ŞĎŁ 517.444 Ďăâă ŕőáâãŕńěŋĺï 18 ŋőïąàï 1999 č:

Ćěàâčěľň Ń. Ą.

ĞĂĎĂŮĂ ĹŊŠĚČŘĂŃĲŊŐĽ ČĚŐŇĚŠŘĹĹ Ĺ ŊĚŃĹŊĚĽŊĂ§ ŐĄŘĂŠŊĂ§ ĞĂ- ĎĂŮĂ ĎŃ§ ŐŔĚŘĂŠŐŘŐĆ Ć ĆĚŁŠŐŘŊŐŇ ŘĂŚŚŃŐĚŊĹĹ. | Ŋőćőáĺąĺàáł, 1999. | 23 á. | (Ŕàěŕàĺŋâ / ŘĂŊ. Śĺą. őâď-ŋĺě. Ĺŋáâĺâãâ ňăâěňăâĺłĺ; N 64).

Řăááňăâàĺćăěâáï ğăďăçă őŕàěďěńěŋĺï ńĺŋěľŋőčő őŕěàăâőàă, ďěľáâćãîéěčő ć áńőïå łőŋěçŋőňěàŋőčő łőňŕńěłáŋőčő íàňĺâőćă ćěłâőàŋőčő àăááńőěŋĺï ŋăď łőňŕăłâŋëň àĺňăŋőćëň ňŋőčőőąàăğĺěň á łàăěň ŕő ĺğćěáâŋëň ĺŋâěčàăńăň őâ ŋěčő á őŕěàăâőàŋëňĺ ćěáăňĺ ćďőńì ćáěćőğňőęŋëå čěőďěğĺçěáłĺå, áőěďĺŋïîéĺå ŕăàë čàăŋĺçŋëå âőçěł. Ŕàĺ ŋěłőâőàëå őčàăŋĺçěŋĺïå ŋă ćěáă ĺ ŋă łàĺćĺğŋë ňŋőčőőąàăğĺï ĺ àăááńőěŋĺï ãáâăŋőćńěŋă âěőàěňă ěďĺŋáâćěŋŋőáâĺ ĺ ãáâőľçĺćőáâĺ. Řăááňőâàěŋă ŋěńĺŋěľŋăï ğăďăçă ćőááâăŋőćńěŋĺï őŕěàăâőàă ć àăááńőěŋĺĺ, ěáńĺ ĺğćěáâŋë čàăŋĺçŋëě ğŋăçěŋĺï àěèěŋĺľ ŋěłőâőàëå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ ďńï őŕěàăâőàőć ćďőńì čěőďěğĺçěáłĺå. Ŕàĺ ăŕàĺőàŋőľ őæěŋłě ňăńőáâĺ ŋă ĺáłőňëľ őŕěàăâőà ďőłăğăŋă âěőàěňă ěďĺŋáâćěŋŋőáâĺ ĺ ãáâőľçĺćőáâĺ ćőááâăŋőćńěŋĺï.

Łńîçěćëě áńőćă ĺ äàăğë: ĺŋâěčàăńìŋăï čěőňěâàĺï, őŕěàăâőàë ć ćěłâőàŋőň àăááńőěŋĺĺ, âěŋğőàŋëě ŕőńï.

Ăďàěá ăćâőàă: Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺň. Ś. Ń. Śőąőńěćă, ŕà. Ăłăďěňĺłă Łőŕâîčă, 4, 630090 Ŋőćőáĺąĺàáł, Řőááĺï; e-mail: vert@math.nsc.ru

© Ćěàâčěľň Ń. Ą., 1999 © Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺň. Ś. Ń. Śőąőńěćă ŚŐ ŘĂŊ, 1999

Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺň. Ś. Ń. Śőąőńěćă ŚŐ ŘĂŊ Ŕàěŕàĺŋâ N 64, ŋőïąàì 1999

Ğăďăçă ĺŋâěčàăńìŋőľ čěőňěâàĺĺ ĺ ŋěńĺŋěľŋăï őąàăâŋăï ğăďăçă ďńï őŕěàăâőàőć ć ćěłâőàŋőň àăááńőěŋĺĺ

Ń. Ą. Ćěàâčěľň

1. Ććěďěŋĺě ĺ ŋăŕőňĺŋăŋĺï ĺğ âěőàĺĺ àăááńőěŋĺľ

Ć àăąőâě ăćâőàă [1] ãáâăŋőćńěŋë âěőàěňë ěďĺŋáâćěŋŋőáâĺ ĺ ãáâőľçĺćőáâĺ ďńï ğăďăçĺ ĺŋâěčàăńìŋőľ čěőňěâàĺĺ ňăâàĺæ á ňăâàĺçŋëň ćěáőň ĺ ŋěńĺŋěľŋőľ ğăďăçĺ ćőááâăŋőćńěŋĺï ňăâàĺæ ć ďćãňěàŋőň áńãçăě. Ć ŋăáâőïéěň ŕàěŕàĺŋâě ĺğãçăîâáï ăŋăńőčĺçŋëě ğăďăçĺ ć áńãçăě ŕàőĺğćőńìŋőľ àăğňěàŋőáâĺ ďńï ńĺŋěľŋëå őŕěàăâőàőć ć łőŋěçŋőňěàŋőň íàňĺâőćőň łőňŕńěłáŋőň ćěłâőàŋőň àăááńőěŋĺĺ ŋăď łőňŕăłâŋëň àĺňăŋőćëň ňŋőčőőąàăğĺěň. Ŋăàïďã á àăğćĺâĺěň ňěâőďőć ăćâőàă ĺğ [1], ć àăąőâě áãéěáâćěŋŋő ĺáŕőńìğãěâáï âěőàĺï ĺ ňěâőďë àăąőâë [3], ć łőâőàőľ àăááňőâàěŋă àőďáâćěŋŋăï ğăďăçă ćőááâăŋőćńěŋĺï áćïğŋőáâĺ ŋă àăááńőěŋĺĺ ŕő ĺğćěáâŋëň őŕěàăâőàăň ŕăàăńńěńìŋőčő ŕěàěŋőáă ňěęďã čàăŋĺçŋëňĺ âőçłăňĺ.

Ŋăŕőňŋĺň ŋěłőâőàëě ŕőŋïâĺï ĺğ [3], łőâőàëě ąãďãâ ĺáŕőńìğőćăâìáï ć ďăńìŋěľèěň. Łőňŕăłâŋőě àĺňăŋőćő ňŋőčőőąàăğĺě (M; ~g) ŋăğëćăěâáï łőňŕăłâŋëň àăááěĺćăîéĺň, ěáńĺ ěčő łàăľ áâàőčő ćëŕãłń ĺ ďńï ńîąőľ âőçłĺ x ∈ M ĺ ńîąőčő ćěłâőàă 0 ≠ ∈ T_xM ňăłáĺňăńìŋăï čěőďěğĺçěáłăï ‚_{x;}, őŕàěďěńěŋŋăï ãáńőćĺïňĺ ‚_{x;}(0) = x ; _‚_{x;}(0) = , őŕàěďěńěŋă ŋă łőŋěçŋőň őâàěğłě [fi_−(x; ); fi_+(x; )].

Ŕãáâì ” | čńăďłőě łőňŕńěłáŋőě m-ňěàŋőě àăááńőěŋĺě ŋăď M, ”^∗ | ďćőľáâćěŋŋőě ł ŋěňã àăááńőěŋĺě. Ććěďěň ć àăááňőâàěŋĺě áőŕàïęěŋŋőě àăááńőěŋĺě —”, áńőľ łőâőàőčő —”_x ŋăď x ∈ M ŕőńãçăěâáï ĺğ áńőï ”_x ăŋâĺĺğőňőàäĺğňőň u → —u, łőâőàëľ âěőàěâĺłőňŋőęěáâćěŋŋő ěáâì âőęďěáâćěŋŋőě őâőąàăęěŋĺě ĺ ŕő őâŋőèěŋĺî ł ćěłâőàŋëň őŕěàăæĺïň ćěďěâ áěąï âăł: u + v = —u + —v ; —¸ · —u = ¸u. Ŕãáâì fi_M | łăáăâěńìŋőě àăááńőěŋĺě M, fi | ěčő łőňŕńěłáĺäĺłăæĺï.

Őŕàěďěńěŋĺě 1.1. Řăááńőěŋĺěň ”-âěŋğőàőć ŋăď M áâěŕěŋĺ (r; ȷ; –; s; ff; —) (ćáě

íâĺ çĺáńă ŋěőâàĺæăâěńìŋëě æěńëě) ŋăğëćăěâáï áńěďãîéěě àăááńőěŋĺě

fi^{(r;ȷ;–)}

(s;ff;—) ” := fi ⊗ : : : ⊗ fi r ⊗ fi^∗ ⊗ : : : ⊗ fi^∗ s ⊗ ” ⊗ : : : ⊗ ” ȷ ⊗ ”^∗ ⊗ : : : ⊗ ”^∗ ff ⊗

⊗ —” ⊗ : : : ⊗ —” – ⊗ —”^∗ ⊗ : : : ⊗ —”^∗ — :

Ďńï ”-âěŋğőàŋëå ŕőńěľ, áěçěŋĺľ őŕàěďěńěŋŋőčő ćëèě àăááńőěŋĺï, ĺňěěâáï àăááňăâàĺćăěňőě ďăńěě ńőłăńìŋőě ŕàěďáâăćńěŋĺě. Ŕãáâì (x^1; : : : ; x^n) | áĺáâěňă łőőàďĺŋăâ ć őąńăáâĺ U ⊂ M, (e_1; : : : ; e_m) | âàĺćĺăńĺğăæĺï ” ŋăď U, („^1; : : : ; „^m) | ďćőľáâćěŋŋăï âàĺćĺăńĺğăæĺï ”^∗ ŋăď U. Šőčďă áěçěŋĺě u ∈ C^∞(fi^{(r;ȷ;–)}_{(s;ff;—)} ”; U) ŕàěďáâăćńïěâáï őďŋőğŋăçŋő ć ćĺďě

u = u^{i1:::ir¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ @ @x^{i1}

⊗ : : : ⊗ @ @x^{ir}

⊗ dx^{j1} ⊗ : : : ⊗ dx^{js} ⊗

⊗e_{¸1} ⊗ : : : ⊗ e_{¸ρ} ⊗ „^{˛1} ⊗ : : : ⊗ „^{˛σ} ⊗ —e_{‚1} ⊗ : : : ⊗ —e_{‚λ} ⊗ —„^{‹1} ⊗ : : : ⊗ —„^{‹μ}: (1:1) Ğďěáì ĺ ďăńěě ĺáŕőńìğãěâáï ŕàăćĺńő áãňňĺàőćăŋĺï İľŋèâěľŋă: ŕőďàăğãňěćăěâáï áãňňĺàőćăŋĺě ŕő őďĺŋăłőćëň ćěàåŋĺň ĺ ŋĺęŋĺň ĺŋďěłáăň, ćáâàěâĺćèĺňáï ć őďŋőň ňőŋőňě, ńăâĺŋáłĺň | őâ 1 ďő n (n = dimM), čàěçěáłĺň | őâ 1 ďő m.

