Ňőáłőćáłĺľ Čőáãďăàáâćěŋŋëľ Şŋĺćěàáĺâěâ ĺň. Ň.Ć. Ńőňőŋőáőćă

Ňěåăŋĺłő-ňăâěňăâĺçěáłĺľ äăłãńìâěâ

ŋă ŕàăćăå àãłőŕĺáĺ ŞĎŁ 517.957

ŠĂŃĂŃĂĚĆ Ďňĺâàĺľ Ćăńěàìěćĺç

R-ňăâàĺçŋëľ ŕőďåőď ć ğăďăçăå łőŋěçŋőğőŋŋőčő ĺŋâěčàĺàőćăŋĺï

Ňěåăŋĺłő-ňăâěňăâĺçěáłĺľ äăłãńìâěâ łăäěďàă ćëáèěľ čěőňěâàĺĺ ĺ âőŕőńőčĺĺ

ĎĹŚŚĚŘŠĂŰĹ§ ŋă áőĺáłăŋĺě ãçěŋőľ áâěŕěŋĺ łăŋďĺďăâă äĺğĺłő-ňăâěňăâĺçěáłĺå ŋăãł

Ŋăãçŋëľ àãłőćőďĺâěńì:

ď.ä.-ň.ŋ., ŕàőäěááőà Ś. Ň. Čãáěľŋ-Ğăďě

Śőďěàęăŋĺě

1 Ććěďěŋĺě. 3

2 Śĺáâěňă ďĺŋăňĺłĺ ŕőńîáőć łőŋěçŋőğőŋŋőčő àěèěŋĺï ãàăćŋěŋĺï Ďíćĺ-Śâîăàâáőŋă 12 2.1 Şàăćŋěŋĺě Ďíćĺ-Śâîăàâáőŋă . . . . . . . . . . . . . . . . . . . . . . . . . 12 2.2 Ŕàïňăï áŕěłâàăńìŋăï ğăďăçă . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.2.1 Śŕěłâàăńìŋăï łàĺćăï . . . . . . . . . . . . . . . . . . . . . . . . . 18 2.2.2 Ăŋăńĺâĺçěáłĺě áćőľáâćă áőąáâćěŋŋëå äãŋłæĺľ . . . . . . . . . . 21

2.3 Őąàăâŋăï áŕěłâàăńìŋăï ğăďăçă . . . . . . . . . . . . . . . . . . . . . . . . 26

2.3.1 Řăæĺőŋăńìŋëľ áńãçăľ . . . . . . . . . . . . . . . . . . . . . . . . . 26 2.3.2 İńńĺŕâĺçěáłĺľ áńãçăľ . . . . . . . . . . . . . . . . . . . . . . . . 31

2.4 Şŋĺćěàáăńìŋëľ ŕőďåőď ŕàĺ ŕőáâàőěŋĺĺ čăňĺńìâőŋőćőľ áâàãłâãàë . . . 34

3 R-ňăâàĺçŋëľ ŕőďåőď ŋă ŕàĺňěàě áĺáâěňë CM ĺ ěě àăğŋőáâŋőčő

ăŋăńőčă RS 40 3.1 Őáŋőćăŋĺï R-ňăâàĺçŋőčő ŕőďåőďă . . . . . . . . . . . . . . . . . . . . . . 40 3.2 Şŋĺćěàáăńìŋăï R-ňăâàĺæă . . . . . . . . . . . . . . . . . . . . . . . . . . 43 3.3 Łćăğĺ-åőŕäőćă ďěäőàňăæĺï . . . . . . . . . . . . . . . . . . . . . . . . . . 45 3.4 Ŕőáâàőěŋĺě čăňĺńìâőŋĺăŋőć . . . . . . . . . . . . . . . . . . . . . . . . . 47 3.5 Śŕĺŋőćăï áĺáâěňă RS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4 R-ňăâàĺçŋëľ ŕőďåőď ć áńãçăě ŕőńîáŋőľ ďĺŋăňĺłĺ àěèěŋĺï ãàăćŋě-

ŋĺï Ďíćĺ-Śâîăàâáőŋă 53 4.1 Łńăááĺçěáłăï r-ňăâàĺæă . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 4.2 Śćőľáâćă L-őŕěàăâőàŋőľ ăńčěąàë . . . . . . . . . . . . . . . . . . . . . . 54

5 Ğăłńîçěŋĺě 57

1 Ććěďěŋĺě.

Łőŋěçŋőňěàŋëě ďĺŋăňĺçěáłĺě áĺáâěňë âěőàĺĺ áőńĺâőŋőć ŕěàćőŋăçăńìŋő ćőáŕàĺŋĺňăńĺáì ć ğŋăçĺâěńìŋőľ áâěŕěŋĺ ńĺèì łăł ňőďěńìŋëě ŕàĺňěàë ć âěőàĺĺ ĺŋâěčàĺàãěňëå áĺáâěň. Łăł őłăğăńőáì ćŕőáńěďáâćĺĺ, àïď âăłĺå áĺáâěň âěáŋő áćïğăŋ á äãŋďăňěŋâăńìŋëňĺ ŕàőąńěňăňĺ ňăâěňăâĺłĺ ĺ ňăâěňăâĺçěáłőľ äĺğĺłĺ. Šăł ć ŕĺőŋěàáłőľ àăąőâě [1] ćŕěàćëě ąëńă őąŋăàãęěŋă áćïğì ňěęďã àăæĺőŋăńìŋëňĺ ĺńĺ íńńĺŕâĺçěáłĺňĺ àěèěŋĺïňĺ ãàăćŋěŋĺï ŁďŤ, ĺ àăæĺőŋăńìŋőľ ĺńĺ íńńĺŕâĺçěáłőľ áĺáâěňőľ

Calogero-Moser(CM [2]). Ŋăĺąőńěě ŕőńŋőě ŕőŋĺňăŋĺĺ ŕàĺàőďë âăłőľ áćïğĺ ćőğŋĺłńő

á ŕàĺåőďőň ăńčěąàő-čěőňěâàĺçěáłőčő ňěâőďă őąàăâŋőľ ğăďăçĺ, àăğàăąőâăŋŋőčő ć àăąőâăå [3],[4]. Ă ĺňěŋŋő, ąëńő ãáâăŋőćńěŋő, çâő ãáńőćĺě áãéěáâćőćăŋĺï áőąáâćěŋŋőľ äãŋłæĺĺ áŕěæĺăńìŋőčő ćĺďă ã ćáŕőňőčăâěńìŋőčő ńĺŋěľŋőčő őŕěàăâőàă, ŕőáâàőěŋŋőčő ŕő ŕàěďáâăćńěŋĺî Ńăłáă, íłćĺćăńěŋâŋő âőňã, çâő ďĺŋăňĺłă ŕőńîáőć àěèěŋĺï ŋěńĺŋěľŋőčő ãàăćŋěŋĺï őŕĺáëćăěâáï áĺáâěňőľ âăłőčő âĺŕă. Ć àăąőâě [5] ąëń ãáâăŋőćńěŋ ĺğőňőàäĺğň ňěęďã íńńĺŕâĺçěáłĺňĺ àěèěŋĺïňĺ ňăâàĺçŋőčő ãàăćŋěŋĺï ŁŔ ĺ àěèěŋĺïňĺ áŕĺŋőćőľ áĺáâěňë CM. Ć àăąőâě [6] ć łăçěáâćě ŋěńĺŋěľŋőčő ãàăćŋěŋĺï ąëńő ćğïâő àăğŋőáâŋő-ďĺääěàěŋæĺăńìŋőě ãàăćŋěŋĺě ďćãňěàĺğőćăŋŋőľ æěŕőçłĺ Šőďă. Řőńì áĺáâěňë, őŕĺáëćăîéěľ ďĺŋăňĺłã ŕőńîáőć àěèěŋĺï ãàăćŋěŋĺï, ćëŕőńŋïěâ áŕĺŋőćăï áĺáâěňă Ruijsenaars-Schneider(RS [7]).

Ăńěąàő-čěőňěâàĺçěáłĺě łőŋáâàãłæĺĺ ŕàïňőľ ĺ őąàăâŋőľ ğăďăçĺ, ĺáŕőńìğãěňëě ć àăąőâăå [5],[6], ŕàěďáâăćńïîâ ąőčăâěľèĺľ ňăâěňăâĺçěáłĺľ ăŕŕăàăâ. Ăńčěąàăĺçěáłĺě őąêěłâë, “ęĺćãéĺě” ŋă łàĺćőľ, âăłĺě łăł ŕàőáâàăŋáâćă äãŋłæĺľ Ąěľłěàă-Ăåĺěğěàă, ŕàőáâàăŋáâćă ăąěńěćëå ďĺääěàěŋæĺăńőć, őąńăďăîéĺě ćëáőłőľ áâěŕěŋìî áĺňňěâàĺçŋőáâĺ, ŕőğćőńïîâ ïćŋő łőŋáâàãĺàőćăâì àěèěŋĺï ďĺŋăňĺçěáłőľ áĺáâěňë ĺ ŋěńĺŋěľŋőčő ãàăćŋěŋĺï ć âěàňĺŋăå θ-äãŋłæĺľ ŋă §łőąĺăŋě łàĺćőľ.

Śãéěáâćěŋŋëň ŕàĺ ćáěå ďăńìŋěľèĺå àăááňőâàěŋĺïå ïćńïěâáï ŋăńĺçĺě ã ŋěńĺŋěľŋőčő ãàăćŋěŋĺï ŕàěďáâăćńěŋĺï Ńăłáă L̇ = [M, L] ĺńĺ ŕàěďáâăćńěŋĺï ŋãńěćőľ łàĺćĺğŋë [∂_t − L, ∂_y − M] = 0. Őłăğëćăěâáï, çâő äăłâ áãéěáâćőćăŋĺï àěèěŋĺï ćáŕőňőčăâěńìŋőľ ńĺŋěľŋőľ ğăďăçĺ

(∂_t − L)Ψ = 0

ďńï őŕěàăâőàă á ďćőïłőŕěàĺőďĺçěáłĺňĺ łőíääĺæĺěŋâăňĺ ć ćĺďě ďćőïłőąńőåőćáłőľ äãŋłæĺĺ Ψ ïćńïěâáï áâőńì őčàăŋĺçĺâěńìŋëň ãáńőćĺěň, çâő ć àïďě áńãçăěć ŕőğćőńïěâ őďŋőğŋăçŋő ćőááâăŋăćńĺćăâì L, M ŕăàã, ă áńěďőćăâěńìŋő ĺ àěèěŋĺě ŋěńĺŋěľŋőčő ãàăćŋěŋĺï. Ŕàőáâàăŋáâćő ďćőïłőąńőåőćáłĺå äãŋłæĺľ á äĺłáĺàőćăŋŋëň łőńĺçěáâćőň ŕőńîáőć ŕàĺ łăęďőň ğŋăçěŋĺĺ t ňőęěâ ąëâì àăááňőâàěŋő łăł łőŋěçŋőňěàŋőě ŕàőáâàăŋáâćő. Őŕěàăâőà, äĺčãàĺàãîéĺľ ćő ćáŕőňőčăâěńìŋőľ ńĺŋěľŋőľ ğăďăçě őâőąàăęăěâ íâő ŕàőáâàăŋáâćő ć ŕàőáâàăŋáâćő ąőńìèěľ àăğňěàŋőáâĺ. Ĺňěŋŋő ŕőíâőňã ŋă łőíääĺæĺěŋâë àăğńőęěŋĺï ŕő ąăğĺáã àěèěŋĺï Ψ ćőğŋĺłăěâ ŕěàěőŕàěďěńěŋŋăï áĺáâěňă ãàăćŋěŋĺľ, ć ąőńìèĺŋáâćě áńãçăěć ĺňěîéăï ćĺď:

(L − k)C = 0, (1.1)

(∂_t − A)C = 0, (1.2)

čďě L - ãęě łőŋěçŋőňěàŋëľ őŕěàăâőà, ğăćĺáïéĺľ őâ áŕěłâàăńìŋőčő ŕăàăňěâàă z, ŕăàăňěâàĺğãîéěčő ćňěáâě á ŕăàăňěâàőň k ŕàőáâàăŋáâćő ąńőåőćáłĺå äăłâőàőć. Şáńőćĺě áőćňěáâŋőáâĺ íâĺå ãàăćŋěŋĺľ, âő ěáâì ãàăćŋěŋĺě Ńăłáă, ïćńïěâáï łőŋěçŋőňěàŋőľ ďĺŋăňĺçěáłőľ áĺáâěňőľ ŋă ŕőńîáă xi áőąáâćěŋŋőľ äãŋłæĺĺ. Śãéěáâćőćăŋĺě àěèěŋĺï ãàăćŋěŋĺï (1.1) ğăďăěâ ãàăćŋěŋĺě łàĺćőľ ć ćĺďě det(L − k) = 0. Łőíääĺæĺěŋâë íâőčő ŕőńĺŋőňă ŋě ğăćĺáïâ őâ t ĺ ŕàěďőáâăćńïîâ ŋăąőà ĺŋâěčàăńőć áĺáâěňë. Łàőňě âőčő, ďăŋŋăï áőąáâćěŋŋăï äãŋłæĺï ŕàĺ ŋěłőâőàőľ ŋőàňĺàőćłě ĺňěěâ ăŋăńĺâĺçěáłĺě áćőľáâćă ŋă łàĺćőľ, åăàăłâěàĺğãîéĺě âăł ŋăğëćăěňãî äãŋłæĺî Ąěľłěàă-Ăåĺěğěàă. Ąńăčőďăàï ňěâőďăň őąàăâŋőľ ğăďăçĺ, äãŋłæĺï, őąńăďăîéăï âăłĺňĺ áćőľáâćăňĺ, őďŋőğŋăçŋő ćőááâăŋăćńĺćăěâáï ĺ ĺňěěâ ïćŋőě ćëàăęěŋĺě ć âěàňĺŋăå âěâă-äãŋłæĺľ. Šăłĺň őąàăğőň, ŕőňĺňő áćïğĺ àěèěŋĺï ŋěńĺŋěľŋőčő ãàăćŋěŋĺï ĺ ďĺŋăňĺçěáłőľ áĺáâěňë, ąëńő ãáâăŋőćńěŋő äãŋďăňěŋâăńìŋőě áőőâćěâáâćĺě íâĺå àěèěŋĺľ ŋăąőàã ăńčěąàő-čěőňěâàĺçěáłĺå ďăŋŋëå.

İâă łőŋáâàãłæĺï ïćńïěâáï őďŋőľ ĺğ ňŋőčőçĺáńěŋŋëå ďěňőŋáâàăæĺľ âőčő ąőčăâáâćă ňăâěňăâĺçěáłĺå áâàãłâãà, áćïğăŋŋëå á íâĺňĺ áĺáâěňăňĺ, łőâőàőě őąãáńőćĺńő ŋěőáńăąěćăîéĺľ ãęě ąőńěě 20 ńěâ ĺŋâěàěá ł ŋĺň. Ć ŕőáńěďŋěě ćàěňï áãéěáâćěŋŋëľ ĺŋâěàěá ł íâĺň áĺáâěňăň őáŋőćăŋ ŋă ãáâăŋőćńěŋŋőľ ć áěàĺĺ àăąőâ [8],[9] áćïğĺ ňěęďã ĺå čěőňěâàĺçěáłőľ ŕàĺàőďőľ ĺ N = 2 áãŕěàáĺňňěâàĺçŋőľ âěőàĺěľ Ğăľąěàčă-Ćĺââěŋă. Ć çăáâŋőáâĺ, ŋăąőà áŕěłâàăńìŋëå ďăŋŋëå ć âěőàĺĺ Ğăľąěàčă-Ćĺââěŋă ŕőńŋőáâìî áőőâćěâáâćãěâ áŕěłâàăńìŋëň ďăŋŋëň ŕàïňőľ ĺ őąàăâŋőľ ğăďăçĺ âěőàĺĺ ăńčěąàőčěőňěâàĺçěáłőčő ĺŋâěčàĺàőćăŋĺï, ĺ âăłőľ äãŋďăňěŋâăńìŋëľ őąêěłâ ŋă áŕěłâàăńìŋőľ łàĺćőľ, łăł 1-äőàňă dλ ŕőğćőńïěâ áâàőĺâì ŕàěďŕőâěŋæĺăń âěőàĺĺ, ă ŕěàĺőďë íâőľ äőàňë ŕăàăňěâàĺğãîâ ćăłããňŋőě ŕàőáâàăŋáâćő. Ś íâőľ ŕàőąńěňăâĺłőľ âěáŋëň őąàăğőň áćïğăŋă ŋăáâőïéăï àăąőâă, ŕàěďňěâőň łőâőàőľ ïćńïěâáï ĺááńěďőćăŋĺě čăňĺńìâőŋőćőľ áâàãłâãàë ďĺŋăňĺçěáłĺå áĺáâěň âěőàĺĺ áőńĺâőŋőć, ćőğŋĺłăîéĺå łăł áĺáâěňë ŕőńîáŋőľ ďĺŋăňĺłĺ.

Śãéěáâćãěâ àïď ŕőďåőďőć ł čăňĺńìâőŋőćã őŕĺáăŋĺî ŕőďőąŋëå áĺáâěň, ğăâàăčĺćăîéĺå èĺàőłĺľ áŕěłâà ňăâěňăâĺçěáłĺå ňěâőďőć. Ć ĺå çĺáńě ňőęŋő ŕěàěçĺáńĺâì ãŋĺćěàáăńìŋëľ ňěâőď ŕőáâàőěŋĺï čăňĺńìâőŋőćőľ áâàãłâãàë ć âěàňĺŋăå ăńčěąàő-čěőňěâàĺçěáłĺå łőŋáâàãłæĺľ ŕàïňőľ ĺ őąàăâŋőľ ğăďăçĺ, àăğàăąőâăŋŋëľ ć âàãďăå [10],[11]; ňěâőď čăňĺńìâőŋőćőľ àěďãłæĺĺ, ĺáŕőńìğőćăŋŋëľ ć àăąőâăå [12],[13]; ă âăłęě ňěâőď, ąăğĺàãîéĺľáï ŋă łőŋáâàãłæĺĺ ďĺŋăňĺçěáłőľ R-ňăâàĺæë [14],[15]. Őáŋőćŋëňĺ ğăďăçăňĺ ćáěå íâĺå ŕőďåőďőć ïćńïěâáï őŕĺáăŋĺě áĺňŕńěłâĺçěáłőľ áâàãłâãàë, łőňňãâăâĺćŋőľ ăńčěąàë ĺŋâěčàăńőć, łăŋőŋĺçěáłĺå ŕěàěňěŋŋëå ĺ â. ď. Ćăęŋőáâì ĺááńěďőćăŋĺľ ć íâőľ őąńăáâĺ ŋěńìğï ŕěàěőæěŋĺâì. Ŕőňĺňő âőčő, çâő čăňĺńìâőŋőć äőàňăńĺğň ïćńïěâáï åőàőèő áâàãłâãàĺàőćăŋŋëň ïğëłőň ć âěőàĺĺ ĺŋâěčàĺàãěňëå áĺáâěň, őŋ ĺŋőčďă ïćńïěâáï áàěďáâćőň ďńï àěèěŋĺï áĺáâěňë, ŕőğćőńïěâ ŋăåőďĺâì ěě łćăŋâőćăŋĺě.

Ćëèěãŕőňïŋãâëľ ãŋĺćěàáăńìŋëľ ňěâőď ŕőáâàőěŋĺï čăňĺńìâőŋőćőľ áâàãłâãàë, ĺğŋăçăńìŋő ććěďěŋŋëľ ďńï ãàăćŋěŋĺľ ć çăáâŋëå ŕàőĺğćőďŋëå, őłăğăńáï ćěáìňă íääěłâĺćŋëň ĺ ŕàĺ ăŋăńĺğě łőŋěçŋőňěàŋëå ďĺŋăňĺçěáłĺå áĺáâěň. Ć àăąőâăå [10],[11] ąëńă ŕàěďńőęěŋă áĺňŕńěłâĺçěáłăï äőàňă ω = 1 2 Res_∞ < Ψ^∗δL ∧ δΨ > dk, ŋă ŕàőáâàăŋáâćě ŕěàĺőďĺçěáłĺå őŕěàăâőàőć, ğăćĺáïéĺå őâ áŕěłâàăńìŋőčő ŕăàăňěâàă. Őŋă ćëàăęăěâáï ć âěàňĺŋăå äãŋłæĺőŋăńőć ŋă íâőň ŕàőáâàăŋáâćě δL ĺ δΨ, čďě Ψ - áőąáâćěŋŋăï äãŋłæĺï őŕěàăâőàă, ïćńïîéăïáï âăłęě äãŋłæĺőŋăńőň ŋă íâőň ŕàőáâàăŋáâćě. Łăł ąëńő ŕőłăğăŋő, íâă äőàňă ïćńïěâáï ğăňłŋãâőľ, ŋěćëàőęďěŋŋőľ ĺ ďăěâ ŕőńŋőě čăňĺńìâőŋőćő őŕĺáăŋĺě ďĺŋăňĺçěáłőľ áĺáâěňë ŋă ŕàőáâàăŋáâćě âăłĺå őŕěàăâőàőć. Şŋĺćěàáăńìŋőáâì ďăŋŋőčő ćëàăęěŋĺï áĺňŕńěłâĺçěáłőľ äőàňë ğăłńîçăěâáï ěéě ĺ ć âőň, çâő ć łőŋěçŋőňěàŋőň áńãçăě, ć ąőńìèĺŋáâćě ĺğćěáâŋëå ďĺŋăňĺçěáłĺå áĺáâěň, áĺňŕńěłâĺçěáłăï áâàãłâãàă ňőęěâ ąëâì ćëàăęěŋă âăłĺň ęě őąàăğőň. Ďőáâőĺŋáâćőň íâőčő ŕàěďáâăćńěŋĺï ïćńïěâáï âő, çâő őŋő ŕőğćőńïěâ ïćŋő áâàőĺâì ŕěàěňěŋŋëě “ďěľáâćĺě-ãčőń”, ć âěàňĺŋăå łőâőàëå áĺňŕńěłâĺçěáłăï äőàňă ŕàĺőąàěâăěâ ćĺď

ω = 2 g∑ s=1 dE(γ_s) ∧ δk(γ_s), (1.3) čďě γs - ŕőńîáă áőąáâćěŋŋőľ äãŋłæĺĺ ŋă łàĺćőľ, čďě E - íŋěàčĺï, ă k - łćăğĺĺňŕãńìá áőąáâćěŋŋőľ äãŋłæĺĺ. Őâňěâĺň, çâő ďńï ĺŋâěčàĺàãěňëå áĺáâěň áćïğăŋŋëå á čĺŕěàíńńĺŕâĺçěáłĺňĺ łàĺćëňĺ äőàňă (1.3) ąëńă ŕàěďńőęěŋă ć àăąőâě [16]. Ćëèěãŕőňïŋãâăï 1-äőàňă, ĺčàăîéăï ćăęŋãî àőńì ć âěőàĺĺ Ğăľąěàčă-Ćĺââěŋă, âěáŋő áćïğăŋă á ŕěàěňěŋŋëňĺ “ďěľáâćĺě-ãčőń” ĺ ĺňěěâ áńěďãîéěě ćëàăęěŋĺě dλ = kdE. Ć àăğďěńě 2 ďăŋŋőľ àăąőâë ąãďěâ ŕàőďěňőŋáâàĺàőćăŋ ãŋĺćěàáăńìŋëľ ňěâőď ŕőáâàőěŋĺï čăňĺńìâőŋőćőľ áâàãłâãàë ŋă ŕàĺňěàě áĺáâěňë, áćïğăŋŋőľ á ňăâàĺçŋëň ãàăćŋěŋĺěň Ďíćĺ-Śâîăàâáőŋă. Ć íâőň áńãçăě ěčő ŕàĺňěŋěŋĺě ŕőğćőńĺńő ćŕěàćëě ŕőńãçĺâì ïćŋőě ćëàăęěŋĺě ďńï áĺňŕńěłâĺçěáłőľ áâàãłâãàë ĺ čăňĺńìâőŋĺăŋă íâőľ ďĺŋăňĺçěáłőľ áĺáâěňë.

Ěéě őďĺŋ ŕőďåőď ł ĺááńěďőćăŋĺî čăňĺńìâőŋőćőľ áâàãłâãàë áĺáâěň ŕőńîáŋőľ ďĺŋăňĺłĺ ĺňěěâ ć áćőěľ őáŋőćě ňěâőď čăňĺńìâőŋőćőľ àěďãłæĺĺ ĺ ąëń ãďăçŋő ŕàĺňěŋěŋ ć ŕőáâàőěŋĺĺ æěńőčő łńăááă ĺŋâěčàĺàãěňëå áĺáâěň, ŋăğëćăěňëå áĺáâěňăňĺ Ţĺâçĺŋă. Ć àăąőâě [17] Ţĺâçĺŋ àăááňőâàěń áěňěľáâćő ĺŋâěčàĺàãěňëå áĺáâěň, äăğőćëň ŕàőáâàăŋáâćőň ďńï łőâőàëå ïćńïěâáï łőłăáăâěńìŋőě àăááńőěŋĺě ł ŕàőáâàăŋáâćã N áâăąĺńìŋëå čőńőňőàäŋëå ćěłâőàŋëå àăááńőěŋĺľ àăŋčă n ďńï čàãŕŕë GLn(C) ŋă łőňŕăłâŋőľ àĺňăŋőćőľ ŕőćěàåŋőáâĺ Γ àőďă g > 1 á őáőąěŋŋőáâïňĺ. Ŋă łőłăáăâěńìŋőň àăááńőěŋĺĺ ł ŕàőáâàăŋáâćã A^s łőňŕńěłáŋëå áâàãłâãà ŋă čńăďłőň ćěłâőàŋőň àăááńőěŋĺĺ áő áńőěň V , ĺğőňőàäŋëň C^n ĺňěěâáï łăŋőŋĺçěáłăï áĺňŕńěłâĺçěáłăï áâàãłâãàă ĺ łăŋőŋĺçěáłĺľ ŋăąőà ĺŋâěčàăńőć, őâćěçăîéĺľ áćőąőďŋőľ áĺáâěňě. Őďŋăłő ŕőáńě àěďãłæĺĺ ŋă ŋãńěćőľ ãàőćěŋì őâőąàăęěŋĺï ňőňěŋâă, áĺáâěňă ŕěàěáâăěâ ąëâì âàĺćĺăńìŋőľ, ŕàĺ íâőň ĺŋâěčàĺàãěňăï áâàãłâãàă, âő ěáâì âàěąãěňëľ ŋăąőà ĺŋâěčàăńőć ć ĺŋćőńîæĺĺ, áőåàăŋïěâáï. Ł ŋăĺąőńěě ćăęŋëň ŕàĺňěàăň ŕàĺňěŋěŋĺï íâőčő ňěâőďă ňőęŋő őâŋěáâĺ áĺáâěňë:

Čőďěŋ:

H_a = ∑ b≠a T r(p_bp_a) (x_b − x_a) ; CM: H = ∑ i p^2_i 2 + ∑ i,j S_{ij} sinh^2(^{zi−zj}_2 ) S_{ij} = ∑ s,s′ (p_s)_{ij} (p_{s′})_{ji}.

İńńĺŕâĺçěáłĺě áĺáâěňë Čőďěŋă, Łăńőďęěàő-Ňőğěàă, ă âăłęě áĺáâěňă Ňăłďőŋăńìďă ĺ ěě SU(N) ăŋăńőč, łőâőàëľ ěáâì ŋě çâő ĺŋőě, łăł àăæĺőŋăńìŋăï áĺáâěňă RS, âăłęě ňőčãâ ąëâì ŕőńãçěŋë ć àăňłăå ňěâőďă čăňĺńìâőŋőćőľ àěďãłæĺĺ.

Ŋăãçŋăï ŋőćĺğŋă ďăŋŋőľ àăąőâë ğăłńîçăěâáï, ŕàěęďě ćáěčő, ć ŕàĺćńěçěŋĺĺ ăŕŕăàăâă łćăŋâőćëå čàãŕŕ ć ăńčěąàő-čěőňěâàĺçěáłãî âěőàĺî ĺŋâěčàĺàőćăŋĺï. Ĺ áćïğăŋő íâő á ŕőŋïâĺěň âăł ŋăğëćăěňőľ ãŋĺćěàáăńìŋőľ R-ňăâàĺæë. Ŕőŋïâĺě łńăááĺçěáłőľ r-ňăâàĺæë ĺ áńěďãîéěě őŕĺáăŋĺě ŕãăááőŋőćőľ áâàãłâãàë

{L_1, L_2} = [r_{12}, L_1] − [r_{21}, L_2] (1.4)

áĺáâěň ĺňěîéĺå ŕàěďáâăćńěŋĺě Ńăłáă ąëńő ććěďěŋő ć àăąőâăå [18], [19]. Őďŋăłő, łăł ąëńő ğăňěçěŋő ć àăąőâě [20], ŋěłőâőàőě őąőąéěŋĺě ďăŋŋőčő ŕàěďáâăćńěŋĺï, ïćńïěâáï áńěďáâćĺěň ĺŋćőńîâĺćŋőáâĺ ŋăąőàă áőąáâćěŋŋëå ğŋăçěŋĺľ L-őŕěàăâőàă ĺŋâěčàĺàãěňőľ łőŋěçŋőňěàŋőľ áĺáâěňë. Ă ĺňěŋŋő, ąëńő ŕőłăğăŋő, çâő ďńï ńîąőľ âăłőľ áĺáâěňë ŕő łàăľŋěľ ňěàě ńőłăńìŋő áãéěáâćãěâ ŕàěďáâăćńěŋĺě Ńăłáă á őŕěàăâőàăňĺ, ŕàĺŋĺňăîéĺňĺ ğŋăçěŋĺï ć ŋěłőâőàőľ ăńčěąàě Ńĺ, ĺ áãéěáâãěâ ŕàěďáâăćńěŋĺě ŕãăááőŋőćőľ áâàãłâãàë ć äőàňě (1.4). Łàőňě âőčő, ěáńĺ ďńï áĺáâěňë áãéěáâćãîâ čńőąăńìŋëě ŕěàěňěŋŋëě “ďěľáâćĺě-ãčőń”, âő ĺ ďăŋŋëě ŕàěďáâăćńěŋĺï ćëŕőńŋïîâáï čńőąăńìŋő. Ŕàĺćńěçěŋĺě ăŕŕăàăâă ãŋĺćěàáăńìŋőľ ďĺŋăňĺçěáłőľ R-ňăâàĺæë őáŋőćëćăěâáï ŋă àăąőâě [14], ć łőâőàőľ ąëńő ğăňěçěŋő, çâő r-ňăâàĺæă ďńï áĺáâěňë CM, ãďőćńěâćőàïěâ ŋě łńăááĺçěáłőňã ãàăćŋěŋĺî §ŋčă-Ąăłáâěàă, ă ěčő ďĺŋăňĺçěáłőňã ăŋăńőčã. İâő ĺ ŕőğćőńĺńő őąŋăàãęĺâì áâàãłâãàã łćăğĺ-åőŕäőćőľ ăńčěąàë ć łćăŋâőćőľ ďěäőàňĺàőćăŋŋőľ áĺáâěňě CM. Őłăğăńőáì, çâő íâă áćïğì ïćńïěâáï ďőćőńìŋő ãŋĺćěàáăńìŋőľ ĺ, łăł ąëńő ŕőłăğăŋő ć [14], áâăàâãï á ńîąőľ ŕàőáâőľ łćăğĺ-åőŕäőćőľ ăńčěąàë, ňőęěâ ąëâì ŕőáâàőěŋă ĺŋâěčàĺàãěňăï áĺáâěňă, âő ěáâì ŋăąőà ĺŋâěčàăńőć ć ĺŋćőńîæĺĺ ĺ ŕãăááőŋőćă áâàãłâãàă łăł ć łćăŋâőćőň, âăł ĺ ć łńăááĺçěáłőň áńãçăě. Őáŋőćŋëň ŕàĺ ŕőáâàőěŋĺĺ ïćńïěâáï âőâ äăłâ, çâő ŕőŋïâĺě łćăğĺ-åőŕäőćőľ ăńčěąàë ŕàěďŕőńăčăěâ ŋăńĺçĺě ãŋĺćěàáăńìŋőľ R-ňăâàĺæë, łőâőàăï ć łćăğĺłőăááőæĺăâĺćŋőň áńãçăě ïćńïěâáï ãŋĺćěàáăńìŋëň àěèěŋĺěň ďĺŋăňĺçěáłőčő łćăŋâőćőčő ãàăćŋěŋĺï §ŋčă-Ąăłáâěàă, ĺŋăçě ŋăğëćăěňőčő ãàăćŋěŋĺěň Gervais-Neveu-Felder, ŕàěďáâăćĺňőčő ć ćĺďě

R_{12}(x)R_{13}(xq^{H2} )R_{23}(x) = R_{23}(xq^{H1})R_{13}(x)R_{12}(xq^{H3} ).

