ŔŘĚŔŘĹŊŠ

Ą.Ą. ČŐĆŐŘŁŐĆ, Ă.Ĺ. ŃĲĆŐĆ, Ě.Ĺ. ŇĂŃĹŊŐĆŚŁĹĽ, Ć.Ĺ. ŚĚŘČĹĚŊŁŐ, Č.Ă. ŚŐŁŐŃ, Ń.Ć. ŤĹŃĲŁŐĆ, Ě.Ĺ. ŠĂŇŇ

ŔĚŘŚŔĚŁŠĹĆŻ İŁŚŔĚŘĹŇĚŊŠĂŃĲŊŻŢ ĹŚŚŃĚĎŐĆĂŊĹĽ ŊĂ ŚĹŊŢŘŐŠŘŐŊĚ ”ŔĂŢŘĂ”

Ňőáłćă 2002

Ą.Ą. Čőćőàłőć, Ă.Ĺ. Ńìćőć, Ě.Ĺ. Ňăńĺŋőćáłĺľ, Ć.Ĺ. Śěàčĺěŋłő, Č.Ă. Śőłőń, Ń.Ć. Ťĺńìłőć, Ě.Ĺ. Šăňň

Ŕěàáŕěłâĺćë íłáŕěàĺňěŋâăńìŋëå ĺááńěďőćăŋĺľ ŋă áĺŋåàőâàőŋě ”Ŕăåàă”

(Ťĺğĺłă çăáâĺæ ĺ ăâőňŋőčő ïďàă)

Ăŋŋőâăæĺï

Ć àăąőâě ŕàěďáâăćńěŋë íłáŕěàĺňěŋâë, ćěďãéĺěáï ŋă áĺŋåàőâàőŋě ”Ŕăåàă” ĺ ŕńăŋĺàãěňëě ŋă ąńĺęăľèěě ćàěňï. Řăááňőâàěŋë íłáŕěàĺňěŋâë ŕő ĺğňěàěŋĺî äőâőàőęďěŋĺï ŋěľâàăńìŋëå ŕĺőŋőć ć őłőńőŕőàőčőćőľ őąńăáâĺ, ŕő ŕőĺáłã ĺ ĺááńěďőćăŋĺî áćěàåãğłĺå ďĺąăàĺőŋőć, íłğőâĺçěáłĺå ąăàĺőŋőć á ňăááőľ ňěŋìèě ŕőàőčă őąàăğőćăŋĺï ŕĺőŋőć, η-ïďěà, ŕő ĺááńěďőćăŋĺî ŋőćëå łőčěàěŋâŋëå íääěłâőć ć ĺğńãçěŋĺĺ àěńïâĺćĺáâáłĺå íńěłâàőŋőć ć ãŕőàïďőçěŋŋëå áâàãłâãàăå ćěéěáâćă.

L.V. Fil’kov, B.B. Govorkov, A.I. L’vov, E.I. Malinovski, V.I. Sergienko, G.A. Sokol, E.I. Tamm

Prospects of experimental investigations at the synchrotron ”Pahra”

(Physics of particles and atomic nucleus)

Abstract

Experiments, which are carrying out and planned at the synchrotron ”Pahra”, are presented. One considers the following experiments: neutral pion photoproduction in the region close to the threshold; a search for and study of supernarrow dibaryons, exotic baryons with the masses lower than the pion threshold, and η nuclei; an investigation of new coherent effects of the emission of the relativistic electrons in space order structures of matter.

...

1. Ććěďěŋĺě

Őáŋőćŋăï çăáâì ŕőâěŋæĺăńă ŐŤĆİ ŤĹĂŊ âàăďĺæĺőŋŋő ŋăŕàăćńěŋă ŋă ĺááńěďőćăŋĺï äĺğĺłĺ çăáâĺæ ĺ ăâőňŋőčő ïďàă, ŕàĺçěň čńăćŋëň őąàăğőň ć őąńăáâĺ ŋĺğłĺå ĺ áàěďŋĺå íŋěàčĺľ (ŕőàïďłă 100 – 1000 ŇíĆ). İâő őąãáńőćńěŋő, á őďŋőľ áâőàőŋë, âěň, çâő ąăğőćőľ ãáâăŋőćłőľ Őâďěńă ïćńïěâáï íńěłâàőŋŋëľ áĺŋåàőâàőŋ ŋă íŋěàčĺî 1.2 ČíĆ, ă á ďàãčőľ, – ćëáőłĺň ĺŋâěàěáőň, łőâőàëľ ćŋőćì ĺ ćŋőćì ŕàőïćńïěâáï ł ďěâăńìŋőňã ĺğãçěŋĺî ŕàőæěááőć äőâő ĺ íńěłâàőàőęďěŋĺï çăáâĺæ ĺ àăááěïŋĺî äőâőŋőć ć ãłăğăŋŋőľ őąńăáâĺ íŋěàčĺľ. Ŕőáńěďŋěě őąêïáŋïěâáï âěň, çâő ğďěáì ďő áĺå ŕőà őáâăîâáï ŋěàěèěŋŋëňĺ ňŋőčĺě äãŋďăňěŋâăńìŋëě ŕàőąńěňë, łăáăîéĺěáï őáŋőćŋëå áćőľáâć ăďàőŋőć ĺ ïďěà, łőŋäăľŋňěŋâă, áćőľáâć ĺ ćğăĺňőďěľáâćĺľ áőáâăćńïîéĺå łćăàłőć. Ŋěőąåőďĺňă íłáŕěàĺňěŋâăńìŋăï ŕàőćěàłă ŋĺğłőíŋěàčěâĺçěáłĺå ŕàěďáłăğăŋĺľ ňőďěńěľ, őáŋőćăŋŋëå ŋă łćăŋâőćőľ åàőňőďĺŋăňĺłě (ŁŢĎ) ĺ, ć çăáâŋőáâĺ, łĺàăńìŋőľ âěőàĺĺ ćőğňãéěŋĺľ.

İłáŕěàĺňěŋâăńìŋëě ĺááńěďőćăŋĺï, łőâőàëě ćěďãâáï ć ŐŤĆİ ŋă áĺŋåàőâőàőŋě ”Ŕăåàă” ĺ ŕńăŋĺàãîâáï ŋă ąńĺęăľèěě ćàěňï ĺ ŋă áàěďŋě– ďăńìŋîî ŕěàáŕěłâĺćã, áćïğăŋë á ĺğãçěŋĺěň íâĺå ŕàőąńěň. Ŋĺęě àěçì ĺďěâ ő łőŋłàěâŋëå íłáŕěàĺňěŋâăå, ŕàőąńěňăå, łőâőàëě őŋĺ ňőčãâ ŕàőïáŋĺâì, ĺ âàěąőćăŋĺïå, ŕàěďêïćńïěňëå íâĺňĺ íłáŕěàĺňěŋâăňĺ ł ŕăàăňěâàăň áĺŋåàőâàőŋă.

Ŕàěęďě çěň ŕěàěľâĺ ł ŕőďàőąŋőňã őąáãęďěŋĺî őáŋőćŋëå íłáŕěàĺňěŋâőć ŕàĺćěďěň ĺå ăŋŋőâăæĺĺ.

• Ćëáőłőâőçŋëě ĺğňěàěŋĺï áěçěŋĺľ ŕàőæěááőć äőâőàőęďěŋĺï ŋěľâàăńìŋëå ŕĺőŋőć ŋă ŋãłńőŋăå ĺ ïďàăå ć őłőńőŕőàőčőćőľ őąńăáâĺ íŋěàčĺľ. Őáŋőćŋőľ ğăďăçěľ ć íâĺå ĺááńěďőćăŋĺïå ïćńïěâáï őŕàěďěńěŋĺě íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ íńěłâàĺçěáłőľ ďĺŕőńìŋőľ ăňŕńĺâãďë E^{0+} ć ŇíĆ-ŋőľ őąńăáâĺ íŋěàčĺľ ŋăď ŕőàőčőň. Őáőąëľ ĺŋâěàěá ŕàěďáâăćńïěâ ğăďăçă ĺğňěàěŋĺï áěçěŋĺï ŕàőæěááă γ+n → π^0+n ćąńĺğĺ ŕőàőčă, čďě ďő áĺå ŕőà ŋěâ ŋĺ őďŋőčő ĺğňěàěŋĺï. İâĺ íłáŕěàĺňěŋâë ŕőğćőńïâ, ć çăáâŋőáâĺ, ĺááńěďőćăâì áŕàăćěďńĺćőáâì ŕàěďáłăğăŋĺľ łĺàăńìŋőľ âěőàĺĺ ćőğňãéěŋĺľ, ĺğãçĺâì ŕàőïćńěŋĺï ŋăàãèěŋĺï łĺàăńìŋőľ áĺňňěâàĺĺ ĺğ-ğă ŋăńĺçĺï ã łćăàłőć ňăáá ĺ â.ď.

• Ŕőĺáł ĺ ĺááńěďőćăŋĺě áćőľáâć áćěàåãğłĺå ďĺąăàĺőŋőć (èěáâĺ-łćăà-łőćëå áőáâőïŋĺľ) – ŚŞĎ, àăáŕăď łőâőàëå ŋă ďćă ŋãłńőŋă ğăŕàěéěŋ ŕàĺŋæĺŕőň Ŕăãńĺ. Šăłĺě ďĺąăàĺőŋë ďőńęŋë àăáŕăďăâìáï, ć őáŋőćŋőň, ŋă ďćă ŋãłńőŋă ĺ äőâőŋ á èĺàĺŋőľ àăáŕăďă ≤ 1 łíĆ. İâő ŋőćëľ ćĺď ňăâěàĺĺ. Őąŋăàãęěŋĺě ŚŞĎ ŕàĺćěďěâ ł ćăęŋëň ŕőáńěďáâćĺïň ďńï äĺğĺłĺ çăáâĺæ, ïďěàŋőľ äĺğĺłĺ ĺ ăáâàőäĺğĺłĺ. Ŋăąńîďěŋĺě ŚŞĎ ŕőâàěąãěâ ŕőáâàőěŋĺï ăďěłćăâŋőľ ŁŢĎ ňőďěńĺ ć őąńăáâĺ ňăńëå íŋěàčĺľ. Šăł łăł ŚŞĎ ďőńęŋë àőęďăâìáï ć ąőńìèőň łőńĺçěáâćě ŕàĺ ăďàőŋĺğăæĺĺ łćăàł-čńîőŋŋőľ ŕńăğňë á ąőńìèőľ ąăàĺőŋŋőľ ŕńőâŋőáâìî, âő íâő ňőęěâ ŕàĺćőďĺâì łăł ł áŕěæĺäĺçěáłĺň áĺčŋăńăň, áćĺďěâěńìáâćãîéĺň őą őąàăğőćăŋĺĺ łćăàł-čńîőŋŋőľ ŕńăğňë, âăł ĺ ł ąőńěě čńãąőłőňã ŕőŋĺňăŋĺî íćăńîæĺĺ ğćěğď. Ś ďàãčőľ áâőàőŋë, ïćńïïáì ąőğě-çăáâĺæăňĺ, ŚŞĎ ňőčãâ őąàăğőćëćăâì ďĺąăàĺőŋŋëľ łőŋďěŋáăâ, çâő áłăęěâáï, ŋăŕàĺňěà, ŋă áãéěáâćěŋŋőň őčàăŋĺçěŋĺĺ ćőğňőęŋëå àăğňěàőć ŋěľâàőŋŋëå ğćěğď. Ŕőĺáł ŚŞĎ ąãďěâ ŕàőćőďĺâáï ć ŕàőæěááăå äőâőàőęďěŋĺï ŕĺőŋőć ŋă ďěľâěàĺĺ.

• Ĺááńěďőćăŋĺě ćőğňőęŋőáâĺ őąàăğőćăŋĺï íłğőâĺçěáłĺå ąăàĺőŋŋëå áőáâőïŋĺľ á ňăááăňĺ ňěŋìèě áãňňë ňăáá ŋãłńőŋă ĺ ŕĺőŋă ć ŕàőæěááě γp → π^+X. Ŋěáłőńìłő ńěâ âőňã ŋăğăď ąëńĺ ŋăąńîďěŋë ŕĺłĺ [1] ć áŕěłâàăå ŋěďőáâăîéĺå ňăáá àěăłæĺĺ pp → π^+p + X ŕàĺ M_X = 1004 ĺ 1044 ŇíĆ. İâĺ ŕĺłĺ ąëńĺ ĺŋâěàŕàěâĺàőćăŋë łăł ŋőćëě íłğőâĺçěáłĺě ąăàĺőŋŋëě àěğőŋăŋáë á ŋěőąëçŋő ňăńőľ ňăááőľ. Ěáńĺ âăłĺě àěğőŋăŋáë áãéěáâćãîâ ć ďěľáâćĺâěńìŋőáâĺ, âő őŋĺ ďőńęŋë ŕàĺćěáâĺ, ć çăáâŋőáâĺ, ł áãéěáâćěŋŋőňã ĺğňěŋěŋĺî ŋăèěčő ŕőŋĺňăŋĺï ŕàőæěááőć ćğăĺňőďěľáâćĺï ć ïďěàŋőľ ňăâěàĺĺ. Ŕőíâőňã ŕàěďáâăćńïěâ ąőńìèőľ ĺŋâěàěá ćëïáŋěŋĺě ŕàĺàőďë ŋăąńîďěŋŋëå áőáâőïŋĺľ.

• Ŕőĺáł ĺ ĺááńěďőćăŋĺě áćőľáâć η-ïďěà – áćïğăŋŋőľ áĺáâěňë η-ňěğőŋă ć ïďàě. İâĺ ĺááńěďőćăŋĺï őáãéěáâćńïîâáï ŕãâěň ĺğãçěŋĺï äőâőàőęďěŋĺï η-ňěğőŋőć ŋă ïďàăå. Ś íâĺňĺ ĺááńěďőćăŋĺïňĺ áćïğăŋë ŋőćëě ćőğňőęŋőáâĺ ć ĺğãçěŋĺĺ áâàãłâãàë ïďěà, ćğăĺňőďěľáâćĺï η-ňěğőŋă á ŋãłńőŋăňĺ ćŋãâàĺ ïďàă (ă ć ďăńìŋěľéěň, ρ, ω ĺ φ -ňěğőŋőć, ć áńãçăě áőğďăŋĺï áőőâćěâáâćãîéĺå ňěğőŋ-ïďěàŋëå áĺáâěň), ĺğňěŋěŋĺě ŕăàăňěâàőć àěğőŋăŋáőć ć ïďěàŋőľ áàěďě ĺ, ć çăáâŋőáâĺ, áćőľáâć ŋãłńőŋŋőčő àěğőŋăŋáă áő áłàëâőľ áâàăŋŋőáâìî S_{11}(1535) ćŋãâàĺ ïďàă.

• Ĺááńěďőćăŋĺě ŋőćëå łőčěàěŋâŋëå íääěłâőć ć ĺğńãçěŋĺĺ àěńïâĺćĺáâáłĺå íńěłâàőŋőć ć ãŕőàïďőçěŋŋëå áâàãłâãàăå ćěéěáâćă. Űěńì íâĺå àăąőâ - áőğďăŋĺě ŕãçłőć łćăğĺňőŋőåàőňăâĺçěáłőčő àěŋâčěŋőćáłőčő ĺğńãçěŋĺï á ŕńăćŋő ĺğňěŋïěňőľ ďńĺŋőľ ćőńŋë. Ŕőâpěąŋőáâì ć âăłĺå ŕãçłăå őçěŋì ćěńĺłă ć ňěâăńńőćěďěŋĺĺ, äĺğĺłě âćěpďőčő âěńă, ňěďĺæĺŋě.

