ŚĚŘĹ§ ŇĂŠĚŇĂŠĹŮĚŚŁĂ§ Šőň 62, ò 3, 1998

ŞĎŁ 513.83 Š. Ě. Ŕăŋőć

Ćëçĺáńěŋĺě àőďőć Ţĺàæěąàãåă ňŋőčőőąàăğĺľ, ŋěáãéĺå ďěľáâćĺě čàãŕŕë Z=p, çěàěğ ĺŋćăàĺăŋâë ďěľáâćĺï

Ŕőńãçěŋë őąéĺě äőàňãńë, ćëàăęăîéĺě àőď Ţĺàæěąàãåă ňŋőčőőąàăğĺï á ďěľáâćĺěň čàãŕŕë Z=p çěàěğ ĺŋćăàĺăŋâë íâőčő ďěľáâćĺï { ŋăąőàë ćěáőć ć ŋěŕőÄ ďćĺęŋëå âőçłăå. Ć łăçěáâćě ĺńńîáâàăæĺľ àăááňőâàěŋë ňŋőčőçĺáńěŋëě çăáâÄ ŋëě áńãçăĺ ĺğćěáâŋëå àőďőć, ć çăáâŋőáâĺ íńńĺŕâĺçěáłőčő àőďă. Őŕĺáăŋă áćïğì ŕőńãçěŋŋëå áőőâŋőèěŋĺľ á âăł ŋăğëćăěňëňĺ ãàăćŋěŋĺïňĺ Łőŋŋěàă{Ťńőľďă ŋă ŋăąőàë ćěáőć ŋěŕőďćĺęŋëå âőçěł.

Ąĺąńĺőčàăäĺï: 15 ŋăĺňěŋőćăŋĺľ.

Ććěďěŋĺě

Ć àăąőâě ŕőńãçěŋë äőàňãńë, ćëàăęăîéĺě àőďë Ţĺàæěąàãåă ňŋőčőőąàăğĺľ á ďěľáâćĺěň čàãŕŕë Z=p á łőŋěçŋëň çĺáńőň ŋěŕőďćĺęŋëå âőçěł ĺńĺ ŋěŕőďćĺęŋëňĺ ŕőďňŋőčőőąàăğĺïňĺ á âàĺćĺăńìŋëň ŋőàňăńìŋëň àăááńőěŋĺěň çěàěğ ĺŋćăàĺăŋâë âăłőčő ďěľáâćĺï ĺ őŕĺáăŋă áćïğì ŕőńãçěŋŋëå áőőâŋőèěŋĺľ á ãàăćŋěŋĺïňĺ ŁőŋŋěÄ àă{Ťńőľďă.

Ďěľáâćĺï čàãŕŕë Z=p ĺğãçăńĺáì ć àăąőâăå [12], [13], [11], [8], čďě ć àăňłăå âěÄ őàĺĺ łőąőàďĺğňőć ąëńĺ ŕőńãçěŋë âăł ŋăğëćăěňëě ãàăćŋěŋĺï Łőŋŋěàă{Ťńőľďă (áň. (31), (32)). İâĺ ãàăćŋěŋĺï ŕàěďáâăćńïîâ áőąőľ áőőâŋőèěŋĺï ňěęďã ŋăąőàăňĺ íńěňěŋâőć Z=p, ŋěőąåőďĺňëě ĺ ďőáâăâőçŋëě ďńï âőčő, çâőąë áãéěáâćőćăńő ďěľáâÄ ćĺě čàãŕŕë Z=p á âăłĺňĺ ŋăąőàăňĺ ćěáőć (őŕàěďěńěŋĺě áň. ć § 3). Ć àăąőâě [5] ąëńĺ ŕàěďńőęěŋë ďćă ŕőďåőďă ďńï ćëçĺáńěŋĺï àőďőć Ţĺàæěąàãåă łőňŕńěłáŋëå ňŋőčőÄ őąàăğĺľ á ďěľáâćĺěň čàãŕŕë Z=p.

Ŕěàćëľ ŕőďåőď őáŋőćăŋ ŋă ŕàĺňěŋěŋĺĺ äőàňãńë Ăâìĺ{Ąőââă{Ńěäèěæă [1], ĺ ŕőíâőňã ďńï ěčő àěăńĺğăæĺĺ ŋěőąåőďĺň íńńĺŕâĺçěáłĺľ łőňŕńěłá àăááńőěŋĺľ ŋă ňŋőčőőąàăğĺĺ, ăááőæĺĺàőćăŋŋëå á łăáăâěńìŋëň àăááńőěŋĺěň. Ťőàňãńă Ăâìĺ{Ąőââă{Ńěäèěæă, ŕőńãçěŋŋăï ć àăąőâě [1], őąőąéăěâ łńăááĺçěáłãî äőàňãńã ŃěäèěÄ æă ďńï çĺáńă ŋěŕőďćĺęŋëå âőçěł ĺ ŕőğćőńïěâ ćëçĺáńïâì íłćĺćăàĺăŋâŋëľ ĺŋďěłá íńńĺŕâĺçěáłőčő łőňŕńěłáă àăááńőěŋĺľ ŋă ňŋőčőőąàăğĺĺ çěàěğ äãŋłæĺĺ ŋěŕőďćĺęÄ ŋëå ŕőďňŋőčőőąàăğĺľ (őŕàěďěńěŋĺï áň. ŋĺęě). Ć çăáâŋőáâĺ, ěáńĺ ŋă ňŋőčőőąàăğĺĺ ďěľáâćãěâ őŕěàăâőà á łőŋěçŋëň çĺáńőň ŋěŕőďćĺęŋëå âőçěł, âő áőőâćěâáâćãîéĺľ íłćĺćăàĺăŋâŋëľ ĺŋďěłá ćëàăęăěâáï çěàěğ ŋăąőàë ćěáőć ŋěŕőďćĺęŋëå âőçěł. Ć àăąőâě [5] ąëńő ŕőłăğăŋő, łăł ćëàăğĺâì àőď Šőďďă, ïćńïîéĺľáï ĺŋďěłáőň íńńĺŕÄ âĺçěáłőčő łőňŕńěłáă (ă ĺňěŋŋő łőňŕńěłáă Ďőńìąő) àăááńőěŋĺľ ŋă ňŋőčőőąàăğĺĺ á

Řăąőâă ćëŕőńŋěŋă ŕàĺ äĺŋăŋáőćőľ ŕőďďěàęłě ŘŤŤĹ (čàăŋâ 96-01-01404).

© Š. Ě. Ŕăŋőć 1998

88 Š. Ě. ŔĂŊŐĆ

ďěľáâćĺěň Z=p çěàěğ íłćĺćăàĺăŋâŋëľ ĺŋďěłá âőčő ęě łőňŕńěłáă ďńï ďěľáâćĺï őąÄ àăğãîéěľ čàãŕŕë Z=p, ćåőďïéĺľ ć äőàňãńã Ăâìĺ{Ąőââă{Ńěäèěæă. Šăłĺň őąàăÄ ğőň, ąëńĺ ćëćěďěŋë äőàňãńë, ćëàăęăîéĺě àőď Šőďďă çěàěğ ćěáă ďěľáâćĺï čàãŕŕë Z=p ć ŋěŕőďćĺęŋëå âőçłăå. Ć äőàňãńë, ŕőńãçăěňëě âăłĺň őąàăğőň, ćåőďĺń âěőàěÄ âĺłő-çĺáńőćőľ áńěď ŋěłőâőàőčő ăńčěąàăĺçěáłőčő àăáèĺàěŋĺï ŕőńěľ áâěŕěŋĺ p − 1. Ăŋăńőčĺçŋëľ ŕőďåőď ąëń ĺáŕőńìğőćăŋ ĺ ć ŋăèěľ àăąőâě ďńï ŕőńãçěŋĺï äőàňãń ďńï ďàãčĺå àőďőć ňŋőčőőąàăğĺľ á ďěľáâćĺěň Z=p: áĺčŋăâãàë (L-àőďă), íľńěàőćőľ åăÄ àăłâěàĺáâĺłĺ, ^A-àőďă, őąéěľ Ø_y-åăàăłâěàĺáâĺłĺ ĺ íńńĺŕâĺçěáłőčő àőďă, ă âăłęě ďńï ŕőńãçěŋĺï ŋěłőâőàëå őąéĺå áőőâŋőèěŋĺľ (áň. § 5) ďńï ŕàőĺğćőńìŋëå àőďőć Ţĺàæěąàãåă, ïćńïîéĺåáï ĺŋďěłáăňĺ íńńĺŕâĺçěáłĺå łőňŕńěłáőć àăááńőěŋĺľ, ăáÄ áőæĺĺàőćăŋŋëå á łăáăâěńìŋëň àăááńőěŋĺěň ňŋőčőőąàăğĺï á ďěľáâćĺěň Z=p.

Ć ŋăèěľ àăąőâě ňë ĺáŕőńìğãěň őąőąéěŋŋãî äőàňãńã Ńěäèěæă ć ŋěáłőńìłő ĺŋőľ äőàňãńĺàőćłě, ĺğńőęěŋŋőľ ć àăąőâě [3]. İâă äőàňãńă ĺ őáőąěŋŋő ŕőńãçăěňëľ ŋă ěě őáŋőćě \àěæěŕâ" ďńï ćëçĺáńěŋĺï íłćĺćăàĺăŋâŋőčő ĺŋďěłáă łőňŕńěłáă çěàěğ äãŋłÄ æĺĺ ŋěŕőďćĺęŋëå âőçěł (áň. § 5) ąőńěě ãďőąŋë ć ŕàĺňěŋěŋĺĺ, çěň äőàňãńă ĺğ [1], ĺáŕőńìğãěňăï ć àăąőâě [5]. Őąőąéěŋŋăï äőàňãńă Ńěäèěæă ĺğ àăąőâë [3] ąëńă ŕőÄ ńãçěŋă ŋă őáŋőćě ďőłăğăŋŋőľ âăň ęě âěőàěňë Ăâìĺ{Ğĺŋčěàă őą ĺŋďěłáě ć łőčőňőÄ ńőčĺçěáłőľ äőàňě. Ďńï áàăćŋěŋĺï çăáâì àěğãńìâăâőć ŋăèěľ àăąőâë (áň. § 4) ąëńĺ ŕőńãçěŋë ŋă őáŋőćě \áâăàőľ" äőàňãńë Ńěäèěæă ĺğ àăąőâë [1], ă őáâăńìŋëě { á ŕőÄ ňőéìî \àěæěŕâă" ĺğ § 5, őáŋőćăŋŋőčő ŋă ŕàĺňěŋěŋĺĺ äőàňãńë ĺğ àăąőâë [3].

Ć àăąőâě [5] ąëń ŕàĺćěďěŋ ćâőàőľ ŕőďåőď ďńï ŕőńãçěŋĺï áőőâŋőèěŋĺľ ďńï àőÄ ďőć Ţĺàæěąàãåă, őáŋőćăŋŋëľ ŋă ŕàĺňěŋěŋĺĺ âěőàĺĺ łőąőàďĺğňőć, łăł ŕàĺ ćëćőďě ãàăćŋěŋĺľ Łőŋŋěàă{Ťńőľďă ć àăąőâăå [12], [13]. Ć [5] ąëńă ŕàĺćěďěŋă äőàňãńă, ćëàăęăîéăï łńăáá łőąőàďĺğňőć modp áâăąĺńìŋő łőňŕńěłáŋőčő ňŋőčőőąàăğĺï á ďěľáâćĺěň Z=p çěàěğ ĺŋćăàĺăŋâë ďěľáâćĺï, ĺ ąëńő ŕőłăğăŋő, çâő àăğŋőáâì ňěęďã äőàňãńăňĺ ďńï àőďă Šőďďă, ŕőńãçăěňëňĺ ŕěàćëň ĺ ćâőàëň ňěâőďăňĺ, ěáâì ć âőçÄ ŋőáâĺ áãňňă ãàăćŋěŋĺľ Łőŋŋěàă{Ťńőľďă ďńï àőďă Šőďďă. Ć ŋăèěľ àăąőâě ŕőłăğëÄ ćăěâáï (áň. âěőàěňã 7.1), çâő àăğŋőáâì ňěęďã ďćãňï ŋă ŕěàćëľ ćğčńïď àăğńĺçŋëňĺ äőàňãńăňĺ, ŕőńãçěŋŋëňĺ ďćãňï ňěâőďăňĺ ďńï ŕàőĺğćőńìŋőčő àőďă, ěáâì ćğćěèěŋÄ ŋăï áãňňă ãàăćŋěŋĺľ Łőŋŋěàă{Ťńőľďă ďńï íâőčő àőďă á æěńëňĺ łőíääĺæĺěŋâăňĺ.

Őáőąőčő ĺŋâěàěáă ğăáńãęĺćăěâ âăł ŋăğëćăěňëľ íńńĺŕâĺçěáłĺľ àőď. Ć àăąőâăå İ. Ćĺââěŋă łăęďőňã čńăďłőňã őàĺěŋâĺàőćăŋŋőňã 2n-ňěàŋőňã ňŋőčőőąàăğĺî M^{2n} ąëń áőŕőáâăćńěŋ ĺŋćăàĺăŋâ { íłćĺćăàĺăŋâŋëľ ĺŋďěłá őŕěàăâőàă Ďĺàăłă ďńï łăÄ ŋőŋĺçěáłőčő ďěľáâćĺï őłàãęŋőáâĺ S^1 ŋă ŕàőáâàăŋáâćě ŕěâěńì íâőčő ňŋőčőőąàăğĺï. Ś. Őèăŋĺŋ ć [14] ŕőłăğăń, çâő íâőâ ĺŋďěłá ïćńïěâáï àőďőň Ţĺàæěąàãåă, áőőâćěâÄ áâćãîéĺň íńńĺŕâĺçěáłőňã áĺŋãáã; őâáîďă ĺ ŕàőĺáåőďĺâ ŋăğćăŋĺě \íńńĺŕâĺçěáÄ łĺľ àőď". Ć àăąőâăå [2], [9] ĺ ďà. ąëńă ďőłăğăŋă âěőàěňă ęěáâłőáâĺ ďńï íńńĺŕâĺÄ çěáłőčő àőďă ňŋőčőőąàăğĺľ á ďěľáâćĺěň S^1 , ãâćěàęďăîéăï, çâő íłćĺćăàĺăŋâŋëľ íńńĺŕâĺçěáłĺľ àőď ’_S1 (M ) âăłőčő ňŋőčőőąàăğĺï, àăááňăâàĺćăěňëľ łăł åăàăłÄ âěà čàãŕŕë S^1 , ïćńïěâáï âàĺćĺăńìŋëň åăàăłâěàőň ĺ àăćěŋ íńńĺŕâĺçěáłőňã àőďã ’(M ). Ć âő ęě ćàěňï íńńĺŕâĺçěáłĺľ àőď ŕàĺŋĺňăěâ ğŋăçěŋĺï ć łőńìæě Z

[_1 2 ] [ffi; ”] ĺ ěčő ğŋăçěŋĺě ŋă ńîąőň ňŋőčőőąàăğĺĺM^{2n} ïćńïěâáï ňőďãńïàŋőľ äőàňőľ ćěáă n ďńï ŕőďčàãŕŕë `_0(2) ⊂ SL_2(Z) (áň. [7]). Ć ŋăèěľ àăąőâě ňë ŕőńãçăěň äőàňãńë ďńï íńńĺŕâĺçěáłőčő àőďă ňŋőčőőąàăğĺľ á ďěľáâćĺěň čàãŕŕë Z=p á łőŋěçŋëň çĺáńőň ŋěŕőďćĺęŋëå âőçěł. Śćőďłă àěğãńìâăâőć íâőľ çăáâĺ àăąőâë (ąěğ ďőłăğăâěńìáâć)

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 89

ąëńă őŕãąńĺłőćăŋă ć [15]. Ć łăçěáâćě ŕàĺńőęěŋĺï ňë ćëćőďĺň áőőâŋőèěŋĺï ŋă ŕőÄ ńĺŋőňë Ńěęăŋďàă, łőâőàëě ŕőńãçăîâáï ŕàĺňěŋěŋĺěň íâĺå äőàňãń ł őďŋőňã ďěľÄ áâćĺî Z=p ŋă CP^n (áň. § 8).

Őáâăćèăïáï çăáâì àăąőâë (áň. § 9) ŕőáćïéěŋă őąőąéěŋĺî ŋă áńãçăľ ďěľáâćĺï Z=p á ŋěŕőďćĺęŋëňĺ ŕőďňŋőčőőąàăğĺïňĺ á âàĺćĺăńìŋëň ŋőàňăńìŋëň àăááńőěŋĺěň.

x 1. Ŋěőąåőďĺňëě áćěďěŋĺï ő àőďăå Ţĺàæěąàãåă

Ŕãáâì M^{2n} {ňŋőčőőąàăğĺě, ć łăáăâěńìŋőň àăááńőěŋĺĺ ł łőâőàőňã ĺňěěâáï áâăÄ ąĺńìŋăï łőňŕńěłáŋăï áâàãłâãàă, â.ě. áãéěáâćãěâ âăłőě k, çâő ć àăááńőěŋĺĺ T M ⊕ 2k ĺňěěâáï łőňŕńěłáŋăï áâàãłâãàă. Ğăŕĺèěň ŕőńŋëľ łńăáá Ůęěŋï łăáăÄ âěńìŋőčő àăááńőěŋĺï T M ć ćĺďě

c(T M ) = 1 + c_1(M ) + c_2(M ) + · · · + c_n(M ) = (1 + x_1)(1 + x_2) · · · (1 + x_n);

â.ě. ŕőńŋëľ łńăáá Ůęěŋï M ğăŕĺáëćăěâáï ć ćĺďě ŕàőĺğćěďěŋĺï łńăááőć Ůęěŋï \ćĺàâãăńìŋëå" őďŋőňěàŋëå àăááńőěŋĺľ, áãňňă łőâőàëå ďăěâ T M . Šăłĺň őąàăğőň, c_i(M ) ěáâì i-ï áĺňňěâàĺçěáłăï äãŋłæĺï őâ x_1; : : :; x_n.

Łăęďőňã àïďã ćĺďă Q(x) = 1 + · · · á łőíääĺæĺěŋâăňĺ ć ŋěłőâőàőň łőńìæě~ áőőâćěâáâćãěâ àőď Ţĺàæěąàãåă ’_Q(M^{2n}) = ( ∏_n i=1 Q(x_i) ) [M^{2n}] (áň. [6]). ŊăàïÄ ďã á Q(x) ććěďěň f(x) = x=Q(x) ĺ g(u) = f^{−1}(u). Ś łăęďëň àőďőň ŢĺàæěąàãÄ åă ’ áćïğăŋă äőàňăńìŋăï čàãŕŕă, ńőčăàĺäňőň łőâőàőľ ïćńïěâáï g_’(u) (áň. [5]): F_’(u; v) = g^{−1}_’ ( g_’(u) + g_’(v) ) . İâőľ äőàňăńìŋőľ čàãŕŕě áőőâćěâáâćãěâ áâěŕěŋÄ ŋăï áĺáâěňă (áň. [5]) [u]^’_n = g^{−1}_’ ( ng_’(u) ) . Ăŋăńőčĺçŋő ňőęŋő őŕàěďěńĺâì àőďë Ţĺàæěąàãåă ďńï ćěéěáâćěŋŋëå őàĺěŋâĺàãÄ ěňëå ňŋőčőőąàăğĺľ M^{4n}. Ŕàĺ íâőň łńăááë Ůęěŋï c_i ğăňěŋïîâáï ŋă łńăááë ŔőŋâÄ àïčĺŋă p_i, ă x_i ŋă x^2_i , â.ě.

p(T M ) = 1 + p_1(M ) + p_2(M ) + · · · + p_n(M ) = (1 + x^2_1)(1 + x^2) · · · (1 + x^2_n):

Ćňěáâő àïďă Q(x) ňë âěŕěàì ąãďěň ĺňěâì Q(x^2).