İâő àěèěŋĺě ŕàĺ ŕàăćĺńìŋő ŕőďőąàăŋŋëå ŕăàăňěâàăå ŕàěďáâăćńěŋĺï łćăğĺ-åőŕäőćőľ ăńčěąàë ĺ ŕőďåőďïéĺå őąěàâëćăîéĺå ŕàěőąàăğőćăŋĺïå ć ŕàěďěńě ŕő ŕăàăňěâàã q ďăěâ ćëàăęěŋĺï ďńï łćăŋâőćëå ĺ łńăááĺçěáłĺå čăňĺńìâőŋĺăŋőć áĺáâěňë, ďńï łńăááĺçěáłőľ r-ňăâàĺæë, ďńï L-őŕěàăâőàă. Šő ěáâì ć áâàãłâãàě łćăğĺ-åőŕäőćőľ ăńčěąàë áőďěàęĺâáï ĺŋäőàňăæĺï őą őáŋőćŋëå ăńčěąàő-čěőňěâàĺçěáłĺå őąêěłâăå ĺŋâěčàĺàãěňőľ áĺáâěňë. Ć âőň çĺáńě, ő ŕàěďáâăćńěŋĺĺ Ńăłáă, ő čăňĺńìâőŋĺăŋăå, ő ŕãăááőŋőćőľ áâàãłâãàě ŋă L-ăńčěąàě. Łàőňě âőčő, íâő ŕőáâàőěŋĺě ŕőğćőńïěâ áâàőĺâì łćăŋâőćăŋĺě áĺáâěňë ĺ ć àïďě áńãçăěć ŕőńŋőáâìî àěèĺâì łćăŋâőćãî ğăďăçã. Ťãŋďăňěŋâăńìŋőľ ğăďăçěľ ć íâőľ őąńăáâĺ őáâăěâáï ŕàőæěďãàă ŕőáâàőěŋĺï łćăğĺ-åőŕäőćőľ áâàãłâãàë ŕő ďăŋŋëň áŕěłâàăńìŋőľ łàĺćőľ. Šăłĺě ŕőŕëâłĺ ãęě ŕàěďŕàĺŋĺňăńĺáì ć àăąőâě [21]. Űěńìî ŋăáâőïéěľ àăąőâë ïćńïěâáï ĺááńěďőćăŋĺě ŕàĺňěàőć ŕőáâàőěŋĺï âăłőľ áâàãłâãàë, áőčńăáőćăŋŋőľ á ĺňěîéĺňĺáï ăńčěąàő-čěőňěâàĺçěáłĺňĺ őąêěłâăňĺ. Ć àăğďěńě 3 âăłăï ğăďăçă ąãďěâ àăááňőâàěŋă ďńï áĺáâěňë CM. Ć àăğďěńě 4.2 ąãďěâ őąáãęďăâìáï łćăğĺ-åőŕäőćă áâàãłâãàă, áćïğăŋŋăï á áĺáâěňőľ, àěèěŋŋőľ ć àăğďěńě 2.

Őďŋőľ ĺğ æěńěľ ďăŋŋőľ àăąőâë, ŕőňĺňő ĺğńőęěŋŋëå ćëèě, ïćńïěâáï ĺááńěďőćăŋĺě čăňĺńìâőŋőćőľ áâàãłâãàë áŕĺŋőćőľ áĺáâěňë RS, çěňã ąãďěâ ŕőáćïéěŋ àăğďěń 3.5. Ăŕŕăàăâ łćăŋâőćëå čàãŕŕ ć íâőň áńãçăě ŕàěďáâăćńïěâ ĺáłńîçĺâěńìŋëľ ĺŋâěàěá. Śćïğăŋő íâő á łćăŋâőćőľ ĺŋâěàŕàěâăæĺěľ łőŋáâàãłæĺĺ àěńïâĺćĺáâáłőčő ăŋăńőčă ďĺŋăňĺçěáłőľ áĺáâěňë. İâă ŕàőæěďãàă ć âěàňĺŋăå áŕěłâàăńìŋőľ łàĺćőľ ćëàăęăěâáï ć ćĺďě ğăňěŋë äãŋďăňěŋâăńìŋëå ďĺääěàěŋæĺăńőć ćâőàőčő àőďă(ďńï áĺáâěňë CM) ŋă ďĺääěàěŋæĺăńë 3-čő àőďă(ďńï áĺáâěňë RS), âő ěáâì á àăáéěŕńěŋĺěň őáőąěŋŋőáâĺ. Ć ăńčěąàăĺçěáłĺå âěàňĺŋăå ćğïâĺě àěńïâĺćĺáâáłőčő ăŋăńőčă áćïğăŋő á q-ďěäőàňăæĺěľ ăńčěąàë, çâő ŕàěďáâăćńïěâáï ąőńěě ŕàőáâëň ňěåăŋĺğňőň ěě ăŋăńĺğă. Ąëńő ğăňěçěŋő, çâő ďő ćğïâĺï ŕàěďěńă ŕő q őŕĺáăŋŋëě á ŕőňőéìî R-ňăâàĺæë áâàãłâãàë ďńï áĺáâěňë CM áőőâćěâáâćãîâ áĺáâěňě RS. Ć àăąőâě [15] íâő ąëńő ŕàőďěňőŋáâàĺàőćăŋő ďńï ďćãåçăáâĺçŋőľ áĺáâěňë. Ć čńăćě 3 ŕőďőąŋőě ŕőáâàőěŋĺě ąãďěâ ŕàőćěďěŋő ďńï őąéěčő áńãçăï. Ğăňěâĺň, çâő ãŋĺćěàáăńìŋëľ čăňĺńìâőŋőć ŕőďåőď ďńï àěńïâĺćĺáâáłĺå ăŋăńőčőć áŕĺŋőćëå áĺáâěň ŋě ďăěâ ïćŋőčő ćëàăęěŋĺï ďńï áĺňŕńěłâĺçěáłőľ áâàãłâãàë ć âěàňĺŋăå äăğőćőčő ŕàőáâàăŋáâćă. Őáâăńìŋëě áãéěáâćãîéĺě ňěâőďë âăłęě ŋě ďăîâ ĺáçěàŕëćăîéĺå őâćěâőć ć őâŋőèěŋĺĺ áŕĺŋőćőľ áĺáâěňë RS. Ć àăąőâě [22], ĺáŕőńìğãï ŕěàćëľ őŕĺáăŋŋëľ ňěâőď, ąëńő ŕőńãçěŋő ćëàăęěŋĺě ďńï čăňĺńìâőŋĺăŋă íâőľ áĺáâěňë H = N∑ i=1 (b^+_i a_i),

őďŋăłő ćëàăęěŋĺě ďńï áĺňŕńěłâĺçěáłőľ áâàãłâãàë ąëńő ŕőńãçěŋő ć ïćŋőň ćĺďě âőńìłő ďńï ąěááŕĺŋőćőčő ćëàőęďěŋĺï Lij = fiΦ(xi − xj − η, z).

Ňěâőď čăňĺńìâőŋőćőľ àěďãłæĺĺ ďńï áŕĺŋőćőľ àăæĺőŋăńìŋőľ áĺáâěňë RS, ĺáŕőńìğőćăŋŋëľ ć àăąőâăå [12],[13], ŕàĺćěń ł őŕĺáăŋĺî áĺňŕńěłâĺçěáłőľ áâàãłâãàë. Őďŋăłő ďńï őŕĺáăŋĺï ŕãăááőŋőćőľ áâàãłâãàë ăćâőàăňĺ ąëńĺ ććěďěŋë ďőŕőńŋĺâěńìŋëě äăğőćëě ŕěàěňěŋŋëě. Őâłàëâëň őáâăěâáï ćőŕàőá ő ŕőáâàőěŋĺĺ ğăňłŋãâőčő őŕĺáăŋĺï čăňĺńìâőŋőćőľ áâàãłâãàë. Ĺáŕőńìğőćăŋŋëľ ć àăğďěńě 3 ďăŋŋőľ àăąőâë R-ňăâàĺçŋëľ ňěâőď ŕőáâàőěŋĺï ĺŋâěčàĺàãěňëå áĺáâěň ĺğŋăçăńìŋő őàĺěŋâĺàőćăŋ ŋă ğăňłŋãâőě őŕĺáăŋĺě ŕãăááőŋőćőľ áâàãłâãàë. Őŋă ěáâěáâćěŋŋëň őąàăğőň ŋăáńěďãěâáï ĺğ áâàãłâãàë ăńčěąàë Ńĺ ãŋĺćěàáăńìŋőľ őąěàâëćăîéěľ ăńčěąàë. Łăŋőŋĺçěáłĺě łőőàďĺŋăâë ĺ ĺňŕãńìáë âăłęě őłăğëćăîâáï ěáâěáâćěŋŋëň őąàăğőň àăğďěńěŋë áő áŕĺŋőćëňĺ ŕěàěňěŋŋëňĺ. Ć íâőľ łőŋáâàãłæĺĺ áŕĺŋőćëľ ĺ ąěááŕĺŋőćëľ áńãçăĺ őâńĺçăîâáï âěň, łăłőě ŕàěďáâăćńěŋĺě Uq(sln) ąěàěâáï. Ąãďěâ àăááňőâàěŋ áńãçăľ, łőčďă àăğňěàŋőáâì ŕàőáâàăŋáâćă ŋãńěćőčő ćěáă ŋěŕàĺćőďĺňőčő łőŋěçŋőňěàŋőčő ŕàěďáâăćńěŋĺï àăćŋă 1. Ŋő ďăęě ďńï íâőčő áńãçăï àăğŋëě ŕàěďáâăćńěŋĺï áâăàèĺå ćěáőć ŕàĺćőďïâ ł ŕőáâàőěŋĺî łćăŋâőćëå ĺŋâěčàĺàãěňëå áĺáâěň á čăňĺńìâőŋĺăŋőň

Ĥ_l = ∑ i e^{∂ t}i ∏ k≠i q^{ti−tk+l} − q^{−ti+tk −l} q^{ti−tk} − q^{−ti+tk} . (1.5)

Šăłęě ąãďěâ ŕőáâàőěŋă łćăŋâőćăï ĺŋâěčàĺàőćăŋŋăï áĺáâěňă áőőâćěâáâćãîéăï ăńčěąàě Uq,x(sl3), ŕàěďěń ŕő ŕăàăňěâàã ďěäőàňăæĺĺ łőâőàőľ ïćńïěâáï łćăŋâőćőľ áŕĺŋőćőľ áĺáâěňőľ Łăńőďęěàő-Ňőğěàă. Ğăňěâĺň, çâő łőŋáâàãłæĺï łćăŋâőćőľ RS áĺáâěňë âăłęě ŕàőĺğćőďĺńőáì ć àăąőâăå [23, 24] á ŕőňőéìî ŋěďĺŋăňĺçěáłőľ R-ňăâàĺæë. Őďŋăłő, ć ďăŋŋőň áńãçăě áâàőĺâáï ŕàěďáâăćńěŋĺě ăńčěąàë ć àăğŋőáâŋëå őŕěàăâőàăå, çâő ïćńïěâáï ăŋăńőčőň ŕàőæěďãàë ďĺŋăňĺçěáłőľ ďěäőàňăæĺĺ.

Ŕőáâàőěŋĺě ŕőďőąŋőľ áĺáâěňë ąëńő őáãéěáâćńěŋő ć àăąőâě [25] á ŕàĺćńěçěŋĺěň ăŕŕăàăâă čăňĺńìâőŋőćőľ àěďãłæĺĺ ŕő őâŋőèěŋĺî ł ďěľáâćĺî čàãŕŕë G ŋă ŕàőáâàăŋáâćě T^{∗^}G, čďě^^G - áőőâćěâáâćãîéăï ăääĺŋŋăï čàãŕŕă Ńĺ. Ŕőńãçěŋŋëľ čăňĺńìâőŋĺăŋ ğăŕĺáëćěâáï ć ćĺďě:

H_± = ∑ i (e^{iθi} ± e^{−iθi} ) ∏ j≠i f(q_{ij} ), čďě f^2(q) = (1 − sin^2(πν/kN) sin^2(πq/k) ). Ğăňěâĺň, çâő ŕőáâàőěŋĺě łćăŋâőćőľ ĺŋâěčàĺàãěňőľ áĺáâěňë á čăňĺńìâőŋĺăŋőň, ïćńïîéĺňáï íńńĺŕâĺçěáłĺň ăŋăńőčőň čăňĺńìâőŋĺăŋă (1.5), ąëńő ŕàěďńőęěŋő ć àăąőâě [26]. Ěě ňěâőď âăłęě őáŋőćăŋ ŋă R-ňăâàĺçŋőň äőàňăńĺğňě, őďŋăłő ďńï ŕőáâàőěŋĺï čăňĺńìâőŋĺăŋőć ĺáŕőńìğőćăńáï ňěâőď “fusion”.

Śãňňĺàãï ćáě ćëèěáłăğăŋŋőě ć łăçěáâćě æěńěľ ďăŋŋőľ àăąőâë ňőęŋő ŋăğćăâì áńěďãîéĺě:

1. Ŕőáâàőěŋĺě čăňĺńìâőŋőćă äőàňăńĺğňă ďńï áĺáâěňë, áćïğăŋŋőľ á ňăâàĺçŋëň őŕěàăâőàőň Ďĺàăłă (àăğďěń 2);

2. Şáâăŋőćńěŋĺě áćïğĺ R-ňăâàĺçŋőčő ŕőďåőďă á ãęě ĺňěîéĺňĺáï łőŋáâàãłæĺïňĺ ć őąńăáâĺ ĺááńěďőćăŋĺï čăňĺńìâőŋőćőľ áâàãłâãàë łőŋěçŋőňěàŋëå áĺáâěň âěőàĺĺ áőńĺâőŋőć ŋă ŕàĺňěàăå áŕĺŋőćőľ áĺáâěňë CM ĺ ćëèěãŕőňïŋãâőľ áĺáâěňë (àăğďěń 3.5)

3. Ĺááńěďőćăŋĺě čăňĺńìâőŋőćőľ áâàãłâãàë áŕĺŋőćőľ áĺáâěňë RS (àăğďěń 3.5).

Ł ŋőćëň àěğãńìâăâăň, ŕőńãçěŋŋëň ć íâőľ àăąőâě ňőęŋő őâŋěáâĺ áńěďãîéĺě:

1. Ŕőáâàőěŋĺě, ĺŋâěčàĺàőćăŋĺě ĺ őŕĺáăŋĺě čăňĺńìâőŋőćőľ áâàãłâãàë ďńï áŕĺŋőćőľ áĺáâěňë, áćïğăŋŋőľ á ňăâàĺçŋëň ãàăćŋěŋĺěň Ďíćĺ-Śâîăàâáőŋă;

2. Čăňĺńìâőŋőćő őŕĺáăŋĺě áĺáâěňë CM ĺ ěě àěńïâĺćĺáâáłőčő ăŋăńőčă - áĺáâěňë RS, ŕőńãçěŋŋőě á ŕàĺňěŋěŋĺěň ăŕŕăàăâă ãŋĺćěàáăńìŋőľ ďĺŋăňĺçěáłőľ R-ňăâàĺæë;

3. Ŕőáâàőěŋĺě àěńïâĺćĺáâáłőčő ăŋăńőčă áŕĺŋőćőľ áĺáâěňë CM á ŕőňőéìî ăŕŕăàăâă ãŋĺćěàáăńìŋőľ ďĺŋăňĺçěáłőľ R-ňăâàĺæë;

4. Ĺááńěďőćăŋĺě r-ňăâàĺçŋőľ ŕàĺàőďë áĺáâěňë, áćïğăŋŋőľ á ňăâàĺçŋëň ãàăćŋěŋĺěň Ďíćĺ-Śâîăàâáőŋă.

2 Śĺáâěňă ďĺŋăňĺłĺ ŕőńîáőć łőŋěçŋőğőŋŋőčő àěèěŋĺï ãàăćŋěŋĺï Ďíćĺ-Śâîăàâáőŋă

2.1 Şàăćŋěŋĺě Ďíćĺ-Śâîăàâáőŋă

Ć íâőň àăğďěńě ŋăáâőïéěľ àăąőâë ąãďěâ ŕàőďěňőŋáâàĺàőćăŋ ăńčěąàő-čěőňěâàĺçěáłĺľ ŕőďåőď àěèěŋĺï ŋěńĺŋěľŋőčő ãàăćŋěŋĺï ŋă ŕàĺňěàě ňăâàĺçŋőčő ăŋăńőčă ãàăćŋěŋĺï Ďíćĺ-Śâîăàâáőŋă. Ąãďěâ ŕőáâàőěŋă ĺ ŕàőĺŋâěčàĺàőćăŋă áĺáâěňă, áćïğăŋŋăï á ŕőńîáŋőľ ďĺŋăňĺłőľ âăłőčő àěèěŋĺï. Šăłęě ąãďěâ ãáâăŋőćńěŋ ĺğőňőàäĺğň ňěęďã àěèěŋĺïňĺ ĺŋâěčàĺàãěňőľ áĺáâěňë ĺ ŋăąőàőň ăńčěąàő-čěőňěâàĺçěáłĺå ďăŋŋëå. Şàăćŋěŋĺě Ďíćĺ-Śâîăàâáőŋă DS2^− ŕàěďáâăćńïěâáï ć ćĺďě

iu_t + u_{xx} − u_{yy} + uϕ = 0 ϕ_{xx} + ϕ_{yy} = 2(|u|^2_{xx} − |u|^2_{yy}). (2.1)

Ć àăąőâě [27] ąëńő ğăňěçěŋő, çâő ďăŋŋőě ãàăćŋěŋĺě őąńăďăěâ ŕàěďáâăćńěŋĺěň Ńăłáă

L̇ = [L, M] čďě L = ∂_z 0 0 ∂_{z̄} − 1 2 0 u v 0 z = x + iy. Řăááňőâàĺň ňŋőčőňěàŋőě őąőąéěŋĺě ćáŕőňőčăâěńìŋőľ ńĺŋěľŋőľ ğăďăçĺ, łőâőàăï ć ďăŋŋőň áńãçăě ŕàěďáâăćńïěâáï łăł ğăďăçă ŋăåőęďěŋĺï áőąáâćěŋŋőľ äãŋłæĺĺ ňŋőčőňěàŋőčő őŕěàăâőàă Ďĺàăłă: ∂_t + d_1 0 0 d_2 ∂_x + 0 A_1 A_2 0

Ψ = D_AΨ = 0, (2.2)

čďě A1, A2- l ∗ l-ňăâàĺæë, d1 = E, d2 = −E, čďě E- ěďĺŋĺçŋăï l ∗ l-ňăâàĺæă. Ć łăçěáâćě äăğőćőčő ŕàőáâàăŋáâćă ąãďěň àăááňăâàĺćăâì ŕàőáâàăŋáâćő á łőőàďĺŋăâăňĺ

x_i, λ_i, a^i_1, a^i_2, b^i_1^+, b^i_2^+, čďě i = 1, ..., n, x_i, λ_i - áłăńïàë, ă őáâăńìŋëě ćěńĺçĺŋë ïćńï-

îâáï ćěłâőàăňĺ ć l-ňěàŋőň ŕàőáâàăŋáâćě. Śĺáâěňë, ŕőńãçěŋŋëě ŕàĺ àăááňőâàěŋĺĺ ńĺŋěľŋőľ ğăďăçĺ (2.2), łăł ąãďěâ ŕőłăğăŋő ć ďăŋŋőň àăğďěńě, ŕàĺőąàěâăîâ ćĺď:

íńńĺŕâĺçěáłĺľ áńãçăľ:

ȧ^j_1 − λ_j 2 a^j_1 + ∑ l≠j a^l_1(b^l_1^+a^j_2)ζ(x_j − x_l) = 0, ȧ^j_2 + λ_j 2 a^j_2 + ∑ l≠j a^l_2(b^l_2^+a^j_1)ζ(x_j − x_l) = 0;

(2.3) ḃ^j_1 − λ^j 2 b^j_1 + ∑ l≠j b^l_1(b^j_2^+a^l_1)ζ(x_j − x_l) = 0, ḃ^j_2 + λ_j 2 b^j_2 + ∑ l≠j b^l_2(b^j_1^+a^l_2)ζ(x_j − x_l) = 0;

(2.4) ẍ_j = ∑ l≠j ( (b^j_1^+a^l_2)(b^l_2^+a^j_1) + (b^l_1^+a^j_2)(b^j_2^+a^l_1)) ) ζ(x_j − x_l); (2.5)

λ̇_j = ∑ l≠j ((b^j_2^+a^l_1)(b^l_1^+a^j_2) − (b^j_1^+a^l_2)(b^l_2^+a^j_1))℘(x_j − x_l)^2. (2.6)

àăæĺőŋăńìŋëľ áńãçăľ ŕàĺ η = 0:

ȧ^j_1− λ_j 2 a^j_1+ ∑ l≠j a^l_1(b^l_1^+a^j_2) 1 x_j − x_l = 0, ȧ^j_2+ λ_j 2 a^j_2+ ∑ l≠j a^l_2(b^l_2^+a^j_1) 1 x_j − x_l = 0; (2.7)

ḃ^j_1 − λ^j 2 b^j_1 + ∑ l≠j b^l_1(b^j_2^+a^l_1) 1 x_j − x_l = 0, ḃ^j_2 + λ_j 2 b^j_2 + ∑ l≠j b^l_2(b^j_1^+a^l_2) 1 x_j − x_l = 0; (2.8)

ẍ_j = ∑ l≠j (b^j_1^+a^l_2)(b^l_2^+a^j_1) + (b^l_1^+a^j_2)(b^j_2^+a^l_1) x_j − x_l ; (2.9)

λ̇_j = ∑ l≠j (b^j_2^+a^l_1)(b^l_1^+a^j_2) − (b^j_1^+a^l_2)(b^l_2^+a^j_1) (x_j − x_l)^2

. (2.10)

őąéĺľ àăæĺőŋăńìŋëľ áńãçăľ:

ȧ^j_1 − λ_j 2 a^j_1 + ∑ l≠j a^l_1(b^l_1^+a^j_2)( 1 x_j − x_l − 1 η ) = 0,

ȧ^j_2 + λ_j 2 a^j_2 + ∑ l≠j a^l_2(b^l_2^+a^j_1)( 1 x_j − x_l + 1 η ) = 0; (2.11)

ḃ^j_1 − λ^j 2 b^j_1 + ∑ l≠j b^l_1(b^j_2^+a^l_1)( 1 x_j − x_l − 1 η ) = 0,

ḃ^j_2 + λ^j 2 b^j_2 + ∑ l≠j b^l_2(b^j_1^+a^l_2)( 1 x_j − x_l + 1 η ) = 0; (2.12) ẍ_j = ∑ l≠j (b^j_1^+a^l_2)(b^l_2^+a^j_1) + (b^l_1^+a^j_2)(b^j_2^+a^l_1) x_j − x_l + 1 η ∑ l≠j ( (b^j_1^+a^l_2)(b^l_2^+a^j_1) − (b^l_1^+a^j_2)(b^j_2^+a^l_1) ) ; (2.13) λ̇_j = ∑ l≠j (b^j_2^+a^l_1)(b^l_1^+a^j_2) − (b^j_1^+a^l_2)(b^l_2^+a^j_1)

(x_j − x_l)^2

. (2.14)

Ćő ćáěå ďăńìŋěľèĺå àăááňőâàěŋĺïå ąãďěň őčàăŋĺçĺćăâì áĺáâěňã ŋă ĺŋćăàĺăŋâŋőě ŕőďňŋőčőőąàăğĺě

ẋ^2_j − 1 = (b^j_1^+a^j_2)(b^j_2^+a^j_1). (2.15)

Ŕőňĺňő áćőěčő őàĺčĺŋăńìŋőčő áňëáńă őŕĺáăŋĺï ŋěłőâőàëå ĺŋâěčàĺàãěňëå ďĺŋăňĺçěáłĺå áĺáâěň çăáâĺæ ŋă ŕàïňőľ á ŕăàŋëň ŕőâěŋæĺăńőň ćğăĺňőďěľáâćĺï, íâĺ áĺáâěňë ŋěŕőáàěďáâćěŋŋő áćïğăŋë á àěèěŋĺěň ňăâàĺçŋőčő ăŋăńőčă ãàăćŋěŋĺï (2.1). Şáâăŋőćńěŋĺî íâőľ áćïğĺ ŕőáćïéěŋő ãâćěàęďěŋĺě 1. Ć àăğďěńě 2.4 ąãďěâ ŕőłăğăŋő, çâő íâĺ áĺáâěňë ïćńïîâáï čăňĺńìâőŋőćëňĺ. Ąãďãâ ŕàěďêïćńěŋë ïćŋëě ćëàăęěŋĺï ďńï čăňĺńìâőŋĺăŋőć ĺ áĺňŕńěłâĺçěáłĺå äőàň, ŕőńãçěŋŋëě á ŕőňőéìî ãŋĺćěàáăńìŋőčő ŕőďåőďă ł ŕőáâàőěŋĺî čăňĺńìâőŋőćőľ áâàãłâãàë.

2.2 Ŕàïňăï áŕěłâàăńìŋăï ğăďăçă

Řăááňőâàĺň ãàăćŋěŋĺě (2.2) á íńńĺŕâĺçěáłĺň ŕőâěŋæĺăńőň áŕěæĺăńìŋőčő ćĺďă

A_k = n∑ j=1 a^j_kb^j_k^+ζ(x − x_j) k = 1, 2, (2.16)

ŕàĺ ãáńőćĺĺ^{∑n}_{j=1} a^j_kb^j_k^+ = 0. Łăł ãęě őâňěçăńőáì, áőąáâćěŋŋăï äãŋłæĺï ĺéěâáï ć łńăááě ąńőåőćáłĺå äãŋłæĺľ, âő ěáâì äãŋłæĺľ ãďőćńěâćőàïîéĺå áńěďãîéĺň áćőľáâćăň:

Ψ(x + 2ω_l, t) = Ψ(x, t)B_l,

čďě ωl-ćëąàăŋŋëě ŕőńãŕěàĺőďë àěèěâłĺ, ă Bl-ąńőåőćáłĺě äăłâőàë ŋě ğăćĺáïéĺě őâ x. Őłăğëćăěâáï, ŕàĺ ãáńőćĺĺ, çâő áőąáâćěŋŋăï äãŋłæĺï ĺňěěâ n ŕőńîáőć ŕő x ĺ ěě ŕőćěďěŋĺě ć ąěáłőŋěçŋőáâĺ őŕĺáëćăěâáï áãéěáâćěŋŋőľ őáőąěŋŋőáâìî e^{(k−1/k)x}, ŕàőáâàăŋáâćő ąńőåőćáłĺå äãŋłæĺľ ĺňěěâ ąăğĺá ćĺďă Φ(x − xi, z)e^{(k−1/k)x}, čďě Φ(z, x) = σ(z − x) σ(x)σ(z) exp(ζ(z)x). Ćěńĺçĺŋë k, z ć ďăŋŋőň áńãçăě ąãďãâ ŕăàăňěâàĺğőćăâì ŕàőáâàăŋáâćő ąńőåőćáłĺå äăłâőàőć. Ğăňěâĺň âăłęě, çâő ŕő ŕěàěňěŋŋőľ z äãŋłæĺï Φ ïćńïěâáï íńńĺŕâĺçěáłőľ.

Ĺâăł, àăááňőâàĺň àěèěŋĺě ãàăćŋěŋĺï (2.2) á ŕőâěŋæĺăńőň áŕěæĺăńìŋőčő ćĺďă

(2.16), ŕàěďáâăćńïěňőě ć àăğńőęěŋĺĺ ŕő ąăğĺáã ć äőàňě Ψ = n∑ j=1 S^jΦ(z, x − x_j) exp(ky_+ + 1 k y_−), (2.17)

čďě y± =^1_2 (t±x). Łàőňě âőčő ąãďěň àăááňăâàĺćăâì àěèěŋĺě ďćőľáâćěŋŋőčő ãàăćŋěŋĺï

Ψ^+D_A = 0 (2.18)

ŕàěďáâăćĺňőě ć äőàňě

Ψ^+ = n∑ j=1 S^{j +}Φ(z, x_j − x) exp(−ky_+ − 1 k y_−). (2.19)

Ŕàěďńőęěŋĺě 1 Şàăćŋěŋĺě (2.2) á íńńĺŕâĺçěáłĺň ŕőâěŋæĺăńőň (2.16) ĺňěěâ àěèěŋĺě ćĺďă (2.17), ă ďćőľáâćěŋŋőě ãàăćŋěŋĺě (2.18) ĺňěěâ àěèěŋĺě ćĺďă (2.19) âőčďă ĺ âőńìłő âőčďă, łőčďă ćëŕőńŋïěâáï áńěďãîéăï áĺáâěňă ãàăćŋěŋĺľ

ȧ^j_1 + λ^j_1a^j_1 + ∑ l≠j a^l_1(b^l_1^+a^j_2)ζ(x_j − x_l) = 0; (2.20)

ȧ^j_2 + λ^j_2a^j_2 + ∑ l≠j a^l_2(b^l_2^+a^j_1)ζ(x_j − x_l) = 0; (2.21)

ḃ^j_1 − λ^j_2b^j_1 + ∑ l≠j b^l_1(b^j_2^+a^l_1)ζ(x_j − x_l) = 0; (2.22)

ḃ^j_2 − λ^j_1b^j_2 + ∑ l≠j b^l_2(b^j_1^+a^l_2)ζ(x_j − x_l) = 0; (2.23)

ẍ_j = ∑ l≠j ( (b^j_1^+a^l_2)(b^l_2^+a^j_1) + (b^l_1^+a^j_2)(b^j_2^+a^l_1) ) ζ(x_j − x_l); (2.24)

λ̇^j_1 − λ̇^j_2 = ∑ l≠j ((b^j_2^+a^l_1)(b^l_1^+a^j_2) − (b^j_1^+a^l_2)(b^l_2^+a^j_1))℘(x_j − x_l). (2.25)

Ğăňěâĺň, çâő íâă áĺáâěňă ŕàĺćőďĺâáï ŕàěőąàăğőćăŋĺěň a^j_k → a^j_ke^− ∫_λ^j_{1+λ}^j_2 2 b^j_k → b^j_ke ∫_λ^j_{1+λ}^j_2

2 (2.26)

ł ćĺďã (2.3), (2.4), (2.5), (2.6) čďě λj = λ^j_2 − λ^j_1.

