Śâőåăáâĺçěáłĺľ ŕàĺŋæĺŕ ňăłáĺňãňă

Śňĺàŋőć Ĺćăŋ Ŕăĺáìěćĺç

Őčńăćńěŋĺě

1. Ŕàĺŋæĺŕë ňĺŋĺňãňă ć ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áńãçăľŋëňĺ ŕàőæěááăňĺ 5 1.1. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 6 1.2. Ćăàĺăæĺĺ ãŕàăćńěŋĺľ . . . . . . . . . . . . . . . . . . . . . . 8 1.3. Ŕőáâàőěŋĺě ĺŋâěčàăńìŋëå ŕàěďáâăćńěŋĺľ Δ_εJ, Δ_εL . . . . . 10 1.4. Ŕěàćëě ćăàĺăæĺĺ äãŋłæĺőŋăńőć . . . . . . . . . . . . . . . . 13 1.5. Ŕàĺŋæĺŕë ňĺŋĺňãňă . . . . . . . . . . . . . . . . . . . . . . 18 1.6. Ŕàĺňěà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2. Őą őďŋőľ ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áâőåăáâĺçěáłĺň ŕàőæěááőň 23

3. Őą őŕâĺňăńìŋőň ãŕàăćńěŋĺĺ ďĺŋăňĺçěáłőľ áĺáâěňőľ áő áńãçăľŋëňĺ ŕăàăňěâàăňĺ ŕàĺ ŋěŕőńŋőľ ĺŋäőàňăæĺĺ 27 3.1. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 27 3.2. Śãéěáâćőćăŋĺě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï . . . . . . . . . . 29 3.3. Łàĺâěàĺĺ őŕâĺňăńìŋőáâĺ . . . . . . . . . . . . . . . . . . . . 30 3.4. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë . . . . . . . . . . . . . . . . . 32 3.5. Ŕőáâàőěŋĺě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï . . . . . . . . . . . . 33 3.6. Ŕàĺňěàë . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

4. Śâàãłâãàă őŕěàăâőàőć áâőåăáâĺçěáłőčő ĺŋâěčàĺàőćăŋĺï ŋă ŕàőáâàăŋáâćăå áãňňĺàãěňëå áńãçăľŋëå äãŋłæĺľ 39 4.1. Ććěďěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 4.1.1. Őáŋőćŋëě äãŋłæĺőŋăńìŋëě ŕàőáâàăŋáâćă . . . . . . 40 4.1.2. Őŕěàăâőàë . . . . . . . . . . . . . . . . . . . . . . . . 42 4.1.3. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë . . . . . . . . . . . . . 43 4.2. Śćőľáâćă őŕěàăâőàă L . . . . . . . . . . . . . . . . . . . . . . 48 4.2.1. Őŕàěďěńěŋĺě L . . . . . . . . . . . . . . . . . . . . . . 48 4.2.2. Śőŕàïęěŋŋëľ őŕěàăâőà L^∗ . . . . . . . . . . . . . . . 48 4.3. Śćőľáâćă őŕěàăâőàă J . . . . . . . . . . . . . . . . . . . . . . 50

4.3.1. Őŕàěďěńěŋĺě J . . . . . . . . . . . . . . . . . . . . . . 50 4.3.2. Őŕěàăâőà J̃ . . . . . . . . . . . . . . . . . . . . . . . . 50 4.3.3. Śőŕàïęěŋŋëľ őŕěàăâőà J^∗ . . . . . . . . . . . . . . . 55 4.4. Śćőľáâćă őŕěàăâőàă P . . . . . . . . . . . . . . . . . . . . . . 56 4.4.1. Őŕàěďěńěŋĺě P . . . . . . . . . . . . . . . . . . . . . . 56 4.4.2. Őŕěàăâőà P̃ . . . . . . . . . . . . . . . . . . . . . . . . 57 4.4.3. Śőŕàïęěŋŋëľ őŕěàăâőà P^∗ . . . . . . . . . . . . . . . 58 4.5. Ŋěłőâőàëě áćïğĺ ňěęďã őŕěàăâőàăňĺ L,J ,P . . . . . . . . . 58

5. Ő ŕőáâàőěŋĺĺ ňĺŋĺňĺğĺàãîéĺå ŕőáńěďőćăâěńìŋőáâěľ ć áâőåăáâĺçěáłĺå ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï 63 5.1. Ććěďěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 5.2. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 64 5.3. Śãéěáâćőćăŋĺě àěèěŋĺï . . . . . . . . . . . . . . . . . . . . 65 5.4. Őŕàěďěńěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 5.5. Őáŋőćŋőľ àěğãńìâăâ . . . . . . . . . . . . . . . . . . . . . . . 66 5.6. Ŕàĺňěà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6. Őŕâĺňĺğăæĺï áâăæĺőŋăàŋőčő ŕàőæěááă ŕěàěŋőáă 71 6.1. Őąőąéěŋŋőě àěèěŋĺě áâăæĺőŋăàŋőčő ãàăćŋěŋĺï ŕěàěŋőáă . . 72 6.2. Ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ŕàőæěááőň ŕěàěŋőáă . . . 74

7. Őą őŕâĺňăńìŋőň ãŕàăćńěŋĺĺ ńĺŋěľŋőľ áĺáâěňőľ áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ á łćăďàăâĺçěáłĺň łàĺâěàĺěň łăçěáâćă 79 7.1. Ććěďěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 7.2. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 80 7.3. Ťőàňãńĺàőćłă őáŋőćŋőčő àěğãńìâăâă . . . . . . . . . . . . . 81 7.4. Ňěâőď àěèěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . 83 7.5. Ďőłăğăâěńìáâćő âěőàěňë 1 . . . . . . . . . . . . . . . . . . . 84

8. Śâőåăáâĺçěáłĺľ ŕàĺŋæĺŕ ňăłáĺňãňă ć ńĺŋěľŋőľ ğăďăçě ãŕàăćńěŋĺï àăğàëćŋëň ŕàőæěááőň 91

9. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć ńĺŋěľŋő łćăďàăâĺçŋőľ ğăďăçě ãŕàăćńěŋĺï łőíääĺæĺěŋâőň áŋőáă áâőåăáâĺçěáłőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï ďńï ŕàőæěááőć á àăğàëćăňĺ 99 9.1. Ććěďěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 9.2. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 100 9.3. Śâőåăáâĺçěáłĺľ ŕàĺŋæĺŕ ňăłáĺňãňă . . . . . . . . . . . . . 101

9.4. Łàăěćăï ğăďăçă ŕàĺŋæĺŕă ňăłáĺňãňă . . . . . . . . . . . . . 102 9.5. Ğăňěçăŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

10.Ő ğăďăçě Łőèĺ ďńï ãàăćŋěŋĺï Ĺâő 105 10.1. Ććěďěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 10.2. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 106 10.3. Ťőàňãńĺàőćłă àěğãńìâăâă . . . . . . . . . . . . . . . . . . . 106 10.4. Ďőłăğăâěńìáâćő âěőàěňë . . . . . . . . . . . . . . . . . . . . 107 10.5. Ğăňěçăŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

11.Őą őďŋőľ ğăďăçě ąëáâàőďěľáâćĺï ďńï áâőåăáâĺçěáłőľ ãŕàăćńïěňőľ áĺáâěňë 111 11.1. Ććěďěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 11.2. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 112 11.3. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë . . . . . . . . . . . . . . . . . 112 11.4. Şáńőćĺï őŕâĺňăńìŋőáâĺ . . . . . . . . . . . . . . . . . . . . . 114 11.5. Şáńőćĺï ŕőńŋőľ ãŕàăćńïěňőáâĺ . . . . . . . . . . . . . . . . 117 11.6. Ŕàĺňěà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

12.Őą ãŕàăćńěŋĺĺ ćěàőïâŋőáâìî ćåőďă áĺáâěňë ć ğăďăŋŋãî őąńăáâì 123 12.1. Ććěďěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 12.2. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 124 12.3. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë . . . . . . . . . . . . . . . . . 125 12.4. Šěőàěňë áãéěáâćőćăŋĺï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï . . . . . 127 12.5. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ . . . . . . . . . . . . . 128 12.6. Ŕàĺňěàë . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

13.Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć ğăďăçě ő ćåőďě ãŕàăćńïěňőčő áńãçăľŋőčő ŕàőæěááă ć ğăďăŋŋãî őąńăáâì 133 13.1. Ććěďěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 13.2. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 134 13.3. Ćáŕőňőčăâěńìŋăï ğăďăçă . . . . . . . . . . . . . . . . . . . . 135 13.4. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ . . . . . . . . . . . . . 137 13.5. Śőŕàïęěŋŋăï ğăďăçă . . . . . . . . . . . . . . . . . . . . . . . 141

14.Őą őďŋőň ŕőďåőďě ł àěèěŋĺî áőŕàïęěŋŋőľ ğăďăçĺ Ąĺáňãâă 145

15.Ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áĺáâěňőľ áő áńãçăľŋëň ŕàőæěááőň ŕàĺ ãŕàăćńěŋĺĺ 147 15.1. Ććěďěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

6 Őčńăćńěŋĺě

15.2. Ŕőáâăŋőćłă ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . 148 15.3. Ćáŕőňőčăâěńìŋăï ğăďăçă . . . . . . . . . . . . . . . . . . . . 149 15.4. Šěőàěňă áãéěáâćőćăŋĺï . . . . . . . . . . . . . . . . . . . . . 150 15.5. Şáńőćĺï ďĺääěàěŋæĺàãěňőáâĺ äãŋłæĺľ g, G . . . . . . . . . 151 15.6. Şáńőćĺï őŕâĺňăńìŋőáâĺ . . . . . . . . . . . . . . . . . . . . . 155

Ăŋŋőâăæĺï

Ć ďăŋŋőň áąőàŋĺłě áőąàăŋë àăąőâë ăćâőàă ŕő áâőåăáâĺçěáłőľ âěőàĺĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï, őŕãąńĺłőćăŋŋëě ĺň ć ŕěàĺőď á 1977 č. Ŕàěďáâăćńěŋŋëě àěğãńìâăâë őâŋőáïâáï ł âěőàĺĺ áâőåăáâĺçěáłőčő ŕàĺŋæĺŕă ňăłáĺňãňă, łőâőàëľ ŕàěďáâăćńïěâ áőąőľ őąőąéěŋĺě ŕàĺŋæĺŕă ňăłáĺňãňă Ń.Ś.Ŕőŋâàïčĺŋă ĺğ ďěâěàňĺŋĺáâĺçěáłőľ âěőàĺĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ŋă őŕàěďěńěŋŋëľ łńăáá ğăďăç áâőåăáâĺçěáłőčő ãŕàăćńěŋĺï (őąőąéěŋŋő ŕàőčàăňňŋëě ãŕàăćńěŋĺï). Řăąőâë àăáŕőńőęěŋë ć áąőàŋĺłě ć åàőŋőńőčĺçěáłőň ŕőàïďłě ĺ ŕàěďáâăćńěŋë ć âőň ćĺďě, łăł őŋĺ ąëńĺ őŕãąńĺłőćăŋë ć áőőâćěâáâćãîéĺå ĺğďăŋĺïå. Śŕĺáłĺ ńĺâěàăâãàë ďăîâáï őâďěńìŋő ďńï łăęďőľ čńăćë; ŋãňěàăæĺĺ ćáěå ãâćěàęďěŋĺľ ĺ äőàňãń áłćőğŋëě.

Őçěćĺďŋëě őŕěçăâłĺ ĺ ňěńłĺě ŋěâőçŋőáâĺ ĺáŕàăćńěŋë. Őâŋőáĺâěńìŋő ŋěćěàŋëå ãâćěàęďěŋĺľ áďěńăŋë ŕőďáâàőçŋëě áŋőáłĺ.

Čńăćă 1.

Ŕàĺŋæĺŕë ňĺŋĺňãňă ć ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áńãçăľŋëňĺ ŕàőæěááăňĺ

ŞĎŁ 531.36 + 62 - 50

Řăááňăâàĺćăěâáï ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï àěèěŋĺěň áĺáâěňë áâőåăáâĺçěáłĺå ĺŋâěčàăńìŋëå ãàăćŋěŋĺľ Ĺâő őąéěčő ćĺďă, łőčďă ãŕàăćńïîéĺě ŕăàăňěâàë ćåőďïâ ć ŋěőďŋőàőďŋëě çńěŋë ĺ łőíääĺæĺěŋâë ãàăćŋěŋĺľ. Şáâăŋăćńĺćăîâáï ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ (ć äőàňě ŕàĺŋæĺŕőć ňĺŋĺňãňă) ďńï ğăďăçĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï á őčàăŋĺçěŋĺïňĺ. Ŕàĺćőďĺâáï ŕàĺňěà.

Ć âěőàĺĺ ãŕàăćńěŋĺï áńãçăľŋëňĺ ŕàőæěááăňĺ, őŕĺáëćăěňëňĺ áâőåăáâĺçěáłĺňĺ ĺŋâěčàăńìŋëňĺ ãàăćŋěŋĺïňĺ Ĺâő, ňőęŋő ćëďěńĺâì ďćă ŋăŕàăćńěŋĺï. Ŕěàćőě ŋăŕàăćńěŋĺě, àăğćĺćăěňőě ć àăąőâăå [1, 2] ĺ ďà., áćïğăŋő á ćëćőďőň ãàăćŋěŋĺï Ąěńńňăŋă ďńï äãŋłæĺĺ ćëĺčàëèă. Ďńï ćâőàőčő ŋăŕàăćńěŋĺï, ąěàãéěčő áćőě ŋăçăńő ć àăąőâăå [3, 4], åăàăłâěàŋő ŕőńãçěŋĺě ŋěőąåőďĺňëå ãáńőćĺľ őŕâĺňăńìŋőáâĺ ć äőàňĺě ŕàĺŋæĺŕőć ňĺŋĺňãňă (áâőåăáâĺçěáłĺě ŕàĺŋæĺŕë ňĺŋĺňãňă).

Ďăŋŋőě ĺááńěďőćăŋĺě, ŕàĺňëłăîéěě łő ćâőàőňã ŋăŕàăćńěŋĺî, ŕőáćïéěŋő àăğćĺâĺî őąéěľ äãŋłæĺőŋăńìŋőľ ňěâőďĺłĺ [5, 6] ć áńãçăě áâőåăáâĺçěáłĺå áĺáâěň ãŕàăćńěŋĺï.

1Ňőàőğőć Ś.Ť., Ĺ.Ŕ. Śňĺàŋőć. Ŕàĺŋæĺŕë ňĺŋĺňãňă ć ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áńãçăľŋëňĺ ŕàőæěááăňĺ, Ŕàĺłńăďŋăï ňăâěňăâĺłă ĺ ňěåăŋĺłă, â. 42, ćëŕ. 2, 1978, áâà. 233 – 244.

1.1. Ŕőáâăŋőćłă ğăďăçĺ

Řăááňăâàĺćăěâáï ğăďăçă ãŕàăćńěŋĺï ŕàőæěááőň, ğăďăŋŋëň áĺáâěňőľ áâőåăáâĺçěáłĺå ĺŋâěčàăńìŋëå ãàăćŋěŋĺľ őąéěčő ćĺďă (ćáîďã ŕàěďŕőńăčăěâáï áãňňĺàőćăŋĺě ŕő ŕőćâőàïîéĺňáï ĺŋďěłáăň)

η_i (t) = φ_i (t, c (t)) + t∫ 0 A_i (τ, η (τ ) , a (τ)) dτ + t∫ 0 B_{ij} (τ, η (τ ) , b (τ )) dw_j (τ ) , i = 1, 2, . . . , n; j = 1, 2, . . . , m (1.1) łőčďă äãŋłæĺĺ ãŕàăćńěŋĺï a (τ, ω) , b (τ , ω) , c (τ, ω) ćåőďïâ ć łőíääĺæĺěŋâë ĺ ŋěőďŋőàőďŋëě çńěŋë ãàăćŋěŋĺľ, φ_i (t, c, ω) , A_i (t, x, a, ω) , B_{ij} (t, x, b, ω) — áńãçăľŋëě ŕőńï (ω — áńãçăľ), ă ćâőàëě ĺŋâěčàăńë ć (1.1) ŕőŋĺňăîâáï ć áňëáńě Ĺâő [7].

Ůăáâŋëě ŕàĺňěà âăłőľ ğăďăçĺ, łőčďă φ_i (t, c, ω) ≡ φ_i (ω), ă äãŋłæĺĺ B_{ij} (t, x, b, ω) ≡ B_{ij} (t) (ĺńĺ ğăćĺáïâ őâ ŋěáńãçăľŋëå łőňŕőŋěŋâ àěèěŋĺï η (t, ω)), ĺğãçěŋ ć [3] ňěâőďăňĺ, őâńĺçŋëňĺ őâ ĺğńăčăěňëå ğďěáì.

Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő, w (t, ω) — mňěàŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá, áőčńăáőćăŋŋëľ á ŋěãąëćăîéĺň áěňěľáâćőň ŕőńŋëå ŕő ňěàě P σ-ăńčěąà F_t ⊂ F, t ⩾ 0. Ůěàěğ L_p (BF) , 1 ⩽ p < ∞ őąőğŋăçĺň ąăŋăåőćő ŕàőáâàăŋáâćő ŕàőčàěááĺćŋő ĺğňěàĺňëå (BF-ĺğňěàĺňëå) őâŋőáĺâěńìŋő ŕőâőłă {F_t} áńãçăľŋëå äãŋłæĺľ ψ (t, ω) , t ∈ [0, T ] , ω ∈ Ω á łőŋěçŋőľ ŋőàňőľ

‖ψ‖_p = ∫ [0,T ]×Ω |ψ (t, ω)|^p d (mes ×P) 1/p

Ŕãáâì H_p (BF) — ňŋőęěáâćő äãŋłæĺľ ĺğ L_p (BF), ďńï łőâőàëå sup M |ψ (t, ω)|^p < ∞, 0 ⩽ t ⩽ T. Ňŋőęěáâćő H_p (BF) ćáîďã ŕńőâŋő ć L_p (BF) . Ŕãáâì L_{p,n} (BF) = L_p (BF) × . . . × L_p (BF) (n àăğ) — ŕàőáâàăŋáâćő ćěłâőà-äãŋłæĺľ ξ (t, ω) ≡ {ξ_1 (t, ω) , . . . , ξ_n (t, ω)} á ŋőàňőľ ‖ξ‖^p_{,n} = ‖ξ_1‖^p + · · · + ‖ξ_n‖^p . Ăŋăńőčĺçŋő H_{p,n} (BF) = H_p (BF) × . . . × H_p (BF) (n àăğ).

Ťãŋłæĺĺ φ_i (t, c, ω) , A_i (t, x, a, ω) , B_{ij} (t, x, b, ω) őąńăďăîâ áńěďãîéĺňĺ áćőľáâćăňĺ:

1.1. Ŕőáâăŋőćłă ğăďăçĺ 9

1) őŋĺ ĺğňěàĺňë ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå ŕàĺ t ∈ [0, T ] , x ≡ {x_1, . . . , x_n} ∈ E^n, ω ∈ Ω, a ≡ {a_1, . . . , a_{m1} } ∈ D^a ⊂ E^{m1} , b ≡ {b_1, . . . , b_{m2} } ∈ D^b ⊂ E^{m2} , c ≡ {c_1, . . . , c_{m3} } ∈ D^c ⊂ E^{m3} ,

čďě D^a, D^b, D^c — őčàăŋĺçěŋŋëě ňŋőęěáâćă ć áőőâćěâáâćãîéĺå ěćłńĺďőćëå ŕàőáâàăŋáâćăå;

2) F_t-ĺğňěàĺňë ŕő ω ŕàĺ äĺłáĺàőćăŋŋëå t, x, a, b, c ŋă [0, T ]×E^n ×D^a × D^b × D^c;

3) ŕàĺ äĺłáĺàőćăŋŋëå t, x, ω ŋěŕàěàëćŋë ŕő áőćőłãŕŋőáâĺ őáâăńìŋëå ŕěàěňěŋŋëå;

4) A_i (t, x, a, ω) , B_{ij} (t, x, b, ω) ďĺääěàěŋæĺàãěňë ŕő ŕěàěňěŋŋëň x_k, ă ĺå ŕàőĺğćőďŋëě A^′_{xk} , B^′_{xk} ŋěŕàěàëćŋë áőőâćěâáâćěŋŋő ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå (x, a) , (x, b) ĺ àăćŋőňěàŋő őčàăŋĺçěŋë ŕő ăąáőńîâŋőľ ćěńĺçĺŋě ŕőáâőïŋŋëň çĺáńőň N > 0 ŕàĺ ćáěå t, x, a, b, ω ĺğ őąńăáâĺ őŕàěďěńěŋĺï;

5) |φ_i (t, c, ω)| ⩽ α_i (t, ω) ∈ H_r (BF) , r > 2 ďńï ćáěå c ∈ D^c.

Ŕàĺ łăęďőň t ∈ [0, T ] ğăďăďĺň ňŋőęěáâćă D^a (t) , D^b (t) , D^c (t) áńãçăľŋëå ćěłâőàőć, F_t-ĺğňěàĺňëå ĺ ŕàĺŋĺňăîéĺå ğŋăçěŋĺï ć D^a, D^b ĺ D áőőâćěâáâćěŋŋő. Ŕàěďŕőńăčăěň, çâő áěňěľáâćă D^i (t) , i = a, b, c ŋěãąëćăîéĺě ĺ ŋěŕàěàëćŋëě áńěćă ŕő t : D^i (t) = D^i (0) ∪ D^i (s) , 0 < s < t.

Ćěłâőà-äãŋłæĺĺ a (t, ω) , b (t, ω) , c (t, ω) ąãďěň ŋăğëćăâì ďőŕãáâĺňëňĺ ãŕàăćńěŋĺïňĺ, ěáńĺ ĺå łőňŕőŋěŋâë BF-ĺğňěàĺňë ĺ a (t, ω) ∈ D^a (t) , b (t, ω) ∈ D^b (t) , c (t, ω) ∈ D^c (t) ∀t. Řěèěŋĺěň áĺáâěňë (1.1), őâćěçăîéĺň ďőŕãáâĺňőňã ãŕàăćńěŋĺî u (t, ω) = {a (t, ω) , b (t, ω) , c (t, ω)}, ŋăğëćăěâáï áńãçăľŋëľ ŕàőæěáá ĺğ H_{s,n} (BF), ďńï łőâőàőčő (1.1) ćëŕőńŋïěâáï ŕàĺ łăęďőň t ŕőçâĺ ŋăćěàŋőě (áň. [7]).

Řăááňőâàĺň áńěďãîéãî ŕàőąńěňã őŕâĺňĺğăæĺĺ: áàěďĺ ďőŕãáâĺňëå ãŕàăćńěŋĺľ u (t, ω), ãďőćńěâćőàïîéĺå őčàăŋĺçěŋĺî

L (u) = M T∫ 0 L (s, η_u (s) , u (s)) ds ⩽ 0, âàěąãěâáï ŋăľâĺ ãŕàăćńěŋĺě, ňĺŋĺňĺğĺàãîéěě äãŋłæĺőŋăń

J (u) = M T∫ 0 J (s, η_u (s) , u (s)) ds. Ğďěáì η_u (s) — àěèěŋĺě áĺáâěňë (1.1), őâćěçăîéěě ãŕàăćńěŋĺî u (s), M

— ğŋăł ňăâěňăâĺçěáłőčő őęĺďăŋĺï. Ŕãáâì äãŋłæĺĺ L (t, x, a, b, c, ω) , J (t, x, a, b, c, ω) 1) ĺğňěàĺňë ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå ŕàĺ t, x, a, b, c, ω ∈ [0, T ] ×

E^n × D^a × D^b × D^c × Ω;

2) F_t-ĺğňěàĺňë ŕő ω ŕàĺ äĺłáĺàőćăŋŋëå t, x, a, b, c ;

3) ŋěŕàěàëćŋë ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå (a, b, c) ŕàĺ ŕőçâĺ ćáěå

t, x, ω ĺğ [0, T ]×E^n× Ω ĺ ďćăęďë ďĺääěàěŋæĺàãěňë ŕő ŕěàěňěŋŋëň

x_k;

4) ãďőćńěâćőàïîâ áńěďãîéĺň ãáńőćĺïň ŕőàïďłă àőáâă ŕő x : |J| , |L| ⩽ K_1 (1 + |x|^ρ) , | |J ′_{xk} | | , | |L′_{xk} | | ⩽ K_2 (1 + |x|^{ρ−1}) , | | |J^{′′}_{xkxj} | | | , | | |L^{′′}_{xkxj} | | | ⩽ K3 ( 1 + |x|^{ρ−2} ) , ρ ⩽ (ρ + 2) /2

ďńï ŕőçâĺ ćáěå t, x, a, b, c, ω ĺğ őąńăáâĺ őŕàěďěńěŋĺï; K_1, K_2, K_3 —

ŕőáâőïŋŋëě çĺáńă.

1.2. Ćăàĺăæĺĺ ãŕàăćńěŋĺľ

Ŕãáâì u^∘ (t, ω) ≡ {a^∘ (t, ω) , b^∘ (t, ω) , c^∘ (t, ω)} — őŕâĺňăńìŋőě ďőŕãáâĺňőě

ãŕàăćńěŋĺě, ă η^∘ (t, ω) — őâćěçăîéěě ěňã àěèěŋĺě áĺáâěňë (1.1). Ŕőáâàő-

ĺň ćăàĺăŋâã ãŕàăćńěŋĺï u^ε (t, ω) ≡ {a^ε (t, ω) , b^ε (t, ω) , c^ε (t, ω)} . Ŕãáâì

τ_0 ∈ [0, T ] . Ćőğìňěň ŕàőĺğćőńìŋëľ łőŋěçŋëľ ŋăąőà âőçěł {τ_k} ĺğ ĺŋ-

âěàćăńă (τ_0, T ) . Ŕãáâì { α^l_k } — ŕàőĺğćőńìŋëľ łőŋěçŋëľ ŋăąőà ŋěőâàĺ-

æăâěńìŋëå çĺáěń. Ŕãáâì, ŋăłőŋěæ, { a^l_k (ω) } , { b^l_k (ω) } , { c^l_k (ω) } — ŋăąőàë

áńãçăľŋëå ćěłâőàőć ĺğ D^a (τ_0) , D^b (τ_0) , D^c (τ_0), áőőâćěâáâćěŋŋő. Łőňŕő-

ŋěŋâã a^ε (t, ω) ćăàĺăŋâë ãŕàăćńěŋĺï őŕàěďěńĺň áńěďãîéĺň őąàăğőň a^ε (t, ω) = { a^l_k (ω) , t ∈ Π^l_k (τ_k) a^∘ (t, ω) , t ∈ [0, T ] \ ⋃ l,k Π^l_k (τ_k) ,

Π^l_k (τ_k) = [ τ_k − ε l∑ i=1 α^i_k, τ_k − ε l−1∑ i=1 α^i_k ) .

1.2. Ćăàĺăæĺĺ ãŕàăćńěŋĺľ 11

§áŋő, çâő ŕàĺ ďőáâăâőçŋő ňăńőň ε, 0 < ε ⩽ ε_α ĺŋâěàćăńë Π^l_k ńěęăâ ć (τ_0, T ) ĺ ŕőŕăàŋő ŋě ŕěàěáěłăîâáï. Ăŋăńőčĺçŋő őŕàěďěńïîâáï łőňŕőŋěŋâë b^ε (t, ω) , c^ε (t, ω) ćăàĺăŋâë u^ε (t, ω) á ŕăàăňěâàăňĺ { b^l_k (ω) } , { c^l_k (ω) } áőőâćěâáâćěŋŋő.

Ĺňěěâ ňěáâő áńěďãîéăï âěőàěňă ő áãéěáâćőćăŋĺĺ àěèěŋĺï áĺáâěňë (1.1) ĺ ěčő ãáâőľçĺćőáâĺ ŕő ćőğňãéěŋĺî ãŕàăćńěŋĺï.

Šěőàěňă 1. Ŕãáâì äãŋłæĺĺ φ_i (t, c, ω) , A_i (t, x, a, ω) , B_{ij} (t, x, b, ω) ãďőćńěâćőàïîâ áäőàňãńĺàőćăŋŋëň ćëèě ãáńőćĺïň. Šőčďă áãéěáâćãěâ âăłőě ŕőńőęĺâěńìŋőě çĺáńő ε^∗, 0 < ε^∗ < ε_α, çâő łăęďőľ ćăàĺăŋâě u^ε (t, ω) ŕàĺ 0 ⩽ ε ⩽ ε^∗őâćěçăěâ ěďĺŋáâćěŋŋőě àěèěŋĺě η^ε (t, ω) ∈ H_{r,n} (BF) áĺáâěňë (1.1). Ŕàĺ íâőň ‖η^ε − η^∘‖_{r,n} → 0 ŕàĺ ε → 0.

Ďőłăğăâěńìáâćő. Śãéěáâćőćăŋĺě ĺ ěďĺŋáâćěŋŋőáâì àěèěŋĺï áĺáâěňë (1.1) áńěďãěâ ŋěŕőáàěďáâćěŋŋő ĺğ [7]. Ŕàĺ ńîąőň ďőŕãáâĺňőň ãŕàăćńěŋĺĺ äãŋłæĺï φ (t, c (t)) ∈ H_{r,n} (BF) , ŕőíâőňã ĺ áőőâćěâáâćãîéěě àěèěŋĺě η (t) ∈ H_{r,n} (BF) . Ďńï ďőłăğăâěńìáâćă ãáâőľçĺćőáâĺ őŕâĺňăńìŋőčő àěèěŋĺï àăááňőâàĺň áĺáâěňã ńĺŋěľŋëå ĺŋâěčàăńìŋëå áâőåăáâĺçěáłĺå ãàăćŋěŋĺľ

ξ_i (t) = ψ_i (t) + t∫ 0 ∂A_i ∂x_k (s, η^ε_{1ik} (s) , a^ε (s)) ξ_k (s) ds + (1.2)

+ t∫ 0 ∂B_{ij} ∂x_k ( s, η^ε_{2ijk} (s) , b^ε (s) ) ξ_k (s) dw_j (s) .

Ğďěáì “áàěďŋĺě âőçłĺ” η^ε_{1ik}, η^ε_{2ik} őŕàěďěńěŋë á ćěàőïâŋőáâìî ěďĺŋĺæă ĺğ àăćěŋáâć

A_i (t, η^ε (t) , a^ε (t)) − A_i (t, η^∘ (t) , a^∘ (t)) = ∂A_i ∂x_k (t, η^ε_{1ik} (t) , a^ε (t)) Δ_εη_k (t) ,

B_{ij} (t, η^ε (t) , b^ε (t)) − B_{ij} (t, η^∘ (t) , b^∘ (t)) = ∂B_{ij} ∂x_k ( t, η^ε_{2ijk} (t) , b^ε (t) ) Δ_εη_k (t) ,

Δ_εη_k (t) ≡ η^ε (t) − η^∘ (t) . (1.3)

Ńěňňă 1. Ďńï ńîąőľ äãŋłæĺĺ ψ (t) ∈ H_{p,n} (BF) àěèěŋĺě áĺáâěňë (1.2) ξ (t) ∈ H_{p,n} (BF) áãéěáâćãěâ, ěďĺŋáâćěŋŋő, ĺ áŕàăćěďńĺćă őæěŋłă ‖ξ‖_{p,n} ⩽ C_p ‖ψ‖_{p,n} , C_p = C_p (p, m, n, T, N) . (1.4) Ďőłăğăâěńìáâćő. Śãéěáâćőćăŋĺě ĺ ěďĺŋáâćěŋŋőáâì àěèěŋĺï áĺáâěňë (1.2) áńěďãěâ ĺğ âőľ ęě âěőàěňë [7]. Ŕàĺňěŋïï ŋěàăćěŋáâćő Čěńìďěàă ł âőęďěáâćã (1.2), ŕőńãçĺň |ξ_i (t)|^p ⩽ 3^{p−1} |ψ_i (t)|^p + | | | | | t∫ 0 ∂A_i ∂x_k (·) ξ_k (s) ds | | | | | p +

+ | | | | | t∫ 0 ∂B_{ij} ∂x_k (·) ξ_k (s) dw_j (s) | | | | | p . Őâáîďă, ŕőńìğãïáì őæěŋłőľ ňőňěŋâőć ĺŋâěčàăńă Ĺâő [8], ŕőńãçĺň

M |ξ_i (t)|^p ⩽ 3^{p−1}

M |ψ_i (t)|^p + C^′_p t∫ 0 n∑ k=1 M |ξ_k (s)|^p ds . Śãňňĺàãï ŕő i, ŕàĺňěŋïï ńěňňã Čàőŋãőńńă ĺ ĺŋâěčàĺàãï ŋă [0, T ] , ãáâăŋőćĺň ĺáłőňãî őæěŋłã (1.4).

Ďńï ďőłăğăâěńìáâćă âěőàěňë őáâăěâáï ğăňěâĺâì, çâő áńãçăľŋăï ćěłâőàäãŋłæĺï ξ (t) ≡ η^ε (t) − η^∘ (t) ãďőćńěâćőàïěâ áĺáâěňě (1.2) ŕàĺ ψ_i (t) = Δ_uΦ_i (t) ∈ H_{r,n} (BF) ,

Δ_uΦ_i (t) ≡ Δ_cφ_i (t) + t∫ 0 Δ_aA_i (s) ds + + t∫ 0 Δ_bB_{ij} (s) dw_j (s) ,

Δ_cφ_i (t) ≡ φ_i (t, c^ε (t)) − φ_i (t, c^∘ (t)) , Δ_aA_i (t) ≡ A_i (t, η^∘ (t) , a^ε (t)) − A_i (t, η^∘ (t) , a^∘ (t)) , Δ_bB_{ij} (t) ≡ B_{ij} (t, η^∘ (t) , b^ε (t)) − B_{ij} (t, η^∘ (t) , b^∘ (t)) .

Šőčďă ŋă őáŋőćăŋĺĺ (1.4) ĺňěěň ‖η^ε − η^∘‖_{r,n} ⩽ C_r ‖Δ_uΦ‖_{r,n} → 0, ε → 0. 1.3. Ŕőáâàőěŋĺě ĺŋâěčàăńìŋëå ŕàěďáâăćńěŋĺľ Δ_εJ, Δ_εL

Ć áĺńã ńěňňë 1 ńĺŋěľŋăï áĺáâěňă (1.2) őŕàěďěńïěâ ńĺŋěľŋëľ őŕěàăâőà

R^′_ε : H_{p,n} (BF) → H_{p,n} (BF) , ξ = R^′_εψ.

Šăł łăł ňŋőęěáâćő H_{p,n} (BF) ćáîďã ŕńőâŋő ć L_{p,n} (BF) ĺ ĺňěěâ ňěáâő őæěŋłă (1.4), âő R^′_ε ďőŕãáłăěâ ŕàőďőńęěŋĺě R_ε ŋă L_{p,n} (BF) ŕő ŋěŕàěàëćŋőáâĺ, â.ě. őŕàěďěńěŋ ńĺŋěľŋëľ ŋěŕàěàëćŋëľ őŕěàăâőà R_ε : L_{p,n} (BF) → L_{p,n} (BF) , p ⩾ 2, ‖R_ε‖ ⩽ C_p.

1.3. Ŕőáâàőěŋĺě ĺŋâěčàăńìŋëå ŕàěďáâăćńěŋĺľ... 13 Ŕàĺàăéěŋĺě Δ_εη (t) ğăŕĺèěň ć ćĺďě Δ_εη = R_εΔ_uΦ (1.5) Ďńï ŋăåőęďěŋĺï ŕěàćëå ćăàĺăæĺľ äãŋłæĺőŋăńőć J ĺ L ŕőáâàőĺň ĺŋâěčàăńìŋëě ŕàěďáâăćńěŋĺï ďńï ŕàĺàăéěŋĺľ Δ_εJ ≡ J (u^ε) − J (u^∘) , Δ_εL ≡ L (u^ε) − L (u^∘) .

Řăááňőâàĺň, ŋăŕàĺňěà, Δ_εJ

Δ_εJ = M T∫ 0 ∂J ∂x_k (s, η^ε_{3k} (s) , u^ε (s)) Δ_εη_k (s) ds + (1.6)

+M T∫ 0 Δ_uJ (s) ds ≡ Δ^{(1)}_ε J + Δ^{(2)}_ε J, (Δ_uJ (t) ≡ J (t, η^∘ (t) , u^ε (t)) − J (t, η^∘ (t) , u^∘ (t))) Ğďěáì áàěďŋĺě âőçłĺ η^ε_{3k} őŕàěďěńěŋë ĺğ àăćěŋáâć ćĺďă (1.3) ďńï äãŋłæĺĺ J. Ŋă L_{2,n} (BF) őŕàěďěńĺň áěňěľáâćő (ŕő ε) őčàăŋĺçěŋŋëå ńĺŋěľŋëå äãŋłæĺőŋăńőć

{T_ε} : (T_ε, ψ) = M T∫ 0 ∂J ∂x_k (s, η^ε_{3k} (s) , u^ε (s)) ψ_k (s) ds.

Ŕàĺňěŋïï âěőàěňã Řĺááă ő ŕàěďáâăćńěŋĺĺ ńĺŋěľŋőčő äãŋłæĺőŋăńă, ŕőńãçĺň ć áĺńã (1.5)

Δ^{(1)}_ε J = (T_ε, Δ_εη) = (T_ε, R_εΔ_uΦ) = (R^∗_ε T_ε, Δ_uΦ) ≡ (Q_ε, Δ_uΦ) = = M T∫ 0 χ^ε_i (t) Δ_uΦ_i (t) dt, χ^ε = R^∗_εT_ε ∈ L_{2,n} (BF) .

Ŕőďáâăćńïï ŕőńãçěŋŋőě ćëàăęěŋĺě ć (1.6), ŕőńãçĺň ĺáłőňőě ĺŋâěčàăńìŋőě ŕàěďáâăćńěŋĺě

Δ_εJ = M T∫ 0 χ^ε_i (t) Δ_uΦ_i (t) dt + M T∫ 0 Δ_uJ (t) dt (1.7)

Ŕőłăęěň, çâő ŕàĺ 1 < q^′ < 2

‖χ^ε − χ^∘‖_q′_{,n} → 0, ε → 0 (1.8)

Ğďěáì

χ^∘ = R^∗_0T_0, (T_0, ψ) = M T∫ 0 ∂J ∂x_k (s, η^∘ (s) , u^∘ (s)) ψ_k (s) ds, ă R_0 : L_{p,n} (BF) → L_{p,n} (BF) , p ⩾ 2 — ńĺŋěľŋëľ őŕěàăâőà, áćïğăŋŋëľ á áĺáâěňőľ

ξ_i (t) = ψ_i (t) + t∫ 0 ∂A_i ∂x_k (s, η^∘ (s) , a^∘ (s)) ξ_k (s) ds + (1.9)

+ t∫ 0 ∂B_{ij} ∂x_k (s, η^∘ (s) , b^∘ (s)) ξ_k (s) dw_j (s) .

Ĺňěěň (q > 2, 1/q + 1/q^′ = 1) ‖χ^ε − χ^∘‖_q′_{,n} ⩽ ‖R_ε‖_{Lp,n→L2,n} ‖T_ε − T_0‖_{(L2,n)}∗ + (1.10) + ‖T_0‖_{(L2,n)}∗ ‖R_ε − R_0‖_{Lp,n→L2,n} Ŕőłăęěň, çâő ŕőáńěďŋïï ŋőàňă őŕěàăâőàŋăï ŋőàňă ć (1.10) áâàěňĺâáï ł ŋãńî ŕàĺ ε → 0. Ćőğìňěň ňőŋőâőŋŋő ãąëćăîéãî ŕőáńěďőćăâěńìŋőáâì ŕőńőęĺâěńìŋëå çĺáěń δ_m → 0, m → ∞. Ďńï łăęďőľ äãŋłæĺĺ φ ĺğ ěďĺŋĺçŋőčő èăàă ć L_{q,n} (BF) ŋăľďěâáï ŕőáńěďőćăâěńìŋőáâì {φ_m} ⊂ H_{q,n} (BF) , âăłăï, çâő ‖φ − φ_m‖_{q,n} ⩽ δ_m. Ŕãáâì {ξ^{εm}} , { ξ^{0m} } ⊂ H_{q,n} (BF) — ŕőáńěďőćăâěńìŋőáâĺ àěèěŋĺľ (1.2) ĺ (1.9) áőőâćěâáâćěŋŋő, őâćěçăîéĺå {φ_m} . Šőčďă

‖(R_ε − R_0) φ‖_{2,n} ⩽ ‖R_ε (φ − φ_m)‖_{2,n} + ‖R_0 (φ − φ_m)‖_{2,n} + (1.11)

+ ‖R_εφ_m − R_0φ_m‖_{2,n} ⩽ 2C_2T^{(q−2)/2q}δ_m + ‖ ‖ξ^{εm} − ξ^{0m} ‖ ‖_{2,n} Ĺáŕőńìğãï őæěŋłã ňőňěŋâőć ĺŋâěčàăńă Ĺâő, ńěňňã Čàőŋãőńńă ĺ ŋěàăćěŋáâćő Čěńìďěàă, őæěŋĺň ŋőàňã ‖ ‖ξ^{εm} − ξ^{0m} ‖ ‖^2_{,n} ⩽ K_4C^2_q (1 + δ_m)^2 ‖Γ_ε‖_{q/(q−2)} ,

Γ_ε (t) ≡ T ∑ i,k {| | | ∂A_i ∂x_k (t, η^ε_{1ik} (t) , a^ε (t)) − ∂A_i ∂x_k (t, η^∘ (t) , a^∘ (t)) | | | 2 +

+ ∑ j B_2 | | | ∂B_{ij} ∂x_k ( t, η^ε_{2ijk} (t) , b^ε (t) ) − ∂B_{ij} ∂x_k (t, η^∘ (t) , b^∘ (t)) | | | 2} ,

(K_4, B_2 = const).

Ŕőáłőńìłã |η^ε_{1ik} − η^∘| , | |η^ε_{2ijk} − η^∘ | | , |u^ε − u^∘| → 0, ε → 0 ŕő ňěàě mes ×P (âěőàěňă 1), äãŋłæĺĺ A^′_{xk} , B^′_{xk} ŋěŕàěàëćŋë ŕő (x, a) ĺ (x, b) áőőâćěâáâćěŋŋő ĺ őčàăŋĺçěŋë, âő ‖Γ_ε‖ → 0, ε → 0.

Ĺğ (1.11) áńěďãěâ âőčďă, çâő ‖(R_ε − R_0) φ‖_{2,n} → 0, ε → 0 àăćŋőňěàŋő őâŋőáĺâěńìŋő ćëąőàă φ ĺğ ěďĺŋĺçŋőľ áäěàë ĺ ğŋăçĺâ ‖R_ε − R_0‖_{Lp,n→L2,n} → 0, ε → 0. (1.12) Şáńőćĺï, ŋăńőęěŋŋëě ŋă ĺŋâěčàăŋâ äãŋłæĺőŋăńă J, őąěáŕěçĺćăîâ ŕàěďěńìŋëľ ŕěàěåőď

‖T_ε − T_0‖_{(L2,n)}∗ → 0, ε → 0. (1.13)

Ĺğ (1.13), (1.12) ĺ (1.10) áńěďãěâ, âăłĺň őąàăğőň, (1.8).

1.4. Ŕěàćëě ćăàĺăæĺĺ äãŋłæĺőŋăńőć

Ćăàĺăæĺĺ äãŋłæĺőŋăńőć őŕàěďěńĺň łăł ŕàěďěńë δJ = lim_{εk→0} 1 ε_k Δ_{εk} J, δL = lim_{δk→0} 1 δ_k Δ_{δk} L. Ğďěáì {ε_k} , {δ_k} — ŋěłőâőàëě ŕőďŕőáńěďőćăâěńìŋőáâĺ ŕőáńěďőćăâěńìŋőáâĺ ε → 0. Ĺňěěň ĺğ (1.7)

Δ^{(2)}_ε J = M ∑ l,k ∫ Π^l_k(τ_k) [ J ( t, η^∘ (t) , a^l_k, b^l_k, c^l_k ) − J (t, η^∘ (t) , u^∘ (t)) ] dt,

Δ^{(1)}_ε J = M ∑ l,k ∫ Π^l_k(τ_k)

[χ^ε_i (t) Δ_cφ_i (t) + θ^ε_i (t) Δ_aA_i (t)] dt +

+M T∫ 0 χ^ε_i (t) t∫ 0 Δ_bB_{ij} (s) dw_j (s) dt ≡ Δ^{(3)}_ε J + Δ^{(4)}_ε J,

θ^ε_i (t) ≡ T∫ t χ^ε_i (s) ds.

Ĺáŕőńìğãï (1.9), ňőęŋő ŕőłăğăâì, çâő ďńï ńîąőľ ŕăàë æěńëå çĺáěń N, M ĺ ŕàőĺğćőńìŋőčő ďőŕãáâĺňőčő ŋăąőàă áńãçăľŋëå ćěńĺçĺŋ { a^l_k (ω) } , { b^l_k (ω) } , { c^l_k (ω) } ; k = 1, 2, . . . , N; l = 1, 2, . . . , M ŋăľďěâáï ňŋőęěáâćő E^{NM}_u ⊂

(τ_0, T ), mes E^{NM}_u = T − τ_0, âăłőě, çâő ďńï ŕàőĺğćőńìŋőčő ŋăąőàă âőçěł {τ_k} ⊂ E^{NM}_u lim_{ε→0} 1 ε ( Δ^{(2)}_ε J + Δ^{(3)}_ε J ) = ∑ l,k α^l_k [ g^{lk}_1 (τ_k) + g^{lk}_2 (τ_k) ] , (1.14)

g^{lk}_1 (τ) ≡ M [ J ( τ, η^∘ (τ) , a^l_k, b^l_k, c^l_k ) − J (τ, η^∘ (τ ) , u^∘ (τ)) ] , g^{lk}_2 (τ) ≡ M { χ^∘_i (τ ) [ φ_i ( τ, c^l_k ) − φ_i (τ, c^∘ (τ )) ] + +θ^ε_i (τ ) [ A_i ( τ , η^∘ (τ ) , a^l_k ) − A_i (τ , η^∘ (τ) , a^∘ (τ)) ]}

Ďńï âőčő çâőąë ŕěàěľâĺ ł ŕàěďěńã ć (1/ε) Δ^{(4)}ε J, ŋăńőęĺň ďőŕőńŋĺâěńìŋëě őčàăŋĺçěŋĺï ŋă ŕőâőł σ-ăńčěąà {F_t}ĺ ŕàőĺğćěďěň ďőŕőńŋĺâěńìŋëě ŕőáâàőěŋĺï. Ĺňěŋŋő, ŕàěďŕőńőęĺň, çâő

F_t ≡ σ [w (s) , s ⩽ t]. (1.15)

Ńěňňă 2. Ŕãáâì ćëŕőńŋïěâáï ãáńőćĺě (1.15) ĺ φ (t, ω) ∈ L_2 (BF) . Šőčďă ŋăľďěâáï ěďĺŋáâćěŋŋăï äãŋłæĺï λ (t, s, ω) ∈ L_{2,m} (B × BF), âăłăï, çâő mes ×P-ŕőçâĺ ćáîďã ŋă [0, T ] × Ω

φ (t, ω) = Mφ (t, ω) + t∫ 0 λ_j (t, s, ω) dw_j (s, ω) (1.16)

Ŕàĺ íâőň őŕěàăâőà G : λ = Gφ őčàăŋĺçěŋ ĺğ L_2 (BF) ć L_{2,m} (B × BF) ĺ ‖G‖ = 1. Ğďěáì L_{2,m} (B × BF) — L_2-ŕàőáâàăŋáâćő m-ňěàŋëå áńãçăľŋëå ŕőńěľ á B×BF-ĺğňěàĺňëňĺ (B — ąőàěńěćáłăï σ-ăńčěąàă ć E^1) łőňŕőŋěŋâăňĺ.

Ďőłăğăâěńìáâćő. Ŕãáâì η (t, ω) = χ_{[0,t1)} (t) η_0 (ω)+. . .+χ_{[tn−1,T )} (t) η_{n−1} (ω) ∈ L_2 (BF). Ğďěáì {t_k}, = 0, 1, . . . , n — łőŋěçŋőě àăğąĺěŋĺě őâàěğłă [0, T ], χ_{[α,β)} (t) — ĺŋďĺłłăâőàŋăï äãŋłæĺï ŕőńãĺŋâěàćăńă [α, β); η_k (ω) — F_{tk} - ĺğňěàĺňăï (á łőŋěçŋëň ćâőàëň ňőňěŋâőň) áńãçăľŋăï ćěńĺçĺŋă. Śőčńăáŋő [9] ŕàĺ ćëŕőńŋěŋĺĺ ãáńőćĺï (1.15) ďńï łăęďőčő t_k ŋăľďěâáï λ^{(k)} (s, ω) ∈ L_{2,m} ([0, t_k] × Ω, BF) âăłăï, çâő ŕőçâĺ ŋăćěàŋőě

η_k (ω) = Mη_k (ω) + t_k∫

0 λ^{(k)}_j (s, ω) dw_j (s, ω) .

Őâáîďă, ŕàőďőńęăï λ^{(k)}_j (s, ω) ŋă [0, T ] × Ω ŋãńěň ĺ ŕőńăčăï

μ (t, s, ω) = χ_{[0,t1)} (t) λ^{(1)} (s, ω) + . . . + χ_{[tn−1,T )} (t) λ^{(n−1)} (s, ω) , ãáâăŋőćĺň ńěňňã ďńï áâãŕěŋçăâëå äãŋłæĺľ. Ŕãáâì φ (t, ω) — ŕàőĺğćőńìŋăï äãŋłæĺï ĺğ L_2 (BF). Ăŕŕàőłáĺňĺàãěň ěě ŕőáńěďőćăâěńìŋőáâìî áâãŕěŋçăâëå äãŋłæĺľ (áň. [10, áâà. 222]): ‖η_n − φ‖_2 → 0, n → ∞. Ŕãáâì μ^{(n)} (t, s, ω) — őâćěçăîéăï {η_n} ŕőáńěďőćăâěńìŋőáâì áâőåăáâĺçěáłĺå ïďěà. Šőčďă ĺğ (1.16) ĺňěěň t∫ 0 [ μ^{(n)}_j (t, s, ω) − μ^{(k)}_j (t, s, ω) ] dw_j (s, ω) = = η_n (t, ω) − η_k (t, ω) + M (η_k (t, ω) − η_n (t, ω)) . Őâáîďă, ĺáŕőńìğãï ĺğćěáâŋëě áćőľáâćă ĺŋâěčàăńă Ĺâő, ćëćőďĺň ‖ ‖μ^{(n)} − μ^{(k)} ‖ ‖_{L2,m(B×BF)} ⩽ 2 ‖η_n − η_k‖_2 → 0, k, n → ∞. Šăłĺň őąàăğőň, ŕőáńěďőćăâěńìŋőáâì { μ^{(n)} } äãŋďăňěŋâăńìŋă ć L_{2,m} (B × BF) ĺ, ğŋăçĺâ, ć áĺńã ŕőńŋőâë íâőčő ŕàőáâàăŋáâćă áåőďĺâáï ł ŋěłőâőàőňã ěčő íńěňěŋâã λ. Ĺğ âěőàěňë Ťãąĺŋĺ ďńï áâőåăáâĺçěáłĺå ĺŋâěčàăńőć (áň. [11, áâà. 217]) áńěďãěâ, çâő áâőåăáâĺçěáłĺľ ĺŋâěčàăń t∫ 0 λ_j (t, s, ω) dw_j (s, ω) őŕàěďěńěŋ ĺ BF-ĺğňěàĺň ŕő t, ω. Ŋăłőŋěæ ‖ ‖ ‖ ‖ ‖φ − Mφ − t∫ 0 λ_j (t, s, ω) dw_j (s, ω) ‖ ‖ ‖ ‖ ‖ 2 ⩽ ‖φ − η_n‖_2 + + ‖M (φ − η_n)‖_{L2(0,T )} + ‖ ‖λ − μ^{(n)} ‖ ‖_{L2,m(B×BF)} → 0, n → ∞. Ćőğćőďï âőęďěáâćő (1.16) ćő ćâőàãî áâěŕěŋì ĺ ĺŋâěčàĺàãï ŕő ňěàě P, ãąěďĺňáï ć áŕàăćěďńĺćőáâĺ ćâőàőčő ãâćěàęďěŋĺï ńěňňë.

Ŕàĺňěŋïï ďőłăğăŋŋãî ńěňňã ł áěňěľáâćã (ŕő ε ⩾ 0) äãŋłæĺľ χ^ε (t, ω) ∈ L_{2,n} (BF) , ŕőńãçĺň áěňěľáâćő ňăâàĺæ { λ^ε_{ij} (t, s, ω) } : {λ^ε_{i1}, . . . , λ^ε_{im}} = Gχ^ε_i . Ććěďěň őąőğŋăçěŋĺě κ^ε_{ij} (t, ω) = T∫ t λ^ε_{ij} (t, s, ω) ds ∈ L_2 (BF) . Ŕőłăęěň, çâő ŕàĺ 1 < δ < 2 ‖ ‖κ^ε_{ij} − κ^∘_{ij} ‖ ‖_δ → 0, ε → 0 (1.17)

Ŕàĺňěŋïï ďćăęďë ŋěàăćěŋáâćă Čěńìďěàă ĺ őæěŋłã áŋĺğã ďńï δ-ňőňěŋâă

ĺŋâěčàăńă Ĺâő [8], ŕőńãçĺň ŕőáńěďőćăâěńìŋőáâì ŋěàăćěŋáâć

‖ ‖κ^ε_{ij} − κ^∘_{ij} ‖ ‖^δ ≡ M T∫ 0 | |κ^ε_{ij} − κ^∘_{ij} | |^δ ds =

= M T∫ 0

| | | | | T∫ s | |λ^ε_{ij} (t, s, ω) − λ^∘_{ij} (t, s, ω) | | | | | | | δ ds ⩽

⩽ M T∫ 0 ds T∫ s | |λ^ε_{ij} (·) − λ^∘_{ij} (·) | |^δ dt (T − s)^{δ−1} ⩽

⩽ D_δ M T∫ 0 s^{δ/2−1} T∫ s | |λ^ε_{ij} (·) − λ^∘_{ij} (·) | |^δ dt ds ⩽

⩽ D_δ M T∫ 0 T∫ s t^{δ/2−1} | |λ^ε_{ij} (·) − λ^∘_{ij} (·) | |^δ dt ds ⩽

⩽ D_δ M T∫ 0

| | | | | t∫ 0 | |λ^ε_{ij} (·) − λ^∘_{ij} (·) | |^2 ds | | | | | δ/2 dt ⩽

⩽ D_δ A_δ T∫ 0 dt M | | | | | t∫ 0 [ λ^ε_{ij} (·) − λ^∘_{ij} (·) ] dw (s) | | | | | δ ⩽

⩽ D_δ A_δ 2^δ ‖χ^ε − χ^∘‖^δ_{,n} (A_δ = A_δ (δ) > 0) .

Ğďěáì ĺáŕőńìğőćăŋő âăłęě ŋěàăćěŋáâćő

(T − t)^{δ−1} ⩽ D_δt^{δ/2−1}, 0 ⩽ t ⩽ T, 0 < D_δ = D_δ (δ) < ∞.

Šăłĺň őąàăğőň, (1.17) áńěďãěâ ĺğ (1.8).

Ćőğćàăéăïáì ł Δ^{(4)}ε J, ğăŕĺèěň

Δ^{(4)}_ε J = M T∫ 0 χ^ε_i (t) t∫ 0 Δ_bB_{ij} (s) dw_j (s) dt =

= T∫ 0 dt M t∫ 0 λ^ε_{ij} (t, s) dw_j (s) t∫ 0 Δ_bB_{ij} (s) dw_j (s) =

= T∫ 0 dt M t∫ 0 λ^ε_{ij} (t, s) Δ_bB_{ij} (s) ds = M T∫ 0 κ^ε_{ij} (s) Δ_bB_{ij} (s) ds =

= ∑ l,k M ∫ Π^l_k(τ_k)

Tr Δ_bB (s) (κ^ε (s))^′ ds.

(Tr — ćğïâĺě áńěďă ňăâàĺæë, èâàĺå őğŋăçăěâ âàăŋáŕőŋĺàőćăŋĺě). Ĺá-

ŕőńìğãï (1.17), ňőęŋő ŕőłăğăâì, çâő ďńï ńîąőľ ŕăàë æěńëå çĺáěń N, M

ĺ ŕàőĺğćőńìŋőčő ŋăąőàă { b^l_k (ω) } ŋăľďěâáï ňŋőęěáâćő E^{NM}_b ⊂ [τ_0, T ] ŕőń-

ŋőľ ňěàë mes E^{NM}_b = T − τ_0 âăłőě, çâő ďńï ŕàőĺğćőńìŋőčő ŋăąőàă âőçěł {τ_k} ⊂ E^{NM}_b

lim_{ϑk→0} 1 ϑ_k Δ^{(4)}_{ϑk} J = ∑ l,k α^l_kg^{lk}_3 (τ_k) ,

g^{lk}_3 (τ_k) = M Tr [ B ( τ , η^∘ (τ) , b^l_k ) − B (τ, η^∘ (τ) , b^∘ (τ )) ] (κ^∘ (τ))^′

Şçĺâëćăï (1.14), ŕőńãçăěň, çâő ŕàĺ {τ_k} ⊂ E^{NM}_u ∩ E^{NM}_b ŕěàćăï ćăàĺ-

ăæĺï äãŋłæĺőŋăńă J ŕàěďáâăćĺňă ć ćĺďě δJ = ∑ l,k α^l_k [ g^{lk}_1 (τ_k) + g^{lk}_2 (τ_k) + g^{lk}_3 (τ_k) ] . (1.18)

Őąńăáâì őŕàěďěńěŋĺï ć (1.18) ğăćĺáĺâ őâ çĺáěń N, M ĺ łőŋłàěâŋëå

ŋăąőàőć { a^l_k } , { b^l_k } , { c^l_k } . Ůâőąë ĺğąăćĺâìáï őâ íâőľ ğăćĺáĺňőáâĺ, ćë-

ďěńĺň ć L_2(Ω, F, P) áçěâŋãî, ćáîďã ŕńőâŋãî áěâì áńãçăľŋëå ćěńĺçĺŋ

S_2. Ňőęŋő ŕőłăğăâì âőčďă, çâő ŕàěďěńìŋëě ŕěàěåőďë, őŕàěďěńïîéĺě ćă-

àĺăæĺî δJ, ćëŕőńŋïîâáï ŕő ŋěłőâőàőľ ŕőďŕőáńěďőćăâěńìŋőáâĺ {ε_k} ŋă

ňŋőęěáâćě E ⊂ (τ_0, T ) , mes E = T − τ_0 ŕàĺ ŕàőĺğćőńìŋëå ďőŕãáâĺňëå ŋăąőàăå { a^l_k } ⊂ D^a (τ_0) ∩ S_{2,m1} , { b^l_k } ⊂ D^b (τ_0) ∩ S_{2,m2} , { c^l_k } ⊂ D^b (τ_0) ∩ S_{2,m3} , S_{2,n} ≡ S_2 × · · · × S_2 n Ććőďï ŕő ăŋăńőčĺĺ á T_ε, χ^ε ŕăàã P_ε, ν^ε = R^∗_εP_ε, ćëçĺáńĺň ćăàĺăæĺî δL.

1.5. Ŕàĺŋæĺŕë ňĺŋĺňãňă

Řăááňőâàĺň ć E^2 ňŋőęěáâćő ŕăà Q = (δJ, δL) , ŕőńãçăîéĺåáï ŕàĺ ćáěćőğňőęŋëå ďőŕãáâĺňëå ŋăąőàăå âőçěł {τ_k} ⊂ E, çĺáěń { α^l_k } ĺ áńãçăľŋëå ćěńĺçĺŋ { a^l_k } , { b^l_k } , { c^l_k } . Ňőęŋő ŕőłăğăâì, çâő Q — ćëŕãłńëľ łőŋãá á ćěàèĺŋőľ ć ŋăçăńě łőőàďĺŋăâ. Ŕãáâì R = {(x_1, x_2) : x_1 < 0, x_2 < 0} ⊂ E^2. Ĺğ őŕâĺňăńìŋőáâĺ ďőŕãáâĺňőčő ãŕàăćńěŋĺï u^∘ (t, ω) áńěďãěâ, çâő łőŋãáë Q ĺ R ŋě ŕěàěáěłăîâáï ĺ, ğŋăçĺâ, àăğďěńïîâáï ŋěłőâőàőľ ŕàïňőľ á ćěłâőàőň ŋőàňăńĺ μ = (μ_1, μ_2) , μ^2_1 + μ^2 > 0. Ŋăŕàăćńïï íâőâ ćěłâőà ć áâőàőŋã łőŋãáă Q, ŕőńãçĺň

μ_1δJ + μ_2δL ⩾ 0 (1.19)

Ğăďăďĺň łőŋłàěâŋëľ ŋăąőà ŕăàăňěâàőć

τ_1 ⊂ E; a^1 (ω) , b^1 (ω) , c^1 (ω) ; α^1 = 1.

Ćëçĺáńïï áőőâćěâáâćãîéĺľ ŋăąőà ćăàĺăæĺľ, ãçĺâëćăï ŋěŕàěàëćŋőáâì äãŋłæĺľ A_i, B_{ij} , φ_i ŕő a, b, c (áőőâćěâáâćěŋŋő) ĺ áćőľáâćă áěňěľáâć D^i (t) , i = a, b, c, ŕőńçĺň ĺğ (1.19) áńěďãîéĺě

Ŕàĺŋæĺŕë ňĺŋĺňãňă.^1 Ěáńĺ u^∘ (t, ω) — őŕâĺňăńìŋőě ďőŕãáâĺňőě ãŕàăćńěŋĺě, ă η^∘ (t, ω) ∈ H_{r,n} (BF) , r > 2 — őâćěçăîéěě ěňã őŕâĺňăńìŋőě

1Śäőàňãńĺàőćăŋŋëľ àěğãńìâăâ őâŋőáĺâěńìŋő ãŕàăćńïîéĺå äãŋłæĺľ b, c ćěàěŋ, ć ďěľáâćĺâěńìŋőáâĺ, âőńìłő ć áńãçăě äãŋłæĺľ, ńĺŋěľŋëå ŕő ďăŋŋëň ŕăàăňěâàăň (áň. čńăćã 8 ŋăáâőïéěčő áąőàŋĺłă). Ďńï ŕőńãçěŋĺï ćăàĺăæĺľ ć äőàňě (1.18) ŋěďőáâăâőçŋő ĺŋâěčàăńìŋőľ áåőďĺňőáâĺ áőŕàïęěŋŋëå äãŋłæĺľ (1.17), (1.8). Ŋěőąåőďĺňăï ęě àăćŋőňěàŋăï áåőďĺňőáâì ŕő t ĺňěěâ ňěáâő âőńìłő ďńï áőŕàïęěŋŋëå äãŋłæĺľ θ_ε, çâő ĺ őąěáŕěçĺćăěâ áŕàăćěďńĺćőáâì ŕőâőçěçŋőčő ŕàĺŋæĺŕă ňăłáĺňãňă ďńï ãŕàăćńïîéěľ äãŋłæĺĺ a. Ďăŋŋăï őèĺąłă ĺáŕàăćńěŋă ć ďĺááěàâăæĺőŋŋőľ àăąőâě.

1.6. Ŕàĺňěà 21

àěèěŋĺě áĺáâěňë (1.1), âő áãéěáâćãîâ äãŋłæĺĺ χ^∘, ν^∘ ∈ L_{2,n} (BF), őŕàěďěńïěňëě ěďĺŋáâćěŋŋëň őąàăğőň őŕěàăâőàŋëňĺ áőőâŋőèěŋĺïňĺ

χ^∘ = R^∗_0T_0, ν^∘ = R^∗_0P_0

ĺ ŋěőâàĺæăâěńìŋëě çĺáńă μ_1, μ_2 ( μ^2_1 +μ^2 > 0), âăłĺě, çâő ŕőçâĺ ćáîďã ŋă [0, T ] ( inf ąěàěâáï ŕő ćáěň a (ω) ∈ D^a (t), b (ω) ∈ D^b (t), c (ω) ∈ D^c (t))

MH (t, η^∘ (t, ω) , a^∘ (t, ω) , b^∘ (t, ω) , c^∘ (t, ω) , ω) = (1.20) = inf MH (t, η^∘ (t, ω) , a (ω) , b (ω) , c (ω) , ω) , H (t, η^∘ (t, ω) , ζ_1, ζ_2, ζ_3, ω) = μ_1 [J (t, η^∘ (t, ω) , ζ_1, ζ_2, ζ_3, ω) + +χ^∘_i (t, ω) φ_i (t, ζ_3, ω) + θ^∘_i (t, ω) A_i (t, η^∘ (t, ω) , ζ_1, ω) + Tr B (t, η^∘ (t, ω) , ζ_2, ω) (κ^∘ (t, ω))^′ ] + μ_2 [L (t, η^∘ (t, ω) , ζ_1, ζ_2, ζ_3, ω) +

+ν^∘_i (t, ω) φ_i (t, ζ_3, ω) + T∫ t ν^∘_i (s, ω) dsA_i (t, η^∘ (t, ω) , ζ_1, ω) + Tr B (t, η^∘ (t, ω) , ζ_2, ω) (α^∘ (t, ω))^′ ] Ğăňěçăŋĺï.

1^∘. Ĺğ (1.20) ňőęŋő ŕőńãçĺâì ŋěŕőńŋëě ŕàĺŋĺãĺŕë ňĺŋĺňãňă ďńï ńîąëå ďćãå čàãŕŕ ãŕàăćńïîéĺå ŕăàăňěâàőć ĺ ďńï łăęďőľ čàãŕŕë ć őâďěńìŋőáâĺ. Ŋăŕàĺňěà, ďńï âőčő çâőąë ŕőńãçĺâì ŕàĺŋãĺŕ ňĺŋĺňãňă ŕő čàãŕŕě ŕăàăňěâàőć {a, c} ďőáâăâőçŋő ŕőńőęĺâì ć ŕàăćőľ çăáâĺ (1.20) b (ω) = b^∘_t (ω) ≡ b^∘ (t, ω) ĺ â.ď.

