ĞĂĎĂŊĹĚ II: Câăâĺáâĺçěáłăï äĺğĺłă, VI áěňěáâà, 2005 čőď

1. Ďńï çăáâĺæ ňăłáćěńńőćáłőčő čăğă:

ă) ğăŕĺáăâì àăáŕàěďěńěŋĺě ŕő łőňŕőŋěŋâăň áłőàőáâěľ; ą) ŋăľâĺ <<v^2_x>>, <<v^2>>;

ć) ŋăľâĺ ŋăĺąőńěě ćěàőïâŋãî ăąáőńîâŋãî ćěńĺçĺŋã ĺňŕãńìáă; č) ğăŕĺáăâì àăáŕàěďěńěŋĺě ŕő łĺŋěâĺçěáłőľ íŋěàčĺĺ;

ď) ćëçĺáńĺâì áàěďŋěě ğŋăçěŋĺě, ďĺáŕěàáĺî ĺ ŋăĺąőńěě ćěàőïâŋőě ğŋăçěŋĺě íŋěàčĺĺ; ě) ŋăľâĺ áàěďŋěě ćàěňï, ŋěőąåőďĺňőě ďńï ŕàőńěâă àăááâőïŋĺï ℓ ć ŕàěŋěąàěęěŋĺĺ áâőńłŋőćěŋĺïňĺ çăáâĺæ ňěęďã áőąőľ; ŕàĺćěáâĺ çĺáńěŋŋãî őæěŋłã ŕàĺ ℓ ∼ 10^{−6} ň ďńï ćőğďãåă ŕàĺ ŋ.ã.: n ≈ 3 · 10^{19}cm^{−3};

ę) őŕàěďěńĺâì ŕőńŋãî ŕńőâŋőáâì ŕőâőłă J_Σ(N_Σ) çăáâĺæ ĺğ áőáãďă á àăğàěęěŋŋëň ĺďěăńìŋëň čăğőň ŕàĺ âěňŕěàăâãàě T çěàěğ ňăńőě őâćěàáâĺě Σ ć áâěŋłě áőáãďă; ŋăľâĺ áàěďŋîî íŋěàčĺî ĺ áàěďŋîî ăąáőńîâŋãî áłőàőáâì çăáâĺæ ć íâőň ŕőâőłě: (1) ŋě ãçĺâëćăï ĺğňěŋěŋĺě łőŋæěŋâàăæĺĺ çăáâĺæ, n = const, ćŋãâàĺ áőáãďă; (2) ãçĺâëćăï ĺğňěŋěŋĺě łőŋæěŋâàăæĺĺ n ⇒ n(t), ŋăľâĺ áàěďŋěě ćàěňï ŕàěąëćăŋĺï çăáâĺæë ć áőáãďě.

2. Ŋăľâĺ áàěďŋěě ğŋăçěŋĺě ăąáőńîâŋőľ áłőàőáâĺ ĺ łĺŋěâĺçěáłőľ íŋěàčĺĺ ňőńěłãń âőŋłőľ ŕńěŋłĺ, ŕàěŋěąàěčăï ćğăĺňőďěľáâćĺěň ňőńěłãń ďàãč á ďàãčőň. Ćëçĺáńĺâì ”ďăćńěŋĺě” íâőčő ĺďěăńìŋőčő ďćãňěàŋőčő čăğă ŕàĺ âěňŕěàăâãàě T , áçĺâăï ĺğćěáâŋőľ ŕőćěàåŋőáâŋãî łőŋæěŋâàăæĺî çăáâĺæ n = N/Σ.

3. Ŋăľâĺ ďĺíńěłâàĺçěáłãî ŕàőŋĺæăěňőáâì ϵ(T ) ąőńìæňăŋőćáłőčő čăğă ŕőńïàŋëå ňőńěłãń á áőąáâćěŋŋëň íńěłâàĺçěáłĺň ďĺŕőńìŋëň ňőňěŋâőň d_0, ŕőňěéěŋŋőčő ćő ćŋěèŋěě őďŋőàőďŋőě íńěłâàĺçěáłőě ŕőńě E. Ĺááńěďőćăâì áńãçăĺ áńăąőčő, d_0E/kT ≪ 1, ĺ áĺńìŋőčő, d_0E/kT ≫ 1, íńěłâàĺçěáłőčő ŕőńï. Ćëçĺáńĺâì ďőŕőńŋĺâěńìŋãî âěŕńőěňłőáâì, ŕàĺőąàěâăěňãî íâĺň čăğőň ć áńăąőň íńěłâàĺçěáłőň ŕőńě. Łăł ĺğňěŋïâáï íâĺ àěğãńìâăâë á ãçěâőň ŕőńïàĺğãěňőáâĺ ňőńěłãń čăğă: d = d_0 + αE?