Ďőłăğăâěńìáâćő Őáŋőćŋëň äăłâőň, ĺáŕőńìğãěňëň ŕàĺ ďőłăğăâěńìáâćě ąãďěâ áńěďãîéěě ŋăąńîďěŋĺě: ąńőåőćáłăï äãŋłæĺï, ŋě ĺňěîéăï ŕőńîáőć, ĺ őąńăďăîéăï âăłĺňĺ ęě âàăŋáńïæĺőŋŋëňĺ áćőľáâćăňĺ, łăł äãŋłæĺï Φ, ĺ á âăłőľ ęě áãéěáâćěŋŋőľ őáőąěŋŋőáâìî àăćŋă ŋãńî. İâő áńěďãěâ ĺğ âőčő, çâő ŋě áãéěáâćãěâ íńńĺŕâĺçěáłőľ äãŋłæĺĺ á ěďĺŋáâćěŋŋëň ŕőńîáőň. Ďăńěě ŕőďáâăćĺň ćëàăęěŋĺě (2.17) ć ãàăćŋěŋĺě

(2.2), áőłàăâĺň íłáŕőŋěŋæĺăńìŋãî çăáâì ĺ ŋăľďěň łőíääĺæĺěŋâë àïďă Ńőàăŋă á ŋő-

ňěàăňĺ -1,-2 ŕőńãçĺćèěčőáï ćëàăęěŋĺï ć âőçłăå x = xj. Şáńőćĺě őąŋãńěŋĺï íâĺå łőíääĺæĺěŋâőć ŕàĺőąàěâăěâ ćĺď áńěďãîéĺå áĺáâěň ãàăćŋěŋĺľ:

ŕàĺ (x − xj)^{−2} :

S^j_1(ẋ_j − 1) + a^j_1b^j_1^+S^j_2 = 0; (2.27) S^j_2(ẋ_j + 1) + a^j_2b^j_2^+S^j_1 = 0. (2.28)

Šăłőľ ęě łőíääĺæĺěŋâ ć àăğńőęěŋĺĺ ďńï ďćőľáâćěŋŋőčő ãàăćŋěŋĺï ŕàĺćőďĺâ ł áĺáâěňě:

S^j_1^+(ẋ_j − 1) + S^j_2^+a^j_2b^j_2^+ = 0; (2.29) S^j_2^+(ẋ_j + 1) + S^j_1^+a^j_1b^j_1^+ = 0. (2.30)

İâĺ ďćě áĺáâěňë ŕàĺćőďïâ ł ãàăćŋěŋĺî (2.15) ĺ łàőňě âőčő ŕàĺ ãďăçŋőň ćëąőàě łăńĺąàőćłĺ ćěłâőàőć a^l_k, b^l_k, áőåàăŋïîéěľ ćĺď ŕőâěŋæĺăńă, âăłőľ çâő:

1 − ẋ_j = (b^j_1^+a^j_2), −1 − ẋ_j = (b^j_2^+a^j_1),

ŕőńãçĺň

S^j_k = c^j a^j_k, S^j_k^+ = c^{j +}b^j_{k̄} k̄ = 3 − k. (2.31)

ŕàĺ (x − xj)^{−1}: ŕőáńě ŕőďáâăŋőćłĺ ć ŕőńãçěŋŋőě ãàăćŋěŋĺě ãáńőćĺï (2.31) ŕőńãçĺň

ȧ^j_1 + λ^j_1a^j_1 + ∑ l≠j a^l_1(b^l_1^+a^j_2)ζ(x_j − x_l) = 0; (2.32)

ȧ^j_2 + λ^j_2a^j_2 + ∑ l≠j a^l_2(b^l_2^+a^j_1)ζ(x_j − x_l) = 0; (2.33) ĺ ċ_j + kc_j − λ^j_1c_j + ∑ l≠j (b^j_1^+a^l_2)c_lΦ(z, x_j − x_l) = 0;

ċ_j + 1 k c_j − λ^j_2c_j + ∑ l≠j (b^j_2^+a^l_1)c_lΦ(z, x_j − x_l) = 0.

Ŕőáńěďŋăï ŕăàă ãàăćŋěŋĺľ ňőęěâ ąëâì ŕàěďáâăćńěŋă ć ćĺďě

(∂_t + kI + L_1)C = 0; (2.34) (∂_t + 1 k I + L_2)C = 0, (2.35) čďě (L_1)_{ij} = δ_{ij}(−λ^i_1) + (1 − δ_{ij})(b^i_1^+a^j_2)Φ(z, x_j − x_i); (L_2)_{ij} = δ_{ij}(−λ^i_2) + (1 − δ_{ij})(b^i_2^+a^j_1)Φ(z, x_j − x_i).

Şáńőćĺě áőćňěáâŋőáâĺ íâőľ áĺáâěňë ŕàěďáâăćńïěâáï ć ćĺďě

∂_t(L_2 − L_1) + [L_1, L_2] = 0. (2.36)

İâő ãàăćŋěŋĺě íłćĺćăńěŋâŋő ãàăćŋěŋĺïň (2.24),(2.25), çâő á ãçěâőň (2.32),(2.33) ĺ áőőâćěâáâćãîéĺå àěğãńìâăâőć àăááňőâàěŋĺï ďćőľáâćěŋŋőčő ãàăćŋěŋĺï ďőłăğëćăěâ ãâćěàęďěŋĺě. 2

Ć őâŋőèěŋĺĺ àăæĺőŋăńìŋőčő áńãçăï ŕàĺňěŋĺňő ăŋăńőčĺçŋőě ãâćěàęďěŋĺě, łàőňě âőčő áńãçăľ ŕàĺ η = 0 ňőęěâ ąëâì ŕőńãçěŋ àăæĺőŋăńìŋëň ćëàőęďěŋĺěň ąăğőćőľ íńńĺŕâĺçěáłőľ łàĺćőľ. Ŕàĺćěďěň ăŋăńőčĺçŋëě àěğãńìâăâë àăááňőâàěŋĺï àăæĺőŋăńìŋőčő áńãçăï. Ć łăçěáâćě áőąáâćěŋŋőľ äãŋłæĺĺ ć íâőň áńãçăě ąěàěâáï Ψ = Ψ_1 Ψ_2

Ψ_1 = n∑ j=1 S^j_1 ( 1 z + 1 x − x_j ) exp (ky_+ + 1 k y_−),

Ψ_2 = n∑ j=1 S^j_2 ( 1 z + η + 1 x − x_j ) exp (ky_+ + 1 k y_−). Ŕőâěŋæĺăń:

A_k = A^0_k + n∑ j=1 a^j_kb^j_k^+ 1 x − x_j k = 1, 2. (2.37)

Ŕőďáâăćńïï äãŋłæĺî ć ãàăćŋěŋĺě, ŕőńãçĺň áĺáâěňã ŋă łőíääĺæĺěŋâë àïďă Ńőàăŋă. Ěďĺŋáâćěŋŋëň őâńĺçĺěň őâ íńńĺŕâĺçěáłőčő áńãçăï ąãďěâ âő, çâő ŋãęŋő ěéě ŕőâàěąőćăâì limx→∞ = 0, ďěľáâćĺâěńìŋő, äãŋłæĺï, ŋě ĺňěîéăï ŕőńîáőć ć łőŋěçŋëå âőçłăå ĺ ĺňěîéăï ŕàěďěń ć ąěáłőŋěçŋőáâĺ àăćŋëľ ŋãńî ïćńïěâáï âőęďěáâćěŋŋő ŋãńěćőľ äãŋłæĺěľ.

Ŕàěďńőęěŋĺě 2 Şàăćŋěŋĺě (2.2) á àăæĺőŋăńìŋëň ŕőâěŋæĺăńőň (2.37) ĺňěěâ àěèěŋĺě ć ćĺďě àăæĺőŋăńìŋőľ áőąáâćěŋŋőľ äãŋłæĺĺ ĺ âő ęě ćěàŋő ďńï ďćőľáâćěŋŋőčő ãàăćŋěŋĺï (2.18) âőčďă ĺ âőńìłő âőčďă, łőčďă ćëŕőńŋïěâáï áńěďãîéăï áĺáâěňă ãàăćŋěŋĺľ

ŕàĺ η ≠ 0:

ȧ^j_1 + λ^j_1a^j_1 + ∑ l≠j a^l_1(b^l_1^+a^j_2)( 1 x_j − x_l − 1 η ) = 0;

ȧ^j_2 + λ^j_2a^j_2 + ∑ l≠j a^l_2(b^l_2^+a^j_1)( 1 x_j − x_l + 1 η ) = 0;

ḃ^j_1 − λ^j_2b^j_1 + ∑ l≠j b^l_1(b^j_2^+a^l_1)( 1 x_j − x_l − 1 η ) = 0;

ḃ^j_2 − λ^j_1b^j_2 + ∑ l≠j b^l_2(b^j_1^+a^l_2)( 1 x_j − x_l + 1 η ) = 0;

ẍ_j = ∑ l≠j (b^j_1^+a^l_2)(b^l_2^+a^j_1) + (b^l_1^+a^j_2)(b^j_2^+a^l_1) x_j − x_l + 1 η ∑ l≠j ( (b^j_1^+a^l_2)(b^l_2^+a^j_1) − (b^l_1^+a^j_2)(b^j_2^+a^l_1) ) ;

λ̇^j_1 − λ̇^j_2 = ∑ l≠j (b^j_2^+a^l_1)(b^l_1^+a^j_2) − (b^j_1^+a^l_2)(b^l_2^+a^j_1) (x_j − x_l)^2 ; ŕàĺ η = 0:

ȧ^j_1 + λ^j_1a^j_1 + ∑ l≠j a^l_1(b^l_1^+a^j_2) 1 x_j − x_l = 0;

ȧ^j_2 + λ^j_2a^j_2 + ∑ l≠j a^l_2(b^l_2^+a^j_1) 1 x_j − x_l = 0;

ḃ^j_1 − λ^j_2b^j_1 + ∑ l≠j b^l_1(b^j_2^+a^l_1) 1 x_j − x_l = 0;

ḃ^j_2 − λ^j_1b^j_2 + ∑ l≠j b^l_2(b^j_1^+a^l_2) 1 x_j − x_l = 0;

ẍ_j = ∑ l≠j (b^j_1^+a^l_2)(b^l_2^+a^j_1) + (b^l_1^+a^j_2)(b^j_2^+a^l_1) x_j − x_l ;

λ̇^j_1 − λ̇^j_2 = ∑ l≠j (b^j_2^+a^l_1)(b^l_1^+a^j_2) − (b^j_1^+a^l_2)(b^l_2^+a^j_1) (x_j − x_l)^2 . İâĺ áĺáâěňë ŕàĺćőďïâáï ŕàěőąàăğőćăŋĺěň (2.26) ł áĺáâěňăň (2.11), (2.12), (2.13),

(2.14) ĺ (2.7), (2.8), (2.9), (2.10) áőőâćěâáâćěŋŋő. Ďőłăğăâěńìáâćő ãâćěàęďěŋĺï 2 ćë-

čńïďĺâ ăŋăńőčĺçŋő. Ŕőńãçěŋŋőě ŕàěďáâăćńěŋĺě áőćňěáâŋőáâĺ áĺáâěňë ć ćĺďě (2.36) ć àăæĺőŋăńìŋőň áńãçăě ğăŕĺáëćăěâáï ć âěàňĺŋăå őŕěàăâőàőć:

(L_1)_{jl} = δ_{jl}(−λ^j_1 + 1 z + η (b^j_1^+a^j_2)) + (1 − δ_{jl})(b^j_1^+a^l_2)( 1 x_j − x_l + 1 z + η );

(L_2)_{jl} = δ_{jl}(−λ^j_2 + 1 z (b^j_2^+a^j_1)) + (1 − δ_{jl})(b^j_2^+a^l_1)( 1 x_j − x_l + 1 z ). 2.2.1 Śŕěłâàăńìŋăï łàĺćăï Ŕőŋïâĺě áŕěłâàăńìŋőľ łàĺćőľ ŋěïćŋő áőďěàęĺâáï ć ŕàěďëďãéĺå àăááãęďěŋĺïå. Ćëçĺâăï ćëàăęěŋĺï (2.34) ĺ (2.35), ŕőńãçĺň áńěďãîéěě ãàăćŋěŋĺě ((k − 1 k )I + L)C = 0,

čďě L = L1 −L2. Şàăćŋěŋĺě łàĺćőľ ŕàěďáâăćńïěâáï łăł àăćěŋáâćő ŋãńî őŕàěďěńĺâěńï íâőčő ńĺŋěľŋőčő őŕěàăâőàă det((k − 1 k )I + L) = 0. (2.38)

Ďěľáâćĺâěńìŋő, łőíääĺæĺěŋâë ďăŋŋőčő ŕőńĺŋőňă ïćńïîâáï ĺŋâěčàăńăňĺ ďćĺęěŋĺï áĺáâěňë. İâő áńěďãěâ ĺğ ŕàěďáâăćńěŋĺï Ńăłáă. Ďńï ãďőąáâćă ŕěàěľďěň ł ďàãčőľ łàĺćőľ Γ, ŕőńãçěŋŋőľ ĺğ íâőľ őâőęďěáâćńěŋĺěň k ĺ −^1_k . Ŋă ïğëłě ãàăćŋěŋĺï łàĺćőľ íâő ŕàěőąàăğőćăŋĺě ćëčńïďĺâ łăł ŕěàěåőď ł ŋőćëň łőőàďĺŋăâăň κ =^1_2 k −^1_k , z. İâőâ ŕěàěåőď őąőáŋőćăŋ âěň, çâő ć ďěľáâćĺâěńìŋőáâĺ áőąáâćěŋŋăï äãŋłæĺï Ψ ğăćĺáĺâ âőńìłő őâ íâĺå ŕăàăňěâàőć, âő ěáâì ŋă àăğŋëå ńĺáâăå íâőčő ďćãńĺáâŋőčő ŋăłàëâĺï áőąáâćěŋŋăï äãŋłæĺï ŕàĺŋĺňăěâ őďĺŋăłőćëě ğŋăçěŋĺï.

Ńěňňă 1 Ć íńńĺŕâĺçěáłőň áńãçăě ãàăćŋěŋĺě łàĺćőľ ŕàěőąàěâăěâ ćĺď R(κ, z) = n∑ i=0 r_i(z)κ^i čďě r_i(z) - íńńĺŕâĺçěáłĺě äãŋłæĺĺ ŕěàěňěŋŋőľ z, łőâőàëě ŋě ğăćĺáïâ őâ t, x ĺ ĺňěîâ ćĺď r_i(z) = I^0_i + n−i−2∑ s=0 I_{is}∂^s_z ℘(z). Łàőňě âőčő, ć őłàěáâŋőáâĺ z = 0 ćěàŋő áńěďãîéěě R(κ, z) = 2^n n∏ i=1 (κ + ν_iz^{−1} + h_i(z)) (2.39)

čďě h_i(z) - àěčãńïàŋëě äãŋłæĺĺ ĺ ν_i = 1 ěáńĺ i > 2l.

Ďőłăğăâěńìáâćő Ňăâàĺçŋëě íńěňěŋâë Lij ïćńïîâáï íńńĺŕâĺçěáłĺňĺ äãŋłæĺïňĺ ŕěàěňěŋŋőľ z á áãéěáâćěŋŋőľ őáőąěŋŋőáâìî ć z = 0, őďŋăłő ri(z) ïćńïîâáï ňěàőňőàäŋëňĺ, âăł łăł L(t, z) ŕàěďáâăćĺňă ć äőàňě L(t, z) = G(t, z)L̃(t, z)G^{−1}(t, z), G_{ij} = δ_{ij} exp(ζ(z)x_i(t)). Ć őłàěáâŋőáâĺ z = 0 ĺňěěň àăğńőęěŋĺě L̃(t, z) = −1 z (F (t) − 2I) + O(z^0)

čďě Fij = ((b^i_1^+a^j_2) − (b^i_2^+a^j_1)), Fii = 2. Šăł łăł ri(z) ĺňěěâ ŕőńîá âőńìłő ŕàĺ z = 0 ĺ áâěŕěŋĺ ŋě ąőńìèě n−i, âő ćěàŋő ŕàěďáâăćńěŋĺě (2.39), čďě 2νi - áőąáâćěŋŋëě ğŋăçěŋĺï

F − 2I. Ă âăł łăł F (t) ĺňěěâ àăŋč 2l, âő áőąáâćěŋŋőě ğŋăçěŋĺě 1 ĺňěěâ łàăâŋőáâì n − 2l.2

Ć àăæĺőŋăńìŋőň áńãçăě ãàăćŋěŋĺě łàĺćőľ ŕàěďáâăćńïěâ áőąőľ àăćěŋáâćő ŋãńî ŕőńĺŋőňă ŕő κ,^1_z ,^1_{z+η} , čďě áâěŕěŋì ŕő^1_z ,^1_{z+η} àăćŋă l, ă ŕő κ àăćŋă n. A priori, R - ŕőńĺŋőň ŕő^1_z ,^1_{z+η} áâěŕěŋĺ n, ŋő ãçĺâëćăï âő, çâő ŕàĺ áâěŕěŋïå^1_z ĺ^1_{z+η} áâőïâ ňĺŋőàë ňăâàĺæë àăŋčă l, ŕőńãçĺň âàěąãěňëľ àěğãńìâăâ.

Ńěňňă 2 Ć àăğńőęěŋĺĺ R(κ, z) ć àïď ć âőçłě z = ∞ ŕő áâěŕěŋïň^1_z

R(κ, z) = R_0(κ) + 1 z R_1(κ) + ... ćěàŋő R_1(κ) = d_κR_0(κ).

Ďőłăğăâěńìáâćő [X, L(t, ∞)] = F − 2I, čďě X = diag(xj), L(t, z) + 2κI = L(t, ∞) + 1 z [X, L(t, ∞)] + 2(κ + 1 z )I + O( 1 z^2 )

= (I + 1 z X)(L(t, ∞) + 2(κ + 1 z )I)(I + 1 z X) −1 + O( 1 z^2 ). Šăłĺň őąàăğőň R(κ, z) = R0(κ +^1_z ) + O(^1_{z2} ) = R0(κ) +^1_z dκR0(κ) + O(^1_{z2} ), 2.

Ńěňňă 3 Řőď áŕěłâàăńìŋőľ łàĺćőľ ć àăæĺőŋăńìŋőň áńãçăě g = (l−1)(n−1)+(n−l)l.

Ďőłăğăâěńìáâćő Ć àăæĺőŋăńìŋőň áńãçăě ĺňěěâ ňěáâő áńěďãîéěě ŕàěďáâăćńěŋĺě ďńï R ć âőçłě z = 0

R = 2^n l∏ j=1 (κ + ν_j 1 z + h_j (z)) n∏ j=l+1 (κ + h_j(z)), (2.40)

łőâőàőě ŕőğćőńïěâ ŕàěďáâăćĺâì Γ łăł n-ńĺáâŋőě ŋăłàëâĺě ŋăď ŕńőáłőáâìî z. Šőčďă ŕő âěőàěňě Řĺňăŋă-Čãàćĺæă

2(g − 1) = −2n + ν čďě ν łőńĺçěáâćő âőçěł ćěâćńěŋĺï, â.ě. łőńĺçěáâćő ŋãńěľ äãŋł-

æĺĺ ∂κR(κ, z) ŋă Γ, ŋő âăł łăł őŋă ňěàőňőàäŋă, âő ĺňěěâ áâőńìłő ęě ŋãńěľ, áłőńìłő ĺ ŕőńîáőć. Ŕőńîáă ňőčãâ ŋăåőďĺâìáï âőńìłő ŋăď z = 0 ĺńĺ z = −η. Ĺáŕőńìğãï ŕàěďáâăćńěŋĺě (2.40) ŕőńãçĺň, çâő ŕőàïďőł ŕőńîáă dκR àăćěŋ l(n − 1) + (n − l)l, ĺ âăłőľ ęě ŋăď z = −η. 2

Ć őâńĺçĺě őâ áŕĺŋőćëå áĺáâěň CM ĺ RS, ć ďăŋŋőň áńãçăě ŕàĺ l = 1 łàĺćăï ŋě ïćńïěâáï àăæĺőŋăńìŋőľ.

Ńěňňă 4 Řőď áŕěłâàăńìŋőľ łàĺćőľ ć íńńĺŕâĺçěáłőň áńãçăě

g = 2nl − l(2l + 1) + 1.

Ďőłăğăâěńìáâćő Ďőáńőćŋő ŕőćâőàïěâ ďőłăğăâěńìáâćő ãâćěàęďěŋĺï 3.4 [5] á ğăňěŋőľ l ŋă 2l ĺ ĺáŕőńìğãěâ ŕàěďáâăćńěŋĺě (2.39). 2

Ć áĺńã ŕàěďáâăćńěŋĺï Ńăłáă C(t, P ) = S(t, P )C(0, P ), čďě S(t, P ) - äãŋďăňěŋâăńìŋőě àěèěŋĺě ãàăćŋěŋĺï (∂t + k + L1)S(t, P ) = 0, ŋőàňĺàőćăŋŋőě ãáńőćĺěň S(0, P ) - ěďĺŋĺçŋăï ňăâàĺæă, ŕőíâőňã C(t, P ) ĺňěěâ âě ęě ŕőńîáă, çâő ĺ C(0, P ). Ŕőďáçĺâăěň ĺå łőńĺçěáâćő m.

Ńěňňă 5 Ć àăæĺőŋăńìŋőň áńãçăě m = g + n − 1, ă ć íńńĺŕâĺçěáłőň m = g − 1.

Ďőłăğăâěńìáâćő. Ŕőáâàőĺň äãŋłæĺî

W (z) = (det(c_i(M_j)))^2

čďě Mj âőçłĺ łàĺćőľ ŋăď z. İâă äãŋłæĺï ĺňěěâ ďćőľŋëě ŕőńîáă ć ŕőńîáăå C ĺ ŋãńĺ ć âőçłăå ćěâćńěŋĺï ŕőàïďłă 1. Ŕőíâőňã m =^ν_2 , 2.

2.2.2 Ăŋăńĺâĺçěáłĺě áćőľáâćă áőąáâćěŋŋëå äãŋłæĺľ Řăæĺőŋăńìŋëľ áńãçăľ Ŕàěďáâăćĺň c^j = exp(−κt)d^j, âőčďă ĺğ (1.17) áńěďãěâ

λ^j_1d^j = 1 z + η (b^j_1^+a^j_2)d^j + ∂_td^j + ∑ l≠j (b^j_1^+a^l_2)( 1 z + η + 1 x_j − x_l )d^l (2.41)

ĺ (2κI + L)D = 0.

Ńěňňă 6 dκ^1_z = −1 ć âőçłăå łàĺćőľ Γ ŋăď z = ∞.

Ďőłăğăâěńìáâćő.Ŕàőďĺääěàěŋæĺàãěň R0(κ) +^1_z dκR0(κ) + O(^1_{z2} ) ŕő κ ć íâĺå âőçłăå. 2 Ńěňňă 7 Ć âőçłăå Qj ŋăď z = ∞ ćěàŋő

∂_κd^i = (μ_j + t − x_i)d^i.

Ďőłăğăâěńìáâćő. Ŕàěďáâăćĺň (2κI + L)D = (L(t, ∞) + 2κI + 1 z F_1 + 1 z + η F_2)D = 0,

ĺ ŕàőďĺääěàěŋæĺàãěň ŕő κ ć âőçłăå ŋăď z = ∞. Ŕőńãçĺň (L(t, ∞) + 2κ_jI)∂_κD = (F − 2I)D. Łàőňě âőčő L(t, Qj)(−XD) = [X, L]D = (F − 2I)D. Őâáîďă áńěďãěâ, çâő ∂_κD(t, Q_j ) = −XD(t, Q_j ) + μ_j(t)D(t, Q_j). (2.42) Ŋăľďěň äãŋłæĺî μj (t). Ďńï íâőčő ŕàőďĺääěàěŋæĺàãěň (2.42) ŕő t ĺ ćőáŕőńìğãěňáï

(2.41), łőâőàőě ğăŕĺèěň ć ćĺďě Ḋ = MD. ∂_κMD + M∂_κD = −XMD − ẊD + μ̇_j(t)D + μ_j (t)MD, łàőňě âőčő [M, X] = F1 +^˙X + I ĺ ∂κM = F1. Ĺğ ćáěčő íâőčő áńěďãěâ, çâő^˙μj (t) = −1, ă ŕàĺŋïć ãáńőćĺï ŋőàňĺàőćłĺ d^1(0) = 1, ∂κd^1(0) = 0 ŕőńãçĺň μj = μj (0) = x1(0), μj (t) =

−t + μ_j . 2

Ńěňňă 8 Ťãŋłæĺï Ψ ãďőćńěâćőàïěâ áćőľáâćã

∂_κΨ = μ_j Ψ (2.43)

ć âőçłăå Q_j.

Ďőłăğăâěńìáâćő. Ĺáŕőńìğãï ććěďěŋŋëě łőíääĺæĺěŋâë d^j , ŕàěďáâăćĺň Ψ1 ć ćĺďě

Ψ_1 =

∑ S̃i_1(1 z + 1 x − x_i ) exp κ(x − t) (2.44)

čďě^~S^i_1 = d^ia^i_1. Šőčďă

∂_κΨ_1 − μ_j Ψ_1 = ((x − t − μ_j) ∑ a^i_1d^i( 1 z + 1 x − x_i ) + ∂_κ 1 z ∑ a^i_1d^i + ∑ a^i_1∂_κd_i( 1 z + 1 x − x_i )) exp κ(x − t)

Şçĺâëćăï ńěňňã 6 ŋăľďěň ğŋăçěŋĺï ćëçěâőć íâőčő ćëàăęěŋĺï ć âőçłăå x = xi

a^i_1((x_i − t − μ_j)d^i + ∂_κd^i) exp κ_j (x − t),

łőâőàëě őąàăéăîâáï ć ŋãńì ć áĺńã ńěňňë 7. Ŕàĺ x → ∞ őąàăéěŋĺě ć ŋãńì âăćâőńőčĺçŋő. İâĺň ĺ ďőłăğëćăěâáï ńěňňă. Ďńï Ψ2 àăááãęďěŋĺï ăŋăńőčĺçŋë.

Ďńï ćëïáŋěŋĺï áćőľáâć áőąáâćěŋŋőľ äãŋłæĺĺ ŋăň ěéě ŕőâàěąãěâáï áńěďãîéăï ńěňňă. Őąőğŋăçĺň^~Ψ ňăâàĺæã ć łőâőàőľ áâőńąæăňĺ ïćńïîâáï àăğńőęěŋĺï ć àïď ŕő ńőłăńìŋőňã ŕăàăňěâàã ć âőçłăå κ = ∞ äãŋłæĺľ Ψ^q, q = 1, ..., 2l.

Ψ̃ = (^{+∞}∑ j=−1 F_jη^{−j} ) exp(η(t + σx)), (2.45)

čďě^1_η -ńőłăńìŋëľ ŕăàăňěâěà. Ńěňňă 9 F−1 ŋě ğăćĺáĺâ őâ t, x.

Ďőłăğăâěńìáâćő. Ğăćĺáĺňőáâĺ őâ x ŋě ąãďěâ ŕőáłőńìłã ŕàĺ^1_z áâőĺâ äãŋłæĺï ŋěğăćĺáïéăï őâ x. Ŕőďáâăćĺň^~Ψ ć ãàăćŋěŋĺě (2.2), łőíääĺæĺěŋâ ŕàĺ η^2 ć ŕőńãçěŋŋőň àïďě âăłőć

F_{−1} + σF_{−1}σ = 0, (2.46) čďě σ = Diag(1, · · · , 1 l , l 1, · · · , 1) ă ŕàĺ η

∂_tF_{−1} + F_0 + σF_0σ + AF_{−1} = 0, (2.47)

çâő á ãçěâőň (2.46),âő ěáâì ąńőçŋőľ áâàãłâãàë ňăâàĺæë F−1 ďăěâ ∂tF−1 = 0, âăł łăł ć ŋěŋãńěćëå ďńï ∂tF−1 ąńőłăå őáâăćèěěáï ćëàăęěŋĺě ć (2.47) őąàăéăěâáï ć 0.2 Šăłĺň őąàăğőň ćěàŋő áńěďãîéěě Ŕàěďńőęěŋĺě 3 Ťãŋłæĺï Ψ őŕàěďěńěŋă ŋă łàĺćőľ Γ àőďă g ĺ ĺňěěâ 2l áãéěáâćěŋŋëå őáőąěŋŋőáâěľ ć âőçłăå P^+_i (κ = ∞, z = 0), P^−_i (κ = ∞, z = −η), i = 1...l, ćĺďă (Ψ^{−1}_+ κ + Ψ^0_+ + ...) exp κ(x − t) ć P^+_i ĺ (Ψ^{−1}_− κ + Ψ^0_− + ...) exp κ(x + t) ć P^−_i , ĺňěěâ g + n − 1 ŕőńîáőć γ_1, ...γ_{g+n−1}, ŋěğăćĺáïéĺå őâ t, x, ãďőćńěâćőàïěâ áćőľáâćăň (2.43). Łàőňě âőčő Ψ^{−1} ŋě ğăćĺáĺâ őâ t, x.

