SPb. Math. Society Preprint 2005-06 20 Jun 2005

ĂŔŔŘŐŁŚĹŇĂŰĹŐŊŊŻĚ ŚĆŐĽŚŠĆĂ,

N_P -ŐŔĚŘĂŠŐŘŻ Ĺ L_P -ŐŔĚŘĂŠŐŘŻ

Ő.Ĺ. Řěľŋőć, đ.Ĺ. Řěľŋőć

Ŋěłőâőàëě âěőàěňë ïćŋő ŕàĺáŕőáőąńěŋë ďńï ŕàĺňěŋěŋĺï ĺå ŕàĺ ŕőáâàőěŋĺĺ łőŋâàŕàĺňěàőć àăğńĺçŋőčő àőďă, ŕàĺçěň őąëçŋő ćëďěńïěâáï łăłőě-âő æěŋâàăńìŋőě ŋăŕàăćńěŋĺě ć őąńăáâĺ ĺå ŕàĺńőęěŋĺľ. Šăł, ćĺďĺňő, őąáâőĺâ ďěńő ĺ á ğăňěçăâěńìŋőľ âěőàěňőľ Ńĺŋďěŋèâàăãááă, ć łőâőàőľ ŕàĺćőďĺâáï őąőąéěŋĺě łőŋáâàãłæĺľ Ďęěľňáă ąăŋăåőćëå ŕàőáâàăŋáâć âĺŕă ğŋăňěŋĺâőčő ŕàőáâàăŋáâćă Ďęěľňáă, ĺňěîéěčő łőàăğňěàŋőáâì őďĺŋ ć áćőěň ćâőàőň áőŕàïęěŋŋőň. Řěçì ĺďěâ ő âěőàěňě ĺğ àăąőâë [6]: łăęďőě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő X ïćńïěâáï äăłâőàőň ŕàőáâàăŋáâćă Y^∗ á őčàăŋĺçěŋŋő ŕőńŋëň ąăğĺáőň ŕàĺ äăłâőàőâőąàăęěŋĺĺ, áőŕàïęěŋŋőě ł łőâőàőňã ĺğőňěâàĺçŋő ĺ ďőŕőńŋïěňő ćłńăďëćăěâ X^∗ ć ŕàőáâàăŋáâćő Y^{∗∗}. Šěőàěňă ć [6], łăł őâňěçăěâ ăćâőà àăąőâë, ïćĺńăáì őąőąéěŋĺěň őáŋőćŋőľ âěőàěňë Ďęěľňáă [5], ŕàěďŋăğŋăçăćèěľáï ďńï ŕőáâàőěŋĺï ŕàőáâàăŋáâć áńěďãîéěčő âĺŕă: áăňő ŕàőáâàăŋáâćő, âăł ęě łăł ĺ ćáě ěčő ŕěàćëě n + 1 áőŕàïęěŋŋëå ŕàőáâàăŋáâć, áěŕăàăąěńìŋő, ă (n+2)-ě áőŕàïęěŋŋőě ŕàőáâàăŋáâćő ŋěáěŕăàăąěńìŋő. Ńĺŋďěŋèâàăãáá ćëàăęăěâ ãćěàěŋŋőáâì ć âőň, çâő "ŕàőáâàăŋáâćă, ŕőáâàőěŋŋëě Ďęěľňáőň (ĺńĺ, ąőńěě őąéő, ć âěőàěňě ćëèě), ąãďãâ ŕőńěğŋë ć łăçěáâćě łőŋâàŕàĺňěàőć âăłęě ĺ ć ďàãčőň łőŋâěłáâě". Şęě ć àăąőâě [6] ŕěàćëľ ăćâőà ŋăňěâĺń ćőğňőęŋãî ŋăŕàăćńěŋŋőáâì ŕőďőąŋëå ŕàĺńőęěŋĺľ, ãáâăŋőćĺć őďŋő "čĺŕőâěâĺçěáłőě" ŕàěďńőęěŋĺě,

0This work was done with partial support by Grant VNP Minobrazovanija 3.1 ò4733, by Grant "Scienti˛c schools" ò00-15-96-022 and by a grant of the Swedish Royal Academy of Sciences. This research is supported by a grant from Higher Education Commission, Pakistan.

łőâőàőě őçěŋì ąëáâàő, ŕàĺ èĺàőłőň ãçăáâĺĺ ďàãčĺå ňăâěňăâĺłőć, őąàěńő àěăńìŋőáâì. Ĺňěŋŋő, ć ŕàěďŕőńőęěŋĺĺ, çâő ŋăľďěâáï ąăŋăåőćő ŕàőáâàăŋáâćő ąěğ áćőľáâćă ăŕŕàőłáĺňăæĺĺ (çâő čőďőň ŕőğęě ŕőďâćěàďĺń İŋäńő [2]), őŋ ďőłăğăń áãéěáâćőćăŋĺě áěŕăàăąěńìŋőčő ąăŋăåőćă ŕàőáâàăŋáâćă á ąăğĺáőň Ÿăãďěàă, áőŕàïęěŋŋőě ł łőâőàőňã ŋě őąńăďăěâ áćőľáâćőň ăŕŕàőłáĺňăæĺĺ. Ŕőáńě âőčő, łăł İŋäńő ŕőáâàőĺń áćőľ ĺğćěáâŋëľ ŕàĺňěà áěŕăàăąěńìŋőčő àěäńěłáĺćŋőčő ŕàőáâàăŋáâćă ąěğ áćőľáâćă ăŕŕàőłáĺňăæĺĺ, âěőàěňă Ńĺŋďěŋèâàăãááă ŕőçâĺ ňőňěŋâăńìŋő ŋăèńă áćőě ŕàĺňěŋěŋĺě ć àăąőâě [3] ďńï ďőłăğăâěńìáâćă őâńĺçĺï áćőľáâćă ăŕŕàőłáĺňăæĺĺ őâ áćőľáâćă őčàăŋĺçěŋŋőľ ăŕŕàőłáĺňăæĺĺ, ă âăłęě ć łőŋáâàãłæĺĺ ŋě ïďěàŋőčő őŕěàăâőàă á ïďěàŋëň áőŕàïęěŋŋëň (íâő ąëńĺ łőŋâàŕàĺňěàë ł ďćãň čĺŕőâěğăň Ă. Čàőâěŋďĺłă). Šăłĺň őąàăğőň, ŋăŕàăćńěŋĺě ć čěőňěâàĺçěáłőľ âěőàĺĺ ąăŋăåőćëå ŕàőáâàăŋáâć, áćïğăŋŋőě á ăŕŕàőłáĺňăæĺőŋŋëňĺ ãáńőćĺïňĺ àăğńĺçŋőčő àőďă, áâăńő őďŋĺň ĺğ čńăćŋëå ŋăŕàăćńěŋĺľ ć ŕàĺńőęěŋĺïå âěőàěňë Ńĺŋďěŋèâàăãááă (ŋő ŕàĺńőęěŋĺï, ěáâěáâćěŋŋő, ŋě őčàăŋĺçĺćăîâáï àăňłăňĺ ąăŋăåőćőľ âěőàĺĺ ăŕŕàőłáĺňăæĺĺ).

Ŕěàćëľ ăćâőà ŋăáâőïéěľ ğăňěâłĺ âăłęě "ŕàĺŋïń ãçăáâĺě" ć ŕàĺňěŋěŋĺĺ âěőàěňë ĺ âőęě ŕàĺ ŕőŕëâłăå őâćěâĺâì őâàĺæăâěńìŋő ŋă ŋěłőâőàëě ćőŕàőáë, őâŋőáïéĺěáï ł ăŕŕàőłáĺňăæĺĺ áãňňĺàãîéĺå ĺ ďàãčőčő âĺŕă őŕěàăâőàőć ć ąăŋăåőćëå ŕàőáâàăŋáâćăå łőŋěçŋőňěàŋëňĺ ć âőľ ĺńĺ ĺŋőľ âőŕőńőčĺĺ. Ŕěàćăï àăąőâă ŕěàćőčő ăćâőàă [13] (áň. âăłęě ěě ŕőďàőąŋőě ĺğńőęěŋĺě ć [14]) ŕàĺŋěáńă őâàĺæăâěńìŋëě őâćěâë ŋă ćőŕàőáë, ŕőďőąŋëě ćőŕàőáăň Čàőâěŋďĺłă, ő áćïğĺ ňěęďã âăł ŋăğëćăěňëňĺ áćőľáâćăňĺ ăŕŕàőłáĺňăæĺĺ ĺ őčàăŋĺçěŋŋőľ ăŕŕàőłáĺňăæĺĺ ŕőàïďłă p ŕàĺ p > 1 (ďńï p = 1 íâő áőőâćěâáâćãîéĺě áćőľáâćă Čàőâěŋďĺłă, ĺ á ŋĺňĺ àăğőąàăńĺáì, łăł őâňěçăńőáì ćëèě, Ťĺčěńì ĺ Ďęőŋáőŋ). İâĺ áćőľáâćă ąëńĺ ććěďěŋë Śăäăàőň [19] ć 1970 čőďã, łőâőàëľ ŕőńãçĺń ňŋőčő ŕőńőęĺâěńìŋëå àěğãńìâăâőć, ŋő àěğãńìâăâë őâàĺæăâěńìŋőčő åăàăłâěàă (łőŋâàŕàĺňěàë) ŕőïćĺńĺáì ńĺèì ć 1981 č. Šěőàěňă Ńĺŋďěŋèâàăãááă áâăńă őáŋőćăŋĺěň, ŋă łőâőàőň ćëàőáńĺ ŕàĺňěàë ŕàőáâàăŋáâć áő áćőľáâćăňĺ ăŕŕàőłáĺňăæĺĺ ŕőàïďłă p, ŋő ąěğ áőőâćěâáâćãîéĺå áćőľáâć őčàăŋĺçěŋŋőľ ăŕŕàőłáĺňăæĺĺ, ă âăłęě ŕàĺňěàë ŋě p-ïďěàŋëå őŕěàăâőàőć á p-ïďěàŋëňĺ ćâőàëňĺ áőŕàïęěŋŋëňĺ. Ć ďăńìŋěľèěň, áŋőćă ŋă őáŋőćě âěőàěňë Ńĺŋďěŋèâàăãááă (ĺ ŕàĺňěàă İŋäńő), áâăńő ćőğňőęŋëň, ŋăŕàĺňěà, ãŕàőáâĺâì łőŋáâàãłæĺî Ťĺčěńï{ Ďęőŋáőŋă ĺ ŕőńãçĺâì, ć ŋěłőâőàőň áňëáńě, ďăęě ąőńěě áĺńìŋëľ, çěň ĺå, àěğãńìâăâ | áň. [18]. Ďńï ŋăá ŕőńěğŋő áłăğăâì ŋěáłőńìłő áńőć ő æěŋâàăńìŋőľ ĺďěě ŕàĺňěŋěŋĺï ć ğăňěâłě [18] âěőàěňë Ńĺŋďěŋèâàăãááă. Őŋă őçěŋì ŕàőáâă ĺ áãâì ěě áćőďĺâáï ł áńěďãîéěňã. Ěáńĺ z = ∑ x^∗_k ⊗ x_k | ŋěŋãńěćőľ âěŋğőàŋëľ íńěňěŋâ İŋäńő, ŕőàőęďăîéĺľ ŋãńěćőľ ïďěàŋëľ őŕěàăâőà, âő ŕàĺ ŕőňőéĺ âěőàěňë Ńĺŋďěŋèâàăãááă ňë ňőęěň ŕőďŋïâì őčàăŋĺçěŋŋãî ŕőáńěďőćăâěńìŋőáâì (x_k) ąěğ áãéěáâćěŋŋőčő ãćěńĺçěŋĺï ŋőàňë ďő ŕőáńěďőćăâěńìŋőáâĺ ć ŋěłőâőàőň áěŕăàăąěńìŋőň áőŕàïęěŋŋőň ŕàőáâàăŋáâćě á ąăğĺáőň, ŕőńãçĺć ŋěŋãńěćőľ ïďěàŋëľ őŕěàăâőà, łőâőàëľ, őďŋăłő, ŋăáńěďãěâ ŋěłőâőàëě "ŕńőåĺě" áćőľáâćă ŋăçăńìŋőčő íńěňěŋâă z. Ďăńìèě ãęě, ĺňěï ŕěàěď áőąőľ őŕàěďěńěŋŋãî æěńì, ŋěâàãďŋő ŕőńãçĺâì łőŋâàŕàĺňěà âĺŕă ŕàĺňěàă Ťĺčěńï{Ďęőŋáőŋă. İâă ęě ĺďěï ŕàőåőďĺâ (ěáńĺ ŋěňŋőčő ŕőćőğĺâìáï á çãâì ąőńěě áńőęŋőľ áĺâãăæĺěľ) ĺ ŕàĺ àăááňőâàěŋĺĺ "ŕńőåĺå" p-ïďěàŋëå âěŋğőàŋëå íńěňěŋâőć ďńï p ∈ (1, 2) (ďńï ďćőľłĺ ć ŕàĺŋæĺŕě ŋě ňőęěâ ąëâì ŕőďőąŋëå łőŋâàŕàĺňěàőć ć áĺńã "čĺńìąěàâőćőáâĺ" ŕőłăğăâěńï p = 2). Řăááňőâàěŋĺě ğďěáì ĺňěŋŋő áńãçăï p < 2 ćőğňőęŋő ąńăčőďăàï íłáâàěňăńìŋőľ łőŋáâàãłæĺĺ İŋäńő. Ěéě ć 1955 č. Čàőâěŋďĺł ãáâăŋőćĺń, çâő ŋĺłăłőľ 2/3-ïďěàŋëľ âěŋğőàŋëľ íńěňěŋâ ŋě ňőęěâ ŕőàőęďăâì ŋãńěćőľ őŕěàăâőà. Ć ŕàĺňěàě İŋäńő ŕőáâàőěŋ ŋãńěćőľ őŕěàăâőà, ŕőàőęďăěňëľ ŋěŋãńěćëň âěŋğőàŋëň íńěňěŋâőň, ïćńïîéĺňáï p-ïďěàŋëň íńěňěŋâőň ďńï ńîąőčő p > 2/3 (áň. [1], [11]). Ďńï p > 2 ŕàĺňěà İŋäńő, ńĺąő ďàãčĺě łőŋâàŕàĺňěàë ł ŕàőąńěňě ăŕŕàőłáĺňăæĺĺ Čàőâěŋďĺłă, áőěďĺŋěŋŋëě á âěőàěňőľ Ńĺŋďěŋèâàăãááă ŋĺçěčő ŕőåőęěčő (ěáńĺ ŕőńìğőćăâìáï âőľ ęě ĺďěěľ) ŋě ďăîâ, ŕőáłőńìłã ć íâőľ áĺâãăæĺĺ ŕàő ŕőáńěďőćăâěńìŋőáâì (x_k) ĺğćěáâŋő âőńìłő, çâő őŋă áńăąő p^′-áãňňĺàãěňă (áň. [14]), âőčďă łăł ŕőáńěďőćăâěńìŋőáâì äãŋłæĺőŋăńőć (x^∗_k) ćáěčő ńĺèì ăąáőńîâŋő p-áãňňĺàãěňă, ĺ âěőàěňă Ńĺŋďěŋèâàăãááă ŋě čăàăŋâĺàãěâ ćőğňőęŋőáâì ŕőďŋïâĺï ŕőáńěďőćăâěńìŋőáâĺ (x_k ) ďő áŋőćă áńăąő p^′-áãňňĺàãěňőľ ŕőáńěďőćăâěńìŋőáâĺ. Ć íâőľ áĺâãăæĺĺ ŋãęŋő ŋěłőâőàőě őąőąéěŋĺě âěőàěňë Ńĺŋďěŋèâàăãááă, ŋěłăï ňőďĺäĺæĺàőćăŋŋăï łőŋáâàãłæĺï ŕàőáâàăŋáâćă Ńĺŋďěŋèâàăãááă, ďńï łőâőàőľ ãęě áâăŋěâ ćőğňőęŋëň ŕőďŋĺňăâì áńăąő áãňňĺàãěňëě ŕőáńěďőćăâěńìŋőáâĺ ŕàĺ äăłâőàőâőąàăęěŋĺïå ďő áŋőćă ęě áńăąő áãňňĺàãěňëå ŕőáńěďőćăâěńìŋőáâěľ âăł, çâőąë "ŕńőåĺě" áćőľáâćă ŋěŋãńěćëå p-ïďěàŋëå âěŋğőàŋëå íńěňěŋâőć ŋăáńěďőćăńĺáì "ŕőďŋïâëňĺ" ďő ŕàőáâàăŋáâćă á ąăğĺáőň p-ïďěàŋëňĺ âěŋğőàŋëňĺ íńěňěŋâăňĺ ĺńĺ, çâő ć áńãçăě ŕàőáâàăŋáâćă á ąăğĺáőň âő ęě, p-ïďěàŋëňĺ őŕěàăâőàăňĺ. Ŋă áăňőň ďěńě ãęě ŕàőáâàăŋáâćő Ńĺŋďěŋèâàăãááă őąńăďăěâ íâĺň áćőľáâćőň. Őďŋă ĺğ őáŋőćŋëå æěńěľ ďăŋŋőľ àăąőâë | ŕàĺćěáâĺ ďőłăğăâěńìáâćő áőőâćěâáâćãîéěľ âěőàěňë ĺ àïď ěě ŕàĺňěŋěŋĺľ.

§0. Ŕàěďćăàĺâěńìŋëě áćěďěŋĺï Ćáě àăááňăâàĺćăěňëě ŋăňĺ ŕàőáâàăŋáâćă X, Y, Z, . . . | ąăŋăåőćë. İńěňěŋâë íâĺå ŕàőáâàăŋáâć ňë őąëçŋő őąőğŋăçăěň áőőâćěâáâćãîéĺňĺ áâàőçŋëňĺ ąãłćăňĺ: x ∈ X, y ∈ Y, . . . , x^∗ ∈ X^∗, y^{∗∗} ∈ Y^{∗∗}, . . . . Ťãŋłæĺőŋăńë ąãďãâ âăłęě őąőğŋăçăâìáï çěàěğ f ĺ â.ŕ., ă ğŋăçěŋĺï ĺå, ŋăŕàĺňěà, äãŋłæĺőŋăńă x^∗ ĺńĺ f, ŋă íńěňěŋâě x | ńĺąő çěàěğ ⟨x^∗, x⟩, ⟨f, x^∗⟩, ńĺąő çěàěğ x^∗(x), f(x); íâĺ őąőğŋăçěŋĺï àăćŋőŕàăćŋë. Ěáńĺ ŋăďő ãłăğăâì ŕàőáâàăŋáâćő, ć łőâőàőň àăááňăâàĺćăěâáï ŋőàňă ‖ · ‖ íńěňěŋâă x ∈ X, âő ňë ŕĺèěň ‖x‖_X . Őąőğŋăçěŋĺï ďńï ŕőáńěďőćăâěńìŋőáâĺ íńěňěŋâőć ŋěłőâőàőčő ňŋőęěáâćă: (f_k ), (f_k )_k ĺ â.ď., ďńï ğăňłŋãâőľ ńĺŋěľŋőľ őąőńőçłĺ B | [B]; ğŋăçěŋĺě őâőąàăęěŋĺï ŋă ŋěłőâőàőň íńěňěŋâě | Ax, A(x); ďńï őąàăğă őâőąàăęěŋĺï ĺáŕőńìğãěň łăł őąőğŋăçěŋĺě âĺŕă φ^∗X^∗, âăł ĺ âĺŕă φ(E).

