)_{αβ} G^+_{αβ}^{)N} |0⟩ =^((w · σ)_{αβ} G^+_{αβ}^{)N} |0⟩ (L − N)(L − N + 1) − −^((w · σ)_{αβ} G^+_{αβ}^{)N −2} (w)^{2 (}G^{+)2} |0⟩ N(N − 1), (4.72)

İâő áőőâŋőèěŋĺě ŕőďáłăğëćăěâ ďćă ŕãâĺ ŕőńãçěŋĺï ĺğ ćăłããňă ŋĺęŋěčő áőáâőïŋĺï ňãńìâĺŕńěâă á ŕőńŋëň ”æćěâőćëň” áŕĺŋőň L − N. Ŕěàćëľ ŕãâì: ŕàĺ (w)^2 = 1, ąãďěň ĺáłăâì àěèěŋĺě ãàăćŋěŋĺľ (G)^2 |L − N, N − L; 0⟩ = (L − N)(L − N + 1) |L − N, N − L; 0⟩, (4.73) 1Śőčńăáŋő (4.69), ŕőńŋëľ ”ĺğőâőŕáŕĺŋ” ćăłããňă |0⟩_A àăćěŋ ŋãńî.

—130— G^3 |L − N, N − L; 0⟩ = (N − L) |L − N, N − L; 0⟩, (J · w) |L − N, N − L; 0⟩ = 0, ć ććĺďě: (4.74) |L − N, N − L; 0⟩ = [N/2]∑ l=0 a^N_l^((w · σ)_{αβ} G^+_{αβ}^{)N −2l (}G^{+)2l} |0⟩, (4.75) čďě [N/2]− æěńăï çăáâì çĺáńă N/2. Ĺğ ãàăćŋěŋĺľ (4.72)-(4.75) ćëâěłăěâ àěłãàěŋâŋőě áőőâŋőèěŋĺě ďńï łőíääĺæĺěŋâőć a^N_l a^N_l = a^N_{l−1} (N − 2l + 1)(N − 2l + 2) 2l(2L − 2N + 2l + 1)

, àěèěŋĺě łőâőàőčő ďăěâ: (4.76)

a^N_l = a^N_0 N!(−1)^lΓ^(N − L − l −^1_2^) Γ^(N − L −^1_2^) 2^{2l}l!(N − 2l)!

, ĺńĺ, ŕàĺ L > N > 2l, (4.77)

a^N_l = a^N_0 N!Γ^(L − N +^3_2^) Γ^(L − N + l +^3_2^) 2^{2l}l!(N − 2l)!

, őâłãďă ďńï áőáâőïŋĺľ ĺňěěň: |L − N, N − L; 0⟩ = a^N_0^((w · σ)_{αβ} G^+_{αβ}^{)N}_2F_1 − N 2 , 1 2 − N 2 ; L − N + 3 2 ; G^+ (w · σ)_{αβ} G^+_{αβ} 2 |0⟩ = (−1)^N a^N_0 Γ^(L +^3_2 − N^) N!

2^N Γ^(L +^3_2^) ( G^{+)N} C^{(−L− 12 )} N (w · σ)_{αβ} G^+_{αβ} G^+

|0⟩ = (4.78) = a^N_0 Γ^(L +^3_2 − N^) 2^{2L+1−N} L! √ π (2L + 1 − N)!

· (4.79)

·^(G^{+)N}_2F_1 N − 2L − 1, −N; −L; 1 2 − 1 2 (w · σ)_{αβ} G^+_{αβ} G^+ |0⟩, čďě_2F_1(a, b; c; z) - čĺŕěàčěőňěâàĺçěáłăï äãŋłæĺï [164], ćëàőęďăîéăïáï ğďěáì ć ŕőńĺŋőň Čěčěŋąăãíàă C^{(λ)}_n (x) [165]. Ŕőáńěďŋěě ćëàăęěŋĺě (4.79) ŕőğćőńïěâ ŕàĺ L > N > 0 ŕőńãçĺâì ĺŋâěčàăńìŋőě ŕàěďáâăćńěŋĺě C^{(−L− 12 )} N (z) =

(−1)^N 2^N Γ^(L +^3_2^) √ π N!(L − N)! 1∫

−1 dη(1 − η^2)^{L−N} (η + z)^N , (4.80)

ćěáìňă ŕőńěğŋőě ďńï ćëçĺáńěŋĺï ŋőàňĺàőćőçŋőľ łőŋáâăŋâë ć Ŕàĺńőęěŋĺĺ C. Ć ĺâőčě ŕàĺåőďĺň ł áńěďãîéěňã ”ŕőďňěŋïîéěňã” őŕěàăâőàã: |L − N, N − L; 0⟩ = (4.81)

—131— = a^N_0 Γ^(L +^3_2 − N^) √ π (L − N)! 1∫

−1 dη(1 − η^2)^{L−N [}ηG^+ +^((w · σ)_{αβ} G^+_{αβ}^{)]N} |L, −L⟩,

a^N_0 = √ π 2^{N −2L−1} Γ^(L +^3_2 − N^) L!

(2L + 1 − N)!(2L + 1 − 2N)! N! , (4.82)

łőâőàëľ ŕőŋĺęăěâ ŋă N ğŋăçěŋĺě ŕőńŋőčő ”æćěâőćőčő áŕĺŋă” ćăłããňă, őďŋőćàěňěŋŋő ãćěńĺçĺćăï ŋă N ňăłáňăńìŋőě ğŋăçěŋĺě ŕőńŋőčő ”ĺğőâőŕáŕĺŋă” ć íâőň áőáâőïŋĺĺ. Š.ě. âăłőě ”őąěáæćěçĺćăŋĺě” ćăłããňŋőčő áőáâőïŋĺï áőŕàőćőęďăěâáï ěčő áćőěőąàăğŋőľ ”ĺğőâőŕĺğăæĺěľ”: áőáâőïŋĺě (4.81) ïćńïěâáï áãŕěàŕőğĺæĺěľ áőáâőïŋĺľ áő ćáěňĺ ćőğňőęŋëňĺ ğŋăçěŋĺïňĺ (áň. (4.90), ŋĺęě) ŕőńŋőčő ”ĺğőâőŕáŕĺŋă” ≤ N âőľ ęě çěâŋőáâĺ, ŋő á äĺłáĺàőćăŋŋőľ ŕàőěłæĺěľ ”ĺğőâőŕáŕĺŋă” ŋă ćěłâőà w, àăćŋőľ ŋãńî. Ć çăáâŋőáâĺ, ěáńĺ L – æěńőě, âő, ŕàĺ N = L, ŕőńãçăěň ”ąěáæćěâŋőě” áőáâőïŋĺě á (áâàěňïéĺňáï ł ąěáłőŋěçŋőáâĺ) ŕőńŋëň ”ĺğőâőŕáŕĺŋőň” L, őàâőčőŋăńìŋëň w: |0, 0; 0⟩ = ( G^+_L^{)L+1} −^(−G^+_R^{)L+1} ( G^+_L + G^+_R^) L! √ L + 1 |L, −L⟩. (4.83) Ğďěáì ććěďěŋë ďćă ŋăąőàă, – ”ńěćëå” ĺ ”ŕàăćëå” őŕěàăâőàőć: G^r_L G^r_R = 1 2 [ G^r ±^((w · σ)_{αβ} G^r_{αβ}^{)]} , âő ěáâì, (4.84)

G^r = G^r_L + G^r_R,^((w · σ)_{αβ} G^r_{αβ}^) = G^r_L − G^r_R, r = 1, 2, 3, +, −.

Ć áĺńã (4.50), (4.66), (4.67): [ G^± , G^{∓]} = ±2G^3 =^{[(}(w · σ)_{αβ} G^±_{αβ}^) ,^((w · σ)_{αβ} G^∓_{αβ}^{)]} , (4.85) [ G^3 , G^{±]} = ±G^± =^{[(}(w · σ)_{αβ} G^3_{αβ}^) ,^((w · σ)_{αβ} G^±_{αβ}^{)]} , [ G^3 ,^((w · σ)_{αβ} G^±_{αβ}^{)]} =^{[(}(w · σ)_{αβ} G^3_{αβ}^) , G^{±]} = ±^((w · σ)_{αβ} G^±_{αβ}^) , [( (w · σ)_{αβ} G^±_{αβ}^) , G^{∓]} = ±2^((w · σ)_{αβ} G^3_{αβ}^) , áńěďőćăâěńìŋő, őŕěàăâőàë (4.84) őąàăğãîâ ďćě łőňňãâĺàãîéĺå ňěęďã áőąőľ, ”łĺàăńìŋëå” ŕőďăńčěąàë SU_L(2) × SU_R(2) ŕőńŋőľ ăńčěąàë (4.12)

—132— áĺňňěâàĺĺ čăňĺńìâőŋĺăŋă: [ G^±_{L,R} , G^∓_{L,R}^] = ±2G^3_{L,R},^[G^3_{L,R} , G^±_{L,R}^] = ±G^±_{L,R},^[G^r_L , G^k_R^] = 0. (4.86) Ŕőáłőńìłã, ĺğ (4.44), (4.69), (4.84) áńěďãěâ, çâő

⟨0| G^3_L |0⟩ = ⟨0| G^3_R |0⟩ = − 1 2 L, (4.87)

íâă ”łĺàăńìŋăï” áĺňňěâàĺï ďńï áĺáâěňë A âăłęě áŕőŋâăŋŋő ŋăàãèěŋă. Ŋěâàãďŋő ãąěďĺâìáï, çâő őŋă őáâăěâáï ŋăàãèěŋŋőľ ĺ ć ŋőćőň ”őąěáæćěçěŋŋőň ćăłããňě” (4.83).

Ćâőàőľ ŕãâì: ŕàĺ (w)^2 = 0, â.ě. √ 2 w_± = (1, ±i, 0), ďőŕőńŋĺć áőőâőŋőèěŋĺï (4.66)–(4.71) ĺ (4.72) àăćěŋáâćăňĺ ďńï ńîąőčő æěńőčő n > 0: [ J^3 ,^(σ^±_{αβ}G^+_{αβ}^{)n]} = ±n^(σ^±_{αβ}G^+_{αβ}^{)n} ,^[J^3 ,^(σ^3_{αβ} G^+_{αβ}^{)]} = 0, (4.88) [ J^± ,^(σ^3_{αβ}G^+_{αβ}^{)n]} = ∓n^(σ^±_{αβ}G^+_{αβ}^{) (}σ^3_{αβ} G^+_{αβ}^{)n−1} ,^[J^± ,^(σ^±_{αβ} G^+_{αβ}^{)]} = 0, [ J^± ,^(σ^∓_{αβ} G^+_{αβ}^{)n]} = ±2n^(σ^3_{αβ} G^+_{αβ}^{) (}σ^∓_{αβ} G^+_{αβ}^{)n−1} , čďě:

σ^± = σ^1 ± iσ^2 = √ 2 (w_± · σ) ,^{[(}σ^±_{αβ} G^+_{αβ}^) ,^(σ^∓_{γλ}G^−_{γλ}^{)]} = 4^(G^3 ± J^{3)} , (4.89)

ŋăåőďĺň, çâő őŕěàăâőàë J^{±,3}, (J )^2 ŕěàěćőďïâ ďàãč ć ďàãčă ňőŋőňë

A(n_+, n_−, n_3) =^(σ^+_{αβ}G^+_{αβ}^{)n+ (}σ^−_{αβ} G^+_{αβ}^{)n− (}σ^3_{αβ} G^+_{αβ}^{)n3} (4.90)

á äĺłáĺàőćăŋŋëň ğŋăçěŋĺěň áãňňë n_+ + n_− + n_3 = n. Ć çăáâŋőáâĺ, ŋăàïďã á ãàăćŋěŋĺïňĺ ”æćěâőćőčő” áŕĺŋă (4.73) ąãďãâ ãďőćńěâćőàïâìáï ĺ ãàăćŋěŋĺï ”ĺğőâőŕĺçěáłőčő” áŕĺŋă ďńï ŋőàňĺàőćăŋŋëå áőáâőïŋĺľ: (J )^2 |L − N, N − L; ±N⟩ = N(N + 1) |L − N, N − L; ±N⟩, (4.91) J^3 |L − N, N − L; ±N⟩ = ±N |L − N, N − L; ±N⟩, |L − N, N − L; ±N⟩ = (L − N)! N!L! ( 1 2 σ^±_{αβ} G^+_{αβ} )N |L, −L⟩. (4.92)

—133— Śőőâćěâáâćãîéĺľ ĺň őŕěàăâőà âăłęě ŕőŋĺęăěâ ŋă N ğŋăçěŋĺě ŕőńŋőčő ”æćěâőćőčő áŕĺŋă” ćăłããňă, őďŋőćàěňěŋŋő, ãćěńĺçĺćăï ŋă íâã ęě ćěńĺçĺŋã N ăąáőńîâŋëě ğŋăçěŋĺï ŕőńŋőčő ”ĺğőâőŕáŕĺŋă” ĺ ěčő âàěâìěľ ŕàőěłæĺĺ. Š.ě. íâőâ ŕàőæěáá ”őąěáæćěçĺćăŋĺï” ćăłããňŋőčő áőáâőïŋĺï âăłęě áőŕàőćőęďăěâáï ćáâàěçŋëň ŕàőæěááőň ”ĺğőâőŕĺğăæĺĺ”, łőâőàëľ, őďŋăłő, ŕőńŋőáâìî ŕőďňěŋïěâ őďĺŋ âĺŕ áŕĺŋă ďàãčĺň. Ěáńĺ L – æěńőě, âő, ŕàĺ N = L ćŋőćì ŕőńãçăěň ”ąěáæćěâŋőě” áőáâőïŋĺě áő (áâàěňïéĺňáï ł ąěáłőŋěçŋőáâĺ) ŕőńŋëň ”ĺğőâőŕáŕĺŋőň” ±L ćďőńì âàěâìěľ őáĺ: |0, 0; ±L⟩ = 1 L! ( 1 2 σ^±_{αβ} G^+_{αβ} )L |L, −L⟩. (4.93) Őçěćĺďŋő, çâő ŕàĺ âăłőľ ”ŕőďňěŋě” čàãŕŕë SU_T (2) ĺ SU_J (2) ŕőńŋőáâìî ňěŋïîâáï àőńïňĺ. Őłăğëćăěâáï, çâő ĺ ć íâőň áńãçăě, ăŋăńőčĺçŋő (4.55), ňőęŋő ŕőáâàőĺâì, ŋěğăćĺáïéĺľ őâ L ”ŕàőĺğćőďïéĺľ őŕěàăâőà” ć ćĺďě łőčěàěŋâŋőľ áãňňë ćëàőęďěŋŋëå áőáâőïŋĺľ (4.92), őâćěçăîéĺľ ŕàőĺğćőńìŋőňã ŋě äĺłáĺàőćăŋŋőňã çĺáńã ãęě ”ĺğőćěłâőàŋëå” čőńďáâőãŋőćáłĺå ąőğőŋőć ĺ őáãéěáâćńïîéĺľ áőőâćěâáâćãîéěě ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋőě ŕàěőąàăğőćăŋĺě Ąőčőńîąőćă:

|ξ, [±]⟩_L = ℵ^{[±]}_L (ξ)^{∞∑}_{N =0} ξ^N L! (L − N)!N! |L − N, N − L; ±N⟩ = = ℵ^{[±]}_L (ξ) exp ( ξ 2 σ^±_{αβ}G^+_{αβ} ) |L, −L⟩. (4.94) Ĺğ áőőâŋőèěŋĺľ (4.88)-(4.89) ïćáâćãěâ, çâő ďćě âàőľłĺ čěŋěàăâőàőć âăłęě őąàăğãîâ ďćě łőňňãâĺàãîéĺě ňěęďã áőąőľ ăńčěąàë SU_{[±]}(2):

L^+_{[±]} = 1 2 ( σ^±_{αβ} G^+_{αβ}^) , L^−_{[±]} = 1 2 ( σ^∓_{αβ}G^−_{αβ}^) = ( L^+_{[±]} )† , L^3_{[±]} = 1 2 ( G^3 ± J^{3)} , ι = ±, [ L^+_{[ι]} , L^−_{[ι}′_] ] = 2L^3_{[ι]} δ_{ιι}′, [ L^3_{[ι]} , L^±_{[ι}′_] ] = ±L^±_{[ι]} δ_{ιι}′, čďě: (4.95) L^3_{[ι]} |L, −L⟩ = − L 2 |L, −L⟩,^(L_{[ι]}^{)2} |L, −L⟩ = L 2 ( L 2 + 1 ) |L, −L⟩. (4.96)

—134— İâő ŕőğćőńïěâ, ďőáńőćŋő ŕőćâőàïï àăááãęďěŋĺï ĺ ćëłńăďłĺ ŕàěďëďãéěčő ŕãŋłâă, ŕőńãçĺâì áńěďãîéĺľ ăŋăńőč ŕàěďáâăćńěŋĺï łőčěàěŋâŋëå áőáâőïŋĺľ ŋă ćëąàăŋŋőň ĺğ ŕàïňőčő ŕàőĺğćěďěŋĺï ŕàěďáâăćńěŋĺľ SU_T (2) × SU_J (2) ŕőďŕàőáâàăŋáâćě áőáâőïŋĺľ (4.92) á 0 ≤ N ≤ L, ι = ±, àěăńĺğãîéĺå ŕàěďáâăćńěŋĺě (4.96) SU_{[±]}(2):

|ξ, [ι]⟩_L = ℵ^{[ι]}_L (ξ)^{L∑}_{N =0} ξ^N L! (L − N)!N! |L − N, N − L; ιN⟩ (4.97) = exp ( ξL^+_{[ι]} ) exp^(L^3_{[ι]} ln(1 + |ξ|^2)^) |L, −L⟩ = (4.98) = exp ( ξL^+_{[ι]} ) exp^(L^3_{[ι]} ln(1 + |ξ|^2)^) exp ( −ξ^∗L^−_{[ι]} ) |L, −L⟩ ≡ ≡ exp ( νL^+_{[ι]} − ν^∗L^−_{[ι]} ) |L, −L⟩, ℵ^{[ι]}_L (ξ) =^(1 + |ξ|^{2)−L/2} , čďě, ŕàĺ ξ = − tan Θ 2 e^{−iΦ} : ν = − Θ 2 e^{−iΦ}, (4.99) |_L⟨ξ^′, [ι^′]|ξ, [ι]⟩_L|^2 = δ_{ιι}′ 1 − |ξ^′ − ξ|^2 (1 + |ξ^′|^2) (1 + |ξ|^2) L (L→∞) −→ 0. (4.100)

”Ĺğőćěłâőàŋëě” łőčěàěŋâŋëě áőáâőïŋĺï á J^3 = 0 ďőńęŋë, ćěàőïâŋő, ŕőńãçăâìáï ăŋăńőčĺçŋëň ŕőáâàőěŋĺěň ŋă ćěłâőàăå |L − N, N − L; 0⟩ (4.81), ŕàĺ w_{[0]} = (0, 0, 1), ŕőáłőńìłã ĺğ (4.85) ŋě âàãďŋő ĺğćńěçì áőőâćěâáâćãîéãî ĺň áĺňňěâàĺî SU_{[0]}(2), łőâőàăï, őďŋăłő, ŋě łőňňãâĺàãěâ á SU_{[±]}(2):

L^±_{[0]} =^(σ^3_{αβ} G^±_{αβ}^) , L^3_{[0]} = G^3, [ L^+_{[0]} , L^−_{[0]} ] = 2L^3_{[0]}, [ L^3_{[0]} , L^±_{[0]} ] = ±L^±_{[0]}, (4.101) [ L^3_{[0]} , L^±_{[ι]} ] = ±L^±_{[ι]}, [ L^3_{[ι]} , L^±_{[0]} ] = ± 1 2 L^±_{[0]}, [ L^−_{[0]} , L^+_{[±]} ] = ±J^±. (4.102)

Ćőáŕőńìğőćăćèĺáì äőàňăńìŋőľ ăáĺňŕâőâĺłőľ ŕàőĺğćőďïéěľ äãŋłæĺĺ ŕőńĺŋőňőć Čěčěŋąăãíàă [165], áőďěàęăéěľ äãŋłæĺî Ąěááěńï J_{λ−1/2}(x), ŕàĺ −L −^1_2 = λ → ∞ ĺňěěň: ∞∑ N =0 ( ζG^{+)N} C^{(λ)}_N L^+_{[0]} G^+ Γ (2λ) Γ (2λ + N)

= (4.103)

= exp ( ζL^+_{[0]} ) Γ ( λ + 1 2 ) [ ζ^√G^+_L G^+_R ]1/2−λ J_{λ−1/2} ( 2ζ^√G^+_L G^+_R ) ≃ exp ( ζL^+_{[0]} ) .

—135— Śőőâćěâáâćãîéěě łőčěàěŋâŋőě áőáâőïŋĺě ŕàĺ ąőńìèĺå L ňőęŋő âőčďă äőàňăńìŋő ğăŕĺáăâì âăłęě ć ćĺďě áãňňë:

|ζ, [0]⟩_L = ℵ^{[0]}_L (ζ) exp ( ζL^+_{[0]} ) |L, −L⟩ ≃ (4.104) ≃ ℵ^{[0]}_L (ζ)^{∞∑}_{N =0} ζ^N

(2L + 1 − N)!

(2L + 1 − 2N)!N! |L − N, N − L; 0⟩, |ζ, [0]⟩_L = exp ( ζL^+_{[0]} ) exp^(L^3_{[0]} ln(1 + |ζ|^2)^) |L, −L⟩ = (4.105) = exp ( ζL^+_{[0]} ) exp^(L^3_{[0]} ln(1 + |ζ|^2)^) exp ( −ζ^∗L^−_{[0]} ) |L, −L⟩ ≡ ≡ exp ( κL^+_{[0]} − κ^∗L^−_{[0]} ) |L, −L⟩, ℵ^{[0]}_L (ζ) =^(1 + |ζ|^{2)−L} , čďě, ŕàĺ ζ = − tan ω 2 e^{−iψ} : κ = − ω 2 e^{−iψ} , (4.106)

|_L⟨ζ^′, [0] |ζ, [0]⟩_L|^2 = 1 − |ζ^′ − ζ|^2 (1 + |ζ^′|^2) (1 + |ζ|^2) 2L (L→∞) −→ 0. (4.107)

4.3 Ŕěàěåőď ł ”ăďàőŋŋőňã” ąăğĺáã

Ğăňěçăâěńìŋëň áćőľáâćőň ŕőáâàőěŋŋëå łőčěàěŋâŋëå áőáâőïŋĺľ ïćńïěâáï ćőğňőęŋőáâì ŕàěďěńìŋőčő ŕěàěåőďă ł ąăğĺáã çĺáâő ąőğőŋŋëå łőčěàěŋâŋëå áőáâőïŋĺľ. Ďěľáâćĺâěńìŋő, ĺňěï ććĺďã ĺğćěáâŋőě ŕàěďáâăćńěŋĺě Ţőńáâěľŋă-Ŕàĺňăłőćă [166] ďńï SU_T (2) čěŋěàăâőàőć ć ŕàěďáâăćńěŋĺĺ á äĺłáĺàőćăŋŋëň ŕőńŋëň ňőňěŋâőň L çěàěğ ąőğőŋŋëě őŕěàăâőàë àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï X^±:

G^± = X^{± √}2L − X^+X^− + (1 ∓ 1)/2, G^3 = X^+X^− − L, (4.108)

ăŋăńőčĺçŋő, ŕőńőęĺň ĺ ďńï SU_{[0,±]}(2) [161] ŕàĺ ι = ±, L → ∞ : G^3 → −L, G^± → X^± √ 2L, L^±_{[ι]} → Π^±_{[ι]} √ L, L^±_{[0]} → Π^±_{[0]} √ 2L, (4.109) η → α √ 2L , ξ → β √ L , ζ → γ √ 2L . Šőčďă, ć ŕàěďěńě łőňňãâăæĺőŋŋëě áőőâŋőèěŋĺï ďńï őŕěàăâőàőć ňőňěŋâőć (4.85), (4.95), (4.101), (4.102) ĺ łőčěàěŋâŋëě áőáâőïŋĺï (4.58), (4.98),

—136— (4.105) ŕàěćàăéăîâáï ć áâăŋďăàâŋëě ąőğőŋŋëě łőňňãâăæĺőŋŋëě áőőâŋőèěŋĺï ĺ ąőğőŋŋëě łőčěàěŋâŋëě áőáâőïŋĺï áőőâćěâáâćěŋŋő, ŋő ãęě ŕàĺ ι = 0, ±, äőàňĺàãï őąëçŋëě ”ĺğőáłăńïàŋőě” ĺ ”ĺğőćěłâőàŋőě” ąőğőŋŋëě ŕàěďáâăćńěŋĺï ŋăď ąőğőŋŋëň ćăłããňőň |0⟩_∞, ěáńĺ, ďńï ŋěłőâőàőčő Z_L,

lim_{L→∞} Z_L|L, −L⟩ =⇒ |0⟩_∞, âőčďă: (4.110) [ X^− , X^{+]} = 1, [ Π^−_{[ι]} , Π^+_{[ι}′_] ] = δ_{[ιι}′_], (4.111) Z_L|η⟩_L =⇒ exp^(−|α|^2/2^) exp^(αX^{+)} |0⟩_∞, (4.112) Z_L|ξ, [±]⟩_L =⇒ exp^(−|β|^2/2^) exp ( βΠ^+_{[±]} ) |0⟩_∞, (4.113) Z_L|ζ, [0]⟩_L =⇒ exp^(−|γ|^2/2^) exp ( γΠ^+_{[0]} ) |0⟩_∞. (4.114)

Śăň ŕàěďěńìŋëľ ŕěàěåőď L → ∞ ňőęŋő, âăłĺň őąàăğőň, ĺŋâěàŕàěâĺàőćăâì łăł ŕěàěåőď ł âěàňőďĺŋăňĺçěáłőňã ŕàěďěńã, áőŕàőćőęďăîéĺľ äăğőćëľ ŕěàěåőď ”łćăàłőćőľ” ňŋőčőçăáâĺçŋőľ áĺáâěňë ć ”ăďàőŋŋãî” ňŋőčőçăáâĺçŋãî áĺáâěňã.

Ĺŋâěàěáŋő őâňěâĺâì, çâő ŕàěďěńìŋëě ”ĺğőáłăńïàŋëě” ĺ ”ĺğőćěłâőàŋëě” čőńďáâőãŋőćáłĺě ąőğőŋë (4.111)-(4.114) őłăğăńĺáì áćïğăŋë á áőćěàèěŋŋő àăğńĺçŋëňĺ áěàĺïňĺ łőčěàěŋâŋëå áőáâőïŋĺľ ”łćăàłőćëå ŕăà”, őâćěçăîéĺå áãéěáâćěŋŋő àăğńĺçŋëň ŕőďčàãŕŕăň SU_T (2) ĺ SU_{[0,±]}(2) ŕőńŋőľ čàãŕŕë áĺňňěâàĺĺ čăňĺńìâőŋĺăŋă. İâő ŕőğćőńïěâ ŕàěďńőęĺâì ŕàőáâőľ áŕőáőą àěèěŋĺï ćőğňőęŋőčő ć íâőľ ňőďěńĺ ăŋăńőčă ĺğćěáâŋőľ U(1)- ŕàőąńěňë: őâáãâáâćĺï ć äĺğĺçěáłőň áŕěłâàě ňěğőŋőć ĺğőáłăńïàŋőčő čőńďáâőãŋőćáłőčő ąőğőŋă, ă ğăőďŋő ãłăğăâì ŋă ćőğňőęŋőě ŕàőĺáåőęďěŋĺě ćěńĺçĺŋë Z_L ć (4.113), (4.114). Ďńï íâőčő ğďěáì ďőáâăâőçŋő ŕőâàěąőćăâì, çâőąë äĺğĺçěáłĺě ”ăďàőŋŋëě” áőáâőïŋĺï ŋě ğăćĺáěńĺ őâ ŋăŕàăćńěŋĺï ěďĺŋĺçŋőčő ćěłâőàă n(η) = n(θ, ϕ) ć (4.58)-(4.61), â.ě., çâőąë ŋăąńîďăńĺáì âőńìłő áőáâőïŋĺï, ãáàěďŋěŋŋëě ŕő ćáěň ěčő ŋăŕàăćńěŋĺïň ďő ŕěàěåőďă ł âěàňőďĺŋăňĺçěáłőňã ŕàěďěńã L → ∞ (â.ě. V → ∞ ĺ/ĺńĺ Λ → ∞). Ŕàěďńăčăěňëľ àěæěŕâ ăŋăńőčĺçěŋ àěæěŕâã [47] ãáàěďŋěŋĺï ŕő ŕăàăňě-

—137— âàăň âőŕőńőčĺçěáłőčő ćëàőęďěŋĺï ćăłããňŋëå àěèěŋĺľ ďńï ŋěăąěńěćőľ łăńĺąàőćőçŋőľ âěőàĺĺ ć łőŋěçŋőň őąêěňě. Ŕőáłőńìłã, ãáàěďŋěŋĺě ãęě á ŕàőĺğćőńìŋőľ ćěáőćőľ äãŋłæĺěľ ρ_L^(|η|^{2)} ”ãąĺàăěâ” ĺğ ńîąőčő łőčěàěŋâŋőčő áőáâőïŋĺï (4.57) ćáě ”ĺğőáłăńïàŋëě” őŕěàăâőàë G^+ [161], őáâăćńïï âőńìłő ćăłããňŋőě áőáâőïŋĺě (4.53), (łőâőàőě, ć áĺńã (4.61), áăňő ïćńïěâáï łőčěàěŋâŋëň áőáâőïŋĺěň ”ćďőńì âàěâìěľ őáĺ”), ěě ňőęŋő ćëąàăâì âăł, çâőąë, ŕőňĺňő (4.110), (4.112), ŕàĺ ãáàěďŋěŋĺĺ á ňěàőľ dμ_L(η) = (2L + 1) d^2η π (1 + |η|^2)^2 , ∫ dμ_L(η) ρ_L^(|η|^{2)} |η⟩_L = Z_L |L, −L⟩. (4.115) Šăłőě ãáàěďŋěŋĺě ŋăćáěčďă ”åőàőŋĺâ” ć ŕàěďěńìŋőň ćăłããňŋőň áőáâőïŋĺĺ (4.110) ĺŋäőàňăæĺî ő ŋăŕàăćńěŋĺĺ ”ćăłããňŋőľ ŋăňăčŋĺçěŋŋőáâĺ” n(ϑ, φ) (4.43). Ć ĺâőčě, ŕàěďěńìŋëľ ŕěàěåőď őáâăćńïěâ âőńìłő łőčěàěŋâŋëě áőáâőïŋĺï (4.113), (4.114) ďńï ”ĺğőćěłâőàŋëå” őŕěàăâőàőć á J^3 = ±1, 0. Šăłĺň őąàăğőň, čĺńìąěàâőćë ŕàőáâàăŋáâćă ”ăďàőŋŋëå” łőčěàěŋâŋëå áőáâőïŋĺľ á àăğńĺçŋëňĺ ğŋăçěŋĺïňĺ ”ĺğőáŕĺŋă” őłăğëćăîâáï őŕàěďěńěŋŋëňĺ ŕàěďěńăňĺ áőćőłãŕŋőáâěľ àăğńĺçŋëå, ĺ, ćőőąéě čőćőàï, ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëå čĺńìąěàâőćëå ŕàőáâàăŋáâć łőčěàěŋâŋëå áőáâőïŋĺľ ”łćăàłőćëå ŕăà” áő ćáěćőğňőęŋëňĺ ğŋăçěŋĺïňĺ ĺ ŋăŕàăćńěŋĺïňĺ ”ćăłããňŋőľ æćěâőćőľ ŋăňăčŋĺçěŋŋőáâĺ”.

5 Ćëćőďë.

Ćëèě ŕőłăğăŋă ćőğňőęŋőáâì ďĺăčőŋăńĺğãěňőáâĺ ŋěàěńïâĺćĺáâáłőľ ŕőńěćőľ ňőďěńĺ çěâëàěåäěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï á ãçăáâĺěň ćěłâőàŋëå âőłőć, ć ”äăğě” áő áŕőŋâăŋŋëň ŋăàãèěŋĺěň áĺňňěâàĺĺ, ŋă ŕőńïå, áőďěàęăéĺå őŕěàăâőàë ĺ àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï. Ŕőńãçěŋ ïćŋëľ ćĺď ŕàĺçĺŋŋőľ äãŋłæĺĺ Čàĺŋă ĺ áćïğăŋŋëå á ŋěľ äěàňĺőŋŋëå łőŋďěŋáăâőć. Ŋăńĺçĺě ďőáâăâőçŋő ąőčăâőľ áĺňňěâàĺĺ ŕőğćőńĺńő: ŕőáâàőĺâì őąőąéěŋĺě łćăğĺáŕĺŋőćőľ ăńčěąàë, ŕàőáńěďĺâì ňěåăŋĺğňë ćőááâăŋőćńěŋĺï

—138— áĺňňěâàĺĺ ĺ ŕőďňěŋë őďŋőľ áŕőŋâăŋŋő ŋăàãèěŋŋőľ áĺňňěâàĺĺ ďàãčőľ, ŕàőłńăááĺäĺæĺàőćăâì àăğńĺçŋëě ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëě áěłâőàë ňőďěńĺ ŕãâěň ŕőáâàőěŋĺï ŕőďåőďïéĺå łőčěàěŋâŋëå áőáâőïŋĺľ. Ć âěàňőďĺŋăňĺçěáłőň ŕàěďěńě L = V/V^∗ → ∞ ć ďăŋŋőľ ňőďěńĺ ãďăńőáì ŕàőáńěďĺâì äăğőćëľ ŕěàěåőď ”łćăàłőćőľ” ňŋőčőçăáâĺçŋőľ áĺáâěňë ć ”ăďàőŋŋãî”, ŕàĺ łőâőàőň àăğńĺçŋëě ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëě áěłâőàă ŕőńŋőčő čĺńìąěàâőćă ŕàőáâàăŋáâćă ”łćăàłőćëå” áőáâőïŋĺľ ŕěàěåőďïâ ć ŕàőáâàăŋáâćă áőáâőïŋĺľ àăğńĺçŋëå ”ăďàőŋőć”, áőőâćěâáâćãîéĺå čőńďáâőãŋőćáłĺň ąőğőŋăň – ”ŕĺőŋăň” á àăğńĺçŋëň ”ĺğőâőŕáŕĺŋőň”:

Π^+_{[0,±]} ⇐= lim_{L→∞} ∫ d^3kA^†_α(k) ( w_{[0,±]} · σ^)_{αβ} √ 2L ~A^†_β(−k). (4.116)

Ŕàőćěďěŋŋëľ ãçěâ ćëàőęďěŋĺï ”ćăłããňŋëå áőáâőïŋĺľ” ŕő őâŋőèěŋĺî ł áĺňňěâàĺïň SU_{[0,±]}(2), őğŋăçăěâ çăáâĺçŋőě ćőááâăŋőćńěŋĺě ŋă łćăŋâőćőň ãàőćŋě őâňěçěŋŋőľ àăŋěě ŋěàăğńĺçĺňőáâĺ čàãŕŕ SU_T (2) ĺ SU_J (2), łăł áĺňňěâàĺľ čăňĺńìâőŋĺăŋă (4.4), ŕőáłőńìłã, ĺ ŕàĺ ŋăńĺçĺĺ áŕőŋâăŋŋőčő ŋăàãèěŋĺï őďŋőľ ĺğ ŋĺå ŋěćőğňőęŋő ãłăğăâì, łăłăï ĺňěŋŋő ĺğ ŋĺå ŋăàãèěŋă. Őďŋăłő, ěáńĺ ŋăğćăâì ŋăàãèěŋŋãî áĺňňěâàĺî SU_T (2), âő őáâăćèăïáï ŋěŋăàãèěŋŋőľ áĺňňěâàĺï ąãďěâ őŕàěďěńïâì łńăááĺäĺłăæĺî áőőâćěâáâćãîéĺå čőńďáâőãŋőćáłĺå ąőğőŋőć ĺ, ć íâőň áňëáńě, őŋă ěáâì áĺňňěâàĺï SU_J (2). Łàőňě âőčő, ĺğ äőàňãń (4.33), (4.47) ïćáâćãěâ, çâő ŕàěőąàăğőćăŋĺě Ąőčőńîąőćă (4.15), (4.16) áŕőŋâăŋŋő ŋăàãèăěâ SU_T (2) áĺňňěâàĺî čăňĺńìâőŋĺăŋă æěŋőľ ïćŋőčő ŋăàãèěŋĺï áőőâćěâáâćãîéĺå âàăŋáäőàňăæĺőŋŋëå áćőľáâć äěàňĺőŋŋőčő ŕőńï. Ć çăáâŋőáâĺ, ĺŋâěàŕàěâăæĺï^~A^†_α łăł őŕěàăâőàă àőęďěŋĺï ăŋâĺçăáâĺæë ł A^†_α ć íâőľ áãčãąő ŋěàěńïâĺćĺáâáłőľ ňőďěńĺ, ć őâáãâáâćĺě ğăàïďőćőčő áőŕàïęěŋĺï, ïćńïěâáï ãáńőćŋőľ; äěàňĺőŋŋőě ČŔ (4.33) ŋě ïćńïěâáï őąëçŋëň ŋěàěńïâĺćĺáâáłĺň ŕàěďěńőň àěńïâĺćĺáâáłőčő ąĺáŕĺŋőàŋőčő ČŔ ćĺďă (4.2).

Čńăćă 5

Ďćãåçăáâĺçŋëě áőáâőïŋĺï ĺ ŕěàěŋőàňĺàőćłă âőŋłőľ ŕőďáâàőľłőľ.

Ć íâőľ čńăćě ĺááńěďãîâáï őďŋő- ĺ ďćãåçăáâĺçŋëľ áěłâőà ŕàěďńőęěŋŋőľ ćëèě ňőďěńĺ. Řăğćĺâă ŕàőæěďãàă ŕěàěŋőàňĺàőćłĺ ŕãâěň ”âőŋłőľ ŕőďáâàőľłĺ” ğăćĺáĺňőáâĺ ”čőńëå” ŕăàăňěâàőć (ňăááë ĺ łőŋáâăŋâë áćïğĺ) őâ őąàěğăŋĺï ĺ ŕőáńěďãîéěčő ŕàěďěńìŋőčő ŕěàěåőďă Λ → ∞. Ŕőłăğăŋő, łăł íâőâ àěæěŕâ Λ-őąàěğăŋĺï ćňěáâě á âőŋłőľ ŕőďáâàőľłőľ ŕàĺćőďĺâ ł âőçŋëň àěèěŋĺïň ďńï ćőńŋőćëå äãŋłæĺľ ĺ íŋěàčěâĺçěáłĺå áŕěłâàőć áőąáâćěŋŋëå áőáâőïŋĺľ čăňĺńìâőŋĺăŋă ć őďŋő- ĺ ďćãåçăáâĺçŋőň áěłâőàăå. Ć áĺáâěňě áő áŕőŋâăŋŋő ŋăàãèěŋŋőľ áĺňňěâàĺěľ ãáâăŋőćńěŋ áŕěłâà íŋěàčĺĺ ĺ áâàãłâãàă áćïğăŋŋëå áőáâőïŋĺľ áőőâćěâáâćãîéĺå áőáâăćŋëň čőńďáâőãŋőćáłĺň ąőğőŋăň.

1 Čőńďáâőãŋőćáłĺě ąőğőŋë ĺ čăńĺńěěćáłăï ĺŋćăàĺăŋâŋőáâì.

Ćğăĺňőďěľáâćĺě ňěęďã ćáěňĺ çăáâĺæăňĺ ć áĺáâěňăå B ĺ C âăłőě ęě łăł ďńï AA,^~A^~A – łăŋăńőć ć áĺáâěňě A. Ŕőíâőňã áőáàěďőâőçĺňáï ŋă ŕő-

—140— áńěďŋěľ. Ďăńěě BB őğŋăçăěâ BB,^~B^~B, B^~B ĺ ăŋăńőčĺçŋëľ áňëáń ĺňěěâ CC. Őŕàěďěńïï ïďàă ćğăĺňőďěľáâćĺľ (4.23) ĺ ďćãåçăáâĺçŋëě íŋěàčĺĺ łăł:

K^{(QQ′)}(s, k) = K^P_{{±}}(s, k), ďńï QQ^′ = { ~A ~A, AA, BB, CC A ~A } áőőâćěâáâćěŋŋő, −2K^P_{{±}}(s, k) = V^∗ (2π)^3 · 2g (2mc)^2 [ (s + k)^2 + Z^P_{{±}}^] , (5.1) Z^P_{{±}} = {±}(2mc)^2 − P^2, (5.2) E^{QQ′}_2 (P, k) = E_Q ( P 2 + k ) + E_Q′ ( P 2 − k ) = E_{2{±}}(P, k), (5.3) E_{2{±}}(P, k) ≡ 2g (2mc)^2 [ <<k^2>> + Z^P_{{±}} + k^2 + 5 4 P^2 ] + Θ_{{±}}, čďě

Θ_{{+}} = ± [ 4g − E( P 2 + k) − E( P 2 − k) ]

± [ 12g − E( P 2 + k) − E( P 2 − k) ] , ďńï QQ^′ = ~A^~A BB CC AA ,

Θ_{{−}} = [ E( P 2 + k) − E( P 2 − k) ] , ďńï QQ^′ = A^~A.

ňőęŋő, łăł ć Čńăćě 2, áäőàňãńĺàőćăâì ğăďăçã ŋă áőąáâćěŋŋëě ğŋăçěŋĺï àěďãæĺàőćăŋŋőčő čăňĺńìâőŋĺăŋă^^H (4.17) ć ŕàőáâàăŋáâćě Ťőłă, ŕőáâàőěŋŋőň ŕő ěčő łĺŋěâĺçěáłőľ çăáâĺ^^H_0 (4.22): ^H | R^{±(QQ′)} αβ (P, q)⟩ = E^{QQ′}_2 (P, q) | R^{±(QQ′)}_{αβ} (P, q)⟩, (5.4) ^H | B^{P(QQ′)} αβ ⟩ = M^{QQ′}_2 (P) | B^{P(QQ′)}_{αβ} ⟩, M^{QQ′}_2 (P) = E^{QQ′}_2 (P, q = ib), | R^{±(QQ′)} αβ (P, q)⟩ = ∫ d^3k Φ^{±QQ′}_{Pq} (k) | R^{0(QQ′)}_{αβ} (P, k)⟩, (5.5) | B^{P(QQ′)} αβ ⟩ = ∫ d^3k Φ^{QQ′}_{Pb} (k) | R^{0(QQ′)}_{αβ} (P, k)⟩, (5.6) | R^{0(QQ′)} αβ (P, k)⟩ = Q^†_α( P 2 + k) Q^{′†}_β ( P 2 − k) |0⟩, čďě Q, Q^′ őğŋăçăîâ őŕěàăâőàë àőęďěŋĺï A,^~A, ĺńĺ B,^~B, ĺńĺ C,^~C, ć âěàňĺŋăå ãàăćŋěŋĺï Ÿàěďĺŋčěàă ďńï áőőâćěâáâćãîéĺå ćőńŋőćëå äãŋłæĺľ

—141— àăááěïŋĺï ĺ áćïğăŋŋëå áőáâőïŋĺľ: [ E^{QQ′}_2 (P, k) − M^{QQ′}_2 (P) ] Φ^{QQ′}_{Pb} (k) = −2 ∫ d^3s Φ^{QQ′}_{Pb} (s) K^{(QQ′)}(s, k). (5.7)

Őąàěğăï àăáåőďïéĺľáï ĺŋâěčàăń áŕàăćă ŋă ćěńĺçĺŋě Λ, ĺ ĺáŕőńìğãï őŕàěďěńěŋĺï (4.19), (4.21), (5.3) á âěň ęě ğŋăçěŋĺěň Λ (áňőâàĺ Ćëćőďë ć čńăćě 1), ŋě âàãďŋő ãąěďĺâìáï [108], [110], çâő, ŕàĺ m(Λ) → ∞ ćňěáâě á Λ → ∞, íâő ãàăćŋěŋĺě ć áńãçăě {−}, ŕàăłâĺçěáłĺ ŋěğăćĺáĺňő őâ ïćŋőčő ćĺďă ”čőńőčő” áŕěłâàă E(k) őąńăďăěâ ŕàőáâëň àěèěŋĺěň: Φ^{A ~A}_{PbG} (k) = const_G, M^{A ~A}_{2G} (P) = 5 4 2gP^2 (2mc)^2 =⇒ 5 4 P^2 M_0

, M_0 = lim_{Λ→∞}

(2mc)^2 2g . (5.8) Őŋő ŕàěďáâăćńïěâ çěâëàě ďćĺęãéĺåáï čőńďáâőãŋőćáłĺå áőáâőïŋĺï á őąëçŋëň ňăčŋőŋŋëň áŕěłâàőň [167] ć ŕàěďěńě ďńĺŋëå ćőńŋ ĺńĺ ŕńőâŋőľ áŕĺŋőćőľ àěèěâłĺ, á ňăááăňĺ m_G = (2/5)M_0, çìĺ őŕěàăâőàë àőęďěŋĺï ŕàĺ const_G = 1 őŕàěďěńïîâáï (5.6) ć ćĺďě:

G^+_{αβ}(P) = ∫ d^3k A^†_α( P 2 + k)^~A^†_β( P 2 − k), (5.9)

ďěňőŋáâàĺàãï ïćŋãî čăńĺńěěćáłãî ĺŋćăàĺăŋâŋőáâì íâĺå áőáâőïŋĺľ, ŋěáňőâàï ŋă âő, çâő ĺáåőďŋëľ čăňĺńìâőŋĺăŋ (4.4), (5.1) ĺğ-ğă çńěŋă á ćěłâőàŋëň âőłőň J^a(x) ěî ïćŋő ŋě őąńăďăěâ. Ŕàĺ P = 0 őŋĺ áćőďïâáï ł (4.45) ĺ âőçŋő łőňňãâĺàãîâ (4.46) á čăňĺńìâőŋĺăŋőň (4.4), â.ě. ãàăćŋěŋĺě (5.7) ďńï íâőčő àěèěŋĺï ãďőćńěâćőàïěâáï âőęďěáâćěŋŋő ďăęě ŕàĺ łőŋěçŋëå Λ (áň., őďŋăłő, ŋĺęě, ŕãŋłâ 2.4)! Ďőŕőńŋĺâěńìŋëě ãáńőćĺï ŋãęŋë ńĺèì ŕàĺ P ≠ 0:

lim_{Λ→∞} m(Λ) → ∞, E(k) = E_0 + mc^2h(ζ^2), h^′(0) < ∞, (5.10) ζ = k mc , lim_{k→∞} [ E( P 2 + k) − E( P 2 − k) ] · k^{−2} = 0.