Ŕàěďńőęěŋĺě 4 Ťãŋłæĺï Ψ^+ őŕàěďěńěŋă ŋă łàĺćőľ Γ àőďă g ĺ ĺňěěâ 2l őáőąěŋŋőáâěľ ćĺďă (Ψ^{−1}_+^+κ + Ψ^0_+^+ + ...) exp(−κ(x − t)) ć P^+_i ĺ (Ψ^{−1}_−^+κ + Ψ^0_−^+ + ...) exp(−κ(x + t)) ć P^−_i , ĺňěěâ g + n − 1 ŕőńîáőć γ_1^+, ...γ_{g+n−1}^+, ŋěğăćĺáïéĺå őâ t, x, ãďőćńěâćőàïěâ áćőľáâćăň (2.43). Łàőňě âőčő Ψ^{−1+} ŋě ğăćĺáĺâ őâ t, x.

İńńĺŕâĺçěáłĺľ áńãçăľ Ŕàěďńőęěŋĺě 5 Ťãŋłæĺï Ψ őŕàěďěńěŋă ŋă łàĺćőľ Γ àőďă g ĺ ïćńïěâáï ňěàőňőàäŋőľ ćŋě 2l âőçěł P_i, ĺňěěâ g−1 ŕőńîáőć γ_1, ..., γ_{g−1}, ŋě ğăćĺáïéĺå őâ t, x. Ć őłàěáâŋőáâĺ P_i, i = 1, ..., l őŋă ĺňěěâ ćĺď

Ψ_α(x, t, P ) = (χ^{αi}_0 + ∞∑ s=1 χ^{αi}_s (x, t)z^s) exp(λ_i(x + t))Ψ_1(0, 0, P ) ŕàĺ i = l + 1, ..., 2l Ψ_α(x, t, P ) = (χ^{αi}_0 + ∞∑ s=1 χ^{αi}_s (x, t)z^s) exp(λ_i(x − t))Ψ_1(0, 0, P )

čďě λ_i(z) = (1 − ν_i)z^{−1} − h_i(z)) čďě h_i àěčãńïàŋă ć őłàěáâŋőáâĺ z = 0 ĺ χ^{αi}_0 - łőŋáâăŋâă.

Ďőłăğăâěńìáâćő. Ůâő łăáăěâáï ŋěğăćĺáĺňőáâĺ ŕőńîáőć, âő őŋă áńěďãěâ ĺğ ŕàěďáâăćńěŋĺï Ńăłáă ăŋăńőčĺçŋő àăæĺőŋăńìŋőňã áńãçăî. Šěŕěàì őąőğŋăçĺň^~C = Ce^1κ^t, ŕőńãçĺň

(2κ + L)C̃ = 0

(∂_t + L_2)C̃ = 0 (2.48)

(∂_t + 2κ + L_1)C̃ = 0. (2.49)

Ťãŋłæĺï Ψ ćëàăęăěâáï ć ćĺďě Ψ = ∑ S̃_jΦ(z, x − x_j) exp(κ(x + t))

čďě^~Sj = Sj exp(^1_κ t).

Ňăâàĺæë L1, L2 ć őłàěáâŋőáâĺ z = 0 ŕàěďáâăćńïîâáï ć ćĺďě

L_1 = − 1 z (F_1 − Ẋ + I) + O(z^0), L_2 = − 1 z (F_2 + Ẋ + I) + O(z^0),

čďě F1 = (b^i_1^+a^j_2), F2 = (b^i_2^+a^j_1),^˙X = Diag(ẋ1, ..., ẋn), F = F1−F2,vi - áőąáâćěŋŋëě ğŋăçěŋĺï F, vi = 0, i > 2l, νi = 1 −^{vi}_2 . Ğăňěâĺň, çâő F ĺňěěâ àăŋč 2l ć őąéěň ŕőńőęěŋĺĺ, ă F1, F2 ĺňěîâ àăŋč l, ŕőíâőňã ňőęŋő âăł ğăŋãňěàőćăâì vi, ei- áőąáâćěŋŋëě ćěłâőàă, çâő ďńï i < l + 1 F1ei = viei, F2ei = 0, ŕàĺ i = l + 1, ..., 2l, F1ei = 0, F2ei = −viei ĺ ŕàĺ i > 2l, F_1e_i = 0, F_2e_i = 0. Řăááňőâàĺň ć őłàěáâŋőáâĺ P_i, i < l + 1 ãàăćŋěŋĺě (2.49):

(∂_t + 2κ_i − 1 z (v_i + Ẋ − I) + O(z^0))C̃ = 0

áńěďőćăâěńìŋő^~C(t) = exp(−^1_z t + X(t)^1_z )^¯C(t), čďě^¯C(t) - àěčãńïàŋăï ć őłàěáâŋőáâĺ Pi äãŋłæĺï. Şâćěàęďěŋĺě ŕàĺ i < l + 1 âěň áăňëň ďőłăğăŋő. Ć âőçłăå Pi, i = l + 1, ..., 2l àăááňăâàĺćăï ãàăćŋěŋĺě (2.48) ĺňěěň (∂_t − 1 z (−v_i + Ẋ + I) + O(z^0))C̃ = 0 (2.50)

ŕőíâőňã^~C(t) = exp(^1_z (X(t) + t) −^1_z vit)^¯C(t), čďě^¯C(t) - àěčãńïàŋăï ć őłàěáâŋőáâĺ Pi äãŋłæĺï. Ğăňěâĺň, çâő^1_z (1−vi)+κi = −κi −^1_z +O(z^0), ŕőíâőňã ć Pi ŕàĺ i = l+1, ..., 2l őáőąěŋŋőáâì ąãďěâ âăłęě ĺňěâì ãłăğăŋŋëľ ćĺď.

Ďőłăęěň, çâő ŕàĺ i > 2l áãéěáâćěŋŋőľ őáőąěŋŋőáâĺ ŋě ąãďěâ. Ĺğ (2.50) áńěďãěâ, çâő^~C(t) = exp(^1_z (X(t) + t))^¯C, çâő ŕàĺ κi =^1_z + μi ĺ ćńěçěâ ęěńăěňőě.

Ŋěğăćĺáĺňőáâì χ^{αi}_0 őâ t, x ďőłăğëćăěâáï ăŋăńőčĺçŋő àăæĺőŋăńìŋőňã áńãçăî. 2

Ŕàěďńőęěŋĺě 6 Řěèěŋĺě ďćőľáâćěŋŋőčő ãàăćŋěŋĺï Ψ^+ ïćńïěâáï äãŋłæĺěľ ŋă łàĺćőľ Γ, ňěàőňőàäŋőľ ćŋě P_i, i = 1, ..., 2l. Őŋă ĺňěěâ g − 1 ŕőńîáőć γ^+_1 , ..., γ^+_{g−1}, ŋě ğăćĺáïéĺå őâ t, x. Ć őłàěáâŋőáâĺ P_i, i = 1, ..., l őŋă ĺňěěâ ćĺď

Ψ^+_α (x, t, P ) = (χ^{+,αi}_0 + ∞∑ s=1 χ^{+,αi}_s (x, t)z^s) exp(−λ_i(x + t))Ψ^+_1 (0, 0, P ), ŕàĺ i = l + 1, ..., 2l Ψ^+_α (x, t, P ) = (χ^{+,αi}_0 + ∞∑ s=1 χ^{+,αi}_s (x, t)z^s) exp(−λ_i(x − t))Ψ^+_1 (0, 0, P ),

čďě χ^{+,αi}_0 - łőŋáâăŋâă.

Ğăňěâĺň, çâő Ψ1(0, 0, P ) ĺňěěâ 2l ŕőńîáőć ć âőçłăå Pi, i = 1, ..., 2l, ă ć őáâăńìŋëå Pi ŕőńîáőć ŋěâ, âăł łăł cj (0, P ) = (c^{(i)}_j (0) + O(z)) exp(xj(0) − x1(0)) ŕàĺ^∑_j Fkjc^{(i)}_j (t) =

2(1 − ν_i)c^{(i)}_k (t).

Ć ďăńìŋěľèěň ąãďěň ĺáŕőńìğőćăâì ŋě Ψ ă^~Ψ = Ψf, čďě f ĺňěěâ ŋãńĺ ć âőçłăå γi ĺ

P^±_i ĺ ĺňěěâ ŕőńîáă ć Q_j ĺ 2l äĺłáĺàőćăŋŋëå ŕőńîáőć γ̃_i. Šăłăï äãŋłæĺï ěďĺŋáâćěŋŋă

ĺ ĺňěěâ ěéě g − 1 ŕőńîá γ̃2l+i. Ć ďăńìŋěľèěň ąãďěň őŕãáłăâì âĺńìďã.

Šăłĺň őąàăğőň ňë ŕőńãçĺńĺ áńěďãîéĺľ ŋăąőà áŕěłâàăńìŋëå ďăŋŋëå:

1. łàĺćăï àőďă g áŕěæĺăńìŋőčő ćĺďă (2.39), ć àăæĺőŋăńìŋőň áńãçăě á ďőŕőńŋĺâěńìŋëň ãáńőćĺěň ńěňňë 2, çâő áćĺďěâěńìáâćãěâ ő âőň, çâő ŋě ńîąăï àĺňăŋőćă ŕőćěàåŋőáâì ŕàěďŕĺáăŋŋőčő ćĺďă ňőęěâ ąëâì ŕőńãçěŋă àăæĺőŋăńìŋëň ćëàőęďěŋĺěň ąăğőćőľ íńńĺŕâĺçěáłőľ łàĺćőľ;

2. ŋăąőà ŕőńîáőć áőąáâćěŋŋőľ äãŋłæĺĺ γi ĺ ŋăąőà łőíääĺæĺěŋâőć μj ć àăæĺőŋăńìŋőň áńãçăě;

3. äĺłáĺàőćăŋŋëľ ćĺď őáőąěŋŋőáâěľ áőąáâćěŋŋëå äãŋłæĺľ, łőâőàëľ őŕàěďěńïěâáï ć ŕàěďńőęěŋĺïå 3, 5.

Łàőňě âőčő ăŋăńőčĺçŋëňĺ áćőľáâćăňĺ őąńăďăîâ ďćőľáâćěŋŋëě äãŋłæĺĺ.

2.3 Őąàăâŋăï áŕěłâàăńìŋăï ğăďăçă

Ć íâőň àăğďěńě ŕő ŋăąőàã áŕěłâàăńìŋëå ďăŋŋëå ąãďěâ ŕőáâàőěŋă äãŋłæĺï Ąěľłěàă- Ăåĺěğěàă. Ąãďěâ ďőłăğăŋő, çâő ŕőáâàőěŋŋăï äãŋłæĺï ïćńïěâáï àěèěŋĺěň ćáŕőňőčăâěńìŋőľ ğăďăçĺ (2.2). Łàőňě âőčő, ąãďãâ ŋăľďěŋë ćáě àěèěŋĺï áĺáâěň, ŕőńãçěŋŋëå ć àăğďěńě 2.2.

2.3.1 Řăæĺőŋăńìŋëľ áńãçăľ Řăááňőâàĺň łàĺćãî Γ àőďă g, ğăďăćăěňãî áńěďãîéĺň ãàăćŋěŋĺěň: R(κ,^1_z ,^1_{z+η} ) = 0, čďě R - ŕőńĺŋőň ŕő κ,^1_z ,^1_{z+η} áâěŕěŋěľ n, l, l áőőâćěâáâćěŋŋő. Őâ ŕőńĺŋőňă R ŕőâàěąãěň, çâőąë ć àăğńőęěŋĺĺ ć âőçłě z = ∞, R = R0 +^1_z R1 + O(^1_{z2} ) ćëŕőńŋïńőáì R1 = dκR0. Ŋă íâőľ łàĺćőľ àăááňőâàĺň ŕàőáâàăŋáâćő äãŋłæĺľ, ĺňěîéĺå 2l áãéěáâćěŋŋëå őáőąěŋŋőáâěľ ć âőçłăå P^±_i ćĺďă

Ψ_α = (f^{αi}_0 + ∞∑ s=1 f^{αi}_s κ^{−s})e^{κ(x∓t)}, (2.51) ĺňěîéĺå g + 2l − 1 ŕőńîáőć γk , n ŕőńîáőć Qj, ďńï łőâőàëå ćëŕőńŋïěâáï ãáńőćĺě

(2.43) ğăŕĺáăŋŋőě ďńï äãŋłæĺĺ^Ψ_f . Ŕő âěőàěňě Řĺňăŋă-Řőåă àăğňěàŋőáâì íâőčő ŕàő-

áâàăŋáâćă àăćŋă 2l, âăł çâő, ŕàĺŋïć ć łăçěáâćě ŋőàňĺàőćłĺ ãáńőćĺï f^{αj}_0 = δ^{αj}, ňë ŕőńŋőáâìî őŕàěďěńĺň äãŋłæĺî Ψ. Ăŋăńőčĺçŋő àăąőâě [5] àăááňőâàĺň äãŋłæĺĺ gj (P ), őąńăďăîéĺě áćőľáâćăňĺ:

1. ĺňěîâ ŕőńîáă ć γk,

2. ĺňěîâ ŕőńîá á ćëçěâőň 1 ć âőçłě Qj,

3. g_j (P^+_k ) = 0,

4. ĺňěîâ őáőąěŋŋőáâĺ ć âőçłăå P^−_k ćĺďă ( 1 κ g_{−1} + ...)e^{2κt}. Ďńï íâőčő àăááňőâàĺň ěďĺŋáâćěŋŋëľ čőńőňőàäŋëľ ćŋě P^−_k ďĺääěàěŋæĺăń dΩ, ĺňěîéĺľ ćĺď dΩ = d(κ + O(^1_κ )) ć âőçłăå P^−_k ĺ ĺňěîéĺľ ŋãńěćëě a-ŕěàĺőďë. Šőčďă

g_j (P ) = e^{2Ωt} θ(A(P ) + Ut + R_0)

∏_2l

i=1 θ(A(P ) + S_i)θ(A(P ) + S_0) θ(A(P ) + R_0)

∏_2l_{−1}

i=1 θ(A(P ) + R_i)θ(A(P ) + R^∗)

á âőçŋőáâìî ďő łőŋáâăŋâë, ŋőàňĺàãîéěľ ćëçěâ, čďě

R_0 = −K − g∑ s=1 A(γ_s), R_i = −K − g−1∑ s=1 A(γ_s) − A(γ_{g−1+i}),

S_i = −K − g−1∑ s=1 A(γ_s) − A(P_i), S_0 = ∑ R_i − ∑ S_i + R^∗,

R^∗ = −K − g−1∑ s=1 A(γ_s) − A(Q_j), A(P ) - ŕàěőąàăğőćăŋĺě Ăąěńï, K - ćěłâőà àĺňăŋőćëå łőŋáâăŋâ, Ω = ∫ P P_0 dΩ, U = 1 2πi ∫ b_i dΩ, P0-âőçłă ãçăáâćãîéăï ć ŕàěőąàăğőćăŋĺĺ Ăąěńï, θ - äãŋłæĺï Ćěěàèâàăááă.

Ăŋăńőčĺçŋő áâàőïâáï äãŋłæĺĺ hα(P ), ĺňěîéĺě ŕőńîáă ć âőçłăå γk, őąńăďăîéĺě áńěďãîéĺňĺ őáőąěŋŋőáâïňĺ ć âőçłăå P^−_i h_α(P ) = (δ^{l+i}_α + ...)e^{2κt}, ĺ âăłĺě, çâő hα(P^+_i ) = δαi, Ćáě íâĺ äãŋłæĺĺ őŕàěďěńěŋë őďŋőğŋăçŋő. Ťãŋłæĺî Ψ ňőęŋő ğăŕĺáăâì ć ćĺďě: Ψ_α(P, x, t) = (h_α(P, t) + n∑ j=1 g_j(P, t)r_{jα}(x, t))e^{κ(x−t)}. (2.52) Ğăňěâĺň, çâő ć őâńĺçĺě őâ CM ĺ RS äãŋłæĺĺ gj ĺ hα ŋě ïćńïîâáï àăæĺőŋăńìŋëňĺ.

Ńěňňă 10 Ψα ňőęŋő ğăŕĺáăâì ć ćĺďě

Ψ_α = det h_α(P, t) g_1(P, t) . . . g_N (P, t) h_α(Q_1, t) .. . . . . . . . . . . . θ_{ij} . . h_α(Q_N , t) . . . . . .. . det(θ_{ij}) e^{κ(x−t)}, (2.53)

čďě θ_{ij} = g_j(Q_i), θ_{ii} = x − t + g^{(1)}_i + σ_i, čďě σ_j = μ_j +^{f 1j}_f 0_j . Ĺğ íâőčő ćĺďŋő, çâő ŕőńîáă ŕő x íâőľ äãŋłæĺĺ x_j(t) ŋăåőďïâáï ĺğ ãáńőćĺï detθ(x_j(t), t) = 0.

Ďőłăğăâěńìáâćő. Ć âőçłě Qj ĺňěěâ ňěáâő ∂_k Ψ_α f = μ_j Ψ_α f . (2.54)

Ć âőçłě Qj

Ψ_α = R^{−1}_{jα} (x, t) κ − κ_j + R^0_{jα}(x, t) + O(κ − κ_j ), f = f^0_j κ − κ_j + f^1_j + O(κ − κ_j)

őâáîďă_{Ψα} f = R^{−1}_{jα} (x, t) f^0_j

+ (κ − κ_j)( R^0_{jα} f^0_j − f^1_j f^0_j^2

R^{−1}_{jα} ) + O(κ − κ_j )^2.

Ŕőďáâăćńïï ŕőáńěďŋěě ć (2.54), ŕőńãçĺň

R^0_{jα} = (μ_j + f^1_j f^0_j )R^{−1}_{jα} . Ŕőďáâăćńïï áîďă

R^{−1}_{jα} = ”exp”(κ_j )r_{jα}(x, t), R^0_{jα} = ”exp”(κ_j )((g^{(1)}_j + x − t)r_{jα} + ∑ k≠j g_k(Q_j)r_{kα} + h_α(Q_j))

ŕőńãçĺň áĺáâěňã ńĺŋěľŋëå ãàăćŋěŋĺľ ∑ k θ_{jk}(x, t)r_{kα} = −h_α(Q_j) 2. Ńěňňă 11 Ťãŋłæĺî Ψ ňőęŋő ŕàěďáâăćĺâì ć ćĺďě

Ψ_1 = ∑ S^j_1( 1 z + 1 x − x_j )e^{κ(x−t)}

Ψ_2 = ∑ S^j_2( 1 z + η + 1 x − x_j )e^{κ(x−t)}.

Ďőłăğăâěńìáâćő. Ŕàěďáâăćĺň Ψ ć ćĺďě

Ψ_α = (h_α + ∑ i S_{iα}(t, P ) 1 x − x_i(t) )e^{κ(x−t)}. (2.55)

Řăááňőâàĺň áãňňã ćëçěâőć ćëàăęěŋĺï (2.53) ąěğ íłáŕőŋěŋæĺăńìŋőľ çăáâĺ ŕő x ć âőçłăå xj. Śàăćŋĺćăï ŕőńãçěŋŋőě ćëàăęěŋĺě á ćëçěâőň ć ąěáłőŋěçŋőáâĺ, ŋěáńőęŋő ŕàőćěàĺâì, çâő^∑_i Siα = −^∑_j gj (P, t)hα(Qj, t). Ďőłăęěň, çâő − ∑ g_j(P, t)h_α(Q_j, t) = h_α(P, t)z

ŕàĺ α = 1...l ĺ − ∑ g_j (P, t)h_α(Q_j, t) = h_α(P, t)(z + η) ŕàĺ α = l + 1...2l. Řăááňőâàĺň ŕěàćëľ áńãçăľ. Ŕàăćăï ĺ ńěćăï çăáâì ćëàăęěŋĺï ĺňěîâ őďĺŋăłőćëě ćëçěâë ć âőçłăå Qj, ĺňěîâ ŋãńĺ ć âőçłăå P^+_i . Řăááňőâàĺň àăğŋőáâì ŕàăćőľ ĺ ńěćőľ çăáâěľ. İâă äãŋłæĺï ĺňěěâ g+2l−1 ŕőńîáőć ĺ l ŋãńěľ. Řăğňěàŋőáâì ŕàőáâàăŋáâćă âăłĺå äãŋłæĺľ áőáâăćńïěâ l ŕő âěőàěňě Řĺňăŋă-Řőåă. Ğăňěâĺň, çâő ć âőçłăå P^−_i ć àăğńőęěŋĺĺ íâőľ äãŋłæĺĺ ŕő ŕăàăňěâàã ŕěàćëľ łőíääĺæĺěŋâ őąàăéăěâáï ć ŋãńì, çâő ćńěçěâ l ďőŕőńŋĺâěńìŋëå ńĺŋěľŋëå őďŋőàőďŋëå ãáńőćĺľ. Ĺğ íâőčő áńěďãěâ, çâő àăğŋőáâì ąãďěâ ŋãńěćăï.

Ďőłăęěň, çâő S_{iα} = ∑N k=1 λ^{(i)}_k g_k(P ) ∏ j≠i(xi − xj) detΘ^{(i)}_α (t), (2.56)

čďě Θ^{(i)}_α (t) ŕőńãçăěâáï ĺğ Θ ğăňěŋőľ ŕěàćőčő áâőńąæă ŋă hα(Qj) ĺ ŕőďáâăŋőćłőľ x =

x_i(t). Šăł łăł DetΘ(x_i, t) = 0 , âő ňőęŋő ğăŕĺáăâì ãáńőćĺě ńĺŋěľŋőľ ğăćĺáĺňőáâĺ

áâőńąæőć ć ćĺďě

θ_{k1}(x_i, t) = N∑ j=2 λ^i_j(t)θ_{kj}(x_i, t). (2.57)

Łàőňě âőčő DetΘ ňőęŋő ğăŕĺáăâì ć ćĺďě^∏_j(1 +^1_κ2_j )^∏_j(x − xj(t)). Ĺğ çĺáńĺâěńï ďàőąĺ ć ćëàăęěŋĺĺ (2.53) ćłńăď ć ćëçěâ ąãďěâ ďăćăâì^∑_j gj(P )detΘ^{ij}_α čďě Θ^{ij}_α ŕőńãçăěâáï ĺğ Θ ŕàĺ x = xi ĺ ğăňěŋőľ j-čő áâőńąæă ŋă áâőńąěæ hα(Qk), ŋő ãçĺâëćăï (2.57) ŕőńãçĺň Θ^{ij}_α = λjΘ^{i1}_α = λj Θ^{(i)}_α , çâő ŕàĺ ãáńőćĺĺ λ1 = −1 ďőłăğëćăěâ ŕàăćĺńìŋőáâì (2.56). 2

Ŕàěďńőęěŋĺě 7 Ťãŋłæĺï Ψ ïćńïěâáï àěèěŋĺěň ãàăćŋěŋĺï

(∂_t − σ∂_x + A)Ψ = 0,

čďě A = −(f^1 − σf^1σ).

Ďőłăğăâěńìáâćő. Ŕàőĺğćőďĺâáï ăŋăńőčĺçŋő àăąőâě [5]. Ććěďěň ňăâàĺæã^~Ψ áőáâőïéãî ĺğ 2l áâőńąæőć ŕàěďáâăćńěŋĺï âĺŕă (2.51) äãŋłæĺĺ Ψ ć âőçłăå Pk. Ňăâàĺæã^~Ψ ňőęŋő ŕàěďáâăćĺâì ć ćĺďě^~Ψ = Φe^{η(t+σx)}, čďě^1_η äőàňăńìŋëľ ńőłăńìŋëľ ŕăàăňěâà ć âőçłăå Pk. Φ ĺňěěâ ćĺď I + Φ1^1_η + . . .. Ŕőďěľáâćãěň ŋă Ψ, ă ćňěáâě á íâĺň ĺ ŋă^~Ψ őŕěàăâőàőň ∂t − σ∂x, ŕőńãçĺň

(η(I − σIσ) + (Φ_1 − σΦ_1σ) + . . .)e^{η(t+σx)}. (2.58)

Ŕàĺąăćńïï ł íâőňã ćëàăęěŋĺî −(Φ1 − σΦ1σ)^~Ψ, ŕőńãçĺň ňăâàĺæã ďńï ŋěłőâőàőľ äãŋłæĺĺ, őąńăďăîéěľ âěňĺ ęě ăŋăńĺâĺçěáłĺňĺ áćőľáâćăňĺ, çâő ĺ äãŋłæĺï Ψ, ŋő á ãáńőćĺïňĺ ŋőàňĺàőćłĺ Φ0 = 0. Ğăňěâĺň, çâő ďăŋŋëě ãáńőćĺï ŕàěďáâăćńïîâ ĺğ áěąï őďŋőàőďŋãî áĺáâěňã ãàăćŋěŋĺľ ŋă ŕàőáâàăŋáâćě äãŋłæĺľ Ąěľłěàă-Ăåĺěğěàă, àăğňěàŋőáâĺ 2l, łăł ąëńő ŕőłăğăŋő ć ŋăçăńě íâőčő àăğďěńă. Ŕőíâőňã àěğãńìâăâ ŕàĺňěŋěŋĺï őŕěàăâőàă ł äãŋłæĺĺ Ąěľłěàă-Ăåĺěğěàă ïćńïěâáï ŋãńěćőľ äãŋłæĺěľ. 2 A ąãďěâ ĺňěâì ćĺď A = A0 +^{∑ pi}_{x−xi} . Ĺğ (2.56) ąãďěâ áńěďőćăâì,çâő pi ĺňěěâ àăŋč őďĺŋ.

Ďőłăęěň, çâő A^1_0 = −^1_η^∑ p^1_i , A^2_0 =^1_η^∑ p^2_i . İâő áńěďãěâ ĺğ ńěňňë 11, âăł łăł ć âőçłě P^−_i łőíääĺæĺěŋâ ŕàĺ^1_κ ã^∑ S^i_1^1_z őâńĺçăěâáï őâ âăłőčő ęě łőíääĺæĺěŋâă ć àăğńőęěŋĺĺ^∑ S^i_1 àőćŋő ć −^1_η . Ăŋăńőčĺçŋő ŕőńãçĺň ćâőàőě ãâćěęďěŋĺě.

Ććěďěň ďćőľáâćěŋŋãî äãŋłæĺî Ψ^+. Ďńï íâőčő őŕàěďěńĺň ňěàőňőàäŋëľ ďĺääěàěŋæĺăń dΩ1 ĺňěîéĺľ ŕőńîáă ŕőàïďłă 2 ć Pj ĺ őąàăéăîéĺľáï ć 0 ć g + 2l − 1 âőçłăå

γ_k. Ŕãáâì γ^+_k őáâăńìŋëě g + 2l − 1 ŋãńěľ dΩ_1. Šőčďă ďćőľáâćěŋŋãî äãŋłæĺî őŕàěďě-

ńĺň ŕőďőąŋëň őąàăğőň. Ć łăçěáâćě ŕőńîáőć ćőğìňěň γ^+_k ĺ ŕàĺ ćëŕőńŋěŋĺĺ áćőľáâćă, ăŋăńőčĺçŋőčő (2.54), ŕőńőęĺň

σ^+_j = −σ_j. (2.59)

Ŕàěďńőęěŋĺě 8 Ťãŋłæĺï Ψ^+ ïćńïěâáï àěèěŋĺěň ãàăćŋěŋĺï

Ψ^+(∂_t − σ∂_x + A) = 0,

čďě A âőâ ęě, çâő ć ŕàěďńőęěŋĺĺ 7.

Ďőłăğăâěńìáâćő. Šő, çâő Ψ^+ ąãďěâ àěèěŋĺěň ďăŋŋőčő ãàăćŋěŋĺï á

A^+ = −(Φ^+_1 − σΦ^+_1 σ)

ďőłăğëćăěâáï ăŋăńőčĺçŋő. Ďőłăęěň, çâő A^+ = A. Ďńï íâőčő ŕőďáçĺâăěň áãňňã ćëçěâőć ňěàőňőàäŋőčő ďĺääěàěŋæĺăńă ψ^{+p}ψαdΩ1. Ś őďŋőľ áâőàőŋë őŋă àăćŋă ŋãńî, á ďàãčőľ - áãňňě ćëçěâőć ć âőçłăå Qj, çâő á ĺáŕőńìğőćăŋĺěň (2.59) àăćŋő áãňňě ćëçěâőć ć Pj , çâő àăćŋő Φ^{ij}_1^+ + Φ^1_{ij} = 0. İâő ĺ ďőłăğëćăěâ àăćěŋáâćő ŕőâěŋæĺăńőć ŕàïňőčő ĺ ďćőľáâćěŋŋőčő ãàăćŋěŋĺľ. 2

Řěèěŋĺě áĺáâěňë. Řěèěŋă áĺáâěňă (2.11)...(2.14) ć áńěďãîéěň ćĺďě:

x_i(t) - łőàŋĺ ŕőńĺŋőňă ŕő x detΘ, čďě Θ- ňăâàĺæă, áőáâőïéăï ĺğ íńěňěŋâőć

θ_{ii} = x − t + g^{(1)}_i + σ_i, θ_{ij} = g_j (Q_i);

a^i, b^i ŋăåőďïâáï á âőçŋőáâìî ďő ŕàőŕőàæĺőŋăńìŋőáâĺ

a^i_α = detΘ^{(i)}_α , b^{ij} = ∑N k=1 λ^{(i)}_k g^1_k^j ∏ j≠i(xi − xj) . čďě ňăâàĺæă Θ^{(i)}_α (t) ŕőńãçăěâáï ĺğ Θ ğăňěŋőľ ŕěàćőčő áâőńąæă ŋă áâőńąěæ hα(Qj) ĺ ŕőďáâăŋőćłőľ x = xi(t).

2.3.2 İńńĺŕâĺçěáłĺľ áńãçăľ Śâăŋďăàâŋëň ïćńïěâáï ãâćěàęďěŋĺě ő âőň, çâő áãéěáâćãěâ ěďĺŋáâćěŋŋăï äãŋłæĺï áő áńěďãîéĺňĺ áćőľáâćăňĺ:

1. Ψ_α(x, t, P ) ŋă łàĺćőľ Γ àőďă g ĺňěěâ g + 2l − 1 ŕőńîá γ_1, ..., γ_{g+2l−1}

2. ĺňěěâ áãéěáâćěŋŋëě őáőąěŋŋőáâĺ ć âőçłăå Pj , j = 1, .., l ćĺďă Ψ_α(x, t, P ) = e^w �1_{j (x+t)} (δ_{αj} + αj∑ s F (x, t)w^s_j) ĺ ŕàĺ j = l + 1, ..., 2l Ψ_α(x, t, P ) = e^w �1_{j (x−t)} (δ_{αj} + αj∑ s F (x, t)w^s_j) čďě wj (P ) - ńőłăńìŋëľ ŕăàăňěâà ć Pj

Ěďĺŋáâćěŋŋőáâì áńěďãěâ ĺğ âěőàěňë Řĺňăŋă-Řőåă, ă áãéěáâćőćăŋĺě ďőłăğëćăěâáï łőŋáâàãłâĺćŋő: ŕãáâì dΩ^1, dΩ^2 ěďĺŋáâćěŋŋëě ňěàőňőàäŋëě ďĺääěàěŋæĺăńë, čőńőňőàäŋëě ćŋě Pj , âăłĺě çâő:

dΩ^1 = d(w^{−1}_j + O(w_j ))ć âőçłăåP_j

dΩ^2 = d(w^{−1}_j + O(w_j)) ć âőçłăå P_j ŕàĺ j = 1, ..., l d(−w^{−1}_j + O(w_j )) ć âőçłăå P_j ŕàĺ j = l + 1, ..., 2l

ŋőàňĺàőćăŋŋëě ãáńőćĺěň^∫_{aj} dΩ^k = 0.

