Ŕőśšăŋőćłă ŕřőąńěňż ő ğăćĺţřěŋŋőň ŋěć£ğłőň šěůěŋĺĺ ąăřőšřőŕŋőľ ĺ ŋěśęĺňăěňőľ ęĺďłőśšěľ.

đ.Ă. Řżńőć

Ĺŋśšĺšşš ŕřőąńěň ňěţăŋĺłĺ ŘĂŊ. 119526, Ňőśłćă, Ŕř. Ćěřŋăďśłőčő, 101, łőř.1.

email: rylov@ipmnet.ru Web site: http : //rsfq1.physics.sunysb.edu/~rylov/yrylov.htm Ăŋŋőšăűĺ£

Ĺğşůăěšś£ ćőŕřőś, łăłă£ ĺŋťőřňăűĺ£ ŋşęŋă ďń£ őŕřěďěńěŋĺ£ ěďĺŋśšćěŋŋőčő řěÿěŋĺ£ čĺďřőďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ ďń£ ĺďěăńĳŋőľ ęĺďłőśšĺ. Řăśśňăšřĺćă¿šś£ ŕřőĺğćőńĳŋżě ŋěć£ğłĺě šěůěŋĺ£ ąăřőšřőŕŋőľ ĺ ŋěśęĺňăěňőľ ęĺďłőśšěľ. Ŕőśńě ĺŋšěčřĺřőćăŋĺ£ čĺďřőďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ ćś£ ĺŋťőřňăűĺ£ ő šěůěŋĺĺ łőŋűěŋšřĺřşěšś£ ć ďĺŋăňĺůěśłĺţ şřăćŋěŋĺ£ţ ć ćĺďě ŋěőŕřěďěńěŋŋżţ ťşŋłűĺľ, šőčďă łăł ŋăůăńĳŋżě ĺ čřăŋĺůŋżě şśńőćĺ£ śőďěřęăš ĺŋťőřňăűĺ¿ ő ňăřłĺřőćłě ůăśšĺű ęĺďłőśšĺ. Ŕőłăğăŋő, ůšő ďń£ őďŋőğŋăůŋőčő őŕřěďěńěŋĺ£ śšăűĺőŋăřŋőčő šěůěŋĺ£ ŋěśęĺňăěňőľ ęĺďłőśšĺ, ŋşęŋő ğăďăšĳ ğăćĺţřěŋŋőśšĳ ŋă ćśěţ ńĺŋĺ£ţ šőłă. Ğăďăŋĺě śłőřőśšĺ ŋă čřăŋĺűě, ćőőąźě čőćőř£, ŋě őŕřěďěń£ěš ğăćĺţřěŋŋőśšĺ. Ěśńĺ ĺňě¿šś£ ğăňłŋşšżě ńĺŋĺĺ šőłă, šő ğăćĺţřěŋŋőśšĳ ŋă ŋĺţ ŋě ňőęěš ążšĳ ğăďăŋă ůěřěğ čřăŋĺůŋżě şśńőćĺ£. İšĺň őąž£śŋ£ěšś£ śşźěśšćőćăŋĺě řăğńĺůŋżţ śšăűĺőŋăřŋżţ ğăćĺţřěŋŋżţ šěůěŋĺľ ŕřĺ őďŋĺţ ĺ šěţ ęě čřăŋĺůŋżţ şśńőćĺ£ţ.

Łń¿ůěćżě śńőćă: ĺďěăńĳŋă£ ęĺďłőśšĳ, ŕőšěŋűĺăńż Łńěąÿă, ğăćĺţřěŋŋőśšĳ

1 Ććěďěŋĺě

Ć ŋăśšő£źěľ řăąőšě ňż řăśśňăšřĺćăěň ŕőśšăŋőćłş ğăďăůĺ ő šěůěŋĺĺ ąăřőšřőŕŋőľ ęĺďłőśšĺ. Ěśńĺ śęĺňăěňőśšĳ ęĺďłőśšĺ śšřěňĺšś£ ł ŋşń¿, ňż ŕőńşůăěň ŋěśęĺňăěňş¿ ęĺďłőśšĳ. Ŋěśęĺňăěňă£ ęĺďłőśšĳ řăśśňăšřĺćăěšś£ łăł ůăśšŋżľ śńşůăľ ąăřőšřőŕŋőľ ęĺďłőśšĺ, łőčďă ěě śęĺňăěňőśšĳ śšřěňĺšś£ ł ŋşń¿. Ŕřĺ ŕěřěţőďě ł ŕřěďěńş ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£, őŕĺśżćă¿źĺě ¡ćőń¿- űĺ¿ ŕńőšŋőśšĺ ρ ĺ ŕőšěŋűĺăńă śłőřőśšĺ φ, šěř£¿š ćřěňěŋŋ«żě ŕřőĺğćőďŋżě ĺ ŕřěćřăźă¿šś£ ć őčřăŋĺůěŋĺ£ ŋă śőśšő£ŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ.

∂_0ρ + r (ρv) = 0 → rv = 0 (1.1)

Ć řěğşńĳšăšě ŕőśšăŋőćłă ğăďăůĺ ő šěůěŋĺĺ ęĺďłőśšĺ őłăğżćăěšś£ řăğńĺůŋőľ ďń£ ąăřőšřőŕŋőľ ĺ ŋěśęĺňăěňőľ ęĺďłőśšěľ. Ś őďŋőľ śšőřőŋż, őŕĺśăŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ ŕřőźě, ůěň őŕĺśăŋĺě ąăřőšřőŕŋőľ, ŋő ś ďřşčőľ śšőřőŋż, ŋěśęĺňăěňă£ ęĺďłőśšĳ ěśšĳ ŋěťĺğĺůěśłă£ ęĺďłőśšĳ, ŕőšőňş ůšő ć ŋěľ śłőřőśšĳ ğćşłă ąěśłőŋěůŋă, ĺ őčřăŋĺůěŋĺ£ ŋă śőśšő£ŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ őłăğżćă¿šś£ ŋěťĺğĺůěśłĺňĺ őčřăŋĺůěŋĺ£ňĺ. Ŕőśšăŋőćłă ŕřőąńěňż őąšěłăŋĺ£ őłăğżćăěšś£ ąőńěě śńőęŋőľ ďń£ ŋěśęĺňăěňőľ ęĺďłőśšĺ, ůěň ďń£ ąăřőšřőŕŋőľ.

Ŋěśšăűĺőŋăřŋżě šěůěŋĺ£ śńĺÿłőň šřşďŋż ďń£ řăśůěšă, ĺ łăł ŕřăćĺńő řăśśňăšřĺćă¿š śšăűĺőŋăřŋżě šěůěŋĺ£, łőšőřżě ŋě śőďěřęăš ćřěňěŋŋ«żţ ŕřőĺğćőďŋżţ. İšő őąśšő£šěńĳśšćő şśńőęŋ£ěš ŕřőąńěňş őąšěłăŋĺ£, ŕőšőňş ůšő ¡šă ğăďăůă ŋě ňőęěš řăśśňăšřĺćăšĳś£ łăł ¡ćőń¿űĺőŋŋă£ ŕřőąńěňă. Ŋăłőŋěű, ğăćĺţřěŋŋżě śšăűĺőŋăřŋżě šěůěŋĺ£ šőęě śńĺÿłőň śńőęŋż ďń£ řăśůěšőć, ĺ őążůŋő řăśśňăšřĺćă¿šś£ ŕőšěŋűĺăńĳŋżě śšăűĺőŋăřŋżě šěůěŋĺ£ ŋěśęĺňăěňőľ ęĺďłőśšĺ. Ŕőśšăŋőćłă ğăďăůĺ ďń£ ğăćĺţřěŋŋżţ ĺ ŕőšěŋűĺăńĳŋżţ šěůěŋĺľ ŋěśęĺňăěňőľ ęĺďłőśšĺ őłăğżćăěšś£ řăğńĺůŋőľ. Ć ůăśšŋőśšĺ, śšăűĺőŋăřŋőě ŕőšěŋűĺăńĳŋőě šěůěŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ őďŋőğŋăůŋő őŕřěďěń£ěšś£ čřăŋĺůŋżňĺ şśńőćĺ£ňĺ. Ğăćĺţřěŋŋőě śšăűĺőŋăřŋőě šěůěŋĺě ňőęěš śőďěřęăšĳ ńĺŋĺĺ šőłă, łőšőřżě ŋě ŕěřěśěłă¿š čřăŋĺűż. ĺ ŋěńĳğ£ ŕőśšăćĺšĳ ğăďăůş őąšěłăŋĺ£, ĺśŕőńĳğş£ šőńĳłő čřăŋĺůŋżě şśńőćĺ£.

Ňż řăśśňőšřĺň ŕőśšăŋőćłş ŕřőąńěňż őąšěłăŋĺ£, ŋăůĺŋă£ ś ŕřőśšőčő śńşůă£ ŕřőĺğćőńĳŋőčő šěůěŋĺ£ ąăřőšřőŕŋőľ ęĺďłőśšĺ, łőčďă ŕőśšăŋőćłă ğăďăůĺ ŋăĺąőńěě ŕřőśšă. Ŕőśńěďőćăšěńĳŋő ŋăńăčă£ őčřăŋĺůěŋĺ£ ŋěśęĺňăěňőśšĺ ĺ śšăűĺőŋăřŋőśšĺ, ňż ŕřőśńěďĺň ¡ćőń¿űĺ¿ ŕőśšăŋőćłĺ ğăďăůĺ őąšěłăŋĺ£.

Ć ŋăÿěň ĺśśńěďőćăŋĺĺ ňż śşźěśšćěŋŋő ĺśŕőńĳğşěň šőš ťăłš, ůšő ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ ďń£ ąăřőšřőŕŋőľ ęĺďłőśšĺ ňőčşš ążšĳ ŕřőĺŋšěčřĺřőćăŋż [1]. Ć řěğşńĳšăšě ¡šőčő ĺŋšěčřĺřőćăŋĺ£ ć ďĺŋăňĺůěśłĺţ şřăćŋěŋĺ£ţ ŕő£ćń£- ¿šś£ ŋěőŕřěďěńěŋŋżě ťşŋłűĺĺ. Łăł ŕřăćĺńő, ĺśśńěďőćăŋĺě ĺŋšěčřăńőć ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ ŕřőźě ĺ ¡ťťěłšĺćŋěě, ůěň ĺśśńěďőćăŋĺě śăňĺţ ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ, ĺ ňż ĺśŕőńĳğşěň ¡šő őąśšő£šěńĳśšćő. Ĺŋšěčřĺřőćăŋĺě čĺďřőďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ šěśŋő ść£ğăŋő ś ĺśŕőńĳğőćăŋĺěň őąőąźěŋŋőľ ťşŋłűĺĺ šőłă (ŐŤŠ) [2] ĺ ś ŐŤŠ-ťőřňăńĺğňőň, łőšőřżľ ŕőğćőń£ěš őśşźěśšćĺšĳ ¡šő ĺŋšěčřĺřőćăŋĺě.

Ňż ŕőńşůăěň čĺďřőďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ ĺğ ćăřĺăűĺőŋŋőčő ŕřĺŋűĺŕă, łőšőřżľ ŕřěďśšăćń£ěšś£ ć ćĺďě [2]

A_E[ρ, j, ¸, p] =

∫ { j^2 2ρ − ρE − p_k ( j^k − ρ_0 (¸) ∂J ∂ξ_{0,k} )} dtdx (1.2)

čďě j^k = {j^0, j} = {ρ, ρv} ěśšĳ 4-ŕőšőł ęĺďłőśšĺ, ρ ěśšĳ ŕńőšŋőśšĳ ĺ v ěśšĳ ěě śłőřőśšĳ. Ćěńĺůĺŋă E = E (ρ) ěśšĳ ćŋşšřěŋŋ££ ¡ŋěřčĺ£ ęĺďłőśšĺ ŋă ěďĺŋĺűş ňăśśż. Őŋă ğăćĺśĺš šőńĳłő őš ŕńőšŋőśšĺ ρ. Ćěńĺůĺŋă ρ_0 = ρ_0 (¸) ěśšĳ ğăďăŋŋă£ ćěśőćă£ ťşŋłűĺ£ ăřčşňěŋšă ¸. Ŕěřěňěŋŋżě ¸ = {ξ_1, ξ_2, ξ_3} śşšĳ ńăčřăŋęěćż łőőřďĺŋăšż, ňăřłĺřş¿źĺě ůăśšĺűż ęĺďłőśšĺ. Őążůŋő ńăčřăŋęěćż łőőřďĺŋăšż řăśśňăšřĺćă¿š łăł ŋěğăćĺśĺňżě ŕěřěňěŋŋżě. Ğďěśĳ őŋĺ řăśśňăšřĺćă¿šś£ łăł łăł ğăćĺśĺňżě ŕěřěňěŋŋżě ¸ = ¸ {t, x}. Řăśśňăšřĺćă£ ¸ łăł ğăćĺśĺňżě ŕěřěňěŋŋżě, ňż ąşďěň ŋăğżćăšĳ ĺţ ŕőšěŋűĺăńăňĺ Łńěąÿă. İšĺ ŕőšěŋűĺăńż ążńĺ ĺśŕőńĳğőćăŋż Łńěąÿěň ďń£ őŕĺśăŋĺ£ ŋěśęĺňăěňőľ ęĺďłőśšĺ [3, 4]. Ć (1.2) ĺ ďăńěě ŕő ďćşň ŕőćšőř£¿źĺňś£ ĺŋďěłśăň ŕřőĺğćőďĺšś£ śşňňĺřőćăŋĺě (0 − 3). Ćśě ğăćĺśĺňżě ďĺŋăňĺůěśłĺě ŕěřěňěŋŋżě j, ¸, p řăśśňăšřĺćă¿šś£ łăł ťşŋłűĺĺ ŕěřěňěŋŋżţ x = {x^0, x} = {t, x}.

