Ăńčěąàă ĺ ăŋăńĺğ Šőň 12 (2000), ćëŕ. 5

ĂŚĹŇŔŠŐŠĹŮĚŚŁĹ ŘĂŚŹĚŔŃ§đŹĹĚŚ§ ŘĂŚŸĹŘĚŊĹ§ Ĺ E-ŠĚŐŘĹ§

© Ć. Ň. Ňăŋãľńőć, Ł. Šőňáěŋ

Ŕőłăğăŋő, çâő E-âěőàĺï Łőŋŋă{Ţĺčáőŋă ňőęěâ ąëâì őŕàěďěńěŋă ć âěàňĺŋăå àăáèĺàěŋĺľ C^�-ăńčěąà ăŋăńőčĺçŋő âőňã, łăł őŕàěďěńïěâáï KK-âěőàĺï Łăáŕăàőćă. Őâńĺçĺě ğăłńîçăěâáï ć âőň, çâő ćňěáâő àăáéěŕĺňëå àăáèĺàěŋĺľ áńěďãěâ àăááňăâàĺćăâì ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňëě. Řăáèĺàěŋĺě C^�-ăńčěąàë A áâăąĺńìŋőľ C^�-ăńčěąàőľ B ŋăğëćăěâáï ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňëň, ěáńĺ áãéěáâćãěâ ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň, áőáâőïéĺľ ĺğ ŕàăćëå őąàăâŋëå ł čőňőňőàäĺğňã äăłâőàĺğăæĺĺ. Řăáèĺàěŋĺě ŋăğëćăěâáï ŕőńãőąàăâĺňëň, ěáńĺ őŋő ňőęěâ áâăâì ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňëň ŕőáńě ŕàĺąăćńěŋĺï ł ŋěňã ŋěłőâőàőčő ďàãčőčő àăáèĺàěŋĺï. Őáŋőćŋőľ àěğãńìâăâ áâăâìĺ | ďőłăğăâěńìáâćő áãéěáâćőćăŋĺï ćğăĺňŋő-őďŋőğŋăçŋőčő áőőâćěâáâćĺï ňěęďã ăáĺňŕâőâĺçěáłĺňĺ čőňőňőàäĺğňăňĺ ĺğ SA ć B ĺ čőňőâőŕĺçěáłĺňĺ łńăááăňĺ ŕőńãőąàăâĺňëå àăáèĺàěŋĺľ S^2A ăńčěąàőľ B.

ý1. Ććěďěŋĺě

Ć áâăâìě [4] Łőŋŋ ĺ Ţĺčáőŋ őŕĺáăńĺ łőŋáâàãłæĺî, ŕőğćőńïîéãî ŕőńãçĺâì ăáĺňŕâőâĺçěáłĺě čőňőňőàäĺğňë ĺğ àăáèĺàěŋĺľ C^∗-ăńčěąà. İâă łőŋáâàãłæĺï ńěęĺâ ć őáŋőćě E-âěőàĺĺ ĺ ŕőğćőńïěâ ĺğãçăâì àăáèĺàěŋĺï C^∗-ăńčěąà çěàěğ ăáĺňŕâőâĺçěáłĺě čőňőňőàäĺğňë, çâő ïćńïěâáï ďőćőńìŋő ňőéŋëň áàěďáâćőň ć KK-âěőàĺĺ, čďě àăáèĺàěŋĺï C^∗-ăńčěąà ŕőńãàăáéěŕĺňë, â.ě. ďőŕãáłăîâ ćŕőńŋě ŕőńőęĺâěńìŋőě őâőąàăęěŋĺě ć łăçěáâćě ŕàăćőčő őąàăâŋőčő ďńï čőňőňőàäĺğňă äăłâőàĺğăæĺĺ. Ć íâőň áńãçăě ĺğćěáâŋő, çâő łőŋáâàãłæĺï Łőŋŋă{Ţĺčáőŋă őáãéěáâćńïěâ ąĺěłæĺî ňěęďã čőňőâőŕĺçěáłĺňĺ łńăááăňĺ ŕőńãàăáéěŕĺňëå àăáèĺàěŋĺľ ĺ ćŕőńŋě ŕőńőęĺâěńìŋëå ăáĺňŕâőâĺçěáłĺå čőňőňőàäĺğňőć. İâă ąĺěłæĺï őáőąěŋŋő ŕőńěğŋă, âăł łăł á ćŕőńŋě ŕőńőęĺâěńìŋëňĺ ăáĺňŕâőâĺçěáłĺňĺ čőňőňőàäĺğňăňĺ ãďőąŋěě àăąőâăâì, çěň á őąéĺňĺ, ĺ âăł łăł ňőéŋëě àěğãńìâăâë

Łńîçěćëě áńőćă: àăáèĺàěŋĺě, C�-ăńčěąàă, ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň, čőňőâőŕĺï. Řăąőâă ŕěàćőčő ĺğ ăćâőàőć çăáâĺçŋő ŕőďďěàęăŋă ŘŤŤĹ, čàăŋâ ü99-01-01201. 142

ĂŚĹŇŔŠŐŠĹŮĚŚŁĹ ŘĂŚŹĚŔŃ§đŹĹĚŚ§ ŘĂŚŸĹŘĚŊĹ§ Ĺ E-ŠĚŐŘĹ§ 143

Łăáŕăàőćă ő čőňőâőŕĺçěáłőľ ĺŋćăàĺăŋâŋőáâĺ ŕőğćőńïîâ ĺáŕőńìğőćăâì čőňőâőŕĺçěáłĺě áćőľáâćă ďńï ŕőńãçěŋĺï ąőńěě ăńčěąàăĺçěáłőľ ĺŋäőàňăæĺĺ ő àăáèĺàěŋĺïå C^∗-ăńčěąà. İâő ěáâěáâćěŋŋőě áőőâćěâáâćĺě ňěęďã ŕőńãàăáéěŕĺňëňĺ àăáèĺàěŋĺïňĺ C^∗-ăńčěąà ĺ čőňőâőŕĺçěáłĺňĺ łńăááăňĺ ćŕőńŋě ŕőńőęĺâěńìŋëå ăáĺňŕâőâĺçěáłĺå čőňőňőàäĺğňőć ąëńő ĺáŕőńìğőćăŋő ć [11] ďńï őŕĺáăŋĺï áńăąő łćăğĺďĺăčőŋăńìŋëå àăáèĺàěŋĺľ.

Ŕőąãďĺâěńìŋëň ňőâĺćőň ŋăáâőïéěľ áâăâìĺ ąëńő ęěńăŋĺě àăáèĺàĺâì ãďőąŋãî ĺ łàăáĺćãî áćïğì ňěęďã àăáèĺàěŋĺïňĺ C^∗-ăńčěąà ĺ ăáĺňŕâőâĺçěáłĺňĺ čőňőňőàäĺğňăňĺ ğă àăňłĺ ŕőńãàăáéěŕĺňëå àăáèĺàěŋĺľ. Őáŋőćŋőľ ŕàőąńěňőľ ğďěáì ïćńïěâáï ćëïáŋěŋĺě âőčő, ïćńïěâáï ńĺ łőŋáâàãłæĺï Łőŋŋă{Ţĺčáőŋă ĺŋêěłâĺćŋőľ ć őąéěň áńãçăě. Ďàãčĺňĺ áńőćăňĺ, áńěďãěâ őŕàěďěńĺâì, ąãďãâ ńĺ čőňőâőŕŋë ďćă àăáèĺàěŋĺï C^∗-ăńčěąà áő áâăąĺńìŋëňĺ ĺďěăńăňĺ, łőâőàëě ğăďăîâ čőňőâőŕŋëě ăáĺňŕâőâĺçěáłĺě čőňőňőàäĺğňë. Ć őąéěň áńãçăě őâćěâ ŋăň ŕőłă ŋě ĺğćěáâěŋ. Ć ŋăáâőïéěľ áâăâìě ňë ŕőłăğëćăěň, çâő őâćěâ ŕőńőęĺâěńěŋ ć áńãçăě, łőčďă őąă àăáèĺàěŋĺï ïćńïîâáï âěň, çâő ňë ŋăğëćăěň ŕőńãőąàăâĺňëňĺ, ă äăłâőà-ăńčěąàă ïćńïěâáï ďćőľŋőľ ŋăďáâàőľłőľ. Ňë âăłęě ŕőłăğëćăěň, çâő E-âěőàĺï Łőŋŋă{Ţĺčáőŋă ňőęěâ ąëâì áäőàňãńĺàőćăŋă ć âěàňĺŋăå àăáèĺàěŋĺľ C^∗-ăńčěąà (ąěğ ĺáŕőńìğőćăŋĺï ąěáłőŋěçŋőłàăâŋëå ŋăďáâàőěł, łăł ć [7], ĺ ďńĺŋŋëå âőçŋëå ŕőáńěďőćăâěńìŋőáâěľ, łăł ć [5]) ŕő ăŋăńőčĺĺ á âěň, łăł őŕàěďěńěŋă KK-âěőàĺï Łăáŕăàőćă. Őâńĺçĺě âăłőčő őŕĺáăŋĺï E-âěőàĺĺ ğăłńîçăěâáï ć âőň ńĺèì, çâő ćňěáâő àăáéěŕĺňëå àăáèĺàěŋĺľ (łăł ć őŕàěďěńěŋĺĺ KKâěőàĺĺ) áńěďãěâ àăááňăâàĺćăâì ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňëě.

