SPb. Math. Society Preprint 2002-08 09 Aug 2002

ŊĂŚŁŐŃĲŁŐ ŔŃŐŢĹŇ ŇŐĘĚŠ ĄŻŠĲ ĄĂŊĂŢŐĆŐ ŔŘŐŚŠŘĂŊŚŠĆŐ ŚŐ ŚĆŐĽŚŠĆŐŇ ĂŔŔŘŐŁŚĹŇĂŰĹĹ? II.

Ő.Ĺ.Řěľŋőć.

Ć íâőľ àăąőâě ňë ŕàěďńăčăěň ŋěłőâőàőě ŕàőďőńęěŋĺě ŕàěďëďãéĺå ŋăèĺå (ĺ ŋě âőńìłő ŋăèĺå) ĺááńěďőćăŋĺľ ŋă âěňã "Ŋăáłőńìłő ŕńőåĺň ňőęěâ ąëâì ąăŋăåőćő ŕàőáâàăŋáâćő áő áćőľáâćőň ăŕŕàőłáĺňăæĺĺ?" (áň. [1]). Ŋĺęě ŕàĺćőďïâáï őąőąéěŋĺï àïďă àěğãńìâăâőć ĺğ [1] ĺ [2]. Ŕőáłőńìłã őąáãęďěŋĺě ŕàőąńěň, áćïğăŋŋëå á ãłăğăŋŋëň ćőŕàőáőň, ŕőďàőąŋő ďăŋő ć áâăâìě [1], âő ňë áàăğã ŕàĺáâãŕĺň ł ĺğńőęěŋĺî őáŋőćŋőčő ňăâěàĺăńă.

§1. Ŕàěďćăàĺâěńìŋëě áćěďěŋĺï. Ćáě àăááňăâàĺćăěňëě ŕàőáâàăŋáâćă ąăŋăåőćë. Ŋőàňă ć ŕàőáâàăŋáâćě X őąőğŋăçăěâáï çěàěğ ‖ · ‖_X ĺńĺ ŕàőáâő ‖ · ‖, łőčďă ŋě ćőğŋĺłăěâ ŋěďőàăğãňěŋĺľ; id_X | âőęďěáâćěŋŋëľ őŕěàăâőà ć X; L(X, Y ) | ąăŋăåőćő ŕàőáâàăŋáâćő ćáěå ńĺŋěľŋëå ŋěŕàěàëćŋëå őâőąàăęěŋĺľ ĺğ X ć Y ; X^∗ ^⊗Y | ŕàőěłâĺćŋőě âěŋğőàŋőě ŕàőĺğćěďěŋĺě ŕàőáâàăŋáâć X^∗ ĺ Y. İńěňěŋâë, ńěęăéĺě ć őąàăğě łăŋőŋĺçěáłőčő őâőąàăęěŋĺï X^∗ ^⊗Y → L(X, Y ), ŋăğëćăîâáï ïďěàŋëňĺ őŕěàăâőàăňĺ. Ŕàőáâàăŋáâćő N(X, Y ) ćáěå ïďěàŋëå őŕěàăâőàőć ĺğ X ć Y á ŋőàňőľ, ĺŋďãæĺàőćăŋŋőľ äăłâőà{őâőąàăęěŋĺěň X^∗ ^⊗Y → N(X, Y ), ïćńïěâáï ąăŋăåőćëň. Ďńï őąőğŋăçěŋĺï íńěňěŋâőć àăááňăâàĺćăěňëå ŕàőáâàăŋáâć ňë őąëçŋő ĺáŕőńìğãěň áőőâćěâáâćãîéĺě ňăńěŋìłĺě ąãłćë (á ĺŋďěłáăňĺ ĺńĺ ďàãčĺňĺ ăâàĺąãâăňĺ, ěáńĺ ŋěőąåőďĺňő): x, x_j ∈ X, y^′ ∈ Y^∗ ĺ â. ď. Łăęďőě ąăŋăåőćő ŕàőáâàăŋáâćő X őąëçŋő ąãďěâ àăááňăâàĺćăâìáï łăł (łăŋőŋĺçěáłőě) ŕőďŕàőáâàăŋáâćő ć áćőěň ćâőàőň áőŕàïęěŋŋőň, ŋő ěáńĺ ćőğŋĺłŋěâ ŋěőąåőďĺňőáâì őâďěńìŋő áłăğăâì ő ěáâěáâćěŋŋőň ćńőęěŋĺĺ ŕàőáâàăŋáâćă X ć X^{∗∗}, âő ňë ĺáŕőńìğãěň őąőğŋăçěŋĺě π_X ďńï íâőčő łăŋőŋĺçěáłőčő ćńőęěŋĺï.

Łăęďëľ âěŋğőàŋëľ íńěňěŋâ t ∈ X^∗ ^⊗Y ďőŕãáłăěâ (ŋě ěďĺŋáâćěŋŋőě) ŕàőěłâĺćŋőě âěŋğőàŋőě ŕàěďáâăćńěŋĺě ćĺďă t = ∑_∞ j=1 x^′_j ⊗ y_j , łőâőàőě ďńï ğăàăŋěě äĺłáĺàőćăŋŋőčő çĺáńă ε, ε > 0, ćáěčďă ňőęěâ ąëâì ćëąàăŋő âăłĺň őąàăğőň, çâő ‖t‖_X� b_{⊗Y} > ∑ ‖x^′_j ‖ ‖y_j ‖ − ε; íâőâ âěŋğőàŋëľ íńěňěŋâ ěáâěáâćěŋŋëň őąàăğőň ŕőàőęďăěâ ńĺŋěľŋëľ ŋěŕàěàëćŋëľ äãŋłæĺőŋăń ŋă ŕàőáâàăŋáâćě L(Y, X) : ěáńĺ U ∈ L(Y, X), âő ⟨t, U⟩ := trace U ∘ t = trace t ∘ U (ć ŕőáńěďŋěň àăćěŋáâćě áńěďőćăńő ąë

Řăąőâă ćëŕőńŋěŋă ŕàĺ çăáâĺçŋőľ ŕőďďěàęłě Ťěďěàăńìŋőľ æěńěćőľ ŕàőčàăňňőľ \Ĺŋâěčàăæĺï" (čàăŋâ ò 326.53), ŕàőčàăňňőľ "Ŕőďďěàęłă ŋăãçŋëå èłőń" (čàăŋâ 00-15-96-022) ĺ Ÿćěďáłőľ Łőàőńěćáłőľ Ăłăďěňĺĺ ŋăãł.

Typeset by A_MS-TEX

ŕĺáăâì ąőńěě âőçŋő: = trace t ∘ U^t; ňë ąãďěň ŕàĺďěàęĺćăâì ŕàĺćěďěŋŋëå ćëèě őąőğŋăçěŋĺľ, ĺňěï ć ćĺďã, ďńï łăłőčő{ńĺąő ŕàőěłâĺćŋőčő âěŋğőàŋőčő àăğńőęěŋĺï t = ∑_∞ j=1 x^′_j ⊗y_j , äőàňãńë ⟨t, U⟩ = ∑ ⟨x^′_j , Uy_j ⟩ = ∑ ⟨U^∗x^′_j , y_j ⟩; ŕő áłăğăŋŋőňã ćëèě, |⟨t, U⟩| 6 ‖U‖ ‖t‖_X� b_{⊗Y} , ŕàĺçěň àăćěŋáâćő, åőâï ąë ŋă őďŋőň U, ćëŕőńŋïâìáï ŋě őąïğăŋő ).