Ćěńĺůĺŋż ∂J/∂ξ_{0,k}, k = 0, 1, 2, 3 śşšĳ ŕřőĺğćőďŋżě £łőąĺăŋă J ≡ ∂(ξ_0, ξ_1, ξ_2, ξ_3) ∂(x^0, x^1, x^2, x^3) ≡ det ||ξ_{i,k} || , ξ_{i,k} ≡ ∂_kξ_i ≡ ∂ξ_i ∂x^k , i, k = 0, 1, 2, 3 (1.3)

ŕő ŕěřěňěŋŋżň ξ_{0,k} ≡ ∂_kξ_0. Ğďěśĳ ξ = {ξ_0, ¸} = {ξ_0, ξ_1, ξ_2, ξ_3} śşšĳ ůěšżřě śłăń£řă, řăśśňăšřĺćăěňżě łăł ťşŋłűĺĺ őš x = {x^0, x} = {t, x}, ξ = ξ(x). Ťşŋłűĺĺ {ξ_0, ξ_1, ξ_2, ξ_3} ŕřěďŕőńăčă¿šś£ ŋěğăćĺśĺňżňĺ ć šőň śňżśńě, ůšő J ≠ 0. Şďőąŋő řăśśňăšřĺćăšĳ £łőąĺăŋ J łăł 4-ńĺŋěľŋş¿ ťşŋłűĺ¿ ŕěřěňěŋŋżţ ξ_{i,k} ≡ ∂_kξ_i, i, k = 0, 1, 2, 3. Šőčďă ňőęŋő ććěśšĺ ŕřőĺğćőďŋżě őš J ŕő ξ_{i,k}. Ŕřőĺğćőďŋă£ ∂J/∂ξ_{i,k} ŕő£ćń£ěšś£ łăł řěğşńĳšăš ğăňěŋż ξ_i ćěńĺůĺŋőľ x^k ć śőőšŋőÿěŋĺĺ (1.3). ∂J ∂ξ_{i,k} ≡ ∂(ξ_0, ...ξ_i�_1, x^k, ξ_{i+1}, ...ξ_3) ∂(x^0, x^1, x^2, x^3)

, i, k = 0, 1, 2, 3 (1.4)

Ŕěřěňěŋŋżě ¸ = {ξ_1, ξ_2, ξ_3} śşšĳ ŕřőśšřăŋśšćěŋŋżě ńăčřăŋęěćż łőőřďĺŋăšż ůăśšĺű ęĺďłőśšĺ, šőčďă łăł ξ_0 ěśšĳ ćřěňěŋŋ«ă£ ńăčřăŋęěćă łőőřďĺŋăšă. Ć ďěľśšćĺĺ (1.2) őŋă ťĺłšĺćŋă. Ćěńĺůĺŋż ∂J/∂ξ_{i,k} ŕőńěğŋż, ŕőśłőńĳłş őŋĺ šőęďěśšćěŋŋő şďőćńěšćőř£¿š şřăćŋěŋĺ£ň ∂_k ∂J ∂ξ_{i,k} ≡ 0, ∂J ∂ξ_{k,i} ξ_{l,i} ≡ Jδ^k_l , ∂J ∂ξ_{i,k} ξ_{i,l} ≡ Jδ^k_l , l, k = 0, 1, 2, 3 (1.5) Őšőęďěśšćń££ 4-ŕőšőł ęĺďłőśšĺ j^k ś ćěńĺůĺŋőľ ρ_0 (¸) ∂J/∂ξ_{0,k}

j^k = ρ_0 (¸) ∂J ∂ξ_{0,k} , k = 0, 1, 2, 3, (1.6)

ňż ŕőńşůăěň ĺğ ďćşţ ŕěřćżţ şřăćŋěŋĺľ (1.5), ůšő 4-ŕőšőł j^k şďőćńěšćőř£ěš şřăćŋěŋĺ¿ ŋěŕřěřżćŋőśšĺ

∂_kj^k = ∂_k ( ρ_0 (¸) ∂J ∂ξ_{0,k} ) = ρ_0 (¸) ∂_k ∂J ∂ξ_{0,k} + ∂ρ_0 (¸) ∂ξ_α ξ_{α,k} ∂J ∂ξ_{0,k} ≡ 0 (1.7)

Ğďěśĳ ĺ ďăńěě ŕřőĺğćőďĺšś£ śşňňĺřőćăŋĺě ŕő ŕőćšőř£¿źĺňś£ čřěůěśłĺň ĺŋďěłśăň (1−3). Ĺğ ćšőřőčő šőęďěśšćă (1.5) śńěďşěš, ůšő ćěńĺůĺŋż ¸ ňăřłĺřş¿š ůăśšĺűż ęĺďłőśšĺ, ĺ ĺţ śşąśšăŋűĺőŋăńĳŋă£ ŕřőĺğćőďŋă£ őąřăźăěšś£ ć ŋşńĳ. ( ∂J ∂ξ_{0,0} )�1 ∂J ∂ξ_{0,k} ∂_kξ_α = j^k ρ ∂_kξ_α = (∂_0ξ_α + vrξ_α) = 0, α = 1, 2, 3 (1.8)

Ĺśŕőńĳğőćăŋĺě őąőğŋăůěŋĺľ (1.6) őůěŋĳ şďőąŋő, ĺ ňż ććěńĺ ¡šő őąőğŋăůěŋĺě ć ćăřĺăűĺőŋŋżľ ŕřĺŋűĺŕ (1.2) ś ŕőňőźĳ¿ ňŋőęĺšěńěľ Ńăčřăŋęă p_k = p_k (x), k = 0, 1, 2, 3.

Ďń£ ŕőńşůěŋĺ£ čĺďřőďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ śńěďşěš ćăřĳĺřőćăšĳ ďěľśšćĺě (1.2) ŕő ŕěřěňěŋŋżň ξ_k, j^k , p_k, k = 0, 1, 2, 3. Ŕěřěňăŋŋă£ ξ_0 ťĺłšĺćŋă, ĺ ćăřĺăűĺ£ ŕő ξ_0 ďăěš šőęďěśšćő.

Ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ ĺňě¿š ćĺď δA δξ_i = −∂_l ( ρ_0 (¸) p_k

∂^2J ∂ξ_{0,k}∂ξ_{i,l} ) + ∂ρ_0 (¸) ∂ξ_i p_k ∂J ∂ξ_{0,k} = 0, i = 0, 1, 2, 3 (1.9)

Ŕőśłőńĳłş ŕěřěňěŋŋă£ ξ_0 ťĺłšĺćŋă, ďĺŋăňĺůěśłőě şřăćŋěŋĺě (1.9) ś i = 0 ěśšĳ šőęďěśšćő ć śĺńş ďřşčĺţ ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ. Ďřşčĺě ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ ĺňě¿š ćĺď δA δj^α = j^α ρ − p_α = 0, α = 1, 2, 3 (1.10) δA δρ = − j^2 2ρ^2 − ∂ (ρE) ∂ρ − p_0 = 0 (1.11) δA δp_k = −j^k + ρ_0 (¸) ∂J ∂ξ_{0,k} = 0, k = 0, 1, 2, 3 (1.12)

Ŕřěőąřăğşěň (1.9), ĺśŕőńĳğş£ šőęďěśšćă ∂_l ∂^2J ∂ξ_{0,k}∂ξ_{i,l} ≡ 0, ∂^2J ∂ξ_{0,k}∂ξ_{i,l} ≡ J�^1 ( ∂J ∂ξ_{0,k} ∂J ∂ξ_{i,l} − ∂J ∂ξ_{0,l} ∂J ∂ξ_{i,k} ) , i, k, l = 0, 1, 2, 3, (1.13) Ś ŕőňőźĳ¿ ŕěřćőčő šőęďěśšćă (1.13) şřăćŋěŋĺ£ (1.9) ňőčşš ążšĳ ğăŕĺśăŋż ć ćĺďě − ∂^2J ∂ξ_{0,k}∂ξ_{i,l} ρ_0 (¸) ∂_lp_k −

∂^2J ∂ξ_{0,k}∂ξ_{i,l} p_k ∂_lρ_0 (¸) +

∂ρ_0 (¸) ∂ξ_i p_k ∂J ∂ξ_{0,k} = 0, i = 0, 1, 2, 3 (1.14) Ďćă ŕőśńěďŋĺţ ůńěŋă ć (1.14) łőňŕěŋśĺřş¿š ďřşč ďřşčă. Ć śăňőň ďěńě, ĺśŕőńĳğş£ ćšőřőě šőęďěśšćő (1.13) ňż ňőęěň ŕěřěŕĺśăšĳ ďćă ŕőśńěďŋĺţ ůńěŋă śőőšŋőÿěŋĺ£ (1.14) ć ćĺďě −J�^1 ( ∂J ∂ξ_{0,k} ∂J ∂ξ_{i,l} − ∂J ∂ξ_{0,l} ∂J ∂ξ_{i,k} ) p_k ∂ρ_0 (¸) ∂ξ_β ξ_{β,l} + ∂ρ_0 (¸) ∂ξ_i p_k ∂J ∂ξ_{0,k} , i = 0, 1, 2, 3 (1.15) Ć (1.15) ĺ ďăńěě ŕřőĺğćőďĺšś£ śşňňĺřőćăŋĺě ŕő ďćşň ŕőćšőř£¿źĺňś£ čřěůěśłĺň ĺŋďěłśăň (1 − 3).

Ĺśŕőńĳğş£ ćšőřőě šőęďěśšćő (1.5), ňőęŋő ŕřěőąřăğőćăšĳ ćżřăęěŋĺě (1.15) ł ćĺďş − ∂J ∂ξ_{0,k} p_k ∂ρ_0 (¸) ∂ξ_β δ^i_β +

∂ρ_0 (¸) ∂ξ_i p_k ∂J ∂ξ_{0,k} = 0, i = 0, 1, 2, 3 (1.16) čďě ďćă ůńěŋă łőňŕěŋśĺřş¿šś£ ďń£ i = β = 1, 2, 3. Ďń£ i = 0 ŕěřćżľ ůńěŋ śőőšŋőÿěŋĺ£ (1.16) őąřăźăěšś£ ć ŋşńĳ ĺğ-ğă ňŋőęĺšěń£ δ^i_β , šőčďă łăł ćšőřőľ ůńěŋ őąřăźăěšś£ ć ŋşńĳ ĺğ-ğă ∂ρ_0 (¸) /∂ξ_0 = 0.

Šăłĺň őąřăğőň, ďćă ŕőśńěďŋĺţ ůńěŋă ć şřăćŋěŋĺĺ (1.14) őąřăźă¿šś£ ć ŋşńĳ. Ĺśŕőńĳğş£ ćšőřőě šőęďěśšćő (1.13), ŕřěőąřăğşěň şřăćŋěŋĺě (1.14) ł ćĺďş −J�^1 ( ∂J ∂ξ_{0,k} ∂J ∂ξ_{i,l} − ∂J ∂ξ_{0,l} ∂J ∂ξ_{i,k} ) ρ_0 (¸) p_{k,l} = 0, i = 0, 1, 2, 3 (1.17)

Śćěřŋěň (1.17) ś ξ_{i,s}. Ĺśŕőńĳğş£ ŕőśńěďŋěě šőęďěśšćő (1.5) ĺ şřăćŋěŋĺě (1.12), ŕőńşůăěň ĺğ (1.17) ∂J ∂ξ_{0,k} (p_{k,s} − p_{s,k} ) = 0, s = 0, 1, 2, 3, p_{k,s} ≡ ∂_sp_k (1.18)

Ĺğ (1.10) - (1.12) śńěďşěš, ůšő ∂J ∂ξ_{0,0} = ρ ρ_0 (¸)

, p_0 = − v^2 2 − ∂ (ρE) ∂ρ , p_α = v^α, ∂J ∂ξ_{0,α} = ρv^α ρ_0 (¸)

, α = 1, 2, 3 (1.19) Ŕőďśšăćń££ (1.19) ć (1.18), ŕőńşůăěň ďń£ s = β = 1, 2, 3 ŕőśńě ŕřěőąřăğőćăŋĺľ

v^α_{,0} + v^βv^α_{,β} = −∂_α ∂ (ρE) ∂ρ = − 1 ρ ∂_α ( ρ^2 ∂E ∂ρ ) , β = 1, 2, 3 (1.20)

ĺ ďń£ s = 0 v^βv^β_{,0} + v^β∂_β ( v^2 2 + ∂ (ρE) ∂ρ ) = 0 (1.21)

Ğďěśĳ ğăŕ£šă£ ŕěřěď ĺŋďěłśőň k őğŋăůăěš ďĺťťěřěŋűĺřőćăŋĺě ŕő x^k. Ńěčłő ćĺďěšĳ, ůšő (1.21) ěśšĳ řěğşńĳšăš śćěřšżćăŋĺ£ śőőšŋőÿěŋĺ£ (1.20) ś v^α. İšő ść£ğăŋő ś šěň, ůšő şřăćŋěŋĺě (1.21) ŕő£ćń£ěšś£ łăł řěğşńĳšăš ćăřĳĺřőćăŋĺ£ ŕő ťĺłšĺćŋőľ ŕěřěňěŋŋőľ ξ_0.