Ťőàňãńë, ŕőńãçěŋŋëě ć ďăŋŋőľ àăąőâě, őâŋőáïâáï ć őáŋőćŋőň ł áńěďãîéĺň àőÄ ďăň Ţĺàæěąàãåă.

1. Şŋĺćěàáăńìŋëľ àőď ’ áőőâćěâáâćãěâ âőęďěáâćěŋŋőňã čőňőňőàäĺğňã id: ˙_U ⊗ Q → ˙_U ⊗ Q. Śőőâćěâáâćãîéăï äőàňăńìŋăï čàãŕŕă \čěőňěâàĺçěáłĺå łőąőàďĺğňőć" F (u; v) (áň. [12]) ïćńïěâáï ãŋĺćěàáăńìŋőľ, â.ě. ďńï ńîąőľ äőàňăńìŋőľ čàãŕŕë F (x; y) ŋăď ńîąëň łőńìæőň ~ áãéěáâćãěâ ěďĺŋáâćěŋŋëľ łőńìæěćőľ čőňőňőàäĺğň ˘: ˙_U → ~ âăłőľ, çâő F (x; y) =˘ [ F (u; v) ] (áň. [5]). Ěě ńőčăàĺäň ěáâì

g(u) = ∞∑ n=0 ’[CP^n] n + 1 u^{n+1} = ∞∑ n=0 CP^n n + 1 u^{n+1}:

Šăłĺň őąàăğőň, ďńï ńîąőčő àőďă Ţĺàæěąàãåă ’ ĺňěěň

g_’(u) = ∞∑ n=0 ’[CP^n] n + 1 u^{n+1}: (1)

90 Š. Ě. ŔĂŊŐĆ

2. Řőď Šőďďă td(M ) áőőâćěâáâćãěâ àïďã

Q_{td}(x) = x 1 − e^{−x}

; f_{td}(w) = 1 − e^{−w}; g_{td}(u) = − ln(1 − u):

Šő ęě áăňőě ňőęŋő ŕőńãçĺâì, ĺáåőďï ĺğ âőčő, çâő td(CP^n) = 1. Ďěľáâćĺâěńìŋő, âőčďă ĺğ (1) áńěďãěâ

g_{td}(u) = ∞∑ n=0 u^{n+1} n + 1

= − ln(1 − u):

Śőőâćěâáâćãîéăï áâěŕěŋŋăï áĺáâěňă ĺňěěâ ćĺď

[u]^{td}_n = g^{−1}_{td} ( ng_{td}(u) ) = 1 − e^{n ln(1−u)} = 1 − (1 − u)^n:

Ĺâăł, ďńï àőďă Šőďďă ňë ĺňěěň

f_{td}(w) = 1 − e^{−w}; g_{td}(u) = − ln(1 − u); [u]^{td}_n = 1 − (1 − u)^n: (2_{td})

3. İľńěàőćă åăàăłâěàĺáâĺłă e(M ) (łăáăâěńìŋőčő àăááńőěŋĺï). Šăł łăł e(CP^n) = n + 1, âő (áň. [13])

g_e(u) = u 1 − u

; f_e(w) = g^{−1}_e (w) = w 1 + w : Ğŋăçĺâ, Q(x) = 1 + x ĺ, łăł ĺ áńěďőćăńő őęĺďăâì,

e[M ] =

(_n∏ i=1 Q(x_i) ) [M ] = (x_1x_2 : : : x_n)[M^{2n}] = c_n[M^{2n}]:

Ďăńěě, [u]^e_n = g^{−1}_e ( ng_e(u) ) = nu 1 + (n − 1)u : Ĺâăł, ďńï íľńěàőćőľ åăàăłâěàĺáâĺłĺ ňë ĺňěěň

f_e(w) = w 1 + w

; g_e(u) = u 1 − u

; [u]^e_n = nu 1 + (n − 1)u

: (2_e)

4. Śĺčŋăâãàă, ĺńĺ L-àőď, áőőâćěâáâćãěâ àïďã

Q_L(x) = x th(x) = x(e^x + e^{−x}) e^x − e^{−x}

; f_L(w) = th(w);

g_L(u) = arth(u) = 1 2 ln ( 1 + u 1 − u ) : İâő áőčńăáãěâáï á âěőàěňőľ Ţĺàæěąàãåă (â.ě. L-àőď àăćěŋ áĺčŋăâãàě, áň. [6]), ć áĺÄ ńã łőâőàőľ L(CP^{2n}) = 1, L(CP^{2n+1}) = 0. Śőőâćěâáâćãîéăï áâěŕěŋŋăï áĺáâěňă ĺňěěâ ćĺď

[u]^L_n = g^{−1}_L ( ng_L(u) ) = e^{n2 ln 1+u1−u} − e^{− n2 ln 1+u1−u} e^{n2 ln 1+u1−u} + e^{− n2 ln 1+u1−u} = (1 + u)^n − (1 − u)^n (1 + u)^n + (1 − u)^n :

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 91

Ĺâăł, ďńï L-àőďă ňë ĺňěěň

f_L(w) = th(w); g_L(u) = 1 2 ln ( 1 + u 1 − u ) ; [u]^L_n =

(1 + u)^n − (1 − u)^n (1 + u)^n + (1 − u)^n

: (2_L)

5. Ĺňěěâáï őďŋőŕăàăňěâàĺçěáłĺľ àőď, őąőąéăîéĺľ âàĺ ŕàěďëďãéĺå ŕàĺňěàă, ă ĺňěŋŋő Ø_y-åăàăłâěàĺáâĺłă; Ø_y-åăàăłâěàĺáâĺłă { íâő àőď Ţĺàæěąàãåă, áőőâćěâÄ áâćãîéĺľ àïďã

Q_{Øy} = x(1 + ye^{−x(1+y)}) 1 − e^{−x(1+y)} ; f_{Øy} (w) = w Q_{Øy} (w) = 1 − e^{−w(1+y)} 1 + ye^{−w(1+y)}

; g_{Øy} (u) = 1 1 + y ln 1 + yu 1 − u :

Ŕàěŋěąàěčăï ãáńőćĺěň ŋőàňĺàőćłĺ f_{Øy} (w) = w + · · · ĺ ğăňěŋïï w(1 + y) ŋă w, ŕőńãçĺň ^f_{Øy} (w) = 1 − e^{−w} 1 + ye^{−w}

; ^g_{Øy} (u) = ln

1 + yu 1 − u : Ć őąőĺå áńãçăïå ćëàăęěŋĺě ďńï áâěŕěŋŋőľ áĺáâěňë, áćïğăŋŋőľ á Ø_y-àőďőň, őďŋő ĺ âő ęě:

[u]^{Øy}_n =

(1 + yu)^n − (1 − u)^n (1 + yu)^n + y(1 − u)^n = 1 − (_{1−u}

1+yu

)_n

1 + y

(_{1−u}

1+yu

)_n : (2_{Øy} )

Ŕàĺ y = 0; −1; 1 ňë ŕőńãçăěň áőőâćěâáâćěŋŋő àőď Šőďďă, íľńěàőćã åăàăłâěàĺáâĺÄ łã ĺ L-àőď.

6. ^A-àőď áőőâćěâáâćãěâ àïďã

Q_A(x) = x=2 sh(x=2) = x e^{x=2} − e^{−x=2} ; f_A(w) = 2 sh ( w 2 ) ; g_A(u) = 2 arsh ( u 2 ) = ln ( u 2 + √ 1 + u^2 4 ) :

Śőőâćěâáâćãîéăï áâěŕěŋŋăï áĺáâěňă ĺňěěâ ćĺď

[u]^A_n = g^{−1}_A ( ng_A(u) ) = 2 sh ( n arsh(u=2) )

= ( u 2 + √ 1 + u^2 4 )_n − ( u 2 + √ 1 + u^2 4 )_{−n} :

Ĺâăł, ďńï ^A-àőďă ňë ĺňěěň

f_A(w) = 2 sh(w=2); g_A(u) = 2 arsh(u=2); [u]^A_n = 2 sh ( n arsh(u=2) ) : (2_A)

92 Š. Ě. ŔĂŊŐĆ

x 2. Ćëçĺáńěŋĺě àőďőć Ţĺàæěąàãåă ŋă őáŋőćě âěőàěňë Ăâìĺ{Ğĺŋčěàă őą ĺŋďěłáě

Ňë ąãďěň àăááňăâàĺćăâì áńěďãîéĺě íńńĺŕâĺçěáłĺě łőňŕńěłáë: łőňŕńěłá ďě Řăňă ~^∗ : `(~^0)^d−→ `(~^1)^d−→ · · ·^d−→ `(~^n)

ĺ łőňŕńěłá Ďőńìąő

~^{p;∗} : `(~^{p;0})^{d′′}−−→ `(~^{p;1})^{d′′}−−→ · · ·^{d′′}−−→ `(~^{p;n});

čďě ~^i = ~^i(T^∗M ) { àăááńőěŋĺě ďĺääěàěŋæĺăńìŋëå i-äőàň ŋă M , ă

~^{p;i} = ~^p(T^∗M ) ∧ ~^i(T^∗M ) ≃ ~^p(T^∗M ) ∧ ~^i(T M )

{ àăááńőěŋĺě ďĺääěàěŋæĺăńìŋëå äőàň âĺŕă (p; i) (T^∗M ≃ T M , ěáńĺ ŋă ňŋőčőőąÄ àăğĺĺ M ććěďěŋă íàňĺâőćă ňěâàĺłă).

Ĺňěěâ ňěáâő áńěďãîéăï âěőàěňă Ăâìĺ{Ğĺŋčěàă őą ĺŋďěłáě ć łőčőňőńőčĺçěáłőľ äőàňě (áň. [3]).

Šěőàěňă 2.1. Ŕãáâì M { łőňŕăłâŋőě, őàĺěŋâĺàãěňőě, ďĺääěàěŋæĺàãěňőě ňŋőčőőąàăğĺě àăğňěàŋőáâĺ 2n ĺ E = {d_i : `E_i → `E_{i+1}} { íńńĺŕâĺçěáłĺľ łőňŕńěłá (i = 0; : : :; m − 1), ăááőæĺĺàőćăŋŋëľ á łăáăâěńìŋëň àăááńőěŋĺěň (â.ě. ćáě àăááńőěŋĺï E_i ăááőæĺĺàőćăŋë á T M ). Šőčďă ĺŋďěłá íâőčő łőňŕńěłáă őŕàěďěńïěâáï áńěďãîéěľ äőàňãńőľ:

ind(E) = (−1)^n (( 1 e(T M ) m∑ i=0 (−1)^i ch(E_i) ) td(T M ⊗ C) ) [M ]:

Ğăňěçăŋĺě. Ğăŕĺáăć td(T M ⊗ C) =

∏_n j=1 (_{xj} 1−e−xj · −xj 1−exj ) , e(T M ) = x_1 : : : x_n ĺ äőàňăńìŋő áőłàăâĺć ŋă x_1 : : : x_n, ŕőńãçĺň áńěďãîéãî äőàňãńã:

ind(E) = ((_m ∑ i=0 (−1)^i ch(E_i)

)_n∏ j=1 ( x_j 1 − e^{−xj} · 1 1 − e^{xj} )) [M ]: (3)

Řăááňőâàĺň íńńĺŕâĺçěáłĺľ łőňŕńěłá { X^y_i =

⨁_n p=0 y^p~^{p;i} } (ğăňěâĺň, çâő íâőâ őąêěłâ ïćńïěâáï íńńĺŕâĺçěáłĺň łőňŕńěłáőň âőńìłő ŕàĺ łőŋłàěâŋëå æěńëå y, őďŋăÄ łő ěčő ĺŋďěłá, őçěćĺďŋő, őŕàěďěńïěâáï ŕàĺ ńîąëå y łăł ňŋőčőçńěŋ őâ y; ć ďăńìŋěľÄ èěň ňë ąãďěň ŋăğëćăâì ăŋăńőčĺçŋëě őąêěłâë íńńĺŕâĺçěáłĺňĺ łőňŕńěłáăňĺ). Ŕàĺ ŕőňőéĺ âěőàěňë Ăâìĺ{Ğĺŋčěàă ńěčłő ďőłăğăâì áńěďãîéĺľ äăłâ, ćŕěàćëě ďőÄ łăğăŋŋëľ Ţĺàæěąàãåőň (áň. [6]).

Šěőàěňă 2.2. Ĺŋďěłá íńńĺŕâĺçěáłőčő łőňŕńěłáă {X^y_i } àăćěŋ Ø_y-åăàăłâě-àĺáâĺłě ňŋőčőőąàăğĺï M , őŕàěďěńěŋŋőľ ćëèě, â.ě.

ind(X^y) = Ø_y[M ] =

(_n∏ j=1 x_j (1 + ye^{−xj} ) 1 − e^{−xj} ) [M ]:

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 93

Ďőłăğăâěńìáâćő. Ćőáŕőńìğãěňáï äőàňãńőľ (3):

ind(X^y) = ((_n ∑ i=0 (−1)^i ch(X^y_i )

)_n∏ j=1 ( x_j 1 − e^{−xj} 1 1 − e^{xj} )) [M ]

= ( ch (_n∑ i=0 (−1)^i~^iT M ) ch (_n∑ p=0 y^p ~^pT^∗M

)_n∏ j=1 ( x_j 1 − e^{−xj} 1 1 − e^{xj} )) [M ]

= (_n ∏ j=1 (1 − e^{xj} ) n∏ j=1 (1 + ye^{−xj} ) n∏ j=1 ( x_j 1 − e^{−xj} 1 1 − e^{xj} )) [M ]

= (_n∏ j=1 x_j (1 + ye^{−xj} ) 1 − e^{−xj} ) [M ] = Ø_y[M ]:

Ğďěáì ňë ćőáŕőńìğőćăńĺáì áńěďãîéĺň äăłâőň (áň., ŋăŕàĺňěà, [7]).

Ńěňňă 2.3. Ŕãcâì E { łőňŕńěłáŋőě n-ňěàŋőě àăááńőěŋĺě ŋăď ďĺääěàěŋÄ æĺàãěňëň ňŋőčőőąàăğĺěň X, c(E) = 1 + c_1(E) + · · · + c_n(E) = (1 + x_1) : : : : : : (1 + x_n) { äőàňăńìŋőě àăğńőęěŋĺě ŕőńŋőčő łńăááă Ůęěŋï. Ŕãáâì

~_tE := ∞∑ k=0 (~^kE)t^k; S_tE := ∞∑ k=0 (S^kE)t^k:

Šőčďă

ch(~_tE^∗) = n∏ i=1 (1 + te^{xi} ); ch(S_tE^∗) = n∏ i=1 1 1 − te^{xi}

: (4)

Ć çăáâŋőáâĺ, ěáńĺ ňë àăááňőâàĺň łőňŕńěłáë {~^{0;i}}, { E_i =

∑_n p=0(−1)^p~^{p;i} } , { L_i =

∑_n

p=0 ~^{p;i} } , âő ĺå ĺŋďěłáë ąãďãâ àăćŋë áőőâćěâáâćěŋŋő td[M ] = ind(~^{0;∗}), e[M ] = ind(E), L[M ] = ind(L).

Ďăńěě ňë ŕőáâàőĺň íńńĺŕâĺçěáłĺľ łőňŕńěłá, ĺŋďěłá łőâőàőčő ąãďěâ àăćěŋ ^A-àő-ďã ňŋőčőőąàăğĺï M ŕàĺ ŋěłőâőàëå ďőŕőńŋĺâěńìŋëå ãáńőćĺïå. Ŕãáâì c_1(M ) ≡ 0 mod 2 (íâő íłćĺćăńěŋâŋő ãáńőćĺî w_2(M ) = 0, â.ě. áãéěáâćőćăŋĺî ŋă M áŕĺÄ ŋőàŋőľ áâàãłâãàë). Šőčďă áãéěáâćãěâ L , ńĺŋěľŋőě àăááńőěŋĺě ŋăď M , âăłőě, çâő L ⊗ L = ~^nT^∗M , â.ě. ěáńĺ c(M ) = (1 + x_1) : : : (1 + x_n), âő c(L ) = 1 −^{x1+···+xn}_2 ĺ ch(L ) = exp ( −^{x1+···+xn}_2 ) . Ććěďěň łőňŕńěłá {A_i = ~^{0;i} ⊗ L }.

Šěőàěňă 2.4. Ĺŋďěłá íńńĺŕâĺçěáłőčő łőňŕńěłáă A, őŕàěďěńěŋŋőčő ćëèě, àăćěŋ ^A-àőďã ňŋőčőőąàăğĺï M , â.ě.

ind(A) = ^A[M ] =

(_n∏ j=1 x_j 2 sh(x_j =2) ) [M ]:

94 Š. Ě. ŔĂŊŐĆ

Ďőłăğăâěńìáâćő. Ğďěáì ňë áŋőćă ćőáŕőńìğãěňáï äőàňãńăňĺ (3) ĺ (4):

ind(A) = ( ch(L ) ch

(_n∑ i=0 (−1)^i~^{0;i}

)_n∏ j=1 ( x_j 1 − e^{−xj} 1 1 − e^{xj} )) [M ]

= ( exp ( − x_1 + · · · + x_n 2 ) ch (_n∑ i=0 (−1)^i~^iT M

)_n∏ j=1 ( x_j 1 − e^{−xj} 1 1 − e^{xj} )) [M ]

= (_n ∏ j=1 e^{−xj =2} n∏ j=1 (1 − e^{xj} ) n∏ j=1 ( x_j 1 − e^{−xj} 1 1 − e^{xj} )) [M ]

= (_n∏ j=1 x_j e^{−xj =2} 1 − e^{−xj} ) [M ] =

(_n∏ j=1 x_j 2 sh(x_j =2) ) [M ] = ^A(M ):

Šăłĺň őąàăğőň ňë ŕőáâàőĺńĺ íńńĺŕâĺçěáłĺě łőňŕńěłáë, ăááőæĺĺàőćăŋŋëě á łăáăÄ âěńìŋëň àăááńőěŋĺěň ł M , ćëçĺáńïîéĺě ćáě őáŋőćŋëě àőďă Ţĺàæěąàãåă ĺğ § 1.

x 3. Ğăďăçă ő ćëçĺáńěŋĺĺ àőďőć Ţĺàæěąàãåă ňŋőčőőąàăğĺľ á ďěľáâćĺěň čàãŕŕë Z=p ć âěàňĺŋăå ĺŋćăàĺăŋâőć ďěľáâćĺï

Ŕãáâì ŋă ňŋőčőőąàăğĺĺ M^{2n} ďěľáâćãěâ ŕàěőąàăğőćăŋĺě g { âàăŋáćěàáăńìŋëľ (â.ě. ĺňěîéĺľ ńĺèì ĺğőńĺàőćăŋŋëě ŋěŕőďćĺęŋëě âőçłĺ) íŋďőňőàäĺğň âăłőľ, çâő g^p = 1, p ŕàőáâőě (â.ě. ğăďăŋő ďěľáâćĺě čàãŕŕë Z=p). Ŕãáâì P_1; : : : ; P_q { ŋěŕőÄ ďćĺęŋëě âőçłĺ ĺ ňăâàĺæă §łőąĺ J_{Pj} (g) őâőąàăęěŋĺï g ć âőçłě P_j ĺňěěâ áőąáâÄ ćěŋŋëě çĺáńă

˘^{(j)}_k = exp ( 2ßix^{(j)}_k p ) ; x^{(j)}_k ≠ 0 mod p; k = 1; : : : ; n; j = 1; : : : ; q:

Ŕãáâì ĺňěěâáï íńńĺŕâĺçěáłĺľ łőňŕńěłá E ŋă ňŋőčőőąàăğĺĺ M . Ććěďěň, áńěďãï Ăâìě ĺ Ąőââã (áň. [1]), áńěďãîéěě őŕàěďěńěŋĺě.

