Ŋěğăćĺáĺňăï őâ čàăŋĺçŋëå ãáńőćĺľ ăńčěąàă

ć äőàňăńĺğňě Ăèâěłăàă

Ć.Ő. Śőńőćìěć^1 Ĺŋáâĺâãâ äĺğĺłĺ ćëáőłĺå íŋěàčĺľ, 142 284, Ŕàőâćĺŋő, Ňőáłőćáłăï őąńăáâì

Ăŋŋőâăæĺï Ňë àăááňăâàĺćăěň ăńčěąàã čěŋěàăâőàőć ŕàőáâàăŋáâćěŋŋëå ďĺääěőňőàäĺğňőć ĺ łăńĺąàőćőçŋëå ŕàěőąàăğőćăŋĺľ ć łăŋőŋĺçěáłőň äőàňăńĺğňě őąéěľ âěőàĺĺ őâŋőáĺâěńìŋőáâĺ ć ŕěàěňěŋŋëå Ăèâěłăàă ĺ ĂĎŇ. Ĺáŕőńìğãěâáï ŕàěďńőęěŋŋăï àăŋěě ňőďĺäĺłăæĺï ŕőńěćőľ áłőąłĺ Ŕãăááőŋă ŕőćěàåŋőáâŋëňĺ çńěŋăňĺ, łőâőàăï ŕőğćőńïěâ àăááňăâàĺćăâì ć łăçěáâćě ďőŕãáâĺňëå ćáě ńőłăńìŋëě äãŋłæĺőŋăńë. Ŕőłăğăŋő, çâő ğăňëłăŋĺě ãłăğăŋŋőľ ăńčěąàë ňőęŋő őąěáŕěçĺâì ěéě ďő ŋăńőęěŋĺï čàăŋĺçŋëå ãáńőćĺľ ŕãâěň ćëąőàă ŕőćěàåŋőáâŋëå çńěŋőć ć ćëàăęěŋĺïå čěŋěàăâőàőć. Ŕàĺ íâőň áãéěáâćěŋŋő, çâő ŋă čàăŋĺæě ŕãăááőŋőćă áâàãłâãàă ďńï ŕěàěňěŋŋëå Ăèâěłăàă őâńĺçŋă őâ łăŋőŋĺçěáłőľ.

1 Ććěďěŋĺě

Őąëçŋő ŕàĺŋïâő áçĺâăâì, çâő ć čăňĺńìâőŋőćőň äőàňăńĺğňě âěőàĺĺ ŕőńï ňőčãâ ĺňěâì áňëáń âőńìłő áłőąłĺ Ŕãăááőŋă ňěęďã âăł ŋăğëćăěňëňĺ \ďĺääěàěŋæĺàãěňëňĺ" äãŋłæĺőŋăńăňĺ [1, 2]. Šăł ŋăğëćăîâ äãŋłæĺőŋăńë, ćăàĺăæĺï łőâőàëå ŋě áőďěàęĺâ čàăŋĺçŋőčő ćłńăďă. Őďŋăłő, łăł ćĺďŋő ĺğ ďăńìŋěľèěčő, íâő őčàăŋĺçěŋĺě ŋě ïćńïěâáï ŋěőąåőďĺňëň. Šăł ć àăąőâăå [3, 4, 5], ĺáåőďï ĺğ àăğŋëå ŕőďåőďőć, ŕàěďńăčăńőáì ćëľâĺ ğă àăňłĺ âăłőčő őčàăŋĺçěŋĺï ĺ àăáŕàőáâàăŋĺâì čăňĺńìâőŋőć äőàňăńĺğň ŋă ąőńěě èĺàőłĺě łńăááë äãŋłæĺőŋăńőć, ă ğŋăçĺâ ĺ ŋă ąőńìèěě çĺáńő ğăďăç. Ś íâőľ æěńìî ąëńĺ ŕàěďńőęěŋë àăğńĺçŋëě ňőďĺäĺłăæĺĺ âàăďĺæĺőŋŋőľ äőàňãńë ďńï áłőąłĺ Ŕãăááőŋă, ŕőńãçăěňëě ŕãâěň ďőąăćńěŋĺï ł ŋěľ čàăŋĺçŋëå çńěŋőć. Ăćâőàë àăąőâ [4, 5] ĺáŕőńìğőćăńĺ ďńï íâĺå çńěŋőć ŋěńőłăńìŋãî äőàňãńã, ãłăğëćăîéãî ŋă ŋăńĺçĺě ćğăĺňőďěľáâćĺï ňěęďã ŕőńěň Łőàâěćěčă-ďě Ťàĺğă ć ąěáłőŋěçŋő ãďăńěŋŋëå ďàãč őâ ďàãčă âőçłăå čàăŋĺæë őďŋőňěàŋőčő ŕàőáâàăŋáâćă. Ŋăŕàőâĺć, ć áâăâìě [3], čďě őąáãęďăńăáì čĺďàőďĺŋăňĺłă ĺďěăńìŋőľ ęĺďłőáâĺ, àăááňăâàĺćăńĺáì âőńìłő ńőłăńìŋëě čàăŋĺçŋëě çńěŋë ćőğŋĺłăîéĺě, ŋăŕàĺňěà, ć àěğãńìâăâě ĺŋâěčàĺàőćăŋĺï ŕőńŋëå ďĺćěàčěŋæĺľ.

Ŋěďăćŋő ňë ŕőłăğăńĺ [6, 7], çâő ŕőďåőď, ŕàěďńőęěŋŋëľ ć àăąőâě [3], ňőęěâ ąëâì őąőąéěŋ ŋă áńãçăľ ŕàőĺğćőńìŋëå ńőłăńìŋëå äãŋłæĺőŋăńőć, ğăćĺáïéĺå őâ ńîąőčő łőŋěçŋőčő çĺáńă ŕàőáâàăŋáâćěŋŋëå ŕàőĺğćőďŋëå. Ŕőáńě ďőąăćńěŋĺï ł áâăŋďăàâŋőňã ćëàăęěŋĺî

1e{mail: vosoloviev@mx.ihep.su

ďńï áłőąłĺ Ŕãăááőŋă äőàňăńìŋő ąěáłőŋěçŋőľ, ŋő ŋă áăňőň ďěńě ćáěčďă őąàëćăîéěľáï áãňňë ďĺćěàčěŋæĺľ őŕàěďěńěŋŋőčő ćĺďă ŕőńãçăěâáï, çâő ŋőćăï áłőąłă ãďőćńěâćőàïěâ âőęďěáâćã §łőąĺ ĺ âàěąőćăŋĺïň ăŋâĺáĺňňěâàĺĺ ĺ ğăňłŋãâőáâĺ áâàőčő, ă ŋě á âőçŋőáâìî ďő čàăŋĺçŋëå çńěŋőć. Ĺŋâěàěáŋő, çâő ćáěň íâĺň áâăŋďăàâŋëň âàěąőćăŋĺïň ňőęŋő ãďőćńěâćőàĺâì ěéě ďő ŋăńőęěŋĺï łăłĺå ąë âő ŋĺ ąëńő čàăŋĺçŋëå ãáńőćĺľ. Šăłĺň őąàăğőň, ŋőćăï äőàňãńă őŕàěďěńïěâ ăńčěąàã áłőąőł Ŕãăááőŋă ďńï ćáěå ńőłăńìŋëå äãŋłæĺőŋăńőć, ă ŋě âőńìłő ďńï \ďĺääěàěŋæĺàãěňëå", łăł ć áâăŋďăàâŋőň ŕőďåőďě. İâő ŕőğćőńïěâ ŋăďěïâìáï ŋă ćőğňőęŋőáâì ŕàĺňěŋěŋĺï íâőčő àěğãńìâăâă ł àăğńĺçŋëň äĺğĺçěáłĺň ŕàőąńěňăň. Ůâő łăáăěâáï čàăŋĺçŋëå ãáńőćĺľ, âő ŋăň ŕàěďáâăćńïěâáï, çâő őŋĺ ňőčãâ ąëâì ŕàĺŋïâë ćő ćŋĺňăŋĺě ŋă áńěďãîéěň èăčě, ŕőďőąŋő łăńĺąàőćłăň, ãçěâ łőâőàëå áćőďĺâáï ł ńĺèì ł ŕőáńěďãîéěľ àěďãłæĺĺ ĺáåőďŋőľ ŕãăááőŋőćőľ áâàãłâãàë.

Ć íâőľ àăąőâě ňë ĺáŕőńìğãěň ŋőćőě őŕàěďěńěŋĺě áłőąłĺ Ŕãăááőŋă [6, 7] ďńï ăŋăńĺğă łăŋőŋĺçěáłőčő äőàňăńĺğňă őąéěľ âěőàĺĺ őâŋőáĺâěńìŋőáâĺ ć ŕěàěňěŋŋëå Ăèâěłăàă ĺ ĂĎŇ. Ąãďěâ ŕőłăğăŋő, çâő ĺğćěáâŋëě ăńčěąàë ňőčãâ ąëâì àěăńĺğőćăŋë ğďěáì ŋěğăćĺáĺňő őâ ćëąőàă čàăŋĺçŋëå ãáńőćĺľ. Őáőąěŋŋőáâìî ŕőďåőďă Ăèâěłăàă ïćńïěâáï ĺáŕőńìğőćăŋĺě ŕàěőąàăğőćăŋĺï ŕěàěňěŋŋëå, łőâőàőě ŕàĺ ãçěâě ŕőćěàåŋőáâŋëå çńěŋőć őâńĺçăěâáï őâ łăŋőŋĺçěáłőčő [8]. Ŕőďőąŋăï ŋěłăŋőŋĺçŋőáâì ŋěďăćŋő őąáãęďăńăáì âăłęě ć àăąőâě [9].

Śőďěàęăŋĺě ďăŋŋőľ àăąőâë áőáâőĺâ ć áńěďãîéěň.

Ŋăŕőňŋĺć őáŋőćŋëě ŕőŋïâĺï čăňĺńìâőŋőćă äőàňăńĺğňă âěőàĺĺ čàăćĺâăæĺĺ ć ŕěàěňěŋŋëå Ăàŋőćĺââă, Ďěğěàă ĺ Ňĺğŋěàă (ĂĎŇ) [10], ňë ăŋăńĺğĺàãěň ğăňěŋë ŕěàěňěŋŋëå ćěďãéĺě ł äőàňăńĺğňã Ăèâěłăàă. Ŕőáńě íâőčő ĺğńăčăěâáï ňőâĺćĺàőćłă ććěďěŋĺï ŋőćőľ äőàňãńë ďńï áłőąőł Ŕãăááőŋă ć âěőàĺĺ ŕőńï. Ěě ŕàĺňěŋěŋĺě ŕěàćőŋăçăńìŋő ĺńńîáâàĺàãěâáï ć ŕőďåőďě ĂĎŇ. Ŕàěőąàăğőćăŋĺě ł ŕěàěňěŋŋëň Ăèâěłăàă ćěďěâ ł ŕőïćńěŋĺî ŋěőąëçŋőčő ŕőćěàåŋőáâŋőčő ćłńăďă, łőâőàëľ ŋăàãèăěâ łăŋőŋĺçŋőáâì. Őďŋăłő, ĺňěŋŋő íâőâ ćłńăď ŕőğćőńïěâ áőåàăŋĺâì ăńčěąàã čěŋěàăâőàőć, ŋăľďěŋŋãî ŕěàćőŋăçăńìŋő ć ŕěàěňěŋŋëå ĂĎŇ.

2 Ťőàňăńĺğň ĂĎŇ

Ŕàőáâàăŋáâćő-ćàěňï ňőęěâ ąëâì ŕőŋïâő łăł 4-ňŋőčőőąàăğĺě, ćőğŋĺłăîéěě ć àěğãńìâăâě ćàěňěŋŋ«őľ íćőńîæĺĺ čěőňěâàĺĺ 3-ňěàŋőľ ŕàőáâàăŋáâćěŋŋőŕőďőąŋőľ čĺŕěàŕőćěàåŋőáâĺ. Ŕàĺ íâőň ďĺŋăňĺçěáłĺňĺ ŕěàěňěŋŋëňĺ ïćńïîâáï ŕőńï àĺňăŋőćă ňěâàĺçěáłőčő âěŋğőàă γ_{ij}(x^k), âăł çâő γ_{ij}dx^idx^j ≥ 0, ĺ âěŋğőàŋőľ ŕńőâŋőáâĺ áőŕàïęěŋŋëå ĺňŕãńìáőć π^{ij}(x^k), łőâőàăï ńĺŋěľŋő áćïğăŋă á âěŋğőàőň ćŋěèŋěľ łàĺćĺğŋë čĺŕěàŕőćěàåŋőáâĺ K_{ij}(x^k) π^{ij} = − √ γ(K^{ij} − γ^{ij}K), (2.1) čďě γ^{ij} ěáâì őąàăâŋăï ł γ_{ij} ňăâàĺæă, K = γ^{ij}K_{ij}, γ = det|γ_{ij} |, ńăâĺŋáłĺě ĺŋďěłáë áőőâćěâáâćãîâ ŕàőáâàăŋáâćěŋŋëň łőőàďĺŋăâăň ĺ ŕàőąěčăîâ ğŋăçěŋĺï 1, 2, 3. Ğŋăł áãňňĺàőćăŋĺï ćěğďě őŕãáłăěâáï.

