2002 č. ňăàâ | ăŕàěńì â. 57, ćëŕ. 2(344) ŞŚŔĚŢĹ ŇĂŠĚŇĂŠĹŮĚŚŁĹŢ ŊĂŞŁ

ŞĎŁ 514.7

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ

Ŋ. Ă. Šîàĺŋ

Ć ŋăáâőïéěň őąğőàě ŕàěďáâăćńěŋë őáŋőćŋëě ŕőŋïâĺï ĺ łőŋáâàãłæĺĺ łăńĺąàőćőçÄ ŋëå âěőàĺľ, ă ĺňěŋŋő, âěőàĺĺ Ďőŋăńìďáőŋă, âěőàĺĺ Ğăľąěàčă{Ćĺââěŋă ĺ áćïğëćăÄ îéěľ ĺå âěőàĺĺ B-ňőŋőŕőńěľ. Ć àăňłăå ďĺääěàěŋæĺăńìŋőľ čěőňěâàĺĺ íâĺ âěőàĺĺ ďőáâăćńïîâ ŋőćëě ĺŋćăàĺăŋâë čńăďłĺå áâàãłâãà ć àăğňěàŋőáâĺ 4. Ććěďěŋĺě âăłĺå ŋőćëå łăńĺąàőćőçŋëå ĺŋćăàĺăŋâőć ŕőğćőńĺńő àěèĺâì ňŋőčĺě ŕàőąńěňë ć áőćàěňěŋÄ ŋőľ čěőňěâàĺĺ. Šěåŋĺłă, àăğàăąőâăŋŋăï ć àăňłăå íâĺå âěőàĺľ, ďőáâăćńïěâ ŋőćëě áőćàěňěŋŋëě ňěâőďë ĺááńěďőćăŋĺľ łăł ć čńăďłőľ čěőňěâàĺĺ, âăł ĺ ć ŕàĺłńăďŋëå ćőÄ ŕàőáăå ňăâěňăâĺçěáłőľ äĺğĺłĺ. Ŋě ŕàěâěŋďãï ŋă ďěâăńìŋãî ŕőńŋőâã, ďăŋŋëľ őąğőà ŋăæěńěŋ ŋă âő, çâőąë ŕàěďáâăćĺâì ŕàěďňěâ ć ňăłáĺňăńìŋőľ èĺàőâě ĺ ďőáâãŕŋőáâĺ.

Ąĺąńĺőčàăäĺï: 27 ŋăğćăŋĺľ.

ŚŐĎĚŘĘĂŊĹĚ

§ 1. Ććěďěŋĺě 86 § 2. Łńăááĺçěáłăï âěőàĺï Ďőŋăńìďáőŋă 89 2.1. Řăğńőęěŋĺě ~^2(T^∗X) 89 2.2. Śćïğŋőáâĺ ĺ łàĺćĺğŋë 90 2.3. Ťãŋłæĺőŋăń §ŋčă{Ňĺńńáă 92 2.4. Ňŋőčőőąàăğĺě ňőďãńěľ ĺŋáâăŋâőŋőć 94 2.5. Őàĺěŋâăæĺï 97 § 3. Łőňŕăłâĺäĺłăæĺï ňŋőčőőąàăğĺï ňőďãńěľ 98 3.1. Ĺďěăńìŋëě áćïğŋőáâĺ 98 3.2. Ůãďěáă ŋăçĺŋăîâáï 99 3.3. ¯-łńăááë 102 3.4. Ĺŋćăàĺăŋâë Ďőŋăńìďáőŋă 104 § 4. Ĺŋćăàĺăŋâë Ğăľąěàčă{Ćĺââěŋă 108 4.1. Ăńčěąàë Łńĺääőàďă 108 4.2. Śŕĺŋőàŋëě àăááńőěŋĺï 111 4.3. Şàăćŋěŋĺě A-ňőŋőŕőńï 114 4.4. Ĺŋćăàĺăŋâë Ğăľąěàčă{Ćĺââěŋă 118 § 5. Ŋěăąěńěćë ňőŋőŕőńĺ 124 5.1. Łőŋäĺčãàăæĺőŋŋőě ŕàőáâàăŋáâćő 124 5.2. Ĺŋäĺŋĺâěğĺňăńìŋăï âěőàĺï ďěäőàňăæĺĺ ňőŋőŕőńï ćąńĺğĺ ĺŋáâăŋâőŋă 129 5.3. Ŕőáâàőěŋĺě äőàňăńìŋőčő àěèěŋĺï 131 5.4. Őáőąěŋŋőáâĺ ňŋőčőőąàăğĺï ňőďãńěľ B-ňőŋőŕőńěľ 134 § 6. Ďőŕőńŋěŋĺě: čńăďłőáâĺ ĺ ãğńë 135 Śŕĺáőł ńĺâěàăâãàë 137

© Ŋ. Ă. Šîàĺŋ 2002

86 Ŋ. Ă. ŠđŘĹŊ

§ 1. Ććěďěŋĺě

Ŕ. Ă. Ň. Ďĺàăł ć ŕàěďĺáńőćĺĺ ł ŕěàćőňã ĺğďăŋĺî łŋĺčĺ \Ŕàĺŋæĺŕë łćăŋâőćőľ ňěÄ åăŋĺłĺ" [3] őŕàěďěńĺń ŕőŋïâĺě äĺğĺçěáłőľ ćěńĺçĺŋë, ŋăąńîďăěňőľ ŋăňĺ, łăł ŋěłőâőÄ àëľ ĺŋćăàĺăŋâ ŋăąőàă ŕàěőąàăğőćăŋĺľ. Ğăłőŋë ŕőćěďěŋĺï ć ŋěłőâőàőľ áĺáâěňě áãâì ğăłőŋë, ŕěàěáâăŋőćőçŋëě áő ćáěňĺ ŕàěőąàăğőćăŋĺïňĺ íâőľ áĺáâěňë. Őąéăï æěńì äĺÄ ğĺłĺ ŕàěďáâăćńïěâáï âőčďă łăł ŋăåőęďěŋĺě ãàăćŋěŋĺľ, ĺŋćăàĺăŋâŋëå őâŋőáĺâěńìŋő łăł ňőęŋő ąőńìèĺå čàãŕŕ ŕàěőąàăğőćăŋĺľ.

Šăłőľ ŕőďåőď ąńĺğőł ĺ ŕőŋïâěŋ ĺ áěàďæã, ĺ ãňã ńîąőčő ňăâěňăâĺłă: ć łăęďőň àăğÄ ďěńě ňăâěňăâĺłĺ ŋăľďãâáï ňěâőďë, áćïğăŋŋëě á ŋăåőęďěŋĺěň ĺ ĺğãçěŋĺěň ĺŋćăàĺÄ ăŋâőć ŕő ďěľáâćĺî áőőâćěâáâćãîéĺå čàãŕŕ ŕàěőąàăğőćăŋĺľ. Ĺŋćăàĺăŋâë ğăňěŋïîâ ŋăň őąêěłâë ć ŋăèĺå àăááňőâàěŋĺïå, ĺ ćőŕàőáë łńăááĺäĺłăæĺĺ őąêěłâőć àăğàěèăÄ îâáï ć âěàňĺŋăå çĺáńěŋŋëå åăàăłâěàĺáâĺł, őáâăîéĺåáï ŋěĺğňěŋŋëňĺ ŕőď ďěľáâćĺěň čàãŕŕ ŕàěőąàăğőćăŋĺľ. Šăłĺě ćőŕàőáë łńăááĺäĺłăæĺĺ, łăł ĺ ćőŕàőáë łőőàďĺŋăâĺğăÄ æĺĺ, ãłăğëćăîâ őáŋőćŋőľ ŕãâì àăğćĺâĺï ŕàěďňěâă.

Őďŋăłő áàăğã ćáâăěâ ćőŕàőá { ă łăłĺě íâő čàãŕŕë ĺ ŋă łăłĺå ňŋőčőőąàăğĺïå őŋĺ ďěľáâćãîâ? Ŋě ãáŕěńĺ ňăâěňăâĺłĺ àăğőąàăâìáï á łńăááĺçěáłőľ âěőàĺěľ ĺŋćăàĺăŋâőć ďěľáâćĺï łőŋěçŋőňěàŋëå čàãŕŕ Ńĺ, łăł ĺŋâěàěáë čěőňěâàĺĺ ŕőâàěąőćăńĺ ŕěàěåőďă ł àăááňőâàěŋĺî ąěáłőŋěçŋőňěàŋëå łăńĺąàőćőçŋëå čàãŕŕ. Ŕàĺ âăłőň ŕěàěåőďě ďăńěłő ŋě ćáě áàěďáâćă őáâăîâáï ŕàĺňěŋĺňëňĺ (ŕőíâőňã âăłőľ ŕěàěåőď ĺ őąőąéěŋĺěň-âő ŋăÄ ğćăâì âàãďŋő), âěň ŋě ňěŋěě ŋěőąåőďĺňő áőåàăŋĺâì äãŋďăňěŋâăńìŋëě ňěâőďë, áàěďĺ łőÄ âőàëå őďŋĺň ĺğ ŋăĺąőńěě ŕőńěğŋëå ïćńïěâáï, ŋăŕàĺňěà, áĺňŕńěłâĺçěáłăï àěďãłæĺï. Šăłăï ďĺŋăňĺłă ĺáŕőńìğőćăŋĺï ŕőŋïâĺľ ŋě áćőľáâćěŋŋă ĺğńĺèŋě áâăąĺńìŋőľ ňăâěňăÄ âĺçěáłőľ ŕàăłâĺłě. Őçěŋì çăáâő ã áŕěæĺăńĺáâőć ć âőľ ĺńĺ ĺŋőľ őąńăáâĺ ćëğëćăěâ łàăľŋěě ãďĺćńěŋĺě, łăł ĺå \áőąáâćěŋŋëľ", \ğăłőŋŋëľ ňěâőď" ŕàěćőáåőďŋő áàăąăâëćăÄ ěâ ćő ćŕőńŋě ďăńěłőľ őâ íâőčő ŕàěďňěâă ğăďăçě, ĺŋőčďă ć ğăňăáłĺàőćăŋŋőň ćĺďě.

Ŋě âăł ďăćŋő Ś. Ďőŋăńìďáőŋőň [6] ąëńĺ ŕàěďńőęěŋë ł àăááňőâàěŋĺî áőćáěň ãę íłğőâĺçěáłĺě čěőňěâàĺçěáłĺě őąêěłâë { ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋâőŋőć ŋă çěâëÄ àěåňěàŋëå ňŋőčőőąàăğĺïå. Ĺå ňőęŋő ĺáŕőńìğőćăâì łăł ŕńěŋłĺ łőąőàďĺğňőć ć ďĺäÄ äěàěŋæĺăńìŋőľ âőŕőńőčĺĺ. Ć çăáâŋőáâĺ, âăłĺě ňŋőčőőąàăğĺï ňőďãńěľ ňőčãâ ąëâì ĺáŕőńìğőćăŋë ďńï őŕàěďěńěŋĺï ĺŋćăàĺăŋâőć ŕőďńěęăéěčő čńăďłőčő çěâëàěåňěàŋőčő ňŋőčőőąàăğĺï X. Őŋĺ őŕàěďěńïîâáï äãŋďăňěŋâăńìŋëň łńăááőň [M] ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋâőŋőć ĺ łńăááăňĺ łőčőňőńőčĺľ ŋă ŕàőáâàăŋáâćě łńăááőć łăńĺąàőćőçÄ ŋő íłćĺćăńěŋâŋëå ŋěŕàĺćőďĺňëå áćïğŋőáâěľ A^∗=G .

Ňőďãńĺ ĺŋáâăŋâőŋőć ďőáâăćńïîâ ĺŋćăàĺăŋâë ŕőďńěęăéěčő ňŋőčőőąàăğĺï ć äőàÄ ňě áâăâáãňň ĺ łőààěńïâőàőć, ă íâő âő, çěň ĺŋâěàěáãîâáï äĺğĺłĺ. Ŕőíâőňã ćŕőńŋě ŕàěďáłăğãěňă áćïğì ňěęďã łćăŋâőćőľ âěőàĺěľ ŕőńï ĺ ďĺääěàěŋæĺăńìŋőľ čěőňěâàĺěľ, ćőğŋĺłăîéăï ŕàĺ ĺğãçěŋĺĺ ĺŋáâăŋâőŋőć. Ŕàőáâěľèĺľ ŕàĺňěà: İ. Ćĺââěŋ ć [27] ŕőłăÄ ğăń, çâő ňőęŋő őŕàěďěńĺâì, ŕő łàăľŋěľ ňěàě äőàňăńìŋő, łćăŋâőćãî âěőàĺî ŕőńï, ďńï łőâőàőľ áâăâáãňňă ćĺďă

W (t) = ∫ ∫ e^{−tS(A;Œ)}DADŒ (1.1)

ŋě ğăćĺáĺâ őâ t ĺ ďőáâăćńïěâ ďĺääěàěŋæĺăńìŋő-âőŕőńőčĺçěáłĺě ĺŋćăàĺăŋâë ŕőďńěęăÄ éěčő ňŋőčőőąàăğĺï X. Ğďěáì ĺŋâěčàăń ąěàěâáï ŕő ŕàőáâàăŋáâćã ŕăà (A; Œ), čďě A { áćïğŋőáâì, ă Œ { ŋěłőâőàőě ćáŕőňőčăâěńìŋőě ŕőńě (ŕőńě Ţĺččáă). Ŕàőĺğćőďï ĺŋâěčÄ àĺàőćăŋĺě áŋăçăńă ŕő Œ, ćőğňőęŋő ŕàěďáâăćĺâì W (t) łăł ĺŋâěčàăń ŕő ŕàőáâàăŋáâćã

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 87

áćïğŋőáâěľ. Ŕàĺ áâàěňńěŋĺĺ ŕăàăňěâàă t ł ŋãńî ŕőďëŋâěčàăńìŋőě ćëàăęěŋĺě ńőłăÄ ńĺğãěâáï ćąńĺğĺ ĺŋáâăŋâőŋőć, ĺ Ćĺââěŋ ŕàěďŕőńőęĺń, çâő ňë áŋőćă ŕőńãçăěň âě ęě ĺŋćăàĺăŋâë, â.ě. ŕőńĺŋőňë Ďőŋăńìďáőŋă.

Ůãâì ŕőğďŋěě Ćĺââěŋ áőćňěáâŋő á Ŋ. Ğăľąěàčőň ŕàĺ ĺááńěďőćăŋĺĺ ňěåăŋĺğňă âàěå äăğ łćăŋâőćőčő ćăłããňă ć áãŕěàáĺňňěâàĺçŋëå âěőàĺïå §ŋčă{Ňĺńńáă (łőŋďěŋáăæĺĺ, łőŋäăľŋňěŋâă ĺ äăğë Ţĺččáă) ĺáŕőńìğőćăńĺ ŋěŕàĺćőďĺňëě (Œ ≠ 0) łńăááĺçěáłĺě ňĺÄ ŋĺňãňë äãŋłæĺőŋăńă S (áň. [7], [18]). Řěďãæĺàãï áćïğŋőáâĺ ł ąěááńěďőćëň áćïğŋőáâïň Ńěćĺ-Ůĺćĺâă ďńï áŕĺŋőàŋëå àăááńőěŋĺľ, őŋĺ ŕőáâàőĺńĺ ŋőćëě ĺŋćăàĺăŋâë çěâëàěåÄ ňěàŋëå ňŋőčőőąàăğĺľ, âěáŋő áćïğăŋŋëě á ĺŋćăàĺăŋâăňĺ Ďőŋăńìďáőŋă, ŋő ğăçăáâãî čőÄ àăğďő ąőńěě ŕàőáâëě ć ćëçĺáńěŋĺïå. Ĺŋćăàĺăŋâë Ğăľąěàčă{Ćĺââěŋă çěâëàěåňěàŋőÄ čő ňŋőčőőąàăğĺï X őŕàěďěńïîâáï łőńĺçěáâćőň àěèěŋĺľ áĺáâěňë ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ ďńï íłáâàěňăńěľ äãŋłæĺőŋăńă S ŕàĺ ćëąőàě Spin^C -áâàãłâãàë ŋă X. Šő ěáâì áâàőĺâáï őâőąàăęěŋĺě ĺğ łńăááőć íłćĺćăńěŋâŋőáâĺ Spin^C -áâàãłâãà (ćőğňőęŋëå łńăááőć Ůěàŋă ďěâěàňĺŋăŋâă áŕĺŋőàŋőčő àăááńőěŋĺï ŕàĺ őâáãâáâćĺĺ 2-łàãçěŋĺï ćő ćâőàëå łőčőňőńőčĺïå ŕőďńěęăéěčő ňŋőčőőąàăğĺï) ć æěńëě çĺáńă.

Ććěďěŋĺě íâőľ áĺáâěňë, ŕőńãçĺćèěľ ŋăğćăŋĺě ãàăćŋěŋĺï A-ňőŋőŕőńï, áàăğã ŕàĺćěÄ ńő ł ŕàőàëćã ŕńőâĺŋë ŋěàěèěŋŋëå ğăďăç. Ŕàĺćěďěň ďćă ŕàĺňěàă, ïàłő ĺńńîáâàĺàãÄ îéĺå áâěŕěŋì ŕőńěğŋőáâĺ ĺ ŕàĺňěŋĺňőáâĺ ãàăćŋěŋĺï A-ňőŋőŕőńï ć ăńčěąàăĺçěáłőľ ĺ áĺňŕńěłâĺçěáłőľ čěőňěâàĺĺ.

Ŕ. Łàőŋåěľňěà ĺ Š. Ňàőćłă ć [13] ŕőłăğăńĺ, łăł ĺáŕőńìğőćăŋĺě ãàăćŋěŋĺï ňőŋőŕőńï ńěčłő (ŕőńŋőě ďőłăğăâěńìáâćő { ŋă âàěå áâàăŋĺæăå, áńãçăľ ŋěąëćăńëľ ć áőćàěňěŋŋőľ ŕàăłâĺłě) ŕàĺćőďĺâ ł ďőłăğăâěńìáâćã čĺŕőâěğë Šőňă { \àőď ăńčěąàăĺçěáłőľ łàĺćőľ ć C P^2 àăćěŋ ŋĺęŋěľ čàăŋĺæě àőďă ńîąëå 2-ňŋőčőőąàăğĺľ, ŕàěďáâăćńïîéĺå őďĺŋ ĺ âőâ ęě łńăáá čőňőńőčĺľ". (Šőâ ęě ňĺŋĺňãň àěăńĺğãěâáï ĺ ďńï ŕáěćďőčőńőňőàäŋëå łàĺćëå.)

Řőď čńăďłőľ ăńčěąàăĺçěáłőľ ŕńőáłőľ łàĺćőľ áâěŕěŋĺ d àăćěŋ g = (d − 1)(d − 2)=2. Őâáîďă ŋě áńĺèłőň ŋěőęĺďăŋŋőľ ćëčńïďĺâ

Šěőàěňă 1.1. Ŕãáâì ˚ { őàĺěŋâĺàőćăŋŋőě ďćãňěàŋőě ňŋőčőőąàăğĺě, čńăďłő ćńőęěŋŋőě ć C P^2 âăł, çâő ŕàěďáâăćńïěâ âőâ ęě łńăáá čőňőńőčĺľ, çâő ĺ ŋěłőâőàăï ăńčěąàăĺçěáłăï łàĺćăï áâěŕěŋĺ d. Šőčďă àőď ˚ ąőńìèě ĺńĺ àăćěŋ (d − 1)(d − 2)=2.

Őçěćĺďŋő, çâő, ŕàĺłńěĺćăï ł àĺňăŋőćőľ ŕőćěàåŋőáâĺ őçěŋì ňăńěŋìłĺě àãçłĺ, ňë ŋě ĺğňěŋĺň łńăáá łőčőňőńőčĺľ ŕőćěàåŋőáâĺ, ŋő łăł ãčőďŋő ãćěńĺçĺň ěě àőď. Ŕőíâőňã ćőŕàőá ĺňěŋŋő ć âőň, łăłőć ňĺŋĺňăńìŋëľ àőď, àěăńĺğãěňëľ łàĺćëňĺ.

Ďàãčőľ ĺŋâěàěáŋěľèĺľ àěğãńìâăâ ŕàěďáâăćńěŋ Ł. Šăãąáőň ć [19], [20]: ŋă čńăďłőň őàĺěŋâĺàőćăŋŋőň łőňŕăłâŋőň ňŋőčőőąàăğĺĺ X áĺňŕńěłâĺçěáłăï áâàãłâãàă !, áőćÄ ňěáâĺňăï á őàĺěŋâăæĺěľ, ğăďăěâ áâïčĺćăěňëľ łőŋãá ŕőçâĺ łőňŕńěłáŋëå áâàãłâãà, íàÄ ňĺâőćő áőćňěáâĺňëå á ŋěľ. Ćëąàăć őďŋã, ňë ŋěňěďńěŋŋő ŕőńãçăěň ňěâàĺłã g ŋă X ĺ łńăáá Ůěàŋă c_1 łőňŕńěłáŋőčő łăáăâěńìŋőčő àăááńőěŋĺï ŋă X. İâőâ łńăáá { ăŋăńőč łăÄ ŋőŋĺçěáłőčő łńăááă łěńěàőćőľ ŕőćěàåŋőáâĺ ĺ ňőęěâ ąëâì ćğïâ ć łăçěáâćě Spin^C -áâàãłâãàë ŋă X. Ąãďãçĺ æěńőçĺáńěŋŋëň, íâőâ łńăáá ŋě ğăćĺáĺâ őâ ćëąőàă ŕőçâĺ łőňŕÄ ńěłáŋőľ áâàãłâãàë, ă ğăćĺáĺâ âőńìłő őâ ďěäőàňăæĺőŋŋőčő łńăááă áĺňŕńěłâĺçěáłĺľ áâàãłâãàë. Čńăćŋăï âěőàěňă Šăãąáă ãâćěàęďăěâ, çâő ć íâőň áńãçăě ĺŋćăàĺăŋâ ĞăľÄ ąěàčă{Ćĺââěŋă ďńï łńăááă c_1 ĺ ňěâàĺłĺ g àăćěŋ ±1.

Ćőőąéě ŋěőąåőďĺňő ğăňěâĺâì, çâő ć áĺňŕńěłâĺçěáłőň (łăł ĺ ć ąőńěě áŕěæĺăńìŋőň ăńčěąàő-čěőňěâàĺçěáłőň) áńãçăě ãàăćŋěŋĺě ňőŋőŕőńï ĺňěěâ ąőńěě ŕàőáâőľ ćĺď. ŔàĺÄ

88 Ŋ. Ă. ŠđŘĹŊ

çĺŋă ć âőň, çâő ć íâőň áńãçăě áŕĺŋőàŋőě àăááńőěŋĺě àăáłńăďëćăěâáï ć ŕàïňãî áãňňã ńĺŋěľŋëå àăááńőěŋĺľ, őďŋő ĺğ łőâőàëå { łăŋőŋĺçěáłőě (áň. § 3).

Łńăááë Ğăľąěàčă{Ćĺââěŋă ïćńïîâáï ăŋăńőčăňĺ łăŋőŋĺçěáłĺå łńăááőć ăńčěąàăÄ ĺçěáłĺå ŕőćěàåŋőáâěľ, ă ćáï (łőŋěçŋăï) áőćőłãŕŋőáâì ĺå ĺŋćăàĺăŋâŋă őâŋőáĺâěńìŋő ďěľáâćĺï čàãŕŕë ďĺääěőňőàäĺğňőć (ěáńĺ b^+_2 ¿ 1) ŕőďńěęăéěľ čńăďłőľ áâàãłâãàë.

Łàăâłőáâì ďőłăğăâěńìáâćă, ŕàěďńőęěŋŋőčő Łàőŋåěľňěàőň ĺ Ňàőćłőľ, ŋă áăňőň ďěÄ ńě ćěáìňă őąňăŋçĺćă. Ůâőąë ŕőńŋőáâìî ŕàĺćěáâĺ íâő ďőłăğăâěńìáâćő, ŋěőąåőďĺňő ŕőÄ âàěąőćăâì őâ çĺâăâěńï ĺŋäőàňĺàőćăŋŋőáâĺ ć ďćãå âàăďĺæĺőŋŋő àăğńĺçŋëå (ŋěáňőâàï ŋă ãáĺńěŋŋãî ŕàőŕăčăŋďã ĺå őąêěďĺŋěŋĺï) őąńăáâïå ňăâěňăâĺłĺ { PDE ĺ ďĺääěàěŋÄ æĺăńìŋőľ âőŕőńőčĺĺ. Űěńì íâőľ áâăâìĺ ĺ ğăłńîçăěâáï ć âőň, çâőąë őąêěďĺŋĺâì íâĺ ďćă äàőŋâă ĺďěľ ďńï èĺàőłőčő łàãčă ńĺæ, ğăĺŋâěàěáőćăŋŋëå ć âőň, çâőąë ğăňěçăâěńìÄ ŋëě àěğãńìâăâë { ŕőďőąŋëě čĺŕőâěğě Šőňă { ďőłăğëćăńĺáì ć âàĺ áâàăŋĺæë ĺ őâłàëÄ ćăńĺ ćőğňőęŋőáâì ďăńìŋěľèĺå ĺááńěďőćăŋĺľ.

Śĺńă àěğãńìâăâőć âěőàĺĺ Ďőŋăńìďáőŋă áŕàőćőæĺàőćăńă ęěńăŋĺě íâã âěőàĺî \ãŕàőáâĺâì". İâő ŕàĺćőďĺâ ł âěàňĺŋőńőčĺçěáłĺň ŋěďőàăğãňěŋĺïň. Ŋăŕàĺňěà, çăáâŋëľ áńãçăľ ňőŋőŕőńěľ, ĺáŕőńìğãěňëå ć ďĺääěàěŋæĺăńìŋőľ čěőňěâàĺĺ, ŋăğëćăîâáï ăąěńěÄ ćëňĺ ňőŋőŕőńïňĺ. İâő ŋěďőàăğãňěŋĺě. Śćïğŋőáâĺ ć áŕĺŋőàŋëå ňőŋőŕőńïå, łőŋěçŋő, ŋěăąěńěćë. Šőńìłő ąěááńěďőćăï çăáâì íâĺå áćïğŋőáâěľ äĺłáĺàőćăŋă ĺ àăćŋă ąěááńěÄ ďőćőľ çăáâĺ áćïğŋőáâĺ Ńěćĺ-Ůĺćĺâă, âăł çâő áćőąőďŋőľ ŕěàěňěŋŋőľ őáâăěâáï âőńìłő ďĺăčőŋăńìŋăï çăáâì, â.ě. ăąěńěćă áćïğŋőáâì.

Łőŋěçŋő, ŕàĺ ĺáåőďŋőň äĺğĺçěáłőň ŕőďåőďě ŕőďőąŋëě ŋěďőàăğãňěŋĺï ĺáłńîçěŋë ć áĺńã áăňőčő äĺğĺçěáłőčő áňëáńă ãàăćŋěŋĺľ. Ŕőíâőňã ć ŕàőæěááě ŋăèěčő őŕĺáăŋĺï âěÄ őàĺĺ ňë őąïğăŋë őąàăéăâìáï ł äĺğĺçěáłĺň ĺáâőłăň ĺ ć ĺáâőàĺçěáłőň ĺ ć ĺďěľŋőň ăáŕěłâăå. Ă èĺàőłő ĺáŕőńìğãěňëě ŋëŋě ć ďĺääěàěŋæĺăńìŋőľ âőŕőńőčĺĺ ňőŋőŕőńĺ ąãÄ ďěň ŋăğëćăâì A-ňőŋőŕőńïňĺ.

Ś ďàãčőľ áâőàőŋë, ŋěăąěńěćë ňőŋőŕőńĺ ŕőğćőńïîâ ŋăčńïďŋő, čěőňěâàĺçěáłĺ áőěďĺÄ ŋĺâì ĺŋćăàĺăŋâë Ďőŋăńìďáőŋă á ĺŋćăàĺăŋâăňĺ Ğăľąěàčă{Ćĺââěŋă. İâă łőŋáâàãłæĺï (áň. [16]) ăąáőńîâŋő ăŋăńőčĺçŋă łőŋáâàãłæĺĺ ŕńěŋłĺ łőąőàďĺğňă ňěęďã 4-ňŋőčőőąÄ àăğĺěň á őŕàěďěńěŋŋőľ äőàňőľ ŕěàěáěçěŋĺï ĺ ŋěáćïğŋëň őąêěďĺŋěŋĺěň łőňŕńěłáŋëå ŕàőěłâĺćŋëå ŕőćěàåŋőáâěľ (áň. ŋĺęě), łőâőàőľ Ďőŋăńìďáőŋ őâłàëń ŋőćěľèĺľ íâăŕ çěÄ âëàěåňěàŋőľ ďĺääěàěŋæĺăńìŋőľ âőŕőńőčĺĺ.

Ćńőęěŋĺě ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋâőŋőć ć ňŋőčőőąàăğĺě ňőďãńěľ ňőŋőŕőńěľ ňőęŋő ĺáŕőńìğőćăâì âăłęě ĺ ďńï ďőłăğăâěńìáâćă áãéěáâćőćăŋĺï àěèěŋĺľ ŋăèĺå áńőęŋëå PDE (ăąáőńîâŋő ŕăàăńńěńìŋő âőňã, łăł íâő ňë ďěńăěň ďńï bubbling-ĺŋ-áâăŋâőŋőć). Ďőŕőńŋĺâěńìŋăï áńőęŋőáâì { ğăďăçă őŕĺáăŋĺï, łăł áěąï ćěďãâ àěèěŋĺï ãàăćŋěŋĺï ŋěăąěńěćă ňőŋőŕőńï ŕàĺ ŕàĺąńĺęěŋĺĺ ł ĺŋáâăŋâőŋăň. Ŕàěďěńăňĺ àěèěŋĺľ ãàăćŋěŋĺï ňőŋőŕőńï ŕàĺ áâàěňńěŋĺĺ áŕĺŋőàŋőľ çăáâĺ ł ŋãńî ňőčãâ ąëâì âőńìłő ĺŋáâăŋâőŋë ŕőďáłőłă, â.ě. âăłĺě asd-áćïğŋőáâĺ, łőâőàëě ďőŕãáłăîâ áãéěáâćőćăŋĺě čăàňőŋĺçěáłőčő áŕĺŋőàă, ĺ łăęďëľ ĺŋáâăŋâőŋ ŕőďáłőłă àěăńĺğãěâáï łăł ŕàěďěń ňőŋőŕőńěľ (áň. § 4). Ğăňěâĺň, çâő ŕőáńěďŋěě ãâćěàęďěŋĺě őâćěçăěâ ěéě ĺ ŋă ćőŕàőá ő áãéěáâćőćăŋĺĺ áăňĺå B-ňőŋőŕőńěľ.

Ďńï ăńčěąàăĺçěáłőčő čěőňěâàă íâĺ łőŋáâàãłæĺĺ ćŕőńŋě ŕàĺćëçŋë: ŕőďňŋőčőőąàăÄ ğĺě ĺŋáâăŋâőŋőć ŕőďáłőłă ć ňŋőčőőąàăğĺĺ ňőďãńěľ ĺŋáâăŋâőŋőć { ŕàïňőľ ăŋăńőč ŕěàÄ ćőčő çńěŋă äĺńìâàăæĺĺ Ąàĺńńï{Ŋñâěàă ïłőąĺăŋă łàĺćőľ (áň. [15]).

Ğăňěçăâěńìŋő, çâő, łăł ĺ ć łńăááĺçěáłőľ âěőàĺĺ Ąàĺńńï{Ŋñâěàă, ć čńăďłőľ çăáâĺ ňŋőčőőąàăğĺï ňőďãńěľ łńăááë łőčőňőńőčĺľ ńőłãáőć Ąàĺńńï{Ŋñâěàă ŕàěďáâăćńïîâáï

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 89

łńăááăňĺ Ůěàŋă ĺŋďěłáŋőčő àăááńőěŋĺï őŕěàăâőàă Ďĺàăłă.

Čěőňěâàĺçěáłőě ŕàěďáâăćńěŋĺě íâĺå łńăááőć Ůěàŋă ŕàőďőńęăěâáï ĺ ŋă őáőąěŋŋőáâĺ ňŋőčőőąàăğĺï ňőďãńěľ. Śàăćŋěŋĺě łńăááőć íâĺå ŕàőďőńęěŋĺľ ĺ łńăááőć ĺŋďěłáŋőčő àăááńőěŋĺï íłćĺćăńěŋâŋő ğăďăçě ćëàăęěŋĺï łńăááőć Ğăľąěàčă{Ćĺââěŋă çěàěğ łńăááë Ďőŋăńìďáőŋă.

Ć âěłáâě ňë ŕàĺćőďĺň ćáě őŕàěďěńěŋĺï ĺ łőŋáâàãłæĺĺ łăńĺąàőćőçŋőľ ďĺääěàěŋÄ æĺăńìŋőľ čěőňěâàĺĺ, ŕőíâőňã ňŋőčĺě ááëńłĺ ŋă ńĺâěàăâãàã ŕàěďŋăňěàěŋŋő őŕãéěŋë: ňë ćëŋãęďěŋë ŕàěŋěąàěçì ňŋőčőőąàăğĺěň ńĺâěàăâãàë ŕő ďăŋŋëň âěňăň (őáőąěŋŋő ŕő ĺŋáâăŋâőŋăň), ŕőáłőńìłã íâő ğăâàãďŋĺńő ąë ďńï çĺâăâěńï ŕěàćőě őğŋăłőňńěŋĺě á íâĺÄ ňĺ ŋőćëňĺ ŕàěďňěâăňĺ, ă, á ďàãčőľ áâőàőŋë, ŋăńĺçĺě ŋěďőàăğãňěŋĺľ, ăŋăńőčĺçŋëå ãŕőňĺŋăěňőľ ăąěńěćőáâĺ ňőŋőŕőńěľ Ğăľąěàčă{Ćĺââěŋă, ćëŋãďĺńő ąë ŋăá ŕăàăńńěńìÄ ŋő ŕàőæĺâĺàőćăâì ĺ ćáě äĺğĺçěáłĺě âěłáâë ŕő íâőľ âěňě. Ŕàĺ íâőň ňë áàăğã ďăěň ááëńłã ŋă őáŋőćŋëě ĺáâőçŋĺłĺ ďńï łăęďőčő ŕăàăčàăäă, çâőąë ŋě ĺáŕěéàïâì âěłáâ ć łőŋæě łăęďőčő ăąğăæă ĺńĺ ŕőáńě łăęďőľ äőàňãńë. Ćëåőď őďĺŋ { áďěńăâì âěłáâ łăł ňőęŋő ąőńěě áăňőğăňłŋãâëň. Ďńï ňăâěàĺăńă § § 2 ĺ 3 (ĺŋćăàĺăŋâë Ďőŋăńìďáőŋă) ŋěÄ őąåőďĺňë ĺáâőçŋĺłĺ [2] ĺ [6], ă ďńï ňăâěàĺăńă §4 (ĺŋćăàĺăŋâë Ğăľąěàčă{Ćĺââěŋă) { [13] ĺ [26]. Ś § 5 ďěńő őąáâőĺâ ŕàőéě: łăł áŕàăćőçŋëľ ňăâěàĺăń ďőáâăâőçŋő ĺáŕőńìğőÄ ćăâì [16] ĺ [24].

Ŋăłőŋěæ ć §6 (Ďőąăćńěŋĺĺ) ňë őâ łăńĺąàőćőçŋëå âěőàĺľ ćőğćàăéăěňáï ł łńăááĺÄ çěáłőľ âőŕőńőčĺĺ, áńěďãï (ŋăáłőńìłő íâő ćőğňőęŋő) łàăáĺćëň łőŋáâàãłæĺïň Ř. ŤĺŋÄ âăèěńă ĺ Ř. Śâěàŋă [9].

Ć ğăłńîçěŋĺě ććěďěŋĺï ŕőńìğãîáì áńãçăěň ćëàăğĺâì čńãąőłãî ąńăčőďăàŋőáâì Śěàčěî Ŕěâàőćĺçã Ŋőćĺłőćã ĺ Ćĺłâőàã Ňăâćěěćĺçã Ąãåèâăąěàã ğă ŕőňőéì ć ŕőďčőâőćłě ĺ ŕãąńĺłăæĺĺ ŋăáâőïéěčő őąğőàă.

§ 2. Łńăááĺçěáłăï âěőàĺï Ďőŋăńìďáőŋă

2.1. Řăğńőęěŋĺě ~^2(T^∗X). Łăł őąëçŋő ć âěőàĺĺ Ďőŋăńìďáőŋă, ňë ąãďěň àăáÄ áňăâàĺćăâì (X; g) { çěâëàěåňěàŋőě őďŋőáćïğŋőě łőňŕăłâŋőě őàĺěŋâĺàãěňőě àĺňăŋőÄ ćő ňŋőčőőąàăğĺě. Űěŋâàăńìŋőě ňěáâő ć âěőàĺĺ ğăŋĺňăěâ àăğńőęěŋĺě ŕàőáâàăŋáâćă 2-äőàň ŕő ďěľáâćĺî őŕěàăâőàă Ţőďęă ∗.

Őŕěàăâőà őŕàěďěńïěâáï łăł łőňŕőğĺæĺï ěáâěáâćěŋŋőľ ňěâàĺłĺ ŋă äőàňăå ĺ ćŋěèÄ ŋěčő ŕàőĺğćěďěŋĺï:

ff ∧ ∗fi = (ff; fi) d¯; (2.1)

čďě d¯ { íńěňěŋâ őąêěňă. Ŋă çěâëàěåňěàŋőň ňŋőčőőąàăğĺĺ ∗ őâőąàăęăěâ 2-äőàňë ć 2-äőàňë, ĺ őçěćĺďŋëň őąàăğőň ∗∗ = id_~2 . Ŕàőáâàăŋáâćă ăćâőďãăńìŋëå ĺ ăŋâĺÄ ăćâőďãăńìŋëå äőàň (őąőğŋăçăěňëě łăł ˙^+ ĺ ˙^− áőőâćěâáâćěŋŋő), őŕàěďěńïěňëě łăł áőąáâćěŋŋëě ŕőďŕàőáâàăŋáâćă á áőąáâćěŋŋëňĺ ğŋăçěŋĺïňĺ ±1 őŕěàăâőàă ∗, ïćńïîâáï áěçěŋĺïňĺ àăááńőěŋĺľ ~^+ ĺ ~^−:

~^2 = ~^+ ⊕ ~^−; ff ∧ ff = ±|ff|^2 d¯ → ff ∈ `(~^±): (2.2)

Ŋă 4-ňŋőčőőąàăğĺĺ âăłőě àăğńőęěŋĺě ğăćĺáĺâ âőńìłő őâ łőŋäőàňŋőčő łńăááă ňěâÄ àĺłĺ.