Ňŋőęěáâćő F(X, Y ) ćáěå łőŋěçŋőňěàŋëå őŕěàăâőàőć ĺğ X ć Y ňë őâőęďěáâćńïěň á ăńčěąàăĺçěáłĺň âěŋğőàŋëň ŕàőĺğćěďěŋĺěň X^∗⊗Y ĺ áŋăąęăěň ć íâőľ àăąőâě ŋőàňőľ, ĺŋďãæĺàőćăŋŋőľ ĺğ ąăŋăåőćă ŕàőáâàăŋáâćă L(X, Y ); ŕőŕőńŋěŋĺě X^∗ ^⊗Y ŕő íâőľ ŋőàňě âěŋğőàŋőčő ŕàőĺğćěďěŋĺï X^∗⊗Y áőćŕăďăěâ, âăłĺň őąàăğőň, á ğăňëłăŋĺěň ć L(X, Y ) ńĺŋěľŋőčő ŕőďŕàőáâàăŋáâćă ćáěå łőŋěçŋőňěàŋëå őŕěàăâőàőć, ĺ łăęďëľ őŕěàăâőà ĺğ íâőčő ğăňëłăŋĺï ŕàĺŋïâő ŋăğëćăâì ăŕŕàőłáĺňĺàãěňëň. Őąőğŋăçĺň çěàěğ K(X, Y ) ŕàőáâàăŋáâćő ćáěå łőňŕăłâŋëå (ć áâăàőľ âěàňĺŋőńőčĺĺ, "ćŕőńŋě ŋěŕàěàëćŋëå") őŕěàăâőàőć ĺğ X ć Y. Łăł ĺğćěáâŋő, X^∗ ^⊗Y ⊂ K(X, Y ), ŕàĺçěň őąàăâŋőě ćłńîçěŋĺě, ćőőąéě čőćőàï, ŋě ćěàŋő: ďńï äĺłáĺàőćăŋŋőčő ŕàőáâàăŋáâćă Y àăćěŋáâćő X^∗ ^⊗Y = K(X, Y ) (ďńï ńîąőčő ąăŋăåőćă ŕàőáâàăŋáâćă X) ĺňěěâ ňěáâő âőčďă ĺ âőńìłő âőčďă, łőčďă ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň ăŕŕàőłáĺňăæĺĺ Čàőâěŋďĺłă (áň. [3]; âăň ęě ďőłăğăŋő ĺ áäőàňãńĺàőćăŋŋőě âőńìłő çâő ãâćěàęďěŋĺě; ąőńěě ŕàőáâőě ďőłăğăâěńìáâćő ňőęŋő ŋăľâĺ, ŋăŕàĺňěà, ć [4], ńĺąő [5]), â.ě. áćőľáâćőň AP(F), | áćőľáâćőň ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő ĺďěăńă ćáěå łőŋěçŋőňěàŋëå őŕěàăâőàőć. Ŕàĺćěďěň ĺáŕőńìğãěňëě ŋăňĺ őŕàěďěńěŋĺï íâőčő ĺ ąőńěě őąéĺå ăŕŕàőłáĺňăæĺőŋŋëå áćőľáâć (őâňěâĺň, çâő ŕőŋïâĺě áćőľáâćă łőňŕăłâŋőľ ăŕŕàőłáĺňăæĺĺ ćŕěàćëě, ćĺďĺňő, ŕőïćĺńőáì ć àăąőâě [6]; âőčďă łăł őąéěě őŕàěďěńěŋĺě áćőľáâć AP(J), MAP(J), . . . ĺ ŕěàćëě ŋěâàĺćĺăńìŋëě àěğãńìâăâë, áćïğăŋŋëě á ŋĺň, ŕàĺćěďěŋë ćŕěàćëě ć àăąőâě ăćâőàă [1]; çěàěğ 10 ńěâ ŕőáńě áâăâìĺ ăćâőàă ŕőïćĺńăáì àăąőâă [7], ć łőâőàőľ, ć çăáâŋőáâĺ, àăááňăâàĺćăńőáì áćőľáâćő ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő ĺďěăńă áńăąő łőňŕăłâŋëå őŕěàăâőàőć; ğăâěň ŕőďőąŋëě áćőľáâćă ĺááńěďőćăńĺáì, ŋăŕàĺňěà, ć [8]).

Ŕãáâì J(X, Y ) | ńĺŋěľŋőě ŕőďŕàőáâàăŋáâćő ć L(X, Y ), 1 6 λ 6 +∞. Ŋăŕőňŋĺň [1], çâő ąăŋăåőćő ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň λ-MAP(J), (λňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő J), ěáńĺ ďńï ćáïłőčő łőňŕăłâă K ⊂ Y ĺ ńîąőčő ε > 0 áãéěáâćãěâ őŕěàăâőà R ∈ J(Y, Y ) âăłőľ, çâő ‖R‖ 6 λ ĺ sup_K ‖Ry−y‖ < ε. Ňë ãáńőćĺňáï ŕĺáăâì Y ∈ λ-MAP(J), ěáńĺ Y őąńăďăěâ áćőľáâćőň λ-MAP(J). Ěáńĺ λ < +∞ ĺ Y ∈ λ-MAP(J), âő Y őąńăďăěâ áćőľáâćőň BAP(J). Ěáńĺ Y ∈ +∞-MAP(J), âő Y őąńăďăěâ áćőľáâćőň AP(J).

Ŋĺęě ňë, ć őáŋőćŋőň, ć łăçěáâćě J ąãďěň àăááňăâàĺćăâì ğăňłŋãâëě őŕěàăâőàŋëě ĺďěăńë ć ąăŋăåőćëå ŕàőáâàăŋáâćăå (ŋăŕőňŋĺň, çâő őŕěàăâőàŋëľ ĺďěăń J ŋăğëćăěâáï ğăňłŋãâëň, ěáńĺ ďńï ńîąőľ ŕăàë ąăŋăåőćëå ŕàőáâàăŋáâć X, Y ńĺŋěľŋőě ŕàőáâàăŋáâćő J(X, Y ) ïćńïěâáï ğăňłŋãâëň ŕőďŕàőáâàăŋáâćőň ŕàőáâàăŋáâćă L(X, Y ); ŋőàňă ć ğăňłŋãâőň ĺďěăńě ĺŋďãæĺàãěâáï őąëçŋő ĺğ L, ĺ âăł ąãďěâ ćáîďã ć íâőľ àăąőâě).

Ć áńãçăě J = K ňë ŕőńãçăěň àăğńĺçŋëě áćőľáâćă łőňŕăłâŋőľ ăŕŕàőłáĺňăæĺĺ CAP, C-MCAP, . . . [5], [6], [1]; ďńï J = F | áőőâćěâáâćãîéĺě čàőâěŋďĺłőćáłĺě ăŕŕàőłáĺňăæĺőŋŋëě ãáńőćĺï [3].

Ćŕěàćëě âőâ äăłâ, çâő áćőľáâćă AP(F) ĺ BAP(F) ŋě àăćŋőáĺńìŋë ňěęďã áőąőľ, ãáâăŋőćĺńĺ Š. Ťĺčěńì ĺ Ş. Ą. Ďęőŋáőŋ [9]; ŋěàăćŋőáĺńìŋőáâì áćőľáâć AP(J) ĺ BAP(J) ďńï àïďă ďàãčĺå őŕěàăâőàŋëå ĺďěăńőć J, âăłĺå łăł, ŋăŕàĺňěà, ĺďěăńë łőňŕăłâŋëå ĺ áńăąő łőňŕăłâŋëå őŕěàăâőàőć, ćŕěàćëě ŕőńãçěŋă ć àăąőâě ăćâőàă [1] (ŕőğęě, ć 1996 č., ŕőïćĺńăáì áâăâìï [10], ć łőâőàőľ ěě ăćâőàë, ŋě ğŋăï ő àěğãńìâăâăå àăąőâë [1], ŕěàěďőłăğăńĺ áőőâćěâáâćãîéãî âěőàěňã ĺğ [1] őą ĺďěăńě łőňŕăłâŋëå őŕěàăâőàőć, ŕőńãçĺć ŋěáłőńìłő ąőńěě áĺńìŋëľ àěğãńìâăâ, ő çěň ąãďěâ ěéě áłăğăŋő ŋĺęě).

Şďőąŋëě åăàăłâěàĺáâĺłĺ àăááňăâàĺćăěňëå ăŕŕàőłáĺňăæĺőŋŋëå áćőľáâć ć âěàňĺŋăå äãŋłæĺőŋăńőć ŋă ŋěłőâőàëå őŕěàăâőàŋëå ŕàőáâàăŋáâćăå ďăěâ Ńěňňă 1 [1]. Ŕãáâì 1 6 λ < ∞ ĺ j : Y^{∗ ^}⊗Y → J(Y, Y )^∗ | ěáâěáâćěŋŋőě őâőąàă-

ęěŋĺě (ŕàőáâàăŋáâćő J(Y, Y ) áŋăąęěŋő őąëçŋőľ őŕěàăâőàŋőľ ŋőàňőľ). Ěáńĺ J | őŕěàăâőàŋëľ ĺďěăń, âő ŕàőáâàăŋáâćő Y őąńăďăěâ áćőľáâćőň λ-MAP(J) âőčďă ĺ âőńìłő âőčďă, łőčďă ‖j^{−1}‖ 6 λ. Šăłĺň őąàăğőň, Y ∈ λ- MAP(J) ⇐⇒ λ^{−1}‖z‖_Y � b_{⊗Y} 6 ‖j(z)‖_{J(Y,Y )}� 6 ‖z‖_Y � b_{⊗Y} ∀ z ∈ Y^∗ ^⊗Y â.ě. j ïćńïěâáï λ-ĺğőňěâàĺçěáłĺň ćńőęěŋĺěň. İâő àăćŋőáĺńìŋő âăłęě âőňã, çâő ďńï łăęďőčő ąăŋăåőćă ŕàőáâàăŋáâćă X ěáâěáâćěŋŋőě őâőąàăęěŋĺě X^∗ ^⊗Y → J(X, Y )^∗ ěáâì λ-ĺğőňěâàĺçěáłőě ćńőęěŋĺě.