Şřăćŋěŋĺ£ (1.7), (1.20) ĺ (1.8) őąřăğş¿š ŕőńŋş¿ śĺśšěňş ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ, łőšőřă£ śőśšőĺš ĺğ śěňĺ şřăćŋěŋĺľ ŕěřćőčő ŕőř£ďłă ďń£ śěňĺ ğăćĺśĺňżţ ŕěřěňěŋŋżţ ρ, v, ¸. İšă śĺśšěňă şřăćŋěŋĺľ ňőęěš ążšĳ ğăŕĺśăŋă ć ćěłšőřŋőň ćĺďě ∂_0ρ + r (ρv) = 0 (1.22)

∂_0v + (vr) v = −r p ρ , p = ρ^2 ∂E ∂ρ (1.23)

∂_0¸ + (vr) ¸ = 0 (1.24) Ůěšżřě şřăćŋěŋĺ£ (1.22), (1.23) őąřăğş¿š ğăňłŋşšş¿ ŕőďśĺśšěňş ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ (şřăćŋěŋĺ£ İľńěřă). İšĺ şřăćŋěŋĺ£ ňőčşš ążšĳ řěÿěŋż ŋěğăćĺśĺňő őš ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ (1.24), łőšőřżě őŕĺśżćă¿š śŕőśőą ňăřłĺřőćłĺ ůăśšĺű ęĺďłőśšĺ ĺ ţăřăłšěř ďćĺęěŋĺ£ ůăśšĺűż ęĺďłőśšĺ ćďőńĳ ěě šřěłšőřĺĺ.

Ć śăňőň ďěńě, ŕşśšĳ šřĺ ćěńĺůĺŋż ξ_1 (t, x), ξ_2 (t, x), ξ_3 (t, x) śşšĳ šřĺ ŋěğăćĺśĺňżţ řěÿěŋĺ£ şřăćŋěŋĺľ (1.24), ĺğćěśšŋżţ łăł şśńőćĺ£ Ńĺŋă [5]. Šőčďă ¡šĺ šřĺ ćěńĺůĺŋż ŕřěďśšăćń£¿š śőąőľ šřĺ ŋěğăćĺśĺňżţ ĺŋšěčřăńă śĺśšěňż őążłŋőćěŋŋżţ ďĺťťěřěŋűĺăńĳŋżţ şřăćŋěŋĺľ dx dt = v (t, x) (1.25)

Ěśńĺ šřĺ ŋěğăćĺśĺňżţ ĺŋšěčřăńă ξ_1 (t, x), ξ_2 (t, x), ξ_3 (t, x) śĺśšěňż şřăćŋěŋĺľ (1.5) ĺğćěśšŋż, šő ňĺřőćżě ńĺŋĺĺ (šřăěłšőřĺĺ) x = x (t, ¸_{in}) ůăśšĺű ęĺďłőśšĺ őŕřěďěń£¿šś£ ŋě£ćŋő ăńčěąřăĺůěśłĺňĺ şřăćŋěŋĺ£ňĺ

ξ_α (t, x) = (¸_{in})_α = const, α = 1, 2, 3 (1.26)

Šřĺ ćěńĺůĺŋż ¸_{in} = ¸ ňăřłĺřş¿š ůăśšĺűż ęĺďłőśšĺ ĺ ĺţ ňĺřőćżě ńĺŋĺĺ.

2 Ĺŋšěčřĺřőćăŋĺě ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ ďń£ ąăřőšřőŕŋőľ ęĺďłőśšĺ

Śşźěśšćşěš ďřşčőľ ćĺď čĺďřőďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ. Ďěńő ć šőň, ůšő şřăćŋěŋĺ£ (1.18) ňőęŋő ŕřĺŋšěčřĺřőćăšĳ. Ğăňěšĺň, ůšő şřăćŋěŋĺ£ (1.18) śşšĳ ńĺŋěľŋżě ďĺťťěřěŋűĺăńĳŋżě şřăćŋěŋĺ£ ć ůăśšŋżţ ŕřőĺğćőďŋżţ ďń£ ŕěřěňěŋŋżţ p_k , k = 0, 1, 2, 3. Őŋĺ ňőčşš ążšĳ ŕřőĺŋšěčřĺřőćăŋż ć ćĺďě

p_k = g^0 (ξ_0) ξ_{0,k} + g^α (¸) ξ_{α,k}, k = 0, 1, 2, 3 (2.1)

čďě ŕěřěňěŋŋă£ ξ_0 ŕěřěśšăěš ążšĳ ťĺłšĺćŋőľ ĺ śšăŋőćĺšś£ ŋőćőľ ďĺŋăňĺůěśłőľ ŕěřěňěŋŋőľ. Ćěńĺůĺŋż g^0 ĺ g^α, α = 1, 2, 3 śşšĳ ŕřőĺğćőńĳŋżě ťşŋłűĺĺ ăřčşňěŋšőć ξ_0 and ¸ = {ξ_1, ξ_2, ξ_3} śőőšćěšśšćěŋŋő.

Ŕőďśšăćń££ (2.1) ć (1.18) ĺ ĺśŕőńĳğş£ šőęďěśšćă (1.5), ňőęŋő ŕřőćěřĺšĳ, ůšő (2.1) ěśšĳ řěÿěŋĺě şřăćŋěŋĺľ (1.18) ďń£ ń¿ążţ ťşŋłűĺľ g^i, i = 0, 1, 2, 3. İšő őğŋăůăěš, ůšő ćżřăęěŋĺě (2.1) ďăěš őąźěě řěÿěŋĺě şřăćŋěŋĺľ (1.18). Ŕřĺŋĺňă£ ćő ćŋĺňăŋĺě, ůšő ŕěřćżľ ůńěŋ ć ŕřăćőľ ůăśšĺ řăćěŋśšćă (2.1) £ćń£ěšś£ čřăďĺěŋšőň ŋěłőšőřőľ ćěńĺůĺŋż φ, ňż ňőęěň ğăŕĺśăšĳ (2.1) ć ćĺďě

p_k = ∂_kφ + g^α (¸) ξ_{α,k} , k = 0, 1, 2, 3 (2.2)

Ŕěřćőě şřăćŋěŋĺě (1.19) ŕřĺŋĺňăěš ćĺď

ρ = ρ_0 (¸) ∂J ∂ξ_{0,0} ≡ ρ_0 (¸)

∂ (ξ_1, ξ_2, ξ_3) ∂ (x, y, z) ≡ ρ_0 (¸)

∂ (ξ_1, ξ_2, ξ_3) ∂ (x^1, x^2, x^3)

(2.3)

Ĺğ (2.2) ĺ (1.19) śńěďşěš, ůšő

v^μ = ∂_μφ + g^α (¸) ξ_{α,μ}, μ = 1, 2, 3 (2.4)

Šőčďă şřăćŋěŋĺ£ (1.24) ŕřěőąřăğş¿šś£ ł ćĺďş

∂_0ξ_μ + (rφ + g^α (¸) rξ_α) rξ_μ = 0, μ = 1, 2, 3 (2.5)

Ŕőńőęĺň k = 0 ć (2.2). Ĺśłń¿ůă£ ξ_{α,0} ś ŕőňőźĳ¿ (2.5), ŕőńşůăěň

∂_0φ − g^α (¸)

(rφ + g^β (¸) rξβ^) rξα +^1_2 (rφ + g^α (¸) rξα)^2 + P = 0 (2.6) P = [ ∂ (ρE) ∂ρ ] ρ=ρ0(¸)∂J/∂ξ0_;0 Şřăćŋěŋĺě (2.6) ňőęěš ążšĳ ğăŕĺśăŋő ć ćĺďě

∂_0φ + 1 2 (rφ)^2 −^1_2g^α (¸) g^β (¸) rξβ rξα +^{[ ∂ (ρE)}_{∂ρ}^]_{ρ=ρ0(¸)∂J/∂ξ0;0} = 0 (2.7)

ůšő ŕőğćőń£ěš ĺŋšěřŕřěšĺřőćăšĳ ŕěřěňěŋŋş¿ φ. Ś őďŋőľ śšőřőŋż, ŕěřěňěŋŋă£ φ ěśšĳ ťşŋłűĺ£ ćřěňěŋŋ«őľ ńăčřăŋęěćőľ łőőřďĺŋăšż ξ_0. Ś ďřşčőľ śšőřőŋż, ć śńşůăě, łőčďă g^α = 0 ĺ φ ěśšĳ ŕőšěŋűĺăń śłőřőśšĺ, şřăćŋěŋĺě (2.7) ňőęěš řăśśňăšřĺćăšĳś£ łăł şřăćŋěŋĺě Čăňĺńĳšőŋă-§łőąĺ ś ťşŋłűĺěľ Čăňĺńĳšőŋă

H (x, p) = 1 2 p^2 + U (t, x) , U (t, x) = [ ∂ (ρE) ∂ρ ] ρ=ρ0(¸)∂J/∂ξ0_;0 Ć ¡šőň śńşůăě ŕőšěŋűĺăń Łńěąÿă φ ňőęěš ążšĳ ĺśšőńłőćăŋ łăł ŕěřěňěŋŋă£ ďěľśšćĺ£.

Ĺšăł, ňż ĺňěěň śĺśšěňş ĺğ ůěšżřěţ şřăćŋěŋĺľ (2.5), (2.6) ďń£ ůěšżřěţ ğăćĺśĺňżţ ŕěřěňěŋŋżţ ¸, φ. Ěśńĺ ŕőńşůěŋő řěÿěŋĺě śĺśšěňż (2.5), (2.6), ŕěřěňěŋŋżě ρ, v ćżřăęă¿šś£ ůěřěğ ¡šő řěÿěŋĺě ś ŕőňőźĳ¿ śőőšŋőÿěŋĺľ (2.3), (2.4).

Ěśńĺ ŋăś ĺŋšěřěśşěš őŕřěďěńěŋĺě šěůěŋĺ£ ęĺďłőśšĺ, š.ě. őŕřěďěńěŋĺě ŕěřěňěŋŋżţ ρ, v łăł ťşŋłűĺĺ ŕěřěňěŋŋżţ t, x, ňż ďőńęŋż řěÿĺšĳ ńĺąő śĺśšěňş ĺğ ůěšżřěţ şřăćŋěŋĺľ İľńěřă (1.22), (1.23) ś ŋăďńěęăźĺňĺ ŋăůăńĳŋżňĺ ĺ čřăŋĺůŋżňĺ şśńőćĺ£ňĺ, ńĺąő śĺśšěňş ĺğ ůěšżřěţ şřăćŋěŋĺľ (2.5), (2.6) ś ğăďăŋŋżňĺ ťşŋłűĺ£ňĺ g^α, α = 1, 2, 3 ĺ ŋăďńěęăźĺň őąřăğőň ğăďăŋŋżňĺ ŋăůăńĳŋżňĺ ĺ čřăŋĺůŋżňĺ şśńőćĺ£ň ďń£ ŕěřěňěŋŋżţ ¸, φ.

Ŕřěęďě ůěň ŕřőĺğćďĺšĳ śřăćŋĺšěńĳŋżľ ăŋăńĺğ ¡šĺţ ďćşţ śĺśšěň ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ, ňż řăśśňőšřĺň ŕěřěţőď ł śńşůă¿ ŋěśęĺňăěňőľ ęĺďłőśšĺ. Ůšőąż ŕěřěľšĺ ł śńşůă¿ ŋěśęĺňăěňőľ ęĺďłőśšĺ, ňż řăśśňőšřĺň śńăąő śęĺňăěňş¿ ęĺďłőśšĳ ś ćŋşšřěŋŋěľ ¡ŋěřčĺěľ ćĺďă

E (ρ) = E_0 ( ρ ρ_1 )_{1/ε} , E_0, ρ_1 = const, ε ≪ 1 (2.8)

Ŋěśęĺňăěňă£ ęĺďłőśšĳ ŕő£ćń£ěšś£ ć ŕřěďěńě ε → 0.

Ŕőďśšăćĺň (2.8) ć (2.6) ĺ řăğřěÿĺň ŕőńşůěŋŋőě şřăćŋěŋĺě őšŋőśĺšěńĳŋő ůńěŋă, śőďěřęăźěčő ŕőśšő£ŋŋş¿ E_0. Ŕőńşůăěň (1 + ε ε E_0 )_ε ρ ρ_1 = | | |∂_0φ + 1 2 (rφ)^2 −^1_2 g^α (¸) g^β (¸) rξβ rξα^|^ε (2.9)

Ć ŕřěďěńě ε → 0 şřăćŋěŋĺ£ (2.9) ĺ (2.3) ŕřěćřăźă¿šś£ śőőšćěšśšćěŋŋő ć

ρ = ρ_1 = const, ρ_0 (¸)

∂ (ξ_1, ξ_2, ξ_3) ∂ (x^1, x^2, x^3)

= ρ_1 = const (2.10)

Ďřşčĺě ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ śĺśšěňż (2.3) - (2.6) ŋě ğăćĺś£š őš ρ.