90 Ŋ. Ă. ŠđŘĹŊ

Ŋă ŕàőáâàăŋáâćăå áěçěŋĺľ ˙^p ĺňěěâáï łàőňě őąëçŋőčő ďĺääěàěŋæĺăńă d äőàňăńìÄ ŋő áőŕàïęěŋŋëľ d^∗, őŕàěďěńïěňëľ łăł:

d^∗ : ˙^p → ˙^{p−1}; ∫ (dff; fi) d¯ = ∫ (ff; d^∗fi) d¯; (2.3)

â.ě. ć őàĺěŋâĺàãěňőň áńãçăě d^∗ = ± ∗ d∗.

Šěőàěňă Ţőďęă ãâćěàęďăěâ, çâő łăęďëľ łńăáá ďěľáâćĺâěńìŋëå łőčőňőńőčĺľ ŕàěďÄ áâăćńïěâáï ěďĺŋáâćěŋŋëň őąàăğőň čăàňőŋĺçěáłőľ äőàňőľ ff âăłőľ, çâő

dff = d^∗ff = 0: (2.4)

Čăàňőŋĺçŋőáâì äőàňë áőåàăŋïěâáï ŕőď ďěľáâćĺěň őŕěàăâőàă ∗, ŕőíâőňã ğăďăŋĺě ňěâÄ àĺłĺ őŕàěďěńïěâ àăğńőęěŋĺě

H^2(X; R) = H^+ ⊕ H^− (2.5)

ŋă ăćâőďãăńìŋëě ĺ ăŋâĺăćâőďãăńìŋëě čăàňőŋĺçěáłĺě äőàňë. İâő áńěďãěâ ĺğ âőčő, çâő őŋĺ ïćńïîâáï ňăłáĺňăńìŋëňĺ ŕőńőęĺâěńìŋëň ĺ őâàĺæăâěńìŋëň ŕőďŕàőáâàăŋáâćăÄ ňĺ ďńï äőàňë ŕěàěáěçěŋĺï, àăááňăâàĺćăěňőľ łăł ćŋěèŋěě ŕàőĺğćěďěŋĺě ŋă łńăááăå ďě Řăňă. Ŕőíâőňã dim H^+ = b^+; dim H^− = b^−; (2.6) čďě (b^+; b_−) { áĺčŋăâãàă äőàňë ŕěàěáěçěŋĺï ŋă X. Šő ęě ňőęŋő ŕőńãçĺâì ĺ ĺğ ŕőáâàőÄ ěŋĺï ŕőńőćĺŋë łőňŕńěłáă ďě Řăňă. Ă ĺňěŋŋő, őŕàěďěńĺň őŕěàăâőà d^+ łăł łőňŕőğĺæĺî, ďěľáâćãîéãî ĺğ ŕàőáâàăŋáâćă 1-äőàň ć ˙^+, őąëçŋőčő ćŋěèŋěčő ďĺääěàěŋæĺàőćăŋĺï ĺ ăńčěąàăĺçěáłőľ ŕàőěłæĺĺ (1=2)(1 + ∗). Ŕőńãçăěň łőňŕńěłá

˙^{0 d}−−−−→ ˙^{1 d+}−−−−→ ˙^+; (2.7) łőâőàëľ ěáâì, čàãąő čőćőàï, ŕőńőćĺŋłă őąëçŋőčő łőňŕńěłáă. Ěáńĺ X łőňŕăłâŋő, âőčÄ ďă łőčőňőńőčĺĺ íâőčő łőňŕńěłáă ěáâěáâćěŋŋő őâőęďěáâćńïîâáï á H^0(X; R), H^1(X; R) ĺ H^+.

2.2. Śćïğŋőáâĺ ĺ łàĺćĺğŋë. Ŋăŕőňŋĺň, çâő čńăćŋëň G-àăááńőěŋĺěň P ŋăď čńăďłĺň ňŋőčőőąàăğĺěň X ŋăğëćăěâáï ňŋőčőőąàăğĺě á ğăďăŋŋëň čńăďłĺň ŕàăćëň ďěľÄ áâćĺěň čàãŕŕë G âăłĺň, çâő ŕàőáâàăŋáâćő őàąĺâ ěáâì ŕőďńěęăéěě X.

Ňőęŋő ŕàěďńőęĺâì âàĺ őŕàěďěńěŋĺï áćïğŋőáâĺ ŋă čńăćŋëå àăááńőěŋĺïå, ă ĺňěŋŋő:

ă) łăł ŕőńě čőàĺğőŋâăńìŋëå ŕőďŕàőáâàăŋáâć H ⊂ T P , âàăŋáćěàáăńìŋëå ł áńőî ŕàőěłæĺĺ ß: P → X;

ą) łăł 1-äőàňã A ŋă P áő ğŋăçěŋĺïňĺ ć ăńčěąàě Ńĺ čàãŕŕë, ĺŋćăàĺăŋâŋãî ŕő ďěľÄ áâćĺî G, őčàăŋĺçěŋĺě łőâőàőľ ŋă łăęďëľ áńőľ áőćŕăďăěâ á łăŋőŋĺçěáłőľ ŕàăÄ ćőĺŋćăàĺăŋâŋőľ äőàňőľ;

ć) ďńï ńîąőčő ŕàěďáâăćńěŋĺï G ňë ŕőńãçăěň ćěłâőàŋőě àăááńőěŋĺě E ŋăď ŕőďńěÄ ęăéĺň ňŋőčőőąàăğĺěň, ĺ áćïğŋőáâì ňőęěâ ąëâì őŕàěďěńěŋă çěàěğ łőćăàĺăŋâÄ ŋãî ŕàőĺğćőďŋãî ŋă E, â.ě. ńĺŋěľŋőě őâőąàăęěŋĺě

∇: ˙^0(E) → ˙^1(E); (2.8)

čďě ˙^p(E) { ŕàőáâàăŋáâćő ćěłâőàŋőğŋăçŋëå p-äőàň, ĺńĺ áěçěŋĺï àăááńőěŋĺï ~^pT^∗X ⊗ E; őâőąàăęěŋĺě ∇ ďőńęŋő ãďőćńěâćőàïâì ŕàăćĺńã Ńěľąŋĺæă

∇(f · s) = f · ∇s + df · s (2.9)

ďńï ńîąőčő áěçěŋĺï àăááńőěŋĺï E ĺ äãŋłæĺĺ f.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 91

Łàőňě âőčő, ěáńĺ ŋă E ğăďăŋë ďőŕőńŋĺâěńìŋëě áâàãłâãàë, áćïğŋőáâì ďőńęŋă ąëâì á ŋĺňĺ áőčńăáőćăŋă. Ŋăŕàĺňěà, ŕàĺ ğăďăŋĺĺ ňěâàĺłĺ áćïğŋőáâì ďőńęŋă ãďőćńěâćőàïâì ãáńőćĺî:

d(s; t) = (∇s; t) + (s; ∇t) (2.10)

(ććěďěŋĺě ďőŕőńŋĺâěńìŋëå áâàãłâãà áőőâćěâáâćãěâ âőňã, çâő čàãŕŕă áâăŋőćĺâáï ňěŋìÄ èě (àěďãæĺàãěâáï ł ŕőďčàãŕŕě), ŋăŕàĺňěà, íàňĺâőćă ňěâàĺłă ŕàěďŕőńăčăěâ, çâő čàãŕÄ ŕă ŋě ŕőńŋăï ńĺŋěľŋăï, ă ãŋĺâăàŋăï).

Ćáě âàĺ őŕàěďěńěŋĺï áćïğŋőáâĺ áãâì őďŋő ĺ âő ęě.

Őąëçŋő ĺáŕőńìğãěâáï âàěâìě őŕàěďěńěŋĺě, ŋő ćáěčďă ŕőńěğŋő ćĺďěâì ğă ŋĺň ĺ ćáě âàĺ. Šőčďă, ŋăŕàĺňěà, őçěćĺďŋő, çâő áćïğŋőáâì ŋă àăááńőěŋĺĺ E ěáâì őďŋőćàěňěŋÄ ŋő ĺ áćïğŋőáâì ŋă ad E. Ďěľáâćĺâěńìŋő, áćïğŋőáâì ŋă ćěłâőàŋőň àăááńőěŋĺĺ ěáâì ĺ áćïğŋőáâì ŋă čńăćŋőň àăááńőěŋĺĺ á čàãŕŕőľ Aut E ĺ âőľ ęě ąăğőľ. Ŋő ňë ňőęěň àăáÄ áňőâàěâì ďćă àăğŋëå ŕàěďáâăćńěŋĺï íâőčő čńăćŋőčő àăááńőěŋĺï - áâăŋďăàâŋőě ĺ ŕàĺÄ áőěďĺŋěŋŋőě. Ć ŕěàćőň áńãçăě ňë áŋőćă ŕőńãçĺň E, ćő ćâőàőň ad E, őąă ćěłâőàŋëå àăááńőěŋĺï áŋăąęěŋë áćïğŋőáâìî, łőâőàăï ěáâì őďŋă ĺ âă ęě áćïğŋőáâì.

Ĺğ őąéĺå áćőľáâć áćïğŋőáâěľ åőâěńőáì ąë ãłăğăâì áńěďãîéĺě:

ă) ŋă âàĺćĺăńìŋőň àăááńőěŋĺĺ C^n = C^n × X ěáâì ćëďěńěŋŋăï áćïğŋőáâì { áâăŋÄ ďăàâŋăï, łőćăàĺăŋâŋőě ďĺääěàěŋæĺàőćăŋĺě, ğăďăćăěňőě ěî, ěáâì ŕàőáâő ďĺäÄ äěàěŋæĺàőćăŋĺě ćěłâőàŋőğŋăçŋëå äãŋłæĺľ;

ą) áćïğŋőáâì { őąêěłâ łőćăàĺăŋâŋëľ;

ć) áćïğŋőáâì őŕàěďěńïěâ ŕăàăńńěńìŋëľ ŕěàěŋőá áńőěć ćďőńì ŕãâĺ ŋă ŕőďńěęăéěň ňŋőčőőąàăğĺĺ;

č) àăğŋőáâì ďćãå áćïğŋőáâěľ ěáâì 1-äőàňă; ŕãáâì a { ŋěłőâőàăï áćïğŋőáâì ŋă E, ă ! { íńěňěŋâ ŕàőáâàăŋáâćă ˙^1(ad E); âőčďă őŕàěďěńěŋă ŋőćăï íàňĺâőćă áćïğÄ ŋőáâì a + !, ŕàĺçěň ! ďěľáâćãěâ ăńčěąàăĺçěáłĺ ŋă áěçěŋĺïå àăááńőěŋĺï ŕőÄ áàěďáâćőň őçěćĺďŋőčő áŕăàĺćăŋĺï

˙^0(E) × ˙^1(End E) → ˙^1(E); (2.11)

ă őčàăŋĺçěŋĺě ŋă ad E ⊂ End E áőőâćěâáâćãěâ âőňã, çâő ŋőćăï áćïğŋőáâì áőÄ čńăáőćăŋă áő áâàãłâãàŋőľ čàãŕŕőľ E.

Šăłĺň őąàăğőň, ŕàőáâàăŋáâćő íàňĺâőćëå áćïğŋőáâěľ A ěáâì ăääĺŋŋőě ŕàőáâàăŋáâÄ ćő ŋăď ćěłâőàŋëň ˙^1(ad E).

Ććěďěň ćŋěèŋîî ŕàőĺğćőďŋãî ŋă ŕàőáâàăŋáâćăå ˙^p(E),

d_a : ˙^p(E) → ˙^{p+1}(E); (2.12)

őâőąàăęăîéãî ˙^p(E) ć ˙^{p+1}(E) ŕő ŕàăćĺńăň

d_a = ∇_a ŋă ˙^0(E);

d_a(! ∧ ȷ) = (d!) ∧ ȷ + (−1)^p! ∧ d_aȷ;

(2.13)

ěáńĺ ! ∈ ˙^p ĺ ȷ ∈ ˙^q(E). Ğăňěâĺň áàăğã, çâő âăłőě ęě ćŋěèŋěě ďĺääěàěŋæĺàőćăŋĺě ăŋăńőčĺçŋëň őąàăğőň ććőďĺâáï ĺ ŋă ŕàőáâàăŋáâćăå ˙^p(ad E), ŕàĺçěň íâĺ ďćă őŕěàăÄ âőàă ďěľáâćãîâ áőčńăáőćăŋŋő.

92 Ŋ. Ă. ŠđŘĹŊ

Őŕěàăâőà d_a őçěŋì ŕőåőę ŋă őąëçŋőě ćŋěèŋěě ďĺääěàěŋæĺàőćăŋĺě, ŋő łőňŕńěłáă, ŕőďőąŋőčő łőňŕńěłáã ďě Řăňă, á ěčő ŕőňőéìî őŕàěďěńĺâì ŋě ãďăáâáï. Ŕàěŕïâáâćĺěň ł íâőňã ïćńïěâáï łàĺćĺğŋă áćïğŋőáâĺ a.

Łàĺćĺğŋă ěáâì ŕőáńěďőćăâěńìŋőě ŕàĺňěŋěŋĺě őŕěàăâőàă d_a ďćăęďë, ă ĺňěŋŋő, F_a = d_ad_a. Ŕàőćěàłőľ ŕàăćĺńă Ńěľąŋĺæă ãáâăŋăćńĺćăěâáï, çâő łàĺćĺğŋă ěáâì őŕěàăâőà ăńčěąàăĺçěáłĺľ, F_a ∈ ˙^2(ad E).

Ŋěâàãďŋő ćëćěáâĺ äőàňãńã ďńï łàĺćĺğŋë ćőğňãéěŋŋőľ áćïğŋőáâĺ:

F_{a+!} = F_a + d_a(!) + ! ∧ !; (2.14)

čďě ŕőáńěďŋěě ćëàăęěŋĺě őąőğŋăçăěâ łőňŕőğĺæĺî ćŋěèŋěčő ŕàőĺğćěďěŋĺï ĺ ěáâěáâćěŋÄ ŋőčő ãňŋőęěŋĺï ć ad E ⊂ End E.

Šőęďěáâćő Ąĺăŋłĺ ãâćěàęďăěâ ďńï ńîąőľ áćïğŋőáâĺ àăćěŋáâćő

d_a(F_a) = 0: (2.15)

Ŕőńìğãïáì ňěâàĺłőľ, ňőęŋő ććěáâĺ őŕěàăâőà, äőàňăńìŋő áőŕàïęěŋŋëľ őŕěàăâőàã ćŋěèŋěčő ďĺääěàěŋæĺàőćăŋĺï:

d^∗_a : ˙^p(E) → ˙^{p−1}(E); (2.16)

őŕàěďěńïěňëľ àăćěŋáâćőň ∫ X (d_aŒ; ) d¯ = ∫ X (Œ; d^∗_a) d¯ (2.17)

ďńï ńîąëå äőàň ŕőďåőďïéěčő ŕőàïďłă.

Řăğńőęěŋĺě (2.2) őçěćĺďŋëň őąàăğőň ŕàőďőńęăěâáï ĺ ŋă ŕàőáâàăŋáâćő

˙^2(ad E) = ˙^+(ad E) ⊕ ˙^−(ad E); (2.18)

ŕőíâőňã ňë ĺňěěň F_a = F^+_a + F^−_a ; F^±_a ∈ ˙^±(ad E): (2.19)

Śćïğŋőáâì a ŋăğëćăěâáï ăćâőďãăńìŋőľ, ěáńĺ F^−_a = 0, ĺ ăŋâĺăćâőďãăńìŋőľ, ěáńĺ F^+_a = 0.

Ŋăŕőňŋĺň ěéě àăğ, çâő àăğńőęěŋĺě (2.2) łőŋäőàňŋő ĺŋćăàĺăŋâŋő, ğŋăçĺâ, ĺ ãáńőÄ ćĺï ăćâőďãăńìŋőáâĺ ĺ ăŋâĺăćâőďãăńìŋőáâĺ őąńăďăîâ âăłĺň ęě áćőľáâćőň.

2.3. Ťãŋłæĺőŋăń §ŋčă{Ňĺńńáă. Ŋăŕőňŋĺň, çâő áőčńăáŋő âěőàĺĺ Ůěàŋă{Ćěľńï ďńï ńîąőčő łőňŕńěłáŋőčő àăááńőěŋĺï E ĺ ŕàőĺğćőńìŋőľ áćïğŋőáâĺ a ŋă ěčő áěçěÄ ŋĺïå ŕěàćëľ łńăáá Ůěàŋă c_1(E) ŕàěďáâăćńïěâáï ğăňłŋãâőľ äőàňőľ^i_2 ß Tr(F_a). Śńěď łćăďàăâă łàĺćĺğŋë ŕàĺ íâőň ćëàăęăěâáï áńěďãîéĺň őąàăğőň: [ 1 4ß^2

Tr(F^2_a ) ] = 2c_2(E) − c^2_1(E) ∈ H^4(X): (2.20)

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 93

Ďńï çěâëàěåňěàŋëå ňŋőčőőąàăğĺľ { őďŋőáćïğŋëå, őàĺěŋâĺàãěňëå, łőňŕăłâŋëå { łőâőàëě őąëçŋő ĺ àăááňăâàĺćăîâáï ć âěőàĺĺ Ďőŋăńìďáőŋă, ĺ ďńï SU(2)-áćïğŋőáâěľ ĺňěěň ć łăçěáâćě áńěďáâćĺï ŕàěďëďãéěľ äőàňãńë

c_2(E) = 1 8ß^2 ∫ X Tr(F^2_a ) ∈ Z: (2.21)

Řăğąěàěň ãáńőćĺě ăŋâĺăćâőďãăńìŋőáâĺ. Ğăňěâĺň, çâő ć ăńčěąàě łőáőáĺňňěâàĺçěáłĺå ňăâàĺæ Tr(!^2) = −|!|^2. Ćňěáâě á őŕàěďěńěŋĺěň àăğńőęěŋĺï 2-äőàň íâő ďăěâ

Tr(F^2_a ) = −(|F^+_a |^2 + |F^−_a |^2) d¯; (2.22)

ă ğŋăçĺâ, ŕőáńě ĺŋâěčàĺàőćăŋĺï ŕő łőňŕăłâŋőľ ąăğě ŕőńãçăěň

8ß^2c_2(E) = ∫ X |F^−_a |^2 d¯ − ∫ X |F^+_a |^2 d¯: (2.23)

Šăłĺň őąàăğőň, ăąáőńîâŋőě ğŋăçěŋĺě c_2 ğăďăěâ ŋĺęŋîî čàăŋĺæã ğŋăçěŋĺľ äãŋłÄ æĺőŋăńă §ŋčă{Ňĺńńáă, ćĺď łőâőàőčő őçěŋì ŕàőáâ { łćăďàăâ L^2-ŋőàňë łàĺćĺğŋë àăćěŋ

‖F_a‖^2 = ∫ X |F_a|^2 d¯ = ∫ X |F^−_a |^2 d¯ + ∫ X |F^+_a |^2 d¯: (2.24)

Ěáńĺ c_2 ŕőńőęĺâěńěŋ, âő őçěćĺďŋëň őąàăğőň łàĺâěàĺěň ăŋâĺăćâőďãăńìŋőáâĺ ąãďěâ ãáńőćĺě ‖F_a‖^2 = 8ß^2c_2(E).

Şàăćŋěŋĺě İľńěàă{Ńăčàăŋęă ďńï äãŋłæĺőŋăńă ‖F_a‖^2 ŋă ŕàőáâàăŋáâćě áćïğŋőáâěľ, ŋăğëćăěňőě ãàăćŋěŋĺěň §ŋčă{Ňĺńńáă, ĺňěěâ ćĺď

d^∗_aF_a = 0: (2.25)

İâă ãďĺćĺâěńìŋăï ŕàőáâőâă âěőàĺĺ §ŋčă{Ňĺńńáă ŋěćőńìŋő ŋăćőďĺâ ŋă ňëáńì őą ãŋĺÄ ćěàáăńìŋőľ ŕàĺňěŋĺňőáâĺ ěě ćő ňŋőčĺå őąńăáâïå. Ŋő ěéě ąőńěě ŕőàăğĺâěńěŋ âőâ äăłâ, çâő ć çěâëàěåňěàŋőň áńãçăě äãŋłæĺőŋăń łőŋäőàňŋő ĺŋćăàĺăŋâěŋ. Ďěľáâćĺâěńìŋő, ć áńãçăě àăğňěàŋőáâĺ d ãňŋőęěŋĺě ňěâàĺłĺ ŋă c ďăěâ ć 2-äőàňăå ňŋőęĺâěńì c^{−2}, ć âő

ęě ćàěňï íńěňěŋâ őąêěňă ĺğňěŋïěâáï ć c^d àăğ. Ŕőíâőňã ĺŋâěčàăń ∫ X |F_a|^2 d¯ ŕàěőąÄ

àăğãěâáï ł ćĺďã ∫ X c^{4−d}|F_a|^2 d¯ ĺ őáâăěâáï ŋěĺğňěŋŋëň, ć âőçŋőáâĺ łőčďă d = 4.

Őąàăâĺň ćŋĺňăŋĺě ŋă âő, çâő ŋĺęŋïï čàăŋĺæă ğŋăçěŋĺï äãŋłæĺőŋăńă ğăďăěâáï ć áńãçăě SU(2)-áćïğŋőáâĺ âőńìłő ćâőàëň łńăááőň Ůěàŋă. İâő áńěďáâćĺě âőčő, çâő ŕěàÄ ćëľ łńăáá Ůěàŋă SU(2)-àăááńőěŋĺï àăćěŋ ŋãńî.

Őďŋőćàěňěŋŋő ďńï ãŋĺâăàŋëå ĺ őàâőčőŋăńìŋëå áćïğŋőáâěľ ććěďěň åăàăłâěàĺáâĺÄ çěáłőě çĺáńő k(E), łőâőàőě:

ă) ďńï SU(r)-àăááńőěŋĺľ àăćŋő, łăł ĺ ćëèě, k(E) = c_2(E); ą) ďńï U(r)-àăááńőěŋĺľ àăćŋő k(E) = c_2(E) −^1_2 c^2_1(E); ć) ďńï SO(r)-àăááńőěŋĺľ (ćěéěáâćěŋŋëå) àăćŋő k(V ) = −^1_4 p_1(V ).

Ŋăŕőňŋĺň, çâő ŕěàćëľ łńăáá Ŕőŋâàïčĺŋă p_1(V ) őŕàěďěńïěâáï äőàňãńőľ p_1(V ) = c_2(V ⊗ C ) ∈ H^4(X; Z).

Ŕőáńě ćáěčő áłăğăŋŋőčő áâăŋőćĺâáï őçěćĺďŋëň, çâő ěáńĺ àăááńőěŋĺě E ŋăď X ďőÄ ŕãáłăěâ ăŋâĺăćâőďãăńìŋëě áćïğŋőáâĺ, âő k(E) ⩾ 0, ă ěáńĺ k(E) = 0, âő ćáě ăŋâĺăćâőÄ ďãăńìŋëě áćïğŋőáâĺ ŕńőáłĺě.

94 Ŋ. Ă. ŠđŘĹŊ

2.4. Ňŋőčőőąàăğĺě ňőďãńěľ ĺŋáâăŋâőŋőć. Ŕőáâàőěŋĺě ňŋőčőőąàăğĺï ňőďãÄ ńěľ ĺŋáâăŋâőŋőć àăğąĺćăěâáï ŋă ďćă èăčă: ŕěàćëľ ğăłńîçăěâáï ć àěèěŋĺĺ ãàăćŋěŋĺï ăŋâĺăćâőďãăńìŋőáâĺ (łőâőàőě ňë ąãďěň ďńï łàăâłőáâĺ âăł ĺ ŋăğëćăâì { ãàăćŋěŋĺě ĺŋÄ áâăŋâőŋă), ćâőàőľ { ć àăğąĺěŋĺĺ ŕàőáâàăŋáâćă àěèěŋĺľ (ąěáłőŋěçŋőňěàŋőčő) ŋă őàąĺÄ âë ŕő ďěľáâćĺî čàãŕŕë łăńĺąàőćőçŋëå ŕàěőąàăğőćăŋĺľ, äăłâőàĺğăæĺĺ ŕő ďěľáâćĺî čàãŕŕë, ć àěğãńìâăâě çěčő ŕőńãçăěâáï łőŋěçŋőňěàŋőě čńăďłőě ďńï őąéěľ ňěâàĺłĺ ňŋőÄ čőőąàăğĺě, łőâőàőě ćőğňőęŋő łőňŕăłâĺäĺæĺàőćăâì.

Ťăłâőàĺğăæĺï ŕő ďěľáâćĺî čàãŕŕë ŋěőąåőďĺňă { á ąěáłőŋěçŋőňěàŋëň ŕàőáâàăŋáâÄ ćőň àěèěŋĺľ âàãďŋő áćïğăâì łăłĺě-ńĺąő őąêěłâë, ĺňěîéĺě ňăâěňăâĺçěáłĺľ áňëáń. Ğăňěâĺň, őďŋăłő, çâő äĺğĺłĺ ďńï ŕőńãçěŋĺï áâăâáãňň ćĺďă (1.1) áňěńő ĺŋâěčàĺàãîâ ŕő ćáěň áćïğŋőáâïň: ňěâőď ŕěàěćăńă ŕàĺćőďĺâ ł àăááňőâàěŋĺî âőńìłő ňăńëå őłàěáâÄ ŋőáâěľ íłáâàěňăńěľ äãŋłæĺőŋăńă §ŋčă{Ňĺńńáă, ć çăáâŋőáâĺ { ăąáőńîâŋëå ňĺŋĺňãÄ ňőć, â.ě. ĺŋáâăŋâőŋőć.

Ďńï ŕőáâàőěŋĺï łńăááőć íłćĺćăńěŋâŋőáâĺ ŋă ŕàőáâàăŋáâćě áćïğŋőáâěľ ŋěőąåőďĺňő (ĺ őąëçŋő ŕàĺňěŋïěâáï) ŕőŕőńŋěŋĺě ŕő áőąőńěćáłĺň ŋőàňăň. Ďńï íâőčő äĺłáĺàãěâáï ŋěłőâőàőě l ⩾ 2 ĺ áěçěŋĺï àăááńőěŋĺï ŕőŕőńŋïîâáï ŕő ŋőàňě L^2_l . Šőčďă áćïğŋőáâĺ ŋăďěńïîâáï L^2_{l−1}-ŋőàňőľ, ă łàĺćĺğŋë { L^2_{l−2}-ŋőàňőľ.

Čàãŕŕă łăńĺąàőćőçŋëå ŕàěőąàăğőćăŋĺľ G (ĺńĺ, łăł ňë ąãďěň ĺŋőčďă, ďőŕãáłăï ňăâěňăâĺçěáłãî ŋěàïèńĺćőáâì ïğëłă, čőćőàĺâì { łăńĺąàőćőçŋăï čàãŕŕă) ěáâì ŕàőáâő čàãŕŕă L^2_l -ăćâőňőàäĺğňőć àăááńőěŋĺï E.

Őŕàěďěńĺň äăłâőàŕàőáâàăŋáâćő

B = A=G : (2.26)

Őçěćĺďŋő, çâő ňěâàĺłă ŋă ŕàőáâàăŋáâćě áćïğŋőáâěľ, őŕàěďěńïěňăï łăł ‖a − b‖ = (∫ X |a − b|^2 d¯

)_{1=2} (2.27)

(âőęďěáâćěŋŋăï ňěâàĺłě ŋă ŕàőáâàăŋáâćě 1-äőàň áő ğŋăçěŋĺïňĺ ć ad E), áőåàăŋïěâÄ áï ŕàĺ ďěľáâćĺĺ łăńĺąàőćőçŋőľ čàãŕŕë őďŋőćàěňěŋŋő ŋă őąě áćïğŋőáâĺ, ŕőíâőňã ďńï ąőńěě âőçŋőčő őâàăęěŋĺï âőŕőńőčĺçěáłőľ áâàãłâãàë ŋă B ŋěőąåőďĺňő ććěáâĺ àăááâőÄ ïŋĺě ňěęďã łńăááăňĺ áćïğŋőáâěľ.

Ěáńĺ [a] ĺ [b] { őàąĺâë áćïğŋőáâěľ, âőčďă őŕàěďěńĺň àăááâőïŋĺě łăł

ø([a]; [b]) = inf ‖a − u(b)‖; u ∈ G : (2.28)

Ĺ, ěáâěáâćěŋŋő, íâő ĺŋďãæĺàãěâ ø { ňěâàĺłã ŋă äăłâőàŕàőáâàăŋáâćě B.

Ďńï őŕĺáăŋĺï őłàěáâŋőáâĺ łńăááă [a] ć äăłâőàŕàőáâàăŋáâćě B ćőáŕőńìğãěňáï áńěÄ ďãîéěľ łőŋáâàãłæĺěľ. Ŕãáâì

T_{a;”} = {! ∈ ˙^1(ad E) | d^∗_a(!) = 0; ‖!‖ ¡ ”}; (2.29)

čďě, ďőčőćőàĺňáï, ŕőď ŋőàňăňĺ ąãďěň ŕőŋĺňăâì áőąőńěćáłĺě ŋőàňë âěå ĺŋďěłáőć, łőÄ âőàëě ňë ŕàĺáćőĺńĺ ŕàőáâàăŋáâćăň ć ŋăçăńě ŕ. 2.4. Šőčďă őłàěáâŋőáâì őàąĺâë, ŕàěďÄ áâăćńïěňőľ áćïğŋőáâìî a, ňőęěâ ąëâì őŕĺáăŋă łăł ŋěłőâőàăï äăłâőàĺğăæĺï T_{a;”} ŕàĺ ďőáâăâőçŋő ňăńőň ”.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 95

Ğăňěâĺň, çâő ãáńőćĺě d^∗_a(!) = 0 ć őŕàěďěńěŋĺĺ (2.29) őçěŋì ŕàőáâő ĺáâőńłőćëćăěâÄ áï. Ďěľáâćĺâěńìŋő, ěáńĺ äőàňă ! âőçŋă, â.ě. ŕàěďáâăćńïěâáï ć ćĺďě d_a˘, čďě ˘ { ŕàőáâő äãŋłæĺï áő ğŋăçěŋĺïňĺ ć íŋďőňőàäĺğňăå, âő ŋěâàãďŋő ćĺďěâì, çâő ø([a + !]; [a]) = 0.

Şáńőćĺě d^∗_a(!) = 0 őğŋăçăěâ, çâő áćïğŋőáâĺ a + ! ĺ a ŋăåőďïâáï ć łãńőŋőćáłőľ łăÄ ńĺąàőćłě.

Ůâőąë őąêïáŋĺâì, łăł äăłâőàĺğãěâáï T_{a;”}, ććěďěň ďńï łăęďőľ áćïğŋőáâĺ ŕőďčàãŕÄ ŕã łăńĺąàőćőçŋëå ŕàěőąàăğőćăŋĺľ

`_a = {u ∈ G | u(a) = a}: (2.30)

Łăł ğăňłŋãâăï ŕőďčàãŕŕă łăńĺąàőćőçŋőľ čàãŕŕë `_a ïćńïěâáï čàãŕŕőľ Ńĺ. Ěě ăńčěąÄ àă Ńĺ őŕàěďěńïěâáï ŕàőáâő łăł ïďàő ker d_a ⊂ ˙^0(ad E). Őçěćĺďŋő, čàãŕŕă `_a ďěľáâÄ ćãěâ ŋă ˙^1(ad E) ĺ, áńěďőćăâěńìŋő, ŋă T_{a;”}.

Őłăğëćăěâáï, çâő ďńï ďőáâăâőçŋő ňăńëå ” ŕàőěłæĺï ß: A → B ĺŋďãæĺàãěâ čőňěőÄ ňőàäĺğň ňěęďã äăłâőàőň T_{a;”}=`_a ĺ őłàěáâŋőáâìî őàąĺâë [a].

Čàãŕŕë `_a łńăááĺäĺæĺàãîâ áćïğŋőáâĺ ć áńěďãîéěň áňëáńě. Ěáńĺ âăłăï ŕőďčàãŕÄ ŕă ňĺŋĺňăńìŋă { ă íâő ğŋăçĺâ, çâő őŋă ć łăęďőľ âőçłě áőćŕăďăěâ á æěŋâàăńĺğăâőàőň áâàãłâãàŋőľ čàãŕŕë àăááńőěŋĺï, âő ňë ąãďěň ŋăğëćăâì áőőâćěâáâćãîéãî áćïğŋőáâì ŋěŕàĺćőďĺňőľ.

Őâłàëâőě ŕőďňŋőęěáâćő ŋěŕàĺćőďĺňëå áćïğŋőáâěľ ňë ąãďěň őąőğŋăçăâì A^∗ ⊂ A. Šőčďă äăłâőà ŋěŕàĺćőďĺňëå áćïğŋőáâěľ ŕő ďěľáâćĺî łăńĺąàőćőçŋőľ čàãŕŕë B^∗ ⊂ B ńőłăńìŋő ĺğőąàăęăěâáï èăàăňĺ T_{a;”} ć čĺńìąěàâőćëå ŕàőáâàăŋáâćăå ker d^∗_a ⊂ L^2_{l−1}(˙^1(ad E)). İâő ğăďăěâ ŕőłàëâĺě B^∗ łăàâăňĺ, ŕàěćàăéăîéěě íâő äăłâőàŕàőáâàăŋáâćő ć čńăďłőě čĺńìąěàâőćő ňŋőčőőąàăğĺě ŋěŕàĺćőďĺňëå áćïğŋőáâěľ.

Šěàňĺŋ \ŕàĺćőďĺňőáâì" ĺáŕőńìğãěâáï őąëçŋő ć âőň áňëáńě, çâő áćïğŋőáâì àăáłńăÄ ďëćăěâáï ć ŕàïňãî áãňňã ŕăàë áćïğŋőáâěľ, ďěľáâćãîéĺå ŋă ŕăàě àăááńőěŋĺľ, ŕàïňăï áãňňă łőâőàëå áőáâăćńïěâ ĺáåőďŋőě àăááńőěŋĺě. İâő ďăńěłő ŋě ćáěčďă àăćŋőáĺńìŋő âőňã, çâő ĺğőâàőŕŋăï ŕőďčàãŕŕă `_a áćïğŋőáâĺ a ňĺŋĺňăńìŋă. Ŋő ć ãáńőćĺïå ŋăèĺå àăááňőâàěŋĺľ (SU(2)-, U(2)-, SO(3)-àăááńőěŋĺě ŋăď őďŋőáćïğŋëň ňŋőčőőąàăğĺěň) ďćă íâĺ ãáńőćĺï áőćŕăďăîâ.

Ć áńãçăě łőňŕńěłáŋőčő SU(2)-àăááńőěŋĺï ŕàĺćőďĺňőáâì áőőâćěâáâćãěâ àăğńőęěÄ ŋĺî E = L ⊕ L^{−1}, ŕàĺ íâőň ad E = R ⊕ L^{⊗2}. Ć áńãçăě ćěéěáâćěŋŋőčő { àăğńőęěŋĺě ĺňěěâ ćĺď ad E = R ⊕ L.

Łăł ãęě őâňěçăńőáì, ŕàĺćőďĺňëě áćïğŋőáâĺ áőáâăćńïîâ őáőąěŋŋőáâĺ čĺńìąěàâőćă ňŋőčőőąàăğĺï B. Śăňőľ őáőąőľ ïćńïěâáï áăňăï ŕàőáâăï { âàĺćĺăńìŋăï { áćïğŋőáâì. Śőáâőïéăï ĺğ âàěå àăğńĺçŋëå łőňŕőŋěŋâ, őŋă ŕàěďáâăćńïěâáï łőŋãáőň ŋăď ŕàőáâàăŋÄ áâćőň, łőâőàőě ĺ áăňő ïćńïěâáï őáőąëň.

Ŋěőąåőďĺňő âăłęě ďőąăćĺâì, çâő ďńï SU(2)- ĺńĺ SO(3)-áćïğŋőáâĺ łăńĺąàőćőçŋő íłćĺćăńěŋâŋëě łńăááë ŕàĺćőďĺňëå ăŋâĺăćâőďãăńìŋëå áćïğŋőáâěľ ć âőçŋőáâĺ áőőâÄ ćěâáâćãîâ ŕăàăň ±c, čďě c { ŋěŋãńěćëě łńăááë ć H^2(X; Z), ŕàĺçěň c^2 = −c_2(E) ĺńĺ p_1(E) áőőâćěâáâćěŋŋő, ŋő íâő ćěàŋő, ŕőďçěàłŋěň, âőńìłő ć őďŋőáćïğŋőň áńãçăě.

Őçěćĺďŋő, çâő ãáńőćĺě ăŋâĺăćâőďãăńìŋőáâĺ ĺŋćăàĺăŋâŋő ŕàĺ ďěľáâćĺĺ łăńĺąàőÄ ćőçŋőľ čàãŕŕë. İâő áńěďãěâ ĺğ ĺŋćăàĺăŋâŋőáâĺ äãŋłæĺőŋăńă §ŋčă{Ňĺńńáă, íłáâàěÄ ňăńïňĺ łőâőàőčő ïćńïîâáï íâĺ áćïğŋőáâĺ. Ŕőíâőňã ŋă ŕàőáâàăŋáâćě ňőďãńěľ B őŕàěÄ ďěńïěâáï ŕőďňŋőęěáâćő M_{asd} { őàąĺâë ăŋâĺăćâőďãăńìŋëå áćïğŋőáâěľ ŕő ňőďãńî ďěľÄ áâćĺï łăńĺąàőćőçŋőľ čàãŕŕë. A priori âăłĺě ňŋőęěáâćă ďőńęŋë őąőğŋăçăâìáï łăł M_{asd}(l), ć ğăćĺáĺňőáâĺ őâ ĺŋďěłáă áőąőńěćáłĺå ŋőàň. Őďŋăłő ěáâěáâćěŋŋőě ćńőęěŋĺě

96 Ŋ. Ă. ŠđŘĹŊ

M_{asd}(l + 1) ć M_{asd}(l) őłăğëćăěâáï čőňěőňőàäĺğňőň. Ŕőíâőňã ć ďăńìŋěľèěň ĺŋďěłáë ąãďãâ őŕãáłăâìáï, ğă ĺáłńîçěŋĺěň âěå áńãçăěć, łőčďă íâő ňőęěâ ŕàĺćěáâĺ ł ŋěďőàăÄ ğãňěŋĺî.