Őąőğŋăçěŋĺï l_p, c_0 áâăŋďăàâŋë; ŋőàňë ć íâĺå ŕàőáâàăŋáâćăå ňë âăłęě őąőğŋăçăěň çěàěğ ‖α‖_p = ‖α‖_{lp} ďńï α = (α_k) ∈ l_p ĺ ‖α‖_∞ = ‖α‖_{c0} ćő ćâőàőň áńãçăě; r^′ - áőŕàïęěŋŋëľ á r ŕőłăğăâěńì (ŋő ć §1 ňë ĺáŕőńìğãěň ĺ ďàãčőě őąőğŋăçěŋĺě ŕàĺ ďőłăğăâěńìáâćě ńěňňë 1.2). Ďőčőćőàĺňáï ŕőď l_p ŕàĺ p = ∞ ŕőŋĺňăâì ŕàőáâàăŋáâćő c_0.

Ňë čőćőàĺň, çâő ąăŋăåőćő ŕàőáâàăŋáâćő X ćŕőńŋě áěŕăàăąěńìŋő, ěáńĺ ćáě ěčő áőŕàïęěŋŋëě ŕàőáâàăŋáâćă X^∗, X^{∗∗}, . . . áěŕăàăąěńìŋë.

Ůěàěğ L(X, Y ) őąőğŋăçăěâáï ŕàőáâàăŋáâćő ćáěå (ńĺŋěľŋëå ŋěŕàěàëćŋëå) őŕěàăâőàőć ĺğ X ć Y áő áâăŋďăàâŋőľ ŋőàňőľ (ćőőąéě, ć ďăŋŋőľ àăąőâě ŕőď âěàňĺŋőň

"őŕěàăâőà" ćáěčďă ąãďěâ ŕőŋĺňăâìáï ńĺŋěľŋëľ ŋěŕàěàëćŋëľ őŕěàăâőà).

Ňë ĺáŕőńìğãěň áâăŋďăàâŋëě őąőğŋăçěŋĺï ĺğ âěőàĺĺ őŕěàăâőàŋëå ĺďěăńőć | ˝_p, QN_p, N_p, I_p | őŕàěďěńěŋĺï íâĺå łńăááőć ňőęŋő ŋăľâĺ ć [11], [9], [10], [4] (ăąáőńîâŋő p-áãňňĺàãîéĺě, łćăğĺ-p-ïďěàŋëě, p-ïďěàŋëě, p-ĺŋâěčàăńìŋëě ć áňëáńě Čàőâěŋďĺłă őŕěàăâőàë; àăááňăâàĺćăîâáï âě ğŋăçěŋĺï ŕőłăğăâěńěľ, ďńï łőâőàëå ĺňěěâ áňëáń áőőâćěâáâćãîéěě őąőğŋăçěŋĺě). Ďăńěě, N^{reg}_p | łćăğĺŋőàňĺàőćăŋŋëľ ĺďěăń âăłĺå őŕěàăâőàőć T, çâő ćâőàőľ áőŕàïęěŋŋëľ ł T őŕěàăâőà ńěęĺâ ć N_p . Ŋěâàãďŋő ŕőŋïâì, çâő T ∈ N^{reg}_p (X, Y ) âőčďă ĺ âőńìłő âőčďă, łőčďă π_Y T ∈ N_p(X, Y^{∗∗}), čďě, łăł őąëçŋő ŕàĺŋïâő, çěàěğ π_Y őąőğŋăçăěâáï łăŋőŋĺçěáłőě ĺğőňěâàĺçěáłőě ćńőęěŋĺě ŕàőáâàăŋáâćă Y ć ěčő ćâőàőě áőŕàïęěŋŋőě Y^{∗∗} (çăáâő ňë ąãďěň őŕãáłăâì ĺŋďěłá, ãłăğëćăîéĺľ ŋă âő, łăłőě ŕàőáâàăŋáâćő ćłńăďëćăěâáï ć áćőě ćâőàőě áőŕàïęěŋŋőě, | ĺğ łőŋâěłáâă ąãďěâ ŕőŋïâŋő, čďě ďěľáâćãěâ őŕěàăâőà π. Łàőňě âőčő, ěáńĺ íâő ŋě ŕàĺćőďĺâ ł ŋěďőàăğãňěŋĺî, ňë ĺŋőčďă ąãďěň áçĺâăâì, çâő àăááňăâàĺćăěňőě ąăŋăåőćő ŕàőáâàăŋáâćő ïćńïěâáï ŕőďŕàőáâàăŋáâćőň áćőěčő ćâőàőčő áőŕàïęěŋŋőčő, | íâő ãďőąŋő, ć çăáâŋőáâĺ, ďńï ãŕàőéěŋĺľ ŋěłőâőàëå äőàňãń). Ŋőàňë ć ãłăğăŋŋëå őŕěàăâőàŋëå ŕàőáâàăŋáâćăå ąãďãâ őąőğŋăçăâìáï, áőőâćěâáâćěŋŋő, çěàěğ π_p | ďńï ŕěàćëå ďćãå, ν_p ĺ i_p | ďńï ćâőàőľ ŕăàë. Őâňěâĺň, çâő ěáńĺ ŕàőáâàăŋáâćő X àěäńěłáĺćŋő ĺńĺ ĺňěěâ áěŕăàăąěńìŋőě áőŕàïęěŋŋőě, âő ˝_p(X, Y ) = QN_p(X, Y ) ĺ I_p(X, Y^{∗∗}) = N_p(X, Y^{∗∗}) ďńï ćáïłőčő ąăŋăåőćă ŕàőáâàăŋáâćă Y ĺ ńîąőčő p ∈ [1, ∞) (áň. [9], [12]).

Ěáńĺ 0 < p 6 ∞, âő çěàěğ X^∗ ^⊗_pY őąőğŋăçăěâáï ăááőæĺĺàőćăŋŋőě á ŕàőáâàăŋáâćőň N_p(X, Y ) p-ŕàőěłâĺćŋőě âěŋğőàŋőě ŕàőĺğćěďěŋĺě. Şďőąŋő ąãďěâ ĺáŕőńìğőćăâì őąőğŋăçěŋĺě ~z ďńï őŕěàăâőàă, ŕőàőęďăěňőčő ŋěłőâőàëň âěŋğőàŋëň íńěňěŋâőň z ∈ X^∗ ^⊗_pY, ă âăłęě ĺŋőčďă çěàěğ A ∘ z áãŕěàŕőğĺæĺî A ĺ z, čďě A, z | âěŋğőàë ĺńĺ őŕěàăâőàë. Ć őáŋőćŋőň, łàãęőł ňë ąãďěň ĺáŕőńìğőćăâì âőčďă, łőčďă őďĺŋ ĺğ áĺňćőńőć A, Z őąőğŋăçăěâ âěŋğőàŋëľ íńěňěŋâ.

Ŋăŕőňŋĺň, çâő ěáńĺ 1 6 p 6 ∞, âő (X^∗ ^⊗_pY )^∗ = ˝_p′ (Y, X^{∗∗}) á ěáâěáâćěŋŋőľ ďćőľáâćěŋŋőáâìî, őŕàěďěńïěňőľ ŕàĺ ŕőňőéĺ áńěďă áãŕěàŕőğĺæĺĺ őŕěàăâőàőć [19], [11].

Ŕãáâì p ∈ (0, ∞]. Čőćőàïâ, çâő ąăŋăåőćő ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň AP_p ăŕŕàőłáĺňăæĺĺ ŕőàïďłă p (łőàőâłő | Y ∈ AP_p), ěáńĺ ďńï ńîąőčő ąăŋăåőćă ŕàőáâàăŋáâćă X łăŋőŋĺçěáłőě őâőąàăęěŋĺě X^∗ ^⊗_p Y → L (X, Y ) ćğăĺňŋő őďŋőğŋăçŋő (ĺ, áńěďőćăâěńìŋő, X^∗ ^⊗_p Y = N_p(X, Y )). Ŕàĺ p ∈ [1, ∞] ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň BAP_p, ěáńĺ ďńï ńîąőčő X ěáâěáâćěŋŋőě őâőąàăęěŋĺě X^∗ ^⊗_p Y → I_p(X, Y ) ěáâì C-ĺğőňěâàĺçěáłőě ćńőęěŋĺě ďńï ŋěłőâőàőčő çĺáńă C ≥ 1; ć áńãçăě, łőčďă łőŋáâăŋâã C ňőęŋő ćğïâì àăćŋőľ 1, čőćőàïâ, çâő Y őąńăďăěâ áćőľáâćőň MAP_p.

Ěáńĺ p = 1, âő ňë ĺáŕőńìğãěň őąéěŕàĺŋïâëě ć íâőň áńãçăě ăąąàěćĺăâãàë AP, BAP, MAP, ĺ čőćőàĺň ŕàőáâő ő áćőľáâćăå ăŕŕàőłáĺňăæĺĺ, őčàăŋĺçěŋŋőľ ăŕŕàőłáĺňăæĺĺ ĺ ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ.

Ěáńĺ X^∗ ĺńĺ Y őąńăďăěâ áćőľáâćőň ăŕŕàőłáĺňăæĺĺ ĺ p ∈ [1, ∞], âő QN_p(X, Y )^∗ = I_p′ (Y, X^{∗∗}). Ć őďŋőň ňěáâě àăąőâë ŋăň ąãďěâ ãďőąŋő ĺáŕőńìğőćăâì ěéě ĺ âăłőě őąőğŋăçěŋĺě:

X^∗ ∈ AP^{dual}_p , ěáńĺ ďńï ńîąőčő Y ěáâěáâćěŋŋőě őâőąàăęěŋĺě X^∗ ^⊗_pY → L(X, Y ) ćğăĺňŋő őďŋőğŋăçŋő. Ŕőŋïâŋő, çâő íâő ŋěłőâőàőě ŋőćőě ăŕŕàőłáĺňăæĺőŋŋőě ãáńőćĺě, ŋăńăčăěňőě ŋă ŕàőáâàăŋáâćő X^∗, ĺ ňőęŋő őŕàěďěńĺâì áőőâćěâáâćãîéĺě ăŕŕàőłáĺňăæĺőŋŋëě áćőľáâćă ďńï ŕàőĺğćőńìŋőčő ŋě őąïğăâěńìŋő áőŕàïęěŋŋőčő ŕàőáâàăŋáâćă. Ňë őďŋăłő, ŕő łàăľŋěľ ňěàě ć íâőľ àăąőâě, ŋě ŕőľďěň âăł ďăńěłő ĺ ŋě áâăŋěň ĺááńěďőćăâì ąăŋăåőćë ŕàőáâàăŋáâćă, őąńăďăîéĺě ŕőďőąŋëňĺ ăŕŕàőłáĺňăæĺőŋŋëňĺ áćőľáâćăňĺ, ă őčàăŋĺçĺňáï ćáěčő ńĺèì ććěďěŋŋëň őąőğŋăçěŋĺěň.

Ąãďěň čőćőàĺâì, çâő őŕěàăâőà T : X → Y (łőňŕăłâŋő) äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő Z, ěáńĺ ŋăľďãâáï ďćă (łőňŕăłâŋëå) őŕěàăâőàă A : X → Z ĺ B : Z → Y, ďńï łőâőàëå T = BA. Ěáńĺ Z = L_p(μ), âő čőćőàïâ ő p-äăłâőàĺğãěňëå őŕěàăâőàăå (őáŋőćŋãî ĺŋäőàňăæĺî őą ĺďěăńě âăłĺå őŕěàăâőàőć ňőęŋő ŋăľâĺ ć [11]).

Ć §1 ŋăň ŕőŋăďőąïâáï ŋěłőâőàëě ąőńěě łőŋłàěâŋëě ŕőŋïâĺï ĺ őďĺŋ ŕàőáâőľ äăłâ, łőâőàëě ňë áěľçăá ĺ ćáŕőňŋĺň.

Ŕãáâì 0 < r 6 ∞. Ŕőáńěďőćăâěńìŋőáâì (z_k) íńěňěŋâőć ŋőàňĺàőćăŋŋőčő ŕàőáâàăŋáâćă Z ŋăğëćăěâáï áńăąő r-áãňňĺàãěňőľ, ěáńĺ (⟨z^∗, z_k⟩) ∈ l_r ďńï ćáěå äãŋłæĺőŋăńőć z^∗ ∈ Z^∗. Ňë ŕőńăčăěň ε_r(z_k) := sup{‖(⟨z^∗, z_k⟩)‖_{lr} : ‖z^∗‖ 6 1}.

Ŕãáâì r > 1 ĺ (h_k) őąőğŋăçăěâ áâăŋďăàâŋãî ŕőáńěďőćăâěńìŋőáâì őàâőć ŕàőáâàăŋáâćă l_r (ć áńãçăě r = ∞ ňë áěľçăá àăááňăâàĺćăěň ŕàőáâàăŋáâćő c_0). Ąěğ âàãďă ŕàőćěàïěâáï, çâő ŕőáńěďőćăâěńìŋőáâì (z_k) íńěňěŋâőć ŕàőáâàăŋáâćă Z ïćńïěâáï áńăąő ráãňňĺàãěňőľ âőčďă ĺ âőńìłő âőčďă, łőčďă ćŕőńŋě őŕàěďěńěŋ ĺ őčàăŋĺçěŋ ńĺŋěľŋëľ őŕěàăâőà T : l_r′ → Z, ğăďăŋŋëľ áőőâŋőèěŋĺïňĺ T h_k := z_k; ŕàĺ íâőň ‖T ‖ = ε_r(z_k).

Ŋăŕőňŋĺň, çâő ąăğĺá Ÿăãďěàă (z_k) ąăŋăåőćă ŕàőáâàăŋáâćă Z ŋăğëćăěâáï őčàăŋĺçěŋŋő ŕőńŋëň, ěáńĺ ďńï ćáïłőľ çĺáńőćőľ ŕőáńěďőćăâěńìŋőáâĺ (a_k) âăłőľ, çâő sup_N ‖ ∑_N k=1 a_kz_k‖ < ∞, àïď ∑_∞ k=1 a_kz_k áåőďĺâáï, ĺ ŋăğëćăěâáï ŋăâïčĺćăîéĺň ąăğĺáőň, ěáńĺ ąĺőàâőčőŋăńìŋăï á ŋĺň áĺáâěňă äãŋłæĺőŋăńőć őąàăğãěâ ąăğĺá áőŕàïęěŋŋőčő ŕàőáâàăŋáâćă Z^∗. Ěáńĺ ąăğĺá ŋăâïčĺćăîéĺľ, âő ąĺőàâőčőŋăńìŋăï áĺáâěňă äãŋłæĺőŋăńőć | őčàăŋĺçěŋŋő ŕőńŋëľ ąăğĺá. Ěáńĺ ąăğĺá (z_k ) őčàăŋĺçěŋŋő ŕőńŋëľ, âő ŕàőáâàăŋáâćő Z ĺğőňőàäŋő áőŕàïęěŋŋőňã ŕàőáâàăŋáâćã, âőçŋěě, ŕàőáâàăŋáâćã, áőŕàïęěŋŋőňã ł ńĺŋěľŋőľ őąőńőçłě ąĺőàâőčőŋăńìŋőľ áĺáâěňë äãŋłæĺőŋăńőć íâőčő ąăğĺáă; ć áńãçăě, łőčďă őčàăŋĺçěŋŋő ŕőńŋëľ ąăğĺá ïćńïěâáï ňőŋőâőŋŋëň, Z ďăęě ĺğőňěâàĺçŋő ãłăğăŋŋőňã áőŕàïęěŋŋőňã ŕàőáâàăŋáâćã (ŕőďàőąŋőáâĺ ĺ ďàãčĺě áćőľáâćă ąăğĺáőć ňőęŋő ŋăľâĺ ć ňőŋőčàăäĺĺ [7, àăğďěń 1.b]).

Śńěďãîéĺľ äăłâ, łőŋěçŋő, åőàőèő ĺğćěáâěŋ, ŋő ŕőáłőńìłã ňë ŋě ňőęěň ŕàĺćěáâĺ łőŋłàěâŋãî ááëńłã ŋă áőőâćěâáâćãîéãî ńĺâěàăâãàã, âő ŕàĺćěďěň ěčő ďőłăğăâěńìáâćő. Ŕőď ěďĺŋĺçŋëň íńěňěŋâőň ŋőàňĺàőćăŋŋőčő ŕàőáâàăŋáâćă ąãďěň ŕőŋĺňăâì ńîąőľ íńěňěŋâ ěďĺŋĺçŋőľ ŋőàňë.

Ńěňňă 0.1. Ćáïłĺľ ěďĺŋĺçŋëľ íńěňěŋâ ŕàőáâàăŋáâćă X àăğńăčăěâáï ć ăąáő-

ńîâŋő áåőďïéĺľáï àïď ŕő ńîąőľ ğăàăŋěě äĺłáĺàőćăŋŋőľ ε-áěâĺ ěďĺŋĺçŋőľ áäěàë S(X) ŕàőáâàăŋáâćă X (0 < ε < 1). Ŕàĺ íâőň, àăğãňěěâáï, áăňă áěâì ŋě őąïğăŋă ńěęăâì ŋă íâőľ áäěàě.

Ďőłăğăâěńìáâćő. Ŕãáâì 0 < ε < 1, V | ε-áěâì ďńï áäěàë S(X). Ćőğìňěň ŕàőĺğćőńìŋëľ íńěňěŋâ x ∈ S(X) ĺ ćëąěàěň ďńï ŋěčő âăłőľ x_1 ∈ V, çâő α_2 := ‖x−x_1‖ 6 ε.

Ďăńěě, ŋăľďěň x_2 ∈ V, ďńï łőâőàőčő ‖ ‖ ‖ ‖ x − x_1 ‖x − x_1‖ − x_2 ‖ ‖ ‖ ‖ 6 ε ĺ ŕőńőęĺň α3 := ‖x −

x_1 − α_2 x_2‖. Šěŕěàì ćëąěàěň âăłőľ x_3 ∈ V, çâő ‖ ‖ ‖ ‖ x − x_1 − α_2 x_2 ‖x − x_1 − α_2 x_2‖ − x_3 ‖ ‖ ‖ ‖ 6 ε ĺ ŕőńőęĺň α_4 := ‖x − x_1 − α_2 x_2 − α_3 x_3‖ ĺ â.ď.. Ňë ŕőńãçĺň àăğńőęěŋĺě íńěňěŋâă x ć áåőďïéĺľáï àïď:

x = x_1 + α_2 x_2 + α_3 x_3 + . . . , x_k ∈ V, |α_k| 6 ε^{k−1}, k = 1, 2, 3, . . . �

Ć çăáâŋőáâĺ, ěáńĺ {x_n} | áçěâŋőě ćáîďã ŕńőâŋőě ŋă ěďĺŋĺçŋőľ áäěàě ŕàőáâàăŋáâćă X ňŋőęěáâćő, ŕőáńěďőćăâěńìŋőáâì ěďĺŋĺçŋëå íńěňěŋâőć {e_n} ĺğ ŋőàňĺàőćăŋŋőčő ŕàőáâàăŋáâćă E ŕőàőęďăěâ ćáě E ĺ ńĺŋěľŋőě őâőąàăęěŋĺě, ŕěàěćőďïéěě e_n ć x_n, ŋěŕàěàëćŋő, âő ěčő őąàăğ ěáâì ćáě ŕàőáâàăŋáâćő X. Ďěľáâćĺâěńìŋő, ňőęŋő àăááňőâàěâì ďőŕőńŋĺâěńìŋő ěáâěáâćěŋŋőě őâőąàăęěŋĺě l_1 → E, ŕěàěćőďïéěě ąăğĺáŋëě ćěłâőàë ŕàőáâàăŋáâćă l_1 ć íńěňěŋâë e_n (őŋő, łőŋěçŋő, ŋěŕàěàëćŋő) ĺ ćğïâì áãŕěàŕőğĺæĺî l_1 → E → X, łőâőàăï ąãďěâ ďěľáâćőćăâì "ŋă" ŕő ćëèěáłăğăŋŋőňã, ĺ âěň ąőńěě, őąàăğ E ŋăłàőěâ ćáě ŕàőáâàăŋáâćő X.

