Annuaire de l’Université de Sofia “St. Kliment Ohridski”, Faculté de Physique, 96, 2003

Ŋ§ŁŐĹ ĆŘŽĞŁĹ ŇĚĘĎŞ ŁŘĹŠĚŘĹĹŠĚ ŊĂ ŞŚŠŐĽŮĹĆŐŚŠ ŊĂ ŔŘĹĞĚŇŊĹ§ Ĺ ČŘĂŊĹŮĚŊ ĂŠŇŐŚŤĚŘĚŊ ŚŃŐĽ

ĚĆČĚŊĹ ŚĹŘĂŁŐĆ, ĽŐŘĎĂŊŁĂ ŇĹŢĂĽŃŐĆĂ, ŚĹŃĆĹ§ ŔĚŠŘŐĆĂ

Łăšěďřă "Ňěšěőřőńőčĺ£ ĺ čěőťĺğĺłă\

Ěćčěŋĺ Śĺřăłőć, Ľőřďăŋłă Ňĺţăľńőćă, Śĺńćĺ£ Ŕěšřőćă. Ŋ§ŁŐĹ ĆŘŽĞŁĹ ŇĚĘÓ ĎŞ ŁŘĹŠĚŘĹĹŠĚ ŊĂ ŞŚŠŐĽŮĹĆŐŚŠ Ć ŔŘĹĞĚŇŊĹ§ Ĺ ČŘĂŊĹŮĚŊ ĂŠŇŐŚŤĚŘĚŊ ŚŃŐĽ

Ćžğ őśŋőćă ŋă śžćňěśšŋő řăğčńěęďăŋě ŋă ğăłőŋĺšě ŋă śžŕřőšĺćńěŋĺě ć ŕńăŋěšăřŋĺ£ čřăŋĺůěŋ śńőľ (ŔČŚ) ĺ ĺŋšěčřăńŋĺ£ R_{ib}-ňěšőď ğă ŕăřăňěšřĺğăűĺ£ ć ŕřĺğěňŋĺ£ śńőľ (ŔŚ) śă şśšăŋőćěŋĺ ćřžğłĺ ĺ łřĺšěřĺĺ ğă śžčńăśşćăŋőśš ňěęďş łřĺšěřĺĺšě ğă śšăąĺńŋőśš ć šěğĺ ďćă śńő£.

Evgeni Syrakov, Yordanka Mihaylova, Silviya Petrova. SOME RELATIONS BETWEEN SURFACE LAYER’S AND PBL’S CRITERIA OF STABILITY

According to the joint studies of resistance laws in the planetary boundary layer (PBL) and integral R_{ib}-approach for parametrization in the surface layer and found relations and criteria for co-ordination between criteria of stability in the both layers.

Keywords: turbulent flux, Richardson number, resistance laws, criteria of stability PACS number: 92.10.Lq

ŞĆŐĎ

Ŕńăŋěšăřŋĺ£š čřăŋĺůěŋ śńőľ (ŔČŚ) ŋă ăšňőśťěřăšă, ŋěğăćĺśĺňő őš őšŋőÓ śĺšěńŋő ňăńłăšă śĺ ďěąěńĺŋă (őš śšőšĺűĺ ňěšřĺ ďő 1{1,5 km) śŕř£ňő ćĺśőůĺÓ ŋăšă ŋă šřőŕőśťěřăšă, ĺčřăě őśŋőćŋă ĺ őŕřěďěń£źă řőń£ ć ŕřőűěśĺšě ŋă őąňěŋ ŋă łőńĺůěśšćőšő ďćĺęěŋĺě, šőŕńĺŋăšă ĺ ďřşčĺšě śşąśšăŋűĺĺ ňěęďş ğěňŋăšă ŕőćžřţŋőśš ĺ śćőąőďŋăšă ăšňőśťěřă. Őśŋőćŋĺšě ŕăřăňěšřĺ ŋă šőćă ćğăĺňőÓ ďěľśšćĺě śă řăğńĺůŋĺšě ćěřšĺłăńŋĺ ŕőšőűĺ. Śžźő ĺŋďĺłăšőř ŋă ćğăĺňőďěľśÓ šćĺěšő ě žčžńžš ŋă ŕžńŋő ğăćžřšăŋě ŋă ć£šžřă ć ŔČŚ ňěęďş ŕřĺğěňŋĺ£ ĺ čěőśšřőťŋĺ£ ć£šžř. Ğă őŕřěďěń£ŋě ŋă śšěŕěŋšă ĺ řěęĺňĺšě ŋă ćğăĺňőďěľśšćĺě śě ĺğŕőńğćăš ŋăąőř ŕăřăňěšřĺ ĺ łřĺšěřĺĺ ŋă şśšőľůĺćőśš.

Śŕőňěŋăšĺšě ţăřăłšěřĺśšĺłĺ ňőčăš ďă ąžďăš őŕřěďěńěŋĺ ŕřĺ ĺğŕőńğćăŋě ŋă řăğńĺůŋĺ ćţőďŋĺ ŕăřăňěšřĺ. Ŋăľ-čőń£ň ĺŋšěřěś ć šőćă őšŋőÿěŋĺě ŕřěďśÓ šăćń£ćăš řşšĺŋŋĺšě (řěčşń£řŋő ŕőńşůăćăŋĺ ć őŕěřăšĺćŋăšă ŕřăłšĺłă) ďăŋŋĺ { ŕřĺğěňŋĺ ĺńĺ ćĺśőůĺŋŋĺ, ăěřőńőčőśĺŋőŕšĺůŋĺ. Ŋă šăğĺ őśŋőćă ć řăąőšăšă śă řěăńĺğĺřăŋĺ ŋ£łőńłő ŕăřăňěšřĺğăűĺőŋŋĺ ŕőďţőďă (śţěňĺ). Śćžřğćăźőšő ğćěÓ ŋő ć š£ţ ě, ůě śě ĺğŕőńğćă ĺŋšěčřăńŋőšő ůĺśńő ŋă Řĺůăřďśžŋ ćžć ćăřĺăŋš ğă ŕřĺğěňěŋ śńőľ ĺńĺ űěńĺ£ ŔČŚ.

Űěńšă ŋă řăąőšăšă ě ůřěğ ŕőďţőď£źă łőňąĺŋăűĺ£ ŋă šěğĺ ŕőďţőďĺ ďă śě ŕőńşůăš ćğăĺňŋĺ ćřžğłĺ ĺ śžčńăśşćăŋőśš ňěęďş řěğşńšăšĺšě ĺ ŕăřăňěšřĺšě, śžőšćěšśšćăźĺ ŋă ŕřĺğěňŋĺšě ĺ ăěřőńőčőśĺŋőŕšĺůŋĺšě ďăŋŋĺ.

Ğă ćśĺůłĺ ĺğąřőěŋĺ śńşůăĺ, ć łřăľŋă śňěšłă, śă ŕőńşůěŋĺ śžőšćěšŋĺ ŋőÓ ňőčřăňĺ, ŕőğćőń£ćăźĺ őŕřěďěń£ŋě ŋă őśŋőćŋĺšě ţăřăłšěřĺśšĺłĺ ŕřĺ řăğńĺůŋĺ řěęĺňĺ ĺ şśńőćĺ£ ŋă ćğăĺňőďěľśšćĺě ŋă ăšňőśťěřăšă śžś ğěňŋăšă ŕőćžřţŋőśš.