Ŋăŕàăćńěŋĺě íćőńîæĺĺ ć łăęďőľ âőçłě čĺŕěàŕőćěàåŋőáâĺ ğăďăěâáï ćàěňěŋĺŕőďőąŋëň 4-ćěłâőàőň N^α, łőňŕőŋěŋâë łőâőàőčő N(x^k, t), N^i(x^k, t) ďőńęŋë ãďőćńěâćőàïâì ŋěàăćěŋáâćã N^2 ≥ γ_{ij} N^iN^j. (2.2)

Ďĺŋăňĺçěáłĺě ãàăćŋěŋĺï ŕőàőęďăîâáï čăňĺńìâőŋĺăŋőň H = ∫ Ω ( NH + N^iH_i ) d^3x, (2.3)

łőâőàëľ ïćńïěâáï ńĺŋěľŋőľ łőňąĺŋăæĺěľ áćïğěľ H = − 1 √ γ ( γR + π^2 2 − Spπ^2 ) , H_i = −2π^j_{i|j}, (2.4)

ĺ łăŋőŋĺçěáłőľ áłőąłőľ Ŕãăááőŋă { γ_{ij}(x), π^{kl}(y) } = δ^{kl}_{ij} δ(x, y) ≡ 1 2 ( δ^k_i δ^l_j + δ^k_j δ^l_i ) δ(x, y), (2.5) âăł çâő _γ_{ij} = {γ_{ij}, H}, _π^{ij} = {π^{ij}, H}. (2.6) Ďńï ïćŋőčő ćőááâăŋőćńěŋĺï 4-ňěàŋőľ čěőňěâàĺĺ ŕàőáâàăŋáâćă-ćàěňěŋĺ ć ŕàőĺğćőńìŋëå łőőàďĺŋăâăå X^α, α = 0, 1, 2, 3 áńěďãěâ ğăďăâì ďőŕőńŋĺâěńìŋő 4 äãŋłæĺĺ, áćïğëćăîéĺě ĺå á łőőàďĺŋăâăňĺ (x^k, t) X^α = e^α(x^k, t). (2.7) Ěáńĺ t_1 áőőâćěâáâćãěâ ŋăçăńã, ă t_2 | łőŋæã ćàěňěŋŋőľ íćőńîæĺĺ, âő ŕàĺ łăęďőň äĺłáĺàőćăŋŋőň ğŋăçěŋĺĺ t_1 ≤ t ≤ t_2 ãàăćŋěŋĺï (2.7) őŕàěďěńïîâ ćńőęěŋĺě áőőâćěâáâćãîéěľ íâőňã ğŋăçěŋĺî t čĺŕěàŕőćěàåŋőáâĺ ć ŕàőáâàăŋáâćő-ćàěňï. Šőčďă äãŋłæĺĺ N(x^k, t), N^i (x^k, t) ŋăďő ŕőŋĺňăâì łăł łőňŕőŋěŋâë àăğńőęěŋĺï 4-ćěłâőàă N^α

N^α = _e^α = Nn^α + N^ie^α_i , (2.8)

ŕő ąăğĺáã (n^α, e^α_i ), áőŕőáâăćńěŋŋőňã čĺŕěàŕőćěàåŋőáâĺ t = const ć łăęďőľ ěě âőçłě, ŕàĺçěň, e^α_i = ∂e^α ∂x^i , n_αe^α_i = 0, n^αn_α = −1. (2.9)

Ŋăľďï łőňŕőŋěŋâë ćěłâőàă ěďĺŋĺçŋőľ ŋőàňăńĺ n^α ĺğ (2.8) ňë ŕőńãçăěň ĺáłőňãî ňěâàĺłã ŕàőáâàăŋáâćă-ćàěňěŋĺ

g^{αβ} = −n^αn^β + e^α_i e^β_j γ^{ij}. (2.10)

Ŕőďàőąŋőě őąáãęďěŋĺě łőćăàĺăŋâŋőčő čăňĺńìâőŋőćă äőàňăńĺğňă ňőęŋő ŋăľâĺ ć àăąőâăå Łãåăàęă[11].

Şàăćŋěŋĺï (2.6) ŕàĺčőďŋë ŋě âőńìłő ďńï őŕĺáăŋĺï ćàěňěŋŋőľ íćőńîæĺĺ, ŋő ĺ, ŋăŕàĺňěà, ďńï őŕĺáăŋĺï ŕàěőąàăğőćăŋĺľ ŕàőáâàăŋáâćěŋŋëå łőőàďĺŋăâ ŋă äĺłáĺàőćăŋŋőľ čĺŕěàŕőćěàåŋőáâĺ ŕàĺ N = 0

_γ_{ij} = L_{⃗N} γ_{ij} = N_{i|j} + N_{j|i}, (2.11) _π^{ij} = L_{⃗N} π^{ij} = −N^i_{|k}π^{kj} − N^j_{|k}π^{ik} +^(N^kπ^{ij)}_{|k}, (2.12) čďě L_{⃗N} - ŕàőĺğćőďŋăï Ńĺ ŕő ŋăŕàăćńěŋĺî ćěłâőàŋőčő ŕőńï N^i. Řăğãňěěâáï, ŕěàěňěŋŋăï t ć íâőň áńãçăě ŋĺłăł ŋě ňőęěâ áçĺâăâìáï ćàěňěŋěň.

Őâňěâĺň, çâő ďńï čăňĺńìâőŋĺăŋă, łăł čěŋěàăâőàă ŕàěőąàăğőćăŋĺľ łőőàďĺŋăâ (x^k, t), ğăďăćăěňëå äãŋłæĺïňĺ N, N^i , ĺňěěâ ňěáâő ŕãăááőŋőćă ăńčěąàă { H(N, N^i), H(M, M^j ) } = H(L, L^k ), (2.13) čďě L = N^iM_{,i} − M^iN_{,i}, L^k = γ^{ki}(NM_{,i} − MN_{,i}) + N^iM^k_{,i} − M^iN^k_{,i}. (2.14)

Ŋă \ńőłăńìŋőň" ïğëłě íâĺ àăćěŋáâćă őąëçŋő ŕàěďáâăćńïîâ ć ćĺďě {H(x), H(y)} = ( γ^{ik}(x)H_k(x) + γ^{ik}(y)H_k (y) ) δ_{,i}(x, y), {H_i(x), H_k (y)} = H_i(y)δ_{,k} (x, y) + H_k(x)δ_{,i}(x, y), {H_i(x), H(y)} = H(x)δ_{,i}(x, y). (2.15) Ąńăčőďăàï íâĺň áőőâŋőèěŋĺïň őąěáŕěçĺćăěâáï \ŋěğăćĺáĺňőáâì őâ ŕãâĺ"[12], âő ěáâì, ŋěğăćĺáĺňőáâì ŕőńãçăěňőľ ć àěğãńìâăâě ĺŋâěčàĺàőćăŋĺï ãàăćŋěŋĺľ ďćĺęěŋĺï (2.6) 4- čěőňěâàĺĺ őâ ćëąőàă äãŋłæĺľ N(x^k , t), N^i(x^k, t) ŕàĺ äĺłáĺàőćăŋŋëå ŋăçăńě ĺ łőŋæě íćőńîæĺĺ. Śőőâŋőèěŋĺï (2.14) ć őąéěň áńãçăě ŋě ğăďăîâ ăńčěąàë Ńĺ, âăł łăł ć ŋĺå ćåőďĺâ ďĺŋăňĺçěáłăï ŕěàěňěŋŋăï γ^{ki}. Őďŋăłő ďńï ŕàěőąàăğőćăŋĺľ ŕàőáâàăŋáâćěŋŋëå łőőàďĺŋăâ, âő ěáâì, ŕàĺ N = M = 0 ăńčěąàă Ńĺ ĺňěěâ ňěáâő { H(N^i ), H(M^j ) } = H^([N, M ]^{k)} , (2.16) čďě [N, M]^k = N^iM^k_{,i} − M^iN^k_{,i}. (2.17)

Ěáâěáâćěŋŋő őęĺďăâì, çâő áőőâŋőèěŋĺï (2.14), (2.16) ŋě ğăćĺáïâ őâ ćëąőàă ŕěàěňěŋŋëå ĺ áőåàăŋïâáï ŕàĺ ĺå ğăňěŋăå. Őďŋã ĺğ âăłĺå ğăňěŋ ňë ĺ ŋăňěàěŋë àăááňőâàěâì ć áńěďãîéěľ čńăćě.

Ć áńãçăě, łőčďă čĺŕěàŕőćěàåŋőáâì ĺňěěâ čàăŋĺæã (ć âőň çĺáńě ĺ ąěáłőŋěçŋő ãďăńěŋŋãî), ćáě ćëèěáłăğăŋŋőě âàěąãěâ ąőńěě ďěâăńìŋőčő àăááňőâàěŋĺï. Čăňĺńìâőŋĺăŋ ňőęěâ őâńĺçăâìáï őâ (2.3) ŋă ŕőćěàåŋőáâŋëě ĺŋâěčàăńë ŕő čàăŋĺæě, łăł ŋăŕàĺňěà, ć àăąőâăå [1, 13]. Ňë ŕěàěľďěň ł íâőňã áńãçăî ŕőğęě.

3 Ŕàěőąàăğőćăŋĺě Ăèâěłăàă

Ćňěáâő ňěâàĺçěáłőčő âěŋğőàă γ_{ij} ććěďěň âàĺăďë E^a_i , âăł çâő γ_{ij} = E^a_i E^a_j , a = 1, 2, 3. Őąàăâŋëě ł âàĺăďăň ňăâàĺæë ąãďěň őąőğŋăçăâì E^i_a, âő ěáâì, E^a_i E^j_a = δ^j_i , E^a_i E^i_b = δ^a_b . Ŕőáłőńìłã γ^{kj}γ_{ji} = γ^{kj}E^a_j E^a_i = δ^k_i , âő őąàăâŋãî ňăâàĺæã ňőęŋő ŕőńãçĺâì ŕőďŋĺňăï ĺŋďěłá á ŕőňőéìî γ^{kj}, E^k_a = E^{ka} = γ^{kj}E^a_j . Ŕőńőęěŋĺě ćŋãâàěŋŋěčő ĺŋďěłáă a ąěğàăğńĺçŋő. Ŋěâàãďŋő âăłęě ãąěďĺâìáï, çâő

γ^{ij} = E^{ia}E^{ja}, γ = det|E^a_i E^a_j | = (det|E^a_i |)^2 = E^2. (3.1)

Ććěďěň áőŕàïęěŋŋëě ł ŕőńïň âàĺăď ĺňŕãńìáë π^i_a { E^a_i (x), π^j_b (y) } = δ^j_i δ^a_b δ(x, y), (3.2) łőâőàëě ńěčłő áćïğăâì á ĺňŕãńìáăňĺ π^{ij} π^{ij} = 1 4 ( π^i_aE^j_a + π^j_aE^i_a ) . (3.3)

Ŕàĺ íâőň őłăğëćăěâáï, çâő áłőąłĺ Ŕãăááőŋă ďńï ŕěàěňěŋŋëå ĂĎŇ çăáâĺçŋő ĺğňěŋïîâáï { γ_{ij}(x), π^{kl}(y) } = δ^{kl}_{ij} δ(x, y), {γ_{ij}(x), γ_{kl}(y)} = 0, (3.4) ŋő_{ π^{ij}(x), π^{kl}(y) } = 1 4 ( γ^{ik}M^{jl} + γ^{il}M^{jk} + γ^{jk}M^{il} + γ^{jl}M^{ik} ) δ(x, y), (3.5) čďě M^{ij} = 1 4 ( E^{ia}π^j_a − E^{ja}π^i_a ) = M^{[ij]}. (3.6)

