SPb. Math. Society Preprint 2001-03 16 Jul 2001

ĂŔŔŘŐŁŚĹŇĂŰĹŐŊŊŻĚ ŚĆŐĽŚŠĆĂ Ĺ ŊĚŁŐŠŐŘŻĚ ŁŃĂŚŚŻ ŐŔĚŘĂŠŐŘŐĆ

Ő.Ĺ.Řěľŋőć

Abstract. Among others, we consider in detail some questions around the properties of

operators with p-nuclear adjoints. For p = 1, ∞, we give also new examples of operators, which can not be factored through Lp-spaces, but whose adjoints factor compactly through lp′ -spaces. We show that, for any p ∈ [1, ∞], all Banach spaces have the (new) so called approximation property AP (lp), connected with the compact factorizatons of operators through lp, if and only if every operator, whose adjoint factors compacly through l_p′ , can be factored (compactly) through the space lp. Bibliography: 32 titles.

Ććěďěŋĺě Ć âěőàĺĺ ăŕŕàőłáĺňăæĺĺ őŕěàăâőàőć ć łćăğĺŋőàňĺàőćăŋŋëå őŕěàăâőàŋëå ĺďěăńăå ćăęŋãî àőńì ĺčàăîâ łăł àăğńĺçŋëě âăł ŋăğëćăěňëě ăŕŕàőłáĺňăæĺőŋŋëě áćőľáâćă ŋőàňĺàőćăŋŋëå ŕàőáâàăŋáâć, âăł ĺ łćăğĺŋőàňĺàőćăŋŋëě âěŋğőàŋëě ŕàőĺğćěďěŋĺï, àăááňăâàĺćăěňëě ŋăàïďã á ŕőàőęďăěňëňĺ ĺňĺ (ńĺąő ŕőàőęďăîéĺňĺ ĺå) łćăğĺŋőàňĺàőćăŋŋëňĺ őŕěàăâőàŋëňĺ ĺďěăńăňĺ. Ŕãáâì, ł ŕàĺňěàã, α | ŋěłőâőàăï âěŋğőàŋăï ŋőàňă ŋă łńăááě ćáěå âěŋğőàŋëå ŕàőĺğćěďěŋĺľ ąăŋăåőćëå ŕàőáâàăŋáâć, âăł çâő áőŕàïęěŋŋőě ł ńîąőňã âěŋğőàŋőňã ŕàőĺğćěďěŋĺî ćĺďă X^∗ ⊗_α Y, čďě X, Y | ąăŋăåőćë ŕàőáâàăŋáâćă, ěáâì ŋěłőâőàőě ŕàőáâàăŋáâćő őŕěàăâőàőć A(Y, X^{∗∗}) (ďćőľáâćěŋŋőáâì ğăďăěâáï áâăŋďăàâŋëň áŕőáőąőň ŕàĺ ŕőňőéĺ áńěďă áãŕěàŕőğĺæĺĺ âěŋğőàŋőčő íńěňěŋâă ĺ őŕěàăâőàă, ŕőàőęďăîéěčő áőőâćěâáâćãîéĺľ äãŋłæĺőŋăń). Ŕãáâì, ďăńěě, A_0(Y, X) | ğăňëłăŋĺě ć A(Y, X^{∗∗}) ňŋőęěáâćă ćáěå łőŋěçŋőňěàŋëå ńĺŋěľŋëå ŋěŕàěàëćŋëå őâőąàăęěŋĺľ (őŕěàăâőàőć) ĺğ Y ć X. Ŕàěďŕőńőęĺň, çâő áãéěáâćãěâ ŋěŋãńěćőľ âěŋğőàŋëľ íńěňěŋâ z ĺğ ŕőŕőńŋěŋĺï X^∗ ^⊗_αY âěŋğőàŋőčő ŕàőĺğćěďěŋĺï X^∗ ⊗_α Y, łőâőàëľ ŕőàőęďăěâ ŋãńěćőľ őŕěàăâőà ~z. Šőčďă ňë ŕőńãçăěň, çâő áńěď tr R ∘ z áãŕěàŕőğĺæĺĺ ńîąőčő őďŋőňěàŋőčő (ă, ğŋăçĺâ, ĺ łőŋěçŋőňěàŋőčő) őŕěàăâőàă R á âěŋğőàőň z àăćěŋ ŋãńî, âőčďă łăł, ć áĺńã ŋěâàĺćĺăńìŋőáâĺ z, ďńï ŋěłőâőàőčő őŕěàăâőàă T ∈ A(Y, X^{∗∗}) ňë ďőńęŋë ĺňěâì: tr T ∘ z = 1. Şŕàőáâĺć áĺâãăæĺî (ŋăŕàĺňěà, ŕàěďŕőńőęĺć, çâő ŕàőáâàăŋáâćő X

Řăąőâă ćëŕőńŋěŋă ŕàĺ çăáâĺçŋőľ ŕőďďěàęłě Ťěďěàăńìŋőľ æěńěćőľ ŕàőčàăňňőľ \Ĺŋâěčàăæĺï" (čàăŋâ ò 326.53) ĺ Ÿćěďáłőľ Łőàőńěćáłőľ Ăłăďěňĺĺ ŋăãł.

© Ő. Ĺ. Řěľŋőć, 2000

Typeset by A_MS-TEX

àěäńěłáĺćŋő), ňë ŋăåőďĺň őŕěàăâőà T ∈ A(Y, X), ŋě ńěęăéĺľ ć ğăňëłăŋĺĺ ňŋőęěáâćă A_0(Y, X) ćáěå łőŋěçŋőňěàŋëå őŕěàăâőàőć ć âőŕőńőčĺĺ σ(A(Y, X), X^∗ ^⊗_αY ). Šěň áăňëň, ňë ŕőńãçăěň ĺ őŕěàăâőà T ∈ A(Y, X), ŋě ăŕŕàőłáĺňĺàãěňëľ łőŋěçŋőňěàŋëňĺ ŕő ŋőàňě ŕàőáâàăŋáâćă A(Y, X). Ňőęŋő ŕàőľâĺáì ĺ ć őąàăâŋãî áâőàőŋã.

Łőŋěçŋő, ć łăęďőň łőŋłàěâŋőň áńãçăě ćěáìňă ŋěőçěćĺďŋő, çâő áãéěáâćãěâ âěŋğőàŋëľ íńěňěŋâ z á őŕĺáăŋŋëňĺ ćëèě áćőľáâćăňĺ. Ćŕěàćëě áãéěáâćőćăŋĺě ŕőďőąŋőčő àőďă âěŋğőàőć ãáâăŋőćĺń ć 1972 č. èćěďáłĺľ ňăâěňăâĺł Ŕ.İŋäńő [6], àěèĺć őâàĺæăâěńìŋő ğŋăňěŋĺâëě ŕàőąńěňë ąăğĺáă Ś.Ąăŋăåă ĺ ăŕŕàőłáĺňăæĺĺ Ă.Čàőâěŋďĺłă: őŋ ŕőłăğăń, çâő âěŋğőàë ãłăğăŋŋőčő åăàăłâěàă áãéěáâćãîâ, ěáńĺ ć łăçěáâćě α ćğïâì ŕàőěłâĺćŋãî ŋőàňã Ă.Čàőâěŋďĺłă [9] (őŕàěďěńěŋĺě áň. ŋĺęě ć §1, ⊗_p ŕàĺ p = 1). Ć íâőň áńãçăě áőőâćěâáâćãîéăï^∗-áńăąăï âőŕőńőčĺï ŋă áőŕàïęěŋŋőň ł ŕàőěłâĺćŋőňã âěŋğőàŋőňã ŕàőĺğćěďěŋĺî X^∗ ^⊗Y ŕàőáâàăŋáâćě L(Y, X^{∗∗}) | ŕàőáâàăŋáâćě ćáěå őŕěàăâőàőć ĺğ Y ć X^{∗∗} | âěáŋő áćïğăŋă á âőŕőńőčĺěľ łőňŕăłâŋőľ áåőďĺňőáâĺ, ĺ Ŕ.İŋäńő ãáâăŋőćĺń áãéěáâćőćăŋĺě áěŕăàăąěńìŋőčő àěäńěłáĺćŋőčő ąăŋăåőćă ŕàőáâàăŋáâćă, ďńï łőâőàőčő âőęďěáâćěŋŋëľ őŕěàăâőà id_X ć X ŋě ăŕŕàőłáĺňĺàãěâáï ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ łőŋěçŋőňěàŋëňĺ, | ŕő őŕàěďěńěŋĺî ĺğ [9] íâő őğŋăçăěâ, çâő ŕàőáâàăŋáâćő X ŋě őąńăďăěâ âăł ŋăğëćăěňëň áćőľáâćőň ăŕŕàőłáĺňăæĺĺ AP . Ć [9], ŕő áãéěáâćã, ććěďěŋő ĺ ŕőŋïâĺě ãáńőćĺï őčàăŋĺçěŋŋőľ ăŕŕàőłáĺňăæĺĺ: ąăŋăåőćő ŕàőáâàăŋáâćő X ãďőćńěâćőàïěâ ãáńőćĺî őčàăŋĺçěŋŋőľ ăŕŕàőłáĺňăæĺĺ BAP, ěáńĺ âőęďěáâćěŋŋőě őâőąàăęěŋĺě id_X ńěęĺâ ć ğăňëłăŋĺĺ, ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ, èăàă àăďĺãáă C ŕàőáâàăŋáâćă L_0(X, X) ćáěå łőŋěçŋőňěàŋëå őâőąàăęěŋĺľ (á őąëçŋőľ őŕěàăâőàŋőľ ŋőàňőľ) ďńï ŋěłőâőàőľ ŕőáâőïŋŋőľ C > 0. Ćěáìňă ŋě őçěćĺďŋő, çâő áćőľáâćă AP ĺ BAP àăğńĺçăîâáï ňěęďã áőąőľ, ĺ áőőâćěâáâćãîéăï ŕàőąńěňă Ă.Čàőâěŋďĺłă [9] ąëńă őâàĺæăâěńìŋő àěèěŋă ć àăąőâě [7]: BAP ≠ AP .

Łőŋáâàãłæĺï Ŕ.İŋäńő íłáâàěňăńìŋă ć âőň áňëáńě, çâő ć ŋěľ ãłăğăŋ ŕàĺňěà ŋěŋãńěćőčő âěŋğőàŋőčő íńěňěŋâă, ŕőàőęďăîéěčő ŋãńěćőľ őŕěàăâőà ĺ ïćńïîéěčőáï s-ïďěàŋëň ŕàĺ ńîąőň s > 2/3; őâňěâĺň, çâő ŕàĺ s = 2/3 ŕőďőąŋăï łőŋáâàãłæĺï ŋěćőğňőęŋă, ĺ íâő ěéě ć 1955 č. ãáâăŋőćĺń Ă.Čàőâěŋďĺł [9]. Ňë, ŋě őąêïáŋïï ŕőďàőąŋő âőńìłő çâő áłăğăŋŋőě, áäőàňãńĺàãěň őďŋő ãâćěàęďěŋĺě, ć łőâőàőň áőďěàęăâáï ĺ ãŕőňïŋãâëě äăłâë.

Ŕàěďńőęěŋĺě. 1) Ěáńĺ X, Y | ąăŋăåőćë ŕàőáâàăŋáâćă ĺ z | íńěňěŋâ ŕàőěł-

âĺćŋőčő âěŋğőàŋőčő ŕàőĺğćěďěŋĺï X^∗ ^⊗Y, ŕàěďáâăćĺňëľ ć ćĺďě

z = ∞∑ k=1 μ_kx^′_k ⊗ y_k, čďě μ_k ↘ 0, μ_k = o ( 1 k^{3/2} ) , ‖x^′_k‖ ‖y_k‖ = 1,

âő őŕěàăâőà ~z, ăááőæĺĺàőćăŋŋëľ á z, ŋãńěćőľ âőčďă ĺ âőńìłő âőčďă, łőčďă áăň íńěňěŋâ z àăćěŋ ŋãńî.

2) Śãéěáâćãěâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő X ĺ ŋěŋãńěćőľ âěŋğőàŋëľ íńěňěŋâ z ∈ X^∗ ^⊗X, ŕőàőęďăîéĺľ ŋãńěćőľ őŕěàăâőà ĺ ďőŕãáłăîéĺľ àăğńőęěŋĺě ć àïď z = ∞∑ k=1 μ_kx^′_k ⊗ x_k, čďě (x^′_k) ⊂ X^∗, (x_k) ⊂ X | őčàăŋĺçěŋŋëě ŕőáńěďőćăâěńìŋőáâĺ, ă çĺáńőćăï ŕőáńě-

ďőćăâěńìŋőáâì (μ_k) âăłőćă, çâő μ_k = O ( √ ln k k^{3/2} ) . Ŕěàćăï çăáâì ŕàěďńőęěŋĺï | íâő őąőąéěŋĺě áőőâćěâáâćãîéěľ âěőàěňë Ă. Čàőâěŋďĺłă, ŕőńãçěŋŋőě ăćâőàőň ć [31], ćâőàăï | ŕàĺňěà Ŕ.İŋäńő (áň. [18], [19], [13]), ĺ íâã łőŋáâàãłæĺî ňë ĺŋâěŋáĺćŋő ĺáŕőńìğãěň ŋĺęě.

Ŕàĺňěàë İŋäńő ĺ Ťĺčěńï-Ďęőŋáőŋă ŕàĺćěńĺ ł ňŋőčőçĺáńěŋŋëň ćőŕàőáăň, áćïğăŋŋëň łăł á ăŕŕàőłáĺňăæĺěľ őŕěàăâőàőć ć ŋěłőâőàëå łőŋłàěâŋëå őŕěàăâőàŋëå ĺďěăńăå łőŋěçŋőňěàŋëňĺ, âăł ĺ á âăł ŋăğëćăěňőľ àěčãńïàŋőáâìî áâăćèĺå âěŕěàì łńăááĺçěáłĺå őŕěàăâőàŋëå ĺďěăńőć, âăłĺå łăł ĺďěăńë p-ïďěàŋëå őŕěàăâőàőć, p > 0. Ćőâ âőńìłő ďćă ćőŕàőáă, ćğïâëå ĺğ ňőŋőčàăäĺĺ Ă.Ŕĺçă [18], [19] (ŕěàćëľ ĺğ ŋĺå ňë ŕàĺćőďĺň ć âěàňĺŋăå ŋăáâőïéěľ àăąőâë, őŕàěďěńěŋĺě áň. ć §1; őâŋőáĺâěńìŋő ćâőàőčő ňë őâáëńăěň çĺâăâěńï ł ŕěàćőĺáâőçŋĺłã).

1) [18, ŕ. 19.2.6] Ćěàŋő ńĺ, çâő ďńï p ≠ 2 áãéěáâćãěâ łćăğĺ-p-ïďěàŋëľ őŕěàăâőà, ŋě ăŕŕàőłáĺňĺàãěňëľ ŕő łćăğĺ-p-ïďěàŋőľ ŋőàňě łőŋěçŋőňěàŋëňĺ őâőąàăęěŋĺïňĺ?

2) [18, ŕ. 18.1.7] Őŕĺáăâì ćáě ŕőłăğăâěńĺ p, r, q, ďńï łőâőàëå ĺďěăń (p, r, q)- ïďěàŋëå őŕěàăâőàőć àěčãńïàěŋ.

Ŕěàćëľ ćőŕàőá ĺňěěâ ŕőńőęĺâěńìŋëľ őâćěâ [28], [25]. Ćâőàőľ, ćěáìňă łàăáĺćëľ, ćőŕàőá ŕőáâăćńěŋ ć őçěŋì őąéěľ äőàňě ĺ ďő ŋëŋěèŋěčő ćàěňěŋĺ ďăńěł őâ áćőěčő őłőŋçăâěńìŋőčő àěèěŋĺï (çăáâì ŕőńőęĺâěńìŋëå àěğãńìâăâőć ňőęŋő ŋăľâĺ ć ňőŋőčàăäĺĺ Ă.Ŕĺçă). Ŕőíâőňã ňë ŕàĺćěďěň ŕěàěäőàňãńĺàőćłã ćâőàőčő ćőŕàőáă ďńï âàěå çăáâŋëå áńãçăěć, ć łőâőàëå ňěęďã ŕőłăğăâěńïňĺ p, r, q ĺňěîâáï őŕàěďěńěŋŋëě áőőâŋőèěŋĺï (ğă ďěâăńïňĺ ĺ őŕàěďěńěŋĺïňĺ ňë, őďŋăłő, őâáëńăěň çĺâăâěńï ł łŋĺčě [18] ĺ ł ŕăàăčàăäăň 1, 4, 5 ĺ 7 ŋăáâőïéěľ áâăâìĺ). Ŕãáâì p ≠ 2, p^′ | áőŕàïęěŋŋëľ ŕőłăğăâěńì ĺ T : X → Y | őčàăŋĺçěŋŋëľ őŕěàăâőà ć ąăŋăåőćëå ŕàőáâàăŋáâćăå.

(i) Ćěàŋő ńĺ, çâő ěáńĺ ćâőàőľ áőŕàïęěŋŋëľ T^{∗∗} ïćńïěâáï p-ïďěàŋëň, âő âăłĺň ęě áćőľáâćőň őąńăďăěâ ĺ áăň őŕěàăâőà T ?

(ii) Ćěàŋő ńĺ, çâő ěáńĺ áőŕàïęěŋŋëľ ł T őŕěàăâőà T^∗ ïćńïěâáï p-ïďěàŋëň, çâő áăň őŕěàăâőà T ïćńïěâáï ďãăńìŋő p-ïďěàŋëň, â.ě. ďőŕãáłăěâ äăłâőàĺğăæĺî çěàěğ ŋěłőâőàëľ ďĺăčőŋăńìŋëľ őŕěàăâőà l_p′ → l_1?

(iii) 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 ćőŕàőáë (i)-(ii) őâàĺæăâěńìŋë ŕàĺ ńîąőň p ∈ [1, ∞] \ {2} (áň. [7], [25], [26], [28], [29], [31] ĺ §§4-5 ŋăáâőïéěľ àăąőâë). Őâćěâ ŋă ćőŕàőá (iii) | őâàĺæăâěńěŋ, ěáńĺ p = 1 ĺńĺ p = ∞ (áň. [25], [28], [30] ĺ §§4-5, 7 ŋăáâőïéěľ àăąőâë). Őâćěâ ŋă ćőŕàőá (iii) ďő áĺå ŕőà ŋěĺğćěáâěŋ ŕàĺ ďàãčĺå ğŋăçěŋĺïå ŕőłăğăâěńï p, â.ě. ŕàĺ 1 < p ≠ 2 < ∞. Őáâăŋőćĺňáï ŋěňŋőčő ŋă áĺâãăæĺĺ, ŕőïáŋïîéěľ (ěáńĺ ŕàĺŋïâì ćő ćŋĺňăŋĺě àěğãńìâăâë §7 ďăŋŋőľ áâăâìĺ, ĺ, őáőąěŋŋő, áăňãî ŕőáńěďŋîî âěőàěňã ć ŋăèěľ àăąőâě) áńőęŋőáâĺ ŕàĺ àěèěŋĺĺ ğăďăçĺ (iii). Őŕàěďěńěŋĺï ĺ ďěâăńĺ, áćïğăŋŋëě á ŕàĺćőďĺňëňĺ ŋĺęě àăááãęďěŋĺïňĺ, ňőęŋő ŋăľâĺ ć §7.

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

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

(0.2) sup_j |a_j | sup_{‖x‖≤1} ∑ j |⟨x^′_j , x⟩|^p 1/p sup ‖y^′ ‖≤1 ∑ j |⟨y_j , y^′⟩|^{p′} 1/p^′ ≤ k^0_p(z) + ε,

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

(0.3) S = n∑ j=1 a_j x^′_j ⊗ y_j . őŕàěďěńïîâáï ćěáìňă áåőęĺň áŕőáőąőň (áň. ŋăçăńő §7).

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 (0.1). Őďŋăłő, áãéěáâćěŋŋăï àăğŋĺæă ć ĺå őŕàěďěńěŋĺĺ ŕàőáńěęĺćăěâáï ŕàĺ àăááňőâàěŋĺĺ łőŋěçŋőňěàŋëå őŕěàăâőàőć (ĺńĺ âěŋğőàőć): ďńï łőŋěçŋőňěàŋőčő őŕěàăâőàă S ĺğ (0.3) (ŕãáâì ěňã áőőâćěâáâćãěâ âěŋğőà z) ěčő ŋőàňă ć ŕàőáâàăŋáâćě K_p(X, Y ) ćëçĺáńïěâáï łăł ĺŋäĺňãň ńěćőľ çăáâĺ áőőâŋőèěŋĺï (0.2) ŕő ćáěň áőőâćěâáâćãîéĺň ŕàěďáâăćńěŋĺïň ćĺďă (0.1) őŕěàăâőàă S, âőčďă łăł ŋőàňă ăááőæĺĺàőćăŋŋőčő âěŋğőàŋőčő íńěňěŋâă z | łăł ĺŋäĺňãň ńěćőľ çăáâĺ áőőâŋőèěŋĺï (0.2) 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. [25, áńěďáâćĺě 3.4 ĺ ŕàěďèěáâćãîéĺě íâőňã áńěďáâćĺî ďőłăğăâěńìáâćă]; áńãçăľ p = 1 àăááňőâàěŋ ć ŋăáâőïéěľ àăąőâě (áńěďáâćĺě 4.25), ŋő ąěğ ŕőďàőąŋőčő ďőłăğăâěńìáâćă áőőâćěâáâćãîéěě ãâćěàęďěŋĺě ŕőïćĺńőáì ãęě ć áâăâìě [25, áńěďáâćĺě 4.2]).

Ć íâőľ àăąőâě ňë łăł àăğ ĺ ąãďěň ĺňěâì ďěńő á áĺâãăæĺěľ, áćïğăŋŋőľ á łàãčőň ćőŕàőáőć, ćőğŋĺłăîéĺå ć áćïğĺ á ŕàőąńěňăňĺ (i)-(iii), ĺ, ěáâěáâćěŋŋő, ğăâàőŋěň ŋěłőâőàëě őąńăáâĺ łăł ĺå ŕàĺńőęěŋĺľ, âăł ĺ ąńĺğłĺå ŕő âěňăâĺłě ŕàőąńěň. Ňë ŋě áâăŋěň őŕĺáëćăâì őáŋőćŋëě àěğãńìâăâë, ŕőńãçăěňëě ć ŕàőæěááě ŋăèěčő ďăńìŋěľèěčő ĺğńőęěŋĺï, | łàãč àăááňăâàĺćăěňëå ćőŕàőáőć őçěàçěŋ łăł ć ŋăğćăŋĺïå áőőâćěâáâćãîéĺå ŕăàăčàăäőć, âăł ĺ ć ŋěőąåőďĺňëå łőňňěŋâăàĺïå, łőâőàëě ŕőïćńïîâáï ŕő ňěàě ŕàőåőęďěŋĺï ŋăňĺ æěŕőçěł ŋőćëå äăłâőć, ãáâăŋăćńĺćăěňëå ć ŋăáâőïéěľ áâăâìě.

Ăćâőà ĺáłàěŋŋě ŕàĺğŋăâěńěŋ Ňăłăàőćã Ą.Ň. ğă ćŋĺňăŋĺě ł àăąőâě ĺ ğă àïď ćěáìňă ŕőńěğŋëå ğăňěçăŋĺľ ŕőáńě, ćĺďĺňő, ŋěńěčłőčő ŕàőçâěŋĺï íâőľ áâăâìĺ.

§1. Őąőğŋăçěŋĺï ĺ őŕàěďěńěŋĺï. Ŕàěďćăàĺâěńìŋëě áćěďěŋĺï. Řăááňăâàĺćăěňëě ŕàőáâàăŋáâćă X, Y, Z, E, . . . | ąăŋăåőćë. İńěňěŋâë íâĺå ŕàőáâàăŋáâć ňë őąëçŋő őąőğŋăçăěň áőőâćěâáâćãîéĺňĺ áâàőçŋëňĺ ąãłćăňĺ: x ∈ X, y ∈ Y, . . . , x^′ ∈ X^∗, y^{′′} ∈ Y^{∗∗}, . . . . Ťãŋłæĺőŋăńë ąãďãâ âăłęě őąőğŋăçăâìáï ĺ çěàěğ f ĺ â.ŕ., ă ğŋăçěŋĺï ĺå, ŋăŕàĺňěà, äãŋłæĺőŋăńă x^′ ĺńĺ f, ŋă íńěňěŋâě x | ńĺąő çěàěğ ⟨x^′, x⟩, ⟨x, x^′⟩, ńĺąő çěàěğ x^′(x), f(x). Ěáńĺ ŋăďő ãłăğăâì ŕàőáâàăŋáâćő, ć łőâőàőň àăááňăâàĺćăěâáï ŋőàňă ‖ · ‖ íńěňěŋâă x ∈ X, âő ňë őąëçŋő 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). Ěďĺŋĺçŋëľ (ğăňłŋãâëľ) èăà ąăŋăåőćă ŕàőáâàăŋáâćă X őąëçŋő őąőğŋăçăěâáï çěàěğ B_X . Ůěàěğ W (K) ňë őąőğŋăçăěň ňŋőęěáâćő ćáěå ćěàőïâŋőáâŋëå ňěà Řăďőŋă ŋă âőŕőńőčĺçěáłőň ŕàőáâàăŋáâćě K; ěáńĺ K | ěďĺŋĺçŋëľ èăà B_X ∗ , áŋăąęěŋŋëľ^∗-áńăąőľ âőŕőńőčĺěľ, âő ďńï ćěàőïâŋőáâĺ Řăďőŋă μ ŋă ŋěň ŕĺèěň μ ∈ W (B_X ∗ , w^∗).

Őąőğŋăçěŋĺï l_p, c_0 áâăŋďăàâŋë; łćăğĺŋőàňë ć íâĺå ŕàőáâàăŋáâćăå (łăł ĺ ŕàőáâàăŋáâćăå âĺŕă L_p(μ)) ňë âăłęě őąőğŋăçăěň çěàěğ ‖α‖_p = ‖α‖_{lp} ďńï α = (α_k) ∈ l_p, p ∈ [18], ∞], ĺ ‖α‖_∞ = ‖α‖_{c0} ć áńãçăě ŕàőáâàăŋáâćă c_0; l^N_p | łőŋěçŋőňěàŋëě ăŋăńőčĺ l_p-ŕàőáâàăŋáâć; r^′ - áőŕàïęěŋŋëľ á r ∈ [1, ∞] ŕőłăğăâěńì. Śńěďãěâ ğăňěâĺâì, çâő ć ŋěłőâőàëå áńãçăïå (ŋăŕàĺňěà, ŕàĺ àăááňőâàěŋĺĺ àïďă ŋőàň ŋă âěŋğőàŋëå ŕàőĺğćěďěŋĺïå ąăŋăåőćëå ŕàőáâàăŋáâć) áĺňćőńőň âĺŕă ‖ · ‖_p ňë ąãďěň őąőğŋăçăâì ĺ ŋőàňë ć ďàãčĺå ŕàőáâàăŋáâćăå, őâńĺçŋëå őâ ŕàőáâàăŋáâć L_p, ŋő íâő ŋĺ ć łőěň áńãçăě ŋě ŕàĺćěďěâ ł ŋěďőàăğãňěŋĺî.

Ěáńĺ X | ąăŋăåőćő ŕàőáâàăŋáâćő ĺ μ | ŋěłőâőàăï ňěàă, âő çěàěğ L_p(μ; X), 0 < p 6 ∞ őąőğŋăçăěâáï L_p-ŕàőáâàăŋáâćő ćáěå (łńăááőć íłćĺćăńěŋâŋőáâĺ) áĺńìŋő μ-ĺğňěàĺňëå ĺŋâěčàĺàãěňëå ć p-ľ áâěŕěŋĺ (ŕő Ąőåŋěàã) äãŋłæĺľ. Ć áńãçăě ďĺáłàěâŋëå ňěà ňë âăłęě ĺáŕőńìğãěň őąőğŋăçěŋĺï âĺŕă l_p(X), l_p(`; X), c_0(X), ĺ â.ŕ.. Ďńï łćăğĺŋőàňë ŕőáńěďőćăâěńìŋőáâĺ (x_k)_k, ńěęăéěľ ć ŕàőáâàăŋáâćě l_p(X), ňë ąãďěň ĺáŕőńìğőćăâì őąőğŋăçěŋĺě α_p(x_k ) := ( ∑ k ‖x_k‖^p)^{1/p} (ŕàĺ p = ∞ ŋěőąåőďĺňă áőőâćěâáâćãîéăï ňőďĺäĺłăæĺï). Ŋăŕőňŋĺň, çâő ďńï łőŋěçŋëå p > 1 l_p(`; X)^∗ = l_p′ (`; X^∗) ĺ c_0(`; X)^∗ = l_1(`; X). Śěňěľáâćő (x_k)^∞_{k=1} ⊂ X, ďńï łőâőàőčő łőŋěçŋă ćěńĺçĺŋă α_p(x_k), ŋăğëćăěâáï ăąáőńîâŋő p-áãňňĺàãěňëň. Śěňěľáâćő (x_k)^∞_{k=1}, ŋăğëćăěâáï áńăąő p-áãňňĺàãěňëň, ěáńĺ (⟨x_k , x^′⟩) ∈ l_p ďńï ćáěå x^′ ∈ X^∗. Ŕőńăčăěň

ε_p(x_j ) := sup_{‖x′‖≤1} ∑ j |⟨x_j , x^′⟩|^p 1/p

İâő łćăğĺŋőàňă (ŋőàňă ŕàĺ p > 1) ć ŕàőáâàăŋáâćě l_p{X} ćáěå áńăąő p-áãňňĺàãěňëå ŕőáńěďőćăâěńìŋőáâěľ íńěňěŋâőć ĺğ X.

Ňë čőćőàĺň, çâő ąăŋăåőćő ŕàőáâàăŋáâćő ćŕőńŋě áěŕăàăąěńìŋő, ěáńĺ łăł őŋő áăňő, âăł ĺ ćáě ěčő áőŕàïęěŋŋëě ŕàőáâàăŋáâćă áěŕăàăąěńìŋë.

Ůěàěğ 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 (ĺŋőčďă ć őďŋőň ĺ âőň ęě ďőłăğăâěńìáâćě áĺňćőń π ąãďěâ ĺáŕőńìğőćăâìáï ďńï őąőğŋăçěŋĺľ ćńőęěŋĺľ àăğŋëå ŕàőáâàăŋáâć ć ĺå ćâőàëě áőŕàïęěŋŋëě). Łàőňě âőčő, ěáńĺ íâő ŋě ŕàĺćőďĺâ ł ŋěďőàăğãňěŋĺî, ňë çăáâő ąãďěň áçĺâăâì, çâő àăááňăâàĺćăěňőě ąăŋăåőćő ŕàőáâàăŋáâćő ïćńïěâáï ŕőďŕàőáâàăŋáâćőň áćőěčő ćâőàőčő áőŕàïęěŋŋőčő, | íâő ãďőąŋő, ć çăáâŋőáâĺ, ďńï ãŕàőéěŋĺľ ŋěłőâőàëå äőàňãń.

Ŋăŕőňŋĺň, çâő łăęďőě ąăŋăåőćő ŕàőáâàăŋáâćő X ĺğőňěâàĺçŋő äăłâőàŕàőáâàăŋáâćã ŋěłőâőàőčő ŕàőáâàăŋáâćă l_1(`) (ć łăçěáâćě ` ňőęŋő ćğïâì B_X; âőčďă őŕěàăâőà, őŕàěďěńïěňëľ áőőâŋőèěŋĺěň Q(α_x) := ∑ x∈B_X αxx, ąãďěâ äăłâőàőâőąàăęěŋĺěň ĺğ

l_1(B_X ) ŋă X). Łăęďőě ąăŋăåőćő ŕàőáâàăŋáâćő ĺğőňěâàĺçŋő ŕőďŕàőáâàăŋáâćã ŋěłőâőàőčő l_∞(`), ŋăŕàĺňěà, ŕàőáâàăŋáâćă l_∞(B_X ∗ ).

Ůěàěğ L(X, Y ) őąőğŋăçăěâáï ŕàőáâàăŋáâćő ćáěå (ńĺŋěľŋëå ŋěŕàěàëćŋëå) őŕěàăâőàőć ĺğ X ć Y áő áâăŋďăàâŋőľ ŋőàňőľ, App(X, Y ) | ğăňëłăŋĺě ňŋőęěáâćă ćáěå łőŋěçŋőňěàŋëå őŕěàăâőàőć (őŕěàăâőàőć łőŋěçŋőčő àăŋčă) ć ŕàőáâàăŋáâćě L(X, Y ).

Őŕěàăâőà T ∈ L(X, Y ) ŋăğëćăěâáï őŕěàăâőàőň âĺŕă RN (őŕěàăâőàőň Řăďőŋă- Ŋĺłőďĺňă, RN-őŕěàăâőàőň) [27, 20, 21, 18], ěáńĺ T ŕěàěćőďĺâ ćěłâőàŋëě ňěàë m őčàăŋĺçěŋŋőľ ćăàĺăæĺĺ ć ňěàë, ŕàěďáâăćĺňëě ĺŋâěčàăńőň Ąőåŋěàă ŕő ćăàĺăæĺĺ ňěàë m.

Ąăŋăåőćő ŕàőáâàăŋáâćő X őąńăďăěâ áćőľáâćőň Řăďőŋă{Ŋĺłőďĺňă(áň., ŋăŕàĺňěà,[18, ŕ. 24.2.6, 24.2.9; 4]), X ∈ RN, ěáńĺ âőęďěáâćěŋŋőě őâőąàăęěŋĺě ć X ěáâì őŕěàăâőà âĺŕă RN . Łăęďőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő, ă âăłęě áěŕăàăąěńìŋőě áőŕàïęěŋŋőě ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň RN (áň. [9, 5, 4, 21]). Ć çăáâŋőáâĺ, ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő, łăł ĺ ćáě ěčő áőŕàïęěŋŋëě, ĺňěěâ áćőľáâćő Řăďőŋă-Ŋĺłőďĺňă. Ŕàőáâàăŋáâćő áő áćőľáâćőň RN ŋě ňőęěâ áőďěàęăâì ĺğőňőàäŋãî łőŕĺî ŕàőáâàăŋáâćă c_0, ĺńĺ łőŕĺî ŕàőáâàăŋáâćă L_1[0, 1].

Őŕěàăâőà T : X → Y ŋăğëćăěâáï ãáńőćŋő áńăąő łőňŕăłâŋëň, ěáńĺ ĺğ ćáïłőľ őčàăŋĺçěŋŋőľ ŕőáńěďőćăâěńìŋőáâĺ (x_n) ⊂ X ňőęŋő ĺğćńěçì âăłãî ŕőďŕőáńěďőćăâěńìŋőáâì (x_{nk} ), çâő {T x_{nk} } | ŕőáńěďőćăâěńìŋőáâì Łőèĺ ć (Y, σ(Y, Y^∗)) . T ïćńïěâáï ãáńőćŋő áńăąő łőňŕăłâŋëň őŕěàăâőàőň âőčďă ĺ âőńìłő âőčďă, łőčďă ŋě áãéěáâćãěâ âăłőčő ĺğőňőàäŋőčő ŕàőáâàăŋáâćã l_1 ŕőďŕàőáâàăŋáâćă Z ć X, çâő áãęěŋĺě T |_Z ïćńïěâáï ĺğőňőàäĺğňőň (áň., ŋăŕàĺňěà, [22]). Ěáńĺ T^∗ ∈ RN, âő őŕěàăâőà T ãáńőćŋő áńăąő łőňŕăłâěŋ.

Ŋăŕőňŋĺň, çâő őŕěàăâőà T ∈ L(X, Y ) ïćńïěâáï áńăąő łőňŕăłâŋëň âőčďă ĺ âőńìłő âőčďă, łőčďă T (X^{∗∗}) ⊂ π_Y Y. Ďńï áńăąő łőňŕăłâŋőčő őŕěàăâőàă T : X → Y çěàěğ T^π őąőğŋăçăěâáï ěčő áĺńìŋő ąĺďãăńìŋëľ őŕěàăâőà [18, ŕ. 1.5.5], â.ě. őŕěàăâőà ĺğ X^{∗∗} ć Y , őŕàěďěńïěňëľ áőőâŋőèěŋĺěň T^πx^{′′} := (π_Y |_{πY Y} )^{−1}(T^{∗∗}x^{′′}).

Ńěňňă 1.1 (áň. [15],[32],[4, âěőàěňă VI.2.15]). Ěáńĺ őŕěàăâőà T : C(K) → Z

ŋě ïćńïěâáï áńăąő łőňŕăłâŋëň, âő ć C(K) ŋăľďěâáï ĺğőňěâàĺçŋăï łőŕĺï ŕàőáâàăŋáâćă c_0, ŋă łőâőàőľ őŕěàăâőà T ďěľáâćãěâ łăł ĺğőňőàäĺğň.

Śńěďãîéĺě ďćă ãâćěàęďěŋĺï ćğïâë ĺğ áâăâìĺ [12] (ćâőàőě ŕàĺćőďĺâáï ć ãďőąŋőľ ďńï ŋăá äőàňãńĺàőćłě, áãéěáâćőćăŋĺě ąăğĺáă ć ŕàőáâàăŋáâćě Z^{∗∗} ć ńěňňě 1.3 ćëâěłăěâ ĺğ őŕàěďěńěŋĺï ŕàőáâàăŋáâćă Z ć ďőłăğăâěńìáâćě áńěďáâćĺï 1 ć [12]). Ŕőďàőąŋëě áćěďěŋĺï ő ąăğĺáăå Ÿăãďěàă ć ąăŋăåőćëå ŕàőáâàăŋáâćăå ňőęŋő ŋăľâĺ ć ňőŋőčàăäĺĺ [13, àăğďěń 1.b]).

Ńěňňă 1.2 ([12], âěőàěňă 1). Ďńï ćáïłőčő áěŕăàăąěńìŋőčő ąăŋăåőćă ŕàőáâàăŋáâćă

E áãéěáâćãîâ áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő W á ňőŋőâőŋŋëň ŋăâïčĺćăîéĺň ąăğĺáőň ĺ äăłâőàőâőąàăęěŋĺě ¯ : W^∗ → E âăłĺě, çâő W^∗ ĺňěěâ ąăğĺá ĺ W^{∗∗} = ¯^∗E^∗ ⊕ π_W W.