ý2. Ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňëě àăáèĺàěŋĺï ĺ Ext^{−1/2}

Ćáîďã ć áâăâìě A ĺ B | áěŕăàăąěńìŋëě C^∗-ăńčěąàë, ĺ ăńčěąàă B áâăąĺńìŋă, â.ě. B = B ⊗ K, čďě K | C^∗-ăńčěąàă łőňŕăłâŋëå őŕěàăâőàőć. Ůěàěğ C_0(X) ňë őąőğŋăçăěň łőňňãâăâĺćŋãî C^∗-ăńčěąàã ŋěŕàěàëćŋëå äãŋłæĺľ ŋă X, őąàăéăîéĺåáï ć ŋãńì ć ąěáłőŋěçŋőáâĺ, ă çěàěğ SA = C_0(0, 1) ⊗ A | ŋăďáâàőľłã ŋăď ăńčěąàőľ A. Ŕãáâì M(B) őąőğŋăçăěâ C^∗-ăńčěąàã ňãńìâĺŕńĺłăâőàőć [12] ăńčěąàë B, Q(B) = M(B)/B | áőőâćěâáâćãîéãî äăłâőà-ăńčěąàã (łőàőŋã), ă q_B : M(B) −→ Q(B) | čőňőňőàäĺğň äăłâőàĺğăæĺĺ. Ňë őâőęďěáâćńïěň áâăŋďăàâŋëň áŕőáőąőň ňŋőęěáâćő àăáèĺàěŋĺľ ăńčěąàë A ăńčěąàőľ B á Hom(A, Q(B)) [3]. Ďćă àăáèĺàěŋĺï φ, ψ : A −→ Q(B) ãŋĺâăàŋő íłćĺćăńěŋâŋë, ěáńĺ áãéěáâćãěâ âăłőľ ãŋĺâăàŋëľ íńěňěŋâ w ∈ M(B), çâő Ad q_B(w) ∘ φ = ψ. Łăł ĺğćěáâŋő, ňŋőęěáâćő łńăááőć ãŋĺâăàŋőľ íłćĺćăńěŋâŋőáâĺ àăáèĺàěŋĺľ ăńčěąàë A ăńčěąàőľ B őąàăğãěâ ŕőńãčàãŕŕã, łőâőàăï őąőğŋăçăěâáï Ext(A, B).

Ŋăŕőňŋĺň, çâő ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň ĺğ A ć B | íâő áěňěľáâćő φ = {φ_t}_{t∈[1,∞)} : A −→ B âăłĺå őâőąàăęěŋĺľ, çâő φ_t(a) ŋěŕàěàëćŋő ďńï łăęďőčő a ∈ A ĺ ćěďěâ áěąï, łăł čőňőňőàäĺğň, ăáĺňŕâőâĺçěáłĺ ŕàĺ t → ∞ [4]. Ĺňěŋŋő ďńï ńîąëå a, b ∈ A, λ ∈ C ĺňěěň lim_{t→∞} ‖φ_t(a^∗) − φ_t(a)^∗‖ = 0,

144 Ć. Ň. ŇĂŊŞĽŃŐĆ, Ł. ŠŐŇŚĚŊ lim_{t→∞} ‖φ_t(λa + b) − λφ_t(a) − φ_t(b)‖ = 0, lim_{t→∞} ‖φ_t(ab) − φ_t(a)φ_t(b)‖ = 0. Ďćă ăáĺňŕâőâĺçěáłĺå čőňőňőàäĺğňă φ ĺ ψ íłćĺćăńěŋâŋë, ěáńĺ lim_{t→∞} ‖φ_t(a)− ψ_t(a)‖ = 0 ďńï łăęďőčő a ∈ A, ĺ čőňőâőŕŋë, ěáńĺ áãéěáâćãěâ âăłőľ ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň ϕ = {ϕ_t}_{t∈[1,∞)} : C[0, 1] ⊗ A −→ B, çâő ěčő őčàăŋĺçěŋĺï ŋă łőŋæë őâàěğłă [0, 1] áőćŕăďăîâ á φ ĺ ψ. Ŕőńãčàãŕŕã čőňőâőŕĺçěáłĺå łńăááőć ăáĺňŕâőâĺçěáłĺå čőňőňőàäĺğňőć ňë őąőğŋăçăěň [[A, B]].

Őŕàěďěńěŋĺě 2.1. Řăáèĺàěŋĺě φ : A −→ Q(B) ŋăğëćăěâáï ăáĺňŕâőâĺçě-

áłĺ àăáéěŕĺňëň, ěáńĺ áãéěáâćãěâ âăłőľ ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň π = {π_t}_{t∈[1,∞)} : A −→ M(B), çâő q_B ∘ π_t = φ ďńï ćáěå t. Řăáèĺàěŋĺě φ : A −→ Q(B) ŋăğëćăěâáï ŕőńãőąàăâĺňëň, ěáńĺ ŋăľďěâáï âăłőě àăáèĺàěŋĺě ψ, çâő áãňňă φ ⊕ ψ : A −→ Q(B) ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňă. Ďćă ŕőńãőąàăâĺňëå àăáèĺàěŋĺï ŋăğëćăîâáï áâăąĺńìŋő íłćĺćăńěŋâŋëňĺ, ěáńĺ őŋĺ áâăŋőćïâáï ãŋĺâăàŋő íłćĺćăńěŋâŋëňĺ ŕőáńě ŕàĺąăćńěŋĺï ł ŋĺň ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňëå àăáèĺàěŋĺľ.

Śâăąĺńìŋăï íłćĺćăńěŋâŋőáâì ïćńïěâáï őâŋőèěŋĺěň íłćĺćăńěŋâŋőáâĺ ŋă ŕőďňŋőęěáâćě ŕőńãőąàăâĺňëå àăáèĺàěŋĺľ ć Hom(A, Q(B)), ĺ áőőâćěâáâćãîéĺě łńăááë íłćĺćăńěŋâŋőáâĺ őąàăğãîâ ăąěńěćã čàãŕŕã, łőâőàãî ňë őąőğŋăçăěň Ext^{−1/2}(A, B). Ext^{−1/2} ïćńïěâáï ąĺäãŋłâőàőň, łőŋâàăćăàĺăŋâŋëň ŕő ŕěàćőňã ăàčãňěŋâã ĺ łőćăàĺăŋâŋëň (ŕő őâŋőèěŋĺî ł łćăğĺãŋĺâăńìŋëň ∗- čőňőňőàäĺğňăň) ŕő ćâőàőňã. Ńěčłő ćĺďěâì, çâő łőŋáâàãłæĺï Łőŋŋă{Ţĺčáőŋă [4] âàĺćĺăńìŋă ŋă ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňëå àăáèĺàěŋĺïå, ŕőíâőňã őŋă őŕàěďěńïěâ čàãŕŕőćőľ čőňőňőàäĺğň CH : Ext^{−1/2}(A, B) −→ [[SA, B]]. Ďćă ŕőńãőąàăâĺňëå àăáèĺàěŋĺï

0 // B // E1 // A // 0 ĺ 0 // B // E2 // A // 0

ŋăğëćăîâáï čőňőâőŕŋëňĺ, ěáńĺ áãéěáâćãěâ łőňňãâăâĺćŋăï ďĺăčàăňňă

0 // B // E1 // A // 0

0 // C[0, 1] ⊗ B π0 OO

π1 fflffl // E

OO

fflffl // A // 0

0 // B // E2 // A // 0

ĂŚĹŇŔŠŐŠĹŮĚŚŁĹ ŘĂŚŹĚŔŃ§đŹĹĚŚ§ ŘĂŚŸĹŘĚŊĹ§ Ĺ E-ŠĚŐŘĹ§ 145

ŕőńãőąàăâĺňëå àăáèĺàěŋĺľ, čďě čőňőňőàäĺğňë π_0, π_1 : C[0, 1] ⊗ B −→ B áãâì íŕĺňőàäĺğňë úćëçĺáńěŋĺïû ć łőŋæăå őâàěğłă [0, 1].