Őŕàěďěńěŋĺě 3.1. Ŕőďŋïâĺěň g ŋă łőňŕőŋěŋâë łőňŕńěłáă E ŋăğëćăěâÄ áï ŋăąőà ńĺŋěľŋëå ďĺääěàěŋæĺăńìŋëå őŕěàăâőàőć ’_i : `(g^∗E_i) → `(E_i). Ğďěáì g^∗E_i { ŕàőőąàăğ àăááńőěŋĺï E_i ŕàĺ őâőąàăęěŋĺĺ g.

Ŕàĺ ŕőňőéĺ ’_i ňőęŋő őŕàěďěńĺâì íŋďőňőàäĺğňë T_i(g; ’): `(E_i) → `(E_i) łăł łőňŕőğĺæĺî ’ ĺ `_g, T_i(g; ’) = ’_i ∘ `_g, čďě `_g : `(E_i) → `(g^∗E_i) { ěáâěáâćěŋŋőě őâőąàăęěŋĺě áěçěŋĺľ àăááńőěŋĺï E_i ć áěçěŋĺï ĺŋďãæĺàőćăŋŋőčő àăááńőěŋĺï g^∗E_i. Šőčďă ĺňěěâ ňěáâő áńěďãîéăï őąéăï âěőàěňă Ăâìĺ{Ąőââă{Ńěäèěæă (áň. [1]).

Šěőàěňă 3.2. Ŕãáâì g : M → M { âàăŋáćěàáăńìŋëľ íŋďőňőàäĺğň łőňÄ ŕăłâŋőčő ňŋőčőőąàăğĺï M . Ŕãáâì E { íńńĺŕâĺçěáłĺľ łőňŕńěłá ŋă M ĺ ’_i : `(g^∗E_i) → `(E_i) { ŕőďŋïâĺï g ŋă łőňŕőŋěŋâë łőňŕńěłáă E âăłĺě, çâő ĺŋďãæĺàőćăŋŋëě íŋďőňőàäĺğňë T_i(g; ’) : `(E_i) → `(E_i) őŕàěďěńïîâ íŋÄ ďőňőàäĺğň T (g; ’) łőňŕńěłáă E (â.ě. T_i łőňňãâĺàãîâ á ďĺääěàěŋæĺăńăÄ ňĺ d_i). Šőčďă \íłćĺćăàĺăŋâŋëľ ĺŋďěłá" ind(g; E) :=

∑_n i=1(−1)^i tr T^∗_i , čďě

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 95

T^∗_i : H^i(E) → H^i(E), ćëçĺáńïěâáï ŕő äőàňãńě

ind(g; E) = q∑ j=1 œ(P_j ); (5)

čďě œ(P_j ) ∈ C ğăćĺáĺâ âőńìłő őâ ńőłăńìŋëå áćőľáâć T ĺ ’_i ć âőçłě P_j .

Ć çăáâŋőáâĺ, ěáńĺ ć łăęďőľ ŋěŕőďćĺęŋőľ âőçłě P_j őŕěàăâőà ’_i ĺŋďãÄ

æĺàãěâ íŋďőňőàäĺğň ’_i(P_j ) : E_{i;Pj} → E_{i;Pj} , âő œ(P_j ) àăćŋő

œ(P_j ) = n∑ i=0 (−1)^i tr ’_i(P_j ) | |det(1 − J_{Pj} (g)) | | : (6)

Ŕàĺňěà 3.1. Ěáńĺ E_i = ~^i(M ) { łőňŕńěłá ďě Řăňă, âő ’_i(P_j ) = ~^iJ_{Pj} (g).

Ŕàĺňěà 3.2. Ěáńĺ E_i = ~^{p;i}(M ) { łőňŕńěłá Ďőńìąő, âő

’_i(P_j ) = ~^pJ^′_{Pj} (g) ∧ ~^i —J^′_{Pj} (g);

čďě J^′_{Pj} (g) { čőńőňőàäŋăï çăáâì őâőąàăęěŋĺï J_{Pj} (g).

Ŋăľďěň œ(P_j ) ďńï łőňŕńěłáă Ďőńìąő ~^{p;∗}. Šăł łăł | |det(1 − J_{Pj} (g)) | | = det ( 1 − J^′_{Pj} (g) ) det ( 1 − —J^′_{Pj} (g) ) , âő ĺğ (6) ĺňěěň

œ(P_j ) = tr ( ~^pJ^′_{Pj} (g) ∧ ∑ i(−1)^i~^i —J^′_{Pj} (g) ) det ( 1 − J^′_{Pj} (g) ) det ( 1 − —J^′_{Pj} (g) )

= tr ( ~^pJ^′_{Pj} (g) ) det ( 1 − —J^′_{Pj} (g) ) det ( 1 − J^′_{Pj} (g) ) det ( 1 − —J^′_{Pj} (g) ) = tr ~^pJ^′_{Pj} (g) det ( 1 − J^′_{Pj} (g) ) :

Ğďěáì ňë ćőáŕőńìğőćăńĺáì ĺğćěáâŋëň àăćěŋáâćőň ĺğ ńĺŋěľŋőľ ăńčěąàë

det(1 − A) = ∑ i (−1)^i tr ~^iA (7)

ďńï ńîąőčő ńĺŋěľŋőčő őŕěàăâőàă A. Ĺâăł,

œ_p(P_j) = tr ~^pJ^′_{Pj} (g) det ( 1 − J^′_{Pj} (g)

) : (8)

Šěőàěňă 3.2 ĺ äőàňãńă (8) ŕőğćőńïîâ ŋăåőďĺâì äãŋłæĺĺ ŋěŕőďćĺęŋëå âőçěł

œ(P_j ) ďńï łőňŕńěłáőć ~^{0;∗}, E, L, X^y , ćëçĺáńïîéĺå áőőâćěâáâćěŋŋő àőď Šőďďă,

íľńěàőćã åăàăłâěàĺáâĺłã, L-àőď ĺ Ø_y-åăàăłâěàĺáâĺłã ňŋőčőőąàăğĺï M .

96 Š. Ě. ŔĂŊŐĆ

x 4. Ćëçĺáńěŋĺï ďńï àőďă Šőďďă, íľńěàőćőľ åăàăłâěàĺáâĺłĺ ĺ L-àőďă

4.1. Ćëçĺáńěŋĺï ďńï íľńěàőćőľ åăàăłâěàĺáâĺłĺ. Řăááňőâàĺň łőňŕÄ ńěłá E_i =

∑_n

p=0(−1)^p~^{p;i}, ind(E) = e(M ). Ć íâőň áńãçăě

’_i(P_j ) = n∑ p=0 (−1)^p~^pJ^′_{Pj} (g) ∧ ~^i —J^′_{Pj} (g);

ă äãŋłæĺĺ ŋěŕőďćĺęŋëå âőçěł ěáâì (áň. äőàňãńã (8))

œ_e(P_j) = n∑ p=0 (−1)^pœ_p(P_j ) =

∑_n

p=0(−1)^p tr ~^pJ^′_{Pj} (g) det ( 1 − J^′_{Pj} (g)

) = 1: (9)

Ğďěáì ňë áŋőćă ćőáŕőńìğőćăńĺáì äőàňãńőľ (7). Őâáîďă ŕő âěőàěňě 3.2 ĺňěěň

ind(g; E) = q∑ j=1 œ_e(P_j ) = q:

Šăł łăł^1_p ∑ l∈Z=p ind(g

l; E) = s ěáâì ăńìâěàŋĺàőćăŋŋăï áãňňă àăğňěàŋőáâěľ ĺŋÄ ćăàĺăŋâŋëå ŕőďŕàőáâàăŋáâć ďěľáâćĺï g ŋă łőčőňőńőčĺïå łőňŕńěłáă E ĺ ind(1; E) = ind(E) = e(M ), âő ňë ĺňěěň

ind(1; E) = e(M ) = − p−1∑ l=1 ind(g^l; E) + ps = ps − q(p − 1) = q + p(s − q):

Šăłĺň őąàăğőň ňë ŕőńãçĺńĺ áńěďãîéãî äőàňãńã ďńï íľńěàőćőľ åăàăłâěàĺáâĺłĺ:

e(M ) ≡ q (mod p): (10)

4.2. Ćëçĺáńěŋĺï ďńï àőďă Šőďďă. Ćëçĺáńěŋĺï àőďă Šőďďă łőňŕńěłáŋőčő ňŋőčőőąàăğĺï ć âěàňĺŋăå ďěľáâćĺï čàãŕŕë Z=p ŋă ŋěň ąëńĺ ŕàőćěďěŋë Ć. Ň. ĄãåÄ èâăąěàőň ĺ Ś. Ŕ. Ŋőćĺłőćëň ć àăąőâě [5]. Ďńï ŕőńŋőâë ĺğńőęěŋĺï ňë ğďěáì ŕàĺÄ ćěďěň ĺå àěğãńìâăâë.

Őŕàěďěńěŋĺě 4.1. Ťãŋłæĺï Ăâìĺ{Ąőââă AB_{td}(x_1; : : : ; x_n) ŋěŕőďćĺęŋőľ âőçłĺ { íâő äãŋłæĺï, áőŕőáâăćńïîéăï ŋăąőàã ćěáőć x_1; : : : ; x_n, x_i ∈ Z=p, çĺáńő

AB_{td}(x_1; : : : ; x_n) = − Tr

(_n ∏ k=1 1 1 − e^{2ßix(j)}k^{=p} ) ; (11)

čďě Tr: Q(ı) → Q { âěőàěâĺłő-çĺáńőćőľ áńěď, ı := e^{2ßi=p}.

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 97

Ć [5] ąëńő ŕőłăğăŋő, çâő q∑ j=1 AB_{td}(x^{(j)}_1 ; : : :; x^{(j)}_n ) ≡ td(M ) mod p; (12)

ĺ ąëń ćëçĺáńěŋ áńěď ć őŕàěďěńěŋĺĺ äãŋłæĺľ Ăâìĺ{Ąőââă ďńï àőďă Šőďďă:

AB_{td}(x_1; : : : ; x_n) ≡ − ⟨ p[u]^{td}_{p−1} [u]^{td}_p n∏ k=1 u [u]^{td}_{xk} ⟩ n mod p;

AB_{td}(x_1; : : : ; x_n) ≡ n∑ m=0 ⟨ pu [u]^{td}_p n∏ k=1 u [u]^{td}_{xk} ⟩ m mod p;

(13)

čďě [u]^{td}_q { q-ï áâěŕěŋì ć äőàňăńìŋőľ čàãŕŕě, áćïğăŋŋőľ á àőďőň Šőďďă (áň. äőàňãÄ ńã (2_T )), ă ⟨ h(u) ⟩ k { łőíääĺæĺěŋâ ŕàĺ u^k ć áâěŕěŋŋőň àïďã h(u).

4.3. Ćëçĺáńěŋĺï ďńï L-àőďă. Šěŕěàì àăááňőâàĺň łőňŕńěłá L =

∑_n p=0 ~^{p;∗}.

Ěčő ĺŋďěłá ěáâì L-àőď: ind(L) = L(M ). Ć íâőň áńãçăě ŕőďŋïâĺïňĺ g ŋă łőňŕőŋěŋâë łőňŕńěłáă L ąãďãâ

’_i(P_j ) = n∑ p=0 ~^pJ^′_{Pj} (g) ∧ ~^i —J^′_{Pj} (g);

ă äãŋłæĺĺ ŋěŕőďćĺęŋëå âőçěł ěáâì (áň. äőàňãńã (8))

œ_L(P_j ) = n∑ p=0 œ_p(P_j) =

∑_n p=0 tr ~^pJ^′_{Pj} (g) det ( 1 − J^′_{Pj} (g) )

= det ( 1 + J^′_{Pj} (g) ) det ( 1 − J^′_{Pj} (g) ) = n∏ k=1 1 + e^{2ßix(j)k =p}

1 − e^{2ßix(j)k =p}

: (14)

Ğďěáì ňë áŋőćă ćőáŕőńìğőćăńĺáì äőàňãńőľ (7). Ğŋăçĺâ, łăł áńěďãěâ ĺğ âěőàěňë 3.2, íłćĺćăàĺăŋâŋëľ ĺŋďěłá ěáâì

ind(g; L) = q∑ j=1 œ_L(P_j) = q∑ j=1 n∏ k=1 1 + e^{2ßix(j)k =p}

1 − e^{2ßix(j)}k^{=p} :

Łăł ĺ àăŋìèě,^1_p ∑ l∈Z=p ind(g

l; L) = s { ăńìâěàŋĺàőćăŋŋăï áãňňă àăğňěàŋőáâěľ ĺŋćăàĺăŋâŋëå ŕőďŕàőáâàăŋáâć ďěľáâćĺï g ŋă łőčőňőńőčĺïå łőňŕńěłáă L ĺ ind(1; L) = ind(L) = L(M ), â.ě.

L(M ) = ind(1; L) = − p−1∑ l=1 ind(g^l; L) + ps = − q∑ j=1 p−1∑ l=1 n∏ k=1 1 + e^{2ßix(j)k l=p}

1 − e^{2ßix(j)k l=p}

+ ps:

4 Śěàĺï ňăâěňăâĺçěáłăï, ò3

98 Š. Ě. ŔĂŊŐĆ

Śŋőćă àăááňăâàĺćăěň áńěď Tr: Q(ı) → Q ĺ ććőďĺň äãŋłæĺĺ Ăâìĺ{Ąőââă AB_L(x_1; : : : ; x_n) łăł

AB_L(x_1; : : :; x_n) = − Tr

(_n ∏ k=1 1 + e^{2ßixk =p} 1 − e^{2ßixk =p} ) : (15)

Šőčďă_q ∑ j=1 AB_L ( x^{(j)}_1 ; : : : ; x^{(j)}_n ) ≡ L(M ) mod p: (16)

Śőőâŋőèěŋĺï (15) ĺ (16) ăŋăńőčĺçŋë áőőâŋőèěŋĺïň (11) ĺ (12) ďńï àőďă Šőďďă. Őáâăěâáï ćëçĺáńĺâì áńěď ć őŕàěďěńěŋĺĺ äãŋłæĺľ Ăâìĺ{Ąőââă AB_L(x_1; : : : ; x_n).

Őąőğŋăçĺň ` =^{1−ı}_{1+ı} ; âőčďă ı = e^{2ßi=p} =^{1−`}_{1+`} . Ŋăň ŋăďő ćëçĺáńĺâì Tr (∏_n k=1 1+ıxk 1−ıxk ) . Ćëçĺáńěŋĺï ąãďěň ŕàőćőďĺâì ć p-ăďĺçěáłőň ŕőŕőńŋěŋĺĺ Q_p(ı) ŕőńï Q(ı). Śĺňćőńőň ≃ ąãďěň őąőğŋăçăâì àăćěŋáâćő ŕő ňőďãńî čàãŕŕë pZ_p ⊂ Q_p. Ćŋăçăńě ďőłăęěň áńěďãîéěě ãâćěàęďěŋĺě.

Ńěňňă 4.2. Tr(`^k) ≃ 0 ďńï ńîąőčő k ⩾ 1.

Ďőłăğăâěńìáâćő. Šăł łăł 2 = ı^p +1 = (ı+1)(ı^{p−1} −ı^{p−2} +ı^{p−3} −· · ·−ı+1), âő ` = (1 − ı)(ı^{p−1} − ı^{p−2} + ı^{p−3} − · · · − ı + 1) 2 = ı^{p−1} − ı^{p−2} + ı^{p−3} − · · · − ı:

Ŕőíâőňã

Tr `^k = p−1∑ m=1 ( (ı^m)^{p−1} − (ı^m)^{p−2} + (ı^m)^{p−3} − · · · − ı^m

)_k ≃ 0;

âăł łăł p−1∑ m=1 ( (ı^m)^{p−1} − (ı^m)^{p−2} + · · · − ı^m

)_k = p−1∑ m=0 ( (ı^m)^{p−1} − (ı^m)^{p−2} + · · · − ı^m

)_k ;

ĺ ďńï ńîąőčő r ćěàŋő ∑_{p−1} m=0(ı^m)^r ≃ 0. Ńěňňă ďőłăğăŋă.

Ďăńěě ĺňěěň n∏ k=1 1 + ı^{xk} 1 − ı^{xk} = n∏ k=1 1 + (_{1−`} 1+` )_{xk}

1 − (_{1−`} 1+` )_{xk} = 1 `^n n∏ k=1 ` ( 1 + (_{1−`} 1+` )_{xk} )

1 − (_{1−`} 1+` )_{xk} =: 1 `^n ∞∑ k=0 A_k`^k;

čďě A_k ∈ Z_p { æěńëě p-ăďĺçěáłĺě çĺáńă (âăł łăł 1=x_k ∈ Z_p). Ŕőíâőňã ňőęŋő ŋăŕĺáăâì Tr ( 1 `^n ∞∑ k=0 A_k`^k ) ≃ Tr ( 1 `^n n∑ k=0 A_k`^k ) = n∑ k=0 ( A_k Tr(`^{k−n}) ) :

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 99

Ŕőńőęĺň Tr `^{−s} = B_s ĺ ććěďěň ďćă äőàňăńìŋëå àïďă A(u) = ∑_∞ k=0 A_ku^k, B(u) = ∑_∞ k=0 B_ku^k. Ğăňěâĺň, çâő, łăł áńěďãěâ ĺğ (2_L), A(u) =

∏_n k=1 u [u]Lx k . Šăłĺň őąàăÄ ğőň, ŋăň ŋăďő ćëçĺáńĺâì łőíääĺæĺěŋâ ŕàĺ u^n ć àïďě A(u)B(u). Ĺňěěň

B(u) = Tr ( 1 + ∞∑ s=1 `^{−s}u^s ) = Tr ( 1 1 − `^{−1}u )

= Tr ( ` ` − u ) = Tr ( 1 + u ` − u ) = (p − 1) + u Tr ( 1 ` − u ) : Ğăňěâĺň âěŕěàì, çâő ěáńĺ ’_ff(u) { ňĺŋĺňăńìŋëľ ňŋőčőçńěŋ íńěňěŋâă ff őâŋőáĺÄ âěńìŋő àăáèĺàěŋĺï Q_p(ı) | Q_p, âő Tr^1_{ff−u} = −^{’′ff (u)}_{’ff (u)} . Šăł łăł

0 = ı^p − 1 ı − 1 = (_{1−`} 1+` )_p − 1 (_{1−`} 1+` ) − 1 = ( (1 − `)^p − (1 + `)^p ) (1 + `) (1 + `)^p(−2`) = 1 (1 + `)^{p−1}

(1 + `)^p − (1 − `)^p 2` ; âő ’_`(u) =^{(1+u)p−(1−u)p}

2u { ňĺŋĺňăńìŋëľ ňŋőčőçńěŋ íńěňěŋâă ` =^{1−ı}_{1+ı} . Šőčďă ĺňěěň − Tr 1 ` − u = ’^′_`(u) ’_`(u) = p (1 + u)^{p−1} + (1 − u)^{p−1}

(1 + u)^p − (1 − u)^p − 1 u : Šăłĺň őąàăğőň,

B(u) = (p − 1) + u Tr ( 1 ` − u ) = (1 + u)^{p−1} − (1 − u)^{p−1} (1 + u)^p − (1 − u)^p ; Tr (_n∏ k=1 1 + ı^{xk} 1 − ı^{xk} ) ≃ ⟨ A(u)B(u) ⟩ n = ⟨ p (1 + u)^{p−1} − (1 − u)^{p−1} (1 + u)^p − (1 − u)^p n∏ k=1 u [u]^L_{xk} ⟩ n ; â.ě.