§1. Őąőąéěŋĺě âěőàěňë Ľ. Ńĺŋďěŋèâàăãááă Ŕőď äăłâőàőâőąàăęěŋĺěňĺğ ŕàőáâàăŋáâćă Y ŋă ŕàőáâàăŋáâćő X ňë ŕőŋĺňăěň âăłőě őâőąàăęěŋĺě φ : Y → X, çâő ěáâěáâćěŋŋőě őâőąàăęěŋĺě ĺğ Y / Ker φ ŋă X ěáâì ĺğőňěâàĺï. Ůěàěğ π : Y → Y^{∗∗} ŋĺęě őąőğŋăçăěâáï łăŋőŋĺçěáłőě ćńőęěŋĺě ŕàőáâàăŋáâćă Y ć ěčő ćâőàőě áőŕàïęěŋŋőě Y^{∗∗}.

Šěőàěňă 1.1. Ďńï ćáïłőčő áěŕăàăąěńìŋőčő ąăŋăåőćă ŕàőáâàăŋáâćă X áãéěáâćãěâ

ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Y, őąńăďăîéěě áńěďãîéĺňĺ áćőľáâćăňĺ.

1) Y ĺňěěâ ňőŋőâőŋŋëľ ŋăâïčĺćăîéĺľ ąăğĺá ĺ, áńěďőćăâěńìŋő, áőŕàïęěŋŋőě ŕàőáâàăŋáâćő Y^∗ áěŕăàăąěńìŋő ĺ ĺňěěâ ňőŋőâőŋŋëľ őčàăŋĺçěŋŋő ŕőńŋëľ ąăğĺá;

2) áãéěáâćãěâ äăłâőàőâőąàăęěŋĺě φ ĺğ Y^∗ ŋă X;

3) Y^{∗∗} = πY ⊕ φ^∗X^∗ (ĺ, áńěďőćăâěńìŋő, Y^{∗∗} ĺğőňőàäŋő ŕàőáâàăŋáâćã Y ⊕ X^∗). 4) Ďńï ćáïłőčő ε > 0, ńîąőčő r ∈ [1, +∞) ĺ ďńï łăęďőľ áńăąő r-áãňňĺàãěňőľ ŕőáńěďőćăâěńìŋőáâĺ (z_k) ć X áãéěáâćãěâ âăłăï áńăąő r-áãňňĺàãěňăï ŕőáńěďőćăâěńìŋőáâì (y^∗_k) ć Y^∗, çâő φ(y^∗_n) = z_n, n = 1, 2, . . . , ĺ ε_r(y^∗_n) 6 ε_r(z_n) + ε.

Ŋă áăňőň ďěńě ŕàőáâàăŋáâćő Y ć íâőľ âěőàěňě | ŋě çâő ĺŋőě, łăł ŕàőáâàăŋáâćő Ńĺŋďěŋèâàăãááă ĺğ [6]. Ŕőíâőňã ňë ŋăŕőňŋĺň ěčő őŕàěďěńěŋĺě.

Ŕãáâì S = {x_i} | áçěâŋőě ćáîďã ŕńőâŋőě ŕőďňŋőęěáâćő ěďĺŋĺçŋőľ áäěàë ŕàőáâàăŋáâćă X. Řăááňőâàĺň ŕàőáâàăŋáâćő ćáěå ćěéěáâćěŋŋëå ŕőáńěďőćăâěńìŋőáâěľ α = (α_j ), ďńï łőâőàëå

(1.1) ‖α‖ := sup_{k∈} sup_{0=n0<n1<···<nk} k∑ j=1 ‖ ‖ ‖ ‖ ‖ n_j∑

i=n_{j−1}+1 α_ix_i⟩ ‖ ‖ ‖ ‖ ‖ 2 1/2 < ∞. İâő ŕàőáâàăŋáâćő áőŕàïęěŋő ł ŋěłőâőàőňã ąăŋăåőćã ŕàőáâàăŋáâćã, łőâőàőě ňë ĺ őąőğŋăçĺň çěàěğ Y. Ŕãáâì (e_k) | ŕőáńěďőćăâěńìŋőáâì őàâőć ć ŕàőáâàăŋáâćě Y^∗, àăááňăâàĺćăěňőň łăł ŕàőáâàăŋáâćő ŕőáńěďőćăâěńìŋőáâěľ á ŋőàňőľ (1.1). Ŕàőáâàăŋáâćő Y őâőęďěáâćĺňő á ğăňłŋãâőľ ńĺŋěľŋőľ őąőńőçłőľ ć Y^{∗∗} ąĺőàâőčőŋăńìŋőľ ł (e_k) áĺáâěňë äãŋłæĺőŋăńőć (f_k ), ŕàĺçěň (e_k) őąàăğãěâ ňőŋőâőŋŋëľ őčàăŋĺçěŋŋő ŕőńŋëľ ąăğĺá ć Y^∗. Ć [6] âăłęě ŕőłăğăŋő, çâő ěáâěáâćěŋŋőě őâőąàăęěŋĺě φ : Y^∗ → X, ŕěàěćőďïéěě őàâë (e_k) ć áőőâćěâáâćãîéĺě ěďĺŋĺçŋëě íńěňěŋâë (x_k), ěáâì äăłâőàőâőąàăęěŋĺě ĺ, łàőňě âőčő, çâő Y őąńăďăěâ áćőľáâćőň 3). Ňë ãáâăŋőćĺň áćőľáâćő 4) âěőàěňë ŋě ŕàïňëň ŕãâěň, ă ććěďï ŋěłőâőàőě ďőŕőńŋĺâěńìŋőě ŕàőáâàăŋáâćő E ĺ ěéě őďŋő äăłâőàőâőąàăęěŋĺě, ŋă íâőâ àăğ ĺğ E ć X.

Řăááňőâàĺň ŕàőáâàăŋáâćő ćáěå ćěéěáâćěŋŋëå ŕőáńěďőćăâěńìŋőáâěľ α = (α_j ), ďńï łőâőàëå

(1.2) ‖α‖ := sup_{f∈X ∗} ‖f‖=1 sup_{k∈} sup 0=n_0<n_1<···<n_k k∑ j=1 | | | | | ⟨f, n_j∑

i=n_{j−1}+1 α_ix_i⟩ | | | | | 2 1/2 < ∞.

Őâňěâĺň áàăğã, çâő ĺğ (1.2) ňőňěŋâăńìŋő ćëâěłăěâ âőâ äăłâ, çâő ďńï α ∈ E_1 ćáě ŋőàňë ćĺďă ‖ ∑_N i=1 α_ix_i‖ ŋě ŕàěćőáåőďïâ ‖α‖.

Ďăńěě, ďńï łăęďőčő f ∈ X^∗ àïď ∑ i⟨f, α_ix_i⟩ áåőďĺâáï. Ďěľáâćĺâěńìŋő, ŕãáâì ŕőďőąŋëľ àïď àăáåőďĺâáï. Šőčďă őŋ ŋě áåőďĺâáï ć áěąě, ĺ ďńï ŋěłőâőàőčő ε > 0 ňë ňőęěň ŋăľâĺ æěŕőçłã 0 < l_1 < m_1 < l_2 < m_2 < · · · < l_k < m_k < . . . ŋăâãàăńìŋëå çĺáěń, ďńï łőâőàőľ ńîąőľ őâàěğőł àïďă ćĺďă ∑_{mk} i=l_k+1⟨f, αixi⟩ ąãďěâ ŕő ňőďãńî

ąőńìèě ε. İâő ŕàőâĺćőàěçĺâ ãáńőćĺî (1.2).

Šăłĺň őąàăğőň, àïď ∑ i α_ix_i áńăąő áåőďĺâáï ć áěąě ĺ, áńěďőćăâěńìŋő,^∗-áńăąő áåőďĺâáï ć ŕàőáâàăŋáâćě X^{∗∗} ł ŋěłőâőàőňã íńěňěŋâã, łőâőàëľ ňë őąőğŋăçĺň çěàěğ φ_1(α). Ťőàňãńă φ_1(α) := w^∗-lim_N ∑_N i=1 α_ix_i őŕàěďěńïěâ ěáâěáâćěŋŋőě őâőąàăęěŋĺě φ_1 : E_1 → X^{∗∗}, ŕàĺçěň ŕőŋïâŋő, çâő ‖φ_1‖ 6 1. Őŕàěďěńĺň, ŋăłőŋěæ, ŕàőáâàăŋáâćő E łăł ŕàőőąàăğ ŕőďŕàőáâàăŋáâćă π_X X ⊂ X^{∗∗} ŕàĺ őâőąàăęěŋĺĺ φ_1. Őâőąàăęěŋĺě φ_1 ĺŋďãæĺàãěâ áőőâćěâáâćãîéěě őâőąàăęěŋĺě ĺğ E ć X, łőâőàőě ňë áŋőćă ąãďěň őąőğŋăçăâì çěàěğ φ_1, ĺ, ŕő ńěňňě 0.1, íâő őâőąàăęěŋĺě ěáâì äăłâőàőâőąàăęěŋĺě ĺğ E ŋă X (âăł łăł φ(e_k) = x_k ĺ ňŋőęěáâćő S ŕńőâŋő ŋă áäěàě ŕàőáâàăŋáâćă X). Őąőğŋăçĺň ěéě çěàěğ J âőęďěáâćěŋŋőě őâőąàăęěŋĺě ĺğ Y^∗ ć E, âăł çâő φ = φ_1J. Ğăňěâĺň, çâő, ŕőáłőńìłã (f_k ) ⊂ E^∗ ĺ Y^{∗∗} = Y ⊕ φ^∗(X^∗) = Y ⊕ J^∗φ^∗_1(X), âő, ć çăáâŋőáâĺ, J^∗(E^∗) ŕńőâŋő ŕő ŋőàňě ć ŕàőáâàăŋáâćě Y^{∗∗}.

Ńěňňă 1.2. Ďńï ćáïłőčő ε > 0, ńîąőčő r ∈ [1, +∞) ĺ ďńï łăęďőľ áńăąő r-áãňňĺàã-

ěňőľ ŕőáńěďőćăâěńìŋőáâĺ (z_k) ć X áãéěáâćãěâ âăłăï áńăąő r-áãňňĺàãěňăï ŕőáńěďőćăâěńìŋőáâì (y^∗_k) ć Y^∗, çâő φ(y^∗_n) = z_n, n = 1, 2, . . . , ĺ ε_r(y^∗_n) 6 ε_r(z_n) + ε.

Ďőłăğăâěńìáâćő. Ŕãáâì ε > 0, r ∈ [1, +∞) ĺ (z_k) | ŕàőĺğćőńìŋăï áńăąő r-áãňňĺ-àãěňăï ŕőáńěďőćăâěńìŋőáâì ć X. Ňë ąãďěň áçĺâăâì, çâő ‖z_k‖ 6 1 ďńï łăęďőčő k. Ŕãáâì, ďăńěě, (ε_k) ∈ l_1, δ := ∑_∞ 1 ε_k ĺ w_k := x_{mk} (m_1 < m_2 < . . . ) | âăłăï ŕőáńěďőćăâěńìŋőáâì íńěňěŋâőć ňŋőęěáâćă S, çâő ‖ ‖ ‖ ‖w^k − z_k ‖z_k‖ ‖ ‖ ‖ ‖_X < ε^k ďńï ćáïłőčő k. Ŋăłőŋěæ, ŕãáâì (y^∗_k ) | ŕőáńěďőćăâěńìŋőáâì íńěňěŋâőć Y^∗, ďńï łőâőàőľ ‖e_{mk} − y^∗_k ‖_Y ∗ < ε_k ĺ φ(y^∗_k ) = z_k ‖z_k‖ . Ňë ãâćěàęďăěň, çâő íńěňěŋâë y^∗_k := ‖z_k‖ y^∗_k őąàăğãîâ ŋãęŋãî ŋăň áńăąő r-áãňňĺàãěňãî ŕőáńěďőćăâěńìŋőáâì ć Y^∗. Ďńï íâőčő ďőáâăâőçŋő, ć áĺńã áĺńìŋőľ ŕńőâŋőáâĺ J^∗E^∗ ć Y^{∗∗}, ŕőłăğăâì, çâő (Jy^∗_k) áńăąő r-áãňňĺàãěňă ć E.

Ďńï ďőłăğăâěńìáâćă ŕőáńěďŋěčő àăááňőâàĺň ńĺŋěľŋëľ őŕěàăâőà (äőàňăńìŋő ğă-

ďăŋŋëľ ŋă äĺŋĺâŋëå ŕőáńěďőćăâěńìŋőáâïå) T : l_s → E, čďě 1/s + 1/r = 1, őŕàě-

ďěńïěňëľ áőőâŋőèěŋĺïňĺ T h_k = Jy^∗_k, k > 1 (ğďěáì h_k | k-ľ őàâ ć l_s). Ĺňěěň ďńï

α ∈ l_s (ŕàĺ s = ∞ ŋãęŋă áőőâćěâáâćãîéăï ňőďĺäĺłăæĺï): ‖T α‖ = ‖ ‖ ‖ ‖ ‖ ∞∑ k=1 α_kJy^∗_k ‖ ‖ ‖ ‖ ‖_E 6 ‖ ‖ ‖ ‖ ‖ ∞∑ k=1 α_k (‖z_k‖ Jy^∗_k − ‖z_k‖ e_{mk} ) ‖ ‖ ‖ ‖ ‖_E + ‖ ‖ ‖ ‖ ‖ ∞∑ k=1 α_k‖z_k‖ e_{mk} ‖ ‖ ‖ ‖ ‖_E 6

6

(_∞ ∑ k=1 |α_k|^s )_{1/s} (_∞ ∑ k=1 ‖Jy^∗_k − e_{mk} ‖^r_E )_{1/r} + ‖ ‖ ‖ ‖ ‖ ∞∑ k=1 α_k‖z_k‖ e_{mk} ‖ ‖ ‖ ‖ ‖_E 6 6 ‖α‖s^{∞∑}_{k=1} εk + ‖ ‖ ‖ ‖ ∞∑ k=1 α_k‖z_k‖ e_{mk} ‖ ‖ ‖ ‖ E n. Őæěŋĺň ćâőàőě áńăčăěňőě ć ŕőáńěďŋěľ áãňňě. Ďńï k ∈ N, 0 = n_0 < n_1 < · · · < n_k ĺ f ∈ X^∗, ‖f‖ 6 1 :

k∑ j=1 | | | | | ⟨ n_j∑

i=n_{j−1}+1 α_i ‖z_i‖ w_i, f⟩ | | | | | 2 = k∑ j=1 | | | | | n_j∑

i=n_{j−1}+1 α_i ⟨‖z_i‖ w_i, f⟩ | | | | | 2

                           6

6^{k∑}_{j=1}

(| | | | n_j∑

i=n_{j−1}+1 α_i ⟨z_i, f⟩ | | | | | + | | | | | n_j∑

i=n_{j−1}+1 α_i ⟨‖z_i‖ ( w_i − z_i ‖z_i‖ ) , f⟩ | | | | | )_2

                                   6

6^{k∑}_{j=1}

(| | | n_j∑

i=n_{j−1}+1 α_i ⟨z_i, f⟩ | | | | + ‖α‖s n_j∑

i=n_{j−1}+1 ε_i )_2

6^{k∑}_{j=1} | | | | n_j∑

i=n_{j−1}+1 α_i ⟨z_i, f⟩ | | | | 2 +

+ 2 ‖α‖_s max_16_j6_k | | | | n_j∑

i=n_{j−1}+1 α_i ⟨z_i, f⟩ | | | | ∞∑ k=1 ε_k + ‖α‖^2_s (_∞ ∑ k=1 ε_k )_2

                    6

6^{k∑}_{j=1}

| | | | n_j∑

i=n_{j−1}+1 α_i ⟨z_i, f⟩ | | | | 2 +2 ‖α‖^2_s ε_r(z_n) δ + ‖α‖^2_s δ^2.

Ŕàĺ s > 2 (ĺ, áńěďőćăâěńìŋő, r 6 2) ĺňěěň: k∑ j=1 | | | | | n_j∑

i=n_{j−1}+1 α_i ⟨z_i, f⟩ | | | | | 2 6^{k∑}_{j=1} (_{nj} ∑ i=n_{j−1}+1 |α_i|^s )_{2/s} (_{nj} ∑ i=n_{j−1}+1 |⟨z_i, f⟩|^r )_{2/r}

                                6

6 max_16_j6_k

(_{nj} ∑ i=n_{j−1}+1 |α_i|^s )_{2/s} (_k ∑ j=1 n_j∑

i=n_{j−1}+1 |⟨z_i, f⟩|^r )_{2/r} 6 ‖α‖^2_s εr (zn)^2.

Ŕàĺ s ∈ [1, 2] ĺňěěň: k∑ j=1 | | | | | n_j∑

i=n_{j−1}+1 α_i ⟨z_i, f⟩ | | | | | 2

       6

6^{k∑}_{j=1}

(_{nj} ∑ i=n_{j−1}+1 |α_i|^s )_{2/s} max 16j6k (_{nj} ∑ i=n_{j−1}+1 |⟨z_i, f⟩|^r )_{2/r} 6 ‖α‖^2_s εr (zn)^2. Ŕàĺ s = ∞ : k∑ j=1 | | | | | n_j∑

i=n_{j−1}+1 α_i ⟨z_i, f⟩ | | | | | 2 6^{k∑}_{j=1} ( max_i |α_i| n_j∑

i=n_{j−1}+1 |⟨z_i, f⟩| )_2

                 6

6 max_n¿_1 |αn|^{2 k∑}_{j=1}

(_{nj} ∑ i=n_{j−1}+1 |⟨z_i, f⟩| )_2

6 ‖α‖^2_{c0} ε1 ((zn))^2 .

Śńěďőćăâěńìŋő, ‖T α‖ 6 ‖α‖_s δ + ( ‖α‖^2_sε_r (z_n)^2 + 2 ‖α‖^2_sε_r (z_n) δ + ‖α‖^2_sδ^2 )_{1/2} , őâłãďă

‖T α‖ 6 ‖α‖_s (ε_r (z_n) + o(1)) ŕàĺ δ → 0, â.ě. ‖T ‖ 6 ε_r(z_n) + o(1) ŕàĺ δ → 0. Šăł

łăł (y^∗_n) ěáâì őąàăğ ŕőáńěďőćăâěńìŋőáâĺ őàâőć ŕàőáâàăŋáâćă l_s ŕàĺ őâőąàăęěŋĺĺ T,

âő ĺğ ŕőáńěďŋěčő ćëâěłăěâ, çâő ŕàĺ ďőáâăâőçŋő ňăńőň δ > 0 ąãďěâ ćëŕőńŋïâìáï

ŋěàăćěŋáâćő ε_r(y^∗_n) 6 ε_r(z_n) + ε; ć çăáâŋőáâĺ, ŕőáńěďőćăâěńìŋőáâì (y^∗_n) áńăąő r-

áãňňĺàãěňă ĺ ŕő ŕőáâàőěŋĺî ěě őąàăğ ŕàĺ őâőąàăęěŋĺĺ φ ěáâì ŕőáńěďőćăâěńìŋőáâì

(z_n). �

Ğăňěçăŋĺě 1.3. Ŕàěďáâăćńïěâáï ĺŋâěàěáŋëň áńěďãîéăï ŕěàěäőàňãńĺàőćłă âěő-

àěňë 1.1: ďńï ńîąőčő áěŕăàăąěńìŋőčő ąăŋăåőćă ŕàőáâàăŋáâćă X áãéěáâćãěâ áěŕă-

àăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Y, őąńăďăîéěě áćőľáâćăňĺ 1){3) ĺğ âěőàěňë 1.1

ĺ âăłőě, çâő ďńï ćáïłőčő ε > 0 ĺ ńîąőčő p ∈ [1, +∞] łăęďëľ őŕěàăâőà T : l_p → X

ňőęěâ ąëâì ŕőďŋïâ (őâŋőáĺâěńìŋő äăłâőàőâőąàăęěŋĺï φ) ďő ŋěŕàěàëćŋőčő ńĺŋěľ-

ŋőčő őŕěàăâőàă ~T : l_p → Y^∗ âăł, çâő ‖ ~T ‖ 6 ‖T ‖ + ε.