Őáŋőćŋëň ĺŋáâàãňěŋâőň ć ŋăáâőïéěľ áâăâìě ïćńïěâáï őâőąàăęěŋĺě E, ććěďěŋŋőě ć [11], áà. [10]. Ŋăŕőňŋĺň ěčő łőŋáâàãłæĺî. Ŕãáâì φ = {φ_t}_{t∈[1,∞)} : A −→ B | ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň. Ćëąěàěň âăłãî ŕőáńěďőćăâěńìŋőáâì 1 ≤ t_1 ≤ t_2 ≤ t_3 ≤ · · · , çâő

lim_{i→∞} t_i = ∞ ĺ lim_{i→∞} sup_{t∈[t} i,ti+1]

‖φ_t(a) − φ_ti(a)‖ = 0

ďńï ćáěå a ∈ A. Ŕãáâì, łăł őąëçŋő, e_{ij} , i, j ∈ Z, őąőğŋăçăîâ ňăâàĺçŋëě ěďĺŋĺæë, łőâőàëě őçěćĺďŋëň őąàăğőň ďěľáâćãîâ ć áâăŋďăàâŋőň čĺńìąěàâőćőň B-ňőďãńě l_2(Z) ⊗ B. Šőčďă äőàňãńă Φ(a) = ∑ i≥1 φ_ti(a)e_{ii} őŕàěďěńïěâ őâőąàăęěŋĺě Φ : A −→ L_B(l_2(Z)⊗B), čďě L_B(l_2(Z)⊗B) | C^∗-ăńčěąàă őčàăŋĺçěŋŋëå őŕěàăâőàőć, ďőŕãáłăîéĺå áőŕàïęěŋŋëľ, čĺńìąěàâőćă C^∗-ňőďãńï l_2(Z) ⊗ B. Ňë őâőęďěáâćńïěň K ⊗ B á ĺďěăńőň B-łőňŕăłâŋëå őŕěàăâőàőć ć L_B (l_2(Z)⊗B) ĺ ğăňěçăěň, çâő Φ | ∗-čőňőňőàäĺğň ŕő ňőďãńî K⊗B. Ąőńěě âőčő, Φ(a) łőňňãâĺàãěâ ŕő ňőďãńî K ⊗ B á ďćãåáâőàőŋŋĺň áďćĺčőň T = ∑ j∈Z^ej,j+1^. Šăłĺň őąàăğőň, ňë ŕőńãçăěň ∗-čőňőňőàäĺğň E(φ) : A −→ Q(K ⊗ B) = L_B (l_2(Z) ⊗ B)/K ⊗ B, ďěľáâćãîéĺľ ŕő äőàňãńě E(φ)(f ⊗ a) = f(T )Φ(a), f ∈ C(T), a ∈ A. Ğďěáì ĺ ďăńěě ňë őąőğŋăçăěň çěàěğ S őąàăğ ć Q(K ⊗ B) = L_B (l_2(Z) ⊗ B)/K ⊗ B íńěňěŋâă S ∈ L_B(l_2(Z) ⊗ B). Łőààěłâŋőáâì őŕàěďěńěŋĺï őâőąàăęěŋĺï E ĺ ŋěğăćĺáĺňőáâì őâ ćëąőàă ďĺáłàěâĺğăæĺĺ ŕàőćěàïîâáï ŋěŕőáàěďáâćěŋŋő.

Ńěňňă 2.2. E(φ) ∈ Ext^{−1/2}(C(T) ⊗ A, K ⊗ B).

Ďőłăğăâěńìáâćő. Ŕãáâì −E(φ) : C(T) ⊗ A −→ Q(K ⊗ B) | àăáèĺàěŋĺě, łőâőàőě ŕőńãçăěâáï, ěáńĺ ć őŕàěďěńěŋĺĺ E(φ) ĺáŕőńìğőćăâì

Ψ(a) = ∑ i≤0 φ_t�i_{+1} (a)e_{ii}

ćňěáâő Φ. Šőčďă −E(φ) ⊕ E(φ) ãŋĺâăàŋő íłćĺćăńěŋâŋő àăáèĺàěŋĺî ψ : C(T) ⊗ A −→ Q(K⊗B), őŕàěďěńěŋŋőňã äőàňãńőľ ψ(f ⊗a) = π_t(f ⊗ a) ďńï ćáěå t ∈ [1, ∞), f ∈ C(T), a ∈ A, čďě

π = {π_t}_{t∈[1,∞)} : C(T) ⊗ A −→ L_B(l_2(Z) ⊗ B)

146 Ć. Ň. ŇĂŊŞĽŃŐĆ, Ł. ŠŐŇŚĚŊ

| ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň, ŕőńãçěŋŋëľ ńĺŋěľŋőľ ĺŋâěàŕőńïæĺěľ őâőąàăęěŋĺľ π_n, n ∈ N, ãďőćńěâćőàïîéĺå ãáńőćĺïň π_n(f ⊗ a) − f(T ) ( ∑ |i|≤n φ_tn(a)e_{ii} + ∑ i>n φ_ti(a)e_{ii} + ∑ i<−n φ_t�i_{+1} (a)e_{ii} ) ∈ K ⊗ B ĺ lim_{n→∞} π_n(f ⊗ a) − f(T ) ( ∑ |i|≤n φ_tn(a)e_{ii} + ∑ i>n φ_ti(a)e_{ii} + ∑ i<−n φ_t�i_{+1} (a)e_{ii} ) = 0

ďńï ćáěå f ∈ C(T), a ∈ A. Ŋő àăáèĺàěŋĺě ψ, őçěćĺďŋő, ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňő. •

Őąőğŋăçĺň çěàěğ Ext^{−1/2}(A, B)_h ăąěńěćã čàãŕŕã čőňőâőŕĺçěáłĺå łńăááőć ŕőńãőąàăâĺňëå àăáèĺàěŋĺľ ăńčěąàë A ăńčěąàőľ B. Šőčďă Ext^{−1/2}(A, B)_h | äăłâőà-čàãŕŕă čàãŕŕë Ext^{−1/2}(A, B). Čőňőâőŕĺçěáłăï ĺŋćăàĺăŋâŋőáâì łőŋáâàãłæĺĺ Łőŋŋă{Ţĺčáőŋă ďăěâ őâőąàăęěŋĺě CH : Ext^{−1/2}(A, B)_h −→ [[SA, B]]. Śőčńăáŋő ńěňňě 2.2, ňë ĺňěěň âăłęě łőààěłâŋő őŕàěďěńěŋŋőě őâőąàăęěŋĺě

E : [[A, B]] −→ Ext^{−1/2}(C(T) ⊗ A, B)_h

(áà. [11]). Šăł łăł ĺňěěâáï łăŋőŋĺçěáłőě ćńőęěŋĺě SA ⊆ C(T) ⊗ A, ňë ňőęěň âăłęě àăááňăâàĺćăâì E łăł őâőąàăęěŋĺě E : [[A, B]] −→ Ext^{−1/2}(SA, B)_h. Ŋăè őáŋőćŋőľ àěğãńìâăâ ňőęŋő áäőàňãńĺàőćăâì áńěďãîéĺň őąàăğőň.

Šěőàěňă 2.3. ă) Őâőąàăęěŋĺě CH : Ext^{−1/2}(SA, B) −→ [[S^2A, B]] áîàêěłâĺćŋő.

ą) Őâőąàăęěŋĺě E : [[SA, B]] −→ Ext^{−1/2}(S^2A, B)_h ïćńïěâáï ĺğőňőàäĺğňőň. Ŕãáâì χ | őâőąàăęěŋĺě, ĺŋďãæĺàőćăŋŋőě łőňŕőğĺæĺěľ á ăáĺňŕâőâĺçěáłĺň čőňőňőàäĺğňőň S^3A −→ SA ⊗ K, łőâőàëľ ïćńïěâáï ŋăďáâàőľłőľ ŋăď ăáĺňŕâőâĺçěáłĺň čőňőňőàäĺğňőň S^2 −→ K, ŕőńãçěŋŋëň ŕàĺňěŋěŋĺěň łőŋáâàãłæĺĺ Łőŋŋă{Ţĺčáőŋă ł àăáèĺàěŋĺî Šñŕńĺæă, âěŋğőàŋő ãňŋőęěŋŋőľ ŋă A. Ďńï ďőłăğăâěńìáâćă ŕ. ă) ňë ĺáŕőńìğãěň áńěďãîéěě ãâćěàęďěŋĺě (áà. [11, 10]).

ĂŚĹŇŔŠŐŠĹŮĚŚŁĹ ŘĂŚŹĚŔŃ§đŹĹĚŚ§ ŘĂŚŸĹŘĚŊĹ§ Ĺ E-ŠĚŐŘĹ§ 147

Ńěňňă 2.4. Ďĺăčàăňňă

Ext^{−1/2}(S^2A, B)_h CH ((QQQQ QQQ QQQQ Q

[[SA, B]] E OO

χ // [[S3A, B]], (2.1)

łőňňãâăâĺćŋă.

Ďőłăğăâěńìáâćő. Ňë ąãďěň ďőłăğëćăâì łőňňãâăâĺćŋőáâì ďĺăčàăňňë

Ext^{−1/2}(C(T) ⊗ A, B)_h CH **TTTT

TTTT

TTTT TTT [[A, B]] E OO

χ // [[SC(T) ⊗ A, B]], ĺğ łőâőàőľ áàăğã ćëâěłăěâ łőňňãâăâĺćŋőáâì ďĺăčàăňňë (2.1).