ŔŘŐŤĹŃĹ ŊĂ ŇĚŠĚŐŘŐŃŐČĹŮŊĹŠĚ ĚŃĚŇĚŊŠĹ Ć ŔŘĹĞĚŇŊĹ§ ŚŃŐĽ Ĺ Š§ŢŊŐŠŐ ŚŽČŃĂŚŞĆĂŊĚ

Śžčńăśŋő šěőřĺ£šă ŋă Ňőŋĺŋ{Őąşţőć ć ŕřĺğěňŋĺ£ śńőľ (ŔŚ) śă ć śĺńă ťőřňşńĺšě du dz = u_∗ χz φ_u(ξ), dθ dz = T_∗ χz φ_θ(ξ), (1)

K_z = χu_∗z φ_u , K_{zθ} = χu_∗z φ_θ , α(ξ) = K_{zθ} K_z = φ_u φ_θ , (2)

łžďěšő u ĺ θ śă śłőřőśššă ĺ ŕőšěŋűĺăńŋăšă šěňŕěřăšşřă, K_z ĺ K_{zθ} { łőěťĺűĺÓ ěŋšĺšě ŋă ćěřšĺłăńěŋ šşřąşńěŋšěŋ őąňěŋ ğă łőńĺůěśšćőšő ďćĺęěŋĺě ĺ šőŕńĺŋă, ξ = z L , L = u^3_∗ χβq { ňăźăą ŋă Ňőŋĺŋ{Őąşţőć, χ = 0,4 { łőŋśšăŋšă ŋă Łăřňăŋ,

T_∗ = − u_∗ χq { ňăźăą ŋă šěňŕěřăšşřăšă, φ_θ(ξ) ĺ φ_u(ξ) { şŋĺćěřśăńŋĺ ťşŋłűĺĺ,

u_∗ { ďĺŋăňĺůŋă śłőřőśš, q = H ρC_p { ŋőřňĺřăŋ šőŕńĺŋěŋ ŕőšőł.

Ŋă őŕřěďěń£ŋěšő (šěőřěšĺůŋő ĺ ěłśŕěřĺňěŋšăńŋő) ćĺďă ŋă φ_u ĺ φ_θ śă ŕőśÓ ćěšěŋĺ ňŋőčő ĺğśńěďćăŋĺ£ [1, 2]. Ć šőćă őšŋőÿěŋĺě śě řăğńĺůăćăš čńăćŋő ďćě šěţŋĺ řăğŋőćĺďŋőśšĺ. Śšăŋăńĺ£š ćěůě łńăśĺůěśłĺ ćăřĺăŋš, ąăğĺřăź śě ŋă šěÓ őřěšĺůŋĺšě ăśĺňŕšőšĺ ŋă šěőřĺ£šă ŋă ŕőďőąĺěšő, ĺňă ćĺďă [3]

φ_u =

1 + B_uξ , ξ ≤ ξ_k ( 1 R_{f k} ) ξ , ξ ≥ ξ_k , ξ > 0 { 1 − b|ξ| , |ξ| ≤ ξ_i c|ξ|^{−1/3} , |ξ| ≥ ξ_i , ξ < 0 ,

φ_θ = 1 + B_θξ, ξ ≤ ξ_k ( 1 dR_{f k} ) ξ , ξ ≥ ξ_k , ξ > 0 { 1 − b_θ|ξ| , |ξ| ≤ ξ_i C_θ|ξ|^{−1/3} , |ξ| ≥ ξ_i , ξ < 0 .

(3)

Ćĺęďă śě, ůě φ_u ĺ φ_θ ğăćĺś£š őš şŋĺćěřśăńŋĺšě łőŋśšăŋšĺ d, R_{f k}, c, C_θ, ξ_i, ξ_k, α_0 = α(ξ = 0), (4) łăšő ćśĺůłĺ őśšăŋăńĺ śě ĺğřăğ£ćăš ůřěğ š£ţ őš şśńőćĺěšő ğă ŋěŕřěłžśŋăšőśš ŋă (3) B_k = 1 R_{f k} − 1 ξ_k , B_θ = 1 dR_{f k} − 1 α_0ξ_k ,

b = c ξ_i − 1 ξ^{1/3}_i , b_θ = 1 α_0ξ_i − C_θ ξ^{1/3}_i . (5)

Šşł R_{f k} ě łřĺšĺůŋő ůĺśńő ŋă Řĺůăřďśžŋ, ξ_i ĺ ξ_k { ąěğřăğňěřŋĺ ćĺśőůĺŋĺ ŋă ďĺŋăňĺůŋĺšě ŕőďśńőěćě ŕřĺ şśšőľůĺćă ĺ ŋěşśšőľůĺćă śšřăšĺťĺłăűĺ£ ć ŔŚ. Ěďĺŋ ňőďĺťĺűĺřăŋ ćăřĺăŋš ŋă (3) śě ąăğĺřă ŋă ŕřěďŕőńőęěŋĺěšő φ_u ≡ φ_θ ĺ ŋ£łőĺ őŕřőśš£ćăŋĺ£:

φ_u = φ_θ = 1 + B_uξ, ξ > 0 1, |ξ| ≤ ξ_i c|ξ|^{1/3}, |ξ| ≥ ξ_i, (6)

Ć (3), łăłšő ĺ ć (6), łőŋśšăŋšĺšě (4) śă őŕřěďěńěŋĺ ŕő ěłśŕěřĺňěŋšăńŋĺ ďăŋŋĺ őš 60-šě čőďĺŋĺ ŋă XX ć.: α = 1, d = 1, R_{f k} = 0,08 c = C_θ = 0,36, ξ_i = 0,07, ξ_k = 0,4. (7) Ć śžőšćěšśšćĺě ś ŕő-ŋőćĺ ěłśŕěřĺňěŋšăńŋĺ ďăŋŋĺ [4] śě ŕřěďńăčăš śńěďÓ ŋĺšě ěňŕĺřĺůŋĺ ĺğřăğĺ ğă φ_u ĺ φ_θ:

φ_u = { (1 − b^′ξ)^{1/4} (1 − B^′ξ)

, (8) φ_θ = 1 α_0

(1 − b^′_θξ)^{−1/2}, ξ < 0 1 α_0 (1 − B^′_θξ), ξ > 0 , (9)

łžďěšő α_0 = 1,35, b^′ = 9, b^′_θ = 15, B^′ = 4,7, B^′_θ = 6,35.

Źě őšąěńěęĺň, ůě ťőřňşńĺ (8) ŋě śě śžčńăśşćăš ś šěőřěšĺůŋĺšě ăśĺňŕÓ šőšĺůŋĺ řěğşńšăšĺ ğă śćőąőďŋă łőŋćěłűĺ£. Ŋěğăćĺśĺňő őš ĺğćěśšŋă ďĺśłşśĺőŋÓ ŋőśš ăśĺňŕšőšĺšě ŕřĺ ŋěşśšőľůĺćă śšřăšĺťĺłăűĺ£ "−1/4\ ĺ "−1/2\ ŋě ňőčăš ďă śě őąőśŋőćăš ć řăňłĺšě ŋă šěőřĺ£šă ŋă ŕőďőąĺěšő [5]. Őśćěŋ šőćă ćžć ćřžğłă ś řăğćĺšĺěšő ŋă šěőřĺ£šă ŋă łőŋćěłšĺćŋĺ£ ŔČŚ ŕőšćžřęďěŋĺě ĺ ňăśőćő řăğÓ ŕřőśšřăŋěŋĺě ŕőńşůĺ łńăśĺůěśłăšă ăśĺňŕšőšă "−1/3\. Ŕőřăďĺ šőćă ć řěďĺűă řăąőšĺ ŕřĺ ξ < 0 (8) śě łőřĺčĺřăš ĺ ňőďĺťĺűĺřăš ćžć ćĺďă [6{8]

φ_u(ξ) = (1 − P_uξ)^{−1/3}, φ_θ(ξ) = 1 α_0

(1 − P_θξ)^{−1/3}, ξ < 0. (10)

Ć řăąőšĺšě [8] śă ćžćěďěŋĺ ĺ ĺğŕőńğćăŋĺ şŋĺćěřśăńŋĺšě ťşŋłűĺĺ φ_u ĺ φ_θ ŕřĺ ŋěşśšőľůĺćă śšřăšĺťĺłăűĺ£, őŕĺśăŋĺ ś ťőřňşńĺ (10), ŕřĺ şśšőľůĺćă { (9), ğă śńěďŋĺšě śšőľŋőśšĺ ŋă ťĺčşřĺřăźĺšě ć š£ţ łőŋśšăŋšĺ

α_0 = 1, P_u = 7, P_θ = 60, (11)

B^′ = 5,5, B^′_θ = 7,5. (12)

Šőğĺ ĺğąőř ŋă łőŋśšăŋšĺšě śě ŕőšćžřęďăćă łăšő őŕšĺňăńěŋ ĺ ć ŕő-łžśŋăšă őąğőřŋă řăąőšă ğă şŋĺćěřśăńŋĺšě ťşŋłűĺĺ [9].