Řăááńőěŋĺě ” ŋăğëćăěâáï íàňĺâőćëň, ěáńĺ ć áńőïå ” ğăďăŋă íàňĺâőćă ŕőńőęĺâěńìŋő őŕàěďěńěŋŋăï äőàňă g = (g_{¸|˛}) ∈ C^∞(fi^{(0;0;0)}_{(0;1;1)} ”); g_{¸|˛} = g_{˛|¸}: Šěŋğőà g ŋăğëćăěâáï ňěâàĺçěáłĺň âěŋğőàőň íàňĺâőćă àăááńőěŋĺï. Őŕàěďěńěŋő íàňĺâőćő áłăńïàŋőě ŕàőĺğćěďěŋĺě ŋă áńőïå ”:

⟨u|v⟩ = g_{¸|˛}u^{¸|}v^{˛|}; u; v ∈ ”_x:

Őŋő àăáŕàőáâàăŋïěâáï ŋă áńőĺ ŕàőĺğćőńìŋőčő àăááńőěŋĺï fi^{(r;ȷ;–)}_{(s;ff;—)} ” ŕő ŕàăćĺńã:

⟨u|v⟩ = ~g_{i1k1} : : : ~g_{ir kr} ~g^{j1l1} : : : ~g^{jsls}g_{¸1|"1} : : : g_{¸ρ|"ρ} g_{1|‚1} : : : g_{λ|‚λ} g^{˛1|„1} : : : g^{˛σ|„σ} g^{ı1|‹1} : : : g^{ıμ|‹μ}×

×u^{i1:::ir ¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ v k_1:::kr "_1:::"ρ|_1:::λ l_1:::ls„_1:::„σ|ı_1:::ıμ : (1:2)

Ğďěáì (g^{¸|˛}) őąőğŋăçăěâ őąàăâŋãî ňăâàĺæã ł (g_{¸|˛}): g^{¸|‚}g_{˛|‚} = ‹^¸_˛ . Őŕàěďěńïěň ďăńěě

|u|^2 = ⟨u|u⟩: (1:3)

Ŕàěďŕőńăčăěň, çâő ŋă ňŋőčőőąàăğĺĺ (M; ~g) àăááňăâàĺćăěâáï áćïğŋőáâì Ńěćĺ | Ůĺćĺâă^~∇ (áőčńăáőćăŋŋăï á ňěâàĺłőľ ~g), ă ŋă àăááńőěŋĺĺ ” | áćïğŋőáâì ∇, áőčńăáőćăŋŋăï á ňěâàĺłőľ g. Řăááńőěŋĺě ŕőńãąăğĺáŋëå ”-âěŋğőàőć őŕàěďěńïěâáï á ŕőňőéìî ŕàőěłæĺĺ p : T M → M. Ŕőńăčăěň

˛^{(r;ȷ;–)}

(s;ff;—)” = p

∗(fi^{(r;ȷ;–)}_{(s;ff;—)} ”):

Ńőłăńìŋőě ŕàěďáâăćńěŋĺě ďńï áěçěŋĺľ íâőčő àăááńőěŋĺï őâńĺçăěâáï őâ ŕàěďáâăćńěŋĺï (1.1) ńĺèì âěň, çâő łőňŕőŋěŋâë ğăćĺáïâ őâ (x; ) | ńőłăńìŋëå łőőàďĺŋăâ ŋă T M.

Őŕàěďěńïěň ćěàâĺłăńìŋãî ĺ čőàĺğőŋâăńìŋãî łőćăàĺăŋâŋëě ŕàőĺğćőďŋëě. Ćěàâĺłăńìŋăï ŕàőĺğćőďŋăï^v∇ : C^∞(˛^{(r;ȷ;–)}_{(s;ff;—)}”) → C^∞(˛^{(r;ȷ;–)}_{(s+1;ff;—)}”) őŕàěďěńïěâáï àăćěŋáâćőň_v ∇ku^{i1:::ir ¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ = @ @^k u^{i1:::ir¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ : (1:4)

Čőàĺğőŋâăńìŋăï ŕàőĺğćőďŋăï^h∇ : C^∞(˛^{(r;ȷ;–)}_{(s;ff;—)}”) → C^∞(˛^{(r;ȷ;–)}_{(s+1;ff;—)}”) őŕàěďěńïěâáï ĺáåőďï ĺğ ğăďăŋŋëå áćïğŋőáâěľ^~∇ ŋă M ĺ ∇ ŋă ” áńěďãîéĺň őąàăğőň:

h ∇ku^{i1:::ir ¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ = @ @x^k u^{i1:::ir¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ −

~`^p_{kq}^q @ @^p u^{i1:::ir¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ + + r∑ m=1 ~`^{im}_{kp} u^{i1:::im}�^{1 p im+1:::ir¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ − s∑ m=1 ~`^p_{kjm} u^{i1:::ir¸1:::¸ρ|‚1:::‚λ}

j_1:::jm�_1 p jm_{+1}:::js˛_1:::˛σ|‹_1:::‹μ+ + ȷ∑ =1 `^{¸ν}_{k"} u^{i1:::ir ¸1:::¸ν}�^{1 " ¸ν+1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ − ff∑ =1 `^"_{k˛ν} u^{i1:::ir ¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛ν�_1 " ˛ν_{+1}:::˛σ|‹_1:::‹μ+ + –∑ =1 —`^{‚ν}_{k"} u^{i1:::ir¸1:::¸ρ|‚1:::‚ν}�^{1 " ‚ν+1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹μ − —∑ =1 —`^"_{k‹ν} u^{i1:::ir¸1:::¸ρ|‚1:::‚λ}

j_1:::js˛_1:::˛σ|‹_1:::‹ν�_1 " ‹ν_{+1}:::‹μ: (1:5)

2. Ğăďăçă ĺŋâěčàăńìŋőľ čěőňěâàĺĺ ďńï ńĺŋěľŋëå őŕěàăâőàőć ć àăááńőěŋĺĺ

Ŕãáâì (M; ~g) | łőňŕăłâŋőě àăááěĺćăîéěě n-ňěàŋőě àĺňăŋőćő ňŋőčőőąàăğĺě á łàăěň; (”; g) | łőňŕńěłáŋőě íàňĺâőćő m-ňěàŋőě ćěłâőàŋőě àăááńőěŋĺě ŋăď M. Řăááňőâàĺň P = P (x; ) ; Q = Q(x; ) ∈ C^∞(˛^{(0;1;0)}_{(0;1;0)}”) | ĺğćěáâŋëě őŕěàăâőàŋőğŋăçŋëě ćěáă. P (x; ) ďńï äĺłáĺàőćăŋŋőľ âőçłĺ (x; ) ∈ T M áçĺâăěň őŕěàăâőàőň, ďěľáâćãîéĺň ć áńőě ”_x. Ŕàěďŕőńăčăěň ŕőńőęĺâěńìŋãî őďŋőàőďŋőáâì ćěáőć P; Q ŕő ćâőàőňã ăàčãňěŋ- âã: P (x; –) = P (x; ) ; Q(x; –) = Q(x; ) ; (– > 0 ; – ∈ R): (2:1)

Ŕãáâì A = A(x) ∈ C^∞(fi^{(0;1;0)}_{(0;1;0)} ”) | ŋěĺğćěáâŋëľ őŕěàăâőà, ďěľáâćãîéĺľ ć áńőïå ” âăł, çâő A(x) | ńĺŋěľŋëľ őŕěàăâőà ć áńőě ”_x. Řăááňőâàĺň áńěďãîéěě ĺŋâěčàăńìŋőě ŕàěőąàăğőćăŋĺě. Ŕãáâì (x; ) ∈ @_+˙M, čďě

˙M := {(x; ) ∈ T M | || = 1} ;

@_+˙M := {(x; ) ∈ ˙M | x ∈ @M; ŋăŕàăćńěŋő ćŋě M (â. ě. ⟨; _x⟩ > 0,

čďě _x | ěďĺŋĺçŋëľ ćěłâőà ćŋěèŋěľ ŋőàňăńĺ ł @M) }.

Ŕãáâì ‚ = ‚_{x;} : [fi_−(x; ); fi_+(x; )] → M | âăłăï čěőďěğĺçěáłăï, çâő ‚_{x;}(0) = x; _‚_{x;}(0) = ĺ őąőğŋăçĺň I^{t1;t2}_‚ | őŕěàăâőà ŕăàăńńěńìŋőčő ŕěàěŋőáă ćďőńì ‚ ďńï àăááńőěŋĺï (”; g) ĺ áőőâćěâáâćãîéěľ áőčńăáőćăŋŋőľ á g áćïğŋőáâĺ ∇ ĺğ âőçłĺ ‚_{x;}(t_1) ć âőçłã ‚_{x;}(t_2).

Ĺŋâěčàăńìŋőě ŕàěőąàăğőćăŋĺě F : C^∞(fi^{(0;1;0)}_{(0;1;0)} ”) → C^∞(˛^{(0;1;0)}_{(0;1;0)}”|_{@+ΩM} ) őŕàěďěńĺň áńěďãîéĺň őąàăğőň: ďńï A ∈ C^∞(fi^{(0;1;0)}_{(0;1;0)} ”) ĺ ďńï âőçłĺ (x; ) ∈ @_+˙M őŕěàăâőà FA(x; ) ďěľáâćãěâ ć áńőě ”_x ĺ ğăďăěâáï àăćěŋáâćőň:

FA(x; ) := 0∫ fi�(x;)

I^{t;0}_‚ · P (‚(t); _‚(t))A(‚(t))Q(‚(t); _‚(t)) · I^{0;t}_‚ dt (‚ = ‚_{x;}): (2:2)

Ğďěáì ŕàőĺğćěďěŋĺï ŕőŋĺňăîâáï, łăł ŕàőĺğćěďěŋĺï őŕěàăâőàőć ĺğ őďŋőčő áńőï àăááńőěŋĺï ć ďàãčőľ ĺńĺ ć őďŋőň áńőě ”. Ćőğŋĺłăěâ áńěďãîéăï ğăďăçă ĺŋâěčàăńìŋőľ čěőňěâàĺĺ.

Ğăďăçă 1. Ćőááâăŋőćĺâì A(x) ŕő ĺğćěáâŋőľ ŋă @+˙M äãŋłæĺĺ FA = FA(x; ). Śńěďãï őąéěňã ňěâőďã, ŕàĺňěŋĺňőňã ďńï àěèěŋĺï ňŋőčĺå ğăďăç ĺŋâěčàăńìŋőľ čěőňěâàĺĺ, áćěďěň ďăŋŋãî ğăďăçã ł őąàăâŋőľ ğăďăçě ďńï łĺŋěâĺçěáłőčő ãàăćŋěŋĺï. Ŕãáâì (x; ) ∈ T_0M := {(x; ) ∈ T M| ≠ 0}: Őŕàěďěńĺň U ∈ C^∞(˛^{(0;1;0)}_{(0;1;0)}”), ŕàőďőńęăï ĺŋâěčàăń ĺğ (2.2) ŋă ąőńěě èĺàőłőě ňŋőęěáâćő:

U(x; ) = 0∫ fi�(x;)

I^{t;0}_‚ · P (‚(t); _‚(t))A(‚(t))Q(‚(t); _‚(t)) · I^{0;t}_‚ dt (‚ = ‚_{x;}): (2:3)

Ĺňěěň, őçěćĺďŋő, áńěďãîéĺě łàăěćëě ãáńőćĺï: U(x; ) = 0 ŕàĺ (x; ) ∈ @_−˙M = = {(x; ) ∈ ˙M | x ∈ @M; ŋăŕàăćńěŋő ćŋãâàì M (⟨; _x⟩ < 0)}; (2:4) U(x; ) = FA(x; ) ŕàĺ (x; ) ∈ @_+˙M: (2:5) Ďőłăęěň, çâő U ãďőćńěâćőàïěâ áńěďãîéěňã łĺŋěâĺçěáłőňã ãàăćŋěŋĺî: HU(x; ) = P (x; )A(x)Q(x; ); (2:6)

čďě H = ^{k h}∇_k | őŕěàăâőà čěőďěğĺçěáłőčő ŕőâőłă,^h∇_k őŕàěďěńïěâáï ć (1.5).

Ďěľáâćĺâěńìŋő, ŕãáâì (x_0; _0) ∈ T_0M | ŕàőĺğćőńìŋăï âőçłă. Řăááňőâàĺň čěőďěğĺçěáłãî ‚_{x0;0} = ‚_0 ĺ ŕàĺňěŋĺň ł àăćěŋáâćã (2.3), ğăŕĺáăŋŋőňã ďńï âőçłĺ (‚_0(t); _‚_0(t)), áńěćă ĺ áŕàăćă őŕěàăâőàë áďćĺčă áńěďãîéĺň őąàăğőň:

I^{t;0}_{‚0} U(‚_0(t); _‚_0(t))I^{0;t}_{‚0} = t∫ fi�(x;)

I^{fi;0}_{‚0} · P (‚_0(fi); _‚_0(fi))A(‚_0(fi))Q(‚_0(fi); _‚_0(fi)) · I^{0;fi}_{‚0} dfi: (2:7)

(ć äőàňãńě (2.3) ŕàőĺğćěńĺ áőőâćěâáâćãîéãî ğăňěŋã ŕěàěňěŋŋőľ ćďőńì čěőďěğĺçěáłőľ). Ďĺääěàěŋæĺàãï àăćěŋáâćő (2.7) ŕő t ŕàĺ t = 0, ŕőńãçăěň HU(x_0; _0) = P (x_0; _0)A(x_0)Q(x_0; _0);

çâő ĺ âàěąőćăńőáì.