2. Ťőâőàőęďěŋĺě ŕĺőŋőć

2.1. Ťőâőàőęďěŋĺě ŕĺőŋőć ć őłőńő ŕőàőčőćőľ őąńăáâĺ

Ć ŕőáńěďŋěě ďěáïâĺńěâĺě äőâőàőęďěŋĺě ŕĺőŋőć ŋă ŋãłńőŋăå ć őłőńő ŕőàőčőćőľ őąńăáâĺ ćŋőćì ŕàĺćńěłńő ćŋĺňăŋĺě łăł âěőàěâĺłőć âăł ĺ íłáŕěàĺňěŋâăâőàőć, çâő ŕàĺćěńő ł áãéěáâćěŋŋőňã ŕàőčàěááã ć ŕőŋĺňăŋĺĺ íâĺå ŕàőæěááőć. Ś ďàãčőľ áâőàőŋë, áőğďăŋĺě łĺàăńìŋőľ âěőàĺĺ ćőğňãéěŋĺï (ŁŠĆ) ŕőğćőńĺńő ďőáâăâőçŋő åőàőèő őŕĺáăâì őáŋőćŋëě ïćńěŋĺï ć őąńăáâĺ ňăńëå íŋěàčĺľ (ππ- àăááěïŋĺě, äőâőàęďěŋĺĺ ŕĺőŋőć, Łőňŕâőŋőćáłőě àăááěïŋĺě ŋă ŋãłńőŋě ĺ â.ď.).

Ć íłáŕěàĺňěŋâăå, ŕàőćěďěŋŋëå ć Ňăľŋæě (Čěàňăŋĺï), Śőáłőâãŋě (Łăŋăďă–ŚŸĂ), Śăłńě (Ťàăŋæĺï), ąëńĺ ŕőńãçěŋë ŋőćëě ďăŋŋëě ŕő ŕőńŋëň ĺ ďĺääěàěŋæĺăńìŋëň áěçěŋĺïň ŕàőæěááă γ + p → π^0 + p, łőâőàëě ŋăåőďïâáï ć áőčńăáĺĺ áő áâăàëňĺ äĺăŋőćáłĺňĺ ďăŋŋëňĺ [2–4], ŋő ŕàěćőáåőďïâ ĺå ŕő âőçŋőáâĺ, őáőąěŋŋő ćąńĺğĺ ŕőàőčă (E_{ŕőàőč} = 145 ŇíĆ) [5–8].

Ć íłáŕěàĺňěŋâăå [9, 10] ąëńă ŋăąńîďěŋă ŋěőąëçăľŋő àěğłăï íŋěàčĺâĺçěáłăï ğăćĺáĺňőáâì E^{0+}–ăňŕńĺâãďë ć ŇíĆ-ŋőľ őąńăáâĺ ŋăď ŕőàőčőň. Ąëńĺ ŕőŕëâłĺ őąêïáŋĺâì âăłőľ ěŋěàčěâĺçěáłĺľ åőď E^{0+}–ăňŕńĺâãďë íääěłâăňĺ ŋăàãèěŋĺï łĺàăńìŋőľ áĺňňěâàĺĺ ĺğ-ğă ŋăńĺçĺï ã łćăàłőć ňăáá, ŕěàěàăááěïŋĺěň ĺ âăł ďăńěě. Ŋő âőńìłő ć àăňłăå ŁŠĆ ãďăńőáì őŕĺáăâì íâő ŋěőąëçŋőě ŕőćěďěŋĺě íńěłâàĺçěáłĺå ďĺŕőńìŋëå ăŕńĺâãď äőâőàőęďěŋĺï ŋěľâàăńìŋëå ŕĺőŋőć ŋă ŋãłńőŋăå. Őďŋăłő, ŕőáńěďŋĺĺ ĺğňěàěŋĺï áěçěŋĺï äőâőàőęďěŋĺï ŋěľâàăńìŋëå ŕĺőŋőć ŋă ďěľâàőŋăå, őŕàěďěńïěňőň áãňăàŋëň ćłńăďőň íńěłâàĺçěáłĺå ďĺŕőńìŋëå ăňŕńĺâãď äőâőàőęďěŋĺï ŕĺőŋőć ŋă ŕàőâőŋě ĺ ŋěľâàőŋě, ŋě őąŋăàãęĺńĺ ŋĺłăłĺå łăáŕőć. Ŕőíâőňã, ŕàőďőńęăěâ őáâăćăâìáï ăłâãăńìŋőľ ğăďăçă ĺğňěàěŋĺï íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ ŕőńŋőčő áěçěŋĺï äőâőàőęďěŋĺï π^0-ňěğőŋőć ŋă ŕàőâőŋăå ćąńĺğĺ ŕőàőčă.

İâă ğăďăçă, ŕőňĺňő ĺáŕőńìğőćăŋĺï áĺáâěňë ňěçěŋĺï ďńï őŕàěďěńěŋĺï íŋěàčĺĺ ŋăńěâăîéěčő äőâőŋă, ąãďěâ àěèăâìáï ŕãâěň ŕàĺňěŋěŋĺï áŕěæĺăńìŋőčő 4π-ďěâěłâőàă ďńï àěčĺáâàăæĺĺ ďćãå äőâőŋőć őâ àăáŕăďă π^0- ňěğőŋă. Šăłőľ ďěâěłâőà áőğďăŋ ĺ čőâőć ł àăąőâě. Ďěâěłâőà ĺňěěâ 6 áěłæĺľ, łăęďăï ĺğ łőâőàëå áőáâőĺâ ĺğ âàăŕěæĺĺďăńìŋőľ áćĺŋæőćő-áæĺŋâĺńïæĺőŋ-ŋőľ áąőàłĺ âĺŕă áíŋďćĺç, âőńéĺŋőľ ŕőàïďłă 3 àăďĺăæĺőŋŋëå ěďĺŋĺæ. Ŋăĺňěŋìèăï čàăŋì âàăŕěæĺĺ, ŋăåőďïéăïáï ąńĺęě ł ňĺèěŋĺ, ĺňěěâ àăğňěà 7 × 50 áň^2, ŋăĺąőńìèăï čàăŋì – 30 × 50 áň^2.

Őčàőňŋëľ ĺŋâěàěá ŕàěďáâăćńïěâ ğăďăçă ĺğňěàěŋĺï áěçěŋĺï ŕàőæěááă γ +n → π^0 +n ćąńĺğĺ ŕőàőčă, łőâőàăï ïćńïěâáï ğăďăçěľ ňĺàőćőčő ãàăćŋï. Šàãďŋőáâì íłáŕěàĺňěŋâă, ć łőâőàőň àěčĺáâàĺàãîâáï âőńìłő ŋěľâàăńìŋëě çăáâĺæë, ňăńőáâì áěçěŋĺï, ęěáâłĺě âàěąőćăŋĺï ł ŕãçłã ňěçěŋëå äőâőŋőć, ćáě íâő áńãęĺâ ŕàĺçĺŋőľ âőčő, çâő ďő áĺå ŕőà ŋěâ ŋĺ őďŋőčő ĺğňěàěŋĺï ŕőàőčőćőčő ğŋăçěŋĺï íâőčő ŕàőæěááă. Šăłőľ íłáŕěàĺňěŋâ ŋěőąåőďĺň ďńï ŕàőćěàłĺ áăňőáőčńăáőćăŋŋőáâĺ ŋĺğłőíŋěàčěâĺçěáłĺå âěőàěň ĺ ĺğãçěŋĺï ćőğňőęŋëå ŋăàãèěŋĺľ łĺàăńìŋőľ ĺ ĺğőâőŕĺçěáłőľ áĺňňěâàĺľ.

Ŕàĺ ŕàőćěďěŋĺĺ íłáŕěàĺňěŋâă ĺ áőğďăŋĺĺ íłáŕěàĺňěŋâăńìŋőľ ãáâăŋőćłĺ ąãďãâ ĺáŕőńìğőćăŋë:

– àăğďěńěŋĺě ŕàőæěááőć γ+p → π^+ +n ĺ γ+n → π^0 +n ŕő ŕőàőčăň àěăłæĺľ (àăğŋőáâì ňěęďã ŕőàőčăňĺ äőâőàőęďěŋĺï π^0 ĺ π^+ ňěğőŋőć áőáâăćńïěâ 7 ŇíĆ.

– ŕàïňőě áàăćŋěŋĺě ŕőńŋëå áěçěŋĺľ ďćãå íâĺå ŕàőæěááőć ŕő ćëåőďăň ŋěľâàőŋőć.

İłáŕěàĺňěŋâăńìŋăï ãáâăŋőćłă ąãďěâ áőáâőïâì ĺğ ďćãå ďěâěłâőàőć ćëáőłőľ čěőňěâàĺçěáłőľ íääěłâĺćŋőáâĺ (őłőńő 4π): 4π-ďěâěłâőàă, àěčĺáâàĺàãîéěčő π^0-ňěğőŋë ŕő àăáŕăďã ŋă ďćă äőâőŋă, ĺ ďěâěłâőàă ŋěľâàőŋőć. Ć łăçěáâćě π^0-ňěğőŋŋőčő ďěâěłâőàă ąďěâ ĺáőńìğőćăâìáï őŕĺáăŋŋëľ ćëèě 6- âĺ áěłæĺőŋŋëľ ďěâěłâőà. Ŋěľâàőŋë, őąàăğőćăŋŋëě ć ŕàőæěááě γ + n → π^0 + n äőâőŋăňĺ á íŋěàčĺïňĺ, ąńĺğłĺňĺ ł ŕőàőčőćëň ğŋăçěŋĺïň, ďőńęŋë ńěâěâì ć ãğłőň łőŋãáě (θ_n < 3^∘) őâŋőáĺâěńìŋő ŋăŕàăćńěŋĺï ŕőńěâă ŕěàćĺçŋőčő äőâőŋă. Ďńï ŕěàěłàëâĺï íâőčő łőŋãáă ĺ àěčĺáâàăæĺĺ ŋěľâàőŋă, ąãďãâ ĺáŕőńìğőćăŋë łőńìæěćëě áæĺŋâĺńńïæĺőŋŋëě áçěâçĺłĺ, àăąőâăîéĺě ŕő ćàěňěŋĺ-ŕàőńěâŋőňã ňěâőďã. Ŋěľâàőŋë ŋěàěńïâĺćĺáâáłĺě, (v_n ≃ 0.13c). Ŕàěďćăàĺâěńìŋëě àăáçěâë ŕőłăğëćăîâ, çâő őęĺďăěňëě ćëåőďë ďńï àěăłæĺĺ γ + n → π^0 + n áőáâăćńïîâ ∼ 30 áőąëâĺľ ć çăá, ă ďńï àěăłæĺĺ γ + p → π^+ + n – ć 100 àăğ ąőńìèě.

Őáŋőćŋőě ãáńőćĺě ćëŕőńŋěŋĺï íłáŕěàĺňěŋâă ğăłńîçăěâáï ć ćëćőďě ĺğ ãáłőàĺâěńï íńěłâàőŋŋőčő ŕãçłă áő áńěďãîéĺňĺ ŕăàăňěâàăňĺ: – íŋěàčěâĺçěáłĺľ àăğąàőá < 0.2 ŇíĆ; – ĺŋâěŋáĺćŋőáâì ∼ 10^{10};

– ”àăáâïęłă” > 0.1;

– łőńĺçěáâćő àěčĺáâàĺàãěňëå äőŋőćëå çăáâĺæ őâ íńěłâàőŋŋőčő ŕãçłă ŋě ąőńěě 10^4.

Łăńĺąàőćőçŋëňĺ íłáŕěàĺňěŋâňĺ ąãďãâ áńãęĺâì ĺğňěàěŋĺï ğăćĺáĺňőáâĺ ŕőńŋëå áěçěŋĺľ łőčěàěŋâŋőčő äőâőàőęďěŋĺï π^0-ňěğőŋőć ŋă ïďàăå ćąńĺğĺ ŕőàőčă őâ ňăááőćőčő çĺáńă ïďěà ĺ ĺå ĺğőâőŕőć. İâĺ ĺğňěàěŋĺï, ć âő ęě ćàěňï, ŕàěďáâăćńïîâ áăňőáâőïâěńìŋëľ ĺŋâěàěá.

Ĺááńěďőćăŋĺï ĺ àăáçěâë ŕőłăğëćăîâ,çâő ć őłőńő ŕőàőčőćőľ őąńăáâĺ íŋěàčĺľ àőęďěŋĺï ŕĺőŋőć ŋă ïďàăå (γ + A → π^0 + A) őąŋăàãęĺćăěâáï ďĺäàăłæĺőŋŋăï ğăćĺáĺňőáâì ŕőńŋőčő áěçěŋĺï íâĺå ŕàőæěááőć őâ ňăááőćőčő çĺáńă [4, 11]. Ś ãćěńĺçěŋĺěň íŋěàčĺľ äőâőŋőć (E_γ > 145 ŇíĆ) íâă ğăćĺáĺňőáâì ŕàĺąńĺęăěâáï ł A^{2/3}.

Šăłőľ íłáŕěàĺňěŋâ ć őłőńő ŕőàőčőćőľ őąńăáâĺ ŕàěďŕőńăčăěâáï ŕàőćěáâĺ á ĺáŕőńìğőćăŋĺěň ãŕőňïŋãâőčő ćëèě 6-âĺ áěłæĺőŋŋőčő π^0-ňěğőŋŋőčő ďěâěłâőàă.

2.2. Őąńăáâì ŋãłńőŋŋëå àěğőŋăŋáőć

Ł ĺŋâěàěáŋőľ ĺ ăłâãăńìŋőľ őąńăáâĺ ĺááńěďőćăŋĺï ŕàĺ ŕàőňěęãâőçŋëå íŋěàčĺïå őâŋőáĺâáï ĺááńěďőćăŋĺě ŋãłńőŋŋëå àěğőŋăŋáőć. Ŕàőćěďěŋĺě íłáŕěàĺňěŋâőć ŕő äőâőàőęďěŋĺî ŕĺőŋőć ŋă ăâőňŋëå ïďàăå ć őąńăáâĺ Δ(1232)- àěğőŋăŋáă ŕőğćőńĺâ ĺááńěďőćăâì ŕàőąńěňã ĺğňěŋěŋĺï ŕăàăňěâàőć àěğőŋăŋáőć ć ïďěàŋőň ćěéěáâćě.

Ďńï àěèěŋĺï íâĺå ğăďăçì ŋěőåőďĺňő ĺňěâì ŕőńïàĺğőćăŋŋëě γ ĺ e^− ŕãçłĺ ć őąńăáâĺ íŋěàčĺľ 200–350 ŇíĆ.

3. Śćěàåãğłĺě ďĺąăàĺőŋë

Ćőğňőęŋőáâì áãéěáâćőćăŋĺï ňŋőčőłćăàłőćëå áőáâőïŋĺľ ąëńă ŕàěďáłăğăŋă ć àăňłăå ňőďěńěľ, ŕőáâàőěŋŋëå ŋă őáŋőćě ŁŢĎ [12, 13]. İâĺ àăąőâë ĺŋĺæĺĺàőćăńĺ ňŋőęěáâćő íłáŕěàĺňěŋâőć ŕő ŕőĺáłã 6-łćăàłőćëå áőáâőïŋĺľ (ďĺąăàĺőŋőć). Őąëçŋő ĺáłăńĺáì ŋěáâàăŋŋëě ďĺąăàĺőŋë, àăáŕăďăîéĺěáï ŋă ďćă ŋãłńőŋă (áň., ŋăŕàĺňěà, [14]). Šăłĺě ďĺąăàĺőŋë ĺňěîâ èĺàĺŋë àăáŕăďă őâ ŋěáłőńìłĺå ŇíĆ ďő áőâŋĺ ŇíĆ. Ĺå őâŋőáĺâěńìŋëě ćłńăďë ňăńë, ă ćłńăď äőŋőćëå ŕàőæěááőć ąőńìèőľ ĺ, łăł ŕàăćĺńő, ŋěőŕàěďěńěŋ. Ćáě íâő áńãęĺńő ŕàĺçĺŋőľ ŕőïćńěŋĺï ŕàőâĺćőàěçĺćëå àěğãńìâăâőć.