Ĺŋšěřěśěŋ ě śžźő ćžŕřőśžš ğă śžčńăśşćăŋě (śžćŕăďěŋĺě) ŋă φ_u(ξ) ĺ φ_θ(ξ), ğăďăďěŋĺ śžőšćěšŋő ůřěğ (3, 8{10). Ťşŋłűĺĺ (10) ŕřĺ őšůĺšăŋě ŋă (11) ŕřăłšĺÓ ůěśłĺ śžćŕăďăš ś (8). Źő śě łăśăě ďő (3), šő šě śžźő śě őłăğćăš ňŋőčő ąńĺğłĺ ďő (10) ĺ (9) ŕřĺ őšůĺšăŋě ŋă (11) ĺ (12), ŋő ŕřĺ śńěďŋăšă ŕřőň£ŋă (ăłšşăńĺğăűĺ£) ŋă łőŋśšăŋšĺšě (4) [8]: α_0 = 1 α = 0,75 R_{f k} = 0,18 ξ_k = 0,8 c = 0,5 c_0 = 0,25 ξ_i = 0,16.

(13)

Ŕő-ďőńş ć řăąőšăšă śě ĺğŕőńğćăš şŋĺćěřśăńŋĺšě ťşŋłűĺĺ φ_u ĺ φ_θ, ğăďăÓ ďěŋĺ ůřěğ (9) ĺ (10), ŕřĺ őšůĺšăŋě ŋă (11) ĺ (12), łőĺšő, łăłšő ŕőďůěřšăţňě ćěůě, śă ć ňŋőčő ďőąřő śžčńăśĺě ś ŕőśńěďŋĺšě őąřăąőšłĺ ĺ ăŋăńĺğĺ ŋă ěłśŕěřĺÓ ňěŋšăńŋĺšě ďăŋŋĺ [9].

R_{ib}-ŔŐĎŢŐĎ ĞĂ ŐŔŘĚĎĚŃ§ŊĚ ŊĂ ŔŐŠŐŰĹŠĚ

Śńěď ĺŋšěčřĺřăŋě ŋă ĺğřăğĺšě (1) ğă čřăďĺěŋšĺšě ŋă śłőřőśššă ĺ šěňŕěÓ řăšşřăšă ŕő z, śžőšćěšŋő őš z_3 ďő z_4 (ξ_3 ďő ξ_4 ) ĺ z_1 ďő z_2 (ξ_1 ďő ξ_2), ŕőńşůăćăňě

u_3 − u_4 = u_∗ χ [ ln ξ_4 ξ_3

− Ψ_u(ξ_4) − Ψ_u(ξ_3) ] , θ_2 − θ_1 = T_∗ χ [ ln ξ_2 ξ_1

− Ψ_θ(ξ_2) − Ψ_θ(ξ_1) ] , (14)

łžďěšő ξ_1 = z_1 L , ξ_2 = z_2 L , ξ_3 = z_3 L , ă ťşŋłűĺĺšě Ψ_u ĺ Ψ_θ śě őŕřěďěń£š ŕő ťőřňşńĺšě

Ψ_u(ξ_i) = ∫_{ξi} ξ_0

[1 − φ_u(ξ)] dξ ξ , i = 3, 4, Ψ_θ(ξ_i) = ∫_{ξi} ξ_0

[1 − φ_u(ξ)] dξ ξ , i = 1, 2, (15)

Łăšő ğăňěśšĺň ć (15) ĺğřăğĺšě ğă φ_u ĺ φ_θ, ńěśŋő őŕřěďěń£ňě £ćŋĺ£ ăŋăńĺÓ šĺůěŋ ćĺď ŋă Ψ_u ĺ Ψ_θ őš ξ ğă ćśěłĺ őš řăğčńěďăŋĺšě ć ŕřěďŋĺ£ řăğďěń śńşůăĺ. Ŕřĺ ĺğŕőńğćăŋě ŋă ŕřĺğěňŋĺ čřăďĺěŋšŋĺ ďăŋŋĺ ě űěńěśžőąřăğŋő ďă śě ćžćěďě śńěďŋĺ£ őąőąźěŋ ĺŋšěčřăńěŋ ŕăřăňěšžř ŋă şśšőľůĺćőśš ć ŔŚ R_{ib} = β(θ_2 − θ_1)Δz^2_u (u_4 − u_3)^2Δz_θ

, (16)

łžďěšő Δz_u = z_4 − z_3, ă Δz_θ = z_2 − z_1.

Ś ŕőňőźšă ŋă (14) ĺ (15) čőřŋĺ£š ĺğřăğ śě ğăŕĺśćă ćžć ćĺďă

R_{ib} = ln ( ξ_2 ξ_1 ) − Ψ_θ(ξ_2) + Ψ_θ(ξ_1)

α_0 [ ln ( ξ_4 ξ_3 ) − Ψ_u(ξ_4) + Ψ_u(ξ_3) ] (ξ_4 − ξ_3)^2 (ξ_2 − ξ_1)

. (17)

Ć ůăśšŋĺ£ śńşůăľ z_4 = z_2, z_3 = z_1 R_{ib} śžćŕăďă ś ĺŋšěčřăńŋőšő ůĺśńő ŋă Řĺůăřďśžŋ ğă śńő£ z_2 − z_1

R_{ib} = ln ( ξ_2 ξ_1 ) − Ψ_θ(ξ_2) + Ψ_θ(ξ_1)

α_0 [ ln ( ξ_2 ξ_1 ) − Ψ_u(ξ_2) + Ψ_u(ξ_1)

] (ξ_2 − ξ_1). (18)

Ăłő ďőńŋőšő ŋĺćő ŋě śě őšŋěśě łžň ğěňŋăšă ŕőćžřţŋőśš z_1 = z_0 (š. ě. ξ_1 = z_0/L) ĺ z_2 = z (ξ_2 = ξ) śě ŕřĺěňě ğă šěłşźő ŋĺćő ć ŔŚ, šő (18) śě ňőďĺťĺűĺřă ćžć ćĺďă

R_{ib} = ln ( ξ ξ_0 ) − Ψ_θ(ξ)

α_0 [ ln ( ξ ξ_0 ) − Ψ_u(ξ) ] ξ, (19)

łăšő ć šőğĺ śńşůăľ R_{ib} ğăćĺśĺ ĺ őš čřăŕăćőśššă ŋă ğěňŋăšă ŕőćžřţŋőśš ŕőśÓ řěďśšćőň ξ_0 = z_0/L.

Ŕřĺ ćĺśőłă řăśšĺšěńŋőśš (19) ňőęě ďă śě ňőďĺťĺűĺřă, łăšő śě őšůěšě śžőšćěšŋăšă ŕőŕřăćłă ć ńőčăřĺšňĺůŋĺ£ ğăłőŋ

R_{ib} = ln ( z − d_0 z_0 ) − Ψ_θ(ξ^′)

α_0 [ ln ( z − d_0 z_0 ) − Ψ_u(ξ^′)

] ξ^′, ξ^′ = (z − d_0)/L, (20)

łžďěšő d_0 ě š. ŋăř. ćĺśőůĺŋă ŋă őšňěśšćăŋě, ůřěğ łő£šő ć ďăďěŋĺ£ śńşůăľ śě ŕőśšĺčă ăŋşńĺřăŋě ŋă śłőřőśššă ŋă ŋĺćő z = z_0 + d_0.