Ďńï äőàňãńĺàőćłĺ ãáńőćĺľ ňăńőáâĺ ć ďőłăğëćăěňőľ ďăńěě âěőàěňě ŋăň ŋěőąåőďĺňë áńěďãîéĺě őŕàěďěńěŋĺï. Ŕãáâì R : T_xM ⊗ ”_x → T^∗_x M ⊗ ”_x | őŕěàăâőà łàĺćĺğŋë ďńï áćïğŋőáâĺ ć àăááńőěŋĺĺ ”, áőčńăáőćăŋŋőľ á ňěâàĺłőľ g; ďńï v ∈ T_xM ; u ∈ ”_x ěčő ğŋăçěŋĺě ŋă íńěňěŋâě v ⊗ u ěáâì (R(v ⊗ u))^¸_j = R^¸_{ij˛}v^iu^˛ ;

R^¸_{ij˛} =

@`^¸_{j˛} @x^i − @`^¸_{i˛} @x^j

+ `^¸_{i‚} `^‚_{j˛} − `^¸_{j‚} `^‚_{i˛}; (2:8) čďě `^¸_{i˛} | áĺňćőńë Łàĺáâőääěńï áćïğŋőáâĺ ∇, őŕàěďěńïěňëě àăćěŋáâćăňĺ ∇_{@i}e_˛ = `^¸_{i˛} e_¸ ; @_i =^@_{@xi} . Ŕãáâì ďăńěě ~R | őŕěàăâőà łàĺćĺğŋë ďńï ňŋőčőőąàăğĺï

(M; ~g);^~R : T_xM ⊗ T_xM → T^∗_x M ⊗ T^∗_x M ĺ ďńï v; w ∈ T_xM ěčő ğŋăçěŋĺě ŋă áőőâćěâáâćãîéěň íńěňěŋâě ěáâì (^~R(v ⊗ w))_{ik} =^~R_{ijkl}v^jw^l: (2:9) Őŕàěďěńĺň âěŕěàì áńěďãîéĺě ćěńĺçĺŋë, łőâőàëě ąãďãâ åăàăłâěàĺğőćăâì ňăńőáâì łàĺćĺğŋ:

ȷ = ȷ(M; ~g; ”; g; ∇) = sup_{(x;)∈ΩM}

fi_+(x;) ∫ 0 t ‖R(‚_{x;}(t))‖dt (2:10)

(ć ĺŋâěčàăńě áâőĺâ áőőâćěâáâćãîéăï őŕěàăâőàŋăï ŋőàňă);

~ȷ = ~ȷ(M; ~g) = sup_{(x;)∈ΩM}

fi_+(x;) ∫ 0 t ‖^~R(‚_{x;}(t))‖dt: (2:11)

Őŕàěďěńĺň âăłęě áńěďãîéãî åăàăłâěàĺáâĺłã ňăńőáâĺ ćěáőć P; Q:

— = sup

(x;)∈ΩM

(|^v∇P (x; )P^{−1}(x; )| + |Q^{−1}(x; )^v∇Q(x; )|): (2:12)

(Ğďěáì ŋőàňă őŕàěďěńïěâáï àăćěŋáâćăňĺ (1.2), (1.3)).

Šěőàěňă 2.1. Ŕãáâì (M; ~g) | łőňŕăłâŋőě àăááěĺćăîéěě àĺňăŋőćő ňŋőčőőąàă-

ğĺě á łàăěň; (”; g) | čńăďłőě łőňŕńěłáŋőě íàňĺâőćő ćěłâőàŋőě àăááńőěŋĺě ŋăď M; P; Q ∈ C^∞(˛^{(0;1;0)}_{(0;1;0)}”) | őŕěàăâőàŋőğŋăçŋëě ćěáă, ãďőćńěâćőàïîéĺě áńěďãîéĺň ãáńőćĺïň:

1: Ďńï ńîąőčő (x; ) ∈ T_0M őŕěàăâőàë P (x; ) ĺ Q(x; ), ďěľáâćãîéĺě ć áńőě ”_x, ŋěćëàőęďěŋë.

2: P (x; ) ; Q(x; ) ŕőńőęĺâěńìŋő őďŋőàőďŋë ŕő ăàčãňěŋâã :

P (x; –) = P (x; ) ; Q(x; –) = Q(x; ) ; (– > 0; – ∈ R):

3: Ćěńĺçĺŋă —, őŕàěďěńïěňăï ćěáăňĺ ć (2:12), ãďőćńěâćőàïěâ ãáńőćĺî ňăńőáâĺ:

(~ȷ + 2ȷ)(— + 1)^2 + 2— < 1: (2:13)

Šőčďă ğăďăçă 1 ĺňěěâ ŋě ąőńěě őďŋőčő àěèěŋĺï ĺ ćëŕőńŋěŋă őæěŋłă ãáâőľçĺćőáâĺ

‖A‖_L2_{(M )} := ∫ M |A(x)|^2dx 1 2 ≤ C‖FA‖_H1_{(@+ΩM )} (2:14)

ďńï ŋěłőâőàőľ łőŋáâăŋâë C, ŋě ğăćĺáïéěľ őâ A.

Ďőłăğăâěńìáâćő. Ğăŕĺèěň âőęďěáâćő Ŕěáâőćă ďńï U, őŕàěďěńěŋŋőľ ć (2.3) (äőàňãńĺàőćłã ĺ ďőłăğăâěńìáâćő íâőčő âőęďěáâćă ć ąőńěě őąéěň ćĺďě áň. ć [3]; ďńï ŕőńãçěŋĺï ĺğ ŋěčő ŋĺęěáńěďãîéěčő âőęďěáâćă ŋěőąåőďĺňő ĺğňěŋĺâì ŋěłőâőàëě ĺŋďěłáë ŋă łőćăàĺăŋâŋëě á ŕőňőéìî ňěâàĺçěáłőčő âěŋğőàă àăááńőěŋĺï).

2Re⟨^h∇U|^v∇HU⟩ = |^h∇U|^2 +^h∇_kV^k +^v∇_kW^k− − ~R_{kplq}^p^{q v}∇^kU^{¸|}_{˛|}^v∇^lU^{|˛}_{|¸} + Re [ (R^{¸|}_{kl"|}U^{"|}_{‚|} + R^{|"}_{kl|‚}U^{¸|}_{"|} )^{l v}∇^kU^{|‚}_{|¸} ] : (2:15) Ğďěáì őąőğŋăçěŋő R^{|"}_{kl|‚} = g_{–|‚}g^{—|"}R^{–|}_{kl—|} ĺ U^{|˛}_{|¸} = g_{—|¸}g^{–|˛}U^{—|}_{–|} . V^k = Re [ k^h∇^lU^{¸|}_{˛|}^v∇_lU^{|˛}_{|¸} − ^{l v}∇^kU^{¸|}_{˛|}^h∇_lU^{|˛}_{|¸} ] ; (2:16)

W^k = Re [ l^h∇^kU^{¸|}_{˛|}^h∇_lU^{|˛}_{|¸|} ] : (2:17) Ďăńěě ďńï ŕőńãçěŋĺï őæěŋłĺ ãáâőľçĺćőáâĺ ćőááâăŋőćńěŋĺï ĺ ďőłăğăâěńìáâćă ãâćěàęďěŋĺï ő ěďĺŋáâćěŋŋőáâĺ ŋăň ŋěőąåőďĺňő ąãďěâ őæěŋĺâì ŕő ŋőàňě ŋěłőâőàëě çńěŋë ć íâőň âőęďěáâćě ĺ ğăâěň ŕàőĺŋâěčàĺàőćăâì ŕőńãçĺćèěěáï ŋěàăćěŋáâćő ŕő ˙M.

1. Őæěŋłă ńěćőľ çăáâĺ âőęďěáâćă. Ŕőńãçăěň ć áĺńã (2.6) HU = P AQ ; A = P^{−1}(HU)Q^{−1}: v ∇(HU) =^v∇(P AQ) =^v∇P · AQ + P A ·^v∇Q = (^v∇P · P^{−1})HU + HU(Q^{−1 v}∇Q);

á ãçěâőň ŋěğăćĺáĺňőáâĺ A őâ . Ĺňěěň ⟨^h∇U|^v∇HU⟩ = ⟨^h∇U|(^v∇P · P^{−1})HU⟩ + ⟨^h∇U|HU(Q^{−1 v}∇Q)⟩; (2:18) |Re⟨^h∇U|^v∇HU⟩| ≤ |⟨^h∇U|^v∇HU⟩|:

Ďńï őæěŋłĺ ćëàăęěŋĺï |⟨^h∇U|(^v∇P ·P^{−1})HU⟩| áďěńăěň âăłãî ńőłăńìŋãî ğăňěŋã łőőàďĺŋăâ ŋă ňŋőčőőąàăğĺĺ ĺ âàĺćĺăńĺğăæĺľ àăááńőěŋĺï, çâőąë ć ďăŋŋőľ äĺłáĺàőćăŋŋőľ âőçłě x_0 ∈ M ňěâàĺçěáłĺě âěŋğőàë g ĺ ~g ğăďăćăńĺáì ąë ěďĺŋĺçŋëňĺ ňăâàĺæăňĺ. Šőčďă ŋőàňë ć âőçłě (x_0; _0) ğăďăîâáï àăćěŋáâćăňĺ ćĺďă |HU(x_0; _0)|^2 = ∑ ¸;˛ |(HU)^{¸|}_{˛|}(x_0; _0)|^2;

|^h∇U(x_0; _0)|^2 = ∑ k;¸;˛

|^h∇^kU^{¸|}_{˛|} (x_0; _0)|^2 ĺ âőňã ŕőďőąŋëňĺ. Őæěŋłã |⟨^h∇U|(^v∇P · P^{−1})HU⟩| = |⟨^h∇^kU|(^v∇_kP · P^{−1})HU⟩| ≤ ≤ |^h∇^kU| · |^v∇_kP · P^{−1}| · |HU| (2:19) ŕőńãçăěň ć áĺńã áńěďãîéěľ ńěňňë.

Ńěňňă 2.1. Ŕãáâì A; B; C | łőňŕńěłáŋëě łćăďàăâŋëě ňăâàĺæë àăğňěàă

m × m; őąőğŋăçĺň |A|^2 :=^∑_{ij} |a_{ij}|^2 ; ⟨A|F ⟩ :=^∑_{ij} a_{ij} —f_{ij}: Šőčďă |A · B| ≤ |A| · |B|; (2:20)

|⟨A|BC⟩| ≤ |A| · |B| · |C|: (2:21) Ďőłăğăâěńìáâćő. Ć áăňőň ďěńě,

|A · B|^2 = ∑ ij | ∑ k a_{ik}b_{kj}|^2 ≤^∑_{ij}^∑_k |a_{ik}|^2 ·^∑_l |b_{lj}|^2 =^∑_{ijkl} |a_{ik}|^2|b_{lj}|^2 =

=^∑_{ik} |a_{ik}|^2 ·^∑_{lj} |b_{lj}|^2 = |A|^2 · |B|^2;

ć áĺńã ŋěàăćěŋáâćă Łőèĺ | Ąãŋïłőćáłőčő. Ďăńěě ŕőńãçĺň |⟨A|BC⟩|^2 ≤ |A|^2 · |BC|^2 ≤ |A|^2 · |B|^2 · |C|^2:

Ńěňňă ďőłăğăŋă.