M_{asd} ŋăğëćăěâáï ňŋőčőőąàăğĺěň ňőďãńěľ ăŋâĺăćâőďãăńìŋëå áćïğŋőáâěľ ĺńĺ { łőÄ àőçě { ĺŋáâăŋâőŋőć.

Ńőłăńìŋő M_{asd} ňőęěâ ąëâì őŕĺáăŋő âăł ęě, łăł ĺ B. Ŕãáâì a { ăŋâĺăćâőďãăńìŋăï áćïğŋőáâì. Šőčďă őŕàěďěńĺň őâőąàăęěŋĺě âăłĺň őąàăğőň:

: T_{a;”} → ˙^+(ad E);

(!) = F^+(a + !) = d^+_a (!) + (! ∧ !)^+:

(2.31)

Łăł ĺ ćëèě, äăłâőà áåěňë ŋãńěľ íâőčő őâőąàăęěŋĺï ŕő ĺğőâàőŕŋőľ ŕőďčàãŕŕě Z()=`_a čőňěőňőàäěŋ őłàěáâŋőáâĺ [a] ć M_{asd}.

Ğăňěâĺň, çâő őâőąàăęěŋĺě { čńăďłőě äàěďčőńìňőćő, ďĺääěàěŋæĺăń łőâőàőčő ć ŋãńě ěáâì ŕàőáâő d^+_a : ker d^∗_a → ˙^+(ad E): (2.32)

İâő áńěďãěâ ĺğ íńńĺŕâĺçŋőáâĺ (ĺ, ğŋăçĺâ, äàěďčőńìňőćőáâĺ) őŕěàăâőàă ffi_a = d^∗_a ⊕ d_a, ŕőáłőńìłã őčàăŋĺçěŋĺě őŕěàăâőàă ć (2.32) áőćŕăďăěâ á ffi_a. Řăğňěàŋőáâì ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋâőŋőć áőćŕăďăěâ á ĺŋďěłáőň őŕěàăâőàă ffi_a. Őąőğŋăçĺň s = ind ffi_a. İâő çĺáńő ŋăåőďĺâáï ŕő âěőàěňě Ăâìĺ{Ğĺŋčěàă ĺ ğăćĺáĺâ âőńìłő őâ âőŕőńőčĺçěáłĺå ŕăàăÄ ňěâàőć ŕőďńěęăéěčő ňŋőčőőąàăğĺï ĺ àăááńőěŋĺï E. Ă ĺňěŋŋő, ďńï SU(2)-àăááńőěŋĺï ŕőńãçăěň s = 8c_2(E) − 3 ( 1 − b_1(X) + b^+_2 (X) ) ; (2.33)

ă ďńï SO(3)-àăááńőěŋĺï

s = −2p_1(E) − 3 ( 1 − b_1(X) + b^+_2 (X) ) : (2.34)

Ć ńőłăńìŋőň őŕĺáăŋĺĺ ãàăćŋěŋĺï d^∗_a(!) = 0 ĺ d^+_a (!) + (! ∧ !)^+ = 0 ĺčàăîâ àăğÄ ŋãî àőńì. Ćâőàőě ěáâì áőąáâćěŋŋő ãàăćŋěŋĺě ăŋâĺăćâőďãăńìŋőáâĺ, ŕěàćőě ęě őŕĺáëÄ ćăěâ ńőłăńìŋő áàěğ (ć łãńőŋőćáłőľ łăńĺąàőćłě) ŋă ŕàőáâàăŋáâćě őàąĺâ ć ŋěłőâőàőľ őłàěáâŋőáâĺ áćïğŋőáâĺ a. Šăłőľ áàěğ ňőęěâ ąëâì ćëąàăŋ ĺ ďàãčĺňĺ áŕőáőąăňĺ, ŕőíÄ âőňã ŕàăćĺńìŋěě ŕàěďáâăćńïâì áěąě ńĺŋěăàĺğăæĺî őąêěłâă áńěďãîéĺň őąàăğőň.

Řăááňőâàĺň ďěäőàňăæĺőŋŋëľ łőňŕńěłá

˙^0(ad E)^{da}−−−−→ ˙^1(ad E)^d + a −−−−→ ˙^+(ad E): (2.35)

Şáńőćĺě ăŋâĺăćâőďãăńìŋőáâĺ àăćŋőáĺńìŋő âőňã, çâő íâő ďěľáâćĺâěńìŋő łőňŕńěłá, őŕàěďěńïîéĺľ čàãŕŕë łőčőňőńőčĺľ H^0_a, H^1_a, H^2_a. Śàěďŋĺě łőčőňőńőčĺĺ ŕàěďáâăćńïîâ ńĺŋěăàĺğăæĺî ãàăćŋěŋĺľ ĺŋáâăŋâőŋă ŕő ňőďãńî ďěľáâćĺï łăńĺąàőćőçŋőľ čàãŕŕë

H^1_a = ker d^+_a = im d_a; (2.36)

ĺ âěőàĺï Ţőďęă ďőáâăćńïěâ ŋăň ěáâěáâćěŋŋőě őâőęďěáâćńěŋĺě

H^1_a ∼= ker ffi_a; H^2_a = coker d^+_a ∼= ker d_a ⊂ ˙^+(ad E): (2.37)

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 97

4 ŞŇŊ, â. 57, ćëŕ. 2

Ć âěàňĺŋăå íâőčő łőňŕńěłáă çĺáńő s ěáâì ŕàőáâő íľńěàőćă åăàăłâěàĺáâĺłă, ćğïâăï á őąàăâŋëň ğŋăłőň:

s = dim H^1_a − dim H^0_a + dim H^2_a: (2.38)

Ńőłăńìŋőľ ňőďěńìî M_{asd} ąãďěâ äăłâőà f^{−1}(0)=`_a, čďě

f : H^1_a → H^2_a (2.39)

{ íłćĺćăàĺăŋâŋőě őâŋőáĺâěńìŋő ĺğőâàőŕŋőľ ŕőďčàãŕŕë őâőąàăęěŋĺě. Ťãŋłæĺï f ňőÄ ęěâ ąëâì ćëąàăŋă ćěéěáâćěŋŋőľ ăŋăńĺâĺçěáłőľ, áńěďőćăâěńìŋő, ňŋőčőőąàăğĺě ňőďãÄ ńěľ ĺŋáâăŋâőŋőć { ćěéěáâćěŋŋő ăŋăńĺâĺçěáłőě. Őąëçŋő âăłăï äãŋłæĺï ŋăğëćăěâáï őâőąàăęěŋĺěň Łãàăŋĺèĺ.

Ć áńãçăě ŋěőŕàěďěńěŋŋőľ äőàňë ŕěàěáěçěŋĺï (áň. ŋĺęě) ĺ őąéěľ ňěâàĺłĺ ňŋőčőÄ őąàăğĺě ňőďãńěľ ŋě áőďěàęĺâ ŕàĺćőďĺňëå áćïğŋőáâěľ; ďńï ŋěŕàĺćőďĺňëå áćïğŋőáâěľ ŕő âěőàěňě, ďőłăğăŋŋőľ Ł. Şńěŋąěł, ćâőàëě łőčőňőńőčĺĺ ďěäőàňăæĺőŋŋőčő łőňŕńěłÄ áă (2.35) àăćŋë ŋãńî. Ğăňěâĺň, çâő ĺ ďńï áńãçăï, łőčďă őąéĺě ňěâàĺłĺ ďőŕãáłăÄ îâ ŕàĺćőďĺňëě ăŋâĺăćâőďãăńìŋëě áćïğŋőáâĺ (â.ě. łőčďă äőàňă ŕěàěáěçěŋĺľ 2-æĺłńőć őŕàěďěńěŋă), ćáě àăćŋő H^2_a = 0. Ŕőíâőňã ć ńîąőň áńãçăě (ďńï őąéěľ ňěâàĺłĺ) ňŋőÄ čőőąàăğĺě ňőďãńěľ ĺŋáâăŋâőŋőć čńăďłőě ĺńĺ čńăďłőě ŕőçâĺ ćáîďã, łàőňě łőŋěçŋőčő çĺáńă âőçěł, ńĺŋłĺ łőâőàëå čőňěőňőàäŋë ŕàőěłâĺćŋëň ŕàőáâàăŋáâćăň.

Ŋăłőŋěæ, çâőąë ĺáŕőńìğőćăâì ňŋőčőőąàăğĺï ňőďãńěľ łăł čěőňěâàĺçěáłĺě őąêěłâë (ŋăŕàĺňěà, ŕńěŋłĺ ąőàďĺğňőć), ŋěőąåőďĺňő ěéě őďŋő ćăęŋőě áćőľáâćő ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋâőŋőć { őàĺěŋâĺàãěňőáâì.

2.5. Őàĺěŋâăæĺï. Řăááňőâàĺň áŋăçăńă áńãçăľ SU(2)-àăááńőěŋĺï. Ćőğìňěň ŋă ňŋőčőőąàăğĺĺ ňőďãńěľ M_{asd} őâłàëâőě ŕőďňŋőęěáâćő M^s_{asd} łńăááőć ŋěŕàĺćőďĺňëå áćïğŋőáâěľ [a]. Ĺğ ŋěŕàĺćőďĺňőáâĺ áńěďãěâ, çâő H^2_a = 0. Šőčďă M^s_{asd} { őàĺěŋâĺàãěňő. Ďěľáâćĺâěńìŋő, łăł ąëńő ãłăğăŋő ćëèě, łăáăâěńìŋőě ŕàőáâàăŋáâćő ł ňŋőčőőąàăğĺî ňőďãńěľ ć čńăďłőľ âőçłě őŕĺáëćăěâáï łăł ïďàő íńńĺŕâĺçěáłőčő őŕěàăâőàă

ffi_a : ˙^1(ad E) → ˙^0(ad E) ⊕ ˙^+(ad E): (2.40)

Őàĺěŋâĺàãěňőáâì M^s_{asd} íłćĺćăńěŋâŋă âàĺćĺăńìŋőáâĺ áâăàèěľ ćŋěèŋěľ áâěŕěŋĺ łăáăÄ âěńìŋőčő àăááńőěŋĺï, ŕőíâőňã ŋěőąåőďĺňő àăááňőâàěâì ćěéěáâćěŋŋőě ńĺŋěľŋőě àăáÄ áńőěŋĺě ~^{max}(ker ffi_a) ŋă M^s_{asd}. Šăł łăł łőïďàő coker ffi_a âàĺćĺăńìŋő ŋă M^s_{asd}, ŕőáńěďŋěě àăááńőěŋĺě őâőęďěáâćńïěâáï á ďěâěàňĺŋăŋâőň ĺŋďěłáŋőčő àăááńőěŋĺï őŕěàăâőàă ffi_a, łőâőàőě ŕàěďáâăćńïěâ áőąőľ àăğŋőáâì ïďàă ĺ łőïďàă ć K-äãŋłâőàě. Ŕőáńěďŋěě ěáÄ âěáâćěŋŋő ŕàőďőńęăěâáï ŋă ćáě B^∗ łăł ďěâěàňĺŋăŋâ ffi, ŕőďłàãçěŋŋëľ ŋă áěňěľáâćő SO(3)-áćïğŋőáâěľ, ŕàĺåőďïéĺå á ad E,

~ = det ind(ffi; ad E): (2.41)

Ĺğćěáâŋő, çâő àăááńőěŋĺě ~ âàĺćĺăńìŋő, ŕőíâőňã ĺ áãéěáâćãěâ őàĺěŋâăæĺï ŋă M^s_{asd}. Őàĺěŋâĺàãěňőáâì ňŋőčőőąàăğĺï ňőďãńěľ ĺňěěâ ňěáâő ŋě âőńìłő ďńï áńãçăï G = SU(2). Şâćěàęďěŋĺě ćěàŋő ĺ ďńï SU(n)-áćïğŋőáâěľ, ă çěàěğ ŋĺå, ŕàĺ ŕőňőéĺ ŋěłőâőàőÄ čő âàîłă, ĺ ďńï U(n)-áćïğŋőáâěľ. Šàîł ŋě áńĺèłőň áńőęěŋ { ćňěáâő U(n)-àăááńőěŋĺï

98 Ŋ. Ă. ŠđŘĹŊ

àăááňăâàĺćăěâáï SU(n + n)-àăááńőěŋĺě E_+ = E ⊕ E^∗, áőőâćěâáâćãîéěě čőňőňőàäĺğÄ ňã æ: U(l) → SU(l + l), őŕàěďěńïěňőňã äőàňãńőľ

æ(u) = ( u 0 0 u^{−1} ) : (2.42)

Řăááňőâàĺň âěŕěàì SO(3)-àăááńőěŋĺě P → X. Šăł łăł X { őďŋőáćïğŋő, áãéěáâćãěâ æěńőçĺáńěŋŋëľ łńăáá ff ∈ H^2(X; Z), ff = w_2(P ) (mod 2), âăłőľ, çâő P ŕőďŋĺňăěâáï ďő U(2)-àăááńőěŋĺï E → X, ŕàĺçěň c_1(E) = ff. Ďăńěě, ŕãáâì t: B_{f;E} → B_{f;P} { őâőÄ ąàăęěŋĺě, ŕőàőęďăěňőě čőňőňőàäĺğňőň U(2) → SO(3), ĺ ~^f_E; ~^f_P { àăááńőěŋĺï őàĺÄ ěŋâăæĺľ. Šăł łăł áńőĺ t áćïğŋë, âő ~^f_P âàĺćĺăńìŋő, ěáńĺ âăłőćëň ïćńïěâáï t^∗(~^f_P ). Ś ďàãčőľ áâőàőŋë, ŕőáńěďŋěě àăááńőěŋĺě ĺğőňőàäŋő ~^f_E (íâő áćïğăŋő á őâőęďěáâćńěÄ ŋĺěň ad E = ad P ⊕ R). Ŕőíâőňã áńãçăľ SO(3) áćőďĺâáï ł U(2)-áńãçăî.

Šăłĺň őąàăğőň, ĺňěěâáï àěğãńìâăâ: ć áńãçăě őąéěľ ňěâàĺłĺ ňŋőčőőąàăğĺě ňőďãńěľ ŋěŕàĺćőďĺňëå ĺŋáâăŋâőŋőć ŋě âőńìłő čńăďłőě, ŋő ĺ őàĺěŋâĺàãěňőě.

Ś ďàãčőľ áâőàőŋë, ňŋőčőőąàăğĺě ňőďãńěľ őáŋăéěŋŋëå ĺŋáâăŋâőŋőć ňőęěâ ąëâì ŕőÄ ńãçěŋő łăł àěğãńìâăâ áĺňŕńěłâĺçěáłőľ àěďãłæĺĺ. Ă ĺňěŋŋő, ŋă ŕàőáâàăŋáâćě áćïğÄ ŋőáâěľ A ĺňěěâáï ěáâěáâćěŋŋăï áĺňŕńěłâĺçěáłăï áâàãłâãàă, ğăďăćăěňăï ŋă łăáăâěńìÄ ŋëå ćěłâőàăå u; v ∈ T A = ˙^1(ad E) łăł łőňŕőğĺæĺï áćěàâłĺ ŋă ad E ĺ áâăŋďăàâŋőľ áĺňŕńěłâĺçěáłőľ áâàãłâãàë ŋă łőłăáăâěńìŋőň àăááńőěŋĺĺ T^∗X. Őâőąàăęěŋĺě ňőÄ ňěŋâőć ¯ ğăďăěâáï ŕàőáâő ćğïâĺěň ŕőńőęĺâěńìŋőľ çăáâĺ łàĺćĺğŋë (őçěćĺďŋő, âăłőě őâőąàăęěŋĺě íłćĺćăàĺăŋâŋő ŕő ďěľáâćĺî łăńĺąàőćőçŋőľ čàãŕŕë) ĺ M_{asd} = ¯^{−1}(0).

§ 3. Łőňŕăłâĺäĺłăæĺï ňŋőčőőąàăğĺï ňőďãńěľ

3.1. Ĺďěăńìŋëě áćïğŋőáâĺ. Ďńï ŋăåőęďěŋĺï çĺáńěŋŋëå ĺŋćăàĺăŋâőć, áćïğăŋÄ ŋëå á ňŋőčőőąàăğĺïňĺ ňőďãńěľ ĺŋáâăŋâőŋőć, ŋěőąåőďĺňő íâő ňŋőčőőąàăğĺě łőňŕăłÄ âĺäĺæĺàőćăâì. Ŕőåőęăï áĺâãăæĺï ćőğŋĺłăěâ ŕàĺ ćëçĺáńěŋĺĺ łńăááőć Ůěàŋă ŋă ŋěÄ łőňŕăłâŋőň ňŋőčőőąàăğĺĺ. Ă ĺňěŋŋő, çĺáńěŋŋëľ àěğãńìâăâ áãéěáâćěŋŋő ğăćĺáĺâ őâ łőňŕăłâĺäĺłăæĺĺ.

Łőňŕăłâĺäĺłăæĺï ŕő Şńěŋąěł ŕàěďŕőńăčăěâ őŕàěďěńěŋĺě łńăááă ĺďěăńìŋëå áćïğÄ ŋőáâěľ. Ďńï ŕàőáâőâë ąãďěň àăááňăâàĺćăâì áńãçăľ SU(2)-àăááńőěŋĺľ. Šőčďă ďńï őàĺěŋâĺàőćăŋŋőčő łőňŕăłâŋőčő őďŋőáćïğŋőčő àĺňăŋőćă çěâëàěåňěàŋőčő ňŋőčőőąàăÄ ğĺï ĺňěěâáï ŕőáńěďőćăâěńìŋőáâì ňŋőčőőąàăğĺľ ňőďãńěľ M_k, ğăŋãňěàőćăŋŋëå ćâőàëÄ ňĺ łńăááăňĺ Ůěàŋă k ⩾ 0 (M_0 { ŕàőáâő âőçłă, ŕàěďáâăćńïîéăï âàĺćĺăńìŋãî áćïğÄ ŋőáâì).

Ĺďěăńìŋăï ăŋâĺăćâőďãăńìŋăï áćïğŋőáâì łńăááă k őŕàěďěńïěâáï łăł ŕăàă

([a]; (x_1; : : : ; x_l)); (3.1)

čďě [a] ∈ M_{k−l} ĺ (x_1; : : : ; x_l) { ŋěãŕőàïďőçěŋŋăï l-łă âőçěł ŕőďńěęăéěčő ňŋőčőőąàăÄ ğĺï X. Ŕńőâŋőáâì łàĺćĺğŋë áćïğŋőáâĺ ([a]; (x_1; : : : ; x_l)) őŕàěďěńïěâáï łăł

|F (a)|^2 + 8ß^2 l∑ r=1 ffi_{xr} : (3.2)

Ŕãáâì a_j { ŕőáńěďőćăâěńìŋőáâì áćïğŋőáâěľ ŋă SU(2)-àăááńőěŋĺĺ E_k, ćâőàőľ łńăáá Ůěàŋă łőâőàőčő àăćěŋ k. Ŋăğőćěň ŕőáńěďőćăâěńìŋőáâì łńăááőć łăńĺąàőćőçŋő

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 99 4* íłćĺćăńěŋâŋëå áćïğŋőáâěľ [a_j] áńăąő áåőďïéěľáï ł ŕàěďěńìŋőľ ĺďěăńìŋőľ áćïğŋőáâĺ ([a]; (x_1; : : : ; x_l)), ěáńĺ ćëŕőńŋěŋë áńěďãîéĺě ãáńőćĺï:

ă) ďńï ńîąőľ ŋěŕàěàëćŋőľ ŋă X äãŋłæĺĺ f ŕőáńěďőćăâěńìŋőáâì ğŋăçěŋĺľ ĺŋâěčÄ

àăńőć ∫ X f|F (a_j)|^2 d¯ áåőďĺâáï: ∫ X f |F (a_j )|^2 d¯ → ∫ X f |F (a)|^2 d¯ + 8ß^2 l∑ r=1 f(x_r); (3.3)

ą) áãéěáâćãîâ őâőąàăęěŋĺï àăááńőěŋĺľ

æ_j : E_l | X=(x1;:::;xl) → Ek | X=(x1;:::;xl); (3.4)

âăł çâő ŕőáńěďőćăâěńìŋőáâì áćïğŋőáâěľ æ^∗_j (a_j) áåőďĺâáï ł a.

Ďńï łăęďőčő k âăłĺň őąàăğőň őŕàěďěńïěâáï âőŕőńőčĺï ŋă ňŋőęěáâćě ćáěå ĺďěăńìÄ ŋëå áćïğŋőáâěľ

IM_k = M_k ∪ (M_{k−1} × X) ∪ (M_{k−2} × S^2(X)) ∪ · · · : (3.5)

Ňŋőčőőąàăğĺě ňőďãńěľ M_k ćńőęěŋő ć IM_k łăł őâłàëâőě ŕőďňŋőęěáâćő. ŐŕàěďěÄ ńĺň âőčďă M_k łăł ğăňëłăŋĺě M_k ć ŕàőáâàăŋáâćě ćáěå ĺďěăńìŋëå áćïğŋőáâěľ IM_k.

Śŕàăćěďńĺćő ãâćěàęďěŋĺě ő âőň, çâő ńîąăï ąěáłőŋěçŋăï ŕőáńěďőćăâěńìŋőáâì áćïğÄ ŋőáâěľ ć M_k ĺňěěâ áńăąő áåőďïéãîáï ŕőďŕőáńěďőćăâěńìŋőáâì, ŕàěďěń łőâőàőľ áőďěàÄ ęĺâáï ć M_k. Śńěďőćăâěńìŋő, M_k łőňŕăłâŋő.

Ăŋăńőčĺçŋő ĺ ďńï SO(3)-àăááńőěŋĺï ŕàĺ äĺłáĺàőćăŋŋőň łńăááě Ÿâĺääěńï{Şĺâŋĺ w ∈ H^2(X; Z_2) ĺňěěâáï ňŋőčőőąàăğĺě ňőďãńěľ M_{k;w} áćïğŋőáâěľ ŋă àăááńőěŋĺĺ E, ŕàĺçěň k(E) = −^1_4 p_1(E), łăł ąëńő őŕàěďěńěŋő ć ŕ. ć) (àăğďěń 2.3). Ĺŋďěłá k ŋă íâőâ àăğ ŋě őąïğăâěńìŋő æěńőě çĺáńő, ŋő àăğŋőáâì ńîąëå ďćãå ĺŋďěłáőć őąïğăâěńìŋő æěńăï. Ěáâěáâćěŋŋăï łőňŕăłâĺäĺłăæĺï ć íâőň áńãçăě ŕőńãçăěâáï łăł ğăňëłăŋĺě M_{k;w} ć

M_{k;w} ∪ (M_{k−1;w} × X) ∪ (M_{k−2;w} × S^2(X)) ∪ · · · : (3.6)

Ŋěáňőâàï ŋă ïáŋëľ ĺ çěâłĺľ åăàăłâěà ŕőáâàőěŋĺľ, ŕàĺ łőňŕăłâĺäĺłăæĺĺ ňőčãâ ćőğŋĺłŋãâì ćěáìňă őáőąëě âőçłĺ ĺ ńőłãáë. Ŋăŕàĺňěà, ŕőáńěďőćăâěńìŋőáâì ŋěŕàĺćőÄ ďĺňëå áćïğŋőáâěľ ňőęěâ áåőďĺâìáï ł ĺďěăńìŋőľ áćïğŋőáâĺ, ńőłăńìŋő áćőąőďŋăï çăáâì łőâőàőľ ŕàĺćőďĺňă, ĺ â. ď.

3.2. Ůãďěáă ŋăçĺŋăîâáï. Ćáîďã ďăńěě ňë ąãďěň àăááňăâàĺćăâì âőńìłő őďŋőÄ áćïğŋëě 4-ňŋőčőőąàăğĺï. Ć íâőň áńãçăě čőňőâőŕĺçěáłĺľ âĺŕ ňŋőčőőąàăğĺï X ğăďăÄ ěâáï æěńőçĺáńěŋŋőľ łćăďàăâĺçŋőľ äőàňőľ ŕěàěáěçěŋĺï q_X ŋă H^2(X; Z): ŕãáâì ff^∗ ∈ H_2(X; Z) { ďćőľáâćěŋŋëľ ł ff ∈ H^2(X; Z) ŕő Ŕãăŋłăàě æĺłń, âőčďă

q_X (ff; fi) = fi(ff^∗): (3.7)

Ğăňěâĺň, çâő ć íâőň őďŋőáćïğŋőň áńãçăě ćĺďŋă çěâłăï ŕăàăńńěńì áő áńãçăěň ďćãÄ ňěàŋőľ áćïğŋőľ łőňŕăłâŋőľ àĺňăŋőćőľ ŕőćěàåŋőáâĺ ˚: čőňőâőŕĺçěáłĺľ âĺŕ ˚ ğăďăěâÄ áï áĺňňěâàĺçěáłőľ äőàňőľ q_˚ ŋă H_1(˚; Z_2).

q_˚(ff_1; ff_2) = ff_1 · ff_2 (mod 2): (3.8)

100 Ŋ. Ă. ŠđŘĹŊ

Ć çăáâŋőáâĺ, ěáńĺ łńăáá čőňőńőčĺľ ğăďăŋ ŕàőáâőľ ğăňłŋãâőľ łàĺćőľ C, âő C^2 = 1 ć âőň ĺ âőńìłő âőň áńãçăě, ěáńĺ őłàěáâŋőáâì łàĺćőľ C { ńĺáâ Ňñąĺãáă. Ńěčłő ćĺďěâì, çâő ńîąăï áĺňňěâàĺçěáłăï äőàňă áőőâćěâáâćãěâ ŋěłőâőàőľ àĺňăŋőćőľ ŕőćěàåŋőáâĺ ĺ őďŋőğŋăçŋő őŕàěďěńïěâ ěě čőňőâőŕĺçěáłĺľ, âőŕőńőčĺçěáłĺľ ĺ čńăďłĺľ âĺŕ.

Šěőàěňă Ťàĺďňăŋă [11] čăàăŋâĺàãěâ áŕàăćěďńĺćőáâì íâĺå ãâćěàęďěŋĺľ ĺ ć çěâëÄ àěåňěàŋőň áńãçăě ďńï âőŕőńőčĺçěáłőčő âĺŕă: łăęďăï ãŋĺňőďãńïàŋăï äőàňă áőőâćěâÄ áâćãěâ őďŋőáćïğŋőňã őàĺěŋâĺàőćăŋŋőňã âőŕőńőčĺçěáłőňã ňŋőčőőąàăğĺî. Ěáńĺ äőàÄ ňă çěâŋă, âő âőŕőńőčĺçěáłőě ňŋőčőőąàăğĺě őďŋő, ă ěáńĺ ŋěçěâŋő, âő âăłĺå ňŋőčőőąàăÄ ğĺľ ďćă.

Ć őâńĺçĺě őâ ďćãňěàŋőčő áńãçăï ďńï čńăďłőčő 4-ňŋőčőőąàăğĺï äőàňă ŕěàěáěçěŋĺï ŋě ňőęěâ ąëâì ńîąőľ. Ŕěàćëě ğăŕàěâë ŋăçĺŋăîâáï á âěőàěňë Řőåńĺŋă őą ĺŋďěłáě čńăďłĺå ňŋőčőőąàăğĺľ á çěâŋëňĺ äőàňăňĺ (áň. ŋĺęě íńěňěŋâăàŋőě ďőłăğăâěńìáâćő, ĺáŕőńìğãîéěě ĺŋďěłáë őŕěàăâőàőć Ďĺàăłă). Ć čńăďłőň áńãçăě ĺňěěâáï áãéěáâćěŋŋăï àăğŋĺæă ňěęďã őŕàěďěńěŋŋëňĺ ĺ ŋěőŕàěďěńěŋŋëňĺ äőàňăňĺ. Ŋăŕőňŋĺň, çâő àăğńőÄ ęěŋĺě (2.5) őŕàěďěńïěâ ďćă çĺáńă b^± (2.6). Ĺå áãňňă b_2 = b^+ + b^− { ćâőàőě çĺáńő Ąěââĺ ŋăèěčő ňŋőčőőąàăğĺï, ă ĺå àăğŋőáâì œ = b^+ − b^− { áĺčŋăâãàă ŋăèěčő ňŋőčőőąÄ àăğĺï { ğăćĺáĺâ őâ őàĺěŋâăæĺĺ. Őŕàěďěńěŋŋëě äőàňë { íâő âě, ã łőâőàëå ńĺąő b^+ = 0, ńĺąő b^− = 0.

Śăňőě áĺńìŋőě ãâćěàęďěŋĺě ć čőňőâőŕĺçěáłőľ âěőàĺĺ őďŋőáćïğŋëå čńăďłĺå ňŋőčőÄ őąàăğĺľ áőďěàęĺâ áńěďãîéăï âěőàěňă Ďőŋăńìďáőŋă.

Šěőàěňă 3.1. Őŕàěďěńěŋŋăï äőàňă čńăďłőčő őďŋőáćïğŋőčő 4-ňŋőčőőąàăğĺï X ïćńïěâáï æěńőçĺáńěŋŋőľ áãňňőľ łćăďàăâőć.

Ĺŋăçě čőćőàï, čőňőâőŕĺçěáłĺľ âĺŕ âăłőčő ňŋőčőőąàăğĺï á âőçŋőáâìî ďő őàĺěŋâăÄ æĺĺ őŕàěďěńïěâáï ćâőàëň çĺáńőň Ąěââĺ.

Ďőłăğăâěńìáâćő íâőľ âěőàěňë àěłőàďŋő łőàőâłőě (őŕïâì ęě ŕő ňőďãńî ćáěľ âěőàĺĺ Ďőŋăńìďáőŋă). Ŕãáâì ŋăèă äőàňă q_X őâàĺæăâěńìŋő őŕàěďěńěŋă. Řăááňőâàĺň ďńï őąÄ éěľ ňěâàĺłĺ ŋă X ňŋőčőőąàăğĺě M_{asd}(1) ňőďãńěľ SU(2)-ĺŋáâăŋâőŋőć á c_2 = 1 (ŋăğëÄ ćăěňëå őąëçŋő 1-ĺŋáâăŋâőŋăňĺ). Śőčńăáŋő àěğãńìâăâăň àăğďěńă 2.4 M_{asd}(1) { ńĺąő čńăďłőě ŕïâĺňěàŋőě ňŋőčőőąàăğĺě (áň. äőàňãńã (2.33)) ćŋě łőŋěçŋőčő çĺáńă ŕàőáâëå őáőąëå âőçěł, áőőâćěâáâćãîéĺå ŕàĺćőďĺňëň áćïğŋőáâïň, ńĺąő ŕãáâő. Łăęďăï ŕàĺÄ ćőďĺňăï áćïğŋőáâì áőőâćěâáâćãěâ àăğńőęěŋĺî àăááńőěŋĺï E = L ⊕ L^∗ ĺ áćïğŋőáâĺ a = a_L ⊕ a_L∗ , čďě a_L { ăŋâĺăćâőďãăńìŋăï ăąěńěćă áćïğŋőáâì. Ŋő ŕőáłőńìłã c_2(E) = 1, âő c_1(L)^2 = −1. Ďăńěě, łőňŕăłâĺäĺłăæĺï M_{asd}(1) áőďěàęĺâ ĺďěăńìŋëě áćïğŋőáâĺ ćĺÄ ďă ([a]; x) (áň. (3.1) ĺ (3.6)), čďě [a] { âàĺćĺăńìŋăï ŕńőáłăï áćïğŋőáâì ŋă âàĺćĺăńìŋőň àăááńőěŋĺĺ, ă x { ńîąăï âőçłă ŋăèěčő ňŋőčőőąàăğĺï X. Šăłĺě áćïğŋőáâĺ, łőŋěçŋő, áãéěáâćãîâ ĺ ïćńïîâáï ĺďěăńìŋëňĺ ăŋâĺăćâőďãăńìŋëňĺ áćïğŋőáâïňĺ. Ńőłăńìŋőě ňŋőčőőąàăğĺě ďěäőàňăæĺľ âăłĺå àěèěŋĺľ ŕïâĺňěàŋő ĺ áőďěàęĺâ ŋěŕàĺćőďĺňëě ăŋâĺÄ ăćâőďãăńìŋëě áćïğŋőáâĺ. Ğŋăçĺâ,

(1) ŕïâĺňěàŋőě ŕàőáâàăŋáâćő M_{asd}(1) ŋě ŕãáâő;

(2) łőňŕăłâĺäĺłăæĺï M_{asd}(1) ďőáâăćńïěâ čńăďłĺľ őàĺěŋâĺàőćăŋŋëľ ąőàďĺğň ňěęďã X ĺ ŋěáćïğŋëň őąêěďĺŋěŋĺěň ńĺŋłőć őáőąëå âőçěł { ŕàĺćőďĺňëå áćïğŋőáâěľ;

(3) ńĺŋł łăęďőľ őáőąőľ âőçłĺ ěáâì C P^2 á őąàăéěŋŋőľ őàĺěŋâăæĺěľ. Śĺńìŋěľèăï âěőàěňă čőňőâőŕĺçěáłőľ âěőàĺĺ čńăďłĺå 4-ňŋőčőőąàăğĺľ ďőłăğăŋă.

Ŕěàěľďěň âěŕěàì ł áńãçăî ŋěőŕàěďěńěŋŋëå äőàň: ěáńĺ äőàňă q_X ŋěçěâŋăï, âő őŋă

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 101

ŕàěďáâăćĺňă ć ćĺďě

q_X = b+∑ 1 x^2_i − b−∑ 1 y^2_j ; (3.9)

ă ěáńĺ çěâŋăï, âő őŋă ĺňěěâ ćĺď q_X = 2kE_8 ⊕ mH; (3.10) čďě E_8 { őŕàěďěńěŋŋăï áâăŋďăàâŋăï äőàňă àăŋčă 8, H { áâăŋďăàâŋăï čĺŕěàąőńĺçěáłăï äőàňă àăŋčă 2, ă łőíääĺæĺěŋâ ŕàĺ E_8 çěâŋëľ ŕő âěőàěňě Řőåńĺŋă. İâőâ àěğãńìâăâ ŕőÄ łăğëćăěâ, çâő ŋěçěâŋëě äőàňë àěăńĺğãîâáï ćáě ć łăçěáâćě äőàň ŕěàěáěçěŋĺľ čńăďłĺå ňŋőčőőąàăğĺľ. Ďńï çěâŋëå äőàň ŕàőąńěňă őâłàëâă ŕàĺ k ⩾ 1. Řěğãńìâăâë, ĺňěîéĺÄ ěáï ŋă áěčőďŋïèŋĺľ ďěŋì ć íâőľ ğăďăçě, áńěďãîéĺě:

(1) Ďőŋăńìďáőŋ (1984 č.)

k ⩾ 1 =⇒ m ⩾ 3; (3.11) (2) Łàőŋåěľňěà{Ňàőćłă (1994 č.)

k ⩾ 2 =⇒ m ⩾ 6; (3.12) (3) k ⩾ 3 =⇒ m ⩾ 9: (3.13)

Ğăňěâĺň, çâő ďńï K3-ŕőćěàåŋőáâĺ k = 1; m = 3 ĺ, ğŋăçĺâ, áćïğŋëě áãňňë K3-ŕőćěàåŋőáâěľ ĺ łćăďàĺł àěăńĺğãîâ ćáě äőàňë ŕàĺ m ⩾ 3k.

Ŕőáńěďŋĺľ èăč čőňőâőŕĺçěáłőľ łńăááĺäĺłăæĺĺ čńăďłĺå 4-ňŋőčőőąàăğĺľ { 11 8 -ČĹŔŐŠĚĞĂ: 3k ⩽ m.

Ğăňěâĺň, çâő Ťãàãâă ăŋőŋáĺàőćăń àěèěŋĺě ŕàőąńěňë \^{10}_8 " ĺ çâő ďńï 4-ňŋőčőőąÄ àăğĺľ, ŕőďńěęăéĺå ăńčěąàăĺçěáłĺň ŕőćěàåŋőáâïň, čĺŕőâěğă áńěďãěâ ĺğ ŋěàăćěŋáâćă Ąőčőňőńőćă{Ňĺïőłă{§ő (áň., ŋăŕàĺňěà, [22]). Čěőňěâàĺçěáłőě áńěďáâćĺě čĺŕőâěğë { áãéěáâćőćăŋĺě âőŕőňőďěńĺ ńîąőčő őďŋőáćïğŋőčő čńăďłőčő 4-ňŋőčőőąàăğĺï:

q_X { ŋěçěâŋă =⇒ X ∼ b^+C P^2 # b^−C P^2; (3.14)

q_X { çěâŋă =⇒ X ∼ ± œ 16 K # (m − 3k)Q;

čďě ∼ { âőŕőńőčĺçěáłăï íłćĺćăńěŋâŋőáâì, # { őŕěàăæĺï áćïğŋőľ áãňňë, C P^2 { łőňŕńěłáŋăï ŕàőěłâĺćŋăï ŕńőáłőáâì á őąàăéěŋŋőľ őàĺěŋâăæĺěľ,±K { K3-ŕőćěàåŋőáâì áő áâăŋďăàâŋőľ ĺńĺ őąàăéěŋŋőľ őàĺěŋâăæĺěľ ĺ Q { łőňŕńěłáŋăï łćăďàĺłă, Q = C P^1 × C P^1.

Ňë ćĺďĺň, çâő, łăł ĺ ć ďćãňěàŋőň áńãçăě, łăęďőě čńăďłőě őďŋőáćïğŋőě 4-ňŋőčőőąÄ àăğĺě ňőęěâ ąëâì ŕàěďáâăćńěŋő âőŕőńőčĺçěáłĺ łăł áćïğŋăï áãňňă ŕàőěłâĺćŋëå ŕńőáÄ łőáâěľ, \âőàőć" (â.ě. ŕàőĺğćěďěŋĺľ áäěà áőőâćěâáâćãîéěľ àăğňěàŋőáâĺ) ĺ łćăâěàŋĺÄ őŋŋëå íńńĺŕâĺçěáłĺå łàĺćëå { K3-ŕőćěàåŋőáâěľ (á âőçŋőáâìî ďő őàĺěŋâăæĺĺ). ŐďÄ ŋăłő čńăďłăï łńăááĺäĺłăæĺï čőàăğďő ąőčăçě: ŋě ćáïłăï ăńčěąàăĺçěáłăï ŕőćěàåŋőáâì čńăďłő íłćĺćăńěŋâŋă áćőěľ âőŕőňőďěńĺ. Ğăňěçăâěńìŋëľ àěğãńìâăâ ğăłńîçăěâáï ć âőň, çâő ďńï ăńčěąàăĺçěáłĺå ŕőćěàåŋőáâěľ á b^+ ¿ 1 čńăďłăï áâàãłâãàă ěě âőŕőňőďěńĺ ïćÄ ńïěâáï íłğőâĺçěáłőľ, â.ě. ŋě áőćŕăďăěâ á ěě ŕőďńěęăéěľ čńăďłőľ áâàãłâãàőľ.