AB_L(x_1; : : :; x_n) ≡ − ⟨ p (1 + u)^{p−1} − (1 − u)^{p−1} (1 + u)^p − (1 − u)^p n∏ k=1 u [u]^L_{xk} ⟩ n mod p:

İâă äőàňãńă ăŋăńőčĺçŋă ŕěàćőľ ĺğ äőàňãń (13). Ďăńěě, p (1 + u)^{p−1} − (1 − u)^{p−1} (1 + u)^p − (1 − u)^p = p (1 − u)(1 + u)^p − (1 + u)(1 − u)^p (1 − u)(1 + u) ( (1 + u)^p − (1 − u)^p ) = p (1 + u)^p − (1 − u)^p − u ( (1 + u)^p + (1 − u)^p ) (1 − u^2) ( (1 + u)^p − (1 − u)^p ) = p 1 − u^2 − pu (1 − u^2)^{(1+u)p−(1−u)p}

(1+u)p+(1−u)p = p 1 − u^2 − pu (1 − u^2)[u]^L_p ≃ − pu [u]^L_p

(1 + u^2 + u^4 + · · · ):

4*

100 Š. Ě. ŔĂŊŐĆ

Ŕőíâőňã

AB_L(x_1; : : : ; x_n) ≡ − ⟨ p (1 + u)^{p−1} − (1 − u)^{p−1}

(1 + u)^p − (1 − u)^p n∏ k=1 u [u]^L_{xk} ⟩ n ≡ ⟨ pu [u]^L_p n∏ k=1 u [u]^L_{xk}

(1 + u^2 + u^4 + · · · ) ⟩ n mod p:

Őâáîďă

AB_L(x_1; : : : ; x_n) ≡

[n=2]∑

i=0 ⟨ pu [u]^L_p n∏ k=1 u [u]^L_{xk} ⟩ n−2i :

Ŋő âăł łăł [u]^L_k =^{(1+u)k −(1−u)k}

(1+u)k +(1−u)k = th(k arth u), ă àïď arth u (łăł ĺ th u) áőďěàęĺâ

âőńìłő ŋěçěâŋëě áâěŕěŋĺ u, âő àïď^{pu}_{[u]Lp}

∏_n k=1 u [u]Lx k áőďěàęĺâ âőńìłő çěâŋëě áâěŕěÄ ŋĺ u, ĺ ňë ňőęěň âěŕěàì ğăŕĺáăâì äőàňãńë ďńï äãŋłæĺľ Ăâìĺ{Ąőââă ďńï L-àőďă, ăŋăńőčĺçŋëě äőàňãńăň (13) ďńï àőďă Šőďďă:

AB_L(x_1; : : : ; x_n) ≡ − ⟨ p (1 + u)^{p−1} − (1 − u)^{p−1}

(1 + u)^p − (1 − u)^p n∏ k=1 u [u]^L_{xk} ⟩ n mod p;

AB_L(x_1; : : : ; x_n) ≡ n∑ m=0 ⟨ pu [u]^L_p n∏ k=1 u [u]^L_{xk} ⟩ m mod p:

(17)

Šőčďă ŕő äőàňãńě (16)

L(M ) ≡ q∑ j=1 n∑ m=0 ⟨ pu [u]^L_p n∏ k=1 u [u]^L_{xk} ⟩ m mod p: (18)

Ğďěáì [u]^L_p =^{(1+u)p−(1−u)p}

(1+u)p+(1−u)p .

Ğăňěâĺň, çâő áőőâŋőèěŋĺï âĺŕă (12), (16) ňőęŋő ŕőńãçĺâì ĺ ďńï íľńěàőćőľ åăàăłâěàĺáâĺłĺ. Ťãŋłæĺïňĺ Ăâìĺ{Ąőââă ąãďãâ

AB_e(x_1; : : : ; x_n) = − Tr

(_n∏ k=1 1 − ı 1 − ı ) = − Tr(1) = −(p − 1) ≡ 1 mod p:

Šőčďă q = q∑ j=1 AB_e(x^{(j)}_1 ; : : :; x^{(j)}_n ) ≡ e(M ) mod p: (19)

İâő áőőâŋőèěŋĺě ăŋăńőčĺçŋő áőőâŋőèěŋĺïň (12) ĺ (16) ďńï àőďă Šőďďă ĺ L-àőďă.

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 101

x 5. Őąéĺě àěğãńìâăâë ő ćëçĺáńěŋĺĺ àőďőć Ţĺàæěąàãåă çěàěğ ĺŋćăàĺăŋâë ďěľáâćĺï Z=p

Ďăńěě ňë àăááňőâàĺň ďàãčőľ ŕőďåőď ł ćëçĺáńěŋĺî íłćĺćăàĺăŋâŋőčő ĺŋďěłáă ind(g; E) =

∑_m i=0(−1)^i tr(g; H^i) íńńĺŕâĺçěáłőčő łőňŕńěłáă E, ĺğńőęěŋŋëľ ć [3];

áň. âăłęě [7].

Ćŋăçăńě ňë ŋěáłőńìłő őáńăąĺň ãáńőćĺï ŋă ďěľáâćĺě őŕěàăâőàă g, g^p = 1, ŋă łőňŕńěłáŋőň ňŋőčőőąàăğĺĺ M^{2n}. Ĺňěŋŋő, ňë ãąěàěň ãáńőćĺě âàăŋáćěàáăńìŋőáâĺ. Ŕãáâì âěŕěàì M^g = { x ∈ M | gx = x } { ňŋőęěáâćő ŋěŕőďćĺęŋëå âőçěł. ŔàěďáâăÄ ćĺň ěčő ć ćĺďě őąêěďĺŋěŋĺï áćïğŋëå łőňŕőŋěŋâ: M^g = ∪M^g_˚ . Šőčďă íłćĺćăàĺăŋâÄ ŋëľ ĺŋďěłá ŕàěďáâăćńïěâáï ć ćĺďě áãňňë äãŋłæĺľ ŋěŕőďćĺęŋëå ŕőďňŋőčőőąàăğĺľ œ(M^g_˚ ), łőâőàëě ćëçĺáńïîâáï áńěďãîéĺň őąàăğőň.

Ŕãáâì Y = M^g_˚ { őďŋă ĺğ łőňŕőŋěŋâ áćïğŋőáâĺ ňŋőęěáâćă ŋěŕőďćĺęŋëå âőçěł. Ďńï ńîąőľ âőçłĺ p ∈ Y őŕěàăâőà g ńĺŋěľŋő ďěľáâćãěâ ŋă łăáăâěńìŋőň ŕàőáâàăŋÄ áâćě T_pM , łőâőàőě àăğńăčăěâáï ć ŕàïňãî áãňňã áőąáâćěŋŋëå ŕőďŕàőáâàăŋáâć N_{p;˘} á áőąáâćěŋŋëň ğŋăçěŋĺěň ˘, |˘| = 1. Šăłĺň őąàăğőň, ňë ŕőńãçăěň àăááńőěŋĺě N_˘ ŋăď Y , áőőâćěâáâćãîéěě áőąáâćěŋŋőňã ğŋăçěŋĺî ˘. N_1 { íâő ć âőçŋőáâĺ łăáăâěńìÄ ŋőě àăááńőěŋĺě T Y ł Y . Ŕãáâì d_˘ = rk N_˘. Šőčďă ňë ĺňěěň

T M |_Y = ⨁ ˘ N_˘; c(N_˘) = d˘∏ i=1 (1 + x^˘_i ); (20)

â.ě.

c(T M_Y ) = ∏ ˘ d˘∏ i=1 (1 + x^˘_i ) = n∏ i=1 (1 + x_i):

Ťãŋłæĺï œ(Y ) ŋăåőďĺâáï áńěďãîéĺň őąàăğőň. Řăááňőâàĺň äőàňãńã (3) ďńï ĺŋÄ ďěłáă ĺğ âěőàěňë 2.1:

ind(E) = ((_m ∑ i=0 (−1)^i ch(E_i) ) c_n(X) n∏ j=1 ( 1 1 − e^{−xj} 1 1 − e^{xj} )) [M ]; (21)

ĺ ğăňěŋĺň ć ŋěľ M ŋă Y ĺ e^{xi} ŋă ˘^{−1}e^{xi} . Šő ęě áăňőě ŕàőďěńăěň ĺ á ch(E_i). İâő ćáěčďă ňőęŋő áďěńăâì, ěáńĺ ćáě àăááńőěŋĺï E_i ăááőæĺĺàőćăŋë á łăáăâěńìŋëň àăáÄ áńőěŋĺěň ł M . İâőâ \àěæěŕâ" ćğïâ ĺğ [7].

Ć áńãçăě łőŋěçŋőčő çĺáńă ŋěŕőďćĺęŋëå âőçěł ĺňěěň Y = pt, c_n(Y ) = 1, â.ě. ňë ďőńęŋë ğăňěŋĺâì x_1x_2 : : : x_n ŋă 1, e^{xj̆} ŋă ˘^{−1}_j , â.ě. ěáńĺ, łăł ĺ ćëèě, ććěáâĺ \ćěáă" x_i ŕő äőàňãńě ˘_j = exp

(_{2ßixj} p ) , âő ňë ďőńęŋë ğăňěŋĺâì x^˘_j ŋă −^{2ßi}_p x_j (ğďěáì ć ŕěàćőň áńãçăě x_j őğŋăçăěâ ŕěàćëľ łńăáá Ůęěŋï \ćĺàâãăńìŋőčő" őďŋőňěàÄ ŋőčő ŕőďàăááńőěŋĺï ć T M , áőőâćěâáâćãîéěčő áőąáâćěŋŋőňã ğŋăçěŋĺî ˘_j , ă ćő ćâőÄ àőň { \ćěá" ŋěŕőďćĺęŋőľ âőçłĺ, őŕàěďěńěŋŋëľ ńĺèì ŕő ňőďãńî p).

Ŕàĺňěà 5.1. Řăááňőâàĺň Ø_y-åăàăłâěàĺáâĺłã ňŋőčőőąàăğĺï M . Ŕàĺňěŋĺć ł äőàňãńě ĺğ âěőàěňë 2.2 ŋăè \àěæěŕâ", ňë ŕőńãçĺň áńěďãîéãî äőàňãńã ďńï äãŋłÄ æĺĺ ŋěŕőďćĺęŋőľ âőçłĺ P:

œ(P) = n∏ k=1 1 + ye^{2ßixk =p} 1 − e^{2ßixk =p}

: (22)

102 Š. Ě. ŔĂŊŐĆ

Ŕőďáâăćĺć áîďă ğŋăçěŋĺï y = −1; 0; 1, ňë ŕőńãçĺň äőàňãńë ďńï äãŋłæĺľ ŋěŕőÄ ďćĺęŋëå âőçěł ďńï íľńěàőćőľ åăàăłâěàĺáâĺłĺ, àőďă Šőďďă ĺ L-àőďă:

œ_e(P) = 1; œ_{td}(P) = n∏ k=1 1 1 − e^{2ßixk =p}

; œ_L(P) = n∏ k=1 1 + e^{2ßixk =p} 1 − e^{2ßixk =p} ;

łőâőàëě áőćŕăďăîâ á äőàňãńăňĺ (9), (14) ĺ äőàňãńőľ ĺğ àăąőâë [5], ŕőńãçěŋŋëňĺ ĺğ âěőàěňë 3.2 Ăâìĺ{Ąőââă.

Ŕàĺňěà 5.2. Řăááňőâàĺň âěŕěàì őąéĺľ áńãçăľ ŕàőĺğćőńìŋőčő àőďă Ţĺàæěąàãåă ’:

’(M ) =

(_n∏ i=1 x_i f_’(x_i) ) [M ];

čďě g_’(u) = f^{−1}_’ (u) { ńőčăàĺäň áőőâćěâáâćãîéěľ äőàňăńìŋőľ čàãŕŕë. Ŕãáâì áãéěáâćãěâ E_’ { íńńĺŕâĺçěáłĺľ łőňŕńěłá àăááńőěŋĺľ, ăááőæĺĺàőćăŋŋëå á T M , ĺŋďěłá łőâőàőčő àăćěŋ ’(M ). Ŕàĺňěŋĺć ŋăè \àěæěŕâ", ňë ŕőńãçĺň, çâő äãŋłæĺĺ ŋěŕőďćĺęŋëå âőçěł ďěľáâćĺï g ŋă M ąãďãâ ćëçĺáńïâáï ŕő äőàňãńě

œ(P) = n∏ k=1 1 f_’(−2ßix_k=p)

; (23)

čďě x_k { \ćěáă" ŋěŕőďćĺęŋőľ âőçłĺ P,őŕàěďěńïěňëě ĺğ ãáńőćĺï ˘_k = exp

(_{2ßixk} p ) , x_k ≠ 0 mod p, ˘_k { áőąáâćěŋŋëě çĺáńă ňăâàĺæë §łőąĺ J_P(g) őâőąàăęěŋĺï g ć âőçłě P. İłćĺćăàĺăŋâŋëľ ĺŋďěłá łőňŕńěłáă E_’ őŕàěďěńïěâáï âőčďă ŕő äőàňãńě

ind(g; E_’) = q∑ j=1 n∏ k=1 1 f_’ ( −2ßix^{(j)}_k =p ) :

Ďăńěě,^1_p ∑ l∈Z=p ind(g

l; E_’) = s { ăńìâěàŋĺàőćăŋŋăï áãňňă àăğňěàŋőáâěľ ĺŋćăÄ àĺăŋâŋëå ŕőďŕàőáâàăŋáâć ďěľáâćĺï g ŋă łőčőňőńőčĺïå łőňŕńěłáă E_’ ĺ ind(1; E_’) = ind(E_’) = ’(M ). Ŕőíâőňã ĺňěěň

’(M ) = ind(1; E_’) = − p−1∑ l=1 ind(g^l; E_’)+ps = − q∑ j=1 p−1∑ l=1 n∏ k=1 1 f_’ ( −2ßix^{(j)}_k l=p

) +ps:

Řăááňőâàĺň Tr: Q_p(ı) → Q_p { âěőàěâĺłő-çĺáńőćőľ áńěď ( ı := exp^{2ßi}_p ) . Šőčďă p−1∑ l=1 n∏ k=1 1 f_’ ( −2ßix^{(j)}_k l=p

) = Tr n∏ k=1 1 f_’ ( −2ßix^{(j)}_k =p ) :

Ĺâăł, ňë ŕőńãçĺńĺ áńěďãîéĺľ àěğãńìâăâ.

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 103

Šěőàěňă 5.1. Ŕãáâì ĺňěěâáï íńńĺŕâĺçěáłĺľ łőňŕńěłá àăááńőěŋĺľ, ăáÄ áőæĺĺàőćăŋŋëå á T M , ĺŋďěłá łőâőàőčő àăćěŋ ŋěłőâőàőňã àőďã Ţĺàæěąàãåă ’(M ) ňŋőčőőąàăğĺï M . Šőčďă ěáńĺ ŋă M ďěľáâćãěâ čőńőňőàäŋëľ âàăŋáćěàÄ áăńìŋëľ íŋďőňőàäĺğň g âăłőľ, çâő g^p = 1, âő ĺňěěâáï áńěďãîéăï äőàňãńă ďńï ’(M ):

’(M ) ≡ − q∑ j=1 Tr n∏ k=1 1 f_’ ( −2ßix^{(j)}_k =p

) mod p:

Ğďěáì ãňěáâŋő ććěáâĺ áńěďãîéěě Őŕàěďěńěŋĺě 5.2. Ťãŋłæĺï Ăâìĺ{Ąőââă AB_’(x_1; : : :; x_n) ŋěŕőďćĺęŋőľ âőçłĺ, áőőâćěâáâćãîéăï àőďã ’, { íâő äãŋłæĺï, áőŕőáâăćńïîéãï ŋăąőàã ćěáőć x_1; : : : ; x_n, x_i ∈ Z=p, çĺáńő

AB_’(x_1; : : : ; x_n) = − Tr n∏ k=1 1 f_’ ( −2ßix^{(j)}_k =p ) : Šőčďă ŕőńãçăěň q∑ j=1 AB_’ ( x^{(j)}_1 ; : : : ; x^{(j)}_n ) ≡ ’(M ) mod p: (24)

Őąőğŋăçĺň âěŕěàì ` = f_’(−2ßi=p). Šőčďă −2ßi=p = g_’(`) ĺ f_’(−2ßi=px_k) = f_’ ( x_kg_’(`) ) = [`]^’_{xk} . Ŕőíâőňã ĺňěěâ ňěáâő áńěďãîéěě Ŕàěďńőęěŋĺě 5.3. Ťãŋłæĺî Ăâìĺ{Ąőââă AB_’(x_1; : : : ; x_n) ŋěŕőďćĺęŋőľ âőçłĺ, áőőâćěâáâćãîéãî àőďã ’, ňőęŋő ŕàěďáâăćĺâì ć ćĺďě

AB_’(x_1; : : : ; x_n) = − Tr

(_n∏ k=1 1 [`]^’_{xk} ) ; ` = f_’ ( −2ßi p ) :

Ńěňňă 5.4. Ďńï ńîąőčő k ¿ 0 Tr `^k ≃ 0 (â.ě. Tr `^k ∈ pZ_p).

Ďőłăğăâěńìáâćő. Ŕãáâì ` = f_’ ( −^{2ßi}_p ) = C_0 + C_1ı + · · · + C_{p−1}ı^{p−1} ∈

Q_p(ı), C_i ∈ Z_p. Šőčďă C_0 + C_1ı^m + C_2ı^{2m} + · · · + C_{p−1}ı^{(p−1)m} = f_’ ( −^{2ßi}_p m ) , ć çăáâŋőáâĺ, C_0 + C_1 + · · · + C_{p−1} = 0. Šăłĺň őąàăğőň,

Tr `^k = p−1∑ m=1 f_’ ( − 2ßi p m ) = p−1∑ m=1 ( C_0 + C_1ı^m + C_2ı^{2m} + · · · + C_{p−1}ı^{(p−1)m} )

= p−1∑ m=0 ( C_0 + C_1ı^m + C_2ı^{2m} + · · · + C_{p−1}ı^{(p−1)m} ) ≃ 0;

âăł łăł ďńï ńîąőčő r ćěàŋő ∑_{p−1} m=0 ı^{rm} ≃ 0. Ńěňňă ďőłăğăŋă.

