ŔŐŠŐŁĹ ĞĂŘ§ĘĚŊŊŻŢ ŮĂŚŠĹŰ ĹĞ ŁŐŘŐŊĂŃĲŊŻŢ ĞŐŊ Ś ŔŘŐĎŐŃĲŊŻŇĹ ŠŐŁĂŇĹ

Ŕ.Ă. Ąěáŕăńőć

Ĺŋáâĺâãâ ŕàĺłńăďŋőľ äĺğĺłĺ ŘĂŊ, Ŋĺęŋĺľ Ŋőćčőàőď

Őąńăáâĺ ŕàőďőńìŋëå ćďőńì ňăčŋĺâŋőčő ŕőńï âőłőć åăàăłâěàŋë ďńï áőńŋěçŋőľ ŕńăğňěŋŋőľ őąőńőçłĺ. Ŕàőďőńìŋëě âőłĺ áãéěáâćãîâ ć ğőŋăå ěě ŋěâćěàďőâěńìŋőčő ćàăéěŋĺï. Šőńìłő ŕàőďőńìŋëě âőłĺ ćőğňőęŋë ć ąěááĺńőćëå łőŋäĺčãàăæĺïå, łőâőàëě èĺàőłő őąáãęďăîâáï ć ňőďěńïå łőàőŋăńìŋëå ňăčŋĺâŋëå ŕőńěľ (Ăňăàĺ ĺ ďà, 1997).

Ć ďăŋŋőľ àăąőâě àăááňăâàĺćăîâáï őáőąěŋŋőáâĺ őáŋőćŋëå ňěåăŋĺğňőć ãáłőàěŋĺï ĺ äőàňĺàőćăŋĺï ŕőâőłőć çăáâĺæ ć őąńăáâïå ŕàőďőńìŋëå âőłőć. Őąńăáâĺ łőàőŋăńìŋëå ŕàőďőńìŋëå âőłőć ãďőąŋë ďńï ãáłőàěŋĺï ğăàïęěŋŋëå çăáâĺæ ďő ãňěàěŋŋëå íŋěàčĺľ ć áâăæĺőŋăàŋőň ĺ ŋěáâăæĺőŋăàŋőň àěęĺňăå, őáőąěŋŋő, ěáńĺ ňë ĺňěěň ďěńő á âãàąãńěŋâŋőľ ŕńăğňőľ ĺ "őâłàëâőľ" ć áőńŋěçŋëľ ćěâěà čěőňěâàĺěľ ňăčŋĺâŋőčő ŕőńï.

Şáłőàěŋĺě íńěłâàőáâăâĺçěáłĺň ŕőńěň. Ć őąńăáâĺ á ŕńőâŋőáâìî ŕàőďőńìŋőčő âőłă j_z ĺňěěâáï ĺ ŕàőďőńìŋőě íńěłâàĺçěáłőě ŕőńě E_z = j_z/σ_z , őłăğëćăîéěě ćńĺïŋĺě ŋă íŋěàčěâĺçěáłĺě áŕěłâàë ğăàïęěŋŋëå çăáâĺæ. Őąëçŋő ŕàőďőńìŋăï ŕàőćőďĺňőáâì ŕńăğňë ćëáőłă ĺ áőőâćěâáâćãîéĺľ íääěłâ ŋěćěńĺł. Ğŋăçĺâěńìŋőě ãáłőàěŋĺě âăłőčő âĺŕă ćőğňőęŋő âőńìłő ć ğőŋě ăŋőňăńìŋő ŋĺğłőľ ŕàőćőďĺňőáâĺ, ŋă łőâőàãî ŕàĺďěâáï őáŋőćŋőě ŕăďěŋĺě ŕőâěŋæĺăńă. Ŕő ŋăèěňã ňŋěŋĺî íâő ňőęěâ ĺňěâì ňěáâő, ŋăŕàĺňěà, ć áĺńìŋő âãàąãńĺğőćăŋŋőľ ŕńăğňě. Ňăłáĺňăńìŋăï àăğŋőáâì ŕőâěŋæĺăńőć, ŕàĺńőęěŋŋăï ł áĺńőćőľ ńĺŋĺĺ áőńŋěçŋőčő ňăčŋĺâŋőčő ŕőńï ĺğ-ğă ŋěâćěàďőâěńìŋőčő ćàăéěŋĺï áőńŋěçŋőľ ŕńăğňěŋŋőľ őąőńőçłĺ, ŕőàïďłă ãŋĺŕőńïàŋőľ àăğŋőáâĺ ŕőâěŋæĺăńőć (Ąěáŕăńőć ĺ Ůãčãŋőć, 1996). Δφ ≈ ω_⊙ c R^2_⊙B_⊙. (1)