Őŕàěďěńĺň U^{(k)}_j =^1_{2πi}^∫_{bj} dΩ^k, âőčďă á âőçŋőáâìî ďő ŋőàňĺàőćőçŋőľ łőŋáâăŋâë Ψ_α(x, t, P ) = θ(A(P ) + U^{(1)}x + U^{(2)}t + Z_α)θ(Z_0) ∏ j≠α θ(A(P ) + Sj) θ(A(P ) + Z_α)θ(U^{(1)}x + U^{(2)}t + Z_0)

∏_2l

i=1 θ(A(P ) + R_i) e^{xΩ(1)(P )+tΩ(2)(P )}

(2.60)

čďě Ri, Si àăćŋë ććěďěŋŋëň ćěńĺçĺŋăň ďńï àăæĺőŋăńìŋőčő áńãçăï,

Z_0 = −K − g+2l−1 ∑ i=1 A(γ_i) + 2l∑ j=1 A(P_j), Z_α = Z_0 − A(P_α),

Ω^{(k)} = ∫ P P_0 dΩ

k. Ăŋăńőčĺçŋő áâàőĺâáï ďćőľáâćěŋŋăï äãŋłæĺï

Ψ^+_α (x, t, P ) = θ(A(P ) − U^{(1)}x − U^{(2)}t + Z^+_α )θ(Z^+_0 ) ∏ j≠α θ(A(P ) + S + j ) θ(A(P ) + Z^+_α )θ(U^{(1)}x + U^{(2)}t − Z^+_0 )

∏_2l

i=1 θ(A(P ) + R^+_i ) e^{−xΩ(1)(P )−tΩ(2)(P )} čďě S^+_j = −K − A(P_j) − g−1∑ s=1 A(γ^+_s ), R^+_i = −K − A(γ^+_{g−1+i}),

K_0 = g+2l−1 ∑ i=1 (A(γ_i)+A(γ^+_i ))−2 2l∑ j=1 A(P_j ), Z^+_0 = Z_0 −2K −K_0, Z^+_α = Z^+_0 −A(P_α).

Řăááňőâàĺň łàĺćãî Γ áŕěæĺăńìŋőčő ćĺďă, ğăďăŋŋãî ãàăćŋěŋĺěň R(k, z) = k^n + n−1∑ i+0 r_i(z)k^i = 0

čďě ri(z) íńńĺŕâĺçěáłĺě äãŋłæĺĺ, čőńőňőàäŋëě ćŋě z = 0. Łàőňě âőčő ŕőâàěąãěň, çâőąë k(P ) ĺňěńă n ŕàőáâëå ŕőńîáőć P1, ..., Pn ŋăď z = 0 á ćëçěâăňĺ νi = 1 ŕàĺ

i > 2l. Šőčďă ćěàŋő ŕàěďáâăćńěŋĺě R(k, z) = n∏ i=1 (k + ν_iz^{−1} + O(z^0))

ć őłàěáâŋőáâĺ z = 0.

Ŕàěďńőęěŋĺě 9 Ťãŋłæĺï Ψ őŕàěďěńěŋŋăï ŕő ďăŋŋőľ łàĺćőľ ňőęěâ ąëâì ŕàěďáâăćńěŋă ć ćĺďě Ψ(x, t, P ) = n∑ i=1 S̃_i(t, P )Φ(x − x_i(t), z)e^{kx}. (2.61) Ďőłăğăâěńìáâćő. Ďőłăęěň, çâő

Ψ(x + 2ω_i, t, P ) = ϕ_i(P )Ψ(x, t, P ) (2.62)

čďě ϕi(P ) = e^{2(k+ζ(z))ωi−2ηiz} ĺ 2ωi - ŕěàĺőďë ąăğőćőľ íńńĺŕâĺçěáłőľ łàĺćőľ ĺ ηi = ζ(ωi). Ťãŋłæĺï ϕi(P ) łőààěłâŋő őŕàěďěńěŋă ĺ ĺňěěâ áńěďãîéěě ŕàěďáâăćńěŋĺě ć őâňěçěŋŋëå âőçłăå Pj

ϕ_i(P ) = (1 + O(z))e^{2ωi(kj(z)+ζ(z))}.

İâő ŕàěďáâăćńěŋĺě ćńěçěâ âő, çâő ŕàăćăï ĺ ńěćăï çăáâì (2.62) ĺňěîâ őďĺŋăłőćëě ŕőńîáă ĺ őďĺŋăłőćëě őáőąěŋŋőáâĺ ć âőçłăå Pj . Śńěďőćăâěńìŋő, ŕàăćăï ĺ ńěćăï çăáâĺ áőćŕăďăîâ. Ğăňěâĺň, çâő (2.60) áćĺďěâěńìáâćãěâ ő âőň, çâő ŕőńîáă Ψ ŕő x ŋě ğăćĺáïâ őâ âőçłĺ ŋă łàĺćőľ P . Ŕőíâőňã áãéěáâćãîâ łőíääĺæĺěŋâë^~Si(t, P ) âăłĺě çâő F (x, t, P ) = Ψ(x, t, P ) − n∑ i=1 S̃_i(t, P )Φ(x − x_i(t), z)e^{kx}

čőńőňőàäŋăï äãŋłæĺï ŕő x ć äãŋďăňěŋâăńìŋőľ őąńăáâĺ ąăğőćőľ íńńĺŕâĺçěáłőľ łàĺćőľ. Śãéěáâćãěâ ěďĺŋáâćěŋŋăï âăłăï äãŋłæĺï F = 0.2

Ăŋăńőčĺçŋő ďőłăğëćăěâáï, çâő

Ψ^+(x, t, P ) = n∑ i=1 S̃^+_i (t, P )Φ(x − x_i(t), −z)e^{−kx}. Łăł ĺ ć àăæĺőŋăńìŋőň áńãçăě ćëŕőńŋïěâáï áńěďãîéěě

Ŕàěďńőęěŋĺě 10

(∂_t − σ∂_x + A)Ψ = 0,

Ψ^+(∂_t − σ∂_x + A) = 0,

čďě A = −(F_1 − σF_1σ).

Ĺğ íâőčő ãàăćŋěŋĺï áńěďãěâ, çâő A ïćńïěâáï íńńĺŕâĺçěáłőľ äãŋłæĺěľ ŕő ŕěàěňěŋŋőľ x. Šăłĺň őąàăğőň A ŕàěďáâăćńïěâáï ć ćĺďě A0 +^∑ Aiζ(x − xi(t)). Ŋő A0 = 0 ć áćïğĺ á ŕàěďáâăćńěŋĺěň ďőłăğăŋŋëň ć (9). Şâćěàęďěŋĺě 10 ŕàĺćőďĺâ ł âőňã, çâő

A_i =

0 A^1_i A^2_i 0 . Ďőłăęěň, çâő rankA^k_i = 1. Řăááňőâàĺň äãŋłæĺî Ψ^0_{α,i}(t, P ) = res_{x=xi(t)}Ψα(x, t, P ), łőâőàăï ĺňěěâ áńěďãîéĺě ăŋăńĺâĺçěáłĺě áćőľáâćă łăł äãŋłæĺï őâ P :

1. őŋă ňěàőňőàäŋă ćŋě Pj ĺ ĺňěěâ ŕőńîáă ć âőçłăå γ1, ..., γg+2l−1,

2. ć őłàěáâŋőáâĺ âőçěł Pj őŋă ŕàěďáâăćńïěâáï ć ćĺďě

Ψ^0_{αi} = exp(w^{−1}_j x_i(t)±w^{−1}_j t)O(w_j).

Ŕő âěőàěňě Řĺňăŋă-Řőåă âăłăï äãŋłæĺï ěďĺŋáâćěŋŋă á âőçŋőáâìî ďő ãňŋőęěŋĺï ŋă łőŋáâăŋâã. Ććěďěň őąőğŋăçěŋĺï Ψ^0_{α,i}(t, P ) = ϕα(t)ψi0(t, P ). Šőčďă ďńï łőňŕőŋěŋâë äãŋłæĺĺ Ąěľłěàă-Ăåĺěğěàă ćěàŋő ŕàěďáâăćńěŋĺě: Ψ_α(x, t, P ) = ϕ_α(t)ψ_{i0}(t, P ) x − x_i(t) + O((x − x_i(t))^0).

Ŕőíâőňã F1 =^{ρi(t)}_{x−xi} + O((x − xi(t))^0) čďě àăŋč ρi = 1. Śńěďőćăâěńìŋő àăŋč rankA^k_i âőęě àăćěŋ 1.

Řěèěŋĺě. Ćëàăęěŋĺï

θ(U^{(1)}x_i(t) + U^{(2)}t + Z_0) = 0, ã_{i,α}(t) = Q^{−1}_i (t) θ(U^{(1)}x_i(t) + U^{(2)}t + Z_α) θ(Z_α)θ(S_α) , b̃^α_i (t) = Q^{−1}_i (t)θ(U^{(1)}x^i(t) + U^{(2)}t − Z^{+α} ) θ(Z^+_α )θ(S^+_α ) ,

Q^2_i (t) = 1 2 2l∑ α=1 θ(U^{(1)}x_i(t) + U^{(2)}t − Z_α)θ(U^{(1)}x_i(t) + U^{(2)}t − Z^+_α ) θ(Z_α)θ(Z^+_α )θ(S_α)θ(S^+_α ) a^1_{i,α} = 2ã_{i,α}, a^2_{i,α} = 2ã_{i,α+l} b^α_i^1 = b̃^{α+l}_i , b^α_i^2 = b̃^α_i

ďăîâ àěèěŋĺě áĺáâěňë (2.3),...,(2.6).

Ğăňěâĺň, çâő íâő ć ďěľáâćĺâěńìŋőáâĺ ćáě àěèěŋĺï áĺáâěňë âăł łăł ŋă áŕěłâàăńìŋëě ďăŋŋëě ŋě ŋăńăčăńőáì ŋĺłăłĺå ďőŕőńŋĺâěńìŋëå őčàăŋĺçěŋĺľ ĺ ãáńőćĺï ŕàïňőľ áŕěłâàăńìŋőľ ğăďăçĺ ŕőńŋőáâìî áőčńăáőćăŋë á àěğãńìâăâăňĺ őąàăâŋőľ.

Ğăňěâĺň ěéě àăğ, çâő àăæĺőŋăńìŋëľ áńãçăľ ŕàĺ η = 0 A0 = 0 ïćńïěâáï ŋěŕőáàěďáâćěŋŋëň ćëàőęďěŋĺěň íńńĺŕâĺçěáłőčő áńãçăï ζ(x) →^1_x ĺ Φ(x, z) →^1_x −^1_z . Ł áőęăńěŋĺî ŕőáâàőĺâì íńńĺŕâĺçěáłĺľ ăŋăńőč àăæĺőŋăńìŋőčő áńãçăï ŕàĺ η ≠ 0 ŋě ãďăńőáì.

2.4 Şŋĺćěàáăńìŋëľ ŕőďåőď ŕàĺ ŕőáâàőěŋĺĺ čăňĺńìâőŋőćőľ áâàãłâãàë

Ŕőńãçěŋŋëě ć àăğďěńě 2.2 áĺáâěňë ąëńĺ àěèěŋë ïćŋő. Őłăğëćăěâáï, çâő őŋĺ ïćńïîâáï čăňĺńìâőŋőćëňĺ. Ć íâőň àăğďěńě ąãďěâ ŕàěďêïćńěŋë ĺå čăňĺńìâőŋĺăŋë ĺ áĺňŕńěłâĺçěáłĺě áâàãłâãàë ŋă äăğőćőň ŕàőáâàăŋáâćě. Čăňĺńìâőŋĺăŋë ąãďãâ ŕőáâàőěŋë ïćŋő, âő ěáâì ć âěàňĺŋăå äăğőćőčő ŕàőáâàăŋáâćă. Śĺňŕńěłâĺçěáłăï äőàňă, łăł ĺ ć àăąőâăå [22], [28], ŕàěďáâăćńïěâáï ć ćĺďě ω = 1 2 N∑ i=1 res_{Pi} (< C^∗(δL + δκ) ∧ δC >)dz, (2.63) čďě C^∗ - áőąáâćěŋŋëľ ćěłâőà ňăâàĺæë L, ãďőćńěâćőàïîéĺľ ŋőàňĺàőćłě < C^∗C >= 1. Őąőğŋăçěŋĺě κ áőőâćěâáâćãěâ ãďćőěŋŋőňã ğŋăçěŋĺî íâőčő ŕăàăňěâàă, ĺáŕőńìğőćăŋŋőčő ć àăğďěńě 2.2. Ğăňěâĺň, çâő ŕàěďáâăćńěŋĺě Ńăłáă ïćńïěâáï őŕĺáăŋĺěň ďĺŋăňĺçěáłőľ áĺáâěňë ŋă ŕàőáâàăŋáâćě őŕěàăâőàőć L. Ĺňěŋŋő íâă áĺáâěňă ĺ ĺňěěâ őŕĺáăŋŋãî ćëèě áĺňŕńěłâĺçěáłãî áâàãłâãàã. Őďŋăłő, ć ďăŋŋőň áńãçăě őŕěàăâőà ïćńïěâáï łőŋěçŋőňěàŋëň ĺ ěčő ňăâàĺçŋëě łőíääĺæĺěŋâë ćëàăęăîâáï çěàěğ łőőàďĺŋăâë ŋă äăğőćőň ŕàőáâàăŋáâćě àăááňăâàĺćăěňőľ áĺáâěňë. Łăł ąãďěâ ŕőłăğăŋő ďăńěě íâă áĺňŕńěłâĺçěáłăï äőàňă ňőęěâ ąëâì ŕàěőąàăğőćăŋă ć ćëàăęěŋĺě ć âěàňĺŋăå äăğőćëå ŕěàěňěŋŋëå áĺáâěňë ĺ ąãďěâ őŕàěďěńïâì áĺňŕńěłâĺçěáłãî áâàãłâãàã äăğőćőčő ŕàőáâàăŋáâćă.

Ğăňěâĺň, çâő ãàăćŋěŋĺï (2.3),...,(2.10) ĺŋćăàĺăŋâŋë őâŋőáĺâěńìŋő ŕàěőąàăğőćăŋĺľ

a^1_i → W^{−1}_1 a^1_i ,

b^2_i^+ → b^2_i^+W^{−1}_1 ,

a^2_i → W^{−1}_2 a^2_i ,

b^1_i^+ → b^1_i^+W^{−1}_2 .

Ğăäĺłáĺàãěň łăńĺąàőćłã W1, W2 âăłĺň őąàăğőň, çâő ňăâàĺæë

W^{−1}_1 ∑ i a^1_i b^2_i^+W_1, W^{−1}_2 ∑ i a^2_i b^1_i^+W_2 (2.64)

ąëńĺ ďĺăčőŋăńìŋëňĺ. Ąãďěň őąőğŋăçăâì ŕàěőąàăğőćăŋŋëě ćěńĺçĺŋë ąőńìèĺňĺ ąãłćăňĺ A^k_i , B^m_j . Śćőľáâćő ďĺăčőŋăńìŋőáâĺ ňăâàĺæ (2.64) ŕàĺőąàěâăěâ ćĺď: ∑ i A^1_{il}B^2_{im} = δ_{lm}k^1_l , ∑ i A^2_{il}B^1_{im} = δ_{lm}k^2_l .

Ďěľáâćĺâěńìŋő, čńăćŋăï çăáâì őŕěàăâőàă Ńăłáă ć őąéěň àăæĺőŋăńìŋőň áńãçăě ć âőçłăå Pl, z = 0 àăćŋă (B^1_i^+A^2_j ). Śőąáâćěŋŋëľ ćěłâőà ć íâĺå âőçłăå, áőčńăáŋő ćëąàăŋŋőľ łăńĺąàőćłě, ąãďěâ ŕàőŕőàæĺőŋăńěŋ ćěłâőàã B^1_{∗m} ŕő ŋĺęŋěňã ĺŋďěłáã. Ăŋăńőčĺçŋő ŕőńãçĺň, çâő ć âőçłăå Pl, z = −η, áőąáâćěŋŋëľ ćěłâőà ŕàőŕőàæĺőŋăńěŋ B^2_{∗m}. Ć íńńĺŕâĺçěáłőň ĺ àăæĺőŋăńìŋőň áŕěæĺăńìŋőň áńãçăě ŋěőąåőďĺňő ŕàĺŋïâì ć àăáçěâ, çâő ∑ i A^1_{il}B^1_{im} = 0, ∑ i A^2_{il}B^2_{im} = 0,

ĺ íâő áćőľáâćő ĺŋćăàĺăŋâŋő őâŋőáĺâěńìŋő łăńĺąàőćőçŋëå ŕàěőąàăğőćăŋĺľ. Čńăćŋăï çăáâì őŕěàăâőàă Ńăłáă ć âőçłăå Pl, z = 0 àăćŋă (B^1_i^+A^2_j )−(B^2_i^+A^1_j ). Ŕőďáâăćńïï ćěłâőà

B^1_{∗m} ć íâőâ őŕěàăâőà, ŕőńãçĺň ∑ j ((B^1_i^+A^2_j ) − (B^2_i^+A^1_j ))B^1_{jm} = ∑ j (B^1_i^+A^2_j )B^1_{jm} = k_mB^1_{im}.

Ăŋăńőčĺçŋő ŕőłăğëćăěâáï, çâő ćěłâőà B^2_{∗m} âăłęě ïćńïěâáï áőąáâćěŋŋëň. Ć íńńĺŕâĺçěáłőň áńãçăě áőąáâćěŋŋëě ćěłâőàă őŕěàăâőàă Ńăłáă ć âőçłăå Pj ĺňěîâ ŕàěďáâăćńě- ŋĺě c_i = z(c^j_i + O(z))e^{−ζ(z)xi} , ŕàĺ j ≤ 2l, c_i = (c^j_i + O(z))e^{−ζ(z)xi} , ŕàĺ j > 2l. Ćěłâőàă c^j ŕő ŋĺęŋěňã ĺŋďěłáã ąãďãâ ŕàőŕőàæĺőŋăńìŋë ćěłâőàăň B^j. Ćëąĺàăï ć łăçěáâćě ãáńőćĺľ ŋőàňĺàőćłĺ ŋă íâĺ ćěńĺçĺŋë N∑ i=1 A_{im}c^j_i = δ_{jm}, j ≤ 2l, N∑ i=1 A_{im}c^j_i = 0, j > 2l, ŕőńãçĺň ďńï áőąáâćěŋŋőľ äãŋłæĺĺ Ąěľłěàă-Ăåĺěğěàă ãęě ĺğćěáâŋëě ãáńőćĺï ŋőàňĺàőćłĺ ć âőçłăå Pj

Ψ_q = (δ_{jq} + O(z)) exp(k_jx).

İâő àăćěŋáâćő íłćĺćăńěŋâŋő âàěąãěňëň ãáńőćĺïň ŋőàňăńĺğăæĺĺ áőąáâćěŋŋëå äãŋłæĺľ. Ğăňěâĺň, çâő “ãčńőćëě” ŕěàěňěŋŋëě, őŕàěďěńěŋŋëě łăł ďĺćĺğőà ŕőńîáőć àěèěŋĺï ćáŕőňőčăâěńìŋőľ ńĺŋěľŋőľ ğăďăçĺ, áőčńăáőćăŋë á ŕàĺćěďěŋŋőľ ŋőàňĺàőćłőľ ĺ ŕőńŋőáâìî őŕàěďěńïîâáï ãáńőćĺěň: 2l∑ m=1 N∑ i=1 A_{im}c_iΦ(−x_i, z) = 1. Łăł ĺ ć àăąőâě [22] ćěàŋő áńěďãîéěě

Ŕàěďńőęěŋĺě 11 Śĺňŕńěłâĺçěáłăï äőàňă ω àăćŋă ω = ∑ s δz(γ_s) ∧ δκ(γ_s). (2.65)

Ďőłăğăâěńìáâćő ŕőńŋőáâìî ăŋăńőčĺçŋő ďőłăğăâěńìáâćã ãâćěàęďěŋĺï 3.1. [22]. Ćëàăęěŋĺě (2.65) ĺňěěâ áńěďãîéĺľ áňëáń: áŕěłâàăńìŋăï łàĺćăï, ćőğŋĺłăîéăï ŕàĺ àăááňőâàěŋĺĺ ŕàïňőľ ĺ őąàăâŋőľ ğăďăçĺ, áŋăąęěŋă ŕăàőľ äãŋłæĺľ ŋă ŋěľ k, z. Ğŋăçěŋĺï íâĺå äãŋłæĺľ ć ŕőńîáăå áőąáâćěŋŋőľ äãŋłæĺĺ γi őŕàěďěńïîâ äãŋłæĺĺ ŋă ŕàőáâàăŋáâćě áŕěłâàăńìŋëå ďăŋŋëå. Šěň áăňëň ãŋĺćěàáăńìŋëľ ŕőďåőď ł ŕőáâàőěŋĺî čăňĺńìâőŋőćőľ áâàãłâãàë ĺňěěâ áćőě őŕĺáăŋĺě ć âěàňĺŋăå ŕàőáâàăŋáâćă áŕěłâàăńìŋëå ďăŋŋëå ĺ ďĺŋăňĺçěáłőľ áĺáâěňë ŋă ŋěň. İâőâ äăłâ ïćńïěâáï łńîçěćëň ŕàĺ ŕőáâàőěŋĺĺ ŕěàěňěŋŋëå “ďěľáâćĺě-ãčőń”. Ŕàĺćěďěň âěŕěàì őáŋőćŋëě ĺďěĺ ďőłăğăâěńìáâćă íâőčő ŕàěďńőęěŋĺï. Ďĺääěàěŋæĺăń Ω =< Ψ^∗δL ∧ δΨ > ïćńïěâáï ňěàőňőàäŋëň ďĺääěàěŋæĺăńőň ŋă áŕěłâàăńìŋőľ łàĺćőľ (áãéěáâćěŋŋëě őáőąěŋŋőáâĺ áőłàăéăîâáï). Ŕőíâőňã áãňňă ćëçěâőć íâőčő ćëàăęěŋĺï ć őâňěçěŋŋëå âőçłăå àăćŋă áãňňě ćáěå őáâăńìŋëå ćëçěâőć á őâàĺæăâěńìŋëň ğŋăłőň. Śàěďĺ őáâăńìŋëå ćáâàěçăîâáï ćëçěâë ć ŕőńîáăå äãŋłæĺĺ Ψ, γi. Şçĺâëćăï ãáńőćĺě ŋőàňĺàőćłĺ ďćőľáâćěŋŋőľ äãŋłæĺĺ

< Ψ^∗Ψ >= 1 ŕőńãçĺň res_{γs} Ω =< Ψ^∗δLΨ > ∧δz(γ_s) = δk(γ_s) ∧ δz(γ_s). Łàőňě âőčő, ňőčãâ ąëâì ŋěŋãńěćëňĺ ćëçěâë ć âőçłăå ćěâćńěŋĺï ŕőćěàåŋőáâĺ, âăň čďě ĺňěěâ ŕőńîá äãŋłæĺï Ψ^∗. Őďŋăłő ć íâĺå âőçłăå ďĺääěàěŋæĺăń dz àăááňăâàĺćăěňëľ łăł ďĺääěàěŋæĺăń ŋă ŕőćěàåŋőáâĺ ĺňěěâ ŋőńì, ŕőíâőňã íâĺň ĺáçěàŕëćăîâáï ćáě őáâăńìŋëě ŕőńîáă ďĺääěàěŋæĺăńă Ω.

Ŕàěďńőęěŋĺě 12 Śĺňŕńěłâĺçěáłăï äőàňă ω ňőęěâ ąëâì ŕàěďáâăćńěŋă ć ćĺďě ω = N∑ i=1 (δλ_i ∧ δx_i + δB^q_i^1 ∧ δA^2_{iq} − δB^q_i^2 ∧ δA^1_{iq}). (2.66)

Ďőłăğăâěńìáâćő íâőčő äăłâă ŕőńŋőáâìî áőőâćěâáâćãěâ ďőłăğăâěńìáâćã âěőàěňë 3.2.

[22] á ğăňěŋőľ l ŋă 2l ŕàĺ ŋãňěàăæĺĺ ćěłâőàőć:

A_i = (A^2_{i1}, · · · , A^2_{il}, −A^1_{i1}, · · · , −A^1_{il});

B_i = (B^1_{i1}, · · · , B^1_{il}, B^2_{i1}, · · · , B^2_{il}).

Ă ĺňěŋŋő, ŕàőĺğćőďĺâáï ŕàïňőě ćëçĺáńěŋĺě ćëàăęěŋĺï (2.63). Ŕàĺćěďěň ěčő ďńï íńńĺŕâĺçěáłőčő áńãçăï. Ŕàěďáâăćĺň L = G^~LG^{−1}, Ψ = GC čďě G = Diag(e^{ζ(z)xi} ). Šőčďă ω = 1 2 res_{z=0}T r[δL̃ ∧ δh + Ĉ^{−1}(δL̃δĈ + [δh, L̃] ∧ δĈ − δhĈ ∧ δk̂)]. Čďě ğŋăçłĺ á čăńőçłőľ őąőğŋăçăîâ ćěłâőàŋőğŋăçŋëě äãŋłæĺĺ őâ z, łăęďăï łőňŕőŋěŋâă łőâőàőľ áőőâćěâáâćãěâ àăğŋëň áőąáâćěŋŋëň ğŋăçěŋĺïň őŕěàăâőàă Ńăłáă ĺ δh = G^{−1}δG = diag(−δx_iζ(z)). Şçĺâëćăï T r(C^{−1}[δh, L] ∧ δC) = −T r(C^{−1}δh ∧ (δLĈ − Ĉδk̂)), ŕőńãçĺň ω = 1 2 res_{z=0}T r(2δL̃ ∧ δh + Ĉ^{−1}δL ∧ δC).

Ŕěàćăï çăáâì íâőčő ćëàăęěŋĺï ďăěâ^∑_i δλi ∧ δxi. Ćâőàăï çăáâì á ãçěâőň ŋőàňĺàőćőçŋëå ãáńőćĺľ N∑ j=1 (A_{jα}δc^k_j + δA_{jα}c^k_j ) = 0, N∑ j=1 (c^∗_{kj}δB_{jα} + δc^∗_{kj}B^α_j ) = 0, ďăěâ őáâăńìŋãî çăáâì ćëàăęěŋĺï (2.66).

Ŕàěďńőęěŋĺě 13 Śĺáâěňă ãàăćŋěŋĺľ (2.7)...(2.10) ïćńïěâáï čăňĺńìâőŋőćőľ ŕő őâŋőèěŋĺî ł áĺňŕńěłâĺçěáłőľ äőàňě ω ĺ á čăňĺńìâőŋĺăŋőň H = 1 2 ∑ i λ_i(B^i_2^+A^i_1 + B^i_1^+A^i_2) + ∑ i≠j (B^i_1^+A^j_2)(B^i_2^+A^i_1) x_i − x_j . (2.67)

Śĺáâěňë (2.11)...(2.14) ĺ (2.3)... (2.6) âăłęě ïćńïîâáï čăňĺńìâőŋőćëňĺ ŕő őâŋőèěŋĺî ł âőľ ęě áĺňŕńěłâĺçěáłőľ äőàňě á čăňĺńìâőŋĺăŋăňĺ áőőâćěâáâćěŋŋő H = 1 2 ∑ i λ_i(B^i_2^+A^i_1 + B^i_1^+A^i_2) + ∑ i≠j (B^i_1^+A^j_2)(B^i_2^+A^i_1)( 1 x_i − x_j − 1 η ) (2.68) ĺ H = 1 2 ∑ i λ_i(B^i_2^+A^i_1 + B^i_1^+A^i_2) + ∑ i≠j (B^i_1^+A^j_2)(B^i_2^+A^i_1)ζ(x_i − x_j). (2.69)

Ďőłăğăâěńìáâćő Ŕő őŕàěďěńěŋĺî ŋěłőâőàőě ŕőńě ∂t ïćńïěâáï čăňĺńìâőŋőćëň ŋă áĺňŕńěłâĺçěáłőň ŕàőáâàăŋáâćě ŕő őâŋőèěŋĺî ł áĺňŕńěłâĺçěáłőľ äőàňě ω ěáńĺ ćëàăęěŋĺě i∂_tω(X) = ω(X, ∂t) ïćńïěâáï âőçŋőľ 1-äőàňőľ dH(X) ďńï ŋěłőâőàőľ äãŋłæĺĺ H. İâă äãŋłæĺï ŋăğëćăěâáï čăňĺńìâőŋĺăŋőň ďńï ćěłâőàŋőčő ŕőńï ∂t. Ŕàĺŋĺňăï ćő ćŋĺňăŋĺě àăćěŋáâćő ∂t(L1 − L2) = [L1, L2], ∂tk = 0 ĺ ćëàăęěŋĺě ∂_tC(t, P ) = L_2C(t, P ) + μ(t, P )C(t, P ), (2.70) čďě μ(t, P ) - áłăńïàŋăï äãŋłæĺï, ŋăľďěň i_{∂t}ω = 1 2 N∑ i=1 res_{Pi} (< C^∗(δL − δκ)C > − < C^∗[L_2, L_1]δC >)dz, (2.71) Śãňňă ćëçěâőć ćëàăęěŋĺï < C^∗ΛC > dz àăćŋă ŋãńî ěáńĺ ňăâàĺæă Λ čőńőňőàäŋă ćŋě őâňěçěŋŋëå âőçěł Pi. Šăłĺň őąàăğőň i_{∂t} ω = N∑ i=1 res_{Pi} δκμ(t, P )dz. (2.72) Ğăňěâĺň, çâő äãŋłæĺï μ àăćŋă łőíääĺæĺěŋâã ŕàĺ t íłáŕőŋěŋæĺăńìŋőľ çăáâĺ áőąáâćěŋŋőčő ćěłâőàă C. Śńěďőćăâěńìŋő, ć âőçłăå Pi, i = 1...l, μ =^1_2 κ ă ć âőçłăå P_i, i = l + 1, ..., 2l, μ = −^1_2 κ. i_{∂t}ω = 1 4 l∑ i=1 res_{Pi} δκ^2dz − 1 4 2l∑ i=l+1 res_{Pi} δκ^2dz =

= 1 4 l∑ i=1 res_{Pi} δ < C^∗L^2C > dz − 1 4 2l∑ i=l+1 res_{Pi} δ < C^∗L^2C > dz Ĺáŕőńìğãï àăğńőęěŋĺě ć âőçłăå Pi L = 1 z (L^{−1}_1 − L^{−1}_2 ) + L^0_1 − L^0_2 + O(z)

ŕőńãçĺň 1 2 l∑ i=1 δ < C^∗L^{−1}_1 (L^0_1 − L^0_2)C >_{Pi} + 1 2 2l∑ i=l+1 δ < C^∗L^{−1}_2 (L^0_1 − L^0_2)C >_{Pi} .