2^∘. Ďńï áŕàăćěďńĺćőáâĺ ŋěŕőńŋőčő ŕàĺŋæĺŕă ňĺŋĺňãňă ŕő čàãŕŕě ŕăàăňěâàőć {a, c} ďőáâăâőçŋő ŕàěďŕőńőęěŋĺľ ŕ. 1.1. Ďńï áŕàăćěďńĺćőáâĺ ŕàĺŋãĺŕőć ňĺŋĺňãňă ŕő čàãŕŕě ŕăàăňěâàőć, ćłńîçăîéěľ ŕăàăňěâàë {b}, ŋěőąåőďĺňő ćëŕőńŋěŋĺě ãáńőćĺï (1.15).

3^∘. Ěáńĺ áçĺâăâì ňŋőęěáâćă D^i (t) , i = a, b, c ňŋőęěáâćăňĺ ćěłâőàőć ĺğ D^i, ŋě ğăćĺáïéĺå őâ áńãçăï ω, âő (1.20) ąãďěâ ïćńïâìáï ŋěőąåőďĺňëň ãáńőćĺěň őŕâĺňăńìŋőáâĺ ć ğăďăçě á ďěâěàňĺŋĺàőćăŋŋëňĺ ãŕàăćńěŋĺïňĺ.

1.6. Ŕàĺňěà

Ňőęŋő ŕőłăğăâì, çâő őŕěàăâőà R_0, ććěďěŋŋëľ ć ŕ. 1.3, ĺňěěâ őčàăŋĺçěŋŋëľ őąàăâŋëľ őŕěàăâőà R^{−1}_0 ĺ, áńěďőćăâěńìŋő, ćëŕőńŋïěâáï àăćěŋáâćő

( R^{−1}_0 )_∗ = (R^∗_0)^{−1} . İâő őğŋăçăěâ, çâő äãŋłæĺĺ χ^∘, ν^∘ ňőčãâ ąëâì ŋăľďěŋë łăł àěèěŋĺï áőŕàïęěŋŋëå ğăďăç ( R^{−1}_0 )_∗ χ^∘ = T_0, ( R^{−1}_0 )_∗ ν^∘ = P_0. (1.21)

Ŕàĺ ćëŕőńŋěŋĺĺ ãáńőćĺï (1.15) ňőęŋő ŋăľâĺ ïćŋőě ŕàěďáâăćńěŋĺě ďńï őŕěàăâőàă ( R^{−1}_0 )_∗ ĺ ŕőłăğăâì, âăłĺň őąàăğőň, çâő àěèěŋĺě ğăďăçĺ (1.21) ãďőćńěâćőàïěâ mes ×P-ŕőçâĺ ćáîďã âőęďěáâćã χ^∘_i (t, ω) − ∂A_k ∂x_i (t, η^∘ (t, ω) , a^∘ (t, ω)) M {θ^∘_k (t, ω)| F_t} − (1.22) − ∂B_{kj} ∂x_i (t, η^∘ (t, ω) , b^∘ (t, ω)) κ^∘_{kj} (t, ω) ≡ ∂J ∂x_i (t, η^∘ (t, ω) , u^∘ (t, ω)) . Ğďěáì M {ξ| F} — ãáńőćŋőě ňăâěňăâĺçěáłőě őęĺďăŋĺě áńãçăľŋőľ ćěńĺçĺŋë ξ őâŋőáĺâěńìŋő -ăńčěąàë F.

Ńěňňă 3. Ŕãáâì ∂B_{ij} /∂x_k ≡ 0 ĺ áńãçăľŋăï äãŋłæĺï y^∘ (t, ω) ≡ {y^∘_1 (t, ω) , . . . , y^∘_n (t, ω)} — àěèěŋĺě áĺáâěňë őąëłŋőćěŋŋëå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ áő áńãçăľŋëňĺ ŕàăćëňĺ çăáâïňĺ dy^∘_i dt = −y^∘_k (t) ∂A_k ∂x_i (t) − ∂J ∂x_i (t) , y^∘_i (T ) = 0 (1.23)

Šőčďă ŕàőčàěááĺćŋő ĺğňěàĺňăï ňőďĺäĺłăæĺï ŕàőæěááă

χ^∘_i (t) = ∂J ∂x_i (t) + ∂A_k ∂x_i (t) M {y^∘_k (t)| F_t} ãďőćńěâćőàïěâ áĺáâěňě (1.22).

Řăááňőâàĺň ŕàőáâěľèĺľ ŕàĺňěà. Ŕãáâì η (t) ≡ {η_1 (t) , η_2 (t)} — ãŕàăćńïěňëľ áâőåăáâĺçěáłĺľ ŕàőæěáá, ğăďăŋŋëľ ć ćĺďě áĺáâěňë { dη_1 = (a_1 + η_2) dt + b_1dw_1, η_1 (0) = η^∘_1, dη_2 = (a_2 + η_1) dt + b_2dw_1, η_2 (0) = η^∘_2.

Šàěąãěâáï ŋăľâĺ ãŕàăćńěŋĺě {a^∘_1, a^∘_1; b^∘_1, b^∘_2} ć łńăááě ďěâěàňĺŋĺàőćăŋŋëå ãŕàăćńěŋĺľ áő ğŋăçěŋĺïňĺ ŋă őâàěğłě [−1, 1] , ňĺŋĺňĺğĺàãîéěě äãŋłæĺőŋăń

J (u) = M T∫ 0 [T^∘_1 (s) η^∘_1 (s) + T^∘_2 (s) η^∘_2 (s)] ds.

Ďńï ŕàőáâőâë áçĺâăěň áńãçăľŋëě ŕàőæěááë T^∘_1 (s) , T^∘_2 (s) ňăàâĺŋčăńăňĺ: GT^∘_i = α^∘_i (s, ω) , i = 1, 2. Ĺáŕőńìğãï (1.23), ŕőńãçĺň { χ^∘_i (t) = T^∘_i (t) ch (T − t) + T^∘_j (t) sh (T − t) , λ^∘_i (t) = α^∘_i (s) ch (T − t) + α^∘_j (t) sh (T − t) , i, j = 1, 2, i ≠ j

Šőčďă ĺğ (1.20) áńěďãěâ, çâő ŕőďőğàĺâěńìŋëňĺ ŋă őŕâĺňăńìŋőáâì ïćńïîâáï áńěďãîéĺě ãŕàăćńěŋĺï { a^∘_i (t) = − sign M { T^∘_i (t) sh (T − t) + T^∘_j (t) (ch (T − t) − 1) } , b^∘_i (t) = − sign M { α^∘_i (s) sh (T − t) + α^∘_j (t) (ch (T − t) − 1) } , i, j = 1, 2, i ≠ j

Ňőęŋő ŕőłăğăâì, çâő íâĺ ãŕàăćńěŋĺï ďěľáâćĺâěńìŋő őŕâĺňăńìŋëě.

Ŕőáâãŕĺńă 8 II 1977

Ńĺâěàăâãàă

[1] Łàëńőć Ŋ.Ć. Őą ãŕàăćńěŋĺĺ àěèěŋĺěň áâőåăáâĺçěáłőčő ĺŋâěčàăńìŋőčő ãàăćŋěŋĺï, Šěőàĺï ćěàőïâŋőáâěľ ĺ ěě ŕàĺňěŋěŋĺï, 1972, â. 17, ćëŕ. 1.

[2] Fleming W.H. Optimal control of partially observable diffusions. SIAM J. Control, 1968, vol.6, No.2.

[3] Kushner H.J., Schweppe F.C. A maximum principle for stochastic control systems. J. Math. Analysis and Appl., 1964, vol. 8, No. 2.

[4] Kushner H.J. On the stochastic maximum principle: Fixed time of control. J. Math. Analysis and Appl., 1965, vol. 11, No. 1–3.

[5] Ŕńőâŋĺłőć Ć.Ĺ. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ďńï ãŕàăćńïěňëå áĺáâěň őąéěčő ćĺďă. Ďőłń. ĂŊ ŚŚŚŘ, 1971, â. 199, ü2.

[6] Ŕńőâŋĺłőć Ć.Ĺ. Ŋěőąåőďĺňëě ĺ ďőáâăâőçŋëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ĺ ãáńőćĺï ěďĺŋáâćěŋŋőáâĺ őŕâĺňĺğĺàãîéĺå äãŋłæĺľ ďńï ãŕàăćńïěňëå áĺáâěň őąéěčő ćĺďă. Ĺğć. ĂŊ ŚŚŚŘ, Śěà. ňăâěň., 1972, â. 36, ü3.

[7] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. Łĺěć, “Ŋăãłőćă ďãňłă”, 1968.

[8] Ŋőćĺłőć Ă.Ă. Ő ňőňěŋâŋëå ŋěàăćěŋáâćăå ďńï áâőåăáâĺçěáłĺå ĺŋâěčàăńőć. Šěőàĺï ćěàőïâŋőáâěľ ĺ ěě ŕàĺňěŋěŋĺï, 1971, â. 16, ćëŕ. 3. [9] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Šěőàĺï áńãçăľŋëå ŕàőæěááőć, â. 3. Ň., “Ŋăãłă”, 1975.

[10] Ćěŋâæěńì Ă.Ď. Łãàá âěőàĺĺ áńãçăľŋëå ŕàőæěááőć. Ň., “Ŋăãłă”, 1975.

[11] Ńĺŕæěà Ř.Ÿ., Ÿĺàïěć Ă.Ŋ. Śâăâĺáâĺłă áńãçăľŋëå ŕàőæěááőć. Ň., “Ŋăãłă”, 1974.

Čńăćă 2.

Őą őďŋőľ ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áâőåăáâĺçěáłĺň ŕàőæěááőň

ŞĎŁ 517.948.3

1. Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő, w (t, ω) — m-ňěàŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá, áőčńăáőćăŋŋëľ á ŋěãąëćăîéĺň áěňěľáâćőň σ-ăńčěąà {F_t}, F_t ⊂ F, t ∈ [0, T ]. Őąőğŋăçĺň çěàěğ H čĺńìąěàâőćő ŕàőáâàăŋáâćő ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő {F_t} ćěłâőàäãŋłæĺľ áő áłăńïàŋëň ŕàőĺğćěďěŋĺěň

(ξ, η) = M n∑ i=1 T∫ 0 ξ_i (s) η_i (s) ds.

Ŕãáâì η_u (t) — áĺńìŋőě àěèěŋĺě ãŕàăćńïěňőľ áĺáâěňë áâőåăáâĺçě-

1Ś.Ť. Ňőàőğőć, Ĺ.Ŕ. Śňĺàŋőć. Őą őďŋőľ ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áâőåăáâĺçěáłĺň ŕàőæěááőň, Ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï, â. 15, ü5, 1979, áâà. 945 – 946.

Ŕőńŋőáâìî áâăâìï ďěŕőŋĺàőćăŋă ć ĆĹŊĹŠĹ ü3677-78 Ďěŕ.

26 Čńăćă 2. Őą őďŋőľ ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï...

áłĺå ãàăćŋěŋĺľ Ĺâő:

η (t) = φ (t, u (t)) + t∫ 0 A (s, η (s) , u (s)) ds + t∫ 0 B (s, η (s) , u (s)) dw (s) , (2.1) η ≡ η_1 . . η_n , φ ≡ φ_1 . . φ_n , A ≡ A_1 . . A_n ,

B = B_{11} · · · B_{1m} · · · · · · · · · B_{n1} · · · B_{nm} , w = w_1 . . w_m ,

łőčďă ãŕàăćńïîéĺě ŕăàăňěâàë (u) ćłńîçěŋë ć ŋěőďŋőàőďŋëě çńěŋë ĺ łőíääĺæĺěŋâë ãàăćŋěŋĺľ.

Řăááňőâàĺň áńěďãîéãî őŕâĺňĺğăæĺőŋŋãî ŕàőąńěňã, áćïğăŋŋãî á áĺáâěňőľ (2.1): áàěďĺ ćáěå ãŕàăćńïîéĺå äãŋłæĺľ u (t, ω), ŕàĺŋăďńěęăéĺå ďőŕãáâĺňőňã łńăááã U ĺ ãďőćńěâćőàïîéĺå őčàăŋĺçěŋĺïň

M T∫ 0 L_1 (s, η_u (s) , u (s)) ds ⩽ 0, M T∫ 0 L_2 (s, η_u (s) , u (s)) ds = 0, (2.2)

âàěąãěâáï őŕàěďěńĺâì őŕâĺňăńìŋãî äãŋłæĺî u^0 (t, ω), ňĺŋĺňĺğĺàãîéãî äãŋłæĺőŋăń

M T∫ 0 J (s, η_u (s) , u (s)) ds. (2.3)

Ŕàěďŕőńăčăěâáï, çâő äãŋłæĺĺ φ_i, A_i, B_{ij}, L_1, L_2, J ãďőćńěâćőàïîâ ãáńőćĺïň, őąěáŕěçĺćăîéĺň áãéěáâćőćăŋĺě àěèěŋĺï áĺáâěňë (2.1) [1], őâćěçăîéěčő ŕàőĺğćőńìŋőňã u ∈ U ĺ ŋěŕàěàëćŋãî ďĺääěàěŋæĺàãěňőáâì ŕő Ťàěèě äãŋłæĺőŋăńőć (2.2),(2.3) ŋă ŋěłőâőàőľ őłàěáâŋőáâĺ őŕâĺňăńìŋőľ ŕăàë u^0, η^0.

Ććěďěň ŕőŋïâĺě łńăááă U ďőŕãáâĺňëå ãŕàăćńěŋĺľ. Ŕãáâì {A_t}— ŋěãąëćăîéěě áěňěľáâćő σ-ăńčěąà, ãďőćńěâćőàïîéĺå ćłńîçěŋĺî A_t ⊂ F_t, t ∈ [0, T ]. Śńãçăľŋăï ćěłâőà-äãŋłæĺï u (t, ω) ≡ {u_1 (t, ω) , . . . , u_n (t, ω)} ŋăğëćăěâáï ďőŕãáâĺňëň ãŕàăćńěŋĺěň, ěáńĺ őŋă:

1) ŕàőčàěááĺćŋő ĺğňěàĺňă őâŋőáĺâěńìŋő ŕőâőłă {A_t} ;

2.0. ... áâőåăáâĺçěáłĺň ŕàőæěááőň 27

2) ŕàĺŋĺňăěâ ğŋăçěŋĺï ć ğăďăŋŋőň ćëŕãłńőň ňŋőęěáâćě D ⊂ R^n;

3) ĺňěěâ âàăěłâőàĺĺ, ŕàĺŋăďńěęăéĺě ğăďăŋŋőňã łńăááã äãŋłæĺľ B (ŋěŕàěàëćŋë, łãáőçŋő-ŋěŕàěàëćŋë, ĺğňěàĺňë ĺ.ď.); 4) u (t, ω) ∈ H. Ďńï äőàňãńĺàőćłĺ őáŋőćŋőčő àěğãńìâăâă ććěďěň ńĺŋěľŋëľ őčàăŋĺçěŋŋëľ őŕěàăâőà R_0 : H → H, áćïğăŋŋëľ á ńĺŋěľŋőľ áĺáâěňőľ

ξ (t) = ψ (t) + t∫ 0 ∂A ∂x ( s, η^0 (s) , u^0 (s) ) ξ (s) ds + (2.4)

+ t∫ 0 ∂B ∂x ( s, η^0 (s) , u^0 (s) ) ξ (s) dw (s) ŕő äőàňãńě ξ = R_0ψ.

Ĺŋâěčàăńìŋëľ ŕàĺŋæĺŕ ňĺŋĺňãňă. Ŕãáâì u^0 ∈ U— ďőŕãáâĺňőě ãŕàăćńěŋĺě, ãďőćńěâćőàïîéěě őčàăŋĺçěŋĺïň (2.2) ĺ ňĺŋĺňĺğĺàãîéěě äãŋłæĺőŋăń (2.3), ă η^0 — őâćěçăîéěě ěňã àěèěŋĺě áĺáâěňë (2.1). Šőčďă áãéěáâćãîâ äãŋłæĺĺ

χ^0 = R^∗_0 ∂J ∂x ( s, η^0, u^0 ) , χ^0_1 = R^∗_0 ∂L_1 ∂x ( s, η^0, u^0 ) , χ^0_2 = R^∗_0 ∂L_2 ∂x ( s, η^0, u^0 ) ∈ H (2.5)

ĺ çĺáńă μ_1, μ_2, μ_3 ( μ^2_1 + μ^2 + μ^2_3 > 0, μ_{1,2} ⩾ 0 ) âăłĺě^1, çâő H [ u^0 ] = inf_{u∈U} H [u] .

Ğďěáì

H [u] = μ_1 { (χ^0, Ψ^0 [u]) + (_{∂J} ∂u (u^0) , u )} + +μ_2 { (χ^0_1, Ψ^0 [u]) + (_{∂L1} ∂u (u^0) , u )} + μ_3 { (χ^0_2, Ψ^0 [u]) + (_{∂L2} ∂u (u^0) , u )} , Ψ^0 [u] = ∂φ ∂u ( u^0 ) u + t∫ 0 ∂A ∂u ( u^0 ) u ds + t∫ 0 ∂B ∂u ( u^0 ) u dw. Ĺáŕőńìğãï (2.5), ňőęŋő ŕàěőąàăğőćăâì čăňĺńìâőŋĺăŋ H âăłĺň őąàăğőň, çâőąë őŋ ŋě áőďěàęăń äãŋłæĺľ Ńăčàăŋęă χ^0, χ^0_1, χ^0_2, ă ğăćĺáěń ńĺèì őâ äãŋďăňěŋâăńìŋőľ ňăâàĺæë àěèěŋĺľ őďŋőàőďŋőľ ńĺŋěľŋőľ áĺáâěňë (2.4) (ŕàĺ ψ (t) ≡ ξ (0)) [2].

Ŕàĺ ćëćőďě ŋěőąåőďĺňëå ãáńőćĺľ ĺáŕőńìğőćăńăáì ňěâőďĺłă [3].

1Ć őŕãąńĺłőćăŋŋőň łàăâłőň áőőąéěŋĺĺ őèĺąőçŋő ãâćěàęďăěâáï, çâő μ_3 ⩾ 0

Ńĺâěàăâãàă

[1] Čĺåňăŋ Ĺ.Ň., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. Łĺěć, “Ŋăãłőćă ďãňłă”, 1968.

[2] Śăďőćïł Ă.Ň., Űăàìłőć Ě.Ť. Šěőàĺï ćěàőïâŋőáâěľ ĺ ěě ŕàĺňěŋěŋĺï, 18, ü2, 1973.

[3] Ŕńőâŋĺłőć Ć.Ĺ. Ĺğć. ĂŊ ŚŚŚŘ, áěà. ňăâěň., 36, ü3, 1972. Čőàìłőćáłĺľ čőáãďăàáâćěŋŋëľ ãŋĺćěàáĺâěâ ĺň. Ŋ.Ĺ. Ńőąăçěćáłőčő Ŕőáâãŕĺńă ć àěďăłæĺî 4 ďěłăąàï 1975 č.

Čńăćă 3.

Őą őŕâĺňăńìŋőň ãŕàăćńěŋĺĺ ďĺŋăňĺçěáłőľ áĺáâěňőľ áő áńãçăľŋëňĺ ŕăàăňěâàăňĺ ŕàĺ ŋěŕőńŋőľ ĺŋäőàňăæĺĺ

ŞĎŁ 531.36 + 62 - 50

Řăááňăâàĺćăěâáï ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ńĺŋěľŋőľ áĺáâěňőľ őąëłŋőćěŋŋëå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ áő áńãçăľŋëňĺ ŋăçăńìŋëňĺ ďăŋŋëňĺ ĺ ŋěőďŋőàőďŋëňĺ çńěŋăňĺ, łőčďă äãŋłæĺőŋăńőň łăçěáâćă ãŕàăćńěŋĺï áńãęĺâ ĺŋâěčàăńìŋëľ łćăďàăâĺçŋëľ äãŋłæĺőŋăń. Ćëąőà ŕăàăňěâàă ãŕàăćńěŋĺï ć łăęďëľ ňőňěŋâ ćàěňěŋĺ ŕàőĺğćőďĺâáï ŋă őáŋőćăŋĺĺ ŋăąńîďěŋĺï àěăńĺğőćăćèĺåáï ğŋăçěŋĺľ ğăďăŋŋőľ áőćőłãŕŋőáâĺ áńãçăľŋëå ŕăàăňěâàőć áĺáâěňë. Ćëćőďïâáï ïćŋëě ćëàăęěŋĺï ďńï őŕâĺňăńìŋëå ãŕàăćńïîéĺå äãŋłæĺľ ĺ ŕàőĺğćőďĺâáï áàăćŋěŋĺě ŕőńãçěŋŋëå àěğãńìâăâőć á ĺğćěáâŋëňĺ àăŋěě àěğãńìâăâăňĺ.

3.1. Ŕőáâăŋőćłă ğăďăçĺ

Řăááňőâàĺň ãŕàăćńïěňãî áĺáâěňã

ẋ = A (t) x + B (t) u (t, ω) + f (t, ω) , x (0) = ξ (ω) (3.1) (x ≡ col {x_1, . . . , x_n} , u (t, ω) = col {u_1 (t, ω) , . . . , u_m (t, ω)}) , 1Ĺ.Ŕ. Śňĺàŋőć. Őą őŕâĺňăńìŋőň ãŕàăćńěŋĺĺ ďĺŋăňĺçěáłőľ áĺáâěňőľ áő áńãçăľŋëňĺ ŕăàăňěâàăňĺ ŕàĺ ŋěŕőńŋőľ ĺŋäőàňăæĺĺ, Ŕàĺłńăďŋăï ňăâěňăâĺłă ĺ ňěåăŋĺłă, â. 43, ćëŕ. 4, 1979, áâà. 621 – 628.

čďě x — “áőáâőïŋĺě” áĺáâěňë, u (t, ω) — ãŕàăćńïîéăï ćěłâőà-äãŋłæĺï. Ŕàěďŕőńăčăěâáï, çâő A (t) , B (t) — ňăâàĺæë àăğňěàă n×n, n×m áőőâćěâáâćěŋŋő á ďěâěàňĺŋĺàőćăŋŋëňĺ (â.ě. ŋě ğăćĺáïéĺňĺ őâ áńãçăï ω), àăćŋőňěàŋő őčàăŋĺçěŋŋëňĺ ŋă őâàěğłě ãŕàăćńěŋĺï [0, T ] ĺğňěàĺňëňĺ łőňŕőŋěŋâăňĺ. Śńãçăľŋëě ćěłâőà ŋăçăńìŋëå ďăŋŋëå ξ (ω) ĺ ćěłâőà-äãŋłæĺï ŋěőďŋőàőďŋëå çńěŋőć f (t, ω) áçĺâăîâáï ğăďăŋŋëňĺ ŋă ŕőńŋőň ćěàőïâŋőáâŋőň ŕàőáâàăŋáâćě (Ω, F, P) ĺ ãďőćńěâćőàïîâ őčàăŋĺçěŋĺî M ξ^′ (ω) ξ (ω) + T∫ 0 f^′ (s, ω) f (s, ω) ds < ∞. (3.2)

Ğďěáì M — ğŋăł ĺŋâěčàĺàőćăŋĺï ŕő ňěàě P (ňăâěňăâĺçěáłőě őęĺďăŋĺě); èâàĺå — őŕěàăæĺï âàăŋáŕőŋĺàőćăŋĺï.

Ć łăçěáâćě äãŋłæĺőŋăńă ŕőâěàì àăááňőâàĺň äãŋłæĺőŋăń

J (u) = 1 2 M T∫ 0 [x^′_u (s, ω) C (s) x_u (s, ω) + u^′ (s, ω) D (s) u (s, ω)] ds, (3.3) čďě x_u (s, ω) — àěèěŋĺě áĺáâěňë (3.1), őâćěçăîéěě ãŕàăćńěŋĺî u (s, ω) . Ŕàěďŕőńăčăěâáï, çâő C (s) — áĺňňěâàĺçěáłăï, ŋěőâàĺæăâěńìŋő őŕàěďěńěŋŋăï ňăâàĺæă àăğňěàă n×n, ă D (s) — áĺňňěâàĺçěáłăï, ŕőńőęĺâěńìŋő őŕàěďěńěŋŋăï ňăâàĺæă àăğňěàă m × m. İńěňěŋâë ňăâàĺæ C (s), D (s), D^{−1} (s) — ŋěáńãçăľŋëě, ĺğňěàĺňëě, àăćŋőňěàŋő őčàăŋĺçěŋŋëě ŕàĺ s ∈ [0, T ] äãŋłæĺĺ.

Ććěďěň ŕőŋïâĺě łńăááă ďőŕãáâĺňëå ãŕàăćńěŋĺľ U. Őąőğŋăçĺň çěàěğ F_t ňĺŋĺňăńìŋãî σ-ŕőďăńčěąàã σ-ăńčěąàë F, őâŋőáĺâěńìŋő łőâőàőľ ĺğňěàĺňë ć áőćőłãŕŋőáâĺ áńãçăľŋëě ćěłâőàë ξ (ω), f (s, ω) , s ⩽ t. Śěňěľáâćő {F_t} ňőŋőâőŋŋő ŋě ãąëćăěâ ŕő ŕăàăňěâàã t, â.ě. őąàăğãěâ ŕőâőł σ-ăńčěąà. Ŕãáâì {E_t} — ŕàőĺğćőńìŋëľ ŕőďŕőâőł íâőčő ŕőâőłă (E_t ⊂ F_t, t ∈ [0, T ]), BE — σ-ăńčěąàă ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő ŕőâőłă {E_t} ŕőďňŋőęěáâć ŕàőĺğćěďěŋĺï [0, T ] × Ω. Ŕãáâì ďăńěě L_2 (BE) — čĺńìąěàâőćő ŕàőáâàăŋáâćő BE-ĺğňěàĺňëå äãŋłæĺľ áő áłăńïàŋëň ŕàőĺğćěďěŋĺěň

(φ, ψ) = M T∫ 0 φ^′ (s, ω) D (s) ψ (s, ω) ds. (3.4) Ďőŕãáâĺňëň ãŕàăćńěŋĺěň ŋăğőćěň âőčďă ćáïłĺľ íńěňěŋâ ŕàőáâàăŋáâćă L_2 (BE) , â.ě. ŕőńőęĺň U ≡ L_2 (BE) .

Ŕőïáŋĺň äĺğĺçěáłĺľ áňëáń ććěďěŋŋőčő őŕàěďěńěŋĺï: σ-ăńčěąàă E_t ĺŋâěàŕàěâĺàãěâáï ğďěáì łăł áőćőłãŕŋőáâì âěå áńãçăľŋëå áőąëâĺľ, áćïğăŋŋëå á áĺáâěňőľ àěčãńĺàőćăŋĺï, łőâőàëě ňőčãâ ŋăąńîďăâìáï ł ňőňěŋâã

3.2. Śãéěáâćőćăŋĺě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï 31

ćàěňěŋĺ t; âàěąőćăŋĺě BE-ĺğňěàĺňőáâĺ ãŕàăćńěŋĺï u (t, ω) őğŋăçăěâ ŕàĺ íâőň, çâő ćěńĺçĺŋă u_t (ω) ďőŕãáâĺňőčő ãŕàăćńěŋĺï ć łăęďëľ ňőňěŋâ ćàěňěŋĺ t ćëąĺàăěâáï á ãçěâőň ĺŋäőàňăæĺĺ ő ŕőćěďěŋĺĺ áńãçăľŋëå ŕăàăňěâàőć áĺáâěňë, áőďěàęăéěľáï ć σ-ăńčěąàě E_t.

Ŕàăłâĺçěáłĺ áőćőłãŕŋőáâì ŋăąńîďăěňëå áőąëâĺľ ňőęěâ ąëâì ğăďăŋă, ŋăŕàĺňěà, ãłăğăŋĺěň ňŋőęěáâćă ŋăąńîďăěňëå áńãçăľŋëå ŕăàăňěâàőć áĺáâěňë

E_t = σ [ξ_i (ω) , i = i_1, . . . , i_l; f_k (s, ω) , k = k_1, . . . , k_j; s ∈ S (t) ⊂ [0, t]]

Ć íâőň áńãçăě (áň. [1, áâà. 31]) E_t-ĺğňěàĺňăï áńãçăľŋăï ćěńĺçĺŋă u_t (ω) ďőŕãáłăěâ ŕàěďáâăćńěŋĺě

u_t (ω) = g_t ( ξ_{i1} (ω) , . . . , ξ_{il} (ω) ; f_{k1} (·, ω) , . . . , f_{kj} (·, ω) ) , čďě g_t (·) — ŋěłőâőàőě ĺğňěàĺňőě (ŋěáńãçăľŋőě) őâőąàăęěŋĺě ŕàőáâàăŋáâćă “âàăěłâőàĺľ” {y_1, . . . , y_{l;} z_1 (·) , . . . , z_j (·)} ć ŕàőáâàăŋáâćő R^m, ŋăčńïďŋő ďěňőŋáâàĺàãîéěě ïćŋãî ğăćĺáĺňőáâì ãŕàăćńïîéěľ äãŋłæĺĺ őâ àěğãńìâăâőć ŋăąńîďěŋĺľ.

Ğăňěâĺň, çâő ćëąőàőň ŕőâőłă {E_t} ňőęŋő ğăďăâì áăňëě àăğŋőőąàăğŋëě łńăááë ãŕàăćńïîéĺå äãŋłæĺľ. Šăł, ć áńãçăě E_t ≡ {∅, Ω} ŕőńãçăěň łńăáá ďěâěàňĺŋĺàőćăŋŋëå ãŕàăćńěŋĺľ (ŕàőčàăňňŋőě ãŕàăćńěŋĺě), ć áńãçăě E_t ≡ F_{t−δ}, δ > 0 — ãŕàăćńěŋĺě ŕő ğăŕăğďëćăîéěľ ĺŋäőàňăæĺĺ ĺ â.ď.

Ďăŋŋăï àăąőâă ŕőáćïéěŋă ğăďăçě ňĺŋĺňĺğăæĺĺ äãŋłæĺőŋăńă (3.3) ŋă ććěďěŋŋőň ćëèě łńăááě ďőŕãáâĺňëå ãŕàăćńěŋĺľ U. Ąńĺğłĺě ğăďăçĺ ĺğãçăńĺáì àăŋěě ć àïďě àăąőâ (áň., ŋăŕàĺňěà, [2]) ŕàĺ ďőŕőńŋĺâěńìŋőň ŕàěďŕőńőęěŋĺĺ ő ňăàłőćáłőň áćőľáâćě ŕàőæěááă f.

3.2. Śãéěáâćőćăŋĺě őŕâĺňăńìŋőčő ãŕàăćńě- ŋĺï Śńěďãï [3], àěèěŋĺěň áĺáâěňë (3.1) ŋăğőćěň ĺğňěàĺňãî áńãçăľŋãî ćěłâőàäãŋłæĺĺ x_u (t, ω) , łőâőàăï ŕàĺ łăęďőň t ∈ [0, T ] ŕőçâĺ ŋăćěàŋőě ãďőćńěâćőàïěâ áőőâćěâáâćãîéěľ (3.1) áĺáâěňě ĺŋâěčàăńìŋëå ãàăćŋěŋĺľ.

Ńěňňă 1[3]. Ć ãáńőćĺïå ŕ. 3.1 áĺáâěňă (3.1) ŕàĺ ńîąőň ďőŕãáâĺňőň ãŕàăćńěŋĺĺ ĺňěěâ ěďĺŋáâćěŋŋőě (á âőçŋőáâìî ďő ňőďĺäĺłăæĺĺ) BF-ĺğňěàĺňőě àěèěŋĺě

x_u (t, ω) = Φ_0 (t) ξ (ω) + t∫ 0 Φ^{−1}_0 (s) [B (s) u (s, ω) + f (s, ω)] ds

, (3.5) čďě Φ_0 (t) — äãŋďăňěŋâăńìŋăï ňăâàĺæă àěèěŋĺľ őďŋőàőďŋőľ áĺáâěňë ẋ = A (t) x. Ńěňňă 2. Ć ãáńőćĺïå ŕ. 3.1 ć łńăááě ďőŕãáâĺňëå ãŕàăćńěŋĺľ áãéěáâćãěâ őŕâĺňăńìŋëľ íńěňěŋâ u^0 : J (u^0) ⩽ J (u) , u ∈ U.

Ďőłăğăâěńìáâćő. Ĺňěěň ć áĺńã (3.2): J (0) = c < ∞. Řăááňőâàĺň ňĺŋĺňĺğĺàãîéãî ŕőáńěďőćăâěńìŋőáâì {u_k} ⊂ U : u_1 ≡ 0, J (u_k) ↓ inf J (u) , u ∈ U. Ĺğ (3.3) ĺ (3.4) ĺňěěň ‖u_k‖^2 = (u_k, u_k) ⩽ J (u_k) ⩽ c, k ⩾ 1. Šăł łăł èăà ŕàőáâàăŋáâćă L_2 (BE) áńăąő łőňŕăłâěŋ, âő ĺğ ŕőáńěďőćăâěńìŋőáâĺ {u_k} ňőęŋő ćëďěńĺâì áńăąő áåőďïéãîáï ŕőďŕőáńěďőćăâěńìŋőáâì: u_l → u^0 ∈ L_2 (BE) . Ğăňěâĺň, çâő ŕőáłőńìłã L_2 (BE) ⊂ L_2 (BF) , âő ŕőáńěďőćăâěńìŋőáâì {u_l} — áńăąő áåőďïéăïáï âăłęě ĺ ć ŕàőáâàăŋáâćě L_2 (BF) . Ĺğ äőàňãńë (3.5) ćëâěłăěâ ŕőíâőňã áńăąăï áåőďĺňőáâì ć L_2 (BF) ŕőáńěďőćăâěńìŋőáâĺ x_{ul} ł x_u0 . Šăł łăł ĺŋâěčàăŋâ äãŋłæĺőŋăńă (3.3) — ćëŕãłńăï (ćŋĺğ) äãŋłæĺï áćőĺå ăàčãňěŋâőć, âő ĺğ àěğãńìâăâőć àăąőâë [4] áńěďãěâ, çâő äãŋłæĺőŋăń J ŕőńãŋěŕàěàëćěŋ áŋĺğã őâŋőáĺâěńìŋő ŕőáńěďőćăâěńìŋőáâĺ {u_l}

inf_{u∈U} J (u) = lim_{l→∞} J (u_l) ⩾ lim_{l→∞} inf J (u_l) ⩾ J ( u^0 ) . Ŋő, á ďàãčőľ áâőàőŋë, ŕőáłőńìłã u^0 ∈ U, âő J (u^0) ⩾ inf_{u∈U} J (u) .

3.3. Łàĺâěàĺĺ őŕâĺňăńìŋőáâĺ

Ńěňňă 3. Ďńï âőčő çâőąë ďőŕãáâĺňőě ãŕàăćńěŋĺě u^0 ąëńő őŕâĺňăńìŋëň, ŋěőąåőďĺňő ĺ ďőáâăâőçŋő, çâőąë őŋő ãďőćńěâćőàïńő áńěďãîéěňã ĺŋâěčàăńìŋőňã ŕàĺŋæĺŕã ňĺŋĺňãňă

min_{u∈U} H (u) = H ( u^0 ) (3.6)

H (u) ≡ (φ_0, u) , φ_0 (t, ω) ≡ D^{−1} (t) B^′ (t) Θ_0 (t, ω) + u^0 (t, ω) ,

Θ_0 (t, ω) ≡ M ( Φ^′_0 (t) )_{−1}^T∫ t Φ^′_0 (s) C (s) x^0 (s, ω) ds | | | | | E_t

, x^0 ≡ x_u0

(M {η| E_t} — ãáńőćŋőě ňăâěňăâĺçěáłőě őęĺďăŋĺě áńãçăľŋőľ ćěńĺçĺŋë η őâŋőáĺâěńìŋő σ-ăńčěąàë E_t ).

Ďőłăğăâěńìáâćő. Ŋěőąåőďĺňőáâì (3.6) ćëâěłăěâ ĺğ àěğãńìâăâőć àăąőâ [5, 6]. Ůâőąë ďőłăğăâì ďőáâăâőçŋőáâì íâőčő ãáńőćĺï, ŕàěďŕőńőęĺň, çâő

3.3. Łàĺâěàĺĺ őŕâĺňăńìŋőáâĺ 33

u^0 ∈ U ãďőćńěâćőàïěâ (3.6), ă u — ŕàőĺğćőńìŋőě ďőŕãáâĺňőě ãŕàăćńěŋĺě. Ĺňěěň

2J (u) = M T∫ 0 [ (x^′_u − x^0)^′ C (x_u − x^0) + (u − u^0)^′ D (u − u^0) ] ds+ +2M T∫ 0 [x^{0′}Cx_u + u^{0′}Du] ds − 2J (u^0) ≡ J_1 + J_2 − 2J (u^0) .

(3.7)

Ć áĺńã áćőľáâć ňăâàĺæ C ĺ D ĺňěěň J_1 ⩾ 0, ŕàĺçěň àăćěŋáâćő J_1 = 0 ďőáâĺčăěâáï ńĺèì ŕàĺ ãáńőćĺĺ, çâő u (t, ω) = u^0 (t, ω) ďńï ŕőçâĺ ćáěå t, ω. Ŕàěőąàăğãěň J_2, ĺáŕőńìğãï (3.5) ĺ (3.6). Ĺňěěň, ňěŋïï ŕőàïďłĺ ĺŋâěčàĺàőćăŋĺï ĺ ãçĺâëćăï áćőľáâćă ãáńőćŋőčő ňăâěňăâĺçěáłőčő őęĺďăŋĺï

J_2 = 2M T∫ 0 x^{0′}CΦ_0 ξ + s∫ 0 Φ^{−1}_0 (Bu + f) dτ ds + 2 (u^0, u) =

= 2 M T∫ 0 x^{0′}CΦ_0 ξ + s∫ 0 Φ^{−1}_0 f dτ ds +

+2M T∫ 0 T∫ s x^{0′}CΦ_0dτ

Φ^{−1}_0 Bu ds + 2 ( u^0, u ) ≡ ≡ 2 {α_1} + 2 (φ_0, u) = 2α_1 + 2H (u) .

Ăŋăńőčĺçŋő ŕőńãçăěň 2J ( u^0 ) = α_1 + H ( u^0 ) . (3.8)

Ŕőíâőňã ĺğ (3.7) ćëâěłăěâ ć áĺńã (3.6) ĺ (3.8)

2J (u) ⩾ α_1 + H ( u^0 ) + 2 ( H (u) − H ( u^0 )) ⩾ 2J ( u^0 ) , çâő ĺ őğŋăçăěâ őŕâĺňăńìŋőáâì ãŕàăćńěŋĺï u^0. Ğăňěâĺň, çâő őâáîďă ęě ć áĺńã áďěńăŋŋőčő ćëèě ğăňěçăŋĺï ő ćěńĺçĺŋě J_1 ćëćőďĺâáï ãâćěàęďěŋĺě ő ěďĺŋáâćěŋŋőáâĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï.

Ńěňňă 4. Ďńï âőčő çâőąë ďőŕãáâĺňőě ãŕàăćńěŋĺě u^0 ąëńő őŕâĺňăńìŋëň ŋěőąåőďĺňő ĺ ďőáâăâőçŋő, çâőąë ďńï ŕőçâĺ ćáěå t, ω ćëŕőńŋïńőáì àăćěŋáâćő

φ_0 (t, ω) = 0. (3.9)

Ďőłăğăâěńìáâćő. Ďőáâăâőçŋőáâì ãáńőćĺï (3.9) áńěďãěâ ŋěŕőáàěďáâćěŋŋő ĺğ ŕàěďëďãéěľ ńěňňë. Ŕãáâì ďăńěě u^0 ∈ U — őŕâĺňăńìŋőě ďőŕãáâĺňőě ãŕàăćńěŋĺě. Ŕàěďŕőńőęĺň, çâő (3.9) ŋăàãèăěâáï ŋă ňŋőęěáâćě ŕőńőęĺâěńìŋőľ ňěàë, â.ě. ‖φ_0‖ > 0. Ŕőńőęĺň u_1 ≡ γφ_0, čďě γ — ŕőńőęĺâěńìŋőě çĺáńő. Ĺáŕőńìğãï ďőŕãáâĺňőáâì u^0, ńěčłő ŕàőćěàĺâì ďőŕãáâĺňőáâì ãŕàăćńěŋĺï u_1. Ŋő âőčďă

H (u_1) = γ ‖φ_0‖^2 < H ( u^0 ) ŕàĺ γ < H (u^0) ‖φ_0‖^{−2} , çâő ŕàőâĺćőàěçĺâ ć áĺńã (3.6) őŕâĺňăńìŋőáâĺ ãŕàăćńěŋĺï u^0.

Őąêěďĺŋĺň àěğãńìâăâë ńěňň 1 – 4 ć áńěďãîéěľ âěőàěňě. Šěőàěňă. Ŕőáâăćńěŋŋăï ć ŕ. 3.1 ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ĺňěěâ ěďĺŋáâćěŋŋőě àěèěŋĺě. Őŕâĺňăńìŋăï ãŕàăćńïîéăï äãŋłæĺï (ĺ âőńìłő őŋă) ãďőćńěâćőàïěâ ŕàĺ ćáěå t, ω áőőâŋőèěŋĺî (3.9).

3.4. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë

Śńěďãîéĺě ŕàěďńőęěŋĺï ąãďãâ ŋěőďŋőłàăâŋő ĺáŕőńìğőćăŋë ć ďăńìŋěľèěň.

Ńěňňă 5. Ŕãáâì çĺáńőćëě äãŋłæĺĺ η_1 (t, ω) , η_2 (t, τ, ω) ; t, τ ∈ [0, T ] , ω ∈ Ω ĺğňěàĺňë ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå őâŋőáĺâěńìŋő σ-ăńčěąà B × F, B × B × F (B — σ-ăńčěąàă ąőàěńěćáłĺå ŕőďňŋőęěáâć őâàěğłă [0, T ]) ĺ ĺŋâěčàĺàãěňë ŕő (t, ω) , (t, τ, ω) áőőâćěâáâćěŋŋő. Ŕãáâì ďăńěě {C_t} — ŕàőĺğćőńìŋëľ ŕőâőł ŕőńŋëå ŕő ňěàě P σ-ŕőďăńčěąà σ-ăńčěąàë F. Šőčďă áãéěáâćãěâ âăłőľ ćëąőà ćăàĺăŋâőć ãáńőćŋëå ňăâěňăâĺçěáłĺå őęĺďăŋĺľ, çâő ă) äãŋłæĺï η_3 (t, ω) ≡ M {η_1 (t, ω)| C_t} ŕàőčàěááĺćŋő ĺğňěàĺňă őâŋőáĺâěńìŋő ŕőâőłă {C_t} ĺ ĺŋâěčàĺàãěňă ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå (t, ω) ; ą) ďńï ŕőçâĺ ćáěå t, ω M T∫ 0 η_2 (t, τ, ω) dτ | | | | | C_t = T∫ 0 M {η_2 (t, τ , ω)| C_t} dτ.

Ďőłăğăâěńìáâćő ńěňňë ŋěŕőáàěďáâćěŋŋő ćëâěłăěâ ĺğ ąńĺğłĺå àěğãńìâăâőć àăąőâ [1, 7].

Ńěňňă 6. Ŕãáâì Y (t, ω) — àěèěŋĺě (ć áňëáńě ŕ. 3.2) áĺáâěňë ĺŋâěčàăńìŋëå ãàăćŋěŋĺľ Y (t, ω) = α (t, ω) + t∫ 0 P (s) Y (s, ω) ds, čďě P (s) — ňăâàĺæă àăğňěàă n×n á àăćŋőňěàŋő őčàăŋĺçěŋŋëňĺ ŋă [0, T ] ĺğňěàĺňëňĺ łőňŕőŋěŋâăňĺ, α (t, ω) — ĺğňěàĺňăï áńãçăľŋăï ćěłâőà-äãŋłæĺï á ĺŋâěčàĺàãěňëňĺ âàăěłâőàĺïňĺ. Šőčďă ŕàĺ łăęďőň t ∈ [0, T ] ŕőçâĺ ŋăćěàŋőě Y (t, ω) = α (t, ω) + Ψ (t) t∫ 0 Ψ^{−1} (s) P (s) α (s, ω) ds. Ğďěáì Ψ (t) — äãŋďăňěŋâăńìŋăï ňăâàĺæă áĺáâěňë ẋ = P (t) x.

Ďőłăğăâěńìáâćő áńěďãěâ ĺğ äőàňãńë Łőèĺ, ěáńĺ ãçěáâì, çâő Y = K + α, čďě K — àěèěŋĺě áĺáâěňë K̇ = P K + P α, K (0) = 0.

3.5. Ŕőáâàőěŋĺě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï

Ąãďěň ĺáłăâì őŕâĺňăńìŋőě ãŕàăćńěŋĺě ć ćĺďě

u^0 (t, ω) = −D^{−1} (t) B^′ (t) [ G (t) M { x^0 (t, ω) | | E_t} + h (t, ω)] (3.10)

Ğďěáì x^0 (t, ω) — łăł ĺ àăŋìèě, àěèěŋĺě áĺáâěňë (3.1), őâćěçăîéěě ãŕàăćńěŋĺî u^0 (t, ω) , ă G (t) , h (t, ω) — ŋěĺğćěáâŋëě ŕőłă ňăâàĺæă àăğňěàă n × n á ďěâěàňĺŋĺàőćăŋŋëňĺ, àăćŋőňěàŋő őčàăŋĺçěŋŋëňĺ ŋă [0, T ] ĺğňěàĺňëňĺ łőňŕőŋěŋâăňĺ ĺ BE-ĺğňěàĺňăï ĺŋâěčàĺàãěňăï ćěłâőà-äãŋłæĺï áőőâćěâáâćěŋŋő. Ŕőďáâăćńïï (3.10) ć äőàňãńã (3.2), ŕőńãçĺň

z^0 (t, ω) = α (t, ω) + t∫ 0 P (s) z^0 (s, ω) ds z^0 (t, ω) ≡ Φ^{−1}_0 (t) M { x^0 (t, ω) | | E_t} , P (t) = −Φ^{−1}_0 (t) Γ (t) G (t) Φ_0 (t)

Γ (t) ≡ B (t) D^{−1} (t) B^′ (t) , α (t, ω) ≡ M ξ (ω) − t∫ 0 Φ^{−1}_0 [Γh − f] ds | | | | | E_t

Ŕàĺňěŋïï ńěňňã 6, ĺňěěň őâáîďă

z^0 (t, ω) = α (t, ω) + Ψ (t) t∫ 0 Ψ^{−1} (s) P (s) α (s, ω) ds. Ĺáŕőńìğãï íâã äőàňãńã, ňőęŋő ãáâăŋőćĺâì, çâő ŕàĺ s > t M { z^0 (s, ω) | | E_t} = Ψ (s) Ψ^{−1} (t) z^0 (t, ω) + M {β (t, s, ω)| E_t} , (3.11)

β (t, s, ω) ≡ α (s, ω) + Ψ (s) Ψ^{−1} (t) α (t, ω) + Ψ (s) s∫ t Ψ^{−1}P α dτ

Ŕőáłőńìłã u^0 — őŕâĺňăńìŋőě ãŕàăćńěŋĺě, âő ć áĺńã âěőàěňë őŋő ãďőćńěâćőàïěâ áőőâŋőèěŋĺî (3.9). Ĺáŕőńìğãï (3.11), ŕőńãçăěň ĺğ (3.9)

u^0 (t, ω) = −D^{−1} (t) B^′ (t) [ I_1 (t) z^0 (t, ω) + I_2 (t, ω) ] , (3.12)

I_1 (t) ≡ (Φ^′_0 (t))^{−1} T∫ t Φ^′_0 (s) C (s) Φ_0 (s) Ψ (s) dsΨ^{−1} (t) ,

I_2 (t, ω) ≡ (Φ^′_0 (t))^{−1} T∫ t Φ^′_0 (s) C (s) Φ_0 (s) M {β (t, s, ω)| E_t} ds.

Śàăćŋĺćăï (3.10) á (3.12), ŕőâàěąãěň, çâőąë ŕàĺ łăęďőň t ŕőçâĺ ŋăćěàŋőě ãďőćńěâćőàïńĺáì áńěďãîéĺě àăćěŋáâćă:

I_1 (t) = G (t) Φ_0 (t) , I_2 (t, ω) = h (t, ω) . (3.13)

Ďĺääěàěŋæĺàãï ŕěàćőě ĺğ íâĺå àăćěŋáâć ŕő t, ŕőńãçăěň ĺğćěáâŋőě ňăâàĺçŋőě ãàăćŋěŋĺě Řĺłłăâĺ ďńï őŕàěďěńěŋĺï ňăâàĺæë G (t)

Ġ + GA + A^′G − GΓG + C = 0, G (T ) = 0 (3.14)

Ć ãáńőćĺïå ŕ. 3.1 ěčő àěèěŋĺěň áńãęĺâ áĺňňěâàĺçěáłăï, ŋěőâàĺæăâěńìŋőőŕàěďěńěŋŋăï ňăâàĺæă (áň., ŋăŕàĺňěà, [1, 2]).

Ŕãáâì ćáîďã ďăńěě G (t) — àěèěŋĺě áĺáâěňë (3.14). Ĺáŕőńìğãï (3.11) ĺ ńěňňã 5, ŕàěőąàăğãěň ćâőàőě ãàăćŋěŋĺě (3.13) ł íłćĺćăńěŋâŋőňã

M T∫ t Φ^′_0 (s) G (s) [Γ (s) h (s, ω) − f (s, ω)] ds + Φ^′_0 (t) h (t, ω) | | | | | E_t

= 0.

(3.15)

Ŕãáâì ĺğňěàĺňăï áńãçăľŋăï ćěłâőà-äãŋłæĺï h_1 (t, ω) őąàăéăěâ ć ŋãńì (ŕàĺ łăęďőň t ŕőçâĺ ŋăćěàŋőě) ćëàăęěŋĺě, áâőïéěě ć (3.15) ŕőď ğŋăłőň ãáńőćŋőčő ňăâěňăâĺçěáłőčő őęĺďăŋĺï. Šőčďă BE-ĺğňěàĺňăï áńãçăľŋăï äãŋłæĺï h (t, ω) ≡ M {h_1 (t, ω)| E_t} (áň. ńěňňã 5) ãďőćńěâćőàïěâ áĺáâěňě (3.15). Ć íâőň ňőęŋő ãąěďĺâìáï ŋěŕőáàěďáâćěŋŋőľ ŕőďáâăŋőćłőľ, ěáńĺ ãçěáâì, çâő ŕàĺ s > t ŕőçâĺ ŋăćěàŋőě M {h (s, ω)| E_t} = M {h_1 (s, ω)| E_t} . Ďńï őŕàěďěńěŋĺï äãŋłæĺĺ h_1 (t, ω) ŕőńãçăěň áĺáâěňã ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ

ḣ_1 + (A^′ − GΓ) h_1 + Gf = 0, h_1 (T, ω) = 0, ĺŋâěčàĺàãï łőâőàãî, ŋăåőďĺň

h (t, ω) = M Ψ_0 (t) T∫ t Ψ^{−1}_0 (s) G (s) f (s, ω) ds | | | | | E_t

(3.16)

Ğďěáì Ψ_0 (t) — äãŋďăňěŋâăńìŋăï ňăâàĺæă áĺáâěňë ẋ = (GΓ − A^′) x.

Ŕőćâőàïï ŕàěďëďãéĺě àăááãęďěŋĺï, ňőęŋő ãáâăŋőćĺâì âěŕěàì, çâő ďőŕãáâĺňőě ãŕàăćńěŋĺě, ãďőćńěâćőàïîéěě áőőâŋőèěŋĺïî (3.10), čďě G (t) , h (t, ω) — àěèěŋĺï ŕěàćőľ ĺ ćâőàőľ áĺáâěň (3.13) áőőâćěâáâćěŋŋő, ãďőćńěâćőàïěâ âăłęě ĺ áőőâŋőèěŋĺî (3.9), â.ě. őŕâĺňăńìŋő.

Ŕőłăęěň, çâő âăłőě ãŕàăćńěŋĺě ďěľáâćĺâěńìŋő áãéěáâćãěâ ĺ ŋăľďěň ěčő ć ïćŋőň ćĺďě. Ĺňěěň ĺğ (3.10) ĺ (3.2) ãàăćŋěŋĺě ďńï u^0

u^0 (t, ω) = −D^{−1} (t) B^′ (t)

G (t) Φ_0 (t) t∫ 0 Φ^{−1}_0 (s) B (s) u^0 (s, ω) ds + γ (t, ω) , (3.17)

γ (t, ω) ≡ M G (t) Φ_0 (t) ξ (ω) + t∫ 0 Φ^{−1}_0 (s) f (s, ω) ds | | | | | E_t + h (t, ω) .

Ŕàěďŕőńőęĺň, çâő δ (t, ω) — àěèěŋĺě áĺáâěňë δ (t, ω) = −Γ (t) [G (t) v (t, ω) + γ (t, ω)] v (t, ω) = Φ_0 (t) t∫ 0 Φ^{−1}_0 (s) δ (s, ω) ds. (3.18)

Šőčďă äãŋłæĺï u^0 (t, ω) ≡ −D^{−1} (t) B^′ (t) [G (t) v (t, ω) + γ (t, ω)] , łăł ňőęŋő ãąěďĺâìáï ŋěŕőáàěďáâćěŋŋőľ ŕőďáâăŋőćłőľ, ãďőćńěâćőàïěâ áĺáâěňě (3.17). Śĺáâěňã (3.18) ŕàĺćěďěň ł íłćĺćăńěŋâŋőľ

v̇ − (A − ΓG) v + Γγ = 0, v (0, ω) = 0,

ĺŋâěčàĺàãï łőâőàãî, őŕàěďěńĺň őłőŋçăâěńìŋőě ćëàăęěŋĺě ďńï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï

u^0 (t, ω) = D^{−1} (t) B^′ (t)

G (t) (Ψ^′_0 (t))^{−1} t∫ 0 Ψ^′_0 (s) Γ (s) γ (s, ω) ds − γ (t, ω) . (3.19)

3.6. Ŕàĺňěàë

Řăááňőâàĺň ŋěłőâőàëě łőŋłàěâŋëě áŕőáőąë ğăďăŋĺï ŕőâőłă ŋăąńîďăěňëå áőąëâĺľ {E_t} .

Ŕàőčàăňňŋőě ãŕàăćńěŋĺě. Ŕãáâì E_t ≡ {∅, Ω} . Ŕàĺ íâőň ćáïłőě ďőŕãáâĺňőě ãŕàăćńěŋĺě á ćěàőïâŋőáâìî ěďĺŋĺæă ŋě ğăćĺáĺâ őâ áńãçăï. Şŕàăćńěŋĺě őáãéěáâćńïěâáï ŋă őáŋőćě ăŕàĺőàŋëå áćěďěŋĺľ ő áĺáâěňěň àěčãńĺàőćăŋĺï.

Ĺğ (3.16), (3.17) ĺ (3.19) ĺňěěň ŕőçâĺ ŋăćěàŋőě

γ (t, ω) = γ (t) = G (t) Φ_0 (t) [ Mξ (ω) + t∫ 0 Φ^{−1}_0 (s) Mf (s, ω) ds ] + +Ψ_0 (t) T∫ t Ψ^{−1}_0 (s) G (s) Mf (s, ω) ds,

u^0 (t, ω) = u^0 (t) = D^{−1} (t) B^′ (t)

G (t) (Ψ^′_0 (t))^{−1} t∫ 0 Ψ^′_0 (s) Γ (s) γ (s) ds − γ (t)

Ňăàłőćáłĺľ áńãçăľ. Ŕãáâì ŋăçăńìŋëě ďăŋŋëě ŋěáńãçăľŋë: ξ (ω) ≡ ξ_0, ă ćěłâőà-äãŋłæĺï f (t, ω) — ňăàłőćáłĺľ ŕàőæěáá, ãďőćńěâćőàïîéĺľ áĺáâěňě áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ Ĺâő df = l (t, f) dt + m (t, f) dw, f (0) = f_0, (3.20) čďě w (t, ω) — n-ňěàŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá ŋă (Ω, F, P), l — n-ňěàŋëľ ćěłâőà, m — ňăâàĺæă àăğňěàă n×n. Ťãŋłæĺĺ l_i (t, x), m_{ij} (t, x), t ∈ [0, T ], x ∈ R^n ŕàěďŕőńăčăîâáï âăłĺňĺ, çâő àěèěŋĺě áĺáâěňë (3.20) őąńăďăěâ ŕěàěåőďŋőľ ŕńőâŋőáâìî àăáŕàěďěńěŋĺï ćěàőïâŋőáâěľ p (t, x; s, y), ãďőćńěâćőàïîéěľ őąàăâŋőňã ãàăćŋěŋĺî Ă.Ŋ. Łőńňőčőàőćă (áň. [3, áâà. 96, 106]).

Řăááňőâàĺň âăłőľ áŕőáőą ãŕàăćńěŋĺï, łőčďă őáãéěáâćńïěâáï ŋăąńîďěŋĺě ćáěľ âàăěłâőàĺĺ ŕàőæěááă f : E_t ≡ σ [f (s, ω) , s ⩽ t] . Ĺňěěň M {f (s, ω)| E_t} = M {f (s, ω)| f (t, ω)} = = ∫ R^n xp (t, f (t, ω) ; s, x) dx ≡ a (s, t; f (t, ω)) (3.21) Ťãŋłæĺï a (s; t, y) ãďőćńěâćőàïěâ (áň. [3, áâà. 105]) ãàăćŋěŋĺî (Tr — áńěď ňăâàĺæë) a (s; t, y) = y + s∫ t l^′ (τ , y)^{∂a}_{∂y} (s; τ, y) dτ+ +^1_2 Tr s∫ t m (τ, y) m^′ (τ, y)^{∂2a}_{∂y2} (s; τ , y) dτ.

Ććěďěň äãŋłæĺî

N (t, y) ≡ Ψ_0 (t) T∫ t Ψ^{−1}_0 (s) G (s) a (s; t, y) ds

ďńï łőâőàőľ, áőčńăáŋő (3.20) ĺ (3.16), ĺňěěň N (t, f (t, ω)) = h (t, ω) . (3.22) Ĺáŕńìğãï (3.21), ňőęŋő ŕőłăğăâì, çâő íâă äãŋłæĺï ãďőćńěâćőàïěâ ãàăćŋěŋĺî ∂N ∂t + (A^′ − GΓ) N + l^′ (t, y) ∂N ∂y + 1 2 Tr m (t, y) m^′ (t, y) ∂^2N ∂y^2 = 0, N (T, y) = 0.

Şçĺâëćăï, çâő àěèěŋĺě x^0 ć àăááňăâàĺćăěňőň ŕàĺňěàě áőčńăáőćăŋő á ŕőâőłőň {E_t}, ŕőńãçĺň ĺğ (3.10), (3.22) áńěďãîéěě ãďőąŋőě ŕàěďáâăćńěŋĺě ďńï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï

u^0 (t, ω) = −D^{−1} (t) B^′ (t) [ G (t) x^0 (t, ω) + N (t, f (t, ω)) ] . Őâňěâĺň, çâő íâőâ àěğãńìâăâ ąëń ĺğćěáâěŋ àăŋěě (áň. [2, áâà. 135]).

Ďàãčőě ŕàěďáâăćńěŋĺě ďńï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ňőęŋő ŕőńãçĺâì ĺğ (3.19), ěáńĺ ãçěáâì, çâő ć ďăŋŋőň áńãçăě

γ (t, ω) = G (t) Φ_0 (t) ξ_0 + t∫ 0 Φ^{−1}_0 (s) f (s, ω) ds + N (t, f (t, ω)) .

Ăćâőà ąńăčőďăàĺâ Ć.Ĺ. Ŕńőâŋĺłőćă ğă őąáãęďěŋĺě àăąőâë. Ŕőáâãŕĺńă 17 IV 1978

Ńĺâěàăâãàă

[1] Ńĺŕæěà Ř.Ÿ., Ÿĺàïěć Ă.Ŋ. Śâăâĺáâĺłă áńãçăľŋëå ŕàőæěááőć. Ň., “Ŋăãłă”, 1975.

[2] Ŕăàăěć đ.Ĺ. Ććěďěŋĺě ć áâăâĺáâĺçěáłãî ďĺŋăňĺłã ŕàőæěááőć ãŕàăćńěŋĺï ĺ äĺńìâàăæĺĺ. Ň., “Śőć. àăďĺő”, 1976.

[3] Čĺåňăŋ Ĺ.Ň., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. Łĺěć, “Ŋăãłőćă ďãňłă”, 1968.

[4] Ňőàőğőć Ś.Ť., Ŕńőâŋĺłőć Ć.Ĺ. Ő ŋěőąåőďĺňëå ĺ ďőáâăâőçŋëå ãáńőćĺïå ŋěŕàěàëćŋőáâĺ ĺ ŕőńãŋěŕàěàëćŋőáâĺ äãŋłæĺőŋăńőć ćăàĺăæĺőŋŋőčő ĺáçĺáńěŋĺï. Ňăâěň. áą., 1962, â.57(99), ü3.

[5] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. Őą őďŋőľ ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áâőåăáâĺçěáłĺň ŕàőæěááőň. Ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï, 1979, â.15, ü5 (Čńăćă 2 ŋăáâőïéěčő áąőàŋĺłă)

[6] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. Ŕàĺŋæĺŕë ňĺŋĺňãňă ć ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áńãçăľŋëňĺ ŕàőæěááăňĺ. ŔŇŇ, 1978, â. 42, ćëŕ. 2 (Čńăćă 1 ŋăáâőïéěčő áąőàŋĺłă)

[7] Ő ŕàěďáâăćńěŋĺĺ ŕàőæěááőć Ĺâő. Šěőàĺï ćěàőïâŋőáâěľ ĺ ěě ŕàĺňěŋěŋĺï, 1972, â. 17, ćëŕ. 1.

Čńăćă 4.

Śâàãłâãàă őŕěàăâőàőć áâőåăáâĺçěáłőčő ĺŋâěčàĺàőćăŋĺï ŋă ŕàőáâàăŋáâćăå áãňňĺàãěňëå áńãçăľŋëå äãŋłæĺľ

ŞĎŁ 531.36 + 62 - 50

Ŕàĺ ŕőáâàőěŋĺĺ áőŕàïęěŋŋőľ ğăďăçĺ ć âěőàĺĺ őŕâĺňĺğăæĺĺ ãŕàăćńïěňëå áĺáâěň, őŕĺáëćăěňëå áâőåăáâĺçěáłĺňĺ ďĺääěàěŋæĺăńìŋëňĺ ãàăćŋěŋĺïňĺ, ćőğŋĺłăěâ ŕőâàěąŋőáâì ć ğŋăŋĺĺ áâàãłâãàë őŕěàăâőàőć, ŕőàőęďăěňëå őŕěàăæĺïňĺ áâőåăáâĺçěáłőčő ĺŋâěčàĺàőćăŋĺï ŋă ŕàőáâàăŋáâćăå áãňňĺàãěňëå áńãçăľŋëå äãŋłæĺľ [1, 2].

Ć ŕ. 4.1 ććőďïâáï őáŋőćŋëě őŕàěďěńěŋĺï ĺ ďőłăğëćăîâáï ŋěłőâőàëě ćáŕőňőčăâěńìŋëě àěğãńìâăâë; áćőľáâćă őŕěàăâőàőć ĺŋâěčàĺàőćăŋĺï ŕő Ńěąěčã, Ĺâő ĺ áńãçăľŋőľ ŕãăááőŋőćáłőľ ňěàě ĺğãçăîâáï áőőâćěâáâćěŋŋő ć ŕ. 4.2, 4.3, 4.4; 4.5 ŕőáćïéěŋ ãáâăŋőćńěŋĺî ćğăĺňŋëå áćïğěľ, áãéěáâćãîéĺå ňěęďã íâĺňĺ őŕěàăâőàăňĺ.

1Ś.Ť. Ňőàőğőć, Ĺ.Ŕ. Śňĺàŋőć. Śâàãłâãàă őŕěàăâőàőć áâőåăáâĺçěáłőčő ĺŋâěčàĺàőćăŋĺï ŋă ŕàőáâàăŋáâćăå áãňňĺàãěňëå áńãçăľŋëå äãŋłæĺľ, Čőàìłĺľ, 1979. Ďěŕ. ć ĆĹŊĹŠĹ, 1980, ü397 - 80 Ďěŕ.

Śőďěàęăŋĺě čńăćë őŕãąńĺłőćăŋő âăłęě ć ďĺááěàâăæĺőŋŋőľ àăąőâě.

4.1. Ććěďěŋĺě

4.1.1. Őáŋőćŋëě äãŋłæĺőŋăńìŋëě ŕàőáâàăŋáâćă

Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő; {F_t, t ∈ [0, 1]} — ŋěŕàěàëćŋëľ áŕàăćă ŕőâőł ŕőńŋëå ŕő ňěàě P σ-ŕőďăńčěąà σ-ăńčěąàë F. Ććěďěň áńěďãîéĺě őąőğŋăçěŋĺï: B^n — σ-ăńčěąàă ąőàěńěćáłĺå ŕőďňŋőęěáâć n-ňěàŋőčő ěćłńĺďőćă ŕàőáâàăŋáâćă R^n; mes — ňěàă Ńěąěčă ŋă B^n; B^1 × F ĺ mes × P — ŕàïňëě ŕàőĺğćěďěŋĺï σ-ăńčěąà B^1 ĺ F ĺ ňěà mes ĺ P, cőőâćěâáâćěŋŋő; BF ⊂ B^1 × F — σ-ăńčěąàă ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő ŕőâőłă {F_t} ŕőďňŋőęěáâć ňŋőęěáâćă [0, 1] × Ω.

Řăááňőâàĺň őáŋőćŋëě äãŋłæĺőŋăńìŋëě ŕàőáâàăŋáâćă, ĺáŕőńìğãěňëě ć íâőľ àăąőâě. Ŕãáâì p ∈ [1, ∞) .

1) L_p (Ω) — ąăŋăåőćő ŕàőáâàăŋáâćő (łńăááőć íłćĺćăńěŋâŋőáâĺ ŕő ňěàě P) F-ĺğňěàĺňëå áńãçăľŋëå ćěńĺçĺŋ (á.ć.) ξ (ω), ω ∈ Ω á ŋőàňőľ ‖ξ‖_{Lp(Ω)} = {M |ξ|^p}^{1/p} . Ğďěáì M — ğŋăł ňăâěňăâĺçěáłőčő őęĺďăŋĺï ŕő ćěàőïâŋőáâĺ P.