Ŕàőďőńęăï ŋěàăćěŋáâćő (2.19) ĺ ĺáŕőńìğãï ćŋőćì ŋěàăćěŋáâćő Łőèĺ | Ąãŋïłőćáłőčő, ŕàĺåőďĺň ł ŋěàăćěŋáâćã

|⟨^h∇U|(^v∇P · P^{−1})HU⟩| ≤ |^h∇U| · |^v∇P · P^{−1}| · |HU|: (2:22) Ŕőáłőńìłã ćěńĺçĺŋë, äĺčãàĺàãîéĺě ć íâőň ŋěàăćěŋáâćě, ĺňěîâ ĺŋćăàĺăŋâŋëľ åăàăłâěà, őŋő áŕàăćěďńĺćő ŋěğăćĺáĺňő őâ ćëąőàă ŋăňĺ áŕěæĺăńìŋőľ áĺáâěňë łőőàďĺŋăâ.

Ăŋăńőčĺçŋőě ŋěàăćěŋáâćő

|⟨^h∇U|HU(Q^{−1 v}∇Q)⟩| ≤ |^h∇U| · |HU| · |Q^{−1 v}∇Q|: (2:23) ŕőńãçăěň ĺ ďńï ćâőàőčő áńăčăěňőčő ć (2.18).

Ŕő őŕàěďěńěŋĺî őŕěàăâőàă H ĺňěěň HU = ^{i h}∇_iU. Ĺáŕőńìğãï || = 1 (âőęďěáâćő Ŕěáâőćă àăááňăâàĺćăěň ŋă ˙M) ĺ ŋěàăćěŋáâćő Łőèĺ | Ąãŋïłőćáłőčő, ŕőńãçĺň ŋěàăćěŋáâćő |HU| ≤ |^h∇U|: (2:24) (Ćŋőćì ŕàőćőďĺň àăááãęďěŋĺě, áćïğăŋŋőě á ćëąőàőň áŕěæĺăńìŋëå łőőàďĺŋăâ ĺ âàĺćĺăńĺğăæĺľ ć őłàěáâŋőáâĺ ďăŋŋőľ âőçłĺ). Ć áĺńã ŋěàăćěŋáâć (2.22){(2.24), ŋăåőďĺň

|Re⟨^h∇U|^v∇HU⟩| ≤ (|^v∇P · P^{−1}| + |Q^{−1 v}∇Q|) |^h∇U|^2: (2:25)

2. Řăááňőâàĺň âěŕěàì áńăčăěňőě^~R_{kplq}^p^{q v}∇^kU^{¸|}_{˛|}^v∇^lU^{|˛}_{|¸} . Ćáŕőňĺŋăï őŕàěďěńěŋĺě (2.9) őŕěàăâőàă łàĺćĺğŋë^~R, ňőęěň ğăŕĺáăâì őæěŋłã | | | ~R_{kplq}^p^{q v}∇^kU^{¸|}_{˛|}^v∇^lU^{|˛}_{|¸} | | | ≤ ‖ ~R(x)‖ · |^v∇U|^2: (2:26)

Ć áĺńã ŋěàăćěŋáâćă Ŕãăŋłăàě (áň. [2], á.129 ; ãçĺâëćăěň łàăěćëě ãáńőćĺï^v∇U|_@�_{ΩM} = = 0) ĺňěěň áńěďãîéãî őæěŋłã ∫ ΩM ‖ ~R(x)‖ · |^v∇U|^2d˚^{2n−1} ≤ ~ȷ ∫ ΩM |H^v∇U|^2d˚^{2n−1}: (2:27)

Ğďěáì d˚^{2n−1} | äőàňă őąêěňă ŋă ˙M, ğăďăŋŋăï áńěďãîéĺň àăćěŋáâćőň:

d˚^{2n−1} = det(~g_{kj}) n∑ i=1 (−1)^{i−1}^id^1 ∧ : : : ∧^^d^i ∧ : : : ∧ d^n ∧ dx; (2:28)

ă ćěńĺçĺŋă ~ȷ őŕàěďěńěŋă ć (2.11).

3. Őæěŋĺň âěŕěàì ćëàăęěŋĺě Re [ (R^{¸|}_{kl"|}U^{"|}_{‚|} + R^{|"}_{kl|‚}U^{¸|}_{"|} )^{l v}∇^kU^{|‚}_{|¸} ] : (2:29)

Ć áĺńã âőčő, çâő P (x; ) ; Q(x; ) ŕőńőęĺâěńìŋő őďŋőàőďŋë áâěŕěŋĺ 0 ŕő , U(x; ) ïćńïěâáï ŕőńőęĺâěńìŋő őďŋőàőďŋőľ äãŋłæĺěľ áâěŕěŋĺ (−1) őâ (áň. őŕàěďěńěŋĺě (2.3)). Ć áĺńã âőęďěáâćă İľńěàă áŕàăćěďńĺćő áőőâŋőèěŋĺě

i^v∇_iU = −U:

Őâáîďă ŕőńãçăěň |U| ≤ |^v∇U|. Ćáŕőňĺŋăï őŕàěďěńěŋĺě (2.8) ďńï őŕěàăâőàă łàĺćĺğŋë R, ŕàĺåőďĺň ł ŋěàăćěŋáâćã (ćŋőćì ĺáŕőńìğãï ďńï őæěŋőł ŕőďåőďïéĺě łőőàďĺŋăâë ĺ âàĺćĺăńĺğăæĺĺ): | | | | R^{¸|}_{kl"|}U^{"|}_{‚|}^{l v}∇^kU^{|‚}_{|¸} | | | | ≤ ‖R(x)‖ · |U| · |^v∇U| ≤ ‖R(x)‖ · |^v∇U|^2: (2:30)

Ćâőàőě áńăčăěňőě ć (2.29) ňőęŋő ğăŕĺáăâì ć ćĺďě Re [ R^{|"}_{kl|‚} U^{¸|}_{"|} ^{l v}∇^kU^{|‚}_{|¸} ] = Re [ g_{–|‚}g^{—|"}R^{–|}_{kl—|} · U^{¸|}_{"|} ^{l v}∇^kU^{|‚}_{|¸} ] = Re [ R^{–|}_{kl—|}U^{¸|—}^{l v}∇^kU_{–|¸} ] : Őâáîďă ćëćőďĺň őæěŋłã: | | | | Re(R^{|"}_{kl|‚}U^{¸|}_{"|} ^{l v}∇^kU^{|‚}_{|¸} ) | | | | ≤ ‖R(x)‖ · |^v∇U|^2: (2:31)

Őąêěďĺŋïï (2.30) ĺ (2.31), ŕőńãçăěň őæěŋłã áćěàåã ăąáőńîâŋőľ ćěńĺçĺŋë ćëàăęěŋĺï (2.29): 2‖R(x)‖·|^v∇U|^2. Ďńï ĺŋâěčàăńă ŕő ˙M ć áĺńã ŋěàăćěŋáâćă Ŕãăŋłăàě, ŕőńãçĺň áńěďãîéãî őæěŋłã áćěàåã 2 ∫ ΩM ‖R(x)‖ · |^v∇U|^2d˚^{2n−1} ≤ 2ȷ ∫ ΩM |H^v∇U|^2d˚^{2n−1}: (2:32)

(ȷ őŕàěďěńěŋő ć (2.10)).

4. Ŋěâàãďŋő ãąěďĺâìáï ć áŕàăćěďńĺćőáâĺ áńěďãîéěľ łőňňãâăæĺőŋŋőľ äőàňãńë v ∇H − H^v∇ =^h∇: (2:33)

Ĺňěěň H^v∇U =^v∇HU −^h∇U ĺ, áńěďőćăâěńìŋő,

|H^v∇U| ≤ |^v∇HU| + |^h∇U| =

= |^v∇(P AQ)| + |^h∇U| ≤ (|^v∇P · P^{−1}| + |Q^{−1} ·^v∇Q| + 1)|^h∇U|: (2:34) (cň. őæěŋłĺ ć ŕãŋłâě 1).

5. Ŕàĺ ĺŋâěčàĺàőćăŋĺĺ âőęďěáâćă Ŕěáâőćă ŕő ˙M ŋěőąåőďĺňő ąãďěâ ŕàĺňěŋěŋĺâì äőàňãńë Čăãááă | Őáâàőčàăďáłőčő ďńï čőàĺğőŋâăńìŋőľ ĺ ćěàâĺłăńìŋőľ ďĺćěàčěŋæĺľ (áň. [2], III, 6, c.106): ěáńĺ (V^k) ; (W^k) | ćěłâőàŋëě ŕőńï, âő ∫ ΩM h ∇kV^kd˚^{2n−1} = ∫ @ΩM ⟨V; ⟩d˚^{2n−2} :

Ğďěáì | ěďĺŋĺçŋëľ ćěłâőà ćŋěèŋěľ ŋőàňăńĺ ł @M ĺ

d˚^{2n−2} = −det(~g_{kj} ) n∑ i=1 (−1)^{i−1}^id^1 ∧ : : : ∧^^d^i ∧ : : : ∧ d^n ∧ dx^1 ∧ : : : ∧ dx^{n−1};

ěáńĺ (x^1; : : : ; x^{n−1}; x^n) | ŕőńãčěőďěğĺçěáłăï áĺáâěňă łőőàďĺŋăâ ć őłàěáâŋőáâĺ âőçłĺ čàăŋĺæë @M.

Ěáńĺ őďŋőàőďŋőáâì W^k ŕő ěáâì – (ć ŋăèěň łőŋłàěâŋőň áńãçăě – = −1, ŕőáłőńìłã U ĺňěěâ őďŋőàőďŋőáâì −1), âő áŕàăćěďńĺćő àăćěŋáâćő ∫ ΩM v ∇kW^k d˚^{2n−1} = (– + n − 1) ∫ ΩM ⟨W; ⟩ d˚^{2n−1} = (n − 2) ∫ ΩM ⟨W; ⟩ d˚^{2n−1}: (2:35)

6. Ďńï ŕőáńěďãîéěľ őæěŋłĺ ćëàăęěŋĺï ć (2.35) ŋăŕĺèěň

⟨W; ⟩ = _kW^k = _k · Re [ l^h∇^kU^{¸|}_{˛|}^h∇_lU^{|˛}_{|¸|} ] = Re [ k^h∇^kU^{¸|}_{˛|} · ^{l h}∇_lU^{|˛}_{|¸} ] = = Re [ k^h∇^kU^{¸|}_{˛|} · ^{l h}∇_lg_{–|¸}g^{—|˛}U^{–|}_{—|} ] = Re [ g_{¸|–}g^{˛|—}_k^h∇^kU^{¸|}_{˛|} · ^{l h}∇_lU^{–|}_{—|} ] = = Re [ g_{¸|–}g^{˛|—}(HU)^{¸|}_{˛|}(HU)^{–|}_{—|} ] = |HU|^2; (2:36)

ć áĺńã őŕàěďěńěŋĺľ (1.2), (1.3).