Őążůŋă£ ŕřőűěďşřă ŕěřěţőďă ł ŋěśęĺňăěňőľ ęĺďłőśšĺ ć (1.22), (1.23) ŕřěďśšăćń£ěš śőąőľ ďőąăćńěŋĺě őčřăŋĺůěŋĺ£ ρ = ρ_1 = const (2.11) ł şřăćŋěŋĺ£ň İľńěřă ĺ řăğřżć ść£ğĺ ňěęďş ŕńőšŋőśšĳ¿ ρ ĺ ďăćńěŋĺěň p. Ć řěğşńĳšăšě ďăćńěŋĺě p ć (1.23) őłăğżćăěšś£ ŋěőŕřěďěńěŋŋżň.

Ŕřĺŋĺňă£ ćő ćŋĺňăŋĺě (2.11), ğăŕĺÿěň śĺśšěňş şřăćŋěŋĺľ ďń£ ŋěśęĺňăěňőľ ęĺďłőśšĺ ć ćĺďě

rv = 0, ∂0v + (vr) v = −r^p_{ρ0} , ρ0 = const (2.12)

Şřăćŋěŋĺ£ (2.3) - (2.6) ĺňě¿š ćĺď ∂J ∂ξ_{0,0} ≡ ∂ (ξ_1, ξ_2, ξ_3) ∂ (x^1, x^2, x^3) = ρ_1 ρ_0 (¸)

(2.13)

∂_0ξ_μ + (rφ + g^α (¸) rξ_α) rsξ_μ = 0, μ = 1, 2, 3 (2.14)

v = rφ + g^α (¸) rξα (2.15)

Ć śĺśšěňě ŕřőĺŋšěčřĺřőćăŋŋżţ şřăćŋěŋĺľ şśńőćĺě

rv = r^2φ + r (g^α (¸) rξα) = 0 (2.16)

šăłęě ŕő£ćń£ěšś£, ŋő šěŕěřĳ őŋő ŋě £ćń£ěšś£ ŋěğăćĺśĺňżň śőőšŋőÿěŋĺěň. Őŋő £ćń£ěšś£ śńěďśšćĺěň ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ (2.13), (2.14), (2.15).

Ďěľśšćĺšěńĳŋő, řăğřěÿă£ (2.14) őšŋőśĺšěńĳŋő v^α = ∂_αφ + g^β (¸) ξ_{β,α}, ňż ŕőńşůăěň ć śőőšćěšśšćĺĺ ś (1.5)

v^α = ∂_αφ + g^β (¸) ξ_{β,α} = ( ∂J ∂ξ_{0,0} )�1 ∂J ∂ξ_{0,α} , α = 1, 2, 3 (2.17)

Šőčďă (2.17) şďőćńěšćőř£ěš śőőšŋőÿěŋĺ¿ (2.16), łăł ¡šő śńěďşěš ĺğ (1.7) ĺ (2.13).

Šăłĺň őąřăğőň, ć śńşůăě ŋěśęĺňăěňőľ ęĺďłőśšĺ ňż ĺňěěň šřĺ ¡ćőń¿űĺőŋŋżţ ďĺŋăňĺůěśłĺţ şřăćŋěŋĺ£, śőďěřęăźĺţ ćřěňěŋŋ«żě ŕřőĺğćőďŋżě, ĺ őďŋő ďĺŋăňĺůěśłőě şřăćŋěŋĺě, ŋě śőďěřęăźěě ćřěňěŋŋ«őľ ŕřőĺğćőďŋőľ (ŕěřćőě şřăćŋěŋĺě (2.12) ĺ şřăćŋěŋĺě (2.13)). İšő şřăćŋěŋĺě ŕřěďśšăćń£ěš śőąőľ őčřăŋĺůěŋĺě, ŋăńăčăěňőě ŋă śőśšő£ŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ.

3 Ŕřőąńěňă Łőÿĺ ďń£ ąăřőšřőŕŋőľ ęĺďłőśšĺ ć ąěśłőŋěůŋőň őąžěňě

Ůšőąż ŕőńşůĺšĳ ěďĺŋśšćěŋŋőě řěÿěŋĺě ŕřĺ őŕřěďěńěŋĺĺ šěůěŋĺ£ ąăřőšřőŕŋőľ ęĺďłőśšĺ ć ąěśłőŋěůŋőň őąžěňě, śńěďşěš ğăďăšĳ ŋăůăńĳŋőě śőśšő£ŋĺě ρ, v ęĺďłőśšĺ ć ňőňěŋš ćřěňěŋĺ t = 0.

ρ (0, x) = ρ_{in} (x) , v (0, x) = v_{in} (x) (3.1)

İćőń¿űĺ£ śőśšő£ŋĺ£ ęĺďłőśšĺ ρ, v őŕřěďěń£ěšś£ ¡ćőń¿űĺőŋŋżňĺ ďĺŋăňĺůěśłĺňĺ şřăćŋěŋĺ£ňĺ (2.12).

Ć śńşůăě ŕřőĺŋšěčřĺřőćăŋŋőľ śĺśšěňż (2.3) - (2.6) ŋăůăńĳŋżě şśńőćĺ£ (3.1) ďőńęŋż ążšĳ ğăďăŋż, ŋő ¡šĺţ şśńőćĺľ ŋěďőśšăšőůŋő ďń£ őŕřěďěńěŋĺ£ ěďĺŋśšćěŋŋőčő řěÿěŋĺ£ şřăćŋěŋĺľ (2.3) - (2.6). Ŋşęŋő ěźě ğăďăšĳ ŋăůăńĳŋżě şśńőćĺ£ ďń£ ŕőšěŋűĺăńőć Łńěąÿă φ, ¸. Ňż ćżąěřěň śăňżě ŕřőśšżě ŋăůăńĳŋżě şśńőćĺ£ ďń£ ćěńĺůĺŋ φ,¸

φ (0, x) = φ_{in} (x) = 0, ¸ (0, x) = ¸_{in} (x) = x (3.2)

Ŕőďśšăćń££(3.1) ĺ (3.2) ć (2.4), ŕőńşůăěň

g (x) = v_{in} (x) , g (x) = { g^1 (x) , g^2 (x) , g^3 (x) } (3.3)

Ŕőďśšăćń££ (3.1) ĺ (3.2) ć ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (2.3) - (2.7), ŕőńşůăěň

ρ_0 (¸) = ρ_{in} (x) ( ∂ (ξ_{in1}, ξ_{in2}, ξ_{in3}) ∂ (x, y, z) )�1 = ρ_{in} (x) = ρ_{in} (¸) (3.4)

∂_0ξ_μ + (rφ + v^α_{in} (¸) rξ_α) rξ_μ = 0, μ = 1, 2, 3 (3.5)

∂_0φ + 1 2 (rφ)^2 −^1_2v^α_{in} (¸) v^β_{in} (¸) rξβ rξα +^{[ ∂ (ρE)}_{∂ρ}^]_{ρ=ρ0(¸)∂J/∂ξ0;0} = 0 (3.6)

Šőčďă śőőšŋőÿěŋĺ£ (2.3), (2.4) ŕřĺŋĺňă¿š ćĺď

ρ = ρ_{in} (¸)

∂ (ξ_1, ξ_2, ξ_3) ∂ (x, y, z) , v = rφ + v^α_{in} (¸) rξ_α (3.7)

čďě φ, ¸ śşšĳ řěÿěŋĺ£ şřăćŋěŋĺľ (3.6), (3.5) ś ŋăůăńĳŋżňĺ şśńőćĺ£ňĺ(3.2).

Ćżąőř ŋăůăńĳŋżţ şśńőćĺľ ďń£ ŕőšěŋűĺăńőć Łńěąÿă φ, ¸ ć ćĺďě (3.3) ŋě śşźěśšćěŋěŋ. Ŕěřěňěŋŋżě ¸ ňăřłĺřş¿š ůăśšĺűż ęĺďłőśšĺ, ĺ ňőęŋő ĺśŕőńĳğőćăšĳ ń¿ąőľ őďŋőğŋăůŋżľ śŕőśőą ňăřłĺřőćłĺ. İšő őğŋăůăěš, ůšő şřăćŋěŋĺ£ (3.5), (3.6) ĺŋćăřĺăŋšŋż őšŋőśĺšěńĳŋő ŕřěőąřăğőćăŋĺľ ŕěřěňăřłĺřőćłĺ.

ξ_α → ~ξ_α = ~ξ_α (¸) , v^α_{in} (¸) → ~v^α_{in} ( ~¸^) =^{∂ξβ}_{∂ ~ξα} v^β_{in} (¸) , α = 1, 2, 3 (3.8)

Ćżąőř ŋăůăńĳŋőčő şśńőćĺ£ φ_{in} ć ćĺďě (3.2) šăłęě ŋě ćăęěŋ. Ćżąěřěň ŋăůăńĳŋżě şśńőćĺ£ (2.3), (2.4) ć őąźěň ćĺďě

φ (0, x) = φ_{in} (x) , ¸ (0, x) = ¸_{in} (x) = {ξ_{in1} (x) , ξ_{in2} (x) , ξ_{in3} (x)} (3.9)

Ŕőďśšăćń££ (3.1) ĺ (3.9) ć (2.3) ĺ (2.4), ŕőńşůăěň

ρ_{in} (x) = ρ_0 (¸_{in} (x)) D_{in} (x) , g^α (x) = (v^μ_{in} (x) − ∂_μφ_{in} (x))

∂D_{in} (x) ∂ζ_{α,μ} , (3.10)

D_{in} (x) ≡ det ||ζ_{α,β}|| ≡ ∂ (ξ_{in1}, ξ_{in2}, ξ_{in3}) ∂ (x^1, x^2, x^3) , ζ_{α,β} ≡ ∂ξ_{inα} ∂x^β , α, β = 1, 2, 3 (3.11)

Šőčďă ćňěśšő (3.7) ŕőńşůăěň ρ = [ ρ_{in} (x) D_{in} (x) ] x=¸ ∂ (ξ_1, ξ_2, ξ_3) ∂ (x^1, x^2, x^3)

, (3.12)

v = rφ + (v^μin (¸) − ∂μφin (¸))^{[ ∂Din}_{∂ζα,μ} (x)^]_{x=¸} rξα (3.13)

čďě φ, ¸ śşšĳ řěÿěŋĺ£ şřăćŋěŋĺľ (2.3), (2.7) ś ŋăůăńĳŋżňĺ şśńőćĺ£ňĺ (3.9),(3.1). İšĺ şřăćŋěŋĺ£ ĺňě¿š ćĺď

∂_0ξ_μ +

rφ + (v^ν_{in} (¸) − ∂ν φin (¸))^{[ ∂Din}_{∂ζα,ν} (x)^]_{x=¸} rξα rξμ = 0, μ = 1, 2, 3

(3.14)

∂_0φ = − 1 2 (rφ)^2 −^{[ ∂ (ρE)}_{∂ρ}^]_{ρ=ρ0(¸)∂J/∂ξ0;0} + 1 2 (v^μ_{in} (¸) − ∂_μφ_{in} (¸)) [ ∂D_{in} ∂ζ_{α,μ} (x) ] x=¸ × (v^ν_{in} (¸) − ∂_ν φ_{in} (¸)) [ ∂D_{in} ∂ζ_{β,ν} (x) ] x=¸ rξαrξβ (3.15) čďě ρ_0 (¸) = [ ρ_{in} (x) D_{in} (x) ] x=¸^{(3.16)}

Şřăćŋěŋĺ£ (3.14), (3.15) śńěďşěš řěÿăšĳ ŕřĺ ŋăůăńĳŋżţ şśńőćĺ£ţ (3.9). Ćňěśšő ¡šőčő ňőęŋő řěÿĺšĳ şřăćŋěŋĺ£ (3.5), (3.6) ŕřĺ ŋăůăńĳŋżţ şśńőćĺ£ţ (3.2).

Ňż ćĺďĺň, ůšő ŕřőĺŋšěčřĺřőćăŋŋżě ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (2.5), (2.7) (ĺńĺ ć řăğćěřŋşšőň ćĺďě (3.14), (3.15), (3.16)) śőďěřęăš ŕőńŋş¿ ĺŋťőřňăűĺ¿ ő šěůěŋĺĺ ęĺďłőśšĺ. Ŋăůăńĳŋżě şśńőćĺ£ (3.9), ŋěőąţőďĺňżě ďń£ őŕřěďěńěŋĺ£ ěďĺŋśšćěŋŋőčő řěÿěŋĺ£ ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ (2.5), (2.7), őšŋőś£šś£ šőńĳłő ł ťĺğĺůěśłĺ ŋěśşźěśšćěŋŋőľ ĺŋťőřňăűĺĺ: ňăřłĺřőćłě ůăśšĺű ęĺďłőśšĺ ĺ řăğďěńěŋĺ¿ śłőřőśšĺ ŋă ŕőšěŋűĺăńĳŋş¿ ĺ ğăćĺţřěŋŋş¿ śőśšăćń£¿źĺě.