Śńěďáâćĺě 1.4. Ďńï ńîąőčő áěŕăàăąěńìŋőčő ŕàőáâàăŋáâćă X áãéěáâćãěâ âăłőě

ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Z, çâő

(i) Z^{∗∗} áěŕăàăąěńìŋő ĺ ĺňěěâ ąăğĺá;

(ii) áãéěáâćãěâ ńĺŋěľŋëľ čőňőňőàäĺğň ψ ĺğ Z^{∗∗} ŋă X á ïďàőň πZ ĺ âăłőľ, çâő ŕőďŕàőáâàăŋáâćő ψ^∗X^∗ ďőŕőńŋïěňő ć Z^{∗∗∗};

(iii) ďńï ćáïłőčő ε > 0, ńîąőčő r ∈ [1, +∞) ĺ ďńï łăęďőľ áńăąő r-áãňňĺàãěňőľ ŕőáńěďőćăâěńìŋőáâĺ (x_k) ć X áãéěáâćãěâ âăłăï áńăąő r-áãňňĺàãěňăï ŕőáńěďőćăâěńìŋőáâì (z^{∗∗}_k ) ć Z^{∗∗}, çâő ψ(z^{∗∗}_k ) = x_k, k = 1, 2, . . . , ĺ ε_r (z^{∗∗}_k ) 6 (2 + ε) ε_r (x_k).

Ďőłăğăâěńìáâćő. Ŕãáâì Y ĺ φ : Y^∗ → X | ĺğ âěőàěňë 1.1, Z := Ker φ, I : Z → Y^∗ | âőęďěáâćěŋŋőě ćńőęěŋĺě. Ŕőńőęĺň T := I^∗π_Y : Y → Y^{∗∗} → Z^∗. Šőčďă T ěáâì ĺğőňőàäĺğň ĺğ Y ŋă Z^∗ ĺ, âăł łăł ⟨T^∗π_Z z, y⟩ = ⟨π_Z z, T y⟩ = ⟨T y, z⟩ = ⟨I^∗π_Y y, z⟩ = ⟨π_Y y, Iz⟩ = ⟨Iz, y⟩, âő T^∗π_Z = I. Ŕőíâőňã T^∗ | ĺğőňőàäĺğň ĺğ Z^{∗∗} ŋă Y^∗, ĺŋďãæĺàãîéĺľ ĺğőňőàäĺğň T^′ : Z^{∗∗}/π_Z Z → Y^∗/IZ. Ěáńĺ ψ := φT^∗, âő ψ | čőňőňőàäĺğň ĺ ŕőďŕàőáâàăŋáâćő ψ^∗X^∗ = T^{∗∗}φ^∗X^∗ ďőŕőńŋïěňő ć Z^{∗∗∗} = T^{∗∗}Y^{∗∗}.

Ŕãáâì (x_n) | áńăąő r-áãňňĺàãěňăï ŕőáńěďőćăâěńìŋőáâì ć X. Ŕő ćëąőàã ŕăàë Y ĺ φ ňőęŋő ŋăľâĺ âăłãî áńăąő r-áãňňĺàãěňãî ŕőáńěďőćăâěńìŋőáâì (y^∗_n), çâő φ(y^∗_n) = x_n ďńï łăęďőčő n. Šăł łăł (T^∗)^{−1} ěáâì ĺğőňőàäĺğň, âő, ŕőńăčăï z^{∗∗}_n := (T^∗)^{−1}y_n, ŕőńãçăěň áńăąő r-áãňňĺàãěňãî ŕőáńěďőćăâěńìŋőáâì, çěľ őąàăğ ŕàĺ őâőąàăęěŋĺĺ ψ ěáâì ŕőáńěďőćăâěńìŋőáâì (x_n). Őáâăěâáï ğăňěâĺâì, çâő ‖(T^∗)^{−1}‖ 6 2. �

Śńěďáâćĺě 1.5. Ďńï ńîąőčő áěŕăàăąěńìŋőčő ŕàőáâàăŋáâćă X áãéěáâćãěâ âăłĺě

áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Z ĺ čőňőňőàäĺğň ψ ĺğ Z^{∗∗} ŋă X á ïďàőň πZ, çâő ŕőďŕàőáâàăŋáâćő ψ^∗X^∗ ďőŕőńŋïěňő ć Z^{∗∗∗} ĺ ďńï ńîąőčő p ∈ [1, ∞) ĺňěîâ ňěáâő ãâćěàęďěŋĺï:

a) ďńï ńîąëå ąăŋăåőćă ŕàőáâàăŋáâćă E ĺ őâőąàăęěŋĺï T ∈ L(X, E) őŕěàăâőà T ψ ïćńïěâáï ăąáőńîâŋő p-áãňňĺàãîéĺň âőčďă ĺ âőńìłő âőčďă, łőčďă ăąáőńîâŋő p-áãňňĺàãîéĺň ïćńïěâáï őŕěàăâőà T ; ŕàĺ íâőň π_p(T ψ) 6 π_p(T ) 6 2π_p(T ¯);

b) ďńï ńîąőčő ąăŋăåőćă ŕàőáâàăŋáâćă E ˝_p(Z^{∗∗}, E) = ˝_p(Z, E) ⊕ ˝^0_p(Z^{∗∗}, E) ≃ ˝_p(Z, E) ⊕ ˝_p(X, E), čďě ˝^0_p(Z^{∗∗}, E) | ŕőďŕàőáâàăŋáâćő âěå őŕěàăâőàőć ĺğ ˝_p(Z^{∗∗}, E), łőâőàëě ăŋŋãńĺàãîâáï ŋă πZ.

İâő ćëâěłăěâ ŋěŕőáàěďáâćěŋŋő ĺğ áńěďáâćĺï 1.4. � Şâćěàęďěŋĺï, ŕőďőąŋëě áńěďáâćĺïň 1.4{1.5, ĺňěîâ ňŋőčőçĺáńěŋŋëě ŕàĺňěŋěŋĺï ŕàĺ ĺğãçěŋĺĺ àăğńĺçŋëå ăŕŕàőłáĺňăæĺőŋŋëå áćőľáâć ąăŋăåőćëå ŕàőáâàăŋáâć (çăáâĺçŋő ňë àăááňőâàĺň ĺå ŋĺęě). Śěľçăá ŋăň åőâěńőáì ąë ŕàĺćěáâĺ ŕàĺňěàë ŕàĺňěŋěŋĺï ďàãčőčő àőďă, ŋěŕőáàěďáâćěŋŋő ŋě áćïğăŋŋëå á ăŕŕàőłáĺňăæĺőŋŋëňĺ ãáńőćĺïňĺ.

Śńěďáâćĺě 1.6. Ďńï ńîąëå p > 1, àěäńěłáĺćŋőčő ŕàőáâàăŋáâćă E ĺ áěŕăàăąěńì-

ŋőčő ŕàőáâàăŋáâćă X áãéěáâćãěâ âăłőě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő Z, çâő ć Z^{∗∗} ěáâì ąăğĺá ĺ ˝_p(Z, E)^{∗∗} ≃ ˝_p(Z, E) ⊕ ˝_p(X, E). Ďőłăğăâěńìáâćő. İâő ŕőńãçăěâáï ĺğ áńěďáâćĺï 1.5,b) ĺ àăćěŋáâć

˝_p(Z^{∗∗}, E) = (N_p′ (E, Z^{∗∗}))^∗ = QN_p(Z, E)^{∗∗} = ˝_p(Z, E)^{∗∗}.

Ŕàĺ p = 1 ćâőàőě àăćěŋáâćő ćëâěłăěâ ĺğ âěőàěňë 1.1 [8] (áň. âăłęě ŋĺęě ńěňňã 2.7), ă ŕàĺ őáâăńìŋëå p | ŋăŕàĺňěà, ĺğ àěğãńìâăâőć [9] ĺńĺ [12]; ŕőáńěďŋěě àăćěŋáâćő, ďńï ńîąőčő p > 1 ěáâì áńěďáâćĺě áěŕăàăąěńìŋőáâĺ ŕàőáâàăŋáâćă Z^∗, | áň., ŋăŕàĺňěà, [12]. �

Ŋăèě áńěďãîéěě ãâćěàęďěŋĺě ďőŕőńŋïěâ áńěďáâćĺě 1 ĺğ [17] ĺ ćňěáâě á ŋĺň ŕőńŋőáâìî ğăćěàèăěâ àăááňőâàěŋĺě áőőâćěâáâćãîéěľ áĺâãăæĺĺ ďńï ćáěå ŕőłăğăâěńěľ p > 0. Ňë ćłńîçĺň ć çăáâì b) íâőčő ãâćěàęďěŋĺï áńãçăľ p 6 1, àăááňőâàěŋŋëľ ć [17], ŕőáłőńìłã äőàňãńĺàőćłă ŕőńãçăěňőčő äăłâă ć íâőň áńãçăě, ć őâńĺçĺě őâ a), ć âőçŋőáâĺ âăłăï ęě, łăł ĺ ŕàĺ p > 1. Őâŋőáĺâěńìŋő a) ŕàĺ p 6 1 áň. [17]. Śńěďáâćĺě 1.7. Ďńï ćáïłőčő áěŕăàăąěńìŋőčő ŕàőáâàăŋáâćă X áãéěáâćãěâ âă-

łőě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő Z, çâő Z^{∗∗} ĺňěěâ ąăğĺá, Z^{∗∗}/πZ ĺğőňőàäŋő X, ŕőďŕàőáâàăŋáâćő (πZ)^⊥ ďőŕőńŋïěňő ć Z^{∗∗} ĺ ćëŕőńŋïîâáï áńěďãîéĺě ãáńőćĺï:

a) ďńï ńîąëå ŕőłăğăâěńï p > 1 ĺ ąăŋăåőćă ŕàőáâàăŋáâćă E âěŋğőàŋőě ŕàőĺğćěďěŋĺě E^∗ ^⊗_pX ĺğőňőàäŋő ŕàőĺğćěďěŋĺî E^∗ ^⊗_p(Z^{∗∗}/πZ), łőâőàőě, ć áćőî őçěàěďì, łăŋőŋĺçěáłĺ ĺğőňěâàĺçŋő äăłâőàŕàőáâàăŋáâćã N_p(E, Z^{∗∗})/ N_p(E, πZ);

b) ďńï ńîąëå ŕőłăğăâěńï p > 0 ĺ ąăŋăåőćă ŕàőáâàăŋáâćă E ŕàőáâàăŋáâćő N_p(E, X) ĺğőňőàäŋő ŕàőáâàăŋáâćã N_p(E, Z^{∗∗}/πZ), łőâőàőě łăŋőŋĺçěáłĺ ĺğőňőàäŋő (ĺğőňěâàĺçŋő ŕàĺ p > 1) äăłâőàŕàőáâàăŋáâćã N_p(E, Z^{∗∗})/ N^{reg}_p (E, πZ).

Ďőłăğăâěńìáâćő. Ŕãáâì p ∈ (1, ∞] ĺ Z | ąăŋăåőćő ŕàőáâàăŋáâćő ĺğ áńěďáâćĺï 1.4. Őąőğŋăçĺň ďńï ŕàőáâőâë äăłâőà{ŕàőáâàăŋáâćő Z^{∗∗}/πZ çěàěğ F. Ťăłâőàőâőąàăęěŋĺě ψ : Z^{∗∗} → F = Z^{∗∗}/πZ ěáâěáâćěŋŋëň őąàăğőň ĺŋďãæĺàãěâ őâőąàăęěŋĺě ¯ : N_p(E, Z^{∗∗}) → E^∗ ^⊗_pF, ¯(T ) := ψ ∘ T. Ć áĺńã áćőľáâćă (iii) ĺğ áńěďáâćĺï 1.4 ĺ ŕő őŕàěďěńěŋĺî âěŋğőàŋőľ ŋőàňë ć E^∗ ^⊗_pF, őâőąàăęěŋĺě ¯ ïćńïěâáï čőňőňőàäĺğňőň ĺğ N_p(E, Z^{∗∗}) ŋă E^∗ ^⊗_pF. Ŕãáâì U ∈ Ker ¯; íâő őğŋăçăěâ, çâő ďńï ńîąőčő A ∈ ˝_p′ (F, E^{∗∗}) áńěď trace A ∘ ψ ∘ U àăćěŋ ŋãńî, ĺńĺ çâő ďńï ńîąőčő B ∈ ˝_p′ (Z^{∗∗}, E^{∗∗}), B|_{πZ} ≡ 0, áńěď trace B ∘U àăćěŋ ŋãńî. Őâáîďă ćëâěłăěâ, çâő U(E) ⊂ πZ (ć ŕàőâĺćŋőň áńãçăě ŋăľďěâáï őďŋőňěàŋëľ őŕěàăâőà R ∈ ˝_p′ (Z^{∗∗}, E^{∗∗}), âőęďěáâćěŋŋő àăćŋëľ ŋãńî ŋă πZ, ďńï łőâőàőčő trace R ∘ U ≠ 0). Ĺâăł, U ∈ N^{reg}_p (E, Z). Ŋăň ŋăďő ãâőçŋĺâì íâő ćłńîçěŋĺě: ãáâăŋőćĺâì, çâő U ∈ N_p(E, πZ) ⊂ N^{reg}_p (E, πZ).

Ŕàěďŕőńőęĺň, çâő U /∈ N_p(E, πZ). Šőčďă ŋăľďěâáï őŕěàăâőà B ∈ ˝_p′ (Z^{∗∗}, E^{∗∗}) âăłőľ, çâő trace B ∘ U = 1, ŋő trace B ∘ T = 0 ďńï ńîąőčő T ∈ N_p(E, πZ). Šăł łăł πZ ∈ AP, âő ĺğ ŕőáńěďŋěčő ćëâěłăěâ âőęďěáâćő B|_{πZ} ≡ 0, çâő ŕàőâĺćőàěçĺâ ćëąőàã U. Ŕőíâőňã U ∈ N_p(E, πZ). Ś ďàãčőľ áâőàőŋë, őçěćĺďŋő, çâő ďńï ńîąëå V ∈ N_p(E, πZ) ĺ B ∈ ˝_p′ (Z^{∗∗}, E^{∗∗}), čďě B|_{πZ} ≡ 0, ĺňěěň: trace B ∘ V = 0. Ŕőíâőňã Ker ¯ = N_p(E, πZ).

Řăááňőâàĺň âěŕěàì äăłâőàőâőąàăęěŋĺě ¯_0 : N_p(E, Z^{∗∗})^Ψ−→ E^∗ ^⊗_pF^j−→ N_p(E, F ), čďě j | łăŋőŋĺçěáłőě äăłâőàőâőąàăęěŋĺě. Ěčő ïďàő Ker ¯_0 áőáâőĺâ ĺğ ćáěå âěå őŕěàăâőàőć U ∈ N_p(E, Z^{∗∗}), łőâőàëě ŕàěćàăéăîâáï ć âőęďěáâćěŋŋëľ ŋãńì ŕőáńě ďěľáâćĺï äăłâőàĺğăæĺĺ ψ : Z^{∗∗} → F, â.ě. ĺğ âěå U, ďńï łőâőàëå U(E) ⊂ Ker ψ. İâő ĺ őğŋăçăěâ, çâő Ker ¯_0 = N^{reg}_p (E, πZ). �

Śěľçăá åőàőèő ĺğćěáâŋő, çâő ĺďěăńë N_p ŕàĺ p > 2/3, p ≠ 2, ŋě ïćńïîâáï àěčãńïàŋëňĺ, â.ě. N_p ≠ N^{reg}_p (áň. [3], [14] ďńï p > 1 ĺ [15, áńěďáâćĺě 3.1] ďńï p ∈ (2/3, 1)). Ć ğăłńîçěŋĺě íâőčő ŕăàăčàăäă ňë őâňěâĺň áńěďãîéĺľ ŋăňŋőčő ąőńěě áĺńìŋëľ àěğãńìâăâ.

Śńěďáâćĺě 1.8. Ěáńĺ p ∈ (2/3, ∞], p ≠ 2, âő ĺďěăń łőŋěçŋőňěàŋëå őŕěàăâőàőć ŋě

ŕńőâěŋ ć ĺďěăńě N^{reg}_p ; ć çăáâŋőáâĺ, ĺďěăń N^{reg}_p ŋě ňĺŋĺňăńěŋ (őŕàěďěńěŋĺě áň. ć [11]).

Ďőłăğăâěńìáâćő. Łăł ĺğćěáâŋő (ĺ íâĺň ňë ąãďěň ŕőńìğőćăâìáï ć áńěďãîéěň ŕăàăčàăäě), áãéěáâćãîâ áěŕăàăąěńìŋëě ŕàőáâàăŋáâćă E ĺ X, ďńï łőâőàëå E^∗ ^⊗_pX ≠ N_p(E, X) [3], [14], [15]. Ďńï p > 1, ŕő áńěďáâćĺî 1.7, áãéěáâćãěâ âăłőě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő Z á ąăğĺáőň, çâő N_p(E, Z) ≠ N^{reg}_p (E, Z), ŕàĺçěň âőęďěáâćěŋŋőě őâőąàăęěŋĺě N_p(E, Z) → N^{reg}_p (E, Z) ěáâì ĺğőňěâàĺçěáłőě ćńőęěŋĺě (ŕàőáâàăŋáâćő Z^{∗∗} őąńăďăěâ áćőľáâćőň ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ). Ďńï p < 1 ŋăďő ćőáŕőńìğőćăâìáï âěőàěňőľ 3 ĺğ [17]: ć íâőň áńãçăě áãéěáâćãîâ őŕěàăâőà T ∈ N^{reg}_p (Z^{∗∗}, Z)\N_1(Z^{∗∗}, Z), čďě Z^{∗∗} ĺňěěâ ąăğĺá. Ěáńĺ íâőâ őŕěàăâőà ŕàĺąńĺęăěâáï ć ŕàőáâàăŋáâćě N^{reg}_p (Z^{∗∗}, Z) łőŋěçŋőňěàŋëňĺ őâőąàăęěŋĺïňĺ, âő âěň ąőńěě őŋ ŕàĺąńĺęăěâáï ĺňĺ ĺ ć ŕàőáâàăŋáâćě N^{reg}_1 (Z^{∗∗}, Z) ⊂ N_1(Z^{∗∗}, Z^{∗∗}). Ŋő N_1(Z^{∗∗}, Z) ćłńăďëćăěâáï ć N_1(Z^{∗∗}, Z ∗∗∗) ŕàĺ łăŋőŋĺçěáłőň ćńőęěŋĺĺ ĺğőňěâàĺçŋő. Ŕőíâőňã őŕěàăâőà T ďőńęěŋ ŕàĺąńĺęăâìáï łőŋěçŋőňěàŋëňĺ ĺ ć ŕàőáâàăŋáâćě N_1(Z^{∗∗}, Z), çâő ŕàőâĺćőàěçĺâ ěčő ćëąőàã. �

§2. Őŕěàăâőàë á p-ïďěàŋëňĺ ćâőàëňĺ áőŕàïęěŋŋëňĺ Šěőàěňă 2.1. Ŕãáâì s > 1. Ŕàěďŕőńőęĺň, çâő

a) łăŋőŋĺçěáłőě őâőąàăęěŋĺě X^∗ ⊗_s Y^{∗∗∗∗} → L(X, Y^{∗∗∗∗}) ćğăĺňŋő őďŋőğŋăçŋő, ńĺąő

b) Y^{∗∗∗} ∈ AP_1 .