Ć ŐŤĆİ ŕńăŋĺàãěâáï ĺğãçăâì ďĺąăàĺőŋë, àăáŕăď łőâőàëå ŋă ďćă ŋãłńőŋă ğăŕàěéěŋ ŕàĺŋæĺŕőň Ŕăãńĺ. Ĺå ŕőĺáł ĺ ĺááńěďőćăŋĺï ąëńĺ ćŕěàćëě ĺŋĺæĺĺàőćăŋë àăąőâăňĺ, ŕàőćěďěŋŋëňĺ ć ŋăèěň őâďěńě [15–18]. Šăłĺě ďĺąăàĺőŋë á ňăááőľ M < 2m_N + m_π (čďě m_N (m_π) – ňăááă ŋãłńőŋă (ŕĺőŋă)) ňőčãâ àăáŕăďăâáï, ć őáŋőćŋőň, ŋă ďćă ŋãłńőŋă ĺ äőâőŋ. İâő ŋőćëľ łńăáá ďĺąăàĺőŋőć á èĺàĺŋăňĺ àăáŕăďă ≤1 łíĆ. Őŋĺ ŕőńãçĺńĺ ŋăğćăŋĺě ”áćěàåãğłĺě ďĺąăàĺőŋë” (ŚŞĎ). İłáŕěàĺňěŋâăńìŋőě őâłàëâĺě âăłĺå áőáâőïŋĺľ ąãďěâ ĺňěâì ćăęŋëě ŕőáńěďáâćĺï ďńï äĺğĺłĺ çăáâĺæ, ïďěàŋőľ äĺğĺłĺ ĺ ăáâàőäĺğĺłĺ.

Ć àăňłăå ňőďěńĺ ňěèłőć MIT Mulders ĺ ďà. [13] ćëçĺáńĺńĺ ňăááë àăğńĺçŋëå ďĺąăàĺőŋőć ĺ, ć çăáâŋőáâĺ, NN-ŋěáćïğăŋŋëå ďĺąăàĺőŋőć. Őďŋăłő, ŕőńãçěŋŋëě ĺňĺ ğŋăçěŋĺï ŕàěćëèăîâ ŕőàőč őąàăğőćăŋĺï ŕĺőŋőć. Ŕőíâőňã, íâĺ ďĺąăàĺőŋë ďőńęŋë àăáŕăďăâìáï, ć őáŋőćŋőň, ć πNN łăŋăń.

Ĺáŕőńìğãï ňőďěńì łĺàăńìŋëå áőńĺâőŋőć, Łőŕěńěćĺç ŕàěďáłăğăń [19] ďńï ďĺąăàĺőŋőć D(T = 1, J^P = 1^+) ĺ D(0, 2^+) ňăááë ∼1940 ĺ ∼1970 ŇíĆ, áőőâćěâáâćěŋŋő, çâő áãéěáâćěŋŋő ŋĺęě áãňňë ňăáá 2m_N + m_π.

Ł áőęěńěŋĺî, ćáě àěğãńìâăâë, ŕőńãçěŋŋëě ďńï ňăáá ŚŞĎ, ïćńïîâáï áĺńìŋő ňőďěńìŋő ğăćĺáĺňëňĺ. Ŕőíâőňã, âőńìłő íłáŕěàĺňěŋâ ňőęěâ őâćěâĺì ŋă ćőŕàőá ő ćőğňőęŋőáâĺ áãéěáâćőćăŋĺï ŚŞĎ ĺ ĺå ňăááăå.

Ć àăąőâăå [20–22], c æěńìî ŕőĺáłă ŚŞĎ, ĺğãçăńĺáì àěăłæĺĺ pd → p + (pX_1) ĺ pd → p + (dX_2). İłáŕěàĺňěŋâë ąëńĺ ŕàőćěďěŋë ŋă ŕàőâőŋŋőň ńĺŋěľŋőň ãáłőàĺâěńě Ĺ§Ĺ ŘĂŊ á íŋěàčĺěľ ŕàőâőŋőć 305 ŇíĆ, ĺáŕőńìğãï ďćãå-ŕńěçěćőľ áŕěłâàőňěâěà. Łăł ąëńő ŕőłăğăŋő ć [20,21], ŋãłńőŋë ĺ ďěľâàőŋ őâ àăáŕăďă ŚŞĎ ŋă γNN ĺ γd ďőńęŋë ńěâěâì ć ãğłőň ãčńőćőň łőŋãáě ŕő őâŋőèěŋĺî ł ŋăŕàăćńěŋĺî ćëńěâă ďĺąăàĺőŋă. C ďàãčőľ áâőàőŋë, ěáńĺ ďĺąăàĺőŋ àăáŕăďăěâáï, ć őáŋőćŋőň, ŋă ďćă ŋãłńőŋă, âő ãčőń àăğńěâă ĺğńãçěŋŋëå ŋãłńőŋőć őęĺďăěâáï ąőńěě 50^∘. Ŕőíâőňã, àěčĺáâàăæĺï àăááěïŋŋőčő ŕàőâőŋă ŋă áőćŕăďěŋĺě á ŕàőâőŋőň (ĺńĺ ďěľâàőŋőň) őâ àăáŕăďă ďĺąăàĺőŋă ŕàĺ łőààěńĺàőćăŋŋëå ãčńăå ŕőğćőńĺńő áãéěáâćěŋŋő ŕőďăćĺâì ćłńăď őâ äőŋőćëå ŕàőæěááőć ĺ ãćěńĺçĺâì őâŋőáĺâěńìŋëľ ćłńăď őâ őąàăğőćăŋĺï ŚŞĎ.

Ć àěğãńìâăâě íâĺå íłáŕěàĺňěŋâőć âàĺ ãğłĺå ŕĺłă ąëńĺ ŋăąńîďěŋë ( [22]) ć áŕěłâàě ĺŋćăàĺăŋâŋëå ňăáá M_{pX1} ŕàĺ M_{pX1} = 1904 ± 2, 1926 ± 2 ĺ 1942 ± 2 ŇíĆ á èĺàĺŋăňĺ, àăćŋëňĺ íłáŕěàĺňěŋâăńìŋőňã àăğàěèěŋĺî (∼ 4 ŇíĆ), ĺ á çĺáńőň áâăŋďăàâŋëå őâłńőŋěŋĺľ 6.0, 7.0 ĺ 6.3, áőőâćěâáâćěŋŋő. Ăŋăńĺğ ãčńőćëå àăáŕàěďěńěŋĺľ ŕàőâőŋőć őâ àăáŕăďă áőáâőïŋĺľ pX_1 ĺ ŋăąńîďěŋŋőčő áŕěłâàă ŋěďőáâăîéĺå ňăáá X_1 ŕőłăğăń, çâő ŋăľďěŋŋëě áőáâőïŋĺï ïćńïîâáï áćěàåãğłĺňĺ ďĺąăàĺőŋăňĺ.

Őďŋăłő, ďńï âőčő çâőąë őďŋőğŋăçŋő àěèĺâì ćőŕàőá ő áãéěáâćőćăŋĺĺ ŚŞĎ ĺ őŕàěďěńĺâì łćăŋâőćëě çĺáńă ŋăąńîďěŋŋëå áőáâőïŋĺľ, ŋěőąåőďĺňő ŕàőćěďěŋĺě ďőŕőńŋĺâěńìŋëå íłáŕěàĺňěŋâőć ŕő ŕőĺáłã âăłĺå áőáőâőïŋĺľ ć ďàãčĺå ŕàőæěááăå. Ňë ŕńăŋĺàãěň ŕàőćěďěŋĺě íłáŕěàĺňěŋâă ŋă ãáłőàĺâěńě ”Ŕăåàă” á æěńìî ŕőĺłă ŚŞĎ ć ŕàőæěááăå äőâőàőęďěŋĺï ŕĺőŋőć ŋă ďěľâàőŋě.

Ŕőňĺňő àěèěŋĺï ćőŕàőáă ő áãéěáâćőćăŋĺĺ ŚŞĎ, ĺááńěďőćăŋĺě ãłăğăŋŋëå ŕàőæěááőć ŕőğćőńïěâ őŕàěďěńĺâì ĺğőáŕĺŋë ďĺąăàĺőŋőć ĺ ŋăľâĺ íńěłâàőňăčŋĺâŋőě àăáéěŕńěŋĺě ĺå ňăáá. Ă íłáŕěàĺňěŋâ á ŕőńïàĺğőćăŋŋëňĺ äőâőŋăňĺ ďăěâ ćőğňőęŋőáâì őŕàěďěńĺâì àïď ďàãčĺå łćăŋâőćëå çĺáěń [18]. Łàőňě âőčő, ĺáŕőńìğőćăŋĺě ďěľâàőŋŋőľ ňĺèěŋĺ ŕőğćőńĺâ ãáâàăŋĺâì ŋěőďŋőğŋăçŋőáâĺ, ĺňěćèĺě ňěáâő ć àăąőâăå [20–22], čďě íłáŕěàĺňěŋâ ŕàőćőďĺńáï ŋă ňĺèěŋĺ CD_2.

3.1. Ťőâőàőęďěŋĺě ŚŞĎ âőàňőğŋëňĺ äőâőŋăňĺ

Ŕàőăŋăńĺğĺàãěň, áŋăçăńă, ćőğňőęŋőáâì ŋăąńîďŋĺï ŚŞĎ, ĺáŕőńìğãï âőàňőğŋëě äőâőŋë, ĺ őŕàěďěńĺň âàěąőćăŋĺï ł ãáłőàĺâěńî. Řăáňőâàĺň őąàăğőćăŋĺě ŚŞĎ ć ŕàőæěááě äőâőàőęďěŋĺï π^+-ňěğőŋőć:

γ + d → π^+ + D → π^+ + γnn (1)

ć őąńăáâĺ íŋěàčĺľ ŋăńěâăîéĺå äőâőŋőć 400-600 ŇíĆ. Ňăááã ďĺąăàĺőŋőć ąãďěň őŕàěďěńïâì çěàěğ ĺğňěàïěňëě ŕăàăňěâàë ŕàőďãłâőć àăáŕăďă ŚŞĎ.

M^2 = 2[m^2_n+E_1E_2−p_1p_2 cos θ_{p1p2} +ν_2(E_1+E_2−p_1 cos θ_{γ2p1} −p_2 cos θγ_2p_2)], (2)

čďě m_n – ňăááă ŋěľâàőŋă, E_i(p_i) – íŋěàčĺï (ĺňŕãńìá) i-čő ŋěľâàőŋă, ν_2 – íŋěàčĺï ĺğńãçěŋŋőčő äőâőŋă. Šăłĺň őąàăğőň, ć íâőň íłáŕěàĺňěŋâě ŋěőąåőďĺňő àěčĺáâàĺàőćăâì ďćă ŋěľâàőŋă ĺ äőâőŋ. Ďńï âőčő çâőąë ŕőďăćĺâì äőŋ, ŕńăŋĺàãěâáï àěčĺáâàĺàőćăâì âăłęě ãčőń ćëńěâă ŕĺőŋőć. Ć Šăąń.1 ŕàĺćěďěŋő ŕàěďŕőńăčăěňőě àăáŕőńőęěŋĺě ďěâěłâőàőć, čďě l – àăááâőïŋĺě őâ ňĺèěŋĺ ďő ďěâěłâőàă.

Őáŋőćŋëňĺ äőŋőćëňĺ ŕàőæěááăňĺ ąãďãâ:

γ + d → π^+ + π^0 + nn (3)

Řĺáãŋőł 1: Śŕěłâà ĺŋćăàĺăŋâŋëå ňăáá M_{pX1} (a) ĺ áŕěłâà ŋěďőáâăîéĺå ňăáá M_{X1} (b). Ÿâàĺåőćëě ĺ áŕńőèŋëě łàĺćëě áőőâćěâáâćãîâ àěğãńìâăâăň ĺŋâěàŕőńĺàőćăŋĺï ŕőńĺŋőňăňĺ (äőŋ) ĺ Čăãáĺăŋăňĺ (ŕĺłĺ), áőőâćěâáâćěŋŋő.

Šăąńĺæă 1: Řăáŕőńőęěŋĺě ďěâěłâőàőć ć íłáŕěàĺňěŋâě á âőàňőğŋëňĺ äőâőŋăňĺ

ďěâěłâőà θ^∘ ϕ^∘ l (cm) size (cm × cm) N 45 ± 14 180 ± 14 200 100 × 100 γ 135 ± 19 0 ± 13 65 46 × 30 π 60 ± 10 0 ± 10 140 50 × 50

Šăąńĺæă 2: Őęĺďăěňëě ćëåőďë ďĺąăàĺőŋőć, àőęďěŋŋëå ć àěăłæĺĺ (1), ĺ äőŋőćëå ŕàőæěááőć (3) ĺ (4) ğă 1 çăá àăąőâë ãáłőàĺâěńï ”Ŕăåàă”

ňăááă (ČíĆ) M = 1.9 M = 1.95 M = 2.00 äőŋ ŕőńŋőě çĺáńő

áőąëâĺľ 842800 696400 555600 178979000 T_n = 10 − 100 ŇíĆ 458800 401400 363600 50107000 nn 2570 2710 2310 54450 γnn 20 31 44 370 M = 1.87 − 2.04 ČíĆ 20 31 44 320 ĺ γ + d → π^+ + γnn. (4)

Ć Šăąń. 2 ŕàěďáâăćńěŋë àěğãńìâăâë Ňőŋâě-Łăàńő áĺňãńïæĺĺ àőęďěŋĺï ďĺąăàĺőŋőć ć ŕàőæěááě (1) ĺ äőŋőćëå àěăłæĺľ (3) ĺ (4) (áň. [17]) ğă 1 çăá àăąőâë ãáłőàĺâěńï, ŕàěďŕőńőčăï, çâő ĺŋâěŋáĺćŋőáâì ŕãçłă ŋăńěâăîéĺå äőâőŋőć ć ĺŋâěàćăńě íŋěàčĺľ 400 – 600 ŇíĆ àăćŋă 5 · 10^9 1/áěł.

Ŕěàćăï áâàőłă íâőľ âăąńĺæë ŕőłăğëćăěâ ŕőńŋőě çĺáńő őęĺďăěňëå áőąëâĺľ. Ŕőáńěďãîéĺě áâàőłĺ ďěňőŋáâàĺàãîâ çĺáńő áőąëâĺľ, őáâăćèĺåáï ŕőáńě ãçěâă őčàăŋĺçěŋĺľ ŋă ğŋăçěŋĺï íŋěàčĺĺ ŋěľâàőŋőć, ďćőľŋëå nn áőćŕăďěŋĺľ, âàőľŋëå γnn áőćŕăďěŋĺľ ĺ őčàăŋĺçěŋĺï ŋă ĺŋâěàćăń ďĺąăàĺőŋŋëå ňăáá.

Šăłĺň őąàăğőň, őęĺďăěâáï àőęďěŋĺě őâ 20 ďő 40 ďĺąăàĺőŋőć ğă çăá àăąőâë ãáłőàĺâěńï. Őęĺďăěňëľ ŕőńŋëľ ćłńăď őáŋőćŋëå äőŋőćëå ŕàőæěááőć ŋă ŕőàïďőł ąőńìèě. Ŋő őŋ àăáŕàěďěńěŋ ŕő ćáěňã ĺááńěďãěňőňã ĺŋâěàćăńã ňăáá M. Ć âő ćàěňï łăł łăęďëľ ďĺąăàĺőŋ ďăěâ ćłńăď ć ãğłőň ĺŋâěàćăńě ňăáá, çâő áãéěáâćěŋŋő ŕőŋĺęăěâ őâŋőáĺâěńìŋëľ ćłńăď äőŋă. Ďăńìŋěľèěě ãňěŋìèěŋĺě íâőčő ćłńăďă ňőęěâ ąëâì ďőáâĺčŋãâő àěčĺáâàăæĺěľ ãčńă ćëńěâă π^+-ňěğőŋă.

Ďńï ŕőńãçěŋĺï ŋăďěęŋőčő àěğãńìâăâă âàěąãěâáï őłőńő 100 çăáőć àăąőâë ãáłőàĺâěńï.

3.2. Ťőâőàőęďěŋĺě ŚŞĎ ňěçěŋŋëňĺ äőâőŋăňĺ

Řăáňőâàĺň őąàăğőćăŋĺě ďĺąăàĺőŋőć ňěçěŋŋëňĺ äőâőŋăňĺ ć ŕàőæěááăå äőâőàőęďěŋĺï ğăàïęěŋŋëå ŕĺőŋőć ŋă ďěľâàőŋě ć őąńăáâĺ íŋěàčĺľ 250 –

Šăąńĺæă 3: Řăáŕőńőęěŋĺě ďěâěłâőàőć ŕàĺ äőâőàőęďěŋĺĺ ŚŞĎ ŋă ŕãçłě ňěçěŋëå äőâő- ŋőć ďěâěłâőà θ^∘ ϕ^∘ l (cm) size (cm × cm) π 120 ± 2.6 0 ± 2.6 550 50 × 50 N 20 ± 14 180 ± 14 200 100 × 100

400 ŇíĆ.