İâő ćëàăęěŋĺě àăćŋő 1 2 δT r(L^{−1}_1 + L^{−1}_2 )(L^0_1 − L^0_2). (2.73)

Ŕőďáâăćńïï ć íâã äőàňãńã ğŋăçěŋĺï łőíääĺæĺěŋâőć àăğńőęěŋĺï Ńăłáőćëå őŕěàăâőàőć ć àăæĺőŋăńìŋőň áŕěæĺăńìŋőň áńãçăě, ŕőńãçĺň: 1 2 N∑ i=1 λ_i(B^i_2^+A^i_1 + B^i_1^+A^i_2) + 1 2 ∑ i≠j (B^i_1^+A^j_2 + B^i_2^+A^j_1)(B^j_1^+A^i_2 − B^j_2^+A^i_1) x_i − x_j . İâő ćëàăęěŋĺě àăćŋő čăňĺńìâőŋĺăŋã (2.67).

Ďőłăğăâěńìáâćő ć íńńĺŕâĺçěáłőň ĺ àăæĺőŋăńìŋőň őąőąéěŋŋőň áńãçăě ŕàőćőďĺâáï ăŋăńőčĺçŋő.

3 R-ňăâàĺçŋëľ ŕőďåőď ŋă ŕàĺňěàě áĺáâěňë CM ĺ ěě àăğŋőáâŋőčő ăŋăńőčă RS

3.1 Őáŋőćăŋĺï R-ňăâàĺçŋőčő ŕőďåőďă

Łăł ãęě őâňěçăńőáì, ćőğŋĺłŋőćěŋĺě ŕőŋïâĺï łćăŋâőćëå čàãŕŕ ć őąńăáâĺ ĺŋâěčàĺàãěňëå áĺáâěň âěőàĺĺ áőńĺâőŋőć áćïğăŋő á ãáâăŋőćńěŋŋőľ ć àăąőâăå [18, 19] áćïğìî ňěęďã r-ňăâàĺçŋőľ äőàňőľ ŕãăááőŋőćőľ áâàãłâãàë L-ăńčěąàë

{L_1, L_2} = [r_{12}, L_1] − [r_{21}, L_2]; (3.1)

ĺ ŕàěďáâăćńěŋĺï Ńăłáă L̇ = [L, M] Ć ćëàăęěŋĺĺ (3.1) r ńěęĺâ ć âěŋğőàŋőň łćăďàăâě Mat(n)^{⊗2}, ĺ L1 = L⊗id, L2 = id⊗L. Ć àăąőâě [20] ąëńő őâňěçěŋő, çâő, ćő-ŕěàćëå, áãéěáâćőćăŋĺě ŕàěďáâăćńěŋĺï Ńăłáă ďńï ďĺŋăňĺçěáłőľ áĺáâěňë ïćńïěâáï áńěďáâćĺěň ěě ĺŋâěčàĺàãěňőáâĺ ĺ, ćő-ćâőàëå, r-ňăâàĺçŋőě ŕàěďáâăćńěŋĺě ŕãăááőŋőćőľ áâàãłâãàë ŋă L-ăńčěąàě ïćńïěâáï áńěďáâćĺěň ĺŋćőńîâĺćŋőáâĺ ĺŋâěčàăńőć ďćĺęěŋĺï, őâćěçăîéĺå áőąáâćěŋŋëň ğŋăçěŋĺïň L-őŕěàăâőàă.

Ąëńő ğăňěçěŋő, çâő ć áńãçăě áŕĺŋőćőľ áĺáâěňë CM ŕàěďáâăćńěŋĺě (3.1) ćëŕőńŋïěâáï âőńìłő ŋă ŕőďňŋőčőőąàăğĺĺ äăğőćőčő ŕàőáâàăŋáâćă, ćëďěńïěňëň ãáńőćĺěň f_{ii} − f_{jj} = 0, čďě fii = (bi^+ai). İâĺ äãŋďăňěŋâăńìŋëě áćőľáâćă ĺ ŕàěďőáâăćńïîâ ćőğňőęŋőáâì łćăŋâőćăŋĺï áĺáâěňë, łőâőàăï ąëńă ãďăçŋő ĺáŕőńìğőćăŋă ć àăąőâăå [14], [15]. Ć ŕěàćőľ ĺğ ŋĺå ąëńő ğăňěçěŋő, çâő r-ňăâàĺæă ďńï áŕĺŋőćőľ áĺáâěňë CM ãďőćńěâćőàïěâ ŋě łńăááĺçěáłőňã ãàăćŋěŋĺî §ŋčă-Ąăłáâěàă, ă ěčő ďĺŋăňĺçěáłőňã ăŋăńőčã

−{L_1, r_{23}} + {L_2, r_{13}} − {L_3, r_{12}} + [r_{12}, r_{13}] + [r_{12}, r_{23}] + [r_{13}, r_{23}] = 0.

Ĺňěŋŋő íâő ŕőğćőńïěâ àăááňăâàĺćăâì L-ăńčěąàã ć íâőň áńãçăě łăł łćăğĺłńăááĺçěáłĺľ ŕàěďěń ăńčěąàë, ŕőàőęďěŋŋőľ ďĺŋăňĺçěáłĺň ãàăćŋěŋĺěň §ŋčă-Ąăłáâěàă (Gervais-

Neveu-Felder equation [30]), łőâőàőě ć äőàňě Gervais-Neveu ŕàěďáâăćńïěâáï ć ćĺďě:

R_{12}(x)R_{13}(xq^{H2} )R_{23}(x) = R_{23}(xq^{H1})R_{13}(x)R_{12}(xq^{H3} ), (3.2)

R(x) ć ďăŋŋőň áńãçăě ńěęĺâ ć U_q(sl_n) ⊗ U_q(sl_n). Śãéěáâćěŋŋëň âăłęě ïćńïěâáï àăá-

áňőâàěŋĺě ŕàěďáâăćńěŋĺľ íâőčő ćëàăęěŋĺï. Ĺğćěáâŋă âăłęě L-őŕěàăâőàŋăï äőàňă íâőčő ãàăćŋěŋĺï:

R_{12}(xq^{−H3/2})L_{13}(x)L_{23}(x) = L_{23}(x)L_{13}(x)R_{12}(xq^{H3/2}). (3.3)

Ĺňěŋŋő őŋă ŕàěďőáâăćńïěâ áŕőáőą łőŋáâàãĺàőćăŋĺï łćăŋâőćëå ĺŋâěčàĺàãěňëå áĺáâěň. Őáŋőćŋőľ ňěåăŋĺğň íâőčő ňěâőďă ğăłńîçăěâáï ć ãâćěàęďěŋĺĺ àăąőâë [14]: Ŕàěďńőęěŋĺě 14 Ŕãáâì g-ŕàőáâăï ăńčěąàă Ńĺ, h-ěě łăàâăŋőćáłăï ŕőďăńčěąàă,

V^{(1)}, ..., V^{(n)} łőŋěçŋőňěàŋëě g-ňőďãńĺ, R_{ij}(λ, x)-ňěàőňőàäŋăï ŕő áŕěłâàăńìŋőňã ŕăàăňěâàã λ äãŋłæĺï áő ğŋăçěŋĺïňĺ ć End(V^{(i)} ⊗ V^{(j)}), ãďőćńěâćőàïîéăï ãàăćŋěŋĺî (3.2), ă őŕěàăâőà L_{ij} őŕàěďěńěŋŋëľ ăŋăńőčĺçŋëň őąàăğőň, ŋő ãďőćńěâćőàïîéĺľ ãàăćŋěŋĺî (3.3), ĺ łàőňě âőčő, R_{ij} ãďőćńěâćőàïěâ ãáńőćĺî

[(H_i + H_j )∂_x, R_{ij} ] = 0,

âőčďă ăńčěąàă őŕěàăâőàőć I_n = T r_{1...n}[L_1(x)...L_n(x)R̂_{12}(xq^{h(3,n)} )...R̂_{n−1,n}(x)] (3.4) čďě R̂ = P R, P - őŕěàăâőà ŕěàěáâăŋőćłĺ áőňŋőęĺâěńěľ ć âěŋğőàŋőň ŕàőĺğćěďěŋĺĺ, h^{(k,l)} = ∑l i=k h^{(i)}; áőåàăŋïěâ ŕőďŕàőáâàăŋáâćő ŋãńěćőčő ćěáă ć ŕàěďáâăćńěŋĺĺ, ĺ ąãďãçĺ őčàăŋĺçěŋŋőľ ŋă íâő ŕàőáâàăŋáâćő, ïćńïěâáï łőňňãâăâĺćŋőľ.

Ďńï ŕőńãçěŋĺï àěèěŋĺľ ãàăćŋěŋĺľ (3.3), (3.2) ŕàěďńăčăěâáï àăááňőâàěâì łćăğĺåőŕäőćã ăńčěąàã. Şŋĺćěàáăńìŋăï R-ňăâàĺæă ĺ ąãďěâ àěèěŋĺěň ãàăćŋěŋĺï GNF. Ţőàőèő ĺğćěáâŋă łőŋáâàãłæĺï Ďàĺŋäěńìďă ďńï ŋěďĺŋăňĺçěáłőľ ãŋĺćěàáăńìŋőľ Rňăâàĺæë. Ďńï ńîąőľ ŕàőáâőľ ăńčěąàë ńĺ g ŋă Uq(g) ňőęěâ ąëâì ććěďěŋă áâàãłâãàă ăńčěąàë Ţőŕäă, ĺ ąńăčőďăàï łőŋáâàãłæĺĺ ďãąńï Ďàĺŋäěńìďă ąëńő ďőłăğăŋő, çâő íâă ăńčěąàă Ţőŕäă ïćńïěâáï łćăğĺ-âàěãčőńìŋőľ, âő ěáâì őŕěàăæĺï łőãňŋőęěŋĺï Δ ãďőćńěâćőàïěâ áćőľáâćã ΔR = RσΔ, čďě R ńěęĺâ ć âěŋğőàŋőň łćăďàăâě Uq(g) ⊗ Uq(g), ă σ-őŕěàăâőà ŕěàěáâăŋőćłĺ ć âěŋğőàŋőň łćăďàăâě. Łőŋáâàãłæĺï ďĺŋăňĺçěáłőľ R-ňăâàĺæë áćïğăŋă á ďěäőàňăæĺěľ łćăğĺâàěãčőńìŋőľ ăńčěąàë Ţőŕäă ćĺďă

Δ → Δ_x = F^{−1}_{12} (x)ΔF_{12}(x),

čďě F12(x) äãŋłæĺï x áő ğŋăçěŋĺïňĺ ć Uq(g) ⊗ Uq(g), ãďőćńěâćőàïîéăï ãáńőćĺî “ďěäőàňĺàőćăŋŋőčő łőæĺłńă” [(id ⊗ Δ)F (x)][id ⊗ F (x)] = [(Δ ⊗ id)F (x)][F (xq^{H3}) ⊗ id]. Ŕőńãçěŋŋăï ąĺăńčěąàă ïćńïěâáï łćăğĺâàěãčőńìŋőľ á ŋőćőľ R-ňăâàĺæěľ

R(x) = F^{−1}_{21} (x)RF_{12}(x),

őďŋăłő, őŋă ŋě ïćńïěâáï ăńčěąàőľ Ţőŕäă, âăł łăł ãáńőćĺě łőăááőăæĺćŋőáâĺ ďěäőàňĺàãěâáï

(id ⊗ Δ_x)Δ_x = (Δ_{xq}H_3 ⊗ id)Δ_x.

Ŕőáâàőěŋŋăï ąĺăńčěąàă ŋăğëćăěâáï łćăğĺ-åőŕäőćőľ. Ŕőńãçěŋŋăï ďĺŋăňĺçěáłăï Rňăâàĺæă ïćńïěâáï àěèěŋĺěň ďĺŋăňĺçěáłőčő ãàăćŋěŋĺï §ŋčă-Ąăłáâěàă.

Ŕàőąńěňă ŕőáâàőěŋĺï ďàĺŋäěńìďőćáłőľ R-ňăâàĺæë ďńï ăńčěąàë Uq(sln) ąëńă àăááňőâàěŋă ć àăąőâăå [31, 32, 33]. Śŕőáőąë ŋăåőęďěŋĺï ďĺŋăňĺçěáłőľ ďěäőàňăæĺĺ ŕàěďńőęěŋë ć àăąőâăå [34, 35]. Ć àăąőâě [35] ąëńő ŕőłăğăŋő, çâő łćăğĺ-åőŕäőć áďćĺč

F (x) ãďőćńěâćőàïěâ ńĺŋěľŋőňã ãàăćŋěŋĺî

R̂_{12}F_{12}(x) = B_2(x)F_{12}(x)B_2(x)^{−1}, (3.5)

čďě B(x) = q^{∑n�1j=1 (hjhj ) ∏n−1}_{j=1} x^{−hj}_j ĺ R-ŋěďĺŋăňĺçěáłăï ãŋĺćěàáăńìŋăï R-ňăâàĺæă. İâőâ ňěâőď ąãďěâ ĺáŕőńìğőćăŋ ć àăğďěńě 3 ŕàĺ ŕőáâàőěŋĺĺ ďĺŋăňĺçěáłőľ R-ňăâàĺæë.

Řěèěŋĺě ãàăćŋěŋĺï (3.3) ňőęŋő áâàőĺâì ć ćĺďě L = q^{−(H1+H2/2)p}Rq^{H2p/2}, (3.6) čďě p = x^∂_{∂x}, ă áăňő ćëàăęěŋĺě àăááňăâàĺćăěâáï ć âěŋğőàŋőň ŕàőĺğćěďěŋĺĺ ŕàěďáâăćńěŋĺľ ρ ⊗ ρq, čďě ρ - äãŋďăňěŋâăńìŋőě ŕàěďáâăćńěŋĺě ρq - ŋěłőâőàőě, łćăŋâőćőě ŕàěďáâăćńěŋĺě.

3.2 Şŋĺćěàáăńìŋăï R-ňăâàĺæă

Łăł ãęě őâňěçăńőáì, łőŋáâàãłæĺï ãŋĺćěàáăńìŋőľ R-ňăâàĺæë ďńï ďěäőàňăæĺľ ŕàőáâëå ăńčěąà áćïğăŋă á ŕőŋïâĺěň ďãąńï Ďàĺŋäěńìďă. Ă ĺňěŋŋő, ďăŋŋăï ďěäőàňăæĺï

U_q(sl_n) ňőęěâ ąëâì ŕàěďáâăćńěŋă ć ćĺďě ďãąńï ďńï ŕőďăńčěąàë U_q(N_−). Ăńčěąàă

U_q(sl_n) őŕĺáëćăěâáï ŋăąőàőň čěŋěàăâőàőć f_α, e_α, h_α; ďńï ŕàĺňĺâĺćŋëå łőŋěľ α_i ąãďěň

ĺå őąőğŋăçăâì ďńï ŕàőáâőâë fi, ei, hi, i = 1, ..., n − 1. İâĺ čěŋěàăâőàë ãďőćńěâćőàïîâ áőőâŋőèěŋĺïň:

[h_i, h_j] = δ_{ij}, [e_i, f_j] = δ_{ij} q^{hi} − q^{−hi} q − q^{−1} [h_i, e_j] = (δ_{ij}2 − δ_{i,j±1})e_j, [h_i, f_j] = (−δ_{ij}2 + δ_{i,j±1})f_j. Śőőâŋőèěŋĺï Śěààă ć ďăŋŋőň áńãçăě ŕàěőąàěâăîâ ćĺď [e_i, e_j] = 0 |i − j| > 1 [f_i, f_j ] = 0 |i − j| > 1 e_ie_ie_{i+1} + e_{i+1}e_ie_i = (q + q^{−1})e_ie_{i+1}e_i,

ĺ ăŋăńőčĺçŋëě ďńï čěŋěàăâőàőć fi.

Ć àăąőâăå [32],[33] ąëńă ŕàěďńőęěŋă àěłãààěŋâŋăï ŕàőæěďãàă ŕőáâàőěŋĺï łăŋőŋĺçěáłĺå čěŋěàăâőàőć, őâćěçăîéĺå ńîąőňã ŕőńőęĺâěńìŋőňã łőàŋî. Ŕàĺ ŋăńĺçĺě ŋěłőâőàőčő ãŕőàïďőçĺćăŋĺï ŋă ŕàőáâàăŋáâćě ŕőńőęĺâěńìŋëå łőàŋěľ łăŋőŋĺçěáłĺě čěŋěàăâőàë őâćěçăîéĺě áãňňě ďćãå łőàŋěľ α, β, α + β, ďńï łőâőàëå čěŋěàăâőàë ãęě ŕőáâàőěŋë ĺ ćëŕőńŋïěâáï áőőâŋőèěŋĺě α < α + β < β, ĺ ŋě ćëŕőńŋïěâáï

α < δ < α + β < γ < β ŕàĺ δ + γ = α + β, âő ćëàăęěŋĺě ďńï čěŋěàăâőàőć őâćěçăîéĺå

áãňňě łőàŋěľ ğăďăîâáï äőàňãńăňĺ

e_{α+β} = e_αe_β − qe_βe_α f_{α+β} = f_βf_α − q^{−1}f_αf_β.

Ććěďěň ŋă ňŋőęěáâćě ŕőńőęĺâěńìŋëå łőàŋěľ ńěłáĺłőčàăäĺçěáłĺľ ŕőàïďőł, âő ěáâì (12), (13), ...(1, n), (2, 3), ...(n−1, n) ć ŕőàïďłě ćőğàăáâăŋĺï. Őąőğŋăçĺň ei,i+1, fi,i+1 čěŋěàăâőàë ei, fi ĺ őŕàěďěńĺň ŕő ĺŋďãłæĺĺ e_{ij} = e_{ik}e_{kj} − qe_{kj}e_{ik}, f_{ij} = f_{kj}f_{ik} − q^{−1}f_{ik}f_{kj} i < k < j. Ąńăčőďăàï áőőâŋőèěŋĺïň Śěààă íâő őŕàěďěńěŋĺě łőààěłâŋő, âő ěáâì ŋě ğăćĺáĺâ őâ ćëąőàă k. The

Ąăğĺá Ŕãăŋłăàě-Ąĺàłčőäă-Ćĺââă ć ďăŋŋőň áńãçăě ďńï Uq(N+) (áőőâć.Uq(N−)) ğăďăěâáï ćëàăęěŋĺïňĺ:

e^p = >∏ α∈Φ^+ (e_{ij})^{pij} (resp.f^p = >∏ α∈Φ^+ (f_{ij} )^{pij} ). (3.7)

Ćëàăęěŋĺě ďńï R-ňăâàĺæë ć âěàňĺŋăå íâĺå őąàăğãîéĺå ňőęěâ ąëâì ŕàěďáâăćńěŋő: R = KR̂, K = n−1∏ j=1 q^{hi⊗hi} , R̂ = ∏ Φ+,> R̂_α, čďě^^Rα = exp_q((q − q^{−1})eα ⊗ fα). q-íłáŕőŋěŋâă őŕàěďěńïěâáï áńěďãîéĺň őąàăğőň:

exp_q(z) = ∞∑ n=0 1 [n]! z^n, čďě [n] = (q^n − q^{−n})/(q − q^{−1}).

Ć àăááňăâàĺćăěňëå ćëçĺáńěŋĺïå ńĺąő ŕěàćëľ, ńĺąő ćâőàőľ áőňŋőęĺâěńì âěŋğőàŋőčő ŕàőĺğćěďěŋĺï àăááňăâàĺćăěâáï ć äãŋďăňěŋâăńìŋőň ŕàěďáâăćńěŋĺĺ. Śńěďőćăâěńìŋő ć ćëàăęěŋĺĺ ďńï q-íłáŕőŋěŋâë áőåàăŋïâáï łőíääĺæĺěŋâë âőńìłő ŋãńěćőľ ĺ ŕěàćőľ áâěŕěŋĺ. Šăłĺň őąàăğőň, äőàňãńă ďńï R-ňăâàĺæë ŕàĺőąàěâăěâ ćĺď: R̂ = ∏ ij,> (1 + (q − q^{−1})e_{ij} ⊗ f_{ij} ).

Řăááňőâàĺň őâďěńìŋő ďćă áńãçăï:

äãŋďăňěŋâăńìŋőě ŕàěďáâăćńěŋĺě ŕő ŕěàćőňã ŕàőáâàăŋáâćã: eij ć íâőň áńãçăě íâő ňăâàĺçŋëě ěďĺŋĺæë δij ŕàĺ i < j. Ŕàĺŋĺňăï ćő ćŋĺňăï ŕőàïďőł ć ŕàőĺğćěďěŋĺĺ ďńï R-ňăâàĺæë ĺ ğăňěçăï, çâő δijδkm = 0 if (ij) > (km), ŕőńãçĺň

R̂ = 1 + (q − q^{−1}) ∑ i<j e_{ij} ⊗ f_{ij};

äãŋďăňěŋâăńìŋőě ŕàěďáâăćńěŋĺě ŕő ćâőàőňã áőňŋőęĺâěńî: ć ďăŋŋőň áńãçăě čěŋěàăâőàë fij ïćńïîâáï ňăâàĺçŋëňĺ ěďĺŋĺæăňĺ δji ŕàĺ i < j ĺ ćëàăęěŋĺě ďńï R-ňăâàĺæë ŕàĺőąàěâăěâ äőàňã:

R̂ = 1 + ∑ i<j ( ∑ e_{im}�_{1im} ...e_{i1i2} (q − q^{−1})^{m−1}) ⊗ f_{ij}. Ćŋãâàěŋŋěě áãňňĺàőćăŋĺě ąěàěâáï ŕő ćáěň àăğąĺěŋĺïň ćĺďă i = i1 < i2 < ... <

i_m = j.

3.3 Łćăğĺ-åőŕäőćă ďěäőàňăæĺï

Řăááňőâàĺň ŕàěďáâăćńěŋĺě Uq(sln) ŋă łćăŋâőćőň ŕàőáâàăŋáâćě ć ćĺďě ŕàěďáâăćńěŋĺï áâăàèěčő ćěáă (nl,0,...,0). Ţăàăłâěàŋëň áćőľáâćőň íâőčő ŕàěďáâăćńěŋĺï ïćńïěâáï âő, çâő ćáě ćěáőćëě ŕàőáâàăŋáâćă ïćńïîâáï őďŋőňěàŋëňĺ. Ŋăŕàĺňěà, ŋă ŕàőáâàăŋáâćě ŋãńěćőčő ćěáă ćáě íńěňěŋâë ćĺďă fi_{m�1}i_m ...fi_1i_2 á őďĺŋăłőćëňĺ i1, im ïćńïîâáï ŕàőŕőàæĺőŋăńìŋëňĺ. Ĺááńěďãï ŕàěďáâăćńěŋĺï ŕőďăńčěąà Uq(sl2), őâćěçăîéĺå ŕőńőęĺâěńìŋëň łőàŋïň ŋăèěľ ăńčěąàë ňőęŋő ŋăľâĺ łőíääĺæĺěŋâë ŕàőŕőàæĺőŋăńìŋőáâĺ:

f_{im}�_{1im} ...f_{i1i2} v_0 = ([l + 1]q^{−l})^{(m−1−im+i1)}f^∗_{i1im} v_0

čďě f^∗_{ij} = fj−1,jfj−2,j−1...fi,i+1 ĺ v0 - ćěłâőà, ŕőàőęďăîéĺľ ŕàőáâàăŋáâćő ŋãńěćőčő ćěáă. Ććěďěň âăłęě íńěňěŋâ e^∗_{ij} = ej−1,jej−2,j−1...ei,i+1. Ŋă ŕàőáâàăŋáâćě, ŕőàőęďěŋŋőň ćěłâőàőň f^∗_{ij}v0, ŕőńãçĺň e_{im}�_{1im} ...e_{i1i2} v_0 = ([l]q^l)^{(m−1−im+i1)}e^∗_{i1im} . Śńěďãěâ őâňěâĺâì, çâő íâĺ áőőâŋőèěŋĺï áőåàăŋïîâáï ŕàĺ ďőňŋőęěŋĺĺ áŕàăćă ĺ áńěćă ŋă čěŋěàăâőàë ei_mj ĺ fi_mj áőőâćěâáâćěŋŋő. Ĺ ŕőáńěďŋĺľ ŋěőąåőďĺňëľ äăłâ ĺğ âěőàĺĺ ŕàěďáâăćńěŋĺľ ğăłńîçăěâáï ć àăćěŋáâćě

e^∗_{ij}f^∗_{ij}v_0 = ([l][l + 1])^{j−i}v_0. (3.8)

Šăłăï áâàãłâãàă ŕàěďáâăćńěŋĺï ŕàĺćőďĺâ ł âőňã, çâő ć áńãçăě äãŋďăňěŋâăńìŋőčő ŕàěďáâăćńěŋĺï ŕő ćâőàőňã áőňŋőęĺâěńî ćëàăęěŋĺě ďńï R-ňăâàĺæë ŕàĺőąàěâăěâ ćĺď:

R̂_{21} = 1 + ∑ i<j f_{ij} ⊗ e^∗_{ij}(q^l[l]^{−1})^{j−i−1}. (3.9)

§ćŋăï łőŋáâàãłæĺï łćăğĺ-åőŕäőćőľ ďěäőàňăæĺĺ F12(x) őáŋőćăŋă ŋă ãâćěàęďěŋĺĺ àăąőâë [35], ć łőâőàőľ ąëńő ŋăľďěŋő ńĺŋěľŋőě ãàăćŋěŋĺě, łőâőàőňã ãďőćńěâćőàïěâ íńěňěŋâ F12(x):

F_{12}(x)B_2(x) = R̂^{−1}_{12} B_2(x)F_{12}(x).

Ğăŕĺèěň íâő ãàăćŋěŋĺě ć íłćĺćăńěŋâŋőľ äőàňě:

R̂_{12}F_{12}(x) = B_2(x)F_{12}(x)B_2(x)^{−1} (3.10)

čďě B(x) = q^{∑n�1j=1 (hj hj−xj hj)}. Łàőňě âőčő ãâćěàęďăěâáï, çâő ćëàăęěŋĺě ďńï F12(x) ďőńęŋő ŕàĺŋĺňăâì äőàňã:

F (x) = ∑ p,r e^p ⊗ f^rϕ_{p,r}(x) (3.11)

čďě áãňňĺàőćăŋĺě ąěàěâáï ŕő íńěňěŋâăň ąăğĺáă Ŕãăŋłăàě-Ąĺàłčőäă-Ćĺââă (3.7) á őďĺŋăłőćëň ćěáőň. Ććěďěň ŕěàěňěŋŋëě yj âăłĺě çâő xi = q^{yi+1−yi} . Šőčďă ąãďěâ ćěàŋő áńěďãîéěě BfijB^{−1} = fijq^{yj −yi−2hij+2} čďě hij =^{∑<j}_{k=i} hk. Ŕőďáâăćńïï ğăâěň ćëàăęěŋĺě ďńï F ć äőàňě:

F_{12}(x) = 1 + ∑ i<j e_{ij} ⊗ f^∗_{ij}Φ_{ij} (x) ć ŕàăćãî çăáâì ãàăćŋěŋĺï (3.10), ŕőńãçĺň

B_2F_{12}B^{−1}_2 = 1 + ∑ i<j e_{ij} ⊗ f^∗_{ij}Φ_{ij} (x)q^{yj−yi+2}, čďě ćëàăęěŋĺï ãęě őčàăŋĺçěŋë ŋă ŕőďŕàőáâàăŋáâćő ŋãńěćőčő ćěáă. İâő őčàăŋĺçěŋĺě ć íâőň ňěáâě łőààěłâŋő, âăł łăł ŕàěďćăàĺâěńìŋő ćáě íńńěňěŋâë łăàâăŋőćáłőľ ŕőďăńčěąàë ąëńĺ ŕěàěŋěáěŋë ŋăŕàăćő. Ăŋăńőčĺçŋăï ŕàőæěďãàă ŕő őâŋőèěŋĺî ł ńěćőľ çăáâĺ ãàăćŋěŋĺï (3.10) ŕàĺćőďïâ ł áńěďãîéěľ áĺáâěňě ãàăćŋěŋĺľ:

R̂_{12}F_{12}(x) = 1 + ∑ i<j e_{ij} ⊗ (f^∗_{ij}Φ_{ij} + f_{ij}(q − q^{−1})

+(q^2 − 1) ∑ k,i<k<j f_{j−1,j}...f_{k+1,k+2}(f_{k,k+1}f_{ik} − f_{i,k+1})Φ_{kj} ). Śőłàăéăï ŕàőŕőàæĺőŋăńìŋëě çńěŋë ŕőńãçĺň:

R̂_{12}F_{12}(x) = 1 + ∑ i<j e_{ij} ⊗ f^∗_{ij}(Φ_{ij} + q^{i−j+1}_l (q − q^{−1}) + (q^2 − 1) ∑ k,i<k<j q^{i−k}_l (q_l − 1)Φ_{kj} ),

čďě ql = [l + 1]q^{−l}. Śàăćŋĺćăï ďćě çăáâĺ ãàăćŋěŋĺï (3.10) ŕőńãçĺň áĺáâěňã ãàăćŋěŋĺľ ŋă äãŋłæĺĺ, äĺčãàĺàãîéĺě ć ŕàěďáâăćńěŋĺĺ łćăğĺ-åőŕäőćőčő ŕàěőąàăğőćăŋĺï Φij:

Φ_{ij} (q^{yj−yi+2} − 1) = q^{i−j−1}_l (q − q^{−1}) + ∑ k,i<k<j (q^2 − 1)(q_l − 1)q^{i−k}_l Φ_{kj} .

