ŁŐŇŔĂŁŠŊŻĽ ĹŚŠŐŮŊĹŁ ŞŃĲŠŘĂŤĹŐŃĚŠŐĆŐČŐ ĹĞŃŞŮĚŊĹ§ Ć ŐŚŊŐĆĂŊĹ§Ţ ŇĂČŊĹŠŊŐĽ ŠŘŞĄŁĹ ĹŐ

Ć.Ě. Ÿăŕőèŋĺłőć^1, Ć.Ć. Ğăľæěć^1, Ţ.Ő. Řãłěà^2 , Č.Ć. Ńĺâćĺŋěŋłő^3

1 Ĺŋáâĺâãâ ŕàĺłńăďŋőľ äĺğĺłĺ ŘĂŊ, Ŋĺęŋĺľ Ŋőćčőàőď 2 Ĺŋáâĺâãâ łőáňĺçěáłĺå ĺááńěďőćăŋĺľ, Čàăæ, Ăćáâàĺï 3 Ĺŋáâĺâãâ àăďĺőăáâàőŋőňĺĺ ŊŞĂŊ, Ţăàìłőć, Şłàăĺŋă

Şńìâàăäĺőńěâőćőě ĺğńãçěŋĺě ĺğ ăćàőàăńìŋëå őąńăáâěľ đŕĺâěàă ĺğćěáâŋő áàăćŋĺâěńìŋő ďăćŋő. Ŋăąńîďěŋĺï ŕőáńěďŋĺå ńěâ, ćëŕőńŋěŋŋëě ŋă łőáňĺçěáłőľ áâăŋæĺĺ Čăńĺńěľ, ŕőłăğăńĺ áãéěáâćőćăŋĺě łőňŕăłâŋőčő ãńìâàăäĺőńěâőćőčő ĺáâőçŋĺłă ćąńĺğĺ őáŋőćăŋĺľ ňăčŋĺâŋőľ áĺńőćőľ âàãąłĺ (ŇŠĹ), ŕàőåőďïéěľ çěàěğ áŕãâŋĺł đŕĺâěàă Ĺő (Ŕàăŋęě ĺ ďà., 1996, 1998; Łńăàł ĺ ďà. 1996, 1998). İâőâ ĺáâőçŋĺł ĺňěěâ ŋěąőńìèĺě àăğňěàë (≤ 400 łň) ĺ ěčő ďćĺęěŋĺě ŕő ďĺáłã åőàőèő łőààěńĺàãěâ á ďćĺęěŋĺěň őáŋőćăŋĺï ŇŠĹ. Őæěŋłĺ ŕőłăğëćăîâ, çâő ŕőńŋăï íŋěàčĺï, ĺğńãçěŋŋăï íâĺň łőňŕăłâŋëň ĺáâőçŋĺłőň ć ãńìâàăäĺőńěâőćőň ďĺăŕăğőŋě, ňőęěâ ďőáâĺčăâì 5 × 10^{10} Ćâ, çâő áőáâăćńïěâ ğăňěâŋãî ďőńî őâ őąéěľ íŋěàčĺĺ, ğăŕăáěŋŋőľ ć æěŕĺ đŕĺâěà-Ĺő (∼ 10^{12} Ćâ). Şńìâàăäĺőńěâőćőě ĺğńãçěŋĺě łőňŕăłâŋőčő ĺáâőçŋĺłă čěŋěàĺàãěâáï ć ăâňőáäěàě đŕĺâěàă ňőńěłãńăňĺ ĺ ăâőňăňĺ ćőďőàőďă, ćőğąãęďěŋŋëňĺ ć àěğãńìâăâě ãŕàãčĺå áâőńłŋőćěŋĺľ á íńěłâàőŋăňĺ á íŋěàčĺěľ ≥ 10 íĆ ĺ/ĺńĺ ĺőŋăňĺ á íŋěàčĺěľ ≥ 25 łíĆ.

