ĞĂĎĂŊĹĚ I: Šěàňőďĺŋăňĺłă, VI áěňěáâà, 2019 ãç.čőď

1. Ĺáåőďï ĺğ I-čő Ŋăçăńă âěàňőďĺŋăňĺłĺ ŕőłăğăâì, çâő ďńï ńîąőčő ŕàőæěááă φ(· , ·) = const á âěŕńőěňłőáâìî C_φ = C_φ(T, V ), ĺ ďńï ŕàőĺğćőńìŋëå ďĺääěàěŋæĺàãěňëå äãŋłæĺľ Ψ, χ, ňěęďã ŋĺň ĺ âěàňĺçěáłĺň ãàăćŋěŋĺěň áőáâőïŋĺï P = P (T, V ) ŕàőĺğćőńìŋőľ âěàňőďĺŋăňĺçěáłőľ áĺáâěňë ĺňěěâáï ďĺääěàěŋæĺăńìŋăï áćïğì: ( ∂Ψ(P ) ∂χ(V ) ) φ = n_φ ( ∂Ψ(P ) ∂χ(V ) ) T , čďě: n_φ =

(C_φ − C_P ) (C_φ − C_V )

. (1)

Őŕàěďěńĺâì n_φ ďńï ŕőńĺâàőŕĺçěáłőčő, ăďĺăąăâĺçěáłőčő, ĺğőâěàňĺçěáłőčő, ĺğőåőàĺçěáłőčő ĺ ĺğőąăàĺçěáłőčő ŕàőæěááőć, ĺ àěèĺâì áőőâćěâáâćãîéĺě ĺň ãàăćŋěŋĺï ďńï ŕàőæěááőć á ĺďěăńìŋëň čăğőň ňăááĺćŋëå çăáâĺæ, P V = NkT , á C_V = const. Ŕàĺňěŋĺňő ńĺ âăłőě ďĺääěàěŋæĺăńìŋőě ãàăćŋěŋĺě (1) ďńï ŕőńĺâàőŕĺçěáłőčő ŕàőæěááă á àăćŋőćěáŋëň ĺğńãçěŋĺěň? Ěáńĺ ŋěâ, âő ŕőçěňã? Ŋăľâĺ ĺŋâěčàăń őąéěčő ďĺääěàěŋæĺăńìŋőčő ãàăćŋěŋĺï ŕőńĺâàőŕĺçěáłőčő ŕàőæěááă ĺ áàăćŋĺâì ěčő á ĺŋâěčàăńőň áőőâćěâáâćãîéěčő ãàăćŋěŋĺï ďńï ĺğńãçěŋĺï?

2. Ŋăľâĺ őâŋőèěŋĺě C_φ/C_V ďńï ŕàőæěááă á àăćŋőćěáŋëň ĺğńãçěŋĺěň φ(P, V ) ≡ P V^n = const ŕàĺ n = const.

3. Ďńï: n ≡ N V , α_P ≡ 1 V ( ∂V ∂T ) P , K_{S, [T ]} ≡ − 1 V ( ∂V ∂P ) S, [T ];N , γ = C_P C_V , ďőłăğăâì: K_{S, [T ]} = 1 n ( ∂n ∂P ) S/N, [T ] , K_T = γK_S, S V = ( ∂P ∂T ) μ , n = ( ∂P ∂μ ) T , ( ∂n ∂μ ) T = K_T n^2, K_S = K_T − T V C_P α^2_P , 1 K_S = 1 K_T + T V C_V ( ∂P ∂T )_2 V . 4. Ŋăľâĺ áłőàőáâì ğćãłă v^2_{ğć} = (∂P )/∂ρ)_S ć ĺďěăńìŋőň čăğě ňăááĺćŋëå çăáâĺæ ŕàĺ âăłőľ âěňŕěàăâãàě, çâő ďăćńěŋĺě ěčő àăćŋőćěáŋőčő ĺğńãçěŋĺï ãęě áàăćŋĺňő á ďăćńěŋĺěň áăňőčő čăğă, ŕàĺ ρ = ρ_g = mn, C_{V g} = λNk, u(T ) = σT^4, z =

4σT^3 3nk . Ůâő ŕőńãçĺâáï ďńï ŋěě, ěáńĺ ãçěáâì ĺ ŕńőâŋőáâì ĺğńãçěŋĺï ρ_r = u(T )/c^2, ρ = ρ_g + ρ_r?