γ + d → π^+ + D → π^+ + γnn, γ + d → π^− + D → π^− + γpp. Ňăááă ďĺąăàĺőŋă ąãďěâ őŕàěďěńïâáï ňěâőďőň ŋěďőáâăîéěľ ňăááë

M^2 = m^2_d + m^2_π + 2m_d(ν_1 − q_0) − 2ν_1(q_0 − q cos θ_π), (5)

čďě m_d – ňăááă ďěľâàőŋă, ν_1 – íŋěàčĺï ŋăńěâăîéěčő äőâőŋă, q_0 (q) – íŋěàčĺï (ĺňŕãńìá) ŕĺőŋă. Šăłĺň őąàăğőň, ďńï őŕàěďěńěŋĺï ňăááë ďĺąăàĺőŋă ŋěőąåőďĺňő ğŋăâì íŋěàčĺî ŋăńěâăîéěčő äőâőŋă ĺ ĺğňěàĺâì âőńìłő íŋěàčĺî ĺ ãčőń ćëńěâă ŕĺőŋă. Śńěďőćăâěńìŋő, ć íâőň áńãçăě ŋěâ ŋěőąåőďĺňőáâĺ àěčĺáâàĺàőćăâì ŋă áőćŕăďěŋĺě ćáě ŕàőďãłâë àăáŕăďă ďĺąăàĺőŋă ĺ π-ňěğőŋ, çâő ŕőğćőńïěâ ąőńěě ŋăďěęŋő őŕàěďěńĺâì ňăááã ďĺąăàĺőŋă ĺ ŕőďăćĺâì äőŋ.

Őáŋőćŋëň äőŋőćëň ŕàőæěááőň ïćńïěâáï ŕàőæěáá γd → π^± + NN. Ďńï ŕőďăćńěŋĺï äőŋă ćőáŕőńìğãěňáï ãłăğăŋŋëň ćëèě äăłâőň, çâő ŋãłńőŋë őâ àăáŕăďă ŚŞĎ ďőńęŋë ńěâěâì ć ãğłőň łőŋãáě őâŋőáĺâěńìŋő ŋăŕàăćńěŋĺï ćëńěâă ďĺąăàĺőŋă. Ś íâőľ æěńìî, ąãďěň ĺğãçăâì àěăłæĺî

γ + d → π^± + (NX), (6)

čďě N = n ĺńĺ p, ĺ àěčĺáâàĺàőćăâì ŕĺőŋ ć áőćŕăďěŋĺĺ á ŋãłńőŋőň N őâ àăáŕăďă áőáâőïŋĺï (NX).

Ŕàěďŕőńăčăěňőě àăáŕőńőęěŋĺě ďěâěłâőàőć ŕàěďáâăćńěŋő ć Šăąń.3. Ć âăłőľ čěőňěâàĺĺ ąãďãâ àěčĺáâàĺàőćăâìáï ŕĺőŋë á íŋěàčĺěľ 20 – 150 ŇíĆ ĺ ŋãłńőŋë á íŋěàčĺěľ 10 – 80 ŇíĆ. Ěáńĺ àăğàěèěŋĺě ŕő íŋěàčĺĺ ňěçěŋŋëå äőâőŋőć ąãďěâ àăćŋő 2 ŇíĆ, âő àăááňăâàĺćăěňăï ãáâăŋőćłă ŕőğćőńĺâ ŕőńãçĺâì àăğàěèěŋĺě ŕő ňăááě ďĺąăàĺőŋă ∼ 4 ŇíĆ.

Ć Šăąń.4 ďăŋë őęĺďăěňëě ćëåőďë ŚŞĎ D(T = 1, J^P = 1^−) ĺ D(1, 1^+) á àăğŋëňĺ ňăááăňĺ ğă 100 çăáőć ãáłőàĺâěńìŋőčő ćàěňěŋĺ, ěáńĺ ŕőâőł ňěçěŋŋëå äőâőŋőć ć ĺŋâěàćăńě íŋěàčĺľ 250 – 400 ŇíĆ ąãďěâ àăćěŋ 10^7 1/áěł.

Šăąńĺæă 4: Őęĺďăěňëě ćëåőďë áćěàåãğłĺå ďĺąăàĺőŋőć

M(ŇíĆ) 1904 1926 1942 1982 J^P 1^− 1^+ 1^− 1^+ 1^− 1^+ 1^− 1^+ N 155 892 122 665 95 512 36 288

Ŕőňĺňő ŕőĺáłă ďĺąăàĺőŋőć ć áŕěłâàě ňăáá M_{pX1} , ąãďěâ ŕőáâàőěŋ âăłęě áŕěłâà ňăáá M_{X1} , çâő ŕőğćőńĺâ őŕàěďěńĺâì łăŋăńë àăáŕăďőć ŋăąńîďěŋŋëå ďĺąăàĺőŋőć ĺ ãâőçŋĺâì ĺå ŕàĺàőďã. Łőńĺçěáâćő áőąëâĺľ ć ŕĺłăå ć íâőň áŕěłâàě őęĺďăěâáï âăłőě ęě, łăł ĺ ĺå łőńĺçěáâćő ŕàĺ áőőâćěâáâćãîéěľ ňăááě ďĺąăàĺőŋă (áň. Šăąń.4).

4. İłğőâĺçěáłĺě ąăàĺőŋŋëě áőáâőïŋĺï á ňăááőľ M_N∗ < m_N + m_π

Ć àăąőâě [1] Tatischeff ĺ ďà. ŋăąńîďăńĺ ć áŕěłâàě ŋěďőáâăîéĺå ňăáá àěăłæĺĺ pp → pπ^+X âàĺ ãğłĺå ŕĺłă ŕàĺ M_X =1004, 1044 ĺ 1094 ŇíĆ. İâĺ ŕĺłĺ ąëńĺ ĺŋâěàŕàěâĺàőćăŋë łăł ŕàőïćńěŋĺě ŋőćëå íłğőâĺçěáłĺå ąăàĺőŋŋëå àěğőŋăŋáőć N^∗. Ğŋăçěŋĺï ňăáá M_N ∗ =1004 ĺ 1044 ŇíĆ ňěŋìèě áãňňë ňăáá m_N + m_π, âăł çâő íâĺ áőáâőïŋĺï ňőčãâ àăáŕăďăâìáï âőńìłő á ĺğńãçěŋĺěň äőâőŋőć. Ěáńĺ őŋĺ àăáŕăďăîâáï ŋă γN, âő íâĺ àěğőŋăŋáë ďőńęŋë ďăćăâì ćłńăď ć ŕàőňěęãâőçŋëě áőáâőïŋĺï Łőňŕâőŋőćáłőčő àăááěïŋĺï ŋă ŋãłńőŋě. Őďŋăłő, ăŋăńĺğ [23] áãéěáâćãîéĺå íłáŕěàěňěŋâăńìŋëå ďăŋŋëå ŕő íâőňã ŕàőæěááã ŕőńŋőáâìî ĺáłńîçăěâ âăłĺě N^∗.

Ć àăąőâě [24] ŕàěďŕőńőčăěâáï, çâő íâĺ áőáâőïŋĺï ŕàěŋăďńěęăâ ł ŕőńŋőáâìî ăŋâĺáĺňňěâàĺçŋőňã 20-ŕńěâã SU(6)_{F S} áĺňňěâàĺĺ. Šőčďă âăłĺě N^∗ ňőčãâ ŕěàěåőďĺâì ć ŋãłńőŋë, âőńìłő ěáńĺ ďćă łćăàłă ĺğ N^∗ ŕàĺŋĺňăîâ ãçăáâĺě ćő ćğăĺňőďěľáâćĺĺ [25]. Ŕàőáâěľèĺň àăáŕăďőň âăłĺå N^∗ á ňăááăňĺ 1004 ĺ 1044 ŇíĆ ïćńïěâáï àăáŕăď N^∗ → γγN çěàěğ ŕàőňěęãâőçŋőě áőáâőïŋĺě, ŕàěŋăďńěęăéěě áňěèěŋŋőňã ŕàěďáâăćńěŋĺî, ŋăŕàĺňěà, çěàěğ S_{11}(1535) àěğőŋăŋá.

Ďàãčăï ĺŋâěàŕàěâăæĺï áőáâőïŋĺľ á M_X = 1004 ĺ 1044 ŇíĆ ąëńă ŕàěďńőęěŋă ć àăąőâě [22], čďě àěăłæĺï pd → p + pX_1 ĺğãçăńăáì á æěńìî ŕőĺáłă áćěàåãğłĺå ďĺąăàĺőŋőć – ŚŞĎ. Ć àěğãńìâăâě ąëńĺ ŋăľďěŋë âàĺ ďĺąăàĺőŋŋëå áőáâőïŋĺľ á ňăááăňĺ 1904, 1926 ĺ 1942 ŇíĆ. Ďőŕőńŋĺâěńìŋăï ĺŋäőàňăæĺï ő ŕàĺàőďě ŋăąńîďěŋŋëå áőáâőïŋĺľ ąëńă ŕőńãçěŋă ŕàĺ ĺğãçěŋĺĺ áŕěłâàă ŋěďőáâăîéĺå ňăáá M_{X1} . Ěáńĺ ŋăľďěŋŋëě áőáâőïŋĺï ïćńïîâáï ďĺąăàĺőŋăňĺ, àăáŕăďăîéĺňĺ, ć őáŋőćŋőň, ŋă ďćă ŋãłńőŋă, âő X_1 ąãďěâ ŋěľâàőŋőň. Ěáńĺ ęě ğŋăçěŋĺï M_{X1} , ŕőńãçěŋŋëě ĺğ íłáŕěàĺňěŋâă, áãéěáâćěŋŋő őâńĺçăîâáï őâ ňăááë ŋěľâàőŋă, âő X_1 = γ + n, ă íâő ąãďěâ őğŋăçăâì, çâő ŋăľďěŋŋëě áőáâőïŋĺï ïćńïîâáï ŚŞĎ.

Ć àěğãńìâăâě ăŋăńĺğă íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå [22] ć áŕěłâàě ŋěďőáâăîéĺå ňăáá M_{X1} ąëńĺ őąŋăàãęěŋë ŕĺłĺ ŕàĺ M_{X1} = 966 ± 2, 986 ± 2 ĺ 1003±2 ŇíĆ (Řĺá. 1b). İâĺ ğŋăçěŋĺï áőćŕăďăîâ áő ğŋăçěŋĺïňĺ, ŕőńãçěŋŋëňĺ ć àěğãńìâăâě ćëçĺáńěŋĺľ, ĺ áãéěáâćěŋŋő őâńĺçăîâáï őâ ňăááë ŋěľâàőŋă. Śńěďőćăâěńìŋő, ŋăľďěŋŋëě ďĺąăàĺőŋë ďěľáâćĺâěńìŋő ïćńïîâáï ŚŞĎ. Ś ďàãčőľ áâőàŋë ŕĺł ŕàĺ M_{X1} =1003 ŇíĆ áőćŕăďăěâ á ŕĺłőň, ŋăąńîďěŋŋëň ć àăąőâě [1]. Ŕőíâőňã, ąëńő áďěńăŋő ŕàěďŕőńőęěŋĺě, çâő ŋăąńîďěŋŋëě ć [1] áőáâőïŋĺï ŕàĺ 1004 ĺ 1044 ŇíĆ ŋě ïćńïîâáï íłğőâĺçěáłĺňĺ ąăàĺőŋăňĺ, ă ěáâì àěğőŋăŋáŋő-ŕőďőąŋëě áőâőïŋĺï X_1 = (γ +N) ŕàőďãłâőć àăáŕăďă ŚŞĎ á ňăááăňĺ 1942 ĺ 1982 ŇíĆ, áőőâćěâáâćěŋŋő. Šăłĺě X_1 ŋě ïćńïîâáï àěăńìŋëňĺ àěğőŋăŋáăňĺ ĺ, ŕőíâőňã, ŋě ňőčãâ ďăćăâì ćłńăď ć Łőňŕâőŋőćáłőě àăááěïŋĺě ŋă ŋãłńőŋě.

Őďŋăłő, ŋĺ íłáŕěàĺňěŋâ [1], ŋĺ [22] ŋě ňőčãâ őâćěâĺâì őďŋőğŋăçŋő, çâő ňë ĺňěěň: íłğőâĺçěáłĺě ąăàĺőŋŋëě àěğőŋăŋáë ĺńĺ ŕàőďãłâë àăáŕăďă ŚŞĎ. İâőâ ćőŕàőá ňőęěâ ąëâì àěèeŋ ŕàĺ ăŋăńĺğě ŕàőæěááőć, ŕàőĺáåőďïéĺå ŋă őâďěńìŋőň ŋãłńőŋě.

Ňë ŕàěďńăčăěň ĺááńěďőćăâì ŕàőæěáá äőâőàőęďěŋĺï ŕĺőŋőć ć őąńăáâĺ 500 – 800 ŇíĆ á æěńìî ŕőĺáłă íłğőâĺçěáłĺå ąăàĺőŋŋëå áőáâőïŋĺľ á ňăńőľ ňăááőľ.

4.1. Ťőâőàőęďěŋĺě N^∗ âőàňőğŋëňĺ äőâőŋăňĺ

Řăáňőâàĺň ćőğňőęŋőáâì ŋăąńîďěŋĺï íłğőâĺçěáłĺå áőáâőïŋĺľ ąăàĺőŋőć ć ŕàőæěááě äőâőőąàăğőćăŋĺï π^+-ňěğőŋőć, ŕàěďŕőńăčăï, çâő N^∗, áőčńăáŋő [24], àăáŕăďăîâáï ŋă γγn.

γ + p → π^+ + N^∗ → π^+ + γγn. (7)

Őąńăáâì íŋěàčĺľ ŋăńěâăîéěčő äőâőŋă ćëąěàěň âăłőľ, çâőąë àěăłæĺï ŕàőåőďĺńă çěàěğ ŕàőňěęãâőçŋőě áőáâőïŋĺě, ŕàěŋăďńěęăéěě áňěèěŋŋőňã ŕàěďáâăćńěŋĺî, ŋăŕàĺňěà, çěàěğ S_{11}(1535) àěğőŋăŋá. İâő ãáńőćĺě áőőâćěâáâćãěâ őąńăáâĺ íŋěàčĺľ 500 – 800 ŇíĆ. Ŕőĺáł N^∗ ŕńăŋĺàãěâáï ćěáâĺ, ăŋăńĺğĺàãï áŕěłâà ĺŋćăàĺăŋâŋëå ňăáá γγn. Ďńï íâőčő, ŕőňĺňő ŕĺőŋă,

Šăąńĺæă 5: Řăáŕőńőęěŋĺě ďěâěłâőàőć ŕàĺ ŕőĺáłě N^∗ ć àěăłæĺĺ (7) ć íłáŕěàĺňěŋâě á âőàňőğŋëňĺ äőâőŋăňĺ

ďěâěłâőà θ^∘ ϕ^∘ l (cm) size (cm × cm) n 40 ± 14 180 ± 14 200 100 × 100 γ 140 ± 19 0 ± 13 65 46 × 30 π 15 ± 10 0 ± 10 140 50 × 50

ŋăďő àěčĺáâàĺàőćăâì ďćă äőâőŋă ĺ ŋěľâàőŋ. Ŕàĺ àěčĺáâàăæĺĺ ŕĺőŋă, ďőáâăâőçŋő őŕàěďěńĺâì ěčő ãčőń ćëńěâă. Ŕàěďńăčăěňőě àăáŕőńőęěŋĺě ďěâěłâőàőć, ŕőńãçěŋŋőě ć àěğãńìâăâě łĺŋěňăâĺçěáłőčő ăŋăńĺğă àěăłæĺĺ (7), ŕàěďáâăćńěŋő ć Šăąń. 5.