Őŋĺ ćëŕőńŋïîâáï ďńï ćěáìňă èĺàőłőčő łńăááă áŕěłâàőć, ćłńîçăï łăł àěńïâĺćĺáâáłĺľ h(z) = √ 1 + z, âăł ĺ ŋěàěńïâĺćĺáâáłĺľ h(z) = z/2. Ŋőà-

—142— ňĺàőćłă ćőńŋőćőľ äãŋłæĺĺ (5.8) ŋă (ąőńìèőľ) łőŋěçŋëľ ŕàőáâàăŋáâćěŋŋëľ őąêěň V ăćâőňăâĺçěáłĺ ŕàĺćőďĺâ ł ćëàăęěŋĺî (4.116) ďńï íâőčő őŕěàăâőàă àőęďěŋĺï (ć ąěáłőŋěçŋőň őąêěňě V −→ (2π)^3): Φ^{A ~A}_{PbG} (k) = const_G = V^∗ V ≡ 1 √ L , ψ_{bG} (x) = √ V^∗δ_3(x). (5.11)

Ŕőďçěàłŋěň, çâő íâő, – ć őŕàěďěńěŋŋőň áňëáńě, őąőąéěŋŋőě (áň. áńěďãîéãî čńăćã) àěèěŋĺě, ć áĺńã (5.1)-(5.3), ïćńïěâáï âőçŋëň ć áĺáâěňě ŕőłőï âőńìłő ć A^~A – łăŋăńě áĺáâěňë Ă, ĺ çâő çăáâĺæë, áőőâćěâáâćãîéĺě íâĺň čőńďáâőãŋőćáłĺň áőáâőïŋĺïň, őáâăńĺáì ąë ŋěŕőďćĺęŋëňĺ ć őâáãâáâćĺĺ ćğăĺňőďěľáâćĺï ćěłâőàŋëå âőłőć J^a(x) (4.3) ć (4.4), â.ě. ŕàĺ c = ∞.

Ńîąőŕëâŋő, çâő ăŋăńőčĺçŋőě (4.4), (5.1) őďŋőňěàŋőě ćğăĺňőďěľáâćĺě (ąőğőŋŋëå) ćěłâőàŋëå âőłőć âăłęě ŋěŕőáàěďáâćěŋŋő ŕàĺćőďĺâ ł áőąáâćěŋŋőňã áćïğăŋŋőňã áőáâőïŋĺî á ŕőńŋőľ íŋěàčĺěľ ćĺďă (5.8), ăááőæĺĺàãěňőňã á łńăááĺçěáłĺň ďćãåáőńĺâőŋŋëň àěèěŋĺěň [168].

Śãéěáâćőćăŋĺě łőŋěçŋőčő ŋěŋãńěćőčő ŕàěďěńă ďńï ćěńĺçĺŋë M_0 ć (5.8) őğŋăçăěâ őŕàěďěńěŋŋãî ”âőŋłãî ŕőďáâàőľłã” ğăćĺáĺňőáâĺ őâ Λ ã ğăâàăćőçŋëå ňăááë ĺ łőŋáâăŋâë áćïğĺ. Łăł ąãďěâ ŕőłăğăŋő ŋĺęě, áőőâćěâáâćãîéĺľ ŕőńîá ãęě ć half-shell-T-ňăâàĺæě, ć ŕàĺŋïâëå ćëèě ãáńőćĺïå, ć âőçŋőáâĺ ŕăàăňěâàĺçěáłĺ áőłàăéăěâáï, çâő ŕőğćőńïěâ, ć ŕàĺŋæĺŕě, ĺŋâěàŕàěâĺàőćăâì íâő áőáâőïŋĺě łăł áćïğăŋŋőě áőáâïŋĺě, ŕőčàãęěŋŋőě ć łőŋâĺŋããň ([169] áâà. 246), åőâï áăňă Š-ňăâàĺæă ć íâőň áńãçăě ĺáçěğăěâ ŕàĺ Λ → ∞. Őďŋăłő, ŋěŕőáàěďáâćěŋŋăï ĺŋâěàŕàěâăæĺï àěèěŋĺï (5.8) łăł áćïğăŋŋőčő áőáâőïŋĺï őáńőęŋïěâáï âěň çâő ěčő ćőńŋőćăï äãŋłæĺï (5.11) ŋě ňőęěâ ąëâì ŋőàňĺàőćăŋă áâăŋďăàâŋëň őąàăğőň, åőâï äĺğĺçěáłĺ őŋă, łăğăńőáì ąë, ŕàőáâő őğŋăçăěâ, çâő łőňŕâőŋőćáłăï ďńĺŋă ćőńŋë çăáâĺæë ğŋăçĺâěńìŋő ąőńìèě ěě åàăłâěàŋőčő àăğňěàă [51]. Ŋă áăňőň ďěńě čőńďáâőãŋőćáłăï ňőďă, ŕàőïćńïîéăïáï łăł áćïğăŋŋőě áőáâőïŋĺě á ŋãńěćőľ íŋěàčĺěľ áćïğĺ ŕàĺ ŋãńěćőň őàąĺâăńìŋőň ňőňěŋâě, ć ŕàĺŋæĺŕě

—143— ŋě ňőęěâ ŕőïćĺâìáï łăł őąëçŋőě łćăďàăâĺçŋő ĺŋâěčàĺàãěňőě àěèěŋĺě (ŋěàěńïâĺćĺáâáłőčő) ãàăćŋěŋĺï Ÿàěďĺŋčěàă ŋĺ á łăłĺň łőàőâłőďěľáâćãîéĺň ŕőâěŋæĺăńőň, çâő ŕàőïćńïěâáï, ć çăáâŋőáâĺ, ć ĺğćěáâŋőľ âěőàěňě Ńěćĺŋáőŋă [170].

Ć áńěďãîéěľ čńăćě íâőâ ćőŕàőá ąãďěâ àăááňőâàěŋ ć àăňłăå âěőàĺĺ àăáèĺàěŋĺľ őŕěàăâőàőć á ćëåőďőň ć ŕàőáâàăŋáâćă á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ.

2 Ŕěàěŋőàňĺàőćłă âőŋłőľ ŕőďáâàőľłőľ.

2.1 Őďŋőçăáâĺçŋëľ áěłâőà.

Śőčńăáŋő (4.21), łćăďàăâĺçŋăï äőàňă ”čőńőčő” őďŋőçăáâĺçŋőčő áŕěłâàă âàăŋáäőàňĺàãěâáï ć áńěďãîéĺě łćăďàăâĺçŋëě ęě ŕěàěŋőàňĺàőćăŋŋëě áŕěłâàë ďńï àăğńĺçŋëå áĺáâěň: E(k) = k^2 2m + E_0 −→ E^{(±)}_Q (k) = k^2 2M^{(±)}

+ E^{(±)}_{Q0} , (5.12)

E^{(±)}_{Q0} = g <<k^2>> (2mc)^2

+ c^{(±)}_Q ∓ E_0, c^{(±)}_A ≡ c^{_{~A} A } = −1 ± 4, c^{_{C(+)} B(−) } = 3 ± 4, 1 2M^{(±)} = g (2mc)^2 ∓ 1 2m , λ_0 = λM^{(±)} 2 , μ_0 = λ_0 (2mc)^2 ≡ μM^{(±)} 2 . (5.13)

Ĺŋďěłáë (±) ĺ/ĺńĺ {±} ć őçěćĺďŋëå áńãçăïå ć ďăńìŋěľèěň őŕãáłăîâáï. Ďńï äĺłáăæĺĺ ğăćĺáĺňőáâĺ őâ őąàěğăŋĺï ãďőąŋő ććěáâĺ ąěğàăğňěàŋãî íääěłâĺćŋãî ”łőŋáâăŋâã áćïğĺ” ćěłâőàŋőčő âőłă: γ ≡ γ^{(±)}_{{±}}(Λ), γ_{{−}} ≡ 1, γ^{(±)}_{{+}}(Λ) = 1 ± M^{(±)} m = 2M^{(±)}g (2mc)^2 = μ_0 V^∗ =⇒ 1 ∓ c^√ν(Λ) ΛG(Λ) −1 , (5.14) ĺ äãŋłæĺĺ: (2mc)^2 = Λ^2ν(Λ), g(Λ) = Λ^2G(Λ), E_0(Λ) = Λ^2ϵ(Λ), (5.15) čďě ŕàĺŋïâő: G(Λ) = G_0 +

G_1 Λ + G_2 Λ^2

+ · · · , (5.16)

—144— ν(Λ) = ν_0 + ν_1 Λ + ν_2 Λ^2

+ · · · , ϵ(Λ) = ϵ_0 + ϵ_1 Λ + ϵ_2 Λ^2 + · · · , γ^{(±)}_{{+}}(Λ) = γ^{(±)}_{0{+}} + γ^{(±)}_{1{+}} Λ + · · · , M^{(±)}(Λ) = M^{(±)}_0 +

M^{(±)}_1 Λ + · · · , âőčďă E^{(±)}_{Q0} (Λ) = Λ^2 G(Λ) 3 5ν(Λ)

+ c^{(±)}_Q ∓ ϵ(Λ) , (5.17)

Ŋĺęě ąãďěâ ŕőłăğăŋő, çâő ğăćĺáĺňőáâì g(Λ) áćïğăŋă, ćőőąéě čőćőàï, á ãáńőćĺïňĺ ŕěàěŋőàňĺàőćłĺ ďćãåçăáâĺçŋőľ ğăďăçĺ. Šőčďă łăł ŕàĺ ğăďăŋŋőľ g(Λ) ćáěčďă ňőęŋő ŕőďőąàăâì ğăćĺáĺňőáâì ”čőńëå” ćěńĺçĺŋ m(Λ), E_0(Λ) őâ ŕăàăňěâàă őąàěğăŋĺï Λ, âăł çâőąë ŕěàěŋőàňĺàőćăŋŋëě ćěńĺçĺŋë M(Λ), E_{Q0}(Λ) őáâăćăńĺáì łőŋěçŋëňĺ ŕàĺ Λ → ∞. Ŕàĺŋïâëľ ğďěáì ćĺď íâőľ ğăćĺáĺňőáâĺ (5.15), (5.16) áőčńăáőćăŋ łăł á ãáńőćĺïňĺ áãéěáâćőćăŋĺï čőńďáâőãŋőćáłĺå àěèěŋĺľ (5.10), âăł ĺ á áőőąàăęěŋĺïňĺ àăğňěàŋőáâĺ ĺ ”ăćâőňőďěńìŋőáâĺ” íâĺå ŕěàěŋőàňĺàőćăŋŋëå ćěńĺçĺŋ, ĺ, łăł áâăŋěâ ïáŋő ďăńěě, á ãáńőćĺěň čăńĺńěěćáłőľ ĺŋćăàĺăŋâŋőáâĺ, ĺ, ďńï G_0, ν_0 ≠ 0, ∞, ŕàĺćőďĺâ ł łőŋěçŋëň ğŋăçěŋĺïň ďńï:

γ^{(±)}_{0{±}} = 1, γ^{(±)}_{1{+}} = ± c √ ν_0 G_0

, M^{(±)}_{0{±}} = M_0 = ν_0 2G_0

, (5.18)

E^{(±)}_{Q0} (Λ) = Λ^2 [ G_0 ( 3 5ν_0

+ c^{(±)}_Q ) ∓ ϵ_0 ] + Λ [ G_1 ( 3 5ν_0

+ c^{(±)}_Q ) ∓ ϵ_1 −

3G_0ν_1 5ν^2_0 ]

+ G_2 ( 3 5ν_0

+ c^{(±)}_Q ) ∓ ϵ_2 − 3 5 G_0ν_2 + G_1ν_1 ν^2_0 − G_0ν^2_1 ν^3_0

. (5.19)

Śńěďőćăâěńìŋő, ãáńőćĺï ŕěàěŋőàňĺàőćłĺ ć őďŋőçăáâĺçŋőň áěłâőàě ŕőďàăğãňěćăîâ, çâő ćëàăęěŋĺï ć ŕěàćëå ĺ ćâőàëå łćăďàăâŋëå áłőąłăå (5.19) ĺáçěğăîâ. Łăł ŕőłăğăŋő ć áńěďãîéěň ŕãŋłâě, ğŋăçěŋĺě ν_0 ďĺłâãěâáï ãáńőćĺïňĺ ŕěàěŋőàňĺàőćłĺ ć ďćãåçăáâĺçŋőň áěłâőàě, çâő ďńï QQłăŋăńőć, – áńãçăľ {+}, ŕàĺćőďĺâ ł ćëàăęěŋĺïň: E_{{+}}(k) ≡ E ~A B C A (k) = k^2 + ν_2 2M_0 − 5 3 ν_1 ( G_1 − ν_1 2M_0 ) + ±(2G_2 − ϵ_2) ±(6G_2 − ϵ_2) ,

—145—

ďńï: ( ϵ_0 = 2G_0, ϵ_1 = 2G_1 ± ν_1 2M_0 ) ( ϵ_0 = 6G_0, ϵ_1 = 6G_1 ± ν_1 2M_0 ) , ŕàĺ ν_0 = − 3 5 , (5.20)

čďě çěâëàě ŕőğĺæĺĺ áńěćă áőőâćěâáâćãîâ çěâëàěň ŕőğĺæĺïň áŕàăćă. Ć ŕàőâĺćőŕőńőęŋőáâì íâőňã, ďńï A^~A-łăŋăńă, – ć áńãçăě {−}, âàěąőćăŋĺě łőŋěçŋőáâĺ őďŋőćàěňěŋŋő őąőĺå őďŋőçăáâĺçŋëå áŕěłâàőć E^{(±)}_A (k) (4.35) ŕàĺ Λ → ∞ ŋěğăćĺáĺňő ŕàĺćőďĺâ ł ãáńőćĺïň

γ_{{−}} ≡ 1, M^{(±)}_{0{−}} ≡^~M_0 =^~ ν_0 2G_0

, ~ν_0 = 3 5 , ~ν_1 = 0, ~ϵ_{0,1} = 4G_{0,1}, (5.21)

âàěâìě ĺğ łőâőàëå áőćŕăďăěâ á ŋăľďěŋŋëň ŋĺęě ãáńőćĺěň ŕěàěŋőàňĺàőćłĺ ć ďćãåçăáâĺçŋőň áěłâőàě (5.43), (5.51). Ŕàĺ íâőň őŋĺ ĺňěîâ ćĺď:

E_{{−}}(k) = E^{(±)}_A (k) ≡^~E^{_{~A} A }(k) = k^2 − ν_2 2^~M_0

± (4G_2 − ϵ_2), (5.22)

ĺ áćőďïâáï ł áâăŋďăàâŋëň ŕěàěŋőàňĺàőćăŋŋëň áŕěłâàăň ć áàěďě:

E^{(±)}_A (k) =⇒ k^2 2^~M_0

+^~Mc^2 ±^~μ_A, ěáńĺ, ŕőňĺňő (5.21), ŕőńőęĺâì: (5.23) ~ν_2 =⇒ −2^~M_0^~Mc^2 < 0, 4G_2 −^~ϵ_2 =^~μ_A, (åĺňĺçěáłĺľ ŕőâěŋæĺăń). (5.24)

Ŕăàăňěâà^~M ĺňěěâ áňëáń ĺŋěàâŋőľ ňăááë äĺğĺçěáłőčő ”łćăàłă”, łőâőàăï, ć áőőâćěâáâćĺĺ á ”ŋěĺğńěçĺňő” ŋěàěńïâĺćĺáâáłĺň åăàăłâěàőň ňőďěńĺ (áň. Ććěďěŋĺě), ŋě őąïğăŋă áőćŕăďăâì á ěčő íääěłâĺćŋőľ łĺŋěâĺçěáłőľ – łőŋáâĺâãěŋâŋőľ ňăááőľ^~M_0, ĺ ćŕőńŋě ňőęěâ ąëâì ňŋőčő ňěŋìèě ŋěě, – ŕőàïďłă âőłőćőľ ňăááë áőőâćěâáâćãîéěčő łćăàłă,^~M ≪^~M_0. Šăłĺě äĺğĺçěáłĺě ”łćăàłĺ” ăŋăńőčĺçŋë łćăğĺçăáâĺæăň ć âěőàĺĺ łőŋďěŋáĺàőćăŋŋőčő áőáâőïŋĺï [160] ĺ ŋě ňőčãâ ŕőńãçăâìáï ĺğ âőłőćëå łćăàłőć ŕő âěőàĺĺ ćőğňãéěŋĺľ ŁŢĎ [101]. Őŋĺ ĺňěîâ áňëáń ńĺèì łăł ”ďĺăčőŋăńĺğãîéĺě łőŋáâĺâãěŋâë”, äőàňĺàãîéĺě âőńìłő ňěďńěŋŋő ďćĺęãéĺěáï áćïğăŋŋëě áőáâőïŋĺï á ŋěàěńïâĺćĺáâáłĺňĺ ĺňŕãńìáăňĺ P^2_h ≪ 2^~M_0^~Mc^2. İâő ãáńőćĺě ĺ (5.24) áćïğăŋë âăłęě á ĺŋâěàŕàěâăæĺěľ čőńďáâőãŋőćáłőľ ňőďë ć âěőàĺĺ àăáèĺàěŋĺľ (6.119), őąáãęďăěňőľ ć áńěďãîéěľ čńăćě.

—146—

2.2 Ďćãåçăáâĺçŋëľ áěłâőà.

Ć łőőàďĺŋăâŋőň ŕàěďáâăćńěŋĺĺ ãàăćŋěŋĺě (5.7) ďńï őąőĺå ćăàĺăŋâőć {±} ć (5.1)-(5.3) áőďěàęĺâ áĺńìŋő áĺŋčãńïàŋëľ áőáàěďőâőçěŋŋëľ ŕőâěŋæĺăń ćğăĺňőďěľáâćĺï ĺ ďńï áőáâőïŋĺľ àăááěïŋĺï ć (5.4)-(5.6) ĺňěěâ ćĺď: ( −∇^2 − q^{2)} ψ_q(x) = δ_3(x)N_1(q) − ∇^2δ_3(x)N_2(q) − 2μ_0 ((∇ψ_q)(0) · ∇δ_3(x)) , N_1(q) ≡ ({±}λ_0 − μ_0P^2)ψ_q(0) − μ_0(∇^2ψ_q)(0), N_2(q) ≡ μ_0ψ_q(0). (5.25) Ğďěáì ŕěàćëľ ĺ ćâőàőľ çńěŋë áŕàăćă áőğďăîâ ćğăĺňőďěľáâćĺě ć áőáâőïŋĺĺ á őàąĺâăńìŋëň ňőňěŋâőň l = 0, ă âàěâĺľ çńěŋ ŕàĺćőďĺâ ł ćğăĺňőďěľáâćĺî âőńìłő ć áőáâőïŋĺïå á l = 1.

Ć áńěďãîéěľ čńăćě íâőâ áĺńìŋő áĺŋčãńïàŋëľ ŕőâěŋæĺăń àăááňőâàěŋ ňěâőďăňĺ âěőàĺĺ àăáèĺàěŋĺľ áĺňňěâàĺçŋëå őŕěàăâőàőć á ćëåőďőň ć ŕàőáâàăŋáâćă á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ, àăğćĺâëňĺ ć àăąőâăå [16]-[25]. Őďŋăłő, ŕàĺ μ_0 = 0, â.ě. c → ∞, M → m, čăňĺńìâőŋĺăŋ (4.4) áćőďĺâáï ł čăňĺńìâőŋĺăŋã (2.42), ă ãàăćŋěŋĺě (5.25) áćőďĺâáï ł ãàăćŋěŋĺî Ÿàěďĺŋčěàă á áĺŋčãńïàŋëň ďěńìâă-ŕőâěŋæĺăńőň. Ŕőíâőňã ĺďěî âőŋłőľ ŕőďáâàőľłĺ ňőęŋő, ŕőňĺňő [12], ŕőçěàŕŋãâì äăłâĺçěáłĺ ãęě ć őáŋőćőŕőńăčăîéěľ àăąőâě [13] ŕő íâőňã áĺŋčãńïàŋőňã ãàăćŋěŋĺî: ( −∇^2 − q^{2)} ψ_q(x) = λ_0δ_3(x)ψ_q(x) = λ_0δ_3(x)ψ_q(0). (5.26) Ć ĺňŕãńìáŋőň ŕàěďáâăćńěŋĺĺ ěčő äőàňăńìŋëě àěèěŋĺï ďńï áćïğăŋŋëå áőáâőïŋĺľ ĺ àăááěïŋĺï ĺňěîâ ćĺď (2.66), (2.67), (2.70), (2.72):

ψ^±_q (x) = ∫ d^3k (2π)^3 e^{i(kx)} Φ^±_{Pq}(k), ψ_b(x) = ∫ d^3k (2π)^3 e^{i(kx)} Φ_{Pb}(k), (5.27)

Φ^±_{Pq}(k) = δ_3(k − q) + λ_0ψ^±_q (0) (k^2 − q^2 ∓ i0)

, Φ_{Pb}(k) = λ_0ψ_b(0) k^2 + b^2

, (5.28)

čďě ŕăàăňěâà b, q → ib – őŕàěďěńïěâ íŋěàčĺî áćïğĺ. Ŕőďáâăćńïï ĺå ć áâăŋďăàâŋëě ãáńőćĺï ŋőàňĺàőćłĺ: ∫ d^3k Φ^{±∗}_{Pp}(k) Φ^±_{Pq}(k) = δ_3(p − q), ∫ d^3k |Φ_{Pb}(k)|^2 = (2π)^3, (5.29) ĺňěěň:^[λ_0ψ^±_q (0)^{]−1} −^[λ^∗_0ψ^{±∗}_p (0)^{]−1} = −2π^2 [±iq − (±ip)^∗] , ă, ŕàĺ b > 0, λ_0ψ_b(0) = √ 8πb. (5.30)

Őâáîďă ćĺďŋő, çâő ŕàĺ ńîąőň Im b = 0 ňőęŋő ğăŕĺáăâì: [ λ_0ψ^±_q (0)^{]−1} = −2π^2(b ± iq), čďě sign(b)^{ćğăňěŋ}−→ sign(λ_0), (5.31)

â.ě. ć ďőŕőńŋĺâěńìŋëå čàăŋĺçŋëå ãáńőćĺïå ć âőçłě x = 0 (5.30), (5.31) ěáâěáâćěŋŋő ćőğŋĺłăěâ ŕàőĺğćőńìŋëľ ćěéěáâćěŋŋëľ ŕăàăňěâà (áăňőáőŕàïęěŋŋőčő àăáèĺàěŋĺï) b. Ć âőęě ćàěňï, ŋĺ λ_0 ŋĺ ψ(0), ć őâńĺçĺě őâ ĺå ŕàőĺğćěďěŋĺï, ŋě ĺňěîâ áňëáńă ŕő őâďěńìŋőáâĺ. Şàăćŋěŋĺě ęě ŋă áćïğăŋŋőě áőáâőïŋĺě (2.69) (ěáńĺ âăłőćőě áãéěáâćãěâ), ŕàĺ ŋăńĺçĺĺ ŕàőæěďãàë őąàěğăŋĺï ŕàěćàăéăěâáï ć ãáńőćĺě àăğňěàŋőľ âàăŋáňãâăæĺĺ [103], [104] ”čőńőľ” łőŋáâăŋâë áćïğĺ ĺ ŕăàăňěâàă őąàěğăŋĺï Λ ć ŋěĺğćěáâŋëľ àăğňěàŋëľ ŕăàăňěâà áćïğăŋŋőčő áőáâőïŋĺï b. Šăłĺň őąàăğőň, íâő ęě àěèěŋĺě (5.28), (5.30), (5.31), ŕőńãçěŋŋőě á ĺáŕőńìğőćăŋĺěň ŕàőæěďãàë Λ-őąàěğăŋĺï, ŕőďàăğãňěćăěâ “âőŋłãî ŕőďáâàőľłã” ć ćĺďě ŕőďáâăŋőćłĺ ĺ ćëçĺâăŋĺï:

1 = λ_0 ∫ k<Λ d^3k (2π)^3 1 (k^2 + b^2) = λ_0 4π ( 2 π Λ − b ) , çâő íłćĺćăńěŋâŋő: (5.32) b = 2 π Λ − 4π λ_0

, ĺńĺ λ_0 → λ_0(Λ) ≃

2π^2 Λ + π^3b Λ^2

+ . . . . (5.33)

Šőčďă:^[λ_0ψ^±_q (0)^{]−1} ≡

(2π)^3 λ_0 1 − λ_0 ∫ k<Λ d^3k (2π)^3 1 (k^2 − q^2 ∓ i0) = = ∫ k<Λ d^3k 1 (k^2 + b^2) − 1 (k^2 − q^2 ∓ i0) | | | | | | Λ→∞ =⇒ −2π^2(b ± iq). (5.34)

Ŕőńőęĺć ć ãàăćŋěŋĺĺ (5.32) b = Λz, λ_0(Λ) = λ_1/Λ + . . ., ćĺďĺň, çâő łőŋěçŋőáâì b ŕőďàăğãňěćăěâ ŋăńĺçĺě ã ŋěčő àěèěŋĺï z_0 = 0, ŋěőąåőďĺňëň ãáńőćĺěň çěčő ïćńïěâáï âőŋłăï ŕőďáâàőľłă λ_1 = 2π^2 ć (5.33).

—148— Ďàãčőľ ćăęŋëľ ãàőł áőáâőĺâ ć âőň, çâő ňőęŋő áäőàňãńĺàőćăâì ãáńőćĺï ŕěàěŋőàňĺàőćłĺ ŋěŕőáàěďáâćěŋŋő ć ćĺďě ďőŕőńŋĺâěńìŋëå čàăŋĺçŋëå ãáńőćĺľ (5.30), (5.31) ąěğ łăłőľ-ńĺąő ăŕŕěńïæĺĺ ł ŕàőæěďãàě Λ-őąàěğăŋĺï. Ğăňěâĺň, çâő âăłăï äĺłáăæĺï çěàěğ äĺğĺçěáłĺě (ŋăąńîďăěňëě) ŕăàăňěâàë ”àěŋőàňĺŋćăàĺăŋâŋőľ” łőňąĺŋăæĺĺ ŋă ŋěłőâőàőň ňăáèâăąě ăŋăńőčĺçŋă őąëçŋőľ äĺłáăæĺĺ ãáńőćĺľ ŕěàěŋőàňĺàőćłĺ ňăâàĺçŋëå íńěňěŋâőć àăğńĺçŋëå őŕěàăâőàőć ć àěŋőàňĺàãěňëå âěőàĺïå ŕőńï [79], [104].

Ćőğćàăéăïáì ł ãàăćŋěŋĺî (5.4), (5.7), (5.25), ğăŕĺèěň ěčő àěèěŋĺï ŕàĺ Λ → ∞ ć ćĺďě, ăŋăńőčĺçŋőň (2.62) – (2.70) (áĺňćőń =⇒ ćěğďě őğŋăçăěâ ”áćőďĺâáï ł”): | l, J, m; P, q⟩^± = ∫ d^3k ϕ^{±(l,J,m)} Pq (k)_{αβ} | R^{0(QQ′)}_{αβ} (P, k)⟩, (5.35) ϕ^{±(l,J,m)} Pq (k)_{αβ} = χ^{(J,m)}_{αβ} Φ^{±(l)}_{Pq} (k), (5.36)

čďě: χ^{(0,0)}_{αβ} = 1 √ 2 (δ_{α1}δ_{β2} − δ_{α2}δ_{β1}) ≡ 1 √ 2 ϵ_{αβ}, (5.37)

χ^{(1,0)}_{αβ} = 1 √ 2 (δ_{α1}δ_{β2} + δ_{α2}δ_{β1}) ≡ i √ 2^^ τ^{(0)}_{αβ} , χ^{(1,±1)}_{αβ} = δ_{α1}δ_{β1} δ_{α2}δ_{β2} ≡ i √ 2^^ τ^{(±1)}_{αβ} ,

Φ^{±(l)}_{Pq} (k) = 1 2 [ δ_3(k − q) + (−1)^lδ_3(k + q)^] +

T^{(l)±}_P (q; k) k^2 − q^2 ∓ i0

, (5.38)

T^{(0)±}_P (q; k) = γV^∗ γ<<[k^2]>> + Z^P + q^2 + (1 − γ)k^2 (2π)^3 [D^P (∓iq) − D^P (b)] | | | | Λ→∞ =⇒ (5.39) =⇒ T (∓iq) 2π^2 = −Υ 2π^2(Υ + b ∓ iq)(b ± iq) ,^(Z^P = Z^P_{{±}}^) , ŕàĺ: (5.40)

D^P (ϱ) = D^P_{{±}}(ϱ) = (1 − γ)^2 − J_0(ϱ)^[γ<<[k^2]>> + Z^P_{{±}} − (2 − γ)ϱ^{2]} , (5.41)

ŕàĺçěň: D^P_{{±}}(b) = 0, sign(b)^{ćğăňěŋ}−→ sign(λ), Φ^{(0)}_{Pb} (k) = const (k^2 + b^2)

, (5.42)

őâłãďă: Υ = π 2 ( 3 5 γ_1 + σ{±}ν_1 ) , ν_{0{±}} = − {±} 3 5 . (5.43)

T^{(1)±}_P (q; k) = 2(k · q) γV^∗ (2π)^3 [ 1 − 2 3 J_1(∓iq) ]−1| | | | | Λ→∞ =⇒ 0. (5.44)

Ďńï Q = Q^′ : ϕ^{±(l,J,m)}_{Pq} (k)_{αβ} = −ϕ^{±(l,J,m)}_{Pq} (−k)_{βα}, â.ě. l = J = 0, 1. (5.45)

—149— Ćëàăęěŋĺï (5.39), (5.44) ĺ (5.41) ćëâěłăîâ ĺğ (2.67) ĺ (2.60), (2.61), áőőâćěâáâćěŋŋő, ĺ àěłãàěŋâŋëå áőőâŋőèěŋĺľ ďńï ĺŋâěčàăńőć (2.59) ć áńãçăě łćăďàăâĺçŋőčő áŕěłâàă (5.12), (5.25), čďě:

D^P_0 (−iE_2(P, iϱ)) =⇒ D^P_{{±}}(ϱ), μ J^P_n (−iE_2(P, iϱ)) =⇒ J_n(ϱ), (5.46) J_n(ϱ)^{def}= γV^∗ Λ∫ d^3k (2π)^3 · ( k^{2)n} (k^2 + ϱ^2)

= γ<<[k^2]^{n−1}>> − ϱ^2 J_{n−1}(ϱ), (5.47)

J_0(ϱ) = γV^∗ 2π^2 ( Λ − ϱ arctan Λ ϱ ) = γV^∗ 2π^2 ( Λ − π 2 √ ϱ^2 + ϱ arctan ϱ Λ ) . (5.48)

Ěáńĺ, ăŋăńőčĺçŋő ãŕàőéěŋŋőľ ňőďěńĺ (5.32), ŕàĺŋïâì, çâő ãàăćŋěŋĺě ŋă áćïğăŋŋőě áőáâőïŋĺě á l = 0 (2.69) áńãęĺâ ãáńőćĺěň àăğňěàŋőľ âàăŋáňãâăæĺĺ ”čőńëå” ŕăàăňěâàőć λ_0, μ_0 (5.13) ĺ őąàěğăŋĺï Λ ć ŋěĺğćěáâŋëě äĺğĺçěáłĺě ŕăàăňěâàë àăááěïŋĺï Υ ĺ áćïğăŋŋőčő áőáâőïŋĺï b, âő ĺğ (5.41) ĺ (5.42) ĺňěěň, ŕàĺ b ≡ Λz, Y (Λ) ≡ γ<<[k^2]>> + Z^P_{{±}} Λ^2(2 − γ)

= Y_0 +

Y_1 Λ + · · · : (5.49)

D^P_{{±}}(b) = (1 − γ)^2 − γ(2 − γ)^(Y − z^{2)} ( 1 − z arctan 1 z ) = 0. (5.50)

Ğăňěâĺň, çâő ŕàěďěńìŋëľ ŕěàěåőď Λ → ∞ ćëŕőńŋïěâáï ŕőáńě ĺŋâěčàĺàőćăŋĺï ŕő k. Łăł ĺ ŕàěęďě ć (5.32) ĺ (5.33), łőŋěçŋőáâì b ŕőďàăğãňěćăěâ ğďěáì áãéěáâćőćăŋĺě ďńï (5.50) àěèěŋĺï z_0 = 0, łőâőàőě, áőćňěáâŋő á (5.18) ŕàĺćőďĺâ ł ãáńőćĺïň âőŋłőľ ŕőďáâàőľłĺ (5.43) ć ďćãåçăáâĺçŋőň áěłâőàě ć ćĺďě:

γ_0 = 1, Y_0 = 3 5 γ_0{±}ν_0 = 0; Y_1 = 3 5 γ_1 + γ_0 σ{±}ν_1; Υ = π 2 Y_1. (5.51)

Ŕěàěŋőàňĺàőćăŋŋăï T-ňăâàĺæă ďńï l = 0 ŕőáńě ćëçĺâăŋĺï ć ğŋăňěŋăâěńě (5.39) ĺňěěâ ćĺď ŕàĺ Λ → ∞: − 1 2π^2 · Λ^2Y +^[q^2 + k^2(1 − γ)^] (2 − γ)^{−1} Λ^2Y (b ± iq) + (2/π)Λ(1 − Y )(b^2 + q^2) − (b^3 ± (iq)^3) + O(1/Λ) , (5.52)

—150— ĺ, ŕàĺ ãáńőćĺïå (5.18), (5.51)=(5.43), áćőďĺâáï ł (5.40). Ŕàĺ íâőň ćěéěáâćěŋŋëě ćěńĺçĺŋë b ĺ Υ őłăğëćăîâáï ŕàőĺğćőńìŋëňĺ ŕăàăňěâàăňĺ (áăňőáőŕàïęěŋŋőčő àăáèĺàěŋĺï), ĺ ŋěłőâőàëě ĺğ ŋĺå ňőčãâ ćëàăęăâìáï çěàěğ łőíääĺæĺěŋâë äőàňăńìŋőľ Λ- ğăćĺáĺňőáâĺ ”čőńëå” ćěńĺçĺŋ (5.16), (5.15) ŕőáàěďáâćőň áőőâŋőèěŋĺľ âőŋłőľ ŕőďáâàőľłĺ (5.43).

Ğăňěâĺň, çâő ěáńĺ őčàăŋĺçĺâìáï äőàňăńìŋőľ ŕàőæěďãàőľ ćëçĺâăŋĺï, ŋě âàěąãï ćëŕőńŋěŋĺï ćëâěłăîéěčő ĺğ (5.42) ãáńőćĺï (5.51), âő äőàňăńìŋëľ ŕàěďěń Λ → ∞ ć (5.52) ŕàĺ Y_0 ≠ 0 ŕàĺćőďĺâ ćŋőćì ł àěèěŋĺî (5.31). Őďŋăłő, ŋěćëŕőńŋěŋĺě ãáńőćĺľ âőŋłőľ ŕőďáâàőľłĺ (5.51) őğŋăçăěâ, çâő ŋă áăňőň ďěńě ć íâőň áńãçăě b ∼ Λ, çâő ćőáŕàőĺğćőďĺâ ĺáçěğŋőćěŋĺě ĺáåőďŋőľ ŋěćëçâěŋŋőľ Š-ňăâàĺæë T^{(0)±}_P (q; k) (ĺńĺ (6.63) ŋĺęě), łăł Λ^{−1}.

Ďńï l = 1 ŋěćëçâěŋŋăï Š-ňăâàĺæă (5.44) á γ_0 = 1 ĺáçěğăěâ ŕàĺ Λ → ∞ łăł Λ^{−3}, ă äőàňăńìŋő ćëçâěŋŋăï, – łăł Λ^{−1}. Šăłĺň őąàăğőň, ć ńîąőň áńãçăě ŋě áãéěáâćãěâ ŋĺ áőáâőïŋĺľ àăááěïŋĺï ŋĺ áćïğăŋŋëå áőáâőïŋĺľ á l = 1 ďńï àăáèĺàěŋĺï, ğăďăćăěňőčő (5.18), (5.19), (5.43).

2.3 Ďàãčĺě àăáèĺàěŋĺï.

Řăááňőâàĺň âěŕěàì ćőğňőęŋőáâì ćëąőàă łőŋěçŋőľ ”čőńőľ” ňăááë m. Šőčďă:

ν_0 = ν_1 = 0, ĺ, á ŋěőąåőďĺňőáâìî, G_0 = G_1 = 0, â.ě.: (5.53) g(Λ) = g_0 + g_1 Λ + . . . ; g_n = G_{n+2}; M^{(±)} = ±m(γ^{(±)} − 1); (5.54)

E^{(±)}_{Q0} (Λ) = Λ^2 3g_0 5(2mc)^2 ∓ ϵ_0 + Λ 3g_1 5(2mc)^2 ∓ ϵ_1 + + 3g_2 5(2mc)^2

+ g_0c^{(±)}_Q ∓ ϵ_2

. (5.55)

Ćëàăęěŋĺï ć ŕěàćëå ĺ ćâőàëå łćăďàăâŋëå áłőąłăå ćŋőćì ďőńęŋë ĺáçěğăâì, çâő ćőğňőęŋő ńĺąő âőńìłő ďńï çăáâĺæ âĺŕă (+):^~A, C, ńĺąő âőńìłő

—151— ďńï çăáâĺæ âĺŕă (−): A, B. Ŕěàěåőďï ł ďćãåçăáâĺçŋőňã áěłâőàã őąŋăàãęĺćăěň, çâő ďńï ŕăàë çăáâĺæ âĺŕă (+) áćïğăŋŋőě áőáâőïŋĺě ĺ âăłőľ áŕőáőą ŕěàěŋőàňĺàőćłĺ őłăğëćăîâáï ćőćáě ŋěćőğňőęŋë, ěáńĺ m őáâăěâáï łőŋěçŋëň. Šőçŋő âăłĺň ęě őąàăğőň, łăł ĺ ćëèě, ŕàĺåőďĺň ł ãáńőćĺïň âàăŋáňãâăæĺĺ ďńï áőáâőïŋĺľ ŕăàë çăáâĺæ âĺŕă (−):

D^P_{{+}}(b) |_{Λ→∞}= (1 − γ_0)^2 − 9 5 γ^2_0 = 0, âőčďă: (5.56)

γ^{(−)}_0 = 1 − 3 4 (3 ± √ 5) < 1, M^{(−)}_0 = m 3 4 (3 ± √ 5), b = 4 π g_1 g_0

. (5.57)

Šőčďă àěèěŋĺï ďńï áćïğăŋŋëå áőáâőïŋĺľ ĺ áőáâőïŋĺľ àăááěïŋĺï ćëčńïďïâ ğďěáì âăł ęě łăł ć ãŕàőéěŋŋőľ ňőďěńĺ (5.28), (5.31):

T^{(0)±}_P (q; k) |_{Λ→∞}= −^(2π^{2)−1} (b ± iq) , ψ^{(0)}_b (x) = √ 8πb 4π e^{−br} r , (r = |x|). (5.58)

Ťőàňăńìŋëľ ŕàěďěńìŋëľ ŕěàěåőď Υ → ∞, â.ě. ććěďěŋĺě ŋőćőčő ŋěğăćĺáĺňőčő àěčãńïâőàă σ → ∞ ć ŕàěďëďãéěň àěèěŋĺĺ (5.39), (5.40)-(5.43), ŕőğćőńïěâ ŕőńãçĺâì íâĺ ęě ćëàăęěŋĺï (5.58) ďńï ŕàőĺğćőńìŋőčő QQ^′- łăŋăńă. Śćïğăŋŋëě áőáâőïŋĺï ĺ àăááěïŋĺě ŕàĺ l = 1 ğďěáì âăłęě őâáãâáâćãîâ.

Ěáńĺ ęě, ć ŕőĺáłăå ďàãčĺå àăáèĺàěŋĺľ, ŕàĺňěŋĺâì ćëèěőŕĺáăŋŋãî ŕàőæěďãàã ŕěàěŋőàňĺàőćłĺ ŋěŕőáàěďáâćěŋŋő ł áńãçăî l = 1, âő ğŋăňěŋăâěńì (5.44) á q → ib_1, b_1 = Λy, ďăěâ ãáńőćĺï âàăŋáňãâăæĺĺ áńěďãîéěčő ćĺďă: y^3 − 2 π y^2 − 2 3π ( 3 2γ − 1 ) = 0, y_0 = 0, (5.59)

łőâőàëě őğŋăçăîâ, çâő γ_0 = 3/2. Ŋő, âőčďă łőŋěçŋőáâì M_0 ŕàĺćőďĺâ ćŋőćì ł âàěąőćăŋĺïň (5.53). Ć íâőň áńãçăě őąě T-ňăâàĺæë T^{(0)±}_P (q; k), T^{(1)±}_P (q; k) áâàěňïâáï ł ŋãńî łăł Λ^{−1}. Šăł çâő âăłőě àăáèĺàěŋĺě ŕőńŋőáâìî íłćĺćăńěŋâŋő áćőąőďŋőňã ďćãåçăáâĺçŋőňã čăňĺńìâőŋĺăŋã – őŕěàăâőàã Ńăŕńăáă (àăáèĺàěŋĺě ŕő Ťàĺďàĺåáã [14]).

—152—

2.4 Ťĺğĺçěáłĺě ãáńőćĺï ŕěàěŋőàňĺàőćłĺ.

Ćőńŋőćăï äãŋłæĺï áćïğăŋŋőčő áőáâőïŋĺï á l = 0 (5.42) áőćŕăďăěâ á âăłőćőľ (5.28) ďńï ŕàěďëďãéěľ ňőďěńĺ. Ğăňěâĺň, çâő čăńĺńěěćáłăï ĺŋćăàĺăŋâŋőáâì, őğŋăçăîéăï ŋěğăćĺáĺňőáâì őâ P Š-ňăâàĺæë (5.40) ĺ ćőńŋőćëå äãŋłæĺľ àăááěïŋĺï ĺ áćïğăŋŋëå áőáâőïŋĺľ, ćŋőćì ćőááâăŋăćńĺćăěâáï ć ďăŋŋőľ ňőďěńĺ, łăł ĺ ďńï čőńďáâőãŋőćáĺå ňőď, ńĺèì ć ŕàěďěńě Λ → ∞, ĺ âőńìłő ąńăčőďăàï ĺáŕőńìğãěňőľ ŕěàěŋőàňĺàőćőçŋőľ ŕàőæěďãàě (5.14) – (5.17), (5.21), (5.39), (5.43), (5.51). Łăçěáâćěŋŋăï łăàâĺŋă áőáâőĺâ ć âőň, çâő äĺğĺçěáłĺľ ćăłããň A- áĺáâěňë (4.53), (4.110), ŕàőğàăçŋëľ ďńï ”ăďàőŋőć” (5.6), (4.116), áőćěàèěŋŋő ŋě ŕàőğàăçěŋ ďńï ”čőńëå” (ŋěàěńïâĺćĺáâáłĺå!) ”łćăàłőć” (4.14), (4.15), ĺ ŕőâőňã ïćńïěâáï ďńï ŋĺå áńőęŋőľ, ŋő čĺŕőâěâĺçěáłőľ áàěďőľ, áćőľáâćă łőâőàőľ, őďŋăłő, ğăàăŋěě ŋě ĺğćěáâŋë ĺ ďőńęŋë őŕàěďěńïâìáï áőčńăáőćăŋŋő áő áćőľáâćăňĺ (5.23) áŕőáőąŋëå ďćĺčăâìáï áłćőğì ŋěě äĺğĺçěáłĺå ”łćăàłőć” (4.32), ŕàĺ ďĺăčőŋăńĺğăæĺĺ 4-å äěàňĺőŋŋőčő čăňĺńìâőŋĺăŋă (4.4) ŕàěőąàăğőćăŋĺěň Ąőčőńîąőćă (4.15). Ŕàěďěńìŋëľ ŕěàěåőď Λ → ∞ (4.116), (5.8), (5.39) ĺ ïćńïěâáï ŕàőïćńěŋĺěň âăłőľ (áăňő) áőčńăáőćăŋŋőáâĺ. Řăáåőďĺňőáâì ć (4.32), ŕàĺ ãáńőćĺïå (5.21), ŋěŋăąńîďăěňőľ ćăłããňŋőľ íŋěàčĺĺ w^A_0 (Λ) =⇒ 2(3π^2)^{−1}G_0Λ^5 → +∞ ŋě őâćěàčăěâ ŕàěőąàăğőćăŋĺï (4.15), (4.32). Ććěďěŋĺě ć ĺáåőďŋëľ (ŋěàěńïâĺćĺáâáłĺľ!) čăňĺńìâőŋĺăŋ (4.4) áőőâćěâáâćãîéěčő ćëçĺâăâěńìŋőčő áńăčăěňőčő −Vw^A_0 (Λ), őğŋăçăîéěě ŋěğăŕőńŋěŋŋőáâì ćáěå áőąáâćěŋŋëå áőáâőïŋĺľ ĺ á őâàĺæăâěńìŋëňĺ íŋěàčĺïňĺ ćëèě íâőčő ğŋăçěŋĺï, ĺ, ć łőŋěçŋőň áçěâě, ŋěãáâőľçĺćőáâì ěčő ”čőńőčő” äěàňĺ-ćăłããňă ĺ őďŋőçăáâĺçŋëå ćőğąãęďěŋĺľ ŋăď ŋĺň ŕàĺ Λ → ∞, ěáâěáâćěŋŋő ĺŋâěàŕàěâĺàãěâáï ŕàĺ íâőň łăł ŕàĺňĺâĺćŋőě ŕàőïćńěŋĺě łőŋäăľňěŋâă ”čőńëå” (ŋěàěńïâĺćĺáâáłĺå!) ”łćăàłőć” á ňăááőľ m(Λ) → ∞ (5.15), (5.16).