Ďńï őŕĺáăŋĺï χ ćëąěàěň ŕőáńěďőćăâěńìŋőáâì ŋěŕàěàëćŋëå äãŋłæĺľ κ_n : [1, ∞) → [0, 1], n ∈ N, âăłĺå çâő

κ_n(1) = 1, lim_{t→∞} κ_n(t) = 0, n ∈ N, (2.2) ĺ lim_{n→∞} sup_{t∈[1,∞)} ‖κ_{n+1}(t) − κ_n(t)‖ = 0. (2.3)

Őďŋĺň ĺğ áŕőáőąőć ćëąőàă âăłĺå äãŋłæĺľ ïćńïěâáï áńěďãîéĺľ: ŕőńőęĺň a_n = ∑_n i=1 1 i ĺ őŕàěďěńĺň κ_n äőàňãńőľ

κ_n(t) = 1, t ∈ [1, a_n], a_n + 1 − t, t ∈ [a_n, a_n + 1], 0, t ∈ [a_n + 1, ∞). Łőŋłàěâŋëľ ćëąőà âăłĺå äãŋłæĺľ ŋěáãéěáâćěŋ, ěáńĺ ćëŕőńŋěŋë áćőľáâćă (2.2) ĺ (2.3). Ŕőńőęĺň K(t) = diag{κ_1(t), κ_2(t), . . . }. Őąőğŋăçĺň çěàěğ P ŕàőěłâőà ∑ i∈N^eii^{ć l}2^{(Z). Šőčďă P T P | őŕěàăâőà őďŋőáâőàőŋŋěčő áďćĺčă ĺ ĺŋďěłáă}

őďĺŋ, ĺ ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň χ őŕàěďěńïěâáï ãáńőćĺěň lim_{t→∞} ‖χ_t(f ⊗ e^{2πix}) − f(K(t))P T P ‖ = 0, čďě f ∈ C_0(0, 1), ă e^{2πix} | őąàăğãîéăï ć C(T).

148 Ć. Ň. ŇĂŊŞĽŃŐĆ, Ł. ŠŐŇŚĚŊ

Ŕãáâì φ = {φ_t}_{t∈[1,∞)} : A −→ B | ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň. Šőčďă ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň CH ∘ E[φ] íłćĺćăńěŋâěŋ ăáĺňŕâőâĺçěáłőňã čőňőňőàäĺğňã ψ = {ψ_t}_{t∈[1,∞)} : SC(T) ⊗ A −→ B, őŕàěďěńěŋŋőňã äőàňãńőľ ψ_t(f ⊗ e^{2πix} ⊗ a) = T ∑ i∈N^{f(κi(t))φti (a)eii.} Őŕàěďěńĺň âăłęě ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň ψ^′ = {ψ^′_t}_{t∈[1,∞)} : SC(T) ⊗ A −→ B äőàňãńőľ ψ^′_t(f ⊗ e^{2πix} ⊗ a) = P T P ∑ i∈N^{f(κi(t))φti (a)eii.} Ŕőáłőńìłã lim_{t→∞} ‖ψ_t(f ⊗ e^{2πix} ⊗ a) − ψ^′_t(f ⊗ e^{2πix} ⊗ a)‖ = 0 ďńï ćáěå f ∈ C_0(0, 1), a ∈ A, ăáĺňŕâőâĺçěáłĺě čőňőňőàäĺğňë ψ ĺ ψ^′ íłćĺćăńěŋâŋë. Ĺáŕőńìğãï áćőąőďã ć ćëąőàě äãŋłæĺľ κ_i, ňőęŋő ďőąĺâìáï âőčő, çâőąë áãéěáâćőćăńă ŕőáńěďőćăâěńìŋőáâì ŋăâãàăńìŋëå çĺáěń 0 < m_1 < m_2 < . . . , ďńï łőâőàőľ κ_i(t) = 0 ďńï ćáěå t ∈ [t_j , t_{j+1}], i = 1, 2, . . . , m_j , ĺ κ_i(t) = 1 ďńï ćáěå t ∈ [t_j , t_{j+1}], i ≥ m_{j+1}.

Őŕàěďěńĺň ŋőćãî ŕőáńěďőćăâěńìŋőáâì s_1 ≤ s_2 ≤ s_3 ≤ . . . ć [1, ∞) áńěďãîéĺň őąàăğőň: s_i = 0, 0 ≤ i < m, s_{m1} = s_{m1+1} = . . . = s_{m2−1} = t_1, s_{m2} = s_{m2+1} = . . . = s_{m3−1} = t_2

ĺ âăł ďăńěě. Šőčďă {φ_{sn}} | ěéě őďŋă ďĺáłàěâĺğăæĺï ďńï φ, ğŋăçĺâ, ψ^′ čőňőâőŕěŋ ψ^{′′}, čďě ψ^{′′}_t (f ⊗ e^{2πix} ⊗ a) = P T P ∑ i∈N^{f(κi(t))φsi (a)eii} ăáĺňŕâőâĺçěáłĺ ŕàĺ t → ∞. Ŕőáłőńìłã [χ ⊗ φ]_t(f ⊗ e^{2πix} ⊗ a) = P T P ∑ i∈N^{f(κi(t))φt(a)eii} ăáĺňŕâőâĺçěáłĺ ŕàĺ t → ∞, ŕőńãçăěň lim_{t→∞} sup_i ‖ψ^{′′}_t (f ⊗ e^{2πix} ⊗ a) − [χ ⊗ φ]_t(f ⊗ e^{2πix} ⊗ a)‖ ≤ lim_{t→∞} ‖f(κ_i(t))φ_si (a) − f(κ_i(t))φ_t(a)‖ = 0

ĂŚĹŇŔŠŐŠĹŮĚŚŁĹ ŘĂŚŹĚŔŃ§đŹĹĚŚ§ ŘĂŚŸĹŘĚŊĹ§ Ĺ E-ŠĚŐŘĹ§ 149

ďńï ćáěå f ∈ C_0(0, 1), a ∈ A. Ŕőáłőńìłã íńěňěŋâë ćĺďă f ⊗ e^{2πix} ⊗ a ŕőàőęďăîâ ćáî SC(T) ⊗ A łăł C^∗-ăńčěąàã, ğăłńîçăěň, çâő lim_{t→∞} ‖ψ^{′′}_t (z) − [χ ⊗ φ]_t(z)‖ = 0 ďńï ćáěå z ∈ SC(T) ⊗ A. Śńěďőćăâěńìŋő, ăáĺňŕâőâĺçěáłĺě čőňőňőàäĺğňë CH ∘ E[φ] ĺ χ ⊗ φ čőňőâőŕŋë. •

Ŕőáłőńìłã χ | ĺğőňőàäĺğň, őâőąàăęěŋĺě CH : Ext^{−1/2}(S^2A, B) −→ [[S^3A, B]] áîàêěłâĺćŋő. Őďŋăłő ć E-âěőàĺĺ őąàăâŋëň íńěňěŋâőň ł ăáĺňŕâőâĺçěáłőňã čőňőňőàäĺğňã χ ïćńïěâáï ŋăáâőïéĺľ ∗-čőňőňőàäĺğň μ : SA −→ S^3A ⊗ M_2, ĺ ěáâěáâćěŋŋőáâì łőŋáâàãłæĺĺ Łőŋŋă{Ţĺčáőŋă ďăěâ łőňňãâăâĺćŋãî ďĺăčàăňňã Ext^{−1/2}(SA, B) CH fflffl Ext^{−1/2}(S^3A ⊗ M_2, B) μ� oo CH fflffl [[S^2A, B]] [[S^4A ⊗ M_2, B]], μ� oo łőâőàăï ĺ ďőłăğëćăěâ ŕ. ă) âěőàěňë 2.3.

Ďńï ğăćěàèěŋĺï ďőłăğăâěńìáâćă âěőàěňë 2.3 âěŕěàì ďőáâăâőçŋő ŕőłăğăâì, çâő őâőąàăęěŋĺě CH ďĺăčàăňňë (2.1) ĺŋêěłâĺćŋő. İâőňã ŕőáćïéěŋă őáâăćèăïáï çăáâì áâăâìĺ.