Ć áńãçăě λ = +∞ ĺňěěâ ňěáâő Ńěňňă 2 [1]. İłćĺćăńěŋâŋë ãâćěàęďěŋĺï:

1) Y /∈ AP(J);

2) ∃ z ∈ Y^∗ ^⊗Y : trace z = 1, trace z ∘ ˘ = 0 ∀ ˘ ∈ J(Y, Y );

3) ěáâěáâćěŋŋőě őâőąàăęěŋĺě j : Y^∗ ^⊗Y → J(Y, Y )^∗ ŋě ćğăĺňŋő őďŋőğŋăçŋő. Ćáě íâő àăćŋőáĺńìŋő âăłęě âőňã, çâő ďńï łăęďőčő ąăŋăåőćă ŕàőáâàăŋáâćă X ěáâěáâćěŋŋőě őâőąàăęěŋĺě X^∗ ^⊗Y → J(X, Y )^∗ ĺŋêěłâĺćŋő.

Ďńï ŋăèĺå æěńěľ ćăęŋő ğŋăâì áőŕàïęěŋŋőě ŕàőáâàăŋáâćő ł ŕàőáâàăŋáâćăň ćĺďă J(X, Y ) ć őďŋőň çăáâŋőň áńãçăě, łőâőàëľ ňë áěľçăá ĺ àăááňőâàĺň. Ĺňěŋŋő, Ă. Čàőâěŋďĺł [3] ććěń ć àăááňőâàěŋĺě âăł ŋăğëćăěňëě ĺŋâěčàăńìŋëě őŕěàăâőàë ć ŋőàňĺàőćăŋŋëå ŕàőáâàăŋáâćăå (ňë ąãďěň ő ŋĺå čőćőàĺâì, łăł őą ĺŋâěčàăńìŋëå ŕő Čàőâěŋďĺłã őŕěàăâőàăå) ĺ áćïğăń á ŕàőáâàăŋáâćăňĺ áćőĺå ĺŋâěčàăńìŋëå őŕěàăâőàőć áőŕàïęěŋŋëě ŕàőáâàăŋáâćă ł ŕàőáâàăŋáâćăå łőŋěçŋőňěàŋëå ŋěŕàěàëćŋëå ńĺŋěľŋëå őâőąàăęěŋĺľ. Őŕěàăâőà T : X → Y ěáâì ĺŋâěčàăńìŋëľ őŕěàăâőà (ć áňëáńě Ă. Čàőâěŋďĺłă), ěáńĺ áãŕěàŕőğĺæĺï π_Y T : X → Y → Y^{∗∗} ďőŕãáłăěâ äăłâőàĺğăæĺî ćĺďă X^A−−−−→ C(K)^j−−−−→ L_1(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(X, Y ) ććőďĺâáï áńěďãîéĺň őąàăğőň: i(T ) = inf ‖A‖ ‖B‖.

Łăęďëľ ïďěàŋëľ őŕěàăâőà T : X → Y ïćńïěâáï ĺŋâěčàăńìŋëň, ŕàĺçěň ‖T ‖_{I(X,Y )} 6 ‖T ‖_{N(X,Y )}. Ąăŋăåőćő ŕàőáâàăŋáâćő, áőŕàïęěŋŋőě ł ŕàőáâàăŋáâćã X^∗ ^⊗Y, łăŋőŋĺçěáłĺ őâőęďěáâćńïěâáï á ŕàőáâàăŋáâćőň I(Y, X^{∗∗}) : ďńï ńîąëå őŕěàăâőàőć U ∈ X^∗ ^⊗Y ĺ T ∈ I(Y, X^{∗∗}) ćŕőńŋě łőààěłâŋő őŕàěďěńěŋ áńěď trace T U (áãŕěàŕőğĺæĺï T U őďŋőğŋăçŋő őŕàěďěńïěâ âěŋğőà ĺğ ŕàőáâàăŋáâćă X^∗ ^⊗X^{∗∗}), ŕàĺçěň | trace UT | 6 ‖U‖ ‖T ‖_{I(Y,X}�_). Ěáńĺ J | łăłőľ-ńĺąő ğăňłŋãâëľ ĺďěăń őŕěàăâőàőć, âő ŋěőąåőďĺňő F ⊂ J ĺ, áńěďőćăâěńìŋő, ‖ · ‖_I 6 ‖ · ‖_J�.

Ŕãáâì T ∈ L(X, Y ). Ŋăŕőňŋĺň, çâő T | áâàőčő áĺŋčãńïàŋëľ őŕěàăâőà, ěáńĺ ŋĺ ŋă łăłőň ąěáłőŋěçŋőňěàŋőň ŕőďŕàőáâàăŋáâćě ć X őŋ ŋě ďěľáâćãěâ łăł ĺğőňőàäĺğň; T | ćŕőńŋě ŋěŕàěàëćŋëľ őŕěàăâőà, ěáńĺ áńăąő áåőďïéĺěáï ŕőáńěďőćăâěńìŋőáâĺ őŋ ŕěàěćőďĺâ ć áĺńìŋő áåőďïéĺěáï, ĺńĺ, çâő àăćŋőáĺńìŋő (áň. [11]), ěáńĺ őŋ ŕěàěćőďĺâ áńăąő äãŋďăňěŋâăńìŋëě ŕőáńěďőćăâěńìŋőáâĺ ć áåőďïéĺěáï ŕő ŋőàňě; T | ãáńőćŋő áńăąő łőňŕăłâŋëľ, ěáńĺ ďńï łăęďőľ őčàăŋĺçěŋŋőľ ŕőáńěďőćăâěńìŋőáâĺ {x_n} ⊂ X ĺğ {T x_n} ňőęŋő ĺğćńěçì áńăąő äãŋďăňěŋâăńìŋãî ŕőďŕőáńěďőćăâěńìŋőáâì; T ∈ RN^{dual}, ěáńĺ T^∗ ∈ RN, â.ě. T^∗ ŕěàěćőďĺâ ćěłâőàŋëě ňěàë m őčàăŋĺçěŋŋőľ ćăàĺăæĺĺ ć ňěàë, ŕàěďáâăćĺňëě ĺŋâěčàăńőň Ąőåŋěàă ŕő Var(m). Őŕàěďěńěŋĺï ĺŋêěłâĺćŋëå ĺ áîàêěłâĺćŋëå őŕěàăâőàŋëå ĺďěăńőć áň. ć [11] (őâňěâĺň ńĺèì, çâő ŕàĺňěàăňĺ őďŋőćàěňěŋŋő ĺŋêěłâĺćŋëå ĺ áîàêěłâĺćŋëå őŕěàăâőàŋëå ĺďěăńőć ňőčãâ áńãęĺâì ĺďěăńë łőňŕăłâŋëå ĺ áńăąő łőňŕăłâŋëå őŕěàăâőàőć). Ňë čőćőàĺň, çâő ąăŋăåőćő ŕàőáâàăŋáâćő X ćŕőńŋě áěŕăàăąěńìŋő, ěáńĺ łăł őŋő, âăł ĺ ćáě ěčő áőŕàïęěŋŋëě ŕàőáâàăŋáâćă áěŕăàăąěńìŋë.

Ŕàĺňěŋĺň ĺáŕőńìğőćăŋŋëě ŋăňĺ ňěâőďë ĺğ áâăâěľ [1] ĺ [2] (ńĺäâĺŋčă ĺ ŕěàěŋőàňĺàőćőł) ł ĺááńěďőćăŋĺî áćőľáâćă łőňŕăłâŋőľ ăŕŕàőłáĺňăæĺĺ ĺ, ąőńěě âőčő, ł ĺááńěďőćăŋĺî áćőľáâć ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő ŕàőĺğćőńìŋőčő őŕěàăâőàŋőčő ĺďěăńă ć ąăŋăåőćëå ŕàőáâàăŋáâćăå [1], ă âăłęě ďńï ďőłăğăâěńìáâćă ŋěłőâőàëå àěğãńìâăâőć, ăŋőŋáĺàőćăŋŋëå ć [12] | âěőàěňă 1.3 ĺ âěőàěňă 1.4 (ďőłăğăâěńìáâćă íâĺå âěőàěň âăł ĺ ŋě ąëńĺ őŕãąńĺłőćăŋë àăŋěě; őâňěâĺň, çâő ć âő ćàěňï ňë ŋăňěàěćăńĺáì ŕàĺćěáâĺ áőćěàèěŋŋő ďàãčĺě ďőłăğăâěńìáâćă íâĺå äăłâőć).