İâő ŕàĺćőďĺâ ł áńěďãîéĺň àěłãààěŋâŋëň áőőâŋőèěŋĺïň:

Φ_{ij} = Φ_{i+1,j} q^{−1}_l q^{yj−yi+1 +2} − q^{−2l} q^{yj−yi+2} − 1 , Φ_{j−1,j} = q − q^−1 q^{yj−yj}�^{1 +2} − 1

. (3.12)

Ďńï ćëçĺáńěŋĺï íńěňěŋâă F^{−1}_{21} ŕěàěŕĺèěň (3.10) ć íłćĺćăńěŋâŋőľ äőàňě:

F^{−1}_{21} = B_1F^{−1}_{21} B_1R̂_{21}. (3.13)

Ĺğ őąéěčő ćĺďă F^{−1}_{21} (3.11) áńěďãěâ, çâő ć ďăŋŋőň áńãçăě őŋ ňőęěâ ąëâì ŕàěďáâăćńěŋ ć ćĺďě:

F^{−1}_{21} = 1 + ∑ i<j Ψ_{ij} f_{ij} ⊗ e^∗_{ij}. Ĺáŕőńìğãï íâő ćëàăęěŋĺě, ŕőńãçĺň:

B_1F^{−1}_{21} B^{−1}_1 = 1 + ∑ i<j Ψ_{ij}q^{yj−yi} f_{ij} ⊗ e^∗_{ij}, ĺ ŕőďáâăćńïï ćëàăęěŋĺě(3.9) ďńï R21 ć (3.13) ŋăľďěň ćëàăęěŋĺě ďńï ŕàăćőľ çăáâĺ ãàăćŋěŋĺï (3.13):

B_1F^{−1}_{21} B^{−1}_1 R̂_{21} = 1 + ∑ i<j f_{ij} ⊗ e^∗_{ij}(Ψ_{ij}q^{yj−yi} + (q − q^{−1})(q^l[l]^{−1})^{j−i−1} + ∑ k,i<k<j Ψ_{kj} q^{yj−yk} (q − q^{−1})(q^l[l]^{−1})^{k−i−1}). Śőŕőáâăćńïï ćëàăęěŋĺï ŕàăćőľ ĺ ńěćőľ çăáâěľ, ŕőńãçĺň áĺáâěňã ãàăćŋěŋĺľ ŋă äãŋłæĺĺ Ψij:

Ψ_{ij} (1 − q^{yj−yi} ) = (q − q^{−1})(q^l[l]^{−1})^{j−i−1} + ∑ k,i<k<j Ψ_{kj} q^{yj−yk} (q − q^{−1})(q^l[l]^{−1})^{k−i−1}). Řěèěŋĺě íâőľ áĺáâěňë ŕàěďáâăćńïěâáï ć àěłãààěŋâŋőľ äőàňě:

Ψ_{ij} = q^{−l}[l]^{−1} q^{yj−yi+1} − q^{2l} q^{yj−yi} − 1 Ψ_{i+1,j} Ψ_{j−1,j} = q − q^{−1} 1 − q^{yj−yj}�^1 . (3.14)

3.4 Ŕőáâàőěŋĺě čăňĺńìâőŋĺăŋőć

Ŕàĺ ŕőáâàőěŋĺĺ čăňĺńìâőŋĺăŋőć ćáě ćëçĺáńěŋĺï ŕàőćőďïâáï ŕàĺ äĺłáăæĺĺ äãŋďăňěŋâăńìŋőčő ŕàěďáâăćńěŋĺï ŕő ŕěàćőňã ŕàőáâàăŋáâćã ĺ ŕàĺ őčàăŋĺçěŋĺĺ ŋă ŕőďŕàőáâàăŋáâćő ŋãńěćőčő ćěáă ć ŕàěďáâăćńěŋĺï áâăàèěčő ćěáă (nl,0,...,0) ŋă âăł ŋăğëćăěňőň łćăŋâőćőň ŕàőáâàăŋáâćě. Ďńï ŕőáâàőěŋĺï ãŋĺćěàáăńìŋőľ ďĺŋăňĺçěáłőľ Rňăâàĺæë âàěąãěâáï ŋăľâĺ ŕàőĺğćěďěŋĺě:

F^{−1}_{21} KR̂_{12}F_{12}

čďě KR̂_{12}F_{12}(x) = 1 + ∑ i<j e_{ij} ⊗ f^∗_{ij}Φ_{ij} (y)q^{yj−yi+1}. Šăł łăł ć ŕàőæěďãàě ŕőáâàőěŋĺï čăňĺńìâőŋĺăŋőć äĺčãàĺàãěâ őŕěàăæĺï ćğïâĺï áńěďă ąãďěň ćëçĺáńïâì âőńìłő ďĺăčőŋăńìŋëě íńěňěŋâë R12(x). Őŋĺ ňőčãâ ąëâì ćëçĺáńěŋë ŕő äőàňãńě:

R_{12}(y)_{jj} = 1 + ∑ i<j e^∗_{ij}f^∗_{ij}Φ_{ij} (y)Ψ_{ij}(y)q^{yj−yi+1}, łőâőàăï á ãçěâőň (3.8) ŕěàěŕĺáëćăěâáï ć ãŕàőéěŋŋőľ äőàňě:

R_{12}(y)_{jj} = 1 + ∑ i<j Φ_{ij}(y)Ψ_{ij}(y)q^{yj−yi+1}([l][l + 1])^{j−i}. Ććěďěň őąőğŋăçěŋĺï ďńï ŋěŕőńŋëå áãňň âăłőčő ćĺďă

R_{12}(y)^k_{jj} = 1 + i<j∑ i=k Φ_{ij}(y)Ψ_{ij}(y)q^{yj−yi+1}([l][l + 1])^{j−i}. Ńěňňă 12 Ďńï^~R^k_j = R12(y)^k_{jj} ćěàŋő áńěďãîéěě: R̃^k_j =^{i<j}∏ i=k (1 − [l][l + 1]ξ(y_j − y_i)) čďě ξ(y) = (q − q^{−1})^2q^{y+1} (q^y − 1)(q^{y+2} − 1) .

Ďőłăğăâěńìáâćő Ďńï k = j − 1 íâő ćěàŋő. Ąãďěň ďőłăğëćăâì ŕő ĺŋďãłæĺĺ. Ŕàěďŕőńőęĺň, çâő ãâćěàęďěŋĺě ńěňňë ćěàŋő ďńï k < m. İâő íłćĺćăńěŋâŋő áńěďãîéěňã:

R̃^k_j = R̃^{k+1}_j (1 − [l][l + 1]ξ(y_j − y_k)).

Ďńï èăčă ĺŋďãłæĺĺ âőčďă ďőáâăâőçŋő ďőłăğăâì, çâő

Φ_{kj} Ψ_{kj}q^{yj−yk +1}([l][l + 1])^{j−k} = −[l][l + 1]ξ(y_j − y_k) i<j∏ i=k+1 (1 − [l][l + 1]ξ(y_j − y_i)). (3.15)

Ďńï ďőłăğăâěńìáâćă (3.15) âăłęě ćőáŕőńìğãěňáï ĺŋďãłæĺěľ. Ŋěőąåőďĺňő ďőłăğăâì, çâő_{Φk−1,j} Φ_{kj} Ψ_{k−1,j} Ψ_{kj} q^{yk−yk}�^1 = ξ(y_j − y_{k−1}) ξ(y_j − y_k) (1 − [l][l + 1]ξ(y_j − y_k)).

Ŋő íâő ŕàőćěàïěâáï ŋěŕőáàěďáâćěŋŋőľ ŕőďáâăŋőćłőľ áőőâŋőèěŋĺľ ďńï Φ ĺ Ψ ŕőńãçěŋŋëå ć (3.12) ĺ (3.14). 2

Ŕàěďńőęěŋĺě 15 Čăňĺńìâőŋĺăŋ áĺáâěňë ć ďăŋŋőň áńãçăě ĺňěěâ äőàňã:

H = I_1 = n∑ i=1 e^{pi} ∏ k<i (1 − [l][l + 1]ξ(y_i − y_k))

čďě p_i = 2^∂_{∂yi}

Ďőłăğăâěńìáâćő Őáŋőćŋőě, çâő ŋãęŋő ďőłăğăâì, íâő âő, ćëàăęěŋĺě q^{pH} = q^{∑ p̃ihi} ć (3.6) ć äãŋďăňěŋâăńìŋőň ŕàěďáâăćńěŋĺĺ ěáâì ŋě çâő ĺŋőě łăł ňăâàĺçŋëě íńěňěŋâë e^{pi}δii, pi ĺğ äőàňãńĺàőćłĺ ãâćěàęďěŋĺï. Ŕěàěňěŋŋëě, ĺáŕőńìğőćăŋŋëě ć àăąőâě áćïğăŋë á ĺáŕőńìğãěňëňĺ ğďěáì áńěďãîéĺň őąàăğőň: x̃i = q^{− yi+1�yi}2 . Őŕěàăâőà áďćĺčă p̃i = x̃i^∂_{∂x̃i} ĺáŕőńìğãěňëľ ć [14] áćïğăŋ á őŕàěďěńěŋŋëň ğďěáì âăł, çâő p̃i àăćŋő

q^{p̃i} = e^{pi+1−pi} . Ć äãŋďăňěŋâăńìŋőň ŕàěďáâăćńěŋĺĺ íńěňěŋâë h^{i−1} − h^i, h^0 = h^n = 0,

íâő ďĺăčőŋăńìŋëě ňăâàĺçŋëě ěďĺŋĺæë δii. Šăłĺň őąàăğőň, q ∑_~

p_ih^i = e ∑ h^i(p_{i+1}−p_i) = e ∑ p_i(h^i�^1−h^i) = ∑ δ iie^{pi}. 2 Ććőďï ŋőćëě ŕěàěňěŋŋëě ti = yi/2, t = y/2 ŕőńãçĺň ξ(y) = (q − q^{−1})^2 (q^t − q^{−t})(q^{t+1} − q^{−t−1}) . Ĺ “őďěćăï” čăňĺńìâőŋĺăŋ

Ĥ_l = fH_lf^{−1}

á ŕőňőéìî äãŋłæĺĺ f(t1, .., tn) =^∏_{i<k} g(ti − tk) čďě g(t) = ((q^{t+1} − q^{−t−1})...(q^{t+l} −

q^{−t−l}))^{−1} ŕőńãçĺň Ĥ_l = ∑ i e^{∂ t}i ∏ k≠i q^{ti−tk+l} − q^{−ti+tk −l} q^{ti−tk} − q^{−ti+tk} . 3.5 Śŕĺŋőćăï áĺáâěňă RS

Śŕĺŋőćăï áĺáâěňă RS ïćńïěâáï ŋăĺňěŋěě ĺğãçěŋŋőľ á âőçłĺ ğàěŋĺï čăňĺńìâőŋőćőľ áâàãłâãàë ĺğ ĺğćěáâŋëå áĺáâěň âěőàĺĺ ăńčěąàő-čěőňěâàĺçěáłőčő ĺŋâěčàĺàőćăŋĺï. Śĺáâěňă ďĺŋăňĺçěáłĺå ãàăćŋěŋĺľ ć íâőň áńãçăě ŕàěďáâăćńïěâáï ć ćĺďě:

ẍ_i = ∑ i≠j (b_i^+a_j)(b_j^+a_i)(V (x_i − x_j) − V (x_j − x_i)) (3.16)

ȧ_i = ∑ i≠j a_j(b_j^+a_i)V (x_i − x_j) (3.17) ḃ_i = ∑ i≠j b_j(b_i^+a_j)V (x_j − x_i), (3.18)

čďě äãŋłæĺï V (x) = ζ(x + η) − ζ(x) ć íńńĺŕâĺçěáłőň áńãçăě, àăááňăâàĺćăîâáï âăłęě ćëàőęďěŋĺï. Şŋĺćěàáăńìŋőě ćëàăęěŋĺě ďńï áĺňŕńěłâĺçěáłőľ äőàňë áŕĺŋőćőľ áĺáâěňë RS

ω = 2 g+l−1∑ s=1 δz(γ_s) ∧ δlnk(γ_s) ŕàĺőąàěâăěâ áńěďãîéĺľ ćĺď ć âěàňĺŋăå L-őŕěàăâőàă ω = N∑ i=1 res_{Pi} (< Ψ^∗(δLL^{−1} + δlnk) ∧ δΨ >)dz. Őďŋăłő, ć àăąőâě [22] ãďăńőáì őąàăâĺâì őŕěàăâőà L âőńìłő ć ąěááŕĺŋőćőň áńãçăě, âő ěáâì łőčďă ňăâàĺæă {fij} ĺňěěâ àăŋč 1.

Ć àăąőâăå [12], [13] čăňĺńìâőŋőćă áâàãłâãàă ďńï íâőľ áĺáâěňë ąëńă ŕőáâàőěŋă ŕàĺ ĺáŕőńìğőćăŋĺĺ ňěâőďă čăňĺńìâőŋőćőľ àěďãłæĺĺ. Ă ĺňěŋŋő, ŋă ŕàőáâàăŋáâćě

T^∗G × G^∗, čďě G = GL(N, C), G-ěě ăńčěąàă Ńĺ. Ć łőőàďĺŋăâăå A ∈ G, g ∈ G, S ∈ G ŋă

íâőň ŕàőáâàăŋáâćě ąëńă ććěďěŋă ŕãăááőŋőćă áâàãłâãàă

{A_1, A_2} = 1 2 [C, A_1 − A_2],

{A_1, g_2} = g_2C, {g_1, g_2} = 0,

{S_1, g_2} = {S_1, A_2} = 0,

{S_1, S_2} = − 1 2 [C, S_1 − S_2],

čďě C =^∑_{i,j} Eij ⊗ Eji. İâă ŕãăááőŋőćă áâàãłâãàă ïćńïěâáï ĺŋćăàĺăŋâŋőľ őâŋőáĺâěńìŋő ďěľáâćĺï łăńĺąàőćőçŋőľ čàãŕŕë: A → hAh^{−1}, g → hgh^{−1}, S → hSh^{−1}. Őâőąàăęěŋĺě ňőňěŋâă âăłőčő ďěľáâćĺï ŕàěďáâăćńïěâáï ć ćĺďě: μ = gAg^{−1} − A + S. Ťĺłáĺàãěâáï ãàőćěŋì λI őâőąàăęěŋĺï ňőňěŋâă. Šőčďă čăňĺńìâőŋĺăŋ HR = trg ąãďěâ ŕőàőęďăâì áŕĺŋőćãî áĺáâěňë RS. Ďńï íâőčő ććőďïâáï ŕěàěňěŋŋëě ai, bi - 2N ćěłâőàőć àăğňěàŋőáâĺ l, âăłĺě çâő {a^α_i , b^β_j } = −δ_{ij}δ_{α,β}, S_{ij} = ∑ α a^α_i b^α_j .

Ć íâőľ àăąőâě ąëńĺ ććěďěŋë ŋőćëě áŕĺŋőćëě łăńĺąàőćőçŋő-ĺŋćăàĺăŋâŋëě ŕěàěňěŋŋëě ã^α_i , c̃^α_i , ć âěàňĺŋăå łőâőàëå őŕĺáăŋĺě ŕãăááőŋőćőľ áâàãłâãàë ŋě ïćńïěâáï ğăňłŋãâëň ĺ âàěąãěâ ććěďěŋĺï ŋőćëå ŕěàěňěŋŋëå^~Lij . Ŋă àăáèĺàěŋŋőň ŕàőáâàăŋáâćě áłőąłĺ ŕãăááőŋă ŕàěőąàěâăîâ ćĺď: {ã^α_i , a^β_j } = 1 q_{ij} (ã^α_i ã^β_j + ã^α_j ã^β_i − ã^α_i ã^β_i − ã^α_j ã^β_i ),

{c̃^α_i , c^β_j } = 1 q_{ij} (c̃^α_i c̃^β_j + c̃^α_j c̃^β_i ) + c̃^β_i L̃_{ji} − c̃^α_i L̃_{ij} ,

{c̃^α_i , a^β_j } = 1 q_{ij} (c̃^α_i (ã^β_i − ã^β_j ) + δ_{αβ}L̃_{ji} − ã^β_j L̃_{ji},

{ã^α_i , L_{kl}} = 1 q_{ij} (L̃_{kl} − L̃_{il})(ã^α_i − ã^α_k ) − 1 q_{il} L̃_{kl}(ã^α_i − ã^α_l ),

{c̃^α_i , L_{kl}} = 1 q_{ik} (L̃_{il} − L̃_{kl})c̃^α_i − 1 q_{il} (L̃_{kl}c̃^α_i + L̃_{ki}c̃^α_l ) + L̃_{li}L̃_{kl} − L̃_{ki}L̃_{kl}. Śĺáâěňă ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ, ŕőàőęďěŋŋăï íâőľ ŕãăááőŋőćőľ áâàãłâãàőľ ĺ čăňĺńìâőŋĺăŋőň HR ć ďăŋŋëå ŕěàěňěŋŋëå ğăŕĺáëćăěâáï

q̇_i = L_{ii} = 1 γ f_{ii}, ˙ã^α_i = − ∑ j≠i 1 q_{ij} (ã^α_i − a^α_j )L_{ij} ,

˙c̃^α_i = ∑ j≠i 1 q_{ij} (c̃^α_i L̃_{ij} + c̃^α_j L̃_{ji}).

Łăł ąëńő ŕőłăğăŋő ć àăąőâě [13] íâă áĺáâěňă ĺğőňőàäŋă áĺáâěňě (3.16), ..., (3.18). Őďŋăłő, łăł őâňěçăńőáì ćő ććěďěŋĺĺ, íâő őŕĺáăŋĺě ŋě ïćńïěâáï ğăňłŋãâëň.

Řăááňőâàĺň R-ňăâàĺçŋëľ ŕőďåőď ć áŕĺŋőćőň áńãçăě. Śŕĺŋőćőáâì őąőğŋăçăěâ âő, çâő àăğňěàŋőáâì ŕőďŕàőáâàăŋáâćă ŋãńěćőčő ćěáă ć ŕàěďáâăćńěŋĺĺ ŋě àăćŋă őďŋőňã. Ŕàőćőďï ćëçĺáńěŋĺï ďńï áńãçăï Uq,x(sl3), ăŋăńőčĺçŋëě ŕàěďëďãéĺň àăğďěńăň, ŋő ąěğ âàěąőćăŋĺï őďŋőňěàŋőáâĺ, ŕőńãçĺň ćëàăęěŋĺě ďńï ãŋĺćěàáăńìŋőľ R-ňăâàĺæë Ďàĺŋäěńìďă

R̂_{12} = 1 + (q − q^{−1}){e_1 ⊗ f_1 + e_2 ⊗ f_2 + e_1e_2 ⊗ f_2f_1 + e_2e_1 ⊗ f_1f_2

−q^{−1}(e_2e_1 ⊗ f_2f_1 + e_1e_2 ⊗ f_1f_2)}.

Ćőáŕőńìğőćăćèĺáì ãàăćŋěŋĺěň (3.10), őŕàěďěńïîéĺň łćăğĺ-åőŕäőćã ďěäőàňăæĺî, ąãďěň ĺáłăâì íńěňěŋâ F12(x) ć ćĺďě

F_{12}(x) = 1 + e_1 ⊗ f_1Φ_1 + e_2 ⊗ f_2Φ_2 + e_1e_2 ⊗ f_1f_2Φ_{1212}

+e_1e_2 ⊗ f_2f_1Φ_{1221} + e_2e_1 ⊗ f_1f_2Φ_{2112} + e_2e_1 ⊗ f_2f_1Φ_{2121}.

Ŕőńãçĺň áńěďãîéĺě ćëàăęěŋĺï ďńï äãŋłæĺľ Φ:

Φ_1 = q − q^{−1} q^{x1−2h1+2} − 1

Φ_2 = q − q^{−1} q^{x2−2h2+2} − 1

Φ_{1221} = Φ_{2112} = q − q^{−1} q^{x3−2h3+2} − 1 ,

Φ_{1212} =

(q − q^{−1})q(1 − q^{x2−2h2} ) (q^{x3−2h3+2} − 1)(q^{x2−2h2+2} − 1)

Φ_{2121} = −

(q − q^{−1})q(1 − q^{x1−2h1} ) (q^{x3−2h3+2} − 1)(q^{x1−2h1+2} − 1) , čďě x3 = x1 + x2. Ŕőďáâăćĺň ŕőńãçěŋŋëě àěğãńìâăâë ć ćëàăęěŋĺě ďńï ďĺŋăňĺçěáłőľ R-ňăâàĺæë. Čăňĺńìâőŋĺăŋ áĺáâěňë ŕőáńě ćğïâĺï áńěďă ĺ őčàăŋĺçěŋĺï ŋă ŕőďŕàőáâàăŋáâćő ŋãńěćőčő ćěáă ŕàěďáâăćńïěâáï ć ćĺďě

H = I_1 = q^{2p1} + q^{2p2}(1 − e_{12}f_{12}

(q − q^{−1})^2q^{x1+1} (q^{x1} − 1)(q^{x1+2} − 1) )

+q^{2p3}(1 − e_{23}f_{23}

(q − q^{−1})^2q^{x2+1} (q^{x2} − 1)(q^{x2+2} − 1)

− (e_{13} −

(q − q^{−1}) q^{x2} − 1 e_{23}e_{12})(f_{13} +

(q − q^{−1}) q^{x2+2} − 1 f_{12}f_{23})) ×( (q − q^{−1})^2q^{x3+1} (q^{x3} − 1)(q^{x3+2} − 1)

). (3.19)

Řăááňőâàĺň ŕàěďěń ŕàĺ q → 1 äĺłáĺàãï ŕàĺ íâőň ŋőćëě ŕěàěňěŋŋëě e^{t1−t2} = q^{x1/2},

e^{t2−t3} = q^{x2/2}. Ĺ àăğńőęĺň ŕőńãçěŋŋőě ćëàăęěŋĺě ŕő ŕăàăňěâàã λ = ln(q). Ŕőńãçĺň:

H = 1+λ(p_1 +p_2 +p_3)+λ^2(p^2_1 +p^2 +p^2_3 + e_{12}f_{12} sinh(t_1 − t_2) + e_{23}f_{23} sinh(t_2 − t_3) + e_{13}f_{13} sinh(t_1 − t_3) )+... Ćëàăęěŋĺě, áâőïéěě ŕàĺ λ^2 ěáâì ŋě çâő ĺŋőě, łăł łćăŋâőćëľ ĺńĺ łńăááĺçěáłĺľ čăňĺńìâőŋĺăŋ áŕĺŋőćőľ áĺáâěňë CM.

4 R-ňăâàĺçŋëľ ŕőďåőď ć áńãçăě ŕőńîáŋőľ ďĺŋăňĺłĺ àěèěŋĺï ãàăćŋěŋĺï Ďíćĺ-Śâîăàâáőŋă

4.1 Łńăááĺçěáłăï r-ňăâàĺæă

Őáŋőćŋëň ŋăąńîďěŋĺěň, ŕőďçěàłĺćăîéĺň áćïğì ďĺŋăňĺçěáłĺå áĺáâěň âěőàĺĺ áőńĺâőŋőć á âěőàĺěľ łćăŋâőćëå čàãŕŕ, ąëńő áãéěáâćőćăŋĺě łńăááĺçěáłőľ r - ňăâàĺæë ĺ r-ňăâàĺçŋőľ äőàňë ŕãăááőŋőćőľ áâàãłâãàë ŋă ăńčěąàě ňăâàĺçŋëå łőíääĺæĺěŋâőć őŕěàăâőàă L:

{L_{(1)}(λ), L_{(2)}(μ)} = [r_{12}(λ, μ), L_{(1)}(λ)] − [r_{21}(μ, λ), L_{(2)}(μ)] + [D, r_{12}(λ, μ)]. (4.1)

Ć àăąőâăå [28, 29] ąëńĺ ŕőńãçěŋë ïćŋëě ćëàăęěŋĺï ďńï łńăááĺçěáłőľ r-ňăâàĺæë ďńï áŕĺŋőćőľ áĺáâěňë CM ć ćĺďě r_{12}(λ, μ) = a(λ, μ) N∑ i=1 e_{ii} ⊗ e_{ii} − N∑ i,j=1;i≠j b(x_i − x_j, λ, μ)e_{ij} ⊗ e_{ji}, (4.2) čďě ć íńńĺŕâĺçěáłőň áńãçăě a(λ, μ) = ζ(λ − μ) − ζ(λ) + ζ(μ), b(x, λ, μ) = σ(λ − μ − x) σ(λ − μ)σ(x) exp (ζ(λ) − ζ(μ))x;

ć àăæĺőŋăńìŋőň áńãçăě a(λ, μ) = 1 λ − μ − 1 λ + 1 μ , b(x, λ, μ) = 1 x − 1 λ − μ ; D = ∑ i f_{ii} ∂ ∂x_i .

Ŕàěďńőęěŋĺě 16 Ďńï L-őŕěàăâőàŋőľ ăńčěąàë áćïğăŋŋőľ á áĺáâěňőľ ŕőńãçěŋŋőľ ć àăğďěńě 2.2 ć íńńĺŕâĺçěáłőň áńãçăě ĺ ć àăæĺőŋăńìŋőň ŕàĺ η = 0 ĺňěěâ ňěáâő ŕàěďáâăćńěŋĺě ŕãăááőŋőćőľ áâàãłâãàë (4.1) á âěňĺ ęě ćëàăęěŋĺïňĺ ďńï łőíääĺæĺěŋâőć r-ňăâàĺæë

Ďőłăğăâěńìáâćő Ğăňěâĺň, ŋăŕàĺňěà ďńï íńńĺŕâĺçěáłőčő áńãçăï, çâő ěáńĺ ćëďěńĺâì ć ňăâàĺæě L ďĺăčőŋăńìŋãî ĺ ćŋěďĺăčőŋăńìŋãî çăáâĺ:

Λ = diag{λ_i}, F = F_1 + F_2; čďě (F_1)_{ij} = (1 − δ_{ij})(b^i_1^+a^j_2)Φ(x_j − x_i, z);

(F_2)_{ij} = −(1 − δ_{ij})(b^i_2^+a^j_1)Φ(x_j − x_i, z).

Ćĺď áĺňŕńěłâĺçěáłőľ äőàňë, ŕőáâàőěŋŋőľ ć àăğďěńě 2.4 ŕőğćőńïěâ áłăğăâì, çâő Lăńčěąàë, ŕőàőęďěŋŋëě őŕěàăâőàăňĺ L^1 = Λ + F1; L^2 = λ + F2, ĺğőňőàäŋë L-ăńčěąàě, áćïğăŋŋőľ á áĺáâěňőľ CM. Šăłĺň őąàăğőň, ŋă íâĺ őŕěàăâőàë ćëŕőńŋïîâáï áőőâŋőèěŋĺï (4.1) á âőľ ęě r-ňăâàĺæěľ, çâő ĺ ć áńãçăě áĺáâěňë CM. Ğăňěâĺň âěŕěàì, çâő

{L_{(1)}, L_{(2)}} = {L^1_{(1)}, L^1_{(2)}} + {L^2_{(1)}, L^2_{(2)}}. (4.3)

Śłńăďëćăï ćëàăęěŋĺï ďńï áłőąőł ŕãăááőŋă ć ŕàăćőľ çăáâĺ (4.3), ŕőńãçĺň

[r_{12}, L_{(1)}] + [r_{12}, Λ_{(1)}] − [r_{21}, L_{(2)}] − [r_{21}, Λ_{(2)}] + [D, r_{12}]; (4.4)

čďě D =^∑((b^i_1^+a^i_2) − (b^i_2^+a^i_1))^∂_{∂xi} . Ďńï ďőłăğăâěńìáâćă ãâćěàęďěŋĺï őáâăńőáì ŕőłăğăâì, çâő ć ćëàăęěŋĺĺ (4.4) áőłàăéăîâáï ćâőàőě ĺ çěâćěàâőě áńăčăěňëě. Ďěľáâćĺâěńìŋő

[r_{12}, Λ_{(1)}] = − ∑ i≠j b(x_i − x_j, λ, μ)e_{ij} ⊗ e_{ji}(λ_j − λ_i); [r_{21}, Λ_{(2)}] = − ∑ i≠j b(x_i − x_j, μ, λ)e_{ji} ⊗ e_{ij}(λ_j − λ_i). Ŕěàěőąőğŋăçĺć ĺŋďěłáë ćő ćâőàőň ćëàăęěŋĺĺ ĺ ćőáŕőńìğőćăćèĺáì áćőľáâćőň

b(−x, μ, λ) = −b(x, λ, μ) ŕőńãçĺň ęěńăěňőě. 2

4.2 Śćőľáâćă L-őŕěàăâőàŋőľ ăńčěąàë

Őďŋăłő, r-ňăâàĺçŋăï áâàãłâãàă ďăŋŋőľ áĺáâěňë ŋě ňőęěâ ąëâì ŕőńŋőáâìî őŕĺáăŋă âőńìłő ć âěàňĺŋăå ŕőáâàőěŋőľ L-ňăâàĺæë. Ć çăáâŋőáâĺ čăňĺńìâőŋĺăŋ áĺáâěňë ćëàăęăěâáï çěàěğ łőíääĺæĺěŋâë ďàãčőčő őŕěàăâőàă, ă ĺňěŋŋő

L̃(z) = L_1(z) − L_2(−z).

Řăğńőęěŋĺě ŕő áŕěłâàăìŋőňã ŕăàăňěâàã áńěďă íâőčő őŕěàăâőàă ĺňěěâ ćĺď: T r(L̃(z)) = ∑ i λ^2_i − ∑ i≠j (f^1_{ij} − f^2_{ij})(f^1_{ji} − f^2_{ji}) (x_i − x_j)^2

− 1 z ∑ i λ_i(f^1_{ii} + f^2_{ii}) + ∑ i<j (f^1_{ij} − f^2_{ij})(f^1_{ji} + f^2_{ji}) − (f^1_{ji} − f^2_{ji})(f^1_{ij} + f^2_{ij} ) x_i − x_j + 1 z^2 ( ∑ ij (f^1_{ij} + f^2_{ij})(f^1_{ji} + f^2_{ji})).

Čăňĺńìâőŋĺăŋ ŕàěőąàěâăěâ H = Res_{z=0}T r(L̃(z)^2). Ďăŋŋőě ŋăąńîďěŋĺě ŕőğćőńĺńő ďőłăğăâì áńěďãîéěě ãâćěàęďěŋĺě, ãáâăŋăćńĺćăîéěě áćïğì ďĺŋăňĺçěáłőľ áĺáâěňë ŕőńîáŋőľ ďĺŋăňĺłĺ łőŋěçŋőğőŋŋőčő ŕőâěŋæĺăńă őŕěàăâőàă Ďĺàăłă ĺ áŕĺŋőćőľ áĺáâěňë Łăńőďęěàő-Ňőğěàă:

Ŕàěďńőęěŋĺě 17 Čăňĺńìâőŋĺăŋ áŕĺŋőćőľ àăæĺőŋăńìŋőľ áĺáâěňë Łăńőďęěàő- Ňőğěàă ŋă äăğőćőň ŕàőáâàăŋáâćě {x_i, λ_i, (f^1_{ij} − f^2_{ij} )}, čďě x_i, λ_i, f^k_{ij} ïćńïîâáï łőőàďĺŋăâăňĺ ŋă äăğőćőň ŕàőáâàăŋáâćě àăæĺőŋăńìŋőľ áĺáâěňë ŕàőĺŋâěčàĺàőćăŋŋőľ ć àăğďěńě 2.2, ă ĺňěŋŋő ćëàăęěŋĺě H_{CM} = n∑ i=1 λ^2_i + ∑ i≠j (f^1_{ij} − f^2_{ij})(f^1_{ji} − f^2_{ji}) (x_i − x_j)^2

ïćńïěâáï ĺŋâěčàăńőň ďćĺęěŋĺï ďńï áĺáâěňë (2.7,...,2.10).