Ŕàőĺáåőęďěŋĺě ŕăàăňěâàă σ ć (5.43) âàěąãěâ őâďěńìŋőčő ŕőïáŋěŋĺï. Ďěńő ć âőň, çâő, ŕőáłőńìłã ĺğ (5.14), (5.21), γ_{1{−}} ≡ 0,^~ν_1 ≡ ν_{1{−}} = 0, ŕő-

—153— ńãçĺâì ŋěŋãńěćőě àěèěŋĺě ćĺďă (5.35) – (5.38), (5.40) (ŋő ąěğ őčàăŋĺçěŋĺï (5.45)) ć áńãçăě {−} (ďńï A^~A-łăŋăńă) ćőğňőęŋő, âőńìłő ěáńĺ ěáâì àăğńĺçĺě ć çńěŋăå ŋěćěďãéěčő ŕőàïďłă ã äőàňăńìŋő őďĺŋăłőćő àăáåőďïéĺåáï ĺŋâěčàăńőć ć ćëàăęěŋĺïå ďńï <<k^2>> (4.19) ĺ <<[k^2]>> (5.47). İâĺ àăáåőďïéĺěáï ćëàăęěŋĺï ćőğŋĺłăîâ, áőőâćěâáâćěŋŋő, ŕàĺ àěčãńïàĺğăæĺïå ăŋâĺłőňňãâăâőàă (4.5), (4.6) ć őďŋőçăáâĺçŋőň áŕěłâàě ĺ ïďàă őŕěàăâőàă ďćãåçăáâĺçŋőčő ćğăĺňőďěľáâćĺï (5.1) (áňőâàĺ Ćëćőďë ć čńăćě 1). Ĺå àăğńĺçĺě, őâàăęăîéěě ĺå àăğńĺçŋãî äĺğĺçěáłãî ŕàĺàőďã, ňőęŋő ńěčłő ććěáâĺ łăł äĺłáĺàőćăŋŋëľ áďćĺč ŕăàăňěâàă őąàěğăŋĺï (ő ŋěőąåőďĺňőáâĺ ďćãå àěčãńïâőàőć áň. âăłęě [12] ), ŕàőïćńïîéĺľáï ć ğăňěŋě: ( Λ −→ Λ + σ 3 ) ⇒ ( <<[k^2]>> −→ <<k^2>> + σΛ ) , (5.60)

łőâőàăï ĺ ŕàĺćőďĺâ, ć áĺńã (5.39) ĺ (5.41), ł ŕőïćńěŋĺî σ ć (5.51), (5.43). Őďŋăłő, íâőâ áďćĺč ŋěĺğąěęŋő àăğàãèăěâ čőńďáâőãŋőćáłőě àěèěŋĺě (5.8) ŕàĺ ńîąőň łőŋěçŋőň Λ ďăęě ďńï P = 0.

Šăłĺň őąàăğőň, áőőâŋőèěŋĺï âőŋłőľ ŕőďáâàőľłĺ őâńĺçăîâáï ŋě âőńìłő ďńï àăğńĺçŋëå áĺáâěň A, B, C, ŋő ĺ ć őďŋőľ áĺáâěňě A áãéěáâćőćăŋĺě čőńďáâőãŋőćáłőľ ňőďë ĺ ŋăńĺçĺě àăááěïŋĺï ĺ áćïğăŋŋőčő áőáâőïŋĺï ć A^~Ałăŋăńě, ĺ, ć âőęě ćàěňï, ŋăńĺçĺě ŕőáńěďŋĺå ć AA ĺ^~A^~A-łăŋăńăå ŕàěďŕőńăčăěâ ćğăĺňŋő ĺáłńîçăîéĺě ãáńőćĺï âőŋłőľ ŕőďáâàőľłĺ (5.20), (5.21) ć őďŋőçăáâĺçŋőň áěłâőàě ĺ ãáńőćĺï ŕěàěŋőàňĺàőćłĺ (5.43), (5.51) ć ďćãåçăáâĺçŋőň áěłâőàě. Śńěďőćăâěńìŋő, őáâăćăïáì ć àăňłăå àěčãńïàĺğăæĺĺ Λőąàěğăŋĺěň ć A-áĺáâěňě ŋěćőğňőęŋő őďŋőćàěňěŋŋő, ŋăàïďã á ŕěàěŋőàňĺàőćăŋŋëňĺ áőąáâćěŋŋëňĺ áćïğăŋŋëňĺ áőáâőïŋĺïňĺ ĺ áőáâőïŋĺïňĺ àăááěïŋĺï àăğńĺçŋëå çăáâĺæ A ĺ^~A, ĺňěâì áćïğăŋŋëě áőáâőïŋĺï őďĺŋăłőćëå çăáâĺæ (çâő ćŕőńŋě ěáâěáâćěŋŋő ĺ ĺğ äĺğĺçěáłĺå áőőąàăęěŋĺľ), łőŋěçŋëě áŕěłâàë ďńï çăáâĺæ őąőĺå ćĺďőć ĺ ďćĺęãéĺěáï čőńďáâőãŋőćáłĺě àěèěŋĺï. Řăğãňěěâáï, ć áĺáâěňăå B ĺ C ćáě łăŋăńë äĺğĺçěáłĺ íłćĺćăńěŋâŋë, ĺ íâă ŕàőąńěňă őâáãâáâćãěâ.

—154— Ŕőáłőńìłã, łăł ãęě őâňěçăńőáì, ďńï A^~A-łăŋăńă, – ć áńãçăě {−}, ãáńőćĺï (5.21) łőŋěçŋőáâĺ őďŋőćàěňěŋŋő őąőĺå őďŋőçăáâĺçŋëå áŕěłâàőć (5.22) áőćŕăďăîâ á ãáńőćĺïňĺ ŕěàěŋőàňĺàőćłĺ ďćãåçăáâĺçŋőčő áěłâőàă (5.43), íâőâ łăŋăń ŕàěďáâăćńïěâáï äĺğĺçěáłĺ ïćŋő ąőńěě ŕàěďŕőçâĺâěńìŋëň. Őáâăěâáï ńĺèì ”ŕàĺňĺàĺâì” ŋěŋãńěćãî Š-ňăâàĺæã ć íâőň łăŋăńě á čőńďáâőãŋőćáłőľ ňőďőľ. İâă ğăďăçă àěèěŋă ć áńěďãîéěľ čńăćě ć àăňłăå âěőàĺĺ àăáèĺàěŋĺľ, ŕãâěň ŕőáâàőěŋĺï âăłőčő àăáèĺàěŋĺï, łőâőàőě, á őďŋőľ áâőàőŋë, ŕàĺćőďĺâ ł àěèěŋĺî (5.40), (5.42), ćőáŕàĺğćőďï ć őŕàěďěńěŋŋőň áňëáńě ňăŋĺŕãńïæĺĺ á àăáåőďĺňőáâïňĺ ćĺďă (5.60), ă á ďàãčőľ áâőàőŋë, ďăěâ ŋőćãî ňăâěňăâĺçěáłãî ĺŋâěàŕàěâăæĺî őąőąéěŋŋőňã čőńďáâőãŋőćáłőňã àěèěŋĺî (5.8).

3 Ćëćőďë.

Ŕàěęďě ćáěčő ğăňěâĺň, çâő ŕàőáâăï ŕàőćěàłă ãáńőćĺï ŋőàňĺàőćłĺ áőáâőïŋĺľ àăááěïŋĺï (5.29) ďńï àěèěŋĺľ (5.38), (5.40) ŋěňěďńěŋŋő ŕőłăğëćăěâ ŋěőąåőďĺňőáâì ěéě, ŕő łàăľŋěľ ňěàě, őďŋőľ ďőŕőńŋĺâěńìŋőľ ďĺáłàěâŋőľ łőňŕőŋěŋâë ćőńŋőćőľ äãŋłæĺĺ á ŕőńőęĺâěńìŋëň ĺńĺ őâàĺæăâěńìŋëň ćłńăďőň ć ňěâàĺłã ć áőőâćěâáâćĺĺ áő ğŋăłőň Υ:

Φ^{±(0)}_{Pk} (s) = δ_3(k − s) − t(k^2 ± i0) (s^2 − k^2 ∓ i0)

, t(k^2 ± i0) = − T (∓ik) 2π^2

, (5.61) ∫ d^3s Φ^{±∗(0)}_{Pq} (s)Φ^{±(0)}_{Pk} (s) = δ_3(q − k) −

2π^2 Υ t(q^2 ∓ i0) t(k^2 ± i0),

őâłãďă ďńï ψ^±_k (s) =

Φ^{±(0)}_{Pk} (s) ℓ^±(k) : ℓ^±(k) = 2π^2 |Υ| t(k^2 ± i0), ĺ (5.62) ⟨ψ^±_q |ψ^±_k ⟩ = ∫ d^3s Φ^{±∗(0)}_{Pq} (s)Φ^{±(0)}_{Pk} (s) + sign(Υ) ℓ^{±∗}(q)ℓ^±(k) = δ_3(q − k). (5.63)

Őďŋăłő, íâă ďőŕőńŋĺâěńìŋăï ďĺáłàěâŋăï łőňŕőŋěŋâă áőąáâćěŋŋëå ćőńŋőćëå äãŋłæĺľ ℓ^±(k) âőńìłő ”łőààěłâĺàãěâ” ĺå áłăńïàŋőě ŕàőĺğćěďěŋĺě.

—155— Őŋă ŕàőŕőàæĺőŋăńìŋă T (∓iq) (ĺńĺ ěě ćëçěâã ć áćïğăŋŋőň áőáâőïŋĺĺ) ĺ ŕőńŋőáâìî őŕàěďěńïěâáï âěňĺ ęě ŕăàăňěâàăňĺ áăňőáőŕàïęěŋŋőčő àăáèĺàěŋĺï. Őŋă ŋě ňěŋïěâ ŋĺ áćőľáâć ŋĺ äĺğĺçěáłőčő áňëáńă łőňŕőŋěŋâ àěèěŋĺľ ć őąëçŋőň ŕàőáâàăŋáâćě, ŕěàěàăáŕàěďěńïï ńĺèì ŋőàňĺàőćłã:

⟨ψ_b |ψ_b⟩ = (2π)^3, ψ_b(s) =

Φ^{(0)}_{Pb} (s) ℓ_b = 8πbΥ Υ + 2b

(s^2 + b^2)^{−1} −^√2π^2/|Υ| , (5.64)

ĺ ąëńő ąë ŋěãňěáâŋő áćïğëćăâì ğďěáì á íâőľ ďőŕőńŋĺâěńìŋőľ łőňŕőŋěŋâőľ ďőŕőńŋĺâěńìŋëľ ŋăąőà őŕěàăâőàőć àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï [21]. Łăł ŕőłăğăŋő ŋĺęě, âăłĺě ďőŕőńŋĺâěńìŋëě ďĺáłàěâŋëě łőňŕőŋěŋâë ěáâěáâćěŋŋő ćőğŋĺłăîâ ŕàĺ ĺŋâěàŕàěâăæĺĺ áĺŋčãńïàŋőčő ćőğňãéěŋĺï (5.25) ć âěőàĺĺ àăáèĺàěŋĺľ á ćëåőďőň ć ŕàőáâàăŋáâćă á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ [16]-[25].

Łăł ć ãŕàőéěŋŋőľ ňőďěńĺ ĺğ (5.31), (5.33), âăł ĺ ğďěáì, ĺğ (4.19), (5.15), (5.16), (5.18), (5.40), (5.42), ãąěęďăěňáï ć őâáãâáâćĺě łăłőľ ąë âő ŋĺ ąëńő łőààěńïæĺĺ ňěęďã åăàăłâěàőň âőçěçŋőčő ćğăĺňőďěľáâćĺï ĺ ğŋăłőň ”čőńëå” łőŋáâăŋâ áćïğĺ ć (2.43) ĺ (4.4) áőőâćěâáâćěŋŋő. İâőâ ŋěŕàĺćëçŋëľ ďńï ”łńăááĺçěáłőľ äĺğĺłĺ” àěğãńìâăâ ŋăåőďĺâ ěáâěáâćěŋŋőě ŕőďâćěàęďěŋĺě ć àăňłăå âěőàĺĺ àăáèĺàěŋĺľ ć áńěďãîéěľ čńăćě. Őŋ, őďŋăłő, ŋě ïćńïěâáï ŋěőęĺďăŋŋëň, ŕőáłőńìłã çěâëàěåäěàňĺőŋŋőě ćğăĺňőďěľáâćĺě áŕőáőąŋő őąńăďăâì áâăąĺńìŋëň ćăłããňőň ŕàĺ ńîąőň ğŋăłě łőŋáâăŋâë áćïğĺ [12].

Ŋăłőŋěæ, ”áăňőáőčńăáőćăŋŋëě ãáńőćĺï ŕěàěŋőàňĺàőćłĺ”, őąőąéăîéĺě ãáńőćĺï (5.30), (5.31), ďńï àěèěŋĺľ (5.40), (5.42) ĺńĺ (5.61), (5.62), (5.64) ňőčãâ ąëâì ćëąàăŋë ć ćĺďě:

λ_0ψ_q(0) = μ_0ψ_q(0) = μ_0∇ψ_q(0) = 0, μ_0(∇^2ψ^±_q )(0) = t(q^2 ± i0),

μ_0(∇^2ψ_b)(0) = 8πbΥ Υ + 2b

. (5.65)

Őďŋăłő, ĺå áăňőáőčńăáőćăŋŋőáâì âăłęě ŕőďàăğãňěćăěâ ŋăńĺçĺě ďőŕőńŋĺâěńìŋëå ďĺáłàěâŋëå łőňŕőŋěŋâ ćěłâőàőć (5.62), (5.64).

Čńăćă 6

Šěőàĺï ŕěàěŋőàňĺàőćőł łăł Šěőàĺï àăáèĺàěŋĺľ.

Ć íâőľ čńăćě ŕàőáńěęĺćăěâáï ćğăĺňőáćïğì ňěęďã ŕőńãçěŋŋëňĺ ćëèě àěèěŋĺïňĺ ŕãâěň àěčãńïàĺğăæĺĺ ĺ ŕěàěŋőàňĺàőćłĺ âőŋłőľ ŕőďáâàőľłőľ, ĺ ŕàőæěďãàőľ ŕőáâàőěŋĺï áăňőáőŕàïęěŋŋëå àăáèĺàěŋĺľ čăňĺńìâőŋĺăŋă ć ďćãåçăáâĺçŋőň áěłâőàě á ćëåőďőň ć ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă. Łăł ĺ ć [15], ćëąàăŋŋăï ňőďěńì ŕőğćőńïěâ ŕàőćěáâĺ âăłőľ ăŋăńĺğ ć łćăŋâőćőľ âěőàĺĺ ŕőńï. Ŕàěďńőęěŋă ŋőćăï ĺŋâěàŕàěâăæĺï čőńďáâőãŋőćáłőčő áőáâőïŋĺï łăł ďĺáłàěâŋőľ łőňŕőŋěŋâë ĺŋćăàĺăŋâŋőčő čĺńìąěàâőćă ŕőďŕàőáâàăŋáâćă àăáèĺàěŋŋőčő čăňĺńìâőŋĺăŋă.

1 İńěňěŋâë âěőàĺĺ àăáèĺàěŋĺľ.

Łăł ĺğćěáâŋő, ł őŕĺáăŋĺî ďĺŋăňĺłĺ ć łćăŋâőćőľ âěőàĺĺ ďőŕãáłăîâáï âőńìłő áăňőáőŕàïęěŋŋëě őŕěàăâőàë ć čĺńìąěàâőćőň ŕàőáâàăŋáâćě, çâő őąěáŕěçĺćăěâ ŕőńŋőâã íâőčő őŕĺáăŋĺï, ćěéěáâćěŋŋőáâì áàěďŋĺå ĺ áőąáâćěŋŋëå ğŋăçěŋĺľ őŕěàăâőàőć ĺ ćěàőïâŋőáâŋãî ĺŋâěàŕàěâăæĺî áőáâőïŋĺľ. Őďŋăłő, ć áĺŋčãńïàŋëå áńãçăïå ŕőáâàőěŋĺě âăłĺå őŕěàăâőàőć ŕőàőľ őłăğëćăěâáï ćőğňőęŋëň ńĺèì ŕãâěň ”ćàěňěŋŋőčő” ćëåőďă ć ąőńěě èĺàőłĺě ŕàőáâàăŋáâćă.

—157— Őáőğŋăŋĺěň âőčő çâő ŕàőąńěňă ŕěàěŋőàňĺàőćłĺ ěáâì ŕàőąńěňă ŕőáâàőěŋĺï áăňőáőŕàïęěŋŋőčő àăáèĺàěŋĺï ĺáåőďŋőčő áĺŋčãńïàŋőčő őŕěàăâőàă Čăňĺńìâőŋă ňë ćő ňŋőčőň őąïğăŋë Ť.Ă.Ąěàěğĺŋã [15]. Ěňã ęě ŕàĺŋăďńěęĺâ ĺďěï ĺáŕőńìğőćăŋĺï ďńï íâőľ æěńĺ ŕàőáâàăŋáâć á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ, ŕőďåőďïéĺľ áŕőáőą őŕàěďěńěŋĺï ŕőáńěďŋěľ ĺ ăńčěąàăĺçěáłăï äőàňãńĺàőćłă áőőâćěâáâćãîéěľ âěőàĺĺ àăáèĺàěŋĺľ. İâĺ ĺďěĺ çěàěğ ňŋőčő ńěâ ąëńĺ ŕěàěőâłàëâë đ.Ň.Ÿĺàőłőćëň [16]-[18], ă ĺå ćěáìňă íääěłâĺćŋăï äőàňãńĺàőćłă á ĺáŕőńìğőćăŋĺěň ŕàőáâàăŋáâć Ŕőŋâàïčĺŋă ďăŋă đ.Č.Ÿőŋďĺŋëň [22]. Ć íâőň ŕăàăčàăäě áőąàăŋë âăł ĺńĺ ĺŋăçě ĺáŕőńìğãěňëě ĺğćěáâŋëě łőŋáâàãłæĺĺ âěőàĺĺ àăáèĺàěŋĺľ [14]-[25], [171]-[175].

1.1 Őáŋőćŋëě őŕàěďěńěŋĺï.

Ŕàěęďě ćáěčő ğăňěâĺň, çâő âăłĺě őáŋőćŋëě ŕőŋïâĺï âěőàĺĺ àăáèĺàěŋĺľ łăł ”őàâőčőŋăńìŋőě ďőŕőńŋěŋĺě” (⊥), ”ŕńőâŋőě”, ”ğăňłŋãâőě” ňŋőęěáâćő, ă âăłęě ”áĺňňěâàĺçŋëľ” , ”ğăňłŋãâëľ”, ”(áăňő) áőŕàïęěŋŋëľ” őŕěàăâőà, ąěğ łăłĺå ńĺąő ĺğňěŋěŋĺľ ŕěàěŋőáïâáï á čĺńìąěàâőćă ŕàőáâàăŋáâćă ŋă ńîąőě łőňŕńěłáŋőě ćěłâőàŋőě ŕàőáâàăŋáâćő L, áŋăąęěŋŋőě ńĺŋěľŋëň, íàňĺâőćëň, ŋěćëàőęďěŋŋëň (ŋő, ćőğňőęŋő, ĺŋďěäĺŋĺâŋëň) áłăńïàŋëň ŕàőĺğćěďěŋĺěň (ąĺńĺŋěľŋőľ äőàňőľ): (u, λv) = λ(u, v) = (λv, u)^∗; (v ∈ M^⊥)⇐⇒(∀ m ∈ M ⇒ (m, v) = 0); (M ŕńőâŋő ć D)⇐⇒^(M^{⊥⊥} = D^); M ğăňłŋãâő, (M = M) ⇐⇒ (M^{⊥⊥} = M). Ŕàĺ íâőň: M^⊥ = M^⊥. Śőŕàïęěŋŋëľ őŕěàăâőà A^∗ ğăďăěâáï, łăł őąëçŋő, ňŋőęěáâćőň ŕăà: ( D(A^∗) ∋ v, w(v)^{def}= A^∗v ) ⇐⇒ ( ∃w ∈ L, ⇒ (Au, v) = (u, w), ∀u ∈ D(A) ) , (6.1) ĺ őŕàěďěńěŋ őďŋőğŋăçŋő âőńìłő ďńï ŕńőâŋő ğăďăŋŋőčő ć L őŕěàăâőàă A: D(A)^{⊥⊥} = L. Ďăńěě, ŕàĺ ŕńőâŋő őŕàěďěńěŋŋőň A^∗, ňőęŋő âăłĺň ęě őąàăğőň őŕàěďěńĺâì A^{∗∗}, ŕàĺçěň, D(A) ⊆ D(A^{∗∗}), őďŋăłő, A^{∗∗∗} = A^∗. Ěáńĺ R(A) = AD(A) – őąńăáâì ğŋăçěŋĺľ ŕńőâŋő ğăďăŋŋőčő őŕěàăâőàă A, âő

—158— R(A)^⊥ = N (A^∗), čďě (y ∈ N (A^∗)) ⇐⇒ (A^∗y = 0) – ïďàő áőŕàïęěŋŋőčő őŕěàăâőàă. Šőčďă ĺňěěâ ňěáâő àăğńőęěŋĺě:

L = R(A) ⊕ N (A^∗) = R(A^∗) ⊕ N (A). (6.2)

Őŕěàăâőà áĺňňěâàĺçěŋ, ěáńĺ (Au, v) = (u, Av). Ŕàĺ ńîąőň őŕàěďěńěŋĺĺ áåőďĺňőáâĺ őŕěàăâőà T = T – ğăňłŋãâ, ěáńĺ ĺğ âőčő, çâő:

(a) x_n ∈ D(T ), ∃ lim_{n→∞} x_n = x; (b) T x_n ≡ y_n, ∃ lim_{n→∞} y_n = y, (6.3) áńěďãěâ, çâő: (A) x ∈ D(T ), (B) T x = y.

(Ďńï ŋěŕàěàëćŋőčő őŕěàăâőàă (b) áńěďãěâ ĺğ (a).) Őąńăáâì ğŋăçěŋĺľ ğăňłŋãâőčő őŕěàăâőàă ğăňłŋãâă: R(T ) = R(T ). Őŕěàăâőà T - ğăňëłăěň (ďőŕãáłăěâ ğăňëłăŋĺě), ěáńĺ őŋ ĺňěěâ ğăňłŋãâëě àăáèĺàěŋĺï, ŋăĺňěŋìèěě ĺğ łőâőàëå ĺ ěáâì ěčő ğăňëłăŋĺě T . Őŋő ŕőńãçăěâáï ŕàĺáőěďĺŋěŋĺěň ł D(T ) ĺ R(T ), áőőâćěâáâćěŋŋő, ćáěå x ĺ y, ãďőćńěâćőàïîéĺå (6.3). Őçěćĺďŋő, D(T ) ⊆ D(T ). Ĺğ őŕàěďěńěŋĺï (6.1): T^∗ = T^∗. Śńěďãï [171], ąãďěň őąőğŋăçăâì, çâő T ěáâì àăáèĺàěŋĺě őŕěàăâőàă A, łăł A ⊂ T . Ďńï ŕńőâŋő ğăďăŋŋőčő A ĺğ (A ⊂ T ) ⇒ (T^∗ ⊂ A^∗). Šőčďă, ďńï áĺňňěâàĺçŋőčő ŕńőâŋő ğăďăŋŋőčő A ĺ ěčő áĺňňěâàĺçŋőčő àăáèĺàěŋĺï T ĺňěěň: A ⊂ T ⊂ T^∗ ⊂ A^∗. Ďńï ğăňëłăěňőčő ŕńőâŋő ğăďăŋŋőčő őŕěàăâőàă T ąãďěň ĺňěâì: (i)^(T^{)∗} = T^∗ = T^∗, ĺ (ii) T = T^{∗∗}. Šăłĺň őąàăğőň, íàňĺâőćëľ, â.ě. áĺňňěâàĺçŋëľ ŕńőâŋő ğăďăŋŋëľ őŕěàăâőà T ćáěčďă ğăňëłăěň, ĺ T ⊂ T^{∗∗} ⊂ T^∗. Ěáńĺ őŋ ãęě ğăňłŋãâ, âő T = T^{∗∗} ⊂ T^∗. Ěáńĺ ęě őŋ ”ć áãéěáâćěŋŋőň áăňőáőŕàïęěŋ”, â.ě. őąńăďăěâ ěďĺŋáâćěŋŋëň áăňőáőŕàïęěŋŋëň àăáèĺàěŋĺěň T = T^{∗∗}, âő T ⊂ T^{∗∗} = T^∗. Ŋăłőŋěæ, ěáńĺ őŋ áăňőáőŕàïęěŋ, âő T = T^{∗∗} = T^∗. Ďńï âőčő, çâőąë R_T (z) ąëńă àěğőńìćěŋâőľ áăňőáőŕàïęěŋŋőčő őŕěàăâőàă ć L, ŋěőąåőďĺňő ĺ ďőáâăâőçŋő, çâőąë ďńï ŋěłőâőàőčő àěğőńìćěŋâŋőčő ňŋőęěáâćă ρ(T ) ćëŕőńŋïńĺáì ãáńőćĺï:

(1) R_T (z) = (T − z)^{−1}, – áãéěáâćãěâ ŕàĺ z ∈ ρ(T ) ≠ ◯̸; (6.4)

—159— (2) R_T (z) − R_T (ζ) = (z − ζ) R_T (z) R_T (ζ), – âőęďěáâćő Čĺńìąěàâă; (3) (R_T (z))^∗ = R_T (z);

(4) (R_T (z)ϕ = 0) ⇐⇒ (ϕ = 0) , – ĺŋìěłâĺćŋőáâì.

Ć íâőľ çĺáâő ăńčěąàăĺçěáłőľ łőŋáâàãłæĺĺ ć őąéěň áńãçăě őâáãâáâćãěâ łăłőľ ąë âő ŋĺ ąëńő łőŋâàőńì ğă áŕěłâàőň áăňőáőŕàïęěŋŋőčő őŕěàăâőàă ć L. Őďŋăłő, ć áńãçăě čĺńìąěàâőćă ŕàőáâàăŋáâćă H_0 ŕãŋłâ (1) ğďěáì ğăňěŋïěâáï ŋă

(1)^′ R_T (z) = (T −z)^{−1}, – ăŋăńĺâĺçěáłăï äãŋłæĺï z ŕàĺ Im z ≠ 0. (6.5)

1.2 Řăáèĺàěŋĺï ć čĺńìąěàâőćőň ŕàőáâàăŋáâćě.

Ŕãáâì T íàňĺâőć, ŋő ŋě áăňőáőŕàïęěŋŋëľ (ć áãéěáâćěŋŋőň) őŕěàăâőà ć čĺńìąěàâőćőň ŕàőáâàăŋáâćě L −→ H_0(= L^2): T ⊂ T^{∗∗} ⊂ T^∗, ĺ T^{∗∗} ≠ T^∗. Šőčďă áãéěáâćãîâ ďćă æěńëå çĺáńă, – ďćă ĺŋďěłáă ďěäěłâă: n_± = dim N (T^∗ ∓ iω) ≡ dim N^∗_± = codim R (T ± iω) , (6.6) őŕàěďěńïîéĺå ěčő őâłńőŋěŋĺě őâ (áãéěáâćěŋŋőľ) áăňőáőŕàïęěŋŋőáâĺ. İâő çĺáńă ńĺŋěľŋő ŋěğăćĺáĺňëå àěèěŋĺľ ć H_0 ãàăćŋěŋĺľ

T^∗ϕ_± = ±iω ϕ_±, ϕ_± ∈ H_0, ďńï ńîąőčő Re ω > 0. (6.7)

Ŕàĺ íâőň, ďńï ğăňłŋãâőčő őŕěàăâőàă T : H_0 = R(T ± iω) ⊕ N (T^∗ ∓ iω) =⇒ R(T ± iω) ⊕ N (T^∗ ∓ iω). (6.8) Śâàãłâãàă ňăłáĺňăńìŋőčő ğăňłŋãâőčő àăáèĺàěŋĺï T^∗ áĺňňěâàĺçŋőčő őŕěàăâőàă T âăłőćă: D(T^∗) = D(T ) ⊕ N^∗_+ ⊕ N^∗_−. Śăňőáőŕàïęěŋŋőě àăáèĺàěŋĺě A íâőčő őŕěàăâőàă ćőğňőęŋő âőńìłő ŕàĺ n_+ = n_− = n, ĺ őŕàěďěńïěâáï àăáèĺàěŋĺěň ěčő ŕàěőąàăğőćăŋĺï Łíńĺ V_T = (T − iω)(T + iω)^{−1}

—160— ďő ãŋĺâăàŋőčő őŕěàăâőàă U = (A − iω)(A + iω)^{−1} ŕő äőàňãńăň: A = −iω(U + 1)(U − 1)^{−1}, Ax = −iω(U + 1)y, čďě: ∀y ∈ H_0, x = (U − 1)y, D(A) = R(U − 1), (6.9) Uy = V_T y, y ∈ R(T + iω), Uy = V_ny, y ∈ N (T^∗ − iω), ŕőáłőńìłã V_T ïćńïěâáï őďŋőğŋăçŋëň ĺğőňěâàĺçěáłĺň őâőąàăęěŋĺěň ěčő őąńăáâĺ őŕàěďěńěŋĺï D(V_T ) = R(T + iω) ŋă R(V_T ) = R(T − iω) [175], ă ŕàěőąàăğőćăŋĺě Łíńĺ U áăňőáőŕàïęěŋŋőčő őŕěàăâőàă A ďőńęŋő ąëâì ãŋĺâăàŋő, çâő őğŋăçăěâ: D(U) = R(A + iω) = R(A − iω) = R(U) = H_0. Ŕàőĺğćőń àăáèĺàěŋĺï áőáàěďőâőçěŋ, âăłĺň őąàăğőň, ć ŕàőĺğćőńìŋőľ ãŋĺâăàŋőľ n × n- ňăâàĺæě W_n, őŕàěďěńïîéěľ ĺğőňěâàĺçěáłőě őâőąàăęěŋĺě N^∗_+^U−→ N^∗_− ŕő äőàňãńě U ϕ_+ ≡ V_n ϕ_+ = (W_n • {ϕ_−}). Őąńăáâì őŕàěďěńěŋĺï őŕěàăâőàă A ŕőńãçăěâáï áőőâćěâáâćãîéĺň áãęěŋĺěň D(T^∗):

D(A) = D(T ) ⊕ N^∗_+ ⊕ UN^∗_+ = D(T) ⊕ N^∗_+ ⊕ (W_n • {N^∗_−}) , (6.10)

ŋă łőâőàőň: AD(A) =⇒ T D(T ) ⊕ (+iω)N^∗_+ ⊕ (−iω) (W_n • {N^∗_−}) . (6.11) 1.3 Ďěńìâă-ŕőâěŋæĺăń ć âěőàĺĺ àăáèĺàěŋĺľ.

Ŕàőæěďãàă ŕőáâàőěŋĺï áăňőáőŕàïęěŋŋőčő àăáèĺàěŋĺï ďńï áĺŋčãńïàŋőčő ãàăćŋěŋĺï (5.26) àăááňőâàěŋă ć ŕĺőŋěàáłőľ àăąőâě [13], ă ďăńìŋěľèěě àăğćĺâĺě íâĺå ĺďěľ áőďěàęĺâáï ć [14] ĺ [176], [177], [178]. Ŕőáłőńìłã δ_3(x) ŋě ïćńïěâáï őŕěàăâőàőň ć čĺńìąěàâőćőň ŕàőáâàăŋáâćě, ŋăè łćăŋâőćőňěåăŋĺçěáłĺľ čăňĺńìâőŋĺăŋ őłăğëćěâáï ĺğŋăçăńìŋő łőààěłâŋő őŕàěďěńěŋëň âőńìłő ŋă ŕőďŕàőáâàăŋáâćě^~D_0 ŕőńŋőčő čĺńìąěàâőćă ŕàőáâàăŋáâćă H_0:_( ψ(x) ∈^~D_0^) ⇐⇒ ( ψ(x) ∈ H_0, ψ(0) = 0 ) , (6.12)

—161— čďě őŋ ŕàőáâő áőćŕăďăěâ áő áćőąőďŋëň čăňĺńìâőŋĺăŋőň, – őŕěàăâőàőň Ńăŕńăáă T_0 = −∇^2_x, ĺ ćěáìňă ŋãęďăěâáï ć àăáèĺàěŋĺĺ. Śăňőáőŕàïęěŋŋőě àăáèĺàěŋĺě ĺňěŋŋő íâőčő, áãęěŋŋőčő őŕěàăâőàă Ńăŕńăáă^~T_0, D^{( ~}T_0^) =^~D_0, ĺ áőáâăćńïěâ áãâì ćáěľ łőŋáâàłãæĺĺ [13] ĺ ŕàĺćőďĺâ ł àěèěŋĺî ňőďěńĺ (2.42), (5.26). Ĺŋäőàňăæĺï ő ğŋăłě ”čőńőľ” łőŋáâăŋâë áćïğĺ âěàïěâáï, őçěćĺďŋő, ãęě ŋă ŕěàćőň èăčě áãęěŋĺï ŋă ŕőďŕàőáâàăŋáâćő^~D_0. Ŕőíâőňã łńăááĺçěáłĺě ŕàěďáâăćńěŋĺï ő ŕàĺâïęěŋĺĺ ĺ őââăńłĺćăŋĺĺ ğďěáì âěàïîâ áĺńã. Ćëąőà ňěęďã íâĺňĺ ďćãňï ćőğňőęŋőáâïňĺ âàěąãěâ ďőŕőńŋĺâěńìŋëå äĺğĺçěáłĺå ãáńőćĺľ. Ăŋăńőčĺçŋőě ŋăąńîďěŋĺě ďńï ďćãňěàŋőčő ďěńìâă-ŕőâěŋæĺăńă őąáãęďăěâáï ć àăąőâě [179].

Ďàãčőľ ãàőł íâőľ ğăďăçĺ, ćěáìňă áãéěáâćěŋŋëľ ďńï ďăńìŋěľèěčő ŕěàěåőďă ł àăáèĺàěŋĺïň ć ŕàőáâàăŋáâćă á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ, áőáâőĺâ ć âőň, çâő ãęě ğďěáì ŕàőïćńïěâáï ćăęŋőáâì őŕàěďěńěŋĺï ňŋőęěáâćă ďěäěłâŋëå íńěňěŋâőć ϕ_±, łăł őàâőčőŋăńìŋőčő ďőŕőńŋěŋĺï: [ R^{( ~}T_0 ± iω^{)]⊥} ≡^{[( ~}T_0 ± iω^) D^{( ~}T_0^{)]⊥} , (6.13) âőčďă łăł ãàăćŋěŋĺě (6.7) áŕàăćěďńĺćő âěŕěàì ńĺèì ”á âőçŋőáâìî ďő ňŋőęěáâćă ňěàë ŋãńì”. Ďěľáâćĺâěńìŋő, ěáńĺ ćňěáâő (6.7):

∀ψ ∈ D^{( ~}T_0^) , 0 = ψ(0) = (χ, ψ) , ĺ^{( ~}T^∗_0 ∓ iω^) ϕ_± = χ, (6.14) âő: (χ, ψ) =^{(( ~}T^∗_0 ∓ iω^) ϕ_±, ψ^) =^(ϕ_±,^{( ~}T_0 ± iω^) ψ^) = 0, ďńï çěčő ďőáâăâőçŋő ćëąàăâì χ(x) = δ_3(x). Ć áőőâćěâáâćĺĺ á (6.7), ĺŋďěłáë ďěäěłâă őŕěàăâőàă^~T_0 âőčďă àăćŋë n_+ = n_− = 1, ă ěčő ďěäěłâŋëě íńěňěŋâë ć łőőàďĺŋăâŋőň ŕàěďáâăćńěŋĺĺ [176], ŕàĺ iω = κ^2, Im κ > 0:

ϕ_+(x) = 1 ( ~T^∗_0 − iω^) χ = e^{iκ|x|} 4π|x| , ϕ_−(x) ≡ (ϕ_+(x))^∗ , ϕ_±(x) ∈ H_0. (6.15)

Śâăŋďăàâŋëě àăááãęďěŋĺï [171] ŕàĺćőďïâ, áőčńăáŋő (6.11), ł őďŋőŕăàăňěâàĺçěáłőňã áěňěľáâćã áăňőáőŕàïęěŋŋëå àăáèĺàěŋĺľ ć H_0 = L^2 ćĺďă:

D(T_w) = D ( ~T_0 ) ⊕ cϕ_+ ⊕ cUϕ_+ = D ( ~T_0 ) ⊕ cϕ_+ ⊕ cwϕ_−, |w| = 1, (6.16)

—162— ďńï łőâőàőčő: T_wD(T_w) =^~T_0D ( ~T_0 ) ⊕ (+iω)cϕ_+ ⊕ (−iω)cwϕ_−. (6.17) Ŋőćëľ ŕăàăňěâà àăáèĺàěŋŋőčő őŕěàăâőàă áćïğăŋ âőńìłő á àăáèĺàěŋĺěň ěčő ĺáåőďŋőľ őąńăáâĺ őŕàěďěńěŋĺï (6.12), á a_1 ≡ u(0) = a_0 ≡ u^′(0) = 0, ŋă äãŋłæĺĺ (6.15), (6.16), ĺňěîéĺě ŕàĺ x → 0 ćĺď [177]:

~ψ(x) = a_1 |x| + a_0, ŕàĺçěň, a_1 = −ξa_0, čďě: ξ = e^{i(π/4)} √ ω ( 1 + w 1 + iw ) . (6.18)

Ćěéěáâćěŋŋăï (ŕàĺ ω > 0) ćěńĺçĺŋă ξ = 1/b őŕàěďěńïěâ ďńĺŋã àăááěïŋĺï. Ŕőáłőńìłã àăáèĺàěŋŋëľ őŕěàăâőà ŋě ćëćőďĺâ ĺğ H_0: T_w^~ψ ∈ H_0, ãàăćŋěŋĺě (5.26) ĺ čàăŋĺçŋőě ãáńőćĺě (6.18) ğăŕĺáëćăîâáï âěŕěàì łăł: ( −∇^2_x − q^{2) ~}ψ_q(x) = 0, ĺńĺ, ďńï^~ψ_q(x) =⇒^~ u_q(r) r , r = |x| : (6.19) ( −∂^2_r − q^{2) ~}u_q(r) = 0,^~u_q(r) ∝ sin (qr + δ(q)) ,^~u_q(0) = −ξ^~u^′_q(0), (6.20)

ĺ ŕàĺćőďïâ ŋěŕőáàěďáâćěŋŋő ł àěèěŋĺïň (5.28), (5.30), (5.31). Šăłĺň őąàăğőň, ćëąàőáĺć áŕěàćă ĺğ őąńăáâĺ őŕàěďěńěŋĺï ďćě ńĺŋěľŋő ŋěğăćĺáĺňëě ”ŋãńěćëě ňőďë” (6.18) ĺńĺ (6.20) áőőâćěâáâćěŋŋő ďńï őŕěàăâőàă ∇^2 ĺńĺ ∂^2_r , ňë ćőğćàăéăěň ĺå őąàăâŋő, ŕàőáâő ”ŕőćěáĺć” ãęě ŋă àăáèĺàěŋŋëľ őŕěàăâőà ěďĺŋáâćěŋŋëľ ćőğŋĺłăîéĺľ ŕàĺ íâőň ŕàőĺğćőń ć őâŋőèěŋĺĺ ξ ĺå łőíääĺæĺěŋâőć. Ąőńěě ïćŋőě őŕĺáăŋĺě àăáèĺàěŋŋőčő őŕěàăâőàă ŋěŕőáàěďáâćěŋŋő çěàěğ ŕăàăňěâà àăáèĺàěŋĺï ξ ďăěâáï äőàňãńőľ Łàěľŋă ďńï ěčő àěğőńìćěŋâë ĺ ŕàĺćěďěŋő ć áńěďãîéěň ŕãŋłâě.

1.4 Řăáèĺàěŋĺï ć ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă.