2) E_p — ňŋőęěáâćő BF-ĺğňěàĺňëå áńãçăľŋëå äãŋłæĺľ (á.ä.) f (t, ω) , t ∈ [0, 1] , ω ∈ Ω, ďńï łőâőàëå P-ŕ.ŋ. 1∫ 0 |f (t, ω)|^p dt < ∞;

3) L_p — ąăŋăåőćő ŕàőáâàăŋáâćő (łńăááőć íłćĺćăńěŋâŋőáâĺ ŕő ňěàě mes ×P) BF-ĺğňěàĺňëå áńãçăľŋëå äãŋłæĺľ á ŋőàňőľ

‖f‖_p = M 1∫ 0 |f (t, ω)|^p dt 1/p ;

4) N_p — ąăŋăåőćő ŕàőáâàăŋáâćő (łńăááőć íłćĺćăńěŋâŋőáâĺ ŕő ňěàě mes ×P) BF-ĺğňěàĺňëå áńãçăľŋëå äãŋłæĺľ á ŋőàňőľ

‖f‖_{Np} = M 1∫ 0 |f (t, ω)|^2 dt p/2 1/p ;

5) H_p — ąăŋăåőćő ŕàőáâàăŋáâćő (łńăááőć P-ňőďĺäĺłăæĺľ^1) BF-ĺğňěàĺňëå áńãçăľŋëå äãŋłæĺľ á ŋőàňőľ |f|_p = { sup_{0⩽t⩽1} M |f (t, ω)|^p }_{1/p} ; 6) DH_p — ŋőàňĺàőćăŋŋőě ŕàőáâàăŋáâćő (łńăááőć P-ŋěőâńĺçĺňëå) BFĺğňěàĺňëå áńãçăľŋëå äãŋłæĺľ, ĺňěîéĺå P-ŕ.ŋ. âàăěłâőàĺĺ łńăááă^2 D á ŋőàňőľ |f|^{(d)}_p = { M sup_{0⩽t⩽1} |f (t, ω)|^p }_{1/p} ; 7) CH_p — ŕőďŕàőáâàăŋáâćő DH_p, áőáâőïéěě ĺğ äãŋłæĺľ, ŋěŕàěàëćŋëå á ćěàőïâŋőáâìî 1;

8) Ŕãáâì Π (·) — σ-łőŋěçŋăï ňěàă ŋă B^n. Őąőğŋăçĺň

ă) E_p (Π) — ňŋőęěáâćő BF×B^n-ĺğňěàĺňëå äãŋłæĺľ ψ (t, ω, y), t ∈ [0, 1], ω ∈ Ω, y ∈ R^l, ďńï łőâőàëå á ćěàőïâŋőáâìî 1 1∫ 0 ∫ |ψ (t, ω, y)|^p Π (dy) < ∞;

ą) L_p (Π) — ąăŋăåőćő ŕàőáâàăŋáâćő (łńăááőć mes ×P×Π-íłćĺćăńěŋâŋëå) BF × B^n-ĺğňěàĺňëå äãŋłæĺľ ψ (t, ω, y) á ŋőàňőľ

‖ψ‖_{Lp(Π)} = M 1∫ 0 [∫ |ψ|^p Π (dy) + (∫ |ψ|^2 Π (dy) )_{p/2}] 1/p .

Śďěńăěň àïď ğăňěçăŋĺľ őâŋőáĺâěńìŋő ććěďěŋŋëå ŕàőáâàăŋáâć. Ňőęŋő àăááňăâàĺćăâì ćńőęěŋĺï ćĺďă DH_p ⊂ H_p ⊂ L_p. Ŕàĺ íâőň íńěňěŋâ ĺğ ąőńěě ãğłőčő ŕàőáâàăŋáâćă őâőęďěáâćńïěâáï á őâćěçăîéĺň ěňã łńăááőň íłćĺćăńěŋâŋőáâĺ ĺğ ąőńěě èĺàőłőčő ŕàőáâàăŋáâćă. Ŋăŕàőâĺć, ěáńĺ

1Śńãçăľŋëě äãŋłæĺĺ ξ_1, ξ_2 ŋăğëćăîâáï P-ňőďĺäĺłăæĺïňĺ ďàãč ďàãčă, ěáńĺ ∀t ∈ [0, 1] P-ŕ.ŋ. ξ_1 (t, ω) = ξ_2 (t, ω) ĺ P-ŋěőâńĺçĺňëňĺ ďàãč őâ ďàãčă, ěáńĺ P-ŕ.ŋ. ξ_1 (t, ω) = ξ_2 (t, ω) ∀t ∈ [0, 1]

2Ťãŋłæĺï φ : [0, 1] → R^1 ŕàĺŋăďńěęĺâ łńăááã D, ěáńĺ őŋă ŋěŕàěàëćŋă áŕàăćă ĺ ĺňěěâ łőŋěçŋëľ ŕàěďěń áńěćă ćáîďã ŋă őâàěğłě [0, 1].

ãâćěàęďăěâáï, çâő ŋěłőâőàëľ íńěňěŋâ ŕàőáâàăŋáâćă ŕàĺŋăďńěęĺâ ąőńěě ãğłőňã ŕàőáâàăŋáâćã, âő ĺňěěâáï ć ćĺďã, çâő áőőâćěâáâćãîéĺľ łńăáá íłćĺćăńěŋâŋőáâĺ áőďěàęĺâ äãŋłæĺî ĺğ ãłăğăŋŋőčő ãğłőčő ŕàőáâàăŋáâćă. Őâňěâĺň, çâő ŕàĺ íâĺå ćńőęěŋĺïå DH_p, ă ğŋăçĺâ ĺ H_p ćáîďã ŕńőâŋë ć L_p.

Ďăńěě, L_p (Ω) , L_p, N_p, L_p (Π) — ąăŋăåőćë ĺďěăńìŋëě ŕàőáâàăŋáâćă ĺğňěàĺňëå äãŋłæĺľ á ŕőàïďłőćő ŋěŕàěàëćŋëňĺ ŋőàňăňĺ (ğďěáì ĺáŕőńìğőćăŋă âěàňĺŋőńőčĺï [3]). Ŕãáâì H őąőğŋăçăěâ ńîąőě ĺğ íâĺå ŕàőáâàăŋáâć. Łăł ŕőłăğăŋő ć [3], áãéěáâćãěâ ńĺŋěľŋëľ ĺğőňőàäĺğň ňěęďã áőŕàïęěŋŋëň ŕàőáâàăŋáâćőň H^∗ ĺ ňŋőęěáâćőň X_H ćáěå ĺğňěàĺňëå äãŋłæĺľ x (łńăááőć μ-íłćĺćăńěŋâŋëå äãŋłæĺľ, čďě μ — ňěàă, áőőâćěâáâćãîéăï ćëąőàã ŕàőáâàăŋáâćă H) âăłĺå, çâő ∫ |xφ| dμ < ∞ ∀φ ∈ H. İâőâ ĺğőňőàäĺğň ĺňěěâ ćĺď X_H ϶ x ←→ f (·) = ∫ x · dμ ∈ H^∗. Ĺňěï ć ćĺďã íâőâ äăłâ, ąãďěň őâőęďěáâćńïâì H^∗ á X_H. Ć çăáâŋőáâĺ, őâőęďěáâćńïěň L^∗_p ≡ X_{Lp} = L_p′ , N^∗_p ≡ X_{Np} = N_p′ , L^∗_2 (Π) ≡ X_{L2(Π)} = L_2 (Π) ,

čďě p > 1, p^′ = p/ (p − 1) .

4.1.2. Őŕěàăâőàë

Ŕãáâì w (t, ω) , ν (t, A) (A ⊂ R^l), t ∈ [0, 1] — áâăŋďăàâŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá ĺ áńãçăľŋăï ŕãăááőŋőćáłăï ňěàă ŋă R^{l+1}á ŕăàăňěâàőň Π (A) t (Π (·) — σ-łőŋěçŋăï ňěàă ŋă R^l), áőőâćěâáâćěŋŋő, áőčńăáőćăŋŋëě á ŕőâőłőň {F_t} ĺ ĺňěîéĺě ŕàĺ s > t ŋě ğăćĺáïéĺě őâ F_t ŕàĺàăéěŋĺï w (s) − w (t), ν (s, A) − ν (t, A). Ŕãáâì ν (t, A) ≡ ν (t, A) − Π (A) t. Ŕőńőęĺň ďńï f ∈ E_1, φ ∈ E_2, α ∈ E_2 (Π) L (f) (t, ω) ≡ t∫ 0 f (s, ω) ds, J (φ) (t, ω) ≡ t∫ 0 φ (s, ω) dw (s, ω) , (4.1)

P (α) (t, ω) ≡ t∫ 0 ∫ α (s, ω, y) ν̃ (ds, dy) .

Ŕàăćëě çăáâĺ âőęďěáâć (4.1) ŕőŋĺňăîâáï áőőâćěâáâćěŋŋő łăł ĺŋâěčàăń Ńěąěčă (ŕőâàăěłâőàŋëľ), áâőåăáâĺçěáłĺľ ĺŋâěčàăń Ĺâő ĺ áâőåăáâĺçěáłĺľ ĺŋâěčàăń ŕő æěŋâàĺàőćăŋŋőľ ŕãăááőŋőćáłőľ ňěàě [4]. Ć ŋăáâőïéěľ àăąőâě ĺğãçăîâáï áćőľáâćă őŕěàăâőàőć, ŕőàőęďăěňëå íâĺňĺ ĺŋâěčàăńăňĺ ŋă ććěďěŋŋëå àăŋěě ŕàőáâàăŋáâćăå áńãçăľŋëå äãŋłæĺľ. Ďńï ćáěå íâĺå őŕěàăâőàőć ĺáŕőńìğãîâáï őďŋĺ ĺ âě ęě őąőğŋăçěŋĺï, ććěďěŋŋëě ć (4.1). İâő ŋě ŕàĺćőďĺâ ł ŋěďőàăğãňěŋĺïň, âăł łăł ćáïłĺľ àăğ ąãďěâ ãłăğëćăâìáï ŕăàă ŕàőáâàăŋáâć, ć łőâőàëå àăááňăâàĺćăěâáï âőâ ĺńĺ ĺŋőľ őŕěàăâőà.

4.1.3. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë

Ŋăŕőňŋĺň ŋěłőâőàëě ĺğćěáâŋëě äăłâë ĺğ âěőàĺĺ ňăàâĺŋčăńőć ĺ âěőàĺĺ áâőåăáâĺçěáłĺå ĺŋâěčàăńőć [4]. Ŕőńìğãïáì ŕőńŋőâőľ ŕàőáâàăŋáâćă (Ω, F, P), ąãďěň àăááňăâàĺćăâì ńĺèì áěŕăàăąěńìŋëě ňőďĺäĺłăæĺĺ áńãçăľŋëå ŕàőãěááőć. Ŕãáâì μ (t) , t ∈ [0, 1] — ňăàâĺŋčăń őâŋőáĺâěńìŋő ŕőâőłă {F_t} (łăł ĺ ćáě ďàãčĺě àăááňăâàĺćăěňëě ć ďăŋŋőľ àăąőâě ňăàâĺŋčăńë). Šăł łăł íâőâ ŕőâőł ŋěŕàěàëćěŋ áŕàăćă, âő μ (t) ĺňěěâ ňőďĺäĺłăæĺî á âàăěłâőàĺïňĺ ĺğ łńăááă D. Ŕàĺ íâőň, ěáńĺ M |μ (t)|^p < ∞, p ∈ (1, ∞), âő áŕàăćěďńĺćă őæěŋłă

M sup_{0⩽t⩽1} |μ (t)|^p ⩽ (p^′)^p sup_{0⩽t⩽1} M |μ (t)|^p = (p^′)^p M |μ (1)|^p (4.2)

Ŕãáâì M_2 — łńăáá ćáěå âăłĺå ňăàâĺŋčăńőć ŋă [0, 1] á âàăěłâőàĺïňĺ ĺğ D, ďńï łőâőàëå Mμ^2 (1) < ∞. M_2 — čĺńìąěàâőćő ŕàőáâàăŋáâćő őâŋőáĺâěńìŋő áłăńïàŋőčő ŕàőĺğćěďěŋĺï

(μ_1, μ_2) = Mμ_1 (1) μ_2 (1) .

Ğăňłŋãâëě ŕőďŕàőáâàăŋáâćă ć M_2 őąàăğãîâ ňŋőęěáâćă ňăàâĺŋčăńőć

M^w_2 = t∫ 0 φ dw, φ ∈ L_2 ,

M^ν_2 = t∫ 0 ∫ ψν̃ ( ds, dy) , ψ ∈ L_2 (Π) .

Ŕãáâì φ ∈ N_p, p ∈ (1, ∞) , ψ ∈ L_2 (Π) . Ĺňěîâ ňěáâő áńěďãîéĺě őæěŋłĺ ňőňěŋâőć áâőåăáâĺçěáłĺå ĺŋâěčàăńőć A^p ‖φ‖^p_{Np} ⩽ M | | | | ∫_1 0 φ (s) dw (s) | | | | p ⩽ B^p ‖φ‖^p_{Np} , (4.3)

M | | | | | 1∫ 0 ∫ ψ (s, y) ν̃ ( ds, dy) | | | | | 2 = M 1∫ 0 ∫ ψ^2 (s, y) dsΠ (dy) , (4.4)

čďě A_p, B_p — ŕőńőęĺâěńìŋëě ŕőáâőïŋŋëě, ğăćĺáïéĺě âőńìłő őâ p, ŕàĺçěň A_2 = B_2 = 1. Śőčńăáŋő [8] ŕőáâőïŋŋëě A_p ňőčãâ ąëâì ćëąàăŋë âăł, çâő ∀r > 2 ňőęŋő ŋăľâĺ r_1 < r, ŕàĺ łőâőàőň Ã_r ≡ inf_{p∈(r1,r)} A_p > 0. Ŕàăćőě

ĺğ ŋěàăćěŋáâć (4.3) áŕàăćěďńĺćő âăłęě ĺ ŕàĺ p ∈ (0, 1]. Ŕàĺ íâőň, ěáńĺ φ ∈ N_1, âő á.ä. J (φ) (t, ω) ïćńïěâáï ňăàâĺŋčăńőň ĺ MJ (φ) (t, ω) = 0.

Ŕãáâì F^w_t = σ [w (s) , s ⩽ t]. Őąőğŋăçĺň N_p (w) ŕőďŕàőáâàăŋáâćő ŕàőáâàăŋáâćă N_p, áőáâőïéěě ĺğ á.ä., ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő ŕőâőłă {F^w_t }. Ěáńĺ á.ć. ξ (ω) ïćńïěâáï F^w_1 -ĺğňěàĺňőľ ĺ ŕàĺŋăďńěęĺâ ŕàőáâàăŋáâćã L_2 (Ω), âő áãéěáâćãěâ ěďĺŋáâćěŋŋăï äãŋłæĺï λ ∈ N_2 (w) âăłăï, çâő ŕ.ŋ.

ξ (ω) = Mξ (ω) + 1∫ 0 λ (s, ω) dw (s, ω) (4.5)

(âěőàěňă Ĺâő-Łńăàłă). Ŕőńìğãïáì ŋěàăćěŋáâćăňĺ (4.3), őąőąéĺň äőàňãńã (4.5) ŋă ąőńěě èĺàőłĺľ łńăáá á.ć.

Ńěňňă 1^3. Ŕãáâì á.ć. ξ (ω) F^w_1 -ĺğňěàĺňă, ĺ M |ξ|^p < ∞, čďě p ∈ (1, ∞). Šőčďă áãéěáâćãěâ ěďĺŋáâćěŋŋăï äãŋłæĺï λ ∈ N_p (w), ďńï łőâőàőľ á ćěàőïâŋőáâìî 1 ćëŕőńŋěŋő (4.5). Ŕàĺ íâőň A_p ‖λ‖_{Np} ⩽ ‖ξ − Mξ‖_p ⩽ B_p ‖λ‖_{Np} (4.6) Ć çăáâŋőáâĺ, ěáńĺ ňăàâĺŋčăń μ (t) áőčńăáőćăŋ á ŕőâőłőň {F^w_t } ĺ M |μ (1)|^p < ∞, âő őŋ ěďĺŋáâćěŋŋëň őąàăğőň ŕàěďáâăćĺň ć ćĺďě

μ (t) = Mμ (t) + t∫ 0 λ (s, ω) dw (s, ω) , λ ∈ N_p (w) . (4.7)

Ďőłăğăâěńìáâćő. Ŕãáâì P (r) — ãâćěàęďěŋĺě, áőáâőïéěě ć âőň, çâő âěőàěňă ćěàŋă ŕàĺ p = r. Śŕàăćěďńĺćë áńěďãîéĺě ãâćěàęďěŋĺï.

3Ć őŕãąńĺłőćăŋŋőľ àăąőâě âěőàěňă ďőłăğăŋă ńĺèì ďńï p ∈ (1, 2] . Ŕàěďáâăćńěŋŋëľ àěğãńìâăâ őŕãąńĺłőćăŋ ć ďĺááěàâăæĺőŋŋőľ àăąőâě.

Ş1. P (p) ⇒ P (r) ∀r ∈ (1, p) . Ş2. Ŕãáâì r ⩾ 4 ĺ ĺğćěáâŋő, çâő ńîąőľ ξ ∈ L_r (w) őâćěçăěâ ěďĺŋáâćěŋŋăï äãŋłæĺï λ ∈ N_{r−2} (w) , ŕàĺ łőâőàőľ ćëŕőńŋěŋő (4.5). Šőčďă P (r). Ďőłăğăâěńìáâćő Ş1. Ćőáŕőńìğãěňáï âěň, çâő L_p (w) ćáîďã ŕńőâŋő ćńőęěŋő ć L_r (w) ŕàĺ p > r. Ŕãáâì ξ ∈ L_r (w), {ξ_n} ⊂ L_p (w) ĺ ‖ξ − ξ_n‖_r → 0 ŕàĺ n → ∞. Ŕãáâì ďăńěě {λ_n} ⊂ N_p (w) ⊂ N_r (w) — ŕőáńěďőćăâěńìŋőáâì äãŋłæĺľ ĺğ (4.5), őâćěçăîéăï {ξ_n}. Śőčńăáŋő (4.3) ĺňěěň ŕàĺ n, m → ∞ A_r ‖λ_n − λ_m‖_{Nr} ⩽ ‖ξ_n − Mξ_n − ξ_m + Mξ_m‖_r ⩽ 2 ‖ξ_n − ξ_m‖_r → 0. Ĺâăł, ŕőáńěďőćăâěńìŋőáâì {λ_n} äãŋďăňěŋâăńìŋă ć N_r (w) ĺ ŕőâőňã áåőďĺâáï ł íńěňěŋâã íâőčő ŕàőáâàăŋáâćă λ. Ŕãáâì ξ̃ = Mξ+J (λ) (1). Ĺňěěň, ãçĺâëćăï ŕàăćőě ŋěàăćěŋáâćő (4.3), ‖ ‖ ‖ξ − ξ̃ ‖ ‖ ‖_r ⩽ ‖ξ − ξ_n‖_r + ‖ ‖ ‖ξ_n − ξ̃ ‖ ‖ ‖_r , ‖ ‖ξ_n − ξ̃ ‖ ‖ r ⩽ ‖ ‖M (ξ_n − ξ̃) ‖ ‖ r + ‖ ‖ ‖ ‖ ‖ 1∫ 0 (λ_n − λ) dw ‖ ‖ ‖ ‖ ‖_r ⩽ ⩽ ‖ξ_n − ξ‖_r + B_r ‖λ_n − λ‖_{Nr} . Ŕěàěåőďï ć íâĺå ŋěàăćěŋáâćăå ł ŕàěďěńăň ŕàĺ n → ∞, ŕőńãçăěň ξ = ξ̃ ŕ.ŋ., çâő ĺ âàěąőćăńőáì ďőłăğăâì. Ěďĺŋáâćěŋŋőáâì ŕàěďáâăćńěŋĺï (4.5) ńěčłő ćëćőďĺâáï ĺğ ńěćőčő ŋěàăćěŋáâćă (4.3).

Ďőłăğăâěńìáâćő Ş2. Řăááňőâàĺň ňăàâĺŋčăń η (t) = J (λ) (t) , η (1) = ξ. Ŕőńìğãïáì ŕàăćĺńőň ďĺääěàěŋæĺàőćăŋĺï Ĺâő, ĺňěěň ŕàĺ t ∈ [0, 1] ŕ.ŋ.

η^2 (t) = t∫ 0 λ^2 ds + 2 t∫ 0 ηλ dw, (4.8)

η^4 (t) = 6 t∫ 0 η^2λ^2 ds + 4 t∫ 0 η^3λ dw. (4.9)

Ŕőłăęěň, çâő λ ∈ N_{pn} , p_n = r − 2^{−n}, n = −1, 0, 1, 2, . . . Ŕàĺ n = −1 íâő ćěàŋő ŕő ãáńőćĺî ńěňňë. Ŕőłăęěň, çâő ěáńĺ íâő ćëŕőńŋěŋő ŕàĺ n = k − 1, k ≥ 0, âő ćëŕőńŋěŋő ĺ ŕàĺ n = k. Őâáîďă, ŕàĺňěŋïï ĺŋďãłæĺî ŕő n, ŕőńãçĺň ŋăèě ãâćěàęďěŋĺě.

Ĺňěěň, ĺáŕőńìğãï ŋěàăćěŋáâćő Čěńìďěàă ĺ őæěŋłã (4.2)

M | | | | | t∫ 0 η^2λ^2 ds | | | | | p_k/8 ⩽ M sup_{0⩽t⩽1} |η (t)|^{3pk/4} t∫ 0 λ^2 ds p_k/8 ⩽

⩽ ( d_k d_k − 1 )_{3pk/4} ( M |ξ|^{dk} )_{3pk/4dk} M t∫ 0 λ^2 ds p_{k−1}/2 p_k/4p_{k−1} < ∞,

d_k ≡ 3p_kp_{k−1} 4p_{k−1} − p_k ⩽ r, k = 0, 1, 2 . . . Ŕőíâőňã ć áĺńã (4.3)

M | | | | | 1∫ 0 η^3λdw | | | | | p_k/4 ⩽ B^{pk/4}_{pk/4} M 1∫ 0 η^6λ^2ds p_k/8

ĺ ğŋăçĺâ, ĺğ (4.9) ćëâěłăěâ őæěŋłă

M | | | | | 6 1∫ 0 η^2λ^2ds | | | | | p_k/4 ⩽ M | | | | | ξ^4 − 4 1∫ 0 η^3λdw | | | | | p_k/4 < ∞.

Ŋő âőčďă, ĺáŕőńìğãï (4.8) ĺ (4.3), ŕőńãçăěň M | | | ∫_1 0 λ^2ds | | | p_k/2 ⩽ 2^{pk/2−1} [ M |ξ|^{pk} + 2^{pk/2}B^{pk/2}_{pk/2} M (∫_1 0 η^2λ^2ds )_{pk/4}] < ∞,

çâő ĺ âàěąőćăńőáì ŕàőćěàĺâì. Ĺâăł, λ ∈ N_{pn} ĺ, áńěďőćăâěńìŋő, áőčńăáŋő

(4.3) A_{pn} ‖λ‖_{Npn} ⩽ 2 ‖ξ‖_{pn} ⩽ 2 ‖ξ‖_r . Ŕěàěåőďï ć ńěćőľ çăáâĺ íâőčő ŋěàăćěŋáâćă ł ŕàěďěńã ŕàĺ n → ∞ ĺ ãçĺ-

âëćăï ŋěŕàěàëćŋőáâì áńěćă äãŋłæĺĺ p → ‖λ‖_{Np} [7], ŕőńãçăěň Ã_r ‖λ‖_{Nr} ⩽ 2 ‖ξ‖_r , â.ě. λ ∈ N_r. Ş2 ďőłăğăŋő.

Ĺáŕőńìğãï ďőłăğăŋŋëě ãâćěàęďěŋĺï, ńěčłő âěŕěàì ďőłăğăâì ńěňňã.

Ďěľáâćĺâěńìŋő, ĺğ Ş2 áńěďãěâ, çâő P (p) ⇒ P (p + 2) ∀p ⩾ 4. Ŋő P (4) ïćńïěâáï ć áĺńã âőčő ęě ãâćěàęďěŋĺï áńěďáâćĺěň àěğãńìâăâă Ĺâő-Łńăàłă. Ŕőíâőňã ŕàĺ ćáěå n = 2, 3, . . . ĺňěěâ ňěáâő P (2n). Ŕàĺňěŋïï Ş1, ŕőńãçăěň őâáîďă P (r) ďńï ćáěå r ∈ (1, 2n) , çâő ć áĺńã ŕàőĺğćőńìŋőáâĺ n íłćĺćăńěŋâŋő ŕěàćőňã ãâćěàęďěŋĺî ńěňňë. Ďńï ŕőńãçěŋĺï őæěŋőł (4.6) ďőáâăâőçŋő ŕàĺňěŋĺâì ł (4.5) ŋěàăćěŋáâćă (4.3).

Ďńï ďőłăğăâěńìáâćă (4.7) âěŕěàì ďőáâăâőçŋő ŕàěďáâăćĺâì μ (1) ć ćĺďě (4.5). Šőčďă

μ (t) = M {μ (1)| F_t} = Mμ (1) + M 1∫ 0 φ (s) dw (s) | | | | | F_t =

= Mμ (1) + t∫ 0 φ (s) dw (s) . Ńěňňă ďőłăğăŋă.

Śńěďáâćĺě 1. Ŕãáâì M |ξ|^r < ∞, ŋő M |ξ|^{r+ϵ} = ∞∀ϵ > 0. Šőčďă ć (4.5) λ ∈ N_r (w), ŋő λ ∉ N_{r+ϵ} (w), ϵ > 0. Śńěďáâćĺě 2. Ŕãáâì μ (t) = J (λ) (t), čďě λ ∈ E_2. Šőčďă, ěáńĺ ŕàőæěáá μ (t) áőčńăáőćăŋ á ŕőâőłőň {F^w_t } ĺ M sup_{0⩽t⩽1} |η (t)|^p < ∞, čďě p ∈ (1, ∞),

âő μ (t) — ňăàâĺŋčăń ĺ ‖λ‖_{Np} < ∞..

Şáâăŋőćĺň âăłęě áńěďãîéěě ćáŕőňőčăâěńìŋőě ãâćěàęďěŋĺě Ńěňňă 2. Ŕãáâì φ ∈ N_p, κ ∈ N_p, p > 1. Šőčďă M t∫ 0 φ (s) dw (s) t∫ 0 κ (s) dw (s) = M t∫ 0 κ (s) φ (s) ds, t ∈ [0, 1] . Ďőłăğăâěńìáâćő. Őąőğŋăçĺň

η_1 (t) ≡ t∫ 0 φ (s) dw (s) , η_2 (t) ≡ t∫ 0 κ (s) dw (s) . Ŕő äőàňãńě ďĺääěàěŋæĺàőćăŋĺï Ĺâő ĺňěěň

η_1 (t) η_2 (t) = t∫ 0 η_1κ dw + t∫ 0 η_2φdw + t∫ 0 φκds ŕőíâőňã ďńï ďőłăğăâěńìáâćă ńěňňë ďőáâăâőçŋő ŕàőćěàĺâì, çâő M t∫ 0 η_1κ dw, M t∫ 0 η_2φ dw. (4.10)

Ŕàĺňěŋïï ł ňăàâĺŋčăńã η_1 (t) őæěŋłã (4.2), ă ğăâěň — őæěŋłã (4.3), ĺňěěň

M sup_{0⩽t⩽1} |η_1 (t)|^p ⩽ (p^′)^p M |η (1)|^p ⩽ (p^′)^p B^p ‖φ‖^p_{Np} < ∞.

Ŕőíâőňã M (∫_1 0 |η_1κ|^2 ds )_{1/2} ⩽ M sup_{0⩽t⩽1} |η_1 (t)| (∫_1 0 |κ|^2 ds )_{1/2} ⩽ ⩽ ( M sup_{0⩽t⩽1} |η_1 (t)|^p )_{1/p} ‖κ‖_{Np′} < ∞ ĺ, ğŋăçĺâ, η_1κ ∈ N_1. Łăł ąëńő őâňěçěŋő ćëèě, őâáîďă áńěďãěâ ŕěàćőě ĺğ àăćěŋáâć (4.10). Ăŋăńőčĺçŋő ãáâăŋăćńĺćăěâáï ĺ ćâőàőě àăćěŋáâćő.

4.2. Śćőľáâćă őŕěàăâőàă L

4.2.1. Őŕàěďěńěŋĺě L

Ŕãáâì f ∈ L_1. Śńãçăľŋëě äãŋłæĺĺ L ( f̃ ) (t, ω), őâćěçăîéĺě àăğńĺçŋëň

ŕàěďáâăćĺâěńïň f̃ łńăááă íłćĺćăńěŋâŋőáâĺ f ŋěőâńĺçĺňë ďàãč őâ ďàãčă ĺ ŋěŕàěàëćŋë á ćěàőïâŋőáâìî 1. Ěáâěáâćěŋŋő ŕőíâőňã àăááňăâàĺćăâì őŕěàăâőàë ćĺďă L : L_p → CH_p.

Ńěňňă 3. Ńĺŋěľŋëľ őŕěàăâőà L : L_p → CH_p, p ∈ [1, ∞) őčàăŋĺçěŋ. Ďőłăğăâěńìáâćő. Ĺňěěň, ŕàĺňěŋïï ŋěàăćěŋáâćő Čěńìďěàă, ŕ.ŋ.

sup_{0⩽t⩽1} | | | | | t∫ 0 f (s) ds | | | | | p ⩽ 1∫ 0 |f (s)|^p ds.

Şáàěďŋïï íâő ŋěàăćěŋáâćő ŕő ňěàě P, ŕőńãçăěň |L (f)|^{(d)}_p ⩽ ‖f‖_p , çâő ĺ âàěąőćăńőáì ďőłăğăâì.

4.2.2. Śőŕàïęěŋŋëľ őŕěàăâőà L^∗

Őąőğŋăçĺň L^∗ : (CH_p)^∗ → L^∗_p őŕěàăâőà, áőŕàïęěŋŋëľ ććěďěŋŋőňã ć ńěňňě 3 őŕěàăâőàã L. Ŕőńãçĺň ïćŋőě ŕàěďáâăćńěŋĺě ďńï áãęěŋĺï íâőčő őŕěàăâőàă ŋă ŕőďŕàőáâàăŋáâćő L_p′ ≡ (L_p)^∗ ŕàőáâàăŋáâćă (CH_p)^∗.

4.2. Śćőľáâćă őŕěàăâőàă L 51

Šěőàěňă 1. Ŕãáâì f ∈ L_p′ . Śãéěáâćãěâ âăłőľ ćëąőà ćăàĺăŋâőć ãáńőćŋëå ňăâěňăâĺçěáłĺå őęĺďăŋĺľ, çâő

L^∗ (f) (t, ω) = M 1∫ t f (s, ω) ds | | | | F^t (4.11)

Ąőńěě âőçŋő: łńăááã íłćĺćăńěâŋőáâĺ L^∗ (f) ŕàĺŋăďńěęăâ ćáě BF-ĺğňěàĺňëě äãŋłæĺĺ ćĺďă ( 4.11).

Ďőłăğăâěńìáâćő. Ŕő őŕàěďěńěŋĺî áőŕàïęěŋŋőčő őŕěàăâőàă, L^∗ (f) ěáâì âăłőľ íńěňěŋâ h ŕàőáâàăŋáâćă L_p′ , çâő

⟨f, L (φ)⟩ = ⟨h, φ⟩ = M 1∫ 0 h (s) φ (s) ds ∀φ ∈ L_p.

Šăł łăł á.ä.

∫_1 t f (s, ω) ds ïćńïěâáï B^1 × F-ĺğňěàĺňőľ (âěőàěňă Ťãąĺŋĺ), âő áőčńăáŋő [5] áãéěáâćãěâ âăłőľ ćëąőà ćăàĺăŋâőć ãáńőćŋëå ňăâěňăâĺçěáłĺå őęĺďăŋĺľ, çâő á.ä. h̃ (t) ĺğ (4.11) ïćńïěâáï BF-ĺğňěàĺňőľ. Ńěčłő ŕàőćěàĺâì, çâő h̃ ∈ L_p′ . Ŋăłőŋěæ, ŕàĺňěŋïï âěőàěňã Ťãąĺŋĺ ĺ áćőľáâćă ãáńőćŋëå ňăâěňăâĺçěáłĺå őęĺďăŋĺľ, ĺňěěň ŕàĺ φ ∈ L_p

M 1∫ 0 h̃ (s) φ (s) ds = 1∫ 0 MM 1∫ s f (t, ω) dt | | | | F^s φ (s) ds =

= 1∫ 0 MM 1∫ s f (t, ω) dtφ (s) | | | | | F_s ds =

= M 1∫ 0 1∫ s f (t, ω) dtφ (s) ds = ⟨f, L (φ)⟩ .

Őâáîďă ć áĺńã ŕàőĺğćőńìŋőáâĺ φ ∈ L_p ŕőńãçăěň (4.11).

Śńěďáâćĺě 1. Śãęěŋĺě őŕěàăâőàă L^∗ ŋă L_q őčàăŋĺçěŋő ĺğ L_q ć DH_q, q ∈ (1, ∞). Ďőłăğăâěńìáâćő. Ĺňěěň ĺğ (4.11) ŕàĺ f ∈ L_q

L^∗ (f) (t, ω) = M 1∫ 0 f (s, ω) ds | | | | | F_t − t∫ 0 f (s, ω) ds ≡ (4.12) ≡ μ (t, ω) − L (f) (t, ω) .

Ŋő μ (t) — ňăàâĺŋčăń őâŋőáĺâěńìŋő ŕőâőłă {F_t} ĺ, áńěďőćăâěńìŋő, ĺňěěâ ňőďĺäĺłăæĺî á âàăěłâőàĺïňĺ ĺğ D. Ďăńěě ĺğ (4.2) ĺňěěň

M sup_{0⩽t⩽1} |μ (t)|^q ⩽ (q^′)^q M |μ (1)|^q ⩽ (q^′)^q ‖f‖^q .

Şçĺâëćăï íâã őæěŋłã ĺ áćőľáâćă őŕěàăâőàă L, ŕőńãçĺň ĺğ (4.12) ãâćěàęďěŋĺï áńěďáâćĺï.

Śńěďáâćĺě 2. Ŕãáâì ŕőâőł {F_t} ŋěŕàěàëćěŋ ŋă [0, 1]. Šőčďă áãęěŋĺě őŕěàăâőàă L^∗ ŋă L_q őčàăŋĺçěŋő ĺğ L_q ć CH_q.

Ďőłăğăâěńìáâćő ŋěŕőáàěďáâćěŋŋő ćëâěłăěâ ĺğ (4.12), ěáńĺ ğăňěâĺâì, çâő ć íâőň áńãçăě ňăàâĺŋčăń μ (t) ďőŕãáłăěâ ŋěŕàěàëćŋãî ňőďĺäĺłăæĺî.

4.3. Śćőľáâćă őŕěàăâőàă J

4.3.1. Őŕàěďěńěŋĺě J

Ŕãáâì φ ∈ N_1. Ąãďěň àăááňăâàĺćăâì ńĺèì ŋěŕàěàëćŋëě á ćěàőïâŋőáâìî 1 ňőďĺäĺłăæĺĺ ĺŋâěčàăńă Ĺâő. Šőčďă á.ä. J (φ̃) (t, ω), őâćěçăîéĺě àăğńĺçŋëň ŕàěďáâăćĺâěńïň φ̃ łńăááă íłćĺćăńěŋâŋőáâĺ φ ŋěőâńĺçĺňë ďàãč őâ ďàãčă. Ěáâěáâćěŋŋő ŕőíâőňã àăááňăâàĺćăâì őŕěàăâőàë ćĺďă J : N_p → CH_p. Ńěňňă 4. Ńĺŋěľŋëľ őŕěàăâőà J : N_p → CH_p őčàăŋĺçěŋ. Ďőłăğăâěńìáâćő. Šăł łăł ŕàĺ φ ∈ N_p á.ä. J (φ) (t, ω) ïćńïěâáï ňăàâĺŋčăńőň, âő ŕàĺňěŋïï őæěŋłĺ (4.2) ĺ (4.3), ĺňěěň

M sup_{0⩽t⩽1} |J (φ) (t, ω)|^p ⩽ (p^′)^p M |J (φ) (1, ω)|^p ⩽ (p^′)^p B^p ‖φ‖^p_{Np} .

Śńěďőćăâěńìŋő, |J (φ) (t, ω)|^{(d)}_p ⩽ p^′B_p ‖φ‖_{Np} , çâő ĺ âàěąőćăńőáì ďőłăğăâì.

Śńěďáâćĺě. Őŕěàăâőà J : L_p → CH_p, p ∈ [2, ∞) őčàăŋĺçěŋ. Ďőłăğăâěńìáâćő őçěćĺďŋő.

4.3.2. Őŕěàăâőà J̃

Őąőğŋăçĺň J^∗ : (CH_p)^∗ → N^∗_p őŕěàăâőà, áőŕàïęěŋŋëľ őŕěàăâőàã J , ććěďěŋŋőňã ć ńěňňě 4. Ŕőńãçĺň ïćŋőě ŕàěďáâăćńěŋĺě ďńï áãęěŋĺï íâőčő őŕěàăâőàă ŋă ŕőďŕàőáâàăŋáâćő L_p′ ≡ (L_p)^∗ ⊂ (CH_p)^∗. Ś íâőľ æěńìî ćëŕőńŋĺň àïď ŕàěďćăàĺâěńìŋëå ŕőáâàőěŋĺľ.

Ŕãáâì N_r (B × BF) , r ∈ (1, ∞) — ąăŋăåőćő ŕàőáâàăŋáâćő (łńăááőć íłćĺćăńěŋâŋőáâĺ ŕő ňěàě mes × mes ×P) B × BF-ĺğňěàĺňëå äãŋłæĺľ λ (t, s, ω), 0 ⩽ t ⩽ 1, 0 ⩽ s ⩽ t, ω ∈ Ω á ŋőàňőľ

|||λ|||_r = M 1∫ 0 1∫ 0 λ^2 (t, s, ω) r/2 1/r .

Řăááňőâàĺň ć N_r (B × BF) ńĺŋěľŋőě ňŋőčőőąàăğĺě T_r, áőáâőïéěě ĺğ äãŋłæĺľ ćĺďă λ (t, s, ω) = n−1∑ =0 χ_{Δk} (t) α_k (s, ω) , t ∈ [0, 1] , s ∈ [0, t] , ω ∈ Ω, (4.13)

čďě χ_{Δk} (t) — ĺŋďĺłăâőà ňŋőęěáâćă A; Δ_k ≡ [t_k, t_{k−1}), 0 = t_0 < t_1 < . . . < t_n = 1; äãŋłæĺĺ α_k (s, ω) — BF-ĺğňěàĺňë; α_0 ≡ 0; α_k (s, ω) = 0 ŕàĺ s ∈ (t_k, 1], k ⩾ 1;

M t_k∫

0 α^2_k (s, ω) ds r/2 < ∞.

Ŕőńőęĺň ďńï λ ∈ T_r J̃ (λ) (t, ω) =^{n−1} ∑ k=0 χ_{Δk} (t) t_k∫

0 α_k (s, ω) dw (s, ω) .

Ńěčłő ŕàőćěàĺâì ńĺŋěľŋőáâì őŕěàăâőàă J̃ ŋă T_r. Ŕàĺňěŋïï őæěŋłĺ (4.3), ŕőńãçĺň łàőňě âőčő A_r |||λ|||_r ⩽ ‖ ‖ ‖J̃ (λ) ‖ ‖ ‖_r ⩽ Br |||λ|||_r . (4.14) Ŕãáâì T̄_r — ğăňëłăŋĺě ňŋőęěáâćă T_r ć N_r (B × BF). Ĺáŕőńìğãï ŕàăćőě ŋěàăćěŋáâćő (4.14), ňőęŋő ŕàőďőńęĺâì őŕěàăâőà J̃ ŋă T̄_r ŕő ŋěŕàěàëćŋőáâĺ á áőåàăŋěŋĺěň őæěŋőł (4.14). Śŕàăćěďńĺćă

Ńěňňă 5. Ňŋőęěáâćő L_r (w) ≡ { J̃ (λ) , λ ∈ T̄_r } ğăňłŋãâő ć L_r.

Ďőłăğăâěńìáâćő. Ŕãáâì { ξ_n = J̃ (λ_n) , λ_n ∈ T̄_r } ⊂ L_r (w) ĺ ‖ξ_n − ξ_m‖_r → 0 ŕàĺ n, m → ∞. Ŕàĺňěŋïï ńěćőě ŋěàăćěŋáâćő (4.14), ŕőńãçăěň A_r |||λ_n − λ_m|||_r ⩽ ‖ξ_n − ξ_m‖_r → 0, n, m → ∞.

Šăłĺň őąàăğőň, ŕőáńěďőćăâěńìŋőáâì {λ_n} äãŋďăňěŋâăńìŋă ć N_r (B × BF) ĺ, áńěďőćăâěńìŋő, áåőďĺâáï ł ŋěłőâőàőňã ěčő íńěňěŋâã λ. Ć áĺńã ğăňłŋãâőáâĺ T̄_r ĺňěěň λ ∈ T̄_r. Ŕãáâì ξ = J̃ (λ) . Šőčďă ĺğ ŕàăćőčő ŋěàăćěŋáâćă (4.14) ĺňěěň ‖ξ_n − ξ‖_r ⩽ B_r |||λ_n − λ|||_r → 0, n → ∞, çâő ĺ őğŋăçăěâ ğăňłŋãâőáâì ňŋőęěáâćă L_r (w). Ńěňňă ďőłăğăŋă.

Şáâăŋőćĺň àïď áćőľáâć őŕěàăâőàă J̃ . Ńěňňă 6. Ŕãáâì λ ∈ T̄_r, η = J̃ (λ). Šőčďă

ă) ďńï ŕ.ć. t ∈ [0, 1] Mη (t) = 0;

ą) ∀t ∈ [0, 1] ĺ ŕ.ć. s ∈ [t, 1] ŕ.ŋ.

M {η (s)| F_t} = t∫ 0 λ (t, s, ω) dw (s, ω) ;

ć) ěáńĺ φ ∈ N_r′ , âő ďńï ŕ.ć t ∈ [0, 1]

Mη (t) J (φ) (t) = M t∫ 0 λ (t, s, ω) φ (s, ω) ds;

č) ěáńĺ r = 2 ĺ τ ∈ (0, 1], âő ŕ.ŋ. τ∫ o η (s) ds = τ∫ o τ∫ t λ (t, s, ω) ds dw (t, ω) .

Ďőłăğăâěńìáâćő. Šăł łăł λ ∈ N_r (B × BF) , âő ďńï ŕ.ć. t ∈ [0, 1] λ (t, ·) ∈ N_r ([0, t] × Ω) . Ĺáŕőńìğãï íâő, ććěďěň á.ć.

ξ_t (ω) = t∫ 0 λ (t, s, ω) dw (s, ω) ,

čďě ĺŋâěčàăń áŕàăćă ŕőŋĺňăěâáï ć áňëáńě Ĺâő. Ŕőłăęěň, çâő ďńï ŕ.ć. t ŕ.ŋ.

ξ_t (ω) = η (t, ω) (4.15)

Ďěľáâćĺâěńìŋő, ĺňěěň η = lim_{n→∞} (L_r) J̃ (λ_n) , čďě {λ_n} ⊂ T_r. Ŕőíâőňã ďńï ŕ.ć. t ĺ ŋěłőâőàőľ ŕőáńěďőćăâěńìŋőáâĺ n_k → ∞ M | |η_{nk} (t) − η (t) | |^r → 0, η_k = J̃ (λ_k) .

Ś ďàãčőľ áâőàőŋë, ďńï ŕőďŕőáńěďőćăâěńìŋőáâĺ ŕőáńěďőćăâěńìŋőáâĺ n_k

M | | |η_{nkm} (t) − ξ (t) | | |^r ⩽ B^r M t∫ 0 | |λ (t, s) − λ_{nkm} (t, s) | |^2 ds r/2 → 0, m → ∞

ďńï ŕ.ć. t. Śńěďőćăâěńìŋő, ďńï ŕ.ć. t ∈ [0, 1] ĺňěěň M |η (t) − ξ_t|^r = 0, çâő íłćĺćăńěâŋő (4.15).

Ĺáŕőńìğãï íâő àăćěŋáâćő, ńěňňã 2 ĺ őąëçŋëě áćőľáâćă ĺŋâěčàăńă Ĺâő [4], ŕőńãçăěň ãâćěàęďěŋĺï ă)-ć) ńěňňë.

Ďőłăęěň ŕőáńěďŋěě ãâćěàęďěŋĺě. Őąőğŋăçĺň α ĺ β, áőőâćěâáâćěŋŋő, á.ć., áâőïéĺě ć ńěćőľ ĺ ŕàăćőľ çăáâïå àăćěŋáâćă č). Ŕãáâì âăłęě α_n ≡ τ∫ 0 η_n (s) ds, β_n ≡ τ∫ 0 τ∫ t λ_n (s, t) ds dw (t) .

Ĺáŕőńìğãï ćĺď äãŋłæĺĺ λ_n ∈ T, ńěčłő ŕàőćěàĺâì, çâő

α_n = n−1∑ k=0 mes (Δ_k ∩ [0, τ]) t_k∫

0 α_k (s) dw (s) = β_n ŕ.ŋ. Łàőňě âőčő,

M |α_n − α|^2 ⩽ ‖η_n − η‖^2 → 0,

M |β_n − β|^2 = M τ∫ 0

| | | | | τ∫ t (λ_n (s, t) − λ (s, t)) ds | | | | | 2 dt ⩽

⩽ M 1∫ 0 t∫ 0 |λ_n (s, t) − λ (s, t)|^2 ds dt ≡ |||λ_n − λ|||^2 → 0, n → ∞.

Ŕőíâőňã M |α − β|^2 = 0, çâő ĺ âàěąőćăńőáì ďőłăğăâì.

Ńěňňă 7. Ďńï ńîąőľ φ ∈ L_r (w), r ∈ (1, 2] áãéěáâćãěâ ěďĺŋáâćěŋŋëľ íńěňěŋâ λ ∈ T̄_r âăłőľ, çâő mes ×P-ŕ.ć.

φ (t, ω) = Mφ (t, ω) + J̃ (λ) (t, ω) . (4.16)

Ŕàĺ íâőň ńĺŋěľŋëľ őŕěàăâőà K : λ = Kφ őčàăŋĺçěŋ ĺğ L_r (w) ć N_r (B × BF). Ďőłăğăâěńìáâćő. Ŕãáâì S_r — ňŋőęěáâćő áâãŕěŋçăâëå äãŋłæĺľ ĺğ L_r (w), â.ě. łńăáá äãŋłæĺľ ćĺďă ψ (t, ω) = n−1∑ k=0 χ_{Δk} (t) ψ_k (ω) , ψ_k ∈ L_r (Ω) ,

čďě á.ć. ψ_k (ω) , k ⩾ 0 ĺğňěàĺňă őâŋőáĺâěńìŋő σ-ăńčěąàë F^w_{tk} . Ĺğćěáâŋő, çâő S̄_r = L_r (w) [4]. Ŕőłăęěň, çâő ńîąăï ψ ∈ S_r őďŋőğŋăçŋő ŕàěďáâăćĺňă ć ćĺďě (4.16), ŕàĺçěň áőőâćěâáâćãîéăï äãŋłæĺï λ ∈ T_r. Ďěľáâćĺâěńìŋő, áőčńăáŋő ńěňňë 1 á.ć. ψ_k (ω) ěďĺŋáâćěŋŋëň őąàăğőň ŕàěďáâăćĺňă ć ćĺďě

ψ_k (ω) = Mψ_k (ω) + t_k∫

0 α_k (s, ω) dw (s, ω) ,

čďě M (∫_{tk} 0 α^2_k (s) ds )_{r/2} . Ŕàőďőńęăï łăęďãî ĺğ äãŋłæĺľ α_k (s, ω) ŋă [0, 1]× Ω ŋãńěň, ŕőńãçĺň őâáîďă ψ (t, ω) = Mψ (t, ω) + J̃ (λ) (t, ω) , čďě äãŋłæĺï λ ĺňěěâ ćĺď (4.13).

Ŕãáâì ďăńěě φ — ŕàőĺğćőńìŋăï äãŋłæĺï ĺğ L_r (w) ĺ ‖φ − ψ_n‖_r → 0, n → ∞, čďě {ψ_n} ⊂ S_r. Ŕãáâì λ_n = Kψ_n. Ŕàĺňěŋïï ńěćãî őæěŋłã (4.14) ĺ ãçĺâëćăï äãŋďăňěŋâăńìŋőáâì ŕőáńěďőćăâěńìŋőáâĺ {ψ_n}, ŕőńãçăěň ŕàĺ n, m → ∞ A_r |||λ_n − λ_m|||_r ⩽ ‖ ‖J̃ (λn − λm) ‖ ‖_r ⩽ 2 ‖ψ_n − ψ_m‖_r → 0. Śńěďőćăâěńìŋő, ŕőáńěďőćăâěńìŋőáâì {λ_n} äãŋďăňěŋâăńìŋă ć N_r (B × BF) ĺ ŕőíâőňã áåőďĺâáï ł ŋěłőâőàőňã λ ∈ T̄_r. Ŕãáâì φ_1 = Mφ + J̃ (λ) . Šőčďă ‖φ_1 − φ‖_r ⩽ ‖φ − ψ_n‖_r + ‖φ_1 − ψ_n‖_r ⩽ ⩽ ‖φ − ψ_n‖_r + ‖M (φ − ψ_n)‖_r + + ‖ ‖ ‖J̃ (λn − λ) ‖ ‖ ‖_r ⩽ 2 ‖φ − ψ_n‖_r + Br |||λn − λ|||_r → 0, n → ∞ őâłãďă ćëâěłăěâ (4.16). Ŕàĺňěŋïï ł íâőňã àăćěŋáâćã ńěćãî őæěŋłã (4.14), ŕőńãçăěň A_r |||λ|||_r ⩽ ‖ ‖J̃ (λ) ‖ ‖_r = ‖φ − Mφ‖_r ⩽ 2 ‖φ‖_r . Őâáîďă áńěďãěâ ěďĺŋáâćěŋŋőáâì ŕàěďáâăćńěŋĺï (4.16) ĺ őčàăŋĺçěŋŋőáâì őŕěàăâőàă K. Ńěňňă ďőłăğăŋă.

4.3.3. Śőŕàïęěŋŋëľ őŕěàăâőà J^∗

Ĺáŕőńìğãěň àěğãńìâăâë ńěňň 6,7 ďńï ĺááńěďőćăŋĺï áâàãłâãàë őŕěàăâőàă J^∗. Ŕãáâì L^⊥_2 (w) — őàâőčőŋăńìŋőě ďőŕőńŋěŋĺě ŕàőáâàăŋáâćă L_2 (w) ć čĺńìąěàâőćőň ŕàőáâàăŋáâćě L_2 = L_2 (w) ⊕ L^⊥_2 (w). Śŕàăćěďńĺćă Šěőàěňă 2. Śãęěŋĺě őŕěàăâőàă J^∗ : (CH_p)^∗ → N^∗_p , p ∈ [2, ∞) ŋă ŕőďŕàőáâàăŋáâćő L_2 ⊂ (CH_p)^∗, ă âăłęě — ŋă ŕőďŕàőáâàăŋáâćő L_p′ (w) ⊂ (CH_p)^∗ ĺňěěâ ćĺď

J^∗ (χ) (t, ω) = 1∫ t λ (s, t, ω) ds (4.17)

čďě χ = χ_1 + J̃ (λ), χ_1 ∈ L^⊥_2 (w), λ ∈ T̄_2 ĺ λ = Kχ ć ŕěàćőň ĺ ćâőàőň áńãçăïå áőőâćěâáâćěŋŋő.

Ďőłăğăâěńìáâćő. Ďőłăęěň âěőàěňã ć áńãçăě χ ∈ L_p′ (w) . Ŕãáâì φ ∈ N_p. Řăğńăčăï äãŋłæĺî χ ć áãňňã (4.16), ŕàĺňěŋïï ãâćěàęďěŋĺě ć) ńěňňë 6 ĺ âěőàěňã Ťãąĺŋĺ, ŕőńãçĺň

⟨χ, J (φ)⟩ = M 1∫ 0 ( Mχ (t) + J̃ (λ) (t) ) J (φ) (t) dt =

= 1∫ 0 M t∫ 0 λ (t, s) φ (s) dsdt = M 1∫ 0 1∫ t λ (t, s) ds φ (t) dt = ⟨J^∗χ, φ⟩ .

Őâáîďă ć áĺńã ŕàőĺğćőńìŋőáâĺ φ ćëâěłăěâ ãâćěàęďěŋĺě âěőàěňë. Ăŋăńőčĺçŋő ŕàőćőďĺâáï ďőłăğăâěńìáâćő ĺ ć áńãçăě χ ∈ L_2. Ğăňěâĺň, çâő ěáńĺ χ ∈ L_2 (w) ⊂ L_2 ∩ L_p′ (w) , âő áőčńăáŋő (4.16) χ_1 = Mχ ∈ L^⊥_2 (w) .

Śńěďáâćĺě. Şłăğăŋŋëě ć âěőàěňě áãęěŋĺï őčàăŋĺçěŋë ĺğ L_2 ć L_2 ĺ ĺğ L_q (w) ć L_q (w) , q ∈ [p^′, 2] áőőâćěâáâćěŋŋő.

Ďőłăğăâěńìáâćő. Ĺňěěň ĺğ (4.17)

‖J^∗χ‖^q = M 1∫ 0

| | | | | 1∫ t λ (s, t) ds | | | | | q dt ⩽ M 1∫ 0 1∫ t |λ (s, t)|^q dsdt =

= M 1∫ 0 t∫ 0 |λ (s, t)|^q dsdt ⩽ |||λ|||^q ⩽ (2A_q)^{−q} ‖χ‖^q .

Ăŋăńőčĺçŋő ŕàőćěàïěâáï ĺ ŕěàćőě ãâćěàęďěŋĺě âěőàěňë.

4.4. Śćőľáâćă őŕěàăâőàă P

4.4.1. Őŕàěďěńěŋĺě P

Ŕãáâì ψ ∈ L_2 (Π). Šăł łăł á.ä. P ( ψ̃ ) (t, ω), őâćěçăîéĺě àăğńĺçŋëň

ŕàěďáâăćĺâěńïň ψ̃ łńăááă íłćĺćăńěŋâŋőáâĺ ψ á ćěàőïâŋőáâìî 1 ĺňěîâ âàăěłâőàĺĺ ĺğ D ĺ ŋěőâńĺçĺňë ďàãč őâ ďàãčă, âő ňőęŋő àăááňăâàĺćăâì őŕěàăâőàë ćĺďă P : L_p (Π) → DH_p, p ⩾ 2.

Ńěňňă 8. Ńĺŋěľŋëľ őŕěàăâőà P : L_p (Π) → DH_p, p ⩾ 2 ( p — æěńőě, çěâŋőě) őčàăŋĺçěŋ.

Ďőłăğăâěńìáâćő. Ŕàĺ p = 2 ãâćěàęďěŋĺě ńěňňë ńěčłő ćëćőďĺâáï ĺğ àăćěŋáâćă (4.4). Ŕãáâì ďăńěě p > 2. Şáâăŋőćĺň áŋăçăńă őčàăŋĺçěŋŋőáâì őŕěàăâőàă P : L_p (Π) → DH_p. Ćőáŕőńìğãěňáï ďńï íâőčő őæěŋłőľ, ĺňěîéěľáï ć àăąőâě [6, áâà. 150]. Ŕãáâì α ∈ L_p (Π)

M |P (α) (t)|^p ⩽ K_1 (p) M t∫ 0 p∑ k=2 v^{p/k}_k (s) ds,

v_k (s) ≡ ∫ |α (s, y)|^k Π (dy) . Ŕàĺňěŋïï ł íâőňã ŋěàăćěŋáâćã ŋěàăćěŋáâćő Čěńìďěàă ĺ äőàňãńã ąĺŋőňă Ŋìîâőŋă, ŕőńãçăěň

M |P (α) (t)|^p ⩽ K_2 (p) M p∑ k=2 t∫ 0 v^{p/2}_2 (s) ds 2(p−k) k(p−2) t∫ 0 v_p (s) ds p(k−2) k(p−2) ⩽

⩽ K_2 (p) M p∑ k=2 t∫ 0 v^{p/2}_2 (s) ds 1 k(p−2) + t∫ 0 v_p (s) ds 1 k(p−2) (p−2)k ⩽

⩽ K_2 (p) p∑ k=2 2^{(p−2)k−1}M t∫ 0 [ v^{p/2}_2 (s) + v_p (s) ] ds ⩽ K^p_p ‖α‖^p_{Lp(Π)} . Śńěďőćăâěńìŋő, |P (α) (t)|_p ⩽ K_p ‖α‖_{Lp(Π)} (K_1 (p) , K_2 (p) , K (p) — ŕőáâőïŋŋëě, ğăćĺáïéĺě âőńìłő őâ p).

Ŋő P (α) (t) — ňăàâĺŋčăń, ŕőíâőňã ć áĺńã (4.2) |P (α)|^{(d)}_p ⩽ p^′ |P (α)|_p ⩽ p^′K_p ‖α‖_{Lp(Π)} , çâő ĺ âàěąőćăńőáì ďőłăğăâì.

4.4. Śćőľáâćă őŕěàăâőàă P 59

4.4.2. Őŕěàăâőà P̃

Ďńï âőčő çâőąë ĺááńěďőćăâì áâàãłâãàã áőŕàïęěŋŋőčő őŕěàăâőàă P^∗ ććěďěň ŕő ăŋăńőčĺĺ á N_2 (B × BF) čĺńìąěàâőćő ŕàőáâàăŋáâćő N_2 ( B × BF × B^l ) (łńăááőć íłćĺćăńěŋâŋőáâĺ ŕő ňěàě mes × mes ×P×Π) B×BF×B^l-ĺğňěàĺňëå äãŋłæĺľ μ (t, s, ω, y), t ∈ [0, 1], s ∈ [0, t], ω ∈ Ω, y ∈ R^l á ŋőàňőľ

|||μ|||_Π = M 1∫ 0 t∫ 0 ∫ μ^2 (t, s, ω, y) Π (dy) dsdt 1/2 . Ăŋăńőčĺçŋő T_r ĺ J̃ ććőďïâáï ńĺŋěľŋőě ňŋőčőőąàăğĺě T_2 (ν) ⊂ N_2 ( B × BF × B^l ) ĺ őŕěàăâőà P̃ ŋă ŋěň ĺ áâàőĺâáï ŕàőďőńęěŋĺě íâőčő őŕěàăâőàă ŋă ğăňëłăŋĺě T_2 (ν) ŕő ŋěŕàěàëćŋőáâĺ. Ŕàĺ íâőň ćňěáâő (4.14) ĺáŕőńìğãěâáï àăćěŋáâćő ‖ ‖ ‖P̃ (μ) ‖ ‖ ‖_2 = |||μ|||_Π , μ ∈ T2 (ν) , łőâőàőě ŋěŕőáàěďáâćěŋŋő ćëćőďĺâáï ĺğ (4.4).

Ďőłăğăâěńìáâćă áńěďãîéĺå ŕàěďńőęěŋĺľ ćŕőńŋě ăŋăńőčĺçŋë ďőłăğăâěńìáâćăň ńěňň 6 ĺ 7.

Ńěňňă 9. Ŕãáâì μ ∈ T_2 (ν), η (t) = P̃ (ψ) (t). Šőčďă

ă) ďńï ŕ.ć. t ∈ [0, 1] Mη (t) = 0;

ą) ∀t ∈ [0, 1] ĺ ŕ.ć. s ∈ [t, 1] ŕ.ŋ. M {η (s)| F_t} = t∫ 0 ∫ μ (s, τ , ω, y) ν̃ (dτ, dy) ;

ć) ěáńĺ α ∈ L_2 (Π), âő ďńï ŕ.ć. t

Mη (t) P (α) (t) = M t∫ 0 ∫ μ (t, τ, ω, y) α (τ, ω, y) Π (dy) dτ;

č) ∀τ ∈ (0, 1] ŕ.ŋ. τ∫ 0 η (s) ds = τ∫ 0 ∫ τ∫ t μ (s, t, ω, y) ds ν̃ (dt, dy) .

Ńěňňă 10. Ňŋőęěáâćő L_2 (ν) ≡ { P̃ (μ) , μ ∈ T_2 (ν) } ïćńïěâáï ğăłŋãâëň ŕőďŕàőáâàăŋáâćőň ć L_2.

4.4.3. Śőŕàïęěŋŋëľ őŕěàăâőà P^∗

Ŕãáâì L^⊥_2 (ν) — őàâőčőŋăńìŋőě ďőŕőńŋěŋĺě L_2 (ν) ć čĺńìąěàâőćőň ŕàőáâàăŋáâćě L_2 = L_2 (ν) ⊕ L^⊥_2 (ν) . Ĺáŕőńìğãï àěğãńìâăâë ńěňň 9, 10, ďőłăęěň áńěďãîéãî âěőàěňã

Šěőàěňă 3. Śãęěŋĺě őŕěàăâőàă P^∗ : (DH_p)^∗ → (L_p (Π))^∗ , p ⩾ 2 ( p – çěâŋőě) ŋă ŕàőáâàăŋáâćő L_2 ⊂ (DH_p)^∗ őčàăŋĺçěŋő ĺğ L_2 ć L_2 (Π) ĺ ĺňěěâ ćĺď

P^∗ (χ) (t, ω, y) = 1∫ t μ (s, t, ω, y) ds,

čďě χ = χ_1 + P̃ (μ), χ_1 ∈ L^⊥_2 (ν), μ ∈ T_2 (ν).

4.5. Ŋěłőâőàëě áćïğĺ ňěęďã őŕěàăâőàăňĺ L,J ,P

Ć íâőň àăğďěńě ćáîďã ŕàěďŕőńŕčăěâáï, çâő ćĺŋěàőáłĺľ ŕàőæěáá w ĺ ŕãăááőŋőćáłăï áńãçăľŋăï ňěàă ν ŋěğăćĺáĺňë ňěęďã áőąőľ.

Šěőàěňă 4. Čĺńìąěàâőćő ŕàőáâàăŋáâćő L_2 ďőŕãáłăěâ áńěďãîéĺě àăğńőęěŋĺï ć ŕàïňëě áãňňë ćğăĺňŋő őàâőčőŋăńìŋëå ğăňłŋãâëå ŕőďŕàőáâàăŋáâć

L_2 = L_2 (w) ⊕ L^⊥_2 (w) = L_2 (ν) ⊕ L^⊥_2 (ν) = L_2 (w) ⊕ L_2 (ν) ⊕ L^⊥_2 .

Ďőłăğăâěńìáâćő. Ěďĺŋáâćěŋŋőě, çâő âàěąãěâ ŕàőćěàłĺ íâő őàâőčőŋăńìŋőáâì ŕőďŕàőáâàăŋáâć L_2 (w) ĺ L_2 (ν) ňěęďã áőąőľ. Šăł łăł w ĺ ν ŋěğăćĺáĺňë ňěęďã áőąőľ, âő łăł ĺğćěáâŋő, MJ̃ (λ) P̃ (μ) = 0 ďńï ńîąëå λ ∈ T_2, μ ∈ T_2 (ν). Ŕőíâőňã ňŋőęěáâćă J̃ (T_2) ĺ P̃ (T_2 (ν)) őàâőčőŋăńìŋë ňěęďã áőąőľ. Ŋő âőčőďă őàâőčőŋăńìŋë ĺ ĺå ğăňëłăŋĺï L_2 (w) ĺ L_2 (ν) .

Ńěňňă 11. Ŕãáâì χ ∈ L_2. Őąőğŋăçĺň θ ≡ L^∗ (χ), κ ≡ J^∗ (χ), α ≡ P^∗ (χ). Śãéěáâćãěâ ěďĺŋáâćěŋŋëľ ňăàâĺŋčăń h ∈ M^⊥_2 , čďě M^⊥_2 = M^w_2 ⊕ M^ν_2 ⊕ M^⊥_2 , âăłőľ, çâő

θ (t) = − t∫ 0 χ (s) ds + t∫ 0 κ (s) dw (s) +

+ t∫ 0 ∫ α (s, y) dν̃ (ds, dy) + h (t) , t ∈ [0, 1] .

Ďőłăğăâěńìáâćő. Ćőáŕőńìğãěňáï äőàňãńőľ (4.12). Řăğńőęĺň ňăàâĺŋčăń μ ∈ M_2 ć áãňňã

μ (t) = J (κ_1) (t) + P (α_1) (t) + h (t) ,

čďě h ∈ M^⊥_2 , κ_1 ∈ L_2, α_1 ∈ L_2 (Π). Ďńï ďőłăğăâěńìáâćă ńěňňë őáâăěâáï ŕőłăğăâì, çâő κ_1 = κ, α_1 = α.

Ŕãáâì φ ∈ L_2. Ĺňěěň, ŕàĺňěŋïï âěőàěňã Ťãąĺŋĺ ĺ ĺğćěáâŋëě áćőľáâćă ãáńőćŋëå ňăâěňăâĺçěáłĺå őęĺďăŋĺľ, ⟨κ_1, φ⟩ = M 1∫ 0 κ_1φ ds = M 1∫ 0 κ_1dw 1∫ 0 φ dw = Mμ (1) 1∫ 0 φ dw =

= M 1∫ 0 χds 1∫ 0 φ dw = 1∫ 0 MM χ (s) 1∫ 0 φ dw | | | | | F_s ds =

= M 1∫ 0 χ (s) s∫ 0 φ dwds = ⟨χ, J (φ)⟩ . Őâáîďă, ãçĺâëćăï ŕàőĺğćőń ć ćëąőàě φ, ŕőńãçăěň κ_1 = J^∗ (χ) = κ. Ăŋăńőčĺçŋő ãáâăŋăćńĺćăěâáï, çâő α_1 = α.

Ńěňňă 12. Ŕãáâì^4 F_t ≡ F^w_t , χ ∈ L_r, r ∈ (1, 2]; θ = L^∗ (χ), κ = J^∗ (χ). Šőčďă ŕàĺ t ∈ [0, 1] θ (t) = − t∫ 0 χ (s) ds + t∫ 0 κ (s) dw (s) . Ďőłăğăâěńìáâćő. Ŕő ńěňňě 1 ć íâőň áńãçăě ňăàâĺŋčăń μ (t) ŕàěďáâăćńïěâáï ć ćĺďě

μ (t) = Mμ (t) + t∫ 0 κ_1 (s) dw (s) ,

čďě κ_1 ∈ N_r. Ďőłăğăâěńìáâćő âőčő, çâő κ_1 = κ ćëŕőńŋïěâáï âăł ęě łăł ĺ ć ńěňňě 11, ěáńĺ ãçěáâì àěğãńìâăâ ńěňňë 2.