7. Őæěŋĺň áńěďãîéĺľ ĺŋâěčàăń ∫ @ΩM ⟨V; ⟩ d˚^{2n−2}:

Őąàăâĺňáï ł őŕàěďěńěŋĺî (2.16) ďńï V . Ć áĺńã âőčő, çâő ćěàâĺłăńìŋëě ŕàőĺğćőďŋëě ćĺďă^v∇^kU^{¸|}_{˛|} (x; ) = 0 ŕàĺ (x; ) ∈ @_−˙M (x ∈ @M; ŋăŕàăćńěŋő ćŋãâàì M), ĺňěěň V (x; ) = 0 ŕàĺ (x; ) ∈ @_−˙M. Ŕàĺŋĺňăï ćő ćŋĺňăŋĺě łàăěćőě ãáńőćĺě (2.5), ŕőłăęěň, çâő ŋă @_+˙M ćěńĺçĺŋă ⟨V (x; ); ⟩ ćëàăęăěâáï łăł ŋěłőâőàăï łćăďàăâĺçŋăï äőàňă á ŋěŕàěàëćŋëňĺ łőíääĺæĺěŋâăňĺ őâ äãŋłæĺĺ FA(x; ) ĺ ěě ŕàőĺğćőďŋëå ŕő x ĺ . Ć áăňőň ďěńě, ğăŕĺèěň ćëàăęěŋĺě ⟨V (x; ); ⟩ ďńï (x; ) ∈ @_+˙M ć ŕőńãčěőďěğĺçěáłőľ áĺáâěňě łőőàďĺŋăâ (x^1; : : : ; x^{n−1}; x^n) ć őłàěáâŋőáâĺ x ∈ @M. Šőčďă = (0; : : : ; 0; −1) ĺ ⟨V (x; ); ⟩ = −V^n(x; ) =

= −Re [ n^h∇^lU^{¸|}_{˛|}^v∇_lU^{|˛}_{|¸} − ^{l v}∇^nU^{¸|}_{˛|}^h∇_lU^{|˛}_{|¸} ] : (2:37)

Řăááňőâàĺň âăłãî âàĺćĺăńĺğăæĺî àăááńőěŋĺï ”, çâőąë ć âőçłě x ňěâàĺçěáłĺľ âěŋğőà g ćëàăęăńáï ąë ěďĺŋĺçŋőľ ňăâàĺæěľ. §áŋő, çâő ćěàâĺłăńìŋëě ŕàőĺğćőďŋëě őâ U ňőęŋő ćëàăğĺâì çěàěğ ŕàőĺğćőďŋëě FA ŋă @_+˙M, ă âăłęě ćáě łőňŕőŋěŋâë^h∇^l čőàĺğőŋâăńìŋőľ ŕàőĺğćőďŋőľ ŕàĺ 1 ≤ l ≤ n−1. Ůâőąë ŕőłăğăâì, çâő ćěńĺçĺŋã ĺğ (2.37) ňőęŋő ćëàăğĺâì ńĺèì çěàěğ FA ĺ ěě ŕàőĺğćőďŋëě, ŋăďő ãąěďĺâìáï, çâő ŕàőĺğćőďŋëě ŕő x^n őâ łőňŕőŋěŋâ U ãçăáâćőćăâì ŋě ąãďãâ. Ć áăňőň ďěńě, őŋĺ ňőčńĺ ąë ŕőïćĺâìáï ńĺèì ć áńăčăěňőň −Re [ n @ @x^n

U^{¸|}_{˛|} @ @^n

U^{|˛}_{|¸} − ^n @ @^n

U^{¸|}_{˛|} @ @x^n

U^{|˛}_{|¸} ] : Ěáńĺ âěŕěàì ğăŕĺáăâì U^{¸|}_{˛|} = g_{˛|–}g^{¸|—}U^{|–}_{|—} , âő çăáâì íâőčő áńăčăěňőčő, áőďěàęăéăï ŕàőĺğćőďŋëě ŕő x^n, ŕěàěŕĺèěâáï ć áńěďãîéěň ćĺďě (á ãçěâőň ćëąőàă âàĺćĺăńĺğăæĺľ): −Re [ n @ @x^n

U^{|˛}_{|¸} @ @^n

U^{|˛}_{|¸} − ^n @ @^n

U^{|˛}_{|¸} @ @x^n

U^{|˛}_{|¸} ] = 0:

Šăłĺň őąàăğőň, ć ćëàăęěŋĺĺ (2.37) ŕàőĺğćőďŋëě ŕő x^n őâáãâáâćãîâ, ĺ őŋő ïćńïěâáï łćăďàăâĺçŋőľ äőàňőľ őâ FA ĺ ěě ŕàőĺğćőďŋëå. Ŕőáłőńìłã łőíääĺæĺěŋâë íâőľ äőàňë őŕàěďěńïîâáï ńĺèì ňěâàĺçěáłĺňĺ áćőľáâćăňĺ (M; ~g) ĺ (”; g), ĺňěěň ďńï ŋěłőâőàőľ ŕőáâőïŋŋőľ C_0 = C(M; ~g; ”; g; ∇) ĺ áőőâćěâáâćãîéěľ Śőąőńěćáłőľ ŋőàňë FA áńěďãîéãî őæěŋłã: | | | | | ∫ @ΩM ⟨V; ⟩d˚^{2n−2} | | | | | ≤ C_0‖FA‖^2_H1_{(@+ΩM )}: (2:38)

8. Ğăŕĺèěň âěŕěàì âőęďěáâćő Ŕěáâőćă ć ćĺďě

−^h∇_kV^k = |^h∇U|^2 − 2Re⟨^h∇U|^v∇HU⟩ +^v∇_kW^k−

− ~R_{kplq}^p^{q v}∇^kU^{¸|}_{˛|}^v∇^lU^{|˛}_{|¸} + Re [ (R^{¸|}_{kl"|}U^{"|}_{‚|} + R^{|"}_{kl|‚}U^{¸|}_{"|} )^{l v}∇^kU^{|‚}_{|¸} ] (2:39)

ĺ ŕàőĺŋâěčàĺàãěň ŕő ˙M, ĺáŕőńìğãï ćáě ŕőńãçěŋŋëě àăŋěě őæěŋłĺ. Ŋěőąåőďĺň ãçěâ őáőąěŋŋőáâěľ ŕàőĺğćőďŋëå U(x; ) ŕàĺ x ∈ @M. Ďńï íâőčő ňőęŋő ĺáŕőńìğőćăâì ňěâőď ĺğ łŋĺčĺ [2], á.136{138: ŕàőĺŋâěčàĺàãěň áŋăçăńă ŕő ˙M_‹, čďě M_‹ = {x ∈ M | àăááâőïŋĺě őâ x ďő @M ŋě ňěŋìèě ‹} ĺ ğăâěň őáãéěáâćĺň ŕàěďěńìŋëľ ŕěàěåőď ŕàĺ ‹ → 0. Ŋăňěâĺň ńĺèì őąéãî áåěňã àăááãęďěŋĺï. Ŕěàćőě áńăčăěňőě ĺğ ŕàăćőľ çăáâĺ (2.39) ŋěőâàĺæăâěńìŋő; âàěâìě ňőęŋő ğăňěŋĺâì ŋěőâàĺæăâěńìŋëň ŕàĺ ĺŋâěčàĺàőćăŋĺĺ ć áĺńã (2.35), (2.36); ćâőàőě őæěŋĺćăěâáï çěàěğ ŕěàćőě ć áĺńã (2.25); çěâćěàâőě ĺ ŕïâőě áńăčăěňőě őčàăŋĺçěŋë ć áĺńã őčàăŋĺçěŋŋőáâĺ ćěàâĺłăńìŋëå ŕàőĺğćőďŋëå U (áň. őŕàěďěńěŋĺě (2.3) ĺ ńěňňã 1.3 ŋă á.120 ĺğ [2]). Ńěćăï çăáâì áćőďĺâáï ŕőáńě ĺŋâěčàĺàőćăŋĺï ŕő ˙M_‹ ł ĺŋâěčàăńã ŕő @˙M_‹ ĺ őłăęěâáï őčàăŋĺçěŋŋőľ ć áĺńã àăááãęďěŋĺľ, ăŋăńőčĺçŋëå ŕàĺćěďěŋŋëň ć ŕãŋłâě 7.

Šăłĺň őąàăğőň, ŕőáńě ŕàěďěńìŋőčő ŕěàěåőďă ŕàĺ ‹ → 0 ŕőńãçăěň, çâő ć (2.39) ćőğňőęŋő ĺŋâěčàĺàőćăŋĺě ŕő ˙M, ć àěğãńìâăâě łőâőàőčő ŋăľďěň

C_0‖FA‖^2_H1_{(@+ΩM )} ≥ | | | | | ∫ @ΩM ⟨V; ⟩d˚^{2n−2} | | | | | ≥ ∫ ΩM |^h∇U|^2d˚^{2n−1}+

+(n − 2) ∫ ΩM |HU|^2d˚^{2n−1} − 2 ∫ ΩM (|^v∇P · P^{−1}| + |Q^{−1} ·^v∇Q|)|^h∇U|^2d˚^{2n−1}− −~ȷ ∫ ΩM (|^v∇P · P^{−1}| + |Q^{−1} ·^v∇Q| + 1)^2|^h∇U|^2d˚^{2n−1}− −2ȷ ∫ ΩM (|^v∇P · P^{−1}| + |Q^{−1} ·^v∇Q| + 1)^2|^h∇U|^2d˚^{2n−1} ≥

≥ (1 − 2— − (~ȷ + 2ȷ)(— + 1)^2) ∫ ΩM |^h∇U|^2d˚^{2n−1} + (n − 2) ∫ ΩM |HU|^2d˚^{2n−1} ≥

≥ (n − 1 − (~ȷ + 2ȷ)(— + 1)^2 − 2—) · ∫ ΩM |HU|^2d˚^{2n−1}; (2:40)

ć áĺńã ãáńőćĺï (2.13) ďőłăğëćăěňőľ âěőàěňë, ŋěàăćěŋáâć (2.24), (2.27), (2.32), ć ŕőáńěďŋĺå ďćãå ĺğ łőâőàëå ĺáŕőńìğőćăńăáì őæěŋłă (2.34). Ćőáŕőńìğőćăćèĺáì àăćěŋáâćőň A(x) = P^{−1}(x; )HU(x; )Q^{−1}(x; )

ĺ őæěŋłőľ (2.20) ńěňňë 2.2, ŕőńãçĺň

|A(x)| ≤ |P^{−1}(x; )| · |HU(x; )| · |Q^{−1}(x; )|:

Őâáîďă ŋăľďěň

|HU(x; )| ≥ |P^{−1}(x; )|^{−1}|Q^{−1}(x; )|^{−1} · |A(x)| ≥ C_1|A(x)|; (2:41)

čďě C_1 = inf_{(x;)∈ΩM} |P^{−1}(x; )|^{−1}|Q^{−1}(x; )|^{−1} > 0; ć áĺńã áőőąàăęěŋĺľ łőňŕăłâŋőáâĺ.

Ŕàőďőńęăï (2.40), ŕőńãçĺň őæěŋłã

C_0‖FA‖^2_H1_{(@+ΩM )} ≥ (n − 1 − (~ȷ + 2ȷ)(— + 1)^2 − 2—) · C^2_1 ff_n ∫ M |A(x)|^2dx;

čďě ff_n | ŕńőéăďì ŕőćěàåŋőáâĺ ěďĺŋĺçŋőľ áäěàë ć R^n. Őâáîďă ŕàĺåőďĺň ł ĺáłőňőľ őæěŋłě ãáâőľçĺćőáâĺ ‖A‖_L2_{(M )} ≤ C‖FA‖_H1_{(@+ΩM )}

ĺ ãâćěàęďěŋĺî ő ěďĺŋáâćěŋŋőáâĺ. Šěőàěňă ďőłăğăŋă.

3. Ŋěńĺŋěľŋăï őąàăâŋăï ğăďăçă ďńï őŕěàăâőàőć ć àăááńőěŋĺĺ

Ŕãáâì A = A(x) ∈ C^∞(” ⊗ ”^∗) = C^∞(fi^{(0;1;0)}_{(0;1;0)} ”) | ŋěĺğćěáâŋëľ őŕěàăâőà, ďěľáâćãîéĺľ ć áńőïå łőňŕńěłáŋőčő m-ňěàŋőčő ćěłâőàŋőčő íàňĺâőćă àăááńőěŋĺï (”; g) ŋăď łőňŕăłâŋëň àăááěĺćăîéĺň àĺňăŋőćëň ňŋőčőőąàăğĺěň á łàăěň.

Řăááňőâàĺň U = U(x; ) ∈ C^∞(˛^{(0;1;0)}_{(0;1;0)}”) ĺ áńěďãîéãî áĺáâěňã ďńï U: { HU(x; ) = A(x)U(x; ); (x; ) ∈ T_0M;

U(x; ) = E; (x; ) ∈ @_−T_0M: (3:1)

Ğďěáì @_−T_0M := {(x; ) ∈ T_0M | x ∈ @M; ŋăŕàăćńěŋő ćŋãâàì M ( ⟨; _x⟩ < 0 )} , E | âőęďěáâćěŋŋëľ őŕěàăâőà, H = ^{k h}∇_k | őŕěàăâőà čěőďěğĺçěáłőčő ŕőâőłă, ğăŕĺáëćăěňëľ ć łőőàďĺŋăâăå âăł:

HU^{¸|}_{˛|} = ^k @ @x^k

U^{¸|}_{˛|} −^~`^p_{kq}^k^q @ @^p

U^{¸|}_{˛|} + ^k`^¸_{k"}U^{"|}_{˛|} − ^k`^"_{k˛}U^{¸|}_{"|} : (3:2)

(áň. őŕàěďěńěŋĺě (1.5)).