Ńěňňă 1.3 ([12], áńěďáâćĺě 1). Ďńï ćáïłőčő áěŕăàăąěńìŋőčő ąăŋăåőćă ŕàőáâàăŋ-

áâćă E áãéěáâćãîâ áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Z á ąăğĺáőň ĺ ńĺŋěľŋëľ čőňőňőàäĺğň ˘ : Z^{∗∗} → E âăłĺě, çâő Z^{∗∗} ĺňěěâ ąăğĺá (ĺ, áńěďőćăâěńìŋő, áěŕăàăąěńìŋő), ŕőďŕàőáâàăŋáâćő ˘^∗E^∗ ďőŕőńŋïěňő ć Z^{∗∗∗} ĺ ïďàő čőňőňőàäĺğňă˘ ěáâì π_Z Z.

Ňőďĺäĺæĺàãï őŕàěďěńěŋĺě ŕàőáâàăŋáâćă Y ĺğ ďőłăğăâěńìáâćă őáŋőćŋőľ âěőàěňë 1 ĺğ [12], ŋăň ãďăńőáì ŕőńãçĺâì ŋěłőâőàőě őąőąéěŋĺě íâőľ âěőàěňë Ńĺŋďěŋèâàăãááă, | ďőłăğăâěńìáâćő áőőâćěâáâćãîéěčő ãâćěàęďěŋĺï čőâőćĺâáï ł ŕěçăâĺ ć Ğăŕĺáłăå ŋăãçŋëå áěňĺŋăàőć ŔŐŇĹ, 2001. Ŕàĺćěďěň ŋěőąåőďĺňëě ŋăň áńěďáâćĺï ĺğ íâőčő őąőąéěŋĺï. Ŋĺęě ć ńěňňăå 1.4 ĺ 1.5 ŕőď l_∞ ŕőŋĺňăěâáï ŕàőáâàăŋáâćő c_0. Ńěňňă 1.4. Ć ãáńőćĺïå ńěňňë 1.2, ąăŋăåőćő ŕàőáâàăŋáâćő W ĺ äăłâőàőâőąàă-

ęěŋĺě ¯ : W^∗ → E, ŕőňĺňő ŕàőçěčő, ňőčãâ ąëâì ćëąàăŋë ěéě ĺ âăł, çâőąë ćëŕőńŋïńőáì ãáńőćĺě

ε^{(1)}r ďńï ćáïłőčő ε > 0, ńîąőčő r ∈ [1, ∞) ĺ ďńï łăęďőľ áńăąő r-áãňňĺàãěňőľ ŕőáńěďőćăâěńìŋőáâĺ (x_k) ć E áãéěáâćãěâ âăłăï áńăąő r-áãňňĺàãěňăï ŕőáńěďőćăâěńìŋőáâì (w^∗_k) ć W^∗, çâő ¯w^∗_n = x_n, n = 1, 2, . . . , ĺ ε_r(w^∗_n) 6 ε_r(x_n) + ε, ĺńĺ, çâő âő ęě áăňőě, ãáńőćĺě l^{(1)}_r ďńï ćáïłőčő ε > 0 ĺ ńîąőčő r ∈ [1, +∞] łăęďëľ őŕěàăâőà T : l_r → E ňőęěâ ąëâì ŕőďŋïâ (őâŋőáĺâěńìŋő äăłâőàőâőąàăęěŋĺï ¯) ďő ŋěŕàěàëćŋőčő ńĺŋěľŋőčő őŕěàăâőàă ~T : l_r → W^∗ âăł, çâő ‖ ~T ‖ 6 ‖T ‖ + ε.

Ńěňňă 1.5. Ć ãáńőćĺïå ńěňňë 1.3, ąăŋăåőćő ŕàőáâàăŋáâćő Z ĺ äăłâőàőâőąàă-

ęěŋĺě ˘ : Z^{∗∗} → E, ŕőňĺňő ŕàőçěčő, ňőčãâ ąëâì ćëąàăŋë ěéě ĺ âăł, çâőąë ćëŕőńŋïńőáì ãáńőćĺě

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

ĺńĺ, çâő âő ęě áăňőě, ãáńőćĺě l^{(2)}_r ďńï ćáïłőčő ε > 0 ĺ ńîąőčő r ∈ [1, +∞] łăęďëľ őŕěàăâőà T : l_r → E ňőęěâ ąëâì ŕőďŋïâ (őâŋőáĺâěńìŋő äăłâőàőâőąàăęěŋĺï ¯) ďő ŋěŕàěàëćŋőčő ńĺŋěľŋőčő őŕěàăâőàă ~T : l_r → Z^{∗∗} âăł, çâő ‖ ~T ‖ 6 (1 + ε)‖T ‖.

Ňë ĺáŕőńìğãěň áńěďãîéĺě őąőğŋăçěŋĺï ďńï łńăááĺçěáłĺå őŕěàăâőàŋëå ĺďěăńőć (őáŋőćŋãî ĺŋäőàňăæĺî ĺğ âěőàĺĺ őŕěàăâőàŋëå ĺďěăńőć ňőęŋő ŋăľâĺ ć [18], ŋő ňë ŕàĺďěàęĺćăěňáï ŋěáłőńìłő ďàãčĺå őąőğŋăçěŋĺľ ĺ âěàňĺŋőńőčĺĺ; áň. [17, 16, 8]):

[˝_p, π_p] | ĺďěăń ăąáőńîâŋő p-áãňňĺàãîéĺå őŕěàăâőàőć; [N_p, ν_p] | ĺďěăń p-ïďěàŋëå őŕěàăâőàőć; [I_p, i_p] | ĺďěăń (áâàőčő) p-ĺŋâěčàăńìŋëå őŕěàăâőàőć; [I^{Gr}_p , i^{Gr}_p ] | ĺďěăń p-ĺŋâěčàăńìŋëå ŕő Čàőâěŋďĺłã őŕěàăâőàőć; [QN_p, π_p] | ĺďěăń łćăğĺ-p-ïďěàŋëå őŕěàăâőàőć.

Ŋăŕőňŋĺň őŕàěďěńěŋĺï (ŋãęŋëě ŋăň ć ďăńìŋěľèěň ŕěàěäőàňãńĺàőćłĺ, łőâőàëňĺ ňë âăłęě ąãďěň ŕőńìğőćăâìáï, ňőęŋő ŋăľâĺ, ŋăŕàĺňěà, ć [18, 17, 16, 8]). Ŕãáâì T ∈ L(X, Y ).

Ďńï 0 < p 6 ∞ őŕěàăâőà T ŋăğëćăěâáï ăąáőńîâŋő p-áãňňĺàãîéĺň, ěáńĺ áãéěáâćãîâ âăłăï ŕőáâőïŋŋăï C > 0, çâő ďńï ńîąőčő łőŋěçŋőčő ŋăąőàă {x_n}^M_{n=1} ⊂ X ćëŕőńŋïěâáï áőőâŋőèěŋĺě α_p(T x_n) ≤ C ε_p(x_n); áőőâćěâáâćãîéăï (łćăğĺ)ŋőàňă ( inf C) őąőğŋăçăěâáï çěàěğ π_p(T ). Őâňěâĺň, çâő [˝_∞, π_∞] ěáâì ŋě çâő ĺŋőě, łăł [L, ‖ · ‖]. Ďńï p ∈ [1, ∞] őŕěàăâőà T ŋăğëćăěâáï p-ïďěàŋëň, ěáńĺ ěčő ňőęŋő ŕàěďáâăćĺâì ć áńěďãîéěň ćĺďě:

(1.1) T x = ∞∑ k=1 ⟨x^′_k, x⟩ y_k ďńï x ∈ X, čďě ŕőáńěďőćăâěńìŋőáâĺ (x^′_n)^∞_{n=1} ⊂ X^∗ ĺ (y_n)^∞_{n=1} ⊂ Y âăłőćë, çâő łőŋěçŋă ćěńĺçĺŋă ν_p := α_p(x^′_n) ε(y_n);

áőőâćěâáâćãîéăï ŋőàňă (inf ν_p) őąőğŋăçăěâáï çěàěğ ν_p(T ). Ďńï 0 < p 6 1 őŕěàăâőà T p-ïďěàěŋ, ěáńĺ őŋ ďőŕãáłăěâ ŕàěďáâăćńěŋĺě ćĺďă (1.1), ć łőâőàőň ν_p :=

(∑ (‖x^′_n‖ ‖y_n‖)^p )_{1/p} < ∞; áőőâćěâáâćãîéăï łćăğĺŋőàňă (inf ν_p) őąőğŋăçăěâáï âăłęě çěàěğ ν_p(T ). Ćő ćáěå áńãçăïå ňë ąãďěň ŋăğëćăâì àăğńőęěŋĺï őŕěàăâőàă T ć àïď ćĺďă (1.1) ŕőďåőďïéĺň àăğńőęěŋĺěň.

Ďńï p ∈ [1, ∞] őŕěàăâőà T : X → Y ŋăğëćăěâáï (áâàőčő) p-ĺŋâěčàăńìŋëň, ěáńĺ őŋ ďőŕãáłăěâ äăłâőàĺğăæĺî ćĺďă X^A−−−−→ C(K)^j−−−−→ L_p(K, μ)^B−−−−→ Y , čďě K | ŋěłőâőàëľ łőňŕăłâ, μ | ćěàőïâŋőáâŋăï ňěàă Řăďőŋă ŋă ŋěň, j | őŕěàăâőà "âőęďěáâćěŋŋőčő ćńőęěŋĺï" ĺ A, B | ŋěŕàěàëćŋëě őŕěàăâőàë. Ŋőàňă ć ŕàőáâàăŋáâćě I_p (X, Y ) ććőďĺâáï áńěďãîéĺň őąàăğőň: i_p(T ) = inf ‖A‖ ‖B‖.

Ěáńĺ T ∈ L(X, Y ) ĺ π_Y T ∈ I_p(X, Y^{∗∗}), âő ňë čőćőàĺň, çâő őŕěàăâőà T ïćńïěâáï p-ĺŋâěčàăńìŋëň ŕő Čàőâěŋďĺłã; ŋőàňă i^{Gr}_p (T ) ĺŋďãæĺàãěâáï ĺğ I_p(X, Y^{∗∗}).

Ďńï 0 < p 6 ∞ őŕěàăâőà T : X → Y ïćńïěâáï łćăğĺ-p-ïďěàŋëň, T ∈ QN_p(X, Y ), ěáńĺ ďńï ŋěłőâőàőčő ĺğőňěâàĺçěáłőčő ćńőęěŋĺï i : Y → L_∞(μ) áãŕěàŕőğĺæĺï iT ŕàĺŋăďńěęĺâ ŕàőáâàăŋáâćã N_p(X, L_∞(ν)). Łćăğĺŋőàňă (ŋőàňă ŕàĺ p ≥ 1) ć QN_p(X, Y ) ĺŋďãæĺàãěâáï ĺğ ŕàőáâàăŋáâćă ˝_p(X, L_∞(ν)).

Ć ňőŋőčàăäĺĺ [18] ĺďěăń łćăğĺ-p-ïďěàŋëå őŕěàăâőàőć ïćŋő ŋě ãŕőňĺŋăěâáï, | ő ŋěň ńĺèì ŋěňŋőčő čőćőàĺâáï ć àăğďěńě 19.2.6 ĺğ [18], łăł őą ĺŋêěłâĺćŋőľ őąőńőçłě ĺďěăńă p-ïďěàŋëå őŕěàăâőàőć. Ŕàĺćěďěň ďćě áőőâćěâáâćãîéĺě äàăğë ĺğ [18], ŕőáłőńìłã ňë åőâĺň ĺå ŕàőłőňňěŋâĺàőćăâì (ňë áőåàăŋĺň ŕőńŋőáâìî őąőğŋăçěŋĺï ňőŋőčàăäĺĺ [18]: I_r, N_r, G | áőőâćěâáâćěŋŋő ĺďěăńë r-ĺŋâěčàăńìŋëå (ŕő Čàőâěŋďĺłã), r-ïďěàŋëå ĺ ăŕŕàőłáĺňĺàãěňëå őŕěàăâőàőć): "... §áŋő, çâő [I_r, I_r]^{inj} áńãęĺâ ňăłáĺňăńìŋőľ őąőńőçłőľ ďńï [N_r, N_r ]^{inj}. Ŋő ŕàěďáâăćńïěâáï ćěáìňă ňăńőćěàőïâŋëň, çâőąë [N_r, N_r ]^{inj} áőćŕăďăńő á ňĺŋĺňăńìŋëň ïďàőň ĺďěăńă [I_r, I_r]^{inj}, ĺŋëňĺ áńőćăňĺ, ňë ŋě ğŋăěň, áŕàăćěďńĺćő ńĺ àăćěŋáâćő [N_r , N_r ]^{inj} = [G, ‖ · ‖] ∘

[Ir, Ir]^{inj} ∘ [G, ‖ · ‖]." Ďěľáâćĺâěńìŋő, ĺŋêěłâĺćŋăï őąőńőçłă ĺďěăńă r-ïďěàŋëå őŕě-

àăâőàőć (â.ě. ĺďěăń ćáěå łćăğĺ-r-ïďěàŋëå őŕěàăâőàőć) ŋě áőćŕăďăěâ á ňĺŋĺňăńìŋëň ïďàőň ĺďěăńă r-ĺŋâěčàăńìŋëå őŕěàăâőàőć ŋĺ ŕàĺ łăłőň r ∈ [1, ∞]; íâő, ŋăŕàĺňěà, áńěďãěâ ĺğ âěőàěňë 4.2,3) ĺ áńěďáâćĺï 4.12 ŋĺęě; áň. âăłęě [25].

Ěáńĺ A | őŕěàăâőàŋëľ ĺďěăń, âő őŕěàăâőà, ńěęăéĺľ ć A, ňë çăáâő ąãďěň ŋăğëćăâì A-őŕěàăâőàőň.

Ěáńĺ [A, a] | ŋěłőâőàëľ łćăğĺŋőàňĺàőćăŋŋëľ őŕěàăâőàŋëľ ĺďěăń, âő A^{reg}(X, Y ) ěáâì ŕàőáâàăŋáâćő ćáěå őŕěàăâőàőć T : X → Y, ďńï łőâőàëå π_Y T ∈ A(X, Y^{∗∗}). Ś łćăğĺŋőàňőľ a^{reg}(T ) := a(π_Y T ) ĺďěăń A^{reg} áâăŋőćĺâáï łćăğĺŋőàňĺàőćăŋŋëň őŕěàăâőàŋëň ĺďěăńőň. Šăł, ŋăŕàĺňěà, I^{reg}_p | ŋőàňĺàőćăŋŋëľ ĺďěăń âăłĺå őŕěàăâőàőć T, çâő ćâőàőľ áőŕàïęěŋŋëľ ł T őŕěàăâőà ńěęĺâ ć I_p, ĺńĺ, ďàãčĺňĺ áńőćăňĺ, ŋě çâő ĺŋőě, łăł ĺďěăń I^{Gr}_p .

Ůěàěğ A^{dual} ňë őąőğŋăçăěň ďãăńìŋëľ ł A ĺďěăń: T ∈ A^{dual} âőčďă ĺ âőńìłő âőčďă, łőčďă T^∗ ∈ A . Ĺďěăń A^{dual} ŕàěćàăéăěâáï ć łćăğĺŋőàňĺàőćăŋŋëľ őŕěàăâőàŋëľ ĺďěăń, ěáńĺ ŋă ŋěň ććěáâĺ łćăğĺŋőàňã a^{dual}(T ) := a(T^∗).

Ĺ ěéě őąőğŋăçěŋĺě: a^∗ | ŋőàňă ć áőŕàïęěŋŋőň őŕěàăâőàŋőň ĺďěăńě [A, a]^∗ = [A^∗, a^∗] [18, ŕ. 9.1, á. 135]

Ŕàĺćěďěň ŋăĺąőńěě ćăęŋëě ďńï ŋăá ŕàĺňěàë. Ŕãáâì p ∈ [1, ∞].

Ňë čőćőàĺň, çâő őŕěàăâőà T ∈ L(X, Y ) ŕàĺŋăďńěęĺâ ĺďěăńã N^p, ěáńĺ őŋ ŕàěďáâăćĺň ć ćĺďě

T := ∞∑ n=1 x^′_n ⊗ y_n, čďě ŕőáńěďőćăâěńìŋőáâĺ (x^′_n) ĺ (y_n) âăłőćë, çâő ε_p′ (x^′_n) < ∞, α_p(y_n) < ∞. Ś ŋőàňőľ ν^p(T ) := inf ε_p′ (x^′_n)α_p(y_n) łńăáá N^p áâăŋőćĺâáï ŋőàňĺàőćăŋŋëň őŕěàăâőàŋëň ĺďěăńőň. İâő | ŕőçâĺ ďãăńìŋëľ ł N_p ĺďěăń; ďãăńìŋëľ ł N_p őŕěàăâőàŋëľ ĺďěăń ěáâì ŋă áăňőň ďěńě ĺďěăń (N^p)^{reg}, ĺ őŕěàăâőà T ∈ N^{dual}_p (X, Y ) âőčďă ĺ âőńìłő âőčďă, łőčďă π_Y T ∈ N^p(X, Y^{∗∗}). Ćőâ ĺŋăï åăàăłâěàĺáâĺłă őŕěàăâőàőć T, ńěęăéĺå ć N^p(X, Y ). Őŕěàăâőà T ïćńïěâáï N^p-őŕěàăâőàőň ć âőň ĺ âőńìłő âőň áńãçăě, ěáńĺ őŋ äăłâőàĺğãěâáï áńěďãîéĺň őąàăğőň: X^A−→ l_p′^Δ−→ l_1^B−→ Y, čďě ´ | ďĺăčőŋăńìŋëľ őŕěàăâőà á ďĺăčőŋăńìî ĺğ l_p, A, B | őŕěàăâőàë ěďĺŋĺçŋőľ ŋőàňë; ŕàĺ íâőň ν^p(T ) ěáâì ŋőàňă ďĺăčőŋăńĺ ć l_p.

Ďăńěě, ňë čőćőàĺň, çâő őŕěàăâőà T ∈ L(X, Y ) ŕàĺŋăďńěęĺâ ĺďěăńã I^p, ěáńĺ őŋ ďőŕãáłăěâ äăłâőàĺğăæĺî ćĺďă X^A−→ L_p′ (μ)^j→ L_1(μ)^B−→ Y, čďě μ | ćěàőïâŋőáâŋăï ňěàă, j | âőęďěáâćěŋŋőě ćńőęěŋĺě, A ĺ B | ŋěŕàěàëćŋëě őŕěàăâőàë; ŕàĺ íâőň ŕőńăčăěň : i^p(T ) = inf ‖A‖ ‖B‖, čďě inf ąěàěâáï ŕő ćáěćőğňőęŋëň äăłâőàĺğăæĺïň őŕěàăâőàă T ãłăğăŋŋëň őąàăğőň. Ć íâőň ňěáâě ŋăň ãďőąŋő ććěáâĺ ěéě őďŋő őŕàěďěńěŋĺě: ąãďěň čőćőàĺâì, çâő őŕěàăâőà T ∈ L(X, Y ) ńěęĺâ ć ĺďěăńě I^p_{Gr}, ěáńĺ π_Y T ∈ I^p(X, Y^{∗∗}); ŕàĺ íâőň ňë ŕőńăčăěň i^p_{Gr}(T ) := i^p(π_Y T ). Łńăáá [I^p_{Gr}, i^p_{Gr}] ďěľáâćĺâěńìŋő ïćńïěâáï ŋőàňĺàőćăŋŋëň őŕěàăâőàŋëň ĺďěăńőň. Ĺňěîâ ňěáâő àăćěŋáâćă

[I^p_{Gr}, i^p_{Gr}] = [I^{dual}_p , i^{dual}_p ], [I^{Gr}_p , i^{Gr}_p ] = [(I^p)^{dual}, (i^p)^{dual}].

Ć ňőŋőčàăäĺĺ Ă.Ŕĺçă [18] ŋěłőâőàëě ĺğ àăááňőâàěŋŋëå âőńìłő çâő ĺďěăńőć ïćńïîâáï çăáâŋëňĺ áńãçăïňĺ ĺďěăńőć âăł ŋăğëćăěňëå (r, p, q)-ïďěàŋëå ĺ (r, p, q)- ĺŋâěčàăńìŋëå őŕěàăâőàőć.

Ďàãčĺě ŕàĺňěàë (âăłĺě, łăł p-łőňŕăłâŋëě őŕěàăâőàë) ąãďãâ àăááňőâàěŋë ŕőğęě. Ďńï ąăŋăåőćëå ŕàőáâàăŋáâć X, Y ăńčěąàăĺçěáłőě âěŋğőàŋőě ŕàőĺğćěďěŋĺě X^∗ ⊗ Y^∗ ĺå ąăŋăåőćëå áőŕàïęěŋŋëå ŕàőáâàăŋáâć őŕàěďěńïěâ ěáâěáâćěŋŋëň őąàăğőň ńĺŋěľŋőě ŕőďŕàőáâàăŋáâćő ć ăńčěąàăĺçěáłĺ áőŕàïęěŋŋőň ł âěŋğőàŋőňã ŕàőĺğćěďěŋĺî X ⊗ Y ŕàőáâàăŋáâćě: ěáńĺ (x^′_k)^n_{k=1} ⊂ X^∗, (y^′)^n_{k=1} ⊂ Y^∗, âő ğŋăçěŋĺě âěŋğőàŋőčő íńěňěŋâă f := ∑_n k=1 x^′_k ⊗ y^′_k ŋă íńěňěŋâăàŋőň âěŋğőàě x ⊗ y (x ∈ X, y ∈ Y ) ěáâì f(x ⊗ y) := ∑_n k=1⟨x^′_k , x⟩⟨y^′_k , y⟩ (ŋă ćáě ŕàőáâàăŋáâćő X ⊗ Y f ŕàőďőńęăěâáï ŕő ńĺŋěľŋőáâĺ). Ąőńěě őąéő, ďńï őŕěàăâőàőć A ∈ L(X, E) ĺ B ∈ L(Y, F ), ďěľáâćãîéĺå ć ąăŋăåőćëå ŕàőáâàăŋáâćăå, ĺå ăńčěąàăĺçěáłőě âěŋğőàŋőě ŕàőĺğćěďěŋĺě A⊗B őŕàěďěńïěâáï ŋă íńěňěŋâăàŋëå âěŋğőàăå ćĺďă x⊗y áőőâŋőèěŋĺěň (A⊗B)(x⊗y) := Ax⊗By ĺ ďăńěě ŕàőďőńęăěâáï ŋă ćáě âěŋğőàŋőě ŕàőĺğćěďěŋĺě X ⊗ Y ŕő ńĺŋěľŋőáâĺ.

Ŕãáâì T őąőğŋăçăěâ łńăáá ćáěå ăńčěąàăĺçěáłĺå âěŋğőàŋëå ŕàőĺğćěďěŋĺľ ŕàőĺğćőńìŋëå ąăŋăåőćëå ŕàőáâàăŋáâć. Őâőąàăęěŋĺě α : T → [0, ∞) ŋăğëćăěâáï âěŋğőàŋőľ ŋőàňőľ, ěáńĺ ďńï ńîąëå ąăŋăåőćëå ŕàőáâàăŋáâć X, Y α ěáâì ŋőàňă ŋă X ⊗ Y ĺ ćëŕőńŋïîâáï áńěďãîéĺě ãáńőćĺï: T_1) α(x ⊗ y) = ‖x‖ ‖y‖ ďńï ćáěå x ∈ X, y ∈ Y, ĺ T_2) ěáńĺ z ∈ X ⊗ Y, âő ďńï ńîąëå ąăŋăåőćëå ŕàőáâàăŋáâć E, F ĺ őŕěàăâőàőć A : X → E, B : Y → F ĺňěěâ ňěáâő ŋěàăćěŋáâćő α((A ⊗ B)z) 6 ‖A‖ ‖B‖α(z).

Łăęďăï âěŋğőàŋăï ŋőàňă ïćńïěâáï ďőŕãáâĺňőľ łàőááŋőàňőľ ć áňëáńě őŕàěďěńěŋĺï 1 ć [4, áâà. 221], ć łőâőàőň ćëŕőńŋěŋĺě ãáńőćĺï T_2) âàěąãěâáï âőńìłő ďńï áńãçăï áłăńïàŋőğŋăçŋëå őŕěàăâőàőć, â.ě. äãŋłæĺőŋăńőć ŋă X ĺ Y áőőâćěâáâćěŋŋő. Ďńï âěŋğőàŋőľ ŋőàňë α ŋőàňĺàőćăŋŋőě ŕàőáâàăŋáâćő (X ⊗ Y, α) őąëçŋő őąőğŋăçăěâáï çěàěğ X ⊗_α Y, ă ěčő ŕőŕőńŋěŋĺě | çěàěğ X ^⊗_αY (ňë, őďŋăłő, ć ąőńìèĺŋáâćě áńãçăěć ŋě ąãďěň ŕàĺďěàęĺćăâìáï íâőľ âàăďĺæĺĺ).

Ğăňěçăŋĺě 1.6. Ŋă áăňőň ďěńě, ďńï ćëŕőńŋěŋĺï ãáńőćĺï T1) (ŕàĺ ćëŕőńŋěŋĺĺ

T_2)) ďőáâăâőçŋő âàěąőćăâì, çâőąë ŋőàňă α ãďőćńěâćőàïńă äőàňăńìŋő ąőńěě áńăąőňã ãáńőćĺî, ă ĺňěŋŋő, ãáńőćĺî, łőâőàőě ŕőńãçăěâáï ĺğ T_1) ğăňěŋőľ àăćěŋáâćă ŋőàň àăááňăâàĺćăěňëå âăň âěŋğőàŋëå íńěňěŋâőć ŋă ŋěàăćěŋáâćő 6 (áň. [4, á. 222, ŕàěďńőęěŋĺě 2]).

Ć íâőľ àăąőâě ňë ąãďěň àăááňăâàĺćăâì, ć őáŋőćŋőň, âěŋğőàŋëě ŋőàňë ŋă âěŋğőàŋëå ŕàőĺğćěďěŋĺïå ćĺďă X^∗ ⊗ Y ; ć íâőň áńãçăě âěŋğőàŋőě ŕàőĺğćěďěŋĺě X^∗ ⊗ Y ěáâěáâćěŋŋëň őąàăğőň őâőęďěáâćńïěâáï á ńĺŋěľŋëň ŕàőáâàăŋáâćőň ćáěå łőŋěçŋőňěàŋëå őŕěàăâőàőć ĺğ X ć Y. Ć őąéěň áńãçăě âěŋğőàŋőě ŕàőĺğćěďěŋĺě X ⊗Y ňőęŋő ŕàěďáâăćńïâì áěąě łăł ńĺŋěľŋőě ŕàőáâàăŋáâćő ćáěå weak^∗-to-weak ŋěŕàěàëćŋëå łőŋěçŋőňěàŋëå ńĺŋěľŋëå őâőąàăęěŋĺľ ĺğ X^∗ ć Y.

Ŋă łńăááě T ĺňěîâáï ŋăĺąőńìèăï (áĺńìŋěľèăï) ĺ ŋăĺňěŋìèăï (áńăąěľèăï) âěŋğőàŋëě ŋőàňë [9] (áň. âăłęě [4, á. 222 ĺ ďăńěě]). Śĺńìŋěľèăï âěŋğőàŋăï ŋőàňă ν^0_1 ŋă X^∗ ⊗ Y ŕőàőęďăěâ (ŕőáńě ŕőŕőńŋěŋĺï ŕő íâőľ ŋőàňě)ŕàőěłâĺćŋőě âěŋğőàŋőě ŕàőĺğćěďěŋĺě Čàőâěŋďĺłă X^∗ ^⊗Y [9], ă áńăąěľèăï ‖ · ‖ | ĺŋêěłâĺćŋőě âěŋğőàŋőě

ŕàőĺğćěďěŋĺě X^∗ ^⊗Y , łőâőàőě ňőęŋő őâőęďěáâćĺâì á ŕőŕőńŋěŋĺěň ńĺŋěľŋőčő ŕàőáâàăŋáâćă ćáěå łőŋěçŋőňěàŋëå ŋěŕàěàëćŋëå őâőąàăęěŋĺľ ĺğ X ć Y, áŋăąęěŋŋőčő őąëçŋőľ őŕěàăâőàŋőľ ŋőàňőľ ‖·‖, âăł çâő X^∗ ^⊗Y ňőęŋő àăááňăâàĺćăâì łăł ğăňłŋãâőě ńĺŋěľŋőě ŕőďŕàőáâàăŋáâćő ć L(X, Y ), çâő ňë ĺ ąãďěň ďěńăâì ŋĺęě. Ĺğ âőńìłő çâő áłăğăŋŋőčő ćëâěłăěâ, çâő ďńï ćáïłőľ âěŋğőàŋőľ ŋőàňë α ěáâěáâćěŋŋőě őâőąàăęěŋĺě X^∗ ⊗_α Y → L(X, Y ) ŕàőďőńęăěâáï ŕő ŋěŕàěàëćŋőáâĺ ďő łăŋőŋĺçěáłőčő őâőąàăęěŋĺï ĺğ X^∗ ^⊗_αY ć L(X, Y ). Ăŋăńőčĺçŋő, ć őąéěň áńãçăě ŕàőĺğćěďěŋĺľ ćĺďă X ⊗ Y ěáâěáâćěŋŋőě őâőąàăęěŋĺě X ⊗_α Y → L(X, Y ) ŕàőďőńęăěâáï ŕő ŋěŕàěàëćŋőáâĺ ďő łăŋőŋĺçěáłőčő őâőąàăęěŋĺï ĺğ X ^⊗_αY ć L(X^∗, Y ), ŕàĺçěň őąàăğ íâőčő őâőąàăęěŋĺï ńěęĺâ ć ŕőďŕàőáâàăŋáâćě ćáěå weak^∗-to-weak-ŋěŕàěàëćŋëå őŕěàăâőàőć ĺğ X^∗ ć Y.

Ěáńĺ X^∗ ^⊗_αY, | ŕőŕőńŋěŋĺě âěŋğőàŋőčő ŕàőĺğćěďěŋĺï ŕő âěŋğőàŋőľ ŋőàňě α ĺ z ∈ X^∗ ^⊗_αY, âő ăááőæĺĺàőćăŋŋëľ á íâĺň âěŋğőàŋëň íńěňěŋâőň őŕěàăâőà ňë ąãďěň őąőğŋăçăâì çěàěğ ~z (ăŋăńőčĺçŋőě őąőğŋăçěŋĺě ąãďěň ĺáŕőńìğőćăâì ĺ ć áńãçăě z ∈ X ^⊗_αY ). Łàőňě âőčő, ć áńãçăě ŕàőĺğćőńìŋőľ âěŋğőàŋőľ ŋőàňë α ďőčőćőàĺňáï őąőğŋăçăâì çěàěğ N_{[α]}(X, Y ) őąàăğ (ąăŋăåőćă) âěŋğőàŋőčő ŕàőĺğćěďěŋĺï X^∗ ^⊗_αY ŕàĺ łăŋőŋĺçěáłőň őâőąàăęěŋĺĺ j_α : X^∗ ^⊗_αY → L(X, Y ), âăł çâő ĺğőňěâàĺçěáłĺ

N_{[α]}(X, Y ) = X^∗ ^⊗_αY / Ker j_α;

ŋőàňã ŋă N_{[α]}(X, Y ), ĺŋďãæĺàőćăŋŋãî áőőâćěâáâćãîéĺň äăłâőàőâőąàăęěŋĺěň, ňë őąőğŋăçĺň çěàěğ ν_{[α]} (ć łőŋłàěâŋëå áĺâãăæĺïå őąőğŋăçěŋĺï ąãďãâ őâńĺçăâìáï őâ ććěďěŋŋëå ćëèě; íâő ęě ğăňěçăŋĺě ňőęŋő áďěńăâì ĺ ŕő ŕőćőďã őąőğŋăçěŋĺľ ďńï àăğńĺçŋëå ăŕŕàőłáĺňăæĺőŋŋëå áćőľáâć, őŕàěďěńěŋĺï łőâőàëå ć őąéěň ćĺďě ŕàĺćőďïâáï ŋĺęě).

Ŕãáâì B, L őąőğŋăçăîâ, áőőâćěâáâćěŋŋő, łńăááë ćáěå ąăŋăåőćëå ŕàőáâàăŋáâć ĺ ćáěå (ńĺŋěľŋëå ŋěŕàěàëćŋëå) őŕěàăâőàőć ć ąăŋăåőćëå ŕàőáâàăŋáâćăå, ĺ ŕãáâì α | ŋěłőâőàăï âěŋğőàŋăï ŋőàňă ŋă T. Řăááňőâàĺň ŕőďłńăáá N_{[α]} ć L, łőňŕőŋěŋâăňĺ łőâőàőčő ïćńïîâáï ąăŋăåőćë őŕěàăâőàŋëě ŕàőáâàăŋáâćă N_{[α]}(X, Y ). Ŋěâàãďŋő ćĺďěâì, çâő ãáńőćĺï T_1) ĺ T_2) čăàăŋâĺàãîâ ćëŕőńŋěŋĺě ăłáĺőň ĺğ őŕàěďěńěŋĺï ŋőàňĺàőćăŋŋőčő ĺďěăńă ć [18, őŕàěďěńěŋĺï 1.1.1., 6.1.1, 6.2.2.], ĺ ŕőíâőňã ŕăàă [ N_{[α]}, α ] ŕàěďáâăćńïěâ áőąőľ (ŕőńŋëľ) ŋőàňĺàőćăŋŋëľ őŕěàăâőàŋëľ ĺďěăń.

Őŕàěďěńĺň âěŕěàì âěŋğőàŋãî ŋőàňã, ďãăńìŋãî ł ğăďăŋŋőľ âěŋğőàŋőľ ŋőàňě α. Ňë ŕőńăčăěň, ďńï x ∈ X ĺ y ∈ Y, α^{dual}(x ⊗ y) := α(y ⊗ x), ĺńĺ, ąőńěě őąéő, α^{dual}( ∑_N n=1 x_n ⊗ y_n) := α( ∑_N n=1 y_n ⊗ x_n). Ŕőïćńïěâáï ěáâěáâćěŋŋăï ĺğőňěâàĺï ĺğ X ⊗_α Y ŋă Y ⊗_αdual X, łőâőàăï ŕàőďőńęăěâáï ďő ĺğőňěâàĺçěáłőčő őŕěàăâőàă ĺğ X ^⊗_αY ŋă Y ^⊗_αdual X. §áŋő, çâő (α^{dual})^{dual} = α.

Ĺ ěéě őąőğŋăçěŋĺě: ěáńĺ [A, a] | łćăğĺŋőàňĺàőćăŋŋëľ őŕěàăâőàŋëľ ĺďěăń, âő Z^∗ ^⊗_aW ğăňëłăŋĺě ňŋőęěáâćă łőŋěçŋőňěàŋëå őŕěàăâőàőć ć ŕàőáâàăŋáâćě A(Z, W ).

Ŕàĺćěďěň őáŋőćŋëě ŕàĺňěàë âěŋğőàŋëå ŋőàň ĺ ŕàőĺğćěďěŋĺľ, á łőâőàëňĺ ňë ąãďěň ĺňěâì ďěńő ć ďăŋŋőľ àăąőâě (ŋěłőâőàëě âěŋğőàŋëě ŋőàňë ąãďãâ âăłęě őŕàěďěńěŋë ć ďàãčĺå ŕăàăčàăäăå).

Łőŋěçŋăï p-ïďěàŋăï âěŋğőàŋăï ŋőàňă || · ||_p ďńï p ∈ [1, +∞] őŕàěďěńïěâáï ŋă ŕàőĺğćěďěŋĺĺ X ⊗ Y áńěďãîéĺň őąàăğőň: ěáńĺ z ∈ X ⊗ Y , âő

(1.2) ||z||_p := inf (_N ∑ k=1 ‖x_k‖^p )_{1/p} sup ‖y^′ ‖≤1 (_N ∑ k=1 | < y_k, y^′ > |^{p′} )_{1/p}^′ , čďě 1/p+1/p^′ = 1 ĺ in˛mum ąěàěâáï ŕő ćáěćőğňőęŋëň ŕàěďáâăćńěŋĺïň âěŋğőàŋőčő íńěňěŋâă z ć ŕàőáâàăŋáâćě X ⊗ Y ć ćĺďě z = ∑_N k=1 x_k ⊗ y_k (äőàňăńìŋő, äőàňãńă (1.2) ĺňěěâ áňëáń ńĺèì ŕàĺ łőŋěçŋőň ŕőłăğăâěńě p > 1; ć áńãçăïå p = 1 ĺ p = +∞ ć íâőň őŕàěďěńěŋĺĺ ŋãęŋő ŕàőĺğćěáâĺ áőőâćěâáâćãîéĺě âàĺćĺăńìŋëě ĺğňěŋěŋĺï, ŋă łőâőàëå ňë ŋě őáâăŋăćńĺćăěňáï). Ďńï 0 < p 6 1 ňë őŕàěďěńïěň p-ŕàőěłâĺćŋãî łćăğĺŋőàňã || · ||_p ŋă ŕàőĺğćěďěŋĺĺ X ⊗ Y âăł: ěáńĺ z ∈ X ⊗ Y , âő

||z||_p := inf (_N ∑ k=1 (‖x_k‖‖y_k‖)^p )_{1/p} , čďě in˛mum ąěàěâáï ŕő ŕàěďáâăćńěŋĺïň âěŋğőàŋőčő íńěňěŋâă z ć ćĺďě z = ∑_N k=1 x_k ⊗ y_k. Ŕőŕőńŋěŋĺě âěŋğőàŋőčő ŕàőĺğćěďěŋĺě X ⊗ Y ŕő łćăğĺŋőàňě ‖ · ‖_p, 0 < p 6 ∞, őąőğŋăçăěâáï çěàěğ X ^⊗_pY. Ć áńãçăě, łőčďă p ∈ [1, ∞], ŕőŕőńŋěŋĺě âěŋğőàŋőčő ŕàőĺğćěďěŋĺï X ⊗ Y ŕő ďãăńìŋőľ ł ‖ · ‖_p ŋőàňě őąőğŋăçăěâáï çěàěğ X ^⊗^pY.

Ěáńĺ p ∈ [1, ∞], âő áőŕàïęěŋŋőě ł âěŋğőàŋőňã ŕàőĺğćěďěŋĺî X ^⊗_pY ŕàőáâàăŋáâćő ěáâì ˝_p′ (Y, X^{∗∗}), ă áőŕàïęěŋŋőě ł âěŋğőàŋőňã ŕàőĺğćěďěŋĺî X ^⊗^pY ŕàőáâàăŋáâćő őâőęďěáâćńïěâáï á ˝^{dual}_p′ (Y, X^{∗∗}) (ďćőľáâćěŋŋőáâì ğăďăěâáï áâăŋďăàâŋëň őąàăğőň ŕàĺ ŕőňőéĺ áńěďă áãŕěàŕőğĺæĺĺ âěŋğőàŋőčő íńěňěŋâă ĺ őŕěàăâőàă, ŕőàőęďăîéěčő äãŋłæĺőŋăń).