ý3. Ďőłăğăâěńìáâćő ŕ. ą) âěőàěňë 2.3

Ŕãáâì S, T | ďćă łőňňãâĺàãîéĺå őŕěàăâőàă ć C^∗-ăńčěąàě. Őŕàěďěńĺň ŕàőěłâőà P (S, T ) ć ăńčěąàě 2 × 2-ňăâàĺæ ŋăď C^∗-ăńčěąàőľ, ŕőàőęďěŋŋőľ íńěňěŋâăňĺ S ĺ T , áńěďãîéĺň őąàăğőň. Řăááňőâàĺň äãŋłæĺĺ s, c_0, c_1 : [0, 1] → R

c_0(t) = | cos(πt)|1_{[0,} 1_{2 ]}(t), c_1(t) = | cos(πt)|1_( 1_{2 ,1]}(t), s(t) = sin(πt),

čďě 1_{[0,} 1_{2 ]}, 1_( 1_{2 ,1]} | åăàăłâěàĺáâĺçěáłĺě äãŋłæĺĺ áőőâćěâáâćãîéĺå ĺŋâěàćăńőć. Ŕőńőęĺň ~g = sc_0, ~h = sc_1 ĺ ~f = s^2. Šăł łăł äãŋłæĺĺ ~f , ~g ĺ ~h ŋěŕàěàëćŋë ĺ 1-ŕěàĺőďĺçŋë, őŋĺ őŕàěďěńïîâ ŋěŕàěàëćŋëě äãŋłæĺĺ f, g, h ŋă őłàãęŋőáâĺ T. Ŕőńőęĺň P (S, T ) = ( f(S) g(S) + h(S)T h(S)T^∗ + g(S) 1 − f(S) )

(áà. [9]). Ć çăáâŋőáâĺ, ěáńĺ ňë ŕàĺňěŋĺň íâã äőàňãńã ł łăŋőŋĺçěáłĺň ãŋĺâăàŋëň íńěňěŋâăň, ŕőàőęďăîéĺň ăńčěąàã C(T^2) äãŋłæĺľ ŋă âőàě, ňë ŕőńãçĺň ŕàőěłâőà P ∈ C(T^2)⊗M_2, ğăďăîéĺľ őąàăğãîéãî čàãŕŕë K_0(C(T^2)). Őâňěâĺň, çâő P ïćńïěâáï íńěňěŋâőň ăńčěąàë M_2((SC(T))^+) ⊆ M_2(C(T^2)). Ć őąéěň áńãçăě P (S, T ) ńěęĺâ ć őąàăğě őâőąàăęěŋĺï id_{M2} ⊗λ, čďě λ : (SC(T))^+ −→ C^∗(S, T ) | ãŋĺâăńìŋëľ ∗-čőňőňőàäĺğň, ãďőćńěâćőàïîéĺľ ãáńőćĺïň λ((1 − e^{2πix}) ⊗ 1) = 1 − S, λ((1 − e^{2πix}) ⊗ e^{2πiy} ) = T − ST.

150 Ć. Ň. ŇĂŊŞĽŃŐĆ, Ł. ŠŐŇŚĚŊ

Řăááňőâàĺň âăłęě ŕàőěłâőà

P_0 = ( 0 0 0 1 ) ∈ M_2 ⊆ C(T^2) ⊗ M_2.

Őŕàěďěńĺň őâőąàăęěŋĺě

Bott_A : Ext^{−1/2}(C(T^2) ⊗ A, B)_h −→ Ext^{−1/2}(A, B)_h

äőàňãńőľ [φ] → [(id_{M2} ⊗φ) ∘ b_A] − [(id_{M2} ⊗φ) ∘ b_0],

čďě b_A, b_0 : A −→ M_2(C(T^2)) ⊗ A | őâőąàăęěŋĺï b_A(a) = P ⊗ a ĺ b_0(a) = P_0 ⊗ a áőőâćěâáâćěŋŋő. Őáŋőćŋőľ çăáâìî ďőłăğăâěńìáâćă áńãęĺâ áńěďãîéěě ãâćěàęďěŋĺě.

Ŕàěďńőęěŋĺě 3.1. Ŕãáâì i : SA −→ C(T) ⊗ A | łăŋőŋĺçěáłőě ćńőęěŋĺě, e :

C(T) ⊗ A −→ A | őâőąàăęěŋĺě, ŕőńãçăěňőě ćëçĺáńěŋĺěň ć 1 ∈ T, ă c : A −→ C(T) ⊗ A | ∗-čőňőňőàäĺğň őâőęďěáâćńěŋĺï A á ŕőáâőïŋŋëňĺ A-ğŋăçŋëňĺ äãŋłæĺïňĺ ŋă T. Šőčďă

− Bott_{SA} ∘E ∘ CH([ψ] − e^∗ ∘ c^∗[ψ]) = i^∗[ψ]

ć Ext^{−1/2}(SA, B)_h ďńï ńîąőčő ŕőńãőąàăâĺňőčő àăáèĺàěŋĺï ψ ∈ Hom(C(T) ⊗ A, Q(B)). Ďńï ďőłăğăâěńìáâćă ŕàěďńőęěŋĺï 3.1 ğăňěâĺň, çâő c^∗([ψ] − e^∗ ∘ c^∗([ψ])) = 0 ć Ext^{−1/2}(A, B). Ŕőíâőňã ňë ňőęěň ŕàĺąăćĺâì ł c^∗(ψ − e^∗ ∘ c^∗(ψ)) ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňőě àăáèĺàěŋĺě χ âăł, çâőąë ŕőńãçěŋŋőě àăáèĺàěŋĺě áâăńő ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňëň. Šőčďă

ψ^′ = ψ − e^∗ ∘ c^∗(ψ) + e^∗(χ)

ïćńïěâáï âăłĺň ŕőńãőąàăâĺňëň àăáèĺàěŋĺěň ăńčěąàë C(T) ⊗ A ăńčěąàőľ B, çâő i^∗[ψ^′] = i^∗[ψ], ă c^∗(ψ^′) ïćńïěâáï ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňëň àăáèĺàěŋĺěň ăńčěąàë A ăńčěąàőľ B. Šăł łăł CH[e^∗(χ)] = (Se)^∗(CH[χ]) = 0 ć áĺńã âőčő, çâő àăáèĺàěŋĺě χ ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňő, ďőáâăâőçŋő (àăąőâăï á ψ^′ ćňěáâő ψ) àăááňőâàěâì ŕőńãőąàăâĺňőě àăáèĺàěŋĺě ψ ∈ Hom(C(T) ⊗ A, Q(B)), ďńï łőâőàőčő c^∗(ψ) ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňő, ĺ ŕőłăğăâì, çâő Bott_{SA} ∘E ∘ CH[ψ] = i^∗[ψ]. Ŕãáâì ψ | âăłőě àăáèĺàěŋĺě ĺ φ = ψ ∘ i.

ĂŚĹŇŔŠŐŠĹŮĚŚŁĹ ŘĂŚŹĚŔŃ§đŹĹĚŚ§ ŘĂŚŸĹŘĚŊĹ§ Ĺ E-ŠĚŐŘĹ§ 151

Ńěňňă 3.2. Ŕãáâì e^{2πix} | âőęďěáâćěŋŋăï äãŋłæĺï ŋă őłàãęŋőáâĺ T. Šőčďă

áãéěáâćãěâ âăłőľ ãŋĺâăàŋëľ íńěňěŋâ U ∈ M(M_2(B)), çâő ( ψ(e^{2πix}f ⊗ a) 0 ) = q_{M2(B)}(U) ( ψ(f ⊗ a) 0 )

ďńï ćáěå f ∈ C(T), a ∈ A.

Ďőłăğăâěńìáâćő. Ňë ćőáŕőńìğãěňáï åőàőèő ĺğćěáâŋëň äăłâőň [12], çâő áîàêěłâĺćŋëľ ∗-čőňőňőàäĺğň áěŕăàăąěńìŋëå C^∗-ăńčěąà ďőŕãáłăěâ áîàêěłâĺćŋőě ãŋĺâăńìŋőě ŕàőďőńęěŋĺě ďő ∗-čőňőňőàäĺğňă ăńčěąà ňãńìâĺŕńĺłăâőàőć. Čőňőňőàäĺğň ψ ŕàőďőńęăěâáï ďő ãŋĺâăńìŋőčő ∗-čőňőňőàäĺğňă ψ̂ : M(C(T) ⊗ A) −→ M(ψ(C(T) ⊗ A)). Šőčďă V = ψ̂(e^{2πix} ⊗ 1_A) | ãŋĺâăàŋëľ íńěňěŋâ ć M(ψ(C(T) ⊗ A)) (1_A őąőğŋăçăěâ ğďěáì ěďĺŋĺçŋëľ íńěňěŋâ ăńčěąàë M(A) ĺ, áńěďőćăâěńìŋő, e^{2πix} ⊗ 1_A | âőęďěáâćěŋŋăï äãŋłæĺï ŋă őłàãęŋőáâĺ T, àăááňăâàĺćăěňăï łăł ãŋĺâăàŋëľ ňãńìâĺŕńĺłăâőà ŋă C(T) ⊗ A). Ŕőńőęĺň D = q^{−1}_B (ψ(C(T) ⊗ A)) ⊆ M(B). Ŕőáłőńìłã q_B őâőąàăęăěâ D ŋă ψ(C(T) ⊗ A)), őŋő ŕàőďőńęăěâáï ďő áîàêěłâĺćŋőčő ãŋĺâăńìŋőčő ∗-čőňőňőàäĺğňă ^q_B : M(D) −→ M(ψ(C(T) ⊗ A)). Šăł łăł (_V V � ) ńěęĺâ ć łőňŕőŋěŋâě áćïğŋőáâĺ ěďĺŋĺæë ć M_2(M(ψ(C(T) ⊗ A))), áãéěáâćãěâ âăłőľ ãŋĺâăàŋëľ íńěňěŋâ U ∈ M_2(M(D)), çâő

id_{M2} ⊗^q_B(U) = ( V V^∗ ) . Őâňěâĺň, çâő M(D) ⊆ M(B), ŕőáłőńìłã B | áãéěáâćěŋŋëľ ĺďěăń ć D. Šăłĺň őąàăğőň, ňë ňőęěň àăááňăâàĺćăâì U łăł ãŋĺâăàŋëľ íńěňěŋâ ć M_2(M(B)). Šőčďă ïáŋő, çâő U őąńăďăěâ ãłăğăŋŋëň ć ńěňňě áćőľáâćőň. •

Ĺğ ńěňňë 3.2 áńěďãěâ, çâő ŕőáńě ŕàĺąăćńěŋĺï ŋãńěćőčő àăáèĺàěŋĺï ł ψ ĺ φ ňë ňőęěň ŕàěďŕőńăčăâì, çâő áãéěáâćãěâ âăłőľ ãŋĺâăàŋëľ íńěňěŋâ w ∈ M(B), çâő q_B (w)ψ(f ⊗ a) = ψ(e^{2πix}f ⊗ a), f ∈ C(T), a ∈ A. (3.1) Ŕãáâì {π_t}_{t∈[1,∞)} : A −→ M(B) | âăłőľ ăáĺňŕâőâĺçěáłĺľ čőňőňőàäĺğň, çâő ψ(1 ⊗ a) = q_B(π_t(a)) ďńï ćáěå a ĺ t.

