ŃĹŊĚĂŘĹĞĂŰĹ§ ČĚĽĞĚŊĄĚŘČŐĆŚŁĹŢ ŞŘĂĆŊĚŊĹĽ Ĺ ŔŘŐĄŃĚŇĂ ŚĆ§ĞĂŊŊŻŢ ŚŐŚŠŐ§ŊĹĽ Łőàěŋąńĺâ Ś.İ., Śěňěŋőć Ć.Ć.

Śćőąőďŋëě äĺğĺçěáłĺě ŕőńï: Λ_i(∂)ϕ_i(x) = 0. (1) Ŕőńï ĺ ãàăćŋěŋĺï Čěľğěŋąěàčă: Λ_i(∂)Ψ_i(x) = O[Ψ_i(x)]. (2) Őáŋőćŋăï ğăďăçă, – ŋăľâĺ àěèěŋĺě íâĺå ãàăćŋěŋĺľ ć ćĺďě: Ψ(x)^{(w)}= Υ[ϕ(x)]. (3) Ĺňěěň áńěďãîéěě àăćěŋáâćő ć áńăąőň áňëáńě:

H^{(w)}= H_0 + W_0, âő ěáâì: ⟨a|H|b⟩ = ⟨a|H_0|b⟩ + W_0⟨a|b⟩, (4) őŕàěďěńïîéěě ďĺŋăňĺçěáłőě őâőąàăęěŋĺě (3), čďě W_0- ŋěłőâőàőě c- çĺáńő, ă |a⟩ ĺ |b⟩, – ćěłâőàë ć äőłőćáłőň ŕàőáâàăŋáâćě äĺğĺçěáłĺå çăáâĺæ. Őąéãî äőàňã ďĺŋăňĺçěáłőčő őâőąàăęěŋĺï ňőęŋő ğăŕĺáăâì ć ćĺďě àăğńőęěŋĺï Ţăăčă:

Ψ_i(x) = χ_i+^∑_j Z^{12}_{ij}ϕ_j(x)+^∑_{j,k}^∫ d^4y_1^∫ d^4y_2 F_{ijk}(x, y_1, y_2):ϕ_j(y_1)ϕ_k(y_2):+ . . . , čďě i, j, k - ĺŋďěłáë àăğńĺçŋëå äĺğĺçěáłĺå ŕőńěľ, χ_i - c çĺáńőćëě łőŋáâăŋâë (őâńĺçŋëě őâ ŋãńï âőńìłő ďńï ąěááŕĺŋőćëå ŕőńěľ), Z_{ij} - c çĺáńőćëě łőŋáâăŋâë, őâćěâáâćěŋŋëě ğă ŕěàěŋőàňĺàőćłã, ďćőľŋëě âőçłĺ őğŋăçăîâ ŋőàňăńìŋőě ãŕőàïďőçĺćăŋĺě őâŋőáĺâěńìŋő áćőąőďŋőčő ŕőńï ϕ_i, F_{ijk}(x, y_1, y_2) - c çĺńőćëě äãŋłæĺĺ, ňŋőčőâőçĺě őğŋăçăěâ áãňňã ŋőàňăńìŋëå ŕàőĺğćěďěŋĺľ ćőğàăáâăîéěčő ŕőàïďłă. Ťãŋłæĺĺ: χ_i, Z_{ij}, F_{ijk}(x, y_1, y_2), őŕàěďěńïîâáï áăňőáőčńăáőćăŋŋëň áŕőáőąőň.

Ĺňěěâáï ďćă áãéěáâćěŋŋő àăğńĺçŋëå ćëąőàă ŋăçăńìŋőčő ňőňěŋâă ćàěňěŋĺ t_0:

(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 ŋőćëå ŕőńěľ ďńï áćïğăŋŋőčő áőáâőïŋĺï 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; Aőŕěàăâőàë àőęďěŋĺï, ãŋĺçâőęěŋĺï äĺğĺçěáłĺå áőáâőïŋĺľ; (w) ĺ (s) őâňěçăîâ áńăąëě ĺ áĺńìŋëě (őŕěàăâőàŋëě) àăćěŋáâćă áőőâćěâáâćěŋŋő.

Ńăčàăŋęĺăŋ ňőďěńĺ Ťěďěàąãèă ğăŕĺáëćăěâáï áńěďãîéĺň őąàăğőň:

L_f =^∑_{ξ=1,2} Ψ_ξ(x) (iγ^μ∂_μ − m_ξ) Ψ_ξ(x)− (5) −2πλϵ_{μν}J^μ_{1(Ψ)}(x)J^ν_{2(Ψ)}(x), J^ν_{ξ(Ψ)}(x) = Ψ_ξ(x)γ^νΨ_ξ(x), (6) Ĺğ Ńăčàăŋęĺăŋă ćëâěłăîâ čěľğěŋąěàčőćáłĺě ãàăćŋěŋĺï ďćĺęěŋĺï:

(iγ^μ∂_μ − m_1)Ψ_1(x) = 2πλϵ_{μν}J^ν_{2(Ψ)}(x)γ^μΨ_1(x), (7) (iγ^μ∂_μ − m_2)Ψ_2(x) = 2πλϵ_{νμ}J^ν_{1(Ψ)}(x)γ^μΨ_2(x) .