Ŕãáâì ĺğćěáâŋë ğŋăçěŋĺï F (x; ) = U(x; ) ŕàĺ (x; ) ∈ @_+˙M. Ğăďăçă 2. Ćőááâăŋőćĺâì A = A(x) ŕő ĺğćěáâŋőľ őŕěàăâőàŋőğŋăçŋőľ äãŋłæĺĺ

F = F (x; ); (x; ) ∈ @_+˙M:

Ďńï őŕěàăâőàŋőğŋăçŋőľ äãŋłæĺĺ A ∈ C^∞(fi^{(0;1;0)}_{(0;1;0)} ”) őŕàěďěńĺň áńěďãîéĺě ćěńĺçĺŋë M_j(A); j = 1; 2; 3 : M_1(A) := sup

(x;)∈@�ΩM

fi_+(x; ) |⟨; _x⟩| |A(x)|; (3:3)

čďě _x | ěďĺŋĺçŋëľ ćěłâőà ćŋěèŋěľ ŋőàňăńĺ ł @M ć âőçłě x ∈ @M;

M_2(A) := sup

(x;)∈@�ΩM fi_+(x;) ∫ 0 |A(‚_{x;}(t))|dt; (3:4)

M_3(A) := sup

(x;)∈@�ΩM fi_+(x;) ∫ 0 t |^h∇A(‚_{x;}(t); _‚_{x;}(t))|dt: (3:5)

Ś ŕőňőéìî íâĺå ćěńĺçĺŋ őŕàěďěńĺň ňŋőęěáâćő M = M(M_1; M_2; M_3) őŕěàăâőàŋőğŋăçŋëå äãŋłæĺľ ĺğ C^∞(fi^{(0;1;0)}_{(0;1;0)} ”) áńěďãîéĺň őąàăğőň

A ∈ M ⇔ M_j(A) ≤ M_j ďńï j = 1; 2; 3: (3:6)

Šěőàěňă 3.1.Ŕãáâì (M; ~g) | łőňŕăłâŋőě àăááěĺćăîéěě àĺňăŋőćő ňŋőčőőąàăğĺě

á łàăěň ĺ ďńï ćěńĺçĺŋë ~ȷ, őŕàěďěńěŋŋőľ ć (2:11), áŕàăćěďńĺćő ãáńőćĺě ~ȷ < 1. Ŕãáâì (”; g) | m-ňěàŋőě łőňŕńěłáŋőě íàňĺâőćő ćěłâőàŋőě àăááńőěŋĺě ŋăď M. Ŕàěďŕőńőęĺň, çâő ćěńĺçĺŋë M_1; M_2; M_3 ãďőćńěâćőàïîâ ŋěàăćěŋáâćã

(~ȷ + 2ȷ)(~— + 1)^2 + 2~— < 1; čďě (3:7)

~— = 2 1 − ~ȷ

(M_1 + me^{2M2}(M_3 + mȷ) + √ mȷ): (3:8)

(ȷ őŕàěďěńěŋő ć (2:10)).

Šőčďă ğăďăçă 2 ĺňěěâ ć ňŋőęěáâćě M, őŕàěďěńěŋŋőň ć (3:6), ŋě ąőńěě őďŋőčő àěèěŋĺï ĺ áŕàăćěďńĺćă őæěŋłă ãáâőľçĺćőáâĺ:

‖A_1 − A_2‖_L2_{(M )} ≤ C(M_1; M_2; M_3) · ‖F_1 − F_2‖_H1_{(@+ΩM )}: (3:9)

Ğďěáì A_1; A_2 ∈ M; F_1; F_2 | áőőâćěâáâćãîéĺě őŕěàăâőàŋőğŋăçŋëě äãŋłæĺĺ.

Ďőłăğăâěńìáâćő.

1. Şáâăŋőćĺň áŋăçăńă áńěďãîéěě áćőľáâćő:

Ńěňňă 3.1. Ďńï ńîąëå U; V ∈ C^∞(˛^{(0;1;0)}_{(0;1;0)}”) ćëŕőńŋïěâáï ŕàăćĺńő ďĺääěàěŋæĺ-

àőćăŋĺï:_h ∇k(U · V ) = (^h∇kU) · V + U · (^h∇kV ); (3:10) čďě ŕàőĺğćěďěŋĺï ŕőŋĺňăîâáï ć áňëáńě ãňŋőęěŋĺï őŕěàăâőàőć.

Ďőłăğăâěńìáâćő. Ŕő őŕàěďěńěŋĺî ćëçĺáńïěň h ∇k(U ·V )^{¸|}_{˛|} = @ @x^k

(U ·V )^{¸|}_{˛|}−^~`^p_{kq}^q @ @^p

(U ·V )^{¸|}_{˛|} +`^¸_{k"}(U ·V )^{"|}_{˛|}−`^"_{k˛}(U ·V )^{¸|}_{"|} = ( @ @x^k

U^{¸|}_{‚|} )·V^{‚|}_{˛|} +

+U^{¸|}_{‚|} · @ @x^k

V^{‚|}_{˛|} −^~`^p_{kq}^q [ ( @ @^p

U^{¸|}_{‚|} ) · V^{‚|}_{˛|} + U^{¸|}_{‚|} · @ @^p

V^{‚|}_{˛|} ] + `^¸_{k"}U^{"|}_{‚|} V^{‚|}_{˛|} − `^"_{k˛}U^{¸|}_{‚|} V^{‚|}_{"|} = = [ @ @x^k

U^{¸|}_{‚|} −^~`^p_{kq}^q @ @^p

U^{¸|}_{‚|} + `^¸_{k"}U^{"|}_{‚|} − `^"_{k‚} U^{¸|}_{"|} ] · V^{‚|}_{˛|} +

+U^{¸|}_{‚|} · [ @ @x^k

V^{‚|}_{˛|} −^~`^p_{kq}^q @ @^p

V^{‚|}_{˛|} + `^‚_{k"}V^{"|}_{˛|} − `^"_{k˛} V^{‚|}_{"|} ] + +`^"_{k‚} U^{¸|}_{"|} V^{‚|}_{˛|} − U^{¸|}_{‚|} `^‚_{k"}V^{"|}_{˛|} = (^h∇_kU)^{¸|}_{‚|} V^{‚|}_{˛|} + U^{¸|}_{‚|} (^h∇_kV )^{‚|}_{˛|}:

Ńěňňă ďőłăğăŋă.

Ŕàĺňěŋïï íâã ńěňňã ł őŕěàăâőàã H = ^{k h}∇_k; ŕőńãçăěň

H(U · V ) = (HU) · V + U · (HV ): (3:11)

Ŕőáłőńìłã U^{−1} · U = E, ŕőńãçăěň

(HU^{−1}) · U + U^{−1} · (HU) = 0

ĺ, áńěďőćăâěńìŋő, HU^{−1} = −U^{−1}(HU)U^{−1}: (3:12)

2. Ŕőłăęěň, çâő ěáńĺ U = U(x; ) | àěèěŋĺě áĺáâěňë (3.1), âő ďńï ńîąëå (x; ) ∈ T_0M, őŕěàăâőà U(x; ) őąàăâĺň.

Ć áăňőň ďěńě, àăááňőâàĺň V (x; ) | àěèěŋĺě áĺáâěňë { HV (x; ) = −V (x; )A(x); (x; ) ∈ T_0M;

V (x; ) = E; (x; ) ∈ @_−T_0M: (3:13)

Řăááňőâàĺň ďăńěě P (x; ) = V (x; )U(x; ). Šőčďă ć áĺńã (3.11) ŕőńãçĺň

HP (x; ) = HV (x; )U(x; ) + V (x; )HU(x; ) =

= −V (x; )A(x)U(x; ) + V (x; )A(x)U(x; ) = 0;

P (x; ) = E; ďńï (x; ) ∈ @_−T_0M: (3:14)

Őâáîďă, àăááňăâàĺćăï áĺáâěňã őąëłŋőćěŋŋëå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ, ŕőńãçăîéãîáï ĺğ (3.14) ďńï čěőďěğĺçěáłőľ ‚_{x0;0} ; (x_0; _0) ∈ @_−T_0M; ĺ ŕàĺňěŋïï âěőàěňã ěďĺŋáâćěŋŋőáâĺ, ãąěęďăěňáï, çâő P (x; ) = E ďńï ńîąëå (x; ) ∈ T_0M. Ĺâăł, ĺňěěň V (x; ) = U^{−1}(x; ) ĺ, âăłĺň őąàăğőň, őŕěàăâőà U ćáîďã ĺňěěâ čńăďłĺľ őąàăâŋëľ.

3. Ŕãáâì âěŕěàì A_1(x); A_2(x) ãďőćńěâćőàïîâ ãáńőćĺïň âěőàěňë: A_1(x); A_2(x) ∈ M = M(M_1; M_2; M_3); U_1(x; ); U_2(x; ) | àěèěŋĺï áĺáâěňë (3.1) ďńï A_1 ĺ A_2; F_1(x; ); F_2(x; ) | áőőâćěâáâćãîéĺě ĺğćěáâŋëě äãŋłæĺĺ ŋă @_+˙M.

Ć áĺńã ŕàěďëďãéěčő ŕãŋłâă ňë ňőęěň ććěáâĺ ć àăááňőâàěŋĺě

R(x; ) = U^{−1}_1 (x; )U_2(x; ) − E: (3:15)

Ćëçĺáńïěň ďăńěě HR = −U^{−1}_1 (HU_1)U^{−1}_1 · U_2 + U^{−1}_1 HU_2 =

= −U^{−1}_1 · A_1U_1U^{−1}_1 · U_2 + U^{−1}_1 A_2U_2 = U^{−1}_1 (A_2 − A_1)U_2 (3:16)

ćáîďã ŋă T_0M.

Ĺňěěň âăłęě áńěďãîéĺě łàăěćëě ãáńőćĺï

R(x; ) = 0; ŕàĺ (x; ) ∈ @_−˙M; (3:17)

R(x; ) = F^{−1}_1 (x; )F_2(x; ) − E; ŕàĺ (x; ) ∈ @_+˙M: (3:18)

Řăááňőâàĺň ŕőńãçĺćèãîáï ğăďăçã, łăł çăáâŋëľ áńãçăľ ğăďăçĺ 1 őâŋőáĺâěńìŋő őŕěàăâőàŋőğŋăçŋőľ äãŋłæĺĺ (A_2(x) − A_1(x)) á ćěáăňĺ P (x; ) = U^{−1}_1 (x; ); Q(x; ) = U_2(x; ) (ć áĺńã âěőàěňë ěďĺŋáâćěŋŋőáâĺ àěèěŋĺě R ãàăćŋěŋĺï (3.16) á łàăěćëň ãáńőćĺěň (3.17) ŕàěďáâăćńïěâáï ĺŋâěčàăńőň ćĺďă (2.3) ĺ ğŋăçěŋĺï R(x; ) ŕàĺ (x; ) ∈ @_+˙M ĺğćěáâŋë ĺğ (3.18) ).

Ğăňěçăŋĺě. Ćěáă P ,Q ğăćĺáïâ őâ ŋěĺğćěáâŋëå őŕěàăâőàŋőğŋăçŋëå äãŋłæĺľ A1; A2. Ďńï ŕàĺňěŋěŋĺï âěőàěňë 2.1 ŋěőąåőďĺňő ãąěďĺâìáï ć áŕàăćěďńĺćőáâĺ ďńï ŕőńãçĺćèĺåáï ćěáőć ãáńőćĺï (2.13), ă âăłęě ŕőłăğăâì, çâő łőŋáâăŋâă C_1 ĺğ őæěŋłĺ (2.41) ňőęěâ ąëâì ãŋĺćěàáăńìŋő őæěŋěŋă áŋĺğã ďńï A_1(x); A_2(x), ãďőćńěâćőàïîéĺå ãáńőćĺïň ďőłăğëćăěňőľ âěőàěňë.