Ć ğăćĺśĺňőśš őš űěńĺšě ŋă łőŋłřěšŋăšă ğăďăůă őš (17) ňőčăš ďă śě ŕőńşÓ ůăš ĺ ďřşčĺ ňőďĺťĺűĺřăŋĺ ćăřĺăŋšĺ.

Ćžć ćśĺůłĺ śńşůăĺ ŕřĺ ğăďăďěŋĺ ŋĺćă z_1, z_2, z_3 ĺ z_4 R_{ib} ŕřěďśšăćń£ćă ĺğćěśšŋă ěďŋőğŋăůŋă ťşŋłűĺ£ śăňő ŋă L ĺ ξ_0 (ĺ őźě D_0 = d_0/L ŕřĺ ćĺśőłă řăśšĺšěńŋőśš). Śńěď ŕřőűěďşřă ŋă őąřžźăŋě ŋă šăğĺ ťşŋłűĺ£ őŕřěďěń£ňě L = L(R_{ib}, ξ_0, D_0). Łăšő ğăňěśšĺň ŕőśńěďŋăšă ć (14) ĺ (15) (ğăŕĺśăŋĺ ğă śžźĺšě ŋĺćă, łăłšő ĺ R_{ib}), őŕřěďěń£ňě ńěśŋő ŕőšőłă ŋă ĺňŕşńś (u_∗) ĺ ŕőšőłă ŋă šőŕńĺŋă (q) ć ŔŚ ůřěğ śŕőňěŋăšĺšě ŕăřăňěšřĺ R_{ib}, ξ_0, D_0. Ŕřĺ ĺğąřăŋő z_1, řăğńĺůŋő őš ŕřĺğěňŋőšő ŋĺćő z_0 ĺ D_0 = 0, őśšăćă śăňő ğăćĺśĺňőśššă őš R_{ib}. Ŕő šőğĺ ŋăůĺŋ ňőčăš ďă śě őŕřěďěń£š ŋě śăňő ŕőšőűĺšě, ă ĺ řěďĺűă ďřşčĺ, ŕřőĺğćőďŋĺ őš š£ţ ćěńĺůĺŋĺ.

Źě ğăŕőůŋěň śžś śšăŋďăřšěŋ ĺğąőř ŋă ŋĺćăšă ğă čřăďĺěŋšŋĺ ĺğňěřćăŋĺ£

z_2 = 22, z_1 = 0,5, (21)

łőčăšő śžčńăśŋő ś (16) R_{ib} ŕřĺěňă ćĺďă R_{ib} = βΔθ (Δu)^2

Δz. (22)

Šşł Δθ = θ_2 − θ_{0,5}, Δu = u_2 = u_0, Δz = 1,5 m.

Ŕřĺ ĺğąőř ŋă ŋĺćăšă

z_2 = 10, z_1 = z_0 (23)

śě ĺğŕőńğćă őšŋőćő ĺğřăğă (22) ğă R_{ib}, ŋő śěčă Δu = u_{10}, z_1 = 0,5, Δθ = θ_{10} − θ_0.

Ěďĺŋ ďřşč, ÿĺřőłő ĺğŕőńğćăŋ ĺğąőř ŋă ŋĺćăšă ě śńěďŋĺ£š

z_2 = 2 m, z_1 = 0, 5 m, z_4 = h_m = 1 m, (24)

ŕřĺ łőľšő ćěńĺůĺŋĺšě C_d = u_∗ u ĺ C_H = − H ρC_pu(θ_2 − θ_{0,5}) ğăćĺś£š őš ŕăřăňěšÓ řĺšě R_{ib} = βΔθ u^2 h_m, ξ_0 = z_0 h_m (25)

łžďěšő Δθ = θ_2 − θ_{0,5}, u = u(z = 1 ).

Ťĺč. 1. Ŋőňőčřăňĺ ğă őŕřěďěń£ŋě ŋă őąěğřăğňěřěŋĺ£ ŕőšőł šőŕńĺŋă −H/ρC_pU(θ_2 − θ_{0,5}) ĺ őąěğřăğňěřěŋĺ£ ŕőšőł ŋă ĺňŕşńś u_∗/u ŕő R_{ib} ĺ ξ_0

Ć łăůěśšćőšő ŋă łőŋłřěšěŋ ŕřĺňěř ŋă ťĺč. 1 śă ŕőłăğăŋĺ ŋőňőčřăňĺ ğă őŕřěďěń£ŋě ŋă łőěťĺűĺěŋšĺšě ŋă śžŕřőšĺćńěŋĺě c_d ĺ šőŕńőőąňěŋ c_H ć ğăćĺśĺÓ ňőśš őš ĺŋšěčřăńŋőšő ůĺśńő ŋă Řĺůăřďśőŋ R_{ib} ĺ ŕăřăňěšžřă ξ_0, ğăďěŋĺ ůřěğ (25). Ŕřĺ ŕőńşůăćăŋě ŋă šěğĺ ŋőňőčřăňĺ ě ĺğŕőńğćăŋă ŕőśšăŋőćłă (14, 24 ĺ 25) ŕřĺ őšůĺšăŋě ŋă şŋĺćěřśăńŋĺšě ťşŋłűĺĺ φ_u ĺ φ_θ śžčńăśŋő (9{12).

ĆŘŽĞŁĹ ŇĚĘĎŞ Ŋ§ŁŐĹ ŔĂŘĂŇĚŠŘĹ ŊĂ ŞŚŠŐĽŮĹĆŐŚŠ

Ć šěőřěšĺůŋĺšě ĺ ŕřĺńőęŋĺšě ĺğśńěďćăŋĺ£ ŋă ŔŚ ĺ ŔČŚ śě ĺğŕőńğćăš řăğńĺůŋĺ ŕăřăňěšřĺ (łřĺšěřĺĺ ŋă şśšőľůĺćőśš). Ğŋăůĺšěńěŋ ĺŋšěřěś ŕřěďśÓ šăćń£ćăš ćřžğłĺšě μ = μ(R_0, S), ~L = ~L(R_0, S), μ = μ_{R0} (~L), (26)

łžďěšő μ = χ(u_8/f)/L ě ćžšřěÿěŋ ŕăřăňěšžř ŋă śšřăšĺťĺłăűĺ£, S = βδθ/fG_0 { ćžŋÿěŋ ŕăřăňěšžř ŋă śšřăšĺťĺłăűĺ£, R_0 = G_0/fz_0 { ŕőćžřţŋĺŋŋő ůĺśńő ŋă Řőśąĺ, ~L = L/(G_0/f), G_0 { ňőďşń ŋă čěőśšřőťŋĺ£ ć£šžř, f_0 { ŕăřăňěšžř ŋă Łőřĺőńĺś. Ŋă ťĺč. 2 ě ŕőłăğăŋă ŋăŕřĺňěř ğăćĺśĺňőśššă μ(R_0, S), ćğěšă őš [8].

Ťĺč. 2. Ğăćĺśĺňőśš ŋă μ őš R_0 ĺ S.

Ŕőďőąŋĺ ŋőňőčřăňĺ ŕőğćőń£ćăš ŕřĺ ĺğŕőńğćăŋě ŋă ćžŋÿŋĺ ăěřőńőčőśĺÓ ŋőŕšĺůŋĺ ŕăřăňěšřĺ (ğă łőĺšő śě ŕřőćěęďăš řşšĺŋŋĺ ĺğňěřćăŋĺ£ ĺ śńěď šőćă śě ŋăŋăś£š ćžřţş śĺŋőŕšĺůŋĺšě łăřšĺ) ďă śě őŕřěďěń£š ćžšřěÿŋĺšě ğă ŔČŚ ŕăřăňěšřĺ ŋă şśšőľůĺćőśš μ ĺ L.