4. Ŋăľâĺ äńãłâãăæĺî ďĺíńěłâàĺçěáłőľ ŕàőŋĺæăěňőáâĺ, łăł äãŋłæĺĺ âěňŕěàăâãàë T ĺ ŕńőâŋőáâĺ n: ϵ = ϵ(n, T ).

5. Śőńŋæě ĺğńãçăěâ łăł àăćŋőćěáŋőě çěàŋőě âěńő á ńãçěćőľ ĺŋâěŋáĺćŋőáâìî ĺğńãçěŋĺï á ěďĺŋĺæë ŕőćěàåŋőáâĺ, ŋěğăćĺáïéěľ őâ ŋăŕàăćńěŋĺï ĺğńãçěŋĺï v, â.ě. I_ω(r, v) = I^0_ω, ŕàĺ |r| = a_⊙. Ŋăľâĺ ğăćĺáĺňőáâì őâ r = rn ŕńőâŋőáâĺ íŋěàčĺĺ ĺğńãçěŋĺï u(r) = <<u(T_r )>> ĺ ŕőńŋőľ àăďĺăńìŋőľ ŕńőâŋőáâĺ ŕőâőłă J_r(n), ĺ ãáâăŋőćĺâì áćïğì ňěęďã ŋĺňĺ ŕàĺ |r| ≫ a_⊙, ĺ |r| = a_⊙. Śçĺâăï ćĺďĺňëľ á Ğěňńĺ ãčńőćőľ ďĺăňěâà Śőńŋæă, 2β ≈ 0.01, ă áăňã Ğěňńî, – çěàŋëň âěńőň, ŋăåőďïéĺňáï ć âěŕńőćőň àăćŋőćěáĺĺ á ĺğńãçěŋĺěň ŋă áćőěľ őàąĺâě, ŋăľâĺ áćïğì âěňŕěàăâãà ĺå ŕőćěàåŋőáâěľ.

6. Śŕěłâàăńìŋăï ŕńőâŋőáâì äőŋőŋőć D(ω, V ) ğăćĺáĺâ őâ ěďĺŋáâćěŋŋőčő àăğňěàŋőčő ŕăàăňěâàă ω_M (V ). Ŕőńãçĺâì ãàăćŋěŋĺě áőáâőïŋĺï ćáěčő łàĺáâăńńă ć äőàňě Čàîŋăľğěŋă. Ŋăľâĺ ŕőáâőïŋŋãî Čàîŋăľğěŋă, ěáńĺ áàěďŋïï áłőàőáâì ğćãłă á ŋě ğăćĺáĺâ őâ őąêěňă V , ă ćĺď ω_M (V ) őŕàěďěńïěâáï ěî ĺ őąêěňőň ŕő àăğňěàŋőáâĺ.

7. Ŋăľâĺ áàěďŋěłćăďàăâĺçŋőě áňěéěŋĺě őďŋőčő ăâőňă ďěąăěćáłőčő łàĺáâăńńă ĺğ ŕőńőęěŋĺï àăćŋőćěáĺï, ŕàěďŕőńăčăï áâăâĺáâĺçěáłãî ŋěğăćĺáĺňőáâì őâďěńìŋëå ćàěňěŋŋë́å Ťãàìě čăàňőŋĺł r(ω) áňěéěŋĺï ~r(t). Řăááňőâàěâì ŕàěďěńìŋëě áńãçăĺ T ≪ θ_D , T ≫ θ_D.

8. Ŋăľâĺ åĺňŕőâěŋæĺăń, ãàăćŋěŋĺě ăďĺąăâë, ĺ ğăŕĺáăâì ćëàăęěŋĺï ďńï âěŕńőěňłőáâĺ ĺ ďăćńěŋĺï ďćãňěàŋőčő äěàňĺ čăğă ć ğăćĺáĺňőáâĺ őâ âěňŕěàăâãàë ĺ ŕńőâŋőáâĺ.