Ŋăŕőňŋĺň őďŋő ĺğ æěŋâàăńìŋëå ãâćěàęďěŋĺľ ĺğ [13]:

Ńěňňă 3 ([13], áńěďáâćĺě 1). Ďńï ćáïłőčő áěŕăàăąěńìŋőčő ąăŋăåőćă ŕàőáâàăŋáâćă

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

§2. Őáŋőćŋăï âěőàěňă ĺ áńěďáâćĺï Ćőâ ŋăè æěŋâàăńìŋëľ àěğãńìâăâ.

Šěőàěňă 1. Ŕãáâì J | łăłőľ-ńĺąő ğăňłŋãâëľ ĺŋêěłâĺćŋëľ ĺ áîàêěłâĺćŋëľ

ĺďěăń őŕěàăâőàőć, áőďěàęăéĺľáï ć ĺďěăńě áńăąő łőňŕăłâŋëå őŕěàăâőàőć. Ŕãáâì, ďăńěě, áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő G ŋě őąńăďăěâ áćőľáâćőň AP(J) ĺ Z, φ | ĺğ ńěňňë 3, âăł çâő, ć çăáâŋőáâĺ,

1) Z^{∗∗} ĺňěěâ ąăğĺá; Z^{∗∗}/Z ∼= G ĺ Z^{∗∗∗} ∼= φ^∗G^∗ ⊕π_Z Z (áńěďőćăâěńìŋő, ŕàőáâàăŋáâćő Z ćŕőńŋě áěŕăàăąěńìŋő, ěáńĺ G âăłőćő).

Ďńï ćáïłőčő ε > 0 áãéěáâćãěâ őŕěàăâőà t_1 ∈ L(Z^{∗∗}/Z, Z) âăłőľ, çâő 2.0) őŕěàăâőà t_1 : Z^{∗∗}/Z → Z^{∗∗} | ïďěàŋëľ;

2.1) t_1(Z^{∗∗}/Z) ⊂ Z ĺ őŕěàăâőà t_1, àăááňăâàĺćăěňëľ łăł őâőąàăęěŋĺě ĺğ Z^{∗∗}/Z ć Z(= π_Z Z), ŋě ïćńïěâáï ïďěàŋëň;

3) trace φ ∘ t_1 = 1;

4) ďńï ńîąőčő α > 1 áãéěáâćãěâ íłćĺćăńěŋâŋăï ŋőàňă ||| · |||_α ŋă Z^{∗∗} (ŋě ğăćĺáïéăï őâ ε), á łőâőàőľ ŕàőáâàăŋáâćő W_α := (Z^{∗∗}, ||| · |||_α) őąńăďăěâ áćőľáâćăňĺ:

a) W_α ∈ α-MAP; W_α /∈ β - MAP(J), ∀β < α ; b) ‖φ‖_{L(W}ff_{,Z}�_{/Z)} 6 1/α; c) ‖t_1‖_{N(Z}�_{/Z,W}ff_) > α;

d) | trace U ∘ t_1| 6 ‖U‖(1 + ε) ďńï łăęďőčő U ∈ J(W_α, Z^{∗∗}/Z); âăłĺň őąàăğőň, t_1 ∈ J(W_α, Z^{∗∗}/Z)^∗, ŕàĺçěň ć íâőň áőŕàïęěŋŋőň ŕàőáâàăŋáâćě ‖t_1‖ 6 1 + ε; âěň ąőńěě ‖t_1‖_{I(Z}�_{/Z,W}ff_) 6 1 + ε;

5) ěáńĺ t := t_1 ∘ φ ∈ Z^{∗∗∗} ^⊗Z^{∗∗}, W := Z^{∗∗} ĺ W_α | ŕàőáâàăŋáâćő ĺå 4), âő a) trace t = 1 , b) 1/α 6 ‖ t ‖_{I(W}ff_{,W}ff_) 6 ‖ t ‖_J�_{(W}ff_{,W}ff_) 6 (1 + ε) 1/α, c) 1 6 ‖ t ‖_{N(W}ff_{,W}ff_) 6 (1 + ε), d) ‖ t ‖_{I(W,W}ff_) 6 ‖ t ‖_J�_{(W,W}ff_) 6 1 + ε, e) ‖ t ‖_{N(W,W}ff_) ≥ c α ďńï ŋěłőâőàőľ ăąáőńîâŋőľ ŕőáâőïŋŋőľ c > 0.

Ďőłăğăâěńìáâćő. Őŋő ąãďěâ ŕàěďáâăćńïâì ĺğ áěąï ŋěłőâőàãî łőňąĺŋăæĺî ňěâőďőć, ŕàĺňěŋěŋŋëå ć àăąőâăå [9], [1], [14] ("ňěâőď ŕěàěŋőàňĺàőćőł") ĺ ć [15], [14] ("ňěâőď ńĺäâĺŋčă").

Ĺâăł, ŕãáâì Z | ąăŋăåőćő ŕàőáâàăŋáâćő Ńĺŋďěŋèâàăãááă, ŕőáâàőěŋŋőě áőčńăáŋő ńěňňě 3 ŕő ŕàőáâàăŋáâćã G, âăł çâő ŕàőáâàăŋáâćő F := Z^{∗∗}/Z ŋě őąńăďăěâ áćőľáâćőň AP(J). Ďńï ŕàőĺğćőńìŋőčő äĺłáĺàőćăŋŋőčő ε > 0, ĺáŕőńìğãï ńĺäâĺŋč ĺğ F ć Z^{∗∗}, ňë ňőęěň ŋăľâĺ âěŋğőàŋëľ íńěňěŋâ t_1 ∈ F^∗ ^⊗Z^{∗∗} á âěň áćőľáâćőň, çâő trace(Uφ) ∘ t_1 = 0 ďńï ńîąőčő J-őŕěàăâőàă U : F → F ĺ

(⋆) t_1(F ) ⊂ π_Z Z, trace φ ∘ t_1 = 1 > (1 + ε)^{−1/3}‖φ ∘ t_1‖_F � b_{⊗F} > (1 + ε)^{−1} ‖t_1‖_F � b_{⊗Z}�

(ć çăáâŋőáâĺ, âěŋğőàŋëľ íńěňěŋâ φ ∘ t_1, čďě φ : Z^{∗∗} → F | äăłâőà őâőąàăęěŋĺě, ŕőàőęďăěâ ŋãńěćőľ őŕěàăâőà).

Ąőńěě ŕőďàőąŋő: ŕãáâì t_0 ∈ F^∗ ^⊗F | âăłőľ âěŋğőà

t_0 = ∞∑ j=1 f^′_j ⊗ f_j ,

çâő trace t_0 = 1 > (1 + ε)^{−1/3}‖t_0‖_F � b_{⊗F} , ∑ j ‖f^′_j ‖ ‖f_j ‖ 6 (1 + ε)^{1/3} ‖t_0‖_F � b_{⊗F} ĺ trace U ∘ t_0 = ∑ j ⟨f^′_j , Uf_j ⟩ = 0 ďńï łăęďőčő J-őŕěàăâőàă U ∈ L(F, F ) (ńěňňă 2). Ŕőáłőńìłã φ ěáâì äăłâőàőâőąàăęěŋĺě ĺ, ć çăáâŋőáâĺ, ŕěàěćőďĺâ ěďĺŋĺçŋëľ èăà ĺğ Z^{∗∗} ŋă ěďĺŋĺçŋëľ èăà ŕàőáâàăŋáâćă F, âő ŋăľďěâáï ŕőáńěďőćăâěńìŋőáâì {z^{′′}_j } ∈ Z^{∗∗} âăłăï, çâő ‖z^{′′}_j ‖ 6 (1 + ε)^{1/3} ‖f_j ‖ ĺ φ(z^{′′}_j ) = f_j ďńï ćáěå j = 1, 2, . . . . Ŕőńőęĺň t_1 := ∑ j f^′_j ⊗ z^{′′}_j ∈ F^∗ ^⊗Z^{∗∗}. Šăł łăł ć Z^{∗∗} ĺňěěâáï áćőľáâćő ăŕŕàőłáĺňăæĺĺ, âő áńěď âěŋğőàŋőčő íńěňěŋâă t := t_1 ∘ φ ∈ Z^{∗∗∗} ^⊗Z^{∗∗} (őâőęďěáâćĺňőčő ć ďăŋŋőň áńãçăě á áőőâćěâáâćãîéĺň őŕěàăâőàőň) łőààěłâŋő őŕàěďěńěŋ ĺ àăćěŋ

trace t_1 ∘ φ = ∞∑ j=1 ⟨φ^∗f^′_j , z^{′′}_j ⟩ = ∞∑ j=1 ⟨f^′_j , φz^{′′}_j ⟩ = ∞∑ j=1 ⟨f^′_j , f_j ⟩ = trace t_0 = 1.