Őáŋőćŋëňĺ äőŋőćëňĺ ŕàőæěááăňĺ ïćńïîâáï àěăłæĺĺ

γp → π^0π^+n, γp → π^0π^0π^+n

Ďńï âőčő çâőąë ŕőďăćĺâì äőŋ őâ ďćőľŋőčő äőâőàőęďěŋĺï, őčàăŋĺçĺňáï àăáňőâàěŋĺěň ĺŋćăàĺăŋâŋőľ ňăááë ďćãå äőâőŋőć M_{γγ} < 110 ŇíĆ. Ś ďàãčőľ áâőàőŋë, âăł łăł π^+-ňěğőŋ ĺ N^∗ ďőńęŋë ńěâěâì ć őďŋőľ ŕńőáłőáâĺ, ňë ĺňěěň ďőŕőńŋĺâěńìŋőě ãáńőćĺě, ŕőğćőńïîéěě ŕőďăćĺâì ćłńăď őâ âàőľŋőčő äőâőàőęďěŋĺï.

Ŋă Řĺá.2 ŕőłăğăŋë àěğãńìâăâë Ňőŋâě-Łăàńő áĺňãńïæĺĺ [26] áŕěłâàőć ĺŋćăàĺăŋâŋëå ňăáá γγn àěăłæĺĺ (7) ĺ äőŋőćëå ŕàőæěááőć ğă 100 çăáőć àăąőâë ãáłőàĺâěńï, ŕàěďŕőńăčăï, çâő ĺŋâěŋáĺćŋőáâì ŕãçłă âőàňőğŋëå äőâőŋőć àăćŋă 2·10^{10} 1/áěł ć ĺŋâěàćăńě íŋěàčĺľ 500 – 800 ŇíĆ. Řĺá.2a ŕàěďáâăćńïěâ àěğãńìâăâë áĺňãńïæĺĺ ąěğ łăłĺå-ńĺąő őčàăŋĺçěŋĺľ, ă Řĺá.2b – á ãçěâőň ãłăğăŋŋëå ćëèě őčàăŋĺçěŋĺľ ŋă ĺŋćăàĺăŋâŋãî ňăááã γγn ĺ àăğŋőáâì ăğĺňãâăńìŋëå ãčńőć π^+-ňěğőŋă ĺ N^∗.

4.2. Ťőâőàőęďěŋĺě N^∗ ňěçěŋŋëňĺ äőâőŋăňĺ

Ĺáŕőńìğőćăŋĺě ŕãçłă ňěçěŋëå äőâőŋőć ŕőğćőńïěâ ĺááńěďőćăâì ćőğňőęŋőáâì őąàăğőćăŋĺï N^∗ ć ąőńěě őąéěň áńãçăě, ŋě ŕàěďŕőńăčăï łőŋłàěâŋëľ łăŋăń àăáŕăďă íâőčő áőáâőïŋĺï. Ąãďěň ĺáłăâì âăłĺě áőáâőïŋĺï, ăŋăńĺğĺàãï áŕěłâàë ŋěďőáâăîéěľ ňăááë àěăłæĺĺ

γ + p → π^+ + X. (8)

Ňăááă íłğőâĺçěáłőčő ąăàĺőŋŋőčő áőáâőïŋĺï őŕàěďěńïěâáï ć íâőň áńãçăě

Řĺáãŋőł 2: Śŕěłâà ĺŋćăàĺăŋâŋëå ňăáá M_{γγn}. (a) – ąěğ őąàěğăŋĺľ; (b) – á ãçěâőň ãáńőćĺľ M_{γγ} < 110 ŇíĆ ĺ 160^∘ < |ϕ_π+ − ϕ_N ∗ | < 200^∘

Šăąńĺæă 6: Őęĺďăěňëě ćëåőďë íłğőâĺçěáłĺå ąăàĺőŋŋëå áőáâőïŋĺľ ğă 100 çăáőć àăąőâë ãáłőàĺâěńï

M_N ∗ (ŇíĆ) 1004 1044 N 1380 1403

áńěďãîéĺň őąàăğőň:

M^2_N ∗ = m^2_p + m^2_π + 2m_p(ν_1 − q_0) − 2ν_1(q_0 − q cos θ_π+ ). (9)

İłáŕěàĺňěŋâ ŕńăŋĺàãěâáï ŕàőćőďĺâì ŋă ŕãçłě ňěçěŋŋëå äőâőŋőć ãáłőàĺâěńï ”Ŕăåàă” ć őąńăáâĺ íŋěàčĺľ 500 – 800 ŇíĆ. Ğăàïęěŋŋëě ŕĺőŋë ŕàěďŕőńăčăěâáï ďěâěłâĺàőćăì ŕĺőŋŋëň ďěâěłâőàőň àăğňěàőň 50 × 50 áň^2, ĺáŕőńìğãï ćàěňï-ŕàőńěâŋãî ňěâőďĺłã. Šăł łăł őáŋőćŋăï őèĺąłă ć őŕàěďěńěŋĺĺ ňăááë íłğőâĺçěáłőčő ąăàĺőŋŋőčő áőáâőïŋĺï áćïğăŋă á âőçŋőáâìî ĺğňěàěŋĺï íŋěàčĺĺ ĺ ãčńă ćëńěâă ŕĺőŋă, âő ďńï ãňěŋìèěŋĺï íâőľ őèĺąłĺ ŕĺőŋŋëľ ďěâěłâőà áńěďãěâ àăáŕőńőęĺâì ŕőď ãčńőň 140^∘ ŋă àăááâőïŋĺĺ 550 áň őâ ňĺèěŋĺ. Śâăàâőćëľ ďěâěłâőà ąãďěâ àăáŕőńőęěŋ ŋă àăáâőïŋĺĺ 50 áň őâ ňĺèěŋĺ. İŋěàčĺï ďěâěłâĺàãěňëå ŕĺőŋőć ŕàĺ őąàăğőćăŋĺĺ íłğőâĺçěáłĺå ąăàĺőŋŋëå áőáâőïŋĺľ ĺğňěŋïěâáï ć ŕàěďěńăå 75 – 165 ŇíĆ. Ŕàĺ àăğàěèěŋĺĺ ŕő íŋěàčĺĺ ňěçěŋŋëå äőâőŋőć àăćŋőň ∼ 4 ŇíĆ, őęĺďăěňăï őèĺąłă ć őŕàěďěńěŋĺĺ ňăááë íłğőâĺçěáłőčő áőáâőïŋĺï áőáâăćĺâ ∼ 9 ŇíĆ.

Ć Šăąń.6 ďăŋë őęĺďăěňëě ćëåőďë íłğőâĺçěáłĺå ąăàĺőŋőć á ňăááăňĺ 1004 ĺ 1044 ŇíĆ ğă 100 çăáőć àăąőâë ãáłőàĺâěńï, ěáńĺ ŕőâőł ňěçěŋŋëå äőâőŋőć ć ĺŋâěàćăńě íŋěàčĺľ 500 – 800 ŇíĆ ąãďěâ àăćěŋ 10^7 1/áěł.

Őáŋőćŋëňĺ äőŋőćëňĺ ŕàőæěááăňĺ ć ďăŋŋőň íłáŕěàĺňěŋâě ïćńïîâáï àěăłæĺĺ γp → π^+ + n ĺ γp → π^+ + π^0 + n. Ďńï ŕőďăćńěŋĺï ĺå ćłńăďă, ŕőňĺňő ãàăćŋěŋĺľ áőåàăŋěŋĺï íŋěàčĺĺ ĺ ĺňŕãńìáőć, ąãďãâ ĺáŕőńìğőćăâìáï ãáńőćĺï:

1. M_X < m_n + m_π

2. 70 < T_π < 200 ŇíĆ

Ćáě íâő ŕőğćőńïěâ ďőáâăâőçŋő áãéěáâćěŋŋő ŕőďăćĺâì äőŋ.

5. η-ňěğőŋŋëě ïďàă

Ćőğňőęŋőáâì áãéěáâćőćăŋĺï íâă-ňěğőŋŋëå ïďěà – áĺńìŋő áćïğăŋŋőľ áĺáâěňë η-ňěğőŋă ĺ ïďàă - ąëńă ćŕěàćëě ćëáłăğŋă ć àăąőâě [27] ąőńěě 15 ńěâ ŋăğăď. Ŕěàćëě íłáŕěàĺňěŋâë ŕő ŕőĺáłã η-ïďěà, ŕàőćěďěŋŋëě ć 1988č. ć BNL [28] ĺ ć LAMPF [29] ďăńĺ őâàĺæăâěńìŋëľ àěğãńìâăâ, çâő ŕőçâĺ ŋă 10 ńěâ ŕàĺőáâăŋőćĺńő ŕàőćěďěŋĺě íłáŕěàĺňěŋâőć ŕő ŕőĺáłã η-ïďěà. Őáŋőćŋőľ ŕàĺçĺŋőľ őâàĺæăâěńìŋőčő àěğãńìâăâă ňőęŋő áçĺâăâì ĺáŕőńìğőćăŋĺě ŋěăďěłćăâŋőčő ňěâőďă ĺďěŋâĺäĺłăæĺĺ η-ïďěà, áőáâőïéěčő ć àěčĺáâàăæĺĺ çăáâĺæ, ćőğŋĺłăîéĺå ŋă 1-ľ áâăďĺĺ őąàăğőćăŋĺï âăłĺå ïďěà. Ćŋőćì ł íâőľ âěňě ćŋĺňăŋĺě ąëńő őąàăéěŋő ćáłőàě ŕőáńě àăğàăąőâłĺ ć ŤĹĂŊě ŋőćőčő ňěâőďă ĺďěŋâĺäĺłăæĺĺ η-ïďěà [30], őáŋőćăŋŋőčő ŋă àěčĺáâàăæĺĺ łőààěńĺàőćăŋŋëå łőŋěçŋëå ŕàőďãłâőć àăáŕăďă âăłĺå áőáâőïŋĺľ.

Ć àěğãńìâăâě íłáŕěàĺňěŋâă, ŕàőćěďěŋŋőčő ć ŤĹĂŊě ć 1998 čőďã, ąëńĺ ŕőńãçěŋë ãłăğăŋĺï ŋă ćőğňőęŋőáâì őąàăğőćăŋĺï η-ňěğőŋŋőčő ïďàă ć äőâőňěğőŋŋëå ŕàőæěááăå ŕàĺ íŋěàčĺïå γ-łćăŋâőć E_γ >700 ŇíĆ [31]. İâĺ àěğãńìâăâë ŕőłăğăńĺ ŕěàáŕěłâĺćŋőáâì ĺááńěďőćăŋĺï η-ňěğőŋŋëå ïďěà á ĺáŕőńìğőćăŋĺěň γ-łćăŋâőć âőàňőğŋőčő ĺğńãçěŋĺï ĺ ïćĺńĺáì őąőáŋőćăŋĺěň ŕàěďńăčăěňőľ ŋĺęě ŕàőčàăňňë ĺááńěďőćăŋĺľ âăłĺå íłğőâĺçěáłĺå ïďěàŋëå áĺáâěň.

Őáŋőćŋăï őáőąěŋŋőáâì η-ňěğőŋŋëå ïďěà áőáâőĺâ ć âőň, çâő őŋĺ ŕàěďáâăćńïîâ áőąőľ áĺáâěňã áĺńìŋőćğăĺňőďěľáâćãîéĺå ńĺąő η-ňěğőŋă, ńĺąő S_{11}(1535) ŋãłńőŋŋőčő àěğőŋăŋáă á ïďàőň. Ć âăłőľ áĺáâěňě ćőğňőęŋő ňŋőčőłàăâŋőě ćőááőğďăŋĺě íâĺå áőáâőïŋĺľ ć àěğãńìâăâě ăłâĺćŋő ĺďãéěčő ćŋãâàĺ η-ïďàă ŕàőæěááă ηN → S_{11} → ηN. Ŋă Řĺá.3 áåěňăâĺçŋő ŕàěďáâăćńěŋă áâàãłâãàă η-ïďàă ĺ ŕőłăğăŋë 2 ćăàĺăŋâă ěčő àăáŕăďă: ńĺąő ŕő łăŋăńã η → 2γ, ńĺąő ŕő łăŋăńã S_{11} → πN.

Řĺáãŋőł 3: Ňěåăŋĺğňë őąàăğőćăŋĺï ć äőâőàěăłæĺïå η-ňěğőŋŋëå ïďěà ĺ ĺå àăáŕăď ŋă (πN) ŕăàã (áńěćă) ĺ γγ (áŕàăćă).

Ĺğ áőŕőáâăćńěŋĺï àěğőŋăŋáŋëå èĺàĺŋ íâĺå áőáâőïŋĺľ áńěďãěâ, çâő àăáŕăď η → 2γ ć 1.6 · 10^5 àăğ ňěŋěě ćěàőïâěŋ ŕő áàăćŋěŋĺî á àăáŕăďőň ŕő łăŋăńã S_{11} → πN. Ć àăąőâě [30] ĺňěŋŋő łăŋăń àăáŕăďă ŋă łőààěńĺàőćăŋŋãî πN- ŕăàã ĺ ąëń ŕàěďńőęěŋ ďńï ĺďěŋâĺäĺłăæĺĺ ćőğŋĺłăîéĺå η-ňěğőŋ ïďěàŋëå áőáâőïŋĺľ. Ąńăčőďăàï łàăâŋőáâĺ ŕàőæěááă ηN → S_{11} → ηN ć ηïďàě ĺ Ťěàňĺ-ďćĺęěŋĺî ŋãłńőŋőć ć ïďàě, àăáŕăďăîéĺľáï S_{11}-àěğőŋăŋá ąãďěâ ć ğŋăçĺâěńìŋőľ ňěàě ”âěàňăńĺğőćăŋ”, ă πN-ŕăàă, ŕőïćńïîéăïáï ć àěğãńìâăâě àăáŕăďă S_{11}-àěğőŋăŋáă, ďőńęŋă ĺňěâì ĺğőâàőŕŋőě àăáŕàěďěńěŋĺě á őâłàëâëň ãčńőň < Θ_{πN} >≈ 180^0. Ďńï áńãçăï, łőčďă ŕàőĺáåőďĺâ őďŋőłàăâŋëľ ŕàőæěáá (ąěğ őąàăğőćăŋĺï η-ïďěà) γN → S_{11} → πN, S_{11}(1535)-àěğőŋăŋá őąńăďăěâ ĺňŕãńìáőň p ∼ 700MeV/c. Ć íâőň áńãçăě ãčńőćőě àăáŕàěďěńěŋĺě πN-ŕăàë áőćěàèěŋŋő ďàãčőě: < Θ_{πN} >≃ 140^0 ĺ íŋěàčĺĺ łőňŕőŋěŋâ π ĺ N ğŋăçĺâěńìŋő ąőńìèě, çěň ć áńãçăě àăáŕăďă ”âěàňăńĺğőćăŋŋőčő”, ŕàăłâĺçěáłĺ ŕőłőïéěčőáï S_{11}(1535)-àěğőŋăŋáă.