Śőåàăŋěŋĺě áőőâćěâáâćĺï ŕãăááőŋőćëå áâàãłâãà âàěąãěâ ŋăńőęěŋĺï âàěå áćïğěľ M^{ij} = 0, çâő őąěáŕěçĺćăěâ âăłęě áőåàăŋěŋĺě çĺáńă áâěŕěŋěľ áćőąőďë (áĺňňěâàĺçŋëľ âěŋğőà γ_{ij}(x) őŕàěďěńïńáï ć łăęďőľ âőçłě 6 çĺáńăňĺ, ă ňăâàĺæă âàĺăďë E^a_i (x) áőďěàęĺâ 9 ŋěğăćĺáĺňëå łőňŕőŋěŋâ). Ňőęŋő íłćĺćăńěŋâŋëň őąàăğőň ŕàěďáâăćĺâì áćïğĺ ć ćĺďě

J^{ab} ≡ J^{[ab]} = 0, čďě J^{ab} = M^{ij}E^a_i E^b_j . (3.7)

Ŕàĺ íâőň áćïğĺ ŋăåőďïâáï ć ĺŋćőńîæĺĺ { M^{ij}(x), M^{kl}(y) } = 1 4 ( γ^{ik}M^{jl} − γ^{il}M^{jk} − γ^{jk}M^{il} + γ^{jl}M^{ik} ) δ(x, y). (3.8) Řăğãňěěâáï, ćëąőà (E^a_i , π^i_a) ć łăçěáâćě łăŋőŋĺçěáłĺå ŕěàěňěŋŋëå ŋě ïćńïěâáï ěďĺŋáâćěŋŋëň. Ś âőçłĺ ğàěŋĺï ŕàěďáâőïéěčő ŕěàěåőďă ł ŕěàěňěŋŋëň Ăèâěłăàă ãďőąŋěě ĺáŕőńìğőćăâì ŕěàěňěŋŋëě^( ~E^{ia}, K^a_i^), âăł çâő

~E^{ia} = EE^{ia}, K^a_i = K_{ij}E^{ja} + E^{−1}E_{ib}J^{ab}, (3.9)

âőčďă_{ ~E^{ia}(x), K^b_j (y)^} = 1 2 δ^i_jδ^{ab}δ(x, y), (3.10) { ~E^{ia}(x), ~E^{jb}(y)^} = 0,^{K^a_i (x), K^b_j (y)^} = 0. (3.11)

Ć àăąőâăå [14] Ăèâěłăàőň ąëńő ŕàěďńőęěŋő ğăňěçăâěńìŋőě ŕàěőąàăğőćăŋĺě, łőâőàőě ŕőğćőńĺńő ŕàěďáâăćĺâì ŕńőâŋőáâì čàăćĺâăæĺőŋŋőčő čăňĺńìâőŋĺăŋă ć ćĺďě ŕőńĺŋőňă çěâćěàâőľ áâěŕěŋĺ ŕő łăŋőŋĺçěáłĺň ŕěàěňěŋŋëň. Ŋăèě ĺğńőęěŋĺě áńěďãěâ, ć őáŋőćŋőň, àăąőâě [15]. Ŕàěőąàăğőćăŋĺě Ăèâěłăàă ăŋăńőčĺçŋő łăŋőŋĺçěáłĺň ŕàěőąàăğőćăŋĺïň łńăááĺçěáłőľ ňěåăŋĺłĺ ćĺďă

q^A → q^A, p_A → p_A + ∂F (q) ∂q_A . (3.12)

Ć ďăŋŋőň áńãçăě ćňěáâő ŕőàőęďăîéěľ ŕàěőąàăğőćăŋĺě äãŋłæĺĺ F (q) ĺáŕőńìğãěâáï äãŋłæĺőŋăń F = F [ ~E^{ia]} =^∫ Ω ~E^{ia}`^a_i d^3x, (3.13) čďě `^a_i = 1 2 ϵ^{abc}E_{jc}E^{jb}_{|i}. (3.14) ă ćňěáâő çăáâŋőľ ŕàőĺğćőďŋőľ ŕő łőőàďĺŋăâě | ćăàĺăæĺőŋŋăï ŕàőĺğćőďŋăï İľńěàă- Ńăčàăŋęă δF δ ~E^{ia} = `^a_i . (3.15) Ěáńĺ ŋě ŕàĺŋĺňăâì ćő ćŋĺňăŋĺě ŕőćěàåŋőáâŋëě çńěŋë, âő âăłőě ŕàěőąàăğőćăŋĺě ąãďěâ łăŋőŋĺçěáłĺň. Ăèâěłăàőň őďŋőćàěňěŋŋő ććőďĺâáï łőňŕńěłáŋăï ŕăàăňěâàĺğăæĺï, âăł çâő ŋőćőľ ŕěàěňěŋŋőľ ïćńïěâáï áćïğŋőáâì A^a_i = iK^a_i + `^a_i , (3.16) ŕàĺçěň_{ ~E^{ia}(x), A^b_j(y)^} = i 2 δ^i_jδ^{ab}δ(x, y), (3.17) { ~E^{ia}(x), ~E^{jb}(y)^} = 0,^{A^a_i (x), A^b_j (y)^} = 0. (3.18) Ğăňěŋă ŕěàěňěŋŋëå ć čăňĺńìâőŋĺăŋě ŕàĺćőďĺâ, á âőçŋőáâìî ďő ŕőćěàåŋőáâŋëå çńěŋőć, ł ăŋăńĺğã łőâőàëå ňë ŕěàěľďěň ć áńěďãîéĺå čńăćăå, ł ćëàăęěŋĺî H = ∫ Ω ( N ϵ^{abc} ~E^{ia} ~E^{jb}F^c_{ij} + N^i2i ~E^{ja}F^a_{ij} + ^ξ^a2D_i ~E^{ia} ) d^3x. (3.19)

Ğďěáì D_i ~E^{ia} ≡ iϵ^{abc}J^{bc} ≡ iϵ^{abc}E_{ib}E_{jc}M^{ij}, (3.20) ă ŋőćăï łőćăàĺăŋâŋăï ŕàőĺğćőďŋăï D_i őŕàěďěńïěâáï äőàňãńőľ D_iλ^{ka} = λ^{ka}_{|i} + ϵ^{abc}A^b_i λ^{kc}. (3.21) Łàĺćĺğŋă áćïğŋőáâĺ A^a_i ŋăåőďĺâáï ĺğ áőőâŋőèěŋĺï (D_iD_j − D_jD_i) λ^a = ϵ^{abc}F^b_{ij}λ^c, (3.22) âăł çâő, F^a_{ij} = ∂_iA^a_j − ∂_jA^a_i + ϵ^{abc}A^b_i A^c_j. (3.23) Őâňěâĺň, çâő ć íâőľ àăąőâě, łăł ĺ ć [8], áćïğĺ ĺ čăňĺńìâőŋĺăŋ őâńĺçăîâáï ňŋőęĺâěńěň 2, ă áłőąłă Ŕãăááőŋă | ňŋőęĺâěńěň 1/2 őâ ŕàĺćěďěŋŋëå ć ŕãąńĺłăæĺïå [14]. Şàăćŋěŋĺï ďćĺęěŋĺï ŕàĺ íâőň áőćŕăďăîâ. Ňë ŕàěďŕőçĺâăěň ŕőńìğőćăâìáï ďăŋŋëňĺ őąőğŋăçěŋĺïňĺ, ŕőáłőńìłã âőčďă ńăčàăŋęěć ňŋőęĺâěńì N^i áőćŕăďăěâ á ňŋőęĺâěńěň ĂĎŇ äőàňăńĺğňă, ă N = E^{−1}N.

Ŕàĺćěďěň ďńï áàăćŋěŋĺï á ĂĎŇ äőàňăńĺğňőň (2.15) ĺ ăńčěąàã čěŋěàăâőàőć (3.19) {H(N , N^i , ^ξ^a), H(M, M^j , ^η^b)} = H(L, L^k, ^λ^c), (3.24) L = N^kM_{,k} − MN^k_{,k} − M^kN_{,k} + N M^k_{,k}, (3.25) L^k = ~E^{ka} ~E^{ja} (N M_{,j} − MN_{,j}) + N^j M^k_{,j} − M^j N^k_{,j}, (3.26) ^λ^c = iϵ^{cab} ^ξ^a ^η^b + + i 2 F^c_{jk}(N^j M^k − M^jN^k) + ϵ^{cab}F^a_{jk} ~E^{kb}N^j M. (3.27)

Ďăńěě ć íâőľ àăąőâě ŋăá ąãďěâ ĺŋâěàěáőćăâì áĺâãăæĺï, łőčďă ŕőćěàåŋőáâŋëě çńěŋë ĺčàăîâ áãéěáâćěŋŋãî àőńì. Ąãďěâ ŕőłăğăŋő, çâő ć íâőň áńãçăě ŕàěőąàăğőćăŋĺě Ăèâěłăàă őâńĺçŋő őâ łăŋőŋĺçěáłőčő, ă ĺňěŋŋő { A^a_i (x), A^b_j (y) } ≠ 0. (3.28)

4 Ŕőćěàåŋőáâŋëě çńěŋë ĺ ŋőćăï äőàňãńă ďńï áłőąőł Ŕãăááőŋă

Ŋăŕőňŋĺň, çâő á čěőňěâàĺçěáłőľ âőçłĺ ğàěŋĺï áłőąłă Ŕãăááőŋă őąàăğőćăŋă áńěďãîéĺň őąàăğőň {F, G} = dG (dF ¯), (4.1) čďě d { ďĺääěàěŋæĺăń (1-äőàňă), ¯ { ŕãăááőŋőć ąĺćěłâőà (áłőąłă Śåőãâěŋă-Ŋěľěŋåěľáă ěčő á áăňĺň áőąőľ àăćŋă ŋãńî), ğŋăł őąőğŋăçăěâ őŕěàăæĺî ćŋãâàěŋŋěčő ãňŋőęěŋĺï (ğďěáì 1-äőàň ŋă ąĺćěłâőà ĺ ŋă 1-ćěłâőà).

Ć âěőàĺĺ ŕőńï őąëçŋő ŕàěďŕőńăčăěâáï^2,

• çâő F, G { ńőłăńìŋëě äãŋłæĺőŋăńë, F = ∫ Ω f (ϕ_A(x), ∂_iϕ_A, ∂_i∂_j ϕ_A, . . .) d^nx ≡ ∫ Ω f ( ϕ^{(J)}_A (x) ) d^nx, (4.2)

• çâő ĺå ďĺääěàěŋæĺăń őŕàěďěńïěâáï ćăàĺăæĺőŋŋőľ ŕàőĺğćőďŋőľ İľńěàă-Ńăčàăŋęă,^3

dF = ∫ Ω δF δϕ_A δϕ_Ad^nx, (4.3) δF δϕ_A = ∂f ∂ϕ_A − D_i ∂f ∂ϕ_{A,i} + D_iD_j ∂f ∂ϕ_{A,ij} + . . . = (−1)^{|J|}D_J ∂f ∂ϕ^{(J)}_A , (4.4)

• çâő łőíääĺæĺěŋâë ^I_{AB} ŕãăááőŋőćă ąĺćěłâőàă, ¯ = 1 2 ∫ Ω δ δϕ_A ∧ ^I_{AB} δ δϕ_B d^nx, (4.5)

őŕàěďěńïîâáï ĺğ äãŋďăňěŋâăńìŋëå áłőąőł ŕőńěľ, łőâőàëě âăłęě ńőłăńìŋë, âő ěáâì, {ϕ_A(x), ϕ_B (y)} = ^I_{AB}δ(x, y), (4.6) 2Ć íâőľ áâăâìě ňë áâăàăěňáï ĺğąěčăâì ňãńìâĺĺŋďěłáŋëå őąőğŋăçěŋĺľ J = (j_1, . . . , j_n), jJ j = j_1 + . . . + j_n, ∂_J =^{∂jJj}

∂^j1 x1 ...∂^{jn} x^n , łőâőàëě ïćńïîâáï őáŋőćŋëňĺ ć àăąőâăå [6, 7]. Őŋĺ ŕàĺćőďïâáï âőńìłő ć

íâőľ čńăćě, ŕăàăńńěńìŋő áő áâăŋďăàâŋëňĺ, ďńï ĺńńîáâàăæĺĺ ćőğŋĺłăîéěľ íłőŋőňĺĺ ňěáâă.