Ďőŕőńŋĺâěńìŋëě łőňŕőŋěŋâë ŕàőáâàăŋáâćă àăáèĺàěŋĺï ěáâěáâćěŋŋő ćőğŋĺłăîâ ŕàĺ ŕőŕëâłě àăáŕàőáâàăŋěŋĺï áæěŋăàĺï ŕàěďëďãéěčő ŕãŋłâă ŋă ąőńěě áĺŋčãńïàŋëě âőçěçŋëě ćğăĺňőďěľáâćĺï ćĺďă H = T_0 + |χ⟩λ_0⟨χ|, čďě ⟨χ| – âőçěçŋëľ äãŋłæĺőŋăń, â.ě. χ(x) = ⟨x|χ⟩ ∝ (∇^2)^mδ_3(x). Ŕëâăïáì ŕőáâàőĺâì àăáèĺàěŋĺï áőőâćěâáâćãîéěčő áãęěŋŋőčő őŕěàăâőàă^~T_0 á

—163— ( D^{( ~}T_0^) ∋ ψ^) ⇐⇒ ( ψ, T_0ψ ∈ H_m, ⟨χ | ψ⟩ = 0 ) , ŋěňěďńěŋŋő őąŋăàãęĺćăěň, çâő âěŕěàì ěčő ďěäěłâŋëě íńěňěŋâë, ćőőąéě čőćőàï, ŋě ŕàĺŋăďńěęăâ H_0. Ğďěáì m ≥ 1 - ŋăĺňěŋìèěě æěńőě çĺáńő, âăłőě çâő, ďńï ńîąőčő ζ ∈ ρ^{( ~}T_0^) – ĺğ àěğőńìćěŋâŋőčő ňŋőęěáâćă (6.4) őŕěàăâőàă^~T_0:

χ^{(0)} = [R_0(ζ)]^{m+1} χ ∈ H_0, ŋő, χ^{(−1)} = [R_0(ζ)]^m χ /∈ H_0, čďě, ďńï R_0(ζ) =^{( ~}T_0 − ζ^{)−1} : H_n = [R_0(ζ)]^n H_0, (6.21) χ^{(n)} = [R_0(ζ)]^{m+1+n} χ ∈ H_n, χ ∈ H_{−m−1}, ϕ_± −→ χ^{(−m)} = R_0(ζ)χ, (6.22) . . . ⊆ H_n ⊆ . . . ⊆ H_1 ⊆ H_0 ⊆ H_{−1} ⊆ . . . ⊆ H_{−n} ⊆ . . . , (6.23) ( D^{( ^}T_0^) ∋ ψ_m^) ⇐⇒ ( ψ_{m+1} ∈ H_{m+1}, ψ_m = ψ_{m+1} + c_mχ^{(m)} ) , (6.24) ( D^{( ~}T^) ∋ ψ_m^) ⇐⇒^(ψ_m ∈ D^{( ^}T_0^) , ⟨χ|ψ_m⟩ = 0^) ,^~T_0 ⊂^~T ⊂^^T_0, (6.25)

â.ě. ĺáåőďŋőě ŕàőáâàăŋáâćő H_0 őáŋăéăěâáï ”^~T_0-čàăďãĺàőćăŋŋőľ” èłăńőľ (ŋě ğăćĺáïéĺå ŋă áăňőň ďěńě őâ ζ) ŕàőáâàăŋáâć, ă àăğńĺçĺě ňěęďã^~T_0 ĺ ~T^∗_0 ŋă H_0 âěŕěàì ŋěáãéěáâćěŋŋő. Ŕőáłőńìłã ďěäěłâŋëľ íńěňěŋâ ńěęĺâ ć H_{−m}, ŕőŋăďőąïâáï ĺ ćáě ”ŕàőňěęãâőçŋëě”, – ”őąőąéěŋŋëě ďěäěłâŋëě íńěňěŋâë” (6.22) á −m ≤ n ≤ m − 1 ĺ áőőâćěâáâćãîéĺľ ŋăąőà ŕàőáâàăŋáâć ĺğ èłăńë (6.23). Śłăńïàŋőě ŕàőĺğćěďěŋĺě ⟨·|·⟩_0 ňőęŋő çăáâĺçŋő ŕàőďőńęĺâì á H_0 ŋă H_{−n}, ”áŕăàĺćăï” ěčő íńěňěŋâë á íńěňěŋâăňĺ ĺğ H_m. Ć àěğãńìâăâě ŕőńãçăěň ć łăçěáâćě ćáŕőňőčăâěńìŋőčő (ŕàěď-Ŕőŋâàïčĺŋ) ŕàőáâàăŋáâćă ℜ_m ⊂ H_{−m} ňŋőęěáâćő íńěňěŋâőć ćĺďă (m = 1 áň. ć ŕ. 2.2): (ℜ_m ∋ ϕ) ⇐⇒ ϕ = ϕ_m +^{m−1∑}_{n=−m} c_nχ^{(n)}, ϕ_m ∈ H_m ,^(ℜ_m ⊃ D^{( ^}T_0^{))} , (6.26) áő áłăńïàŋëň ŕàőĺğćěďěŋĺěň: ⟨ϕ|ϕ^′⟩_ℜ = ⟨ϕ_m |ϕ^′_m⟩_0 + (6.27) +^{m−1∑}_{n=−m}^[c_n ⟨χ^{(n)} |ϕ^′_m⟩_0 + ⟨ϕ_m |χ^{(n)}⟩_0 c^′_n^] +^{m−1∑}_{n,l=−m} g_{n,l}c_nc^′_l,

čďě çĺáńă: ⟨χ^{(n)} |χ^{(l)}⟩ = g_{n,l} =⇒ g, (6.28)

ïćńïîâáï ŕàĺ n+l < 0 íńěňěŋâăňĺ ŕàőĺğćőńìŋőľ íàňĺâőćőľ ňăâàĺæë, ďőőŕàěďěńïîéĺňĺ íâĺ ŋěáãéěáâćãîéĺě ŕàőĺğćěďěŋĺï ďěäěłâŋëå íńěňěŋ-

—164— âőć. Ć áĺńã (6.4) g_{n+1,l} − g_{n,l+1} = (ζ − ζ)g_{n+1,l+1}, çâő ďńï ćěéěáâćěŋŋëå ζ äăłâĺçěáłĺ őğŋăçăěâ, çâő g_{n,l} = a^{(−n−l)}. Ŕőáłőńìłã H_m ŕńőâŋő ć H_0, ňŋőęěáâćő (ψ ∈ D^χ_m) ⇐⇒^(ψ ∈ H_m, ⟨χ^{(n)} |ψ⟩ = 0, −m ≤ n ≤ −1^) âăłęě ŕńőâŋő ć H_0, ěáńĺ ćáě íâĺ χ^{(n)}, (n < 0), ńĺŋěľŋő ŋěğăćĺáĺňë ”ŕő ňőďãńî H_0”. Łăł áńěďáâćĺě [22], ňŋőęěáâćő íńěňěŋâőć { ψ,^[⟨χ^{(n)} |ψ⟩^{]−m}_{n=−1} } , ψ ∈ H_m, ćáîďã ŕńőâŋő ć ŕàőáâàăŋáâćě H_0 ⊕C^m. Ć âőęě ćàěňï, ŕàőáâàăŋáâćő ℜ_m ⊃ H_m ŋĺ äĺğĺçěáłĺ ŋĺ ňăâěňăâĺçěáłĺ ŋěãďőćńěâćőàĺâěńìŋő, â.ł. ŋě ćłńîçăěâ ć æěńőň ŕàőáâàăŋáâćő äĺğĺçěáłĺå áőáâőïŋĺľ H_0 ĺ ŋě áŋăąęěŋő âőŕőńőčĺěľ. Ŕőíâőňã, á ŕőňőéìî áőőâŋőèěŋĺľ ćńőęěŋĺï ℑ:

ϕ_0 = ϕ_m +^{m−1∑}_{n=0} c_nχ^{(n)}, u = [u_n]^{−m}_{n=−1} = [c_n]^{−m}_{n=−1} ,^~u = [^~u_n]^{−m}_{n=−1} = (6.29)

=^[⟨χ^{(n)} |ϕ_0⟩^{]−m}_{n=−1} =

⟨χ^{(n)} |ϕ_m⟩_0 +^{m−1∑}_{l=0} g_{n,l}c_l −m

n=−1 ,

őŋő ćłńăďëćăěâáï ć ŕàőáâàăŋáâćő Ŕőŋâàïčĺŋă: ϕ^ℑ−→ Φ, ℜ_m^ℑ−→ Π_m,

(Π_m ∋ Φ) ⇐⇒^([Φ] = [|ϕ_0⟩;^~u; u]^T , ϕ_0 ∈ H_0,^~u, u ∈ C^{m)} , (6.30) Π_m = H_0 ⊕ C^m ⊕ C^m, áő áłăńïàŋëň ŕàőĺğćěďěŋĺěň: ⟨Φ|Φ^′⟩_Π = ⟨ϕ_0 |ϕ^′_0⟩_0 + (^~u^∗ · u^′) + (u^∗ ·^~u^′) + (u^∗ · g · u^′) = (6.31)

= [Φ^∗]^{T ^}G [Φ^′] ≡ [⟨ϕ_0|;^~u^∗; u^∗]^^G |ϕ^′_0⟩ ~u^′ u^′

,^^G =

I_0 0 0 0 0 1_m 0 1_m g

. (6.32)

Śĺčŋăâãàă ďĺáłàěâŋőľ çăáâĺ ňěâàĺłĺ àăćŋă, őçěćĺďŋő, (m, −m). Őďŋăłő, åőâï ŕőŋïâĺï őàâőčőŋăńìŋőáâĺ ćěłâőàőć ĺ áĺňňěâàĺĺ ĺ áőŕàïęěŋĺï őŕěàăâőàőć (6.1) őŕàěďěńěŋë ć íâőň ŕàőáâàăŋáâćě ŕő őâŋőèěŋĺî ł áłăńïàŋőňã ŕàőĺğćěďěŋĺî (6.31), áăňő őŋő ŕőńãçăěâáï ŕőŕőńŋěŋĺěň ŕàőáâàăŋáâćă ℜ_m ć âőŕőńőčĺĺ ŋőàňë, ğăďăćăěňőľ ăŋăńőčĺçŋëň áłăńïàŋëň ŕàőĺğćěďěŋĺěň á ŕőńőęĺâěńìŋőľ áĺčŋăâãàőľ (m, m). Ďěľáâćĺě R_0(z) ŋă

—165— ćěłâőàă ĺğ ℜ_m ďőáâăâőçŋő őŕàěďěńĺâì á ŕőňőéìî âőęďěáâć:

R_0(z) ≡ (z − ζ)^kR_0(z) [R_0(ζ)]^k +^{k∑}_{j=1}(z − ζ)^{j−1} [R_0(ζ)]^j , (k > 0), (6.33) R_0(z)χ^{(n)} = (z − ζ)^{−n−1}R_0(z)χ^{(−1)} +^{−1∑}_{l=n+1}(z − ζ)^{l−n−1}χ^{(l)}, (n < −1), (6.34) R_0(z)χ = (z − ζ)^mR_0(z)χ^{(−1)} +^{−1∑}_{l=−m}(z − ζ)^{l+m}χ^{(l)}, (n = −m − 1), (6.35) χ^{(n)} = [R_0(ζ)]^{n−l} χ^{(l)}, ŋă ćěłâőàăå ĺğ ŕńőâŋőčő ć Π_m ŕőďňŋőęěáâćă ℜ^′_m ⊂ ℜ_m : (ϕ ∈ ℜ^′_m)⇐⇒ ϕ = ϕ_m +^{−1∑}_{n=−m} c_nχ^{(n)} , â.ě. c_n = 0, n ≥ 0;

R_0(z) ϕ_m +^{−1∑}_{n=−m} c_nχ^{(n)} = Φ_0 +^{−1∑}_{n=−m+1} C_nχ^{(n)} ∈ ℜ_{m−1}, (6.36) Φ_0 = R_0(z)ϕ_m + C_0R_0(z)χ^{(−1)}, C_n =^{n−1∑}_{j=−m}c_j (z − ζ)^{n−j−1}, (0 ≥ n ≥ 1 − m). Ğďěáì ĺ ďăńěě áãňňă àăćŋă ŋãńî, ěáńĺ ěě ćěàåŋĺľ ŕàěďěń ňěŋìèě ŋĺęŋěčő. Ŕàőćěàłă áćőľáâć (6.4) ŕőłăğëćăěâ, çâő R_0(z), őŕàěďěńïěňăï (6.33), (6.34), ïćńïěâáï àěğőńìćěŋâőľ áăňőáőŕàïęěŋŋőčő őŕěàăâőàă^^T_0 =^^T^∗_0 (6.24) ć ℜ_m, ďěľáâćãîéěľ ŕő âőľ ęě äőàňãńě (6.36). Ć âőęě ćàěňï, ďěľáâćĺě R_0(z) ŋă ćěłâőàă ĺğ Π_m őŕàěďěńïěâáï ŕàăćĺńăňĺ ćńőęěŋĺï (6.29) ďńï őąěĺå çăáâěľ àăćěŋáâćă (6.36): R_0(z) [ ϕ_m;^[⟨χ^{(n)} |ϕ_m⟩^{]−m}_{n=−1} ; [c_n]^{−m}_{n=−1} ]T = [ Φ_0;^[⟨χ^{(n)} |Φ_0⟩^{]1−m}_{n=−1} ; [C_n]^{1−m}_{n=−1} ]T .(6.37) Šăł łăł H_m ŕńőâŋő ć H_0, íâő ćëàăęěŋĺě ňőęŋő ğăňłŋãâì ć âőŕőńőčĺĺ Π_m, ĺ, á ãçěâőň (6.33)-(6.35), ěčő ğăňëłăŋĺě ŕàĺ m ≥ 2 ŕàĺŋĺňăěâ ćĺď:

R^∞_0 (z)^[ϕ_0; [^~u_n]^{−m}_{n=−1} ; [u_n]^{−m}_{n=−1}^{]T} = [ Φ_0;^{[ ~}U_n^{]1−m}_{n=−1} ; [U_n]^{1−m}_{n=−1} ]T ∈ Π_{m−1}, (6.38) čďě: Φ_0 = R_0(z)ϕ_0 + U_0R_0(z)χ^{(−1)}, U_n =^{n−1∑}_{j=−m} u_j (z − ζ)^{n−j−1}, (n ≤ 0), ~U_n = (z − ζ)^{−n−1}⟨χ^{(−1)} |R_0(z)|ϕ_0⟩_0 +^{−1∑}_{j=n+1}^~u_j(z − ζ)^{j−n−1} + h_n(z) U_0, h_n(z) = (z − ζ)^{−n}⟨χ^{(−1)} |R_0(z)|χ^{(0)}⟩_0 +^{0∑}_{j=n+1} g_{j,−1}(z − ζ)^{j−n−1},

őâłãďă ćëâěłăěâ, çâő: R^∞_0 (z)[0; 0 . . . ,^~u_{−m+1},^~u_{−m}; 0]^T = 0, (6.39)

â.ě. R^∞_0 (z) ŋě ĺŋìěłâĺćŋă ć Π_m, ĺ, ć őâńĺçĺě őâ àăáèĺàěŋĺľ ć čĺńìąěàâőćőň ŕàőáâàăŋáâćě (6.11), ğďěáì áâàőĺâáï àăáèĺàěŋĺě ğăňëłăěňőčő ć ℜ_m, ŋő ŋěğăňëłăěňőčő ć Π_m őŕěàăâőàă^~T_0 [22], ă^~T (6.25) ĺčàăěâ àőńì ěčő ğăňëłăŋĺï ć ℜ_m. Ďěľáâćĺě ěčő àěğőńìćěŋâë ŋă ŕàőĺğćőńìŋëě ćěłâőàë íâĺå ŕàőáâàăŋáâć, ğăďăćăěňőě (6.36) ĺ (6.38), (6.39) áőőâćěâáâćěŋŋő, ŕőńŋőáâìî őŕàěďěńïěâ àěğőńìćěŋâã àăáèĺàěŋŋőčő őŕěàăâőàă áőčńăáŋő őąőąéěŋŋőľ äőàňãńě Łàěľŋă [180] ďńï àăááňăâàĺćăěňőčő áěŕăàăąěńìŋőčő ćőğňãéěŋĺï àăŋčă 1. Ŕőíâőňã, ŕőáâàőěŋëľ âăłĺň őąàăğőň àăáèĺàěŋŋëľ őŕěàăâőà T_λ âăłęě ãďőąŋő őŕĺáëćăâì á ŕőňőéìî ğăňëłăŋĺï àěğőńìćěŋâë:

R_λ(z)|_{ℜm} = R_0(z) − R_0(z)|χ⟩Γ^{−1}_λ (z, ζ)⟨χ|R_0(z), čďě, ŕàĺ Im ζ = 0 : (6.40) Γ_λ(z, ζ) = λ^{−1} + (z − ζ)⟨χ|R_0(z)R_0(ζ)|χ⟩_{ℜm} = λ^{−1} + (z − ζ)^{2m} · (6.41) · ⟨χ^{(−1)} |R_0(z)|χ^{(−1)}⟩_{ℜm} +^{−1∑}_{j=1−m} g_{−1,j}(z − ζ)^j +^{−1∑}_{j=−m} g_{j,−m}(z − ζ)^{j+1−m} = = λ^{−1} + (z − ζ)^{2m}

⟨χ^{(−1)} |R_0(z)|χ^{(−1)}⟩_{ℜm} +^{2m∑}_{l=2}(z − ζ)^{−l+1}a^{(l)}

= (6.42)

= λ^{−1} + (z − ζ)^{2m+1}

⟨χ^{(−1)} |R_0(z)|χ^{(0)}⟩_0 +^{2m∑}_{l=1}(z − ζ)^{−l+1}a^{(l)} , λ – ŕàőĺğćőńìŋëľ ŕăàăňěâà àăáèĺàěŋĺï, ŋĺłăł ŋě áćïğăŋŋëľ á λ_0, ěáńĺ m ≥ 0. Ćńőęěŋĺě íâĺå äőàňãń ć ŕàőáâàăŋáâćő Ŕőŋâàïčĺŋă őŕàěďěńïěâáï ćńőęěŋĺěň (6.29) ďńï ćěłâőàă (6.35) ĺ ĺňěěâ ćĺď:

R_λ(z)|_{Πm} = (T_λ − z)^{−1} = R^∞_0 (z) − |F (z, ζ)⟩Γ^{−1}_λ (z, ζ)⟨F^†(z, ζ)|, (6.43) Γ_λ(z, ζ) = λ^{−1} + (z − ζ)⟨F^†(ζ, ζ)|F (z, ζ)⟩_{Πm} , čďě: (6.44) [ ⟨F^†(ζ, ζ)|^{]T} = [0_0; 0; 0, . . . , 0, 1] , R_0(z)|χ⟩^ℑ−→ [|F (z, ζ)⟩] = F_0 ~F F (6.45)

= (z − ζ)^m R_0(z)|χ^{(−1)}⟩ (z − ζ)^{m−n} ⟨χ^{(−1)} |R_0(z)|χ^{(0)}⟩_0 +^{0∑}_{j=n+1} g_{−1,j}(z − ζ)^{j−1} −m

n=−1 [ (z − ζ)^{m+n]−m}_{n=−1} , (6.46)

ĺ ąëńĺ ćŋőćì ĺáŕőńìğőćăŋë âőęďěáâćă (6.33)-(6.35).

Ďńï ćőğňãéěŋĺľ ćëáèěčő àăŋčă: |χ⟩, |χ^{(n)}⟩, |F (z, ζ)⟩, – áâàőłĺ á áőőâćěâáâćãîéĺňĺ łőňŕőŋěŋâăňĺ χ^{(n)}_s ∈ H_n, ĺ â.ď., ă^^Γ_λ(z, ζ),^^λ ĺ^^g, ^a^{(n)} – áőőâćěâáâćãîéĺě ňăâàĺæë, ĺ ćőĺğąěęăŋĺě ”ďćőľŋőčő áçěâă” ŋěőąåőďĺňő ăłłãàăâŋő ŕőğăąőâĺâìáï ő ńĺŋěľŋőľ ŋěğăćĺáĺňőáâĺ äãŋłæĺőŋăńőć ĺğ H_{−n}, n > 0, łăł ćěłâőàőć, ďőąăćńïěňëå ć ℜ_m (áň. ŋĺęě). Šőçłă ŋőàňĺàőćłĺ (ćëçĺâăŋĺï) ζ ćëąĺàăěâáï ĺğ ãáńőćĺï őâáãâáâćĺï ć ℜ_m ŋěŋãńěćëå ŋěľâàăńìŋëå íńěňěŋâőć â.ě. ŕőńőęĺâěńìŋőľ ĺńĺ őâàĺæăâěńìŋőľ őŕàěďěńěŋŋőáâĺ ďěäěłâŋőčő ćěłâőàă (ŕőďŕàőáâàăŋáâćă) (6.22): ⟨χ^{(−m)} |χ^{(−m)}⟩_{ℜm} = g_{−m,−m} = ⟨F^†(ζ, ζ)|F (ζ, ζ)⟩_{Πm} = ∂Γ_λ(z, ζ) ∂z | | | | | z=ζ ≠ 0. (6.47) Ďăńěě, őłăğëćăěâáï [182], çâő ã ŕőáâàőěŋŋőčő âăłĺň őąàăğőň áăňőáőŕàïęěŋŋőčő àăáèĺàěŋĺï ć ŕàőáâàăŋáâćě Π_m, ŕőňĺňő ćěéěáâćěŋŋőčő áŕěłâàă á ŕőńőęĺâěńìŋőľ ŋőàňőľ, ĺňěěâáï ńĺąő ŋě ąőńěě m ŕăà łőňŕńěłáŋőáőŕàïęěŋŋëå áőąáâćěŋŋëå ğŋăçěŋĺľ (S_± ∋ ψ), ńĺąő ŋě ąőńěě m ćěéěáâćěŋŋëå áőąáâćěŋŋëå ğŋăçěŋĺľ á őâàĺæăâěńìŋőľ ŋőàňőľ (S_π ∋ ψ) [25]. Ěáńĺ S = (S_+ ⊕ S_−) ⊕ S_π – (čĺŕěàąőńĺçěáłőě) ŕőďŕàőáâàăŋáâćő áőőâćěâáâćãîéĺå ĺň áőąáâćěŋŋëå ćěłâőàőć, âő ŕàőáâàăŋáâćő H_+ = Π_m ⊖ S ïćńïěâáï čĺńìąěàâőćëň ĺ ĺŋćăàĺăŋâŋő őâŋőáĺâěńìŋő ďěľáâćĺï àăáèĺàěŋŋőčő őŕěàăâőàă T_λ, âőčďă łăł^~T ćëćőďĺâ ĺğ H_+.

—168—

2 Čőńďáâőãŋőćáłăï ňőďă ”ŕàőâĺć” âěőàĺĺ àăáèĺàěŋĺľ.

Űěńì íâőčő ŕăàăčàăäă,– ŕőłăğăâì, łăł àěèěŋĺě (5.40), ŕőńãçěŋŋőě ŕãâěň âőŋłőľ ŕőďáâàőľłĺ ĺ ŕàěďěńìŋőčő ŕěàěåőďă Λ → ∞, ćőáŕàőĺğćőďĺâáï ňěâőďăňĺ âěőàĺĺ àăáèĺàěŋĺľ. Śőčńăáŋő ćëèěőŕĺáăŋŋőľ őąéěľ łőŋáâàãłæĺĺ Ÿőŋďĺŋă [22], àăğćĺâőľ ŋěŕőáàěďáâćěŋŋő ďńï ŋăèěčő áńãçăï ć [25], áăňőáőŕàïęěŋŋëě àăáèĺàěŋĺï áĺŋčãńïàŋőčő őŕěàăâőàă ćĺďă (5.25) ćőğŋĺłăîâ łăł àăáèĺàěŋĺï őŕěàăâőàă Ńăŕńăáă^~T_0 = −∇^2_x ĺğ H_0 = L^2 – ŕőďŕàőáâàăŋáâćă D^{( ~}T_0^), ğăďăŋŋőčő äãŋłæĺőŋăńăňĺ:

ψ, T_0ψ ∈ H_1, ⟨Ξ_j |ψ⟩ = 0, ⟨k|Ξ_j ⟩ = Ξ_j(k) ∈ H_{−j} , (6.48) j = 1, 2, Ξ_1(k) = 1, Ξ_2(k) = k^2Ξ_1(k) = k^2,

ć ŕàőáâàăŋáâćő Ŕőŋâàïčĺŋă Π_1 = H_0 ⊕ C^1 ⊕ C^1, á ŕőáńěďãîéĺň áãęěŋĺěň ŋă ĺŋćăàĺăŋâŋëě ŕőďŕàőáâàăŋáâćă á ŕőńőęĺâěńìŋő őŕàěďěńěŋŋëň áłăńïàŋëň ŕàőĺğćěďěŋĺěň. Řěğőńìćěŋâë ćáěå âăłĺå àăáèĺàěŋĺľ áőďěàęăâáï ć ğăňëłăŋĺĺ (ć ŕàőáâàăŋáâćě Ŕőŋâàïčĺŋă) äőàňãńë Łàěľŋă ďńï àěğőńìćěŋâë, ăááőæĺĺàőćăŋŋőľ á ĺáåőďŋëň áěŕăàăąěńìŋëň ćőğňãéěŋĺěň àăŋčă 2 (ďńï s-ćőńŋë) (5.25):

T = T_0 + |Ξ_j⟩ (K_0)_{jl} ⟨Ξ_l| (6.49) R^t(z) = R_0(z) − R_0(z)|Ξ_j⟩^(Γ^{−1}(z)^)_{jl} ⟨Ξ_l|R_0(z), R_0(z) =^{( ~}T_0 − zI^{)−1} ,(6.50) Γ(z) ≡ K^{−1}_0 + R(z) =⇒ Γ(z, ζ) ≡ K^{−1} + R(z) − R(ζ), z = −ϱ^2, (6.51)

R_{jl}(z) ≡ ⟨Ξ_j |R_0(z)|Ξ_l⟩ =

(2π)^3 γV^∗ J_{j+l−2}(ϱ), K^{−1}_0 =

(2π)^3 γV^∗ 0 −1 −1 Z^P ,(6.52)

čďě ĺŋâěčàăńë J_n(ϱ) őŕàěďěńěŋë ć (5.47), (5.48). Ś ŕőňőéìî ćëâěłăîéěčő ĺğ (6.48), (6.50) âőęďěáâćă

R_0(z)|Ξ_2⟩ = |Ξ_1⟩ + zR_0(z)|Ξ_1⟩, (6.53)

—169— ňőęŋő ŕěàěŕĺáăâì ěě ďăńěě łăł:

R^t(z) = R_0(z) − R_0(z)|Ξ_1⟩^{{^}t(z) ⟨Ξ_1|R_0(z) + Δ(z) ⟨Ξ_1|^} − (6.54) −|Ξ_1⟩^{Δ^∗(z) ⟨Ξ_1|R_0(z) +^(Γ^{−1)}_{22} ⟨Ξ_1|^} , ^t(z) =^(Γ^{−1)}_{11} + z^{[(}Γ^{−1)}_{12} +^(Γ^{−1)}_{21}^] + z^{2 (}Γ^{−1)}_{22} , (6.55) Δ(z) =^(Γ^{−1)}_{12} + z^(Γ^{−1)}_{22} .

Ŕěàćăï áâàőłă (6.54), łăł őŕěàăâőà ŋă ŕàőáâàăŋáâćě H_{−1}, ŕàĺŋĺňăěâ ğŋăçěŋĺï ć H_0, âőčďă łăł ćâőàăï áâàőłă ŕàĺŋăďńěęĺâ H_{−1}\H_0. Ŕőńěğŋőáâì âăłőľ äőàňë ćĺďŋă ć łőŋłàěâŋőň, łőőàďĺŋăâŋőň [25] ĺńĺ ĺňŕãńìáŋőň [22] ŕàěďáâăćńěŋĺĺ: ⟨x|R^t(z)|y⟩ = ⟨x|R_0(z)|y⟩ − ⟨x|R_0(z)|0⟩(2π)^{3 ^}t(z)⟨0|R_0(z)|y⟩ − (6.56) −Δ(z)(2π)^3 [⟨x |R_0(z)|0⟩δ_3(y) + δ_3(x)⟨0|R_0(z)|y⟩] − (6.57) −δ_3(x)(2π)^{3 (}Γ^{−1}(z)^)_{22} δ_3(y), (6.58)

čďě: ⟨x|R_0(z)|y⟩ = ⟨x | 1 −∇^2 − z |y⟩ = e^{−ϱ|x−y|} 4π|x − y| ; (6.59) ⟨q|R^t(z)|p⟩ = δ_3(q − p) (q^2 + ϱ^2) − 1 (q^2 + ϱ^2) ^t(−ϱ^2) 1 (p^2 + ϱ^2)

− (6.60)

−Δ(−ϱ^2)

Ξ_1(p) (q^2 + ϱ^2) + Ξ_1(q) (p^2 + ϱ^2)

− Ξ_1(q)^(Γ^{−1}(−ϱ^2)^)_{22} Ξ_1(p).

Ŕőáłőńìłã ŕàőæěáá àăááěïŋĺï őŕàěďěńïěâáï ŕőćěďěŋĺěň äãŋłæĺĺ Čàĺŋă (6.56) ŕàĺ ąőńìèĺå |x|, |y|, ćďăńĺ őâ àăááěĺćăâěńï, čďě őâáãâáâćãîâ δ - áĺŋčãńïàŋëě ćłńăďë, âő ïáŋő, çâő ĺňěŋŋő^^t(z) ąãďěâ ĺčàăâì àőńì off-shell-Š-ňăâàĺæë, áćïğăŋŋőľ á ăňŕńĺâãďőľ àăááěïŋĺï. Ĺğ (6.60) ŋăåőďĺň őąőąéěŋŋëě áőąáâćěŋŋëě áőáâőïŋĺï àăááěïŋĺï (áàăćŋĺ á (5.62)), łăł ïďàă ňěńńěàőćáłĺå ćőńŋőćëå őŕěàăâőàőć, ďěľáâćãîéĺå ŋă ŕàőĺğćőńìŋãî čńăďłãî äãŋłæĺî φ ∈ H_0 á łőňŕăłâŋëň ŋőáĺâěńěň: ( U^±φ^)(s) ≡ lim_{ϵ→0} (±iϵ) ∫ d^3k ⟨s|R^t(k^2 ∓ iϵ)|k⟩ φ(k) = ∫ d^3k ψ^∓_k (s) φ(k), (6.61)

ψ^±_k (s) = δ_3(k − s) −^^ t(k^2 ± i0) (s^2 − k^2 ∓ i0)

− Δ(k^2 ± i0) Ξ_1(s). (6.62)

—170— Ğďěáì ŕőáńěďŋěě áńăčăěňőě ïćŋő ŋě ćŕĺáëćăěâáï ć áâăŋďăàâŋãî áåěňã âěőàĺĺ àăááěïŋĺï [170], ĺŋáŕĺàĺàãï ĺğňěŋěŋĺě ćáěľ ĺŋâěàŕàěâăæĺĺ (6.62).

2.1 Řěčãńïàĺğăæĺï ĺ ŕěàěŋőàňĺàőćłă ďńï àěğőńìćěŋâë.

Ŕàőáńěďĺň áŕěàćă ŕěàěŋőàňĺàőćłã àěğőńìćěŋâë ć àăňłăå àăğćĺâőčő ćëèě ňěâőďă âőŋłőľ ŕőďáâàőľłĺ. Ś ãçěâőň (5.41) ĺ àěłãàěŋâŋëå áőőâŋőèěŋĺľ (5.47), (5.48), ŕěàćőě àăćěŋáâćő (6.51) ćňěáâě á (6.55) ŕàĺćőďĺâ ł ćëàăęěŋĺïň:

⟨s|Ξ_j ⟩^(Γ^{−1}(−ϱ^2)^)_{jl} ⟨Ξ_l|r⟩ = − γV^∗ (2π)^3 O^P_{{±}}(ϱ; s, r) D^P_{{±}}(ϱ) , (6.63)

O^P_{{±}}(ϱ; s, r) ≡ γ<<[k^2]>> + Z^P_{{±}} − (2 − γ)ϱ^2 + (6.64) +(1 − γ)(s^2 + ϱ^2 + r^2 + ϱ^2) + J_0(ϱ)(s^2 + ϱ^2)(r^2 + ϱ^2),

çâő ďăěâ:^^t(z) = − γV^∗ (2π)^3 γ<<[k^2]>> + Z^P_{{±}} − (2 − γ)ϱ^2 D^P_{{±}}(ϱ) , (6.65)

Δ(z) = − γV^∗ (2π)^3 1 − γ D^P_{{±}}(ϱ) ,^(Γ^{−1}(z)^)_{22} = − γV^∗ (2π)^3

J_0(ϱ) D^P_{{±}}(ϱ) . (6.66)

Ŕőáńě ćëçĺâăŋĺï D^P_{{±}}(ϱ) → D^P_{{±}}(ϱ) − D^P_{{±}}(b), á ãçěâőň ãáńőćĺï (5.42) ĺ áőőâŋőèěŋĺľ âőŋłőľ ŕőďáâàőľłĺ (5.43), ŕàěďěń Λ → ∞ ĺ ďńï ćáěľ ňăâàĺæë (6.63) ĺ ďńï^^t(z) (6.65) ŕàĺćőďĺâ ł àěèěŋĺî ćĺďă (5.40), őďŋăłő, ãęě łăł ďńï ňăâàĺçŋőčő íńěňěŋâă off-shell T-ňăâàĺæë ŕàĺ z = −ϱ^2: −⟨s|T (z)|k⟩ = lim_{Λ→∞}^^t(z) =⇒ − T (ϱ) 2π^2 = −Υ 2π^2 (ϱ − b)(ϱ + Υ + b)

, (6.67)

âőčďă łăł Δ(z),^(Γ^{−1}(z)^)_{22} ć íâőň ŕàěďěńě ĺáçěğăîâ. Ś ďàãčőľ áâőàőŋë, ć áńãçăě {−} ãáńőćĺě (5.14) őğŋăçăěâ, çâő Δ(z) ≡ 0 ãęě ŕàĺ łőŋěçŋëå Λ, őáâăćńïï àěğőńìćěŋâã (6.54), (6.55) ć ďĺăčőŋăńìŋőľ äőàňě á ŕőáńěďŋĺň çńěŋőň (6.58):

−⟨x|Ξ_1⟩^(Γ^{−1}(z)^)_{22} ⟨Ξ_1|y⟩ = −V^∗ δ_3(x)δ_3(y) (b^2_G + z)

, (6.68)

—171— b^2_G(P) ≡ <<[k^2]>> + Z^P_{{−}} = σΛ −^~ν_2 − P^2. (6.69)

Šăłĺň őąàăğőň, łàőňě R_0(z), ć àěğőńìćěŋâě ŕàĺ σ = 0 őáâăěâáï âőńìłő íâőâ çńěŋ á łőŋěçŋëň b^2_G(P) ĺ, áőčńăáŋő (5.14), (5.43), (5.21), őąőąéěŋŋőě àěèěŋĺě (5.8), (5.11) V^∗ (2π)^3

⟨x|Ξ_1⟩ = √ V^∗ δ_3(x), (6.70)

ŕàĺ P = 0 ŕőŕàěęŋěňã ïćńïěâáï ďńï łőŋěçŋëå m, Λ âőçŋőľ ”ćőńŋőćőľ äãŋłæĺěľ” čőńďáâőãŋőćáłĺå áőáâőïŋĺľ (5.5). Šěň ŋě ňěŋěě ĺå ćłńăď (6.68) ć àěğőńìćěŋâã ĺáçěğăěâ á Λ → ∞ ďńï ńîąëå σ: áőőâćěâáâćãîéĺľ ĺň ŕőńîá ć off-shell Š-ňăâàĺæě (6.65) ãęě ŕàĺ łőŋěçŋőň Λ ńĺąő ŕăàăňěâàĺçěáłĺ áőłàăéăěâáï ěéě ďő ćëçĺâăŋĺï, ńĺąő ŕàőáâő àăğàãèăěâáï ćëçĺâăŋĺěň ć D^P_{{±}}(ϱ) ĺ, ć ńîąőň áńãçăě, őâáãâáâćãěâ ŕàĺ Λ = ∞. Śńěďőćăâěńìŋő, ŕàĺ σ ≠ 0, őŕĺáăŋŋăï ŕàěďěńìŋăï ŕàőæěďãàă ďńï àěğőńìćěŋâë ćëďěńïěâ ć ďěľáâćĺâěńìŋőáâĺ âőńìłő Š-ňăâàĺæã^^t(z) (6.67), ăŋăńőčĺçŋő ŕàőæěďãàě ĺğ àăąőâë [19].

Śâőĺâ őâňěâĺâì, çâő íâőľ off-shell-Š-ňăâàĺæě (6.67) őâćěçăěâ ďńï ćáěå r ćőńŋőćăï äãŋłæĺï àăááěïŋĺï ćĺďă (6.20) á (s-ćőńŋőćőľ) äăğőľ δ(k):

~u^′_k(0) ~u_k(0)

= k cot(δ(k)) = g(k^2) = − b + b^2 Υ − k^2 Υ ≡ − 1 ξ + R^2_0 2 k^2, (6.71)

çâő ňőęěâ áńãęĺâì őâŕàăćŋőľ âőçłőľ ŕàĺ ŕőáâàőěŋĺĺ őŕěàăâőàŋőľ àěăńĺğăæĺĺ ć ŕàőáâàăŋáâćě ćĺďă (5.62) ŕãâěň àěèěŋĺï őąàăâŋőľ ğăďăçĺ àăááěïŋĺï [24]. Ţőâï âăłăï ęě äăğă s-àăááěïŋĺï, áćïğăŋŋăï á ĺğćěáâŋëň ŕàĺąńĺęěŋĺěň íääěłâĺćŋőčő àăďĺãáă [170], ŕőńãçĺâáï, ŋăŕàĺňěà, ďńï őŕěàăâőàă Ÿàěďĺŋčěàă á àěčãńïàŋëň ŕőâěŋæĺăńőň İłłăàâă:

U(r) = −8υ^2ω e^{−2υr} (1 + ωe^{−2υr} )^2 , ω = υ − τ υ + τ , τ − υ = Υ, τυ = b(b + Υ), áőőâćěâáâćãîéăï ěňã off-shell-Š-ňăâàĺæă ąãďěâ áãéěáâćěŋŋő őâńĺçăâìáï ŋěâàĺćĺăńìŋőľ ğăćĺáĺňőáâìî őâ ĺňŕãńìáőć s, k, áőćŕăďăï á (6.67) ńĺèì

—172— ŕàĺ s^2 = k^2 = z, ă ćőńŋőćăï äãŋłæĺï ąãďěâ ńĺèì ăáĺňŕâőâçěáłĺ, ŕàĺ r → ∞, áâàěňĺâìáï ł ćĺďã (6.20).

2.2 Řěğőńìćěŋâă ć âěőàĺĺ àăáèĺàěŋĺľ.

Łăł ĺ ć čĺńìąěàâőćőň áńãçăě [14], äőàňãńă Łàěľŋă ďńï àěğőńìćěŋâë àăáèĺàěŋŋőčő őŕěàăâőàă ăŋăńőčĺçŋă (6.40)-(6.46), ĺ ğăďăěâáï, ŕő áãéěáâćã, (6.50) ĺ ćâőàëň àăćěŋáâćőň (6.51), ćńőęěŋŋëňĺ ć áőőâćěâáâćãîéěě ŕàőáâàăŋáâćő ℜ_1 ĺńĺ Π_1, čďě, ŕő őŕàěďěńěŋĺî, ŕàőĺğćőńìŋăï łőŋěçŋăï ŕőáâőïŋŋăï íàňĺâőćă ňăâàĺæă K^{−1} ŋě ĺňěěâ ŋĺçěčő őąéěčő ĺ ŋĺłăł ŋě áćïğăŋă á ”ğăâàăćőçŋőľ” ňăâàĺæěľ K^{−1}_0 (6.52).

Ŋěáňőâàï ŋă âő, çâő ćëçĺâăŋĺě ć ğŋăňěŋăâěńě (6.63) ńěčłő ćőáŕàőĺğćőďĺâáï ďńï ňăâàĺæë Γ(z, ζ) áőőâŋőèěŋĺïňĺ: K^{−1} → 0, ζ → −b^2 < 0, ŕàőáńěďĺâì ŕőïćńěŋĺě àěèěŋĺï (6.67) ďăęě ĺğ őąéěľ ŕăàăňěâàĺğăæĺĺ àăáèĺàěŋĺľ á őďŋőľ âőçłőľ ćëçĺâăŋĺï, ŕàĺ:

ζ = −μ^2 < 0, K^{−1} = 2π^2 α β β γ , (6.72)

őłăğëćăěâáï ćěáìňă ŋěâàĺćĺăńìŋőľ ğăďăçěľ. Ďńï ŕàĺďăŋĺï ěľ áňëáńă, áőčńăáŋő ãłăğăŋŋőľ ćëèě őąéěľ ŕàőæěďãàě, ŋă ŕěàćőň èăčě áâàőĺâáï ćáŕőňőčăâěńìŋőě ŕàőáâàăŋáâćő ℜ_1 ∋ ψ ŕãâěň ďőąăćńěŋĺï ł ŕőďŕàőáâàăŋáâćã (6.48) ”őąőąéěŋŋëå ďěäěłâŋëå íńěňěŋâőć”:

|χ^{(−n)}_j ⟩ = (R_0(ζ))^{j−n} |Ξ_j⟩ ∈ H_{−n}, j − 1 ≥ n ≥ 0, j = 1, 2, (6.73) |ψ⟩ = |ϕ_1⟩ + c_0|χ^{(0)}_1 ⟩ + c_{−1}|χ^{(−1)}_2 ⟩, c_0, c_{−1} ∈ C^1, ϕ_1 ∈ H_1. (6.74) áćïğăŋŋëå áő èłăńőľ . . . ⊆ H_1 ⊆ H_0 ⊆ H_{−1} ⊆ . . . , (6.75)

ŕàőáâàăŋáâć Śőąőńěćă [14]. Śńěďãîéĺň èăčőň ććőďïâáï ŕàěďŕĺáăŋĺï ďńï áłăńïàŋëå ŕàőĺğćěďěŋĺľ íâĺå őąőąéěŋŋëå ďěäěłâŋëå íńěňěŋâőć, łőâőàëě ć àăáåőďïéĺåáï áńãçăïå m + n > 0 ŕàĺàăćŋĺćăîâáï íńěňěŋâăň

—173— ŕàőĺğćőńìŋőľ íàňĺâőćőľ ňăâàĺæë. Ěáâěáâćěŋŋëľ őąéĺľ àěæěŕâ őŕàěďěńěŋĺï íâőľ ňăâàĺæë, ćłńîçăîéĺľ âăłęě ŕàěďŕĺáăŋĺě Ąěàěğĺŋă [15] á ŕőłă ŕàőĺğćőńìŋëňĺ ćěéěáâćěŋŋëňĺ λ^{(m+n)}_{lj} , ćëąĺàăěâáï ğďěáì ć ćĺďě: ⟨χ^{(−m)}_l |χ^{(−n)}_j ⟩ =⇒ a^{(m+n)}_{lj} = f.p. [ ⟨χ^{(−m)}_l |χ^{(−n)}_j ⟩ ] + P^{(m+n)} lj ( λ^{(m+n)} lj ) , (6.76)

čďě łőŋěçŋăï çăáâì (f.p.) ĺ ”ŕőńĺŋőň àăáåőďĺňőáâěľ” P^{(m+n)}_{lj} (Λ) őŕàěďěńěŋë ãáńőćĺïňĺ: P^{(m+n)}_{lj} (0) = 0, f.p. [ ⟨χ^{(−m)}_l |χ^{(−n)}_j ⟩ ] = lim_{Λ→∞} Λ∫ d^3k χ^{∗(−m)}_l (k)χ^{(−n)}_j (k) − P^{(m+n)}_{lj} (Λ)

. (6.77)

Ĺňěěň: ⟨χ^{(−1)}_2 |χ^{(−1)}_2 ⟩ =⇒ a^{(2)}_{22} = 2π^2 [ 2 3π ( λ^{(2)}_{22} )3 − 4 π λ^{(2)}_{22} μ^2 + 5 2 μ^3 ] , (6.78)

⟨χ^{(0)}_2 |χ^{(−1)}_2 ⟩ = ⟨χ^{(−1)}_2 |χ^{(0)}_2 ⟩ =⇒ a^{(1)}_{22} = 2π^2 [ 2 π λ^{(1)}_{22} − 15 8 μ ] , (6.79)

⟨χ^{(0)}_1 |χ^{(−1)}_2 ⟩ = ⟨Ξ_1 |χ^{(0)}_2 ⟩ =⇒ a^{(1)}_{12} = 2π^2 [ 2 π λ^{(1)}_{12} − 3 2 μ ] . (6.80)

Őďŋăłő, á ãçěâőň ńĺŋěľŋőľ áćïğĺ (6.53) ŕàĺ z = ζ ňěęďã ďőąăćńïěňëňĺ ćěłâőàăňĺ |χ^{(−nj)}_j ⟩ á àăğŋëňĺ j, ćłńîçăï |Ξ_1⟩, ŕàĺåőďĺâáï ŕàĺğŋăâì, çâő

|χ^{(−1)}_2 ⟩ − |Ξ_1⟩ = ζ|χ^{(0)}_1 ⟩, â.ě.: a^{(1)}_{22} − a^{(1)}_{12} = ζ⟨χ^{(0)}_2 |χ^{(0)}_1 ⟩_0 = −2π^2 3 8 μ, (6.81) őâłãďă: λ^{(1)}_{22} = λ^{(1)}_{12} ≡ λ^{(1)}, λ^{(2)}_{22} ≡ λ^{(2)}.

Ŕőńăčăï, çâő (−z)^{1/2}- àěčãńïàŋăï ćěâćì ć ŕńőáłőáâĺ á àăğàěğőň ŕàĺ z > 0, ćěéěáâćěŋŋăï ŕàĺ z < 0, ĺ, ŕàĺ n = 0, 1, 2,

I_n(z, ζ) = (6.82) (z − ζ)^n ∫ d^3k^(k^{2)n} (k^2 − z)(k^2 − ζ)^{n+1} = 2π(z − ζ)^n ∞∫

0 dλ √ λ(λ − z) ( λ λ − ζ )n+1 = 2π^2(−1)^{n+1} (z − ζ) (−z)^{n+ 12} − (−ζ)^{n+ 12} −^{n∑}_{s=1}(ζ − z)^s

(−ζ)^{n+ 12 −s}(2n + 1)!! (2s)!!(2n − 2s + 1)!! , ĺňěěň àěğőńìćěŋâã (6.43) ć ŕàőáâàăŋáâćě Ŕőŋâàïčĺŋă Π_1 = H_0 ⊕ C^1 ⊕ C^1:

R^t(z)|_{Π1} = R^∞_0 (z) − |F_j(z, ζ)⟩^(Γ^{−1}(z, ζ)^)_{jl} ⟨F^†_l (z, ζ)|, čďě: (6.83)

R^∞_0 (z) |ϕ_0⟩ ~u u = R_0(z) 0 R_0(z)|χ^{(−1)}_2 ⟩ ⟨χ^{(−1)}_2 |R_0(z) 0 I_2(z, ζ)(z − ζ)^{−1} + a^{(1)}_{22} 0 0 0

|ϕ_0⟩ ~u u , (6.84)

Γ(z, ζ) = K^{−1} + (z − ζ)

I_0(z, ζ) I_1(z, ζ) + a^{(1)}_{12} I_1(z, ζ) + a^{(1)}_{12} I_2(z, ζ) + (z − ζ)a^{(1)}_{22} + a^{(2)}_{22}

,(6.85)

(Γ(z, ζ))_{jl} =^(K^{−1)}_{jl} + (z − ζ)⟨F^†_j (ζ, ζ)|F_l(z, ζ)⟩_{Π1} , |F_2(z, ζ)⟩ = (6.86) (z − ζ)R_0(z)|χ^{(−1)}_2 ⟩ (z − ζ)^2⟨χ^{(−1)}_2 |R_0(z)|χ^{(0)}_2 ⟩_0 + (z − ζ)a^{(1)}_{22} 1 = (z − ζ)R_0(z)|χ^{(−1)}_2 ⟩ I_2(z, ζ) + (z − ζ)a^{(1)}_{22} 1 ,(6.87)

|F_1(z, ζ)⟩ = R_0(z)|Ξ_1⟩ (z − ζ)⟨χ^{(−1)}_2 |R_0(z)|χ^{(0)}_1 ⟩_0 + a^{(1)}_{12} 0 = R_0(z)|Ξ_1⟩ I_1(z, ζ) + a^{(1)}_{12} 0 , (6.88)

det ∂Γ(z, ζ) ∂z z=ζ = π^2 √ −ζ a^{(2)}_{22} − ( a^{(1)}_{12} )2 . Ŕàĺ z = −ϱ^2, ζ = −μ^2 < 0 : (6.89)

Γ_{11}(z, ζ)

2π^2 = α + μ − ϱ, Γ_{12,21}(z, ζ)

2π^2

= β + ϱ^3 − μ^3 − 2 π λ^{(1) (}ϱ^2 − μ^{2)} ,

Γ_{22}(z, ζ)

2π^2

= γ + μ^5 − ϱ^5 + 2 π λ^{(1)(}ϱ^2 − μ^{2)2} − [ 2 3π ( λ^{(2))3} − 4 π μ^2λ^{(2)} ] ( ϱ^2 − μ^{2)} .