Šőčďă N^{reg}_s (X, Y ) ⊂ N_s(X, Y ).

Ć çăáâŋőáâĺ, íâő ćěàŋő, ěáńĺ X^∗ ∈ AP^{dual}_s ĺńĺ Y^{∗∗∗∗} ∈ AP_s . Ďőłăğăâěńìáâćő. Ć íâőň ďőłăğăâěńìáâćě ňë őąőğŋăçĺň çěàěğ N^s ďãăńìŋëľ ł N_s őŕěàăâőàŋëľ ĺďěăń (áň. [11]), ă çěàěğ_s ^⊗ | "ďãăńìŋőě" ł ^⊗_s âěŋğőàŋőě ŕàőĺğćěďěŋĺě (âăłĺň őąàăğőň, äőàňăńìŋő Z^∗_s ^⊗W^∗ = W^∗ ^⊗_sZ^∗ ďńï ńîąëå ąăŋăåőćëå ŕàőáâàăŋáâć Z, W ). Ŕàěďŕőńőęĺň, çâő áãéěáâćãěâ âăłőľ őŕěàăâőà T ∈ L(X, Y ), çâő T /∈ N_s(X, Y ), ŋő π_Y T ∈ N_s(X, Y^{∗∗}). Ŕő ãáńőćĺî N_s(X, Y^{∗∗}) = X^∗ ^⊗_sY^{∗∗}; áńěďőćăâěńìŋő, áãéěáâćãěâ âăłőľ őŕěàăâőà U ∈ ˝_s′ (Y^{∗∗}, X^{∗∗}), çâő U|_Y ≡ 0 (ĺ, ğŋăçĺâ, (π^∗_Y U^∗)|_X ∗ = 0) ĺ trace U ∘ t = 1, čďě t = π_Y T. Řăááňőâàĺň őŕěàăâőà V := (U^∗|_X ∗ ) ∘ T^∗ ∘ π^∗_Y : Y^{∗∗∗ π∗Y}−−→ Y^{∗ T ∗}−−→ X^{∗ U ∗}−−→ Y^{∗∗∗}. Ć áńãçăě a) T^∗π^∗_Y ∈ Y^{∗∗∗∗}_s ^⊗X^∗ (= X^∗ ^⊗_sY^{∗∗∗∗}) = N^s(Y^{∗∗∗}, X^∗), U^∗ ∈ (Y^{∗∗∗∗}_s ^⊗X^∗)^∗. Ŕőíâőňã áńěď trace U^∗ ∘ (T^∗π^∗_Y ) ŋě ğăćĺáĺâ őâ ćëąőàă ŕàěďáâăćńěŋĺï T^∗π^∗_Y łăł íńěňěŋâă ŕàőáâàăŋáâćă N^s(Y^{∗∗∗∗}, X^∗). Łăł ĺ ŕàĺ ďőłăğăâěńìáâćě âěőàěňë 2,1) ĺğ [17], ŋěâàãďŋő ćĺďěâì, çâő ěáńĺ t = ∑ x^∗_n ⊗ y^{∗∗}_n , âő T^∗π^∗_Y = ∑ π^{∗∗}_Y (y^{∗∗}_n ) ⊗ x^∗_n = ∑ y^{∗∗}_n ⊗ x^∗_n. Ŕőíâőňã, á őďŋőľ áâőàőŋë, trace U^∗ ∘ (T^∗π^∗_y ) = ∑ ⟨π^{∗∗}_Y y^{∗∗}_n , U^∗x^∗_n⟩ = 0, ă á ďàãčőľ áâőàőŋë, trace U^∗ ∘ (T^∗π^∗_y ) = ∑ ⟨y^{∗∗}_n , U^∗x^∗_n⟩ = 1. Ŕàőâĺćőàěçĺě.

Ć áńãçăě b) U^∗ ∘ (T^∗π^∗_Y ) ∈ N_1(Y^{∗∗∗}, Y^{∗∗∗}) = Y^{∗∗∗∗} ^⊗_1Y^{∗∗∗} ĺ áńěď trace U^∗ ∘ (T^∗π^∗_Y ) ŋě ğăćĺáĺâ őâ ïďěàŋőčő ŕàěďáâăćńěŋĺï íâőčő őŕěàăâőàă, çâő ćěďěâ ł ŕàőâĺćőàěçĺî ŕő ăŋăńőčĺĺ á ŕàěďëďãéĺň áńãçăěň. � Ğăňěçăŋĺě 2.2. Ć őâńĺçĺě őâ âěőàěňë 2 ĺğ [17], ć âěőàěňě 2.1 ŋě áőćáěň ŕőŋïâŋő, łăłőě ăŕŕàőłáĺňăæĺőŋŋőě ãáńőćĺě ďőáâăâőçŋő ŋăńőęĺâì ŋă Y^{∗∗∗}, çâőąë äőàňãńĺàőćłă âěőàěňë áâăńă âăłőľ ęě ŕàĺïâŋőľ łăł ĺ äőàňãńĺàőćłă âěőàěňë 2 ć [17]. Ćĺďĺňő ãáńőćĺě Y^{∗∗∗} ∈ AP_1 ŋăňŋőčő áĺńìŋěě, çěň ŋãęŋő.

Ŕőłăęěň âěŕěàì, çâő ăŕŕàőłáĺňăæĺőŋŋëě ŕàěďŕőńőęěŋĺï ć ãâćěàęďěŋĺïå âěőàěňë 2.1 áãéěáâćěŋŋë.

Šěőàěňă 2.3. 1) Ďńï łăęďőčő q > 2 áãéěáâćãîâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě

ŕàőáâàăŋáâćő F, ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő Z, őŕěàăâőàë T ∈ L(F, Z) ĺ U ∈ QN_q(Z^{∗∗}, F ) âăłĺě, çâő Z^{∗∗} ĺňěěâ ąăğĺá, U|Z = 0, trace UT^{∗∗} = 1, T ∈ N^{reg}_1 (F, Z) ĺ T /∈ N_p(F, Z), ěáńĺ p < 2.

2) Ďńï łăęďőčő s > 2 áãéěáâćãîâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő F, ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő Z, T ∈ L(F, Z) ĺ U ∈ QN_1(Z^{∗∗}, F ) âăłĺě, çâő Z^{∗∗} ĺňěěâ ąăğĺá, U|Z = 0, trace UT^{∗∗} = 1, T ∈ N^{reg}_s (F, Z) ĺ T /∈ N_∞(F, Z).

Ďőłăğăâěńìáâćő. 1). Ŕő ńěňňě 1.1,1) ĺğ [14] áãéěáâćãîâ ďćă áěŕăàăąěńìŋëå àěäńěłáĺćŋëå ąăŋăåőćëå ŕàőáâàăŋáâćă E, F, őŕěàăâőà U_0 ∈ QN_q(E, F ) ĺ íńěňěŋâ z ∈ F^∗ ^⊗_1E âăłĺě, çâő trace z ∘ U_0 = 1 ĺ trace z ∘ φ = 0 ďńï łăęďőčő φ ∈ E^∗ ⊗ F (â.ě. ~z = 0). Ŕãáâì Z ĺ ψ : Z^{∗∗} → E | ĺğ áńěďáâćĺï 1.4, ŕàĺňěŋěŋŋőčő ł ŕàőáâàăŋáâćã X = E. Ŕőńőęĺň U = U_0ψ, ĺ ŕãáâì T ∈ N_1(F, Z^{∗∗}) | âăłőľ őŕěàăâőà, çâő ψ ∘ T = z (âăł łăł Z^{∗∗} ∈ AP, âő N_1(F, Z^{∗∗}) = F^∗ ^⊗_1Z^{∗∗}). §áŋő, çâő trace U ∘ T = 1 (ŕàĺ ďőłăğăâěńìáâćě ãâćěàęďěŋĺï 2) ňë àăáŕĺèěň íâő ňěáâő ŕőďàőąŋěě). Šăł łăł Ker ψ = πZ, âő T (F ) ⊂ Ker ψ = πZ, â.ě. T ∈ L (F, Z). Ŋăłőŋěæ, ěáńĺ T ∈ N_p(F, Z) ŕàĺ p < 2, âő ďńï ŕàőĺğćőńìŋőčő p-ïďěàŋőčő ŕàěďáâăćńěŋĺï T ć ćĺďě ∑ f^∗_n ⊗ z_n ĺňěěň:

1 = trace U ∘ T = ∑ ⟨f^∗_n, Uz_n⟩ = 0. Ŕőíâőňã T /∈ N_p(F, Z).

2). Ćőáŕőńìğőćăćèĺáì ŕãŋłâőň 2) ńěňňë 1.1 ĺğ [14], ŋăľďěň âăłĺě áěŕăàăąěńìŋëě àěäńěłáĺćŋëě ąăŋăåőćë ŕàőáâàăŋáâćă E, F, őŕěàăâőà U_0 ∈ QN_1(E, F ) ĺ íńěňěŋâ z ∈ F^∗ ^⊗_sE, çâő trace z ∘ U_0 = 1 ĺ trace z ∘ φ = 0 ďńï łăęďőčő φ ∈ E^∗ ⊗ F. Ŕãáâì z = ∑ f^∗_n ⊗ e_n | ŕàěďáâăćńěŋĺě z ć ŕàőáâàăŋáâćě F^∗ ^⊗_sE. Łăł ĺ ćëèě, àăááňőâàĺň ŕàőáâàăŋáâćő Z ĺ čőňőňőàäĺğň ψ : Z^{∗∗} → E ĺğ áńěďáâćĺï 1.4 (ďńï X = E) ĺ ŕőńőęĺň U = U_0ψ. Ć áĺńã ãâćěàęďěŋĺï (iii) áńěďáâćĺï 1.4, áãéěáâćãěâ áńăąő s^′- áãňňĺàãěňăï ŕőáńěďőćăâěńìŋőáâì (z^{∗∗}_n ) ć Z, ďńï łőâőàőľ ψ(z^{∗∗}_n ) = e_n. Őŕàěďěńĺň őŕěàăâőà T ∈ N_s(F, Z^{∗∗}) áńěďãîéĺň őąàăğőň: T := ∑ f^∗_n ⊗ z^{∗∗.}_n Őçěćĺďŋő, U|_Z = 0 ĺ T (F ) ⊂ πZ. Łàőňě âőčő,

trace U ∘ T = ∑ ⟨f^∗_n, Uz^{∗∗}_n ⟩ = ∑ ⟨f^∗_n, U_0e_n⟩ = trace z ∘ U_0 = 1.

Šőâ äăłâ, çâő T /∈ N_∞(F, Z), ŕàőćěàïěâáï âăł ęě, łăł ĺ ć áńãçăě 1) (ĺáŕőńìğãěň âő, çâő U ∈ QN_1). �

Ŕàĺňěŋïï âěőàěňã 1.1 ł ŕàőáâàăŋáâćã F (áà. á ğăćěàèěŋĺěň ďőłăğăâěńìáâćă âěőàěňë 5 ć [17]), ŕőńãçăěň, ć çăáâŋőáâĺ:

Śńěďáâćĺě 2.4. 1) Śãéěáâćãîâ ďćă ćŕőńŋě áěŕăàăąěńìŋëå ąăŋăåőćëå ŕàőáâàă-

ŋáâćă W ĺ Z âăłĺě, çâő W ĺ Z^{∗∗} ĺňěîâ ąăğĺáë, ĺ âăłĺě, çâő N^{reg}_1 (W, Z) ⊄ N_p(W, Z) ďńï p < 2.

2) Ďńï łăęďőčő s > 2 áãéěáâćãîâ ďćă ćŕőńŋě áěŕăàăąěńìŋëå ŕàőáâàăŋáâćă W ĺ Z âăłĺě, çâő W ĺ Z^{∗∗} ĺňěîâ ąăğĺáë, ĺ âăłĺě, çâő N^{reg}_s (W, Z) ⊄ N_∞(W, Z).

Śńěďáâćĺě 2.5. Śãéěáâćãěâ âăłőě ćŕőńŋě áěŕăàăąěńìŋőě áěŕăàăąěńìŋőě ąăŋăåőćő

ŕàőáâàăŋáâćő V á ąăğĺáőň çâő ďńï łăęďőčő p > 1, p ≠ 2, ŋăľďěâáï őŕěàăâőà T ∈ L(V, V ), T /∈ N_p(V, V ), ďńï łőâőàőčő T^{∗∗} ïćńïěâáï p-ïďěàŋëň;

Śńěďáâćĺě 2.6. Śãéěáâćãěâ âăłőě ćŕőńŋě áěŕăàăąěńìŋőě áěŕăàăąěńìŋőě ąăŋăåőćő

ŕàőáâàăŋáâćő V á ąăğĺáőň, çâő ŋăľďěâáï őŕěàăâőà T ∈ L(V, V ), łőâőàëľ ŋě äăłâőàĺğãěâáï ŋĺ çěàěğ łăłőě ŕàőáâàăŋáâćő C(K), ŋő ćâőàőľ áőŕàïęěŋŋëľ ł łőâőàőňã T^{∗∗} äăłâőàĺğãěâáï łőňŕăłâŋő çěàěğ ŕàőáâàăŋáâćő c_0.

Ŕàőáâàăŋáâćő V ć ŕőáńěďŋĺå ďćãå áńěďáâćĺïå áâàőĺâáï ĺğ ŕàőáâàăŋáâć W ĺ Z, ãłăğăŋŋëå ć áńěďáâćĺĺ 2.4, áâăŋďăàâŋëň őąàăğőň | áńőęěŋĺěň áçěâŋőčő ĺå çĺáńă (ďńï s_n ↘ 2 ĺ p_n ↗ 2) ŕő âĺŕã l_2. Ŋăň ŋăďő ńĺèì ŕàőćěàĺâì (ďńï ďőłăğăâěńìáâćă áńěďáâćĺï 2.6), çâő ěáńĺ T äăłâőàĺğãěâáï çěàěğ ŋěłőâőàőě ŕàőáâàăŋáâćő C(K), âő őŋ ïćńïěâáï ∞-ïďěàŋëň. Ă íâő ćëâěłăěâ ĺğ âěőàěňë 1.2 [8]. Ć íâőľ âěőàěňě àăááňăâàĺćăîâáï ∞-ĺŋâěčàăńìŋëě ŕő Čàőâěŋďĺłã őŕěàăâőàë; ňë ŕàĺćőďĺň ěě äőàňãńĺàőćłã ďńï áńãçăï őŕěàăâőàőć, ∞-ĺŋâěčàăńìŋëå ŕő Ŕĺçã, â.ě. C(K)-äăłâőàĺğãěňëå őŕěàăâőàőć ć áňëáńě ŕàĺćěďěŋŋőčő ćëèě őŕàěďěńěŋĺï (ďőłăğăâěńìáâćő ŕőçâĺ ďőáńőćŋő ŕőćâőàïěâ àăááãęďěŋĺï ĺğ [8]):

Ńěňňă 2.7. Ŕãáâì X^∗ őąńăďăěâ áćőľáâćőň Řăďőŋă{Ŋĺłőďĺňă (áň., ŋăŕàĺňěà, [8], [12], [11, ŕ. 24.2.6, 24.2.9]), Y ⊅ c_0 ĺ T ∈ L(X, Y ). Ěáńĺ T äăłâőàĺğãěâáï çěàěğ C(K), âő T ∈ N_∞(X, Y ). � Ğăňěçăŋĺě 2.8. Šàĺ ŕőáńěďŋĺå áńěďáâćĺï ğŋăçĺâěńìŋő ãáĺńĺćăěâ őáŋőćŋãî âěőàěňã ĺğ [18], ă âăłęě, ŋăŕàĺňěà, âěőàěňã 3.2 ĺğ [14]: ć ŕőáńěďŋěľ áőőâćěâáâćãîéĺě ŕàőáâàăŋáâćă ŋě őąńăďăńĺ áćőľáâćőň BAP (őďŋő ĺğ ŋĺå ďăęě ŋě őąńăďăńő áćőľáâćőň ăŕŕàőłáĺňăæĺĺ). Ś ďàãčőľ áâőàőŋë, ć âěőàěňě 3.2 [14] őŕěàăâőàë ĺğ N^{reg}_1 \ N_p ĺ ĺğ N^{reg}_s \ N_∞ ŕàĺąńĺęăńĺáì łőŋěçŋőňěàŋëňĺ őŕěàăâőàăňĺ ŕő áőőâćěâáâćãîéĺň regŋőàňăň. Ć ŕőáńěďŋĺå ŋăèĺå áńěďáâćĺïå íâő ć ŕàĺŋæĺŕě ŋěćőğňőęŋő, ć áĺńã âőčő, çâő Z^{∗∗} ∈ MAP ĺ âőęďěáâćěŋŋőě ćńőęěŋĺě W^∗ ^⊗_rZ → W^∗ ^⊗_rZ^{∗∗} ĺğőňěâàĺçŋő. Ć áńěďáâćĺïå 2.4{2.6 őŕěàăâőàë ĺğ N^{reg}_p \ N_p ĺ N^{reg}_s \ N_s ńěęăâ ćěáìňă "ďăńěłő" őâ ňŋőęěáâćă łőŋěçŋőňěàŋëå őŕěàăâőàőć ĺğ W ć Z (áőőâćěâáâćěŋŋő, ĺğ V ć V ). Śńěďáâćĺě 2.6 áćïğăŋő á ćőŕàőáőň ő ćőğňőęŋőáâĺ "áâàőčőľ" l_p-äăłâőàĺğăæĺĺ őŕěàăâőàőć, ćâőàëě áőŕàïęěŋŋëě ł łőâőàëň âăłãî äăłâőàĺğăæĺî ďőŕãáłăîâ. Ăćâőàã ŋěĺğćěáâŋă ńĺâěàăâãàă, ć łőâőàőľ ňőęŋő ąëńő ąë ŋăľâĺ őâćěâ ŋă íâőâ ćőŕàőá ďńï áńãçăï ŕőłăğăâěńěľ p, őâńĺçŋëå őâ ěďĺŋĺæë, ďćőľłĺ ĺ ąěáłőŋěçŋőáâĺ. Ŕőáńěďŋĺľ áńãçăľ (ŋăĺąőńěě áĺńìŋëľ łőŋâàŕàĺňěà) | íâő łăł àăğ áńěďáâćĺě 2.6 (ąőńěě áńăąëľ ćăàĺăŋâ ŕőďőąŋőčő ãâćěàęďěŋĺï ňőęŋő ŋăľâĺ, ŋăŕàĺňěà, ć [14]). Ŕő ŕőćőďã áńãçăï p = 1 áň., ć çăáâŋőáâĺ, àăąőâã [16].