9. Ŋăľâĺ åĺňĺçěáłĺě ŕőâěŋæĺăńë, ãàăćŋěŋĺï áőáâőïŋĺï ĺ ŕăàăňěâàë ćëàőęďěŋĺï ĺďěăńìŋëå ãńìâàăàěńïâĺćĺáâáłĺå ε = cp, őďŋőňěàŋëå łćăŋâőćëå čăğőć ąěááŕĺŋőćëå ąőğőŋőć, ĺ äěàňĺőŋőć áő áŕĺŋőň 1/2, á ŕńőâŋőáâìî n_{(B),(F )} = N_{(B),(F )}/L, ŕàĺ âěňŕěàăâãàě T . Śàăćŋĺâì ĺå ŕńőâŋőáâĺ, íŋěàčĺĺ, ďăćńěŋĺï ĺ íŋâàőŕĺĺ ďńï åĺňŕőâěŋæĺăńă μ_{(F ),(B)} = 0. Őâąàăáëćăï ąěáłőŋěçŋëě, ŋěğăćĺáïéĺě őâ âěňŕěàăâãàë ćłńăďë ćăłããňŋëå íŋěàčĺľ, áàăćŋĺâì ĺå âěàňőďĺŋăňĺçěáłĺě ŕőâěŋæĺăńë ŕàĺ âěňŕěàăâãàě T ĺ ŋãńěćëå åĺňĺçěáłĺå ŕőâěŋæĺăńăå. Ĺ âő ęě áőőâćěâáâćěŋŋő ďńï âàěåňěàŋëå čăğőć ć ïéĺłě őąêěňőň V .

10. Ŋăľâĺ âőçŋëľ ąőńìèőľ ŕőâěŋæĺăń, ŕőńŋőě ďăćńěŋĺě P (T, μ) = P_e− +P_e+ , ŕőńŋãî íŋâàőŕĺî S(T, μ), ŕőńŋëľ ğăàïď ĺ ćŋãâàěŋŋîî íŋěàčĺî ãńìâàăàěńïâĺćĺáâáłőčő íńěłâàőŋ-ŕőğĺâàőŋ-ŋőčő äěàňĺ čăğă, ŋăåőďïéěčőáï ć ďĺŋăňĺçěáłőň àăćŋőćěáĺĺ á çěàŋőâěńìŋëň ĺğńãçěŋĺěň ŕàĺ âěňŕěàăâãàě T . Řăááňőâàěâì ŕàěďěńìŋëě áńãçăĺ T ≫ μ ĺ T ≪ μ. (Ĺáŕőńìğőćăâì áĺáâěňã ěďĺŋĺæ, ć łőâőàőľ h̄ = c = k_B = 1.) Şłăğăŋĺě: ćëàăğĺâì F_3(y) + F_3(−y) çěàěğ F_0(±y) ĺ F_{0,1,2,3}(0), ãáâăŋőćĺć ĺŋâěčàĺàőćăŋĺěň ŕő çăáâïň, çâő: dF_ν (y) dy = νF_{ν−1}(y) , ďńï F_ν (y) = ∞∫ 0 x^ν dx exp(x − y) + 1 .

11. Ŋăľâĺ ãàăćŋěŋĺě ăďĺăąăâë ć âăłőň àăćŋőćěáŋőň čăğě, ŋăčàěâőň ďő áâőńì ćëáőłőľ âěňŕěàăâãàë, çâő ěčő ďăćńěŋĺě ć 7/4 àăğă ćëèě ďăćńěŋĺï ĺğńãçěŋĺï: P_e− + P_e+ = (7/4)P_γ; ňőęěâ ńĺ őŋő ąëâì ňěŋìèě íâőľ ćěńĺçĺŋë? Łăłőćă áłőàőáâì ğćãłă v_{ğć} = √ (∂P/∂ρ)_S ć âăłőň čăğě?

12. Ŋăľâĺ T_F , ãàăćŋěŋĺě áőáâőïŋĺï ĺ âěŕńőěňłőáâì áĺńìŋő ćëàőęďěŋŋőčő àěńïâĺćĺáâáłőčő äěàňĺ – čăğă á ε(p) = √ c^2p^2 + m^2c^4, á ğăďăŋŋőľ ŕńőâŋőáâìî n. Łăłőćő ãáńőćĺě ćëàőęďěŋŋőáâĺ âăłőčő čăğă?

Śďăâì ďő ...... ňăï c.č.