Ńěňňă 13. Ŕãáâì χ ∈ L_2, θ = L^∗ (χ). Ŕàěďáâăćĺň äãŋłæĺî θ ∈ L_2 ć ćĺďě áãňňë

θ = J̃ (λ) + P̃ (μ) + θ_1,

4Ć íâőň áńãçăě ňë, àăğãňěěâáï, ŋě ŕàěďŕőńăčăěň áãéěáâćőćăŋĺï ŕãăááőŋőćáłőľ ňěàë ν, ãďőćńěâćőàïîéěľ ãáńőćĺïň ŕ. 4.1.

čďě λ ∈ T_2, μ ∈ T_2 (ν), θ_1 ∈ L^⊥_2 . Šőčďă λ (t, τ , ω) , μ (t, τ , ω, y) ŋěŕàěàëćŋë

ŕő t ⩾ τ ĺ ŕ.ć. J^∗ (χ) (t, ω) = λ (t, t, ω) , P^∗ (χ) (t, ω, y) = μ (t, t, ω, y) . Ďőłăğăâěńìáâćő. Ŕőłăęěň ŕàěęďě ćáěčő, çâő T_2 = N_2 (B × BF) . Ďěľ-

áâćĺâěńìŋő, ńîąăï äãŋłæĺï φ ∈ N_2 (B × BF) ňőęěâ ąëâì ŕàőďőńęěŋă

ŋãńěň ďő ŋěłőâőàőľ äãŋłæĺĺ φ_1 ĺğ L_2 ([0, 1] × [0, 1] × Ω) . Ŋő ć ŕőáńěďŋěň

ŕàőáâàăŋáâćě ćáîďã ŕńőâŋőě ňŋőęěáâćő őąàăğãěâ łńăáá äãŋłæĺľ ćĺďă

ψ_n (t, ω) = n−1∑ k=0 χ_{Δk} (t) α_k (s, ω) ,

M t_k∫

0 α^2_k (s) ds < ∞.

Ŕãáâì ψ_n → φ_1, n → ∞ ć L_2 ([0, 1] × Ω). Ŕőńőęĺň ŕàĺ s ∈ [0, t]

ψ̂_n (t, ω) =^{n−1} ∑ k=0 χ_{Δk} (t) α̂_k (s, ω) ,

čďě { α̂_k (s, ω) = α_k (s, ω) , s ∈ [0, t_k] , α̂_k (s, ω) = 0, s ∈ (t_k, 1] .

Ńěčłő ćĺďěâì, çâő ψ̂ ∈ T_2 ĺ | | | | | | | | |ψ̂ − φ | | | | | | | | |_2 → 0, n → ∞. Ŕàĺáâãŕĺň ł ďőłăğăâěńìáâćã ńěňňë. Ŕő âěőàěňě 4 χ = χ_1 +J̃ (λ_1), čďě

λ_1 ∈ T_2, χ_1 ∈ L^⊥_2 (w). Ŕőíâőňã θ = θ_2 + L^∗J̃ (λ_1), θ_2 ≡ L^∗ (χ_1) . Śőčńăáŋő

(4.12) ĺňěěň

L^∗J̃ (λ_1) (t) = M 1∫ 0 J̃ (λ_1) (s) ds | | | | | F_t − t∫ 0 J̃ (λ_1) (s) ds.

Ŕàěőąàăğãěň ŕàăćãî çăáâì íâőčő àăćěŋáâćă, ĺáŕőńìğãï ãâćěàęďěŋĺě č) ńěňňë 6:

L^∗J̃ (λ_1) (t) = M 1∫ 0 1∫ τ λ_1 (s, τ ) ds dw (τ) | | | | F^t − t∫ 0 t∫ τ λ_1 (s, τ) ds dw (τ ) =

= t∫ 0 1∫ τ λ_1 (s, τ) ds dw (τ ) − t∫ 0 t∫ τ λ_1 (s, τ) ds dw (τ ) =

= t∫ 0 1∫ t λ_1 (s, τ) ds dw (τ ) , t ∈ [0, 1] .

Ńěčłő ŕàőćěàïěâáï, çâő

λ_2 (t, τ , ω) ≡ 1∫ t λ_1 (s, τ, ω) ds ∈ N_2 (B × BF) = T_2.

Ŕőíâőňã, łăł ąëńő őâňěçěŋő ŕàĺ ďőłăğăâěńìáâćě ńěňňë 6,

L^∗J̃ (λ_1) (t) = t∫ 0 λ_2 (t, τ, ω) dw (τ ) = J̃ (λ_2) (t)

ďńï ŕ.ć. t ŕ.ŋ. Ŕőłăęěň ďăńěě, çâő θ_2 ∈ L^⊥_2 (w) . Ć áăňőň ďěńě, ěáńĺ φ = J̃ (ψ) ∈ L_2 (w) , âő łăł ĺ ćëèě ŕőńãçăěň ďńï ŕ.ć. t ŕ.ŋ.

L (φ) (t) = t∫ 0 t∫ τ ψ (s, τ, ω) ds dw (τ) = J̃ (μ_1) (t) ∈ L_2 (w) ,

μ_1 (t, τ , ω) ≡ t∫ τ ψ (s, τ , ω) ds ∈ N_2 (B × BF) .

Şçĺâëćăï, çâő χ_1 ∈ L^⊥_2 (w), ĺňěěň âőčďă

⟨φ, θ_2⟩ = ⟨φ, L^∗ (χ_1)⟩ = ⟨L (φ) , χ_1⟩ = 0

őâłãďă áńěďãěâ ŋăèě ãâćěàęďěŋĺě. Ĺâăł, ďőłăğăŋő, çâő

θ = J̃ (λ_2) + θ_2, θ_2 ∈ L^⊥_2 (w) .

Śàăćŋĺćăï íâő àăğńőęěŋĺě á ĺáåőďŋëň, ŕőńãçăěň

λ (t, τ, ω) = λ_2 (t, τ , ω) = 1∫ t λ_1 (s, τ, ω) ds.

Ŋő á ďàãčőľ áâőàőŋë áőčńăáŋő âěőàěňë 2

J^∗ (χ) (t, ω) = 1∫ t λ_1 (s, t, ω) ds.

Ĺğ íâĺå ďćãå àăćěŋáâć ćëćőďĺň ŕěàćőě ãâćěàęďěŋĺě ńěňňë. Ćâőàőě ãáâăŋăćńĺćăěâáï âăł ęě.

Ńĺâěàăâãàă

[1] Bismut J.-M. SIAM Rev., vol. 20, N 1, 1978.

[2] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. ŔŇŇ, â. 42, ćëŕ. 2, 1978 (Čńăćă 1 ŋăáâőïéěčő áąőàŋĺłă) [3] Łăŋâőàőćĺç Ń.Ć., Ăłĺńőć Č.Ŕ. Ťãŋłæĺőŋăńìŋëľ ăŋăńĺğ. Ň., Ŋăãłă, 1977.

[4] Śŕàăćőçŋĺł ŕő âěőàĺĺ ćěàőïâŋőáâěľ ĺ ňăâěňăâĺçěáłőľ áâăâĺáâĺłě.

Ł., Ŋăãłőćă ďãňłă, 1978.

[5] Ěàèőć Ň.Ŕ. Šěőàĺï ćěàőïâŋ. ĺ ěě ŕàĺňěŋěŋ., â. 17, ü1, 1972. [6] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Šěőàĺï áńãçăľŋëå ŕàőæěááőć, â. Ÿ. Ň., Ŋăãłă, 1975.

[7] Ŋěćě Ę. Ňăâěňăâĺçěáłĺě őáŋőćë âěőàĺĺ ćěàőïâŋőáâěľ. M.: Ňĺà, 1969.

Čńăćă 5.

Ő ŕőáâàőěŋĺĺ ňĺŋĺňĺğĺàãîéĺå ŕőáńěďőćăâěńìŋőáâěľ ć áâőåăáâĺçěáłĺå ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï

ŞĎŁ 531.36 + 62-50

5.1. Ććěďěŋĺě

Ć àăąőâě àăğćĺćăěâáï ŋěłőâőàëľ őąéĺľ ŕőďåőď ł ŕőáâàőěŋĺî ňĺŋĺňĺğĺàãîéĺå ŕőáńěďőćăâěńìŋőáâěľ ć ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï. Ć őáŋőćě ěčő ńěęĺâ ăŋăńĺğ â.ŋ. ćőğňãéěŋŋőčő ŕàĺŋæĺŕă ňăłáĺňãňă Ń.Ś. Ŕőâàïčĺŋă, łőâőàőňã ãďőćńěâćőàïîâ çńěŋë íâĺå ŕőáńěďőćăâěńìŋőáâěľ.

Řăááňăâàĺćăěâáï ŕàőáâěľèăï ğăďăçă őŕâĺňĺğăæĺĺ ãŕàăćńïěňőľ áĺáâěňë áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ Ĺâő á ĺŋâěčàăńìŋëň äãŋłæĺőŋăńőň łăçěáâćă. Ć ďěâěàňĺŋĺàőćăŋŋőň áńãçăě ĺáåőďŋëľ àěğãńìâăâ ć íâőň ŋăŕàăćńěŋĺĺ (áőőâćěâáâćãîéĺľ ŕěàćőňã ãâćěàęďěŋĺî âěőàěňë 2) ŕőńãçěŋ ć [2]. Ć àăąőâě ŕàěďńőęěŋă áåěňă ćëćőďă ćőğňãéěŋŋőčő ŕàĺŋæĺŕă ňăłáĺňãňă, áőőâćěâáâćãîéěčő ŕőáńěďŋěňã ãâćěàęďěŋĺî

1Ĺ.Ŕ. Śňĺàŋőć, Ň.Ĺ. Śãňĺŋ. Ő ŕőáâàőěŋĺĺ ňĺŋĺňĺğĺàãîéĺå ŕőáńěďőćăâěńìŋőáâěľ ć áâőåăáâĺçěáłĺå ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï, Čőàìłĺľ, 1981. Ďěŕ. ć ĆĹ- ŊĹŠĹ, 1981, ü1836 - 81 Ďěŕ. (Ĺğ ňăâěàĺăńőć V ŋăãçŋőľ łőŋäěàěŋæĺĺ ňőńőďëå ãçěŋëå ňěåăŋĺłő-ňăâěňăâĺçěáłőčő äăłãńìâěâă ĺ ŊĹĹ Ňěåăŋĺłĺ Čőàìłőćáłőčő ãŋĺćěàáĺâěâă ğă 1980 č., ç. 2)

âěőàěňë 2 ďńï ğăďăçĺ ãŕàăćńěŋĺï áĺáâěňőľ őąëłŋőćěŋŋëå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ á äăğőćëňĺ őčàăŋĺçěŋĺïňĺ âĺŕă àăćěŋáâćă ĺ ŋěàăćěŋáâćă.

5.2. Ŕőáâăŋőćłă ğăďăçĺ

Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő, {F_t} , t ∈ [0, 1] — ŕőâőł ŕőńŋëå ŕő ćěàőïâŋőáâĺ P σ-ŕőďăńčěąà F; BF — σ-ăńčěąàă ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő íâőčő ŕőâőłă ŕőďňŋőęěáâć ňŋőęěáâćă [0, 1]×Ω. Ŕãáâì w = {w_1, . . . , w_m} — m-ňěàŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá á ŋěğăćĺáĺňëňĺ łőňŕőŋěŋâăňĺ, ňăàłőćáłĺľ őâŋőáĺâěńìŋő {F_t}.

Řăááňőâàĺň ãŕàăćńïěňëľ n-ňěàŋëľ ŕàőæěáá η (t), ïćńïîéĺľáï áĺńìŋëň àěèěŋĺěň [3] áâőåăáâĺçěáłőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï dη = A (t, η (t) , u (t)) dt + m∑ j=1 B^{(j)} (t, η (t)) dw_j (t) , η (0) = η_0, (5.1)

čďě u : [0, 1] ∈ Ω → R^k — ďőŕãáâĺňőě ãŕàăćńěŋĺě.

Łńăáá ďőŕãáâĺňëå ãŕàăćńěŋĺľ U áőáâőĺâ ĺğ ćáěå ćěłâőà-äãŋłæĺľ u, ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő ğăďăŋŋőčő ŕőâőłă σ-ăńčěąà {A_t} , A_t ⊂ F_t, ĺ ŕàĺŋĺňăîéĺå áćőĺ ğŋăçěŋĺï ć ğăďăŋŋőň őčàăŋĺçěŋŋőň ňŋőęěáâćě D ⊂ R^k. Ććěďěň ŋă ňŋőęěáâćě U, őâőęďěáâćńïï äãŋłæĺĺ, áőćŕăďăîéĺě ďńï mes-ŕ.ć. t (mes — ňěàă Ńěąěčă) P-ŕ.ŋ., ňěâàĺłã Δ (u, v) = mes {t : P {u (t, ω) ≠ v (t, ω)} > 0} . Ŕãáâì Ū — ŕőŕőńŋěŋĺě íâőčő ňŋőęěáâćă ć ďăŋŋőľ ňěâàĺłě. İńěňěŋâăňĺ ŕàőáâàăŋáâćă Ū ňőęŋő áçĺâăâì BA-ĺğňěàĺňëě äãŋłæĺĺ, ŕàĺŋĺňăîéĺě áćőĺ ğŋăçěŋĺï ć ğăňëłăŋĺĺ D̄.

Řăááňőâàĺň ŋă U ğăďăçã ňĺŋĺňĺğăæĺĺ äãŋłæĺőŋăńă

g (u) = M 1∫ 0 f (s, η_u (s) , u (s)) ds, (5.2)

čďě η_u — àěèěŋĺě ãàăćŋěŋĺï (5.1), őâćěçăîéěě ďőŕãáâĺňőňã ãŕàăćńěŋĺî u, M — ğŋăł ňăâěňăâĺçěáłőčő őęĺďăŋĺï ŕő ňěàě P.

Ć (5.1) ĺ (5.2) äãŋłæĺĺ A : [0, 1] × Ω × R^n × R^k → R^n, B^{(j)} : [0, 1] × Ω × R^n → R^n, f : [0, 1] × Ω × R^n × R^k → R^1 ćňěáâě áő áćőĺňĺ ŕàőĺğćőďŋëňĺ A_x = {∂A_i/∂x_l}, B^{(j)}x = { ∂B^{(j)}_i /∂x_l } , f_x = {∂f/∂x_l} ĺğňěàĺňë

5.3. Śãéěáâćőćăŋĺě àěèěŋĺï 67

ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå, BF-ĺğňěàĺňë ŕő (t, ω) ŕàĺ äĺłáĺàőćăŋŋëå őáâăńìŋëå ŕěàěňěŋŋëå, ŋěŕàěàëćŋë ŕő (t, x, u) ďńï P-ŕ.ć. ω. Łàőňě âőčő, ćáîďã ŋă ňŋőęěáâćăå őŕàěďěńěŋĺï íâĺå äãŋłæĺľ ćëŕőńŋěŋë ŋěàăćěŋáâćă^1

|A|^2 + max_j | B^{(j)} |_2 ⩽ K^2 ( 1 + |x|^2 ) , (5.3)

‖A_x‖ + max_j ‖ ‖B^{(j)}_x ‖ ‖ ⩽ K, |f| ⩽ N (1 + |x|^r) , | |f^{(j)}_x | | ⩽ N (1 + |x|^{r−1}) , čďě K, N — ŕőńőęĺâěńìŋëě çĺáńă, r ⩾ 1.

5.3. Śãéěáâćőćăŋĺě àěèěŋĺï

Ńěňňă. Ć ãáńőćĺïå ŕ. 5.2 ńîąőňã u ∈ Ū őâćěçăěâ áĺńìŋőě àěèěŋĺě η_u ãàăćŋěŋĺï (5.1). Ŕàĺ íâőň ďńï ńîąőčő p ∈ [2, ∞) ĺňěěň sup_t M |η_u (t)|^p ⩽

ν_p, ĺ ěáńĺ η_v — àěèěŋĺě, őâćěçăîéěě ãŕàăćńěŋĺî v ∈ Ū, âő

M sup_{0⩽t⩽1} |η_u (t) − η_v (t)|^p ⩽ μ_pM 1∫ 0 |A (s, η_u (s) , u (s)) − A (s, η_u (s) , v (s))|^p ds, (5.4)

čďě ν_p, μ_p — ŕőńőęĺâěńìŋëě ŕőáâőïŋŋëě, ŋě ğăćĺáïéĺě őâ u, v.

Śńěďáâćĺě. Ťãŋłæĺőŋăń g őŕàěďěńěŋ, őčàăŋĺçěŋ ĺ ŋěŕàěàëćěŋ ŋă ćáěň ŕàőáâàăŋáâćě Ū. Ŕàĺ íâőň −∞ < I ≡ inf_{u∈U} g (u) = inf_{u∈Ū} g (u) < ∞. Ďőłăğăâěńìáâćő. Şâćěàęďěŋĺï ńěňňë ńěčłő ďőłăğëćăîâáï ňěâőďăňĺ àăąőâ [3, 4]. Şçĺâëćăï (), ĺňěěň ďăńěě őæěŋłã

M 1∫ 0 |A (s, η_u (s) , u (s)) − A (s, η_u (s) , v (s))|^p ds ⩽ 2^pK^p (1 + ν_p) Δ (u, v) , (5.5)

ŕàĺňěŋïï łőâőàãî ł (5.4) ĺ ğăňěçăï, çâő ĺğ áåőďĺňőáâĺ ŕő ňěâàĺłě Δ áńěďãěâ áåőďĺňőáâì ŕő ňěàě mes ×P, ŕőńãçĺň ãâćěàęďěŋĺě áńěďáâćĺï.

1|·| , ‖·‖ — ěćłńĺďőćë ćěłâőàŋăï ĺ ňăâàĺçŋăï ŋőàňë áőőâćěâáâćěŋŋő

5.4. Őŕàěďěńěŋĺï

Ććěďěň àïď őŕàěďěńěŋĺľ ĺ őąőğŋăçěŋĺľ. Őŕâĺňăńìŋőě ďőŕãáâĺňőě ãŕàăćńěŋĺě (ěáńĺ âăłőě áãéěáâćãěâ) őąőğŋăçĺň u^0 : I = g (u^0) . Ŕőáńěďőćăâěńìŋőáâì ãŕàăćńěŋĺľ {u_k} ⊂ Ū ŋăğőćěň ňĺŋĺňĺğĺàãîéěľ, ěáńĺ g (u_k) → I ŕàĺ k → ∞ ĺ ε_k-ňĺŋĺňĺğĺàãîéěľ, ěáńĺ

g (u_k) ⩽ I + ε^2_k, k = 1, 2, . . .

Ŕãáâì v ∈ Ū . Őąőğŋăçĺň

ϑ_v (t) = (Φ^′_v (t))^{−1} M 1∫ t Φ^′_v (s) f^′_x (s, η_v (s) , v (s)) ds | | | | | F_t

, (5.6) H_v (t, u) = ϑ^′_v (t) A (t, η_v (t) , u) + f (t, η_v (t) , u) . Ğďěáì Φ_v (t) — äãŋďăňěŋâăńìŋăï ňăâàĺæă àěèěŋĺľ ńĺŋěľŋőľ áĺáâěňë dξ = A_x (t, η_v (t) , v (t)) ξ dt + m∑ j=1 B^{(j)}_x (t, η_v (t)) ξ dw_j,

èâàĺå őğŋăçăěâ âàăŋáŕőŋĺàőćăŋĺě, M {·| F} — ãáńőćŋőě ňăâěňăâĺçěáłőě őęĺďăŋĺě őâŋőáĺâěńìŋő σ-ăńčěąàë F.

Őąőğŋăçĺň D (t) ňŋőęěáâćő ćáěå A_t-ĺğňěàĺňëå áńãçăľŋëå ćěłâőàőć, ŕàĺŋĺňăîéĺå áćőĺ ğŋăçěŋĺï ć ňŋőęěáâćě D. Ŕãáâì ďăŋë ŕőáńěďőćăâěńìŋőáâĺ ŕőńőęĺâěńìŋëå çĺáěń δ_k → 0 ĺ ňŋőęěáâć T_k ⊂ [0, 1] , mes T_k → 1 ŕàĺ k → ∞. Ňŋőęěáâćő ćáěå ŕőáńěďőćăâěńìŋőáâěľ {v_k} ⊂ Ū, ďńï łőâőàëå ŕàĺ łăęďőň k = 1, 2, . . . ďńï mes-ŕ.ć. t ∈ T_k ĺ ćáěå u (ω) ∈ D (t) ćëŕőńŋěŋő ŋěàăćěŋáâćő

MH^{(k)}_v (t, v_k (t)) ⩽ MH^{(k)}_v (t, u (ω)) + δ_k, H^{(k)}_v ≡ H_{vk} (5.7)

őąőğŋăçĺň Γ {δ_k, T_k}.

5.5. Őáŋőćŋőľ àěğãńìâăâ

Šěőàěňă 1[1]. Ŕãáâì V — ŕőńŋőě ňěâàĺçěáłőě ŕàőáâàăŋáâćő á ňěâàĺłőľ d (u, v), G (v) — ŋěŕàěàëćŋëľ őčàăŋĺçěŋŋëľ áŋĺğã äãŋłæĺőŋăń ŋă V . Šőčďă ďńï ńîąőčő u ∈ V âăłőčő, çâő

G (u) ⩽ inf_V G + ε, ε > 0

5.5. Őáŋőćŋőľ àěğãńìâăâ 69

ĺ ńîąőčő λ > 0 áãéěáâćãěâ âăłőľ v ∈ V , çâő G (v) ⩽ G (u) , d (u, v) ⩽ λ, G (v) ⩽ G (w) + ε λ d (w, v) ∀w ∈ V, w ≠ v. Šěőàěňă 2. Ŕàĺ ŕàĺŋïâëå ćëèě ŕàěďŕőńőęěŋĺïå ďńï ńîąőľ ŕőáńěďőćăâěńìŋőáâĺ ε_k ↓ 0 ňŋőęěáâćő Γ {ε_k, [0, 1]} áőďěàęĺâ ε_k-ňĺŋĺňĺğĺàãîéãî ŕőáńěďőćăâěńìŋőáâì {v_k} ⊂ Ū. Ŕàĺ íâőň ć áńãçăě áãéěáâćőćăŋĺï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ňőęŋő áçĺâăâì Δ (u^0, v_k) ⩽ ε_k.

Ś ďàãčőľ áâőàőŋë, ďńï ńîąőľ ňĺŋĺňĺğĺàãîéěľ ŕőáńěďőćăâěńìŋőáâĺ {u_k} ⊂ U ŋăľďãâáï ŕőáńěďőćăâěńìŋőáâĺ ŕőńőęĺâěńìŋëå çĺáěń δ_k → 0 ĺ ňŋőęěáâć T_k ⊂ [0, 1], mes T_k → 1, k → ∞ âăłĺě, çâő {u_k} ∈ Γ {δ_k, T_k}. Ďőłăğăâěńìáâćő. Ŕãáâì ε_k ↓ 0, {u_k} ⊂ U — ε_k-ňĺŋĺňĺğĺàãîéăï ŕőáńěďőćăâěńìŋőáâì. Ŕő âěőàěňě 1 ŕàĺ łăęďőň k áãéěáâćãěâ v_k ∈ Ū âăłőě, çâő g (v_k) ⩽ g (u_k), Δ (u_k, v_k) ⩽ ε_k ĺ v_k ňĺŋĺňĺğĺàãěâ ŋă Ū äãŋłæĺőŋăń φ_k (u) = g (u) + ε_kΔ (u, v_k).

Ŕőáâàőĺň őďŋőâőçěçŋãî ćăàĺăæĺî ãŕàăćńěŋĺï v_k

v_{kε} (t) = { u (ω) , t ∈ (τ , τ + ε] , u (ω) ∈ D (τ ) , v_k (t) , t ∈ [0, 1] \ (τ, τ + ε] . Ňőęŋő ŕőłăğăâì, çâő ŕàĺ ďńï ŕěàćőľ ćăàĺăæĺĺ äãŋłæĺőŋăńă , őâćěçăîéěľ íâőľ ćăàĺăŋâě, áŕàăćěďńĺćő ŋěàăćěŋáâćő δφ_k ≡ lim_{ε↓0} 1 ε (φ_k (v_{kε}) − φ_k (v_k)) ⩽ M ( H^{(k)}_v ( τ , u (ω) − H^{(k)}_v (τ , v_k (τ)) ) + ε_k ) .

Ŕőáłőńìłã ŋěőąåőďĺňő, çâőąë δφ_k ⩾ 0, âő őâáîďă ćëâěłăěâ ŕěàćőě ãâćěàęďěŋĺě âěőàěňë. Ďńï ďőłăğăâěńìáâćă ćâőàőčő — ďőáâăâőçŋő ćğïâì u_k ≡ u^0 ŕàĺ ćáěå k.

Ďőłăęěň ŕőáńěďŋěě ãâćěàęďěŋĺě. Ŕãáâì {u_k} , {v_k} — âě ęě ŕőáńěďőćăâěńìŋőáâĺ, çâő ĺ ćëèě. Ĺňěěň őæěŋłã | |M [H^{(k)}_v (t, u_k (t)) − H^{(k)}_v (t, v_k (t))] | | ⩽ (5.8) ⩽ √ M | | |ϑ^{(k)}_v (t) | | |^2 M | | |A ( t, η^{(k)}u (t) , u_k (t) ) − A ( t, η^{(k)}u (t) , v_k (t) )| |^2 + + √ M | |ϑ^{(k)}_u (t) − ϑ^{(k)}_v (t) | |^2 M | |A ( t, η^{(k)}v (t) , v_k (t) )| |^2 + +M | f ( t, η^{(k)}_u (t) , u_k (t) ) − f ( t, η^{(k)}_v (t) , v_k (t) )| , čďě η^{(k)}u ≡ η_{uk} , ϑ^{(k)}_u ≡ ϑ_{uk} . Ĺáŕőńìğãï (5.3) ĺ ńěňňã, ňőęŋő ŕőńãçĺâì ĺğ (5.6) őæěŋłĺ

sup_{0⩽t⩽1} M | | |ϑ^{(k)}_v (t) | | |^2 ⩽ K1, sup_{0⩽t⩽1} M | | |ϑ^{(k)}_u (t) − ϑ^{(k)}_v (t) | | |^2 ⩽ γ^{(1)}_k ,

čďě γ^{(1)}_k = γ^{(1)}_k (ε_k) → 0, k → ∞.

Ěáńĺ t ∈ T_k ≡ {t : u_k (t, ω) = v_k (t, ω) P-ŕ.ŋ.}, âő őâáîďă, ă âăłęě ĺğ (5.5), (5.4) ĺ (5.8) ŕőńãçăěň | M [ H^{(k)}_v (t, u_k (t)) − H^{(k)}_v (t, v_k (t)) ]| ⩽ γ^{(2)}_k = γ^{(2)}_k (ε_k) → 0, k → ∞.

Ăŋăńőčĺçŋő, ěáńĺ t ∈ [0, 1], u (ω) ∈ D (t), âő | |M [H^{(k)}_v (t, u (ω)) − H^{(k)}_v (t, u (ω))] | | ⩽ γ^{(3)}_k = γ^{(3)}_k (ε_k) → 0, k → ∞.

Šăłĺň őąàăğőň, ĺáŕőńìğãï ŋěàăćěŋáâćă (5.7) ďńï v_k (t), ĺňěěň ŕàĺ t ∈ T_k, u (ω) ∈ D (t) MH^{(k)}_v (t, u_k (t)) ⩽ MH^{(k)}_v (t, v_k (t)) + γ^{(2)}_k ⩽

⩽ MH^{(k)}_v (t, u (ω)) + ε_k + γ^{(2)}_k ⩽

⩽ MH^{(k)}_u (t, u (ω)) + ε_k + γ^{(2)}_k + γ^{(3)}_k

ĺ, ğŋăçĺâ, {u_k} ∈ Γ {δ_k, T_k}, čďě δ_k = ε_k + γ^{(2)}_k + γ^{(3)}_k . Šěőàěňă ďőłăğăŋă.

5.6. Ŕàĺňěà

Ŕãáâì

A_t = {∅, Ω} , D = [−1, 1] , n = m = 1, dη = u dt + dw, η (0) = 0, g (u) = 1 2 M 1∫ 0 ( η^2 (s) − u^2 (s) ) ds.

Ĺáŕőńìğãï (5.6), ŕőńãçăěň ãáńőćĺě (5.7) ć ćĺďě

ψ^{(k)}_v (t) (v_k (t) − u) + ( u^2 − v^2_k (t) ) ⩽ ε_k, (5.9)

ψ^{(k)}_v (t) ≡ 1∫ t ζ_k (s) ds, ζ_k (t) ≡ t∫ 0 v_k (s ds) .

Ĺğ (5.9) ćĺďŋő, çâő ěáńĺ ćğïâì v_k (t) áő ğŋăçěŋĺïňĺ ŋă čàăŋĺæě őâàěğłă D, âő ćâőàőě áńăčăěňőě áãňňë ąãďěâ ŋěŕőńőęĺâěńìŋő ŕàĺ ćáěå u ∈ U. Ćőğìňěň ŕàĺ τ_k > 0

v_k (t) = { 1, t ∈ [2mτ_k, (2m + 1) τ_k) , −1 t ∈ [(2m + 1) τ_k, 2 (m + 1) τ_k) , m = 0, 1, 2, . . .

Šőčďă |ζ_k (t)| ⩽ τ_k, | | |ψ^{(k)}_v (t) | | | ⩽ τ k, |vk (t) − u| ⩽ 2. Ŕőíâőňã, ěáńĺ 2τ k ⩽ ε_k, âő ďńï v_k ćëŕőńŋěŋő (5.9). Ŕàőćěàłőľ ňőęŋő ãąěďĺâìáï ć âőň, çâő ŕőáńěďőćăâěńìŋőáâì {v_k} ďěľáâćĺâěńìŋő ïćńïěâáï ε_k-ňĺŋĺňĺğĺàãîéěľ.

Ńĺâěàăâãàă

[1] Ekeland I. On the variational Principle, J. Math. Anal. and Appl., 1974, vol.47, N 2.

[2] Śãňĺŋ Ň.Ĺ. Őą őŕâĺňăńìŋőň ãŕàăćńěŋĺĺ áĺáâěňăňĺ á äăğőćëňĺ őčàăŋĺçěŋĺïňĺ, Ďěŕ. ć ĆĹŊĹŠĹ, ü1836 - 81 Ďěŕ.

[3] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. Łĺěć, Ŋăãłőćă ďãňłă, 1968.

[4] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. Ŕàĺŋæĺŕë ňĺŋĺňãňă ć ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áńãçăľŋëňĺ ŕàőæěááăňĺ, ŔŇŇ, 1978, â. 42, ćëŕ. 2. (Čńăćă 1 ŋăáâőïéěčő áąőàŋĺłă)

Ŕàěďáâăćńěŋő ć Śőćěâ ňőńőďëå ãçěŋëå ňěåăŋĺłő-ňăâěňăâĺçěáłőčő äăłãńìâěâă ČČŞ 20 ăŕàěńï 1980 č.

Čńăćă 6.

Őŕâĺňĺğăæĺï áâăæĺőŋăàŋőčő ŕàőæěááă ŕěàěŋőáă

ŞĎŁ 517.977.55

Ďăŋŋăï ğăďăçă ćëďěńïěâáï áćőěľ ŕőáâăŋőćłőľ ĺğ őąéěčő àïďă ğăďăç, àăááňăâàĺćăěňëå ć áąőàŋĺłě. Ěě ćłńîçěŋĺě áćïğăŋő á âěň, çâő ĺáŕőńìğãěňăï ć ŋěľ ďńï ďőłăğăâěńìáâćă ŕàĺŋæĺŕă ňăłáĺňãňă âěåŋĺłă ć âőçŋőáâĺ áőćŕăďăěâ á âőľ, çâő ĺáŕőńìğãěâáï ďńï ďőłăğăâěńìáâćă áâőåăáâĺçěáłőčő ŕàĺŋæĺŕă ňăłáĺňãňă. İâő ŕőłăğëćăěâ, çâő ãłăğăŋŋăï âěåŋĺłă ňőęěâ ąëâì ŕőńěğŋă ŕàĺ ĺááńěďőćăŋĺĺ æěńőčő àïďă ğăďăç őŕâĺňăńìŋőčő ãŕàăćńěŋĺï. Őąéěľ çěàâőľ íâĺå ğăďăç ïćńïěâáï âő, çâő ć ŋĺå ãŕàăćńěŋĺě ïćńïěâáï äãŋłæĺěľ ŋěğăćĺáĺňëå ŕěàěňěŋŋëå áãéěáâćěŋŋő àăğńĺçŋőľ ŕàĺàőďë (ŋăŕàĺňěà, çăáâì ĺğ ŋĺå ňőęěâ ĺğňěŋïâìáï ć âőŕőńőčĺçěáłĺå, ă ŕàőçĺě — ć ĺğňěàĺňëå ŕàőáâàăŋáâćăå). İâő őąáâőïâěńìáâćő ŋě ŕőğćőńïěâ áâàőĺâì ńőłăńìŋëě ćăàĺăæĺĺ őŕâĺňăńìŋëå ãŕàăćńěŋĺľ ŕő ěďĺŋőľ áåěňě ďńï àăğńĺçŋëå ŋěğăćĺáĺňëå ŕěàěňěŋŋëå.

1Ďőłńăďëćăńőáì ŋă èłőńě-áěňĺŋăàě “Ňőďěńĺàőćăŋĺě, ĺďěŋâĺäĺłăæĺï, áĺŋâěğ áĺáâěň ãŕàăćńěŋĺï”, Ďőŋěæł, 1990. Őŕãąńĺłőćăŋő ć áąőàŋĺłě âěğĺáőć áěňĺŋăàă ĺ ćőèńă ďĺááěàâăæĺőŋŋãî àăąőâã. Ůăáâĺçŋő őŕãąńĺłőćăŋő ć àăąőâě Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. Ŋěńĺŋěľŋëě ňăâěňăâĺçěáłĺě ğăďăçĺ ŕěàěŋőáă âőàňőğŋëå ĺ ćőğąãęďăîéĺå ĺňŕãńìáőć ć ŋěàćŋëå âłăŋïå. Ę. ćëçĺáń. ňăâěň. ĺ ňăâěň. äĺğ., 1977, â. 17, ü1, á. 149-161.

6.1. Őąőąéěŋŋőě àěèěŋĺě áâăæĺőŋăàŋőčő ãàăćŋěŋĺï ŕěàěŋőáă

Řăááňőâàĺň łàăěćãî ğăďăçã ďńï áńăąőŋěńĺŋěľŋőčő áâăæĺőŋăàŋőčő ãàăćŋěŋĺï ŕěàěŋőáă [1, 2, 3] 1 α (P ) (s, ∇) φ + φ (s, P ) = ∫ Ω h (P, μ_0) φ (s_1, P ) ds_1 + (6.1)

+f (s, P, R (φ) (s, P )) , φ (s, P )|_{P ∈Γ−s} = 0.

Ğďěáì P ∈ G ⊂ R^3; G — ćëŕãłńăï őčàăŋĺçěŋŋăï őąńăáâì á čńăďłőľ čàăŋĺæěľ Γ; s ∈ Ω, Ω — ěďĺŋĺçŋăï áäěàă á æěŋâàőň ć ŋăçăńě R^3; μ_0 = s^′_1s; Γ_{−s} — âă çăáâì čàăŋĺæë Γ, ŋă łőâőàőľ n^′ (P ) s ⩽ 0; n (P ) — ćŋěèŋïï ŋőàňăńì ć âőçłě P ∈ Γ.

Łőíääĺæĺěŋâë ãàăćŋěŋĺï (6.1) ãďőćńěâćőàïîâ áńěďãîéĺň őčàăŋĺçěŋĺïň: α (P ) — ĺğňěàĺňăï äãŋłæĺï, 0 < α (P ) ⩽ α_0 = const; h (P, μ) ≡ ∑_n i=1 b_i (P ) h_i (μ), čďě b_i — őčàăŋĺçěŋŋëě, ă h_i — áãňňĺàãěňëě ŋă [−1, 1] ĺğňěàĺňëě äãŋłæĺĺ; äãŋłæĺï f (s, P, x) , x ∈ R^1 ĺğňěàĺňă ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå ĺ ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňă ŕő x ďńï ćáěå (s, P ), ŕàĺçěň |f^′_x| ⩽ K = const; R ∈ B (h_p, h_p) (őŕàěďěńěŋĺě łńăááă h_p áň. ďăńěě).

Ŕàĺ łăęďőň s ∈ Ω ŕãáâì π_s — őàâőčőŋăńìŋăï ŕàőěłæĺï őąńăáâĺ G ŋă ŕńőáłőáâì, ŕàőåőďïéãî çěàěğ ŋăçăńő łőőàďĺŋăâ, ŕěàŕěŋďĺłãńïàŋãî ćěłâőàã s. Ŕãáâì Q ∈ π_s. Śěçěŋĺě őąńăáâĺ G ŕàïňőľ, ŕàőåőďïéěľ çěàěğ âőçłã Q ć ŋăŕàăćńěŋĺĺ ćěłâőàă s, őąőğŋăçĺň π_{s,Q} ≡ (ξ_1 (s, Q) , ξ_2 (s, Q)). Ŕàĺ ńîąőň s ∈ Ω ňŋőęěáâćő G àăğńăčăěâáï ć ďěłàâőćő ŕàőĺğćěďěŋĺě G = π_s × π_{s,Q} : P = Q + ξs, čďě P ∈ G, Q ∈ π_s, ξ ∈ π_{s,Q} [1].

Ŕãáâì p ∈ (1, ∞). Őąőğŋăçĺň çěàěğ h_p ŕàőáâàăŋáâćő ĺğňěàĺňëå ŕő Ńěąěčã ŋă Ω × G äãŋłæĺľ φ (s, P ) á ŋőàňőľ

‖φ‖_p = ∫ Ω×G α (P ) |φ (s, P )|^p dsdP 1/p .

Ć łńăáá d_p ćłńîçĺň âě ĺğňěàĺňëě äãŋłæĺĺ φ (s, P ), (s, P ) ∈ Ω × Ḡ, ďńï łőâőàëå ćëŕőńŋěŋë áńěďãîéĺě ãáńőćĺï:

1) ďńï ŕ.ć. (s, Q) ∈ Ω × π_s äãŋłæĺï ξ → φ (s, Q + ξs) ăąáőńîâŋő ŋěŕàěàëćŋă ŋă ğăňëłăŋĺĺ π̄_{s,Q};

2) φ (s, P ) = 0 ŕàĺ P ∈ Γ_{−s};

6.1. Őąőąéěŋŋőě àěèěŋĺě áâăæĺőŋăàŋőčő ãàăćŋěŋĺï ŕěàěŋőáă 75

3) lφ ≡^1_{α(P )} (s, ∇) φ + φ ∈ h_p.

Ŕãáâì k_p — ŋőàňĺàőćăŋŋőě ŕàőáâàăŋáâćő (łńăááőć íłćĺćăńěŋâŋëå) äãŋłæĺľ φ (s, P ) ≡ φ (s, Q + ξs) , ŋěŕàěàëćŋëå ŕő ξ ŋă π̄_{s,Q} ďńï ŕ.ć. (s, Q) ∈ Ω × π_s, á ŋőàňőľ

|φ|_p = ∫ Ω ∫ π_s sup ξ∈π_{s,Q} |φ (s, Q + ξs)|^p 1/p .

Ňőęŋő ŕőłăğăâì [1], çâő d_p ⊂ k_p ⊂ h_p.

Őŕěàăâőà, ŕőàőęďăěňëľ ŋă d_p ďĺääěàěŋæĺăńìŋëň ćëàăęěŋĺěň l őąőğŋăçĺň L. Ććěďěň âăłęě őŕěàăâőà Sφ = ∫ Ω h (P, μ_0) φ (s_1, P ) ds_1.

Śŕàăćěďńĺćă

Ńěňňă 1. Őŕěàăâőà L őâőąàăęăěâ d_p ć h_p ĺ ĺňěěâ őąàăâŋëľ L^{−1}. Őŕěàăâőàë S ĺ L^{−1} őčàăŋĺçěŋë ĺğ h_p ć h_p ĺ ĺğ h_p ć k_p, áőőâćěâáâćěŋ- ŋő. Ďőłăğăâěńìáâćő. Ŕěàćëě ďćă ãâćěàęďěŋĺï ďőłăğăŋë ć [1]; ŕőáńěďŋěě ŋěŕőáàěďáâćěŋŋő ćëâěłăěâ ĺğ ŕàěďáâăćńěŋĺï őŕěàăâőàă L^{−1}, ŕőńãçěŋŋőčő âăň ęě.

Őąőąéěŋŋëň àěèěŋĺěň (àěèěŋĺěň) ğăďăçĺ (6.1) ŋăğőćěň ćáïłãî äãŋłæĺî φ ∈ d_p, ďńï łőâőàőľ ć h_p ćëŕőńŋěŋő àăćěŋáâćő Lφ = Sφ + f (·, R (φ)) . (6.2) Ŕàĺňěň áńěďãîéĺě áőłàăéěŋŋëě őąőğŋăçěŋĺï ďńï őŕěàăâőàŋëå ŋőàň ‖A‖_{hp→hp} ≡ ‖A‖_p , ‖A‖_{hp→kp} ≡ |A|_p . Šěőàěňă 1. Ŕãáâì f (s, P, 0) ∈ h_p ĺ ‖L^{−1}S‖_p + K ‖L^{−1}‖_p ‖R‖_p ⩽ 1. Šőčďă ãàăćŋěŋĺě (6.2) ĺňěěâ àěèěŋĺě, ĺ ńîąëě ďćă ěčő àěèěŋĺï áőćŕăďăîâ ć h_p.

Ďőłăğăâěńìáâćő ńěčłő ćëŕőńŋïěâáï ňěâőďőň ŕőáńěďőćăâěńìŋëå ŕàĺąńĺęěŋĺľ [2, 3].

Řăááňőâàĺň ć d_p ãàăćŋěŋĺě Lφ = Kφ + g, (6.3) čďě K ∈ B (h_p, h_p) . Śŕàăćěďńĺćă

Ńěňňă 2. Ŕãáâì ‖L^{−1}K‖_p ⩽ 1. Šőčďă ńîąőňã g ∈ h_p őâćěçăěâ àěèěŋĺě φ ∈ d_p ãàăćŋěŋĺï (6.3) ĺ

|φ|_p ⩽ C_p ‖g‖_p , C_p = const . (6.4)

Ďőłăğăâěńìáâćő. Šăł łăł ć ãáńőćĺïå ńěňňë áãéěáâćãěâ őčàăŋĺçěŋŋëľ ĺğ h_p ć h_p őŕěàăâőà (I − L^{−1}K)^{−1}, âő áãéěáâćőćăŋĺě àěèěŋĺï φ ∈ d_p őçěćĺďŋő. Ŕàĺ íâőň ‖φ‖_p ⩽ ‖ ‖(L − K)^{−1} ‖ ‖_p ‖g‖_p . Ŋő φ = L^{−1} (Kφ + g), áńěďőćăâěńìŋő, ŕő ńěňňě 1 ĺňěěň |φ|_p ⩽ | |L^{−1} | |_p ‖Kφ + g‖_p ⩽ | |L^{−1} | |_p ( ‖K‖_p ‖φ‖_p + ‖g‖_p ) ⩽ C_p ‖g‖_p , çâő ĺ âàěąőćăńőáì ďőłăğăâì.

6.2. Ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ŕàőæěááőň ŕěàěŋőáă

Ŕàěďŕőńőęĺň, çâő äãŋłæĺï ĺáâőçŋĺłă f áńěďãîéĺň őąàăğőň ğăćĺáĺâ őâ ãŕàăćńïîéěčő ŕăàăňěâàă u ∈ U ⊂ R^k : f (s, P, x, u) ≡ f_1 (s, P, x) + g (s, P, u) . Ťãŋłæĺï g (s, P, u) ≡ g (s, Q + ξs, u), s ∈ Ω, P ∈ Ḡ, u ∈ R^k ŋěŕàěàëćŋă ŕő u ŕàĺ ćáěå (s, P ) ĺ ŋěŕàěàëćŋă áŕàăćă ŕő ξ ŋă π̄_{s,Q} ŕàĺ ćáěå (u, s, Q) ; łàőňě âőčő, |g (s, P, u)| ⩽ g_0 (s, P ) ďńï ćáěå (s, P, u), čďě g_0 ∈ k_p, p ∈ (1, ∞) .

Řăááňőâàĺň äãŋłæĺî F (s, P, x) , ĺğňěàĺňãî ŕő áőćőłãŕŋőáâĺ ćáěå ŕěàěňěŋŋëå s ∈ Ω, P ∈ Ḡ, x ∈ R^1 ĺ ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňãî ŕő x ŕàĺ ćáěå äĺłáĺàőćăŋŋëå (s, P ) . Ŕãáâì áãéěáâćãîâ çĺáńă K_1 > 0, r ∈ [1, p), âăłĺě, çâő ŕàĺ ćáěå (s, P, x) |F | ⩽ K_1 (1 + |x|^r) , |F_x| ⩽ K_1 ( 1 + |x|^{r−1} ) (6.5)

Őŕàěďěńĺň łńăáá ďőŕãáâĺňëå ãŕàăćńěŋĺľ U łăł ňŋőęěáâćő ćáěå ĺğňěàĺňëå äãŋłæĺľ u : Ω × G → R^k, ďńï łőâőàëå u (s, P ) ∈ U ŕ.ć. Ŕãáâì ćëŕőńŋěŋë ãáńőćĺï ŕãŋłâă 6.1 ĺ âěőàěňë 1. Šőčďă ŕő íâőľ âěőàěňě ńîąőňã ãŕàăćńěŋĺî u ∈ U őâćěçăěâ ěďĺŋáâćěŋŋőě ć h_p àěèěŋĺě ğăďăçĺ (6.1) φ_u ∈ d_p ĺ ňőęŋő ŕőáâăćĺâì áńěďãîéãî ğăďăçã őŕâĺňĺğăæĺĺ J (u) ≡ ∫ Ω×G F (s, P, φ_u (s, P )) dsdP → min, u ∈ U.

Ŕãáâì u^0 (s, P ) — őŕâĺňăńìŋőě ć ŕőáâăćńěŋŋőľ ćëèě ğăďăçě ďőŕãáâĺňőě ãŕàăćńěŋĺě. Ŕãáâì ξ_0 ∈ R^1; v (s, Q), (s, Q) ∈ Ω × π_s — ŕàőĺğćőńìŋăï ĺğňěàĺňăï äãŋłæĺï áő ğŋăçěŋĺïňĺ ć U. Ŕőńőęĺň ŕàĺ ε > 0

u^ε (s, Q + ξs) ≡ { v (s, Q) , ξ ∈ (ξ_0, ξ_0 + ε) ∩ π_{s,Q} u^0 (s, Q + ξs) , ξ ∉ (ξ_0, ξ_0 + ε) ∩ π_{s,Q}.

Őçěćĺďŋő, çâő u^ε ∈ U, u^ε → u^0, ε → 0 ďńï ŕ.ć. (s, P ) ∈ Ω × G.

Ŕãáâì Δ_εφ ≡ φ_uε − φ^0, φ^0 ≡ φ_u0 . Ŕàĺňěŋïï âěőàěňã Ńăčàăŋęă ő łőŋěçŋëå ŕàĺàăéěŋĺïå, ŕőńãçăěň Δ_εJ ≡ J (u^ε) − J ( u^0 ) = ∫ Ω×G F_x (ε) Δ_εφ dsdP,

F_x (ε) (s, P ) ≡ ∂F ∂x (s, P, φ_{1ε} (s, P )) , φ_{1ε} ≡ φ^0 + θ_{1ε}Δ_εφ, 0 ⩽ θ_{1ε} (s, P ) ⩽ 1.

Ăŋăńőčĺçŋő, ĺğ (6.2) ŕőńãçăěň

L (Δ_εφ) = K_ε (Δ_εφ) + Δ_ug, (6.6)

čďě K_ε ≡ S + f_{1x} (s, P, R (φ^0) + θ_{2ε}R (Δ_εφ)) R, Δ_ug ≡ g (u^ε) − g (u^0) .

Ŕãáâì K_0 ≡ S+f_{1x} (s, P, R (φ^0)) R, F_x (0) ≡^∂_{∂x} F (s, P, φ^0 (s, P )) . Ĺňěěň K_ε ∈ B (h_p, h_p) , ε ⩾ 0. Łàőňě âőčő, ŕő ńěňňě 2 (L − K_ε)^{−1} ∈ B (h_p, h_p). Šăł łăł ć áĺńã (6.5) F_x (ε) ∈ h_p′ , ε ⩾ 0, âő ŕőńăčăï χ_ε = (L − K_ε)^{−1∗} F_x (ε), ğăŕĺèěň ŕàĺàăéěŋĺě äãŋłæĺőŋăńă ć áńěďãîéěň ćĺďě

Δ_εJ = ∫ Ω×G χ_εΔ_ug dsdP. (6.7)

Ŕőłăęěň, çâő χ_ε ∈ k_p′ ĺ |χ_ε − χ_0| → 0 ŕàĺ ε → 0. Ĺáŕőńìğãï ïćŋőě ŕàěďáâăćńěŋĺě őŕěàăâőàă L^∗, ŕőńãçěŋŋőě ć àăąőâě [1], ňőęŋő ŕőłăğăâì, çâő äãŋłæĺï χ̂_ε (s, P ) ≡ χ_ε (−s, P ) ãďőćńěâćőàïěâ ãàăćŋěŋĺî

Lχ̂_ε = K^∗_εχ̂_ε + F̂_x (ε) , F̂_x (ε) (s, P ) ≡ F_x (ε) (−s, P ) , ε ⩾ 0.

Ŕàĺňěŋïï ńěňňã 2, ŕőńãçăěň őâáîďă őæěŋłã |χ̂_ε − χ̂_0|_p′ ⩽ C_p′ { ‖(K^∗_ε − K^∗_0) χ̂_0‖_p′ + ‖ ‖ ‖F̂x (ε) − F̂x (0) ‖ ‖ ‖_{p′} } . (6.8)

Ĺğ âőľ ęě ńěňňë ĺ (6.6) ĺňěěň |Δ_εφ|_p ⩽ C_p ‖Δ_ug‖_p → 0, ε → 0. Ĺáŕőńìğãï íâő ĺ ŕàĺŋĺňăï ćő ćŋĺňăŋĺě őæěŋłã ∫ Ω×G |F_x (ε)|^q dsdP ⩽ K^q_1 ∫ Ω×G (1 + |φ_{1ε}|^p) dsdP ⩽ const < ∞, čďě p^′ < q ≡ p/ (r − 1) , ňőęŋő ŕőłăğăâì, çâő ŕàăćăï çăáâì (6.8) áâàěňĺâáï ł ŋãńî ŕàĺ ε → 0. Ďńï ďőłăğăâěńìáâćă ćëáłăğăŋŋőčő ćëèě ãâćěàęďěŋĺï őáâăěâáï ć áĺńã (6.8) ğăňěâĺâì, çâő | | |f̂ | | |_{p′} = |f|_p′ ∀f ∈ kp′ . Ŕěàćãî ćăàĺăæĺî äãŋłæĺőŋăńă őŕàěďěńĺň àăćěŋáâćőň

δJ = lim_{ε→0} 1 ε Δ_εJ. Ŕàĺ ěě ćëçĺáńěŋĺĺ ãďőąŋő áçĺâăâì äãŋłæĺĺ g (s, P, u) , u^0 (s, P ) , χ_ε (s, P ) , ε ⩾ 0 ŕàőďőńęěŋŋëňĺ ŋãńěň ć őąńăáâì P ∈ R^3\Ḡ. Ĺňěěň ŕàĺ íâőň áőčńăèěŋĺĺ | | | | | | ∫ Ω ∫ π_s dQ 1 ε ξ_0+ε∫

ξ_0

(χ_ε (s, Q + ξs) − χ_0 (s, Q + ξs)) (g (s, Q + ξs,v (s, Q)) −

−g ( s, Q + ξs, u^0 (s, Q + ξs) )) dξ | ⩽ ∫ Ω ∫ π_s

dQ sup_{πs,Q} |χ_ε − χ_0| · (6.9)

· 1 ε ξ_0+ε∫

ξ_0 |Δ_ug| dξ ⩽ 2 |χ_ε − χ_0|_p′ |g_0|_p → 0, ε → 0.

Řăááňőâàĺň äãŋłæĺî

ξ → κ (ξ) ≡ χ_0 (s, Q + ξs) g (s, Q + ξs, v (s, Q)) ,

áçĺâăï (s, Q) ŕăàăňěâàőň. Ć ãáńőćĺïå ŕ. 6.1 íâă äãŋłæĺï ŋěŕàěàëćŋă áŕàăćă ∀ξ ∈ R^1. Śńěďőćăâěńìŋő, ∀ξ_0 ŕ.ć. ŋă Ω × π_s

lim_{ε→0} 1 ε ξ_0+ε∫

ξ_0

κ (ξ) dξ = κ (ξ_0) .

Řăááňőâàĺň ďăńěě äãŋłæĺî

ξ → β (ξ) ≡ χ_0 (s, Q + ξs) g ( s, Q + ξs, u^0 (s, Q + ξs) ) . Ŕő ńěňňě Łãèŋěàă-Ťńěňĺŋčă [4] áãéěáâćãěâ ňŋőęěáâćő E ⊂ R^1, mes E = 0, âăłőě, çâő ŕàĺ ξ_0 /∈ E ďńï ŕ.ć. (s, Q)

lim_{ε→0} 1 ε ξ_0+ε∫

ξ_0

β (ξ) dξ = β (ξ_0) .

Ğăňěâĺň, ŋăłőŋěæ, çâő | | | | | | ξ_0+ε∫

ξ_0 κ (ξ) dξ | | | | | | + | | | | | | ξ_0+ε∫

ξ_0 β (ξ) dξ | | | | | | ⩽ 2ε sup_{π̄s,Q} |χ_0| sup_{π̄s,Q} |g_0| .

Ŕőíâőňã, ŕàĺňěŋïï âěőàěňã Ńěąěčă ő ŕàěďěńìŋőň ŕěàěåőďě ĺ ãçĺâëćăï

(6.9), ŕőńãçăěň ĺğ (6.7) δJ = ∫ Ω ∫ π_s

dQ χ_0 (s, Q + ξ_0s) Δ_ug (s, Q + ξ_0s) .

Ďńï őŕâĺňăńìŋőáâĺ ãŕàăćńěŋĺï u^0 ŋěőąåőďĺňő, çâőąë δJ ⩾ 0. Śńěďő-

ćăâěńìŋő. ěáńĺ ξ /∈ E, âő ∫ Ω ∫ π_s dQ ( H (s, Q + ξs, v (s, Q)) − H ( s, Q + ξs, u^0 (s, Q + ξs) )) ⩽ 0, (6.10) čďě H (s, P, u) ≡ −χ_0 (s, P ) g (s, P, u) . (6.11)

Őâáîďă ćëâěłăěâ, çâő ŕàĺ ξ /∈ E ∀v (s, Q) ŕ.ć. ŋă Ω × π_s H (s, Q + ξs, v (s, Q)) ⩽ H ( s, Q + ξs, u^0 (s, Q + ξs) ) . (6.12)

Ďěľáâćĺâěńìŋő, ěáńĺ ŕàĺ ŋěłőâőàőľ v^∗ ňŋőęěáâćő A, ŋă łőâőàőň ŋěàă-

ćěŋáâćő ŋěćěàŋő, ĺňěěâ ŕőńőęĺâěńìŋãî ňěàã, âő ŕőńăčăï v^{∗∗} = v^∗ ŋă A

ĺ v^{∗∗} = u^0 ŋă ďőŕőńŋěŋĺĺ A ĺ ĺŋâěčàĺàãï ŕàőâĺćőŕőńőęŋőě (6.12) ŋă A

ŋěàăćěŋáâćő, áŕàăćěďńĺćőě ďńï v^{∗∗}, ŕőńãçăěň ŕàőâĺćőàěçĺě á (6.10). Ĺğ

(6.12) ďăńěě ŕőńãçăěň, çâő ďńï ŕ.ć. ξ ŕ.ć. ŋă Ω × π_s H ( s, Q + ξs, u^0 (s, Q + ξs) ) = max_{u∈U} H (s, Q + ξs, u) . (6.13)

Ć áăňőň ďěńě, ŕãáâì {v_j } — áçěâŋőě, ćáîďã ŕńőâŋőě ňŋőęěáâćő ć U.

Ŕàĺňěŋïï ł äãŋłæĺïň v (s, Q) ≡ v_j ŋěàăćěŋáâćő (6.12), ŕőńãçăěň ďńï ŕ.ć.

ξ ŕ.ć. ŋă Ω × π_s sup u∈{v_j } H (s, Q + ξs, u) = sup_{u∈U} H (s, Q + ξs, u) ⩽ H ( s, Q + ξs, u^0 (s, Q + ξs) ) .

Šăł łăł u^0— ďőŕãáâĺňőě ãŕàăćńěŋĺě, âő ŋěàăćěŋáâćő á őąàăéěŋŋëň ğŋăłőň őçěćĺďŋő ĺ, áńěďőćăâěńìŋő, (6.13) ćěàŋő.

Ŋő àăćěŋáâćő (6.13) ďćãå ĺğňěàĺňëå äãŋłæĺľ ĺňěěâ ňěáâő ŋă ĺğňěàĺňőň ňŋőęěáâćě. Šăł łăł ďńï ŕ.ć. ξ áěçěŋĺï íâőčő ňŋőęěáâćă ĺňěîâ ŕőńŋãî ňěàã ć Ω × π_s, âő ŕő âěőàěňě Ťãąĺŋĺ ŕěàěáěçěŋĺě áăňőčő ňŋőęěáâćă á Ω × G ĺňěěâ ŕőńŋãî ňěàã ć Ω × G. Šăłĺň őąàăğőň, ďőłăğăŋă Šěőàěňă 2. Ŕãáâì ćëŕőńŋěŋë ãáńőćĺï ŕ. 6.1. Šőčďă ďńï őŕâĺňăńìŋőáâĺ ďőŕãáâĺňőčő ãŕàăćńěŋĺï u^0 ŋěőąåőďĺňő, çâőąë ŕ.ć. ŋă Ω × G H ( s, P, u^0 (s, P ) ) = max_{u∈U} H (s, P, u) , čďě H — čăňĺńìâőŋĺăŋ, őŕàěďěńěŋŋëľ ć (6.11).

Ńĺâěàăâãàă

[1] Ćńăďĺňĺàőć Ć.Ś. Ňăâěňăâĺçěáłĺě ğăďăçĺ őďŋőáłőàőáâŋőľ âěőàĺĺ ŕěàěŋőáă. Šàãďë ŇĹĂŊ ŚŚŚŘ, â. 61, 1961. – 160 á.

[2] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. Ŋěńĺŋěľŋëě ňăâěňăâĺçěáłĺě ğăďăçĺ ŕěàěŋőáă âőàňőğŋëå ĺ ćőğąãęďăîéĺå ĺňŕãńìáőć ć ŋěàćŋëå âłăŋïå. Ę. ćëçĺáń. ňăâěň. ĺ ňăâěň. äĺğ., 1977, â. 17, ü1, á. 149-161.

[3] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ., Śãňĺŋ Ć.Ĺ. Ŋěńĺŋěľŋëě ĺŋâěčàőďĺääěàěŋæĺăńìŋëě áĺáâěňë ŕěàěŋőáă áŕăľłőć ć ŋěľàőŋŋëå ăŋáăňąńïå. Ďőłńăď ŋă áőćňěáâŋőň ğăáěďăŋĺĺ áěň. ĺň. Ĺ.Č. Ŕěâàőćáłőčő ĺ ŇŇŐ. Şáŕěåĺ ňăâěň. ŋăãł, 1978, â. 33, ü3, á. 137.

[4] Kushner H.J. Necessary conditions for continuous parameter stochastic problems. SIAM J. Control and Optimiz., 1972, v.10, N3, p. 550-565.

Čńăćă 7.

Őą őŕâĺňăńìŋőň ãŕàăćńěŋĺĺ ńĺŋěľŋőľ áĺáâěňőľ áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ á łćăďàăâĺçěáłĺň łàĺâěàĺěň łăçěáâćă

ŞĎŁ 517.977.55

7.1. Ććěďěŋĺě

Řăááňőâàĺň ãŕàăćńïěňãî áĺáâěňã, őŕĺáëćăěňãî ćěłâőàŋëň áâőåăáâĺçěáłĺň ďĺääěàěŋæĺăńìŋëň ãàăćŋěŋĺěň Ĺâő

dη = (A (t) η + B (t) a + f (t)) dt + m∑ j=1 ( R^{(j)} (t) η + E^{(j)} (t) b + g^{(j)} (t) ) dw_j (t) , (7.1) η (t_0) = η_0, t_0 ⩽ t ⩽ 1,

čďě η — n-ňěàŋëľ äăğőćëľ ćěłâőà, a, b — ãŕàăćńïîéĺě ćěłâőàŋëě ŕăàăňěâàë. Ŕãáâì łàĺâěàĺěň łăçěáâćă ãŕàăćńěŋĺï áńãęĺâ ćěńĺçĺŋă äãŋł-

1Ĺ.Ŕ. Śňĺàŋőć. Őą őŕâĺňăńìŋőň ãŕàăćńěŋĺĺ ńĺŋěľŋőľ áĺáâěňőľ áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ á łćăďàăâĺçěáłĺň łàĺâěàĺěň łăçěáâćă, Ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï, â. 18, ü4, 1982, áâà. 607 – 614..

æĺőŋăńă

J (t_0, η_0; u) = M 1∫ t_0

(η^′_uCη_u + a^′D_aa + b^′D_bb) ds, (7.2)

čďě η_u (s) — àěèěŋĺě ãàăćŋěŋĺï (7.1), őâćěçăîéěě ãŕàăćńěŋĺî u (s) ≡ (a (s) , b (s)) (èâàĺå őğŋăçăěâ âàăŋáŕőŋĺàőćăŋĺě), ĺ âàěąãěâáï ňĺŋĺňĺğĺàőćăâì äãŋłæĺőŋăń (7.2) ŋă ğăďăŋŋőň łńăááě ďőŕãáâĺňëå ãŕàăćńěŋĺľ.

Ğăďăçăň őŕâĺňĺğăæĺĺ ńĺŋěľŋëå ãŕàăćńïěňëå áĺáâěň á łćăďàăâĺçŋëňĺ łàĺâěàĺïňĺ łăçěáâćă ŕőáćïéěŋő ğŋăçĺâěńìŋőě çĺáńő àăąőâ (áň., ŋăŕàĺňěà, [1-9]). Ŕàĺ ãŕàăćńěŋĺĺ ŕő ŕőńŋëň ďăŋŋëň ŕőďőąŋëě ğăďăçĺ őąëçŋő ĺááńěďãîâáï ňěâőďăňĺ ďĺŋăňĺçěáłőčő ŕàőčàăňňĺàőćăŋĺï [1- 3;8,9]; ć áńãçăě ŋěŕőńŋőľ ĺŋäőàňăæĺĺ ŕàĺňěŋïěâáï àěďãłæĺï ł ćáŕőňőčăâěńìŋëň ğăďăçăň ãŕàăćńěŋĺï ŕő ŕőńŋëň ďăŋŋëň [4,8].

Ďńï ĺááńěďőćăŋĺï ğăďăç ãŕàăćńěŋĺï ŕő ŋěŕőńŋëň ďăŋŋëň, ğăďăç áő áńãçăľŋëňĺ łőíääĺæĺěŋâăňĺ ĺ â.ď. ãďőąŋëňĺ őłăğćăîâáï âăłęě ňěâőďë áâőåăáâĺçěáłőčő ŕàĺŋæĺŕă ňăłáĺňãňă [5-7,10-13], ŕőğćőńïîéĺě ć àïďě áńãçăěć ŕőńãçĺâì àěèěŋĺě, ŋě ŕàĺąěčăï ł ŕőáâàőěŋĺî ćáŕőňőčăâěńìŋëå ğăďăç (áň. [5-7]). Ć ŋăáâőïéěľ àăąőâě łàĺâěàĺľ őŕâĺňăńìŋőáâĺ ć äőàňě ńőłăńìŋőčő áâőåăáâĺçěáłőčő ŕàĺŋæĺŕă ňăłĺáňãňă ŕàĺňěŋïěâáï ďńï àěèěŋĺï ďćãå ğăďăç őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áĺáâěňőľ (7.1) — ğăďăçĺ ŕàőčàăňňŋőčő ãŕàăćńěŋĺï ĺ ğăďăçĺ ãŕàăćńěŋĺï ŕő ŕőńŋëň ďăŋŋëň.

7.2. Ŕőáâăŋőćłă ğăďăçĺ

Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő; w (t, ω) ≡ {w_1 (t, ω), . . . , w_m (t, ω)}, t ∈ [0, 1], ω ∈ Ω — m-ňěàŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá á ŋěğăćĺáĺňëňĺ łőňŕőŋěŋâăňĺ; {F_t} — ŕőàőęďăěňëľ íâĺň ŕàőæěááőň ŕőâőł σ-ŕőďăńčěąà F. Ůěàěğ Mξ ĺ M {ξ| A} ąãďěň őąőğŋăçăâì áőőâćěâáâćěŋŋő ąěğãáńőćŋőě ĺ ãáńőćŋőě ŕő őâŋőèěŋĺî ł σ-ăńčěąàě A ⊂ F ňăâěňăâĺçěáłĺě őęĺďăŋĺï áńãçăľŋőľ ćěńĺçĺŋë ξ (ω) ŕő ćěàőïâŋőáâĺ P.