Ć ŔŚ ŕřĺ ĺğŕőńğćăŋě ŋă ŕřĺğěňŋĺ ďăŋŋĺ őš čřăďĺěŋšŋĺ ĺğňěřćăŋĺ£ ě ĺğćěśšěŋ ĺŋšěčřăńŋĺ£š ŕăřăňěšžř ŋă śšřăšĺťĺłăűĺ£ R_{ib} ĺ ŋěčőćĺšě ňőďĺťĺÓ łăűĺĺ (22, 25) ć ğăćĺśĺňőśš őš ĺğąőřă ŋă ŋĺćăšă ŋă ŕřĺğěňŋĺšě ĺğňěřćăŋĺ£ (őğŋăůěŋĺ łăšő ďőńŋĺ ĺŋďěłśĺ ćžć ťőřňşńĺ (25, 27, 28)).

Őśŋőćŋă ğăďăůă, łő£šő ćžğŋĺłćă šşł, ě őŕřěďěń£ŋě ŋă μ ĺ L ŕřĺ ğăďăďěŋ ćţőďěŋ ŕăřăňěšžř R_{ib} (ĺčřăěź řőń£ ŋă ćžŋÿěŋ ŕăřăňěšžř ŋă śšřăšĺťĺłăűĺ£ ğă ďăďěŋĺ£ śńőľ ć ŔŚ, ğă łőľšő ě ďěťĺŋĺřăŋ). Ć łăůěśšćőšő ŋă łőŋłřěšěŋ ŕăřăÓ ňěšžř źě řăğčńěďăňě śńşůă£ ŋă ĺğąőř ŋă ŋĺćăšă (24), ŕřĺ łőĺšő R_{ib} śžćŕăďă ś (25). Šžřśěŋĺšě ğăćĺśĺňőśšĺ ĺňăš ćĺďă

L h_m = φ(R_{ib}, ξ_0), R_{ib} = βΔθ u^2 h_m, ξ_0 = z_0 h_m , (27) μ = mu_∗(R_{ib}, ξ_0)χ ~R_{0i}, ~R_{0i} = u fh_m , (28)

łžďěšő φ = − 1 χ (u_∗/u)^3 −H/ρC_puΔθ 1 R_{ib} , μ_∗ = u_∗/u L/h_m . (29)

Šşł u = u(z = 1 m), Δθ = θ_{1,5} − θ_0, h_m = 1 m, ă u_∗/u ĺ −H/ρC_puΔθ śă őŕřěďěńěŋĺšě ćěůě ŕő-čőřě ťşŋłűĺĺ ŋă R_{ib} ĺ ξ_0, ŕőłăğăŋĺ ŋă ťĺč. 1, šăłă ůě ćĺďžš ŋă φ ĺ μ_∗ śžźő ě őŕřěďěńěŋ.

Ťőřňşńĺ (27{29) śě ŕőńşůăćăš ůřěğ śšăŋďăřšŋă ŋőřňĺřőćłă ś h_m, u ĺ Δθ ŋă ďěťĺŋĺűĺőŋŋĺšě ťőřňşńĺ ğă μ { μ = χu_∗/fL ĺ L { L = −u^3_∗/χβq.

Ŋă ťĺč. 3 śă ŕőłăğăŋĺ őŕřěďěńěŋĺšě ŕő šőğĺ ŋăůĺŋ ğăćĺśĺňőśšĺ (27) ĺ (28). Šě ŕőğćőń£ćăš ŕő ĺğćěśšŋĺ ďăŋŋĺ śăňő őš čřăďĺěŋšŋĺšě ĺğňěřćăŋĺ£ h_m, u, Δθ, š. ě. ŕő R_{ib} ĺ ŕăřăňěšžřă ŋă čřăŕăćőśš Z_0 (ůřěğ ξ_0), ďă śě őŕřěďěń£š ŕăřăňěšřĺšě ŋă şśšőľůĺćőśš μ ĺ L.

Ś ŕőňőźšă ŋă ŕőďţőď£źă łőňąĺŋăűĺ£ őš ğăćĺśĺňőśšĺšě (27) ĺ (28) śě ŕőńşůăćă ĺ ďĺřěłšŋăšă ćřžğłă ňěęďş μ_∗ ĺ L L h_m = Ψ(μ_∗, ξ_0), (30)

łő£šő ě ŕőłăğăŋă śžźő ŋă ťĺč. 3.

Źě őšąěńěęĺň őźě, ůě ćžğ őśŋőćă ŋă ĺğńőęěŋĺšě ŕő-čőřě řěğşńšăšĺ ňőęě ďă śě őŕřěďěńĺ ĺ ćřžğłăšă ňěęďş ĺğćěśšŋĺšě łřĺšěřĺĺ (łńăśőćě) ŋă şśšőľůĺÓ ćőśš ŋă Ŕăśłćĺń{Šžřŋžř (KL) KL = A, B, C, D, E, F ĺ ćžŋÿŋĺšě ğă ŔČŚ ŕăřăňěšřĺ R_0, S [10] KL = KL(R_0, S), (31) ĺńĺ śžőšćěšŋĺšě šăłĺćă ğă ŕřĺğěňŋĺ£ śńőľ R_{ib}, ξ_0 KL = KL(R_{ib}, ξ_0). Ĺğćěśšŋő ě, ůě łńăśőćěšě ćăřĺřăš ć őŕřěďěńěŋ ďĺăŕăğőŋ [11]. Ăłő ğă őŕÓ řěďěńěŋőśš śě ĺğąěřě ćśěłĺ łńăś ďă ĺňă šĺŕĺůŋă śšőľŋőśš, śžőšćěśšćăźă ŋă űěŋšžřă ŋă ďăďěŋĺ£ ĺŋšěřćăń, ĺ śě ĺğŕőńğćăš řěğşńšăšĺšě őš [11] ĺ [12], łžďěÓ šő KL = KL_{z0} (L), KL = KL_{z0} (μ), (32)

Ťĺč. 3. Ŋőňőčřăňĺ ğă őŕřěďěń£ŋě ŋă L/hm ŕő R_{ib} ĺ μ_∗ ŕřĺ řăğńĺůŋĺ ξ_0 ĺ ŋőňőčřăňă ğă őŕřěďěń£ŋě ŋă μ_∗ ŕő R_{ib} ĺ xi_0

ňőęě ďă śě őŕřěďěńĺ ĺ ğăćĺśĺňőśššă ŋă łńăśőćěšě őš R_0, S ĺńĺ R_{ib}, ξ_0. Šőćă śšăćă, łăšő ć (32) L ś μ śě ĺğřăğ£š śžőšćěšŋő ůřěğ ťőřňşńĺšě (26) ĺńĺ (27) ĺ (28).

ŚŽČŃĂŚŞĆĂŊŐŚŠ ŊĂ ĆŽŊŸŊĹŠĚ ĞĂ ŔČŚ Ĺ ŔŘĹĞĚŇŊĹŠĚ ŔĂŘĂŇĚŠŘĹ Ĺ ŚĆŽŘĞĂŊĹŠĚ Ś Š§Ţ ŁŘĹŠĚŘĹĹ ŊĂ ŞŚŠŐĽŮĹĆŐŚŠ

Ć ŕřěďŋĺ£ řăğďěń ą£ţă ŕőłăğăŋĺ ŕőőšďěńŋő ğăćĺśĺňőśšĺšě ŋă ŕăřăňěšÓ řĺšě ŋă şśšőľůĺćőśš őš ćžŋÿŋĺšě ăěřőńőčőśĺŋőŕšĺůŋĺ ŕăřăňěšřĺ (R_0, S) ĺ ŕřĺğěňŋĺšě (R_{ib}, ξ_0).