Ńěňňă 3.3. Ŕãáâì {ut}_{t∈[1,∞)} | ŋěŕàěàëćŋăï ăŕŕàőłáĺňăâĺćŋăï ěďĺŋĺæă ăńčěąàë

B, âăłăï çâő lim_{t→∞}(u_tπ_1(a) − π_1(a)u_t) = 0 ďńï ćáěå a ∈ A. Šőčďă áãéěáâćãěâ âăłăï ćőğàăáâăîéăï ŋěŕàěàëćŋăï äãŋłæĺï r : [1, ∞) → [1, ∞), çâő r(t) ≥ t ďńï

152 Ć. Ň. ŇĂŊŞĽŃŐĆ, Ł. ŠŐŇŚĚŊ

ćáěå t ∈ [1, ∞) ĺ lim_{t→∞}(f(u_{r(t)})π_1(a) − f(u_{r(t)})π_t(a)) = 0 ďńï ćáěå a ∈ A, f ∈ C_0(0, 1).

Ďőłăğăâěńìáâćő. Ŕő âěőàěňě ćëąőàă Ąăàâńă{Čàěľćğă [2] áãéěáâćãěâ âăłőě ŋěŕàěàëćŋőě őâőąàăęěŋĺě χ : A −→ M(B), çâő χ(a)−π_1(a) ∈ B ďńï ćáěå A. İâă ęě âěőàěňă őąěáŕěçĺćăěâ áãéěáâćőćăŋĺě âăłőčő àăćŋőňěàŋő ŋěŕàěàëćŋőčő ăáĺňŕâőâĺçěáłőčő čőňőňőàäĺğňă π^′ = (π^′_t) : A −→ M(B), çâő lim_{t→∞}(π_t(a)−π^′_t(a)) = 0 ďńï ćáěå a ∈ A. Ŕãáâì F_1 ⊆ F_2 ⊆ F_3 ⊆ · · · | ŕőáńěďőćăâěńìŋőáâì łőŋěçŋëå ŕőďňŋőęěáâć, őąêěďĺŋěŋĺě łőâőàëå ŕńőâŋő ć A. Ŕőńìğãïáì âěň, çâő {π_t(a) − χ(a) : t ∈ [1, n], a ∈ F_n} | łőňŕăłâŋőě ŕőďňŋőęěáâćő ć B ďńï łăęďőčő n, ńěčłő ŕőáâàőĺâì âăłãî äãŋłæĺî r, r(t) ≥ t, çâő lim_{t→∞}(u_{r(t)}π_t(a) − u_{r(t)}χ(a)) = 0 ďńï łăęďőčő a ∈ ⋃ n F_n. Šőčďă lim_{t→∞}(u_{r(t)}π^′_t(a) − u_{r(t)}χ(a)) = 0 ďńï łăęďőčő a ∈ ⋃ n F_n, ĺ ĺğ ŋěŕàěàëćŋőáâĺ χ ĺ àăćŋőňěàŋőľ ŋěŕàěàëćŋőáâĺ {π^′_t} áńěďãěâ, çâő íâő ęě ćěàŋő ďńï ćáěå a ∈ A. Ŋő âőčďă lim_{t→∞}(u_{r(t)}π_t(a) − u_{r(t)}π_1(a)) = 0, ŕőáłőńìłã χ(a) − π_1(a) ∈ B ďńï ćáěå a ∈ A. Šő, çâő lim_{t→∞}(f(u_{r(t)})π_t(a) − f(u_{r(t)})π_1(a)) = 0 ďńï ćáěå a ∈ A ĺňěěň f ∈ C_0(0, 1), ćëâěłăěâ ĺğ âěőàěňë Ćěľěàèâàăááă. •

Ĺğ ńěňňë 3.3 áńěďãěâ, çâő łńăáá CH[ψ] ∈ [[SC(T) ⊗ A, B]] ŕàěďáâăćńïěâáï âăłĺň ăáĺňŕâőâĺçěáłĺň čőňőňőàäĺğňőň CH(ψ), çâő lim_{t→∞}(CH(ψ)_t(f ⊗ g ⊗ a) − f(u_{r(t)})g(w)π_t(a)) = 0 ďńï ćáěå a ∈ A, g ∈ C(T), f ∈ C_0(0, 1). Ćëąĺàăï ăŕŕàőłáĺňăâĺćŋãî ěďĺŋĺæã {u_t} ć ńěňňě 3.3 ŕőďåőďïéĺň őąàăğőň [1], ňë ňőęěň ŕàěďŕőńăčăâì, çâő lim_{t→∞}(u_{r(t)}π_t(a) − π_t(a)u_{r(t)}) = 0, lim_{t→∞}(1 − u_{r(t)})(wπ_t(a) − π_t(a)w) = 0 ďńï ćáěå a ∈ A ĺ lim_{t→∞}(u_{r(t)}w − wu_{r(t)}) = 0. Ğŋăçĺâ, ňë ňőęěň ŋăľâĺ ďĺáłàěâĺğăæĺî CH(ψ)_{ti} , i ∈ N, ăáĺňŕâőâĺçěáłőčő čőňőňőàäĺğňă CH(ψ), ďńï łőâőàőľ ćëŕőńŋěŋë áńěďãîéĺě áćőľáâćă:

1) lim_{i→∞}(π_{ti} (a) − π_{ti+1} (a)) = 0 ďńï ćáěå a ∈ A, 2) lim_{i→∞}(u_{r(ti)} − u_{r(ti+1)}) = 0, 3) lim_{i→∞}(wu_{r(ti)} − u_{r(ti)}w) = 0, 4) lim_{i→∞}(1 − u_{r(ti)})(wπ_{ti} (a) − π_{ti}(a)w) = 0 ďńï ćáěå a ∈ A.

Ďńï ãŕàőéěŋĺï őąőğŋăçěŋĺľ ŕőńőęĺň π_n = π_{tn} , u_n = u_{r(tn)} ĺ ďőőŕàěďěńĺň π_n = π_{−n} ŕàĺ n < 0 ĺ π_0 = π_1. Šőčďă łńăáá E ∘ CH[ψ] ∈ Ext^{−1/2}(SC(T^2) ⊗ A, B)_h ŕàěďáâăćńïěâáï ∗-čőňőňőàäĺğňőň Φ, čďě Φ : SC(T^2) ⊗ A −→ L_B (l_2(Z) ⊗ B) | âăłőě őâőąàăęěŋĺě, çâő Φ(f ⊗ g ⊗ h ⊗ a) = (∑ n≥0 f(u_n)e_{nn} )(∑ n∈Z^{g(w)enn} ) h(T ) (∑ n∈Z^{πn(a)enn} )

ŕő ňőďãńî K ⊗ B ďńï ćáěå f ∈ C_0(0, 1), g, h ∈ C(T), a ∈ A.

ĂŚĹŇŔŠŐŠĹŮĚŚŁĹ ŘĂŚŹĚŔŃ§đŹĹĚŚ§ ŘĂŚŸĹŘĚŊĹ§ Ĺ E-ŠĚŐŘĹ§ 153

Ŕőńőęĺň W = ∑ n∈Z^{wenn, U =} ∑ n≥0 u_n. Šőčďă W, T ĺ U łőňňãâĺàãîâ ŕő ňőďãńî K ⊗ B. Őŕàěďěńĺň őâőąàăęěŋĺě π : A −→ Q(K ⊗ B) àăćěŋáâćőň π(a) = ∑ n π_n(a)e_{nn}. Šőčďă π ïćńïěâáï ∗- čőňőňőàäĺğňőň, łőňňãâĺàãîéĺň á U ĺ T .