Őąàăéăï íâã ňăâàĺæã ć (6.50), á ďćãňï łőŋáâăŋâăňĺ λ^{(1),(2)}, áłőňąĺŋĺàőćăŋŋëňĺ ć ďàãčĺě ďćě ŋěğăćĺáĺňëě ŋěŋãńěćëě łőŋáâăŋâë C, C_0 ĺńĺ C, Υ C = μ − 2 π λ^{(1)}, C_0 = 2 3π ( λ^{(2))3} − 4 π μ^2λ^{(2)} + 2 π μ^2λ^{(1)} + μ^3 = −ΥC^2, (6.90)

a^{(1)}_{12} = −2π^2 ( C + μ 2 ) , a^{(1)}_{22} = −2π^2 ( C + 7 8 μ ) , (6.91)

a^{(2)}_{22} = 2π^2C_0 − μ^2a^{(1)}_{12} = −2π^2

ΥC^2 − μ^2C − μ^3 2 , ĺňěěň ŕőáńěďőćăâěńìŋő ďńï Γ(z, ζ) ĺ Γ^{−1}(z, ζ):

Γ_{11}(z, ζ)

2π^2 = α + μ − ϱ, Γ_{12,21}(z, ζ)

2π^2

= β + (ϱ − μ)^[ϱ^2 + (ϱ + μ)C^] , (6.92)

—175— Γ_{22}(z, ζ)

2π^2

= γ − (ϱ − μ)^[ϱ^4 + (ϱ + μ)^(ϱ^2C − ΥC^{2)]} ,

Γ^{−1}(z, ζ) = 1 det Γ

Γ_{22} −Γ_{12} −Γ_{12} Γ_{11}

, (6.93) ( 2π^{2)−2} det Γ = C^2(ϱ^2 − μ^2) [αΥ − (ϱ − μ)(ϱ + μ + Υ)] − (6.94) −C(ϱ^2 − μ^2)^[2β + ϱ^2(ϱ + μ + α)^] − (ϱ − μ)(αϱ^4 + 2βϱ^2 + γ) + αγ − β^2.

Ăŋăńĺğ ăáĺňŕâőâĺçěáłőčő ŕőćěďěŋĺï ćěńĺçĺŋë^^t(z) (6.55) ŕàĺ ϱ → ∞ ŕőłăğëćăěâ âőčďă, çâő àěèěŋĺě (6.67) ŋě ňőęěâ ĺňěâì ňěáâő ŋĺ ŕàĺ łăłĺå łőŋěçŋëå ğŋăçěŋĺïå μ, C, Υ, ŕőáłőńìłã: ^t(z) ≃ − 1 2π^2ϱ

. (6.95)

Ĺğňěŋěŋĺě íâőčő ăáĺňŕâőâĺçěáłőčő àěęĺňă ćőğňőęŋő âőńìłő ěáńĺ áŕěàćă, ŕàĺ äĺłáĺàőćăŋŋëå ϱ, μ, Υ, ŕőńőęĺâì C → ∞. Ĺňěŋŋő âăłőě ”àăáèĺàěŋŋőě” âőńłőćăŋĺě ŕàőĺğćőńă [22] ć ćëąőàě àăğńĺçŋëå ğŋăçěŋĺľ a^{(m+n)}_{lj} , â.ě. λ^{(m+n)}, á őďŋőľ áâőàőŋë, ŋěŕőáàěďáâćěŋŋő ĺňňĺâĺàãěâ áďćĺč σ ŕăàăňěâàă őąàěğăŋĺï Λ → ∞ ć (5.60), ă á ďàãčőľ áâőàőŋë, őâłàëćăěâ ŕãâì ł ŕőńãçěŋĺî àěèěŋĺľ ĺ àăáèĺàěŋĺľ, őâńĺçŋëå őâ [25] æěŋőľ őâłăğă őâ âàěąőćăŋĺï łőŋěçŋőáâĺ ćáěå ćěńĺçĺŋ λ^{(m+n)} (6.78)-(6.80) á áőåàăŋěŋĺěň, őďŋăłő, őŕàěďěńěŋŋőľ ĺå ĺěàăàåĺĺ (6.90) ŕàĺ λ^{(1)} → ∞:^(λ^{(2))3} ∝ Υ^(λ^{(1))2}, őŕàěďěńïěňőľ àăğňěàŋëň ŕăàăňěâàőň Υ. Ŕàĺ íâőň Δ(z, ζ) ĺ^(Γ^{−1}(z, ζ)^)_{22} ć (6.55) ćŋőćì ĺáçěğăîâ ć íâőň ŕàěďěńě, ĺ, ć áőőâćěâáâćĺĺ á (6.67) ĺ (6.71):

lim_{C→∞}^^t(z) = lim_{C→∞}^(Γ^{−1}(z, ζ)^)_{11} = −Υ 2π^2 [(ϱ − μ)(ϱ + μ + Υ) − αΥ]

= (6.96)

= t(−ϱ^2) = −Υ 2π^2 (ϱ − b_+)(ϱ − b_−) ≡ −Υ 2π^2 (ϱ − b)(ϱ + b + Υ) , ŕàĺ b = b_±, b_+ = −b_− − Υ, b_± = − Υ 2 ± ( Υ 2 )2 + Υ ξ , (6.97) 1 ξ = α + μ + μ^2 Υ = b Υ (b + Υ) = − b_+b_− Υ . (6.98)

—176— Řăááňőâàĺň ŕőďàőąŋěě íâőâ ŕàěďěńìŋëľ ŕěàěåőď ĺ ŕőáâàőĺň áőőâćěâáâćãîéãî ěňã àěďãłæĺî ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă. Ĺğ (6.90), (6.91), ŕàĺ C → ∞ ŋăåőďĺň:

Γ^{−1}_C (z, ζ) ≃ t(z) 1 − 1 CΥ − 1 CΥ 1 C^2Υ^2 1 + Υ 2π^2t(z)(ζ − z) , (6.99)

|F^C_1 (z, ζ)⟩≃ R_0(z)|Ξ_1⟩ −2π^2C + O(1) 0 , |F^C_2 (z, ζ)⟩≃ (z − ζ)R_0(z)|χ^{(−1)}_2 ⟩ −2π^2C(z − ζ) + O(1) 1 ,(6.100)

ĺ ďěâěàňĺŋăŋâ (6.89) ąãďěâ ğŋăłőőŕàěďěńěŋ, ěáńĺ Υ ≠ −2μ. Ňěâàĺłă ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă ïćŋő ğăćĺáĺâ őâ C → ∞ ĺ ŕàěďáâăćĺňă ć ćĺďě:

^G_C = I_0 0 0 0 0 1 0 1 a^{(2)}_{22} =⇒ I_0 0 0 0 0 1 0 1 −2π^2ΥC^2

= d_{1/C}^^G_1d_{1/C}, (6.101)

d_{1/C} =

I_0 0 0 0 1/C 0 0 0 C

,^^G_1 =

I_0 0 0 0 0 1 0 1 −2π^2Υ

. (6.102)

Ŕőíâőňã, ć łăçěáâćě łăŋďĺďăâă ŋă àőńì ĺŋćăàĺăŋâŋőčő ŕőďŕàőáâàăŋáâćă ćőğìňěň ŕőďňŋőęěáâćő Π^C_1 ğăćĺáïéĺå őâ C ćěłâőàőć ĺğ Π_1 ćĺďă ( Π^C_1 ∋ ψ^{C )} ⇐⇒ ([ ψ^{C ]} =^[d_C ψ^{1]} =^[ϕ_0; C^~h; (1/C)h^{]T} ,^[ψ^{1]} =^[ϕ_0;^~h; h^{]T} ) , (6.103) áłăńïàŋőě ŕàőĺğćěďěŋĺě (6.32), (6.102) łőâőàëå ŋě ğăćĺáĺâ őâ C:

⟨ψ^C |ψ^{′C} ⟩_ΠC_1 =^[ψ^{∗C ]T ^}G_C^[ψ^{′C ]} =^[ψ^{∗1]T} d_C d_{1/C}^^G_1d_{1/C}d_C^[ψ^{′1]} = (6.104) =^[ψ^{∗1]T ^}G_1^[ψ^{′1]} = ⟨ψ^1 |ψ^{′1}⟩_Π1 .

Ŕàĺ ńîąőň łőŋěçŋőň C ďĺńăâăæĺĺ d_C ćğăĺňŋő őďŋőğŋăçŋő őâąàăęăîâ ňŋőęěáâćő Π^1 ∋ ψ^1 ŋă Π^C_1 ⊂ Π_1 , â.ě. Π^C_1 ĺğőňőàäŋő Π^1, łőâőàőě ïćńï-

—177— ěâáï ŕàőáâàăŋáâćőň Ŕőŋâàïčĺŋă á ŋěğăćĺáïéěľ őâ C ňěâàĺłőľ^^G_1 (6.102). Ŋăğőćěň ěčő ŕěàěŋőàňĺàőćăŋŋëň ŕàőáâàăŋáâćőň Ŕőŋâàïčĺŋă.

Šěőàěňă: Ŕãáâì ňŋőęěáâćő Π^C_1 ĺ ŕàőáâàăŋáâćő Π^1 őŕàěďěńěŋë (6.101)-(6.104), âőčďă:

1) ŕàĺ C → ∞ Π^C_1 ăáĺňŕâőâĺçěáłĺ ĺŋćăàĺăŋâŋő őâŋőáĺâěńìŋő ďěľáâćĺï àěğőńìćěŋâë áăňőáőŕàïęěŋŋőčő őŕěàăâőàă: R^t_C(z)Π^C_1 ⊂ Π^C_1 , ğăďăćăěňőľ äőàňãńăňĺ (6.83),(6.84), (6.99), (6.100);

2) íâă àěğőńìćěŋâă ŕő äőàňãńăň (6.103) ĺŋďãæĺàãěâ ďěľáâćĺě ŕěàěŋőàňĺàőćăŋŋőľ àěğőńìćěŋâë R^t_1(z) ŋěğăćĺáïéěčő őâ C áăňőáőŕàïęěŋŋőčő őŕěàăâőàă T_1 ć ŕàőáâàăŋáâćě Ŕőŋâàïčĺŋă Π^1;

3) ŕàőáâàăŋáâćő Ŕőŋâàïčĺŋă Π^1 őâŋőáĺâěńìŋő ďěľáâćĺï íâőčő őŕěàăâőàă àăğńăčăěâáï ć ŕàïňãî áãňňã őàâőčőŋăńìŋëå ĺŋćăàĺăŋâŋëå ŕőďŕàőáâàăŋáâć Π^1 = H^1_Υ ⊕H^1_⊥, ğăďăćăěňëå àăğńőęěŋĺěň ćěłâőàőć (6.103):

Π^1 ∋ ψ^1 = ψ^1_Υ ⊕ ψ^1_⊥,^[ψ^1_Υ^] =^[ϕ_0; 2π^2Υh; h^{]T} ,^[ψ^1_⊥^] = [0_0; 0; h_⊥]^T , (6.105) čďě áőąáâćěŋŋëľ ćěłâőà ψ^1_⊥, őâćěçăîéĺľ áőąáâćěŋŋőňã ğŋăçěŋĺî ζ, ŕőńőęĺâěńìŋő (őâàĺæăâěńìŋő) őŕàěďěńěŋ ŕàĺ Υ < 0 (Υ > 0); 4) ŕőďŕàőáâàăŋáâćő H^1_Υ, ć áćőî őçěàěďì, íłćĺćăńěŋâŋő ŕàőáâàăŋáâćã H_0 ⊕ C^1 = H_Υ, ψ^1_Υ → ψ_Υ = [ϕ_0, h]^T , á ňěâàĺłőľ^^G_Υ = diag {I_0, 2π^2Υ}, ŋă łőâőàőň őŕěàăâőà-äãŋłæĺï R^t_1(z)|_H1_Υ ĺŋďãæĺàãěâ àěğőńìćěŋâã R^t_Υ(z) áăňőáőŕàïęěŋŋőčő őŕěàăâőàă T_Υ, ğăďăîéěčő àăáèĺàěŋĺï^~T_0 (6.48) á ćëåőďőň ĺğ H_0 ć H_Υ.

Ďőłăğăâěńìáâćő: íâĺå ãâćěàęďěŋĺľ ćëâěłăěâ ŋěŕőáàěďáâćěŋŋő ĺğ ïćŋőčő ćĺďă ďěľáâćĺï àěğőńìćěŋâ R^t_C(z) ć Π^C_1 ĺ R^t_1(z) ć Π^1 áőőâćěâáâćěŋŋő: [ R^t_C(z)|ψ^C ⟩^] = ( R^∞_0 (z) −^[F^C_j (z, ζ)^{] (}Γ^{−1}_C (z, ζ)^)_{jl} [ F^{†C}_l (z, ζ) ]T ^G_Ś ) [ d_C ψ^{1]} =

R_0(z)|ϕ_0⟩ O(1) 0 + −R_0(z)|Ξ_1⟩ 2π^2C 1/(CΥ) t(z) ⟨Ξ_1 |R_0(z)|ϕ_0⟩ − ~h Υ + O(1/C) O(1) (1/C)U_⊥(z) ,

łőâőàëľ ŕőğćőńïěâ ãáâăŋőćĺâì ŋěőąåőďĺňëě áćőľáâćă (6.4)-(6.5) łăł ďńï [ R^t_1(z)|ψ^1⟩^]_{Π1} = lim_{C→∞} d_{1/C}^[R^t_C(z)|ψ^C ⟩^]_{ΠC1} = lim_{C→∞} d_{1/C}^[R^t_C (z)|d_Cψ^1⟩^](6.106)

= R_0(z)|ϕ_0⟩ 0 0 + −R_0(z)|Ξ_1⟩

2π^2 1/Υ t(z) ⟨Ξ_1 |R_0(z)|ϕ_0⟩ − ~h Υ + 0 0 U_⊥(z) ,

ĺ ďńï U_⊥(z) =^(2π^2Υh −^~h^{) [}2π^2Υ(ζ − z)^{]−1} , (6.107) âăł ĺ ďńï àěğőńìćěŋâë, ĺŋďãæĺàőćăŋŋőľ ŋă ćěłâőàăå ψ_Υ ĺğ ŕãŋłâă 4): ⟨ψ_Υ |ψ_Υ⟩_{HΥ} = ⟨ψ^1_Υ |ψ^1_Υ⟩_Π1 = ⟨ϕ_0 |ϕ_0⟩_0 + 2π^2Υ|h|^2, R^t_Υ(z)|ψ_Υ⟩ = (6.108) = R_0(z)|ϕ_0⟩ 0 + −R_0(z)|Ξ_1⟩ 1/Υ t(z)^(⟨Ξ_1 |R_0(z)|ϕ_0⟩ − 2π^2h^) , (6.109)

⟨ψ^1_⊥ |ψ^1_⊥⟩_Π1 = −2π^2Υ|h_⊥|^2, R^t_⊥(z)|ψ^1_⊥⟩ = (ζ − z)^{−1}|ψ^1_⊥⟩; (6.110) âő ěáâì: T_1 −→ T_Υ ⊕ T_⊥, R^t_1(z) −→ R^t_Υ(z) ⊕ R^t_⊥(z). (6.111) Ŕőáńěďŋěě ćëàăęěŋĺě ďńï àěğőńìćěŋâë ć H_Υ ŕő áãéěáâćã áőćŕăďăěâ á őŕěàăâőàŋőľ àěăńĺğăæĺěľ, ŕőáâàőěŋŋőľ ć àăąőâăå [19], [20]. Łăł ńěčłő ŕàőćěàĺâì, ŕàőĺğćőńìŋăï φ ∈ H_0, á łőňŕăłâŋëň ŋőáĺâěńěň, ćńőęěŋŋăï ŕő (6.29) ć Π_1, âăłęě ŕěàěćőďĺâáï őŕěàăâőàőň R^t_C (z) ć ňŋőęěáâćő Π^C_1 . Šőčďă ĺğ ăŋăńőčă äőàňãńë (6.61) ďńï R^t_Υ(z) ćëâěłăěâ, ćěáìňă ŕőåőęăï ŋă őęĺďăěňãî (5.62), àěăńĺğăæĺï áőąáâćěŋŋëå ćőńŋőćëå äãŋłæĺľ àăááěïŋĺï (ĺ áćïğăŋŋëå áőáâőïŋĺľ) ć ŕàőáâàăŋáâćě H_Υ:

Φ^{±(0)}_{k0} (s) = δ_3(k − s) − t(k^2 ± i0) (s^2 − k^2 ∓ i0)

, ψ^±_{kΥ}(s) =

Φ^{±(0)}_{k0} (s) (1/Υ) t(k^2 ± i0)

, (6.112)

ϕ_{b±0}(s) = 1 (s^2 + b^2_±)

, ψ_{b±Υ}(s) = N_{b±} ϕ_{b±0}(s) −(1/Υ) , N^2_{b±} = 8πΥ|b_±| Υ + 2|b_±|

. (6.113)

—179— Ć ćëàăęěŋĺĺ ďńï N^2_b ğďěáì b_± ŕàěďŕőńăčăěâáï ćěéěáâćěŋŋëň. Ć ŕàőâĺćŋőň áńãçăě ňőďãńì ğăňěŋïěâáï ŋă ãłăğăŋŋãî ćëèě, ŕěàěď (6.82), ăŋăńĺâĺçěáłãî äãŋłæĺî (b^2_±)^{1/2}. Ś ãçěâőň (6.71), ďěľáâćĺě àăáèĺàěŋŋőčő őŕěàăâőàă T_Υ ⊕ T_⊥, ŋăŕàĺňěà, ć łőőàďĺŋăâŋőň ŕàěďáâăćńěŋĺĺ, ğăďăěâáï ŕàăćĺńőň:

φ_0(x) = u(r) 4πr , T_Υ φ_0(x) −(1/Υ)u(0) = −(1/r)∂^2_r (rφ_0(x)) u^′(0) + (1/ξ)u(0)

, čďě: (6.114) 1 r ∂^2_r (rφ_0(x)) = u^{′′}(r) 4πr = ∇^2φ_0(x) + u(0)δ_3(x); T_⊥|ψ^1_⊥⟩ = −μ^2|ψ^1_⊥⟩. (6.115)

Ŕàïňëň ćëçĺáńěŋĺěň ŕàőćěàïěâáï, çâő (6.109), (6.110), (6.111) ïćńïěâáï ěčő àěğőńìćěŋâőľ. Ŕàĺ Υ → ∞ äőàňãńë (6.71) ĺ (6.109)-(6.114) ćŋőćì ŕàĺćőďïâ ł àăáèĺàěŋĺî ďńï δ_3(x)-ŕőâěŋæĺăńă ć H_0, őŕĺáăŋŋőňã ć ŕãŋłâě 1.3.

Łăł ĺğćěáâŋő [170], ŕàĺ ŋăńĺçĺĺ áćïğăŋŋőčő áőáâőïŋĺï ďńĺŋă àăááěïŋĺï ξ (6.98) ć (6.71) ďőńęŋă ąëâì ŕőńőęĺâěńìŋőľ. Ć áőőâćěâáâćĺĺ á őąéěľ łăàâĺŋőľ ŕãŋłâă 1.4, ňőčãâ ŕàěďáâăćĺâìáï áńěďãîéĺě áńãçăĺ: (i) Υ > 0, âőčďă, ć áĺńã (6.108), (6.110), H_Υ ïćńïěâáï Čĺńìąěàâőćëň ŕàőáâàăŋáâćőň. Ěáńĺ ξ < 0, âő, ćő ćáïłőň áńãçăě, Re b_± < 0, ĺ ŕàĺ 0 > ξ > −(4/Υ): b^∗_+ = b_−. Ěáńĺ ξ > 0, âő b_+b_− < 0, â.ě. ĺňěěâáï őďŋő áćïğăŋŋőě áőáâőïŋĺě á b = b_+ > 0, N^2_{b+} > 0;

(ii) Υ < 0, ξ < 0, âőčďă b_+ > 0 > b_−, ŋő íâő áőąáâćěŋŋőě áőáâőïŋĺě ĺňěěâ őâàĺæăâěńìŋãî ŋőàňã N^2_{b+} < 0. Ŕàőáâàăŋáâćő äĺğĺçěáłĺå áőáâőïŋĺľ ć (6.114) ďőńęŋő ąëâì őàâőčőŋăńìŋő íâőňã ćěłâőàã ψ_{b+Υ}: ( H_Υ|_{phys} ∋ ψ^) ⇐⇒ H_Υ ∋ ψ = φ_0 h , h = − u(0) Υ = ⟨ϕ_{b+0} |φ_0⟩_0 2π^2

; (6.116)

(iii) Υ < 0, ξ > −(4/Υ), âőčďă b_+b_− > 0, ŕàĺ íâőň ĺňěěâáï őďŋő őąëçŋőě áćïğăŋŋőě áőáâőïŋĺě b = b_− > 0, |Υ| > 2b, á N^2_{b−} > 0, ĺ őďŋő áőąáâćěŋŋőě

—180— áőáâőïŋĺě á N^2_{b+} < 0. Ŕàőáâàăŋáâćő äĺğĺçěáłĺå áőáâőïŋĺľ ğďěáì âăłőě ęě łăł ć ŕàěďëďãéěň áńãçăě;

(iv) Υ < 0, 0 < ξ < −(4/Υ), âőčďă ĺňěěâáï ďćă łőňŕńěłáŋëå áőąáâćěŋŋëå ğŋăçěŋĺï Re b_± > 0, b^∗_+ = b_−. Ŕàőáâàăŋáâćő äĺğĺçěáłĺå áőáâőïŋĺľ âěŕěàì őàâőčőŋăńìŋő őąőĺň áőąáâćěŋŋëň ćěłâőàăň ψ_{b±Υ}: ( H_Υ|_{phys} ∋ ψ^) ⇐⇒ H_Υ ∋ ψ = φ_0 h , h = − u(0) Υ = ⟨ϕ_{b±0} |φ_0⟩_0 2π^2

, (6.117)

â.ě. ⟨ϕ_{b+0} − ϕ_{b−0} |φ_0⟩_0 = 0.

Řăćěŋáâćă (6.116), (6.117) őğŋăçăîâ, çâő ć őâńĺçĺĺ őâ ŕěàćőčő áńãçăï (i), ć (ii-iv) őâçăáâĺ âěàïěâáï áćőľáâćő ńőłăńìŋőáâĺ àăáèĺàěŋŋőčő őŕěàăâőàă:

ďńï u(0) = u^′(0) = 0, ⇒ T_Υ|_{Hphys} φ_0(x) 0 = −(1/r)∂^2_r (rφ_0(x)) 0 , (6.118)

âăł łăł ć íâĺå áńãçăïå őŋő áőćňěáâĺňő á ŕőńőęĺâěńìŋőľ őŕàěďěńěŋŋőáâìî H_{phys} âőńìłő ŋă äãŋłæĺïå φ_0 ⊥ ϕ_{b+0} ĺ φ_0 ⊥ ϕ_{b±0}, áőőâćěâáâćěŋŋő. İâő ćŕőńŋě áőčńăáãěâáï á àěğãńìâăâăňĺ àăąőâë [24]. Őďŋăłő, âěŕěàì ŕőńŋőě çĺáńő äĺğĺçěáłĺå áâěŕěŋěľ áćőąőďë ŋě ňěŋïěâáï, â.ł. ĺňěěâáï ďőŕőńŋĺâěńìŋăï ŕőńőęĺâěńìŋő őŕàěďěńěŋŋăï ŕàĺ Υ < 0 äĺğĺçěáłăï áâěŕěŋì áćőąőďë (6.105), (6.110), áćïğăŋŋăï á áőąáâćěŋŋëň ćěłâőàőň ψ^1_⊥ (6.115). Ěáńĺ ăááőæĺĺàőćăâì ěě á Čőńďáâőãŋőćáłőľ ňőďőľ (6.70), âő, ć áőőâćěâáâćĺĺ á (6.68), áńěďãěâ áőŕőáâăćĺâì âőçłě ŋőàňĺàőćłĺ ζ ”ŕăàăňěâà áćïğĺ” íâőľ ňőďë (6.69), (5.24) ŕàĺ σ = 0 ĺ ŋěàěńïâĺćĺáâáłĺå ĺňŕãńìáăå P:

−ζ = μ^2 =⇒ b^2_G(P) = −^~ν_2 − P^2 = 2^~M_0^~Mc^2 − P^2 > 0. (6.119)

Őâáîďă, ŕàĺŋĺňăï łőŋáâĺâãěŋâŋãî ňăááã^~M_0 ≃ 385 Mev (áň. čńăćã 7), âőłőćãî ňăááã^~M ≤ 5 Mev [156], ŋăåőďĺň ŕàěďěńë ŕàĺňěŋĺňőáâĺ àăğćĺâőľ ć čńăćăå 4 – 6 ŋěàěńïâĺćĺáâáłőľ łăàâĺŋë ”ăďàőŋŋëå” áćïğăŋŋëå

—181— áőáâőïŋĺľ á ŕőńŋëň ĺňŕãńìáőň P = P_h: P_h ≪ c √ 2^~M_0^~M ≤ 60 Mev · c, áőőâćěâáâćěŋŋő, |v_h| ≪ 0.08 c. (6.120)

Šőčďă łăł ďńï čőńďáâőãŋőćáłőľ ňőďë (áň. čńăćã 7) ŕőńãçăěň |v_G| ≪ 0.4 c.

Ćëèě ąëńő ŕőłăğăŋő, çâő ć ŕàőáâàăŋáâćě ℜ_1 (6.74), ŋăâïŋãâőň ć âőň çĺáńě ĺ ŋă ćěłâőàă |χ^{(0)}_1 ⟩ ĺ |χ^{(−1)}_2 ⟩, íâĺ őąőąéěŋŋëě ďěäěłâŋëě íńěňěŋâë ďńï áőąáâćěŋŋëå áőáâőïŋĺľ àăááěïŋĺï (6.62) łőňąĺŋĺàãîâáï ć ěďĺŋëľ őąőąéěŋŋëľ ďěäěłâŋëľ ćěłâőà |Ξ_1⟩ = |χ^{(−1)}_2 ⟩ − ζ|χ^{(0)}_1 ⟩, łăł ąë àěčěŋěàĺàãîéĺľ ”čőńďáâőãŋőćáłãî áâěŕěŋì áćőąőďë”. Šăł çâő őąőąéěŋŋăï äãŋłæĺï (2π)^{−3/2}⟨x|Ξ_1⟩ = δ_3(x) ĺčàăěâ âăň ďćőïłãî àőńì: łăł ćőńŋőćăï äãŋłæĺï őąőąéěŋŋőčő áőąáâćěŋŋőčő Čőńďáâőãŋőćáłőčő áőáâőïŋĺï áĺŋčãńïàŋőčő – ŋěŕěàěŋőàňĺàőćăŋŋőčő čăňĺńìâőŋĺăŋă ć ňěâőďě Λ-őąàěğăŋĺï, ĺ/ĺńĺ łăł ďőŕőńŋĺâěńìŋăï ”ďěäěłâŋăï” łőňŕőŋěŋâă áőąáâćěŋŋëå áőáâőïŋĺľ ćő ćáŕőňőčăâěńìŋőň ŕàőáâàăŋáâćě ℜ_1. Ć ĺŋćăàĺăŋâŋőň ŕàőáâàăŋáâćě Π^1 àăáèĺàěŋŋőčő – ŕěàěŋőàňĺàőćăŋŋőčő áăňőáőŕàïęěŋŋőčő čăňĺńìâőŋĺăŋă ăŋăńőčĺçŋãî àěčěŋěàăæĺî čőńďáâőãŋőćáłőľ áâěŕěŋĺ áćőąőďë őáãéěáâćńïěâ âěŕěàì ćěłâőà ψ^1_⊥ (6.105), łőâőàëľ, őďŋăłő, ćłńîçăěâáï ć äĺğĺçěáłőě čĺńìąěàâőćő ŕàőáâàăŋáâćő ŋăąńîďěňëå áőáâőïŋĺľ âőńìłő ŕàĺ Υ < 0. Ğăňěâĺň, çâő ăŋăńőčĺçŋăï áãďìąă ŕàěáńěďãěâ čőńďáâőãŋőćáłãî ňőďã ĺ ć ďàãčĺå ĺğćěáâŋëå ŕàőáâàăŋáâćăå áőáâőïŋĺľ á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ, ćőğŋĺłăîéĺå, ŋăŕàĺňěà, ŕàĺ łćăŋâőćăŋĺĺ łăńĺąàőćőçŋëå âěőàĺľ [80].

Šăłĺň őąàăğőň, őâőęďěáâćĺć áőąáâćěŋŋëľ ćěłâőà àăáèĺàěŋŋőčő čăňĺńìâőŋĺăŋă (6.115) á (áőąáâćěŋŋőľ) čőńďáâőãŋőćáłőľ ňőďőľ, ãďăěâáï, á őďŋőľ áâőàőŋë, ŕàĺňĺàĺâì ěě á ŋěŋãńěćőľ ăňŕńĺâãďőľ àăááěïŋĺï (6.96), ă, á ďàãčőľ áâőàőŋë, ćëïáŋĺâì áňëáń âőçłĺ ŋőàňĺàőćłĺ ďńï íâőčő àăáèĺàěŋĺï (6.119). Ŕàĺ íâőň ďàãčőčő ŕăàăňěâàă àăáèĺàěŋĺï α ćŕőńŋě ďőáâăâőçŋő, çâőąë áőåàăŋĺâì čăńĺńěěćáłãî ĺŋćăàĺăŋâŋőáâì ăňŕńĺâãďë àăááěïŋĺï ć (6.96)–(6.98).

—182— Ďěńő ć âőň, çâő áăňă ŕő áěąě Čőńďáâőãŋőćáłăï ňőďă, ŕàőïćńïîéăïáï łăł áćïğăŋŋőě áőáâőïŋĺě á ŋãńěćőľ íŋěàčĺěľ áćïğĺ ŕàĺ ŋãńěćőň őàąĺâăńìŋőň ňőňěŋâě, ŋě ňőęěâ ŕőïćĺâìáï łăł őąëçŋőě łćăďàăâĺçŋő ĺŋâěčàĺàãěňőě àěèěŋĺě łćăŋâőćőňěåăŋĺçěáłőčő ãàăćŋěŋĺï Ÿàěďĺŋčěàă ŋĺ á łăłĺň łőàőâłőďěľáâćãîéĺň ŕőâěŋæĺăńőň [170]. Ďàãčĺňĺ áńőćăňĺ, áćïğăŋŋőě áőáâőïŋĺě á âăłĺňĺ łćăŋâőćëňĺ çĺáńăňĺ ŋě ňőęěâ áãéěáâćőćăâì łăł ćěłâőà őąëçŋőčő Čĺńìąěàâőćă ŕàőáâàăŋáâćă. Ćőâ ŕőçěňã, íâă – çĺáâő łćăŋâőćőŕőńěćăï áâěŕěŋì áćőąőďë ”ňăáłĺàãěâáï” łăł ďőŕőńŋĺâěńìŋőě ďĺáłàěâŋőě ĺğňěàěŋĺě àăáèĺàěŋŋőčő ŕàőáâàăŋáâćă á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ Π^1.

3 Ćëćőďë.

Šăłĺň őąàăğőň, ŕőłăğăŋő, çâő ŕěàěŋőňĺàőćőçŋăï ŕàőæěďãàă ŋă őáŋőćě Λ-őąàěğăŋĺĺ á ŕőáńěďãîéĺň ŕàěďěńìŋëň ŕěàěåőďőň Λ → ∞ ĺ âőŋłőľ ŕőďáâàőľłőľ ğăćĺáĺňőáâĺ őâ Λ ”čőńëå” őďŋőçăáâĺçŋőľ ňăááë ĺ łőŋáâăŋâë áćïğĺ, á őďŋőľ áâőàőŋë, ĺ âěőàĺï àăáèĺàěŋĺľ á ćëåőďőň ć ŕàőáâàăŋáâćă á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ, á ďàãčőľ áâőàőŋë, ŕàĺćőďïâ ł őďŋőňã ĺ âőňã ęě ďćãåçăáâĺçŋőňã s-ćőńŋőćőňã àěèěŋĺî (5.40), (6.67), (6.96), ŕőďâćěàęďăï ĺ ćğăĺňŋő ďőŕőńŋïï ďàãč ďàãčă á àăğńĺçŋëå âőçěł ğàěŋĺï. Ŕàĺ íâőň, ŋă ïğëłě łćăŋâőćőľ âěőàĺĺ ŕőńï:

(i) ğăďăŋĺě áłăńïàŋőčő ŕàőĺğćěďěŋĺï ć ℜ_m áćőďĺâáï ł őŕàěďěńěŋĺî ŕěàěŋőàňĺàőćăŋŋëå ĺŋâěčàăńőć (6.28);

(ii) âőęďěáâćă (6.33)-(6.35), (6.47) äĺłáĺàãîâ áőőâćěâáâćãîéãî âőçłã ćëçĺâăŋĺľ ζ ĺ ĺå ŋěőąåőďĺňőě çĺáńő ć (6.42), ≤ 2m ĺńĺ ≤ 2m + 1, ć ğăćĺáĺňőáâĺ őâ âőčő, áãéěáâćãěâ ĺńĺ ŋěâ ⟨χ^{(−1)} | R_0(z)|χ^{(−1)}⟩_{ℜm} , łăł ňăâàĺçŋëľ íńěňěŋâ ć H_0;

(iii) ŋěĺğňěŋŋőáâì ŕőńŋőčő çĺáńă äĺğĺçěáłĺå áâěŕěŋěľ áćőąőďë ďńï âă-

—183— łőčő áĺńìŋő áĺŋčãńïàŋőčő ćőğňãéěŋĺï ććőďĺâ ďőŕőńŋĺâěńìŋëě ďĺáłàěâŋëě łőňŕőŋěŋâë ćěłâőàőć áőáâőïŋĺï. Ŕàĺ Υ < 0 ćőğňőęŋő ŕőïćńěŋĺě ďĺáłàěâŋőčő ĺŋćăàĺăŋâŋőčő ŕőďŕàőáâàăŋáâćă äĺğĺçěáłĺå ďćãåçăáâĺçŋëå áőąáâćěŋŋëå áőáâőïŋĺľ àăáèĺàěŋŋőčő – ŕěàěŋőàňĺàőćăŋŋőčő (ďćãåçăáâĺçŋőčő) čăňĺńìâőŋĺăŋă, łőâőàőě áćïğăŋő á őąőąéěŋŋëň àěèěŋĺěň ďńï ĺáåőďŋőčő áĺŋčãńïàŋőčő – ŋěŕěàěŋőàňĺàőćăŋŋőčő Ÿàěďĺŋčěàőćáłőčő čăňĺńìâőŋĺăŋă (5.7), (5.25), ĺ őâàăęăěâ (ŕőďőąŋő ãńëąłě çěèĺàáłőčő łőâă) ćőğňőęŋőáâì ŋăńĺçĺï áőąáâćěŋŋőľ čőńďáâőãŋőćáłőľ ňőďë ã áőőâćěâáâćãîéěčő łćăŋâőćőŕőńěćőčő čăňĺńìâőŋĺăŋă (5.4): íâő áőáâőïŋĺě ŕàĺáãâáâćãěâ łăł ŕőńîá àěčãńïàĺğőćăŋŋőľ ŋěŕěàěŋőàňĺàőćăŋŋőľ àěğőńìćěŋâë ĺ/ĺńĺ ŕőńŋőľ off-shell (ŋő ŋě half-off-shell!) Š-ňăâàĺæë (6.63) âőńìłő ŕàĺ łőŋěçŋëå Λ, ĺáçěğăï ŕàĺ Λ → ∞;

(iv) őâáãâáâćãěâ łăłăï ąë âő ŋĺ ąëńő áćïğì ňěęďã åăàăłâěàőň âőçěçŋőčő ďćãåçăáâĺçŋőčő ćğăĺňőďěľáâćĺï ĺ ğŋăłőň ”čőńőľ” łőŋáâăŋâë áćïğĺ łőŋâăłâŋőčő (çěâëàěåäěàňĺőŋŋőčő) łćăŋâőćőŕőńěćőčő ćğăĺňőďěľáâćĺï. Ŕőíâőňã ŋěőąåőďĺňë ďőŕőńŋĺâěńìŋëě äĺğĺçěáłĺě ãáńőćĺï çâőąë áďěńăâì ćëąőà ňěęďã ĺňěîéĺňĺáï àăğńĺçŋëňĺ ćőğňőęŋőáâïňĺ. İâĺ ãáńőćĺï ňőęŋő ŕőçěàŕŋãâì, ŋăŕàĺňěà, ĺğ ăŋăńĺğă 3-å çăáâĺçŋőčő áěłâőàă; (v) ğăďăŋĺě áăňőčő ŕěàěŋőàňĺàőćăŋŋőčő čăňĺńìâőŋĺăŋă (ć âěàňĺŋăå äĺğĺçěáłĺå ŕăàăňěâàőć àăáèĺàěŋĺï) őáãéěáâćńïěâáï ńĺąő ŕàïňëň áŕěłâàăńìŋëň àăğńőęěŋĺň ŕő ŋăľďěŋŋëň áőąáâćěŋŋëň áőáâőïŋĺïň (6.112), (6.113), (6.105), ńĺąő ć ćĺďě (6.114), (6.115), çâő áőčńăáãěâáï á àěğãńìâăâăňĺ àăąőâ [19], [20] ĺ [24]. Ś ňăâěňăâĺçěáłőľ âőçłĺ ğàěŋĺï őŋő ïćńïěâáï őŕěàăâőàŋőľ àěăńĺğăæĺěľ łàăěćőľ ğăďăçĺ ŋă ŕőńãőáĺ, áő áŕěłâàăńìŋëň ŕăàăňěâàőň ć čàăŋĺçŋőň ãáńőćĺĺ (6.71) ďńï äãŋłæĺĺ

u(r) = 4πrφ(x), u^{′′}(r) + zu(r) = 0, u^′(0) − g(z)u(0) = 0.

Ŋěőąåőďĺňő őâňěâĺâì, çâő, ć őâńĺçĺě őâ čĺńìąěàâőćă áńãçăï (6.11), ŕàőĺğćőń àăááňőâàěŋŋőčő ğďěáì àăáèĺàěŋĺï ć ŕàőáâàăŋáâćő Ŕőŋâàïčĺŋă őŕàěďěńïěâáï, ćőőąéě čőćőàï, ďćãňï íàňĺâőćëňĺ ňăâàĺæăňĺ: g =⇒ a^{(m+n)}_{lj} (6.76) ĺ K^{−1} (6.51) [22]. Őąě őŋĺ ïćńïîâáï ĺáâőçŋĺłăňĺ ŋěğăćĺáĺňëå ŕàőĺğćőńìŋëå ŕăàăňěâàőć àăáèĺàěŋĺï. Őďŋăłő, ć âő ćàěňï łăł íńěňěŋâë íàňĺâőćőľ ňăâàĺæë K^{−1}, ğăňěŋïîéěľ ć čĺńìąěàâőćőň áńãçăě ãŋĺâăàŋãî ňăâàĺæã W_n ĺğ (6.11) [14] (á âěň ęě çĺáńőň n^2 ŕàőĺğćőńìŋëå ćěéěáâćěŋŋëå ŕăàăňěâàőć), ŕàĺőąàěâăîâ őŕàěďěńěŋŋãî äĺğĺçěáłãî ĺŋâěàŕàěâăæĺî ńĺèì ”aposteriori”, – ć àěğãńìâăâě ŕőáâàőěŋĺï àěğőńìćěŋâë àăáèĺàěŋŋőčő őŕěàăâőàă ŕěàěŋőàňĺàőćăŋŋőčő čăňĺńìâőŋĺăŋă, íńěňěŋâë ňăâàĺæë g ĺňěîâ ŋěŕőáàěďáâćěŋŋëľ áňëáń, łăł äĺłáĺàãîéĺě áćőľáâćă áăňőčő ŕàőáâàăŋáâćă àăáèĺàěŋĺï (6.28), ãęě ć íâőň łăçěáâćě ŕàőŋĺłăï ć ŕăàăňěâàë ŕěàěŋőàňĺàőćăŋŋőčő čăňĺńìâőŋĺăŋă. Ĺ âőâ ĺ ďàãčőľ ŕàőĺğćőń ąëńĺ ğďěáì ãçâěŋë ĺğŋăçăńìŋő ć ŕőńŋőľ ňěàě. Ć àăąőâě [25] ąëń àăááňőâàěŋ ńĺèì ŋăĺąőńěě ŕàőáâőľ áńãçăľ á λ^{(m+n)}_{lj} = 0.

Łăł ŕőłăğăŋő ćëèě, ć àăňłăå àăááňőâàěŋŋőľ ğďěáì ňĺŋĺňăńìŋőľ áåěňë á őďŋőľ âőçłőľ ćëçĺâăŋĺï, ĺ ąěğ ććěďěŋĺï ”ćŋãâàěŋŋĺå” áâěŕěŋěľ áćőąőďë âĺŕă [176], ńîąëě ďàãčĺě àăáèĺàěŋĺï á łőŋěçŋëňĺ ŕăàăňěâàăňĺ λ^{(m+n)}_{lj} ďńï ĺáåőďŋőčő áĺŋčãńïàŋőčő ćőğňãéěŋĺï (5.25) ŕàĺćőďïâ ł ăáĺňŕâőâĺçěáłőňã ŕőćěďěŋĺî Š-ňăâàĺæë ćĺďă (6.95). Šőńìłő ŕőáâàőěŋŋőě ğďěáì àăáèĺàěŋĺě (6.108)-(6.114) ğă áçěâ ŋěâàĺćĺăńìŋőľ àěďãłæĺĺ ŕàőáâàăŋáâćă Ŕőŋâàïčĺŋă ŕàĺćőďĺâ ł ąőńěě ąëáâàő ŕăďăîéěľ Š-ňăâàĺæě (6.67), (6.96)^1. İâő ăáĺňŕâőâĺçěáłőě ŕőćěďěŋĺě ďćãåçăáâĺçŋőľ Š-ňăâàĺæë ĺčàăěâ ŕàĺŋæĺŕĺăńìŋãî àőńì ŕàĺ àăááňőâàěŋĺĺ âàěåçăáâĺçŋőľ ğăďăçĺ ć áńěďãîéěľ čńăćě, ŕőáłőńìłã ĺňěŋŋő őŋő, ć łőŋěçŋőň áçěâě, łőŋâàőńĺàãěâ äàěďčőńìňőćőáâì ãàăćŋěŋĺľ Ťăďďěěćă [177], [178].

Ŕőáńěďŋěě ğăňěçăŋĺě łăáăěâáï ćłńăďă ć (5.25) őâ ćğăĺňőďěľáâćĺï á l = 1. Ăŋăńőčĺçŋő (6.48), őŋő áćïğăŋő á ćěłâőàŋëň äãŋłæĺőŋăńőň Ξ,

1đ.Č.Ÿőŋďĺŋ (çăáâŋőě áőőąéěŋĺě) ďńï ŕőáâàőěŋĺï âăłőčő àăáèĺàěŋĺï ŕàěďńőęĺń áåěňã á ććěďěŋĺěň ďćãå âőçěł ŋőàňĺàőćłĺ ŕàĺ łőŋěçŋëå ğŋăçěŋĺïå ćáěå ŕăàăňěâàőć.

—185— ⟨k|Ξ⟩ = Ξ(k) = k. Śőőâćěâáâćãîéĺě áăňőáőŕàïęěŋŋëě àăáèĺàěŋĺï őŕěàăâőàă Ńăŕńăáă á ćëåőďőň ć ŕàőáâàăŋáâćő Ŕőŋâàïčĺŋă àăááňőâàěŋë ć àăąőâě [25]. Őďŋăłő, àăğćĺâăï ć ŕàěďëďãéěľ čńăćě ŕěàěŋőňĺàőćőçŋăï ŕàőæěďãàă á âőŋłőľ ŕőďáâàőľłőľ ğăćĺáĺňőáâĺ őâ őąàěğăŋĺï ŕàĺćőďĺâ ł ŋãńěćőľ T-ňăâàĺæě á l = 1, ćëďěńïï, âăłĺň őąàăğőň, ěďĺŋáâćěŋŋőě áăňőáőŕàïęěŋŋőě àăáèĺàěŋĺě ć íâőň łăŋăńě, – àăáèĺàěŋĺě ŕő Ťàĺďàĺåáã [14]. Őŋő âăłęě ąãďěâ ćőáŕàőĺğćěďěŋő ŕàĺ àăááňőâàěŋĺĺ âàěåçăáâĺçŋőľ ğăďăçĺ ć áńěďãîéěľ čńăćě.

Čńăćă 7

Šàěåçăáâĺçŋëě áćïğăŋŋëě áőáâőïŋĺï ć 4-å äěàňĺőŋŋőľ ňőďěńĺ.