Šşł ćžğŋĺłćă ćžŕřőśžš ğă śžčńăśşćăŋě ŋă šěğĺ ďćă šĺŕă ćţőďŋĺ ŕăřăňěšÓ řĺ, š. ě. őŕřěďěń£ŋě ćřžğłĺšě ňěęďş š£ţ.

Ğă űěńšă źě ĺğŕőńğćăňě ňěšőďă, řăğćĺš őš Śĺřăłőć ć [8], łőľšő śě őśŋőćăćă ŋă ŕőďţőď£źő ŋőřňĺřăŋě ĺ ŕřěřăąőšłă ŋă ğăłőŋĺšě ğă śžŕřőšĺćńěŋĺě ć ŔČŚ, ś ŕřĺğěňŋĺšě ŕăřăňěšřĺ −χ ν_{g0} u = f_1, f_1 = B(μ) u_∗ μ , (33) χ u_{g0} u = f_2, f_2 = u_∗ u [ ln (u_∗ u ~R_0 ) − A(μ) ] , (34) χ δθ Δθ = f_3, f_3 = 1 α_0 T_∗ Δθ [ ln ( u_∗ u ~R_0 ) − C(μ) ] (35)

ĺ łžň ŋě£ šř£ąćă ďă śě ďőąăćĺ őźě ěďŋő şřăćŋěŋĺě ğă őŕřěďěń£ŋě ŋă α:

tg α = f_4, f_4 = B(μ) ln (u_∗ u ~R_0 − A(μ) ) , (36)

łžďěšő A(μ), B(μ), C(μ) śă şŋĺćěřśăńŋĺ ťşŋłűĺĺ ć ğăłőŋă ğă śžŕřőšĺćńěŋĺÓ ěšő ć ŔČŚ, ~R_0 = u/fz_0 { ŕőćžřţŋĺŋŋő ńőłăńŋő ůĺśńő ŋă Řőśąĺ ć ŔŚ (ć ďőńÓ ŋĺ£ ěďŋőňěšřőć śńőľ), (u_{g0}, ν_g) { łőňŕőŋěŋšĺ ŋă čěőśšřőťŋĺ£ ć£šžř ś ňőďşń G_0 = (u_{g0} − ν^2_{g0})^{1/2}, δθ = (θ_h − θ_0) { ďěťěłš (śŕăď) ŋă šěňŕěřăšşřăšă ć ŔČŚ, α { žčžń ňěęďş ĺğőąăřĺšě ĺ ŕřĺğěňŋĺ£ ć£šžř (žčžń ŋă ŕžńŋő ğăćžřšăŋě ŋă ć£šžřă ć ŔČŚ). Őśšăŋăńĺšě őğŋăůěŋĺ£ ą£ţă řăğ£śŋěŋĺ ćěůě ŕő-čőřě. ŔőśńěďÓ ŋăšă ťőřňşńă (36) ě ŕőńşůěŋă ćžğ őśŋőćă ŋă ďěťĺŋĺűĺőŋŋőšő śžőšŋőÿěŋĺě ğă α − (tg α = −ν_{g0}/u_{g0}), ŋőřňĺřăŋěšő ŋă u ĺ őšůĺšăŋěšő ŋă (33) ĺ (34).

Ĺğŕőńğćăŋĺšě ŕřĺğěňŋĺ ŕăřăňěšřĺ δθ, u, h ĺ śžőšćěšŋăšă R_{ib} ŕăřăňěšÓ řĺğăűĺ£ ŋă ŔŚ źě śůĺšăňě śžőšćěšśšćăźĺ ŋă śńşůă£ (24), (25), š. ě.

Δθ = θ_2 − θ_{0,5}, u = u(z = 1 m), h = h_m = 1 m.

Ćžğ őśŋőćă ŋă ďěťĺŋĺűĺőŋŋĺšě śžőšŋőÿěŋĺ£ ğă S = βδθ/fG_0 ĺ śńěď R_0 = G_0/fz_0 ŕőďţőď£źő ŋőřňĺřăŋě ĺ ĺğŕőńğćăŋě ŋă (33) ĺ (35) śě ŕőńşůăćăš őźě śńěďŋĺšě ĺŋšěřěśŋĺ ćřžğłĺ

S = ~SF_1, F_1 = f_3 (f^2_1 + f^2_2 )^{1/2} , ~S = βδθ fu , (37)

R_0 = 1 χ ~R_0F_2, F_2 = (f^2_1 + f^2_2 )^{1/2}, ~R_0 = u fz_0 (38)

ňěęďş ćžŋÿŋĺšě ğă ŔČŚ (R_0, S) ĺ śžőšćěšŋĺšě ŕřĺğěňŋĺ šăłĺćă ( ~R_0, ~S) ŕăřăÓ ňěšřĺ.

Ůřěğ (33) ĺ (34) ŋăňĺřăňě őźě

G_0 = 1 χ uF_2. (39)

Ğă şŋĺćěřśăńŋĺšě ťşŋłűĺĺ A(μ), B(μ) ĺ C(μ) śě ĺğŕőńğćăš ĺğřăğĺšě, ŕőÓ ńşůěŋĺ őš Śĺřăłőć [8] ś őšůĺšăŋě ŋă (9{12). Ďěśŋĺšě ůăśšĺ ŋă (33{39), š. ě. ťşŋłűĺĺšě f_1 − f_4, F_1, F_2 ğăćĺś£š őš ŕăřăňěšřĺšě μ, u_∗ u (40)

ĺ T_∗/Δθ, ~R_0, łőĺšő ńěśŋő śě ĺğřăğ£ćăš ćžć ćĺďă T_∗ Δθ = −H/ρC_pΔθu χu_∗/u (41)

~R_0 = ~R_{0i}ξ^{−1}_0 (42)

łžďěšő R_{0i} ě ŕřĺğěňŋő, ńőłăńŋő ĺŋćěřśĺőŋŋő ůĺśńő ŋă Řőśąĺ (28).

Ťĺč. 4. Ğăćĺśĺňőśš ŋă ŕžńŋĺ£ žčžń ŋă ğăćžřšăŋě ŋă ć£šžřă α őš R_{ib}

Ťĺč. 5. Ğăćĺśĺňőśš ŋă őšŋőÿěŋĺěšő ŋă šěňŕěřăšşřŋĺ£ ďěťěłš ć ŔČŚ δθ = (θ_h − θ_0) ĺ Δθ = θ_{1,5} − θ_0 őš R_{ib}

Ťĺč. 6. Ğăćĺśĺňőśš ŋă ~~S ĺ χ

G_0 u őš R_{ib} ŕřĺ A = 5.10^{−4}

Łăšő śě ŕőśšăć£š ć ďěśŋĺšě ůăśšĺ ŋă (33{39) ťőřňşńĺ (27, 28, 41, 42) ĺ őŕřěďěń£š u_∗/u ĺ q/uΔθ ćžğ őśŋőćă ŋă ŋőňőčřăňĺšě, ŕőłăğăŋĺ ŋă ťĺč. 3, őŕřěďěń£ňě ćĺďă ŋă ťşŋłűĺĺšě f_i ĺ F i őš R_{ib}, ξ_0, ~R_{0i}: f_i = f_i(R_{ib}, ~R_{ib}, ξ_0), i = 1, 2, 3, 4,

F_i = F_i(R_{ib}, ~R_{ib}, ξ_0), i = 1, 2. Ŋ£łőĺ őš ŕőńşůěŋĺšě řěğşńšăšĺ śă ďăďěŋĺ ŕő-ďőńş. Ŋă ťĺč. 4 ě ŕőłăğăŋă ğăćĺśĺňőśššă ňěęďş žčžńă ŋă ŕžńŋő ğăćžřšăŋě ŋă ć£šžřă ć ŔČŚ α ĺ ŕřĺğěňÓ ŋőšő ĺŋšěčřăńŋő ůĺśńő ŋă Řĺůăřďśžŋ R_{ib} ŕřĺ řăğńĺůŋĺ śšőľŋőśšĺ ŋă ŕăřăÓ ňěšžřă A = 1/χ^2 ~R_{0i}. Ăŋăńőčĺůŋă ğăćĺśĺňőśš ğă őšŋőÿěŋĺěšő ŋă šőšăńŋĺ£ ğă ŔČŚ δθ = θ_h − θ_0 ĺ ŕřĺğěňŋĺ£ Δθ = θ_{1,5} − θ_0 ďěťěłš őš R_{ib} ě ďăďěŋă ŋă ťĺč. 5,

ă ğă ŕăřăňěšřĺšě ~~S = S/ ~S ĺ χG_0/u ŕřĺ A = 5.10^{−4} { ŋă ťĺč.6.