Őáŋőćŋăï ŕàőąńěňă ńîąőľ ňőďěńĺ ãńìâàăäĺőńěâőćőčő ĺáâőçŋĺłă - íâő âĺŕ ĺ ŕàőĺáåőęďěŋĺě íŋěàčĺçŋëå ğăàïęěŋŋëå çăáâĺæ, ćőğąãęďăîéĺå ŋěľâàăńìŋëľ ćőďőàőď ć ăâňőáäěàě đŕĺâěàă. Ĺğ ãáńőćĺï P_{UF} ≤ P, čďě P_{UF} - ňőéŋőáâì ãńâàăäĺőńěâőćőčő ĺğńãçěŋĺï ĺ P - ňőéŋőáâì, ŕőáâãŕăîéăï ć ĺáâőçŋĺł ąńăčőďăàï íŋěàčĺçŋëň ğăàïęěŋŋëň çăáâĺæăň, ŋěâàãďŋő őæěŋĺâì ŕńőâŋőáâì çăáâĺæ (n), ŋěőąåőďĺňãî ďńï ćőğąãęďěŋĺï ćőďőàőďă. Ŕőńăčăï, çâő åăàăłâěàŋëľ àăğňěà ĺáâőçŋĺłă ∼ 400 łň, áěçěŋĺě ćőğąãęďěŋĺï ňăłáĺňăńìŋő ŕàĺ íŋěàčĺïå E^e_∗ ≃ 30 íĆ ŕàĺ íńěłâàőŋŋőň ćőğąãęďěŋĺĺ (Ăďęěńńő ĺ ďà., 1984) ĺ E^i_∗ ≃ 55 łíĆ - ŕàĺ ŕàőâőŋŋőň, ŋăåőďĺň áőőâćěâáâćěŋŋő n^e > 10^4 áň^{−3} ĺ n^i > 10 áň^{−3}. Šàăďĺæĺőŋŋăï ňőďěńì ãńìâàăäĺőńěâőćőčő ĺáâőçŋĺłă ć őáŋőćăŋĺïå ŇŠĹ ŕàěďŕőńăčăěâ (ŕő ăŋăńőčĺĺ á ňőďěńïňĺ ãńìâàăäĺőńěâőćőľ ăćàőàë đŕĺâěàă ĺ Ğěňńĺ), çâő íŋěàčĺçŋëě çăáâĺæë, ćőğąãęďăîéĺě ŋěľâàăńìŋëľ ćőďőàőď, ŕőŕăďăîâ ć ăâňőáäěàã đŕĺâěàă ĺğ ňăčŋĺâőáäěàë ąńăčőďăàï ćëáëŕăŋĺî ćďőńì áĺńőćëå ńĺŋĺľ ňăčŋĺâŋőčő ŕőńï. Őæěŋłĺ ŕőłăğëćăîâ, çâő ćëáëŕăîéĺěáï çăáâĺæë ďőńęŋë ĺňěâì íŋěàčĺî ŕőàïďłă 1 ÷ 200 łíĆ ŋă çăáâĺæã ďńï íńěłâàőŋŋőčő ŕőâőłă ĺ 25 ÷ 500 łíĆ - ďńï ŕàőâőŋŋőčő (Ŕàăŋęě ĺ ďà., 1998). Šăłĺň őąàăğőň, ŋă čàăŋĺæě ňăčŋĺâőáäěàă-ăâňőáäěàă íńěłâàőŋë ć ŕőâőłě ďőńęŋë ĺňěâì ŕńőâŋőáâì, ŕàěćëèăîéãî (2×10^3 ÷10^2 ) áň^{−3}, ă ŕàőâőŋë (10÷3) áň^{−3}. Őáŋőćŋăï ŕàőąńěňă ğďěáì ć âőň, çâő áãéěáâćőćăŋĺě ć ŋĺęŋěľ ňăčŋĺâőáäěàě đŕĺâěàă âăłĺå