Ğăňěçăŋĺě 1.7. Ćëąàăŋŋëľ ŋăňĺ âěàňĺŋ "p-ŕàőěłâĺćŋăï" őąãáńőćńěŋ âěň, çâő ěáńĺ p ∈ (0, 1), âő, łăł ĺ ć áńãçăě p = 1 (áň. [4, á. 229, ŕàěďńőęěŋĺě 12]), ďńï ŕőďŕàőáâàăŋáâćă Z ŋěłőâőàőčő ąăŋăåőćă ŕàőáâàăŋáâćă X âěŋğőàŋőě ŕàőĺğćěďěŋĺě (X/Z) ^⊗_pY ěáâì äăłâőàŕàőáâàăŋáâćő ŕàőáâàăŋáâćă X ^⊗_pY ĺ Y ^⊗_p(X/Z) | äăłâőàŕàőáâàăŋáâćő ŕàőáâàăŋáâćă Y ^⊗_pX, łăłőćő ąë ŋě ąëńő Y. Ŕàĺ p > 1 áőőâćěâáâćãîéĺľ äăłâ ďńï âěŋğőàŋëå ŕàőĺğćěďěŋĺľ ^⊗_p, ćőőąéě čőćőàï, ŋě ćěàěŋ (ŋő ěáâì âăł ŋăğëćăěňăï "p-ŕàőěłâĺćŋőáâì áńěćă"; ŕőďàőąŋőáâĺ ăćâőà ŕàěďŕőńăčăěâ ŕàĺćěáâĺ ć őďŋőľ ĺğ ŕőáńěďãîéĺå àăąőâ).

Ďńï ńîąőčő p ∈ (0, ∞] ďãăńìŋăï ŋőàňă ł âěŋğőàŋőľ ŋőàňě ‖ · ‖_p ŕőàőęďăěâ ŋőćőě ąăŋăåőćő âěŋğőàŋőě ŕàőĺğćěďěŋĺě, łőâőàőě ňë őąőğŋăçĺň çěàěğ ^⊗^p. Řăááňőâàěŋŋëě âěŋğőàŋëě ŕàőĺğćěďěŋĺï, őçěćĺďŋő, âěáŋő áćïğăŋë á áőőâćěâáâćãîéĺňĺ őŕěàăâőàŋëňĺ ĺďěăńăňĺ. Šăł, ďńï ńîąëå ąăŋăåőćëå ŕàőáâàăŋáâć X, Y ŕàőáâàăŋáâćő N_p(X, Y ) ěáâì äăłâőàŕàőáâàăŋáâćő âěŋğőàŋőčő ŕàőĺğćěďěŋĺï X^∗ ^⊗_pY, łăłőćő ąë ŋĺ ąëńő p > 0; N^p(X, Y ) | äăłâőàŕàőáâàăŋáâćő âěŋğőàŋőčő ŕàőĺğćěďěŋĺï X^∗ ^⊗^pY.

Ŕàĺňěàë ďàãčĺå âěŋğőàŋëå ŋőàň ĺ ŕàőĺğćěďěŋĺľ ąãďãâ ŕőïćńïâìáï ŋĺęě ŕő ňěàě ŋěőąåőďĺňőáâĺ.

Őŕàěďěńěŋĺě 1.8. Ŕãáâì α | âěŋğőàŋăï ŋőàňă ŋă T. Ňë čőćőàĺň, çâő ąăŋăåőćő ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő ŋőàňë α, ĺńĺ ãďőćńěâćőàïěâ ãáńőćĺî α-ăŕŕàőłáĺňăæĺĺ, ěáńĺ ďńï ńîąőčő ąăŋăåőćă ŕàőáâàăŋáâćă X łăŋőŋĺçěáłőě őâőąàăęěŋĺě X^∗ ^⊗_αY → L(X, Y ) ćğăĺňŋő őďŋőğŋăçŋő.

Šőâ äăłâ, çâő ąăŋăåőćő ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň α-ăŕŕàőłáĺňăæĺĺ łőàőâłő ąãďěâ ğăŕĺáëćăâìáï âăł: Y ∈ AP[α]. Őçěćĺďŋő, ąăŋăåőćő ŕàőáâàăŋáâćő Y ãďőćńěâćőàïěâ ãáńőćĺî α-ăŕŕàőłáĺňăæĺĺ âőčďă ĺ âőńìłő âőčďă, łőčďă ďńï ćáïłőčő X łăŋőŋĺçěáłőě őâőąàăęěŋĺě ĺğ Y ^⊗_αdual X ć L(Y^∗, X) ćğăĺňŋő őďŋőğŋăçŋő.

Ŋěâàãďŋő ŕőłăğăâì, çâő ěáńĺ ąăŋăåőćő ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň ăŕŕàőłáĺňăæĺĺ Čàőâěŋďĺłă (â.ě. áćőľáâćőň AP[ν^0_1 ]), âő őŋő őąńăďăěâ ĺ ńîąëň ăŕŕàőłáĺňăæĺőŋŋëň áćőľáâćőň AP[α]. §áŋő âăłęě, çâő ěáńĺ Y^{∗∗} ∈ AP[α], âő ĺ Y ∈ AP[α], ĺ ěáńĺ Y^∗ ∈ AP[α^{dual}], âő łăŋőŋĺçěáłőě őâőąàăęěŋĺě Y^∗ ^⊗_αX → L(Y, X) ćğăĺňŋő őďŋőğŋăçŋő ďńï ńîąőčő ąăŋăåőćă ŕàőáâàăŋáâćă X.

Ğăňěçăŋĺě 1.9. Ŋăèĺ őŕàěďěńěŋĺï ŋě ŕőłàëćăîâ âăłĺě ćăęŋëě áńãçăĺ, łăł áńãçăľ łćăğĺŋőàňĺàőćăŋŋëå âěŋğőàŋëå ŕàőĺğćěďěŋĺľ ĺ áőőâćěâáâćãîéĺå ĺň łćăğĺŋőàňĺàőćăŋŋëå ŕàőáâàăŋáâć őŕěàăâőàőć (ŋăŕàĺňěà, čàőâěŋďĺłőćáłĺě p-ŕàőěł-âĺćŋëě âěŋğőàŋëě ŕàőĺğćěďěŋĺï ŕàĺ 0 < p < 1 ćňěáâě á áőőâćěâáâćãîéĺňĺ ăŕŕàőłáĺňăæĺőŋŋëňĺ áćőľáâćăňĺ [31] ć ŋăèĺ àăááňőâàěŋĺï áěľçăá ŋě ćåőďïâ.) Łőčďă ŋăň ŕőŋăďőąïâáï őŕàěďěńěŋĺï, áćïğăŋŋëě á íâĺňĺ áńãçăïňĺ, ňë ŕàĺćěďěň ĺå ć áőőâćěâáâćãîéěň ňěáâě.

Ğăňěçăŋĺě 1.10. Ňőęŋő őŕàěďěńĺâì ŕőŋïâĺě áćőľáâćă őčàăŋĺçěŋŋőľ ĺ áćőľáâćă ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ ďńï ŕàőĺğćőńìŋőľ âěŋğőàŋőľ ŋőàňë ŋă łńăááě âěŋğőàŋëå ŕàőĺğćěďěŋĺľ ąăŋăåőćëå ŕàőáâàăŋáâć. Ć íâőľ áâăâìě ňë ŕàěďŕőçĺâăěň ććőďĺâì áőőâćěâáâćãîéĺě őŕàěďěńěŋĺï ć âěå ňěáâăå ĺ ďńï âěå âěŋğőàŋëå ŋőàň, ďńï łőâőàëå íâő ŕőâàěąãěâáï ŕő áãéěáâćã ĺğńőęěŋĺï. Ćĺďĺňő, őąéăï áĺâãăæĺï ąãďěâ àăááňőâàěŋă ăćâőàőň ć ďàãčőľ àăąőâě.

§2. Ăŕŕàőłáĺňăæĺï őŕěàăâőàőć ĺ áćőľáâćő Řăďőŋă-Ŋĺłőďĺňă

Ąãďěň čőćőàĺâì, çâő őŕěàăâőà T ∈ L(X, Y ) äăłâőàĺğãěâáï çěàěğ őŕěàăâőà V ∈ L(Z, W ), ěáńĺ T = U_1V U_2, čďě U_1 ∈ L(W, Y ), U_2 ∈ L(X, Z).

Ŕãáâì X ąăŋăåőćő ŕàőáâàăŋáâćő, E | ŋěłőâőàăï ąăŋăåőćă àěèěâłă. Őąőğŋăçĺň çěàěğ S(E, X) ńĺŋěľŋőě ŕàőáâàăŋáâćő ćáěå âăłĺå őŕěàăâőàőć U : E → X, çâő áãéěáâćãěâ ŕőńőęĺâěńìŋëľ äãŋłæĺőŋăń e^′ = e^′(U) ∈ E^∗, ďńï łőâőàőčő ‖Ue‖ 6 ⟨e^′, |e|⟩ ŕàĺ ćáěå e ∈ E; á ŋőàňőľ s(U) := inf{‖e^′‖ : ‖Ue‖ 6 ⟨e^′, |e|⟩} ŕàőáâàăŋáâćő S(E, X) ŕàěćàăéăěâáï ć ąăŋăåőćő ŕàőáâàăŋáâćő. Ŕàőáâěľèĺňĺ ŕàĺňěàăňĺ S-őŕěàăâőàőć ïćńïîâáï âőęďěáâćěŋŋëě ćńőęěŋĺï J_{p1} : L_p(μ) → L_1(μ), čďě ňěàă μ łőŋěçŋă ĺ p ∈ [1, ∞]. Ŋăŕőňŋĺň, çâő őŕěàăâőà, ďěľáâćãîéĺľ ňěęďã ďćãňï ąăŋăåőćëňĺ àěèěâłăňĺ, ŋăğëćăěâáï àěčãńïàŋëň, ěáńĺ őŋ ŕàěďáâăćĺň ć ćĺďě àăğŋőáâĺ ďćãå ŕőńőęĺâěńìŋëå őŕěàăâőàőć. Ćáïłĺľ őŕěàăâőà, ďěľáâćãîéĺľ ć ŕàőáâàăŋáâćăå âĺŕă L_1(μ), ïćńïěâáï àěčãńïàŋëň [9, á. 66, ŕàěďńőęěŋĺě 10].

Ńěňňă 2.1 [23, âěőàěňă 1 ĺ áńěďáâćĺě 1]. Őŕěàăâőà T ∈ L(X, Y ) ïćńïěâáï őŕě-

àăâőàőň Řăďőŋă-Ŋĺłőďĺňă âőčďă ĺ âőńìłő âőčďă, łőčďă ďńï ćáïłőľ ąăŋăåőćőľ àěèěâłĺ E ĺ ńîąőčő őâőąàăęěŋĺï U ∈ S(E, X) őŕěàăâőà T U äăłâőàĺğãěâáï çěàěğ ŋěłőâőàőě őâőąàăęěŋĺě V ∈ S(E, l_1(`)).

Ŋăŕőňŋĺň, çâő ąăŋăåőćă àěèěâłă F ŋăğëćăěâáï àěèěâłőľ ňĺŋĺňăńìŋőčő âĺŕă, ěáńĺ ćáïłĺľ ŕőàïďłőćëľ ĺŋâěàćăń [−f, f] ⊂ F áńăąő łőňŕăłâěŋ. Ŕàĺňěàăňĺ âăłĺå àěèěâőł ňőčãâ áńãęĺâì ŕàőáâàăŋáâćă L_p(μ), 1 6 p < ∞.

Ńěňňă 2.2. Ŕãáâì E | ąăŋăåőćă àěèěâłă, ďńï łőâőàőľ E^∗ | àěèěâłă ňĺŋĺ-

ňăńìŋőčő âĺŕă, X, Y | ąăŋăåőćë ŕàőáâàăŋáâćă ĺ T ∈ RN(X, Y ). Ďńï ćáïłőčő őâőąàăęěŋĺï U ∈ S(E, X) őŕěàăâőà T U ďőŕãáłăěâ ŕàěďáâăćńěŋĺě ćĺďă

(2.1) ∞∑ k=1 e^′_k ⊗ y_k, ‖ ‖ ‖ ‖ ‖ ∞∑ k=1 ‖y_k‖ |e^′_k| ‖ ‖ ‖ ‖ ‖ < ∞, čďě (e^′_k)_k ⊂ E^∗, (y_k)_k ⊂ Y. Ŕàĺ íâőň, ěáńĺ

s_0(T U) := inf ‖ ‖ ‖ ‖ ‖ ∞∑ k=1 ‖y_k‖ |e^′_k| ‖ ‖ ‖ ‖ ‖ , ĺŋäĺňãň ąěàěâáï ŕő ćáěň ŕàěďáâăćńěŋĺïň (2.1), âő s_0(T U) 6 s(U)‖T ‖.

Ďőłăğăâěńìáâćő. Ŕő ńěňňě 2.1, őŕěàăâőà T U äăłâőàĺğãěâáï çěàěğ ŋěłőâőàőě őâőąàăęěŋĺě V ∈ S(E, l_1(`)). Ŕãáâì e^′_0 > 0 | âăłőľ ńĺŋěľŋëľ äãŋłæĺőŋăń ŋă E, çâő ‖V e‖ 6 ⟨e^′_0, |e|⟩ ďńï ćáěå e ∈ E Ěáńĺ e^′ ∈ E^∗, e ∈ E_+, âő ⟨|e^′|, e⟩ = sup{|⟨e^′, ~e⟩| : |~e| 6 e}. Ŕőíâőňã ďńï α ∈ l_∞(`) ĺ e ∈ E_+ ⟨|V^∗α|, e⟩ = sup{|⟨α, V ~e⟩| : |~e| 6 e} 6 ‖α‖ ‖V e‖ 6 ‖α‖ ⟨e^′_0, e⟩, â.ě. |V^∗α| 6 ‖α‖ e^′_0 ďńï ćáěå α ĺ, áńěďőćăâěńìŋő, őŕěàăâőà V^∗, ă, ğŋăçĺâ, ĺ V , áńăąő łőňŕăłâěŋ. Ďăńěě, ěáńĺ őŕàěďěńĺâì ŕőńãŋőàňã p ŋă E áńěďãîéĺň áőőâŋőèěŋĺěň: p(e) := ⟨e^′_0, |e|⟩, âő ăááőæĺĺàőćăŋŋőě á ŕăàőľ (E, p) ąăŋăåőćő ŕàőáâàăŋáâćő ^E_p ąãďěâ AL-ŕàőáâàăŋáâćőň (â.ě. ąăŋăåőćőľ àěèěâłőľ á ŋőàňőľ, ăďďĺâĺćŋőľ ŋă łőŋãáě ŕőńőęĺâěńìŋëå íńěňěŋâőć). İâő ŕàőáâàăŋáâćő ĺğőňőàäŋő ŋěłőâőàőňã ŕàőáâàăŋáâćã L_1(μ) [11], ĺ őŕěàăâőà V äăłâőàĺğãěâáï çěàěğ ŋěčő łăŋőŋĺçěáłĺň őąàăğőň: V : E → ^E_p → l_1(`) Ŕőáłőńìłã ćáïłĺľ őŕěàăâőà ć L_1-ŕàőáâàăŋáâćăå àěčãńïàěŋ, âő V | àěčãńïàŋëľ áńăąő łőňŕăłâŋëľ őŕěàăâőà, ă âăł łăł l_1(`) őąńăďăěâ áćőľáâćőň Ÿãàă, âő, á őďŋőľ áâőàőŋë, íâőâ őŕěàăâőà łőňŕăłâěŋ, ĺ, á ďàãčőľ áâőàőŋë, ňőęŋő áçĺâăâì, çâő ` = N. Ŋĺęě ďńï α ∈ l_1 çěàěğ α(k) ňë őąőğŋăçăěň k-î łőőàďĺŋăâã íńěňěŋâă α, çěàěğ h_k | k-ľ "őàâ" łăł ć l_1, âăł ĺ ć l_∞. Řăááňőâàĺň äőàňăńìŋëľ àïď (2.2) ∞∑ k=1 V^∗h_k ⊗ h_k. Ďńï e ∈ E_+ ĺňěěň: n∑ k=m ⟨|V^∗h_k|, e⟩ 6 n∑ k=m ⟨|V |^∗h_k, e⟩ = n∑ k=m ⟨h_k, |V |e⟩ = ⟨ n∑ k=m h_k, |V |e⟩ = n∑ k=m (|V |e)(k). Ěáńĺ ε > 0, âő, ć áĺńã łőňŕăłâŋőáâĺ őŕěàăâőàă V, ŕàăćăï çăáâì ŕőáńěďŋĺå áőőâŋőèěŋĺľ ąãďěâ ňěŋìèě, çěň ε ŕàĺ ćáěå m, n > N(ε) ďńï ćáěå ŋőàňĺàőćăŋŋëå ćěłâőàőć e ∈ E. Šăłĺň őąàăğőň, ŋăè äőàňăńìŋëľ àïď (2.2) áåőďĺâáï ć L(E, l_1) ĺ, ąőńěě âőčő, ć E^∗ áåőďĺâáï àïď ∑_∞ k=1 |V^∗h_k|‖h_k‖. Šăł łăł (V e)(k) = ⟨V e, h_k⟩ = ⟨V^∗h_k, e⟩, âő àïď (2.2) áåőďĺâáï âăłęě ĺ ŕő ŋőàňě s_0, ŕàĺçěň ł őŕěàăâőàã V. §áŋő, çâő őâáîďă ćëâěłăěâ ãâćěàęďěŋĺě ŋăèěľ ńěňňë. �

Śńěďãîéěě ãâćěàęďěŋĺě, ćőğňőęŋő, ĺğćěáâŋő (ŕő łàăľŋěľ ňěàě, ć ňăâěňăâĺçěáłőň äőńìłńőàě). Ňë ŋě ŋăèńĺ ěčő ć ńĺâěàăâãàě, ŕőíâőňã ŕàĺćőďĺň ďőłăğăâěńìáâćő.

Ńěňňă 2.3. Ćáïłĺľ őŕěàăâőà S : Lp(μ) → Y ćĺďă (2.1), čďě 1 < p < ∞, ă Y |

ąăŋăåőćő ŕàőáâàăŋáâćő, ïćńïěâáï N^{p′} -őŕěàăâőàőň.

Ďőłăğăâěńìáâćő. Ŕãáâì (2.1) | ŋěłőâőàőě ŕàěďáâăćńěŋĺě őŕěàăâőàă S, ć łőâőàőň (e^′_k)_k ⊂ L_p′ (μ), (y_k )_k ⊂ Y. Ťãŋłæĺï f (·) := ∑_∞ k=1 e^′_k(·)y_k , ŕàĺŋăďńěęĺâ ŕàőáâàăŋáâćã L_p′ (μ; Y ), ŕàĺçěň Sf = ∫ ff dμ ďńï f ∈ L_p(μ) ĺ ‖f ‖_{Lp′} 6 s_0(S). Ŋěâàãďŋő ŕőŋïâì, çâő őŕěàăâőà S, łăłőćő ąë ŋĺ ąëńő ěčő ŕàěďáâăćńěŋĺě ć ćĺďě (2.1), őŕàěďěńïěâ äãŋłæĺî f (ŕ.ć.) őďŋőğŋăçŋő (ďàãčőě ŕőďőąŋőě ŕàěďáâăćńěŋĺě S ŕőàőęďăěâ âã ęě äãŋłæĺî). Šăłĺň őąàăğőň, ŋőàňĺàőćăŋŋőě ŕàőáâàăŋáâćő ćáěå őŕěàăâőàőć ćĺďă (2.1) ŋěŕàěàëćŋő őâőąàăęăěâáï ŋă ŋěłőâőàőě ŕőďňŋőęěáâćő ~S ŕàőáâàăŋáâćă L_p′ (μ; Y ), ĺ ŋőàňă íâőčő őâőąàăęěŋĺï ŋě ŕàěćőáåőďĺâ 1. Őçěćĺďŋő, çâő ~S áőďěàęĺâ ćáě ŕàőáâëě äãŋłæĺĺ, ŕàĺ íâőň, ěáńĺ φ = ∑_n k=1 χ_{Ak} y^0_k | ŕàőáâăï äãŋłæĺï (ňŋőęěáâćă A_k ŕőŕăàŋő ŋě ŕěàěáěłăîâáï), âő

‖φ‖_{Lp′ (μ;Y )} = ∫ ‖ ‖ ‖ ‖ n∑ k=1 χ_{Ak} y^0_k ‖ ‖ ‖ ‖ ‖ p^′ 1/p^′ = ‖ ‖ ‖ ‖ ‖ n∑ k=1 χ_{Ak} ‖y^0_k‖ ‖ ‖ ‖ ‖ ‖_{Lp′} .

Ŕőíâőňã ŋă ňŋőęěáâćě ŕàőáâëå äãŋłæĺľ őŕěàăâőàŋăï ŋőàňă s_0 ĺŋďãæĺàãěâ ć âőçŋőáâĺ őàĺčĺŋăńìŋãî ŋőàňã ‖ · ‖_{Lp′ (μ;Y )}, ĺ, áńěďőćăâěńìŋő, őŕĺáăŋŋőě ćëèě őâőąàăęěŋĺě S → f ïćńïěâáï ĺğőňěâàĺçěáłĺň ĺğőňőàäĺğňőň "ŋă". Ćěàŋěňáï ł ŋăèěňã őŕěàăâőàã S ĺğ (2.1). Ěáńĺ íâőňã őŕěàăâőàã ŕàĺ ãłăğăŋŋőň ĺğőňőàäĺğňě áőőâćěâáâćãěâ äãŋłæĺï f ∈ L_p′ (μ; Y ), âő áőŕàïęěŋŋëľ őŕěàăâőà ďěľáâćãěâ ŕő äőàňãńě S^∗y^′ = ⟨y^′, f (·)⟩, çâő čăàăŋâĺàãěâ ěčő ŕàĺŋăďńěęŋőáâì ŕàőáâàăŋáâćã p^′-ïďěàŋëå őâőąàăęěŋĺľ N_p′ (Y^∗, L_p′ (μ)) [69Pers, âěőàěňă 1]. Šăł łăł ćáě ŕàőáâàăŋáâćă ćĺďă L_r(μ) őąńăďăîâ áćőľáâćőň ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ, âő ĺğ p^′-ïďěàŋőáâĺ őŕěàăâőàă S^∗ ćëâěłăěâ ŕàĺŋăďńěęŋőáâì őŕěàăâőàă S ŕàőáâàăŋáâćã N^{p′} (L_p(μ), Y ) [29, âěőàěňă 1]. �

Śńěďáâćĺě 2.4. Ďńï ńîąőčő q ∈ [1, ∞) áãŕěàŕőğĺæĺï T S : Z^S−→ X^T−→ Y I^q-

őŕěàăâőàă S ĺ őŕěàăâőàă T âĺŕă RN ŕàĺŋăďńěęĺâ ĺďěăńã N^q; ŕàĺ íâőň, ν^q(T S) 6 ‖T ‖i^q(S). Ďőłăğăâěńìáâćő. Ěáńĺ 1 < q < ∞, âő ŕàĺňěŋĺňë ńěňňë 2.3 ĺ 2.2, âăł łăł âőęďěáâćěŋŋőě ćńőęěŋĺě J_{p1} : L_p(μ) → L_1(μ), čďě ňěàă μ łőŋěçŋă, ïćńïěâáï S-őŕěàăâőàőň ďńï ńîąőčő p ∈ (1, ∞). Śŕàăćěďńĺćőáâì ãâćěàęďěŋĺï ŕàĺ q = 1 ćëâěłăěâ ĺğ [27, âěőàěňă 4] ĺńĺ [21, âěőàěňă 1]. � Ğăňěçăŋĺě 2.5. Śńãçăľ q = ∞ àăááňőâàěŋ ć áńěďáâćĺĺ 2.13. Ğďěáì ňë őâňěâĺň ńĺèì, çâő âőęďěáâćěŋŋőě őâőąàăęěŋĺě l_1 → l_1 ïćńïěâáï I^∞-őŕěàăâőàőň, ŋő ŋě ŕàĺŋăďńěęĺâ ĺďěăńã N^∞, åőâï l_1 | áőŕàïęěŋŋőě ŕàőáâàăŋáâćő áő áćőľáâćőň Řăďőŋă-Ŋĺłőďĺňă. İâő ęě ğăňěçăŋĺě ňőęŋő őâŋěáâĺ ĺ áńěďáâćĺî 2.6 ŋĺęě. Śńěďáâćĺě 2.6. Ďńï ńîąőčő q ∈ [1, ∞) áãŕěàŕőğĺæĺï T S : Z^S−→ X^T−→ Y ˝^{dual}_q -

őŕěàăâőàă S ĺ őŕěàăâőàă T âĺŕă RN ŕàĺŋăďńěęĺâ ĺďěăńã QN^{dual}_q .

Ďőłăğăâěńìáâćő. Ŕãáâì ˘ : l_1(`) → Z | łăłőě-ŋĺąãďì äăłâőàőâőąàăęěŋĺě. Śőŕàïęěŋŋëľ őŕěàăâőà ˘^∗ ïćńïěâáï ĺğőňěâàĺçěáłĺň ćńőęěŋĺěň ŕàőáâàăŋáâćă Z^∗ ć l_∞(`) ĺ ŕőíâőňã ˘^∗S^∗ ∈ I_q(X^∗, l_∞(`)). Ŕő áńěďáâćĺî 2.4, ˘^∗S^∗T^∗ ∈ N_q(Y^∗, l_∞(`)) ĺ, ğŋăçĺâ, őŕěàăâőà S^∗T^∗ | q-łćăğĺïďěàŋëľ, â.ě. T S ∈ QN^{dual}_q . �

Ŕěàěď âěň, łăł ŕőľâĺ ďăńìèě, ććěďěň àïď őŕàěďěńěŋĺľ ĺ őąőğŋăçěŋĺľ. Śćőľáâćă AP_p, C-MAP_p ĺ BAP_p őŕàěďěńěŋë, ŋăŕàĺňěà, ć [28, 25, 26, 31], ă áćőľáâćă AP^{dual}_p , C-MAP^{dual}_p ĺ BAP^{dual}_p ŕőïćńïîâáï ćŕěàćëě ć ďăŋŋőľ àăąőâě. Ŕãáâì C ≥ 1, p ∈ [1, +∞]. Čőćőàïâ, çâő ąăŋăåőćő ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň AP_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 )). Ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň C-MAP_p , Y ∈ C-MAP_p, ěáńĺ ďńï ńîąőčő X ěáâěáâćěŋŋőě őâőąàăęěŋĺě X^∗ ^⊗_p Y → I^{Gr}_p (X, Y ) ěáâì C-ĺğőňěâàĺçěáłőě ćńőęěŋĺě (ć ďăŋŋőň áńãçăě íâő őğŋăçăěâ, çâő áãéěáâćãěâ ŋěŕàěàëćŋőě őąàăâŋőě á ŋőàňőľ ŋě ąőńìèě C. Ŋăłőŋěæ, Y ĺňěěâ áćőľáâćő BAP_p (áőőâćěâáâćěŋŋő, áćőľáâćő MAP_p ), ěáńĺ őŋő őąńăďăěâ áćőľáâćőň C-MAP_p ďńï ŋěłőâőàőčő çĺáńă C ≥ 1 (áőőâćěâáâćěŋŋő, áćőľáâćőň 1-MAP_p).

Čőćőàïâ, çâő ąăŋăåőćő ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň AP^{dual}_p (łőàőâłő | Y ∈ AP^{dual}_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 )). Ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň C-MAP^{dual}_p , Y ∈ C-MAP^{dual}_p , ěáńĺ ďńï ńîąőčő X ěáâěáâćěŋŋőě őâőąàăęěŋĺě X^∗ ^⊗^p Y → I^p_{Gr} (X, Y ) ěáâì Cĺğőňěâàĺçěáłőě ćńőęěŋĺě (ć ďăŋŋőň áńãçăě íâő őğŋăçăěâ, çâő áãéěáâćãěâ ŋěŕàěàëćŋőě őąàăâŋőě á ŋőàňőľ ŋě ąőńìèě C. Ŋăłőŋěæ, Y ĺňěěâ áćőľáâćő BAP^{dual}_p (áőőâćěâáâćěŋŋő, áćőľáâćő MAP^{dual}_p ), ěáńĺ őŋő őąńăďăěâ áćőľáâćőň C-MAP^{dual}_p ďńï ŋěłőâőàőčő çĺáńă C ≥ 1 (áőőâćěâáâćěŋŋő, áćőľáâćőň 1-MAP^{dual}_p ).

Ěáńĺ p = 1, âő AP_1 = AP^{dual}_1 , ĺ ňë ĺáŕőńìğãěň őąéěŕàĺŋïâëě ć íâőň áńãçăě ăąąàěćĺăâãàë AP, C-MAP, BAP, MAP; | íâő őąëçŋëě ăŕŕàőłáĺňăæĺőŋŋëě ãáńőćĺï Čàőâěŋďĺłă.

Śńěďãîéăï âěőàěňă ĺňěěâ "áâàăèŋěľèãî" äőàňãńĺàőćłã, ć łőâőàőľ ŕőïćńïěâáï çěâćěàâőě áőŕàïęěŋŋőě ŕàőáâàăŋáâćő. Ŋő ãŕàőáâĺâì ŕàěďŕőńőęěŋĺï, ŕőïćńïîéĺěáï ć íâőľ âěőàěňě, ĺáŕőńìğãï âőńìłő àăááňőâàěŋŋëě ćëèě ăŕŕàőłáĺňăæĺőŋŋëě áćőľáâćă, ŋěńìğï. Ŕő ŕőćőďã ăńìâěàŋăâĺćŋőľ äőàňãńĺàőćłĺ íâőľ âěőàěňë, ąőńěě ŕàőáâőľ, çěň ŕàěďńăčăěňăï ŋĺęě, ĺ ć łőâőàőľ ŕőïćńïîâáï ŋőćëě ăŕŕàőłáĺňăæĺőŋŋëě ãáńőćĺï, áň. ğăňěçăŋĺě áàăğã ŕőáńě ďőłăğăâěńìáâćă âěőàěňë.

Šěőàěňă 2.7. Ŕãáâì p ∈ [1, ∞] ĺ T ∈ L(X, Y ). Ěáńĺ T ∈ N^p(X, Y^{∗∗}) ĺ ńĺąő X^∗ ∈ AP_p, ńĺąő Y^{∗∗∗∗} ∈ AP^{dual}_p , ńĺąő Y^{∗∗∗} ∈ AP, âő T ∈ N^p(X, Y ). Ĺŋăçě čőćőàï, ć íâĺå ãáńőćĺïå ĺğ p-ïďěàŋőáâĺ áőŕàïęěŋŋőčő őŕěàăâőàă T^∗ ćëâěłăěâ ŕàĺŋăďńěęŋőáâì őŕěàăâőàă T ŕàőáâàăŋáâćã N^p(X, Y ). Ŕàĺ íâőň ‖T ‖_Np_{(X,Y )} = ‖T ‖_Np_{(X,Y} ∗∗_)

Ďőłăğăâěńìáâćő. Ŕàěďŕőńőęĺň, çâő áãéěáâćãěâ âăłőľ őŕěàăâőà T ∈ L(X, Y ), çâő T /∈ N^p(X, Y ), ŋő π_Y T ∈ N^p(X, Y^{∗∗}). Šăł łăł ńĺąő X^∗ ∈ AP_p, ńĺąő Y^{∗∗} ∈ AP^{dual}_p (ŕőáńěďŋěě ćěàŋő, ěáńĺ Y^{∗∗∗∗} ∈ AP^{dual}_p ) âő N^p(X, Y^{∗∗}) = X^∗ ^⊗^pY^{∗∗} (áâőĺâ őâňěâĺâì, çâő ĺğ ŕőáńěďŋěčő àăćěŋáâćă ćëâěłăěâ, ć çăáâŋőáâĺ, ĺğőňěâàĺçŋőáâì ěáâěáâćěŋŋőčő ćńőęěŋĺï ŕàőáâàăŋáâćă N^p(X, Y ) ć N^p(X, Y^{∗∗})). Śńěďőćăâěńìŋő, őŕěàăâőà π_Y T ňőęŋő őâőęďěáâćĺâì á âěŋğőàŋëň íńěňěŋâőň t ∈ X^∗ ^⊗^pY^{∗∗}; ŕàĺ íâőň t /∈ X^∗ ^⊗^pY (ŕàőáâàăŋáâćő X^∗ ^⊗^pY àăááňăâàĺćăěâáï łăł ŕőďŕàőáâàăŋáâćő ŕàőáâàăŋáâćă X^∗ ^⊗^pY^{∗∗}). Śńěďőćăâěńìŋő, áãéěáâćãěâ âăłőľ őŕěàăâőà U ∈ ˝^{dual}_p′ (Y^{∗∗}, X^{∗∗}) = ( X^∗ ^⊗^pY^{∗∗} )_∗ , çâő trace U ∘t = trace (T^∗ ∘ (U^∗|_X ∗ )) = 1 ĺ trace U ∘π_Y ∘z = 0 ďńï ńî-

ąőčő z ∈ X^∗ ^⊗^pY. Ĺğ ŕőáńěďŋěčő ćëâěłăěâ, ć çăáâŋőáâĺ, çâő Uπ_Y = 0 ĺ π^∗_Y U^∗|_X ∗ = 0. Ďěľáâćĺâěńìŋő, ěáńĺ x^′ ∈ X^∗ ĺ y ∈ Y, âő

⟨Uπ_Y y, x^′⟩ = ⟨y, π^∗_Y U^∗|_X ∗ x^′⟩ = trace U ∘ (x^′ ⊗ π_Y (y)) = 0.

Őçěćĺďŋő, çâő âěŋğőàŋëľ íńěňěŋâ U ∘ t ŕőàőęďăěâ őŕěàăâőà Uπ_Y T, łőâőàëľ âőęďěáâćěŋŋő àăćěŋ ŋãńî.

Ěáńĺ X^∗ ∈ AP_p, âő X^∗ ^⊗^pY^{∗∗} = N^p(X, Y^{∗∗}) ĺ, ğŋăçĺâ, íâőâ âěŋğőàŋëľ íńěňěŋâ ŋãńěćőľ, çâő ŕàőâĺćőàěçĺâ àăćěŋáâćã trace U ∘ t = 1.

Śńãçăľ, łőčďă Y^{∗∗∗} ∈ AP, àăááňőâàěŋ ć àăąőâě [29]. Ŕãáâì âěŕěàì Y^{∗∗∗∗} ∈ AP^{dual}_p . Ć íâőň áńãçăě őŕěàăâőà

V := T^∗ ∘ π^∗_Y : Y^{∗∗∗} → Y^∗ → X^∗

őďŋőğŋăçŋő őŕàěďěńïěâ ŋěłőâőàëľ âěŋğőàŋëľ íńěňěŋâ t_0 ĺğ âěŋğőàŋőčő ŕàőĺğćěďěŋĺï Y^{∗∗∗∗} ^⊗_pX^∗. Ćőğìňěň łăłőě-ńĺąő ŕàěďáâăćńěŋĺě t = ∑ x^′_n ⊗ y^{′′}_n ďńï t łăł íńěňěŋâă ŕàőáâàăŋáâćă X^∗ ^⊗^pY^{∗∗}.

V y^{′′′} = T^∗π^∗_Y y^{′′′} = (T^∗π^∗_Y π_Y ∗ ) π^∗_Y y^{′′′} = (π_Y T )^∗ π_Y ∗ π^∗_Y y^{′′′} = = (∑ y^{′′}_n ⊗ x^′_n ) π_Y ∗ π^∗_Y y^{′′′} = ∑ ⟨y^{′′}_n, π^∗_Y y^{′′′}⟩ x^′_n = = ∑ ⟨π^{∗∗}_Y y^{′′}_n, y^{′′′}⟩ x^′_n. Ĺâăł, őŕěàăâőà V ĺňěěâ ć ŕàőáâàăŋáâćě Y^{∗∗∗∗} ^⊗_p X^∗ ŕàěďáâăćńěŋĺě V = ∑ π^{∗∗}_Y (y^{′′}_n) ⊗ x^′_n, â.ě. t_0 = π^{∗∗}_Y ∘ t.

Őąőğŋăçĺć ďńï łàăâłőáâĺ őŕěàăâőà U^∗|_X ∗ çěàěğ U_∗, ŕőńãçăěň: U_∗V y^{′′′} ∑ ⟨π^{∗∗}_Y y^{′′}_n, y^{′′′}⟩ U_∗x^′_n. Śńěďőćăâěńìŋő (őŕàěďěńěŋĺě âěŋğőàŋőčő íńěňěŋâă t_0 ∈ Y^{∗∗∗∗} ^⊗_pX^∗ áň. ćëèě),

trace U_∗ ∘ t_0 = trace U_∗ ∘ V = ∑ ⟨π^{∗∗}_Y (y^{′′}_n), U_∗x^′_n⟩ = ∑ ⟨y^{′′}_n, π^∗_Y U_∗x^′_n⟩ = ∑ 0 = 0.

Ś ďàãčőľ áâőàőŋë,

V y^{′′′} = (π_Y T )^∗ y^{′′′} = t^∗(y^{′′′}) = ∑ ⟨y^{′′}_n, y^{′′′}⟩ x^′_n, őâłãďă V = ∑ y^{′′}_n ⊗ x^′_n. Ŕőíâőňã

trace U_∗t_0 = trace U_∗V = ∑ ⟨y^{′′}_n, U_∗x^′_n⟩ = ∑ ⟨Uy^{′′}_n, x^′_n⟩ = trace U ∘ t = 1. Ŕőńãçěŋŋőě ŕàőâĺćőàěçĺě ğăćěàèăěâ ďőłăğăâěńìáâćő âěőàěňë. � Ğăňěçăŋĺě 2.8. Ŕãáâì p ∈ [1, ∞]. Ąãďěň čőćőàĺâì, çâő ŕàőáâàăŋáâćő Z őąńăďăěâ áćőľáâćőň AP_{p,d}, ěáńĺ ďńï ćáïłőčő ąăŋăåőćă ŕàőáâàăŋáâćă W łăŋőŋĺçěáłőě őâőąàăęěŋĺě j : Z ^⊗_pW → L(Z^∗, W ) ćğăĺňŋő őďŋőğŋăçŋő. Ĺğ ďőłăğăâěńìáâćă âěőàěňë ćĺďŋő, çâő ć ěě äőàňãńĺàőćłě ňőęŋő ğăňěŋĺâì ãáńőćĺě Y^{∗∗∗∗} ∈ AP^{dual}_p ŋă ąőńěě ŕàőáâőě ãáńőćĺě Y^{∗∗∗} ∈ AP_{p,d} . Őâ łăłĺå-ńĺąő ăŕŕàőłáĺňăæĺőŋŋëå ãáńőćĺľ âĺŕă Y^{∗∗∗} ∈ AP ĺğ âěőàěňë, őâłăğăâìáï, ćőőąéě čőćőàï, ŋěńìğï. Ŋěďőáâăâőçŋő, ŋăŕàĺňěà, ŕàěďŕőńăčăâì ńĺèì, çâő ńĺąő x ∈ AP, ńĺąő Y^{∗∗} ∈ AP, çâő ŕőłăęãâ ŋĺęě áőőâćěâáâćãîéĺě ŕàĺňěàë (áň., ć çăáâŋőáâĺ, áńěďáâćĺě 5.2).