3ňë őąőğŋăçăěň D_i ŕőńŋãî çăáâŋãî ŕàőĺğćőďŋãî D_i =^∂_{∂xi} + ϕ^{J+i ∂}_{∂ϕJ} ŕàĺçěň D_J = D_1^{i1} ...D_n^{in} .

• çâő ćŋãâàěŋŋěě ŕàőĺğćěďěŋĺě 1-äőàňë ĺ, ŋăŕàĺňěà, 1-ćěłâőàă (ĺŋâěčàĺàőćăŋĺěň ŕő çăáâïň ĺå ćáěčďă ňőęŋő ŕàĺćěáâĺ ł ćĺďã, ŋăğëćăěňőňã łăŋőŋĺçěáłĺň) ěáâì α ψ = ∫ Ω α_Aδϕ_Ad^nx ∫ Ω ψ_B δ δϕ_B d^nx = ∫ Ω α_Aψ_Ad^nx. (4.7)

Ŕőńãçăîéăïáï ć àěğãńìâăâě, áőčńăáŋő (4.1), áłőąłă Ŕãăááőŋă ďăěâáï äőàňãńőľ {F, G} = ∫ Ω δF δϕ_A ^I_{AB} δG δϕ_B d^nx, (4.8)

čďě ć ŕàőáâěľèěň áńãçăě łăŋőŋĺçěáłĺå ŕěàěňěŋŋëå ϕ_A = (q_α, p_α) őŕěàăâőà ^I_{AB} ěáâì ŕőáâőïŋŋăï ăŋâĺáĺňňěâàĺçŋăï ňăâàĺæă

^I = ( 0 δ^α_β −δ^α_β 0 ) , (4.9)

ă ć őąéěň áńãçăě ^I_{AB} ïćńïěâáï ăŋâĺáĺňňěâàĺçŋëň ďĺääěàěŋæĺăńìŋëň őŕěàăâőàőň ńîąőčő łőŋěçŋőčő ŕőàïďłă á łőíääĺæĺěŋâăňĺ, ğăćĺáïéĺňĺ őâ ŕőńěľ ϕ_A ĺ ĺå ŕàőĺğćőďŋëå (âăłęě ŕàőĺğćőńìŋőčő łőŋěçŋőčő ŕőàïďłă),

^I_{AB} = − ^I^∗_{BA}, (4.10) čďě ^I_{AB} = I^{(0)}_{AB} + I^{(i)}_{AB}D_i + I^{(ij)}_{AB} D_iD_j + . . . = I^K_{AB}D_K , (4.11)

^I^∗_{AB} = I^{(0)}_{BA} − D_i ∘ I^{(i)}_{BA} + D_iD_j ∘ I^{(ij)}_{BA} − . . . = (−1)^{|K|}D_K ∘ I^K_{BA}. (4.12)

Ŕàĺćěďěŋŋăï äőàňãńă ďńï áłőąłĺ Ŕãăááőŋă (4.8) ĺňěěâ ć âěőàĺĺ ŕőńï áâàőčőě őąőáŋőćăŋĺě (ć àăňłăå âăł ŋăğëćăěňőčő äőàňăńìŋőčő ćăàĺăæĺőŋŋőčő ĺáçĺáńěŋĺï [17, 18, 19]) ŕàĺ \åőàőèĺå" čàăŋĺçŋëå ãáńőćĺïå, âő ěáâì, łőčďă ńîąëě ĺŋâěčàăńë őâ ŕőńŋëå ďĺćěàčěŋæĺľ őąàăéăîâáï ć ŋãńì.

Őďŋăłő, ć äĺğĺłě, ĺ ć çăáâŋőáâĺ ć čăňĺńìâőŋőćőň äőàňăńĺğňě âěőàĺĺ čàăćĺâăæĺĺ, ŕàĺåőďĺâáï ĺňěâì ďěńő á âăłĺňĺ ğăďăçăňĺ, čďě íâő ãáńőćĺě ŋě ćëŕőńŋïěâáï. Ŋăŕàĺňěà, ŕàĺ àăááňőâàěŋĺĺ ăáĺňŕâőâĺçěáłĺ ŕńőáłőčő ŕàőáâàăŋáâćă-ćàěňěŋĺ čăňĺńìâőŋĺăŋ (2.3) ďőńęěŋ ąëâì ďőŕőńŋěŋ ŕőćěàåŋőáâŋëňĺ ĺŋâěčàăńăňĺ áŕěæĺăńìŋőčő ćĺďă [1, 13]. Őłăğëćăěâáï, âěň ŋě ňěŋěě, çâő ğďěáì ňőęŋő ĺáŕőńìğőćăâì áâăŋďăàâŋãî äőàňãńã ďńï áłőąłĺ Ŕãăááőŋă, ěáńĺ őčàăŋĺçĺâìáï łńăááőň \ďĺääěàěŋæĺàãěňëå" čăňĺńìâőŋĺăŋőć, ŋě áőďěàęăéĺå ŕőćěàåŋőáâŋëå ĺŋâěčàăńőć ć áćőĺå ćăàĺăæĺïå. Ŕàĺ íâőň ãďăěâáï áőåàăŋĺâì őŕàěďěńěŋĺě ďĺääěàěŋæĺăńă çěàěğ ŕàőĺğćőďŋãî İľńěàă-Ńăčàăŋęă. Řăąőâă [16] ąëńă ŕőáćïéěŋă ďőłăğăâěńìáâćã âőčő, çâő ŕàĺ ăáĺňŕâőâĺçěáłĺå čàăŋĺçŋëå ãáńőćĺïå ŋă ŕàőáâàăŋáâćěŋŋőľ ąěáłőŋěçŋőáâĺ, ŕàĺŋïâëå ć [1], áłőąłă Ŕãăááőŋă ŋě ćëćőďĺâ ĺğ łńăááă \ďĺääěàěŋæĺàãěňëå" äãŋłæĺőŋăńőć. Ŋěŕőáàěďáâćěŋŋőľ ŕàőćěàłőľ ňőęŋő ãąěďĺâìáï ĺ ć áŕàăćěďńĺćőáâĺ âőęďěáâćă §łőąĺ ŕàĺ ãáńőćĺïå àăąőâ [1, 13].

Ć âő ęě ćàěňï, ć ãłăğăŋŋëå àăąőâăå őáâăîâáï ŋěïáŋőáâĺ. Ŋăŕàĺňěà, ćëçĺáńïï áłőąłĺ Ŕãăááőŋă čěŋěàăâőàőć ĂĎŇ äőàňăńĺğňă ŕő äőàňãńě (4.8) ŕàĺ čàăŋĺçŋëå ãáńőćĺïå àăąőâ [1, 13] ňë ŕőńãçĺň áŋőćă ăŋăńőčĺçŋëě čěŋěàăâőàë, ćłńîçăîéĺě ŋãęŋëě ŕőćěàåŋőáâŋëě çńěŋë, ăńčěąàă ğăňëłăěâáï ăŋăńőčĺçŋő (2.13), (2.14). Ś ďàãčőľ áâőàőŋë, ŋăåőęďěŋĺě áłőąłĺ ŕő âăłĺň äőàňãńăň, łăł {H(N), H(M)} = ∫ Ω ∫ Ω N(x)M(y){H(x), H(y)}d^3xd^3y (4.13) á ŕőňőéìî ăńčěąàë áćïğěľ (2.15) ŋě ŕőğćőńïěâ ŕőńãçĺâì ŋãęŋëå ŕőćěàåŋőáâŋëå ĺŋâěčàăńőć. Ŕàĺçĺŋă ć âőň, çâő ćőğŋĺłăîéĺě ć ŕàőňěęãâőçŋëå ćëçĺáńěŋĺïå ĺŋâěčàăńë âĺŕă_∫ Ω ∫ Ω ξ(x)η(y) ( ∂ ∂x )m( ∂ ∂y )n δ(x, y), (4.14) őďŋőğŋăçŋő őŕàěďěńěŋë ńĺèì ŕàĺ őąàăéěŋĺĺ ć ŋãńì ćáěå ŕőćěàåŋőáâŋëå ĺŋâěčàăńőć, ă ŕàĺ čàăŋĺçŋëå ãáńőćĺïå àăąőâ [1, 13] íâő ŋě âăł.

Ć áěàěďĺŋě 80-å čőďőć ŕőïćĺńĺáì ŕãąńĺłăæĺĺ [3, 4, 5], ćëåőďïéĺě ğă àăňłĺ őŕĺáăŋŋőčő łńăááă \ďĺääěàěŋæĺàãěňëå" äãŋłæĺőŋăńőć. Ć ŋĺå àăááňăâàĺćăńĺáì äãŋłæĺőŋăńë, ćăàĺăæĺĺ łőâőàëå ňőčńĺ ĺňěâì ŕőćěàåŋőáâŋëě áőáâăćńïîéĺě ŕàĺ őŕàěďěńěŋŋëå čàăŋĺçŋëå ãáńőćĺïå. Šőčďă á ŋěĺğąěęŋőáâìî őłăğëćăńőáì, çâő áâăŋďăàâŋăï äőàňãńă ďńï áłőąőł Ŕãăááőŋă ŋěŕàĺňěŋĺňă, ďńï ŋěě ŋăàãèăńőáì âőęďěáâćő §łőąĺ. Ąëńĺ ŕàěďńőęěŋë ŋőćëě äőàňãńë, őâńĺçăîéĺěáï őâ âàăďĺæĺőŋŋőľ ŕőćěàåŋőáâŋëňĺ çńěŋăňĺ.

Ŋěďăćŋő ŋăň ãďăńőáì ŕőłăğăâì [7], çâő ćőğňőęěŋ ŕőďåőď ł ŋěâàĺćĺăńìŋëň čàăŋĺçŋëň ğăďăçăň, őáŋőćăŋŋëľ ŋă àăáèĺàěŋĺĺ äőàňăńìŋőčő ćăàĺăæĺőŋŋőčő ĺáçĺáńěŋĺï [17, 18, 19] ŋă ŕőńŋëě ďĺćěàčěŋæĺĺ. Ć íâőň ŕőďåőďě áłőąłă Ŕãăááőŋă, őŕàěďěńěŋŋăï ĺğ őąéĺå čěőňěâàĺçěáłĺå áőőąàăęěŋĺľ äőàňãńőľ (4.1), ãďőćńěâćőàïěâ áâăŋďăàâŋëň âàěąőćăŋĺïň: ăŋâĺáĺňňěâàĺĺ, âőęďěáâćã §łőąĺ ĺ ğăňłŋãâőáâĺ őąńăáâĺ ěě őŕàěďěńěŋĺï A, âăł çâő F, G ∈ A → {F, G} ∈ A, čďě A | ňŋőęěáâćő ćáěå ńőłăńìŋëå äãŋłæĺőŋăńőć, ŋěğăćĺáĺňő őâ ćëąőàă čàăŋĺçŋëå ãáńőćĺľ.