Ěśńĺ ňż řăśśňăšřĺćăěň ńăčřăŋęěćż łőőřďĺŋăšż ¸ łăł ŋěğăćĺśĺňżě ŕěřěňěŋŋżě, ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (3.5), (3.6) (3.7) ŕřĺćőď£šś£ ł ćĺďş φ^{,0} − 1 2 (φ^{,α} + v^α_{in} (¸)) (φ^{,α} + v^α_{in} (¸)) X�^2 ∂X ∂x^{μ,α} ∂X ∂x^{μ,α} + P (ρ) = 0, (3.17)

x^{β,0} = ( ∂φ ∂ξ_α + v^α_{in} (¸) ) X�^1 ∂X ∂x^{β,α} , β = 1, 2, 3 (3.18)

P (ρ) = [ ∂ (ρE (ρ)) ∂ρ ] ρ=X�1_{ρin}(¸)

(3.19)

čďě x = {x^α (t, ¸)} , α = 1, 2, 3, ĺ φ = φ (t, ¸). §łőąĺăŋ X = ∂ (x^1, x^2, x^3) ∂ (ξ_1, ξ_2, ξ_3) = det^|^|x^{α,β|}^| , x^{α,β} ≡ ∂x^α ∂ξ_β , α, β = 1, 2, 3 (3.20)

řăśśňăšřĺćăěšś£ łăł ťşŋłűĺ£ ŕěřěňěŋŋżţ x^{α,β}. Ćěńĺůĺŋż šĺŕă u^{,0} őğŋăůă¿š ćřěňěŋŋ«ş¿ ŕřőĺğćőďŋş¿ ćěńĺůĺŋż u ŕřĺ ŕőśšő£ŋŋżţ¸ x^{β,0} ≡ dx^β dt = ∂ ( x^β, ξ_1, ξ_2, ξ_3 ) ∂ (t, ξ_1, ξ_2, ξ_3) , φ^{,0} ≡ dφ dt = ∂ (φ, ξ_1, ξ_2, ξ_3) ∂ (t, ξ_1, ξ_2, ξ_3)

(3.21)

Čĺďřőďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (3.17), (3.18) ďőćőńĳŋő čřőňőğďłĺ, ŋő őŋĺ śőďěřęăš ŕřőĺğćőńĳŋżě ŋăůăńĳŋżě şśńőćĺ£ łăł ťşŋłűĺĺ ŋěğăćĺśĺňżţ ŕěřěňěŋŋżţ ¸. 4 Ŕřőąńěňă Łőÿĺ ďń£ ŋěśęĺňăěňőľ ęĺďłőśšĺ ć ąěśłőŋěůŋőň őąžěňě

Čńăćŋőě řăğńĺůĺě ňěęďş ąăřőšřőŕŋőľ ĺ ŋěśęĺňăěňőľ ęĺďłőśš£ňĺ śőśšőĺš ć őčřăŋĺůěŋĺĺ, ŋăńăčăěňőň ŋă śőśšő£ŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ ŕěřćżň şřăćŋěŋĺěň (2.12). İšő şśńőćĺě ŋě śőďěřęĺš ćřěňěŋŋ«őľ ŕřőĺğćőďŋőľ, ĺ őŋő śŕřăćěďńĺćő ć ŋăůăńĳŋżľ ňőňěŋš ćřěňěŋĺ t = 0

rvin (x) = 0 (4.1)

İšő őğŋăůăěš, ůšő ŋăůăńĳŋőě śőśšő£ŋĺě v_{in} ŋěśęĺňăěňőľ ęĺďłőśšĺ ŋě ňőęěš ążšĳ ğăďăŋő ŕřőĺğćőńĳŋő. Ŋő čńăćŋőě śćőľśšćő ŋăůăńĳŋőčő śőśšő£ŋĺ£ ěśšĳ ćőğňőęŋőśšĳ ğăďăšĳ ěčő ŕřőĺğćőńĳŋő. Ůšőąż śőţřăŋĺšĳ ¡šő śćőľśšćő, śńěďşěš ŕěřěőŕřěďěńĺšĳ ŕőŋ£šĺě śőśšő£ŋĺ£ ŋěśęĺňăěňőľ ęĺďłőśšĺ. Řăśśňőšřĺň őąőąźěŋŋş¿ ťşŋłűĺ¿ šőłă (ŐŤŠ) {ψ_2, ψ_3} [2] łăł ćěńĺůĺŋş, őŕĺśżćă¿źş¿ śőśšő£- ŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ. Śłőřőśšĳ v, őŕřěďěń£ěňă£ ůěřěğ ŐŤŠ śőőšŋőÿěŋĺěň v^μ =

∂ (x^μ, ψ_2, ψ_3) ∂ (x^1, x^2, x^3)

, μ = 1, 2, 3, (4.2) şďőćńěšćőř£ěš ŕěřćőňş şřăćŋěŋĺ¿ (2.12) ŕřĺ ń¿ąőň ćżąőřě ťşŋłűĺľ {ψ_2, ψ_3}. Řăśśňăšřĺćă£ ŐŤŠ łăł śőśšő£ŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ, ňż ĺśŕőńĳğşěň ďćě ćěńĺůĺŋż {ψ_2, ψ_3} ćňěśšő šřěţ śőśšăćń£¿źĺţ śłőřőśšĺ, ŋő ¡šĺ ďćě ćěńĺůĺŋż {ψ_2, ψ_3} ňőčşš ążšĳ ğăďăŋż ŕřőĺğćőńĳŋő ć ŋăůăńĳŋżľ ňőěŋš ćřěňěŋĺ t = 0. İšő őůěŋĳ ćăęŋő ĺ şďőąŋő.

Ś ďřşčőľ śšőřőŋż, ŕěřěňěŋŋżě j^0 = ρ ĺ j = ρv őŕĺśżćă¿šś£ śőšŋőÿěŋĺ£ňĺ (1.12). Ćżąĺřă£ ρ_0 (¸) =ρ_1 =const, ŕőńşůăěň ĺğ (1.12) ć śńşůăě ŋěśęĺňăěňőľ ęĺďłőśšĺ

ρ = ρ_1

∂ (ξ_1, ξ_2, ξ_3) ∂ (x^1, x^2, x^3)

= ρ_1 = const, j^μ = ρ_1v^μ = ρ_1

∂ (x^μ, ξ_1, ξ_2, ξ_3) ∂ (x^0, x^1, x^2, x^3)

, μ = 1, 2, 3 (4.3) Śłőřőśšĳ v, őŕřěďěń£ěňă£ ćšőřżň şřăćŋěŋĺěň (4.3), šőęďěśšćěŋŋő şďőćńěšćőř£ěš ŕěřćőňş şřăćŋěŋĺ¿(2.12), ŕőšőňş ůšő

∂ (ξ_1, ξ_2, ξ_3) ∂ (x^1, x^2, x^3)

= 1 (4.4)

Ćżąěřěň ŋăůăńĳŋżě şśńőćĺ£ ć ćĺďě

¸ (0, x) = ¸_{in} (x) = x, φ (0, x) = φin (x) = 0 (4.5)

v^μ(0, x) = v^μ_{in}(x) =

∂ (x^μ, ψ_{in2} (x) , ψ_{in3} (x)) ∂ (x^1, x^2, x^3)

, μ = 1, 2, 3 (4.6)

čďě ψ_{in2}, ψ_{in3} śşšĳ ğăďăŋŋżě ťşŋłűĺĺ ŕřěňěŋŋżţ x (ŋăůăńĳŋżě ğŋăůěŋĺ£ ŐŤŠ). Šőčďă ĺğ şřăćŋěŋĺ£ (2.15), ğăŕĺśăŋŋőčő ŕřĺ t = 0 śńěďşěš

g^μ (x) =

∂ (x^μ, ψ_{in2} (x) , ψ_{in3} (x)) ∂ (x^1, x^2, x^3)

, μ = 1, 2, 3 (4.7)

Ŕőďśšăćń££ (4.7) Ć ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (2.14) ĺ ŕőńăčă£ ρ_1/ρ_0 (x) =const, ŕőńşůăěň šřĺ ďĺŋăňĺůěśłĺţ şřăćŋěŋĺ£ ďń£ ŕěřěňěŋŋżţ¸

∂_0ξ_α + ( φ_{,ν} + ∂ (ξ_μ, ψ_{in2} (¸) , ψ_{in3} (¸)) ∂ (ξ_1, ξ_2, ξ_3) ξ_{μ,ν} ) ξ_{α,ν} = 0, α = 1, 2, 3 (4.8)

ĺ őčřăŋĺůěŋĺě (4.4), ŋăńăčăěňőě ŋă ğŋăůěŋĺ£ ćěńĺůĺŋ ¸.

Ůěšżřě şřăćŋěŋĺ£ (4.8), (4.4) őąřăğş¿š śĺśšěňş ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ ďń£ ůěšżřěţ ďĺŋăňĺůěśłĺţ ŕěřěňěŋŋżţ ¸,φ. Şřăćŋěŋĺě (4.4) ňőęěš ążšĳ ğăňěŋěŋő şřăćŋěŋĺěň (2.16), łőšőřőě ŕőśńě ŕőďśšăŋőćłĺ (4.7) ŕřĺŋĺňăěš ćĺď φ_{,νν} + ∂_ν ( ∂ (ξ_μ, ψ_{in2} (¸) , ψ_{in3} (¸)) ∂ (ξ_1, ξ_2, ξ_3) ξ_{μ,ν} ) = 0 (4.9)

čďě ψ_{in2} (¸), ψ_{in3} (¸) śşšĳ ğăďăŋŋżě ťşŋłűĺĺ ăřčşňěŋšă ¸. Ŕőďůěřłŋěň, ůšő şřăćŋěŋĺ£ (4.8), (4.9) ďőńęŋż ążšĳ řěÿěŋż ŕřĺ ŋăůăńĳŋżţ şśńőćĺ£ţ (4.5).

Ňőęŋő ńĺ ŕőńőęĺšĳ φ = 0 ć şřăćŋěŋĺĺ (4.9)? Ćőőąźě čőćőř£, ŋěš. Ěśńĺ ňż ŕőńőęĺň φ = 0, şřăćŋěŋĺě (4.9) ŕřěćřăšĺšś£ ć şřăćŋěŋĺě ∂_ν ( ∂ (ξ_μ, ψ_{in2} (¸) , ψ_{in3} (¸)) ∂ (ξ_1, ξ_2, ξ_3) ξ_{μ,ν} ) = 0 (4.10)

łőšőřőě ćěřŋő ŕřĺ t = 0, łőčďă ¸ = x. Ěśńĺ ęě ¸ ≠ x, šő şřăćŋěŋĺě (4.10), ćőőąźě čőćőř£, ŋěćěřŋő.

Ĺšăł, ůěšżřě şřăćŋěŋĺ£ (4.8), (4.9) őąřăğş¿š śĺśšěňş ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ ďń£ ůěšżřěţ ďĺŋăňĺůěśłĺţ ŕěřěňěŋŋżţ ¸, φ. Ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (4.8) £ćń£¿šś£ ¡ćőń¿űĺőŋŋżňĺ şřăćŋěŋĺ£ňĺ, őŕĺśżćă¿źĺňĺ ¡ćń¿űĺ¿ ¸ ć šőň śňżśńě, ůšő őŋĺ śőďěřęăš ćřěňěŋŋ«żě ŕřőĺğćőďŋżě ćěńĺůĺŋ ¸. Ěśńĺ śőśšő£ŋĺě

¸ (t, x), φ (t, x) ęĺďłőśšĺ ğăďăŋő ć ňőňěŋš ćřěňěŋĺ t, ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£

(4.8) őďŋőğŋăůŋő őŕřěďěń£¿š ćěńĺůĺŋż ¸ (t + dt, x) ć śńěďş¿źĺľ ňőňěŋš ćřěňěŋĺ.

Şřăćŋěŋĺě (4.9) ĺ şřăćŋěŋĺě (4.4) ŋě £ćń£¿šś£ ¡ćőń¿űĺőŋŋżňĺ şřăćŋěŋĺ£ňĺ, ŕőšőňş ůšő őŋĺ ŋě śőďěřęăš ćřěňěŋŋ«żţ ŕřőĺğćőďŋżţ. Ćěńĺůĺŋă φ (t + dt, x) ŋě ść£ğăŋă ŕř£ňő ś ćěńĺůĺŋőľ φ (t, x). Ňőęŋő őŕřěďěńĺšĳ ěďĺŋśšćěŋŋőě řěÿěŋĺě şřăćŋěŋĺ£ (4.9), ěśńĺ ĺňěěšś£ ŋěłőšőřă£ ďőŕőńŋĺšěńĳŋă£ ĺŋťőřňăűĺ£ ő ŕěřěňěŋŋőľ φ ŋă čřăŋĺűě ∂V őąžěňă V , čďě řăśśňăšřĺćăěšś£ šěůěŋĺě ęĺďłőśšĺ. Ťőřňăńĳŋő ¡šő śńěďşěš ĺğ šőčő ťăłšă, ůšő şřăćŋěŋĺě Ŕşăśśőŋă (4.9) ĺňěěš ěďĺŋśšćěŋŋőě řěÿěŋĺě ć őąńăśšĺ V , ěśńĺ ğăďăŋă ŋăďńěęăźă£ ĺŋťőřňăűĺ£ ŋă čřăŋĺűě ∂V őąžěňă V .