Ğăňěçăŋĺě 2.9. Ŋă áăňőň ďěńě, łăł ćĺďŋő ĺğ ďőłăğăâěńìáâćă âěőàěňë 2.7, ďńï áŕàăćěďńĺćőáâĺ ğăłńîçěŋĺï ć ãâćěàęďěŋĺĺ íâőľ âěőàěňë ďőáâăâőçŋő ŕàěďŕőńăčăâì, çâő łăŋőŋĺçěáłőě őâőąàăęěŋĺě Y^{∗∗∗∗} ^⊗_pX^∗ → L(Y^{∗∗∗}, X^∗) (ĺńĺ, çâő âő ęě, łăŋőŋĺçěáłőě őâőąàăęěŋĺě X^∗ ^⊗^pY^{∗∗∗∗} → L(X, Y^{∗∗∗∗})) ćğăĺňŋő őďŋőğŋăçŋő. Śńěďáâćĺě 2.10. Ŕãáâì p ∈ [1, ∞), ĺ ŕãáâì X, Y | âăłĺě ąăŋăåőćë ŕàőáâàăŋ-

áâćă, çâő Y C-ďőŕőńŋïěňő ć áćőěň ćâőàőň áőŕàïęěŋŋőň, őąńăďăěâ áćőľáâćőň Řăďőŋă {Ŋĺłőďĺňă ĺ őďŋő ĺğ ŕàőáâàăŋáâć X^∗ ĺńĺ Y^{∗∗∗} ãďőćńěâćőàïěâ ãáńőćĺî ăŕŕàőłáĺňăæĺĺ Čàőâěŋďĺłă. Šőčďă N^p(X, Y ) = I^p(X, Y )^C= I^p_{Gr}(X, Y ). Ąőńěě őąéő, ěáńĺ U : Y → Z | őŕěàăâőà Řăďőŋă{Ŋĺłőďĺňă ĺğ Y ć ŋěłőâőàőě ąăŋăåőćő ŕàőáâàăŋáâćő Z, ďőŕőńŋïěňőě ć áćőěň ćâőàőň áőŕàïęěŋŋőň, ĺ ńĺąő X^∗ ∈ AP, ńĺąő Z^{∗∗∗} ∈ AP, âő ďńï ńîąëå p ∈ [1, ∞) ĺ T ∈ I^p_{Gr}(X, Y ) ĺňěěâ ňěáâő ćłńîçěŋĺě UT ∈ N^p(X, Z). � Ğăňěçăŋĺě 2.11. Ăŕŕàőłáĺňăæĺőŋŋëě ãáńőćĺï (âăł ęě łăł ĺ ďőŕőńŋïěňőáâì ŕàőáâàăŋáâć ć áćőĺå ćâőàëå áőŕàïęěŋŋëå) , ŋăłńăďëćăěňëě ŋă àăááňăâàĺćăěňëě ć ŕőáńěďŋĺå ďćãå ãâćěàęďěŋĺïå ŕàőáâàăŋáâćă áãéěáâćěŋŋë ĺ ŋě ňőčãâ ąëâì ğăňěŋěŋë ŋă ăŋăńőčĺçŋëě ãáńőćĺï ďńï ŕàőáâàăŋáâć X, ńĺąő Y^{∗∗} (áň. ŋĺęě ŕàĺňěà 2.14).

Śńěďáâćĺě 2.12. Ěáńĺ ŕàőáâàăŋáâćő X ŋě áőďěàęĺâ ĺğőňőàäŋő l1, âő ćáïłĺľ

őŕěàăâőà ĺğ X ć l_1(`) ïćńïěâáï N^∞-őŕěàăâőàőň, â.ě. łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_1. Ąőńěě őąéő, ńîąőľ ãáńőćŋő áńăąő łőňŕăłâŋëľ őŕěàăâőà áő ğŋăçěŋĺïňĺ ć ŕàőáâàăŋáâćě l_1(`) ïćńïěâáï N^∞-őŕěàăâőàőň, ŕàĺçěň N^∞-ŋőàňă âăłőčő őŕěàăâőàă áőćŕăďăěâ á ěčő őąëçŋőľ ŋőàňőľ.

Ďőłăğăâěńìáâćő. Šăł łăł l_1(`) őąńăďăěâ áćőľáâćőň Ÿãàă, âăł ęě łăł ĺ áćőľáâćőň ăŕŕàőłáĺňăæĺĺ, âő ńîąőľ ãáńőćŋő áńăąő łőňŕăłâŋëľ őŕěàăâőà áő ğŋăçěŋĺïňĺ ć íâőň ŕàőáâàăŋáâćě ăŕŕàőłáĺňĺàãěâáï ŕő őąëçŋőľ őŕěàăâőàŋőľ ŋőàňě łőŋěçŋőňěàŋëňĺ őŕěàăâőàăňĺ. Śőŕàïęěŋŋëľ ł ŋěňã őŕěàăâőà ğăďăŋ ŋă ŕàőáâàăŋáâćě l_∞(`) ĺ ïćńïěâáï ăŕŕàőłáĺňĺàãěňëň, ă ćáïłĺľ âăłőľ őŕěàăâőà ĺğ l_∞(`) ć ńîąőě ąăŋăåőćő ŕàőáâàăŋáâćő ěáâì ∞-ïďěàŋëľ őŕěàăâőà á àăćěŋáâćőň áőőâćěâáâćãîéĺå ŋőàň (áň., ŋăŕàĺňěà, [17]). Őáâăěâáï ŕàĺňěŋĺâì âěőàěňã 2.7 ŕàĺ p = ∞. � Śńěďáâćĺě 2.13. Ŕàőĺğćěďěŋĺě UT ãáńőćŋő áńăąő łőňŕăłâŋőčő őŕěàăâőàă T :

X → L_1(μ) ĺ őŕěàăâőàă Řăďőŋă-Ŋĺłőďĺňă U : L_1(μ) → Y łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_1, â.ě. ńěęĺâ ć ŕàőáâàăŋáâćě N^∞(X, Y ); ŕàĺ íâőň, ν^∞(UT ) 6 ‖U‖ ‖T ‖. Ć çăáâŋőáâĺ, ěáńĺ ąăŋăåőćő ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň Řăďőŋă-Ŋĺłőďĺňă, ă ŕàőáâàăŋáâćő X ŋě áőďěàęĺâ ĺğőňőàäŋãî łőŕĺî ŕàőáâàăŋáâćă l_1, âő ĺňěěâ ňěáâő àăćěŋáâćő (ćňěáâě á áőćŕăďěŋĺěň áőőâćěâáâćãîéĺå ŋőàň) I^∞(X, Y ) = N^∞(X, Y ).

Ďőłăğăâěńìáâćő. Ěáńĺ U ∈ RN(L_1(μ), Y ), âő (áň., ŋăŕàĺňěà, [24 , âěőàěňă 1]) őŋ äăłâőàĺğãěâáï ĺ çěàěğ ŋěłőâőàőě ŕàőáâàăŋáâćő l_1(`), ŕàĺçěň γ_1(U) = ‖U‖. Őáâăěâáï ŕàĺňěŋĺâì áńěďáâćĺě 2.12. � Ŕàĺňěà 2.14. Śńěďãîéĺľ àěğãńìâăâ ĺğ àăąőâë [29] ŕőłăğëćăěâ, çâő áńěďáâćĺě 2.13 ŕěàěáâăěâ ąëâì ćěàŋëň, ěáńĺ ć ěčő ğăłńîçěŋĺĺ ğăňěŋĺâì áâàőčő ĺŋâěčàăńìŋëě őŕěàăâőàë ŋă ĺŋâěčàăńìŋëě ŕő Čàőâěŋďĺłã: ďńï łăęďőčő r ∈ [1, ∞], r ≠ 2, áãéěáâćãîâ âăłĺě ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő W ĺ őŕěàăâőà T ∈ L(W^{∗∗}, W ), çâő W^{∗∗} ĺňěěâ ąăğĺá, T ∈ N^r(W^{∗∗}, W^{∗∗}), ŋő T /∈ N^r(W^{∗∗}, W ). Śńěďáâćĺě 2.15. Ŕãáâì T ∈ RN^{dual}(X, C(K)) ĺ S ∈ L(C(K), Y ). Ěáńĺ őŕěàăâőà S

ŋě ïćńïěâáï ĺğőňőàäĺğňőň ŋĺ ŋă łăłőň ŕőďŕàőáâàăŋáâćě ć C(K), ĺğőňěâàĺçŋőň ŕàőáâàăŋáâćã c_0, âő áãŕěàŕőğĺæĺï ST łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ c_0, â.ě. ST ∈ N_∞(X, Y ); ŕàĺ íâőň ν_∞(ST ) 6 ‖S‖ ‖T ‖. Ć çăáâŋőáâĺ (áà. [14, âěőàěňă 1.2]), ěáńĺ X^∗ őąńăďăěâ áćőľáâćőň Řăďőŋă{Ŋĺłőďĺňă ĺ Y ⊅ c_0, âő I_∞(X, Y ) = N_∞(X, Y ). Ďőłăğăâěńìáâćő. Ŕő ńěňňě 1.1, őŕěàăâőà S áńăąő łőňŕăłâěŋ; áńěďőćăâěńìŋő, áńăąő łőňŕăłâěŋ ĺ S^∗. Łăł ĺ ŕàĺ ďőłăğăâěńìáâćě ŕàěďëďãéěčő áńěďáâćĺï, ŕőńãçăěň, çâő őŕěàăâőà T^∗ ďőŕãáłăěâ äăłâőàĺğăæĺî ćĺďă T^∗ = αβ : X^∗ ←−−−−_α l_1(`) ←−−−−_β C^∗(K) ←−−−−_{S∗} Y^∗ X^{∗∗} −−−−→_{α∗} l_∞(`) −−−−→_{β∗} C^{∗∗}(K) −−−−→_{Sπ} Y ⊂ Y^{∗∗}, Ďĺăčà. 2.1 čďě S ∗ π | áĺńìŋő ąĺďãăńìŋëľ ł S őŕěàăâőà. Ŋăŕőňŋĺň, çâő ć ŋăèěľ áĺâãăæĺĺ ‖T^∗‖ = γ_1(T^∗) = inf ‖α‖ ‖β‖, čďě ĺŋäĺňãň ąěàěâáï ŕő ćáěň ãłăğăŋŋëň äăłâőàĺğăæĺïň őŕěàăâőàă T^∗. Őŕěàăâőà βS^∗, ă, ğŋăçĺâ, ĺ S^πβ^∗ : l_∞ → Y, łőňŕăłâěŋ. Śńěďőćăâěńìŋő, S^πβ^∗ ∈ N_∞(l_∞, Y ) ĺ ‖S^πβ^∗‖ = ν_∞(S^πβ^∗) (áň. ďőłăğăâěńìáâćő áńěďáâćĺï 2.12). Šăłĺň őąàăğőň, (ST )^π = S^πT^{∗∗} ∈ N_∞(X^{∗∗}, Y ). Ďăńěě, ďńï x ∈ X ĺ y^′ ∈ Y^∗ ĺňěěň: ⟨y^′, (ST )^π π_X x⟩ = ⟨π_Y (ST )^ππ_X x, y^′⟩ = = ⟨S^{∗∗}T^{∗∗}π_X x, y^′⟩ = ⟨T^∗S^∗y^′, π_X x⟩ = ⟨T^∗S^∗y^′, x⟩ = ⟨y^′, ST x⟩, â.ě. (ST )^ππ_X = ST ĺ, áńěďőćăâěńìŋő, ST ∈ N_∞(X, Y ); ŕàĺ íâőň,

ν_∞(ST ) = ν_∞((ST )^π π_X ) = ν_∞(S^πT^{∗∗}π_X ) = ν_∞(S^πβ^∗α^∗π_X ) 6 6 ν∞(S^πβ^∗)‖α^∗‖ = ‖S^∗β^∗‖ ‖α^∗‖ 6 ‖S‖ ‖α‖ ‖β‖. Šăł łăł ã ŋăá ‖T^∗‖ = γ_1(T^∗), âő őłőŋçăâěńìŋő ŕőńãçăěň: ν_∞(ST ) 6 ‖S‖ ‖T ‖. �

Ďńï őŕěàăâőàőć, ∞-ĺŋâěčàăńìŋëå ŕő Čàőâěŋďĺłã, ňë ŕőńãçăěň ĺğ ŕàěďëďãéěčő ãâćěàęďěŋĺï âăłőľ (âőçŋëľ, | áň. ŕàĺňěà 2.17 ŋĺęě) àěğãńìâăâ. İâő ŋěąőńìèőě őąőąéěŋĺě âěőàěňë 1.2 ĺğ [14].

Śńěďáâćĺě 2.16. Ŕãáâì V ∈ RN^{dual}(X, C(K)), S ∈ L(C(K), Y^{∗∗}) ĺ SV ∈ L(X, Y ).

Ŕàěďŕőńőęĺň, çâő ŕàőáâàăŋáâćő Y c-ďőŕőńŋïěňő ć áćőěň ćâőàőň áőŕàïęěŋŋőň Y^{∗∗}, čďě c > 1. Ěáńĺ őŕěàăâőà S ŋě ïćńïěâáï ĺğőňőàäĺğňőň ŋĺ ŋă łăłőň ŕőďŕàőáâàăŋáâćě ć C(K), ĺğőňěâàĺçŋőň ŕàőáâàăŋáâćã c_0, âő áãŕěàŕőğĺæĺï SV łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ c_0, â.ě. SV ∈ N_∞(X, Y ); ŕàĺ íâőň ν_∞(SV ) 6 á ‖S‖ ‖V ‖. Ć çăáâŋőáâĺ (áà. [14, âěőàěňă 1.2]), ěáńĺ X^∗ őąńăďăěâ áćőľáâćőň Řăďőŋă{Ŋĺłőďĺňă, Y ⊅ c_0 ĺ Y c-ďőŕőńŋïěňő ć Y^{∗∗}, âő I^{Gr}_∞ (X, Y )^c= N_∞(X, Y ). �

Ŕàĺňěà 2.17. Śńěďãîéĺľ àěğãńìâăâ [25, MNach, áńěďáâćĺě 3.4] ŕőłăğëćăěâ, çâő áńěďáâćĺě 2.15 ŕěàěáâăěâ ąëâì ćěàŋëň, ěáńĺ ć ěčő ğăłńîçěŋĺĺ ğăňěŋĺâì áâàőčő ĺŋâěčàăńìŋëě őŕěàăâőàë ŋă ĺŋâěčàăńìŋëě ŕő Čàőâěŋďĺłã: áãéěáâćãěâ őŕěàăâőà, ŋě äăłâőàĺğãěňëľ ŋĺ çěàěğ łăłőě ŕàőáâàăŋáâćő C(K), ćâőàőľ áőŕàïęěŋŋëľ ł łőâőàőňã łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő c_0. Ć íâőň ãâćěàęďěŋĺĺ ć [25] ŋě ãłăğăŋë ïćŋő áćőľáâćă ŕàőáâàăŋáâćă, ć łőâőàőň ďěľáâćãěâ őŕěàăâőà, ŋő ĺğ ďőłăğăâěńìáâćă áőőâćěâáâćãîéĺå äăłâőć ć [25] ćĺďŋő, çâő ć łăçěáâćě ãłăğăŋŋőčő őŕěàăâőàă ňőęŋő ćğïâì őŕěàăâőà, ďěľáâćãîéĺľ ćő ćŕőńŋě áěŕăàăąěńìŋőň ŕàőáâàăŋáâćě. İâőâ ęě ŕàĺňěà ŕőłăğëćăěâ, çâő ć áńěďáâćĺĺ 2.16 őâłăğăâìáï őâ ďőŕőńŋïěňőáâĺ ŕàőáâàăŋáâćă Y ć ěčő ćâőàőň áőŕàïęěŋŋőň, ćőőąéě čőćőàï, ŋěńìğï.

Ŋăň ŕàĺčőďĺâáï őďŋă äăłâőàĺğăæĺőŋŋăï ńěňňă ďńï őŕěàăâőàőć ĺğ ˝^{dual}_q . Ŋăŕőňŋĺň, çâő ˝^{dual}_∞ = L .

Ńěňňă 2.18. Ŕãáâì q ∈ [1, ∞). Őŕěàăâőà S : E → F ïćńïěâáï ˝^{dual}_q -őŕěàăâőàőň

ć âőň ĺ âőńìłő ć âőň áńãçăě, ěáńĺ ďńï ćáïłőčő ε > 0 őŕěàăâőà π_F S ďőŕãáłăěâ äăłâőàĺğăæĺî áńěďãîéěčő ćĺďă: π_F S : E^A−→ E_q′^j−→ E_1^B−→ F^{∗∗}, čďě E_q′ ĺ E_1 | äăłâőàŕàőáâàăŋáâćă ŋěłőâőàëå ŕàőáâàăŋáâć L_q′ (μ) ĺ L_1(ν) áőőâćěâáâćěŋŋő, ‖A‖ = 1, ‖B‖ = 1 ĺ π^{dual}_q (j) 6 (1 + ε)π^{dual}_q (S).

Ďőłăğăâěńìáâćő. Ěáńĺ π_F S äăłâőàĺğãěâáï ãłăğăŋŋëň őąàăğőň, âő áőŕàïęěŋŋëľ ł ŋěňã őŕěàăâőà S^∗(π_F )^∗ : F^{∗∗∗} → F^∗ → E^∗ ïćńïěâáï ăąáőńîâŋő q-áãňňĺàãîéĺň, ŕàĺçěň π_q (S^∗π^∗_F ) 6 (1+ε)π^{dual}_q (S). Śńěďőćăâěńìŋő, âăłőć ĺ őŕěàăâőà S^∗ = S^∗π^∗_F π_F ∗ .

Őąàăâŋő, ŕàěďŕőńőęĺň, çâő S ∈ ˝^{dual}_q (E, F ). Ć íâőň áńãçăě áőŕàïęěŋŋëľ ł ŋěňã őŕěàăâőà S^∗ ďőŕãáłăěâ äăłâőàĺğăæĺî Ŕĺçă çěàěğ çăáâì őŕěàăâőàă âőęďěáâćěŋŋőčő ćńőęěŋĺï i : L_∞(μ) → L_q(μ), čďě μ | łőŋěçŋăï ňěàă: S^∗ : F^{∗ B0}−−→ F^∗_∞^{i0}−→ F^∗_q^{A0}−−→ E^∗. Ğďěáì F^∗_∞ ĺ F^∗_q | ŕőďŕàőáâàăŋáâćă ć L_∞(μ) ĺ L_q(μ) áőőâćěâáâćěŋŋő, ‖A_0‖ = 1, ‖B_0‖ = 1 ĺ i_0 | őŕěàăâőà, ĺŋďãæĺàőćăŋŋëľ ćńőęěŋĺěň i. Ŕěàěåőďï ł áőŕàïęěŋŋőľ ďĺăčàăňňě ĺ ćáŕőňĺŋăï âěőàěňã Łăłãâăŋĺ ő àěăńĺğăæĺĺ ăąáâàăłâŋëå Lŕàőáâàăŋáâć ć ćĺďě ŕàőáâàăŋáâć âĺŕă L_1(ν), ňë ŕőńãçăěň ęěńăěňëľ àěğãńìâăâ.

�

Ŕàěďńőęěŋĺě 2.19. Ŕàěďŕőńőęĺň, çâő ąăŋăåőćő ŕàőáâàăŋáâćő Y âăłőćő, çâő

áãéěáâćãěâ ŋěŕàěàëćŋëľ ŕàőěłâőà P : Y^{∗∗} → Y. Šőčďă ďńï ćáïłőčő p ∈ (1, ∞) ĺğ áőőâŋőèěŋĺï Y ∈ AP^{dual}_p ćëâěłăěâ ãáńőćĺě Y ∈ ‖P ‖-MAP^{dual}_p . Ć çăáâŋőáâĺ, ěáńĺ ŕàőáâàăŋáâćő Y áőŕàïęěŋő, âő ãáńőćĺï Y ∈ AP^{dual}_p ĺ Y ∈ MAP^{dual}_p íłćĺćăńěŋâŋë ňěęďã áőąőľ.

Ďőłăğăâěńìáâćő. Ŕàěďŕőńőęĺň, çâő Y ∈ AP^{dual}_p , ĺ àăááňőâàĺň íńěňěŋâ z = ~z ∈ X^∗ ^⊗^pY = N^p(X, Y ) . Ňë ğăäĺłáĺàãěň ŋěłőâőàőě çĺáńő ε > 0 ĺ ŕőłăęěň, çâő

(2.3) ν^p(z) ≤ ‖P ‖ i^p_{Gr}(z) + ε

(ïáŋő, çâő ĺğ áőőâŋőèěŋĺï (2.3) ćëâěłăěâ ãâćěàęďěŋĺě ŋăèěľ ńěňňë).

Ŕãáâì U | âăłőľ ˝^{dual}_p′ -őŕěàăâőà ĺğ Y ć X^{∗∗} , çâő π^{dual}_p′ (U) < 1 ĺ trace Uz ≥ ν^p(z) − ε . Ěáńĺ z = ∑ x^′_n ⊗ y_n | łăłőě-ńĺąő N^p-ŕàěďáâăćńěŋĺě őŕěàăâőàă z , âő ŕőáńěďŋěě ŋěàăćěŋáâćő őğŋăçăěâ, çâő trace U ∘ z = ∑ ⟨x^′_n, Uy_n⟩ ≥ ν^p(z) − ε. Ŕő ńěňňě 2.18, áãŕěàŕőğĺæĺï őŕěàăâőàőć U ĺ z ďőŕãáłăěâ áńěďãîéãî äăłâőàĺğăæĺî: (2.4) X^z−−−−→ Y^A−−−−→ Y_p^j−−−−→ Y_1^B−−−−→ X^{∗∗} čďě ćáě őŕěàăâőàë ŋěŕàěàëćŋë, ŕàĺçěň ‖A‖ ≤ 1, ‖B‖ ≤ 1, π^{dual}_p′ (j) ≤ 1 ĺ Y_p | äăłâőà-ŕàőáâàăŋáâćő ŋěłőâőàőčő àěäńěłáĺćŋőčő ŕàőáâàăŋáâćă L_p(μ) . Ĺňěěň:

trace U ∘ z = ∑ ⟨x^′_n , BjAy_n⟩ = = ∑ ⟨j^∗B^∗x^′_n, Ay_n⟩ (ňë őâőęďěáâćńïěň x^{′n} á íńěňěŋâăňĺ ĺğ X^{∗∗∗} ) = trace(Bj) ∘ w, čďě w = A ∘ z, â.ě. w = ∑ x^′_n ⊗ Ay_n ∈ X^∗ ^⊗^pY_p. Šăł łăł ŕàőáâàăŋáâćő Y_p àěäńěłáĺćŋő, âő I^p (X, Y_p) = N^p (X, Y_p) (ćňěáâě á àăćěŋáâćőň ŋőàň; áň. áńěďáâćĺě 2.4). Ŕőíâőňã

(2.5) ν^p(z) − ε ≤ trace U ∘ z = trace (Bj) ∘ w 6 ν^p(w) π^{dual}_p′ (Bj) 6 ≤ i^p(w) = i^p(AP π_Y ∘ z) 6 ‖A‖ ‖P ‖ i^p_{Gr}(z) ≤ ‖P ‖ i^p_{Gr}(z), çâő ĺ ďăěâ ŋăň ŋěàăćěŋáâćő (2.3). �

Ğăňěçăŋĺě 2.20. Ćőŕàőá ő âőň, áŕàăćěďńĺćő ńĺ ãâćěàęďěŋĺě ńěňňë ć áńãçăě

p = 1 , őâłàëâ. Ŋěïáŋő âăłęě, çâő ąãďěâ ć áńãçăě p = ∞.

§3. Ďőŕőńŋïěňëě őŕěàăâőàë, őŕěàăâőàë RN ĺ őŕěàăâőàë á ăŕŕàőłáĺňăæĺőŋŋëňĺ áćőľáâćăňĺ.

Őŕàěďěńěŋĺï 3.1. 1) Őŕěàăâőà U ∈ L(Z, W ) őąńăďăěâ áćőľáâćőň ăŕŕàőłáĺňă-

æĺĺ, U ∈ AP(Z, W ), ěáńĺ àăćŋőňěàŋő ŋă łăęďőň łőňŕăłâě ĺğ Z őŋ ŕàĺąńĺęăěâáï łőŋěçŋőňěàŋëňĺ őâőąàăęěŋĺïňĺ; ěáńĺ áãéěáâćãěâ âăłăï łőŋáâăŋâă C > 1, çâő àăćŋőňěàŋő ŋă łăęďőň łőňŕăłâě őŕěàăâőà U ŕàĺąńĺęăěâáï łőŋěçŋőňěàŋëňĺ, ŋőàňë łőâőàëå ŋě ŕàěćőáåőďïâ C, âő ňë čőćőàĺň, çâő U őąńăďăěâ áćőľáâćőň Cňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ, U ∈ C-MAP(Z, W ). Čàőâěŋďĺłőćáłĺě áćőľáâćă ăŕŕàőłáĺňăæĺĺ | çăáâŋëľ áńãçăľ (ŕàĺ Z = W, U = id_Z ).

2) Ňë čőćőàĺň, çâő őŕěàăâőà T ∈ L(Y, E) ďőŕőńŋïěň ć áćőěň ćâőàőň áőŕàïęěŋŋőň, ěáńĺ áãéěáâćãěâ âăłőľ őŕěàăâőà S ∈ L(Y^{∗∗}, E), çâő T = Sπ_Y . Ďńï ãďőąáâćă ňë ąãďěň ŋăğëćăâì ć íâőň áńãçăě S ŕàőěłæĺěľ őŕěàăâőàă T^{∗∗} ŋă ŕőďŕàőáâàăŋáâćő L(Y^{∗∗}, E) ŕàőáâàăŋáâćă L(Y^{∗∗}, E^{∗∗}) (âőçŋěě ąëńő ąë čőćőàĺâì ő ŕàőěłæĺĺ ŋă ŕőďŕàőáâàăŋáâćő L(Y^{∗∗}, π_E E)).

Őçěćĺďŋő, çâő ŕàőěłæĺï, ěáńĺ áãéěáâćãěâ, őŕàěďěńïěâáï, ćőőąéě čőćőàï, ŋě ěďĺŋáâćěŋŋëň őąàăğőň, ŋő ŕő ŕàőěłæĺĺ áćőěčő ćâőàőčő áőŕàïęěŋŋőčő őŕěàăâőà ćőááâăŋăćńĺćăěâáï őďŋőğŋăçŋő. Śőćőłãŕŋőáâì ćáěå ďőŕőńŋïěňëå ć áćőĺå ćâőàëå áőŕàïęěŋŋëå őŕěàăâőàőć őąàăğãěâ ńĺŋěľŋőě ŕàőáâàăŋáâćő, áőćőłãŕŋőáâì ęě ćáěå ŕàőěłæĺľ ďńï âăłĺå őŕěàăâőàőć ïćńïěâáï ďăęě ğăňłŋãâëň ńĺŋěľŋëň ŕőďŕàőáâàăŋáâćőň ć L(Y^{∗∗}, E). §áŋő âăłęě, çâő ěáńĺ őŕěàăâőà T ďőŕőńŋïěň ć T^{∗∗} ĺ S | őďŋă ĺğ ćőğňőęŋëå ěčő ŕàőěłæĺľ, âő (Sπ_Y )^{∗∗} = T^{∗∗} ĺ ‖T ‖ 6 ‖S‖.

Ŕàĺňěàë 3.2. 1) Ěáńĺ Y ĺńĺ E ďőŕőńŋïěňő áőőâćěâáâćěŋŋő ć Y^{∗∗} ĺńĺ E^{∗∗} (ŋăŕàĺňěà, ěáńĺ őďŋő ĺğ ŕàőáâàăŋáâć Y ĺńĺ E áőŕàïęěŋő), âő ćáïłĺľ őŕěàăâőà T ∈ L(Y, E) ďőŕőńŋïěň ć áćőěň ćâőàőň áőŕàïęěŋŋőň.

2) Ćáïłĺľ áńăąő łőňŕăłâŋëľ őŕěàăâőà T ďőŕőńŋïěň ć áćőěň ćâőàőň áőŕàïęěŋŋőň. Ěčő ŕàőěłæĺěľ ňőęěâ áńãęĺâì őŕěàăâőà T^π .

2’) Ěáńĺ őŕěàăâőà T äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő, ďőŕőńŋïěňőě ć áćőěň ćâőàőň áőŕàïęěŋŋőň (ŋăŕàĺňěà, çěàěğ áőŕàïęěŋŋőě ŕàőáâàăŋáâćő, | ćáïłĺľ áńăąő łőňŕăłâŋëľ âăłőć), âő T ďőŕőńŋïěň ć áćőěň ćâőàőň áőŕàïęěŋŋőň.

2") Ŋăłőŋěæ, ěáńĺ ŋěłőâőàëľ őŕěàăâőà äăłâőàĺğãěâáï çěàěğ ďőŕőńŋïěňëľ ćő ćâőàőň áőŕàïęěŋŋőň őŕěàăâőà, âő őŋ áăň ïćńïěâáï ďőŕőńŋïěňëň ć áćőěň ćâőàőň áőŕàïęěŋŋőň.

Šăłĺň őąàăğőň, łńăáá Dpl ćáěå ďőŕőńŋïěňëå ć áćőĺå ćâőàëå áőŕàïęěŋŋëå őŕěàăâőàőć őąàăğãěâ őŕěàăâőàŋëľ ĺďěăń, áőďěàęăéĺľ ĺďěăń ćáěå áńăąő łőňŕăłâŋëå ńĺŋěľŋëå őâőąàăęěŋĺľ. Ďńï T ∈ Dpl őąőğŋăçĺň çěàěğ ‖T ‖_{Dpl} ćěńĺçĺŋã

‖T ‖_{Dpl} := inf{‖S‖ : S | ŕàőěłæĺï T^{∗∗}}.

Ğăňěçăŋĺě 3.3. Ňőęŋő ććěáâĺ őąéěě ŕőŋïâĺě ďőŕőńŋïěňőáâĺ őďŋőčő őŕěàăâőàă T ć ďàãčőň őŕěàăâőàě U. Ćőâ őďŋő ĺğ ŕőďőąŋëå őŕàěďěńěŋĺľ, őâŋőáïéěěáï ł áŕěæĺäĺçěáłőľ áĺâãăæĺĺ, łőčďă àăááňăâàĺćăěňëě őŕěàăâőàë ćěáìňă âěáŋő áćïğăŋë ňěęďã áőąőľ. Ŕãáâì ŋăèĺ őŕěàăâőàë âăłőćë, çâő áńěďãîéăï ďĺăčàăňňă łőňňãâăâĺćŋă:

T : X_0 −→ Y_0 ∩ ∩ U : X −→ Y Ďĺăčà. 3.1

Ğďěáì X_0, Y_0 ŕőďŕàőáâàăŋáâćă ć X, Y áőőâćěâáâćěŋŋő ĺ őâőąàăęěŋĺě U âăłőćő, çâő U|_{X0} = T. Ąãďěň čőćőàĺâì, çâő őŕěàăâőà T ďőŕőńŋïěň ć U, ěáńĺ ŋăľďěâáï âăłőľ őŕěàăâőà U_0 : X → Y_0, çâő U_0|_{X0} = T. Ŋăŕàĺňěà, ć őąőğŋăçěŋĺïå íâőčő őŕàěďěńěŋĺï, ćáïłĺľ łőŋěçŋőňěàŋëľ T √ dim T -ďőŕőńŋïěň ć ńîąőň őŕěàăâőàě U (ňë ŋě áâăŋěň őąáãęďăâì áěľçăá, çâő őğŋăçăěâ ŕőáńěďŋïï äàăğă, ďãňăěâáï, çâő íâő ďőńęŋő ąëâì ŕőŋïâŋő). Řăááňőâàěŋĺě àăğńĺçŋëå äăłâőć ĺ áćőľáâć, áćïğăŋŋëå á ŕőŋïâĺěň ďőŕőńŋïěňőáâĺ őŕěàăâőàőć ãćěńő ąë ŋăá ďăńěłő őâ âěňăâĺłĺ ŋăáâőïéěľ àăąőâë, ŕőíâőňã ňë őâńőęĺň íâő àăááňőâàěŋĺě ďő ńãçèĺå ćàěňěŋ.

Ŋĺęě, łăł őąëçŋő, łőčďă ňë čőćőàĺň ő áőŕàïęěŋŋëå ł âěŋğőàŋëň ŕàőĺğćěďěŋĺïň ŕàőáâàăŋáâćăå, ňë ćáěčďă ĺňěěň ć ćĺďã ďćőľáâćěŋŋőáâì, őŕàěďěńïěňãî á ŕőňőéìî áńěďă áãŕěàŕőğĺæĺĺ áőőâćěâáâćãîéĺå âěŋğőàŋëå íńěňěŋâőć ĺ őŕěàăâőàőć. Ŋăŕőňŋĺň âăłęě, çâő ňë çăáâő őâőęďěáâćńïěň ąăŋăåőćő ŕàőáâàăŋáâćő á ěčő łăŋőŋĺçěáłĺň őąàăğőň ćő ćâőàőň áőŕàïęěŋŋőň ŕàőáâàăŋáâćě (ć âěå áńãçăïå, łőčďă íâő ŋě ŕàĺćőďĺâ ł ŋěďőàăğãňěŋĺî).

Šěőàěňă 3.4. Ěáńĺ X, Y, Z, W | ąăŋăåőćë ŕàőáâàăŋáâćă, S ∈ Dpl(X, Y ), T ∈ RN(Y, Z) ĺ U ∈ AP(Z, W ), âő UT S ∈ C-MAP, čďě C = ‖U‖ ‖T ‖ ‖S‖_{Dpl}. Ďőłăğăâěńìáâćő. Ćőâ ďĺăčàăňňă, łőâőàãî ŋăďő ĺňěâì ć ćĺďã ć ŕàĺćőďĺňőň ŋĺęě ďőłăğăâěńìáâćě: W e^v−→ X^S−→ Y^T−→ Z^U−→ W. ↘^πX ↗^S0 X^{∗∗} Ďĺăčà. 3.2

Śőŕàïęěŋŋőě ł W^∗ ^⊗_1Z ŕàőáâàăŋáâćő ěáâì L(Z, W^{∗∗}). Ěáńĺ ˘ : W^∗ ^⊗_1Z → N_1(W, Z) | łăŋőŋĺçěáłőě äăłâőàőâőąàăęěŋĺě, âő ěčő ïďàő Ker ˘ áőáâőĺâ ĺğ âěå âěŋğőàőć ć W^∗ ^⊗_1Z, łőâőàëě őąàăéăîâáï ć ŋãńì ŋă łőŋěçŋőňěàŋëå őŕěàăâőàăå ĺğ L(Z, W^{∗∗}). Śőŕàïęěŋŋőě ł N_1(W, Z) ŕàőáâàăŋáâćő ŕőíâőňã ěáâì ŕőďŕàőáâàăŋáâćő L_0(W, Z^{∗∗}) ć L(W, Z^{∗∗}), áőáâőïéěě ĺğ őŕěàăâőàőć, ŕàĺąńĺęăîéĺåáï ć^∗-áńăąőľ âőŕőńőčĺĺ łőŋěçŋőňěàŋëňĺ (őŕěàăâőà U łăł àăğ âăłőć, âăł łăł łăęďëľ íńěňěŋâ u ∈ W^∗ ^⊗_1Z ŕàěďáâăćĺň ć ćĺďě àïďă ∑ w^′_k ⊗ z_k, čďě (w^′_k) ∈ l_1(W^∗) ĺ (z_k) ∈ c_0(Z)). Ŕőáłőńìłã U ăŋŋãńĺàãěâáï ŋă Ker˘, âő áńěď trace U ∘ ~u łőààěłâŋő őŕàěďěńěŋ ďńï ńîąőčő ~u ∈ N_1(W, Z), ŕőàőęďěŋŋőčő âěŋğőàőň u ∈ W^∗ ^⊗_1Z, ŕàĺçěň | trace U ∘u| 6 ‖U‖ ν_1(~u). Ć çăáâŋőáâĺ, ěáńĺ v ∈ W^∗ ^⊗_1X, âő (11 ⊗ T S)v ∈ W^∗ ^⊗_1Z ĺ ĺňěěâ áňëáń áńěď trace U ∘^

(11 ⊗ T S)v = trace U ∘ ((T S) ∘ v). Ěáńĺ S_0 | ďőŕőńŋěŋĺě őŕěàăâőàă S ć ěčő ćâőàőň áőŕàïęěŋŋőň S^{∗∗}, âő trace U ∘ ((T S) ∘ v) = trace U ∘ ((T S_0π_X ) ∘ v).

Ŕãáâì v = ∑ w^′_k ⊗ x_k | łăłőě-ńĺąő ŕàěďáâăćńěŋĺě v ć ŕàőáâàăŋáâćě W^∗ ^⊗_1X.

Šőčďă

| trace U ∘ ((T S) ∘ v)| = | | | ∑ ⟨w^′_k, UT Sx_k⟩ | | | 6 ‖U‖ ν_1 (∑ w^′_k ⊗ T Sx_k ) = ‖U‖ ν_1 ((T S)~v) = ‖U‖ ν_1 (T (S_0π_X ~v)) .