Ŕőíâőňã âăłęě trace φ∘t_1 = 1. Ś ďàãčőľ áâőàőŋë, Û ∘ t_0 = 0 ďńï ńîąőčő U ∈ J(F, F ), âăł łăł trace(V U) ∘ t_0 = 0 ďńï ćáěå V ∈ L(F, F ) ĺ U ∈ J(F, F ). Śńěďőćăâěńìŋő, ďńï âăłĺå U ĺňěěâ ňěáâő àăćěŋáâćő ^(Uφ) ∘ t_1 = 0, çâő, ćňěáâě á ŕàěďëďãéĺň, ďăěâ áőőâŋőèěŋĺï ĺğ (⋆) :

‖t_1‖_F � b_{⊗Z}� = ‖ ‖ ‖ ‖ ‖ ‖ ∞∑ j=1 f^′_j ⊗ z^{′′}_j ‖ ‖ ‖ ‖ ‖ ‖

              6

6 (1 + ε)^{1/3 ∞∑}_{j=1} ‖f^′_j ‖ ‖fj ‖ 6 (1 + ε)^{2/3} ‖t0‖_F � b_{⊗F} = (1 + ε)^{2/3} ‖φ ∘ t1‖_F � b_{⊗F} 6 1 + ε.

Ňë ŕőłăęěň, çâő ŕàőáâàăŋáâćő Z ĺ âěŋğőàŋëľ íńěňěŋâ t_1 ãďőćńěâćőàïîâ ćáěň ãáńőćĺïň âěőàěňë.

Šăł łăł 1 = trace φ ∘ t_1 = trace t_1 ∘ φ 6 ‖t_0‖_F � b_{⊗F} 6 1 + ε, âő ňë ŕőńãçăěň, çâő 1 = trace t_0 6 ‖t_0‖_F � b_{⊗F} 6 1 + ε.

Ďńï ŕàőĺğćőńìŋőčő äĺłáĺàőćăŋŋőčő çĺáńă α > 1 ňë őŕàěďěńĺň íłćĺćăńěŋâŋãî ŋőàňã ŋă Z^{∗∗} áńěďãîéĺň őąàăğőň: |||z^{′′}||| = |||z^{′′}|||_α = max {‖z^{′′}‖; αd(z^{′′}, π_Z Z)} , čďě d(z^{′′}, π_Z Z) = inf_{z∈Z} ‖z^{′′} − π_Z z‖. Ŕőńőęĺň W_α = (Z^{∗∗}, ||| · |||) (ŋĺęě ňë çăáâő ąãďěň őâőęďěáâćńïâì W_α ĺ Z^{∗∗} łăł ńĺŋěľŋëě ŕàőáâàăŋáâćă).

Šăł łăł ‖z^{′′}‖ 6 |||z^{′′}||| 6 α||z^{′′}||, âő ďńï âőęďěáâćěŋŋőčő őâőąàăęěŋĺï j = j_α : W_α → Z^{∗∗} ĺňěěň: ‖j‖ 6 1 ĺ ‖j^{−1}‖ 6 α. Ŕàőáâàăŋáâćő Z^{∗∗} őąńăďăěâ áćőľáâćőň ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ MAP, ŕőíâőňã W_α ∈ α-MAP . Ďńï ãŕàőéěŋĺï ďăńìŋěľèěčő çâěŋĺï, ãďőąŋő ĺňěâì ŕěàěď čńăğăňĺ áńěďãîéãî ďĺăčàăňňã: W_α^j−−→ Z^{∗∗ t}−−→ π_Z Z ⊂ Z^{∗∗ j} �1 −−→ W_α^R−−→ W_α ↘^φ ↗^t1 F Ěáńĺ z^{′′} ∈ Z^{∗∗}, âő ‖φ(z^{′′})‖ = d(z^{′′}, Z) 6 α^{−1} ||| z^{′′} |||, â.ě. ‖φ‖_{L(W}ff_{,F )} 6 1/α, çâő ďőłăğëćăěâ 4b). Śńěďőćăâěńìŋő,

‖ t ‖_{N(W}ff_{,W}ff_) = ‖j^{−1} ∘ t_1 ∘ φ‖_{N(W}ff_{,W}ff_) 6

‖j^{−1}‖ ‖t_1‖_{N(F,Z}�_) ‖ φ ‖_{L(W}ff_{,F )} 6 1 + ε.

Ś ďàãčőľ áâőàőŋë, ‖t‖_{N(W}ff_{,W}ff_) ≥ trace t = 1. İâő ďőłăğëćăěâ ćëŕőńŋěŋĺě ãáńőćĺï 5c).

Ďńï ďőłăğăâěńìáâćă ãâćěàęďěŋĺï 5b) àăááňőâàĺň J-őŕěàăâőà R ∈ J(W_α, W_α), |||R||| 6 1. Šăł łăł t_1(F ) ⊂ π_Z Z ĺ ||| · ||| = || · || ŋă π_Z Z, âő ňë ŕőńãçăěň

| trace R ∘ t| = | trace R ∘ t_1 ∘ φ| 6 ||Rπ_Z ‖_{L(Z,W}ff_) ‖t_1 ∘ φ‖_J�_{(π}Z_{Z,W}ff_)

6 α^{−1} ‖t1‖_J�_{(πZ Z,F )} 6 α^{−1} ‖t1‖_F � b_{⊗Z}� 6 α^{−1} (1 + ε).

Śńěďőćăâěńìŋő, ‖ t ‖_J�_{(W}ff_{,W}ff_) 6 α^{−1}(1 + ε). Ďăńěě,

1 6 ‖ t ‖_{N(Z}�_{,Z}�_) = ‖ t ‖_{I(Z}�_{,Z}�_) 6 ‖ j ‖_{L(Wff,Z}�_) ‖ t ‖_{I(Wff,Wff)} ‖j^{−1}‖_{L(Z}�_{,Wff)} 6 α ‖ t ‖_{I(Wff,Wff)}

(ŕěàćőě àăćěŋáâćő ć íâĺå áőőâŋőèěŋĺïå ćëâěłăěâ ĺğ âőčő äăłâă, çâő Z^{∗∗} ∈ MAP). İâő ďőłăğëćăěâ 5b).

Ďńï ďőłăğăâěńìáâćă 5d) ğăňěâĺň, çâő ěáńĺ R ∈ J(W_α, Z^{∗∗}) | ŕàőĺğćőńìŋëľ őŕěàăâőà ěďĺŋĺçŋőľ ŋőàňë, âő âăł ęě, łăł ĺ ćëèě, ňë ŕőńãçăěň

| trace R ∘ t| 6 ||Rπ_Z ‖_{J(Z,Z}�_) ‖t_1 ∘ φ‖_J�_{(π}Z_{Z,Z}�_)

6 ‖t1‖_J�_{(πZ Z,F )} ‖ φ ‖_{L(Z}�_{,F )} 6 ‖t1‖_F � b_{⊗Z}� 6 (1 + ε).

Šěŕěàì ďőłăęěň 5e) ĺ 4c). Ŕőáłőńìłã ‖ φ ‖_{L(W}ff_{,F )} 6 1/α âő

‖t_1‖_{N(F,W}ff_) ≡ ‖j^{−1}t_1‖_{N(F,W}ff_) ≥ α | trace φ ∘ j^{−1} ∘ t_1| = α | trace φ ∘ t_1| = α.

Őâňěâĺň, çâő âăł łăł ŕőďŕàőáâàăŋáâćő φ^∗(F^∗) ďőŕőńŋïěňő ć ŕàőáâàăŋáâćě Z^{∗∗∗}, âő ěáâěáâćěŋŋőě őâőąàăęěŋĺě F^∗ ^⊗W_α → Z^{∗∗∗} ^⊗W_α ĺŋďãæĺàőćăŋŋőě őŕěàăâőàőň φ^∗ ěáâì ĺğőňőàäŋőě ćńőęěŋĺě; âăł çâő ‖ t ‖_{N(Z}�_{,W}ff_) ≥ cα.