Ć íłáŕěàĺňěŋâě [31] πN-ŕăàă àěčĺáâàĺàőćăńăáì ďćãňï áæĺŋâĺńńïæĺőŋŋëňĺ áŕěłâàőňěâàăňĺ, àăáŕőńőęěŋŋëňĺ ŕőď 90^0 ł γ-ŕãçłã (ŕő őąě áâőàőŋë őâ γ-ŕãçłă). Ąëńĺ ćëąàăŋë 2 ŕőğĺæĺĺ àěčĺáâàăæĺĺ : 1) ŕàĺ íŋěàčĺĺ łőŋæă áŕěłâàă âőàňőğŋőčő ĺğńãçěŋĺï E^{max}_γ = 650 ŇíĆ, çâő ŋĺęě ŕőàőčă àőęďěŋĺï η-ňěğőŋă ŋă ïďěàŋőň ŋãłńőŋě ĺ 2) ŕàĺ E^{max}_γ = 850 ŇíĆ, łőčďă àőęďěŋĺě η-ňěğőŋă őłăğëćăěâáï ćőğňőęŋëň. Ŋă Řĺá. 4 ŕàěďáâăćńěŋë ďćãňěàŋëě íŋěàčěâĺçěáłĺě àăáŕàěďěńěŋĺï àěčĺáâàĺàãěňëå πN-ŕăà ďńï íâĺå ďćãå ŕőğĺæĺľ. Řěğőŋăŋáŋăï áâàãłâãàă ć áŕěłâàě ŕàĺ E^{max}_γ = 850 ŇíĆ áćĺďěâěńìáâćãěâ ő ćőğŋĺłŋőćěŋĺĺ łőààěńĺàőćăŋŋëå πN-ŕăà á íŋěàčĺïňĺ, áőőâćěâáâćãîéĺňĺ çăáâĺæăň őâ àăáŕăďă S_{11}-àěğőŋăŋáă. Ŋă àĺá. 5 ŕàěďáâăćńěŋ íłáŕěàĺňěŋâăńìŋëľ íŋěàčěâĺçěáłĺľ áŕěłâà ŕő áãňňăàŋőľ íŋěàčĺĺ πN-ŕăàë ć áàăćŋěŋĺĺ á ăŋăńőčĺçŋëň áŕěłâàőň őâ àăáŕăďă áćőąőďŋőčő S_{11}(1535) àěğőŋăŋáă. Ŋăąńîďăěňőě áňěéěŋĺě ΔE ć ŕőńőęěŋĺĺ ňăłáĺňãňőć íâĺå 2-å àăáŕàěďěńěŋĺľ ňőęěâ àăááňăâàĺćăâìáï çăáâĺçŋő łăł àěğãńìâăâ áćïğĺ S_{11}-àěğőŋăŋáă ć ïďàě, ă âăłęě ćáńěďáâćĺě äőàňë áŕěłâàă âőàňőğŋőčő ĺğńãçěŋĺï ć ďĺăŕăğőŋě ΔE_γ = 850 ÷ 650 ŇíĆ, äőàňë íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ áěçěŋĺï őąàăğőćăŋĺï η-ňěğőŋőć ŋă ŋãłńőŋăå, ĺ íŋěàčěâĺçěáłőľ ğăćĺáĺňőáâĺ ćőğąãęďěŋĺï S_{11}(1535) àěğőŋăŋáă ć ŕőďŕàőæěááě ηN → S_{11}.

Ĺŋâěàěá ł ĺááńěďőćăŋĺî η-ïďěà áćïğăŋ ŕàěęďě ćáěčő á âěň, çâő η-ïďàă ïćńïîâáï ŋőćëň őąêěłâőň ňěğő-ïďěàŋőľ äĺğĺłĺ, ĺğãçěŋĺě łőâőàőčő ňőęěâ ďăâì ŋőćëě ďăŋŋëě łăł ő åăàăłâěàĺáâĺłăå íńěňěŋâăàŋëå çăáâĺæ (η-

E^{max}_γ = 850 ŇíĆ E^{max}_γ = 650 ŇíĆ E^{max}_γ = 850 ŇíĆ

Řĺáãŋőł 4: Ďćãåňěàŋëě àăáŕàěďěńěŋĺï łőààěńĺàőćăŋŋëå (π^+N) ŕăà ŕő łĺŋěâĺçěáłĺň íŋěàčĺïň E_π+ ĺ E_π+_N ďńï E^{max}_γ = 850 ĺ 650 ŇíĆ.

Řĺáãŋőł 5: Řăáŕàěďěńěŋĺě (π^+N) ŕăà ŕő ŕőńŋőľ íŋěàčĺĺ E_{tot}(π^+N). Ďńï áàăćŋěŋĺï ŕàĺćőďĺâáï âăłęě àăáŕàěďěńěŋĺě, áőőâćěâáâćãîéěě àăáŕăďã áćőąőďŋőčő S_{11}(1535) àěğőŋăŋáă.

ňěğőŋă, ă ć ďăńìŋěľèěň ρ, ω ĺ φ-ňěğőŋőć ć áńãçăě áőğďăŋĺï áőőâćěâáâćãîéĺå ňěğőŋ-ïďěàŋëå áĺáâěň), âăł ĺ ő ïďěàŋőľ áĺáâěňě, ć áőáâăć łőâőàőľ ćåőďïâ ŋãłńőŋŋëě àěğőŋăŋáë.

Śőćěàèěŋŋő őçěćĺďŋő, çâő ĺğ-ğă őâáãâáâćĺï η-ňěğőŋŋëå ŕãçłőć, çâő áćïğăŋő á őçěŋì łőàőâłĺň ćàěňěŋěň ęĺğŋĺ η-ňěğőŋă (τ_η = 5 · 10^{−19} áěł), ĺááńěďőćăŋĺě η-ňěğőŋŋëå ïďěà őâłàëćăěâ ŋőćëě ćőğňőęŋőáâĺ ć ĺğãçěŋĺĺ ηN ĺ ηA ćğăĺňőďěľáâćĺľ, ă âăłęě ć ĺğãçěŋĺĺ åăàăłâěàĺáâĺł S_{11}(1535) ŋãłńőŋŋőčő àěğőŋăŋáă.

Ŕàěďáâăćńïěâ ĺŋâěàěá íłáŕěàĺňěŋâăńìŋőě őŕàěďěńěŋĺě ďěäěłâőć ňăááë η-ňěğőŋă Δm(η) ĺ S_{11}(1535) àěğőŋăŋáă Δm(S_{11}) ć ïďěàŋőľ áàěďě.

Ć ŕàěďáâăćńěŋŋőň ŕàőěłâě ŕńăŋĺàãěâáï ĺğãçĺâì A-ğăćĺáĺňőáâì áěçěŋĺï őąàăğőćăŋĺï η-ïďěà σ(_ηA) ĺ ćěńĺçĺŋ Δm(η) ĺ Δm(S_{11}), ă âăłęě ğăćĺáĺňőáâì σ(_ηA), Δm(η), Δm(S_{11}) őâ íŋěàčĺĺ E_γ ć ďőáâãŕŋőň ďńï áĺŋåàőâàőŋă ”ŔĂŢŘĂ” íŋěàčěâĺçěáłőň ĺŋâěàćăńě ΔE_γ700 ÷ 1200 ŇíĆ.

İłáŕěàĺňěŋâ ŕàěďŕőńăčăěâáï ŕàőćőďĺâì ŋă γ-ŕãçłě âőàňőğŋőčő ĺğńãçěŋĺï íńěłâàőŋŋőčő áĺŋåàőâàőŋă ”ŔĂŢŘĂ”, á ĺáŕőńìğőćăŋĺěň 2-å áæĺŋâĺńńïæĺőŋŋëå áŕěłâàőňěâàőć, àăąőâăîéĺå ŕő ňěâőďã ćàěňěŋĺ ŕàőńěâă (TOF-áŕěłâàőňěâàë). Ć íłáŕěàĺňěŋâě ąãďěâ ĺáŕőńìğőćăŋ ňěâőď ĺďěŋâĺäĺłăæĺĺ η-ňěğőŋ-ïďěàŋëå áőáâőïŋĺľ ŕő àěčĺáâàăæĺĺ łőààěńĺàőćăŋŋëå ŕő ćàěňěŋĺ, ãčńã ĺ íŋěàčĺïň (πN)-ŕăà őâ àăáŕăďă S_{11}(1535)-àěğőŋăŋáă. Ŕàőæěďãàă ĺğňěàěŋĺľ ąãďěâ áőáâőïâì ĺğ ŕőáńěďőćăâěńìŋëå íłáŕőğĺæĺľ á íŋěàčĺïňĺ łőŋæă áŕěłâàă âőàňőğŋőčő ĺğńãçěŋĺï E^{max}_γ = 650 ĺ 850 ŇíĆ (ćőğňőęŋő âăłęě 1000 ĺ 1200 ŇíĆ), â.ě. ŋĺęě ĺ ćëèě ŕőàőčă àőęďěŋĺï η-ňěğőŋă ŋă ŋãłńőŋě. Ĺ ňěâőď ĺďěŋâĺäĺłăæĺĺ, ĺ ŕàőæěďãàă ĺğňěàěŋĺľ őŕàăćďăńĺ áěąï ć ŕàőćěďěŋŋëå àăŋěě ĺğňěàěŋĺïå, łőčďă ąëńĺ ŕőńãçěŋë ŕěàćëě ŕőńőęĺâěńìŋëě íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŕő η-ïďàăň.

Ďńï őáãéěáâćńěŋĺï ŕàőčàăňňë ĺááńěďőćăŋĺľ η-ïďěà ć àăğãňŋëě áàőłĺ (3 čőďă) ęěńăâěńìŋő ŕàőćěďěŋĺě ďőŕőńŋĺâěńìŋëå àăąőâ ŕő ňőďěàŋĺğăæĺĺ àïďă ãğńőć ãáłőàĺâěńï ”ŔĂŢŘĂ” ďńï őąěáŕěçěŋĺï ŋěőąåőďĺňëå åăàăłâěàĺáâĺł γ-ŕãçłă.

Ćő-ŕěàćëå, ŋěőąåőďĺňő őáãéěáâćĺâì àăąőâë ŕő áâăąĺńĺğăæĺĺ ”àăáâïęłĺ” γ-ŕãçłă ĺ ŕőńãçěŋĺï àăćŋőňěàŋőáâĺ (∼ 10%) γ-ĺğńãçěŋĺï ć ŕàěďěńăå ”àăáâïęłĺ”. Ďńĺâěńìŋőáâì ”àăáâïęłĺ” ďőńęŋă ąëâì ńěčłő àěčãńĺàãěňőľ ĺ ďőáâĺčăâì τ_{àăáâ} ∼ 2 ňáěł.

Ćő-ćâőàëå, ęěńăâěńìŋő ãćěńĺçěŋĺě ĺŋâěŋáĺćŋőáâĺ ŕãçłă ãáłőàïěňëå íńěłâàőŋőć ć áĺŋåàőâàőŋě (áőőâćěâáâćěŋŋő ĺ ŕőâőłă γ-łćăŋâőć) ďő 5 · 10^{12} íń/cěł (ĺ ćőğňőęŋő ďő 10^{13} íń/áěł).

Ć-âàěâìĺå, ęěńăâěńìŋő őąěáŕěçěŋĺě àăąőâë áĺŋåàőâàőŋă á ňăłáĺňăńìŋőľ íŋěàčĺěľ E_e = 1000 ŇíĆ (ă, ěáńĺ ćőğňőęŋő ŕő íŋěàčěâĺłě, âő ďő 1200 ŇíĆ). Šăłőě ãćěńĺçěŋĺě E^{max}_e ďăńő ąë ćőğňőęŋőáâì ŕőńŋőáâìî ŕěàěłàëâì ŕő íŋěàčĺĺ ĺŋâěàćăń ćőğąãęďěŋĺï S_{11}(1535) ŋãłńőŋŋőčő àěğőŋăŋáă, ĺ ğŋăçĺâěńìŋő ãćěńĺçĺńő ąë ćëåőď áőąëâĺľ ć ěďĺŋĺæã ćàěňěŋĺ.

6. Łőčěàěŋâŋőě ĺğńãçěŋĺě àěńïâĺćĺáâáłĺå íńěłâàő- ŋőć Ć ŕőáńěďŋěě ćàěňï àěğłő ŕőćëèăěâáï ĺŋâěàěá ł àăğàăąőâłě ĺ áőğďăŋĺî ŋőćëå íääěłâĺćŋëå ĺáâőçŋĺłőć łćăğĺňőŋőåàőňăâĺçěáłőčő àěŋâčěŋőćáłőčő ĺğńãçěŋĺï á ŕńăćŋő ŕěàěáâàăĺćăěňőľ íŋěàčĺěľ [32]. Ć ŕěàćãî őçěàěďì íâő áćïğăŋő á ŕőâàěąŋőáâìî ć âăłĺå ĺáâőçŋĺłăå ć őąńăáâĺ ąĺőńőčĺĺ, ňěďĺæĺŋë, ŕàőĺğćőďáâćě ňĺłàőáåěň ĺ â.ď.. Ďàãčĺňĺ áńőćăňĺ, á ŕàĺňěŋěŋĺěň ŕãçłőć àěŋâčěŋőćáłőčő ĺğńãçěŋĺï á ãŋĺłăńìŋëňĺ åăàăłâěàĺáâĺłăňĺ ć ŕàĺłńăďŋëå ğăďăçăå. Őáâăŋőćĺňáï łàăâłő ŋă ŋěłőâőàëå ĺğ âăłĺå ŕàĺńőęěŋĺľ.

Ďńï àěŋâčěŋőćáłőľ ńĺâőčàăäĺĺ ŋăĺąőńěě ŕőďåőďïéěľ ïćńïěâáï őąńăáâì íŋěàčĺľ łćăŋâőć 0.5 – 2 łíĆ. Ŕàĺ íâőň, ĺáâőçŋĺł ďőńęěŋ őąěáŕěçĺćăâì ňőéŋőáâì ĺğńãçěŋĺï ŕőàïďłă 20 mW, ćëďěńïěňãî ŋă ŕńőéăďłě 20 × 30 ňň^2 [33,34]. Ć áćïğĺ á íâĺň, ćăęŋěľèĺň áâăŋőćĺâáï ćőŕàőá ő áâőĺňőáâĺ ĺ áńőęŋőáâĺ íłáŕńãăâăæĺĺ âăłĺå ĺáâőçŋĺłőć. Őâáîďă ĺáłńîçĺâěńìŋő ćëáőłĺľ ĺŋâěàěá ł ŕőŕëâłăň ĺáŕőńìğőćăŋĺï ć íâĺå ãáńőćĺïå àěŋâčěŋőćáłőčő ŕěàěåőďŋőčő ĺğńãçěŋĺï íńěłâàőŋőć őâŋőáĺâěńìŋő ŋěąőńìèőľ íŋěàčĺĺ (ŕőàïďłă 10 – 50 ŇíĆ, çâő ŋă 1 – 2 ŕőàïďłă ňěŋìèě áőőâćěâáâćãîéěľ íŋěàčĺĺ áĺŋåàőâàőŋőć) [33–36]. Šăłăï íŋěàčĺï ďőáâĺęĺňă ŋă ňĺłàőâàőŋăå ĺ ńĺŋěľŋëå ãáłőàĺâěńïå. Ŕàőćěďěŋŋëě ĺááńěďőćăŋĺï [33–36] ŕőłăğăńĺ ŋěőąåőďĺňőáâì ŕőćëèěŋĺï ňőéŋőáâĺ ĺáâőçŋĺłőć ŕěàěåőďŋőčő ĺğńãçěŋĺï ŕàĺňěàŋő ŋă ŕőàïďőł. Ŋăňěâĺńőáì ŋěáłőńìłő ŕãâěľ àěèěŋĺï íâőľ ŕàőąńěňë: äőłãáĺàőćłă ĺğńãçěŋĺï á ŕőňőéìî àěŋâčěŋőćáłĺå ńĺŋğ; ãáâăŋőćłă àăďĺăâőàă ć æĺłńĺçěáłĺľ ãáłőàĺâěńì, çâő ŕőğćőńïěâ àěğłő ãćěńĺçĺâì ňőéŋőáâì ĺğńãçěŋĺï ğă áçěâ ňŋőčőłàăâŋőčő ŕàőåőęďěŋĺï íńěłâàőŋőć çěàěğ àăďĺăâőà; őŕâĺňĺğăæĺï àăďĺăâőàă. Ŋőćëě ćőğňőęŋőáâĺ őâłàëćăîâáï ĺ ŕàĺ ĺáŕőńìğőćăŋĺĺ ďàãčĺå ňěåăŋĺğňőć čěŋěàăæĺĺ ĺğńãçěŋĺï, ŋăŕàĺňěà – ŕăàăňěâàĺçěáłőčő.