Ć śńşůăě ąăřőšřőŕŋőľ ęĺďłőśšĺ śőőšćěšśšćş¿źěě şřăćŋěŋĺě (3.15) ďń£ φ £ćń£ěšś£ ¡ćőń¿űĺőŋŋżň, ĺ ŋěš ŋěőąţőďĺňőśšĺ ć šăłőľ ĺŋťőřňăűĺĺ. Ŕő łřăľŋěľ ňěřě, ć šőůłě x, łőšőřă£ ďőśšăšőůŋő ďăńěłă őš čřăŋĺűż ∂V , ğŋăůěŋĺ£ ćěńĺůĺŋż φ (t, x) ć ĺŋšěřćăńě 0 < t < T ňőčşš ążšĳ őŕřěďěńěŋż őďŋőğŋăůŋő ďń£ ćřěňěŋĺ T , łőšőřőě ŋěőąţőďĺňő ďń£ ŕřőţőęďěŋĺ£ śĺčŋăńă őš ąńĺęăľÿěľ šőůłĺ čřăŋĺűż ∂V ďő šőůłĺ x. Śłőřőśšĳ śĺčŋăńă řăćŋă śłőřőśšĺ ğćşłă ć ęĺďłőśšĺ. Ć ŋěśęĺňăěňőľ ęĺďłőśšĺ śłőřőśšĳ ğćşłă ąěśłőŋěůŋă, ćřěňěŋŋ«őľ ĺŋšěřćăń T = 0, ĺ ďĺŋăňĺůěśłőě şřăćŋěŋĺě (4.9) ŋě £ćń£ěšś£ ¡ćőń¿űĺőŋŋżň. Ć śőőšćěšśšćĺĺ ś ¡šĺň őąśšő£šěńĳśšćőň ğŋăůěŋĺě φ (t + dt, x) ğăćĺśĺš őš čřăŋĺůŋżţ şśńőćĺľ ć ňőňěŋš ćřěňěŋĺ t + dt, ă ŋě őš ğŋăůěŋĺľ φ (t, x) ĺ ¸ (t, x).

Ňőęŋő ćżďěńĺšĳ ďćě ůăśšĺ ć ďĺŋăňĺůěśłĺţ şřăćŋěŋĺ£ţ (4.8): ŋěńőłăńĳŋżľ ŕőšěŋűĺăńĳŋżľ ůńěŋ φ_{,ν} ξ_{α,ν} ĺ ńőłăńĳŋżľ "ğăćĺţřěŋŋżľ" ůńěŋ v^μ_{in}ξ_{μ,ν} ξ_{α,ν} . "Ğăćĺţřěŋŋżľ" ůńěŋ őŕĺśżćăěš ćńĺ£ŋĺě "ćňőřőęěŋŋőľ" ğăćĺţřěŋŋőśšĺ ŋă šěůěŋĺě ęĺďłőśšĺ. Ŕőšěŋűĺăńŋżľ ůńěŋ őŕĺśżćăěš ŋěńőłăńĳŋőě ćğăĺňőďěľśšćĺě ć ęĺďłőśšĺ, ść£ğăŋŋőě ś ŕőšěŋűĺăńőň φ ĺ ś ąěśłőŋěůŋőľ śłőřőśšĳ¿ ğćşłă. Ć ąăřőšřőŕŋőľ ęĺďłőśšĺ śłőřőśšĳ ğćşłă łőŋěůŋă ĺ ŕőšěŋűĺăńĳŋżľ ůńěŋ őŕĺśżćăěš ńőłăńĳŋőě ćğăĺňőďěľśšćĺě.

5 Śšăűĺőŋăřŋőě šěůěŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ

Ŕřěďśšăćĺň śěąě, ůšő śšăć£ ŕřőąńěňş Łőÿĺ, ňż ćżąřăńĺ ŋăůăńĳŋżě şśńőćĺ£ šăłĺň őąřăğőň, ůšő šěůěŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ őłăğăńőśĳ śšăűĺőŋăřŋżň, š.ě.

∂_0ρ = 0, ∂_0v = 0 (5.1) Ć ¡šőň śńşůăě ńĺŋĺĺ šőłă śšăűĺőŋăřŋż. Ŕşśšĳ ŕőšěŋűĺăńż Łńěąÿă ξ_2 and ξ_3 ňăřłĺřş¿š ¡šĺ ńĺŋĺĺ šőłă. Ŕőšěŋűĺăńż Łńěąÿă ξ_2 and ξ_3 ňőęŋő ćżąřăšĳ ŋě ğăćĺś£źĺňĺ őš ćřěňěŋĺ. Ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (2.13), (2.14), (2.15), (2.17) ŕřĺŋĺňă¿š ćĺď ∂J ∂ξ_{0,0} ≡ ρ_1 ∂ (ξ_1, ξ_2, ξ_3) ∂ (x^1, x^2, x^3)

= ρ_1 = const (5.2)

v^μ = ∂J ∂ξ_{0,μ} ≡ ∂ (x^μ, ξ_1, ξ_2, ξ_3) ∂ (x^0, x^1, x^2, x^3) = −ξ_{1,0} ∂ (x^μ, ξ_2, ξ_3) ∂ (x^1, x^2, x^3)

, μ = 1, 2, 3 (5.3)

∂_0ξ_1 + (vr) ξ_1 = 0, (vr) ξ_2 = 0, (vr) ξ_3 = 0 (5.4)

v = rφ + g^α (¸) rξα (5.5)

Ğăŕĺÿěň şřăćŋěŋĺ£ (5.3), (5.2) śőőšćěšśšćěŋŋő ć ćĺďě

v = −ξ_{1,0} (rξ_2 × rξ_3) , rξ_1 (rξ_2 × rξ_3) = 1 (5.6)

Ŕőńőęĺň ξ_{1,0} = −1. Ŕőńşůăěň

v = (rξ_2 × rξ_3) , ξ_{1,0} = −1 (5.7)

Ŕěřćőě şřăćŋěŋĺě (5.4) ŕřĺŋĺňăěš ćĺď

(vr) ξ1 = 1, (5.8)

Ĺŋšěčřĺřşěň ćšőřőě şřăćŋěŋĺě (5.6), řăśśňăšřĺćă£ ŕěřěňěŋŋżě ξ_2, ξ_3 łăł ğăďăŋŋżě ťşŋłűĺĺ ăřčşňěŋšă x. Őŋő ňőęěš ążšĳ ğăŕĺśăŋő ć ćĺďě ∂ (ξ_1, ξ_2, ξ_3) ∂ (x, y, z) = ∂ (ξ_1, ξ_2, ξ_3) ∂ (s, ξ_2, ξ_3)

D (x) = 1, D (x) =

∂ (s, ξ_2, ξ_3) ∂ (x, y, z) (5.9)

čďě s ěśšĳ ŋěłőšőřă£ ťşŋłűĺ£ ŕěřěňěŋŋżţ x, ćżąřăŋŋă£ šăłĺň őąřăğőň, ůšő

D (x) =

∂ (s, ξ_2, ξ_3) ∂ (x, y, z) ≠ 0 (5.10)

Řăğřěÿĺň şřăćŋěŋĺ£

ξ_2 = ξ_2 (x, y, z) , ξ_3 = ξ_3 (x, y, z) , s = s (x, y, z) (5.11) ć ćĺďě x = F_1 (s, ξ_2, ξ_3) , y = F_2 (s, ξ_2, ξ_3) , z = F_3 (s, ξ_2, ξ_3) (5.12) ĺ řăśśůĺšăěň ´ (s, ξ_2, ξ_3) = D (F_1 (s, ξ_2, ξ_3) , F_2 (s, ξ_2, ξ_3) , F_3 (s, ξ_2, ξ_3)) (5.13) Şřăćŋěŋĺě (5.9) ňőęěš ążšĳ ğăŕĺśăŋő ć ćĺďě ∂ (ξ_1, ξ_2, ξ_3) ∂ (s, ξ_2, ξ_3) = 1 ´ (s, ξ_2, ξ_3)

(5.14)

Őŋő ĺŋšěčřĺřşěšś£ ć ćĺďě

ξ_1 = ∫ ds ´ (s, ξ_2, ξ_3)

(5.15)

čďě ĺŋšěčřĺřőćăŋĺě ŕřőĺğćőďĺšś£ ŕřĺ ťĺłśĺřőćăŋŋżţ ξ_2, ξ_3.

Ĺśłń¿ůĺň ŕěřěňěŋŋş¿ φ ĺğ şřăćŋěŋĺ£ (5.5), ćğ£ć ěčő řőšőř. Ŕőńşůăěň

r×v =^1_2˙^{αβ} (rξα × rξβ ) = ˙^{23} (rξ2 × rξ3)+˙^{31} (rξ3 × rξ1)+˙^{12} (rξ1 × rξ2)_{(5.16)} čďě ˙^{αβ} = ˙^{αβ} (¸) ≡ ∂g^a ∂ξ_β (¸) −^{∂gβ}_{∂ξα} (¸) = g^{a,β} (¸) − g^{β,α} (¸) (5.17)

Ćěńĺůĺŋż ˙^{αβ} őŕĺśżćă¿š ğăćĺţřěŋŋőśšĳ šěůěŋĺ£ ęĺďłőśšĺ ć łőőřďĺŋăšăţ ξ_1, ξ_2, ξ_3, łăł ¡šő śńěďşěš ĺğ śőőšŋőÿěŋĺ£ (5.16), ğăŕĺśăŋŋőčő ć ćĺďě

∂_μv^ν (x) − ∂_ν v^μ (x) = ∂ξ_α ∂x^μ ∂ξ_β ∂x^ν ˙^{αβ} (¸) (5.18)

İšő śőőšŋőÿěŋĺě ňőęŋő ĺŋšěřŕřěšĺřőćăšĳ łăł ŕřěőąřăğőćăŋĺě šěŋğőřă ∂_μv^ν − ∂_ν v^μ őš łőőřďĺŋăš ¸ ł łőőřďĺŋăšăň x.

Ŕěřěňěŋŋżě ξ_2 ĺ ξ_3 ŋě ğăćĺś£š őš t, šőčďă łăł ξ_1 ěśšĳ ńĺŋěľŋă£ ťşŋłűĺ£ ćřěňěŋĺ t. Ńěćă£ ůăśšĳ řăćěŋśšćă (5.16) ŋě ğăćĺśĺš őš t. İšő őğŋăůăěš, ůšő ćěńĺůĺŋż ˙^{αβ} šőęě ŋě ğăćĺś£š őš t. Őŋĺ ğăćĺś£š šőńĳłő őš ξ_2, ξ_3, ŋő ŋě őš ξ_1, ŕőšőňş ůšő ξ_1 ğăćĺśĺš őš t. Ďĺťťěřěŋűĺřş£ (5.15), ŕőńşůăěň

rξ1 × rξ2 = r^{s ×} r^{ξ2}_{´ (s, ξ2, ξ3)} + (rξ3 × rξ2)^∂_{∂ξ3}^{∫ ds}_{´ (s, ξ2, ξ3)} (5.19) rξ1 × rξ3 = r^{s ×} r^{ξ3}_{´ (s, ξ2, ξ3)} + (rξ2 × rξ3)^∂_{∂ξ2}^{∫ ds}_{´ (s, ξ2, ξ3)} (5.20)

Ŕőďśšăćń££ śőőšŋőÿěŋĺ£ (5.19), (5.20) ć (5.16) ĺ ĺśŕőńĳğş£ (5.7), ŕőńşůăěň

r × v =^(˙^{23} − ˙^{31 ∂}_{∂ξ2}^{∫ ds}_{´ (s, ξ2, ξ3)} − ˙^{12 ∂}_{∂ξ3}^{∫ ds}_{´ (s, ξ2, ξ3)}^) v +rs × (˙^{12}rξ2 − ˙^{31}rξ3)

´ (s, ξ_2, ξ_3)

, ˙^{αβ} = ˙^{αβ} (ξ_2, ξ_3) (5.21)

Šřĺ ŋěğăćĺśĺňżţ şřăćŋěŋĺ£ (5.21) őśşźěśšćń£¿š őŕĺśăŋĺě śšăűĺőŋăřŋőčő šěůěŋĺ£ ŋěśęĺňăěňőľ ęĺďłőśšĺ ć šěřňĺŋăţ őąőąźěŋŋőľ ťşŋłűĺĺ šőłă (ŐŤŠ) {ξ_2, ξ_3}. Śłőřőśšĳ v ćżřăęăěšś£ ůěřěğ ŐŤŠ ś ŕőňőźĳ¿ śőőšŋőÿěŋĺ£ (5.7). Ŕěřěňěŋŋă£ s ćżąřăŋă šăłĺň őąřăğőň, ůšőąż ĺňěńő ňěśšő ŋěřăćěŋśšćő (5.10). Ŋăŕřĺňěř, ňőęŋő ŕőńőęĺšĳ s = x. Šőčďă ŕőńşůăěň ĺğ (5.10) ´ = ∂ (x, ξ_2, ξ_3) ∂ (x, y, z) = v^1 (x, ξ_2, ξ_3)

Ć ¡šőň śńşůăě şřăćŋěŋĺ£ (5.21) ĺňě¿š őśőąş¿ šőůłş, łőčďă śőśšăćń£¿źă£ śłőřőśšĺ v^1 řăćŋă ŋşń¿. Ŕřĺ ďřşčőň ćżąőřě ŕěřěňěŋŋőľ s őśőąă£ šőůłă ŋě ćőğŋĺłăěš, ĺńĺ ŕő£ćń£ěšś£ ć ďřşčőň ňěśšě. İšő őğŋăůăěš, ůšő ćőğňőęŋă£ őśőąă£ šőůłă ěśšĳ řěğşńĳšăš ŋěşďăůŋőčő őŕĺśăŋĺ£. Őŋă ňőęěš ążšĳ şśšřăŋěŋă ŕřĺ ŋăďńěęăźěň ćżąőřě ŕěřěňěŋŋőľ s.