Ĺâăł, ŋěőąåőďĺňő őæěŋĺâì

— = sup

(x;)∈ΩM

(|^v∇P (x; )P^{−1}(x; )| + |Q^{−1}(x; )^v∇Q(x; )|):

Ŋăåőďĺň_v ∇P · P^{−1} =^v∇(U^{−1}_1 )U1 = −U^{−1}_1 (^v∇U1)U^{−1}_1 · U1 = −U^{−1}_1^v∇U1;

ŕőíâőňã ďőáâăâőçŋő őæěŋĺćăâì ńĺèì ćâőàőě áńăčăěňőě.

Őąőğŋăçĺň ďăńěě ďńï łàăâłőáâĺ U_2(x; ) = U(x; ); A_2(x) = A(x) ĺ W (x; ) = U^{−1}(x; )^v∇U(x; ): (3:19)

4. Ćëçĺáńĺň HW . Ĺňěěň ć áĺńã (3.11) ĺ łőňňãâăæĺőŋŋőľ äőàňãńë (2.33): HW = HU^{−1} ·^v∇U + U^{−1} · H^v∇U = −U^{−1}(AU)U^{−1 v}∇U + U^{−1} [ v ∇(HU) −^h∇U ] = = −U^{−1}A^v∇U + U^{−1}A^v∇U − U^{−1 h}∇U = −U^{−1 h}∇U: (3:20) Ć ćëçĺáńěŋĺĺ ĺáŕőńìğőćăńăáì ŋěğăćĺáĺňőáâì A = A(x) őâ .

Őąőğŋăçĺň Y = U^{−1 h}∇U (3:21) ĺ ćëçĺáńĺň HY :

HY = HU^{−1} ·^h∇U + U^{−1}H^h∇U = −U^{−1}A^h∇U + U^{−1}H^h∇U: (3:22) Ďőłăęěň äőàňãńã łőňňãâăæĺĺ:

[H;^h∇_l] := H^h∇_l −^h∇_lH = ^k[^h∇_k;^h∇_l]: (3:23) Ć áăňőň ďěńě,_h ∇lH =^h∇l(^{k h}∇k) =^h∇l(^k)^h∇k + ^{k h}∇l^h∇k = ^{k h}∇l^h∇k ĺ, áńěďőćăâěńìŋő, H^h∇_l −^h∇_lH = ^{k h}∇_k^h∇_l − ^{k h}∇_l^h∇_k = ^k[^h∇_k;^h∇_l]:

Ŋăŕőňŋĺň áńěďãîéãî äőàňãńã łőňňãâăæĺĺ (çăáâŋëľ áńãçăľ äőàňãńë ĺğ [3], c. 12): ďńï U ∈ C^∞(˛^{(0;1;0)}_{(0;1;0)}”) ĺňěěâ ňěáâő áőőâŋőèěŋĺě [^h∇_k;^h∇_l] U^{¸|}_{˛|} = −^~R^p_{qkl}^{q v}∇_pU^{¸|}_{˛|} + R^¸_{kl"}U^{"|}_{˛|} − R^"_{kl˛}U^{¸|}_{"|} : (3:24) Ć áĺńã àăćěŋáâćă (3.22) ňőęŋő ŕőńãçĺâì HY_l = H(U^{−1 h}∇_lU) = −U^{−1}A^h∇_lU + U^{−1}H^h∇_lU =

= U^{−1}(^h∇_lA)U + U^{−1}^k [^h∇_k;^h∇_l] U: (3:25) Ğăŕĺáëćăï ŕőďàőąŋěě á ĺáŕőńìğőćăŋĺěň (3.24), ĺňěěň HY^{¸|}_{l˛|} = (U^{−1}(^h∇_lA)U)^{¸|}_{˛|} + (U^{−1})^{¸|}_{‚|} · ^k · (−^~R^p_{qkl}^{q v}∇_pU^{‚|}_{˛|} + R^‚_{kl"}U^{"|}_{˛|} − R^"_{kl˛}U^{‚|}_{"|} ) = = (U^{−1}(^h∇_lA)U)^{¸|}_{˛|} −^~R^p_{qkl}^q^k(U^{−1})^{¸|}_{‚|}^v∇_pU^{‚|}_{˛|} + R^‚_{kl"}^k(U^{−1})^{¸|}_{‚|} U^{"|}_{˛|} − R^¸_{kl˛}^k: (3:26)

Ć ĺâőčě ŕőńãçăěň áńěďãîéãî áĺáâěňã ãàăćŋěŋĺľ:

HW = −Y;

HY^{¸|}_{l˛|} = (U^{−1}(^h∇_lA)U)^{¸|}_{˛|} −^~R^p_{qkl}^q^kW^{¸|}_{p˛|} + R^‚_{kl"}^k(U^{−1})^{¸|}_{‚|} U^{"|}_{˛|} − R^¸_{kl˛}^k:

(3:27)

§áŋő, çâő W (x; ) = 0 ďńï (x; ) ∈ @_−˙M, ŕőáłőńìłã U(x; ) = E ŕàĺ ćáěå (x; ) ∈ @_−T_0M ĺ ŕőíâőňã^v∇_kU(x; ) =^@_{@k} U(x; ) = 0 ďńï ćáěå (x; ) ∈ @_−˙M.

Ŋěőąåőďĺňő âěŕěàì őæěŋĺâì Y (x; ) = U^{−1}(x; ) ·^h∇U(x; ) ďńï (x; ) ∈ @_−˙M . Ćëąěàěň ŕőńãčěőďěğĺçěáłãî áĺáâěňã łőőàďĺŋăâ ć őłàěáâŋőáâĺ (^0x;^0) ∈ @_−˙M âăł, çâőąë ãàăćŋěŋĺě čàăŋĺæë M ğăŕĺáëćăńőáì ć ćĺďě x^n = 0. Şçĺâëćăï, çâő U(^0x;^0) = E, ŕőńãçĺň Y^{¸|}_{l˛|}(^0x;^0) =^h∇_lU^{¸|}_{˛|} (^0x;^0) = = @ @x^l

U^{¸|}_{˛|} (^0x;^0) −^~`^p_{kq}^0^q @ @^p

U^{¸|}_{˛|} (^0x;^0) + `^¸_{k"}U^{"|}_{˛|}(^0x;^0) − `^"_{k˛} U^{¸|}_{"|} (^0x;^0) = @ @x^l

U^{¸|}_{˛|} (^0x;^0): (3:28) Ć áĺńã őáŋőćŋőčő ãàăćŋěŋĺï (3.1) ŋăåőďĺň 0 k @ @x^k

U(^0x;^0) = A(^0x): (3:29)

Šăłęě ĺňěěň ŋãńěćëě ŕàőĺğćőďŋëě ŕő łăáăâěńìŋëň ŋăŕàăćńěŋĺïň: @ @x^k

U(^0x;^0) = 0 ŕàĺ k = 1; : : : ; n − 1:

Ŕőńãçăěň @ @x^n

U(^0x;^0) =

A(^0x) 0 n = A(^0x) |⟨^0; ⟩| ; (3:30)

čďě | ěďĺŋĺçŋëľ ćěłâőà ćŋěèŋěľ ŋőàňăńĺ.

Ĺâăł, áŕàăćěďńĺćő àăćěŋáâćő

Y_l(^0x;^0) =

0; ŕàĺ l = 1; : : : ; n − 1;

A(^0x) |⟨ 0 ;⟩| ; ŕàĺ l = n:

Ŕőíâőňã ŕőńãçăěň áńěďãîéěě ğŋăçěŋĺě ŋőàňë

|Y (^0x;^0)| = 1 |⟨^0; ⟩| |A(^0x)|: (3:31)

5. Ďőłăęěň äőàňãńã ĺŋâěčàăńìŋőčő ŕàěďáâăćńěŋĺï ďńï äãŋłæĺĺ W (x; ): ěáńĺ (x; ) ∈ T_0M, âő

W (x; ) = 0∫ fi�(x;)

~I^{t;0}_‚ · (−Y (‚(t); _‚(t)) ·^~I^{0;t}_‚ dt (‚ = ‚_{x;}): (3:32)

Ğďěáì^~I | őŕěàăâőàë ŕěàěåőďă ĺğ őďŋőčő áńőï àăááńőěŋĺï C^∞(˛^{(0;1;0)}_{(1;1;0)}”) ć ďàãčőľ, ĺŋďãæĺàőćăŋŋëě őŕěàăâőàăňĺ ŕăàăńńěńìŋőčő ŕěàěŋőáă ćďőńì ‚_{x;} ďńï áćïğŋőáâěľ ∇; ~∇. Ć áăňőň ďěńě, ŕőďőąŋő ćëćőďã łĺŋěâĺçěáłőčő ãàăćŋěŋĺï (2.6) ďńï äãŋłæĺĺ (2.3) ňőęŋő ŕőłăğăâì, çâő ŕàăćăï çăáâì àăćěŋáâćă (3.32) ãďőćńěâćőàïěâ ŕěàćőňã ãàăćŋěŋĺî áĺáâěňë (3.27). Ŕàĺ íâőň ĺňěěň ŋãńěćëě łàăěćëě ãáńőćĺï ŋă @_−T_0M. Ŕőáłőńìłã âő ęě áăňőě ćëŕőńŋïěâáï ďńï äãŋłæĺĺ W (x; ), âő ŕő âěőàěňě ěďĺŋáâćěŋŋőáâĺ ďńï áĺáâěň őąëłŋőćěŋŋëå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ ŕőńãçăěň (3.32) (àăááňőâàěć łĺŋěâĺçěáłőě ãàăćŋěŋĺě ćďőńì čěőďěğĺçěáłőľ).

Ŕőáłőńìłã őŕěàăâőàë ŕăàăńńěńìŋőčő ŕěàěŋőáă ďńï áćïğŋőáâěľ, áőčńăáőćăŋŋëå á íàňĺâőćőľ ňěâàĺłőľ g ĺ ňěâàĺłőľ ŋă ňŋőčőőąàăğĺĺ ~g, ïćńïîâáï ĺğőňěâàĺïňĺ,^~I âăłęě ïćńïîâáï ĺğőňěâàĺïňĺ ĺ ňë ŕőńãçăěň ć áĺńã (3.32)

|W (x; )| ≤ 0∫ fi�(x;)

|Y (‚(t); _‚(t))|dt: (3:33)

Ěáńĺ őąőğŋăçĺâì ŕàăćãî çăáâì ćâőàőčő ãàăćŋěŋĺï áĺáâěňë (3.27) çěàěğ Z, âő ăŋăńőčĺçŋëň őąàăğőň ŕőńãçĺň ŕàěďáâăćńěŋĺě ďńï Y

Y (x; ) =^~I^fi�^{(x;);0}

‚ Y (‚(fi_−(x; )); _‚(fi_−(x; )))^~I^{0;fi}�^{(x;)}_‚ + + 0∫ fi�(x;)

~I^{t;0}_‚ Z(‚(t); _‚(t)) ·^~I^{0;t}_‚ dt

ĺ őæěŋłã ŋőàňë

|Y (x; )| ≤ |Y (‚(fi_−(x; )); _‚(fi_−(x; )))| + 0∫ fi�(x;)

|Z(‚(t); _‚(t))|dt (‚ = ‚_{x;}): (3:34)

6. Őæěŋĺň âěŕěàì ŋőàňã Z.

Ďńï ŋăçăńă őæěŋĺň ćěńĺçĺŋã |U(x; )|. Ĺáŕőńìğãï áĺáâěňã (3.1) ĺ, àăááãęďăï łăł ćëèě, ŕőńãçĺň

|U(x; )| ≤ √ m + 0∫ fi�(x;)

|A(‚(t))| · |U(‚(t); _‚(t))|dt (‚ = ‚_{x;}): (3:35)

Ğďěáì √ m = |E|, m | àăğňěàŋőáâì àăááńőěŋĺï ” (áň. őŕàěďěńěŋĺě ŋőàňë (1.2), (1.3)).