Ďőłăğăâěńìáâćő. Ŕàěęďě ćáěčő ğăňěâĺň, çâő łőőàďĺŋăâŋëě äãŋłæĺĺ f^1_{ij} − f^2_{ij} őąàăğãîâ ăńčěąàã Ńĺ sln. Łńăááĺçěáłăï ŕãăááőŋőćă áâàãłâãàă áĺáâěňë (2.7,...,2.10). áńěďãěâ ĺğ ŕőńãçěŋŋőčő ćëàăęěŋĺï ďńï áĺňŕńěłâĺçěáłőľ áâàãłâãàë ć ćĺďě ω = N∑ i=1 (δλ_i ∧ δx_i + δB^q_i^1 ∧ δA^2_{iq} − δB^q_i^2 ∧ δA^1_{iq}). (4.5)

Ĺğ íâőčő ćëàăęěŋĺï áńěďãěâ, çâő ŋă ćěńĺçĺŋë f^1_{ij} = B^1_i^+A^2_j ĺ f^2_{ij} = B^2_i^+A^1_j ĺňěîâáï áńěďãîéĺě áłőąłĺ Ŕãăááőŋă:

{f^1_{ij}, f^1_{kl}} = δ_{jk}f^1_{il} − δ_{li}f^1_{kj} , {f^2_{ij} , f^2_{kl}} = −δ_{jk}f^2_{il} + δ_{li}f^2_{kj}, {f^1_{ij}, f^2_{kl}} = 0. (4.6)

ĺğ íâőčő ćĺďŋő, çâő ŋă ĺå àăğŋőáâĺ ćëŕőńŋïîâáï áńěďãîéĺě łőňňãâăæĺőŋŋëě áőőâŋőèěŋĺï

{f^1_{ij} − f^2_{ij}, f^1_{kl} − f^2_{kl}} = {f^1_{ij}, f^1_{kl}} + {f^2_{ij}, f^2_{kl}} = δ_{jk}(f^1_{il} − f^2_{il}) − δ_{li}(f^1_{kj} − f^2_{kj} ). (4.7)

Ćëàăęěŋĺě ďńï áńěďă őŕěàăâőàă L(z) ĺňěěâ äőàňã: T rL(z) = ∑ i λ^2_i − ∑ i≠j (f^1_{ij} − f^2_{ij})(f^1_{ji} − f^2_{ji}) (x_i − x_j)^2

− 1 z ∑ i λ_i(f^1_{ii} − f^2_{ii}) + ∑ i<j (f^1_{ij} − f^2_{ij} )(f^1_{ji} − f^2_{ji}) − (f^1_{ji} − f^2_{ji})(f^1_{ij} − f^2_{ij} ) x_i − x_j + 1 z^2 ( ∑ ij (f^1_{ij} − f^2_{ij})(f^1_{ji} − f^2_{ji})).

Ğăňěâĺň âěŕěàì, çâő ŋăńĺçĺě ŕàěďáâăćńěŋĺï Ńăłáă ďńï őŕěàăâőàă L(z) ćńěçěâ âőâ äăłâ, çâő łőíääĺæĺěŋâë àăğńőęěŋĺï ŕő áŕěłâàăńìŋőňã ŕăàăňěâàã íâőčő őŕěàăâőàă ïćńïîâáï ĺŋâěčàăńăňĺ ďćĺęěŋĺï. Ğăňěâĺň, çâő áćőąőďŋëľ çńěŋ íâőčő àăğńőęěŋĺï ïćńïěâáï čăňĺńìâőŋĺăŋőň áĺáâěňë Łăńőďęěàő-Ňőğěàă ďńï ğăïćńěŋŋőčő äăğőćőčő ŕàőáâàăŋáâćă, łőíääĺæĺěŋâ ŕàĺ^1_z ïćńïěâáï ĺňŕãńìáőň áĺáâěňë ěáńĺ ãçěáâì ãáńőćĺě

f_{ii} − f^2_{ii} = 2. Łàőňě âőčő ć àăğńőęěŋĺïå ŕő áŕěłâàăńìŋőňã ŕăàăňěâàã áńěďőć L(z) ĺ L̃(z) łőíääĺæĺěŋâë ŕàĺ z^{−2} áőćŕăďăîâ ćáńěďáâćĺĺ ąëáâàőčő ãąëćăŋĺï ŕőâěŋæĺăńă ć

àăæĺőŋăńìŋőň áŕěæĺăńìŋőň áńãçăě, âăł łăł áãňňă ćëçěâőć ŕőâěŋæĺăńă ć íâőň áńãçăě àăćŋă ŋãńî.

Ĺâăł, ŕőňĺňő áćïğĺ àăæĺőŋăńìŋőľ áŕěæĺăńìŋőľ áĺáâěňë ŕőńîáŋőľ ďĺŋăňĺłĺ àěèěŋĺï ňăâàĺçŋőčő ãàăćŋěŋĺï Ďíćĺ-Śâîăàâáőŋă áő áŕĺŋőćőľ áĺáâěňőľ Łăńőďęěàő- Ňőğěàă, ąëńő ãáâăŋőćńěŋő, çâő łőíääĺæĺěŋâë áńěďă őŕěàăâőàă^~L(z), ć âěàňĺŋăå łőâőàőčő ćëàăęăěâáï čăňĺńìâőŋĺăŋ áĺáâěňë, âăłęě ïćńïîâáï ĺŋâěčàăńăňĺ ďćĺęěŋĺï ć ďăŋŋőň áńãçăě. 2

Ğăďăçă ŕőáâàőěŋĺï łćăğĺâàěãčőńìŋőľ ńĺ-ąĺăńčěąàë [36] ĺńĺ ěě ďĺŋăňĺçěáłőčő ăŋăńőčă: łćăğĺâàěãčőńìŋőľ łćăğĺ-ńĺ-ąĺăńčěąàë [37] ć ďăŋŋőň áńãçăě ğăłńîçăěâáï ć őŕĺáăŋĺĺ čěŋěàăâőàőć ăńčěąàë, ďćőľáâćěŋŋőľ ł ăńčěąàě, áőďěàęăéěľ ďćă łőňňãâĺàãîéĺå íłğěňŕńïàă sln, çâő ïćńïěâáï áńěďáâćĺěň ŕőńãçěŋŋëå áłőąőł ŕãăááőŋă.

5 Ğăłńîçěŋĺě

Őáŋőćŋăï æěńì ďăŋŋőľ àăąőâë ğăłńîçăěâáï ć ŕàĺćńěçěŋĺĺ ăŕŕăàăâă ãŋĺćěàáăńìŋőľ R-ňăâàĺæë ć ğăďăçĺ, áćïğăŋŋëě á ďĺŋăňĺçěáłĺňĺ áĺáâěňăňĺ âěőàĺĺ áőńĺâőŋőć. Ňěâőďë, ŕàěďńőęěŋŋëě ć àăąőâăå [14], [15], ŕőğćőńïîâ ïćŋő łőŋáâàãĺàőćăâì ĺŋâěčàĺàãěňëě ďĺŋăňĺçěáłĺě áĺáâěňë, áâăàâãï á ŋěłőâőàőľ łćăğĺåőŕäőćőľ ăńčěąàë. Ł ďőáâőĺŋáâćăň íâĺå ŕőáâàőěŋĺľ ňőęŋő őâŋěáâĺ ãŋĺćěàáăńìŋőáâì ĺ ŕőńŋőâã őŕĺáăŋĺï čăňĺńìâőŋőćőľ áâàãłâãàë, ćőğňőęŋőáâì łćăŋâőćăŋĺï áĺáâěňë. Ŕőď ãŋĺćěàáăńìŋőáâìî ğďěáì ŕőŋĺňăěâáï őŕĺáăŋĺě ŋă ãŋĺćěàáăńìŋőň ăńčěąàăĺçěáłőň ïğëłě. Łőŋłàěâŋëľ áňëáń áłőŋáâàãĺàőćăŋŋëå ćěńĺçĺŋ ğăłńîçăěâáï ć ćëąőàě ŕàěďáâăćńěŋĺï ĺ őáőąëå ãáńőćĺľ ŋőàňĺàőćłĺ. Őąńăáâìî őáőąőčő ĺŋâěàěáă ć łőŋâěłáâě ďăŋŋőčő ňěâőďă ïćńïěâáï ć ŋěłőâőàőň áňëáńě őąàăâŋăï ğăďăçă, âő ěáâì ğăďăçă ŋăåőęďěŋĺï łćăğĺåőŕäőćőľ ăńčěąàë, ă áńěďőćăâěńìŋő ĺ łćăŋâőćőľ ĺŋâěčàĺàãěňőľ áĺáâěňë, ŕő áŕěłâàăńìŋëň ďăŋŋëň łńăááĺçěáłőľ áĺáâěňë, ŕőńãçăěňëň ć àăňłăå ăńčěąàő-čěőňěâàĺçěáłőčő ňěâőďă ĺŋâěčàĺàőćăŋĺï. Ğăňěâĺň, çâő ć àïďě áńãçăěć ãďăěâáï ŕőáâàőĺâì ŕãăááőŋőćã áâàãłâãàã ŋă äăğőćőň ŕàőáâàăŋáâćě áĺáâěňë, ă âăłęě àěèěŋĺě łńăááĺçěáłőčő ďĺŋăňĺçěáłőčő ãàăćŋěŋĺï §ŋčă-Ąăłáâěàă. Ŕőŕëâłĺ àěèěŋĺï âăłőľ őąàăâŋőľ ğăďăçĺ ãęě ŕàěďŕàĺŋĺňăńĺáì ć àăąőâăå [21], [38], [39]. Ć ŕěàćőľ ĺğ ŋĺå łćăğĺåőŕäőćă ăńčěąàă áâàőĺńăáì ŕő áŕěłâàăńìŋëň ďăŋŋëň, ŕő łàĺćőľ á őâňěçěŋŋëňĺ âőçłăňĺ. Őďŋăłő àăááňăâàĺćăńáï âőńìłő áńãçăľ áâăàâőćőľ ăńčěąàë sl2. Ć àăąőâăå [38], [39] őáŋőćŋőě ćŋĺňăŋĺě ãďěńïńőáì łőŋâàãĺàőćăŋĺî àěèěŋĺľ łńăááĺçěáłőčő ĺ łćăŋâőćőčő ďĺŋăňĺçěáłĺå ãàăćŋěŋĺľ §ŋčă-Ąăłáâěàă. Ć çăáâŋőáâĺ ąëń ŋăľďěŋ łńăáá àěèěŋĺľ łńăááĺçěáłőčő ãàăćŋěŋĺï, ďńï łőâőàőčő áãéěáâćãěâ łćăŋâőćăŋĺě. Őďŋăłő ćáě ŕőáâàőěŋĺï ďăŋŋëå àăąőâ őàĺěŋâĺàőćăŋë ŋă äãŋďăňěŋâăńìŋëě ŕàěďáâăćńěŋĺï ĺ ŋě ňőčãâ ďăćăâì ŕőńőęĺâěńìŋëå àěğãńìâăâőć ŕàĺ ăŋăńĺğě áŕĺŋőćëå áĺáâěň.

Ğăďăçă ŕőáâàőěŋĺï łćăğĺ-åőŕäőćőľ ăńčěąàë ć áńãçăě áŕĺŋőćőľ áĺáâěňë CM ąëńă àěèěŋă ć áńěďãîéěň áňëáńě: ãçĺâëćăï ĺňěîéĺěáï áłőąłĺ ŕãăááőŋă ŋă äăğőćăň ŕàőáâàăŋáâćě áĺáâěňë, łőâőàëě ňőčãâ ąëâì àăááňőâàěŋë łăł őŕàěďěńïîéĺě áőőâŋőèěŋĺï ăńčěąàë Ńĺ sln, ă âăłęě ŋăńĺçĺě łńăááĺçěáłőľ r-ňăâàĺæë, ąëńă àăááňőâàěŋă ďĺŋăňĺçěáłăï ďěäőàňăæĺï ãŋĺćěàáăńìŋőľ őąěàâëćăîéěľ Uq(sln). Şáńőćĺě àěďãłæĺĺ, łőâőàőě ć łńăááĺçěáłĺå âěàňĺŋăå ĺňěńő ćĺď bi^+ai = 2, ŕàĺőąàěńő ŋă ïğëłě łćăğĺåőŕäőćőľ ăńčěąàë âăł ŋăğëćăěňőě áćőľáâćő ŋãńěćőčő ćěáă. Ĺňěŋŋő őŋő ŕőğćőńĺńő ŋăľâĺ łőňňãâăâĺćŋãî ŕőďăńčěąàã ć ãŋĺćěàáăńìŋőľ őąěàâëćăîéěľ ăńčěąàě. Šàěąãěâ ďăńìŋěľèěčő ŕàőïáŋěŋĺï ćőŕàőá áőŕőáâăćńěŋĺï ŕàőæěďãàë čăňĺńìâőŋőćőľ àěďãłæĺĺ ŋă łćăŋâőćőň ĺ łńăááĺçěáłőň ãàőćŋě, âăł łăł ďăŋŋőě áćőľáâćő ŋãńěćőčő ćěáă ŋă áăňőň ďěńě áãęăěâ ăńčěąàã ďő ăńčěąàë, ŕőàőęďěŋŋőľ ćěńĺçĺŋăňĺ eαfα. Ŋă łńăááĺçěáłőň ãàőćŋě âăłőčő áãęěŋĺï ŋě ŕàőĺáåőďĺâ.

Łăł őłăğăńőáì, ĺňěŋŋő âăłĺň őąàăğőň ŕőáâàőěŋŋăï ăńčěąàă ďăěâ ŕőńŋőě łćăŋâőćőě őŕĺáăŋĺě áĺáâěňë, âő ěáâì őŕĺáëćăěâ ăńčěąàã őŕěàăâőàőć, ďěľáâćãîéãî ŋă łćăŋâőćőň ŕàőáâàăŋáâćě ĺ ěě łőňňãâăâĺćŋãî ŕőďăńčěąàã, ćłńîçăîéãî čăňĺńìâőŋĺăŋ. İâă áâàãłâãàă ć áńãçăě áâăàâőćőľ ăńčěąàë Ńĺ sln áőőâćěâáâćãěâ łćăŋâőćőľ áĺáâěňě RS ć ąěááŕĺŋőćőň áńãçăě. Ďńï ŋěě ňőęěâ ąëâì ŋăľďěŋ łńăááĺçěáłĺľ ŕàěďěń, łőâőàëľ áőćŕăďăěâ á łńăááĺçěáłőľ áĺáâěňőľ RS, ă âăłęě ŕàěďěń ŕő ŕăàăňěâàã ďěäőàňăæĺĺ ĺ ěčő łńăááĺçěáłĺľ ăŋăńőč: łćăŋâőćăï ĺ łńăááĺçěáłăï áĺáâěňë Łăńőďęěàő-Ňőğěàă. Ć áńãçăě Uq,x(sl3) ąëńă ŕőáâàőěŋă łćăŋâőćăï áŕĺŋőćăï áĺáâěňă, ŕàěďěń ŕő ŕăàăňěâàã ďěäőàňăæĺĺ q łőâőàőľ ïćńïěâáï łćăŋâőćőľ áŕĺŋőćőľ áĺáâěňőľ CM. Śńěďãěâ őâŋěáâĺ ł ďőáâőĺŋáâćăň íâőčő ňěâőďă ãŋĺćěàáăńìŋőáâì őŕĺáăŋĺï ć âőň áňëáńě, çâő áŕĺŋőćëľ ĺ őąëçŋëľ áńãçăĺ őâńĺçăîâáï ĺáłńîçĺâěńìŋő ŕăàăňěâàăňĺ àăááňăâàĺćăěňëå ŕàěďáâăćńěŋĺľ. Śãňňĺàãï ćáě ćëèěáłăğăŋŋőě, ğăňěâĺň, çâő ąëńă ŕőáâàőěŋă ďěäőàňăæĺï łćăŋâőćőľ áŕĺŋőćőľ áĺáâěňë CM, łőâőàăï ć áńãçăě ŕàěďáâăćńěŋĺï á ŕàőáâàăŋáâćőň ŋãńěćőčő ćěáă àăğňěàŋőáâĺ őďĺŋ áőőâćěâáâćãěâ âàĺčőŋőňěâàĺçěáłőľ áĺáâěňě RS. Őâłàëâëň őáâăěâáï ćőŕàőá ćëïáŋěŋĺï áćïğĺ íâőľ ďěäőàňăæĺĺ ĺ łńăááĺçěáłőľ áŕĺŋőćőľ áĺáâěňë RS. Łàőňě âőčő, àăááňőâàěŋĺě íńńĺŕâĺçěáłőčő ĺ àăæĺőŋăńìŋőčő áńãçăï áĺáâěň âăłęě ŕàěďáâăćńïîâ áãéěáâćěŋŋëľ ĺŋâěàěá.

Śãéěáâćěŋŋăï çăáâì ďăŋŋőľ àăąőâë ŕőáćïéěŋă ĺááńěďőćăŋĺî čăňĺńìâőŋőćőľ áâàãłâãàë ďĺŋăňĺçěáłőľ áĺáâěňë, áćïğăŋŋőľ á łőŋěçŋőğőŋŋëňĺ ŕőâěŋæĺăńăňĺ ňăâàĺçŋőčő ãàăćŋěŋĺï Ďíćĺ-Śâîăàâáőŋă. Ąëńă ŕőńãçěŋă ŋőćăï ĺŋâěčàĺàãěňăï łőŋěçŋőňěàŋăï ďĺŋăňĺçěáłăï áĺáâěňă. Ć àăňłăå ăńčěąàő-čěőňěâàĺçěáłőčő ŕőďåőďă íâă áĺáâěňă ąëńă àěèěŋă ć âěàňĺŋăå θ-äãŋłæĺľ. Ŕàĺňěŋěŋĺě âăł ŋăğëćăěňőčő ãŋĺćěàáăńìŋőčő ňěâőďă ĺááńěďőćăŋĺï čăňĺńìâőŋőćőľ áâàãłâãàë ŕàĺćěńő ć áńãçăě íâőľ áĺáâěňë ł ćŕěàćëě ŕőńãçěŋŋëň ćëàăęěŋĺïň ďńï áĺňŕńěłâĺçěáłőľ áâàãłâãàë ĺ čăňĺńìâőŋĺăŋă. Ŕőáńěďŋĺľ àăğďěń àăąőâë ŕőáćïéěŋ R-ňăâàĺçŋőňã ŕőďåőďã ć áńãçăě ďăŋŋőľ áĺáâěňë. Őâŕàăćŋëňĺ ŕãŋłâăňĺ ŕőáâàőěŋĺï ïćńïîâáï ŋăńĺçĺě ŕãăááőŋőćőľ áâàãłâãàë ŋă äăğőćőň ŕàőáâàăŋáâćě, łőâőàőě ć ďăŋŋőň áńãçăě, ć őâńĺçĺě őâ áńãçăï áĺáâěň CM, RS, áőďěàęĺâ ďćă íłğěňŕńïàă ăńčěąàë Ńĺ sln. Ąëńő ŕőłăğăŋő, çâő L-ăńčěąàë ć áńãçăě íâőľ áĺáâěňë çăáâĺçŋő őŕĺáëćăěâáï âőľ ęě łńăááĺçěáłőľ rňăâàĺæěľ, çâő ĺ ć áńãçăě áĺáâěň RS, CM. Ĺáåőďï ĺğ áćőľáâć L-őŕěàăâőàŋőľ ăńčěąàë ć ďăŋŋőň áńãçăě ąëńă ãáâăŋőćńěŋă áćïğì áĺáâěňë ďĺŋăňĺłĺ ŕőńîáőć àěèěŋĺï ňăâàĺçŋőčő ãàăćŋěŋĺï Ďíćĺ-Śâîăàâáőŋă ĺ áŕĺŋőćőľ áĺáâěňë Łăńőďęěàő-Ňőğěàă ŋă ãàőćŋě ĺěàăàåĺľ ŋěńĺŋěľŋëå ãàăćŋěŋĺľ. Ďăńìŋěľèĺň àăğćĺâĺěň íâőčő àăğďěńă ŕàěďáâăćńïěâáï ĺááńěďőćăŋĺï áőőâćěâáâćĺï łćăğĺåőŕäőćőľ áâàãłâãàë ďńï ďăŋŋőľ áĺáâěňë á őąêěłâőň, ćŕěàćëě ććěďěŋŋëň Ďàĺŋäěńìďőň ć àăąőâě [36]. İâő łćăğĺåőŕäőćă ăńčěąàă, áćïğăŋŋăï á ăńčěąàăĺçěáłőľ łàĺćőľ ĺ ŋăąőàőň őâňěçěŋŋëå âőçěł, ŕőáâàőěŋŋăï łăł łćăŋâőćăŋĺě ŋěłőâőàőčő æěŋâàăńìŋőčő àăáèĺàěŋĺï ŕàïňőľ áãňňë ăńčěąà, ãçĺâëćăîéěě čěőňěâàĺçěáłãî ŕàĺàőďã łàĺćőľ. İâă ĺďěï ąëńă àăğàăąőâăŋă ć áěàĺĺ àăąőâ [40, 41, 42].

Ďăńìŋěľèĺě ĺááńěďőćăŋĺï ć ďăŋŋőľ őąńăáâĺ ŕàěďáâăćńïîâáï ć ćĺďě àăğàăąőâłĺ áńěďãîéěľ ŕàőčàăňňë:

• ŕőáâàőěŋĺě áĺňŕńěłâĺçěáłőľ áâàãłâãàë ĺ čăňĺńìâőŋĺăŋă ďńï áĺáâěňë, áćïğăŋŋőľ á ďĺääěàěŋæĺăńìŋëň ãàăćŋěŋĺěň, ŋă őáŋőćě ãŋĺćěàáăńìŋőčő ăńčěąàőčěőňěâàĺçěáłőčő ňěâőďă ŕőáâàőěŋĺï čăňĺńìâőŋőćőľ áâàãłâãàë;

• ŕő ŕőńãçěŋŋëň ďăŋŋëň, âő ěáâì ŕő ŕãăááőŋőćőľ áâàãłâãàě ĺ ŕő łńăááĺçěáłőľ ďĺŋăňĺçěáłőľ r-ňăâàĺæě, áâàőĺâáï łćăğĺ-ńĺ ąĺăńčěąàă;

• łćăŋâőćăŋĺě íâőľ ąĺăńčěąàë áőőâćěâáâćãěâ łćăŋâőćőňã ăŋăńőčã ďěäőàňĺàőćăŋŋőľ áĺáâěňë, áćïğăŋŋőľ ãęě á àăğŋőáâŋëň ãàăćŋěŋĺěň ćő ćáŕőňőčăâěńìŋőľ ńĺŋěľŋőľ ğăďăçě ăńčěąàő-čěőňěâàĺçěáłőčő ŕőďåőďă ŕàïňőľ ĺ őąàăâŋőľ ğăďăçĺ.

İâă ŕàőčàăňňă ąëńă çăáâĺçŋő àěăńĺğőćăŋă ć áńãçăě áĺáâěňë CM, ĺ ąëńĺ ŋăňěçěŋë őáŋőćŋëě íâăŕë ĺááńěďőćăŋĺï ďńï áĺáâěňë, áćïğăŋŋőľ á łőŋěçŋő-ğőŋŋëňĺ àěèěŋĺïňĺ ňăâàĺçŋőčő ãàăćŋěŋĺï Ďíćĺ-Śâîăàâáőŋă.

Śŕĺáőł ńĺâěàăâãàë

[1] H. Airault, H. McKean, J. Moser, Rational and elliptic solutions of the KdV equation and related many-body problem. Comm. Pure and Appl. Math. 30 (1977) 95-125.

[2] F. Calogero, Exactly solvable one-dimentional many-body systems, Lett. Nuovo Cimento 13(1975), 411-415.

[3] Ĺ.Ň.Łàĺçěćěà, Ŋěńĺŋěľŋëě ãàăćŋěŋĺï ĺ íńńĺŕâĺçěáłĺě łàĺćëě, Śőćà. Ŕàőąń.

Ňăâ. Ĺâőčĺ ŋăãłĺ ĺ âěåŋĺłĺ. ĆĹŊĹŠĹ ĂŊ ŚŚŚŘ 23(1983) [4] Ĺ.Łàĺçěćěà, Ŕěàĺőďĺçěáłăï ŋěăąěńěćă æěŕőçłă Šőďă ĺ ěě ďćãňěàĺğăæĺï. Şáŕěåĺ Ňăâ. Ŋăãł 36 (1981),2,72-77.

[5] I. Krichever, O. Babelon, E. Billey, M. Talon. Spin generalization of the Cologero- Moser system and the Matrix KP equation. Preprint LPTHE 94/42. Amer. Math. Transl. 170(1995),n2,83-119.

[6] I. Krichever, A. Zabrodin Spin generation of the model Ruijesenaars-Schneider, nonabelian 2-dimentional Toda chain and the Sklianin algebras representations. Uspehi mat. nauk 1995 V. 50 N. 6 pp. 3-56.

[7] S.N.M.Ruijsenaars and H.Schneider, A new class of integrable systems and its relation to solitons, Ann. Phys. (NY) 170(1986), 370-405.

[8] R.Donagi, E.Witten, Suppersymmetric Yang-Mills theory and integrable systems, Nucl. Phys. B 460 (1996) 299-334.

[9] E.D’Hoker, D.H.Phong, Calogero-Moser systems in SU(N) Seiberg-Witten theory, hep-th 9709053. Nucl.Phys.B 513(1998) 405-444.

[10] I. M. Krichever, D. H. Phong . On the integrable geometry of soliton equations and N=2 supersymmetric gauge theories. J. Differential Geometry 45 (1997) 349-389.

[11] I. M. Krichever, D. H. Phong . Symplectic forms in the theory of solitons, preprint hep-th/9708170

[12] G.E.Arutyunov, P.B.Medvedev, Geometric construction of the classical R-matrices for the elliptic and trigonometric Calogero-Moser systems. hep-th/9511070

[13] G.E.Arutyunov, S.A.Frolov, On Hamiltonian structure of the spin Ruijsenaars- Schneider model. hep-th/9702119 J.Phys.A31(1998) 4203-4216.

[14] J. Avan, O. Babelon, E. Billey: “The Gevais-Neveu-Felder equation and the quantum Calogero-Moser systems”. Comm. Math. Phys. 178 (1996) 281-299.

[15] O. Babelon, D. Bernard, E. Billey: “A quasi-Hopf algebra interpretation of quantum 3-j and 6-j symbols and difference equations”. Phys. Lett. B 375 (1996) 89-97.

[16] S.P.Novikov, A.Veselov, On Poisson brackets compatible with algebraic geometry and Korteweg-de Vries dynamics on the space of finite-zone potentials, Soviet Math. Doklady 26 (1982) 357-362.

[17] N.Hitchin, Duke Math. Jour. Vol. 54, No 1(1987).

[18] Ě. Ł. Śłńïŋĺŋ, Ő ŋěłőâőàëå ăńčěąàăĺçěáłĺå áâàãłâãàăå, áćïğăŋŋëå á ãàăćŋě-

ŋĺěň §ŋčă-Ąăłáâěàă. Ťãŋł. ăŋ. ĺ ěčő ŕàĺń. 17(1983) ü4, 34-48

[19] L.D. Faddeev, L.A. Takhtajan, Hamiltonian methods in the theory of solitons.

(Springer series in Soviet Mathematics, Berlin, Germany) (1987) .

[20] O. Babelon, C-M. Viallet, Hamiltonian structure and Lax equations. Phys. Lett. B 1990 V 237, N 3,4 p. 411-416.

[21] V. Rubtsov, B. Enriquez, Quasi-hopf algebras associated with sl_2 and complex curves.

q-alg/9608005

[22] I.Krichever, Elliptic solutions to difference non-linear equations and Bethe ansatz equations. solv-int/9804016

[23] K. Hasegawa, Ruijsenaars’ commuting difference operators as commuting transfer matrices, q-alg/9512029

[24] A. Antonov, K. Hasegava, A. Zabrodin, On trigonometric intertwinning vectors and non-dynamical R-matrix for the Ruijsenaars model, Nucl.Phys. B503 (1997) 747-770, hep-th/9704074

[25] A.Gorsky, N.Nekrasov, Relativistic Calogero-Moser model as gauged WZW theory.

Nuclear Phys. B 436(1995) 582-608.

[26] G.Felder, A.Varchenko, Elliptic quantum groups and Ruijsenaars model. hepth/9704005

[27] Š.Ň. Ňăńăŋîł, Łőŋěçŋő-ğőŋŋëě àěèěŋĺï ãàăćŋěŋĺï Ďíćĺ-Śâîăàâáőŋă. Şáŕ.

Ňăâ. Ŋăãł. V.46 N. 5 171-172.

[28] O. Babelon, M. Talon, The symplectic structure of the spin Calogero model qalg/9707011

[29] E. K. Sklyanin, Dynamical r-matrices for the elliptic Calogero-Moser model, St.Petersburg Math. J. 6(1995) no.2 297-406.

[30] J.L. Gervais, A. Neveu, Novel triangle relation and absence of tachyons in Liouville string theory. Nucl. Phys. B 238 (1984) 125.

[31] M.Rosso, An analogue of the PBW theorem and the universal R-matrix for U_h(sl(n + 1)), Comm. Math. Phys. 124 (1989) 307.

[32] S.M. Khoroshkin, V.N. Tolstoy, Universal R-matrix for quantized (super)algebras, Commun. Math. Phys. 11(1993), 445-452.

[33] S.M. Khoroshkin, V.N. Tolstoy, The Cartan-Weyl basis and the universal R-matrix for quantum Kac-Moody algebras and superalgebras. Proc. of the Int. Workshop on Math. Phys. “Quantum Symmetries”.(The 2-nd Wigner Symp., Goslar, Germany (July 1991)). Edit.s H.-D. Doebner and V.K. Dobrev. (1993), 336-351.

[34] M. Jimbo, H. Konno, S. Odake and J. Shiraishi: “Quasi-Hopf twistors for elliptic quantum groups”. DPSU-97-11 q-alg/9712029. To appear in Transformation Groups.

[35] D. Arnaudon, E. Buffenoir: “Universal solution of quantum dynamical Yang-Baxter equation”. q-alg/9712037. Lett. Math. Phys. 44(1998) 201-214.

[36] V. G. Drinfeld, Quantum groups, Proc. Int. Congr. Math(Berkeley, 1986) 1, 798-820.

[37] Ć. Č. Ďàĺŋäěńìď, Łćăğĺåőŕäőćë ăńčěąàë, Ăčńěąàă ĺ ăŋăńĺğ, 1989, â.1, ćëŕ.6 áá.

114-148 [38] P. Etingof, A. Varchenko, Geometry and classification of solutions of the classical dynamical Yang-Baxter equation. q-alg/9703040 [39] P. Etingof, A. Varchenko, Solutions of the quantum dynamical Yang-Baxter equation and dynamical quantum groups. q-alg/9708015 [40] P. Etingof, D. Kazhdan, Quantization of Lie bialgebras, I q-alg/9506005 [41] P. Etingof, D. Kazhdan, Quantization of Lie bialgebras, III q-alg/9610030 [42] P. Etingof, D. Kazhdan, Quantization of Lie bialgebras IV, math/9801043