Ć ğăłń¿ůěŋĺě źě őšąěńěęĺň, ůě ŕőńşůěŋĺšě ćřžğłĺ (33{38) řěÿăćăš čńăćÓ ŋăšă ğăďăůă ğă śžčńăśşćăŋě ŋă ćţőďŋĺšě ŕřĺğěňŋĺ ĺ ăěřőńőčőśĺŋőŕšĺůŋĺ ŕăÓ řăňěšřĺ.

Ŕřĺ śžąń¿ďăćăŋě ŋă šěğĺ ćřžğłĺ śě ŕőńşůăćă ćžğňőęŋőśš ğă śžŕőśšăćĺÓ ňőśš ŋă řěğşńšăšĺšě, ŕőńşůěŋĺ ś řăğńĺůŋĺ ŕăřăňěšřĺğăűĺőŋŋĺ śţěňĺ, ĺğŕőńğÓ ćăźĺ ŕřĺğěňŋĺ ĺ ćžŋÿŋĺ ğă ŔČŚ ŕăřăňěšřĺ.

Ŋ§ŁŐĹ ĎŐŔŽŃŊĹŠĚŃŊĹ ĚŤĚŁŠĹ

Šşł źě śě śŕřěň ŋă ŋ£łőĺ ďőŕžńŋĺšěńŋĺ ěťěłšĺ, łőĺšő ňőčăš ďă ąžďăš őšůěšěŋĺ ć ĺğńőęěŋĺšě ŕő-čőřě ŕăřăňěšřĺğăűĺőŋŋĺ śţěňĺ. Źě ğăŕőůŋěň śžś śńşůă£ ŋă ŕăřăňěšřĺğăűĺ£ ŋă ŕőšőűĺšě ŋăď ňőřśłă ŕőćžřţŋőśš. Ć šőğĺ śńşůăľ śţěňăšă ŋă R_{ib}-ŕăřăňěšřĺğăűĺ£ śńěďćă ďă śě ňőďĺťĺűĺřă, łăšő śě őšůěšě ťăłšă, ůě ŕăřăňěšřĺšě ŋă čřăŕăćőśš ŋě śă ŕőśšő£ŋŋĺ ĺ ğăďăďěŋĺ őšŋăŕřěď ćěńĺůĺŋĺ, ă śě ĺğřăğ£ćăš ůřěğ ťőřňşńĺšě (13):

z_{0u} = 0,1 ν u_∗ + a u_∗ g , α = { 0,015 ğă őšłřĺšő ňőřě, 0,03 ğă łřăľąřěęŋă ğőŋă,

z_{0T} = z_{0q} (43) 1 k ln z_{ou} z_{oT} = { −2, ŕřĺ Re_0 ≤ 0, 1 4Re^{1/2} − 4, 2, ŕřĺ Re_0 ≥ 0, 1.

łžďěšő z_{0u}, z_{0T} , z_{0q} śă śžőšćěšŋő ăěřőďĺŋăňĺůŋă, šěňŕěřăšşřŋă ĺ ćńăęŋőśšŋă čřăŕăćőśš, Re_{ou} = z_0u_∗/ν { ůĺśńő ŋă Řěľŋőńďś ğă čřăŕăćőśš, ν { łőěťĺűĺěŋš ŋă ňőńěłşń£řŋő šřĺěŋě, g { ğěňŋőšő şśłőřěŋĺě.

Źě őąśžďĺň őźě śšăŋăńĺ£ ăłšşăńěŋ ŋăŕőśńěďžł ćžŕřőś ğă ŋěńőłăńŋőšő ćğăĺňőďěľśšćĺě ŋă ŔČŚ ćžć ćĺśőłĺšě čěőčřăťśłĺ ÿĺřĺŋĺ śžś śćőąőďŋăšă ăšÓ ňőśťěřă ŕřĺ śĺńŋă şśšőľůĺćőśš [13]. Ć šőğĺ śńşůăľ ŕřĺ ŕăřăňěšřĺğăűĺőŋŋĺÓ šě śţěňĺ šř£ąćă ďă śě őšůěšăš ďőŕžńŋĺšěńŋĺ ŕăřăňěšřĺ. Šăłă ŋăŕř. ŕřĺ ąăÓ řőšřőŕŋĺ şśńőćĺ£ şŋĺćěřśăńŋĺšě ťşŋłűĺĺ A, B, C ĺ ąěğřăğňěřŋăšă ćěńĺůĺÓ ŋă h/(χu_∗/f) ŋă ŔČŚ šř£ąćă ďă ğăćĺś£š őśćěŋ őš μ őźě ĺ őš ŕăřăňěšžřă ŋă Ąřăŋš{Ćăľśăńă N +(β dθ/ dz)^{1/2}_{z>h}, őšŋăś£ź śě ğă śćőąőďŋăšă şśšőľůĺćő śšřăšĺÓ ťĺűĺřăŋă ăšňőśťěřă ŋăď ŔČŚ. Ăłő őğŋăůĺň łőľ ďă ě őš ĺğąřőěŋĺšě ŕăřăňěšřĺ ś f, šő [13] f = f ( μ, N f ) . (44)

Ŕřĺ ąăřőłńĺŋŋĺ şśńőćĺ£ ć ěďŋő ŕžřćő ŕřĺąńĺęěŋĺě śě ďőąăć£ őźě ŕăřăÓ ňěšžřă R_i, š.ě. [14] f = f ( μ, N f , R_i ) , (45)

łžďěšő

R_i = ( N Γ )_2 (46)

ě ůĺśńő ŋă Řĺůăřďśőŋ, ţăřăłšěřĺğĺřăźő śžćňěśšŋőšő ćńĺ£ŋĺě ŋă N ĺ ąăřőłÓ ńĺŋŋőśššă, Γ = (Γ^2_u +Γ^2_ν )^{1/2}, Γ_u = du_g / dz, Γ_ν = dν/ dz śă ňőďşń ĺ łőňŕőŋěŋšĺ ŋă čěőśšřőťŋĺ£ ć£šžř.