Ŋőćăï äőàňãńă ďńï áłőąłĺ Ŕãăááőŋă ćőğŋĺłăěâ łăł àěğãńìâăâ őąőąéěŋĺï ćáěå âàěå ěě \áőáâăćńïîéĺå": ďĺääěàěŋæĺăńă, ŕãăááőŋőćă ąĺćěłâőàă ĺ őŕěàăæĺĺ áŕăàĺćăŋĺï. İâő ŋěőąåőďĺňő, ěáńĺ ňë åőâĺň áőåàăŋĺâì ćáě ŕőćěàåŋőáâŋëě çńěŋë ć ćëàăęěŋĺïå äãŋłæĺőŋăńőć, m-äőàň ĺ m-ćěłâőàőć. Ďĺääěàěŋæĺăń ńőłăńìŋőčő äãŋłæĺőŋăńă ąãďěâ âěŕěàì ěčő ŕőńŋőľ ćăàĺăæĺěľ, ąěğ őâąàăáëćăŋĺï čàăŋĺçŋëå ćłńăďőć

dF = ∫ Ω f^′_Aδϕ_Ad^nx, (4.15)

čďě ććőďĺâáï ŕàőĺğćőďŋăï Ťàěèě

f^′_A = ∂f ∂ϕ_A + ∂f ∂ϕ_{A,i} D_i + ∂f ∂ϕ_{A,ij} D_iD_j + . . . = ∂f ∂ϕ^{(J)}_A D_J . (4.16)

Ůăáâő ãďőąŋő ĺáŕőńìğőćăâì áĺňňěâàĺğőćăŋŋëě łőćăàĺăŋâŋëě ŕàőĺğćőďŋëě ćňěáâő çăáâ- ŋëå f^′_A = ∂f ∂ϕ_A + ∂f ∂(∇_iϕ_A) ∇_i + ∂f ∂(∇_{(i}∇_{j)}ϕ_A)

∇_{(i}∇_{j)} + . . . (4.17)

Ŕőńěğŋă âăłęě ğăŕĺáì çěàěğ ćëáèĺě íľńěàőćë őŕěàăâőàë [17]

dF = ∫ Ω ( E^0_A(f)δϕ_A + D_i ( E^{1,i}_A (f)δϕ_A ) + D_iD_j^(E^{2,ij}_A (f)δϕ_A^) + . . .^) d^nx = = ∫ Ω D_J ( E^J_A(f)δϕ_A ) d^nx, E^J_A(f) = (−1)^{|J|+|K|} ( K J ) D_{K−J} ∂f ∂ϕ^{(K)}_A , (4.18)

ŕàĺçěň őŕěàăâőàőň ŋãńěćőčő ŕőàïďłă E^0_A ïćńïěâáï őąëçŋăï ćăàĺăæĺőŋŋăï ŕàőĺğćőďŋăï İľńěàă-Ńăčàăŋęă (4.4). Šàěâĺľ áŕőáőą ğăŕĺáĺ ĺáŕőńìğãěâ äőàňăńìŋëľ ŕàĺěň, áćőďïéĺľ ĺŋâěčàăń ŕő łőŋěçŋőľ őąńăáâĺ ˙ ł ĺŋâěčàăńã ŕő ćáěňã ąěáłőŋěçŋőňã ŕàőáâàăŋáâćã

R^n_{F =} ∫ Ω fd^nx = ∫ Rn^{θΩfdnx, (4.19)} čďě θ_Ω(x) = { 1 ěáńĺ x ∈˙ 0 ĺŋăçě

. (4.20)

Ŋĺęě ňë ąãďěň őŕãáłăâì ã íâőľ äãŋłæĺĺ ğŋăł ˙, ă ã ĺŋâěčàăńă ŕő ćáěňã ŕàőáâàăŋáâćã | ğŋăł R^n. Ŕőńãçăěň

dF = ∫ E^0_A(θf)δϕ_Ad^nx = ∫ δF δϕ_A δϕ_Ad^nx, (4.21)

ŕàĺçěň őłăğëćăěâáï, çâő

E^0_A(θf) = δF δϕ_A = θE^0_A(f) − θ_{,i}E^{1,i}_A (f) + θ_{,ij}E^{2,ij}_A (f) + . . . = (−1)^{|J|}D_J θE^J_A(f). (4.22)

Ŋőćăï ŕőńŋăï ćăàĺăæĺőŋŋăï ŕàőĺğćőďŋăï, ďńï łőâőàőľ ňë ĺáŕőńìğãěň âő ęě áăňőě őąőğŋăçěŋĺě, çâő őąëçŋő ŕàĺňěŋïěâáï ďńï ŕàőĺğćőďŋőľ İľńěàă-Ńăčàăŋęă, áőďěàęĺâ ć áěąě ĺŋäőàňăæĺî ŋě âőńìłő ő ŕőďëŋâěčàăńìŋőň ćëàăęěŋĺĺ f, ŋő ĺ őą őąńăáâĺ ĺŋâěčàĺàőćăŋĺï ˙, ąńăčőďăàï äãŋłæĺĺ θ.

Ćâőàëň èăčőň ïćńïěâáï ŕěàěáňőâà őŕàěďěńěŋĺï ąĺćěłâőàă, łőâőàëľ âăłęě ňőęěâ ąëâì ŕőŋïâ łăł ãçěâ åăàăłâěàĺáâĺçěáłőľ äãŋłæĺĺ θ őąńăáâĺ ˙. Ŕàĺ íâőň ĺğňěŋïěâáï őŕàěďěńěŋĺě áőŕàïęěŋŋőčő őŕěàăâőàă, ĺáŕőńìğãěňőě ŕàĺ \ŕěàěąàăáëćăŋĺĺ" ŕàőĺğćőďŋëå á őďŋőčő ăàčãňěŋâă δ-äãŋłæĺĺ ŋă ďàãčőľ ^I_{AB}(x)δ(x, y) = ^I^∗_{BA}δ(x, y). (4.23) Ŋăŕàĺňěà, θ(x)D_xδ(x, y) = −θ(y)D_y δ(x, y) − θ^′δ(x, y), (4.24) âő ěáâì, ěáńĺ ^I = θD, (4.25) âő ^I^∗ = −θD − θ^′ = −D ∘ θ. (4.26)

Şçěâ ŕőďőąŋëå çńěŋőć ŕőğćőńïěâ, ć çăáâŋőáâĺ, ĺğąěęăâì ŋěőďŋőğŋăçŋőáâĺ ĺ ŕőńãçăâì áőčńăáőćăŋŋëě őâćěâë ŕàĺ ćëçĺáńěŋĺïå ŕő äőàňãńăň âĺŕă (4.13) ĺ (4.8). Ć łăçěáâćě ăŋâĺáĺňňěâàĺçŋőčő, ć áňëáńě ŋőćőčő őŕàěďěńěŋĺï áőŕàïęěŋŋőáâĺ, őŕěàăâőàă áńěďãěâ, őçěćĺďŋő, ĺáŕőńìğőćăâì ćëàăęěŋĺě 1/2( ^I − ^I^∗).

Ŋăłőŋěæ, őŕěàăæĺï áŕăàĺćăŋĺï (ćŋãâàěŋŋěčő ãňŋőęěŋĺï) 1-äőàň ĺ ąĺćěłâőàőć (ć őąéěň áńãçăě | m-ćěłâőàőć), ĺńĺ ŋăőąőàőâ, 1-ćěłâőàőć ĺ 2-äőàň (ć őąéěň áńãçăě | m-äőàň), âăłęě őŕàěďěńïěâáï ğăŋőćő, çěàěğ áńěď ďćãå ďĺääěàěŋæĺăńìŋëå őŕěàăâőàőć. Ěáńĺ ^A = a_J D_J ≡ a + a_iD_i + a_{ij} D_iD_j + . . . , (4.27) ^B = b_K D_K ≡ b + b_k D_k + b_{kl}D_kD_l + . . . , (4.28) âő Tr^( ^A ^B^) = ab + a_i · D_ib + D_ka · b_k + D_ka_i · D_ib_k + D_kD_la · b_{kl} + D_kD_la_i · D_ib_{kl} + + a_{ij} · D_iD_j b + D_ka_{ij} · D_iD_jb_k + D_kD_la_{ij} · D_iD_jb_{kl} + . . . = D_K a_J · D_J b_K .(4.29) Šőčďă ć łăçěáâćě őąőąéěŋĺï äőàňãńë (4.7) ĺňěěň: α ψ = ∫ Ω ^α_Aδϕ_Ad^nx ∫ Ω ^ψ_B δ δϕ_B d^nx = ∫ Ω Tr^(^α_A ^ψ_A^) d^nx. (4.30)

Ć àěğãńìâăâě âàěå áďěńăŋŋëå ćëèě èăčőć ŕő őąőąéěŋĺî őŕàěďěńěŋĺľ ďĺääěàěŋæĺăńă (4.15), áőŕàïęěŋŋőčő őŕěàăâőàă (4.23) ĺ áŕăàĺćăŋĺï (4.30) ĺ ĺáåőďï ĺğ ŋăĺąőńěě őąéěčő čěőňěâàĺçěáłőčő őŕàěďěńěŋĺï (4.1), łăł ŕőłăğăŋő ć àăąőâě [7], ňë ŕàĺåőďĺň ł ŋőćőľ äőàňãńě ďńï áłőąłĺ Ŕãăááőŋă. Ć ďăńìŋěľèĺå àăáçěâăå ąãďěâ ĺáŕőńìğőćăâìáï ěě ŕàěďáâăćńěŋĺě çěàěğ ŕàőĺğćőďŋëě Ťàěèě {F, G} = ∫ Tr^(f^′_A ^I_{AB}g^′_B^) d^nx, (4.31)

čďě ^I_{AB} | ăŋâĺáĺňňěâàĺçŋëľ őŕěàăâőà, ŕàĺçěň θ-äãŋłæĺĺ ĺğ őŕěàăâőàă ^I_{AB} ćëŋőáïâáï ğă ğŋăł áńěďă. Šő ěáâì, ěáńĺ ^I_{AB} = θ ^I^{⟨0⟩}_{AB} + θ_{,i} ^I^{⟨i⟩}_{AB} + θ_{,ij} ^I^{⟨ij⟩}_{AB} + . . . = D_J θ ^I^{⟨J⟩}_{AB}, (4.32) âő {F, G} = ∫ Ω Tr^(f^′_A ^I^{⟨0⟩}_{AB}g^′_B^) d^nx − ∫ Ω D_iTr ( f^′_A ^I^{⟨i⟩}_{AB}g^′_B ) d^nx + ∫ Ω D_iD_jTr ( f^′_A ^I^{⟨ij⟩}_{AB} g^′_B ) − . . . = = (−1)^{|J|} ∫ Ω D_J Tr ( f^′_A ^I^{⟨J⟩}_{AB}g^′_B ) d^nx. (4.33)

Ňőęŋő ğăŕĺáăâì àěğãńìâăâ âăłęě çěàěğ ćëáèĺě íľńěàőćë ŕàőĺğćőďŋëě {F, G} = (−1)^{|L|} ∫ Ω D_{J+K+L} ( E^J_A(f) ^I^{⟨L⟩}E^K_B (g) ) d^nx, (4.34)

ĺńĺ ć ćĺďě ďćőľŋőčő ĺŋâěčàăńă á ŕőńŋëňĺ ćăàĺăæĺőŋŋëňĺ ŕàőĺğćőďŋëňĺ (4.22) {F, G} = ∫ ∫ δF δϕ_A(x) δG δϕ_B (y) {ϕ_A(x), ϕ_B (y)}d^nxd^ny, (4.35) ćëçĺáńěŋĺě łőâőàőčő ďőńęŋő ŕàőćőďĺâìáï ŕő ŕàăćĺńăň, ĺğńőęěŋŋëň ć àăąőâě [6].

5 Ŕőćěàåŋőáâŋëě çńěŋë ć ĂĎŇ äőàňăńĺğňě

Ć łăçěáâćě ŕěàćőčő ŕàĺňěàă ćëçĺáńěŋĺï áłőąłĺ Ŕãăááőŋă ŕő äőàňãńě (4.31) àăááňőâàĺň áłőąłã ďńï äãŋłæĺőŋăńőć, ĺğćěáâŋëå łăł čěŋěàăâőàë ŕàőáâàăŋáâćěŋŋëå ďĺääěőňőàäĺğňőć ć ăáĺňŕâőâĺçěáłĺ-ŕńőáłőň ŕàőáâàăŋáâćě-ćàěňěŋĺ, { H(N^i ), H(M^j ) } = ∫ Ω Tr^(h^′_{γij}(N^i )h^′_πij(M^j ) − h^′_{γij}(M^j )h^′_πij (N^i)^) d^3x, (5.1) čďě H(N^i) = ∫ Ω N^iH_id^3x + ∮ ∂Ω 2π^j_i N^idS_j ≡ ∫ π^{ij}(N_{i|j} + N_{j|i})d^3x. (5.2) Ćăàĺăæĺï âăłőčő äãŋłæĺőŋăńă ĺňěěâ ćĺď δH = ∫ ( (N_{i|j} + N_{j|i})δπ^{ij} + 2π^{ij}δ(γ_{ik} (N^k_{,j} + `^k_{jm}N^m))^) d^3x. (5.3) Ćőáŕőńìğőćăćèĺáì ĺğćěáâŋőľ äőàňãńőľ δ`^k_{jm} = 1 2 γ^{kn} ( δγ_{nj|m} + δγ_{nm|j} − δγ_{jm|n} ) , (5.4) ŋăåőďĺň

δH(N^i) = ∫ Ω ( (N_{i|j} + N_{j|i})δπ^{ij} + (π^{ik}N^j_{|k} + π^{kj}N^i_{|k})δγ_{ij} + N^k π^{ij}(δγ_{ij})_{|k}^) d^3x, (5.5) őâłãďă ćĺďŋő, çâő ŕàőĺğćőďŋëě Ťàěèě ŕő łăŋőŋĺçěáłĺň ŕěàěňěŋŋëň àăćŋë: h^′_πij(N^i) = N_{i|j} + N_{j|i}, (5.6) h^′_{γij}(N^i) = π^{ik}N^j_{|k} + π^{kj}N^i_{|k} + N^kπ^{ij}∇_k, (5.7) čďě ∇_k őąőğŋăçăěâ âã ęě łőćăàĺăŋâŋãî ŕàőĺğćőďŋãî, áőčńăáőćăŋŋãî á ňěâàĺłőľ γ_{ij}, çâő ĺ ćěàâĺłăńìŋăï çěàâă. Šăłĺň őąàăğőň, ğďěáì ŕàőĺğćőďŋăï Ťàěèě čěŋěàăâőàă ŕő ĺňŕãńìáăň ïćńïěâáï äãŋłæĺěľ, ă ŕàőĺğćőďŋăï ŕő ňěâàĺłě | ďĺääěàěŋæĺăńìŋëň őŕěàăâőàőň. Ć őâńĺçĺě őâ ćëçĺáńěŋĺľ, ŕàőćőďĺňëå ďńï ŋăåőęďěŋĺï ŕàőĺğćőďŋőľ İľńěàă-Ńăčàăŋęă, ğďěáì ŋěâ ŋěőąåőďĺňőáâĺ ĺŋâěčàĺàőćăâì ŕő çăáâïň.