Ńĺŋěăàĺğăæĺï ”âőłă” ćğăĺňőďěľáâćĺï: V_{−ξ(Ψ)}(x) = ξ2πλϵ_{μν}γ^0γ^μJ^ν_{−ξ(Ψ)}(x), ďăěâ :

V_{−ξ(Ψ)}(x) = e^{iH(Ψ)t}V_{−ξ(Ψ)}(x^1, 0)e^{−iH(Ψ)t} ⇒ e^{iH0(Ψ)t}V_{−ξ(Ψ)}(x^1, 0)e^{−iH0(Ψ)t} ⇒ e^{iH0(ψ)t}V_{−ξ(ψ)}(x^1, 0)e^{−iH0(ψ)t} ⇒ V_{−ξ(ψ)}(x), J^ν_{−ξ(Ψ)}(x) ⇒ J^ν_{−ξ(ψ)}(x), čďě ćâőàăï áâàőłă ŕĺèěâáï ĺňěŋŋő ŋă âőň őáŋőćăŋĺĺ, çâő âőńìłő íâőâ ”âőł” őŕàěďěńïěâ ćğăĺňőďěľáâćĺě ć ãàăćŋěŋĺïå Čěľğěŋąěàčă (7), ĺ ć áĺńã łőâőàëå ęě ďńï ŋěčő:

i∂_tV_{−ξ(Ψ)}(x) =⇒^[V_{−ξ(Ψ)}(x) , H_{0(Ψ)}(t)^] . (8)

Ćğăĺňőáćïğì őŕěàăâőàŋőčő äãŋłæĺőŋăńă ĺ ČŔ: Ψ_ξ(x^1, T ) =^∫ dy^1Y_{(ψ−ξ)}(T, x^1|y^1, 0)Ψ_ξ(y^1, 0) = =^∫ dy^1Y_{(ψ−ξ)}(T, x^1|y^1, t)Ψ_ξ(y^1, t) . (9) Őŕěàăâőàŋëľ äãŋłæĺőŋăń:

Y_{(ψ−ξ)}(T, x^1|y^1, 0) = x1(T )=x1 ∫ x1(0)=y1

Dx^1(η) · (10) · T_{ψ−ξ} exp iξ2πλ^{T∫}_0 dη[J^1_{−ξ(ψ)}^(x^1(η), η^) − ẋ^1(η)J^0_{−ξ(ψ)}^(x^1(η), η^)] · ·^∫ Dp^1(η)T_γ exp −i^{T∫}_0 dη^(γ^5p^1(η) + m_ξγ^0 − p^1(η)ẋ^1(η)^) . Śőőâŋőèěŋĺï ąőğőŋĺğăæĺĺ: ϵ_{μν}J^ν_{−ξ(ψ)}(x) = ∂_μΦ_{−ξ}(x) √ c , (11) čďě Ńăčàăŋęĺăŋ Śĺŋãá-Čőàďőŋ ďńï ŕőńï Φ_{−ξ}(x) : L(x) = 1 2 ∂_μΦ(x)∂^μΦ(x) + υ(cos βΦ(x) − 1), (12) ďăîâ: T_{ψ−ξ}^[. . .^] = T_{Φ−ξ} exp −i g^{T∫}_0 dη d dη Φ_{−ξ}^(x^1(η), η^) . (13) g = ξ2πλ √ c . (14)

Őŕěàăâőà, áćïğëćăîéĺľ áćőąőďŋëě Ďĺàăłőćáłĺě ąěğňăááőćëě χ(x^1, t) ĺ ňăááĺćŋëě ψ(x^1, t) ŕőńï, ĺňěěâ ćĺď: ψ(x^1, t) = G^{−1}(t)χ(x^1, t)G(t), G(t) = T exp t_∫ 0 dη^{∞∫}_{−∞} dy^{1 (}−imχ(y^1, η)χ(y^1, η)^) , őâłãďă : Φ_{−ξ}(x^1, t) = G^{−1}_{−ξ}(t)ϕ(x^1, t)G_{−ξ}(t), čďě ďńï áćőąőďŋőčő (ąěğňăááőćőčő) ŕáěćďőáłăńïàŋőčő ŕőńï ϕ(x): ϵ_{μν}j^ν_{(χ)}^(x^1(η), η^) = 1 √ c ∂_μ^{ϕ^(x^1(η), η^{)}} , υ cos(βϕ(x)) = χ(x)χ(x), T_ϕ exp −ig^{T∫}_0 dt dϕ(x^1(t), t) dt = U(T )U^{−1}(0), U(T ) = exp − i g^2 4 θ^[1 −^(ẋ^1(T )^{)2]} exp {−iφ(T )} . Ŕàĺćńěłăï őŕěàăâőàŋãî äőàňãńã: T exp T_∫ 0 dη (A(η) + B(η)) = T exp T_∫ 0 dηA(η) · ·T exp T_∫ 0 dηC(η) , čďě C(η) = T exp η_∫ 0 dsA(s) −1 B(η)T exp η_∫ 0 dsA(s) , ĺ ãáńőćĺě ńőłăńìŋőáâĺ ŋă ŕàőáâàăŋáâćěŋŋőŕőďőąŋëå ĺŋâěàćăńăå: y = (η, y^1), x(η) − y = (0, x^1(η) − y^1), [ϕ(x^1(η), η), ϕ(y^1, η)] = D_m(x(η) − y) ≡ 0, á ãçěâőň ŕěàěŋőàňĺàőćłĺ àěèěŋĺï őďŋőàőďŋőčő ČŞ, ĺňěěň àěèěŋĺě ďńï ňőďěńĺ Ťěďěàąãèă ć áńěďãîéěľ äőàňě:

Ψ_ξ(x^1, T ) = exp − i g^2 4 θ^[1 −^(ẋ^1(T )^{)2]} · · . exp^{−igΦ_{−ξ}(x^1, T )^} . ψ_ξ(x^1, T ) , (15) čďě g =^{ξ2πλ√}_c . Ŕàĺ íâőň, ŋăľďěŋŋőě ğďěáì àěèěŋĺě áőďěàęĺâ ŕő áàăćŋěŋĺî á àăŋěě ĺğćěáâŋëň àěèěŋĺěň Ćăľâňăŋă ďőŕőńŋĺâěńìŋëľ äăğőćëľ c- çĺáńőćőľ ňŋőęĺâěńì: exp − i g^2 4 θ^[1 −^(ẋ^1(T )^{)2]} =⇒ exp(−ig^2/4),^(ẋ^1(T )^{)2} < 1 1,^(ẋ^1(T )^{)2} > 1

.(16)

Ŕőïćńěŋĺě ŕăàăňěâàă áłőàőáâĺ^(ẋ^1(T )^{)2} ïćńïěâáï ăàâěäăłâőň ďćãňěàĺï, âěáŋő áćïğăŋŋëň á ŋãńěćëňĺ ňőďăňĺ áćőąőďŋőčő ąěğňăááőćőčő ŕáěćďőáłăńïàŋőčő ŕőńï, őąïğăŋŋëňĺ ąěğàăğňěŋŋőáâĺ ŕěàěáâăŋőćőçŋőľ äãŋłæĺĺ ć ďćãňěàĺĺ: ϱ = (x − y)^2, D_m(x − y) = 2πi^∫ d^2k (2π)^2 ε(k^0)δ(k^2 − m^2)e^{−i(k·(x−y))} = = ε(x_0 − y_0) 2 θ(ϱ)J_0(m √ ϱ), D_m(x − y) = 0, ŕàĺ x^0 = y^0,

D_0(x − y) = 2πi^∫ d^2k (2π)^2 ε(k^0)δ(k^2)e^{−i(k·(x−y))} = ε(x_0 − y_0) 2 θ(ϱ).

Řěčãńïàĺğăæĺï ĺ ŕěàěŋőàňĺàőćłă ŕáěćďőáłăńïàŋőčő ďćãňěàŋőčő Śĺŋãá-Čőàďőŋőćáłőčő ŕőńï:

Φ(x_1) . . . Φ(x_n) = .Φ(x_1) . . . Φ(x_n). + (17) +^{n∑}_{r=1}^∑_P ⟨0|Φ(x_{i1} ) . . . Φ(x_{ir} )|0⟩.Φ(x_{j1}) . . . Φ(x_{jn−r} )., čďě áãňňă^∑_P ąěàñâáï ŕő ćáěň àăğąĺěŋĺïň ĺŋďěłáőć (1,...,n) ŋă àăğńĺçŋëě čàãŕŕë i_1, . . ., i_r, j_1, . . ., j_{n−r}, ŕàĺçñň: i_1, i_2 < . . . < i_r, j_1 < j_2, . . . < j_{n−r}, ă âăłęě, 1≤r≤n. Ŕěàěŋőàňĺàőćăŋŋőě őŕàěďěńěŋĺě n-őľ áâěŕěŋĺ ŕáěćďőáłăńïàŋőčő ŕőńï âőčďă ďăěâáï ŕàěďěńőň:

.Φn.(x) = lim (x1,...,xn)→x .Φ(x_1). . .Φ(x_n). , (18)

ă ŕěàěŋőàňĺàőćăŋŋăï őŕěàăâőàŋăï íłáŕőŋěŋâă őŕàěďěńïěâáï ćëàăęěŋĺěň: . exp {−igΦ(x)} . = exp {−igΦ(x)} ⟨0| exp {−igΦ(0)} |0⟩ . (19)