Łőíääĺæĺěŋâë ãàăćŋěŋĺï (7.1) ãďőćńěâćőàïîâ áńěďãîéĺň âàěąőćăŋĺïň: A (t), R^{(j)} (t), B (t), E^{(j)} (t), j = 1, 2, . . . , m, — ňăâàĺæë àăğňěàă n × n, n × n, n × n_a, n × n_b áőőâćěâáâćěŋŋő á ďěâěàňĺŋĺàőćăŋŋëňĺ (â.ě. ŋě ğăćĺáïéĺňĺ őâ áńãçăï ω), ąőàěńěćáłĺňĺ łőňŕőŋěŋâăňĺ; łőňŕőŋěŋâë ňăâàĺæë A (t) áãňňĺàãěňë ŕő ňěàě Ńěąěčă, ňăâàĺæ R^{(j)} (t) áãňňĺàãěňë á łćăďàăâőň, ă ňăâàĺæ B (t) , E^{(j)} (t) àăćŋőňěàŋő őčàăŋĺçěŋë ŕàĺ t ∈ [0, 1]; f (t) , g^{(j)} (t) — n-ňěàŋëě ćěłâőà-äãŋłæĺĺ á ďěâěàňĺŋĺàőćăŋŋëňĺ, áãňňĺàãěňëňĺ á łćăďàăâőň ŋă [0, 1] łőňŕőŋěŋâăňĺ.

7.3. Ťőàňãńĺàőćłă őáŋőćŋőčő àěğãńìâăâă 83

Ňăâàĺæë C (t), D_a (t), D_b (t) ć (7.2) ïćńïîâáï áĺňňěâàĺçěáłĺňĺ ĺ ĺňěîâ áőőâćěâáâćěŋŋő àăğňěàë n × n, n_a × n_a, n_b × n_b. Ďńï ŕőçâĺ ćáěå t ∈ [0, 1] ňăâàĺæë D_a (t), D_b (t) ŕőńőęĺâěńìŋő, ă ňăâàĺæë C (t) ŋěőâàĺæăâěńìŋő őŕàěďěńěŋë. Łőňŕőŋěŋâë íâĺå ňăâàĺæ, ă âăłęě łőňŕőŋěŋâë ňăâàĺæ D^{−1}_a (t), D^{−1}_b (t) ïćńïîâáï äãŋłæĺïňĺ ďěâěàňĺŋĺàőćăŋŋëňĺ, ąőàěńěćáłĺňĺ, àăćŋőňěàŋő őčàăŋĺçěŋŋëňĺ ŋă őâàěğłě [0, 1] .

Ďńï t_0 ∈ [0, 1] őąőğŋăçĺň U^a (t) čĺńìąěàâőćő ŕàőáâàăŋáâćő ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő ŕőâőłă {F_t} áńãçăľŋëå n_a-ňěàŋëå ćěłâőàäãŋłæĺľ a (t, ω), t ∈ [t_0, 1], ω ∈ Ω áő áłăńïàŋëň ŕàőĺğćěďěŋĺěň ( a^{(1)}, a^{(2)} ) = M 1∫ t_0

a^{(1)′} (s) D_a (s) a^{(2)} (s) ds.

Ŕãáâì U^a_1 (t) — ŕőďŕàőáâàăŋáâćő U^a (t) , áőáâőïéěě ĺğ ďěâěàňĺŋĺàőćăŋŋëå ćěłâőà-äãŋłæĺľ. Ăŋăńőčĺçŋő ććěďěň ŕàőáâàăŋáâćő U^b (t) ĺ ěčő ŕőďŕàőáâàăŋáâćő U^b_1 (t) . Ŕãáâì U (t_0) = U^a (t) × U^b (t), U_1 (t_0) = U^a_1 (t) × U^b_1 (t) .

Őąőğŋăçĺň L_2 (t) ŕàőáâàăŋáâćő F_t-ĺğňěàĺňëå n-ňěàŋëå áńãçăľŋëå ćěłâőàőć á łćăďàăâĺçŋő áãňňĺàãěňëňĺ ŋă Ω łőňŕőŋěŋâăňĺ. Ŕàĺ ğăďăŋŋëå t_0 ∈ [0, 1), η_0 ∈ L_2 (t_0) àăááňőâàĺň ğăďăçĺ ňĺŋĺňĺğăæĺĺ äãŋłæĺőŋăńă J (t_0, η_0; u) ŕő ćáěň u ∈ U (t_0) (ğăďăçă ãŕàăćńěŋĺï ŕő ŕőńŋëň ďăŋŋëň) ĺ ŕő ćáěň u ∈ U_1 (t_0) (ğăďăçă ŕàőčàăňňŋőčő ãŕàăćńěŋĺï). Ğăňěâĺň, çâő ŕàĺ ŕàĺŋïâëå ćëèě ŕàěďŕőńőęěŋĺïå ńîąőňã u ∈ U (t_0) őâćěçăěâ ěďĺŋáâćěŋŋőě áĺńìŋőě (ŋěŕàěàëćŋőě) àěèěŋĺě η_u ãàăćŋěŋĺï (7.1) [9]; ŕàĺ íâőň 0 ⩽ J (t_0, η_0; u) < ∞.

7.3. Ťőàňãńĺàőćłă őáŋőćŋőčő àěğãńìâăâă

Ććěďěň äőàňăńìŋëě őąőğŋăçěŋĺï:

Q^{(j)} (t, Λ) ≡ ( D_b (t) +^m ∑ i=1 E^{(j)′} (t) ΛE^{(j)} (t) )_{−1} E^{(j)′} (t) Λ,

S^{(ij)} (t, Λ) ≡ Λδ_{ij} − ΛE^{(i)} (t) Q^{(j)} (t, Λ) , Γ (t) ≡ B^′ (t) D^{−1}_a (t) B (t) ,

čďě Λ — n × n-ňăâàĺæă, δ_{ij} , i, j = 1, 2, . . . , m, — áĺňćőń Łàőŋěłěàă.

Šěőàěňă 1. ă) Ŕàĺ ńîąőň t_0 ∈ [0, 1) ğăďăçă ŕàőčàăňňŋőčő ãŕàăćńěŋĺï ĺňěěâ ěďĺŋáâćěŋŋőě àěèěŋĺě. Őŕâĺňăńìŋőě ŕàőčàăňňŋőě ãŕàăćńěŋĺě ĺňěěâ ćĺď a (t) = D^{−1}_a (t) B^′ (t) p (t) , b (t) = −^m ∑ i=1 Q^{(j)} (t, Λ_1 (t)) [ R^{(j)} (t) m (t) + g^{(j)} (t) ] , (7.3)

čďě áĺňňěâàĺçěáłăï, ŋěőâàĺæăâěńìŋő őŕàěďěńěŋŋăï n × n-ňăâàĺæă Λ_1 ïćńïěâáï ěďĺŋáâćěŋŋëň ăąáőńîâŋő ŋěŕàěàëćŋëň àěèěŋĺěň ńĺŋěľŋőľ ğăďăçĺ Łőèĺ d dt Λ_1 + A^′ (t) Λ_1 + Λ_1A (t) + C (t) + m∑ i=1 R^{(j)′} (t) Λ_1R^{(j)} (t) = 0, Λ_1 (1) = 0,

(7.4)

ă (p, m) — ěďĺŋáâćěŋŋőě ăąáőńîâŋő ŋěŕàěàëćŋőě àěèěŋĺě łàăěćőľ ğăďăçĺ d dt p = −A^′ (t) p + [ C (t) + m∑ i,j=1 R^{(j)′} (t) S^{(ij)} (t, Λ_1 (t)) R^{(j)} (t) ] m + (7.5)

+ m∑ i,j=1 R^{(j)′} (t) S^{(ij)} (t, Λ_1 (t)) g^{(j)} (t) , p (1) = 0, d dt m = A (t) m + Γ (t) p + f (t) , m (t_0) = Mη_0.

ą) Ŕãáâì ć ďőŕőńŋěŋĺě ł ãáńőćĺïň ŕ.7.2 łőňŕőŋěŋâë ćáěå ňăâàĺæ ć (7.1) őčàăŋĺçěŋë ŋă [0, 1] . Šőčďă ŕàĺ ńîąőň t_0 ∈ [0, 1) ğăďăçă ãŕàăćńěŋĺï ŕő ŕőńŋëň ďăŋŋëň ĺňěěâ ěďĺŋáâćěŋŋőě àěèěŋĺě. Őŕâĺňăńìŋăï ŕăàă (η, u) , η ≡ η_u ĺ âőńìłő őŋă ŕőçâĺ ćáîďã ŋă [t_0, 1] × Ω ãďőćńěâćőàïěâ áőőâŋőèěŋĺïň

a (t, ω) = −D^{−1}_a (t) B^′ (t) [Λ (t) η (t, ω) + Z (t)] , (7.6) b (t, ω) = − m∑ i=1 Q^{(j)} (t, Λ (t)) [ R^{(j)} (t) η (t, ω) + g^{(j)} (t) ] , čďě áĺňňěâàĺçěáłăï, ŋěőâàĺæăâěńìŋő őŕàěďěńěŋŋăï n × n-ňăâàĺæă Λ ïćńïěâáï ěďĺŋáâćěŋŋëň ăąáőńîâŋő ŋěŕàěàëćŋëň àěèěŋĺěň ŋěńĺŋěľŋőľ ğăďăçĺ Łőèĺ d dt Λ + A^′ (t) Λ + ΛA (t) − ΛΓ (t) Λ + C (t) + (7.7) + m∑ i=1 R^{(j)′} (t) S^{(ij)} (t, Λ) R^{(j)} (t) = 0, Λ (1) = 0,

7.4. Ňěâőď àěèěŋĺï 85

ă Z — ěďĺŋáâćěŋŋőě ăąáőńîâŋő ŋěŕàěàëćŋőě àěèěŋĺě ğăďăçĺ Łőèĺ d dt Z + (A^′ (t) − Λ (t) Γ (t)) Z + Λ (t) f (t) + + m∑ i,j=1 R^{(j)′} (t) S^{(ij)} (t, Λ (t)) g^{(j)} (t) = 0, Z (1) = 0.

7.4. Ňěâőď àěèěŋĺï

Ďőłăğăâěńìáâćő âěőàěňë 1 őáŋőćăŋő ŋă ĺáŕőńìğőćăŋĺĺ áńěďãîéěčő łàĺâěàĺï őŕâĺňăńìŋőáâĺ.

Šěőàěňă 2. Ŕãáâì A_t ≡ {∅, Ω}( ∅ — ŕãáâőě ňŋőęěáâćő) ć ğăďăçě ŕàőčàăňňŋőčő ãŕàăćńěŋĺï ĺ A_t ≡ F_t ć ğăďăçě ãŕàăćńěŋĺï ŕő ŕőńŋëň ďăŋŋëň. Šőčďă ďńï őŕâĺňăńìŋőáâĺ ďőŕãáâĺňőčő ãŕàăćńěŋĺï u (t) = (a (t) , b (t)) ć łăęďőľ ĺğ íâĺå ğăďăç ŋěőąåőďĺňő ĺ ďőáâăâőçŋő, çâőąë ďńï ŋěčő ąëńő ćëŕőńŋěŋő áńěďãîéěě áőőâŋőèěŋĺě ńőłăńìŋőčő ŕàĺŋæĺŕă ňĺŋĺňãňă: ďńï ŕőçâĺ ćáěå t ∈ [t_0, 1] ŕőçâĺ ŋăćěàŋőě ŕő ω min a∈R^{na} ,b∈R^nb M {H (t, a, b)| A_t} = M {H (t, a (t) , b (t))| A_t} . (7.8) Ğďěáì

H (t, a, b) ≡ [θ^′ (t) B (t) + a^′ (t) D_a (t)] a + [_m ∑ j=1 κ^′_{(j)} (t) E^{(j)} (t) + b^′ (t) D_b (t) ] b, (7.9)

θ (t) = M

Φ^{−1′} (t) 1∫ t Φ^′ (s) C (s) η (s) ds | | | | F^t ,

Φ (t)— äãŋďăňěŋâăńìŋăï ňăâàĺæă àěèěŋĺľ őďŋőàőďŋőľ áĺáâěňë (7.1), κ_{(j)} (t) ≡ μ^{(j)} (t, t, ω), äãŋłæĺĺ μ^{(j)} (t, τ , ω) őďŋőğŋăçŋő őŕàěďěńěŋë ďńï t_0 ⩽ τ ⩽ t ⩽ 1 ĺğ àăćěŋáâć

θ (t) = M {θ (t)| F_{t0} } + m∑ j=1 t∫ t_0

μ^{(j)} (t, τ , ω) dw_j (τ ) . (7.10)

Őâňěâĺň őáŋőćŋëě ňőňěŋâë ďőłăğăâěńìáâćă âěőàěňë 2. Ĺáŕőńìğãï äőàňãńã Łőèĺ [14] ďńï àěèěŋĺï ãàăćŋěŋĺï (7.1), ŕőńãçăěň ïćŋőě ŕàěďáâăćńěŋĺě äãŋłæĺőŋăńă J (u) ŋă ňŋőęěáâćě U (t_0) . Ŋěâàãďŋő ŕàőćěàĺâì âěŕěàì, çâő íâőâ äãŋłæĺőŋăń ïćńïěâáï áâàőčő ćëŕãłńëň ĺ ĺňěěâ ŕàőĺğćőďŋãî δJ (u; v) ć ńîąőľ âőçłě ŕàőáâàăŋáâćă U (t_0) ŕő ńîąőňã ŋăŕàăćńěŋĺî v. Łăł åőàőèő ĺğćěáâŋő (áň., ŋăŕàĺňěà, [8]), ŕàĺ íâĺå ãáńőćĺïå áãéěáâćãěâ ŋě ąőńěě őďŋőľ âőçłĺ, ć łőâőàőľ J (u) ďőáâĺčăěâ áćőěčő ňĺŋĺňãňă ŋă U (t_0) (U_1 (t_0)), ĺ łàĺâěàĺěň őŕâĺňăńìŋőáâĺ âőçłĺ w ïćńïěâáï ãáńőćĺě δJ (w; v) ⩾ 0, v ∈ U (t_0) (v ∈ U_1 (t_0)).

Ŕőáńěďŋěě ãáńőćĺě ďńï ğăďăçĺ ąőńěě őąéěčő ćĺďă, çěň (7.1),(7.2), ŕőńãçěŋő ć [10] ć ĺŋâěčàăńìŋőľ äőàňě. Şçĺâëćăï ćĺď ňŋőęěáâć ďőŕãáâĺňëå ãŕàăćńěŋĺľ, ć àăááňăâàĺćăěňőň áńãçăě ŋěâàãďŋő ŕàĺćěáâĺ íâő ĺŋâěčàăńìŋőě ãáńőćĺě ł ńőłăńìŋőľ äőàňě (7.8). Ŋăąőà äãŋłæĺľ { θ, κ_{(j)} } , ćåőďïéĺå ć áőáâăć “čăňĺńìâőŋĺăŋă” H, ãďőćńěâćőàïěâ áőŕàïęěŋŋőľ ğăďăçě Ąĺáňãâă [6,11] ć áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńăå. Řěèěŋĺě íâőľ ğăďăçĺ ďńï äãŋłæĺĺ θ ŕàĺćěďěŋő ć (7.9), ă ďńï äãŋłæĺľ κ_{(j)} ãłăğăŋă ĺå ŋěŕőáàěďáâćěŋŋăï áćïğì (7.10) á äãŋłæĺěľ θ çěàěğ áâőåăáâĺçěáłĺě ïďàă μ^{(j)}, ãáâăŋőćńěŋŋăï ć [13]. Ğăňěâĺň, çâő ćőğňőęŋőáâì ŕàěďáâăćńěŋĺï äãŋłæĺĺ θ (t) ć ćĺďě (7.10) ŕàĺ łăęďőň t ∈ [t_0, 1] á ŋěłőâőàëňĺ äãŋłæĺïňĺ μ^{(j)}_t (τ , ω) ≡ μ^{(j)} (t, τ, ω) ćëëâěłăěâ ĺğ ĺğćěáâŋőčő àěğãńìâăâă Łńăàłă [9] ő ŕàěďáâăćńěŋĺĺ äãŋłæĺőŋăńőć őâ ćĺŋěàőćáłőčő ŕàőæěááă. Ć [12,13] ďőŕőńŋĺâěńìŋő ŕőłăğăŋő, çâő íâĺ äãŋłæĺĺ ňőčãâ ąëâì ćëąàăŋë ĺğňěàĺňëňĺ ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå (t, τ, ω), ŕàĺçěň äãŋłæĺĺ μ^{(j)} (t, t, ω) ŕàĺ íâőň ćëąőàě ŕàőčàěááĺćŋő ĺğňěàĺňë őâŋőáĺâěńìŋő ŕőâőłă {F_t} .

7.5. Ďőłăğăâěńìáâćő âěőàěňë 1

1. Ďőłăğăâěńìáâćő ãâćěàęďěŋĺï (ą) âěőàěňë 1 ŕàőćěďěň ć ďćă íâăŕă. Ŋă ŕěàćőň íâăŕě ŕőłăęěň, çâő ãàăćŋěŋĺě (7.7) ĺňěěâ ńőłăńìŋőě àěèěŋĺě, őŕàěďěńěŋŋőě ŋă ŋěłőâőàőň ĺŋâěčàćăńě (τ_1, 1), ĺ ŕàĺ t_0 ∈ (τ_1, 1) áãéěáâćãěâ ěďĺŋáâćěŋŋőě ãŕàăćńěŋĺě ĺğ U (t_0), ďńï łőâőàőčő ćëŕőńŋěŋë áőőâŋőèěŋĺï (7.6) ĺ łőâőàőě ãďőćńěâćőàïěâ ŕàĺŋæĺŕã ňĺŋĺňãňă (7.8), ă ğŋăçĺâ, őŕâĺňăńìŋő. Ĺáŕőńìğãï íâő, ďőłăęěň ŋă ćâőàőň íâăŕě , çâő àěèěŋĺě ãàăćŋěŋĺï (7.7) ňőęěâ ąëâì ŕàőďőńęěŋő ŋă ćěáì őâàěğőł [0, 1] .

Őąőğŋăçĺň ‖A‖ áŕěłâàăńìŋãî ŋőàňã łćăďàăâŋőľ ňăâàĺæë A : ‖A‖ = r^{1/2} (A^′A) , čďě r (B) — áŕěłâàăńìŋëľ àăďĺãá ňăâàĺæë B [15]. Ğăňěâĺň, çâő ěáńĺ ňăâàĺæă A ĺňěěâ àăğňěàë n×n, ă ňăâàĺæă B — àăğňěàë n×m, âő ‖B^′AB‖ ⩽ ‖A‖ ‖B^′B‖ . Ŕãáâì α = sup_{0⩽t⩽1} ‖ D^{−1}_b (t) ‖^m∑ j=1 ‖ E^{(j)′} (t) E^{(j)} (t) ‖ , S_1 — őâłàëâëľ èăà àăďĺãáă 1/ (2α) á æěŋâàőň ć ŋãńě ŕàőáâàăŋáâćă n×n ňăâàĺæ, áŋăąęěŋŋőčő áŕěłâàăńìŋőľ ŋőàňőľ, ∂S_1 — ěčő čàăŋĺæă. Ŋěâàãďŋő ŕàőćěàĺâì, çâő ŋă ňŋőęěáâćě [0, 1] × S_1 ŕàăćăï çăáâì ãàăćŋěŋĺï (7.7) ïćńïěâáï äãŋłæĺőěľ őčàăŋĺçěŋŋőľ ĺ ńĺèĺæěćőľ ŕő Λ àăćŋőňěàŋő őâŋőáĺâěńìŋő t. Śńěďőćăâěńìŋő, ŕő âěőàěňě Łăàăâěőďőàĺ áãéěáâćãěâ ãďĺŋáâćěŋŋőě ăáőńîâŋő ŋěŕàěàëćŋőě àěèěŋĺě íâőčő ãàăćŋěŋĺï, ãďőćńěâćőàïîéěě ãáńőćĺî Λ (1) = 0, őŕàěďěńěŋŋőě ŋă ŋěłőâőàőň ĺŋâěàćăńě (τ_1, 1], čďě ńĺąő τ_1 = 0, ńĺąő τ_1 > 0 ĺ Λ (τ_1) ≡ lim_{t→τ 1} Λ (t) ∈ ∂S_1.

Ŕãáâì t_0 ∈ (τ_1, 1). Őçěćĺďŋő, çâő áőőâŋőèěŋĺě (7.8) íłćĺćăńěŋâŋő ãáńőćĺî M {H (t, a (t) , b (t))| A_t} = 0, t ∈ [t_0, 1]. Śńěďőćăâěńìŋő, ďńï őŕâĺňăńìŋőáâĺ ďőŕãáâĺňőčő ãŕàăćńěŋĺï u (t) ć ğăďăçě ãŕàăćńěŋĺï ŕő ŕőńŋëň ďăŋŋëň ŋěőąåőďĺňő ĺ ďőáâăâőçŋő, çâőąë ďńï ŕőçâĺ ćáěå t ∈ [t_0, 1] ŕőçâĺ ŋăćěàŋőě ćëŕőńŋïńĺáì àăćěŋáâćă

a (t) = −D^{−1}_a (t) B^′ (t) M {θ (t)| A_t} = −D^{−1}_a (t) B^′ (t) θ (t) , (7.11)

b (t) = −D^{−1}_a (t) m∑ j=1 E^{(j)′} (t) M { κ_{(j)} (t) | | A_t} =

= −D^{−1}_a (t) m∑ j=1 E^{(j)′} (t) κ_{(j)} (t) .

Ŕàőćěàĺň, çâő áőőâŋőèěŋĺïň (7.6) ãďőćńěâćőàïěâ ěďĺŋáâćěŋŋőě ãŕàăćńěŋĺě u (t) ∈ U (t_0), ĺ ďńï íâőčő ãŕàăćńěŋĺï ćëŕőńŋěŋë àăćěŋáâćă (7.11). Ŕőáłőńìłã ‖Λ (t)‖ , ‖ Q^{(j)} (t, Λ (t)) ‖ àăćŋőňěàŋő őčàăŋĺçěŋë ŋă [t_0, 1] , âő, ŕőďáâăćńïï (7.6) ć (7.1), ŕőńãçăěň ńĺŋěľŋőě ãàăćŋěŋĺě őâŋőáĺâěńìŋő η (t), ãďőćńěâćőàïîéěě ãáńőćĺïň âěőàěňë áãéěáâćőćăŋĺï ĺ ěďĺŋáâćěŋŋőáâĺ áĺńìŋőčő àěèěŋĺï [9]. Őâáîďă ćëâěłăěâ ŕěàćőě ĺğ áďěńăŋŋëå ãâćěàęďěŋĺľ; ďńï ďőłăğăâěńìáâćă ćâőàőčő ćëçĺáńĺň äãŋłæĺĺ θ (t) , κ_{(j)} (t), őâćěçăîéĺě ãŕàăćńěŋĺî (7.6).

Ŕãáâì φ^{(k)} (t) — k-ëľ áâőńąěæ ňăâàĺæë Φ (t), X^{(k)} (t) = φ^{(k)} (t)⊗η^′ (t), čďě ⊗ — ŕàïňőě ŕàőĺğćěďěŋĺě ňăâàĺæ [15]. Ŕàĺňěŋïï äőàňãńã ďĺääěàěŋæĺàőćăŋĺï Ĺâő, ŕőńãçăěň ĺğ (7.1)

dX^{(k)} = ( X^{(k)}Ã^′ + AX^{(k)} + ∑_m j=1 R^{(j)}X^{(k)}R̃^{(j)′} ) dt+ + {∑_m j=1 [( X^{(k)}R̃^{(j)′} + R^{(j)}X^{(k)} + φ^{(k)} ⊗ g̃^{(j)′} ) dw_j + + ( R^{(j)}φ^{(k)} ) ⊗ g̃^{(j)′} dt ] + φ^{(k)} ⊗ f̃^′dt } , (7.12)

čďě Ã = A − BD−1_a B′Λ, R̃(j) = R(j) − E(j)^m∑ i=1 Q^{(j)} (t, Λ (t)) R^{(i)}, f̃ = f − BD−1_a B′Z, g̃(j) = g(j) − E(j)^m∑ i=1 Q^{(j)} (t, Λ (t)) g^{(i)}.

Ŕãáâì W (t) — äãŋďăňěŋâăńìŋăï n^2 × n^2-ňăâàĺæă àěèěŋĺľ ńĺŋěľŋőľ áĺáâěňë d dt k = ( I ⊗ Ã + A ⊗ I + R^{(i)} ⊗ R̃^{(j)} ) k. Šőčďă, ŕàĺňěŋïï ł (7.12) äőàňãńã Łőèĺ, ŕőńãçĺň ďńï ňăâàĺæë X^{(k)}, àăááňăâàĺćăěňőľ łăł n^2-ćěłâőà { X^{(k)}_{11} , . . . , X^{(k)}_{1n} , X^{(k)}_{21} , . . . , X^{(k)}nn } âőęďěáâćő

X^{(k)} (t) = W (t)

W^{−1} (t_0) ( I^{(k)} ⊗ η^′_0 ) + t∫ t_0

W^{−1} (s) dξ (s) ,

čďě dξ (t) — áâőåăáâĺçěáłĺľ ďĺääěàěŋæĺăń, ğăłńîçěŋŋëľ ć (7.12) ć äĺčãàŋëě áłőąłĺ, I^{(k)} — k-ëľ áâőńąěæ ěďĺŋĺçŋőľ ňăâàĺæë I.

Őâáîďă, ĺáŕőńìğãï âăłęě âőęďěáâćă

Φ (t) = Ψ (t) { Ψ^{−1} (t_0) +^m ∑ j=1 t∫ t_0

Ψ^{−1}R^{(i)}Φ dw_j } , M { φ^{(k)} (s) | | F_t} = Ψ (s) Ψ^{−1} (t) φ^{(k)} (t) , s ⩾ t,

čďě Ψ (t) — äãŋďăňěŋâăńìŋăï ňăâàĺæă àěèěŋĺľ áĺáâěňë ẋ = Ax, ŕőńãçăěň ŕàĺ s ⩾ t M { X^{(k)} (s) | | F_t} = W (s) W −1 (t) X (k) (t) + W (s)^s∫ t W^{−1} (τ) × × [_m ∑ j=1 R^{(i)} (τ ) Ψ (τ) Ψ^{−1} (t) φ^{(k)} (t) ⊗ g̃^{(j)′} (τ) + Ψ (τ) Ψ^{−1} (t) φ^{(k)} (t) ⊗ f̃^′ (τ) ] dτ.

Ŕőďáâăćńïï íâő ćëàăęěŋĺě ć äőàňãńã ďńï i-őľ łőňŕőŋěŋâë ćěłâőà-äãŋłæĺĺ θ (t) ĺ ãçĺâëćăï őŕàěďěńěŋĺï ňăâàĺæ W, Λ, Φ ĺ ćěłâőà-äãŋłæĺĺ Z, ŕőńãçăěň

θ_i (t) =^n ∑ k=1 (Φ^{−1} (t))_{ki} 1∫ t Tr C (s) M { X^{(k)} (s) | | F_t} ds = = (Λ (t) η (t) + Z (t))_i .

(7.13)

Ĺğ (7.13) ďăńěě, ĺáŕőńìğãï âőęďěáâćő

η (t) = Ψ̃ (t)

Ψ̃^{−1} (t_0) η_0 + t∫ t_0

Ψ̃^{−1}f̃ds +^m ∑ j=1 t∫ t_0

Ψ̃^{−1} ( R̃^{(j)}η + g̃^{(j)} ) dw_j , čďě Ψ̃ — äãŋďăňěŋâăńìŋăï ňăâàĺæă àěèěŋĺľ áĺáâěňë ẋ = Ãx, ĺňěěň

κ_{(j)} (t) = μ^{(j)} (t, t) = Λ (t) [ R̃^{(j)} (t) η (t) + g̃^{(j)} (t) ] . (7.14)

Ŕőďáâăćńïï (7.14) ĺ (7.13) ć (7.11) ĺ ğăňěçăï, çâő m∑ j=1 D^{−1}_b (t) E^{(j)′} (t) S^{(ij)} (t, Λ (t)) ≡ Q^{(i)} (t, Λ (t)) ,

ãąěďĺňáï ć âőň, çâő ãŕàăćńěŋĺě (7.6) ďěľáâćĺâěńìŋő őąàăéăěâ (7.11) ć âőęďěáâćă, â.ě. őŕâĺňăńìŋő.

Ŕőłăęěň, çâő ŕàĺ τ_1 > 0 ćőğňőęŋő ŕàőďőńęěŋĺě àěèěŋĺï ãàăćŋěŋĺï (7.7) ŋă ćěáì őâàěğőł [0, 1] . Řăááňőâàĺň âőâ çăáâŋëľ áńãçăľ, łőčďă ć (7.1) f ≡ g^{(j)} ≡ 0. Ŕőďáâăćńïï (7.6) ć (7.1) ĺ (7.2), ńěčłő ŕőńãçĺâì, çâő ć íâőň áńãçăě J (t_0, η_0; u) =^1_2 Mη^′_0Λη_0.

Ć çăáâŋőáâĺ, ŕàĺ ŋěáńãçăľŋőň η_0 (ω) ≡ x ĺňěěň

J (t_0, x; u) = 1 2 x^′Λ (t_0) x. (7.15)

Šàăŋáŕőŋĺàãï ãàăćŋěŋĺě (7.7) ĺ ãçĺâëćăï ěďĺŋáâćěŋŋőáâì ńőłăńìŋőčő àěèěŋĺï, ãąěďĺňáï ć âőň, çâő Λ (t) = Λ^′ (t) ŕàĺ t ∈ [τ_1, 1] . Ŕőáłőńìłã J ⩾ 0, âő ĺğ (7.15) ŕőńãçăěň, çâő ňăâàĺæă Λ (t) ŋěőâàĺæăâěńìŋő őŕàěďěńěŋă ďńï ćáěå t ∈ [τ_1, 1] .

Ŕãáâì u^0 ≡ 0. Ĺňěěň u^0 ∈ U (t_0) ĺ J (t_0, x; u^0) =^1_2 x^′N (t_0) x, čďě N (t) — ŋěőâàĺæăâěńìŋő őŕàěďěńěŋŋăï, ŋěŕàěàëćŋăï ŕàĺ t ∈ [0, 1] ňăâàĺæă (łőâőàãî ńěčłő ŋăľâĺ ć ïćŋőň ćĺďě). Šăł łăł ãŕàăćńěŋĺě (7.6) őŕâĺňăńìŋő, âő ŕàĺ t ∈ (τ_1, 1] 0 ⩽ x^′Λ (t) x ⩽ x^′N (t) x.

Ŕěàěåőďï ć íâĺå ŋěàăćěŋáâćăå ł ŕàěďěńăň ŕàĺ t → τ_1, ãáâăŋőćĺň ĺå ćëŕőńŋěŋĺě ĺ ŕàĺ t = τ_1. Ŕőíâőňã max τ_1⩽t⩽1 ‖Λ (t)‖ ⩽ max_{τ 1⩽t⩽1} ‖N (t)‖ ⩽ max_{0⩽t⩽1} ‖N (t)‖ < ∞. (7.16) Śďěńăěň âăłęě őæěŋłã ŋőàňë ňăâàĺæë Q^{(j)}. Ĺňěěň ć áĺńã ŋěőâàĺæăâěńìŋőľ őŕàěďěńěŋŋőáâĺ ňăâàĺæë Λ ŋă [τ_1, 1] r ( D_b + m∑ j=1 E^{(j)′}ΛE^{(j)} ) ⩾ r (D_b) . Ŕőíâőňã àăćŋőňěàŋő ŋă [τ_1, 1] ‖ ‖ ‖ ‖ ‖ ( D_b + m∑ j=1 E^{(j)′}ΛE^{(j)} )_{−1}‖ ‖ ‖ ‖ ⩽ max τ_1⩽t⩽1 ‖ ‖D^{−1}_b (t) ‖ ‖ ⩽ max_{0⩽t⩽1} ‖ ‖D^{−1}_b (t) ‖ ‖ = N_1 < ∞

(7.17)

Ĺáŕőńìğãï ŕőńãçěŋŋëě őæěŋłĺ, ŕőáâàőĺň ŕàőďőńęěŋĺě àěèěŋĺï ãàăćŋěŋĺï (7.7). Šăł łăł ‖ ‖ ‖ ‖ D_b (t) + m∑ j=1 E^{(j)′} (t) Λ (τ_1) E^{(j)} (t) ‖ ‖ ‖ ‖ ⩾ ‖D_b (t)‖ , âő ŕàăćăï çăáâì íâőčő ãàăćŋěŋĺï őčàăŋĺçěŋă ĺ ãďőćńěâćőàïěâ ãáńőćĺï Ńĺŕèĺæă ŕő Λ àăćŋőňěàŋő őâŋőáĺâěńìŋő t ŋă ňŋőęěáâćě [0, 1] × S_2, čďě S_2 = {Λ : ‖Λ − Λ (τ_1)‖ < 1/ (2α)} . Śńěďőćăâěńìŋő, áãéěáâćãěâ àěèěŋĺě íâőčő ãàăćŋěŋĺï ŕàőåőďïéěě çěàěğ âőçłã (τ_1, Λ (τ_1)) , őŕàěďěńěŋŋőě ŋă ŋěłőâőàőň ĺŋâěàćăńě (τ_1, τ^′) , τ_1 ∈ (τ_1, τ^′) ĺ áőćŕăďăîéěě ŕàĺ t ∈ [τ_1, τ^′) á àăŋěě ŕőáâàőěŋŋëň àěèěŋĺěň. Ŕàĺ íâőň ńĺąő τ_2 = 0, ńĺąő τ_2 > 0 ĺ Λ (τ_2) ≡ lim_{t→τ 2} Λ (t) ∈ ∂S_2.

Ăŋăńőčĺçŋő ĺğńőęěŋŋőňã ćëèě ŕőłăğëćăěâáï, çâő ŕàĺ ńîąőň t_0 ∈ (τ_2, 1) ãŕàăćńěŋĺě (7.6) ïćńïěâáï őŕâĺňăńìŋëň. Ŋő íâő ŕőğćőńïěâ ŕàőďőńęĺâì àěèěŋĺě ãàăćŋěŋĺï (7.7) ďăńěě ŋă ŋěłőâőàëľ ĺŋâěàćăń (τ_3, τ_2) ĺ â.ď.

Ŕőłăęěň, çâő ŋă ŋěłőâőàőň íâăŕě τ_n = 0. Ĺňěěň ŋă ńîąőň őâàěğłě [τ_k, τ_{k−1}] ć áĺńã (7.17),(7.16) ĺğ (7.7) ‖_d dt Λ ‖ ⩽ ( 2 ‖A‖ +^m ∑ j=1 ‖ R^{(j)} ‖_2 ) ‖Λ‖ + + ( ‖Γ‖ + N_1^m ∑ i,j=1 ‖ ‖R(j) ‖ ‖ ‖ ‖E(j)′E(j) ‖ ‖ ‖ ‖R(j) ‖ ‖ ) ‖Λ‖^2 + ‖C‖ ⩽ N_2 < ∞.

Šăł łăł ŕőáâőïŋŋăï N_2 ĺ àăďĺãá èăàă S_k ŋě ğăćĺáïâ őâ ŋőňěàă ŕàőďőńęěŋĺï k, âő ćěńĺçĺŋă èăčă τ_{k−1} − τ_k àăćŋőňěàŋő őčàăŋĺçěŋă áŋĺğã. İâő ďőłăğëćăěâ ŋăèě ãâćěàęďěŋĺě.

2. Ďńï ďőłăğăâěńìáâćă ãâćěàęďěŋĺï (ă) âěőàěňë ŕőłăęěň, çâő ŕàĺ ńîąőň t_0 ∈ [0, 1) ğăďăçĺ (7.4),(7.5) ĺňěîâ ěďĺŋáâćěŋŋëě àěèěŋĺï, ă őŕàěďěńïěňőě ĺňĺ ãŕàăćńěŋĺě (7.3) ŕàĺŋăďńěęĺâ łńăááã U_1 (t_0) ĺ ãďőćńěâćőàïěâ áőőâŋőèěŋĺî ŕàĺŋæĺŕă ňĺŋĺňãňă (7.8).

Ŕàőćěàłă ŕőáńěďŋěčő áćőľáâćă ãŕàăćńěŋĺï (7.3) ňőęěâ ąëâì ćëŕőńŋěŋă ŕő âőľ ęě áåěňě, çâő ĺ ć áńãçăě (ą). Ďőłăğăâěńìáâćő áãéěáâćőćăŋĺï ĺ ěďĺŋáâćěŋŋőáâĺ ć łńăááě ăąáőńîâŋő ŋěŕàěàëćŋëå ňăâàĺçŋëå äãŋłæĺľ àěèěŋĺï ğăďăçĺ Łőèĺ (7.4) âàãďŋőáâěľ ŋě ćëğëćăěâ ćáńěďáâćĺě ńĺŋěľŋőáâĺ íâőľ ğăďăçĺ. Łăł ĺ ć ŕ. (ą), ňőęŋő ŕőłăğăâì, çâő ňăâàĺæă Λ_1 (t) ŋěőâàĺæăâěńìŋő őŕàěďěńěŋă ŕàĺ ńîąőň t. Ďńï âőčő çâőąë ďőłăğăâì áãéěáâćőćăŋĺě ĺ ěďĺŋáâćěŋŋőáâì àěèěŋĺï łàăěćőľ ğăďăçĺ (7.5), àăááňőâàĺň áńěďãîéĺě âàĺ ğăďăçĺ Łőèĺ: d dt Y + A^′Y + Y A − Y ΓY + C+ +^m ∑ i,j=1 R^{(j)′}S^{(i,j)} (t, Λ_1 (t)) R^{(j)} = 0, Y (1) = 0; d dt ξ + (A^′ − Y Γ) ξ + Y f+ +^m ∑ i,j=1 R^{(j)′}S^{(i,j)} (t, Λ_1 (t)) g^{(j)} = 0, ξ (1) = 0; (7.18) d dt m_1 = (A − ΓY ) m_1 + Γξ + f, m (t_0) = Mη_0

Řěèěŋĺě ŕěàćőľ ĺğ íâĺå ğăďăç ďńï ňăâàĺçŋőčő ãàăćŋěŋĺï Řĺłłăâĺ, ă á ŋĺň ĺ àěèěŋĺï ďćãå őáâăćèĺåáï áãéěáâćãîâ ĺ ěďĺŋáâćěŋŋë ć łńăááăå ăąáőńîâŋő ŋěŕàěàëćŋëå äãŋłæĺľ [3,8]. Ŋő, łăł ńěčłő ŕàőćěàĺâì ŋěŕőáàěďáâćěŋŋőľ ŕőďáâăŋőćłőľ, ŕăàă äãŋłæĺľ m ≡ m_1 ĺ p ≡ −Y m + ξ ěáâì àěèěŋĺě łàăěćőľ ğăďăçĺ (7.5). Śćěàå âőčő, ěáńĺ (m, p) — ŋěłőâőàőě àěèěŋĺě íâőľ ğăďăçĺ, âő ŋěŕőáàěďáâćěŋŋő ŕàőćěàïěâáï, çâő äãŋłæĺï ξ_1 ≡ p + Y m ïćńïěâáï àěèěŋĺěň ćâőàőľ ĺğ ğăďăç (7.18) ĺ, ğŋăçĺâ, áőćŕăďăěâ á ξ. Ŕőďáâăćńïï ŕàĺ íâőň p ≡ ξ_1 − Y m ćő ćâőàőě ĺğ ãàăćŋěŋĺľ (7.5), ŕőńãçăěň m ≡ m_1, p ≡ ξ − Y m, çâő ŕőłăğëćăěâ ěďĺŋáâćěŋŋőáâì àěèěŋĺï ğăďăçĺ (7.5). Šěőàěňă 1 ďőłăğăŋă.

Ńĺâěàăâãàă

[1] Ńěâőć Ă.Ň. Ăŋăńĺâĺçěáłőě łőŋáâàãłâĺàőćăŋĺě àěčãńïâőàőć, I-IV. – Ăćâőňăâĺłă ĺ âěńěňěåăŋĺłă, 1960, â. 21, ü4, á. 436-441; ü5, á. 561- 568; ü6, á. 661-665; 1961, â. 22ü4, á. 425-435.

[2] Łãàęăŋáłĺľ Ă.Ą. Őą ăŋăńĺâĺçěáłőň łőŋáâàãĺàőćăŋĺĺ àěčãńïâőàă ć áĺáâěňě á ŕőňěåőľ, ğăćĺáïéěľ őâ ãŕàăćńěŋĺï. – Ďĺääěàěŋæ. ãàăćŋěŋĺï, 1965, â. 1, ü2, á. 204-213.

[3] Ŕăàăěć đ.Ĺ. Ććěďěŋĺě ć áâăâĺáâĺçěáłãî ďĺŋăňĺłã ŕàőæěááőć ãŕàăćńěŋĺï ĺ äĺńìâàăæĺĺ. – Ň.: Śőćěâáłőě àăďĺő, 1976. – 184 á.

[4] Wonham W.M. On the separation theorem of stochastic control. – SIAM J. Control, 1968, vol. 6, N1, p. 312-326.

[5] Bismut J.-M. Controle des systemes linearies quadratiques: applications l’integrale stochastique. – Lect. Notes Math., 1978, N649, p. 180-264.

[6] Bismut J.-M. Linear-quadratic optimal stochastic control with random coefficients. – SIAM J. Control and Optimiz., 1976, vol. 14, N3, p. 419- 444.

[7] Śňĺàŋőć Ĺ.Ŕ. Őą őŕâĺňăńìŋőň ãŕàăćńěŋĺĺ ďĺŋăňĺçěáłőľ áĺáâěňőľ áő áńãçăľŋëňĺ ŕăàăňěâàăňĺ ŕàĺ ŋěŕőńŋőľ ĺŋäőàňăæĺĺ. – ŔŇŇ, 1979, â. 43, ćëŕ. 4, á. 621-628 (Čńăćă 3 ŋăáâőïéěčő áąőàŋĺłă).

[8] Ťńěňĺŋč Ş., Řĺèěń Ř. Őŕâĺňăńìŋőě ãŕàăćńěŋĺě ďěâěàňĺŋĺàőćăŋŋëňĺ ĺ áâőåăáâĺçěáłĺňĺ áĺáâěňăňĺ. – Ň: Ňĺà, 1978. – 318 á.

[9] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Şŕàăćńïěňëě áńãçăľŋëě ŕàőæěááë. – Łĺěć: Ŋăãłőćă ďãňłă, 1977. – 251 á.

[10] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. Őą őďŋőľ ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áâőåăáâĺçěáłĺň ŕàőæěááőň. – Ďĺääěàěŋæ. ãàăćŋěŋĺï, 1979, â.15, ü5, á. 943-944 (Čńăćă 2 ŋăáâőïéěčő áąőàŋĺłă).

[11] Bismut J.-M. Conjugate convex functions in optimal stochastic control.

– J. Math. Anal. and Appl., 1973, vol. 44, N2, p. 384-404.

[12] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. Ŕàĺŋæĺŕë ňĺŋňãňă ć ğăďăçăå őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áńãçăľŋëňĺ ŕàőæěááăňĺ. – ŔŇŇ, 1978, â. 42, ćëŕ. 2, á. 233-244 (Čńăćă 1 ŋăáâőïéěčő áąőàŋĺłă).

[13] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. Śâàãłâãàă őŕěàăâőàőć áâőåăáâĺçěáłőčő ĺŋâěčàĺàőćăŋĺï ŋă ŕàőáâàăŋáâćăå áãňňĺàãěňëå áńãçăľŋëå äãŋłæĺľ. – Ň., 1980. – 28 á. Ďěŕ. ć ĆĹŊĹŠĹ, ü397 – 80. (Čńăćă 4 ŋăáâőïéěčő áąőàŋĺłă).

[14] Śăďőćïł Ă.Ň., Űăàìłőć Ě.Ť. Ăŋăńőč äőàňãńë Łőèĺ ďńï áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ. – Šěőàĺï ćěàőïâŋőáâěľ ĺ ěě ŕàĺňěŋěŋĺï, 1973, â. 18, ćëŕ. 2, á. 415-417.

[15] Ńăŋłăáâěà Ń. Ś. Šěőàĺï ňăâàĺæ. – Ň.: Ŋăãłă, 1978. – 280 á.

Čőàìłőćáłĺľ čőáãďăàáâćěŋŋëľ ãŋĺćěàáĺâěâ ĺň. Ŋ.Ĺ. Ńőąăçěćáłőčő

Ŕőáâãŕĺńă ć àěďăłæĺî 3 ďěłăąàï 1980 č.

Čńăćă 8.

Śâőåăáâĺçěáłĺľ ŕàĺŋæĺŕ ňăłáĺňãňă ć ńĺŋěľŋőľ ğăďăçě ãŕàăćńěŋĺï àăğàëćŋëň ŕàőæěááőň

ŞĎŁ 519.2

Łăł ŕőłăğăŋő ć àăąőâě [1], ŕàĺŋæĺŕ ňăłáĺňãňă Ń.Ś.Ŕőŋâàïčĺŋă ďńï őąéěľ ŋěńĺŋěľŋőľ ğăďăçĺ ãŕàăćńěŋĺï ãŕàăćńěŋĺï łőíääĺæĺěŋâőň ďĺääãğĺĺ áâőåăáâĺçěáłőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï Ĺâő áŕàăćěďńĺć ńĺèì ć ěčő ńőłăńìŋőľ äőàňě. Őďŋăłő, ěáńĺ ğăďăçă ńĺŋěľŋă ŕő äăğőćëň ŕěàěňěŋŋëň, âő ďńï ŋěě ãďăěâáï ŕőńãçĺâì ŋěőąåőďĺňőě ãáńőćĺě őŕâĺňăńìŋőáâĺ ĺ ć äőàňě ŕőâőçěçŋőčő áâőåăáâĺçěáłőčő ŕàĺŋæĺŕă ňăłáĺňãňă [2].

Ăŋăńőčĺçŋëě ãâćěàęďěŋĺï áŕàăćěďńĺćë ĺ ć őâŋőèěŋĺĺ ğăďăçĺ ãŕàăćńěŋĺï ŕãăááőŋőćáłĺň çńěŋőň áâőåăáâĺçěáłőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï ąěğ ŕőáńěďěľáâćĺï. Ć ŋăáâőïéěľ àăąőâě àěğãńìâăâë àăąőâ [1, 3] ŕàĺňěŋïîâáï ďńï ãáâăŋőćńěŋĺï ŕőâőçěçŋőčő ŕàĺŋæĺŕă ňăłáĺňãňă ďńï ńĺŋěľŋőčő áńãçăï íâőľ ğăďăçĺ.

1. Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő; {F_t, t ∈ [0, 1]} — ŕőâőł ŕőńŋëå ŕő ňěàě P σ-ŕőďăńčěąà F; w (t) , ν (t, A) — m-ňěàŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá á ŋěğăćĺáĺňëňĺ łőňŕőŋěŋâăňĺ ĺ ŕãăááőŋőćáłăï áńãçăľŋăï ňěàă á ŕăàăňěâàőň Π (A) t (Π — σ-łőŋěçŋăï ňěàă ŋă σ-ăńčěąà B^l

1Ś.Ť. Ňőàőğőć, Ĺ.Ŕ. Śňĺàŋőć. Śâőåăáâĺçěáłĺľ ŕàĺŋæĺŕ ňăłáĺňãňă ć ńĺŋěľŋőľ ğăďăçě ãŕàăćńěŋĺï àăğàëćŋëň ŕàőæěááőň, Ňěęćãğőćáłĺľ áąőàŋĺł ”Ďĺääěàěŋæĺăńìŋëě ĺ ĺŋâěčàăńìŋëě ãàăćŋěŋĺï”, ćëŕ. 6, 1982, áâà. 121 - 125.

ąőàěńěćáłĺå ňŋőęěáâć ěćłńĺďőćă ŕàőáâàăŋáâćă R^l) áőőâćěâáâćěŋŋő, ŕőďçĺŋěŋŋëě (áň. [4]) ŕőâőłã {F_t}; ν̃ (t, A) = ν (t, A) − Π (A) t. Ŕãáâì BF — σ-ăńčěąàă ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő ŕőâőłă {F_t} ňŋőęěáâć ĺğ [0, 1] × Ω, BF — ěě ŕőŕőńŋěŋĺě ŕő ňěàě mes ×P, čďě mes — ňěàă Ńěąěčă; M — ğŋăł ňăâěňăâĺçěáłőčő őęĺďăŋĺï ŕő ňěàě P; |·| — ěćłńĺďőćă ŋőàňă ć R^n.

Ććěďěň áńěďãîéĺě ŕàőáâàăŋáâćă BF-ĺğňěàĺňëå äãŋłæĺľ f : [0, 1] ×

Ω → R^m: L^n_q , q ∈ [1, ∞) — ąăŋăåőćő ŕàőáâàăŋáâćő á ŋőàňőľ { M ∫_1 0 |f (t)|^q dt }_{1/q} ; H^n_q , q ∈ [1, ∞) — ŕàőáâàăŋáâćő (łńăááőć ŋěőâńĺçĺňëå) äãŋłæĺľ c P-ŕ.ŋ. ŋěŕàěàëćŋëňĺ áŕàăćă ĺ ĺňěîéĺňĺ łőŋěçŋëě ŕàěďěńë áńěćă âàăěłâőàĺ-

ïňĺ á ŋőàňőľ { M sup_{0⩽t⩽1} |f (t)|^q }_{1/q} . Ŕãáâì, łàőňě âőčő, L^n_q (Π) , q ∈ [1, ∞)

— ąăŋăåőćő ŕàőáâàăŋáâćő BF × B^l-ĺğňěàĺňëå äãŋłæĺľ φ : [0, 1] × Ω × R^l → R^n á ŋőàňőľ

M 1∫ 0 [∫ |φ|^q dΠ + (∫ |φ|^2 dΠ )_{q/2}] dt 1/q .

Ğăňěâĺň, çâő ćáïłĺľ äãŋłæĺőŋăń ĺğ ( L^n_q )_∗ ĺńĺ ( L^n_q (Π) )_∗ ďőŕãáłăěâ őďŋőğŋăçŋőě ĺŋâěčàăńìŋőě ŕàěďáâăćńěŋĺě á ŋěłőâőàőľ ćěáőćőľ äãŋłæĺěľ; á íâőľ äãŋłæĺěľ őŋ ć ďăńìŋěľèěň ąãďěâ őâőęďěáâćńïâìáï.

2. Řăááňőâàĺň őŕâĺňĺğăæĺőŋŋãî ğăďăçã:

g_0 (u) = G_0 (ξ_u) + M 1∫ 0 F_0 (t, u (t)) dt → min, u ∈ U, (8.1)

čďě ξ_u — àěèěŋĺě (ć áňëáńě [4]) ãŕàăćńïěňőľ áĺáâěňë áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ

dξ = (A_1 (t) ξ + A (t, u)) dt + m∑ j=1 ( B^{(j)}_1 (t) ξ + B^{(j)} (t, u) ) dw_j (t) + + ∫ (Γ_1 (t, y) ξ + Γ (t, u, y)) ν̃ (dt, dy) , ξ (0) = ξ_0 ∈ R^n, (8.2)

őâćěçăîéěě ďőŕãáâĺňőňã ãŕàăćńěŋĺî u ∈ U. Ŕàěďŕőńăčăěâáï, çâő G_0 ∈ ( H^n_p )_∗ , čďě p — ŋăâãàăńìŋőě çěâŋőě çĺáńő; äãŋłæĺï F_0 ĺ łőňŕőŋěŋâë ćáěå ňăâàĺæ ĺ ćěłâőàőć ć (8.2) ĺğňěàĺňë ŕő áőćőłãŕŋőáâĺ áćőĺå ăàčãňěŋâőć (ć ěćłńĺďőćëëå ŕàőáâàăŋáâćăå ąěàãâáï ąőàěńěćáłĺě σ-ăńčěąàë) ĺ -ĺğňěàĺňë ŕő (t, ω). Ŕàěďŕőńăčăěâáï âăłęě, çâő Γ (·, u, ·) ∈ L^n_p (Π) ŕàĺ łăęďőň u ∈ R^k, ĺ áãéěáâćãěâ ŋěáńãçăľŋăï ĺŋčâěčàĺàãěňăï ŕő Ńěąěčã äãŋłæĺï f (t) âăłăï, çâő ŕàĺ ćáěå (t, ω)

‖A_1 (t)‖^p + max_j ‖ ‖ ‖B^{(j)}_1 (t) ‖ ‖ ‖^p + (∫ ‖Γ_1 (t, y)‖^2 dΠ )_{p/2} + ∫ ‖Γ_1 (t, y)‖^p dΠ ⩽ f (t) ,

čďě ‖β‖ = max_{i,k} |β_{ik}| . Ŕãáâì {G_t} — ğăďăŋŋëľ ŕőâőł ŕőńŋëå ŕő ňěàě P σ-ăńčěąà G_t ⊂ F_t; V_t (ω) : [0, 1] × Ω → 2^{Rk} — ňŋőčőğŋăçŋőě őâőąàăęěŋĺě á BG × B^kĺğňěàĺňëň čàăäĺłőň V . Łńăáá ďőŕãáâĺňëå ãŕàăćńěŋĺľ U őŕàěďěńĺň łăł ňŋőęěáâćő ćáěå BG-ĺğňěàĺňëå áěńěłâőàőć [3] őâőąàăęěŋĺï V_t (ω) , ďńï łőâőàëå A (t, u (t)), B^{(j)} (t, u (t)) ∈ L^n_p , Γ (t, u (t) , y) ∈ L^n_p (Π) , F_0 (t, u (t)) ∈ L^1.

3. Ŕőńőęĺň ďńï f ∈ L^n_p , φ ∈ L^n_p (Π), ψ ∈ H^n_p

L (f) (t) = t∫ 0 f (s) ds, I_j (f) (t) = t∫ 0 f (s) dw_j (s) ,

P (φ) (t) = t∫ 0 ∫ φ (s, y) ν̃ (ds, dy) , ξ = Rψ, čďě áâőåăáâĺçěáłĺě ĺŋâěčàăńë ŕőŋĺňăîâáï ć áňëáńě [4], ă ξ — àěèěŋĺě áâőåăáâĺçěáłőčő ãàăćŋěŋĺï

ξ (t) = ψ (t) + t∫ 0 A_1ξ ds + m∑ j=1 t∫ 0 B^{(j)}_1 ξ dw_j (s) + t∫ 0 ∫ Γ_1ξν̃ (ds, dy) . Ďőłăğăâěńìáâćă ŋĺęěáńěďãîéĺå ńěňň ńěčłő ćëâěłăîâ ĺğ őŕàěďěńěŋĺľ.

Ńěňňă 1. Ć ãáńőćĺïå ŕ. 2 ńĺŋěľŋëě őŕěàăâőàë L : L^n_p → H^n_p , I_j : L^n_p → H^n_p , P : L^n_p (Π) → H^n_p , R : H^n_p → H^n_p őčàăŋĺçěŋë.

Şçĺâëćăï ńěňňã 1 ĺ ğăňěçăŋĺě ĺğ ŕ. 1 őâŋőáĺâěńìŋő ĺŋâěčàăńìŋőčő ŕàěďáâăćńěŋĺï ńĺŋěľŋëå äãŋłæĺőŋăńőć, ććěďěň äãŋłæĺĺ

θ = L^∗R^∗G_0, κ_{(j)} = I^∗_j R^∗G_0, α = P^∗R^∗G_0,

ă âăłęě äãŋłæĺî h (t, u) = θ^′ (t) A (t, u) + m∑ j=1 κ^′_{(j)} (t) B^{(j)} (t, u) + ∫ α^′ (t, y) Γ (t, u, y) dΠ + F_0 (t, u) , čďě èâàĺå őğŋăçăěâ âàăŋáŕőŋĺàőćăŋĺě.

Ńěňňă 2. Ńîąőňã u ∈ U őâćěçăěâ ěďĺŋáâćěŋŋőě àěèěŋĺě áĺáâěňë (8.1)

ξ_u = R ( L (A (u)) + m∑ j=1 I_j ( B^{(j)} (u) ) + P (Γ (u)) ) ∈ H^n_p ;

ŕàĺ íâőň

−∞ < g_0 (u) = M 1∫ 0 h (t, u (t)) dt < ∞.

4. Šěőàěňă 1. Ŕãáâì ćëŕőńŋěŋë ãáńőćĺï ŕ. 2, u^0 ∈ U ĺ, łàőňě âőčő, ćëŕőńŋěŋő áńěďãîéěě ãáńőćĺě (ă): áãéěáâćãîâ ŕőáńěďőćăâěńìŋőáâì ňŋőčőğŋăçŋëå őâőąàăęěŋĺľ V^i_t (ω) á BG × B^k-ĺğňěàĺňëňĺ čàăäĺłăňĺ V^i ĺ ŕőáńěďőćăâěńìŋőáâì BF-ĺğňěàĺňëå ĺŋâěčàĺàãěňëå äãŋłæĺľ âăłĺě, çâő

V^i ⊂ V^{i+1}, V = ⋃ i⩾1 V^i, u^0_t ∈ V^i_t (ω) ( mes ×P-ŕ.ć.) sup u∈V^i_t (ω) { |A (t, ω, u) − A (t, ω, u^0_t (ω))|^p + max_j | |B(j) (t, ω, u) − B(j) (t, ω, u0_t (ω)) | | + + ∫ |Γ (t, ω, u, y) − Γ (t, ω, u^0_t (ω) , y)|^p dΠ+ + (∫ |Γ (t, ω, u, y) − Γ (t, ω, u^0_t (ω) , y)|^2 dΠ )_{p/2} + + |F_0 (t, ω, u) − F_0 (t, ω, u^0_t (ω))| + |h (t, ω, u) − h (t, ω, u^0_t (ω))|} ⩽ γ^i (t, ω) . (8.3)

Šőčďă ďńï őŕâĺňăńìŋőáâĺ ďőŕãáâĺňőčő ãŕàăćńěŋĺï u^0 ŋěőąåőďĺňő ĺ ďőáâăâőçŋő, çâőąë mes ×P-ŕ.ć. min u∈V_t(ω) H (t, ω, u) = 0, (8.4)

čďě H — àěčãńïàŋőě ãáńőćŋőě ňăâěňăâĺçěáłőě őęĺďăŋĺě äãŋłæĺĺ h (t, ω, u)− h (t, ω, u^0_t (ω)) ŋă ňŋőęěáâćě V őâŋőáĺâěńìŋő ŕőâőłă {G_t} [1].

Ďőłăğăâěńìáâćő. Ć ãáńőćĺïå âěőàěňë àěčãńïàŋőě ãáńőćŋőě ňăâěňăâĺçěáłőě őęĺďăŋĺě H áãéěáâćãěâ (áň. [1, 3] ). Ĺňěěň ŕàĺ u ∈ U

g_0 (u) = M 1∫ 0 h (t, u (t)) dt = M 1∫ 0 H (t, u (t)) dt + g_0 ( u^0 ) .

Őâáîďă ćĺďŋő, çâő ďńï őŕâĺňăńìŋőáâĺ ãŕàăćńěŋĺï u^0 ŋěőąåőďĺňő ĺ ďőáâăâőçŋő, çâőąë ŕàĺ ńîąőň u ∈ U ąëńő

M 1∫ 0 H (t, u (t)) dt ⩾ 0 (8.5)

Ŋő ŕàĺ ćëŕőńŋěŋĺĺ (8.4) ĺňěěň H (t, u (t)) ⩾ 0 ďńï ńîąőčő BG-ĺğňěàĺňőčő áěńěłâőàă őâőąàăęěŋĺï V_t (ω) ĺ, âěň ąőńěě, ďńï u ∈ U. Śńěďőćăâěńìŋő, (8.5) ć íâőň áńãçăě ĺňěěâ ňěáâő, â.ě. u^0 őŕâĺňăńìŋő.

Őąőğŋăçĺň ďăńěě çěàěğ U_i ňŋőęěáâćő ćáěå BG-ĺğňěàĺňëå áěńěłâőàőć őâőąàăęěŋĺï V^i_t (ω). Ĺğ (8.3) ńěčłő ćĺďěâì, çâő U_i ⊂ U. Ŕãáâì ãŕàăćńěŋĺě u^0 őŕâĺňăńìŋő. Ŕőłăęěň, çâő ĺğ (8.5) áńěďãěâ, çâő ŕàĺ łăęďőň u ∈ U_i

H (t, u (t)) ⩾ 0 ( mes ×P-ŕ.ć.). (8.6)

Ć áăňőň ďěńě, ěáńĺ ďńï ŋěłőâőàőčő u_1 ∈ U_i ňěàă BG-ĺğňěàĺňőčő ňŋőęěáâćă C, ŋă łőâőàőň (8.6) ŋěćěàŋő, áâàőčő ŕőńőęĺâěńìŋă, âő ŕőńăčăï u = u_11_C + (1 − 1_C ) u^0, čďě 1_C — ĺŋďĺłăâőà ňŋőęěáâćă C, ĺ ĺŋâěčàĺàãï ŋěàăćěŋáâćő H (t, u (t)) ⩽ 0, ŕőńãçĺň ŕàőâĺćőàěçĺě á (8.5).

Ŕàĺňěŋïï ł (8.6) ŕàěďńőęěŋĺě 1 ĺğ àăąőâë [3], ĺňěěň inf u∈V^i_t (ω) H (t, ω, u) ⩾ 0 ( mes ×P-ŕ.ć.).

Ďńï âőčő çâőąë ŕőńãçĺâì őâáîďă (8.4), őáâăěâáï ğăňěâĺâì, çâő inf u∈V_t(ω) H (t, ω, u) = inf_{i⩾1} inf_{u∈V it (ω)} H (t, ω, u) ⩾ 0 = H ( t, ω, u^0_t (ω) ) . Šěőàěňă ďőłăğăŋă.

5. Ŕãáâì ğăďăŋ łőŋěçŋëľ ŋăąőà ăŋăńőčĺçŋëå (8.1) äãŋłæĺőŋăńőć

g_i (u) = G_i (ξ_u) + M 1∫ 0 F_i (t, u (t)) dt, i = 1, m_2.

Řăááňőâàĺň ğăďăçã ňĺŋĺňĺğăæĺĺ äãŋłæĺőŋăńă g_0 ŋă ňŋőęěáâćě U^∗ âěå u ∈ U, ďńï łőâőàëå

F_i (t, u (t)) ∈ L^1, i = 1, m_2; g_i (u) ⩽ 0, i = 1, m_1; g_i (u) = 0, i = m_1 + 1, m_2.

Ŕãáâì

θ^i = L^∗R^∗G_i, κ^i_{(j)} = I^∗_j R^∗G_i, α^i = P^∗R^∗G_i,

h_i = θ^{i′} (t) A + m∑ j=1 κ^{i′}_{(j)}B^{(j)} + ∫ α^{i′}Γ dΠ + F_i.

Śŕàăćěďńĺćă Šěőàěňă 2. Ŕãáâì ćëŕőńŋěŋë ãáńőćĺï ŕ. 2 u^0 ∈ U^∗ ĺ ćëŕőńŋěŋő ãáńőćĺě (ă), čďě ŕàőĺğćěďěŋë ğăňěŋë |F_0 (t, u) − F_0 (t, u)| ŋă ∑_{m2} i=0 |F_i (t, u) − F_i (t, u^0_t )| ĺ |h (t, u) − h (t, u^0_t )| ŋă ∑_{m2} i=0 |h_i (t, u) − h_i (t, u^0_t )| . Šőčďă ďńï őŕâĺňăńìŋőáâĺ ãŕàăćńěŋĺěï u^0 ŋěőąåőďĺňő, ă ŕàĺ ďőŕőńŋĺâěńìŋőň âàěąőćăŋĺĺ λ_0 > 0 ĺ ďőáâăâőçŋő, áãéěáâćőćăŋĺï ŋěŋãńěćőčő λ ∈ R^{m2+1} âăłőčő, çâő

λ_i ⩾ 0, i = 0, m_1; λ_ig_i ( u^0 ) = 0, i = 0, m_2; min u∈V_t(ω) H_1 (t, ω, u) = 0 ( mes ×P-ŕ.ć.),

čďě H_1 — àěčãńïàŋőě ãáńőćŋőě ňăâěňăâĺçěáłőě őęĺďăŋĺě äãŋłæĺĺ

m_2∑

i=0 λ_i ( h_i (t, ω, u) − h_i ( t, ω, u^0_t (ω) ))

ŋă ňŋőęěáâćě V őâŋőáĺâěńìŋő ŕőâőłă {G_t}.

Ďőłăğăâěńìáâćő âěőàěňë ňőęěâ ąëâì ćëŕőńŋěŋő, ŋăŕàĺňěà, ŕő áåěňě, ŕàěďńăčăěňőľ ć § 4.3 àăąőâë [5].

6. Ğăňěçăŋĺï. Ěáńĺ G_t ≡ F_t, âő âàěąãěňëě ć ãáńőćĺĺ (ă) ŕőáńěďőćăâěńìŋőáâĺ ňőęŋő ŕőáâàőĺâì âăł: γ^i (t, ω) ≡ i, V^i = {(t, ω, u) : ψ (t, ω, u) ⩽ i} , čďě ψ — äãŋłæĺï, áâőïéăï ć (8.3) áńěćă ć äĺčãàŋëå áłőąłăå.

Ŋăłńăďëćăï ďőŕőńŋĺâěńìŋő őčàăŋĺçěŋĺï ŋă ďăŋŋëě ğăďăçĺ (ŋăŕàĺňěà, âàěąãï, çâőąë f ⩽ const ĺ ćáě G_i ∈ (L^n_2 )^∗, ňőęŋő ŕőáâàőĺâì ďńï ŋăąőàă äãŋłæĺľ ( θ^i, χ^i_{(j)}, α^i ) ŋěłőâőàãî áőŕàïęěŋŋãî ğăďăçã ć áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńăå, őąőąéăîéãî ĺğćěáâŋãî ğăďăçã Ąĺáňãâă [6].

Ńĺâěàăâãàă

[1] Ăàłĺŋ Ć.Ĺ., Śăłáőŋőć Ň.Š. – ĎĂŊ ŚŚŚŘ, 244, 1 (1979).

[2] Łăąăŋőć đ.Ň. – Ć áą.: Ćěàőïâŋőáâŋëě ňőďěńĺ ĺ ãŕàăćńěŋĺě íłőŋőňĺçěáłĺňĺ ŕàőæěááăňĺ. Ň., ŰİŇĹ, 1978.

[3] Ăàłĺŋ Ć.Ĺ., Śăłáőŋőć Ň.Š. Šăň ęě.

[4] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. Łĺěć, Ŋăãłőćă ďãňłă, 1968.

[5] Ăńěłáěěć Ć.Ň., Šĺåőňĺàőć Ć.Ň., Ťőňĺŋ Ś.Ć. Őŕâĺňăńìŋőě ãŕàăćńěŋĺě. Ň., Ŋăãłă, 1979.

[6] Bismut J.-M. J. Math. Anal. Appl., 44 (1973), 384.

Čńăćă 9.

Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć ńĺŋěľŋő łćăďàăâĺçŋőľ ğăďăçě ãŕàăćńěŋĺï łőíääĺæĺěŋâőň áŋőáă áâőåăáâĺçěáłőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï ďńï ŕàőæěááőć á àăğàëćăňĺ

ŞĎŁ 517.948

9.1. Ććěďěŋĺě

Ć ďőłńăďě àăááňăâàĺćăěâáï ğăďăçă ŕàőčàăňňŋőčő ãŕàăćńěŋĺï àěèěŋĺěň áâőåăáâĺçěáłőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï ďńï ŕàőæěááőć á àăğàëćăňĺ, łőčďă ãàăćŋěŋĺě – ńĺŋěľŋő, ă äãŋłæĺőŋăń łăçěáâćă – łćăďàăâĺçŋő

1Ĺ.Ŕ. Śňĺàŋőć. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć ńĺŋěľŋő-łćăďàăâĺçŋőľ ğăďăçě ãŕàăćńěŋĺï łőíääĺæĺěŋâőň áŋőáă áâőåăáâĺçěáłőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï ďńï ŕàőæěááőć á àăğàëćăňĺ, Čőàìłĺľ, 1984. Ďěŕ. ć ĆĹŊĹŠĹ, 1985, ü1333 - 85 Ďěŕ. (Ĺğ ňăâěàĺăńőć ĺâőčőćőľ ŋăãçŋőľ łőŋäěàěŋæĺĺ àăďĺőäĺğĺçěáłőčő äăłãńìâěâă Čőàìłőćáłőčő ãŋĺćěàáĺâěâă ğă 1983 č.) 101 ğăćĺáĺâ őâ äăğőćőčő ćěłâőàă. Şŕàăćńïîéĺľ ŕăàăňěâà őąéĺň ŋěńĺŋěľŋëň őąàăğőň ćåőďĺâ ć łőíääĺæĺěŋâ áŋőáă ĺ ĺŋâěčàăŋâ äãŋłæĺőŋăńă.

Ďńï ãłăğăŋŋőľ ğăďăçĺ ćëŕĺáëćăěâáï ŋěőąåőďĺňőě ãáńőćĺě őŕâĺňăńìŋőáâĺ ć äőàňě áâőåăáâĺçěáłőčő ŕàĺŋæĺŕă ňăłáĺňãňă, łőâőàőě ğăâěň áćőďĺâáï ł ďěâěàňĺŋĺàőćăŋŋőľ łćăěćőľ ğăďăçě ŕàĺŋæĺŕă ňăłáĺňãňă Ń.Ś. Ŕőŋâàïčĺŋă.

9.2. Ŕőáâăŋőćłă ğăďăçĺ

Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő; {F_t, t ∈ [0, 1]} — ŕőâőł ŕőńŋëå ŕő ňěàě P σ-ŕőďăńčěąà F; w =, {w_1, . . . , w_d} , ν (t, A) — ŋěğăćĺáĺňëě ňěęďã áőąőľ d-ňěàŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá á ŋěğăćĺáĺňëňĺ łőňŕőŋěŋâăňĺ ĺ ŕãăááőŋőćáłăï áńãçăľŋăï ňěàă á ŕăàăňěâàőň Π (A) t (Π — σ-łőŋěçŋăï ňěàă ŋă σ-ăńčěąà B^l ąőàěńěćáłĺå ňŋőęěáâć ěćłńĺďőćă ŕàőáâàăŋáâćă R^l) áőőâćěâáâćěŋŋő, ŕőďçĺŋěŋŋëě (áň. [1]) ŕőâőłã {F_t}; ν̃ (t, A) = ν (t, A) − Π (A) t. Ŕãáâì ďăńěě L_2 — ŕàőáâàăŋáâćő n-ňěàŋëå áńãçăľŋëå äãŋłæĺľ φ (t, ω),

ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő ŕőâőłă {F_t}, á ŋőàňőľ ( M ∫_1 0 |φ|^2 dt )_{1/2} , L_2 (Π) — ŕàőáâàăŋáâćő n-ňěàŋëå äãŋłæĺľ ψ (t, ω, y), ĺğňěàĺňëå ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå, ŕàőčàěááĺćŋő ĺğňěàĺňëå ŕő (t, ω), á ŋőàňőľ

M 1∫ 0 ∫ |ψ (t, ω, y)|^2 Π (dy) dt 1/2 . Řăááňőâàĺň ğăďăçã őŕâĺňăńìŋőčő ãŕàăćńěŋĺï

M 1∫ 0 ( 1 2 η^′_uCη_u + F (t, u (t)) ) dt → min, u ∈ U, (9.1) dη = (Aη + f (t, u)) dt + ( B^{(j)}η + B^{(j)}_1 ) dw_j + (9.2) + ∫ (Γη + Γ_1) ν̃ (dt, dy) , η (0) = η_0, 0 ⩽ t ⩽ 1,

čďě η_u — áĺńìŋőě àěèěŋĺě (9.2), őâćěçăîéěě ďőŕãáâĺňőňã ãŕàăćńěŋĺî u ∈ U ; èâàĺå őğŋăçăěâ âàăŋáŕőŋĺàőćăŋĺě, ğŋăł áãňňĺàőćăŋĺï ŕő ŕőćâőàïîéĺňáï ĺŋďěłáăň őŕãéěŋ.

Łńăáá ďőŕãáâĺňëå ãŕàăćńěŋĺľ áőáâőĺâ ĺğ ćáěå m-ňěàŋëå ąőàěńěćáłĺå äãŋłæĺľ u (t), ŕàĺŋĺňăîéĺå áćőĺ ğŋăçěŋĺï ć ğăďăŋŋőň ňŋőęěáâćě U ⊂ R^m.

9.3. Śâőåăáâĺçěáłĺľ ŕàĺŋæĺŕ ňăłáĺňãňă 103

Ć (9.1), (9.2) ňăâàĺæë A (t) , B^{(j)} (t) , Γ (t, y) , C (t) ĺňěîâ ŕőàïďőł n×n; ĺå łőňŕőŋěŋâë — ďěâěàňĺŋĺàőćăŋŋëě ąőàěńěćáłĺě ŕő áőćőłãŕŋőáâĺ áćőĺå ŕěàěňěŋŋëå t ∈ [0, 1] , y ∈ R^l äãŋłæĺĺ. Łőňŕőŋěŋâë ćěłâőà-äãŋłæĺľ f (t, u), B^{(j)}_1 (t), Γ_1 (t, y), F (t, u) ĺğňěàĺňë ŕő áőćőłãŕŋőáâĺ áćőĺå ŕěàěňěŋŋëå t ∈ [0, 1], y ∈ R^l, u ∈ R^m ĺ ŋěŕàěàëćŋë ŕő u. Łàőňě âőčő,

|det (I + Γ)| > 0, M |η_0|^4 < ∞, 1∫ 0 dt { sup_{u∈U} ( |f (t, u)|^4 + |F (t, u)| ) + |A (t)|^4 + d∑ j=1 (| |B^{(j)} | |^8 + | | |B^{(j)}_1 | | |^4 ) +

+ ∫ ( |Γ|^4 + |g|^4 ) Π (dy) + (∫ (|Γ| + |g|) Π (dy) )_4} , čďě g ≡ Γ (I + Γ)^{−1}, I — ěďĺŋĺçŋăï ňăâàĺæă ŕőàïďłă n × n, |·| — ěćłńĺďőćă ňăâàĺçŋăï ŋőàňă.

9.3. Śâőåăáâĺçěáłĺľ ŕàĺŋæĺŕ ňăłáĺňãňă

Ĺğ ŕőńãçěŋŋëå ć [2] àěğãńìâăâőć ćëâěłăěâ áńěďãîéěě ŋěőąåőďĺňőě ãáńőćĺě őŕâĺňăńìŋőáâĺ ć ğăďăçě (9.1), (9.2).

Šěőàěňă 1. Ŕãáâì ćëŕőńŋěŋë ŕàěďŕőńőęěŋĺï ŕ. 9.2, u^0 ∈ U — őŕâĺňăńìŋőě ãŕàăćńěŋĺě. Šőčďă ďńï ŕőçâĺ ćáěå t H ( t, u^0 (t) ) = max_{u∈U} H (t, u) . Ğďěáì −H (t, u) ≡ Mθ^′ (t) f (t, u) + F (t, u), “áâőåăáâĺçěáłĺľ ňŋőęĺâěńì Ńăčàăŋęă” θ ŕàĺŋăďńěęĺâ ŕàőáâàăŋáâćã L_2 ĺ ãďőćńěâćőàïěâ âőęďěáâćã dθ = − ( A^′θ + B^{(j)′}κ_{(j)} + ∫ ΓαΠ (dy) + C^′η ) dt + dμ̃, θ (1) = 0, (9.3)

ć łőâőàőň η ≡ η_u0 , μ̃ — łćăďàăâĺçŋő ĺŋâěčàĺàãěňëľ ňăàâĺŋčăń, äãŋłæĺĺ κ_{(j)} ∈ L_2, α ∈ L_2 (Π) ďńï ŕőçâĺ ćáěå (t, ω, y) ãďőćńěâćőàïîâ áőőâŋőèěŋĺïň κ_{(j)} (t, ω) = λ_{(j)} (t, t, ω) , α (t, ω, y) = μ (t, t, ω, y) , (9.4) θ (t, ω) = θ_1 (t, ω) + t∫ 0 λ_{(j)} (t, τ , ω) dw_{(j)} (τ ) + t∫ 0 ∫ μ (t, τ, ω, y) ν̃ (dτ, dy) čďě ŕőáńěďŋïï áãňňă ěáâì àăğńőęěŋĺě θ ŕő ćğăĺňŋő őàâőčőŋăńìŋëň ŕőďŕàőáâàăŋáâćăň L_2 (áň. [3]), äãŋłæĺĺ λ_{(j)} (t, τ , ω) , μ (t, τ , ω, y) ŋěŕàěàëćŋë ŕő t ⩾ τ .

9.4. Łàăěćăï ğăďăçă ŕàĺŋæĺŕă ňăłáĺňãňă

Ććěďěň äãŋłæĺĺ m (t) ≡ Mη (t) , χ (t) ≡ Mθ (t) ĺ ŕőńãçĺň ŋěőąåőďĺňőě ãáńőćĺě őŕâĺňăńìŋőáâĺ ć ćĺďě łàăěćőľ ğăďăçĺ ŕàĺŋæĺŕă ňăłáĺňãňă Ń.Ś.Ŕőâàïčĺŋă ďńï íâĺå äãŋłæĺľ.

Ćőáŕőńìğãěňáï ďńï íâőčő áńěďãîéĺň ŕàěďáâăćńěŋĺěň äãŋłæĺĺ ć ďăŋŋőľ ğăďăçě (áň. [2]-[4]):

θ (t) = Φ^{−1} (t) M 1∫ t Φ^′ (s) C (s) η (s) ds | | | | | F_t

, (9.5)

čďě Φ — àěèěŋĺě ňăâàĺçŋőčő ãàăćŋěŋĺï

dΦ = AΦ dt + B^{(j)}Φ dw_{(j)} + ∫ ΓΦν̃ ( dt, dy) , Φ (0) = I. Ććěďěň ňăâàĺæã Λ (t), ïćńïîéãîáï àěèěŋĺěň ğăďăçĺ Łőèĺ

Λ + A^′Λ + ΛA + B^{(j)′}ΛB^{(j)} + ∫ Γ^′ΛΓ Π (dy) + C = 0, Λ (1) = 0 (9.6)

Ĺáŕőńìğãï (9.5) ĺ (9.6), ŋěâàãďŋő ŕőłăğăâì (áň. [4, 5]), çâő

θ (t) = Λ (t) η (t) + Z (t) , (9.7)

čďě Z (t) — ŋěłőâőàăï ďěâěàňĺŋĺàőćăŋŋăï äãŋłæĺï.

Ĺğ (9.7) ĺ (9.4) âěŕěàì ŋăåőďĺň

κ_{(j)} (t) = Λ (t) ( B^{(j)} (t) η (t) + B^{(j)}_1 (t) ) , (9.8)

α (t, y) = Λ (t) (Γ (t, y) η (t) + Γ_1 (t, y)) .

Ŕőďáâăćńïï (9.8) ć (9.3) ĺ ãáàěďŋïï ŕő ω, ŕőńãçăěň łàăěćãî ğăďăçã ďńï ćěłâőà-äãŋłæĺĺ (m, χ). Ďőŕőńŋïï ěě áőőâŋőèěŋĺěň ŕàĺŋæĺŕă ňăłáĺňãňă ďńï čăňĺńìâőŋĺăŋă −H (t, u) = χ^′ (t) f (t, u) + F (t, u), ŕőńãçăěň ć ĺâőčě áńěďãîéěě ŋěőąåőďĺňőě ãáńőćĺě őŕâĺňăńìŋőáâĺ.

9.5. Ğăňěçăŋĺï 105

Šěőàěňă 2. Ŕãáâì ćëŕőńŋěŋë ãáńőćĺï ŕ. 9.2, u^0 ∈ U– őŕâĺňăńìŋőě ãŕàăćńěŋĺě. Šőčďă u^0 ïćńïěâáï àěèěŋĺěň áńěďãîéěľ łàăěćőľ ğăďăçĺ ŕàĺŋãĺŕă ňăłáĺňãňă:

ṁ = Am + f (t, u (t)) , m (0) = Mη_0, χ̇ = −A^′χ − L^′m − L_1, χ (1) = 0, H (t, u^0 (t)) = max_{u∈U} H (t, u) ,

L (t) ≡ B^{(j)′} (t) Λ^′ (t) B^{(j)} (t) + ∫ Γ (t, y) Λ^′ (t) Γ (t, y) Π (dy) + C (t) ,

L_1 (t) ≡ B^{(j)′} (t) Λ^′ (t) B^{(j)}_1 (t) + ∫ Γ (t, y) Λ^′ (t) Γ_1 (t, y) Π (dy) + C (t) ,

— àěèěŋĺě ğăďăçĺ (9.6).

9.5. Ğăňěçăŋĺï

Ŋěâàãďŋő ćĺďěâì, çâő àěèěŋĺě ńĺŋěľŋőľ ğăďăçĺ (9.6) ďńï ňăâàĺæë Λ áãéěáâćãěâ ć ãáńőćĺïå ŕ. 9.2 ĺ ěďĺŋáâćěŋŋő ć łńăááě ăąáőńîâŋő-ŋěŕàěàëćŋëå ňăâàĺçŋëå äãŋłæĺľ. Ŕàĺ íâőň, ěáńĺ ňăâàĺæă C (t) ïćńïěâáï áĺňňěâàĺçěáłőľ, âő ĺ Λ (t) – áĺňňěâàĺçěáłăï ŕàĺ ćáěå t.

Ć [4] ĺááńěďőćăŋ áńãçăľ f (t, u) ≡ K (t) u, F (t, u) ≡ u^′D (t) u. Ŕàĺ íâőň àěèěŋĺě ğăďăçĺ (9.1)-(9.2) ďőćěďěŋő ďő ŋăåőęďěŋĺï ć ïćŋőň ćĺďě őŕâĺňăńìŋőľ ãŕàăćńïîéěľ äãŋłæĺĺ.

Ńĺâěàăâãàă

[1] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. Łĺěć, “Ŋăãłőćă ďãňłă”, 1968.

[2] Śňĺàŋőć Ĺ.Ŕ. Ĺááńěďőćăŋĺě ćăàĺăæĺőŋŋëňĺ ňěâőďăňĺ ğăďăç őŕâĺňĺğăæĺĺ áâőåăáâĺçěáłĺå ĺŋâěčàăńìŋëå ãàăćŋěŋĺľ ďńï ŕàőæěááőć á àăğàëćăňĺ. Łăŋďĺďăâáłăï ďĺááěàâăæĺï. Čőàìłĺľ, 1981.

[3] Ňőàőğőć Ś.Ť., Śňĺàŋőć Ĺ.Ŕ. Ďěŕ. ć ĆĹŊĹŠĹ, ü397-80 Ďěŕ.

[4] Śňĺàŋőć Ĺ.Ŕ. Ďěŕ. ć ĆĹŊĹŠĹ, ü1836-81 Ďěŕ.

[5] Śňĺàŋőć Ĺ.Ŕ. Ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï, â. 18, ü4, 1982.

Ŕàěďáâăćńěŋă ć Őàčłőňĺâěâ łőŋäěàěŋæĺĺ 30 ïŋćăàï 1984 č.

Čńăćă 10.

Ő ğăďăçě Łőèĺ ďńï ãàăćŋěŋĺï Ĺâő ŞĎŁ 517.948

10.1. Ććěďěŋĺě

Ţőàőèő ĺğćěáâŋă âă àőńì, łőâőàãî ĺčàăěâ ć âěőàĺĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï âăł ŋăğëćăěňăï “áőŕàïęěŋŋăï ğăďăçă”. Ěě àěèěŋĺěň áńãęĺâ ňŋőęĺâěńì Ńăčàăŋęă, őâćěçăîéĺľ őčàăŋĺçěŋĺî ć äőàňě ãàăćŋěŋĺľ ďćĺęěŋĺï ãŕàăćńïěňőčő őąêěłâă. Śâàãłâãàă áőŕàïęěŋŋőľ ğăďăçĺ őŕàěďěńïěâáï łăł áâàãłâãàőľ ãàăćŋěŋĺľ ďćĺęěŋĺï, âăł ĺ áćőľáâćăňĺ őčàăŋĺçĺćăîéĺå ĺ ňĺŋĺňĺğĺàãěňëå äãŋłæĺőŋăńőć.

Ć âěőàĺĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ŕàőæěááăňĺ Ĺâő ĺğćěáâŋë ŋěáłőńìłő ŕőďåőďőć ł ŕőáâàőěŋĺî áőŕàïęěŋŋőľ ğăďăçĺ [1]-[5]. Ğăňěâĺň, çâő ŕàĺ ńîąőň ĺğ íâĺå ŕőďåőďőć ńĺąő áőŕàïęěŋŋőě ãàăćŋěŋĺě ŋě ïćńïěâáï ãàăćŋěŋĺěň Ĺâő [2]-[4], ńĺąő ŕőáâăŋőćłă ğăďăçĺ Łőèĺ ďńï áőŕàïęěŋŋőčő ãàăćŋěŋĺï Ĺâő ŋőáĺâ őąőąéěŋŋëľ åăàăłâěà [1, 5]. Ć ŋăáâőïéěň ďőłńăďě ŕàĺćőďĺâáï ŕàĺňěà, ĺńńîáâàĺàãîéĺľ ŋěőąőáŋőćăŋŋőáâì ŕőŕëâőł ŕőáâàőěŋĺï áőŕàïęěŋŋőľ ğăďăçĺ ć ćĺďě ğăďăçĺ Łőèĺ ďńï ãàăćŋěŋĺï Ĺâő á ãáńőćĺěň ć łőŋěçŋőľ âőçłě ćàěňěŋŋő̀čő ĺŋâěàćăńă [6].

1Ĺ.Ŕ. Śňĺàŋőć. Ő ğăďăçě Łőèĺ ďńï ãàăćŋěŋĺï Ĺâő, Čőàìłĺľ, 1984. Ďěŕ. ć ĆĹ- ŊĹŠĹ, 1986, ü7038 - B86 Ďěŕ. (Ĺğ ňăâěàĺăńőć ĺâőčőćőľ ŋăãçŋőľ łőŋäěàěŋæĺĺ àăďĺőäĺğĺçěáłőčő äăłãńìâěâă Čőàìłőćáłőčő ãŋĺćěàáĺâěâă ğă 1984 č.)

10.2. Ŕőáâăŋőćłă ğăďăçĺ

Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő, {F_t, t ⩾ 0}— ŕőâőł ŕőńŋëå ŕő ćěàőïâŋőáâĺ P σ-ŕőďăńčěąà F, w (t) — áâăŋďăàâŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá, áőčńăáőćăŋŋëľ á ŕőâőłőň {F_t} ĺ ĺňěîéĺľ ŕàĺ s > t ŋě ğăćĺáïéĺě őâ F_t ŕàĺàăéěŋĺï w (s) − w (t). Řăááňőâàĺň áńěďãîéãî ğăďăçã Łőèĺ ďńï őďŋőňěàŋőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï Ĺâő { dη = (α (t) + β (t) η) dt + (γ (t) + δ (t) η) dw, 0 ⩽ t ⩽ 1, η (1) = 0, (10.1)

łőíääĺæĺěŋâë łőâőàőčő — α (t) , β (t) , γ (t) , δ (t) — ďěâěàňĺŋĺàőćăŋŋëě ĺğňěàĺňëě őčàăŋĺçěŋŋëě äãŋłæĺĺ. Řěèěŋĺě ãàăćŋěŋĺï Ĺâő ŕőŋĺňăěâáï ć áĺńìŋőň áňëáńě [7]: àěèěŋĺěň áçĺâăěâáï ćáïłĺľ, áőčńăáőćăŋŋëľ á ŕőâőłőň {F_t} áńãçăľŋëľ ŕàőæěáá η (t), ĺňěîéĺľ ŕàĺ t ∈ [0, 1] áâőåăáâĺçěáłĺľ ďĺääěàěŋæĺăń Ĺâő ĺ ãďőćńěâćőàïîéĺľ ŕàĺ t ∈ [0, 1] á ćěàőïâŋőáâìî 1 ãáńőćĺïň (10.1).

10.3. Ťőàňãńĺàőćłă àěğãńìâăâă

Űěńìî ďőłńăďă ïćńïěâáï ďőłăğăâěńìáâćő áńěďãîéěčő ãâćěàęďěŋĺï.

Šěőàěňă. Ć ãáńőćĺïå ŕ. 10.2 àěèěŋĺěň ğăďăçĺ (10.1) ňőęěâ ąëâì ńĺèì âă äãŋłæĺï η (t, ω), ďńï łőâőàőľ ŕàĺ ŕőçâĺ ćáěå t ∈ [0, 1] ŕőçâĺ ŋăćěàŋőě γ (t) + δ (t) η (t, ω) = 0.

Ďńï áãéěáâćőćăŋĺï àěèěŋĺï íâőľ ğăďăçĺ ŋěőąåőďĺňő ĺ ďőáâăâőçŋő, çâőąë łőíääĺæĺěŋâë ãàăćŋěŋĺï ãďőćńěâćőàïńĺ áńěďãîéěňã ãáńőćĺî

γ (t) ψ (t) + δ (t) 1∫ t ψ (s) α (s) ds = 0, (10.2)

ψ (t) ≡ exp ( − ∫_t 0 β (s) ds )

ďńï ŕőçâĺ ćáěå t. Ŕàĺ ćëŕőńŋěŋĺĺ ãáńőćĺï (10.2) ěďĺŋáâćěŋŋőě àěèěŋĺě ğăďăçĺ (10.1) ĺňěěâ ćĺď

η (t, ω) = 1 ψ (t) 1∫ t ψ (s) α (s) ds. (10.3)

10.4. Ďőłăğăâěńìáâćő âěőàěňë

Ŕãáâì η (t, ω) — àěèěŋĺě ğăďăçĺ (10.1). Šőčďă ďńï ŋěłőâőàőľ F_0-ĺğňěàĺňőľ áńãçăľŋőľ ćěńĺçĺŋë η_0 (ω)

η (t, ω) = Φ^{−1} (t, ω) η_0 + t∫ 0 Φ (s, ω) φ (s) ds + t∫ 0 Φ (s, ω) γ (s) dw (s, ω) , (10.4) čďě φ (s) ≡ α (s) − γ (s) δ (s) , Φ (t, ω) ≡ exp t∫ 0 ( 1 2 δ^2 (s) − β (s) ) ds − t∫ 0 δ (s) dw (s, ω) .

Ććőďï őąőğŋăçěŋĺï

ξ (t, ω) ≡ exp − 1 2 t∫ 0 δ^2 (s) ds − t∫ 0 δ (s) dw (s, ω) ,

f (t) ≡ exp t∫ 0 ( δ^2 (s) − β (s) ) ds

ĺňěěň ŕàěďáâăćńěŋĺě ďńï äãŋłæĺĺ Φ : Φ (t, ω) = ξ (t, ω) f (t) , čďě ξ (t, ω) — ňăàâĺŋčăń őâŋőáĺâěńìŋő ŕőâőłă {F_t}.

Ć áĺńã (10.1) ĺ (10.4) ĺňěěň

η_0 (ω) + 1∫ 0 Φ (s) φ (s) ds + 1∫ 0 Φ (s) γ (s) dw (s, ω) = 0 (10.5)

ŕőçâĺ ŋăćěàŋőě. Ŕàĺňěŋïï ł őąěĺň çăáâïň íâőčő àăćěŋáâćă őŕěàăæĺî ãáńőćŋőčő ňăâěňăâĺçěáłőčő őęĺďăŋĺï M {·| F_{t0} }, ŕőńãçăěň

η_0 (ω) + 1∫ 0 f (s) φ (s) ds = 0. (10.6)

Ĺğ (10.5) ĺ (10.6) ĺňěěň ďăńěě ŕàĺ ńîąőň t ∈ [0, 1] t∫ 0 ξ (s, ω) f (s) φ (s) ds + 1∫ t ξ (s, ω) f (s) φ (s) ds + (10.7)

+ 1∫ 0 Φ (s, ω) γ (s) dw (s, ω) = 1∫ 0 f (s) φ (s) ds. Ŕàĺňěŋïï ł őąěĺň çăáâïň àăćěŋáâćă (10.7) őŕěàăæĺî M {·| F_t} ĺ ććőďï őąőğŋăçěŋĺï c (t) ≡ t∫ 0 f (s) φ (s) ds, c = c (1) , ŕőńãçăěň t∫ 0 ξ (s, ω) f (s) φ (s) ds + t∫ 0 Φ (s, ω) γ (s) dw (s, ω) = (10.8) = (1 − ξ (t, ω)) + c (t) ξ (t, ω) . Ŕőďáâăćĺć (10.8) ć (10.4), ŕőńãçĺň á ãçěâőň (10.6)

η (t, ω) = Φ^{−1} (t, ω) {η_0 + c (1 − ξ (t, ω)) + c (t) ξ (t, ω)} = (10.9) = Φ^{−1} (t, ω) ξ (t, ω) [c (t) − c] = f^{−1} (t) [c (t) − c] , c (t) − c = f (t) η (t, ω) Řăááňőâàĺň ďćă ńőčĺçěáłĺ ćőğňőęŋëå áńãçăï:

• c = 0. Ŕàĺ íâőň c (t) = f (t) η (t, ω) . Ś ďàãčőľ áâőàőŋë, âăł łăł { dξ = −δξ dw ξ (0) = 1 , { dc = fφ dt c (0) = 0 , âő c (t) ξ (t, ω) = c (0) ξ (0, ω) + t∫ 0 c (s) dξ (s, ω) + t∫ 0 ξ (s, ω) dc (s) = (10.10) = t∫ 0 f (s) φ (s) ξ (s, ω) ds − t∫ 0 c (s) δ (s) ξ (s, ω) dw (s, ω) = 0 ĺ ĺğ (10.8) ŕőńãçăěň ďńï ćáěå t t∫ 0 ξ (s, ω) [c (s) δ (s) + f (s) γ (s) ] dw (s, ω) = 0, őâłãďă

c (s) δ (s) + f (s) γ (s) = f (s) [γ (s) + δ (s) η (s, ω)] = 0 ŕőçâĺ ćáîďã, âő ěáâì ŕőçâĺ ćáîďã γ (s) + δ (s) η (s, ω) = 0. (10.11) • c ≠ 0. Ć íâőň áńãçăě ĺğ (10.8), (10.10) ĺňěěň cξ (t, ω) = c − t∫ 0 ξ (s, ω) [c (s) δ (s) + f (s) γ (s)] dw (s) . Ś ďàãčőľ áâőàőŋë, cξ (t, ω) = c − t∫ 0 ξ (s, ω) δ (s) dw (s) . Ć áĺńã ěďĺŋáâćěŋŋőáâĺ ŕàěďáâăćńěŋĺï ŕàőæěááă Ĺâő [7] íâő őğŋăçăěâ, çâő c (s) δ (s) + f (s) γ (s) = cδ (s) ŕőçâĺ ćáîďã, çâő íłćĺćăńěŋâŋő ãáńőćĺî γ (s) + δ (s) η (s, ω) = 0. (10.12) ŕőçâĺ ćáîďã.

Řăćěŋáâćă (10.11), (10.12) őğŋăçăîâ ćëŕőńŋěŋĺě ŕěàćőčő ãâćěàęďěŋĺï âěőàěňë. Ĺğ (10.1) âěŕěàì ŕőńãçăěň ďńï η (t) ğăďăçã dη = (α + βη) dt, η (1) = 0, àěèěŋĺěň łőâőàőľ áńãęĺâ, őçěćĺďŋő, (10.3). Ś ãçěâőň (10.3) äőàňãńë (10.11), (10.12) ŕàĺŋĺňăîâ ćĺď ãáńőćĺï (10.2), őâłãďă ćëâěłăěâ ěčő ŋěőąåőďĺňőáâì. Ďńï ďőłăğăâěńìáâćă ďőáâăâőçŋőáâĺ íâőčő ãáńőćĺï ğăňěâĺň, çâő ŕàĺ ěčő ćëŕőńŋěŋĺĺ äãŋłæĺï (10.3) ãďőćńěâćőàïěâ ğăďăçě (10.1), çâő ńěčłő ŕàőćěàïěâáï ŋěŕőáàěďáâćěŋŋőľ ŕőďáâăŋőćłőľ. Šěőàěňă ďőłăğăŋă.

10.5. Ğăňěçăŋĺï

1) Ŋěâàãďŋő ćĺďěâì, çâő ãáńőćĺě (10.2) ćëŕőńŋěŋő, ŋăŕàĺňěà, ć áńěďãîéĺå áńãçăïå

ă) γ ≡ δ ≡ 0; ą) α ≡ γ ≡ 0. Ć ŕěàćőň áńãçăě ŕőńãçăěâáï ğăďăçă ďńï őąëłŋőćěŋŋőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï, ćő ćâőàőň — ãàăćŋěŋĺě Ĺâő őďŋőàőďŋő ĺ ĺňěěâ âàĺćĺăńìŋőě àěèěŋĺě;

2) Ŕàĺ ŕőáâőïŋŋëå łőíääĺæĺěŋâăå ãàăćŋěŋĺï àěèěŋĺě ğăďăçĺ (10.1) áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă |γ| + |αδ| = 0.

Ńĺâěàăâãàă

[1] Kushner H.J. SIAM J. Control and Optimiz., 1972, vol. 10, N 3, p. 550- 565 [2] Bismut J.-M. SIAM Rev. , 1978, vol. 20, N 1, p. 62-78. [3] Śňĺàŋőć Ĺ.Ŕ. Łăŋďĺďăâáłăï ďĺááěàâăæĺï. Čőàìłĺľ, 1981. [4] Ăàłĺŋ Ć.Ĺ., Śăłáőŋőć Ň.Š. Ďőłń. ĂŊ ŚŚŚŘ, â. 244, ü1, á. 11-15. [5] Ďőłãçăěć Ŋ.Č. Ďěŕ. ć ĆĹŊĹŠĹ, ü4465 - 83 Ďěŕ.

[6] Łăğăłőć Ĺ.Ě. Śâăâĺáâĺçěáłăï âěőàĺï áĺáâěň ãŕàăćńěŋĺï ć ŕàőáâàăŋáâćě áőáâőïŋĺľ. - Ň.: Ŋăãłă, 1975.

[7] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. - Ł.: Ŋăãłőćă ďãňłă, 1968.

Čńăćă 11.

Őą őďŋőľ ğăďăçě ąëáâàőďěľáâćĺï ďńï áâőåăáâĺçěáłőľ ãŕàăćńïěňőľ áĺáâěňë

ŞĎŁ 517.977.55

11.1. Ććěďěŋĺě

Ć àăąőâě àăááňăâàĺćăěâáï ğăďăçă ąëáâàőďěľáâćĺï ďńï áâőåăáâĺçěáłőľ ãŕàăćńïěňőľ áĺáâěňë d dt x = A (t, ω) x + B (t, ω) u + f (t, ω) , (11.1) x (0, ω) = x_0 (ω) , t ⩾ 0, ω ∈ Ω,

čďě x — n-ňěàŋëľ äăğőćëľ ćěłâőà, u — m-ňěàŋëľ ãŕàăćńïîéĺľ ćěłâőà, A, B, f, x_0 — áńãçăľŋëě ňăâàĺæë ŕőàïďłă n × n, n × m, n × 1, n × 1, áőőâćěâáâćěŋŋő.

Šěőàĺï ãŕàăćńěŋĺï ŕő ąëáâàőďěľáâćĺî ďěâěàňĺŋĺàőćăŋŋëňĺ áĺáâěňăňĺ ćĺďă (11.1) ïćńïěâáï őďŋĺň ĺğ ŋăĺąőńěě čńãąőłő àăğàăąőâăŋŋëå àăğďěńőć áőćàěňěŋŋőľ âěőàĺĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï(áň., ŋăŕàĺňěà, [1-4]). Ć ŋăáâőïéěľ àăąőâě ŋěłőâőàëě àěğãńìâăâë íâőľ âěőàĺĺ àăáŕàőáâàăŋïîâáï ŋă ğăďăçã ő áłőàěľèěň ŕěàěćőďě áàěďŋěčő ğŋăçěŋĺï äăğőćőčő

1Ĺ.Ŕ. Śňĺàŋőć. Őą őďŋőľ ğăďăçě ąëáâàőďěľáâćĺï ďńï áâőåăáâĺçěáłőľ ãŕàăćńïěňőľ áĺáâěňë, Ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï, â. 22, ü2, 1986, áâà. 247 – 254.

ćěłâőàă áâőğåăáâĺçěáłőľ áĺáâěňë (11.1). Ŕőńãçěŋŋëě àěğãńìâăâë ŕàĺňëłăîâ ł âěőàĺĺ áâőåăáâĺçěáłőčő ŕàĺŋæĺŕă ňăłáĺňãňă [5-8].

Ŕőáâăŋőćłă ğăďăçĺ ŕàőĺğćőďĺâáï ć ŕ. 11.2. Ć ŕ. 11.3 ććőďïâáï ŋěőąåőďĺňëě őŕàěďěńěŋĺï ĺ ďőłăğëćăîâáï ćáŕőňőčăâěńìŋëě ãâćěàęďěŋĺï. Őáŋőćŋëě łàĺâěàĺĺ őŕâĺňăńìŋőáâĺ ŕőńãçěŋë ć ŕ. 11.4. Ć ŕ. 11.5 ćëćőďïâáï ŋěőąåőďĺňëě ĺ ďőáâăâőçŋëě ãáńőćĺï ŕőńŋőľ ãŕàăćńïěňőáâĺ áĺáâěňë (11.1). Ŕàĺňěà ŕàĺňěŋěŋĺï ŕőńãçěŋŋëå àěğãńìâăâőć ł ĺááńěďőćăŋĺî łőŋłàěâŋëå ğăďăç ãŕàăćńěŋĺï ŕàĺćěďěŋ ć ŕ. 11.6.

11.2. Ŕőáâăŋőćłă ğăďăçĺ

Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő, {F_t, t ⩾ 0}— ŕőâőł σ-ŕőďăńčěąà F, BF — σ-ăńčěąàă ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő íâőčő ŕőâőłă ŕőďňŋőęěáâć ňŋőęěáâćă [0, ∞) × Ω. Ąěğãáńőćŋőě ĺ ãáńőćĺŋőě ŕő őâŋőèěŋĺî ł σ-ăńčěąàě A ⊂ F ňăâěňăâĺçěáłĺě őęĺďăŋĺï áńãçăľŋőľ ćěńĺçĺŋë ξ (ω), ω ∈ Ω, ŕő ćěàőïâŋőáâĺ P őąőğŋăçĺň Mξ ĺ M {ξ| A} áőőâćěâáâćěŋŋő.

Łőňŕőŋěŋâë ňăâàĺæ A, B, f ć (11.1) ïćńïîâáï BF-ĺğňěàĺňëňĺ ŕő áőćőłãŕŋőáâĺ áćőĺå ăàčãňěŋâőć t, ω äãŋłæĺïňĺ; x_0 (ω) — F_0-ĺğňěàĺňëľ áńãçăľŋëľ ćěłâőà.

Ŕãáâì A — ğăďăŋŋăï σ-ŕőďăńčěąàă BF, V ⊂ R^m, U— ňŋőęěáâćő ćáěå A-ĺğňěàĺňëå äãŋłæĺľ u (t, ω), t ⩾ 0, ω ∈ Ω, ŕàĺŋĺňăîéĺå áćőĺ ğŋăçěŋĺï ć ňŋőęěáâćě V (łńăáá ãŕàăćńěŋĺľ). Śàěďŋěě ğŋăçěŋĺě àěèěŋĺï ğăďăçĺ (11.1), őâćěçăîéěčő ãŕàăćńěŋĺî u ∈ U, őąőğŋăçĺň m_u (t) ≡ Mx_u (t, ω).

Řăááňőâàĺň ďńï ãŕàăćńïěňőľ áĺáâěňë (11.1) áńěďãîéãî ğăďăçã ąëáâàőďěľáâćĺï: ğă ňĺŋĺňăńìŋőě ćàěňï t_1ŕěàěćěáâĺ áĺáâěňã ĺğ ŋăçăńìŋőčő áőáâőïŋĺï x_0 (t_1, ω) ć âăłőě áőáâőïŋĺě x_u (t_1, ω), ďńï łőâőàőčő m_u (t_1) ∈ G (t_1), čďě G (t)— ğăďăŋŋőě, ğăćĺáïéěě őâ ňőňěŋâă ćàěňěŋĺ t ⩾ 0 æěńěćőě ňŋőęěáâćő ć R^n.

11.3. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë

Ŕő ăŋăńőčĺĺ á [2, 3, 9] ććěďěň áńěďãîéĺě őŕàěďěńěŋĺï.

Őŕàěďěńěŋĺě 1. Ŕãáâì t > τ ⩾ 0, x (ω) — F_τ -ĺğňěàĺňëľ áńãçăľŋëľ ćěłâőà ć R^n. Ňŋőęěáâćőň ďőáâĺęĺňőáâĺ K (x (ω) , τ, t) ŋăğőćěň ňŋőęěáâćő ćáěå ćěłâőàőć l ∈ R^n, őąńăďăîéĺå áćőľáâćőň: áãéěáâćãěâ u ∈ U, âăłőě, çâő l = m_u (t) ĺ ŕàĺ íâőň x_u (τ , ω) = x (ω).

Őŕàěďěńěŋĺě 2. Şŕàăćńěŋĺě ŋăğőćěň íłáâàěňăńìŋëň ŋă őâàěğłě [0, t_1], ěáńĺ ćěłâőà m_u (t_1) ŕàĺŋăďńěęĺâ čàăŋĺæě ňŋőęěáâćă ďőáâĺęĺňőáâĺ

11.3. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë 115

K (x_0 (ω) , 0, t_1).

Őŕàěďěńěŋĺě 3. Řěèěŋĺěň ğăďăçĺ (11.1) ŋă őâàěğłě ćàěňěŋĺ [0, t_1], őâćěçăîéĺň ãŕàăćńěŋĺî u ∈ U, ŋăğőćěň BF-ĺğňěàĺňãî äãŋłæĺî x_u (t, ω), ďńï łőâőàőľ ŕàĺ łăęďőň t ∈ [0, t_1] á ćěàőïâŋőáâìî 1 ćëŕőńŋěŋő àăćěŋáâćő

x_u (t, ω) = x_0 (ω) + t∫ 0 (A (s, ω) x_u (s, ω) + B (s, ω) u (s, ω) + f (s, ω)) ds,

čďě ĺŋâěčàăń ŕőŋĺňăěâáï łăł ŕőâàăěłâőàŋëľ ć áňëáńě Ńěąěčă.

Ńěňňă 1. Ŕãáâì ŕàĺ t_1 > 0 P t_1∫

0 (‖A‖ + ‖B‖ + ‖f‖) ds < ∞ = 1, (11.2)

čďě ‖·‖— ňăâàĺçŋăï ŋőàňă ćĺďă ‖C‖ = max_i ∑ j |C_{ij} |. Šőčďă ńîąőňã u ∈ U, ďńï łőâőàőčő ‖u‖ ∈ L_∞ ([0, t_1] × Ω), őâćěçăěâ àěèěŋĺě x_u ğăďăçĺ (11.1) ŋă őâàěğłě ćàěňěŋĺ [0, t_1]. Ďńï ńîąëå ďćãå àěèěŋĺľ ğăďăçĺ (11.1), őâćěçăîéĺå íâőňã ãŕàăćńěŋĺî, ĺå âàăěłâőàĺĺ á ćěàőïâŋőáâìî 1 áőćŕăďăîâ, ăąáőńîâŋő ŋěŕàěàëćŋë ĺ ãďőćńěâćőàïîâ mes-ŕőçâĺ ćáîďã ( mes — ňěàă Ńěąěčă ŋă ŕàïňőľ) ďĺääěàěŋæĺăńìŋőňã ãàăćŋěŋĺî (11.1). Ŕàĺ íâőň á ćěàőïâŋőáâìî 1 x_u (t, ω) = Φ (t, ω) x_0 (ω) + t∫ 0 Φ^{−1} (s, ω) (B (s, ω) u (s, ω) + f (s, ω)) ds , (11.3) čďě — àěèěŋĺě ňăâàĺçŋőčő ĺŋâěčàăńìŋőčő ãàăćŋěŋĺï

Φ (t, ω) = I + t∫ 0 A (s, ω) Φ (s, ω) ds, (11.4) I — ěďĺŋĺçŋăï ňăâàĺæă ŕőàïďłă n × n.

Ďőłăğăâěńìáâćő ńěňňë ňőęěâ ąëâì ŕàőćěďěŋő ňěâőďőň ŕőáńěďőćăâěńìŋëå ŕàĺąńĺęěŋĺľ. Şâćěàęďěŋĺï ńěňňë âăłęě ńěčłő ĺğćńěłăîâáï ĺğ őąéĺå àěğãńìâăâőć àăąőâë [9].

Ńěňňă 2. Ŕãáâì ďńï t_1 > 0 ĺ u ∈ U ćëŕőńŋěŋë ãáńőćĺï ńěňňë 1 ĺ áćěàå âőčő

Mk (0, t_1)

‖x_0‖ +

t_1∫

0 k (0, s) (‖B (s)‖ + ‖f (s)‖) ds < ∞ (11.5) čďě k (τ , t, ω) ≡ exp {_t ∫ τ ‖A (s, ω)‖ ds } . Šőčďă äãŋłæĺï t → m_u (t) = Mx_u (t, ω)

őŕàěďěńěŋă ĺ ŋěŕàěàëćŋă ŋă [0, t_1].

Ďőłăğăâěńìáâćő. Őæěŋĺćăï (11.4), ă âăłęě ãàăćŋěŋĺě ďńï őąàăâŋőľ ňăâàĺæë^d_{dt} Φ^{−1} = −Φ^{−1}A ć ňăâàĺçŋőľ ŋőàňě ĺ ŕàĺňěŋïï ŋěàăćěŋáâćő Čàőŋãőńńă (áň. [9, áâà. 41]), ĺňěěň á ćěàőïâŋőáâìî 1 max { ‖Φ (t, ω)‖ , ‖ Φ^{−1} (t, ω) ‖} ⩽ k (0, t, ω) ⩽ k (0, t_1, ω) . Őâáîďă, ĺáŕőńìğãï äőàňãńã (11.3) ĺ áćőľáâćă àěèěŋĺï ğăďăçĺ (11.1), őâňěçěŋŋëě ć ńěňňě 1, ŕőńãçăěň ãâćěàęďěŋĺï ŋăáâőïéěľ ńěňňë.

11.4. Şáńőćĺï őŕâĺňăńìŋőáâĺ

Ŕàěďŕőńőęĺň, çâő ňŋőęěáâćő V ğŋăçěŋĺľ ãŕàăćńïîéěľ äãŋłæĺĺ ïćńïěâáï ćëŕãłńëň łőňŕăłâőň ĺ ŕàĺ ćáěå t_1 > 0 ďăŋŋëě ğăďăçĺ (11.5) ãďőćńěâćőàïîâ áäőàňãńĺàőćăŋŋëň ćëèě ãáńőćĺïň (11.2), (11.5).

Ńěňňă 3. Ŕàĺ ńîąëå t > τ ⩾ 0 ĺ ńîąőň F_τ -ĺğňěàĺňőň áńãçăľŋőň ćěłâőàě x (ω), ãďőćńěâćőàïîéěň ãáńőćĺî M ‖x (ω)‖ k (τ , t_1) < ∞, ňŋőęěáâćő ďőáâĺęĺňőáâĺ K (x (ω) , ω, t) ïćńïěâáï ćëŕãłńëň łőňŕăłâőň, ŋěŕàěàëćŋő ć ňěâàĺłě Ţăãáďőàäă ğăćĺáïéĺň őâ t ∈ [τ, t_1].

Ĺáŕőńìğãï àěğãńìâăâ ńěňňë 2, ńěčłő ŕàőćěáâĺ ďőłăğăâěńìáâćő ńěňňë 3 ŕő áåěňě, ŕàĺňěŋïěňőľ ć [4, áâà. 78-81].

Ńěňňă 4. Ďńï íłáâàěňăńìŋőáâĺ ãŕàăćńěŋĺï u ∈ U ŋă őâàěğłě [0, t_1] ŋěőąåőďĺňő ĺ ďőáâăâőçŋő áãéěáâćőćăŋĺï ŋěáńãçăľŋőčő ćěłâőàă c ≠ 0 âăłőčő, çâő mes ×P-ŕőçâĺ ćáîďã ŋă [0, t_1] × Ω

Θ^′ (t) u (t, ω) = max_{u∈V} Θ^′ (t) u, (11.6)

čďě Θ = M̃ {Bη^′| A},^d_{dt} η = −A^′η, η (t_1) = c, M̃ {·| A} — őŕěàăâőà ãáńőćŋőčő ňăâěňăâĺçěáłőčő őęĺďăŋĺï ŕő őâŋőèěŋĺî ł σ-ăńčěąàě A ŋă ćěàőïâŋőáâŋőň ŕàőáâàăŋáâćě ( [0, t_1] × Ω, BF,^{mes}_{t1} × P ) , èâàĺå őğŋăçăěâ âàăŋáŕőŋĺàőćăŋĺě.

Ďőłăğăâěńìáâćő. Ŋěőąåőďĺňőáâì. Ŕãáâì u — íłáâàěňăńìŋőě ŋă őâàěğłě ćàěňěŋĺ [0, t_1] ãŕàăćńěŋĺě, c — ćŋěèŋïï ŋőàňăńì őŕőàŋőľ čĺŕěàŕńőáłőáâĺ, ŕàőćěďěŋŋőľ ł K (x_0 (ω) , 0, t_1) ć čàăŋĺçŋőľ âőçłě m_u (t_1). Šőčďă ďńï ćáïłőčő u ∈ U

c^′ (m_v (t_1) − m_u (t_1)) ⩽ 0. (11.7)

11.4. Şáńőćĺï őŕâĺňăńìŋőáâĺ 117 Ŕãáâì η (t, ω) , t ∈ [0, t_1] — àěèěŋĺě ğăďăçĺ d dt η = −A^′ (t, ω) η, η (t_1, ω) = c. Šőčďă á ćěàőïâŋőáâìî 1

c^′x_u (t_1, ω) = η^′ (t_1) x_u (t_1) = η^′ (0) x_0 +

t_1∫

0 η^′ (s) (Bu + f) ds,

c^′x_v (t_1, ω) = η^′ (t_1) x_v (t_1) = η^′ (0) x_0 +

t_1∫

0 η^′ (s) (Bv + f) ds.

Ĺŋâěčàĺàãï íâĺ àăćěŋáâćă ŕő ňěàě P, ćëçĺâăï ğăâěň ŕěàćőě ĺğ ćâőàőčő ĺ ãçĺâëćăï áćőľáâćă ãáńőćŋőčő ňăâěňăâĺçěáłőčő őęĺďăŋĺï, ŕőńãçăěň

c^′ (m_v (t_1) − m_u (t_1)) = M

t_1∫

0 η^′B (v − u) ds = ∫ [0,t_1]×Ω

Θ^′ (v − u) d (mes ×P) . (11.8) Őâáîďă áńěďãěâ, çâő ŕàĺ ńîąőň v ∈ U mes ×P-ŕőçâĺ ćáîďã Θ^′ (t, ω) v (t, ω) ⩽ Θ^′ (t, ω) u (t, ω) . (11.9) Ďěľáâćĺâěńìŋő, ŕãáâì ŕàĺ ŋěłőâőàőň w ∈ U ĺňěěň mes ×P () > 0, čďě C = {(t, ω) : Θ^′w > Θ^′u} . Ćőğìňěň v = wχ + u (1 − χ), čďě χ — ĺŋďĺłăâőàŋăï äãŋłæĺï ňŋőęěáâćă C. Ŕőáłőńìłã C ∈ A, âő v ∈ U ĺ ĺğ (11.8) ŕőńãçăěň c^′ (m_v (t_1) − m_u (t_1)) > 0, çâő ŕàőâĺćőàěçĺâ (11.7).

Ĺğ (11.9), ć çăáâŋőáâĺ, ĺňěěň ďńï ćáïłőčő ćěłâőàă u ∈ V ŕőçâĺ ćáîďã Θ^′ (t, ω) u (t, ω) ⩾ Θ^′ (t, ω) u. Ŕãáâì S — áçěâŋőě ćáîďã ŕńőâŋőě ŕőďňŋőęěáâćő V. Šőčďă ŕőçâĺ ćáîďã áŕàăćěďńĺćő ŋěàăćěŋáâćő Θ^′ (t, ω) u (t, ω) ⩾ Θ^′ (t, ω) u. ŕàĺ ćáěå u ∈ S, ă ŕőâőňã ŕőçâĺ ćěğďě

Θ^′ (t, ω) u (t, ω) ⩾ sup_{u∈S} Θ^′ (t, ω) u = sup_{u∈V} Θ^′ (t, ω) u.

Šăł łăł ŋěàăćěŋáâćő ć ŕàőâĺćőŕőńőęŋãî áâőàőŋã őçěćĺďŋő, âő őâáîďă ćëâěłăěâ (11.6).

Ďőáâăâőçŋőáâì. Ŕãáâì ďńï ãŕàăćńěŋĺï u ∈ U ćëŕőńŋěŋő ŕàĺ ŋěłőâőàőň c ≠ 0 ãáńőćĺě (11.6). Ďőŕãáâĺň ŕàĺ íâőň, çâő ćěłâőà m_u (t_1) ŕàĺŋăďńěęĺâ ćŋãâàěŋŋőáâĺ ňŋőęěáâćă K (x_0 (ω) , 0, t_1) . Šőčďă ŋăľďěâáï ãŕàăćńěŋĺě v ∈ U, ďńï łőâőàőčő c^′ (m_v (t_1) − m_u (t_1)) > 0. Ŋő ć áĺńã (11.6) ŕőçâĺ ćáîďã

Θ^′ (t, ω) v (t, ω) ⩽ max_{u∈V} Θ^′ (t, ω) u = Θ^′ (t, ω) u (t, ω) .

Ŕőíâőňã ĺğ (11.8) ĺňěěň ŋěàăćěŋáâćő c^′ (m_v (t_1) − m_u (t_1)) ⩽ 0, ŕàőâĺćőàěçăéěě ŋěàăćěŋáâćã, ŕőńãçěŋŋőňã ćëèě. Śńěďőćăâěńìŋő, m_u (t_1) ∈ ∂K ĺ ãŕàăćńěŋĺě u ïćńïěâáï íłáâàěňăńìŋëň ŋă őâàěğłě [0, t_1]. Ńěňňă ďőłăğăŋă.

Ŕőńãçěŋŋëľ ć ńěňňě 4 àěğãńìâăâ ïćńïěâáï ăŋăńőčőň ŕàĺŋæĺŕă ňăłáĺňãňă Ń.Ś.Ŕőŋâàïčĺŋă ĺ ŕàěďőáâăćńïěâ ćőğňőęŋőáâĺ ďńï ćëďěńěŋĺï íłáâàěňăńìŋëå ãŕàăćńěŋĺľ ć łńăááě ćáěå ďőŕãáââĺňëå ãŕàăćńěŋĺľ. Ćăęŋőáâì ŕőŋïâĺï íłáâàěňăńìŋőčő ãŕàăćńěŋĺï ŕőłăğëćăěâ áńěďãîéăï Šěőàěňă 1. Řăááňőâàĺň ğăďăçã ąëáâàőďěľáâćĺï ĺğ ŕ. 11.2, ŕàěďŕőńăčăï, çâő ćëŕőńŋïîâáï ŕàěďŕőńőęěŋĺï ŋăáâőïéěčő ŕãŋłâă, G (t) — łőňŕăłâŋőě, ŋěŕàěàëćŋő ć ňěâàĺłě Ţăãáďőàäă ňěŋïîéěěáï ŕàĺ t ⩾ 0 æěńěćőě ňŋőęěáâćő. Ďńï âőčő çâőąë ãŕàăćńěŋĺě u ∈ U, őáãéěáâćńïîéěě æěńì ãŕàăćńěŋĺï ŋă őâàěğłě [0, t_1], ąëńő őŕâĺňăńìŋëň, ă) ŋěőąåőďĺňő, çâőąë őŋő ąëńő íłáâàěňăńìŋëň ŋă íâőň őâàěğłě; ŕàĺ íâőň ěáńĺ ňŋőęěáâćő G (t_1) ćëŕãłńő, âő ćěłâőà c ć (11.6) ňőęŋő ćëąàăâì âăł, çâőąë őŋ ãďőćńěâćőàïń ãáńőćĺî âàăŋáćěàáăńìŋőáâĺ, ă ĺňěŋŋő, çâőąë őŋ ąëń ŋőàňăńìî ł őŕőàŋőľ čĺŕěàŕńőáłőáâĺ, àăğďěńïîéěľ ňŋőęěáâćă K (x_0 (ω) , 0, t_1) ĺ G (t_1); ą) ďőáâăâőçŋő, çâőąë íâő ãŕàăćńěŋĺě ąëńő íłáâàěňăńìŋëň ŋă őâàěğłě [0, t_1] ĺ ŕàĺ íâőň ŕàĺ ńîąőň τ ∈ (0, t_1) ĺ ńîąőň F_τ -ĺğňěàĺňőň áńãçăľŋőň ćěłâőàě x (ω), ãďőćńěâćőàïîéěň ãáńőćĺïň Mx (ω) = m_1, M ‖x‖ k (τ , t_1) < ∞, ćěłâőà m_1 ŕàĺŋăďńěęăń ąë ćŋãâàěŋŋőáâĺ ňŋőęěáâćă K (x (ω) , τ, t_1).

Ďőłăğăâěńìáâćő âěőàěňë ğăłńîçăěâáï ć ĺáŕőńìğőćăŋĺĺ áćőľáâć ňŋőęěáâćă ďőáâĺęĺňőáâĺ, őâňěçěŋŋëå ć ńěňňě 3, ĺ áőćŕăďăěâ á ďőłăğăâěńìáâćőň áőőâćěâáâćãîéĺå ãâćěàęďěŋĺľ ć [4, áâà. 141].

Ăŋăńőčĺçŋő (áň. [4, áâà. 138]) ďőłăğëćăěâáï áńěďãîéăï Šěőàěňă 2. Ŕãáâì ć ãáńőćĺïå âěőàěňë 1 áãéěáâćãěâ ãŕàăćńěŋĺě v ∈ U, àěăńĺğãîéěě æěńì ãŕàăćńěŋĺï ŋă őâàěğłě [0, t_1]. Šőčďă áãéěáâćãěâ őŕâĺňăńìŋőě ãŕàăćńěŋĺě u, ŕěàěćőďïéěě áĺáâěňã ĺğ áőáâőïŋĺï x_0 (ω) ć áőáâőïŋĺě x_u (t^∗_1, ω) á m_u (t^∗_1) ∈ G (t^∗_1) ğă ňĺŋĺňăńìŋő ćőğňőęŋőě ćàěňï t^∗_1 ⩽ t_1.

11.5. Şáńőćĺï ŕőńŋőľ ãŕàăćńïěňőáâĺ

Ć ŋăáâőïéěň ŕăàăčàăäě ĺğãçăîâáï ãáńőćĺï, ŕàĺ łőâőàëå ćőğňőęěŋ ŕěàěćőď áĺáâěňë (11.1) ĺğ ŋăçăńìŋőčő áőáâőïŋĺï x_0 (ω) ć áőáâőïŋĺě á ŕàőĺğćőńìŋő ğăďăŋŋëň áàěďŋĺň ğŋăçěŋĺěň äăğőćőčő ćěłâőàă m_1 Řăááňőâàĺň âőâ çăáâŋëľ áńãçăľ, łőčďă ňăâàĺæë A ĺ B őâ ćàěňěŋĺ t ŋě ğăćĺáïâ, f ≡ 0, V = R^n, ă σ-ăńčěąàă A = B × G, čďě B — ąőàěńěćáłăï σ-ăńčěąàă ć R^1, G — ŕőńŋăï ŕő ćěàőïâŋőáâĺ P σ-ŕőďăńčěąàă F.

Ŋăğőćěň ć íâőň áńãçăě áĺáâěňã (11.1) ćŕőńŋě ãŕàăćńïěňőľ ĺğ áőáâőïŋĺï x_0 (ω), ěáńĺ K (x_0 (ω) , 0, t) = R^n ŕàĺ ńîąőň t > 0.

Ďńï âőčő çâőąë áäőàňãńĺàőćăâì ãáńőćĺï ŕőńŋőľ ãŕàăćńïěňőáâĺ, ććěďěň (n × nk)-ňăâàĺæë K_k, k = 1, 2, . . . , áńěďãîéěčő ćĺďă:

K_1 = B, K_k = [ B . .AB . . · · · . .A^{k−1}B ] , k > 1. Ć ďěâěàňĺŋĺàőćăŋŋőľ ğăďăçě (áň. [4, áâà. 91]) łàĺâěàĺěň ŕőńŋőľ ãŕàăćńïěňőáâĺ áĺáâěňë (11.1) áńãęĺâ ãáńőćĺě ňăłáĺňăńìŋőáâĺ àăŋčă ňăâàĺæë K_n : rank K_n = n. Őąőąéěŋĺěň íâőčő àěğãńìâăâă ŋă àăááňăâàĺćăěňãî ğďěáì ğăďăçã ïćńïěâáï áńěďãîéăï

Šěőàěňă 3. Ŕãáâì ďńï ńîąőčő t > 0

M (‖x_0‖ + ‖B‖) exp (‖A‖ t) < ∞ (11.10)

Šőčďă ďńï ŕőńŋőľ ãŕàăćńïěňőáâĺ áĺáâěňë (11.1) ĺğ áőáâőïŋĺï x_0 (ω)

ă) ďőáâăâőçŋő, çâőąë ŕàĺ ŋěłőâőàőň k ⩾ 1 ĺ ŋěłőâőàőľ σ-ăńčěąàě G_1⊂ G

P {rank M {K_k| G_1} = n} > 0; (11.11)

ą) ŋěőąåőďĺňő, çâőąë ŕàĺ ńîąőň ŋěŋãńěćőň ćěłâőàě c ∈ R^n

P {c^′M {K_k| G_2} ≠ 0} > 0, (11.12)

čďě G_2 = σ (G, σ (A)) — ňĺŋĺňăńìŋăï σ-ăńčěąàă, áőďěàęăéăï G, őâŋőáĺâěńìŋő łőâőàőľ ĺğňěàĺňë ćáě łőňŕőŋěŋâë ňăâàĺæë A.

Ğďěáì őŕěàăæĺï ćğïâĺï ãáńőćŋőčő ňăâěňăâĺçěáłőčő őęĺďăŋĺï ňăâàĺæë ŕőŋĺňăěâáï łăł ŕőłőňŕőŋěŋâŋăï.

Ďőłăğăâěńìáâćő. Ďőáâăâőçŋőáâì. Ďőłăęěň áŋăçăńă áńěďãîéěě ćáŕőňőčăâěńìŋőě ãâćěàęďěŋĺě.

Ńěňňă 5. Ć ãáńőćĺïå âěőàěňë ňăâàĺçŋëľ áńãçăľŋëľ ŕàőæěáá M {exp (At)| G_1} ŋă ńîąőň őâàěğłě ćàěňěŋĺ [0, t_0] őąńăďăěâ ňőďĺäĺłăæĺěľ ξ (t, ω), ã łőâőàőľ á ćěàőïâŋőáâìî 1 âàăěłâőàĺĺ ńîąőě çĺáńő àăğ ďĺääěàěŋæĺàãěňë ŋă íâőň őâàěğłě (ć čàăŋĺçŋëå âőçłăå ŕàőĺğćőďŋëě ŕőŋĺňăîâáï łăł őďŋőáâőàőŋŋĺě). Ŕàĺ íâőň d^p dt^p ξ | | | t=0 = M {A^pB| G_1} , p = 0, 1, 2, . . . (11.13)

Ďőłăğăâěńìáâćő ńěňňë. Ĺáŕőńìğãï (11.10) ĺ ŋěàăćěŋáâćő Ľěŋáěŋă, ĺňěěň ďńï ńîąőčő t á ćěàőïâŋőáâìî 1

M {exp (At) B| G_1} = ∞∑ k=0 M { A^kB | | G_1} t^k k! . (11.14)

Řăááňőâàĺň ňăâàĺçŋëľ áńãçăľŋëľ ŕàőæěáá ξ (t, ω), őŕàěďěńïěňëľ ŕàăćőľ çăáâìî àăćěŋáâćă (11.14). Ťĺłáĺàãěň t_0 > 0 ĺ ňŋőęěáâćő Ω_0 ŕőńŋőľ ćěàőïâŋőáâĺ, âăłĺě, çâő ŕàĺ ω ∈ Ω_0 àïď ∞∑ k=0 M { A^kB | G_1 } t^k_0 k! ăąáőńîâŋő áåőďĺâáï. Ŕàĺ âěå ęě ω àïď ξ (t, ω) áåőďĺâáï ăąáőńîâŋő ĺ àăćŋőňěàŋő ŕő t ŋă ćáěň őâàěğłě [0, t_0] . Łàőňě âőčő, ĺğ (11.10) áńěďãěâ, çâő ŕàĺ ω ∈ Ω_1 ⊂ Ω_0, P (Ω_1) = 1 ŋă [0, t_0] àăćŋőňěàŋő áåőďïâáï àïďë, ŕőńãçěŋŋëě ďĺääěàěŋæĺàőćăŋĺěň ŕő t ńîąőě çĺáńő àăğ. Ŕőíâőňã ďńï ω ∈ Ω_1 âàăěłâőàĺĺ ŕàőæěááă ξ ĺňěîâ ŕàőĺğćőďŋëě ńîąőčő ŕőàïďłă ŕàĺ t ∈ [0, t_0], çâő ĺ ãâćěàęďăńőáì. Ťőàňãńă (11.13) ŕàőćěàïěâáï ŋěŕőáàěďáâćěŋŋő. Ńěňňă ďőłăğăŋă.

Ďńï ďőłăğăâěńìáâćă ďőáâăâőçŋőáâĺ ãáńőćĺï (11.11) àăááňőâàĺň âěŕěàì ňŋőęěáâćő ćěłâőàőć Q_l ⊂ R^n ćĺďă

Q_l = { m : m = M ∫_t 0 exp (A (t − s)) Bu (s) ds, u ∈ U, |u (t, ω)| ⩽ l }

Ć áőőâćěâáâćĺĺ á ńěňňőľ 3 Q_l — ćëŕãłńëľ łőňŕăłâ. §áŋő âăłęě, çâő Q_l æěŋâàăńìŋő áĺňňěâàĺçěŋ ĺ áőďěàęĺâ ŋãńěćőľ ćěłâőà. Ďőŕãáâĺň, çâő àăğňěàŋőáâì Q_l ňěŋìèě n. Šőčďă áãéěáâćãěâ ŋěŋãńěćőľ ćěłâőà , őàâőčőŋăńìŋëľ Q_l : c^′m = 0 ∀m ∈ Q_l. Ć çăáâŋőáâĺ, ďńï ńîąőčő B × G_1-ĺğňěàĺňőčő ãŕàăćńěŋĺï u

0 = c^′M t∫ 0 exp (A (t − s)) Bu (s) ds = = c^′M t∫ 0 M {exp (A (t − s)) Bu (s)| G_1} ds = M t∫ 0 c^′ξ (s) u (s) ds. Őâáîďă áńěďãěâ, çâő mes ×P-ŕőçâĺ ćáîďã c^′ξ (s, ω) = 0 ĺńĺ ć áĺńã ŋěŕàěàëćŋőáâĺ ŕàőæěááă ξ á ćěàőïâŋőáâìî 1 c^′ξ (s, ω) = 0 ŕàĺ ćáěå s ∈ [0, t] . Ďĺääěàěŋæĺàãï íâő àăćěŋáâćő ć âőçłě s = 0, ĺňěěň, ãçĺâëćăï (11.13), M {c^′A^pB| G_1} = 0, p = 0, 1, . . . , k. Ŋő íâő ŕàőâĺćőàěçĺâ (11.11), áńěďőćăâěńìŋő, àăğňěàŋőáâì Q_l àăćŋă n.

Ŕěàěåőďï ďăńěě ł ŕàěďěńã ŕàĺ l → ∞, ŕőńãçăěň

K (x_0 (ω) , 0, t) = lim_{l→∞} {Q_l + M exp (At) x_0} = R^n,

çâő ĺ âàěąőćăńőáì ãáâăŋőćĺâì.

Ŋěőąåőďĺňőáâì. Ŕő âěőàěňě Čăňĺńìâőŋă–Łíńĺ ňăâàĺæă A (ω) á ćěàőïâŋőáâìî 1 ãďőćńěâćőàïěâ áćőěňã åăàăłâěàĺáâĺçěáłőňã ãàăćŋěŋĺî

A^n = λ_1A^{n−1} + . . . + λ_{n−1}A + λ_n. (11.15)

Ğďěáì λ_i = λ_i (ω) — ŋěłőâőàëě σ (A)-ĺğňěàĺňëě áńãçăľŋëě ćěńĺçĺŋë.

