ŇŐŚŁŐĆŚŁĹĽ ČŐŚŞĎĂŘŚŠĆĚŊŊŻĽ ŞŊĹĆĚŘŚĹŠĚŠ ĺň. Ň. Ć. ŃŐŇŐŊŐŚŐĆĂ

Ŋăşůŋő-ĺśśńěďőćăšěńĳśłĺľ ćżůĺśńĺšěńĳŋżľ űěŋšř

Ň. Ć. Łőńőś, Ĺ. Ć. Łőńőś

ŇĚŠŐĎŻ ŃĹŊĚĽŊŐĽ ŐŔŠĹŇĂŃĲŊŐĽ ŤĹŃĲŠŘĂŰĹĹ

Ŕőď řěďăłűĺěľ Ć.Ă. Ňőřőğőćă

Ĺğďăšěńĳśšćő Ňőśłőćśłőčő şŋĺćěřśĺšěšă 2000

ŞĎŁ 519.6; 517.5; 62-50 ĄĄŁ 22.19

Ł 61

Łőńőś Ň.Ć., Łőńőś Ĺ.Ć. Ňěšőďż őŕšĺňăńĳŋőľ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ / Ŕőď řěď. Ć.Ă. Ňőřőğőćă. { Ň.: Ĺğď-ćő ŇČŞ, 2000. { 102 ś.

Řăąőšă ŕőść£źěŋă ňěšőďăň řěÿěŋĺ£ ğăďăů ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ďń£ ćőśśšăŋőćńěŋĺ£ śĺčŋăńőć ŋă ťőŋě ÿşňőć řăğńĺůŋőľ ŕřĺřőďż. Ŋăř£ďş ś ĺğńőęěŋĺěň ĺğćěśšŋżţ ăńčőřĺšňőć ćĺŋěřőćśłőľ ĺ łăńňăŋőćśłőľ ťĺńĳšřăűĺĺ ć ňőŋőčřăťĺĺ ŕřĺćěďěŋ řěčşń£řĺğĺřş¿źĺľ ňěšőď řěÿěŋĺ£, őśŋőćăŋŋżľ ŋă ŕřĺňěŋěŋĺĺ ťĺńĳšřă Łăńňăŋă-Ąĳ¿śĺ ďń£ ŋěłőřřěłšŋő ŕőśšăćńěŋŋőľ ğăďăůĺ őŕřěďěńěŋĺ£ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ őűěŋłĺ, ěśńĺ ŕőńěğŋżľ śĺčŋăń ŋăąń¿ďăěšś£ ś űćěšŋżň ÿşňőň, ă šăłęě řăğřăąőšăŋ ŕřĺąńĺęěŋŋżľ ňěšőď řěÿěŋĺ£ ğăďăůĺ ćőśśšăŋőćńěŋĺ£ śĺčŋăńőć ć śĺśšěňăţ, őŕĺśżćăěňżţ ďĺťťěřěŋűĺăńĳŋżňĺ şřăćŋěŋĺ£ňĺ ś ůăśšŋżňĺ ŕřőĺğćőďŋżňĺ.

Ňőŋőčřăťĺ£ řăśśůĺšăŋă ŋă ŋăşůŋżţ śőšřşďŋĺłőć, ăśŕĺřăŋšőć ĺ śšşďěŋšőć śšăřÿĺţ łşřśőć, ĺŋšěřěśş¿źĺţś£ ŕřőąńěňăňĺ ćőśśšăŋőćńěŋĺ£ śĺčŋăńőć ŋă ťőŋě čăşśśőćśłĺţ ÿşňőć. Őŋă ňőęěš ążšĳ ŕőńěğŋă ŕřĺ ůšěŋĺĺ śŕěűĺăńĳŋżţ łşřśőć ĺ řěÿěŋĺĺ ř£ďă ğăďăů ňăšěňăšĺůěśłőľ őąřăąőšłĺ řěğşńĳšăšőć ¡łśŕěřěňěŋšőć, šěőřěšĺůěśłőľ ĺ ŕřĺłńăďŋőľ łĺąěřŋěšĺłĺ, šěőřĺĺ şŕřăćńěŋĺ£, řăďĺő¡ńěłšřőŋĺłĺ.

Ĺğďăŋĺě őśşźěśšćńěŋő ŕřĺ ťĺŋăŋśőćőľ ŕőďďěřęłě ŤŊŠŔ "Şŋĺćěřśĺšěšż Řőśśĺĺ - ťşŋďăňěŋšăńĳŋżě ĺśśńěďőćăŋĺ£" (čřăŋš Â 4-5584), Řőśśĺľśłőčő ťőŋďă ťşŋďăňěŋšăńĳŋżţ ĺśśńěďőćăŋĺľ (čřăŋš Â 98-01-00345), ŘŤŤĹ "Łşąăŋĳ" (čřăŋš Â 98-01-03628)

Řěűěŋğěŋšż:

ďőłšőř šěţŋĺůěśłĺţ ŋăşł Ő. Ą. Ăřşÿăŋ£ŋ, łăŋďĺďăš ťĺğĺłő-ňăšěňăšĺůěśłĺţ ŋăşł Ś. Ť. Čĺń£ğőć

ISBN 5-211-03916-5 © Ňőśłőćśłĺľ čőśşďăřśšćěŋŋżľ şŋĺćěřśĺšěš, 2000

Śőďěřęăŋĺě

Ććěďěŋĺě : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 1 Ŕőśšăŋőćłă ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ : : : : : : : : : : : : : : : : : : : : : : 7 1.1 Őśŋőćŋżě őąőğŋăůěŋĺ£ ĺ ŕőŋ£šĺ£ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 1.2 Ŕőśšăŋőćłă ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ. Şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă : : 19 2 Ńĺŋěľŋżľ őŕšĺňăńĳŋżľ ťĺńĳšř ďń£ śšăűĺőŋăřŋżţ śńşůăľŋżţ ŕřőűěśśőć. Ťĺńĳšř Ćĺŋěřă : 22 2.1 Śšăűĺőŋăřŋżě śńşůăľŋżě ŕřőűěśśż : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 22 2.2 Ťĺńĳšř Ćĺŋěřă : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 23 2.3 Őďŋőňěřŋżľ ťĺńĳšř Ćĺŋěřă : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 25 3 Ńĺŋěľŋżľ őŕšĺňăńĳŋżľ ťĺńĳšř ďń£ ŋěśšăűĺőŋăřŋżţ śńşůăľŋżţ ŕřőűěśśőć : : : : : : : : : : 29 3.1 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 29 3.2 Őąőąźěŋŋżľ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ : : : : : : : : : : : : : : : : : : : : : : : : : : : : 36 3.3 Śšăűĺőŋăřŋżľ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ : : : : : : : : : : : : : : : : : : : : : : : : : : : 42 3.4 Ňěšőď ťőřňĺřş¿źěčő ťĺńĳšřă : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 43 3.5 Ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 45 4 Řěčşń£řĺğőćăŋŋżě ńĺŋěľŋżě ťĺńĳšřż : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 59 4.1 Řěčşń£řĺğőćăŋŋżľ ńĺŋěľŋżľ ťĺńĳšř ďń£ őąźěčő śńşůă£ ćżřőęďěŋŋőčő ąěńőčő ÿşňă ć ŋăąń¿ďěŋĺ£ţ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 59 4.2 Řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ŕřĺ ŋăąń¿ďěŋĺ£ţ ś ůĺśšő űćěšŋżň ÿşňőň : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 64 5 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£. Ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ : : : : : : : : : : : : : : : : : : 67 5.1 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ : : : : : : : : : 67 5.2 Ćżąőř łćăğĺőŕšĺňăńĳŋőčő ŕăřăňěšřă řěčşń£řĺğăűĺĺ : : : : : : : : : : : : : : : : : : 74 6 Ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ć śĺśšěňăţ ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ : : 79 6.1 Ŕőśšăŋőćłă őąőąźěŋŋőľ ğăďăůĺ Łőÿĺ ďń£ ŕăřăąőńĺůěśłĺţ śĺśšěň : : : : : : : : : : : 79 6.2 Ćőśśšăŋőćńěŋĺě śĺčŋăńőć ć ŕăřăąőńĺůěśłĺţ śĺśšěňăţ : : : : : : : : : : : : : : : : : : : 88 6.3 Ŕřĺąńĺęěŋŋőě řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ : : : : : : : : : : : : : : : : : : : 91 Ńĺšěřăšşřă : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 98

Ććěďěŋĺě

Őďŋă ĺğ ćăęŋěľÿĺţ ğăďăů šěőřĺĺ şŕřăćńěŋĺ£ ğăłń¿ůăěšś£ ć śńěďş¿źěň: šřěąşěšś£ ŋăĺńşůÿĺň őąřăğőň ĺğćńěůĳ ĺŋťőřňăűĺ¿ őą ĺğşůăěňőň ŕřőűěśśě ĺğ ĺğňěřěŋĺľ ŋěłőšőřżţ ěčő ţăřăłšěřĺśšĺł, ĺğňěřěŋĺľ { ůăśšő łőśćěŋŋżţ ĺ ŕřőćěďěŋŋżţ ś ŕőčřěÿŋőśš£ňĺ (ğăÿşňńěŋŋżţ). İšő ŋěőąţőďĺňő ďń£ ŕřĺŋ£šĺ£ ŕřăćĺńĳŋżţ řěÿěŋĺľ ŕő ŋăąń¿ďěŋĺ¿ ğă ĺśśńěďşěňżň ŕřőűěśśőň ĺńĺ ćżřăąőšłě őŕšĺňăńĳŋőčő ( ć ŋěłőšőřőň śňżśńě ) şŕřăćńěŋĺ£. Ćőğŋĺłŋőćěŋĺě šăłőľ ŕřőąńěňż, ŋăğżćăěňőľ ğăďăůěľ ťĺńĳšřăűĺĺ ĺńĺ őűěŋĺćăŋĺ£, ść£ğăŋő ś šěň, ůšő ć ń¿ąőľ śĺśšěňě ść£ğĺ ĺńĺ şŕřăćńěŋĺ£ ŋě ćśě ţăřăłšěřĺśšĺłĺ ŕřőűěśśőć (śĺčŋăńőć) ğăďăŋż šőůŋő (ŕěřěďăůă ăŕřĺőřŋő ĺğćěśšŋőľ ĺŋťőřňăűĺĺ ŋě ĺňěěš śňżśńă).

Ŕěřćżě ŕőŕżšłĺ řăğřăąőšăšĳ ¡ťťěłšĺćŋżě ňăšěňăšĺůěśłĺě ňěšőďż řěÿěŋĺ£ ğăďăů ťĺńĳšřăűĺĺ ňőęŋő őšŋěśšĺ ł ćřěňěŋăň Č. Čăńĺńě£, Ă. Ńěęăŋďřă ĺ Ł. Čăşśśă. Čăşśśş, łăł śůĺšăěšś£, ŕřĺŋăďńěęĺš ŕěřćőě şŕőšřěąńěŋĺě ŕőŋ£šĺ£ őűěŋĺćăŋĺ£, łőšőřőě ążńő ŕřĺňěŋěŋő ł řăśůěšş šřăěłšőřĺľ ďćĺęěŋĺ£ ŋěąěśŋżţ šěń. Ć 1795 č. Ł. Čăşśś řăğřăąőšăń ňěšőď ŋăĺňěŋĳÿĺţ łćăďřăšőć, łőšőřżľ £ćń£ěšś£ őďŋĺň ĺğ őśŋőćŋżţ ć šěőřĺĺ ŕřőčŋőğĺřőćăŋĺ£ ĺ ťĺńĳšřăűĺĺ. Ňěšőď ŋăĺňěŋĳÿĺţ łćăďřăšőć ŕőğćőńĺń řěÿĺšĳ ğăďăůş ŕřőčŋőğă ć śńşůăě łőśćěŋŋżţ ŋăąń¿ďěŋĺľ ŕřőűěśśă ŋă łőŋěůŋőň ŕřőňěęşšłě ćřěňěŋĺ, ă ĺňěŋŋő: őŕřěďěńĺšĳ šřăěłšőřĺ¿ ăśšěřőĺďă Űěřěřă, őšłřżšőčő ć 1801 č. ĺ śłřżćÿěčőś£ ĺğ ŕőń£ ğřěŋĺ£ ć őąńăłăţ, ă ğăšěň ć ńşůăţ Śőńŋűă { ŕő ŋăąń¿ďěŋĺ£ň 1/40 ůăśšĺ ěčő őřąĺšż. Řăśůěšż, ćżŕőńŋěŋŋżě Čăşśśőň, ŕőğćőńĺńĺ őŕřěďěńĺšĳ ňěśšő ŋăţőęďěŋĺ£ ăśšěřőĺďă ŕőśńě ŕřőţőďă ĺň ğőŋż ŋěćĺďĺňőśšĺ ĺ ŕřőďőńęĺšĳ ŋăąń¿ďěŋĺě ğă ŋĺň.

Ňěšőď ŋăĺňěŋĳÿĺţ łćăďřăšőć śšăń ňőźŋżň ăŕŕăřăšőň ŕřĺ řěÿěŋĺĺ ğăďăů ŕřőčŋőğă ĺ ťĺńĳšřăűĺĺ. Ŋěďőśšăšłőň ňěšőďă, ć ŕěřćőŋăůăńĳŋőň ěčő ćăřĺăŋšě, £ćń£ńőśĳ šő, ůšő ŕřĺ ŕőśšşŕńěŋĺĺ ŋőćőľ ĺŋťőřňăűĺĺ ő ŋăąń¿ďăěňőň ŕřőűěśśě ďń£ şšőůŋěŋĺ£ őűěŋłĺ šřěąőćăńőśĳ ŕřőćőďĺšĳ řăśůěš ć ŕőńŋőň őąžěňě, šő ěśšĳ ś śăňőčő ŋăůăńă. Ć 1821 č. Ł.Čăşśś ŕřěďńőęĺń ŋőćżľ ćăřĺăŋš ňěšőďă ŋăĺňěŋĳÿĺţ łćăďřăšőć, łőšőřżľ ŕőğćőńĺń ŕřĺ ŕőśšşŕńěŋĺĺ ŋőćżţ ĺğňěřěŋĺľ ńĺÿĳ şšőůŋ£šĳ řăŋěě ŕőńşůěŋŋżľ řěğşńĳšăš. Šăłĺň őąřăğőň, ążńă řăğřăąőšăŋă řěłşřřěŋšŋă£ ćěřśĺ£ ňěšőďă ŋăĺňěŋĳÿĺţ łćăďřăšőć.

Śńěďş¿źĺľ ¡šăŕ řăğřăąőšłĺ ňăšěňăšĺůěśłĺţ ňěšőďőć řěÿěŋĺ£ ğăďăů şŕřăćńěŋĺ£ ść£ğăŋ ś ĺŋšěŋśĺćŋżň řăğćĺšĺěň řăďĺőńőłăűĺőŋŋőľ šěţŋĺłĺ, łőšőřőě ŋăůăńőśĳ ć łőŋűě 30-šżţ { ŋăůăńě 40-żţ č.č. XX śšőńěšĺ£. Ŕřĺ ¡šőň ŋă ŕěřćżľ ŕńăŋ ćżďćĺčăńăśĳ ŕřőąńěňă řěÿěŋĺ£ ğăďăůĺ ťĺńĳšřăűĺĺ { ćżďěńěŋĺ£ ŕőńěğŋőčő śĺčŋăńă ŋă ťőŋě ÿşňă. İšş ğăďăůş ć śńşůăě ńĺŋěľŋőčő őűěŋĺćăŋĺ£ ďĺśłřěšŋżţ śšăűĺőŋăřŋżţ śńşůăľŋżţ ŕřőűěśśőć ćŕěřćżě řăśśňőšřěń Ă.Ŋ. Łőńňőčőřőć [15]. Ŋěśłőńĳłő ŕőğęě ăŋăńőčĺůŋżňĺ ćőŕřőśăňĺ ğăŋĺňăńś£ Ŋ. Ćĺŋěř [44], ŋő ďń£ ŋěŕřěřżćŋżţ śšăűĺőŋăřŋżţ śńşůăľŋżţ ŕřőűěśśőć. Ś řăąőš Ă.Ŋ. Łőńňőčőřőćă ĺ Ŋ. Ćĺŋěřă ąěřěš ŋăůăńő śőćřěňěŋŋă£ šěőřĺ£ ťĺńĳšřăűĺĺ. Ă.Ŋ. Łőńňőčőřőć ĺ Ŋ. Ćĺŋěř řăśśňăšřĺćăńĺ śšăűĺőŋăřŋżě śńşůăľŋżě ŕřőűěśśż ŋă ąěśłőŋěůŋőň ĺŋšěřćăńě ŋăąń¿ďěŋĺ£ ĺ ďń£ ŕőńşůěŋĺ£ őŕšĺňăńĳŋőľ őűěŋłĺ ĺśŕőńĳğőćăńĺ ňěšőď ŋăĺňěŋĳÿĺţ łćăďřăšőć. Ŋ. Ćĺŋěřőň ążńő ŕőłăğăŋő, ůšő ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ŕő ňěšőďş ŋăĺňěŋĳÿĺţ łćăďřăšőć ¡łćĺćăńěŋšŋă řěÿěŋĺ¿ ĺŋšěčřăńĳŋőčő şřăćŋěŋĺ£ { şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă. Šěőřĺ£ ťĺńĳšřăűĺĺ Łőńňőčőřőćă-Ćĺŋěřă őśŋőćăŋă ŋă ňěšőďě Ťşřĳě, ůšő ŕřĺćőďĺš ł őŕĺśăŋĺ¿ ťĺńĳšřă ć šěřňĺŋăţ ůăśšőšŋżţ ţăřăłšěřĺśšĺł. Ŋ. Ćĺŋěř šăłęě ďăń őřĺčĺŋăńĳŋżľ ňěšőď řěÿěŋĺ£ ĺŋšěčřăńĳŋőčő şřăćŋěŋĺ£, łőšőřżľ śőśšőĺš ć ŕřěőąřăğőćăŋĺĺ ĺŋšěčřăńĳŋőčő şřăćŋěŋĺ£ ć ůăśšőšŋőľ őąńăśšĺ ĺ őŕřěďěńěŋĺĺ ůăśšőšŋőľ ţăřăłšěřĺśšĺłĺ ťĺńĳšřă, ĺśŕőńĳğş£ řăğńőęěŋĺě śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ ŋăąń¿ďăěňőčő ŕřőűěśśă ć ŕřőĺğćěďěŋĺě ďćşţ ğěřłăńĳŋő śĺňňěšřĺůŋżţ śőňŋőęĺšěńěľ. İšő śőőšćěšśšćşěš ŕőśšřőěŋĺ¿ ůăśšőšŋőľ ţăřăłšěřĺśšĺłĺ śĺśšěňż, ŕőřőęďă¿źěľ ĺśţőďŋżľ ŕřőűěśś ŕřĺ ŕőśšşŕńěŋĺĺ ŋă ěě ćţőď ąěńőčő ÿşňă ś ĺğćěśšŋżňĺ śšăšĺśšĺłăňĺ. Šăłă£ ĺŋšěřŕřěšăűĺ£ ňěšőďă Ćĺŋěřă ążńă ďăŋă ć 1950 č. Ąőďě ĺ Ÿěŋŋőŋőň ĺ ŋőśĺš ŋăğćăŋĺě łőŋűěŕűĺĺ ťőřňĺřş¿źěčő ťĺńĳšřă. Łőŋűěŕűĺ£ ťőřňĺřş¿źěčő ťĺńĳšřă ğăŋĺňăěš ćăęŋőě ňěśšő ć śőćřěňěŋŋőľ šěőřĺĺ ťĺńĳšřăűĺĺ [27].

Śřăğş ŕőśńě ćżţőďă řăąőš Ă.Ŋ. Łőńňőčőřőćă ĺ Ŋ. Ćĺŋěřă ďěńăńĺśĳ ŕőŕżšłĺ śŋ£šĳ őčřăŋĺůěŋĺ£, ććěďěŋŋżě ĺňĺ. Ć 1952 č. Ř. Ąşšőŋ őąőąźĺń ĺŋšěčřăńĳŋőě şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă ŋă śńşůăľ ŋěśšăűĺőŋăř-

Ććěďěŋĺě 5

ŋżţ ŕřőűěśśőć ĺ ťĺńĳšřőć, ğăćĺś£źĺţ őš ćřěňěŋĺ [38]. Őďŋăłő ŕřĺ ¡šőň ŋě ążń şłăğăŋ ňěšőď řěÿěŋĺ£ ŕőńşůěŋŋőčő ĺŋšěčřăńĳŋőčő şřăćŋěŋĺ£. Řěÿěŋĺě ¡šőčő şřăćŋěŋĺ£ ŕřěďńőęĺń ć 1957 č. Ć.Ś. Ŕşčăůěć [26].

Ŋěśłőńĳłő ŕőğęě Ř. Ąĳ¿śĺ [40] ŕőłăğăń, ůšő ŕăřăňěšř (ĺňŕşńĳśŋă£ ŕěřěţőďŋă£ ťşŋłűĺ£) ťĺńĳšřă ňőęěš ążšĳ ćżŕĺśăŋ ś ŕőňőźĳ¿ ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ ĺ ďń£ ŋěśšăűĺőŋăřŋżţ ŕřőűěśśőć. Ăŋăńőčĺůŋżě řěğşńĳšăšż ďń£ ďĺśłřěšŋőčő ćřěňěŋĺ ŕőńşůěŋż ć 1958 č. Ŕ. Śćěřńĺŋčőň [43].

Ć 1960 č. (ŋěğăćĺśĺňő ďřşč őš ďřşčă) Ř.Ń. Śšřăšőŋőćĺů [32] ĺ Ř. Łăńňăŋ [41] őąőąźĺńĺ ćĺŋěřőćśłş¿ ťĺńĳšřăűĺ¿ ŋă ŋěśšăűĺőŋăřŋżě čăşśśőćśłĺě śńşůăľŋżě ŕřőűěśśż ĺ ŋăąń¿ďěŋĺ£, ŕőńşůěŋŋżě ŋă łőŋěůŋőň ĺŋšěřćăńě ćřěňěŋĺ. Ăńčőřĺšň Ř. Łăńňăŋă řěÿěŋĺ£ ğăďăůĺ, ć őšńĺůĺě őš ăńčőřĺšňă Ř.Ń. Śšřăšőŋőćĺůă, ŋě ążń śšřőčő ňăšěňăšĺůěśłĺ őąőśŋőćăŋ, ŋő ćśě ęě řăąőšă Ř. Łăńňăŋă ŕőńşůĺńă ÿĺřőłőě řăśŕřőśšřăŋěŋĺě śřěďĺ ĺŋęěŋěřőć-ŕřăłšĺłőć, šăł łăł ążńă ŋăŕĺśăŋă ŋă "ĺŋęěŋěřŋőň" £ğżłě. Ťĺńĳšř Łăńňăŋă śšăńĺ ŕřĺňěŋ£šĳ ć śĺśšěňăţ şŕřăćńěŋĺ£ ĺ ŋăąń¿ďěŋĺ£ śŕşšŋĺłőć ĺ řăłěš. Ŋěśłőńĳłő ŕőğęě ňăšěňăšĺůěśłőě őąőśŋőćăŋĺě ăńčőřĺšňă Łăńňăŋă ążńő ŕőńşůěŋő ć [14].

Ć 1961 č. Ř. Łăńňăŋ śőćňěśšŋő ś Ř. Ąĳ¿śĺ [13] őŕşąńĺłőćăńĺ ăŋăńőčĺůŋżľ řěğşńĳšăš ďń£ ŋěŕřěřżćŋőčő ćřěňěŋĺ. Ć ¡šőľ śšăšĳě ğăďăůă ťĺńĳšřăűĺĺ ťőřňşńĺřşěšś£ ć ŕřőśšřăŋśšćě śőśšő£ŋĺľ, ćżćěďěŋ ňăšřĺůŋżľ ćăřĺăŋš şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă, łőšőřżľ ŕřěőąřăğőćăŋ ć ¡łćĺćăńěŋšŋş¿ ěňş śĺśšěňş ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ.

Řăąőšż Ř. Łăńňăŋă, Ř. Ąĳ¿śĺ ĺ Ř.Ń. Śšřăšőŋőćĺůă őšłřżńĺ ŋőćżľ ¡šăŕ ć řăğřăąőšłě ňěšőďőć řěÿěŋĺ£ ğăďăů őűěŋĺćăŋĺ£ ĺ ŕřőčŋőğă. Ł ďőśšőĺŋśšćăň ŕřőűěďşřż ťĺńĳšřăűĺĺ Łăńňăŋă-Ąĳ¿śĺ őšŋőś£šś£ řěłşřřěŋšŋőśšĳ ăńčőřĺšňă ĺ ěčő ¡ťťěłšĺćŋă£ řěăńĺğşěňőśšĳ ŋă İĆŇ.

Śńěďşěš őśőąő ŕőďůěřłŋşšĳ, ůšő Ř. Łăńňăŋ ĺ Ř. Ąĳ¿śĺ ŕřĺ ćżćőďě şřăćŋěŋĺľ ťĺńĳšřă śşźěśšćěŋŋő ĺśŕőńĳğőćăńĺ ŋěćżřőęďěŋŋőśšĳ ňăšřĺűż ĺŋšěŋśĺćŋőśšĺ ąěńőčő ÿşňă ć ŋăąń¿ďěŋĺ£ţ [13]. Ć ¡šőň śńşůăě şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă ťăłšĺůěśłĺ £ćń£ěšś£ şřăćŋěŋĺěň ćšőřőčő řőďă, ğăďăůă řěÿěŋĺ£ łőšőřőčő łőřřěłšŋă [33].

Ć 1965 č. Ă. Ąřăľśőŋ ĺ Ď. Ľőţăŋśěŋ [39], ă ğăšěň Ť. Čşńĳłő ĺ Ę. Ŋőćőśěńĳűěćă [9] řăśŕřőśšřăŋĺńĺ šěőřĺ¿ ťĺńĳšřăűĺĺ Łăńňăŋă-Ąĳ¿śĺ ŋă śńşůăľ, łőčďă ďń£ ŕőňěţĺ ć ĺğňěřěŋĺ£ţ ňőęŋő ŕőśšřőĺšĳ ťőřňĺřş¿źĺľ ťĺńĳšř. Őšňěšĺň, őďŋăłő, ůšő ğăďăůă ŕőśšřőěŋĺ£ ťőřňĺřş¿źěčő ťĺńĳšřă śăňă ŕő śěąě śńőęŋă£ ĺ řěÿěŋă ńĺÿĳ ć ŋěłőšőřżţ ůăśšŋżţ śńşůă£ţ.

Ňěšőď řěÿěŋĺ£ ğăďăůĺ őűěŋĺćăŋĺ£ ć śńşůăě, łőčďă ąěńżľ ÿşň ć ŋăąń¿ďěŋĺ£ţ ćżřőęďěŋŋżľ (ňăšřĺűă ĺŋšěŋśĺćŋőśšĺ ąěńőčő ÿşňă ć ĺğňěřěŋĺ£ţ ŋě £ćń£ěšś£ śšřőčő ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋőľ), őśŋőćăŋŋżľ ŋă ĺďěě ŕśěćďőőąřăźěŋĺ£, ążń ŕřěďńőęěŋ Ř. Łăńňăŋőň [14]. Ďń£ ŋăţőęďěŋĺ£ ŕśěćďőőąřăšŋőľ ňăšřĺűż ĺśŕőńĳğőćăńőśĳ Ł { őąřăźěŋĺě. Ł { őąřăźěŋĺě, łăł ĺğćěśšŋő, ŋěőďŋőğŋăůŋő ĺ ¡šő ğăšřşďŋ£ěš řěăńĺğăűĺ¿ ăńčőřĺšňă [45].

Ć 70-ě čőďż ř£ďőň ăćšőřőć [3,5,11,23,25,29] ďń£ řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ś ŋěąěńżňĺ (űćěšŋżňĺ) ÿşňăňĺ ć ŋăąń¿ďěŋĺ£ţ ążńĺ ŕřěďńőęěŋż ňěšőďż řěÿěŋĺ£, őśŋőćăŋŋżě ŋă ĺďěě řěčşń£řĺğăűĺĺ Ă.Ŋ. Šĺţőŋőćă [33]. Ć 1977 č. Ć.Ŕ. Ďĺďěŋłő ĺ Ő.Ě. Űĺšřĺűłĺľ ŕőńşůĺńĺ ăńčőřĺšň řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ś ÿşňőň, ¡ńěňěŋšż łőćăřĺăűĺőŋŋőľ ňăšřĺűż łőšőřőčő ŕřĺŋăďńěęăš ŕřőśšřăŋśšćş ĺŋšěčřĺřşěňżţ ś łćăďřăšőň ťşŋłűĺľ [12,25,3]. Šăłĺň őąřăğőň, ŕřőąńěňă řěÿěŋĺ£ ğăďăůĺ őűěŋĺćăŋĺ£ ć ńĺŋěľŋőň śńşůăě řěÿěŋă ďń£ ŕőůšĺ ćśěţ čăşśśőćśłĺţ śńşůăľŋżţ ŕřőűěśśőć.

Ćőŕřőśż ťĺńĳšřăűĺĺ ŋěčăşśśőćśłĺţ ŕřőűěśśőć ĺ ŋěńĺŋěľŋőľ ťĺńĳšřăűĺĺ ŋě śšőńĳ ţőřőÿő ĺğşůěŋż ĺğ-ğă ĺţ śńőęŋőśšĺ ĺ őšśşšśšćĺ£ ěďĺŋőčő ŕőďţőďă ł řěÿěŋĺ¿ šăłĺţ ğăďăů [27].

Ć ďăŋŋőľ ňőŋőčřăťĺĺ řăśśňőšřěŋż ňěšőďż řěÿěŋĺ£ ğăďăů ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ć śńşůăě čăşśśőćśłĺţ śńşůăľŋżţ ŕřőűěśśőć ďń£ śĺśšěň ś śőśřěďőšőůěŋŋżňĺ ĺ řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ. Ďń£ čăşśśőćśłĺţ ŕřőűěśśőć ńĺŋěľŋă£ őűěŋłă £ćń£ěšś£ ŋăĺńşůÿěľ [8,30] ĺ ŕřĺňěŋěŋĺě šăłĺţ łřĺšěřĺěć őŕšĺňăńĳŋőśšĺ, łăł łřĺšěřĺľ ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ, łřĺšěřĺľ ŕřăćďőŕőďőąĺ£ ĺ ąăľěśőćśłőě őűěŋĺćăŋĺě, ŕřĺćőďĺš ł őďŋőňş ĺ šőňş ęě řěğşńĳšăšş [30].

Ć řăąőšě ŕřěďśšăćńěŋ řăğřăąőšăŋŋżľ ăćšőřăňĺ řěčşń£řĺğĺřş¿źĺľ ăńčőřĺšň, őśŋőćăŋŋżľ ŋă ŕřĺňěŋěŋĺĺ ťĺńĳšřă Łăńňăŋă-Ąĳ¿śĺ ďń£ ŋěłőřřěłšŋő ŕőśšăćńěŋŋőľ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ś űćěšŋżňĺ (ć ůăśšŋőśšĺ, ćżřőęďěŋŋżňĺ ąěńżňĺ) ÿşňăňĺ ć ĺğňěřěŋĺ£ţ. Ďń£ ćżąőřă łćăğĺőŕšĺňăńĳŋőčő ğŋăůěŋĺ£ [33] ŕăřăňěšřă řěčşń£řĺğăűĺĺ ŕőśšřőěŋż ďĺťťěřěŋűĺăńĳŋżě śőőšŋőÿěŋĺ£, řěăńĺğşěňżě řěłşřřěŋšŋżň śŕőśőąőň. Ŋă őśŋőćě šěőřĺĺ őśŋăźěŋŋżţ čĺńĳąěřšőćżţ ŕřőśšřăŋśšć [25,4,7] ŕőńşůěŋż őűěŋłĺ šőůŋőśšĺ řěčşń£řĺğőćăŋŋżţ řěÿěŋĺľ ğăďăůĺ ć ŕřőśšřăŋśšćě őąőąźěŋŋżţ ťşŋłűĺľ.

Řăğřăąőšăŋ ňěšőď ŕřĺąńĺęěŋŋőčő řěÿěŋĺ£ ğăďăůĺ ćőśśšăŋőćńěŋĺ£ śĺčŋăńőć ć śĺśšěňăţ, őŕĺśżćăěňżţ ďĺťťěřěŋűĺăńĳŋżňĺ şřăćŋěŋĺ£ňĺ ś ůăśšŋżňĺ ŕřőĺğćőďŋżňĺ ŕřĺ ŋăńĺůĺĺ űćěšŋżţ ÿşňőć ć ŋăąń¿ďěŋĺ£ţ. Ňěšőď őśŋőćăŋ ŋă řěčşń£řĺğăűĺĺ Ă.Ŋ.Šĺţőŋőćă ĺ ŕřěőąřăğőćăŋĺĺ ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ć śĺśšěňăţ ś őŕěřăšőřŋżňĺ łő¡ťťĺűĺěŋšăňĺ ł ğăďăůě ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ć śĺśšěňăţ, őŕĺśżćăěňżţ

6 Ććěďěŋĺě

őążłŋőćěŋŋżňĺ ďĺťťěřěŋűĺăńĳŋżňĺ şřăćŋěŋĺ£ňĺ; ďőłăğăŋă śţőďĺňőśšĳ śőőšćěšśšćş¿źěčő ăńčőřĺšňă.

Ĺğńőęěŋĺě ňăšěřĺăńă őśŋőćăŋő ŋă łőŋűěŕűĺĺ őąőśŋőćăŋĺ£ ťĺńĳšřă, ŕřěďńőęěŋŋőľ ŕřőťěśśőřőň Ć.Ŕ. Ďĺďěŋłő [25], łőšőřă£ śşźěśšćěŋŋő ĺśŕőńĳğşěš šěţŋĺłş őśŋăźěŋŋżţ čĺńĳąěřšőćżţ ŕřőśšřăŋśšć.

Ć ğăłń¿ůěŋĺě ăćšőřż ŕřĺŋőś£š ĺśłřěŋŋ¿¿ ąńăčőďăřŋőśšĳ ŕřőťěśśőřş, ďőłšőřş ťĺğĺłő-ňăšěňăšĺ-ůěśłĺţ ŋăşł Ć.Ă. Ňőřőğőćş ğă ŕőśšő£ŋŋőě ćŋĺňăŋĺě ł řăąőšě, ŕőďřőąŋőě őąśşęďěŋĺě řěğşńĳšăšőć, ŕőńěğŋżě ğăňěůăŋĺ£ ĺ śőćěšż, ă šăłęě ďőłšőřş šěţŋĺůěśłĺţ ŋăşł, ŕřőťěśśőřş Ő.Ą. Ăřşÿăŋ£ŋş ĺ łăŋďĺďăšş ťĺğĺłő-ňăšěňăšĺůěśłĺţ ŋăşł Ś.Ť. Čĺń£ğőćş ğă ř£ď űěŋŋżţ řěłőňěŋďăűĺľ ŕő őťőřňńěŋĺ¿ ĺ śőďěřęăŋĺ¿ řăąőšż.

1 Ŕőśšăŋőćłă ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ

1.1 Őśŋőćŋżě őąőğŋăůěŋĺ£ ĺ ŕőŋ£šĺ£

Ŕşśšĳ En | n {ňěřŋőě ěćłńĺďőćő ŕřőśšřăŋśšćő śő śłăń£řŋżň ŕřőĺğćěďěŋĺěň (:; :)n; L_2[a; b] | čĺńĳąěřšőćő ŕřőśšřăŋśšćő ćěłšőř-ťşŋłűĺľ, őŕřěďěńěŋŋżţ ŋă śěčňěŋšě [a; b] ĺ ĺŋšěčřĺřşěňżţ ś łćăďřăšőň ŕő Ńěąěčş, ś ŋőřňőľ ‖ : : : ‖_0 ĺ śłăń£řŋżň ŕřőĺğćěďěŋĺěň (:; :)_0 . Ĺŋďěłś š ąşďěš őğŋăůăšĳ őŕěřăűĺ¿ šřăŋśŕőŋĺřőćăŋĺ£. Ććěďěň őąőğŋăůěŋĺ£: W^1_2 [a; b] | ŕőğĺšĺćŋőě čĺńĳąěřšőćő ŕřőśšřăŋśšćő, ŕőńşůěŋŋőě ŕőŕőńŋěŋĺěň ŋěŕřěřżćŋő-ďĺťťěřěŋűĺřşěňżţ ćěłšőř-ťşŋłűĺľ u(t); a ≤ t ≤ b ŕő śłăń£řŋőňş ŕřőĺğćěďě- ŋĺ¿ (u; v)_1 = b∫

a ( du^š(t) dt dv(t) dt + u^š(t)v(t) ) dt; ‖u‖_1 = √ (u; u)_1 | ŋőřňă ć W^1_2 [a; b]; W^{−1}_2 [a; b] | ŋěčăšĺćŋőě ŕřőśšřăŋśšćő, ŕőńşůěŋŋőě ŕőŕőńŋěŋĺěň ňŋőęěśšćă L_2[a; b] ŕő ŋěčăšĺćŋőľ ŋőřňě

‖u‖_{−1} = sup_v b∫

a u^š(t)v(t) dt | v(t) ∈ W^1_2 [a; b]; ‖v‖_1 = 1; u(t) ∈ L_2[a; b] : Ćěřţŋĺľ ĺŋďěłś ć őąőğŋăůěŋĺĺ ŕőğĺšĺćŋőčő ŕřőśšřăŋśšćă şłăğżćăěš ŋă śşźěśšćőćăŋĺě ďń£ ťşŋłűĺĺ ĺğ ¡šőčő ňŋőęěśšćă ĺŋšěčřĺřşěňőľ ś łćăďřăšőň őąőąźěŋŋőľ ŕřőĺğćőďŋőľ (ć śňżśńě Śőąőńěćă [3,4,7], śň.śšř. 8). Ćěřţŋĺľ ĺŋďěłś ć őąőğŋăůěŋĺĺ ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă, őğŋăůăěš, ůšő ¡šő ŕřőśšřăŋśšćő ŕőśšřőěŋő ś ŕőňőźĳ¿ ňŋőęěśšćă W^1_2 [a; b]:

Šřőľłş ŕřőśšřăŋśšć W^1_2 [a; b]; L_2[a; b] ĺ W^{−1}_2 [a; b] ŋăğżćă¿š őśŋăźěŋŋżň čĺńĳąěřšőćżň ŕřőśšřăŋśšćőň [7].

Ďń£ ń¿ążţ ďćşţ ¡ńěňěŋšőć u ∈ W^{−1}_2 [a; b] ĺ v ∈ W^1_2 [a; b] őŕřěďěńĺň ąĺńĺŋěľŋş¿ ťőřňş

⟨u; v⟩ = lim_{k→∞} b∫

a u^š_k (t)v(t) dt;

čďě {uk(t)}^∞k_{=1} | ŕőśńěďőćăšěńĳŋőśšĳ ťşŋłűĺľ ĺğ L_2[a; b] šăłă£, ůšő ŋőřňă ‖u − uk‖_{−1} → 0 ŕřĺ k → ∞ . Őůěćĺďŋő, ůšő ąĺńĺŋěľŋă£ ťőřňă śőćŕăďăěš śő śłăń£řŋżň ŕřőĺğćěďěŋĺěň ć L_2[a; b]; ěśńĺ u ∈ L_2[a; b]:

Śşźěśšćşěš ĺğőňěšřĺůěśłĺľ őŕěřăšőř I; ŕěřěćőď£źĺľ W^{−1}_2 [a; b] ŋă W^1_2 [a; b] ĺ ěňş őąřăšŋżľ I^{−1}; łőšőřżľ ŕěřěćőďĺš ŕřőśšřăŋśšćő W^1_2 [a; b] ŋă ŕřőśšřăŋśšćő W^{−1}_2 [a; b]: Ŕřĺůěň ďń£ ∀¸; ˛ ∈ W^{−1}_2 [a; b] ĺ ∀u; v ∈ W^1_2 [a; b] śŕřăćěďńĺćż śőőšŋőÿěŋĺ£

⟨¸; I˛⟩ = ⟨I¸; ˛⟩ = (I¸; I˛)_1 = (¸; ˛)_{−1};

¡šő ćżřăęěŋĺě őŕřěďěń£ěš śłăń£řŋőě ŕřőĺğćěďěŋĺě ć W^{−1}_2 [a; b] , łřőňě šőčő

(u; v)_1 = ⟨u; I^{−1}v⟩ = ⟨I^{−1}u; v⟩ = (I^{−1}u; I^{−1}v)_{−1}; ⟨¸; u⟩ = (I¸; u)_1 = (¸; I^{−1}u)_{−1}:

Őŕěřăšőř I^{−1} ŋă ďćăęďż ŋěŕřěřżćŋő ďĺťťěřěŋűĺřşěňżţ ťşŋłűĺ£ţ ĺğ ŕřőśšřăŋśšćă W^1_2 [a; b]; şďőćńěšćőř£¿źĺţ čřăŋĺůŋżň şśńőćĺ£ň du(t) dt | | | t=a = du (t) dt | | | t=b = 0 (1:1:1)

8 1 Ŕőśšăŋőćłă ğăďăůĺ

śőćŕăďăěš ś ďĺťťěřěŋűĺăńĳŋżň ćżřăęěŋĺěň − d^2u(t)dt_2 + u(t); ă őŕěřăšőř I £ćń£ěšś£ řăśÿĺřěŋĺěň ĺŋšěčřăńĳŋőčő őŕěřăšőřă ś £ďřőň { ňăšřĺűěľ Čřĺŋă G(t; s) ďń£ şłăğăŋŋőčő ćżÿě ďĺťťěřěŋűĺăńĳŋőčő ćżřăęěŋĺ£ ś čřăŋĺůŋżňĺ şśńőćĺ£ňĺ (1.1.1).

Śőčńăśŋő šěőřěňě ćńőęěŋĺ£ Ś.Ń. Śőąőńěćă [25, 4, 7], ć ŋěčăšĺćŋőě ŕřőśšřăŋśšćő ćţőď£š őąőąźěŋŋżě ťşŋłűĺĺ šĺŕă ‹ {ťşŋłűĺľ Ďĺřăłă ( ‹ {ťşŋłűĺěľ Ďĺřăłă ŋăğżćăěšś£ ťşŋłűĺőŋăń ‹(t); őŕřěďěńěŋŋżľ ŋăď ŕřőśšřăŋśšćőň ŋěŕřěřżćŋżţ ťşŋłűĺľ C[a; b] ćżřăęěŋĺěň

lim"_{→0}⟨‹(t − ff); ’"⟩ =

0 ff > b; ff < a; 1=2 ’(a); ff = a; 1=2 ’(b); ff = b;

’(t); a < ff < b:

’_"(t) ∈ W^1_2 [a; b] ĺ lim_{"→0} ‖’ − ’_"‖_{C[a;b]} = 0: [6])

Ďń£ ąĺńĺŋěľŋőľ ťőřňż śŕřăćěďńĺćő ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő (Ÿćăřűă)

|⟨u; v⟩| ≤ ‖u‖_{−1}‖v‖_1; ∀u ∈ W^{−1}_2 [a; b]; ∀v ∈ W^1_2 [a; b]:

Ŕőď ŕřőĺğćőďŋőľ őš ŋěŕřěřżćŋőľ ťşŋłűĺĺ y(t); a ≤ t ≤ b; ąşďěň ŕőŋĺňăšĳ šăłőľ ¡ńěňěŋš ’ ∈ W^{−1}_2 [a; b]; ďń£ łőšőřőčő śŕřăćěďńĺćő řăćěŋśšćő

⟨y; dv dt ⟩ = y(b)v(b) − y(a)v(a) − ⟨’; v⟩ ďń£ ∀v ∈ W^1_2 [a; b]:

Ěśńĺ ¡šő śőőšŋőÿěŋĺě řăśśňăšřĺćăšĳ ŋă ňŋőęěśšćě ťĺŋĺšŋżţ ąěśłőŋěůŋő ďĺťťěřěŋűĺřşěňżţ ŋă [a; b] ťşŋłűĺ£ţ v(t); šő ’ śőćŕăďăěš ś őąőąźěŋŋőľ ŕřőĺğćőďŋőľ ŕő Ÿćăřűş [3,25].

Ůěřěğ C[a; b] ąşďěň őąőğŋăůăšĳ ŕřőśšřăŋśšćő ŋěŕřěřżćŋżţ ŋă [a; b] ćěłšőř-ťşŋłűĺľ u(t) ś ŋőřňőľ ‖u‖_C = max_t {|u(t)|; t ∈ [a; b]}; |u|^2 =^n ∑ k=1 u^2_k; u_k(t) | łőőřďĺŋăšż ćěłšőřă u(t); C^l[a; b] | ŕřőśšřăŋśšćő

ćěłšőř-ťşŋłűĺľ, ĺňě¿źĺţ l ŋěŕřěřżćŋżţ ŕřőĺğćőďŋżţ ŋă [a; b] . Ŋőřňă ć Cl[a; b] ĺňěěš ćĺď

‖u‖_Cl = max_{t;k} {| | d^ku(t) dt^k | | | ; t ∈ [a; b]; 0 ≤ k ≤ l } : Ćňěśšő şłăğăŋŋőľ ćżÿě ŋőřňż ć Cl[a; b] ňőęŋő ććěśšĺ ¡łćĺćăńěŋšŋş¿ ŋőřňş ŕő ťőřňşńě

‖u‖_Cl = l∑ k=1 maxt { | | | d^ku(t) dt^k | | | ; t ∈ [a; b]}:

Ŕşśšĳ C^1_0 [0; t] ĺ C^1t [0; t] | ňŋőęěśšćă őďĺŋ řăğ ŋěŕřěřżćŋő-ďĺťťěřěŋűĺřşěňżţ ŋă śěčňěŋšě [0; t]

ćěłšőř-ťşŋłűĺľ x(fi); fi ∈ [0; t]; ďń£ łőšőřżţ ćżŕőńŋ£¿šś£ şśńőćĺ£ x(0) = dx(fi)dfi | | | fi=0 = 0 (śőőšćěš-

śšćěŋŋő x(t) = dx(fi)dfi | | | | fi=t = 0 ), čĺńĳąěřšőćż ŕřőśšřăŋśšćă W^1_{20}[0; t] ĺ W^1_2t[0; t] | ŕőŕőńŋěŋĺ£ ňŋőęěśšć

C^1_0 [0; t] ĺ C^1_t [0; t] ŕő ŋőřňăň

‖x‖_{10} = t∫

0 | | | | dx(fi) dfi | | | | 2 dfi 1=2 ; ‖x‖_{1t} = t∫

0 | | | | dx(fi) dfi | | | | 2 dfi 1=2 ; ‖ : : : ‖_{10} ĺ ‖ : : : ‖_{1t} | ŋőřňż ć ¡šĺţ ŕřőśšřăŋśšćăţ, W^{−1}_{20} [0; t] ĺ W^{−1}_{2t} [0; t] | ŕőŕőńŋěŋĺ£ ňŋőęěśšćă L_2[0; t] ŕő ŋěčăšĺćŋżň ŋőřňăň

‖y‖_{−10} = sup_v { | | | | | t∫

0 y^š(fi)v(fi) dfi | | | | | ; v ∈ W^1_{20}[0; t]; ‖v‖_{10} = 1};

1.1 Őśŋőćŋżě őąőğŋăůěŋĺ£ ĺ ŕőŋ£šĺ£ 9

‖y‖_{−1t} = sup_v { | | | | | t∫

0 y^š(fi)v(fi) dfi | | | | | ; v ∈ W^1_{2t}[0; t]; ‖v‖_{1t} = 1}:

Ůěřěğ ⟨:; :⟩_0 ĺ ⟨:; :⟩t őąőğŋăůĺň ąĺńĺŋěľŋżě ťőřňż śőőšćěšśšćěŋŋő ć ŕřőśšřăŋśšćăţ W^1_{20}[0; t]; W^{−1}_{20} [0; t] ĺ W^1_2t[0; t]; W^{−1}_2t [0; t]: Ďń£ ¡šĺţ ŕăř ŕřőśšřăŋśšć śşźěśšćş¿š ĺğőňěšřĺůěśłĺě őŕěřăšőřż I_0 ĺ It; őšőąřăęă¿źĺě W^{−1}_{20} [0; t] ŋă W^1_{20}[0; t]; śőőšćěšśšćěŋŋő W^{−1}_2t [0; t] ŋă W^1_2t[0; t]: Őŕěřăšőřż I; I_0 ĺ It ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě I = jj^∗; I_0 = j_0j^∗_0 ; It = jtj^∗t : Ĺğőňěšřĺůěśłĺě őŕěřăšőřż j; j_0; jt őšőąřăęă¿š L_2[0; t] ŋă W^1_2 [0; t]; W^1_{20}[0; t]; W^1_{2t}[0; t] śőőšćěšśšćěŋŋő, ă őŕěřăšőřż j^∗; j^∗_0 ; j^∗_t őšőąřăęă¿š W^{−1}_2 [0; t]; W^{−1}_{20} [0; t]; W^{−1}_{2t} [0; t] ŋă L_2[0; t]: Ďń£ őŕěřăšőřőć j; j_0; j_t; j^∗; j^∗_0 ; j^∗_t śşźěśšćş¿š őąřăšŋżě őŕěřăšőřż: D = j^{−1}; D_0 = j^{−1}_0 ; Dt = j^{−1}t ; D^∗ = (j^∗)^{−1}; D^∗_0 = (j^∗_0 )^{−1}; D^∗t = (j^∗t )^{−1}: Łăł ďěľśšćş¿š ćśě ¡šĺ őŕěřăšőřż ŕőłăğăŋő ŋă řĺś. 1.1.

Řĺś.1.1. Ďĺăčřăňňă ďěľśšćĺľ ĺğőňěšřĺůěśłĺţ őŕěřăšőřőć

Śŕřăćěďńĺćż ćłń¿ůěŋĺ£ W^{−1}_2 [0; t] ⊂ W^{−1}_{20} [0; t] ĺ W^{−1}_2 [0; t] ⊂ W^{−1}_2t [0; t]:

Ĺŋőčďă, ďń£ ťşŋłűĺĺ ďćşţ ŕěřěňěŋŋżţ w(fi; s) ŕřĺ ćżůĺśńěŋĺĺ ŋőřňż, śłăń£řŋőčő ŕřőĺğćěďěŋĺ£, ąĺńĺŋěľŋőľ ťőřňż ŕő őďŋőňş ĺğ ăřčşňěŋšőć, ůšőąż ŕőďůěřłŋşšĳ, ůšő ćżůĺśńěŋŋżě ğŋăůěŋĺ£ £ćń£¿šś£ ťşŋłűĺ£ňĺ ćšőřőľ ŕěřěňěŋŋőľ, ąşďěň ŕĺśăšĳ ‖w(fi)‖i; (w(fi); :)i; < w(fi); : >i; čďě i | ŋěłőšőřżľ ĺŋďěłś, şłăğżćă¿źĺľ ŋă ŕřĺŋăďńěęŋőśšĳ ŋőřňż, śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ ĺńĺ ąĺńĺŋěľŋőľ ťőřňż śőőšćěšśšćş¿źěňş ŕřőśšřăŋśšćş.

Ŕőďřőąŋěě śő śćőľśšćăňĺ ŕőğĺšĺćŋżţ ĺ ŋěčăšĺćŋżţ ŕřőśšřăŋśšć ňőęŋő őğŋăłőňĺšĳś£ ć ňőŋőčřăťĺ£ţ [25, 3, 7].

Ŕşśšĳ F (t) | łćăďřăšŋă£ ňăšřĺűă ŕőř£ďłă n ś ¡ńěňěŋšăňĺ ĺğ L_2[0; t]: Řăśśňőšřĺň ďĺťťěřěŋűĺăńĳŋőě ćżřăęěŋĺě

l(x) ≡ dx(fi) dfi − F (fi)x(fi); (1:1:2) čďě x(fi) ∈ C^1_0 [0; t]: Šőčďă śŕřăćěďńĺćő ŋěřăćěŋśšćő

c_1‖l(x)‖_{−1t} ≤ ‖x‖_0 ≤ c_2‖l(x)‖_{−1t}; c_1 > 0; c_2 > 0; c_1; c_2 { łőŋśšăŋšż. (1:1:3)

Ďń£ śőŕř£ęěŋŋőčő ďĺťťěřěŋűĺăńĳŋőčő ćżřăęěŋĺ£

l^∗(x) ≡ − dx^š(fi)dfi − x^š(fi)F^š(fi); x(fi) ∈ C^1_t [0; t] (1:1:4)

ĺňěěš ňěśšő śőőšŋőÿěŋĺě c^′_1‖l^∗(x)‖_{−10} ≤ ‖x‖_0 ≤ c^′_2‖l^∗(x)‖_{−10}; (1:1:5)

c^′_1; c^′_2 | ŕőńőęĺšěńĳŋżě łőŋśšăŋšż [25].

10 1 Ŕőśšăŋőćłă ğăďăůĺ

Ć śĺńş ŕńőšŋőśšĺ ňŋőęěśšćă C^1_0 [0; t] ć L_2[0; t] ďń£ ń¿ąőčő x ∈ L_2[0; t] śşźěśšćşěš {xi(fi)}^∞i_{=1} | ŕőśńěďőćăšěńĳŋőśšĳ ćěłšőř-ťşŋłűĺľ ĺğ C^1_0 [0; t]; ťşŋďăňěŋšăńĳŋă£ ŕő ŋőřňě ‖:‖_0 ĺ śţőď£źă£ś£ ł x_0: Ŋő šőčďă ĺğ ńěćőľ ůăśšĺ ŋěřăćěŋśšćă (1.1.3) śńěďşěš, ůšő ‖l_n(x) − l_m(x)‖_{−1t} ≤ c‖x_n − x_m‖_0 → 0 ŕřĺ n; m → ∞;

š.ě. ŕőśńěďőćăšěńĳŋőśšĳ ln(x)^∞n_{=1} śţőďĺšś£ ć śěąě, ă šăł łăł W^{−1}_2t [0; t] { ŕőńŋőě ŕřőśšřăŋśšćő, šő ĺ ł ŋěłőšőřőňş ŕřěďěńş L(x): Őŕěřăšőř L(x) őŕřěďěńěŋ ŋă ¡ńěňěŋšăţ L_2[0; t] őďŋőğŋăůŋő ĺ ‖L‖ = ‖l‖: Őŕěřăšőř L ŋăğżćăěšś£ řăśÿĺřěŋĺěň (ŕřőďőńęěŋĺěň) őŕěřăšőřă l ŕő ŋěŕřěřżćŋőśšĺ.

Ńěňňă 1.1 Ŕşśšĳ ńĺŋěľŋżľ őŕěřăšőř L £ćń£ěšś£ řăśÿĺřěŋĺěň őŕěřăšőřă l; őŕřěďěńěŋŋőčő ćżřăęě-

ŋĺěň (1.1.2) ŋă C^1_0 [0; t] ś ŕőňőźĳ¿ ŋěřăćěŋśšćă (1.1.3). Šőčďă őŕěřăšőř L čőňěőňőřťŋő őšőąřăęăěš ćśě L_2[0; t] ŋă W^{−1}_2t [0; t]:

Ŕşśšĳ ńĺŋěľŋżľ őŕěřăšőř L^∗ £ćń£ěšś£ řăśÿĺřěŋĺěň őŕěřăšőřă l^∗ , őŕřěďěńěŋŋőčő ćżřăęěŋĺěň (1.1.4) ŋă C^1t [0; t] ś ŕőňőźĳ¿ ŋěřăćěŋśšćă (1.1.5). Šőčďă őŕěřăšőř L^∗ čőňěőňőřťŋő őšőąřăęăěš ćśě L_2[0; t] ŋă W^{−1}_{20} [0; t] [25]:

Őŕřěďěńěŋĺě 1.1 Řěÿěŋĺěň ğăďăůĺ Łőÿĺ dx(fi) dfi = F (fi)x(fi) + v(fi); x(0) = 0; v(fi) ∈ W^{−12t} [0; t] (1:1:6) ąşďěň ŋăğżćăšĳ ćěłšőř-ťşŋłűĺ¿ x(fi) ∈ L_2[0; t]; ďń£ łőšőřőľ śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ {x(fi)}^∞n_{=1} ĺğ C^1_0 [0; t]; šăłă£, ůšő śŕřăćěďńĺćż śőőšŋőÿěŋĺ£ ‖x_n − x‖_0 → 0; ‖Lx_n − v‖_{−1t} → 0 ŕřĺ n → ∞:

Śńěďşěš őšňěšĺšĳ, ůšő ěśńĺ ¡ńěňěŋšż ňăšřĺűż F (fi) ĺ ćśě łőőřďĺŋăšż ćěłšőřă v(fi) ŕřĺŋăďńěęăš C[0; t]; šő ťőřňşńĺřőćłă ğăďăůĺ Łőÿĺ ć łńăśśĺůěśłőň śňżśńě ĺ śňżśńě őŕřěďěńěŋĺ£ 1.1 śőćŕăďă¿š.

Ěśńĺ ć ťőřňşńĺřőćłě ğăďăůĺ Łőÿĺ ŋăůăńĳŋżě şśńőćĺ£ ŋě ŋşńěćżě, šő ěśšĳ x(0) = x_0 , šő ś ŕőňőźĳ¿ ğăňěŋż ^x(fi) = x(fi) + x_0 ğăďăůă śćőďĺšś£ ł (1.1.6).

Ĺğćěśšŋő, ůšő ěśńĺ ćśě ¡ńěňěŋšż ňăšřĺűż F (fi) ĺ ćěłšőř v(fi) ŕřĺŋăďńěęăš ŕřőśšřăŋśšćş C[t_0; t]; šő řěÿěŋĺě ğăďăůĺ Łőÿĺ ŕřěďśšăćń£ěšś£ ťőřňşńőľ Łőÿĺ

x(fi) = ˘(fi; t_0)x(t_0) + fi∫

t0 ˘(fi; s)v(s)ds; (1:1:7)

čďě ˘(fi; s) | ťşŋďăňěŋšăńĳŋă£ ňăšřĺűă śĺśšěňż, łőšőřă£ şďőćńěšćőř£ěš şřăćŋěŋĺě d˘(fi; s) dfi = F (fi)˘(fi; s); ˘(s; s) = In

ĺ őąńăďăěš śńěďş¿źĺňĺ śćőľśšćăňĺ:

˘(fi; s)˘(s; ff) = ˘(fi; ff); ˘^{−1}(fi; ff) = ˘(ff; fi):

Ěśńĺ ¡ńěňěŋšż ňăšřĺűż F (fi) ŕřĺŋăďńěęăš ŕřőśšřăŋśšćş L_2[t_0; t] ĺ ćěłšőř v(fi) ĺğ W^{−1}_2 [t_0; t]; šő śŕřăćěďńĺćă őąőąźěŋŋă£ ťőřňşńă Łőÿĺ [25]

x(fi) = ˘(fi; t_0)x(t_0) +

⟨˘š_1 (fi); v⟩fi ⟨˘š_2 (fi); v⟩fi

: : :

⟨˘šj (fi); v⟩fi

: : :

⟨˘šn (fi); v⟩fi

; fi ∈ [t_0; t]; (1:1:8)

čďě ˘j(fi) = ˘j(fi; s) śšřőłĺ ňăšřĺűż ˘(fi; s); ă ⟨˘šj (fi); v⟩fi | ąĺńĺŋěľŋă£ ťőřňă ć őśŋăźěŋŋőň ŕřőśšřăŋśšćě {W^1_2 [t_0; fi]; L_2[t_0; fi]; W^{−1}_2 [t_0; fi]}; łőšőřă£ ďń£ ń¿ąőľ ŕőśńěďőćăšěńĳŋőśšĺ {vk(s)}^∞k_{=1} ĺğ L_2[t_0; fi] ĺ šăłőľ, ůšő ‖v − vk‖W�1_{2 [}t_0;fi_] → 0 őŕřěďěń£ěšś£ śőőšŋőÿěŋĺěň:

⟨˘šj (fi); v⟩fi = lim k→∞ fi∫

t0 ˘j(fi; s)vk(s) ds:

1.1 Őśŋőćŋżě őąőğŋăůěŋĺ£ ĺ ŕőŋ£šĺ£ 11

Őŕřěďěńěŋĺě 1.2 Ďń£ ňăšřĺűż K(fi; ff) (fi; ff ∈ [t0; t]) ŕőř£ďłă n×n ś ¡ńěňěŋšăňĺ Kij(fi; ff) ∈ W^1_2 [t0; t]; i = 1; 2; :::; n; j = 1; 2; :::; n ŕő őąőĺň ăřčşňěŋšăň ĺ ňăšřĺűż h(ff) řăğňěřŋőśšĺ n × m ś ¡ńěňěŋšăňĺ

h_{jk}(ff) ∈ W^{−1}_2 [t_0; t]; j = 1; 2; :::; n; k = 1; 2; :::; m ćżřăęěŋĺě^t ∫ t0 K(fi; ff)h(ff) dff ąşďěň ŕőŋĺňăšĳ śńěďş¿-

źĺň őąřăğőň:

t∫

t0 K(fi; ff)h(ff) dff =

⟨K^š_1 (fi); h_1⟩ : : : ⟨K^š_1 (fi); h_k⟩ : : : ⟨K^š_1 (fi); h_m⟩ ⟨K^š_2 (fi); h_1⟩ : : : ⟨K^š_2 (fi); h_k⟩ : : : ⟨K^š_2 (fi); h_m⟩ : : : : : : : : : : : : : : :

⟨K^š_i (fi); h_1⟩ : : : ⟨K^š_i (fi); h_k⟩ : : : ⟨K^š_i (fi); h_m⟩ : : : : : : : : : : : : : : :

⟨K^š_n (fi); h_1⟩ : : : ⟨K^š_n (fi); h_k⟩ : : : ⟨K^š_n (fi); h_m⟩ ;

čďě Ki(fi; ff) | śšřőłĺ ňăšřĺűż K(fi; ff); hk(ff) | śšőńąűż ňăšřĺűż h(ff); ă ⟨Kši (fi); hk⟩ | ąĺńĺŋěľŋă£ ťőřňă őŕřěďěńěŋŋă£ ć őśŋăźěŋŋőň ŕřőśšřăŋśšćě {W^1_2 [t_0; t]; L_2[t_0; t]; W^{−1}_2 [t_0; t]}:

Řăśśňőšřĺň ŋěłőšőřżě ćěřő£šŋőśšŋżě ŕőŋ£šĺ£, ĺśŕőńĳğşěňżě ć ďăńĳŋěľÿěň (ŕőďřőąŋěľ ś ğăšřăčĺćăěňżňĺ ğďěśĳ ćőŕřőśăňĺ ňőęŋő őğŋăłőňĺšĳś£ ć [8,27,3] ).

Őąőğŋăůĺň ůěřěğ (˙; F; P ) ćěřő£šŋőśšŋőě ŕřőśšřăŋśšćő, ŋă łőšőřőň őŕřěďěńěŋż ćśě ćśšřěůă¿źĺěś£ ć ďăńĳŋěľÿěň śńşůăľŋżě ćěńĺůĺŋż ĺ ťşŋłűĺĺ, ă Ň | őŕěřăšőř ňăšěňăšĺůěśłőčő őęĺďăŋĺ£.

Ŕşśšĳ x(fi) ≡ x(fi; !) {ćěłšőřŋżľ śńşůăľŋżľ ŕřőűěśś (fi ∈ [0; t]; ! ∈ ˙); ćżąőřőůŋżě ťşŋłűĺĺ łőšőřőčő ś ćěřő£šŋőśšĳ¿ 1 (ŕőůšĺ ŋăćěřŋőě) ŕřĺŋăďńěęăš ŕřőśšřăŋśšćş W^{−1}_2t [0; t]: Ňăšěňăšĺůěśłőě őęĺďăŋĺě Ň[x(fi)] ćżůĺśń£ěšś£ ŕő ťőřňşńě Ň[x(fi)] = D^∗_t Ň[j^∗_t x(fi)]; ă łőćăřĺăűĺőŋŋă£ ňăšřĺűă ďń£ fi; ff ∈ [0; t] řăćŋă Ň[x(fi)xš(ff)] = D^∗t D^∗t Ň[(j^∗t x(fi))(j^∗t x(ff))š]; čďě őŕěřăšőř D^∗t ĺğőňőřťŋő őšőąřăęăěš L_2[0; t] ŋă W^{−1}_{2t} [0; t]; ă j^∗_t őąřăšŋżľ ěňş őŕěřăšőř.

Őŕřěďěńěŋĺě 1.3 ([27]) Śńşůăľŋżľ ŕřőűěśś v(fi; !) ś ŋşńěćżň śřěďŋĺň ĺ łőćăřĺăűĺőŋŋőľ ťşŋłűĺěľ,

śőďěřęăźěľ ňŋőęĺšěńěň ‹ {ťşŋłűĺ¿ Ďĺřăłă,

Ň[v(fi)] = 0; Ň[v(fi)v^š(ff)] = V (fi)‹(fi − ff); V (fi) = V^š(fi); V (fi)z ∈ C[a; b]

ďń£ ∀z ∈ En ŋăğżćăěšś£ ąěńżň ÿşňőň.

Ňŋőęĺšěńĳ V (fi) ŕřĺ ‹ {ťşŋłűĺĺ ŋăğżćăěšś£ ňăšřĺűěľ ĺŋšěŋśĺćŋőśšĺ ąěńőčő ÿşňă v(fi; !): Ĺŋšěŋśĺćŋőśšĳ ąěńőčő ÿşňă ŕřěďśšăćń£ěš śőąőľ ŋěőšřĺűăšěńĳŋő őŕřěďěńěŋŋş¿ śĺňňěšřĺůěśłş¿ ňăšřĺűş. Ŋěőšřĺűăšěńĳŋă£ őŕřěďěńěŋŋőśšĳ őğŋăůăěš, ůšő ďń£ ∀z ∈ En; ĺ ∀ t ∈ [a; b] śłăń£řŋőě ŕřőĺğćěďěŋĺě (z; V (fi))n ≥ 0: Łřőňě šőčő, šăł łăł ‹(fi − ff) = 0 ŕřĺ fi ≠ ff; šő ćňěśšő V (fi) ňőęŋő ąřăšĳ V (ff) ĺńĺ √ V (fi)V (ff):

Ďĺśŕěřśĺ£ Ň[v(fi)vš(fi)] ąěńőčő ÿşňă ąěśłőŋěůŋă, ă ěčő ğŋăůěŋĺ£ ć ďćşţ śłőńĳ şčőďŋő ąńĺğłĺţ šőůłăţ ŋěłőřřěńĺřőćăŋż. Ąěńżľ ÿşň ŋě śşźěśšćşěš ťĺğĺůěśłĺ, šăł łăł ďń£ ěčő řěăńĺğăűĺĺ ŋěőąţőďĺňă ąěśłőŋěůŋă£ ňőźŋőśšĳ. Ŕőŋ£šĺě ąěńőčő ÿşňă £ćń£ěšś£ ňăšěňăšĺůěśłőľ ăąśšřăłűĺěľ, şďőąŋőľ ďń£ ŕőśšřőěŋĺ£ šěőřĺĺ. Ŕřăłšĺůěśłĺ ňőęŋő čőćőřĺšĳ ńĺÿĳ ő ąőńĳÿěľ ĺńĺ ňěŋĳÿěľ śšěŕěŋĺ ŕřĺąńĺęěŋĺ£ řěăńĳŋőčő ŕřőűěśśă ł ąěńőňş ÿşňş. Řěăńĳŋżľ śńşůăľŋżľ ŕřőűěśś ňőęŋő ŕżšăšĳś£ ğăňěŋĺšĳ ąěńżň ÿşňőň šőńĳłő šőčďă, łőčďă ĺŋšěřćăń ňěęďş ğŋăůěŋĺ£ňĺ ăřčşňěŋšă, ŕřĺ łőšőřőň ğŋăůěŋĺ£ śńşůăľŋőčő ŕřőűěśśă ŕřăłšĺůěśłĺ ŋěłőřřěńĺřőćăŋż, őůěŋĳ ňăń. Ŕőŋ£šĺě "őůěŋĳ ňăń" ňăšěňăšĺůěśłĺ śšřőčő ŋě őŕřěďěńěŋő, ĺ ŕřăćĺńĳŋőśšĳ ğăňěŋż řěăńĳŋőčő śńşůăľŋőčő ŕřőűěśśă ąěńżň ÿşňőň ďőńęŋă ć łăęďőň śńşůăě őąőśŋőćżćăšĳś£ ńĺąő šěőřěšĺůěśłĺ, ńĺąő ŕřăłšĺůěśłĺ.

Őŕřěďěńěŋĺě 1.4 ([27]) Śńşůăľŋżľ ŕřőűěśś v(fi; !) ŋăğżćăěšś£ ąěńżň ÿşňőň ć śšřőčőň śňżśńě, ěśńĺ

őŋ ŕőńşůěŋ ďĺťťěřěŋűĺřőćăŋĺěň śńşůăľŋőčő ŕřőűěśśă ś ŋěğăćĺśĺňżňĺ ŕřĺřăźěŋĺ£ňĺ.

Ďĺťťěřěŋűĺřőćăŋĺě ŕőŋĺňăěšś£ ć őąőąźěŋŋőň śňżśńě ĺ ąěńżľ ÿşň £ćń£ěšś£ őąőąźěŋŋżň śńşůăľŋżň ŕřőűěśśőň. Řěăńĺğăűĺĺ ąěńőčő ÿşňă ś ćěřő£šŋőśšĳ¿ 1 ŕřĺŋăďńěęăš ŋěčăšĺćŋőňş ŕřőśšřăŋśšćş W^{−1}_2 [0; t]:

Őąőğŋăůĺň ůěřěğ w(fi; !); fi ∈ [0; t]; ! ∈ ˙ ćěłšőřŋżľ śńşůăľŋżľ ŕřőűěśś śő śńěďş¿źĺňĺ śćőľśšćăňĺ: 1) w(fi) | ŕřőűěśś śő śšăűĺőŋăřŋżňĺ ŋěğăćĺśĺňżňĺ ŕřĺřăźěŋĺ£ňĺ; 2) w(0) = 0 ŕőůšĺ ŋăćěřŋőě;

12 1 Ŕőśšăŋőćłă ğăďăůĺ

3) ďń£ ń¿ążţ fi ĺ ff; ŕřĺŋăďńěęăźĺţ [0; t]; ´w = w(fi) − w(ff) ĺňěěš čăşśśőćśłőě řăśŕřěďěńěŋĺě, ŋşńěćőě śřěďŋěě ĺ łőćăřĺăűĺőŋŋş¿ ňăšřĺűş K_Δw(fi; ff) = R|fi − ff|; R | ŋěőšřĺűăšěńĳŋő-őŕřěďěńěŋŋă£ ňăšřĺűă;

4) ŕőůšĺ ďń£ ćśěţ ! ∈ ˙ ćżąőřőůŋżě ťşŋłűĺĺ w(fi) ŋěŕřěřżćŋż, ŋěďĺťťěřěŋűĺřşěňż ŕő fi ć őążůŋőň śňżśńě ĺ ĺňě¿š ŋă ń¿ąőň śłőńĳ şčőďŋő ňăńőň ĺŋšěřćăńě ąěśłőŋěůŋş¿ ćăřĺăűĺ¿;

5) M[w(fi)] = 0; M[w(fi)wš(ff)] = R min(fi; ff):

Ŕřőűěśś w(fi; !); şďőćńěšćőř£¿źĺľ ¡šĺň şśńőćĺ£ň, ŋăğżćăěšś£ ćĺŋěřőćśłĺň śńşůăľŋżň ŕřőűěśśőň.

Ďĺťťěřěŋűĺřş£ ć őąőąźěŋŋőň śňżśńě ćżąőřłĺ w(fi; !); ŕőńşůăěň śńşůăľŋżľ ŕřőűěśś v(fi; !) ≡ v(fi); ćżąőřőůŋżě ťşŋłűĺĺ łőšőřőčő ŕőůšĺ ŋăćěřŋőě ŕřĺŋăďńěęăš ŋěčăšĺćŋőňş ŕřőśšřăŋśšćş W^{−1}_2 [0; t]: Ďěľśšćĺšěńĳŋő: ďń£ ∀’(fi) ∈ C^1t [0; t] ĺňěěň

⟨v; ’⟩ = −⟨w; d’ dfi ⟩ = − t∫

0 w^š(fi)’(fi) dfi dfi: Šő ěśšĳ v(fi) = D^∗t w(fi): Ćżůĺśńĺň ŕěřćżľ ĺ ćšőřőľ ňőňěŋšż śńşůăľŋőčő ŕřőűěśśă v(fi) :

M[v(fi)] = D^∗_t M[j^∗_t D^∗_t w(fi)] = D^∗_t M[w(fi)] = 0; M[v(fi)v^š(ff)] = D^∗_t D^∗_t M[(j^∗_t v(fi))(j^∗_t v(ff))^š] =

= D^∗t D^∗t M[(j^∗t D^∗t w(fi))(j^∗t D^∗t w(ff))š] = D^∗t D^∗t M[w(fi)wš(ff)] = D^∗t D^∗t (R min(t; s)) = R‹(fi − ff);

šăł łăł D^∗t (min(fi; ff)) = 1(t; s) =

{ 1; fi < ff

0; fi > ff ; ĺ D^∗t (1(fi; ff)) = ‹(fi − ff); čďě ‹(fi − ff) {ťşŋłűĺ£ Ďĺřăłă, ‹(fi − ff) ∈ W^{−1}_2 [0; t]: Šăłĺň őąřăğőň, v(fi) | ąěńżľ ÿşň.

Őŕřěďěńěŋĺě 1.5 Ąěńżľ ÿşň, ŕřěďśšăćń£¿źĺľ śőąő¿ ŕřőĺğćőďŋş¿ őš ćĺŋěřőćśłőčő ŕřőűěśśă, ŋăğż-

ćăěšś£ ŋőřňăńĳŋő řăśŕřěďěńěŋŋżň ĺńĺ čăşśśőćśłĺň ąěńżň ÿşňőň.

Ć ďăńĳŋěľÿěň ŕőď ąěńżň ÿşňőň ćěğďě ŕőŋĺňăěšś£ ąěńżľ čăşśśőćśłĺľ ÿşň ś ŋěćżřőęďěŋŋőľ ňăšřĺűěľ ĺŋšěŋśĺćŋőśšĺ.

Řăśśňőšřĺň ğăďăůş Łőÿĺ (1.1.6) ć śńşůăě, łőčďă v(fi) £ćń£ěšś£ řěăńĺğăűĺěľ ćěłšőřŋőčő ąěńőčő čăşśśőćśłőčő ÿşňă, dx(fi) dfi = F (fi)x(fi) + v(fi); x(0) = x^0; 0 ≤ fi ≤ t; (1:1:9) čďě x_0 = x_0(!) | śńşůăľŋă£ čăşśśőćśłă£ ćěńĺůĺŋă ś ğăďăŋŋżňĺ ďćşň£ ŕěřćżňĺ ňőňěŋšăňĺ, ŕřőĺğćőďŋă£ ć (1.1.9) ŕőŋĺňăěšś£ ć őąőąźěŋŋőň śňżśńě.

Őŕřěďěńěŋĺě 1.6 Ćěłšőřŋżľ śńşůăľŋżľ ŕřőűěśś x(fi) ≡ x(fi; !) ąşďěň ŋăğżćăšĳ řěÿěŋĺěň ğăďăůĺ Łő-

ÿĺ (1.1.9), ěśńĺ ěčő řěăńĺğăűĺĺ şďőćńěšćőř£¿š (1.1.9) ŕőůšĺ ŋăćěřŋőě (ć śňżśńě őŕřěďěńěŋĺ£ 1.1).