Ŕěàěáâàăĺćăěňëľ ŕő íŋěàčĺĺ łćăŋâőć ĺáâőçŋĺł àěŋâčěŋőćáłőčő ĺğńãçěŋĺï ŋěőąåőďĺň ďńï ďĺăčŋőáâĺłĺ àăłă ęěŋáłőľ čàãďĺ – ňăňňőčàăäĺĺ, ŕőáłőńìłã őŕâĺňăńìŋëě ğŋăçěŋĺï íŋěàčĺĺ łćăŋâőć áãéěáâćěŋŋő ğăćĺáïâ őâ àăğňěàőć ĺááńěďãěňőčő őąêěłâă. Ŋăĺąőńěě ŕőďåőďïéăï őąńăáâì íŋěàčĺľ łćăŋâőć 15 – 25 łíĆ á őâŋőáĺâěńìŋőľ èĺàĺŋőľ ńĺŋĺĺ 5% [37,38] ňőęěâ ąëâì őáćőěŋă á ŕőňőéìî áĺŋåàőâàőŋŋőčő ĺáâőçŋĺłă [39]. Őďŋăłő áãéěáâćěŋŋëľ ĺŋâěàěá ŕàěďáâăćńïěâ ŕőĺáł ŋőćëå, ąőńěě ďěèěćëå ĺáâőçŋĺłőć ŕěàěáâàăĺćăěňőčő łćăğĺňőŋőåàőňăâĺçěáłőčő ĺğńãçěŋĺï. Şŋĺłăńìŋëě ćőğňőęŋőáâĺ ć íâőľ őąńăáâĺ őâłàëćăěâ ŕăàăňěâàĺçěáłőě ĺğńãçěŋĺě àěńïâĺćĺáâáłĺå íńěłâàőŋőć ć łàĺáâăńńě, ŕőğćőńïîéěě ŕőńãçăâì łćăŋâë á íŋěàčĺěľ ć ďěáïâłĺ łíĆ á ŕőňőéìî íńěłâàőŋőć á íŋěàčĺěľ ć ěďĺŋĺæë ĺ ďěáïâłĺ ŇíĆ. Őáŋőćŋőľ ŋěďőáâăâőł ŕăàăňěâàĺçěáłőčő ĺğńãçěŋĺï – ŋĺğłăï ĺŋâěŋáĺćŋőáâì – ňőęěâ ąëâì ŕàěőďőńěŋ łăł ğă áçěâ ĺáŕőńìğőćăŋĺï čěőňěâàĺĺ ŕàěďěńìŋő ăáĺňňěâàĺçŋőčő àăááěïŋĺï, âăł ĺ ãáâăŋőćłĺ łàĺáâăńńă ć æĺłńĺçěáłĺľ ãáłőàĺâěńì [36]. Ŋă íâőň ŕãâĺ ďőáâĺęĺňă ãčńőćăï ŕńőâŋőáâì ĺğńãçěŋĺï ŕőàïďłă 0.05 – 0.1 äőâ./íń.áà, çâő ćŕőńŋě ďőáâăâőçŋő ďńï æěńěľ ňăňňőčàăäĺĺ .

Śńěďãěâ âăłęě ãŕőňïŋãâì ăłâĺćŋő àăğàăąăâëćăěňãî ć ŋăáâőïéěě ćàěňï ŕàőąńěňã łőàőŋăàŋőľ ăŋčĺőčàăäĺĺ, áćőďïéãîáï ł àěèěŋĺî âàěå őáŋőćŋëå ćőŕàőáőć, ă ĺňěŋŋő – ćëąőàã ĺáâőçŋĺłă àěŋâčěŋőćáłőčő ĺğńãçěŋĺï [40], ňőŋőåàőňăâőàă [41], ďěâěłâőàă ĺğńãçěŋĺï [42]. Őáŋőćŋëě âàěąőćăŋĺï ł áĺáâěňě – ąëáâàőě ŕőńãçěŋĺě ĺğőąàăęěŋĺï – ŕàěďŕőńăčăěâ őçěŋì ćëáőłãî ňőéŋőáâì ĺğńãçěŋĺï ŕőàïďłă 4 · 10^{14} äőâ./áěł [43], çâő áâăćĺâ ćěáìňă áńőęŋãî ğăďăçã ŕěàěď àăğàăąőâçĺłăňĺ. Łàăľŋě ćăęŋőľ ïćńïěâáï ć ăŋčĺőčàăäĺĺ ŕàőąńěňă ŕőńãçěŋĺï ãğłőľ (ŕőàïďłă 10^{−4}) ńĺŋĺĺ ĺğńãçěŋĺï ćąńĺğĺ 33 łíĆ á ćőğňőęŋőáâìî ŕńăćŋőčő ŕěàěåőďă ĺğ őąńăáâĺ íŋěàčĺľ ŋĺęě Ł-ńĺŋĺĺ ľőďă ć őąńăáâì ćëèě Ł-ńĺŋĺĺ.

Ć áőőâćěâáâćĺĺ á ĺğńőęěŋŋëň, ïáŋő, çâő őďŋőľ ĺğ őáŋőćŋëå ğăďăç ïćńïěâáï ãćěńĺçěŋĺě ïàłőáâĺ ĺáâőçŋĺłőć łćăğĺňőŋőåàőňăâĺçěáłőčő àěŋâčěŋőćáłőčő ĺğńãçěŋĺï. Ĺňěŋŋő íâőľ ğăďăçě ŕőáćïéěŋë ďćă ŋőćëå íłáŕěàĺňěŋâă, ćěďãéĺåáï ŋă ãáłőàĺâěńìŋőň łőňŕńěłáě ŤĹĂŊ ć őąńăáâĺ äĺğĺłĺ ŕăàăňěâàĺçěáłőčő àěŋâčěŋőćáłőčő ĺğńãçěŋĺï ĺ àěğőŋăŋáŋőčő ŕěàěåőďŋőčő ĺğńãçěŋĺï àěńïâĺćĺáâáłĺå íńěłâàőŋőć.

Łăł őâňěçăńőáì ćëèě, ďńï æěńěľ àěŋâčěŋőćáłőľ ńĺâőčàăäĺĺ ŋěőąåőďĺňő ãćěńĺçĺâì ŕàĺňěàŋő ŋă ŕőàïďőł áŕěłâàăńìŋő-ãčńőćãî ŕńőâŋőáâì ĺáâőçŋĺłă, őáŋőćăŋŋőčő ŋă ŕěàěåőďŋőň ĺğńãçěŋĺĺ. Łăł ŕàăćĺńő, ďńï čěŋěàăæĺĺ ŕěàěåőďŋőčő ĺğńãçěŋĺï ĺáŕőńìğãěâáï áâőŕłă ŕěàĺőďĺçěáłĺ àăáŕőńőęěŋŋëå ć ćăłããňě ŕńăáâĺŋ ćěéěáâćă, çâő ŕőğćőńïěâ àěğłő ãćěńĺçĺâì ŕńőâŋőáâì ĺğńãçěŋĺï ğă áçěâ łőŋáâàãłâĺćŋőľ ĺŋâěàäěàěŋæĺĺ ćőńŋ, ĺğńãçăěňëå çăáâĺæěľ ŋă àăğńĺçŋëå ŕńăáâĺŋăå. Ćëåőď ĺğńãçěŋĺï áãéěáâćěŋŋő ğăćĺáĺâ őâ ňŋőčĺå ŕăàăňěâàőć ğăďăçĺ: íŋěàčĺĺ ĺğńãçăîéěľ çăáâĺæë, ãčńă ŋăąńîďěŋĺï ĺğńãçěŋĺï, íŋěàčĺĺ łćăŋâă, âőńéĺŋë ŕńăáâĺŋ ĺ àăááâőïŋĺï ňěęďã ŋĺňĺ. Ŕőíâőňã őŕàěďěńěŋĺě őŕâĺňăńìŋëå ğŋăçěŋĺľ íâĺå ŕăàăňěâàőć ïćńïěâáï őçěŋì áńőęŋőľ ğăďăçěľ, ŋě àěèěŋŋőľ ďő ŋăáâőïéěčő ćàěňěŋĺ. Ŕőáłőńìłã ďńï àăááňăâàĺćăěňëå ŕàĺńőęěŋĺľ âàěąãěâáï áŕěłâàăńìŋő ãğłĺľ ŕőâőł łćăŋâőć, âő ĺáŕőńìğőćăŋĺě áâàãłâãàë áńőĺáâăï áàěďă - łàĺáâăńń ŕőğćőńïěâ ŕàăłâĺçěáłĺ äĺłáĺàőćăâì çăáâőâã ĺğńãçěŋĺï, łőâőàăï őłăğëćăěâáï ŕàĺňěàŋő àăćŋőľ ąàíččőćáłőľ çăáâőâě ďĺäàăłæĺĺ ĺğńãçěŋĺï ć łàĺáâăńńě. Ŕàĺ íâőň ŕőïćńïěâáï ãŋĺłăńìŋăï ćőğňőęŋőáâì őŕâĺňĺğĺàőćăâì âőńéĺŋã ŕńăáâĺŋ ĺ àăááâőïŋĺï ňěęďã ŋĺňĺ. Őæěŋłĺ ŕőłăğëćăîâ ćőğňőęŋőáâì ŕőńãçěŋĺï ãčńőćőľ ŕńőâŋőáâĺ ć 50 äőâ./íń.áâà ŕàĺ ĺáŕőńìğőćăŋĺĺ ŕãçłă íńěłâàőŋőć á íŋěàčĺěľ 150 – 200 ŇíĆ ĺ 10 ăńńîňĺŋĺěćëå äőńìč âőńéĺŋőľ ŕőàïďłă ŋěáłőńìłĺå ňĺłàőŋ. İâă ćěńĺçĺŋă ŕőçâĺ ŋă ďćă ŕőàïďłă ŕàěćëèăěâ ďőáâĺčŋãâëě ł ŋăáâőïéěňã ćàěňěŋĺ ŕńőâŋőáâĺ ĺğńãçěŋĺï, ŕőíâőňã ŕàěďńăčăěňőě ĺááńěďőćăŋĺě őâłàëćăěâ ćőğňőęŋőáâì áőğďăŋĺï ŋă ąăğě ňőďěàŋĺğĺàőćăŋŋőčő ãáłőàĺâěńìŋőčő łőňŕńěłáă ŤĹĂŊ ĺáâőçŋĺłă àěŋâčěŋőćáłőčő ĺğńãçěŋĺï, ŕàĺčőďŋőčő ďńï àěăńĺğăæĺĺ ŕàĺłńăďŋëå ŕàőčàăňň ć őąńăáâĺ ňěďĺæĺŋë ĺ ńĺâőčàăäĺĺ.

Ańìâěàŋăâĺćŋëň àăááňőâàěŋŋőňã ĺáâőçŋĺłã ïćńïěâáï ĺáâőçŋĺł łćăğĺňőŋőåàőňăâĺçěáłőčő ĺğńãçěŋĺï ŋă őáŋőćě ŕăàăňěâàĺçěáłőčő ĺğńãçěŋĺï àěńïâĺćĺáâáłĺå çăáâĺæ ć łàĺáâăńńě. Łăł őâňěçăńőáì ćëèě, ĺŋâěŋáĺćŋőáâì ŕăàăňěâàĺçěáłőčő ĺğńãçěŋĺï ŋěćěńĺłă, çâő ğăâàãďŋïěâ ĺáŕőńìğőćăŋĺě íâőčő ãŋĺłăńìŋőčő ŕő èĺàĺŋě ńĺŋĺĺ ĺğńãçěŋĺï ć ŕàĺńőęěŋĺïå. Ć ŋăáâőïéěň ŕàőěłâě ŕàěďńăčăěâáï àěğłő ãćěńĺçĺâì ãčńőćãî ŕńőâŋőáâì ŕăàăňěâàĺçěáłőčő ĺğńãçěŋĺï ğă áçěâ íääěłâă ăŋőňăńìŋőčő äőâőŕőčńőéěŋĺï (íääěłâă Ąőàňăŋă). Řăŋěě ćőğňőęŋőáâì áãéěáâćěŋŋőčő ćńĺïŋĺï íâőčő íääěłâă ŋă åăàăłâěàĺáâĺłĺ ŕăàăňěâàĺçěáłőčő ĺğńãçěŋĺï őâàĺæăńăáì. Ŕàőćěďěŋŋëľ çĺáńěŋŋëľ ăŋăńĺğ ŕőğćőńĺń ŕőńãçĺâì ăŋăńĺâĺçěáłőě àěèěŋĺě ğăďăçĺ, ŕàőčŋőğĺàãîéěě ćőğňőęŋőáâì àěğłőčő ãćěńĺçěŋĺï ãčńőćőľ ŕńőâŋőáâĺ ŕăàăňěâàĺçěáłőčő ĺğńãçěŋĺï. Ąńăčőďăàï íâőňã íääěłâã, ãčńőćăï ŕńőâŋőáâì ŕăàăňěâàĺçěáłőčő ĺğńãçěŋĺï ňőęěâ ćőğàăáâăâì ąőńěě çěň ŋă ŕőàïďőł. Ŕőáłőńìłã íŋěàčĺĺ íńěłâàőŋőć, ŋěőąåőďĺňëě ďńï ŋăąńîďěŋĺï íääěłâă, ńěęăâ ć ďĺăŕăğőŋě áőâěŋ ŇíĆ, ďőáâãŕŋőň ďńï ãáłőàĺâěńï ŤĹĂŊ ”Ŕăåàă”, âő àěăńĺğăæĺï ŕàěďńăčăěňőčő íłáŕěàĺňěŋâă őâłàőěâ ćőğňőęŋőáâì áőğďăŋĺï ŋă ňőďěàŋĺğĺàőćăŋőň ãáłőàĺâěńìŋőň łőňŕńěłáě ăńìâěàŋăâĺćŋőčő íääěłâĺćŋőčő ĺáâőçŋĺłă łćăğĺňőŋőåàőňăâĺçěáłőčő àěŋâčěŋőćáłőčő ĺğńãçěŋĺï, ŕàĺčőďŋőčő ďńï ŕàĺňěŋěŋĺï ć őąńăáâĺ ňěďĺæĺŋë, ąĺőńőčĺĺ, ńĺâőčàăäĺĺ ĺ â.ď.

Ăćâőàáłĺľ łőńńěłâĺć àăáŕőńăčăěâ ąőńěě çěň 20-ńěâŋĺň őŕëâőň íłáŕěàĺňěŋâăńìŋëå ĺ âěőàěâĺçěáłĺå ĺááńěďőćăŋĺľ ć őąńăáâĺ äĺğĺłĺ ĺğńãçěŋĺï àěńïâĺćĺáâáłĺå íńěłâàőŋőć ć áàěďě. Ŋă ňĺłàőâàőŋě, łőâőàëľ ïćńïěâáï ĺŋęěłâőàőň áĺŋåàőâàőŋă, ĺ ŋă áăňőň áĺåàőâàőŋě ”Ŕăåàă” ãęě áőğďăŋë ďćě íłáŕěàĺňěŋâăńìŋëě ãáâăŋőćłĺ, àăąőâă ŋă łőâőàëå ŋăçăńăáì őáěŋìî 2001 čőďă.

Ďńï ãáŕěèŋőčő ŕàőćěďěŋĺï ŕńăŋĺàãěňëå íłáŕěàĺňěŋâőć ĺ áőğďăŋĺï àěŋâčěŋőćáłĺå ŕãçłőć, ŕàĺčőďŋëå ďńï ŕàăłâĺçěáłőčő ĺáŕőńìğőćăŋĺï, ŋěőąåőďĺňő ŕàőćěáâĺ ňőďěàŋĺğăæĺî ŋěłőâőàëå ãğńőć ãáłőàĺâěńìŋőčő łőňŕńěłáă. Őďŋĺňĺ ĺğ őáŋőćŋëå æěńěľ ňőďěàŋĺğăæĺĺ ďőńęŋë ąëâì: – ŕőńãçěŋĺě áâăąĺńìŋőčő ćëćěďěŋŋőčő íńěłâàőŋŋőčő ŕãçłă á àăáâïęłőľ őłőńő 2 ňĺńńĺáěłãŋď ĺ ĺŋâěŋáĺćŋőáâìî ŕőàïďłă 10^{11} íńěłâàőŋőć/áěł . – ğăňěŋă ňĺłàőâàőŋă ŋă ąőńěě ĺŋâěŋáĺćŋëľ ĺŋęěłâőà á ąőńìèěľ íŋěàčĺěľ.