Ć Čńăćě 7 ĺğãçăîâáï âàěåçăáâĺçŋëě áćïğăŋŋëě áőáâőïŋĺï. Ŕőńãçěŋë ĺ ŕàőăŋăńĺğĺàőćăŋë áĺáâěňë ãàăćŋěŋĺľ ŋă ćőńŋőćëě äãŋłæĺĺ ďńï àăğńĺçŋëå ğŋăçěŋĺľ ”ĺğőâőŕáŕĺŋă” ĺ ”æćěâă”. Őąáãęďăěâáï áăňőáőŕàïęěŋŋőě àăáèĺàěŋĺě čăňĺńìâőŋĺăŋă ć âàěåçăáâĺçŋőň áěłâőàě. Ŕőńãçěŋő ăáĺňŕâőâĺçěáłőě àěèěŋĺě ãàăćŋěŋĺľ Ťăďďěěćă ć ”Ěäĺňőćáłőň” áńãçăě ĺ ŕàőćěďěŋő ěčő áőŕőáâăćńěŋĺě á áőőâćěâáâćãîéĺň çĺáńěŋŋëň àěèěŋĺěň.

1 Šàěåçăáâĺçŋëľ áěłâőà ďńï QQQ-łăŋăńă.

Ŋăçŋěň á ŋăĺąőńěě áĺňňěâàĺçŋőčő áńãçăï áćïğăŋŋëå áőáâőïŋĺľ âàěå őďĺŋăłőćëå çăáâĺæ Q =^~A, B, C, A á ŕőńŋëň ĺňŕãńìáőň P. Őŋĺ őŕàěďěńïîâáï áőőâćěâáâćãîéĺň ãàăćŋěŋĺěň Ÿàěďĺŋčěàă á čăňĺńìâőŋĺăŋőň (4.17), (4.22), (4.23)^^H|3, P⟩ = M_3(P)|3, P⟩, čďě: |3, P⟩ = ∫ d^3q_1d^3q_2d^3q_3D^{(P,J,m)}_{αβγ} (q_1q_2q_3)Q^†_α(q_1)Q^†_β (q_2)Q^†_γ (q_3) |0⟩_Q, (7.1) D^{(P,J,m)} αβγ (q_1q_2q_3) ≡ δ(q_1 + q_2 + q_3 − P) D^{(P,J,m)}_{αβγ} (q_1q_2q_3) | | | | q_1+q_2+q_3=P = −D^{(P,J,m)} αγβ (q_1q_3q_2) = −D^{(P,J,m)}_{βαγ} (q_2q_1q_3) = −D^{(P,J,m)}_{γβα} (q_3q_2q_1). (7.2)

—187— D^{(P,J,m)} αβγ (q_1q_2q_3) 3∑ i=1 E_Q(q_i) − M_3(P)

= (7.3) = ∫ d^3k_1d^3k_2d^3k_3 D^{(P,J,m)}_{αβγ} (k_1k_2k_3) H(k_1k_2k_3|q_1q_2q_3),

H(k_1k_2k_3|q_1q_2q_3) = λ 2(2mc)^2(2π)^3 δ(^{3∑}_{i=1} k_i −^{3∑}_{i=1} q_i) · (7.4) · 3∑ 1=n≠j<l δ(k_n − q_n)

(2mc)^2 − (P − q_n)^2 +

( k_j − k_l 2 + q_j − q_l 2 )2 . Ğďěáì ïďàő (7.4), őçěćĺďŋő, ăćâőňăâĺçěáłĺ ćőáŕàőĺğćőďĺâ ćáě ŕěàěáâăŋőćőçŋëě áĺňňěâàĺĺ ĺ ãáńőćĺě áőåàăŋěŋĺï ĺňŕãńìáă. Ŕőíâőňã, çâőąë őąńěčçĺâì őâďěńěŋĺě áŕĺŋőćőľ áâàãłâãàë őâ łőőàďĺŋăâŋőľ ğăćĺáĺňőáâĺ ćőńŋőćëå äãŋłæĺľ ŕàĺ P ≠ 0, ŕàěďáâăćńïěâáï ćěáìňă ãďőąŋëň ĺáŕőńìğőćăŋĺě äőàňăńìŋëå äãŋłæĺľ őâ âàěå ”ğăćĺáĺňëå” ŕěàěňěŋŋëå, âĺŕă D^{(P,J,m)} αβγ (q_1q_2q_3) (7.2), á ććěďěŋĺěň ŕőďåőďïéĺå ”äőàňäăłâőàőć” (ďăńěě ć íâőň ŕăàăčàăäě E(k) = E_Q(k) ≡ E_{{+}}(k)): K^{(P,J,m)} αβγ (q_1q_2q_3) | | | | q_1+q_2+q_3=P = = 3∑ i=1 E(q_i) − M_3(P) D^{(P,J,m)} αβγ (q_1q_2q_3) | | | q_1+q_2+q_3=P

. (7.5)

Ŕőáłőńìłã ãáńőćĺě áőåàăŋěŋĺï ĺňŕãńìáă ŕőńŋőáâìî áĺňňěâàĺçŋő ŕő q_j , áŕĺŋőćăï áâàãłâãàă K ĺ D âăłăï ęě łăł ã D. Ć ďăńìŋěľèěň {. . .} őğŋăçăěâ áĺňňěâàĺğăæĺî, ă [. . .] őğŋăçăěâ ăŋâĺáĺňňěâàĺğăæĺî ćŋãâàěŋŋĺå ŕěàěňěŋŋëå ĺńĺ ĺŋďěłáőć. Ć áőőâćěâáâćĺĺ á ćëáőłőľ áâěŕěŋìî áĺňňěâàĺĺ äãŋłæĺĺ (7.5) ĺňěěâáï âàĺ âĺŕă ćőńŋőćëå äãŋłæĺľ ĺ áőőâćěâáâćãîéĺå ŋěğăćĺáĺňëå ”äőàňäăłâőàőć” á őŕàěďěńěŋŋőľ áĺňňěâàĺěľ: K^{(P,1/2,m)} (X)αβγ (q1q2q3) = Γ 1/2,m α{βγ}X(q1[q2q3]) + +Γ^{1/2,m}_{γ{αβ}}X(q_3[q_1q_2]) + Γ^{1/2,m}_{β{γα}}X(q_2[q_3q_1]) = (7.6) = Γ^{1/2,m}_{α{βγ}}K^{(P)}_X ({q_1q_2}q_3) − Γ^{1/2,m}_{γ{αβ}}K^{(P)}_X ({q_2q_3}q_1); K^{(P)}_X ({q_1q_2}q_3) ≡ X(q_1[q_2q_3]) + X(q_2[q_1q_3]);

—188— K^{(P,1/2,m)} (Y )αβγ (q1q2q3) = Γ 1/2,m α[βγ] Y (q1{q2q3}) +

+Γ^{1/2,m}_{γ[αβ]} Y (q_3{q_1q_2}) + Γ^{1/2,m}_{β[γα]} Y (q_2{q_3q_1}) = (7.7) = Γ^{1/2,m}_{α[βγ]} K^{(P)}_Y ([q_1q_2]q_3) − Γ^{1/2,m}_{γ[αβ]} K^{(P)}_Y ([q_2q_3]q_1), K^{(P)}_Y ([q_1q_2]q_3) ≡ Y (q_1{q_2q_3}) − Y (q_2{q_1q_3}), K^{(P)}_{X,Y} (q_1q_2q_3) + (cyclic permutations (123)) = 0, K^{(P,3/2,m)} (Z)αβγ (q1q2q3) = Γ 3/2,m {αβγ}K (P) Z ([q_1q_2q_3]). (7.8)

Ğďěáì ĺáŕőńìğőćăŋë áńěďãîéĺě áćőľáâćă âàĺ-áŕĺŋ-ćőńŋőćëå äãŋłæĺľ:

Γ^{1/2,1/2} αβγ = aδ_{α2}δ_{β1}δ_{γ1} + bδ_{α1}δ_{β2}δ_{γ1} + cδ_{α1}δ_{β1}δ_{γ2}, a + b + c = 0, çâő ďăěâ: Γ^{1/2,m}_{αβγ} + Γ^{1/2,m}_{γαβ} + Γ^{1/2,m}_{βγα} = 0, (7.9) Γ^{3/2,3/2} {αβγ} = δα1δβ1δγ1, Γ 3/2,1/2 {αβγ} = δα2δβ1δγ1 + δα1δβ2δγ1 + δα1δβ1δγ2. Ůâőąë ğăňěŋĺâì ŕàőěłæĺî m ŋă −m ďőáâăâőçŋő ŕőňěŋïâì ňěáâăňĺ ĺŋďěłáë 1 ↔ 2. Ć áńãçăě J=1/2 âàĺ-áŕĺŋ-ćőńŋőćëě äãŋłæĺĺ á őŕàěďěńěŋŋőľ çăáâĺçŋőľ áĺňňěâàĺěľ ïćńïîâáï âăłęě áőąáâćěŋŋëňĺ äãŋłæĺïňĺ őŕěàăâőàă áŕĺŋőćőľ ŕěàěáâăŋőćłĺ: Σ_{23} = +1, (X), b = c, a = −2c, ďńï áĺňňěâàĺçŋőľ äãŋłæĺĺ Γ^{1/2,m}_{α{βγ}}; Σ_{23} = −1, (Y ), b = −c, a = 0, ďńï ăŋâĺáĺňňěâàĺçŋőľ äãŋłæĺĺ Γ^{1/2,m}_{α[βγ]} . Ćáě ”äőàňäăłâőàë” ŕőďçĺŋïîâáï őďŋőňã ĺ âőňã ęě ãàăćŋěŋĺî ĺ őâńĺçăîâáï âőńìłő âĺŕőň áĺňňěâàĺĺ S = X, Y, Z:

K^{(P)}_S (q_1q_2q_3) = ∫ d^3k_1d^3k_2d^3k_3

K^{(P)}_S (k_1k_2k_3) ∑3 i=1 E(k_i) − M_3(P)

H(k_1k_2k_3|q_1q_2q_3). (7.10) Ŕőńăčăï ďńï łăęďőčő çńěŋă ć ïďàě (7.4): k_j −k_l = 2s, k_j +k_l = r_n, ŋăåőďĺň ŕàĺ r_n = P − q_n őąéãî áâàãłâãàã ”äőàňäăłâőàőć” ć (7.10):

K^{(P)}_S (q_1q_2q_3) =^{3∑}_{1=n≠j<l}^[Q_{Sn}(q_n; q_j − q_l) + C_{Sn}(q_n)·(q_j − q_l)^] = (7.11)

=^{3∑}_{1=n≠j<l}^[A_{Sn}(q_n) + B_{Sn}(q_n)(q_j − q_l)^2 + C_{Sn}(q_n)·(q_j − q_l)^] ,

A_{Sn}(q) B_{Sn}(q) C_{Sn}(q) = λ 2(2mc)^2 ∫ d^3s (2π)^3 · K^{(P)}_S (k_1k_2k_3) E(k_n) + E(k_j) + E(k_l) − M_3(P) ·

· (2mc)^2 + s^2 − (P − q)^2 1/4 s , čďě, ďńï 1, 2, 3 = n ≠ j ≠ l, j < l,

ĺňěěň k_n = q, k_j = P − q 2 + s ≡ κ_+, k_l = P − q 2 − s ≡ κ_−. (7.12)

Śĺáâěňă ĺŋâěčàăńìŋëå ãàăćŋěŋĺľ (7.11), (7.12) ãŕàőéăěâáï á ãçěâőň áćőľáâć áĺňňěâàĺĺ äãŋłæĺľ K^{(P)}_S (7.6), (7.7), (7.8) ć âěàňĺŋăå S- ĺ Pćőńŋőćëå äăďěěćáłĺå ăňŕńĺâãď Q_{Sn}(q; p) ≡ A_{Sn}(q) + p^2B_{Sn}(q) ĺ C_{Sn}(q):

C_{Z1}(q) = −C_{Z2}(q) = C_{Z3}(q) ≡ C_Z (q); Q_{Zn}(q; p) = 0; (7.13) K^{(P)}_Z ([q_1q_2q_3]) = C_Z (q_1) · (q_2 − q_3) + (cyclic permutations (123)) ; Q_{X1}(q; p) = Q_{X2}(q; p) ≡ Q_X (q, p); Q_{X3}(q; p) = −2Q_X (q; p); C_{X1}(q) = C_{X2}(q) ≡ C_X (q); C_{X3}(q) = 0; X(q_1[q_2q_3]) = = Q_X (q_2; q_1 − q_3) − Q_X (q_3; q_1 − q_2) + C_X (q_1) · (q_2 − q_3); (7.14) Q_{Y 1}(q; p) = −Q_{Y 2}(q; p) ≡ Q_Y (q; p); Q_{Y 3}(q; p) = 0; C_{Y 1}(q) = −C_{Y 2}(q) ≡ C_Y (q); C_{Y 3}(q) = −2C_Y (q); Y (q_1{q_2q_3}) = = Q_Y (q_1; q_2 − q_3) + C_Y (q_2) · (q_3 − q_1) + C_Y (q_3) · (q_2 − q_1). (7.15)

Řěèăï łăęďãî ĺğ íâĺå áĺáâěň (7.12) áőćňěáâŋő á (7.13), ĺńĺ á (7.14), ĺńĺ á (7.15), łăł ŋěőďŋőàőďŋãî ăńčěąàăĺçěáłãî áĺáâěňã, čďě ĺŋâěčàăńë őâ ŋěĺğćěáâŋëå àăááňăâàĺćăîâáï łăł áćőąőďŋëě çńěŋë, ŕàĺåőďĺň ł áńěďãîéĺň âàěň ŋěáćïğăŋŋëň áĺáâěňăň őďŋőàőďŋëå ãàăćŋěŋĺľ Ťăďďěěćă:

C_Z (q) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2)

−2μ_0 s 1 −^2_3 J_1(ϱ)

C_Z (κ_+) · (q − κ_−); (7.16)

Q_X (q; 2r) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2)

−μ_0 O^{P−q}_{{+}} (ϱ; s, r) D^{P−q}_{{+}} (ϱ) · (7.17)

—190— ·{Q_X (κ_+; q − κ_−) − C_X (κ_+) · (q − κ_−)}; C_X (q) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2) μ_0 s 1 −^2_3 J_1(ϱ) · ·{C_X (κ_+) · (q − κ_−) + 3Q_X (κ_+; q − κ_−)};

Q_Y (q; 2r) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2)

−μ_0 O^{P−q}_{{+}} (ϱ; s, r) D^{P−q}_{{+}} (ϱ) · (7.18)

·{Q_Y (κ_+; q − κ_−) + 3C_Y (κ_+) · (q − κ_−)}. C_Y (q) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2) μ_0 s 1 −^2_3 J_1(ϱ) · ·{C_Y (κ_+) · (q − κ_−) − Q_Y (κ_+; q − κ_−)}; Ğďěáì: O^{P−q}_{{±}} (ϱ; s, r) ≡ γ<<[k^2]>> + Z^{P−q}_{{±}} − (2 − γ)ϱ^2 + +(1 − γ)(s^2 + ϱ^2 + r^2 + ϱ^2) + J_0(ϱ)(s^2 + ϱ^2)(r^2 + ϱ^2); (7.19) ϱ^2 = ϱ^2(q) ≡ 3 4 q^2 +

P^2 4 − (qP) 2 + ω^2(P); ω^2(P) = M_0(3E_0 − M_3(P));

E(q) + E(κ_+) + E(κ_−) − M_3(P) ≡^(s^2 + ϱ^2(q)^) /M_0, (7.20)

Ŕàĺ łőŋěçŋőň Λ ć ćëàăęěŋĺïå ć łćăďàăâŋëå áłőąłăå ć ïďàăå íâĺå ãàăćŋěŋĺľ ŋěâàãďŋő ãğŋăâì off-shell-ćăàĺăŋâë (6.63) áőőâćěâáâćãîéĺå ďćãåçăáâĺçŋëå S- ĺ P-ćőńŋőćëå half-off-shell T-ňăâàĺæ (5.40), (5.44). Ŕàĺçěň, ŕěàěŋőàňĺàőćăŋŋëě ćěàáĺĺ íâĺå off-shell T-ňăâàĺæ ďăîâáï ŕàăćëňĺ çăáâïňĺ àăćěŋáâć (5.44) ĺ (5.40), (6.67), (6.96). Ŕőíâőňã, ŕàĺ Λ → ∞ ŕàĺåőďĺň ĺ ł ćőááâăŋőćńěŋĺî Čăńĺńěěćáłőľ ĺŋćăàĺăŋâŋőáâĺ, łăł ć ďćãåçăáâĺçŋőň áńãçăě, ĺ ł ďăńìŋěľèĺň ãŕàőéěŋĺïň ć íâĺå áĺáâěňăå: C_{X,Y,Z} = B_{X,Y} = 0. Ć ĺâőčě ćáě őŋĺ áćőďïâáï ł őďŋőňã ãàăćŋěŋĺî ŋă ěďĺŋáâćěŋŋãî äãŋłæĺî őďŋőľ ŕěàěňěŋŋőľ. Őŋă ć ŕàĺŋæĺŕě őŕàěďěńïěâ łőőàďĺŋăâŋãî ćőńŋőćãî äãŋłæĺî áćïğăŋŋőčő áőáâőïŋĺï á ”ĺğőáŕĺŋőň” 1/2 ďńï âàěå őďĺŋăłőćëå çăáâĺæ ŋěğăćĺáĺňő őâ âĺŕă ěčő áŕĺŋőćőľ áĺňňěâàĺĺ:

X(q_1[q_2q_3]) = A(q_2) − A(q_3), Y (q_1{q_2q_3}) = A(q_1), ς = −1, Q_X (q; 2r) =⇒ Q_Y (q; 2r) =⇒ A(q) = T (ϱ(q)) ς 2π^2 ∫ d^3s

A(κ_+) (s^2 + ϱ^2(q))

, (7.21)

—191— T (ϱ) = lim_{Λ→∞}^(−2π^{2) ^}t(−ϱ^2) = Υ (ϱ − b)(ϱ + b + Υ) (ϱ→∞) −→ Υ ϱ^2

. (7.22)

Šěň ŋě ňěŋěě, ć áőőâćěâáâćĺĺ á őąáãęďěŋĺěň ć čńăćě 5, âăłőě âàěåçăáâĺçŋőě áćïğăŋŋőě áőáâőïŋĺě ďńï Ă-áĺáâěňë ŋěŕàěěňńěňő ŕő äĺğĺçěáłĺň áőőąàăęěŋĺïň, âăł łăł áőőâćěâáâćãîéĺě ěňã ãáńőćĺï âőŋłőľ ŕőďáâàőľłĺ ć ďćãåçăáâĺçŋőň áěłâőàě ďőŕãáłăîâ łőŋěçŋëľ őďŋőçăáâĺçŋëľ áŕěłâà âőńìłő ďńï őďŋőčő âĺŕă äěàňĺőŋőć.

2 Šàěåçăáâĺçŋëľ áěłâőà ďńï^~AAA-łăŋăńă.

Ŋăĺąőńěě ŕěàáŕěłâĺćŋëň ŕàěďáâăćńïěâáï áńãçăľ^~AAA (A^~A^~A). Ŋěáňőâàï ŋă ąőńěě ąěďŋãî áŕĺŋőćãî áĺňňěâàĺî, őŋ, őďŋăłő, ŋă áăňőň ďěńě ŕőńŋőáâìî ăŋăńőčĺçěŋ ŕàěďëďãéěňã áńãçăî. Ŕőíâőňã őáâăŋőćĺňáï ńĺèì ŋă őáŋőćŋëå ňőňěŋâăå. Őŕàěďěńïï ćőńŋőćãî äãŋłæĺî áćïğăŋŋőčő áőáâőïŋĺï ĺ áőőâćěâáâćãîéĺľ ”äőàňäăłâőà” ăŋăńőčĺçŋő (7.1), (7.5): |^~3, P⟩ = ∫ d^3q_1d^3q_2d^3q_3^~D^{(P,J,m)}_{αβγ} (q_1q_2q_3)ϵ_{αλ}^~A^†_λ(q_1)A^†_β (q_2)A^†_γ (q_3) |0⟩, ~K^{(P,J,m)} αβγ (q_1q_2q_3) | | | | q_1+q_2+q_3=P

= (7.23) =^{[ ~}E_{~A}(q_1) +^~E_A(q_2) +^~E_A(q_3) −^~M_3(P)^{] ~}D^{(P,J,m)}_{αβγ} (q_1q_2q_3) | | | | q_1+q_2+q_3=P , ŕàĺ^~E(k) ≡ E_{{−}}(k), ćğïâëå ĺğ (5.21), (5.22), ĺ ĺáŕőńìğãï ćáě ĺňěîéĺěáï ğďěáì áĺňňěâàĺĺ: ~K^{(P,J,m)} αβγ (q_1q_2q_3) = −^~K^{(P,J,m)}_{αγβ} (q_1q_3q_2), (7.24)

ć őąőğŋăçěŋĺïå (7.9), ćňěáâő (7.6), (7.7), (7.8), áŋőćă ŕàĺåőďĺň ł âàěň ŋěğăćĺáĺňëň ”äőàňäăłâőàăň”, ŋő á ąőńěě ŋĺğłőľ áĺňňěâàĺěľ: ~K^{(P,1/2,m)} (X)αβγ (q1q2q3) = Γ 1/2,m β{γα}K (P) X (q_1q_2q_3) − Γ^{1/2,m}_{γ{αβ}}K^{(P)}_X (q_1q_3q_2), (7.25) ~K^{(P,1/2,m)} (Y )αβγ (q1q2q3) = Γ 1/2,m β[γα] K (P) Y (q_1q_2q_3) − Γ^{1/2,m}_{γ[βα]} K^{(P)}_Y (q_1q_3q_2), (7.26) ~K^{(P,3/2,m)} (Z)αβγ (q1q2q3) = Γ 3/2,m {αβγ}K (P) Z (q_1[q_2q_3]). (7.27)

—192— Ćŋőćì ćáě K_S , S = X, Y, Z ŕőďçĺŋïîâáï őďŋőňã ĺ âőňã ęě ãàăćŋěŋĺî (7.10) á őçěćĺďŋëňĺ ğăňěŋăňĺ ć ïďàě (7.4) ĺ ć ğŋăňěŋăâěńě (áň. (7.23)) ĺ őąŋăàãęĺćăîâ âăłãî ęě őąéãî áâàãłâãàã (7.11):

K^{(P)}_X (q_1q_2q_3) ∝ K^{(P)}_Y (q_1q_2q_3) = K^{(P)}(q_1q_2q_3). (7.28) K^{(P)}_S (q_1q_2q_3) =^{3∑}_{1=n≠j<l}^[Q_{Sn}(q_n; q_j − q_l) + C_{Sn}(q_n)·(q_j − q_l)^] ,

Q_{Z2}(q; p) = −Q_{Z3}(q; p), C_{Z2}(q) = −C_{Z3}(q), Q_{Z1}(q; p) = 0. (7.29)

Ŕőćâőàïï ďńï ŋĺå ŕàěőąàăğőćăŋĺï ŕàěďëďãéěčő ŕăàăčàăäă, ŕàĺåőďĺň, ć őâńĺçĺě őâ ŋěčő, ł áćïğăŋŋőľ áĺáâěňě őďŋőàőďŋëå ĺŋâěčàăńìŋëå ãàăćŋěŋĺľ Ťăďďěěćă ďńï ăňŕńĺâãď C_n(q) ĺ Q_n(q; p) äãŋłæĺľ K^{(P)}_S (q_1q_2q_3) (7.28) á ńîąëň S:

Q_1(q; 2r) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2) γV^∗O^{P−q}_{{+}} (ϱ; s, r) D^{P−q}_{{+}} (ϱ) · (7.30)

·{Q_2(κ_+; q − κ_−) + Q_3(κ_+; q − κ_−) +^[C_2(κ_+) + C_3(κ_+)^] · (q − κ_−)}; C_1(q) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2) γV^∗s 1 −^2_3 J_1(ϱ) · ·{^[C_2(κ_+) − C_3(κ_+)^] · (q − κ_−) + Q_2(κ_+; q − κ_−) − Q_3(κ_+; q − κ_−)};

Q_2(q; 2r) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2) V^∗O^{P−q}_{{−}} (ϱ; s, r) D^{P−q}_{{−}} (ϱ) · (7.31)

·{Q_1(κ_+; q − κ_−) + Q_3(κ_+; q − κ_−) +^[C_1(κ_+) − C_3(κ_+)^] · (q − κ_−)}; C_2(q) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2) V^∗s 1 −^2_3 J_1(ϱ) · ·{^[C_1(κ_+) + C_3(κ_+)^] · (q − κ_−) + Q_1(κ_+; q − κ_−) − Q_3(κ_+; q − κ_−)};

Q_3(q; 2r) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2) V^∗O^{P−q}_{{−}} (ϱ; s, r) D^{P−q}_{{−}} (ϱ) · (7.32)

·{Q_1(κ_+; q − κ_−) + Q_2(κ_+; q − κ_−) −^[C_1(κ_+) + C_2(κ_+)^] · (q − κ_−)}; C_3(q) = ∫ d^3s (2π)^3 · 1 (s^2 + ϱ^2) V^∗s 1 −^2_3 J_1(ϱ) · ·{^[C_2(κ_+) − C_1(κ_+)^] · (q − κ_−) + Q_1(κ_+; q − κ_−) − Q_2(κ_+; q − κ_−)}.

—193— Ğďěáì ć ğŋăňěŋăâěńïå, á ãçěâőň ğăňěŋë ć őŕàěďěńěŋĺïå (5.41), (7.19) ”őąàăâŋőčő ŕàőŕăčăâőàă” (7.20) ŋă ěčő ăŋăńőč ĺğ (7.23), őŕãéěŋë áńăčăěňëě ćĺďă (P − q, s)/m, ĺáçěğăîéĺě ŕàĺ Λ → ∞, çâő, ć łőŋěçŋőň áçěâě, ćëńĺćăěâï ć ğăňěŋã ć äãŋłæĺĺ ϱ^2(q) (7.19) ćěńĺçĺŋë:

ω^2(P) →^~ω^2(P) =^~M_0(^~E_{~A0} + 2^~E_{A0} −^~M_3(P)). (7.33)

Ŕàĺŋĺňăï ćő ćŋĺňăŋĺě ãáńőćĺï (5.21), (5.43), ŕàĺ Λ → ∞ ŕőńãçăěň ŋěŋãńěćőľ ŕàěďěń ćĺďă (7.22) ďńï ŕěàěŋőàňĺàőćăŋŋëå S-ćőńŋőćëå ïďěà ć ŕěàćëå ãàăćŋěŋĺïå (7.31), (7.32). Ć âőęě ćàěňï, ďńï ïďàă ŕěàćőčő ĺğ ãàăćŋěŋĺľ (7.30), âăłęě łăł ĺ ďńï ćáěå P-ćőńŋőćëå ïďěà ğďěáì ĺ ć ŕàěďëďãéěň ŕăàăčàăäě, ŕàěďěń ŕàĺ íâĺå ãáńőćĺïå (łőŋěçŋőáâĺ őąőĺå őďŋőäěàňĺőŋŋëå áŕěłâàőć) àăćěŋ ŋãńî ć áőőâćěâáâćĺĺ á ğăňěçăŋĺïňĺ ŕőáńě äőàňãńë (5.52). Šőčďă: C_{1,2,3}(q) = Q_1(q; p) = 0, ĺ ãàăćŋěŋĺï (7.31), (7.32), ăŋăńőčĺçŋő (7.21), ćëàőęďăîâáï ć áĺáâěňã ďćãå ãàăćŋěŋĺľ ďńï ďćãå äãŋłæĺľ őďŋőľ ŕěàěňěŋŋőľ:

Q_{2,3}(q; 2r)) =⇒ A_{2,3}(q), K^{(P)}(q_1q_2q_3) =^(A_2(q_2) + A_3(q_3)^) , (7.34) łőâőàăï őğŋăçăěâ, çâő: ςA_3(q) = A_2(q) = A(q),

çâő ŕő áãéěáâćã ćőğćàăéăěâ ŋăá ł ŕàěďëďãéěňã ãàăćŋěŋĺî (7.21) ďńï A(q) → A(q), ŋő á ς = ±1.

Ŕőńãçěŋŋőě ãàăćŋěŋĺě á âőçŋőáâìî ďő ňŋőęĺâěńï ς/2 áőćŕăďăěâ á ãàăćŋěŋĺěň, ŕőńãçěŋŋëň Ÿőŋďĺŋëň [19] ć âàěåąőğőŋŋŋőň áńãçăě. Łăł ŕőłăğăŋő ć àăąőâăå [19], [177], [178], ăáĺňŕâőâĺçěáłőě ŕőćěďěŋĺě (7.22) čăàăŋâĺàãěâ, çâő ňë ĺňěěň ďěńő á áăňőáőŕàïęěŋŋëň ŕőńãőčàăŋĺçěŋŋëň áŋĺğã âàěåçăáâĺçŋëň čăňĺńìâőŋĺăŋőň ŕàĺ őąőĺå ğŋăçěŋïå ς. Ć âőęě ćàěňï, čăňĺńìâőŋĺăŋ, őâćěçăîéĺľ ńîąëň ďàãčĺň àăáèĺàěŋĺïň ć ďćãåçăáâĺçŋőň áěłâőàě á ăáĺňŕâőâĺłőľ (6.95), ŕàĺćőďĺâ ł ”łőńńăŕáã” ć àăááňăâàĺćăěňőľ âàěåçăáâĺçŋőľ áĺáâěňě.

—194— Ŕàĺ P = 0 őâáãâáâćĺě ĺŋëå ćěłâőàŋëå ŕăàăňěâàőć ŕàěďŕőńăčăěâ, çâő ďńï ćőńŋőćëå äãŋłæĺľ á ŋãńěćëň ŕőńŋëň âàěåçăáâĺçŋëň ãčńőćëň ňőňěŋâőň A(q) −→ A(q) [183]. Šőčďă ãàăćŋěŋĺě (7.21) áćőďĺâáï ł áńěďãîéěňã: q A(q) = T (ϱ(q)) ς π ∫ ∞ 0 dk k A(k) ln k^2 + q^2 + kq + ω^2 k^2 + q^2 − kq + ω^2

. (7.35)

Ŕàőćěďěŋŋëľ ć áńěďãîéěň ŕăàăčàăäě ăŋăńĺğ ŕőłăğëćăěâ, çâő ŕàĺ ďőáâăâőçŋő őąéĺå ãáńőćĺïå ĺŋâěčàăńìŋëľ őŕěàăâőà ć (7.35) íłćĺćăńěŋâěŋ áĺňňěâàĺçŋőňã ćŕőńŋě ŋěŕàěàëćŋőňã ĺ ŕőńőęĺâěńìŋő őŕàěďěńěŋőňã őŕěàăâőàã. Śńěďőćăâěńìŋő, őŋ ňőęěâ őąńăďăâì ŋěâàĺćĺăńìŋëňĺ áőąáâćěŋŋëňĺ àěèěŋĺïňĺ âőńìłő ŕàĺ ςΥ > 0. Ňë ŕàĺåőďĺň, âăłĺň őąàăğőň, ł áńěďãîéĺň ďćãň ćőğňőęŋëň ćăàĺăŋâăň âàěåçăáâĺçŋëå áćïğăŋŋëå áőáâőïŋĺľ âĺŕă^~AAA (A^~A^~A):

(I) Ŕàĺ Υ > 0, ς = 1, ĺňěěň âőńìłő áőáâőïŋĺï á J=1/2, á áĺňňěâàĺçŋëňĺ ćőńŋőćëňĺ äãŋłæĺïňĺ (7.23), (7.25), (7.26), (7.27), čďě

K^{(P)}_X (q_1q_2q_3) ∝ K^{(P)}_Y (q_1q_2q_3) ∝^(A(q_2) + A(q_3)^) , K^{(P)}_Z = 0. (7.36)

(II) Ŕàĺ Υ < 0, ς = −1, ćőğňőęŋë őąă ğŋăçěŋĺï ĺğőáŕĺŋă á J=1/2, 3/2, á ăŋâĺáĺňňěâàĺçŋëňĺ ćőńŋőćëňĺ äãŋłæĺïňĺ (7.23), (7.25), (7.26), (7.27), ć łőâőàëå âěŕěàì

K^{(P)}_X (q_1q_2q_3) ∝ K^{(P)}_Y (q_1q_2q_3) ∝ K^{(P)}_Z (q_1[q_2q_3]) ∝^(A(q_2) − A(q_3)^) . (7.37)

Ŕàĺ b = 0 ćőğňőęěŋ âőńìłő ćăàĺăŋâ (I).

—195—

3 Řěèěŋĺě ãàăćŋěŋĺľ Ťăďďěěćă ďńï áćïğăŋŋëå áőáâőïŋĺľ á ŋãńěćëň ŕőńŋëň ãčńőćëň ňőňěŋâőň.

Ĺáŕőńìğãï čĺŕěàąőńĺçěáłãî ŕőďáâăŋőćłã á ěáâěáâćěŋŋëň ŋěçěâŋëň ŕàőďőńęěŋĺěň ŋă ćáî őáì q ďńï äãŋłæĺĺ (P = 0) qA(q) T (ϱ(q)) = φ(ϑ) = −φ(−ϑ); q = 2ω √ 3 sinh ϑ; (7.38) ϱ(q) = 3 4 q^2 + ω^2 = ω cosh ϑ; k = 2ω √ 3 sinh τ; ϱ(k) = ω cosh τ,

ãàăćŋěŋĺě (7.35) ňőęŋő ŕàĺćěáâĺ ł áńěďãîéěňã ãďőąŋőňã ćĺďã: φ(ϑ) = 2ς℘ π √ 3 ∞∫ −∞ dτ W (cosh τ) φ(τ) ln

2 cosh(τ − ϑ) + 1

2 cosh(τ − ϑ) − 1 ; W (cosh τ) = ω ℘ cosh τ T (ω cosh τ) . (7.39)

Ğďěáì W (cosh τ) çěâŋăï äãŋłæĺï τ, ă łőŋáâăŋâă ℘ ććěďěŋă ďńï ďăńìŋěľèěčő ãďőąáâćă. Ğăňěâĺň, çâő ŕőáńěďŋěě ïďàő ĺňěěâ ďőŕőńŋĺâěńìŋëľ ŋăąőà áőąáâćěŋŋëå äãŋłæĺľ ŕàőâĺćőŕőńőęŋőľ (ŕőńőęĺâěńìŋőľ) çěâŋőáâĺ.

Śőčńăáŋő őąéĺň őčàăŋĺçěŋĺïň ĺğ ďćãå- ĺ âàěå- çăáâĺçŋőľ ğăďăçĺ àăááěïŋĺï [184]-[186] áãéěáâćőćăŋĺě âàěåçăáâĺçŋőčő áćïğăŋŋőčő áőáâőïŋĺï ω, ŕàĺ ŋăńĺçĺĺ ďćãåçăáâĺçŋőčő áćïğăŋŋőčő áőáâőïŋĺï á ϱ = b, ŕőďàăğãňěćăěâ, çâő ω > b ≥ 0. Šőčďă, ĺğ (7.22), ŕàĺ Υ+2b > 0, áńěďãěâ, çâő T (ϱ(q)) łőŋěçŋă ŕàĺ ćáěå q ĺ ďőáâăâőçŋő ąëáâàő áâàěňĺâáï ł ŋãńî á ϱ → ∞, çâőąë ĺňěńă áňëáń áńěďãîéăï ŕőďáâăŋőćłă: ϑ = ϑ(η), τ = τ(σ), φ(ϑ) = f(η) = −f(−η); ∞ > χ > 0; (7.40) σ(τ) = −σ(−τ) = τ∫ −∞ dυ W (cosh υ) − χ; 2χ ≡ ∞∫ −∞ dυ W (cosh υ). §áŋő, çâő őŋă ĺňěěâ áňëáń ĺ ďńï ńîąőľ äãŋłæĺĺ T (ϱ(q)) á ãłăğăŋŋëňĺ áćőľáâćăňĺ ĺ ŕàěćàăéăěâ (7.39) ć ãàăćŋěŋĺě á áĺňňěâàĺçŋëň ćŕőńŋě

—196— ŋěŕàěàëćŋëň ïďàőň: f(η) = 2ς℘ π √ 3 χ∫

−χ dσ f(σ) ln 2 cosh (τ(σ) − ϑ(η)) + 1 2 cosh (τ(σ) − ϑ(η)) − 1 ≡ 2ς℘ π √ 3 ( ^Of^) (η). (7.41) Ŕàĺ őąëçŋőň őŕàěďěńěŋĺĺ áłăńïàŋőčő ŕàőĺğćěďěŋĺï ć L^2(−χ, χ), ďńï ńîąőľ äãŋłæĺĺ f(η) ∈ L^2(−χ, χ), ĺáŕőńìğãï ŕàěőąàăğőćăŋĺě Ťãàìě, ňőęŋő ŕőńãçĺâì: ( ^Of, f^) = ∞∫ −∞ dε |F(ε)|^2 sinh(πε/6) ε cosh(πε/2) > 0; (7.42) F(ε) = ∞∫ −∞ dτ e^{iετ} W (cosh τ) φ(τ) ≡ χ∫

−χ dσ f(σ) e^{iετ (σ)}. Śńěďőćăâěńìŋő, ćáě őâńĺçŋëě őâ ŋãńï áőąáâćěŋŋëě ğŋăçěŋĺï o_N őŕěàăâőàă ^O ŕőńőęĺâěńìŋë, ă ĺå áãňňă àăćŋă ěčő áńěďã [172]: ∑ N o_N = 2χ ln 3, o_N > 0. (7.43)

Łőŋáâăŋâã ℘ ňőęŋő ćáěčďă ŕőďőąàăâì âăł çâőąë ćëŕőńŋïńĺáì ãáńőćĺï ć (7.40). §ćŋëě ćëàăęěŋĺï ďńï ğăňěŋë (7.40) ć ŋăèěň áńãçăě ĺňěîâ ćĺď:

σ(τ) = χ coth λ ln cosh[(τ + λ)/2] cosh[(τ − λ)/2]

− coth γ ln cosh[(τ + γ)/2]

cosh[(τ − γ)/2] λ coth λ − γ coth γ

,(7.44)

χ = ( cosh λ + cosh γ cosh λ − cosh γ )[ λ coth λ − γ coth γ ℘ ] , čďě λ, γ, âăłőćë, çâő: (7.45)

cosh λ + cosh γ = Υ ω , cosh λ − cosh γ = ±

Υ + 2b ω , â.ě. cosh λ γ = − b_± ω , ĺ ňőčãâ ćëąĺàăâìáï âăł, çâő ńĺąő: Re{λ, γ} ≥ 0, |Im{λ, γ}| ≤ π, ĺ Im γ = −Im λ, ěáńĺ Re{λ, γ} ≠ 0, (7.46) ńĺąő: 0 ≤ Im{λ, γ} ≤ π, ĺ Re γ = −Re λ, ěáńĺ Im{λ, γ} ≠ 0, π.

—197— Ŕàĺ b = 0, Υ > 0 ŕőńãçăěň ŕàőáâëě ïćŋëě ćëàăęěŋĺï ďńï őąěĺå äãŋłæĺľ σ(τ) ĺ τ(σ), ěáńĺ ω cosh χ = Υ, ℘ = coth χ, â.ě. λ = χ ĺ γ = ± iπ/2:

e^{σ(τ )} = cosh [(χ + τ)/2] cosh [(χ − τ)/2]

, e^{τ (σ)} = sinh [(χ + σ)/2] sinh [(χ − σ)/2]

, (7.47)

ĺ ăŋăńőčĺçŋő ďńï η(ϑ) ĺ ϑ(η). Őŋĺ ŕőğćőńïîâ ŋěŕőáàěďáâćěŋŋő ŕàĺňěŋĺâì ňěâőď àăąőâ [184], [186] ł ãàăćŋěŋĺî (7.41), łőčďă ω → 0, χ → ∞. Ć íâőň áńãçăě cosh(τ − ϑ) ≃ cosh(σ − η), ĺ ŕőĺáł łőíääĺæĺěŋâőć Ťãàìě àăğńőęěŋĺï a_m âőçŋőčő àěèěŋĺï f(η) =^{∞∑}_{m=−∞} a_m e^{iπmη/χ}, a_m =^{∞∑}_{n=−∞} C^χ_{mn} a_n, (7.48) C^χ_{mn} = 2ς℘ π √ 3 1 2χ ( ^Oe^{iπnσ/χ}, e^{iπmη/χ)} , ŕàĺćőďĺâ ł áőőâŋőèěŋĺî: 1 ≃ 4ς √ 3 sinh(πε/6) ε cosh(πε/2) , čďě, ε ≡ 2πm 2χ . (7.49)

Őŋő ćëŕőńŋïěâáï ŕàĺ ε = ε_0 ≃ 0.4137 âőńìłő ďńï ς = 1 ĺ ďăěâ ăáĺňŕâőâĺçěáłőě àăáŕàěďěńěŋĺě ãàőćŋěľ Ěäĺňőćă ĺ ăáĺňŕâőâĺçěáłĺľ ćĺď áőőâćěâáâćãîéĺå ĺň ŋěçěâŋëå àěèěŋĺľ:

ω_{2k} = Υ cosh χ_k

≃ 2Υ exp { − πk ε_0 } , f_{2k}(η) ≃ N_{2k} sin(ε_0η), −χ_k ≤ η ≤ χ_k. (7.50) Ůĺáńěŋŋőě àěèěŋĺě ãàăćŋěŋĺï (7.41) őąŋăàãęĺćăěâ, çâő ďńï ĺŋâěàěáãîéĺå ŋăá ŋěçěâŋëå àěèěŋĺľ f_{2k}(η), őâćěçăîéĺå æěńëň k > 0, íâőâ ăáĺňŕâőâĺçěáłĺľ àěęĺň äăłâĺçěáłĺ áâăàâãěâ á őáŋőćŋőčő áőáâőïŋĺï k = 1. Šőçŋěě: ďńï k = 1, 2, 3, 4, 5, (7.50) ĺňěěâ ňěáâő ŕàĺ χ_k ≃ (k + δ)π/ε_0, čďě δ ≃ 0.06006 (Řĺá.7.1). Řěèěŋĺě ŕàőĺğćőďĺńőáì ŕãâěň M = 16, 24, 64- âőçěçŋőľ čăãááőćáłőľ ăŕŕàőłáĺňăæĺĺ ĺŋâěčàăńă ć (7.41) ŋă łăęďőň ĺğ N = 6 ÷ 10 àăćŋëå ĺŋâěàćăńőć àăğąĺěŋĺï, á ŕőáńěďãîéĺň àěèěŋĺěň ŕőńãçĺćèěľáï M × N őďŋőàőďŋőľ áĺáâěňë ńĺŋěľŋëå ăńčěąàăĺçěáłĺå ãàăćŋěŋĺľ, ŕàĺ ŋăńĺçĺĺ čàăäĺçěáłőčő ĺ çĺáńěŋŋőčő łőŋâàőńï (Řĺá.7.2) łăł

Řĺá. 7.1. Ůĺáńěŋŋëě ğŋăçěŋĺï ãàőćŋěľ íŋěàčĺĺ ω_{2k} ĺ čàăäĺł ω_n ć ěďĺŋĺæăå Υ

ğă ćĺďőň áőąáâćěŋŋëå àěèěŋĺľ (7.50) âăł ĺ ğă ĺå Ťãàìě-àăğńőęěŋĺïňĺ f_{2k}(χ_ky) ≃^{∑4k}_{n=0} (A_n cos(πny) + B_n sin(πny)), ć łőâőàëå ćěńĺçĺŋă őáâăńìŋëå łőíääĺæĺěŋâőć |B_{n≠k}| ŋě ŕàěćëáĺńă δ, ă |A_n| ≤ 10^{−14}.

4 Ćëćőďë.

Šăłĺň őąàăğőň, ďńï őąàăğőćăŋĺï âàěåçăáâĺçŋëå áćïğăŋŋëå áőáâőïŋĺľ ć^~AAA-łăŋăńě ďőáâăâőçŋő ŋăńĺçĺï ŋěŋãńěćőľ Š-ňăâàĺæë âőńìłő ć ďćãåçăáâĺçŋőň^~AA-łăŋăńě, çâő őâćěçăěâ ãáńőćĺî âőŋłőľ ŕőďáâàőľłĺ ν_0 = 3/5. Ěáńĺ áőŕőáâăćĺâì äěàňĺőŋë A_α ĺ^~A_α áőőâćěâáâćěŋŋő u, d ĺ u, d ”łćăàłăň” á łőŋáâĺâãěŋâŋőľ ňăááőľ [156] M_N /3 ∼ m_{ρ,ω}/2 ≃^~M_0 = 385 MeV, âő ĺğ (5.8) ďńï ňăááë áőőâćěâáâćãîéěčő Čőńďáâőãŋőćáłőčő ąőğőŋă ŕőńãçăěň ğŋăçěŋĺě m_G = (2/5)^~M_0 = 154 MeV, ąńĺğłőě ł ňăááě ŕĺ-ňěğőŋă m_π = 140 Mev. Ć âőęě ćàěňï, ”ąěááŕĺŋőćëě ρ ĺ ω– ňěğőŋë” ïćńïîâáï ąńĺęăľèĺňĺ ďćãåçăáâĺçŋëňĺ áćïğăŋŋëňĺ áőáâőïŋĺïňĺ á ŕőďåőďïéĺňĺ łćăŋâőćëňĺ çĺáńăňĺ, ć çăáâŋőáâĺ, ŋãńěćëň őàąĺâăńìŋëň ňőňěŋâőň l = 0 ĺ J=1,0 [187], [188], ĺ ĺå ňăááă m_{ρ,ω} ≃ 2^~M_0 äĺłáĺàãěâ ŕăàăňěâà b: Υ ≫ b ≃ 0. Ŕăàăňěâà Υ ňőęŋő âěŕěàì ğăäĺłáĺàőćăâì, áőŕőáâăćńïï ňăááě őáŋőćŋőčő

—199— áőáâőïŋĺï k = 1 (7.50) ňăááã ”ŋãłńőŋă” M_N . Řěèěŋĺï á k > 1 łăçěáâćěŋŋő őâćěçăîâ âőčďă ”ŋãłńőŋŋëň P_{11}-àěğőŋăŋáăň” á ŋãńěćëň ŕőńŋëň ãčńőćëň ňőňěŋâőň [189]. Ğăňěâĺň, çâő ć íâőľ ãŕàőéěŋŋőľ ňőďěńĺ őŋĺ ŕőáâàőěŋë ŋě ĺğ âàěå łćăàłőć, ă ĺğ ďćãå ”łćăàłőć” ĺ ”ăŋâĺłćăàłă”.