Ŕãáâì Q ∈ M_2(Q(B)) | ŕàőěłâőà, ğăďăŋŋëľ äőàňãńőľ Q = ( s^2(U ) sc_0(U ) + sc_1(U )W sc_1(U )W^∗ + sc_0(U) (c_0 + c_1)^2(U ) ) . Ńěňňă 3.4. Łńăáá − BottSA ∘E ∘ CH[ψ] ŕàěďáâăćńïěâáï ć Ext^{−1/2}(SA, B)h àăá-

èĺàěŋĺěň λ : SA −→ M_2(Q(B)), âăłĺň çâő λ((1 − e^{2πix}) ⊗ a) = Q ( 1 − T 1 − T )( π(a) π(a) )

ďńï ćáěå a ∈ A.

Ďőłăğăâěńìáâćő. Ďńï ãŕàőéěŋĺï őąőğŋăçěŋĺľ ŕőńőęĺň ~U = ( (1 − e^{2πix})(U ) (1 − e^{2πix})(U ) ) . Ŕő őŕàěďěńěŋĺî Bott_{SA} ∘E ∘ CH[ψ] = [λ_+] − [λ_−], čďě λ_± : SA −→ M_2(Q(B)) | ∗-čőňőňőàäĺğňë, őŕàěďěńěŋŋëě àăćěŋáâćăňĺ

λ_+((1 − e^{2πix}) ⊗ a) = P (T , W ) ~U ( π(a) π(a) )

ĺ λ_−((1 − e^{2πix}) ⊗ a) = P_0 ~U ( π(a) π(a) ) . Ŕőńőęĺň X = 1 − (1 − P (T , W ) ~U )(1 − P_0 ~U^∗).

Šőčďă [λ_+] − [λ_−] = [λ^′], čďě ∗-čőňőňőàäĺğň λ^′ : SA −→ M_2(Q(B)) ğăďăěâáï äőàňãńőľ λ^′((1 − e^{2πix}) ⊗ a) = X ( π(a) π(a) ) . Őâňěâĺň, çâő X ïćńïěâáï 2×2-ňăâàĺæěľ, íńěňěŋâë łőâőàőľ ńěęăâ ć C^∗-ăńčěąàě, ŕőàőęďěŋŋőľ íńěňěŋâăňĺ 1 − T , W ĺ (1 − e^{2πix})(U ). Ďěľáâćĺâěńìŋő, ěáńĺ ňë őŕàěďěńĺň ∗-čőňőňőàäĺğň Λ : S ⊗ C(T) ⊗ S −→ Q(B) àăćěŋáâćőň

Λ((1 − e^{2πix}) ⊗ e^{2πiy} ⊗ (1 − e^{2πiz})) = (1 − e^{2πix})(U ) W (1 − T ),

154 Ć. Ň. ŇĂŊŞĽŃŐĆ, Ł. ŠŐŇŚĚŊ

âő áãéěáâćãěâ âăłőľ łćăğĺãŋĺâăàŋëľ íńěňěŋâ d ∈ M_2(S ⊗ C(T) ⊗ S), çâő id_{M2} ⊗Λ(d) = X. Ůěàěğ S ňë őąőğŋăçăěň ğďěáì ďńï łàăâłőáâĺ C^∗-ăńčěąàã C_0(0, 1). Ŋăŕőňŋĺň, çâő łćăğĺãŋĺâăàŋëň ŋăğëćăěâáï âăłőľ íńěňěŋâ d C^∗- ăńčěąàë D, çâő àăğŋőáâì 1−d ãŋĺâăàŋă ć D^+. Ďàãčĺňĺ áńőćăňĺ, íâő ŋőàňăńìŋëľ íńěňěŋâ, áŕěłâà łőâőàőčő ńěęĺâ ć {1 − z : z ∈ T}. Šőčďă àăáèĺàěŋĺě

id_{M2} ⊗Λ ⊗ ( π π ) : S ⊗ C(T) ⊗ S ⊗ A −→ M_2(Q(B)) ŕőńãőąàăâĺňő, ĺ őąàăâŋőě àăáèĺàěŋĺě ğăďăěâáï ∗-čőňőňőàäĺğňőň, łőâőàëľ ŕőńãçăěâáï ŕàĺ ğăňěŋě U ŋă ∑ n<0 u_{−n} ć őŕàěďěńěŋĺĺ Λ. Őŕàěďěńĺň ∗- čőňőňőàäĺğň ν : SA −→ M_2(S ⊗ C(T) ⊗ S ⊗ A) àăćěŋáâćőň ν((1 − e^{2πix}) ⊗ a) = d ⊗ a ĺ őâňěâĺň, çâő λ^′ = ( id_{M2} ⊗Λ ⊗ (_π π )) ∘ ν. Ŕãáâì α | ăćâőňőàäĺğň ăńčěąàë M_2(S ⊗ C(T) ⊗ S ⊗ A), łőâőàëľ ŕěàěáâăćńïěâ ňěáâăňĺ ďćě ŋăďáâàőľłĺ ŕőćőàőâőň ŕńőáłőáâĺ R^2 ŋă ãčőń π/2. Šőčďă − [( id_{M2} ⊗Λ ⊗ ( π π ))] = [( id_{M2} ⊗Λ ⊗ ( π π )) ∘ α ]

ć Ext^{−1/2}(S ⊗ C(T) ⊗ S ⊗ A, B)_h. Őâáîďă áńěďãěâ, çâő

−[λ^′] = [( id_{M2} ⊗Λ ⊗ ( π π )) ∘ α ∘ ν ]

ć Ext^{−1/2}(SA, B)_h. Ŕőńőęĺň

Y = 1 − ( 1 − Q ( 1 − T 1 − T ))( 1 − P_0 ( 1 − T^∗ 1 − T^∗ ))

ĺ ğăňěâĺň, çâő ( id_{M2} ⊗Λ ⊗ (_π π )) ∘ α ∘ ν = μ, čďě μ : SA −→ M_2(Q(B)) | âăłőě àăáèĺàěŋĺě, çâő μ((1 − e^{2πix}) ⊗ a) = Y ( π(a) π(a) ) . Ğŋăçĺâ, [μ] = [λ] − [μ^′], čďě μ^′((1 − e^{2πix}) ⊗ a) = (1 − T )π(a). Ńěčłő ćĺďěâì, çâő μ^′ ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňő. Ŕőíâőňã [μ] = [λ]. •

Ŕőńőęĺň X = ( s(U ) −c_0(U ) − c_1(U )W c_0(U ) + c_1(U )W^∗ s(U ) )

ĺ Z = ( iW_+ 0 0 −iW_+ ) ,

ĂŚĹŇŔŠŐŠĹŮĚŚŁĹ ŘĂŚŹĚŔŃ§đŹĹĚŚ§ ŘĂŚŸĹŘĚŊĹ§ Ĺ E-ŠĚŐŘĹ§ 155 čďě W_+ = ∑ n≥0 we_{nn} + ∑ n<0 e_{nn} ∈ L_B (l_2(Z) ⊗ B).

Šőčďă Z ĺ X | ãŋĺâăàŋëě íńěňěŋâë ć M_2(Q(B)). Ŕãáâì T_0 : l_2(Z) ⊗ B −→ l_2(Z) ⊗ B | ãŋĺâăàŋëľ íńěňěŋâ, őŕàěďěńěŋŋëľ äőàňãńőľ

T_0 = ∑ n∈Z\{−1}^{en,n+1 + we−1,0.} Ňë ňőęěň âőčďă őŕàěďěńĺâì àăáèĺàěŋĺě λ_1 : SA −→ Q(B) àăćěŋáâćőň

λ_1((1 − e^{2πix}) ⊗ a) = (1 − T_0) π(a).

Ńěňňă 3.5. Ŕãáâì λ : SA −→ M2(Q(B)) | àăáèĺàěŋĺě ĺğ ńěňňë 3.4. Šőčďă

Ad X^∗ ∘ λ = Ad Z ∘ ( λ_1 0 ) .

Ďőłăğăâěńìáâćő. Őâňěâĺň, çâő λ ĺ (_{λ1} 0 ) ďőŕãáłăîâ ŕàőďőńęěŋĺě ďő ãŋĺâăńìŋëå ∗-čőňőňőàäĺğňőć C(T) ⊗ A −→ M_2(Q(B)), őŕàěďěńěŋŋëå âăł, çâő őŋĺ őâőąàăęăîâ 1 ⊗ a ć (_{π(a)} π(a) ) , a ∈ A. Ďőáâăâőçŋő ŕőłăğăâì, çâő ĺňěîâ ňěáâő àăćěŋáâćă X^∗ ( π(a) π(a) ) X = Z ( π(a) π(a) ) Z^∗ (3.2) ĺ V^∗ ( Q ( T T^∗ ) + Q^⊥ ) ( π(a) π(a) ) V = Z ( T_0 1 )( π(a) π(a) ) Z^∗ = Z (( 1 0 )( T_0

T_0^∗) ) + ( 0 1 )) ( π(a) π(a) ) Z^∗. (3.3)

Ůâőąë őąńěčçĺâì ŕàőćěàłã íâĺå àăćěŋáâć, ğăňěâĺň, çâő W_+T_0 = T W_+, őâłãďă áńěďãěâ, çâő Z (_{T0} T0� ) Z^∗ = (_T T� ) . Ŕőáłőńìłã X, őçěćĺďŋő, łőňňãâĺàãěâ á (_T T � ) , ă Z łőňňãâĺàãěâ á