Ŕřőűěśś x(fi); şďőćńěšćőř£¿źĺľ (1.1.9), ĺňěěš ŕőůšĺ ŋăćěřŋőě ŋěŕřěřżćŋżě ćżąőřłĺ. Ďěľśšćĺšěńĳŋő, ğăďăůş (1.1.9) ňőęŋő ğăŕĺśăšĳ ć ćĺďě

−D^∗_t x(fi) = F (fi)x(fi) − D^∗_t w(fi); čďě v(fi) = −D^∗_t w(fi):

Ŕőďěľśšćşěň ŋă őąě ůăśšĺ ¡šőčő řăćěŋśšćă őŕěřăšőřőň j^∗t ; šőčďă ŕőńşůĺň −x(fi) = j^∗t (F (fi)x(fi)) − w(fi): Šăł łăł j^∗t D^∗t | šőęďěśšćěŋŋżľ őŕěřăšőř, ă őŕěřăšőř j^∗t ŋă ¡ńěňěŋšăţ ĺğ L_2[0; t] ĺňěěš ćĺď:

j^∗_t u(fi) = − fi∫

0 u(s) ds; šő ŋăţőďĺň, ůšő x(fi) = fi∫

0 F (s)x(s) ds + w(fi):

Śőčńăśŋő ńěňňě 1.1, x(fi) ∈ L_2[0; t]; ă śńěďőćăšěńĳŋő, fi∫ 0 F (s)x(s) ds ŕřĺŋăďńěęĺš C[0; t] ĺ x(fi) łăł śşňňă

ďćşţ ŋěŕřěřżćŋżţ ťşŋłűĺľ šăłęě ŋěŕřěřżćŋă ŋă [0; t] ś ćěřő£šŋőśšĳ¿ 1.

Ććěďěň ŋěłőšőřżě ŕőŋ£šĺ£ šěőřĺĺ şŕřăćńěŋĺ£. Śĺśšěňőľ ŋăğżćă¿š ń¿ąş¿ śőćőłşŕŋőśšĳ ćğăĺňőďěľśšćş¿źĺţ ŕřěďňěšőć ŕřőĺğćőńĳŋőľ ŕřĺřőďż. Ćŋěÿŋĺě ćőğďěľśšćĺ£ ŋă śĺśšěňş ŋăğżćă¿š ćţőďŋżňĺ śĺčŋăńăňĺ (ćőğňşźěŋĺěň, şŕřăćńěŋĺěň, ćţőďŋőľ ćěńĺůĺŋőľ). Ćńĺ£ŋĺě śĺśšěňż ŋă őłřşęă¿źş¿ śřěďş ĺńĺ ďřşčĺě śĺśšěňż ŋăğżćă¿š ćżţőďŋżňĺ śĺčŋăńăňĺ (ćżţőďŋőľ ćěńĺůĺŋőľ).

1.1 Őśŋőćŋżě őąőğŋăůěŋĺ£ ĺ ŕőŋ£šĺ£ 13

Śńěďşěš őšňěšĺšĳ, ůšő šěőřĺ£ şŕřăćńěŋĺ£ ĺğşůăěš ŋě řěăńĳŋżě śĺśšěňż, ă ĺţ ňăšěňăšĺůěśłĺě ňőďěńĺ. Ćżÿěŕřĺćěďěŋŋżě őŕřěďěńěŋĺ£ śĺśšěňż, ćţőďŋżţ ĺ ćżţőďŋżţ śĺčŋăńőć £ćń£¿šś£ őąźĺňĺ ĺ ďń£ ŕőśšřőěŋĺ£ ňăšěňăšĺůěśłĺţ ňőďěńěľ śĺśšěň şŕřăćńěŋĺ£ šřěąş¿š şšőůŋěŋĺ£.

Ŕşśšĳ ˝ { ŋěłőšőřă£ śĺśšěňă. Ć łăęďżľ ňőňěŋš ćřěňěŋĺ fi śĺśšěňă ˝ ŕőńşůăěš ćţőďŋőě ćőğďěľśšćĺě u(fi) ĺğ ťĺłśĺřőćăŋŋőčő ňŋőęěśšćă U ĺ ŕőřőęďăěš ćżţőďŋş¿ ćěńĺůĺŋş y(fi); ŕřĺŋăďńěęăźş¿ ňŋőęěśšćş Y: Őšňěšĺň, ůšő ćţőďŋőě ćőğďěľśšćĺě u(fi) ŋě ňőęěš ążšĳ ŕřőĺğćőńĳŋőľ ťşŋłűĺěľ. Ćżąőř ňŋőęěśšćă U; ŕřĺ ŕőśšřőěŋĺĺ ňăšěňăšĺůěśłőľ ňőďěńĺ śĺśšěňż, ňőęěš ďĺłšőćăšĳś£ řăğńĺůŋżňĺ śőőąřăęěŋĺ£ňĺ, ŋăŕřĺňěř { ťĺğĺůěśłĺňĺ, ŋő ůăźě őŕřěďěń£ěšś£ ňăšěňăšĺůěśłĺňĺ ŕőšřěąŋőśš£ňĺ. Łřőňě šőčő, ğŋăŋĺě ćţőďŋőčő śĺčŋăńă u(fi); łăł ŕřăćĺńő, ŋěďőśšăšőůŋő ďń£ őŕřěďěńěŋĺ£ y(fi): Ğŋăůěŋĺě ćżţőďŋőľ ćěńĺůĺŋż ğăćĺśĺš, ć őąźěň śńşůăě, łăł őš ćţőďŋőčő ćőğďěľśšćĺ£, šăł ĺ őš ŕřěďżśšőřĺĺ ĺğňěŋěŋĺ£ śĺśšěňż, š.ě. őš ěě ćěłšőřă śőśšő£ŋĺ£ x(fi) ∈ X; čďě X | ŕřőśšřăŋśšćő śőśšő£ŋĺľ śĺśšěňż.

Ňăšěňăšĺůěśłĺ ń¿ąş¿ śĺśšěňş ňőęŋő ğăďăšĳ łńăśśőň ďőŕşśšĺňżţ ťşŋłűĺľ ŋă ćţőďě U ĺ śőőšŋőÿěŋĺěň ćĺďă y(fi) = H(u(fi)); čďě u(fi) { ťşŋłűĺ£ ŋă ćţőďě, u(fi) ∈ U; y(fi) { ğŋăůěŋĺě ťşŋłűĺĺ ŋă ćżţőďě śĺśšěňż ć ňőňěŋš fi; H | őŕěřăšőř śĺśšěňż, ďěľśšćş¿źĺľ ĺğ őąńăśšĺ ďőŕşśšĺňżţ ćţőďŋżţ śĺčŋăńőć ć őąńăśšĳ ğŋăůěŋĺľ ćżţőďŋżţ śĺčŋăńőć śĺśšěňż Y; y(fi) ∈ Y:

Ňăšěňăšĺůěśłőľ ňőďěńĳ¿ śĺśšěňż ŋăğżćă¿š őąžěďĺŋěŋĺě ůěšżřěţ ¡ńěňěŋšőć: 1) ŕřőśšřăŋśšćă śőśšő£ŋĺľ X; 2) ŕřőśšřăŋśšćă ćţőďŋżţ śĺčŋăńőć U; 3) ŕřőśšřăŋśšćă ćżţőďŋżţ śĺčŋăńőć Y;

4) śőőšŋőÿěŋĺľ, ść£ğżćă¿źĺţ ćţőďŋőľ ĺ ćżţőďŋőľ śĺčŋăńż ĺ ćěłšőř śőśšő£ŋĺ£ śĺśšěňż (őŕěřăšőřă śĺśšěňż H ).

Őŕěřăšőř śĺśšěňż H őążůŋő ŕřěďśšăćń£¿š ć ćĺďě: H = C(˘); čďě ťşŋłűĺ£ ˘ ďěľśšćşěš ĺğ U ć X; ă C ĺğ X ć Y ( ˘ : U → X; C : X → Y ).

Ć 1963 čőďş Ř.Łăńňăŋ ďăń őąźěě őŕřěďěńěŋĺě ŕőŋ£šĺ£ ďĺŋăňĺůěśłőľ śĺśšěňż, łőšőřőě śěľůăś őąźěŕřĺŋ£šő.

Őŕřěďěńěŋĺě 1.7 Śĺśšěňş ˝ ąşďěň ŋăğżćăšĳ ďĺŋăňĺůěśłőľ śĺśšěňőľ, ěśńĺ

1. Ğăďăŋż ňŋőęěśšćă: şŕőř£ďőůěŋŋőě ňŋőęěśšćő T | ňŋőęěśšćő ćřěňěŋĺ, ŋěŕşśšőě ňŋőęěśšćő ćţőďŋżţ ćőğďěľśšćĺľ U; ňŋőęěśšćő śőśšő£ŋĺľ X ĺ ňŋőęěśšćő ćżţőďŋżţ ćěńĺůĺŋ Y: 2. Śşźěśšćşěš ŕěřěţőďŋă£ ťşŋłűĺ£ śőśšő£ŋĺľ ˘; şďőćńěšćőř£¿źă£ ďćşň śćőľśšćăň: ă) ˘ őŕřěďěńěŋă ďń£ ćśěţ fi ≥ t_0(fi ∈ T; t_0 ∈ T ) ŋă ňŋőęěśšćě T × T × X × U ĺ ďěľśšćşěš ć X

x(t) = ˘(t; u(fi); x(t_0); t_0 ≤ fi ≤ t; t ∈ T );

ďń£ fi ≤ t_0(fi ∈ T; t_0 ∈ T ) ˘ ňőęěš ążšĳ ŋěőŕřěďěńěŋŋă (ğŋăł × { őąőğŋăůăěš ďěłăřšőćő ŕřőĺğćěďěŋĺě ŕřőśšřăŋśšć);

ą) ďń£ ń¿ążţ t > t_0; t ∈ T; t_0 ∈ T ňőęŋő ŕő ğŋăůěŋĺ£ň u(fi) ( fi ∈ T ĺ ŕřĺŋĺňăěš ćśě ğŋăůěŋĺ£ őš t_0 ďő t ) ĺ x(t_0) őďŋőğŋăůŋő őŕřěďěńĺšĳ śőśšő£ŋĺě x(t) (şśńőćĺě "ŕřĺůĺŋŋőśšĺ"). 3) Ğăďăŋő ćżţőďŋőě őšőąřăęěŋĺě C : T × X → Y; őŕřěďěń£¿źěě ćżţőďŋżě ćěńĺůĺŋż y(fi) = C(fi; x(fi)):

Şśńőćĺě "ŕřĺůĺŋŋőśšĺ" őğŋăůăěš, ůšő ŕřőÿńőě ćńĺ£ěš ŋă ąşďşźěě, ă ŋě ŋăőąőřőš. İšő şśńőćĺě ŋăğżćă¿š šăłęě şśńőćĺěň ťĺğĺůěśłőľ řěăńĺğşěňőśšĺ śĺśšěňż.

Śĺśšěňż, ć ğăćĺśĺňőśšĺ őš śćőľśšć ňŋőęěśšćă T; ďěń£š ŋă ďćă łńăśśă.

Őŕřěďěńěŋĺě 1.8 Ďĺŋăňĺůěśłă£ śĺśšěňă ˝ ŋăğżćăěšś£ śĺśšěňőľ ś ŋěŕřěřżćŋżň ćřěňěŋěň (ŋěŕřě-

řżćŋőľ) šőčďă ĺ šőńĳłő šőčďă, łőčďă ňŋőęěśšćő ćřěňěŋĺ T śőćŕăďăěš ś ňŋőęěśšćőň ďěľśšćĺšěńĳŋżţ ůĺśěń, ĺ ŋăğżćăěšś£ śĺśšěňőľ ś ďĺśłřěšŋżň ćřěňěŋěň (ďĺśłřěšŋőľ) šőčďă ĺ šőńĳłő šőčďă, łőčďă T | ňŋőęěśšćő űěńżţ ůĺśěń.

Ćő ňŋőčĺţ ŕřĺńőęěŋĺ£ţ šěőřĺĺ şŕřăćńěŋĺ£ řăğńĺůĺě ňěęďş ŋěŕřěřżćŋżňĺ ĺ ďĺśłřěšŋżňĺ śĺśšěňăňĺ ŋě śşźěśšćěŋŋő ĺ ćżąőř ňěęďş ŋĺňĺ őŕřěďěń£ěšś£ ňăšěňăšĺůěśłĺňĺ śőőąřăęěŋĺ£ňĺ.

Őŕřěďěńěŋĺě 1.9 Ďĺŋăňĺůěśłă£ śĺśšěňă ˝ ŋăğżćăěšś£ ńĺŋěľŋőľ šőčďă ĺ šőńĳłő šőčďă, łőčďă

ă) ňŋőęěśšćă X; U ĺ Y śşšĳ ćěłšőřŋżě ŕřőśšřăŋśšćă; ą) őšőąřăęěŋĺě ˘ : T × T × X × U → X ńĺŋěľŋő ŕřĺ ćśěţ t ĺ fi ; ć) őšőąřăęěŋĺě C : X → Y £ćń£ěšś£ ńĺŋěľŋżň ŕřĺ ń¿ążţ t:

14 1 Ŕőśšăŋőćłă ğăďăůĺ

Ŋăŕőňŋĺň, ůšő őšőąřăęěŋĺě H ŋăğżćăěšś£ ńĺŋěľŋżň, ěśńĺ őŋő şďőćńěšćőř£ěš ŕřĺŋűĺŕş śşŕěřŕőğĺűĺĺ

H(¸u_1(fi) + ˛u_2(fi)) = ¸H(u_1(fi)) + ˛H(u_2(fi));

¸; ˛ - ŕřőĺğćőńĳŋżě ůĺśńă, ă u_1(fi); u_2(fi) ∈ U:

Ďăńěě ňż ąşďěň řăśśňăšřĺćăšĳ šőńĳłő ńĺŋěľŋżě ŋěŕřěřżćŋżě ďĺŋăňĺůěśłĺě śĺśšěňż. Ňż ąşďěň šăłęě čőćőřĺšĳ, ůšő ćţőďŋőě ćőğďěľśšćĺě (şŕřăćńěŋĺě) u(fi) ŕěřěćőďĺš (ĺğňěŋ£ěš, ŕřěőąřăğşěš) śőśšő£ŋĺě x(t_0) ć śőśšő£ŋĺě x(fi); ĺńĺ čěŋěřĺřşěš (ňőďěńĺřşěš, ŕőřőęďăěš) ŕřőűěśś x(fi) ś ŕőňőźĳ¿ ŕřěőąřăğőćăŋĺ£ H:

Ŕřőśšěľÿĺň ŕřĺňěřőň ńĺŋěľŋőľ śĺśšěňż ňőęěš śńşęĺšĳ ŕřěőąřăğőćăŋĺě ćĺďă

y(fi) = b∫

a h(fi; s)u(s) ds; (1:1:10)

ďń£ łőšőřőčő łńăśś ďőŕşśšĺňżţ ťşŋłűĺľ U ğăćĺśĺš őš śćőľśšć ňăšřĺűż h(fi; s) řăğňěřěŋŋőśšĺ m × n: Šăł, ŋăŕřĺňěř, ěśńĺ ∀z ∈ En; h(fi; s)z ∈ L_2[a; b] ŕő őąőĺň ăřčşňěŋšăň, šő ňŋőęěśšćő ďőŕşśšĺňżţ şŕřăćńěŋĺľ U ďőńęŋő ŕřĺŋăďńěęăšĳ ŕřőśšřăŋśšćş L_2[a; b]; ĺŋăůě ĺŋšěčřăń Ńěąěčă ć (1.1.10) šěř£ěš śňżśń.

Ŕřěďśšăćńěŋĺě (1.1.10) ÿĺřőłő ĺśŕőńĳğşěšś£ ć šěőřĺĺ şŕřăćńěŋĺ£ ńĺŋěľŋżňĺ śĺśšěňăňĺ. Śńěďşěš őšňěšĺšĳ, ůšő ŋě ćśěčďă şďăěšś£ őčřăŋĺůĺšĳ ňŋőęěśšćő U ńĺÿĳ ťşŋłűĺ£ňĺ ĺğ L_2[a; b]: Šăł, őďŋĺň ĺğ śšăŋďăřšŋżţ ŕřĺěňőć ĺśśńěďőćăŋĺ£ śĺśšěň şŕřăćńěŋĺ£ £ćń£ěšś£ ĺğşůěŋĺě ĺţ řěăłűĺĺ ŋă ćţőďŋőľ śĺčŋăń ć ćĺďě ‹ {ťşŋłűĺĺ Ďĺřăłă, łőšőřă£ £ćń£ěšś£ őąőąźěŋŋőľ ťşŋłűĺěľ ( ‹ ∈ W^{−1}_2 [a; b] ). Ć ¡šőň śńşůăě, ůšőąż ĺğąěęăšĳ ďőŕőńŋĺšěńĳŋőľ šřăłšőćłĺ ćżřăęěŋĺ£ ć (1.1.10), ŕěřěţőď£š ł řăśśňőšřěŋĺ¿ śĺśšěňż ć šěřňĺŋăţ ŕěřěţőďŋżţ ĺńĺ śŕěłšřăńĳŋżţ ťşŋłűĺľ (š.ě. ŕřĺćńěłăěšś£ šěőřĺ£ ŕřěőąřăğőćăŋĺľ Ńăŕńăśă ĺńĺ Ťşřĳě). Ŋő ¡šő ŕřĺěňńěňő ńĺÿĳ ďń£ śšăűĺőŋăřŋżţ ďĺŋăňĺůěśłĺţ śĺśšěň.

Őŕřěďěńěŋĺě 1.10 Ďĺŋăňĺůěśłă£ śĺśšěňă ˝ ŋăğżćăěšś£ śšăűĺőŋăřŋőľ šőčďă ĺ šőńĳłő šőčďă, łőčďă

ă) T ěśšĳ ăďďĺšĺćŋă£ čřşŕŕă (őšŋőśĺšěńĳŋő őążůŋőľ őŕěřăűĺĺ śńőęěŋĺ£ ďěľśšćĺšěńĳŋżţ ůĺśěń); ą) U ğăňłŋşšő őšŋőśĺšěńĳŋő őŕěřăšőřă śďćĺčă Zs; őŕřěďěń£ěňőčő śőőšŋőÿěŋĺěň u(fi) = u(fi + s) ŕřĺ ćśěţ fi; s ∈ T ;

ć) ˘(t; fi; x; u) = ˘(t + s; fi + s; x; Zsu) ŕřĺ ćśěţ s ∈ T ; č) őšőąřăęěŋĺě C ŋě ğăćĺśĺš őš t:

Ć ďăńĳŋěľÿěň ąşďşš řăśśňăšřĺćăšĳś£, ć őśŋőćŋőň, ŋěśšăűĺőŋăřŋżě śĺśšěňż. Ŕő¡šőňş ŕőłăęěň, łăł śńěďşěš ŕőŋĺňăšĳ ćżřăęěŋĺě (1.1.10), ěśńĺ şŕřăćńěŋĺě £ćń£ěšś£ ¡ńěňěŋšőň ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă W^{−1}_2 [a; b]:

Őąőğŋăůĺň ůěřěğ hk(fi; s); k = 1; 2; :::; m śšřőłĺ ňăšřĺűż h(fi; s) ĺ ŕőšřěąşěň, ůšőąż hšk (fi; s) ∈ W^1_2 [a; b] ŕő őąőĺň ăřčşňěŋšăň. Ňŋőęěśšćő L_2[a; b] ŕńőšŋő ć W^{−1}_2 [a; b]: Ňŋőęěśšćő ŋěŕřěřżćŋő ďĺťťěřěŋűĺřşěňżţ ťşŋłűĺľ C^1[a; b] ŕńőšŋő ć L_2[a; b]; ă śńěďőćăšěńĳŋő ĺ ć W^{−1}_2 [a; b] Šăłĺň őąřăğőň, ďń£ ń¿ąőčő ćěłšőřă u(fi) ∈ W^{−1}_2 [a; b] śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ ćěłšőř-ťşŋłűĺľ ui(fi)^∞i_{=1} ĺğ C^1[a; b]; śţőď£źă£ś£ ŕő ŋőřňě ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă ł u(fi); š.ě. ‖u − ui‖_{−1} → 0; ŕřĺ i → ∞:

Řăśśňőšřĺň ŕőśńěďőćăšěńĳŋőśšĳ

y_i(fi) = b∫

a h(fi; s)u_i(s) ds:

Ś şůěšőň ććěďěŋŋżţ őąőğŋăůěŋĺľ ěě ňőęŋő ğăŕĺśăšĳ ć ćĺďě

y_i(fi) =

b∫ a h_1(fi; s)u_i(s) ds b∫ a h_2(fi; s)u_i(s) ds

: : : b∫ a h_m(fi; s)u_i(s) ds :

1.1 Őśŋőćŋżě őąőğŋăůěŋĺ£ ĺ ŕőŋ£šĺ£ 15

Ŕěřěľďěň ł ŕřěďěńş ŕő i → ∞ ĺ, ĺśŕőńĳğş£ őŕřěďěńěŋĺě ąĺńĺŋěľŋőľ ťőřňż (śň. śšř. 7), ŋăţőďĺň

lim_{ı→∞} yi(fi) = lim_{ı→∞} b∫ a h_1(fi; s)u_i(s) ds

lim_{ı→∞} b∫ a h_2(fi; s)u_i(s) ds

: : :

lim_{ı→∞} b∫ a h_m(fi; s)u_i(s) ds = ⟨h^š_1 (fi); u⟩ ⟨h^š_2 (fi); u⟩

: : :

⟨h^š_m(fi); u⟩

= y(fi): (1:1:11)

Ŕőłăęěň, ůšő ¡šőš ŕřěďěń śşźěśšćşěš ĺ őčřăŋĺůěŋ ďń£ ń¿ąőčő ťĺłśĺřőćăŋŋőčő fi ∈ [a; b]: Ŕşśšĳ yk(fi) ĺ y^k_i (fi) łőőřďĺŋăšż ćěłšőřőć y(fi) ĺ y_i(fi) śőőšćěšśšćěŋŋő. Šőčďă, ĺśŕőńĳğş£ ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő ďń£ k = 1; 2; : : :; m; ĺňěěň

|y^k(fi) − y^k_i (fi)| = |⟨h^š_k (fi); u_i⟩| ≤ ‖h^š_k (fi)‖_1‖u − u_i‖_{−1} → 0; ŕřĺ i → ∞:

Ĺğ ¡šőčő śőőšŋőÿěŋĺ£, śŕřăćěďńĺćőčő ďń£ ń¿ąőčő ťĺłśĺřőćăŋŋőčő ğŋăůěŋĺ£ fi ∈ [a; b] śńěďşěš śşźěśšćőćăŋĺě ĺ őčřăŋĺůěŋŋőśšĳ ŕřěďěńă ć (1.1.11).

Šăłĺň őąřăğőň, ěśńĺ u ∈ W^{−1}_2 [a; b]; šő ¡ńěňěŋšż ňăšřĺűż h(fi; s) ďőńęŋż ŕő őąőĺň ăřčşňěŋšăň ŕřĺŋăďńěęăšĳ ŕřőśšřăŋśšćş W^1_2 [a; b] ĺ ĺŋšěčřăń ć (1.1.10) ąşďěň ŕőŋĺňăšĳ łăł ŕřěďěń ć (1.1.11).

Ŕőłăęěň, ůšő ćěłšőř y(fi) ŕřĺŋăďńěęăš ŕřőśšřăŋśšćş ĺŋšěčřĺřşěňżţ ś łćďřăšőň ŕő Ńěąěčş ťşŋłűĺľ ŋă őšřěğłě [a; b]: Ŕő őŕřěďěńěŋĺ¿ ŋőřňż ć L_2[a; b] ĺ (1.1.11), ĺňěěň:

‖y‖_0 = b∫

a m∑ k=1 |y^k(fi)|^2 dfi 1=2 = b∫

a m∑ k=1 | < h^š_k (fi); u > |^2 dfi 1=2 : Ŕřĺňěŋĺň ł ŕőńşůěŋŋőňş ćżřăęěŋĺ¿ ŋěřăćěŋśšćő Ÿćăřűă. Šőčďă

‖y‖_0 = b∫

a m∑ k=1 | < h^š_k (fi); u > |^2 dfi 1=2 ≤ b∫

a m∑ k=1 ‖h^š_k (fi)‖^2_1‖u‖^2_{−1} dfi 1=2 =

= b∫

a m∑ k=1 ‖h^š_k (fi)‖^2_1 dfi 1=2 ‖u‖_{−1} < ∞;

šăł łăł hšk (fi; s) ŕřĺŋăďńěęĺš W^1_2 [a; b] ŕő s ĺ fi; u ∈ W^{−1}_2 [a; b]: Śńěďőćăšěńĳŋő, y(fi) ∈ L_2[a; b]:

Ŕşśšĳ ¡ńěňěŋšż ňăšřĺűż h(fi; s) ŕő ŕěřěňěŋŋżň fi ĺ s ŕřĺŋăďńěęăš ňŋőęěśšćş C^1[a; b]: Šőčďă, ěśńĺ ŋă ćţőď śĺśšěňż ŕőśšşŕăěš śĺčŋăń u(s) = z‹(ff − s); čďě z | ŋěłőšőřżľ ćěłšőř ĺğ En; ff ∈ [a; b]; ă ‹(ff − s) - ‹ {ťşŋłűĺ£ Ďĺřăłă, šő śőčńăśŋő śćőľśšćăň ‹ {ťşŋłűĺĺ (śň.śšř. 8) b∫

a h(fi; s)z‹(ff − s) ds =

0; ff < a; ff > b 1 2 h(fi; ff)z; ff = a; ff = b h(fi; ff)z; a < ff < b;

ĺ y(fi) = h(fi; ff)z; ŕřĺ a < ff < b: Šăłĺň őąřăğőň, ťşŋłűĺ¿ h(fi; ff)z śńěďşěš ĺŋšěřŕřěšĺřőćăšĳ łăł řěăłűĺ¿ śĺśšěňż ŋă ‹ {ťşŋłűĺ¿ ć ňőňěŋš ćřěňěŋĺ ff:

Ňăšřĺűş h(fi; ff) ŋăğżćă¿š ĺňŕşńĳśŋőľ ŕěřěţőďŋőľ ňăšřĺűěľ śĺśšěňż.

Ć ťőřňşńăţ (1.1.10) ĺ (1.1.11) řěăłűĺ£ śĺśšěňż ć ňőňěŋš fi ğăćĺśĺš őš ğŋăůěŋĺľ ťşŋłűĺĺ ŋă ćţőďě łăł ć ňőňěŋš fi > s; šăł ĺ ć ňőňěŋšż ćřěňěŋĺ fi < s: Ć šěőřĺĺ şŕřăćńěŋĺ£ ĺśśńěďş¿šś£ śĺśšěňż, śőśšő£ŋĺě łőšőřżţ ğăćĺśĺš őš ŕőśšşŕĺćÿĺţ ĺ ŕőśšşŕă¿źĺţ ŋă ćţőď śĺčŋăńőć, ă ŋě őš ąşďşźĺţ. Ŕő¡šőňş śůĺšă¿š, ůšő h(fi; s) = 0 ŕřĺ fi < s: İšő şśńőćĺě ŋăğżćă¿š şśńőćĺěň ťĺğĺůěśłőľ őśşźěśšćĺňőśšĺ (řěăńĺğşěňőśšĺ) śĺśšěňż.

Őŕřěďěńěŋĺě 1.11 Ďń£ ŕřőűěśśă u(fi) ŕřěőąřăğőćăŋĺě H ŋăğżćăěšś£ ďőŕşśšĺňżň ťĺńĳšřőň (ĺńĺ,

ŕřőźě, ťĺńĳšřőň), ěśńĺ őŋő ğăďăŋő ťőřňşńőľ (1.1.10), čďě ¡ńěňěŋšż ňăšřĺűż h(fi; s) šăłőćż, ůšő (1.1.10) ĺňěěš śňżśń ( ĺŋšěčřăń ŕőŋĺňăěšś£ łăł ć (1.1.11)).

16 1 Ŕőśšăŋőćłă ğăďăůĺ

Őŕřěďěńěŋĺě 1.12 Ďń£ ŕřőűěśśă x(fi) ďĺťťěřěŋűĺăńĳŋă£ śĺśšěňă

dx(fi) dfi = F (fi)x(fi) + G(fi)v(fi);

čďě v(fi) | ćţőďŋőľ śĺčŋăń, ă F (fi) ĺ G(fi) | ĺğćěśšŋżě ňăšřĺűż, ŋăğżćăěšś£ ťőřňĺřş¿źĺň ťĺńĳšřőň, ěśńĺ ŕřőűěśś x(fi) £ćń£ěšś£ ćżţőďőň ¡šőľ śĺśšěňż ŕřĺ ŕőśšşŕńěŋĺĺ ŋă ěě ćţőď ąěńőčő ÿşňă.

Ďăńěě ďń£ ňăšěňăšĺůěśłőčő őŕĺśăŋĺ£ ńĺŋěľŋőľ ŋěŕřěřżćŋőľ ďĺŋăňĺůěśłőľ śĺśšěňż ňż ąşďěň ĺśŕőńĳğőćăšĳ śńěďş¿źěě ŕřěďśšăćńěŋĺě:

Őŕřěďěńěŋĺě 1.13 Ńĺŋěľŋőľ ŋěŕřěřżćŋőľ ďĺŋăňĺůěśłőľ śĺśšěňőľ

ąşďěň ŋăğżćăšĳ śĺśšěňş, ş łőšőřőľ: ćěłšőř śőśšő£ŋĺ£ śĺśšěňż ňőďěńĺřşěšś£ őąőąźěŋŋżň ďĺťťěřěŋűĺăńĳŋżň şřăćŋěŋĺěň dx(fi) dfi = F (fi)x(fi) + G(fi)u(fi); x(t^0) = x^0; (1:1:12) ă ćżţőďŋőľ śĺčŋăń y(fi) = C(fi)x(fi); (1:1:13)

čďě F (fi); G(fi); ĺ C(fi) | ĺğćěśšŋżě ňăšřĺűż, u(fi) | ćţőďŋőľ śĺčŋăń, x_0 | ćěłšőř ŋăůăńĳŋőčő śőśšő£ŋĺ£ śĺśšěňż, ŕřőĺğćőďŋă£ ŕőŋĺňăěšś£ ć őąőąźěŋŋőň śňżśńě. Ňăšřĺűş C(fi) ŕřĺŋ£šő ŋăğżćăšĳ ňăšřĺűěľ ĺğňěřěŋĺľ ĺńĺ ŋăąń¿ďěŋĺľ. İńěňěŋšż ňăšřĺűż F (fi) ŕřĺŋăďńěęăš ŕřőśšřăŋśšćş L_2[t_0; t]; ă ňăšřĺű G(fi) ĺ C(fi) { ŕřőśšřăŋśšćş W^1_2 [t_0; t]:

Ćăęŋőě ğŋăůěŋĺě ć šěőřĺĺ şŕřăćńěŋĺ£ ĺňě¿š ŕőŋ£šĺ£ ŋăąń¿ďăěňőśšĺ ĺ şŕřăćń£ěňőśšĺ ďĺŋăňĺůěśłĺţ śĺśšěň.

Ćŋăůăńě őąśşďĺň ŕřőąńěňş ŋăąń¿ďăěňőśšĺ. Ďń£ ¡šőčő řăśśňőšřĺň őďŋőřőďŋş¿ śĺśšěňş n -čő ŕőř£ďłă:

dx(fi) dfi = F (fi)x(fi); x(t_0) =? (1:1:14)

y(fi) = C(fi)x(fi): (1:1:15)

Ňăšřĺűż F (fi); C(fi) ĺ m -ňěřŋżľ ćżţőďŋőľ śĺčŋăń y(fi) | ĺğćěśšŋż ŋă ĺŋšěřćăńě [t_0; t]:

Őŕřěďěńěŋĺě 1.14 Ŋěłőšőřőě śőśšő£ŋĺě x(t) śĺśšěňż şŕřăćńěŋĺ£

(1.1.14)-(1.1.15) ŋăğżćăěšś£ ŋăąń¿ďăěňżň ŋă ĺŋšěřćăńě [t_0; t]; ěśńĺ ěčő ňőęŋő őďŋőğŋăůŋő őŕřěďěńĺšĳ ŕő řěğşńĳšăšăň ĺğňěřěŋĺľ y(fi) ŋă ĺŋšěřćăńě [t_0; t]:

Őŕřěďěńěŋĺě 1.15 Ěśńĺ ďń£ łăęďőčő śőśšő£ŋĺ£ x(t) śĺśšěňă şŕřăćńěŋĺ£ (1.1.14)-(1.1.15) ŋăąń¿ďăěňă

ŋă ĺŋšěřćăńě [t_0; t]; šő őŋă ŋăğżćăěšś£ ćŕőńŋě ŋăąń¿ďăěňőľ ŋă ĺŋšěřćăńě [t_0; t]:

Őŕřěďěńěŋĺě 1.16 Ěśńĺ ďń£ łăęďőčő t śşźěśšćşěš t0 šăłőě, ůšő śőśšő£ŋĺě x(t) śĺśšěňż (1.1.14)-

(1.1.15) ćŕőńŋě ŋăąń¿ďăěňő ŋă ĺŋšěřćăńě [t_0; t]; šő šăłă£ śĺśšěňă ŋăğżćăěšś£ ćŕőńŋě ŋăąń¿ďăěňőľ ćś¿ďş.

Řěÿěŋĺě şřăćŋěŋĺ£ (1.1.14), łăł ĺğćěśšŋő ĺğ šěőřĺĺ ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ, ďń£ ń¿ąőčő fi ∈ [t_0; t] ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě x(t) = ˘(t; fi)x(fi); (1:1:16)

čďě ˘(t; fi) | ťşŋďăňěŋšăńĳŋă£ ňăšřĺűă řěÿěŋĺľ śĺśšěňż (1.1.14). Ňăšřĺűă ˘(t; fi) şďőćńěšćőř£ěš śĺśšěňě d˘(t; fi) dt = F (t)˘(t; fi); ˘(fi; fi) = In; (1:1:17)

čďě In | ěďĺŋĺůŋă£ ňăšřĺűă ŕőř£ďłă n: Ňăšřĺűă ˘(t; fi) ŋěćżřőęďěŋŋă£ ĺ ˘^{−1}(t; fi) = ˘š(fi; t):

Ŋăľďěň ĺğ (1.1.16) x(fi) ĺ ŕőďśšăćĺň ć (1.1.15). Šőčďă

y(fi) = C(fi)˘^š(fi; t)x(t): (1:1:18)

1.1 Őśŋőćŋżě őąőğŋăůěŋĺ£ ĺ ŕőŋ£šĺ£ 17

Şňŋőęĺň ¡šő ćżřăęěŋĺě ŋă ˘š(fi; t)Cš(fi) ĺ ďăńěě, ĺŋšěčřĺřş£ ŕő fi ŋăţőďĺň: t∫

t0 ˘š(fi; t)Cš(fi)y(fi) dfi = t∫

t0 ˘š(fi; t)Cš(fi)C(fi)˘(fi; t) dfi x(t):

Ććěďěň őąőğŋăůěŋĺě

M(t; t_0) = t∫

t0 ˘š(fi; t)Cš(fi)C(fi)˘(fi; t) dfi: (1:1:19)

Šőčďă t∫

t0 ˘š(fi; t)Cš(fi)y(fi) dfi = M(t; t_0)x(t): (1:1:20)

Ďń£ őŕřěďěńěŋĺ£ x(t) şřăćŋěŋĺě (1.1.20) ďőńęŋő ążšĳ řăğřěÿĺňő. Ěďĺŋśšćěŋŋőě řěÿěŋĺě ¡šőčő şřăćŋěŋĺ£ śşźěśšćşěš šőčďă ĺ šőńĳłő šőčďă, łőčďă ňăšřĺűă M(t; t_0) ŋěćżřőęďěŋă.

Ňăšřĺűă M(t; t_0); őŕřěďěńěŋŋă£ ćżřăęěŋĺěň (1.1.19), ŋăğżćăěšś£ ňăšřĺűěľ ŋăąń¿ďăěňőśšĺ. İšő śĺňňěšřĺůěśłă£ łćăďřăšŋă£ ňăšřĺűă ŕőř£ďłă n:

Šěőřěňă 1.1 Ďń£ ŕőńŋőľ ŋăąń¿ďăěňőśšĺ śĺśšěňż (1.1.14)-(1.1.15) ŋă ĺŋšěřćăńě [t; t0] ŋěőąţőďĺňő ĺ

ďőśšăšőůŋő, ůšőąż ňăšřĺűă ŋăąń¿ďăěňőśšĺ M(t; t_0); őŕřěďěń£ěňă£ śőőšŋőÿěŋĺěň (1.1.19), ążńă ŋěćżřőęďěŋŋőľ.

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ďőśšăšőůŋőśšĳ śńěďşěš ĺğ şśńőćĺ£ ěďĺŋśšćěŋŋőśšĺ řěÿěŋĺ£ (1.1.20). Ŋěőąţőďĺňőśšĳ. Şňŋőęĺň śńěćă (1.1.20) ŋă ćěłšőř xš(t) ĺ ĺśŕőńĳğş£ (1.1.18) ŕőńşůĺň t∫

t0 y^š(fi)y(fi) dfi = x^š(t)M(t; t_0)x(t): (1:1:21)

Ĺğ ¡šőčő řăćěŋśšćă śńěďşěš, ůšő ňăšřĺűă M(t; t_0) ŋěőšřĺűăšěńĳŋő őŕřěďěńěŋă. Ŕşśšĳ M(t; t_0) ćżřőęďăěšś£. Šőčďă ŋăľďěšś£ ţőš£ ąż őďĺŋ ćěłšőř x(t) ≠ 0 šăłőľ, ůšő M(t; t_0)x(t) = 0: Ďń£ šăłőčő ćěłšőřă őąřăźăěšś£ ć ŋőńĳ ŕřăćă£ ůăśšĳ (1.1.21) ĺ, śńěďőćăšěńĳŋő { ńěćă£. Šăłĺň őąřăğőň, ćěłšőř y(fi) ≡ 0 ŋă ćśěň ĺŋšěřćăńě [t_0; t] ć śĺńş śćőěľ ŋěŕřěřżćŋőśšĺ. Ŋő šăłőľ ęě ćżţőďŋőľ śĺčŋăń ąşďěš ĺ ŕřĺ x(t) ≡ 0: Šő ěśšĳ ŕřĺ ŋăąń¿ďěŋĺ£ţ y(fi); fi ∈ [t_0; t] śşźěśšćş¿š ďćă ŋěřăğńĺůĺňżţ śőśšő£ŋĺ£ śĺśšěňż, ă ¡šő ŕřőšĺćőřěůĺš őŕřěďěńěŋĺ¿ 1.15 (ćŕőńŋě ŋăąń¿ďăěňőśšĺ). Šěőřěňă ďőłăğăŋă.

Ďń£ ĺśśńěďőćăŋĺ£ ŕőŋ£šĺ£ şŕřăćń£ěňőśšĺ śĺśšěňż řăśśňőšřĺň ŋěőďŋőřőďŋş¿ śĺśšěňş n | ŕőř£ďłă ąěğ şřăćŋěŋĺ£ ŋă ćżţőďě: dx(fi) dfi = F (fi)x(fi) + G(fi)u(fi); x(t^0) = x^0: (1:1:22) Ňăšřĺűż F (fi) ĺ G(fi) ğăďăŋż ďń£ ćśěţ fi ĺğ [t_0; t]: Ćţőďŋőľ śĺčŋăń u(fi) ĺňěěš řăğňěřŋőśšĳ p: Ŋăůăńĳŋőě śőśšő£ŋĺě śĺśšěňż x_0 ŕřěďŕőńăčăěšś£ ĺğćěśšŋżň, ă ęěńăěňőě łőŋěůŋőě śőśšő£ŋĺě x(t) { ğăďăŋő. Ğăďăůă şŕřăćńěŋĺ£ śőśšőĺš ć šőň, ůšőąż ć ĺŋšěřćăńě şŕřăćńěŋĺ£ [t_0; t] ćżąřăšĳ şŕřăćń£¿źěě ćőğďěľśšćĺě šăłĺň őąřăğőň, ůšőąż ŋăůăńĳŋőě śőśšő£ŋĺě śĺśšěňż ŕěřěćěśšĺ ć łőŋěůŋőě.

Őŕřěďěńěŋĺě 1.17 Śőśšő£ŋĺě x(t0) śĺśšěňż şŕřăćńěŋĺ£ (1.1.22) ŋăğżćăěšś£ şŕřăćń£ěňżň ć ĺŋšěř-

ćăńě [t_0; t]; ěśńĺ ŋă ĺŋšěřćăńě [t_0; t] śşźěśšćşěš şŕřăćń£¿źă£ ťşŋłűĺ£ u(fi); šăłă£, ůšő x(t) = 0:

Őŕřěďěńěŋĺě 1.18 Ěśńĺ ďń£ łăęďőčő śőśšő£ŋĺ£ x(t0) śĺśšěňă şŕřăćńěŋĺ£ (1.1.22) şŕřăćń£ěňă ŋă ĺŋ-

šěřćăńě [t_0; t]; šő őŋă ŋăğżćăěšś£ ćŕőńŋě şŕřăćń£ěňőľ ŋă ĺŋšěřćăńě [t_0; t]:

Őŕřěďěńěŋĺě 1.19 Śĺśšěňă (1.1.22) ŋăğżćăěšś£ ŕřőśšő ćŕőńŋě şŕřăćń£ěňőľ ĺńĺ ćŕőńŋě şŕřăćń£ěňőľ

ćś¿ďş šőčďă ĺ šőńĳłő šőčďă, łőčďă ďń£ łăęďőčő t_0 ŋăľďěšś£ t; šăłőě, ůšő śĺśšěňă (1.1.22) ąşďěš ćŕőńŋě şŕřăćń£ěňőľ ŋă ĺŋšěřćăńě [t_0; t]:

18 1 Ŕőśšăŋőćłă ğăďăůĺ

Ć ¡šĺţ őŕřěďěńěŋĺ£ţ łőŋěůŋőě śőśšő£ŋĺě ŕőńăčăěšś£ řăćŋżň ŋşń¿. İšő şśńőćĺě őšŋőśĺšś£ łő ćśěň ğăďăůăň şŕřăćńěŋĺ£ ĺ ć śńşůăě ŕőńŋőľ şŕřăćń£ěňőśšĺ ŋě ŋăřşÿăěš őąźŋőśšĺ řăśśşęďěŋĺľ.

Łăł ĺğćěśšŋő, őąźěě řěÿěŋĺě şřăćŋěŋĺ£ (1.1.22) ğăďăěšś£ ťőřňşńőľ Łőÿĺ

x(t) = ˘(t; t_0)x(t_0) + t∫

t0 ˘(t; fi)G(fi)u(fi) dfi: (1:1:23)

Ěśńĺ x(t) = 0; šő t∫

t0 ˘(t; fi)G(fi)u(fi) dfi = −˘(t; t_0)x(t_0)

ĺ şňŋőęă£ őąě ůăśšĺ ¡šőčő řăćěŋśšćă ŋă ˘š(t_0; t) ŋăţőďĺň, ůšő t∫

t0 ˘(t_0; fi)G(fi)u(fi) dfi = −x(t_0): (1:1:24)

Ććěďěň ňăšřĺűş

W (t; t_0) = t∫

t0 ˘(t_0; fi)G(fi)Gš(fi)˘š(t_0; fi) dfi: (1:1:25)

Ěśńĺ ňăšřĺűă W (t_0; t) ŋě ćżřőęďěŋă, šő ćěłšőř-ťşŋłűĺ£

u(fi) = −G^š(fi)˘^š(t_0; fi)W^{−1}(t; t_0)x(t_0); t_0 ≤ fi ≤ t (1:1:26)

£ćń£ěšś£ řěÿěŋĺěň ğăďăůĺ şŕřăćńěŋĺ£. Ďěľśšćĺšěńĳŋő, ŕőďśšăćĺň řăćěŋśšćő (1.1.26) ć ńěćş¿ ůăśšĳ (1.1.24). Šőčďă t∫

t0 ˘(t_0; fi)G(fi)u(fi) dfi = t∫

t0 ˘(t_0; fi)G(fi)(−Gš(fi)˘š(t_0; fi)W^{−1}(t; t_0)x(t_0) dfi =

= − t∫

t0 ˘(t_0; fi)G(fi)Gš(fi)˘š(t_0; fi) dfi W^{−1}(t; t_0)x(t_0) = −W (t; t_0)W^{−1}(t; t_0)x(t_0) = −x(t_0):

Ůšő ĺ šřěąőćăńőśĳ.

Śĺňňěšřĺůěśłă£, ŋěőšřĺűăšěńĳŋő őŕřěďěńěŋŋă£ ňăšřĺűă W (t; t_0) ŋăğżćăěšś£ ňăšřĺűěľ şŕřăćń£ěňőśšĺ śĺśšěňż (1.1.22). Śŕřăćěďńĺćő śńěďş¿źěě şšćěřęďěŋĺě:

Šěőřěňă 1.2 Ďń£ ŕőńŋőľ şŕřăćń£ěňőśšĺ śĺśšěňż (1.1.22) ŋă ĺŋšěřćăńě [t; t0] ŋěőąţőďĺňő ĺ ďőśšăšőů-

ŋő, ůšőąż ňăšřĺűă şŕřăćń£ěňőśšĺ W (t; t_0); őŕřěďěń£ěňă£ śőőšŋőÿěŋĺěň (1.1.25), ążńă ŋěćżřőęďěŋŋőľ.

Ďőłăğăšěńĳśšćő ¡šőľ šěőřěňż ňőęŋő ŋăľšĺ ć [14].

Śťőřňşńĺřşěň ŋěłőšőřżě šěőřěňż ťşŋłűĺőŋăńĳŋőčő ăŋăńĺğă, łőšőřżě ŕőšřěąş¿šś£ ŕřĺ ďőłăğăšěńĳśšćě šěőřěň śşźěśšćőćăŋĺ£ řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ.

Šěőřěňă 1.3 (Šěőřěňă Ţăŋă-Ąăŋăţă[24]) Ćś£łĺľ ńĺŋěľŋżľ ťşŋłűĺőŋăń f(x); őŕřěďěńěŋŋżľ ŋă ńĺ-

ŋěľŋőň ňŋőčőőąřăğĺĺ L ńĺŋěľŋőčő ŋőřňĺřőćăŋŋőčő ŕřőśšřăŋśšćă E; ňőęŋő ŕřőďőńęĺšĳ ŋă ćśě ŕřőśšřăŋśšćő ś śőţřăŋěŋĺěň ŋőřňż, š.ě. ňőęŋő ŕőśšřőĺšĳ ńĺŋěľŋżľ ťşŋłűĺőŋăń F (x); őŕřěďěńěŋŋżľ ŋă E ĺ šăłőľ, ůšő

1) F (x) = f(x) ďń£ x ∈ L; 2) ‖F ‖E = ‖f‖L:

1.2 Ŕőśšăŋőćłă ğăďăůĺ. Şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă 19

Šěőřěňă 1.4 (Šěőřěňă Ť. Řĺśśă [2]) Ćś£łĺľ ńĺŋěľŋżľ ťşŋłűĺőŋăń f(x); őŕřěďěńěŋŋżľ ć čĺńĳąěřšőćőň ŕřőśšřăŋśšćě H; ĺňěěš ćĺď

f(x) = (x; u)_H;

čďě (:; :)H | śłăń£řŋőě ŕřőĺğćěďěŋĺě ć H ĺ ¡ńěňěŋš u őďŋőğŋăůŋő őŕřěďěń£ěšś£ ťşŋłűĺőŋăńőň f: Ŕřĺ ¡šőň ‖f‖ = ‖u‖H:

Ŕşśšĳ {H^+; H_0; H^−} | őśŋăźěŋŋőě čĺńĳąěřšőćő ŕřőśšřăŋśšćő ś ąĺńĺŋěľŋőľ ťőřňőľ ⟨:; :⟩: Šőčďă šěőřěňş Ť. Řĺśśă ňőęŋő śťőřňşńĺřőćăšĳ śńěďş¿źĺň őąřăğőň:

Šěőřěňă 1.5 (Őąőąźěŋŋă£ šěőřěňă Ť. Řĺśśă) Ćś£łĺľ ńĺŋěľŋżľ

ťşŋłűĺőŋăń f(x); őŕřěďěńěŋŋżľ ć ŕřőśšřăŋśšćě H^−; ňőęěš ążšĳ ŕřěďśšăćńěŋ ć ćĺďě

f(x) = ⟨x; v⟩;

čďě ¡ńěňěŋš v ∈ H^+ ĺ őďŋőğŋăůŋő őŕřěďěń£ěšś£ ťşŋłűĺőŋăńőň f: Ŕřĺ ¡šőň ‖f‖ = ‖v‖H+ :

Ćś£łĺľ ńĺŋěľŋżľ ťşŋłűĺőŋăń f(x); őŕřěďěńěŋŋżľ ć ŕřőśšřăŋśšćě H^+; ňőęěš ążšĳ ŕřěďśšăćńěŋ ć ćĺďě f(x) = ⟨x; u⟩;

čďě ¡ńěňěŋš v ∈ H^− ĺ őďŋőğŋăůŋő őŕřěďěń£ěšś£ ťşŋłűĺőŋăńőň f: Ŕřĺ ¡šőň ‖f‖ = ‖u‖H� .

Ďőłăğăšěńĳśšćő ¡šőľ šěőřěňż ŋě ćţőďĺš ć řăňłĺ ďăŋŋőľ řăąőšż. Őšňěšĺň ńĺÿĳ šő, ůšő őŋő śşźěśšćěŋŋő ŋě őšńĺůăěšś£ őš ďőłăğăšěńĳśšćă, ŕřĺćěďěŋŋőčő ć [2].

1.2 Ŕőśšăŋőćłă ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ. Şřăćŋěŋĺě Ćĺŋěřă- Ţőŕťă

Őąőğŋăůĺň ůěřěğ x(fi) ≡ x(fi; !); t_0 ≤ fi ≤ t; ! ∈ ˙ | śńşůăľŋżľ n | ňěřŋżľ čăşśśőćśłĺľ ŕřőűěśś ś řěăńĺğăűĺ£ňĺ, ŕřĺŋăďńěęăźĺňĺ ś ćěřő£šŋőśšĳ¿ 1 ŕřőśšřăŋśšćş ŋěŕřěřżćŋżţ ťşŋłűĺľ C[t_0; t]; ĺ śšăšĺśšĺłăňĺ M[x(fi)] = m_x(fi); M[(x(fi) − m_x(fi))(x(ff) − m_x(ff))^š] = K_x(fi; ff);

čďě t_0 ≤ ff ≤ t; C(fi) | ňăšřĺűă ŋăąń¿ďěŋĺľ (ĺğňěřěŋĺľ) řăğňěřŋőśšĺ m × n; m ≤ n ś čńăďłĺňĺ ¡ńěňěŋšăňĺ, v(fi) ≡ v(fi; !) | m {ňěřŋżľ čăşśśőćśłĺľ śńşůăľŋżľ ŕřőűěśś ś ňăšěňăšĺůěśłĺň őęĺďăŋĺěň M[v(fi)] = m_v(fi) ĺ łőćăřĺăűĺőŋŋőľ ňăšřĺűěľ

K_v(fi; ff) = M[(v(fi) − m_v(fi))(v(ff) − m_v(ff))^š];

ŕřőűěśśż x(fi) ĺ v(fi) ŋěłőřřěńĺřőćăŋż. Šăł łăł ŕřőűěśśż x(fi) ĺ v(fi) čăşśśőćśłĺě, šő ŕřĺćěďěŋŋżě śšăšĺśšĺłĺ ĺţ ŕőńŋőśšĳ¿ őŕĺśżćă¿š [6,24]. İńěňěŋšż ňăšřĺűż Kx(fi; ff) ŕő őąőĺň ăřčşňěŋšăň ŕřĺŋăďńěęăš L_2[t_0; t]; ă řěăńĺğăűĺĺ v(fi); ćěłšőř mv(fi) ĺ ¡ńěňěŋšż łőćăřĺăűĺőŋŋőľ ňăšřĺűż Kv(fi; ff) ňőčşš ŕřĺŋăďńěęăšĳ ŋěčăšĺćŋőňş ŕřőśšřăŋśšćş W^{−1}_2 [t_0; t]:

Ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ śőśšőĺš ć śńěďş¿źěň.

Ŕşśšĳ ĺğćěśšěŋ ŋěłőšőřżľ śńşůăľŋżľ ŕřőűěśś {y(fi); t_0 ≤ fi ≤ t}; ść£ğăŋŋżľ ś ŕřőűěśśőň x(fi) śőőšŋőÿěŋĺěň y(fi) = C(fi)x(fi) + v(fi): (1:2:1) Šřěąşěšś£ ŕő ŋăąń¿ďěŋĺ£ň ŕřőűěśśă {y(fi); t_0 ≤ fi ≤ t} ŋăľšĺ ńĺŋěľŋş¿ őűěŋłş ^x(fi) ŕřőűěśśă x(fi);

şďőćńěšćőř£¿źş¿ łřĺšěřĺ¿ ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ ć ňőňěŋš ćřěňěŋĺ fi = t :

m(t) = inf_h {M[(z; x(t) − ^x(t))^2_n]| ^x(t) = t∫

t0 h(t; fi) dfi }; (1:2:2)

čďě z | ŕřőĺğćőńĳŋżľ ŕőśšő£ŋŋżľ ćěłšőř ĺğ En , ă ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ňăšřĺűăň h(t; fi) řăğňěřŋőśšĺ n × m; ďń£ łőšőřżţ śşźěśšćşěš ďőŕşśšĺňżľ ťĺńĳšř

^x(t) = t∫

t0 h(t; fi)y(fi) dfi:

20 1 Ŕőśšăŋőćłă ğăďăůĺ

Ďőłăğăŋő, ůšő ńĺŋěľŋżľ ťĺńĳšř ďń£ čăşśśőćśłĺţ ŕřőűěśśőć £ćń£ěšś£ ŋăĺńşůÿĺň ĺğ ćśěţ ťĺńĳšřőć, şďőćńěšćőř£¿źĺţ łřĺšěřĺ¿ ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ [8,30]. Łřőňě šőčő, őűěŋłă, ŕőńşůěŋŋă£ ŕő ¡šőňş łřĺšěřĺ¿, śőćŕăďăěš ś őűěŋłăňĺ, ŋăľďěŋŋżňĺ ŕő łřĺšěřĺ¿ ňăłśĺňşňă ŕřăćďőŕőďőąĺ£ ĺ ąăľěśőćśłĺň őűěŋĺćăŋĺěň [30].

Ŕőłăęěň, ůšő ğăďăůă ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ¡łćĺćăńěŋšŋă řěÿěŋĺ¿ ŋěłőšőřőčő ĺŋšěčřăńĳŋőčő şřăćŋěŋĺ£ { şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă.

Ŕřěęďě ůěň ŕřĺśšşŕĺšĳ ł ćżćőďş şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă, ŕřěőąřăğşěň ğăďăůş ńĺŋěľŋőľ ťĺńĳšřăűĺĺ śńěďş¿źĺň őąřăğőň. Ććěďěň śńşůăľŋżě ŕřőűěśśż xc(fi) = x(fi) − mx(fi) ĺ vc(fi) = v(fi) − mv(fi): Ŕřőűěśśż xc(fi) ĺ vc(fi) ĺňě¿š ŋşńěćżě ňőňěŋšż ŕěřćőčő ŕőř£ďłă, ă ĺţ łőćăřĺăűĺĺ śőćŕăďă¿š ś łőćăřĺăűĺ£ňĺ ŕřőűěśśőć x(fi) ĺ v(fi): Ćňěśšő ŕřőűěśśă y(fi) ąşďěň ĺśŕőńĳğőćăšĳ ŕřőűěśś

y_c(fi) = y(fi) − C(fi)m_x(fi) − m_v(fi) = C(fi)x_c(fi) + v_c(fi):

Ďăńěě ąşďěň řăśśňăšřĺćăšĳ ğăďăůş ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ďń£ ŕřőűěśśőć xc(fi); vc(fi); yc(fi); ŋő śőţřăŋĺň ŕřĺ ¡šőň śšăřżě őąőğŋăůěŋĺ£ x(fi); v(fi); y(fi):

Ńěňňă 1.2 (Őśŋőćŋă£ ńěňňă ćăřĺăűĺőŋŋőčő ĺśůĺśńěŋĺ£) Ěśńĺ

ďń£ łăęďőľ ŋěŕřěřżćŋőľ ťşŋłűĺĺ u(fi) t∫

t0 u(fi)v(fi) dfi = 0;

čďě v(fi) - ťşŋłűĺ£, ŋěŕřěřżćŋă£ ŋă őšřěğłě [t_0; t]; šő v(fi) ≡ 0 ŋă ¡šőň ęě őšřěğłě.

Ďń£ őśŋăźěŋŋőčő ŕřőśšřăŋśšćă W^1_2 [t_0; t]; L_2[t_0; t]; W^{−1}_2 [t_0; t] ¡šş ńěňňş ňőęŋő śťőřňşńĺřőćăšĳ śńěďş- ¿źĺň őąřăğőň:

Ńěňňă 1.3 Ěśńĺ ďń£ łăęďőľ ćěłšőř-ťşŋłűĺĺ u(fi) ∈ W^{−1}_2 [t0; t] ąĺńĺŋěľŋă£ ťőřňă ⟨u; v⟩ = 0; čďě v(fi)

ŋěłőšőřă£ ťĺłśĺřőćăŋŋă£ ćěłšőř-ťşŋłűĺ£ ĺğ W^1_2 [t_0; t]; šő v(fi) ≡ 0 ŋă őšřěğłě t_0 ≤ fi ≤ t: Ěśńĺ ďń£ łăęďőľ ćěłšőř-ťşŋłűĺĺ v(fi) ∈ W^1_2 [t_0; t] ąĺńĺŋěľŋă£ ťőřňă ⟨v; u⟩ = 0; čďě u(fi) ŋěłőšőřă£ ťĺłśĺřőćăŋŋă£ ćěłšőř-ťşŋłűĺ£ ĺğ W^{−1}_2 [t_0; t]; šő u(fi) ≡ 0 ŕőůšĺ ďń£ ćśěţ fi ĺğ [t_0; t]:

Ŕşśšĳ ŋĺęŋ££ čřăŋĳ ťşŋłűĺőŋăńă m(t) ďőśšĺčăěšś£ ŕřĺ ğŋăůěŋĺĺ h(t; fi) = h_0(t; fi) ĺ ťĺńĳšř ^x(t) = t∫ t0 h_0(t; fi)y(fi) dfi {

ďőŕşśšĺňżľ. Šőčďă ń¿ąş¿ ňăšřĺűş h(t; fi) ĺğ ňŋőęěśšćă ďőŕşśšĺňżţ ňăšřĺű ňőęŋő ŕřěďśšăćĺšĳ śńěďş- ¿źĺň őąřăğőň: h(t; fi) = h_0(t; fi) + –hv(t; fi); čďě – | ůĺśńő, hv(t; fi) | ŕřőĺğćőńĳŋă£ ňăšřĺűă ĺğ łńăśśă ďőŕşśšĺňżţ ňăšřĺű.

Ŕřěőąřăğşěň ćżřăęěŋĺě m(t) :

M[(z; x(t) − t∫

t0 (h_0(t; fi) + –hv(t; fi))y(fi) dfi)^2n] = M[zšx(t)xš(t)z−

−2–z^š t∫

t0 x(t)y^š(ff)h^š_v (t; ff) dffz − 2z^š t∫

t0 x(t)y^š(ff)h^š_0 (t; ff) dffz+

+2–zš t∫

t0 t∫

t0 h_0(t; fi)y(fi)y(ff)h^š_v (t; ff)dfidff + –^2z^š t∫

t0 t∫

t0 h_v(t; fi)y(fi)y(ff)h^š_v (t; ff)dfidff+

+zš t∫

t0 t∫

t0 h_0(t; fi)y(fi)y(ff)h^š_0 (t; ff) dfidff]:

Ďĺťťěřěŋűĺřş£ ¡šő ćżřăęěŋĺě ŕő – ĺ ŕřĺřăćŋĺćă£ ŕřőĺğćőďŋş¿ ł ŋşń¿ ć šőůłě – = 0; ŋăţőďĺň, ůšő M[2z^š t∫

t0 {−x(t)y^š(ff) + t∫

t0 h_0(t; fi)y(fi)y^š(ff) dfi }h^š_v (t; ff)dffz] =

1.2 Ŕőśšăŋőćłă ğăďăůĺ. Şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă 21

= 2M[({−x(t)yš(ff) + t∫

t0 h_0(t; fi)y(fi)y^š(ff) dfi }^šz; h^š_v (t; ff)z)_0] = 0; (1:2:3)

ğďěśĳ (:; :)_0 - śłăń£řŋőě ŕřőĺğćěďěŋĺě ć L_2[t_0; t]:

Šăł łăł ňăšřĺűă hv(t; ff) ĺ ćěłšőř z ŕřőĺğćőńĳŋżě, šő (1.2.3) ąşďěš ćżŕőńŋ£šĳś£ ŕřĺ ćśěţ h_0(t; fi); şďőćńěšćőř£¿źĺţ şřăćŋěŋĺ¿

M[x(t)y^š(ff)] = t∫

t0 h_0(t; fi)M[y(fi)y^š(ff)] dfi: (1:2:4)

İšő ĺ ěśšĳ ňăšřĺůŋőě şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă. Ğăňěŋĺň ć (1.2.4) śńşůăľŋżľ ŕřőűěśś y(fi) ěčő ŕřěďśšăćńěŋĺěň (1.2.1); šőčďă ŕőńşůĺň şřăćŋěŋĺě

K_x(t; ff)C^š(ff) = t∫

t0 h_0(t; fi)C(fi)K_x(fi; ff)C^š(ff) dfi + t∫

t0 h_0(t; fi)K_v(fi; ff) dfi: (1:2:5)

Şřăćŋěŋĺě (1.2.5) ć őąźěň śńşůăě £ćń£ěšś£ şřăćŋěŋĺěň Ťřěďčőńĳňă ŕěřćőčő řőďă, řěÿěŋĺě łőšőřőčő, łăł ĺğćěśšŋő, ŋěşśšőľůĺćő ĺ, łřőňě šőčő, ňőęěš ŋě ŕřĺŋăďńěęăšĳ łńăśśş ďőŕşśšĺňżţ ňăšřĺű.

Ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ğŋăůĺšěńĳŋő şŕřőźăěšś£, ěśńĺ ÿşň ć ŋăąń¿ďěŋĺ£ţ v(fi) ąşďěš ąěńżň čăşśśőćśłĺň ÿşňőň ś ŋěćżřőęďěŋŋőľ ňăšřĺűěľ ĺŋšěŋśĺćŋőśšĺ, šő ěśšĳ, ěśńĺ ňăšřĺűă łőćăřĺăűĺĺ ÿşňă Kv(fi; ff) = R(fi)‹(fi − ff); ĺ R(fi) | ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋă£ ňăšřĺűă (ďń£ ∀u ∈ L_2[t_0; t]; ∃ś > 0 šăłă£, ůšő (u; Ru)_0 ≥ c‖u‖^2_0 ), ¡ńěňěŋšż R(fi) { čńăďłĺě ťşŋłűĺĺ, R(fi) | ĺŋšěŋśĺćŋőśšĳ ąěńőčő ÿşňă.

Ĺňěŋŋő ŕřĺ šăłĺţ şśńőćĺ£ţ ążńĺ ŕőńşůěŋż ŕěřćżě ăńčőřĺšňż řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ Ă.Ŋ. Łőńňőčőřőćżň, Ŋ. Ćĺŋěřőň, Ř. Łăńňăŋőň ĺ Ř. Ąĳ¿śĺ.

Ć ğăłń¿ůěŋĺě ¡šőčő ŕăřăčřăťă ěźě ŋěśłőńĳłő ğăňěůăŋĺľ ő šěřňĺŋőńőčĺĺ.

Śńşůăľŋżľ ŕřőűěśś v(fi) ć śőőšŋőÿěŋĺĺ (1.2.1) ąşďěň ŋăğżćăšĳ ÿşňőň, ă x(fi) | ŕőńěğŋżň śĺčŋăńőň.

Őŕřěďěńěŋĺě 1.20 ([25]) Ÿşň v(fi) ć ŋăąń¿ďěŋĺ£ţ y(fi) ŋăğżćăěšś£ űćěšŋżň (ŋěąěńżň), ěśńĺ ŋě ćśě

łőňŕőŋěŋšż łőćăřĺăűĺőŋŋőľ ňăšřĺűż Kv(fi; ff) śőďěřęăš ňŋőęĺšěńěň ‹ {ťşŋłűĺ¿ Ďĺřăłă.

Ěśńĺ ¡ńěňěŋšż ňăšřĺűż Kv(fi; ff) ŕő fi ĺ ff ŕřĺŋăďńěęăš L_2[t_0; t]; šő ÿşň v(fi) ąşďěň ŋăğżćăšĳ ůĺśšő űćěšŋżň.

Ěśńĺ Kv(fi; ff) = R(fi)‹(fi −ff); ă ňăšřĺűă R(fi) ŋěőšřĺűăšěńĳŋő őŕřěďěńěŋă, šő ěśšĳ ďń£ ∀u ∈ L_2[t_0; t]; (u; Ru)_0 ≥ 0 (ć ¡šőň śńşůăě őąřăšŋă£ ňăšřĺűă ł R(fi) ňőęěš ŋě śşźěśšćăćăšĳ), šő ÿşň v(fi) ąşďěň ŋăğżćăšĳ ćżřőęďěŋŋżň ąěńżň ÿşňőň.

2 Ńĺŋěľŋżľ őŕšĺňăńĳŋżľ ťĺńĳšř ďń£ śšăűĺőŋăřŋżţ śńşůăľŋżţ ŕřőűěśśőć. Ťĺńĳšř Ćĺŋěřă

Ć ¡šőň řăğďěńě łřăšłő ŕřĺćěďěŋż ŋěłőšőřżě ŋěőąţőďĺňżě ć ŕőśńěďş¿źěň őŕřěďěńěŋĺ£ ĺ ťăłšż ĺğ šěőřĺĺ śńşůăľŋżţ ťşŋłűĺľ [27,8,35], ă šăłęě ăńčőřĺšň řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ, ŕřěďńőęěŋŋżľ Ŋ.Ćĺŋěřőň [44,30]. Şłăğăŋż čřăŋĺűż ŕřĺňěŋěŋĺ£ ťĺńĳšřă Ćĺŋěřă.

2.1 Śšăűĺőŋăřŋżě śńşůăľŋżě ŕřőűěśśż

Śšăűĺőŋăřŋżňĺ ŕřĺŋ£šő ŋăğżćăšĳ šăłĺě śńşůăľŋżě ŕřőűěśśż, ş łőšőřżţ ŋěłőšőřżě ţăřăłšěřĺśšĺłĺ ĺŋćăřĺăŋšŋż őšŋőśĺšěńĳŋő śďćĺčőć ćő ćřěňěŋĺ (ŋě ğăćĺś£š őš ćřěňěŋĺ).

Ć šěőřĺĺ śńşůăľŋżţ ťşŋłűĺľ řăğńĺůă¿š ŋěśłőńĳłő šĺŕőć śšăűĺőŋăřŋżţ śńşůăľŋżţ ŕřőűěśśőć (ťşŋłűĺľ).

Őŕřěďěńěŋĺě 2.1 Śńşůăľŋă£ ťşŋłűĺ£ x(fi; !) ŋăğżćăěšś£ śšăűĺőŋăřŋőľ ć ÿĺřőłőň śňżśńě, ěśńĺ ěě

ňăšěňăšĺůěśłőě őęĺďăŋĺě ŕőśšő£ŋŋő, ă łőćăřĺăűĺőŋŋă£ ňăšřĺűă ğăćĺśĺš šőńĳłő őš řăğŋőśšĺ ăřčşňěŋšőć, šő ěśšĳ m_x(fi) = m_x = const; K_x(fi; ff) = K_x(fi − ff):

Őŕřěďěńěŋĺě 2.2 Śńşůăľŋă£ ťşŋłűĺ£ x(fi; !) ŋăğżćăěšś£ śšăűĺőŋăřŋőľ ć şğłőň śňżśńě, ěśńĺ ćśě ěě

łőŋěůŋżě řăśŕřěďěńěŋĺ£ ğăćĺś£š šőńĳłő őš řăğŋőśšĺ ăřčşňěŋšőć.

Ĺğ őŕřěďěńěŋĺľ 2.1 ĺ 2.2 śńěďşěš. ůšő łńăśś śńşůăľŋżţ ŕřőűěśśőć ś łőŋěůŋżňĺ ňőňěŋšăňĺ ŕěřćőčő ĺ ćšőřőčő ŕőř£ďłă, śšăűĺőŋăřŋżţ ć şğłőň śňżśńě, £ćń£ěšś£ ŕőďňŋőęěśšćőň ňŋőęěśšćă śńşůăľŋżţ ŕřőűěśśőć, śšăűĺőŋăřŋżţ ć ÿĺřőłőň śňżśńě.

Őŕřěďěńěŋĺě 2.3 Śńşůăľŋă£ ťşŋłűĺ£ x(fi; !) ŋăğżćăěšś£ łőćăřĺăűĺőŋŋő śšăűĺőŋăřŋőľ, ěśńĺ ěě łőćă-

řĺăűĺőŋŋă£ ňăšřĺűă ğăćĺśĺš šőńĳłő őš řăğŋőśšĺ ăřčşňěŋšőć.

Šăłĺň őąřăğőň, śšăűĺőŋăřŋżľ ć ÿĺřőłőň śňżśńě śńşůăľŋżľ ŕřőűěśś ąşďěš łőćăřĺăűĺőŋŋő śšăűĺőŋăřŋżň. Ćś¿ďş, čďě ć ďăńĳŋěľÿěň řěůĳ ĺďěš ő śšăűĺőŋăřŋżţ ŕřőűěśśăţ, ĺňě¿šś£ ć ćĺďş łőćăřĺăűĺőŋŋő śšăűĺőŋăřŋżě.

Őŕřěďěńěŋĺě 2.4 Śńşůăľŋżě ŕřőűěśśż x(fi; !) ĺ y(fi; !) ŋăğżćă¿šś£ śšăűĺőŋăřŋő ść£ğăŋŋżňĺ, ěśńĺ ĺţ

ćğăĺňŋă£ łőćăřĺăűĺőŋŋă£ ňăšřĺűă ğăćĺśĺš šőńĳłő őš řăğŋőśšĺ ăřčşňěŋšőć Kxy(fi; ff) = Kxy(fi − ff) .

Ŕşśšĳ ąěńżľ ÿşň v(fi; !) (śň. őŕřěďěńěŋĺě 1.3) ĺňěěš ŕőśšő£ŋŋş¿ ňăšřĺűş ĺŋšěŋśĺćŋőśšĺ V (fi) = V; v_{ij} = const; v_{ij} > 0; čďě v_{ij} {¡ńěňěŋšż ňăšřĺűż V . Šőčďă ěčő łőćăřĺăűĺőŋŋă£ ňăšřĺűă őŕřěďěń£ěšś£ ťőřňşńőľ Kv(fi; ff) = V ‹(fi − ff) .

Őŕřěďěńěŋĺě 2.5 Ąěńżľ ÿşň v(fi; !) ŋăğżćăěšś£ śšăűĺőŋăřŋżň ąěńżň ÿşňőň, ěśńĺ ěčő łőćăřĺăűĺőŋ-

ŋă£ ňăšřĺűă Kv(fi; ff) = V ‹(fi − ff):

Ŋăľďěň śŕěłšřăńĳŋş¿ ŕńőšŋőśšĳ śšăűĺőŋăřŋőčő ąěńőčő ÿşňă. Ďń£ ¡šőčő, ŕřĺňěŋ££ őąőąźěŋŋőě ŕřěőąřăğőćăŋĺě Ťşřĳě [6,26] ł łőćăřĺăűĺőŋŋőľ ňăšřĺűě śšăűĺőŋăřŋőčő ąěńőčő ÿşňă, ŕőńşůĺň:

S_v(–) = 1 2ı V +∞∫ −∞ ‹(s)e^{−i–s} ds = 1 2ı V: (2:1:1)

2.2 Ťĺńĳšř Ćĺŋěřă 23

Ŋěśőąśšćěŋŋżľ ĺŋšěčřăń ć (2.1.1) ŕőŋĺňăěšś£ ć őąőąźěŋŋőň śňżśńě [6, 8, 25]. Šăłĺň őąřăğőň, śŕěłšřăńĳŋă£ ŕńőšŋőśšĳ śšăűĺőŋăřŋőčő ąěńőčő ÿşňă ŕőśšő£ŋŋă. Ćśńěďśšćĺě ¡šőčő, śńşůăľŋżě ťşŋłűĺĺ šăłőčő řőďă ĺ ŋăğżćă¿šś£ ąěńżňĺ ÿşňăňĺ ŕő ăŋăńőčĺĺ ś ąěńżň śćěšőň, ćśě śŕěłšřăńĳŋżě łőňŕőŋěŋšż łőšőřőčő ĺňě- ¿š őďŋş ĺ šş ęě ĺŋšěŋśĺćŋőśšĳ.

2.2 Ťĺńĳšř Ćĺŋěřă

Ŕşśšĳ, łăł ĺ řăŋĳÿě, En { n {ňěřŋőě ěćłńĺďőćő ŕřőśšřăŋśšćő śő śłăń£řŋżň ŕřőĺğćěďěŋĺěň (:; :)n , L_2(−∞; ∞) {čĺńĳąěřšőćő ŕřőśšřăŋśšćő ćěłšőř-ťşŋłűĺľ, őŕřěďěńěŋŋżţ ŋă ćśěľ ůĺśńőćőľ ŕř£ňőľ (−∞; ∞) ĺ ĺŋšěčřĺřşěňżţ ś łćăďřăšőň ŕő Ńěąěčş, ś ŋőřňőľ ‖ : ‖_0 ĺ śłăń£řŋżň ŕřőĺğćěďěŋĺěň (:; :)_0 .

Ććěďěň őąőğŋăůěŋĺ£: W^1_2 (−∞; ∞) {ŕőğĺšĺćŋőě čĺńĳąěřšőćő ŕřőśšřăŋśšćő, ŕőńşůěŋŋőě ŕőŕőńŋěŋĺěň ňŋőęěśšćă ŋěŕřěřżćŋő ďĺťťěřěŋűĺřşěňżţ ćěłšőř-ťşŋłűĺľ u(fi) ∈ L_2(−∞; ∞) ĺ du(fi)dfi ∈ L_2(−∞; ∞) ŕő śłăń£řŋőňş ŕřőĺğćěďěŋĺ¿

(u; v)_1 = ∞∫ −∞ (uš(fi)v(fi) + du š(fi) dfi dv(fi) dfi ) dfi;

‖u‖_1 = √ (u; u)_1 {ŋőřňă ć W^1_2 (−∞; ∞) , W^{−1}_2 (−∞; ∞) {ŋěčăšĺćŋőě ŕřőśšřăŋśšćő, ŕőńşůěŋŋőě ŕőŕőńŋěŋĺěň ňŋőęěśšćă L_2(−∞; ∞) ŕő ŋěčăšĺćŋőľ ŋőřňě

‖u‖_{−1} = sup_v { ∞∫ −∞ u^š(fi)v(fi) dfi | v ∈ W^1_2 (−∞; ∞); ‖v‖_1 = 1; u ∈ L_2(−∞; ∞)}:

Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ. Ŕşśšĳ x(fi) ĺ v(fi) { čăşśśőćśłĺě ćěłšőřŋżě śšăűĺőŋăřŋżě ŕřőűěśśż řăğňěřŋőśšĺ n ĺ m śőőšćěšśšćěŋŋő, śő śńěďş¿źĺňĺ śšăšĺśšĺłăňĺ:

M[x(fi)] = 0; M[x(fi)x^š(ff)] = K_x(fi − ff); M[v(fi)] = 0; M[v(fi)v^š(ff)] = K_v(fi − ff); M[x(fi)v^š(ff)] = 0;

¡ńěňěŋšż ňăšřĺűż Kx(fi −ff) ŕřĺŋăďńěęăš ŕő ŕěřěňěŋŋżň fi ĺ ff ŕřőśšřăŋśšćş W^1_2 (−∞; ∞) , ă ¡ńěňěŋšż ňăšřĺűż Kv(fi − ff) ĺğ ŕřőśšřăŋśšćă W^{−1}_2 (−∞; ∞) .