Šěŕěàì ŕőàă ĺáŕőńìğőćăâì ŕàĺŋăďńěęŋőáâì őŕěàăâőàă T ĺďěăńã RN . Ŕàőĺğćěďěŋĺě AB őŕěàăâőàă A âĺŕă RN ĺ (áâàőčő) 1-ĺŋâěčàăńìŋőčő őŕěàăâőàă B ïćńïěâáï ïďěàŋëň őŕěàăâőàőň, ŕàĺçěň ŋőàňă ŕàőĺğćěďěŋĺï ŋě ŕàěćőáåőďĺâ ŕàőĺğćěďěŋĺï áőőâćěâáâćãîéĺå ŋőàň: ν_1(AB) 6 ‖A‖i_1(B) [27, âěőàěňă 4; 21, âěőàěňă 1]. Ŕőíâőňã ňë ňőęěň ŕàőďőńęĺâì æěŕőçłã ŋăèĺå áőőâŋőèěŋĺľ, ŕőńãçăï áńěďãîéěě:

trace U ∘^ (11 ⊗ T S)v 6 ‖U‖ ‖T ‖ i_1(S_0π_X ~v) 6 ‖U‖ ‖T ‖ ‖S_0‖ i_1(π_X ~v) = ‖U‖ ‖T ‖ ‖S_0‖ i^{Gr}_1 (~v). Ĺğ ŕàĺćěďěŋŋëå ćëłńăďőł ćĺďŋő, çâő őâőąàăęěŋĺě 11 ⊗ T S ĺŋďãæĺàãěâ őŕěàăâőà R ĺğ I^{Gr}_1 (W, X) ć N_1(W, Z), ŋőàňă łőâőàőčő ŋě ŕàěćőáåőďĺâ ‖T ‖ ‖S_0‖ ĺ âăłőě, çâő ďńï ~v ∈ I^{Gr}_1 (W, X) |⟨< R^∗U, ~v⟩| = |⟨U, R~v⟩| = | trace U ∘ (T S_0π_X ~v)| 6 ‖U‖ ‖T ‖ ‖S_0‖ i^{Gr}_1 (~v). Őŕěàăâőà U ńěęĺâ ć èăàě àăďĺãáă ‖U‖ ŕàőáâàăŋáâćă L_0(Z, W^{∗∗}) ⊂ L(Z, W^{∗∗}). Śńěďőćăâěńìŋő, őâőąàăęěŋĺě R^∗ ŕěàěŋőáĺâ U ć èăà àăďĺãáă ‖U‖ ‖T ‖ ‖S_0‖ ŕàőáâàăŋáâćă I^{Gr}_1 (W, X)^∗. Šăł łăł I^{Gr}_1 (W, X) łăŋőŋĺçěáłĺ ĺğőňěâàĺçŋő ŕőďŕàőáâàăŋáâćã I^{Gr}_1 (W, π_X X) ŕàőáâàăŋáâćă I^{Gr}_1 (W, X^{∗∗}), âő R^∗U ŕàőďőńęăěâáï ďő äãŋłæĺőŋăńă U_0 ŋă I_1(W, X^{∗∗}) ąěğ ãćěńĺçěŋĺï ŋőàňë. Ŕàőáâàăŋáâćő I_1(W, X^{∗∗}) áőŕàïęěŋő ł ĺŋêěłâĺćŋőňã âěŋğőàŋőňã ŕàőĺğćěďěŋĺî X^∗ ^⊗_∞W, ĺ, áńěďőćăâěńìŋő, U_0 ńěęĺâ ć^∗-áńăąőň ğăňëłăŋĺĺ èăàă àăďĺãáă ‖T ‖ ‖S_0‖ ‖U‖ ŕàőáâàăŋáâćă X^∗ ⊗_∞ W, çâő čăàăŋâĺàãěâ àăćŋőňěàŋãî ŋă łăęďőň łőňŕăłâě ăŕŕàőłáĺňăæĺî őŕěàăâőàă UT S = UT S_0π_X łőŋěçŋőňěàŋëňĺ őŕěàăâőàăňĺ, ŋőàňë łőâőàëå ŋě ŕàěćőáåőďïâ ‖T ‖ ‖S_0‖ ‖U‖. �

Šěőàěňă 3.5. Ěáńĺ X, Y, Z, W | ąăŋăåőćë ŕàőáâàăŋáâćă, S ∈ Dpl(X, Y ), T ∈ RN^{dual}(Z, W ) ĺ U ∈ AP(Y, Z), âő T US ∈ C-MAP, čďě C = ‖T ‖ ‖U‖ ‖S‖_{Dpl}.

Ďőłăğăâěńìáâćő. Ćőâ ďĺăčàăňňă, łőâőàăï áőőâćěâáâćãěâ ŕàĺćőďĺňőňã ŋĺęě ďőłăğăâěńìáâćã: Y^U−→ Z^T−→ W e^v−→ X^S−→ Y ↘^πX ↗^S0 X^{∗∗} Ďĺăčà. 3.3

Ňë ąãďěň áńěďőćăâì áåěňě ďőłăğăâěńìáâćă ŕàěďëďãéěľ âěőàěňë. Śěľçăá ã ŋăá U ∈ AP ĺ, áńěďőćăâěńìŋő, U ŕàĺŋăďńěęĺâ ŕőďŕàőáâàăŋáâćã L_0(Y, Z) ⊂ L(Y, Z^{∗∗}) (ňë áěľçăá őâőęďěáâćńïěň Z á π_Z Z), áőáâőïéěňã ĺğ őŕěàăâőàőć, ŕàĺąńĺęăîéĺåáï ć âőŕőńőčĺĺ σ ( L(Y, Z^{∗∗}), Z^∗ ^⊗_1Y ) łőŋěçŋőňěàŋëňĺ őâőąàăęěŋĺïňĺ. Łăł ĺ ć ďőłăğăâěńìáâćě âěőàěňë 3.4, ňë ŕőńãçăěň, çâő áńěď trace U ∘ ~u łőààěłâŋő őŕàěďěńěŋ ďńï ćáïłőčő őŕěàăâőàă ~u ∈ N_1(Z, Y ), ŕőàőęďěŋŋőčő íńěňěŋâőň u ∈ Z^∗ ^⊗_1Y, ĺ ŕàĺ íâőň | trace U ∘ ~u| 6 ‖U‖ν_1(~u). Ć çăáâŋőáâĺ, ěáńĺ v ∈ W^∗ ^⊗_1X, âő T^∗ ⊗ S)v ∈ Z^∗ ^⊗_1Y ĺ ĺňěěâ áňëáń áńěď trace U ∘ ^(T^∗ ⊗ S)v = trace U ∘ (T^∗ ⊗ (S_0π_X ) ∘ v) , čďě S_0 | ďőŕőńŋěŋĺě őŕěàăâőàă S ć ěčő ćâőàőň áőŕàïęěŋŋőň S^{∗∗}.

Ŕãáâì v = ∑ w^′_k ⊗ x_k | ŕàěďáâăćńěŋĺě v ć ŕàőáâàăŋáâćě W^∗ ^⊗_1X. Šőčďă

trace U ∘^

(T^∗ ⊗ S)v = | | | ∑ ⟨T^∗w^′_k, US_0π_X x_k⟩ | | | 6 ‖U‖ ν_1 (∑ T^∗w^′_k ⊗ S_0π_X x_k ) = ‖U‖ ν_1 (S_0π_X ~vT ) = ‖U‖ ν_1 ((S_0π_X ~v)T ) .

Ŕàőĺğćěďěŋĺě BA őŕěàăâőàă A âĺŕă RN^{dual} ĺ (áâàőčő) 1-ĺŋâěčàăńìŋőčő őŕěàăâőàă B ïćńïěâáï ïďěàŋëň őŕěàăâőàőň, ŕàĺçěň ŋőàňă ŕàőĺğćěďěŋĺï ŋě ŕàěćőáåőďĺâ ŕàőĺğćěďěŋĺï áőőâćěâáâćãîéĺå ŋőàň: ν_1(BA) 6 ‖A‖i_1(B) [27, âěőàěňă 5; 21, âěőàěňă 2]. Ŕőíâőňã

trace U ∘^ (T^∗ ⊗ S)v 6 ‖U‖ ‖T ‖ i_1(S_0π_X ~v) 6 ‖U‖ ‖T ‖ ‖S_0‖ i_1(π_X ~v) = ‖U‖ ‖T ‖ ‖S_0‖ i^{Gr}_1 (~v). Šăłĺň őąàăğőň, őâőąàăęěŋĺě T^∗⊗S ĺŋďãæĺàãěâ őŕěàăâőà R ĺğ I^{Gr}_1 (W, X) ć N_1(Z, Y ), ŋőàňă łőâőàőčő ŋě ŕàěćőáåőďĺâ ‖T ‖ ‖S_0‖ ĺ âăłőě, çâő ďńï ~v ∈ I^{Gr}_1 (W, X) |⟨R^∗U, ~v⟩| = |⟨U, R~v⟩| = | trace U ∘ (S_0π_X ~vT )| 6 ‖U‖ ‖T ‖ ‖S_0‖ i^{Gr}_1 (~v). Őŕěàăâőà U ńěęĺâ ć èăàě àăďĺãáă ‖U‖ ŕàőáâàăŋáâćă L_0(Y, Z^{∗∗}) ⊂ L(Y, Z^{∗∗}). Śńěďőćăâěńìŋő, őąàăğ U ŕàĺ őâőąàăęěŋĺĺ R^∗ ńěęĺâ ć èăàě àăďĺãáă ‖U‖ ‖T ‖ ‖S_0‖ ŕàőáâàăŋáâćă I^{Gr}_1 (W, X)^∗. Šăł łăł I^{Gr}_1 (W, X) łăŋőŋĺçěáłĺ ĺğőňěâàĺçŋő ŕőďŕàőáâàăŋáâćã I^{Gr}_1 (W, π_X X) ŕàőáâàăŋáâćă I_1(W, X^{∗∗}), âő R^∗U ŕàőďőńęăěâáï ďő äãŋłæĺőŋăńă U_0 ŋă I_1(W, X^{∗∗}) ąěğ ãćěńĺçěŋĺï ŋőàňë. Ŕàőáâàăŋáâćő I_1(W, X^{∗∗}) áőŕàïęěŋő ł ĺŋêěłâĺćŋőňã âěŋğőàŋőňã ŕàőĺğćěďěŋĺî X^∗ ^⊗_∞W, ĺ, áńěďőćăâěńìŋő, U_0 ńěęĺâ ć^∗-áńăąőň ğăňëłăŋĺĺ èăàă àăďĺãáă ‖T ‖ ‖S_0‖ ‖U‖ ŕàőáâàăŋáâćă X^∗ ⊗_∞ W, çâő čăàăŋâĺàãěâ àăćŋőňěàŋãî ŋă łăęďőň łőňŕăłâě ăŕŕàőłáĺňăæĺî őŕěàăâőàă T US = T US_0π_X łőŋěçŋőňěàŋëňĺ őŕěàăâőàăňĺ, ŋőàňë łőâőàëå ŋě ŕàěćőáåőďïâ ‖T ‖ ‖U‖ ‖S_0‖. � §4. Ŋěĺğőňőàäŋëě ĺŋêěłâĺćŋëě ćńőęěŋĺï N^p(Y, X) ć (N^p)^{reg}(Y, X)

Ŕěàěď âěň łăł áäőàňãńĺàőćăâì őďŋã ĺğ ćăęŋëå âěőàěň ŋăáâőïéěčő ŕăàăčàăäă, ććěďěň ěéě őďŋő őąőğŋăçěŋĺě, ă ĺňěŋŋő, ďńï ŕăàë ąăŋăåőćëå ŕàőáâàăŋáâć X, Y ďőčőćőàĺňáï őąőğŋăçăâì çěàěğ s- ⋂ r∈R X ^⊗_rY ňŋőęěáâćő ćáěå âěŋğőàŋëå íńěňěŋâőć, ďőŕãáłăîéĺå ŕàěďáâăćńěŋĺï ∑_∞ k=1 x^′_k ⊗ y_k, ďńï łőâőàëå àïď áåőďĺâáï ć łăęďőň ĺğ âěŋğőàŋëå ŕàőĺğćěďěŋĺľ X ^⊗_rY, r ∈ R (â.ě. íâő ŕàěďáâăćńěŋĺě ïćńïěâáï ŕőďåőďïéĺň àăğńőęěŋĺěň àăááňăâàĺćăěňőčő íńěňěŋâă ć łăęďőň ĺğ ãłăğăŋŋëå âěŋğőàŋëå ŕàőĺğćěďěŋĺľ). Ăŋăńőčĺçŋëľ áňëáń ŋĺęě ąãďěâ ĺňěâì ĺ őąőğŋăçěŋĺě s- ⋂ r∈R X ^⊗^rY. Ŋăŕőňŋĺň âăłęě, çâő ĺďěăń QN_∞ áőáâőĺâ ĺğ ćáěå łőňŕăłâŋő äăłâőàĺğãěňëå çěàěğ àěäńěłáĺćŋëě ŕàőáâàăŋáâćă őŕěàăâőàőć ć ąăŋăåőćëå ŕàőáâàăŋáâćăå ĺ áőćŕăďăěâ (ŕő âěőàěňě Ş.Ą. Ďęőŋáőŋă [10]) á ĺďěăńőň ćáěå łőňŕăłâŋëå őâőąàăęěŋĺľ.

Ğăňěçăŋĺě 4.1. Ňőęŋő őŕàěďěńĺâì ŕěàěáěçěŋĺě ãłăğăŋŋëå âěŋğőàŋëå ŕàőĺğćěďěŋĺľ, łăł áőćőłãŕŋőáâì âěŋğőàőć, ńěęăéĺå ć łăęďőň ĺğ ŕàőĺğćěďěŋĺľ X ^⊗_rY, r ∈ R. Ŋő ć íâőň, ŋăĺąőńěě ěáâěáâćěŋŋőň őŕàěďěńěŋĺĺ, ěáâěáâćěŋŋő, ąãďěâ âàěąőćăâìáï ńĺèì, çâőąë áőőâćěâáâćãîéĺľ âěŋğőà ďőŕãáłăń ŋãęŋőě àăğńőęěŋĺě ć łăęďőň ĺğ âěŋğőàŋëå ŕàőĺğćěďěŋĺľ X ^⊗_rY, r ∈ R, ŋő ŋě őąïğăâěńìŋő őďŋő àăğńőęěŋĺě, áåőďïéěěáï őďŋőćàěňěŋŋő ćő ćáěå íâĺå âěŋğőàŋëå ŕàőĺğćěďěŋĺïå. İâő | őďŋă ĺğ ŕàĺçĺŋ, ŕőçěňã ňë ĺáŕőńìğãěň ć őąőğŋăçěŋĺïå áĺňćőń s-∩.

Šěŕěàì őąàăâĺňáï ł äőàňãńĺàőćłě ĺ ďőłăğăâěńìáâćã ŋăèěľ áńěďãîéěľ âěőàěňë. Şâćěàęďěŋĺï 1) ĺ 4) íâőľ âěőàěňë, ŕő áãéěáâćã, ŋőćëě; őâŋőáĺâěńìŋő 3) áň. ğăňěçăŋĺě 4.3 ŋĺęě. Ůâő łăáăěâáï ãâćěàęďěŋĺï 2), ňë ŕàĺćőďĺň ěčő ŋě âőńìłő (ĺ ŋě áâőńìłő) ďńï ŕőńŋőâë ĺğńőęěŋĺï; áâőĺâ őâňěâĺâì, çâő ŕàőáâàăŋáâćő G^∗_v, áőŕàïęěŋŋőě ł G_v ĺğ íâőčő ãâćěàęďěŋĺï, ĺňěěâ ŋěâàĺćĺăńìŋëľ àăďěňăåěàőćáłĺľ âĺŕ. Ć ďőłăğăâěńìáâćě âěőàěňë ĺďěľŋő ňë áńěďãěň áåěňě àăááãęďěŋĺľ ĺğ [25], őďŋăłő ć ďěâăńïå ěáâì áãéěáâćěŋŋëě őâńĺçĺï.

Šěőàěňă 4.2. Śãéěáâćãěâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő

E, őąńăďăîéěě áńěďãîéĺňĺ áćőľáâćăňĺ.

1) Śãéěáâćãîâ âăłĺě àěäńěłáĺćŋőě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő F, őŕěàăâőà U ∈ QN_∞(F, E) ĺ âěŋğőàŋëě íńěňěŋâë z_0 ∈ s- ⋂ v>2 E^∗ ^⊗_vc_0 ĺ z_1 ∈ c^∗_0 ^⊗_1F, çâő ěáńĺ w := z_1 ∘ z_0, âő trace U ∘ w = 1 ĺ ~w = 0 (â.ě. w ŕőàőęďăěâ ŋãńěćőľ őŕěàăâőà). Ŕàĺ íâőň, ěáńĺ r > 2 ĺ 1/r + 1/s 6 1, âő

w = z_1 ∘ z_0 ∈ (c^∗_0 ^⊗_sF ) ∘ (E^∗ ^⊗_rc_0).

2) Ďńï łăęďőčő v ∈ (2, ∞) áãéěáâćãîâ âăłĺě ŕőďŕàőáâàăŋáâćő G_v ŕàőáâàăŋáâćă l_v, őŕěàăâőà U_v ∈ QN_v(E, G_v) ĺ íńěňěŋâ w_v ∈ G^∗_v ^⊗_1E, çâő trace U_v ∘ w_v = 1 ĺ ~w_v = 0.

3) Śãéěáâćãîâ âăłĺě àěäńěłáĺćŋőě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő G, őŕěàăâőà U_0 ∈ ⋂ v>2 QN_v(E, G) ĺ íńěňěŋâ w_0 ∈ G^∗ ^⊗_1E, çâő trace U_0 ∘ w_0 = 1 ĺ ~w_0 = 0.

4) Ŕãáâì 2 < v < s < ∞ ĺ 1/α = 3/2 − 1/v = 1/2 + 1/v^′. Śãéěáâćãîâ âăłĺě ŕőďŕàőáâàăŋáâćő F_s ŕàőáâàăŋáâćă l_s, őŕěàăâőà V_v ∈ QN_s(E, F_s) ĺ íńěňěŋâ z_v ∈ F^∗_s ^⊗_αE, çâő trace V_v ∘ z_v = 1 ĺ ~z_v = 0.

Ďőłăğăâěńìáâćő. Ŕãáâì X | âăłőě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő, çâő áãéěáâćãěâ íńěňěŋâ z ∈ X^∗ ^⊗_1X á ěďĺŋĺçŋëň áńěďőň, ŕőàőęďăîéĺľ ŋãńěćőľ őŕěàăâőà ~z ĺ ŕàěďáâăćĺňëľ ć ćĺďě

(4.1) z = ∞∑ N=1

3·2^N∑

n=1 N^{1/2}2^{−3N/2}x^′_{nN} ⊗ x_{nN} , z ∈ s- ⋂ p>2/3 X^∗ ^⊗_pX \ (X^∗ ^⊗_{2/3}X), čďě ŕőáńěďőćăâěńìŋőáâĺ (x^′_{nN} ) ĺ (x_{nN} ) őčàăŋĺçěŋë (áň. [18, ŕ. 10.4.5]). Ďăńěě ć íâőň ďőłăğăâěńìáâćě çěàěğ (e_{nN} ), âăłęě łăł ĺ çěàěğ (e^′_{nN} ), őąőğŋăçăěâáï ŕőáńěďőćăâěńìŋőáâì ěďĺŋĺçŋëå őàâőć ć ńîąőň ĺğ ŕàőáâàăŋáâć l_{(v)} := (∑_∞ N=1 l^{3·2N}_v ) l_v ĺńĺ c_{(0)} := (∑_∞ N=1 l^{3·2N}_∞ ) c_0

(ŋěďőàăğãňěŋĺï ćőğŋĺłŋãâì ŋě ďőńęŋő, | ć łăęďőň áńãçăě ąãďěâ ïáŋő, ő łăłőň łőŋłàěâŋő ŕàőáâàăŋáâćě ĺďěâ àěçì). Ŕőńőęĺň

A := ∞∑ N=1

3·2^N∑

n=1 N^{−1/2}x^′_{nN} ⊗ e_{nN} : X −→ c_{(0)},

B := ∞∑ N=1

3·2^N∑

n=1 N^{−1/2}e^′_{nN} ⊗ x_{nN} : l_{(1)} −→ X,

´_0 := ∞∑ N=1

3·2^N∑

n=1 N^{7/2}2^{−N/2}e^′_{nN} ⊗ e_{nN} : c_{(0)} −→ c_{(0)},

´_1 := ∞∑ N=1

3·2^N∑

n=1 N^{−2}2^{−N} e^′_{nN} ⊗ e_{nN} : c_{(0)} −→ l_{(1)}.

İâĺ őŕěàăâőàë ďěľáâćãîâ ŋěŕàěàëćŋő áőčńăáŋő áńěďãîéěľ ďĺăčàăňňě, ŕőłăğëćăîéěľ âăłęě, łăłãî äăłâőàĺğăæĺî, áćïğăŋŋãî á ãłăğăŋŋëň ćëèě ŕàěďáâăćńěŋĺěň âěŋğőàă z, ďőŕãáłăěâ ŋãńěćőľ őŕěàăâőà ~z. ~z : X^A−−−−→ c_{(0)}^{Δ0}−−−−→ c_{(0)}^{Δ1}−−−−→ l_{(1)}^B−−−−→ X; Ďĺăčà. 4.1 őŕěàăâőàë A, B łőňŕăłâŋë (ĺ ďăęě ńěęăâ ć ĺďěăńě App), ´_1 | 1-ïďěàŋëľ őŕěàăâőà, ´_0 | v-ïďěàŋëľ őŕěàăâőà ďńï ńîąőčő v ∈ (2, ∞].

Ŕãáâì

A = jA_1A_2 : X^{A2}−−→ E^{A1}−−→ A(X)^j→ c_{(0)},

B = B_1B_2 : l_{(1)}^{B2}−−→ F^{B1}−−→ X

| łőňŕăłâŋëě äăłâőàĺğăæĺĺ őâőąàăęěŋĺľ A ĺ B çěàěğ àěäńěłáĺćŋëě ŕàőáâàăŋáâćă E ĺ F áőőâćěâáâćěŋŋő [10, 2] (ćăęŋő őâňěâĺâì, çâő ĺğ ŕőáâàőěŋĺľ ć ãłăğăŋŋëå àăąőâăå ćëâěłăěâ àăćěŋáâćő A(X) = A_1(E); łàőňě âőčő, ňë ąãďěň áçĺâăâì, çâő őâőąàăęěŋĺě A_2 : X → E ďěľáâćãěâ ŋă ŕńőâŋőě ňŋőęěáâćő, ă őâőąàăęěŋĺě B_1 : F → X ćğăĺňŋő őďŋőğŋăçŋő, ŕőáłőńìłã ćáěčďă ňőęŋő ŕěàěľâĺ ć ãłăğăŋŋëå äăłâőàĺğăæĺïå ł őąàăğã őŕěàăâőàă A_2 ĺ ł äăłâőàŕàőáâàăŋáâćã F/ Ker B_1, áőåàăŋĺć àěäńěłáĺćŋőáâì ŕőńãçăěňëå ŕàőáâàăŋáâć). Ŕőńőęĺň

z_0 := ∞∑ N=1

3·2^N∑

n=1 N^{7/2}2^{−N/2}A^∗_1j^∗e^′_{nN} ⊗ e_{nN} , z_0 ∈ E^∗ ^⊗_vc_{(0)} (∀ v > 2),

(z_0)

z_1 := ∞∑ N=1

3·2^N∑

n=1 N^{−2}2^{−N} e^′_{nN} ⊗ B_2e_{nN} , z_1 ∈ c^∗_{(0)} ^⊗_1F.

(z_1)

Šěŋğőàŋëľ íńěňěŋâ z_0 ňőęŋő âăłęě àăááňăâàĺćăâì łăł íńěňěŋâ âěŋğőàŋőčő ŕàőĺğćěďěŋĺï E^∗ ^⊗_vl_{(v)}, v ∈ (2, ∞], âőçŋěě, łăł áãŕěàŕőğĺæĺî i_v ∘ z^′_v, čďě i_v : l_{(v)} → c_{(0)} | âőęďěáâćěŋŋőě ćńőęěŋĺě, ă z^′_v ∈ E^∗ ^⊗l_{(v)} ĺŋďãæĺàãěâáï âěŋğőàőň z_0 (áőőâŋőèěŋĺě, őŕàěďěńïîéěě z_v, âő ęě, çâő ĺ ć (z_0) ďńï z_0).

1). Ěáńĺ ŕőńőęĺâì w := z_1 ∘ z_0, U := A_2 ∘ B_1, âő w ∈ E^∗ ^⊗_1F, U ∈ QN_∞(F, E), ŕàĺçěň w = ∞∑ N=1

3·2^N∑

n=1 N^{3/2}2^{−3N/2}A^∗_1j^∗e^′_{nN} ⊗ B_2e_{nN} ĺ trace U ∘ w = ∞∑ N=1

3·2^N∑

n=1 N^{3/2}2^{−3N/2}⟨A^∗_1j^∗e^′_{nN} , A_2B_1B_2e_{nN} ⟩ =

= ∞∑ N=1

3·2^N∑

n=1 N^{3/2}2^{−3N/2}⟨A^∗e^′_{nN} , Be_{nN} ⟩ =

= ∞∑ N=1

3·2^N∑

n=1 N^{1/2}2^{−3N/2}⟨x^′_{nN} , x_{nN} ⟩ = trace z ≠ 0.

§áŋő, çâő z_0 ∈ E^∗ ^⊗_rc_{(0)} ďńï ćáïłőčő r > 2, ă z_1 ∈ c^∗_{(0)} ^⊗_1F ⊂ c^∗_{(0)} ^⊗_sF ďńï ńîąőčő

s > 1. Ŕőíâőňã, ěáńĺ r > 2 ĺ 1/r + 1/s 6 1, âő

w = z_1 ∘ z_0 ∈ (c^∗_{(0)} ^⊗_sF ) ∘ (E^∗ ^⊗_rc_{(0)}).

Šő, çâő âěŋğőà w ŕőàőęďăěâ ŋãńěćőľ őŕěàăâőà, ćëâěłăěâ ĺğ ŋăèĺå ŕàěďŕőńőęěŋĺïå őą őŕěàăâőàăå A_2 ĺ B_1 ĺ âőčő, çâő ~z = 0.

2) Ŕãáâì ďńï v > 2, v ≠ ∞, ´_v : c_{(0)} → l_{(v)} | v-ïďěàŋëľ őŕěàăâőà, ăááőæĺĺàőćăŋŋëľ á ďĺăčőŋăńìŋëň őŕěàăâőàőň ´_0, âăł çâő ´_0 = i_v´_v. Ŕőńőęĺň G_v := ´_vjA_1(E), ~´_v = ´_v|_{jA1(E)}j|_{A1(E)}, ĺ ŕãáâì j_v : G_v → l_{(v)} | âőęďěáâćěŋŋőě ćńőęěŋĺě. X^{A2}−−→ E^{A1}−−→ A(X) = A_1(E) e_{Δv} −−→ G_v^{jv}→ l_{(v)}^{iv}→ c_{(0)} e^{z1}−→ F^{B1}−−→ X^{A2}−−→ E. Ďĺăčà. 4.2

Šőčďă (áň. ďĺăčà. 4.2)

w_v := (i_v j_v)^∗ ⊗ (A_2B_1)(z_1) ∈ G^∗_v ^⊗_1E ĺ

U_v := ~´_vA_1 ∈ QN_v(E, G_v)

(ňë őŕàěďěńïěň U_v łăł őŕěàăâőà, çěľ őąàăğ ńěęĺâ ć ŕőďŕàőáâàăŋáâćě G_v ⊂ l_{(v)}, âăł çâő j_vU_vA_2 = ´_vA).

Ĺňěěň:

trace U_v ∘ w_v = ∞∑ N=1

3·2^N∑

n=1 N^{−2}2^{−N} ⟨(i_v j_v)^∗e^′_{nN} , UA_2B_1B_2e_{nN} ⟩ =

= ∞∑ N=1

3·2^N∑

n=1 N^{−2}2^{−N} ⟨i^∗_v e^′_{nN} , ´_vABe_{nN} ⟩ =

= ∞∑ N=1

3·2^N∑

n=1 N^{3/2}2^{−N} ⟨e^′_{nN} , ABe_{nN} ⟩ = trace z ≠ 0.

3). Řăğńőęĺň ďĺăčőŋăńìŋëľ őŕěàăâőà ´_0 (áň. ěčő őŕàěďěńěŋĺě ćëèě) ć ŕàőĺğćěďěŋĺě ´_0 = ´_{02}´_{01} : c_{(0)}^{Δ01}−−→ c_{(0)}^{Δ02}−−→ c_{(0)}

ďćãå ďĺăčőŋăńìŋëå őŕěàăâőàőć, | őŕěàăâőàőć ãňŋőęěŋĺï

ŋă δ_{01} = ( (N^42^{−N/2})^{3·2N}_{n=1} )_∞ N=1 ĺ ŋă δ_{02} = ( (N^{−1/2})^{3·2N}_{n=1} )_∞ N=1

áőőâćěâáâćěŋŋő. Ŕãáâì G_0 | àěäńěłáĺćŋőě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő, çěàěğ łőâőàőě łőňŕăłâŋő äăłâőàĺğãěâáï łőňŕăłâŋëľ őŕěàăâőà ´_{02},

´_{02} : c_{(0)}^{A3}−−→ G_0^{A4}−−→ c_{(0)}.

Ěáńĺ ŕőńőęĺâì G := A_3´_{01}A_1(E) ⊂ G_0 ĺ

w_0 := A^∗_4 ⊗ (A_2B_1)(z_1) ∈ G^∗ ^⊗_1E ĺ U_0 := ~´_{01}A_1 ∈ QN_v(E, G) (∀ v > 2),

čďě ~´_{01} | őâőąàăęěŋĺě ĺğ A_1(E) ć G, ĺŋďãæĺàőćăŋŋőě őŕěàăâőàőň A_3´_{01}, âő

trace U_0 ∘ w_0 = ∞∑ N=1

3·2^N∑

n=1 N^{−2}2^{−N} ⟨e^′_{nN} , ´_0ABe_{nN} ⟩ =

= ∞∑ N=1

3·2^N∑

n=1 N^{3/2}2^{−N} ⟨A^∗e^′_{nN} , Be_{nN} ⟩ = trace z ≠ 0.

4). Ťĺłáĺàãěň s, v > 2, v < s. §áŋő, çâő α := 2v/(3v − 2) > 1/2. Řăááňőâàĺň őŕěàăâőà ´_{0v}, "őâéěŕńěŋŋëľ" őâ ďĺăčőŋăńìŋőčő őŕěàăâőàă ´_0 (ďàãčőľ "ňŋőęĺâěńì" ĺğ ´_0 áěľçăá ćőľďěâ ć ´_1):

´_{0v} := ∞∑ N=1

3·2^N∑

n=1 N^{7/2}2^{−N/v}e^′_{nN} ⊗ e_{nN} : c_{(0)} −→ l_{(s)}.

İâőâ őŕěàăâőà ïćńïěâáï s-ïďěàŋëň. Ŕãáâì

´_{1v} := ∞∑ N=1

3·2^N∑

n=1 N^{−2}2^{−N[3/2−1/v]}e^′_{nN} ⊗ e_{nN} : c_{(0)} −→ l_{(1)}.

Šăł łăł 3/2 − 1/v = 1/α ĺ 2α > 1, âő ´_{1v} ∈ N_α(c_{(0)}, l_{(1)}). Őąőğŋăçĺň çěàěğ ~´_{0v} őŕěàăâőà ĺğ A_1(E) ć F_s := ´_{0v}A_1(E), ĺŋďãæĺàőćăŋŋëľ őŕěàăâőàőň ´_0v, ĺ çěàěğ k_s | ěáâěáâćěŋŋőě ćńőęěŋĺě F_s ć ŕàőáâàăŋáâćő c_{(0)} (áň. ďĺăčà. 4.3). X^{A2}−−→ E^{A1}−−→ A(X) = A_1(E) e_{Δ0v} −−→ F_s^{ks}→ c_{(0)}^{Δ1v}−−→ l_{(1)}^B−→ X^{A2}−−→ E. Ďĺăčà. 4.3

Ŕőńőęĺć z_v := (k^∗_s ⊗ A_2B)(´_{1v}) ĺ V_v := ~´_{0v}A_1, ňë ŕőńãçĺň ĺáłőňëě âěŋğőà z_v ∈ F^∗_s ^⊗_αE ĺ őŕěàăâőà V_v ∈ QN_s(E, F_s). �

Ğăňěçăŋĺě 4.3. 1) Şâćěàęďěŋĺě 3) âěőàěňë 4.2 | íâő ãâćěàęďěŋĺě ĺğ ğăňěçăŋĺï 1.1 ć àăąőâě [25], ŕàĺćěďěŋŋőě âăň ąěğ łăłőčő-ńĺąő íáłĺğă ďőłăğăâěńìáâćă. Ňë ćëèě, ć ďőłăğăâěńìáâćě âěőàěňë 4.2, ĺáŕőńìğőćăńĺ őďĺŋ ĺğ ŋăĺąőńěě áĺńìŋëå łőŋâàŕàĺňěàőć ł ŕàőąńěňě ăŕŕàőłáĺňăæĺĺ, ĺ âőńìłő íâő ŕőğćőńĺńő ŋăň ŕőńãçĺâì ãâćěàęďěŋĺě 3). Ŋěŕőáàěďáâćěŋŋëľ ŕěàěŋőá àăááãęďěŋĺľ ĺğ [25, ďőłăğăâěńìáâćő ńěňňë 1.1,1)] ğăâàãďŋĺâěńěŋ, âăł łăł ć íâĺå àăááãęďěŋĺïå ŕàĺňěà İŋäńő ĺáŕőńìğőćăńáï ć ěčő ďőáâăâőçŋő čàãąőľ äőàňě. Ğăňěâĺň âăłęě, çâő őďŋőćàěňěŋŋő ňë ŋăłőŋěæ ŕàĺćěńĺ (ãçĺâëćăï àěğãńìâăâë àăąőâë [25])ĺ ďőłăğăâěńìáâćő ãâćěàęďěŋĺľ, áäőàňãńĺàőćăŋŋëå ć ğăňěçăŋĺïå 1.2.1) ĺ 3.1 ĺğ [25].

2) Şâćěàęďěŋĺě 4) (âăł ęě łăł ĺ 3)) âőçŋő ĺ ŋě ňőęěâ ąëâì ãńãçèěŋő: ěáńĺ v > 2 ĺ α := 2v/(3v − 2), ĺ φ_{α,v}′ : F^∗ ^⊗_αE → F^∗ ^⊗_v′ E | ěáâěáâćěŋŋőě őâőąàăęěŋĺě (őŋő ćŕőńŋě ňőęěâ ŋě ąëâì ĺŋêěłâĺćŋëň), âő áãęěŋĺě łăŋőŋĺçěáłőčő őâőąàăęěŋĺï F^∗ ^⊗_v′ E → L(F, E) ŋă ńĺŋěľŋőě ŕőďŕàőáâàăŋáâćő φ_{α,v}′ ( F^∗ ^⊗_αE ) ćğăĺňŋő őďŋőğŋăçŋő łăłőćë ąë ŋě ąëńĺ ąăŋăåőćë ŕàőáâàăŋáâćă E ĺ F (áň. [26, âěőàěňă 2.1,Ă)]). Ćňěáâě á 3) ãâćěàęďěŋĺě 4) ďăěâ ŕőńŋãî łăàâĺŋã áőćňěáâŋőčő ŕőćěďěŋĺï âěŋğőàŋëå íńěňěŋâőć ĺğ ^⊗_α, α ∈ (2/3, 1]), ĺ ĺğ ^⊗_v′ , 2 < v 6 ∞. Őâňěâĺň, çâő âăłăï ęě łăàâĺŋă ćőğŋĺłăěâ ĺ ŕàĺ ĺááńěďőćăŋĺĺ ćőŕàőáă ő âőň, ŕàĺ łăłĺå ğŋăçěŋĺïå ŕăàăňěâàőć α, v ĺğ α-ïďěàŋőáâĺ áőŕàïęěŋŋőčő (áőőâćěâáâćěŋŋő, ćâőàőčő áőŕàïęěŋŋőčő) őŕěàăâőàă áńěďãěâ ŕàĺŋăďńěęŋőáâì łńăááã N^v (áőőâćěâáâćěŋŋő, łńăááã N_v) áăňőčő őŕěàăâőàă (áň. [26] ĺ âěőàěňã 5.1 ć ŋăáâőïéěľ áâăâìě).

Śńěďáâćĺě 4.4. Ďńï łăęďőčő v > 2 áãéěáâćãîâ âăłĺě áěŕăàăąěńìŋëě àěäńěł-

áĺćŋëě ąăŋăåőćë ŕàőáâàăŋáâćă E, F ĺ W, çâő ěáâěáâćěŋŋőě őâőąàăęěŋĺě (W^∗ ^⊗_1F ) ∘ (E^∗ ^⊗_vW ) −→ L(E, F ) ŋě ćğăĺňŋő őďŋőğŋăçŋő.

Ďőłăğăâěńìáâćő. Ĺğňěŋĺň ŋěňŋőčő ďĺăčàăňňã 4.1, ŕőňěáâĺć ć æěŋâàě ěě łőňŕăłâŋëľ őŕěàăâőà ć c_0, ŋě ĺáŕőàâĺć őáŋőćŋëå áćőľáâć őŕěàăâőàőć áńěćă ĺ áŕàăćă (âăł, çâőąë ďőłăğăâěńìáâćő ãâćěàęďěŋĺï 1) ŕàőèńő ĺ á íâĺň ŋőćëň őŕěàăâőàőň). Ŕőáńě íâőčő ŕàőäăłâőàĺğãěň ěčő çěàěğ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő; ŕőáńěďŋěě őąőğŋăçĺň çěàěğ W. �

Ŕěàěď âěň łăł ŕěàěľâĺ ł àăááňőâàěŋĺî ďãăńìŋëå ãâćěàęďěŋĺľ őâŋőáĺâěńìŋő N^p-őŕěàăâőàőć, ŕàĺćěďěň ěéě ďćă áńěďáâćĺï ĺğ ŕàěďëďãéěľ âěőàěňë, ãâőçŋïîéĺě ĺ ďőŕőńŋïîéĺě őďĺŋ àěğãńìâăâ ĺğ [31], ă âăłęě ŋěłőâőàëě äăłâë ĺğ [26].

Ŋăŕőňŋĺň, őŕàěďěńěŋĺě âěŋğőàŋëå ŕàőĺğćěďěŋĺľ ^⊗_{s,∞} ĺ áćőľáâć AP_{s,∞}, ćŕěàćëě ććěďěŋŋëå ĺ ĺááńěďőćăŋŋëå ć [31].