5. Ŕőłăğăâì, çâő âěŕńőěňłőáâì C_V ğăćĺáĺâ âőńìłő őâ âěňŕěàăâãàë ďńï čăğőć: P = νRT V − b − ~a V^{5/3} , P = νRT V − b − a V (V − b) + bc V (V^2 − b^2) , ĺ, áçĺâăï ěě ĺğćěáâŋőľ, ŋăľâĺ íŋâàőŕĺî ĺ ćáě âěàňőďĺŋăňĺçěáłĺě ŕőâěŋæĺăńë íâĺå čăğőć.

6. Ňăčŋěâĺł őąêěňőň V ć áńăąőň ňăčŋĺâŋőň ŕőńě H ŕőď ćŋěèŋĺň ďăćńěŋĺěň P ĺňěěâ ŋăňăčŋĺçěŋŋőáâì ěďĺŋĺæë őąêěňă M = χ(T )H ĺ ŕőńŋëľ ňăčŋĺâŋëľ ňőňěŋâ M = MV . Ŋăľâĺ áćïğì ăďĺăąăâĺçěáłőľ őąêěňŋőľ ňăčŋĺâőáâàĺłæĺĺ (∂V/∂H)_{P,S} á ăďĺăąăâĺçěáłĺň ňăčŋĺâőãŕàãčĺň (ŕìěğőňăčŋĺâŋëň) íääěłâőň (∂M/∂P )_{H,S} . Ŕőńăčăï áŕěàćă ĺ ěčő áęĺňăěňőáâì K_S = const, ŋăľâĺ ΔV/V ≪ 1 ć áńăąőň H. Řěèĺâì âã ęě ğăďăçã ďńï ĺğőâěàňĺçěáłĺå (∂V/∂H)_{P,T} ĺ (∂M/∂P )_{H,T} , ĺ K_T . Ŋăľâĺ áćïğì ňěęďã K_S (H) ĺ K_T , ĺ őâńĺçĺě íâĺå áńãçăěć ć őąéěň ćĺďě, ěáńĺ áńăąőě ŕőńě H ŋě ňěŋïěâ âěàňĺçěáłőě ãàăćŋěŋĺï áőáâőïŋĺï P = P (T, V ).

7. Ďőłăğăâì, çâő ďńï âěŕńőěňłőáâĺ C_{V,N} , łăł äãŋłæĺĺ T, V, μ: C_{V,N} (T, V, μ) = T [( ∂S ∂T ) V,μ − ( ∂N ∂T )_2 V,μ / ( ∂N ∂μ ) V,T ] .

8. Ćëàăğĺć íńěňěŋâ àăąőâë δA = − V 4π EdD íńěłâàĺçěáłőčő ŕőńï E á ĺŋďãłæĺěľ D = ε(T )E

ďńï ŕńőáłőčő łőŋďěŋáăâőàă őąêěňőň V = aΣ, ěňłőáâìî Ω(T ) = Ω_0ε(T ), Ω_0 = Σ 4πa , ć ŕěàěňěŋŋëå ěčő àăğŋőáâĺ ŕőâěŋæĺăńőć ϕ = Ea, ĺ ğăàïďă q = Ω(T )ϕ, ŋăľâĺ: ĺğňěŋěŋĺě íŋâàőŕĺĺ ĺ âěŕńő ćëďěńĺćèěěáï (?) ŕàĺ ěčő ĺğőâěàňĺçěáłőľ ğăàïďłě; âěŕńőěňłőáâĺ C_ϕ ĺ C_q, ĺ áàăćŋĺâì ĺå á C_E ĺ C_D ĺ ďàãč á ďàãčőň, ĺ ć őąéěň ćĺďě – á C_P .