Ćëçĺáńĺň áńěď Tr^(h^′_{γij}(N^i )h^′_πij(M^j )^) =^(π^{ik}N^j_{|k} + π^{kj}N^i_{|k} + N^k π^{ij}∇_k^) (M_{i|j} + M_{j|i}). (5.8) Śĺňňěâàĺçŋëě ŕő N, M çńěŋë ŋě ďăďãâ ćłńăďă ć áłőąłã Ŕãăááőŋă, ĺ ŕőáńě ŕěàěőąőğŋăçěŋĺï ĺŋďěłáőć ŕőńãçăěň { H(N^i ), H(M^j) } = ∫ Ω 2π^{ij (}(N^k_{|j}M_{i|k} − M^k_{|j}N_{i|k}) + (N^k M_{i|jk} − M^kN_{i|jk})^) d^3x. (5.9) Ďăńěě, ĺğňěŋĺň ŕőàïďőł ćâőàëå łőćăàĺăŋâŋëå ŕàőĺğćőďŋëå áőčńăáŋő áőőâŋőèěŋĺî M_{i|jk} = M_{i|kj} + R_{mijk}M^m, (5.10) âőčďă ćłńăď 2π^{ij}R_{mijk}^(N^k M^m − M^kN^{m)} (5.11)

őąàăéăěâáï ć ŋãńì, ć áĺńã áćőľáâć áĺňňěâàĺĺ âěŋğőàă Řĺňăŋă, áńěďőćăâěńìŋő { H(N^i ), H(M^j ) } = ∫ Ω 2π^{ij(}N^kM_{i|k} − M^kN_{i|k}^)_{|j}d^3x = H([N, M]^k ). (5.12) Ňë ćĺďĺň, çâő čěŋěàăâőàë H(N^i ) àěăńĺğãîâ ŕàěďáâăćńěŋĺě ăńčěąàë ďĺääěőňőàäĺğňőć 3-ňěàŋőľ čĺŕěàŕőćěàåŋőáâĺ. Ŕàĺ íâőň ňë ŋě ğăďăćăńĺ łăłĺå-ńĺąő áŕěæĺăńìŋëå čàăŋĺçŋëå ãáńőćĺľ, âő ěáâì, ŕàĺ őąëçŋőň ŕőďåőďě íâĺ čěŋěàăâőàë ŋě ïćńïîâáï \ďĺääěàěŋæĺàãěňëňĺ" äãŋłæĺőŋăńăňĺ. Ś ŋăèěľ âőçłĺ ğàěŋĺï, íâő őğŋăçăěâ ńĺèì âő, çâő áâăŋďăàâŋőľ äőàňãńőľ ďńï áłőąłĺ Ŕãăááőŋă ŋěńìğï ŕőńìğőćăâìáï ć őąéěň áńãçăě. Ěáńĺ ŕőŕëâăâìáï äőàňăńìŋő ćëçĺáńĺâì âã ęě áăňãî áłőąłã ŕàĺňěŋïï őąëçŋãî äőàňãńã (4.8), âő àěğãńìâăâ ąãďěâ őâńĺçăâìáï őâ ŋăèěčő őâćěâă ŕőćěàåŋőáâŋëň ĺŋâěčàăńőň

´^{H(N^i), H(M^j )^} = − ∮ ∂Ω π^{ij} ( N^k(M_{i|j} + M_{j|i}) − M^k (N_{i|j} + N_{j|i}) ) dS_k. (5.13)

Ěáâěáâćěŋŋő, çâő ć őąéěň áńãçăě âőęďěáâćő §łőąĺ ďńï áłőąłĺ (4.8) âăłęě ŋě ąãďěâ ćëŕőńŋïâìáï. { {H(N^i), H(M^j )}, H(L^k) } +^{{H(L^i), H(N^j )}, H(M^k )^} +^{{H(M^i), H(L^j )}, H(N^k)^} ≠ 0.

Şáńőćĺěň ćëŕőńŋěŋĺï âőęďěáâćă §łőąĺ ďńï áâăŋďăàâŋőľ áłőąłĺ Ŕãăááőŋă ąãďěâ ğďěáì âàěąőćăŋĺě, çâőąë N^i, M^j, L^k ąëńĺ ćěłâőàăňĺ Łĺńńĺŋčă ňěâàĺłĺ γ_{ij} ŋă čàăŋĺæě ∂˙ ĺńĺ çâőąë őŋĺ ąëńĺ łăáăâěńìŋëňĺ ł čàăŋĺæě. Őçěćĺďŋő, ć ŕěàćőň áńãçăě ŋőćăï ĺ áâăàăï äőàňãńë ďăďãâ őďĺŋ ĺ âőâ ęě àěğãńìâăâ, åőâï äãŋłæĺőŋăńë H(N^i), H(M^j ) ĺ őáâăŋãâáï \ŋěďĺääěàěŋæĺàãěňëňĺ" δH = ∫ Ω ( E^0_{γij}(h)δγ_{ij} + E^0_πij(h)δπ^{ij} ) d^3x + ∮ ∂Ω N^kπ^{ij}δγ_{ij} dS_k. (5.14) 6 Ŕőćěàåŋőáâŋëě çńěŋë ć äőàňăńĺğňě Ăèâěłăàă

Ěáâěáâćěŋŋő őęĺďăâì, çâő ŕěàěåőď őâ ŕěàěňěŋŋëå ĂĎŇ ł ŕěàěňěŋŋëň Ăèâěłăàă ŋě ďőńęěŋ áãéěáâćěŋŋő ŕőćńĺïâì ŋă ăńčěąàã ŕàőáâàăŋáâćěŋŋëå ďĺääěőňőàäĺğňőć (5.12). Őďŋăłő, ĺňěîâáï ŕő ňěŋìèěľ ňěàě ďćě őáőąěŋŋőáâĺ íâőčő ŕàěőąàăğőćăŋĺï, łőâőàëě ŋăň åőâěńőáì ąë őąáãďĺâì ŕőďàőąŋěě.

Ćő-ŕěàćëå, ćëèě ãęě őâňěçăńőáì, çâő ŕěàěåőď ł âàĺăďăň áőåàăŋïěâ ŕàěęŋĺě áłőąłĺ Ŕãăááőŋă ńĺèì ŋă ŕőćěàåŋőáâĺ áćïğěľ M^{ij} = 0, ă áńěďőćăâěńìŋő, çâőąë ŕőńãçĺâì ŕőńŋãî (o¸-shell) áâàãłâãàã ŕãăááőŋőćőľ ăńčěąàë, ŋěőąåőďĺňő ŕàőďěńăâì ďőŕőńŋĺâěńìŋëě ćëçĺáńěŋĺï.

Ćő-ćâőàëå, łăł âăłęě ãŕőňĺŋăńőáì àăŋěě, ŕàěőąàăğőćăŋĺě Ăèâěłăàă łăŋőŋĺçŋő ńĺèì á âőçŋőáâìî ďő ŕőćěàåŋőáâŋëå çńěŋőć ĺ ćăęŋő ŕőŋïâì, łăłãî àőńì ć ăńčěąàě ĺčàăěâ ŋěłăŋőŋĺçěáłĺľ ćłńăď.

Ŕőáłőńìłã àěçì ĺďěâ ő ŕàĺňěŋěŋĺĺ ŋőćőľ äőàňãńë ďńï áłőąłĺ Ŕãăááőŋă, ňë áçĺâăěň őŕàăćďăŋŋëň ŕőďàőąŋőě ĺğńőęěŋĺě âěåŋĺçěáłĺå ďěâăńěľ àăáçěâőć. Őąéěě ďőłăğăâěńìáâćő ĺŋćăàĺăŋâŋőáâĺ íâőľ äőàňãńë ŕàĺ ğăňěŋăå ğăćĺáĺňëå ŕěàěňěŋŋëå ŕőłă ŋě őŕãąńĺłőćăŋő, ĺ ŕőíâőňã ïćŋăï ďěňőŋáâàăæĺï íâőľ ĺŋćăàĺăŋâŋőáâĺ ŋă łőŋłàěâŋőň ŕàĺňěàě ŋě ąãďěâ ĺğńĺèŋěľ.

Ĺâăł, ŋăçŋěň á ŕàőćěàłĺ âőčő, łăł ĺğňěŋĺâáï áőőâŋőèěŋĺě (2.16) ŕàĺ ŕěàěåőďě ł âàĺăďăň. Ŕőáłőńìłã_{ π^{ij}(x), π^{kl}(y) } = C^{ijkl}_{mn} M^{mn}δ(x, y), (6.1) čďě C^{ijkl}_{mn} = 1 4 ( γ^{ik}δ^{jl}_{mn} + γ^{il}δ^{jk}_{mn} + γ^{jk}δ^{il}_{mn} + γ^{jl}δ^{ik}_{mn} ) , (6.2) âő ćőğŋĺłăěâ ďőŕőńŋĺâěńìŋëľ ćłńăď ć ŋăľďěŋŋãî àăŋěě áłőąłã, łőâőàëľ őąàăéăěâáï ć ŋãńì ŋă ŕőćěàåŋőáâĺ áćïğěľ M^{mn} = 0,

´^{H(N^i ), H(M^j)^} = ∫ Ω Tr^(h^′_πij(N^i)C^{ijkl}_{mn} M^{mn}h^′_πkl (M^j)^) d^3x = = ∫ Ω (N_{i|j} + N_{j|i})C^{ijkl}_{mn} M^{mn}(M_{k|l} + M_{l|k})d^3x = = ∫ Ω (N^k_{|m} + N^{|k}_m )(M_{k|n} + M_{n|k})M^{mn}d^3x. (6.3)

İâă ďőąăćłă ňőęěâ őąàăâĺâìáï ć ŋãńì ĺ ćŋě ŕőćěàåŋőáâĺ áćïğěľ, ěáńĺ åőâï ąë őďŋő ĺğ ćěłâőàŋëå ŕőńěľ N^i(x), M^j(x) ãďőćńěâćőàïěâ ãàăćŋěŋĺî Łĺńńĺŋčă, âő ěáâì, áőåàăŋïěâ ňěâàĺłã γ_{ij}(x) ć őąńăáâĺ ˙.