Ďńï ąăŋăåőćëå ŕàőáâàăŋáâć X, Y ĺ çĺáńă s ∈ (0, 1) őąőğŋăçĺň çěàěğ Y^∗ ^⊗_{s,∞} X ńĺŋěľŋőě ŕőďŕàőáâàăŋáâćő ć ŕàőěłâĺćŋőň âěŋğőàŋőň ŕàőĺğćěďěŋĺĺ Y^∗ ^⊗_1X, áőáâőïéěě ĺğ âěŋğőàőć, ďőŕãáłăîéĺå ŕàěďáâăćńěŋĺï ćĺďă z = ∞∑ k=1 λ_k y^′_k ⊗ x_k, čďě λ_k ↘ 0, λ^s_k = o(1/k), ‖y^′_k‖ ‖x_k‖ = 1, ă çěàěğ N_{s,∞} | áőőâćěâáâćãîéěě őŕěàăâőàŋőě (äăłâőà)ŕàőáâàăŋáâćő. Ąăŋăåőćő ŕàőáâàăŋáâćő X őąńăďăěâ áćőľáâćőňAP_{s,∞} , čďě s ∈ (0, 1), ěáńĺ ďńï ńîąőčő ąăŋăåőćă ŕàőáâàăŋáâćă Y łăŋőŋĺçěáłőě őâőąàăęěŋĺě Y^∗ ^⊗_{s,∞} X → L (Y, X) ćğăĺňŋő őďŋőğŋăçŋő. Łăęďőě ąăŋăåőćő ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň AP_{2/3,∞} [31]. Śńěďáâćĺě 4.5. Ŕãáâì 2 < v < s < ∞, 1/α = 1/2+1/v^′ ĺ 1/α0 = 1/2+1/s^′. Śãéě-

áâćãîâ âăłĺě ćŕőńŋě áěŕăàăąěńìŋëě ąăŋăåőćë ŕàőáâàăŋáâćă Z, W ĺ őŕěàăâőàë T ∈ N_v′ (W, Z) ĺ U ∈ QN_s(Z^{∗∗}, W ), çâő

(1) W ĺ Z^{∗∗} ĺňěîâ ąăğĺáë;

(2) łăł W, âăł ĺ ćáě áőŕàïęěŋŋëě ł ŋěňã ŕàőáâàăŋáâćă W^∗, W^{∗∗}, . . . őąńăďăîâ áćőľáâćőň AP_{α0,∞};

(3) W^∗ ŋě őąńăďăěâ áćőľáâćőň AP_β ŋĺ ŕàĺ łăłőň β ∈ [α, 1]; (4) T ∈ N^{reg}_α (W, Z), ŋő T /∈ N_q(W, Z) ŋĺ ŕàĺ łăłőň q < s^′.

(5) U|_Z = 0 ĺ trace U ∘ π_Z T = 1.

Ďőłăğăâěńìáâćő. Ŕãáâì E, F_s ⊂ l_s, V_v ∈ QN_s(E, F_s) ĺ z_v ∈ F^∗_s ^⊗_αE | ĺğ âěőàěňë 4.2,4)), âăł çâő trace V_v ∘ z_v = 1 ĺ ~z_v = 0. Ŕãáâì, ďăńěě,

z_v = ∑ λ_j f^′_j ⊗ e_j , (λ_j ) ∈ l_α, (f^′_j ) ∈ l_∞(F^∗_s ), (e_j ) ∈ l_∞(E)

| ŋěłőâőàőě ŕàěďáâăćńěŋĺě z_v ć âěŋğőàŋőň ŕàőĺğćěďěŋĺĺ F^∗ ^⊗_αE. Ćőáŕőńìğãěňáï ńěňňőľ 1.3 ĺ ŋăľďěň âăłĺě ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő Z ĺ őčàăŋĺçěŋŋãî ŕőáńěďőćăâěńìŋőáâì (z^{′′}_j ) ⊂ Z^{∗∗}, çâő ďńï čőňőňőàäĺğňă ˘ : Z^{∗∗} → E ĺğ ńěňňë 1.3 ˘z^{′′}_j = e_j , j = 1, 2, . . . . Ŕőńőęĺň

(4.2) T_v := ∑ λ_j f^′_j ⊗ z^{′′}_j ∈ F^∗_s ^⊗_αZ^{∗∗}, U_v := V_v˘ ∈ QN_s(Z^{∗∗}, F_s).

Šăł łăł Ker ˘ = Z ĺ ˘T_v = ~z = 0, âő T_v(F_s) ⊂ Z, ŕőíâőňã ĺğ (4.2) ćëâěłăěâ, çâő T_v ∈ N_v(F_s, Z) [26, âěőàěňă 3.1,Ă)]. F_s e^{zv}−→ E^{Vv}−→ F_s ↘^Tv ↗^Φ Z^{∗∗} Ďĺăčà. 4.4

Ğăňěâĺň âăłęě, çâő, âăł łăł F_s ⊂ l_s ĺ 1/α_0 = 3/2 − 1/s, âő F_s ∈ AP_{α0,∞} (ćáïłőě łőŋěçŋőňěàŋőě ŕőďŕàőáâàăŋáâćő G ć F_s ïćńïěâáï C dim G^{1/2−1/s}-ďőŕőńŋïěňëň ŕőďŕàőáâàăŋáâćőň, ŕőíâőňã ŕàĺňěŋĺňő ŕàěďńőęěŋĺě 1) ĺğ [31], łőâőàőě čőćőàĺâ ő âőň, çâő łăęďőě âăłőě ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň AP_{(1+(} 1_{2 −} 1_{s ))}−1_{,∞}).

Ďăńěě, ěáńĺ β ∈ [α, 1] âő z_v ∈ F^∗_s ^⊗_βE, V_v ∈ L(F_s, E), trace V_v ∘ z_v = 1 ĺ ~z = 0; ŕőíâőňã łăł E, âăł ĺ F^∗_v ŋě őąńăďăîâ áćőľáâćőň AP_β .

Ŕãáâì âěŕěàì W = Y^∗ ĺ ¯ : W → F_s | ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő ĺ äăłâőàőâőąàăęěŋĺě ĺğ ńěňňë 1.2, ŕőáâàőěŋŋëě ďńï ŕàőáâàăŋáâćă F_s, âăł çâő W^∗ = π_Y Y ⊕ ¯^∗F^∗_s . Ŕăàă ŕàőáâàăŋáâć W, Z^{∗∗} ãďőćńěâćőàïěâ ãáńőćĺïň 1){3). Ŋăň őáâăńőáì őŕàěďěńĺâì őŕěàăâőàë U ĺ T ĺ ŕàőćěàĺâì ćëŕőńŋěŋĺï ãáńőćĺï 4).

Ěáńĺ w^′_j = ¯^∗f^′_j ∈ W^∗, j = 1, 2, . . . , ĺ T := ∑ λ_j w^′_j ⊗ z^{′′}_j , âő T ∈ N^{reg}_α (W, Z) : ďńï w ∈ W T w = ∑ λ_j ⟨¯^∗f^′_j , w⟩z^{′′}_j = ∑ λ_j ⟨f_j , ¯w⟩z^{′′}_j = T_v¯w ∈ Z, ĺ (λ_j ) ∈ l_α.

Őąőğŋăçĺň çěàěğ P ŕàőěłâőà ĺğ ŕàőáâàăŋáâćă W^∗ ŋă ¯^∗F^∗_s ĺ çěàěğ ¯^∗_0 : F^∗_s → ¯^∗F^∗_s | ŕàĺćěďěŋĺě őŕěàăâőàă ¯^∗. Ŋăłőŋěæ, ŕőńőęĺň U := [(¯^∗_0)^{−1}P ]^∗V_v˘ :

W^T−→ Z^{∗∗ Φ}−→ E^{Vv}−→ F_s^{[(Ψ∗0)−1P ]∗} −−−−−−−→ W^{∗∗} ↘^Tv^Ψ ↗^πZ F ∗_s^{(Ψ∗0)−1}←−−−− ¯∗F ∗_s^P←− W ∗ = ¯∗F ∗_s ⊕ Y Z Ďĺăčà. 4.5

Ś őďŋőľ áâőàőŋë, ňë ĺňěěň:

trace U ∘ T = ∑ ⟨w^′_j , Uz^{′′}_j ⟩ = ∑ ⟨w^′_j , [(¯^∗_0)^{−1}P ]^∗V_v˘z^{′′}_j ⟩ = = ∑ ⟨(¯^∗_0)^{−1}P w^′_j , V_v˘z^{′′}_j ⟩ = ∑ ⟨f_j , V_ve_j ⟩ = trace V_v ∘ z = 1.

Ś ďàãčőľ áâőàőŋë, ěáńĺ àăğńőęěŋĺě T ć àïď ćĺďă T = ∑ w^′_j ⊗ z_j ąëńő ąë ŕàěďáâăćńěŋĺěň íâőčő őŕěàăâőàă ć N_q(W, Z), q < s^′, âő, âăł łăł Z = Ker˘, ňë ĺňěńĺ ąë: trace U ∘ T = ∑ ⟨w^′_j , Uz_j ⟩. Ŋő V_v˘|_Z = 0, ă, ğŋăçĺâ, ĺ áãęěŋĺě U ŋă Z àăćŋő ŋãńî. Őâáîďă, trace U ∘ T = 0.

�

Śńěďáâćĺě 4.6. Ŕãáâì 2 < v < s < ∞, 1/α = 1/2 + 1/v^′ ĺ 1/α0 = 1/2 + 1/s^′.

Śãéěáâćãîâ âăłĺě ćŕőńŋě áěŕăàăąěńìŋëě ąăŋăåőćë ŕàőáâàăŋáâćă Z ĺ W , çâő (1) W ĺ Z^{∗∗} ĺňěîâ ąăğĺáë;

(2) łăł W, âăł ĺ ćáě áőŕàïęěŋŋëě ł ŋěňã ŕàőáâàăŋáâćă őąńăďăîâ áćőľáâćőň AP_{α0,∞};

(3) W^∗ ŋě őąńăďăěâ áćőľáâćőň AP_β ŋĺ ŕàĺ łăłőň β ∈ [α, 1]; (4) ďńï ńîąőčő ąăŋăåőćă ŕàőáâàăŋáâćă E N^{reg}_{α0,∞}(W, E) ⊂ N_1(W, E); (5) N^{reg}_α (W, Z) ⊄ N_q(W, Z), łăłőćő ąë ŋě ąëńő q < v^′.

Ďőłăğăâěńìáâćő. Şâćěàęďěŋĺï (1){(3) ĺ (5) ćëâěłăîâ ŋěŕőáàěďáâćěŋŋő ĺğ ŕàěďëďãéěčő áńěďáâćĺï. Ůâő łăáăěâáï (4), âő őŋő ŕőńãçăěâáï âăł. Ć ďőłăğăâěńìáâćě áńěďáâćĺï 4.5 àěäńěłáĺćŋőě ŕàőáâàăŋáâćő F_s ěáâì ŕőďŕàőáâàăŋáâćő l_s ĺ, áńěďőćăâěńìŋő, łăł őŋő, âăł ĺ F^∗ őąńăďăěâ áćőľáâćőň AP_{α0,∞} [31, ŕàěďńőęěŋĺě 1]; ŕàőáâàăŋáâćă Y ĺ W = Y^∗ ãďőćńěâćőàïîâ ãáńőćĺî ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ. Šăłĺň őąàăğőň, ŕàőáâàăŋáâćő W^∗ = F^∗ ⊕ Y, âăłęě łăł ĺ ćáě őáâăńìŋëě áőŕàïęěŋŋëě ł W ŕàőáâàăŋáâćă W^{∗∗}, . . . , ĺňěîâ áćőľáâćő AP_{α0,∞} . Ŕőíâőňã ãâćěàęďěŋĺě (4) ćëâěłăěâ ĺğ [31, âěőàěňă 2,1)]. �

Ďćőľáâćěŋŋăï âěőàěňă, ŕőńãçăîéăïáï ĺğ âěőàěňě 4.2 ŕěàěåőďőň ł ďãăńìŋőľ áĺâãăæĺĺ, ćëčńïďĺâ âăł (ŕàĺ ěě äőàňãńĺàőćłě ňë ŋě áńěďãěň őąőğŋăçěŋĺïň ĺğ âěőàěňë 4.2; ŋăŕőňŋĺň, çâő N_1 = N^1 ĺ ^⊗_1 = ^⊗^1 ĺ çâő âěŋğőàŋőě ŕàőĺğćěďěŋĺě ćĺďă Z ^⊗_αW ňőęŋő ĺŋâěàŕàěâĺàőćăâì, ć åőàőèĺå áńãçăïå, łăł ŕàőáâàăŋáâćő áőőâćěâáâćãîéĺå ∗-áńăąő ŋěŕàěàëćŋëå őŕěàăâőàőć ĺğ Z^∗ ć W ).

Šěőàěňă 4.7. Śãéěáâćãěâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő

F, őąńăďăîéěě áńěďãîéĺňĺ áćőľáâćăňĺ.

1) Śãéěáâćãîâ âăłĺě àěäńěłáĺćŋőě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő H, őŕěàăâőà U ∈ QN^∞(F, H) ĺ âěŋğőàŋëě íńěňěŋâë z_0 ∈ s- ⋂ v>2 c_0 ^⊗^vF ĺ z_1 ∈ H^∗ ^⊗_1l_1, çâő ěáńĺ w := z_0 ∘ z_1, âő trace U ∘ w = 1 ĺ ~w = 0 (â.ě. w ŕőàőęďăěâ ŋãńěćőľ őŕěàăâőà). Ŕàĺ íâőň, ěáńĺ q < 2, r > 2 ĺ 1/r + 1/s = 1/q 6 1, âő

w = z_0 ∘ z_1 ∈ (c_0 ^⊗^rF ) ∘ (H ^⊗^sl_1).

2) Ďńï łăęďőčő v ∈ (2, ∞) áãéěáâćãîâ âăłĺě äăłâőàŕàőáâàăŋáâćő E_v′ ŕàőáâàăŋáâćă l_v′ , őŕěàăâőà U_v ∈ QN^{dual}_v (E_v′ , F ) ĺ íńěňěŋâ w_v ∈ F^∗ ^⊗_1E_v′ , çâő trace U_v ∘ w_v = 1 ĺ ~w_v = 0.

3) Śãéěáâćãîâ âăłĺě àěäńěłáĺćŋőě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő G, őŕěàăâőà U_0 ∈ ⋂ v>2 QN^{dual}_v (G, F ) ĺ íńěňěŋâ w_0 ∈ F^∗ ^⊗_1G, çâő trace U_0 ∘ w_0 = 1 ĺ ~w_0 = 0.

4) Ŕãáâì 1 < p < 2 ĺ 1/α = 1/2 + 1/p = 3/2 − 1/p^′. Śãéěáâćãîâ âăłĺě äăłâőàŕàőáâàăŋáâćő E ŕàőáâàăŋáâćă l_p, őŕěàăâőà V ∈ ⋂ s>p^′ QN dual

s (E, F ) ĺ íńěňěŋâ z ∈ F^∗ ^⊗_αE, çâő trace V ∘ z = 1 ĺ ~z = 0. �

Ĺğ ãâćěàęďěŋĺï 1), ĺáŕőńìğãï äăłâőàĺğăæĺőŋŋãî âěőàěňã ďńï łőňŕăłâŋëå őŕěàăâőàőć [10, 2], ŕőńãçăěň:

Śńěďáâćĺě 4.8. Ďńï łăęďőčő v > 2 áãéěáâćãîâ âăłĺě áěŕăàăąěńìŋëě àěäńěł-

áĺćŋëě ąăŋăåőćë ŕàőáâàăŋáâćă F, H ĺ W, çâő ěáâěáâćěŋŋőě őâőąàăęěŋĺě

(W^∗ ^⊗^vF ) ∘ (H^∗ ^⊗_1W ) −→ L(E, F )

ŋě ćğăĺňŋő őďŋőğŋăçŋő. �

Ŋĺęě ŋăň ŕőŋăďőąĺâáï âăłęě ďãăńìŋëľ ćăàĺăŋâ ńěňňë 1.1.2) ĺğ [25] á ŋěłőâőàëňĺ ãâőçŋěŋĺïňĺ. Śäőàňãńĺàãěň ŕàěďćăàĺâěńìŋő âăłőľ ćáŕőňőčăâěńìŋëľ äăłâ.

Ńěňňă 4.9. Ŕãáâì p > 0. Ěáńĺ S ∈^⋂_{v>p} Nv(X, Y ), âő áãéěáâćãěâ àăğńőęěŋĺě

őŕěàăâőàă S ć àïď_∞ ∑ n=1

N_{n+1}∑

k=N_n+1 x^′_k ⊗ y_k, łőâőàőě ïćńïěâáï ŕőďåőďïéĺň àăğńőęěŋĺěň ďńï ńîąőčő v > p. Šăłĺň őąàăğőň, ěáńĺ őďŋő ĺğ ŕàőáâàăŋáâć X^∗ ĺńĺ Y ãďőćńěâćőàïîâ ãáńőćĺî ăŕŕàőłáĺňăæĺĺ Čàőâěŋďĺłă, âő ⋂ v>p X^∗ ^⊗_vY = s - ⋂ v>p X^∗ ^⊗_vY. Ăŋăńőčĺçŋőě ãâćěàęďěŋĺě áŕàăćěďńĺćő ďńï ĺďěăńőć N^q-őŕěàăâőàőć.

Ďőłăğăâěńìáâćő. Ńěňňă áäőàňãńĺàőćăŋă âăłĺň őąàăğőň, çâő ěě ďőłăğăâěńìáâćő ŕőçâĺ őçěćĺďŋő, ŋăďő ńĺèì ćáŕőňŋĺâì, çâő ďńï v > 1 łăł ŋőàňë ν_v, âăł ĺ ŋőàňë ν^v á àőáâőň ŕőłăğăâěńï v ãąëćăîâ (áńãçăľ p < 1 ěéě ŕàőéě), ĺ àăááňőâàěâì ŕőáńěďőćăâěńìŋőáâì v_n ↘ p. Ďăńěě ŋăďő åőàőèő ăŕŕàőłáĺňĺàőćăâì S łőŋěçŋőňěàŋëňĺ őŕěàăâőàăňĺ ŕő łăęďőľ ĺğ ν_{vn} -ŋőàň ĺ áńőęĺâì ŕőńãçĺćèĺěáï ŕăçłĺ. Ŕěàěåőď ł âěŋğőàŋëň ŕàőĺğćěďěŋĺïň ćőğňőęěŋ ć áĺńã âőčő, çâő ŕàĺ ćëŕőńŋěŋĺĺ ãáńőćĺľ, ŋăńőęěŋŋëå ŋă ŕăàã X^∗, Y, áőőâćěâáâćãîéĺě âěŋğőàŋëě ŕàőĺğćěďěŋĺï ĺ őŕěàăâőàŋëě ŕàőáâàăŋáâćă áőćŕăďăîâ ňěęďã áőąőľ. � Ńěňňă 4.10. Ďńï ńîąőčő q ∈ (2, ∞) áãéěáâćãîâ âăłĺě áěŕăàăąěńìŋőě àěäńěł-

áĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő F, äăłâőàŕàőáâàăŋáâćő E ŕàőáâàăŋáâćă l_q, őŕěàăâőà U ∈ QN_1(E, F ) ĺ íńěňěŋâ z ∈ s - ⋂ v>q F^∗ ^⊗_vE âăłĺě, çâő trace z ∘ U = 1 ĺ trace z ∘ φ = 0 ďńï łăęďőčő φ ∈ E^∗ ⊗ F.

Ďőłăğăâěńìáâćő. Ćőâ ć âőçŋőáâĺ âő, çâő ąëńő ŕőńãçěŋő ć ŕàőæěááě ďőłăğăâěńìáâćă ńěňňë 1.1,2) ć [25]: ěáńĺ v > 2, 2 < q < v ĺ E^∗ | ŕőďŕàőáâàăŋáâćő ŕàőáâàăŋáâćă l_p′ , łőâőàőě ŋě ĺňěěâ áćőľáâćă ăŕŕàőłáĺňăæĺĺ Čàőâěŋďĺłă, âő ŋăľďãâáï âăłĺě áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő F, őŕěàăâőà U ∈ QN_1(E, F ) ĺ âěŋğőàŋëľ íńěňěŋâ z ∈ F^∗ ^⊗_vE, çâő çâő trace z ∘ U = 1 ĺ trace z ∘ φ = 0 ďńï łăęďőčő φ ∈ E^∗ ⊗ F. Šěŋğőàŋëľ íńěňěŋâ z áâàőĺńáï ŋěğăćĺáĺňő őâ ŕăàăňěâàă v łăł áãŕěàŕőğĺæĺï Rφ´_0 áâàőčő l_q-äăłâőàĺğãěňőčő őŕěàăâőàă R : C(K) → E, ŋěłőâőàőčő łőňŕăłâŋőčő őŕěàăâőàă φ´_0 : l_1 → C(K) ĺ ŋěłőâőàőčő ćğăĺňŋő őďŋőğŋăçŋőčő őŕěàăâőàă ĺğ F ć l_1. Šăł łăł L(C(K), l_q) = I_r(C(K), l_q) ďńï ńîąőčő r > q, âő őŕěàăâőà Rφ´_0 ∈ ⋂ r>q l_∞ ^⊗_rE. Őáâăěâáï ŕàĺňěŋĺâì ńěňňã 4.9 ł S := Rφ´_0, ŕěàěľďï ğăâěň ć âěŋğőàŋëě ŕàőĺğćěďěŋĺï F^∗ ^⊗_rE. �

Ŕěàěåőďï ł ďćőľáâćěŋŋőľ áĺâãăæĺĺ, ĺğ ńěňňë 4.10 ŕőńãçăěň Śńěďáâćĺě 4.11. Ďńï ńîąőčő q ∈ (2, ∞) áãéěáâćãîâ âăłĺě áěŕăàăąěńìŋőě àě-

äńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő E, ŕőďŕàőáâàăŋáâćő F ŕàőáâàăŋáâćă l_q′ , őŕěàăâőà V ∈ QN^{dual}_1 (E, F ) ĺ íńěňěŋâ z ∈ s - ⋂ v>q F^∗ ^⊗^vE âăłĺě, çâő trace z ∘ V = 1 ĺ trace z ∘ ˘ = 0 ďńï łăęďőčő ˘ ∈ E^∗ ⊗ F. �

Śńěďáâćĺě 4.12. Ďńï łăęďőčő r ≠ 2 áãéěáâćãěâ QN^{dual}_r -őŕěàăâőà, ŋě ŕàĺŋăďńě-

ęăéĺľ ğăňëłăŋĺî łőŋěçŋőňěàŋëå őâőąàăęěŋĺľ ŕő π^{dual}_r -ŋőàňě. Ąőńěě âőčő, 1) áãéěáâćãěâ őŕěàăâőà ĺğ ⋂ r>2 QN^{dual}_r , ŋě ŕàĺŋăďńěęăéĺľ ğăňëłăŋĺî łőŋěçŋőňěàŋëå őâŋőáĺâěńìŋő őąëçŋőľ őŕěàăâőàŋőľ ŋőàňë (ĺ ďăęě ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ!);

2) áãéěáâćãěâ őŕěàăâőà ĺğ QN^{dual}_1 (ĺ, âăłĺň őąàăğőň, ĺğ QN^{dual}_r , 1 6 r < 2), łőâőàëľ ŋě ńěęĺâ ć ğăňëłăŋĺĺ ňŋőęěáâćă łőŋěçŋőňěàŋëå őŕěàăâőàőć ŕő ŋőàňě π^{dual}_a , łăłőćő ąë ŋĺ ąëńő a ∈ [1, 2).

Ďőłăğăâěńìáâćő. 1) ěáâì ŋěŕőáàěďáâćěŋŋőě áńěďáâćĺě âěőàěňë 4.7,3).

2). Ŕő áńěďáâćĺî 4.11, ďńï łăęďőčő a < 2 áãéěáâćãîâ âăłĺě áěŕăàăąěńìŋëě àěäńěłáĺćŋëě ŕàőáâàăŋáâćă E, F ĺ őŕěàăâőà V ∈ QN^{dual}_1 (E, F ), çâő V /∈ E^∗ ⊗ F^{πduala} . Ŕãáâì a_n ↗ 2 ĺ E_n, F_n, V_n âăłőćë, çâő V_n ∈ QN^{dual}_1 (E_n, F_n), V_n /∈ E^∗_n ⊗ F_n^{πdualan} ĺ π^{dual}_1 (V_n) 6 1/2^n. Ŕőńőęĺň X = ( ∑ E_n)_{l2} , Y = ( ∑ F_n)_{l2} , T = ⊕V_n. Šőčďă

T ∈ QN^{dual}_1 , ŋő T /∈ X^∗ ⊗ Y^{πduala} , łăłőćő ąë ŋĺ ąëńő a < 2. �

Śńěďáâćĺě 4.13. Śãéěáâćãěâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋ-

áâćő Z âăłőě, çâő ďńï łăęďőčő r ≠ 2, 1 6 r 6 ∞ ěáâěáâćěŋŋőě őâőąàăęěŋĺě Z^∗ ^⊗^rZ → N^r(Z, Z) ŋě ćğăĺňŋő őďŋőğŋăçŋő. Ć çăáâŋőáâĺ, ďńï łăęďőčő r ≠ 2 ŕàőáâàăŋáâćő Z ŋě őąńăďăěâ áćőľáâćőň AP^{dual}_r .

Ďőłăğăâěńìáâćő. Ďńï v^′_n ↗ 2, E^1_n ĺ F^1_n ĺğ âěőàěňë 4.7,2) ĺ ďńï q_n ↘ 2, E^2_n ĺ F^2_n ĺğ áńěďáâćĺï 4.11 ŕőńőęĺň Z = ((∑ E^1_n ) l_2 + (∑ F^1_n ) l_2 + (∑ E^2_n ) l_2 + (∑ F^2_n ) l_2 ) l_2 .

�

Ńěňňă 4.14. Ŕãáâì ďńï p < 2 (áőőâćěâáâćěŋŋő, ďńï v > 2) ŕàőáâàăŋáâćă E, F

ĺ őŕěàăâőà V ∈ QN^{dual}_p′ (E, F ) (áőőâćěâáâćěŋŋő, V ∈ QN^{dual}_1 (E, F )) | ĺğ âěőàěňë 4.7,4) (áőőâćěâáâćěŋŋő, ĺğ áńěďáâćĺï 4.11).

1) Ěáńĺ p < 2, âő áãéěáâćãěâ ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő W ĺ âěŋğőàŋëľ íńěňěŋâ u ∈ F^∗ ^⊗^1W^{∗∗∗} âăłĺě, çâő W^∗ ĺňěěâ ąăğĺá, W^{∗∗} = ¯^∗E^∗ ⊕ π_W W, čďě ¯ : W^∗ → E | ŋěłőâőàőě äăłâőàőâőąàăęěŋĺě, trace u ∘ φ = 0 ďńï ńîąőčő φ ∈ W^{∗∗} ⊗ F ĺ trace u ∘ (V ¯) = 1.

2) Ěáńĺ v > 2, âő áãéěáâćãěâ ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő W ĺ âěŋğőàŋëľ íńěňěŋâ u ∈ F^∗ ^⊗^vW^{∗∗∗} âăłĺě, çâő W^∗ ĺňěěâ ąăğĺá, W^{∗∗} = ¯^∗E^∗ ⊕ π_W W, čďě ¯ : W^∗ → E | ŋěłőâőàőě äăłâőàőâőąàăęěŋĺě, trace u ∘ φ = 0 ďńï ńîąőčő φ ∈ W^{∗∗} ⊗ F ĺ trace u ∘ (V ¯) = 1.

Ďőłăğăâěńìáâćő. Ŕãáâì z ∈ F^∗ ^⊗^aE (čďě a = 1 ć ãâćěàęďěŋĺĺ 1) ĺ a = v ć ãâćěàęďěŋĺĺ 2)) | âěŋğőàŋëľ íńěňěŋâ, áőőâćěâáâćãîéĺľ ć âěőàěňě 4.7,4) (áőőâćěâáâćěŋŋő, ć áńěďáâćĺĺ 4.11) âàőľłě E, F, V . Ŕãáâì, ďăńěě, W | ŕàőáâàăŋáâćő ĺğ ńěňňë 1.2, ŕàĺňěŋěŋŋőľ ł ŋăèěňã ŕàőáâàăŋáâćã E, ĺ P | ěáâěáâćěŋŋëľ ŕàőěłâőà ĺğ W^{∗∗} = ¯^∗E^∗ ⊕ π_W W ŋă ¯^∗E^∗. Ŕőńőęĺň j = [(¯^∗)^{−1}P ]^∗, j : E → W^{∗∗∗} ĺ u = j ∘ z ∈ F^∗ ^⊗^aW^{∗∗∗}. Ňë ďőńęŋë ńĺèì ŕàőćěàĺâì, çâő trace u ∘ (V ¯) = 1. Ŕãáâì z = ∑ f^′_n ⊗ e_n | ŋěłőâőàőě âěŋğőàŋőě ŕàěďáâăćńěŋĺě ďńï z ć F^∗ ^⊗^aE (f^′_n ∈ F^∗, e_n ∈ E). Ĺňěěň:

trace u ∘ (V ¯) = trace (j ∘ z) ∘ (V ¯) = ∑ ⟨¯^∗V^∗f^′_n, je_n⟩ = = ∑ ⟨(¯^∗)^{−1}P ¯^∗V^∗f^′_n, e_n⟩ = ∑ ⟨(¯^∗)^{−1}¯^∗V^∗f^′_n, e_n⟩ = = ∑ ⟨V^∗f^′_n, e_n⟩ = trace z ∘ V = 1. �

Ğăňěçăŋĺě 4.15. Ć ńěňňě 4.14 W^∗ őąńăďăěâ áćőľáâćőň MAP, ă W^{∗∗∗} ŋě őąńăďăěâ áćőľáâćőň AP^{dual}_p ć áńãçăě 1) ĺ áćőľáâćőň AP^{dual}_v ć áńãçăě 2).

Šěŕěàì ňë čőâőćë ŕàĺćěáâĺ ďãăńìŋëľ ćăàĺăŋâ őáŋőćŋőľ âěőàěňë ĺğ àăąőâë [25]. Ć ďőłăğăâěńìáâćě ŕàěďńăčăěňőľ âěőàěňë ňë áńěďãěň áåěňě àăááãęďěŋĺľ ĺğ [25], őďŋăłő ŋěŕőáàěďáâćěŋŋő (ąěğ łăłĺå-ńĺąő áãéěáâćěŋŋëå ĺğňěŋěŋĺľ) ďőłăğăâěńìáâćő âěőàěňë 2.1 [25] ŋă áńãçăľ N^p-őŕěàăâőàőć ŋě ŕěàěŋőáĺâáï, ĺ, áłőàěě ćáěčő, ŋěłőààěłâŋő ąëńő ąë ŕàěďńăčăâì çĺâăâěńî ďőłăğăâì âěőàěňã 4.16 (ă á ŋěî ĺ ćáě ăŋőŋáĺàőćăŋŋëě ć §4 àăąőâë [25] àěğãńìâăâë) ć łăçěáâćě ŋěâàãďŋőčő ãŕàăęŋěŋĺï.

Šěőàěňă 4.16. Ŕãáâì E, X := W^∗, Y := F, V , ¯ | ĺğ ńěňňë 4.14, ĺ V := V ¯.

Ŕãáâì, ďăńěě, 0 < γ < 1/5,

1) Ďńï ńîąőčő δ > 0 ĺ ďńï łăęďőčő p < 2 áãéěáâćãîâ âăłĺě łőŋěçŋőňěàŋëľ őŕěàăâőà T_0 ∈ Y^∗ ⊗ X ĺ íłćĺćăńěŋâŋăï ŋőàňă ŋă X, áłăęěň ||| · |||, çâő ěáńĺ X_δ := (X, ||| · |||), âő (i_1) X_δ ∈ BAP;

(ii_1) ‖V ‖_Πdual_{p′ (Xδ ,Y )} 6 1;

(iii_1) V ŋě ńěęĺâ ć ğăňëłăŋĺĺ èăàă àăďĺãáă 4/(5δ) ŕàőáâàăŋáâćă X^∗ ⊗_πdual_∞ Y ć ŕàőáâàăŋáâćě L(X_δ, Y ) ć âőŕőńőčĺĺ łőňŕăłâŋőľ (ĺńĺ ŕőâőçěçŋőľ) áåőďĺňőáâĺ;

(iv_1) ‖T_0‖_Y ∗ b_⊗p_{Xδ} > 1 − γ; (v_1) ‖T_0‖_I1_{(Y,X} ∗∗_) < δ.

2) Ďńï ńîąőčő δ > 0 ĺ ďńï łăęďőčő v > 2 áãéěáâćãîâ âăłĺě łőŋěçŋőňěàŋëľ őŕěàăâőà T_0 ∈ Y^∗ ⊗ X ĺ íłćĺćăńěŋâŋăï ŋőàňă ŋă X, áłăęěň ||| · |||, çâő ěáńĺ X_δ := (X, ||| · |||), âő (i_2) X_δ ∈ BAP;

(ii_2) ‖V ‖_Πdual_{1 (Xδ ,Y )} 6 1;

(iii_2) V ŋě ńěęĺâ ć ğăňëłăŋĺĺ èăàă àăďĺãáă 4/(5δ) ŕàőáâàăŋáâćă X^∗ ⊗_πdual_{v′} Y ć ŕàőáâàăŋáâćě ˝^{dual}_v′ (X_δ, Y ) ć âőŕőńőčĺĺ łőňŕăłâŋőľ (ĺńĺ ŕőâőçěçŋőľ) áåőďĺňőáâĺ;

(iv_2) ‖T_0‖_Y ∗ b_⊗∞_{Xδ )} > 1 − γ; (v_2) ‖T_0‖_Iv_{(Y,X} ∗∗_) < δ.

Ąőńěě âőčő, łăł ć áńãçăě 1), âăł ĺ ć áńãçăě 2) ŋőàňă ||| · |||, ďãăńìŋăï ł łőâőàőľ őŕàěďěńïěâáï áőőâŋőèěŋĺěň |||x^′||| := max{‖x^′‖; A dist (x^′, ¯^∗E^∗)}, ãďőćńěâćőàïěâ ćáěň ãłăğăŋŋëň ćëèě ãáńőćĺïň ŕàĺ ŕőďåőďïéěň ćëąőàě çĺáńă A.

Ďőłăğăâěńìáâćő. Şďőąŋő àăááňăâàĺćăâì őąă áńãçăï, ãłăğăŋŋëå ć ńěňňě 4.14, őďŋőćàěňěŋŋő, ŕőíâőňã ňë ććěďěň ďćă áĺňćőńă a ĺ b áńěďãîéĺň őąàăğőň:

a = p^′, b = ∞, ć áńãçăě 1); a = 1, b = v^′, ć áńãçăě 2).

Őâňěâĺň, çâő ć ńîąőň áńãçăě a 6 b ĺ b^′ 6 a^′.

Ĺâăł, ŕãáâì E, X := W^∗, Y := F, V , ¯, ă âăłęě u | ĺğ ńěňňë 4.14, ĺ V := V ¯. X = W^{∗ Ψ}−−−−→ E^V−−−−→ Y = F e^u−−−−→ X^{∗∗} = W^{∗∗∗} X^∗ = W^{∗∗} = ¯^∗E^∗ ⊕ π_W W^{Ψ∗}←−−−− E^{∗ V ∗}←−−−− Y^∗ = F^∗ Ďĺăčà. 4.6

Ąěğ őčàăŋĺçěŋĺï őąéŋőáâĺ, ňë ňőęěň áçĺâăâì, çâő π^{dual}_a (V ) < 1. Ŕãáâì u = ∑ y^′_n ⊗ x^{′′}_n, čďě y^′_n ∈ Y^∗, x^{′′}_n ∈ X^{∗∗} = W^{∗∗∗}, α_b′ (x^{′′}_n) 6 1, ε := ε_b(y^′_n) < ∞. Ğăäĺłáĺàãěň δ > 0 ĺ ććěďěň áńěďãîéĺě őąőğŋăçěŋĺï. 1) Ŕãáâì íńěňěŋâë y^{′′}_k ∈ Y^{∗∗}, k = 1, 2, . . . , âăłőćë, çâő ‖V^∗y^′‖^a 6 ∑ |⟨y^{′′}_k , y^′⟩|^a ďńï ćáěå y^′ ∈ Y^∗ ĺ ∑ ‖y_k‖^a 6 1. 2) Ŕãáâì A > 1 | âăłőě çĺáńő, çâő 3ε A < 1 2 δ. 3) Ŕãáâì ν | âăłőě çĺáńő, çâő νA < 1 2 δ. 4) Ćëąěàěň âăłőě ŋăâãàăńìŋőě N, çâő ďńï T = N∑ n=1 y^′_n ⊗ x^{′′}_n ćëŕőńŋïîâáï ŋěàăćěŋáâćă trace T ∘ V > 1 − γ; | trace T ∘ φ| < νπ^{dual}_b (φ), ∀φ ∈ X^∗ ⊗ Y. 5) Ŕãáâì (x_n)^N_1 | âăłőľ ŋăąőà ćěłâőàőć ć X, çâő 5a) α_b′ (x_n)^N_1 6 2 ĺ 5b) x^{′′}_n|_Ψ∗_E∗ = x_n|_Ψ∗_E∗ .

Šăłőľ ŋăąőà áãéěáâćãěâ ŕő áńěďãîéĺň ŕàĺçĺŋăň. Ŕãáâì λ > 0. Ďńï x^{′′} ∈ X^{∗∗} = W^{∗∗∗} àăááňőâàĺň äãŋłæĺőŋăń e := x^{′′} ∘ ¯^∗ ŋă E^∗ : E^∗ −−−−→_{Ψ∗} X^∗ = W^{∗∗} = π_W W ⊕ ¯^∗E^∗ −−−−→_{x′′} R. Šăł łăł ‖e‖ 6 ‖x^{′′}‖ ĺ ¯ : W^∗ → E ěáâì äăłâőàőâőąàăęěŋĺě, âő ŋăľďěâáï x ∈ X, ďńï łőâőàőčő ąãďãâ ćëŕőńŋïâìáï áőőâŋőèěŋĺï ‖x‖ 6 (1 + λ)‖e‖ 6 (1 + λ)‖x^{′′}‖ ĺ ¯x = e = x^{′′} ∘ ¯^∗. Ďăńěě, ďńï e^′ ∈ E^∗ ⟨¯^∗e^′, x⟩ = ⟨e^′, ¯x⟩ = ⟨e^′, e⟩ = (x^{′′} ∘ ¯^∗)(e^′) = ⟨x^{′′}, ¯^∗e^′⟩. Šăłĺň őąàăğőň, ‖x‖ 6 (1 + λ)‖x^{′′}‖ ĺ x|_Ψ∗_E∗ = x^{′′}|_Ψ∗_E∗ .