čďě ω_⊙ - ãčńőćăï áłőàőáâì áőńŋěçŋőčő ćàăéěŋĺï, R_⊙ - àăďĺãá Śőńŋæă, B_⊙ - åăàăłâěàŋőě ňăčŋĺâŋőě ŕőńě ŋă áőńŋěçŋőľ ŕőćěàåŋőáâĺ.

Şáłőàěŋĺě íńěłâàőáâăâĺçěáłĺň ŕőńěň ŕàőĺáåőďĺâ ŕő ŕàőáâěľèěňã ğăłőŋã, ć áőőâćěâáâćĺĺ á łőâőàëň (3) äãŋłæĺï àăáŕàěďěńěŋĺï ãáłőàěŋŋëå çăáâĺæ f ć áâăæĺőŋăàŋőň áńãçăě ğăćĺáĺâ őâ W + qφ , ă ć ăćâőňőďěńìŋőň àěęĺňě W ∼ qφ , čďě W = mv^2_z /2 - łĺŋěâĺçěáłăï íŋěàčĺï. Ăŋăńĺğã ŋăąńîďěŋĺľ ŕőâőłőć ãáłőàěŋŋëå çăáâĺæ ŕőáćïéěŋő őçěŋì ňŋőčő àăąőâ, ŋăŕàĺňěà áâăâìĺ (Řĺňěá ĺ ďà., 1997, Łńïľŋ ĺ ďà., 1997). Ůăáâő őâňěçăěâáï, çâő äãŋłæĺï àăáŕàěďěńěŋĺï ãáłőàěŋŋëå çăáâĺæ ňěŋïěâáï ŕő őâňěçěŋŋőňã "íńěłâàőáâăâĺçěáłőňã" ğăłőŋã łăł ďńï ĺőŋőć, âăł ĺ ďńï íńěłâàőŋőć. Ďńï ŕàěďćăàĺâěńìŋőčő őąêïáŋěŋĺï âăłőľ ćőğňőęŋőáâĺ àăááňőâàĺň ŋěłőâőàëě őáőąěŋŋőáâĺ âãàąãńěŋâŋőčő ãáłőàěŋĺï.

Şáłőàěŋĺě áńăąőľ ŕńăğňěŋŋőľ âãàąãńěŋâŋőáâìî. Ć ğőŋăå ŕàőďőńìŋëå âőłőć ĺğ-ğă ŋăńĺçĺï ŋăďâěŕńőćëå ŕőâőłőć ć âőň çĺáńě ĺ áćïğăŋŋëå á ŕàőďőńìŋëň íńěłâàĺçěáłĺň ŕőńěň, ňőčãâ àěăńĺğőćăâìáï ãáńőćĺï ŕãçłőćőľ ŕńăğňěŋŋőľ ŋěãáâőľçĺćőáâĺ, őâćěâáâćěŋŋőľ ğă ćőğąãęďěŋĺě íńěłâàőáâăâĺçěáłĺå łőńěąăŋĺľ ć ŕőńőáě ćěàåŋěčő čĺąàĺďŋőčő àěğőŋăŋáă. Śâăæĺőŋăàŋëľ àěęĺň ãáłőàěŋĺï íâőľ âãàąãńěŋâŋőáâìî őŕĺáëćăěâáï łćăğĺńĺŋěľŋëň łĺŋěâĺçěáłĺň ãàăćŋěŋĺěň ďńï łăęďőčő áőàâă çăáâĺæ. Ďńï çăáâĺæ áő áłőàőáâïňĺ àěğőŋăŋáŋëňĺ á ŕńăğňěŋŋëňĺ łőńěąăŋĺïňĺ ω_p , őâćěçăîéĺňĺ ňăłáĺňãňã áŕěłâàă ε_∘ íćőńîæĺï äãŋłæĺĺ àăáŕàěďěńěŋĺï őŕàěďěńïěâáï ãàăćŋěŋĺěň ∂f ∂z = D ∂^2f ∂W^2 , (2)