Ŕàĺňěà 5.3. Ďńï àőďă Šőďďă ` = f_{td} ( −^{2ßi}_p ) = 1 − e^{2ßi=p} = 1 − ı (áň.

äőàňãńã (2_{td})), â.ě. C_0 = 1, C_1 = −1; C_i = 0 ŕàĺ i ¿ 1.

Ŕàĺňěà 5.4. Ďńï L-àőďă ` = ^f_L ( −^{2ßi}_p ) =^{1−e2ßi=p}

1+e2ßi=p = 1−ı 1+ı = ı^{p−1} − ı^{p−2} + ı^{p−3} − · · · − ı (áň. ńěňňã 4.2), â.ě. C_0 = 0, C_{2i+1} = −1, C_{2i} = 1 ŕàĺ i ¿ 1.

104 Š. Ě. ŔĂŊŐĆ

x 6. Ćëçĺáńěŋĺï ďńï ^A-àőďă ĺ Ø_y-åăàăłâěàĺáâĺłĺ

6.1. Ćëçĺáńěŋĺï ďńï ^A-àőďă. Řăááňőâàĺň ^A-àőď

^A(M ) =

(_n∏ j=1 x_j e^{−xj =2} 1 − e^{−xj} ) [M ]

ďńï áâăąĺńìŋő łőňŕńěłáŋëå ňŋőčőőąàăğĺľ M , ã łőâőàëå c_1(M ) ≡ 0 mod 2. İńÄ ńĺŕâĺçěáłĺľ łőňŕńěłá, ĺŋďěłá łőâőàőčő àăćěŋ ^A(M ), ďăěâáï âěőàěňőľ 2.4. ŤãŋłÄ æĺĺ Ăâìĺ{Ąőââă ďńï ^A-àőďă ĺňěîâ áńěďãîéĺľ ćĺď (áň. őŕàěďěńěŋĺě 5.2):

AB_{^A}(x_1; : : : ; x_n) = − Tr n∏ k=1 exp (_{2ßixk} 2p )

1 − exp

(_{2ßixk} p ) = − Tr (_n∏ k=1 ı^{xk =2} 1 − ı^{xk} ) ;(25) q∑ j=1 AB_{^A} ( x^{(j)}_1 ; : : : ; x^{(j)}_n ) ≡ ^A(M ) mod p: (26)

Šěŕěàì ŋăďő ćëçĺáńĺâì áńěď ć őŕàěďěńěŋĺĺ äãŋłæĺľ Ăâìĺ{Ąőââă AB_{^A}(x_1; : : :; x_n). Ĺňěěň ć áĺńã ŕàěďńőęěŋĺï 5.3^{ıxk =2}_{1−ı}x_k =^1_{[`]Axk} , čďě [u]^A_m =

2 sh ( m arsh

(_u 2 )) { áâěŕěŋŋăï áĺáâěňă, áćïğăŋŋăï á ^A-àőďőň (áň. äőàňãńã (2_A)), ă ` = 2 sh ( −^{2ßi}_{2p} ) = −2 sh

(_{ßi} p ) = e^{−ßi=p} − e^{ßi=p} = ı^{−1=2} − ı^{1=2} = ı^{(p+1)=2} − ı^{(p−1)=2}.

Ŋăľďěň ňĺŋĺňăńìŋëľ ňŋőčőçńěŋ íńěňěŋâă ` = −2 sh

(_{ßi} p ) . Őçěćĺďŋő, íâő ąãÄ ďěâ ’_`(u) =

2 sh ( p arsh

(_u 2 )) u ; âăł łăł

’_`(`) =

2 sh ( p arsh (( −2 sh

(_{ßi} p ))/ 2 )) ` = −2 sh ( p ·^{ßi}_p ) ` = 0

ĺ ’_`(u) { ňŋőčőçńěŋ áâěŕěŋĺ p − 1 áő áâăàèĺň çńěŋőň u^{p−1}; ŋăŕàĺňěà, ŕàĺ p = 3 ’_`(u) = u^2 + 3, ŕàĺ p = 5 ’_`(u) = u^4 + 5u^2 + 5 ĺ â.ď.

Ďăńěě, ĺňěěň n∏ k=1 ı^{xk =2} 1 − ı^{xk} = n∏ k=1 1 f_{^A} ( x_kg_{^A}(`) ) = n∏ k=1 1 [`]^{^A}_{xk} = 1 `^n n∏ k=1 ` [`]^{^A}_{xk} =: 1 `^n ∞∑ i=0 A_i`^i = 1 `^n

A(`);

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 105

čďě A(u) :=

∏_n k=1 u [u]Âx k = ∑_∞ i=0 A_iu^i, A_i ∈ Z_p { æěńëě p-ăďĺçěáłĺě çĺáńă. Ĺğ

ńěňňë 5.4 áńěďãěâ, çâő ďńï ńîąőčő k ¿ 0 Tr(`^k) ≃ 0 (` = ı^{(p+1)=2} − ı^{(p−1)=2}). Ŕőíâőňã ĺŋâěàěáãîéĺľ ŋăá áńěď ěáâì Tr (_n∏ k=1 ı^{xk =2} 1 − ı^{xk} ) = Tr ( 1 `^n ∞∑ i=0 A_i`^i ) ≃ Tr ( 1 `^n n∑ i=0 A_i`^i )

= n∑ i=0 ( A_i Tr(`^{i−n}) ) = ⟨ A(u)B(u) ⟩ n; čďě B_s := Tr `^{−s}, B(u) := ∑_∞ i=0 B_iu^i. Łăł ĺ àăŋìèě, ĺňěěň B(u) = (p − 1) + u Tr

(_1 `−u ) , Tr

(_1 `−u ) = −^{’′` (u)}_{’`(u)} . Ğďěáì

’_`(u) =

2 sh ( p arsh

(_u 2 )) u ; ’^′_`(u) = p ch ( p arsh

(_u 2 )) u √ 1 +^{u2}_4 − 2 sh ( p arsh

(_u 2 )) u^2 ; ’^′_`(u) ’_`(u) = p 2 √ 1 +^{u2}_4 ch ( p arsh

(_u 2 )) sh ( p arsh

(_u 2 )) − 1 u ;

B(u) = p − 1 − u

’^′_`(u) ’_`(u)

= p − p^u_2 √ 1 +^{u2}_4 ch ( p arsh

(_u 2 )) sh ( p arsh

(_u 2 ))

= p sh ( (p − 1) arsh

(_u 2 )) ch ( arsh

(_u 2 )) sh ( p arsh

(_u 2 )) = p sh ( (p − 1) arsh

(_u 2 )) √ 1 +^{u2}_4 sh ( p arsh

(_u 2 )) : Ğďěáì ňë ćőáŕőńìğőćăńĺáì äőàňãńăňĺ ch ( arsh(u=2) ) = √ 1 + u^2=4 ĺ sh(x − y) = sh x ch y − sh y ch x. Ďăńěě ĺňěěň

B(u) = p sh ( (p − 1) arsh

(_u 2 )) ch ( arsh

(_u 2 )) sh ( p arsh

(_u 2 )) = 2p sh ( (p − 1) arsh

(_u 2 )) sh ( (p − 1) arsh

(_u 2 )) + sh ( (p + 1) arsh

(_u 2 ))

= p 2[u]^A_{p−1} [u]^A_{p−1} + [u]^A_{p+1} ≃ p [u]^A_{p−1} − [u]^A_{p+1} [u]^A_{p−1} + [u]^A_{p+1} : Ğďěáì [u]^A_m = 2 sh ( m arsh(u=2) ) , ĺ ňë ćőáŕőńìğőćăńĺáì äőàňãńőľ 2 ch x sh y = sh(y + x) + sh(y − x). Ĺâăł, ďńï äãŋłæĺľ Ăâìĺ{Ąőââă AB_{^A}(x_1; : : : ; x_n) = − Tr ( ∏_n k=1 ıxk =2 1−ıxk ) ďńï ^A-àőďă ňë ĺňěěň áńěďãîéĺě äőàňãńë:

AB_{^A}(x_1; : : : ; x_n) = − ⟨ p sh ( (p − 1) arsh

(_u 2 )) √ 1 +^{u2}_4 sh ( p arsh

(_u 2 )) n∏ k=1 u [u]^{^A}_{xk} ⟩ n ;

AB_{^A}(x_1; : : : ; x_n) = − ⟨ p 2[u]^A_{p−1} [u]^A_{p−1} + [u]^A_{p+1} n∏ k=1 u [u]^{^A}_{xk} ⟩ n ;

AB_{^A}(x_1; : : : ; x_n) ≃ ⟨ p [u]^A_{p+1} − [u]^A_{p−1} [u]^A_{p−1} + [u]^A_{p+1} n∏ k=1 u [u]^{^A}_{xk} ⟩ n :

(27)

106 Š. Ě. ŔĂŊŐĆ

Šőčďă ďńï ^A-àőďă ĺňěěň ^A(M ) ≡

∑_q

j=1 AB_{^A} ( x^{(j)}_1 ; : : : ; x^{(j)}_n ) . 6.2. Ćëçĺáńěŋĺï ďńï Ø_y-åăàăłâěàĺáâĺłĺ. Řăááňőâàĺň Ø_y-åăàăłâěàĺá-âĺłã

Ø_y(M ) =

(_n∏ j=1 x_j (1 + ye^{−xj} ) 1 − e^{−xj} ) [M ]

ďńï ňŋőčőőąàăğĺï M . İńńĺŕâĺçěáłĺľ łőňŕńěłá, ĺŋďěłá łőâőàőčő àăćěŋ Ø_y(M ), ďăěâáï âěőàěňőľ 2.2. Ťãŋłæĺĺ Ăâìĺ{Ąőââă ďńï Ø_y(M )-åăàăłâěàĺáâĺłĺ ĺňěěîâ áńěďãîéĺľ ćĺď (áň. őŕàěďěńěŋĺě 5.2):

AB_{Øy} (x_1; : : : ; x_n) = − Tr n∏ k=1 1 + y exp

(_{2ßixk} p ) 1 − exp

(_{2ßixk} p )

= − Tr

(_n∏ k=1 1 + yı^{xk} 1 − ı^{xk} ) ; (28) q∑ j=1 AB_{Øy} ( x^{(j)}_1 ; : : :; x^{(j)}_n ) ≡ Ø_y(M ) mod p: (29)

Šě ęě äőàňãńë ňőęŋő ŕőńãçĺâì ĺ ĺğ âěőàěňë 3.2 Ăâìĺ{Ąőââă, łăł íâő ďěńăńőáì ć ŕ. 4.3 ďńï L-àőďă.

Šěŕěàì ćëçĺáńĺň áńěď ć őŕàěďěńěŋĺĺ äãŋłæĺľ Ăâìĺ{Ąőââă AB_{Øy} (x_1; : : : ; x_n). Ĺňěěň ć áĺńã ŕàěďńőęěŋĺï 5.3^{1+yıxk}_{1−ı}x_k =^1_{[`]}Ø_{yxk} , čďě [u]^{Øy}_m =^{(1+yu)m−(1−u)m}

(1+yu)m+y(1−u)m

(ŕàĺ y ≠ −1) { áâěŕěŋŋăï áĺáâěňă, áćïğăŋŋăï á Ø_y-åăàăłâěàĺáâĺłőľ (áň. äőàňãńã (2_{Øy} )), ă

` = ^f_{Øy} ( − 2ßi p ) = 1 − e^{2ßi=p} 1 + ye^{2ßi=p} = 1 − ı 1 + yı : Šőčďă ı =^{1−`}_{1+y`} . Ďăńěě ňë ąãďěň ŕàěďŕőńăčăâì y ∈ Z_p, y ≠ −1 mod p. ŚńãÄ çăľ y = −1 mod p áćőďĺâáï ł íľńěàőćőľ åăàăłâěàĺáâĺłě, àăááňőâàěŋŋőľ ćëèě. Ğăňěâĺň, çâő ŕàĺ y = 0; 1 ŕőńãçăěâáï ` = 1 − ı ĺ ` =^{1−ı}_{1+ı} , çâő áőőâćěâáâćãěâ ŕőńãçěŋŋëň ćëèě ğŋăçěŋĺïň ďńï àőďă Šőďďă ĺ L-àőďă.

Ŋăľďěň ňĺŋĺňăńìŋëľ ňŋőčőçńěŋ íńěňěŋâă ` =^{1−ı}_{1+yı} . Őçěćĺďŋő, íâő ąãďěâ

’_`(u) =

(1 + yu)^p − (1 − u)^p (1 + y)u ; âăł łăł 0 = ı^p − 1 ı − 1 = (_{1−`}

1+y`

)_p − 1 1−` 1+y` − 1 = 1 (1 + y`)^{p−1}

’_`(`);

â.ě. ’_`(`) = 0 ĺ ’_`(u) { ňŋőčőçńěŋ áâěŕěŋĺ p − 1 áő áâăàèĺň çńěŋőň u^{p−1}.

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 107

Ďăńěě ĺňěěň n∏ k=1 1 + yı^{xk} 1 − ı^{xk} = n∏ k=1 1 ^f_{Øy} (x_k ^g_{Øy} (`)) = n∏ k=1 1 [`]^{Øy}_{xk} = 1 `^n n∏ k=1 ` [`]^{Øy}_{xk} =: 1 `^n ∞∑ i=0 A_i`^i = 1 `^n

A(`);

čďě A(u) :=

∏_n k=1 u [u] Øy xk = ∑_∞ i=0 A_iu^i, A_i ∈ Z_p { æěńëě p-ăďĺçěáłĺě çĺáńă. Ĺğ

ńěňňë 5.4 áńěďãěâ, çâő ďńï ńîąőčő k ¿ 0 Tr(`^k) ≃ 0.

Ğăňěçăŋĺě. Ŕàěďáâăćńěŋĺě ` ć ćĺďě ` = C_0 + C_1ı + · · · + C_{p−1}ı^{p−1}, C_i ∈ Z_p, ĺáŕőńìğãěňőě ŕàĺ ďőłăğăâěńìáâćě ńěňňë 5.4, ŕőńãçăěâáï áńěďãîéĺň őąàăğőň. Šăł łăł

1 + y^p = 1 + (yı)^p = (1 + yı) ( (yı)^{p−1} − (yı)^{p−2} + (yı)^{p−3} − · · · − yı + 1 ) ; âő ` = 1 − ı 1 + yı = (1 − ı) ( (yı)^{p−1} − (yı)^{p−2} + (yı)^{p−3} − · · · − yı + 1 ) 1 + y^p = 1 1 + y^p × (( y^{p−1} + y^{p−2} ) ı^{p−1} − (y^{p−2} + y^{p−3} )ı^{p−2} + · · · − (y + 1)ı + 1 − y^{p−1} ) : Ŕő ňăńőľ âěőàěňě Ťěàňă y^p + 1 ≡ y + 1 ≠ 0 mod p, ŕőíâőňã C_i = (−1)^{i yi+yi−1}_{1+yp} ∈ Z_p, (i ¿ 0), C_0 =^{1−yp−1}_{1+yp} ∈ Z_p.

Ĺŋâěàěáãîéĺľ ŋăá áńěď ěáâì

Tr (_n∏ k=1 1 + yı^{xk} 1 − ı^{xk} ) ≃ Tr ( 1 `^n n∑ i=0 A_i`^i ) = n∑ i=0 ( A_i Tr(`^{i−n}) ) = ⟨ A(u)B(u) ⟩ n;

čďě B_s := Tr `^{−s}, B(u) := ∑_∞ i=0 B_iu^i. Łăł ĺ àăŋìèě, ĺňěěň B(u) = (p − 1) + u Tr

(_1 `−u ) , Tr

(_1 `−u ) = −^{’′` (u)}_{’`(u)} . Ğďěáì

’_`(u) =

(1 + yu)^p − (1 − u)^p

(1 + y)u ; ’^′_`(u) = py(1 + yu)^{p−1} + p(1 − u)^{p−1} (1 + y)u − (1 + yu)^p − (1 − u)^p (1 + y)u^2 ; ’^′_`(u) ’_`(u) = p y(1 + yu)^{p−1} + (1 − u)^{p−1} (1 + yu)^p − (1 − u)^p − 1 u ; B(u) = (p − 1) − u

’^′_`(u) ’_`(u)

= p − up y(1 + yu)^{p−1} + (1 − u)^{p−1} (1 + yu)^p − (1 − u)^p = p (1 + yu)^{p−1} − (1 − u)^{p−1} (1 + yu)^p − (1 − u)^p :

108 Š. Ě. ŔĂŊŐĆ

Ŕőíâőňã

AB_{Øy} (x_1; : : :; x_n) = − Tr

(_n∏ k=1 1 + yı^{xk} 1 − ı^{xk} )

= − ⟨ p (1 + yu)^{p−1} − (1 − u)^{p−1} (1 + yu)^p − (1 − u)^p n∏ k=1 u [u]^{Øy}_{xk} ⟩ n :

Ďăńěě ĺňěěň

B(u) = p

(1 + yu)^{p−1} − (1 − u)^{p−1} (1 + yu)^p − (1 − u)^p = p (1 − u)(1 + yu)^p − (1 + yu)(1 − u)^p (1 − u)(1 + yu) ( (1 + yu)^p − (1 − u)^p ) = p (1 − u)(1 + yu) − pu (1 − u)(1 + yu)^{(1+yu)p−(1−u)p}

(1+yu)p+y(1−u)p ≃ − pu [u]^{Øy}_p 1 (1 − u)(1 + yu) ; 1 (1 − u)(1 + yu) = ∞∑ m=0 1 + (−1)^my^{m+1}

1 + y u^m;

AB_{Øy} (x_1; : : : ; x_n) ≃ ⟨ pu [u]^{Øy}_p 1 (1 − u)(1 + yu) n∏ k=1 u [u]^{Øy}_{xk} ⟩ n = ⟨ pu [u]^{Øy}_p n∏ k=1 u [u]^{Øy}_{xk} ∞∑ m=0 1 + (−1)^my^{m+1} 1 + y u^m ⟩ n :

Őłőŋçăâěńìŋő ĺňěěň áńěďãîéĺě äőàňãńë ďńï äãŋłæĺľ Ăâìĺ{Ąőââă ďńï Ø_y-åăàăł-âěàĺáâĺłĺ AB_{Øy} (x_1; : : : ; x_n) = − Tr ( ∏_n k=1 1+yıxk 1−ıxk ) (ŕàĺ y ≠ −1 mod p):

AB_{Øy} (x_1; : : :; x_n) = − ⟨ p (1 + yu)^{p−1} − (1 − u)^{p−1} (1 + yu)^p − (1 − u)^p n∏ k=1 u [u]^{Øy}_{xk} ⟩ n ;

AB_{Øy} (x_1; : : :; x_n) ≃ n∑ m=0 1 + (−1)^my^{m+1}

1 + y ⟨ pu [u]^{Øy}_p n∏ k=1 u [u]^{Øy}_{xk} ⟩ n−m : (30)

Ğďěáì [u]^{Øy}_m =^{(1+yu)m−(1−u)m}

(1+yu)m+y(1−u)m { áâěŕěŋŋăï áĺáâěňă, áćïğăŋŋăï á Øy-åăàăłâěàĺá-

âĺłőľ. Šőčďă ďńï Ø_y-åăàăłâěàĺáâĺłĺ ĺňěěň

Ø_y(M ) ≡ q∑ j=1 AB_{Øy} ( x^{(j)}_1 ; : : : ; x^{(j)}_n )

≡ q∑ j=1 n∑ m=0 1 + (−1)^my^{m+1} 1 + y ⟨ pu [u]^{Øy}_p n∏ k=1 u [u]^{Øy}_{x(j)k} ⟩ n−m mod p:

İâĺ äőàňãńë őąőąéăîâ äőàňãńë (13), (17) ďńï àőďă Šőďďă ĺ L-àőďă, łőâőàëě ŕőńãçăîâáï ŕőďáâăŋőćłőľ y = 0 ĺ y = 1 áőőâćěâáâćěŋŋő.