Šřăďĺűĺőŋŋă£ ŕőśšăŋőćłă ğăďăůĺ ő śšăűĺőŋăřŋőň šěůěŋĺĺ ŋěśęĺňăěňőľ ęĺďłőśšĺ ňőęěš ążšĳ ŕőńşůěŋă ĺğ ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ (2.12) ĺ (5.1). Őŋă ĺňěěš ćĺď

rv = 0, r × (vr) v = 0 (5.22)

Ŕěřćőě şřăćŋěŋĺě (5.22) ňőęěš ążšĳ řěÿěŋő ććěďěŋĺěň ŐŤŠ {ξ_2, ξ_3}. Šőčďă śłőřőśšĳ ćżřăęăěšś£ ś ŕőňőźĳ¿ (5.7), ĺ ňż ŕőńşůăěň ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ ďń£ śšăűĺőŋăřŋőčő šěůěŋĺ£ ŋěśęĺňăěňőľ ęĺďłőśšĺ

r × (vr) v = 0, v = (rξ2 × rξ3) (5.23)

Śřăćŋĺň ďćě řăğńĺůŋżě ŕőśšăŋőćłĺ ğăďăůĺ ő śšăűĺőŋăřŋőň šěůěŋĺĺ ŋěśęĺňăěňőľ ęĺďłőśšĺ. Śřăćŋĺň şřăćŋěŋĺ£ (5.21) ś şřăćŋěŋĺ£ňĺ (5.22). Śŋăůăńă řăśśňőšřĺň şřăćŋěŋĺ£ (5.22). Ć śńşůăě ŕőšěŋűĺăńĳŋőčő šěůěŋĺ£, łőčďă

v = rφ, (5.24)

ćšőřőě şřăćŋěŋĺě (5.22) şďőćńěšćőř£ěšś£ šőęďěśšćěŋŋő. Ŕěřćőě şřăćŋěŋĺě (5.22) ŕřĺćőďĺš ł şřăćŋěŋĺ¿ Ńăŕńăśă

r^2φ = 0 (5.25)

łőšőřőě ĺňěěš ěďĺŋśšćěŋŋőě řěÿěŋĺě ŕřĺ şśńőćĺĺ, ůšő ŋőřňăńĳŋă£ ŕřőĺğćőďŋă£ (nr) φ ğăďăěšś£ ŋă čřăŋĺűě ∂V őąžěňă V , čďě řăśśňăšřĺćăěšś£ šěůěŋĺě ęĺďłőśšĺ. Ďřşčĺňĺ śńőćăňĺ, ďń£ őŕřěďěńěŋĺ£ ěďĺŋśšćěŋŋőčő ŕőšěŋűĺăńĳŋőčő šěůěŋĺ£ ďőśšăšőůŋő ğăďăšĳ śłőřőśšĳ v ŋă čřăŋĺűě ∂V . Łăłş¿ ĺŋťőřňăűĺ¿ ŋşęŋő ğăďăšĳ ďń£ őŕřěďěńěŋĺ£ ěďĺŋśšćěŋŋőčő ğăćĺţřěŋŋőčő šěůěŋĺ£? Śůĺšăěšś£, ůšő ć śńşůăě ğăćĺţřěŋŋőčő šěůěŋĺ£ ďőśšăšőůŋő šőľ ęě ĺŋťőřňăűĺĺ, ůšő ĺ ďń£ ŕőšěŋűĺăńĳŋőčő šěůěŋĺ£. Ŕőůěňş? Ŕőšőňş ůšő ć śńşůăě ŋěśšăűĺőŋăřŋőčő šěůěŋĺ£ ďőśšăšőůŋő ğăďăšĳ ŋăůăńĳŋş¿ śłőřőśšĳ v_{in} (x) ćő ćśěň őąžěňě V ĺ śłőřőśšĳ v_b (t, , x) , x ∈ ∂V ŋă čřăŋĺűě ∂V . İšă ĺŋťőřňăűĺ£ őďŋă ĺ šă ęě ďń£ ŕőšěŋűĺăńĳŋőčő ĺ ğăćĺţřěŋŋőčő šěůěŋĺľ. Ć śšăűĺőŋăřŋőň śńşůăě őŕřěďěńěŋĺě ğăćĺţřěŋŋőčő šěůěŋĺ£ šřěąşěš ďőŕőńŋĺšěńĳŋőľ ĺŋťőřňăűĺĺ ŕő śřăćŋěŋĺ¿ ś ŕőšěŋűĺăńĳŋżň šěůěŋĺěň. Ŋşęŋő ğăďăšĳ ěźě ğăćĺţřěŋŋőśšĳ ˙^{αβ} ŋă łăęďőľ ńĺŋĺĺ šőłă. Ŋă śăňőň ďěńě, ğăćĺţřěŋŋőśšĳ ğăďăěšś£ ĺ ć śšăűĺőŋăřŋőň ŕőšěŋűĺăńĳŋőň šěůěŋĺĺ. Őŋă ŕřőśšő řăćŋă ŋşń¿, ĺ ¡šă ĺŋťőřňăűĺ£ ćőśŕřĺŋĺňăěšś£ łăł őšśşšśšćĺě ĺŋťőřňăűĺĺ.

Ŕőůěňş ŋşęŋő ďőŕőńŋĺšěńĳŋő ğăďăćăšĳ ğăćĺţřěŋŋőśšĳ ć śšăűĺőŋăřŋőň šěůěŋĺĺ? Ŕőůěňş ňőęŋő ŋě ğăďăćăšĳ ğăćĺţřěŋŋőśšĳ ć ŋěśšăűĺőŋăřŋőň śńşůăě? Ŋă śăňőň ďěńě, ŋşęŋő ğăďăćăšĳ ğăćĺţřěŋŋőśšĳ ćő ćśěţ śńşůă£ţ, ŋő ć ŋěśšăűĺőŋăřŋőň śńşůăě ğăćĺţřěŋŋőśšĳ őŕřěďěń£ěšś£ ŕőńěň ŋăůăńĳŋőľ śłőřőśšĺ v_{in} (x), ğăďăŋŋőľ ćő ćśěň őąžěňě V . Ć śšăűĺőŋăřŋőň śńşůăě śłőřőśšĳ ğăďăěšś£ šőńĳłő ŋă čřăŋĺűě ∂V , ĺ ğăćĺţřěŋŋőśšĳ ŋě ňőęěš ążšĳ őŕřěďěńěŋă ŋă őśŋőćě ¡šőľ ĺŋťőřňăűĺĺ. Ć ¡šőň śńşůăě ňőęŋő őŕřěďěńĺšĳ šőńĳłő őďŋş śőśšăćń£¿źş¿ ćěłšőřă ğăćĺţřěŋŋőśšĺ ! = r × v. Ć řěğşńĳšăšě ğăćĺţřěŋŋőśšĳ ďőńęŋă ążšĳ ğăďăŋă ďőŕőńŋĺšěńĳŋő.

Ğăňěůăŋĺě. Őążůŋő śůĺšăěšś£, ůšő ŕřőąńěňă ďćĺęěŋĺ£ šěńă ć ęĺďłőśšĺ ¡łćĺćăńěŋšăŋă ğăďůě őąšěłăŋĺ£ ŋěŕőďćĺęŋőčő šěńă ŕőšőłőň ęĺďłőśšĺ. Řěÿěŋĺě ŕěřćőľ ŕřőąńěňż ğăćĺśĺš őš śłőřőśšĺ šěńă. Ŕěřěţőď őš ŕěřćőľ ŕřőąńěňż łő ćšőřőľ őśşźěśšćń£ěšś£ ś ŕőňőźĳ¿ ŕěřěţőďă ł śĺśšěňě łőőřďĺŋăš, čďě šěńő ŕőłőĺšś£. İšő ŕřěőąřăğőćăŋĺě łőőřďĺŋăš ğăćĺśĺš šőńĳłő őš śłőřőśšĺ šěńă ĺ ŋě ğăćĺśĺš őš ďřşčĺţ ţăřăłšěřĺśšĺł ęĺďłőśšĺ (ŋăŕřĺňěř, őš ğăćĺţřěŋŋőśšĺ ęĺďłőśšĺ). Ďćĺęěŋĺě šěńă ć ŋěŕőďćĺęŋőľ ęĺďłőśšĺ śő śłőřőśšĳ¿ v = 0 őšńĺůăěšś£ őš ďćĺęěŋĺ£ šěńă ć ŕřăłšĺůěśłĺ ŋěŕőďćĺęŋőľ ęĺďłőśšĺ, čďě śřěďŋ££ śłőřőśšĳ ⟨v⟩ = 0, ŋő ć ęĺďłőśšĺ ĺňě¿šś£ ćĺţřĺ. Ć ŕőśńěďŋěň śńşůăě ŋěńĳğ£ ğăďăšĳ šěůěŋĺě ęĺďłőśšĺ ś ŕřőĺğćőńĳŋżňĺ ćĺţř£ňĺ, ŕőšőňş ůšő ¡šő šěůěŋĺě ďőńęŋő ążšĳ śőćňěśšŋő ś čĺďřőďĺŋăňĺůěśłĺňĺ şřăćŋěŋĺ£ňĺ. Ůšőąż ğăďăšĳ šěůěŋĺě "ŕřăłšĺůěśłĺ ŋěŕőďćĺęŋőľ" ęĺďłőśšĺ, ŋşęŋő řěÿĺšĳ ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£. Ĺňěěšś£ ňăśśă řăğńĺůŋżţ šěůěŋĺľ ęĺďłőśšĺ ś ŋşńěćőľ śřěďŋěľ śłőřőśšĳ¿ ⟨v⟩ = 0 ĺ ćĺţř£ňĺ řăśŕőńőęěŋŋżňĺ ć řăğńĺůŋżţ ňěśšăţ šěůěŋĺ£. Ňŋőęěśšćő ¡šĺţ šěůěŋĺľ őŕĺśżćăěšś£ ğăćĺţřěŋŋőśšĳ¿ ˙^{αβ} (¸), ğăďăŋŋőľ ŋă ćśěţ ńĺŋĺ£ţ šőłă.

Šěŕěřĳ ňż řăśśňőšřĺň şřăćŋěŋĺ£ (5.21), łőšőřżě śőďěřęăš ŋěőŕřěďěńěŋŋżě ťşŋłűĺĺ ˙^{αβ} (ξ_2, ξ_3). Łăł ňż ćĺďěńĺ ć řăğďěńě 4, ťşŋłűĺĺ g^α (¸), α = 1, 2, 3 śőďěřęăš ŕőńŋş¿ ĺŋťőřňăűĺ¿, ŋěőąţőďĺňş¿ ďń£ őŕřěďěńěŋĺ£ ěďĺŋśšćěŋŋőčő šěůěŋĺ£ ęĺďłőśšĺ, šőčďă łăł ŋăůăńĳŋżě ĺ čřăŋĺůŋżě şśńőćĺ£ ďń£ ŕěřěňěŋŋżţ

¸ ŋě ćńĺ£¿š ŋă šěůěŋĺě ęĺďłőśšĺ ĺ ňőčşš ążšĳ ćżąřăŋż ŕřőĺğćőńĳŋő. Ć śńşůăě

ŕőšěŋűĺăńĳŋőčő šěůěŋĺ£ ćśě ťşŋłűĺĺ ˙^{αβ} (ξ_2, ξ_3) = 0, ĺ ňż ŕőńşůăěň ĺğ (5.21)

r × v = 0, v = (rξ2 × rξ3) (5.26)

Ğăňěŋ££ ćšőřőě şřăćŋěŋĺě (5.26) ¡łćĺćăńěŋšŋżň şřăćŋěŋĺěň rv = 0, śćőďĺň ğăďăůş ł şřăćŋěŋĺ£ň (5.24), (5.25).

Ć śńşůăě ğăćĺţřěŋŋőčő šěůěŋĺ£ ğăćĺţřěŋŋőśšĳ ˙^{αβ} ďőńęŋă ążšĳ ğăďăŋă ŋă łăęďőľ ńĺŋĺĺ šőłă, ŕőňěůěŋŋőľ ŕěřěňěŋŋżňĺ ξ_2, ξ_3. Ěśńĺ šěůěŋĺě ęĺďłőśšĺ śőďěřęĺš ğăňłŋşšżě ńĺŋĺĺ šőłă, łőšőřżě ŋě ŕěřěśěłă¿š čřăŋĺűş ∂V , šő ŋěńĳğ£ őŕřěďěńĺšĳ ğăćĺţřěŋŋőśšĳ ˙^{αβ} ŋă ¡šĺţ ńĺŋĺ£ţ šőłă, ğăďăćă£ čřăŋĺůŋżě şśńőćĺ£. Ć ¡šőň śńşůăě ŋşęŋă ďőŕőńŋĺšěńĳŋă£ ĺŋťőřňăűĺ£, őšńĺůŋă£ őš čřăŋĺůŋżţ şśńőćĺľ. Ňőęŋő ŕőńşůĺšĳ śšăűĺőŋăřŋőě šěůěŋĺě ć řěğşńĳšăšě ŕřőűěśśă şśšăŋőćńěŋĺ£ šěůěŋĺ£. Ć ¡šőň śńşůăě ňż ďőńęŋż ğăďăšĳ ŋăůăńĳŋş¿ śłőřőśšĳ v_{in} (x) ćő ćśěň őąžěňě V , ĺ ğăćĺţřěŋŋőśšĳ ŋă ğăňłŋşšżţ ńĺŋĺ£ţ šőłă őŕřěďěń£ěšś£ ŋăůăńĳŋőľ śłőřőśšĳ¿ v_{in} (x). Ĺśŕőńĳğş£ řăğŋżě ŕřőűěśśż şśšăŋőćńěŋĺ£, ŕőńşůĺň řăğńĺůŋżě śšăűĺőŋăřŋżě šěůěŋĺ£ ŕřĺ őďŋĺţ ĺ šěţ ęě čřăŋĺůŋżţ şśńőćĺ£ţ. İłśŕěřĺňěŋšăšőřăň, řăąőšă¿źĺň ś ğăćĺţřěŋŋżňĺ šěůěŋĺ£ňĺ, ¡šőš ťăłš ţőřőÿő ĺğćěśšěŋ.