ŕőâőłőć ŕőłă ŋě ŕőďâćěàęďăěâáï íłáŕěàĺňěŋâăńìŋëňĺ ďăŋŋëňĺ. Ś ďàãčőľ áâőàőŋë, ĺğ ŕàĺćěďěŋŋëå ćëèě őæěŋőł ćĺďŋő, çâő ŕńőâŋőáâì íńěłâàőŋőć ć ĺáâőçŋĺłě, ŋěőąåőďĺňăï ďńï ćőğąãęďěŋĺï ŋěľâàăńìŋőčő ćőďőàőďă, ŕő ŕőàïďłã ćěńĺçĺŋë áőćŕăďăěâ á ŕńőâŋőáâìî ĺőŋőáäěàŋőľ ŕńăğňë. Šăłĺň őąàăğőň, áăňĺ ğăàïďë ĺőŋőáäěàŋőľ ŕńăğňë ňőčńĺ ąë ąëâì âěňĺ çăáâĺæăňĺ, łőâőàëě íääěłâĺćŋő ćőğąãęďăîâ ćőďőàőď, ŕàĺ ãáńőćĺĺ, çâő íŋěàčĺï őâŋőáĺâěńìŋőčő ďćĺęěŋĺï ğăàïď-ŋěľâàăńìŋăï çăáâĺæă ąëńă ŕőàïďłă E^{e,i}_∗ (ć àăćŋőćěáŋőň áőáâőïŋĺĺ íŋěàčĺï âěŕńőćőčő ďćĺęěŋĺï ĺőŋőáäěàŋőľ ŕńăğňë đŕĺâěàă ğŋăçĺâěńìŋő ňěŋìèě, ∼ 0.1 íĆ). Ć ŋăáâőïéěľ àăąőâě ňë ŕàěďńăčăěň ňőďěńì ĺáâőçŋĺłă ãńìâàăäĺőńěâőćőčő ĺğńãçěŋĺï, ć łőâőàőľ ćőğąãęďăîéĺňĺ çăáâĺæăňĺ ïćńïîâáï íńěłâàőŋë ĺ ĺőŋë ĺőŋőáäěàŋőľ ŕńăğňë. Ć őáŋőćě ŋăèěľ ňőďěńĺ ńěęĺâ åőàőèő ĺğćěáâŋőě ïćńěŋĺě ďćĺęěŋĺï áćőąőďŋőľ ŕńăğňë á íńěłâàĺçěáłĺň âőłőň ⃗I ŕőď ďěľáâćĺěň áĺńë Ăňŕěàă, őąãáńőćńěŋŋőľ âőłőň ⃗I ĺ ěčő ňăčŋĺâŋëň ŕőńěň ⃗B_I. Ć áńãçăě çăáâĺçŋő ĺőŋĺğőćăŋŋőľ ŕńăğňë, łăłőľ ïćńïěâáï ĺőŋőáäěàă đŕĺâěàă, áĺńă Ăňŕěàă ĺŋďãæĺàãěâ ďćĺęěŋĺě ĺőŋĺğőćăŋŋőľ łőňŕőŋěŋâë ŕńăğňë őâŋőáĺâěńìŋő ŋěľâàăńìŋőľ. Ŕàőćěďěŋŋëě ŋă ąőàâã ŁĂ "Voyager" ŋăąńîďěŋĺï ćëïćĺńĺ áãéěáâćőćăŋĺě íńěłâàĺçěáłőčő âőłă ćďőńì ŇŠĹ, ćěńĺçĺŋă łőâőàőčő ŋă ňőňěŋâ ŋăąńîďěŋĺľ őæěŋĺćăńăáì łăł ∼ 5 × 10^5 A. Ŕàĺ âăłőň âőłě íŋěàčĺĺ ďćĺęěŋĺï íńěłâàőŋŋőľ W_{em} ĺ ĺőŋŋőľ W_{im} łőňŕőŋěŋâ ŕńăğňë őâŋőáĺâěńìŋő ŋěľâàăńìŋőčő čăğă