6) Ŕőńőęĺň T_0 = ∑_N n=1 y^′_n ⊗ x_n ∈ Y^∗ ⊗ X. 7) Ŕãáâì, ŋăłőŋěæ, L_0 = [x_n]^N_1 .

Őŕàěďěńĺň ŋőćãî (íłćĺćăńěŋâŋãî) ŋőàňã ||| · ||| ŋă X^∗ = W^{∗∗} áńěďãîéĺň őąàăğőň: ďńï x^′ ∈ X^∗ |||x^′||| = max{‖x^′‖, A d(x^′, ¯^∗E^∗)}, čďě d(x^′, ¯^∗E^∗) = inf{‖x^′ − ¯^∗e^′‖ : e^′ ∈ E^∗}. Ğăňěâĺň, çâő ďńï ńîąőčő y^′ ∈ Y^∗ ňë ĺňěěň: |||V^∗y^′||| = |||¯^∗V^∗y^′||| = ‖V^∗y^′‖. Ć áĺńã^∗-áńăąőľ ğăňłŋãâőáâĺ ŕőďŕàőáâàăŋáâćă ¯^∗E^∗ ć W^{∗∗}, íâő | ďãăńìŋăï ŋőàňă ł ŋěłőâőàőľ ŋőàňě ŋă X, łőâőàãî ňë őąőğŋăçĺň âěň ęě áĺňćőńőň ||| · |||. Ŕőńěğŋő őâňěâĺâì, çâő ‖ · ‖ 6 ||| · ||| 6 A‖ · ‖. Ňë ãâćěàęďăěň, çâő ŕàőáâàăŋáâćő X_δ = (X, ||| · |||) ãďőćńěâćőàïěâ ćáěň ãáńőćĺïň ŋăèěľ âěőàěňë.

(i) Ć X ěáâì ąăğĺá, ŕőíâőňã X őąńăďăěâ áćőľáâćőň őčàăŋĺçěŋŋőľ ăŕŕàőłáĺňăæĺĺ. (ii) Őæěŋłă ďńï łćăğĺ-a-ïďěàŋőľ ŋőàňë őŕěàăâőàă V^∗ ŕőńãçăěâáï ĺğ áőőâŋőèě- ŋĺľ |||V^∗y^′|||^a = ‖V^∗y^′‖^a 6 ∑_∞ k=1 |⟨y^{′′}_k , y^′⟩|^a ĺ ∑ k ‖y^{′′}_k ‖^a 6 1; âăł çâő ‖V ‖_Πdual_{a (Xδ ,Y )} 6 1. (iv) Ĺňěěň:

trace T_0 ∘ V = N∑ n=1 ⟨x_n, V^∗y^′_n⟩ = N∑ n=1 ⟨x^{′′}_n, V^∗y^′_n⟩ = trace T ∘ V > 1 − γ. Šăł łăł ‖V ‖_Πdual_{a (Xδ ,Y )} 6 1, âő ‖T_0‖_{Y ∗}b_⊗a′_X > 1 − γ.

(v) Šăł łăł (X^∗_δ ⊗_πdual_b Y )^∗ = I^{b′} (Y, X^{∗∗}_δ ), âő

‖T_0‖_Ib′_{(Y,X} ∗∗_{δ )} = sup{| trace T_0 ∘ φ| : φ ∈ X^∗_δ ⊗ Y, π^{dual}_b (φ) 6 1}.

Ŕãáâì φ ∈ X^∗_δ ⊗ Y ĺ ‖φ‖_Πdual_{b (Xδ ,Y )} 6 1. Šőčďă

| trace T_0 ∘ φ‖ = | | | | | N∑ n=1 ⟨x_n, φ^∗y^′_n⟩ | | | | | 6 | | | | | N∑ n=1 ⟨x_n − x^{′′}_n, φ^∗y^′_n⟩ | | | | | + | | | | | N∑ n=1 ⟨x^{′′}_n, φ^∗y^′_n⟩ | | | |

                               | 6

6

(_N ∑ n=1 |||x_n − x^{′′}_n|||^{b′} )_{1/b}^′ (_N ∑ n=1 |||φ^∗y^′_n|||^b )_{1/b} + | trace T ∘ φ| 6

6 ‖φ‖_Πdual_{b (Xδ ,Y )}εb(y^′_n)^∞_1 ~αb′ + ν‖φ‖_Πdual_{b (X,Y )},

čďě ~α_b′ | α_b′ -ŋőàňă ŕőáńěďőćăâěńìŋőáâĺ (x_n − x^{′′}_n)^N_1 őâŋőáĺâěńìŋő ŋőàňë ||| · |||.

Őæěŋĺň áćěàåã ~α_b′ , ĺáŕőńìğãï àăćěŋáâćő l_r(Z)^∗ = l_r′ (Z^∗) (1 < r < ∞). Ěáńĺ (x^′_n)^N_1 | âăłőľ ŋăąőà ćěłâőàőć ĺğ X^∗, çâő ∑_N n=1 |||x^′_n|||^b 6 1, âő ďńï (l_n)^N_1 ⊂ ¯^∗E^∗, ‖l_n − x^′_n‖ = d(x^′_n, ¯^∗E^∗), ĺňěěň: N∑ n=1 |⟨x^{′′}_n − x_n, x^′_n⟩| = N∑ n=1 |⟨x^{′′}_n − x_n, x^′_n − l_n⟩| 6

6

(_N ∑ n=1 ‖x^′_n − l_n‖^b )_{1/b} α_b′ (x^{′′}_n − x_n)^N_1 6 3 (_N ∑ n=1 d(x^′_n, ¯^∗E^∗)^b )_{1/b}

          6

6^3_A

(_N ∑ n=1 |||x^′_n|||^b )_{1/b} 6^3_A .

Ć íâĺå áőőâŋőèěŋĺïå çěàěğ α_b′ (x^{′′}_n − x_n)^N_1 őąőğŋăçăěâáï α_b′ -ŋőàňă ŕőáńěďőćăâěńìŋőáâĺ (x^{′′}_n − x_n)^N_1 őâŋőáĺâěńìŋő ŕěàćőŋăçăńìŋőľ ŋőàňë ‖ · ‖.

Šăłĺň őąàăğőň,

| trace T_0 ∘ φ‖ 6 ε 3 A + νA‖φ‖_Πdual_{b (Xδ ,Y )} 6 1 2 δ + 1 2 δ = δ. Śńěďőćăâěńìŋő, ‖T_0‖_Ib′_{(Y,X} ∗∗_{δ )} 6 δ.

(iii) Ěáńĺ íâő ãâćěàęďěŋĺě ŋěćěàŋő, âő ŋăľďěâáï âăłőľ őŕěàăâőà φ ∈ X^∗_δ ⊗ Y, çâő ‖φ‖_Πdual_{b (Xδ,Y )} 6 4/(5δ) ĺ φ|_{L0} = V |_{L0} . Ĺňěěň:

| trace T_0 ∘ φ| = | | | | N∑ n=1 ⟨φx_n, y^′_n⟩ | | | | = | | | | N∑ n=1 ⟨V x_n, y^′_n⟩ | | | | = | trace T0 ∘ V | > 1 − γ > 4/5 (áň. ďőłăğăâěńìáâćő ãâćěàęďěŋĺľ (iv)). Ś ďàãčőľ áâőàőŋë,

| trace T_0 ∘ φ| 6 ‖T_0‖_{Ib′ (Y,X} ∗∗_{δ )}‖φ‖_Πdual_{b (Xδ ,Y )} 6 δ[4/(5δ)] = 4/5. �

Śńěďáâćĺě 4.17. 1) Ďńï łăęďőčő C > 0 ĺ ńîąőčő q > 2 áãéěáâćãěâ ćŕőńŋě

áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő X ĺ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő Y, őŕěàăâőà U ∈ QN^{dual}_q (X, Y ) âăłĺě, çâő X őąńăďăěâ áćőľáâćőň BAP, π^{dual}_q (U) = 1 ĺ U ŋě ïćńïěâáï ŕàěďěńőň łőŋěçŋőňěàŋëå őŕěàăâőàőć ˘, á ŋőàňăňĺ ‖˘‖ 6 C, ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ.

2) Ďńï łăęďőčő C > 0 ĺ ńîąőčő q < 2 áãéěáâćãěâ ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő X ĺ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő Y, őŕěàăâőà U ∈ QN^{dual}_1 (X, Y ) âăłĺě, çâő X őąńăďăěâ áćőľáâćőň BAP, π^{dual}_1 (U) = 1 ĺ U ŋě ïćńïěâáï ŕàěďěńőň łőŋěçŋőňěàŋëå őŕěàăâőàőć ˘, á ŋőàňăňĺ π^{dual}_q (˘) 6 C, ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ.

Śńěďáâćĺě 4.18. 1) Ďńï łăęďőčő δ > 0 ĺ ńîąőčő p < 2 áãéěáâćãěâ ćŕőńŋě áěŕă-

àăąěńìŋőě ŕàőáâàăŋáâćő X, áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő Y ĺ őŕěàăâőà T ∈ Y^∗ ⊗ X âăłĺě, çâő X őąńăďăěâ áćőľáâćőň BAP, ‖T ‖_Np_{(Y,X)} = 1 ĺ ‖T ‖_I1_{(Y,X} ∗∗_) < δ. 2) Ďńï łăęďőčő δ > 0 ĺ ńîąőčő p > 2 áãéěáâćãěâ ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő X, áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő Y ĺ őŕěàăâőà T ∈ Y^∗⊗X âăłĺě, çâő X őąńăďăěâ áćőľáâćőň BAP, ‖T ‖_N∞_{(Y,X)} = 1 ĺ ‖T ‖_Ip_{(Y,X} ∗∗_) < δ.

Śńěďáâćĺě 4.19. Ďńï łăęďőčő C > 0 ĺ ďńï ńîąőčő p > 1, p ≠ 2 áãéěáâćãěâ

ćŕőńŋě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő X áő áćőľáâćőň C-MAP^{dual}_p âăłőě, çâő X ŋě őąńăďăěâ áćőľáâćőň C_0-MAP^{dual}, ěáńĺ C_0 < C.

Ŕàĺňěŋĺň âěŕěàì âěőàěňã 4.16 ďńï ďőłăğăâěńìáâćă ŋěłőâőàëå äăłâőć ĺğ [25, §4], ă âăłęě ďńï ŕőńãçěŋĺï ďőŕőńŋĺâěńìŋőľ ĺŋäőàňăæĺĺ ő ćőğňőęŋőáâĺ ăŕŕàőłáĺňăæĺĺ ˝^{dual}_r -őŕěàăâőàőć ć ŋěłőâőàëå âőŕőńőčĺïå.

Šěőàěňă 4.20. 1) Ďńï łăęďőčő q > 2 áãéěáâćãîâ ćŕőńŋě áěŕăàăąěńìŋőě ŕàő-

áâàăŋáâćő X áő áćőľáâćőň AP, áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő Y ĺ őŕěàăâőà U ∈ QN^{dual}_q (X, Y ) âăłĺě, çâő

(i) U ńěęĺâ ć ğăňëłăŋĺĺ ňŋőęěáâćă X^∗ ⊗ Y ć QN^{dual}_q (X, Y ) ć âőŕőńőčĺĺ σ ( QN^{dual}_q (X, Y ), Y^∗ ^⊗^{q′} X ) (áńěďőćăâěńìŋő, ĺ ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ), ŋő

(ii) ďńï ćáïłőčő C < ∞ U ŋě ïćńïěâáï ŕàěďěńőň, ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ, łőŋěçŋőňěàŋëå őŕěàăâőàőć ˘, ŋőàňë łőâőàëå ‖˘‖ 6 C.

2) Śãéěáâćãîâ ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő X áő áćőľáâćőň AP, áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő Y ĺ őŕěàăâőà U ∈ QN^{dual}_1 (X, Y ) âăłĺě, çâő (i) U ∈ X^∗ ^⊗^2Y (őçěćĺďŋő), ŋő (ii) ěáńĺ q < 2, âő ďńï ćáïłőčő C > 0 U ŋě ïćńïěâáï ŕàěďěńőň, ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ, łőŋěçŋőňěàŋëå őŕěàăâőàőć ˘, ďńï łőâőàëå π^{dual}_q (˘) 6 C. Ďőłăğăâěńìáâćő. 1) Ĺáŕőńìğãï áńěďáâćĺě 4.17,1), ŕőáâàőĺň ďńï łăęďőčő n ∈ N âăłĺě ąăŋăåőćë ŕàőáâàăŋáâćă X_n, Y_n ĺ őŕěàăâőà U_n ∈ QN^{dual}_q (X_n, Y_n), çâő X_n ∈ BAP, π^{dual}_q (U_n) < 2^{−n} ĺ U ŋě ńěęĺâ ć ğăňëłăŋĺĺ ňŋőęěáâćă łőŋěçŋőňěàŋëå őŕěàăâőàőć φ á ŋőàňăňĺ ‖φ‖ 6 n ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ. Ŕőńőęĺň X := ( ∑ X_n)_{l2} , Y := ( ∑ Y_n)_{l2} , U := ⊕U_n. §áŋő, çâő âàőľłă (X, Y, U) ãďőćńěâćőàïěâ ãáńőćĺî (ii) ĺ X őąńăďăěâ áćőľáâćőň ăŕŕàőłáĺňăæĺĺ. Ĺğ ŕőáńěďŋěčő ćëâěłăěâ, çâő łăŋőŋĺçěáłőě őâőąàăęěŋĺě Y^∗ ^⊗^{q′} X → N^{q′} (Y, X) ĺňěěâ âàĺćĺăńìŋőě ïďàő. Śńěďőćăâěńìŋő, ňŋőęěáâćő X^∗ ⊗ Y ŕńőâŋő ć áőŕàïęěŋŋőň ł Y^∗ ^⊗^{q′} X ŕàőáâàăŋáâćě^1 QN^{dual}_q (X, Y ) ć^∗-áńăąőľ âőŕőńőčĺĺ (ć ŕàőâĺćŋőň áńãçăě, ŕő âěőàěňě

1Ŕàőáâàăŋáâćő Y àěäńěłáĺćŋő, ŕőíâőňã ˝q(Y^�, X^�) = QN_q(Y^�, X^�).

Ţăŋă-Ąăŋăåă, ŋăľďěâáï ŋěŋãńěćőľ âěŋğőàŋëľ íńěňěŋâ ĺğ Y^∗ ^⊗^{q′} X, ŕőàőęďăîéĺľ ŋãńěćőľ őŕěàăâőà).

2) Ăŋăńőčĺçŋő, ĺáŕőńìğãï çăáâì 2) áńěďáâćĺï 4.17, ŋăľďěň ďńï łăłőľ-ńĺąő ŕőáńěďőćăâěńìŋőáâĺ q_n < 2, q_n ↗ 2, ąăŋăåőćë ŕàőáâàăŋáâćă X_n, Y_n ĺ őŕěàăâőàë U_n ∈ QN^{dual}_1 (X_n, Y_n), őąńăďăîéĺě áńěďãîéĺňĺ áćőľáâćăňĺ: X_n ∈ BAP, π^{dual}_1 (U_n) < 2^{−n} ĺ U_n ńěęĺâ ć ğăňëłăŋĺĺ ňŋőęěáâćă łőŋěçŋőňěàŋëå őŕěàăâőàőć φ á ŋőàňăňĺ π^{dual}_{qn} (φ) 6 n ć âőŕőńőčĺĺ łőňŕăłâŋőľ áåőďĺňőáâĺ. Ŕőńăčăï X := ( ∑ X_n)_{l2} , Y := ( ∑ Y_n)_{l2} ĺ U := ⊕U_n, ňë ŕőńãçăěň ŋãęŋãî ŋăň âàőľłã (X, Y, U). �

Šěőàěňă 4.21. 1) Śãéěáâćãîâ ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő X áő áćőľ-

áâćőň AP, áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő Y ĺ őŕěàăâőà T ∈ L(Y, X) âăłĺě, çâő ďńï łăęďőčő p ∈ [1, 2) T /∈ N^p(Y, X), ŋő π_X T ∈ N_1(Y, X^{∗∗}); ąőńěě âőčő, áãéěáâćãěâ âăłăï ŕőáńěďőćăâěńìŋőáâì (T_n) łőŋěçŋőňěàŋëå őŕěàăâőàőć ć Y^∗ ⊗X, çâő T_n → T ŕő ŋőàňě, ĺŋďãæĺàőćăŋŋőľ ĺğ N_1(Y, X^{∗∗}).

2) Śãéěáâćãîâ ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő X áő áćőľáâćőň AP, áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő Y ĺ őŕěàăâőà T ∈ L(Y, X) âăłĺě, çâő T ŋě äăłâőàĺğãěâáï ŋĺ çěàěğ łăłőě ŕàőáâàăŋáâćő L_1(μ) (áńěďőćăâěńìŋő, ŋě ńěęĺâ ć N^r, ěáńĺ r ∈ [1, ∞]), ŋő ďńï łăęďőčő p ∈ (2, ∞] π_X T ∈ N^p(Y, X^{∗∗}); ąőńěě âőčő, áãéěáâćãěâ âăłăï ŕőáńěďőćăâěńìŋőáâì {T_n} łőŋěçŋőňěàŋëå őŕěàăâőàőć ć Y^∗ ⊗ X, çâő T_n → T ŕő ńîąőľ ĺğ ŋőàň ν^p, p > 2, ĺŋďãæĺàőćăŋŋëå ĺğ N^p(Y, X^{∗∗}).

Ďőłăğăâěńìáâćő. 1) Ŕãáâì p_n < 2, n = 1, 2, . . . , ĺ p_n ↗ 2. Ĺáŕőńìğãï áńěďáâćĺě 4.18,1), ŋăľďěň âăłĺě ąăŋăåőćë ŕàőáâàăŋáâćă X_n, Y_n ĺ łőŋěçŋőňěàŋëľ őŕěàăâőà T_n ∈ Y^∗_n ⊗ X_n, çâő X_n ∈ BAP, ‖T_n‖_Npn_{(Yn,Xn)} > n ĺ ‖T_n‖_I1_{(Yn,X} ∗∗_{n )} 6 2^{−n}. Ŕőńăčăï X := ( ∑ X_n)_{l2} , Y := ( ∑ Y_n)_{l2} ĺ T := ⊕T_n, ňë ŕőńãçăěň ŋãęŋãî ŋăň âàőľłã (X, Y, T ). 2) Ŕãáâì p_n > 2, n = 1, 2, . . . , ĺ p_n ↘ 2. Ĺáŕőńìğãï áńěďáâćĺě 4.18,2), ŋăľďěň âăłĺě ąăŋăåőćë ŕàőáâàăŋáâćă X_n, Y_n ĺ łőŋěçŋőňěàŋëľ őŕěàăâőà T_n ∈ Y^∗_n ⊗ X_n, çâő X_n ∈ BAP, ‖T_n‖_N∞_{(Yn,Xn)} > n ĺ ‖T_n‖_Ipn_{(Yn ,X} ∗∗_{n )} 6 2^{−n}. Ěáńĺ ňë ŕőńőęĺň X := ( ∑ X_n)_{l2} , Y := ( ∑ Y_n)_{l2} ĺ T := ⊕T_n, âő ŕőńãçĺň őŕěàăâőà T, ŋě äăłâőàĺğãěňëľ ŋĺ çěàěğ łăłőě ŕàőáâàăŋáâćő L_1(μ), ŋő ćâőàőľ áőŕàïęěŋŋëľ ł łőâőàőňã ńěęĺâ ć N^p ďńï łăęďőčő p > 2, âăł łăł p_n → 2. � Śńěďáâćĺě 4.22. Śãéěáâćãěâ ąăŋăåőćő ŕàőáâàăŋáâćő áő áćőľáâćőň AP (áńěďő-

ćăâěńìŋő, áő áćőľáâćőň AP^{dual}_p ďńï łăęďőčő p ∈ [1, ∞]), ŋě őąńăďăîéěě áćőľáâćőň BAP^{dual}_p ŋĺ ďńï łăłőčő p, p ≠ 2. �

Šăł łăł I^p(Y, Z) = N^p(Y, Z), ěáńĺ ŕàőáâàăŋáâćő Z ćŕőńŋě áěŕăàăąěńìŋő (áň. áńěďáâćĺě 2.4), âő ĺğ âěőàěňë 4.21 ňë, ć çăáâŋőáâĺ, ŕőńãçăěň:

Śńěďáâćĺě 4.23. Ďńï łăęďőčő p ≠ 2 áãéěáâćãěâ I^{dual}_p -őŕěàăâőà, ŋě ńěęăéĺľ ć

ĺďěăńě I^p . �

Śńěďáâćĺě 4.24. Ďńï łăęďőčő p ≠ 2 áãéěáâćãěâ ŋě N^p-őŕěàăâőà á p-ïďěàŋëň

áőŕàïęěŋŋëň, ăŕŕàőłáĺňĺàãěňëľ łőŋěçŋőňěàŋëňĺ ŕő N^{dual}_p -ŋőàňě. �

Śńěďáâćĺě 4.25. Śãéěáâćãěâ őŕěàăâőà, ŋě äăłâőàĺğãěňëľ ŋĺ çěàěğ łăłőě ŕàő-

áâàăŋáâćő L_1(μ), ćâőàőľ áőŕàïęěŋŋëľ ł łőâőàőňã łőňŕăłâŋő äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_1 ĺ łőâőàëľ ăŕŕàőłáĺňĺàãěâáï łőŋěçŋőňěàŋëňĺ ŕő N^{dual}_∞ - ŋőàňě. �

§5. Ĺğőňěâàĺçěáłĺě ŋěáîàêěłâĺćŋëě ćńőęěŋĺï N^p(X, Y ) ć (N^p)^{reg}(X, Y ) Ć íâőň ŕăàăčàăäě ňë ŕàĺćěďěň, ć ŋěłőâőàőň áňëáńě, ăńìâěàŋăâĺćã çăáâĺ àěğãńìâăâőć ŕàěďëďãéěčő àăğďěńă. Ňë ãáâăŋőćĺň, ć çăáâŋőáâĺ, çâő áãéěáâćãîâ ďőáâăâőçŋő åőàőèĺě ŕàőáâàăŋáâćă X, Y (ŋăŕàĺňěà, Y^{∗∗} á ąăğĺáőň), ďńï łőâőàëå ěáâěáâćěŋŋëě ćńőęěŋĺï N^p(X, Y ) ć (N^p)^{reg}(X, Y ) ŋě ïćńïîâáï őâőąàăęěŋĺïňĺ "ŋă" (íâĺ ćńőęěŋĺï ĺğőňěâàĺçěáłĺě, ŕőáłőńìłã Y^{∗∗} ∈ MAP).

Šěőàěňă 5.1. 1) Śãéěáâćãîâ âăłĺě áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő

F, ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő Z ĺ őŕěàăâőàë T ∈ L(F, Z), U ∈ ⋂ q>2 QN^{dual}_q (Z^{∗∗}, F )

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 âăłĺě áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő F, ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő Z, őŕěàăâőàë T ∈ L(F, Z) ĺ U ∈ QN^{dual}_1 (Z^{∗∗}, F ), çâő Z^{∗∗} ĺňěěâ ąăğĺá, U|Z = 0, trace UT^{∗∗} = 1, T ∈ N^{dual}_s (F, Z) ĺ T /∈ N^∞(F, Z). 3) Ŕãáâì 1 < p < 2 ĺ 1/α = 1/2+1/p. Śãéěáâćãîâ äăłâőàŕàőáâàăŋáâćő E ŕàőáâàăŋáâćă l_p, áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ŕàőáâàăŋáâćő F, ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő Z, őŕěàăâőàë T ∈ L(F, Z), U ∈ ⋂ s>p^′ QN dual

s (Z^{∗∗}, F ) ĺ äăłâőàőâőąàăęěŋĺě ˘ : Z^{∗∗} → E, őąńăďăîéĺě áńěďãîéĺňĺ áćőľáâćăňĺ:

(i) Z^{∗∗} ĺňěěâ ąăğĺá, ŕőďŕàőáâàăŋáâćő ˘^∗(E^∗) ďőŕőńŋïěňő ć Z^{∗∗∗}, Ker ˘ = Z; (ii) trace UT^{∗∗} = 1, U|Z = 0;

(iii) T ∈ N_α(F, Z^{∗∗}), ŋő T /∈ N^q(F, Z), łăłőćő ąë ŋě ąëńő q < p; á ďàãčőľ áâőàőŋë, T ∈ N^p(F, Z). Ďőłăğăâěńìáâćő. 1). Ŕő âěőàěňě 4.7,3), áãéěáâćãîâ ďćă áěŕăàăąěńìŋëå àěäńěłáĺćŋëå ąăŋăåőćëå ŕàőáâàăŋáâćă F, G, őŕěàăâőà U_0 ∈ ⋂ q>2 QN^{dual}_q (G, F ) ĺ íńěňěŋâ w_0 ∈ F^∗ ^⊗_1G âăłĺě, çâő trace w_0 ∘ U_0 = 1 ĺ trace w_0 ∘ φ = 0 ďńï łăęďőčő φ ∈ E^∗ ⊗ F (â.ě. ~w_0 = 0). Ŕãáâì Z ĺ ˘ : Z^{∗∗} → E | ĺğ ńěňňë 1.3, ŕàĺňěŋěŋŋőľ ł ŕàőáâàăŋáâćã E = G. Ŕőńőęĺň U = U_0˘, ĺ ŕãáâì T ∈ N_1(F, Z^{∗∗}) | âăłőľ őŕěàăâőà, çâő ˘ ∘ T = w_0 (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 ˘ = πZ, âő T (F ) ⊂ Ker ˘ = πZ, â.ě. T ∈ L (F, Z). Ŋăłőŋěæ, ěáńĺ T ∈ N^p(F, Z) ŕàĺ p < 2, âő ďńï ŕàőĺğćőńìŋőčő N^p-ŕàěďáâăćńěŋĺï T ć ćĺďě ∑ f^′_n ⊗ z_n ĺňěěň:

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

2). Ćőáŕőńìğőćăćèĺáì áńěďáâćĺěň 4.11, ŋăľďěň âăłĺě áěŕăàăąěńìŋëě àěäńěłáĺćŋëě ąăŋăåőćë ŕàőáâàăŋáâćă E, F, őŕěàăâőà U_0 ∈ QN^{dual}_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 ˘ : Z^{∗∗} → E ĺğ ńěňňë 1.3 ĺ ŕőńőęĺň U = U_0˘. Őŕàěďěńĺň őŕěàăâőà T ∈ N^s(F, Z^{∗∗}), T := ∑ f^′_n ⊗ z^{′′}_n, âăłĺň őąàăğőň, çâőąë ąëńő ćěàŋő àăćěŋáâćő ˘T = z. 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(Z^{∗∗}, F )). 3). Ŕãáâì E, F, z ∈ F^∗ ^⊗_αE, V ∈ ⋂ s>p^′ QN dual

s | ĺğ âěőàěňë 4.7,4), âăł çâő trace V ∘ z = 1 ĺ ~z = 0. Ŕãáâì, ďăńěě, Z ĺ ˘ : Z^{∗∗} → E | ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő ĺ äăłâőàőâőąàăęěŋĺě, ŕőáâàőěŋŋëě ďńï ŕàőáâàăŋáâćă E áőčńăáŋő ńěňňě 1.3. Ŕőńőęĺň U := V ˘ : Z^{∗∗} → E → F. Ěáńĺ z = ∑ λ_j f^′_j ⊗ e_j | ŕàěďáâăćńěŋĺě ďńï z ć ŕàőáâàăŋáâćě F^∗ ^⊗_αE, čďě ŕőńőęĺâěńìŋăï ŕőáńěďőćăâěńìŋőáâì (λ_j ) ńěęĺâ ć l_α, ă ŕőáńěďőćăâěńìŋőáâĺ (f^′_j ) ĺ (e_j ) őčàăŋĺçěŋë, ćőğìňěň âăłãî őčàăŋĺçěŋŋãî ć Z^{∗∗} ŕőáńěďőćăâěńìŋőáâì (z^{′′}_j ), çâő ˘z^{′′}_j = e_j ďńï łăęďőčő j. Ŕőáłőńìłã ˘T = ~z = 0, âő T (F ) ⊂ π_Z Z = Z. Łàőňě âőčő, âăł łăł Ker ˘ = Z, âő U|Z = 0. Ďăńěě, trace U ∘ T = ∑ λ_j ⟨f^′_j , Uz^{′′}_j ⟩ = ∑ λ_j ⟨f^′_j , V e_j ⟩ = trace V ∘ z = 1. Ś ďàãčőľ áâőàőŋë, ěáńĺ ąë őŕěàăâőà T ŕàĺŋăďńěęăń ŕàőáâàăŋáâćã N^q(F, Z) ďńï ŋěłőâőàőčő q < p, âő, ć áĺńã àăćěŋáâćă U|Z = 0, áńěď trace U ∘ T àăćŋïńáï ąë ŋãńî. Šăłĺň őąàăğőň, őçěćĺďŋő, T^{∗∗} ∈ N_α(F, Z^{∗∗}), ŋő T /∈ N^q(F, Z) ŋĺ ďńï łăłőčő q < p. Šőâ äăłâ, çâő őŕěàăâőà T : F → Z ńěęĺâ ć ĺďěăńě N^p ćëâěłăěâ ĺğ őąéĺå áőőąàăęěŋĺľ (ŋăďő ŋăďńěęăéĺň őąàăğőň àăğńőęĺâì ŕőáńěďőćăâěńìŋőáâì (λ_j ) ŋă ňŋőęĺâěńĺ, ĺáŕőńìğãï áőőâŋőèěŋĺě 1/α = 1/p + 1/2). � Śńěďáâćĺě 5.2. 1) Śãéěáâćãîâ âăłĺě ćŕőńŋě áěŕăàăąěńìŋëě ŕàőáâàăŋáâćă W,

Z ĺ őŕěàăâőà T ∈ L(W, Z), çâő W ĺ Z^{∗∗} ĺňěîâ ąăğĺáë, T^∗ ∈ N_1(Z^∗, W^∗), ŋő T /∈ N^p(W, Z), ěáńĺ p < 2. 2) Ďńï łăęďőčő s > 2 áãéěáâćãîâ âăłĺě ćŕőńŋě áěŕăàăąěńìŋëě ŕàőáâàăŋáâćă W ĺ Z, ĺ őŕěàăâőà T ∈ L(W, Z), çâő W ĺ Z^{∗∗} ĺňěîâ ąăğĺáë, T^∗ ∈ N_s(Z^∗, W^∗), ŋő T ŋě äăłâőàĺğãěâáï ŋĺ çěàěğ łăłőě ŕàőáâàăŋáâćő L^1(μ).

Ďńï ďőłăğăâěńìáâćăďőáâăâőçŋő ŕàĺňěŋĺâì ł ŕàőáâàăŋáâćã F ĺğ ŕàěďëďãéěľ âěőàěňë ńěňňã Ńĺŋďěŋèâàăãááă 1.2 ĺ ćőáŕőńìğőćăâìáï (ďńï ãáâăŋőćńěŋĺï áăňőčő ŕőáńěďŋěčő ãâćěàęďěŋĺï áńěďáâćĺï) âěň äăłâőň, çâő ŕàőáâàăŋáâćő Z őąńăďăěâ áćőľáâćőň Řăďőŋă-Ŋĺłőďĺňă: ěáńĺ őŕěàăâőà T ŕàěďáâăćĺň ć ćĺďě ŕàőĺğćěďěŋĺï AB, čďě A ∈ L(L_1(μ), Z) ĺ B ∈ L(W, L_1(μ)), âő őŕěàăâőà A äăłâőàĺğãěâáï çěàěğ ŕàőáâàăŋáâćő l_1 łăł ćáïłĺľ őŕěàăâőà, ďěľáâćãîéĺľ ĺğ L_1(μ) ć ŕàőáâàăŋáâćő áő áćőľáâćőň Řăďőŋă-Ŋĺłőďĺňă. Ŋăłőŋěæ, őŕěàăâőà B ąãďěâ áńăąő łőňŕăłâŋëň ć áĺńã àěäńěłáĺćŋőáâĺ ŕàőáâàăŋáâćă F ĺ âőčő, çâő ć łőŋáâàãłæĺĺ ĺğ ńěňňë 1.2 áőŕàïęěŋŋőě ł áőőâćěâáâćãîéěňã äăłâőàőâőąàăęěŋĺî ďőŕőńŋïěňő ćłńăďëćăěâ F^∗ ć ŕàőáâàăŋáâćő W^∗. Ŕàőáâàăŋáâćő l_1 őąńăďăěâ áćőľáâćőň Ÿãàă, ĺ ŕőíâőňã őŕěàăâőà AB ąãďěâ N^∞-őŕěàăâőàőň ćőŕàěłĺ ãâćěàęďěŋĺî 2) âěőàěňë 5.1. �

Śńěďáâćĺě 5.3. Śãéěáâćãěâ áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő V, ĺňěîéěě ąăğĺá ĺ

âăłőě, çâő ďńï łăęďőčő p > 1, p ≠ 2, áãéěáâćãěâ őŕěàăâőà T ∈ L(V, V ), ďńï łőâőàőčő T^∗ ∈ N_p(V^∗, V^∗), ŋő T /∈ N^p(V, V ).

Ďńï ďőłăğăâěńìáâćăŋăďő áńőęĺâì ŕő âĺŕã l_2 ŕőáńěďőćăâěńìŋőáâĺ ŕőďåőďïéĺå ŕàőáâàăŋáâć ĺ őŕěàăâőàőć, ŕàěďőáâăćńïěňëå ŕàěďëďãéĺň áńěďáâćĺěň. �

Ĺğ áńěďáâćĺï 5.2 ňë âăłęě ŕőńãçăěň:

Śńěďáâćĺě 5.4. Ĺďěăń łőŋěçŋőňěàŋëå őŕěàăâőàőć ćłńăďëćăěâáï ć łăęďëľ ĺğ

ĺďěăńőć (N^r )^{reg}, 2/3 < r ≠ 2 6 ∞ ŋě ŕńőâŋő. Šăłĺň őąàăğőň, ŋĺ őďĺŋ ĺğ ĺďěăńőć N^r, 2/3 < r ≠ 2 6 ∞ ŋě âőńìłő ŋě ïćńïěâáï àěčãńïàŋëň, ŋő ĺ ŋě ňĺŋĺňăńěŋ.

Ďőłăğăâěńìáâćő. Śŕàăćěďńĺćőáâì ãâćěàęďěŋĺï ďńï r ∈ [1, ∞] \ {2} ćëâěłăěâ ŋěŕőáàěďáâćěŋŋő ĺğ âěőàěňë 5.1, ŕŕ. 1) ĺ 2) (ćáě ďěńő ć âőň, çâő ćâőàőě áőŕàïęěŋŋőě Z^{∗∗} ĺňěěâ áćőľáâćő ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ). Ůâő łăáăěâáï áńãçăï, łőčďă 2/3 < r < 1 (ć âěőàěňě 5.1, ŕ. 3), íâőňã áőőâćěâáâćãěâ ĺğňěŋěŋĺě ŕăàăňěâàă α őâ 2/3 ďő 1), âő ğďěáì ŋăďő ŕőáâãŕăâì âăł.

Ŕãáâì ňë ŋăåőďĺňáï ć ãáńőćĺïå ãâćěàęďěŋĺï 3) ĺğ âěőàěňë 5.1 3. Ěáńĺ őŕěàăâőà T, ńěęăéĺľ ć ĺďěăńě N^{reg}_α , ŕàĺąńĺęăńáï ąë őŕěàăâőàăňĺ ĺğ ŕàőáâàăŋáâćă F^∗ ⊗Z ŕő ν^{reg}_α -ŋőàňě, âő âěň ąőńěě őŋ ŕàĺąńĺęăńáï ąë áőőâćěâáâćãîéĺňĺ łőŋěçŋőňěàŋëňĺ őŕěàăâőàăňĺ ŕő ŋőàňě ν^{reg}_1 . Ŋő ěáâěáâćěŋŋőě ćńőęěŋĺě ŕàőáâàăŋáâćă F^∗ ^⊗_1Z ć ŕàőáâàăŋáâćő F^∗ ^⊗_1Z^{∗∗} ĺğőňěâàĺçŋő, ă ŕőáłőńìłã ć Z^{∗∗} ĺňěěâáï áćőľáâćő ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ, âő ĺğőňěâàĺçŋő ĺ ěáâěáâćěŋŋőě ćńőęěŋĺě ŕàőáâàăŋáâćă N_1((F, Z) ć őŕěàăâőàŋőě ŕàőáâàăŋáâćő N_1(F, Z^{∗∗}). Šăłĺň őąàăğőň, ć àăááňăâàĺćăěňőľ áĺâãăæĺĺ ğăňëłăŋĺě ňŋőęěáâćă F^∗ ⊗ Z ⊂ N_1(F, Z) áőďěàęăńő ąë őŕěàăâőà T, ĺ őŋ ąëń ąë ïďěàŋëň; ŋő őŋ ŋě ïćńïěâáï ďăęě (p − ε)-ïďěàŋëň, ěáńĺ 1/α = 1/2 + 1/p ĺ 1 < p − ε < p. � Ĺğ ŕàĺćěďěŋŋëå âőńìłő çâő àăááãęďěŋĺľ, áńěďãěâ, ňěęďã ŕàőçĺň, çâő ĺďěăń łőŋěçŋőňěàŋëå őŕěàăâőàőć ŋě ŕńőâěŋ ć N^{reg}_α , 2/3 < α < 1, ďăęě ŕő ν^q- ĺ ν_qŋőàňăň, ěáńĺ âőńìłő 1/α < 1/q + 1/2.

Ğăňěçăŋĺě 5.5. Ŋěàěčãńïàŋőáâì ĺďěăńă N1 ćŕěàćëě ãáâăŋőćńěŋă ć [7]. Ŋěàěčãńïàŋőáâì ĺďěăńă N_r ŕàĺ 1 6 r ≠ 2 6 ∞ ąëńă ďőłăğăŋă ć [28, 25]. Ć àăąőâě [26] íâőâ äăłâ ąëń àăáŕàőáâàăŋěŋ ŋă ćáě ĺďěăńë N_r, 2/3 < r ≠ 2 6 ∞. Ć [31] ąëńő ŕőłăğăŋő, çâő ćáě ĺďěăńë N_p ŕàĺ 2/3 < r ≠ 2 6 ∞ ŋě ňĺŋĺňăńìŋë, ĺ çâő łőŋěçŋőňěàŋëě őŕěàăâőàë ŋě ŕńőâŋë ć ŋĺå. Ć [29] ŕőńãçěŋă ŋěàěčãńïàŋőáâì ĺďěăńőć N^p, 1 6 r ≠ 2 6 ∞. Ďăŋŋăï àăąőâă áâăćĺâ ŋěłőâőàãî âőçłã (ĺńĺ âőçłã á ğăŕïâőľ?) ć àăááňőâàěŋĺĺ áőőâćěâáâćãîéĺå ćőŕàőáőć ć èłăńăå r-ïďěàŋëå ĺ ďãăńìŋő r-ïďěàŋëå őŕěàăâőàőć. Őďŋăłő, őáâăěâáï őâłàëâëň ěéě ćőŕàőá (åőâï ąë) ő àěčãńïàŋőáâĺ ĺďěăńőć łőňŕăłâŋő p-äăłâőàĺğãěňëå őŕěàăâőàőć, ł àăááňőâàěŋĺî łőâőàőčő ňë ŕěàěľďěň çěàěğ ŋěáłőńìłő áâàăŋĺæ (áň. âăłęě [30]).