Ğďěáì ňë ãęě ŕàőçŋő ŕàĺćïğăŋë ł őŕëâã ăńčěąàăĺçěáłőľ čěőňěâàĺĺ (áň., ŋăŕàĺňěà, [21]), ďńï łőâőàőľ őŕĺáăŋŋëě ć áńěďãîéěň àăğďěńě łőŋáâàãłæĺĺ ć ĺå ăńčěąàő-čěőňěâÄ àĺçěáłőň ćăàĺăŋâě ďăćŋő ãęě áâăńĺ ŕàĺćëçŋëňĺ (ěáńĺ ŋě áłăğăâì \ąăŋăńìŋëňĺ") (áň. őàĺčĺŋăńìŋãî àăąőâã Ňãłăï [14]).

102 Ŋ. Ă. ŠđŘĹŊ

3.3. ¯-łńăááë. Őáŋőćŋăï ĺďěï áńěďãîéĺå ŕőáâàőěŋĺľ ğăłńîçăěâáï ć âőň, çâő łőÄ čőňőńőčĺçěáłĺě łńăááë ňŋőęěáâćă, ŕăàăňěâàĺğãîéěčő őàąĺâë ć áěňěľáâćě áćïğŋőáÄ âěľ, ňőčãâ ąëâì ŕőďŋïâë á ŕőďńěęăéěčő ňŋőčőőąàăğĺï.

Ă ĺňěŋŋő, ňë ąãďěň ĺáłăâì čőňőńőčĺçěáłĺě łńăááë ŕàőáâàăŋáâć B ĺ B^∗. Őâňěâĺň, çâő ŕàĺ ĺğãçěŋĺĺ âőŕőńőčĺçěáłĺå áćőľáâć íâĺå ŕàőáâàăŋáâć âàãďŋőáÄ âĺ ňőčãâ ćőğŋĺłŋãâì ĺğ ŋěáćőąőďë ďěľáâćĺï łăńĺąàőćőçŋőľ čàãŕŕë ŋă ŕàőáâàăŋáâćě áćïğŋőáâěľ. Ďăęě ć áńãçăě ŋěŕàĺćőďĺňëå áćïğŋőáâěľ áâăąĺńĺğăâőà `_a ňőęěâ ąëâì ŋěâàĺćĺăńìŋëň { àăćŋëň æěŋâàã C(G). Ŕőíâőňã őąëçŋő ãďőąŋő àăąőâăâì á őáŋăéěŋÄ ŋëňĺ áćïğŋőáâïňĺ.

Ŕãáâì ŋă ŕőďńěęăéěň ňŋőčőőąàăğĺĺ őâňěçěŋă ŋěłőâőàăï âőçłă x_0. Šőčďă őáŋăéěŋÄ ŋőľ áćïğŋőáâìî ŋă čńăćŋőň àăááńőěŋĺĺ P ŋăğëćăěâáï ŕăàă (a; f), čďě a { áćïğŋőáâì, ă f { íłćĺćăàĺăŋâŋëľ ŕő ďěľáâćĺî G ĺğőňőàäĺğň Œ: G → P_{x0} . Ć ŋăèĺå àăááňőâàěŋĺïå íâő àăćŋőáĺńìŋő ğăďăŋĺî őàâőŋőàňĺàőćăŋŋőčő ąăğĺáă ć áńőě àăááńőěŋĺï E_{x0} . ŁăÄ ńĺąàőćőçŋăï čàãŕŕă ěáâěáâćěŋŋő ďěľáâćãěâ ŋă ŕàőáâàăŋáâćě őáŋăéěŋŋëå áćïğŋőáâěľ, ŕőíâőňã ňőęŋő őŕàěďěńĺâì

B_f = (A × Hom(G; P_{x0} ))=G : (3.15)

Ďàãčőľ áŕőáőą őŕàěďěńěŋĺï B_f { àăááňőâàěŋĺě ŕőďčàãŕŕë łăńĺąàőćőçŋőľ čàãŕŕë G_0 ⊂ G âăłőľ, çâő G_0 = {u ∈ G | u(x_0) = id}: (3.16)

Šőčďă B_f = A=G ĺ ćňěáâě á âěň ĺňěěâáï ěáâěáâćěŋŋăï ŕàőěłæĺï fi : B_f → B. Ć ŕěàćőň őŕàěďěńěŋĺĺ fi { őâőąàăęěŋĺě, ğăąëćăîéěě äĺłáĺàőćăŋŋëľ ć âőçłě x_0 ąăğĺá.

Śâăąĺńĺğăâőà `_a áőáâőĺâ ĺğ łőćăàĺăŋâŋő-ŕőáâőïŋŋëå ŕàěőąàăğőćăŋĺľ, ŕőďčàãŕÄ ŕă G_0 ďěľáâćãěâ áćőąőďŋő ŋă A, áńěďőćăâěńìŋő, B_f ąăŋăåőćő ňŋőčőőąàăğĺě. Śńőľ őâőÄ ąàăęěŋĺï fi ć âőçłě [a] ĺğőňőàäěŋ G=`_a, čďě `_a ŕőŋĺňăěâáï łăł ŕőďčàãŕŕă G çěàěğ őâőęďěáâćńěŋĺě G =G_0 ∼= G.

Ŕőáâàőĺň áěňěľáâćő őáŋăéěŋŋëå áćïğŋőáâěľ, ŕăàăňěâàĺğőćăŋŋőě B_f . Ŕãáâì ß_2 : A × X → X { ŕàőěłæĺï ŋă ćâőàőľ áőňŋőęĺâěńì, âőčďă P^′ → A × X őŕàěďěńïěâáï łăł ŕőďŋïâĺě ß^∗_2 (P ). Ŕőíâőňã P^′ = A × P . Šőčďă ŋă P^′ ŕőďŋĺňăěâáï áěňěľáâćő áćïğŋőáâěľ A^′, âăł çâő ŋă áàěğě P_a ŋăď a × X áćïğŋőáâì áőćŕăďăěâ á ß^∗_2 (a). Ěáńĺ ćëąőà ąăğĺáă f ć x_0 áďěńăŋ, âőčďă ňë ŕőńãçăěň őáŋăéěŋŋőáâì ĺ ďńï ćáěčő áěňěľáâćă f^′. Čàãŕŕă G_0 ďěľáâćãěâ áćőąőďŋő ŋă A × X, âăł ęě łăł ĺ ŋă P^′, ŕőíâőňã ňőęŋő čőćőàĺâì ő äăłâőà-àăááńőěŋĺĺ

P_f → B_f × X; (3.17) P_f = P^′=G_0:

Śěňěľáâćă áćïğŋőáâěľ A^′ ĺ f^′ áőåàăŋïîâáï ŕàĺ ďěľáâćĺĺ G_0, ŕőíâőňã äăłâőà-àăá-áńőěŋĺě (3.17) ŋăáńěďãěâ áěňěľáâćő ąăğĺáŋëå áćïğŋőáâěľ (A^′ ; ℧).

Ŕàőáâàăŋáâćő B^∗ ŋě ŕăàăňěâàĺğãěâ ŋĺłăłőě ãŋĺćěàáăńìŋőě áěňěľáâćő. Ŋő ňőęŋő ďěľáâćőćăâì âăł: ŕãáâì A^∗ ⊂ A { ŕőďŕàőáâàăŋáâćő ŋěŕàĺćőďĺňëå áćïğŋőáâěľ; âőčďă ňőęŋő őŕàěďěńĺâì P^′ → A^∗ × X łăł ŕőďŋïâĺě àăááńőěŋĺï P^′ = A^∗ × P . Łăł ĺ ćëèě, ňőęŋő ŕőďŋïâì áěňěľáâćő áćïğŋőáâěľ. Łăńĺąàőćőçŋăï čàãŕŕă ďěľáâćãěâ ŋă íâőň áěÄ ňěľáâćě, ŋő ŋě ďěľáâćãěâ áćőąőďŋő ŋă ąăğě A^∗ × X, łàőňě áńãçăï, łőčďă æěŋâà čàãŕŕë

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 103

âàĺćĺăńěŋ. Šăł łăł C(G) ďěľáâćãěâ âàĺćĺăńìŋő ŋă ąăğě ĺ ŋěâàĺćĺăńìŋő ŋă àăááńőÄ ěŋĺĺ P^′, äăłâőà ąãďěâ ŋě G-àăááńőěŋĺěň, ŋő G^{ad}-àăááńőěŋĺěň, áâàãłâãàŋăï čàãŕŕă łőâőàőčő ěáâì G=C(G). Ĺ ćőğňőęŋő őŕàěďěńĺâì

P^{ad} → B^∗ × X (3.18)

łăł äăłâőà P^{ad} = P^′=G .

Ć ŋăèĺå àăááňőâàěŋĺïå, łőčďă G = SU(2), P^{ad} ąãďěâ SO(3)-àăááńőěŋĺěň ŋăď B^∗ × X.

Ůâőąë őŕĺáăâì ć íâőň áńãçăě łőčőňőńőčĺĺ B_f ĺ B^∗, ŋěőąåőďĺňő ĺáŕőńìğőćăâì ěáÄ âěáâćěŋŋőě ŕàőĺğćěďěŋĺě

=: H^d(B_f × X) × H_j(X) → H^{d−j}(B_f ): (3.19)

(Ğăňěâĺň, çâő áĺňćőń = { áâăŋďăàâŋőě őąőğŋăçěŋĺě slant-ŕàőĺğćěďěŋĺï.) Ďńï ńîąőčő åăàăłâěàĺáâĺçěáłőčő łńăááă c, áćïğăŋŋőčő á čàãŕŕőľ G, áãéěáâćãěâ łńăáá łőčőňőńőÄ čĺľ c(P_f ) ∈ H^d(B_f × X), čďě d = deg(c). Ĺ őâőąàăęěŋĺě őŕàěďěńïěâáï łăł \áćěàâłă"

¯^f_c : H_j(X) → H^{d−j}(B_f ); (3.20) ¯^f_c (ff) = c(P_f )=ff:

Śåőďŋëň őąàăğőň őŕàěďěńïîâáï łńăááë ŋă B^∗, ŋő ŋă íâőâ àăğ ąěàěâáï åăàăłâěàĺáÄ âĺçěáłĺľ łńăáá čàãŕŕë G^{ad}, ĺ őâőąàăęěŋĺě

¯_c : H_j (X) → H^{d−j}(B^∗); (3.21) ¯_c(ff) = c(P^{ad})=ff;

ğăďăěâ łńăááë łőčőňőńőčĺľ äăłâőàŕàőáâàăŋáâćă ŋěŕàĺćőďĺňëå áćïğŋőáâěľ.

Ŕàőďőńęĺň àăááãęďěŋĺï őŕàěďěńěŋĺěň ¯-łńăááőć ć ŋăèěň łőŋłàěâŋőň áńãçăě. Ďńï čńăćŋőčő SU(2)-àăááńőěŋĺï őâőąàăęěŋĺě ¯^f : H_2(X; Z) → H^2(B_f ; Z)ğăďăěâáï äőàňãÄ ńőľ ¯^f (˚) = c_2(P_f )=[˚]; (3.22)

őâőąàăęěŋĺě ¯: H_2(X; Q) → H^2(B^∗; Q) ğăďăěâáï áåőďŋëň őąàăğőň:

¯(˚) = − 1 4 p_1(P^{ad})=[˚]: (3.23)

Ćâőàőě ĺğ íâĺå őŕàěďěńěŋĺľ ŕőďåőďĺâ ĺ âőčďă, łőčďă G = SO(3); ć łăęďőň ĺğ áńãçăěć P^{ad} ïćńïěâáï SO(3)-àăááńőěŋĺěň.

Őŕàěďěńěŋĺï, ŕàěďáâăćńěŋŋëě ćëèě, ďăîâ őâőąàăęěŋĺï áàěďŋĺå łőčőňőńőčĺľ ŕőďÄ ńěęăéěčő ňŋőčőőąàăğĺï. Łàăâłő őŕĺèěň áńãçăĺ ¯^f_{c2} : H_j (X) → H^{4−j}(B^∗), łőčďă j = 1 ĺ 3. Łăęďëľ ĺğ ŋĺå ĺňěěâ ŕàïňãî čěőňěâàĺçěáłãî ĺŋâěàŕàěâăæĺî.

Ŕãáâì fl { ğăňłŋãâëľ ŕãâì, ŋăçĺŋăîéĺľáï ĺ ğăłăŋçĺćăîéĺľáï ć x_0 ĺ ŕàěďáâăćńïîÄ éĺľ łńăáá [fl] ∈ H^1(X; Z). Ďńï ńîąőľ áćïğŋőáâĺ a őąőğŋăçĺň çěàěğ h_fl (a) čőńőŋőňĺî áćïğŋőáâĺ ćďőńì ğăňłŋãâőčő łőŋâãàă. İâő ăćâőňőàäĺğň áńőï P_{x0} , ğăćĺáïéĺľ őâ łńăáÄ áă íłćĺćăńěŋâŋőáâĺ a łăł őâňěçěŋŋőľ áćïğŋőáâĺ ĺ őŕàěďěńïîéĺľ őâőąàăęěŋĺě

h_fl : B_f = (A=G_0) → SU(2) ∼= S^3: (3.24)

104 Ŋ. Ă. ŠđŘĹŊ

Śńěďőćăâěńìŋő, ňë ŕőńãçăěň łńăáá łőčőňőńőčĺľ h^∗_fl(!) ∈ H^3(B_f ) ŕőďŋïâĺěň äãŋÄ ďăňěŋâăńìŋőčő łńăááă ! ∈ H^3(S^3), ĺ ŋěâàãďŋő ďőłăğăâì, çâő íâőâ łńăáá łőčőňőńőčĺľ áőćŕăďăěâ á ¯^f_{c2} ([fl]).

Šěŕěàì àăááňőâàĺň őâőąàăęěŋĺě ¯^f_{c2} : H^3(X) → H^1(B_f ). Ěáńĺ [Y ] ∈ H^3(X) { łńăáá, ŕàěďáâăćĺâěńěň łőâőàőčő ïćńïěâáï ćńőęěŋŋőě 3-ňŋőčőőąàăğĺě Y ⊂ X, âőčďă ďńï ńîąőľ áćïğŋőáâĺ a ŋă X ňőęŋő ćëçĺáńĺâì ĺŋćăàĺăŋâ Ůěàŋă{Śăľňőŋáă ďńï őčàăÄ ŋĺçěŋĺï a|_Y . İâőâ ĺŋćăàĺăŋâ ø_Y (a) ŕàĺŋĺňăěâ ğŋăçěŋĺï ć S^1 ĺ, áńěďőćăâěńìŋő, őŕàěÄ ďěńïěâ őâőąàăęěŋĺě ø_Y : B_f → S^1. Ĺ áŋőćă ĺğ äãŋďăňěŋâăńìŋőčő łńăááă, ŋő âěŕěàì ãęě S^1, ŕàĺ ŕőďŋïâĺĺ ŕőńãçăěň íńěňěŋâ ĺğ H^1(B_f ). Šőęďěáâćěŋŋőáâì íâőčő łńăáÄ áă á ¯^f_{c2} ([Y ]) ńěčłő ćëćőďĺâáï ĺğ őŕàěďěńěŋĺï ćâőàőčő łńăááă Ůěàŋă çěàěğ łàĺćĺğŋã ć âěőàĺĺ Ůěàŋă{Ćěľńï.

Ŋő ćěàŋěňáï ł ďćãňěàŋëň łőčőňőńőčĺïň. Ć áńãçăě őďŋőáćïğŋőčő ňŋőčőőąàăğĺï őąÄ àăğ őâőąàăęěŋĺï, őŕàěďěńěŋŋőčő äőàňãńőľ (3.20), ŕőàőęďăěâ ćáě àăæĺőŋăńìŋëě łőÄ čőňőńőčĺĺ B_f . Ćőőąéě ćěàěŋ áńěďãîéĺľ äăłâ: ěáńĺ P { čńăćŋőě SU(2)-àăááńőěŋĺě ŋăď őďŋőáćïğŋëň 4-ňŋőčőőąàăğĺěň ĺ ˚_1; : : : ; ˚_{b2} { ąăğĺá ć H_2(X; Z), âőčďă łőńìæő àăÄ æĺőŋăńìŋëå łőčőňőńőčĺľ H^∗(B_f ; Q) ěáâì ŕőńĺŋőňĺăńìŋăï ăńčěąàă ŋă őąàăğãîéĺå ¯^f (˚_1); : : : ; ¯^f (˚_{b2} ). Ć çăáâŋőáâĺ, H^{2k}(B_f ; Q) ∼= S^k(H_2(X; Q)).

İâőâ àěğãńìâăâ ňőęěâ ąëâì ĺáŕőńìğőćăŋ ďńï ćëçĺáńěŋĺľ àăæĺőŋăńìŋëå łőčőňőńőÄ čĺľ B^∗ ŕàĺ ŕőňőéĺ ŕőďŋïâĺï, ğăďăćăěňőčő őâőąàăęěŋĺěň fi. Łńăáá ¯(˚) ∈ H^2(B^∗; Q) ŕőďŋĺňăěâáï ďő łńăááă ¯^f (˚), ŋő ć íâőň áńãçăě ďăŋŋëě łńăááë ŋě ïćńïîâáï őąàăğãîÄ éĺňĺ łőńìæă łőčőňőńőčĺľ ąăğë. Ŋěőąåőďĺňő ěéě ďőąăćĺâì 4-ňěàŋëľ łńăáá

˚ = − 1 4 p_1(fi) ∈ H^4(B^∗; Q); (3.25)

čďě p_1(fi) { łńăáá Ŕőŋâàïčĺŋă fi łăł SO(3)-àăááńőěŋĺï. İâő őŕàěďěńěŋĺě ňőęěâ ąëâì àăááňőâàěŋő łăł ŕàĺňěà őąéěľ łőŋáâàãłæĺĺ ¯_c(ff) ć áńãçăě, łőčďă c = −^1_4 p_1 ĺ ff = [x_0] ∈ H_0(X).

Śåőďŋőě ãâćěàęďěŋĺě äőàňãńĺàãěâáï ďńï łőńìæă łőčőňőńőčĺľ H^∗(B^∗; Q), ă ĺňěŋÄ ŋő, íâő ŕőńĺŋőňĺăńìŋăï ăńčěąàă ŋă őąàăğãîéĺå { őďŋőň çěâëàěåňěàŋőň ĺ b_2 ďćãňěàÄ ŋëå:

H^∗(B^∗; Q) = Q[˚; ¯(˚_1 ); : : : ; ¯(˚_{b2} )]: (3.26)

Řăááňőâàĺň áńěďãîéĺľ ŕàĺňěà. Ŕãáâì ć łăçěáâćě ŕőďńěęăéěčő ňŋőčőőąàăğĺï ćğïÄ âă àĺňăŋőćă ŕőćěàåŋőáâì S, ĺ G = U(1). Ŕàőáâàăŋáâćă B_f ; B; B^∗ ćáě áőćŕăďăîâ ć íâőň áńãçăě. Šăł łăł ć áńãçăě łőňŕńěłáŋőľ àăğňěàŋőáâĺ 1 ŋěâ ãáńőćĺľ ĺŋâěčàĺàãěÄ ňőáâĺ, ńîąăï áćïğŋőáâì ŋă ńĺŋěľŋőň àăááńőěŋĺĺ L → S ğăďăěâ čőńőňőàäŋãî áâàãłÄ âãàã ŋă L. İâő őŕàěďěńïěâ őâőąàăęěŋĺě B → Pic_k(S), čďě Pic_k { âőàë łńăááőć ĺğőÄ ňőàäŋëå čőńőňőàäŋëå ńĺŋěľŋëå àăááńőěŋĺľ áâěŕěŋĺ k. Šăłőě őâőąàăęěŋĺě áőåàăŋïÄ ěâ čőňőâőŕĺçěáłãî íłćĺćăńěŋâŋőáâì, áńőĺ ěčő { ŕàőáâàăŋáâćő ćáěå íàňĺâőćëå ňěâàĺł ŋă L. Śńěďőćăâěńìŋő, łőčőňőńőčĺĺ B âě ęě, çâő ĺ ŋă ïłőąĺăŋě, ă âăł łăł ŕőáńěďŋĺľ ěáâì 2g-âőà, âő H^∗(B; Z) { ćŋěèŋïï ăńčěąàă á 2g őďŋőňěàŋëňĺ őąàăğãîéĺňĺ. ŐâőęÄ ďěáâćĺć ĺå á łńăááăňĺ ¯_{c1} (ff); ff ∈ H_1(S), ŕőńãçăěň őąëçŋőě őŕĺáăŋĺě ïłőąĺăŋă łăł äăłâőàă R^{2g} ŕő àěèěâłě ŕěàĺőďőć.

3.4. Ĺŋćăàĺăŋâë Ďőŋăńìďáőŋă. Łăł ćáěčďă, ŋăçŋěň á ŕàőáâőčő áńãçăï { áńãÄ çăï ŋãńìňěàŋőčő ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋâőŋőć.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 105

Ŕãáâì X { őďŋőáćïğŋőě 4-ňŋőčőőąàăğĺě á b^+(X) ¿ 1 (ãáńőćĺě, ãáâàăŋïîéěě ğăÄ ćĺáĺňőáâì őâ ćëąőàă ňěâàĺłĺ), ĺ ŕãáâì E → X { àăááńőěŋĺě áő áâàãłâãàŋőľ čàãŕÄ ŕőľ G = SO(3). Ŕãáâì ćĺàâãăńìŋăï àăğňěàŋőáâì ňŋőčőőąàăğĺï ňőďãńěľ àăćŋă ŋãńî: 8k − 3(1 + b^+) = 0. Šőčďă ďńï őąéěľ ňěâàĺłĺ g ćěàŋë áńěďãîéĺě ãâćěàęďěŋĺï:

(1) ňŋőčőőąàăğĺě ňőďãńěľ M_{asd}(E; g) áőďěàęĺâ âőńìłő ŋěŕàĺćőďĺňëě áćïğŋőáâĺ; (2) M_{asd}(E; g) áőáâőĺâ ĺğ łőŋěçŋőčő çĺáńă âőçěł;

(3) ćëąĺàăï őàĺěŋâăæĺî, ňőęŋő ŕàĺáćőĺâì ğŋăł łăęďőľ âőçłě M_{asd}(E; g). Ćëąőà őàĺěŋâăæĺĺ ğăćĺáĺâ őâ ćëąőàă ěě ŋă àăááńőěŋĺĺ ~ = det ind(ffi; ad E), őďŋăłő âăłőľ ćëąőà áâăŋőćĺâáï łăŋőŋĺçěáłĺň, ěáńĺ ğăäĺłáĺàőćăâì őàĺěŋâăæĺî ŋă H^+(X_0) ĺ łńăáá íłćĺćăńěŋâŋőáâĺ æěńőçĺáńěŋŋőčő ŕőďêěňă w_2(E) ć áńãçăě SO(3)-àăááńőěŋĺï.

M_{asd}(E; g) ć íâőň áńãçăě, őçěćĺďŋő, łőňŕăłâŋő, âăł łăł ŕàĺ ňěŋìèĺå k ăŋâĺăćâőďãÄ ăńìŋëå áćïğŋőáâěľ ŋěâ, ă ğŋăçĺâ, ŋěâ ĺ ŕàěďěńìŋëå ĺďěăńìŋëå áćïğŋőáâěľ, ćáě ŕàěďěńë { ďěľáâćĺâěńìŋëě. İâő ďăěâ łőňŕăłâŋőáâì M_{asd}(E; g), àăćŋőáĺńìŋãî łőŋěçŋőáâĺ çĺáÄ ńă âőçěł.

Őŕàěďěńĺň ĺŋćăàĺăŋâ łăł æěńőě çĺáńő q = ∑ [a]∈M

”(a): (3.27)

A priori íâő çĺáńő ğăćĺáĺâ őâ ňěâàĺłĺ, ćëąőàă őàĺěŋâăæĺĺ ŋă H^+(X) ĺ æěńőçĺáńěŋÄ ŋőčő ŕőďêěňă.

Ğăňěçăâěńìŋőě áćőľáâćő âăłőčő \çĺáńă âőçěł ňŋőčőőąàăğĺï ňőďãńěľ,ćğïâëå áő ğŋăÄ łăňĺ", ğăłńîçăěâáï ć âőň, çâő ďńï ďćãå őąéĺå ňěâàĺł g_0 ĺ g_1 ĺňěěň àăćěŋáâćő

q(g_0) = q(g_1): (3.28)

Ć łăçěáâćě ŕàĺňěàă àăááňőâàĺň K3-ŕőćěàåŋőáâì. Ŕãáâì

ff ∈ H^2(X; Z_2); ff^2 = 2 (mod 4):

Řăááňőâàĺň SO(3)-àăááńőěŋĺě F âăłőě, çâő w_2(F ) = ff ĺ p_1(F ) = −6.

Šăł łăł ďńï K3-ŕőćěàåŋőáâĺ b^+(X) = 3, ćĺàâãăńìŋăï àăğňěàŋőáâì ňŋőčőőąàăğĺï ňőďãńěľ àăćŋă dim M_F = −2p_1(F ) − 3(1 + 3) = 0: (3.29)

Ğŋăçĺâ, ňë ŋăåőďĺňáï ć áĺâãăæĺĺ, łőčďă ňőęŋő őŕàěďěńĺâì ĺŋćăàĺăŋâ X. Ďńï íâőčő ŋěőąåőďĺňő ćëąàăâì őàĺěŋâăæĺî ˙ ŕőńőęĺâěńìŋőľ çăáâĺ H^2(X). Ťőàňă ŕěàěáěçěŋĺï K3-ŕőćěàåŋőáâĺ çěâŋă, ŕőíâőňã ğăćĺáĺňőáâĺ őâ ŕőďêěňă ff ŋěâ. Ğăŕĺèěň ĺŋćăàĺăŋâ łăł q(ff; ˙).

Ćěàŋő áńěďãîéěě ãâćěàęďěŋĺě: áãéěáâćãîâ âăłĺě ff ĺ ˙, çâő q(ff; ˙) = 1. Śńěďáâćĺï ŕàěďáâăćńïîâ ĺŋâěàěáŋëě àěğãńìâăâë ďńï K3-ŕőćěàåŋőáâěľ: (1) Ŋě áãéěáâćãěâ ďĺääěőňőàäĺğňă, ďěľáâćãîéěčő âàĺćĺăńìŋő ŋă H^2(X; Z_2), ŋő őąàăéăîéěčő őàĺěŋâăæĺî ŋă ŕőńőęĺâěńìŋőľ çăáâĺ H^2(X; R). (Šő ěáâì łőňŕÄ ńěłáŋăï őàĺěŋâăæĺï K3-ŕőćěàåŋőáâĺ őŕàěďěńïěâ ĺ ěě áŕĺŋőàŋãî őàĺěŋâăæĺî.)

(2) Śãéěáâćãěâ őďŋőáćïğŋëľ ŕïâĺňěàŋëľ h-łőąőàďĺğň K3-ŕőćěàåŋőáâĺ, ŋě ïćńïÄ îéĺľáï ŕàïňëň ŕàőĺğćěďěŋĺěň.

(3) Ŋě áãéěáâćãěâ àăğńőęěŋĺï ć áćïğŋãî áãňňã X = Y # (S^2 × S^2).

106 Ŋ. Ă. ŠđŘĹŊ

Šěŕěàì őąàăâĺňáï ł ąőńěě őąéěľ áĺâãăæĺĺ.

Ŕãáâì âěŕěàì E → X { àăááńőěŋĺě áő áâàãłâãàŋőľ čàãŕŕőľ SU(2). Ĺŋćăàĺăŋâë ąãďãâ ŕàěďáâăćńïâìáï ć ćĺďě ŕěàěáěçěŋĺľ ⟨fi; [M_k]⟩, čďě fi { àěğãńìâăâ ŕěàěáěçěŋĺľ łńăááőć ćĺďă ¯(œ), ă [M_k] { äãŋďăňěŋâăńìŋëľ łńăáá ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋÄ âőŋőć. Šăł łăł łńăááë ¯(œ) ďćãňěàŋë, ŋěőąåőďĺňő ŕőâàěąőćăâì, çâőąë ćĺàâãăńìŋăï àăğňěàŋőáâì M_k ąëńă çěâŋă: dim M_k = 2d,

d = d(k) = 4k − 3 2 (b^+(X) + 1) ∈ Z: (3.30)

Łăł ĺ ćëèě, ŕőâàěąãěň b^+ ¿ 1 ĺ ďőąăćĺň, ĺáåőďï ĺğ (3.30), ãáńőćĺě ŋěçěâŋőáâĺ.

Ŕãáâì [˚_1]; : : : ; [˚_d] { łńăááë ć H_2(X; Z), âőčďă ¯(˚_i) { ŕőďŋïâĺï ĺå ć H^2(B^∗; Z). Ĺå ŕàőĺğćěďěŋĺě ĺňěěâ áâěŕěŋì 2d, ŕőíâőňã ňőęŋő őŕàěďěńĺâì æěńőě çĺáńő

q = ⟨¯(˚_1) ^ · · · ^ ¯(˚_d); [M_k]⟩: (3.31)

Őàĺěŋâăæĺï M_k ğăćĺáĺâ őâ őàĺěŋâăæĺĺ ˙ ŕàőáâàăŋáâćă H^+(X), ŕőíâőňã ňë ďőńęŋë őąőğŋăçăâì ĺŋćăàĺăŋâë łăł q_{k;˙}. Šőčďă ğăŕĺèěň áćőľáâćă ĺŋćăàĺăŋâőć:

(1) q_{k;˙}(˚_1; : : : ; ˚_d) ğăćĺáïâ őâ ăàčãňěŋâőć âőńìłő łăł őâ łńăááőć čőňőńőčĺľ; (2) q_{k;˙}(˚_1; : : : ; ˚_d) ŕőńĺńĺŋěľŋë ĺ áĺňňěâàĺçŋë ŕő [˚_i]; (3) q_{k;˙} = −q_{k;−˙};

(4) ěáńĺ f : X → Y { áőåàăŋïîéĺľ őàĺěŋâăæĺî ďĺääěőňőàäĺğň, âőčďă

q_{k;f} ∗_˙(f(˚_1); : : : ; f(˚_d)) = q_{k;˙}(˚_1; : : : ; ˚_d): (3.32)

Šăłĺě ĺŋćăàĺăŋâë áâàőïâáï ďńï ďőáâăâőçŋő ąőńìèĺå k. Šőçŋőě ãáńőćĺě ŋă ćěńĺçĺŋã k áńěďãîéěě:

d(k) ⩾ 2k + 1; (3.33)

ĺńĺ, âő ęě áăňőě, k ⩾^1_4 (3b^+(X) + 5). İâő őčàăŋĺçěŋĺě őąêïáŋïěâáï ŕàőáâő: ćĺàâãÄ ăńìŋăï àăğňěàŋőáâì ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋâőŋőć ŕàěćëèăěâ àăğňěàŋőáâì ŋăĺÄ ňěŋìèěčő áâàăâă M_0 × S^k(X) łőňŕăłâĺäĺłăæĺĺ M_k ŕő ňěŋìèěľ ňěàě ŋă ďćă, ă íâő őğŋăçăěâ, çâő M_k ć őąéěň áńãçăě čńăďłőě ňŋőčőőąàăğĺě, ğă ĺáłńîçěŋĺěň ňŋőęěáâćă łőàăğňěàŋőáâĺ ďćă ĺńĺ ąőńěě, çâő ĺ őąëçŋő ďńï őáőąěŋŋőáâěľ łőňŕńěłáă, őąńăďăîéěÄ čő äãŋďăňěŋâăńìŋëň łńăááőň.

Ś ŕőňőéìî íâĺå ŋőćëå ĺŋćăàĺăŋâőć ćőğňőęŋő ďőłăğëćăâì áâăàëě čĺŕőâěğë, ŕěàěÄ ďőłăğëćăâì áâăàëě âěőàěňë ĺ ŕőńãçăâì ŋőćëě. Ŋăŕàĺňěà, Ďőŋăńìďáőŋ ďőłăğăń á ĺå ŕőňőéìî áńěďãîéěě ãâćěàęďěŋĺě.

Šěőàěňă 3.2. Ŕãáâì X { őďŋőáćïğŋőě 4-ňŋőčőőąàăğĺě á ŋěçěâŋëň b^+(X), ĺ ŕàěďŕőńőęĺň, çâő X àăáłńăďëćăěâáï ć áćïğŋãî áãňňã X = X_1 # X_2, ŕàĺçěň b^+(X_i) ¿ 0, i = 1; 2. Šőčďă SU(2)-ĺŋćăàĺăŋâë q_k ĺ SO(3)-ĺŋćăàĺăŋâë q_{k;ff} (ďńï ńîąëå k ĺ ff ≠ 0) âőęďěáâćěŋŋő àăćŋë ŋãńî.

İâőâ àěğãńìâăâ ŋě ĺňěń ąë áňëáńă, ěáńĺ ąë ĺŋćăàĺăŋâë Ďőŋăńìďáőŋă ąëńĺ âàĺÄ ćĺăńìŋë ŕőçâĺ ćáěčďă. Ŋő ďńï ăńčěąàăĺçěáłĺå ĺ áĺňŕńěłâĺçěáłĺå ňŋőčőőąàăğĺľ őŋĺ ŋěâàĺćĺăńìŋë, ŕőíâőňã ĺáŕőńìğőćăŋĺě âěőàĺĺ Ďőŋăńìďáőŋă ć áőćàěňěŋŋőľ ňăâěňăâĺÄ łě ŕàĺćőďĺâ ł ćőğàőęďěŋĺî ĺŋâěàěáă ł ăńčěąàăĺçěáłőľ čěőňěâàĺĺ: ćáě âőŕőňőďěńĺ

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 107

ăńčěąàăĺçěáłĺå ŕőćěàåŋőáâěľ (łàőňě íńěňěŋâăàŋëå) ďőŕãáłăîâ ćëèěőŕĺáăŋŋőě àăğÄ ńőęěŋĺě, ă ğŋăçĺâ, âőŕőňőďěńĺ ŋě ďĺääěőňőàäŋë ŕőďńěęăéĺň 4-ňŋőčőőąàăğĺïň ăńÄ čěąàăĺçěáłĺå ŕőćěàåŋőáâěľ.

Ś ďàãčőľ áâőàőŋë, ĺááńěďőćăŋĺě čńăďłőáâěľ ŕőďçěàłĺćăěâ ąńĺğőáâì łőňŕńěłáŋëå ĺ áĺňŕńěłâĺçěáłĺå áâàãłâãà, ĺ Ďőŋăńìďáőŋ ďăńěłő ŕàőďćĺŋãńáï ć őŕĺáăŋĺĺ íâőľ \ąńĺÄ ğőáâĺ" (áň. [4], [5]).

Śâőńì ŕàĺŋæĺŕĺăńìŋőě őâńĺçĺě ďĺääěàěŋæĺăńìŋőľ âőŕőńőčĺĺ őâ âőŕőńőčĺĺ ć çěÄ âëàěåňěàŋőň áńãçăě ŋă ŋěłőâőàőě ćàěňï ŕàĺćěńő ć ğăňěèăâěńìáâćő ĺ äĺğĺłőć. ŔàĺÄ çěň íâő łőáŋãńőáì ďćãå ďĺăňěâàăńìŋő ŕàőâĺćőŕőńőęŋëå őąńăáâěľ: âàăďĺæĺőŋŋő íńĺÄ âăàŋőľ łćăŋâőćőľ čàăćĺâăæĺĺ (ĺŋĺæĺĺàőćăŋŋőľ Šãńĺő Řěďęě) ĺ áãčãąő ŕàăłâĺçěáłĺå ćëçĺáńěŋĺľ ŋă àěèěâłăå á ĺáŕőńìğőćăŋĺěň ňěâőďă Ňőŋâě-Łăàńő (áň., ŋăŕàĺňěà, [1]). Ćáě ďěńő ć âőň, çâő łőňąĺŋăâőàŋëě łőŋáâàãłæĺĺ âăłĺě, łăł, ŋăŕàĺňěà, ňěâőď ďĺŋăňĺÄ çěáłőľ âàĺăŋčãńïæĺĺ, ĺáŕőńìğãîâ PL-âőŕőńőčĺî 4-ňŋőčőőąàăğĺľ. Ă, łăł ĺğćěáâŋő, PL-áâàãłâãàë ĺ čńăďłőáâĺ ć çěâëàěåňěàŋőľ čěőňěâàĺĺ áőćŕăďăîâ. Őâ íâőčő ćàěňěŋÄ ŋőčő ğăňěèăâěńìáâćă ćëĺčàăńĺ ňăâěňăâĺłĺ: őŋĺ ŋěňěďńěŋŋő ŕàĺňěŋĺńĺ åőàőèő ĺğÄ ćěáâŋëě áâăâĺáâĺçěáłĺě ŕàĺěňë ł áőćőłãŕŋőáâĺ ĺŋćăàĺăŋâőć q_{k;˙} (3.31). Ĺďěï ŕàőáÄ âă: áőąàăâì ćáě ĺŋćăàĺăŋâë ćňěáâě ć \áâăâáãňňã"

q_˙ = ∞∑ 0 q_{k;˙} k! : (3.34)

Ŕőďőąŋő âőňã, łăł ć âěőàĺĺ ďĺŋăňĺçěáłĺå âàĺăŋčãńïæĺľ ăŋăńĺâĺłă áâăâáãňň ŕàĺÄ ćőďĺâ ł ŋăåőęďěŋĺî ĺ ńőłăńĺğăæĺĺ łàĺâĺçěáłĺå âőçěł, ăŋăńĺâĺłă äãŋłæĺĺ (3.34) ŕàĺćěńă Łàőŋåěľňěàă ĺ Ňàőćłã ł ğăňěçăâěńìŋőňã ŋăąńîďěŋĺî: ŕàĺ ěáâěáâćěŋŋëå ãáńőćĺïå ŋă 4-ňŋőčőőąàăğĺě X (âăł ŋăğëćăěňăï \ŕàőáâőâă âĺŕă" ŕőďńěęăéěčő ňŋőčőÄ őąàăğĺï) áãéěáâćãěâ łőŋěçŋőě ňŋőęěáâćő łńăááőć łőčőňőńőčĺľ

{k_1; : : : ; k_N }_{KM} ⊂ H^2(X; Z) (3.35)

âăłĺå, çâő łăęďëľ ŕőńĺŋőň Ďőŋăńìďáőŋă áőďěàęĺâáï ć àăæĺőŋăńìŋőľ őąőńőçłě

q_{k;˙} ∈ Q[q_X ; k_1; : : : ; k_N ] (3.36)

(ğďěáì äőàňă ŕěàěáěçěŋĺľ q_X àăááňăâàĺćăěâáï łăł łćăďàăâĺçŋăï äőàňă ŋă àěèěâłě H^2(X; Z), ă łńăááë k_i { łăł ńĺŋěľŋëě äőàňë). Ă ćáï áâăâáãňňă ĺňěěâ őçěŋì ŕàőáâőľ ćĺď q_˙ = exp ( q_X 2 )_N∑ i=1 n_i exp(k_i): (3.37)

İâĺ łńăááë ąëńĺ ŋăğćăŋë äãŋďăňěŋâăńìŋëňĺ łńăááăňĺ, ĺ çĺâăâěńì-äĺğĺł ąěğ áőňŋěÄ ŋĺï ğăňěâĺâ, çâő őŋĺ ïćńïîâáï ăŋăńőčăňĺ äăğ áĺńìŋőčő, áńăąőčő ćğăĺňőďěľáâćĺľ ĺ \ŕőńĺňěàĺğăæĺĺ" ďńï ăáĺňŕâőâĺł ďĺŋăňĺçěáłĺå âàĺăŋčãńïæĺľ.