9. Ŋăľâĺ ł.ŕ.ď. âěŕńőćőľ ňăèĺŋë, àăąőâăîéěľ ŕő őąàăâĺňőňã æĺłńã ĺğ ĺğőâěàňë, ăďĺăąăâë ĺ ŕőńĺâàőŕë, á ňăłáĺňăńìŋőľ ĺ ňĺŋĺňăńìŋőľ âěňŕěàăâãàăňĺ T_1 > T_2 (ďćă ćăàĺăŋâă). Śàăćŋĺâì á ł.ŕ.ď. æĺłńă Łăàŋő.

10. Ŋăľâĺ âěŕńőěňłőáâì C_φ ŕàőæěááă φ(P, V ) = const ć âěàňĺŋăå C_V , γ, V , K_T ĺ C_V , γ, V , K_S . Ůěňã àăćŋő γ ĺ K_T ďńï áĺáâěňë á ãàăćŋěŋĺěň áőáâőïŋĺï P = P (T ). Ŋăľâĺ ĺ ďńï ŋěě âěŕńőěňłőáâì C_φ íâőčő ŕàőæěááă ć âěàňĺŋăå áãéěáâćãîéĺå ďńï ŋěě ćěńĺçĺŋ. Ůâő ŕőńãçĺâáï ďńï ĺğńãçěŋĺï? Ŕàőćěàĺâì őâćěâ, àěèĺć á ěčő ŕőňőéìî ğăŋőćő ğăďăçã 2.

11. Ć ćěàâĺłăńìŋő àăáŕőńőęěŋŋőň âěŕńőĺğőńĺàőćăŋŋőň æĺńĺŋďàě àăďĺãáă r ğăłàěŕńěŋ âěŕńőŕàőćőďïéĺľ ŕőàèěŋì ňăááë m, ďěńïéĺľ æĺńĺŋďà ŋă ďćě àăćŋëě çăáâĺ, ć łăęďőľ ĺğ łőâőàëå áőďěàęĺâáï ŕő 1 ňőńî ĺď. čăğă á C_V = const, ŕàĺ âěňŕěàăâãàě T ĺ ďăćńěŋĺĺ P . Ğăâěň ŕőàèěŋì őâŕãáłăîâ ĺ őŋ őŕãáłăěâáï ŕőď ďěľáâćĺěň áĺńë âïęěáâĺ. Ŋăľâĺ ĺğňěŋěŋĺě íŋâàőŕĺĺ čăğă ć ďćãå ŕàěďěńìŋëå áńãçăïå: ă) mg ≪ πr^2P ; ą) mg ≫ πr^2P . Şłăğăŋĺě: ĺáŕőńìğãï

ŕăàăňěâàë: η = mg πr^2P , ξ = V_1 − V_2 2V , γ = C_P C_V , ŋăľâĺ ξ = ξ(η).

12. Šàĺ âěńă á őďĺŋăłőćőľ ŕőáâőïŋŋőľ âěŕńőěňłőáâìî C ĺňěîâ âěňŕěàăâãàë T_1 = T_2 = x ĺ T_3 = y. Ďő łăłőľ ňăłáĺňăńìŋőľ âěňŕěàăâãàë T_{max} ňőęŋő ŋăčàěâì őďŋő (łăłőě?) ĺğ ŋĺå, ĺáŕőńìğãï âěŕńő ďćãå ďàãčĺå ĺ ĺďěăńìŋãî âěŕńőćãî ňăèĺŋã, àăąőâăîéãî ŋă ńîąőň ŕěàěŕăďě âěňŕěàăâãà, ěáńĺ ĺğćŋě ŋě ŕőďćőďĺâì âěŕńă ĺ ŋě ŕàőĺğćőďĺâì àăąőâã ćŋěèŋĺňĺ áĺńăňĺ? Łăł íâő łőŋłàěâŋő ňőęŋő áďěńăâì? Ŕőńãçĺâì ĺ őąêïáŋĺâì őâćěâ ć őąéěň ćĺďě. Ŋăľâĺ ğŋăçěŋĺě T_{max} ďńï x = 300 K, y = 100 K.

Śďăâì ďő ňăàâă áěčő čőďă