Ĺğňěř£ěšś£ ŕřőűěśś {y(fi); fi ∈ (−∞; t]} , ść£ğăŋŋżľ ś ŕřőűěśśőň x(fi) śőőšŋőÿěŋĺěň

y(fi) = Cx(fi) + v(fi); (2:2:1)

čďě Ś {ňăšřĺűă ŋăąń¿ďěŋĺľ řăğňěřŋőśšĺ m × n , ŋěğăćĺś£źă£ őš ćřěňěŋĺ; ŋăŕőňŋĺň, ůšő x(fi) { n { ňěřŋżľ, ă v(fi) { m {ňěřŋżľ ćěłšőřż. Ŕřőűěśś y(fi) {śšăűĺőŋăřŋżľ.

Šřěąşěšś£ ŋăľšĺ őűěŋłş ŕřőűěśśă x(fi) ć šőůłě fi = t , şďőćńěšćőř£¿źş¿ łřĺšěřĺ¿ ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ:

m(t) = inf_h {M[(z; x(t) − ^x(t))^2_n]| ^x(t) = ∞∫ −∞ h(t − fi)y(fi) dfi }; (2:2:2)

čďě ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ďőŕşśšĺňżň ňăšřĺűăň h(t − fi) , ă ĺŋšěčřăń ŕőŋĺňăěšś£ ć śňżśńě ąĺńĺŋěľŋőľ ťőřňż ( śň. őŕřěďěńěŋĺě 1.2 śšř. 11 ĺ śšř. 15).

Şřăćŋěŋĺěň İľńěřă ďń£ ğăďăůĺ (2.2.1)-(2.2.2) £ćń£ěšś£ şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă ćĺďă

K_{xy}(t − ff) = ∞∫ −∞ h(t − fi)K_{yy}(fi − ff) dfi (2:2:3)

(śň. ćżćőď şřăćŋěŋĺ£ (1.2.4 )).

Ććěďěň őąőğŋăůěŋĺ£: t − ff = ”; fi − ff = —: Šőčďă Kxy(t − ff) = Kxy(”) , Kyy(fi − ff) = Kyy(—) , h(t − fi) = h(” − —) ĺ şřăćŋěŋĺě (2.2.3) ğăŕĺÿěšś£ ć ćĺďě şřăćŋěŋĺ£ śćěřšłĺ ŕěřćőčő řőďă

K_{xy}(”) = ∞∫ −∞ h(” − —)K_{yy}(—) d—: (2:2:4)

24 2 Ťĺńĳšř Ćĺŋěřă

Ĺŋšěčřăńĳŋőě şřăćŋěŋĺě (2.2.4) ăŋăńĺšĺůěśłĺ şďăěšś£ řěÿĺšĳ ńĺÿĳ ć ŋěłőšőřżţ śńşůă£ţ, ă ĺňěŋŋő, łőčďă ÿşň v(fi; !) őąńăďăěš śćőľśšćăňĺ, ŕőğćőń£¿źĺňĺ ŕőśšřőĺšĳ şśšőľůĺćżľ ăńčőřĺšň řěÿěŋĺ£ ¡šőčő şřăćŋěŋĺ£. Ł šăłĺň ÿşňăň őšŋőś£šś£ śšăűĺőŋăřŋżľ ąěńżľ čăşśśőćśłĺľ ÿşň ĺ ÿşň, ŕřĺ łőšőřőň ňăšřĺűă śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ ćěłšőřă ŋăąń¿ďěŋĺ£ ďőŕşśłăěš ťăłšőřĺğăűĺ¿ [30], šő ěśšĳ £ćń£ěšś£ ňăšřĺűěľ, ŕřěďśšăćń£ěňőľ ć ćĺďě S_{yy}(–) = Ť (–)Ť^š(−–); (2:2:5)

čďě Syy(–) {ňăšřĺűă śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ ćěłšőřă ŋăąń¿ďěŋĺľ, Ť (–) {ňăšřĺűă, őŕřěďěńĺšěńĳ łőšőřőľ ĺňěěš ŋşńĺ ĺ ŕőń¿śă ć ńěćőľ ŕőńşŕńőśłőśšĺ łőňŕńěłśŋőľ ŕěřěňěŋŋőľ – . İšő şśńőćĺě čăřăŋšĺřşěš šő, ůšő Ť (–) ĺ Ť^{−1}(–) ć ŕřăćőľ ŕőńşŕńőśłőśšĺ { ăŋăńĺšĺůěśłĺě ťşŋłűĺĺ ĺ śőőšćěšśšćş¿š ťĺğĺůěśłĺ řěăńĺğşěňżň ŕěřěďăšőůŋżň ťşŋłűĺ£ň ŋěłőšőřżţ śĺśšěň şŕřăćńěŋĺ£ ( őšłńĺł śĺśšěňż ŋě őŕěřěęăěš ćţőďŋőčő śĺčŋăńă).

Řăśśňőšřĺň řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ŕřĺ ćżŕőńŋěŋĺĺ şśńőćĺ£ (2.2.5) . Ěśńĺ v(fi; !) {ąěńżľ čăşśśőćśłĺľ śšăűĺőŋăřŋżľ ÿşň, šő ňăšřĺűă S_{yy}(–) ďőŕşśłăěš ťăłšőřĺğăűĺ¿ (2.2.5) [8].

Ŕşśšĳ ÿşň ć ŋăąń¿ďěŋĺ£ţ v(fi; !) ŋěłőřřěńĺřőćăŋ śő śńşůăľŋżň ŕřőűěśśőň x(fi; !) , ĺňěěš ŋşńěćőě śřěďŋěě ĺ łőćăřĺăűĺ¿ Kv(fi −ff): Ŕřĺůěň ňăšřĺűă Kv(fi −ff) šăłőćă, ůšő śŕěłšřăńĳŋă£ ŕńőšŋőśšĳ ćěłšőřă ŋăąń¿ďěŋĺ£ Kyy(–) ďőŕşśłăěš ťăłšőřĺğăűĺ¿ (2.2.5).

Ĺğ ćżćőďă şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă (śň. śšř. 20) śńěďşěš, ůšő ŋěőąţőďĺňżň şśńőćĺěň ďőśšĺęěŋĺ£ ŋĺęŋěľ čřăŋĺűż ťşŋłűĺőŋăńă (2.2.2) £ćń£ěšś£ ćżŕőńŋěŋĺě řăćěŋśšćă

M[({−x(t)y^š(ff) + t∫

t0 h_0(t; fi)y(fi)y^š(ff) dfi }^šz; h^š_s (t; ff)z)_0] = 0;

čďě hs(t; ff) {ŕřőĺğćőńĳŋă£ ďőŕşśšĺňă£ ňăšřĺűă řăğňěřŋőśšĺ m × n , ă ňăšřĺűă h_0(t; fi) ďőśšăćń£ěš ŋĺęŋ¿¿ čřăŋĳ ťşŋłűĺőŋăńş (2.2.2) (śň. 1.2.3).

Ďń£ śšăűĺőŋăřŋżţ ŕřőűěśśőć ŕőśńě ćżŕőńŋěŋĺ£ őŕěřăűĺĺ ňăšěňăšĺůěśłőčő őęĺďăŋĺ£ ¡šő şśńőćĺě ğăŕĺÿěšś£ ć ćĺďě

({−Kxy(”) + ∞∫ −∞ h_0(” − —)K_{yy}(—) d—}_šz; h^š_s (”)z)_0 = 0; (2:2:6)

” = t − ff; — = fi − ff , z {ŕřőĺğćőńĳŋżľ ćěłšőř ĺğ E_n: Ĺŋšěčřăń ŕőŋĺňăěšś£ ć őąőąźěŋŋőň śňżśńě (őŕřěďěńěŋĺě 1.2).

Ŕşśšĳ ¡ńěňěŋšż ňăšřĺű Kxy(”); Kyy(”); h_0(”) ĺ hs(”) ďőŕşśłă¿š ŕřĺňěŋěŋĺě őąőąźěŋŋőčő ŕřěőąřăğőćăŋĺ£ Ťşřĳě. Šőčďă, śőčńăśŋő šěőřěňě Ŕăřśěćăń£ [30], ĺňěěň:

z^š ∞∫ −∞ −K_{xy}(”) + ∞∫ −∞ h_0(” − —)K_{yy}(—) d— h^š_s (”) d”z =

= zš 1 2ıi +i∞∫

−i∞ (Kx(–)Cš + H_0(–)Ky(–))Hšs (−–) d–z; (2:2:7)

čďě Kx(–) ĺ Ky(–) {śŕěłšřăńĳŋżě ŕńőšŋőśšĺ ŕřőűěśśőć x(fi) ĺ y(fi) , H_0(–) {Ťşřĳě-őąřăğ ňăšřĺűż h_0(”) , H_s(–) {Ťşřĳě-őąřăğ ňăšřĺűż h_s(”); z {ŕřőĺğćőńĳŋżľ ¡ńěňěŋš ĺğ E_n; i {ňŋĺňă£ ěďĺŋĺűă ( i^2 = −1 .)

Šăł łăł ŕő şśńőćĺ¿ śŕěłšřăńĳŋă£ ŕńőšŋőśšĳ ćěłšőřă ŋăąń¿ďěŋĺ£ ďőŕşśłăěš ťăłšőřĺğăűĺ¿ (2.2.5), šő śőőšŋőÿěŋĺě (2.2.7) ňőęŋő ŕřěőąřăğőćăšĳ śńěďş¿źĺň őąřăğőň +i∞∫

−i∞ (Kx(–)Cš + H_0(–)Ť (–)Ť š(−–)) Hšs (−–) d– =

= +i∞∫

−i∞ { K_x(–)C^š[Ť^š(−–)]^{−1}Ť^š(−–) + H_0(–)Ť (–)Ť^š(−–) } H^š_s (−–) d– =

2.3 Őďŋőňěřŋżľ ťĺńĳšř Ćĺŋěřă 25

= +i∞∫

−i∞ { K_x(–)C^š[Ť^š(−–)]^{−1} + H_0(–)Ť (–) } Ť^š(−–)H^š_s (−–) d– = 0: (2:2:8)

Řăćěŋśšćő ŋşń¿ ć (2.2.8) śńěďşěš ĺğ (2.2.6).

Ŕřěďśšăćĺň ňăšřĺűş Kx(–)Cš[Ť š(−–)]^{−1} ć ćĺďě ďćşţ śńăčăěňżţ

K_x(–)C^š[Ť^š(−–)]^{−1} = A(–) + B(−–); (2:2:9)

čďě A(–) | ňăšřĺűă őąžěďĺŋ£ěš ćśě ůńěŋż, ĺňě¿źĺě ŕőń¿śă ć ńěćőľ ŕőńşŕńőśłőśšĺ ĺğňěŋěŋĺ£ łőňŕńěłśŋőľ ŕěřěňěŋŋőľ – , ă B(−–) | ćśě ůńěŋż, ĺňě¿źĺě ŕőń¿śă ć ŕřăćőľ ŕőńşŕńőśłőśšĺ.

Šőčďă řăćěŋśšćő (2.2.8) ąşďěš ćżčń£ďěšĳ šăł: +i∞∫

−i∞ {A(–) + H_0(l)Ť (–)}Ť^š(−–)H^š_s (−–) d– − +i∞∫

−i∞ B(−–)Ť^š(−–)H^š_s (−–) d– = 0: (2:2:10)

Ćšőřőľ ĺŋšěčřăń ŕő łőŋšşřş, ńěęăźěňş ć ńěćőľ ŕőńşŕńőśłőśšĺ ŕěřěňěŋŋőľ – , őąřăźăěšś£ ć ŋşńĳ, šăł łăł ¡ńěňěŋšż ňăšřĺű B(−–) ĺ Ť š(−–) ć ¡šőľ ŕőńşŕńőśłőśšĺ śşšĳ ăŋăńĺšĺůěśłĺě ťşŋłűĺĺ, ă H^š_s (−–) | ŕřőĺğćőńĳŋă£ ĺ ěě ňőęŋő ćżąřăšĳ šăłęě ăŋăńĺšĺůěśłőľ ć ńěćőľ ŕőńşŕńőśłőśšĺ. Šăłĺň őąřăğőň, ŕőńşůăěň, ůšő_+ i∞∫

−i∞ {A(–) + H_0(–)Ť (–)}Ť^š(−–)H^š_s (−–) d– = 0 (2:2:11)

ďń£ ŕřőĺğćőńĳŋőľ ňăšřĺűż Hšs (−–) .

Ć śĺńş őśŋőćŋőľ ńěňňż ćăřĺăűĺőŋŋőčő ĺśůĺśńěŋĺ£ (śň. śšř. 20) ĺ śşźěśšćőćăŋĺ£ őąřăšŋőľ ňăšřĺűż Ť^{−1}(–) ć ŕřăćőľ ŕőńşŕńőśłőśšĺ (ŋşńĺ ĺ ŕőń¿śă ňăšřĺűż ŋăţőď£šś£ ć ńěćőľ ŕőńşŕńőśłőśšĺ śň. śšř. 24), ĺğ (2.2.11) śńěďşěš, ůšő H_0(–) = A(–)Ť^{−1}(–): (2:2:12)

İšő ĺ ąşďěš řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ďń£ śšăűĺőŋăřŋżţ ŕřőűěśśőć ś ňăšřĺűěľ śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ ćěłšőřă ŋăąń¿ďěŋĺ£, ďőŕşśłă¿źěľ ťăłšőřĺğăűĺ¿ (2.2.5).

Ňăšřĺůŋżľ ťĺńĳšř Ćĺŋěřă (2.2.12) ŋě ŋăÿěń ÿĺřőłőčő ŕřĺňěŋěŋĺ£ ć ŕřăłšĺłě ĺğ-ğă ćżůĺśńĺšěńĳŋżţ šřşďŋőśšěľ ŕřĺ ťăłšőřĺğăűĺĺ ňăšřĺűż Kx(–) . Ŕřőűěďşřă ŋăţőęďěŋĺ£ ňăšřĺűż Ť (–) řăğřăąőšăŋă Ą.Ď.Ăŋďěřśőŋőň [36] ĺ ŕřěďśšăćń£ěš śőąőľ ďőćőńĳŋő śńőęŋş¿ ćżůĺśńĺšěńĳŋş¿ ŕřőűěďşřş. Łřőňě šőčő, ŕřăłšĺůěśłă£ řěăńĺğăűĺ£ řăğřăąőšăŋŋőčő ŕőğęě śšăűĺőŋăřŋőčő ťĺńĳšřă Łăńňăŋă-Ąĳ¿śĺ őłăğăńăśĳ ğŋăůĺšěńĳŋő ńěčůě ĺ ćżšěśŋĺńă ňăšřĺůŋżľ ťĺńĳšř Ćĺŋěřă. İšőš ăńčőřĺšň řăśśňőšřěŋ ďăńĳÿě ć řăğďěńě 3.2.2.

2.3 Őďŋőňěřŋżľ ťĺńĳšř Ćĺŋěřă

Řăśśňőšřĺň őďŋőňěřŋżľ ťĺńĳšř Ćĺŋěřă, łőšőřżľ ÿĺřőłő ĺśŕőńĳğşěšś£ ć šěőřĺĺ şŕřăćńěŋĺ£. Ć řăąőšě [8,śšř. 325] ŕřĺćěďěŋă šěőřěňă, ć łőšőřőľ ďăŋż ŋěőąţőďĺňżě ĺ ďőśšăšőůŋżě şśńőćĺ£ ťăłšőřĺğăűĺĺ śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ śńşůăľŋőčő ŕřőűěśśă. Őšňěšĺň, ůšő ŋěőšřĺűăšěńĳŋă£ ĺŋšěčřĺřşěňă£ ťşŋłűĺ£ K(–) (−∞ < – < ∞) ďőŕşśłăěš ťăłšőřĺğăűĺ¿ (ťăłšőřĺğşěňă), ěśńĺ őŋă ňőęěš ążšĳ ŕřěďśšăćńěŋă ć ćĺďě:

K(–) = Ť (i–)Ť (−i–) = |Ť (i–)|^2;

čďě Ť (i–) =^∞ ∫ 0 b(s)e^{−i–s}ds ,^∞ ∫ 0 |b(s)|^2ds < ∞; ă śńşůăľŋżľ ŕřőűěśś ś šăłőľ śŕěłšřăńĳŋőľ ŕńőšŋőśšĳ¿

£ćń£ěšś£ řěăłűĺěľ ťĺğĺůěśłĺ řěăńĺğşěňőľ śĺśšěňż ŋă ąěńżľ śšăűĺőŋăřŋżľ ÿşň, šő ěśšĳ ćżţőďőň ťőřňĺřş¿źěčő ťĺńĳšřă (őŕřěďěńěŋĺě 1.12).

Ŕőłăęěň, łăł ňőęŋő ŕřőćěśšĺ ŕřőűěďşřş ťăłšőřĺğăűĺĺ ďń£ śńşůăľŋőčő ŕřőűěśśă śő śŕěłšřăńĳŋőľ ŕńőšŋőśšĳ¿, ŕřěďśšăćń£¿źěľ śőąőľ ďřőąŋő-řăűĺőŋăńĳŋş¿ ťşŋłűĺ¿ [27], ĺ őŕřěďěńĺšĳ ŕěřěţőďŋş¿ ťşŋłűĺ¿ ťőřňĺřş¿źěčő ťĺńĳšřă.

26 2 Ťĺńĳšř Ćĺŋěřă

Ŕşśšĳ śńşůăľŋżľ śšăűĺőŋăřŋżľ ŕřőűěśś y(fi) ĺňěěš śŕěłšřăńĳŋş¿ ŕńőšŋőśšĳ Ky(–) , £ćń£¿źş¿ś£ ďřőąŋő-řăűĺőŋăńĳŋőľ ťşŋłűĺěľ, šő ěśšĳ

K_y(–) = P^{2m}(–)

Q_{2n}(–) ;

čďě P_2m(–) {ŕőńĺŋőň śšěŕěŋĺ 2m , Q_2n(–) { ŕőńĺŋőň śšěŕěŋĺ 2n , ŕřĺůěň n > m . Ŕőńĺŋőňż Q_2n(–) ĺ P_{2m}(–) śőďěřęăš šőńĳłő ůěšŋżě śšěŕěŋĺ – , šăł łăł K_y(–) { ůěšŋă£ ťşŋłűĺ£ (śćőľśšćő śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ). Ŕőłăğăšěńĳ śšěŕěŋĺ ğŋăňěŋăšěń£ ąőńĳÿě ŕőłăğăšěń£ śšěŕěŋĺ ůĺśńĺšěń£, šăł łăł ŕřőšĺćŋőě ćěďěš ł ąěśłőŋěůŋőľ ďĺśŕěřśĺĺ śńşůăľŋőľ ťşŋłűĺĺ y(fi) , ă śńěďőćăšěńĳŋő, ł ąěśłőŋěůŋőľ ňőźŋőśšĺ ŕőňěţĺ ( ŕőńěğŋżľ śĺčŋăń ŋě ňőęěš ĺňěšĳ ąěśłőŋěůŋş¿ ňőźŋőśšĳ) ĺ ĺŋťőřňăűĺ£ ő ŕőńěğŋőň śĺčŋăńě šěř£ěšś£. Łřőňě šőčő, Q_2n(–) ŋě ďőńęěŋ őąřăźăšĳś£ ć ŋşńĳ ŋĺ ŕřĺ łăłőň ďěľśšćĺšěńĳŋőň – , šăł łăł ć ¡šőň śńşůăě ŋěśőąśšćěŋŋżľ ĺŋšěčřăń ŕřĺ ćżůĺśńěŋĺĺ ďĺśŕěřśĺĺ ąşďěš řăśţőďĺšĳś£. Šăłĺň őąřăğőň, ňŋőčőůńěŋ Q_{2n}(–) > 0 ďń£ ćśěţ ďěľśšćĺšěńĳŋżţ – , ă P_{2m}(–) { ŋěőšřĺűăšěńěŋ ( P_{2m}(–) ≤ 0 , ďń£ ćśěţ ďěľśšćĺšěńĳŋżţ – ).

Řăśśňőšřĺň ŕőńĺŋőň Q_2n(–) . İšőš ŕőńĺŋőň ĺňěěš šőńĳłő łőňŕńěłśŋżě łőřŋĺ (ďń£ ďěľśšćĺšěńĳŋżţ – , łăł ŕőłăğăŋő ćżÿě, ňŋőčőůńěŋ Q_{2n}(–) > 0 ). Šőčďă Q_{2n}(–) = a_{2n}(– − –_1)(– − –_2) : : :(– − –_{2n}); čďě {–_k|k = 1; : : :; 2n} {łőřŋĺ şřăćŋěŋĺ£ Q_{2n}(–) = 0; –_k ∈ C; k = 1; 2; : : :; 2n; Im –_k ≠ 0; C | łőňŕńěłśŋă£ ŕńőśłőśšĳ, a_2n > 0 , a_2n | łő¡ťťĺűĺěŋš ŕřĺ ňăłśĺňăńĳŋőľ śšěŕěŋĺ – . Ĺğ ăńčěąřż ĺğćěśšŋő, ůšő ěśńĺ –_k łőřěŋĳ şřăćŋěŋĺ£ Q_{2n}(–) = 0 , šő –^∗_k | śőŕř£ęěŋŋőě ł –_k łőňŕńěłśŋőě ůĺśńő, šăłęě łőřěŋĳ ¡šőčő şřăćŋěŋĺ£. Őšś¿ďă śńěďşěš, ůšő ćśě łő¡ťťĺűĺěŋšż ŕőńĺŋőňă Q_2n(–) | ďěľśšćĺšěńĳŋżě ůĺśńă, šăł łăł ŕő šěőřěňě Ćĺěšă ďń£

Q_{2n} ≡ a_{2n}x^{2n} + a_{2n−1}x^{2n−1} + : : : + a_1x + a_0 = 0

ĺňěěň: a_0 a_{2n} = –^1–^{∗1}–^2–^{∗2} : : : –^n–^{∗n} ∈ R^1;

− a_1 a_{2n}

= –_1–^∗_1–_2–^∗_2 : : : –n_{−1}–^∗n_{−1}–n + –_1–^∗_1–_2–^∗_2 : : :–n_{−1}–^∗n_{−1}–^∗n+

+–_1–^∗_1–_2–^∗_2 : : :–n_{−1}–n–^∗n + –_1–^∗_1–_2–^∗_2 : : :–^∗n_{−1}–n–^∗n + : : :+

+–_1–_2–^∗_2 : : :–n_{−1}–^∗n_{−1}–n–^∗n + –^∗_1–_2–^∗_2 : : :–n_{−1}–^∗n_{−1}–n–^∗n ∈ R^1;

: : :

a_{2n−2} a_{2n} = –^1–^{∗1} + –^1–^2 + –^1–^{∗2} + –^{∗1}–^2 + –^{∗1}–^{∗2} + : : : + –^{∗1}–^{∗n} + –^2–^{∗2} + : : : + –^n–^{∗n} ∈ R^1

− a_{2n−1} a_{2n}

= –_1 + –^∗_1 + : : : + –n + –^∗n ∈ R^1;

čďě R^1 {ňŋőęěśšćő ďěľśšćĺšěńĳŋżţ ůĺśěń, ∗ {őŕěřăűĺ£ śőŕř£ęěŋĺ£ łőňŕńěłśŋőčő ůĺśńă.

Ĺśśńěďşěň řăśŕőńőęěŋĺě łőřŋěľ ňŋőčőůńěŋă Q_2n(–) ŋă łőňŕńěłśŋőľ ŕńőśłőśšĺ C . Ŕşśšĳ –k ńěęĺš ć ŕěřćőň łćăďřăŋšě. Šőčďă –k_{+1} = –^∗k {ńěęĺš ć ůěšćěřšőň łćăďřăŋšě, šő ěśšĳ śĺňňěšřĺůŋő őšŋőśĺšěńĳŋő ďěľśšćĺšěńĳŋőľ őśĺ Re – . Łőřŋĺ –k_{+2} ĺ –k_{+3} = –^∗k_{+2} řăśŕőńăčă¿šś£ śĺňňěšřĺůŋő ňŋĺňőľ őśĺ Im – , ćśńěďśšćĺě ůěšŋőśšĺ ťşŋłűĺĺ Q_{2n}(–) . Šăłĺň őąřăğőň, ćśě łőřŋĺ ŕőńĺŋőňă Q_{2n}(–) řăśŕőńăčă¿šś£ śĺňňěšřĺůŋő ďěľśšćĺšěńĳŋőľ ĺ ňŋĺňőľ őśěľ łőňŕńěłśŋőľ ŕńőśłőśšĺ ŕěřěňěŋŋőľ – .

Ďĺăčřăňňă řăśŕőńőęěŋĺ£ łőřŋěľ ŕőńĺŋőňă Q_2n(–) ŋă łőňńěłśŋőľ ŕńőśłőśšĺ C ŕřĺćěďěŋă ŋă řĺśşŋłě 2.1.

2.3 Őďŋőňěřŋżľ ťĺńĳšř Ćĺŋěřă 27 6 -^{Re –}

Im –

r r r

r –_{k+3}

–_{k+2}

–_{k+1}

–_k

Řĺś.2.1. Řăśŕőńőęěŋĺě łőřŋěľ ŕőńĺŋőňă ŋă łőňŕńěłśŋőľ ŕńőśłőśšĺ C Ăŋăńőčĺůŋő ĺ ďń£ ŕőńĺŋőňă P_2m(–) . Őšńĺůĺě ńĺÿĳ ć šőň, ůšő P_2m(–) ňőęěš ĺňěšĳ ĺ ďěľśšćĺšěńĳŋżě łőřŋĺ. Ěśńĺ P_2m(–) ĺňěěš ďěľśšćĺšěńĳŋżě łőřŋĺ, šő őŋĺ ĺňě¿š ůěšŋş¿ łřăšŋőśšĳ.

Ŕőłăęěň, ůšő ¡šő şšćěřęďěŋĺě ćěřŋő. Ŕşśšĳ –k { ďěľśšćĺšěńĳŋżľ, őšńĺůŋżľ őš ŋşń£ łőřěŋĳ P_2m(–) . Šőčďă śşźěśšćşěš ĺ ďěľśšćĺšěńĳŋżľ łőřěŋĳ –k_{+1} , šăł łăł ş ŕőńĺŋőňă P_2m(–) ňăłśĺňăńĳŋă£ śšěŕěŋĳ ůěšŋă£.

Ŕřěďŕőńőęĺň, ůšő –k ≠ –k_{+1} ĺ ďřşčĺţ łőřŋěľ ŋěš. Ć ¡šőň śńşůăě ďń£ ćśěţ – , ńěęăźĺţ ňěęďş –k ĺ –_{k+1}; ňŋőčőůńěŋ P_{2m}(–) ąşďěš őšřĺűăšěńĳŋżň, ă ¡šő ŕřőšĺćőřěůĺš şśńőćĺ¿ ŋěőšřĺűăšěńĳŋőśšĺ P_{2m}(–): Ŕőńşůěŋŋőě ŕřőšĺćőřěůĺě ďőłăğżćăěš, ůšő –k = –k_{+1} ĺ łőřěŋĳ –k ĺňěěš łřăšŋőśšĳ 2.

Ŕřěďśšăćĺň ňŋőčőůńěŋ P_2m(–) ć ćĺďě ŕřőĺğćěďěŋĺ£ ńĺŋěľŋżţ ňŋőęĺšěńěľ ŋăď C :

P_{2m}(–) = b_{2m}(– − –_1)(– − –_2) : : :(– − –_{2m}) = b_{2m} 2m∏ k=1 (– − –k);

čďě śřěďĺ –k; k = 1; 2; : : :; 2m ěśšĳ łřăšŋżě, b_2m > 0; b_2m | łő¡ťťĺűĺěŋš ŕřĺ –^2m , ∏ | ğŋăł ŕřőĺğćěďěŋĺ£. Śčřşŕŕĺřşěň ňŋőęĺšěńĺ (– − –k) śńěďş¿źĺň őąřăğőň: őšŋěśěň ł ŕěřćőľ čřşŕŕě ňŋőęĺšěńěľ šě ĺğ ŋĺţ, ć łőšőřżě ćţőď£š –k ś ŕőńőęĺšěńĳŋżňĺ ňŋĺňżňĺ ůăśš£ňĺ ( Im –k > 0 ). Ł ¡šőľ čřşŕŕě őšŋěśěň šăłęě ŕőńőćĺŋş ňŋőęĺšěńěľ ś ďěľśšćĺšěńĳŋżňĺ łőřŋ£ňĺ ŕőńĺŋőňă P_2m(–): Ěśńĺ –k { ďěľśšćĺšěńĳŋżľ łőřěŋĳ łřăšŋőśšĺ 2r , šő ć ŕěřćş¿ čřşŕŕş ćłń¿ůăěň r ňŋőęĺšěńěľ –; ă őśšăńĳŋżě { ćő ćšőřş¿. Ćő ćšőřőľ čřşŕŕě śőďěřęăšś£ ĺ łőňŕńěłśŋżě łőřŋĺ, ńěęăźĺě ć ŋĺęŋěľ ŕőńşŕńőśłőśšĺ ( Im – < 0 ).

Őąőğŋăůĺň łőřŋĺ, őšŋőś£źĺěś£ ł ŕěřćőľ čřşŕŕě, ůěřěğ –_1; –_2; : : :; –m , ă łő ćšőřőľ { –m_{+1}; –m_{+2}; : : :; –_2m . Śńěďşěš őšňěšĺšĳ, ůšő –_{m+k} = (¸_k − i˛_k)^∗ = ¸_k + i˛_k = –_k; k = 1; 2; : : :; m; ˛_k ≤ 0:

Šőčďă

P_{2m}(–) = [ √ b_{2m}(– − –_1)(– − –_2) : : : (– − –_m)][ √ b_{2m}(– − –_{m+1})(– − –_{m+2}) : : : (– − –_{2m})] = = [ √ b_{2m} m∏ k=1 (– − –k)][ √ b_{2m} m∏ k=1 (– − –^∗k)]: (2:3:1)

Şňŋőęĺň ňŋőčőůńěŋ √ b_{2m}^m ∏ k=1 (– − –k) ŋă im . Šőčďă

i^m √ b_{2m} m∏ k=1 (– − –k) = √ b_{2m} m∏ k=1 (i– − – 0 k) = (i–);

čďě – 0 k = i–k = i(¸k + i˛k) = −˛ + i¸k; ˛k ≤ 0 .

Ăŋăńőčĺůŋő, şňŋőęĺň √ b_{2m}^m ∏ k=1 (– − –^∗k) ŋă (−i)m: Šőčďă

(−i)m √ b_{2m} m∏ k=1 (– − –^∗k) = √ b_{2m} m∏ k=1 (−i– − –

0_∗ k ) = ~ (i–);

28 2 Ťĺńĳšř Ćĺŋěřă

Ŕőłăęěň, ůšő ~ (i–) = (−i–): Şňŋőęěŋĺě ŋă i őśşźěśšćń£ěš ŕőćőřőš łőňŕńěłśŋőľ ŕńőśłőśšĺ ŋă 90o . Šăłĺň őąřăğőň, ěśńĺ (i–) ĺňěěš łőřěŋĳ –0k = −˛k + i¸k , šő –0^∗k = −˛k − i¸k { šőęě łőřěŋĳ (i–) ĺ

(i– − – 0 k)(i– − –

0_∗ k ) = (i–)^2 + (i–)2˛k + ¸^2k + ˛^2k: (2:3:2)

Őšňěšĺň, ůšő şňŋőęěŋĺě ŋă (−i) őśşźěśšćń£ěš ŕőćőřőš łőňŕńěłśŋőľ ŕńőśłőśšĺ ŋă −90o . Šőčďă, ěśńĺ –0^∗_k = −˛_k − i¸_k - łőřěŋĳ ~ (i–) , šő ĺ –0_k = −˛_k + i¸_k { ěčő łőřěŋĳ; ŕřĺ ¡šőň

(i– − –

0_∗ k )(−i– − – 0 k) = (−i–)^2 + (−i–)2˛k + ¸^2k + ˛^2k: (2:3:3)

Ĺğ (2.3.2) ĺ (2.3.3) śńěďşěš, ůšő ~ (i–) = (−i–) , ă šăł łăł im(−i)m = 1 , šő

P_{2m}(–) = (i–) (−i–); (2:3:4)

łőřŋĺ (i–) ŕřĺŋăďńěęăš ńěćőľ ŕőńşŕńőśłőśšĺ.

Ŕőśšşŕă£ ăŋăńőčĺůŋő ďń£ ŕőńĺŋőňă Q_2n(–) , ŋăţőďĺň, ůšő

Q_{2n}(–) = ~(i–)~(−i–); (2:3:5)

ćśě łőřŋĺ ~(i–) ńěęăš ć ńěćőľ ŕőńşŕńőśłőśšĺ.

Ŕőďśšăćĺň (2.3.4) ĺ (2.3.5) ć ćżřăęěŋĺě śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ Ky(–) , šőčďă

K_y(–) = (i–) (−i–) ~(i–)~(−i–)

= Ť (i–)Ť (−i–); (2:3:6)

čďě ťşŋłűĺ£ Ť (i–) = (i–)~(i–) ĺňěěš ŋşńĺ ĺ ŕőń¿śă ć ńěćőľ ůăśšĺ łőňŕńěłśŋőľ ŕńőśłőśšĺ. Šăłĺň őąřăğőň, Ť (i–) ğăďăěš ŕěřěţőďŋş¿ ťşŋłűĺ¿ şśšőľůĺćőľ ťĺğĺůěśłĺ řěăńĺğşěňőľ ńĺŋěľŋőľ śĺśšěňż. Ťăłšőřĺğăűĺ£ śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ ćżŕőńŋěŋă.

Ł ďőśšőĺŋśšćăň ňěšőďă Ćĺŋěřă śńěďşěš őšŋěśšĺ šő, ůšő ć řěğşńĳšăšě ťăłšőřĺğăűĺĺ őŕřěďěń£ěšś£ ůăśšőšŋă£ ţăřăłšěřĺśšĺłă ńĺŋěľŋőčő őŕšĺňăńĳŋőčő ťĺńĳšřă, ă ¡šő ŕőğćőń£ěš čńşąęě ćŋĺłŋşšĳ ć śşźŋőśšĳ ŕőńşůăěňőčő řěÿěŋĺ£. Łřőňě šőčő, ňěšőďőň Ćĺŋěřă şďăěšś£ ŋăľšĺ řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ć śńşůăě ŋěąěńżţ ÿşňőć ć ĺğňěřěŋĺ£ţ ĺ şůĺšżćăšĳ őčřăŋĺůěŋĺ£, ść£ğăŋŋżě ś ŋăśżźěŋĺěň ĺ őčřăŋĺůěŋŋőśšĳ¿ ŕőńőśż ŕřőŕşśłăŋĺ£ śĺśšěňż. Őďŋăłő ŕőśńě őŕřěďěńěŋĺ£ őŕšĺňăńĳŋőľ ŕěřěţőďŋőľ ňăšřĺűż ťĺńĳšřă ěźě ŋěőąţőďĺňő őšżśłăšĳ ěě ťĺğĺůěśłĺ řěăńĺğşěňş¿ ůăśšĳ, ă ¡šő, łăł ćĺďŋő ĺğ ćżÿěĺğńőęěŋŋőčő, ďăńěłő ŋě ćśěčďă ŕřőśšă£ ğăďăůă.

3 Ńĺŋěľŋżľ őŕšĺňăńĳŋżľ ťĺńĳšř ďń£ ŋěśšăűĺőŋăřŋżţ śńşůăľŋżţ ŕřőűěśśőć

3.1 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Ć 1960 čőďş Ř. Łăńňăŋ ŕřěďńőęĺń ăńčőřĺšň řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ďń£ ďĺśłřěšŋżţ ŋěśšăűĺőŋăřŋżţ čăşśśőćśłĺţ śńşůăľŋżţ ŕřőűěśśőć. Ă ć 1961 čőďş śőćňěśšŋő ś Ř. Ąĳ¿śĺ őŋ őŕşąńĺłőćăń ăńčőřĺšň řěÿěŋĺ£ ğăďăůĺ ďń£ ŋěŕřěřżćŋőčő ćřěňěŋĺ [13].

Ř. Łăńňăŋ ŋěśłőńĳłő ĺğňěŋĺń ŕőśšăŋőćłş ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ. Őŋ ćňěśšő ňăšěňăšĺůěśłőčő őęĺďăŋĺ£ ĺ łőćăřĺăűĺĺ ďń£ őŕĺśăŋĺ£ őűěŋĺćăěňőčő śńşůăľŋőčő ŕřőűěśśă x(fi; !) ŕřĺňěŋĺń ťőřňĺřş¿źĺľ ťĺńĳšř { ďĺŋăňĺůěśłş¿ śĺśšěňş, ćőğąşęďăěňş¿ ąěńżň čăşśśőćśłĺň ÿşňőň. Ć řěğşńĳšăšě ążń ŕőńşůěŋ řěłşřřěŋšŋżľ ăńčőřĺšň řěÿěŋĺ£ ğăďăůĺ őűěŋĺćăŋĺ£ ć śńşůăě ŋăńĺůĺ£ ąěńőčő ÿşňă ć ĺğňěřěŋĺ£ţ. Ăńčőřĺšň şďőąěŋ ďń£ řěăńĺğăűĺĺ ŋă İĆŇ. İšő ŕřĺćěńő ł ěčő ÿĺřőłőňş řăśŕřőśšřăŋěŋĺ¿, ŋěśňőšř£ ŋă šő, ůšő ć őąźěň śńşůăě ğăňěŋă őŕĺśăŋĺ£ śńşůăľŋőčő ŕřőűěśśă ś ŕőňőźĳ¿ ňăšěňăšĺůěśłőčő śřěďŋěčő ĺ łőćăřĺăűĺĺ ŋă őŕĺśăŋĺě ťőřňĺřş¿źĺň ťĺńĳšřőň śšăńłĺćăěšś£ ś ěźě ŋě řěÿěŋŋőľ ŕřőąńěňőľ ŋăţőęďěŋĺ£ ŕăřăňěšřőć ďĺŋăňĺůěśłőľ śĺśšěňż.

Ŕřőąńěňă ŕőśšřőěŋĺ£ ťőřňĺřş¿źěčő ťĺńĳšřă ŕőńŋőśšĳ¿ řěÿěŋă ńĺÿĳ ďń£ śšăűĺőŋăřŋżţ śńşůăľŋżţ ŕřőűěśśőć, śŕěłšřăńĳŋă£ ŕńőšŋőśšĳ łőšőřżţ ďőŕşśłăěš ťăłšőřĺğăűĺ¿ (2.2.5). Ŋő ćśě ęě ďń£ ąőńĳÿĺŋśšćă ŕřăłšĺůěśłĺţ ğăďăů šěőřĺĺ şŕřăćńěŋĺ£ ¡šş ğăďăůş şďăěšś£ şśŕěÿŋő řěÿăšĳ, ă ćő ňŋőčĺţ śńşůă£ţ ťőřňĺřş¿źĺľ ťĺńĳšř ĺğćěśšěŋ şęě ŋă śšăďĺĺ ŕřőěłšĺřőćăŋĺ£ śĺśšěňż şŕřăćńěŋĺ£.

Řăśśňőšřĺň ŕőśšăŋőćłş ĺ řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ, ŕřěďńőęěŋŋżě Ř. Łăńňăŋőň ĺ Ř. Ąĳ¿śĺ. Ďń£ őąőśŋőćăŋĺ£ ŕőśšăŋőćłĺ ĺ řěÿěŋĺ£ ğăďăůĺ ąşďěň ĺśŕőńĳğőćăšĳ ňěšőď, őśŋőćăŋŋżľ ŋă šěţŋĺłě őśŋăźěŋŋżţ čĺńĳąěřšőćżţ ŕřőśšřăŋśšć [25,16]

Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ. Ŕşśšĳ ŋěłőšőřżľ śńşůăľŋżľ n {ňěřŋżľ ŕřőűěśś x(fi; !) ťőřňĺřşěšś£ ŕşšěň ŕřőŕşśłăŋĺ£ p {ňěřŋőčő ąěńőčő čăşśśőćśłőčő ÿşňă u(fi; !) ůěřěğ ńĺŋěľŋş¿ śĺśšěňş

dx(fi) dfi = F (fi)x(fi) + G(fi)u(fi); x(0) = x_0; (3:1:1)

čďě ŕřőĺğćőďŋă£ ŕőŋĺňăěšś£ ć őąőąźěŋŋőň śňżśńě, ă řěÿěŋĺě şřăćŋěŋĺ£ (3.1.1){ ć śňżśńě őŕřěďěńěŋĺ£ 1.6 (śšř. 12); F (fi) | ňăšřĺűă řăğňěřŋőśšĺ n × n ś ¡ńěňěŋšăňĺ ĺğ L_2[0; t] , G(fi) | ňăšřĺűă řăğňěřŋőśšĺ n × p; n ≤ p ś čńăďłĺňĺ ¡ńěňěŋšăňĺ ( G_k(fi) ∈ C^1[0; t]; G_k(fi) | k -żľ śšőńąěű ňăšřĺűż G(fi) ); ąěńżľ ÿşň u(fi; !) ĺňěěš ŋşńěćőě śřěďŋěě ĺ łőćăřĺăűĺőŋŋş¿ ňăšřĺűş M[u(fi)uš(ff)] = Q(fi)‹(fi −ff); fi; ff ∈ [0; t] , Q(fi) | ĺŋšěŋśĺćŋőśšĳ ŋěśšăűĺőŋăřŋőčő ąěńőčő ÿşňă; x_0 ≡ x_0(!) | n {ňěřŋżľ čăşśśőćśłĺľ śńşůăľŋżľ ćěłšőř, M[x_0] = 0 , M[x_0xš_0 ] = P_0 , P_0 | ŋěőšřĺűăšěńĳŋő őŕřěďěńěŋŋă£ śĺňňěšřĺůěśłă£ ňăšřĺűă, ŕřőűěśś u(fi; !) ŋěłőřřěńĺřőćăŋ ś x_0(!) .

Ĺğňěřěŋĺ¿ ďőśšşŕěŋ śńşůăľŋżľ m {ňěřŋżľ ŕřőűěśś y(fi; !) , fi ∈ [0; t] ść£ğăŋŋżľ ś ŕřőűěśśőň x(fi; !) śőőšŋőÿěŋĺěň y(fi) = C(fi)x(fi) + v(fi); (3:1:2)

čďě C(fi) | ňăšřĺűă ŋăąń¿ďěŋĺľ řăğňěřŋőśšĺ m × n; m ≤ n , ś čńăďłĺňĺ ¡ńěňěŋšăňĺ; v(fi; !) | ąěńżľ m {ňěřŋżľ čăşśśőćśłĺľ ÿşň, ŋěłőřřěńĺřőćăŋŋżľ śő śńşůăľŋżň ŕřőűěśśőň u(fi; !) ĺ śńşůăľŋżň ćěłšőřőň x_0(!) , ŋşńěćżň śřěďŋĺň ĺ łőćăřĺăűĺőŋŋőľ ňăšřĺűěľ M[v(fi)v^š(s)] = R(fi)‹(fi −ff); R(fi) | ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋă£ śĺňňěšřĺůěśłă£ ňăšřĺűă ŕőř£ďłă m ś čńăďłĺňĺ ¡ńěňěŋšăňĺ, š.ě. ďń£ ∀u(fi); v(fi) ∈ L_2[0; t]; (u; Rv)_0 = (Ru; v)_0 ĺ (u; Ru)_0 ≥ c‖u‖^2_0:

30 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Šřěąşěšś£ ŕő ĺğňěřěŋĺ£ň {y(fi); 0 ≤ fi ≤ t} ŋăľšĺ ńĺŋěľŋş¿ őűěŋłş ^x(fi) śńşůăľŋőčő ŕřőűěśśă x(fi) , şďőćńěšćőř£¿źş¿ ć šőůłě fi = t łřĺšěřĺ¿

m(t) = inf_h {M[(z; x(t) − ^x(t))^2_n]| ^x(t) = t∫

0 h(t; fi)y(fi) dfi }; (3:1:3)

ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ňăšřĺűăň h(t; fi) řăğňěřŋőśšĺ n × m ś ¡ńěňěŋšăňĺ ĺğ W^1_2 [0; t] .

Ĺŋšěčřăń ć (3.1.3) ŕőŋĺňăěšś£ šăł ęě łăł ĺ ć śőőšŋőÿěŋĺĺ (1.1.11).

Śńěďşěš őšňěšĺšĳ, ůšő šřěąőćăŋĺě ŕőńőęĺšěńĳŋőľ őŕřěďěńěŋŋőśšĺ ňăšřĺűż Q(fi) łăł ňăšřĺűż ĺŋšěŋśĺćŋőśšĺ ąěńőčő ÿşňă (őŕřěďěńěŋĺě 1.5) ŋě £ćń£ěšś£ ŋěőąţőďĺňżň ĺ ěčő ňőęŋő őśńăąĺšĳ ďő ŋěőšřĺűăšěńĳŋőśšĺ ňăšřĺűż (ďń£ ń¿ążţ u ∈ L_2[0; t]; (u; Qu)_0 ≥ 0 ), šő ěśšĳ ÿşň ć śĺśšěňě ňőęěš ążšĳ ćżřőęďěŋŋżň ąěńżň ÿşňőň (őŕřěďěńěŋĺě 1.20).

1. Ĺğşůĺň śćőľśšćă ňăšřĺűż h(t; fi) , şďőćńěšćőř£¿źěľ şřăćŋěŋĺ¿ Ćĺŋěřă-Ţőŕťă, łőšőřőě £ćń£ěšś£ şřăćŋěŋĺěň İľńěřă ďń£ (3.1.3) ĺ ĺňěěš ćĺď

K_x(t; ff)C^š(ff) = t∫

0 h(t; fi)K_y(fi; ff) dfi; (3:1:4)

čďě Kx(t; ff) = M[x(t)xš(ff)]; Ky(fi; ff) = M[y(fi)yš(ff)] = R(fi)‹(fi − ff) + + C(fi)Kx(fi; ff)Cš(ff); ă ĺŋšěčřăń śńěďşěš ŕőŋĺňăšĳ łăł ć őŕřěďěńěŋĺĺ 1.2.

Ňăšřĺűă Kx(fi; ff) = M[x(fi)xš(ff)] ćżůĺśń£ěšś£ śńěďş¿źĺň őąřăğőň:

śőčńăśŋő őąőąźěŋŋőľ ťőřňşńě Łőÿĺ (śň. śšř. 10) ćěłšőř śőśšő£ŋĺ£ śĺśšěňż x(fi) őŕřěďěń£ěšś£ ćżřăęěŋĺěň

x(fi) = ˘(fi; 0)x(0) + fi∫

0 ˘(fi; s)G(s)u(s) ds;

ă ňăšřĺűă M[x(fi)xš(ff)] -

M[x(fi)x^š(ff)] = ˘(fi; 0)M[x(0)x^š(0)]˘^š(ff; 0) + fi∫

0

ff∫

0 ˘(fi; s)G(s)M[u(s)uš(”)]Gš(”)˘š(ff; ”) dsd” =

= ˘(fi; 0)P_0˘š(ff; 0) + fi∫

0

ff∫

0 ˘(fi; s)G(s)Q(s)Gš(”)˘š(ff; ”)‹(s − ”) dsd”:

Őšś¿ďă, ĺśŕőńĳğş£ śćőľśšćă ‹ {ťşŋłűĺĺ Ďĺřăłă, ŋăţőďĺň, ůšő łőćăřĺăűĺőŋŋă£ ňăšřĺűă Kx(fi; ff) śńşůăľŋőčő ŕřőűěśśă x(fi) ňőęěš ążšĳ ćżůĺśńěŋă ŕő ťőřňşńě:

K_x(fi; ff) = ˘(fi; 0)P_0˘^š(ff; 0) +

min(fi;ff) ∫ 0 ˘(fi; s)G(s)Q(s)Gš(s)˘š(ff; s) ds; (3:1:5)

čďě ˘(fi; ff) | ťşŋďăňěŋšăńĳŋă£ ňăšřĺűă śĺśšěňż (3.1.1), şďőćńěšćőř£¿źă£ ďĺťťěřěŋűĺăńĳŋőňş şřăćŋě- ŋĺ¿ d˘(fi; ff)

dfi = F (fi)˘(fi; ff); ˘(ff; ff) = I^n; (3:1:6) I_n | ěďĺŋĺůŋă£ ňăšřĺűă ŕőř£ďłă n . Őšňěšĺň, ůšő ĺğ śćőľśšć ňăšřĺű Q(s); G(s) (čńăďłőśšĺ ĺţ ¡ńěňěŋšőć), ŋěŕřěřżćŋőśšĺ ¡ńěňěŋšőć ťşŋďăňěŋšăńĳŋżţ ňăšřĺű ˘(fi; s); ˘š(ff; s) ĺ (3.1.5) ćżšěłăěš śşźěśšćőćăŋĺě ŕřőĺğćőďŋőľ (ŕő łřăľŋěľ ňěřě ŕěřćőľ) ňăšřĺűż Kx(fi; ff) ŕő ŕěřěňěŋŋżň fi ĺ ff:

Ŕőďśšăćń££ ćżřăęěŋĺě Ky(fi; ff) ć (3.1.4) ĺ şůĺšżćă£ śćőľśšćă ‹ {ťşŋłűĺĺ Ďĺřăłă, ŕőńşůăěň

K_x(t; ff)C^š(ff) = t∫

0 h(t; fi)C(fi)K_x(fi; ff)C^š(ff) dfi + h(t; ff)R(ff): (3:1:7)

Şřăćŋěŋĺě (3.1.7) £ćń£ěšś£ ĺŋšěčřăńĳŋżň şřăćŋěŋĺěň ćšőřőčő řőďă, řěÿěŋĺě łőšőřőčő, łăł ŕřăćĺńő, śşźěśšćşěš, ěďĺŋśšćěŋŋő ĺ şśšőľůĺćő ŕő őšŋőÿěŋĺ¿ ł ňăńżň ćőğňşźěŋĺ£ň ďăŋŋżţ, ă ĺňěŋŋő, śŕřăćěďńĺćă

3.1 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ 31

Šěőřěňă 3.1 Ŕşśšĳ ćśě ¡ńěňěŋšż łőćăřĺăűĺőŋŋőľ ňăšřĺűż Kx(fi; ff) ĺ ňăšřĺű C(ff) ĺ R(ff); 0 ≤ fi ≤ t;

0 ≤ ff ≤ t ŕřĺŋăďńěęăš L_2[0; t] . Šőčďă śşźěśšćşěš ěďĺŋśšćěŋŋőě řěÿěŋĺě h(t; ff) şřăćŋěŋĺ£ Ćĺŋěřă- Ţőŕťă (3.1.7), ¡ńěňěŋšż łőšőřőčő £ćń£¿šś£ ťşŋłűĺ£ňĺ ĺğ L_2[0; t] .

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Őąőğŋăůĺň ůěřěğ u(fi) = hš(t; fi)z , z { ŕřőĺğćőńĳŋżľ ćěłšőř ĺğ En ;

Au = ( t ∫ 0 z^šh(t; fi)C(fi)K_x(fi; ff)C^š(ff) dfi )š ; Ru = (z^šh(t; ff)R(ff))^š; f(ff) = (z^šK_x(t; ff)C^š(ff))^š;

Bu = Au + Ru: (3:1:8)

Şňŋőęă£ (3.1.7) ŋă zš ĺ ĺśŕőńĳğş£ ćżÿě ććěďěŋŋżě őąőğŋăůěŋĺ£, ŕőńşůăěň

Bu ≡ Au + Ru = f: (3:1:9)

Őŕěřăšőř B ŕőńőęĺšěńĳŋő őŕřěďěńěŋ ĺ śĺňňěšřĺůěŋ ć L_2[0; t] . İšő śńěďşěš ĺğ śćőľśšć ňăšřĺű Kx(fi; ff) ĺ R(fi) . Ňăšřĺűă Kx(fi; ff) | śĺňňěšřĺůěśłă£ ĺ ŋěőšřĺűăšěńĳŋă£, ă R(fi) | śĺňňěšřĺůěśłă£ ĺ ŕőńőęĺšěńĳŋő őŕřěďěńěŋă. Ŕěřćă£ { łăł łőćăřĺăűĺőŋŋă£ ňăšřĺűă śńşůăľŋőčő ŕřőűěśśă x(fi; !) , ă ćšőřă£ { łăł ňăšřĺűă ĺŋšěŋśĺćŋőśšĺ ąěńőčő ÿşňă. Ďěľśšćĺšěńĳŋő, šăł łăł Kšx (fi; ff) = Kx(ff; fi) , šő ďń£ ń¿ążţ u(fi) ĺ v(fi) ĺğ L_2[0; t] ĺňěěň:

(Bu; v)_0 = t∫

0

t∫

0 u^š(fi)C(fi)K_x(fi; ff)C^š(ff) dfi + u^š(ff)R(ff) v(ff) dff =

= t∫

0 u^š(fi) t∫

0 v^š(ff)C(ff)K_x(ff; fi)C^š(fi) dff š dfi + t∫

0 u^š(fi)R(fi)v(fi) dfi =

= t∫

0 u^š(fi) t∫

0 v^š(ff)C(ff)K_x(ff; fi)C^š(fi) dff + v^š(fi)R(fi) š dfi = (u; Bv)_0:

Ŕőńőęĺšěńĳŋă£ őŕřěďěńěŋŋőśšĳ őŕěřăšőřă B śńěďşěš ĺğ ŋěőšřĺűăšěńĳŋőśšĺ őŕěřăšőřă A ĺ ŕőńőęĺšěńĳŋőľ őŕřěďěńěŋŋőśšĺ R (Bu; u)_0 = (Au; u)_0 + (Ru; u)_0 ≥ c‖u‖^2_0; (3:1:10)

čďě c | ŕőńőęĺšěńĳŋă£ łőŋśšăŋšă. Ĺğ ŋěřăćěŋśšćă (3.1.10) śńěďşěš ěďĺŋśšćěŋŋőśšĳ řěÿěŋĺ£ şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă. Ŕőłăęěň ¡šő. Ŕşśšĳ u_1 ĺ u_2 | řěÿěŋĺ£ (3.1.9), ŕřĺůěň u_1 ≠ u_2 . Šőčďă Bu_1 = f ĺ Bu_2 = f . Ćżůšěň ćšőřőě şřăćŋěŋĺě ĺğ ŕěřćőčő, ŕőńşůĺň B(u_1 − u_2) = 0 . Ĺğ ŋěřăćěŋśšćă (3.1.10) ĺňěěň 0 = (B(u_1 − u_2); (u_1 − u_2))_0 ≥ c‖u_1 − u_2‖^2_0 , šő ěśšĳ ‖u_1 − u_2‖_0 = 0 ĺ u_1 = u_2 . Ă ¡šő ŕřőšĺćőřěůĺš ŕřěďŕőńőęěŋĺ¿, ŕřĺŋ£šőňş ćżÿě. Ěďĺŋśšćěŋŋőśšĳ ďőłăğăŋă.

Ďőłăęěň šěŕěřĳ śşźěśšćőćăŋĺě řěÿěŋĺ£ (3.1.9) . Ďń£ ŕřőĺğćőńĳŋőčő ćěłšőřă v ∈ L_2[0; t] ĺňěěň (f; v)_0 ≤ ‖f‖_0‖v‖_0 ≤ c‖Bv‖_0‖f‖_0 . Śłăń£řŋőě ŕřőĺğćěďěŋĺě (f; v)_0 = lf (v) ňőęŋő řăśśňăšřĺćăšĳ łăł ńĺŋěľŋżľ őčřăŋĺůěŋŋżľ ťşŋłűĺőŋăń őš Bv . Ŕő šěőřěňě Ţăŋă-Ąăŋăţă (śň.śšř. 18) řăśÿĺřĺň lf (v) ŋă ćśě L_2[0; t] ĺ ŕő šěőřěňě Řĺśśă (śň.śšř. 19) ő ŕřěďśšăćńěŋĺĺ ńĺŋěľŋőčő ťşŋłűĺőŋăńă ć čĺńĳąěřšőćőň ŕřőśšřăŋśšćě ŕőńşůăěň, ůšő lf (v) = (u; Bv)_0 , čďě u | ťĺłśĺřőćăŋŋżľ ¡ńěňěŋš ć L_2[0; t]: Šăłĺň őąřăğőň, (f; v)_0 = (Bv; u)_0 = (v; Bu)_0 , šăł łăł B śĺňňěšřĺůěśłĺľ őŕěřăšőř. Ĺğ ŕőśńěďŋěčő ć śĺńş ŕřőĺğćőńĳŋőśšĺ v ĺ ŕőńŋőšż L_2[0; t] śńěďşěš, ůšő Bu = f: Šěőřěňă ďőłăğăŋă.

Šěőřěňă 3.2 Ěśńĺ ¡ńěňěŋšż ňăšřĺű Kx(fi; ff)C^š(ff); C(fi)Kx(fi; ff)C^š(ff); R(ff); @@ff [Kx(fi; ff)C^š(ff)] , @ @ff [C(fi)K^x(fi; ff)C^š(ff)]; d dff R(ff) ĺŋšěčřĺřşěňż ś łćăďřăšőň (ŕő Ńěąěčş) ŋă [0; t] , šő řěÿěŋĺě h(t; ff) şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă (3.1.7) ĺňěěš ŕřőĺğćőďŋş¿ ŕő ŕěřěňěŋŋőľ ff , ŕřĺŋăďńěęăźş¿ ŕřőśšřăŋśšćş L_2[0; t] .

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Şůĺšżćă£ őąőğŋăůěŋĺ£ (3.1.8), ďĺťťěřěŋűĺřşěň (3.1.9), šőčďă @ @ff f^š(ff) = t∫

0 u^š(fi)C(fi) @@ff [K_x(fi; ff)C^š(ff)] dfi + @u^š(ff)@ff R(ff) + u^š(ff) ddff R(ff):

32 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Őšś¿ďă

@u^š(ff) @ff =

@f^š(ff) @ff R^{−1}(ff) − t∫

0 u^š(fi)C(fi) @ @ff [K^x(fi; ff)C^š(ff)] dfiR^{−1}(ff) − u^š(ff) dR(ff) dff R^{−1}(ff):

Ćőğćěďěň ć łćăďřăš ¡šő řăćěŋśšćő. Ĺŋšěčřĺřş£ ŕőńşůěŋŋőě ćżřăęěŋĺě ć ŕřěďěńăţ őš 0 ďő t ĺ ĺśŕőńĳğş£ ĺğćěśšŋőě ŋěřăćěŋśšćő (a − b)^2 ≤ 2a^2 + 2b^2 , ŋăţőďĺň t∫

0 @u^š(ff) @ff @u(ff) @ff dff ≤ 2 t∫

0 @f^š(ff) @ff R^{−1}(ff)R^{−1}(ff)

@f(ff) @ff dff+

+2 t∫

0

t∫

0

t∫

0 u^š(fi)C(fi) @@ff [K_x(fi; ff)C^š(ff)]R^{−1}(ff)R^{−1}(ff) @@ff [C(ff)K_x(ff; s)]×

×C^š(s)u(s) dfidsdff + 2 t∫

0 u^š(ff)dR(ff) dff R^{−1}(ff)R^{−1}(ff)dR(ff) dff u(ff) dff:

Ďăńěě, ŕřĺňěŋ££ ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő, ĺňěěň t∫

0 | | | | @u(ff) @ff | | | | 2 dff ≤ 2 {‖ ‖ ‖ ‖ @f(ff) @ff ‖ ‖ ‖ ‖ 2 0 ‖R^{−1}‖^2 + ‖u‖^2_0 ‖ ‖ ‖ ‖ dR(ff) dff ‖ ‖ ‖ ‖ 2 ‖R^{−1}‖^2 + ‖u‖^2_0 ‖ ‖ ‖ ‖ @ @ff C(fi)K^x(fi; ff)C^š(ff) ‖ ‖ ‖ ‖ 2 ‖R^{−1}‖^2 } ; čďě ‖R‖ = sup u;v {|(u; Rv)_0| u; v ∈ L_2[0; t]; ‖u‖_0 = ‖v‖_0 = 1} | őŕěřăšőřŋă£ ŋőřňă.

Ŕő şśńőćĺ¿ šěőřěňż ŕřăćă£ ůăśšĳ ŕőśńěďŋěčő ŋěřăćěŋśšćă őčřăŋĺůěŋă, šő ěśšĳ t∫

0 | | | | @u(ff) @ff | | | | 2 dff = ‖ ‖ ‖ ‖ @u(ff) @ff ‖ ‖ ‖ ‖ 2 0 < ∞ ĺ @u(ff)@ff ∈ L_2[0; t]:

Šăł łăł u(ff) = hš(t; ff)z , čďě z | ŕřőĺğćőńĳŋżľ ćěłšőř ĺğ En , šő ¡ńěňěŋšż ňăšřĺűż @h(t; ff)@ff ŕřĺŋăďńěęăš ŕő ŕěřěňěŋŋőľ ff ŕřőśšřăŋśšćş L_2[0; t] . Šěőřěňă ďőłăğăŋă.

Ĺğ šěőřěň 3.1 ĺ 3.2 śńěďşěš, ůšő řěÿěŋĺě şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă śşźěśšćşěš ĺ ŕřĺŋăďńěęĺš ďőŕşśšĺňőňş ňŋőęěśšćş ŕěřěţőďŋżţ ňăšřĺű ťĺńĳšřă.

Ďń£ ćżćőďă şřăćŋěŋĺ£ ťĺńĳšřă Łăńňăŋă-Ąĳ¿śĺ šřěąşěšś£ ğŋăšĳ śćőľśšćă ňăšřĺűż h(t; fi) ĺ ŕő ŕěřěňěŋŋőľ t . Ćż£śŋĺšĳ ¡šő şďőąŋő ś ŕőňőźĳ¿ ŕőŋ£šĺ£ ďćőľśšćěŋŋőśšĺ.

2. Ŕőłăęěň, ůšő řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ (3.1.1) - (3.1.3) ďćőľśšćěŋŋő (¡łćĺćăńěŋšŋő) řěÿěŋĺ¿ ŋěłőšőřőľ ğăďăůĺ őŕšĺňăńĳŋőčő şŕřăćńěŋĺ£ ńĺŋěľŋőľ śĺśšěňőľ ś łćăďřăšĺůŋżň łřĺšěřĺěň łăůěśšćă.

Ĺğ šěőřěň 3.1 ĺ 3.2 śńěďşěš, ůšő ¡ńěňěŋšż ňăšřĺűż h(t; fi) | řěÿěŋĺ£ şřăćŋěŋĺ£ (3.1.7) ŕřĺ ťĺłśĺřőćăŋŋőň t; ŕřĺŋăďńěęăš ŕřőśšřăŋśšćş W^1_2 [0; t]: Řěăńĺğăűĺĺ śńşůăľŋőčő ćěłšőřŋőčő ŕřőűěśśă y(fi; !) £ćń£¿šś£ ťşŋłűĺ£ňĺ ŕřőśšřăŋśšćă W^{−1}_2 [0; t] , šăł łăł ěňş ŕřĺŋăďńěęăš řěăńĺğăűĺĺ ąěńőčő ÿşňă v(fi; !) (śň. őŕřěďěńěŋĺě 1.4). Šăłĺň őąřăğőň, ĺŋšěčřăń ć ćżřăęěŋĺĺ őűěŋłĺ

^x(t) = t∫

0 h(t; fi)y(fi) dfi (3:1:11)

śńěďşěš ŕőŋĺňăšĳ ć őąőąźěŋŋőň śňżśńě (śň.śšř. 15, (1.1.11)). Ůšőąż ĺňěšĳ ďěńő śő śłăń£řŋżňĺ şřăćŋěŋĺ£- ňĺ, şňŋőęĺň őąě ůăśšĺ (3.1.11) ŋă ŕřőĺğćőńĳŋżľ ćěłšőř z ∈ En . Ććěďěň őąőğŋăůěŋĺě H(t; fi) = −zšh(t; fi) .

Śŕřăćěďńĺćă űěŕőůłă řăćěŋśšć

z^š ^x(t) = t∫

0 z^šh(t; fi)y(fi) dfi = − t∫

0 H(t; fi)C(fi)x(fi) dfi − t∫

0 H(t; fi)v(fi) dfi: (3:1:12)

3.1 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ 33

Ććěďěň ćěłšőř ’(t; fi) , őŕřěďěń£ěňżľ ďń£ łăęďőčő ťĺłśĺřőćăŋŋőčő t , łăł řěÿěŋĺě ďĺťťěřěŋűĺăńĳŋőčő şřăćŋěŋĺ£ d’(t; fi) dfi = −F^š(fi)’(t; fi) − C^š(fi)H^š(t; fi) ĺńĺ d’^š(t; fi)

dfi = ’^š(t; fi)F (fi) − H(t; fi)C(fi);

(3:1:13)

ś şśńőćĺěň ’(t; fi)|_{fi=t} = ’(t; t) = z; 0 ≤ fi ≤ t: (3:1:14) Ŕşśšĳ

u_"(fi) = A^+_" u ≡ "t∫

0 u(fi)!_"(fi − s)ds; !_"(fi) = "^{−1}!_0 ( fi " ) ; M[x_0] = 0; 0 < " < 1;

!_0(fi) = 0 ŕřĺ fi < 0 ĺ fi > 1 , !_0(fi) - ąěśłőŋěůŋő ďĺťťěřěŋűĺřşěňă£, řăćŋă£ ŋşń¿ ć őłřěśšŋőśš£ţ šőůěł 0 ĺ t , ŋěőšřĺűăšěńĳŋă£ ŋă [0; t] ťşŋłűĺ£ ĺ t∫ 0 !_"(fi)dfi = 1 . Ťşŋłűĺ¿ u_"(fi) ŋăğżćă¿š őśřěďŋěŋĺěň u(fi):

(Ąőńěě ŕőďřőąŋş¿ ĺŋťőřňăűĺ¿ őą őŕěřăšőřăţ őśřěďŋěŋĺ£ ňőęŋő ŋăľšĺ ć [25].)

Ćňěśšő şřăćŋěŋĺ£ (3.1.1) ąşďěň řăśśňăšřĺćăšĳ şřăćŋěŋĺě ś őśřěďŋěŋŋżň ŕřőűěśśőň u"(fi) : dx(fi) dfi = F (fi)x(fi) + G(fi)u"(fi); x(0) = x_0: (3:1:15)

Řěÿěŋĺě (3.1.15) ğăćĺśĺš őš " , ŕő¡šőňş ąşďěň őąőğŋăůăšĳ ěčő ůěřěğ x"(fi): Ćěłšőř-ťşŋłűĺ£ u"(fi) { ąěśłőŋěůŋő ďĺťťěřěŋűĺřşěňă£ ĺ x"(fi) £ćń£ěšś£ řěÿěŋĺěň (3.1.15) ć őążůŋőň śňżśńě. Şůĺšżćă£ (3.1.14), ĺňěěň z^šx_"(t) = ’^š(t; t)x_"(t) = ’^š(t; 0)x_0 + t∫

0 [ d dfi ’^š(t; fi)x_"(fi)]dfi:

Ĺśŕőńĳğş£ şřăćŋěŋĺ£ (3.1.13) ĺ (3.1.15), ğăŕĺÿěň d dfi [’^š(t; fi)x^"(fi)] = d’^š(t; fi)

dfi x^"(fi) + ’^š(t; fi) dx_"(fi)

dfi = −H(t; fi)C(fi)x^"(fi) + ’^š(t; fi)G(fi)u^"(fi): Ĺŋšěčřĺřş£ ¡šő ćżřăęěŋĺě ć ŕřěďěńăţ őš 0 ďő t , ŕőńşůăěň

z^šx_"(t) = ’^š(t; 0)x_0 + t∫

0 [−H(t; fi)C(fi)x"(fi) + ’š(t; fi)G(fi)u"(fi)] dfi:

Ććěďěň śőőšŋőÿěŋĺě

z^š ^x_"(t) = − t∫

0 H(t; fi)C(fi)x_"(fi) dfi − t∫

0 H(t; fi)v(fi) dfi:

Śőśšăćĺň řăğŋőśšĳ

z^š{x_"(t) − ^x_"(t)} = ’(t; 0)x_0 + t∫

0 ’^š(t; fi)G(fi)u_"(fi) dfi + t∫

0 H(t; fi)v(fi) dfi:

Ćőğćěďěň őąě ůăśšĺ ¡šőčő ćżřăęěŋĺ£ ć łćăďřăš ĺ ŕřĺňěŋĺň ł ŕőńşůěŋŋőňş śőőšŋőÿěŋĺ¿ őŕěřăűĺ¿ ňăšěňăšĺůěśłőčő őęĺďăŋĺ£. Šőčďă

M[(z; x_"(t) − ^x_"(t))^2_n] = t∫

0

t∫

0 ’^š(t; fi)G(fi)M[u_"(fi)u^š_" (ff)]G^š(ff)’(t; ff) dfidff+

34 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

+ t∫

0

t∫

0 H(t; fi)M[v(fi)v^š(ff)]H^š(t; ff) dfidff + ’^š(t; 0)P_0’(t; 0):

Šăł łăł śőčńăśŋő ĺśţőďŋőňş ŕřěďŕőńőęěŋĺ¿ śńşůăľŋżě ŕřőűěśśż u(fi) , v(fi) ĺ śńşůăľŋżľ ćěłšőř x_0 ŋěğăćĺśĺňż, šő

M[(z; x_"(t) − ^x_"(t))^2_n] = ’^š(t; 0)P_0’(t; 0) + t∫

0 H(t; fi)R(fi)H^š(t; fi) dfi+

+ t∫

0

t∫

0 ’^š(t; fi)G(fi) "t∫

0 !_"(fi − s)Q(s)!_"(ff − s) ds G^š(ff)’(t; ff) dfidff: (3:1:16)

Ć šřěšĳěň śńăčăěňőň ŕřăćőľ ůăśšĺ řăćěŋśšćă (3.1.16) ŕőňěŋ£ěň ŕřěďěńż ĺŋšěčřĺřőćăŋĺ£; šőčďă ďń£ ŋěčő ĺňěěň ćżřăęěŋĺě "t∫

0

t∫

0 ’^š(t; fi)G(fi)!_"(fi − s) dfi

Q(s) t∫

0 !_"(ff − s)G^š(ff)’(t; ff) dff ds: (3:1:17)

Ďăńěě ŕőłăęěň, ůšő ěśńĺ ňăšřĺűă h(t; fi) ŋěŕřěřżćŋă ŕő ŕěřěňěŋŋőľ fi ŋă [0; t] , šő maxfi ‖A^−" h(t; fi)−h(t; fi)‖ → 0

ŕřĺ " → 0 , čďě fi ∈ [0; t]; ă A^−" | őŕěřăšőř őśřěďŋěŋĺ£, A^−" u(fi) = "t∫ 0 u(fi + s)!_"(s) ds; ă ‖:‖ | ňăšřĺů-

ŋă£ ŋőřňă, ‖h‖ = √ m∑ i=1 n∑ j=1 h^2_{ij}: Ďěľśšćĺšěńĳŋő, ĺğ śćőľśšć ťşŋłűĺĺ !_"(fi) śńěďşěš, ůšő^{"t} ∫ 0 !_"(s) ds = 1 ĺ

śŕřăćěďńĺćă űěŕőůłă śőőšŋőÿěŋĺľ

maxfi ‖A^−" h(t; fi) − h(t; fi)‖ = maxfi | | | | | | "t∫

0 [h(t; fi + s) − h(t; fi)]!"(s) ds | | | | | | ≤

≤ sup fi sup s |h(t; fi + s) − h(t; fi)| → 0; ŕřĺ " → 0; fi ∈ [0; t]; s ∈ [0; "t];

ůšő ĺ šřěąőćăńőśĳ ďőłăğăšĳ.

Ŕěřěľďěň ł ŕřěďěńş ŕřĺ " → 0 ć (3.1.17). Şůĺšżćă£, ůšő "t∫ 0 !_"(s) ds = 1 , ŕőńşůăěň

lim"_{→0} "t∫

0

t∫

0 ’^š(t; fi)G(fi)!_"(fi − s) dfi

Q(s) ( t∫

0 !_"(ff − s)G^š(ff)’(t; ff) dff ds =

= t∫

0 ’^š(t; fi)G(fi)Q(fi)G^š(fi)’(t; fi) dfi;

ťşŋłűĺ£ ’(t; fi) ćŋě őšřěğłă [0; t] śůĺšăěšś£ řăćŋőľ ŋşń¿. Ďăńěě, ŕěřěţőď£ ł ŕřěďěńş ć řăćěŋśšćě (3.1.16) ŕő " → 0 , ĺňěěň

M[(z; x(t) − ^x(t))^2_n] = ’^š(t; 0)P_0’(t; 0) + t∫

0 H(t; fi)R(fi)H^š(t; fi) dfi+

+ t∫

0 ’^š(t; fi)G(fi)Q(fi)G^š(fi)’(t; fi) dfi = m(t; H): (3:1:18)

3.1 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ 35

Ğďěśĳ ŕřĺŋ£šő ćő ćŋĺňăŋĺě šő, ůšő ŕőśńěďőćăšěńĳŋőśšĺ x"(t)">_0 ĺ ^x"(t)">_0 ŕřĺ " → 0 śţőď£šś£ ŕő ŋőřňě ŕřőśšřăŋśšćă L_2[0; t] ł x(t) ĺ ^x(t) śőőšćěšśšćěŋŋő.

Ŋăŕőňŋĺň ŕőśšăŋőćłş ğăďăůĺ ńĺŋěľŋőčő őŕšĺňăńĳŋőčő şŕřăćńěŋĺ£.

Ŕşśšĳ ďěšěřňĺŋĺřőćăŋŋă£ śĺśšěňă şŕřăćńěŋĺ£ őŕĺśżćăěšś£ ďĺťťěřěŋűĺăńĳŋżň şřăćŋěŋĺěň (3.1.13) ś şśńőćĺěň (3.1.14). Šřěąşěšś£ ŋăľšĺ šăłőľ ğăłőŋ şŕřăćńěŋĺ£ H(t; fi) śĺśšěňőľ (3.1.13),(3.1.14), łőšőřżľ ňĺŋĺňĺğĺřşěš łřĺšěřĺľ (3.1.18).

Šěŕěřĳ ňőęŋő śťőřňşńĺřőćăšĳ ďőłăğăŋŋş¿ ćżÿě šěőřěňş ďćőľśšćěŋŋőśšĺ ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ĺ ğăďăůĺ ńĺŋěľŋőčő őŕšĺňăńĳŋőčő şŕřăćńěŋĺ£ ś łćăďřăšĺůŋżň łřĺšěřĺěň łăůěśšćă.

Šěőřěňă 3.3 (Šěőřěňă ďćőľśšćěŋŋőśšĺ) Řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ

(3.1.1)-(3.1.2) ¡łćĺćăńěŋšŋő ŋăţőęďěŋĺ¿ ğăłőŋă şŕřăćńěŋĺ£ H(t; fi) ńĺŋěľŋőľ śĺśšěňőľ (3.1.13)-(3.1.14) ĺ ďőśšăćń£¿źěčő ňĺŋĺňşň ťşŋłűĺőŋăńş (3.1.18) { řěÿěŋĺ¿ ğăďăůĺ őŕšĺňăńĳŋőčő şŕřăćńěŋĺ£ ńĺŋěľŋőľ ďěšěřňĺŋĺřőćăŋŋőľ śĺśšěňőľ.