Şřăćŋěŋĺ£ (5.21) śşšĳ şřăćŋěŋĺ£ ďń£ őąőąźěŋŋőľ ťşŋłűĺĺ šőłă (ŐŤŠ) {ξ_2, ξ_3}. İšĺ şřăćŋěŋĺ£ ŋěńĺŋěľŋż. Ć šěřňĺŋăţ ŕěřěňěŋŋżţ v, ξ_2, ξ_3 şřăćŋěŋĺ£ (5.21) śőďěřęăš ůńěŋż, ńĺŋěľŋżě őšŋőśĺšěńĳŋő v. Şřăćŋěŋĺ£ (5.21) śšăŋőć£šś£ ŕřőśšżňĺ ć šőň ůăśšŋőň śńşůăě, łőčďă ˙^{23} =const ĺ ˙^{13} = ˙^{12} = 0. Ć ¡šőň śńşůăě ňż ŕőńşůăěň ńĺŋěľŋżě şřăćŋěŋĺ£

r × v = ˙^{23}v, rv = 0, ˙^{23} = const (5.27)

łőšőřżě ňőęŋő řěÿăšĳ ąěğ řăśśňőšřěŋĺ£ ŕěřěňěŋŋżţ ξ_2, ξ_3.

6 Śšăűĺőŋăřŋőě šěůěŋĺě ŋěśęĺňăěňőľ ęĺďłőśšĺ, őŕĺśżćăěňőě ć ńăčřăŋęěćżţ łőőřďĺŋăšăţ

Ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (5.21) śőďěřęăš ŕřőĺğćőńĳŋżě ťşŋłűĺĺ ˙^{αβ} (¸) łăł ťşŋłűĺĺ ğăćĺśĺňżţ ŕěřěňěŋŋżţ. Ĺŋőčďă şďőąŋő ĺňěšĳ ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£, čďě ŋěőŕřěďěńěŋŋżě ťşŋłűĺĺ ążńĺ ąż ťşŋłűĺ£ňĺ ŋěğăćĺśĺňżţ ŕěřěňěŋŋżţ. Ŕřěőąřăğşěň ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (5.4), (5.9) ĺ (5.16) ł ŋěğăćĺśĺňżň ŕěřěňěŋŋżň t, ¸.

Ććěďěň őąőğŋăůěŋĺ£(3.20)

x^α = x^α (t, ξ_1, ξ_2, ξ_3) , x^{α,β} ≡ ∂x^α ∂ξ_β , α, β = 1, 2, 3 (6.1)

X ≡ ∂ (x^1, x^2, x^3) ∂ (ξ_1, ξ_2, ξ_3) = det^|^|x^{α,β|}^| , α, β = 1, 2, 3 (6.2) Ňż řăśśňăšřĺćăěň £łőąĺăŋ X łăł 3-ńĺŋěľŋş¿ ťşŋłűĺ¿ ăřčşňěŋšőć x^{α,β}. Ŕőńşůăěň ξ_{α,β} = X�^1 ∂X ∂x^{β,α} , α, β = 1, 2, 3 (6.3)

v^α =

∂ (x^α, ξ_2, ξ_3) ∂ (x^1, x^2, x^3) = ∂ (x^α, ξ_2, ξ_3) ∂ (ξ_1, ξ_2, ξ_3)

∂ (ξ_1, ξ_2, ξ_3) ∂ (x^1, x^2, x^3)

= x^{α,1}, α = 1, 2, 3 (6.4)

Ğăŕĺÿěň ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ (5.4), (5.9) ĺ (5.16) ć ćĺďě X ≡ ∂ (x^1, x^2, x^3) ∂ (ξ_1, ξ_2, ξ_3)

= 1 (6.5) v^αξ_{1,α} = 1, v^αξ_{2,α} = 0, v^αξ_{3,α} = 0, (6.6) ε_{μαβ}∂_αv^β = 1 2 ε_{μαβ}˙^{ρσ} (ξ_2, ξ_3) ξ_{ρ,α}ξ_{σ,β} (6.7) čďě ε_{μαβ} ěśšĳ ŕśěćďőšěŋğőř Ńěćĺ-Ůĺćĺšă.

Ŕőďśšăćń££ ξ_{α,β} ĺ v^α, ćğ£šżě ĺğ (6.3), (6.4) ć (6.6), ŕőńşůăěň şřăćŋěŋĺ£

x^{α,1}X�^1 ∂X ∂x^{α,1} = 1, x^{α,1}X�^1 ∂X ∂x^{α,2} = 0, x^{α,1}X�^1 ∂X ∂x^{α,3} = 0, (6.8)

łőšőřżě şďőćńěšćőř£¿šś£ šőęďěśšćěŋŋő. Ŕőďśšăćĺň ξ_{α,β} ĺ v^α, ćğ£šżě ĺğ (6.3), (6.4) ć (6.7). Ŕřĺŋĺňă£ ćő ćŋĺňăŋĺě (6.5), ŕőńşůăěň x^{β,1γ} ∂X ∂x^{α,γ} − x^{α,1γ} ∂X ∂x^{β,γ} = ˙^{ρσ} (ξ_2, ξ_3) ∂X ∂x^{α,ρ} ∂X ∂x^{β,σ} (6.9)

Śćěřšżćă£ (6.9) ś x^{α,μ} ĺ x^{β,ν} ĺ ŕřĺŋĺňă£ ćő ćŋĺňăŋĺě (6.5), ŕőńşůăěň

x^{α,1μ}x^{α,ν} − x^{α,1ν}x^{α,μ} = ˙^{μν} (ξ_2, ξ_3) , μ, ν = 1, 2, 3 (6.10)

čďě ŕřőĺğćőďĺšś£ śşňňĺřőćăŋĺě ŕő α = 1, 2, 3.

Ć šřěţňěřŋőň ŕřőśšřăŋśšćě łőőřďĺŋăš ξ_1, ξ_2, ξ_3 şřăćŋěŋĺ£ (6.10) ňőčşš ążšĳ ğăŕĺśăŋż ć ćěłšőřŋőň ćĺďě α=3∑ α=1 rξv^α×rξx^α = ! (ξ2, ξ3) , rξ =^{{ ∂}_{∂ξ1} ,^∂_{∂ξ2} ,^∂_{∂ξ3}^} , v^α = x^{α,1}, α = 1, 2, 3_{(6.11)}

! = {ω1, ω2, ω3} , ωμ (ξ2, ξ3) =^1_2εμαβ˙^{αβ} (ξ2, ξ3) , μ = 1, 2, 3 (6.12)

Ŋăłőŋěű, şřăćŋěŋĺě (6.5) ňőęěš ążšĳ řăğřěÿěŋő őšŋőśĺšěńĳŋő x^1 šěň ęě śăňżň śŕőśőąőň, łăłĺň şřăćŋěŋĺě (5.9) ążńő řăğřěÿěŋő őšŋőśĺšěńĳŋő ξ_1. Ŕőńşůăěň x^1 = ∫ ds ´_1 (s, x^2, x^3)

, ´_1 =

∂ (s, x^2, x^3) ∂ (ξ_1, ξ_2, ξ_3)

(6.13)

čďě s ěśšĳ ŋěłőšőřă£ ťşŋłűĺ£ ăřčşňěŋšőć ξ_1, ξ_2, ξ_3, ă £łőąĺăŋ ´_1 řăśśňăšřĺćăěšś£ łăł ťşŋłűĺ£ ăřčşňěŋšőć s, x^2, x^3. Ć ůăśšŋőśšĺ, ěśńĺ s = ξ_1,

´_1 =

∂ (x^2, x^3) ∂ (ξ_2, ξ_3) = 1 v^1 (ξ_1, x^2, x^3)

, x^1 = ∫ v^1 ( ξ_1, x^2, x^3 ) dξ_1 (6.14)

Ĺśŕőńĳğş£ śőőšŋőÿěŋĺě (6.13) ĺńĺ (6.14), ňőęŋő ĺśłń¿ůĺšĳ ŕěřěňěŋŋżě x^1 ĺ v^1 = x^{1,1} ĺğ şřăćŋěŋĺľ (6.11). Ŕőńşůăěň śĺśšěňş ďĺŋăňĺůěśłĺţ şřăćŋěŋĺľ ďń£ ŕěřěňěŋŋżţ x^2, x^3 ć ďćşňěřŋőň ŕřőśšřăŋśšćě łőőřďĺŋăš ξ_2, ξ_3 ś ŕěřěňěŋŋőľ ξ_1, řăśśňăšřĺćăěňőľ łăł ¡ćőń¿űĺőŋŋă£ ŕěřěňěŋŋă£ (ćřěň£).

Şřăćŋěŋĺ£ (6.11), (6.14) ďőćőńĳŋő śńőęŋż, őśőąěŋŋő ĺğ-ğă şřăćŋěŋĺ£ (6.14), łőšőřőě śőďěřęĺš őŕěřăűĺ¿ ŕěřěţőďă őš ŋěğăćĺśĺňżţ ŕěřěňěŋŋżţ {ξ_1, ξ_2, ξ_3} ł ŋěğăćĺśĺňżň ŕěřěňěŋŋżň {ξ_1, x^2, x^3}. Śćőľśšćă ¡šőľ őŕěřăűĺĺ śńăąő ĺğşůěŋż. Ŕő-ćĺďĺňőňş, ¡šă őŕěřăűĺ£ £ćń£ěšś£ ăšřĺąşšőň ŋěśęĺňăěňőľ ęĺďłőśšĺ, ŕőšőňş ůšő őŋă ŕřĺśşšśšćşěš ć ďĺŋăňĺůěśłĺţ şřăćŋěŋĺ£ţ (5.21), ğăŕĺśăŋŋżţ ć ¡ľńěřőćżţ łőőřďĺŋăšăţ. Ŋěőŕřěďěńěŋŋżě ťşŋłűĺĺ ˙^{αβ} őŕĺśżćă¿źĺě ğăćĺţřěŋŋőśšĳ £ćń£¿šś£ ťşŋłűĺ£ňĺ ŋěğăćĺśĺňżţ ŕěřěňěŋŋżţ ć şřăćŋěŋĺ£ţ (6.11), šőčďă łăł ć şřăćŋěŋĺ£ţ (5.21) őŋĺ £ćń£¿šś£ ťşŋłűĺ£ňĺ ğăćĺśĺňżţ ŕěřěňěŋŋżţ. Ś ¡šőľ šőůłĺ ğřěŋĺ£ şřăćŋěŋĺ£ (6.11) ąőńěě şďőąŋż ďń£ ĺśśńěďőćăŋĺ£ ğăćĺţřěŋŋżţ šěůěŋĺľ.

7 Ğăłń¿ůĺšěńĳŋżě ğăňěůăŋĺ£

Ňż ćĺďěńĺ, ůšő ŕőśšăŋőćłă ŕřőąńěňż őąšěłăŋĺ£ ąőńěě śńőęŋă ďń£ śšăűĺőŋăřŋżţ šěůěŋĺľ, ůěň ďń£ ŋěśšăűĺőŋăřŋżţ, ţőš£ ďĺŋăňĺůěśłĺě şřăćŋěŋĺ£ ďń£ ŋěśšăűĺőŋăřŋőčő śńşůă£ ąőńěě śńőęŋż. Śšăűĺőŋăřŋżě čřăŋĺůŋżě şśńőćĺ£ ŋě ŕřěďőŕřěďěń£¿š ěďĺŋśšćěŋŋőśšĺ śšăűĺőŋăřŋőčő šěůěŋĺ£, ďăęě ěśńĺ őŋĺ őŕřěďěń£¿š ğăćĺţřěŋŋőśšĳ ŋă ćśěţ ńĺŋĺ£ţ šőłă, ŕěřěśěłă¿źĺţ čřăŋĺűş řăśśňăšřĺćăěňőľ őąńăśšĺ šěůěŋĺ£. Ěśšĳ ŋěłőšőřă£ ŋăďěęďă, ůšő őŕĺśăŋĺě śšăűĺőŋăřŋżţ šěůěŋĺľ ĺďěăńĳŋőľ ęĺďłőśšĺ ć ńăčřăŋęěćżţ łőőřďĺŋăšăţ őłăęěšś£ ąőńěě ¡ťťěłšĺćŋżň.

Śŕĺśőł ńĺšěřăšşřż

[1] Rylov Yu.A. Integration of complete system of dynamic equations for ideal ‚uid.

(Available at http://arXiv.org/abs /physics/9905044).)

[2] Rylov Yu. A. Hydrodynamic equations for incompressible inviscid ‚uid in terms of generalized stream function". Int. J. Math. & Mat. Sci. (in print, Available at http://arXiv.org/abs /physics/0303065, v6).

[3] Clebsch, A. -Uber eine allgemaine Transformation der hydrodynamischen Gleichungen, J. reine angew. Math. 54 , 293-312 (1857).

[4] Clebsch, A. Ueber die Integration der hydrodynamischen Gleichungen, J. reine angew. Math. 56 , 1-10, (1859).

[5] Lin, C.C. Hydrodynamics of Helium II. Proc. Int. Sch Phys. Course XXI, pp.

93-146, New York, Academic, 1963.