Šşł źě śě őčřăŋĺůĺň śžś śńěďŋăšă ğăąěńěęłă. Ğă ŕő-ŕřěűĺğŋő ŕăřăňěšÓ řĺğĺřăŋě ŋă ąăřőłńĺŋŋĺ£ ěťěłš śăňő ěďĺŋ ŕăřăňěšžř (R_i) ě ŋěďőśšăšžůěŋ. Čěőśšřőťŋĺ£š ć£šžř ŕřĺ ąăřőłńĺŋŋĺ şśńőćĺ£ ć őąźĺ£ śńşůăľ śě ĺğňěŋ£ ŕő čőńěňĺŋă, ŋő śžźő śě ğăćžřšă ś ćĺśőůĺŋăšă, łőěšő őŕĺśćă ăďćěłűĺ£šă ŋă śšşď ĺ šőŕńĺŋă. Ŕőřăďĺ šőćă ě ŋěőąţőďĺňő ďă śě ĺğŕőńğćăš ďćă ŕăřăňěšžřă ŕřĺ ŕăřăňěšřĺğăűĺ£ ŋă £ćńěŋĺěšő: R_{iu} = (N/Γ_u)^2, R_{iν} = (N/Γ_ν )^2 ĺńĺ, łőěšő ě ěłÓ ćĺćăńěŋšŋő, ŋő ŕő-şďőąŋő, R_i ĺ Φ, łžďěšő Φ ě žčžń ŋă ăďćěłűĺ£ ŋă šőŕńĺŋă ĺńĺ śšşď (ňěęďş šěřňĺůŋĺ£ ć£šžř ĺ ĺğőąăřĺšě). Ć śňĺśžńă ŋă łăğăŋőšő (45) šř£ąćă ďă śě ğăňěŋĺ ś ŕő-őąźăšă ťőřňşńă f = f ( μ, N f , Ri, Φ ) . (47)

Ćńĺ£ŋĺěšő ŋă šěğĺ ŕăřăňěšřĺ śě ŕřő£ćăćă (ŕřőŋĺłćă) ĺ ć ŔŚ ŕőśřěďśšćőň ćžšřěÿŋĺ čřăćĺšăűĺőŋŋĺ ćžńŋĺ ć ąăřőłńĺŋŋă śřěďă. Ŕőřăďĺ šőćă čřăďĺěŋšĺšě ŋă śłőřőśššă ĺ šěňŕěřăšşřăšă ć ŔŚ ğăćĺś£š śžźő őš š£ţ, łőěšő śńěďćă ďă śě őšůěšě ŕřĺ řěăńĺğăűĺ£ ŋă R_{ib}-ŕőďţőďă ğă ŕăřăňěšřĺğăűĺ£ ŋă ŕőšőűĺšě.

ĞĂŁŃđŮĚŊĹĚ

Ć řăąőšăšă őš ěďĺŋŋă čńěďŋă šőůłă śă řăğčńěďăŋĺ ĺ śžŕőśšăćěŋĺ ŋ£łőńÓ łő őśŋőćŋĺ ŕăřăňěšřĺğăűĺőŋŋĺ śţěňĺ, ąăğĺřăŋĺ ŋă ğăłőŋĺšě ŋă śžŕřőšĺćńěŋĺě (ĞŚ) ĺ ćžŋÿŋĺ ăěřőńőčőśĺŋőŕšĺůŋĺ ćţőďŋĺ ŕăřăňěšřĺ, R_{ib}-ĺŋšěčřăńěŋ ŕőďÓ ţőď, ĺğŕőńğćăź łăšő ćţőďŋĺ ŕřĺğěňŋĺšě ďăŋŋĺ ĺ łńăśőćěšě ŋă şśšőľůĺćőśš ŋă Ŕăśłćĺń{Šžřŋžř (KL-ňěšőď).

Ć ŕžřćĺšě šřĺ řăğďěńă ŋă śšăšĺ£šă śă ŕőńşůěŋĺ řěďĺűă ćřžğłĺ ňěęďş ŕăÓ řăňěšřĺšě ć řăňłĺšě ŋă ćś£łă ěďŋă őš ŕžřćĺšě ďćě ŕăřăňěšřĺğăűĺőŋŋĺ śţěňĺ. Łăšő őśŋőćŋĺ ňőčăš ďă śě śůĺšăš řěğşńšăšĺšě, ŕőńşůěŋĺ ć ŕőśńěďŋĺ£, ůěšćžřšĺ řăğďěń, łžďěšő ě řěăńĺğĺřăŋ ŕőďţőď ğă śžčńăśşćăŋě ŋă ŕăřăňěšřĺğăűĺőŋŋĺšě śţěňĺ, ŕăřăňěšřĺšě ĺ łřĺšěřĺĺšě ğă şśšőľůĺćőśš, ąăğĺřăźĺ śě ŋă ŕřĺğěňŋĺ ĺńĺ ćžŋÿŋĺ ăěřőńőčőśĺŋőŕšĺůŋĺ ďăŋŋĺ. Šőćă ě ćăęŋă ğăďăůă, ŕőğćőń£ćăźă ďă śě ŕőńşůăš šőůŋĺ ćřžğłĺ ŋă śžőšćěšśšćĺě ňěęďş š£ţ.

Ěďŋă śńěďćăźă ğăďăůă śě ğăłń¿ůăćă ć ŕő-ŋăšăšžÿŋőšő őąőąźěŋĺě ŋă šőğĺ ŕőďţőď ğă śńşůăľ ŋă ŔČŚ ŕřĺ ŋăńĺůĺě ŋă ĺŋćěřśĺĺ, ąăřőłńĺŋŋőśš ĺ ŋăłńőŋ ŋă šěřěŋă, ćłń¿ůĺšěńŋő ĺ ŕřĺ őšůĺšăŋě ŋă ŋěńőłăńŋĺšě ěťěłšĺ (47).

ŃĹŠĚŘĂŠŞŘĂ

1. Yaglom, A. BLM, 11, 1997, 382. 2. Viswanadam, Y. BLM, 19, 1981, 204.

3. Ğĺńĺšĺŋłĺěćĺů, Ś. Ďĺŋăňĺłă ŕőčřăŋĺůŋőčő śńő£ ăšňőśťěřż. Ń., Čĺďřőňěšĺğďăš, 1970. 4. Businger, A. K., J. C. Wingard, Y. Izumi, E. F. Bradley. J. Atmos. Sci., 28, 2, 1971, 181. 5. Ŕăŋůěć, Ś., Ě. Śĺřăłőć. Ňěšěőř. ĺ Čĺďřőń., 1, 1977, 87. 6. Łăğăłőć Ă., Ś. Ńăğăřĺěć. ŤĂŐ, 14, 3, 1978, 257. 7. Vachat, R. and L. Musson-Genon. BLM, 23, 1982, 47.

8. Śĺřăłőć, Ě. Ŕřőűěśĺ ŋă šěřňĺůŋă łőŋćěłűĺ£, ďĺŋăňĺłă, ŕăřăňěšřĺğăűĺ£ ĺ ďĺťşğĺ£ ŕřĺ řăğńĺůŋĺ ňăźăąĺ ć ăšňőśťěřăšă ś ŕřĺńőęěŋĺě łžň őŕăğćăŋě ŋă ŕřĺřőďŋăšă śřěďă (ďĺśěřš. ď.ť.ŋ.) ŚŞ, 1990.

9. Weidinger, T., J. Pinto and L. Horvath. et. Zeitschrift, 9, No 3, 2000, 39. 10. Śĺřăłőć, Ě., Ř. Śšěťăŋőćă. Ann. de l’Univ. de Sofia, Fac. de phys., 94, 2001, 15. 11. Colder, D. BLM, 3, 1972, 47.

12. Tagliazucca, M., T. Nanni. Atm. Env., 17, 3, 1983, 2205.

13. Zilitinkevich, S., A. Baklanov, J. Rost, A. Smedman, V. Lykosov, P. Calanca. QJRMS, 128, 2002, 25.

14. Zilitinkevich, S., I. Esau. QJRMS, 129, 2002, 311.

Ěćčěŋĺ Śĺřăłőć Ŕőśšžŕĺńă ăŕřĺń 2003 Śőťĺľśłĺ Şŋĺćěřśĺšěš "Ść. Łńĺňěŋš Őţřĺďśłĺ\ Ťĺğĺůěśłĺ ťăłşńšěš Łăšěďřă Ňěšěőřőńőčĺ£ ĺ čěőťĺğĺłă Ąşń. "Ďęěľňś Ąăşůěř\ 5 1164 Śőťĺ£, Ąžńčăřĺ£ E-mail: esyrakov@phys.uni-sofia.bg