Ŕàěďŕőńőęĺň, çâő ŕàĺ ŋěłőâőàőň c ≠ 0 ãáńőćĺě (11.12) ŋěćěàŋő, â.ě. á ćěàőïâŋőáâìî 1 c^′M {K_n| G_2} = 0. Šőčďă, ĺáŕőńìğãï (11.15), ŕőńãçăěň

c^′M {A^nB| G_2} = λ_1c^′M { A^{n−1}B | | G_2} + . . . + λ_nc^′M {B| G_2} = 0,

ĺ ďăńěě ŕő ĺŋďãłæĺĺ ŕàĺ ćáěå k = 1, 2, . . . ĺňěěň c^′M { A^{n+k}B | G_2 } = 0 á ćěàőïâŋőáâìî 1. Őâáîďă, ãçĺâëćăï (11.14), ĺňěěň

c^′M {exp (At) B|} = 0. (11.16)

Ŕőłăęěň, çâő ć íâĺå ãáńőćĺïå ĺğ ŋăçăńìŋőčő áőáâőïŋĺï x_0 (ω) ŋěńìğï ŕěàěľâĺ ć áőáâőïŋĺě á ŕàőĺğćőńìŋő ğăďăŋŋëň ćěłâőàőň áàěďŋěčő ğŋăçěŋĺï m_u (t_1), â.ě. áĺáâěňă ŋě ïćńïěâáï ćŕőńŋě ãŕàăćńïěňőľ. Ďěľáâćĺâěńìŋő, ĺğ (11.16) ŕőńãçăěň

c^′m_u (t_1) = M

t_1∫ 0 c^′ exp (A (t_1 − s)) Bu (s) ds + c^′M exp (At_1) x_0 = = M t_1∫ 0 c^′M {exp (A (t_1 − s)) B| G_2} u (s) ds + c^′M exp (At_1) x_0 =

= c^′M exp (At_1) x_0.

Ŕőáłőńìłã m_u (t_1) ňőęěâ ąëâì ńîąëň ćěłâőàőň, âő íâő ćőğňőęŋő ńĺèì ŕàĺ c = 0. Ŕőńãçěŋŋőě ŕàőâĺćőàěçĺě ďőłăğëćăěâ ŋěőąåőďĺňőáâì ãáńőćĺï (11.12). Šěőàěňă ďőłăğăŋă.

11.6. Ŕàĺňěà

Řăááňőâàĺň ãŕàăćńïěňãî áĺáâěňã d dt x_1 = x_2, x_1 (0) = x_{10}; d dt x_2 = ξu, x_2 (0) = x_{20}, t ⩾ 0, (11.17)

čďě ξ — áńãçăľŋăï ćěńĺçĺŋă ŋă ćěàőïâŋőáâŋőň ŕàőáâàăŋáâćě (Ω, F, P), M |ξ| < ∞, x_0 = col (x_{10}, x_{20}) — ŋěáńãçăľŋëľ ŋăçăńìŋëľ ćěłâőà. Ŕàěďŕőńőęĺň, çâő ãŕàăćńïîéăï äãŋłæĺï u (t, ω) ŕàĺŋĺňăěâ áćőĺ ğŋăçěŋĺï ć ňŋőęěáâćě V ⊂ R^1 ĺ ĺğňěàĺňă őâŋőáĺâěńìŋő σ-ăńčěąàë B × G, čďě G — σ-ŕőďăńčěąàă F.

Ŕőńãçĺň łàĺâěàĺľ ŕőńŋőľ ãŕàăćńïěňőáâĺ áĺáâěňë (11.17) ĺğ áőáâőïŋĺï x_0, áçĺâăï V = R^1. Ĺáŕőńìğãěň ďńï íâőčő âěőàěňã 3. Ĺňěěň ğďěáì G_2 = σ (G, σ (A)) = G. Ŕőíâőňã, áőčńăáŋő ŕ. ą) âěőàěňë 3, ďńï ŕőńŋőľ ãŕàăćńïěňőáâĺ áĺáâěňë ŋěőąåőďĺňő, çâőąë P { ξ̃c ≠ 0 } > 0 ŕàĺ ńîąőň

ćěłâőàě c ≠ 0, čďě ξ̃ = M {ξ| G} . Őçěćĺďŋő, çâő íâő íłćĺćăńěŋâŋő ãáńő- ćĺî P { ξ̃ ≠ 0 } > 0. (11.18)

Ŕőłăęěň, çâő ďăŋŋőě ãáńőćĺě âăłęě ĺ ďőáâăâőçŋő ďńï ŕőńŋőľ ãŕàăćńïěňőáâĺ áĺáâěňë. Ćőğìňěň ďńï íâőčő ć (11.11) k = 2, G_1 = G. Šőčďă

M {K_2| G} = [ 0 ξ̃ ξ̃ 0 ]

ĺ ŕàĺ ćëŕőńŋěŋĺĺ ãáńőćĺï (11.18) àăŋč íâőľ ňăâàĺæë ňăłáĺňăńěŋ á ŕőńőęĺâěńìŋőľ ćěàőïâŋőáâìî.

Őâňěâĺň ćăęŋëľ çăáâŋëľ áńãçăľ ŕàőčàăňňŋőčő ãŕàăćńěŋĺï G = {∅, Ω}, ć łőâőàőň (11.18) ŕàĺŋĺňăěâ áńěďãîéãî ŕàőáâãî äőàňã: Mξ ≠ 0.

Ŕàĺňěŋĺň âěŕěàì àěğãńìâăâë âěőàěň 1,2 ďńï ŋăåőęďěŋĺï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ć ğăďăçě ő áłőàěľèěň ŕěàěćőďě áĺáâěňë (11.17) ĺğ ŋăçăńìŋőčő áőáâőïŋĺï x_0 ć áőáâőïŋĺě á ŋãńěćëň áàěďŋĺň ğŋăçěŋĺěň äăğőćőčő ćěłâőàă m_u (t_1).

Ŕãáâì V = [−1, 1]. Řěèăï áőŕàïęěŋŋãî ğăďăçã ĺ ćëŕĺáëćăï áőőâŋőèěŋĺě ŕàĺŋæĺŕă ňăłáĺňãňă (11.6), ŕőńãçăěň, çâő ćáïłőě íłáâàěňăńìŋőě

11.6. Ŕàĺňěà 123

ãŕàăćńěŋĺě u ãďőćńěâćőàïěâ ŕőçâĺ ćáîďã àăćěŋáâćã

ξ̃ (ω) u (t, ω) = ξ̃ (ω) sign { ξ̃ (ω) (c_1 (t_1 − t) + c_2) } , čďě c = col (c_1, c_2) — ŋěŋãńěćőľ ŋěáńãçăľŋëľ ćěłâőà.

İâő őğŋăçăěâ, çâő ďćĺęěŋĺě ć ŕńőáłőáâĺ ňăâěňăâĺçěáłĺå őęĺďăŋĺľ (m_1, m_2) ŕàőĺáåőďĺâ ŕő ŕăàăąőńăň áńěďãîéĺå ďćãå áěňěľáâć: 2bm_1 = ±m^2 + const, čďě b = M | | |ξ̃ | | |. Ĺğ ńîąőčő ŋăçăńìŋőčő áőáâőïŋĺï m0 = Mx0 ňőęŋő, ďćĺčăïáì ŕő ŕăàăąőńăň íâĺå áěňěľáâć, ŕőŕăáâì ć ŋăçăńő łőőàďĺŋăâ ğă łőŋěçŋőě ćàěňï. Ŕőíâőňã ŕő âěőàěňě 2 őŕâĺňăńìŋőě ãŕàăćńěŋĺě áãéěáâćãěâ, ă ŕő âěőàěňě 1 őŋő ïćńïěâáï íłáâàěňăńìŋëň. §áŋő, çâő íâő ãŕàăćńěŋĺě áőőâćěâáâćãěâ ďćĺęěŋĺî á ňĺŋĺňăńìŋëň çĺáńőň ŕěàěłńîçěŋĺľ á őďŋőľ ŕăàăąőńë ŋă ďàãčãî. Ć ĺâőčě ŕőńãçăěň áńěďãîéãî łăàâĺŋã őŕâĺňăńìŋëå ďćĺęěŋĺľ: u (t, ω) = { sign ξ̃ (ω) , m_u (t) ∈ O_2, − sign ξ̃ (ω) , m_u (t) ∈ O_2,

čďě ňŋőęěáâćő O_2 ńěęĺâ “ŋĺęě” ńĺŋĺĺ ŕěàěłńîçěŋĺľ 2bm_1+m^2 sign m_2 = 0 ĺ áőďěàęĺâ ěě ŋĺęŋîî ćěâćì, O_1— ďőŕőńŋěŋĺě ňŋőęěáâćă O_2.

Ğăňěâĺň, çâő ŕàĺ P { ξ̃ = 0 } > 0 őŕâĺňăńìŋőě ãŕàăćńěŋĺě ŋě ïćńïěâáï ěďĺŋáâćěŋŋëň, őďŋăłő ćáě őŕâĺňăńìŋëě ãŕàăćńěŋĺï ŕőàőęďăîâ őďŋő ĺ âő ęě ďćĺęěŋĺě ć ŕńőáłőáâĺ (m_1, m_2).

Ĺŋâěàěáŋő áàăćŋĺâì ňěęďã áőąőľ őŕâĺňăńìŋëě ćàěňěŋă ďćĺęěŋĺï ŕàĺ àăğńĺçŋëå ŋăąńîďăěňëå ďăŋŋëå, åăàăłâěàĺğãěňëå σ-ăńčěąàőľ G. Ŋěâàãďŋő, ŋăŕàĺňěà, ŕőłăğăâì, çâő x_0 = col (x_{10}, 0)

t^2_{min} = 8 |x_{10}| M | |ξ̃ | | . (11.19)

Šăł łăł ŕàĺ G^1 ⊂ G^2 |Mξ| ⩽ M | |M {ξ| G^1} | | ⩽ M | |M {ξ| G^2} | | ⩽ M |ξ| , âő ĺğ (11.19) ŋěŕőáàěďáâćěŋŋő ćĺďŋő, çâő őŕâĺňăńìŋőě ćàěňï ãąëćăěâ ŕàĺ ćőğàăáâăŋĺĺ őąêěňă ŋăąńîďăěňëå ďăŋŋëå.

Ńĺâěàăâãàă

[1] Ŕőŋâàïčĺŋ Ń.Ś., Ąőńâïŋáłĺľ Ć.Č., Čăňłàěńĺďğě Ř.Ć., Ňĺéěŋłő Ě.Ť.

Ňăâěňăâĺçěáłăï âěőàĺï őŕâĺňăńìŋëå ŕàőæěááőć. – Ň.: Ŋăãłă, 1976. – 396 á.

[2] Ąőńâïŋáłĺľ Ć.Č. Ňăâěňăâĺçěáłĺě ňěâőďë őŕâĺňăńìŋőčő ãŕàăćńěŋĺï.

– Ň.: Ŋăãłă, 1969. – 408 á.

[3] Łàăáőćáłĺľ Ŋ.Ŋ. Šěőàĺï ãŕàăćńěŋĺï ďćĺęěŋĺěň. – Ň.: Ŋăãłă, 1968. – Ň.: Ŋăãłă, 1968. – 476 á.

[4] Ńĺ İ.Ą., Ňăàłãá Ń. Őáŋőćë âěőàĺĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï. Ň.:

Ŋăãłă, 1972. – 1972. – 576 á.

[5] Kushner H. J. – SIAM J. Control and Optimiz., 1972, vol. 10, N 3, p.13- 26. [6] Bismut J.-M. – J. Math. Anal. and Appl., 1973, vol. 44, N 2, p. 384-404. [7] Ăàłĺŋ Ć.Ĺ., Śăłáőŋőć Ň.Š. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć ğăďăçăå ãŕàăćńěŋĺï áâőåăáâĺçěáłĺňĺ ďĺääěàěŋæĺăńìŋëňĺ ãàăćŋěŋĺïňĺ. – Ďőłń. ĂŊ ŚŚŚŘ, 1979, â. 244, ü1, á. 11-15.

[8] Śňĺàŋőć Ĺ.Ŕ. Ĺááńěďőćăŋĺě ćăàĺăæĺőŋŋëňĺ ňěâőďăňĺ ğăďăç őŕâĺňĺğăæĺĺ áâőåăáâĺçěáłĺå ĺŋâěčàăńìŋëå ãàăćŋěŋĺľ ďńï ŕàőæěááőć á àăğàëćăňĺ: Ăćâőàěä. ďĺá. ... łăŋď. äĺğ.-ňăâ. ŋăãł. – Čőàìłĺľ, 1981. – 19 á.

[9] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. – Łĺěć: Ŋăãł. ďãňłă, 1968. – 357 á.

Čőàìłőćáłĺľ čőáãďăàáâćěŋŋëľ ãŋĺćěàáĺâěâ ĺň. Ŋ.Ĺ. Ńőąăçěćáłőčő Ŕőáâãŕĺńă ć àěďăłæĺî 2 ŋőïąàï 1983 č.

Čńăćă 12.

Őą ãŕàăćńěŋĺĺ ćěàőïâŋőáâìî ćåőďă áĺáâěňë ć ğăďăŋŋãî őąńăáâì

ŞĎŁ 531.36 + 62 - 50

12.1. Ććěďěŋĺě

Ć àăąőâě àăááňăâàĺćăěâáï ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ŕàőæěááőň, ïćńïîéĺňáï àěèěŋĺěň áâőåăáâĺçěáłőčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï

dη = (A (t) η + B (t) u + f (t)) dt + k∑ j=1 σ_j (t) dw_j + ∫ α (t, z) ν̃ (dt, dz) η (0) = η_0, 0 ⩽ t ⩽ 1, f_0 (u) = P {η_u (1) ∈ Q} → max, (12.1)

čďě η — äăğőćëľ ćěłâőà; u — ãŕàăćńïîéĺľ ćěłâőà; Q — ğăďăŋŋőě ŋěáńãçăľŋőě ňŋőęěáâćő ć äăğőćőň ŕàőáâàăŋáâćě.

Őáőąěŋŋőáâìî ďăŋŋőľ ğăďăçĺ ć àăňłăå âěőàĺĺ ãŕàăćńïěňëå áâőåăáâĺçěáłĺå áĺáâěň (áň., ŋăŕàĺňěà, [1, 2, 3] ) ïćńïěâáï àăğàëćŋőľ åăàăłâěà äãŋłæĺőŋăńă łăçěáâćă ãŕàăćńěŋĺï f_0. Ŕőńãçěŋŋëě ć àăąőâě àěğãńìâăâë ŕàĺňëłăîâ ł ŕàěďëďãéĺň ĺááńěďőćăŋĺïň ăćâőàă ŕő âěőàĺĺ áâőåăáâĺçěáłőčő ŕàĺŋæĺŕă ňăłáĺňãňă [4, 5, 6].

Ŕőáâăŋőćłă ğăďăçĺ ŕàĺćőďĺâáï ć ŕ. 12.2. Ć ŕ. 12.3 áőąàăŋë ŋěłőâőàëě ćáŕőňőčăâěńìŋëě àěğãńìâăâë. Šěőàěňë áãéěáâćőćăŋĺï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ãáâăŋăćńĺćăîâáï ć ŕ. 12.4. Ć ŕ. 12.5 ćëćőďïâáï ŋěőąåőďĺ-

1Ĺ.Ŕ. Śňĺàŋőć. Őą ãŕàăćńěŋĺĺ ćěàőïâŋőáâìî ćåőďă áĺáâěňë ć ğăďăŋŋãî őąńăáâì, Ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï, â. 26, ü10, 1990, áâà. 1753 - 1758.

ňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć äőàňě ŕàĺŋæĺŕă ňăłáĺňãňă Ŕőŋâàïčĺŋă. Ŕàĺňěàë ŕàĺňěŋěŋĺï ŕőńãçěŋŋëå àěğãńìâăâőć ŕàĺćőďïâáï ć ŕ. 12.6

12.2. Ŕőáâăŋőćłă ğăďăçĺ

Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő, {F_t, t ∈ [0, 1]} — ŕőâőł σ-ŕőďăńčěąà F; w (t) , ν (t, C) — k-ňěàŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá ĺ ŋě ğăćĺáïéăï őâ ŋěčő ŕãăááőŋőćáłăï áńãçăľŋăï ňěàă á ŕăàăňěâàőň Π (C) t (Π — σ-łőŋěçŋăï ňěàă ć R^l) áőőâćěâáâćěŋŋő, áâăŋďăàâŋő áőčńăáőćăŋŋëě á ŕőâőłőň {F_t}[7]; ν̃ (t, C) ≡ ν (t, C) − Π (C) t; |·| — ěćłńĺďőćă ŋőàňă; mes — ňěàă Ńěąěčă ć R^n.

Řěèěŋĺě áĺáâěňë ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ (12.1) ŕőŋĺňăěâáï ć áĺńìŋőň áňëáńě [7]. Ŕăàăňěâàë íâőľ áĺáâěňë A (t) , B (t) — ďěâěàňĺŋĺàőćăŋŋëě ňăâàĺæë ŕőàïďłă n × n, n × m áőőâćěâáâćěŋŋő á ĺğňěàĺňëňĺ áãňňĺàãěňëňĺ ŕő ňěàě Ńěąěčă ŋă őâàěğłě [0, 1] łőňŕőŋěŋâăňĺ; łőňŕőŋěŋâë ňăâàĺæë B (t) łćăďàăâĺçŋő áãňňĺàãěňë. Ćěłâőà-äãŋłæĺĺ f (t, ω) , σ_j (t, ω) , α (t, ω, z) ŕàőčàěááĺćŋő ĺğňěàĺňë ŕő (t, ω) őâŋőáĺâěńìŋő ŕőâőłă {F_t} ĺ ãďőćńěâćőàïîâ őčàăŋĺçěŋĺî

M 1∫ 0 |f (t, ω)|^2 + k∑ j=1 |σ_j (t, ω)|^2 + ∫ R^l |α (t, ω, z)|^2 Π (dz) dt < ∞,

čďě M — ňăâěňăâĺçěáłőě őęĺďăŋĺě ŕő ćěàőïâŋőáâĺ P. Ŋăçăńìŋëľ ćěłâőà η_0 ć (12.1) F_0-ĺğňěàĺň ĺ ĺŋâěčàĺàãěň á łćăďàăâőň M |η_0|^2 < ∞; Q — ąőàěńěćáłőě ňŋőęěáâćő ć R^n.

Ć łńăáá ďőŕãáâĺňëå ãŕàăćńěŋĺľ U ćłńîçĺň ćáïłãî ąőàěńěćáłãî ćěłâőàäãŋłæĺî u (t) , t ∈ [0, 1] , ŕàĺŋĺňăîéãî áćőĺ ğŋăçěŋĺï ć ğăďăŋŋőň ňŋőęěáâćě V ⊂ R^m. Ńîąőňã ďőŕãáâĺňőňã ãŕàăćńěŋĺî u ∈ L^m_2 [0, 1] őâćěçăěâ łőŋěçŋőě ğŋăçěŋŋĺě æěńěćőčő äãŋłæĺőŋăńă f_0 (u) ∈ [0, 1] . Ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áĺáâěňőľ (12.1) áâăćĺâáï łăł ğăďăçă őâëáłăŋĺï ďőŕãáâĺňőčő ãŕàăćńěŋĺï u^0, ďőáâăćńïîéěčő ňăłáĺňăńìŋőě ğŋăçěŋĺě äãŋłæĺőŋăńã f_0 : f_0 (u^0) = max_{u∈U} f_0 (u) .

12.3. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë 127

12.3. Ćáŕőňőčăâěńìŋëě àěğãńìâăâë

Řăááňőâàĺň áćïğăŋŋãî á (12.1) ćáŕőňőčăâěńìŋãî ďěâěàňĺŋĺàőćăŋŋãî ãŕàăćńïěňãî áĺáâěňã d dt x = A (t) x + B (t) u, x (0) = 0, 0 ⩽ t ⩽ 1. (12.2)

Ŕő ăŋăńőčĺĺ á [3] ććěďěň ňŋőęěáâćő ďőáâĺęĺňőáâĺ ďńï ãŕàăćńïěňőľ áĺáâěňë (12.2) K = {x ∈ R^n : x = x_u (1) , u ∈ U} , čďě x_u — àěèěŋĺě áĺáâěňë (12.2), őâćěçăîéěě ãŕàăćńěŋĺî u ∈ U.

Ńěňňă 1[3]. Ŕãáâì ňŋőęěáâćő ğŋăçěŋĺľ ãŕàăćńïîéěčő ćěłâőàă V łőňŕăłâŋő ć R^m. Šőčďă ňŋőęěáâćő ďőáâĺęĺňőáâĺ K — ćëŕãłńëľ łőňŕăłâ.

Ńěňňă 2. Řěèěŋĺě η_u áĺáâěňë (12.1), őâćěçăîéěě ďőŕãáâĺňőňã ãŕàăćńěŋĺî u ∈ L^m_2 [0, 1], ňőęěâ ąëâì ğăŕĺáăŋő ć ćĺďě áńěďãîéěľ ĺŋâěčàăńìŋőľ äőàňãńë Łőèĺ:

η_u (t) = Φ (t) η_0 + t∫ 0 Φ^{−1} (Bu + f) dτ + k∑ j=1 t∫ 0 Φ^{−1}σ_j dw_j+ (12.3)

+ t∫ 0 ∫ R^l Φ^{−1}α ν̃ (dτ , dz) , čďě Φ — äãŋďăňěŋâăńìŋăï ňăâàĺæă àěèěŋĺľ ńĺŋěľŋőľ áĺáâěňë d dt Φ = A (t) Φ, Φ (0) = 1,

Φ^{−1}— őąàăâŋăï ěľ ňăâàĺæă.

Ďőłăğăâěńìáâćő ńěňňë ńěčłő ćëâěłăěâ ĺğ őąéĺå àěğãńìâăâőć àăąőâë [7] ŕő áãéěáâćőćăŋĺî ĺ ěďĺŋáâćěŋŋőáâĺ àěèěŋĺľ áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ.

Şçĺâëćăï (12.3), ŕàěďáâăćĺň ćěłâőà η_u (1) ć ćĺďě

η_u (1) = x_u + ζ, (12.4)

čďě x_u ≡ x_u (1) ∈ K — ćěłâőà àěèěŋĺï ãŕàăćńïěňőľ áĺáâěňë (12.2),

x_u (1) = Φ (1) 1∫ 0 Φ^{−1} (τ ) B (τ) u (τ) dτ,

ζ = Φ (1) η_0 + 1∫ 0 Φ^{−1}f dτ + k∑ j=1 1∫ 0 Φ^{−1}σ_j dw_j + 1∫ 0 ∫ Φ^{−1}α ν̃ (dτ, dz) .

Ĺáŕőńìğãï (12.4), ŕőńãçĺň ĺŋâěčàăńìŋőě ŕàěďáâăćńěŋĺě ďńï äãŋłæĺőŋăńă ğăďăçĺ (12.1):

f_0 (u) = P (η_u (1) ∈ Q) = P (x_u + ζ ∈ Q) = = P (ζ ∈ Q − x_u) = ∫ Q−x_u dF_ζ (y) ≡ G (x_u) . (12.5)

Ğďěáì F_ζ (y) = P (∩^n_{i=1} (ζ_i < y_i))— äãŋłæĺï àăáŕàěďěńěŋĺï áńãçăľŋőčő ćěłâőàă ζ; Q − x_u = {y : y = q − x_u, q ∈ Q} . Ĺŋâěčàăń ć (12.5) ŕőŋĺňăěâáï ć áňëáńě Ńěąěčă-Śâĺńâìěáă [8].

Řăááňőâàĺň ć áćïğĺ á (12.5) äãŋłæĺî

G (x) = ∫ Q−x dF (y) , (12.6)

čďě F — äãŋłæĺï àăáŕàěďěńěŋĺï ć R^n, Q — ąőàěńěćáłőě ňŋőęěáâćő. Ć őąéěň áńãçăě G ŋě ïćńïěâáï ďăęě ŋěŕàěàëćŋőľ äãŋłæĺěľ [8]. Őŋă ŋěŕàěàëćŋă, ŋăŕàĺňěà, łőčďă F ăąáőńîâŋő ŋěŕàěàëćŋă ŕő ňěàě Ńěąěčă. Ć ďőłăğëćăěňőľ ŋĺęě ńěňňě 3 ãáâăŋăćńĺćăîâáï ãáńőćĺï, ŕàĺ łőâőàëå äãŋłæĺï őłăğëćăěâáï ďĺääěàěŋæĺàãěňőľ ŕő ŋăŕàăćńěŋĺïň, ĺ ćëćőďĺâáï äőàňãńă ďńï ŕàőĺğćőďŋőľ ďăŋŋőľ äãŋłæĺĺ ŕő ŕàőĺğćőńìŋőňã ŋăŕàăćńěŋĺî.

Ďńï âőčő çâőąë áäőàňãńĺàőćăâì íâã ńěňňã, ććěďěň àïď őąőğŋăçěŋĺľ. Ŕãáâì Q — ćëŕãłńőě őčàăŋĺçěŋŋőě ňŋőęěáâćő ć R^n, n > 1, S — ěďĺŋĺçŋăï áäěàă ć R^n. Ďńï łăęďőčő s ∈ S ŕãáâì π_s — őàâőčőŋăńìŋăï ŕàőěłæĺï Q ŋă čĺŕěàŕńőáłőáâì, ŕàőåőďïéãî ŕěàŕěŋďĺłãńïàŋő ćěłâőàã s çěàěğ ŋăçăńő łőőàďĺŋăâ. Ŕàőĺğćőńìŋăï âőçłă q ∈ Q őďŋőğŋăçŋő ŕàěďáâăćńïěâáï ć ćĺďě q = z + ξs, čďě z ∈ π_s, ξ ∈ π_{s,z} ≡ [ξ_1 (s, z) , ξ_2 (s, z)] ; γ_{s,z} ≡ z + ξ_1s, Γ_{s,z} ≡ z + ξ_1s — čàăŋĺçŋëě âőçłĺ áěçěŋĺï ňŋőęěáâćă Q ŕàïňőľ, ŕàőåőďïéěľ çěàěğ âőçłã q ć ŋăŕàăćńěŋĺĺ ćěłâőàă s (ãłăğăŋŋãî ĺ ąőńěě őąéĺě łőŋáâàãłæĺĺ ŕőďőąŋőčő àőďă áň. ć [9]).

Ńěňňă 3. Ŕãáâì G (x) — äãŋłæĺï, őŕàěďěńïěňăï äőàňãńőľ (12.6), čďě Q — ćëŕãłńőě őčàăŋĺçěŋŋőě ňŋőęěáâćő ć R^n, n > 1, F — äãŋłæĺï àăáŕàěďěńěŋĺï ć R^n, ĺňěîéăï ŋěŕàěàëćŋãî ŕńőâŋőáâì f ŕő ňěàě Ńěąěčă. Šőčďă ć ńîąőľ âőçłě x^∗ ∈ R^n äãŋłæĺï ďĺääěàěŋæĺàãěňă ŕő ńîąőňã ŋăŕàăćńěŋĺî s ∈ S ĺ ∂G ∂s = ∫ π_s ( f ( γ_{s,z} − x^∗ ) − f ( Γ_{s,z} − x^∗) ) dz. (12.7)

Ďőłăğăâěńìáâćő. Ŕàőĺğćőďï ğăňěŋë ŕěàěňěŋŋëå ĺŋâěčàĺàőćăŋĺï, ĺňě-

12.4. Šěőàěňë áãéěáâćőćăŋĺï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï 129

ěň ŕő âěőàěňě Ťãąĺŋĺ

G (x^∗) = ∫ Q−x^∗ f (x) dx = ∫ Q f (x − x^∗) dx =

= ∫ π_s dz ∫ π_{s,z} f (x − x^∗) dξ = ∫ π_s dz ξ_2(s,z)∫

ξ_1(s,z) f (z − x^∗ + ξs) dξ.

Ăŋăńőčĺçŋő

G (x^∗ + ts) = ∫ π_s dz ξ_2∫

ξ_1 f (z − x^∗ − ts + ξs) dξ = ∫ π_s dz ξ_2−t∫

ξ_1−t f (z − x^∗ + ξs) dξ.

Ŕőíâőňã ŕő âěőàěňě ő áàěďŋěň ďńï ĺŋâěčàăńőć Řĺňăŋă 1 t (G (x^∗ + ts) − G (x^∗)) = 1 t ∫ π_s dz ξ_1∫

ξ_1−t f dξ − ξ_2∫

ξ_2−t fdξ =

= ∫ π_s dz ( f ( z + ξ̃_ts − x^∗ ) − f ( z + ξ̆_ts − x^∗ )) ,

čďě “áàěďŋĺě âőçłĺ” ξ̃_t (t, s) → ξ_1 (s, z) , ξ̆_t (t, s) → ξ_2 (s, z) ŕàĺ t → +0 ďńï ńîąőčő z.

Ŕěàěåőďï ć íâőň àăćěŋáâćě ł ŕàěďěńã ŕàĺ t → +0 ĺ ãçĺâëćăï ŋěŕàěàëćŋőáâì äãŋłæĺĺ f, ŕőńãçĺň (12.7). Ńěňňă ďőłăğăŋă.

12.4. Šěőàěňë áãéěáâćőćăŋĺï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï

Šěőàěňă 1. Ŕãáâì ňŋőęěáâćő ďőŕãáâĺňëå ãŕàăćńěŋĺľ U. áńăąő łőňŕăłâŋő ć L^m_2 [0, 1] ĺ ďńï ńîąőčő x ĺğ ňŋőęěáâćă ďőáâĺęĺňőáâĺ K P {ζ ∈ ∂Q − x} = 0, (12.8) čďě ∂Q — čàăŋĺæă ňŋőęěáâćă Q; ζ — áńãçăľŋëľ ćěłâőà, őŕàěďěńïěňëľ (12.4). Šőčďă ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï (12.1) ĺňěěâ àěèěŋĺě.

Ďőłăğăâěńìáâćő. Ŕãáâì {u_l} — ŕàőĺğćőńìŋăï ňăłáĺňĺğĺàãîéăï äãŋłæĺőŋăń f_0 ŕőáńěďőćăâěńìŋőáâì ďőŕãáâĺňëå ãŕàăćńěŋĺľ: f_0 (u_l) →_{l→∞} sup_U f_0 (u) .

Ąěğ őčàăŋĺçěŋĺï őąéŋőáâĺ ňőęŋő áçĺâăâì, çâő {u_l} áńăąő áåőďĺâáï ł ŋěłőâőàőňã u^0 ∈ U. Ŋő âőčďă x_{ul} (1) → x_u0 (1) , ă áńěďőćăâěńìŋő, η_l → η_0 ŕő ćěàőïâŋőáâĺ ĺ η_l → η^0 áńăąő ŕő àăáŕàěďěńěŋĺî [8], čďě η_l ≡ η_{ul} (1) , η^0 ≡ η_u0 (1) . Ĺğ ŕőáńěďŋěčő ğăňěçăŋĺï ćëâěłăěâ [8], çâő ďńï ćáïłőčő ňŋőęěáâćă Q^′, őąńăďăîéěčő áćőľáâćőň P {η^0 ∈ ∂Q^′} = 0, ∫ Q^′ dF_{ηl} →_{l→∞} ∫ Q^′ dF_η0 .

Ĺğ (12.8) âőčďă ĺňěěň

f_0 (u_l) = ∫ Q dF_{ηl} →_{l→∞} ∫ Q dF_η0 = f_0 ( u^0 ) = sup_U f_0 (u) ,

çâő ĺ âàěąőćăńőáì ãáâăŋőćĺâì. Šěőàěňă ďőłăğăŋă.

Şáńőćĺï âěőàěňë őâŋőáĺâěńìŋő łńăááă ďőŕãáâĺňëå ãŕàăćńěŋĺľ ćëŕőńŋěŋő, ŋăŕàĺňěà, ć áńãçăě, łőčďă V — ćëŕãłńëľ łőňŕăłâ. Ěáńĺ áńãçăľŋëľ ćěłâőà ζ ŋěŕàěàëćěŋ, â.ě. àăáŕàěďěńěŋĺě F_ζ ăąáőńîâŋő ŋěŕàěàëćŋő ŕő ňěàě Ńěąěčă, âő ďńï ćëŕőńŋěŋĺï (12.8) ŕàĺ ŕàőĺğćőńìŋőň x ďőáâăâőçŋő ŕőâàěąőćăâì, çâőąë mes(∂Ω) = 0.

Ćŕàőçěň, ć áńãçăě ŋěŕàěàëćŋőčő ćěłâőàă ζ äãŋłæĺőŋăń f_0 (u) = G (x_u) ŕàěďáâăćńïěâ áőąőľ ŋěŕàěàëćŋãî äãŋłæĺî ŕěàěňěŋŋőčő x_u ŋă ňŋőęěáâćě ďőáâĺęĺňőáâĺ K. Ŕőíâőňã ďńï áãéěáâćőćăŋĺï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ğďěáì ďőáâăâőçŋő ŕőâàěąőćăâì łőňŕăłâŋőáâĺ ňŋőęěáâćă K. Ŕőáńěďŋěě ęě őąěáŕěçĺćăěâáï ãáńőćĺïňĺ ńěňňë 1.

Šěőàěňă 2. Ŕãáâì áńãçăľŋëľ ćěłâőà ζ ŋěŕàěàëćěŋ, ă ňŋőęěáâćő ďőáâĺęĺňőáâĺ ãŕàăćńïěňőľ áĺáâěňë (12.2) K łőňŕăłâŋő. Šőčďă ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï (12.1) ĺňěěâ àěèěŋĺě.

12.5. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ

Ć íâőň ŕãŋłâě ąãďãâ ćëŕĺáăŋë ãáńőćĺï, łőâőàëň á ŋěőąåőďĺňőáâìî ãďőćńěâćőàïěâ őŕâĺňăńìŋőě ãŕàăćńěŋĺě u^0 ∈ L^m_2 [0, 1] ć âőň áńãçăě, łőčďă ňŋőęěáâćő ďőáâĺęĺňőáâĺ K — ćëŕãłńëľ łőňŕăłâ.

Ńőčĺçěáłĺ ćőğňőęŋë áńěďãîéĺě ďćă ćăàĺăŋâă àăáŕőńőęěŋĺï ćěłâőàă x^0 ≡ x_u0 (1) .

1) x^0 ∈ ∂K. Ďăŋŋëľ ćăàĺăŋâ őğŋăçăěâ, çâő u^0 — íłáâàěňăńìŋőě ŋă őâàěğłě t ∈ [0, 1] ãŕàăćńěŋĺě ďńï áĺáâěňë (12.2). Śőčńăáŋő [3] íâő

12.6. Ŕàĺňěàë 131

àăćŋőáĺńìŋő ćëŕőńŋěŋĺî ãáńőćĺï ŕàĺŋæĺŕă ňăłáĺňãňă Ŕőâàïčĺŋă ďńï ãŕàăćńěŋĺï u^0. Ŕàěďŕőńăčăï ďőŕőńŋĺâěńìŋő ďĺääěàěŋæĺàãěňőáâì äãŋłæĺĺ G, őŕàěďěńïěňőľ (12.5), ŕő ŋăŕàăćńěŋĺî s ĺğ łőŋãáă L (x^0) ćŋãâàěŋŋĺå ŋăŕàăćńěŋĺľ ćëŕãłńőčő łőňŕăłâă K ć čàăŋĺçŋőľ ěčő âőçłě x^0, ŕőńãçăěň ďńï áőőâćěâáâćãîéěľ ŕàőĺğćőďŋőľ ãáńőćĺě ∂G/∂s ⩽ 0. 2) x^0 — ćŋãâàěŋŋïï âőçłă K. Ć íâőň áńãçăě ĺğ áãéěáâćőćăŋĺï ŕàőĺğćőďŋëå äãŋłæĺĺ G ć âőçłě x^0 ŕő ćğăĺňŋő ŕàőâĺćőŕőńőęŋëň ŋăŕàăćńěŋĺïň s ĺ −s áńěďãěâ: ∂G/∂s = 0.

Şçĺâëćăï àěğãńìâăâ ńěňňë 3, áäőàňãńĺàãěň áłăğăŋŋőě ćëèě ć ćĺďě âěőàěňë.

Šěőàěňă 3. Ŕãáâì K — ćëŕãłńëľ łőňŕăłâ, Q — ćëŕãłńőě őčàăŋĺçěŋŋőě ňŋőęěáâćő, áńãçăľŋëľ ćěłâőà ζ ĺňěěâ ŋěŕàěàëćŋãî ŕńőâŋőáâì f_ζ (x) àăáŕàěďěńěŋĺï ŕő ňěàě Ńěąěčă. Ěáńĺ u^0 — őŕâĺňăńìŋőě ãŕàăćńěŋĺě, âő ńĺąő áãéěáâćãěâ ŋěâàĺćĺăńìŋőě àěèěŋĺě áĺáâěňë^d_{dt} Θ = −ΘA (t) (ćěłâőà-áâàőłă) âăłőě, çâő ďńï ŕőçâĺ ćáěå t ∈ [0, 1]

Θ (t) B (t) u^0 (t) = max_{u∈V} Θ (t) B (t) u,

ŕàĺ íâőň x^0 ≡ x_u0 (1) ∈ ∂K ĺ ďńï ńîąőčő s ∈ L (x^0) ∫ π_s f_ζ ( γ_{s,z} − x^0 ) dz ⩽ ∫ π_s f_ζ ( Γ_{s,z} − x^0 ) dz, (12.9)

ńĺąő ŕàĺ łăęďőň s ∈ S ∫ π_s f_ζ ( γ_{s,z} − x^0 ) dz = ∫ π_s f_ζ ( Γ_{s,z} − x^0 ) dz. (12.10)

Ğăňěçăŋĺě. Šěőàěňă áäőàňãńĺàőćăŋă ć ŕàěďŕőńőęěŋĺĺ, çâő àăğňěàŋőáâì äăğőćőčő ŕàőáâàăŋáâćă áĺáâěňë (12.1) n > 1. Ŕàĺ n = 1 ć ěě äőàňãńĺàőćłě áńěďãěâ ğăňěŋĺâì áőőâćěâáâćãîéĺě ĺŋâěčàăńë ć (12.9) ĺ (12.10) ŋă ğŋăçěŋĺï ŕńőâŋőáâĺ f_ζ (γ_s − x^0) , f_ζ (Γ_s − x^0) , čďě s = ±1, Q = (γ_1, Γ_1) = ( Γ_{−1}, γ_{−1} ) . 12.6. Ŕàĺňěàë

Ŕàĺćěďěň àïď ŕàĺňěàőć, ĺńńîáâàĺàãîéĺå ŕőńãçěŋŋëě ć àăąőâě àěğãńìâăâë. Ŕàĺňěà 1 ŕőłăğëćăěâ, çâő ć âěőàěňě 1 őâ ãáńőćĺï (12.8) ć őąéěň áńãçăě őâłăğăâìáï ŋěńìğï. Ć ŕàĺňěàăå 2,3 ŋă őáŋőćě âěőàěňë 3 őŕàěďěńï-

îâáï ŕőďőğàĺâěńìŋëě ŋă őŕâĺňăńìŋőáâì ãŕàăćńěŋĺï.

Ŕàĺňěà 1. dη = u dt, η (0) = η_0, V = [−1, 1] , Q = ( −^1_2 ,^1_2 ) , F_{η0} (x) =

{_1

2 exp ( x +^1_2 ) , x ⩽ −^1_2 ,

1, x >^1_2 .

Ĺňěěň ğďěáì

η (1) = η_0 + 1∫ 0 u dt ≡ ζ + x_u, ζ ≡ η_0, x_u ∈ K = [0, 1] , ∂Q = { −^1_2 ,^1_2 } , f_0 (u) = P {η (1) ∈ Q} = F_{η0}

(_1 2 − x_u ) − F_{η0} ( −^1_2 − x_u + 0 ) ≡ G (x_u) .

Ńěčłő ćĺďěâì, çâő ć ďăŋŋőľ ğăďăçě ćëŕőńŋěŋë ćáě ãáńőćĺï âěőàěňë 1, ğă

ĺáłńîçěŋĺěň ãáńőćĺï (12.8): ďńï x_1 = 0 ∈ K ĺňěěň P {ζ ∈ ∂Q − x_1} = P { η_0 = −^1_2 } ≠ 0. Ŕàĺ íâőň

G (x) < sup_{x∈K} G (x) = 1 2 ∀x, âăł çâő őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ŋě áãéěáâćãěâ.

Ŕàĺňěà 2. dη = u dt, η (0) = η_0, V = [−1, 1] , Q = ( −^1_2 ,^1_2 ) . Ŕãáâì áńãçăľŋăï ćěńĺçĺŋă ζ ≡ η_0 àăáŕàěďěńěŋă ć R^1 á ŋěŕàěàëćŋőľ

ŕńőâŋőáâìî f (x) . Šőčďă őŕâĺňăńìŋőě ãŕàăćńěŋĺě áãéěáâćãěâ ŕő âěőàěňě

1 (ă âăłęě ĺ ŕő âěőàěňě 2). Ŕő âěőàěňě 3 ŕőďőğàĺâěńìŋëňĺ ŋă őŕâĺňăńì-

ŋőáâì ïćńïîâáï áńěďãîéĺě ãŕàăćńěŋĺï:

ă) u^0_1 ≡ 1, x^0 = 1, f ( γ_{−1} − x^0 ) = f ( −^1_2 ) ⩽ f ( −^3_2 ) = f (Γ_{−1} − x^0) ;

ą) u^0_2 ≡ −1, x^0 = −1, f (γ_1 − x^0) = f

(_1 2 ) ⩽ f (_3 2 ) = f (Γ_1 − x^0) ;

ć) u^0_3, x^0 ∈ (1, −1) , f ( x^0 −^1_2 ) = f (_1 2 − x^0 ) ; const

Ŕãáâì f (x) ≡ exp ( − (x − α)^2 /2 ) / √ 2π. Šőčďă, łăł ńěčłő ŕàőćěàĺâì,

ŕàĺ α ⩽ −1 őŕâĺňăńìŋëň ïćńïěâáï ãŕàăćńěŋĺě u^0_1, ŕàĺ α ⩾ 1 — ãŕàăćńě-

ŋĺě u^0_2, ŕàĺ |α| < 1 — ńîąőě ãŕàăćńěŋĺě, ďńï łőâőàőčő ( x^0 +^1_2 + α

)_2 = (_1 2 − x^0 − α

)_2 , â.ě. x^0 = −α. Ŕőáńěďŋěě ćëŕőńŋïěâáï, ŋăŕàĺňěà, ďńï u^0_3 ≡ −α.

Ŕàĺňěà 3.

dη_1 = η_2 dt + σ_1 dw_1, η_1 (0) = 0, dη_2 = u dt + σ_2 dw_2, η_2 (0) = 0, V = [0, 1] , Q = {(x_1, x_2) : x^2_1 + x^2 < 1} .

Ğďěáì

ζ_1 = σ_1w_1 (1) + σ_2 1∫ 0 (1 − t) dw_2 (t) ,

ζ_2 = σ_2w_2 (1) .

Ŕőńăčăï ďńï ãŕàőéěŋĺï ćëłńăďőł σ_1 = σ^2 = 2/3, ŕőńãçăěň f_ζ (x_1, x_2) = const · exp (x_1x_2 − x^2_1 − x^2) . Ŕő âěőàěňě 2 őŕâĺňăńìŋőě ãŕàăćńěŋĺě áãéěáâćãěâ. Ćëŕĺáëćăï ďńï ŋěčő ŕàĺ ŕàőĺğćőńìŋőň s = (cos α, sin α) ŋěőąåőďĺňőě ãáńőćĺě (12.10) ĺňěěň, ãçĺâëćăï, çâő ć áĺńã áĺňňěâàĺĺ ğăďăçĺ x^0_1 = x^0_2, 1∫ −1 sh (x^0_1φ (z)) exp (−ψ (z)) dz = 0,

φ (z) ≡ z (cos α + sin α) + √ 1 − z^2 (cos α − sin α) , ψ (z) ≡ z √ 1 − z^2 cos 2α + ( z^2 −^1_2 ) sin 2α.

Ć çăáâŋőáâĺ, ŕàĺ α = −π/4 ŕőńãçăěň ∫_1 −1 sh ( x^0_1 √ 2 (1 − z^2) ) exp ( z^2 ) dz = 0, őâłãďă x^0_1 = x^0_2 = 0.

Śńěďőćăâěńìŋő, ŕőďőğàĺâěńìŋëňĺ ŋă őŕâĺňăńìŋőáâì ć ďăŋŋőľ ğăďăçě ïćńïîâáï ŋăàïďã á íłáâàěňăńìŋëňĺ ãŕàăćńěŋĺïňĺ (|u (t)| ≡ 1, u (t) ĺňěěâ ŋă őâàěğłě [0, 1] ŋě ąőńěě őďŋőľ âőçłĺ ŕěàěłńîçěŋĺï) ńîąëě ãŕàăćńěŋĺï (ŋăŕàĺňěà, âőęďěáâćěŋŋő àăćŋőě ŋãńî), ŕěàěćőďïéĺě ćáŕőňőčăâěńìŋãî áĺáâěňã (12.2) ć ŋăçăńő łőőàďĺŋăâ.

Ńĺâěàăâãàă

[1] Ťńěňĺŋč Ş., Řĺèěń Ř. Őŕâĺňăńìŋőě ãŕàăćńěŋĺě ďěâěàňĺŋĺàőćăŋŋëňĺ ĺ áâőåăáâĺçěáłĺňĺ áĺáâěňăňĺ. Ň., 1978.

[2] đďĺŋ Ď.Ą. Ğăďăçĺ ĺ ňěâőďë áâőåăáâĺçěáłőčő ŕàőčàăňňĺàőćăŋĺï. Ň., 1979.

[3] Ńĺ İ., Ňăàłãá Ń. Őáŋőćë âěőàĺĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï. Ň., 1972. [4] Śňĺàŋőć Ĺ.Ŕ. Ĺááńěďőćăŋĺě ćăàĺăæĺőŋŋëňĺ ňěâőďăňĺ ğăďăç őŕâĺňĺğăæĺĺ áâőåăáâĺçěáłĺå ĺŋâěčàăńìŋëå ãàăćŋčěŋĺľ ďńï ŕàőæěááőć á àăğàëćăňĺ: Ăćâőàěäěàăâ ďĺá. ... łăŋď. äĺğ.-ňăâ. ŋăãł. Čőàìłĺľ, 1981.

[5] Śňĺàŋőć Ĺ.Ŕ. // Ďĺääěàěŋæ. ãàăćŋěŋĺï, 1982. Š. 18, ü4, Ś. 607–614 (Čńăćă 7 ŋăáâőïéěčő áąőàŋĺłă) [6] Śňĺàŋőć Ĺ.Ŕ. // Ďĺääěàěŋæ. ãàăćŋěŋĺï, 1986. Š. 22, ü2, Ś. 247–254 (Čńăćă 11 ŋăáâőïéěčő áąőàŋĺłă) [7] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. Łĺěć, 1968.

[8] Ąĺńńĺŋčáńĺ Ŕ. Śåőďĺňőáâì ćěàőïâŋőáâŋëå ňěà. Ň., 1977. [9] Ćńăďĺňĺàőć Ć.Ś. // Šà. Ňăâ. ĺŋ-âă. 1961. Š.61. Čőàìłőćáłĺľ čőáãďăàáâćěŋŋëľ ãŋĺćěàáĺâěâ ĺň. Ŋ.Ĺ. Ńőąăçěćáłőčő Ŕőáâãŕĺńő ć àěďăłæĺî 20 ăŕàěńï 1988 č.

Čńăćă 13.

Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć ğăďăçě ő ćåőďě ãŕàăćńïěňőčő áńãçăľŋőčő ŕàőæěááă ć ğăďăŋŋãî őąńăáâì

ŞĎŁ 517.977.55

13.1. Ććěďěŋĺě

Řăááňăâàĺćăěâáï ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï àěèěŋĺěň áĺáâěňë áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ Ĺâő

dη = (A (t) η + B (t, u)) dt + (D (t) η + g (t)) dw, (13.1) η (0) = η_0, 0 ⩽ t ⩽ 1, φ_0 (u) = P {η_u (1) ∈ Q} → max,

čďě η — äăğőćëľ ćěłâőà; u — ãŕàăćńïîéĺľ ćěłâőà; η_0 — áńãçăľŋëľ ŋăçăńìŋëľ ćěłâőà; Q — áńãçăľŋőě æěńěćőě ňŋőęěáâćő ć äăğőćőň ŕàőáâàăŋáâćě.

Űěńì àăąőâë — ŕőńãçĺâì ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ŕàőæěááă (13.1) ć äőàňě ŕàĺŋãĺŕă ňăłáĺňãňă Ŕőŋâàïčĺŋă. Őâňěâĺň, çâő âàăďĺæĺőŋŋëě ňěâőďë ĺááńěďőćăŋĺï [1] ł ďăŋŋőľ ğăďăçě ŋěŕőáàěďáâćěŋŋő

1Ĺ.Ŕ. Śňĺàŋőć. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć ğăďăçě ő ćåőďě ãŕàăćńïěňőčő áńãçăľŋőčő ŕàőæěááă ć ğăďăŋŋãî őąńăáâì, Ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï, â. 26, ü11, 1990, áâà. 1943 – 1949.

ŋěŕàĺňěŋĺňë ć áćïğĺ á őâáãâáâćĺěň őąëçŋëå ďńï ŋĺå áćőľáâć čńăďłőáâĺ äãŋłæĺőŋăńă φ_0 ŕő äăğőćëň ŕěàěňěŋŋëň. Ğďěáì ãłăğăŋŋăï âàãďŋőáâì ŕàěőďőńěćăěâáï ŕőáâàőěŋĺěň íłćĺćăńěŋâŋőľ (13.1) ćáŕőňőčăâěńìŋőľ ğăďăçĺ á čńăďłĺň äãŋłæĺőŋăńőň łăçěáâćă. Řăąőâă ŕàőďőńęăěâ ĺááńěďőćăŋĺï ăćâőàă [2, 3].

Ć ŕ. 13.2 ŕàőĺğćőďĺâáï ŕőáâăŋőćłă ğăďăçĺ. Ćáŕőňőčăâěńìŋăï ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï á čńăďłĺň äãŋłæĺőŋăńőň áâàőĺâáï ć ŕ. 13.3. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ćëćőďïâáï ć ŕ. 13.4. Řăğńĺçŋëň äőàňăň áőŕàïęěŋŋőľ ğăďăçĺ ŕőáćïéěŋ ŕ. 13.5.

13.2. Ŕőáâăŋőćłă ğăďăçĺ

Ŕãáâì (Ω, F, P) — ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő, w (t), 0 ⩽ t ⩽ 1 — áâăŋďăàâŋëľ ćĺŋěàőćáłĺľ ŕàőæěáá ŋă ŋěň, {F_t} — ŕőàőęďăěňëľ ŕàőæěááőň ŕőâőł σ-ŕőďăńčěąà F, BF — σ-ăńčěąàă ŕàőčàěááĺćŋő ĺğňěàĺňëå őâŋőáĺâěńìŋő ŕőâőłă {F_t} ŕőďňŋőęěáâć ŕàőĺğćěďěŋĺï [0, 1] × Ω. Ćáîďã ďăńěě M — ğŋăł ňăâěňăâĺçěáłőčő őęĺďăŋĺï ŕő ňěàě P, |·| — ěćłńĺďőćă ŋőàňă ćěłâőàă ĺńĺ ňăâàĺæë, èâàĺåőň őąőğŋăçăěâáï őŕěàăæĺï âàăŋáŕőŋĺàőćăŋĺï ćěłâőàă ĺńĺ ňăâàĺæë, B^n — ąőàěńěćáłăï σ-ăńčěąàă ć R^n, mes — ňěàă Ńěąěčă ŋă B^n.

Őąőğŋăçĺň H ≡ L^n_2 (Ω) čĺńìąěàâőćő ŕàőáâàăŋáâćő áńãçăľŋëå ćěł-

âőàőć á ŋőàňőľ ‖φ‖ = √ M |φ|^2. Ććěďěň áńěďãîéĺě ŕàőáâàăŋáâćă BFĺğňěàĺňëå ćěłâőàŋëå áńãçăľŋëå äãŋłæĺľ ξ (t, ω) : L^n_p , N^n_p , p ⩾ 1 — ąăŋăåőćë ŕàőáâàăŋáâćă á ŋőàňăňĺ ‖ξ‖_p = ( M 1∫ 0 |ξ (t)|^p dt )_{1/p} , ‖ξ‖_{Np} = ( M (_1 ∫ 0 |ξ (t)|^2 dt )_{p/2})1/p , áőőâćěâáâćěŋŋő; CH^n_p — ŋőàňĺàőćăŋŋőě ŕàőáâàăŋáâćő ŋěŕàěàëćŋëå ŕő t

á ćěàőïâŋőáâìî 1 äãŋłæĺľ á ŋőàňőľ |ξ|_p = ( M sup_{0⩽t⩽1} |ξ (t)|^p )_{1/p} . Řěèěŋĺě áĺáâěňë ãàăćŋěŋĺľ Ĺâő (13.1) ŕőŋĺňăěâáï ć áĺńìŋőň áňëáńě [4]. Ğăďăîéĺě áĺáâěňã łćăďàăâŋëě ŕőàïďłă n×n ňăâàĺæë A (t, ω) , D (t, ω) ĺňěîâ őčàăŋĺçěŋŋëě BF-ĺğňěàĺňëě łőňŕőŋěŋâë; łőňŕőŋěŋâë ćěłâőàäãŋłæĺĺ g (t, ω) BF-ĺğňěàĺňë ĺ á ćěàőïâŋőáâìî 1 łćăďàăâĺçŋő áãňňĺàãěňë ŕő t. Łőňŕőŋěŋâë ćěłâőà-äãŋłæĺĺ B (t, u) ĺğňěàĺňë ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå t ∈ [0, 1], u ∈ R^n őâŋőáĺâěńìŋő σ-ăńčěąàë B^{m+1}, ŋěŕàěàëćŋë ŕő u ŕàĺ ńîąőň äĺłáĺàőćăŋŋőň t ĺ őčàăŋĺçěŋë.

13.3. Ćáŕőňőčăâěńìŋăï ğăďăçă 137

Ŋăçăńìŋëľ ćěłâőà η_0 ∈ H ŋě ğăćĺáĺâ őâ ŕàőæěááă w (t) ĺ ĺňěěâ ŋěŕàěàëćŋãî őčàăŋĺçěŋŋãî ć R^n ŕńőâŋőáâì f_0 (x) ŕő ňěàě Ńěąěčă. Śńãçăľŋőě ňŋőčőğŋăçŋőě őâőąàăęěŋĺě ω → Q (ω) ⊂ R^n F_1-ĺğňěàĺňő; ěčő ğŋăçěŋĺï, ă âăłęě ŕőńŋëľ őąàăğ Q (Ω) őčàăŋĺçěŋë ĺ ćëŕãłńë.

Łńăáá ďőŕãáâĺňëå ãŕàăćńěŋĺľ Ũ ćłńîçăěâ ć áěąï ćáě ąőàěńěćáłĺě äãŋłæĺĺ u (t) áő ğŋăçěŋĺïňĺ ć ğăďăŋŋőň őčàăŋĺçěŋŋőň ňŋőęěáâćě U ⊂ R^m. Ńîąőňã ďőŕãáâĺňőňã ãŕàăćńěŋĺî u ∈ Ũ őâćěçăěâ ěďĺŋáâćěŋŋőě ŋěŕàěàëćŋőě àěèěŋĺě η_u áĺáâěňë (13.1), ă áőőâćěâáâćãîéěě ğŋăçěŋĺě äãŋłæĺőŋăńă φ_0 (u) = P {η_u (1) ∈ Q} ∈ [0, 1] [4]. Ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ŕàőæěááőň (13.1) áâăćĺâáï łăł ğăďăçă őâëáłăŋĺï âăłőčő ãŕàăćńěŋĺï u^0 ∈ Ũ, ďńï łőâőàőčő φ_0 (u^0) = max_{u∈Ũ} φ_0 (u) .

13.3. Ćáŕőňőčăâěńìŋăï ğăďăçă

Ĺáŕőńìğãï äőàňãńã Łőèĺ [5] ďńï àěèěŋĺï ńĺŋěľŋőľ áĺáâěňë áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ Ĺâő, ŕàěďáâăćĺň ćěłâőà àěèěŋĺï áĺáâěňë (13.1) ć ňőňěŋâ ćàěňěŋĺ t = 1 ć ćĺďě

η_u (1) = Ψη_0 + x_u. (13.2)

Ğďěáì Ψ ≡ Ψ (1, ω); Ψ (t, ω) — äãŋďăňěŋâăńìŋăï ňăâàĺæă àěèěŋĺľ őďŋőàőďŋőľ áĺáâěňë

dΨ = A (t) Ψ dt + D (t) Ψ dw, Ψ (0) = I,

I — ěďĺŋĺçŋăï ňăâàĺæă ŕőàïďłă n × n. Ğăňěâĺň, çâő ňăâàĺæă Ψ (t, ω) ŋěćëàőęďěŋă ŕàĺ łăęďőň t ŕőçâĺ ŋăćěàŋőě; ć ãáńőćĺïå ŕ. 13.2 äãŋłæĺĺ Ψ (t, ω), Φ (t, ω) ≡ Ψ^{−1} (t, ω) ŕàĺŋăďńěęăâ ∩_{p⩾2}CH^{n2}_p [2, 4, 5]. Śńãçăľŋëľ ćěłâőà x_u ≡ x_u (1, ω) , čďě x_u (t, ω) — àěèěŋĺě ćáŕőňőčăâěńìŋőľ ãŕàăćńïěňőľ áâőåăáâĺçěáłőľ áĺáâěňë

dx = (A (t) x + B (t, u)) dt + (D (t) x + g (t)) dw, x (0) = 0. (13.3)

Ĺáŕőńìğãï äőàňãńã (13.2) ĺ ãçĺâëćăï ŋěćëàőęďěŋŋőáâì ňăâàĺæë Ψ , ćëàăğĺň ğŋăçěŋĺě äãŋłæĺőŋăńă çěàěğ ćěłâőà x_u :

φ_0 (u) = P {η_u (1) ∈ Q} = P {Ψη_0 + x_u ∈ Q} = (13.4) = P {η_0 ∈ Φ (Q − x_u)} ≡ P {η_0 ∈ Q_u} .

Ğďěáì Φ ≡ Φ (1, ω) ; Q_u (ω) = {y : y = Φ (ω) (y_1 − x_u (ω)) , y_1 ∈ Q (ω)} . Ňŋőčőğŋăçŋőě őâőąàăęěŋĺě ω → Q_u (ω) F_1-ĺğňěàĺňő ĺ ŕőâőňã ŋě ğăćĺáĺâ őâ áńãçăľŋőčő ćěłâőàă η_0. Śńěďőćăâěńìŋő,

P {η_0 ∈ Q_u} = MP {η_0 ∈ Q_u| F_1} = M ∫ Q_u(ω) f_0 (x) dx.

Ććőďï äãŋłæĺî G : Ω × R^n → R^1 ćĺďă G (ω, x) = ∫ Φ(ω)(Q(ω)−x) f_0 (y) dy = α (ω) ∫ Q(ω)−x f_0 (Φ (ω) τ) dτ , (13.5)

čďě α (ω) ≡ det Φ (ω) , ŕőńãçĺň ĺğ (13.4) áńěďãîéěě ŕàěďáâăćńěŋĺě ďńï äãŋłæĺőŋăńă ğăďăçĺ (13.1):

φ_0 (u) = g_0 (x_u (1)) = MG (ω, x_u (1, ω)) . (13.6)

Ć ďőłăğëćăěňőľ ŋĺęě ńěňňě 1 ĺááńěďãîâáï áćőľáâćă őŕàěďěńïěňőľ ŕőáàěďáâćőň (13.5) äãŋłæĺĺ G (ω, x) ĺ ŕőàőęďăěňőčő ěî äãŋłæĺőŋăńă (13.6). Ććěďěň ŕàěďćăàĺâěńìŋő àïď őąőğŋăçěŋĺľ, ğăĺňáâćőćăŋŋëå ĺğ [6]. Ŕãáâì Q — ćëŕãłńőě őčàăŋĺçěŋŋőě ňŋőęěáâćő ć R^n, S — ěďĺŋĺçŋăï áäěàă ć R^n á æěŋâàőň ć ŋăçăńě łőőàďĺŋăâ. Ďńï s ∈ S őąőğŋăçĺň π_s őàâőčőŋăńìŋãî ŕàőěłæĺî ňŋőęěáâćă Q ŋă ŕàőåőďïéãî çěàěğ ŋăçăńő łőőàďĺŋăâ čĺŕěàŕńőáłőáâì, ŕěàŕěŋďĺłãńïàŋãî ćěłâőàã s. Ŕãáâì, ďăńěě, π_{s,z} ≡ [ξ_1 (s, z) , ξ_2 (s, z)] — ğăňëłăŋĺě ŕàőěłæĺĺ ŋă őáì, ćëåőďïéãî ĺğ ŋăçăńă łőőàďĺŋăâ ć ŋăŕàăćńěŋĺĺ ćěłâőàă s, áěçěŋĺï ňŋőęěáâćă Q ŕàïňőľ, ŕăàăńńěńìŋőľ ćěłâőàã s, ŕàőåőďïéěľ çěàěğ âőçłã z ∈ π_s; γ_{s,z} ≡ z + ξ_1s, Γ_{s,z} ≡ z + ξ_2s — čàăŋĺçŋëě âőçłĺ íâőčő áěçěŋĺï.

Ńěňňă 1. Őŕàěďěńïěňăï (13.5) äãŋłæĺï G (ω, x) őâőąàăęăěâ ňŋőęěáâćő Ω × R^n ć őâàěğőł [0, 1], ĺğňěàĺňă ŕő áőćőłãŕŋőáâĺ ŕěàěňěŋŋëå őâŋőáĺâěńìŋő σ-ăńčěąàë F_1 × B, ŕàĺ ćáěå ω ĺğ ňŋőęěáâćă ŕőńŋőľ ćěàőïâŋőáâĺ ć Ω ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňă ŕő x ć R^n. Ŕàőĺğćőďŋăï íâőľ äãŋłæĺĺ ŕő ŋăŕàăćńěŋĺî s ĺňěěâ ćĺď ∂G ∂s (ω, x) = α (ω) ∫ π_s(ω) ( f_0 ( Φ (ω) ( γ_{s,z} − x )) − f_0 (Φ (ω) (Γ_{s,z} − x)) ) dz. (13.7)

Ŕőàőęďăěňëľ äãŋłæĺěľ äãŋłæĺőŋăń χ (·) → g_0 (χ (·)) = MG (ω, χ (ω)) ďĺääěàěŋæĺàãěň ŕő Ťàěèě ŋă H. Ŕàőĺğćőďŋăï Ťàěèě Dg_0 ∈ H^∗äãŋłæĺőŋăńă ć âőçłě χ ∈ H őŕàěďěńïěâáï ćëàăęěŋĺěň Dg_0 (h) = M∇G^′ (ω, χ (ω)) h (ω) , h ∈ H, čďě ∇G — čàăďĺěŋâ äãŋłæĺĺ G (ω, x) ŕő ŕěàěňěŋŋőľ x.

Ďőłăğăâěńìáâćő. Ĺğ ãáńőćĺï ŋőàňĺàőćłĺ ďńï ŕńőâŋőáâĺ àăáŕàěďěńěŋĺï ćěàőïâŋőáâěľ f_0 ĺňěěň 0 ⩽ G (ω, x) = ∫ Φ(ω)(Q(ω)−x) f_0 (τ ) dτ ⩽ ∫ R^n f_0 (τ ) dτ = 1,

çâő ďőłăğëćăěâ ŕěàćőě ãâćěàęďěŋĺě ńěňňë. Ĺğňěàĺňőáâì äãŋłæĺĺ G (ω, x) ćëâěłăěâ ĺğ âěőàěňë Ťãąĺŋĺ. Ŕàőĺğćőďŋăï (13.7) ćëçĺáńïěâáï ăŋăńőčĺçŋő [3]. Ĺğ ŋěŕàěàëćŋőáâĺ ĺ őčàăŋĺçěŋŋőáâĺ äãŋłæĺĺ f_0 (τ ) áńěďãěâ ŋěŕàěàëćŋőáâì čàăďĺěŋâă ∇G (ω, x) ŕő x ć R^n. Ŋăłőŋěæ, ĺáŕőńìğãï őčàăŋĺçěŋŋőáâì ŕńőâŋőáâĺ f_0 ĺ ňŋőęěáâćă Q (Ω) ć R^n, ĺňěěň ĺğ (13.7) őæěŋłã |∇G (ω, x)| ⩽ Cα (ω) ŕàĺ łăęďőň x ŕőçâĺ ŋăćěàŋőě. Ğďěáì C — ŕőáâőïŋŋőě çĺáńő. Ŕőáłőńìłã ć ãáńőćĺïå ŕ. 13.2 Mα^2 < ∞ [2, 4], âő ĺğ íâőľ őæěŋłĺ ć áĺńã ĺğćěáâŋëå âěőàěň ő ďĺääěàěŋæĺàőćăŋĺĺ ŋěńĺŋěľŋëå äãŋłæĺőŋăńőć [7] áńěďãěâ ŕőáńěďŋěě ãâćěàęďěŋĺě ńěňňë. Ńěňňă ďőłăğăŋă.

Şçĺâëćăï (13.6), ňőęŋő âěŕěàì ŕěàěľâĺ őâ ğăďăçĺ (13.1) ł íłćĺćăńěŋâŋőľ ěľ ćáŕőňőčăâěńìŋőľ ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ďńï ŕàőæěááă (13.3)

dx = (A (t) x + B (t, u)) dt + (D (t) x) + g (t) dw, (13.8) x (0) = 0, φ_0 (u) = g_0 (x_u) = MG (ω, x_u (1, ω)) → max

á ďĺääěàěŋæĺàãěňëň ŕő x_u ć H äãŋłæĺőŋăńőň g_0.

13.4. Ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ

Ďńï ŕőńãçěŋĺï ŋěőąåőďĺňëå ãáńőćĺľ őŕâĺňăńìŋőáâĺ ć ğăďăçě (13.8) ć äőàňě ŕàĺŋæĺŕă ňăłáĺňãňă Ŕőŋâàïčĺŋă ŕàĺňěŋĺň ňěâőďĺłã àăąőâë [2].

Ććěďěň ŋă ŕàőáâàăŋáâćě L^n_2 őŕěàăâőàë

L (f) = t∫ 0 f (τ , ω) dτ, I (f) = t∫ 0 f (τ , ω) dw (τ ) ,

ĺ őŕěàăâőà R ŋă CH^n_2 , áćïğăŋŋëľ á àěèěŋĺěň áâőåăáâĺçěáłőčő ĺŋâěčàăńìŋőčő ãàăćŋěŋĺï

ξ (t) = ψ (t) + t∫ 0 A (τ) ξ (τ ) dτ + t∫ 0 D (τ) ξ (τ) dw (τ) áőőâŋőèěŋĺěň ξ (1) = R (ψ).