W_{im} m_i ≃ W_{em} m_e ≃ B_II 2m_icσ_{im}n n_mL^2_⊥

, (1)

őłăğëćăěâáï ďőáâăâőçŋőľ ďńï íääěłâĺćŋőčő ćőğąãęďěŋĺï ăâőňőć ĺ ňőńěłãń ŋěľâàăńìŋőčő ćőďőàőďă ŕàĺ áâőńłŋőćěŋĺĺ ŕőáńěďŋĺå á ğăàïďăňĺ. Ć (1) σ_{im} ≃ 2 × 10^{−15} áň^2 - ŕőŕěàěçŋőě áěçěŋĺě ãŕàãčĺå áâőńłŋőćěŋĺľ ĺőŋă á ňőńěłãńăňĺ ćőďőàőďă, n ĺ n_m - áőőâćěâáâćěŋŋő ŕńőâŋőáâì ĺőŋĺğőćăŋŋőľ ĺ ŋěľâàăńìŋőľ łőňŕőŋěŋâ ŕńăğňë, L^2_⊥ - ŕőŕěàěçŋőě áěçěŋĺě âőłă, m_i - ňăááă ĺőŋă, c - áłőàőáâì áćěâă. Ć ăâňőáäěàě đŕĺâěàă ŕàĺćěďěŋŋăï ćëáőâă ăâňőáäěàë (L_‖) őŕàěďěńïěâáï, ć őáŋőćŋőň, ŋěľâàăńìŋőľ łőňŕőŋěŋâőľ, ŕńőâŋőáâì łőâőàőľ ãňěŋìèăěâáï á ćëáőâőľ. Ŕőíâőňã íŋěàčĺï őâŋőáĺâěńìŋőčő ďćĺęěŋĺï (1) ćőğàăáâăěâ á ćëáőâőľ ĺ ěě àăáŕàěďěńěŋĺě ŕő ćëáőâě őłăğëćăěâáï ŕőďőąŋëň ćëáőâŋőňã àăáŕàěďěńěŋĺî íŋěàčĺĺ ć ŕőâőłě ćëáëŕăîéĺåáï çăáâĺæ. Śłőàőáâì ćőğąãęďěŋĺï ŋěľâàăńìŋőčő ćőďőàőďă íńěłâàőŋăňĺ ĺ ĺőŋăňĺ ĺőŋőáäěàë ďőáâĺčăěâ ňăłáĺňăńìŋőčő ğŋăçěŋĺï

R_{max} ≃ 4 σ_{max} σ_{im} 2π m_ic^2 √_{me} 2E^e_∗ L_‖ L_⊥ I^2 (2)