Ğăňěçăŋĺě 2.9. Śńěďáâćĺě 2.4 ŕőłăğëćăěâ, çâő ĺğąăćĺâìáï őâ ăŕŕàőłáĺňăæĺőŋŋëå ãáńőćĺľ âĺŕă Y^{∗∗∗} ∈ AP_1 ĺ X^∗ ∈ AP^{dual}_s ć âěőàěňě 2.1 ŋěńìğï. Ąőńěě âőčő, ğăňěâĺň, çâő ć ńěňňě 1.1,2) ĺğ [14], łőâőàãî ňë ĺáŕőńìğőćăńĺ ŕàĺ ďőłăğăâěńìáâćě ćâőàőľ çăáâĺ ŕàěďëďãéěľ âěőàěňë, ŕàőáâàăŋáâćő E ěáâì äăłâőà{ŕàőáâàăŋáâćő ŕàőáâàăŋáâćă l_q, čďě q > s > 2, ĺ, áńěďőćăâěńìŋő, E^∗ ĺňěěâ łőâĺŕ 2 (ćáě íâő ćĺďŋő ĺğ ďőłăğăâěńìáâćă ńěňňë). Ŕőíâőňã E^∗ őąńăďăěâ áćőľáâćăňĺ AP_r ďńï ćáěå r > 2 (áň. [15], ććěďěŋĺě). Śńěďőćăâěńìŋő, ć âěőàěňě 2.3 ĺ ć áńěďáâćĺĺ 2.4 Z^{∗∗∗} ∈ AP_r ďńï łăęďőčő r > 2 (âăł łăł Z^{∗∗∗} ≃ Z^∗ ⊕ E^∗). İâő ŕőłăğëćăěâ, çâő ğăňěŋĺâì ãáńőćĺě "Y^{∗∗∗} ∈ AP_1" ć âěőàěňě 2.1 ŋă ąőńěě áńăąőě "Y^{∗∗∗} ∈ AP_s" ŋěńìğï.

Őâňěâĺň ěéě àïď ŕàĺňěŋěŋĺľ âěőàěňë 2.3. Ţőàőèő ĺğćěáâŋő, çâő ŕàőĺğćěďěŋĺě ďćãå ăąáőńîâŋő 2-áãňňĺàãîéĺå őŕěàăâőàőć ïćńïěâáï ïďěàŋëň őŕěàăâőàőň. Ěáâěáâćěŋŋő ąëńő ąë őęĺďăâì, çâő ĺ ˝_p ∘ ˝_p′ ⊂ N_1, čďě 1/p + 1p^′ = 1. Ŕőáńěďŋěě ćłńîçěŋĺě, ćőőąéě čőćőàï, ŋě ćěàŋő (çâő, ćĺďĺňő, åőàőèő ĺğćěáâŋő, ŋő ăćâőàë ŋě ňőčãâ ŕàĺćěáâĺ ááëńłã ŋă áőőâćěâáâćãîéãî ńĺâěàăâãàã, | ŋăćěàŋőě, ŋăďő őâŋěáâĺ íâőâ àěğãńìâăâ ł ňăâěňăâĺçěáłőňã äőńìłńőàã). Śěľçăá ňë ŕàĺćěďěň ąőńěě áĺńìŋëľ (łőŋâà)ŕàĺňěà ł íâőňã ćłńîçěŋĺî.

Ŕàěďńőęěŋĺě 2.10. 1) Ďńï ńîąőčő q ∈ (2, ∞) Śãéěáâćãîâ ďćă ŕàőáâàăŋáâćă

F ĺ Z ĺ őŕěàăâőàë T ∈ QN_0(F, Z), U ∈ QN_q(Z^{∗∗}, F ) âăłĺě, çâő Z^{∗∗} ĺňěěâ ąăğĺá, T U /∈ N_1(Z^{∗∗}, Z), ŋő πT U ∈ N_1(Z^{∗∗}, Z^{∗∗}). 2) Ďńï łăęďőčő s > 2 áãéěáâćãîâ ďćă ŕàőáâàăŋáâćă F ĺ Z ĺ őŕěàăâőàë T ∈ QN_s(F, Z), U ∈ QN_0(Z^{∗∗}, F ) âăłĺě, çâő Z^{∗∗} ĺňěěâ ąăğĺá, T U /∈ N_1(Z^{∗∗}, Z), ŋő πT U ∈ N_1(Z^{∗∗}, Z^{∗∗}). Ďőłăğăâěńìáâćő. Ŕàĺ ďőłăğăâěńìáâćě âěőàěňë 2.3 ąëńĺ ĺáŕőńìğőćăŋë ŕàőáâàăŋáâćă E ĺ F, ŕőáâàőěŋŋëě ć ńěňňě 1.1 ĺğ [14]. Ĺğ ďőłăğăâěńìáâćă ŕěàćőľ çăáâĺ íâőľ ńěňňë (áň. ďĺăčàăňňã 1 ć [14]) ćëâěłăěâ, çâő ŕàőáâàăŋáâćő F ňőęěâ ąëâì ćëąàăŋő âăł, çâő őŋő àěäńěłáĺćŋő ĺ ĺňěěâ âĺŕ 2 ĺ łőâĺŕ q. Ćő ćâőàőľ çăáâĺ íâőľ ńěňňë (áň. ěě ďőłăğăâěńìáâćő, ďĺăčàăňňã 2 ć [14]) ŕàőáâàăŋáâćő E ěáâì äăłâőà{ŕàőáâàăŋáâćő ŕàőáâàăŋáâćă l_t ŕàĺ ŋěłőâőàőň t ∈ (2, ∞). Ć çăáâŋőáâĺ, ć ãâćěàęďěŋĺĺ 1) âěőàěňë 2.3 ŕàĺ 2 < q < ∞ ŕàőáâàăŋáâćő F^∗ ĺňěěâ âĺŕ q^′, čďě 1 < q^′ < 2. Ăŋăńőčĺçŋő, ć ãâćěàęďěŋĺĺ 2) íâőľ âěőàěňë ŕàőáâàăŋáâćő E^∗ ĺňěěâ âĺŕ t^′, čďě 1 < t^′ < 2. Ŕőíâőňã ćáïłĺľ ăąáőńîâŋő 1-áãňňĺàãîéĺľ őŕěàăâőà, ďěľáâćãîéĺľ ĺğ ŕàőáâàăŋáâćă F (áőőâćěâáâćěŋŋő ĺğ E), ïćńïěâáï ăąáőńîâŋő 0-áãňňĺàãîéĺň (áň. [11], âěőàěňë 20.2.1 ĺ 21.2.5). Šăłĺň őąàăğőň, ć ãâćěàęďěŋĺĺ 1) âěőàěňë 2.3 T ∈ QN_0(F, Z), ă ć ãâćěàęďěŋĺĺ 2) | U ∈ QN_0(Z^{∗∗}, F ) (âăł łăł U = U_0 ∘ ψ; áň. ďőłăğăâěńìáâćő). Ŕőáńě íâĺå ŕàěďćăàĺâěńìŋëå ğăňěçăŋĺľ ŕàĺáâãŕĺň ł ďőłăğăâěńìáâćã ãâćěàęďěŋĺľ

1) ĺ 2) ŋăèěčő ŕàěďńőęěŋĺï.

Řăááňőâàĺň ŕàőáâàăŋáâćă F, Z ĺ őŕěàăâőàë T, U ĺğ âěőàěňë 2.6: Z^π−→ Z^{∗∗ U}−→ F^T−→ Z^π−→ Z^{∗∗}. Ŋăň ŋăďő ŕőłăğăâì, çâő T U /∈ N_1(Z^{∗∗}, Z). Ěáńĺ T U ∈ N_1(Z^{∗∗}, Z), âő T U = ∑ z^{∗∗∗} ⊗ z_n ∈ Z^{∗∗∗} ^⊗_1Z ĺ trace π ∘ (T U) = ∑ ⟨z^{∗∗∗}, πz⟩ = ∑ ⟨π^∗z^{∗∗∗}, z_n⟩ = trace (T U) ∘ π = 0, âăł łăł T Uπ | ŋãńěćőľ őŕěàăâőà. Ś ďàãčőľ áâőàőŋë,

trace (πT ) ∘ U = trace U ∘ (πT ) = 1. �

§3 Śćőľáâćă AP(lp) ĺ lp-äăłâőàĺğăæĺï őŕěàăâőàőć Ćěàŋő ńĺ, çâő ěáńĺ áőŕàïęěŋŋëľ ł T őŕěàăâőà T^∗ äăłâőàĺğãěâáï łőňŕăłâŋő çěàěğ ŕàőáâàăŋáâćő l_p, âő áăň őŕěàăâőà T ďőŕãáłăěâ (áâàőčãî) äăłâőàĺğăæĺî çěàěğ ŕàőáâàăŋáâćő l_p′ ?

Őâćěâë ŋă íâőâ ćőŕàőá őâàĺæăâěńěŋ, ěáńĺ p = 1 ĺńĺ p = ∞ (áň. [14], [13], [16]). Őâćěâ ďő áĺå ŕőà ŋěĺğćěáâěŋ ŕàĺ ďàãčĺå ğŋăçěŋĺïå ŕőłăğăâěńï p, â.ě. ŕàĺ 1 < p ≠ 2 < ∞. Őáâăŋőćĺňáï ŋěňŋőčő ŋă áĺâãăæĺĺ, ŕőïáŋïîéěľ áńőęŋőáâĺ ŕàĺ àěèěŋĺĺ íâőľ ğăďăçĺ. Őŕàěďěńěŋĺï ĺ ďěâăńĺ, áćïğăŋŋëě á ŕàĺćőďĺňëňĺ ŋĺęě àăááãęďěŋĺïňĺ, ňőęŋő ŋăľâĺ ŋĺęě.

Řăááňőâàĺň ąăŋăåőćő âěŋğőàŋőě ŕàőĺğćěďěŋĺě X^∗ ~⊗_pY, ăááőæĺĺàőćăŋŋőě á ĺďěăńőň K_p łőňŕăłâŋő l_p-äăłâőàĺğãěňëå őŕěàăâőàőć ć ąăŋăåőćëå ŕàőáâàăŋáâćăå (ć çăáâŋőáâĺ, ćáïłĺľ âěŋğőà ć àăááňăâàĺćăěňőľ áĺâãăæĺĺ ŕőàőęďăěâ őŕěàăâőà, äăłâőàĺğãěňëľ çěàěğ ŕàőáâàăŋáâćő l_p łőňŕăłâŋëň őąàăğőň). Łăęďëľ âěŋğőà z ∈ X^∗ ~⊗_pY, łăł ĺ ćáïłĺľ őŕěàăâőà S ∈ K_p(X, Y ), ďőŕãáłăěâ ŕàěďáâăćńěŋĺě ćĺďă (3.3) ŕàĺçěň ďńï ğăàăŋěě ğăďăŋŋőčő çĺáńă ε > 0 íâő ŕàěďáâăćńěŋĺě ďńï z ňőęěâ ąëâì ćëąàăŋő âăł, çâő ćëŕőńŋïěâáï áőőâŋőèěŋĺě (3.4) čďě k^0_p(z) | ŋőàňă íńěňěŋâă z ć ěčő âěŋğőàŋőň ŕàőĺğćěďěŋĺĺ. Łăęďëľ őŕěàăâőà S, łăł čőćőàĺńőáì âőńìłő çâő, âăłęě ďőŕãáłăěâ ŕőďőąŋőčő àőďă àăğńőęěŋĺě ć àïď őďŋőňěàŋëå őŕěàăâőàőć, ŋő á őæěŋłőľ áŕàăćă çěàěğ ěčő K_p-ŋőàňã: · · · ≤ k_p(S) + ε. Ŕàĺ íâőň ŋőàňë k^0_p ĺ k_p ŋă łőŋěçŋőňěàŋëå őŕěàăâőàăå ćĺďă (3.2) őŕàěďěńïîâáï ćěáìňă áåőęĺň áŕőáőąőň (áň. ŋĺęě).

Ŋă ŕěàćëľ ćğčńïď, àăğńĺçĺï ňěęďã âěŋğőàőň z ∈ X^∗ ~⊗_pY ĺ áőőâćěâáâćãîéĺň ěňã őŕěàăâőàőň S = ~z ŋě ćĺďŋő, őáőąěŋŋő, ěáńĺ ŕőáňőâàěâì ŋă ĺå àăğńőęěŋĺï ć àïďë ćĺďă (3.3). Őďŋăłő, áãéěáâćěŋŋăï àăğŋĺæă ć ĺå őŕàěďěńěŋĺĺ ŕàőáńěęĺćăěâáï ŕàĺ àăááňőâàěŋĺĺ łőŋěçŋőňěàŋëå őŕěàăâőàőć (ĺńĺ âěŋğőàőć): ďńï łőŋěçŋőňěàŋőčő őŕěàăâőàă S ĺğ (3.2) (ŕãáâì ěňã áőőâćěâáâćãěâ âěŋğőà z) ěčő ŋőàňă ć ŕàőáâàăŋáâćě K_p(X, Y ) ćëçĺáńïěâáï łăł ĺŋäĺňãň ńěćőľ çăáâĺ áőőâŋőèěŋĺï (3.4) ŕő ćáěň áőőâćěâáâćãîéĺň ŕàěďáâăćńěŋĺïň ćĺďă (3.3) őŕěàăâőàă S, âőčďă łăł ŋőàňă ăááőæĺĺàőćăŋŋőčő âěŋğőàŋőčő íńěňěŋâă z | łăł ĺŋäĺňãň ńěćőľ çăáâĺ áőőâŋőèěŋĺï (3.4) ŕő ćáěň àăğńőęěŋĺïň őŕěàăâőàă S ć łőŋěçŋãî áãňňã őďŋőňěàŋëå őâőąàăęěŋĺľ. İâă àăğŋĺæă őłăğëćăěâáï ćěáìňă áãéěáâćěŋŋőľ, ĺ ŋăň ĺğćěáâŋő, çâő, ŕő-łàăľŋěľ ňěàě ďńï p = 1, p = ∞, àăááňăâàĺćăěňëě ďćě ŋőàňë, ćőőąéě čőćőàï, ŋě áőćŕăďăîâ ňěęďã áőąőľ ďăęě ŋă łőŋěçŋőňěàŋëå őŕěàăâőàăå (őâŋőáĺâěńìŋő áńãçăï p = ∞ áň. [14, áńěďáâćĺě 3.4 ĺ ŕàěďèěáâćãîéĺě íâőňã áńěďáâćĺî ďőłăğăâěńìáâćă]; áńãçăľ p = 1 àăááňőâàěŋ ć [16], ŋő ąěğ ŕőďàőąŋőčő ďőłăğăâěńìáâćă áőőâćěâáâćãîéěě ãâćěàęďěŋĺě ŕőïćĺńőáì ãęě ć áâăâìě [14, áńěďáâćĺě 4.2]).

Ěáńĺ 1 ≤ p ≤ ∞ ĺ S | łőŋěçŋőňěàŋëľ őŕěàăâőà ĺğ X ć Y, âő ěčő K^0_p-ŋőàňă ěáâì ćěńĺçĺŋă (3.1) k^0_p(S) := inf { ( sup_1 6i6^{|ai|} ) ε_p(x^′_j ) ε_p′ (y_j ) } , čďě âőçŋăï ŋĺęŋïï čàăŋì ąěàěâáï ŕő ćáěň łőŋěçŋëň ŕàěďáâăćńěŋĺïň őŕěàăâőàă S ć ćĺďě (3.2) S = n∑ j=1 a_j x^′_j ⊗ y_j .

Ŕőŕőńŋěŋĺě ăńčěąàăĺçěáłőčő âěŋğőàŋőčő ŕàőĺğćěďěŋĺï X^∗ ⊗Y (łőâőàőě àăááňăâàĺćăěâáï ŋăňĺ łăł ńĺŋěľŋőě ŕàőáâàăŋáâćő ćáěå łőŋěçŋőňěàŋëå őŕěàăâőàőć) ŕő íâőľ ŋőàňě k^0_p ňë ąãďěň őąőğŋăçăâì çěàěğ X^∗ ~⊗_pY, őáâăćńïï ğă ŋőàňőľ ć íâőň ŕőŕőńŋěŋĺĺ ćáě âő ęě őąőğŋăçěŋĺě k^0_p. Łăęďëľ âěŋğőàŋëľ íńěňěŋâ z ∈ X^∗ ~⊗_pY ŕàěďáâăćĺň ć ćĺďě áåőďïéěčőáï àïďă

(3.3) ∞∑ j=1 a_j x^′_j ⊗ y_j , α_j → 0, ŕàĺçěň ďńï ğăàăŋěě ğăďăŋŋőčő çĺáńă ε > 0 íâő ŕàěďáâăćńěŋĺě ňőęěâ ąëâì ćëąàăŋő âăł, çâő

(3.4) ( sup_1 6i<∞^{|ai|} ) ε_p(x^′_j ) ε_p′ (y_j ) ≤ k^0_p(z) + ε

Šěŋğőàŋőě ŕàőĺğćěďěŋĺě X^∗ ~⊗_pY ěáâěáâćěŋŋëň őąàăğőň ŕőàőęďăěâ ć L(X, Y ) ńĺŋěľŋőě ŕőďŕàőáâàăŋáâćő őŕěàăâőàőć K_p(X, Y ); íâő ěáâì äăłâőàŕàőáâàăŋáâćő àăááňăâàĺćăěňőčő âěŋğőàŋőčő ŕàőĺğćěďěŋĺï ŕő ïďàã ěáâěáâćěŋŋőčő őâőąàăęěŋĺï X^∗ ~⊗_pY → L(X, Y ). áőőâćěâáâćãîéăï ŋőàňă ŋă íâőň ŕàőáâàăŋáâćě őŕěàăâőàőć őąőğŋăçăěâáï ŋăňĺ çěàěğ k_p. [K_p, k_p] ěáâì ąăŋăåőć őŕěàăâőàŋëľ ĺďěăń, ĺ őŋ ïćńïěâáï çăáâŋëň áńãçăěň âăł ŋăğëćăěňëå ĺďěăńőć (r, p, q)-ïďěàŋëå őŕěàăâőàőć | [ N_{(r,p,q)}, ν_{(r,p,q)} ] : [K_p, k_p] = [ N_{(∞,p,p}′_), ν_{(∞,p,p}′_) ] (ŕőďàőąŋőáâĺ ňőęŋő ŋăľâĺ ć łŋĺčě [11, á. 280-291]).

Łăęďëľ őŕěàăâőà S ∈ K_p(X, Y ) ŕàěďáâăćĺň ć ćĺďě áåőďïéěčőáï ć K_p(X, Y ) àïďă (3.3), ĺ ďńï ğăàăŋěě ğăďăŋŋőčő çĺáńă ε > 0 íâő ŕàěďáâăćńěŋĺě ňőęěâ ąëâì ćëąàăŋő âăł, çâő

(3.5) ( sup_1 6i<∞^{|ai|} ) ε_p(x^′_j ) ε_p′ (y_j ) ≤ k_p(S) + ε.

Šěŕěàì ňë ŕőáňőâàĺň ŋă őąáãęďăěňëľ áěľçăá őŕěàăâőàŋëľ ĺďěăń á ďàãčőľ áâőàőŋë. Ąãďěň čőćőàĺâì, çâő őŕěàăâőà S : X → Y łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_p, (ć âěàňĺŋőńőčĺĺ Ă.Ŕĺçă [11], ïćńïěâáï p-łőňŕăłâŋëň ), ěáńĺ áãéěáâćãîâ ďćă łőňŕăłâŋëå őŕěàăâőàă A : X → l_p ĺ B : l_p → Y, ďńï łőâőàëå S = BA. Ć łăçěáâćě ŋőàňë âăłőčő łőňŕăłâŋő l_p-äăłâőàĺğãěňőčő őŕěàăâőàă ňë ąěàěň ćěńĺçĺŋã inf ‖A‖ ‖B‖, čďě âőçŋăï ŋĺęŋïï čàăŋì ąěàěâáï ŕő ćáěćőğňőęŋëň äăłâőàĺğăæĺïň őŕěàăâőàă S ãłăğăŋŋőčő ćĺďă.