Ďńï ćëçĺáńěŋĺï áłőąłĺ ŋěŕőáàěďáâćěŋŋő ć ŋőćëå ŕěàěňěŋŋëå, ŋăŕàĺňěà ć ŕěàěňěŋŋëå (E^a_i , π^i_a), ŋě ćáěčďă ŋěőąåőďĺňő ĺáŕőńìğőćăâì ïćŋëě ćëàăęěŋĺï čěŋěàăâőàőć çěàěğ íâĺ ŕěàěňěŋŋëě. Ůăáâő ďőáâăâőçŋő ąëćăěâ ćëàăğĺâì ćăàĺăæĺĺ áâăàëå ŕőńěľ çěàěğ ŋő- ćëě δγ_{ij} = E^a_i δE^a_j + E^a_j δE^a_i , (6.4) δπ^{ij} = 1 4 ( E^{ia}δπ^{ja} + π^{ja}δE^{ia} + E^{ja}δπ^{ia} + π^{ia}δE^{ja} ) . (6.5)

Šőčďă δH = ∫ Ω ( h^′_{γij}δγ_{ij} + h^′_{πij} δπ^{ij} ) d^3x = ∫ Ω ( ~h^′_{Eia}δE_{ia} + ~h^′_{πia}δπ^{ia)} d^3x = = ∫ Ω ( h^′_{γkj} (γ_{kj})^′_{Eia}δE_{ia} + h^′_{πkj} (π^{kj})^′_{Eia} δE_{ia} + h^′_{πkj} (π^{kj})^′_πiaδπ^{ia} ) d^3x, (6.6)

őâłãďă ŋăåőďĺň

~h^′_{πia}(N^i) = h^′_{πij} (N^i)1 2 E^{ja} = 1 2 (N_{i|j} + N_{j|i})E^{ja}, (6.7) ~h^′_{Eia}(N^i) = h^′_{γij}(N^i )2E_{ja} + h^′_{πkl}(N^i)^(−1 2 ) π^{kb}E^{ib}E^{la} = =^(π^{ik}N^l_{|k} + π^{kl}N^i_{|k} + N^k π^{il}∇_k∘^) 2E_{la} − 1 2 (N_{k|l} + N_{l|k} )π^{kb}E^{ib}E^{la}. (6.8)

Ŕàĺ íâőň

Tr^(~h^′_{Eia}(N^i)~h^′_πia(M^j )^) =^(π^{ik}N^l_{|k} + π^{kl}N^i_{|k} + N^k π^{il}∇_k^) (M_{i|l} + M_{l|i} ) − − 1 4 π^{kb}E^{ib}(N^{|j}_k + N^j_{|k})(M_{i|j} + M_{j|i}). (6.9) Šăłĺň őąàăğőň, { H(N^i ), H(M^j) } = ∫ Ω Tr^(~h^′_{Eia}(N^i )~h^′_πia(M^j ) − ~h^′_{Eia}(M^i )~h^′_πia(N^j )^) d^3x =

= H([N, M]^k) + ∫ Ω (N^k_{|m} + N^{|k}_m )(M_{k|n} + M_{n|k})M^{mn}d^3x, (6.10)

łăł áńěďőćăńő őęĺďăâì, őâćěâ ŋě ĺğňěŋĺńáï ŕàĺ íâőľ ğăňěŋě ŕěàěňěŋŋëå ŕő áàăćŋěŋĺî á ďěäőàňĺàőćăŋŋőľ, áőčńăáŋő (6.1), (5.12), áłőąłőľ ĂĎŇ (6.3).

Ăŋăńőčĺçŋëň őąàăğőň, àăááňőâàĺň ŕěàěåőď ł^( ~E^{ia}, K^a_i^). Ďńï íâőčő ćőáŕőńìğãěňáï (3.9) ĺ ńěčłő ŕàőćěàïěňëň áőőâŋőèěŋĺěň π^{ia} = 2E ( E^{ia}E^{jb} − E^{ib}E^{ja} ) K^b_j , (6.11) âőčďă ŕőńãçăěň δE_{ia} = 1 2E (E_{ia}E_{jb} − 2E_{ja}E_{ib})δ ~E^{jb}, δπ^{ia} = 2E(E^{ia}E^{jb} − E^{ib}E^{ja})δK^b_j + ( 2(K^b_j E^{ia} + K^c_kE^{kc}δ^i_jδ^{ab} − K^c_j E^{ic}δ^{ab} − − K^b_kE^{ka}δ^i_j) + K^c_kE_{jb}(E^{ic}E^{ka} − E^{kc}E^{ia}) ) δ ~E^{jb}. (6.12)

Ćëçĺáńěŋĺï, ăŋăńőčĺçŋëě ŕàěďëďãéĺň, âăłęě ŕőďâćěàęďăîâ, çâő àěğãńìâăâ ŋě ňěŋïěâáï ŕàĺ ćëąőàě ŋőćëå ŕěàěňěŋŋëå.

Őâňěâĺň, çâő ďő áĺå ŕőà ňë àăááňăâàĺćăńĺ ăńčěąàăĺçěáłĺě ŕàěőąàăğőćăŋĺï, âő ěáâì, ŋě áőďěàęăéĺě ğăćĺáĺňőáâĺ őâ ŕàőĺğćőďŋëå ŕőńěľ. Ŕàĺ ŕěàěåőďě ł ŕěàěňěŋŋëň Ăèâěłăàă ~E^{ia} → ~E^{ia}, K^a_i → A^a_i = iK^a_i + `^a_i , (6.13) íâő áćőľáâćő ãęě ŋě ĺňěěâ ňěáâă, ĺąő `^a_i = 1 2 ϵ^{abc} ~E_{jc} ~E^{jb}_{|i}, (6.14) čďě ~E_{jc} { őąàăâŋăï ł ~E^{ib} ňăâàĺæă. Ćëàăğĺć ćăàĺăæĺĺ áâăàëå ŕěàěňěŋŋëå çěàěğ ŋőćëě, ŕőńãçăěň δK^a_i = −iδA^a_i + i(`^a_i )^′~_Ejbδ ~E^{jb}, (6.15) ĺ, âăłĺň őąàăğőň, ďńï ŕàőĺğćőńìŋőčő äãŋłæĺőŋăńă δF = ∫ Ω ( f^′_{Ẽia}δ ~E^{ia} + f^′_Ka_i δK^a_i ) d^3x = ∫ Ω ( ~f^′_{Ẽia}δ ~E^{ia} + ~f^′_{Aai} δA^a_i^) d^3x, (6.16) čďě ~f^′_{Ẽia} = f^′_{Ẽia} + f^′_{Kbj}^(`^b_j^{)′}_{Ẽia}, (6.17) ~f^′_{Aai} = −if^′_{Kai} . (6.18) Ěáńĺ ąë íâő ŕàěőąàăğőćăŋĺě ąëńő łăŋőŋĺçěáłĺň (á âőçŋőáâìî ďő ňŋőęĺâěńï i), âő áłőąłă Ŕãăááőŋă ć ŋőćëå ŕěàěňěŋŋëå őŕàěďěńïńăáì ąë ŕő äőàňãńě {F, G} = i 2 ∫ Ω Tr^( ~f^′_{Ẽia} ~g^′_Aa_i − ~f^′_Aa_i ~g^′_{Ẽia}^) d^3x = 1 2 ∫ Ω Tr^(f^′_{Ẽia}g^′_Ka_i − f^′_Ka_i g^′_{Ẽia}^) d^3x + + 1 2 ∫ Ω ( f^′_Kb_j (`^b_j )^′_{Ẽia}g^′_Ka_i − f^′_Ka_i g^′_Kb_j (`^b_j )^′_{Ẽia} ) d^3x. (6.19)

Ŋő ć âăłőň áńãçăě ĺŋćăàĺăŋâŋőáâì áłőąłĺ ąëńă ąë ŋăàãèěŋă ´_1{F, G} = ∫ Ω Tr ( f^′_Ka_i ^C_{aibj}g^′_Kb_j ) d^3x, (6.20) čďě ^C_{aibj} = 1 2 ( (`^a_i )^′_Ẽjb −^[(`^b_j )^′_{Ẽia}^{]∗)} . (6.21)

Ňë ćĺďĺň, çâő ŕàěďŕőńőęěŋĺě ő łăŋőŋĺçŋőáâĺ ŕěàěňěŋŋëå Ăèâěłăàă ćěďěâ ł ŋěĺŋćăàĺăŋâŋőáâĺ áłőąłĺ Ŕãăááőŋă. Ŋő àăŋěě ąëńő ŕőłăğăŋő [8], ěéě á ĺáŕőńìğőćăŋĺěň áâăŋďăàâŋőľ äőàňãńë (4.8), çâő { A^a_i (x), A^b_j (y) } = i ^C_{aibj}(x)δ(x, y) ≠ 0, (6.22) ă ĺňěŋŋő, { A^a_i (x), A^b_j (y) } = i^{`^a_i (x), K^b_j (y)^} + i^{K^a_i (x), `^b_j (y)^} = i 2 (( `^a_i (x)^{)′}_{Ẽjb} − − ( `^b_j(y)^{)′}_{Ẽia} ) δ(x, y) = i 2 (( `^a_i (x)^{)′}_{Ẽjb} − [( `^b_j(x)^{)′}_{Ẽja} ]_∗) δ(x, y). (6.23) Ěáńĺ ŋě ãçĺâëćăâì ŕőćěàåŋőáâŋëå çńěŋőć, âő ŕàőĺğćőďŋăï Ťàěèě őâ ŕàőĺğćőďŋőľ İľńěàă- Ńăčàăŋęă ïćńïěâáï áĺňňěâàĺçŋëň őŕěàăâőàőň [17], áńěďőćăâěńìŋő, ğďěáì ňë ŕőńãçăěň çĺáâő ŕőćěàåŋőáâŋëľ ćłńăď. Ĺğ-ğă ŋěłăŋőŋĺçŋőáâĺ ŕěàěňěŋŋëå Ăèâěłăàă ćőğŋĺłăěâ, âăłĺň őąàăğőň, ćâőàăï ŕőŕàăćłă ´_2{F, G} = ∫ Ω Tr ( ~f^′_{Aai} ^C_{aibj} ~g^′_{Abj}^) d^3x = −^∫ Ω Tr ( f^′_Ka_i ^C_{aibj}g^′_Kb_j ) d^3x, (6.24)

łőâőàăï łőňŕěŋáĺàãěâ ŕěàćãî. Ŋőćăï äőàňãńă ďńï áłőąłĺ Ŕãăááőŋă ïćńïěâáï ĺŋćăàĺăŋâŋőľ ŕàĺ ğăňěŋě^( ~E^{ia}, K^a_i^) →^( ~E^{ia}, A^a_i^), ŋě ĺáłńîçăï ĺŋćăàĺăŋâŋőáâĺ ĺ ďńï ŕőćěàåŋőáâŋëå ćłńăďőć.

Ĺŋćăàĺăŋâŋőáâì áłőąłĺ ŕőğćőńïěâ ĺáŕőńìğőćăâì ďńï ćëçĺáńěŋĺľ ăńčěąàë čěŋěàăâőàőć àăğńĺçŋëě ŕěàěňěŋŋëě. §ćŋëě ćëçĺáńěŋĺï, ĺáåőďïéĺě ĺğ ğăŕĺáĺ čěŋěàăâőàőć ć äőàňăńĺğňě Ăèâěłăàă, ğŋăçĺâěńìŋő ąőńěě âàãďőěňłĺ, çěň àăááňőâàěŋŋëě ćëèě. Ŕàĺćěďěň ďńï áàăćŋěŋĺï ïćŋőě ćëàăęěŋĺě čěŋěàăâőàă H(N^i) ć ŕěàěňěŋŋëå Ăèâěłăàă, ŋăĺąőńěě łàăâłĺľ ćëćőď łőâőàőčő ďăŋ ć àăąőâě [20]

H(N^i ) = 2i ∫ Ω N^k ~E^{ia}F^a_{ki}d^3x − 2i ∮ ∂Ω ( A^a_i − `^a_i )( ~E^{ia}N^k − ~E^{ka}N^{i)}dS_k − − 2i ∫ Ω ( N^iA^c_i − 1 2 ϵ^{abc} ~E_{ib} ( ~E^{ia}_{|k}N^k − ~E^{ka}N^i_{|k}^{))} D_j ~E^{jc}d^3x. (6.25)

Ć łăçěáâćě ŕàĺňěàă ćëçĺáńěŋĺľ, ŕàőćőďĺňëå ŋěŕőáàěďáâćěŋŋő ć ŕěàěňěŋŋëå Ăèâěłăàă, àăááňőâàĺň áłőąłã čěŋěàăâőàőć łőňŕńěłáŋëå ćàăéěŋĺľ âàĺăď. Ćăàĺăæĺï čěŋěàăâőàă ĺňěěâ ćĺď δH(^ξ^a) = δ ∫ Ω ^ξ^a2D_i ~E^{ia}d^3x =^∫ Ω ( h^′_{Ẽjc}(^ξ^a)δ ~E^{jc} + h^′_Ac_j (^ξ^a)δA^c_j ) d^3x, (6.26) čďě h^′_{Ẽjc}(^ξ^a ) = 2^ξ^c∂_j + 2^ξ^aϵ^{abc}A^b_j, (6.27) h^′_Ac_j(^ξ^a ) = −2^ξ^aϵ^{abc} ~E^{jb}. (6.28) Śłőąłă Ŕãăááőŋă ďăěâáï äőàňãńőľ {H(^ξ^a ), H(^η^b)} = i 2 ∫ Ω Tr^(h^′_{Ẽjc}(^ξ^a)h^′_Ac_j (^η^b) − h^′_Ac_j (^ξ^a)h^′_{Ẽjc}(^η^b)^) d^3x + + i ∫ Ω Tr^(h^′_Ac_j(^ξ^a) ^C_{cjdk}h^′_Ad_k (^η^b)^) d^3x. (6.29)