Ŕőďáâăćńïï ćňěáâő |U(‚(t); _‚(t))| ć ĺŋâěčàăńě ć őæěŋłě (3.35) áăňã íâã őæěŋłã ć áőőâćěâáâćãîéěľ âőçłě, ŕőćâőàïï íâőâ ŕàĺěň ĺ ŕőńãçăï àïď Ŋěľňăŋă ďńï íłáŕőŋěŋâë, ŕàĺåőďĺň ł áńěďãîéěňã ŋěàăćěŋáâćã

|U(x; )| ≤ √ m exp( 0∫ fi�(x;)

|A(‚(t))|dt ) ≤ √ m e^{M2(A)}: (3:36)

Ŕőáłőńìłã U^{−1}(x; ) ãďőćńěâćőàïěâ áĺáâěňě (3.13), âő ăŋăńőčĺçŋő ŕőńãçĺň őæěŋłã

|U^{−1}(x; )| ≤ √ m exp( 0∫ fi�(x;)

|A(‚(t))|dt ) ≤ √ m e^{M2(A)}: (3:37)

Ĺáŕőńìğãï (3.36), (3.37), ŕàĺåőďĺň ł ŋěàăćěŋáâćã

|U^{−1}(^h∇A)U| ≤ m e^{2M2(A)}|^h∇A|: (3:38)

Šěŕěàì őæěŋĺň őáâăćèĺěáï âàĺ áńăčăěňëě ć Z. Ćáŕőňĺŋăï őŕàěďěńěŋĺě (2.9) őŕěàăâőàă łàĺćĺğŋë^~R, ĺňěěň őæěŋłã ďńï ŋőàňë áńěďãîéěčő áěçěŋĺï ĺğ C^∞(˛^{(0;1;0)}_{(1;1;0)}”) (ğăďăŋŋőčő áćőĺňĺ łőňŕőŋěŋâăňĺ á ĺŋďěłáăňĺ l; ¸; ˛) ć âőçłě (x; ): | | | (^~R^p_{qkl}^q^kW^{¸|}_{p˛|})^| =^| (^~R_{pqkl}^q^kW^{p¸|}_{˛|} )^| ≤ ‖^~R(x)‖ · |W (x; )|: (3:39)

Ć áĺńã őŕàěďěńěŋĺï (2.8) őŕěàăâőàă R ŋăåőďĺň ďńï ŋőàňë áěçěŋĺï âőčő ęě àăááńőěŋĺï ć âőçłě (x; ): | | | (R^‚_{kl"}^k(U^{−1})^{¸|}_{‚|} U^{"|}_{˛|})^| ≤ ‖R(x)‖ · |U^{−1}(x; )| · |U(x; )| ≤ ‖R(x)‖ m e^{2M2(A)}: (3:40)

Ăŋăńőčĺçŋő, |(R^¸_{kl˛}^k)| ≤ √ m ‖R(x)‖: (3:41) Ďńï ďőłăğăâěńìáâćă ŕőáńěďŋěčő ŋěàăćěŋáâćă ć őŕàěďěńěŋĺĺ R ćëąĺàăěň ć łăçěáâćě u ćěłâőàë e ďńï = 1; : : : ; m ĺ ďńï ŋőàňë áěçěŋĺï ĺğ C^∞(˛^{(0;1;0)}_{(1;0;0)}”) (ŕàĺ äĺłáĺàőćăŋŋőň ) ŕőńãçăěň |(R^¸_{kl} ^k)_{äĺłá:} | ≤ ‖R(x)‖: (3:42) Ŕőďőąŋő ćáâàěçăćèĺňáï àăŋěě áĺâãăæĺïň, áçĺâăěň ňăâàĺæë g ĺ ~g ć ďăŋŋőľ âőçłě (x; ) ěďĺŋĺçŋëňĺ ĺ âőčďă, ĺğćńěłăï łćăďàăâŋëľ łőàěŋì ĺğ áãňňë łćăďàăâőć ŋőàň ĺğ (3.42 ) ŕő őâ 1 ďő m, ŕőńãçăěň (3.41).

7. Ćőğćàăéăïáì ł áĺáâěňě (3.27) ĺ ãçĺâëćăï àăćěŋáâćő (3.31) ĺ őæěŋłĺ (3.33), (3.34), (3.38){(3.41), ŕőńãçăěň áńěďãîéĺě ŋěàăćěŋáâćă

|W (x; )| ≤ 0∫ fi�(x;)

|Y (‚(t); _‚(t))|dt ≤ 0∫ fi�(x;) [ 1 |⟨ _‚(fi_−(x; )); ⟩|

|A(‚(fi_−(x; )))|+

+ t∫ fi�(x;)

|Z(‚(fi); _‚(fi))|dfi dt ≤ |fi_−(x; )| |⟨ _‚(fi_−(x; )); ⟩|

|A(‚(fi_−(x; )))|+

+ 0∫ fi�(x;) t∫ fi�(x;) [ m e^{2M2(A)}|^h∇A(‚(fi); _‚(fi))| + ‖^~R(‚(fi))‖ · |W (‚(fi); _‚(fi))|+

+‖R(‚(fi))‖ · ( √ m + m e^{2M2(A)})^] dfidt ≤ ≤ 0∫ fi�(x;)

|fi| ‖ ~R(‚(fi))‖ · |W (‚(fi); _‚(fi))|dfi + M_1(A) + m e^{2M2(A)} · M_3(A)+ +( √ m + m e^{2M2(A)})ȷ (‚ = ‚_{x;}): (3:43)

Ć áćïğĺ á àăááňőâàěŋĺěň ćěńĺçĺŋë M_1(A) ğăňěâĺň, çâő ďńï x ∈ @M ćëàăęěŋĺě

k(x) = sup

:(x;)∈@�ΩM

fi_+(x; ) |⟨; _x⟩| łőŋěçŋő ĺ őčàăŋĺçěŋő áćěàåã ďńï łőňŕăłâŋëå ňŋőčőőąàăğĺľ áő áâàőčő ćëŕãłńőľ čàăŋĺæěľ (áň. [2], ńěňňă 1.2 ŋă á.120). Ĺğ ŋěàăćěŋáâćă (3.43) ćëćőďĺň őæěŋłã

|W (x; )| ≤ ~ȷ max

fi ∈[fi�(x;);0]

|W (‚(fi); _‚(fi))| + M_1(A)+

+m e^{2M2(A)} · (M_3(A) + mȷ) + √ mȷ: Őâáîďă, ãçĺâëćăï ãáńőćĺě ~ȷ < 1, ŕőńãçăěň (A = A_2) max (x;)∈ΩM

|W (x; )| ≤ 1 1 − ~ȷ

(M_1(A) + m e^{2M2(A)} · (M_3(A) + mȷ) + √ mȷ): (3:44)

§áŋő, çâő ăŋăńőčĺçŋăï őæěŋłă (c ğăňěŋőľ A ŋă A_1) ĺňěěâáï ĺ ďńï ćěńĺçĺŋë max (x;)∈ΩM

|^v∇P (x; )·P^{−1}(x; )|. Šăłĺň őąàăğőň, ďńï ćěńĺçĺŋë — (áň. (2.12)), ŕőńãçăěâáï

őæěŋłă — ≤ 2 1 − ~ȷ

(M_1 + m e^{2M2} · (M_3 + mȷ) + √ mȷ) = ~—

(áň. (3.6) ĺ (3.8)).

Ć áĺńã ãáńőćĺï (3.7) ŋăåőďĺň (~ȷ + 2ȷ)(— + 1)^2 + 2— < 1, â. ě. ćëŕőńŋěŋő ãáńőćĺě (2.13) ĺğ âěőàěňë 2.1.

Ůâő łăáăěâáï őæěŋłĺ ďńï C_1 ć (2.41), àăćŋőňěàŋőľ ŕő A_1; A_2 ∈ M, âő ďńï Q^{−1}(x; ) = U^{−1}_2 (x; ) ňë ĺňěěň őæěŋłã (3.37), ă ďńï P^{−1}(x; ) = U_1(x; ) | őæěŋłã (3.36) (čďě ŕőłăğăâěńĺ íłáŕőŋěŋâ ŋăďő ğăňěŋĺâì ŋă M_2), ŕőíâőňã ć łăçěáâćě Ś_1 ňőęŋő ćğïâì ćěńĺçĺŋã^1_m e^{−2M2} .

Ŕàĺňěŋïï âěőàěňã 2.1, ŕőńãçăěň

‖A_1 − A_2‖_L2_{(M )} ≤ C_2(M_1; M_2; M_3) ‖R‖_H1_{(@+ΩM )} =

= C_2(M_1; M_2; M_3) ‖F^{−1}_1 · (F_2 − F_1)‖_H1_{(@+ΩM )}: (3:45) Ğăňěâĺň, çâő F^{−1}(x; ) = V (x; ); (x; ) ∈ @_+˙M, čďě V (x; ) | àěèěŋĺě áĺáâěňë (3.13) á A = A_1. |V | őæěŋĺćăěâáï áćěàåã àăćŋőňěàŋő ŋă ňŋőęěáâćě M á ŕőňőéìî (3.37), ă àăćŋőňěàŋăï őæěŋłă ŋă M ŕàőĺğćőďŋëå V ŕőńãçăěâáï, ěáńĺ ňë ŋăŕĺèěň ãàăćŋěŋĺě ćăàĺăæĺľ ďńï (3.13) ĺ ãçâěň ãáńőćĺě (3.6). Šőčďă, ŕàőďőńęăï ŋěàăćěŋáâćő (3.45), ŕàĺåőďĺň ł ĺáłőňőľ őæěŋłě ãáâőľçĺćőáâĺ (3.9), ĺğ łőâőàőľ âăłęě áńěďãěâ ěďĺŋáâćěŋŋőáâì àěèěŋĺï:

‖A_1 − A_2‖_L2_{(M )} ≤ C(M_1; M_2; M_3) · ‖F_1 − F_2‖_H1_{(@+ΩM )}:

Šěőàěňă ŕőńŋőáâìî ďőłăğăŋă.

Ăćâőà ąńăčőďăàěŋ Ć. Ă. Ÿăàăäãâďĺŋőćã ğă őąáãęďěŋĺě àăąőâë.

Ńĺâěàăâãàă

1. Ćěàâčěľň Ń. Ą. Ĺŋâěčàăńìŋăï čěőňěâàĺï á ňăâàĺçŋëň ćěáőň ĺ őďŋă ŋěńĺŋěľŋăï ğăďăçă ćőááâăŋőćńěŋĺï ňăâàĺæ // Ďőłń. ĂŊ ŚŚŚŘ. 1991. Š.319, N 3. Ś. 531{534.

2. Ÿăàăäãâďĺŋőć Ć. Ă. Ĺŋâěčàăńìŋăï čěőňěâàĺï âěŋğőàŋëå ŕőńěľ. Ŋőćőáĺąĺàáł: Ŋăãłă, 1993.

3. Sharafutdinov V. A. On an inverse problem of determining a connection on a vector bundle // Max-Planck Institut fur Mathematik. Preprint Series. 1997 (109).

Ćěàâčěľň Ńěć Ąőàĺáőćĺç

Ğăďăçă ĺŋâěčàăńìŋőľ čěőňěâàĺĺ ĺ ŋěńĺŋěľŋăï őąàăâŋăï ğăďăçă ďńï őŕěàăâőàőć ć ćěłâőàŋőň àăááńőěŋĺĺ

Ŕàěŕàĺŋâ N 64

Ŕőďŕĺáăŋő ć ŕěçăâì 19:11:99: Ť őàňăâ 60 × 84 1=8: Ŕěçăâì őäáěâŋăï:

Şáń. ŕěç. ń. 3,1. Şç.-ĺğď. ń. 1. Šĺàăę 100 íłğ. Ğăłăğ N 68.

Ńĺæěŋğĺï ŃŘ N 065614 őâ 8 ïŋćăàï 1998 č.

Ĺğďăâěńìáâćő ĹŇ ŚŐ ŘĂŊ, ŕà. Ăłăďěňĺłă Łőŕâîčă, 4, 630090 Ŋőćőáĺąĺàáł, Řőááĺï.

Ńĺæěŋğĺï ŔŃĎ N 57-43 őâ 22 ăŕàěńï 1998 č. Őâŕěçăâăŋő ŋă ŕőńĺčàăäĺçěáłőň ãçăáâłě ĹŇ ŚŐ ŘĂŊ. ŕà. Ăłăďěňĺłă Łőŕâîčă, 4, 630090 Ŋőćőáĺąĺàáł, Řőááĺï.