Ć ňőŋőčàăäĺĺ [18], áàěďĺ ąőńìèőčő çĺáńă âăł ŋăğëćăěňëå âěőàěň ãňŋőęěŋĺï őŕěàăâőàŋëå ĺďěăńőć ňőęŋő ŋăľâĺ àïď àěğãńìâăâőć, ć łőâőàëå ãçăáâćãěâ àěčãńïàŋăï őąőńőçłă âőčő ĺńĺ ĺŋőčő ŋőàňĺàőćăŋŋőčő ĺďěăńă. İâő ćŕőńŋě ěáâěáâćěŋŋő, ŕőáłőńìłã ŋě łăęďëľ, ďăęě ňĺŋĺňăńìŋëľ, őŕěàăâőàŋëľ ĺďěăń àěčãńïàěŋ; ĺ ŕőâőňã ŋě ćáěčďă ãďăěâáï ŕőłăğăâì, çâő ŕěàěňŋőęăï ďćă őŕěàăâőàă ĺğ łńăááĺçěáłĺå (ďăęě ćğăĺňŋő áőŕàïęěŋŋëå ďàãč ł ďàãčã) őŕěàăâőàŋëå ĺďěăńőć, ňë ŕőńãçĺň őŕěàăâőà, łőâőàëľ ćàőďě ąë ďőńęěŋ ńěęăâì ć âăłőň-âő ĺďěăńě, ă ŋě âőńìłő ć ěčő àěčãńïàŋőľ őąőńőçłě. Őďĺŋ ĺğ ŋěâàĺćĺăńìŋëå ŕàĺňěàőć | [18], âěőàěňă 24.6.4, áőőâŋőèěŋĺě (3), łőâőàăï ãâćěàęďăěâ, ŋăŕàĺňěà, çâő ďńï p ∈ (1, ∞) ćáěčďă ĺňěěâ ňěáâő ćłńîçěŋĺě I^{Gr}_p ∘˝_p′ ⊂ N^{reg}_1 .

Ć íâőľ àăąőâě őďĺŋ ĺğ őáŋőćŋëå őąêěłâőć ĺááńěďőćăŋĺï, | ĺďěăń ďãăńìŋő pïďěàŋëå őŕěàăâőàőć N^p . Ŕőíâőňã ĺňěŋŋő ďńï ŋěčő, ňë ŕàĺćěďěň ŋěâàãďŋëľ ăŋăńőč ãŕőňïŋãâőľ âěőàěňë ĺğ [18]. Ŋăŕőňŋĺň, çâő ćłńîçěŋĺě [A_1, a_1] ⊂ [A_2, a_2] ďńï ďćãå łćăğĺŋőàňĺàőćăŋŋëå ĺďěăńőć őğŋăçăěâ âěőàěâĺłő-ňŋőęěáâćěŋŋőě ćłńîçěŋĺě á ŋěàăćěŋáâćőň a_2 6 a_1 ďńï áőőâćěâáâćãîéĺå łćăğĺŋőàň. Ŕàěďńőęěŋĺě 5.6. Ŕãáâì 1 < r, s < ∞ ĺ 1/r + 1/s = 1/p 6 1. Šőčďă

[˝^{dual}_r , π^{dual}_r ] ∘ [˝^{dual}_s , π^{dual}_s ] ⊂ [(N^p)^{sur}, (ν^p)^{sur}] (1) [I^r_{Gr}, i^r_{Gr}] ∘ [˝^{dual}_s , π^{dual}_s ] ⊂ [(N^p)^{reg}, (ν^p)^{reg}], (2) [˝^{dual}_r , π^{dual}_r ] ∘ [I^s_{Gr}, i^s_{Gr}] ⊂ [N^p, ν^p]. (3) Ďőłăğăâěńìáâćő. Ĺďěăńë ˝_q ĺŋêěłâĺćŋë, ŕőíâőňã ĺďěăńë ˝^{dual}_q áîàêěłâĺćŋë. Ŕěàěåőďï ł áîàêěłâĺćŋëň őąőńőçłăň ć (3), ňë ćĺďĺň, çâő (1) ěáâì áńěďáâćĺě (3).

Ďńï ďőłăğăâěńìáâćă (2) ňë áŋăçăńă ŕàĺćěďěň ŕàăćĺńìŋãî äőàňãńã ďńï [18, âěőàěňă 24.6.4, (2)], | íâő őďŋő ĺğ ďćãå áőőâŋőèěŋĺľ, ãłăğăŋŋëå ć äőàňãńĺàőćłě âěőàěňë 24.6.4 ć [18] á őŕěçăâłőľ! Ŋăďő ŋăďěïâìáï, çâő ć őàĺčĺŋăńě [19] íâĺå ďćãå őŕěçăâőł (áň. äőàňãńë (2) ĺ (3) ć âěőàěňě 24.6.4) ŋěâ. Ďőłăğăâěńìáâćă ć [18] âěå äőàňãń, łőâőàëě ĺňěńĺáì ć ćĺďã ăćâőàőň ňőŋőčàăäĺĺ, őďŋăłő, áőćěàèěŋŋő âőçŋë. Ćőâ ďőłăğăŋŋőě ć [18] áőőâŋőèěŋĺě (2):

[˝_r, π_r ] ∘ [I^{Gr}_s , i^{Gr}_s ] ⊂ [N_p, ν_p].

Ĺğ ŋěčő ćëâěłăěâ ćłńîçěŋĺě

[I^r_{Gr}, i^r_{Gr}] ∘ [˝^{dual}_s , π^{dual}_s ] ⊂ [N^{dual}_p , ν^{dual}_p ] ⊂ [(N^p)^{reg}, (ν^p)^{reg}].

Šěŕěàì | ŕàăćĺńìŋăï äőàňãńă ďńï áőőâŋőèěŋĺï (3) ĺğ [18]:

( 3^′) [I^{Gr}_r , i^{Gr}_r ] ∘ [˝_s, π_s] ⊂ [N_p, ν_p]^{reg}.

Ňë čőâőćë ďőłăğăâì (3).

Ŕãáâì S ∈ I^s_{Gr}(Z, X), T ∈ ˝^{dual}_r (X, Y ). Šăł łăł T^∗ ∈ ˝_r (Y^∗, X^∗), âő, ŕő äăłâőàĺğăæĺőŋŋőľ âěőàěňě Ŕĺçă ďńï âăłĺå őŕěàăâőàőć, ďńï łăęďőčő ε > 0 őŕěàăâőà T^∗ ŕàěďáâăćĺň łăł ŕàőĺğćěďěŋĺě A^∗B^∗ őŕěàăâőàőć A^∗ ĺ B^∗, čďě, ďńï ŋěłőâőàőčő àěäńěłáĺćŋőčő ŕàőáâàăŋáâćă F, A ∈ L(X, F ) á ŋőàňőľ ‖A‖ = 1 ĺ B ∈ ˝^{dual}_r (F, Y ) á ŋőàňőľ π^{dual}_r (B) < (1 + ε)π_r (T^∗) = (1 + ε)π^{dual}_r (T ) (áŋăçăńă ňë ŕőńãçăěň őŕěàăâőà B_0 ∈ ˝^{dual}_r (F, Y^{∗∗}), ă ğăâěň, áãęăï ěčő ŋă ğăňëłăŋĺě őąàăğă őŕěàăâőàă A, ĺ őŕěàăâőà B). Ŕő áńěďáâćĺî 2.4, őŕěàăâőà AS ŕàĺŋăďńěęĺâ ĺďěăńã N^s ĺ, ğŋăçĺâ, ďőŕãáłăěâ äăłâőàĺğăæĺî ćĺďă B_1´A_1 (áň. ďĺăčàăňňã 5.1), ć łőâőàőľ ‖B_1‖ = 1, ‖A_1‖ = 1 ĺ ν^s(´) < (1 + ε)ν^s(AS) 6 (1 + ε)i^s_{Gr}(S). Z^{A1}−−→ l_s′^Δ−→ l_1^{B1}−−→ F^B−→ Y Ďĺăčà. 5.1

Őŕěàăâőà B_1´ ńěęĺâ ć ŕàőáâàăŋáâćě N^s(l_s′ , F ), ă őŕěàăâőà B | ć ˝^{dual}_r (F, Y ), ŕőíâőňã áőŕàïęěŋŋëľ ł áãŕěàŕőğĺæĺĺ íâĺå őŕěàăâőàőć ŕőŕăďăěâ ć ŕàőáâàăŋáâćő N_s ∘˝_r(Y^∗, l_s) ĺ, ŕő äőàňãńě (3^′), ć ŕàőáâàăŋáâćő N_p(Y^∗, l_s). Őâáîďă áńěďãěâ, çâő BB_1´ ∈ (N^p)^{reg}(l_s′ , Y ). Őáâăěâáï ŕàĺňěŋĺâì âěőàěňã 2.7, | âăł łăł àěäńěłáĺćŋőě ŕàőáâàăŋáâćő l_s′ ãďőćńěâćőàïěâ ãáńőćĺî ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ, âő áőčńăáŋő íâőľ âěőàěňě őŕěàăâőà BB_1´, ă, ğŋăçĺâ, ĺ T S ïćńïěâáï N^p-őŕěàăâőàőň. �

§6. Őďŋő ŕàĺňěŋěŋĺě ć âěőàĺĺ őŕěàăâőàŋëå ĺďěăńőć: ŕőńãŋěŕàěàëćŋőáâì őŕěàăâőàŋëå ŋőàň Ŋăŕőňŋĺň, çâő áńăąăï őŕěàăâőàŋăï âőŕőńőčĺï ć L(X, Y ) | íâő âőŕőńőčĺï, ąăğĺá őłàěáâŋőáâěľ łőâőàőľ áőáâăćńïîâ ňŋőęěáâćă N(T ; A, B, ε) := {U : U ∈ L(X, Y ), |⟨y^′, (T − U)x⟩| < ε, y^′ ∈ B, x ∈ A}, čďě A ĺ B | ŕàőĺğćőńìŋëě łőŋěçŋëě ŕőďňŋőęěáâćă áőőâćěâáâćěŋŋő ć X ĺ Y^∗, ε > 0 | ŕàőĺğćőńìŋő [1, á. 512-513], [18, ŕ. Ă.3.3]. Šăłĺň őąàăğőň, ć áńăąőľ őŕěàăâőàŋőľ âőŕőńőčĺĺ áěâì (T_ν )_ν áåőďĺâáï ł T âőčďă ĺ âőńìłő âőčďă, łőčďă áěâì (⟨y^′, T_ν x⟩) áåőďĺâáï ł ⟨y^′, T x⟩ ďńï ćáěå x ∈ X ĺ y^′ ∈ Y^∗.

Řăááňőâàĺň ŕàőáâěľèĺľ ŕàĺňěà, ć łőâőàőň ěáâěáâćěŋŋëň őąàăğőň ćőğŋĺłăěâ áåőďĺňőáâì ć áńăąőľ őŕěàăâőàŋőľ âőŕőńőčĺĺ (őŋ ŋăň ŕàĺčőďĺâáï ŋĺęě). Ŕãáâì α | ŋěłőâőàăï âěŋğőàŋăï ŋőàňă ŋă łńăááě T ćáěå âěŋğőàŋëå ŕàőĺğćěďěŋĺľ ąăŋăåőćëå ŕàőáâàăŋáâć. Őŋă ŋě áĺńìŋěě ŕàőěłâĺćŋőľ ĺ ŋě áńăąěě ĺŋêěłâĺćŋőľ âěŋğőàŋëå ŋőàň. Śńěďőćăâěńìŋő, ďńï ďăŋŋőľ ŕăàë ąăŋăåőćëå ŕàőáâàăŋáâć X, Y áőŕàïęěŋŋőě ł âěŋğőàŋőňã ŕàőĺğćěďěŋĺî Y^∗ ⊗_α X ŕàőáâàăŋáâćő őâőęďěáâćńïěâáï á ŋěłőâőàëň ŕàőáâàăŋáâćőň őŕěàăâőàőć G(X, Y^{∗∗}), áŋăąęěŋŋëň áőőâćěâáâćãîéěľ ŋőàňőľ. Ŕőíâőňã^∗-áńăąăï áåőďĺňőáâì ŋěłőâőàőľ áěâĺ ć íâőň őŕěàăâőàŋőň ŕàőáâàăŋáâćě ćńěçěâ áåőďĺňőáâì íâőľ áěâĺ ć áńăąőľ őŕěàăâőàŋőľ âőŕőńőčĺĺ.

Ŕãáâì a | łćăğĺŋőàňă ŋă őŕěàăâőàŋőň ĺďěăńě A . Čőćőàïâ, çâő a áńăąő ŕőńãŋěŕàěàëćŋă áŋĺğã [18, ŕ. 8.6.16], ěáńĺ ďńï ńîąëå ąăŋăåőćëå ŕàőáâàăŋáâć X, Y ĺ ďńï łăęďőľ áěâĺ (S_ν)_ν őŕěàăâőàőć ĺğ ŕàőáâàăŋáâćă A(X, Y ), áåőďïéěľáï ł S ∈ A(X, Y ) ć áńăąőľ őŕěàăâőàŋőľ âőŕőńőčĺĺ, ćëŕőńŋïěâáï ŋěàăćěŋáâćő

a(S) 6 lim_ν a(S_ν ).

Ć łăçěáâćě ŕàĺňěàă ŕàĺćěďěň ŕàěďńőęěŋĺě ĺğ [18, ŕ. 8.7.17]: ěáńĺ [A, a] | ňăłáĺňăńìŋëľ p-ŋőàňĺàőćăŋŋëľ (ďńï łćăğĺŋőàňë ćëŕőńŋïěâáï p-ŋěàăćěŋáâćő âàěãčőńìŋĺłă [18, 6.2.1]) őŕěàăâőàŋëľ ĺďěăń, âő łćăğĺŋőàňă a áńăąő ŕőńãŋěŕàěàëćŋă áŋĺğã. Šăłőćë, ŋăŕàĺňěà, ĺďěăńë ˝_p, I^{Gr}_p [18, ŕŕ. 17.1.3, 19.2.2].

Ć [18, ŕ. 8.7.18] őâňěçăěâáï, çâő "ĺáŕőńìğãï łőŋâàŕàĺňěà İŋäńő, ňőęŋő ŕőłăğăâì, çâő ïďěàŋăï ŋőàňă N ŋě ïćńïěâáï áńăąő ŕőńãŋěŕàěàëćŋőľ áŋĺğã." Łáâăâĺ, ć äőàňãńĺàőćłě ŕàěďńőęěŋĺï ĺğ âőčő ęě ŕãŋłâă ć [18], ŕàĺćěďěŋŋőčő ąěğ ďőłăğăâěńìáâćă, áőďěàęĺâáï őçěćĺďŋăï őŕěçăâłă (íâő ŕěàěćőď ňőŋőčàăäĺĺ Ă.Ŕĺçă [19], ă ŋě ěě őàĺčĺŋăń). Ŕőíâőňã äőàňăńìŋő, ŕő łàăľŋěľ ňěàě, ć àãááłőïğëçŋőľ ńĺâěàăâãàě, áőőâćěâáâćãîéĺľ ŕàĺňěà á ŕőďàőąŋëň àăááňőâàěŋĺěň ŋě ŕőïćńïńáï. Śěľçăá ňë ďőŕőńŋĺň łăàâĺŋã ĺ őąőąéĺň ŕàĺćěďěŋŋőě ãâćěàęďěŋĺě Ă.Ŕĺçă, ŕàĺćěďï ąőńìèőě łőńĺçěáâćő ŕàĺňěàőć ŋě áńăąő ŕőńãŋěŕàěàëćŋëå áŋĺğã ĺďěăńìŋëå ŋőàň. Šěőàěňă 6.1. Ŋĺłăłăï ĺğ ŋőàň νp ĺńĺ ν^p ŕàĺ p ∈ [1, ∞], p ≠ 2, ŋě ïćńïěâáï áńăąő

ŕőńãŋěŕàěàëćŋőľ áŋĺğã.

Ďőłăğăâěńìáâćő. Ŕãáâì a őąőğŋăçăěâ őďŋã ĺğ ŋőàň ŋă áőőâćěâáâćãîéěň ĺďěăńě őŕěàăâőàőć: ν_p ĺńĺ ν^p (p ∈ [1, ∞]), ĺ [A, a] | áőőâćěâáâćãîéĺľ őŕěàăâőàŋëľ ĺďěăń.

Śãęăï ĺďěăńìŋãî ŋőàňã a ŋă őŕěàăâőàŋëľ ĺďěăń ćáěå łőŋěçŋőňěàŋëå őŕěàăâőàőć, ňë ăćâőňăâĺçěáłĺ ŕěàěŋőáĺň ěě ŋă łńăáá ćáěå âěŋğőàŋëå ŕàőĺğćěďěŋĺľ ćĺďă Z^∗ ⊗ W, ŕőŕőńŋěŋĺï łőâőàëå ŕő íâőľ ŋőàňě ňë ąãďěň őąőğŋăçăâì ć íâőň ďőłăğăâěńìáâćěçěàěğ Z^∗ ~⊗_aW (âăł ŋăň ãďőąŋěě, ĺ íâő őąőğŋăçěŋĺě áőčńăáãěâáï áő ćáěňĺ ăŋăńőčĺçŋëňĺ őąőğŋăçěŋĺïňĺ ć íâőľ àăąőâě ďńï àăááňăâàĺćăěňëå ŋĺęě ŕàőáâàăŋáâć X, Y ).

Řăááňőâàĺň áńěďãîéĺě ďĺăčàăňňë: Y^∗ ~⊗_aX^J−−−−→_{1−1} A^{∗∗}(Y, X^{∗∗}) A^*(X, Y )^{J ∗}←−−−− (A^{∗∗}(Y, X^{∗∗}))^{∗ π}← X^∗ ^⊗_a∗ Y. Ďĺăčà. 6.1

Ğďěáì ć łăçěáâćě ąăŋăåőćëå ŕàőáâàăŋáâć X, Y ňë ąěàěň àěäńěłáĺćŋőě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő Y ĺ ćŕőńŋě áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő X, X ∈ AP, ĺğ [25, âěőàěňă 3.2], ńĺąő ĺğ [25, âěőàěňă 4.1] | ć ğăćĺáĺňőáâĺ őâ âőčő łăłãî ŋőàňã őąőğŋăçăěâ a; áň. âăłęě âěőàěňã 4.21 ćëèě ďńï áńãçăï ν^p-ŋőàň (âő, çâő ŕàőáâàăŋáâćő X ć [25,âěőàěňă 3.2] ćŕőńŋě áěŕăàăąěńìŋő, ćëâěłăěâ ĺğ ďőłăğăâěńìáâćă íâőľ ĺ ŕàěďèěáâćãîéĺå ěľ âěőàěň). İâĺ ŕàőáâàăŋáâćă őąńăďăîâ âěň áćőľáâćőň, çâő łăŋőŋĺçěáłőě őâőąàăęěŋĺě ćńőęěŋĺï J, ŕőïćĺćèěěáï ć ďĺăčàăňňě 6.1, ćğăĺňŋő őďŋőğŋăçŋő, ŋő ŋě ïćńïěâáï ĺğőňőàäŋëň ćńőęěŋĺěň.

Őąőğŋăçĺň çěàěğ B_a ğăňłŋãâëľ ěďĺŋĺçŋëľ èăà ŕàőáâàăŋáâćă Y^∗ ~⊗_aX, ă çěàěğ w^∗ |^∗-áńăąãî âőŕőńőčĺî ć ŕàőáâàăŋáâćě A^{∗∗}(Y, X^{∗∗}) (íâő ŕàőáâàăŋáâćő áőŕàïęěŋő ł X^∗ ^⊗_a∗ Y ) Ŕãáâì ε > 0. Ěáńĺ U | âăłőľ őŕěàăâőà ĺğ A(Y, X), çâő J(U) /∈ J(B_a)^{w∗} , âő ŋăľďěâáï íńěňěŋâ φ ∈ X^∗ ^⊗_a∗ Y, ďńï łőâőàőčő sup_{z∈Ba} |⟨φ, J(z)⟩| 6 1, ⟨φ, J(U)⟩ > 1 + ε. Őâőąàăęěŋĺě J^∗π : X^∗ ^⊗_a∗ Y → A^*(X, Y ) ěáâì ĺğőňěâàĺçěáłőě ćńőęěŋĺě, ŕőíâőňã ŋőàňă φ łăł äãŋłæĺőŋăńă ŋă Y^∗ ~⊗_aX | âă ęě, çâő ĺ ěčő ŋőàňă łăł íńěňěŋâă ŕàőáâàăŋáâćă (A^{∗∗}(Y, X^{∗∗}))^∗ , â.ě. àăćŋă 1. Ŕőíâőňã a^{∗∗}(J(U)) > ⟨φ, J(U)⟩ > 1 + ε. Šăłĺň őąàăğőň, ěáńĺ J(U) ŋě ńěęĺâ ć J(B_a)^{w∗} , âő ěčő a^{∗∗}-ŋőàňă áâàőčő ąőńìèě, çěň 1 + ε.

Ŕàěďŕőńőęĺň âěŕěàì, çâő ŋĺłăłőľ íńěňěŋâ U ĺğ Y^∗ ~⊗_aX, ŋě ŕàĺŋăďńěęăéĺľ èăàã B_a, ŋě ŕőŕăďăěâ ŕàĺ őâőąàăęěŋĺĺ J ćő ňŋőęěáâćő J(B_a)^{w∗} . Šőčďă, łăł ąëńő âőńìłő çâő ãáâăŋőćńěŋő, ďńï ńîąőčő âăłőčő íńěňěŋâă a^{∗∗}(J(U)) > 1 + ε, ĺ íâő ćěďěâ ł ŕàőâĺćőàěçĺî á âěň äăłâőň, çâő ćńőęěŋĺě J ŋě ïćńïěâáï ĺğőňőàäŋëň.

Ĺâăł, ňë őłőŋçăâěńìŋő ŕőńãçĺńĺ, çâő áãéěáâćãěâ ŕő łàăľŋěľ ňěàě őďĺŋ őŕěàăâőà U_0 ∈ A(Y, X), ďńï łőâőàőčő a(U_0) > 1+ ε, ĺ őąàăğ J(U_0) łőâőàőčő ŕàĺŋăďńěęĺâ ∗-áńăąőňã ğăňëłăŋĺî ňŋőęěáâćă J(B_a). Ŋő^∗-áńăąăï áåőďĺňőáâì ć A^{∗∗}(Y, X^{∗∗}) ćńěçěâ áåőďĺňőáâì ć áńăąőľ őŕěàăâőàŋőľ âőŕőńőčĺĺ, őâłãďă ćëâěłăěâ, çâő ŋăľďěâáï âăłăï áěâì (U_ν )_ν ⊂ Y^∗ ~⊗_aX, çâő a(U_ν ) 6 1, (U_ν ) áåőďĺâáï ł U_0 ć áńăąőľ őŕěàăâőàŋőľ âőŕőńőčĺĺ, ŋő a(U_0) > 1 + ε. Ć ğăłńîçěŋĺě ďőłăğăâěńìáâćă őâňěâĺň, çâő ć łăçěáâćě ε ňőęŋő ćğïâì áłőńì ãčőďŋő ąőńìèőě çĺáńő. �

§7 Śćőľáâćă AP(lp) ĺ lp-äăłâőàĺğăæĺï őŕěàăâőàőć

Ěáńĺ 1 ≤ p ≤ ∞ ĺ S | łőŋěçŋőňěàŋëľ őŕěàăâőà ĺğ X ć Y, âő ěčő K^0_p-ŋőàňă ěáâì ćěńĺçĺŋă

(7.1) 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

(7.2) 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 ŕőŕőńŋě-

ŋĺĺ ćáě âő ęě őąőğŋăçěŋĺě k^0_p. Łăęďëľ âěŋğőàŋëľ íńěňěŋâ z ∈ X^∗ ~⊗_pY ŕàěďáâăćĺň ć ćĺďě áåőďïéěčőáï àïďă

(7.3) ∞∑ 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

(7.4) ( 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 [18, á. 280-291]). Łăęďëľ őŕěàăâőà S ∈ K_p(X, Y ) ŕàěďáâăćĺň ć ćĺďě áåőďïéěčőáï ć K_p(X, Y ) àïďă (7.3), ĺ ďńï ğăàăŋěě ğăďăŋŋőčő çĺáńă ε > 0 íâő ŕàěďáâăćńěŋĺě ňőęěâ ąëâì ćëąàăŋő âăł, çâő

(7.5) ( 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 [18], 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. [18], âěőàěňë 18.3.2, 18.1.3). Śőŕàïęěŋŋëľ ł [K_p, k_p] ĺďěăń [D_p′ , d_p′ ] őŕĺáëćăěâáï ŕàĺ ŕőňőéĺ áńěďãîéěľ âěőàěňë. [18, 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) (íâő àăáåőďĺâáï á őąőğŋăçěŋĺïňĺ ďńï ăŕŕàőłáĺňăæĺőŋŋëå áćőľáâć ć őąéěľ ăąáâàăłâŋőľ áĺâãăæĺĺ, ŋő ő ŕőďőąŋőčő àőďă àăáåőęďěŋĺïå ňë ŕàěďãŕàěęďăńĺ àăŋěě, ĺ łàőňě ćáěčő ŕàőçěčő, ććőďĺňőě ŋăňĺ őąőğŋăçěŋĺě AP(l_p) ąőńěě łőňŕăłâŋő, çěň AP(k^0_p), ĺ áàăğã ŋăŕőňĺŋăěâ őáŋőćŋãî ćěéì, | âő, çâő íâĺ áćőľáâćă ŋěŕőáàěďáâćěŋŋő áćïğăŋë á ćőğňőęŋőáâìî äăłâőàĺğăæĺĺ ŋěŕàěàëćŋëå ńĺŋěľŋëå őâőąàăęěŋĺľ çěàěğ ąăŋăåőćë ŕàőáâàăŋáâćă âĺŕă 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 ąăŋăåőćë ŕàőáâàăŋáâćă ąěğ áćőľáâćă AP(l_p) ďńï łăłőčő-ŋĺąãďì p, őâńĺçŋőčő őâ ěďĺŋĺæë, ďćőľłĺ ĺńĺ ąěáłőŋěçŋőáâĺ. Ŋěâàãďŋő ŕőłăğăâì, çâő łăęďőě ąăŋăåőćő ŕàőáâàăŋáâćő őąńăďăěâ áćőľáâćőň AP(l_2). Ś ďàãčőľ áâőàőŋë, ăćâőàőň ŕőłăğăŋő, çâő áãéěáâćãîâ áěŕăàăąěńìŋëě ąăŋăåőćë ŕàőáâàăŋáâćă ąěğ áćőľáâć AP(l_1) ĺ AP(l_∞) (áň. [30], [25], [28] ĺ áńěďáâćĺě 4.22 ďăŋŋőľ àăąőâë).

Ńěňňă 7.1. 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 ŋěŋãńě-

ćőľ 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_3A_1A_2 : 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^∗ ~⊗_pW, 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 (7.6) (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_2−1W_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. (7.6))

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 7.2. 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 7.1, 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 7.3. 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 7.1. 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 [30]. Ŋăáłőńìłő ćăęŋő ďńï ŋăá íâő őąőąéěŋĺě ąãďěâ ćĺďŋő ŋĺęě (áň., áńěďáâćĺě 7.6, âěőàěňã 7.10).

Ŕěàěď âěň łăł áäőàňãńĺàőćăâì ŋăè àěğãńìâăâ, ŕőáňőâàĺň, çâő ňë ŋă áăňőň ďěńě ŕőńãçĺńĺ, ďőłăğëćăï âěőàěňã 1 ć [30]. 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 [30] ąëńă, ŕő áãéěáâćã, ďőłăğăŋă

Šěőàěňă 7.4. 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 [30]. 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 7.5. 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. Ćáŕőňŋĺň, çâő ďńï ŕàőĺğćőńìŋőľ âěŋğőàŋőľ ŋőàňë α ąăŋăåőćő ŕàőáâàăŋáâćő Z^∗ ãďőćńěâćőàïěâ ãáńőćĺî α-ăŕŕàőłáĺňăæĺĺ âőčďă ĺ âőńìłő âőčďă, łőčďă ďńï ćáïłőčő ąăŋăåőćă 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 7.6. 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 7.2. Ćâőàőě ãâćěàęďěŋĺě ŕőńãçăěâáï, ěáńĺ ł áěŕăàăąěńìŋőňã àěäńěłáĺćŋőňã ŕàőáâàăŋáâćã E ąěğ áćőľáâć AP(l_p) ĺ AP(l_p′ ) ŕàĺňěŋĺâì âěőàěňã Ńĺŋďěŋèâàăãááă (ńěňňă 1.2). Ĺňěŋŋő, ŕőńìğãïáì ńěňňőľ 1.2, 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 7.7. Ŕãáâì P ∈ [1, ∞]. Ŕàěďŕőńőęĺň, çâő áãéěáâćãěâ ąăŋăåőćő ŕàő-

áâàăŋáâćő, ŋě ãďőćńěâćőàïîéěě ãáńőćĺî ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő âěŋğőàŋőľ ŋőàňë k^0_p. Šőčďă áãéěáâćãîâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő 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 7.2, áãéěáâćãîâ áěŕăàăąěńìŋőě àěäńěłáĺćŋőě ąăŋăåőćő ŕàőáâàăŋáâćő ąěğ áćőľáâćă AP(l_p), ĺ íâő ŕàőáâàăŋáâćő ňë őąőğŋăçĺň çěàěğ X. Ŕő áńěďáâćĺî 7.3, 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 ńěňňőľ 2LR, áőčńăáŋő łőâőàőľ 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 7.8. 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 7.9. 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 7.7, ŕãáâì P | őčàăŋĺçěŋŋëľ ŕàőěłâőà ĺğ ŕàőáâàăŋáâćă Z^{∗∗∗} ŋă ěčő ŕőďŕàőáâàăŋáâćő ˘^∗X^∗ (ćáŕőňŋĺň, çâő őďŋĺň ĺğ őáŋőćŋëå áćőľáâć ŕàőáâàăŋáâćă Z ĺ äăłâőàőâőąàăęěŋĺï ˘ ć ńěňňě 1.5 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^∗:

(7.7)

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 (7.7) 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 7.10. 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. �

ŰĹŠĹŘŐĆĂŊŊĂ§ ŃĹŠĚŘĂŠŞŘĂ

1. Ŋ.Ďăŋäőàď, Ďę.Ě.Ÿćăàæ, Ńĺŋěľŋëě őŕěàăâőàë (őąéăï âěőàĺï), I Ňőáłćă: Ĺŋőáâàăŋŋăï ńĺâěàăâãàă, 1962, 895 á.

2. W.J.Davis, T.Figiel, W.B.Johnson, A.Pelczynski, Factoring weakly compact operators, J. Functional Analysis 17 (1974), 311-327.

3. J.Diestel, Geometry of Banach spaces, Lecture Notes in Math., 485 Berlin-Hiedelberg-New York, 1975. 282 pp..

4. Diestel J. and Uhl J.J., Vector measures, Math. Survey 15, Amer. Math. Soc., Providence RI. 15 (1977).

5. Dunford N., Pettis B.J., Linear operations on summable functions, Trans. Amer. Math. Soc. 47 (1940), 323{392.

6. En‚o P., A counterexample to the approximation property in Banach spaces, Acta Math. 130 (1973), 309{317.

7. Figiel T., Johnson W.B., The approximation property does not imply the bounded approximation property, Proc. Amer. Math. Soc. 41 (1973), 197{200.

8. Gordon Y., Lewis D. R., Retherford H. R., Banach ideals of operators with applications, J. Funct.

Anal. 14 (1973), no. 1, 85-129.

9. Grothendieck A., Produits tensoriels topologiques et espaces nucl«eaires, Mem. Amer. Math. Soc.

16 (1955), pp. 196+140.

10. Johnson W.B., Factoring compact operators, Israel J. Math. 9 (1971), 337-345. 11. Kakutani S., Concrete representation of abstract (L)-spaces and the mean ergodic theorem, Ann.

of Math. 42 (1941), no. 2, 523{537.

12. Lindenstrauss J., On James’ paper "Separable Conjugate Spaces", Israel J. Math. 9 (1971), 279{ 284.

13. Lindenstrauss J., Tzafriri L., Classical Banach spaces I: Sequence spaces, Springer-Verlag, Berlin { Heldelberg { New York, 1977.

14. Ňăłăàőć Ą. Ň., Śăňăàáłĺľ Ć. Č., Śńăąăï áěłćěŋæĺăńìŋăï ŕőńŋőâă ĺ ąńĺğłĺě ł ŋěľ áćőľáâćă ŋěłőâőàëå ŕàőáâàăŋáâć őŕěàăâőàőć, ć łŋ. \Šěőàĺï őŕěàăâőàőć ĺ âěőàĺï äãŋłæĺľ". Ń.: ŃČŞ (1983), 122-144.

15. A.Pelczynski, Banach spaces on which every unconditionally converging operator is weakly compact, Bull. Acad. Polon. Sci. Math. Astro. Phys. 10 (1962), 641-648.

16. Persson A., On some properties of p-nuclear and p-integral operators, Studia Math. 33 (1969), 213{232.

17. Persson A. and Pietsch A., p-nucleare und p-integrale Abbildungen in Banachr-aumen, Studia Math.

33 (1969), 19-62.

18. Ŕĺç Ă., Őŕěàăâőàŋëě ĺďěăńë, Ňőáłćă: Ňĺà, 1982, 536 á.

19. Pietsch A., Operator ideals, North-Holland, Deutscher Verlag der Wiss., Berlin, 1978. 451 p.. 20. Řěľŋőć Ő.Ĺ., Őŕěàăâőàë âĺŕă RN ĺ ăŋăńĺâĺçěáłĺě ŕàěďáâăćńěŋĺï ńĺŋěľŋëå őŕěàăâőàőć, Ć łŋ. Šěőàĺï őŕěàăâőàőć ć äãŋłæĺőŋăńìŋëå ŕàőáâàăŋáâćăå, Ŋăãłă, Ŋőćőáĺąĺàáł, 1977, 283{295 21. Řěľŋőć Ő.Ĺ., Őŕěàăâőàë âĺŕă RN ć ąăŋăåőćëå ŕàőáâàăŋáâćăå, Śĺą. ňăâěň. ęãàŋ. 19 (1978), 4 857-865.

22. Řěľŋőć Ő.Ĺ., Ő ŋěłőâőàëå łńăááăå ńĺŋěľŋëå ŋěŕàěàëćŋëå őâőąàăęěŋĺľ, Ňăâěň. ğăňěâłĺ 23 (1978), no. 2, 285-286.

23. Řěľŋőć Ő.Ĺ., Ő ŋěłőâőàëå ćěłâőàŋő-àěèěâőçŋëå åăàăłâěàĺáâĺłăå őŕěàăâőàőć âĺŕă RN, Ňăâěň. ğăňěâłĺ 27 (1980), ćëŕ. 4 607-620.

24. Řěľŋőć Ő.Ĺ., Őą ĺŋâěčàăńìŋëå ŕàěďáâăćńěŋĺïå ńĺŋěľŋëå őŕěàăâőàőć, ďěľáâćãîéĺå ĺğ ŕàőáâàăŋáâćă L^1, Ňăâěň. ğăňěâłĺ 27 (1980), ćëŕ. 2 283-290.

25. Reinov O.I., Approximation properties of order p and the existence of non-p-nuclear operators with p-nuclear second adjoints, Math. Nachr. 109 (1982), 125-134.

26. Řěľŋőć Ő. Ĺ., Ĺáçěğŋőćěŋĺě âěŋğőàŋëå íńěňěŋâőć ć èłăńě p-ïďěàŋëå őŕěàăâőàőć, ć łŋ.

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

27. Řěľŋőć Ő.Ĺ., Őŕěàăâőàë âĺŕă RN ć ąăŋăåőćëå ŕàőáâàăŋáâćăå, ĎĂŊ ŚŚŚŘ 220 (1975), No 3 528-531.

28. Řěľŋőć Ő. Ĺ., Śćőľáâćă ăŕŕàőłáĺňăæĺĺ ŕőàïďłă p ĺ áãéěáâćőćăŋĺě ŋě p-ïďěàŋëå őŕěàăâőàőć á p-ïďěàŋëňĺ ćâőàëňĺ áőŕàïęěŋŋëňĺ, ĎĂŊ ŚŚŚŘ 256 (1981), no. 1, 43-47.

29. Řěľŋőć Ő. Ĺ., Ő ńĺŋěľŋëå őŕěàăâőàăå á p-ïďěàŋëňĺ áőŕàïęěŋŋëňĺ, Ćěáâŋĺł ŚŔąČŞ, Śěà. 1 (2000), ćëŕ. 4 30. Řěľŋőć Ő. Ĺ., Ő äăłâőàĺğăæĺĺ őŕěàăâőàőć çěàěğ ŕàőáâàăŋáâćă l^p, Ćěáâŋĺł ŚŔą ČŞ. Śěà.1 2 (2000), ćëŕ. 2 (No 8), 27-32.

31. Řěľŋőć Ő. Ĺ., Ăŕŕàőłáĺňăæĺőŋŋëě áćőľáâćă APs ĺ p-ïďěàŋëě őŕěàăâőàë (áńãçăľ 0 < s 6 1), Ğăŕĺáłĺ ŋăãçŋ. áěň. ŔŐŇĹ 270 (2000), 277-291.

32. H.Rosenthal, On relatively disjoint families of measures, with some applications to Banach space theory, Studia Math. 37 (1971), 13-36.

Śăŋłâ{Ŕěâěàąãàčáłĺľ čőáãďăàáâćěŋŋëľ ãŋĺćěàáĺâěâ, ňăâěňăâĺłő{ňěåăŋĺçěáłĺľ äăłãńìâěâ

E-mail address: orein@orein.usr.pu.ru