3. Ŕőłăęěň, ůšő ğăďăůă ńĺŋěľŋőčő őŕšĺňăńĳŋőčő şŕřăćńěŋĺ£ (3.1.13), (3.1.14), (3.1.18) śćőďĺšś£ ł řěÿěŋĺ¿ şřăćŋěŋĺ£ Řĺłłăšĺ

dP (fi) dfi = F (fi)P (fi) + P (fi)F^š(fi) + G(fi)Q(fi)G^š(fi) − P (fi)C^š(fi)R^{−1}(fi)C(fi)P (fi); P (fi)|_{fi=0} = P_0;

(3:1:19)

čďě P_0 = M[x_0xš_0 ] . Ś ŕőňőźĳ¿ şřăćŋěŋĺľ (3.1.13) ĺ (3.1.19) ŕřěőąřăğşěň ćżřăęěŋĺě d dfi [’^š(t; fi)P (fi)’(t; fi)] = d’^š(t; fi)

dfi P (fi)’(t; fi) + ’^š(t; fi) dP (fi) dfi ’(t; fi) + ’^š(t; fi)P (fi) d’(t; fi) dfi =

= −’š(t; fi)F (fi)P (fi)’(t; fi) − H(t; fi)C(fi)P (fi)’(t; fi) + ’š(t; fi)F (fi)P (fi)’(t; fi) + ’š(t; fi)P (fi)F š(fi)’(t; fi)+

+’š(t; fi)G(fi)Q(fi)Gš(fi)’(t; fi) − ’š(t; fi)P (fi)Cš(fi)R^{−1}(fi)C(fi)’(t; fi) − ’š(t; fi)P (fi)Cš(fi)Hš(t; fi) =

= −[H(t; fi) + ’š(t; fi)P (fi)Cš(fi)R^{−1}(fi)]R(fi)[H(t; fi) + ’š(t; fi)P (fi)Cš(fi)R^{−1}(fi)]š + H(t; fi)R(fi)Hš(t; fi)+

+’š(t; fi)G(fi)Q(fi)Gš(fi)’(t; fi);

ğďěśĳ ŕřĺąăćńěŋő ĺ ćżůšěŋő H(t; fi)R(fi)Hš(t; fi) . Ďăńěě. ŕőďśšăćń££ ŕőńşůěŋŋőě śőőšŋőÿěŋĺě ć řăćěŋśšćő

’^š(t; t)P (t)’(t; t) = ’^š(t; 0)P_0’(t; 0) + t∫

0 d dfi [’^š(t; fi)P (fi)’(t; fi)] dfi;

ĺňěěň

’^š(t; 0)P_0’(t; 0) + t∫

0 H(t; fi)R(fi)H^š(t; fi) dfi + t∫

0 ’^š(t; fi)G(fi)Q(fi)G^š(fi)’(t; fi) dfi =

= ’š(t; t)P (t)’(t; t)+ t∫

0 {[H(t; fi)+’^š(t; fi)P (fi)C^š(fi)R^{−1}(fi)]R(fi)[H(t; fi)+’^š(t; fi)P (fi)C^š(fi)R^{−1}(fi)]^š}dfi:

Ńěćă£ ůăśšĳ ¡šőčő ćżřăęěŋĺ£ śőćŕăďăěš ś (3.1.18) ĺ ďőśšĺčăěš ňĺŋĺňăńĳŋőčő ğŋăůěŋĺ£ ŕřĺ

H(t; fi) = −’^š(t; fi)P (fi)C^š(fi)R^{−1}(fi): (3:1:20)

Őšś¿ďă śńěďşěš, ůšő, ğŋă£ řěÿěŋĺě şřăćŋěŋĺ£ Řĺłłăšĺ P (fi) , ňőęŋő ŋăľšĺ řěÿěŋĺě ğăďăůĺ őŕšĺňăńĳŋőčő şŕřăćńěŋĺ£.

4. Ŋăľďěň ďĺťťěřěŋűĺăńĳŋżě şřăćŋěŋĺ£ ďń£ ćěłšőřă őűěŋłĺ.

Ććěďěň őąőğŋăůěŋĺě K(fi) = P (fi)Cš(fi)R^{−1}(fi) ĺ ğăŕĺÿěň řăćěŋśšćő (3.1.20) ć ćĺďě H(t; fi) = −’š(t; fi)K(fi) . Šőčďă (3.1.13) ŕřĺňěš ćĺď d’(t; fi)

dfi = −[F^š(fi) − C^š(fi)K^š(fi)]’(t; fi): (3:1:21)

36 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Ŕşśšĳ (fi; t) | řěÿěŋĺě ďĺťťěřěŋűĺăńĳŋőčő şřăćŋěŋĺ£

d (fi; t) dfi = [F (fi) − K(fi)C(fi)] (fi; t)

ś ŋăůăńĳŋżň şśńőćĺěň (t; t) = In , In | ěďĺŋĺůŋă£ ňăšřĺűă. Ć ¡šőň śńşůăě řěÿěŋĺě (3.1.21) ś ŋăůăńĳŋżň şśńőćĺěň ’(t; t) = z ść£ğăŋő ś (fi; t) řăćěŋśšćőň ’(t; fi) = š(fi; t)z . Śńěďőćăšěńĳŋő, H(t; fi) = −zš (fi; t)K(fi) . Őšňěšĺň, ůšő šăł łăł (fi; t) £ćń£ěšś£ ťşŋďăňěŋšăńĳŋőľ ňăšřĺűěľ, šő H(t; fi) ďĺťťěřěŋűĺřşěňă ĺ ŕő ŕěřćőňş ăřčşňěŋšş. Ĺśŕőńĳğş£ őąőğŋăůěŋĺ£ (3.1.12), ŋăţőďĺň, ůšő

h(t; fi) = (fi; t)K(fi):

Šăłĺň őąřăğőň, ¡ńěňěŋšż ňăšřĺűż h(t; fi) ŕő ŕěřěňěŋŋőľ t ŕřĺŋăďńěęăš ňŋőęěśšćş ďĺťťěřěŋűĺřşěňżţ ťşŋłűĺľ, ă őűěŋłă ^x(t) ğăŕĺÿěšś£ ć ćĺďě

^x(t) = t∫

0 (fi; t)K(fi)y(fi) dfi:

Ňăšřĺűă [ (fi; t)]^{−1} = (t; fi) £ćń£ěšś£ ťşŋďăňěŋšăńĳŋőľ ĺ ŕő ŕěřćőňş ăřčşňěŋšş şďőćńěšćőř£ěš śőŕř£- ęěŋŋőňş ł (3.1.21) şřăćŋěŋĺ¿. Ğŋăůĺš, ćěłšőř őűěŋłĺ ^x(t) | řěÿěŋĺě ďĺťťěřěŋűĺăńĳŋőčő şřăćŋěŋĺ£

d^x(fi) dfi = [F (fi) − K(fi)C(fi)]^x(fi) + K(fi)y(fi) ĺńĺ d^x(fi) dfi = F (fi)^x(fi) + K(fi)[C(fi)^x(fi) − y(fi)] (3:1:22) ś ŋăůăńĳŋżň şśńőćĺěň ^x(0) = M[x(0)] = M[x_0] = 0 .

Śŕřăćěďńĺć śńěďş¿źĺľ řěğşńĳšăš.

Šěőřěňă 3.4 ( Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ) Ńĺŋěľŋă£ őűěŋłă ^x(fi) ćěłšőřă śőśšő£ŋĺ£ x(fi) śĺśšěňż

(3.1.1) ŕřĺ ĺğňěřěŋĺ£ţ (3.1.2), ďőśšăćń£¿źă£ ňĺŋĺňşň ťşŋłűĺőŋăńş (3.1.3), şďőćńěšćőř£ěš ďĺťťěřěŋűĺăńĳŋőňş şřăćŋěŋĺ¿ (3.1.22), čďě K(fi) | łő¡ťťĺűĺěŋš şśĺńěŋĺ£ ťĺńĳšřă, K(fi) = P (fi)Cš(fi)R^{−1}(fi); P (fi) | łőćăřĺăűĺőŋŋă£ ňăšřĺűă őÿĺąłĺ őűěŋłĺ, şďőćńěšćőř£¿źă£ şřăćŋěŋĺ¿ Řĺłłăšĺ (3.1.19).

Ĺšăł, šěőřěňă 3.4 ğăďăěš ăńčőřĺšň řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ďń£ ŋěśšăűĺőŋăřŋżţ śńşůăľŋżţ ŕřőűěśśőć ć śńşůăě ŋăńĺůĺ£ ąěńőčő čăşśśőćśłőčő ÿşňă ć ŋăąń¿ďěŋĺ£ţ. Ć ăńčőřĺšňě ťĺńĳšřăűĺĺ Łăńňăŋă-Ąĳ¿śĺ śşźěśšćěŋŋş¿ řőńĳ ĺčřăěš ŋěćżřőęďěŋŋőśšĳ ňăšřĺűż R(fi) | ňăšřĺűż ĺŋšěŋśĺćŋőśšĺ ąěńőčő ÿşňă.

Ŕőŕżšłĺ ŕőńşůĺšĳ řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ďń£ ąőńěě ÿĺřőłőčő łńăśśă ÿşňőć ć śĺśšěňě ĺ ĺğňěřěŋĺ£ţ ŕřěďŕřĺŋĺňăńĺśĳ śřăğş ęě ŕőśńě őŕşąńĺłőćăŋĺ£ řěğşńĳšăšőć Ř. Łăńňăŋă.

Řăśśňőšřĺň ŋěłőšőřżě ňěšőďż řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ŕřĺ śň£čůěŋĺĺ őčřăŋĺůěŋĺľ ŋă ÿşňż ć ŋăąń¿ďěŋĺ£ţ ĺ śĺśšěňě.

3.2 Őąőąźěŋŋżľ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Ć ŕřěďżďşźěň řăğďěńě řăśśňőšřěŋ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ, łőčďă ŕřőűěśśż u(fi; !) ĺ v(fi; !) ŋěłőřřěńĺřőćăŋż ĺ ĺňě¿š ŋşńěćżě śřěďŋĺě ğŋăůěŋĺ£. Ć ¡šőň ŕăřăčřăťě ŕřĺćěďěŋ ăńčőřĺšň řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ć ąőńěě őąźěľ ŕőśšăŋőćłě.

Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ. Ćěłšőřŋżľ n {ňěřŋżľ śńşůăľŋżľ ŕřőűěśś x(fi; !) ňőďěńĺřşěšś£ ďĺŋăňĺůěśłőľ śĺśšěňőľ

dx(fi) dfi = F (fi)x(fi) + G(fi)u(fi) + L(fi)f(fi); x(0) = x^0; (3:2:1)

čďě F (fi) , G(fi) , L(fi) | ĺğćěśšŋżě ňăšřĺűż, u(fi; !) | ąěńżľ ÿşň, f(fi) | ĺğćěśšŋă£ ďěšěřňĺŋĺřőćăŋŋă£ (ŋěśńşůăľŋă£) ćěłšőř-ťşŋłűĺ£, x_0(!) | n {ňěřŋżľ śńşůăľŋżľ ćěłšőř. Řăğňěřŋőśšĺ ňăšřĺű F (fi) , G(fi) ĺ L(fi) śőčńăśőćăŋż ś řăğňěřěŋŋőśšĳ¿ ćěłšőřőć x(fi) , u(fi) ĺ f(fi) śőőšćěšśšćěŋŋő. İńěňěŋšż ňăšřĺűż F (fi) ŕřĺŋăďńěęăš L_2[0; t] , ă ňăšřĺű G(fi) ĺ L(fi) čńăďłĺě, f(fi) ∈ L_2[0; t] .

3.2 Őąőąźěŋŋżľ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ 37

Ŋăąń¿ďăěšś£ ŕřőűěśś {y(fi); 0 ≤ fi ≤ t}; ść£ğăŋŋżľ ś x(fi) śőőšŋőÿěŋĺěň y(fi) = C(fi)x(fi) + v(fi) + g(fi); (3:2:2) g(fi) | ĺğćěśšŋă£ ťşŋłűĺ£ ĺğ L_2[0; t] , v(fi) | ąěńżľ ÿşň, C(fi) | ňăšřĺűă řăğňěřŋőśšĺ m×n ś čńăďłĺňĺ ¡ńěňěŋšăňĺ.

Šřěąşěšś£ ŕő ŋăąń¿ďěŋĺ£ň {y(fi); 0 ≤ fi ≤ t} ŋăľšĺ ńĺŋěľŋş¿ őűěŋłş ^x(fi) ćěłšőřă x(fi) ć šőůłě fi = t , şďőćńěšćőř£¿źş¿ łřĺšěřĺ¿

m(t) = inf_h

M[(z; x(t) − ^x(t) − (m_x(t) − ^m_x(t)))^2_n] | | ^x(t) = t∫

0 h(t; fi)y(fi) dfi

; (3:2:3)

čďě z ∈ En , mx(t) = M[x(t)] , ^m(t) = M[^x(t)] .

Ŕřőűěśśż u(fi) ĺ v(fi) { ćğăĺňŋő łőřřěńĺřőćăŋż ĺ ĺňě¿š śńěďş¿źĺě śšăšĺśšĺłĺ M[u(fi)] = m_u(fi); M[v(fi)] = m_v(fi); M[x_0] = m_{x0} ; M[u(fi)x^š_0 ] = 0; M[v(fi)x^š_0 ] = 0; M[(x_0 − m_{x0} )(x_0 − m_{x0} )^š] = P_0; P_0 ≥ 0; P_0 = P^š_0 ;

M[(u(fi) − m_u(fi))(u(ff) − m_u(ff))^š] = Q(fi)‹(fi − ff); Q(fi) ≥ 0; Q(fi) = Q^š(fi); M[(v(fi) − m_v(fi))(v(ff) − m_v(ff))] = R(fi)‹(fi − ff); R(fi) ≥ 0; R(fi) = R^š(fi);

M[(u(fi) − m_u(fi))(v(ff) − m_v(ff))^š] = S(fi)‹(fi − ff); 0 ≤ fi; ff ≤ t:

Ŕőńşůĺň şřăćŋěŋĺ£ őąőąźěŋŋőčő ťĺńĳšřă Łăńňăŋă-Ąĳ¿śĺ. Ďń£ ¡šőčő śďěńăěň ğăňěŋż: u(fi) = u_1(fi) + m_u(fi) , v(fi) = v_1(fi) + m_v(fi) , x_0 = x_{01} + m_{x0} . Ŕřőűěśśż u_1(fi) , v_1(fi) ĺ śńşůăľŋżľ ćěłšőř x_{01} ĺňě¿š ŋşńěćżě śřěďŋĺě. Şřăćŋěŋĺě (3.2.1) ąşďěš ĺňěšĳ ćĺď dx_1(fi)

dfi = F (fi)x^1(fi) + G(fi)u^1(fi) + G(fi)m^u(fi) + L(fi)f(fi); x^1(0) = x^{01}; (3:2:4) ă śőőšŋőÿěŋĺě (3.2.2) ŕřĺŋĺňăěš ćĺď y(fi) = C(fi)x_1(fi) + v_1(fi) + m_v(fi) + g(fi): (3:2:5) Ććěďěň ćěłšőř-ťşŋłűĺ¿ x_2(fi) , şďőćńěšćőř£¿źş¿ ďĺťťěřěŋűĺăńĳŋőňş şřăćŋěŋĺ¿ dx_2(fi)

dfi = F (fi)x^2(fi) + G(fi)m^u(fi) + L(fi)f(fi); x^2(0) = 0: (3:2:6) Ćżůšěň şřăćŋěŋĺě (3.2.6) ĺğ (3.2.4), ŕőńşůĺň d(x_1(fi) − x_2(fi))

dfi = F (fi)(x^1(fi) − x^2(fi)) + G(fi)u^1(fi); x^1(0) − x^2(0) = x^{01} ĺ, őąőğŋăůă£ x_1(fi) − x_2(fi) = xc(fi); yc(fi) = y(fi) − C(fi)x_2(fi) − mv(fi) − g(fi); ŋăţőďĺň dx_c(fi) dfi = F (fi)xc(fi) + G(fi)u_1(fi); xc(0) = x_{01}; (3:2:7)

y_c(fi) = C(fi)x_c(fi) + v_1(fi): (3:2:8) Ĺšăł, őąźă£ ňőďěńĳ (3.2.1)-(3.2.3) ŕőśńě ŕřőćěďěŋŋżţ ğăňěŋ śćěńăśĳ ł ňőďěńĺ (3.2.7)-(3.2.8), čďě ŕřőűěśśż u_1(fi) ĺ v_1(fi) ĺňě¿š ŋşńěćżě śřěďŋĺě ĺ ćğăĺňŋő łőřřěńĺřőćăŋŋżě.

Ŋăľďěň şřăćŋěŋĺ£ ťĺńĳšřă ďń£ ňőďěńĺ (3.2.7)-(3.2.8). Ćżćőď ŕřőćěďěň ć ŋěśłőńĳłő ¡šăŕőć. Ĺŋďěłśż c ĺ 1 ć őąőğŋăůěŋĺĺ śńşůăľŋżţ ŕřőűěśśőć xc , yc , u_1 ĺ v_1 ąşďěň őŕşśłăšĳ.

1.Ŋăľďěň ďĺťťěřěŋűĺăńĳŋőě şřăćŋěŋĺě ďń£ ňăšřĺűż ĺňŕşńĳśŋőľ ŕěřěţőďŋőľ ťşŋłűĺĺ ťĺńĳšřă. Şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă ĺňěěš ćĺď

M[x(t)y^š(ff)] = t∫

0 h(t; fi)M[y(fi)y^š(ff)] dfi: (3:2:9)

38 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Ćżćőď ¡šőčő şřăćŋěŋĺ£ ďăŋ ć řăğďěńě 1.2.

Řăśłřőěň ćżřăęěŋĺě M[x(t)yš(ff)]; ĺśŕőńĳğş£ (3.2.8) ĺ őąőąźěŋŋş¿ ťőřňşńş Łőÿĺ (śň.śšř. 10 ĺ [25]), ŕőńşůăěň:

M[x(t)y^š(ff)] = M[x(t)x^š(ff)]C^š(ff) + M[x(t)v^š(ff)] = K_x(t; ff)C^š(ff)+

+M[˘(t; 0)x_0vš(ff)] + t∫

0 ˘(t; fi)G(fi)M[u(fi)vš(ff)]dfi = Kx(t; ff)Cš(ff) + ˘(t; ff)G(ff)S(ff): (3:2:10)

Ăŋăńőčĺůŋő

M[y(fi)y^š(ff)] = C(fi)K_x(fi; ff)C^š(ff) + C(fi)M[x(fi)v^š(ff)] + M[v(fi)x^š(ff)]C^š(ff) + R(fi)‹(fi − ff);

M[x(fi)v^š(ff)] = fi∫

0 ˘(fi; s)G(s)S(s)‹(s − ff)ds =

0; fi ≤ ff;

1=2G(fi)S(fi); fi = ff; ˘(fi; ff)G(ff)S(ff); fi > ff;

M[v(fi)x^š(ff)] = ff∫

0 S^š(s)‹(s − fi)G^š(s)˘^š(ff; s)ds =

0; ff < fi;

1=2Sš(ff)Gš(ff); fi = ff; S^š(fi)G^š(fi)˘^š(ff; fi); fi > ff:

Ććěďěň ňăšřĺůŋş¿ ťşŋłűĺ¿ L(fi; ff); řăćŋş¿

L(fi; ff) =

C(fi)˘(fi; ff)G(ff)S(fi); fi > ff; S^š(fi)G^š(fi)˘^š(ff; fi)C^š(ff); fi < ff;

1=2[C(fi)G(fi)S(fi) + Sš(fi)Gš(fi)Cš(fi)]; fi = ff:

Šőčďă şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă ąşďěš ĺňěšĳ ćĺď

K_x(t; ff)C^š(ff) + ˘(t; ff)G(ff)S(ff) = t∫

0 h(t; fi){C(fi)K_x(fi; ff)C^š(ff) + L(fi; ff)} dfi + h(t; ff)R(ff): (3:2:11)

İšő şřăćŋěŋĺě £ćń£ěšś£ şřăćŋěŋĺěň Ťřěďčőńĳňă ćšőřőčő řőďă, řěÿěŋĺě łőšőřőčő { łőřřěłšŋă£ ğăďăůă. Ňőęŋő ŕőłăğăšĳ šăł ęě, łăł ĺ ć 3.1, ůšő ňăšřĺűă h(t; fi) ďĺťťěřěŋűĺřşěňă ŕő t .

Ŕřőďĺťťěřěŋűĺřşěň (3.2.11) ŕő t . Šőčďă

@K_x(t; ff) @t C^š(ff) +

˘(t; ff)

@t G(ff)S(ff) = h(t; t)C(t)K^x(t; ff)C^š(ff)+

+h(t; t)L(t; ff) + t∫

0 @h(t; fi)

@t C(fi)K^x(fi; ff)C^š(ff) dfi + t∫

0 @h(t; fi) @t L(fi; ff) dfi +

@h(t; ff) @t R(ff): (3:2:12)

Šăł łăł L(t; ff) = C(t)˘(t; ff)G(ff)S(ff) ŕřĺ t > ff , šő

h(t; t)C(t)K_x(t; ff)C^š(ff) + h(t; t)L(t; ff) = h(t; t)C(t)[K_x(t; ff)C^š(ff) + ˘(t; ff)G(ff)S(ff)]:

Ć łćăďřăšŋżţ śłőąłăţ { ńěćă£ ůăśšĳ şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă. Šăłĺň őąřăğőň,

h(t; t)C(t)K_x(t; ff)C^š(ff) + h(t; t)L(t; ff) = t∫

0 h(t; t)C(t)h(t; t)K_y(fi; ff) dfi: (3:2:13)

Řăśśňőšřĺň ńěćş¿ ůăśšĳ (3.2.12). Ĺśŕőńĳğş£ (3.2.7) ĺ şśńőćĺě ťĺğĺůěśłőľ řěăńĺğşěňőśšĺ śĺśšěňż M[u(t)yš(ff)] = 0 , ŋăţőďĺň, ůšő @K_x(t; ff)

@t C^š(ff) +

˘(t; ff)

@t G(ff)S(ff) = M[ dx(t) dt y^š(ff)] = = F (t)M[x(t)yš(ff)] + G(t)M[u(t)yš(ff)] = F (t)M[x(t)yš(ff)]:

3.2 Őąőąźěŋŋżľ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ 39

Ĺğ (3.2.9) śńěďşěš, ůšő

@K_x(t; ff)

@t C^š(ff) +

˘(t; ff)

@t G(ff)S(ff) = t∫

0 F (t)h(t; fi)K_y(fi; ff) dfi: (3:2:14)

Ŕőďśšăćĺň ćżřăęěŋĺ£(3.2.13) ĺ (3.2.14) ć (3.2.12), ĺňěěň t∫

0 F (t)h(t; fi)K_y(fi; ff)dfi = t∫

0 h(t; t)C(t)h(t; fi)K_y(fi; ff)dfi + t∫

0 @h(t; fi) @t K_y(fi; ff)dfi;

ĺńĺ t ∫ 0 [@h (t; fi) @t − F (t)h(t; fi) + h(t; t)C(t)h(t; fi)]K^y(fi; ff) dfi = 0:

Šăł łăł Ky(fi; ff) ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋă£ ňăšřĺűă, šő ďń£ h(t; fi) ŕőńşůăěň şřăćŋěŋĺě @h(t; fi) @t = F (t)h(t; fi) − h(t; t)C(t)h(t; fi): (3:2:15) 2. Ćżćěďěň ďĺťťěřěŋűĺăńĳŋőě şřăćŋěŋĺě ďń£ ćěłšőřă őűěŋłĺ ^x(t) . Šăł łăł ^x(t) ∈ L_2[0; t] , ă šőůŋěě { C[0; t]; šő ňőęŋő ŋăľšĺ őąőąźěŋŋş¿ ŕřőĺğćőďŋş¿ ŕřőűěśśă ^x(t) :

d^x(t) dt = h(t; t)y(t) + t∫

0 @h(t; fi) @t y(fi) dfi:

Ĺśŕőńĳğş£ (3.2.15) ĺ šő, ůšő ^x(t) = t∫

0 h(t; fi)y(fi) dfi; (3:2:16)

ŋăţőďĺň d^x(t) dt = h(t; t)y(t) + t∫

0 F (t)h(t; fi)y(fi) dfi − t∫

0 h(t; fi)C(fi)h(t; fi)y(fi) dfi =

= h(t; t)y(t) + F (t)^x(t) − h(t; t)C(t)^x(t) = F (t)^x(t) + h(t; t)(y(t) − C(t)^x(t)); šő ěśšĳ d^x(t) dt = F (t)^x(t) + h(t; t)[y(t) − C(t)^x(t)]; ^x(0) = 0: (3:2:17) Ć şřăćŋěŋĺ£ţ (3.2.15) ĺ (3.2.17) ŋěĺğćěśšŋőľ őśšăěšś£ ňăšřĺűă h(t; t) .

3. Ŕőłăęěň, ůšő h(t; t) ťşŋłűĺőŋăńĳŋő ść£ğăŋă ś ňăšřĺűěľ őÿĺąłĺ őűěŋĺćăŋĺ£ P (t) . Ććěďěň ćěłšőř őÿĺąłĺ őűěŋĺćăŋĺ£ ~x(t) = x(t) − ^x(t): (3:2:18) Ğăŕĺÿěň şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă (3.2.11) ć ćĺďě

M[x(t)x^š(ff)]C^š(ff) + ˘(t; ff)G(ff)S(ff) = t∫

0 h(t; fi){M[y(fi)x^š(ff)]C^š(ff)+

+C(fi)M[x(fi)vš(ff)]}dfi + h(t; ff)R(ff):

Ŕőňěŋ£ěň ňěśšăňĺ őŕěřăűĺĺ ĺŋšěčřĺřőćăŋĺ£ ĺ ňăšěňăšĺůěśłőčő őęĺďăŋĺ£. Šőčďă, ĺśŕőńĳğş£ őąőąźěŋŋş¿ ťőřňşńş Łőÿĺ ĺ (3.2.16), ŕőńşůăěň, ůšő M[x(t)x^š(ff)]C^š(ff) + ˘(t; ff)G(ff)S(ff) = M[^x(t)x^š(ff)]C^š(ff)+

40 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

+M t∫

0 h(t; fi)C(fi) fi∫

0 ˘(fi; s)G(s)M[u(s)vš(ff)] dsdfi

+ h(t; ff)R(ff):

Ŕěřěŋěśěň ŕěřćőě śńăčăěňőě ć ŕřăćőľ ůăśšĺ ¡šőčő ćżřăęěŋĺ£ ćńěćő ĺ, ĺśŕőńĳğş£ (3.2.18), ŋăţőďĺň

M[~x(t)x^š(ff)]C^š(ff) + ˘(t; ff)G(ff)S(ff) = t∫

0 h(t; fi)C(fi)˘(fi; ff)G(ff)S(ff) dfi + h(t; ff)R(ff): (3:2:19)

Ŕěřěľďěň ć ¡šőň śőőšŋőÿěŋĺĺ ł ŕřěďěńş ŕřĺ ff → t; ĺňěěň

M[~x(t)x^š(t)]C^š(t) + ˘(t; t)G(t)S(t) = t∫

0 h(t; fi)C(fi)˘(fi; t)G(t)S(t) dfi + h(t; t)R(t):

Šăł łăł ˘(fi; t) = 0 ŕřĺ t > fi (łăł ŕěřěţőďŋă£ ťşŋłűĺ£ ťĺğĺůěśłĺ řěăńĺğşěňőľ śĺśšěňż ) ĺ ˘(t; t) = In | ěďĺŋĺůŋőľ ňăšřĺűě ŕőř£ďłă n; šő M[~x(t)x^š(t)]C^š(t) + G(t)S(t) = h(t; t)R(t): (3:2:20) Ŕřěőąřăğşěň łőćăřĺăűĺ¿ M[~x(t)xš(t)] :

M[~x(t)x^š(t)] = M[~x(t){x^š(t)−^x^š(t)}]+M[~x(t)^x^š(t)] = M[~x(t)~x^š(t)]+M[~x(t)^x^š(t)] = M[~x(t)~x^š(t)] = P (t); šăł łăł M[~x(t)^xš(t)] = 0 { ŕő ńěňňě őą őřšőčőŋăńĳŋőň ŕřőěłšĺřőćăŋĺĺ [26] (ńĺŋěľŋă£ őűěŋłă śńşůăľŋőčő čăşśśőćśłőčő ŕřőűěśśă x(fi; !) ŕő łřĺšěřĺ¿ ňĺŋĺňşňă ďĺśŕěřśĺĺ őÿĺąłĺ ŕřĺ ğăďăŋŋőň ńĺŋěľŋőň ŕřőśšřăŋśšćě ŋăąń¿ďěŋĺľ Y = {y(fi; !); 0 ≤ fi ≤ t; ! ∈ ˙} ğăďăěšś£ őřšőčőŋőńĳŋőľ ŕřőěłűĺěľ x ŋă Y; š.ě. M[~x(t)^xš(t)] = 0; ~x(t) = x(t) − ^x(t); ^x(t) = t∫ 0 h(t; fi)y(fi)dfi ).

Šăłĺň őąřăğőň, ĺğ (3.2.20) śńěďşěš, ůšő h(t; t) = [P (t) + G(t)S(t)]R^{−1}(t): (3:2:21) Ść£ğĳ h(t; t) ś łőćăřĺăűĺőŋŋőľ ňăšřĺűěľ ćěłšőřă őÿĺąłĺ ŋăľďěŋă.

4. Ćżůĺśńĺň őąőąźěŋŋş¿ ŕřőĺğćőďŋş¿ ćżřăęěŋĺ£ (3.2.18). Ĺśŕőńĳğş£ (3.2.7), (3.2.17), ĺňěěň d~x(t) dt = dx(t) dt − d^x(t) dt = [F (t) − h(t; t)C(t)]~x(t) + G(t)u(t) − h(t; t)v(t);

~x(0) = x(0) = x_0: (3:2:22) Šăłĺň őąřăğőň, ŋăľďěŋő şřăćŋěŋĺě ćěłšőřă őÿĺąłĺ őűěŋĺćăŋĺ£.

5. Őŕřěďěńĺň şřăćŋěŋĺě ďń£ ňăšřĺűż łőćăřĺăűĺĺ őÿĺąłĺ őűěŋĺćăŋĺ£ P (t) = M[~x(t)~x^š(t)] . Ďĺťťěřěŋűĺřşěň P (t) ŕő t (ć őąőąźěŋŋőň śňżśńě): dP (t) dt = M [ d~x(t) dt ~x^š(t) ] + M [ ~x(t)d

~xš(t) dt ] : (3:2:23)

Řăśśňőšřĺň ćżřăęěŋĺě M [ d~x(t) dt ~x^š(t) ] . Ĺğ (3.2.22) śńěďşěš, ůšő M [ d~x(t) dt ~xš(t) ] = [F (t) − h(t; t)C(t)]P (t) + M[G(t)u(t)~xš(t)] − h(t; t)M[v(t)~xš(t)]: (3:2:24)

Ĺśŕőńĳğş£ (3.2.18), ĺňěěň: M[u(t)~xš(t)] = M[u(t)xš(t)] − M[u(t)^xš(t)] . Ďăńěě:

M[u(t)x^š(t)] = M[u(t)x^š_0 ]˘^š(t; 0) + t∫

0 M[u(t)u^š(ff)]G^š(ff)˘^š(t; ff) dff = 12Q(t)G^š(t);

3.2 Őąőąźěŋŋżľ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ 41

M[u(t)^x^š(t)] = t∫

0 M[u(t)y^š(fi)]h^š(t; fi) dfi = t∫

0 M[u(t)v^š(fi)]h^š(t; fi) dfi+

+ t∫

0 M[u(t)x^š(fi)]C^š(fi)h^š(t; fi) dfi = 1 2S (t)hš(t; t):

Ňăšřĺűă M[u(t)xš(fi)] = 0 ŕřĺ t > fi , šăł łăł śőśšő£ŋĺě śĺśšěňż ŋě ňőęěš ğăćĺśěšĳ őš ŋěŕőśšşŕĺćÿěčő ěźě ŋă ćţőď śĺčŋăńă. Šăłĺň őąřăğőň,

M[u(t)~x^š(t)] = 12Q(t)G^š(t) − 12S(t)h^š(t; t): (3:2:25)

Ĺğşůĺň ćżřăęěŋĺě M[v(t)~xš(t)] . Šăł łăł ~x(t) = x(t) − ^x(t) , šő

M[v(t)~x^š(t)] = M[v(t)x^š(t)] − M[v(t)^x^š(t)]: (3:2:26)

Ğăšěň, ĺśŕőńĳğş£ ťőřňşńş Łőÿĺ ĺ ŕřěďśšăćńěŋĺě őűěŋłĺ, ă šăłęě šő, ůšő ĺğ şśńőćĺľ ťĺğĺůěśłőľ řěăńĺğşěňőśšĺ śĺśšěňż M[v(t)xš(fi)] = 0 , ŋăţőďĺň

M[v(t)x^š(t)] = M[v(t)x^š_0 ]˘^š(t; 0) + t∫

0 M[v(t)u^š(ff)]G^š(ff)˘^š(t; ff) dff = 1 2 S^š(t)G^š(t);

M[v(t)^x^š(t)] = t∫

0 M[v(t)y^š(fi)]h^š(t; fi) dfi = t∫

0 M[v(t)v^š(fi)]h^š(t; fi) dfi+

+ t∫

0 M[v(t)x^š(fi)]C^š(fi)h^š(t; fi) dfi = 12R(t)h^š(t; t):

Šăłĺň őąřăğőň, M[v(t)~x^š(t)] = 1 2 S^š(t)G^š(t) − 1 2 R(t)h^š(t; t): (3:2:27)

Ŕőďśšăćĺň (3.2.27) ĺ (3.2.25) ć (3.2.24), šőčďă

M[d~x(t) dt ~xš(t)] = [F (t) − h(t; t)C(t)]P (t) + G(t)[ 1 2 Q(t)G^š(t) − 1 2 S(t)h^š(t; t)] − h(t; t)[1 2 S^š(t)G^š(t)− − 1 2 R(t)h^š(t; t)] = [F (t) − h(t; t)C(t)]P (t) + 1 2 G(t)Q(t)G^š(t) − 1 2 G(t)S(t)h^š(t; t)− − 1 2h (t; t)Sš(t)Gš(t) + 1 2h (t; t)R(t)hš(t; t): (3:2:28)

Ăŋăńőčĺůŋő, M[~x(t)d~x^š(t) dt ] = P (t)[F (t) − h(t; t)C(t)]š + 1 2 G(t)Q(t)G^š(t)− 1 2G (t)S(t)hš(t; t) − 1 2h (t; t)Sš(t)Gš(t) + 1 2h (t; t)R(t)hš(t; t): (3:2:29)

Śşňňĺřş£ (3.2.28) ĺ(3.2.29), ŋăţőďĺň, ůšő

dP (t) dt = [F (t) − h(t; t)C(t)]P (t) + P (t)[F (t) − h(t; t)C(t)]^š+ +G(t)Q(t)Gš(t) − G(t)S(t)šh(t; t) − h(t; t)Sš(t)Gš(t) + h(t; t)R(t)hš(t; t); P (0) = P_0; (3:2:30) čďě h(t; t) = [P (t) + G(t)S(t)]R^{−1}(t) .

Śťőřňşńĺřşěň ăńčőřĺšň ťĺńĳšřăűĺĺ ďń£ ňőďěńĺ (3.2.7)-(3.2.8).

42 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Şřăćŋěŋĺě ďń£ ŋăţőęďěŋĺ£ őűěŋłĺ ĺňěěš ćĺď

d^x(t) dt = F (t)^x(t) + h(t; t)[y(t) − C(t)^x(t)]; ^x(0) = 0;

čďě h(t; t) = [P (t) + G(t)S(t)]R^{−1}(t) , ă ňăšřĺűă łőćăřĺăűĺĺ őÿĺąłĺ ťĺńĳšřăűĺĺ P (t) şďőćńěšćőř£ěš şřăćŋěŋĺ¿ Řĺłłăšĺ (3.2.30).

Ăńčőřĺšň ćżůĺśńěŋĺ£ őąőąźěŋŋőľ ťĺńĳšřăűĺĺ Łăńňăŋă-Ąĳ¿śĺ (řěÿěŋĺě ğăďăůĺ (3.2.1) - (3.2.3)). Şřăćŋěŋĺě ďń£ ŋăţőęďěŋĺ£ őűěŋłĺ ĺňěěš ćĺď

d^x(t) dt = F (t)^x(t) + G(t)m^u(t) + L(t)f(t) + K(t)[y(t) − m^v(t) − g(t) − C(t)^x(t)]; ^x(0) = mx_0 ;

čďě łő¡ťťĺűĺěŋš şśĺńěŋĺ£ ťĺńĳšřă K(t) ćżůĺśń£ěšś£ ŕő ťőřňşńě

K(t) = [P (t)Ś^š(t) + G(t)S(t)]R^{−1}(t):

Ňăšřĺűă łőćăřĺăűĺĺ őÿĺąőł ťĺńĳšřăűĺĺ P (t) şďőćńěšćőř£ěš şřăćŋěŋĺ¿ Řĺłłăšĺ

dP (t) dt = F (t)P (t) + P (t)F^š(t) + G(t)Q(t)G^š(t) − K(t)R(t)K^š(t); P (0) = P_0:

3.3 Śšăűĺőŋăřŋżľ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Ŕşśšĳ ňăšřĺűż F , G ĺ C , ćţőď£źĺě ć łăńňăŋőćśłş¿ ŕőśšăŋőćłş ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ (3.1.1){(3.1.3), ŋě ĺğňěŋ£¿šś£ śő ćřěňěŋěň, ă śńşůăľŋżě ÿşňż u(fi) ĺ v(fi) (−∞ < fi ≤ t) £ćń£¿šś£ ŋěłőřřěńĺřőćăŋŋżňĺ śšăűĺőŋăřŋżňĺ ć ÿĺřőłőň śňżśńě ąěńżňĺ ÿşňăňĺ. Šőčďă ňőďěńĳ ďĺŋăňĺůěśłőľ śĺśšěňż, ťőřňĺřş¿źěľ śńşůăľŋżľ ŕřőűěśś x(fi) , ĺ ňőďěńĳ ŋăąń¿ďěŋĺ£ {y(fi); −∞ < fi ≤ t} ňőęŋő ğăŕĺśăšĳ ć ćĺďě:

ňőďěńĳ śőőąźěŋĺ£ { dx(fi) dfi = F x(fi) + Gu(fi); (3:3:1) čďě F ĺ G | ŕőśšő£ŋŋżě ňăšřĺűż,

M[u(fi)] = 0; M[u(fi)u^š(ff)] = Q‹(fi − ff); fi; ff ∈ (−∞; t];

ă Q | ŋěőšřĺűăšěńĳŋă£ śĺňňěšřĺůěśłă£ ůĺśńőćă£ ňăšřĺűă;

ňőďěńĳ ĺğňěřěŋĺľ { y(fi) = Cx(fi) + v(fi); (3:3:2) čďě ňăšřĺűă C | ňăšřĺűă ś ŕőśšő£ŋŋżňĺ ¡ńěňěŋšăňĺ,

M[v(fi)] = 0; M[v(fi)v^š(ff)] = R‹(fi − ff); fi; ff ∈ (−∞; t];

R | ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋă£ ůĺśńőćă£ śĺňňěšřĺůěśłă£ ňăšřĺűă.

Řăćěŋśšćă ć (3.3.1) ĺ (3.3.2) ŕőŋĺňă¿šś£ ć őąőąźěŋŋőň śňżśńě. Ŕřĺ šăłĺţ ŕřěďŕőńőęěŋĺ£ţ x(fi) ĺ y(fi) £ćń£¿šś£ śšăűĺőŋăřŋżňĺ ćěłšőřŋżňĺ śńşůăľŋżňĺ ŕřőűěśśăňĺ [27,30].

Ğăďăůă ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ğăłń¿ůăěšś£ ć śńěďş¿źěň:

ŕő ŋăąń¿ďěŋĺ£ň {y(fi); −∞ < fi ≤ t} šřěąşěšś£ ŋăľšĺ ńĺŋěľŋş¿ őűěŋłş ^x(t) = t∫ −∞ h(t; fi)y(fi) dfi ŕřőűěśśă

x(fi) ć šőůłě fi = t; şďőćńěšćőř£¿źş¿ łřĺšěřĺ¿

m(t) = inf_h {M[(z; x(t) − ^x(t))^2_n]| h^š(t; fi)z ∈ W^1_2 (−∞; +∞)}; (3:3:3)

čďě z | ŕřőĺğćőńĳŋżľ ćěłšőř ĺğ En: Ĺğ řăğďěńă 3.1 ĺğćěśšŋő, ůšő őűěŋłă ^x(fi) £ćń£ěšś£ řěÿěŋĺěň şřăćŋěŋĺ£ d^x(fi) dfi = F ^x(fi) + K[y(fi) − C ^x(fi)]; ^x(−∞) = 0; (3:3:4)

3.4 Ňěšőď ťőřňĺřş¿źěčő ťĺńĳšřă 43

čďě K | łő¡ťťĺűĺěŋš şśĺńěŋĺ£ ťĺńĳšřă,

K = P C^šR^{−1}; (3:3:5)

ă P | łőćăřĺăűĺ£ őÿĺąłĺ őűěŋĺćăŋĺ£.

Šăł łăł ďń£ śšăűĺőŋăřŋżţ ŕřőűěśśőć P | ŕőśšő£ŋŋă£ ňăšřĺűă, šő dPdfi = 0 ĺ ďĺťťěřěŋűĺăńĳŋőě şřăćŋěŋĺě (3.1.19) ďń£ őŕřěďěńěŋĺ£ łőćăřĺăűĺĺ őÿĺąłĺ ćżřőęďăěšś£ ĺ ŕřĺŋĺňăěš ćĺď

F P + P F^š + GQG^š − P C^šR^{−1}CP = 0: (3:3:6)

Šăłĺň őąřăğőň, ŕřĺ řěăńĺğăűĺĺ śšăűĺőŋăřŋőčő ťĺńĳšřă Łăńňăŋă- Ąĳ¿śĺ ŋěőąţőďĺňő řěÿăšĳ ŋěńĺŋěľŋőě ňăšřĺůŋőě şřăćŋěŋĺě (3.3.6). Řěăńĺğăűĺ£ ăńčőřĺšňă ŋăţőęďěŋĺ£ řěÿěŋĺ£ ŋěńĺŋěľŋőčő ăńčěąřăĺůěśłőčő şřăćŋěŋĺ£ ŋă İĆŇ ŋě ćśěčďă şďőąŋă. Ŕő¡šőňş ąőńěě ¡ťťěłšĺćŋő ćňěśšő řěÿěŋĺ£ (3.3.6) ĺśłăšĳ śšăűĺőŋăřŋőě (şśšăŋőćĺćÿěěś£) řěÿěŋĺě ďĺťťěřěŋűĺăńĳŋőčő şřăćŋěŋĺ£ Řĺłłăšĺ

dP (fi) dfi = F P (fi) + P (fi)F š + GQGš − P (t)CšR^{−1}CP (t); P (0) = P_0; (3:3:7)

čďě P_0 | ŕřőĺğćőńĳŋă£ śĺňňěšřĺůěśłă£ ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋă£ ňăšřĺűă.

Őążůŋő şřăćŋěŋĺě (3.3.7) řěÿă¿š ŋă İĆŇ ďő šěţ ŕőř, ŕőłă P (fi) ŋě ďőśšĺčŋěš şśšăŋőćĺćÿěčőś£ ğŋăůěŋĺ£. İšő şśšăŋőćĺćÿěěś£ ğŋăůěŋĺě ĺ ŕřĺŋĺňăěšś£ ğă P .

Ć řăğďěńăţ 2 ĺ 3.3 ŕőńşůěŋż ďćă řăğńĺůŋżţ ňěšőďă řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ć śšăűĺőŋăřŋőň śńşůăě. Ć řăğďěńě 2 ďń£ ŕőśšřőěŋĺ£ ťĺńĳšřă ŕřĺňěŋěŋ ůăśšőšŋżľ ŕőďţőď, ă ć 3.3 { ćřěňěŋŋőľ. Őśŋőćŋőě őšńĺůĺě ¡šĺţ ďćşţ ŕőďţőďőć ść£ğăŋő ś ğăďăŋĺěň ŕřőűěśśă x(fi) .

Ć ťĺńĳšřăűĺĺ Ćĺŋěřă ŕřőűěśś x(fi) ğăďăěšś£ ůěřěğ śŕěłšřăńĳŋş¿ ŕńőšŋőśšĳ Kx(–) , ă ć łăńňăŋőćśłőľ ťĺńĳšřăűĺĺ { śĺśšěňőľ ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ (3.3.1). İšĺ ďćă ŕőďţőďă ¡łćĺćăńěŋšŋż, šăł łăł ŕő śĺśšěňě (3.3.1) ňőęŋő ŋăľšĺ śŕěłšřăńĳŋş¿ ŕńőšŋőśšĳ Kx(–) , łőšőřă£ řăćŋă

K_x(–) = (I_n– − F )^{−1}GQG^š(I_n– − F^š)^{−1};

čďě In | ěďĺŋĺůŋă£ ňăšřĺűă n -čő ŕőř£ďłă. Ă ŕő śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ Kx(–) , ğăďăćăěňőľ ć ŕőśšăŋőćłě ğăďăůĺ Ćĺŋěřă, ňőęŋő ŕőśšřőĺšĳ ťĺğĺůěśłĺ řěăńĺğşěňş¿ ďĺŋăňĺůěśłş¿ śĺśšěňş, ŕőřőęďă¿źş¿ śńşůăľŋżľ ŕřőűěśś x(fi) . Ŕěřěţőďŋş¿ ťşŋłűĺ¿ šăłőľ śĺśšěňż ňőęŋő ŋăľšĺ ĺśŕőńĳğş£ ňěšőď ťăłšőřĺğăűĺĺ, ďń£ őďŋőňěřŋżţ śĺśšěň ňěšőď ĺğńőęěŋ ć 2.3, ă ďń£ ňŋőčőňěřŋżţ { ć [31].

Ąőńěě ŕőďřőąŋőě śřăćŋěŋĺě ăńčőřĺšňőć ťĺńĳšřăűĺĺ Ćĺŋěřă ĺ Łăńňăŋă ŕřőćěďěŋő ć [30]. Śńěďşěš őšňěšĺšĳ, ůšő ťĺńĳšř Ćĺŋěřă ć őšńĺůĺě őš ťĺńĳšřă Łăńňăŋă ŕřĺňěŋĺň ŋě šőńĳłő ć śńşůăě ąěńőčő ÿşňă ć ŋăąń¿ďěŋĺ£ţ. İšő ść£ğăŋő ś šěň, ůšő ŕřĺ ěčő ŕőśšřőěŋĺĺ ĺśŕőńĳğşěšś£ şśńőćĺě ťĺğĺůěśłőľ řěăńĺğşěňőśšĺ ťĺńĳšřă, ă ĺňěŋŋő, ťăłšőřĺğăűĺĺ ňăšřĺűż śŕěłšřăńĳŋőľ ŕńőšŋőśšĺ ćěłšőřă ŋăąń¿ďěŋĺ£. İšő őčřăŋĺůĺćăěš ňŋőęěśšćő ďőŕşśšĺňżţ řěÿěŋĺľ. Šăłĺň őąřăğőň, ăńčőřĺšň ťĺńĳšřăűĺĺ Ćĺŋěřă £ćń£ěšś£ "řěčşń£řĺğĺřş¿źĺň" ďń£ ğăďăů ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ, ş łőšőřżţ śŕěłšřăńĳŋă£ ŕńőšŋőśšĳ ĺğňěřěŋĺľ ďőŕşśłăěš ťăłšőřĺğăűĺ¿ (2.2.5). Ăńčőřĺšň Łăńňăŋă šăłĺň śćőľśšćőň ŋě őąńăďăěš ĺ ďń£ ŋěčő £ćń£ěšś£ śşźěśšćěŋŋżň šřěąőćăŋĺě šőčő, ůšőąż ÿşň ć ĺğňěřěŋĺ£ţ ążń ąěńżň. Ŋő ăńčőřĺšň Łăńňăŋă ąőńěě şďőąěŋ ďń£ řěăńĺğăűĺĺ ŋă İĆŇ ĺ ŕő¡šőňş ŋăÿěń ÿĺřőłőě ŕřĺňěŋěŋĺě ŕřĺ řěÿěŋĺĺ ŕřăłšĺůěśłĺţ ğăďăů ĺ ćő ňŋőčĺţ śńşůă£ţ ćżšěśŋĺń ťĺńĳšř Ćĺŋěřă.

3.4 Ňěšőď ťőřňĺřş¿źěčő ťĺńĳšřă

İšőš ňěšőď ŕřěďńőęěŋ Ąřăľśőŋőň ĺ Ľőţăŋśěŋőň ć 1965 čőďş [39]. Ć ŋěň śďěńăŋă ŕőŕżšłă ŕřĺňěŋĺšĳ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ ďń£ řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőčő őűěŋĺćăŋĺ£ ć śńşůăě, ěśńĺ ÿşň ć ŋăąń¿ďěŋĺ£ţ ŋěąěńżľ.

Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ. Ŕşśšĳ ćěłšőřŋżľ śńşůăľŋżľ ŕřőűěśś x(fi) şďőćńěšćőř£ěš şřăćŋěŋĺ¿

dx(fi) dfi = F (fi)x(fi) + G(fi)u(fi); x(0) = x^0; (3:4:1)

čďě u(fi) | ąěńżľ čăşśśőćśłĺľ ÿşň,

Ň[u(fi)] = 0; Ň[x_0] = 0; Ň[u(fi)u^š(ff)] = Q(fi)‹(fi − ff); Ň[x_0x^š_0 ] = P_0;

44 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

ŕřőűěśś u(fi) ĺ śńşůăľŋżľ ćěłšőř x_0 ŋěłőřřěńĺřőćăŋż. Ŕřőĺğćőďŋă£ ć (3.4.1) ŕőŋĺňăěšś£ ć őąőąźěŋŋőň śňżśńě.

Ĺğňěřěŋĺ¿ ďőśšşŕěŋ ćěłšőř {y(fi); 0 ≤ fi ≤ t} , ść£ğăŋŋżľ ś x(fi) śőőšŋőÿěŋĺěň

y(fi) = C(fi)x(fi) + w(fi); (3:4:2)

čďě w(fi) | m {ňěřŋżľ ÿşň, w(fi) ňőďěńĺřşěšś£ ńĺŋěľŋőľ śĺśšěňőľ, ćőğąşęďăěňőľ ąěńżň čăşśśőćśłĺň ÿşňőň v(fi) dw(fi) dfi = N(fi)w(fi) + L(fi)v(fi); w(0) = w^0; (3:4:3) čďě v(fi) | ŋěłőřřěńĺřőćăŋ ś u(fi) ĺ x_0 ,

Ň[v(fi)] = 0; Ň[v(fi)v^š(ff)] = R(fi)‹(fi − ff);

w_0 | m {ňěřŋżľ čăşśśőćśłĺľ ćěłšőř, Ň[w_0] = 0 , Ň[w_0w^š_0 ] = S_0 , ňăšřĺűă R(fi) ŕőńőęĺšěńĳŋő őŕřěďěńěŋă, ă S_0 | ŋěőšřĺűăšěńĳŋă.

Šřěąşěšś£ ŋăľšĺ ńĺŋěľŋş¿ őűěŋłş ^x(fi) ćěłšőřă x(fi) ć šőůłě fi = t , şďőćńěšćőř£¿źş¿ łřĺšěřĺ¿ ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ

m(t) = inf_h {M[(z; x(t) − ^x(t))^2_n] | ^x(t) = t∫

0 h(t; fi)y(fi) dfi }: (3:4:4)

Ąřăľśőŋ ĺ Ľőţăŋśěŋ ŕřěďńőęĺńĺ ďń£ řěÿěŋĺ£ ŕőśšăćńěŋŋőľ ğăďăůĺ śńěďş¿źş¿ ŕřőűěďşřş. Ćżůĺśńĺň őąőąźěŋŋş¿ ŕřőĺğćőďŋş¿ ŕřőűěśśă y(fi) ĺ, ĺśŕőńĳğş£ ćżřăęěŋĺ£ (3.4.1) ĺ (3.4.3), ŋăţőďĺň

dy(fi dfi = dC (fi) dfi x(fi) + C(fi)F (fi)x(fi) + N(fi)w(fi) + C(fi)G(fi)u(fi) + L(fi)v(fi):

Ććěďěň őąőğŋăůěŋĺ£:

y_1(fi) = dy(fi) dfi ; F (fi) = [F (fi) N(fi)]; C_1(fi) = [ dC(fi) dfi + C(fi)F (fi) N(fi) ] ; V_1(fi) = [C(fi)G(fi) L(fi)]; G_1(fi) = [G(fi) L(fi)]; x_1(fi) = [ x(fi) w(fi) ] ; u_1(fi) = [ u(fi) v(fi) ] : Šőčďă ğăďăůş (3.4.1)-(3.4.4) ňőęŋő ŕěřěŕĺśăšĳ śńěďş¿źĺň őąřăğőň.

Řăśÿĺřěŋŋżľ ćěłšőř śőśšő£ŋĺ£ x_1(fi) şďőćńěšćőř£ěš śĺśšěňě

dx_1(fi)

dfi = F^1(fi)x^1(fi) + G^1(fi)u^1(fi);

x_1(0) = x_{10} = [ x_0 w_0 ] : (3:4:5)

Ŋăąń¿ďăěšś£ ŕřőűěśś y_1(fi) = C_1(fi)x_1(fi) + V_1(fi)u_1(fi); (3:4:6) ŕřĺůěň

M[x_{10}] = 0; M[u_1(fi)] = 0; M[x_{10}x^š_{10}] = [ P_0 0 0 S_0 ] = P_{10} ≥ 0;

M[u_1(fi)u^š_1 (ff)] = [ Q(fi) 0

0 R(fi) ] ‹(fi − ff); [ Q(fi) 0 0 R(fi) ] > 0:

Šřěąşěšś£ ŋăľšĺ ńĺŋěľŋş¿ őűěŋłş ^x_1(fi) ćěłšőřă x_1(fi) ć šőůłě fi = t; ňĺŋĺňĺğĺřş¿źş¿ śřěďŋěłćăďřăšĺůěśłş¿ őÿĺąłş.

Ğăďăůă (3.4.5)-(3.4.6) £ćń£ěšś£ ğăďăůěľ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ś łőřřěńĺřőćăŋŋżňĺ ąěńżňĺ ÿşňăňĺ ć ĺğňěřěŋĺ£ţ ĺ śĺśšěňě, ăńčőřĺšň řěÿěŋĺ£ łőšőřőľ ďăŋ ć řăğďěńě 3.2.

Ŋěďőśšăšłőň ŕřĺćěďěŋŋőčő ňěšőďă £ćń£ěšś£ šő, ůšő őążůŋő ŋěĺğćěśšŋă śĺśšěňă, ňőďěńĺřş¿źă£ ÿşň w(fi) . Ă śŕőśőą ŕőśšřőěŋĺ£ ťőřňĺřş¿źěčő ťĺńĳšřă (3.4.3) ďń£ ŕřőűěśśă w(fi) řăğřăąőšăŋ šőńĳłő, ěśńĺ ÿşň ć ĺğňěřěŋĺ£ţ { čăşśśőćśłĺľ śšăűĺőŋăřŋżľ śńşůăľŋżľ ŕřőűěśś śő śŕěłšřăńĳŋőľ ŕńőšŋőśšĳ¿, ďőŕşśłă¿źěľ ťăłšőřĺğăűĺ¿ (2.2.5) [27,26].

Łřőňě šőčő, őŕěřăűĺ£ ďĺťťěřěŋűĺřőćăŋĺ£ ĺğňěřěŋĺľ { ¡łśŕěřĺňěŋšăńĳŋő ŕőńşůěŋŋżţ ďăŋŋżţ, łăł ĺğćěśšŋő, ŋěłőřřěłšŋă [33,25] ĺ ŋăţőęďěŋĺě ŕřőűěśśă y_1(fi) ğăšřşďŋěŋő.

3.5 Ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă 45

3.5 Ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă

Ďăŋŋżľ ăńčőřĺšň řăğřăąőšăŋ ć 1975 čőďş Ő’Řěľńĺ ĺ Ŋĳ¿ňăŋŋőň [42] ďń£ śńşůă£, łőčďă ÿşň ć ŋăąń¿- ďěŋĺ£ţ £ćń£ěšś£ ćżřőęďěŋŋżň ąěńżň čăşśśőćśłĺň ÿşňőň (őŕřěďěńěŋĺě 1.20, śň.śšř. 21).

1. Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ. Ŕşśšĳ n {ňěřŋżľ śńşůăľŋżľ ćěłšőřŋżľ ŕřőűěśś x(fi) = x(fi; !); fi ∈ [0; t]; ! ∈ ˙ čěŋěřĺřşěšś£ ŕşšěň ŕřőŕşśłăŋĺ£ p {ňěřŋőčő čăşśśőćśłőčő ÿşňă u(fi) ůěřěğ ńĺŋěľŋş¿ ďěšěřňĺŋĺřőćăŋŋş¿ śĺśšěňş dx(fi) dfi = F (fi)x(fi) + G(fi)u(fi); x(0) = x^0; (3:5:1) ŋăąń¿ďăěšś£ śńşůăľŋżľ ćěłšőřŋżľ ŕřőűěśś řăğňěřŋőśšĺ m ( m ≤ n )

y(fi) = C(fi)x(fi) + w(fi); (3:5:2)

čďě F (fi) , G(fi) ĺ C(fi) | ňăšřĺűż śőőšćěšśšćş¿źěľ řăğňěřŋőśšĺ, ŕřĺůěň ¡ńěňěŋšż ňăšřĺű G(fi) ĺ C(fi) | čńăďłĺě ťşŋłűĺĺ, ă F (fi) | łşśőůŋő-ŋěŕřěřżćŋżě. Řěÿěŋĺě ğăďăůĺ Łőÿĺ (3.5.1) ŕőŋĺňăěšś£ ć śňżśńě őŕřěďěńěŋĺ£ 1.6. Řěăńĺğăűĺĺ ÿşňă w(fi) ŕřĺŋăďńěęăš ś ćěřő£šŋőśšĳ¿ ěďĺŋĺűă ŋěčăšĺćŋőňş ŕřőśšřăŋśšćş W^{−1}_2 [0; t] , ă ÿşň w(fi) ňőęěš ążšĳ ŕřěďśšăćńěŋ ć ćĺďě

w(fi) = [ 0 v(fi) ] ; (3:5:3)

čďě v(fi) | ąěńżľ q {ňěřŋżľ čăşśśőćśłĺľ ÿşň q < m:

Ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ğăłń¿ůăěšś£ ć śńěďş¿źěň: šřěąşěšś£ ŕő ŋăąń¿ďěŋĺ£ň {y(fi); 0 ≤ fi ≤ t} ŋăľšĺ ńĺŋěľŋş¿ őűěŋłş ^x(fi) ćěłšőřă x(fi) ć šőůłě fi = t , şďőćńěšćőř£¿źş¿ łřĺšěřĺ¿

m(t) = inf_h {M[(z; x(fi) − ^x(fi))^2_n] | ^x(fi) = t∫

0 h(t; fi)y(fi) dfi }: (3:5:4)

Ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ďőŕşśšĺňżň ňăšřĺűăň h(t; fi) , šő ěśšĳ šăłĺň, ďń£ łőšőřżţ ĺŋšěčřăń ć (3.5.4) ĺňěěš śňżśń, z | ŕřőĺğćőńĳŋżľ ćěłšőř ĺğ En: Ĺğćěśšŋż šăłęě śšăšĺśšĺłĺ śńşůăľŋżţ ŕřőűěśśőć u(fi); w(fi) ĺ śńşůăľŋőčő ćěłšőřă x_0:

2.Ŕőłăęěň, ůšő ł ÿşňş w(fi) ćĺďă (3.5.3) śćőďĺšś£ ń¿ąőľ ćżřőęďěŋŋżľ ąěńżľ čăşśśőćśłĺľ ÿşň. Ďěľśšćĺšěńĳŋő, ŕşśšĳ ŋăąń¿ďăěšś£ m {ňěřŋżľ śńşůăľŋżľ ŕřőűěśś

y(fi) = C(fi)x(fi) + w_1(fi); (3:5:5)

čďě w_1(fi) | m {ňěřŋżľ ćżřőęďěŋŋżľ ąěńżľ ÿşň ś ŋşńěćżň śřěďŋĺň ĺ łőćăřĺăűĺőŋŋőľ ňăšřĺűěľ M[w_1(fi)wš_1 (ff)] = R_1(fi)‹(fi −ff) , ŕřĺůěň řăŋč ňăšřĺűż ĺŋšěŋśĺćŋőśšĺ ÿşňă řăćěŋ q; q < m .

Ďń£ ňăšřĺűż R_1(fi) , ćśńěďśšćĺě ěě śĺňňěšřĺůŋőśšĺ ĺ ŋěőšřĺűăšěńĳŋőśšĺ, śşźěśšćşěš őřšőčőŋăńĳŋă£ m {ňěřŋă£ ňăšřĺűă Š (fi) [1] šăłă£, ůšő

R_1(fi) = T (fi)

–_1 0 : : : 0 0 : : : 0 0 –_2 : : : 0 0 : : : 0 : : : : : : : : : : : : : : : : : : : : : 0 0 : : : –q 0 : : : 0 0 0 : : : 0 0 : : : 0 : : : : : : : : : : : : : : : : : : : : : 0 0 : : : 0 0 : : : 0

T^š(fi):

Őšňěšĺň, ůšő ş ňăšřĺűż T š(fi)R_1(fi)T (fi) ŋă čńăćŋőľ ďĺăčőŋăńĺ śšő£š ńĺÿĳ q ŕőńőęĺšěńĳŋżţ ůĺśěń –_1; –_2; : : : ; –_q:

Ććěďěň ňăšřĺűş H(fi) řăğňěřŋőśšĺ m × q

H(fi) = T (fi)

–_1 0 : : : 0 0 –_2 : : : 0 : : : : : : : : : : : : 0 0 : : : –q 0 0 : : : 0 : : : : : : : : : : : : 0 0 : : : 0 ;

46 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

řăŋč ňăšřĺűż H(fi) řăćěŋ q (Rang H(fi) = q): Šőčďă R_1(fi) = H(fi)Hš(fi) ĺ y(fi) = C(fi)x(fi)+H(fi)v_1(fi) , čďě v_1(fi) | q {ňěřŋżľ ąěńżľ čăşśśőćśłĺľ ÿşň ś ŋşńěćżň śřěďŋĺň ĺ łőćăřĺăűĺěľ M[v_1(fi)vš_1 (ff)] = = Iq‹(fi − ff) , Iq | ěďĺŋĺůŋă£ ňăšřĺűă ŕőř£ďłă q .

Ŕřĺćěďěň ŋěłőšőřżě śćőľśšćă ňăšřĺűż H(fi) .

1. Őąőğŋăůĺň ůěřěğ N(H) = {x | Hx = 0; x ∈ Eq} £ďřő ňăšřĺűż H(fi) . Ňŋőęěśšćő N(H) śőďěřęĺš ńĺÿĳ ŋşńěćőľ ćěłšőř. İšő śńěďşěš ĺğ šőčő, ůšő şřăćŋěŋĺě Hx = 0 ĺňěěš ěďĺŋśšćěŋŋőě řěÿěŋĺě ć Eq , šăł łăł Rang H(fi) řăćěŋ řăğňěřŋőśšĺ ćěłšőřă x:

2.Ňăšřĺűă Hš(fi)H(fi) | ŋěćżřőęďěŋŋă£.

Ďěľśšćĺšěńĳŋő, ěśńĺ H(fi)x = 0 , šő Hš(fi)H(fi)x = 0 ĺ N(H) ⊂ N(HšH) . Ś ďřşčőľ śšőřőŋż, ěśńĺ H^š(fi)H(fi)x = 0 , šő x^šH^š(fi)H(fi)x = (Hx; Hx)_q = ‖Hx‖^2_q = 0:

Őšś¿ďă śńěďşěš, ůšő N(HšH) ⊂ N(H) . Šăłĺň őąřăğőň, N(H^šH) = 0; Rang H = Rang(H^šH) = q:

3. Ňăšřĺűă HšH | śĺňňěšřĺůěśłă£ ŕőř£ďłă q .

Ŋăľďěň śĺňňěšřĺůěśłĺě ¡ńěňěŋšż ~hij ĺ ~hji ŕřőĺğćěďěŋĺ£ ňăšřĺű Hš ĺ H :

~hij = m∑ k=1 h_{ki}h_{kj} = m∑ k=1 h_{kj}h_{ki};

čďě hki | ¡ńěňěŋš ňăšřĺűż H(fi) . Ć ďăńĳŋěľÿěň ąşďěš ĺśŕőńĳğőćăŋő śńěďş¿źěě ŕőŋ£šĺě ŕśěćďőőąřăšŋőľ ňăšřĺűż (ć śňżśńě Ňşřă-Ŕěŋřőşğă [1]).

Őŕřěďěńěŋĺě 3.1 Ňăšřĺűă H^+ ŋăğżćăěšś£ ŕśěćďőőąřăšŋőľ ňăšřĺűěľ ł H , ěśńĺ

1: HH^+ = H^+H; 2: HH^+H = H; 3: H^+HH^+ = H^+:

Śŕřăćěďńĺćă

Šěőřěňă 3.5 Ďń£ ćś£łőľ ňăšřĺűż H řăğňěřă n × m ňăšřĺűă H^+ = lim_{¸→0}{(H^šH + ¸^2I_m)^{−1}H^š} = lim_{¸→0}{H^š(HH^š + ¸^2I_m)^{−1}}

śşźěśšćşěš. Ďń£ ń¿ąőčő n {ňěřŋőčő ćěłšőřă z ¡ńěňěŋš x = H^+z £ćń£ěšś£ ćěłšőřőň ś ňĺŋĺňăńĳŋőľ ŋőřňőľ śřěďĺ ćśěţ ćěłšőřőć, ňĺŋĺňĺğĺřş¿źĺţ ťşŋłűĺőŋăń ‖z − Hx‖^2n .

Ďőłăğăšěńĳśšćő šěőřěňż ňőęŋő ŋăľšĺ ć [1] .

Ććěďěň ňăšřĺűş H_1(fi) = [Hš(fi)H(fi)]^{−1}=^2Hš(fi) . İšă ňăšřĺűă ĺňěěš q ńĺŋěľŋő ŋěğăćĺśĺňżţ śšřőł. Őŕřěďěńĺň ňăšřĺűş H^+_1 . Śőčńăśŋő šěőřěňě 3.5 H^+_1 (fi) = lim_{¸→0} H^š_1 (fi)[H_1(fi)H^š_1 (fi) + ¸^2I_q]^{−1} = H^š_1 (fi)[H_1(fi)H^š_1 (fi)]^{−1};

šăł łăł H_1(fi)Hš_1 (fi) | ŋěćżřőęďěŋŋă£ ňăšřĺűă. Ŕőďśšăćĺň ć ¡šő ćżřăęěŋĺě ğŋăůěŋĺě ňăšřĺűż H_1(fi) . Šőčďă H^+_1 (fi) = {[H^š(fi)H(fi)]^{−1=2}H^š(fi)}^š { [Hš(fi)H(fi)]^{−1}=^2Hš(fi) ×

×H(fi) ([H^š(fi)H(fi)]^š)^{−1=2} }_{−1} = {[Hš(fi)H(fi)]^{−1}=^2Hš(fi)}š = Hš_1 (fi):

Ăŋăńőčĺůŋő, ďń£ ňăšřĺűż H(fi) ŋăţőďĺň, ůšő H^+(fi) = [H^š(fi)H(fi)]^{−1}H^š(fi):

Řăśśňőšřĺň ňăšřĺűş H(fi)H^+(fi) .

3.5 Ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă 47

Őŕřěďěńěŋĺě 3.2 Ňăšřĺűă Ă ŋăğżćăěšś£ ĺďěňŕőšěŋšŋőľ, ěśńĺ śŕřăćěďńĺćő śőőšŋőÿěŋĺě Ă^2 = Ă .

Ňăšřĺűă H(fi)H^+(fi) - ĺďěňŕőšěŋšŋă£, šăł łăł [H(fi)H^+(fi)]^2 = H(fi)[Hš(fi)H(fi)]^{−1}Hš(fi)H(fi)[Hš(fi)H(fi)]^{−1}Hš(fi) = = H(fi)[Hš(fi)H(fi)]^{−1}Hš(fi) = H(fi)H^+(fi):

Ňăšřĺűă Im − H(fi)H^+(fi) šăłęě ĺďěňŕőšěŋšŋă£:

(Im − H(fi)H^+(fi))^2 = Im − H(fi)H^+(fi) − H(fi)H^+(fi) + H(fi)H^+(fi)H(fi)H^+(fi) = = Im − H(fi)[H(fi)Hš(fi)]^{−1}Hš(fi) − H(fi)[H(fi)Hš(fi)]^{−1}Hš(fi)+ +H(fi)[H(fi)Hš(fi)]^{−1}Hš(fi)H(fi)[H(fi)Hš(fi)]^{−1}Hš(fi) = = Im − H(fi)[H(fi)Hš(fi)]^{−1}Hš(fi) = Im − H(fi)H^+(fi):

Śőąśšćěŋŋżě ğŋăůěŋĺ£ ĺďěňŕőšěŋšŋőľ ňăšřĺűż řăćŋż 1 ĺńĺ 0.

Ďěľśšćĺšěńĳŋő. Ŕşśšĳ x śőąśšćěŋŋżľ ćěłšőř, śőőšćěšśšćş¿źĺľ śőąśšćěŋŋőňş ğŋăůěŋĺ¿ – , š.ě. Ăx = –x , ĺ Ă ĺďěňŕőšěŋšŋă£ ňăšřĺűă, Ă^2 = Ă . Šőčďă ćěřŋă űěŕőůłă řăćěŋśšć A^2x = A(Ax) = A(–x) = –Ax = –^2x:

Šăłĺň őąřăğőň, x | śőąśšćěŋŋżľ ćěłšőř ňăšřĺűż A^2 , śőőšćěšśšćş¿źĺľ śőąśšćěŋŋőňş ğŋăůěŋĺ¿, řăćŋőňş –^2: Ŋő Ă^2 = Ă; śńěďőćăšěńĳŋő A^2x = Ax = –x ĺ –^2 = –; ůšő ćőğňőęŋő ńĺÿĳ ŕřĺ – = 1 ĺńĺ – = 0: Őšś¿ďă śńěďşěš, ůšő řăŋč ĺďěňŕőšěŋšŋőľ ňăšřĺűż řăćěŋ ěě śńěďş: Rang A = Trance A (śńěď ňăšřĺűż { śşňňă ěě ďĺăčőŋăńĳŋżţ ¡ńěňěŋšőć, Trance A = n∑ i=1 a_{ii} =^n ∑ i=1 –_i , –_i | śőąśšćěŋŋőě ğŋăůěŋĺě ňăšřĺűż Ă , a_{ii} | ďĺăčőŋăńĳŋżě ¡ńěňěŋšż ¡šőľ ňăšřĺűż).

Ĺśŕőńĳğş£ ĺďěňŕőšěŋšŋőśšĳ ňăšřĺű Im − H(fi)H^+(fi) , H(fi)H^+(fi) , ĺňěěň Rang [Im − H(fi)H^+(fi)] = Trance [Im − H(fi)H^+(fi)] = = m − Trance H(fi)H^+(fi) = m − Rang H(fi)H^+(fi) = m − q:

Šăłĺň őąřăğőň, ňăšřĺűă Im −H(fi)H^+(fi) śőďěřęĺš m−q ńĺŋěľŋő ŋěğăćĺśĺňżţ śšřőł. Śőśšăćĺň ĺğ ¡šĺţ śšřőł ňăšřĺűş H_2(fi) řăğňěřŋőśšĺ (m − q) × n: Őšňěšĺň šăłęě, ůšő śšřőłĺ ňăšřĺűż Im − H(fi)H^+(fi) őřšőčőŋăńĳŋż śšőńąűăň ňăšřĺűż H(fi); šő ěśšĳ [Im − H(fi)H^+(fi)]H(fi) = H(fi) − H(fi)H^+(fi)H(fi) = H(fi) − H(fi) = 0:

Ňăšřĺűă H_2(fi) őąřăğőćăŋă ĺğ śšřőł ňăšřĺűż Im − H(fi)H^+(fi) , ă śńěďőćăšěńĳŋő, H_2(fi)H(fi) = 0 ĺ H_2(fi)H^š_1 (fi) = 0 , šăł łăł H_2(fi)H^š_1 (fi) = H_2(fi)H(fi){[H^š(fi)H(fi)]^{−1=2}}^š:

Ĺğ řăćěŋśšćă H_2(fi)Hš_1 (fi) = 0 ćżšěłăěš, ůšő śšřőłĺ ňăšřĺű H_2(fi) ĺ H_1(fi) ńĺŋěľŋő ŋěğăćĺśĺňż. Ŕő- ¡šőňş ňăšřĺűă [ H_1(fi) H_2(fi) ] řăğňěřŋőśšĺ m × m ŋěćżřőęďěŋŋă£ ĺ ňőęŋő ććěśšĺ ńĺŋěľŋőě ŋěćżřőęďěŋŋőě ŕřěőąřăğőćăŋĺě [ y_1(fi) y_2(fi) ] = [ H_1(fi) H_2(fi) ] y(fi):

Ŕřĺňěŋ££ ¡šő ŕřěőąřăğőćăŋĺě ł ŋăąń¿ďěŋĺ£ň (3.5.5), ŕőńşůăěň y_1(fi) = H_1(fi)C(fi)x(fi) + s(fi);

y_2(fi) = H_2(fi)C(fi)x(fi); (3:5:6) čďě s(fi) = H_1(fi)H(fi)v_1(fi) = [Hš(fi)H(fi)]^1=^2v_1(fi) | ŋěćżřőęďěŋŋżľ q {ňěřŋżľ ąěńżľ čăşśśőćśłĺľ ÿşň ś ŋşńěćżň śřěďŋĺň ĺ łőćăřĺăűĺőŋŋőľ ňăšřĺűěľ M[s(fi)sš(ff)] = Hš(fi)H(fi)‹(fi − ff):

48 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Ĺšăł, ňż ŕőńşůĺńĺ, ůšő ğăłőŋ ŋăąń¿ďěŋĺ£ (3.5.5) ¡łćĺćăńěŋšěŋ ŋăąń¿ďěŋĺ£ň (3.5.6) ś ÿşňőň ćĺďă (3.5.1). Ŕő¡šőňş őčřăŋĺůĺňś£ ďăńěě ÿşňőň ćĺďă (3.5.3). Šăłőľ ÿşň ďőŕşśłăěš śńěďş¿źş¿ ĺŋšěřŕřěšăűĺ¿ : ěśńĺ ŋăąń¿ďěŋĺ£ ŕřőĺğćőď£šś£ ŋěřăćŋőšőůŋő, šő šě ĺğ ŋĺţ, ŕőčřěÿŋőśšĳ łőšőřżţ ŋăĺňěŋĳÿă£, ŕřĺąńĺęěŋŋő ňőęŋő śůĺšăšĳ šőůŋżňĺ. İšő śőőšćěšśšćşěš ŕěřćżň m − q łőőřďĺŋăšăň ÿşňă (3.5.3). Őśšăńĳŋżě ĺğňěř£ěňżě ŕăřăňěšřż śůĺšăěň ŕőďćěřęěŋŋżňĺ ćőğďěľśšćĺ¿ ÿşňă ś ŋěćżřőęďěŋŋőľ ňăšřĺűěľ ĺŋšěŋśĺćŋőśšĺ. Őšňěšĺň, ůšő ŕřĺ q = m ňż ŕőńşůăěň ğăďăůş ťĺńĳšřăűĺĺ Łăńňăŋă- Ąĳ¿śĺ.