İâĺ łńăááë ďěľáâćĺâěńìŋő äãŋďăňěŋâăńìŋë ĺ ĺčàăîâ àőńì łăŋőŋĺçěáłőčő łńăááă ăńčěąàăĺçěáłőľ ŕőćěàåŋőáâĺ ďńï čńăďłőčő áńãçăï. Ć çăáâŋőáâĺ, łăł ńĺŋěľŋëľ çńěŋ őŋĺ ćåőďïâ ć äőàňãńã ŕàĺáőěďĺŋěŋĺï ďńï őæěŋłĺ àőďă àěăńĺğăæĺĺ łńăááă 2-čőňőńőčĺľ čńăďłőľ àĺňăŋőćőľ ŕőćěàåŋőáâìî (áň. ŋĺęě).

Ğďěáì ňë őâňěâĺň ŕőłă âőńìłő őďŋő ĺå áćőľáâćő: ňŋőęěáâćő (3.35) ĺŋćăàĺăŋâŋő őâŋőáĺâěńìŋő őąàăéěŋĺï ğŋăłă, â.ě. ěáńĺ łńăáá k_i äãŋďăňěŋâăńìŋëľ, âő ĺ łńăáá

108 Ŋ. Ă. ŠđŘĹŊ

−k_i = k_{−i} âőęě äãŋďăňěŋâăńìŋëľ. Ąőńěě âőčő, łőŋáâăŋâă n_{−i} = (−1)^{b++1}2 . Ŕőíâőňã, àăááňăâàĺćăï äőàňăńìŋëě ŕěàěňěŋŋëě t_i = exp(k_i) ĺ ãąĺàăï ĺğ áâăâáãňňë (3.37) âőŕőńőčĺçěáłĺľ ňŋőęĺâěńì exp(q_X =2), ňë ŕőńãçăěň ŕőńĺŋőň Ńőàăŋă

KM_X = n_0 + ∑ n_i ( t_i + (−1)^{b++1}2 t^{−1}_i ) ; (3.38)

łőâőàëľ (łăł ňë ãćĺďĺň ŋĺęě) ŋě áńãçăľŋő ŋăŕőňĺŋăěâ ŕőńĺŋőň Ăńěłáăŋďěàă ńĺŋłă ć S^3.

Ć çăáâŋőáâĺ, ěáńĺ ŕěàěňěŋŋăï âőńìłő őďŋă, âő KM_X ïćńïěâáï A-ŕőńĺŋőňőň: n_0 + ∑_N

i=1 n_i(t^i +t^{−i}) ĺ n_0 +

∑_N

i=1 n_i = ±1. Ŋăŕőňŋĺň, çâő ńîąőľ âăłőľ ŕőńĺŋőň ïćńïěâáï ŕőńĺŋőňőň Ăńěłáăŋďěàă ãğńă ć S^3. Ňë őąáãďĺň íâĺ \áőćŕăďěŋĺï" ć §6 íâőčő őąğőàă.

Ŋăłőŋěæ, ğăňěâĺň, çâő łőŋäĺčãàăæĺï âěőàĺĺ §ŋčă{Ňĺńńáă (łăł łńăááĺçěáłőľ âěőÄ àĺĺ ŕőńï) áńĺèłőň ŕàőáâă, ŋěáňőâàï ŋă ąńěáâïéĺě äĺğĺçěáłĺě ŕàĺńőęěŋĺï (őâňěçěŋÄ ŋëě ďćãňï ŋőąěńěćáłĺňĺ ŕàěňĺïňĺ). Ćëąőà ąőńěě áńőęŋëå łőŋäĺčãàăæĺľ ŕàĺćőďĺâ ł áńěďãîéěňã íâăŕã { âěőàĺĺ Ğăľąěàčă{Ćĺââěŋă.

§ 4. Ĺŋćăàĺăŋâë Ğăľąěàčă{Ćĺââěŋă

4.1. Ăńčěąàë Łńĺääőàďă. Ďńï ŕàőĺğćőńìŋőčő n-ňěàŋőčő ćěéěáâćěŋŋőčő ćěłÄ âőàŋőčő ŕàőáâàăŋáâćă V á ŋěćëàőęďěŋŋőľ łćăďàăâĺçŋőľ äőàňőľ q ăńčěąàőľ ŁńĺäÄ äőàďă C(V; q) ŋăğëćăěâáï äăłâőà âěŋğőàŋőľ ăńčěąàë T (V ) ŕő ĺďěăńã, áőďěàęăéěňã íńěňěŋâë ćĺďă v ⊗ v − q(v) · 1. Şŋĺćěàáăńìŋőáâì ăńčěąàë C(V; q) ğăłńîçăěâáï ć âőň, çâő ěáńĺ áãéěáâćãěâ łăłőě-ńĺąő ńĺŋěľŋőě őâőąàăęěŋĺě ŕàőáâàăŋáâćă V ć ŋěłőâőàãî ăńčěąàã K, ŕàĺçěň äőàňă ŕàĺ íâőň áőåàăŋïěâáï (â.ě. őąàăğ ńîąőčő ćěłâőàă, ćőğćěďěŋÄ ŋëľ ć łćăďàăâ, ďőńęěŋ ąëâì àăćěŋ ğŋăçěŋĺî äőàňë ŋă íâőň ćěłâőàě, ãňŋőęěŋŋőňã ŋă ěďĺŋĺæã ăńčěąàë), âő íâő őâőąàăęěŋĺě ŕàőŕãáłăěâáï çěàěğ łăŋőŋĺçěáłőě ćńőęěŋĺě ŕàőáâàăŋáâćă V ć ăńčěąàã Łńĺääőàďă C(V; q).

Őçěćĺďŋő, çâő ěáńĺ ćëąàăâì ąăğĺá ć V , ŋăŕàĺňěà, łăŋőŋĺçěáłĺľ ďńï äőàňë q, âőčďă ăńčěąàă Łńĺääőàďă ğăďăěâáï áőőâŋőèěŋĺïňĺ

e^2_j = −1; (4.1) e_i · e_j = −e_j · e_i:

Ąăğĺáőň ăńčěąàë łăł ćěéěáâćěŋŋőčő ćěłâőàŋőčő ŕàőáâàăŋáâćă ąãďãâ ňőŋőňë ćĺďă

e_I = e_{i1} · : : : · e_{ik} ; (4.2) {i_1; : : : ; i_k} ⊂ {1; : : : ; n};

ŕàĺçěň ŋăąőàë áâàőčő ãŕőàïďőçěŋë. Ůĺáńő k őąëçŋő ŋăğëćăěâáï áâěŕěŋìî ňőŋőňă.

Őçěćĺďŋő, àăğňěàŋőáâì ăńčěąàë àăćŋă 2^n, ĺ ĺňěěâáï Z_2-čàăďãĺàőćłă, őâćěçăîéăï àăğńőęěŋĺî ŋă ňőŋőňë çěâŋőľ ĺ ŋěçěâŋőľ áâěŕěŋĺ C^+ ĺ C^−, ŕàĺçěň C^+ { ŕőďăńčěąàă ć ăńčěąàě Łńĺääőàďă.

Ć áńãçăě çěâŋőčő n ć æěŋâàě ăńčěąàë ńěęăâ âőńìłő łőŋáâăŋâë. Ć ŋěçěâŋőň áńãçăě ďőąăćńïîâáï íńěňěŋâë ňăłáĺňăńìŋőľ áâěŕěŋĺ.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 109

Ăńčěąàă Łńĺääőàďă ďőŕãáłăěâ ŕőďêěň áłăńïàŋőčő ŕàőĺğćěďěŋĺï, őŕàěďěńïěňőčő äőàňőľ q, ă ĺňěŋŋő, ěáńĺ íńěňěŋâë ăńčěąàë x ĺ y ĺňěîâ ć łăŋőŋĺçěáłőň ąăğĺáě łőőàÄ ďĺŋăâë x_I ĺ y_I áőőâćěâáâćěŋŋő, âőčďă ŕàőĺğćěďěŋĺě ŕàěďáâăćńïěâáï ěáâěáâćěŋŋő łăł

(x; y) = ∑ I x_I · y_I :

Łàőňě âőčő, áãéěáâćãěâ ěéě ĺ ěáâěáâćěŋŋăï ĺŋćőńîæĺï C(V ) → C(V ), őŕàěďěńïěňăï ŕő äőàňãńě x = ∑ I ”_I · x_I · e_I ; (4.3)

”_I = (−1)^12^{k(k+1)};

čďě |I| = k, ŕàĺçěň ŋěâàãďŋő ŕőłăğăâì, çâő x · y = y · x. Ŋěáňőâàï ŋă őŕàěďěńěŋĺě ć âěàňĺŋăå ŋěłőâőàőčő ąăğĺáă, ŋĺ ćŋěèŋěě ŕàőĺğćěďěŋĺě, ŋĺ ĺŋćőńîæĺï őâ ćëąőàă ąăÄ ğĺáă ŋě ğăćĺáïâ. Őŋĺ áćïğăŋë áńěďãîéĺň áőőâŋőèěŋĺěň:

(x · y)_0 = (x; y): (4.4)

Ďńï ďőłăğăâěńìáâćă ďőáâăâőçŋő ğăňěâĺâì, çâő e^2_I = ”_I .

Ćőőąéě łńăááĺäĺłăæĺï ăńčěąà Łńĺääőàďă ďőáâăâőçŋő ŕàőáâă. Řăááňőâàĺň áŋăÄ çăńă ŋěáłőńìłő ŕàĺňěàőć. Ňë ąãďěň őąőğŋăçăâì ŕăàőľ ŋĺęŋĺå ĺŋďěłáőć áĺčŋăâãàã äőàňë. Šőčďă ďńï ćěéěáâćěŋŋőčő áńãçăï ĺňěěň:

(1) C(R; q_{0;1} ) = C , ă ěáńĺ áĺčŋăâãàă äőàňë ĺňěěâ őąàăâŋëľ ğŋăł, âő

C(R; q_{1;0} ) = R ⊕ R; (4.5)

(2) C(R^2 ; q_{0;2}) = H , âăł łăł ŕőàőęďăěâáï íńěňěŋâăňĺ e_1; e_2 ĺ e_1 · e_2, ãňŋőęăîÄ éĺňĺáï ŕő âěň ęě ŕàăćĺńăň, çâő ĺ i; j; k; ć ďćãå ďàãčĺå áńãçăïå C(R^2 ; q) ěáâì ŕàőáâő ăńčěąàă ňăâàĺæ Mat_2(R);

(3) ĺğćěáâŋë àěłãààěŋâŋëě áőőâŋőèěŋĺï

C(R^2 ; q_{1;1}) ⊗ C(R^{l+m} ; q_{l;m}) = C(R^{l+m+2} ; q_{l+1;m+1}); C(R^2 ; q_{2;0}) ⊗ C(R^{l+m} ; q_{l;m}) = C(R^{l+m+2} ; q_{m+2;l}); C(R^2 ; q_{0;2}) ⊗ C(R^{l+m} ; q_{l;m}) = C(R^{l+m+2} ; q_{m;l+2});

(4.6)

łőâőàëě ŋěáńőęŋő ćëćěáâĺ, àăááňăâàĺćăï ćáě ć łăŋőŋĺçěáłĺå ąăğĺáăå. Ĺğ áőőâŋőèěŋĺľ (4.6) áńěďãěâ, çâő ńîąăï ăńčěąàă Łńĺääőàďă ďńï łćăďàăâĺçŋőľ äőàňë ňăłáĺňăńìŋőčő àăŋčă ïćńïěâáï ńĺąő ňăâàĺçŋőľ ăńčěąàőľ ŋăď R, C ĺńĺ H , ńĺąő ŕàïňőľ áãňňőľ ďćãå őďĺŋăłőćëå ňăâàĺçŋëå ăńčěąà.

Ć áńãçăě łőňŕńěłáŋőčő ćěłâőàŋőčő ŕàőáâàăŋáâćă łńăááĺäĺłăæĺï ěéě ąőńěě ŕàőáâăï { ěáńĺ àăğňěàŋőáâì ŕàőáâàăŋáâćă çěâŋă, âőčďă ăńčěąàă Łńĺääőàďă ĺğőňőàäŋă ňăâÄ àĺçŋőľ ăńčěąàě Mat_2 1_{2 dim V} (C ), ć ŋěçěâŋőň áńãçăě { ŕàïňőľ áãňňě ďćãå âăłĺå ăńčěąà.

İńěňěŋâ ăńčěąàë Łńĺääőàďă x ∈ C(V ) ŋăğëćăěâáï ěďĺŋĺæěľ, ěáńĺ áãéěáâćãěâ őąÄ àăâŋëľ ěňã x^{−1}.

110 Ŋ. Ă. ŠđŘĹŊ

Őąőğŋăçĺň çěàěğ Spin(V ) ňŋőęěáâćő íńěňěŋâőć ăńčěąàë, ãďőćńěâćőàïîéĺå áőőâÄ ŋőèěŋĺïň x · x = 1; x · V · x = V; x ∈ C^+(V ): (4.7)

Ěáńĺ àăğňěàŋőáâì V çěâŋă, âő âàěâìě ãáńőćĺě ïćńïěâáï áńěďáâćĺěň ŕěàćëå ďćãå.

İâă łőŋáâàãłæĺï ŕőğćőńïěâ ŕőáâàőĺâì ďćãńĺáâŋőě ŋěâàĺćĺăńìŋőě ŋăłàëâĺě čàãŕÄ ŕë SO(n). Ěáńĺ dim V ąőńìèě ďćãå, âőčďă čàãŕŕă Spin(V ) łőňŕăłâŋă ĺ őďŋőáćïğŋă, ĺ čőňőňőàäĺğň Ad : Spin(V ) → SO(V ) ğăďăěâáï ŕàĺáőěďĺŋěŋŋëň ďěľáâćĺěň x ∈ Spin(V ) ŋă V , ă ĺňěŋŋő, Ad(x)(v) = x · v · x: (4.8)

Ďőłăğăâěńìáâćő íâőčő äăłâă őáŋőćëćăěâáï ŋă àăááňőâàěŋĺĺ ăńčěąà Ńĺ őąěĺå čàãŕŕ, ŕàĺçěň Lie(Spin(V )) = C_2(V ); (4.9)

čďě C_2(V ) { ŕőďňŋőęěáâćő íńěňěŋâőć ăńčěąàë Łńĺääőàďă, ĺňěîéĺå ćâőàãî áâěŕěŋì. Čőňőňőàäĺğň ad: C_2 → so(V ), ğăďăćăěňëľ, łăł őąëçŋő, ć ćĺďě

ad(x)(v) = [x; v]; (4.10)

ĺŋêěłâĺćěŋ, ă ğŋăçĺâ, ŕő áőőąàăęěŋĺïň àăğňěàŋőáâěľ, ĺ ąĺěłâĺćěŋ. Šăł łăł áŕěæĺÄ ăńìŋăï őàâőčőŋăńìŋăï čàãŕŕă łőňŕăłâŋă ĺ áćïğŋă, âő čőňőňőàäĺğň Ad áîàêěłâĺćěŋ. §ďàő ěčő áőáâőĺâ ĺğ âăłĺå íńěňěŋâőć, łőâőàëě łőňňãâĺàãîâ á ćěłâőàăňĺ v ∈ V , âő ěáâì ć âőçŋőáâĺ ĺğ ±1. Ğŋăçĺâ, íâő ďćãńĺáâŋőě ŋăłàëâĺě. Ďćă íńěňěŋâă ĺğ ïďàă +1 ĺ −1 ňőčãâ ąëâì áćïğăŋë ŕãâěň fl : [0; ß] → Spin(V ), ğăďăćăěňëň äőàňãńőľ

fl(t) = cos(t) + sin(t) · e_1 · e_2: (4.11)

Őâáîďă áńěďãěâ áćïğŋőáâì čàãŕŕë, ĺ ĺğ âőčő, çâő ŕőńãçăěâáï ŋěâàĺćĺăńìŋőě ďćãńĺáâÄ ŋőě ŋăłàëâĺě, áńěďãěâ, çâő Spin(V ) łőňŕăłâŋă ĺ őďŋőáćïğŋă. Ŕőáńěďŋěě, łáâăâĺ, âăłęě őçěćĺďŋő áńěďãěâ ĺğ âőčő, çâő Spin(V ) áőďěàęĺâáï ć ěďĺŋĺçŋőľ áäěàě ăńčěąàë ŁńĺäÄ äőàďă.

Ŕěàěľďěň ł àăááňőâàěŋĺî łőňŕńěłáĺäĺłăæĺĺ ăńčěąà Łńĺääőàďă. Őąőğŋăçĺň çěàěğ C^C (V ) = C(V ) ⊗ C âăłãî łőňŕńěłáĺäĺłăæĺî. Ąăğĺá {e_I } âăł ĺ őáâăŋěâáï ąăğĺáőň, ă łőőàďĺŋăâë áâăŋãâ łőňŕńěłáŋëňĺ. Ĺŋćőńîæĺï ć íâőň áńãçăě ğăŕĺèěâáï ć ćĺďě x = ∑ I ”_I · x_I · e_I ; (4.12)

łăł ĺ ćëèě, x · y = y · x, ĺ ĺňěěâáï íàňĺâőćă äőàňă

⟨x; y⟩ = (x · y)_0 = ∑ I x_I · y_I : (4.13)

Šăł ęě, łăł ĺ ć ćěéěáâćěŋŋőň áńãçăě, čàãŕŕă Spin^C (V ) őŕàěďěńïěâáï łăł ňŋőęěáâćő íńěňěŋâőć ăńčěąàë x ∈ C^+(V ) ⊗ C âăłĺå, çâő x · x = 1 ĺ x · V · x = V . Ăńčěąàă Ńĺ âăłőľ čàãŕŕë ŕàěďáâăćńïěâáï ć ćĺďě ŕàïňőľ áãňňë C_2(V ) ⊕ iR, ĺ čàãŕŕă ňőęěâ ąëâì ğăŕĺáăŋă ć ćĺďě Spin^C (V ) = {e^{i`} · x | ` ∈ R; x ∈ Spin(V )}: (4.14)

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 111

Śńěďőćăâěńìŋő, ňë ňőęěň őâőęďěáâćĺâì Spin^C (V ) = Spin(V ) ×_{Z2} S^1, čďě ďěľáâćĺě čàãŕŕë Z_2, őçěćĺďŋő, ďĺăčőŋăńìŋőě. Šăłőě őâőęďěáâćńěŋĺě ďăěâ âőçŋãî ŕőáńěďőćăÄ âěńìŋőáâì 1 → S^1 → Spin^C (V ) → SO(V ) → 1; (4.15)

čďě ćâőàăï áâàěńłă { őçěćĺďŋőě ćńőęěŋĺě őłàãęŋőáâĺ ć Spin^C (V ), ă âàěâìï { őâőąàăÄ ęěŋĺě Ad : Spin^C (V ) → SO(V ), áâàőïéěěáï âăł ęě, łăł ĺ ć ćěéěáâćěŋŋőň áńãçăě.

Ĺňěěâáï ĺ ďàãčăï âőçŋăï ŕőáńěďőćăâěńìŋőáâì

1 → Spin(V ) → Spin^C (V ) → S^1 → 1; (4.16)

ć łőâőàőľ âàěâìï áâàěńłă ěáâì őâőąàăęěŋĺě ffi : Spin^C (V ) → S^1, ğăďăćăěňőě äőàňãńőľ ffi(e^{i`} · x) = e^{2i`}.

4.2. Śŕĺŋőàŋëě àăááńőěŋĺï. Ěáńĺ àăğňěàŋőáâì dim V = 2n çěâŋă, âőčďă łőňŕÄ ńěłáĺäĺłăæĺï ăńčěąàë Łńĺääőàďă ŕàěďáâăćńïěâáï łăł ăńčěąàă íŋďőňőàäĺğňőć 2^nňěàŋőčő łőňŕńěłáŋőčő íàňĺâőćă ŕàőáâàăŋáâćă W . Ąőńěě âőçŋő, âăłőě őâőęďěáâćńěÄ ŋĺě ěáâì ĺğőňőàäĺğň ăńčěąà `: C^C (V ) → End W , ãďőćńěâćőàïîéĺľ ãáńőćĺïň

`(x + y) = `(x) + `(y); `(x · y) = `(x) · `(y);

`(x) = `(x)^∗

(4.17)

ďńï ńîąëå x; y ∈ C^C (V ). Ć çăáâŋőáâĺ, ěáńĺ ňë àăááňőâàĺň őčàăŋĺçěŋĺě íâőčő ĺğőÄ ňőàäĺğňă ŋă ěáâěáâćěŋŋő ćńőęěŋŋőě ć ăńčěąàã áăňő ćěłâőàŋőě ŕàőáâàăŋáâćő V , âő ďńï ńîąőčő ćěłâőàă v ∈ V ćëŕőńŋïîâáï ãáńőćĺï

`(v)^∗ + `(v) = 0; `(v)^∗ · `(v) = |v|^2 · 1:

(4.18)

Śćőľáâćă íâőčő ĺğőňőàäĺğňă őŕàěďěńïîâ ěčő ãŋĺćěàáăńìŋőáâì ćňěáâě á ãŋĺćěàÄ áăńìŋőáâìî áăňőľ ăńčěąàë. Ă ĺňěŋŋő, ěáńĺ W^′ { łőňŕńěłáŋőě íàňĺâőćő ŕàőáâàăŋÄ áâćő àăğňěàŋőáâĺ 2^n ĺ ` { ńĺŋěľŋőě őâőąàăęěŋĺě `: V → End W^′, ãďőćńěâćőàïîÄ éěě (4.18), âőčďă ` ěáâěáâćěŋŋő ŕàőďőńęăěâáï ďő ĺğőňőàäĺğňă `: C^C (V ) → End W^′, őąńăďăîéěčő áćőľáâćăňĺ (4.17).

Ŕàĺćěďěň ďćă ŕàĺňěàă.

Łăł ňë ćĺďěńĺ ć ŕàěďëďãéěň àăğďěńě, ăńčěąàă Łńĺääőàďă ŕàőáâàăŋáâćă R^2 ňőęěâ ąëâì őâőęďěáâćńěŋă á łćăâěàŋĺőŋăňĺ, ŕàĺ íâőň i = e_1, j = e_2, k = e_1·e_2, ă ĺŋćőńîæĺï ğăďăěâáï őąëçŋëň áőŕàïęěŋĺěň.

Šőčďă ńĺŋěľŋőě őâőąàăęěŋĺě fl : H → C^{2×2} ğăďăěâáï äőàňãńőľ

fl(x) = ( x_0 + ix_1 x_2 + ix_3 −x_2 + ix_3 x_0 − ix_1 ) : (4.19)

Ŋěďőńčő ŕàőćěàĺâì, çâő łőňŕńěłáĺäĺłăæĺï őâőąàăęěŋĺï fl^C : H ⊗_R C → C^{2×2} ïćńïěâáï ĺğőňőàäĺğňőň ăńčěąà, ãďőćńěâćőàïîéĺň (4.17).

Šěŕěàì àăááňőâàĺň őâőąàăęěŋĺě

`: H → C^{4×4} ; (4.20)

112 Ŋ. Ă. ŠđŘĹŊ

ğăďăćăěňőě ňăâàĺæěľ

`(x) = ( 0 fl(x) −fl(x)^∗ 0 ) : Šăłőě őâőąàăęěŋĺě ãďőćńěâćőàïěâ ãáńőćĺïň (4.18), ŕőíâőňã ňőęěâ ąëâì ŕàőďőńęěŋő ďő ĺğőňőàäĺğňă `: C^C (H ) → C^{4×4} ăńčěąà.

Ŕőáńěďŋïï äőàňãńă ŕőłăğëćăěâ, çâő ć çěâëàěåňěàŋőň áńãçăě ŕàěďáâăćńěŋĺě ďőÄ ŕãáłăěâ àăğńőęěŋĺě W = C^2 ⊕ C^2 , áőåàăŋïîéěěáï ŕàĺ ďěľáâćĺĺ çěâŋëå íńěňěŋâőć ăńčěąàë Łńĺääőàďă.

Ćëąàăć ąăğĺá, ňë őďŋőćàěňěŋŋő äĺłáĺàãěň őàĺěŋâăæĺî ŕàőáâàăŋáâćă V , ĺ őąőğŋăÄ çĺň çěàěğ ” = e_{2n} · : : : · e_1 ∈ C(V ) (4.21) ěďĺŋĺçŋëľ íńěňěŋâ áâěŕěŋĺ 2n, ŕőńãçăěňëľ ĺğ ŕőńőęĺâěńìŋő őàĺěŋâĺàőćăŋŋőčő ąăÄ ğĺáă. Šőčďă ”^2 = (−1)^n ĺ, áńěďőćăâěńìŋő, áãéěáâćãěâ àăğńőęěŋĺě W = W^+ ⊕ W^−, ğăďăćăěňőě ãáńőćĺěň W^± = {x ∈ W | `(”)x = ±i^nx}: (4.22) Ğăňěâĺň, çâő ŕàĺ áňěŋě őàĺěŋâăæĺĺ ŕàőáâàăŋáâćă áńăčăěňëě W^+ ĺ W^− ŕàőáâő ňěŋïÄ îâáï ňěáâăňĺ. Ŋěáńő

118 Ŋ. Ă. ŠđŘĹŊ

çàěğćëçăľŋő áâěáŋĺâěńìŋëě őčàăŋĺçěŋĺï ŋă łőŋäĺčãàăæĺî ŕőńěľ. Ŋěőąåőďĺňőáâì ğăąàăłőćăâì ąőńìèĺŋáâćő âěőàĺľ ąëńă ŋăğćăŋă íääěłâőň \ňőáłőćáłőčő ŋãńï", ĺ Ńăŋďăã ďăęě ŕàěďńőęĺń ãáâàőĺâì âőàęěáâćěŋŋëě ŕőåőàőŋë ńăčàăŋęĺăŋă. Őďŋăłő \ąěďŋőáâì ŋě ŕőàőł", ĺ ďăęě ąěďŋëě łőŋäĺčãàăæĺĺ ŕàĺćőďïâ ł ąńěáâïéěňã àăğćĺâĺî âěőàĺĺ (áň., ŋăŕàĺňěà, [25]). Ă ďńï ŕőńŋőčő őŕĺáăŋĺï łőŋäĺčãàăæĺľ ďńï C P^2 ĺ áćïğĺ á ĺáłńîçĺâěńìŋëňĺ àăááńőěŋĺïňĺ áň. [12]. Ąãďãâ ńĺ ŕőńěğŋë \ŋě łćăŋâãîéĺěáï" łńăááĺçěáłĺě âěőàĺĺ ďńï ňăâěňăâĺłőć { ćőŕàőá őâłàëâëľ, ŋő ŕàĺ ĺå ĺááńěďőćăŋĺĺ ňăâěňăâĺłĺ ŋě ňőčãâ àăááçĺâëćăâì ŋă ŕőňőéì äĺğĺłőć.

4.4. Ĺŋćăàĺăŋâë Ğăľąěàčă{Ćĺââěŋă. Ĺâăł, łăł ãęě ąëńő áłăğăŋő ćëèě,ĞăľÄ ąěàč ĺ Ćĺââěŋ àăááňăâàĺćăîâ áńãçăľ, łőčďă ňŋőčőőąàăğĺě ňőďãńěľ ňőŋőŕőńěľ ĺňěěâ ŋãńěćãî àăğňěàŋőáâì, â.ě. áőáâőĺâ ŕàőáâő ĺğ âőçěł. Ůâőąë áőáâăćĺâì ăńìâěàŋĺàőćăŋÄ ŋãî áãňňã, ŋěőąåőďĺňő ãąěďĺâìáï ć łőŋěçŋőáâĺ ňŋőęěáâćă àěèěŋĺľ ãàăćŋěŋĺï ňőŋőÄ ŕőńï (ć íâőň àăğďěńě ňë ąãďěň ĺňěâì ďěńő âőńìłő á A-ňőŋőŕőńïňĺ ĺ ąãďěň áőłàăéăâì őąőğŋăçěŋĺï) ć íâőň áńãçăě.

Łőŋěçŋőáâì ňŋőęěáâćă àěèěŋĺľ áńěďãěâ ĺğ łőňŕăłâŋőáâĺ M_c. Ďńï ďőłăğăâěńìáâćă łőňŕăłâŋőáâĺ ŋěőąåőďĺňő ćőáŕőńìğőćăâìáï äőàňãńőľ Ćěľæěŋąőłă

D^∗_aD_a(˘) = ∇^∗_a∇_a˘ + 1 4 R˘ − 1 2 F^+_a (˘); (4.46)

čďě ˘ { ŕàőĺğćőńìŋëľ áŕĺŋőà ŕàăćőľ łĺàăńìŋőáâĺ, ă R { áłăńïàŋăï łàĺćĺğŋă ňŋőčőÄ őąàăğĺï X. Šőčďă ďńï àěèěŋĺï ãàăćŋěŋĺï ňőŋőŕőńï áŕàăćěďńĺćő ãâćěàęďěŋĺě

|˘|^2 ⩽ max(0; −R); (4.47)

ŕàĺçěň łćăďàăâ ňőďãńï áŕĺŋőàă ąěàěâáï ć âőľ âőçłě ňŋőčőőąàăğĺï, čďě őŋ ňăłáĺňăńěŋ.

Ćëłńăďłĺ ďőáâăâőçŋő ŕàőáâë: ć âőçłě, čďě |˘|^2 ňăłáĺňăńěŋ, ćëçĺáńïěň

0 ⩽ ´|˘|^2 = 2⟨∇^∗_a∇_a˘; ˘⟩ + 2⟨∇_a˘; ∇_a˘⟩ ⩽ 2⟨∇^∗_a∇_a˘; ˘⟩ = − 1 4 S|˘|^2 + ⟨i(˘ ⊗ ˘)_0˘; ˘⟩ = − 1 2 S|˘|^2 − 1 2 |˘|^4: (4.48)

Ĺ ěáńĺ ć âőçłě áćőěčő ňăłáĺňãňă |˘|^2 őâńĺçěŋ őâ ŋãńï, âő ŕőáńě őçěćĺďŋőčő ďěńěŋĺï ŕőńãçăěň ãáńőćĺě (4.47).

İâő ãáńőćĺě ďăěâ őąéãî C^0-őčàăŋĺçěŋŋőáâì áŕĺŋőàŋőľ çăáâĺ ńîąőčő àěèěŋĺï, ĺğ çěčő ŕãâěň áâăŋďăàâŋőčő àăááãęďěŋĺï ŕőńãçăěâáï łőňŕăłâŋőáâì ňŋőčőőąàăğĺï ňőďãÄ ńěľ ňőŋőŕőńěľ. Łàőňě âőčő, íâő ãáńőćĺě ŕőłăğëćăěâ, çâő ŋěâàĺćĺăńìŋëå àěèěŋĺľ ãàăćŋěŋĺï ňőŋőŕőńï ŋěâ ŋă ňŋőčőőąàăğĺïå,ďőŕãáłăîéĺå ŕőńőęĺâěńìŋãî áłăńïàŋãî łàĺćĺğŋã. Ă âàĺćĺăńìŋëå ŋěâ, ŕőâőňã çâő ŋěâ ăąěńěćëå ĺŋáâăŋâőŋőć { ć áńãçăě őąéěľ ňěâàĺłĺ.

Ŋěłőňŕăłâŋőáâì ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋâőŋőć ćőğŋĺłăńă ĺğ-ğă âőčő, çâő ŕàěÄ ďěńìŋëňĺ áćïğŋőáâïňĺ ćëáâãŕăńĺ ĺďěăńìŋëě áćïğŋőáâĺ (áň. àăğďěń 3.1 ŋăáâőïéěčő őąğőàă). Őŋĺ, ć áćőî őçěàěďì, ćőğŋĺłăńĺ ĺğŋăçăńìŋő ŋă R^4 , łăł àěğãńìâăâë áęăâĺï ĺŋáâăŋâőŋőć. Ŋő âăł łăł R^4 { łőŋäőàňŋő ŕńőáłőě ŕàőáâàăŋáâćő, áłăńïàŋăï łàĺćĺğŋă łőâőàőčő àăćŋă ŋãńî, âő ňőŋőŕőńěľ ŋă íâőň ŕàőáâàăŋáâćě ŋě áãéěáâćãěâ. Ĺ ŕőíâőňã ŋě áãéěáâćãěâ \áęăâëå" ňőŋőŕőńěľ, ňőčãéĺå ŋăàãèăâì łőňŕăłâŋőáâì M_c.

Ćěàŋěňáï ł őŕàěďěńěŋĺî ĺŋćăàĺăŋâőć. Łăł ãęě ąëńő ãłăğăŋő, ć áńãçăě àăćěŋáâćă ŋãńî ĺŋďěłáă őŕěàăâőàă T = T (c) ňŋőčőőąàăğĺě ňőďãńěľ ňőŋőŕőńěľ ŋãńìňěàŋő, â.ě.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 119

áőáâőĺâ ĺğ ŋěłőâőàőčő ňŋőęěáâćă âőçěł łőŋäĺčãàăæĺőŋŋőčő ŕàőáâàăŋáâćă, ŕàĺçěň łőÄ ŋěçŋőčő ňŋőęěáâćă { íâő áńěďãěâ ĺğ łőňŕăłâŋőáâĺ M_c. Łăęďőľ âăłőľ âőçłě ňőęŋő áőŕőáâăćĺâì ğŋăł ”_{i;c} = ±1 ć ğăćĺáĺňőáâĺ őâ ğŋăłă ďěâěàňĺŋăŋâă T . Śőáâăćĺň ăńìÄ âěàŋĺàőćăŋŋãî áãňňã: N(c) = ∑ i ”_{i;c}; (4.49)

łőâőàăï ŕàĺ ěáâěáâćěŋŋëå ãáńőćĺïå âàăŋáćěàáăńìŋőáâĺ ĺ ąãďěâ ĺŋćăàĺăŋâőň ŕőďńěÄ ęăéěčő ňŋőčőőąàăğĺï.

Ďńï âőčő çâőąë ćëïáŋĺâì, őŕàěďěńěŋ ńĺ ğŋăł ďěâěàňĺŋăŋâă T , ďőáâăâőçŋő őŕïâì ďěÄ äőàňĺàőćăâì íâőâ őŕěàăâőà ć ŕàïňãî áãňňã őŕěàăâőàőć Ďĺàăłă ĺ d + d^∗. Ŕěàćëľ ĺğ ŋĺå ĺňěěâ ěáâěáâćěŋŋãî őàĺěŋâăæĺî { łăł łőňŕńěłáŋëľ őŕěàăâőà, àăááňăâàĺćăěňëľ łăł ćěéěáâćěŋŋëľ. Ćâőàőľ ŋě ğăćĺáĺâ őâ áćïğŋőáâĺ ĺ áŕĺŋőàă (â.ě. őâ âőçłĺ łőŋäĺÄ čãàăæĺőŋŋőčő ŕàőáâàăŋáâćă), ĺ ěčő ďěâěàňĺŋăŋâŋőě àăááńőěŋĺě âàĺćĺăńĺğãěâáï àăğ ĺ ŋăćáěčďă ćëąőàőň őàĺěŋâăæĺĺ ŋă H^1(X; R)⊕H^+ (X; R). Ğăňěâĺň, çâő âăłőľ ęě ćëąőà ąëń ŋěőąåőďĺň ďńï őàĺěŋâăæĺĺ ĺ ć âěőàĺĺ Ďőŋăńìďáőŋă.

Ćőőąéě, çĺáńő àěèěŋĺľ áĺáâěňë ãàăćŋěŋĺľ á ãçěâőň ğŋăłă ďěâěàňĺŋăŋâă őŕěàăâőÄ àă, ŕőåőęěčő ŋă T , ïćńïěâáï âőŕőńőčĺçěáłĺň ĺŋćăàĺăŋâőň, ěáńĺ ňőęěâ ąëâì ãáâăŋőćÄ ńěŋă ŕőďåőďïéăï łőňŕăłâŋőáâì, â.ě., ć ŋăèěň áńãçăě, ěáńĺ łăńĺąàőćőçŋő ĺŋćăàĺăŋâÄ ŋăï áĺáâěňă ãàăćŋěŋĺľ ĺňěěâ àěèěŋĺï, őąńăďăîéĺě łőňŕăłâŋőáâìî ĺ áćőąőďőľ ďěľáâÄ ćĺï ŋă ŋĺå łăńĺąàőćőçŋőľ čàãŕŕë. Ő łőňŕăłâŋőáâĺ ãęě ąëńő áłăğăŋő ćëèě, ă áćőąőďă áńěďãěâ ĺğ âőčő, çâő ŋěâ âàĺćĺăńìŋëå àěèěŋĺľ, âăł łăł ŋěâ ăąěńěćëå ĺŋáâăŋâőŋőć.