čďě ććěďěŋ łőíääĺæĺěŋâ ďĺääãğĺĺ

D = πq^2ε_∘. (3)

Ťãŋłæĺï Čàĺŋă ďńï ãàăćŋěŋĺï (2) ĺňěěâ ŕàőáâőľ čăãááőć ćĺď. Ŕőíâőňã ńěčłő ğăŕĺáăâì őąéěě àěèěŋĺě ĺ ğăłőŋ ĺğňěŋěŋĺï áàěďŋěľ íŋěàčĺĺ á àăááâőïŋĺěň. Ć àěęĺňě ăćâőňőďěńìŋőčő àăğńěâă äãŋłæĺï àăáŕàěďěńěŋĺï ğăćĺáĺâ őâ W/ | q |, âő ěáâì âăł łăł íâő őâňěçăěâáï ć íłáŕěàĺňěŋâăå.

Şáłőàěŋĺě ğăàïęěŋŋëå çăáâĺæ áĺńìŋőľ ŕńăğňěŋŋőľ âãàąãńěŋâŋőáâìî. Ŕàĺ áàăćŋĺâěńìŋő ćëáőłőň ãàőćŋě ŕńăğňěŋŋőľ âãàąãńěŋâŋőáâĺ őŋă ŕàĺŋæĺŕĺăńìŋő ňěŋïěâ áćőî ćőńŋőćãî áâàãłâãàã. Ć àěğãńìâăâě ňőďãńïæĺőŋŋőľ ŋěãáâőľçĺćőáâĺ (Ňőńåãá, 1997) őąàăğãîâáï łăćěàŋë ŕńőâŋőáâĺ á ŕőćëèěŋŋëň ãàőćŋěň ŕńăğňěŋŋëå łőńěąăŋĺľ. Ć łăçěáâćě ŕàőáâěľèěľ ňőďěńĺ áőńĺâőŋŋőľ âãàąãńěŋâŋőáâĺ ňőęŋő ćëąàăâì ŕőáńěďőćăâěńìŋőáâì łőŋďěŋáăâőàőć á íńěłâàőáâăâĺçěáłĺň ŕőńěň, łőńěąńîéĺňáï ŋă ŕńăğňěŋŋőľ çăáâőâě. Łőŋďěŋáăâőàë àăáŕőńőęěŋë ŋă ŋěłőâőàőň åăàăłâěàŋőň àăááâőïŋĺĺ l_∘ . Šĺŕĺçŋőě àăááâőïŋĺě ňěęďã őąłńăďłăňĺ őďŋőčő łőŋďěŋáăâőàă d_∘ . Śàěďŋïï ăňŕńĺâãďă íńěłâàĺçěáłőčő ŕőńï ć ŋěň E_∘ . Ďćĺęěŋĺě őâďěńìŋőľ ğăàïęěŋŋőľ çăáâĺæë ć âăłőľ áĺáâěňě ŋőáĺâ åăàăłâěà ąàőãŋőćáłőčő ŕàőæěááă. Ąěáŕăńőć ĺ Ňĺğőŋőćă (1998) ğăŕĺáăńĺ áőőâćěâáâćãîéěě ãàăćŋěŋĺě Ťőłłěàă-Ŕńăŋłă. Ŕőńãçěŋë ćëàăęěŋĺï ďńï łőíääĺæĺěŋâă ďĺääãğĺĺ ŕàĺ àăğŋëå ćàěňěŋăå łőààěńïæĺĺ äăğë íńěłâàőáâăâĺçěáłĺå łőńěąăŋĺľ. Ć ŕàăłâĺçěáłĺ ćăęŋőň áńãçăě max(| q | E_∘/mω_p, d_∘/τ_{ph}, ω_pd_∘) ≪| v_z |≪ l_∘/τ_{ph} , čďě τ_{ph} - ćàěňï łőààěńïæĺĺ äăğë íńěłâàőáâăâĺçěáłĺå łőńěąăŋĺľ, ňë ĺňěěň ćňěáâő (3) D = πq^2 4l_∘ < E^2_nd^2_n >, (4)