Ńěňňă 2. Ńĺŋěľŋëě őŕěàăâőàë

L : L^n_2 → L^n_2 , I : L^n_2 → L^n_2 , R : CH^n_2 → H

ŋěŕàěàëćŋë. Őŕěàăâőà R ďőŕãáłăěâ âăłęě ŕàőďőńęěŋĺě ŕő ŋěŕàěàëćŋőáâĺ ďő őčàăŋĺçěŋŋőčő ńĺŋěľŋőčő őŕěàăâőàă R : L^n_2 → H.

Ďőłăğăâěńìáâćő ńěňňë ńěčłő ćëŕőńŋïěâáï á ĺáŕőńìğőćăŋĺěň ĺğćěáâŋëå áćőľáâć áâőåăáâĺçěáłőčő ĺŋâěčàăńă [1, 2, 4].

Ŕãáâì u^0 — őŕâĺňăńìŋőě ć ğăďăçě (13.8) ãŕàăćńěŋĺě, x_u0 (t) — őâćěçăîéěě ěňã őŕâĺňăńìŋőě àěèěŋĺě áĺáâěňë (13.3). Ĺáŕőńìğãï ććěďěŋŋëě őŕěàăâőàë, ğăŕĺèěň ŕàĺàăéěŋĺě àěèěŋĺï Δ_ux (1) ≡ x_u (1) − x_u0 (1), čďě u — ŕàőĺğćőńìŋőě ďőŕãáâĺňőě ãŕàăćńěŋĺě, ć őŕěàăâőàŋőľ äőàňě

x_u (1) = R (L (B (t, u (t))) + I (g)) , Δ_ux (1) = R (L (Δ_uB (t))) , Δ_uB (t) ≡ B (t, u (t)) − B (t, u^0 (t)) . Şçĺâëćăï ďĺääěàěŋæĺàãěňőáâì äãŋłæĺőŋăńă g_0 ć âőçłě x^0 ≡ x_u0 (1) ∈ H, ŕőńãçăěň ć őłàěáâŋőáâĺ íâőľ âőçłĺ

Δ_uφ_0 ≡ φ_0 (u) − φ_0 (u^0) = g_0 (x_u (1)) − g_0 (x^0) = = Dg_0 (Δ_ux (1)) + o (Δ_ux (1)) ,

čďě Dg_0 — ŕàőĺğćőďŋăï Ťàěèě äãŋłæĺőŋăńă g_0 ć âőçłě x^0, o (φ) / ‖φ‖ → 0 ŕàĺ ‖φ‖ → 0. Ŕàĺňěŋïï âěőàěňã Řĺááă ő ŕàěďáâăćńěŋĺĺ ŋěŕàěàëćŋőčő ńĺŋěľŋőčő äãŋłæĺőŋăńă ŋă L^n_2 , ĺňěěň

Dg_0 (Δ_ux (1)) = Dg_0 (R (L (Δ_uB))) = L^∗R^∗Dg_0 (Δ_uB) = = M 1∫ 0 Θ^′ (t) Δ_uB (t) dt = 1∫ 0 ( H (t, u (t)) − H ( t, u^0 (t) )) dt,

čďě Θ = L^∗R^∗Dg_0 ∈ L^n_2 , H (t, u) ≡ MΘ^′ (t) B (t, u) . Ć àěğãńìâăâě ŕàĺàăéěŋĺě äãŋłæĺőŋăńă ğăŕĺáëćăěâáï ć äőàňě

Δ_uφ_0 = 1∫ 0 ( H (t, u (t)) − H ( t, u^0 (t) )) dt + o (Δ_ux (1)) . (13.9)

Ć áńěďãîéěľ ńěňňě äőàňãńĺàãěâáï ŋěłőâőàëľ ăąáâàăłâŋëľ ćăàĺăŋâ ŕàĺŋæĺŕă ňăłáĺňãňă Ŕőŋâàïčĺŋă.

Ńěňňă 3. Ŕãáâì (T, T, μ) — ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő á ŋěăâőňĺçěáłőľ ňěàőľ μ ŋă σ-ăńčěąàě T; H (τ , u) — τ ∈ T , u ∈ U ⊂ R^n— T × B^n-ĺğňěàĺňăï çĺáńőćăï äãŋłæĺï. Őąőğŋăçĺň çěàěğ Ũ ňŋőęěáâćő ćáěå T-ĺğňěàĺňëå äãŋłæĺľ u : T → U, ďńï łőâőàëå |∫ T H (τ , u (τ)) dμ | < ∞. Ďńï ğăďăŋŋőčő u^0 ∈ Ũ ŕãáâì h (τ, u) ≡ H (τ, u) − H (τ, u^0 (τ)) , ρ (u, u^0) ≡ {τ : u (τ ) ≠ u^0 (τ )} .

Šőčďă ĺğ ŕàěďŕőńőęěŋĺï, çâő ŕàĺ ćáěå u ∈ Ũ ∫ T h (τ , u (τ )) dμ + o (ρ) ⩽ 0, (13.10)

čďě o (ρ) /ρ → 0 ŕàĺ ρ → 0, ćëâěłăěâ, çâő ŕàĺ ńîąőň u ∈ Ũ ∫ T h (τ , u (τ )) dμ ⩽ 0, (13.11)

ă âăłęě μ-ŕ.ć. ŋă T

h (τ, u (τ)) ⩽ 0. (13.12)

Ěáńĺ ŕàěńŕőńőęĺâì ďőŕőńŋĺâěńìŋő, çâő ŕőáâőïŋŋëě äãŋłæĺĺ u (τ) ∈ Ũ ĺ äãŋłæĺï H (τ , u) ŋěŕàěàëćŋă ŕő u ďńï μ-ŕ.ć. τ , âő ŕàĺ μ-ŕ.ć. τ ∈ T H ( τ , u^0 (τ) ) = max_{u∈U} H (τ, u) . (13.13)

Ďőłăğăâěńìáâćő. Ďőŕãáâĺň áãéěáâćőćăŋĺě äãŋłæĺĺ u^∗ ∈ Ũ, ďńï łőâőàőľ ŋěàăćěŋáâćő (13.11) ŋěćěàŋő: ∫ T h (τ , u^∗ (τ)) dμ ≡ ∫ T h^∗ dμ > 0. Ŕő âěőàěňě Ă.Ă. Ńïŕãŋőćă ő ćěłâőàŋëå ňěàăå [8] áãéěáâćãěâ ŋěăâőňĺçěáłăï σ-ŕőďăńčěąàă T_1 ⊂ T âăłăï, çâő ďńï A ∈ T_1 ∫ A h^∗ dμ = μ (A) ∫ T h^∗ dμ. Ŕőńőęĺň ŕàĺ ğăďăŋŋőň A ∈ T_1 { v (τ) = u^∗ (τ) , τ ∈ A, v (τ) = u^0 (τ) , τ ∈ T \A.

Šőčďă ∫ T h (τ, v (τ )) dμ = ∫ A h^∗ dμ = μ (A) ∫ T h^∗ dμ.

Ďăńěě ρ (v, u^0) = μ {τ : v (τ) ≠ u^0 (τ)} ⩽ μ (A), ĺ ć áĺńã (13.10) ∫ T h (τ , v (τ)) dμ + o (ρ) = μ (A) ∫ T h^∗ dμ + o (ρ) =

= ∫ T h^∗ dμ + o (ρ) ρ ρ μ (A) μ (A) ⩽ 0.

Ŋő ŕàĺ ďőáâăâőçŋő ňăńőň ğŋăçěŋĺĺ μ (A) íâő ŋěàăćěŋáâćő, őçěćĺďŋő, ŋě ňőęěâ ąëâì ćëŕőńŋěŋő. Ŕőńãçěŋŋőě ŕàőâĺćőàěçĺě ďőłăğëćăěâ (13.11). Ŕőłăęěň, çâő ĺğ (13.11) áńěďãěâ (13.12). Ŕãáâì μ (τ : h (τ, w (τ)) > 0) ≡ μ (E) > 0 ďńï ŋěłőâőàőčő w ∈ Ũ. Ŕőńőęĺň { u (τ ) = w (τ) , τ ∈ E, u (τ ) = u^0 (τ ) , τ ∈ T \E. Šőčďă u ∈ Ũ ĺ ∫ T h (τ, u (τ)) dμ = ∫ E h (τ, w (τ )) dμ > 0,

çâő ŕàőâĺćőàěçĺâ (13.11). Śńěďőćăâěńìŋő, ďńï ńîąőčő w ∈ Ũ μ {τ : h (τ, w (τ )) > 0} = 0, çâő ďőłăğëćăěâ (13.12). Ŕőńăčăï ć íâőň ŋěàăćěŋáâćě u (τ ) ≡ c, čďě c ŕàĺŋăďńěęĺâ ćáîďã ŕńőâŋőňã ć U ŕőďňŋőęěáâćã C, ĺňěěň á ãçěâőň ŋěŕàěàëćŋőáâĺ äãŋłæĺĺ H (τ, u) ŕő u H ( τ , u^0 (τ) ) ⩾ sup_{c∈C} H (τ, c) = sup_{u∈U} H (τ , u) ďńï μ-ŕ.ć. τ ∈ T . Šăł łăł ŋěàăćěŋáâćő á őąàăéěŋŋëň ğŋăłőň őçěćĺďŋő, âő (13.13) ďőłăğăŋő. Ńěňňă ďőłăğăŋă.

13.5. Śőŕàïęěŋŋăï ğăďăçă 143

Ŕàĺňěŋĺň ńěňňã 3 ďńï ćëćőďă ŋěőąåőďĺňëå ãáńőćĺľ őŕâĺňăńìŋőáâĺ ć ğăďăçě (13.8). Ŕãáâì T ≡ [0, 1], T ≡ B^1, μ ≡ mes, H (τ, u) ≡ MΘ^′ (t) B (t, u) . Ŕőłăęěň, çâő

‖Δx_u (1)‖ = O (ρ) , (13.14)

čďě ρ = mes {t : u (t) ≠ u^0 (t)} . Ĺňěěň á ãçěâőň ğăňěçăŋĺï ĺğ ŕ. 13.3 ő áćőľáâćăå äãŋďăňěŋâăńìŋëå ňăâàĺæ Ψ (t, ω) , Φ (t, ω)

‖Δx_u (1)‖^2 = M |Δx_u (1)|^2 = M | | | | | Ψ 1∫ 0 Φ (τ ) Δ_uB (τ ) dτ | | | | | 2 ⩽

⩽ M |Ψ|^2 sup_{0⩽t⩽1} |Φ (t)|^2 | | | | | 1∫ 0 |Δ_uB (τ)| dτ | | | | | 2 ,

‖Δx_u (1)‖ ⩽ |Ψ (t)|_4 |Φ (t)|_4 | | | | 1∫ 0 |Δ_uB (τ )| dτ | | | | ⩽ Cρ, çâő ďőłăğëćăěâ (13.14). Ć áĺńã (13.9) íâő őğŋăçăěâ ćëŕőńŋěŋĺě ãáńőćĺï (13.10) ńěňňë 3. Ŕàőćěàłă ŕàőçĺå ãáńőćĺľ íâőľ ńěňňë ŋě áőáâăćńïěâ âàãďă.

Ŕàĺňěŋïï ł (13.9) ńěňňã 3, ŕőńãçăěň áńěďãîéĺľ àěğãńìâăâ. Šěőàěňă. Ěáńĺ u^0 (t) — őŕâĺňăńìŋőě ć ğăďăçě (13.1) ((13.8)) ãŕàăćńěŋĺě, ă η_0 (t) — őâćěçăîéěě ěňã őŕâĺňăńìŋőě àěèěŋĺě áĺáâěňë (13.1), âő mes-ŕ.ć. ŋă [0, 1] H ( t, u^0 (t) ) = max_{u∈U} H (t, u) . Ğďěáì

H (t, u) ≡ MΘ^′ (t) B (t, u) , Θ = L^∗R^∗Dg_0 [ η^0 (1) − Φη_0 ] , Dg_0 [z_0]— ŕàőĺğćőďŋăï Ťàěèě äãŋłæĺőŋăńă (13.6) ć âőçłě z_0 ∈ H.

13.5. Śőŕàïęěŋŋăï ğăďăçă

Ć íâőň ŕãŋłâě őąáãęďăîâáï ćőğňőęŋëě äőàňë ŕàěďáâăćńěŋĺï áőŕàïęěŋŋőľ äãŋłæĺĺ Θ (t) . Ĺáŕőńìğãï äőàňãńã Łőèĺ ďńï àěèěŋĺï ńĺŋěľŋőľ áĺáâěňë áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ, ńěčłő ćëàăğĺâì Θ (t) çěàěğ äãŋďăňěŋâăńìŋãî ňăâàĺæã Ψ (t) (ńěňňă 4). Ďăŋŋëľ ŕőďåőď ŕàěďńőęěŋ ć àăąőâăå Łãèŋěàă [9]. Ś ďàãčőľ áâőàőŋë, ďńï Θ (t) ňőęŋő ŕőáâàőĺâì ŋěłőâőàãî “áőŕàïęěŋŋãî ğăďăçã” ć áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńăå (ńěňňă 5). Ŕőďőąŋëľ ŕőďåőď ćŕěàćëě ąëń àăğćĺâ ć àăąőâăå Ąĺáňãâă [10]. Őâňěâĺň âăłęě őàĺčĺŋăńìŋëľ áŕőáőą âàăłâőćłĺ áőŕàïęěŋŋőľ ğăďăçĺ, ŕàěďńőęěŋŋëľ Ŋ.Č.Ďőłãçăěćëň ć [11].

Ńěňňă 4. Ŕãáâì z ∈ H, Θ = L^∗R^∗z. Šőčďă Θ ∈ CH^n_2 ĺ ďńï ńîąőčő t ∈ [0, 1] á ćěàőïâŋőáâìî 1

Θ (t) = Φ^′ (t) M {Ψ^′z| F_t} . (13.15)

Ďőłăğăâěńìáâćő. Ŕãáâì . Ĺáŕőńìğãï äőàňãńã Łőèĺ, ĺňěěň ďńï áłăńïàŋëå ŕàőĺğćěďěŋĺľ ć ĺ

(Θ, φ) = (L^∗R^∗z, φ) = (z, R (L (φ))) = = z, Ψ 1∫ 0 Φ (t) φ (t) dt = M 1∫ 0 Φ (t) M {Ψ^′z| F_t} φ (t) dt,

čďě ãáńőćŋëě ňăâěňăâĺçěáłĺě őęĺďăŋĺï ćëąĺàăńĺáì âăł, çâőąë áőőâćěâáâćãîéăï áńãçăľŋăï äãŋłæĺï ąëńă BF-ĺğňěàĺňă [2, 4]. Őâáîďă ć áĺńã ŕàőĺğćőńìŋőáâĺ ćëąőàă φ ŕőńãçăěň (13.15).

Ńěňňă 5. Ŕãáâì áńãçăľŋëľ ćěłâőà z ĺğňěàĺň őâŋőáĺâěńìŋő σ-ăńčěąàë F_1 ĺ M |Ψ^′z|^4 < ∞ . Šőčďă äãŋłæĺï Θ ≡ L^∗R^∗z ∈ CH^n_2 ĺňěěâ ŕàĺ ćáěå t ∈ [0, 1] áâőåăáâĺçěáłĺľ ďĺääěàěŋæĺăń ĺ ãďőćńěâćőàïěâ áńěďãîéěľ “áőŕàïęěŋŋőľ ğăďăçě”:

dΘ = − (A^′Θ + D^′κ) dt + κ dw, Θ (1) = z, (13.16)

čďě κ ∈ L^n_2 . Ąőńěě âőčő, ńîąăï äãŋłæĺï Θ̃ ∈ CH^n_2 , ãďőćńěâćőàïîéăï ğăďăçě (13.16) ŕàĺ ŋěłőâőàőň κ̃ ∈ L^n_2 , áőćŕăďăěâ ć CH^n_2 á Θ.

Ďőłăğăâěńìáâćő. Śőčńăáŋő ĺğćěáâŋőňã àěğãńìâăâã Ĺâő-Łńăàłă ő ŕàěďáâăćńěŋĺĺ äãŋłæĺőŋăńőć őâ ćĺŋěàőćáłőčő ŕàőæěááă,

Ψ^′z = MΨ^′z + 1∫ 0 χ dw,

čďě χ ∈ N^2_4 [2, 4]. Ŕőďáâăćńïï íâő àăćěŋáâćő ć (13.15) ĺ ďĺääěàěŋæĺàãï ŕőńãçěŋŋőě âőęďěáâćő, ĺňěěň ŕőáńě ŋěáńőęŋëå ŕàěőąàăğőćăŋĺľ (13.16), čďě κ (t) ≡ Φ^′ (t) χ (t) − D^′ (t) Θ (t) ∈ L^n_2 .

Ďăńěě, ěáńĺ äãŋłæĺï Θ̃ ĺğ CH^n_2 ãďőćńěâćőàïěâ (13.16) á ŋěłőâőàőľ κ̃ ∈ L^n_2 , âő ďńï àăğŋőáâěľ Θ_1 ≡ Θ − Θ̃, κ_1 ≡ κ − κ̃ ĺňěěň âőęďěáâćő ć áâőåăáâĺçěáłĺå ďĺääěàěŋæĺăńăå

dΘ_1 = − (A^′Θ_1 + D^′κ_1) dt + κ_1dw, Θ (1) = 0. (13.17)

Ŕőłăęěň, çâő őâáîďă áńěďãěâ, çâő Θ_1 = 0 ć CH^n_2 . Ŕãáâì φ ∈ L_2, ă ξ ∈ CH^n_2 — àěèěŋĺě ãàăćŋěŋĺï dξ = (Aξ + φ) dt + Dξ dw, ξ (0) = 0. Ŕàĺňěŋïï äőàňãńã Ĺâő ďĺääěàěŋæĺàőćăŋĺï ŕàőĺğćěďěŋĺï, ĺňěěň

dΘ^′_1ξ = Θ^′_1φ dt + (κ^′_1ξ + Θ^′_1Dξ) dw,

ŋő κ^′_1ξ + Θ^′_1Dξ ∈ N^1_1 , ŕőíâőňã, ãçĺâëćăï čàăŋĺçŋëě ãáńőćĺï, ŕőńãçăěň őâáîďă M 1∫ 0 Θ^′_1φ dt = 0.

Šăł łăł φ — ŕàőĺğćőńìŋëľ íńěňěŋâ ĺğ L^n_2 , âő Θ_1 = 0 ć L^n_2 . Ĺğ (13.17) ŕőíâőňã ćëâěłăěâ, çâő ďńï ŕőçâĺ ćáěå t ∈ [0, 1] ŕőçâĺ ŋăćěàŋőě

Θ_1 (0) − t∫ 0 Dκ_1 ds + t∫ 0 κ_1dw = 0.

Šăł łăł ńěćăï çăáâì íâőčő àăćěŋáâćă ĺňěěâ á ćěàőïâŋőáâìî 1 ŋěŕàěàëćŋëě âàăěłâőàĺĺ, âő íâő àăćěŋáâćő áŕàăćěďńĺćő ŕőïçâĺ ŋăćěàŋőě ŕàĺ ńîąőň t ∈ [0, 1]. Ŋő âőčďă Θ_1 (0) = 0 ŕőçâĺ ŋăćěàŋőě ĺ ŕő âěőàěňě ő ěďĺŋáâćěŋŋőáâĺ ŕàěďáâăćńěŋĺï ŕàőæěááőć Ĺâő [4] κ_1 = 0 ć L^n_2 . Ćőğćàăéăïáì ł (13.1), ŕőńãçăěň Θ_1 = 0 ć CH^n_2 , çâő ĺ âàěąőćăńőáì ďőłăğăâì. Ńěňňă ďőłăğăŋă.

Ć ğăłńîçěŋĺě ŕãŋłâă őâňěâĺň, çâő ćěłâőà z = Dg_0 [η^0 (1) − Φη_0] ĺğ âěőàěňë 1 ãďőćńěâćőàïěâ ãáńőćĺïň ńěňň 4,5. Ŕőíâőňã ďńï áőŕàïęěŋŋőľ äãŋłæĺĺ Θ ĺğ íâőľ âěőàěňë áŕàăćěďńĺćă äőàňãńă (13.15), ĺ ĺňěěâ ňěáâő áőŕàïęěŋŋăï ğăďăçă (13.16).

Ńĺâěàăâãàă

[1] Ťńěňĺŋč Ş., Řĺèěń Ř. Őŕâĺňăńìŋőě ãŕàăćńěŋĺě ďěâěàňĺŋĺàőćăŋŋëňĺ ĺ áâőåăáâĺçěáłĺňĺ áĺáâěňăňĺ. Ň., 1978.

[2] Śňĺàŋőć Ĺ.Ŕ. Ĺááńěďőćăŋĺě ćăàĺăæĺőŋŋëňĺ ňěâőďăňĺ ğăďăç őŕâĺňĺğăæĺĺ áâőåăáâĺçěáłĺå ĺŋâěčàăńìŋëå ãàăćŋčěŋĺľ ďńï ŕàőæěááőć á àăğàëćăňĺ: Ăćâőàěäěàăâ ďĺá. ... łăŋď. äĺğ.-ňăâ. ŋăãł. Čőàìłĺľ, 1981.

[3] Śňĺàŋőć Ĺ.Ŕ. // Ďĺääěàěŋæ. ãàăćŋěŋĺï. 1990, â.26, ü10, á. 1753-1758 (Čńăćă 12 ŋăáâőïéěčő áąőàŋĺłă) [4] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Šěőàĺï áńãçăľŋëå ŕàőæěááőć. Ň., 1975, Š.3.

[5] Śăďőćïł Ă.Ň., Űăàìłőć Ě.Ť. // Šěőàĺï ćěàőïâŋőáâěľ ĺ ěě ŕàĺňěŋěŋĺï.

1973, Š. 18, ćëŕ. 2. Ś. 415-417.

[6] Ćńăďĺňĺàőć Ć.Ś. // Šà. Ňăâ. ĺŋ-âă ĂŊ ŚŚŚŘ. 1961. Š. 61. [7] Łàăáŋőáěńìáłĺľ Ň.Ă., Ğăąàěľłő Ŕ.Ŕ., Ŕãáâëńìŋĺł Ě.Ĺ., Śőąőńěćáłĺľ Ŕ.Ě. Ĺŋâěčàăńìŋëě őŕěàăâőàë ć ŕàőáâàăŋáâćăå áãňňĺàãěňëå äãŋłæĺľ. Ň., 1966.

[8] Ńïŕãŋőć Ă.Ă. // Ĺğć. ĂŊ ŚŚŚŘ. Śěà. ňăâ. 1940. Š. 4, ü6. Ś. 465-478. [9] Kushner H.J. // SIAM J. Control and Opimiz. 1972. Vol. 10, N 3. p.

550-565.

[10] Bismut J.-M. // J. Math. Anal. Appl. 1973. Vol. 44, N 2. p. 364-404. [11] Ďőłãçăěć Ŋ.Č. Őŕâĺňăńìŋőě ŕàőčàăňňŋőě ãŕàăćńěŋĺě áâőåăáâĺçěáłĺň ŕàőæěááőň, őąàëćăîéĺňáï ŋă čàăŋĺæě őąńăáâĺ. Ń., 1983. Ďěŕ. ć ĆĹŊĹŠĹ 26.08.83, ü4705 -83 Ďěŕ.

Čőàìłőćáłĺľ čőáãďăàáâćěŋŋëľ ãŋĺćěàáĺâěâ ĺň. Ŋ.Ĺ. Ńőąăçěćáłőčő Ŕőáâãŕĺńă ć àěďăłæĺî 29 ňăï 1989 č.

Čńăćă 14.

Őą őďŋőň ŕőďåőďě ł àěèěŋĺî áőŕàïęěŋŋőľ ğăďăçĺ Ąĺáňãâă

ŞĎŁ 531.36 + 62 - 50

Ŋă ŕàĺňěàě ğăďăçĺ őŕâĺňăńìŋőčő ãŕàăćńěŋĺï dη_α = f_α (t, η, u) dt + σ_{αl} (t, η, u) dw_l, 0 ⩽ t ⩽ 1, M 1∫ 0 F (t, η, u) dt + φ (η (1)) → max

ĺńńîáâàĺàãěâáï őďĺŋ ŕőďåőď ł àěèěŋĺî áőŕàïęěŋŋőľ ğăďăçĺ.

Ŕãáâì u^0 (t) — őŕâĺňăńìŋőě ãŕàăćńěŋĺě ĺ S (t, x) — àěèěŋĺě ğăďăçĺ Łőèĺ ďńï ãàăćŋěŋĺï ć çăáâŋëå ŕàőĺğćőďŋëå − ∂S_k ∂t = ∂S_k ∂x_α f^0_α + ∂f^0_α ∂x_k S_α + ∂σ_{αl} ∂x_k σ^0_{il} ∂S_α ∂x_i + 1 2 σ^0_{il}σ^0_{jl} ∂^2S_k ∂x_i∂x_j + ∂F^0 ∂x_k , S_k (1, x) = ∂φ ∂x_k (x) , 0 ⩽ t ⩽ 1, x ∈ R^n, čďě f^0 ≡ f (t, x, u^0 (t)) , σ^0 ≡ σ (t, x, u^0 (t)) , F^0 ≡ F (t, x, u^0 (t)) .

Šőčďă ďńï àěèěŋĺï áőŕàïęěŋŋőľ ğăďăçĺ Ąĺáňãâă [1]

dΘ_k = − ( ∂f^0_α ∂x_k Θ_k + ∂σ^0_{αl} ∂x_k κ_{αl} + ∂F^0 ∂x_k ) dt + κ_{kl} dw_l, Θ_k (1) = ∂φ ∂x_k (η (1))

1Ĺ.Ŕ. Śňĺàŋőć. Őą őďŋőň ŕőďåőďě ł àěèěŋĺî áőŕàïęěŋŋőľ ğăďăçĺ Ąĺáňãâă, Šěğĺáë ďőłńăďőć XVI ćáěáőîğŋőľ èłőńë ŕő âěőàĺĺ őŕěàăâőàőć ć äãŋłæĺőŋăńìŋëå ŕàőáâàăŋáâćăå, Ŋĺęŋĺľ Ŋőćčőàőď, 1991, á. 214.

ćěàŋő ŕàěďáâăćńěŋĺě

Θ_k (t) = S_k ( t, η^0 (t) ) , κ_{kl} (t) = ∂S_k ∂x_i σ^0_{il} ( t, η^0 (t) , u^0 (t) ) , 0 ⩽ t ⩽ 1.

Ńĺâěàăâãàă

[1] Bismut J.-M. - J. Math. Anal. Appl., 1973, v.44, N2, p.384.

Čńăćă 15.

Ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï áĺáâěňőľ áő áńãçăľŋëň ŕàőæěááőň ŕàĺ ãŕàăćńěŋĺĺ

ŞĎŁ 531.36 + 62 - 50

Řăááňăâàĺćăěâáï ãŕàăïěňëľ ŕàőæěáá, őŕĺáëćăěňëľ ńĺŋěľŋőľ áĺáâěňőľ őąëłŋőćěŋŋëå ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ, ć łőâőàőľ ďěľáâćĺě ãŕàăćńïîéěčő ŕăàăňěâàă ŕőďăćńïěâáï áńãçăľŋëň ŕăàăňěâàőň áŕěæĺăńìŋőčő ćĺďă. Ć ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ŕő łàĺâěàĺî ňăłáĺňĺğăæĺĺ ćěàőïâŋőáâĺ ŕőŕăďăŋĺï ŕàőæěááă ć łőŋěçŋëľ ňőňěŋâ ćàěňěŋĺ ć ğăďăŋŋãî őąńăáâì ŕőńãçěŋë ãáńőćĺï áãéěáâćőćăŋĺï ŋăĺńãçèěčő ãŕàăćńěŋĺï ĺ ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć äőàňě ŕàĺŋĺæŕă ňăłáĺňãňă Ń.Ś.Ŕőâàïčĺŋă. Ĺğãçăîâáï àăğńĺçŋëě äőàňë ŕàěďáâăćńěŋĺï äãŋłæĺőŋăńă ğăďăçĺ ĺ ãáńőćĺï ěčő ďĺääěàěŋæĺàãěňőáâĺ. Ąĺąńĺőčà. 6 ŋăğć.

15.1. Ććěďěŋĺě

Řăááňăâàĺćăěâáï ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ćĺďă {_{dx} dt = A (t) x+ξ (t) B (t) u (t) +f (t) , 0 ≤ t ≤ 1, x (0) = x_0,

(15.1)

1Łàăâłőě áőőąéěŋĺě ”Optimal control of the linear system with the noise at control parameter” őŕãąńĺłőćăŋő ć âàãďăå ňěęďãŋőàőďŋőľ łőŋäěàěŋæĺĺ ”Ňăâěňăâĺçěáłĺě ăńčőàĺâňë” , Ŋĺęŋĺľ Ŋőćčőàőď, 1994 (áőćňěáâŋő á Ğőàĺŋëň Ă.đ.)

φ (u (·)) = P (x_u (1) ∈ Q) → max_{u(·)∈U},

čďě x - äăğőćëľ, u - ãŕàăćńïîéĺľ ćěłâőàë; Q - ŋěáńãçăľŋőě æěńěćőě ňŋőęěáâćő ć äăğőćőň ŕàőáâàăŋáâćě; ξ (t) - áłăńïàŋëľ áńãçăľŋëľ ŕàőæěáá.

Ć àăąőâě, ŕàőďőńęăîéěľ ĺááńěďőćăŋĺï [1, 2], ŕőńãçěŋë âěőàěňă áãéěáâćőćăŋĺï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ĺ ŋěőąåőďĺňëě ãáńőćĺï őŕâĺňăńìŋőáâĺ ć äőàňě ŕàĺŋæĺŕă ňăłáĺňãňă Ŕőŋâàïčĺŋă. Ć ŕ. 15.2 ŕàőĺğćőďĺâáï ŕőáâăŋőćłă ğăďăçĺ. Ć ŕ. 15.3 ŕőáńěďŋïï ŕàěőąàăğãěâáï ł íłćĺćăńěŋâŋőľ ďěâěàňĺŋĺàőćăŋŋőľ ğăďăçě ãŕàăćńěŋĺï. Śãéěáâćőćăŋĺě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ãáâăŋăćńĺćăěâáï ć ŕ. 15.4. Ć ŕ. 15.5 ŕőńãçěŋë ãáńőćĺï ďĺääěàěŋæĺàãěňőáâĺ äãŋłæĺőŋăńă ğăďăçĺ. Ćëćőď ŋěőąåőďĺňëå ĺ ďőáâăâőçŋëå ãáńőćĺľ íłáâàěňãňă ŕàőĺğćőďĺâáï ć ŕ. 15.6.

15.2. Ŕőáâăŋőćłă ğăďăçĺ

Ŕãáâì (Ω, F, P) - ŕőńŋőě ćěàőïâŋőáâŋőě ŕàőáâàăŋáâćő, (·, ·) - áłăńïàŋőě ŕàőĺğćěďěŋĺě ć R^n , |·| - ěćłńĺďőćă ŋőàňă ćěłâőàă (ňăâàĺæë), èâàĺå - őŕěàăæĺï âàăŋáŕőŋĺàőćăŋĺï ćěłâőàă (ňăâàĺæë).

Őŕàěďěńïîéĺě áĺáâěňã (15.1) ďěâěàňĺŋĺàőćăŋŋëě ňăâàĺæë A (t), B (t), f (t) ŕőàïďłőć n × n, n × m, n × 1, áőőâćěâáâćěŋŋő, ĺňěîâ áãňňĺàãěňëě ŕő ňěàě Ńěąěčă ŋă őâàěğłě [0, 1] łőňŕőŋěŋâë; łőňŕőŋěŋâë ňăâàĺæë B (t) áãňňĺàãěňë á łćăďàăâőň; x_0, Q - áőőâćěâáâćěŋŋő ŋěáńãçăľŋëě ŋăçăńìŋëľ ćěłâőà ĺ ĺğňěàĺňőě æěńěćőě ňŋőęěáâćő ć ěćłńĺďőćőň ŕàőáâàăŋáâćě R^n .

Śńãçăľŋëľ ŕàőæěáá ξ (t, ω) őŕàěďěńïěâáï áńěďãîéĺň őąàăğőň. Ŕãáâì

{0 = t_0 < t_1 < . . . < t_N = 1}

ĺ {ξ_1 (ω) , . . . , ξ_N (ω)} - ğăďăŋŋëě łőŋěçŋëě ŋăąőàë âőçěł őâàěğłă [0, 1] ĺ áńãçăľŋëå ćěńĺçĺŋ ŋă ćěàőïâŋőáâŋőň ŕàőáâàăŋáâćě (Ω, F, P), áőőâćěâáâćěŋŋő. Ŕőńőęĺň ξ (t, ω) = ξ_i (ω) , t ∈ [t_{i−1}, t_i) , i = 1, N. Łńăáá ďőŕãáâĺňëå ãŕàăćńěŋĺľ U áőáâőĺâ ĺğ ćáěå ĺğňěàĺňëå ďěâěàňĺŋĺàőćăŋŋëå äãŋłæĺľ u (t) , t ∈ [0, 1], ŕàĺŋĺňăîéĺå áćőĺ ğŋăçěŋĺï ć ğăďăŋŋőň ňŋőęěáâćě V ⊂ R^n . Ğăňěâĺň, çâő łăęďőňã ďőŕãáâĺňőňã ãŕàăćńěŋĺî u (·) ∈ L^m_2 [0, 1] őâćěçăěâ ěďĺŋáâćěŋŋőě ăąáőńîâŋő ŋěŕàěàëćŋőě á ćěàőïâŋőáâìî 1 àěèěŋĺě ğăďăçĺ Łőèĺ (15.1) [3, c. 35]; áőőâćěâáâćãîéěě ğŋăçěŋĺě æěńěćőčő äãŋłæĺőŋăńă φ (u (·)) ∈ [0, 1]. Ğăďăçă őŕâĺňăńìŋőčő

15.3. Ćáŕőňőčăâěńìŋăï ğăďăçă 151

ãŕàăćńěŋĺï ŕàőæěááőň (15.1) áâăćĺâáï łăł ğăďăçă őâëáłăŋĺï ďőŕãáâĺňőčő ãŕàăćńěŋĺï u^0 (·) ∈ U, ďőáâăćńïîéěčő ňăłáĺňăńìŋőě ğŋăçěŋĺě äãŋłæĺőŋăńã φ ( u^0 (·) ) = max_{u(·)∈U} φ (u (·)) .

15.3. Ćáŕőňőčăâěńìŋăï ğăďăçă

Ĺáŕőńìğãï ŕàěďáâăćńěŋĺě àěèěŋĺï ńĺŋěľŋőľ áĺáâěňë ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ (15.1) çěàěğ äãŋďăňěŋâăńìŋãî ňăâàĺæã Φ (t) (Φ (0) = I - ěďĺŋĺçŋőľ ňăâàĺæě) àěèěŋĺľ őďŋőàőďŋőľ áĺáâěňë, áćěďñň ĺáåőďŋãî ğăďăçã ł ćáŕőňőčăâěńìŋőľ ďěâěàňĺŋĺàőćăŋŋőľ ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï. Ĺňěěň

x_u (1) = Φ (1) { x_0 + 1∫ 0 Φ^{−1} (s) (ξ (s) B (s) u (s) + f (s)) ds } = = x̂_0 + Φ (1)^N ∑ I=1 ξ_i t_i∫ t_{i−1} Φ^{−1} (s) B (s) u (s) ds =

= x̂_0 +^N ∑ I=1 ξ_iz^{(i)}u ,

x̂_0 ≡ Φ (1) { x_0 + 1∫ 0 Φ^{−1} (s) f (s) ds } , z^{(i)}u ≡ Φ (1) t_i∫ t_{i−1} Φ^{−1} (s) B (s) u (s) ds.

(15.2)

Łăł ńěčłő ćĺďěâì,

z^{(i)}_u = Ψ_iy (t_i) − Ψ_{i−1}y (t_{i−1}) , (15.3)

čďě Ψ_i ≡ Φ (1) Φ^{−1} (t_i) , i = 1, N, y_u (t) - àěèěŋĺě ğăďăçĺ Łőèĺ {_d dt y =A (t) y+B (t) u, t ∈ (0, 1) y (0) = 0.

Ććőďï äãŋłæĺĺ N ćěłâőàŋëå ŕěàěňěŋŋëå

g (z_1, . . . , z_N ) = P (_N ∑ I=1 ξ_iz_i ∈ Q̂ ) , G (y_1, . . . , y_N ) = P (_N ∑ I=1 χ_iΨ_iy_i ∈ Q̂ ) , (15.4) čďě Q̂ ≡ Q − x_0, χ_i ≡ ξ_i − ξ_{i+1}, i = 1, N − 1, χ_N = ξ_N , ŕőńãçăěň á ãçñâőň (15.2), (15.3) áńěďãîéěě ŕàěďáâăćńěŋĺě ďńï äãŋłæĺőŋăńă łăçěáâćă

φ (u (·)) = P (x_u (1) ∈ Q) = = P ( x̂_0 +^N ∑ I=1 ξ_iz^{(i)}u ∈ Q ) = = g ( z^{(1)}u , . . . , z^{(N)}u ) = G (y_u (t_1) , . . . , y_u (t_N )) .

(15.5)

Őçěćĺďŋő, çâő ĺáåőďŋăï ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï (15.1) íłćĺćăńěŋâŋă áńěďãîéěľ ďěâěàňĺŋĺàőćăŋŋőľ ğăďăçě: {_d dt y =A (t) y+B (t) u, t ∈ (0, 1) , y (0) = 0,

φ (u (·)) = G (y_u (t_1) , . . . , y_u (t_N )) → max_{u(·)∈U} .

15.4. Šěőàěňă áãéěáâćőćăŋĺï

Ŕãáâì {y_1, . . . , y_N } - ŕàőĺğćőńìŋëľ ŋăąőà ćěłâőàőć ć R^n . Őąàăğãěň ĺğ ŋěčő ćěłâőà Y ŕàőáâàăŋáâćă R^M , M ≡ n·N ŕő ŕàăćĺńã Y = {y_1, . . . , y_N } = {y^1, . . . , y^n_1 , y^1_2 , . . . , y^n_N } . Řăááňőâàĺň äãŋłæĺĺ S : Ω × R^M → R^n ĺ h : R^M → R^1 ćĺďă

S (ω, Y) =^N ∑ I=1 χ_i (ω) Ψ_iy_i,

h (y) = P { ω : S (ω, Y) ∈ Q̂ } . Ńěňňă 1. Ěáńĺ ňŋőęěáâćő Q̂ ğăňłŋãâő ć R^n , âő äãŋłæĺï h (·) ŕőńãŋěŕàěàëćŋă áćěàåã ć R^M .

Ďőłăğăâěńìáâćő. Ŕãáâì Y^∗ ∈ R^M , Y_k → Y^∗, k → ∞. Řăááňőâàĺň áńãçăľŋëě áőąëâĺï

A_k = { ω : S (ω, Y_k) ∈ Q̂ } , A^∗ = { ω : S (ω, Y^∗) ∈ Q̂ } , B = lim sup k→∞ A_k = ∩_{k≥1} ∪_{j≥k} A_j. Ěáńĺ ω ∈ B, âő ŋăľďñâáï ŕőáńěďőćăâěńìŋőáâì k_m → ∞ âăłăï, çâő ω ∈ A_{km} , â.ě. S (ω, Y_{km} ) ∈ Q̂. Ŕěàěåőďï ğďěáì ł ŕàěďěńã ŕàĺ m → ∞, á ãçěâőň

15.5. Şáńőćĺï ďĺääěàěŋæĺàãěňőáâĺ äãŋłæĺľ g, G 153

ŋěŕàěàëćŋőáâĺ äãŋłæĺĺ S (ω, ·) ĺ ğăňłŋãâőáâĺ ňŋőęěáâćă Q̂ ŕőńãçăěň S (ω, Y^∗) ∈ Q̂, ŕőíâőňã ω ∈ A^∗. Śńěďőćăâěńìŋő, B ⊂ A^∗, P (B) ≤ P (A). Ś ďàãčőľ áâőàőŋë, ŕő áćőľáâćã ćěàőïâŋőáâŋőľ ňěàë [4, á.34]

P (B) = P ( lim sup k→∞ A_k ) ≥ lim sup k→∞ P (A_k) .

Ć ĺâőčě ĺňěěň

h (Y^∗) = P (A^∗) ≥ P (B) ≥ lim sup_{k→∞} P (A_k) =

= lim sup k→∞ h (Y_k) ,

çâő ďőłăğëćăěâ ńěňňã.

Šěőàěňă 1. Ŕãáâì ňŋőęěáâćő ďőŕãáâĺňëå ãŕàăćńěŋĺľ U áńăąő łőňŕăłâŋő ć L^m_2 [0, 1], ă æěńěćőě ňŋőęěáâćő Q ğăňłŋãâő ć R^n . Šőčďă ğăďăçă őŕâĺňăńìŋőčő ãŕàăćńěŋĺï (15.1) ĺňěěâ àěèěŋĺě.

Ďőłăğăâěńìáâćő. Ŕãáâì {u_l (·)} - ňăłáĺňĺğĺàãîéăï ŕőáńěďőćăâěńìŋőáâì (φ (u_l (·)) → sup φ (u (·)) ≤ 1), áńăąő áåőďïéăïáï ł u^0 (·) ∈ U . Ńěčłő ŕőłăğăâì, çâő y_{ul} (t_k) → y_u0 (t_k), k = 1, N. Ŕő ńěňňě 1 ĺňěěň

φ (u^0 (·)) = G (y_u0 (t_1) , . . . , y_u0 (t_N )) ≥ ≥ lim sup l→∞ G (y_{ul} (t_1) , . . . , y_{ul} (t_N )) =

= lim_{l→∞}φ (u_l (·)) = sup_{u(·)∈U}φ (u (·)) .

Őâáîďă áńěďãěâ őŕâĺňăńìŋőáâì ãŕàăćńěŋĺï. Šěőàěňă ďőłăğăŋă.

Ďàãčĺě ŕőďåőďë ł ďőłăğăâěńìáâćã áãéěáâćőćăŋĺï őŕâĺňăńìŋőčő ãŕàăćńěŋĺï ďńï ąńĺğłĺå ğăďăç àăááňăâàĺćăńĺáì ć [1].

15.5. Şáńőćĺï ďĺääěàěŋæĺàãěňőáâĺ äãŋłæĺľ g, G Ŕàĺ ćëćőďě ŋěőąåőďĺňëå ãáńőćĺľ őŕâĺňăńìŋőáâĺ ćăęŋãî àőńì ĺčàăîâ áćőľáâćă ďĺääěàěŋæĺàãěňőáâĺ äãŋłæĺőŋăńă ğăďăçĺ ŕő äăğőćëň ŕěàěňěŋŋëň. Ĺğãçěŋĺî ãłăğăŋŋëå áćőľáâć ďńï őŕàěďěńïěňëå (15.4) äãŋłæĺľ g, G ŕőáćïéěŋ ďăŋŋëľ àăğďěń. Ŕàĺ íâőň őčàăŋĺçĺňáï áńãçăěň ăąáőńîâŋő ŋěŕàěàëćŋőčő ŕő ňěàě Ńěąěčă áńãçăľŋőčő ćěłâőàă ξ ≡ {ξ_1, . . . , ξ_N } á áőćňěáâŋőľ ŕńőâŋőáâìî àăáŕàěďěńěŋĺï łőňŕőŋěŋâ f. Ććěďěň àïď őąőğŋăçěŋĺľ. Ŕãáâì Z ≡ {z^∗_1, . . . , z^∗_N } − R^n, ∑ ≡ { r ∈R^N : (r_1z^∗_1 + . . . + r_N z^∗_N ) ∈ Q } .

Ŕàĺ N > n ňŋőęěáâćő ∑ ŋěőčàăŋĺçěŋő ć R^N ďăęě ŕàĺ őčàăŋĺçěŋŋőň Q ⊂R^n . Ŕãáâì π_j - ŕàőěłæĺï ňŋőęěáâćă ∑ ŋă čĺŕěàŕńőáłőáâì r_j = 0.

Ńěčłő ŕőłăğăâì, çâő ďńï ćëŕãłńőčő Q ŕàïňăï, ŕàőåőďïéăï ŕăàăńńěńìŋő őáĺ r_j çěàěğ ŕàőĺğćőńìŋãî âőçłã p_j ∈ π_j, ŕěàěáěłăěâáï á ňŋőęěáâćőň ∑ ŕő ĺŋâěàćăńã r_j ∈ ( r^{(1)}_j , r^{(2)}_j ) , ŕàĺçěň äãŋłæĺĺ r_j = r^{(1,2)}_j (p_j ) őčàăŋĺçěŋë ŕàĺ őčàăŋĺçěŋŋőň Q ĺ z^∗_j ≠ 0.

Řăááňőâàĺň ŕàĺ äĺłáĺàőćăŋŋőň k ∈ 1, N äãŋłæĺî

h_k (z_k) = g ( z^∗_1, . . . , z^∗_k, z_k, z^∗_{k+1}, . . . , z^∗_N ) , z_k ∈ R^n .

Ńěňňă 2. Ŕãáâì j, k ∈ 1, N, ćěłâőà z^∗_j ≠ 0, ŕńőâŋőáâì ćěàőïâŋőáâĺ f (r_1, . . . , r_N ) ďĺääěàěŋæĺàãěňă ŕő r_j ĺ äãŋłæĺï Φ_{kj} (r) ≡ ∂ (r_kf) /∂r_j áãňňĺàãěňă ć R^N . Šőčďă äãŋłæĺï h_k (·) ďĺääěàěŋæĺàãěňă ć âőçłě z^∗_k ć ŋăŕàăćńěŋĺĺ ćěłâőàă z^∗_j . Śőőâćěâáâćãîéăï ŕàőĺğćőďŋăï ŕő ŋăŕàăćńě- ŋĺî ∂h_k ∂z^∗_j = d dε h_k ( z^∗_k + εz^∗_j ) |_{ε=0}= − ∫ ∑ Φ_{kj} (r) dr. (15.6)

Ďőłăğăâěńìáâćő. Ĺňěěň h_k ( z^∗_k + εz^∗_j ) = P {(ξ_1z^∗_1 + . . . + ξ_kz^∗_k + . . . + ξ_N z^∗_N ) ∈ Q} = = ∫ ∑ f_η (r) dr, (15.7)

čďě f_η - áőćňěáâŋăï ŕńőâŋőáâì àăáŕàěďěńěŋĺï łőňŕőŋěŋâ ćěłâőàă η ≡ { η_i = ξ_i, i ≠ j η_j = ξ_j + εξ_k, i = j ,

f_η (r) ≡ F (ε, r) = { f (r_1, . . . , r_{j−1}, r_j − εr_k, . . . , r_N ) , j ≠ k 1 (1+ε) f ( r_1, . . . , r_{j−1},^{rj}_{(1+ε)} , . . . , r_N ) , j = k. Ńěčłő ćĺďěâì ∂F ∂ε (ε, r) = { −r_k^{∂f}_{∂rj} (r_1, . . . , r_j − εr_k, . . . , r_N ) , j ≠ k −1 (1+ε)^2 ∂ ∂r_j [ r_jf ( r_1, . . . ,^{rj}_{(1+ε)} , . . . , r_N )] , j = k. Řăááňőâàĺň äãŋłæĺî

Ψ (ε) ≡ ∫ ∑ ∂F ∂ε (ε, r) dr = − ∫ ∑ ε Φ_{kj} (r) dr,

15.5. Şáńőćĺï ďĺääěàěŋæĺàãěňőáâĺ... 155 čďě ∑ ε ≡ P_ε ∑ , P_ε - ńĺŋěľŋëľ őŕěàăâőà ŕàěőąàăğőćăŋĺï ć R^N , P_ε ≡ ‖p_{il}‖,

p_{il} = δ_{il} − α (ε) δ_{ij} δ_{lk}, α (ε) = ε ĺ α (ε) = ε/ (1 + ε) ŕàĺ k = j, δ_{ij} - áĺňćőń

Łàőŋěłěàă. Ĺňěěň |Ψ (ε)| ≤ ∫ R^N |Φ_{kj} (r)| dr, ŕőíâőňã äãŋłæĺï Ψ (ε) áãňňĺàãěňă ć őłàěáâŋőáâĺ âőçłĺ ε = 0. Ŕőłăęěň

ěñ ŋěŕàěàëćŋőáâì ć íâőľ âőçłě. Ŕãáâì K_R ≡ {r : |r| > R} , K̄_R ≡ R^N \K_R, ∑ ε,R ≡ ∑ ε ∩K_R, ∑′ ε,R ≡ ∑ ε ∩K̄_R, ∑ 0,R ≡ ∑ ∩K_R, ∑′ 0,R ≡ ∑ ∩K̄_R. Šăł łăł äãŋłæĺï Φ_{kj} (r) áãňňĺàãěňă ć R^N , âő ďńï ńîąőčő δ > 0 ŋăľďěâáï

âăłőě R, çâő ∫ E |Φ_{kj} (r)| dr < δ 3 ďńï ćáïłőčő ĺğňěàĺňőčő ňŋőęěáâćă E ⊂ K_R. Őæěŋĺň ŕàĺ ďăŋŋőň R > 0

ňőďãńì àăğŋőáâĺ

|Ψ (ε) − Ψ (0)| = | | | | | ∫ ∑ ε Φ_{kj} (r) dr− ∫ ∑ Φ_{kj} (r) dr | | | | | ≤

≤ | | | | | | ∫ ∑ ε,R Φ_{kj} (r) dr | | | | | | + | | | | | | ∫ ∑ 0,R Φ_{kj} (r) dr | | | | | | + | | | | | | | ∫ ∑′ ε,R Φ_{kj} (r) dr− ∫ ∑′ 0,R Φ_{kj} (r) dr | | | | | | | .

Śãňňă ŕěàćëå ďćãå çńěŋőć ŋě ŕàěćőáåőďĺâ 2δ/3. Šăł łăł ňěàă Ńěąě-

čă áĺňňěâàĺçěáłőľ àăğŋőáâĺ őčàăŋĺçěŋŋëå ňŋőęěáâć ∑′ ε,R ĺ ∑′ 0,R áâàě-

ňĺâáï ł ŋãńî ŕàĺ ε → 0, âő ŕőáńěďŋĺľ çńěŋ áãňňë ňěŋìèě δ/3 ŕàĺ ćáěå

ďőáâăâőçŋő ňăńëå ε. Ć ĺâőčě ďńï âăłĺå ε ĺňěěň |Ψ (ε) − Ψ (0)| < δ, çâő

ďőłăğëćăěâ ŋěŕàěàëćŋőáâì Ψ (ε) ć âőçłě ε = 0. Şáâăŋőćńěŋŋëå áćőľáâć

Ψ (ε) ďőáâăâőçŋő ďńï ćőğňőęŋőáâĺ ďĺääěàěŋæĺàőćăŋĺï ŕő ŕăàăňěâàã ε

ĺŋâěčàăńă (15.7) ć âőçłě ε = 0 [5, á. 132]: ∂h_k ∂z^∗_j = ∫ ∑ ∂F ∂ε (0, r) dr = − ∫ ∑ Φ_{kj} (r) dr.

Ńěňňă ďőłăğăŋă.

Ďńï ćëŕãłńőčő Q ĺğ (15.6) ŕőńãçăěň ∂h_k ∂z^∗_j = ∫ π_j (r_kf) |^{rj =r} (1) j (p_j )

r_j =r^{(2)}_j (p_j ) dpj,

čďě ŕàĺ ąěáłőŋěçŋőň ğŋăçěŋĺĺ ŕàěďěńă r^{(1,2)}_j áńěďãěâ áçĺâăâì áőőâćěâáâćãîéěě ğŋăçěŋĺě ŕőďáâăŋőćłĺ ŋãńěćëň. Ĺáŕőńìğãï ďăŋŋőě ŕàěďáâăćńěŋĺě ŕàőĺğćőďŋőľ, ňőęŋő ąëńő ďőłăğăâì ńěňňã 2 ŕàĺ ąőńěě áńăąëå ŕàěďŕőńőęěŋĺïå őâŋőáĺâěńìŋő äãŋłæĺĺ f, ŋě âàěąãîéĺå áãéěáâćőćăŋĺï çăáâŋëå ŕàőĺğćőďŋëå.

Šěőàěňă 2. Ŕãáâì N ≥ n, k ∈ 1, N, ćěłâőàë {z^∗_1, . . . , z^∗_n} ⊂ Z őąàăğãîâ ąăğĺá ć R^n , ŕńőâŋőáâì f ďĺääěàěŋæĺàãěňă ŕő r_j ĺ äãŋłæĺĺ Φ_{kj} (r) ≡ ∂ (r_kf) /∂r_j áãňňĺàãěňë ć R^N . Šőčďă äãŋłæĺï h_k (z_k) ďĺääěàěŋæĺàãěňă ć âőçłě z^∗_k. Ěñ čàăďĺěŋâ ć íâőľ âőçłě

∇h_k (z^∗_k) = n∑ j=1 n∑ i=1 ∂h_k ∂z^∗_j ( e^j , e^i ) z^∗_i , (15.8)

čďě {e^1, . . . , e^n}- ćğăĺňŋëľ ďńï {z^∗_1, . . . , z^∗_n} ąăğĺá.

Ďőłăğăâěńìáâćő. Ěáńĺ ďĺääěàěŋæĺàãěňőáâì ďőłăğăŋă, âő àăğńăčăï čàăďĺěŋâ ŕő ąăğĺáã {e^i}, ă łăęďëľ ĺğ ćěłâőàőć e^j - ŕő ąăğĺáã {z^∗_i } [6, c.229], ŕőńãçăěň ∇h_k = n∑ i=1 ( ∇h_k, z^∗_j ) e^j = n∑ j=1 ∂h_k ∂z^∗_j n∑ i=1 ( e^j, e^i ) z^∗_i ,

çâő ĺ ŕàĺćőďĺâ ł äőàňãńě (15.8).

Ďńï ďőłăğăâěńìáâćă ďĺääěàěŋæĺàãěňőáâĺ äãŋłæĺĺ h_k ďőáâăâőçŋő ŕàőćěàĺâì ŋěŕàěàëćŋőáâì ŕàőĺğćőďŋëå^{∂hk}_{∂z}∗_j (z_k) ć âőçłě z^∗_k. Řăğńőęĺć ŕàőĺğćőńìŋőě ŕàĺàăéěŋĺě Δz_k ŕő ąăğĺáã {z^∗_i }, Δz_k = Δ_1z^∗_1 + . . . + Δ_nz^∗_n, Δ_i ≡ (Δz_k, e^i), ŕőńãçĺň ăŋăńőčĺçŋő (15.7) ∂h_k ∂z^∗_j (z ∗ k + Δz_k) = − ∫ ∑ ∂ ∂r_j (rkf) dr = =^1_{(1+Δk)} ∫ ∑ Δ Φ_{kj} (r) dr = Ψ (Δ_k) , čďě f_Δ (r) =^1_{(1+Δk)} f ( r_1 −^{Δ1}_{(1+Δk)} r_k, . . . , r_n −^{Δn}_{(1+Δk )} r_k, r_{n+1}, . . . , r_N ) ; ∑ Δ ≡ P_Δ ∑ ; P_Δ ≡ ‖p_{il}‖ ; p_{il} ≡ { δ_{il} −^{Δ1}_{(1+Δk)} δ_{lk}, i = 1, n δ_{il}, i = n + 1, N .

15.6. Şáńőćĺï őŕâĺňăńìŋőáâĺ 157

Šăł ęě, łăł ŕàĺ ďőłăğăâěńìáâćě ńěňňë 2 ãáâăŋăćńĺćăěâáï, çâő Ψ (Δ_k) → Ψ (0) ŕàĺ, Δz_k → 0, çâő ďőłăğëćăěâ ŋěŕàěàëćŋőáâì ŕàőĺğćőďŋëå. Šěőàěňă ďőłăğăŋă.

Őçěćĺďŋő, çâő ć äőàňãńĺàőćłě âěőàěňë ňőęŋő ğăňěŋĺâì {z^∗_i } ŋă ńîąőľ ďàãčőľ ŋăąőà ćěłâőàőć ĺğ Z, őąàăğãîéĺľ ąăğĺá ć R^n . Ěáńĺ àăğňěàŋőáâì ńĺŋěľŋőľ őąőńőçłĺ L áĺáâěňë ćěłâőàőć Z ňěŋìèě àăğňěàŋőáâĺ äăğőćőčő ŕàőáâàăŋáâćă n, âő ŕàĺ ŕàĺŋïâëå ć âěőàěňě âàěąőćăŋĺïå ł ŕńőâŋőáâĺ f ňőęŋő čăàăŋâĺàőćăâì ďĺääěàěŋæĺàãěňőáâì äãŋłæĺĺ h_kńĺèì ŕő ŕőďŕàőáâàăŋáâćã L. Ŕàĺ íâőň ńěčłő áâàőïâáï ŕàĺňěàë (áň. ŋĺęě), łőčďă őâáãâáâćĺě âăłĺå áćőľáâć ňŋőęěáâćă Q łăł âěńěáŋőáâì, áâàőčăï ćëŕãłńőáâì, čńăďłőáâì čàăŋĺæë ŕàĺćőďïâ ł âőňã, çâő äãŋłæĺï ŕőńãçăěâáï ŋě ďĺääěàěŋæĺàãěňőľ ĺńĺ ďăęě àăğàëćŋőľ ć âőçłě .

Ŕàĺňěà 1.

n = 3; N = 2; Q = { x_1 = 0, (x_2 − 2)^2 + (x_3 − 2)^2 ≤ 1 } ; z^∗_1 = (0, 0, 1) ; z^∗_2 = (0, 1, 0) .

Ŕàĺňěà 2.

n = 2; N = 1; Q = {x_1 ≥ 0, x_2 ≥ 0, 1 ≤ x^2_1 + x^2 ≤ 2} , z^∗ = (0, 1) .

Ŕàĺňěà 3.

n = 2; N = 1; Q = { (x_1 − 7)^2 + x^2 ≤ 25 (x_2 − 7)^2 + x^2_1 ≤ 25 } , z^∗ = (1, 1) .

Šěőàěňă 3. Ŕãáâì äãŋłæĺï f ŋěŕàěàëćŋő ďĺääěàěŋæĺàãěňă ć R^N , Q - èăà ć R^n . Ďńï ńîąőčő ŋăąőàă ćěłâőàőć Z, ŋě ŕàĺŋăďńěęăéěčő ŕàőåőďïéěľ çěàěğ ŋăçăńő łőőàďĺŋăâ, łăáăâěńìŋőľ ŕőćěàåŋőáâĺ èăàă čĺŕěàŕńőáłőáâĺ, äãŋłæĺĺ h_k (z_k) , k = 1, N ďĺääěàěŋæĺàãěňë ć âőçłăå z^∗_k ∈ Z.

Šěőàěňă ďőłăğëćăěâáï ŋěŕőáàěďáâćěŋŋëň ćëçĺáńěŋĺěň, őŕĺàăîéĺňáï ŋă ăŋăńĺâĺçěáłőě őŕĺáăŋĺě ňŋőęěáâćă Q. İăňěâĺň, çâő ďńï ŋăąőàă, ńěęăéěčő ć łăáăâěńìŋőľ ŕńőáłőáâĺ, ğŋăçěŋĺě äãŋłæĺőŋăńă àăćŋő ŋãńî. Őŋő ňőęěâ ąëâì ňăłáĺňăńìŋëň ńĺèì ć ćëàőęďěŋŋëå ğăďăçăå (áň. ŕ.15.6). Šăłĺň őąàăğőň, ãáńőćĺï âěőàěňë ćŕőńŋě ěáâěáâćěŋŋë ć àăááňăâàĺćăěňőľ ć ŕ.15.1 ğăďăçě őŕâĺňăńìŋőčő ãŕàăćńěŋĺï.

15.6. Şáńőćĺï őŕâĺňăńìŋőáâĺ

Őąőğŋăçĺň Z (u (·)) ≡ { z^{(i)}u , i = 1, N } ŋăąőà ćěłâőàőć ć R^n , őŕàěďěńïěňëľ äőàňãńăňĺ (15.2) ďńï ãŕàăćńěŋĺï u (·) ∈ U . Ŋăğőćěň ğăďăçã (15.1) ă) ŋěćëàőęďěŋŋőľ, ěáńĺ äãŋłæĺőŋăń φ (·) ŋě ŕőáâőïŋěŋ ŋă U ; ą) àěčãńïàŋőľ ŋă ãŕàăćńěŋĺĺ u^∗ (·) ∈ U , ěáńĺ ŕàĺ ćáěå k = 1, N äãŋłæĺĺ h_k (z_k), őŕàěďěńïěňëě ďńï ŋăąőàă ćěłâőàőć Z (u^∗ (·)), ďĺääěàěŋæĺàãěňë ć áőőâćěâáâćãîéĺå âőçłăå z^{(k)}_u∗ (áň. ŕ.15.5).

Ńěňňă 3. Ěáńĺ x̂_0 ∈ Q, âő ďńï őŕâĺňăńìŋőáâĺ u^0 (·) ∈ U ďőáâăâőçŋő, çâőąë ŋăąőà ćěłâőàőć Z (u^0 (·)) ąëń ŋãńěćëň. Ś ďàãčőľ áâőàőŋë, ěáńĺ ğăďăçă ŋěćëàőęďěŋă ĺ x̂_0 ∉ Q, âő ďńï őŕâĺňăńìŋőáâĺ u^0 (·) ŋěőąåőďĺňő, çâőąë ŋăąőà Z (u^0 (·)) ąëń ŋěŋãńěćëň.

Ďőłăğăâěńìáâćő. Ŕàĺ z^{(i)}_{u0} = 0, i = 1, N ĺğ (15.5) ŕőńãçăěň φ (u^0 (·)) = P {x̂_0 ∈ Q}. Ğŋăçěŋĺě ďăŋŋőľ ćěàőïâŋőáâĺ àăćŋő 1 = sup φ (u (·)) ŕàĺ x̂_0 ∈ Q ĺ àăćŋő 0 = inf φ (u (·)) < sup φ (u (·)) ŕàĺ x̂_0 ∉ Q. Őâáîďă ćëâěłăîâ őąă ãâćěàęďěŋĺï ńěňňë.

Šěőàěňă 4. Ŕãáâì u^0 (·) - őŕâĺňăńìŋőě ďőŕãáâĺňőě ãŕàăćńěŋĺě, ĺ ğăďăçă (15.1) àěčãńïàŋă ŋă u^0 (·). Šőčďă ďńï ŕőçâĺ ćáěå t ∈ [0, 1] ( θ (t) , B (t) u^0 (t) ) = max_{v∈V} (θ (t) , B (t) v) , (15.9)

čďě áőŕàïęñŋŋăï äãŋłæĺï

θ (t) = N∑ k=1 χ_k (t) θ_k (t) , {_d dt θ_k = −A^′ (t) θ_k θ_k (1) = ∇h_k ( z^{(k)}_{u0} ) , χ_k (t) - ĺŋďĺłăâőà ňŋőęěáâćă [t_{k−1}, t_k) , k = 1, N.

Ďőłăğăâěńìáâćő. Ŕãáâì τ ∈ (t_{k−1}, t_k), 0 < ε < t_k − τ

u^ε (t) = { v ∈ V, t ∈ (τ, τ + ε) u^0 (t) , t ∉ (τ, τ + ε) . Şçĺâëćăï, çâő ŕàĺ ŕőďőąŋőň ćăàìĺàőćăŋĺĺ ãŕàăćńěŋĺï ć čàãŕŕě ćěłâőàőć Z (u^0 (·)) ĺğňěŋïěâáï âőńìłő ćěłâőà z^{(k)}_{u0} , ĺňěěň

φ (u^ε (·)) − φ (u^0 (·)) = h_k ( z^{(k)}_uε ) − h_k ( z^{(k)}_{u0} ) = = ( ∇h_k ( z^{(k)}_{u0} ) , Δ_εz^{(k)} ) + o (| Δ_εz^{(k)} | |) ,

Δ_εz^{(k)} ≡ z^{(k)}_uε − z^{(k)}_{u0} =

= Φ (1) τ +ε∫ τ Φ^{−1} (s) B (s) (v − u^0 (s)) ds.

Őâáîďă ŕő âěőàěňě Ńěąěčă ő ďĺääěàěŋæĺàőćăŋĺĺ ĺŋâěčàăńă ŕőńãçăěň ŕàĺ ŕőçâĺ ćáěå τ ∈ (t_{k−1}, t_k)

δφ = lim_{ε→0}^{φ(uε(·))−φ}(^{u0(·)}) ε = = ( ∇h_k ( z^{(k)}_{u0} ) , Φ (1) Φ^{−1} (τ ) B (τ ) (v − u^0 (τ)) ) = = (θ (τ ) , B (τ) (v − u^0 (τ))) .

Šăł łăł ćăàĺăæĺï δφ ≤ 0 ć áĺńã őŕâĺňăńìŋőáâĺ ãŕàăćńěŋĺï u^0 (·), âő őâáîďă áńěďãěâ (15.9). Šěőàěňă ďőłăğăŋă.

Ńĺâěàăâãàă

[1] Śňĺàŋőć Ĺ.Ŕ. // Ďĺääěàěŋæ. ãàăćŋěŋĺï. 1990, â.26, ü10, á. 1753-1758 (Čńăćă 12 ŋăáâőïéěčő áąőàŋĺłă)

[2] Śňĺàŋőć Ĺ.Ŕ. // Ďĺääěàěŋæ. ãàăćŋěŋĺï. 1990, â.26, ü11, á. 1943-1949 (Čńăćă 13 ŋăáâőïéěčő áąőàŋĺłă)

[3] Čĺåňăŋ Ĺ.Ĺ., Śłőàőåőď Ă.Ć. Śâőåăáâĺçěáłĺě ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï. Łĺěć, 1968.

[4] Ŋěćě Ę. Ňăâěňăâĺçěáłĺě őáŋőćë âěőàĺĺ ćěàőïâŋőáâěľ. Ňőáłćă, 1969.

[5] Śőąőńěć Ś.Ń. Şàăćŋěŋĺï ňăâěňăâĺçěáłőľ äĺğĺłĺ. Ňőáłćă, 1966.

[6] Ĺńìĺŋ Ć.Ă., Ŕőğďŋïł İ.Č. Ńĺŋěľŋăï ăńčěąàă. Ňőáłćă, 1984.

ŊŊČŞ ĺň. Ŋ.Ĺ. Ńőąăçěćáłőčő