Řĺá. 7.2. Řěèěŋĺï á k = 1, 2, 3, 4, 5 ĺ ĺå Ťãàìě-łőíääĺæĺěŋâë B_k.

—200—

Ğăłńîçěŋĺě

Ć ďăŋŋőľ àăąőâě ŕőńãçěŋë áńěďãîéĺě àěğãńìâăâë:

• Ŋăľďěŋë ïćŋëě ćëàăęěŋĺï ďńï ŕěàćëå łőíääĺæĺěŋâŋëå äãŋłæĺľ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï čěľğěŋąěàčőćáłĺå ŕőńěľ ŋă èàěďĺŋčěàőćáłĺě ŕőńï łăł ć ŋěàěńïâĺćĺáâáłőľ N-Šíâă ňőďěńĺ, âăł ĺ ć ŋěŕěàěŋőàňĺàãěňőľ ňőďěńĺ çěâëàěåäěàňĺőŋŋőčő łőŋâăłâŋőčő ćğăĺňőďěľáâćĺï. Şáâăŋőćńěŋă áćïğì íâĺå łőíääĺæĺěŋâŋëå äãŋłæĺľ á ćőńŋőćëňĺ äãŋłæĺïňĺ àăááěïŋĺï ĺ áćïğăŋŋëå áőáâőïŋĺľ.

• Ŕàőćěďěŋő áàăćŋěŋĺě ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ, őâćěçăîéĺå àăğńĺçŋëň ŋăçăńìŋëň ãáńőćĺïň, ĺ ŕőłăğăŋă ãŋĺâăàŋăï íłćĺćăńěŋâŋőáâì ŕàěďáâăćńěŋĺľ łăŋőŋĺçěáłĺå łőňňãâăæĺőŋŋëå áőőâŋőèěŋĺľ ŋă èàěďĺŋčěàőćáłĺå ĺ ”in”-ŕőńïå ć őâáãâáâćĺĺ ć Čăňĺńìâőŋĺăŋě äńãłâãăæĺőŋŋëå çńěŋőć.

• Őąŋăàãęěŋő, çâő ďńï ŋěłőâőàëå ňőďěńěľ âĺŕă Ńĺ ĺ àěńïâĺćĺáâáłĺå ňőďěńěľ 4-å äěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï ć (3+1)D ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŋă èàěďĺŋčěàőćáłĺě ŕőńï ŕőğćőńïěâ ŕőńŋőáâìî ńĺŋěăàĺğőćăâì ãàăćŋěŋĺï Čěľğěŋąěàčă ĺ ŕőńãçĺâì ğăňłŋãâőě ćëàăęěŋĺě ďńï čěľğěŋąěàčőćáłőčő ŕőńï łăł äãŋłæĺőŋăńă őâ äĺğĺçěáłĺå ŕőńěľ, ăŋăńőčĺçŋőě àěèěŋĺïň 2D ňőďěńěľ Šĺààĺŋčă ĺ Ÿćĺŋčěàă. Šăłăï ńĺŋěăàĺğăæĺï ïćńïěâáï ŕàőïćńěŋĺěň áőčńăáőćăŋŋőáâĺ áŕőáőąă łćăŋâőćăŋĺï á ďĺŋăňĺłőľ áĺáâěňë, çâő ŕàőïćńïěâáï, ć âőň çĺáńě, ć ćőğňőęŋőľ ďĺăčőŋăńĺğãěňőáâĺ čăňĺńìâőŋĺăŋă ŋă ćëąàăŋŋëå äĺğĺçěáłĺå ŕőńïå.

• Ďńï âăłĺå ńĺŋěăàĺğãěňëå, ć âőň çĺáńě, àěńïâĺćĺáâáłĺå ňőďěńěľ ŕőńãçěŋë ćëàăęěŋĺï ďńï ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ĺ ěčő łőíääĺæĺěŋâŋëå äãŋłæĺľ ć ćĺďě äãŋłæĺőŋăńìŋëå ĺŋâěčàăńőć ŕő äăğő-

—201— ćőňã ŕàőáâàăŋáâćã ĺ àăğćĺâë ňěâőďë ĺå ćëçĺáńěŋĺï. Ŋăłőŋěæ, ďńï őďŋőľ ŋěàěńïâĺćĺáâáłőľ ňőďěńĺ ĺ ďćãå âĺŕőć àěńïâĺćĺáâáłĺå ňőďěńěľ ć âăłőň ćĺďě ŕőńãçěŋë ćëàăęěŋĺï ŋěŕőáàěďáâćěŋŋő ďńï ŋőàňăńìŋëå áĺňćőńőć čěľğěŋąěàčőćáłĺå őŕěàăâőàőć, â.ě. àěèěŋă ğăďăçă ŕàĺćěďěŋĺï ĺå ł ŋőàňăńìŋőľ äőàňě.

• Ďńï ŋěàěńïâĺćĺáâáłőčő ”ŋěŕěàěŋőàňĺàãěňőčő” çěâëàěåäěàňĺőŋŋőčő ćğăĺňőďěľáâćĺï áäőàňãńĺàőćăńĺàőćăŋă ŕàőæěďãàă ŕěàěŋőàňĺàőćłĺ ŕãâěň ”âőŋłőľ ŕőďáâàőľłĺ” ğăćĺáĺňőáâĺ őâ őąàěğăŋĺï ğăâàăćőçŋëå ňăáá ĺ łőŋáâăŋâ áćïğĺ, łőâőàăï ïćńïěâáï áăňőáőčńăáőćăŋŋőľ ć łăęďőň N-çăáâĺçŋőň áěłâőàě ĺ âěáŋő áćïğăŋă á ćőááâăŋőćńěŋĺěň čăńĺńěěćáłőľ ĺŋćăàĺăŋâŋőáâĺ.

• Ŕőłăğăŋő, çâő áőőâćěâáâćãîéĺľ íâőľ ŕàőæěďãàě ŕěàěŋőàňĺàőćłĺ ňěåăŋĺğň àăğňěàŋőľ âàăŋáňãâăæĺĺ ěáâěáâćěŋŋő äőàňãńĺàãěâáï ŋă ïğëłě âěőàĺĺ àăáèĺàěŋĺľ áőőâćěâáâćãîéěčő áĺŋčãńïàŋőčő łćăŋâőćőňěåăŋĺçěáłőčő čăňĺńìâőŋĺăŋă ć ďćãåçćáâĺçŋőň áěłâőàě.

• Ŕőńãçěŋë âőçŋëě àěèěŋĺï ďńï Čőńďáâőãŋőćáłĺå áőáâőïŋĺľ, ă âăłęě ďńï ćőńŋőćëå äãŋłæĺľ ĺ Š-ňăâàĺæ ćáěå ďćãåçăáâĺçŋëå áőáâőïŋĺľ ĺ ŋăľďěŋă łőŋłàěâŋăï àěăńĺğăæĺï áőőâćěâáâćãîéěčő áăňőáőŕàïęěŋŋőčő àăáèĺàěŋĺï á ćëåőďőň ć ŕàőáâàăŋáâćő Ŕőŋâàïčĺŋă.

• Őąŋăàãęěŋő, çâő ć âěőàĺĺ àăáèĺàěŋĺľ Čőńďáâőãŋőćáłőě àěèěŋĺě âàăŋáäőàňĺàãěâáï ć ”ďěäěłâŋãî łőňŕőŋěŋâã” őąëçŋőčő àěèěŋĺï.

• Ŋăľďěŋë âàĺ ãŋĺâăàŋő-ŋěíłćĺćăńěŋâŋëå őŕěàăâőàŋëå àěăńĺğăæĺĺ ŋěàěńïâĺćĺáâáłőčő çěâëàěåäěàňĺőŋŋőčő Čăňĺńìâőŋĺăŋă âőł ⊗ âőł, ć łőâőàëå ğăďăçă ŋă áőąáâćěŋŋëě áőáâőïŋĺï ňőęěâ ąëâì ĺğãçěŋă ĺ àěèěŋă âőçŋő.

—202— • Ŕőłăğăŋő, çâő áŕőŋâăŋŋőě ŋăàãèěŋĺě áĺňňěâàĺĺ ĺ áãéěáâćőćăŋĺě áőőâćěâáâćãîéĺå čőńďáâőãŋőćáłĺå ňőď ïćńïîâáï ŋěőâìěňńěňëňĺ áćőľáâćăňĺ çěâëàěåäěàňĺőŋŋőčő ćğăĺňőďěáâćĺï âőł ⊗ âőł ŕàĺ ŋăńĺçĺĺ ćěłâőàŋőčő âőłă á ďőáâăâőçŋő èĺàőłőľ áĺňňěâàĺěľ. Ŋăłőŋěæ, çâő áăňĺ čőńďáâőãŋőćáłĺě ňőďë ïćńïîâáï ŕàőïćńěŋĺěň ŋěâàĺćĺăńìŋőľ áâàãłâãàë čĺńìąěàâőćă ŕàőáâàăŋáâćă áőáâőïŋĺľ ŕőńŋőčő čăňĺńìâőŋĺăŋă, ćáłàëćăěňőľ ńĺèì ŕàĺ ćëåőďě ć ąőńěě èĺàőłĺě ŕàőáâàăŋáâćă (Ŕőŋâàïčĺŋă) á ĺŋďěäĺŋĺâŋőľ ňěâàĺłőľ.

• Ŋă íâőľ âőçŋő àěèăěňőľ ňőďěńĺ ãďăńőáì ŕàőáńěďĺâì ŋěŕőáàěďáâćěŋŋëľ ŕàěďěńìŋëľ ŕěàěåőď àăğńĺçŋëå áőćőłãŕŋőáâěľ ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëå čĺńìąěàâőćëå ŕàőáâàăŋáâć łőčěàěŋâŋëå áőáâőïŋĺľ ”łćăàłőćëå ŕăà” ć ŕàőáâàăŋáâćă łőčěàěŋâŋëå áőáâőïŋĺľ àăğńĺçŋëå ”ăďàőŋőć”, ĺ áőőâćěâáâćãîéĺľ ěňã ŕěàěåőď őâ ãŋĺâăàŋő ŋěíłćĺćăńěŋâŋëå ŕàěďáâăćńěŋĺľ ŁĂŚ ł ŕàěďáâăćńěŋĺïň ŁŁŚ.

• Ŕőłăğăŋő, çâő ć àăááňăâàĺćăěňőľ ňőďěńĺ âàěåçăáâĺçŋëě áćïğăŋŋëě áőáâőïŋĺï ćőğňőęŋë âőńìłő ć őŕěàăâőàŋőľ àěăńĺğăæĺĺ (ć äăğě) áő áŕőŋâăŋŋëň ŋăàãèěŋĺěň áĺňňěâàĺĺ, ďńï çăáâĺæ àăğńĺçŋëå âĺŕőć ĺ âőńìłő á őŕàěďěńěŋŋëňĺ âĺŕăňĺ áŕĺŋőćőľ áĺňňěâàĺĺ ćőńŋőćőľ äãŋłæĺĺ.

• Ŕàőćěďěŋëľ çĺáńěŋŋëľ ăŋăńĺğ ŕőńãçěŋŋëå âàěåçăáâĺçŋëå ãàăćŋěŋĺľ ŕőłăğăń çâő ć ”Ěäĺňőćáłőň áńãçăě” ăáĺňŕâőâĺçěáłĺľ àěęĺň ŋăçĺŋăěâáï äăłâĺçěáłĺ á őáŋőćŋőčő (âàěåçăáâĺçŋőčő) áőáâőïŋĺï.

Ďńï àăğćĺćăěňőčő ŕőďåőďă åăàăłâěàŋë áńěďãîéĺňĺ ňőňěŋâë:

• Ĺáŕőńìğőćăŋĺě èàěďĺŋčěàőćáłĺå ŕőńěľ ć łăçěáâćě äĺğĺçěáłĺå áőőâćěâáâćãěâ ŕőáâăŋőćłě őŕěàăâőàŋëå ŋăçăńìŋëå ãáńőćĺľ ãàăćŋěŋĺïň

—203— Čěľğěŋąěàčă ć őâńĺçĺě őâ ŋěőŕěàăâőàŋëå ãáńőćĺľ ŕàĺ ĺáŕőńìğőćăŋĺĺ ć łăçěáâćě äĺğĺçěáłĺå ăáĺňŕâőâĺçěáłĺå in − out ŕőńěľ. Śőőâćěâáâćãîéěě ďĺŋăňĺçěáłőě őâőąàăęěŋĺě ŋěŕőáàěďáâćěŋŋő áćïğăŋő á ğăďăçěľ ŋă áőąáâćěŋŋëě ğŋăçěŋĺï ĺ őâćěçăěâ őŕěàăâőàŋőľ ďĺăčőŋăńĺğăæĺĺ čăňĺńìâőŋĺăŋă ć őâńĺçĺě őâ ěčő ďĺăčőŋăńĺğăæĺĺ ć áńăąőň áňëáńě ŋă in-ŕőńïå.

• Ć őâńĺçĺĺ őâ ąőńìèĺŋáâćă ŕőďåőďőć ł ŕàőąńěňě áćïğăŋŋëå áőáâőïŋĺľ, őáŋőćăŋŋëå ŋă ĺááńěďőćăŋĺĺ àěèěŋĺľ ãàăćŋěŋĺľ Ąěâě-Śőńŕĺâěàă ĺ Ÿćĺŋčěàă-Ďăľáőŋă, ğďěáì àěèăěâáï ğăďăçă (çăáâĺçŋőľ) ďĺăčőŋăńĺğăæĺĺ ŕőńŋőčő Čăňĺńìâőŋĺăŋă ŕãâěň ŋěŕőáàěďáćěŋŋőčő ŕőáâőàőěŋĺï ěčő áőąáâćěŋŋëå áőáâőïŋĺľ ňěâőďőň ďĺŋăňĺçěáłĺå őâőąàăęěŋĺľ. Čěŋěàăâőàë ŕàěőąàăğőćăŋĺľ ćëąĺàăîâáï ĺğ äĺğĺçěáłĺå áőőąàăęěŋĺľ âăł, çâőąë ŕőńãçăîéĺľáï ćăłããň áőőâćěâáćőćăń łőŋďěŋáăæĺĺ äěàňĺőŋŋëå ŕăà á ŋãęŋëňĺ łćăŋâőćëňĺ çĺáńăňĺ, ă ďćãåçăáâĺçŋăï ğăďăçă ďőŕãáłăńă âőçŋőě àěèěŋĺě, ŕő łàăľŋěľ ňěàě, ć ŋěàěńïâĺćĺáâáłőň ŕàěďěńě. İâĺ áőőąàăęěŋĺï ğăĺňáâćőćăŋë ĺğ ňőďěńěľ ĄŁŸ ĺ ŊĽŃ.

• Ňăâěňăâĺçěáłőľ äőàňãńĺàőćłőľ ňěåăŋĺğňă àăğňěàŋőľ âàăŋáňãâăæĺĺ [103], őâćěçăîéěčő ŕěàěŋőàňĺàőćőçŋőľ ŕàőæěďãàě ďńï ”ŋěŕěàěŋőàňĺàãěňëå”, ŋő őŕěàăâőàŋő ďĺăčőŋăńĺğãěňëå ŕőńěćëå čăňĺńìâőŋĺăŋőć ïćńïěâáï ňěâőď ŕőáâàőěŋĺï áăňőáőŕàïęěŋŋëå àăáèĺàěŋĺľ áőőâćěâáâćãîéĺå łćăŋâőćőňěăŋĺçěáłĺå čăňĺńìâőŋĺăŋőć ć łăęďőň N-çăáâĺçŋőň áěłâőàě. Ŕàĺçěň, äĺłáăæĺï àăáèĺàěŋĺï ć ŋĺğèĺå (őďŋő-, ďćãå-çăáâĺçŋëå) áěłâőàăå ŕőńŋőáâìî őŕàěďěńïěâ ŕěàěŋőňĺàőćłã ć ćëáèĺå (âàěå- ĺ ąőńěě çăáâĺçŋëå) áěłâőàăå.

• Ŕàőáâăï àěčãńïàĺğăæĺï őąàěğăŋĺěň áőćňěáâŋő á ěáâěáâćěŋŋőľ ćëçĺâăâěńìŋőľ ŕàőæěďãàőľ, ŕàĺ ŋăńĺçĺĺ ”âőŋłőľ ŕőďáâàőľłĺ” ğăćĺáĺňő-

—204— áâĺ őâ őąàěğăŋĺï ğăâàăćőçŋëå ňăáá ĺ łőŋáâăŋâ áćïğĺ ć ŕàěďěńě áŋïâĺï őąàěğăŋĺï ćëďěńïěâ ĺğ ćáěčő ňŋőčőőąàăğĺï áăňőáőŕàïęěŋŋëå àăáèĺàěŋĺľ ěďĺŋáâćěŋŋőě àăáèĺàěŋĺě áàăğã ćő ćáěå N-çăáâĺçŋëå áěłâőàăå. Ďńï ŕěàěŋőàňĺàãěňőľ ňőďěńĺ Ńĺ íâő ąëńő ćŕěàćëě ŕőłăğăŋő Ť.Ă.Ąěàěğĺŋëň [15].

Ąńăčőďăàŋőáâĺ.

Ăćâőà čńãąőłő ŕàĺğŋăâěńěŋ ŕàőä. Ă.Ă. Ăŋďàĺăŋőćã ğă őąáãęďěŋĺě àăğńĺçŋëå ŕàőąńěň âěőàĺĺ çěâëàěåäěàňĺőŋŋëå ćğăĺňőďěľáâćĺľ ĺ âőŋłőáâěľ łćăŋâőćőľ âěőàĺĺ ŕőńï, ŕàőä. Ć.Ń. Ůěàŋïłã ğă ňŋőčőçĺáńěŋŋëě łőáâàãłâĺćŋëě łàĺâĺçěáłĺě ğăňěçăŋĺï, łăáăîéĺěáï äĺğłĺ áĺńìŋëå ćğăĺňőďěľáâćĺľ, ďà. ä-ň. ŋăãł đ.Č. Ÿőŋďĺŋã ğă æěŋŋëě łőŋáãńìâăæĺĺ ŕő âěőàĺĺ àăáèĺàěŋĺľ, ŕàőä. Ć.Ą. Ąěńïěćã ĺ ŕàőä. Ć. Śăŋďåăáã ğă ćăęŋëě ğăňěçăŋĺï ŕő âàěåçăáâĺçŋőľ ğăďăçě. Ŕàĺïâŋő ŕőąńăčőďăàĺâì łőńńěč Ă.Ě. Łăńőèĺŋă ĺ Ć.Ă. Ŋăãňőćă ğă ňŋőčőçĺáńěŋŋëě ďĺáłãááĺĺ ĺ áőăćâőàőć: Ć.Ň. Ńěćĺăŋâă, Ď.Ć. Ŋăãňőćă, Ă.Ć. Śĺŋĺæłãî ĺ Ă.Ą. Šăŋăěćă ğă ďńĺâěńìŋőě ĺ âěáŋőě áőâãďŋĺçěáâćő. Őďŋăłő, íâă àăąőâă ŋĺłőčďă ŋě ąëńă ąë ŋăçăâă ĺ, âěň ąőńěě, ğăćěàèěŋă ąěğ ŕńőďőâćőàŋőčő áőâàãďŋĺçěáâćă, ğăĺŋâěàěáőćăŋŋőčő ćŋĺňăŋĺï ĺ ŕőáâőïŋŋőľ ŕőďďěàęłĺ őáŋőćŋőčő áőăćâőàă ćáěå ŕãąńĺłăæĺľ ĺ ěě łőŋáãńìâăŋâă, ŕàőäěááőàă Ă.Ŋ. Ćăńńă, łőâőàőňã ăćâőà ćëàăęăěâ ĺáłàěŋŋîî ąńăčőďăàŋőáâì.

—205—

Ŕàĺńőęěŋĺï

A Łőíääĺæĺěŋâŋëě äãŋłæĺĺ ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï.

Ğăŕĺèěň ãàăćŋěŋĺě (2.25) ć ćĺďě:

F^{(1)} ( t; κ + q | | | P 2 − κ, P 2 − q ) = t∫

0 dη e^{iη[E2(P,q)−E2(P,κ)]} (−2i)(2π)^3 { [ Z + μ(q + κ)^{2]} + + ∫ d^3re^{iη[E2(P,κ)−E2(P,r)] [}Z + μ(q + r)^{2]} F^{(1)} ( η; κ + r | | | P 2 − κ, P 2 − r )} . Ğăňěçăï, çâő ěčő ŕàăćăï çăáâì ĺňěěâ ćĺď: (Z ≡ λ − μP^2), = i 2(2π)^3 t∫

0 dη e^{iηE2(P,q) {}F^P_1 (η; κ) + q^2 F^P_2 (η; κ) +^(q · F^P_3 (η; κ)^{)}} ,

F^P_1 (η; κ) F^P_2 (η; κ) F^P_3 (η; κ) − e^{−iηE2(P,κ)} Z + μκ^2 μ 2μκ = ∫ d^3r e^{−iηE2(P,r)} Z + μr^2 μ 2μr ·

·F^{(1)} ( η; κ + r | | | | P 2 − κ, P 2 − r ) , ğăŕĺèěň íłćĺćăńěŋâŋãî áĺáâěňã ãàăćŋěŋĺľ:

F^P_1 (η; κ) = e^{−iηE2(P,κ)}(Z + μκ^2) + η∫

0 dτ {[ ZK^P_0 (η − τ) + μK^P_1 (η − τ)^] F^P_1 (τ; κ)

+^[ZK^P_1 (η − τ) + μK^P_2 (η − τ)^] F^P_2 (τ; κ) } ; F^P_2 (η; κ) = e^{−iηE2(P,κ)}μ + η∫

0 dτ { μK^P_0 (η − τ)F^P_1 (τ; κ) + μK^P_1 (η − τ)F^P_2 (τ; κ) } ; F^P_{3j}(η; κ) = e^{−iηE2(P,κ)}2μκ^j + η∫

0 dτ2μK^P_{jl} (η − τ)F^P_{3l} (τ; κ); K^P_n (η − τ) 0 K^P_{jl}(η − τ) = i 2 ∫ d^3r (2π)^3 e^{−i(η−τ )E2(P,r)} ( r^{2)n} ( r^{2)m} r r^j r^l , â.ł. E_2(P, −r) = E_2(P, r).

—206— Łăł ĺ ć N, Θ-ňőďěńĺ, őŋă àěèăěâáï ŕàěőąàăğőćăŋĺěň Ńăŕńăáă:

f^P_n (σ; κ) = ∞∫

0 dt e^{−σt} F^P_n (t; κ); F^P_n (t; κ) = ε(t) 2πi i∞+Δε(t) ∫ −i∞+Δε(t) dσ e^{σt} f^P_n (σ; κ), (A.1) čďě őąàăéěŋĺě ďńï őąőĺå ğŋăłőć ćàěňěŋĺ áőďěàęĺâ ε(t) = sign(t). Őŕàěďěńïï ćěńĺçĺŋë (2.59) łăł: ∞∫

0 dt e^{−σt} K^P_{{...}}(t) = J^P_n (σ) J^P_D(σ) J^P_{jl}(σ) = 1 2 ∫ d^3r (2π)^3 1 [E_2(P, r) − iσ]

( r^{2)n} (r · P)^2 P^2 r^j r^l ;

J^P_{jl}(σ) = δ_{jl}J^P_δ (σ) + P^jP^l P^2

J^P_d (σ), J^P_δ (σ) = 1 2 [ J^P_1 (σ) − J^P_D(σ)^] , â.ł.

3J^P_δ (σ) + J^P_d (σ) = J^P_1 (σ); J^P_δ (σ) + J^P_d (σ) = J^P_D(σ);

ĺňěěň íłćĺćăńěŋâŋãî ăńčěąàăĺçěáłãî áĺáâěňã:

f^P_1 (σ; κ)^[Z J^P_0 (σ) + μ J^P_1 (σ) − 1^] + f^P_2 (σ; κ)^[Z J^P_1 (σ) + μ J^P_2 (σ)^] = = − Z + μκ^2 σ + iE_2(P, κ) , f^P_1 (σ; κ) μJ^P_0 (σ) + f^P_2 (σ; κ)^[μ J^P_1 (σ) − 1^] = − μ σ + iE_2(P, κ) , [ δ_{jl} − 2μ J^P_{jl}(σ)^] f^P_{3l} (σ; κ) = 2μκ^j σ + iE_2(P, κ) , [ δ_{jl} − 2μ J^P_{jl}(σ)^] = Ŕ^{jl}_⊥(P)^(1 − 2μJ^P_δ (σ)^) + Ŕ^{jl}_‖ (P)^(1 − 2μJ^P_D(σ)^) .

Ěě àěèěŋĺě ć âěàňĺŋăå ”ďěâěàňĺŋăŋâőć” (2.60) ĺňěěâ ćĺď:

f^P_{1,2}(σ; κ) =

D^P_{κ 1,2}(σ) [σ + iE_2(P, κ)] D^P_0 (σ)

; D^P_{κ 1,2}(σ) ğăćĺáïâ őâ κ, D^P_0 (σ) -ŋěâ!

f^P_{3j}(σ; κ) = 2μ [σ + iE_2(P, κ)]

Ŕ^{jl}_⊥(P) 1 − 2μJ^P_δ (σ) + Ŕ^{jl}_‖ (P) 1 − 2μJ^P_D (σ) κ^l, çâő, á ãçěâőň (A.1), ŕàĺćőďĺâ ł łőŋěçŋőňã ćĺďã F^{(1)} (2.56).

—207—

B Őŕěàăâőàŋăï äőàňă Ťãàìě-ŕàěőąàăğőćăŋĺï.

Ďńï ćëçĺáńěŋĺï Q łăł äãàìě-őąàăğă^^V ć čńăćě 2, ĺ ŕàĺ ŕőáâàőěŋĺĺ łőŋâĺŋãăńìŋőčő ĺŋâěčàăńă ć čńăćě 3 ãďőąŋő ĺáŕőńìğőćăâì äőàňăńìŋëě ĺňŕãńìáŋëě ĺ łőőàďĺŋăâŋëě őąłńăďłĺ, ŋă łőâőàëě ďěľáâćãîâ âőńìłő őŕěàăâőàë P ĺ X, âőčďă P_x = −i∇_x ŋă äãŋłæĺïå ćĺďă f(x) =< x|f >:

P|k >= k|k >, < k | l >= δ_3(k − l), ∫ d^3k |k >< k| = I;

X|x >= x|x >, < x | y >= δ_3(x − y), ∫ d^3x |x >< x| = I;

e^{−i(k·}X^) P e^{i(k·}X^) = P + k; e^{i(y·}P^) X e^{−i(y·}P^) = X + y; (B.1) [X_m , P_n] = iδ_{mn}; e^{i(k·}X^)|l >= |k + l >; e^{−i(y·}P^)|x >= |x + y >; < x|k >= e^{i(k·x)} (2π)^{3/2}

; < k|e^{i(p·}X^)|l >=< k|p + l >= δ_3(p + l − k).

Őâáîďă ŋăåőďĺň:

Q_{(a)}(k, l; t) = −i < k| e^{itE(}P^{) ^}V_{(Ψ)}(t; X, P) e^{−itE(}P^) |l >= = −i e^{it[E(k)−E(l)]} < k|^^V_{(Ψ)}(t; X, P)|l >= = 1 i ∫ d^3q ∫ d^3p (2π)^3 a^†_α(q, t) a_α(p, t) e^{it[E(k)−E(l)+E(q)−E(p)]} · · < k|e^{i((p−q)·}X^)|l > μ p^2 − q^2 2 + ((p + q) · l) − λ 2 = = i 2 ∫ d^3ρ (2π)^3 a^†_α(ρ − k, t) a_α(ρ − l, t) e^{it[E(ρ−k)+E(k)−E(ρ−l)−E(l)]} · ·^{λ − μ^[(ρ)^2 − (ρ − l − k)^{2]}} . (B.2)

Ś ŕőňőéìî (B.1) ŋěâàãďŋő âăłęě ŕőńãçĺâì, çâő ć (2.83):

e^{iηE(}P^) e^{i(k·}X^) e^{−iηE(}P^) = e^{i(k·}X^) e^{iη[E(}P^{+k)−E(}P^{)]} = = e^i(^{k·(}X^{+ηv(}P^{))}) = e^{i(k·Q(η))}, v(p) = ∇_pE(p). (B.3)

—208—

C Ŋőàňĺàőćłă ”ŕőďňěŋïîéĺå” őŕěàăâőàőć.

Ŕàěęďě ćáěčő, ãáâăŋőćĺň äőàňãńã ŕàĺćěďěŋĺï ł ”ŋőàňăńìŋőľ äőàňě” ďńï íłáŕőŋěŋâ őâ őŕěàăâőàőć ŕàőĺğćőńìŋőľ ăńčěąàë SU(2) ćĺďă (4.85), (4.86), ďńï ńîąëå u, v:

g(u, v) ≡ exp^(uG^{−)} exp^(vG^{+)} = (C.1) = exp ( v 1 + uv G^+ ) exp^(−2 ln(1 + uv)G^{3)} exp ( u 1 + uv G^− ) . (C.2)

Ŕàěďáâăćĺć ěě ńěćãî çăáâì (C.1) ć ćĺďě

g(u, v) = exp^(f(u, v)G^{+)} exp^(h(u, v)G^{3)} exp^(Φ(u, v)G^{−)} , (C.3)

ĺ áàăćŋĺćăï łőíääĺæĺěŋâë ŕàĺ G^{+,−,3}, ŋăŕàĺňěà, ďńï ďĺääěàěŋæĺăńìŋőčő íńěňěŋâă d_ug(u, v)·g^{−1}(u, v), ćëçĺáńěŋŋőčő ŕő (C.1) ĺ (C.3) áőőâćěâáâćěŋő, á ŕőňőéìî ćëâěłăîéĺå ĺğ (4.86) áőőâŋőèěŋĺľ:

exp^(τG^{+)} G^− exp^(−τG^{+)} = G^− + 2τG^3 − τ^2G^+, exp^(τG^{−)} G^+ exp^(−τG^{−)} = G^+ − 2τG^3 − τ^2G^−, exp^(τG^{±)} G^3 exp^(−τG^{±)} = G^3 ∓ τG^±, exp^(τG^{3)} G^± exp^(−τG^{3)} = G^±e^{±τ} ,

ĺňěěň ãàăćŋěŋĺï:

G^− = G^{− [}(1 + uv)^2Φ^′_u(u, v)^] + G^3 [h^′_u(u, v) + 2v(1 + uv)Φ^′_u(u, v)] + +G^{+ [}f^′_u(u, v) − f(u, v)h^′_u(u, v) − v^2Φ^′_u(u, v)^] , ĺńĺ: Φ^′_u(u, v) = 1 (1 + uv)^2 , h^′_u(u, v) = − 2v (1 + uv) , f^′_u(u, v) = − 2v (1 + uv) f(u, v) + v^2 (1 + uv)^2 , łőâőàëě ćňěáâě á őçěćĺďŋëňĺ ĺğ (C.1) ĺ (C.3) čàăŋĺçŋëňĺ ãáńőćĺïňĺ: Φ(0, v) = 0, Φ(u, 0) = u, h(0, v) = h(u, 0) = 0, f(0, v) = v, f(u, 0) = 0,

—209— ŕàĺćőďïâ ł àěèěŋĺî (C.2): Φ(u, v) = u (1 + uv) , h(u, v) = −2 ln(1 + uv), f(u, v) = v (1 + uv)

. (C.4)

Ĺáŕőńìğãï ĺŋďãłæĺî, łőňňãâăæĺőŋŋëě áőőâŋőèěŋĺï (4.66), (4.67) ĺ ŕàěďáâăćńěŋĺě (G)^2 =^(G^{3)2} ∓ G^3 + G^±G^∓, ŕőáńěďőćăâěńìŋő ŋăåőďĺň: G^{3 N∏}_{j=1} { G^±_{αjβj} } =^{N∏}_{j=1} { G^±_{αjβj} } ( G^3 ± N^) , (C.5)

(G)^{2 (}(w · σ)_{αβ} G^±_{αβ}^{)N} =^((w · σ)_{αβ} G^±_{αβ}^{)N [}(G)^2 ± 2NG^3 + N(N − 1)^] − −N(N − 1)^((w · σ)_{αβ} G^±_{αβ}^{)N −2} (w)^{2 (}G^{±)2} ∓ (C.6) ∓2N^((w · σ)_{αβ} G^±_{αβ}^{)N −1} G^{± (}(w · σ)_{αβ} G^3_{αβ}^) , őâłãďă ćëâěłăěâ (4.72).

Ŕàĺćńěłăï ŋěåĺâàőě íłáŕőŋěŋæĺàőćăŋĺě ďńï æěńőľ áâěŕěŋĺ ŕàőĺğćőńìŋőčő őŕěàăâőàă O ŕãâěň N-łàăâŋőčő ďĺääěàěŋæĺàőćăŋĺï:

O^N = (D_x)^N exp (xO) | | | | x=0 , ĺ ŕàěďáâăćńěŋĺï (4.78), (4.80), (4.84), ňőęŋő áćěáâĺ ćëçĺáńěŋĺě ŋőàňĺàőćłĺ áőáâőïŋĺï (4.75) ł ćëçĺáńěŋĺî ňăâàĺçŋőčő íńěňěŋâă őâ íłáŕőŋěŋâ: 1 = a^N_0 Γ^(L − N +^3_2^) √ π(L − N)! 2 1∫

−1 dξ(1 − ξ^2)^{L−N} 1∫

−1 dη(1 − η^2)^{L−N} · (C.7) · (D_x)^N (D_y)^N ⟨L, −L|e^x[^{(1+ξ)G−L −(1−ξ)G−R} ]e^y[^{(1+η)G+L −(1−η)G+R} ]|L, −L⟩ | | | | x=y=0 . Ćğăĺňŋăï łőňňãâăâĺćŋőáâì ”ńěćëå” ĺ ”ŕàăćëå” őŕěàăâőàőć (4.86) ŕőğćőńïěâ ŕěàěŕĺáăâì ğďěáì ćâőàãî áâàőçłã ć ćĺďě: (D_x)^N (D_y)^N ⟨L, −L|e^{x(1+ξ)G−L} e^{y(1+η)G+L} e^{−x(1−ξ)G−R} e^{−y(1−η)G+R} |L, −L⟩ | | | x=y=0 . Ŕőáńě çěčő ŕőćâőàŋőě ŕàĺňěŋěŋĺě äőàňãńë (C.2) ĺ ćáě âőľ ęě łőňňãâăâĺćŋőáâĺ, á ãçěâőň áćőľáâć ćăłããňă (4.69), ďăěâ ďńï íâőľ ćěńĺçĺŋë

—210— ćëàăęěŋĺě:

(D_x)^N (D_y)^N [1 + xy(1 + ξ)(1 + η)]^L [1 + xy(1 − ξ)(1 − η)]^L | | | | x=y=0 = =^{N∑}_{k=0} C^k_N

N! (L!)^2 (L − k)!(L − N + k)! (1 + ξ)^k(1 − ξ)^{N −k}(1 + η)^k(1 − η)^{N −k}.

Ěčő ŕőďáâăŋőćłă ć (C.7) ŕőáńě ŋěáńőęŋëå, ŋő ďńĺŋŋëå ćëçĺáńěŋĺľ ŕàĺćőďĺâ ł (4.81), (4.82).

D Ĺŋâěčàăńë, ďěâěàňĺŋăŋăâë, łőňąĺŋăâőàĺłă.

Ďńï ńîąőľ äãŋłæĺĺ f(ξ_1, ξ_2, . . . , ξ_n), ĺáŕőńìğãï ĺŋďãłæĺî ŕő n, ŋěáńőęŋő ãąěďĺâìáï, çâő, ďńï ξ_0 = T ć ŕěàćőň áńãçăě, ĺ ξ_0 = 0, ćő ćâőàőň: n∏ j=1 T∫

0 dξ_j f(ξ_1, ξ_2, . . . , ξ_n) =^{n∏}_{j=1} ξ_{j−1}∫

0 dξ_j ∑ P f(ξ_{i1}, ξ_{i2} , . . . , ξ_{in} ); (D.1) n∏ j=1 T∫

0 dξ_j f(ξ_1, ξ_2, . . . , ξ_n) =^{n∏}_{j=1} T∫

ξ_{j−1} dξ_j ∑ P f(ξ_{i1}, ξ_{i2} , . . . , ξ_{in} ), (D.2)

čďě áãňňă ąěàěâáï ŕő ćáěň n! ŕěàěáâăŋőćłăň P ≡ P 12 . . . n i_1i_2 . . . i_n . Ďńï íâőčő ďőáâăâőçŋő, àăğąĺć ĺŋâěčàăń ŕő dξ_{n+1} ŋă n + 1 çăáâěľ: T∫

0 dξ_{n+1} = ξ_n∫

0 dξ_{n+1} + ξ_{n−1}∫

ξ_n dξ_{n+1} + . . . +

ξ_1∫

ξ_2

dξ_{n+1} + T∫

ξ_1

dξ_{n+1}, (D.3)

ŕěàěáâăćĺâì łăęďãî ĺğ ŋĺå ŋă áőőâćěâáâćãîéěě ňěáâő.

Ďńï f(ξ_1, ξ_2, . . . , ξ_n) = det_{(n)}^{[ ^}Z(ξ_i|ξ_l)^], ŋě ňěŋïîéěňãáï ŕàĺ ńîąëå ŕěàěáâăŋőćłăå P, áãňňă ŕő P ć (D.1), (D.2) ďăěâ ňŋőęĺâěńì n!. Ěáńĺ ŕő ďćãň ŕěàěňěŋŋëň áĺňňěâàĺï őâáãâáâćãěâ, âő áńěďãěâ ĺňěâì ć ćĺďã, çâő ∑

P ( 12 . . .n i_1i_2 . . . i_n ) ≡^{n∑}_{i1=1}^{n∑}_i 1≠i_2=1 ∑

P ( 12 . . .^i_1 . . .^i_2 . . . n i_3i_4 . . . . . . i_n ), (D.4)

čďě . . .^^i_1 . . . őğŋăçăěâ, őâáãâáâćĺě ć íâőň ŋăąőàě æěńőčő çĺáńă i_1.

—211—

Ńĺâěàăâãàă

[1] Ŕőńïłőć Ă.Ň., Łăńĺąàőćőçŋëě ŕőńï ĺ áâàãŋë, ĹŠŤ ĺň. Ńăŋďăã Ůěàŋőčőńőćłă, 1995 áá.1-300

[2] Ćőńłőć Ň.Ł., Ŋĺğłőíŋěàčěâĺçěáłăï äĺğĺłă ňěğőŋőć ć łćăàłőćőľ ňőďěńĺ áćěàåŕàőćőďïéěčő âĺŕă. -İŮĂ§, 1986, 17, ćëŕ.3, áâà.433-471.

[3] Ćőńłőć Ň.Ł., İääěłâĺćŋëě łĺàăńìŋëě ńăčàăŋęĺăŋë ĺ ňőďěńì Ŋăňąã-Ľőŋă-Ńăğĺŋĺő.-İŮĂ§, 1993, 24, ćëŕ., áâà.81-139.

[4] Ali Khan A., at al., Spectroscopy and Renormalisation Group Flow of a Lattice Nambu-Jona-Lasinio Model,- Phys.Rev., 1995, D51, pp. 3751-3780.

[5] Klevansky S.P., The Nambu - Jona-Lasinio model of quantum chromodynamics. -Rev.Mod.Phys., 1992, 64, No.3, pp. 649 - 708.

[6] Nambu Y., Jona-Lasinio G., Dynamical model of elementary particles based on an analogy with superconductivity.I. - Phys.Rev., 1961, 122, pp. 345-358.

[7] Nambu Y., Jona-Lasinio G., Dynamical model of elementary particles based on an analogy with superconductivity.II. - Phys.Rev., 1961, 124, pp. 246-254.

[8] Ćăłá Č., Ńăàłĺŋ Ă.Ĺ., Ő ŕàĺňěŋěŋĺĺ ňěâőďőć âěőàĺĺ áćěàåŕàőćőďĺňőáâĺ ł ćőŕàőáã ő ňăááăå íńěňěŋâăàŋëå çăáâĺæ. -ĘİŠŤ, 1961, 40, ćëŕ.3, áâà. 282 - 285.

[9] Domitrovich P.P., Müther H., On the analytic structure of the quark selfenergy in Nambu - Jona-Lasinio models,- J.Phys.G:Nucl.Part.Phys., 1994, 20, pp. 1885 - 1900.

[10] Bardeen J., Cooper L.N. and Schrieffer J.R., Microscopic theory of Superconductivity. - Phys.Rev., 1957, 106, pp.162-164.

[11] Čěľğěŋąěàč Ć., Ććěďěŋĺě ć ěďĺŋãî ŕőńěćãî âěőàĺî íńěňěŋâăàŋëå çăáâĺæ, Ňőáłćă, Ňĺà 1968, 239 áâà.

[12] Ńăŋďăã Ń.Ď. ĺ ďà., Ő ćőğňőęŋőáâĺ äőàňãńĺàőćłĺ âěőàĺĺ áĺńìŋő ćğăĺňőďěľáâćãîéĺå äěàňĺőŋőć, Śőąàăŋĺě âàãďőć Ń.Ď. Ńăŋďăã, Ňőáłćă, Ŋăãłă, 1969, áá. 374-392. (Phys. Rev., 1958, 111, p. 321)

—212— [13] Ąěàěğĺŋ Ť.Ă., Ťăďďěěć Ń.Ď., Ğăňěçăŋĺě őą ãàăćŋěŋĺĺ Ÿàěďĺŋčěàă á áĺŋčãńïàŋëň ŕőâěŋæĺăńőň. - ĎĂŊ, 1961, 137, áâà. 1011 - 1014.

[14] Ăńìąěćěàĺő Ś., Čěáâěğĺ Ť., Ţěíč - Ţőàŋ Ř., Ţőńìďěŋ Ţ., àěèăěňëě ňőďěńĺ ć łćăŋâőćőľ ňěåăŋĺłě, Ňőáłćă, Ňĺà, 1991, 568 áâà.

[15] Ąěàěğĺŋ Ť.Ă., Ő ňőďěńĺ Ńĺ, Ňăâěňăâĺçěáłĺľ áąőàŋĺł, 1963, 60, N4, áá. 425-446

[16] Ÿĺàőłőć đ.Ň., Śĺńìŋő áĺŋčãńïàŋëě ŕőâěŋæĺăńë ć âàěåňěàŋőľ łćăŋâőćőľ ňěåăŋĺłě. - ŠŇŤ, 1980, 42, áâà. 45 - 49.

[17] Ÿĺàőłőć đ.Ň., Ŕàěďáâăćńěŋĺě áćőąőďŋëå àěèěŋĺľ ďńï ãàăćŋěŋĺľ Ÿàěďĺŋčěàă á áĺńìŋő áĺŋčãńïàŋëňĺ áőáàěďőâőçěŋŋëňĺ ŕőâěŋæĺăńăňĺ. - ŠŇŤ, 1981, 46, 3, áâà. 291 - 299.

[18] Űĺàőćă Ĺ.Ś., Ÿĺàőłőć đ.Ň., Łćăŋâőćëľ ďěńìâă - őąàăğŋëľ ŕőâěŋæĺăń, ďěľáâćãîéĺľ ć p-áőáâőïŋĺĺ. - ŠŇŤ, 1981, 46, 3, áâà. 310 - 315.

[19] Ÿőŋďĺŋ đ.Č., Ł ğăďăçě àăááěïŋĺï âàěå çăáâĺæ á δ ŕőâěŋæĺăńăňĺ.

- ŠŇŤ, 1982, 51, 2, áâà. 181 - 191.

[20] Ÿőŋďĺŋ đ.Č., Őąőąéěŋŋëě âőçěçŋëě ćğăĺňőďěľáâćĺï ć R_3 ĺ áćïğăŋŋëě á ŋĺňĺ ňőďěńĺ á àăæĺőŋăńìŋőľ S - ňăâàĺæěľ.I.l = 0. - ŠŇŤ, 1985, 64, 3, áâà. 432 - 441.