Ďěľáâćĺâěńìŋő, ăąěńěćëå ĺŋáâăŋâőŋőć ć áńãçăě ŋěőŕàěďěńěŋŋőľ äőàňë ĺ őąéěľ ňěâàĺłĺ ŋěâ ŕő áńěďãîéěľ ŕàĺçĺŋě. Šăł łăł F=(2ß) ŕàěďáâăćńïěâ ŕěàćëľ łńăáá ŮěàÄ ŋă àăááńőěŋĺï L ć łőčőňőńőčĺïå, âő íâő æěńőçĺáńěŋŋëľ łńăáá. Ěáńĺ F^+ = 0, âő F=(2ß) ńěęĺâ ć ŕěàěáěçěŋĺĺ æěńőçĺáńěŋŋőľ àěèěâłĺ ć H^2(X; R) ĺ ŕőďŕàőáâàăŋáâćă ăŋâĺăćÄ âőďãăńìŋëå čăàňőŋĺçěáłĺå łńăááőć H^−(X; R). İâő ŕőďŕàőáâàăŋáâćő ŋě ŕãáâő, âăł łăł ňë ŕàěďŕőńăčăěň b^+_2 ⩾ 1. Ŕàĺ ĺğňěŋěŋĺĺ ňěâàĺłĺ íâő ŕőďŕàőáâàăŋáâćő ćàăéăěâÄ áï ćőłàãč ŋãńï, ĺ ć áńãçăě őąéěľ ňěâàĺłĺ âăłőě ŕěàěáěçěŋĺě áőáâőĺâ âőńìłő ĺğ ŋãńï (âěőàĺï ćěéěáâćěŋŋëå ŕěàĺőďőć àĺňăŋőćëå ňěâàĺł).

Śńěďőćăâěńìŋő, ďńï őąéěľ ňěâàĺłĺ ăąěńěćëå ĺŋáâăŋâőŋőć ŋěâ ĺ ĺŋćăàĺăŋâ n_c ćŕőńÄ ŋě őŕàěďěńěŋ. Ĺáłńîçěŋĺě áőáâăćńïěâ áńãçăľ, łőčďă c = 0 ĺ áãéěáâćãěâ âàĺćĺăńìŋëľ ăąěńěć ĺŋáâăŋâőŋ. Ďńï őŕàěďěńěŋĺï ĺŋćăàĺăŋâă n_0 ŋěőąåőďĺňő ďěäőàňĺàőćăâì ãàăćÄ ŋěŋĺě ňőŋőŕőńï, ćőğňãâĺć á ŕőňőéìî ăćâőďãăńìŋőľ äőàňë ãàăćŋěŋĺě ŋă łàĺćĺğŋã

F^+_a = i(˘ ⊗ ˘)_0 − ȷ: (4.50)

İâĺň ćőğňãéěŋĺěň ňë ďőáâĺčăěň áćőąőďë ďěľáâćĺï łăńĺąàőćőçŋőľ čàãŕŕë ŋă ŕàőÄ áâàăŋáâćě àěèěŋĺľ, ă ďăńìèě ďěľáâćãěň łăł ĺ ŕàěęďě { ŋăåőďĺň çĺáńő âőçěł, áçĺâăěň ăńìâěàŋĺàőćăŋŋãî áãňňã ĺ ŕőńãçăěň n_0. İâő çĺáńő ŋě ąãďěâ ğăćĺáěâì őâ ŋěŕàěàëćŋőľ ďěäőàňăæĺĺ äőàňë ȷ ≠ 0, ĺ ěáńĺ ŕàěďŕőńőęĺâì b^+_2 ¿ 1, âő ĺğ-ğă áćïğŋőáâĺ ŕàőáâàăŋÄ áâćă ćáěå ćőğňőęŋëå ȷ ŕőńãçăěň æěńőçĺáńěŋŋëľ âőŕőńőčĺçěáłĺľ ĺŋćăàĺăŋâ. Łăł ãęě őąáãęďăńőáì ć àăğďěńě 4.3, íâő ďăěâ ĺŋćăàĺăŋâ čńăďłőľ áâàãłâãàë ŕőďńěęăéěčő ňŋőÄ čőőąàăğĺï.

Ŋěőąåőďĺňő őâňěâĺâì, çâő ĺŋćăàĺăŋâë N(c) ŋě àăćŋë ŋãńî âőńìłő ďńï ďőáâăâőçŋőÄ čő ňăńőčő ŕőďňŋőęěáâćă łńăááőć łőčőňőńőčĺľ, łőâőàëě ŕàĺŋïâő ŋăğëćăâì ąăğĺáŋëňĺ

120 Ŋ. Ă. ŠđŘĹŊ

łńăááăňĺ âěőàĺĺ Ğăľąěàčă{Ćĺââěŋă. Ňŋőęěáâćő íâĺå łńăááőć (őçěćĺďŋő ĺŋćăàĺăŋâÄ ŋőě őâŋőáĺâěńìŋő áňěŋë ğŋăłă)

{±fi_1; : : : ; ±fi_N }_{SW} ⊂ H^2_{spin}(X; Z) (4.51)

ćő ćáěň ňŋőęěáâćě Spin^C -áâàãłâãà (őŕïâì ęě ŕő ňőďãńî âàĺćĺăńìŋőáâĺ 2-łàãçěŋĺï) őŕàěďěńïěâ ŕőńĺŋőň Ńőàăŋă

SW_X = n_0 + N∑ i=1 n(fi_i) ( t_i + (−1)^{b++1}2 t^{−1}_i ) ; (4.52)

čďě, ć âőçŋőáâĺ łăł ć (3.38), ŕěàěňěŋŋăï t_i = exp(fi_i) á äőàňăńìŋëň ŕàăćĺńőň t_{ff+fi} = t_fft_fi.

Ŕőďàěèěâłă L_{SW} ⊂ H^2(X; Z), ŋăâïŋãâăï ŋă ąăğĺáŋëě łńăááë, ĺŋćăàĺăŋâŋă őâÄ ŋőáĺâěńìŋő čàãŕŕë Di¸^+(X). İâő { ăŋăńőč àěèěâłĺ Ŕĺłăàă ăńčěąàăĺçěáłőľ ŕőćěàåÄ ŋőáâĺ (ŕő ňěŋìèěľ ňěàě { ŕő áćőěľ ćăęŋőáâĺ). Őďŋăłő ŋěâàĺćĺăńìŋőáâì ěě ňë ňőęěň čăàăŋâĺàőćăâì âăłęě ďńï łěńěàőćëå ĺ áĺňŕńěłâĺçěáłĺå ňŋőčőőąàăğĺľ (ĺ \ąńĺğłĺå" ł ŋĺň { áň. § 6).

Ŕàĺćěďěň łàăâłãî áåěňã őâëáłăŋĺï ąăğĺáŋëå łńăááőć ć íâĺå áńãçăïå. Ğăňěâĺň, çâő ãáńőćĺě ĺŋâěčàĺàãěňőáâĺ ŕőçâĺ łőňŕńěłáŋőľ áâàãłâãàë ŋĺčďě ŋě âàěąãěâáï, ŕőíÄ âőňã áńãçăĺ ŕőçâĺ ŋě àăğńĺçăîâáï: ŋăńĺçĺě ŕőçâĺ łőňŕńěłáŋőľ áâàãłâãàë I àăćŋőÄ áĺńìŋő áãéěáâćőćăŋĺî ŕăàë áŕĺŋőàŋőčő àăááńőěŋĺï W^+ á c_2(W^+) = 0, ąőńěě âőčő, ďőŕãáłăîéěčő àăğńőęěŋĺě W^+ = O ⊕ K^{−1}. Šő ěáâì áŕĺŋőàŋőě àăááńőěŋĺě á âőçŋőáÄ âìî ďő ńĺŋěľŋőľ ŕőďłàãâłĺ { ćëąőàă Spin^C -áâàãłâãàë { àăáłńăďëćăěâáï ć ŕàïňãî áãňňã W^+ ⊗ L = L ⊕ (K^{−1} ⊗ L); (4.53)

čďě K { łăŋőŋĺçěáłőě àăááńőěŋĺě.

Őąőğŋăçĺň łőňŕőŋěŋâë àăğńőęěŋĺï áŕĺŋőàă ˘ ć ŕěàćőň áńăčăěňőň ff, ă ćő ćâőàőň −ifi. Ćâőàőě ãàăćŋěŋĺě ňőŋőŕőńï àăáłńăďëćăěâáï ć áĺáâěňã

F^{2;0} = fffi;

F^{1;1}_! = − 1 2 !(|ff|^2 − |fi|^2);

F^{0;2} = fffi;

(4.54)

čďě ! { łěńěàőćă äőàňă. Ĺğ áőőąàăęěŋĺľ áĺňňěâàĺĺ äãŋłæĺőŋăńă ďěľáâćĺï ć íâőň áńãçăě áńěďãěâ, çâő ěáńĺ àăááňőâàěâì őŕěàăæĺî

a → a; ff → ff; fi → −fi; (4.55)

âő àěèěŋĺï ãàăćŋěŋĺï ŕěàěåőďïâ ć àěèěŋĺï. Ĺğ íâőčő áńěďãěâ, çâő ďńï âăłőčő àőďă àěèěŋĺľ 0 = F^{2;0} = F^{0;2} = fffi: (4.56)

Řăćěŋáâćő ŋãńî F^{0;2} ć âőçŋőáâĺ őğŋăçăěâ, çâő áćïğŋőáâì a ğăďăěâ ŋă L čőńőňőàäŋãî áâàãłâãàã. Ĺ ąăğĺáŋëě łńăááë (őŕàěďěńïěňëě ãáńőćĺěň, çâő (4.54) ĺňěěâ àěèěŋĺï) ĺňěîâ åőďęěć âĺŕ (1; 1) ďńï ńîąőľ łěńěàőćőľ áâàãłâãàë ŋă X.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 121

Śŕőáőą àăğńĺçĺâì, łăłőě ĺğ áěçěŋĺľ { ff ĺńĺ fi { őąàăéăěâáï ć ŋãńì, ďőáâăâőçŋő ŕàőáâ: ŕàőĺŋâěčàĺàãěň (1; 1)-çăáâì ãàăćŋěŋĺľ (4.54) ĺ ŕőńãçĺň 1 2ß ∫ X ! ∧ F = − 1 4ß ∫ X ! ∧ ! · (|ff|^2 − |fi|^2):

Śńěćă áâőĺâ âőŕőńőčĺçěáłĺľ ĺŋćăàĺăŋâ, ă ĺňěŋŋő J = [!]c_1(L), àăćěŋáâćő łőâőàőÄ čő ŋãńî őğŋăçăěâ áãéěáâćőćăŋĺě ŋěâàĺćĺăńìŋëå ăąěńěćëå ĺŋáâăŋâőŋőć. Ŕő ŋăèěňã áőčńăèěŋĺî ňë àăááňăâàĺćăěň âőńìłő âě ňěâàĺłĺ, ďńï łőâőàëå âăłőćëå ŋěâ. Šőčďă ěáńĺ J ¡ 0, âő ff ≠ 0, fi = 0, ĺ ŋăőąőàőâ.

Ěáńĺ J ¡ 0, âő ňŋőčőőąàăğĺě ňőďãńěľ ňőŋőŕőńěľ ěáâěáâćěŋŋő őâőęďěáâćĺâì á ŕăàăÄ ňĺ, áőáâőïéĺňĺ ĺğ łőňŕńěłáŋőľ áâàãłâãàë ŋă L ĺ ŋěŋãńěćőčő čőńőňőàäŋőčő áěçěŋĺï àăááńőěŋĺï L, á âőçŋőáâìî ďő ãňŋőęěŋĺï. Ć áńãçăě J ¿ 0 ćňěáâő íâőčő àăááńőěŋĺï ŋăďő àăááňőâàěâì K^{−1} ⊗ L.

Ć ŋăèěň őďŋőáćïğŋőň áńãçăě łőňŕńěłáŋăï áâàãłâãàă ŋă L (ěáńĺ őŋă áãéěáâćãěâ) ěďĺŋáâćěŋŋă ĺ ňŋőčőőąàăğĺě ňőďãńěľ àěèěŋĺľ ěáâì ŕàőáâő łőňŕńěłáŋőě ŕàőěłâĺćŋőě ŕàőáâàăŋáâćő PH^0(X; K^{−1} ⊗ L) ĺńĺ PH^0(X; L), ć ğăćĺáĺňőáâĺ őâ ğŋăłă J.

Ğăňěâĺň, çâő íâĺ ŕàőěłâĺćŋëě ŕàőáâàăŋáâćă çăáâő ĺňěîâ àăğňěàŋőáâì^{b++1}_2 , ąőńìÄ èãî, çěň ćĺàâãăńìŋăï àăğňěàŋőáâì ňŋőčőőąàăğĺï ňőďãńěľ ňőŋőŕőńěľ. İâő áńěďáâćĺě âőčő, çâő łěńěàőćă ňěâàĺłă ďăńěłő ŋě őąéăï, ă łěńěàőćă čěőňěâàĺï ŋě \âàăŋáćěàáăńìÄ ŋă"(áň. [23]).

Ůâőąë ŕàěőďőńěâì íâőâ íääěłâ, ŋěőąåőďĺňő ćőğňãâĺâì ãàăćŋěŋĺě ňőŋőŕőńï, łăł íâő ąëńő áďěńăŋő ć (4.50). Ďńï łěńěàőćă ňŋőčőőąàăğĺï ãáńőćĺě b^+_2 ¿ 1 íłćĺćăńěŋâŋő âőňã, çâő H^{2;0} ≠ 0, ŕőíâőňã ňë ňőęěň ćëąàăâì ćőğňãéěŋĺě ć ćĺďě ŋěŋãńěćőľ čőńőÄ ňőàäŋőľ 2-äőàňë ȷ. Šőčďă ćőğňãéěŋŋőě ãàăćŋěŋĺě ňőŋőŕőńï àăáłńăďëćăěâáï ć áĺáÄ âěňã F^{2;0} = fffi − ȷ;

F^{1;1}_! = −!(|ff|^2 − |fi|^2); F^{0;2} = fffi − ȷ;

(4.57)

ă çăáâì á őŕěàăâőàőň Ďĺàăłă őáâăěâáï âőľ ęě, çâő ĺ ćëèě. Ŕàĺ íâőň ěáâěáâćěŋŋő őčàăÄ ŋĺçĺâìáï áńãçăěň, łőčďă ŕěàćëľ łńăáá Ůěàŋă L ĺňěěâ âĺŕ (1; 1), ĺŋăçě ŋěćőğňãéěŋŋőě ňŋőčőőąàăğĺě ňőďãńěľ ŕãáâő.

Łăł ĺ àăŋěě, ŕàěőąàăğőćăŋĺě

a → a; ff → ff; fi → fi; ȷ → −ȷ (4.58)

ŋě ïćńïěâáï ăćâőňőàäĺğňőň ãàăćŋěŋĺï ňőŋőŕőńï, ŋő őáâăćńïěâ ŋěĺğňěŋŋëň äãŋłæĺÄ őŋăń ďěľáâćĺï, ğŋăçĺâ, àěèěŋĺï ŕőď ďěľáâćĺěň íâőčő ŕàěőąàăğőćăŋĺï ŕěàěåőďïâ ć àěÄ èěŋĺï. Ŕőíâőňã 0 = F^{0;2} = F^{2;0} = fffi − ȷ; (4.59)

ĺ őŕïâì ãáńőćĺě 0 = F^{0;2} őğŋăçăěâ, çâő áćïğŋőáâì őŕàěďěńïěâ ŋă L čőńőňőàäŋãî áâàãłâãàã.

Ĺ âěŕěàì ňë ňőęěň ćĺďőĺğňěŋĺâì őŕàěďěńěŋĺě ąăğĺáŋëå łńăááőć:

1) íâő łńăááë ćĺďă x = −c_1(L), łőâőàëě 2) ďńï ńîąőčő ćëąőàă ȷ ∈ H^0(X; K) ďőŕãáłăîâ àăğńőęěŋĺě ȷ = ff · fi, čďě ff, fi { áěçěŋĺï àăááńőěŋĺľ L ĺ K^{−1} ⊗ L áőőâćěâáâćěŋŋő, ŕàĺçěň 3) x^2 = K^2.

122 Ŋ. Ă. ŠđŘĹŊ

Ďńï ąőńěě ïćŋőčő őŕĺáăŋĺï őŕàěďěńĺň łńăáá ȷ łăł áãňňã ŋěŕàĺćőďĺňëå łőňŕőŋěŋâ C_i á łàăâŋőáâïňĺ r_i. Šőčďă c_1(K) = ∑ i r_i[C_i] (4.60)

ĺ áãéěáâćőćăŋĺě àăğńőęěŋĺï ȷ = fffi őğŋăçăěâ, çâő

c_1(L) = ∑ i s_i[C_i]; (4.61)

čďě łàăâŋőáâĺ s_i ãďőćńěâćőàïîâ ŋěàăćěŋáâćăň 0 ⩽ s_i ⩽ r_i. Ŕěàćëľ łńăáá Ůěàŋă àăááńőěŋĺï L, áńěďőćăâěńìŋő, àăćěŋ

c_1(L) = ∑ i ( s_i − 1 2 r_i ) [C_i]; (4.62)

ĺ ąăğĺáŋëě łńăááë ŕő ãáńőćĺî 1) ĺňěîâ ćĺď

x = − ∑ i (s_i − r_i)[C_i]: (4.63)

Ŕőáńěďŋěě ãáńőćĺě (x^2 = K^2) ŋãęďăěâáï ć àăááňőâàěŋĺĺ ć łăęďőň łőŋłàěâŋőň áńãçăě. Ŋăŕàĺňěà, ďńï íńńĺŕâĺçěáłőľ ŕőćěàåŋőáâĺ C_iC_j = 0 ďńï ńîąëå i ĺ j, ŕőíâőÄ ňã íâő ãáńőćĺě ćëŕőńŋïěâáï ăćâőňăâĺçěáłĺ:

x^2 = K^2 = 0:

Šěŕěàì ćěàŋěňáï ł ćőŕàőáã ő ğŋăłě ćłńăďă âőçěçŋőčő àěèěŋĺï ãàăćŋěŋĺï ňőŋőŕőńï, â.ě. ł ćőŕàőáã őą őàĺěŋâăæĺĺ.

Řăááňőâàĺň őąàăâĺňőě ńĺŋěľŋőě őâőąàăęěŋĺě T : E → F ďćãå ćěéěáâćěŋŋëå àăćÄ ŋőàăğňěàŋëå çěâŋőňěàŋëå ŕàőáâàăŋáâć, áŋăąęěŋŋëå łőňŕńěłáŋëňĺ áâàãłâãàăňĺ. ĚáÄ ńĺ T áőåàăŋïěâ łőňŕńěłáŋãî áâàãłâãàã, âő det T ¿ 0, ă ěáńĺ őąàăéăěâ, âőčďă ğŋăł ďěÄ âěàňĺŋăŋâă ğăćĺáĺâ őâ çěâŋőáâĺ łőňŕńěłáŋőľ àăğňěàŋőáâĺ E. Ă ĺňěŋŋő, sign(det T ) = (−1)^w, čďě w = dim_C E. Ŕãáâì T áőåàăŋïěâ łőňŕńěłáŋãî áâàãłâãàã, ŋő ŋě ïćńïÄ ěâáï őąàăâĺňëň, ă őŕěàăâőà T^′ : E → F , ćğăĺňŋő őďŋőğŋăçŋő őâőąàăęăîéĺľ ker T ŋă coker T , ąãďěâ őąàăéăîéĺň őàĺěŋâăæĺî. Šőčďă ďńï ňăńőčő ćěéěáâćěŋŋőčő ” ğŋăł det(T ⊕ ”T^′) áőćŕăďăěâ á (−1)^w, čďě, łăł ĺ ćëèě, w = dim_C ker T .

Řăáèĺàĺň íâĺ àăááãęďěŋĺï ŋă áńãçăľ ďćãå ćěłâőàŋëå àăááńőěŋĺľ U ĺ V , íńńĺŕÄ âĺçěáłőčő őŕěàăâőàă T , ďěľáâćãîéěčő ŋă áěçěŋĺïå `(U) → `(V ), ŋãńěćőčő ĺŋďěłáă ĺ ďőáâăâőçŋő âőŋłőľ ďěäőàňăæĺĺ T^′. Ć íâőň áńãçăě det(T ⊕ ”T^′) ŕőŋĺňăěâáï łăł ďěâěàÄ ňĺŋăŋâ Řěï{Ğĺŋčěàă{Łćĺńńěŋă.

Ć ŋăèěň áńãçăě T { ńĺŋěăàĺğăæĺï ŋěćőğňãéěŋŋőčő ãàăćŋěŋĺï ňőŋőŕőńï, ă T^′ { łőàÄ àěłæĺï, ŕàőŕőàæĺőŋăńìŋăï ȷ.

Łăł ć (4.40), őŕěàăâőà T ďěľáâćãěâ ŋă áěçěŋĺïå àăááńőěŋĺï U = ˙^1 ⊕ W^+, ŕàĺçěň ćâőàőě áńăčăěňőě àăááňăâàĺćăěâáï łăł ćěéěáâćěŋŋőě ćěłâőàŋőě àăááńőěŋĺě á ěáâěáÄ âćěŋŋőľ łőňŕńěłáŋőľ áâàãłâãàőľ. Šőčďă ĺ ŋă ŕěàćőň ŋěâàãďŋő ğăďăâì łőňŕńěłáŋãî áâàãłâãàã, ďěľáâćãîéãî ŋă ˙^{1;0} ĺ ˙^{0;1} ãňŋőęěŋĺěň ŋă +i ĺ −i áőőâćěâáâćěŋŋő. ŔőÄ åőęĺň őąàăğőň ĺ ŋă V = ˙^0 ⊕ ˙^+ ⊕ W^− ğăďăěâáï łőňŕńěłáŋăï áâàãłâãàă, áőćŕăÄ ďăîéăï á ěáâěáâćěŋŋőľ ŋă âàěâìěň áńăčăěňőň, ďěľáâćãîéăï ŋă ˙^{0;2} ĺ ˙^{2;0} őŕïâì ęě

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 123

ãňŋőęěŋĺěň ŋă +i ĺ −i áőőâćěâáâćěŋŋő ĺ ňěŋïîéăï ňěáâăňĺ őáâăńìŋëě ďćă áńăčăěÄ ňëě. Ŋěáńőęŋő ćĺďěâì, çâő T áőåàăŋïěâ őàĺěŋâăæĺî, ă T^′ őąàăéăěâ.

Ŕãáâì J ¿ 0, âőčďă fi = 0 ŕàĺ ȷ = 0 ĺ ćłńăď àěèěŋĺï, áőőâćěâáâćãîéěčő àăğńőęěÄ ŋĺî ȷ = ff · fi, àăćěŋ (−1)^w, čďě w = dim_C ker T . Őŕĺèěň íâőâ ćłńăď ăńčěąàő-čěőňěâÄ àĺçěáłĺ: àăááňőâàĺň âőçŋãî ŕőáńěďőćăâěńìŋőáâì ŕãçłőć 0 −−−−→ O^ff−−−−→ L −−−−→ O_C (D) −−−−→ 0; (4.64) čďě L = O(D), ă C { łàĺćăï ŋãńěľ ćńőęěŋĺï ff. §ďàő őŕěàăâőàă T ĺňěěâ âã ęě àăğÄ ňěàŋőáâì, çâő ĺ H^0(X; O_C (D)), ŕőíâőňã ćłńăď ć âőçŋőáâĺ áőćŕăďăěâ á àăğňěàŋőáâìî ŕőńŋőčő ńĺŋěľŋőčő àïďă áőőâćěâáâćãîéěčő ďĺćĺğőàă |D| (ĺńĺ D − K ć áńãçăě J ¡ 0).

Ŕàïňëň áńěďáâćĺěň íâőčő (ĺ äőàňãń (4.60){(4.63)) ïćńïěâáï áńěďãîéěě ãâćěàęďěÄ ŋĺě.

Ŕàěďńőęěŋĺě 4.1. Ŕãáâì X { őďŋőáćïğŋăï ăńčěąàăĺçěáłăï ŕőćěàåŋőáâì, łăÄ ŋőŋĺçěáłăï áĺáâěňă łőâőàőľ áőďěàęĺâ ŋěŕàĺćőďĺňëľ íääěłâĺćŋëľ ďĺćĺğőà D. Šőčďă (i) SW_X = t + (−1)^{pg (X)}t^{−1}; (4.65)

čďě t = exp([D]), ă p_g { čěőňěâàĺçěáłĺľ àőď ŕőćěàåŋőáâĺ; (ii) ďńï K3-ŕőćěàåŋőáâĺ SW_{K3} = 1; (4.66)

(iii) ďńï ŕőćěàåŋőáâĺ E(n) á íńńĺŕâĺçěáłĺň ŕãçłőň á áěçěŋĺěň čěőňěâàĺçěáÄ łőčő àőďă n − 1

SW_{E(n)} = (t + (−1)^{n−1}t^{−1})^{n−2}: (4.67)

Šăłĺě ęě àăááãęďěŋĺï ňőęŋő ŕàőćěáâĺ ĺ ć ďàãčĺå çăáâŋëå áńãçăïå ăńčěąàăĺçěáÄ łĺå ŕőćěàåŋőáâěľ. Ćăęŋëľ ćëćőď:

Ŕàěďńőęěŋĺě 4.2. Ďńï ăńčěąàăĺçěáłőľ ŕőćěàåŋőáâĺ ŕőńőęĺâěńìŋőčő čěőÄ ňěâàĺçěáłőčő àőďă

(i) łăŋőŋĺçěáłĺľ łńăáá ćáěčďă ïćńïěâáï äãŋďăňěŋâăńìŋëň łńăááőň (ĺ ć çăáâŋőáâĺ SW_X ≠ 0);

(ii) łőíääĺæĺěŋâ (4.52) n_K = ±1;

(iii) ŕőńĺŋőň Ńőàăŋă ïćńïěâáï ãŋĺňőďãńïàŋëň ŕő t_K , â.ě. ěčő áâăàèĺľ łőÄ íääĺæĺěŋâ àăćěŋ ±1.

İâĺ ãâćěàęďěŋĺï áŕàăćěďńĺćë ĺ ć ąőńìèěľ őąéŋőáâĺ.

Ŕàěďńőęěŋĺě 4.3 (Šăãąá). Şâćěàęďěŋĺï (i){(iii) ŕàěďńőęěŋĺï 4:2 ćěàŋë ĺ ďńï áĺňŕńěłâĺçěáłőčő ňŋőčőőąàăğĺï á b^+ ¿ 1.

Śőćáěň ŋěňŋőčő ŋãęŋő ŕàĺąăćĺâì ł ŋăèĺň ăàčãňěŋâăň ĺ łőŋáâàãłæĺïň (4.54){(4.56) ĺ (4.59), çâőąë ŕőńãçĺâì ŕőńŋőě ďőłăğăâěńìáâćő íâőčő äăłâă (áň., ŋăŕàĺňěà, [17]).

Ś áăňőčő ŋăçăńă çãćáâćőćăńăáì áćïğì ĺŋćăàĺăŋâőć Ďőŋăńìďáőŋă á ĺŋćăàĺăŋâăňĺ Ğăľąěàčă{Ćĺââěŋă. Ć çăáâŋőáâĺ, á ŕőňőéìî ŋőćëå ĺŋćăàĺăŋâőć ňőęŋő ďőłăğăâì âě ęě ãâćěàęďěŋĺï, çâő ąëńĺ ďőłăğăŋë Ďőŋăńìďáőŋőň.

124 Ŋ. Ă. ŠđŘĹŊ

Ŋăŕàĺňěà, äăłâ ő âőň, çâő ĺŋćăàĺăŋâë áćïğŋőľ áãňňë ďćãå ňŋőčőőąàăğĺľ á ŕőńőÄ ęĺâěńìŋëňĺ b^+_2 àăćŋë ŋãńî, ŕőłăğëćăěâ ĺ Ćĺââěŋ, ŋő ãęě ďńï ĺŋćăàĺăŋâőć, ćőğŋĺłăÄ îéĺå ĺğ ãàăćŋěŋĺï ňőŋőŕőńï.

Ŕàïňăï áćïğì ĺŋáâăŋâőŋőć ĺ ňőŋőŕőńěľ ŕàěďáâăćńěŋă ąőàďĺğňőň, ďőáâăćńïěňëň ŋěăąěńěćëňĺ ňőŋőŕőńïňĺ (B-ňőŋőŕőńïňĺ), àěçì ő łőâőàëå ŕőľďěâ ć áńěďãîéěň ŕăÄ àăčàăäě.

§ 5. Ŋěăąěńěćë ňőŋőŕőńĺ

Ć íâőň ŕăàăčàăäě ňë őŕàěďěńĺň ŋěăąěńěćë ňőŋőŕőńĺ (B-ňőŋőŕőńĺ). Ŕàĺ őŕàěďěÄ ńěŋĺĺ łőŋäĺčãàăæĺőŋŋőčő ŕàőáâàăŋáâćă ŋă áěľ àăğ ąãďěâ ŕőńěğŋő čěőňěâàĺçěáłőě őŕĺÄ áăŋĺě Spin^C -áâàãłâãà ďńï çěâëàěåňěàŋëå ňŋőčőőąàăğĺľ.

5.1. Łőŋäĺčãàăæĺőŋŋőě ŕàőáâàăŋáâćő. Řăááňőâàĺň čńăďłőě łőňŕăłâŋőě àĺÄ ňăŋőćő 4-ňŋőčőőąàăğĺě (X; g) ĺ E { U(2)-àăááńőěŋĺě ŋă M, â.ě. C^2 -àăááńőěŋĺě á äĺłÄ áĺàőćăŋŋőľ íàňĺâőćőľ äőàňőľ h ĺ łńăááăňĺ Ůěàŋă c_1, c_2. Ŕãáâì A(E) { ăääĺŋŋőě ŕàőáâàăŋáâćő íàňĺâőćëå áćïğŋőáâěľ ŋă E ĺ G_E { čàãŕŕă łăńĺąàőćőçŋëå ŕàěőąàăğőćăÄ ŋĺľ E_h, â.ě. čàãŕŕă ãŋĺâăàŋëå ăćâőňőàäĺğňőć E. Šőčďă àăğńőęěŋĺě ć őàâőčőŋăńìŋãî ŕàïňãî áãňňã ăńčěąà Ńĺ őŕàěďěńïěâ âőçŋãî ŕőáńěďőćăâěńìŋőáâì

1 → G_~2_E → G_E → G_{ad E} → 1; (5.1)

čďě ~^2E { ńĺŋěľŋőě àăááńőěŋĺě á ĺŋďãæĺàőćăŋŋőľ íàňĺâőćőľ äőàňőľ. Ŕőíâőňã ňë ĺňěěň ĺğőňőàäĺğňë ăääĺŋŋëå ŕàőáâàăŋáâć

A(E) = A(ad E) (5.2)

ĺ ŕàőáâàăŋáâć łńăááőć áćïğŋőáâěľ ŕő ňőďãńî ďěľáâćĺï łăńĺąàőćőçŋőľ čàãŕŕë:

B(E) = A(E)=G (E); B(ad E) = A(ad E)=G (ad E); B(~^2E) = A(~^2E)=G (~^2E); (5.3) łőâőàëě ŕàěćàăéăîâáï ć ąăŋăåőćë őàąĺäőńďë ŕőáńě ćëąőàă ĺŋďěłáőć áőąőńěćáłĺå ŋőàň ŋă ŕàőáâàăŋáâćăå ĺ čàãŕŕăå (áň., ŋăŕàĺňěà, čń. 1 ć [15]). Šě ęě ŕàőáâàăŋáâćă, ŋő ąěğ ŕàĺćőďĺňëå áćïğŋőáâěľ, ďăîâ čńăćŋőě G -àăááńőěŋĺě

A(ad E)^∗ → B(ad E)^∗: (5.4)

Ďăńěě, łăęďőě ŕàőáâàăŋáâćő áćïğŋőáâěľ ďőŕãáłăěâ G -íłćĺćăàĺăŋâŋőě őâőąàăęěŋĺě F : A(E) → ˙^2(u(E)), ŕěàěćőďïéěě áćïğŋőáâì ć ěě äőàňã łàĺćĺğŋë.

Ŋăŕőňŋĺň, çâő ďńï ŕàőáâàăŋáâćă A(L) ćáěå U(1)-áćïğŋőáâěľ ŋă ńĺŋěľŋőň àăááńőěÄ ŋĺĺ L \őâőąàăęěŋĺě ňőňěŋâőć" F őâŋőáĺâěńìŋő čàãŕŕë G :

F : A(L) → ˙^2;

áőŕőáâăćńïîéěě áćïğŋőáâĺ a ěě äőàňã łàĺćĺğŋë F (a), àăááńăĺćăěâáï ŋă őàąĺâë łăÄ ńĺąàőćłĺ ŋăď H^1(M; R)=H^1 (M; Z) (áň. [15]). Ŕőíâőňã ńîąăï őàąĺâă áćïğŋőáâěľ ŋă L őŕàěďěńïěâáï á âőçŋőáâìî ďő \ïłőąĺăŋă" H^1(M; R)=H^1 (M; Z) łăł 2-äőàňă ŋă M, ă ĺňěŋŋő äőàňă łàĺćĺğŋë íâĺå áćïğŋőáâěľ, ĺ łńăáá łőčőňőńőčĺľ [^1_{2ßi} F (a)] = c_1(L).

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 125

Ć őąéěň áńãçăě ďěľáâćĺě łăńĺąàőćőçŋőľ čàãŕŕë G (E) ŋă ŕàőáâàăŋáâćě ˙^2(End E) őŕàěďěńïěâ ćěłâőàŋőě àăááńőěŋĺě ß: H^2 → B(E)^∗ áő áńőěň ˙^2(ad E) ĺ őâőąàăęěŋĺě F { ěčő áěçěŋĺě.

Łăł ňë ãęě ğŋăěň, łőŋäőàňŋăï áâàãłâãàă ŋă X, őŕàěďěńěŋŋăï ćëąőàőň àĺňăŋőÄ ćőľ ňěâàĺłĺ g, ğăďăěâ ∗-àăğńőęěŋĺě ˙^2(ad E) = ˙^{2+}(ad E) ⊕ ˙^{2−}(ad E) ĺ, áńěďőćăÄ âěńìŋő, àăğńőęěŋĺě ćěłâőàŋëå àăááńőěŋĺľ ć ŕàïňãî áãňňã H^2 = H^{2+} ⊕ H^{2−} ďćãå àăááńőěŋĺľ ß±: H^{2±} → B(E)^∗ áő áńőěň ˙^{2±}(ad E) ĺ àăğńőęěŋĺě áěçěŋĺï F ć áãňÄ ňã F = F^+ + F^−, čďě F^± { áěçěŋĺï ćěłâőàŋëå àăááńőěŋĺľ F^± : B(E) → H^±. İâĺ áěçěŋĺï ãęě ĺňěîâ ŋěŕãáâëě ňŋőęěáâćă ŋãńěľ łăł ŕőďňŋőčőőąàăğĺï B(E):

(1) (F^+)_0 = M^g_{asd}, (2) (F^−)_0 = M^g_{sd}, { ňŋőčőőąàăğĺï ňőďãńěľ ăŋâĺĺŋáâăŋâőŋőć ĺ ĺŋáâăŋâőŋőć, łőâőàëě ňőčãâ àăááňăâàĺÄ ćăâìáï łăł łőŋěçŋőňěàŋëě őàąĺäőńďë ćĺàâãăńìŋëå àăğňěàŋőáâěľ

vdim M^g_{asd} = 8c_2(E) − 2c^2_1(E) − 3(b^+_2 + 1); vdim M^g_{sd} = 8c_2(E) − 2c^2_1(E) − 3(b^−_2 + 1):

(5.5)

(Ğďěáì ňë ŕàőáâő àăáèĺàĺńĺ SU(2)-áńãçăľ §2 ŋă U(2)-áńãçăľ.)

Ńěčłő ćĺďěâì, çâő M^g_{asd} ğăćĺáĺâ őâ w_2(E) = c_1(E) (mod 2) ĺ őâ ŋěŕőńőęĺâěńìŋőčő çĺáńă p_1(E) = c_1(E)^2 − 4c_2(E). Ğăćĺáĺňőáâì ŕàőáâàăŋáâćă ňőďãńěľ ĺŋáâăŋâőŋőć őâ âőŕőńőčĺçěáłőčő âĺŕă àăááńőěŋĺï E ňőęěâ ąëâì őâňěçěŋă ŕăàăňěâàăňĺ M^g_{asd}(w_2; p_1) (áőőâćěâáâćěŋŋő M^g_{sd}(w_2; p_1)).

Ŋăŕőňŋĺň íńěňěŋâăàŋëě łőŋáâàãłæĺĺ çěâëàěåňěàŋőľ àĺňăŋőćőľ čěőňěâàĺĺ. Ć ŕàőĺğćőńìŋőľ âőçłě p ∈ X ŋă łăáăâěńìŋőň ŕàőáâàăŋáâćě T_p = R^4 ĺ ěčő łőňŕńěłÄ áĺäĺłăæĺĺ T^C = C^4 őŕàěďěńěŋë ĺğőňőàäĺğň g^C : T^C → (T^C )^∗ ĺ łőňŕńěłáŋăï łćăďàĺłă Q ⊂ P^3 = PT^C_p , ğăďăŋŋëě ňěâàĺłőľ g. Łăł ćáěčďă, âăłăï ŋěćëàőęďěŋŋăï łőňŕńěłáŋăï łćăďàĺłă ěáâì ŕàïňőě ŕàőĺğćěďěŋĺě

Q_p = q^+_p × q^−_p ; q^±_p = C P^1; q^±_p = PW^±_p (∼= C P^1):

Ŕőíâőňã ďńï p ∈ X T^C_p = Hom(W^−_p ; W^+_p ) = W^{−∗}_p ⊗ W^+_p : (5.6)

Ŋő łćăďàăâĺçŋăï äőàňă g_p ćěéěáâćěŋŋă ĺ ŕőńőęĺâěńìŋă, áńěďőćăâěńìŋő, őŋă őŕàěÄ ďěńïěâ ŋőćãî ćěéěáâćěŋŋãî áâàãłâãàã J : W^±_p → W^±_p , J^2 = − id, ŋě ĺňěîéãî ćěÄ éěáâćěŋŋëå ćěłâőàőć (łćăâěàŋĺőŋŋőě ãňŋőęěŋĺě), á âőçŋőáâìî ďő őďŋőćàěňěŋŋőľ čőÄ ňőâěâĺĺ ŕàőáâàăŋáâć W^±, â.ě. íàňĺâőćã ňěâàĺłã ĺ áőćňěáâĺňãî áĺňŕńěłâĺçěáłãî áâàãłâãàã ŋă W^±_p á âőçŋőáâìî ďő čőňőâěâĺĺ. Ŕőíâőňã

T_p = Hom_J (W^−_p ; W^+_p ) (5.7)

{ ŕàőáâàăŋáâćő čőňőňőàäĺğňőć, áőåàăŋïîéĺå ćěéěáâćěŋŋãî áâàãłâãàã J.