Őďŋă ĺğ őáŋőćŋëå âěőàěň, őâŋőáïéăïáï ł âěőàĺĺ łőňŕăłâŋő l_p-äăłâőàĺğãěňëå őŕěàăâőàőć, äőàňãńĺàãěâáï âăł:

k_p(S) = inf {‖A‖ ‖B‖ : S = BA : X → l_p → Y ; A, B | łőňŕăłâŋë}

ĺ ĺďěăń K_p áőćŕăďăěâ á ĺďěăńőň ćáěå őŕěàăâőàőć, łőňŕăłâŋő äăłâőàĺğãěňëå çěàěğ l_p; ć áńãçăě p = ∞ łőňŕăłâŋăï äăłâőàĺğãěňőáâì çěàěğ l_∞ | âő ęě áăňőě, çâő ĺ łőňŕăłâŋăï äăłâőàĺğãěňőáâì çěàěğ c_0 (áň. [11], âěőàěňë 18.3.2, 18.1.3). Śőŕàïęěŋŋëľ ł [K_p, k_p] ĺďěăń [D_p′ , d_p′ ] őŕĺáëćăěâáï ŕàĺ ŕőňőéĺ áńěďãîéěľ âěőàěňë. [11, ŕŕ. 17.4.2, 17.4.3, 17.4.7]; ć íâĺå ãâćěàęďěŋĺïå q ∈ [1, ∞).

Őŕěàăâőà S ∈ L(X, Y ) ŕàĺŋăďńěęĺâ ŕàőáâàăŋáâćã D_q(Y, X) âőčďă ĺ âőńìłő âőčďă, łőčďă áãéěáâćãěâ âăłăï ŕőáâőïŋŋăï C > 0 ĺ âăłĺě ćěàőïâŋőáâŋëě ňěàë μ ∈ W (B_X ∗ , w^∗) ĺ ν ∈ W (B_Y ∗∗ , w^∗), çâő |⟨Sx, y^′⟩| 6 C (∫ B_X∗ |⟨x, x^′ ⟩|^q dμ(x^′) )_{1/q} (∫ B_Y ∗∗ |⟨y^{′′}, x^′⟩|^{q′} dν(y^{′′}) )_{1/q}′

ďńï ćáěå X ∈ X ĺ y^′ ∈ Y^∗; ŕàĺ íâőň ŋőàňă őŕěàăâőàă S ć D_q ěáâì d_q(S) := inf C ĺ á íâőľ ŋőàňőľ [D_q, d_q] = [˝^{dual}_q′ , π^{dual}_q′ ]. ∘ [˝_q, π_q ] Ďăńěě ňë ąőńěě ŕőďàőąŋő àăááňőâàĺň ŋěłőâőàëě äăłâë, áćïğăŋŋëě á ŋăńĺçĺěň, ńĺąő őâáãâáâćĺěň ã ąăŋăåőćëå ŕàőáâàăŋáâć ăŕŕàőłáĺňăæĺőŋŋëå áćőľáâć őâŋőáĺâěńìŋő âěŋğőàŋëå ŋőàň k^0_p, 1 6 p 6 ∞. Ďőčőćőàĺňáï łőàőâłő őąőğŋăçăâì áćőľáâćő ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő k^0_p çěàěğ AP(l_p) Ňë ŕĺèěň X ∈ AP(l_p), ěáńĺ ŕàőáâàăŋáâćő X őąńăďăěâ áćőľáâćőň AP(l_p.) Śâőĺâ ŋăŕőňŋĺâì, çâő X ∈ AP(l_p), ěáńĺ ďńï ńîąőčő ąăŋăåőćă ŕàőáâàăŋáâćă Y łăŋőŋĺçěáłőě őâőąàăęěŋĺě ĺğ Y^∗ ~⊗_pX ć L(Y, X) ćğăĺňŋő őďŋőğŋăçŋő.İâő íłćĺćăńěŋâŋő âőňã, çâő ďńï ńîąőčő Y ĺňěěâ ňěáâő łăŋőŋĺçěáłăï ĺğőňěâàĺï Y^∗ ~⊗_pX = K_p(Y, X) (łăł őâňěçăńőáì ćëèě, ć ŕőďőąŋőčő àőďă őŕàěďěńěŋĺïå ňőęŋő àăááňăâàĺćăâì, ěáńĺ ŋěáłőńìłő ňőďĺäĺæĺàőćăâì ĺå, ĺ ŕàőĺğćőńìŋëě âěŋğőàŋëě ŕàőĺğćěďěŋĺï âĺŕă Y ~⊗_pX).

Śćőľáâćă AP(l_r) "áěŕăàăąěńìŋő őŕàěďěńěŋë", â.ě. ąăŋăåőćő ŕàőáâàăŋáâćő ãďőćńěâćőàïěâ ãáńőćĺî k^0_r -ăŕŕàőłáĺňăæĺĺ ć âőň ĺ âőńìłő âőň áńãçăě, ěáńĺ ćáě ěčő áěŕăàăąěńìŋëě ŕőďŕàőáâàăŋáâćă ãďőćńěâćőàïîâ íâőňã ãáńőćĺî.

Ăćâőàã ŋěĺğćěáâŋő, áãéěáâćãîâ ńĺ ŕàőáâàăŋáâćă ąěğ áćőľáâćă AP(l_p) ďńï łăłőčőŋĺąãďì p, őâńĺçŋőčő őâ ěďĺŋĺæë, ďćőľłĺ ĺńĺ ąěáłőŋěçŋőáâĺ. Ŋěâàãďŋő ŕőłăğăâì, çâő łăęďőě ąăŋăåőćő ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň AP(l_2). Ś ďàãčőľ áâőàőŋë, ŕěàćëň ăćâőàőň ŕőłăğăŋő, çâő áãéěáâćãîâ áěŕăàăąěńìŋëě ąăŋăåőćë ŕàőáâàăŋáâćă ąěğ áćőľáâć AP(l_1) ĺ AP(l_∞) (áň. [16], [14], [13]).

Ńěňňă 3.1. Ŕãáâì 1 6 p 6 ∞. Ěáńĺ áãéěáâćãěâ ąăŋăåőćő ŕàőáâàăŋáâćő ąěğ

áćőľáâćă AP(l_p), âő áãéěáâćãěâ ĺ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő, ŋě őąńăďăîéěě áćőľáâćőň AP(l_p′ ). Ąőńěě âőčő, ěáńĺ X^∗ ~⊗_pY ≠ K_p(X, Y ), âő áãéěáâćãîâ âăłĺě áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő W_0 ĺ ŋěŋãńěćőľ âěŋğőà z_0 ∈ W^∗_0 ~⊗_pY, çâő őŕěàăâőà ~z_0 àăćěŋ ŋãńî. Ďőłăğăâěńìáâćő. Ŕãáâì z := ∑_∞ k=1 μ_kx^′_k ⊗ y_k | âăłőľ ŋěŋãńěćőľ íńěňěŋâ ŋěłőâőàőčő âěŋğőàŋőčő ŕàőĺğćěďěŋĺï X^∗ ~⊗_pY, çâő ~z = 0; Ğďěáì (μ_k) | ŕőńőęĺâěńìŋăï ŕőáńěďőćăâěńìŋőáâì ĺğ c_0, (x^′_k ) ∈ l_p{X^∗} ĺ (y_k ) ∈ l_p′ {Y }. Ťăłâőàĺğãěň łőňŕăłâŋëľ ďĺăčőŋăńìŋëľ őŕěàăâőà ´ := (μ_k) : l_p → l_p łőňŕăłâŋő çěàěğ ŋěłőâőàőě áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő W âăłĺň őąàăğőň, çâőąë ĺňěńă ňěáâő áńěďãîéăï ďĺăčàăňňă: ´ = A_1A_2A_3 : l_p^{A3}−−→ l_p^{A2}−−→ W^{A1}−−→ l_p, ć łőâőàőľ ćáě őŕěàăâőàë łőňŕăłâŋë ĺ ćğăĺňŋő őďŋőğŋăçŋë, ĺ ŕőńőęĺň

z_1 := ∞∑ k=1 A^∗_1e_k ⊗ y_k ∈ W^∗ ~⊗_pY,

z_2 := ∞∑ k=1 x^′_k ⊗ A_3e_k ∈ X^∗ ~⊗_pl_p, čďě çěàěğ (e_k) őąőğŋăçăěâáï ŕőáńěďőćăâěńìŋőáâì őàâőć ć ńîąőň ĺğ ŕàőáâàăŋáâć l_r. Őâňěâĺň, çâő

A_1A_2~z_2 = ∞∑ k=1 x^′_k ⊗ A_1A_2A_3e_k = ∞∑ k=1 x^′_k ⊗ ´e_k = ∞∑ k=1 μ_kx^′_k ⊗ e_k.

Ŕőíâőňã

(3.6) (A_1A_2~z_2)^∗e_k = μ_kx^′_k.

Ŕãáâì U ∈ D_p′ (Y, X^{∗∗}) | âăłőľ őŕěàăâőà ĺğ áőŕàïęěŋŋőčő ł X^∗ ~⊗_pY ŕàőáâàăŋáâćă, çâő trace U ∘ z = 1. Šăł łăł őŕěàăâőà A_3, ă áńěďőćăâěńìŋő, ĺ őŕěàăâőà ~z_2 łőňŕăłâŋë, âő ĺňěěâ áňëáń àăááňăâàĺćăâì áĺńìŋëľ ąĺďãăńìŋëľ őŕěàăâőà ~z^π_2 : X^{∗∗} → ~z_2(X) ⊂ l_p. Ŕãáâì W_0 := A_2 ~z^π_2 (X^{∗∗}) = A_2~z^π_2 (X) ⊂ W ĺ A_4 : X^{∗∗} → A^{−1}_2 W_0 | ŕàĺćěďěŋĺě őŕěàăâőàă ~z^π_2 . Ć áĺńã ĺďěăńìŋëå áćőľáâć łńăááă D_p′ , őŕěàăâőà A_2A_4U ńěęĺâ ć ŕàőáâàăŋáâćě D_p′ (Y, W_0).

Ŕőńőęĺň z_0 := ∞∑ k=1 j^∗A^∗_1e_k ⊗ y_k ∈ W^∗_0 ~⊗_pY = j^∗ ⊗ 11(z_1),

čďě j : W_0 → W | âőęďěáâćěŋŋőě ćńőęěŋĺě, ĺ ŕãáâì U_0 := A_2|_A−1_{2 W} A_4U ∈ D_p′ (Y, W_0) (őŕěàăâőà A_2|_A−1_{2 W} àăááňăâàĺćăěâáï łăł őŕěàăâőà áő ğŋăçěŋĺïňĺ ć ŕàőáâàăŋáâćě W_0). §áŋő, çâő z_0 ∈ W^∗_0 ~⊗_pY, ĺ ŕàĺ íâőň (áň. (3.6))

trace U_0 ∘ z_0 = ∞∑ k=1 ⟨j^∗A^∗_1e_k, A_2|_A−1_{2 W} A_4Uy_k ⟩ = = ∞∑ k=1 ⟨A^∗_1e_k, jA_2|_A−1_{2 W} A_4Uy_k ⟩ = ∞∑ k=1 ⟨e_k, A_1A_2~z_2Uy_k⟩ = = ∞∑ k=1 ⟨(A_1A_2~z_2)^∗e_k, Uy_k ⟩ = ∞∑ k=1 ⟨μ_kx^′_k, Uy_k⟩ = trace U ∘ z ≠ 0. Ś ďàãčőľ áâőàőŋë, ŋěâàãďŋő ćĺďěâì, çâő ~z_0 = 0, âăł łăł âăłőć íńěňěŋâ z :

0 = ~z = ~z_1~z_2 = ~z_1jA_2|_A−1_{2 W} A_4π_X ,

ĺ âăł łăł ~z_0 = ~z_1j ĺ ňŋőęěáâćő A_2|_A−1_{2 W} A_4π_X ŕńőâŋő ć W_0, âő ~z_0 = 0 ŋă ćáěň W_0.

Ŕőíâőňã àěäńěłáĺćŋőě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő W^∗_0 ŋě ĺňěěâ áćőľáâćă ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő âěŋğőàŋőľ ŋőàňë k^0_p′ . �

Śńěďáâćĺě 3.2. Ŕãáâì 1 6 p 6 ∞. Ěáńĺ áãéěáâćãěâ ąăŋăåőćő ŕàőáâàăŋáâćő ąěğ

áćőľáâćă AP(l_p), âő áãéěáâćãěâ ĺ àěäńěłáĺćŋőě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő, ŋě őąńăďăîéěě áćőľáâćăňĺ AP(l_p) ĺ AP(l_p′ ).

Ďőłăğăâěńìáâćő. Ŕő ńěňňě 3.1, áãéěáâćãěâ àěäńěłáĺćŋőě áěŕăàăąěńìŋőě W_1 ąěğ áćőľáâćă AP(l_p′ ). Ŕő âőľ ęě ńěňňě, ŕàĺňěŋěŋŋőľ ł ďćőľáâćěŋŋőľ áĺâãăæĺĺ ("áãéěáâćãěâ X ąěğ áćőľáâćă AP(l_p′ )"), ŋăľďěň àěäńěłáĺćŋőě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő W_2 ąěğ áćőľáâćă AP(l_p). Ŕàőáâàăŋáâćő W := W_1 ⊕ W_2 àěäńěłáĺćŋő, áěŕăàăąěńìŋő ĺ őąńăďăěâ łăł áćőľáâćőň AP(l_p), âăł ĺ áćőľáâćőň AP(l_p′ ). � Śńěďáâćĺě 3.3. Ěáńĺ áãéěáâćãěâ ąăŋăåőćő ŕàőáâàăŋáâćő ąěğ áćőľáâćă AP(lp),

âő áãéěáâćãîâ âăłĺě áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő E ĺ ŋěŋãńěćőľ âěŋğőàŋëľ íńěňěŋâ z ∈ E^∗ ~⊗_pE, çâő ~z = 0.

Ďőłăğăâěńìáâćő. Ŕãáâì, ć ãáńőćĺïå ŋăèěčő ãâćěàęďěŋĺï, W^∗_0 | áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő ąěğ áćőľáâćă AP(l_p′ ) ĺğ ńěňňë 3.1. Ŕàĺňěŋĺň áŋőćă âã ęě ńěňňã (ďńï ŕőłăğăâěńï p^′), ćğïć ć łăçěáâćě ŕàőáâàăŋáâćă Y ć ŋěľ íâő ąăŋăåőćő ŕàőáâàăŋáâćő W^∗_0 . Ňë ŕőńãçĺň, çâő ďńï ŋěłőâőàőčő áěŕăàăąěńìŋőčő àěäńěłáĺćŋőčő ŕàőáâàăŋáâćă W_1 ŋăľďěâáï ŋěŋãńěćőľ âěŋğőàŋëľ íńěňěŋâ v_0 ∈ W^∗_1 ~⊗_p′ W^∗_0 , ŕőàőęďăîéĺľ ŋěńěćőľ őŕěàăâőà. Śěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő E := W^∗_1 ⊕W_0 ãďőćńěâćőàïěâ ŋăèĺň âàěąőćăŋĺïň, âăł łăł W^∗_0 ~⊗_pW^∗_1 ≠ K_p(W_0, W^∗_1 ). � Śěľçăá ňë áőąĺàăěňáï ŕàĺćěáâĺ âěőàěňã, ŋěáłőńìłő őąőąéăîéãî âěőàěňã 1 ĺğ [16]. Ŋăáłőńìłő ćăęŋő ďńï ŋăá íâő őąőąéěŋĺě ąãďěâ ćĺďŋő ŋĺęě (áň., áńěďáâćĺě 3.6, âěőàěňã 3.10).

Ŕěàěď âěň łăł áäőàňãńĺàőćăâì ŋăè àěğãńìâăâ, ŕőáňőâàĺň, çâő ňë ŋă áăňőň ďěńě ŕőńãçĺńĺ, ďőłăğëćăï âěőàěňã 1 ć [16]. Ć íâőľ âěőàěňě (ĺ ěě ďőłăğăâěńìáâćě) àăááňăâàĺćăńĺáì äĺłáĺàőćăŋŋëě ąăŋăåőćë ŕàőáâàăŋáâćă X ĺ Y, ĺ ĺğãçăńĺáì áćőľáâćă K_p-őŕěàăâőàőć, ďěľáâćãîéĺå ĺğ X ć Y^{∗∗}. Ć ďőłăğăâěńìáâćě (łőâőàőě ŕàőåőďĺńő ňěâőďőň őâ ŕàőâĺćŋőčő) ĺáŕőńìğőćăńőáì âőńìłő ďćă áńěďãîéĺå ŕàěďŕőńőęěŋĺï (ňë ŕàĺďěàęĺćăěňáï őąőğŋăçěŋĺľ ŋăáâőïéěľ àăąőâë):

1_{Kp} ) łăŋőŋĺçěáłőě őâőąàăęěŋĺě X^∗ ~⊗_pY^{∗∗} → K_p(X, Y^{∗∗}) ąĺěłâĺćŋő, ĺ

2_{Kp} ) ąĺěłâĺćŋő ńĺąő łăŋőŋĺçěáłőě őâőąàăęěŋĺě X^∗ ~⊗_pX^{∗∗} → K_p(X, X^{∗∗}), ńĺąő łăŋőŋĺçěáłőě őâőąàăęěŋĺě Y^{∗∗∗∗} ~⊗_p′ Y^{∗∗∗} → K_p′ (Y^{∗∗∗}, Y^{∗∗∗}).

Šăłĺň őąàăğőň ć ğăňěâłě [16] ąëńă, ŕő áãéěáâćã, ďőłăğăŋă Šěőàěňă 3.4. Ŕãáâì p ∈ [1, ∞]. Ěáńĺ ŕăàă ąăŋăåőćëå ŕàőáâàăŋáâć X, Y ãďő-

ćńěâćőàïěâ ãáńőćĺïň 1_{Kp} ) ĺ 2_{Kp} ), âő ćáïłĺľ őŕěàăâőà ĺğ X ć Y, ćâőàőľ áőŕàïęěŋŋëľ ł łőâőàőňã łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_p (íłćĺćăńěŋâŋő, áőŕàïęěŋŋëľ ł łőâőàőňã łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_p′ ), áăň łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ l_p. Šăłĺň őąàăğőň, ć íâőň áńãçăě K^{reg}_p (X, Y ) = K_p(X, Y ).