ŋă ćëáőâě, čďě íŋěàčĺï őâŋőáĺâěńìŋőčő ďćĺęěŋĺï áőőâćěâáâćãěâ ňăłáĺňãňã áěçěŋĺï ćőğąãęďěŋĺï σ_{max} ≃ 5 × 10^{−17} áň^2. Ć (2) m_e - ňăááă íńěłâàőŋă. Ďńï ŋăèĺå őæěŋőł ňë ŕàĺŋïńĺ áńěďãîéĺě ğŋăçěŋĺï: I ≃ 5 × 10^5 A, L_⊥ ≃ 10^7 áň ĺ L_‖ ≃ 4 × 10^7 áň. Ğăňěâĺň, çâő ŋĺ őďĺŋ ĺğ íâĺå ŕăàăňěâàőć ŋě ĺğňěàěŋ ŋěŕőáàěďáâćěŋŋő ć íłáŕěàĺňěŋâě. Ŕőďáâăćĺć íâĺ ŕăàăňěâàë ć (1) ĺ (2), ŋăåőďĺň, çâő ãńìâàăäĺőńěâőćëľ ĺáâőçŋĺł (őąńăáâì á ňăłáĺňăńìŋőľ áłőàőáâìî ćőğąãęďěŋĺï ŋěľâàăńìŋőčő ćőďőàőďă) ŋăåőďĺâáï ŋă ćëáőâě, čďě ŕńőâŋőáâì ŋěľâàăńìŋőľ łőňŕőŋěŋâë ĺőŋőáäěàë àăćŋă n^∗_m ≃ (4·10^{12} /n^∗) áň^{−3} (n^∗ - ŕńőâŋőáâì ĺőŋĺğőćăŋŋőľ łőňŕőŋěŋâë ć ĺáâőçŋĺłě), ă ňăłáĺňăńìŋăï áłőàőáâì ćőğąãęďěŋĺï ďőáâĺčăěâ ćěńĺçĺŋë R_{max} ≃ 1.6 · 10^{27} çăáâĺæ/c, çâő áőőâćěâáâćãěâ ŕőâőłã ĺğńãçěŋĺï çěàěğ ąőłőćãî čàăŋĺæã ĺáâőçŋĺłă ≃ 4 · 10^3 kR (1 kR = 10^9 äőâőŋ· áň^{−2}c^{−1}) ĺ ňőéŋőáâĺ ĺáâőçŋĺłă ŕőàïďłă 3 · 10^9 Ćâ. Ďńï áàăćŋěŋĺï, ŋăąńîďěŋĺï ãńìâàăäĺőńěâőćőčő ĺğńãçěŋĺï őâ łőňŕăłâŋőčő ĺáâőçŋĺłă ć őáŋőćăŋĺĺ ŇŠĹ ďăîâ áàěďŋîî ïàłőáâì (1 ÷ 3) · 10^2 kR. Ąńăčőďăàï őčàăŋĺçěŋŋőňã ŕàőáâàăŋáâćěŋŋőňã àăğàěèěŋĺî, őæěŋłĺ ňőéŋőáâĺ ĺáâőçŋĺłă ŕő ŋăąńîďăěňőňã ĺğńãçěŋĺî ŕàĺćőďïâ ł ąőńìèěňã àăğąàőáã ğŋăçěŋĺľ, őâ ≤ 10^{10} Ćâ (Łńăàł ĺ ďà., 1996) ďő ∼ 5 · 10^{10} Ćâ (Ŕàăŋęě ĺ ďà., 1996).