(_1 0 ) , ňë ćĺďĺň, çâő (3.3) ćëâěłăěâ ĺğ àăćěŋáâć (3.2) ĺ X^∗QX = ( 1 0 ) . (3.4)

156 Ć. Ň. ŇĂŊŞĽŃŐĆ, Ł. ŠŐŇŚĚŊ

Šăłĺň őąàăğőň, áńěďãěâ ŕàőćěàĺâì ńĺèì àăćěŋáâćă (3.2) ĺ (3.4), çâő ňë őáâăćńïěň çĺâăâěńî. •

Ĺâăł, ňë ãęě ŕőłăğăńĺ, çâő − Bott_{SA} ∘E ∘ CH[ψ] = [λ_1] ć Ext^{−1/2}(SA, B)_h. Őŕàěďěńĺň őâőąàăęěŋĺě κ : SA −→ Q(B) äőàňãńőľ κ((1 − e^{2πix}) ⊗ a) = (1 − T ) π(a). Řăáèĺàěŋĺě κ ăáĺňŕâőâĺçěáłĺ àăáéěŕĺňő, áńěďőćăâěńìŋő, [λ_1] = [λ_1] − [κ]. Ŕőáłőńìłã [λ_1] − [κ] = [μ], čďě μ : SA −→ Q(B) ğăďăŋő äőàňãńőľ μ((1 − e^{2πix}) ⊗ a) = (1−T_0T^∗)π(a), ĺ ŕőáłőńìłã T_0T^∗ = ∑ n≠−1 enn +we−1,−1, ŕőńãçăěň, çâő [λ1] = [φ].

İâĺň ğăćěàèěŋő ďőłăğăâěńìáâćő ŕàěďńőęěŋĺï 3.1.

Śńěďáâćĺě 3.6. Čőňőňőàäĺğň

CH : Ext^{−1/2}(SA, B)_h −→ [[S^2A, B]] ĺŋêěłâĺćěŋ ŋă ňŋőęěáâćě i^∗(Ext^{−1/2}(C(T) ⊗ A, B)_h).

Ďőłăğăâěńìáâćő. Ŕãáâì ψ ∈ Ext^{−1/2}(C(T) ⊗ A, B) ĺ ŕàěďŕőńőęĺň, çâő

CH(i^∗[ψ]) = 0. Šőčďă ĺğ ěáâěáâćěŋŋőáâĺ łőŋáâàãłæĺĺ Łőŋŋă{Ţĺčáőŋă ğăłńîçăěň, çâő (Si)^∗(CH[ψ] − (Se)^∗ ∘ (Sc)^∗(CH[ψ])) = CH(i^∗(ψ)) = 0

ć [[S^2A, B]]. Ŕőáłőńìłã äãŋłâőà [[S−, B]] ïćńïěâáï âőçŋëň ŋă àăáéěŕńïîéĺåáï łőàőâłĺå âőçŋëå ŕőáńěďőćăâěńìŋőáâïå [6], ŕőńãçăěň, çâő 0 = CH[ψ] − (Se)^∗ ∘ (Sc)^∗(CH[ψ]) = CH([ψ] − e^∗ ∘ c^∗[ψ]). Ŋő âőčďă i^∗[ψ] = 0 ŕő ŕàěďńőęěŋĺî 3.1. •

Ńěňňă 3.7. Čőňőňőàäĺğň

(Si)^∗ : Ext^{−1/2}(SC(T) ⊗ A, B)_h −→ Ext^{−1/2}(S^2A, B)_h áîàêěłâĺćěŋ.

Ďőłăğăâěńìáâćő. Őâőęďěáâćĺň S^2 = C0(R^2) á C0(D), čďě D = R^2\{(0, y) ∈

R^2 : y ≥ 0}, ă SC(T) | á C_0(R^2\{0}). Ńěčłő ćĺďěâì, çâő áãéěáâćãěâ âăłőě ŋěŕàěàëćŋőě őâőąàăęěŋĺě F : [0, 1] × R^2 −→ R^2, çâő F (0, −) | čőňěőňőàäĺğň μ = F (0, −) : R^2 −→ D; F (1, z) = z, z ∈ R^2, ĺ ňŋőęěáâćő F^{−1}(K) łőňŕăłâŋő ďńï łăęďőčő łőňŕăłâă K ⊂ D. Šăłĺň őąàăğőň, f → f ∘μ^{−1} | íŋďőňőàäĺğň ăńčěąàë C_0(D), čőňőâőŕŋëľ id_{C0(D)}. Ğŋăçĺâ, ěáńĺ φ ∈ Hom(S^2A, Q(B)) | ŕőńãőąàăâĺňőě àăáèĺàěŋĺě, âő ć čàãŕŕě Ext^{−1/2}(S^2A, B) ĺňěěâ ňěáâő àăćěŋáâćő [φ] = [χ], čďě χ(f) = φ(f ∘ μ^{−1}). Őŕàěďěńĺň ψ : SC(T) −→ Q(B) àăćěŋáâćőň ψ(g) = φ(g ∘ μ^{−1}). Šőčďă (Si)^∗[ψ] = [φ]. •

Ńěňňă 3.7 ćňěáâě áő áńěďáâćĺěň 3.6 ďőłăğëćăîâ, çâő őâőąàăęěŋĺě CH ďĺăčàăňňë (2.1) ĺŋêěłâĺćŋő. İâő ğăćěàèăěâ ďőłăğăâěńìáâćő ŕ. ą) âěőàěňë 2.3. •

ĂŚĹŇŔŠŐŠĹŮĚŚŁĹ ŘĂŚŹĚŔŃ§đŹĹĚŚ§ ŘĂŚŸĹŘĚŊĹ§ Ĺ E-ŠĚŐŘĹ§ 157

Śŕĺáőł ńĺâěàăâãàë

[1] Arveson W., Notes on extensions of C^�-algebras, Duke Math. J. 44 (1977), 329{355. [2] Bartle R. G., Graves L. M., Mappings between function spaces, Trans. Amer. Math. Soc. 72 (1952), 400{413.

[3] Busby R., Double centralizers and extensions of C^�-algebras, Trans. Amer. Math. Soc. 132 (1968), 79{99.

[4] Connes A., Higson N., Déformations, morphismes asymptotiques et K-théorie bivariante, C. R.

Acad. Sci. Paris Sér. I Math. 311 (1990), 101{106.

[5] Cuntz J., A general construction of bivariant K-theories on the category of C^�-algebras, Operator Algebras and Operator Theory (Shanghai, 1997), Contemp. Math., vol. 228, Amer. Math. Soc., Providence, RI, 1998, pp. 31-43.

[6] Dădărlat M., Loring T. A., K-homology, asymptotic representations and unsuspended E-theory, J.

Funct. Anal. 126 (1994), 367{383.

[7] Houghton-Larsen T., Thomsen K., Universal (co)homology theories, K-Theory 16 (1999), 1{27. [8] Łăáŕăàőć Č. Č., Őŕěàăâőàŋëľ K-äãŋłâőà ĺ àăáèĺàěŋĺï C^�-ăńčěąà, Ĺğć. ĂŊ ŚŚŚŘ. Śěà.

ňăâ. 44 (1980), ü3, 571{636.

[9] Loring T. A., K-theory and asymptotically commuting matrices, Canad. J. Math. 40 (1988), 197{216.

[10] Ňăŋãľńőć Ć. Ň., Ňĺéěŋłő Ă. Ś., Ăáĺňŕâőâĺçěáłĺě ĺ äàěďčőńìňőćë ŕàěďáâăćńěŋĺï ďĺáłàěâŋëå čàãŕŕ, Ňăâ. áą. 189 (1998), ü10, 53{74.

[11] Manuilov V. M., Thomsen K., Quasidiagonal extensions and sequentially trivial asymptotic homomorphisms, Adv. Math. (ć ŕěçăâĺ).

[12] Pedersen G. K., C^�-algebras and their automorphism groups, London Math. Soc. Monogr., vol. 14, Academic Press, Inc., London{New York, 1979.

Ŕőáâãŕĺńő 24 ďěłăąàï 1999 č.

Ňőáłőćáłĺľ čőáãďăàáâćěŋŋëľ ãŋĺćěàáĺâěâ ňěåăŋĺłő-ňăâěňăâĺçěáłĺľ äăłãńìâěâ łăäěďàă ćëáèěľ čěőňěâàĺĺ ĺ âőŕőńőčĺĺ Řőááĺï, 119899 Ňőáłćă, Ćőàőąìěćë čőàë

E-mail: manuilov@mech.math.msu.su

Őàåãááłĺľ ãŋĺćěàáĺâěâ Ňăâěňăâĺçěáłĺľ ĺŋáâĺâãâ 8000, Őàåãá Ű., Ŋî Ňãŋłěčăďě Ďăŋĺï (Mathematical Institute, Århus University Ny Munkegade 8000, Århus C, Denmark)

E-mail: matkt@imf.au.dk