čďě ŕőď ğŋăłőň ãáàěďŋěŋĺï d_n ĺ E_n - àăááâőïŋĺě ňěęďã őąłńăďłăňĺ n-čő łőŋďěŋáăâőàă ĺ ăňŕńĺâãďă íńěłâàĺçěáłőčő ŕőńï ć ŋěň. Śâăæĺőŋăàŋőě łĺŋěâĺçěáłőě ãàăćŋěŋĺě ć ŕàőáâěľèěň áńãçăě áőćŕăďăěâ ŕő äãŋłæĺőŋăńìŋőľ ğăćĺáĺňőáâĺ á ãàăćŋěŋĺěň(2). Śőőâćěâáâćěŋŋő áőåàăŋïîâáï ćëćőďë ĺ ő áćőľáâćăå ŕőâőłőć ãáłőàěŋŋëå çăáâĺæ.

Ąőńěě ŕőďàőąŋőě àăááňőâàěŋĺě ćőŕàőáă őą ŕőâőłăå çăáâĺæ, äőàňĺàãîéĺåáï ć ğőŋăå á áĺńìŋőľ ŕńăğňěŋŋőľ âãàąãńěŋâŋőáâìî (Ąěáŕăńőć ĺ Ňĺğőŋőćă, 2000) ďăńő ćőğňőęŋőáâì ŕàĺŋïâì ćő ćŋĺňăŋĺě ĺğćěáâŋãî ĺğ ŋăąńîďěŋĺľ ć ăćàőàăńìŋőľ ňăčŋĺâőáäěàě âĺŕĺçŋãî ŕàőáâàăŋáâćěŋŋãî ğăćĺáĺňőáâì íńěłâàőáâăâĺçěáłĺå áâàãłâãà á ŋěáĺňňěâàĺçŋëň őâŋőáĺâěńìŋő ĺå æěŋâàă ŕàőďőńìŋëň ĺ áĺňňěâàĺçŋëň ŕőŕěàěçŋëň íńěłâàĺçěáłĺň ŕőńěň. Şçâěŋă ŋěőďŋőàőďŋőáâì àěčãńïàŋőčő ňăčŋĺâŋőčő ŕőńï ć ğőŋě âãàąãńěŋâŋőáâĺ ĺ łőŋěçŋőě ćàěňï łőààěńïæĺĺ äăğë íńěłâàőáâăâĺçěáłĺå łőńěąăŋĺľ. Ŕőńãçěŋë ćëàăęěŋĺï ďńï äãŋłæĺĺ àăáŕàěďěńěŋĺï ğăàïęěŋŋëå çăáâĺæ ćëèě ĺ ŋĺęě âãàąãńěŋâŋőľ ğőŋë. Ŕőłăğăŋă ćőğňőęŋőáâì őąàăğőćăŋĺï ŕőâőłőć çăáâĺæ á ŋěłőâőàëňĺ ďĺáłàěâŋëňĺ íŋěàčĺïňĺ, äőàňĺàőćăŋĺě łőâőàëå ŋě őŕĺáëćăěâáï ãàăćŋěŋĺěň Ťőłłěàă-Ŕńăŋłă.