3. Ŕřěőąřăğşěň ŋăąń¿ďěŋĺ£ (3.5.2) ś ÿşňőň ćĺďă (3.5.3) ł łăŋőŋĺůěśłőňş ćĺďş:

y_1(fi) = x_1(fi);

y_2(fi) = C_1(fi)x_1(fi) + C_2(fi)x_2(fi) + v_2(fi): (3:5:7)

Ŕşśšĳ ňăšřĺűă C(fi) ĺňěěš řăŋč m . Šőčďă ěě ňőęŋő ŕřěďśšăćĺšĳ śńěďş¿źĺň őąřăğőň:

C(fi) = [A(fi) B(fi)];

čďě ňăšřĺűă A(fi) ĺňěěš őčřăŋĺůěŋŋş¿ őąřăšŋş¿ ňăšřĺűş A^{−1}(fi) .

Ććěďěň ŋěćżřőęďěŋŋőě ŕřěőąřăğőćăŋĺě

S(fi) = [ Ă^{−1}(fi) −Ă^{−1}(fi)B(fi) 0 In_−m ] ; (3:5:8)

čďě In_−m | ěďĺŋĺůŋă£ ňăšřĺűă ŕőř£ďłă (n − m) . Šőčďă śŕřăćěďńĺćż řăćěŋśšćă

y(fi) = [A(fi) B(fi)]x(fi) + w(fi) = [A(fi) B(fi)]S(fi)S^{−1} (fi)x(fi) + w(fi) = [I_{n−m} 0]S^{−1}(fi)x(fi) + w(fi):

Őąőğŋăůĺň x(fi) = S(fi)(fi) . Ćěłšőř-ťşŋłűĺ£ (fi) £ćń£ěšś£ řěÿěŋĺěň şřăćŋěŋĺ£

d(fi) dfi = S^{−1}(fi)[F (fi)S(fi) − dS(fi) dfi ](fi) + S^{−1}(fi)G(fi)u(fi);

(0) = S^{−1}(0)x_0 = _0;

(3:5:9)

ŕřőĺğćőďŋă£ őš S(fi) śşźěśšćşěš, šăł łăł ŕő şśńőćĺ¿ ¡ńěňěŋšż ňăšřĺűż ŋăąń¿ďěŋĺ£ C(fi) | čńăďłĺě ťşŋłűĺĺ.

Ćěłšőř ŋăąń¿ďěŋĺ£ y(fi) ść£ğăŋ ś ŕřőűěśśőň (fi) śőőšŋőÿěŋĺěň

y(fi) = [I_m 0](fi) + w(fi):

Řăğńőęĺň ćěłšőř (fi) ŋă ďćě śőśšăćń£¿źĺě

(fi) = [ 1(fi) 2(fi) ] ; (3:5:10)

ŕřőűěśś _1(fi) ĺňěěš řăğňěřŋőśšĳ m − q , ă _2(fi) { (n − m + q) .

Šăłĺň őąřăğőň, ś ŕőňőźĳ¿ ŕřěőąřăğőćăŋĺ£ (3.5.9) ĺ ŕřěďśšăćńěŋĺ£ (3.5.10) ŋăąń¿ďěŋĺ£ y(fi) ŕřĺćőď£šś£ ł łăŋőŋĺůěśłőňş ćĺďş (3.5.7) őšŋőśĺšěńĳŋő ćěłšőřőć _1(fi) ĺ _2(fi) :

y_1(fi) = _1(fi);

y_2(fi) = L_2(fi) + v(fi); (3:5:11)

čďě L = [Iq 0] - ňăšřĺűă řăğňěřŋőśšĺ q × (n − m + q) .

Ğăďăůş ťĺńĳšřăűĺĺ ňőęŋő śťőřňşńĺřőćăšĳ šěŕěřĳ őšŋőśĺšěńĳŋő ćěłšőřă (fi) , łőšőřżľ ťőřňĺřşěšś£ śĺśšěňőľ (3.5.9), łőčďă ĺğňěřěŋĺ£ ĺňě¿š ćĺď (3.5.11). Őűěŋłă ^x(fi) ćěłšőřă x(fi) ść£ğăŋă ś őűěŋłőľ ^(fi) ćěłšőřă (fi) śőőšŋőÿěŋĺěň ^x(fi) = S(fi)^(fi) .

4. Ŋăľďěň şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă ĺ ĺśśńěďşěň śćőľśšćă ňăšřĺűż h(t; fi); şďőćńěšćőř£¿źěľ łřĺšěřĺ¿ (3.5.4).

Ďń£ şŕřőźěŋĺ£ ćżłńăďőł śůĺšăěň, ůšő ŕřőűěśśż u(fi) ĺ v(fi) ĺňě¿š ŋşńěćżě śřěďŋĺě, ŋěłőřřěńĺřőćăŋż, ŕěřěňěŋŋżě fi ĺ ff ŕřĺŋăďńěęăš őšřěğłş [0; t]; t < ∞; M[u(fi)uš(ff)] = Q(fi)‹(fi − ff) , Q(fi) | śĺňňěšřĺůěśłă£, ŋěőšřĺűăšěńĳŋă£ ňăšřĺűă ś čńăďłĺňĺ ¡ńěňěŋšăňĺ, M[v(fi)vš(ff)] = = R(fi)‹(fi − ff) ,

3.5 Ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă 49

R(fi) | śĺňňěšřĺůěśłă£, ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋă£ q {ňěřŋă£ ňăšřĺűă ś čńăďłĺňĺ ¡ńěňěŋšăňĺ. Ćěłšőř x_0 ĺňěěš ŋşńěćőě śřěďŋěě, ŋěłőřřěńĺřőćăŋ ś ŕřőűěśśăňĺ u(fi) ĺ v(fi) , M[x_0x^š_0 ] = P_0 , P_0 | śĺňňěšřĺůěśłă£, ŋěőšřĺűăšěńĳŋă£ ňăšřĺűă.

Ŋăţőęďěŋĺě őŕšĺňăńĳŋőľ ńĺŋěľŋőľ őűěŋłĺ ć śňżśńě ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ, łăł şęě őšňěůăńőśĳ ć řăğďěńě 1.2, ¡łćĺćăńěŋšŋő řěÿěŋĺ¿ şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă (1.2.13) ĺńĺ (1.2.14). Ś şůěšőň şśńőćĺľ řăśśňăšřĺćăěňőľ ğďěśĳ ğăďăůĺ, ă ĺňěŋŋő šőčő, ůšő ÿşň ć ŋăąń¿ďěŋĺ£ţ ĺňěěš ćĺď (3.5.3), ĺŋšěčřăńĳŋőě şřăćŋěŋĺě (1.2.14) ğăŕĺÿěšś£ ć ćĺďě

K_x(t; ff)C^š(ff) = t∫

0 h(t; fi)C(fi)K_x(fi; ff)C^š(ff) dfi + h(t; ff) [ 0 0 0 R(ff) ] ; (3:5:12)

čďě ňăšřĺűă Kx(fi; ff) őŕřěďěń£ěšś£ ćżřăęěŋĺěň (śň. śšř. 30)

K_x(fi; ff) = ˘(fi; 0)P_0˘^š(ff; 0) +

min(fi;ff) ∫ 0 ˘(fi; s)G(s)Q(s)Gš(s)˘š(ff; s) ds: (3:5:13)

Ťşŋďăňěŋšăńĳŋă£ ňăšřĺűă ˘(fi; ff); 0 ≤ fi; ff ≤ t řěÿěŋĺľ śĺśšěňż (3.5.1) şďőćńěšćőř£ěš şřăćŋěŋĺ¿

d˘(fi; ff)

dfi = F (fi)˘(fi; ff); ˘(ff; ff) = I^n:

Ąńăčőďăř£ čńăďłőśšĺ ¡ńěňěŋšőć ňăšřĺű G; Q ĺ łşśőůŋă£ ŋěŕřěřżćŋőśšĳ ¡ńěňěŋšőć ňăšřĺűż F ĺğ (3.5.13) śńěďşěš ŋěŕřěřżćŋőśšĳ ¡ńěňěŋšőć ňăšřĺűż Kx(fi; ff) ĺ śşźěśšćőćăŋĺě, ŕő łřăľŋěľ ňěřě, őďŋőľ őčřăŋĺůěŋŋőľ ŕřőĺğćőďŋőľ ŕő őąőĺň ăřčşňěŋšăň.

Őąőğŋăůĺň: u(fi) ≡ hš(t; fi)z; f(ff) ≡ Kšx (t; ff)z; čďě z | ŕřőĺğćőńĳŋżľ ťĺłśĺřőćăŋŋżľ ćěłšőř ĺğ En; Cu ≡ C^š(fi)u; C | őŕěřăšőř, śšăć£źĺľ ć śőőšćěšśšćĺě ¡ńěňěŋšş ŋěłőšőřőčő m {ňěřŋőčőŋőčő ŕřőśšřăŋśšćă ¡ńěňěŋš n {ňěřŋőčő ŕřőśšřăŋśšćă šăłőčő ęě šĺŕă, ŋăŕřĺňěř, ěśńĺ u ∈ Lm_2 [0; t] , šő C : Lm_2 [0; t] → Ln_2 [0; t]; čďě Lk_2 [0; t] | k {ňěřŋőě ŕřőśšřăŋśšćő ĺŋšěčřĺřşěňżţ ś łćăďřăšőň ć śňżśńě Ńěąěčă ćěłšőř-ťşŋłűĺľ őŕřěďěńěŋŋżţ ŋă [0; t]; k ∈ {m; n}; C^∗ | śőŕř£ęěŋŋżľ ł C őŕěřăšőř ĺ ďń£ ŕřĺćěďěŋŋőčő ćżÿě ŕřĺňěřă: C^∗ : Ln_2 [0; t] → Lm_2 [0; t]; Av ≡ t∫

0 K^š_x (fi; ff)v(fi) dfi; ∀v ∈ L^n_2 [0; t]; C^∗ACu = t∫

0 C(ff)K^š_x (fi; ff)C^š(fi)u(fi) dfi;

Iqu ≡ [ 0 Iq ] u; R_mu = I^∗_q RI_qu ≡ [ 0 I_q ] R [ 0 Iq ] u = [ 0 0 0 R ] u;

Bu ≡ t∫

0 {M[y(fi)y^š(ff)]}^šu(fi) dfi = t∫

0 C(ff)K^š_x (fi; ff)C^š(fi)u(fi) dfi + [ 0 0 0 R(ff) ] u(ff);

Bu = C^∗ACu + I^∗_q RI_qu; R_m ≡ [ 0 0 0 R(ff) ] ; Jm ≡ [ 0 0 0 Iq ] : Ńěňňă 3.1 Śŕřăćěďńĺćő ŋěřăćěŋśšćő

⟨u; Bu⟩ ≤ c_1{‖C^šu‖^2_{−10} + ‖I_qu‖^2_0}; (3:5:14)

čďě c_1 | ŕőńőęĺšěńĳŋă£ łőŋśšăŋšă.

Ŋěřăćěŋśšćő (3.5.14) ňőęŋő ğăŕĺśăšĳ šăłęě ć ćĺďě:

⟨h^š(t)z; Bh^š(t)z⟩ ≤ c_1{‖C^šh^š(t)z‖^2_{−10} + ‖J_mh^š(t)z‖^2_0};

čďě hš(t)z = hš(t; fi)z = u(fi): Šăłőě ŕřěďśšăćńěŋĺě ŋěřăćěŋśšćă ąşďěš ĺŋőčďă ŕřĺňěŋ£šĳś£ ć ďăńĳŋěľÿěň.

50 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ĺśŕőńĳğş£ (3.5.13) ĺ ććěďěŋŋżě ćżÿě őąőğŋăůěŋĺ£, ŕőńşůăěň

⟨u; Bu⟩ == t∫

0 z^šh(fi; ff) t∫

0 C(ff)

min{fi;ff} ∫ 0 ˘(ff; s)G(s)Q(s)Gš(s)˘š(fi; s)Cš(fi)×

×h^š(t; fi)z ds dfi dff + t∫

0 z^šh(t; ff) t∫

0 C(ff)˘(ff; 0)P_0˘^š(fi; 0)C^š(fi)h^š(t; fi)z dfi dff+

+ t∫

0 z^šh(t; ff)R_mh^š(t; ff)z dff = k_1 + k_2 + k_3: (3:5:15)

Őűěŋĺň ŕěřćőě śńăčăěňőě ć (3.5.15) . Ŕşśšĳ

^˘(ff; s) = { 0; s > ff;

˘(ff; s); s ≤ ff:

Šőčďă śŕřăćěďńĺćă śńěďş¿źă£ űěŕőůłă śőőšŋőÿěŋĺľ

k_1 = t∫

0

t∫

0 z^šh(t; ff)C(ff)

min{fi;ff} ∫ 0 ˘(ff; s)G(s)Q(s)Gš(s)˘š(fi; s) ds

C^š(fi)h^š(t; fi)zdfi ds =

= t∫

0

t∫

0 z^šh(t; ff)C(ff)

min{fi;ff} ∫ 0 ^˘(ff; s)G(s)Q(s) Gš(s)^˘š(fi; s) ds C^š(fi)h^š(t; fi)z dfi dff =

= t∫

0

t∫

0 z^šh(t; ff)C(ff)^˘(ff; s)dff

G(s)Q(s)G^š(s) t∫

0 ^˘š(fi; s)Cš(fi)hš(t; fi)z dfi ds ≤

≤ c_2 t∫

0 ‖ ‖ ‖ t∫

0 ^˘š(fi; s)Cš(fi)hš(t; fi)z dfi ‖ ‖ ‖^2 n ds; (3:5:16)

čďě ś_2 = max{|G(fi)Q(fi)Gš(fi)|; 0 ≤ fi ≤ t} , | : | | ňăšřĺůŋă£ ŋőřňă ć En , z | ŕřőĺğćőńĳŋżľ ćěłšőř ĺğ E_n:

Šăł łăł ˘(fi; ff) | ťşŋďăňěŋšăńĳŋă£ ňăšřĺűă śĺśšěňż (3.5.1), šő ĺğ śćőľśšć ˘(fi; ff) śńěďşěš, ůšő ˘š(fi; ff) | ťşŋďăňěŋšăńĳŋă£ ňăšřĺűă śőŕř£ęěŋŋőľ śĺśšěňż

l^∗ ≡ − dx^∗(ff) dff − F^š(ff)x^∗(ff) = C^š(ff)h^š(t; ff)z (3:5:17)

ĺ ŕřĺ şśńőćĺĺ x^∗(t) = 0 řěÿěŋĺě (3.5.17) ğăďăěšś£ ťőřňşńőľ

x^∗(t) = t∫

0 ˘š(s; ff)Cš(s)hš(t; s)z ds:

Őŕěřăšőř l^∗(x^∗) čőňěőňőřťŋő őšőąřăęăěš L_2[0; t] ŋă W^{−1}_{20} [0; t] (śň. ŕőďřőąŋěľ ć [25] śšř. 38). Ŕő¡šőňş

c_2 t∫

0 ‖ ‖ t∫

0 ^˘š(fi; s)Cš(fi)hš(t; fi)z dfi ‖^2 n ds ≤ c_3‖C^šh^š(t)z‖^2_{−10} = c_3‖Cu‖^2_{−10}; (3:5:18)

čďě c_3 | ŋěłőšőřă£ ŕőńőęĺšěńĳŋă£ łőŋśšăŋšă.

3.5 Ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă 51

Řăśśňőšřĺň ćšőřőě śńăčăěňőě ć (3.5.15). Ĺňěěň:

k_2 = t∫

0 z^šh(t; ff) t∫

0 C(ff)˘(ff; 0)P_0˘^š(fi; 0)C^š(fi)h^š(t; fi)z dfidff =

= t∫

0 z^šh(t; ff)C(ff)˘(ff; 0) dffP_0 t∫

0 ˘š(fi; 0)Cš(fi)hš(t; fi)z dfi ≤

≤ c_4‖P_0‖ ‖˘(ff; 0)‖^2 ‖C^šh^š(t)z‖^2_{−10} ≤ c_5‖C^šh^š(t)z‖^2_{−10} = c_5‖Cu‖^2_{−10}: (3:5:19)

Ğďěśĳ ŕřĺňěŋěŋő őąőąźěŋŋőě ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő (Ÿćăřűă)[25]: ďń£ ∀u ∈ W^{−1}_2 [0; t] ĺ ∀v ∈ W^1_2 [0; t] |⟨u; v⟩| ≤ ‖u‖_{−1}‖v‖_1 , ă ‖ : ‖ - őŕěřăšőřŋă£ ŋőřňă, ś_4 ĺ ś_5 | ŕőńőęĺšěńĳŋżě łőŋśšăŋšż.

Ďń£ šřěšĳěčő śńăčăěňőčő śŕřăćěďńĺćő

k_3 = t∫

0 z^šh(t; ff)R_mh^š(t; ff)z dff = (u; I^∗_q RI_qu)_0 = (I_qu; RI_qu)_0 =

= t∫

0 z^šh(t; ff) [ 0 I_q ] R(ff) [ 0 Iq ] h^š(t; ff)z dff ≤ c_6‖J_mh^š(t; ff)z‖^2_0 = c_6‖I_qu‖^2_0: (3:5:20)

Őąőğŋăůă£ ůěřěğ ś_1 = max{2c_3; 2c_5; c_6} , ŕőńşůăěň šřěąşěňőě ŋěřăćěŋśšćő.

Ńěňňă 3.2 Ěśńĺ ňăšřĺűż G(fi)Q(fi)G^š(fi) , R(fi) ĺ P0 ŕőńőęĺšěńĳŋő őŕřěďěńěŋż, šő ěśšĳ ďń£ ń¿ąőčő

ćěłšőřă ’ ∈ L_2[0; t] ćżŕőńŋ£¿šś£ śőőšŋőÿěŋĺ£ (’; GQGš’)_0 ≥ cq‖’‖^2_0 , (Jm’; RJm’)_0 ≥ cr‖Jm’‖^2_0 ĺ ďń£ ∀z ∈ En śłăń£řŋőě ŕřőĺğćěďěŋĺě (z; P_0z)n ≥ cp‖z‖^2n; čďě śq; śr; śp - ŕőńőęĺšěńĳŋżě łőŋśšăŋšż, šő śŕřăćěďńĺćő ŋěřăćěŋśšćő

c_0{ ‖C^šh^š(t)z ‖^2_{−10} + ‖ J_mh^š(t)z ‖^2_0 } ≤ ⟨h^š(t)z; B(h^š(t))z⟩; c_0 = const; c_0 > 0;

ĺńĺ, ĺśŕőńĳğş£ ćżÿě ŕřĺćěďěŋŋżě őąőğŋăůěŋĺ£,

c_0{ ‖Cu‖^2_{−10} + ‖I_qu‖^2_0 } ≤ ⟨u; Bu⟩:

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Őűěŋĺň śŋĺğş ćśě šřĺ śńăčăěňżţ ć (3.5.15). Ĺśŕőńĳğş£ ŕőńőęĺšěńĳŋş¿ őŕřěďěńěŋŋőśšĳ ňăšřĺűż G(fi)Q(fi)Gš(fi) ĺğ (3.5.16), ŋăţőďĺň

k_1 = t∫

0

t∫

0 z^šh(t; ff)C(ff)^˘(ff; s) dff

G(s)Q(s)G^š(s) t∫

0 ^˘š(fi; s)Cš(fi)hš(t; fi)z dfi ds ≥

≥ c_q ‖ ‖ t∫

0 ^˘š(fi; s)Cš(fi)hš(t; fi)z dfi ‖^2_0 = cq‖ t∫

s ˘š(fi; s)Cš(fi)hš(t; fi)z dfi ‖ ‖^2_0:

Őšňěšĺň, ůšő ťőřňşńă Łőÿĺ ďń£ şřăćŋěŋĺ£

l^∗(x) ≡ − dx(fi) dfi − F^š(fi)x(fi) = v(fi); x(t) = x_t; v(fi) ∈ L_2[t_0; t];

łőšőřőě ŕřĺ xt = 0 £ćń£ěšś£ śőŕř£ęěŋŋżň ł (3.5.1), ĺňěěš ćĺď:

x(fi) = ˘^š(t; fi)x_t + t∫

fi ˘š(s; fi)v(s) ds;

52 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

ĺńĺ ś şůěšőň šőčő, ůšő xt = 0; ŕőńşůăěň

x(fi) = t∫

fi ˘š(s; fi)v(s) ds

ĺ śŕřăćěďńĺćő ŋěřăćěŋśšćő (1.1.5). Šăłĺň őąřăğőň, ěśńĺ ćěłšőř v(fi) = = Cš(fi)hš(t; fi)z; šő

k_1 ≥ c_q ‖ ‖ t∫

s ˘š(fi; s)Cš(fi)hš(t; fi)z dfi ‖ ‖^2_0 ≥ cqc^{′2}_1‖Cšhš(t)z‖^2_{−10} = c^′q‖Cu‖^2_{−10};

čďě c^′q = cqc^{′2}_1:

Ĺğ ćżřăęěŋĺ£ (3.5.19) ĺ ŕőńőęĺšěńĳŋőľ őŕřěďěńěŋŋőśšĺ ňăšřĺűż P_0 śńěďşěš, ůšő

k_2 = t∫

0 z^šh(t; ff)C(ff)˘(ff; 0) dffP_0 t∫

0 ˘š(fi; 0)Cš(fi)hš(t; fi)z dfi ≥ cp ‖ ‖ t∫

0 ˘š(fi; 0)Cš(fi)hš(t; fi)z dfi ‖ ‖^2 n: Ă šăł łăł v(fi) = Cš(fi)hš(t; fi)z ĺ ŕő ťőřňşńě Łőÿĺ ďń£ śőŕř£ęěŋŋőčő şřăćŋěŋĺ£

x(0) = t∫

0 ˘š(s; 0)Cš(s)hš(t; s)z ds;

šő, ĺśŕőńĳğş£ ńěćş¿ ůăśšĳ ŋěřăćěŋśšćă (1.1.5), ŋăţőďĺň, ůšő

k_2 ≥ c_p ‖ ‖ t∫

0 ˘š(fi; 0)Cš(fi)hš(t; fi)z dfi ‖ ‖^2

n ≥ c_pc^{′2}_1‖C^šh^š(t)z‖^2_{−10} = c^′_p‖Cu‖^2_{−10};

čďě c^′p = cpc^{′2}_1:

Ĺğ ŕőńőęĺšěńĳŋőľ őŕřěďěńěŋŋőśšĺ ňăšřĺűż R(fi) ĺ ćżÿě ŕőńşůěŋŋżţ ŋěřăćěŋśšć ďń£ k_1 ĺ k_2 śńěďşěš, ůšő ⟨u; Bu⟩ ≥ c^′_q‖Cu‖^2_{−10} + c^′_p‖Cu‖^2_{−10} + c_r‖I_qu‖^2_0 ≥ c_0{‖Cu‖^2_{−10} + ‖I_qu‖^2_0};

čďě ŕőśšő£ŋŋă£ c_0 = min{c^′q; c^′p; cr} .

Ńěňňż 3.1 ĺ 3.2 ŕőłăğżćă¿š, ůšő ŕřĺ ćżŕőńŋěŋĺĺ şśńőćĺľ ńěňňż 3.2 śŕřăćěďńĺćă űěŕőůłă ŋěřăćěŋśšć:

c_0{‖Cu‖^2_{−10} + ‖I_qu‖^2_0} ≤ ⟨u; Bu⟩ ≤ c_1{‖Cu‖^2_{−10} + ‖I_qu‖^2_0};

c_0{‖C^šh^š(t)z‖^2_{−10} + ‖J_mh^š(t)z‖^2_0} ≤ ⟨C^šh^š(t)z; BC^šh^š(t)z⟩ ≤ c_1{‖C^šh^š(t)z‖^2_{−10} + ‖J_mh^š(t)z‖^2_0}:

Šăłĺň őąřăğőň, ś ŕőňőźĳ¿ ąĺńĺŋěľŋőľ ťőřňż ⟨u; Bu⟩ ć ŋěčăšĺćŋőň ŕřőśšřăŋśšćě W^{−1}_{20} [0; t] ňőęŋő ććěśšĺ ŋőřňş:

‖u‖^2_H ≡ ⟨u; Bu⟩; ‖u‖^2_H ∼ ‖Cu‖^2_{−10} + ‖I_qu‖^2_0:

Ůěřěğ H[0; t] őąőğŋăůěŋő ŕřőśšřăŋśšćő ś ŋőřňőľ ‖ : ‖H . Ŕřőśšřăŋśšćő H[0; t] ąăŋăţőćő, šăł łăł W^{−1}_{20} [0; t] ĺ L_2[0; t] - čĺńĳąěřšőćż ŕřőśšřăŋśšćă.

Ńěňňă 3.3 Śŕřăćěďńĺćő śőőšŋőÿěŋĺě ‖ ‖ ‖ ‖ h^š_n (t) − h^š_m(t) 2 z ‖ ‖ ‖ ‖ 2 H = 1 2 g(h_n) + 1 2 g(h_m) − g(h^n + h^m 2 ); čďě g(h) = m(t) = inf_h {M [( z; x(t) − t∫

0 h(t; fi)y(fi) dfi

)_2 n ] | h^š(t; fi)z ∈ W^1_2 [0; t]}:

3.5 Ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă 53

Ŕřăćĺńĳŋőśšĳ şšćěřęďěŋĺ£ ńěňňż ńěčłő ŕřőćěřĺšĳ ŋěŕőśřěďśšćěŋŋő ŕőďśšăŋőćłőľ, ěśńĺ ŕřěďśšăćĺšĳ ťşŋłűĺőŋăń g(h) ć ćĺďě:

g(h) = M[(z; x(fi))^2_n − 2 t∫

0 z^šM[x(t)y^š(fi)]h^š(t; fi)z dfi + t∫

0

t∫

0 z^šh(t; fi)M[y(fi)y^š(ff)]h^š(t; ff)z dfi dff; ĺńĺ g(u) = k_0 − 2⟨Cf; u⟩ + ⟨u; Bu⟩;

čďě k_0 = zšM[x(t)xš(t)]z .

Šěőřěňă 3.6 Ěśńĺ ňăšřĺűż G(fi)Q(fi)G^š(fi) , R(fi) ĺ P0 ŕőńőęĺšěńĳŋő őŕřěďěńěŋż, šő řěÿěŋĺě şřăć-

ŋěŋĺ£ Ćĺŋěřă-Ţőŕťă śşźěśšćşěš ĺ ěďĺŋśšćěŋŋő ć łńăśśě ťşŋłűĺľ ĺğ H[0; t] .

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ŕő őŕřěďěńěŋĺ¿ ŋĺęŋěľ čřăŋĺ, ďń£ ń¿ąőčő ŋăšşřăńĳŋőčő n ŋăľďěšś£ šăłőě h_n(t; fi) , ůšő 0 ≤ a ≤ g(hn) ≤ a + 1 n; a = infh {g(h) | h^š(t; fi)z ∈ H[0; t]}:

Ĺśŕőńĳğş£ ŋěřăćěŋśšćő ńěňňż 3.3, ďń£ ¡ńěňěŋšőć hn(t; fi) ĺ hm(t; fi) ĺğ őąńăśšĺ őŕřěďěńěŋĺ£ g(h) ĺňěěň

‖h^š_n (t)z − h^š_m(t)z‖^2_H ≤ 2(a + 1 n ) + 2(a + 1 m ) − 4a = 2 n + 2 m → 0; n; m → ∞:

Šăłĺň őąřăğőň, ŕőśńěďőćăšěńĳŋőśšĳ {hšn (t; fi)z}^∞n_{=1} ťşŋďăňěŋšăńĳŋă ć ŕřőśšřăŋśšćě H[0; t] ĺ, ć śĺńş ŕőńŋőšż H[0; t]; őŋă śţőďĺšś£ ł ŋěłőšőřőňş ¡ńěňěŋšş h_0(t; fi): Śşźěśšćőćăŋĺě řěÿěŋĺ£ şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă ďőłăğăŋő.

Ŕşśšĳ h_1(t; fi) ĺ h_2(t; fi) | řěÿěŋĺ£ şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă, ŕřĺůěň h_1(t; fi) ≠ h_2(t; fi) . Šőčďă, ĺśŕőńĳğş£ śőőšŋőÿěŋĺě ńěňňż 3.2, ŋăţőďĺň

‖C^š(h_1(t) − h_2(t))^šz‖^2_{−10} + ‖J_m(h_1(t) − h_2(t))^šz‖^2_0 ≤ c(2a + 2a − 4a) = 0:

Šăłĺň őąřăğőň, ŕőńşůĺńĺ, ůšő h_1(t; fi) = h_2(t; fi) ć śňżśńě ŕřőśšřăŋśšćă H[0; t] .

Ĺšăł, ćżÿě ŕőłăğăŋő, ůšő ďń£ ŋăţőęďěŋĺ£ ĺňŕşńĳśŋőľ ŕěřěţőďŋőľ ňăšřĺűż ťĺńĳšřă h_0(t; fi) ŋěőąţőďĺňő řěÿăšĳ şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă (3.5.10). Ŕřĺ ¡šőň ůăśšĳ łőňŕőŋěŋš ňăšřĺűż h_0(t; fi) ŕő ŕěřěňěŋŋőľ fi şďőćńěšćőř£ěš ńĺÿĳ ĺŋšěčřăńĳŋżň şřăćŋěŋĺ£ň ŕěřćőčő řőďă ĺ ŋě ŕřĺŋăďńěęĺš ŕřőśšřăŋśšćş ĺŋšěčřĺřşěňżţ ś łćăďřăšőň ťşŋłűĺľ ďăęě ŕřĺ şśńőćĺĺ, ůšő ćśě łőňŕőŋěŋšż ňăšřĺű Kx(fi; ff); C(fi); R(fi) čńăďłĺě.

Řěÿěŋĺě (3.5.10) ć őąźěň śńşůăě { ŋěłőřřěłšŋő ŕőśšăćńěŋŋă£ ğăďăůă. Ŋő ŕřĺ ŋěłőšőřżţ őčřăŋĺůěŋĺ£ţ ŋă ĺśţőďŋżě ďăŋŋżě, ő łőšőřżţ ąşďěš śłăğăŋő ŋĺęě, şďăěšś£ ŕőśšřőĺšĳ ăńčőřĺšň řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ąěğ ŕřĺňěŋěŋĺ£ ňěšőďă řěčşń£řĺğăűĺĺ Ă.Ŋ. Šĺţőŋőćă. Ł šăłĺň ňěšőďăň őšŋőśĺšś£ ăńčőřĺšň Ő’Řěľńĺ ĺ Ŋĳ¿ňăŋŋă.

5. Řăśśňőšřĺň ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă.

Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ. Ŕşśšĳ ğăďăŋă ďĺŋăňĺůěśłă£ śĺśšěňă

dx_1(fi) dfi = F^{11}(fi)x^1(fi) + F^{12}(fi)x^2(fi) + u^1(fi); (3:5:21)

dx_2(fi) dfi = F^{21}(fi)x^1(fi) + F^{22}(fi)x^2(fi) + u^2(fi); (3:5:22) čďě 0 ≤ fi ≤ t ≤ ∞ , x_1(fi) ĺ x_2(fi) | n_1 { ĺ n_2 {ňěřŋżě śńşůăľŋżě ŕřőűěśśż, őŕĺśżćă¿źĺě śőśšő£ŋĺě śĺśšěňż, u_1(fi) ĺ u_2(fi) | ąěńżě čăşśśőćśłĺě ÿşňż ś ŋşńěćżňĺ śřěďŋĺňĺ, x_1(0) ĺ x_2(0) | čăşśśőćśłĺě śńşůăľŋżě ćěłšőřż, ŕřĺůěň ďń£ ∀ff ∈ [0; t]; fi < ∞ ĺňě¿š ňěśšő śőőšŋőÿěŋĺ£:

M[u_1(fi)u^š_1 (ff)] = Q_{11}(fi)‹(fi − ff); Q_{11}(fi) = Q^š_{11}(fi) > 0;

M[u_2(fi)u^š_2 (ff)] = Q_{22}(fi)‹(fi − ff); Q_{22}(fi) = Q^š_{22}(fi) > 0;

M[u_1(fi)u^š_2 (ff)] = Q_{12}(fi)‹(fi − ff) = M[u_2(fi)u^š_1 (ff)]; (3:5:23)

54 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

M[x_1(0)] = x_{10}; M[x_2(0)] = x_{20}; M[(x_1(0) − x_{10})(x_1(0) − x_{10})^š] = P_{11};

P_{11} = P^š_{11} > 0; M[(x_2(0) − x_{20})(x_2(0) − x_{20})^š] = P_{22}; P_{22} = P^š_{22} > 0;

M[(x_1(0) − x_{10})(x_2(0) − x_{20})^š] = P_{12}; P_{12} = P_{21};

ćżřăęěŋĺě Q(fi) > 0 őğŋăůăěš, ůšő ďń£ ∀u(fi) ∈ L_2[0; t]; (u; Qu)_0 ≥ c‖u‖^2_0; c > 0; ă P > 0 { ůšő ďń£ ∀z ∈ En; (z; P z)n ≥ c^′‖z‖^2n; c^′ > 0: Ňăšřĺűż {Fij(fi)}i;j_{=1};_2 śőśšő£š ĺğ ¡ńěňěŋšőć, ŕřĺŋăďńěęăźĺţ L_2[0; t]:

Ŋăąń¿ďěŋĺ£ ŕřőćőď£šś£ ŕő ğăłőŋş y_1(fi) = x_1(fi); (3:5:24)

y_2(fi) = C_1(fi)x_1(fi) + C_2(fi)x_2(fi) + v(fi); (3:5:25)

čďě 0 ≤ fi ≤ t < ∞; v(fi) | q {ňěřŋżľ ąěńżľ čăşśśőćśłĺľ ÿşň ś ŋşńěćżň śřěďŋĺň ĺ łőćăřĺăűĺěľ M[v(fi)v^š(ff)] = R(fi)‹(fi − ff); ňăšřĺűă R(fi) | śĺňňěšřĺůěśłă£ ĺ ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋă£. Ŕřőűěśśż u_1(fi); u_2(fi); v(fi) ŋěłőřřěńĺřőćăŋż śő śńşůăľŋżňĺ ćěłšőřăňĺ x_1(0) ĺ x_2(0): M [ u_1(fi)v^š(ff) u_2(fi)v^š(ff) ] = [ U_1(fi) U_2(fi) ] ‹(fi − ff): (3:5:26)

İńěňěŋšż ňăšřĺű R(fi); {Qij(fi)}i;j_{=1};_2 | čńăďłĺě, š.ě. ĺňě¿š łăł ňĺŋĺňşň ŕěřćş¿ ŋěŕřěřżćŋş¿ ŕřőĺğćőďŋş¿, ă C_1(fi) ĺ C_2(fi) | ŋěŕřěřżćŋżě ŋă [0; t]:

Šřěąşěšś£ ŕő ĺğňěřěŋĺ£ň {y_1(fi); y_2(fi); 0 ≤ fi ≤ t} ŋăľšĺ ńĺŋěľŋş¿ őűěŋłş ćěłšőřă x(fi) = [ x_1(fi) x_2(fi) ] ć šőůłě fi = t; şďőćńěšćőř£¿źş¿ łřĺšěřĺ¿

m(t) = inf_h {M[(z; x(t) − ^x(0) − ^x(t))^2_n] | ^x(t) = t∫

0 h(t; fi)y(fi) dfi }; (3:5:27)

čďě ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ňăšřĺűăň h(t; fi); şďőćńěšćőř£¿źĺň śőőšŋőÿěŋĺ¿: hš(t; fi)z ∈ H[0; t] (śň. ŕşŋłš 4 řăğďěńă 3.5) ďń£ ∀z ∈ En; ^x(0) { őűěŋłă ŋăůăńĳŋőčő śőśšő£ŋĺ£ ćěłšőřă x(0):

Ŕőśłőńĳłş, ćśńěďśšćĺě (3.5.24), ćěłšőř x_1(fi) ŋăąń¿ďăěšś£ ŋă ŕřőňěęşšłě [0; t] šőůŋő, šő ğăďăůă śćőďĺšś£ ł ŋăţőęďěŋĺ¿ őűěŋłĺ ^x_2(t) ćěłšőřă x_2(t) šăłőľ, ůšő [ x_1(t) ^x_2(t) ] = t∫

0 h_0(t; fi)y(fi) dfi + ^x_0(0); ^x_0(0) = [ x_1(0) ^x_2(0) ] ; h_0(t; fi) { őŕšĺňăńĳŋă£ ĺňŕşńĳśŋă£ ŕěřěţőďŋă£ ňăšřĺűă ťĺńĳšřă, ^x_0(0) { ŋăĺńşůÿă£ őűěŋłă ŋăůăńĳŋőčő śőśšő£ŋĺ£ ćěłšőřă x(0):

Ćŋăůăńě ćż£śŋĺň, łăł ćżąřăšĳ őŕšĺňăńĳŋş¿ őűěŋłş ^x_0(0) , şůĺšżćă£ ğŋăůěŋĺ£ řěăńĺğăűĺĺ x_1(0) . Ďń£ ¡šőčő ^x_2(0) ŕřěďśšăćĺň ć ćĺďě ^x_2(0) = x_{20} + N(x_1(0) − x_{10}): (3:5:28)

Ňăšřĺűş N ć (3.5.28) ćżąěřěň šăł, ůšőąż śřěďŋěłćăďřăšĺůěśłă£ őÿĺąłă ŕřĺ őŕřěďěńěŋĺĺ őűěŋłĺ ^x_2(0) ążńă ňĺŋĺňăńĳŋőľ. Ŕşśšĳ "(0) ≡ x_2(0) − ^x_2(0); P (0) ≡ M["(0)"^š(0)]:

Šőčďă "(0) = x_2(0) − x_{20} − N(x_1(0) − x_{10}); őšłşďă

P (0) = P_{22} − NP_{21} − P_{21}N^š + NP_{11}N^š; P_{12} = P^š_{21}:

Őůěćĺďŋő, ůšő P (0) ďőśšĺčăěš ŋăĺňěŋĳÿěčő ğŋăůěŋĺ£ (ć śňżśńě ŕő¡ńěňěŋšŋőčő śřăćŋěŋĺ£ ňăšřĺű) ć šőň ĺ šőńĳłő ć šőň śńşůăě, ěśńĺ ňăšřĺűă N = P_{21}P^{−1}_{11} : Šăłĺň őąřăğőň, ŋăĺńşůÿĺě ć śřěďŋěłćăďřăšĺůěśłőň śňżśńě ŋăůăńĳŋżě ďăŋŋżě ąşďşš:

^x_2(0) = x_{20} + P_{21}P^{−1}_{11} [x_1(0) − x_{10}]; (3:5:29)

P (0) = P_{22} − P_{21}P^{−1}_{11} P^š_{21}: (3:5:30)

3.5 Ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă 55

Šăł łăł, ŕő şśńőćĺ¿, śńşůăľŋżě ćěńĺůĺŋż x_2(0) ĺ x_1(0) { śőćňěśšŋő čăşśśőćśłĺě, šő ŋăĺńşůÿěľ śřěďŋěłćăďřăšĺůěśłő őűěŋłőľ ^x_2(0) śńşůăľŋőľ ćěńĺůĺŋż x_2(0) £ćń£ěšś£ şśńőćŋőě ňăšěňăšĺůěśłőě őęĺďăŋĺě M[x_2(0)|x_1(0)]; łőšőřőě śőćŕăďăěš ś ćżřăęěŋĺěň (3.5.29).

Ŋăľďěň őŕšĺňăńĳŋş¿ ńĺŋěľŋş¿ őűěŋłş ^x_2(t); t > 0 . Őąőğŋăůĺň ůěřěğ —x(t) čăşśśőćśłĺľ śńşůăľŋżľ ŕřőűěśś x_2(t) − ^x_2(0) . Šőčďă M[—x(0)] = 0 ĺ ŋă őśŋőćăŋĺĺ (3.5.27) ĺňěěň

m(t) = inf_{h̄} {M[z; —x(t) − ^x_2(t))^2_n] | ^x(t) = t∫

0 —h(t; fi)y(fi) dfi }; (3:5:31)

čďě ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ďőŕşśšĺňżň ňăšřĺűăň-ťşŋłűĺ£ň —h(t; fi) , —hš(t; fi)z ∈ H[0; t] , ∀z ∈ En . Ĺŋšěčřăń ŕőŋĺňăěšś£ ć śňżśńě śőőšŋőÿěŋĺ£ (1.1.11).

Ňăšřĺűă —h_0(t; fi); şďőćńěšćőř£¿źă£ łřĺšěřĺ¿ (3.5.31), £ćń£ěšś£, łăł ĺğćěśšŋő, řěÿěŋĺěň şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă

M[—x(t)y^š(ff)] = t∫

0 —h_0(t; fi)M[y(fi)yš(ff)] dfi; ff ∈ [0; t]: (3:5:32)

Ŋăąń¿ďěŋĺ£ y(fi) = [ y_1(fi) y_2(fi) ] ŕřĺŋăďńěęăš ćěłšőřŋőňş ŕřőĺğćěďěŋĺ¿ ŕřőśšřăŋśšć L_2[0; t]×W^{−1}_2t [0; t]:

Őąőğŋăůĺň ůěřěğ L[0; t] ≡ L_2[0; t] × W^{−1}_2t [0; t]:

Ććěďěň őŕěřăšőř F(f) ≡ [ d dfi − F^{11} 0 −C_1(fi) I_q ] [ f_1(fi) f_2(fi) ] ; f = [ f_1(fi) f_2(fi) ] ; f_1(fi) ∈ L_2[0; t] , f_2(fi) ∈ W^{−1}_{2t} [0; t] , řăğňěřŋőśšĺ ćěłšőřőć f_1(fi) ĺ f_2(fi) řăćŋż m−q ĺ q śőőšćěšśšćěŋŋő, ŕřőĺğćőďŋă£ ddfi ŕőŋĺňăěšś£ ć őąőąźěŋŋőň śňżśńě.

Őŕěřăšőř F £ćń£ěšś£ ńĺŋěľŋżň ŋěŕřěřżćŋżň őŕěřăšőřőň, őšőąřăęă¿źĺň L[0; t] ć ďěłăřšőćő ŕřőĺğćěďěŋĺě W^{−1}_2t [0; t] × W^{−1}_2t [0; t] , šăł łăł őŕěřăšőř L ≡ ddfi − F_{11}(fi) - ŋěŕřěřżćŋżľ ĺğ L_2[0; t] ć W^{−1}_2t [0; t] (śň. ńěňňş 1.1).

Śşźěśšćşěš ŋěŕřěřżćŋżľ őŕěřăšőř F^{−1} , ğăďăćăěňżľ ćżřăęěŋĺěň

F^{−1} ≡ [ L^{−1} 0

C_1(fi)L^{−1} I_q ] = [ ˘(fi; 0) 0 C_1(fi)˘(fi; 0) I_q ] ; čďě őŕěřăšőř L^{−1} | őąřăšŋżľ ł L ĺ ŋă ¡ńěňěŋšăţ y(fi) ĺğ L_2[0; t] őŕřěďěń£ěšś£ ťőřňşńőľ L^{−1}y ≡ ≡ ˘(fi; 0)y(0) , ˘(fi; ff) | ťşŋďăňěŋšăńĳŋă£ ňăšřĺűă řěÿěŋĺľ şřăćŋěŋĺ£ Lx = 0:

Ŕşśšĳ ŋăąń¿ďăěšś£ ŕřőűěśś s(fi); ść£ğăŋŋżľ ś y(fi) śőőšŋőÿěŋĺěň

s(fi) = F(y) = [ dy_1(fi)

dfi − F^{11}(fi)y^1(fi) y_2(fi) − C_1(fi)y_1(fi) ] : (3:5:33)

Šőčďă, şůĺšżćă£ (3.5.24), (3.5.25), (3.5.21) ĺ (3.5.22), ĺğňěřěŋĺ£ s(fi) ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě

s(fi) = [ F_{11}(fi)x_2(fi) + u_1(fi) C_2(fi)x_2(fi) + v(fi) ] : (3:5:34)

Őąőğŋăůĺň w(fi) = [ u_1(fi) v(fi) ] . Šăł łăł Q_{11}(fi) > 0 ĺ R(fi) > 0 , šő w(fi) | ąěńżľ čăşśśőćśłĺľ ÿşň ś ŋşńěćżň śřěďŋĺň ĺ ĺŋšěŋśĺćŋőśšĳ¿

R_w ≡ [ Q_{11}(fi) U_1(fi) U^š_1 (fi) R(fi) ] > 0; fi ∈ [0; t]: (3:5:35)

Řăśśňőšřĺň şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă

M[—x(t)s^š(ff)] = t∫

0 h_1(t; fi)M[s(fi)s^š(ff)] dfi: (3:5:36)

56 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ Šăł łăł s(fi) = Fy(fi); šő M[—x(t){Fy(ff)}^š] = t∫

0 h_1(t; fi)(M[Fy(fi){Fy(ff)}^š]) dfi:

Ďăńěě, şňŋőęĺň ¡šő ćżřăęěŋĺě ŋă ŕřőĺğćőńĳŋżľ ¡ńěňěŋš z ∈ En; šřăŋśŕőŋĺřşěň ŕőńşůěŋŋőě śőőšŋőÿěŋĺě ĺ ňěŋ£ěň ňěśšăňĺ őŕěřăűĺ¿ ňăšěňăšĺůěśłőčő őęĺďăŋĺ£ M ĺ őŕěřăšőř F (őŕěřăšőřż M ĺ F ŕěřěśšăŋőćőůŋżě), šőčďă FM[y(ff)—x^š(t)]z = F t∫

0 M[y(ff){Fy(fi)}^š]h^š_1 (t; fi)z dfi:

Ĺśŕőńĳğş£ ńĺŋěľŋőśšĳ őŕěřăšőřă F ŋăţőďĺň, ůšő F{M[y(ff)—x^š(t)]z − t∫

0 M[y(ff){Fy(fi)}^š]h^š_1 (t; fi)z dfi } = 0;

ĺ ąńăčőďăř£ śşźěśšćőćăŋĺ¿ őčřăŋĺůěŋŋőčő őąřăšŋőčő őŕěřăšőřă F^{−1} ĺ ŕřőĺğćőńĳŋőśšĺ ćěłšőřă z ŕőńşůăěň M[y(ff)—x^š(t)] = t∫

0 M[y(ff){Fy(fi)}^š]h^š_1 (t; fi) dfi;

ĺńĺ, šřăŋśŕőŋĺřş£ ŕőśńěďŋěě ćżřăęěŋĺě, ĺňěěň: M[—x(t)y^š(ff)] = t∫

0 h_1(t; fi)M[F(y(fi))y^š(ff)] dfi:

Šăłĺň őąřăğőň, şřăćŋěŋĺě (3.5.36) ¡łćĺćăńěŋšŋő şřăćŋěŋĺ¿ M[—x(t)y^š(ff)] = t∫

0 h_1(t; fi)F(M[y(fi)y^š(ff)]) dfi: (3:5:37) Śŕřăćěďńĺćő śőőšŋőÿěŋĺě t∫

0 h_1(t; fi)F(M[y(fi)y^š(ff)]) dfi = t∫

0 F^∗m(h_1(t; fi))M[y(fi)yš(ff)] dfi; (3:5:38) čďě F^∗mxš = [F^∗x]š ďń£ ∀x ∈ L_2[0; t] × W^{−1}_2t [0; t]; ă F^∗ | śőŕř£ęěŋŋżľ ł F őŕěřăšőř, F^∗ = [ L^∗ −Cš_1 (fi) 0 Iq ] ; L^∗ | śőŕř£ęěŋŋżľ ś L őŕěřăšőř, L^∗ ≡ − ddfi −F š_{11}(fi) . Šăłĺň őąřăğőň, şřăćŋěŋĺě (3.5.37) ňőęŋő ğăŕĺśăšĳ ć ćĺďě t∫

0 F^∗m(h_1(t; fi))M[y(fi)yš(ff)] dfi = M[—x(t)yš(ff)]: (3:5:39) Ćżůĺšă£ şřăćŋěŋĺě (3.5.39) ĺğ (3.5.32) ŋăţőďĺň, ůšő t∫

0 {—h_0(t; fi) − F^∗_m(h_1(t; fi))}M[y(fi)y^š(ff)] dfi = 0: (3:5:40)

3.5 Ňěšőď Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă 57

Ŕőłăęěň, ůšő —h_0(t; fi) = F^∗m(h_1(t; fi)): (3:5:41)

Ďń£ ¡šőčő śŋăůăńă ďőłăęěň, ůšő řěÿěŋĺě şřăćŋěŋĺ£ (3.5.36) śşźěśšćşěš ĺ ěďĺŋśšćěŋŋő.

Ŕşśšĳ A(fi) = [ F_{12}(fi) C_2(fi) ] : Šőčďă (3.5.34) ŕřĺŋĺňăěš ćĺď s(fi) = A(fi)—x_2(fi) + w(fi); (3:5:42) ă £ďřő ĺŋšěčřăńĳŋőčő şřăćŋěŋĺ£ (3.5.36)

M[s(fi)s^š(ff)] = A(fi)K_{x̄}(fi; ff)A^š(ff) + R_w(fi)‹(fi − ff)

£ćń£ěšś£ ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋżň, šăł łăł ňăšřĺűă Rw(fi) ŕőńőęĺšěńĳŋő őŕřěďěńěŋă, ă ňăšřĺűă A(fi)K_{x̄}(fi; ff)A^š(ff) ŋěőšřĺűăšěńĳŋă£. Ĺğ ŕőńőęĺšěńĳŋőľ őŕřěďěńěŋŋőśšĺ £ďřă şřăćŋěŋĺ£ (3.5.36) śńěďşěš śşźěśšćőćăŋĺě ĺ ěďĺŋśšćěŋŋőśšĳ ěčő řěÿěŋĺ£.

Ĺśŕőńĳğş£ śćőľśšćă ‹ {ťşŋłűĺĺ Ďĺřăłă, ŕőńşůăěň

M[—x(t)s^š(ff)] = t∫

0 h_1(t; fi)A(fi)K_{x̄}(fi; ff)A^š(ff) dfi + h_1(t; ff)R_w(ff);

ă ¡šő şřăćŋěŋĺě Ťřěďčőńĳňă 2-čő řőďă, řěÿěŋĺě łőšőřőčő łőřřěłšŋő.

Şňŋőęĺň şřăćŋěŋĺ£ (3.5.32) ĺ (3.5.36) ŋă ŕřőĺğćőńĳŋżľ ćěłšőř z ĺğ En ĺ ććěďěň őąőğŋăůěŋĺ£:

u_1(fi) ≡ h^š_1 (t; fi)z ; B_su ≡ t∫

0 M[s(ff)s^š(fi)]u(fi) dfi; ďń£ ∀u(fi) ∈ W^1_2 [0; t];

f_1(ff) ≡ M[s(ff)—x^š(t)]z ; u_0(fi) ≡ h^š_0 (t; fi)z ; f(ff) ≡ M[y(ff)—x^š(t)]z ; (3:5:43) Bv ≡ t∫

0 M[y(ff)y^š(fi)]v(fi) dfi; ďń£ ∀v(fi) ∈ W^{−1}_{2(m−q)}[0; t] × W^1_{2(q)}[0; t];

čďě W^{−1}_{2(}m_−q_)[0; t] × W^1_{2(}q_)[0; t] | ďěłăřšőćő ŕřőĺğćěďěŋĺě m − q {ňěřŋőčő ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă W^{−1}_{2(m−q)}[0; t] ĺ q {ňěřŋőčő ŕőğĺšĺćŋőčő ŕřőśšřăŋśšćă W^1_{2(q)}[0; t]:

Şřăćŋěŋĺ£ (3.5.32) ĺ (3.5.36), ś şůěšőň ććěďěŋŋżţ őąőğŋăůěŋĺľ, ŕřĺŋĺňă¿š ćĺď:

Bu_0 = f (3:5:44) ĺ Bsu_1 = f_1: (3:5:45) Ńěčłő ŕőłăğăšĳ, ůšő ďń£ ∀u ∈ W^1_2 [0; t] ćěřŋő řăćěŋśšćő: Bsu = FBF^∗u; šő ěśšĳ { Bs = FBF^∗ ŋă W^1_2 [0; t] ĺ f_1 = Ff; ćěłšőř-ťşŋłűĺĺ f ĺ f_1 ŕřĺŋăďńěęăš W^1_2 [0; t] (śň. řăğďěń 3.1). Őšňěšĺň, ůšő őŕěřăšőř F^∗ őčřăŋĺůěŋŋżľ ĺ ďń£ ∀u ∈ L_2[0; t] śŕřăćěďńĺćő ŋěřăćěŋśšćő: ‖F^∗u‖_{−10} ≤ c^∗‖u‖_0; čďě c^∗ | ŕőńőęĺšěńĳŋă£ łőŋśšăŋšă. Łřőňě ¡šőčő, őŕěřăšőř F^∗ ĺňěěš őčřăŋĺůěŋŋżľ őąřăšŋżľ őŕěřăšőř:

(F^∗)^{−1} = [ (L^∗)^{−1} (L^∗)^{−1}Cš_1 (fi)

0 Iq ] : İšő ćżšěłăěš ĺğ ŋěřăćěŋśšć ńěňňż 1.1.

Řăśśňőšřĺň śłăń£řŋőě ŕřőĺğćěďěŋĺě (Bsu; u)_0; u | ŕřőĺğćőńĳŋżľ ¡ńěňěŋš ĺğ W^1_2 : Ĺğ śćőľśšć őŕěřăšőřőć Bs ĺ F^∗ ďń£ ∀u ∈ W^1_2 śńěďşěš śŕřăćěďńĺćőśšĳ űěŕőůłĺ śőőšŋőÿěŋĺľ:

(Bsu; u)_0 = (FBF^∗u; u)_0 = ⟨BF^∗u; F^∗u⟩ ≥ c‖u‖^2_0 ≥ c (c^∗)^2

‖F^∗u‖^2_{−10}:

58 3 Ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ

Šăłĺň őąřăğőň, őŕěřăšőř B ŕőńőęĺšěńĳŋő őŕřěďěńěŋ ŋă ďěłăřšőćőň ŕřőĺğćěďěŋĺĺ ŕřőśšřăŋśšć: (m−q) - ňěřŋőň ŕřőśšřăŋśšćě L_{2(}m_−q_)[0; t] ĺ q {ňěřŋőň { W^1_{2(}q_)[0; t]; šő ěśšĳ ŋă L_{2(}m_−q_)[0; t] × W^1_{2(}q_)[0; t]:

Ŕőďśšăćĺň ć şřăćŋěŋĺě (3.5.45) ćňěśšő őŕěřăšőřă Bs ěčő ŕřěďśšăćńěŋĺě FBF^∗ ĺ şňŋőęĺň ŕőńşůěŋŋőě ćżřăęěŋĺě śńěćă ŋă F^{−1}: Ć řěğşńĳšăšě ŋăţőďĺň, ůšő şřăćŋěŋĺě (3.5.45) ¡łćĺćăńěŋšŋő şřăćŋěŋĺ¿:

BF^∗u_1 = f: (3:5:46)

Ĺğ ćżřăęěŋĺľ (3.5.44), (3.5.46) ĺ ŕőńőęĺšěńĳŋőľ őŕřěďěńěŋŋőśšĺ őŕěřăšőřă B ĺňěěň, ůšő u_0 = F^∗u_1 ĺ u_0 ňőęŋő ćżůĺśńĺšĳ ŕő ťőřňşńě u_0 = F^∗(B_s)^{−1}Ff: Śőőšŋőÿěŋĺě (3.5.41) ďőłăğăŋő.

Ďń£ ćżůĺśńěŋĺ£ őűěŋłĺ ^x_2(t) ŕőśšřőĺň ťĺńĳšř šĺŕă Łăńňăŋă-Ąĳ¿śĺ. Ŕőďśšăćń££ ć şřăćŋěŋĺě (3.5.22) ĺğćěśšŋş¿ ťşŋłűĺ¿ x_1(fi) , ŕőńşůăěň ďĺťťěřěŋűĺăńĳŋőě şřăćŋěŋĺě ďń£ ćěłšőřă śőśšő£ŋĺ£ śĺśšěňż x_2(fi)

dx_2(fi) dfi = F^{21}(fi)y^1(fi) + F^{22}(fi)x^2(fi) + u^2(fi); (3:5:47)

čďě y_1(fi) = x_1(fi) ĺğćěśšŋă£ ćěłšőř-ťşŋłűĺ£. Śůĺšăěň, ůšő ŋăąń¿ďăěšś£ ŕřőűěśś s(fi)

s(fi) = [ F_{12}(fi) C_2(fi) ] x_2(fi) + [ u_1(fi) v(fi) ] : (3:5:48)

Ňăšěňăšĺůěśłőě őęĺďăŋĺě x_2(0) ğăňěŋ£ěň şśńőćŋżň ňăšěňăšĺůěśłĺň őęĺďăŋĺěň (3.5.29), ă ďĺśŕěřśĺ¿ ŕőńăčăěň řăćŋőľ P (0) ĺğ (3.5.30).

Ćőśŕőńĳğşěňś£ šěŕěřĳ ŕřőűěďşřőľ őąőąźěŋŋőčő ťĺńĳšřă Łăńňăŋă-Ąĳ¿śĺ. Ć řěğşńĳšăšě ŕőńşůĺň ťĺńĳšř ćĺďă d^x_2(fi) dfi = F_{22}(fi)^x_2(fi) + F_{21}(fi)x_1(fi) + K_1(fi)

[ dx_1(fi) dfi + F_{11}(fi)x_1(fi)−

−F_{12}(fi)^x_2(fi) ] + K_2(fi)[y_2(fi) − C_1(fi)x_1(fi) − C_2(fi)^x_2(fi)]; (3:5:49)

ćěłšőř ^x_2(0) ćżůĺśń£ěšś£ ŕő (3.5.29), ă ňăšřĺűă K(fi) ≡ [K_1(fi) K_2(fi)] ĺňěěš ćĺď

K(fi) = {P (fi)Q^š(fi) + [Q_{21}(fi) U_2(fi)]}R^{−1}_w (fi); (3:5:50)

čďě ňăšřĺűă Rw(fi) ĺňěěš ćĺď (3.5.35). Ňăšřĺűă łőćăřĺăűĺĺ őÿĺąłĺ P (fi) şďőćńěšćőř£ěš ďĺťťěřěŋűĺăńĳŋőňş şřăćŋěŋĺ¿ Řĺłłăšĺ dP (fi) dfi = F_{22}P (fi) + P (fi)F š_{22} + Q_{22}(fi)−

−[P (fi)A^š(fi) + [Q_{21}(fi) U_2(fi)]]R^{−1}_w (fi)[P (fi)A^š(fi) + [Q_{21}(fi) U_2(fi)]]^š; (3:5:51)

čďě P_0 ĺňěěš ćĺď (3.5.30). Ć ďĺťťěřěŋűĺăńĳŋőň şřăćŋěŋĺĺ ďń£ őűěŋłĺ ^x_2(fi) ŕřĺśşšśšćşěš ŋěłőřřěłšŋă£ őŕěřăűĺ£ ďĺťťěřěŋűĺřőćăŋĺ£ ŋăąń¿ďăěňőčő ŕřőűěśśă. Ůšőąż ĺśłń¿ůĺšĳ ďĺťťěřěŋűĺřőćăŋĺě ć (3.5.49), śďěńăěň ğăňěŋş ŕő ťőřňşńě ^x_2(fi) = “(fi) + K_1(fi)x_1(fi); (3:5:52)

čďě ňăšřĺűă K_1(fi) őŕřěďěń£ěšś£ ĺğ ćżřăęěŋĺ£ (3.5.50). Ŕőśńě ŕőďśšăŋőćłĺ (3.5.52) ć (3.5.49) ĺ śőłřăźěŋĺľ ŕőńşůĺň d“(fi) dfi = {F_{22}(fi) − K_1(fi)F_{12}(fi) − K_2(fi)C_2(fi)}“ + {F_{22}(fi)K_1(fi)+

+F_{21}(fi) − K_1(fi)F_{11} − K_1(fi)F_{12}(fi)K_1(fi) − K_2(fi)C_1(fi) − K_2(fi)C_1(fi)−

−K_2(fi)C_2(fi)K_1(fi) − dK^1(fi) dfi }y_1(fi) + K_2(fi)y_2(fi); (3:5:53)

ŕřĺůěň “(0) = x_{20} + (P_{21}P^{−1}_{11} − K_1(0))x_1(0) − P_{21}P^{−1}_{11} x_{10}: (3:5:54)

Šăłĺň őąřăğőň, ďń£ ŋăţőęďěŋĺ£ őűěŋłĺ ^x_2(fi) ŋěőąţőďĺňő ŋăľšĺ ćśŕőňăčăšěńĳŋş¿ ćěłšőř-ťşŋłűĺ¿ “(fi); ĺśŕőńĳğş£ śőőšŋőÿěŋĺ£ (3.5.51), (3.5.30), (3.5.53) ĺ (3.5.54), ă ğăšěň ŕřĺňěŋĺšĳ ťőřňşńş (3.5.52).

Ć ğăłń¿ůěŋĺě ŋăŕőňŋĺň, ůšő ăńčőřĺšň Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă ňőęěš ążšĳ ŕřĺňěŋěŋ ďń£ řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ńĺÿĳ ŕřĺ ćżŕőńŋěŋĺĺ şśńőćĺľ: ňăšřĺűă Q_{11}(fi) ŕőńőęĺšěńĳŋő őŕřěďěńěŋă ĺ őŕřěďěńĺšěńĳ ňăšřĺűż P_{11} őšńĺůěŋ őš ŋşń£.

4 Řěčşń£řĺğőćăŋŋżě ńĺŋěľŋżě ťĺńĳšřż

Ć ŕřěďżďşźěň řăğďěńě řăśśňőšřěŋ ťĺńĳšř Łăńňăŋă-Ąĳ¿śĺ ĺ ěčő ŋěłőšőřżě őąőąźěŋĺ£. Ŕřĺ ćżćőďě ăńčőřĺšňőć řěÿěŋĺ£ ć ğăďăůăţ, ĺśśńěďşěňżţ ćżÿě, śşźěśšćěŋŋş¿ řőńĳ ĺčřăńĺ şśńőćĺ£, ŋăłńăďżćăěňżě ŋă ÿşňż ć śĺśšěňě, ŋăąń¿ďěŋĺ£ţ ĺ ŋă łőćăřĺăűĺőŋŋş¿ ňăšřĺűş ćěłšőřă ŋăůăńĳŋżţ şśńőćĺľ. Ěśńĺ ¡šĺ şśńőćĺ£ ŋăřşÿěŋż, šő ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ śšăŋőćĺšś£ ŋěłőřřěłšŋő ŕőśšăćńěŋŋőľ ĺ ďń£ ěě řěÿěŋĺ£ ŋěőąţőďĺňő ĺśŕőńĳğőćăšĳ ňěšőď řěčşń£řĺğăűĺĺ.

4.1 Řěčşń£řĺğőćăŋŋżľ ńĺŋěľŋżľ ťĺńĳšř ďń£ őąźěčő śńşůă£ ćżřőęďěŋŋőčő ąěńőčő ÿşňă ć ŋăąń¿ďěŋĺ£ţ

1. Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ . Ŕşśšĳ n {ňěřŋżľ śńşůăľŋżľ ŕřőűěśś x(fi) = x(!; fi) , fi ∈ [0; t] , ! ∈ ˙; čěŋěřĺřşěšś£ ŕşšěň ŕřőŕşśłăŋĺ£ ćěłšőřŋőčő śńşůăľŋőčő ŕřőűěśśă u(fi) ś łőňŕőŋěŋšăňĺ ć ćĺďě ąěńżţ čăşśśőćśłĺţ ÿşňőć (ćőğňőęŋő ćżřőęďěŋŋżţ) ůěřěğ ńĺŋěľŋş¿ ŋěśšăűĺőŋăřŋş¿ śĺśšěňş

L(x) ≡ dx(fi)dfi − F (fi)x(fi) = G(fi)u(fi); x(0) = x_0: (4:1:1)

Ŋăąń¿ďăěšś£ śńşůăľŋżľ ćěłšőřŋżľ ŕřőűěśś řăğňěřŋőśšĺ m ≤ n

y(fi) = C(fi)x(fi) + w(fi); (4:1:2)

čďě F (fi) , G(fi) ĺ C(fi) | ňăšřĺűż-ťşŋłűĺĺ śőőšćěšśšćş¿źĺţ řăğňěřŋőśšěľ. İńěňěŋšż ňăšřĺű G(fi) ĺ C(fi) | čńăďłĺě ťşŋłűĺĺ, ă ňăšřĺűż F (fi) | łşśőůŋő- ŋěŕřěřżćŋżě. Řěÿěŋĺě ğăďăůĺ Łőÿĺ ŕőŋĺňăěšś£ ć śňżśńě őŕřěďěńěŋĺ£ 1.6, řěăńĺğăűĺĺ ÿşňă

w(fi) = [ 0 v(fi) ] (4:1:3)

ĺňě¿š łőňŕőŋěŋšż ĺğ ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă W^{−1}_2 [0; t] . Řăćěŋśšćő ć (4.1.2) ŕőŋĺňăěšś£ ć śňżśńě ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă W^{−1}_2 [0; t]; ă ŋě ŕőšőůěůŋő, v(fi) | ąěńżľ (ćőğňőęŋő ćżřőęďěŋŋżľ) q {ňěřŋżľ ÿşň. Ćśě ¡ńěňěŋšż łőćăřĺăűĺőŋŋőľ ňăšřĺűż ŕřőűěśśă w(fi) ŕřĺŋăďńěęăš ďěłăřšőćş ŕřőĺğćěďěŋĺ¿ W^{−1}_2 [0; t]×W^{−1}_2 [0; t] .

Őąőğŋăůĺň

m(t) = inf_h {Ň(z; x(t) − ^x(t))^2_n] | ^x(t) = t∫

0 h(t; fi)y(fi) dfi }; (4:1:4)

čďě z | ŕřőĺğćőńĳŋżľ ŕőśšő£ŋŋżľ ćěłšőř ĺğ En; ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ňăšřĺűăň h(t; fi) ś ¡ńěňěŋšăňĺ ĺğ ŕőğĺšĺćŋőčő ŕřőśšřăŋśšćă W^1_2 [0; t] (ŕő ŕěřěňěŋŋőľ fi ), ă ĺŋšěčřăń ŕőŋĺňăěšś£ łăł ĺ ć (1.1.11).

Ğăďăůş ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ňőęŋő śťőřňşńĺřőćăšĳ śńěďş¿źĺň őąřăğőň. Ŕşśšĳ ĺğćěśšŋż ŋăąń¿ďěŋĺ£ {y(fi); 0 ≤ fi ≤ t} . Šřěąşěšś£ ŋăľšĺ ŕőśńěďőćăšěńĳŋőśšĳ n {ňěřŋżţ ćěłšőřőć

{^x_¸(t) = t∫

0 h_¸(t; fi)y(fi) dfi }_{¸>0} (4:1:5)

60 4 Řěčşń£řĺğőćăŋŋżě ńĺŋěľŋżě ťĺńĳšřż

ś ňăšřĺűăňĺ-ťşŋłűĺ£ňĺ h¸(t; fi) , ćśě ¡ńěňěŋšż łőšőřżţ ŕřĺ ń¿ążţ ¸ > 0 ŕřĺŋăďńěęăš ŕőğĺšĺćŋőňş ŕřőśšřăŋśšćş W^1_2 [0; t] ĺ šăłş¿, ůšő

lim̧_{→0} M[(z; x(t) − ^x¸(t))^2n] = m(t); ∀z ∈ En: (4:1:6)

Ďń£ şŕřőźěŋĺ£ ďăńĳŋěľÿĺţ ćżłńăďőł śůĺšăěň, ůšő ÿşňż u(fi) ĺ w(fi) ĺňě¿š ŋşńěćżě śřěďŋĺě ĺ ŋěłőřřěńĺřőćăŋż ňěęďş śőąőľ, ŕřĺůěň

M[x_0] = 0; M[x_0x^š_0 ] = P_0; P_0 = P^š_0 ≥ 0; M[x_0w^š(fi)] = 0;

M[x_0u^š(fi)] = 0; M[u(fi)u^š(ff)] = Q(fi)‹(fi − ff); Q(fi) = Q^š(fi) ≥ 0;

M[w(fi)w^š(ff)] = R_w(fi)‹(fi − ff); ff ∈ [0; t];

čďě Rw(fi) = [ 0 0 0 R(fi) ] ; ă R(fi) | ňăšřĺűă ĺŋšěŋśĺćŋőśšĺ ąěńőčő ÿşňă v(fi); šő ěśšĳ M[v(fi)v^š(ff)] =

= R(fi)‹(fi − ff); R(fi) | śĺňňěšřĺůěśłă£, ŋěőšřĺűăšěńĳŋő őŕřěďěńěŋŋă£ ňăšřĺűă ś čńăďłĺňĺ ¡ńěňěŋšăňĺ.

Ŋăţőęďěŋĺě őŕšĺňăńĳŋőľ ńĺŋěľŋőľ őűěŋłĺ ć śňżśńě ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ, łăł şęě őšňěůăńőśĳ, ¡łćĺćăńěŋšŋő řěÿěŋĺ¿ şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă

K_x(t; ff)C^š(ff) = t∫

0 h(t; fi)C(fi)K_x(fi; ff)C^š(ff) dfi + h(t; ff) [ 0 0 0 R(ff) ] : (4:1:7)

Śćőľśšćă řěÿěŋĺ£ ¡šőčő şřăćŋěŋĺ£ ĺğşůěŋż ć řăğďěńě 3.5.4.

Řăśśňőšřĺň śńşůăľ, łőčďă ŋăřşÿă¿šś£ şśńőćĺ£, ŕřĺŋ£šżě ć 3.5.5.

2. Ř ě ÿ ě ŋ ĺ ě ğ ă ď ă ů ĺ ť ĺ ń ĳ š ř ă ű ĺ ĺ . Řăśśňőšřĺň şřăćŋěŋĺě

M[x(t)y^š(ff)] = t∫

0 h_¸(t; fi)M[y(fi)y^š(ff)] dfi + ¸h_¸(t; ff); (4:1:8)

čďě ¸ | ŕőńőęĺšěńĳŋőě ůĺśńő, ŕăřăňěšř řěčşń£řĺğăűĺĺ.

Ĺśŕőńĳğş£ śšăšĺśšĺůěśłĺě śćőľśšćă śńşůăľŋżţ ŕřőűěśśőć u(fi); v(fi); śńşůăľŋőčő ćěłšőřă x_0 ĺ śćőľśšćă ‹ {ťşŋłűĺĺ Ďĺřăłă, şřăćŋěŋĺě (4.1.8) ňőęŋő ğăŕĺśăšĳ śńěďş¿źĺň őąřăğőň:

K_x(t; ff)C^š(ff) = t∫

0 h_¸(t; fi)C(fi)K_x(fi; ff)C^š(ff) dfi + h_¸(t; ff)S_¸(ff); (4:1:9)

čďě S¸(ff) = [ ¸I_{m−q} 0 0 R(ff) + ¸Iq ] ; I_{m−q} ĺ I_q | ěďĺŋĺůŋżě ňăšřĺűż ŕőř£ďłă (m − q) ĺ q .

Şřăćŋěŋĺě (4.1.9) őšńĺůăěšś£ őš (4.1.7) śńăčăěňżň ¸h¸(t; ff) ĺ ŕřĺ ťĺłśĺřőćăŋŋőň ¸ ŕřěďśšăćń£ěš śőąőľ şřăćŋěŋĺě Ťřěďčőńĳňă ćšőřőčő řőďă, řěÿěŋĺě łőšőřőčő, łăł ĺğćěśšŋő, £ćń£ěšś£ łőřřěłšŋő ŕőśšăćńěŋŋőľ ğăďăůěľ.

Ğăŕĺÿěň şřăćŋěŋĺě (4.1.9) ć őŕěřăšőřŋőľ ťőřňě. Ďń£ ¡šőčő şňŋőęĺň (4.1.9) ŋă ŕřőĺğćőńĳŋżľ ťĺłśĺřőćăŋŋżľ ćěłšőř z ∈ En ĺ ććěďěň őąőğŋăůěŋĺ£:

C(ff)K_x(t; ff)z = f(t; ff); h^š_¸ (t; fi)z = u_¸(t; fi); B = A + R;

Au = t∫

0 C(ff)K^š_x (fi; ff)C^š(fi)u(fi) dfi; Ru = [ 0 0 0 R(ff) ] u(ff):

Őŕěřăšőřż A , R ĺ B | śĺňňěšřĺůěśłĺě ĺ ŋěőšřĺűăšěńĳŋő őŕřěďěńěŋż. Şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă (4.1.9) ć őŕěřăšőřŋőľ ťőřňě ĺňěěš ćĺď Bu_¸ + ¸u_¸ = f (4:1:10)

Ĺśśńěďşěň śćőľśšćă řěÿěŋĺ£ u¸(fi; ff) şřăćŋěŋĺ£ (4.1.10).

4.1 Ćżřőęďěŋżľ ÿşň ć ŋăąń¿ďěŋĺ£ţ 61

Šěőřěňă 4.1 Ěśńĺ ¡ńěňěŋšż ňăšřĺű Kx(t; ff)C^š(ff); C(fi)Kx(fi; ff)C^š(ff); R(ff) ĺŋšěčřĺřşěňż ś łćă-

ďřăšőň ŕřĺ łăęďőň ťĺłśĺřőćăŋŋőň t ĺ ¸ > 0 , šő śşźěśšćşěš ěďĺŋśšćěŋŋőě řěÿěŋĺě h¸(t; ff) şřăćŋěŋĺ£ (4.1.9), ĺŋšěčřĺřşěňőě ś łćăďřăšőň ŕő ćšőřőňş ăřčşňěŋšş, š.ě. hş̌(t; fi)z ∈ L_2[0; t] .

Ďőłăğăšěńĳśšćő šěőřěňż ăŋăńőčĺůŋő ďőłăğăšěńĳśšćş šěőřěňż 3.1. Őšňěšĺň, ůšő őŕěřăšőř B = B +¸I | ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋżľ ĺ śĺňňěšřĺůěśłĺľ ŕřĺ ń¿ążţ ¸ > 0 .

Šěőřěňă 4.2 Ěśńĺ ňăšřĺűż Kx(t; ff)C^š(ff) , @K^x(t; ff)C^š(ff)@ff , S^{−1}_¸ (ff) ĺ dR(ff)dff śőśšő£š ĺğ ¡ńěňěŋšőć,

ĺŋšěčřĺřşěňżţ ś łćăďřăšőň ŋă [0; t]; šő řěÿěŋĺě h¸(t; ff) şřăćŋěŋĺ£ (4.1.9) ĺňěěš ĺŋšěčřĺřşěňş¿ ś łćăďřăšőň ŕő ćšőřőňş ăřčşňěŋšş ŕřőĺğćőďŋş¿, šő ěśšĳ ďń£ ∀z ∈ En @h š ¸ (t; ff) @ff z ∈ L^2[0; t] .

Ďőłăğăšěńĳśšćő ăŋăńőčĺůŋő ďőłăğăšěńĳśšćş šěőřěňż 3.2.

Ńěňňă 4.1 Řěÿěŋĺě şřăćŋěŋĺ£ Bu_¸ + ¸u_¸ = f; (4:1:10) ďőśšăćń£ěš ňĺŋĺňşň ťşŋłűĺőŋăńş

’_¸(u) = ‖Bu − f‖^2_0 + ¸⟨u; Bu⟩; u ∈ H[0; t]

(Őŕřěďěńěŋĺě ŕřőśšřăŋśšćă H[0; t] ďăŋő ŕőśńě ďőłăğăšěńĳśšćă ńěňňż 3.2, śň. śšř. 51).