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 109

x 7. Řőńì ãàăćŋěŋĺľ Łőŋŋěàă{Ťńőľďă ć ğăďăçě ő ćëçĺáńěŋĺĺ àőďőć Ţĺàæěąàãåă ć âěàňĺŋăå ĺŋćăàĺăŋâőć ďěľáâćĺï

Ğďěáì ňë àăááňăâàĺćăěň áćïğì àěğãńìâăâőć § 5 á âăł ŋăğëćăěňëňĺ ãàăćŋěŋĺïňĺ Łőŋŋěàă{Ťńőľďă, ććěďěŋŋëňĺ Ś. Ŕ. Ŋőćĺłőćëň ć àăąőâăå [12], [13] (ăŋăńőčĺçŋëě áőőâŋőèěŋĺï ąëńĺ âăłęě ŕőńãçěŋë ć àăąőâăå [8], [11]). Ă ĺňěŋŋő, ć íâĺå àăąőâăå ąëńő ďőłăğăŋő, çâő ŋăąőàë ćěáőć x^{(j)}_1 ; : : :; x^{(j)}_n , x^{(j)}_k ∈ Z=p, ïćńïîâáï ŋăąőàăňĺ ćěáőć ďěľáâćĺï čàãŕŕë Z=p ŋă ňŋőčőőąàăğĺĺ M^{2n} âőčďă ĺ âőńìłő âőčďă, łőčďă őŋĺ áćïğăŋë ãàăćŋěŋĺïňĺ Łőŋŋěàă{Ťńőľďă q∑ j=1 ⟨ pu [u]_p n∏ k=1 u [u]_{x(j)k} ⟩ m ≃ 0; m = 0; : : :; n − 1: (31)

Ğďěáì [u]_m { áâěŕěŋŋăï áĺáâěňă, áőőâćěâáâćãîéăï äőàňăńìŋőľ čàãŕŕě čěőňěâàĺÄ çěáłĺå łőąőàďĺğňőć (áň. [4], [12]). Řăááňőâàěć àőď Ţĺàæěąàãåă ’: ˙_U → ~, ňë ŕőńãçăěň ãàăćŋěŋĺï Łőŋŋěàă{Ťńőľďă, áőőâćěâáâćãîéĺě àőďã ’: q∑ j=1 ⟨ pu [u]^’_p n∏ k=1 u [u]^’_{x(j)k} ⟩ m ≃ 0; m = 0; : : : ; n − 1; (32)

čďě [u]^’_m { áâěŕěŋŋăï áĺáâěňă, áőőâćěâáâćãîéăï àőďã ’.

Łàőňě âőčő, ć àăąőâě [5] ĺğ âěőàĺĺ łőąőàďĺğňőć ąëńă ćëćěďěŋă áńěďãîéăï äőàÄ ňãńă ďńï àőďă Šőďďă:

td(M ) ≃ q∑ j=1 ⟨ pu [u]^{td}_p n∏ k=1 u [u]^{td}_{x(j)k} ⟩ n ; (33)

ĺ ŕőłăğăŋő, çâő àăğŋőáâì ňěęďã äőàňãńőľ

td(M ) ≃ − q∑ j=1 Tr (_n∏ k=1 1 1 − ı^{x(j)}k ) ≃ q∑ j=1 n∑ m=0 ⟨ pu [u]^{td}_p n∏ k=1 u [u]^{td}_{x(j)k} ⟩ m ; ćëćěďěŋŋőľ ĺğ âěőàěňë Ăâìĺ{Ąőââă (áň. ŕ. 4.2), ĺ áãňňőľ ãàăćŋěŋĺľ Łőŋŋěàă{ Ťńőľďă (32) ďńï àőďă Šőďďă ěáâì ć âőçŋőáâĺ äőàňãńă (33) (ğďěáì ı = e^{2ßi=p}, [u]^{td}_m = 1 − (1 − u)^m).

Ďăńěě ňë őąőąéĺň íâőâ àěğãńìâăâ ŋă áńãçăľ ŕàőĺğćőńìŋőčő àőďă ’, ãďőćńěâćőÄ àïîéěčő ãáńőćĺïň âěőàěňë 5.1.

Šěőàěňă 7.1. Řăğŋőáâì ňěęďã äőàňãńőľ ĺğ âěőàěňë 5.1

’(M ) ≃ − q∑ j=1 Tr (_n∏ k=1 1 [`]^’_{x(j)k} ) ; ` = f_’ ( − 2ßi p ) ; ĺ áãňňőľ ãàăćŋěŋĺľ Łőŋŋěàă{Ťńőľďă (32) ďńï àőďă ’ á ŋěłőâőàëňĺ æěńëÄ ňĺ p-ăďĺçěáłĺňĺ łőíääĺæĺěŋâăňĺ ďăěâ áńěďãîéãî äőàňãńã ďńï àőďă ’:

’(M ) ≃ q∑ j=1 ⟨ pu [u]^’_p n∏ k=1 u [u]^’_{x(j)k} ⟩ n :

110 Š. Ě. ŔĂŊŐĆ

Ďőłăğăâěńìáâćő. Ĺňěěň n∏ k=1 1 [`]^’_{xk} = 1 `^n n∏ k=1 ` [`]^’_{xk} =: 1 `^n ∞∑ i=0 A_i`^i = 1 `^n

A(`);

čďě A(u) :=

∏_n k=1 u [u]’xk = ∑_∞ i=0 A_iu^i, A_i ∈ Z_p { æěńëě p-ăďĺçěáłĺě çĺáńă. ŔőíÄ âőňã Tr (_n∏ k=1 1 [`]^’_{xk} ) = Tr ( 1 `^n ∞∑ i=0 A_i`^i ) ≃ Tr ( 1 `^n n∑ i=0 A_i`^i )

= n∑ i=0 A_i Tr `^{i−n} =

⟨_n∏ k=1 u [u]^’_{xk}

B(u) ⟩ n ; čďě B_s := Tr `^{−s}, B(u) := ∑_∞ i=0 B_iu^i.

Ććěďěň âěŕěàì àïď h(u):

h(u) = p

[u]^’_p − u B(u)[u]^’_p

: (34)

Šőčďă h(u) { àïď á æěńëňĺ p-ăďĺçěáłĺňĺ łőíääĺæĺěŋâăňĺ ĺ áćőąőďŋëň çńěŋőň 1. Ďěľáâćĺâěńìŋő,

h(0) = p

[u]^’_p − u B(u)[u]^’_p | | | |_{u=0} = p

1 −^u_{[u]}’_p B(u) | | | |_{u=0} = p ( 1 −^1_p ) p − 1

= 1;

âăł łăł B(0) = B_0 = Tr `^0 = p − 1, [u]^’_p = pu + · · · . Ĺğ äőàňãńë (34) áńěďãěâ, çâő

B(u) = p h(u) − pu [u]^’_p 1 h(u) ; â.ě.

B(u) ≃ − pu [u]^’_p 1 h(u) = − pu [u]^’_p ( 1 + ∞∑ i=1 H_iu^i ) ; čďě H_i { łőíääĺæĺěŋâë àïďă^1_{h(u)} . Ŕőíâőňã

Tr (_n∏ k=1 1 [`]^’_{xk} ) ≃ − ⟨ pu [u]^’_p ( 1 + ∞∑ i=1 H_iu^i

)_n∏ k=1 u [u]^’_{xk} ⟩ n = − ⟨ pu [u]^’_p n∏ k=1 u [u]^’_{xk} ⟩ n − n−1∑ m=0 H_{n−m} ⟨ pu [u]^’_p n∏ k=1 u [u]^’_{xk} ⟩ m ;

’(M ) ≃ − q∑ j=1 Tr (_n∏ k=1 1 [`]^’_{x(j)k} )

≃ q∑ j=1 ⟨ pu [u]^’_p n∏ k=1 u [u]^’_{x(j)k} ⟩ n + n−1∑ m=0 H_{n−m}

(_q ∑ j=1 ⟨ pu [u]^’_p n∏ k=1 u [u]^’_{x(j)k} ⟩ m ) :

Šěőàěňă ďőłăğăŋă.

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 111

Ŕàĺňěà 7.1. Řăááňőâàĺň àőď Šőďďă td(M ). Šőčďă [u]^{td}_p = 1 − (1 − u)^p , B(u) =

p^{1−(1−u)p−1}

1−(1−u)p (áň. ŕ. 4.2). Šăłĺň őąàăğőň,

h(u) =

1 − (1 − u)^p − u

1 − (1 − u)^{p−1}

= 1 − u

(áň. äőàňãńã (34)).

Ŕàĺňěà 7.2. Řăááňőâàĺň L-àőď L(M ). Šőčďă

[u]^L_p =

(1 + u)^p − (1 − u)^p

(1 + u)^p + (1 − u)^p

; B(u) = p

(1 + u)^{p−1} − (1 − u)^{p−1}

(1 + u)^p − (1 − u)^p

(áň. ŕ. 4.3). Ŕőíâőňã

h(u) =

(1+u)p−(1−u)p

(1+u)p+(1−u)p − u

(1+u)p−1−(1−u)p−1

(1+u)p+(1−u)p = (1 + u)^p − (1 − u)^p − u(1 + u)^p − u(1 − u)^p

(1 + u)^{p−1} − (1 − u)^{p−1}

= (1 + u)(1 − u):

İâő ćŕőńŋě áőčńăáãěâáï á ćëçĺáńěŋĺïňĺ ĺğ ŕŕ. 4.2, 4.3.

Ŕàĺňěà 7.3. Řăááňőâàĺň ^A-àőď ^A(M ). Šőčďă

[u]^{^A}_p = 2 sh ( p arsh u 2 ) ; B(u) = p sh ( (p − 1) arsh

(_u 2 )) ch ( arsh

(_u 2 )) sh ( p arsh

(_u 2 ))

(áň. ŕ. 6.1). Šăłĺň őąàăğőň,

h(u) = ( 2 sh ( arsh

(_u 2 )) − u ) ch ( arsh

(_u 2 )) 2 sh ( (p − 1) arsh

(_u 2 )) = ( sh ( arsh

(_u 2 )) − sh ( arsh

(_u 2 ))) ch ( arsh

(_u 2 )) sh ( (p − 1) arsh

(_u 2 ))

= 2 sh

(_{p−1}

2 arsh

(_u 2 )) ch (_{p+1}

2 arsh

(_u 2 )) ch ( arsh

(_u 2 )) 2 sh

(_{p−1}

2 arsh

(_u 2 )) ch (_{p−1}

2 arsh

(_u 2 ))

= ch (_{p+1} 2 arsh

(_u 2 )) ch ( arsh

(_u 2 )) ch (_{p−1} 2 arsh

(_u 2 )) :

112 Š. Ě. ŔĂŊŐĆ

x 8. İńńĺŕâĺçěáłĺľ àőď ďńï ňŋőčőőąàăğĺľ á ďěľáâćĺěň čàãŕŕë Z=p

Ŕãáâì M^{2n} { 2n-ňěàŋőě ćěéěáâćěŋŋőě čńăďłőě ňŋőčőőąàăğĺě á łőňŕńěłáŋőľ áâàãłâãàőľ ć áâăąĺńìŋőň łăáăâěńìŋőň àăááńőěŋĺĺ.

Őŕàěďěńěŋĺě 8.1 (áň. [7]). İńńĺŕâĺçěáłĺň àőďőň ŋăğëćăěâáï àőď ŢĺàæěąÄ àãåă ’(M^{2n}) = ( ∏_n i=1 xi f(xi) [M 2n] ) , ďńï łőâőàőčő äãŋłæĺï f ãďőćńěâćőàïěâ őďŋőÄ ňã ĺğ áńěďãîéĺå íłćĺćăńěŋâŋëå ãáńőćĺľ:

1) f^{′2} = 1 − 2ffif^2 + ”f^4 , f(0) = 0;

2) f(u + v) = f(u)f^′ (v) + f^′(u)f(v)

1 − ”f(u)^2f(v)^2 . Ŕãáâì L = 2ßi(eZø + Z) { àěèěâłă ć C, Im ø ¿ 0, L^′ = L\{0}, ˝(z) = 1 z2 + ∑ !∈L′ (_1

(z−!)2 − 1 !2 ) { ˝-äãŋłæĺï Ćěľěàèâàăááă, łőâőàăï ãďőćńěâćőàïěâ ďĺääěàěŋæĺăńìŋőňã ãàăćŋěŋĺî

˝^′(z)^2 = 4˝(z)^3 − g_2˝(z) − g_3 = 4 ( ˝(z) − e_1 )( ˝(z) − e_2 )( ˝(z) − e_3 ) ; čďě e_1 = ˝(ßi), e_2 = ˝(ßiø ), e_3 =˝ ( ßi(ø + 1) ) { ŋãńĺ ŕàőĺğćőďŋőľ ˝-äãŋłæĺĺ.

Ťãŋłæĺï f(z) = 1 /√ ˝(z) − e_1 (â.ě. f(z) = sn(z) { íńńĺŕâĺçěáłĺľ áĺŋãá) ãďőćńěÄ âćőàïěâ ãáńőćĺïň ĺğ őŕàěďěńěŋĺï 8.1 ďńï ffi = −^3_2 e_1, ” = (e_1 − e_2)(e_1 − e_3 ) (áň. [7]); ŕőíâőňã áőőâćěâáâćãîéĺľ àőď ąãďěâ íńńĺŕâĺçěáłĺň. Őďŋăłő âăł łăł ćáě çĺáńă e_1, e_2, e_3 àăğńĺçŋë, âő ” = (e_1 − e_2)(e_1 − e_3) ≠ 0 ĺ ffi^2 − ” =^1_4 (e_2 − e_3)^2 ≠ 0. Ćëàőęďěŋŋëě áńãçăĺ áőőâćěâáâćãîâ ^A-àőďã (e_1 = e_2 ĺńĺ e_1 = e_3, âőčďă ” = 0, ĺ ěáńĺ ćğïâì ffi = −1=8, ŕőńãçĺň f^{′2} = 1 +^1_4 f^2, â.ě. f(x) = 2 sh(x=2)) ĺ L-àőďã (e_2 = e_3, â.ě. ffi^2 − ” = 0, ĺ ěáńĺ ćğïâì ffi = ” = 1, ŕőńãçĺň f^{′2} = (1 − f^2)^2, â.ě. f(x) = th x).

Ĺğ àăááňőâàěŋĺï ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï, łőâőàőňã ãďőćńěâćőàïěâ f(x) ďńï íńńĺŕâĺçěáłőčő àőďă, ïáŋő, çâő łőíääĺæĺěŋâ ŕàĺ x^{2k} áâěŕěŋŋőčő àïďă f(x) ïćÄ ńïěâáï ćğćěèěŋŋëň őďŋőàőďŋëň ŕőńĺŋőňőň áâěŕěŋĺ 2k őâ ffi ĺ ” á łőíääĺæĺěŋâăňĺ ĺğ łőńìæă Z

[_1 2 ] , ěáńĺ áçĺâăâì, çâő deg ” = 4, deg ffi = 2. Šăłĺň őąàăğőň, íńńĺŕâĺÄ çěáłĺľ àőď ’(M^{2n}) = ( ∏_n i=1 xi f(xi) ) [M^{2n}] ïćńïěâáï őďŋőàőďŋëň ŕőńĺŋőňőň áâěÄ ŕěŋĺ 2n őâ ffi ĺ ”, â.ě. ’ ňőęŋő àăááňăâàĺćăâì łăł čőňőňőàäĺğň łőńìæă łőňŕńěłáŋëå łőąőàďĺğňőć ˙_U ć łőńìæő Z

[_1 2 ] [ffi; ”] ĺńĺ ć łőńìæő Z_p[ffi; ”], p ¿ 2.

Ťãŋłæĺï f(ø; x) ïćńïěâáï íńńĺŕâĺçěáłőľ ŕő őâŋőèěŋĺî ł ŕőďàěèěâłě ~L àěèěâÄ łĺ L á ďĺćĺğőàőň (0)+(ßi2ø )−(ßi)− ( ßi(1+2ø ) ) . Ĺňěěâáï áńěďãîéěě àăğńőęěŋĺě f(ø; x) ć ąěáłőŋěçŋőě ŕàőĺğćěďěŋĺě (áň. [7]):

f(ø; x) = 2

1 − e^{−x} 1 + e^{−x} ∞∏ k=1 (1 − q^ke^x)(1 − q^ke^{−x})(1 + q^k)^2 (1 + q^ke^x)(1 + q^ke^{−x})(1 − q^k)^2

; q = e^{2ßiø} : (35)

Řăááňőâàĺň âěŕěàì { L^{(q)}_i = n∑ p=0 ~^{p;i} ⊗ (_∞⨂ k=1 S_qk T_CM ⊗ ∞⨂ k=1 ~_qk T_CM )} ;

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 113

čďě T_CM { łőňŕńěłáĺäĺłăæĺï łăáăâěńìŋőčő àăááńőěŋĺï ł M , ~_tE := ∑_∞ k=0(~^kE)t^k, S_tE := ∑_∞ k=0(S^k E)t^k. L^{(q)} { íâő áâěŕěŋŋőľ àïď őâ q, łőíääĺæĺěŋÄ âăňĺ łőâőàőčő ïćńïîâáï íńńĺŕâĺçěáłĺě łőňŕńěłáë àăááńőěŋĺľ ŋăď M , ăááőæĺĺàőÄ ćăŋŋëå á T M . Ěčő ĺŋďěłá ind(L^{(q)}) = sign ( M; ⨂_∞ k=1 S_qk T_CM ⊗ ⨂_∞ k=1 ~_qk T_CM ) { \áłàãçěŋŋăï" áĺčŋăâãàă (áň. [7]), { łăł áńěďãěâ ĺğ âěőàěňë Ăâìĺ{Ğĺŋčěàă 2.1 ĺ ńěňňë 2.3, ěáâì

ind(L^{(q)}) =

(_n ∏ j=1 ( x_j

1 + e^{−xj} 1 − e^{−xj} ∞∏ k=1 (1 + q^ke^{xj} )(1 + q^ke^{−xj} ) (1 − q^ke^{xj} )(1 − q^ke^{−xj} ) )) [M^{2n}]: (36)

İâő áâěŕěŋŋőľ àïď őâ q á æěńőçĺáńěŋŋëňĺ łőíääĺæĺěŋâăňĺ ĺ áćőąőďŋëň çńěŋőň (łőíääĺæĺěŋâőň ŕàĺ q^0) L(M ) = sign M (áň. [7]). Śàăćŋĺćăï íâő ćëàăęěŋĺě á (35) ĺ ãçĺâëćăï, çâő 1 2 ∞∏ k=1 (1 − q^k)^2 (1 + q^k)^2