Ğăłńîçěŋĺě. Šăłĺň őąàăğőň ŕàĺ áâăæĺőŋăàŋőň àěęĺňě ãáłőàěŋĺï íńěłâàőáâăâĺçěáłĺň ŕőńěň äãŋłæĺï àăáŕàěďěńěŋĺï ć ăćâőňőďěńìŋőň àěęĺňě ğăćĺáĺâ őâ íŋěàčĺĺ ŕàőŕőàæĺőŋăńìŋő ğăàïďã ĺ ãáłőàïîâáï ğăàïęěŋŋëě çăáâĺæë âőńìłő őďŋőčő ğŋăłă, ŋăŕàĺňěà, äőàňĺàãěâáï ŕőâőł ãąěčăîéĺå íńěłâàőŋőć. Ňăłáĺňăńìŋăï íŋěàčĺï ãáłőàěŋŋëå çăáâĺæ ŕàőŕőàæĺőŋăńìŋă ĺå ğăàïďã ĺ őčàăŋĺçěŋă áćěàåã ŕőńŋőľ àăğŋőáâìî ŕőâěŋæĺăńőć, ŕàĺńőęěŋŋőľ ł ňăčŋĺâŋőľ âàãąłě. Ăŋăńőčĺçŋëě ğăłőŋőňěàŋőáâĺ ć àïďě áńãçăěć ŋăąńîďăîâáï ŕàĺ őďŋőćàěňěŋŋőň ãáłőàěŋĺĺ ğăàïďőć őąőĺå ğŋăłőć. Ďńï ŕőŋĺňăŋĺï íâőľ ćőğňőęŋőáâĺ ŕőńěğŋë àěğãńìâăâë ăŋăńĺğă ãáłőàěŋĺï ğăàïęěŋŋëå çăáâĺæ ć ğőŋăå áńăąőľ ĺ áĺńìŋőľ ŕńăğňěŋŋőľ âãàąãńěŋâŋőáâìî ŕàĺ ŕàőåőęďěŋĺĺ łőâőàëå ňőęěâ äőàňĺàőćăâìáï äãŋłæĺï àăáŕàěďěńěŋĺï, ğăćĺáïéăï őâ W/ | q |. Şáłőàěŋĺě ĺňěěâ ňěáâő ďńï àěğőŋăŋáŋëå ğăàïęěŋŋëå çăáâĺæ, ă ěčő íääěłâĺćŋőáâì ğăćĺáĺâ őâ ãàőćŋï ŕńăğňěŋŋőľ âãàąãńěŋâŋőáâĺ. Őâňěâĺň, çâő ăŋăńĺğ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå ő ŋěáâăæĺőŋăàŋëå àěęĺňăå ãáłőàěŋĺï ňőęěâ áńãęĺâì ĺáâőçŋĺłőň ďőŕőńŋĺâěńìŋőľ ĺŋäőàňăæĺĺ ő àěęĺňě ãáłőàěŋĺï âăł łăł ć ŋěáâăæĺőŋăàŋőň áńãçăě ňěŋïěâáï ąăğőćőě ãàăćŋěŋĺě (2). Ďăŋŋăï àăąőâă ćëŕőńŋěŋă ŕàĺ ŕőďďěàęłě ŘŤŤĹ ŕő čàăŋâã N 98-02-16236.

Ńĺâěàăâãàă

Ąěáŕăńőć Ŕ.Ă., Ňĺğőŋőćă Ć.Č., 1998, Čěőňăčŋěâĺğň ĺ ăíàőŋőňĺï, 38, 148. Ąěáŕăńőć Ŕ.Ă., Ňĺğőŋőćă Ć.Č., 2000, Čěőňăčŋěâĺğň ĺ ăíàőŋőňĺï, 20, 19. Ăňăàĺ Š. ĺ ďà. (Amari T., Aly J. J., Luciani J. F., Boulmezaoud T. Z., Mikic Z.), 1997, Solar Physics, 174, Issue1/2, 129.

Ąěáŕăńőć Ŕ.Ă., Ůãčãŋőć đ.Ć. (Bespalov P.A., Chugunov Yu.V.), 1996, J. of Atmospheric and Terrestrial Physics, 58, 601.

Łńïľŋ Ł.Ń. ĺ ďà. (Klein K.-L., Aurass H., Soru-Escaut I., Kalman B.), 1997, Astronomy and Astrophysics, 320, 612.

Ňőńåãá Ě. (Mjolhus E.), 1997, J. Plasma physics, 58, 747.

Řĺňěá Ď.Ć. ĺ ďà. (Reames D.V., Barbier L.M., Von Rosenvinge T.T., Mason G.M., Mazur J.E., Dwyer J.R.), 1997, Astrophysical Journal , 483, 515.