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Şřăćŋěŋĺě İľńěřă ďń£ ťşŋłűĺőŋăńă ’(u) ĺňěěš ćĺď

B(Bu_¸ + ¸u_¸ − f) = 0:

Őšś¿ďă ćĺďŋő, ůšő ťşŋłűĺőŋăń ’¸(u) ŋă řěÿěŋĺĺ şřăćŋěŋĺ£ Bu¸ + ¸u¸ = = f ďőśšĺčăěš ňĺŋĺňşňă.

Ťăłšőřĺğşěň ŕřőśšřăŋśšćő W^{−1}_{20} [0; t] ŕő ňŋőęěśšćş ŋşńěľ ąĺńĺŋěľŋőľ ťőřňż ⟨u; Bu⟩ , u ∈ H[0; t]; ŕőńşůăěň ŕřőśšřăŋśšćő H_−[0; t] . Ŕőśšřőĺň ś ŕőňőźĳ¿ ĺğőňěšřĺůěśłőčő őŕěřăšőřă j^∗_0 ŕřőśšřăŋśšćő H_0[0; t] śńěďş¿źĺň őąřăğőň: ěśńĺ u ∈ H_−[0; t] , šő j^∗_0 u ∈ H_0[0; t] . Ććěďěň ć H_0[0; t] ŋőřňş ‖u‖^2_B = ⟨u; Bu⟩ , (⟨u; Bu⟩ > 0 , ∀u ∈ H_−[0; t]; u ≠ 0) . Ŕőŕőńŋěŋĺě ŕřőśšřăŋśšćă H_0[0; t] ŕő ¡šőľ ŋőřňě őąőğŋăůĺň H_B[0; t] .

Ŋăŕőňŋĺň, ůšő čńăćŋżň řěÿěŋĺěň ŋăğżćă¿š řěÿěŋĺě, ĺňě¿źěě ňĺŋĺňăńĳŋş¿ ŋőřňş [33].

Šěőřěňă 4.3 Ŕőśńěďőćăšěńĳŋőśšĳ řěÿěŋĺľ {h¸(t; ff)}¸>0 şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă (4.1.9) ŕřĺ ¸ → 0

śţőďĺšś£ (ŕřĺ łăęďőň ťĺłśĺřőćăŋŋőň t ) ć śňżśńě ŕřőśšřăŋśšćă H_B[0; t] ł čńăćŋőňş řěÿěŋĺ¿ şřăćŋěŋĺ£ (4.1.7).

Ěśńĺ ćżŕőńŋěŋż şśńőćĺ£ ńěňňż 3.3, šő ŕřĺ łăęďőň ťĺłśĺřőćăŋŋőň t ĺňěěš ňěśšő śőőšŋőÿěŋĺě

‖C^šh^š_¸ (t)z − C^šh^š_0 (t)z‖^2_{−10} + ‖I_mh^š_¸ (t)z − I_mh^š_0 (t)z‖^2_0 → 0; ŕřĺ ¸ → 0;

čďě h_0(t; fi) čńăćŋőě řěÿěŋĺě şřăćŋěŋĺ£ (4.1.7), ă Im = [ 0 0 0 Iq ] : Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ťşŋłűĺőŋăń ’¸(u) ś şůěšőň ććěďěŋŋżţ őąőğŋăůěŋĺľ ňőęŋő ğăŕĺśăšĳ ć ćĺďě

’_¸(u) = ‖Bu − f‖^2_0 + ¸‖u‖^2_B:

İšőš ťşŋłűĺőŋăń, śőčńăśŋő ńěňňě 3.4, ďőśšĺčăěš ňĺŋĺňşňă ŋă ¡ńěňěŋšě u¸; £ćń£¿źěňś£ řěÿěŋĺěň şřăćŋěŋĺ£ Bu¸ + ¸u¸ = f: Šăłĺň őąřăğőň, śŕřăćěďńĺćő ŋěřăćěŋśšćő ’¸(u¸) ≤ ’¸(u_0); ĺńĺ ŕőďřőąŋěě:

‖Bu_¸ − f‖^2_0 + ¸‖u_¸‖^2_B ≤ ¸‖u_0‖^2_B; (4:1:11)

čďě ¸ > 0 , u_0 | čńăćŋőě řěÿěŋĺě şřăćŋěŋĺ£ (4.1.7), łőšőřőě ć őŕěřăšőřŋőľ ťőřňě ĺňěěš ćĺď

Bu = f: (4:1:12)

Ĺğ (4.1.11) śńěďşěš, ůšő ‖u_¸‖_B ≤ ‖u_0‖_B: (4:1:13)

62 4 Řěčşń£řĺğőćăŋŋżě ńĺŋěľŋżě ťĺńĳšřż

Šăłĺň őąřăğőň, ňŋőęěśšćő řěÿěŋĺľ şřăćŋěŋĺ£ Bu¸ +¸u¸ = f (őąőğŋăůĺň ěčő ůěřěğ D¸ ) őčřăŋĺůěŋő ć H_B[0; t]; ă ğŋăůĺš { śńăąő łőňŕăłšŋő [24]. Ćżďěńĺň ĺğ D¸ ń¿ąş¿ śńăąő śţőď£źş¿ś£ ŕőďŕőśńěďőćăšěńĳŋőśšĳ {u¸}¸>_0; śńăążľ ŕřěďěń łőšőřőľ őąőğŋăůĺň —u_0: Ŕőłăęěň, ůšő —u_0 = u_0 ĺ B—u_0 = —f = f: Ŕěřěľďěň ć (4.1.11) ł ŕřěďěńş ŕő ¸ :

lim̧_{→0}{‖Bu¸ − f‖^2_0 + ¸‖u¸‖^2_B} = ‖B—u_0 − f‖^2_0 = ‖ —f − f‖^2_0 = 0;

šő ěśšĳ —u_0 = u_0 ĺ —f = f: Ĺğ śńăąőľ śţőďĺňőśšĺ u¸ ł u_0 ć śĺńş šěőřěňż Ś. Ąăŋăţă [24,25] ŕőńşůăěň: lim̧_{→0} ‖u¸‖_B ≥ ‖u_0‖_B; ă ĺğ ¡šőčő ŋěřăćěŋśšćă ĺ (4.1.13) śńěďşěš, ůšő ‖u¸ − u_0‖_B → 0 ŕřĺ ¸ → 0 , šő ěśšĳ ĺňěěš ňěśšő śĺńĳŋă£ śţőďĺňőśšĳ ć H_B[0; t]: Ĺğ śĺńĳŋőľ śţőďĺňőśšĺ ŕőśńěďőćăšěńĳŋőśšĺ {u¸}¸>_0 ł u_0 ć H_B[0; t] śńěďşěš śţőďĺňőśšĳ ŕő ąĺńĺŋěľŋőľ ťőřňě ⟨u; Bu⟩ ć H[0; t] ĺ, ć śńşůăě ćżŕőńŋěŋĺ£ şśńőćĺľ ńěňňż 3.3, ĺňěěš ňěśšő śőőšŋőÿěŋĺě ‖C^š(h_¸(t) − h_0(t))^šz‖^2_{−10} + ‖I_m(h_¸(t) − h_0(t))^šz‖^2_0 → 0;

ŕřĺ ¸ → 0: Šěőřěňă ŕőńŋőśšĳ¿ ďőłăğăŋă.

Šěőřěňă 4.4 Ŕőśńěďőćăšěńĳŋőśšĳ őűěŋőł {^x¸(fi)}¸>0; şďőćńěšćőř£¿źă£ łřĺšěř¿ (4.1.6), ŋăţőďĺšś£

ĺğ śőőšŋőÿěŋĺ£ ^x¸(t) = t∫

0 D(h_¸(t; fi))j^∗y(fi) dfi; (4:1:14)

čďě h¸(t; fi) - řěÿěŋĺě şřăćŋěŋĺ£ (4.1.9), D ĺ j^∗ - ĺğőňěšřĺůěśłĺě őŕěřăšőřż, ďěľśšćş¿źĺě ĺğ W^1_2 [0; t] ć L_2[0; t] ĺ ĺğ W^{−1}_2 [0; t] ć L_2[0; t] śőőšćěšśšćěŋŋő (śň.řăğďěń 1.1).

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ĺśśńěďşěň řăğŋőśšĳ |M(z; x(t) − ^x(t))^2_n] − Ň(z; x(t) − ^x_¸(t))^2_n]| = |⟨h^š_0 (t)z; Bh^š_0 (t)z⟩− −⟨h^š_¸ (t)z; Bh^š_¸ (t)z⟩ + 2⟨(M[x(t)y^š(fi)])^šz; {h_¸(t) − h_0(t)}^šz⟩|:

Őűěŋĺň ćŋăůăńě ďćă ŕőśńěďŋĺţ śńăčăěňżţ ć ŕřăćőľ ůăśšĺ: |⟨h^š_0 (t)z; Bh^š_0 (t)z⟩ − ⟨h^š_¸ (t)z; Bh^š_¸ (t)z⟩| = | ‖h^š_0 (t)z‖^2_B − ‖h^š_¸ (t)z‖_B| ≤

≤ (‖hš_0 (t)z‖_B + ‖hş̌(t)z‖_B)‖hš_0 (t)z − hş̌(t)z‖_B ≤ 2‖hš_0 (t)z‖_B‖hš_0 (t)z − hş̌(t)z‖_B → 0; ŕřĺ ¸ → 0: (4:1:15) Ğďěśĳ ĺśŕőńĳğőćăŋő ŋěřăćěŋśšćő (4.1.13) ĺ šěőřěňă 4.3.

Řăśśňőšřĺň šěŕěřĳ ćżřăęěŋĺě

⟨(M[x(t)y^š(fi)])^šz; {h_¸(t) − h_0(t)}^šz⟩ = ⟨K^š_{xy}(t)z; {h_¸(t) − h_0(fi)}^šz⟩ = (´h); čďě ´h = {h¸(t; fi) − h_0(t; fi)}šz; z ∈ En .

Ťşŋłűĺőŋăń (´h) | ŕřĺ łăęďőň ťĺłśĺřőćăŋŋőň t őŕřěďěńěŋ ŋă W^{−1}_2 [0; t] . Ćěłšőř-ťşŋłűĺ£ K^š_{xy}(t; ff)z ŕřĺŋăďńěęĺš ŕőğĺšĺćŋőňş ŕřőśšřăŋśšćş ŕő ŕěřěňěŋŋőľ ff ďń£ ń¿ążţ z ∈ E_n: Ďń£ K^š_{xy}(t; ff)z ňőęŋő ŋăľšĺ ťşŋłűĺ¿ u^∗(ff) ∈ H_B[0; t] ćőğňőęŋő ŋě ěďĺŋśšćěŋŋş¿, šăłş¿, ůšő Kšxy(t; ff)z = Bu^∗ . Šőčďă (´h) = ⟨Bu^∗; ´h⟩ = ⟨u^∗; B´h⟩ .

Śŕřăćěďńĺćż řăćěŋśšćă |⟨u; Bv⟩| = |⟨ √ Bu; √ Bv⟩|^2 = ⟨u; Bu⟩⟨v; Bv⟩; ∀u; v ∈ H_B[0; t]:

Ĺśŕőńĳğş£ ¡šĺ śőőšŋőÿěŋĺ£, ŋăţőďĺň | (´h)|^2 ≤ ⟨u^∗; Bu^∗⟩⟨´h; B(´h)⟩ ≤ c⟨´h; B(´h)⟩ → 0 ŕřĺ ¸ → 0 (4:1:16) ŕő šěőřěňě 4.3, c | ŕőńőęĺšěńĳŋă£ łőŋśšăŋšă, šăł łăł ąĺńĺŋěľŋă£ ťőřňă ⟨u^∗; Bu^∗⟩; u^∗ ∈ H_B[0; t] őčřăŋĺůěŋă.

Ĺğ śőőšŋőÿěŋĺľ (4.1.15) ĺ (4.1.16) śńěďşěš śŕřăćěďńĺćőśšĳ šěőřěňż 4.4.

Řěčşń£řĺğőćăŋŋőě şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă (4.1.9) śőőšćěšśšćşěš śńěďş¿źěľ ğăďăůě ťĺńĳšřăűĺĺ. Ŋěłőšőřżľ śńşůăľŋżľ ŕřőűěśś x(fi) ňőďěńĺřşěšś£ śĺśšěňőľ (4.1.1).

4.1 Ćżřőęďěŋżľ ÿşň ć ŋăąń¿ďěŋĺ£ţ 63

Ŋăąń¿ďăěšś£ ŕřőűěśś {y¸(fi); 0 ≤ fi ≤ t}; ść£ğăŋŋżľ ś x(fi) śőőšŋőÿěŋĺěň

y_¸(fi) = C(fi)x(fi) + v_¸(fi); (4:1:17)

čďě v¸(fi) | śńşůăľŋżľ ŕřőűěśś šĺŕă ąěńőčő čăşśśőćśłőčő ÿşňă ś ŋşńěćżň śřěďŋĺň ĺ łőćăřĺăűĺěľ

M[v_¸(fi)v^š(ff)] = S_¸(fi)‹(fi − ff); S_¸(ff) = [ ¸I_{m−q} 0

0 R(ff) + ¸Iq ] ; S_¸(ff) | śĺňňěšřĺůŋă£, ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋă£ ňăšřĺűă. Ŕřőűěśśż v_¸(fi) , u(fi) ĺ śńşůăľŋżľ ćěłšőř x_0 ŕőŕăřŋő ŋěłőřřěńĺřőćăŋż.

Šřěąşěšś£ őŕřěďěńĺšĳ ŕő ŋăąń¿ďěŋĺ£ň (4.1.17) őűěŋłş ^x¸(t) ŕřőűěśśă x(t); ďőśšăćń£¿źş¿ ňĺŋĺňşň ťşŋłűĺőŋăńş m(t) = M[(z; x(t) − ^x_¸(t))^2_n]; (4:1:18)

čďě ^x¸(t) = t∫ 0 h_¸(t; fi)y_¸(fi) dfi: Ĺŋšěčřăń ğďěśĳ ŕőŋĺňăěšś£ łăł ĺ ć śőőšŋőÿěŋĺĺ (1.1.11), ă řăćěŋśšćă

(4.1.1) ĺ (4.1.18), łăł ĺ řăŋĳÿě, ć śňżśńě ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă.

Řěčşń£řĺğőćăŋŋă£ ğăďăůă ťĺńĳšřăűĺĺ (4.1.1), (4.1.17), (4.1.18) ďń£ łăęďőčő ťĺłśĺřőćăŋŋőčő ¸ > 0 £ćń£ěšś£ őążůŋőľ ğăďăůěľ Łăńňăŋă-Ąĳ¿śĺ. Ďń£ ¡šőľ ğăďăůĺ śŕřăćěďńĺćă šěőřěňă ďćőľśšćěŋŋőśšĺ (šěőřěňă 3.3), łőšőřş¿ ňőęŋő śťőřňşńĺřőćăšĳ śńěďş¿źĺň őąřăğőň.

Šěőřěňă 4.5 Ğăďăůă őűěŋłĺ ćěłšőřă śőśšő£ŋĺ£ śĺśšěňż (4.1.1) ŕő ŋăąń¿ďěŋĺ£ň (4.1.17) ¡łćĺćăńěŋšŋă

ŋăţőęďěŋĺ¿ ğăłőŋă şŕřăćńěŋĺ£ H(t; fi) ńĺŋěľŋőľ ďěšěřňĺŋĺřőćăŋŋőľ śĺśšěňőľ

d’(t; fi) dfi = −F š(fi)’(t; fi) − Cš(fi)Hš(t; fi) (4:1:19)

ś ŋăůăńĳŋżň şśńőćĺěň ’(t; fi)|_{fi=t} = ’(t; t) = z; z ∈ E_n; (4:1:20)

ŕřĺ ¡šőň H(t; fi) { ňĺŋĺňĺğĺřşěš ťşŋłűĺőŋăń

l(H) = ’^š(t; 0)P_0’(t; 0) + t∫

0 H(t; fi)S_¸(fi)H^š(t; fi) dfi + t∫

0 ’^š(t; fi)G(fi)Q(fi)G^š(t)’(t; fi) dfi: (4:1:21)

Ğăłőŋ şŕřăćńěŋĺ£ H(t; fi) ść£ğăŋ ś ĺňŕşńĳśŋőľ ŕěřěţőďŋőľ ťşŋłűĺěľ ťĺńĳšřă h¸(t; fi) śőőšŋőÿěŋĺěň

H(t; fi) = −z^šh_¸(t; fi): (4:1:22)

Ďőłăğăšěńĳśšćő ¡šőľ šěőřěňż ăŋăńőčĺůŋő ďőłăğăšěńĳśšćş šěőřěňż 3.3.

Šăłęě śŕřăćěďńĺćă šěőřěňă, şśšăŋăćńĺćă¿źă£ ść£ğĳ ňěęďş řěÿěŋĺěň ňăšřĺůŋőčő şřăćŋěŋĺ£ Řĺłłăšĺ ĺ őŕšĺňăńĳŋżň şŕřăćńěŋĺěň H(t; fi) . Ă ĺňěŋŋő,

Šěőřěňă 4.6 Ŕşśšĳ ňăšřĺůŋă£ ťşŋłűĺ£ P (fi) şďőćńěšćőř£ěš şřăćŋěŋĺ¿ Řĺłłăšĺ

dP (fi) dfi = F (fi)P (fi) + P (fi)F^š(fi) + G(fi)Q(fi)G^š(fi) − P (fi)C^š(fi)S^{−1¸} (fi)C(fi)P (fi); P (0) = P^0: (4:1:23)

Šőčďă őŕšĺňăńĳŋőě şŕřăćńěŋĺě H(t; fi) ďń£ ğăďăůĺ (4.1.19)-(4.1.21) şďőćńěšćőř£ěš śőőšŋőÿěŋĺ¿

H(t; fi) = −’^š(t; fi)P (fi)C^š(fi)S^{−1}_¸ (fi): (4:1:24)

Ďőłăğăšěńĳśšćő šěőřěňż ďőśńőćŋő ŕőćšőř£ěš ćżłńăďłĺ řăğďěńă 3.1.2.

Ďăńěě ŕőłăęěň, ůšő őűěŋłă ^x¸(t) ňőęěš ążšĳ őŕřěďěńěŋă ŋě šőńĳłő ĺğ śőőšŋőÿěŋĺ£ (4.1.14), ďń£ řěăńĺğăűĺĺ łőšőřőčő šřěąşěšś£ ğŋăŋĺě ĺňŕşńĳśŋőľ ŕěřěţőďŋőľ ňăšřĺűż h¸(t; fi) , şďőćńěšćőř£¿źěľ şřăćŋěŋĺ¿ Ćĺŋěřă-Ţőŕťă (4.1.19), ŋő ĺ ĺğ řěÿěŋĺ£ ŋěłőšőřőčő ďĺťťěřěŋűĺăńĳŋőčő şřăćŋěŋĺ£, ůšő şŕřőźăěš ćżůĺśńĺšěńĳŋżľ ŕřőűěśś.

64 4 Řěčşń£řĺğőćăŋŋżě ńĺŋěľŋżě ťĺńĳšřż

Šěőřěňă 4.7 Ďń£ ńĺŋěľŋőľ őűěŋłĺ ^x(t) , şďőćńěšćőř£¿źěľ śőőšŋőÿěŋĺ¿ (4.1.4), śşźěśšćşěš ŕőśńěďő-

ćăšěńĳŋőśšĳ őűěŋőł {^x¸(t)}¸>_0; £ćń£¿źă£ś£ řěÿěŋĺěň şřăćŋěŋĺ£

d^x_¸(fi)

dfi = F (fi)^x^¸(fi) + P (fi)C^š(fi)S^{−1¸} (fi)[y(fi) − C(fi)^x^¸(fi)]; ^x¸(0) = 0; 0 ≤ fi ≤ t < ∞; (4:1:25) ĺ šăłă£, ůšő lim̧_{→0}{M[(z; x(t) − ^x¸(t))^2n] − M[(z; x(t) − ^x(t))^2n]} = 0; ∀z ∈ En:

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ŕőďśšăćń££ (4.1.24) ć (4.1.22) ŋăţőďĺň, ůšő zšh¸(t; fi) = ’š(t; fi)P (fi)Cš(fi)S^{−1}¸ (fi) . Őąőğŋăůĺň P (fi)Cš(fi)S^{−1}¸ (fi) = K¸(fi) ĺ ŕőďśšăćĺň ćňěśšő ’š(t; fi) ěčő ğŋăůěŋĺě ’š(t; fi) = zš¯(t; fi) , čďě ¯(t; fi) | ťşŋďăňěŋšăńĳŋă£ ňăšřĺűă śĺśšěňż (4.1.25),

d¯(t; fi) dt = [F (t) − K¸(t)C(t)]¯(t; fi); ¯(fi; fi) = I: (4:1:26)

Šőčďă h¸(t; fi) = ¯(t; fi)K¸(fi) ĺ ćżřăęěŋĺě ďń£ őűěŋłĺ ňőęŋő ğăŕĺśăšĳ ć ćĺďě

^x¸(t) = t∫

0 h_¸(t; fi)y(fi) dfi = t∫

0 ¯(t; fi)K¸(fi)y(fi) dfi:

Ďĺťťěřěŋűĺřş£ (ć őąőąźěŋŋőň śňżśńě) ¡šő ćżřăęěŋĺě ŕő t , ŕřĺňěŋ££ (4.1.26) ĺ šěőřěňş 4.4, ŕőńşůăěň:

d^x_¸(t) dt = ¯(t; t)K^¸(t)y(t) + t∫

0 d¯(t; fi)

dt K^¸(fi)y(fi) dfi = F (t)^x^¸(t) + K^¸(t)[y(t) − C(t)^x^¸(t)];

őšłşďă ŋăţőďĺň (4.1.25).

4.2 Řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ŕřĺ ŋăąń¿ďěŋĺ£ţ ś ůĺśšő űćěšŋżň ÿşňőň

Ăńčőřĺšň řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ś űćěšŋżň ÿşňőň ć ĺğňěřěŋĺ£ţ řăğřăąőšăŋ ć 1977 čőďş Ć.Ŕ. Ďĺďěŋłő ĺ Ő.Ě. Űĺšřĺűłĺň [12,3,25] .

1. Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ .

Śńşůăľŋżľ n {ňěřŋżľ ŕřőűěśś x(fi) čěŋěřĺřşěšś£ ŕşšěň ŕřőŕşśłăŋĺ£ ćěłšőřŋőčő śńşůăľŋőčő ŕřőűěśśă u(fi) ś łőňŕőŋěŋšăňĺ ć ćĺďě ąěńżţ čăşśśőćśłĺţ ÿşňőć ( ćőğňőęŋő, ćżřőęďěŋŋżţ ) ůěřěğ ńĺŋěľŋş¿ ŋěśšăűĺőŋăřŋş¿ śĺśšěňş

dx(fi) dfi = F (fi)x(fi) + G(fi)u(fi); x(0) = x^0; 0 ≤ fi ≤ t < ∞: (4:2:1) Ŋăąń¿ďăěšś£ śńşůăľŋżľ ćěłšőřŋżľ ŕřőűěśś {y(fi); 0 ≤ fi ≤ t} řăğňěřŋőśšĺ m ≤ n

y(fi) = C(fi)x(fi) + w(fi); (4:2:2)

čďě F (fi) , G(fi) ĺ C(fi) | ňăšřĺűż śőőšćěšśšćş¿źĺţ řăğňěřŋőśšěľ. İńěňěŋšż ňăšřĺű G(fi) ĺ C(fi) | čńăďłĺě ťşŋłűĺĺ, ă ňăšřĺűż F (fi) | łşśőůŋő-ŋěŕřěřżćŋżě. Řěÿěŋĺě ğăďăůĺ Łőÿĺ ŕőŋĺňăěšś£ ć śňżśńě őŕřěďěńěŋĺ£ 1.6 (śň. śšř. 12), ă řăćěŋśšćő ć (4.2.1) { ć śňżśńě ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă. Ÿşň w(fi) ŕřěďŕőńăčăěšś£ ůĺśšő űćěšŋżň, šő ěśšĳ ćśě ¡ńěňěŋšż ěčő łőćăřĺăűĺőŋŋőľ ňăšřĺűż Kw(fi; ff) = M[w(fi)wš(ff)]; ff ∈ [0; t] ŕřĺŋăďńěęăš ďěłăřšőćş ŕřőĺğćěďěŋĺ¿ L_2[0; t] × L_2[0; t] , ă łőňŕőŋěŋšż ěčő řěăńĺğăűĺľ ś ćěřő- £šŋőśšĳ¿ 1 { ŕřőśšřăŋśšćş ĺŋšěčřĺřşěňżţ ś łćăďřăšőň ŋă [0; t] ťşŋłűĺľ.

Šřěąşěšś£ ŋăľšĺ ŕőśńěďőćăšěńĳŋőśšĳ n {ňěřŋżţ ćěłšőřőć

{^x_¸(t) ≡ t∫

0 h_¸(t; fi)y(fi) dfi }_{¸>0} (4:2:3)

4.2 Űćěšŋőľ ÿşň ć ŋăąń¿ďěŋĺ£ţ 65

ś ňăšřĺűăňĺ h¸(t; fi); ćśě ¡ńěňěŋšż łőšőřżţ ŕřĺ ń¿ąőň ¸ > 0 ŕřĺŋăďńěęăš ŕőğĺšĺćŋőňş ŕřőśšřăŋśšćş W^1_2 [0; t] , ĺ šăłş¿, ůšő lim̧_{→0} M[(z; x(t) − ^x¸(t))^2n] = m(t); ∀z ∈ En; (4:2:4) čďě m(t) = inf_h {M[(z; x(t) − ^x(t))^2_n] | ^x(t) = t∫

0 h(t; fi)y(fi) dfi }; (4:2:5)

ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ňăšřĺűăň h(t; fi) ś ¡ńěňěŋšăňĺ ĺğ W^1_2 [0; t] ŕő ŕěřěňěŋŋőľ fi . Ÿşňż u(fi) , w(fi) ĺ śńşůăľŋżľ ćěłšőř x_0 ĺňě¿š ŋşńěćżě śřěďŋĺě ĺ ŋěłőřřěńĺřőćăŋż ňěęďş śőąőľ, ŕřĺůěň M[u(fi)u^š(ff)] = Q(fi)‹(fi − ff); M[w(fi)w^š(ff)] = K_w(fi; ff); M[x_0x^š_0 ] = P_0;

ňăšřĺűż Q(fi) ĺ P_0 | śĺňňěšřĺůěśłĺě ĺ ŋěőšřĺűăšěńĳŋő őŕřěďěńěŋż, ¡ńěňěŋšż ňăšřĺűż Q(fi) | čńăďłĺě ťşŋłűĺĺ.

2. Ă ń č ő ř ĺ š ň ř ě ÿ ě ŋ ĺ £ ğ ă ď ă ů ĺ.

Ŕşśšĳ {’i(fi)}^∞i_{=1} | ŕřőĺğćőńĳŋżľ őřšőčőŋăńĳŋżľ ąăğĺś ć L_2[0; t] ĺ

K_N (fi; ff) = N∑ i;j=1

’_i(fi)C_{ij}’_j(ff) = M^š_N (fi)A_N M_N (ff);

čďě Cij | ňăšřĺűă, śőśšő£źă£ ĺğ łő¡ťťĺűĺěŋšőć Ťşřĳě ¡ńěňěŋšőć ňăšřĺűż Kw(fi; ff) : M^š_N (fi) = [’_1(fi)I_m ’_2(fi)I_m · · · ’_N (fi)I_m];

I_m | m {ňěřŋă£ ěďĺŋĺůŋă£ ňăšřĺűă,

A_N =

C_{11} C_{12} · · · C_{1N} C_{21} C_{22} · · · C_{2N} · · · · · · · · · · · · C_{N1} C_{N2} · · · C_{NN} :

Ććěďěň őąőğŋăůěŋĺ£: W (t) = [ B(t) 0 0 AN ] ; V (fi) = [C(fi)Z(fi) M^š_N (fi)] , Z(fi) | ňăšřĺűă, śšőńąűż łőšőřőľ £ćń£¿šś£ ńĺŋěľŋő ŋěğăćĺśĺňżňĺ řěÿěŋĺ£ňĺ śĺšěňż dx(fi) dfi = F (fi)x(fi);

B(t) = Z^{−1}(0)P_0{Z^{−1}(0)}^š + t∫

0 Z^{−1}(fi)G(fi)Q(fi)G^š(fi){Z^{−1}(fi)}^šdfi:

Šěőřěňă 4.8 Śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ ťşŋłűĺľ {^x¸(t)}¸>0 ćĺďă (4.2.3), čďě ŕăřăňěšř ¸ =

= ¸(N) ŕőďąĺřăěšś£ ďń£ łăęďőčő N ć śőőšćěšśšćĺĺ ś šěőřĺěľ řěčşń£řĺğăűĺĺ, ŕřĺůěň ŕőśńěďőćăšěńĳŋőśšĳ {^x¸(t)}¸>_0 šăłă£, ůšő ćżŕőńŋ£ěšś£ (4.2.4). Ďń£ łăęďőľ ŕăřż (¸; N) ćěłšőř-ťşŋłűĺ£ ^x¸(t) = ^x¸_(N_)(t) şďőćńěšćőř£ěš ńĺŋěľŋőňş ćěłšőřŋőňş ďĺťťěřěŋűĺăńĳŋőňş şřăćŋěŋĺ¿ d^x_¸(t) dt = F (t)^x^¸(t) + ¸^{−1}[Q^1(t)C^š(t) + Q^2(t)M^N (t)][y(t) − V (t)v^¸(t)]; ^x^¸(0) = 0: (4:2:6) Ćěłšőř v¸(t) £ćń£ěšś£ řěÿěŋĺěň ńĺŋěľŋőčő ćěłšőřŋőčő ďĺťťěřěŋűĺăńĳŋőčő şřăćŋěŋĺ£ dv_¸(t)

dt = ¸^{−1}[V (t)P^1(t) + V (t)W (t)]^š[y(t) − V (t)v^¸(t)]; v_¸(0) = 0;

(4:2:7)

ŕřĺůěň dP_1(t) dt = −¸^{−1}[V (t)P^1(t) + V (t)W (t)]^š[V (t)P^1(t) + V (t)W (t)]; P (0) = 0:

(4:2:8)

66 4 Řěčşń£řĺğőćăŋŋżě ńĺŋěľŋżě ťĺńĳšřż

Ňăšřĺűż Q_1(t) ĺ Q_2(t) £ćń£¿šś£ ąńőłăňĺ śĺňňěšřĺůěśłőľ ňăšřĺűż

P_2(t) = [ Q_1(t) Q_2(t) Q^š_2 (t) Q_3(t) ] ; şďőćńěšćőř£¿źěľ ňăšřĺůŋőňş ďĺťťěřěŋűĺăńĳŋőňş şřăćŋěŋĺ¿

dP_2(t) dt = [ F (t) 0 0 0 ] P_2(t) + P_2(t) [ F^š(t) 0 0 0 ] + [ G(t)Q(t)G^š(t) 0 0 0 ] − −¸_{−1}P_2(t)[C(t) M^š_N (t)]^š[C(t) M^š_N (t)]P_2(t); (4:2:9)

P_2(0) = [ P_0 0 0 AN ] : Šăłĺň őąřăğőň, ăńčőřĺšň ŕőśšřőěŋĺ£ őűěŋłĺ ^x¸(t) śńşůăľŋőčő ŕřőűěśśă x(t) ŕřĺ ťĺłśĺřőćăŋŋżţ ¸ ĺ N ŕřĺŋĺňăěš śńěďş¿źĺľ ćĺď.

Şřăćŋěŋĺě ńĺŋěľŋőčő ťĺńĳšřă { ¡šő ďĺťťěřěŋűĺăńĳŋżě şřăćŋěŋĺ£ (4.2.6) ĺ (4.2.7). Ŋěĺğćěśšŋżě łő- ¡ťťĺűĺěŋšż ¡šĺţ şřăćŋěŋĺľ ŋăţőďĺň, řěÿă£ ňăšřĺůŋżě şřăćŋěŋĺ£ (4.2.8) ĺ (4.2.9) šĺŕă Řĺłłăšĺ. Ŋă ¡šőň ğăłăŋůĺćă¿šś£ ŕřěďćăřĺšěńĳŋżě ćżůĺśńěŋĺ£. Ŕőśńě ¡šőčő ŕőśšşŕă¿źĺě ŋăąń¿ďěŋĺ£ y(t) śŋăůăńă ŕőďăěň ŋă ćţőď ńĺŋěľŋőľ śĺśšěňż (4.2.7) ĺ őŕřěďěń£ěň ćěłšőř v¸(t) . Ğăšěň ¡šőš ćěłšőř ĺ ŋăąń¿ďěŋĺ£ y(t) ŕőďśšăćń£ěň ć (4.2.6) ĺ ŋăţőďĺň őűěŋłş ^x_¸(t) .

Ŕőďřőąŋőě őąőśŋőćăŋĺě ăńčőřĺšňă ďăŋő ć [12], [25, śšř. 105-136].

5 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£. Ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ

Ć řăąőšăţ [16, 25, 3] ĺ řăğďěńě 4 őšňěůěŋő, ůšő ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ (ğăďăůă ŕőśšřőěŋĺ£ őŕšĺňăńĳŋőľ ć śňżśńě ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ ńĺŋěľŋőľ őűěŋłĺ śńşůăľŋőčő ŕřőűěśśă) ŕřĺ ŋăńĺůĺĺ űćěšŋőčő ÿşňă ć ŋăąń¿ďěŋĺ£ţ ŋěłőřřěłšŋő ŕőśšăćńěŋă. Ďń£ ěě řěÿěŋĺ£ řăğřăąőšăŋ řěčşń£řĺğĺřş¿źĺľ ăńčőřĺšň, łőšőřżľ ŕřĺćőďĺš ł řěčşń£řĺğőćăŋŋőňş ťĺńĳšřş Łăńňăŋă-Ąĳ¿śĺ. Ăńčőřĺšň őśŋőćăŋ ŋă ĺďěě řěčşń£řĺğăűĺĺ şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă, ă ĺňěŋŋő, ćňěśšő şřăćŋěŋĺ£

Bu = f (5:0:1)

řăśśňăšřĺćăěšś£ řěčşń£řĺğőćăŋŋőě şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă

Bu_¸ + ¸u_¸ = f; ¸ > 0; (5:0:2)

čďě ¸ - ŕăřăňěšř řěčşń£řĺğăűĺĺ.

Řěÿěŋĺě u¸ şřăćŋěŋĺ£ (5.0.2) ďőśšăćń£ěš ňĺŋĺňşň ťşŋłűĺőŋăńş

’(u) = ‖Bu − f‖^2_0 + ¸⟨u; Bu⟩; ¸ > 0 (5:0:3)

ĺ őŕřěďěń£ěš ĺňŕşńĳśŋş¿ ŕěřěţőďŋş¿ ňăšřĺűş-ťşŋłűĺ¿ ńĺŋěľŋőčő őŕšĺňăńĳŋőčő ťĺńĳšřă. Ŕőśńěďőćăšěńĳŋőśšĳ {u¸(t; fi)}¸>_0 řěÿěŋĺľ (5.0.2) ŕřĺ ¸ → 0 śţőďĺšś£ ł ĺňŕşńĳśŋőľ ŕěřěţőďŋőľ ťşŋłűĺĺ u_0(t; fi) , şďőćńěšćőř£¿źěľ şřăćŋěŋĺ¿ (5.0.1) (śň. šěőřěňş 4.3) ĺ ğăďă¿źěľ řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ (šěőřěňă 4.4).

Ć ĺğńőęěŋŋőň ć řăğďěńě 4.1 ăńčőřĺšňě ğŋăŋĺě ĺňŕşńĳśŋőľ ŕěřěţőďŋőľ ťşŋłűĺĺ, ă śńěďőćăšěńĳŋő, ĺ řěÿěŋĺ£ şřăćŋěŋĺ£ (5.0.2) ŋě šřěąşěšś£, ŕřĺ ¡šőň śńăąőľ śţőďĺňőśšĺ {u¸(t; fi)}¸>_0 → u_0(t; fi) ŕřĺ ¸ → 0 ďőśšăšőůŋő ďń£ śřěďŋěłćăďřăšĺůěśłőľ śţőďĺňőśšĺ řěčşń£řĺğőćăŋŋżţ őűěŋőł ł řěÿěŋĺ¿ ğăďăůĺ ťĺńĳšřăűĺĺ (šěőřěňă 4.4, śň. śšř. 62).

5.1 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ

Ć ¡šőň řăğďěńě ŕřĺćőďĺšś£ šěőřěňă ő śţőďĺňőśšĺ őűěŋőł ĺ ŕőńşůěŋż őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ć śńşůăě ŕřĺąńĺęěŋŋőčő ğăďăŋĺ£ ĺśţőďŋżţ ďăŋŋżţ ŕřĺ ĺśŕőńĳğőćăŋĺĺ řěčşń£řĺğĺřş¿źěčő ăńčőřĺšňă, ŕřĺćěďěŋŋőčő ć řăğďěńě 4.1.

Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ. Ŕşśšĳ ŋěłőšőřżľ ćěłšőřŋżľ n {ňěřŋżľ śńşůăľŋżľ ŕřőűěśś x(fi) ( 0 ≤ fi ≤ t < ∞ ) čěŋěřĺřşěšś£ śĺśšěňőľ

dx(fi) dfi = F (fi)x(fi) + G(fi)u(fi); x(0) = x_0; (5:1:1)

čďě u(fi) - ąěńżľ čăşśśőćśłĺľ ÿşň śő śńěďş¿źĺňĺ śšăšĺśšĺłăňĺ:

M[u(fi)] = 0; M[u(fi)u^š(ff)] = Q(fi)‹(fi − ff); Q(fi) = Q^š(fi); Q(fi) ≥ 0 , fi; ff ∈ [0; t]; x_0 | śńşůăľŋżľ čăşśśőćśłĺľ ćěłšőř, M[x_0] = 0; M[x_0xš_0 ] = P_0; P_0 = P š_0 ; P_0 ≥ 0; M[u(fi)xš_0 ] = 0: Řăćěŋśšćő (5.1.1) ŕőŋĺňăěšś£ ć śňżśńě ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă.

Ŋăąń¿ďăěšś£ m {ňěřŋżľ ŕřőűěśś {y(fi); 0 ≤ fi ≤ t}; ść£ğăŋŋżľ ś x(fi) śőőšŋőÿěŋĺěň

y(fi) = C(fi)x(fi) + w(fi); (5:1:2)

čďě C(fi) | ňăšřĺűă ŋăąń¿ďěŋĺľ, w(fi) | čăşśśőćśłĺľ ćżřőęďěŋŋżľ ąěńżľ ÿşň,

M[w(fi)] = 0; M[w(fi)u^š(ff)] = 0; M[w(fi)x^š_0 ] = 0; M[w(fi)w^š(ff)] = [ 0 0 0 R(fi) ] ‹(fi − ff);

68 5 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ĺ ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ čďě R(fi) | ňăšřĺűă ĺŋšěŋśĺćŋőśšĺ q {ňěřŋőčő ąěńőčő čăşśśőćśłőčő ÿşňă, R(fi) > 0; R(fi) = Rš(fi) ( 0 ≤ q ≤ m ≤ n ).

Ćňěśšő ňŋőęěśšćă ĺśţőďŋżţ ďăŋŋżţ ´ = {F (fi); G(fi); Q(fi); P_0; C(fi); R(fi)} ĺğćěśšŋă śőćőłşŕŋőśšĳ ĺţ ŕřĺąńĺęěŋĺľ ´" = {F"(fi); G"(fi); Q"(fi); P_0"; C"(fi); R"(fi)}:

Ňăšřĺűż Q"(fi); P_0" ĺ R"(fi) | śĺňňěšřĺůěśłĺě ĺ ŋěőšřĺűăšěńĳŋő őŕřěďěńěŋŋżě. Ňŋőęěśšćő ´" šăłőćő, ůšő śŕřăćěďńĺćő śőőšŋőÿěŋĺě:

maxi {‖Ii − Ii"‖; Ii ∈ ´; Ii" ∈ ´"} ≤ "; (5:1:3) čďě " > 0 | ŋěłőšőřă£ łőŋśšăŋšă, ‖ · ‖ | ňăšřĺůŋă£ ŋőřňă ć L_2[0; t] .

Šřěąşěšś£ ŕő ŋăąń¿ďěŋĺ£ň {y(fi); 0 ≤ fi ≤ t} ŕőśšřőĺšĳ ŕőśńěďőćăšěńĳŋőśšĳ őűěŋőł {^x"¸(fi)}¸>_0 ŕřőűěśśă x(fi) ć šőůłě fi = t , şďőćńěšćőř£¿źş¿ śőőšŋőÿěŋĺ¿ lim̧_{→0} lim"_{→0} M[(z; x(t) − ^x"¸(t))^2n] = m(t); (5:1:4) čďě m(t) = inf_h {M[(z; x(t) − t∫

0 h(t; fi)y(fi) dfi)^2_n]; h^š(t; fi)z ∈ W^1_2 [0; t]};

z | ŕřőĺğćőńĳŋżľ ¡ńěňěŋš ĺğ E_n , h(t; fi) | ĺňŕşńĳśŋă£ ŕěřěţőďŋă£ ňăšřĺűă, ĺŋšěčřăń ć ŕőśńěďŋěň ćżřăęěŋĺĺ ŕőŋĺňăěšś£ ć śňżśńě (1.1.11).

Šěőřěňă 5.1 Ŕőśńěďőćăšěńĳŋőśšĳ őűěŋőł {^x"¸(fi)}¸>0; ďń£ łőšőřżţ ćżŕőńŋ£ěšś£ (5.1.4), ňőęěš

ążšĳ ŋăľďěŋă ĺğ şřăćŋěŋĺ£ ^x"¸(fi) dfi = F"(fi)^x"¸(fi) + P"(fi)Cš" (fi)S^{−1}"¸ (fi)[y(fi) − C"(fi)^x(fi)]; ^x"¸(0) = 0;

čďě P"(fi) şďőćńěšćőř£ěš ňăšřĺůŋőňş şřăćŋěŋĺ¿ Řĺłłăšĺ

dP_"(fi)

dfi = P^"(fi)F^{š"} (fi) + F^"(fi)P^"(fi) + G^"(fi)Q^"(fi)G^{š"} (fi) − P^"(fi)C^"(fi)S^{−1"¸} (fi)C^{š"} (fi)P^"(fi); P^"(0) = P^{0"}; S_{"¸}(fi) = [ ¸I_{m−q} 0

0 ¸Iq + R"(fi) ] ; I_{m−q} , I_q | ěďĺŋĺůŋżě ňăšřĺűż řăğňěřă (m − q) × (m − q) ĺ q × q śőőšćěšśšćěŋŋő, ¸ > 0 | ŕăřăňěšř řěčşń£řĺğăűĺĺ.

Ďőłăğăšěńĳśšćő šěőřěňż ăŋăńőčĺůŋő ďőłăğăšěńĳśšćş šěőřěňż 4.4, ŕřĺ ¡šőň

^x"¸(t) = t∫

0 Dh_{"¸}(t; fi)j^∗y(fi) dfi; (5:1:5)

ğďěśĳ h"¸(t; fi) | řěÿěŋĺě şřăćŋěŋĺ£ Ćĺŋěřă- Ţőŕťă

K_{x"}(t; ff)C^š_" (ff) = t∫

0 h_{"¸}(t; fi)C_"(fi)K_{x"}(fi; ff)C^š_" (ff) dfi + h_{"¸}(t; ff)S_{"¸}(ff); (5:1:6)

čďě Kx"(fi; ff) = M[x"(fi)xš" (fi)] , x"(fi) | řěÿěŋĺě ďĺťťěřěŋűĺăńĳŋőčő şřăćŋěŋĺ£ (5.1.1) ś ĺśţőďŋżňĺ ďăŋŋżňĺ ´" . Şřăćŋěŋĺě (5.1.6) ňőęŋő ğăŕĺśăšĳ ć ćěłšőřŋőľ ťőřňě B"u_{"¸} + ¸u_{"¸} = f_"; (5:1:7)

5.1 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ 69 čďě u_{"¸}(t; fi) = h^š_{"¸}(t; fi)z; f_"(t; ff) = C_"(ff)K^š_{x"}(t; ff)z; z ∈ E_n;

B"u = t∫

0 C_"(ff)K^š_{x"}(fi; ff)C^š_" (fi)u(fi) dfi + [ 0 0 0 R"(fi) ]š u(fi): (5:1:8)

Řěÿěŋĺě şřăćŋěŋĺ£ (5.1.7) ňĺŋĺňĺğĺřşěš ťşŋłűĺőŋăń ’_"(u) = ‖B_"u − f_"‖^2_0 + ¸⟨u; B_"u⟩:

Ĺňěěš ňěśšő

Šěőřěňă 5.2 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ğăďă¿šś£ ŋěřăćěŋ-

śšćăňĺ

M[(z; x(t) − ^x_{"¸}(t))^2_n] ≤ M[(z; x(t) − ^x_¸(t))^2_n] + 2

"^2_f + "^2_B ‖u_{"¸}‖^2_{−10} ¸ → m(t); ¸ → 0; " → 0; "^2 ¸ → 0; (5:1:9) čďě "_f = "‖K_{x"}‖ + (" + ‖C_"‖)"_x; "_B = "(1 + ‖K^š_{x"}C^š_" ‖) + (" + ‖C_"‖)["_x‖C_"‖ + ("_x + ‖K_{x"}‖)"];

"_x = "_ffi|P_{0"}|‖˘_"‖ + ("_ffi‖˘_"‖){"‖˘_"‖ + (" + |P_{0"}|)"_ffi} + "_ffi‖G_"Q_"G^š_" ‖‖˘_"‖+ + [ "‖Q_"G^š_" ‖‖˘_"‖ + (" + ‖G_"‖ ( "‖G_"‖‖˘_"‖ + (" + ‖Q_"‖)("‖˘_"‖ + (" + ‖G_"‖)"_ffi) )] ("ffi + ‖˘"‖);

"^2_ffi = 2"^2e^{ct}‖˘_"‖; c > 0; c = const;

˘"(fi; ff) | ťşŋďăňěŋšăńĳŋă£ ňăšřĺűă řěÿěŋĺľ śĺśšěňż (5.1.1) ś ĺśţőďŋżňĺ ďăŋŋżňĺ ´" .

Ěśńĺ ćżŕőńŋ£¿šś£ şśńőćĺ£ ńěňňż 3.2, šő ćěřŋż śőőšŋőÿěŋĺ£ c_0‖u‖^2_{−10} ≤ ⟨u; Bu⟩ ≤ c_1‖u‖^2_{−10};

čďě c_0 ĺ c_1 | ŕőńőęĺšěńĳŋżě łőŋśšăŋšż ĺ őűěŋłĺ ŕřĺŋĺňă¿š ćĺď: M[(z; x(t) − ^x_{"¸}(t))^2_n] ≤ { √ m(t) + √ ¸c^′‖K_x‖‖C‖‖z‖_n+ + √ 2 ¸ √ ("^2f + "^2B‖P_^x"¸‖‖z‖^2n }^2 → 0; ěśńĺ ¸ → 0; " → 0; "^2 ¸ → 0; (5:1:10) ĺńĺ M[(z; x(t) − ^x_{"¸}(t))^2_n] ≤ { √ m(t) + √ ¸c^′("_x + ‖K_{x"}‖)(" + ‖C_"‖)‖z‖_n+ + √ 2 ¸ √ ("^2f + "^2B‖P_^x"¸‖‖z‖^2n }^2 → 0; ěśńĺ ¸ → 0; " → 0; "^2¸ → 0; (5:1:11) čďě P_^x"¸(t) = M[^x"¸(t)^xš"¸(t)] .

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ć ćżřăęěŋĺĺ (t) = M[(z; x(t) − ^x"¸(t))^2n] ŕřĺąăćĺň ĺ ćżůšěň ^x¸(t) ŕőď ğŋăłőň śłăń£řŋőčő ŕřőĺğćěďěŋĺ£, šőčďă, ĺśŕőńĳğş£ ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő, ŕőńşůăěň (t) ≤ M[(z; x(t) − ^x_¸(t))^2_n] + M[(z; ^x_¸(t) − ^x_{"¸}(t))^2_n]+ +2{M[(z; x(t) − ^x¸(t))^2n]M[(z; ^x¸(t) − ^x"¸(t))^2n]}^1=^2; (5:1:12) ğďěśĳ ^x¸(t) | řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ŕřĺ šőůŋżţ ĺśţőďŋżţ ďăŋŋżţ,

^x¸(t) = t∫

0 Dh_¸(t; fi)j^∗y(fi) dfi; (5:1:13)

h_¸(t; fi) { şďőćńěšćőř£ěš şřăćŋěŋĺ¿

K_x(t; ff)C^š(ff) = t∫

0 h_¸(t; fi)C(fi)K_x(fi; ff)C^š(ff) dfi + h_¸(t; ff)S_¸(ff); (5:1:14)

70 5 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ĺ ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ

K_x(fi; ff) = M[x(fi)x^š(ff)] , x(fi) | řěÿěŋĺě (5.1.1). Ďń£ šőůŋżţ ďăŋŋżţ şřăćŋěŋĺě (5.1.14) ĺňěěš ćĺď: Bu_¸ + ¸u_¸ = f: (5:1:15) Őűěŋĺň ćżřăęěŋĺě M[(z; ^x¸(t) − ^x"¸(t))^2n] .

Şůĺšżćă£ ŕřěďśšăćńěŋĺ£ (5.1.5) ĺ (5.1.13) ďń£ ^x"¸(t) , ^x¸(t) ĺ őąőğŋăůěŋĺ£ (5.1.8), ŋăţőďĺň, ůšő M[(z; ^x_¸(t) − ^x_{"¸}(t))^2_n] = ⟨u_¸ − u_{"¸}; B(u_¸ − u_{"¸})⟩:

Ćżůšěň ĺğ (5.1.7) şřăćŋěŋĺě (5.1.15). Šőčďă B´u_¸ + ¸´u_¸ = f_" − f + (B − B_")u_{"¸}; ´u_¸ = u_{"¸} − u_¸;

řěÿěŋĺě ¡šőčő şřăćŋěŋĺ£ ďőśšăćń£ěš ňĺŋĺňşň ťşŋłűĺőŋăńş L(u) = ‖Bu − {f_" − f + (B − B_")u_{"¸}}‖^2_0 + ¸⟨u; Bu⟩; u ∈ W^{−1}_{20} [0; t]:

Śŕřăćěďńĺćő ŋěřăćěŋśšćő L(´u¸) ≤ L(0); ĺğ łőšőřőčő śńěďşěš, ůšő

¸⟨´u_¸; B´u_¸⟩ ≤ ‖f_" − f + (B − B_")u_{"¸}‖^2_0 ≤ 2(‖f_" − f‖^2_0 + ‖B − B_"‖^2‖u_{"¸}‖^2_{−10}); (5:1:16) čďě ‖u"¸‖_{−10} | ŋőřňă ć W^{−1}_{20} [0; t] , ă ‖ · ‖ | őŕěřăšőřŋă£ ŋőřňă: ‖B‖ = sup u {⟨u; Bu⟩| u ∈ W^{−1}_{20} [0; t]; ‖u‖_{−10} = 1}:

Őűěŋĺň ŋőřňż ‖f" − f‖_0 ĺ ‖B − B"‖ . Šăł łăł f_"(t; ff) − f(t; ff) = {[C_"(ff) − C(ff)]K^š_{x"}(t; ff) − C(ff)[K_{x"}(t; ff) − K_x(t; ff)]^š}z ĺ ‖C"(ff) − C(ff)‖ < "; šő ‖f_" − f‖_0 ≤ "‖K_{x"}‖ + (" + ‖C_"‖)‖K_{x"} − K_x‖‖z‖_n; (5:1:17)

čďě ‖ · ‖ = t∫

0 | · |^2 dfi 1=2 ; ă | · |^2 { śşňňă łćăďřăšőć ¡ńěňěŋšőć ňăšřĺűż.

Ŕő ťőřňşńě Łőÿĺ ĺğ (5.1.1) ĺňěěň: x(t) = ˘(t; 0)x_0 +^t ∫ 0 ˘(t; fi)G(fi)u(fi) dfi;

x_"(t) = ˘_"(t; 0)x_{0"} +^t ∫ 0 ˘"(t; fi)G"(fi)u"(fi) dfi;

(5:1:18)

ŕřĺůěň d˘(t; fi)

dt = F (t)˘(t; fi); ˘(fi; fi) = I; d˘_"(t; fi)

dt = F^"(t)˘^"(t; fi); ˘^"(fi; fi) = I;

(5:1:19)

I | ěďĺŋĺůŋă£ ňăšřĺűă. Ĺśŕőńĳğş£ (5.1.18), (5.1.19), ŋăţőďĺň ćżřăęěŋĺě ďń£ řăğŋőśšĺ łőćăřĺăűĺőŋŋżţ ňăšřĺű śńşůăľŋżţ ŕřőűěśśőć x(fi) ĺ x"(fi) :

K_{x"}(fi; ff) − K_x(fi; ff) = ˘_"(fi; 0)P_{0"}˘^š_" (ff; 0) − ˘(fi; 0)P_0˘(ff; 0)+ + min(fi;ff) ∫ 0 ˘"(fi; s)G"(s)Q"(s)Gš" (s)˘š" (ff; s) ds −

min(fi;ff) ∫ 0 ˘(fi; s)G(s)Q(s)Gš(s)˘š(ff; s) ds:

Ŕřĺňěŋ££ ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő ł ćżÿě ŕřĺćěďěŋŋőňş ćżřăęěŋĺ¿, ŕőśńě ŋěśńőęŋżţ ŕřěőąřăğőćăŋĺľ ŕőńşůăěň

‖K_{x"} − K_x‖ ≤ |˘_"(t; 0) − ˘(t; 0)| |P_{0"}| |˘_"(t; 0)| + |˘_"(t; 0)|{"|˘_"(t; 0)| + |P_0| |˘_"(t; 0) − ˘(t; 0)|}+

5.1 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ 71

+‖˘" − ˘‖‖G"Q"Gš" ‖‖˘"‖ + ‖˘"‖ ( "‖Q_"G^š_" ‖‖˘_"‖ + ‖G‖["‖G_"‖‖˘_"‖ + ‖G‖‖˘_" − ˘‖] ) : (5:1:20)

Ďăńěě őűěŋĺň ŋőřňş řăğŋőśšĺ ‖˘"(t; fi) − ˘(t; fi)‖:

Ććěďěň őąőğŋăůěŋĺ£ ¯(t; ff) = ˘"(fi; ff) − ˘(fi; ff): Śŕřăćěďńĺćő şřăćŋěŋĺě

d¯(fi; ff)

dfi = F (fi)¯(fi; ff) + {F^"(fi) − F (fi)}˘^"(fi; ff);

¯(ff; ff) = 0; ¯(fi; ff) = 0 ŕřĺ fi < ff:

(5:1:21)

Şňŋőęĺň (5.1.21) ŋă ŕřőĺğćőńĳŋżľ ěďĺŋĺůŋżľ ćěłšőř z ∈ En ; őąőğŋăůĺň v(fi; ff) = ¯(fi; ff)z , g(fi; ff) = ˘_"(fi; ff)z; šőčďă (5.1.21) ŕřĺňěš ćĺď

dv(fi; ff) dfi = F (fi)v(fi; ff) + {F"(fi) − F (fi)}g(fi; ff);

v(ff; ff) = 0; v(fi; ff) = 0 ŕřĺ fi < ff: Śŕřăćěďńĺćă őűěŋłă ‖ ‖ ‖ ‖ dv dfi ‖ ‖ ‖ ‖_{−1} t ≤ ‖F v‖_{−1t} + ‖(F_" − F )g‖_{−1t}:

Ćőğćěďěň ć łćăďřăš őąě ůăśšĺ ¡šőľ őűěŋłĺ ĺ, ĺśŕőńĳğş£ ĺğćěśšŋőě ŋěřăćěŋśšćő |2ab| ≤ a^2 + b^2; ŕőńşůăěň ‖ ‖ ‖ ‖ dv dfi ‖ ‖ ‖ ‖ 2 −1t ≤ 2(‖F v‖^2_{−1}t + ‖(F" − F )g‖^2_{−1}t);

čďě őŕěřăšőř d:dfi ≡ D^∗t őŕřěďěńěŋ ŋă L_2[0; t] ĺ ďěľśšćşěš ć W^{−1}_2t [0; t] , ŕřĺůěň ‖D^∗t v‖_{−1}t = ‖v‖_0 ďń£ ń¿ążţ v ∈ L_2[0; t] [25]. Šăł łăł ŕő ŕőśšřőěŋĺ¿ ¡ńěňěŋšż ňăšřĺű ˘_"(fi; ff); ˘(fi; ff) ĺ v(fi; ff) ŕřĺŋăďńěęăš ŕő őąőĺň ăřčşňěŋšăň L_2[0; t] , šő

‖v‖^2_0 ≤ 2(‖F v‖^2_{−1t} + ‖(F_" − F )g‖^2_{−1t}); (5:1:22)

ă ŋőřňş ‖F v‖^2_{−1}t ňőęŋő őűěŋĺšĳ śńěďş¿źĺň őąřăğőň

‖F v‖^2_{−1t} ≤ ś_1 t∫

0

t∫

0 |v(fi; s)|^2 dsdfi; ś_1 = lim_{t→∞} t∫

0 |F (s)|^2 ds: (5:1:23)

Ŋěřăćěŋśšćő (5.1.23) śńěďşěš ĺğ őŕřěďěńěŋĺ£ ŋőřňż ć ŋěčăšĺćŋőň ŕřőśšřăŋśšćě

‖F v‖_{−1t} = sup_y {| t∫

0 y^š(s)F (s)v(s; ff) ds|; y ∈ W^1_{2t}[0; t]; ‖y‖_{1t} = 1}

ĺ śőőšŋőÿěŋĺľ | t∫

0 y^š(s)F (s)v(s; ff) ds| = | t∫

0 y^š(s) d ds t∫

0 F (fi)v(fi; ff) dfids| =

= | − t∫

0 dy^š(s) ds s∫

0 F (fi)v(fi; ff) dfids| ≤ ‖ ‖ ‖ ‖ dy ds ‖ ‖ ‖ ‖_0 t∫

0 | s∫

0 F (fi)v(fi; ff) dfi |^2 ds 1=2 ≤

≤ ‖y‖_{1t} t∫

0

s∫

0 |F (fi)|^2dfi s∫

0 |v(fi; ff)|^2dfi ds 1=2 ≤ √ c_1‖y‖_{1t} t∫

0

s∫

0 |v(fi; ff)|^2 dfids 1=2 : Šőčďă (5.1.22), ś şůěšőň (5.1.23), ğăŕĺÿěšś£ ć ćĺďě

‖v‖^2_0 ≤ 2ś_1 t∫

0

s∫

0 |v(fi; ff)|^2 dfids + 2‖(F_" − F )g‖^2_{−1t}: (5:1:24)

72 5 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ĺ ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ Ďń£ ŋěřăćěŋśšćă (5.1.24) śŕřăćěďńĺćă ńěňňă Čřăŋşőńńă: ěśńĺ %(t) ĺ ff(t) ŋěőšřĺűăšěńĳŋżě ťşŋłűĺĺ, ďń£ łőšőřżţ ćżŕőńŋ£ěšś£ ŋěřăćěŋśšćő

%(t) ≤ c t∫

0 %(s) ds + ff(t); c = const; c > 0;

šő ĺňěěš ňěśšő ŋěřăćěŋśšćő %(t) ≤ ectff(t) .

Šăłĺň őąřăğőň, śŕřăćěďńĺćż śőőšŋőÿěŋĺ£ ‖v‖^2_0 ≤ 2ě^{2ct}‖(F_" − F )g‖^2_{−1t} ≤ 2"^2‖g‖^2_{−1t}ě^{2ct};

ćěřŋżě ďń£ ń¿ążţ z ∈ En; ă ğŋăůĺš, ćěřŋă őűěŋłă ‖F_" − F ‖^2 ≤ 2"^2ě^{2ct}‖˘_"‖^2 = "^2_Φ → 0 ŕřĺ " → 0;

čďě c = 4(" + limt_{→∞} t∫

0 |F_"(fi)|^2 dfi)): Ĺğ ¡šőčő ŋěřăćěŋśšćă ĺ őűěŋőł ‖Q‖ ≤ "+ +‖Q_"‖; ‖G‖ ≤ " + ‖G_"‖ śńěďşěš, ůšő ‖K_{x"} − K_x‖ ≤ "_Φ|P_{0"}| ‖˘_"‖ + ("_Φ + ‖˘_"‖){"‖˘_"‖ + (" + |P_{0"}|)"_Φ}+ +("_Φ + ‖˘"‖) ( "‖Q_"G^š_" ‖‖˘_"‖ + (" + ‖G_"‖) [ "‖G_"‖‖˘_"‖+ +(" + ‖Q"‖)["‖˘"‖ + (" + ‖G"‖)"_Φ] ]) = "x → 0 ŕřĺ " → 0; (5:1:25) ś şůěšőň (5.1.25) őűěŋłş (5.1.17) ňőęŋő ğăŕĺśăšĳ ć ćĺďě ‖f_" − f‖ ≤ "‖K_{x"}‖ + (" + ‖C_"‖)"_x = "_f → 0 ŕřĺ " → 0: (5:1:26) Őűěŋĺň ŋőřňş ‖B" − B‖ . Őąőğŋăůĺň: ´Su = [S"(ff) − S(ff)]u(ff) , S_"(ff) = [ 0 0 0 R"(ff) ] ; S(ff) = [ 0 0 0 R(ff) ] ;

´Bu = t∫

0 [C"(ff)Kšx"(fi; ff)Cš" (fi) − C(ff)Kšx (fi; ff)Cš(fi)]u(fi) dfi

ĺ őŕřěďěńĺň őűěŋłĺ ŋőřň ‖´S‖ ĺ ‖´B‖: Ŕő őŕřěďěńěŋĺ¿ őŕěřăšőřŋőľ ŋőřňż ‖´S‖ = sup_u { |(u; ´Su)_0|

‖u‖^2_0 ; u ∈ L^2[0; t]; ‖u‖^0 ≠ 0 } : (5:1:27) Ŕřĺňěŋ££ ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő ł ůĺśńĺšěń¿ (5.1.27) ĺ şůĺšżćă£ (5.1.3), ŕőńşůăěň |(u; ´Su)_0| ≤ ‖´S‖‖u‖^2_0 ≤ "‖u‖^2_0; ∀u ∈ L_2[0; t] ĺ ‖´S‖ = ‖S_" − S‖ ≤ ": (5:1:28) Ăŋăńőčĺůŋő |(u; Bu)_0| ≤ ‖C_"K^š_{x"}C^š_" − CK^š_x C^š‖‖u‖^2_0 = ‖(C_" − C)K^š_{x"}C^š_" +C(K_{x"} − K_x)^šC^š − "+CK^š_{x"}(C_" − C)^š‖u‖^2_0 ≤ ≤ {"‖K^š_{x"}C^š_" ‖ + (" + ‖C_"‖)["‖C_"‖ + (" + ‖K_{x"}‖)"]}‖u‖^2_0; ∀u ∈ L_2[0; t];

őšś¿ďă ‖´B‖ ≤ "‖K^š_{x"}C^š_" ‖ + (" + ‖C_"‖)[" + ‖K^š_{x"}‖)"]: (5:1:29)

5.1 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ 73

Ŕřĺ ćżćőďě (5.1.29) ĺśŕőńĳğőćăńĺśĳ ŋěřăćěŋśšćă (5.1.3), (5.1.25) ĺ śőőšŋőÿěŋĺ£ ‖C‖ ≤ "+‖C"‖ , ‖Kx‖ ≤ "+‖Kx"‖ .

Ĺğ ŋěřăćěŋśšć (5.1.28) ĺ (5.1.29) śńěďşěš, ůšő

‖B" − B‖ ≤ "(1 + ‖Kšx"Cš" ‖) + (" + ‖C"‖)["x‖C"‖ + ("x + ‖Kx"‖)"] = "B → 0 ŕřĺ " → 0: (5:1:30) Ŕőďśšăćĺň (5.1.30) ĺ (5.1.26) ć (5.1.16). Šőčďă ¸⟨u_¸ − u_{"¸}; B(u_¸ − u_{"¸})⟩ ≤ 2("^2_f + "^2_B‖u_{"¸}‖^2_{−10}) ĺ M[(z; ^x_¸(fi) − ^x_{"¸}(fi))^2_n] = ⟨u_¸ − u_{"¸}; B(u_¸ − u_{"¸})⟩ ≤ 2¸("^2_f + "^2_B‖u_{"¸}‖^2_{−10}) → 0 ŕřĺ " → 0: (5:1:31) Ĺğ (5.1.31) ĺ (5.1.12) śńěďşěš (5.1.9).

Ďăńěě őűěŋĺň ŕěřćőě śńăčăěňőě ć ŕřăćőľ ůăśšĺ ŋěřăćěŋśšćă (5.1.12). Ďőąăćĺň ĺ ćżůšěň ć ćżřăęěŋĺĺ M[(z; x(t) − ^x_¸(t))^2_n] őűěŋłş ^x(t) , şďőćńěšćőř£¿źş¿ śőőšŋőÿěŋĺ¿

m(t) = inf_h { M[(z; x(t) − ^x(t))^2_n| ^x(t) = t∫

0 h(t; fi)y(fi) dfi; h^š(t; fi)z ∈ W^1_2 [0; t]; ∀z ∈ E_n } : Šőčďă, ŕőśńě ŋěśńőęŋżţ ŕřěőąřăğőćăŋĺľ, ĺňěěň

M[(z; x(t) − ^x_¸(t))^2_n] ≤ m(t) + M[(z; ^x(t) − ^x_¸(t))^2_n] + 2{m(t)M[(z; ^x(t) − ^x_¸(t))^2_n]}^{1=2}: (5:1:32) Ŋăľďěň őűěŋłş ćżřăęěŋĺ£ M[(z; ^x(t) − ^x¸(t))^2n]: Šăł łăł ćěłšőř őűěŋłĺ ^x(t) = t∫ 0 h(t; fi)y(fi) dfi; ă ^x¸(t) = t∫ 0 h_¸(t; fi)y(fi) dfi (ĺŋšěčřăńż ŕőŋĺňă¿šś£ šăł ęě, łăł ĺ ć (1.1.11)), šő

M[(z; ^x(t) − ^x_¸(t))^2_n] = t∫

0

t∫

0 z^š[h(t; fi) − h_¸(t; fi)]K_y(fi; ff)[h(t; fi) − h_¸(t; fi)]^šz dfidff =

= ⟨u_0 − u¸; B(u_0 − u¸)⟩; (5:1:33) čďě u_0 | řěÿěŋĺě (5.0.1), u¸ | řěÿěŋĺě (5.1.15), Ky(fi; ff) = M[y(fi)yš(ff)]:

Ďń£ őűěŋłĺ ąĺńĺŋěľŋőľ ťőřňż ć (5.1.33) ćżůĺšăěň (5.0.1) ĺğ (5.0.2). Ć řěğşńĳšăšě ŕőńşůăěň şřăćŋěŋĺě B(u_0 − u_¸) + ¸(u_0 − u_¸) = ¸u_0; (5:1:34) čďě u_0(fi) ŕřĺŋăďńěęĺš, łăł şęě őšňěůăńőśĳ řăŋěě, W^{−1}_{20} [0; t] ĺ řăćěŋśšćő ć (5.1.34) ŕőŋĺňăěšś£ ć śňżśńě ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă.

Ŕřĺňěŋĺň őŕěřăšőř B ł ćżřăęěŋĺ¿ (5.1.34) ĺ őąőğŋăůĺň ůěřěğ v¸ ğŋăůěŋĺě őŕěřăšőřă B ŋă ¡ńěňěŋšě u_0 − u_¸; šő ěśšĳ v_¸ = B(u_0 − u_¸): Šőčďă ĺňěěň, ůšő Bv_¸ + ¸v_¸ = ¸f:

Řěÿěŋĺě ¡šőčő şřăćŋěŋĺ£ ďőśšăćń£ěš ňĺŋĺňşň ťşŋłűĺőŋăńş J(v) = ‖Bv − ¸f‖^2_0 + ¸(v; Bv)_0 ĺ śŕřăćěďńĺćő ŋěřăćěŋśšćő J(v¸) ≤ J(0); šő ěśšĳ ‖Bv_¸ − ¸f‖^2_0 + ¸(v_¸; Bv_¸)_0 ≤ ¸^2‖f‖^2_0; ĺńĺ (v¸; Bv¸)_0 ≤ ¸‖f‖^2_0: (5:1:35) Ŕşśšĳ ćżŕőńŋ£¿šś£ şśńőćĺ£ ńěňňż 3.2. Šőčďă ďń£ ∀v ∈ L_2[0; t] śŕřăćěďńĺćő ŋěřăćěŋśšćő (v; Bv)_0 ≥ ≥ c_0‖v‖^2_0 ĺ śőőšŋőÿěŋĺě (5.1.35) ŕřĺŋĺňăěš ćĺď: √c_0‖v_¸‖_0 ≤ √ ¸‖f‖_0: Şůĺšżćă£ šő, ůšő v_¸ = B(u_0 − u_¸);

74 5 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ĺ ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ

ŕőńşůăěň ćżřăęěŋĺě: √c_0‖B(u_0 − u¸)‖_0 ≤ √ ¸‖f‖_0: Šăł łăł B | őčřăŋĺůěŋŋżľ, ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋżľ őŕěřăšőř (śň. ńěňňż 3.1 ĺ 3.2), šő

⟨u_0 − u_¸; B(u_0 − u_¸)⟩ ≤¸ ś_1 c_0 ‖f‖^{20} ≤ ¸c^′‖K^x‖^2‖C‖^2‖z‖^{2n}; c^′ > 0; c^′ = const:

Ğăňěŋĺć u_0; u¸ ĺ B ĺţ ğŋăůěŋĺ£ňĺ, ŕőńşůĺň:

M[(z; ^x(t) − ^x_¸(t))^2_n] ≤ ¸c^′‖K_x‖^2‖C‖^2‖z‖^2_n: (5:1:36)

Ŕőďśšăćĺň (5.1.36) ć (5.1.32), ĺňěěň

M[(z; x(t) − ^x_¸(t))^2_n] ≤ m(t) + ¸c^′‖K_x‖^2‖C‖^2‖z‖^2_n+ +2{ √ ¸c^′ √ m(t)‖K_x‖‖C‖‖z‖_n} = { √ m(t) + √ ¸ √ c^′‖K_x‖‖C‖‖z‖_n}^2: (5:1:37)

Šěŕěřĳ ňőęŋő őűěŋĺšĳ śőőšŋőÿěŋĺě (5.1.12). Ğăňěŋ££ ć (5.1.12) ćżřăęěŋĺ£ M[(z; x(t) − ^x¸(t))^2n] ĺ M[(z; ^x_¸(t) − ^x_{"¸}(t))^2_n] őűěŋłăňĺ (5.1.31) ĺ (5.1.37), ŋăţőďĺň

M[(z; x(t) − ^x_{"¸}(t))^2_n] ≤ [ √ m(t) + √ ¸ √ c^′‖K_x‖‖C‖‖z‖_n]^2 + 2 ¸ ("^2f + "^2B‖u"¸‖^2_{−10})+ +2[ √ m(t) + √ ¸ √ c^′‖K_x‖‖C‖‖z‖_n] √ 2 ¸ √ ("^2f + "^2B‖u"¸‖^2_{−10} = = { √ m(t) + √ ¸ √ c^′‖K_x‖‖C‖‖z‖_n + √ 2 ¸ √ ("^2f + "^2B‖u"¸‖^2_{−10} }^2: (5:1:38)

Ć ŕřăćőľ ůăśšĺ (5.1.38) ŕřĺśşšśšćş¿š ćěńĺůĺŋż: ‖Kx‖ | ŋőřňă łőćăřĺăűĺőŋŋőľ ňăšřĺűż śńşůăľŋőčő ćěłšőřă x(t) , ‖C‖ | ŋőřňă ňăšřĺűż ŋăąń¿ďěŋĺ£, łőšőřżě ŋě ňőčşš ążšĳ ćżůĺśńěŋż ŕő ğăďăŋŋżň ŕřĺąńĺęěŋŋżň ďăŋŋżň ´" ĺ ŕő¡šőňş ĺţ ŋěőąţőďĺňő ĺśłń¿ůĺšĳ. Ńěčłő ŕőłăğăšĳ, ůšő śŕřăćěďńĺćż ŋěřăćěŋśšćă ‖K_x‖ ≤ ("_B + 1)‖K_{x"}‖; (5:1:39)

‖Ś‖ ≤ (" + 1)‖Ś_"‖: (5:1:40)

Łřőňě šőčő, ěśńĺ őŕěřăšőř B | ŕőńőęĺšěńĳŋő őŕřěďěńěŋ, šő

‖u_{"¸}‖^2_{10} ≤ c‖P_{x̂"¸}‖‖z‖^2_n; (5:1:41)

čďě P_^x"¸ = M[^x"¸(t)^xš"¸(t)] ĺ zšP_^x"¸z = ⟨u"¸; B"u"¸⟩ ≤ c‖u"¸‖^2_{−10}:

Ŕőďśšăćĺć (5.1.39),(5.1.40) ĺ (5.1.41) ć ŕřăćş¿ ůăśšĳ (5.1.38), ŕőńşůăěň (5.1.11). Ŋěřăćěŋśšćő (5.1.10) śńěďşěš ĺğ (5.1.38) ĺ (5.1.31). Šěőřěňă ŕőńŋőśšĳ¿ ďőłăğăŋă.

5.2 Ćżąőř łćăğĺőŕšĺňăńĳŋőčő ŕăřăňěšřă řěčşń£řĺğăűĺĺ

Ŕřĺ řěÿěŋĺĺ ğăďăů ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ůăśšő ążćăěš šřşďŋő śłăğăšĳ ůšő-ńĺąő őŕřěďěńěŋŋőě ő šőůŋőśšĺ ğăďăŋĺ£ ĺśţőďŋżţ ďăŋŋżţ ĺńĺ ĺţ őűěŋłĺ ğăďă¿šś£ čřşąő. Ć ¡šĺţ śńşůă£ţ, ěśńĺ ŕăřăňěšř řěčşń£řĺğăűĺĺ ćżąĺřăšĳ śőčńăśŋő łřĺšěřĺ¿ ŋěć£ğłĺ ĺńĺ őąőąźěŋŋőčő ŕřĺŋűĺŕă ŋěć£ğłĺ [33,20,21], řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ąşďěš ğŋăůĺšěńĳŋő őšńĺůăšĳś£ őš šőůŋőčő řěÿěŋĺ£ [33].

Ć řăąőšăţ [33,22] ďń£ ćżąőřă ŕăřăňěšřă řěčşń£řĺğăűĺĺ ŕřěďńăčă¿šś£ ďćă śŕőśőąă, łőšőřżě ŋě ğăćĺś£š ć £ćŋőň ćĺďě őš őÿĺąőł ğăďăŋĺ£ ĺśţőďŋżţ ďăŋŋżţ { łřĺšěřĺľ łćăğĺőŕšĺňăńĳŋőśšĺ ĺ łřĺšěřĺľ őšŋőÿěŋĺ£. Ć őąźěň śńşůăě ¡šĺ łřĺšěřĺĺ ďőłăğăŋż ůĺśńěŋŋő (ŕřőćěřěŋż ŋă ąőńĳÿőň ůĺśńě ŕřĺňěřőć), ă ć śńşůăě šőůŋőčő ğăďăŋĺ£ őŕěřăšőřă ďń£ ăńčěąřăĺůěśłĺţ śĺśšěň ďőłăğăšěńĳśšćő ŕřĺćěďěŋő ć [22]. Ŋěďőśšăšłőň ¡šĺţ ňěšőďőć £ćń£ěšś£ šő, ůšő őŋĺ řăąőšă¿š ć őąńăśšĺ, ąńĺğłőľ ł őŕšĺňăńĳŋőňş ŕăřăňěšřş řěčşń£řĺğăűĺĺ { ńőłăńĳŋő [33,22] ĺ ŕő¡šőňş ĺţ śńěďşěš ŕřĺňěŋ£šĳ ć śőůěšăŋĺĺ ś ďřşčĺňĺ śŕőśőąăňĺ ćżąőřă ŕăřăňěšřă řěčşń£řĺğăűĺĺ, šăłĺňĺ, łăł łřĺšěřĺľ ŋěć£ğłĺ [20], łřĺšěřĺľ ňĺŋĺňşňă ňăęőřăšŋżţ őűěŋőł [33].