Ŋăň őáâăńőáì ńĺèì ŕőłăğăâì, çâő ďńï ŕőńãçěŋŋëå őąêěłâőć ćěàŋő ãâćěàęďěŋĺě 4d) (ć áĺńã ŕàőĺğćőńìŋőáâĺ çĺáńă ε ĺ áőőâćěâáâćãîéěčő ćëąőàă íńěňěŋâă t_1, ĺğ 4d), 4c) ĺ ńěňňë 1 ćëâěłăěâ ćâőàőě ãâćěàęďěŋĺě ć 4a)).

Ŕãáâì U | J-őŕěàăâőà ĺğ W_α ć F = Z^{∗∗}/Z. Šăł łăł âőęďěáâćěŋŋőě ćńőęěŋĺě i : Z → W_α = (Z^{∗∗}, ||| · |||_α) ĺğőňěâàĺçŋő, âő ‖Ui‖ 6 ‖U‖. Ŕőńőęĺň S = U − (Ui)^{∗∗}j, čďě j : W_α → Z^{∗∗} | âőęďěáâćěŋŋőě őâőąàăęěŋĺě. Šăł łăł őŕěàăâőà U áńăąő łőňŕăłâěŋ, âő (Ui)^{∗∗}j ⊂ F. Ŕőíâőňã (ć áĺńã ĺŋêěłâĺćŋőáâĺ ĺďěăńă J) S | Jőŕěàăâőà ĺğ W_α ć F ĺ S|_{i(Z)} ≡ 0. Śńěďőćăâěńìŋő (ć áĺńã áîàêěłâĺćŋőáâĺ ĺďěăńă J), S ĺŋďãæĺàãěâ J-őŕěàăâőà S_1 : F → F, S = S_1φj, ŕàĺçěň trace S_1∘(φ∘t_1) = trace S∘t_1. Ŕőáłőńìłã φ∘t_1 őąàăéăěâáï ć ŋãńì ŋă J-őŕěàăâőàăå ĺğ F ć F, âő trace S_1 ∘(φ∘t_1) = 0 ĺ, áńěďőćăâěńìŋő, trace ((Ui)^{∗∗} j) ∘ t_1 = trace U ∘ t_1. Ďăńěě,

| trace(Ui)^{∗∗}j ∘ t_1| 6 ‖(Ui)^{∗∗} ‖ ‖j ∘ t_1‖_{N(F,Z}�_) 6 (1 + ε) ‖U‖.

Śńěďőćăâěńìŋő, | trace U ∘ t_1| 6 (1 + ε) ‖U‖. �

Ďěľáâćãï âăłęě łăł ć łőŋæě àăąőâë [1], ňë ĺğ âěőàěňë 1 ŕőńãçăěň áńěďãîéĺě ďőŕőńŋěŋĺï ł őáŋőćŋëň àěğãńìâăâăň àăąőâë [1] (áň. âěőàěňë 2.3 ĺ 2.4 ć [1]). Őâňěâĺň, çâő ňë ğďěáì ćŕěàćëě ŕàĺćőďĺň őąěéăŋŋőě ć [12] ďőłăğăâěńìáâćő ăŋőŋáĺàőćăŋŋőľ âăň âěőàěňë 1.4 (íâő çăáâì ŋăèěčő áńěďáâćĺï 2 ŋĺęě).

Śńěďáâćĺě 1. Śãéěáâćãîâ áěŕăàăąěńìŋëě ąăŋăåőćë ŕàőáâàăŋáâćă E ĺ F ĺ őŕě-

àăâőà U ĺğ E ć F âăłĺě, çâő

(i) E^∗ áěŕăàăąěńìŋő ĺ F ⊂ c_0 (âăłĺň őąàăğőň, U^∗ ∈ RN(E, F )); (ii) E ĺňěěâ áćőľáâćő ăŕŕàőłáĺňăæĺĺ;

(iii) łăłőćő ąë ŋě ąëńő ŕőńőęĺâěńìŋőě çĺáńő C, őŕěàăâőà U ŋě ňőęěâ ąëâì ăŕŕàőłáĺňĺàőćăŋ ć âőŕőńőčĺĺ τ_c łőňŕăłâŋőľ áåőďĺňőáâĺ ćŕőńŋě ŋěŕàěàëćŋëňĺ őŕěàăâőàăňĺ á ŋőàňăňĺ ŋě ąőńìèě, çěň C.

Ďőłăğăâěńìáâćő. Ŕàĺňěŋĺň âěőàěňã 1 ł áńãçăî, łőčďă G | ŕőďŕàőáâàăŋáâćő ć c_0 ąěğ CAP . Ŕãáâì {U_β} | őčàăŋĺçěŋŋăï áěâì łőňŕăłâŋëå őŕěàăâőàőć ĺğ W_α ć F = Z^{∗∗}/Z, áåőďïéăïáï ŕőâőçěçŋő ł ¯ := α φ. Šőčďă trace U_β ∘ t_1 → trace ¯ ∘ t_1 = α ĺ α = lim_β | trace U_β ∘ t_1| 6 lim_β‖U_β‖. Ŕőíâőňã őŕěàăâőà ¯ ŋě ŕàĺŋăďńěęĺâ ğăňëłăŋĺî ć τ_c ňŋőęěáâćă łőňŕăłâŋëå őŕěàăâőàőć, ŋőàňë łőâőàëå < α, âőčďă łăł ‖¯‖ 6 1. Őáâăěâáï ğăňěâĺâì, çâő ěáńĺ U | ćŕőńŋě ŋěŕàěàëćŋëľ őŕěàăâőà, âő U łőňŕăłâěŋ, âăł łăł ŕàőáâàăŋáâćő F ∼= G ⊂ á_0 ŕőçâĺ àěäńěłáĺćŋő (âőęďěáâćěŋŋëľ őŕěàăâőà ć ŋěň ãáńőćŋő áńăąő łőňŕăłâěŋ). � Śńěďáâćĺě 2. Śãéěáâćãîâ áěŕăàăąěńìŋëě ąăŋăåőćë ŕàőáâàăŋáâćă E ĺ F ĺ őŕě-

àăâőà U ĺğ E ć F âăłĺě, çâő

(i) F ⊂ l^1 (âăłĺň őąàăğőň, U ∈ RN(E, F )); (ii) E ĺňěěâ áćőľáâćő ăŕŕàőłáĺňăæĺĺ;

(iii) łăłőćő ąë ŋě ąëńő ŕőńőęĺâěńìŋőě çĺáńő C, őŕěàăâőà U ŋě ňőęěâ ąëâì ăŕŕàőłáĺňĺàőćăŋ ć âőŕőńőčĺĺ τ_c łőňŕăłâŋőľ áåőďĺňőáâĺ őŕěàăâőàăňĺ á ŋőàňăňĺ ŋě ąőńìèě, çěň C, ĺ âăłĺňĺ, çâő ńĺąő

a) őŋĺ ïćńïîâáï áâàőčő áĺŋčãńïàŋëňĺ, ńĺąő b) őŋĺ ïćńïîâáï ãáńőćŋő áńăąő łőňŕăłâŋëňĺ, ńĺąő c) áőŕàïęěŋŋëě ł ŋĺň ïćńïîâáï őŕěàăâőàăňĺ Řăďőŋă-Ŋĺłőďĺňă.

Ďőłăğăâěńìáâćő. Ŕàĺňěŋĺň âěőàěňã 1 ł áńãçăî, łőčďă G | ŕőďŕàőáâàăŋáâćő ć l^1 ąěğ CAP . Ŕãáâì {U_β} | őčàăŋĺçěŋŋăï áěâì łőňŕăłâŋëå őŕěàăâőàőć ĺğ W_α ć F = Z^{∗∗}/Z, áåőďïéăïáï ŕőâőçěçŋő ł ¯ := α φ. Šőčďă trace U_β ∘ t_1 → trace ¯ ∘ t_1 = α ĺ α = lim_β | trace U_β ∘ t_1| 6 lim_β‖U_β‖. Ŕőíâőňã őŕěàăâőà ¯ ŋě ŕàĺŋăďńěęĺâ ğăňëłăŋĺî ć τ_c ňŋőęěáâćă łőňŕăłâŋëå őŕěàăâőàőć, ŋőàňë łőâőàëå < α, âőčďă łăł ‖¯‖ 6 1. Őáâăěâáï ğăňěâĺâì, çâő ěáńĺ U | áâàőčő áĺŋčãńïàŋëľ (ńĺąő ãáńőćŋő áńăąő łőňŕăłâŋëľ, ńĺąő ńěęăéĺľ ć RN^{dual}) őŕěàăâőà, âő U łőňŕăłâěŋ ŕő âěőàěňě Řőğěŋâăńï, âăł łăł F ∼= G ⊂ l^1 ĺ őąńăďăěâ áćőľáâćőň Ÿãàă. �

Őâňěâĺň âăłęě áńěďãîéĺě ãâćěàęďěŋĺï, ŕőłăğëćăîéěě, çâő ăŕŕàőłáĺňăæĺőŋŋăï őæěŋłă ć âěőàěňě 4 [16] âőçŋă ďăęě ć áńãçăě, ěáńĺ ć íâőň ãâćěàęďěŋĺĺ ğăňěŋĺâì ăŕŕàőłáĺňăæĺî łőŋěçŋőňěàŋëňĺ őŕěàăâőàăňĺ ŋă ăŕŕàőłáĺňăæĺĺ őŕěàăâőàăňĺ ĺğ ąőńěě èĺàőłĺå łńăááőć (íâă âěőàěňă ãâćěàęďăěâ, çâő ŕàĺ ŋěłőâőàëå őčàăŋĺçěŋĺïå ŋă őŕěàăâőàë U : X → Y, V : Y → Z áãŕěàŕőğĺæĺï V U ăŕŕàőłáĺňĺàãěâáï ć âőŕőńőčĺĺ τ_c łőňŕăłâŋőľ áåőďĺňőáâĺ łőŋěçŋőňěàŋëňĺ őŕěàăâőàăňĺ á ŋőàňăňĺ

6 ‖V U‖ ‖P ‖, čďě P | ŕàőěłâőà ĺğ X^{∗∗} ŋă X; ă ĺňěŋŋő, őâ őŕěàăâőàőć ďőáâăâőçŋő

âàěąőćăâì, ŋăŕàĺňěà, çâőąë ćëŕőńŋïńĺáì ćłńîçěŋĺï U ∈ RN ĺ V ∈ AP).

Ŕěàěď âěň łăł áäőàňãńĺàőćăâì ĺŋâěàěáãîéĺě ŋăá äăłâë, ãďőąŋő ććěáâĺ ŋěłőâőàëě ŋőćëě őŕàěďěńěŋĺï ĺ őąőğŋăçěŋĺï. Ŕãáâì I(X, Y ) | ńĺŋěľŋőě ŕőďŕàőáâàăŋáâćő ć L(X, Y ), 1 6 λ 6 +∞.

Őŕàěďěńěŋĺě. Őŕěàăâőà T ∈ L(X, Y ) őąńăďăěâ áćőľáâćőň λ-MAP(I), (λ-ňěâàĺ-

çěáłőľ ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő I), ěáńĺ ďńï ćáïłőčő łőňŕăłâă K ⊂ Y ĺ ńîąőčő ε > 0 áãéěáâćãěâ őŕěàăâőà R ∈ I(X, Y ) âăłőľ, çâő ‖R‖ 6 λ ĺ sup_K ‖Ry−y‖ < ε. Ňë ãáńőćĺňáï ŕĺáăâì T ∈ λ-MAP(I), ěáńĺ T őąńăďăěâ áćőľáâćőň λ-MAP(I). Ěáńĺ λ < +∞ ĺ T ∈ λ-MAP(I), âő T őąńăďăěâ áćőľáâćőň BAP(I). Ěáńĺ T ∈ +∞-MAP(I), âő T őąńăďăěâ áćőľáâćőň AP(I).

Śńěďáâćĺě 3. Ďńï ńîąőčő α > 1 áãéěáâćãîâ ćŕőńŋě áěŕăàăąěńìŋëě ąăŋăåőćë

ŕàőáâàăŋáâćă E ĺ F ĺ őŕěàăâőà T : E → F âăłĺě, çâő E α-ďőŕőńŋïěňő ć E^{∗∗}, ŕàőáâàăŋáâćő F àěäńěłáĺćŋő, T ∈ α-MAP, ŋő T /∈ β-MAP(K) ŕàĺ β < α.

Ďőłăğăâěńìáâćő. Ŕàĺňěŋĺć âěőàěňã 1 ł ŕàőáâàăŋáâćã G ⊂ l^3 ąěğ áćőľáâćă CAP [6], ŕőńőęĺň E = W_α, F = Z^{∗∗}/Z, T = φ. Šăłęě łăł ĺ ŕàĺ ďőłăğăâěńìáâćě áńěďáâćĺï 1 ňë ćĺďĺň, çâő T /∈ β-MAP(K) ŕàĺ β < α. Ś ďàãčőľ áâőàőŋë, ŕàőáâàăŋáâćő E = W_α α-ĺğőňěâàĺçŋő áőŕàïęěŋŋőňã ŕàőáâàăŋáâćã Z^{∗∗} á ąăğĺáőň; ŕőíâőňã E, ćőŕěàćëå, őąńăďăěâ áćőľáâćőň α-MAP ĺ, ćő-ćâőàëå, E α-ďőŕőńŋïěňő ć áćőěň ćâőàőň áőŕàïęěŋŋőň E^{∗∗} (ŕőáłőńìłã ćáïłőě áőŕàïęěŋŋőě ąăŋăåőćő ŕàőáâàăŋáâćő X^∗ 1- ďőŕőńŋïěňő ć X^{∗∗}). �

Ěáńĺ ŕàĺňěŋĺâì âěőàěňã 1 ăŋăńőčĺçŋëň őąàăğőň ł ŕàőáâàăŋáâćã G ⊂ l^1 ąěğ áćőľáâćă CAP (ğďěáì âő ęě áăňőě, çâő ĺ ąěğ áćőľáâć ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő ãáńőćŋő áńăąő łőňŕăłâŋëå ĺńĺ áâàőčő áĺŋčãńïàŋëå őŕěàăâőàőć), âő ňë ŕőńãçĺň Śńěďáâćĺě 4. Ďńï ńîąőčő α > 1 áãéěáâćãîâ áěŕăàăąěńìŋëě ąăŋăåőćë ŕàőáâàăŋ-

áâćă E ĺ F ĺ őŕěàăâőà T : E → F âăłĺě, çâő E α-ďőŕőńŋïěňő ć E^{∗∗}, T ∈ α-MAP, ŋő T /∈ β-MAP(J) ŕàĺ β < α, čďě J | ńîąőľ ĺğ ĺďěăńőć áâàőčő áĺŋčãńïàŋëå, ńĺąő ãáńőćŋő áńăąő łőňŕăłâŋëå, ńĺąő RN^{dual}-őŕěàăâőàőć.

Ěáńĺ ęě ŕàĺňěŋĺâì âěőàěňã 1 ăŋăńőčĺçŋëň őąàăğőň ł ŕàőáâàăŋáâćã G ⊂ c_0 ąěğ áćőľáâćă CAP (ğďěáì | âő ęě áăňőě, çâő ĺ ąěğ áćőľáâć ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő ĺďěăńă ćŕőńŋě ŋěŕàěàëćŋëå őŕěàăâőàőć), âő ňë ŕőńãçĺň Śńěďáâćĺě 5. Ďńï ńîąőčő α > 1 áãéěáâćãîâ áěŕăàăąěńìŋëě ąăŋăåőćë ŕàőáâàăŋ-

áâćă E ĺ F ĺ őŕěàăâőà T : E → F âăłĺě, çâő E α-ďőŕőńŋïěňő ć E^{∗∗}, T ∈ α-MAP, ŋő T /∈ β-MAP(C_c) ŕàĺ β < α, čďě C_c | ĺďěăń ćŕőńŋě ŋěŕàěàëćŋëå őŕěàăâőàőć.

Ŋăłőŋěæ, ěáńĺ ňë ćőğìňěň ć łăçěáâćě ŕàőáâàăŋáâćă G àěäńěłáĺćŋőě ŕàőáâàăŋáâćő ąěğ áćőľáâćă ăŕŕàőłáĺňăæĺĺ, őąńăďăîéěě áćőľáâćőň CAP (áň. [17]), âő ŕő ăŋăńőčĺĺ á [10] ŕőńãçĺň áńěďãîéěě ãáĺńěŋĺě ŋăèěčő áńěďáâćĺï 2 (łőâőàőě äőàňãńĺàãěâáï őâďěńìŋő ć áĺńã âőčő, çâő ŕàĺ ěčő ďőłăğăâěńìáâćě ďőŕőńŋĺâěńìŋő ĺáŕőńìğãěâáï äăłâ áãéěáâćőćăŋĺï ąăŋăåőćă ŕàőáâàăŋáâćă ąěğ áćőľáâćă AP, ŋő áő áćőľáâćőň CAP; ŋăŕőňŋĺň, çâő ć [10, âěőàěňă 1] ŕőáâàőěŋ ŕàĺňěà ćŕőńŋě áěŕăàăąěńìŋőčő ąăŋăåőćă ŕàőáâàăŋáâćă áő áćőľáâćőň ăŕŕàőłáĺňăæĺĺ, ąěğ áćőľáâćă BAP(K), ćáě áőŕàïęěŋŋëě ł łőâőàőňã, őďŋăłő, őąńăďăîâ ňěâàĺçěáłĺň áćőľáâćőň MAP(K)).