= ”^{1=4} (37)

(áň. [7]), ŕőńãçăěň

’(M ) = sign ( M; ∞⨂ k=1 S_qk T_CM ⊗ ∞⨂ k=1 ~_qk T_CM ) ”^{n=4}: (38)

Ŕãáâì âěŕěàì, łăł ĺ àăŋìèě, ŋă ňŋőčőőąàăğĺĺ M^{2n} ďěľáâćãěâ őŕěàăâőà g, g^p = 1, á łőŋěçŋëň çĺáńőň ŋěŕőďćĺęŋëå âőçěł P_1; : : : ; P_r. Ć áőőâćěâáâćĺĺ á ĺğÄ ńőęěŋŋëň ć § 5 íłćĺćăàĺăŋâŋëľ ĺŋďěłá łőňŕńěłáă L^{(q)}, ind ( g; L^{(q)} ) , àăćěŋ áãňňě äãŋłæĺľ ŋěŕőďćĺęŋëå âőçěł œ_L(q) (P_j), łőâőàëě ŕőńãçăîâáï ĺğ äőàňãńë (36) ğăÄ ňěŋőľ M^{2n} ŋă P_j, x_1x_2 : : : x_n ŋă 1 ĺ x_k ŋă −^{2ßi}_p x^{(j)}_k :

œ_L(q) (P_j ) = n∏ k=1 1 + ı^{x(j)k}

1 − ı^{x(j)}k ∞∏ i=1

( 1 + q^iı^{−x(j)}k )( 1 + q^iı^{x(j)}k ) ( 1 − q^iı^{−x(j)}k )( 1 − q^iı^{x(j)}k ) ; ı = e^{2ßip} :

Ďăńěě,^1_p ∑ l∈Z=p ind ( g^l; L^{(q)} ) = s(q) { áâěŕěŋŋőľ àïď őâ q, łőíääĺæĺěŋâőň łőÄ âőàőčő ŕàĺ q^k ïćńïěâáï ăńìâěàŋĺàőćăŋŋăï áãňňă àăğňěàŋőáâěľ ĺŋćăàĺăŋâŋëå ŕőďÄ ŕàőáâàăŋáâć ďěľáâćĺï g ć łőčőňőńőčĺïå łőňŕńěłáă, łőâőàëľ ïćńïěâáï łőíääĺæĺěŋÄ âőň ŕàĺ q^k ć àăğńőęěŋĺĺ L^{(q)}:

L^{(q)} = L + 2L ⊗ T_CM q + L ⊗ (2T_CM + T_CM ⊗ T_CM + S^2 T_CM + ~^2T_CM )q^2 + · · · ; čďě L =

∑_n

p=0 ~^{p;i}. Šăłĺň őąàăğőň, s(q) { àïď á æěńëňĺ łőíääĺæĺěŋâăňĺ. Łàőňě âőčő, ind ( 1; L^{(q)} ) = sign ( M; ⨂_∞ k=1 S_qk T_CM ⊗ ⨂_∞ k=1 ~_qk T_CM ) . Ŕőíâőňã

sign ( M; ∞⨂ k=1 S_qk T_CM ⊗ ∞⨂ k=1 ~_qk T_CM )

= ind(1; L^{(q)}) = − p−1∑ l=1 ind(g^l; L^{(q)}) + ps(q)

= − r∑ j=1 p−1∑ l=1 n∏ k=1 1 + ı^{lx(j)}k

1 − ı^{lx(j)k} ∞∏ i=1

( 1 + q^iı^{−lx(j)k} )( 1 + q^iı^{lx(j)k} ) ( 1 − q^iı^{−lx(j)k} )( 1 − q^iı^{lx(j)k} ) + ps(q):

114 Š. Ě. ŔĂŊŐĆ

Ńěćăï çăáâì íâőčő áőőâŋőèěŋĺï ńěęĺâ ć łőńìæě Z [ [q] ] áâěŕěŋŋëå àïďőć á æěńëňĺ łőíääĺæĺěŋâăňĺ, ă ŕàăćăï ć ěčő àăáèĺàěŋĺĺ { łőńìæě Z [ [q] ] (ı), ı^p = 1. Ŕőčàãğĺň őąě çăáâĺ ć p-ăďĺçěáłĺě ŕőŕőńŋěŋĺï áőőâćěâáâćãîéĺå ŕőńěľ ĺ àăááňőâàĺň âěőàěÄ âĺłő-çĺáńőćőľ áńěď Tr: Q_p{q}(ı) → Q_p{q}, čďě Q_p{q} { ŕőńě ńőàăŋőćáłĺå àïďőć őâ q á àăæĺőŋăńìŋëňĺ p-ăďĺçěáłĺňĺ łőíääĺæĺěŋâăňĺ, ă Q_p{q}(ı) { ěčő ăńčěąàăĺÄ çěáłőě àăáèĺàěŋĺě íńěňěŋâőň ı, ı^p = 1. Šőčďă p−1∑ l=1 n∏ k=1 1 + ı^{lx(j)k}

1 − ı^{lx(j)}k ∞∏ i=1

( 1 + q^iı^{−lx(j)}k )( 1 + q^iı^{lx(j)}k ) ( 1 − q^iı^{−lx(j)}k )( 1 − q^iı^{lx(j)}k )

= Tr n∏ k=1 1 + ı^{x(j)k}

1 − ı^{x(j)k} ∞∏ i=1

( 1 + q^iı^{−x(j)k} )( 1 + q^iı^{x(j)k} ) ( 1 − q^iı^{−x(j)k} )( 1 − q^iı^{x(j)k} ) ;

ĺ ňë ďőłăğăńĺ

Ŕàěďńőęěŋĺě 8.2. Ĺňěěâ ňěáâő áńěďãîéăï äőàňãńă ďńï \áłàãçěŋŋőľ"

áĺčŋăâãàë { ĺŋďěłáă łőňŕńěłáă { L^{(q)}_i =

∑_n

p=0 ~^{p;i} ⊗ ( ⨂_∞ k=1 S_qk T_CM ⊗ ⨂_∞ k=1 ~_qk T_CM )} :

sign ( M; ∞⨂ k=1 S_qk T_CM ⊗ ∞⨂ k=1 ~_qk T_CM )

≡ − r∑ j=1 Tr n∏ k=1 1 + ı^{x(j)}k

1 − ı^{x(j)}k ∞∏ i=1

( 1 + q^iı^{−x(j)}k )( 1 + q^iı^{x(j)}k ) ( 1 − q^iı^{−x(j)}k )( 1 − q^iı^{x(j)}k ) mod pZ [ [q] ] : (39)

Ś ãçěâőň áőőâŋőèěŋĺľ (37) ĺ (38) ŕőńãçăěň őâáîďă áőőâŋőèěŋĺě ďńï íńńĺŕâĺÄ çěáłőčő àőďă ’(M ):

’(M ) ≡ − r∑ j=1 Tr n∏ k=1 1 2 · 1 + ı^{x(j)}k

1 − ı^{x(j)k}

× ∞∏ i=1 ( 1 + q^iı^{−x(j)}k )( 1 + q^iı^{x(j)}k ) (1 − q^i)^2 ( 1 − q^iı^{−x(j)}k )( 1 − q^iı^{x(j)}k ) (1 + q^i)^2 mod pZp [ [q] ] :

Ś ãçěâőň àăğńőęěŋĺï (35) äãŋłæĺĺ f(ø; x) = sn x ć ąěáłőŋěçŋőě ŕàőĺğćěďěŋĺě ňë ňőęěň ŕěàěŕĺáăâì ŕőáńěďŋěě áőőâŋőèěŋĺě ć ćĺďě

’(M ) ≡ − r∑ j=1 Tr n∏ k=1 1 f ( ø; −^{2ßix} (j) k p ) mod pZp [ [q] ] ; q = e^{2ßiø} :

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 115

Őďŋăłő ’(M ) { ćğćěèěŋŋëľ őďŋőàőďŋëľ ňŋőčőçńěŋ őâ ffi, ” á łőíääĺæĺěŋâăňĺ ĺğ łőńìæă Z

[_1 2 ] ⊂ Z_p, ĺ ŕőíâőňã ŋăň ąë åőâěńőáì ŕőńãçĺâì áőőâŋőèěŋĺě ďńï ’(M ) ć łőńìæě Z_p[ffi; ”], ă ŋě ć łőńìæě Z_p [ [q] ] (Z_p[ffi; ”] ïćńïěâáï ŕőďłőńìæőň Z_p [ [q] ] ). ĆćěÄ ďěň, łăł ĺ àăŋìèě, ` = f ( ø; −^{2ßi}_p ) . Šőčďă f ( ø; −^{2ßixk}_p ) = [`]_{xk} , čďě [`]_m = f ( mf^{−1}(`) ) { áâěŕěŋŋăï áĺáâěňă, áćïğăŋŋăï á íńńĺŕâĺçěáłĺň àőďőň. Ğăňěâĺň, çâő ` { ăńčěąàăĺçěáłĺľ íńěňěŋâ ŋăď ŕőńěň Q(ffi; ”). Ďěľáâćĺâěńìŋő,

[`]_p = f ( ø; −

2ßip p ) = f(ø; −2ßi) = 0;

ă [u]_p ŕàĺ ŋěçěâŋëå p ïćńïěâáï àăæĺőŋăńìŋőľ äãŋłæĺěľ őâ u á łőíääĺæĺěŋâăňĺ ffi, ” (ŋăŕàĺňěà, [u]_3 = u^{3−8ffiu2 +6”u4−”2u8}

1−6”u4+8ffi”u6−3”2u8 ; íâő áńěďãěâ ĺğ àăááňőâàěŋĺï ďĺääěàěŋÄ

æĺăńìŋőčő ãàăćŋěŋĺï ĺ âěőàěňë áńőęěŋĺï ďńï f(ø; x) = sn x). Ůĺáńĺâěńì [u]_p ąãÄ ďěâ ňŋőčőçńěŋőň őâ u á łőíääĺæĺěŋâăňĺ ffi, ”, łőàŋěň łőâőàőčő ïćńïěâáï ` (őçěćĺďÄ ŋő, íâő ąãďěâ ňŋőčőçńěŋ áâěŕěŋĺ p^2 őâ u, łőàŋïňĺ łőâőàőčő ïćńïîâáï ğŋăçěŋĺï f ć âőçłăå łàăâŋőáâĺ p àěèěâłĺ 2ßi(Z2ø + Z), â.ě. f ( ø; 2ßi^{2kø+l}_p ) , k; l ∈ Z, ć çăáâÄ ŋőáâĺ `; [`]_2; : : : ; [`]_{p−1}; [`]_p = 0).

Őłőŋçăâěńìŋő ĺňěěň

’(M ) ≡ − r∑ j=1 Tr (_n∏ k=1 1 [`]_{xk} ) mod pZ_p [ [q] ] ; ` = f ( ø; − 2ßi p ) ; (40)

ŕàĺçěň ńěćăï ĺ ŕàăćăï çăáâĺ ïćńïîâáï ňŋőčőçńěŋăňĺ őâ ffi, ”.

Ńěňňă 8.3. Ŕãáâì P (ffi; ”) { ŋěłőâőàëľ ňŋőčőçńěŋ őâ ffi, ” âăłőľ, çâő P (ffi; ”) ≡ 0 mod pZ_p [ [q] ] . Šőčďă P (ffi; ”) ≡ 0 mod pZ_p[ffi; ”], â.ě. ćáě łőíääĺÄ æĺěŋâë P (ffi; ”) ńěęăâ ć pZ_p.

Ďőłăğăâěńìáâćő. Ťãŋłæĺĺ ffi, ” ïćńïîâáï ňőďãńïàŋëňĺ äőàňăňĺ ćěáă 2 ĺ 4

áőőâćěâáâćěŋŋő ďńï ŕőďčàãŕŕë `_0(2) ⊂ SL_2(Z), `_0(2) := { A ∈ SL_2(Z) | | | | A ≡ ( ∗ ∗ 0 ∗ ) (mod 2) } , ĺ ĺňěîâ áńěďãîéĺě àăğńőęěŋĺï Ťãàìě ćąńĺğĺ ąěáłőŋěçŋőáâĺ

(â.ě. ŕàĺ ňăńëå q = e^{2ßiø} ):

ffi = − 3 2 e_1 = 1 4 + ∞∑ n=1 ∑ d|n d≡1 mod 2

dq^n

= 1 4 + 6(q + q^2 + 4q^3 + q^4 + 6q^5 + 4q^6 + · · · );

” = (e_1 − e_2)(e_1 − e_3) = 1 16 + ∞∑ n=1 ∑ d|n (−1)^dd^3q^n = 1 16 − q + 7q^2 − 28q^3 + 71q^4 − · · ·

Łàőňě âőčő, ffi(0) = −^1_8 , ”(0) = 0, ffi

(_{1+i} 2 ) = 0, ”

(_{1+i} 2 ) ≠ 0 (áň., ŋăŕàĺňěà, [7]).

116 Š. Ě. ŔĂŊŐĆ

Ďőłăğăâěńìáâćő ńěňňë ąãďěň ŕàőćőďĺâì ŕő ĺŋďãłæĺĺ ŕő áâěŕěŋĺ deg P = 2n ňŋőčőçńěŋă P . Ěáńĺ deg P (ffi; ”) = 2, âő P (ffi; ”) = bffi, ŕőíâőňã b ∈ pZ_p, âăł łăł ffi =∈ pZ_p. Ŕãáâì âěŕěàì ňë ďőłăğăńĺ ńěňňã ďńï ćáěå ňŋőčőçńěŋőć áâěŕěŋĺ ¡ 2k ĺ deg P (ffi; ”) = 2k. Ŕàěďáâăćĺň P (ffi; ”) ć ćĺďě P (ffi; ”) = a”^{k=2} +Q(ffi; ”)”ffi +bffi^k . Šőčďă deg Q(ffi; ”) ¡ 2k, ğŋăçĺâ, Q(ffi; ”) ≡ 0 mod pZ_p[ffi; ”]. Ŕőďáâăćĺň ø =^{1+i}_2 ć P (ffi; ”) ĺ ŕőńãçĺň, çâő a”

(_{1+i} 2 )_{k=2} ďěńĺâáï ŋă p, â.ě. a ďěńĺâáï ŋă p. Ŕőďáâăćĺň âěŕěàì ø = 0 ĺ ŕőńãçĺň, çâő ( −^1_8

)_k b ďěńĺâáï ŋă p, â.ě. b ďěńĺâáï ŋă p, ĺ ćáě łőíääĺæĺěŋâë P (ffi; ”) ńěęăâ ć pZ_p. Ńěňňă ďőłăğăŋă.

Ĺğ íâőľ ńěňňë ĺ áőőâŋőèěŋĺï (40) ŕőńãçăěň áńěďãîéãî âěőàěňã.

Šěőàěňă 8.4. Ěáńĺ ŋă M^{2n} ďěľáâćãěâ âàăŋáćěàáăńìŋëľ íŋďőňőàäĺğň g âăłőľ, çâő g^p = 1, âő ĺňěěâáï áńěďãîéăï äőàňãńă ďńï íńńĺŕâĺçěáłőčő àőďă ’(M^{2n}):

’(M ) ≡ − r∑ j=1 Tr n∏ k=1 1 f ( ø; −^{2ßix} (j) k p ) mod pZp[ffi; ”]; (41)

čďě ć ŕàăćőľ çăáâĺ áâőĺâ âěőàěâĺłő-çĺáńőćőľ áńěď Q_p(ffi; ”)(ı) → Q_p(ffi; ”).

Ćáě ďăńìŋěľèĺě ŕőáâàőěŋĺï § 5 ĺ § 7, ć çăáâŋőáâĺ ńěňňă 5.4 ĺ âěőàěňă 7.1, ąěğ âàãďă ŕěàěŋőáïâáï ŋă áńãçăľ íńńĺŕâĺçěáłőčő àőďă (ŋăďő ńĺèì ğăňěŋĺâì ć äőàňãÄ ńĺàőćłăå łőńìæő Z_p ŋă Z_p[ffi; ”]). Šăłĺň őąàăğőň, àăğŋőáâì ňěęďã äőàňãńőľ (41) ĺ áãňňőľ á łőíääĺæĺěŋâăňĺ ãàăćŋěŋĺľ Łőŋŋěàă{Ťńőľďă ďńï íńńĺŕâĺçěáłőčő àőďă: r∑ j=1 ⟨ pu [u]_p n∏ k=1 u [u]_{x(j)k} ⟩ m ≡ 0 mod pZ_p[ffi; ”]; m = 0; : : : ; n − 1;

ďăěâ áńěďãîéãî äőàňãńã ďńï íńńĺŕâĺçěáłőčő àőďă:

’(M^{2n}) ≡ r∑ j=1 ⟨ pu [u]_p n∏ k=1 u [u]_x(j)_k ⟩ n mod pZ_p[ffi; ”]: (42)

Ć ŕőáńěďŋĺå ďćãå äőàňãńăå [u]_m őğŋăçăěâ áâěŕěŋŋãî áĺáâěňã, áőőâćěâáâćãîéãî íńńĺŕâĺçěáłőňã àőďã.

Ć łăçěáâćě ŕàĺňěàă ŕàĺňěŋěŋĺï äőàňãń ďńï íńńĺŕâĺçěáłőčő àőďă àăááňőâàĺň ďěľáâćĺě čàãŕŕë Z=p ŋă CP^n, ŕàĺ łőâőàőň őąàăğãîéăï g ďěľáâćãěâ âăł (ć őďŋőÄ àőďŋëå łőőàďĺŋăâăå): (z_0 : z_1 : · · · : z_n) → (˘_0z_0 : ˘_1z_1 : · · · : ˘_nz_n), ˘_i = e^{2ßip yi} . Ěáńĺ y_0; : : : ; y_n { ćáě àăğńĺçŋëě ćëçěâë mod p (ć çăáâŋőáâĺ, őâáîďă áńěďãěâ, çâő n ¡ p), âő ŋă CP^n ąãďěâ łőŋěçŋőě çĺáńő ŋěŕőďćĺęŋëå âőçěł őâŋőáĺâěńìŋő âăłőčő

ďěľáâćĺï, ă ĺňěŋŋő ŋěŕőďćĺęŋëňĺ ąãďãâ âőçłĺ P_j = ( 0; : : : ;^j1; : : : ; 0 ) , j = 0; n.

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 117

Ć ńőłăńìŋëå łőőàďĺŋăâăå

(_{z0}

zj ;^{z1}_{zj} ; : : : ; ^^{zj}_{zj} ; : : : ;^{zn}_{zj} ) ćąńĺğĺ P_j ďěľáâćĺě g ąãďěâ ńĺÄ

ŋěľŋëň:^{zi}_{zj} →^{˘izi}_{˘j zj} = exp

(_{2ßi}

p (y_i − y_j )

)_{zi}

zj . Ŕőíâőňã áőąáâćěŋŋëňĺ çĺáńăňĺ ňăâÄ

àĺæë §łőąĺ őâőąàăęěŋĺï g ć âőçłě P_j ąãďãâ exp

(_{2ßi}

p (y_i − y_j ) ) , i ≠ j, ă áőőâćěâÄ

áćãîéĺňĺ ćěáăňĺ ąãďãâ x^{(j)}_i = y_i − y_j .