Ć ¡šőň ŕăřăčřăťě ŕőńşůěŋż śőőšŋőÿěŋĺ£ ďń£ ćżąőřă łćăğĺőŕšĺňăńĳŋőčő ğŋăůěŋĺ£ ŕăřăňěšřă řěčşń£řĺğăűĺĺ ŕřĺ řěÿěŋĺĺ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ.

5.2 Ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ 75

Ł ř ĺ š ě ř ĺ ľ ł ć ă ğ ĺ ő ŕ š ĺ ň ă ń ĳ ŋ ő ś š ĺ [33,22].

Ć łăůěśšćě łćăğĺőŕšĺňăńĳŋőčő ğŋăůěŋĺ£ ŕăřăňěšřă řěčşń£řĺğăűĺĺ ¸k ćżąĺřăěň ŋăĺňěŋĳÿěě ĺğ ğŋăůěŋĺľ ¸ > 0 , řěăńĺğş¿źĺţ ńőłăńĳŋżľ ňĺŋĺňşň ťşŋłűĺĺ

J(¸) = ‖ ‖ ‖ ‖¸@u^¸(t; ff) @¸ ‖ ‖ ‖ ‖_{−10} :

Ćěńĺůĺŋş ¸@u¸(t; ff)@¸ ŋăţőď£š, őążůŋő, ĺğ śőőšŋőÿěŋĺľ:

Bu_¸ + ¸u_¸ = f; (5:2:1) B ( ¸@u^¸(t; ff) @¸ ) +¸ ( ¸@u^¸(t; ff) @¸ ) = f − Bu¸: (5:2:2)

Şřăćŋěŋĺě (5.2.2) ŕőńşůěŋő śńěďş¿źĺň őąřăğőň: ďĺťťěřěŋűĺřş£ ŕő ¸ (5.2.1) ĺňěěň B ( @u_¸(t; ff) @¸ ) +¸ ( @u_¸(t; ff) @¸ ) + u¸ = 0;

ďăńěě, şňŋőęĺň ŕőńşůěŋŋőě śőőšŋőÿěŋĺě ŋă ¸ ĺ ğăňěŋĺň ć ŋěň ¸u¸ ćżřăęěŋĺěň ĺğ (5.2.1).

Şřăćŋěŋĺ£ (5.2.1) ĺ (5.2.2), ć śĺńş śćőľśšć őŕěřăšőřă B | ŋěőšřĺűăšěńĳŋőśšĺ ĺ śĺňňěšřĺůŋőśšĺ { ĺňě¿š ěďĺŋśšćěŋŋżě řěÿěŋĺ£.

Ďń£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ĺŋšěčřăńĳŋżě şřăćŋěŋĺ£ (5.2.1) ĺ (5.2.2) ňőęŋő śćěśšĺ ł ďĺťťěřěŋűĺăńĳŋżň, ůšő ŕőğćőń£ěš şŕřőśšĺšĳ ćżůĺśńĺšěńĳŋżľ ŕřőűěśś.

Šěőřěňă 5.3 Ć łăůěśšćě őŕšĺňăńĳŋőčő ğŋăůěŋĺ£ ŕăřăňěšřă řěčşń£řĺğăűĺĺ ¸k ćżąĺřăěšś£ ŋăĺňěŋĳ-

ÿěě ĺğ ğŋăůěŋĺľ ¸ > 0 , řěăńĺğş¿źĺţ ńőłăńĳŋżľ ňĺŋĺňşň ťşŋłűĺĺ

J(¸) = ‖ ‖ ‖ ‖¸@h^{ş̌}(t; fi) @¸ z ‖ ‖ ‖ ‖_{−10} ;

ğďěśĳ z | ŕřőĺğćőńĳŋżľ ¡ńěňěŋš ĺğ En , ćěńĺůĺŋă @h š ¸ (t; fi) @¸ = v^¸(t; fi) ŋăţőďĺšś£ ĺğ śőőšŋőÿěŋĺľ

@v_¸(t; fi) @t = [F (t) − K(t)C(t)]v^¸(t; fi) − v^¸(t; t)C(t)h^¸(t; fi); (5:2:3)

v_¸(t; t) = t∫

0 h_¸(t; fi)h^š_¸ (t; fi)dfiC^š(t)S^{−1}_¸ (t) + P_¸(t)C^š(t)@S^{−1¸} (t)@¸ ; (5:2:4)

ă ĺňŕşńĳśŋă£ ŕěřěţőďŋă£ ňăšřĺűă h¸(t; fi) şďőćńěšćőř£ěš ňăšřĺůŋőňş ďĺťťěřěŋűĺăńĳŋőňş şřăćŋěŋĺ¿

@h_¸(t; fi)

@t = [F (t) − K(t)C(t)]h^¸(t; fi); (5:2:5)

h_¸(t; t) = P_¸(t)C^š(t)S^{−1}_¸ (t) = K(t); (5:2:6)

čďě ňăšřĺűă P¸(t) | řěÿěŋĺě şřăćŋěŋĺ£ Řĺłłăšĺ

dP_¸(t) dt = P^¸(t)F^š(t) + F (t)P^¸(t) + G(t)Q(t)G^š(t) − P^¸(t)C^š(t)S^{−1¸} (t)C(t)P (t); P_¸(0) = P_0:

(5:2:7)

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ŕřőďĺťťěřěŋűĺřőćăć ŕő t şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă

K_x(t; fi)C^š(ff) = t∫

0 h_¸(t; fi)C(fi)K_x(fi; ff)C^š(ff) dfi + h_¸(t; ff)S_¸(ff); (5:2:8)

76 5 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ĺ ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ

ŕőńşůăěň

@K_x(t; ff)

@t C^š(ff) = h^¸(t; t)C(t)K^x(t; ff)C^š(ff) + t∫

0 @h_¸(t; fi) @t C(fi)K^x(fi; ff)C^š(ff) dfi +

@h_¸(t; ff) @t S^¸(ff): (5:2:9)

Šăł łăł @K_x(t; ff) @t = @ @tM[x(t)x^š(ff)] = M[ dx(t) dt x^š(ff)] ŕřőĺğćőďŋă£ ć ŕőśńěďŋěň ćżřăęěŋĺĺ ŕőŋĺňăěšś£ ć őąőąźěŋŋőň śňżśńě (š.ě. ć śňżśńě ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă), šő, ŕőďśšăćń££ ć ¡šő ćżřăęěŋĺě ćňěśšő dx(t)dt ěčő ğŋăůěŋĺě ĺğ (5.1.1) ĺ şůĺšżćă£ ŋěłőřřěńĺřőćăŋŋőśšĳ ŕřőűěśśőć x(ff) ĺ u(t) ŕřĺ t > ff; ŋăţőďĺň, ůšő

@K_x(t; ff)

@t = F (t)K^x(t; ff):

Šőčďă ćżřăęěŋĺě (5.2.9) ňőęŋő ğăŕĺśăšĳ śńěďş¿źĺň őąřăğőň t∫

0 ( @h_¸(t; fi) @t − [F (t) − h_¸(t; t)C(t)]h_¸(t; fi) ) C(fi)K_x(fi; ff)C^š(ff) dfi+

+ ( @h_¸(t; fi)

@t − [F (t) − h^¸(t; t)C(t)]h^¸(t; fi) ) S^{−1}_¸ (ff) = 0:

İšő řăćěŋśšćő ćżŕőńŋ£ěšś£ šőńĳłő ŕřĺ şśńőćĺĺ, ůšő

@h_¸(t; fi) @t = [F (t) − h^¸(t; t)C(t)]h^¸(t; fi);

ŕřĺůěň h_¸(t; t) = P_¸(t)C^š(t)S^{−1}_¸ (t);

čďě P¸(t) řěÿěŋĺě şřăćŋěŋĺ£ Řĺłłăšĺ (5.2.7) (śň. šěőřěňş 4.7 ĺ šěőřěňş 4.5). Śőőšŋőÿěŋĺ£ (5.2.5) ĺ (5.2.7) ďőłăğăŋż.

Ďĺťťěřěŋűĺřşěň ŕő ¸ şřăćŋěŋĺě (5.2.8), ŕőńşůăěň t∫

0 @h_¸(t; fi)

@¸ C(fi)K^x(fi; ff)C^š(ff) dfi +

@h_¸(t; ff) @¸ S^¸(ff) + h^¸(t; ff) = 0: (5:2:10)

Őŕřěďěńĺň ďĺťťěřěŋűĺăńĳŋőě şřăćŋěŋĺě ďń£ ćżůĺśńěŋĺ£ ćěńĺůĺŋż v_¸(t; fi) = @h^¸(t; fi)@¸ . Ďń£ ¡šőčő ŕřőďĺťťěřěŋűĺřşěň (5.2.10) ŕő t: Šőčďă

v_¸(t; t)C(t)K_x(t; ff)C^š(ff) + t∫

0 @v_¸(t; fi)

@t C(fi)K^x(fi; ff)C^š(ff) dfi +

@v_¸(t; ff) @t S^¸(ff) +

@h_¸(t; ff) @t = 0: (5:2:11)

Ğăňěŋĺň ć ŕěřćőň śńăčăěňőň ćżřăęěŋĺě Kx(t; ff)Cš(ff) śőčńăśŋő (5.2.8). Şůĺšżćă£ śőőšŋőÿěŋĺ£ (5.2.5) ĺ (5.2.10), ŕőśńě ŋěłőšőřżţ ŕřěőąřăğőćăŋĺľ ŕőńşůăěň őďŋőřőďŋőě ĺŋšěčřăńĳŋőě şřăćŋěŋĺě t∫

0 [ @v_¸(t; fi) @t + v¸(t; t)C(t)h¸(t; fi) − {F (t) − K(t)C(t)}v¸(t; fi) ] C(fi)K_x(fi; ff)C^š(ff) dfi+

+ [@v_¸(t; ff) @t + v^¸(t; t)C(t)h^¸(t; ff) − {F (t) − K(t)C(t)}v^¸(t; ff) ] S_¸(ff) = 0;

łőšőřőě ĺňěěš ńĺÿĳ šřĺćĺăńĳŋőě řěÿěŋĺě, šăł łăł ňăšřĺűă S¸(ff) > 0 , ă ňăšřĺűă C(fi)Kx(fi; ff)Cš(ff) | ŋěőšřĺűăšěńĳŋőě £ďřő ĺŋšěčřăńĳŋőčő őŕěřăšőřă. Šăłĺň őąřăğőň,

@v_¸(t; ff)

@t = [F (t) − K(t)C(t)]v^¸(t; ff) − v^¸(t; t)C(t)h^¸(t; ff):

5.2 Ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ 77

Śőőšŋőÿěŋĺě (5.2.3) ďőłăğăŋő, ŋő ć ŋěň ŋěĺğćěśšŋő v¸(t; t) . Ďń£ őŕřěďěńěŋĺ£ v¸(t; t) ďĺťťěřěŋűĺřşěň ŕő ¸ ćżřăęěŋĺě (5.2.6)

@h_¸(t; t) @¸ = v¸(t; t) = @P¸ (t) @¸ C^š(t)S^{−1}_¸ (t) + P_¸(t)C^š(t)@S^{−1¸} (t) @¸ : (5:2:12)

Ňăšřĺűă P¸(t); şďőćńěšćőř£¿źă£ şřăćŋěŋĺ¿ Řĺłłăšĺ (5.2.7), ňőęěš ążšĳ ĺŋšěřŕřěšĺřőćăŋă łăł ňăšřĺűă łőćăřĺăűĺĺ őÿĺąłĺ őűěŋĺćăŋĺ£ ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ, ş łőšőřőľ: ćěłšőř śőśšő£ŋĺ£ x(fi) ťőřňĺřşěšś£ śĺśšěňőľ (5.1.1), ă ŋăąń¿ďăěšś£ ŕřőűěśś y¸(fi) , ść£ğăŋŋżľ ś x(fi) śőőšŋőÿěŋĺěň y(fi) = C(fi)x(fi) + w(fi) + √ ¸(fi); (5:2:13) čďě (fi) | m {ňěřŋżľ ąěńżľ čăşśśőćśłĺľ ÿşň ś ŋşńěćżň śřěďŋĺň, łőćăřĺăűĺěľ M[(fi)š(ff)] = Im‹(fi −ff) ĺ ŋěłőřřěńĺřőćăŋŋżľ ś ŕřőűěśśăňĺ u(fi); w(fi) ĺ x_0:

Őÿĺąłă őűěŋĺćăŋĺ£ ğăďăůĺ (5.1.1), (5.2.13) őŕřěďěń£ěšś£ ćżřăęěŋĺěň

x_"(t) = x(t) − ^x_{¸y}(t); (5:2:14) čďě ^x¸y(t) = t∫

0 Dh_¸(t; fi)j^∗y_¸(fi) dfi; (5:2:15)

ă ňăšřĺűă łőćăřĺăűĺĺ őÿĺąłĺ őűěŋĺćăŋĺ£

P_¸(t) = M[(x(t) − ^x_{¸y}(t))(x(t) − ^x_{¸y}(t))^š]:

Ďĺťťěřěŋűĺřşěň P¸(t) ŕő ¸ :

@P_¸(t) @¸ = M [ − @^x_{¸y}(t) @¸ (x(t) − ^x¸y(t))š ] + M [ (x(t) − ^x¸y(t)) ( − @^x_{¸y}(t) @¸ )š] : (5:2:16)

Ćżůĺśńĺň ŕřőĺğćőďŋş¿ @^x¸y(t)@¸ . Ĺğ (5.2.15)

@^x_{¸y}(t)

@¸ = t∫

0 Dv_¸(t; fi)j^∗y_¸(fi) dfi + (2 √ ¸)^{−1} t∫

0 Dh_¸(t; fi)j^∗(fi) dfi: (5:2:17)

Řăśśňőšřĺň ŕěřćőě śńăčăěňőě ć ŕřăćőľ ůăśšĺ (5.2.16). Ŕőďśšăćń££ ć ŋěčő (5.2.17), ĺňěěň M [ − @^x_{¸y}(t) @¸ (x(t) − ^x^{¸y}(t))^š ] = t∫

0 Dv_¸(t; fi)j^∗M[y_¸(fi)x^š(t)] dfi+

+(2 √ ¸)^{−1} t∫

0 Dh_¸(t; fi)j^∗M[(fi)^x_{¸y}(fi)] dfi − t∫

0 Dv_¸(t; fi)j^∗M[y_¸(fi)^x^š_{¸y}(t)] dfi −

−(2 √ ¸)^{−1} t∫

0 Dh_¸(t; fi)j^∗M[(fi)^x^š_{¸y}(t)] dfi: (5:2:18)

Šăł łăł śńşůăľŋżě ŕřőűěśśż (fi) ĺ x(fi) ŋěłőřřěńĺřőćăŋż, šő ćšőřőě śńăčăěňőě ć (5.2.18) őąřăźăěšś£ ć 0. Ďăńěě, śőčńăśŋő (5.2.13), M[y_¸(fi)x^š(t)] = C(fi)K_x(fi; t);

M[y_¸(fi)^x^š_{¸y}(t)] = t∫

0 M[y_¸(fi)y^š_¸ (ff)]h^š_¸ (t; ff) dff = S_¸(fi)h^š_¸ (t; fi)+

78 5 Őűěŋłĺ šőůŋőśšĺ řěÿěŋĺ£ ĺ ćżąőř ŕăřăňěšřă řěčşń£řĺğăűĺĺ

+ t∫

0 C(fi)K_x(fi; ff)C^š(ff)h^š_¸ (t; ff) dff = C(fi)K_x(t; fi):

Ŕőśńěďŋěě řăćěŋśšćő śńěďşěš ĺğ (5.2.8). Ŕőďśšăćĺň ¡šĺ ćżřăęěŋĺ£ ć (5.2.18). Šőčďă M [ @^x_{¸y}(t) @¸ (x(t) − ^x^{¸y}(t))^š ] = (2 √ ¸)^{−1} t∫

0 Dh_¸(t; fi)j^∗M[(fi)^x^š_{¸y}(t)] dfi:

Ĺśŕőńĳğş£ (5.2.15) ĺ (5.2.13), ŋăţőďĺň, ůšő

M[(fi)^x^š_{¸y}(t)]= t∫

0 M[(fi)x^š(ff)]C^š(ff)h^š_¸ (t; ff) dff + t∫

0 M[(fi)w^š(ff)]h^š_¸ (t; ff) dff+

+ √ ¸ t∫

0 M[(fi)^š(ff)]h^š_¸ (t; ff) dff = √ ¸h^š_¸ (t; fi);

ğďěśĳ şůĺšżćăěšś£ ŋěłőřřěńĺřőćăŋŋőśšĳ ŕřőűěśśőć (fi) , x(fi) , w(fi) , ă šăłęě ťĺńĳšřăűĺőŋŋőě śćőľśšćő ‹ {ťşŋłűĺĺ Ďĺřăłă.

Šăłĺň őąřăğőň, M [ @^x_{¸y}(t) @¸ (x(t) − ^x¸y(t))š ] = 1 2 t∫

0 h_¸(t; fi)h^š_¸ (t; fi) dfi:

Ŕőďśšăćń££ ¡šő ćżřăęěŋĺě ć (5.2.16), ŕőńşůăěň @P_¸(t)

@¸ = 1 2 t∫

0 h_¸(t; fi)h^š_¸ (t; fi) dfi;

őšłşďă ĺňěěň v_¸(t; t) = t∫

0 h_¸(t; fi)h^š_¸ (t; fi) dfi C^š(t)S^{−1}_¸ (t) + P_¸(t)C^š(t)@S^{−1¸} (t)@¸ :

Šěőřěňă ďőłăğăŋă.

6 Ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ć śĺśšěňăţ ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Řăğďěń ŕőść£źěŋ ćőŕřőśăň řěÿěŋĺ£ ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ĺ ŕőśšřőěŋĺ¿ ăńčőřĺšňă őŕřěďěńěŋĺ£ ěě ŕřĺąńĺęěŋŋőčő řěÿěŋĺ£ ďń£ śĺśšěň, őŕĺśżćăěňżţ şřăćŋěŋĺ£ňĺ ŕăřăąőńĺůěśłőčő šĺŕă ŕřĺ ŋăńĺůĺĺ űćěšŋőčő ÿşňă ć ĺğňěřěŋĺ£ţ.

Ćőśśšăŋőćńěŋĺěň śĺčŋăńőć ć śĺśšěňăţ ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ ğăŋĺňăńĺśĳ Ř. Łăńňăŋ [14], Ă. Ąěŋśşśśăŋ [37] ĺ ďř.. Ŋő ć ąőńĳÿĺŋśšćě řăąőš łőŋěůŋżľ ăńčőřĺšň ŕřĺćőďĺšś£ ć őŕěřăšőřŋőľ ťőřňě, řěăńĺğăűĺ£ łőšőřőčő ŋă İĆŇ £ćń£ěšś£ ďőćőńĳŋő śńőęŋőľ ŕřőąńěňőľ. Łřőňě šőčő, ěśńĺ ć ŋăąń¿ďěŋĺ£ţ ŕřĺśşšśšćşěš űćěšŋőľ ÿşň, šő ğăďăůă ńĺŋěľŋőľ ťĺńĳšřăűĺĺ £ćń£ěšś£ ŋěłőřřěłšŋő ŕőśšăćńěŋŋőľ ĺ ďń£ ěě řěÿěŋĺ£ ŋěőąţőďĺňő ŕřĺňěŋ£šĳ řěčşń£řĺğăűĺ¿.

Őďŋőľ ĺğ ŕěřćżţ řăąőš, ŕőść£źěŋŋżţ ćőŕřőśş ŋăţőęďěŋĺ£ ŕřĺąńĺęěŋŋőľ őűěŋłĺ ćěłšőřă śőśšő£ŋĺ£ śĺśšěňż şŕřăćńěŋĺ£ ś ¡ńńĺŕšĺůěśłĺň őŕěřăšőřőň, £ćń£ěšś£ [25], ć łőšőřőľ ďőłăğăŋă śţőďĺňőśšĳ ăńčőřĺšňă řěÿěŋĺ£ ć śńşůăě ąěńżţ ĺ űćěšŋżţ ÿşňőć ć ŋăąń¿ďěŋĺ£ţ.

Ŕřőąńěňě řěÿěŋĺ£ ğăďăůĺ ťĺńĳšřăűĺĺ ďń£ śĺśšěň, őŕĺśżćăěňżţ şřăćŋěŋĺ£ňĺ ć ůăśšŋżţ ŕřőĺğćőďŋżţ ć şśńőćĺ£ţ ŋěőŕřěďěńěŋŋőśšĺ, ŕőść£źěŋż řăąőšż [3,16,17].

6.1 Ŕőśšăŋőćłă őąőąźěŋŋőľ ğăďăůĺ Łőÿĺ ďń£ ŕăřăąőńĺůěśłĺţ śĺśšěň

Ć ďăŋŋőň řăğďěńě ĺśśńěďşěšś£ ğăďăůă řěÿěŋĺ£ ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ ŕăřăąőńĺůěśłőčő šĺŕă ś čřăŋĺůŋżňĺ şśńőćĺ£ňĺ Ŋěľňăŋă ć śńşůăě, łőčďă ŕřăćă£ ůăśšĳ ŕřĺŋăďńěęĺš ŕřőśšřăŋśšćş őąőąźěŋŋżţ ťşŋłűĺľ. Ŕőďţőď ł řěÿěŋĺ¿ šăłĺţ ğăďăů řăğřăąőšăŋ ć řăąőšăţ [3,25,16].

Ŕşśšĳ ć ěćłńĺďőćőň ŕřőśšřăŋśšćě En ğăďăŋă ğăňłŋşšă£ őčřăŋĺůěŋŋă£ őąńăśšĳ P ś čřăŋĺűěľ @P = `; ć łăęďőľ šőůłě łőšőřőľ śşźěśšćşěš ěďĺŋśšćěŋŋă£ ŋőřňăńĳ —n_0 ; C^2(P ) | ňŋőęěśšćő ďćăęďż ďĺťťěřěŋűĺřşěňżţ ć łńăśśĺůěśłőň śňżśńě ťşŋłűĺľ u(x) ŋă P ; C^2_1 (P ) | ňŋőęěśšćő ťşŋłűĺľ u(x) ∈ C^2(P ); ďń£ łőšőřżţ ćżŕőńŋ£ěšś£ şśńőćĺě du(x) d | | | x∈Γ = 0; (6:1:1)

čďě | łőŋőřňăńĳ (ŕř£ňş¿ ś ŋăŕřăćń£¿źĺňĺ łőśĺŋşśăňĺ i =^1a n∑ j=1 a_{ij}n_j; čďě a = n∑ i=1 ( n∑ j=1 a_{ij}n_k )_2 1=2 ; n_j | łőőřďĺŋăšż ŋőřňăńĺ ĺ ŕřőţőď£źş¿ ůěřěğ łăęďş¿ šőůłş čřăŋĺűż ` ŋăğżćă¿š łőŋőřňăńĳ¿). Śŕřăćěďńĺćő śőőšŋőÿěŋĺě [31] n∑ i;j=1

cos(—n_0; xj)aij(x) @ @x_j = a n∑ i=1 cos(; xi) @ @x_i ≡ a d d ; d d | ŕřőĺğćőďŋă£ ŕő łőŋőřňăńĺ,

a = n∑ i=1 n∑ j=1 a_{ij}(x) cos(—n_0; x_j) 2 1=2 :

80 6 Śĺśšěňż ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Ććěďěň őąőğŋăůěŋĺ£: L_2(P ) | čĺńĳąěřšőćő ŕřőśšřăŋśšćő ĺŋšěčřĺřşěňżţ ś łćăďřăšőň ťşŋłűĺľ ć śňżśńě Ńěąěčă ŋă P ; (:; :)_0P ; ‖ : ‖_0P | śłăń£řŋőě ŕřőĺğćěďěŋĺě ĺ ŋőřňă ć L_2(P ) ; W^1_2 (P ) | ŕőğĺšĺćŋőě śőąőńěćśłőě ŕřőśšřăŋśšćő;

(u; v)_1P = ∫ P ( n∑ i=1 @u @x_i @v @x_i

+ u(x)v(x) ) dP ěśšĳ śłăń£řŋőě ŕřőĺğćěďěŋĺě ć W^1_2 (P ) ; ‖u‖_1P = √ (u; u)_1P | ŋőřňă ć W^1_2 (P ):

Śŕřăćěďńĺćő ŋěřăćěŋśšćő ‖u‖_0P ≤ k‖u‖_1P ; ∀u ∈ W^1_2 (P ); k = const: Řăśśňőšřĺň ŋă P ńĺŋěľŋőě ďĺťťěřěŋűĺăńĳŋőě ćżřăęěŋĺě ćšőřőčő ŕőř£ďłă

Nu = − n∑ i;j=1 @ @x (aij(x)@u (x) @x ) + c(x)u(x); (6:1:2)

čďě aij(x) = aji(x) ∈ C^2(P ); i; j = 1; :::; n; c(x) ∈ C(P ); C(P ) | ŕřőśšřăŋśšćő ŋěŕřěřżćŋżţ ťşŋłűĺľ ŋă P; c(x) ≥ c_0 ďń£ ∀x ∈ P; c_0 = inf_x {c(x) | x ∈ P } > 0:

Ŕřěďŕőńăčăěň, ůšő śŕřăćěďńĺćő šăłęě ŋěřăćěŋśšćő n∑ i;j=1

a_{ij}(x)_i_j ≥ – n∑ i=1 2_i ; (6:1:3)

čďě – | ŕőńőęĺšěńĳŋă£ łőŋśšăŋšă, i | ŕřőĺğćőńĳŋżě ćěźěśšćěŋŋżě ůĺśńă ( i = 1; :::; n).

Śőőšŋőÿěŋĺ£ (6.1.1)-(6.1.3) ğăďă¿š ć ŕřőśšřăŋśšćě L_2(P ) ğăňłŋşšżľ ńĺŋěľŋżľ őŕěřăšőř B; šăłőľ, ůšő Bu = Nu ďń£ ∀u ∈ C^2_1 (P ): Őŕěřăšőř B ĺňěěš ŕńőšŋş¿ ć L_2(P ) őąńăśšĳ őŕřěďěńěŋĺ£ D(B); £ćń£ěšś£ śĺňňěšřĺůěśłĺň ĺ ŕőńőęĺšěńĳŋő-őŕřěďěńěŋŋżň, š.ě. śŕřăćěďńĺćż śőőšŋőÿěŋĺ£

(Bu; v)_0P = (u; Bv)_0P ; ďń£ ∀u; v ∈ D(B);

(Bu; u)_0P ≥ c ‖ u ‖^2_0P ; ďń£ ∀u ∈ D(B); c = const > 0:

(6:1:4)

Ććěďěň őąőğŋăůěŋĺě (u; v)_B = (Bu; v)_0P ; ďń£ ∀u; v ∈ D(B) . Ŕőŕőńŋĺň D(B) ŕő ¡šőňş śłăń£řŋőňş ŕřőĺğćěďěŋĺ¿. Ŕőńşůěŋŋőě ŕřőśšřăŋśšćő őąőğŋăůĺň ůěřěğ H_B . Ŕřĺňěň ¡šő ŕřőśšřăŋśšćő ğă ŕőğĺšĺćŋőě H_B = H^+_B ĺ ŕőśšřőĺň ŕő H^+_B ĺ L_2(P ) ŋěčăšĺćŋőě ŕřőśšřăŋśšćő H^−_B . Ŕşśšĳ ćěńĺůĺŋă f(x) ∈ L_2(P ) . Šőčďă ćżřăęěŋĺě (f; u)_0P ; u ∈ H^+_B őŕřěďěń£ěš ŋěŕřěřżćŋżľ ťşŋłűĺőŋăń ŋă H^+_B (ŋěŕřěřżćŋőśšĳ śńěďşěš ĺğ (6.1.4)) ĺ |(f; u)_{0P} | = |l_f (u)| ≤ ‖f‖_{0P} ‖u‖_{0P} ≤ c‖f‖_{0P} ‖u‖_+;

f ∈ L_2(P ); u ∈ H^+_B (H^+_B ⊂ L_2(P ));

‖ : ‖_+ | ŋőřňă ć H^+_B . Ŕőŕőńŋĺň L_2(P ) ŕő ŋőřňě

‖f‖_− = sup_u

( |(f; u)_0P | ‖u‖_+ ; f ∈ L_2(P ); u ∈ H^+_B ; ‖u‖_+ ≠ 0 ) : Ŕőńşůěŋŋőě ŕőŕőńŋěŋĺě ğăďăěš ŕřőśšřăŋśšćő H^−_B . Őŕěřăšőř B ŋěŕřěřżćŋő ďěľśšćşěš ĺğ H^+_B ć H^−_B .

Ŕşśšĳ [0; t] | ŋěłőšőřżľ őšřěğőł ĺ ŕěřěňěŋŋă£ fi ∈ [0; t]: Őŕřěďěńĺň őąńăśšĳ Q = P × [0; t]; L_2(Q) | ŕřőśšřăŋśšćő ťşŋłűĺľ u(fi; x) ŋă Q; őšőąřăęă¿źĺţ śěčňěŋš [0; t] ć ŕřőśšřăŋśšćő En ĺ šăłĺţ, ůšő t∫

0 ‖u(fi)‖^2_{0P} dfi = ‖ u ‖^2_{0Q} < ∞;

‖ : ‖_{0Q} | ŋőřňă ć L_2(Q) .

Řăśśňőšřĺň ŋă ŕřőśšřăŋśšćě L_2(Q) ďĺťťěřěŋűĺăńĳŋżľ őŕěřăšőř

Lu ≡ @u@fi + Bu; u ∈ D(L_1);

6.1 Őąőąźěŋŋă£ ğăďăůă Łőÿĺ 81

čďě D(L_1) | ňŋőęěśšćő ťşŋłűĺľ u(fi; x); ğăďăŋŋżţ ć őąńăśšĺ Q; ŋěŕřěřżćŋő ďĺťťěřěŋűĺřşěňżţ ŕő fi ∈ [0; t]; ă ŕő ŕěřěňěŋŋőľ x ∈ P ťşŋłűĺĺ u(fi; x) ∈ H^+_B ĺ şďőćńěšćőř£¿źĺţ şśńőćĺ£ň

u(fi; x)|_{fi=0} = 0; du(fi; x) d | | | x∈Γ = 0: (6:1:5)

Ććěďěň őąőğŋăůěŋĺ£: W^1_{20}(Q) | ŕőŕőńŋěŋĺě ňŋőęěśšćă D(L_1) ŕő ŋőřňě

‖u‖_{10Q} = ( ∫ Q [(@u @fi )^2 + uBu]dQ)^1=^2; (6:1:6)

‖ : ‖_{10Q}; (:; :)_{10Q} | ŋőřňă ĺ śłăń£řŋőě ŕřőĺğćěďěŋĺě ć ŕőğĺšĺćŋőň ŕřőśšřăŋśšćě W^1_{20}(Q) ; W^{−1}_{20} (Q) | ŋěčăšĺćŋőě ŕřőśšřăŋśšćő, ŕőńşůěŋŋőě ŕőŕőńŋěŋĺěň L_2(Q) ŕő ŋőřňě

‖v‖_{−10Q} = sup_u [ |(u; v)_{0Q}| ‖u‖_{10Q}

; v ∈ L_2(Q); u ∈ W^1_{20}(Q); ‖u‖_{10Q} ≠ 0 ] : Őąőğŋăůĺň ůěřěğ D(L^∗_1) ňŋőęěśšćő ťşŋłűĺľ u(fi; x); ĺňě¿źĺţ ţőš£ ąż őďŋş ŕřőĺğćőďŋş¿ ć łńăśśĺůěśłőň śňżśńě ŕő fi; ă ŕő ŕěřěňěŋŋőľ x ťşŋłűĺĺ u(fi; x) ∈ H^+_B ĺ şďőćńěšćőř£¿źĺţ şśńőćĺ£ň

u(fi; x)|_{fi=t} = 0; du(fi; x) d | | | x∈Γ = 0: (6:1:7)

W^1_{2t}(Q) | ŕőŕőńŋěŋĺě ňŋőęěśšćă D(L^∗_1) ŕő ŋőřňě (6.1.6). Ŕşśšĳ W^{−1}_{2t} (Q) ŋěčăšĺćŋőě ŕřőśšřăŋśšćő ďń£ W^1_{2t}(Q) ; L^∗_1 | śőŕř£ęěŋŋżľ őŕěřăšőř ł L_1 ;

L^∗_1u ≡ − @u@fi + Bu; u ∈ D(L^∗_1):

Řăśÿĺřĺň őŕěřăšőřż L_1 ĺ L^∗_1 ŋă ćśě ŕřőśšřăŋśšćő W^1_{20}(Q) ĺ W^1_2t(Q) śőőšćěšśšćěŋŋő. Řăśÿĺřěŋŋżě őŕěřăšőřż ąşďěň őąőğŋăůăšĳ L ĺ L^∗:

Őŕřěďěńěŋĺě 6.1 Őąőąźěŋŋżň řěÿěŋĺěň ğăďăůĺ Lu = f; f ∈ L_2(Q); (6:1:8) čďě f | ğăďăŋŋă£ ťşŋłűĺ£, ŋăğżćă¿š ťşŋłűĺ¿ u(fi; x) ∈ W^1_{20}(Q); ďń£ łőšőřőľ śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ ťşŋłűĺľ {ui(fi; x)}^∞i_{=1} ĺğ ňŋőęěśšćă D(L_1); şďőćńěšćőř£¿źă£ śőőšŋőÿěŋĺ£ň ‖Lu_i − f‖_{−1tQ} → 0; ‖u_i − u‖_{10Q} → 0; ěśńĺ i → ∞:

Őŕřěďěńěŋĺě 6.2 Őąőąźěŋŋżň řěÿěŋĺěň ğăďăůĺ

L^∗v = g; g ∈ L_2(Q); (6:1:9) čďě g | ğăďăŋŋă£ ťşŋłűĺ£, ŋăğżćă¿š ťşŋłűĺ¿ v(fi; x) ∈ W^1_2t(Q); ďń£ łőšőřőľ śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ {vi(fi; x)}^∞i_{=1} ťşŋłűĺľ ĺğ ňŋőęěśšćă D(L^∗_1); şďőćńěšćőř£¿źă£ śőőšŋőÿěŋĺ£ň ‖L^∗v − g‖_{−10}Q → 0; ‖vi − v‖_{10}Q → 0; i → ∞:

Ńěňňă 6.1 Ďń£ (6.1.8) ĺ (6.1.9) śŕřăćěďńĺćż ŋěřăćěŋśšćă ‖Lu‖_{−1tQ} ≤ c_1‖u‖_{10Q}; u ∈ W^1_{20}(Q); c = const; c > 0; (6:1:10)

‖L^∗v‖_{−10}Q ≤ c_2‖v‖_1tQ; v ∈ W^1_2t(Q); c = const; c > 0: (6:1:11) Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ŕşśšĳ u(fi; x) | čńăďłă£ ťşŋłűĺ£ ĺğ ŕőğĺšĺćŋőčő ŕřőśšřăŋśšćă W^1_{20}(Q); ă v(fi; x) ∈ W^1_{2t}(Q) . Šőčďă śŕřăćěďńĺćő řăćěŋśšćő (v; Lu)_{0Q} = (L^∗v; u)_{0Q} . Šăłęě ĺňěěš ňěśšő śőőšŋőÿěŋĺě |(u; Bv)_{0P} | ≤ √ (u; Bu)_0P (v; Bv)_0P :

82 6 Śĺśšěňż ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Řăśśňőšřĺň ćżřăęěŋĺě

|(v; Lu)_{0Q}| = | | | ∫ Q ( @u(fi; x)

@fi v(fi; x) + [Bu(fi; x)]v(fi; x) ) dQ | | | =

= | | |− ∫ Q ( u(fi; x)@v(fi; x)@fi + u(fi; x)Bv(fi; x) ) dQ | | | ≤ c‖u‖_{10Q}‖v‖_{1tQ};

čďě c = const; c > 0 ĺ ĺśŕőńĳğőćăŋő ŋěřăćěŋśšćő ‖u‖_0Q ≤ c ‖u‖_{10}Q; ďń£ ń¿ążţ ťşŋłűĺľ u ∈ W^1_{20}(Q): Ŕő őŕřěďěńěŋĺ¿ ŋőřňż ć ŋěčăšĺćŋőň ŕřőśšřăŋśšćě

‖Lu‖_{−1tQ} = sup_v { |(v; Lu)_{0Q}| ‖v‖_{1tQ}

; ‖v‖_{1tQ} ≠ 0 } ≤ c_1‖u‖_{0Q} ≤ c‖u‖_{10Q};

u ∈ W^1_{20}(Q); v ∈ W^1_{2t}(Q): (6:1:12)

Ďń£ ŕřőĺğćőńĳŋőľ ťşŋłűĺĺ u(fi; x) ∈ W^1_{20}(Q) ŋěřăćěŋśšćő ŕőńşůăěň ŕřěďěńĳŋżň ŕěřěţőďőň.

Ďőłăğăšěńĳśšćő ŋěřăćěŋśšćă (6.1.11) ăŋăńőčĺůŋő.

Ńěňňă 6.2 Ďń£ ğăďăů (6.1.8) ĺ (6.1.9) śŕřăćěďńĺćż ŋěřăćěŋśšćă

c_1‖u‖_{0Q} ≤ ‖Lu‖_{−1tQ}; c_1 = const > 0; (6:1:13)

c_2‖v‖_{0Q} ≤ ‖L^∗v‖_{−10Q}; c_2 = const > 0: (6:1:14)

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ććěďěň őŕěřăšőř Jt ć L_2(Q); łőšőřżľ ŋă ťşŋłűĺ£ţ v(fi; x) ∈ W^1_{20}(Q) őŕřěďěń£ěšś£ ćżřăęěŋĺěň

Jtv(fi; x) ≡ fi∫

t b^{−1}(s)v(s; x) ds = u(fi; x):

Ťşŋłűĺ£ u(fi; x) = Jtv ŕřĺ fi = t řăćŋă 0 ĺ @u@fi | | | x∈Γ = 0; š.ě. u ∈ W^1_2t(Q) . Šăłĺň őąřăğőň, őŕěřăšőř Jt őŕřěďěńěŋ ŋă W^1_{20}(Q) ĺ ďěľśšćşěš ć W^1_2t(Q) ; b(fi) = −(1 + fi) .

Řăśśňőšřĺň ćżřăęěŋĺě

(Jtv; Lv)_0Q = (u; Lv)_0Q = ∫ Q u( @v @fi + Bv) dQ = ∫ Q u @ @fi [b(fi)@u @fi ] dQ + ∫ Q uB(b(fi)@u @fi ) dQ: (6:1:15)

Ğďěśĳ şůšěŋő, ůšő v(fi; x) = b(fi)@u@fi . Őűěŋĺň ĺŋšěčřăńż ć ŕřăćőľ ůăśšĺ. Ŕěřćżľ ĺŋšěčřăń ňőęŋő ğăŕĺśăšĳ ć ćĺďě ∫ Q u @ @fi [b(fi)@u @fi ] dQ = ∫ Q @ @fi [ub(fi)@u @fi ] dQ − ∫ Q b(fi) (@u @fi )_2 dQ: Śőčńăśŋő ťőřňşńě Őśšřőčřăďśłőčő ∫ Q @ @fi [u(fi; x)b(fi)@u

(fi; x) @fi ] dQ = ∫ S u(fi; x)b(fi)@u(fi; x) @fi cos(—n_0; fi) dS = 0;

čďě S = @Q | čřăŋĺűă őąńăśšĺ Q . Řăćěŋśšćő ŋşń¿ śńěďşěš ĺğ šőčő, ůšő cos(—n_0; fi) őšńĺůěŋ őš ŋşń£ ńĺÿĳ ŋă ŕőćěřţŋőśšĺ P ĺ P + T; čďě Š | ćěłšőř ś łőőřďĺŋăšăňĺ {fi; x_1 = 0; x_2 = 0; :::; xn = 0} . Ŋő, ěśńĺ v(0; x) ∈ P ĺ u(fi; x) ∈ P + T; šő v(0; x) = 0 ĺ u(fi; x) = 0 . Šăłĺň őąřăğőň, ∫ Q u(fi; x) @@fi [b(fi)@u@fi ] dQ = − ∫ Q b(fi)

( @u @fi )_2

dQ: (6:1:16)

6.1 Őąőąźěŋŋă£ ğăďăůă Łőÿĺ 83 Ŕřěőąřăğşěň ćšőřőľ ĺŋšěčřăń ć ŕřăćőľ ůăśšĺ (6.1.15). Šăł łăł ∫ Q @ @fi [u(fi; x)b(fi)Bu(fi; x)] dQ = 2 ∫ Q u(fi; x)b(fi)B @u @fi dQ + ∫ Q u(fi; x)db(fi) dfi Bu(fi; x) dQ;

šő ∫ Q u(fi; x)B[b(fi)@u@fi ] dQ = 12 ∫ Q @ @fi [u(fi; x)b(fi)Bu(fi; x)] dQ − 1 2 ∫ Q u(fi; x)db(fi)dfi Bu(fi; x) dQ: (6:1:17)

Ĺśŕőńĳğş£ ťőřňşńş Őśšřőčřăďśłőčő, ŕőńşůăěň ∫ Q @ @fi [u(fi; x)b(fi)Bu(fi; x)] dQ = ∫ S u(fi; x)b(fi)Bu(fi; x) cos(—n_0; fi) dS = −b(0) ∫ P u(0; x)Bu(0; x) dP (6:1:18)

( u(t; x) = 0 ; cos(—n_0; fi) ≠ 0 ńĺÿĳ ŋă ňŋőęěśšćăţ P ĺ P + T ). Ŕőďśšăćĺć (6.1.16)-(6.1.18) ć (6.1.15), ŕőńşůĺň

(Jtv; Lv)_0Q = ∫ Q b(fi)

( @u @fi ) dQ − 12b(0) ∫ P u(0; x)Bu(0; x) dP − db(fi)dfi u(fi; x)Bu(fi; x) dQ:

Ĺśŕőńĳğş£ £ćŋżľ ćĺď őŕěřăšőřă Jt; ŋăţőďĺň

(Jtv; Lv)_0Q = 1 2 ∫ Q [(@u @fi )_2

+ uBu ] dQ + ∫ Q fi (@u @fi )_2

dQ + 1 2 ∫ Q ( @u @fi )_2

dQ + 1 2 ∫ P u(0; x)Bu(0; x) dP;

ă šăł łăł ćżřăęěŋĺě ∫ Q (fi + 1 2 ) ( @u @fi )_2

dQ + 1 2 ∫ P u(0; x)Bu(0; x) dP ≥ 0;

šő śŕřăćěďńĺćő ŋěřăćěŋśšćő (Jtv; Lv)_0Q ≥^1_2 ‖u‖^2_1tQ .

Ŕřĺňěŋěŋĺě őąőąźěŋŋőčő ŋěřăćěŋśšćă Łőÿĺ-Ąşŋ£łőćśłőčő ďăěš, ůšő 1 2 ‖u‖^2_{1tQ} ≤ (J_tv; Lv)_{0Q} = (u; Lu)_{0Q} ≤ ‖u‖_{1tQ}‖Lv‖_{−1tQ};

‖Lv‖_{−1tQ} ≥ 12 ‖u‖_{1tQ}:

Ćŋőćĳ ĺśŕőńĳğş£ £ćŋżľ ćĺď őŕěřăšőřă Jt; ŕőńşůăěň

‖u‖^2_{1tQ} = ∫ Q [( @u @fi )_2

+ uBu ] dQ = ∫ Q [ @ @fi fi∫

t {−(1 + s)}v(s; x)

]_2 dQ+

+ ∫ Q u(fi; x)Bu(fi; x) dQ ≥ ∫ Q [−(1 + fi)v(fi; x)]^2dQ ≥ ‖v‖^2_0Q: (6:1:19)

őšś¿ďă ‖Lv‖_{−1}tQ ≥ c_1‖v‖_0Q .

Ďń£ ŕřőĺğćőńĳŋżţ v ∈ L_2(Q) ŋěřăćěŋśšćő ŕőńşůăěň ŕřěďěńĳŋżň ŕěřěţőďőň. Ŋěřăćěŋśšćő (6.1.14) ňőęŋő ďőłăğăšĳ ăŋăńőčĺůŋő.

Šěőřěňă 6.1 Ěśńĺ śŕřăćěďńĺćż őűěŋłĺ (6.1.13) ĺ (6.1.14), šő ďń£ ń¿ążţ ťşŋłűĺľ f ∈ L2(Q) ĺ g ∈ L2(Q)

śşźěśšćş¿š ěďĺŋśšćěŋŋżě őąőąźěŋŋżě řěÿěŋĺ£ ğăďăů (6.1.8) ĺ (6.1.9) śőőšćěšśšćěŋŋő ć ŕřőśšřăŋśšćăţ W^1_{20}(Q) ĺ W^1_2t(Q) .

84 6 Śĺśšěňż ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Řăśśňőšřĺň ťşŋłűĺőŋăń

l_f (v) = (v; f)_{0Q}:

Ĺśŕőńĳğş£ ŋěřăćěŋśšćő ĺğ ńěňňż 6.2, ŋăţőďĺň

|l_f (v)| = |(v; f)_{0Q}| ≤ ‖v‖_{0Q}‖f‖_{0Q} ≤ c‖L^∗v‖_{−10Q};

š.ě. lf (v) | ŋěŕřěřżćŋżľ ńĺŋěľŋżľ ťşŋłűĺőŋăń őš L^∗v; v ∈ D(L^∗_1) .

Řăśÿĺřĺň ŕő šěőřěňě Ţăŋă-Ąăŋăţă ¡šőš ťşŋłűĺőŋăń ŋă ćśě W^{−1}_{20} (Q): Ŕő őąőąźěŋŋőľ šěőřěňě Řĺśśă [25] ďń£ ńĺŋěľŋőčő ŋěŕřěřżćŋőčő ťşŋłűĺőŋăńă, őŕřěďěńěŋŋőčő ŋă ŕřőśšřăŋśšćě W^{−1}_{20} (Q); śşźěśšćşěš ťşŋłűĺ£ u ∈ W^1_{20}(Q) šăłă£, ůšő l(ȷ) = ⟨u; ȷ⟩_0Q; ďń£ ∀ȷ ∈ W^{−1}_{20} (Q); čďě ⟨u; ȷ⟩_0Q | ąĺńĺŋěľŋă£ ťőřňă ć ŕřőśšřăŋśšćăţ W^1_{20}(Q) ĺ W^{−1}_{20} (Q) . Ŕşśšĳ ȷ = L^∗v; čďě v ĺ u | čńăďłĺě ťşŋłűĺĺ, şďőćńěšćőř£¿źĺě şśńőćĺ£ň (6.1.7) ĺ (6.1.5) śőőšćěšśšćěŋŋő. Šőčďă

l(ȷ) ≡ ⟨u; ȷ⟩_{0Q} = ⟨u; L^∗v⟩ = (u; L^∗v)_{0Q} = (Lu; v)_{0Q} = (f; v)_{0Q}:

Ťşŋłűĺĺ u(fi; x); şďőćńěšćőř£¿źĺě şśńőćĺ£ň (6.1.5), ŕńőšŋż ć W^1_{20}(Q): Šăłĺň őąřăğőň, śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ {ui(fi; x)}^∞i_{=1} čńăďłĺţ ťşŋłűĺľ, şďőćńěšćőř£¿źĺţ (6.1.5), šăłă£, ůšő ‖ui − u‖_{10}Q → 0; i → ∞: Ďăńěě, ĺśŕőńĳğş£ ńěňňş 6.1, ŋăţőďĺň, ůšő ‖Lu_i − f‖_{−1tQ} → 0; i → ∞: Śşźěśšćőćăŋĺě řěÿěŋĺ£ ĺ ěčő ěďĺŋśšćěŋŋőśšĳ ďőłăğăŋż.

Śşźěśšćőćăŋĺě ĺ ěďĺŋśšćěŋŋőśšĳ řěÿěŋĺ£ ğăďăůĺ (6.1.9) ďőłăğżćă¿šś£ ăŋăńőčĺůŋő.

Őŕřěďěńěŋĺě 6.3 Őąőąźěŋŋżň řěÿěŋĺěň ğăďăůĺ (6.1.8) ŕřĺ f ∈ W^{−1}_{2t} (Q) ŋăğżćă¿š ťşŋłűĺ¿ u(fi; x) ∈ L_2(Q) šăłş¿, ůšő ďń£ ŋěě śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ čńăďłĺţ ťşŋłűĺľ {u_i(fi; x)}^∞_{i=1}; u ∈ W^1_{20}(Q); şďőćńěšćőř£¿źĺţ śőőšŋőÿěŋĺ£ň ‖Lu_i − f‖_{−1tQ} → 0; ‖u_i − u‖_{0Q} → 0; i → ∞:

Őŕřěďěńěŋĺě 6.4 Őąőąźěŋŋżň řěÿěŋĺěň ğăďăůĺ (6.1.9) ś ŕřăćőľ ůăśšĳ¿ ĺğ W^{−1}_{20} (Q) ŋăğżćă¿š ťşŋł-

űĺ¿ v(fi; x) ∈ L_2(Q) šăłş¿, ůšő ďń£ ŋěě śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ ťşŋłűĺľ {vi(fi; x)}^∞i_{=1}; vi ∈ W^1_2t(Q); şďőćńěšćőř£¿źĺţ śőőšŋőÿěŋĺ£ň ‖L^∗v − g‖_{−10}Q → 0; ‖vi − v‖_0Q → 0; i → ∞:

Šěőřěňă 6.2 Ěśńĺ śŕřăćěďńĺćż őűěŋłĺ (6.1.13) ĺ (6.1.14), šő ďń£ ń¿ążţ ťşŋłűĺľ f ∈ W^{−1}_{2t} (Q) śşźě-

śšćşěš ěďĺŋśšćěŋŋőě őąőąźěŋŋőě řěÿěŋĺě ć śňżśńě őŕřěďěńěŋĺ£ 6.3 ğăďăůĺ (6.1.8); ďń£ ń¿ążţ g ∈ W^{−1}_2o (Q) śşźěśšćşěš ěďĺŋśšćěŋŋőě őąőąźěŋŋőě řěÿěŋĺě ć śňżśńě őŕřěďěńěŋĺ£ 6.4 ğăďăůĺ (6.1.9).

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ŕřőśšřăŋśšćő L_2(Q) ŕńőšŋő ć W^{−1}_2t (Q); ŕő¡šőňş ďń£ ń¿ąőľ f ∈ W^{−1}_2t (Q) ć L_2(Q) śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ {fi}^∞i_{=1}; şďőćńěšćőř£¿źă£ śőőšŋőÿěŋĺ¿ ‖fi − f‖_{−1}tQ → 0; i → ∞ . Ŕő šěőřěňě 6.1 ďń£ ń¿ąőľ f ∈ L_2(Q) śşźěśšćşěš ěďĺŋśšćěŋŋőě řěÿěŋĺě u(fi; x) ğăďăůĺ (6.1.8) ć śňżśńě őŕřěďěńěŋĺ£ 6.1.

Ĺśŕőńĳğş£ ŋěřăćěŋśšćő (6.1.13), ŋăţőďĺň

‖Lu_i − f‖_{−1tQ} = ‖f_i − f‖_{−1tQ} ≥ c‖u_i − u‖_{0Q}:

Ŕěřěţőď£ ć ¡šőň ŋěřăćěŋśšćě ł ŕřěďěńş ŕő i → ∞; şśšăŋăćńĺćăěň śşźěśšćőćăŋĺě őąőąźěŋŋőčő řěÿěŋĺ£ ğăďăůĺ (6.1.8) ś ŕřăćőľ ůăśšĳ¿ ĺğ W^{−1}_2t (Q) ć śňżśńě őŕřěďěńěŋĺ£ 6.3. Ěďĺŋśšćěŋŋőśšĳ śńěďşěš ĺğ ŋěřăćěŋśšćă (6.1.12).

Ďőłăğăšěńĳśšćő ćšőřőľ ůăśšĺ šěőřěňż ăŋăńőčĺůŋő.

Őąřăšĺňś£ šěŕěřĳ ł ŕřĺąńĺęěŋŋőňş řěÿěŋĺ¿ łřăěćőľ ğăďăůĺ. Řăśśňőšřĺň ćŋăůăńě ğăďăůş (6.1.8), łőčďă ŕřăćă£ ůăśšĳ f ∈ L_2(Q): Ěě ŕřĺąńĺęěŋŋőě řěÿěŋĺě ąşďěň ĺśłăšĳ ć ćĺďě

u_k(fi; x) = k∑ i=1 y_i(fi)ȷ_i(x); k = 1; 2; ::: (6:1:20)

čďě ȷ(x) | ŕőńŋă£ őřšőŋőřňĺřőćăŋŋă£ śĺśšěňă čńăďłĺţ ťşŋłűĺľ ć L_2(Q); şďőćńěšćőř£¿źă£ şśńőćĺ¿ (6.1.1), ă ćżřăęěŋĺě ďń£ yi(fi) ŋăţőďĺšś£ ĺğ śőőšŋőÿěŋĺľ

(@uk@fi ; ȷj)_0P + (Bu; ȷj)_0P = (f; ȷj)_0P ; (uk(0; x); ȷj)_0P = yj(0); j = 1; :::; k

(6:1:21)

6.1 Őąőąźěŋŋă£ ğăďăůă Łőÿĺ 85

ĺ, ĺśŕőńĳğş£ (6.1.20), ŕőńşůăěň, ůšő dy_i(fi) dfi + ∑k s=1 y_s(fi)(Bȷ_s; ȷ_j)_{0P} = (f; ȷ_j)_{0P} ; y_i(0) = 0; i; j = 1; :::; k:

(6:1:22)

İšő şřăćŋěŋĺě ňőęŋő ğăŕĺśăšĳ ć ňăšřĺůŋőľ ťőřňě dy(fi) dfi = Fky(fi) + Gk(fi); y(0) = 0; (6:1:23)

čďě y(fi) ĺ Gk(fi) | ćěłšőřż śšőńąűż, y(fi) = {y_1(fi); y_2(fi); :::; yk(fi)}; G_k(fi) = {(f; ȷ_1)_{0P} ; (f; ȷ_2)_{0P} :::; (f; ȷ_k)_{0P} }; F_k | ňăšřĺűă ćĺďă

F_k =

(Bȷ_1; ȷ_1)_0P · · · (Bȷ_1; ȷk)_0P · · · · · · · · · (Bȷk; ȷ_1)_0P · · · (Bȷk; ȷk)_0P : Őšňěšĺň, ůšő řěÿěŋĺě (6.1.22) ŕőŋĺňăěšś£ ć śňżśńě őŕřěďěńěŋĺ£ 6.1.

Ńěňňă 6.3 Ďń£ ń¿ąőľ ťşŋłűĺĺ f ∈ L2(Q) śŕřăćěďńĺćő ŋěřăćěŋśšćő ‖f‖_{0Q} ≥ c‖u_k‖_{10Q}:

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Şňŋőęĺň őąě ůăśšĺ śőőšŋőÿěŋĺ£ (6.1.21) ŋă (2t − fi)dyj(fi)dfi . Śşňňĺřş£ ŕő j (j = 1; :::; k) ĺ ĺŋšěčřĺřş£ ŕő fi őš 0 ďő t; ŋăţőďĺň t∫

0 ( @u_k(fi) @fi ; k∑ j=1 (2t − fi) dy_j(fi) dfi ȷ^j)^{0P} dfi + t∫

0 (Buk; k∑ j=1 (2t − fi) dy_j(fi) dfi ȷ^j)^{0P} dfi =

= t∫

0 (f(fi; x); k∑ j=1 (2t − fi)dyj (fi) dfi ȷ_j)_{0P} dfi;

őšś¿ďă, ĺśŕőńĳğş£ śőőšŋőÿěŋĺě (6.1.20), ŕőńşůăěň

(@uk (fi) @fi ; (2t − fi)@u^k(fi) @fi )_0Q + (Buk; (2t − fi)@uk (fi) @fi )_0Q ≡

≡ (Luk; (2t − fi)@uk (fi) @fi )_0Q = (f; (2t − fi)@uk (fi) @fi )_0Q:

Řăśśňőšřĺň ćżřăęěŋĺě (Buk; (2t − fi)@uk(fi)@fi )_0Q: Śŕřăćěďńĺćő řăćěŋśšćő

(Buk; (2t − fi)@uk (fi) @fi )_0Q = 1 2 ( @ @fi {[2t − fi]Bu_k; u_k})_{0Q} + 1 2 (Buk; uk)_0Q:

Ŕřĺňěŋ££ ťőřňşńş Őśšřőčřăďśłőčő, ĺňěěň

( @@fi {[2t − fi]Buk; uk})_0Q = ∫ S (2t − fi)(Buk)uk cos(—n_0; fi) dS =

= − ∫ P 2t(Buk(0; x))uk(0; x) dP + ∫ P +T

t(Bu_k(t; x))u_k(t; x) d(P + T );

ŋő u(0; x) = 0: Šőčďă

(Buk; (2t − fi)@uk (fi) @fi )^{0Q} = 1 2 (Buk; uk)_0Q + 1 2t (Buk; uk(t; x))_0Q ≥ 1 2 (Buk; uk)_0Q:

86 6 Śĺśšěňż ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Šăłĺň őąřăğőň,

(f; (2t − fi))@uk (fi) @fi )^{0Q} ≥ 1 2 (Buk; uk)_0Q + (@uk (fi) @fi ; (2t − fi)

@u_k(fi) @fi )^{0Q} ≥ ≥ 1 2 (Buk; uk)_0Q + c(@uk (fi) @fi ; @u^k(fi) @fi )_0Q ≥ c‖uk‖^2_{10}Q:

Ğďěśĳ şůšěŋő, ůšő (2t − fi) ≥ 1; 0 < c ≤ 1; c | łőŋśšăŋšă.

Ŕřĺňěŋ££ őąőąźěŋŋőě ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő ł ńěćőľ ůăśšĺ, ŋăţőďĺň

c‖u_k‖^2_{10Q} ≤ ‖f‖_{0Q}(2t − fi)@u^k(fi) @fi ‖_0Q ≤ ‖f‖_0Q‖ @uk (fi) @fi ‖_0Q;

šő ěśšĳ śŕřăćěďńĺćő śőőšŋőÿěŋĺě

‖f‖^2_{0Q} ≥ c ‖u_k‖^2_{10Q} ‖ @u_k(fi)

@fi ‖^{0Q} 2 ≥ ‖u_k‖^4_{10Q} ‖ @u_k(fi)

@fi ‖^{20Q} + (Bu^k; u^k)^{0Q}

= c^2‖uk‖^2_{10}Q:

Ŕőśńěďŋěě ŋěřăćěŋśšćő ćěřŋő, šăł łăł (Buk; uk)_0Q ≥ 0: Šăłĺň őąřăğőň, ‖f‖_0Q ≥ c‖uk‖_{10}Q; ůšő ĺ šřěąőćăńőśĳ ďőłăğăšĳ.

Šěőřěňă 6.3 Ŕşśšĳ {ȷi(x)}^∞_{i=1} | ŕőńŋă£ őřšőŋőřňĺřőćăŋŋă£ śĺśšěňă čńăďłĺţ ťşŋłűĺľ ć L2(P ); šă-

łă£, ůšő dȷi(x)dx | | | x∈@P

= 0; ă yi(fi) | řěÿěŋĺě ğăďăůĺ (6.1.23). Šőčďă

u_k(fi; x) = k∑ i=1 y_i(fi)ȷ_i(x); k = 1; 2; :::;

ğăďăěš ć śňżśńě őŕřěďěńěŋĺ£ 6.1 řěÿěŋĺě ğăďăůĺ (6.1.8), šő ěśšĳ ćżŕőńŋ£¿šś£ śőőšŋőÿěŋĺ£

‖u_k − u‖_{10Q} → 0; ‖Lu_k − f‖_{−1tQ} → 0; k → ∞:

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Śőčńăśŋő ńěňňě 6.3 ňŋőęěśšćő ťşŋłűĺľ {uk}^∞k_{=1} őčřăŋĺůěŋő ć W^1_{20}(Q); ğŋăůĺš, śńăąő łőňŕăłšŋő ć W^1_{20}(Q) ĺ ňőęŋő ćżďěńĺšĳ śńăąő śţőď£źş¿ś£ ŕőďŕőśńěďőćăšěńĳŋőśšĳ {uk_n }^∞k_{n=1} ć W^1_{20}(Q): Šőčďă ć śĺńş ŕńőšŋőśšĺ W^1_{20}(Q) ŕőďŕőśńěďőćăšěńĳŋőśšĳ {uk_n }^∞k_{n=1} śńăąő śţőďĺšś£ ł ŋěłőšőřőňş ŕřěďěńş —u ∈ W^1_{20}(Q) . Ŕőłăęěň, ůšő —u | řěÿěŋĺě ğăďăůĺ (6.1.8). Şňŋőęĺň (6.1.21) ŋă ťşŋłűĺ¿ ’(fi) ∈ W^1_{20}(Q) ĺ ŕőśńě ĺŋšěčřĺřőćăŋĺ£ őš 0 ďő t ŕőńşůĺň

(Luk_n ; ’(fi)ȷj(x))_0Q = (f; ’(fi)ȷj(x))_0Q; j = 1; :::; k: (6:1:24)

Šăł łăł ‖uk_n − —u‖_{10}Q → 0; k → ∞; šő śőčńăśŋő ŋěřăćěŋśšćş (6.1.10)

‖Lu_{kn} − Lu_{km} ‖_{−1tQ} ≤ ‖u_{kn} − —u‖_{10Q} → 0; n → m:

Ŕőśńěďőćăšěńĳŋőśšĳ {Luk_n }^∞k_{n=1} ťşŋďăňěŋšăńĳŋă ć W^{−1}_2t (Q) ĺ ĺňěěš ŕřěďěń ć W^{−1}_2t (Q) . Őąőğŋăůĺň ¡šőš ŕřěďěń L—u: Ťşŋłűĺ£ ’(fi)ȷj(x) ŕřĺŋăďńěęĺš W^{−1}_2t (Q) ĺ (6.1.24) ňőęŋő ŕőŋĺňăšĳ ć śňżśńě ąĺńĺŋěľŋőľ ťőřňż, š.ě. (6.1.24) śŕřăćěďńĺćő, ěśńĺ Luk_n ∈ W^{−1}_2t (Q) . Ŕěřěľďěň ł ŕřěďěńş ŕő k → ∞ ć (6.1.24) ĺ ś şůěšőň ŋěŕřěřżćŋőśšĺ śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ ć L_2(Q) ŕőńşůĺň ⟨L—u; ’(fi)ȷj(x)⟩tQ = ⟨f; ’(fi)ȷj (x)⟩_0Q; j = 1; :::; k: İšő ćżřăęěŋĺě ňőęŋő ğăŕĺśăšĳ ć ćĺďě

⟨L—u − f; ’(fi)ȷ_j(x)⟩_{tQ} = 0: (6:1:25)

Ć śĺńş ŋěŕřěřżćŋőśšĺ ’(fi)ȷj(x) ŋăţőďĺň L—u − f = 0; š.ě. —u | řěÿěŋĺě şřăćŋěŋĺ£ (6.1.8), ůšő ĺ šřěąőćăńőśĳ ďőłăğăšĳ. Śńěďşěš őšňěšĺšĳ, ůšő (6.1.25) śŕřăćěďńĺćő ĺ ć śńşůăě, ěśńĺ f ∈ W^{−1}_2t (Q) .

Šěőřěňă 6.4 Ŕşśšĳ {ȷi}^∞_{i=1} | ŕőńŋă£ őřšőŋőřňĺřőćăŋŋă£ śĺśšěňă čńăďłĺţ ťşŋłűĺľ ć L2(P ); ŕřĺůěň ȷ_i(x) ∈ W^1_2 (P ) ĺ d’^i(x)dx | | | x∈@P

= 0; ćěłšőř-ťşŋłűĺ£ f(fi; x) ŕřĺŋăďńěęĺš ŕřőśšřăŋśšćş W^{−1}_2t (Q); ĺ {f_"}_{">0} | ŕőśńěďőćăšěńĳŋőśšĳ őśřěďŋěŋĺľ ťşŋłűĺĺ f; ťşŋłűĺ£ y_{i"}(fi) | řěÿěŋĺě ğăďăůĺ

dy_{i"}(fi) dfi + k∑ j=1 y_{j"}(fi)(Bȷ_j ; ȷ_i)_{0P} = (f_"; ȷ_i)_{0P} ; y_{i"}(0) = 0; i = 1; :::; k:

6.1 Őąőąźěŋŋă£ ğăďăůă Łőÿĺ 87

Šőčďă śŕřăćěďńĺćż śőőšŋőÿěŋĺ£ ‖u_{k"} − u‖_{0Q} → 0; ‖Lu_{k"} − f‖_{−1tQ} → 0; k → ∞; " → 0;

čďě uk"(fi; x) = k∑ i=1 y_{i"}(fi)ȷ_i(x); ‖f_" − f‖_{−1tQ} → 0; " → 0:

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ğăŕĺÿěň śőőšŋőÿěŋĺě (6.1.21) ďń£ ťşŋłűĺľ f ĺ f" (@u_{k"} @fi ; ȷ_j ) 0P + (Buk"; ȷj)_0P = (f"; ȷj)_0P ;

( @u_k

@fi ; ȷ^j ) 0P + (Buk; ȷj)_0P = (f; ȷj )_0P :

Ŕőśńě ćżůĺšăŋĺ£ ŕěřćőčő ĺğ ćšőřőčő ŕőńşůĺň (@(u_k − u_{k"})

@fi ; ȷ^j ) 0P + (B(uk − uk"); ȷj)_0P = (f − f"; ȷj)_0P : (6:1:26)

Şňŋőęă£ (1.1.26) ŋă őŕěřăšőř Jt(yj" − yj) = fi∫ t [−(1 + s)^{−1}][yj"(s) − yj(s)]ds; ĺ śşňňĺřş£ ŕő j (j = 1; :::; k);

ŋăţőďĺň (@(u_k − u_{k"})

@fi ; J^t(u^k−u^{k"}) ) 0Q +(B(uk−uk"); Jt(uk−uk"))_0Q = (f −f"; Jt(uk−uk"))_0Q = (f −f"; Jt(uk−uk")_0Q:

Őŕěřăšőř Jt ŕěřěćőďĺš ¡ńěňěŋš ĺğ L_2(Q) ć ŕřőśšřăŋśšćő W^1_2t(Q); ŕő¡šőňş śŕřăćěďńĺćő řăćěŋśšćő ⟨ @(u_k − u_{k"}) @fi ; J^t(u^k − u^{k"})⟩^{0Q} + ⟨B(u^k − u^{k"}); J^t(u^k − u^{k"})⟩^{0Q} = ⟨f − f^"; J^t(u^k − u^{k"})⟩^{0Q}; ĺńĺ ⟨L(u_k − u_{k"}); J_t(u_k − u_{k"})⟩_{tQ} = ⟨f − f_"; J_t(u_k − u_{k"})⟩_{tQ}:

Śőčńăśŋő (6.1.26) ⟨L(u_k − u_{k"}); J_t(u_k − u_{k"})⟩_{tQ} ≥ c‖J_t(u_k − u_{k"})‖^2_{1tQ}:

Ćěřŋő šăłęě ŋěřăćěŋśšćő ⟨f − f_"; J_t(u_k − u_{k"})⟩_{tQ} ≥ c‖J_t(u_k − u_{k"})‖^2_{1tQ};

őšłşďă, ŕřĺňěŋ££ őąőąźěŋŋőě ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő, ŋăţőďĺň ‖f − f_"‖_{−1tQ} ≥ c‖J_t(u_k − u_{k"})‖_{1tQ} ≥ c‖u_k − u_{k"}‖_{0Q} (6:1:27) ĺ ŕő šěőřěňě 6.3 ‖u_{k"} − u_"‖_{10Q} → 0; ‖Lu_{k"} − f_"‖_{−1tQ} → 0; k → ∞:

Ĺňěěš ňěśšő śőőšŋőÿěŋĺě (śň. ńěňňş 6.2) c_0‖u_{k"} − u_"‖_{0Q} ≤ ‖L(u_{k"} − u_")‖_{−1tQ}; (6:1:28) Šăł łăł ‖f − f"‖_{−1}tQ → 0 ŕřĺ " → 0; šő ŕőśńěďőćăšěńĳŋőśšĳ {u"}">_0 ťşŋďăňěŋšăńĳŋă. Ďěľśšćĺšěńĳŋő, ‖f_{"1} − f_"‖_{−1tQ} → 0 ŕřĺ "_1; " → 0 ĺ ĺğ (6.1.28) ćżšěłăěš, ůšő ‖u_" − u_{"1}‖_{0Q} → 0; "_1; " → 0 . Őąőğŋăůĺň —u = lim"_{→0} u" . Ŕőłăęěň, ůšő —u = u . Ŋěřăćěŋśšćő (6.1.13) śŕřăćěďńĺćő ďń£ ćśěţ u ∈ L_2(Q); š.ě. ‖Lu_"‖_{−1tQ} ≥ c‖u_"‖_{0Q}; śńěďőćăšěńĳŋő, ‖L(u_{k"} − u)‖_{−1tQ} = ‖f_" − f‖_{−1tQ} ≥ c‖u_" − u‖_{0Q}: (6:1:29) Ŕěřěţőď£ ł ŕřěďěńş ŕő " → 0; ŋăţőďĺň 0 ≥ c‖—u − u‖_0Q; ŋő ‖—u − u‖_0Q ≥ 0 ĺ ŕő¡šőňş —u = u:

Őűěŋĺň ŋőřňş ‖uk − u‖_0Q . Ŕřĺňěŋ££ ŋěřăćěŋśšćő šřěşčőńĳŋĺłă, ŋăţőďĺň ‖u_k − u‖_{0Q} ≤ ‖u − u_"‖_{0Q} + ‖u_" − u_{k"}‖_{0Q} + ‖u_{k"} − u_k‖_{0Q}:

88 6 Śĺśšěňż ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Ćżąĺřă£ " ĺ k šăł, ůšőąż ‖u − u"‖_0Q ≤ ‹_3 ; ‖u" − uk"‖_0Q ≤ ‹_3 ; ‖uk" − uk‖_0Q ≤ ≤ ‹_3 ; ( ‹ > 0; ‹ | ťĺłśĺřőćăŋŋőě ŕřőĺğćőńĳŋőě ůĺśńő), ĺ ĺśŕőńĳğş£ śőőšŋőÿěŋĺě (6.1.27) ĺ šěőřěňş 6.3, ŕőńşůăěň

‖u_k − u‖_{0Q} < ‹ → 0; k → ∞; čďě u_k(t; x) = k∑ i=1 y_i(fi)ȷ_i(x); k = 1; 2; :::;

Dy_i ≡ dy^i(fi)dfi − F_ky_i(fi) = G_k(fi); G_k(fi) ∈ W^{−1}_2 [0; t];

y_i(fi)|_{fi=0} = 0; i = 1; :::; k:

Ďń£ ťşŋłűĺĺ y(fi) ∈ L_2[0; t] śşźěśšćşěš ŕőśńěďőćăšěńĳŋőśšĳ čńăďłĺţ ťşŋłűĺľ {i(fi)}^∞i_{=1} šăłĺě, ůšő i(0) = 0; i = 1; 2; :::; ĺ

‖y(fi) − _i(fi)‖_0 → 0; ‖D_i(fi) − G_k(fi)‖_{−10} → 0; i → ∞:

Šěőřěňă 6.4 ďőłăğăŋă.

6.2 Ćőśśšăŋőćńěŋĺě śĺčŋăńőć ć ŕăřăąőńĺůěśłĺţ śĺśšěňăţ

Řăśśňőšřĺň ğăďăůş ćőśśšăŋőćńěŋĺ£ śĺčŋăńőć ć śĺśšěňăţ, őŕĺśżćăěňżţ ďĺťťěřěŋűĺăńĳŋżňĺ şřăćŋěŋĺ£ňĺ ŕăřăąőńĺůěśłőčő šĺŕă ŕřĺ ŋăńĺůĺĺ űćěšŋżţ ÿşňőć ć ĺğňěřěŋĺ£ţ. Łăł ĺğćěśšŋő, řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ć ¡šőň śńşůăě, ćőőąźě čőćőř£, ŋěłőřřěłšŋő [33,25]. Ŋĺęě ŕřěďńőęěŋ ňěšőď ŋăţőęďěŋĺ£ ŕřĺąńĺęěŋŋőčő řěÿěŋĺ£ ğăďăůĺ, őśŋőćăŋŋżľ ŋă ĺďěě řěčşń£řĺğăűĺĺ Ă.Ŋ. Šĺţőŋőćă ĺ śćěďěŋĺĺ ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ć śĺśšěňăţ ś őŕěřăšőřŋżňĺ łő¡ťťĺűĺěŋšăňĺ ł ğăďăůě ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ć śĺśšěňăţ, őŕĺśżćăěňżţ őążłŋőćěŋŋżňĺ ďĺťťěřěŋűĺăńĳŋżňĺ şřăćŋěŋĺ£ňĺ. Ďőłăğżćăěšś£ śţőďĺňőśšĳ ăńčőřĺšňă řěÿěŋĺ£ ğăďăůĺ.

Ŕşśšĳ, łăł ĺ řăŋĳÿě, ć n {ňěřŋőň ¡ćłńĺďőćőň ŕřőśšřăŋśšćě En ğăďăŋă őčřăŋĺůěŋŋă£ ğăňłŋşšă£ őąńăśšĳ P ś čřăŋĺűěľ @P . Ć łăęďőľ šőůłě čřăŋĺűż @P = ` śşźěśšćşěš ěďĺŋśšćěŋŋă£ ćŋěÿŋ££ ŋőřňăńĳ —n_0: L_2(P ) | ŕřőśšřăŋśšćő ĺŋšěčřĺřşěňżţ ś łćăďřăšőň ć śňżśńě Ńěąěčă ťşŋłűĺľ ŋă P (ğďěśĳ ĺ ďăńĳÿě ąşłćă ć śłőąłăţ şłăğżćăěš őąńăśšĳ ĺńĺ ňŋőęěśšćő, ŋă łőšőřőň őŕřěďěńěŋż ťşŋłűĺĺ, ŕřĺŋăďńěęăźĺě řăśśňăšřĺćăěňőňş ŕřőśšřăŋśšćş); (:; :)_0P | śłăń£řŋőě ŕřőĺğćěďěŋĺě ć L_2(P ): Ŋă ňŋőęěśšćě ďćăęďż ďĺťťěřěŋűĺřşěňżţ ťşŋłűĺľ C^2(P ) ğăďăŋ őŕěřăšőř B; őŕřěďěńěŋŋżľ śőőšŋőÿěŋĺěň

Nu = − n∑ i;j=1 @ @x (aij(x)@u (x) @x ) + c(x)u(x);

čďě aij(x) = aji(x) ∈ C^2(P ); i; j = 1; :::; n; c(x) ∈ C(P ); C(P ) | ŕřőśšřăŋśšćő ŋěŕřěřżćŋżţ ťşŋłűĺľ

ŋă P; c(x) ≥ c_0 ďń£ ∀x ∈ P; c_0 = inf{c(x) | x ∈ P } > 0: n∑ i;j=1

a_{ij}(x)_i_j ≥ –^n ∑ i=1 i; – | ŕőńőęĺšěńĳŋă£

łőŋśšăŋšă, i | ŕřőĺğćőńĳŋżě ćěźěśšćěŋŋżě ůĺśńă ( i = 1; :::; n ). Śşźěśšćşěš őčřăŋĺůěŋŋă£ ŕřőĺğćőďŋă£ @a_{ij}(x)

@x_i ; ∀x ∈ P ; ĺ ćżŕőńŋ£¿šś£ čřăŋĺůŋżě şśńőćĺ£ du d | | | x∈Γ = 0;

čďě d=d | ŕřőĺğćőďŋă£ ŕő łőŋőřňăńĺ :

Őŕěřăšőř B śĺňňěšřĺůěśłĺľ ĺ ŕőńőęĺšěńĳŋő őŕřěďěńěŋŋżľ.