[21] Ÿőŋďĺŋ đ.Č., Őąőąéěŋŋëě âőçěçŋëě ćğăĺňőďěľáâćĺï ć R_3 ĺ áćïğăŋŋëě á ŋĺňĺ ňőďěńĺ á àăæĺőŋăńìŋőľ S - ňăâàĺæěľ.II.l = 1. - ŠŇŤ, 1985, 65, 1, áâà. 24 - 34.

[22] Ÿőŋďĺŋ đ.Č., Łćăŋâőćőňěåăŋĺçěáłĺě ňőďěńĺ ć R_n, áćïğăŋŋëě á àăáèĺàěŋĺïňĺ őŕěàăâőàă íŋěàčĺĺ ć ŕàőáâàăŋáâćě Ŕőŋâàïčĺŋă. - ŠŇŤ, 1988, 74, 3, áâà. 331 - 344.

[23] Dijksma A., Langer H., Shondin Yu., and Zeinstra C., Self-adjoint oprators with inner singularities and Pontryagin spaces. - Operator Theory: Adv. Appl. 2000, 118, pp. 105–175. Birkhauser Verlag, Basel.

[24] Fewster C.J., Generalized point interactions for the radial Schrödinger equation via unitary dilations, J.Phys.A: Math. Gen. 1995, 28, pp.1107- 1127.

—213— [25] van Diejen J.F., Tip A., Scattering from generalized point interactions using self-adjoint extensions in Pontrygin spaces, J.Math.Phys. 1991, 32,(3), pp. 630-641.

[26] Ăłĺèĺŋ Ŕ.Č., Łăńĺŋőćáłĺľ đ.Ń., Šïęěńëě łćăàłőŋĺĺ ć ąĺńőłăńìŋőľ íääěłâĺćŋőľ âěőàĺĺ, ŐĹ§Ĺ-P-2-97-404, Ďãąŋă, 1997, 26 á.

[27] Anikin I.V., at al. To the lagrangian formulation of NJL-model with separable interaction, Preprint JINR E2-93-257, Dubna, 1993, 20pp.

[28] Grabowski M., Low Energy Effective Ections with Composite Fields, Preprint DESY 94-146, Hamburg, 1994, 81 p.

[29] Ăŋĺłĺŋ Ĺ.Ć. ĺ ďà., Ňőďěńì Ŋăňąã-Ľőŋă-Ńăğĺŋĺő á áěŕăàăąěńìŋëň ćğăĺňőďěľáâćĺěň ńěčłĺå łćăàłőć: ŋĺğłőíŋěàčěâĺçěáłăï äĺğĺłă ŕĺőŋă ĺ áĺńìŋëľ ŕĺőŋ-ŋãłńőŋŋëľ äőàňäăłâőà. Ŕàěŕàĺŋâ ŐĹ§Ĺ 94- 187, Ďãąŋă, 1994 (Ł 60-ńěâĺî Č.Ć.Ěäĺňőćă) áá.14-29.

[30] Anikin I.V., Dorokhov A.E., Tomio L., Pion distribution amplitude within the instanton model., Preprint JINR E2-99-339, Dubna, 1999.

[31] Kikkawa K., Quantum corrections in superconductor models. - Progr.Theor.Phys., 1976, Vol.56, No.3, pp. 947-955.

[32] Eguchi T., Sugawara H., Extended model of elementary particles based on an analogy with superconductivity. - Phys.Rev., 1974, D10, pp. 4257 - 4262.

[33] Eguchi T., New approach to collective phenomena in superconductive models. - Phys.Rev., 1976, D14, No.10, pp. 2755 - 2762.

[34] Ćőńłőć Ň.Ł., Őáĺŕőć Ă.Ă., Ďńĺŋë π − π àăááěïŋĺï. - §Ť, 1984, 39, áâà. 694 - 698.

[35] Ćőńłőć Ň.Ł., Őáĺŕőć Ă.Ă., Ŕőńïàĺğãěňőáâĺ ŕĺőŋőć ĺ łăőŋőć ć łćăàłőćőľ ňőďěńĺ áćěàåŕàőćőďïéěčő âĺŕă. - §Ť, 1985, 41, áâà. 1027 - 1034.

[36] Ćőńłőć Ň.Ł., İąěàâ Ď., Ůěâëàěåłćăàłőćëě ćğăĺňőďěľáâćĺï łăł őąéĺľ ďĺŋăňĺçěáłĺľ ĺáâőçŋĺł σ - ňőďěńĺ ĺ ňőďěńĺ ćěłâőàŋőľ ďőňĺŋăŋâŋőáâĺ. - §Ť, 1982, 36, áâà. 1265 - 1277.

—214— [37] Ebert D., Volkov M.K., Composite - meson model with vector dominance based on U(2) invariant four - quark interactions. - Z.Phys., 1983, C16, pp. 205 - 210.

[38] Ebert D., Reinhardt H., Effective chiral hadron lagrangian with anomalies and skyrme terms from quark flavour dynamics. - Nucl.Phys., 1986, B271, pp. 188 - 226.

[39] Ebert D., at al., Effective meson lagrangian with chiral and heavy quark symmetries from quark flavor dynamics. - Nucl.Phys., 1995, B434, pp. 619 - 646.

[40] Ebert D., at al., The (0+, 1+) heavy meson multiplet in an extended NJL model. - Preprint DESY 94-166, HUP-IEP-94/14 1994, 12 pp.

[41] Ebert D., at al., Scalar mesons in a chiral quark model with glueboll., Preprint JINR E2-2000-164, Dubna, 2000, 21 pp.

[42] Bel’kov A.A., Lanyov A.V., Schaale A., On the reduction of vector and axial vector fields in a meson effective action at O(p^4). - JINR-E2-94- 371, 16 pp.

[43] Bel’kov A.A., Lanyov A.V., Schaale A., An effective chiral meson Lagrangian at O(p^6). - Preprint JINR-E2-94-368, Dubna 1994, 14 pp.

[44] Őáĺŕőć Ă.Ă., Ąőğőŋĺğăæĺï ć ĺňŕãńìáŋőň ŕàőáâàăŋáâćě, §Ť 59, 10, áâà. 1849-1858.

[45] Ąőčďăŋőćă Ŋ., Ŕőŕőć Ć., Ďćãňěàŋăï âěőàĺï ŕőńï á ŋěáłőńìłĺňĺ łőŋďěŋáĺàőćăŋŋëňĺ äăğăňĺ. - ŠŇŤ, 1981, 46, 3, áâà. 325 - 334.

[46] Salpeter E., Bethe H.A., A relativistic equation for bound state problems. - Phys.Rev., 1951, 84, No.6, pp. 1232 - 1242.

[47] Ŕěàćãèĺŋ Ć.Ŋ., Ăâőňë ĺ ăďàőŋë ć łăńĺąàőćőçŋëå âěőàĺïå, Ńěłæĺĺ ďńï ňőńőďëå ãçěŋëå, Ŕàěŕàĺŋâ ŐĹ§Ĺ, P2-90-211, Ďãąŋă, 1990, 73 áâà.

[48] Kalinovsky Yu.L., at al., Weak interactions in a bilokal chiral theory. I.

Bound states wave functions for given angular momentum. JINR-E4- 91-501, Dubna, 1991, 16 pp.

—215— [49] Kalinovsky Yu.L., at al., Relativistic bound states. - Few Body Systems, 1991, 10, pp. 87-104.

[50] Pervushin V.N., Kallies W., Sarikov N.A., Pion as goldstone particle in QCD, - JINR-E2-87-430, Dubna, 1987, 18 pp.

[51] Ŕěàćãèĺŋ Ć.Ŋ., ĺ ďà., Łćăŋâőćăï åàőňőáâăâĺłă łăł ŋĺğłőíŋěàčěâĺçěáłăï âěőàĺï ăďàőŋőć, Ŕàěŕàĺŋâ ŐĹ§Ĺ, P2-87-674, Ďãąŋă, 1987, 30 áâà.

[52] Łăńĺŋőćáłĺľ đ.Ń. ĺ ďà., Ąĺńőłăńìŋëě ňěğőŋŋëě ńăčàăŋęĺăŋë ĺ ŕőâěŋæĺăńìŋăï ňőďěńì, Ŕàěŕàĺŋâ ŐĹ§Ĺ, P2-88-560, Ďãąŋă, 1988, 15 áâà.

[53] Pervushin V.N., at al., Unification of a potential model with chiral lagrangians, - JINR-E2-88-643, Dubna, 1988, 20 pp.

[54] Pervushin V.N., at al., A new perturbative approach to QCD, - JINR- E2-88-68, Dubna, 1988, 10 pp.

[55] Pervushin V.N., at al., Phenomenology of chromostatics, - JINR-E2- 88-78, Dubna, 1988, 14 pp.

[56] Amirkhanov I.V., at al., Pion as relativistic bound state in oscillator potential, - JINR-E2-89-583, Dubna, 1989, 12 pp.

[57] Kalinovsky Yu.L., at al., Relativistic bound states in QCD, – JINR- E2-90-354, Dubna, 1990, 19 pp.

[58] Amirkhanov I.V., at al., Instantaneous approximation for QCD and properties of mesons, - JINR-E2-90-414, Dubna, 1990, 10 pp.

[59] Sarikov N.A., at al., Parameters of low-energy physics, radial excitations of π, K D mesons and QCD potential, JINR-E2-91-262, Dubna, 1991, 10 pp.

[60] Blaschke D., at al., Instantaneous chiral quark model for relativistic mesons in a hot and dense medium. - Nucl.Phys., 1995, A586, pp. 711-733.

[61] Gross F., Milana J., Covariant, chiral symmetric, confining model of mesons. - Phys.Rev., 1991, Vol. D43, No.7, pp. 2401 - 2417.

—216— [62] Gross F., Van Order J.W., Holinde K., Relativistic one - boson - exchange model for the nucleon - nucleon interaction. - Phys.Rev., 1992, Vol. C45, No.5, pp. 2094 - 2132.

[63] Śĺńăčăďğě Ğ.Ł., Ňőďěńì Ćĺłă-Łãâłőááłőčő Ććěďěŋĺě, Ŕàěŕàĺŋâ 92- 33 Ĺ§Ť ŚŐ ŘĂŊ, Ŋőćőáĺąĺàáł, 1992, 74 á.

[64] Śăćàĺŋ Ć.Ĺ., Šàãńì Ă.đ., Šőçŋőě àěèěŋĺě ãàăćŋěŋĺï Ąěâě - Śőńŕĺâěàă á ğăŕăğďëćăîéĺňĺ ŕàőŕăčăâőàăňĺ ć ňőďěńĺ Ćĺłă - Łãâłőááłőčő. - ŠŇŤ, 1996, 106, 3, áâà. 407-415.

[65] Fulton T., Martin P.C., Two-body system in Quantum Electrodynamics. Energy levels of positronium. Phis. Rev., 1954, 95, N3, pp. 811-822.

[66] Śłăçłőć Ŋ.Ą., Śőńőćæőć Ĺ.Ń., Řěńïâĺćĺáâáłőě âàěåňěàŋőě ąğăĺňőďěľáâćĺě ďćãå äěàňĺőŋőć., İŮĂ§, 1978, 9, ćëŕ.1, áâà. 5-47.

[67] Ăàåĺŕőć Ă.Ă., Ł ćőŕàőáã őą őďŋőćàěňěŋŋő́ľ àěďãłæĺĺ ć łćăŋâőćőľ âěőàĺĺ ŕőńï., Šàãďë VII áěňĺŋăàă ŕő ŕàőąńěňăň äĺğĺłĺ ćëáőłĺå íŋěàčĺľ ĺ łćăŋâőćőľ âěőàĺĺ ŕőńï., Ŕàőâćĺŋő, 1984, âőň 2, á. 234-251.

[68] Arkhipov A.A., Causality in the problem of singl-time reduction in quantum field theory. Preprint IHEP-85-146, Serpuchov, 1985, 25 p.

[69] Ăàåĺŕőć Ă.Ă., Őďŋőćàěňěŋŋắï àěďãłæĺï äőàňăńĺğňă Ąěâě- Śőńŕĺâěàă ďńï ďćãåäěàňĺőŋŋőľ áĺáâěňë., Ŕàěŕàĺŋâ, ĹŤĆİ-88- 147, Śěàŕãåőć, 1988, 43 á.

[70] Ąàăãŋ Ň.Ă., Čãàçãňěńĺï Ă.Ď., Śăäàőŋőćă Ş.Ĺ., Řěńïâĺćĺáâáłăï âěőàĺï ăâőňă, Ňőáłćă, ”Ŋăãłă”, 1984, 267 á.

[71] Bodwin G.T., Yennie D.R., Gregorio M.F., Recoil effects in the hyperfine structure of QED bound states, Preprint CLNS-84/618, ANL- HEP-PR-84-57, Cornell, USA, 1984, pp.1-132.

[72] Lepage G.R., Analytic bound-state solutions in a relativistic two-body formalism with applications in muonium and positronium, Phys. Rev. 1977, A16, N3, pp.863-876

[73] Ąěàěáâěæłĺľ Ć.Ą., Ńĺäèĺæ Ě.Ň., Ŕĺâăěćáłĺľ Ń.Ŕ., Łćăŋâőćăï İńěłâàőďĺŋăňĺłă, Ňőáłćă, ”Ŋăãłă”, 1980, 704 á.

—217— [74] Ąőőá İ.İ., Śăćàĺŋ Ć.Ĺ., Ÿăąńëčĺŋ Ě.Ň., Šőçŋőě àěèěŋĺě łćăğĺŕőâěŋæĺăńìŋőčő ãàăćŋěŋĺï ňěâőďőň łőŋâãàŋőčő ĺŋâěčàĺàőćăŋĺï. - ŠŇŤ, 1987, 72, 2, áâà. 197-203.

[75] Ćăľâňăŋ Ă., Ŕàőąńěňë ć àěńïâĺćĺáâáłőľ ďĺŋăňĺłě łćăŋâőćëå ŕőńěľ, Ňőáłćă, Ŋăãłă, 1968, 184 áâà.

[76] Hepp K., Theorie de la renormalisation, Springer-Verlag, 1969, 255 p.

(Ţěŕŕ Ł., Šěőàĺï ŕěàěŋőàňĺàőćőł, Ňőáłćă, Ŋăãłă, 1974, 256 áâà.)

[77] Śâàĺâěà Ř., Ćăľâňăŋ Ă., PCT, Śŕĺŋ ĺ áâăâĺáâĺłă ĺ ćáě âăłőě, Ňőáłćă, Ŋăãłă, 1966, 251 á.

[78] Ąăàâőŋ Č., Ďĺáŕěàáĺőŋŋëě ňěâőďë ć âěőàĺĺ ŕőńï, Ňőáłćă, Ăâőňĺğďăâ, 1968, 391 á.

[79] Ąőčőńîąőć Ŋ.Ŋ., Ÿĺàłőć Ď.Ć., Ććěďěŋĺě ć âěőàĺĺ łćăŋâőćăŋŋëå ŕőńěľ, Ňőáłćă, Ŋăãłă, 1984, 597 á.

[80] Ąőčőńîąőć Ŋ.Ŋ., Ńőčãŋőć Ă.Ă., Őłáăł Ă.Ĺ., Šőďőàőć Ĺ.Š., Őąéĺě ŕàĺŋæĺŕë łćăŋâőćőľ âěőàĺĺ ŕőńï, Ňőáłćă, Ŋăãłă, 1987, 615 á.

[81] Silvan Schweber S., An Introductin to Relativistic Quantum Field Theory, Petrson & Co., 1961, 842 p. Ÿćěąěà C., Ććěďěŋĺě ć àěńïâĺćĺáâáłãî łćăŋâőćãî âěőàĺî ŕőńï, Ňőáłćă, Ĺğďăâ-ćő ĺŋőáâàăŋŋőľ ńĺâàë, 1963, 844 áâà.

[82] Ěäĺňőć Č.Ć., Ŋěńőłăńìŋëě ćğăĺňőďěľáâćĺï łćăŋâőćăŋŋëå ŕőńěľ.

Ňőáłćă, Ŋăãłă: 1977, 367 á.

[83] İňå Ę., Ăńčěąàăĺçěáłĺě ňěâőďë ć áâăâĺáâĺçěáłőľ ňěåăŋĺłě ĺ łćăŋâőćőľ âěőàĺĺ ŕőńï. Ňőáłćă, Ňĺà: 1976, 423 á.

[84] Haag R., Dan Vidensk K., On quantum field theories, Selsk. Mat-Fys.

Medd. 29 N 12, 1955, pp.1-37.

[85] Ťăďďěěć Ń.Ď., Ő àăğďěńěŋĺĺ íääěłâőć áăňőďěľáâćĺï ĺ àăááěïŋĺï ŕő âěőàĺĺ ćőğňãéěŋĺľ, Ďőłń. Ăłăď. Ŋăãł ŚŚŚŘ, 1963, 152, áá. 573-580.

[86] Shebeko A.V., Shirokov M.I., Unitary transformations in quantum field theory and bound states, İŮĂ§, 32, N1, 2001, áá. 31-95.

—218— [87] Ÿĺàőłőć Ň.Ĺ., Łćăŋâőćăï âěőàĺï ŕőńï: ”őďěćăŋĺě” ŕàőâĺć àăáåőďĺňőáâěľ. Ŕàěŕàĺŋâ ŐĹ§Ĺ P2-6454, Ďãąŋă, 1972, 47 á.

[88] Ÿĺàőłőć Ň.Ĺ., ”Őďěćăŋĺě” ĺ âěőàěňă Ţăăčă, Ŕàěŕàĺŋâ ŐĹ§Ĺ P2- 7210, Ďãąŋă, 1973, 13 á.

[89] Ćĺèĺŋěáłã Ň., Ÿĺàőłőć Ň.Ĺ., Ŕàőæěďãàă ”őďěćăŋĺï” ć âěőàĺĺ ŕőńï ŕő ňěâőďã ćőğňãéěŋĺľ ĺ àăáåőďĺňőáâĺ. Ŕàěŕàĺŋâ ŐĹ§Ĺ P2-8148, Ďãąŋă, 1974, 15 á.

[90] Fivel D.I., Solution of the Lee model in all sectos by dynamical algebra, Journ.Math.Phys., 11, 1970, pp. 699-705.

[91] Ÿćăàæ Ă.Ś., Ňăâěňăâĺçěáłĺě őáŋőćë łćăŋâőćőľ âěőàĺĺ ŕőńï, Ňőáłćă, Ăâőňĺğďăâ, 1975, 368 á.

[92] Umezawa H., Matsumoto H. and Tachiki M., Thermo-field Dynamics and Condensed States, North Holland Publishing Company, Amsterdam, 1982, 504 p. (Şňěďğăćă Ţ., Ňăæãňőâő Ţ., Šăâĺłĺ Ň., Šěàňőŕőńěćăï ďĺŋăňĺłă ĺ łőŋďěŋáĺàőćăŋŋëě áőáâőïŋĺï, Ňőáłćă, Ňĺà, 1984, 504 áâà.)

[93] Čàĺą Ă.Ă., Ňăňăěć Ś.Č., Ňőáâěŕăŋěŋłő Ć.Ň., Łćăŋâőćëě íäěłâë ć ĺŋâěŋáĺćŋëå ćŋěèŋĺå ŕőńïå, Ňőáłćă, Ăâőňĺğďăâ, 1980, 295 áâà.

[94] Greenberg O.W., Study of a model of quantum electrodynamics, Preprint PP-00-020, University of Maryland, 2000, 11 p.

[95] Greenberg O.W., Ray R., Schlumpf F., Covariant single time bound state equation. - Phys.Lett., 1995, B353, pp. 284 - 288.

[96] Greenberg O.W., Virtues of The Haag Expansion in Quantum Field Theory, Preprint 95-99, University of Maryland, 1995, 29 p.

[97] Ňĺčďăń Ă.Ą., Łăçěáâćěŋŋëě ňěâőďë ć łćăŋâőćőľ âěőàĺĺ, Ňőáłćă, Ŋăãłă, 1975, 335 á.

[98] ďě Ăńìäăàő Ć., Řěďęě Š., Ŕőâěŋæĺăńìŋőě àăááěïŋĺě, Ňőáłćă, Ňĺà, 1966, 274 á.

[99] Ąěàěğĺŋ Ť.Ă., Ňěâőď ćâőàĺçŋőčő łćăŋâőćăŋĺï, Ňőáłćă, Ŋăãłă, 1986, 319 á.

—219— [100] Łăňěŋéĺł Ă.đ., Śćěèŋĺłőć Ŋ.Ă., Őâáãâáâćĺě áćőąőďŋëå łćăàłőć ć ŁŢĎ ć àăňłăå âěőàĺĺ ćőğňãèěŋĺľ, Ŕàěŕàĺŋâ ĹŤĆİ 82-127 ŐŠŤ, Śěàŕãåőć 1982, 9 á.

[101] Łăňěŋéĺł Ă.đ., Śćěèŋĺłőć Ŋ.Ă., Ĺŋäàăłàăáŋëě àăáåőďĺňőáâĺ ĺ ăáĺňŕâőâĺçěáłĺě áőáâőïŋĺï łćăàłőć ć łćăŋâőćőľ åàőňőďĺŋăňĺłě, ŠŇŤ, 1998, 117, N2, áá. 175-188.

[102] Ěäĺňőć Č.Ć., Ŋěďěńìłő Ś.Ŋ., Ŋěíłćĺćăńěŋâŋëě ŕàěďáâăćńěŋĺï ĺ äăğőćăï áâàãłâãàă (ϕ^4)_d - âěőàĺĺ ŕőńï, İŮĂ§, 1994, âőň 25, ćëŕ.3, áá. 779-843.

[103] Thorn C., Quark confinement in the infinite momentum frame, - Phys.Rev., 1979, D19, No.2, pp. 639 - 651.

[104] Ţãăŋč Ł., Łćăàłĺ, ńěŕâőŋë ĺ łăńĺąàőćőçŋëě ŕőńï, Ňőáłćă, Ňĺà, 1985, 382 áâà.

[105] Vall A.N., Korenblit S.E., Leviant V.M., at al., Analysis of One Particle Excitations in Phenomenological Models of QCD. Proceedings of I International Conference. Quantum Systems: New Trends and Methods, (Minsk 1994) ed. A.O.Barut et.al., World Scientific, 1995, pp. 89-96.

[106] Vall A.N., Korenblit S.E., Leviant V.M., at al., Vacuum and one particle excitations in model of four-neutrino contact interaction. Proceedings of IX International WorkShop. High Energy Physics and Quantum Field Theory. (Zvenigorod 1994), ed. B.B.Levchenko, Moscow State University, 1995. pp. 371-374.

[107] Vall A.N., Korenblit S.E., Leviant V.M., at al., Dynamical mapping method in nonrelativistic models of quantum field theory, Proceedings of X International WorkShop. High Energy Physics and Quantum Field Theory. (Zvenigorod 1995), ed. B.B.Levchenko and V.I.Savrin, Moscow State University, 1996. pp. 279-286.

[108] Vall A.N., Korenblit S.E., Leviant V.M., at al., Fine-Tuning Renormalization and Bound States for Nonrelativistic Four-fermion Model, Proceedings of X International Conference ”Problems of Quantum Field Theory”, (Alushta-96) in D.V. Shirkov, D.I. Kazakov, A.A.Vladimirov, editors, JINR E2-96-369, p. 214-218, Dubna, 1996.

—220— [109] Vall A.N., Korenblit S.E., Leviant V.M., at al., Dynamical mapping method in nonrelativistic models of quantum field theory. Journal of Nonlinear Mathematical Physics, 1997, 4, No 3-4, pp.492-502.

[110] Ćăńń Ă.Ŋ., Łőàěŋąńĺâ Ś.İ., Ńěćĺăŋâ Ć.Ň., ĺ ďà., Ŕěàěŋőàňĺàőćłă ”âőŋłőľ ŕőďáâàőľłőľ” ĺ ďćãåçăáâĺçŋëě áőáâőïŋĺï ć ŋěàěńïâĺćĺáâáłőľ çěâëàěåäěàňĺőŋŋőľ ňőďěńĺ, §ďěàŋăï äĺğĺłă, 1997, 60, ćëŕ.8, áá. 1451-1458.

[111] Vall A.N., Korenblit S.E., Leviant V.M., at al., Fine-tuning Renormalization in Nonrelativistic Quantum field models, Proceedings of II International conference, Quantum Systems: New Trends and Methods, (Minsk 1996), ed. Y.S. Kim, L.M. Tomilchik, I.D. Feranchuk and A.Z. Gazizov, World Scientific, 1997, pp. 264-274.

[112] Vall A.N., Korenblit S.E., Leviant V.M., at al., Three-particle states in nonrelativistic four-fermion model, Proceedings of XI-th International WorkShop, High Energy Physics and Quantum Field Theory (S-Peterburg 1996) ed. B.B.Levchenko, V.I.Savrin, Moscow State University Publishing House, 1997, pp. 406-411.

[113] Vall A.N., Korenblit S.E., Leviant V.M., at al., Fine-Tuning Renormalization and Two-particle States in Nonrelativistic Four-fermion Model, International Journal of Modern Physics A, 1997, 12, No 28, pp. 5039- 5052.

[114] Vall A.N., Korenblit S.E., Leviant V.M., at al., Few-particle bound states in nonrelativistic four-fermion model, Surveys in High Energy Physics, 1998, 13, pp.249-254

[115] Vall A.N., Korenblit S.E., Leviant V.M., at al., Exact solutions for contact four-fermion model. Goldstone mode ”against” extension theory, Proceedings of I Baikal School of Fundamental Physics, ”Astrophysics and of microworld physics”, ed. by V.A.Naumov, S.I.Sinegovski, Yu.V.Parfenov, Irkutsk, 1998, pp.178-186.

[116] Łőàěŋąńĺâ Ś.İ., Šăŋăěć Ă.Ą., Ńĺŋěăàĺğăæĺï Čěľğěŋąěàčőćáłĺå Şàăćŋěŋĺľ ć Ňőďěńïå Ůěâëàěåäěàňĺőŋŋőčő Ćğăĺňőďěľáâćĺï ĺ Ŕàőąńěňă Śćïğăŋŋëå Śőáâőïŋĺľ, Ŕàěŕàĺŋâ Ĺ§Ť 2001-11, Ŋőćőáĺąĺàáł, 2001, 35 áâà.

—221— [117] Vall A.N., Korenblit S.E., Leviant V.M., at al., Two- and Threeparticle States in a Nonrelativistic Four-fermion Model in the Finetuning Renormalization Scheme. Goldstone Mode Versus Extension Theory. Few-Body Systems, 2001, 30, N 3, pp.187-209 (hep-th/9906015 v.3, 17 May 2000)

[118] Kolokolov I.V., Yelkhovsky A.S., Schwinger terms as a source of gauge anomaly in hamiltonian approach, INP Preprint 87-103, Novosibirsk, 1987.

[119] Vladimirov A.A., On the origin of the Schwinger anomaly, JINR Preprint E2-89-39, Dubna, 1989.

[120] Řőçěć Ć.Ě., Şàăćŋěŋĺě Ąěâě-Śőńŕĺâěàă ĺ äãŋłæĺőŋăńìŋëľ äőàňăńĺğň łćăŋâőćőľ âěőàĺĺ ŕőńï. Šàãďë V Ÿłőńë ňőńőďëå ãçěŋëå ”Łćăŋâőćăï âěőàĺï ŕőńï ĺ äĺğĺłă ćëáőłĺå íŋěàčĺľ”, Ňőáłćă, ŇČŞ, 1990, áá. 126-146.

[121] Rochev V.E., Saponov P.A., Approximation scheme and anomalous solution of the Schwinger equation. Proceedings of IX International WorkShop. High Energy Physics and Quantum Field Theory. (Zvenigorod 1994), ed. B.B.Levchenko, Moscow State University, 1995. pp. 313-318.

[122] Rochev V.E., Saponov P.A., The four-fermion interaction in D=2,3,4: a nonperturbativ treatment, Preprint IHEP 96-109, Protvino 1996, pp.1- 16. [123] Ŕěâàĺŋă Ď.§., Ĺćăŋőć Ś.Ś., Řěąěŋłő Ă.Ń., Şàăćŋěŋĺï ďńï łőíääĺæĺěŋâŋëå äãŋłæĺľ ňăâàĺæë àăááěïŋĺï, Ňőáłćă, Ŋăãłă, 1979, 295 áâà.

[124] Ćăáĺńìěć Ă.Ŋ., Ťãŋłæĺőŋăńìŋëě ňěâőďë ć łćăŋâőćőľ âěőàĺĺ ŕőńï ĺ áâăâĺáâĺłě, ŃČŞ, Ńěŋĺŋčàăď, 1976, 294 áâà.

[125] Gross D.J., Neveu A., Phys. Rev., 1974, D 10, p.3235.

[126] Kogut J.B., Stephanov M.A., Toublan D., Phys. Lett., 1999, B464, p.183

[127] Kogut J.B., at al., QCD-like Theories at Finite Baryon Densty, Preprint SUNY-NTG-00/11 pp.1-40, (hep-ph/0001171)

—222— [128] Šàěľňăŋ Ś., Ďęěłĺć Ř., Čàőáá Ď., Ńěłæĺ ŕő ăńčěąàě âőłőć, Ňőáłćă, Ăâőňĺğďăâ, 1977, 232 á.

[129] Ăďńěà Ś., Ďăèěŋ Ř., Ăńčěąàë âőłőć ĺ ĺå ŕàĺňěŋěŋĺě ć äĺğĺłě çăáâĺæ, Ňőáłćă, Ňĺà, 1970, 435 á.

[130] Čĺâňăŋ Ď.Ň., Ťàăďłĺŋ Ě.Ś., Ÿćăàæňăŋ Ÿ.Ň., Łćăŋâőćăï íńěłâàőďĺŋăňĺłă á ŋěáâăąĺńìŋëň ćăłããňőň, Ňőáłćă, Ŋăãłă, 1991, 293 á.

[131] Ťěľŋňăŋ Ř., Ţĺąá Ă., Łćăŋâőćăï ňěåăŋĺłă ĺ ĺŋâěčàăńë ŕő âàăěłâőàĺïň, Ňőáłćă, Ňĺà, 1968, 382 áâà.

[132] Ŕőŕőć Ć.Ŋ., Łőŋâĺŋãăńìŋëě ĺŋâěčàăńë ć łćăŋâőćőľ âěőàĺĺ ŕőńï ĺ áâăâĺáâĺçěáłőľ äĺğĺłě, Ňőáłćă, Ăâőňĺğďăâ, 1975, 256 á.

[133] Řăľďěà Ń., Łćăŋâőćăï âěőàĺï ŕőńï, Ňőáłćă, Ňĺà, 1987, 512 á.

[134] Čńĺňň Ďę., Ďęăääě Ă., Ňăâěňăâĺçěáłĺě ňěâőďë łćăŋâőćőľ äĺğĺłĺ. Ŕőďåőď á ĺáŕőńìğőćăŋĺěň äãŋłæĺőŋăńìŋëå ĺŋâěčàăńőć. Ňőáłćă, Ňĺà, 1984, 445 áâà.

[135] Łőńőłőńőć Ĺ.Ć., Ťãŋłæĺőŋăńìŋőě ĺŋâěčàĺàőćăŋĺě ĺ ďĺŋăňĺłă ňőďěńĺ Čěľğěŋąěàčă ŕàĺ ćëáőłĺå âěňŕěàăâãàăå, ĘİŠŤ, 1986, 91, ćëŕ.12, áá.2313-2318.

[136] Kolokolov I.V., Functional representation for the partition function of the quantum Heisenberg ferromagnet, Phys. Lett., 1986, 114A, N2, pp.99-104.

[137] Kolokolov I.V., Functional integration method for 1D localization, multipoint correlators and persistent current in mesoscopic ring at arbitrary magnetic fields., Preprint BUDKERINP 93-12, Novosibirsk, 1993,

[138] Lunev F.A., Pure bosonic path integral representation for fermionic determinants, non-Abelian Stokes theorem, and quasiclassical approximation in QCD, hep-th/9609166.

[139] Korchemsky G.P., Quantum geometry of the Dirac fermions. Definitions of Spinor Functional, JINR Preprint E2-89-498, Dubna, 1989.

[140] Korchemsky G.P., Quantum geometry of the Dirac fermions. Dimensional Extension of the Spinor Functional, JINR Preprint E2-89-499, Dubna, 1989.

—223— [141] Korchemsky G.P., Quantum geometry of the Dirac fermions. Dimensional Reduction of the Spinor Functional, JINR Preprint E2-89-500, Dubna, 1989.

[142] Korchemsky G.P., Quantum geometry of the Dirac fermions. JINR Preprint E2-89-575, Dubna, 1989.

[143] Korchemsky G.P., Quantum geometry of Dirac fermions.

Int.Jour.Mod.Phys.A, 1992, 7, No2, pp.339-380.

[144] Ňěŋáłĺľ Ň.Ą., Čàãŕŕă ŕãâěľ, ĺğňěàěŋĺï, ŕőńï, çăáâĺæë. Ňőáłćă, Ŋăãłă, 1983, 318 á.

[145] Łàăáŋőć Ň.Ń., Ĺŋâěčàăńìŋëě ãàăćŋěŋĺï, Ňőáłćă, Ŋăãłă, 1975, 303 á. [146] Ÿćĺŋčěà đ., Ůăáâĺæë, ĺáâőçŋĺłĺ, ŕőńï. Š.1, Ňőáłćă, Ňĺà, 1973, 502 á.

[147] Ÿćĺŋčěà đ., Ůăáâĺæë, ĺáâőçŋĺłĺ, ŕőńï. Š.2, Ňőáłćă, Ňĺà, 1976, 475 á.

[148] Ćĺŋŋĺæłĺľ Ś.Ĺ. ĺ ďà., Šőŕőńőčĺçěáłĺě äăğë ć łćăŋâőćőľ ňěåăŋĺłě ĺ ŕőńïàĺğăæĺőŋŋőľ őŕâĺłě, ŞŤŊ, 1990, 160, ćëŕ.6, áá. 1-49.

[149] Ďãąàőćĺŋ Ą.Ă., Ŋőćĺłőć Ś.Ŕ., Ťőňěŋłő Ă.Š., Śőćàěňěŋŋăï čěőňěâàĺï, Ňőáłćă, Ŋăãłă, 1979, 759 á.

[150] Šăćåěńĺďğě Ă.Ŋ., Šőłăàěć Ć.Ť., Śâàãłâãàă őáŋőćŋőčő áőáâőïŋĺï ĺ áćőľáâćă äãŋłæĺľ Čàĺŋă őâ ąěáæćěâŋëå őŕěàăâőàőć ć ňőďěńĺ Ÿćĺŋčěàă., -İŮĂ§, 1985, 16, ćëŕ.5, áâà.973-1104.

[151] Šăćåěńĺďğě Ă.Ŋ., Šőłăàěć Ć.Ť., Śâàãłâãàă ćăłããňă ć łăńĺąàőćőçŋëå âěőàĺïå ĺ ąěáæćěâŋëě ŕěàěňěŋŋëě., -İŮĂ§, 1990, 21, ćëŕ.5, áâà.1126-1186.

[152] Siegel W., Fields, Preprint YITP-99-67, 710 pp., hep-th/9912205.

[153] Ăàåĺŕőć Ă.Ă, Śăćàĺŋ Ć.Ĺ., Ăáĺňŕâőâĺçěáłĺě ãáńőćĺï LSZ ĺ ďĺŋăňĺçěáłĺě ãàăćŋěŋĺï ć łćăŋâőćőľ âěőàĺĺ ŕőńï., -İŮĂ§, 1985, 16, ćëŕ.5, áâà.1091-1125.

—224— [154] Ăŋďàĺăŋőć Ă.Ă., Ăŋďàĺăŋőć Ć.Ă., Łăńĺąàőćőçŋăï ňőďěńì Ŋăňąã- Ĺőŋă-Ńăğĺŋĺő łăł ŋĺğłőíŋěàčěâĺçěáłőě ŕàĺąńĺęěŋĺě ŁŢĎ. - ŠŇŤ, 1992, 93, áâà. 67 - 86.

[155] Silagadze Z.K., SO(8) colour as possible origin of generations, Preprint, Budker INP 93-93, Novosibirsk, 1993.

[156] Ůěŋč Š.-Ŕ., Ńĺ Ń.-Ť., Łăńĺąàőćőçŋëě âěőàĺĺ ć äĺğĺłě íńěňěŋâăàŋëå çăáâĺæ, Ňőáłćă, Ňĺà, 1987, 624 á.

[157] Śőńőćìěć Ć.Č., Šěőàĺï ăâőňŋőčő ïďàă. §ďěàŋëě ňőďěńĺ, Ňőáłćă, İŋěàčőĺğďăâ, 1981, 295 áâà.

[158] Ńĺŕłĺŋ Č., Łćăŋâőćăï ňěåăŋĺłă, Ňőáłćă, Ňĺà, 1977, 592 áâà.

[159] Čàĺą Ă.Ă., Ŕàőąńěňă ŋěĺŋćăàĺăŋâŋőáâĺ ćăłããňă ć łćăŋâőćőľ âěőàĺĺ ŕőńï, Ňőáłćă, Ăâőňĺğďăâ 1978, 127 áâà.

[160] Ţăłěŋ Ţ., Łćăŋâőćăï âěőàĺï âćěàďőčő âěńă, Ňőáłćă, Ŋăãłă, 1980, 342 áâà.

[161] Ŕěàěńőňőć Ă.Ň., Őąőąéěŋŋëě łőčěàěŋâŋëě áőáâőïŋĺï ĺ ĺå ŕàĺňěŋěŋĺï, Ňőáłćă, Ŋăãłă, 1987, 249 áâà.

[162] Śňőàőďĺŋáłĺľ §.Ă., Ÿěńěŕĺŋ Ă.Ń.,Ÿěńěŕĺŋ Ń.Ă., Čàãŕŕőćëě ĺ ćěàőïâŋőáâŋëě őáŋőćë łćăŋâőćőľ âěőàĺĺ, ŞŤŊ, 1992, 162, N 12, áá.1- 95. [163] Ňăńłĺŋ Ĺ.Ă., Ňăŋìłő Ć.Ĺ., Ďĺŋăňĺçěáłĺě áĺňňěâàĺĺ ĺ łőčěàěŋâŋëě áőáâőïŋĺï łćăŋâőćëå áĺáâěň, Ňőáłćă, Ŋăãłă, 1979, 319 áâà.

[164] Ąěľâňěŋ Č., İàďěľĺ Ă., Ćëáèĺě âàăŋáæěŋďěŋâŋëě äãŋłæĺĺ, âőň I, Ňőáłćă, Ŋăãłă, 1973, 294 áâà.

[165] Ąěľâňěŋ Č., İàďěľĺ Ă., Ćëáèĺě âàăŋáæěŋďěŋâŋëě äãŋłæĺĺ, âőň II, Ňőáłćă, Ŋăãłă, 1974, 295 áâà.

[166] Ğěńěćĺŋáłĺľ Ć.Č., Ďőŕőńŋĺâěńìŋëě čńăćë łćăŋâőćőľ ňěåăŋĺłĺ (Őŕěàăâőàŋëě ňěâőďë), Şçěąŋőě ŕőáőąĺě, ŊČŞ, Ŋőćőáĺąĺàáł, 1983, 82 áâà.

[167] Ťěľŋňăŋ Ř., Śâăâĺáâĺçěáłăï ňěåăŋĺłă, Ňőáłćă, Ňĺà, 1975, 407 áâà.

—225— [168] Jackiw R., A Nonrelativistic Chiral Solution in One Dimension, Journal of Nonlinear Math. Phys., 1997, 4, N3-4, pp. 261-270.

[169] Řĺď Ň., Śăľňőŋ Ą., Ňěâőďë áőćàěňěŋŋőľ ňăâěňăâĺçěáłőľ äĺğĺłĺ, âőň IV, Ňőáłćă, Ňĺà, 1982, 428 áâà.

[170] Ŋìîâőŋ Ř., Šěőàĺï àăááěïŋĺï ćőńŋ ĺ çăáâĺæ, Ňőáłćă, Ňĺà, 1969, 607 áâà.

[171] Řĺď Ň., Śăľňőŋ Ą., Ňěâőďë áőćàěňěŋŋőľ ňăâěňăâĺçěáłőľ äĺğĺłĺ, âőň II, Ňőáłćă, Ňĺà, 1978, 395 áâà.

[172] Řĺáá Ť., Śěłěäăńìćĺ-Ŋăďì Ą., Ńěłæĺĺ ŕő äãŋłæĺőŋăńìŋőňã ăŋăńĺğã, Ňőáłćă, Ňĺà, 1979, 587 áâà.

[173] Ăåĺěğěà Ŋ.Ĺ., Čńăğňăŋ Ĺ.Ň., Šěőàĺï ńĺŋěľŋëå őŕěàăâőàőć ć čĺńìąěàâőćëå ŕàőáâàăŋáâćăå, âőň I, Ţăàìłőć: Ćĺéă èłőńă, 1977, 315 áâà.

[174] Ďăŋäőàď Ŋ., Ÿćăàæ Ďę.Š., Ńĺŋěľŋëě őŕěàăâőàë, Śŕěłâàăńìŋăï âěőàĺï, âőň 2, Ňőáłćă, Ňĺà, 1966, 1063 áâà.

[175] Řĺåâňăěà Ř., Ŕàĺŋæĺŕë áőćàěňěŋŋőľ ňăâěňăâĺçěáłőľ äĺğĺłĺ, âőň I, Ňőáłćă, Ňĺà, 1982, 486 áâà.

[176] Ŕăćńőć Ą.Ś., Ňőďěńì ŕőâěŋæĺăńă ŋãńěćőčő àăďĺãáă á ćŋãâàěŋŋěľ áâàãłâãàőľ, ŠŇŤ, 1984, 59, 345-353.

[177] Ňăłăàőć Ł.Ă., Ňěńěęĺł Ć.Ć., Ňőâőćĺńőć Ă.Ł., Šőçěçŋëě ćğăĺňőďěľáâćĺï ć łćăŋâőćőľ ğăďăçě âàěå çăáâĺæ á ćŋãâàěŋŋěľ áâàãłâãàőľ. ŠŇŤ, 1995, 102, 258.

[178] Ňăłăàőć Ł.Ă., Ňěńěęĺł Ć.Ć., Ďćě áâőàőŋë ňěďăńĺ: íääěłâ Ěäĺňőćă ĺ łőńńăŕá ć áĺáâěňě âàěå çăáâĺæ á âőçěçŋëňĺ ćğăĺňőďěľáâćĺïňĺ. ŠŇŤ, 1996, 107, 415-432.

[179] Giacconi P., Maltoni F., Soldati R., Nonperturbative nature of the Aharonov-Bohm scattering amplitude, hep-th/9706198.

[180] Łàěľŋ Ň.Č., Ńăŋčěà Č.Ł., Ő ďěäěłâŋëå ŕőďŕàőáâàăŋáâćăå ĺ őąőąéěŋŋëå àěğőńìćěŋâăå íàňĺâőćă őŕěàăâőàă ć ŕàőáâàăŋáćě Π_κ,(I), Ťãŋłæ. ăŋăńĺğ ĺ ěčő ŕàĺńőę., 1971, 5, ćëŕ.2, áá. 59-71.

—226— [181] Łàěľŋ Ň.Č., Ńăŋčěà Č.Ł., Ő ďěäěłâŋëå ŕőďŕàőáâàăŋáâćăå ĺ őąőąéěŋŋëå àěğőńìćěŋâăå íàňĺâőćă őŕěàăâőàă ć ŕàőáâàăŋáćě Π_κ, (II), Ťãŋłæ. ăŋăńĺğ ĺ ěčő ŕàĺńőę., 1971, 5, ćëŕ.3, áá. 54-69.

[182] Iohvidov I.S., Krein M.G., Langer H., Introduction to the spectrl theory of operators in spaces with indefinite metric, Berlin: Academic Verlag, 1982.

[183] Śĺâěŋłő Ă.Č., Ńěłæĺĺ ŕő âěőàĺĺ àăááěïŋĺï, Łĺěć, ”Ćĺéă èłőńă”, 1971, 260 áâà.

[184] Ňěàłãàìěć Ś.Ŕ., Ťăďďěěć Ń.Ď., Łćăŋâőćăï âěőàĺï àăááěïŋĺï ďńï áĺáâěň ŋěáłőńìłĺå çăáâĺæ, Ňőáłćă, Ŋăãłă, 1985, 308 áâà.

[185] Ÿňĺď İ., Űĺčěńìňăŋ Ţ., Ŕàőąńěňă âàěå âěń ć łćăŋâőćőľ ňěåăŋĺłě, Ňőáłćă, Ŋăãłă, 1979, 272 áâà.

[186] §äăěć Ď.Ř., Ł âěőàĺĺ ďĺáłàěâŋőčő áŕěłâàă âàěåçăáâĺçŋőčő őŕěàăâőàă Ÿàěďĺŋčěàă, Ňăâěňăâĺçěáłĺľ áąőàŋĺł, 1974, 94, N8, áá. 567- 593.

[187] Šěàěŋâìěć Ň.Ć., Ććěďěŋĺě ć âěőàĺî íńěňěŋâăàŋëå çăáâĺæ, Ňőáłćă, ĹŠİŤ, 1998, 235 áâà.

[188] Close F.E., An introduction to quarks and partons, Academic Press, 1979, 438 p.

[189] Barnett R.M. at al., Review of Particle Properties, Phys. Rev., 1996, D54, N1, p.47, p.100.