Ďăńěě, ŋăď âőçłőľ p ∈ M ŕàőěłâĺćŋőě ŕàőáâàăŋáâćő P^5_p = P~^2T^C_p áőďěàęĺâ ďćě łćăďàĺłĺ: ~^2g^C_p ĺ čàăááňăŋĺăŋ G ŕàïňëå PT^C_p ĺńĺ łćăďàĺłã Łńěľŋă. Őąëçŋő ~^2g^C àăááňăâàĺćăěâáï łăł őâőęďěáâćńěŋĺě ~^2T^C = ~^2T^{C∗} . Šőčďă G ňőęŋő ŕàěďáâăćńïâì łăł áăňőáőŕàïęěŋŋëľ őŕěàăâőà

∗: ~^2T^{C∗} → ~^2T^{C∗} ; ∗^2 = id : (5.8)

126 Ŋ. Ă. ŠđŘĹŊ

İâő ĺ ěáâì ∗-őŕěàăâőà Ţőďęă á áőąáâćěŋŋëňĺ ŕőďŕàőáâàăŋáâćăňĺ

~^2T^{C∗} = ~^+_C ⊕ ~^−_C ; čďě ∗ | |_{~±} = ± · id; (5.9)

ğăďăîéĺľ ŋăèě àăğńőęěŋĺě.

Čěőňěâàĺçěáłĺ, ŕěàěáěçěŋĺï G∩P~^±_C = q^± ďăîâ áěňěľáâćă őąàăğãîéĺå łćăďàĺłĺ Q_p ŋă čàăááňăŋĺăŋě G.

Ďńï őďŋőğŋăçŋőčő őŕàěďěńěŋĺï íàňĺâőćőľ áâàãłâãàë ŋă W^± ňë ďőńęŋë äĺłáĺàőÄ ćăâì ŋěłőâőàãî íàňĺâőćã áâàãłâãàã ŋă ~^2W^±. Šőčďă íàňĺâőćă áâàãłâãàă ŋă W^± őŕàěďěńïěâ ĺğőňőàäĺğňë

W^±_p = Hom_C (W^±_p ; C ); W^±_p ⊗ W^±_p = End W^±_p (5.10) ĺ ad W^±_p = ~^±_{Cp} :

Ěáńĺ ß_{ad} : End W^±_p → ad W^±_p { áâăŋďăàâŋăï ŕàőěłæĺï, âő ňë ĺňěěň łćăďàăâĺçŋőě őâőąàăęěŋĺě

Œ_± : W^±_p → ~^±_{Cp} ; (5.11)

Œ_±(˘_p) = ß_{ad}(˘ ⊗ ˘) ďńï ˘ ∈ W^±_p :

Čěőňěâàĺçěáłĺ íâő őğŋăçăěâ, çâő ěáńĺ P˘_p ∈ PW^± = q^±, âő PŒ_±(˘_p) ∈ P~^±_{Cp} { ŕàőáâő âőçłă ŕěàěáěçěŋĺï łăáăâěńìŋëå ł łőŋĺłě q^±, ćğïâëå ć âőçłăå P˘_p ĺ P˘_p.

Ďăńěě, őâŋőáĺâěńìŋő ćěéěáâćěŋŋőľ áâàãłâãàë őŕěàăâőà ∗ ćěéěáâćěŋěŋ ĺ àăğńőęěÄ ŋĺě ŋă áőąáâćěŋŋëě ŕőďŕàőáâàăŋáâćă ćěéěáâćěŋŋő âőęě. Łőŋĺłĺ q^± ∈ P~^±_{Cp} ŋě ĺňěîâ ćěéěáâćěŋŋëå âőçěł, áńěďőćăâěńìŋő, őâőąàăęěŋĺï Œ_± ćěéěáâćěŋŋë ĺ ˘_p ≠ 0 =⇒ Œ(˘_p) ≠ 0. Őâőąàăęěŋĺï Œ_± (5.11) ćěéěáâćěŋŋë ĺ ad_J W^±_p = ~^±_p ; čďě J { ćěéěáâćěŋÄ ŋăï áâàãłâãàă.

Ůĺâăâěńì ãęě ğăňěâĺń, çâő ć íâőň ŕăàăčàăäě, ć őâńĺçĺě őâ ŕàěďëďãéĺå, ňë őąőÄ ğŋăçăěň áŕĺŋőàë ğăčńăćŋëňĺ ąãłćăňĺ. Ňë ćëŋãęďěŋë íâő ďěńăâì ŕőâőňã, çâő ňë ąãďěň ĺå áłàãçĺćăâì á ćěłâőàŋëňĺ àăááńőěŋĺïňĺ. Ňë ňőęěň àăááňőâàěâì áŕĺŋőà ˘_p łăł g_p-áőćňěáâĺňãî łőňŕńěłáŋãî áâàãłâãàã ŋă łăáăâěńìŋőň ŕàőáâàăŋáâćě T_p = R^4 , ğăďăŋŋãî łăł őŕěàăâőà I_p : T^C_p → T^C_p ; I^2_p = − id; (5.12)

çâő íłćĺćăńěŋâŋő àăğńőęěŋĺî ŋă áőąáâćěŋŋëě ŕőďŕàőáâàăŋáâćă

T^C_p = T^{0;1} ⊕ T^{1;0}; I | |_{T 1;0} = i · id; I | |_{T 0;1} = −i · id; čďě T^{0;1} = (C · ˘_p) ⊗ C ; T^{1;0} = (C · ˘_p) ⊗ C : (5.13)

Ŕàőěłâĺćĺğăæĺěľ íâĺå ŕőďŕàőáâàăŋáâć ąãďěâ ŕăàă ŕàïňëå ŋă łćăďàĺłě Q_p ∈ PT^C_p , łőâőàëě ďăîâ ŕăàã âőçěł PH^{2;0} ĺ PH^{0;2} ŋă łőŋĺłě q^+ ć P~^+_{Cp} , ĺ ŕěàěáěçěŋĺě łăáăÄ âěńìŋëå ć íâĺå âőçłăå ł łőŋĺłě ąãďěâ ŕàőěłâĺćĺğăæĺěľ áĺňŕńěłâĺçěáłőľ äőàňë !_p (= łěńěàőćă äőàňă). Ĺ ńőłăńìŋăï łőňŕőŋěŋâă Ţőďęă PH^{1;1} = ⟨!; ~^−_{Cp} ⟩.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 127

Ć íâőľ ĺŋâěàŕàěâăæĺĺ áŕĺŋőàőć őâőąàăęěŋĺě Œ áőŕőáâăćńïěâ łőňŕńěłáŋőľ áâàãłÄ âãàě ŋă T_p áĺňŕńěłâĺçěáłãî äőàňã áőőâćěâáâćãîéěľ íàňĺâőćőľ áâàãłâãàë, ãňŋőÄ ęěŋŋőľ ŋă ŋěłőâőàãî ćěéěáâćěŋŋãî äãŋłæĺî .

Šěŕěàì ćáě íâĺ őąêěłâë ĺ łőŋáâàãłæĺĺ ňőčãâ ąëâì čńőąăńĺğőćăŋë ŋăď X: ěáńĺ ß_1(X) = 0, âő ŕàőěłâĺćŋëě ŕàïňëě q^±_p áâăŋőćïâáï áńőïňĺ P^1-àăááńőěŋĺï q^±, ă ďćãÄ ňěàŋëě ŕàőáâàăŋáâćă W^±_p ć łăęďőľ p ∈ M { áńőïňĺ C^2 -àăááńőěŋĺľ W^± { áŕĺŋőàŋëå àăááńőěŋĺľ. Ňěâàĺłőľ íâĺ àăááńőěŋĺï őŕàěďěńěŋë á âőçŋőáâìî ďő ŕőďłàãâłĺ ŋă ńĺÄ ŋěľŋőě. Ňë ňőęěň (âăł łăł ß_1 = 0) őŕàěďěńĺâì ŕőďêěň ŕàőěłâĺćŋëå àăááńőěŋĺľ ďő ćěłâőàŋëå, äĺłáĺàãï ŕěàćëľ łńăáá Ůěàŋă c_1(W^±) ŕàĺ ãáńőćĺĺ c_1(W^±) ≡ w_2(M) (mod 2), čďě w_2(M) { ćâőàőľ łńăáá Ÿâĺääěńï{Şĺâŋĺ ňŋőčőőąàăğĺï M. Łăł ňë ãęě ğŋăěň, ćëąőà c_1(W^±) ŋăğëćăěâáï ćëąőàőň Spin^C -áâàãłâãàë. Łőňŕńěłáĺäĺłăæĺï łăÄ áăâěńìŋőčő àăááńőěŋĺï ŕàěďáâăćńïěâáï ć ćĺďě

T^C = Hom(W^−; W^+) = W^{−∗} ⊗ W^+: (5.14)

Ňěâàĺłă g őŕàěďěńïěâ ŕăàã SO(3)-áćïğŋőáâěľ Ńěćĺ-Ůĺćĺâă ŋă ŕăàě àăááńőěŋĺľ W^±. Ďőąăćńïï ł ŋĺň ńîąãî U(1)-áćïğŋőáâì ∇_{det} ŋă ńĺŋěľŋőň àăááńőěŋĺĺ L = ~^2W^±, ňë ŕőńãçĺň U(2)-áćïğŋőáâĺ ŋă W^±. Őďŋă ĺğ ŋĺå őŕàěďěńïěâ čőňőňőàäĺğň `(W^+) → `(W^+ ⊗ T^∗_C ) ŕàőáâàăŋáâćă áěçěŋĺľ, ă łőňŕőğĺæĺï

`(W^+) → `(W^+ ⊗ T^∗_C ) → `(W^−); (5.15)

čďě ŕőáńěďŋěě őâőąàăęěŋĺě őŕàěďěńïěâáï áćěàâłőľ, łăł ňë ğŋăěň, ŋăğëćăěâáï őŕěàăÄ âőàőň Ďĺàăłă (ğăďăćăěňőčő áćïğŋőáâìî ∇_{det} ŋă ~^2W^±).

Ś ďàãčőľ áâőàőŋë, ńőłăńìŋőě őâőąàăęěŋĺě (5.11) ňőęěâ ąëâì čńőąăńĺğőćăŋő ďő łćăďàăâĺçŋőčő őâőąàăęěŋĺï ćěłâőàŋëå àăááńőěŋĺľ:

Œ_± : W^± → ~^±; (5.16)

ĺ ğăďăěâ őâőąàăęěŋĺï áěçěŋĺľ:

`Œ_± : `(W^±) → `(~^±): (5.17)

Ńîąăï íàňĺâőćă áćïğŋőáâì a ∈ A(E) ŋă E ĺ őŕěàăâőà Ďĺàăłă (5.15) ğăďăîâ áłàãÄ çěŋŋëľ őŕěàăâőà Ďĺàăłă

D_a : `^∞(E ⊗ W^+) → `^∞(E ⊗ W^−) (5.18)

ŕő őąëçŋőňã ŕàăćĺńã Ńěľąŋĺæă. Ŋěâàãďŋő ćĺďěâì, çâő áłàãçěŋŋëľ őŕěàăâőà Ďĺàăłă ğăćĺáĺâ őâ ąěááńěďőćőľ ad-łőňŕőŋěŋâë a_0 áćïğŋőáâĺ a ĺ ĺŋďãæĺàőćăŋŋőľ áćïğŋőáâĺ ∇_{det} ŋă ńĺŋěľŋőň àăááńőěŋĺĺ L = det(E ⊗ W^±) = ~^2E ⊗ ~^2W^±. Šăłĺň őąàăğőň,

A(ad E) × A(L) (5.19)

ïćńïěâáï ŕàőáâàăŋáâćőň ŕăàăňěâàőć áěňěľáâćă őŕěàăâőàőć. Ďńï ŕàěćàăéěŋĺï íâőčő áěňěľáâćă ĺ ćáěå ŋăèĺå ŕàőáâàăŋáâć ć ąăŋăåőćë ŕàőáâàăŋáâćă ąěğ őčàăŋĺçěŋĺï őąéÄ ŋőáâĺ ňë ňőęěň ŕőâàěąőćăâì, çâőąë ŕàőáâàăŋáâćă áćïğŋőáâěľ ąëńĺ L^p_k-ŕàőáâàăŋáâÄ ćăňĺ, ă łăńĺąàőćőçŋëě ŕàěőąàăğőćăŋĺï { ŕàěőąàăğőćăŋĺïňĺ łńăááă L^p_{k+1}.

128 Ŋ. Ă. ŠđŘĹŊ

Śěňěľáâćő őŕěàăâőàőć (5.18) íłćĺćăàĺăŋâŋő ŕő ďěľáâćĺî łăńĺąàőćőçŋőľ čàãŕŕë. Ŕőíâőňã ňë ňőęěň àăááňőâàěâì íâő áěňěľáâćő łăł čőňőňőàäĺğň D ćěłâőàŋëå àăáÄ áńőěŋĺľ:

`^+ = (`(E ⊗ W^+) × A(ad E) × A(L))=G_E → A(ad E) × A(L)=G_E; `^− = (`(E ⊗ W^−) × A(ad E) × A(L))=G_E → A(ad E) × A(L)=G_E

(5.20)

ŋăď ąăğőľ A(ad E) × A(L)=G_E = B(ad E) × ˙^2:

Ćëąěàěň äőàňã ! ∈ ˙^2 ĺ àăááňőâàĺň ŕàőáâàăŋáâćő A_!(L) = {∇ ∈ A(L)|F (∇) = !}: (5.21) Šőčďă A(ad E) × A_!=G_E = B(ad E): (5.22) Řăááňőâàĺň őčàăŋĺçěŋĺě ćěłâőàŋőčő àăááńőěŋĺï (5.20) ŋă âăłőě ŕőďŕàőáâàăŋáâćő: `^+ = (`(E ⊗ W^+) × A(ad E) × A_!)=G_E → A(ad E)=G_E: (5.23) Ďńï âàőľłĺ (a_0; ∇_{det}; Œ) ∈ A(ad E) × A_! × `(E ⊗ W^+) (5.24) ňë ĺňěěň áĺáâěňã ãàăćŋěŋĺľ D^{∇det}_{a0} (˘) = 0;

F^+_{a0} = −(˘ ⊗ ˘)_{00}; (5.25) čďě −(˘ ⊗ ˘)_{00} { \ďćőľŋăï" ąěááńěďőćăï łőňŕőŋěŋâă End E ⊗ End W^+.

Ŕàőáâàăŋáâćő àěèěŋĺľ íâőľ áĺáâěňë ŕő ňőďãńî ďěľáâćĺï łăńĺąàőćőçŋőľ čàãŕŕë M_B (g; !; f; p_1); čďě f = c_1(E) + c_1(W^+) ∈ H^2(M; Z) (5.26) ĺ p_1 { çĺáńő Ŕőŋâàïčĺŋă, ŋăğëćăěâáï ŕàőáâàăŋáâćőň ňőďãńěľ B-ňőŋőŕőńěľ. İâő ŕàőÄ áâàăŋáâćő ňőďãńěľ ćńőęěŋő ć ćěłâőàŋőě àăááńőěŋĺě i: M_B (g; !; f; p_1) → `^+ (5.27) ĺ áőďěàęĺâ ć łăçěáâćě âàĺćĺăńìŋőľ łőňŕőŋěŋâë âàőľłĺ âĺŕă (a_0; ∇_{det}; 0), â.ě. M_{asd}, łőâőàőě áőďěàęĺâáï ć ŋãńěćőň áěçěŋĺĺ ćěłâőàŋőčő àăááńőěŋĺï `^+.

Ğăňěâĺň, çâő ãàăćŋěŋĺě B-ňőŋőŕőńï (5.25) { ŕàïňőě őąőąéěŋĺě ãàăćŋěŋĺï A-ňőŋő-ŕőńï (4.37). Őďŋăłő ńěčłő ćĺďěâì, çâő ãàăćŋěŋĺě (5.25) ŋě ĺňěěâ ăąěńěćă ăŋăńőčă. Ňŋőčőőąàăğĺě ňőďãńěľ B-ňőŋőŕőńěľ ąëńő ĺáŕőńìğőćăŋő ć [16] łăł ŕńěŋłă ąőàďĺğňă, áćïğëćăîéěčő ňŋőčőőąàăğĺě ňőďãńěľ ĺŋáâăŋâőŋőć á łńăááăňĺ Ğăľąěàčă{Ćĺââěŋă.

Ďăńěě, ŕãáâì M_B (g; !; f; p_1)^{ir} = {(a_0; ∇_{det}; ˘) | ˘ ≠ 0} (5.28) { ŕőďňŋőęěáâćő ŋěâàĺćĺăńìŋëå àěèěŋĺľ, ă M_B (g; !; f; p_1)^{ir} { ěčő ğăňëłăŋĺě ć `^+.

Řăááňőâàĺň ŕěàěáěçěŋĺě M_{lim} = M_{asd} ∩ M_B(g; !; f; p_1)^{ir};

čďě M_{asd} ňë àăááňăâàĺćăěň łăł ŕőďňŋőęěáâćő ŋãńěćőčő áěçěŋĺï `^+.

Őŕĺáăŋĺě M_{lim} ŕàőáâő, ŋő ŋě âàĺćĺăńìŋő. Őŋő ŕőńãçăěâáï łăł áńěďáâćĺě őŕĺáăŋĺï ĺŋäĺŋĺâěğĺňăńìŋőľ ďěäőàňăæĺĺ àěèěŋĺï ãàăćŋěŋĺï ŋěăąěńěćă ňőŋőŕőńï, ł łőâőàőňã ňë ŕěàěåőďĺň ć áńěďãîéěň àăğďěńě.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 129

5 ŞŇŊ, â. 57, ćëŕ. 2

5.2. Ĺŋäĺŋĺâěğĺňăńìŋăï âěőàĺï ďěäőàňăæĺĺ ňőŋőŕőńï ćąńĺğĺ ĺŋáâăŋÄ âőŋă. Šăł ęě, łăł ĺ ďńï ĺŋáâăŋâőŋőć, ŕàĺŋæĺŕĺăńìŋëľ ćőŕàőá ő áãéěáâćőćăŋĺĺ àěèěÄ ŋĺľ ãàăćŋěŋĺï ŋěăąěńěćă ňőŋőŕőńï ňőęěâ ąëâì àěèěŋ çĺáâő âěőàěâĺçěáłĺ ŕàĺ ăáĺňŕÄ âőâĺçěáłĺå ãáńőćĺïå ŋă âőŕőńőčĺçěáłĺě ŕăàăňěâàë. Ŕàăłâĺçěáłĺ ęě ãďőąŋő ćőáÄ ŕőńìğőćăâìáï áãéěáâćőćăŋĺěň ŕàĺćőďĺňëå àěèěŋĺľ ďńï ŕőáâàőěŋĺï àěèěŋĺï ãàăćŋěÄ ŋĺï ŋěăąěńěćă ňőŋőŕőńï, ćëŕãáłăěňőčő ĺğ ĺŋáâăŋâőŋă ŕőďáłőłă (áň. [4], [5]).

Ĺááńěďőćăŋĺě ĺŋäĺŋĺâěğĺňăńìŋőľ ďěäőàňăæĺĺ ãàăćŋěŋĺï ŋěăąěńěćă ňőŋőŕőńï ŕőÄ łăğëćăěâ, çâő ŕàěďěńăňĺ ŋěăąěńěćëå ňőŋőŕőńěľ ŕàĺ áâàěňńěŋĺĺ áŕĺŋőàŋőľ çăáâĺ àěÄ èěŋĺï ł ŋãńî ąãďãâ ĺŋáâăŋâőŋë a ∈ M_{asd}, ďőŕãáłăîéĺě ŋěâàĺćĺăńìŋőě ïďàő áłàãÄ çěŋŋőčő őŕěàăâőàă Ďĺàăłă: ker D_a ¿ 0. Ć őąéěň áńãçăě ćěàŋő ĺ őąàăâŋőě { ĺğ ĺŋÄ áâăŋâőŋă ŕőďáłőłă ňőęŋő ćëŕãáâĺâì ŕő ňěŋìèěľ ňěàě äőàňăńìŋőě àěèěŋĺě ãàăćŋěŋĺï ŋěăąěńěćă ĺŋáâăŋâőŋă.

Ńĺŋěăàĺğăæĺï áĺáâěňë (5.25) äàěďčőńìňőćă:

D_affi˘ + ffia ∗ ˘ = 0;

d^+_a (ffia) = −(ffi˘ ⊗ ˘ + ˘ ⊗ ffi˘))_{00};

(5.29)

čďě ffia ∈ ˙^1(End E); ffi˘ ∈ `(E ⊗ W^+) { łőňŕőŋěŋâë łăáăâěńìŋőčő ćěłâőàă ć âőçłě (a; ˘), ă ∗, łăł ćáěčďă, őąőğŋăçăěâ łńĺääőàďőćő ãňŋőęěŋĺě.

Šăłĺň őąàăğőň, ěáńĺ ňë ŋăçĺŋăěň á ŕăàë (a; 0), âő âőčďă ňë ŕőńãçăěň ĺğ ŕěàćőčő ãàăćŋěŋĺï D_affi˘ = 0, â.ě. a ∈ M_1(g; !; f; p_1) { ĺŋáâăŋâőŋ ŕőďáłőłă.

Řăááňőâàĺň őďŋőŕăàăňěâàĺçěáłőě ďĺääěàěŋæĺàãěňőě áěňěľáâćő àěèěŋĺľ áĺáâěÄ ňë (5.25) (a_t; ˘_t), t ∈ [0; ”], čďě

D_{at} ˘_t = 0; F^+_{at} = (˘_t ⊗ ˘_t)_{00}: (5.30)

Řăğńőęěŋĺě ć àïď Šěľńőàă íâőčő áěňěľáâćă ŕő ŕăàăňěâàã t ďăěâ ŋăň

˘_t = ˘_0 + ∑ i ˘_it^i; a_t = a + ∑ i !_it^i; (5.31)

čďě !_i ∈ ˙^1(End E).

Ďńï ńîąőľ äőàňë ! ∈ ˙^1(End E) ňë ĺňěěň àăćěŋáâćő

D_{a+!}˘ = D_a˘ + ! ∗ ˘: (5.32)

Śńěďőćăâěńìŋő, ŕěàćőě ãàăćŋěŋĺě ŋăèěľ áĺáâěňë ďăěâ áńěďãîéěě ãáńőćĺě: ∑ i D_a˘_it^i + ∑ i;j !_i ∗ ˘_jt^{i+j} = 0: (5.33)

Ďńï àăğńőęěŋĺï ćâőàőčő ãàăćŋěŋĺï áĺáâěňë ŕő t ĺáŕőńìğãěň äőàňãńã

F^+_{a+!} = F^+_a + d^+_a (!) + (!~!)^+ (5.34)

(áň., ŋăŕàĺňěà, [2; 2.1.14]). Šőčďă ć łăçěáâćě ćâőàőčő ãàăćŋěŋĺï ŕőńãçăěň ∑ i;j ˘_i ⊗ ˘_j · t^{i+j} = ∑ i d^+_a (!_i)t^i + ∑ i;j (!_i~!_j)^+t^{i+j}: (5.35)

130 Ŋ. Ă. ŠđŘĹŊ Ŕàĺàăćŋĺćăï ćëàăęěŋĺï ŕàĺ őďĺŋăłőćëå áâěŕěŋïå ć (5.33) ĺ (5.35), ňë ŕőńãçăěň ŋőÄ ćãî áĺáâěňã ãàăćŋěŋĺľ D_a˘_k = − ∑ i+j=k

!_i ∗ ˘_j; d^+_a (!_k) = ∑ i+j=k

(˘_i ⊗ ˘_j − (!_i~!_j)^+):

(5.36)

Őçěćĺďŋő, ďńï ˘_1 ĺ !_1 ĺňěěň D_a˘_1 = 0; d^+_a (!_1) = 0: (5.37) Čěőňěâàĺçěáłĺ íâő őğŋăçăěâ, çâő ˘_1 ≠ 0 =⇒ a ∈ M_1(g; !; f; p_1) (5.38) ĺ !_1 { łăáăâěńìŋëľ ćěłâőà ł M_{asd} ć âőçłě a.

Ćňěáâě á áĺáâěňőľ (5.25) ďńï âàőěł (a; ∇_{det}; ˘) ∈ A(ad E) × A_! × `(E ⊗ W^+) àăááňőâàĺň áĺáâěňã ãàăćŋěŋĺľ D^{∇det}_a (˘) = 0;

F^+_a = 0: (5.39) Ŕàőáâàăŋáâćő àěèěŋĺľ íâőľ áĺáâěňë ŕő ňőďãńî ďěľáâćĺï łăńĺąàőćőçŋőľ čàãŕŕë MP (X; p_1(E); c + c_1(E)) őâőąàăęăěâáï ŕàőěłæĺěľ ŕăàë (áćïğŋőáâì + áŕĺŋőà) ŋă ŕěàÄ ćãî łőňŕőŋěŋâã f : MP (X; p_1(E); c + c_1(E)) → M_{asd} (5.40) ć ŕàőáâàăŋáâćő ňőďãńěľ SO(3)-ĺŋáâăŋâőŋőć, ĺ őąàăğőň íâőčő őâőąàăęěŋĺï M^{g;!}_1 (c + c_1(E); p_1(E)) = f(MP (X; p_1(E); c + c_1(E))) ⊂ M_{asd} (5.41) ąãďěâ ŕàőáâàăŋáâćő ňőďãńěľ ĺŋáâăŋâőŋőć ŕőďáłőłă (áň. [15; 1.1.26]).

Ŋőàňăńìŋëľ łőŋãá ŕőďňŋőčőőąàăğĺï ĺŋáâăŋâőŋőć ŕőďáłőłă M_1 ňőęěâ ąëâì őŕĺáăŋ áńěďãîéĺň őąàăğőň:

(CM_1)_a = O_{P(ker Da)}(−1) ⊗ coker D_a: (5.42) Ňë ňőęěň àăááňăâàĺćăâì ŕěàćőě ŕàĺąńĺęěŋĺě (a; ˘_1) łăł âőçłã ŋă M_1 (ć ďăńìŋěľÄ èĺå àăááňőâàěŋĺïå ňë ąãďěň őŕãáłăâì ńĺèŋĺě ĺŋďěłáë ğă àěďłĺň ĺáłńîçěŋĺěň, łőčÄ ďă íâő ňőęěâ ŕàĺćěáâĺ ł ŋěďőàăğãňěŋĺî).

Ďńï ˘_2 ňë ĺňěěň ĺğ (5.32) D_a˘_2 = −!_1 ∗ ˘_1: (5.43)

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 131 5* Ůâőąë ŕőńãçĺâì ŕàĺąńĺęěŋĺě ćâőàőčő ŕőàïďłă ďńï áŕĺŋőàŋőčő ŕőńï, ŋěőąåőďĺňő ćëÄ ąàăâì !_1 âăł, çâőąë im D_a ∩ im ¯_{˘1} ≠ ∅; (5.44)

čďě ¯_{˘1} { čőňőňőàäĺğň, ¯_{˘1} : T_aM_{asd} → `(E ⊗ W^−); (5.45)

ŕàĺ łőâőàőň ! őâőąàăęăěâáï ŋă ! ∗ ˘.

Ňë ňőęěň ĺŋâěàŕàěâĺàőćăâì łăáăâěńìŋőě ŕàőáâàăŋáâćő T_aM_{asd} łăł ŕőďňŋőęěáâÄ ćő ć ŕàőáâàăŋáâćě ćáěå 1-äőàň

T_aM_{asd} = {! ∈ ˙_1(ad E) | d^+_a (!) = 0; d^∗_a(!) = 0}: (5.46)

Ŕãáâì a { ĺŋáâăŋâőŋ ŕőďáłőłă âăłőľ, çâő ïďàő D_a őďŋőňěàŋő (őąéĺľ áńãçăľ) ĺ ˘_1 ∈ ker D_a (ćâőàőľ çńěŋ äĺńìâàăæĺĺ Ąàĺńńï{Ŋñâěàă ćłńăďëćăěâáï ć M_1 łăł ŕőďáåěňă őáőąěŋŋőáâěľ á ŋőàňăńìŋëň łőŋãáőň (CM_1)_a, őŕĺáăŋŋëň ć (5.42)).

Šőčďă ěáâěáâćěŋŋő ŕàěďáâăćĺâì łăáăâěńìŋőě ŕàőáâàăŋáâćő T_aM_1 áńěďãîéĺň őąàăÄ ğőň:

T_aM_1 = {! ∈ T_aM_{asd} | ¯_{˘1} (!) ⊂ im D_a}: (5.47)

Ć àěčãńïàŋőľ âőçłě M_1 ŋőàňăńìŋëľ łőŋãá ŕàěďáâăćńïěâáï ŕàőáâő łăł

C_a = Hom(ker D_a; coker D_a) (5.48)

ĺ ěčő àăğňěàŋőáâì áőćŕăďăěâ á àăŋčőň coker D_a. Ć íâőň áńãçăě ćĺàâãăńìŋăï àăğňěàÄ ŋőáâì ŕőďňŋőčőőąàăğĺï ĺŋáâăŋâőŋőć ŕőďáłőłă àăćŋă

v: dim M_1 = dim M_{asd} − rk ker D_a · rk coker D_a (5.49)

ĺ áőćŕăďăěâ á àăğňěàŋőáâìî

dim T_aM_1 = dim M_{asd} − rk coker D_a; (5.50)

ă àăŋč ŋőàňăńìŋőčő łőŋãáă rk C_a = rk coker D_a

(áň. [15]).

Ťőàňăńìŋő ŋěőąåőďĺňő àăğńĺçăâì ďćă áńãçăï: łőčďă dim M_1 ¿ 0 ĺ łőčďă dim M_{asd} = rk coker D_a (ęěáâłĺľ ĺŋáâăŋâőŋ ŕőďáłőłă). Ňë àăááňőâàĺň ĺå ŕăàăńńěńìŋő.

5.3. Ŕőáâàőěŋĺě äőàňăńìŋőčő àěèěŋĺï. Śĺáâěňă (5.36) őçěŋì ŕőåőęă ŋă àěÄ łãàáĺćŋőě ğăďăŋĺě äőàňăńìŋőčő àěèěŋĺï ĺáåőďŋőľ áĺáâěňë (5.25). İâă àěłãàáĺćŋăï áĺáâěňă ňőęěâ ąëâì àăğàěèěŋă, ěáńĺ ŋă łăęďőň èăčě ňë áňőęěň ŋăľâĺ ŕàőőąàăğ ďńï ŕàăćëå çăáâěľ ŕěàćőčő ĺ ćâőàőčő ãàăćŋěŋĺľ. Ňë ŋăçŋěň áő ćâőàőčő. Ďńï ďőłăğăÄ âěńìáâćă áãéěáâćőćăŋĺï ŕàőőąàăğőć ã ŕàăćëå çăáâěľ ŕàĺ ďőŕőńŋĺâěńìŋőň ãáńőćĺĺ d^∗_a(!_k) = 0 ğăňěâĺň, çâő ć \ďěäőàňăæĺőŋŋőň łőňŕńěłáě" (áň. [6; 4.2.26]) ãáńőćĺě ăŋâĺÄ ăćâőďãăńìŋőáâĺ áćïğŋőáâĺ a őğŋăçăěâ, çâő íâő ŋăáâőïéĺľ łőňŕńěłá ĺ ňë ňőęěň àăáÄ áňăâàĺćăâì ěčő łőčőňőńőčĺĺ H^0_a, H^1_a, H^2_a, ŕàĺçěň

H^1_a ∼= ker ffi_a; H^2_a ∼= coker d^+_a ∼= ker d_a; (5.51)

132 Ŋ. Ă. ŠđŘĹŊ

čďě őŕěàăâőà ffi_a = d^∗_a +d_a ĺňěěâ ĺŋďěłá ind ffi_a = s ¿ 0 (áň. [6; 4.2.27]). Ŕěàćëě łőčőňőÄ ńőčĺĺ H^1_a čěőňěâàĺçěáłĺ ěáâì ŕàőáâő łăáăâěńìŋőě ŕàőáâàăŋáâćő äőàň ł ňŋőčőőąàăğĺî ňőďãńěľ ĺŋáâăŋâőŋőć. Ć ŋăèĺå àăááňőâàěŋĺïå âăłĺě äőàňë áãéěáâćãîâ. Ŋěáńőęŋăï àěďãłæĺï őďŋőčő ĺğ ãâćěàęďěŋĺľ âěőàěňë 3.1 ĺğ [10] ďăěâ âàĺćĺăńìŋőáâì ïďàă ker d_a ŕàĺ ãáńőćĺĺ, çâő áćïğŋőáâì ŋěŕàĺćőďĺňă, ĺ íâő ćńěçěâ coker d^+_a = 0 (őâňěâĺň, çâő ć őąéěň áńãçăě íâő ćěàŋő ĺ ďńï ŕàĺćőďĺňëå áćïğŋőáâěľ). Ă ĺğ ŋěâàĺćĺăńìŋőáâĺ H^1_a áńěÄ ďãěâ, çâő ňë ňőęěň ćëąàăâì !_k, ãďőćńěâćőàïîéěě ãáńőćĺî łãńőŋőćáłőľ łăńĺąàőćłĺ d^+_a (!_k) = 0.

Őçěćĺďŋëň őąàăğőň âăłĺě äőàňë !_k őŕàěďěńěŋë á âőçŋőáâìî ďő T_aM_{asd} { łăáăÄ âěńìŋőčő ŕàőáâàăŋáâćă ł ňŋőčőőąàăğĺî ňőďãńěľ ĺŋáâăŋâőŋőć.

Ŕěàěľďěň ł àăááňőâàěŋĺî ŕěàćőčő ãàăćŋěŋĺï áĺáâěňë (5.36). Łăł ąëńő őâňěçěŋő ćëèě, łăáăâěńìŋőě ŕàőáâàăŋáâćő ł ŕőďňŋőčőőąàăğĺî ĺŋáâăŋâőŋőć ŕőďáłőłă T_aM_1 ∈ T_aM_{asd} ŕàěďáâăćńïěâáï ŕőďŕàőáâàăŋáâćőň äőàň

{! ⊂ T_aM_{asd} | ! ∗ ˘_1 ⊂ im D_a}:

Ćëąěàěň ŋěłőâőàőě ŕőďŕàőáâàăŋáâćő N_a ⊂ T_aM_{asd}, ĺğőňőàäŋőě áńőî ŋőàňăńìŋőÄ čő łőŋãáă C_a, âăł çâő T_aM_{asd} = T_aM_1 ⊕ N_a. Šăł ęě ňë ňőęěň ćëąàăâì ďőŕőńŋěŋĺě ł im D_a ć `(E ⊗ W^+), ĺğőňőàäŋőě coker D_a. Őąőğŋăçĺň ěčő P_a.

Řăááňőâàĺň łőňŕőğĺæĺî ďćãå őâőąàăęěŋĺľ:

N_a → `(E ⊗ W_+) → P_a; (5.52) ! → ! ∗ ˘_1 → pr_{Pa} (! ∗ ˘_1):

İâő ńĺŋěľŋőě őâőąàăęěŋĺě á ŋãńěćëň ïďàőň. Ć őąéěň áńãçăě àăğňěàŋőáâĺ rk N_a ĺ rk coker D_a áőćŕăďăîâ, áńěďőćăâěńìŋő, íâő ĺğőňőàäĺğň. Ĺğ ćáěčő áłăğăŋŋőčő áńěďãěâ

Ŕàěďńőęěŋĺě 5.1. Ďńï ńîąőčő áŕĺŋőàă ˘^− ⊂ `(E ⊗ W^+) áãéěáâćãěâ äőàňă ! ∈ T_aM âăłăï, çâő ! ∗ ˘_1 + ˘^− ⊂ im D_a.

Ĺâăł, ňë ňőęěň ŕàěďńőęĺâì áńěďãîéĺľ ĺŋďãłâĺćŋëľ ňěâőď àăğàěèěŋĺï áĺáâěÄ ňë (5.36) łăł àěłãàáĺĺ. Ŕãáâì ňë ãęě ŋăèńĺ (!_i; ˘_j ), 1 ⩽ i ⩽ k − 1, 1 ⩽ j ⩽ k. Ďőłăęěň, çâő áãéěáâćãěâ áńěďãîéăï ŕăàă (!_k; ˘_{k+1}). Ďěľáâćĺâěńìŋő, ć áĺńã íŕĺÄ ňőàäŋőáâĺ d^+_a áãéěáâćãěâ äőàňă !^′_k âăłăï, çâő

d^+_a (!^′_k) = − ( ∑ i+j=k

(!_i ∧ !_j)^+ + ∑ i+j=k

˘_i ⊗ ˘_j ) :

Śőáâăćĺň áńěďãîéãî áãňňã:

˘^− = − ∑ i+j=k+1; j¿1

!_i ∗ ˘_j − !^′_k ∗ ˘_1:

Ŕàĺňěŋïï ďőłăğăŋŋőě ćëèě ŕàěďńőęěŋĺě 5.1, ŕőńãçăěň áãéěáâćőćăŋĺě äőàňë !^{′′}_k âăÄ łőľ, çâő ˘^− + !^{′′}_k ∗ ˘_1 ∈ im D_a. Ěáńĺ ŕőńőęĺâì âěŕěàì !_k = !^′_k − !^{′′}_k , âő őŕàěďěńĺâáï ĺ ˘_{k+1} á âőçŋőáâìî ďő ïďàă. Ŕőíâőňã ąãďěň áçĺâăâì, çâő ćáě ˘_k, k ¿ 1, ďăîâ ŋãńěÄ ćãî ŕàőěłæĺî ŋă ïďàő őŕěàăâőàă Ďĺàăłă, ă ćáě äőàňë !_k, k ¿ 1, { ŋãńěćãî ŕàőěłæĺî ŋă T_aM_1.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 133

Őáâăěâáï ŕàőćěàĺâì ąăğã ĺŋďãłæĺĺ. İâă ŕàőćěàłă őçěćĺďŋă ć áńãçăě čńăďłőčő ŕőďÄ ňŋőčőőąàăğĺï ĺŋáâăŋâőŋőć ŕőďáłőłă. Ďěľáâćĺâěńìŋő, ďńï ŋěłőâőàőčő ćëąàăŋŋőčő ŋăÄ ňĺ áŕĺŋőàă ˘_1 ĺğ ïďàă áãéěáâćãěâ äőàňă !_1 ∈ T_aM_1 âăłăï, çâő !_1 ∗ ˘_1 ∈ im D_a, áńěďőćăâěńìŋő, áãéěáâćãěâ ĺ ˘_2.