Ŕşśšĳ Q = P × [0; t]; čďě [0; t] | łőŋěůŋżľ ŕřőňěęşšőł ćřěňěŋĺ. Řăśśňőšřĺň ć L_2(Q) ďĺťťěřěŋűĺăńĳŋżľ őŕěřăšőř L_1u ≡ @u@fi + Bu(fi; x); őŕřěďěńěŋŋżľ ŋă ňŋőęěśšćě D(L_1) ťşŋłűĺľ u(fi; x); 0 ≤ fi ≤ t; x ∈ P; ŋěŕřěřżćŋő ďĺťťěřěŋűĺřşěňżţ ŕő fi ĺ ďćăęďż ŋěŕřěřżćŋő ďĺťťěřěŋűĺřşěňżţ ŕő x; łőšőřżě şďőćńěšćőř£¿š şśńőćĺ£ň u(0; x) = du d | | | x∈Γ = 0:

6.2 Ćőśśšăŋőćńěŋĺě śĺčŋăńőć ć ŕăřăąőńĺůěśłĺţ śĺśšěňăţ 89

Ůěřěğ W^1_{20}(Q) őąőğŋăůĺň ŕőŕőńŋěŋĺě D(L_1) ŕő ŋőřňě

‖u‖_{10Q} = ( ∫ Q [(@u @fi )^2 + uBu] dQ)^1=^2: (6:2:1)

Ŕřĺňěň W^1_{20}(Q) ğă ŕőğĺšĺćŋőě ŕřőśšřăŋśšćő. Ŕő W^1_{20}(Q) ĺ L_2(Q) ŕőśšřőĺň ŕřőśšřăŋśšćő W^{−1}_{20} (Q): W^1_{2t}(Q) | ŕőŕőńŋěŋĺě ŕő ŋőřňě (6.2.1) čńăďłĺţ ťşŋłűĺľ v(fi; x); şďőćńěšćőř£¿źĺţ śőőšŋőÿěŋĺ£ň

v(t; x) = dv(x)d | | | x∈Γ = 0:

Ŕşśšĳ W^{−1}_2t (Q) | ŋěčăšĺćŋőě ŕřőśšřăŋśšćő, ŕőńşůěŋŋőě ŕő W^{−1}_2t (Q) ĺ L_(Q): Řăśÿĺřěŋĺě őŕěřăšőřă L_1 ŋă W^1_{20}(Q) őąőğŋăůĺň ůěřěğ L; ă ůěřěğ L^∗ | őŕěřăšőř śőŕř£ęěŋŋżľ ś L: L^∗v ≡ − @v@fi + Bv(fi; x); ŋă čńăďłĺţ ťşŋłűĺ£ţ v(fi; x):

Ŕ ő ś š ă ŋ ő ć ł ă ğ ă ď ă ů ĺ. Ŕşśšĳ ŕőńěğŋżľ q {ňěřŋżľ ćěłšőřŋżľ śĺčŋăń u(fi; x) ťőřňĺřşěšś£ śĺśšěňőľ Lu ≡ @u@fi + Bu(fi; x) = v(fi; x); (6:2:2)

u(0; x) = u_0(x); u(fi; x)d | | | x∈Γ = 0; (6:2:3)

čďě v(fi; x) | ąěńżľ čăşśśőćśłĺľ ÿşň ś ĺğćěśšŋżňĺ śšăšĺśšĺłăňĺ, řěăńĺğăűĺĺ v(fi; x) ∈ W^{−1}_2t (Q):

Ĺğňěřěŋĺ£ ŕřőĺğćőď£šś£ ŋă ĺŋšěřćăńě [0; t] ĺ ść£ğăŋż ś u(fi; x) śőőšŋőÿěŋĺěň

r(fi; x_1) = Su + (fi); r(fi; x_1) ∈ W^{−1}_{2t} (G);

čďě S | ńĺŋěľŋżľ ŋěŕřěřżćŋżľ őŕěřăšőř, ďěľśšćş¿źĺľ ĺğ ŕřőśšřăŋśšćă śőśšő£ŋĺľ L_2(Q) ć ŕřőśšřăŋśšćő ĺğňěřěŋĺľ L_2(G); G = ~ × [0; t]; ~ | ňŋőęěśšćő, ć łőšőřőě őŕěřăšőř S ŕěřěćőďĺš őąńăśšĳ P ( ~ ⊂ En ); (fi) | ÿşň ĺğňěřěŋĺľ (ŋăŕřĺňěř, ćżřőęďěŋŋżľ ąěńżľ čăşśśőćśłĺľ ÿşň). Řăćěŋśšćă ć şřăćŋěŋĺĺ ŋăąń¿ďěŋĺľ ĺ (6.2.2) ŕőŋĺňă¿šś£ ć śňżśńě ŋěčăšĺćŋőčő ŕřőśšřăŋśšćă, řěÿěŋĺě (6.2.2), (6.2.3) { ć őąőąźěŋŋőň śňżśńě.

Šřěąşěšś£ ŕő ĺğňěřěŋĺ£ň {r(fi; x_1); 0 ≤ fi ≤ t} őŕřěďěńĺšĳ ŕőśńěďőćăšěńĳŋőśšĳ őűěŋőł ^u¸(fi; x) ŕřőűěśśă u(fi; x) ć šőůłě fi = t; ďń£ łőšőřőľ ćżŕőńŋ£ěšś£ śőőšŋőÿěŋĺě

lim̧_{→0} M[(z; A¸r − u)^2q] = m(t); A¸r = ^u¸(fi; x); (6:2:4)

čďě A¸ | ńĺŋěľŋżľ ŋěŕřěřżćŋżľ őŕěřăšőř, ďěľśšćş¿źĺľ ĺğ ŕřőśšřăŋśšćă ŋăąń¿ďěŋĺľ W^{−1}_2t (G) ć ŕřőśšřăŋśšćő śőśšő£ŋĺľ L_2(Q); z | ŕřőĺğćőńĳŋżľ ćěłšőř ĺğ En;

m(t) = inf_{Ai} M[(z; A_ir − u)^2_n]; (6:2:5)

ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ńĺŋěľŋżň ŋěŕřěřżćŋżň őŕěřăšőřăň Ai; ďěľśšćş¿źĺň ĺğ W^{−1}_2t (G) ć L_2(Q): Ŕřőśšřăŋśšćő šăłĺţ őŕěřăšőřőć őąőğŋăůĺň ůěřěğ F (G; Q):

Řěÿěŋĺě ńĺŋěľŋőľ ğăďăůĺ ťĺńĳšřăűĺĺ ďń£ śĺśšěň ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ ¡łćĺćăńěŋšŋő řěÿěŋĺ¿ őŕěřăšőřŋőčő şřăćŋěŋĺ£ Ćĺŋěřă-Ţőŕťă

A_0Rr = Rur; (6:2:6)

čďě A_0 | ńĺŋěľŋżľ őŕěřăšőř, şďőćńěšćőř£¿źĺľ łřĺšěřĺ¿ (6.2.5); Rr | łőřřěń£űĺőŋŋżľ őŕěřăšőř śńşůăľŋőčő ŕřőűěśśă r(fi; x_1); Rur | ćğăĺňŋőłőřřěń£űĺőŋŋżľ őŕěřăšőř śńşůăľŋżţ ŕřőűěśśőć u(fi; x) ĺ r(fi; x_1):

Śŕřăćěďńĺćő śńěďş¿źěě şšćěřęďěŋĺě.

Šěőřěňă 6.5 Ŕőśńěďőćăšěńĳŋőśšĳ őŕěřăšőřőć {A¸}¸>0; A¸ ∈ F (G; Q); şďőćńěšćőř£¿źă£ łřĺšěřĺ¿

(6.2.4), ŋăţőďĺšś£ ĺğ őŕěřăšőřŋőčő şřăćŋěŋĺ£

A¸Rr + ¸A¸ = Rur; (6:2:7)

čďě ¸ | ŕăřăňěšř řěčşń£řĺğăűĺĺ, ¸ > 0:

90 6 Śĺśšěňż ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Řăśśňőšřĺň ćżřăęěŋĺě ’(A) = M[(z; Ar − u)^2_n];

čďě A ∈ F (Q; G); z ∈ En: İšőš ťşŋłűĺőŋăń ňőęŋő ğăŕĺśăšĳ ŋěśłőńĳłő ĺŋăůě, ă ĺňěŋŋő ’(A) = (z; AA^∗R_rz)_n − 2(z; AR_{ru}z)_n + (z; R_uz)_n; (6:2:8) čďě A^∗ | őŕěřăšőř, ść£ğăŋŋżľ ś őŕěřăšőřőň A śőőšŋőÿěŋĺěň A^∗r = (Ar)š; Ru | łőřřěń£űĺőŋŋżľ őŕěřăšőř śńşůăľŋőčő ŕřőűěśśă u(fi; x):

Ĺğ ŕőśńěďŋěčő ćżřăęěŋĺ£ ďń£ ’(A) ćĺďŋő, ůšő ňĺŋĺňĺğĺřőćăšĳ śńěďşěš ŕěřćżě ďćă śńăčăěňżě. Ććěďěň őąőğŋăůěŋĺ£ ȷ(A) = (z; AA^∗R_rz)_n − (z; AR_{ru}z)_n:

Őšňěšĺň, ůšő inf_A {ȷ(A); A ∈ F (Q; G)} = −(z; A_0Rruz)n; (6:2:9) čďě A_0 şďőćńěšćőř£ěš ARr = Rru: Řěÿěŋĺě ¡šőčő şřăćŋěŋĺ£ ć őąźěň śńşůăě ŋěłőřřěłšŋő [33].

Řěčşń£řĺğĺřş¿źĺľ ťşŋłűĺőŋăń ĺňěěš ćĺď ’_¸(A) = (z; R_uz)_n + ȷ(A) + ¸(z; AA^∗z)_n;

ă ćżřăęěŋĺě, łőšőřőě ŋěőąţőďĺňő ňĺŋĺňĺğĺřőćăšĳ, ȷ_¸(A) = ȷ(A) + ¸(z; AA^∗z)_n: (6:2:10) Şřăćŋěŋĺě İľńěřă ďń£ ťşŋłűĺőŋăńă ’¸(A) ĺňěěš ćĺď (6.2.7). İšő şřăćŋěŋĺě ĺňěěš ěďĺŋśšćěŋŋőě řěÿěŋĺě.

Őąőğŋăůĺň ´ = A − A¸; A¸ | řěÿěŋĺě (6.2.7), ĺ ğăŕĺÿěň ćżřăęěŋĺě (6.2.10), ĺśŕőńĳğş£ ¡šő őąőğŋăůěŋĺě. Ŕőśńě ŋěśńőęŋżţ ŕřěőąřăğőćăŋĺľ ŋăţőďĺň ȷ_¸(A) − ȷ_¸(A_¸) = ¸(z; AA^∗z)_n + (z; ´´^∗z)_n;

šăł łăł (z; ´´^∗z)n ≥ 0; šő śŕřăćěďńĺćő ŋěřăćěŋśšćő ȷ_¸(A) ≥ ȷ_¸(A_¸) + ¸(z; AA^∗z)_n ≥ ȷ_¸(A_¸): (6:2:11) Ŋĺęŋ££ čřăŋĳ ȷ¸(A) řăćŋă inf_A {ȷ¸(A); A ∈ F (Q; G)} = −(z; A¸Rruz)n: (6:2:12) Ŕşśšĳ šěŕěřĳ ¸_1 > ¸_2 > 0: Šőčďă śŕřăćěďńĺćő ŋěřăćěŋśšćő −(z; R_uz)_n ≤ −(z; A_0R_{ru}z)_n ≤ −(z; A_¸R_{ru}z)_n;

łőšőřőě śńěďşěš ĺğ (6.2.12) ĺ ŋěřăćěŋśšćă (z; Ruz)n ≥ |(z; A_0Rruz)n|; šăł łăł inf_A {’¸(A); A ∈ F (Q; G)} = (z; Ruz)n − (z; A_0Rruz)n ≥ 0:

Šăłĺň őąřăğőň ŕőśńěďőćăšěńĳŋőśšĳ őŕěřăšőřőć {A¸}¸>_0 ğăďăěš őčřăŋĺůěŋŋş¿ śŋĺğş ŕőśńěďőćăšěńĳŋőśšĳ {(z; A_¸R_{ru}z)_n}_{¸>0} ŕřĺ ¸ → 0: İšă ŕőśńěďőćăšěńĳŋőśšĳ ňőŋőšőŋŋő şążćăěš, ă ğŋăůĺš, śşźěśšćşěš ŕřěďěń lim̧_{→0}(z; A¸Rruz)n:

Šăł łăł ȷ(A) ≤ ȷ¸(A) ďń£ ¸ > 0 ĺ ćśěţ A ∈ F (Q; G); šő inf_A {ȷ(A); A ∈ F (Q; G)} ≤ inf_A {ȷ¸(A); A ∈ F (Q; G)};

ă śńěďőćăšěńĳŋő inf_A {ȷ(A); A ∈ F (Q; G)} ≤ − lim̧_{→0}(z; A¸Rruz)n: (6:2:13) Śŕřăćěďńĺćő šăłęě ŋěřăćěŋśšćő inf_A {ȷ(A); A ∈ F (Q; G)} ≥ − lim̧_{→0}(z; A¸Rruz)n; (6:2:14)

6.3 Ŕřĺąńĺęěŋŋőě řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ 91

łőšőřőě ćżšěłăěš ĺğ śőőšŋőÿěŋĺ£ ȷ(A) = lim_{¸→0} ȷ_¸(A) ≥ − lim_{¸→0}(z; A_¸R_{ru}z)_n;

šăł łăł ȷ_¸(A) ≥ ȷ_¸(A_¸) = inf_A {ȷ_¸(A); A ∈ F (Q; G)}:

Ĺğ ŋěřăćěŋśšć (6.2.12) ĺ (6.2.14) śńěďşěš, ůšő inf_A {ȷ(A); A ∈ F (Q; G)} = − lim̧_{→0}(z; A¸Rruz)n:

Ć śćő¿ őůěřěďĳ, śŕřăćěďńĺćő śőőšŋőÿěŋĺě

ȷ_¸(A_¸) − ¸(z; A_¸A^∗_¸z)_n = ȷ(A_¸) ≤ inf_A {ȷ_¸(A_¸); A_¸ ∈ F (Q; G)} = − lim_{¸→0}(z; A_¸R_{ru}z)_n; ŋő ȷ(A_¸) ≥ inf_A {ȷ(A); A ∈ F (Q; G)} = − lim_{¸→0}(z; A_¸R_{ru}z)_n:

Šăłĺň őąřăğőň ŋăţőďĺň, ůšő

inf_A {ȷ(A); A ∈ F (Q; G)} = − lim̧_{→0}(z; A¸Rruz)n ≤ ȷ(A¸) ≤ inf_A {ȷ¸(A¸); A¸ ∈ F (Q; G)} = −(z; A¸Rruz)n: Ŕěřěţőď£ ł ŕřěďěńş ć ŕřăćőľ ůăśšĺ ŋěřăćěŋśšćă ŕő ¸ ŕřĺ ¸ → 0; ŕőńşůăěň, ůšő inf_A {ȷ(A); A ∈ F (Q; G)} = − lim̧_{→0} ȷ(A¸): (6:2:15) Śńěďőćăšěńĳŋő, ŕőśńěďőćăšěńĳŋőśšĳ řěÿěŋĺľ {A¸}¸>_0 őŕěřăšőřŋőčő şřăćŋěŋĺ£ (6.2.7) £ćń£ěšś£ řěÿěŋĺěň ğăďăůĺ ťĺńĳšřăűĺĺ.

6.3 Ŕřĺąńĺęěŋŋőě řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ

Ŕşśšĳ {ȷi(x)}^∞i_{=1} őřšőčőŋăńĳŋă£ śĺśšěňă čńăďłĺţ ťşŋłűĺľ ć ŕřőśšřăŋśšćě L_2(P ); ŕřĺůěň ćżŕőńŋ£- ¿šś£ şśńőćĺ£ dȷi(x)d | | x∈Γ = 0; {–i(x)}^∞i_{=1} | őřšőčőŋăńĳŋă£ śĺśšěňă ć L_2(~):

Ŕřěęďě ůěň ŕřĺśšşŕĺšĳ ł ĺğńőęěŋĺ¿ ňěšőďă, őšňěšĺň ŋěłőšőřżě śćőľśšćă řăśśňăšřĺćăěňżţ ťşŋłűĺľ ĺ őŕěřăšőřőć.

Ěśńĺ u(fi; x) ∈ W^{−1}_2t (Q); šő ćěłšőř-ťşŋłűĺ¿ u(fi; x) ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě u(fi; x) = ∞∑ i=1 #_i(fi)ȷ_i(x); #_i(fi) ∈ W^{−1}_{2t} [0; t]:

Ďěľśšćĺšěńĳŋő. Ŕřĺňěŋĺň ł ťşŋłűĺĺ u(fi; x) őŕěřăšőř j^∗t ; ŕőńşůĺň j^∗_t u(fi; x) = (fi; x) ∈ L_2(Q) ĺ (fi; x) = ∞∑ i=1 ˛_i(fi)ȷ_i(x); ˛_i(fi) ∈ L_2[0; t]:

Ĺśŕőńĳğş£ őŕěřăšőř D^∗t ; ŋăţőďĺň u(fi; x) = ∞∑ i=1 D^∗_t ˛_i(fi)ȷ_i(x) = ∞∑ i=1 #_i(fi)ȷ_i(x); (6:3:1)

čďě #i(fi) = D^∗t ˛(fi):

Őąőğŋăůĺň ůěřěğ #(fi) = {#_1(fi); #_2(fi); #_3(fi); :::; #k; :::} | ąěśłőŋěůŋżľ ćěłšőř. Šőčďă, ěśńĺ ťşŋłűĺ£ g(fi; x) ∈ W^{−1}_{2t} (Q); šő ěě ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě

g(fi; x) = ∞∑ i=1 ‚_i(fi)ȷ_i(x) = ‚^š(fi)ȷ(x);

ȷ(x) = {ȷ_1(x); ȷ_2(x); :::} | ąěśłőŋěůŋżľ ćěłšőř ś łőőřďĺŋăšăňĺ ĺğ L_2(P ); ‚(fi) = {‚_1(fi); ‚_2(fi); :::}:

92 6 Śĺśšěňż ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Ńěňňă 6.4 Ďń£ šőčő ůšőąż őŕěřăšőř A; ďěľśšćş¿źĺľ ĺğ W^{−1}_{2t} (Q) ć L2(Q) ĺ őŕřěďěń£ěňżľ ćżřă-

ęěŋĺěň: Ag ≡ ∞∑ i=1 #_i(fi)ȷ_i(x) = u; (6:3:2)

ążń ŋěŕřěřżćŋżň, ŋěőąţőďĺňő ĺ ďőśšăšőůŋő, ůšőąż ćěłšőř #(fi) ĺňěń ćĺď

#(fi) = fi∫

0 H(fi; s)‚(s) ds; (6:3:3)

čďě H(fi; s) | ąěśłőŋěůŋă£ ňăšřĺűă ś ¡ńěňěŋšăňĺ hij(fi; s); ŕřĺŋăďńěęăźĺňĺ ŕő ăřčşňěŋšş s ŕőğĺšĺćŋőňş ŕřőśšřăŋśšćş W^1_2 [0; t]:

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ŋěőąţőďĺňőśšĳ. Ŕşśšĳ őŕěřăšőř A - ŋěŕřěřżćŋżľ. Šőčďă ďń£ łăęďőčő i = 1; 2; ::: ćżřăęěŋĺě #_i(fi) = (Ag; ȷ_i)_{0P} £ćń£ěšś£ ńĺŋěľŋżň ŋěŕřěřżćŋżň ťşŋłűĺőŋăńőň ŋăď W^{−1}_{2t} (Q) (ć śĺńş ŋěŕřěřżćŋőśšĺ őŕěřăšőřă A ĺ śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ ć L_2(P ) ).

Śőčńăśŋő őąőąźěŋŋőľ šěőřěňě Řĺśśă ő ćĺďě ńĺŋěľŋőčő ŋěŕřěřżćŋőčő ťşŋłűĺőŋăńă ć őśŋăźěŋŋőň čĺńĳąěřšőćőň ŕřőśšřăŋśšćě [25], ă ĺňěŋŋő šő, ůšő ćś£łĺľ ńĺŋěľŋżľ ťşŋłűĺőŋăń ć čĺńĳąěřšőćőň ŕřőśšřăŋśšćě W^{−1}_2 ĺňěěš ćĺď: ˘(u) = ⟨u; v⟩; čďě v | ŋěłőšőřżľ ¡ńěňěŋš ĺğ W^1_2 ; őďŋőğŋăůŋő őŕřěďěń£ěňżľ ¡ńěňěŋšőň v ; ŕřĺ ¡šőň ‖˘‖ = ‖v‖_1; ŋăţőďĺň #_i(fi) = (Ag; ȷ_i)_{0P} = ⟨g; h_i⟩; (6:3:4) čďě hi(fi; x) ∈ W^1_2t(Q) ĺ ěďĺŋśšćěŋŋő.

İńěňěŋš hi(fi; x) ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě

h_i(fi; x) = ∞∑ j=1 h_{ij}(fi)–_j(x); h_{ij}(fi) ∈ W^1_2 [0; t];

{–_j(x)}^∞_{j=1} | őřšőčőŋăńĳŋă£ śĺśšěňă ťşŋłűĺľ ć L_2(~): Ćżřăęěŋĺě (6.3.4) ś şůěšőň ćżÿě ŕőńşůěŋŋőčő śőőšŋőÿěŋĺ£ ĺ (6.3.1), ğăŕĺÿěšś£ śńěďş¿źĺň őąřăğőň

h_i(fi; x) = ⟨ ∞∑ j=1 ‚_j(fi)–_j(x); ∞∑ k=1 h_{ik}(fi)–_k(x)⟩ = ∞∑ j=1 ⟨‚_j(fi); h_{ij}(fi)⟩:

Ďőśšăšőůŋőśšĳ őůěćĺďŋă.

Łăł ĺğćěśšŋő, ěśńĺ őŕěřăšőř ć śěŕăřăąěńĳŋőň čĺńĳąěřšőćőň ŕřőśšřăŋśšćě ĺňěěš ňăšřĺůŋőě ŕřěďśšăćńěŋĺě, šő őŋ őčřăŋĺůěŋ [4,25], šő ěśšĳ ćżŕőńŋ£ěšś£ ŋěřăćěŋśšćő ∞∑ i=1 | ∞∑ k=1 h_{ik}x_k|^2 ≤ N^2 ∞∑ i=1 |x_i|^2; (6:3:5)

ďń£ ń¿ążţ xi(i = 1; 2; 3; :::) şďőćńěšćőř£¿źĺţ ŋěřăćěŋśšćş^∞ ∑ i=1 |x_i|^2 < ∞ ; N | ŕőśšő£ŋŋă£ ğăćĺś£źă£ őš őŕěřăšőřă A:

İšő ŕřěďśšăćńěŋĺě ŕőŋăďőąĺšś£ ŕřĺ ďőłăğăšěńĳśšćě šěőřěňż śţőďĺňőśšĺ. Ŕěřěľďěň ł řěÿěŋĺ¿ ğăďăůĺ ťĺńĳšřăűĺĺ. Ŕřĺąńĺęěŋŋőě ğŋăůěŋĺě śőśšő£ŋĺ£ śĺśšěňż

Lu ≡ @u @fi + Bu(fi; x) = v(fi; x); (6:2:2)

u(0; x) = u_0(x); du(fi; x) d | | | x∈Γ = 0 (6:2:3) ąşďěň ĺśłăšĳ ć ćĺďě łőŋěůŋőľ śşňňż

u_k(fi; x) = k∑ i=1 #_i(fi)ȷ_i(x); (6:3:6)

6.3 Ŕřĺąńĺęěŋŋőě řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ 93

{ȷ_i(x)}^∞_{i=1} őřšőčőŋăńĳŋżľ ąăğĺś ć L_2(P ); dȷ^i(x)d | | | x∈Γ = 0; #i(fi) { ŋăţőď£šś£ ĺğ śőőšŋőÿěŋĺľ

( @u_k(fi; x) @fi ; ȷ^j ) 0P + (Bu; ȷj)_0P = (v; ȷj)_0P ;

u_k(0; x) =^k ∑ i=1 #_i(0)ȷ_i(x)

(6:3:7)

d d | ŕřőĺğćőďŋă£ ŕő łőŋőřňăńě. Ŕőďśšăćń££ śőőšŋőÿěŋĺě (6.3.6) ć (6.3.7), ŕőńşůăěň şřăćŋěŋĺ£ ďń£ őŕřěďěńěŋĺ£ #j(fi) d#_j(fi)

dfi + k∑ i=1 #_i(fi)(Bȷ_i; ȷ_j)_{0P} = (v; ȷ_j)_{0P} ;

#_j(0) = (u_0(x); ȷ_j)_{0P} ; j = 1; 2; :::; k:

(6:3:8)

Ğăďăůă (6.3.8) £ćń£ěšś£ őąőąźěŋŋőľ ğăďăůěľ Łőÿĺ ďń£ śĺśšěňż ńĺŋěľŋżţ őążłŋőćěŋŋżţ ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ ŕőř£ďłă k:

Ŋăąń¿ďěŋĺ£, ďń£ ŕřĺąńĺęěŋŋőľ ğăďăůĺ, ŕőśšřőĺň śńěďş¿źĺň őąřăğőň

(r(fi); –i)_{0Λ} = (Su; –i)_{0Λ} + (; –i)_{0Λ}; (6:3:9)

(:; :)_{0Λ} | śłăń£řŋőě ŕřőĺğćěďěŋĺě ć čĺńĳąěřšőćőň ŕřőśšřăŋśšćě L_2(~):

Ąşďěň śůĺšăšĳ, ůšő ŋăąń¿ďăěšś£ ŕřőűěśś {rm(fi); 0 ≤ fi ≤ t}; ść£ğăŋŋżľ ś #(fi) śőőšŋőÿěŋĺěň

r^i_m(fi) = (r(fi); –_i)_{0Λ} =^k ∑ j=1 #_j(fi)(Srho_j; –_i)_{0Λ} + (; –_i)_{0Λ};

i = 1; 2; 3; :::; m < ∞:

(6:3:10)

Ććěďěň őąőğŋăůěŋĺ£. #(fi) { k {ňěřŋżľ ćěłšőř ś ¡ńěňěŋšăňĺ {#i(fi)}ki_{=1}; F | ňăšřĺűă řăğňěřă k × k; F_{ij} = (Sȷ_i; ȷ_j)_{0P} ; Gv | ňăšřĺűă řăğňěřă 1×k; (Gv)_i = (v; ȷ_i)_{0P} ; C | ňăšřĺűă k ×m; C_{lj} = (Sȷ_j ; –_l)_{0Λ}; r_m(fi) | ćěłšőř ŋăąń¿ďěŋĺľ, r^l_m(fi) = (r(fi); –_l)_{0Λ}; w(fi) | ÿşň, w_l = (; –_l)_{0Λ}; i = 1; 2; :::; k; j = 1; 2; :::; k; l = 1; 2; :::; m:

Ś şůěšőň ććěďěŋŋżţ őąőğŋăůěŋĺľ ğăďăůş ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ňőęŋő śťőřňşńĺřőćăšĳ ć ćĺďě.

Ćěłšőřŋżľ śńşůăľŋżľ ŕřőűěśś #(fi) ňőďěńĺřşěšś£ śĺśšěňőľ

d#(fi) dfi = F #(fi) + Gv(fi); #(0) = #^0; (6:3:11) čďě Gv | ąěńżľ ÿşň.

Ŋăąń¿ďăěšś£ ŕřőűěśś {rm(fi); 0 ≤ fi ≤ t}; ść£ğăŋŋżľ ś #(fi) śőőšŋőÿěŋĺěň

r_m(fi) = C#(fi) + w(fi): (6:3:12)

Šřěąşěšś£ ŋăľšĺ őűěŋłş ^#(fi) ŕřőűěśśă #(fi) ć ňőňěŋš fi = t; şďőćńěšćőř£¿źş¿ łřĺšěřĺ¿ ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ m(t) = inf_H {M[(z; #(t) − Hr_m(t))^2_k]}; (6:3:13)

čďě ŋĺęŋ££ čřăŋĳ ąěřěšś£ ŕő ćśěň ńĺŋěľŋżň őŕěřăšőřăň H; ďěľśšćş¿źĺň ĺğ ŕřőśšřăŋśšćă ŋăąń¿ďěŋĺľ ć ŕřőśšřăŋśšćő śőśšő£ŋĺľ, H | őŕřěďěń£ěšś£ ć (4.1.5), z ∈ Ek:

Ĺňě¿š ňěśšő śńěďş¿źĺě śšăšĺśšĺłĺ:

M[#_0] = 0; M[#_0#^š_0 ] = P_0; P^{ij}_0 = (U_0ȷ_i; ȷ_j)_{0P} ; i; j = 1; 2; :::; k;

M[Gv(fi)] = 0; M[Gv(fi)(Gv(ff))^š] = Q(fi)‹(fi − ff); Q_{ij}(fi) = (Vȷ_i; ȷ_j)_{0P} ;

M[w(fi)] = 0; M[w(fi)w^š(ff)] = R(fi)‹(fi − ff); R_{ql}(fi) = (W–_q ; –_l)_{0Λ};

q; l = 1; 2; :::; m; R(fi) | ňăšřĺűă ŕőř£ďłă m; R(fi) ≥ 0; U_0 | łőćăřĺăűĺőŋŋżľ őŕěřăšőř ŕřőűěśśă u_0(x);

V | łőćăřĺăűĺőŋŋżľ őŕěřăšőř ŕřőűěśśă v(fi; x); W | łőćăřĺăűĺőŋŋżľ őŕěřăšőř ŕřőűěśśă (fi; x):

94 6 Śĺśšěňż ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Ňăšřĺűă R(fi) ćżřőęďěŋŋă£. Ŕő¡šőňş ďń£ řěÿěŋĺ£ ğăďăůĺ ťĺńĳšřăűĺĺ (6.3.11)-(6.3.13) ŋěőąţőďĺňő ĺśŕőńĳğőćăšĳ ăńčőřĺšň, ŕőńşůěŋŋżľ ć ůăśšĺ 4.1.

Ŕőłăęěň, ůšő ŕřĺąńĺęěŋŋőě řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ (6.2.1)-(6.2.3) ^uķ (fi; x) = k∑ i=1 ^#i̧ (fi)ȷi(x); ŕőśšřőěŋŋőě ŕő ğăďăůě (6.3.11)-(6.3.13) ŕřĺ k → ∞; śţőďĺšś£ ć śőőšćěšśšćş¿źěľ ŋőřňě ł šőůŋőňş řěÿěŋĺ¿. Ďń£ ¡šőčő ďőłăęěň ř£ď ćśŕőňőčăšěńĳŋżţ şšćěřęďěŋĺľ.

Ńěňňă 6.5 Ďń£ ŕőůšĺ ćśěţ t śŕřăćěďńĺćő řăćěŋśšćő lim k→∞ M[‖u_k(t; x) − u(t; x)‖^2_{0P} ] = 0;

čďě uk(t; x) { ĺňěěš ćĺď (6.3.6), ă u(fi; x) | řěÿěŋĺě şřăćŋěŋĺ£ (6.2.2), (6.2.3) ć šőůłě fi = t:

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Śőčńăśŋő šěőřěňě 6.4, ĺňěěš ňěśšő śőőšŋőÿěŋĺě

s_k(t; !) = t∫

0 |u_k(fi) − u(fi)|^2dfi → 0; k → ∞; (6:3:14)

ďń£ ŕőůšĺ ćśěţ ! ∈ ˙; őšłşďă

M[s_k(t; !)] = M[ t∫

0 |u_k(fi) − u(fi)|^2dfi] → 0; k → ∞:

Ńěňňă ďőłăğăŋă.

Ğăŕĺÿěň şřăćŋěŋĺě Ćĺŋěřă-Ţőŕťă ďń£ ğăďăůĺ (6.3.11)-(6.3.13)

M[#(t)r^š_m(ff)] = t∫

0 h_{mk}(t; fi)M[r_m(fi)r^š_m(ff)] dfi: (6:3:15)

Řěčşń£řĺğőćăŋŋőě şřăćŋěŋĺě ĺňěěš ćĺď

M[#(t)r^š_m(ff)] = t∫

0 h_{mk}(t; fi)M[r_m(fi)r^š_m(ff)] dfi + ¸h^¸_{mk}(t; ff): (6:3:16)

Şřăćŋěŋĺě (6.3.16) ňőęŋő ğăŕĺśăšĳ ś ŕőňőźĳ¿ ąěśłőŋěůŋżţ ňăšřĺű, šăłőě ŕřěďśšăćńěŋĺě ŕőŋăďőąĺšś£ ŕřĺ ďőłăğăšěńĳśšćě śţőďĺňőśšĺ.

Ĺśŕőńĳğş£ łőćăřĺăűĺőŋŋş¿ ňăšřĺűş M[#(t)ršm(ff)]; ŕőśšřőĺň ąěśłőŋěůŋş¿ ňăšřĺűş Kkm(t; ff) śńěďş- ¿źĺň őąřăğőň K_{km}(t; ff) =

M[#(t)r^š_m(ff)] 0 · · · 0 0 · · · · · · · · · · · · : İšă ňăšřĺűă ğăďăěš ŋăď W^{−1}_2t (G) ńĺŋěľŋżľ őŕěřăšőř, ďěľśšćş¿źĺľ ĺğ W^{−1}_2t (G) ć L_2(Q): Ďěľśšćĺšěńĳŋő, ďń£ ń¿ąőčő g ∈ W^{−1}_2t (G) śŕřăćěďńĺćő śőőšŋőÿěŋĺě g =^∞ ∑ j=1 y_j(fi)–_j(x) ĺ ^h(t) =^t ∫ 0 K_{km}(t; fi)^y(fi) dfi; čďě ^y(fi) | ćěłšőř ś łőőřďĺŋăšăňĺ yi(fi); ťşŋłűĺ£ h(t; x) = h(g) =^∞ ∑ j=1 h_j(t)ȷ_j (x); h_j | łőőřďĺŋăšż ćěłšőřă ^h(t): Šăłĺň őąřăğőň, ňăšřĺűă Kkm(t; fi) ğăďăěš őŕěřăšőř ŋăď W^{−1}_2t (G): Őąőğŋăůĺň ¡šőš őŕěřăšőř ůěřěğ Rkm:

Ăŋăńőčĺůŋő, ąěśłőŋěůŋă£ ňăšřĺűă Kmm(fi; ff)+¸I‹(fi −ff); ŕőśšřőěŋŋă£ ŕő M[rm(fi)ršm(ff)]+ ¸I‹(fi −ff); ğăďăěš őŕěřăšőř Rmm; ďěľśšćş¿źĺľ ĺğ W^{−1}_2t (G) ć L_2(Q):

Ŕşśšĳ H_{mk}(t; ff) = h^¸_{mk}(t; ff) 0 · · · 0 0 · · · · · · · · · · · · :

6.3 Ŕřĺąńĺęěŋŋőě řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ 95

Šőčďă, ĺśŕőńĳğş£ ąěśłőŋěůŋżě ňăšřĺűż, şřăćŋěŋĺě (6.3.16) ğăŕĺÿěšś£ ć ćĺďě

K_{km}(t; ff) = t∫

0 H^¸_{mk}(t; fi)K_{mm}(fi; ff) dfi + ¸H^¸_{mk}(t; ff);

ă ć őŕěřăšőřŋőľ ťőřňě AķmRmm + ¸Aķm = Rkm: (6:3:17) Ŕőłăęěň, ůšő řěÿěŋĺě şřăćŋěŋĺ£ (6.3.17) ğăďăěš ŕřĺąńĺęěŋŋőě řěÿěŋĺě (6.2.7). Ďőłăęěň ćŋăůăńě ř£ď ďőŕőńŋĺšěńĳŋżţ ťăłšőć.

Ńěňňă 6.6 Śŕřăćěďńĺćő śőőšŋőÿěŋĺě lim k;m→∞ ‖Rur − Rkm‖ = 0:

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ďń£ łăęďőčő ťĺłśĺřőćăŋŋőčő t; ŕő őŕřěďěńěŋĺ¿ őŕěřăšőřŋőľ ŋőřňż

‖Rur − Rkm‖ = sup ’; { |([Rur − Rkm]’; )_0Q|

‖’‖_{−1tG}‖ ‖_{0Q} ; ’ ∈ W^{−1}_{2t} (G); ∈ L_2(Q); ‖’‖_{−1tG} ≠ 0; ‖ ‖_{0Q} ≠ 0 } : Őűěŋĺň ůĺśńĺšěńĳ ć ŕřăćőľ ůăśšĺ ¡šőčő řăćěŋśšćă |([Rur − Rkm]’; )_0Q| = |M[(u; )_0Q(r; ’)_{−1}tG − (uk; )_0Q(rm; ’)_{−1}tG]| ĺ, ŕřĺňěŋ££ őąőąźěŋŋőě ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő, ŋăţőďĺň |([Rur − Rkm]’; )_0Q| ≤ | | |(M[‖u − u_k‖^2_{0Q}]M[‖r‖^2_{−1tG}])^{1=2}+

+(M[‖uk‖^2_0Q]M[‖r − rm‖^2_{−1}tG])^1=^2 | | |‖’‖_{−1tG}‖ ‖_{0Q}:

Ĺğ ńěňňż 6.5 śńěďşěš, ůšő ŕěřćőě śńăčăěňőě ć ŕřăćőľ ůăśšĺ ŕřĺ k → ∞ śšřěňĺšś£ ł 0: Ŕőłăęěň, ůšő ŕřĺ m → ∞; M[‖r − rm‖^2_{−1}tG] → 0:

Řăśśňőšřĺň ŋőřňş ‖r − rm‖_{−1}tG: Őšňěšĺň, ůšő ğďěśĳ r ĺ rm ŕőŋĺňă¿šś£ łăł ąěśłőŋěůŋżě ćěłšőřż. Łőőřďĺŋăšż ćěłšőřă —r ĺňě¿š ćĺď ri = (r; –i)_{0Λ}; ćěłšőřă —rm | rim = { (r; –i)_{0Λ}; i ≤ m;

0; i > m: Łřőňě šőčő śŕřăćěďńĺćő řăćěŋśšćő ‖—r − —rm‖_{−1}tG = ‖r − rm‖_{−1}tG; čďě r ĺ rm ŕřěďśšăćńěŋż őąőąźěŋŋżňĺ ř£ďăňĺ Ťşřĳě j^∗_t r = ∞∑ i=1 (j^∗t (r; –i)_{0Λ}–i; j^∗rm = ∞∑ i=1 (j^∗t rm; –i)_{0Λ}–i:

Šőčďă ‖—r − —r_m‖^2_{−1tG} = ‖ ∞∑ i=m+1

(r; –i)_{0Λ}–i‖_0G ≤ 2 ∞∑ i=1 (j^∗t ‖(r; –i)_{0Λ}–i‖^2_0G =

= 2 ∞∑ i=m+1

‖(r; –_i)_{0Λ}–_i‖^2_{−1tG} → 0; m → ∞;

łăł őśšăšőůŋżľ ůńěŋ řăğńőęěŋĺ£ ťşŋłűĺĺ ć ř£ď Ťşřĳě.

Šăłĺň őąřăğőň, M[‖r − rm‖^2_{−1}tG] → 0; m → ∞: Ńěňňă ďőłăğăŋă.

Ńěňňă 6.7 Ďń£ łăęďőčő ťĺłśĺřőćăŋŋőčő t ĺňěěš ňěśšő śőőšŋőÿěŋĺě

limm_{→∞} ‖Rŗ − Rm̧m‖ = 0:

96 6 Śĺśšěňż ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ůěřěğ Rŗ őąőğŋăůĺň őŕěřăšőř Rŗ = Rr + ¸I‹(fi − ff); ă Rm̧m = Rmm+ +¸I‹(fi −ff): İšĺ őŕěřăšőřż ŕřĺ ćśěţ ¸ > 0 őŕřěďěńěŋż ŋă ćśěň W^1_2 (G) (šőůŋěě ŋă C(G) | ŕřőśšřăŋśšćě ŋěŕřěřżćŋżţ ťşŋłűĺľ ŋă G ).

Ŕő őŕřěďěńěŋĺ¿ őŕěřăšőřŋőľ ŋőřňż ‖Rŗ − Rm̧m‖ = sup g { |⟨[Rŗ − Rm̧m]g; g⟩| ‖g‖_{1tG}

; g ∈ W^1_2t(G); ‖g‖_1tG ≠ 0 } : Őűěŋĺň ůĺśńĺšěńĳ. Ŕőśńě ŋěśńőęŋżţ ŕřěőąřăğőćăŋĺľ, ŋăţőďĺň |⟨[Rŗ − Rm̧m]g; g⟩| = |M[⟨r¸; g⟩^2 − ⟨rm¸; g⟩^2]| = = |M[⟨r¸ − rm¸; g⟩⟨r¸ + rm¸; g⟩]|; (6:3:18) čďě r¸(fi) | ŋăąń¿ďěŋĺ£, ść£ğăŋŋżě ś u(fi; x) śőőšŋőÿěŋĺěň r¸(fi) = Su+ +w¸(fi); w¸(fi) | ąěńżľ ŋěćżřőęďěŋŋżľ ÿşň ś ŋşńěćżň śřěďŋĺň ĺ łőćăřĺăűĺőŋŋżň őŕěřăšőřőň M[w¸(fi); w¸(ff)] = (W + ¸I)‹(fi − ff): Ŋăąń¿ďěŋĺ£ rm¸(fi) śšřő£šś£ ăŋăńőčĺůŋő. İšĺ ŕřőűěśśż ŋşęŋż ńĺÿĳ ďń£ ďőłăğăšěńĳśšćă, łőŋěůŋżľ ăńčőřĺšň ĺţ ŋě ąşďěš śőďěřęăšĳ.

Ŕřĺňěŋ££ őąőąźěŋŋŋőě ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő ł ŕřăćőľ ůăśšĺ (6.3.18), ŕőńşůăěň |⟨[Rŗ − Rm̧m]g; g⟩| ≤ (M[‖r¸ − rm¸‖^2_{−1}tG](M[‖r¸ − rm¸‖^2_{−1}tG])^1=^2‖g‖^2_1tG → 0;

ŕřĺ m → ∞; śőčńăśŋő ďőłăğăšěńĳśšćş ńěňňż 6.6, šăł łăł ŕőćěďěŋĺě r¸ ĺ rm¸ šăłőě ęě, łăł r ĺ rm:

Šěőřěňă 6.6 Ďń£ łăęďőčő ťĺłśĺřőćăŋŋőčő ¸ > 0 ĺ t ćżŕőńŋ£ěšś£ řăćěŋśšćő lim k;m→∞ M[(z; ^u ¸ km − ^u¸)^2n] = 0; z ∈ En: (6:3:19)

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ĺğ şřăćŋěŋĺ£ (6.3.17) ŋăţőďĺň, ůšő Aķm = Rkm(Rmm + ¸I)^{−1} ĺ ¡šőš őŕěřăšőř ğăďăěš őŕšĺňăńĳŋş¿ ńĺŋěľŋş¿ őűěŋłş ^uķm(t; x) = Aķmr = Rkm(Rmm + ¸I)^{−1}r = Rkm(Rm̧m)^{−1}r:

Ďń£ şřăćŋěŋĺ£ (6.2.7) ăŋăńőčĺůŋő ^u¸(t; x) = A¸ = Rur(Rr + ¸I)^{−1}r = Rur(Rŗ )^{−1}r:

Śőčńăśŋő ¡šĺţ ťőřňşń ňăšěňăšĺůěśłőě őęĺďăŋĺě ć (6.3.19) ňőęŋő ğăŕĺśăšĳ ć ćĺďě M[(z; ^u^¸_{km} − ^u_¸(t; x))^2_n] = = M[ ( z; {R_{km}(R^¸_{mm})^{−1}(r_m − r)} + {R_{km}(R^¸_{mm})^{−1} − R_{ur}(R^¸_r )^{−1}r

)_2 n ] ≤ ≤ 2 ( M[(z; R_{km}(R^¸_{mm})^{−1}(r_m − r)^2_n]+ +M[(z; {Rkm(Rm̧m)^{−1} − Rur(Rŗ )^{−1}}r)^2n] ) : (6:3:20) Ŕřĺňěŋ££ ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő ł ŕěřćőňş śńăčăěňőňş ć ŕřăćőľ ůăśšĺ, ŕőńşůăěň M[(z; R_{km}(R^¸_{mm})^{−1}(r_m − r)^2_n] ≤ ≤ ‖z‖^2_n‖R_{km}(R^¸_{mm})^{−1}‖^2M[‖r_m − r‖^2_{−1tG}] → 0 ŕřĺ k; m → ∞ ŕő ńěňňě 6.6.

Őűěŋĺň ćšőřőě śńăčăěňőě. Ŕřĺąăćĺň ĺ ćżůšěň Rkm(Rŗ )^{−1}; ŕőśńě ŕřěőąřăğőćăŋĺľ, ŕřĺňěŋĺň ŋěřăćěŋśšćő Łőÿĺ-Ąşŋ£łőćśłőčő, ĺňěěň M[(z; {R_{km}(R^¸_{mm})^{−1} − R_{ur}(R^¸_r )^{−1}}r)^2_n] ≤ 2 ( ‖z‖^2_n‖R_{‖⇕}‖^2‖(R^¸_{mm})^{−1} − (R^¸_r )^{−1}‖^2+

+‖(Rŗ )^{−1}‖^2‖Rkm − Rur‖^2‖r‖^2_{−1}tG ) → 0; k; m → ∞ śőčńăśŋő ńěňňăň 6.6 ĺ 6.7.

Ŕőďśšăćĺň ¡šĺ śőőšŋőÿěŋĺ£ ć (6.3.20) ĺ ŕőńşůĺň şšćěřęďěŋĺě šěőřěňż.

6.3 Ŕřĺąńĺęěŋŋőě řěÿěŋĺě ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ 97

Šěőřěňă 6.7 Ďń£ łăęďőčő ťĺłśĺřőćăŋŋőčő t śŕřăćěďńĺćő śőőšŋőÿěŋĺě

lim̧_{→0} lim k;m→∞ M[(z; ^u^¸_{km}(t; x) − u(t; x))^2_n] = m(t);

čďě ^uķm(t) | řěÿěŋĺě ŕřĺąńĺęěŋŋőľ ğăďăůĺ ťĺńĳšřăűĺĺ (6.3.2),(6.3.3).

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő. Ŕřĺąăćĺň ĺ ćżůšěň ŕőď ğŋăłőň śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ ^u¸(t; x) ĺ ŕřőćěďěň ř£ď ŕřěőąřăğőćăŋĺľ: lim̧_{→0} lim k;m→∞ M[(z; ^u^¸_{km}(t; x) − u(t; x))^2_n] =

= lim̧_{→0} lim k;m→∞ M[{((z; ^u^¸_{km}(t; x) − ^u_¸(t; x))_n + (z; ^u^¸(t; x) − u(t; x))_n}^2] ≤

≤ lim ¸→0 ( lim k;m→∞ M[(z; ^u^¸_{km}(t; x) − ^u_¸(t; x))^2_n]+

+2{ lim k;m→∞ M[(z; ^u^¸_{km}(t; x) − ^u_¸(t; x))^2_n]M[(z; ^u_¸(t; x) − u(t; x))^2_n]}^{1=2}+

+M[(z; ^u¸(t; x) − u(t; x))^2n] ) = m(t)

śőčńăśŋő šěőřěňě 6.6.

Šăłĺň őąřăğőň ďőłăğăŋă śţőďĺňőśšĳ řěÿěŋĺ£ ŕřĺąńĺęěŋŋőľ řěčşń£řĺğőćăŋŋőľ ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ł řěÿěŋĺ¿ ĺśţőďŋőľ ğăďăůĺ.

Ăńčőřĺšň řěÿěŋĺ£ ŕřĺąńĺęěŋŋőľ ğăďăůĺ řăśśňőšřěŋ ć ůăśšĺ 4.1. Ŕăřăňěšř řěčşń£řĺğăűĺĺ ćżąĺřăěšś£ śőčńăśŋő [33,20,25] ĺ ůăśšĺ 5.1.

98 Ńĺšěřăšşřă

Ńĺšěřăšşřă

1. Ăńĳąěřš Ă. Řěčřěśĺ£, ŕśěćďőĺŋćěřśĺ£ ĺ řěłşřěŋšŋőě őűěŋĺćăŋĺě. Ň.: Ŋăşłă, 1977. {224 ś. 2. Ăţĺěğěř Ŋ.Ĺ., Čńăğňăŋ Ĺ.Ň. Šěőřĺ£ ńĺŋěľŋżţ őŕěřăšőřőć ć čĺńĳąěřšőćőň ŕřőśšřăŋśšćě. Šőň 1. Ţăřĳłőć: Ĺğď. ŕřĺ ŢČŞ ĺğďăšěńĳśłőčő őąžěďĺŋěŋĺ£ Ćĺźă ÿłőńă, 1977. {315 ś.

3. Ąěńőć đ.Ă., Ďĺďěŋłő Ć.Ŕ., ĺ ďř. Ňăšěňăšĺůěśłőě őąěśŕěůěŋĺě śńőęŋőčő ¡łśŕěřĺňěŋšă. Őąřăąőšłă ĺğňěřěŋĺľ ŕřĺ ĺśśńěďőćăŋĺĺ śńőęŋżţ śĺśšěň. Łĺěć: Ŋăşłőćă ďşňłă, 1982. Š. 1. {301 ś. 4. Ąěřěğăŋśłĺľ đ.Ň. Řăğńőęěŋĺě ŕő śőąśšćěŋŋżň ťşŋłűĺ£ň śăňőśőŕř£ęěŋŋżţ őŕěřăšőřőć. Łĺěć: Ŋăşłőćă ďşňłă, 1965. {798 ś.

5. Ćăśĺńĳěć Ć.Ă. Ňěšőďż őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ć śĺśšěňăţ şŕřăćńěŋĺ£ łőśňĺůěśłĺňĺ ăŕŕăřăšăňĺ // Ćőŕřőśż şŕřăćńěŋĺ£ łőśňĺůěśłĺňĺ ăŕŕăřăšăňĺ. Ň.: Ňĺř, 1975. Ś. 58-94. 6. Ćńăďĺňĺřőć Ć.Ś. Şřăćŋěŋĺ£ ňăšěňăšĺůěśłőľ ťĺğĺłĺ. Ň.: Ŋăşłă, 1967. {436 ś. 7. Čěńĳťăŋď Ĺ.Ň., Ÿĺńőć Č.Ě. Őąőąźěŋŋżě ťşŋłűĺĺ. Ćżŕ. 1-5. Ň.: Ťĺğňăščĺğ, 1958-62. 8. Čĺţňăŋ Ĺ.Ĺ., Śłőřőţőď Ă.Ć. Šěőřĺ£ śńşůăľŋżţ ŕřőűěśśőć. Ň.: Ŋăşłă, 1970- 1975. Š. 1-3. 9. Čşńĳłő Ť.Ą., Ŋőćőśěńĳűěćă Ę.Ă. Řěÿěŋĺě ŋěśšăűĺőŋăřŋżţ ğăďăů ťĺńĳšřăűĺĺ ĺ şŕřăćńěŋĺ£ ŕřĺ ŕřőĺğćőńĳŋőľ ŕőňěţě ňěšőďăňĺ ňőďěńĺřőćăŋĺ£ // Ăćšőňăšĺłă ĺ šěńěňěţăŋĺłă. 1966. Â10. Ś. 153-168. 10. Ďĺďěŋłő Ć.Ŕ., Łőğńőć Ŋ.Ŋ. Ő řěčşń£řĺğăűĺĺ ŋěłőšőřżţ ŋěłőřřěłšŋżţ ğăďăů šěţŋĺůěśłőľ łĺąěřŋěšĺłĺ // ĎĂŊ ŚŚŚŘ. 1974. 214. Â3. Ś. 528-531.

11. Ďĺďěŋłő Ć.Ŕ., Łőğńőć Ŋ.Ŋ. Řěčşń£řĺğőćăŋŋżľ ňěšőď řěÿěŋĺ£ ğăďăů őűěŋłĺ śőőąźěŋĺľ // ĎĂŊ ŚŚŚŘ. 1975. Â5. Ś. 1045-1048.

12. Ďĺďěŋłő Ć.Ŕ., Űĺšřĺűłĺľ Ő.Ě. Ťĺńĳšřăűĺ£ ĺ řěčşń£řĺğăűĺ£. Łĺěć: ŁČŞ, 1977. {51 ś. 13. Łăńňăŋ Ř.Ě., Ąĳ¿śĺ Ř.Ś. Ŋőćżě řěğşńĳšăšż ć ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ĺ šěőřĺĺ ŕřěďśłăğăŋĺ£ // Šěţ.ňěţăŋĺłă. 1961. Š. 83, Śěř. Ď, Â1. Ś. 123-141.

14. Łăńňăŋ Ř.Ě., Ťăńą Ŕ., Ăřąĺą Ň. Őůěřłĺ ŕő ňăšěňăšĺůěśłőľ šěőřĺĺ śĺśšěň. Ň.: Ňĺř, 1971. {400 ś. 15. Łőńňőčőřőć Ă.Ŋ. Ĺŋšěřŕőńĺřőćăŋĺě ĺ ¡łśšřăŕőńĺřőćăŋĺě śšăűĺőŋăřŋżţ śńşůăľŋżţ ŕőśńěďőćăšěńĳŋőśšěľ // Ĺğć. ĂŊ ŚŚŚŘ. Śěř.ňăš., 1941. 5, Â1. Ś. 5-16.

16. Łőńőś Ĺ.Ć. Ő řěÿěŋĺĺ ğăďăůĺ ńĺŋěľŋőľ ťĺńĳšřăűĺĺ ŕřĺ ŋăńĺůĺĺ űćěšŋőčő ÿşňă ć ŋăąń¿ďěŋĺ£ţ // Şłř.ňăš.ęşřŋăń. 1979. 31, Â4. Ś. 372-379.

17. Łőńőś Ĺ.Ć. Ő ŕřĺąńĺęěŋŋőň řěÿěŋĺĺ őąőąźěŋŋőľ ğăďăůĺ Ŋěľňăŋă ďń£ ŕăřăąőńĺůěśłĺţ şřăćŋěŋĺľ // Ćěśšŋĺł Łĺěćśłőčő şŋĺćěřśĺšěšă: Ňőďěńĺřőćăŋĺě ĺ őŕšĺňĺğăűĺ£ śńőęŋżţ śĺśšěň. Łĺěć: Ĺğď. ŁČŞ, 1982. Ćżŕ. 1. Ś. 27-39.

18. Łőńőś Ĺ.Ć. Őą őďŋőľ ğăďăůě ćőśśšăŋőćńěŋĺ£ śĺčŋăńőć ć śĺśšěňăţ ś őŕěřăšőřŋżňĺ łő¡ťťĺűĺěŋšăňĺ // Ćżůĺśńĺšěńĳŋă£ ĺ ŕřĺłńăďŋă£ ňăšěňăšĺłă. Řěśŕşąń.ňěęćěď.ŋăşů.śą., Łĺěć: Ĺğď. ŁČŞ, 1981. Ćżŕ. 45. Ś. 21-24.

19. Łőńőś Ĺ.Ć., Łőńőś Ň.Ć. Őą őűěŋłăţ šőůŋőśšĺ řěÿěŋĺ£ ğăďăů ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ ś űćěšŋżň ÿşňőň ć ŋăąń¿ďěŋĺ£ţ // Ćżůĺśńĺš. ňěšőďż ĺ śĺśšěňż őąřăąőšłĺ ďăŋŋżţ ŋă İĆŇ. Ň.: ŇČŞ, 1988. Ś. 19-33.

20. Ňőřőğőć Ć.Ă. Řěčşń£řŋżě ňěšőďż řěÿěŋĺ£ ŋěłőřřěłšŋő ŕőśšăćńěŋŋżţ ğăďăů. Ň.: Ŋăşłă, 1987. {240 ś. 21. Ňőřőğőć Ć.Ă., Čřěąěŋŋĺłőć Ă.Ĺ. Ňěšőďż řěÿěŋĺ£ ŋěłőřřěłšŋő ŕőśšăćńěŋŋżţ ğăďăů. Ăńčőřĺšňĺůěśłĺľ ăśŕěłš. Ň.: ŇČŞ, 1992. {320 ś.

22. Ńěőŋőć Ă.Ś. Ł őąőśŋőćăŋĺ¿ ćżąőřă ŕăřăňěšřă řěčşń£řĺğăűĺĺ ŕő łřĺšěřĺ¿ łćăğĺőŕšĺňăńĳŋőśšĺ ĺ őšŋőÿěŋĺ£ // ĘĆŇ ĺ ŇŤ. 1978. 18, Â6. Ś. 1363-1376.

23. Ńĺŕűěř Ř.Ÿ. Şřăćŋěŋĺě ŕőůšĺ őŕšĺňăńĳŋőčő ťĺńĳšřă Łăńňăŋă ŕřĺ őśőąěŋŋőľ ňăšřĺűě łőćăřĺăűĺĺ ÿşňă ć ŋăąń¿ďěŋĺ£ţ // Ăćšőňăšĺłă ĺ šěńěňěţăŋĺłă. 1974. Â1. Ś. 35-41.

24. Ń¿śšěřŋĺł Ń.Ť., Śőąőńěć Ć.Ĺ. İńěňěŋšż ťşŋłűĺőŋăńĳŋőčő ăŋăńĺğă. Ň.: Ŋăşłă, ČŘŤŇŃ. 1965. {520 ś. 25. Ń£ÿłő Ĺ.Ĺ., Ďĺďěŋłő Ć.Ŕ., Űĺšřĺűłĺľ Ő.Ě. Ťĺńĳšřăűĺ£ ÿşňőć. Łĺěć: Ŋăşłőćă ďşňłă, 1979. {232 ś. 26. Ŕşčăůěć Ć.Ś. Ĺŋšěčřăńĳŋżě łăŋőŋĺůěśłĺě ŕřěďśšăćńěŋĺ£ śńşůăľŋżţ ťşŋłűĺľ ĺ ĺţ ŕřĺńőęěŋĺě ł őŕřěďěńěŋĺ¿ őŕšĺňăńĳŋżţ ńĺŋěľŋżţ śĺśšěň // Ăćšőňăšĺłă ĺ šěńěňěţăŋĺłă. Š. 28, Â1. 1957.

Ńĺšěřăšşřă 99

27. Ŕşčăůěć Ć.Ś., Śĺŋĺűżŋ Ĺ.Ŋ. Śšőţăśšĺůěśłĺě ďĺťťěřěŋűĺăńĳŋżě śĺśšěňż. Ň.: Ŋăşłă, 1985. {560 ś. 28. Řşďĺŋ Ş. Őśŋőćż ňăšěňăšĺůěśłőčő ăŋăńĺğă. Ň.: Ňĺř, 1966. {320 ś.

29. Ř£ąőćă-Őřěÿłőćă Ă.Ŕ. Őą şśšőľůĺćőśšĺ ťĺńĳšřă Łăńňăŋă // Ĺğć. ĂŊ ŚŚŚŘ. Śěř.šěţ.łĺąěřŋěšĺłă. 1970. Â5. Ś. 203-212.

30. Śěľďę İ., Ňěńś Ďę. Šěőřĺ£ őűěŋĺćăŋĺ£ ĺ ěě ŕřĺňěŋěŋĺě ć ść£ğĺ ĺ şŕřăćńěŋĺĺ. Ň.: Ść£ğĳ, 1976. {496 ś. 31. Śňĺřŋőć Ň.Ń., Łőÿń£łőć Ŋ.Ś., Čńĺŋěř İ.Ą. Őśŋőćż ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ ňăšěňăšĺůěśłőľ ťĺğĺłĺ. Ň.: Ŋăşłă, 1962. {768 ś.

32. Śšřăšăŋőćĺů Ř.Ń. Ŕřĺňěŋěŋĺě šěőřĺĺ ŕřőűěśśőć Ňăřłőćă ďń£ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ śĺčŋăńőć // Řăďĺőšěţŋĺłă ĺ ¡ńěłšřőŋĺłă. 1960. Š. 5, Â11. Ś. 1751-1763.

33. Šĺţőŋőć Ă.Ŋ., Ăřśěŋĺŋ Ć.§. Ňěšőďż řěÿěŋĺ£ ŋěłőřřěłšŋżţ ğăďăů. Ň.: Ŋăşłă, 1979. {286 ś. 34. Ťĺţšěŋčőńĳű Č.Ň. Łşřś ďĺťťěřěŋűĺăńĳŋőčő ĺ ĺŋšěčřăńĳŋőčő ĺśůĺśńěŋĺ£. Šőň 1 - 3. Ň.: Ŋăşłă, ČŘ- ŤŇŃ, 1966.

35. Ÿĺř£ěć Ă.Ŋ. Ćěřő£šŋőśšĳ. Ň.: Ŋăşłă, 1980. {576 ś.

36. Anderson B.D. An Algebraic solution to Spectral factorization problem // IEEE Trans. Autom. Control. 1967. V. AC-12, Â4. P. 410-414.

37. Bensoussan A.V. Optimization of sensors location in distributed ˛ltering problem // Notes in Math., 1972. 294. P. 62-84.

38. Booton R.C. An optimization theory for time-varying linear systems with nonstationary statistical inputs // Proc. IRE. 1952. V. 40. P. 977-981.

39. Bryson A.E., Johansen D.E. Linear ˛ltering for time - varying systems using measurements containing coloured noise // IEEE Trans. Automat. Contr.. 1965. 10, Â1. P. 4-10.

40. Bucy R.C. Optimum ˛nite time ˛lters for a special non-stationary class of inputs // Internal. Report Nr. BBD-600, Jons Hopkins University, Applied Physics Lad., 1959.

41. Kalman R.E. A new approach to linear ˛ltering and prediction problems // Trans. ASME series D., J. Basic. Engg.. 1960. V. 82. P. 35-45.

42. O’Reilly J., Newmann M.M. Minimal-order observer-estimators for continuous time linear systems // Int. J. Control. 1975. 22, Â4. P. 573-590.

43. Swerling P. First - order error propagation in a stage - wise smoothing procedure of satellite observations // J. Astronautical sciences. 1959. V. 6. P. 46-52.

44. Wiener N. Extrapolation, interpolation and smoothing of stationary time series, with engineering applications. New-York: Wiley, 1949.

45. Yoshihawa T. On discrete - time Kalman ˛lter in singular case and akiud of pseudo-inverse of a matrix // Int. J. Control. 1972. 15, Â6. P. 1157-1163.

Ŕřěďňěšŋżľ şłăğăšěńĳ

Ąĺńĺŋěľŋă£ ťőřňă, 7

Čńăćŋőě řěÿěŋĺě, 60 Čőňěőňőřťĺğň, 10, 50

Ďćőľśšćěŋŋőśšĳ, 32, 34

Ğăďăůă

Łőÿĺ, 10, 12 ńĺŋěľŋőčő őŕšĺňăńĳŋőčő şŕřăćńěŋĺ£, 34 řěÿěŋĺě, 35 Ğăďăůă Ŋěľňăŋă

őąőąźěŋŋőě řěÿěŋĺě, 79, 82

śőŕř£ęěŋŋőľ ğăďăůĺ, 79 śşźěśšćőćăŋĺě, 81, 82 ŕřĺąńĺęěŋŋőě řěÿěŋĺě, 82, 84

śţőďĺňőśšĳ, 84 Ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšăűĺĺ řěčşń£řĺğőćăŋŋă£

ŕőśšăŋőćłă, 58 Ğăďăůă ńĺŋěľŋőľ őŕšĺňăńĳŋőľ ťĺńĳšřăűĺĺ, 19 ďń£ śšăűĺőŋăřŋżţ ŕřőűěśśőć, 23 ŕőśšăŋőćłă, 29, 48

ŕřĺąńĺęěŋŋżňĺ ďăŋŋżňĺ, 91 ś ŕřĺąńĺęěŋŋżňĺ ďăŋŋżňĺ, 65 ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ, 86 ś űćěšŋżň ÿşňőň, 63 řěčşń£řĺğőćăŋŋă£, 61 ś řăśŕřěďěńěŋŋżňĺ ŕăřăňěšřăňĺ, 77 ś űćěšŋżň ÿşňőň

ăńčőřĺšň řěÿěŋĺ£, 63 śţőďĺňőśšĳ ŕřĺąńĺęěŋŋőčő řěÿěŋĺ£, 94

Ĺŋšěčřăń őąőąźěŋŋżľ, 10

Łőćăřĺăűĺ£ śńşůăľŋőčő ŕřőűěśśă, 11 Łőŋőřňăńĳ, 77 Łő¡ťťĺűĺěŋš

şśĺńěŋĺ£, 36

őąőąźěŋŋőčő ťĺńĳšřă, 41 śšăűĺőŋăřŋőčő ťĺńĳšřă, 42 Łřĺšěřĺ¿ ňĺŋĺňşňă śřěďŋěłćăďřăšĺůěśłőľ őÿĺąłĺ, 19

Ńěňňă Čřăŋşőńńă, 70

Ňăšěňăšĺůěśłőě őęĺďăŋĺě, 11

Ňăšřĺűă

ĺďěňŕőšěŋšŋă£, 46

śőąśšćěŋŋżě ğŋăůěŋĺ£, 46 ĺğňěřěŋĺľ (ŋăąń¿ďěŋĺľ), 16 ĺňŕşńĳśŋă£ ŕěřěţőďŋă£, 15 ŋăąń¿ďăěňőśšĺ, 16 ŕśěćďőőąřăšŋă£, 46

śşźěśšćőćăŋĺě, 46 śńěď, 47 şŕřăćń£ěňőśšĺ, 18 ťşŋďăňěŋšăńĳŋă£, 10, 16, 30, 48 śőŕř£ęěŋŋőľ śĺśšěňż, 49 Ňěšőď

Ćĺŋěřă, 28 Ő’Řěľńĺ-Ŋĳ¿ňăŋŋă, 52

ŕőśšăŋőćłă ğăďăůĺ, 44 ťőřňĺřş¿źěčő ťĺńĳšřă

ăńčőřĺšň řěÿěŋĺ£, 43 ŕőśšăŋőćłă ğăďăůĺ, 43

Ŋăąń¿ďěŋĺ£

ś ćżřőęďěŋŋżň ąěńżň ÿşňőň łăŋőŋĺůěśłĺľ ćĺď, 47 Ŋěřăćěŋśšćő

Łőÿĺ-Ąşŋ£łőćśłőčő, 8

őąőąźěŋŋőě, 50 Ÿćăřűă, 8, 50

Őŕěřăšőř

L^∗ ŋă L_2(Q) , 79 L ŋă L_2(Q) , 78, 86 ďĺťťěřěŋűĺăńĳŋżľ

B , 78, 86 L^∗ ŋă L_2(Q) , 86 ĺğőňěšřĺůěśłĺľ, 7, 9 ňăšřĺůŋőě ŕřěďśšăćńěŋĺě, 90 Őśŋőćŋă£ ńěňňă ćăřĺăűĺőŋŋőčő ĺśůĺśńěŋĺ£, 19 ć őśŋăźěŋŋőň ŕřőśšřăŋśšćě, 20 Őśřěďŋěŋĺě, 33, 34 Őűěŋłă

őŕšĺňăńĳŋă£

ŋăůăńĳŋżţ ďăŋŋżţ, 54 śţőďĺňőśšĺ, 66 šőůŋőśšĺ řěÿěŋĺ£, 67

Ŕăřăňěšř řěčşń£řĺğăűĺĺ

ćżąőř, 73

6 Ŕřěďňěšŋżľ şłăğăšěńĳ 101

łřĺšěřĺľ łćăğĺőŕšĺňăńĳŋőśšĺ, 72 Ŕřőĺğćőďŋă£

őąőąźěŋŋă£, 8 Ŕřőśšřăŋśšćő

C^2(P ) , 77, 86 C^2_1 (P ) , 77 H[0; t] , 51 H_B , 78 H_B[0; t] , 60 H^+_B , 78 H^−_B , 78 L_2(P ) , 77, 86 L_2(Q) , 78 W^1_2 (P ) , 78 W^1_{20}(Q) , 79, 86 W^1_{2t}(Q) , 79, 86 W^{−1}_{20} (Q) , 79, 86 W^{−1}_{2t} (Q) , 79 ćěřő£šŋőśšŋőě, 11 ŋěčăšĺćŋőě

W^{−1}_2 [−∞; +∞] , 23 W^{−1}_2 [a; b] , 7 W^{−1}_{20} [0; t] , 8 W^{−1}_{2t} [0; t] , 8 őśŋăźěŋŋőě, 7, 11 ŕőğĺšĺćŋőě

W^1_2 [−∞; +∞] , 23 W^1_2 [a; b] , 7 W^1_{20}[0; t] , 8 W^1_{2t}[0; t] , 8 Ŕřőűěśś

ćĺŋěřőćśłĺľ, 12 łőćăřĺăűĺőŋŋő śšăűĺőŋăřŋżľ, 22 śšăűĺőŋăřŋżľ, 22

ć şğłőň śňżśńě, 22 ć ÿĺřőłőň śňżśńě, 22 Ŕřőűěśśż śšăűĺőŋăřŋő ść£ğăŋŋżě, 22

Śĺčŋăń

ćţőďŋőľ, 12 ćżţőďŋőľ, 12 ŕőńěğŋżľ, 21 Śĺśšěňă, 12

ćěłšőř śőśšő£ŋĺ£, 13 ćŕőńŋě ŋăąń¿ďăěňă£ ćś¿ďş, 16 ćŕőńŋě ŋăąń¿ďăěňă£ ŋă ĺŋšěřćăńě, 16 ćŕőńŋě şŕřăćń£ěňă, 17 ćŕőńŋě şŕřăćń£ěňă ŋă ĺŋšěřćăńě, 17 ďĺŋăňĺůěśłă£, 13

ńĺŋěľŋă£, 13 ńĺŋěľŋă£ ŋěŕřěřżćŋă£, 15 ś ŋěŕřěřżćŋżň ćřěňěŋěň, 13 śšăűĺőŋăřŋă£, 14 ňăšěňăšĺůěśłă£ ňőďěńĳ, 13 ŋăąń¿ďăěňă£ ŋă ĺŋšěřćăńě, 16 şŕřăćńěŋĺě, 13 şŕřăćń£ěňă ŋă ĺŋšěřćăńě, 17 Śŕěłšřăńĳŋă£ ŕńőšŋőśšĳ

ąěńżľ śšăűĺőŋăřŋżľ ÿşň, 22 ťăłšőřĺğăűĺ£, 23, 28 Śţőďĺňőśšĳ őűěŋőł, 61

Šěőřěňă

Ćĺěšă, 26 Ť. Řĺśśă, 18, 89

őąőąźěŋŋă£, 18 Ţăŋă-Ąăŋăţă, 18 ďćőľśšćěŋŋőśšĺ, 62

Şřăćŋěŋĺě

Ćĺŋěřă-Ţőŕťă, 20, 37, 55 ćżřőęďěŋŋżľ ąěńżľ ÿşň, 48, 59 ďń£ śšăűĺőŋăřŋőľ ğăďăůĺ ťĺńĳšřăűĺĺ, 23 őŕěřăšőřŋőě, 59, 87 řěčşń£řĺğőćăŋŋőě, 59, 87 śćőľśšćă řěčşń£řĺğőćăŋŋőčő řěÿěŋĺ£, 60 śćőľśšćă řěÿěŋĺ£, 31 śşźěśšćőćăŋĺě ĺ ěďĺŋśšćěŋŋőśšĳ řěčşń£- řĺğőćăŋŋőčő řěÿěŋĺ£, 59 śşźěśšćőćăŋĺě ĺ ěďĺŋśšćěŋŋőśšĳ řěÿěŋĺ£, 30 śţőďĺňőśšĳ řěÿěŋĺľ h¸ , 60 Řĺłłăšĺ, 35, 62 ćěłšőřă őűěŋłĺ, 35, 62 śőŕř£ęěŋŋőě, 51 Şřăćŋěŋĺ£

Ćĺŋěřă-Ţőŕťă

śşźěśšćőćăŋĺě ĺ ěďĺŋśšćěŋŋőśšĳ řěÿěŋĺ£, 52 Ťĺğĺůěśłă£ řěăńĺğşěňőśšĳ, 15, 24 Ťĺńĳšř

Ćĺŋěřă

ňăšřĺůŋżľ, 25 őďŋőňěřŋżľ, 25 Łăńňăŋă-Ąĳ¿śĺ, 36

ďń£ śšăűĺőŋăřŋżţ ŕřőűěśśőć, 42 őąőąźěŋŋżľ, 36 ďőŕşśšĺňżľ, 15 ťőřňĺřş¿źĺľ, 15 Ťőřňşńă

Łőÿĺ

ďń£ śőŕř£ęěŋŋőčő şřăćŋěŋĺ£, 51 Ťőřňşńă Łőÿĺ, 10, 17

őąőąźěŋŋă£, 10 Ťşŋłűĺ£

‹ {ťşŋłűĺ£ Ďĺřăłă, 8 ďřőąŋő-řăűĺőŋăńĳŋă£, 25

Ÿşň, 21

ąěńżľ, 11, 12

ć śšřőčőň śňżśńě, 11

102 6 Ŕřěďňěšŋżľ şłăğăšěńĳ

ćżřőęďěŋŋżľ, 21, 45 čăşśśőćśłĺľ, 12 śšăűĺőŋăřŋżľ, 22 űćěšŋőľ (ŋěąěńżľ), 21 ůĺśšő űćěšŋőľ, 21

Ŋăşůŋőě ĺğďăŋĺě

Łőńőś Ňăřĺ£ Ć£ůěśńăćőćŋă Łőńőś Ĺčőřĳ Ćăśĺńĳěćĺů ŇĚŠŐĎŻ ŃĹŊĚĽŊŐĽ ŐŔŠĹŇĂŃĲŊŐĽ ŤĹŃĲŠŘĂŰĹĹ

Ŕőď řěďăłűĺěľ Ć.Ă. Ňőřőğőćă

Řěďăłšőř Š.Ě. Ćăśĺńĳěćă

Ĺğď. ńĺű. Â 040414 őš 18.04.97.

Ŕőďŕĺśăŋő ć ŕěůăšĳ 14.11.2000. Ťőřňăš 60 × 84/16. Ąşňăčă őťś. Â 1. Őťśěšŋă£ ŕěůăšĳ. Şśń. ŕěů.ń. 9,2. Şů.{ĺğď. ń. 9,1. Šĺřăę 70 ¡łğ. Ğăłăğ Â 23.

Őřďěŋă \Ğŋăł Ŕőůěšă" ĺğďăšěńĳśšćő Ňőśłőćśłőčő şŋĺćěřśĺšěšă. 103009, Ňőśłćă, şń. Ą. Ŋĺłĺšśłă£, 5/7.

Řőšăŕřĺŋš ŊĹĆŰ ŇČŞ. 119899, Ňőśłćă, Ćőřőąĳěćż čőřż.