Ďőłăğăâěńìáâćő. Łăł őâňěçăńőáì, áńãçăľ 1 < p < ∞ àăááňăâàĺćăěâáï ć âőçŋőáâĺ âăł ęě, łăł ĺ ć [16]. Ŋăň ŋăďő ńĺèì ŕőïáŋĺâì, ŕőçěňã ćőğňőęŋőáâì äăłâőàĺğăæĺĺ áőŕàïęěŋŋőčő őŕěàăâőàă T^∗ çěàěğ l_p′ àăćŋőáĺńìŋă ćőğňőęŋőáâĺ äăłâőàĺğăæĺĺ T^{∗∗} çěàěğ ŕàőáâàăŋáâćő l_p ŕàĺ p = 1, ∞. İâő áńěďãěâ ĺğ ďőŕőńŋïěňőáâĺ ŕàőáâàăŋáâć l_1 ĺ l_∞, łăł ĺ ŕàőĺğćőńìŋëå áőŕàïęěŋŋëå ŕàőáâàăŋáâć, ć ĺå ćâőàëå áőŕàïęěŋŋëå. Ůâő łăáăěâáï äăłâőàĺğăæĺĺ çěàěğ c_0, âő ŋăŕőňŋĺň, çâő ĺďěăń N_∞ = K_∞ áőáâőĺâ ĺğ őŕěàăâőàőć, łőňŕăłâŋő äăłâőàĺğãěňëå çěàěğ c_0. � Śńěďáâćĺě 3.5. Ŕãáâì p ∈ [1, ∞] ĺ T ∈ L(X, Y ). Ěáńĺ ńĺąő X^∗ ∈ AP(lp′ ), ńĺąő

Y^{∗∗∗∗} ∈ AP(l_p), ńĺąő Y^{∗∗∗} ∈ AP(l_p′ ), âő ćáïłĺľ őŕěàăâőà ĺğ X ć Y, ćâőàőľ áőŕàïęěŋŋëľ ł łőâőàőňã łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_p, áăň łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ l_p. Šăłĺň őąàăğőň, ć íâőň áńãçăě K^{reg}_p (X, Y ) = K_p(X, Y ). Ďőłăğăâěńìáâćő. Ŋăŕőňŋĺň, çâő ďńï ŕàőĺğćőńìŋőľ âěŋğőàŋőľ ŋőàňë α ąăŋăåőćő ŕàőáâàăŋáâćő Z^∗ ãďőćńěâćőàïěâ ãáńőćĺî α-ăŕŕàőłáĺňăæĺĺ âőčďă ĺ âőńìłő âőčďă, łőčďă ďńï ćáïłőčő ŕàőáâàăŋáâćă W łăŋőŋĺçěáłőě őâőąàăęěŋĺě ĺğ Z^∗ ^⊗_αdual W ć L(Z, W ) ćğăĺňŋő őďŋőğŋăçŋő, ĺ çâő ěáńĺ Z^{∗∗} ∈ AP[α], âő ĺ Z ∈ AP[α]. Őáâăńőáì ğăňěâĺâì, çâő ŕàĺ ńîąőň p ∈ [1, ∞] ĺňěěâ ňěáâő àăćěŋáâćő (k^0_p)^{dual} = k^0_p′ . � Śńěďáâćĺě 3.6. Ŕãáâì 1 6 p 6 ∞. Ěáńĺ áãéěáâćãěâ ŋě Kp-őŕěàăâőà, ćâőàőľ

áőŕàïęěŋŋëľ ł łőâőàőňã łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_p, âő áãéěáâćãěâ ĺ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő, ŋě ãďőćńěâćőàïîéěě łăł ãáńőćĺî k^0_p-ăŕŕàőłáĺňăæĺĺ, âăł ĺ ãáńőćĺî k^0_p′ -ăŕŕàőłáĺňăæĺĺ. Ă âőčďă áãéěáâćãěâ ĺ ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő á ąăğĺáőň, áőŕàïęěŋŋőě ł łőâőàőňã ŋě ĺňěěâ łăł áćőľáâćă AP(l_p), âăł ĺ áćőľáâćă AP(l_p′ ).

Ďőłăğăâěńìáâćő. Ŕěàćőě ãâćěàęďěŋĺě ŋěŕőáàěďáâćěŋŋő ćëâěłăěâ ĺğ ŕàěďëďãéěľ âěőàěňë ĺ áńěďáâćĺï 3.2. Ćâőàőě ãâćěàęďěŋĺě ŕőńãçăěâáï, ěáńĺ ł áěŕăàăąěńìŋőňã àěäńěłáĺćŋőňã ŕàőáâàăŋáâćã E ąěğ áćőľáâć AP(l_p) ĺ AP(l_p′ ) ŕàĺňěŋĺâì âěőàěňã Ńĺŋďěŋèâàăãááă). Ĺňěŋŋő, ŕőńìğãïáì âěőàěňőľ Ńĺŋďěŋèâàăãááă, ŕőáâàőĺň áěŕăàăąěńìŋőě áőŕàïęěŋŋőě ŕàőáâàăŋáâćő W^∗ á ąăğĺáőň, ďńï łőâőàőčő W^{∗∗} ĺğőňőàäŋő ŕàïňőľ áãňňě E^∗ ⊕ π_W W. İâő ĺ ěáâì ĺáłőňőě ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő. � Šěőàěňă 3.7. Ŕãáâì P ∈ [1, ∞]. Ŕàěďŕőńőęĺň, çâő áãéěáâćãěâ ąăŋăåőćő ŕàő-

áâàăŋáâćő, ŋě ãďőćńěâćőàïîéěě ãáńőćĺî ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő âěŋğőàŋőľ ŋőàňë k^0_p. Šőčďă áãéěáâćãîâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő X, ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Z ĺ őŕěàăâőàë V, w, ãďőćńěâćőàïîéĺě áńěďãîéĺň ãáńőćĺïň:

1) X /∈ AP(l_p), Z^{∗∗} ĺňěěâ ąăğĺá; 2) V ∈ D_p′ (Z^{∗∗}, X), w ∈ K_p(X, Z^{∗∗}) = X^∗ ~⊗_pZ^{∗∗}; 3) w(X) ⊂ π_Z Z, w /∈ K_p(X, π_Z Z); 4) V |_{πZ Z} = 0, trace V ∘ w = 1.

Ďőłăğăâěńìáâćő. Ěáńĺ áãéěáâćãěâ ąăŋăåőćő ŕàőáâàăŋáâćő, ŋě őąńăďăîéěě áćőľáâćőň AP(l_p), âő, ŕő áńěďáâćĺî 3.2, áãéěáâćãîâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő ąěğ áćőľáâćă AP(l_p), ĺ íâő ŕàőáâàăŋáâćő ňë őąőğŋăçĺň çěàěğ X. Ŕő áńěďáâćĺî 3.3, ąěğ őčàăŋĺçěŋĺï őąéŋőáâĺ, ňë ňőęěň áçĺâăâì, çâő ŋăľďěâáï ŋěŋãńěćőľ âěŋğőàŋëľ íńěňěŋâ z ∈ X^∗ ~⊗_pX, ŕőàőęďăîéĺľ ŋãńěćőľ őŕěàăâőà. Ŕãáâì U ∈ D_p′ (X, X) | âăłőľ őŕěàăâőà, çâő trace U ∘ z = 1, ĺ z = ∑_∞ k=1 x_k ⊗ x_k | ŋěłőâőàőě ŕàěďáâăćńěŋĺě íńěňěŋâă z ć âěŋğőàŋőň ŕàőĺğćěďěŋĺĺ X^∗ ~⊗_pX, âăł çâő (x^′_k) ∈ l_p{X^∗} ĺ (x_k) ∈ l_p′ {X}. Ćőáŕőńìğãěňáï âěŕěàì áńěďáâćĺěň 1.4, áőčńăáŋő łőâőàőňã ňë ňőęěň ŋăľâĺ âăłĺě ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Z ĺ äăłâőàőâőąàăęěŋĺě ˘ : Z^{∗∗} → X, çâő Z^{∗∗} ĺňěěâ ąăğĺá, Ker ˘ = π_Z Z ĺ áńăąő p^′-áãňňĺàãěňãî ŕőáńěďőćăâěńìŋőáâì (x_k ) ňőęŋő ŕőďŋïâì ďő áŋőćă áńăąő p^′- áãňňĺàãěňőľ ŕőáńěďőćăâěńìŋőáâĺ (z^{′′}_k ) ⊂ Z^{∗∗}, âăł çâő ˘z^{′′}_k = x_k, k = 1, 2, . . . . Ŕőáłőńìłã ć Z^{∗∗} ěáâì ąăğĺá, âěŋğőàŋőě ŕàőĺğćěďěŋĺě X^∗ ~⊗_pZ^{∗∗} ňőęŋő łăŋőŋĺçěáłĺ őâőęďěáâćĺâì á ŕàőáâàăŋáâćőň K_p(X, Z^{∗∗}). Őŕàěďěńĺň őŕěàăâőà (ĺńĺ, çâő áěľçăá âő ęě áăňőě, âěŋğőàŋëľ íńěňěŋâ) w ∈ X^∗ ~⊗_pZ^{∗∗} àăćěŋáâćőň w := ∑ x^′_k ⊗ z^{′′}_k ĺ ŕőńőęĺň V := U˘ ∈ L(Z^{∗∗}, X). Šăł łăł π_Z Z = Ker U, âő V |_{πZ Z} = 0; ďăńěě,

trace V ∘ w = trace (U˘) ∘ w = ∑ ⟨x^′_k, U˘z^{′′}_k ⟩ = ∑ ⟨x^′_k, Ux_k ⟩ = trace U ∘ z = 1.

Ğăňěâĺň, çâő z = ˘∘w, ĺ ŕőáłőńìłã őŕěàăâőà ~z = 0, âő w őâőąàăęăěâ ŕàőáâàăŋáâćő X ć ïďàő őŕěàăâőàă ˘, łőâőàőě, ŕő ŕőáâàőěŋĺî, ěáâì π_Z Z. Őáâăńőáì ŕőłăğăâì, çâő w /∈ K_p(X, π_Z Z). Ŕàěďŕőńőęĺň ŕàőâĺćŋőě, â.ě. çâő őŕěàăâőà w, łăł őŕěàăâőà ĺğ X ć π_Z Z, łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_p. Řăááňőâàĺň łăłőě-ńĺąő ěčő àăğńőęěŋĺě ć àïď ć ŕàőáâàăŋáâćě K_p(X, π_Z Z), őąőğŋăçĺć ŕàĺćěďěŋĺě őŕěàăâőàă w : X → π_Z Z ⊂ Z^{∗∗} çěàěğ w_1, w_1 : X → π_Z Z : w = ∑ ~x^′_k ⊗ z_k, (~x^′_k ) ∈ l_p{X^∗, } (z_k) ∈ l_p′ {π_Z Z}. Ś őďŋőľ áâőàőŋë, ĺňěěň:

trace V ∘ w_1 = trace (U˘) ∘ (π_Z Z ∘ w_1) = trace U˘ ∘ w = 1.

Ňë ćőáŕőńìğőćăńĺáì âěň äăłâőň, çâő âěŋğőàŋőě ŕàőĺğćěďěŋĺě X^∗ ~⊗_pπ_Z Z łăŋőŋĺçěáłĺ ĺğőňěâàĺçŋő ŕőďŕàőáâàăŋáâćã ŕàőáâàăŋáâćă X^∗ ~⊗_pZ^{∗∗}.

Ś ďàãčőľ áâőàőŋë,

trace V ∘ w_1 = trace (U˘) ∘ ∞∑ k=1 ~x^′_k ⊗ z_k = ∞∑ k=1 ⟨~x^′_k, U(˘z_k )⟩ = 0, âăł łăł (z_k) ⊂ π_Z Z = Ker ˘. �

Śńěďáâćĺě 3.8. Ěáńĺ áãéěáâćãěâ ąăŋăåőćő ŕàőáâàăŋáâćő, ŋě őąńăďăîéěě áćőľ-

áâćőň AP(l_p), âő áãéěáâćãîâ âăłĺě áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő X, ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Z ĺ őŕěàăâőà T ∈ L(X, Z), çâő Z^{∗∗} ĺňěěâ ąăğĺá, X /∈ AP(l_p), T^{∗∗} ∈ K_p(X, Z^{∗∗}), ŋő T /∈ K_p(X, Z). Ďőłăğăâěńìáâćő. Ďőáâăâőçŋő, őâőęďěáâćĺć ŕàőáâàăŋáâćő Z á ěčő łăŋőŋĺçěáłĺň őąàăğőň π_Z Z ć Z^{∗∗}, ŕőńőęĺâì T := w : X → Z (ć őąőğŋăçěŋĺïå ŕàěďëďãéěčő ďőłăğăâěńìáâćă, T = (π_Z )^{−1}w_1, čďě (π_Z )^{−1} őâőąàăęăěâ π_Z Z ć Z). � Śńěďáâćĺě 3.9. Ěáńĺ áãéěáâćãěâ ąăŋăåőćő ŕàőáâàăŋáâćő, ŋě őąńăďăîéěě áćőľ-

áâćőň AP(l_p), âő áãéěáâćãîâ âăłĺě ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Z ĺ őŕěàăâőà V ∈ L(Z^{∗∗}, Z), çâő Z^{∗∗} ĺňěěâ ąăğĺá, π_Z V ∈ K_p(Z^{∗∗}, Z^{∗∗}), ŋő V /∈ K_p(Z^{∗∗}, Z). Ďőłăğăâěńìáâćő. Ć őąőğŋăçěŋĺïå ďőłăğăâěńìáâćă âěőàěňë 3.7, ŕãáâì P | őčàăŋĺçěŋŋëľ ŕàőěłâőà ĺğ ŕàőáâàăŋáâćă Z^{∗∗∗} ŋă ěčő ŕőďŕàőáâàăŋáâćő ˘^∗X^∗ (ćáŕőňŋĺň, çâő őďŋĺň ĺğ őáŋőćŋëå áćőľáâć ŕàőáâàăŋáâćă Z ĺ äăłâőàőâőąàăęěŋĺï ˘ ć áńěďáâćĺĺ 1.4 ąëńă ďőŕőńŋïěňőáâì ŕőďŕàőáâàăŋáâćă ˘^∗X^∗ ć âàěâìěň áőŕàïęěŋŋőň ł Z ŕàőáâàăŋáâćě). Ŕőńőęĺň V := w_1˘ : Z^{∗∗} → X → Z, â.ě. ćőğìňěň ć łăçěáâćě V ŕàĺćěďěŋĺě őŕěàăâőàă w˘, őâőęďěáâćńïï ŕàőáâàăŋáâćă Z ĺ π_Z Z. Őŕěàăâőà π_zV, őçěćĺďŋő, ńěęĺâ ć ŕàőáâàăŋáâćě K_p(Z^{∗∗}, Z^{∗∗}). Ěáńĺ ąë őŋ, łăł őŕěàăâőà ĺğ Z^{∗∗} ć Z, ďőŕãáłăń ąë K_p-àăğńőęěŋĺě ć àïď, V = ∑ z^{′′′}_k ⊗ z_k, âő ňë ĺňěńĺ ąë ďńï z^′ ∈ Z^∗:

(3.7)

w^∗_1z^′ = (˘^∗)^{−1}P ˘^∗w^∗_1z^′ = (˘^∗)^{−1}P V^∗z^′ = (˘^∗)^{−1}P ∑ ⟨z^′, z_k⟩z^{′′′}_k = ∑ ⟨z^′, z_k⟩x^∗_k, čďě x^∗_k := (˘^∗)^{−1}P z^{′′′}_k ∈ X^∗. Śőőâŋőèěŋĺï (3.7) őğŋăçăîâ, çâő w_1 : X → Z àăğńăčăěâáï ć K_p-áåőďïéĺľáï àïď ∑ x^∗_k ⊗ z_k, çâő, łăł ňë ğŋăěň, ŋěćőğňőęŋő. � Śőąěàěň ŋěłőâőàëě ĺğ ŕőńãçěŋŋëå ćëèě äăłâőć ő ŕàőáâàăŋáâćăå áő áćőľáâćăňĺ AP(l_p) ć őďŋã áăňãî őąéãî âěőàěňã.

Šěőàěňă 3.10. Ďńï ńîąőčő p ∈ [1, ∞] áńěďãîéĺě ãâćěàęďěŋĺï àăćŋőáĺńìŋë.

1) Łăęďőě ąăŋăåőćő ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň AP(l_p);

1^′) Łăęďőě áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň AP(l_p);

2) Łăęďőě ąăŋăåőćő ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň AP(l_p′ ); 2^′) Łăęďőě áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň AP(l_p′ );

3) Ŋě áãéěáâćãěâ őŕěàăâőàă, ďěľáâćãîéěčő ć ąăŋăåőćëå ŕàőáâàăŋáâćăå, łőâőàëľ ŋě ąëń ąë K_p-őŕěàăâőàőň, ŋő ćâőàőľ áőŕàïęěŋŋëľ ł łőâőàőňã ńěęăń ąë ć ĺďěăńě K_p;

3^′) Ŋě áãéěáâćãěâ őŕěàăâőàă, ďěľáâćãîéěčő ćő ćŕőńŋě áěŕăàăąěńìŋëå ąăŋăåőćëå ŕàőáâàăŋáâćăå á ąăğĺáăňĺ, łőâőàëľ ŋě ąëń ąë K_p-őŕěàăâőàőň, ŋő ćâőàőľ áőŕàïęěŋŋëľ ł łőâőàőňã ńěęăń ąë ć ĺďěăńě K_p;

4) ĺďěăń K_p ïćńïěâáï àěčãńïàŋëň; 5) ĺďěăń K_p′ ïćńïěâáï àěčãńïàŋëň; 6) ĺďěăń K^{reg}_p ïćńïěâáï ňĺŋĺňăńìŋëň; 7) ĺďěăń K^{reg}_p′ ïćńïěâáï ňĺŋĺňăńìŋëň;

8) ĺďěăń łőŋěçŋőňěàŋëå őŕěàăâőàőć ŕńőâěŋ ć ĺďěăńě K^{reg}_p ; 9) ĺďěăń łőŋěçŋőňěàŋëå őŕěàăâőàőć ŕńőâěŋ ć ĺďěăńě K^{reg}_p′ ;

10) ďńï łăęďőčő áěŕăàăąěńìŋőčő àěäńěłáĺćŋőčő ąăŋăåőćă ŕàőáâàăŋáâćă X łăŋőŋĺçěáłőě ćńőęěŋĺě X^∗ ~⊗_pX → L(X, X) ćğăĺňŋő őďŋőğŋăçŋő;

11) ďńï łăęďőčő ąăŋăåőćă ŕàőáâàăŋáâćă X łăŋőŋĺçěáłőě ćńőęěŋĺě X^∗ ~⊗_pX → L(X, X) ćğăĺňŋő őďŋőğŋăçŋő. �

ŃĹŠĚŘĂŠŞŘĂ

1. Davie A.M., , Bull. London Math. Soc. (1973), 261-266.

2. En‚o P., , Acta Math.

(1973), 309{317.

3. Figiel T., Johnson W. B.,

, Proc. Amer. Math. Soc. (1973), 197{200.

4. Gordon Y., Lewis D. R., Retherford H. R., , J. Funct.

Anal. (1973), no. 1, 85-129.

5. James R. C., , Paci˛c J. Math. (1960), 563{571. 6. Lindenstrauss J., , Israel J. Math. (1971), 279-284.

7. Lindenstrauss J., Tzafriri L., , Springer-Verlag, Berlin { Heldelberg { New York, 1977.

8. Ňăłăàőć Ą. Ň., Śăňăàáłĺľ Ć. Č., , ć łŋ. \Šěőàĺï őŕěàăâőàőć ĺ âěőàĺï äãŋłæĺľ". Ń.: ŃČŞ (1983), 122-144.

9. Persson A., p p , Studia Math. (1969), 213{232.

10. Persson A. and Pietsch A., , Studia Math.

(1969), 19-62, MR39#4645..

11. Ŕĺç Ă., , Ňőáłćă: Ňĺà, 1982, 536 á.

12. Řěľŋőć Ő. Ĺ., , ĎĂŊ ŚŚŚŘ (1975), 3, 528-531.

13. Řěľŋőć Ő. Ĺ., , ĎĂŊ ŚŚŚŘ (1981), no. 1, 43-47.

14. Reinov O. I., , Math. Nachr. (1982), 125-134.

15. Řěľŋőć Ő. Ĺ., , ć łŋ.

\Šěőàĺï őŕěàăâőàőć ĺ âěőàĺï äãŋłæĺľ". Ń.: ŃČŞ (1983), 145-165.

16. Řěľŋőć Ő. Ĺ., l , Ćěáâŋĺł ŚŔą ČŞ. Śěà.1 (2000), ćëŕ. 2 (No 8), 27-32.

17. Řěľŋőć Ő. Ĺ., APs p 0 < s ˇ 1 , Ğăŕĺáłĺ ŋăãçŋ. áěň. ŔŐŇĹ (2000), 277-291.

18. Oja E., Reinov O. I., , C. R. Acad. Sc.

Paris. | Serie I (1987), 121-122.

19. Saphar P., , Studia Math.

(1970), 71-100.

: orein51@mail.ru