Ğďěáì ŋěőąåőďĺň ïćŋëľ ćĺď ŋěłăŋőŋĺçěáłőľ ŕőŕàăćłĺ ^C_{aibj} = θ_{,k}C^k_{aibj} = θ_{,k} i 4E ( ϵ^{acb}δ^k_jE_{ic} − ϵ^{bca}δ^k_iE_{jc} − ϵ^{acd}E_{ib}E_{jc}E^{kd} + ϵ^{bcd}E_{ja}E_{ic}E^{kd} ) . (6.30) Ć ĺâőčě ŕőńãçăěň áńěďãîéĺě áőőâŋőèěŋĺï {H(N^i), H(M^j )} = H ( [N, M ]^{k)} + H(^λ^a ), (6.31) {H(N^i ), H(^ξ^a )} = 0, (6.32) {H(^ξ^a ), H(^η^b)} = H ( i(^ξ × ^η)^c ) , (6.33) čďě [N, M]^k = N^iM^k_{,i} − M^iN^k_{,i}, (^ξ × ^η)^c = ϵ^{cab} ^ξ^a ^η^b, (6.34) ^λ^a = ϵ^{abc}E^{ib}E^{jc (}N^k_{|i} + N^{|k}_i^{) (}M_{k|j} + M_{j|k}^) , (6.35) čďě ŕőćěàåŋőáâŋëě çńěŋë äĺłáĺàőćăŋë, ă čàăŋĺçŋëě ãáńőćĺï őáâăîâáï ŕőńŋőáâìî áćőąőďŋëňĺ.

Ŕőáńěďŋěě áńăčăěňőě ć äőàňãńě (6.31) ŕàőŕãéěŋő ć ăŋăńőčĺçŋőľ äőàňãńě (5.3) àăąőâë [20], çâő ćŕàőçěň ŋě ąëńő áãéěáâćěŋŋő ďńï őáŋőćŋőčő àěğãńìâăâă. Ŕàĺçĺŋă íâőľ ŋěâőçŋőáâĺ, àăğãňěěâáï, ć âőň, çâő ŕěàěåőď őâ łăŋőŋĺçěáłĺå áłőąőł ďńï ŕěàěňěŋŋëå ĂĎŇ ł ďěäőàňĺàőćăŋŋëň áłőąłăň (6.1) ŋě ïćńïěâáï ğăňěŋőľ ŕěàěňěŋŋëå ĺ áőåàăŋïěâ áłőąłĺ Ŕãăááőŋă ńĺèì ŋă ŕőćěàåŋőáâĺ áćïğěľ M^{ij} = 0.

7 Ğăłńîçěŋĺě

Ćëèě ňë ŕőłăğăńĺ, łăł ŋőćőě őŕàěďěńěŋĺě áłőąőł Ŕãăááőŋă ŕőğćőńïěâ ĺğãçăâì ŕãăááőŋőćë ăńčěąàë ŋă ąőńěě èĺàőłőň, çěň őąëçŋő, łńăááě äãŋłæĺőŋăńőć. Ğďěáì ňë áçĺâăěň ďőŕãáâĺňëňĺ ŕàőĺğćőńìŋëě ńőłăńìŋëě äãŋłæĺőŋăńë, ă ŋě âőńìłő \ďĺääěàěŋæĺàãěňëě", âő ěáâì, âě, ćăàĺăæĺï łőâőàëå ŋě áőďěàęĺâ ćłńăďă őâ čàăŋĺæë. Ŕàĺ íâőň őłăğëćăěâáï, çâő ňőęŋő ŋăľâĺ čěŋěàăâőàë, őâńĺçăîéĺěáï, ćőőąéě čőćőàï, őâ áćïğěľ ŕőćěàåŋőáâŋëňĺ ĺŋâěčàăńăňĺ, âăłĺě, çâő ĺå ăńčěąàă ğăňëłăěâáï. Ŋăľďěŋŋëě ćëàăęěŋĺï čěŋěàăâőàőć ŋěńìğï ŋăğćăâì ŋőćëňĺ, ŕőáłőńìłã őŋĺ ćáâàěçăîâáï, ŋăŕàĺňěà, ŕàĺ àăááňőâàěŋĺĺ ăáĺňŕâőâĺçěáłĺ-ŕńőáłőčő ŕàőáâàăŋáâćă-ćàěňěŋĺ [20]. Őďŋăłő, ŋőćëň ïćńïěâáï ãâćěàęďěŋĺě őą ĺå ŕàĺňěŋĺňőáâĺ ć čőàăğďő ąőńěě őąéěň áńãçăě, ŋěğăćĺáĺňő őâ ćëąőàă čàăŋĺçŋëå ãáńőćĺľ. Ć ďàãčőľ àăąőâě [21] ňë őąáãęďăěň łàĺâěàĺľ âőčő, çâő ńőłăńìŋëľ äãŋłæĺőŋăń ňőęěâ áçĺâăâìáï ďőŕãáâĺňëň čăňĺńìâőŋĺăŋőň, âő ěáâì, čěŋěàĺàőćăâì őąëçŋëě, ă ŋě ć áňëáńě őąőąéěŋŋëå äãŋłæĺľ, ãàăćŋěŋĺï ďćĺęěŋĺï. Ŕàĺňěŋĺâěńìŋő ł ďăŋŋőľ àăąőâě íâő, ąőńěě ęěáâłőě, őčàăŋĺçěŋĺě ŋě ĺğňěŋĺńő ąë ŋăľďěŋŋőľ ŕãăááőŋőćőľ ăńčěąàë (6.31), (6.32), (6.33), ă ńĺèì ŕőâàěąőćăńő ąë łăáăâěńìŋőáâĺ ł čàăŋĺæě ćěłâőàőć áďćĺčă ŕàőáâàăŋáâćěŋŋëå łőőàďĺŋăâ.

Ŋăáâőïéăï àăąőâă őčàăŋĺçěŋă őąáãęďěŋĺěň ăńčěąàë čěŋěàăâőàőć ŕàőáâàăŋáâćěŋŋëå ďĺääěőňőàäĺğňőć ĺ ćàăéěŋĺľ âàĺăď, âő ěáâì, ŕàěőąàăğőćăŋĺľ ćŋãâàĺ őďŋőľ ĺ âőľ ęě čĺŕěàŕőćěàåŋőáâĺ. Ůâő ąãďěâ ŕàőĺáåőďĺâì ŕàĺ ďćĺęěŋĺĺ čĺŕěàŕőćěàåŋőáâĺ ć ŋőàňăńìŋőň ł ŋěľ ŋăŕàăćńěŋĺĺ, ňőęŋő ńĺ ćłńîçĺâì čěŋěàăâőàë íâĺå ďćĺęěŋĺľ ć ăńčěąàã, ŕőďőąŋãî áãéěáâćãîéěľ ďńï ŕàőáâàăŋáâćă ąěğ čàăŋĺæë, ĺńĺ ć áńãçăě ăáĺňŕâőâĺçěáłĺ-ŕńőáłőčő ŕàőáâàăŋáâćă, ŕőłă ŋěïáŋő. Ďńï íâőčő ŋěőąåőďĺňő ğŋăâì, áãéěáâćãěâ ńĺ ŕőćěàåŋőáâŋëľ ĺŋâěčàăń, łőâőàëľ ŕőğćőńĺń ąë ğăňłŋãâì ŕàĺ ŕàőĺğćőńìŋëå čàăŋĺçŋëå ãáńőćĺïå ąőńěě èĺàőłãî ăńčěąàã, ćłńîçăîéãî čěŋěàăâőà H(N ).

Ăćâőà ąńăčőďăàěŋ àěæěŋğěŋâã ğă łàĺâĺçěáłĺě ğăňěçăŋĺï.

Ńĺâěàăâãàă

[1] T. Regge and C. Teitelboim, Ann. of Phys. 88 (1974) 286.

[2] Ń.Ă. Šăåâăďęïŋ, Ń.Ď. Ťăďďěěć, \Čăňĺńìâőŋőć ŕőďåőď ć âěőàĺĺ áőńĺâőŋőć", Ŋăãłă, Ň., 1986 (English translation: L.A. Takhtajan, L.D. Faddeev, \Hamiltonian Method in Soliton Theory", Springer-Verlag, N.Y., 1987).

[3] D. Lewis, J. Marsden, R. Montgomery and T. Ratiu, Physica D 18 (1986) 391.

[4] L.D. Faddeev and L.A. Takhtajan, Lett. Math. Phys. 10 (1985) 183.

[5] Ć.Ă. Ăàłăďìěć, Ă.Ł. Ŕőčàěąłőć, Ň.Ł. Ŕőńĺćăŋőć, ĎĂŊ 298 (1988) 324;

Ć.Ă. Ăàłăďìěć, Ă.Ł. Ŕőčàěąłőć, Ň.Ł. Ŕőńĺćăŋőć, ŠŇŤ 75 (1988) 170.

[6] V.O. Soloviev, J. Math. Phys. 34 (1993) 5747.

[7] V.O. Soloviev, Boundary values as Hamiltonian variables II. Graded structures, Preprint IHEP 94-145, Protvino, 1994; q-alg/9501017.

[8] V.O. Soloviev, Phys. Lett. B 292 (1992) 30. [9] L. Smolin, J. Math. Phys. 36 (1995) 6417.

[10] R. Arnowitt, S. Deser and Ch.W. Misner, In: \Gravitation, an Introduction to Current Research" (Ed. L. Witten) N.Y., 1963 (Ĺňěěâáï àãááłĺľ ŕěàěćőď: İľŋèâěľŋőćáłĺľ áąőàŋĺł 1967, Ŋăãłă, Ň., 1967).

[11] K. Kucha»r, J. Math Phys. 17, 777; 792; 801; 18, 158 (1977). [12] C. Teitelboim, Ann. Phys. 79 (1973) 542 .

[13] Ć.Ő. Śőńőćìěć, ŠŇŤ 65 (1985) 400 (English Translation: ).

[14] A. Ashtekar, Phys. Rev. Lett. 57 (1986) 2244; A. Ashtekar, Phys. Rev. D36 (1987) 1587; A. Ashtekar, P. Mazur, C.G. Torre, Phys. Rev. D36 (1987) 2955.

[15] M. Henneaux, J.E. Nelson, C. Schomblond, Phys. Rev. D39 (1989) 434. [16] J.D. Brown, M. Henneaux, J. Math. Phys. 27 (1986) 489.

[17] P.J. Olver, \Applications of Lie Groups to Di¸erential Equations" (Graduate texts in mathematics) Springer-Verlag, N.Y., 1986 (Ĺňěěâáï àãááłĺľ ŕěàěćőď: Ŕ. Őńćěà, \Ŕàĺńőęěŋĺï čàãŕŕ Ńĺ ł ďĺääěàěŋæĺăńìŋëň ãàăćŋěŋĺïň", Ňĺà, Ň., 1989).

[18] I. Dorfman, \Dirac Structures and Integrability of Nonlinear Evolution Equations" John Wiley and Sons, N.Y., 1993.

[19] L. Dickey, \Soliton Equations and Hamiltonian Systems" World Scienti˛c, Singapore, 1991.

[20] T. Thiemann, Class. Quant. Grav. 12 (1995) 181.

[21] Ć.Ő. Śőńőćìěć, Ő àăğńĺçĺĺ ňěęďã ďőŕãáâĺňëňĺ ĺ \ďĺääěàěŋæĺàãěňëňĺ" čăňĺńìâőŋĺăŋăňĺ. Ŕàěŕàĺŋâ ĹŤĆİ ŐŠŤ 96-86, Ŕàőâćĺŋő, 1996, (ŋăŕàăćńěŋő ć Phys. Rev. D) (English translation: V.O. Soloviev, On the Di¸erence between Admissible and \Differentiable" Hamiltonians, hep-th/9611212).