Śńěďáâćĺě 6. Ďńï ńîąőčő α > 1 áãéěáâćãîâ ćŕőńŋě áěŕăàăąěńìŋëě ąăŋăåőćë

ŕàőáâàăŋáâćă E ĺ F ĺ őŕěàăâőà T : E → F âăłĺě, çâő E α-ďőŕőńŋïěňő ć E^{∗∗}, ŕàőáâàăŋáâćő F àěäńěłáĺćŋő, T ∈ α-MAP, ŋő T /∈ β-CAP ŕàĺ β < α; ŕàĺ íâőň, ćáě áőŕàïęěŋŋëě ł E ŕàőáâàăŋáâćă E^∗, E^{∗∗}, ... őąńăďăîâ áćőľáâćőň MAP(K).

Śńěďáâćĺě 7. Ŕãáâì J | ğăňłŋãâëľ ĺŋêěłâĺćŋëľ ĺ áîàêěłâĺćŋëľ ĺďěăń őŕěàă-

âőàőć, áőďěàęăéĺľáï ć ĺďěăńě áńăąő łőňŕăłâŋëå őŕěàăâőàőć. Ěáńĺ Z | âăłőě áěŕăàăąěńìŋőě ąăŋăåőćő ŕàőáâàăŋáâćő, çâő Z^{∗∗} ∈ AP ĺ Z^{∗∗}/ Z /∈ AP(J), âő ěáâěáâćěŋŋőě ćńőęěŋĺě π_Z : Z → Z^{∗∗} äăłâőàĺğãěâáï çěàěğ áěŕăàăąěńìŋőě ŕàőáâàăŋáâćő X áő áćőľáâćőň ăŕŕàőłáĺňăæĺĺ, ŋě őąńăďăîéěě áćőľáâćőň őčàăŋĺçěŋŋőľ ăŕŕàőłáĺňăæĺĺ őâŋőáĺâěńìŋő J.

Ďőłăğăâěńìáâćő. Ŕàĺ ďőłăğăâěńìáâćě âěőàěňë 1 âőâ äăłâ, çâő ŕőďŕàőáâàăŋáâćő φ^∗(F^∗) ďőŕőńŋïěňő ć ŕàőáâàăŋáâćě Z^{∗∗∗}, ĺáŕőńìğőćăńáï âőńìłő ć őďŋőň ňěáâě, ă ĺňěŋŋő, ŕàĺ ãáâăŋőćńěŋĺĺ áćőľáâćă 5e) (áň. łőŋěæ ďőłăğăâěńìáâćă). Ďăńěě, âő, çâő ć ãáńőćĺïå âěőàěňë 1 ćâőàőě áőŕàïęěŋŋőě ł Z ŕàőáâàăŋáâćő ĺňěěâ áćőľáâćő ňěâàĺçěáłőľ ăŕŕàőłáĺňăæĺĺ, ąëńő ŋãęŋő ńĺèì ďńï ğăňěçăŋĺï âőčő äăłâă, çâő ŕőńãçăěňőě ŕőáńě ŕěàěŋőàňĺàőćłĺ ŕàőáâàăŋáâćő W_α őąńăďăěâ áőőâćěâáâćãîéĺň áćőľáâćőň ăŕŕàőłáĺňăæĺĺ. Śãéěáâćěŋŋő ŋăńĺçĺě ć ŕàőáâàăŋáâćě Z^{∗∗} áćőľáâćă ăŕŕàőłáĺňăæĺĺ Čàőâěŋďĺłă ąëńő ĺáŕőńìğőćăŋő ńĺèì ć őďŋőň ňěáâě | ć ŋăçăńě ďőłăğăâěńìáâćă (čďě őâňěçăńőáì, çâő áńěďë őŕěàăâőàőć âĺŕă őŕěàăâőàă t ĺğ ďőłăğăâěńìáâćă âěőàěňë łőààěłâŋő őŕàěďěńěŋë).

Ŕőíâőňã ćáï őáâăńìŋăï (ĺ őáŋőćŋăï) çăáâì ďőłăğăâěńìáâćă âěőàěňë ŕàőåőďĺâ ć àăááňăâàĺćăěňőľ áěľçăá ŋăňĺ áĺâãăæĺĺ, ĺ ŋăèě ãâćěàęďěŋĺě, ŕő áãéěáâćã, ŕőńãçăěâáï ŕàĺ ďőłăğăâěńìáâćě âěőàěňë 1: ěáńĺ W_1, W_2, . . . | ŕàőáâàăŋáâćă, ŕőáâàőěŋŋëě ć íâőň ďőłăğăâěńìáâćě (ďńï α = 1, 2, . . . ), âő, ŕő őŕàěďěńěŋĺî ŋőàňë ||| · |||_α, ďńï łăęďőčő α = 1, 2, . . . âőęďěáâćěŋŋőě ćłńîçěŋĺě i_α : Z → W_α ěáâì ĺğőňěâàĺçěáłőě ćńőęěŋĺě, ĺ ŋőàňă âőęďěáâćěŋŋőčő őâőąàăęěŋĺï j_α : W_α → Z^{∗∗} ŋě ŕàěćőáåőďĺâ 1. Ŕőńőęĺň X = ( ∑_∞ n=1 W_n)_{l1} ĺ őŕàěďěńĺň őŕěàăâőàë A : Z → X ĺ B : X → Z^{∗∗} áőőâŋőèěŋĺïňĺ Az = { 1 2^n i_nz }_∞ n=1 ĺ B {w_n}^∞_{n=1} = ∞∑ n=1 j_nw_n. Šőčďă ‖Az‖ = ∑_∞ n=1 2^{−n}‖z‖ = ‖z‖, ‖B‖ 6 1, BAz = B {2^{−n} i_nz} = ∑_∞ n=1 2^{−n}j_ni_nz = π_Z z. �

ŰĹŠĹŘŐĆĂŊŊĂ§ ŃĹŠĚŘĂŠŞŘĂ

1. Řěľŋőć Ő.Ĺ., Ŋăáłőńìłő ŕńőåĺň ňőęěâ ąëâì ąăŋăåőćő ŕàőáâàăŋáâćő áő áćőľáâćőň ăŕŕàőłáĺňăæĺĺ?, Ňăâěň. ğăňěâłĺ 33 (1983), ćëŕ. 6, 833-846.

2. Reinov Oleg, On non-nuclear operators with nuclear adjoints, Estonian Acad. Sci. Phis. Math. 45 (1996), no. 2/3, 226-233.

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

16 (1955), pp. 196 + 140.

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

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

6. Szankowski A., Subspaces without approximation property, Israel J. Math. 30 (1978), 123{130. 7. Grfinbȷck N., Willis G.A., Approximate identities in Banach algebras of compact operators, Canadian Math. Bul. 36 (1993), 45{53.

8. Lima A., Nygaard O., Oja E., Isometric factorization of weakly compact operators and the approximation property, Israel J. Math. 119 (2000), 325{348.

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

10. Casazza P.G., Jarchow H., Self-induced compactness in Banach spaces, Proceedings of the Edinburg Mathematical Society. Section A 126 (1996), 355{362.

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

12. Reinov O.I., A survey of some results in connection with Grothendieck approximation property, Math. Nachr. 119 (1984), 257-264.

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

14. Řěľŋőć Ő.Ĺ., Ăŕŕàőłáĺňăæĺőŋŋëě áćőľáâćă ĺ ŋěłőâőàëě łńăááë őŕěàăâőàőć, ć łŋ. Ŕàőąńěňë ňăâěňăâĺçěáłőčő ăŋăńĺğă, ćëŕ. 23, Ŋőćőáĺąĺàáł: Ŋăãçŋăï łŋĺčă, 2001, pp. 147-205.

15. Őï İ., Řěľŋőć Ő., Łőŋâàŕàĺňěà Ă.Čàőâěŋďĺłã, Ĺğćěáâĺï ĂŊ İáâőŋáłőľ ŚŚŘ 37 (1988), 14-17. 16. Řěľŋőć Ő.Ĺ., Őŕěàăâőàë âĺŕă RN ć ąăŋăåőćëå ŕàőáâàăŋáâćăå, Śĺą. ňăâěň. ęãàŋ. 19 (1978), 4 857-865.

17. Willis G.A., The compact pproximation property does not imply the approximation property, Studia Math. 103 (1992), 99-108.

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