Šăłĺň őąàăğőň, ňë ćĺďĺň, çâő ŕàěďńăčăěňëľ ňěåăŋĺğň áŕőáőąěŋ őąěáŕěçĺâì ŋăąńîďăěňãî ïàłőáâì łőňŕăłâŋőčő ãńìâàăäĺőńěâőćőčő ĺáâőçŋĺłă. Őďŋăłő íâă ïàłőáâì ďőáâĺčăěâáï ŕàĺ ğŋăçěŋĺĺ ňőéŋőáâĺ ĺáâőçŋĺłă ğŋăçĺâěńìŋő ňěŋìèĺň, çěň ňăłáĺňăńìŋăï ćěńĺçĺŋă, ŕőńãçěŋŋăï ć àăąőâě Ŕàăŋęě ĺ ďà. (1996). Ćőğňőęŋë ďćă ŕãâĺ, çâőąë ŕàĺďâĺ ł ńãçèěňã áőčńăáőćăŋĺî ňěęďã ňőďěńìî ĺ ŋăąńîďěŋĺïňĺ. Ćő-ŕěàćëå, ňőęŋő ŕàĺŋïâì, çâő ćěńĺçĺŋă âőłă ĺ ěčő ŕőŕěàěçŋëě àăğňěàë, ĺğňěàěŋŋëě ćő ćàěňï ŕőńěâă ŁĂ "Voyager" ĺ ćğïâëě ŋăňĺ ďńï őæěŋőł, őâńĺçăîâáï őâ áőőâćěâáâćãîéĺå ćěńĺçĺŋ ć ňőňěŋâ ãńìâàăäĺőńěâőćëå ŋăąńîďěŋĺľ. Őâňěâĺň, çâő âăłőě ŕàěďŕőńőęěŋĺě ąëńő áďěńăŋő ć àăąőâăå Ŕàăŋęě ĺ ďà. (1996), (1998). Ćő-ćâőàëå, ŕàĺŋïâì ćő ćŋĺňăŋĺě ďàãčĺě íääěłâë, őąãáńőćńěŋŋëě ďćĺęěŋĺěň ŕńăğňë őâŋőáĺâěńìŋő ŋěľâàăńőć ŕőď ďěľáâćĺěň áĺńë Ăňŕěàă. İâő ďőąăćőçŋăï ĺőŋĺğăæĺï ăâňőáäěàë ĺ ăŋőňăńìŋëľ ďęőãńěć ŋăčàěć ŕńăğňë. Ďěńő ć âőň, çâő ąńăčőďăàï ãŕàãčĺň áâőńłŋőćěŋĺïň íńěłâàőŋőć ĺ ĺőŋőć á ŋěľâàăńìŋëň ćőďőàőďőň, ğŋăçĺâěńìŋăï ďőńï íŋěàčĺĺ ŋăŕàăćńěŋŋőčő ďćĺęěŋĺï ğăàïďőć (W_{em}, W_{im}) ğă őďŋő áâőńłŋőćěŋĺě ŕěàěåőďĺâ ć âěŕńőćãî. Łăł ňőęŋő ćĺďěâì ĺğ ćëàăęěŋĺï (1) íâă íŋěàčĺï àăáâěâ á ćëáőâőľ. Ňăłáĺňãň áěçěŋĺï ĺőŋĺğăæĺĺ ďőáâĺčăěâáï ŕàĺ íŋěàčĺïå ąőńěě ćëáőłĺå, çěň ňăłáĺňãň áěçěŋĺï ćőğąãęďěŋĺï. Šăłĺň őąàăğőň, ŋăď ãńìâàăäĺőńěâőćëň ĺáâőçŋĺłőň ć ăâňőáäěàě đŕĺâěàă àăáŕőńăčăěâáï őąńăáâì á čőàïçěľ ĺ ŕńőâŋőľ ŕńăğňőľ, çâő ŕàĺćőďĺâ ł ŕőïćńěŋĺî ďőŕőńŋĺâěńìŋőčő ŕőâőłă çăáâĺæ ć ãńìâàăäĺőńěâőćëľ ĺáâőçŋĺł. Łàőňě âőčő, ąńăčőďăàï ňěďńěŋŋőľ âěàňőńĺğăæĺĺ čőàïçĺå íńěłâàőŋőć, íâőâ ŕőâőł (ĺ, áńěďőćăâěńìŋő, ãńìâàăäĺőńěâőćëľ ĺáâőçŋĺł) ąãďěâ ćëâïŋãâ ć ŋăŕàăćńěŋĺĺ ďćĺęěŋĺï áŕãâŋĺłă Ĺő, çâő áőőâćěâáâćãěâ ŋăąńîďěŋĺïň.

Ăćâőàë ćëàăęăîâ ąńăčőďăàŋőáâì ğă äĺŋăŋáőćãî ŕőďďěàęłã àăąőâë Řőááĺľáłőňã äőŋďã äãŋďăňěŋâăńìŋëå ĺááńěďőćăŋĺľ (čàăŋâë 98- 02-16238 ĺ 99-02-18244) ĺ Łőňĺááĺĺ ŕő ňěęďãŋăàőďŋőňã áőâàãďŋĺçěáâćã Ăćáâàĺľáłőľ Ăłăďěňĺĺ ŋăãł.

Ńĺâěàăâãàă

Ajello J.M., Shemansky D.E., Kwork T.L., Yang Y.L., 1984, Phys.Rev.A, 29, 636 Clarke J.T., Ballester G.E., Trauger J. et al. 1996, Science, 274, 404; 1998, JGR, 103, 20217 Prange R., Rego D., Southwood D., Zarka P., Ip W., 1996, Nature, 379, 323 Prange R., Rego D., Paltier L., Connerney J.E.P., Zarka P., Queinnec J., 1998, JGR, 103, 20195