Řăááňőâàĺň íńńĺŕâĺçěáłĺľ àőď ’. Łăł ĺğćěáâŋő,

’(CP^n) = ⟨ 1 √ 1 − 2ffiu^2 + ”u^4 ⟩ n : (43)

Ďěľáâćĺâěńìŋő, ĺğ äőàňãńë (1) áńěďãěâ, çâő ’(CP^n) = ⟨ g^′_’(u) ⟩ n, čďě g_’(u) = f^{−1}_’ (u) { ńőčăàĺäň áőőâćěâáâćãîéěľ äőàňăńìŋőľ čàãŕŕë. Ŋő âăł łăł (f^′)^2 = 1 − 2ffif^2 + ”f^4, âő g^′_’(u) =^1√_{1−2ffiu2 +”u4} . Ś ďàãčőľ áâőàőŋë, ĺğ äőàňãńë (42) áńěďãěâ, çâő ’(CP^n) ≡ n∑ j=0 ⟨ pu [u]_p ∏ i≠j u [u]_{yi−yj} ⟩ n mod pZ_p[ffi; ”]:

Šăłĺň őąàăğőň, ďńï ńîąőčő ŋăąőàă àăğńĺçŋëå ćëçěâőć y_0; y_1; : : : ; y_n mod p, čďě n ¡ p, ĺňěěň n∑ j=0 ⟨ pu [u]_p ∏ i≠j u [u]_{yi−yj} ⟩ n ≡ ⟨ 1 √ 1 − 2ffiu^2 + ”u^4 ⟩ n mod pZ_p[ffi; ”]:

Ťãŋłæĺï (1 − 2ffiu + u^2)^{−1=2} ïćńïěâáï ŕàőĺğćőďïéěľ ďńï ŕőńĺŋőňőć Ńěęăŋďàă P_n(ffi), â.ě.^1√_{1−2ffiu+u2} = 1 + ∑ n¿0 P_n(ffi)u^n; ŕőíâőňã 1 √ 1 − 2ffiu^2 + ”u^4

= 1 + ∑ n¿0 P_n ( ffi k ) (ku^2)^n;

čďě k^2 = ”. Őâáîďă ⟨ 1 √ 1 − 2ffiu^2 + ”u^4 ⟩ 2m = k^mP_m ( ffi k ) ; 2m∑ j=0 ⟨ pu [u]_p ∏ i≠j u [u]_{yi−yj} ⟩ 2m ≡ k^mP_m ( ffi k ) mod pZ_p[ffi; ”]:

(44)

Ć ŕàőáâěľèěň áńãçăě 2m = n = p−1 ŋăąőà y_0−y_j ; y_1−y_j ; : : :; ^y_j − y_j ; : : : ; y_{p−1}−y_j ŕàěďáâăćńïěâ áőąőľ ŕőńŋëľ ŋăąőà ŋěŋãńěćëå ćëçěâőć 1; 2; : : :; p − 1 (âăł łăł ćáě y_i àăğńĺçŋë); ŕőíâőňã ćáě áńăčăěňëě ć ńěćőľ çăáâĺ ŕőáńěďŋěľ äőàňãńë àăćŋë ĺ ňë ĺňěěň ⟨ p^2u^p u[u]_2[u]_3 · · · [u]_{p−1}[u]_p ⟩ p−1 ≡ ⟨ 1 √ 1 − 2ffiu^2 + ”u^4 ⟩ p−1 = k^{p−1}2 P p−1_2 ( ffi k ) mod pZ_p[ffi; ”]: (45)

118 Š. Ě. ŔĂŊŐĆ

İâő áőőâŋőèěŋĺě ňőęŋő ćëćěáâĺ âăłęě ĺğ ĺğćěáâŋőčő áàăćŋěŋĺï

[u]_p ≡ P_{(p−1)=2}(ffi)u^p + · · · mod pZ_p[ffi]

(áň. [10]), čďě ňë ŕőńőęĺńĺ ďńï ŕàőáâőâë k = 1, ă ňŋőčőâőçĺě őąőğŋăçăěâ çńěŋë ąőńěě ćëáőłőčő ŕőàïďłă. Ďěľáâćĺâěńìŋő, ğăŕĺèěň ŕőáńěďŋěě áàăćŋěŋĺě ć ćĺďě

[u]_p = pu(1 + b_1u + · · · + b_{p−1}u^{p−1}) + P_{(p−1)=2}(ffi)u^p + · · · ;

čďě b_1; : : : ; b_{p−1} ∈ Z[ffi]. Őâáîďă ⟨ p^2u^p u[u]_2 · · · [u]_{p−1}[u]_p ⟩ p−1 = ⟨ p^2 u(2u + · · · ) : : : ( (p − 1)u + · · · ) × u^p ( pu(1 + b_1u + · · · + b_{p−1}u^{p−1}) + P_{(p−1)=2}(ffi)u^p + · · · ) ⟩ p−1 = ⟨ 1 (p − 1)!

p^2 p(1 + c_1u + · · · + c_{p−1}u^{p−1}) + P_{(p−1)=2}(ffi)u^{p−1} + · · · ⟩ p−1 = 1 (p − 1)! ⟨ p 1 + c_1u + · · · + c_{p−2}u^{p−2} + ( c_{p−1} + P_{(p−1)=2}(ffi)=p ) u^{p−1} ⟩ p−1 ;

čďě c_1; : : : ; c_{p−1} áŋőćă ńěęăâ ć Z[ffi]. Ŕàĺ ćëçĺáńěŋĺĺ ŕőáńěďŋěčő ćëàăęěŋĺï mod p ŕőńãçĺň ⟨ p^2u^p u[u]_2[u]_3 · · · [u]_{p−1}[u]_p ⟩ p−1 ≡ − 1 (p − 1)!

P_{(p−1)=2}(ffi) ≡ P_{(p−1)=2}(ffi) mod pZ_p[ffi];

âăł łăł (p − 1)! ≡ −1 mod p, çâő ĺ âàěąőćăńőáì ďőłăğăâì.

x 9. Őąőąéěŋĺě ŋă áńãçăľ ďěľáâćĺï čàãŕŕë Z=p á ŋěŕőďćĺęŋëňĺ ŕőďňŋőčőőąàăğĺïňĺ, ĺňěîéĺňĺ âàĺćĺăńìŋőě ŋőàňăńìŋőě àăááńőěŋĺě

Ŕãáâì őŕěàăâőà g, g^p = 1, ďěľáâćãěâ ŋă łćăğĺłőňŕńěłáŋőň ňŋőčőőąàăğĺĺ M^{2n} á ňŋőęěáâćőň ŋěŕőďćĺęŋëå âőçěł M^g, ŕàěďáâăćńěŋŋëň ć ćĺďě őąêěďĺŋěŋĺï áćïğŋëå ŋěŕőďćĺęŋëå ŕőďňŋőčőőąàăğĺľ: M^g = ⋃ ˚ M^g_˚ , ŕàĺçěň ćáě ŕőďňŋőčőőąàăğĺï M^g_˚ ĺňěîâ âàĺćĺăńìŋëě ŋőàňăńìŋëě àăááńőěŋĺï ć M .

Řăááňőâàĺň ŋěłőâőàëľ àőď Ţĺàæěąàãåă ’, ćëçĺáńïěňëľ łăł ĺŋďěłá íńńĺŕÄ âĺçěáłőčő łőňŕńěłáă E_’ àăááńőěŋĺľ, ăááőæĺĺàőćăŋŋëå á łăáăâěńìŋëň àăááńőÄ ěŋĺěň T M . Ćő ĺğąěęăŋĺě ďăńìŋěľèěľ ŕãâăŋĺæë őąőğŋăçĺň ŕěàćëě łńăááë Ůęěŋï \ćĺàâãăńìŋëå" őďŋőňěàŋëå ŕőďàăááńőěŋĺľ T M çěàěğ z_i; âőčďă c(T M ) = (1 + z_1) : : : (1 + z_n).

ĆŻŮĹŚŃĚŊĹĚ ŘŐĎŐĆ ŢĹŘŰĚĄŘŞŢĂ ŇŊŐČŐŐĄŘĂĞĹĽ 119

Ŕãáâì Y = M^g_k { őďŋő ĺğ ŋěŕőďćĺęŋëå ŕőďňŋőčőőąàăğĺľ ďěľáâćĺï g. Śőčńăáŋő äőàňãńăň (20) ĺğ § 5 ĺňěěň

T M |_Y = ⨁ j N_{˘j} ; c(N_{˘j} ) = d˘j ∏ i=1 ( 1 + z^{(˘j )}_i ) ;

c(T M_Y ) = ∏ j d˘j ∏ i=1 ( 1 + z^{(˘j )}_i ) = n∏ i=1 (1 + z_i);

čďě N_{˘j} { ŕőďàăááńőěŋĺě T M |_Y , áőőâćěâáâćãîéěě áőąáâćěŋŋőňã ğŋăçěŋĺî ˘_j ďĺäÄ äěàěŋæĺăńă g; ˘^p_j = 1, â.ě. ˘_j = e^{2ßixj =p}, N_1 = T Y { łăáăâěńìŋőě àăááńőěŋĺě ł Y , d_{˘j} = dim N_{˘j} . Ć áőőâćěâáâćĺĺ á àěğãńìâăâăňĺ Ăâìĺ{Ğĺŋčěàă [3], ĺğńőęěŋŋëňĺ ć § 5, íłćĺćăàĺăŋâŋëľ ĺŋďěłá ind(g; E_’) łőňŕńěłáă E_’ ćëçĺáńïěâáï ŕő äőàňãńě ind(g; E_’) = ∑ ˚ œ(M^g_˚ ), ĺ ĺňěěâáï áńěďãîéĺľ \àěæěŕâ" ďńï ćëçĺáńěŋĺï äãŋłæĺľ ŋěŕőďćĺęŋëå ňŋőčőőąàăğĺľ œ(M^g_˚ ), ćåőďïéĺå ć áãňňã: ďńï ćëçĺáńěŋĺï äãŋłæĺĺ

œ(Y ) ŋăďő ć äőàňãńě (21) ďńï ĺŋďěłáă E_’ ğăňěŋĺâì M ŋă Y ĺ e^{z(˘j )i} ŋă ˘^{−1}_j e^{z(˘j )i} , ĺńĺ, á ãçěâőň ˘_j = e^{2ßixj =p}, ňë ďőńęŋë ğăňěŋĺâì z^{(˘j )}_i ŋă z^{(˘j )}_i − 2ßix_j =p.

Šăł łăł ind(E_’) = ’(M ), âő ňë ĺňěěň

ind(E_’) =

(_n∏ i=1 z_i f(z_i ) ) [M ] = ( ∏ j d˘j ∏ i=1 z^{(˘j )}_i f ( z^{(˘j )}_i ) ) [M ]:

Ŕőíâőňã ŋăè \àěæěŕâ" ďăěâ ć íâőň áńãçăě

œ(Y ) = ( ∏ ˘j ≠1 d˘j ∏ i=1 1 f ( z^{(˘j )}_i − 2ßix_j =p ) d1∏ i=1 z^{(1)}_i f ( z^{(1)}_i ) ) [Y ];

âăł łăł őâ c_n(X) = ∏ j ∏d˘_j

i=1 z^{(˘j )}_i őáâăŋěâáï âőńìłő c_n(Y ) =

∏_{d1} i=1 z^{(1)}_i , ĺ ćáě ćěáă x_k, áőőâćěâáâćãîéĺě áőąáâćěŋŋőňã ğŋăçěŋĺî ˘ = 1, àăćŋë ŋãńî. Ďăńěě, âăł łăł Y ĺňěěâ âàĺćĺăńìŋőě ŋőàňăńìŋőě àăááńőěŋĺě ć M , âő z^{(˘j )}_i = 0 ŕàĺ ˘_j ≠ 1, ĺ ňë ĺňěěň œ(Y ) = ∏ j 1 f(−2ßixj =p) ’(Y ), čďě xj { ćěáă, áőőâćěâáâćãîéĺě ćáěň

ŋěěďĺŋĺçŋëň áőąáâćěŋŋëň ğŋăçěŋĺïň ˘_j = e^{2ßixj =p} ≠ 1; x_j { ŋěŋãńěćëě ćëçěâë mod p. Őłőŋçăâěńìŋő ďńï íłćĺćăàĺăŋâŋőčő ĺŋďěłáă ĺňěěň áőőâŋőèěŋĺě

ind(g; E_’) = ∑ ˚ ( ∏ j 1 f ( −2ßix^{(˚)}_j

) ’(M^g_˚ ) ) :

Šěőàěňă 5.1 ĺ ŕàěďńőęěŋĺě 5.3 ěáâěáâćěŋŋëň őąàăğőň őąőąéăîâáï ŋă áńãçăľ ďěľáâćĺľ á ŋěŕőďćĺęŋëňĺ ŕőďňŋőčőőąàăğĺïňĺ á âàĺćĺăńìŋëň ŋőàňăńìŋëň àăáÄ áńőěŋĺěň, ĺ ňë ŕàĺåőďĺň ł áńěďãîéěňã ãâćěàęďěŋĺî.

120 Š. Ě. ŔĂŊŐĆ

Šěőàěňă 9.1. Ŕãáâì ĺňěěâáï íńńĺŕâĺçěáłĺľ łőňŕńěłá àăááńőěŋĺľ, ăáÄ áőæĺĺàőćăŋŋëå á T M , ĺŋďěłá łőâőàőčő àăćěŋ ŋěłőâőàőňã àőďã Ţĺàæěąàãåă ’(M ) ňŋőčőőąàăğĺï M . Šőčďă ĺňěěâáï áńěďãîéăï äőàňãńă ďńï ’(M ):

’(M ) ≡ − ∑ ˚ Tr ( ∏ j 1 f ( −2ßix^{(˚)}_j =p ) ) ’(M^g_˚ )

= − ∑ ˚ Tr ( ∏ j 1 [`]^’_x˚_j ) ’(M^g_˚ ) mod p;

čďě M^g = ⋃ ˚ M^g_˚ { ňŋőęěáâćő ŋěŕőďćĺęŋëå âőçěł, ` = f_’(−2ßi=p), [`]_k { áâěŕěŋŋăï áĺáâěňă, Tr : Q(e^{2ßi=p} ) → Q { âěőàěâĺłő-çĺáńőćőľ áńěď (ěáńĺ àőď ’ ŕàĺŋĺňăěâ ğŋăçěŋĺï ŋě ć łőńìæě Z, ă ć ďàãčőň łőńìæě ~, âő Q ğăňěÄ ŋïěâáï ŋă áőőâćěâáâćãîéěě ŕőńě çăáâŋëå ).

Ăćâőà ćëàăęăěâ čńãąőłãî ąńăčőďăàŋőáâì ŋăãçŋőňã àãłőćőďĺâěńî ď.äĺğ.-ňăâěň. ŋăãł Ć. Ň. Ąãåèâăąěàã ĺ ăłăď. Ś. Ŕ. Ŋőćĺłőćã ğă ŕőáâăŋőćłã ğăďăçĺ ĺ Ć. Ň. ĄãåÄ èâăąěàã ğă ŕőńěğŋëě àěłőňěŋďăæĺĺ ĺ áâĺňãńĺàãîéĺě őąáãęďěŋĺï.

Śŕĺáőł ńĺâěàăâãàë

1. Ăâìï Ň., Ąőââ Ř. Ğăňěâłĺ ő âěőàěňě Ńěäèěæă ő ŋěŕőďćĺęŋőľ âőçłě // Ňăâěňăâĺłă.

1966. Š. 10. ò4. Ś. 101{139.

2. Bott R., Taubes C. On the rigidity theorems of Witten // J. of Amer. Math. Soc. 1989.

V. 2. P. 137{186.

3. Ăâìï Ň., Ğĺŋčěà Ĺ. Ĺŋďěłá íńńĺŕâĺçěáłĺå őŕěàăâőàőć. III // ŞŇŊ. 1969. Š. 24.

Ćëŕ.1(145). Ś. 127{182.

4. Ąãåèâăąěà Ć. Ň. Ţăàăłâěà Ůęěŋï{Ďőńìďă ć âěőàĺĺ łőąőàďĺğňőć. I // Ňăâěň. áą. 1970.

Š. 83. ò4. Ś. 575{595.

5. Ąãåèâăąěà Ć. Ň., Ŋőćĺłőć Ś. Ŕ. Ťőàňăńìŋëěčàãŕŕë, áâěŕěŋŋëěáĺáâěňë ĺ őŕěàăâőàë Ăďăňáă // Ňăâěň. áą. 1971. Š. 84. ò1. Ś. 81{118.

6. Ţĺàæěąàãå Ť. Šőŕőńőčĺçěáłĺě ňěâőďë ć ăńčěąàăĺçěáłőľ čěőňěâàĺĺ. Ň.: Ňĺà, 1973. 7. Hirzebruch F., Berger T., Jung R. Manifolds and Modular Forms. Second Edition. Bonn:

Max-Planc-Institut f-ur Mathematik, 1994.

8. Łăáŕăàőć Č. Č. Ĺŋćăàĺăŋâë łńăááĺçěáłĺå ńĺŋğőćëå ňŋőčőőąàăğĺľ ć âěőàĺĺ łőąőàďĺğÄ ňőć // Ĺğć. ĂŊ ŚŚŚŘ. Śěà. ňăâěň. 1969. Š. 33. ò4. Ś. 735{747.

9. Łàĺçěćěà Ĺ. Ň. Őąőąéěŋŋëě íńńĺŕâĺçěáłĺě àőďë ĺ äãŋłæĺĺ Ąěľłěàă{Ăåĺěğěàă // ŇăÄ âěň. ğăňěâłĺ. 1990. Š. 47. ò2. Ś. 34{45.

10. Elliptic Curves and Modular Forms in Algebraic Topology. Ed. P.S. Landweber // Lecture Notes in Mathematics; 1326. Berlin{Heidelberg: Springer, 1988.

11. Ňĺéěŋłő Ă. Ś. Ňŋőčőőąàăğĺï á ďěľáâćĺěň čàãŕŕë Zp ĺ ŋěŕőďćĺęŋëě âőçłĺ // Ňăâěň.

ğăňěâłĺ. 1968. Š. 4. ò4. Ś. 381{386.

12. Ŋőćĺłőć Ś. Ŕ. Ňěâőďë ăńčěąàăĺçěáłőľ âőŕőńőčĺĺ á âőçłĺ ğàěŋĺï âěőàĺĺ łőąőàďĺğňőć // Ĺğć. ĂŊ ŚŚŚŘ. Śěà. ňăâěň. 1967. Š. 31. ò4. Ś. 855{951.

13. Ŋőćĺłőć Ś. Ŕ. Őŕěàăâőàë Ăďăňáă ĺ ŋěŕőďćĺęŋëěâőçłĺ // Ĺğć. ĂŊ ŚŚŚŘ. Śěà. ňăâěň.

1968. Š. 32. ò6. Ś. 1245{1263.

14. Ochanine S. Sur les genres multiplicatifs d«e˛nis par des int«egrales elliptiques // Topology.

1987. V. 26. P. 143{151.

15. Ŕăŋőć Š. Ě. İńńĺŕâĺçěáłĺľ àőď ďńï ňŋőčőőąàăğĺľ á ďěľáâćĺěň čàãŕŕë Z=p // ŞŇŊ.

1997. Š. 52. ò2.

Ŕőáâãŕĺńő ć àěďăłæĺî 7.V.1997