Šő ęě áăňőě ňőęŋő áďěńăâì ć áńãçăě âőçěçŋőčő ĺŋáâăŋâőŋă ŕőďáłőłă, â.ě. łőčďă dim M_{asd} = rk coker D_a ĺ ŕàőáâàăŋáâćő T_aM_1 áőáâőĺâ ĺğ őďŋőľ ŋãńěćőľ äőàňë, âőńìÄ łő ć łăçěáâćě !_1 ŋăďő ćğïâì íâã ŋãńěćãî äőàňã. İâőâ áńãçăľ ŕőďáłăğëćăěâ áãéěáâćőÄ ćăŋĺě áŕěæĺăńìŋőčő çăáâŋőčő àěèěŋĺï.

Łăł ąëńő ãłăğăŋő ćëèě, ć áńãçăě âőçěçŋőčő ĺŋáâăŋâőŋă ŕőďáłőłă, łőčďă T_aM_1 áőÄ ďěàęĺâ âőńìłő ŋãńěćãî äőàňã, ňë ĺňěěň ć łăçěáâćě ŕěàćëå ŕàĺąńĺęěŋĺľ ˘_1 { ŋěłőÄ âőàëľ ćëąĺàăěňëľ ŋăňĺ áŕĺŋőà ĺğ ïďàă őŕěàăâőàă Ďĺàăłă D_a (âăł łăł ïďàő őďŋőňěàÄ ŋő, âő íâőâ ćëąőà ğăłńîçăěâáï ŕàőáâő ć ćëąőàě ŋőàňë ˘_1) ĺ !_1 = 0. Ěáńĺ ďěľáâćőÄ ćăâì ďăńìèě áőčńăáŋő ććěďěŋŋőľ ŋăňĺ áåěňě àăğàěèěŋĺï àěłãàáĺĺ (5.36), ňë ŕőńãçĺň ĺŋâěàěáŋőě áŕěæĺăńìŋőě äőàňăńìŋőě àěèěŋĺě, ďńï łőâőàőčő ćáě äőàňë á ŋěçěâŋëňĺ ĺŋďěłáăňĺ !_{2k+1} = 0, ćáě áŕĺŋőàë á çěâŋëňĺ ˘_{2k} = 0.

Ŕàőćěàĺň áŋăçăńă áãéěáâćőćăŋĺě ćâőàëå ĺ âàěâìĺå ŕàĺąńĺęěŋĺľ:

D_a(˘_2) = !_1 ∗ ˘_1 = 0 ⇒ ˘_2 = 0:

Ťőàňă !_2 őŕàěďěńïěâáï łăł ŕàőőąàăğ ąěááńěďőćőľ łőňŕőŋěŋâë

d^+_a (!_2) = −˘_1 ⊗ ˘_1;

ć őąéěň áńãçăě ŋě àăćŋőľ ŋãńî, ŕőďŕàăćńěŋŋëľ âăłĺň őąàăğőň, çâőąë

−!_2 ∗ ˘_1 ∈ im D_a;

ĺ âőčďă őďŋőğŋăçŋő őŕàěďěńěŋ áŕĺŋőà ˘_3. Ďńï äőàňë !_3 ĺňěěň

d^+_a (!_3) = −(!_1 ∧ !_2)^+ − (!_2 ∧ !_1)^+ − ˘_1 ⊗ ˘_2 − ˘_2 ⊗ ˘_1 = 0

ĺ ŕőŕàăćłă âőęě ąãďěâ ŋãńěćăï, âăł łăł

˘^− = −!_1 ∗ ˘_3 − !_2 ∗ ˘_2 = 0:

Ŋěâàãďŋő ćĺďěâì, çâő íâő áŕàăćěďńĺćő ĺ ďăńìèě, âăł łăł áŕĺŋőà á çěâŋëň ĺŋďěłáőň őŕàěďěńïěâáï ãàăćŋěŋĺěň

D_a(˘_{2k}) = − ∑ i+j=2k

!_i ∗ ˘_j

ĺ ć áãňňě, áâőïéěľ áŕàăćă, ćáě ŕàőĺğćěďěŋĺï àăćŋë ŋãńî. Ěáńĺ i { ŋěçěâŋő, âő !_i = 0, ěáńĺ ęě i { çěâŋő, âő ĺ j { çěâŋő ĺ, ğŋăçĺâ, ˘_j = 0. Ăŋăńőčĺçŋő ŕàőćěàïěâáï ĺ ďńï !_{2k+1} àăćěŋáâćő ŋãńî.

Ĺâăł, ďńï âőçěçŋőčő ĺŋáâăŋâőŋă ŕőďáłőłă äőàňăńìŋőě àěèěŋĺě àěłãààěŋâŋőľ ğăďăÄ çĺ ěďĺŋáâćěŋŋő á âőçŋőáâìî ďő ćëąőàă ŋőàňë áŕĺŋőàă ˘_1 ĺğ ïďàă ker D_a. Ŋő ĺ ć âőň áńãçăě, łőčďă dim M_1 ¿ 0, ňë ňőęěň àěèăâì áĺáâěňã (5.36), ŕàĺŋïć ğă !_1 ŋãńěćãî äőàňã, â.ě. őŕĺáăŋŋőě ćëèě äőàňăńìŋőě àěèěŋĺě ćáěčďă áőďěàęĺâáï ć ŕàőáâàăŋáâćě äőàňăńìŋëå àěèěŋĺľ ğăďăçĺ (5.25). Ňë ąãďěň ŋăğëćăâì íâő àěèěŋĺě áŕěæĺăńìŋëň àěèěŋĺěň áĺáâěňë (5.36).

134 Ŋ. Ă. ŠđŘĹŊ

5.4. Őáőąěŋŋőáâĺ ňŋőčőőąàăğĺï ňőďãńěľ B-ňőŋőŕőńěľ. Ďńï čńăďłőáâĺ őàÄ ąĺäőńďă ŋěőąåőďĺňă áćőąőďă ďěľáâćĺï čàãŕŕë ŋă ćáěå âőçłăå ĺáåőďŋőčő äăłâőàĺğãěÄ ňőčő ŕàőáâàăŋáâćă. Ŋăőąőàőâ, őáőąěŋŋőáâì áćĺďěâěńìáâćãěâ ő ŋěâàĺćĺăńìŋőáâĺ áâăÄ ąĺńĺğăâőàă ďěľáâćĺï čàãŕŕë. Ďńï ŋăåőęďěŋĺï őáőąëå âőçěł ňŋőčőőąàăğĺï őàąĺâ ŕő ďěľáâćĺî ŋěłőâőàőľ čàãŕŕë ŋěőąåőďĺňő őŕàěďěńĺâì âě âőçłĺ ĺáåőďŋőčő ŕàőáâàăŋáâćă, łőâőàëě őŕàěďěńïîâ ŋěłőâőàëě ŋěâàĺćĺăńìŋëě ŕőďčàãŕŕë, őáâăćńïîéĺě íâĺ âőçłĺ ŋă ňěáâě { áâăąĺńĺğăâőàë.

Ć ŋăèěň áńãçăě őŕĺáăŋĺě őáőąěŋŋőáâěľ ňŋőčőőąàăğĺï ňőďãńěľ Ć-ňőŋőŕőńěľ âàěąãÄ ěâ àăąőâë á ŕăàăňĺ (a; ˘), ŋő őçěćĺďŋő, çâő áâăąĺńĺğăâőà ŕăàë ćáěčďă ňěŋìèě ĺńĺ àăćěŋ áâăąĺńĺğăâőàã őâďěńìŋő ćğïâőľ áćïğŋőáâĺ a. Ă ďńï áâăąĺńĺğăâőàă áćïğŋőáâĺ St_a ⊂ U(2) ĺňěîâáï âőńìłő âàĺ ćőğňőęŋőáâĺ: S^1, S^1 × S^1, U(2), ŋã ĺ, łőŋěçŋő, âàĺÄ ćăńìŋăï ŕőďčàãŕŕă. Ŕőáńěďŋïï ĺğ âàěå áőőâćěâáâćãěâ ŕăàě, áőáâőïéěľ ĺğ âàĺćĺăńìŋőÄ čő áŕĺŋőàă ĺ âàĺćĺăńìŋőľ áćïğŋőáâĺ.

Śńãçăľ őłàãęŋőáâĺ àăáŕăďăěâáï ŋă ďćă ŕőďáńãçăï. Ěáńĺ ć łăçěáâćě S^1 ⊂ U(2) ąěàěâáï æěŋâà ãŋĺâăàŋőľ čàãŕŕë, âő íâă őłàãęŋőáâì { áâăąĺńĺğăâőà âőçěł âĺŕă (a; 0), ŕàĺçěň áćïğŋőáâì a { ŋěŕàĺćőďĺňă.

Ěáńĺ áâăąĺńĺğăâőà S^1 ŕăàë (a; ˘) ěáâì ďàãčăï ŕőďčàãŕŕă U(2) (ă ĺňěŋŋő, ŕőŕăďăîÄ éăï ć ňăłáĺňăńìŋëľ âőà čàãŕŕë PU(2)), âő ěľ áőőâćěâáâćãîâ ŕàĺćőďĺňăï áćïğŋőáâì a = ˘_1 ⊕˘_2 ŋă ŋěłőâőàőň àăğńőęěŋĺĺ àăááńőěŋĺï E = L_1⊕L_2 ĺ áŕĺŋőà ćĺďă (˘_1 ⊕˘_2), ŕàĺçěň ˘_1 = 0; ˘_2 ≠ 0 ć áőőâćěâáâćĺĺ á àăğńőęěŋĺěň àăááńőěŋĺï E. Šăłĺě őáőąěŋÄ ŋőáâĺ { ŕàĺćőďĺňëě àěèěŋĺï ć áńãçăě S^1 { ďăîâ àěèěŋĺï ćőğňãéěŋŋőčő ãàăćŋěŋĺï ăąěńěćă ňőŋőŕőńï.

Ĺ, ŋăłőŋěæ, áâăąĺńĺğăâőà S^1 × S^1 áőőâćěâáâćãěâ ŕăàě, áőáâőïéěľ ĺğ ŕàĺćőďĺňőľ ăŋâĺăćâőďãăńìŋőľ áćïğŋőáâĺ ĺ ŋãńěćőčő áŕĺŋőàă.

Ňŋőčőőąàăğĺě ňőďãńěľ ĺŋáâăŋâőŋőć ŋěłőňŕăłâŋő (ć őâńĺçĺě őâ A-ňőŋőŕőńěľ), ŕőÄ íâőňã ć áåěňě őáőąěŋŋőáâěľ ňŋőčőőąàăğĺï ňőďãńěľ B-ňőŋőŕőńěľ (ŋă \åćőáâě") ąãďãâ ńěęăâì ŕàěďěńìŋëě asd-áćïğŋőáâĺ { ĺďěăńìŋëě ĺńĺ bubbling-ĺŋáâăŋâőŋë.

Ğŋăçĺâ, ŕàőáâàăŋáâćő B-ňőŋőŕőńěľ ŕàěďáâăćńïěâ čńăďłĺľ őàĺěŋâĺàőćăŋŋëľ ąőàÄ ďĺğň ňěęďã ŕàőáâàăŋáâćőň ĺŋáâăŋâőŋőć ĺ ńĺŋłăňĺ A-ňőŋőŕőńěľ. Ňë ŋě ňőęěň ŕàĺÄ ćěáâĺ ŕőńŋőáâìî àĺáãŋőł íâőčő łőąőàďĺğňă, ŕőâőňã çâő ŕàĺ ćáěľ őąéěľ ŋăčńïďŋőáâĺ őŋ ŋě őâàăęăěâ áńőęŋőáâĺ ãçěâă ćáěå áâàăâőć őáőąěŋŋőáâěľ. Ğăďăçă ŋăŕőňĺŋăěâ ğăďăÄ çã ãçěâă ćáěå áâàăâőć ŋěáâăąĺńìŋëå àăááńőěŋĺľ łăł áâàăâőć Ňőàáă ďńï äãŋłæĺőŋăńă §ŋčă{Ňĺńńáă ć ďćãňěàŋőň áńãçăě (áň. [2]) ďńï àăááńőěŋĺľ ąőńìèőčő àăŋčă. Łăł ĺ ć ďćãňěàŋőň áńãçăě, ňŋőčĺě áâàăâë ĺ ĺå ŕěàěáěçěŋĺï ňőęŋő őŕĺáăâì, ŋő ŋăň ŋěőąåőďĺÄ ňő őŕĺáăŋĺě ćłńăďőć ŕěàěáěçěŋĺľ ćáěå áâàăâőć, ă âăłőćőě ŕőłă őâáãâáâćãěâ. Ŕőíâőňã ňë ŋě ŕàĺćőďĺň ááëńłĺ ŋă àăąőâë, áőďěàęăéĺě ŕàőňěęãâőçŋëě (åőâï ĺ ĺŋâěàěáŋëě) àěğãńìâăâë ć íâőň ŋăŕàăćńěŋĺĺ.

Ś âěåŋĺçěáłőľ âőçłĺ ğàěŋĺï ćëąőà áőąőńěćáłĺå ŋőàň ŕőğćőńïěâ ŕőŕőńŋĺâì ŕàőÄ áâàăŋáâćő B ĺ łőňŕăłâĺäĺæĺàőćăâì ŕő Ťàĺďã{Şńěŋąěł ňŋőčőőąàăğĺě ňőďãńěľ ĺŋáâăŋÄ âőŋőć M^g_{asd}(w_2; p_1) = ⋃ p′1¿p1

M^g_{asd}(w_2; p^′_1)

(áň. [6]). Šăłĺň őąàăğőň, őŕàěďěńěŋ äãŋďăňěŋâăńìŋëľ æĺłń

[M^g_{asd}(w_2(M) + w_2(E); p_1)]

ňŋőčőőąàăğĺï ňőďãńěľ ĺŋáâăŋâőŋőć.

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 135

Ŕőďňŋőčőőąàăğĺï ĺŋáâăŋâőŋőć, ŕàěďáâăćńïîéĺåáï ć ćĺďě ŕàěďěńőć ňőŋőŕőńěľ

M_{lim}(!; f) ⊂ M^g_{asd}(w_2(E) + w_2(M); p_1)

(áň. (5.28)), őŕàěďěńïîâ ŋăąőà äãŋďăňěŋâăńìŋëå łńăááőć [M_{lim}(!; f)] = [f]. ŠăÄ łĺň őąàăğőň, ŋă ňŋőčőőąàăğĺĺ M^g_{asd}(w_2(E) + w_2(M); p_1) őŕàěďěńěŋő æěńőě áěňěľáâćő äãŋďăňěŋâăńìŋëå æĺłńőć [f]; f ∈ H^2(M; Z):

Ğăňěâĺň, çâő áőčńăáŋő ŋăèĺň àěğãńìâăâăň íâő áěňěľáâćő äãŋďăňěŋâăńìŋëå łńăááőć ňŋőčőőąàăğĺľ ňőďãńěľ ĺŋáâăŋâőŋőć ŕőďáłőłă, â.ě. ŕěàćëå íńěňěŋâőć äĺńìâàăæĺĺ Ąàĺńńï{Ŋñâěàă (áň. [15] ĺ [21]).

Ć íâőň áńãçăě ňë ňőęěň őŕàěďěńĺâì äãŋďăňěŋâăńìŋëľ łńăáá ŕőďňŋőčőőąàăğĺï

[f] ⊂ M^g_{asd}(w_2(E) + w_2(M); p_1)

łăł łńăáá Ůěàŋă ĺŋďěłáŋőčő àăááńőěŋĺï őŕěàăâőàă Ďĺàăłă:

[f] = c_{ind Da+1}(IND D_a); IND D_a = coker D_a − ker D_a;

čďě ind D_a = rk IND D_a ćëçĺáńïěâáï ŕő äőàňãńě Ăâìï{Ğĺŋčěàă.

Łőňąĺŋăæĺï łńăááőć Ůěàŋă ćáěå áâàăâ ĺ ďăěâ ćőğňőęŋőáâì ćëçĺáńĺâì łńăááë ĞăľÄ ąěàčă{Ćĺââěŋă ć âěàňĺŋăå łńăááőć Łàőŋåěľňěàă{Ňàőćłĺ ĺ őąàăâŋő. Őďŋăłő ŕőďÄ çěàłŋěň ěéě àăğ, ŕőńŋőě őŕĺáăŋĺě łőňąĺŋăâőàĺłĺ áâàăâőć ĺ ĺå ŕěàěáěçěŋĺľ ŕőłă çâő ŋě ŕàěďáâăćńěŋő.

§ 6. Ďőŕőńŋěŋĺě: čńăďłőáâĺ ĺ ãğńë

Šěŕěàì ãęě ŋĺ ďńï łőčő ŋě áěłàěâ, çâő ĺ łńăááĺçěáłĺě ĺŋćăàĺăŋâë Ďőŋăńìďáőŋă ĺ Ğăľąěàčă{Ćĺââěŋă áńĺèłőň áńăąë ďńï ãáŕěèŋőľ łńăááĺäĺłăæĺĺ 4-ňŋőčőőąàăğĺľ. Őďŋăłő á ĺå ŕőňőéìî ňőęŋő àăğńĺçăâì àěğãńìâăâë åĺàãàčĺçěáłĺå őŕěàăæĺľ, áőåàăÄ ŋïîéĺå âőŕőńőčĺçěáłãî áâàãłâãàã ĺ ňěŋïîéĺå čńăďłãî.

Ŕàěďŕőńőęĺň, 4-ňŋőčőőąàăğĺě X áőďěàęĺâ čńăďłĺľ 2-âőà T^2 á ĺŋďěłáőň áăňőŕěÄ àěáěçěŋĺï 0. İâő őğŋăçăěâ, çâő ďőáâăâőçŋő ňăńãî âàãąçăâãî őłàěáâŋőáâì íâőčő âőàă ňë ňőęěň őâőęďěáâćĺâì á T^2 × D^2. Ŕăàã

T^2 × D^2 ⊂ X (6.1)

ŋăğőćěň íńěňěŋâăàŋëň äńăčőň.

Ďćă íńěňěŋâăàŋëå äńăčă T^2 × D^2 ⊂ X_1 ĺ T^2 × D^2 ⊂ X_2 ňë ňőęěň áłńěĺâì ćďőńì T^2 × D^2, áőåàăŋïï ŕàőěłæĺî ŋă D^2. Řěğãńìâăâ

X_1 #_T 2 X_2 (6.2)

ŋăğëćăěâáï àăááńőěŋŋőľ áćïğŋőľ áãňňőľ ćďőńì T^2 × D^2. (Ğăňěâĺň, çâő íâă łőŋáâàãłÄ æĺï ć őąéěň áńãçăě ŋě őďŋőğŋăçŋő őŕàěďěńïěâ ĺğőâőŕĺçěáłĺľ âĺŕ áłńěľłĺ. Čőďĺâáï ńîąőľ ĺğ ŋĺå.) Ěáńĺ X_i ąëńĺ áĺňŕńěłâĺçěáłĺě (ĺńĺ łőňŕńěłáŋëě) ňŋőčőőąàăğĺï, ă T^2 { áĺňŕńěłâĺçěáłĺľ (łőňŕńěłáŋëľ) âőà, âő àăááńőěŋŋăï áćïğŋăï áãňňă ňőęěâ ąëâì áŋăąęěŋă áĺňŕńěłâĺçěáłőľ (łőňŕńěłáŋőľ) áâàãłâãàőľ (łőŋěçŋő, ŋě őďŋőğŋăçŋő).

136 Ŋ. Ă. ŠđŘĹŊ

Ŋăŕàĺňěà, àěğãńìâăâ E(1) àăğďãâĺï ďěćïâĺ ąăğĺáŋëå âőçěł ŕãçłă łàĺćëå âàěâìěľ áâěŕěŋĺ ŋă C P^2 őąńăďăěâ áâàãłâãàőľ ŕãçłă íńńĺŕâĺçěáłĺå łàĺćëå ß: E(1) → C P^1. Ćëąőà ňăńőľ őłàěáâŋőáâĺ T^2 ×D^2 ńîąőčő čńăďłőčő áńőï íâőčő ŕãçłă őŕàěďěńïěâ íńěÄ ňěŋâăàŋëľ äńăč, ĺ àăááńőěŋŋăï áćïğŋăï áãňňă ďćãå íłğěňŕńïàőć âăłőčő äńăčă ďăěâ 4-ňŋőčőőąàăğĺě E(2) = E(1) #_T 2 E(1): (6.3)

Ŋěâàãďŋő ćĺďěâì, çâő E(2) { ŕőďńěęăéěě čńăďłőě ňŋőčőőąàăğĺě ŕőćěàåŋőáâĺ âĺŕă K3 (á ćëąàăŋŋëň íńńĺŕâĺçěáłĺň ŕãçłőň).

Ĺâěàĺàãï íâã őŕěàăæĺî, ňë ŕőńãçăěň áěàĺî őďŋőáćïğŋëå 4-ňŋőčőőąàăğĺľ E(n), n ∈ Z^+, { ŕőďńěęăéĺå čńăďłĺå áâàãłâãà ŕőćěàåŋőáâěľ á íńńĺŕâĺçěáłĺň ŕãçłőň á áěçěŋĺěň ĺ łăŋőŋĺçěáłĺň łńăááőň

K_{E(n)} = (n − 2)[T^2] ∈ H^2(E(n); Z):

(Šăłĺě őŕěàăæĺĺ { łőŕĺï ŕőńãçěŋĺï łőŋáâàãłâĺćŋëå ňŋőčőőąàăğĺľ Łăńăąĺ{§ő ć [23].)

Ąőńěě ĺğïéŋăï łőŋáâàãłæĺï: ŕãáâì K ⊂ S^3 { ŕàőĺğćőńìŋëľ ãğěń ć âàěåňěàŋőľ áäěàě ĺ M_K { âàěåňěàŋőě ňŋőčőőąàăğĺě, ŕőńãçăîéěěáï őáŋăéěŋŋőľ åĺàãàčĺçěáłőľ őŕěàăæĺěľ ŋă K ĺğ S^3. (Ňë ŕàőáâő ćëàěğăěň âàãąçăâãî őłàěáâŋőáâì ãğńă, ŕàĺňěŋïěň ł ěě čàăŋĺæě { 2-âőàã { áłàãçĺćăŋĺě Ďěŋă ćďőńì ňěàĺďĺăŋă âàãąłĺ ĺ ěčő àěğãńìâăâ ćłńěĺćăěň őąàăâŋő.) Śăň ãğěń őŕàěďěńïěâ őłàãęŋőáâì S^1_K ⊂ M_K . Ć 4-ňŋőčőőąàăğĺĺ S^1 × M_K ćëďěńěŋ 2-âőà T^2_K = S^1 × S^1_K , őłàěáâŋőáâì łőâőàőčő ňőęŋő őâőęďěáâćĺâì á T^2_K × D^2 ĺ ŕőńãçĺâì íńěňěŋâăàŋëľ äńăč

T^2_K × D^2 ⊂ S^1 × M_K : (6.4)

Ěáńĺ T^2 × D^2 ⊂ X{ ńîąőľ ďàãčőľ íńěňěŋâăàŋëľ äńăč, âő àăááńőěŋŋăï áćïğŋăï áãňňă X_K = X #_T 2_{=T} 2_k S^1 × M_K (6.5)

ďăěâ ŋăň ŋőćőě 4-ňŋőčőőąàăğĺě.

Őçěćĺďŋő, çâő 4-ňŋőčőőąàăğĺě S^1×(S^3\K) ĺňěěâ âě ęě čőňőńőčĺĺ, çâő ĺ âàãąçăâăï őłàěáâŋőáâì T^2 × D^2 âőàă T^2 ć X. Ś ďàãčőľ áâőàőŋë, áłńěľłă áőåàăŋïěâ ŕàőěłæĺî ŋă D^2 ĺ, ğŋăçĺâ, H^2(X_K ; Z) = H^2(X; Z) ĺ q_{XK} = q_X : (6.6)

Ŕàěďŕőńőęĺň âěŕěàì, çâő ß_1(X \ T^2) = 1: (6.7)

Šőčďă ĺ ňŋőčőőąàăğĺě X_K őďŋőáćïğŋő ĺ čőňěőňőàäŋő X (áň. [8]).

Őďŋăłő ŕőńĺŋőň Ğăľąěàčă{Ćĺââěŋă (4.52) àăğńĺçăěâ ĺå čńăďłőáâĺ:

Šěőàěňă 6.1. Ěáńĺ íńěňěŋâăàŋëľ äńăč T^2 × D^2 ⊂ X ãďőćńěâćőàïěâ ãáńőÄ ćĺî (6.7) ĺ b^+(X) ¿ 1, âő

SW_{XK} = SW_X · ´_K (t); (6.8)

čďě t = exp(2[T^2]), ă ´_K (t) { ŕőńĺŋőň Ăńěłáăŋďěàă ãğńă K.

Ďőłăğăâěńìáâćő íâőčő ğăňěçăâěńìŋőčő àăćěŋáâćă ĺáŕőńìğãěâ áłěľŋ-áőőâŋőèěŋĺï ďńï ŕőńĺŋőňőć Ăńěłáăŋďěàă (áň. [8]) ĺ âěőàĺî Ğăľąěàčă{Ćĺââěŋă ďńï 3-ňŋőčőőąàăğĺľ. (Ć íâőň áńãçăě ãàăćŋěŋĺě âő ęě, âőńìłő áŕĺŋőàŋőě àăááńőěŋĺě őďŋő.) Ąëńő

ĹŊŚŠĂŊŠŐŊŻ Ĺ ŇŐŊŐŔŐŃĹ 137

ğăňěçěŋő (Ňěŋč, Šăãąá, Šãàăěć), çâő SW-ĺŋćăàĺăŋâë ć âàěåňěàŋőň áńãçăě ŋăŕàïňãî áćïğăŋë á łàãçěŋĺěň Ňĺńŋőàă.

Šěŕěàì ć łăçěáâćě áâăàâőćőčő ňŋőčőőąàăğĺï ãďőąŋő ćğïâì ŕőćěàåŋőáâì K3 = E(2) á ěďĺŋĺæěľ ć łăçěáâćě ŕőńĺŋőňă Ğăľąěàčă{Ćĺââěŋă (áň. (4.52)). Šőčďă ďńï ńîąőčő ãğńă K SW_{E(2)K} = ´_K (t); t = exp(2T^2); (6.9)

čďě T^2 { áńőľ íńńĺŕâĺçěáłőčő ŕãçłă.

Ěáńĺ K-àăááńőěŋŋëľ ãğěń, âő ňŋőčőőąàăğĺě S^1 × M_K { àăááńőěŋĺě ŋăď 2-âőàőň ĺ 1) ŋěáěâ áĺňŕńěłâĺçěáłãî áâàãłâãàã; 2) âőà T^2_K { áĺňŕńěłâĺçěáłőě ŕőďňŋőčőőąàăğĺě ĺ 3) ŕőńĺŋőň ´_K (t) ãŋĺňőďãńïàŋëľ.

Ěáńĺ ęě ´_K (t) ŋě ãŋĺňőďãńïàŋëľ, âő X_K čőňěőňőàäŋő K3-ŕőćěàåŋőáâĺ, ŋő ŋě ŋěáěâ ŋĺłăłőľ áĺňŕńěłâĺçěáłőľ áâàãłâãàë. (Ćëąĺàăï àăğŋëě ãğńë, ňë ŕőńãçăěň ąěáłőŋěçÄ ŋőě çĺáńő âăłĺå ňŋőčőőąàăğĺľ.)

Ĺáŕőńìğãï ãğńë á őďĺŋăłőćëňĺ ŕőńĺŋőňăňĺ Ăńěłáăŋďěàă, ŋő àăğŋőčő àőďă, ňőęŋő ŕőŕëâăâìáï ŕőáâàőĺâì őďŋőáćïğŋëě 4-ňŋőčőőąàăğĺï, čőňěőňőàäŋëě K3-ŕőćěàåŋőáâĺ, á őďĺŋăłőćëňĺ SW-ĺŋćăàĺăŋâăňĺ, łăł íâő ãďăńőáì áďěńăâì ďńï ŋěőďŋőáćïğŋëå 4-ňŋőčőőąàăğĺľ. Ęĺćěâ ŕàăćďőŕőďőąŋăï čĺŕőâěğă:

E(2)_K ĺ E(2)_K′ ďĺääěőňőàäŋë =⇒ K ĺ K^′ íłćĺćăńěŋâŋë: (6.10)

Ĺáŕőńìğãï ąőńěě áńőęŋëě ŕěàěáâàőľłĺ (ŋăŕàĺňěà, ńĺŋłĺ ćňěáâő ãğńőć ĺńĺ ãğńë ąőńìèőčő àőďă), ňőęŋő àăáèĺàĺâì çĺáńő íłğőâĺçěáłĺå áâàãłâãà ĺ ãńãçèĺâì ĺå łăÄ çěáâćő (ŋăŕàĺňěà, Ťĺŋâăèěńì ĺ Śâěàŋ ŕőáâàőĺńĺ ŋě áĺňŕńěłâĺçěáłãî, íłğőâĺçěáłãî K3-ŕőćěàåŋőáâì âőńìłő á őďŋĺň äãŋďăňěŋâăńìŋëň łńăááőň).

Ŕàĺćěďěŋŋëě àěğãńìâăâë ĺ łőŋáâàãłæĺĺ, łăğăńőáì ąë, ŕàĺćőďïâ ŋăá ł ćëćőďã, çâő ĺŋćăàĺăŋâë, ďőáâăćńïěňëě łăńĺąàőćőçŋëňĺ âěőàĺïňĺ, âăłĺě, łăł ŕőŕãńïàŋëě ŋëŋě KM_X ĺ SW_X , áńĺèłőň áńăąë ďńï čńăďłőľ łńăááĺäĺłăæĺĺ 4-ňŋőčőőąàăğĺľ. Ůâőąë őáŕőàĺâì âăłőľ ŕěááĺňĺáâĺçěáłĺľ ćğčńïď, ŕàőćěďěň ĺáâőàĺçěáłãî ŕăàăńńěńì: łőčďă Ńĺłőàĺè ŕőáâàőĺń ďćě čőňőńőčĺçěáĺě 3-áäěàë á őďĺŋăłőćëňĺ łőčőňőńőčĺïňĺ ŤńőěÄ àă, Ňăľłń Ăâìï ğăňěâĺń, çâő àěğãńìâăâ łăáăěâáï âőńìłő SU(2)-łőčőňőńőčĺľ. ĹňěÄ îâáï ěéě SU(3), SU(4) ĺ â. ď. Ňë ŋě ŕőńěŋĺńĺáì őŕĺáăâì ć ŋăèěň őąğőàě ŋěăąěńěćë ňőŋőŕőńĺ (áň. § 5), őâłàëćăîéĺě ąěáłőŋěçŋãî áěàĺî \ŋěłńăááĺçěáłĺå" ĺŋćăàĺăŋâőć, ďőáâăćńïěňëå ćáě âěňĺ ęě łăńĺąàőćőçŋëňĺ âěőàĺïňĺ. Ďěńő { ğă âěåŋĺçěáłőľ àăğàăÄ ąőâłőľ íâĺå ąőńěě áńőęŋëå łőŋáâàãłæĺľ.

ŚŔĹŚŐŁ ŃĹŠĚŘĂŠŞŘŻ

[1] J. Ambjfirn Quantization of Geometry, Lect. given at Les Houches, Nato Adv. Sci. Inst.

Fluctuating Geometries in Statistical Mechanics and Field Theory, Session LXII, 1994. [2] M. F. Atiyah, R. Bott The Yang{Mills equations over Riemann surfaces // Philos. Trans.

Roy. Soc. London Ser. A. 1982. V. 308. ò1505. P. 523{615. [3] Ŕ. Ă. Ň. Ďĺàăł Ŕàĺŋæĺŕë łćăŋâőćőľ ňěåăŋĺłĺ. Ň.: Ňĺà, 1960.

[4] S. Donaldson Symplectic submanifolds and almost-complex geometry // J. Di¸erential Geom. 1996. V. 44. P. 666{705.

[5] S. Donaldson Lefschetz ˛brations in symplectic geometry // Doc. Math. J. DMV. Extra Volume ICM Berlin. 1998. V. II. P. 309{314.

138 Ŋ. Ă. ŠđŘĹŊ

[6] S. Donaldson, P. Kronheimer The Geometry of Four-Manifolds. Oxford: Clarendon Press, 1990.

[7] R. Donagi, E. Witten Supersymmetric Yang{Mills theory and integrable systems // Nuclear Phys. B. 1996. V. 460. ò2. P. 299{334; hep-th/9510101.

[8] R. Fintushel, R. Stern Knots, links, and 4-manifolds // Invent. Math. 1998. V. 134.

ò2. P. 363{400.

[9] R. Fintushel, R. Stern Constructions of smooth 4-manifolds // Doc. Math. J. DMV.

Extra Volume ICM Berlin. 1998. V. II. P. 1{10; math.GT/9907178.

[10] Ď. Ťàĺď, Ł. Şńěŋąěł Ĺŋáâăŋâőŋë ĺ çěâëàěåňěàŋëě ňŋőčőőąàăğĺï. Ň.: Ňĺà, 1988. [11] M. H. Freedman, F. Luo Selected Applications of Geometry to Low-Dimensional TopolÄ ogy. Marker lectures in the mathematical sciences held at the Pennsylvania State University, 1987. Providence, RI: Amer. Math. Soc., 1989.

[12] Ą. Łăàŕőć S-ďćőľáâćěŋŋőáâì ĺ ĺáłńîçĺâěńìŋëě àăááńőěŋĺï // Ĺğć. ŘĂŊ. Śěà. ňăâěň.

1999. Š. 63. ò1. Ś. 107{122.

[13] P. W. Kronheimer, T. S. Mrowka The genus of embedded surfaces in the projective plane // Math. Res. Lett. 1994. V. 1. P. 797{808.

[14] S. Mukai On moduli spaces of bundles on K3 surfaces. II // Vector Bundles on Algebraic Varieties. Bombay colloquium. Oxford: Oxford Univ. Press, 1984. P. 341{414.

[15] Ć. Ŕĺďáâàĺčăç, Ă. Šîàĺŋ Ĺŋćăàĺăŋâë čńăďłőľ áâàãłâãàë ăńčěąàăĺçěáłőľ ŕőćěàåŋőáÄ âĺ, ğăďăćăěňëě őŕěàăâőàőň Ďĺàăłă // Ĺğć. ŘĂŊ. Śěà. ňăâěň. 1992. Š. 56. ò2. Ś. 279{371.

[16] V. Pidstrigach, A. Tyurin Localisation of the Donaldson’s Invariants along Seiberg{ Witten Classes // Preprint. Bielefeld: Bielefeld University, 1995.

[17] D. Salamon Spin geometry and Seiberg{Witten invariants // Preprint. Warwick: UniverÄ sity of Warwick, 1995.

[18] N. Seiberg, E. Witten Electric-magnetic duality, monopole condensation and con˛neÄ ment in N = 2 supersymmetric Yang{Mills theory // Nuclear Phys. B. 1994. V. 426. ò1. P. 19{52; hep-th/9407087; Corrigendum ibid. V. 430. ò2. P. 485{486.

[19] C. H. Taubes The Seiberg{Witten invariants and symplectic forms // Math. Res. Lett.

1994. V. 1. ò6. P. 809{822.

[20] C. H. Taubes More constraints on symplectic forms from Seiberg{Witten invariants // Math. Res. Lett. 1995. V. 2. ò1. P. 9{13.

[21] Ă. Ŋ. Šîàĺŋ Śŕĺŋ-ŕőńĺŋőňĺăńìŋëě ĺŋćăàĺăŋâë čńăďłĺå áâàãłâãà ŋă ăńčěąàăĺçěáłĺå ŕőćěàåŋőáâïå // Ĺğć. ŘĂŊ. Śěà. ňăâěň. 1993. Š. 57. ò2. Ś. 125{164.

[22] Ă. Ŋ. Šîàĺŋ Ăńčěąàő-čěőňěâàĺçěáłĺě ăáŕěłâë čńăďłőáâĺ. 1. Ŕőńĺŋőňë Ďőŋăńìďáőŋă // ŞŇŊ. 1989. Š. 44. ò3. Ś. 93{143.

[23] Ă. Ŋ. Šîàĺŋ Śŕěæĺăńìŋăï ńăčàăŋęěćă čěőňěâàĺï łăł ňăńăï ďěäőàňăæĺï ăńčěąàăĺçěáłőľ čěőňěâàĺĺ (GQP ĺ ğěàłăńìŋăï áĺňňěâàĺï) // Ĺğć. ŘĂŊ. Śěà. ňăâěň. 2000. Š. 64. ò2. Ś. 141{224.

[24] Ŋ. Ă. Šîàĺŋ Ŋěőąåőďĺňőě ĺ ďőáâăâőçŋőě ãáńőćĺï ďěäőàňăæĺĺ B-ňőŋőŕőńï ć ĺŋáâăŋâőŋ // Ĺğć. ŘĂŊ. Śěà. ňăâěň. 1996. Š. 60. ò1. Ś. 211{224.

[25] C. Vafa, E. Witten A strong coupling test of S-duality // Nuclear Phys. B. 1994. V. 431.

ò1{2. P. 3{77; hep-th/9408169.

[26] E. Witten Monopoles and four-manifolds // Math. Res. Lett. 1994. V. 1. P. 769{796. [27] E. Witten Duality in supersymmetric gauge theories. Notes from E. Witten’s lectures, Santa Cruz, 1995.

Őąêěďĺŋěŋŋëľ ĺŋáâĺâãâ ïďěàŋëå ĺááńěďőćăŋĺľ, Ďãąŋă Ŕőáâãŕĺńă ć àěďăłæĺî 11.09.2001