7. Ğăłńîçěŋĺě

Ĺğ ŕàĺćěďěŋŋőčő ćëèě őąğőàă íłáŕěàĺňěŋâăńìŋëå ĺááńěďőćăŋĺľ, ćěďãéĺåáï ĺ ŕńăŋĺàãěňëå ŋă áĺŋåàőâàőŋě ”Ŕăåàă”, áńěďãîâ âàěąőćăŋĺï ł őáŋőćŋëň ŕăàăňěâàăň ĺáŕőńìğãěňëå ć íâĺå ĺááńěďőćăŋĺïå ŕãçłőć âőàňőğŋőčő ĺğńãçěŋĺï, ”ňěçěŋŋëå” äőâőŋőć ĺ ćëćěďěŋŋëå íńěłâàőŋőć.

• Ŕãçłĺ âőàňőğŋőčő ĺğńãçěŋĺï:

– (íâă-ïďàă) Ĺŋâěŋáĺćŋőáâì, áőőâćěâáâćãîéăï ĺŋâěŋáĺćŋőáâĺ ãáłőàěŋŋëå íńěłâàőŋőć, ŋě ňěŋěě 2·10^{12} íń./áěł, ęěńăâěńìŋő – 5·10^{12} íń./áěł.

Ďńĺâěńìŋőáâì ”àăáâïęłĺ” ďő 2 ňáěł ŕàĺ àăćŋőňěàŋőáâĺ ∼ 10%. Řăąőçĺľ ĺŋâěàćăń íŋěàčĺľ őâ 600 ďő 1000 ŇíĆ.

– (ŚŞĎ ĺ N^∗-àěğőŋăŋáë) Ĺŋâěŋáĺćŋőáâì äőâőŋőć ć ĺŋâěàćăńě íŋěàčĺľ 400 – 600 ŇíĆ – 5 · 10^9 1/áěł. Ć ĺŋâěàćăńě 500 – 800 ŇíĆ – 2 · 10^{10} 1/áěł.

Šàěąőćăŋĺï ł ”àăáâïęłě” – âěęě.

• Ćëćěďěŋŋëľ íńěłâàőŋŋëľ ŕãçőł:

– (Ťőâőàőęďěŋĺě) Ĺŋâěŋáĺćŋőáâì – 10^{11} íń./áěł. Řăğąàőá ŕő íŋěàčĺĺ – ŋě åãęě 0.2 ŇíĆ. ”Řăáâïęłă” – őâ 1 ďő 2 ňáěł.

– (Łőčěà. ĺğńãç.) Ĺŋâěŋáĺćŋőáâì – 10^{11} íń./áěł.

”Řăáâïęłă” ŕãçłă ďő 2 ňáěł ŕàĺ àăćŋőňěàŋőáâĺ ∼ 10%.

• Ŕãçłĺ ňěçěŋëå äőâőŋőć:

– Ĺŋâěŋáĺćŋőáâì ć ĺŋâěàćăńăå íŋěàčĺľ 250 – 400 ĺ 500 – 800 ŇíĆ – 10^7 äőâ./áěł.

Řăğàěèěŋĺě ŕő íŋěàčĺĺ – áőőâćěâáâćěŋŋő 2 ĺ 4 ŇíĆ.

Ć ğăłńîçěŋĺě ŕőďçěàłŋěň, çâő ŕàĺćěďěŋŋëě ćëèě íłáŕěàĺňěŋâăńìŋëě ĺááńěďőćăŋĺï, ćěďãéĺěáï ć ŐŤĆİ ŋă áĺŋåàőâàőŋě ”Ŕăåàă” ĺ ŕńăŋĺàãěňëě ŋă ąńĺęăľèãî ŕěàáŕěłâĺćã, ŋěáőňŋěŋŋő ŕàěďáâăćńïîâ ąőńìèőľ ĺŋâěàěá ĺ ğăáńãęĺćăîâ ćáïçěáłőľ ŕőďďěàęłĺ. Ďńï ćőğňőęŋő ąőńěě ãáŕěèŋőčő àăğćĺâĺï íâĺå ĺááńěďőćăŋĺľ (ŕàěęďě ćáěčő ďăńìŋěľèěčő ŕőćëèěŋĺï âőçŋőáâĺ íłáŕěàĺňěŋâăńìŋëå àěğãńìâăâőć) ęěńăâěńìŋő, ć ŕěàćãî őçěàěďì, ğăćěàèĺâì àăąőâë, ŋăŕàăćńěŋŋëě ŋă ãńãçèěŋĺě ”àăáâïęłĺ” ŕãçłă âőàňőğŋőčő ĺğńãçěŋĺï (áâăąĺńĺğăæĺï ďńĺâěńìŋőáâĺ ĺ ĺŋâěŋáĺćŋőáâĺ). Ă âăł ęě, ŋă ãńãçèěŋĺě ŕăàăňěâàőć ćëćěďěŋŋőčő íńěłâàőŋŋőčő ŕãçłă.

Őďŋőćàěňěŋŋő, ŋěőąåőďĺňő ŕàěďãáňőâàěâì, ĺňěï ć ćĺďã áàěďŋě – ďăńìŋãî ŕěàáŕěłâĺćã, ğăňěŋã ĺŋęěłâőàă ĺ, ćőğňőęŋő, ďàãčĺå ãğńőć ňăèĺŋë.

Ŕőćĺďĺňőňã, âěŕěàì ĺňěěâ áňëáń ŋăŕőňŋĺâì, çâő ŕàěďáâăćńïěâ ĺğ áěąï ãáłőàĺâěńìŋëľ łőňŕńěłá ”Ŕăåàă”:

• íńěłâàőŋŋëľ áĺŋåàőâàőŋ ŋă íŋěàčĺî 1.2 ČíĆ, àăğňěéěŋŋëľ ć ğăńě ŕńőéăďìî 625 ň^2;

• íłáŕěàĺňěŋâăńìŋëľ ğăń ü 1, ŕńőéăďìî 1200 ň^2, á ćëćěďěŋŋëň ĺğ áĺŋåàőâàőŋă íńěłâàőŋŋëň ŕãçłőň; ŋă íâőň ŕãçłě áőğďăŋă áĺáâěňă ňěçěŋĺï äőâőŋőć; ć íâőň ęě ğăńě ŋăåőďĺâáï ãŋĺłăńìŋëľ àăğàěğŋőľ ňĺłàőâàőŋ (300 ňĂ ŕàĺ 24 ŇíĆ ĺ ďńĺâěńìŋőáâĺ ĺňŕãńìáă 6 ňłáěł) ĺ ŃŚİ;

• íłáàěàĺňěŋâăńìŋëľ ğăń ü 2, ŕńőéăďìî 1200 ň^2, ć łőâőàëľ ćëćěďěŋë ďćă ŕãçłă âőàňőğŋőčő ĺğńãçěŋĺï;

• ąńőł âěåŋĺçěáłőčő őąáńãęĺćăŋĺï (ŕãńìâőćëě, ňăáâěàáłĺě ĺ ŕà.), őąéěľ ŕńőéăďìî 3000 ň^2;

• ńăąőàăâőàŋëľ łőàŕãá, őąéěľ ŕńőéăďìî 5000 ň^2.

Šěåŋĺçěáłĺě åăàăłâěàĺáâĺłĺ áĺŋåàőâàőŋă ŕàěďáâăćńěŋë ŕőďàőąŋěě ć Ŕàĺńőęěŋĺĺ 1.

Ŕàĺńőęěŋĺě 1

Őáŋőćŋëě ŕăàăňěâàë cĺŋåàőâàőŋă ” Ŕăåàă ”

Ŋăğćăŋĺě - İńěłâàőŋŋëľ áĺŋåàőâàőŋ Ś25Ř ”Ŕăåàă” Ĺŋáâĺâãâ - Ťĺğĺçěáłĺľ ĺŋáâĺâãâ ĺň. Ŕ.Ŋ. Ńěąěďěćă Ćěďőňáâćő - Ăłăďěňĺï ŋăãł Řőááĺľáłőľ Ťěďěàăæĺĺ Ňěáâő ŋăåőęďěŋĺï - č. Šàőĺæł, Ňőáłőćáłăï őąń., Řőááĺï

ĹŚŠŐŘĹ§ ĺ ŚŠĂŠŞŚ

Ćàěňï ğăŕãáłă - 1974 Őąáńãęĺćăîéĺľ ŕěàáőŋăń - 8 ( ŋăáâ. ćàěňï ) Čőďőćăï ŋăàăąőâłă - 1500 çăá. ( 800 çăá - 2000 č.)

ŔĂŘĂŇĚŠŘŻ ŞŚŁŐŘĹŠĚŃ§

Řăąőçĺě Ňăłá. ŕőńãçěŋŋëě İŋěàčĺï (ČíĆ) - 1.0 1.3 Řăğàěèěŋĺě ΔE/E(%) - 0.1 Śłőàőáâì ŕőćâőà. (ĺň./áěł.)- 50 Şáłőàěŋŋëľ ŕãçőł ( e/áěł.) - 10^{12} 2.5 · 10^{12} Ďĺăňěâà łőńìæă (ň) - 9.5

ĹŊĘĚŁŠŐŘ

Šĺŕ Mĺłàőâàőŋ Ćëåőďŋăï íŋěàčĺï (MíĆ) - 7 Ćëåőďŋőľ âőł (ňA) - 50 Ŕěàĺőď ĺŋęěłæĺĺ. (őąőà. - 40

ĺńĺ ňĺłàőáěł.) - 4 İňňĺâăŋá (nnm-mrad) - Šĺŕ ňăčŋĺâă - áěŕâãň ňăčŋĺâ

ŇĂČŊĹŠŊĂ§ ŚĹŚŠĚŇĂ

Šĺŕ äőłãáĺàőćłĺ - áńăąăï Ĺŋďěłá ŕőńï - n = 0.51 Ąěâăâàőŋŋăï çăáâőâă - νh = 0.802, νν = 0.819 Ůĺáńő ňăčŋĺâőć - 4 Ďńĺŋă (ň) - 6.28 Ŕőńě ĺŋę. (T) - 0.006 Ŕőńě max. (T) - 1.08 Ůĺáńő ŕàïň. áěłæĺľ - 4 Ďńĺŋă áěłæĺĺ (ň) - 1.9 Ćàěňï ãáłőà. (áěł) - 0.008 Ćàěňï àăáâïęłĺ (áěł) - 0.002

ŞŚŁŐŘĹŠĚŃĲŊĂ§ ŚĹŚŠĚŇĂ

Ůĺáńő àěğőŋăâőàőć - 1 Ďńĺŋă ŕőńï (ň) - 1 Ŋőňěà čăàňőŋĺłĺ - 6 RF çăáâőâă (MČěàæ) - 55 Łőíä. ãáłőàěŋĺï (łíĆ/t) - 15 Ŕőâěàĺ ŋă ĺğńãçěŋĺě (łíĆ) - 63 Ćëåőďŋăï RF ňőéŋőáâì (łĆăââ) - 50

ĆĂŁŞŞŇŊĂ§ ŚĹŚŠĚŇĂ

Ňăâěàĺăń łăňěàë - ŕőàáěńăĺŋ Ăŕěàâãàă łăňěàë - 185 × 55 Śàěďŋěě ďăćńěŋĺě (âőàà) - ∼ 10^{−6}

ĆŠŐŘĹŮŊŻĚ ŔŞŮŁĹ

Ůăáâĺæë Ůĺáńő ŕãçłőć Šőàňőğŋőľ - 3 İńěłâàőŋë - 1 Śĺŋåàőâàőŋ - (ďěňőŋâĺàőćăŋ) Őŋďãńńïâőà - (ďěňőŋâĺàőćăŋ)

İŁŔĚŘĹŇĚŊŠĂŃĲŊĂ§ ĹŊŤŘĂŚŠŘŞŁŠŞŘĂ

Ŕőńŋăï ŕńőéăďì (ň^2) - 2400 Ůĺáńő ćŋãâ. ňĺèěŋěľ - 3 Ůĺáńő ćŋěèŋĺå ňĺèěŋěľ - 1 Ůĺáńő őďŋőćàěň. àăąőâăîèĺå ňĺè. - 2 Ůĺáńő íłáŕěà. ãáâăŋőćőł - 5

Śáëńłĺ

[1] B. Tatischeff, J. Yonnet, N. Willis, et al., Phys. Rev. Lett. 79, 601 (1997). [2] V.I. Goldansky, B.B. Govorkov, and R.G. Vassilkov, Nucl. Phys., 13, 193 (1959).

[3] Ą.Ą. Čőćőàłőć, Ě.Ć. Ňĺŋăàĺł, §.Ť. 6, 1046 (1967); 14, 437 (1971). [4] Ą.Ą. Čőćőàłőć, Ś.Ŕ. Ďěŋĺáőć, Ě.Ć. Ňĺŋăàĺł, Šàãďë ŤĹĂŊ, 3, 54 (1971).

[5] J.C. Bergstrom, E.C. Booth, J.M. Vogt et al., Phys. Rev. C (rapid comunications) 53, 1052 (1996).

[6] J.C. Bergstrom, R. Igarashi, J.M. Vogt et al., Phys. Rev. C (rapid comunications) 55, 2016 (1997).

[7] J.C. Bergstrom, R. Igarashi, E. Korkinaz et al., Phys. Rev. C 57, 3203 (1998).

[8] L. Jammes, G. Audit, A. Block et al., Phys. Lett. 227, 21 (1989). [9] P. Argan em at al., Phys. Rev. Lett. 57, 3144 (1986). [10] R. Beck em at al., Phys. Rev. Lett. 65, 1841 (1990). [11] Ą.Ą. Čőćőàłőć, §.Ť. 6, 116 (1967).

[12] R.L. Jaffe, Phys.Rev.Lett. 38 (1977) 195; V. Matveev and P. Sorba, Lett.Nuovo Cim. 20 (1977) 425; P.J.G. Mulders, A.T. Aerts and J.J. de Swart, Phys.Rev.Lett. 40 (1978) 1543; D.B. Lichtenberg et al., Phys.Rev. D18 (1978) 2569.

[13] P.J. Mulders, A.T. Aerts, and J.J. de Swart, Phys. Rev. D 21, 2653 (1980).

[14] B. Tatischeff, J. Yonnet, M. Boivin, et al., Phys. Rev. C 59, 1878 (1999). [15] L.V. Fil’kov, Sov. Physics – Lebedev Inst. Rep. No 11, 49 (1986); Sov.

J. Nucl. Phys. 47, 437 (1988).

[16] D.M. Akhmedov and L.V. Fil’kov, Nucl. Phys. A 544, 692 (1992).

[17] V.M. Alekseev, S.N. Cherepna, L.V. Fil’kov, and V.L. Kashevarov, Lebedev Phys.Inst., Preprint 52 (1996).

[18] V.M. Alekseev, S.N. Cherepna, L.V. Fil’kov, and V.L. Kashevarov, ŁŚŤ 1, 28 (1998); nucl-th/9812041.

[19] V.B. Kopeliovich, Sov.J.Nucl.Phys. 58, (1995) 1317.

[20] L.V. Fil’kov, V.L. Kashevarov, E.S. Konobeevskiy, etal., Phys. Atom.

Nucl. 62, 2021 (1999).

[21] L.V. Fil’kov, V.L. Kashevarov, E.S. Konobeevski, et al., Phys. Rev. C 61, 044004 (2000).

[22] L.V. Fil’kov, V.L. Kashevarov, E.S. Konobeevski, et al., Phys. Atom.

Nucl.

[23] A.I. L’vov and R.L. Workman, Phys. Rev. Lett. 81, 1936 (1998). [24] A.P. Kobushkin, nucl-th/9804069.

[25] R. Feynman, Photon-Hadron Interactions (Ed. W.A. Benjamin, Inc.

Massachusetts, 1972).

[26] R. Beck, S.N.Cherepna, L.V. Fil’kov, V.L. Kashevarov, et al., nuclth/0104070.

[27] J.C. Peng, AIP (conference Proceedings 133, 255 (1985). [28] A.M. Chrien,et al., Phys. Rev. Lett. 60, 2595 (1988). [29] B.J. Lieb and L.C. Liu, LAMPF Progress Report, LA-11670-PR, 1988. [30] G.A. Sokol and V.A. Tryasuchev, ŁŚŤ 4, 23 (1991). [31] G.A. Sokol,et al., Fizika B (Zagreb) 8, 1, 85 (1999).

[32] P. Rullhusen, X. Artru, and P. Dhez, Novel Radiation Sources Using Relativistic Electrons, World Scientific, Singapure, 1999.

[33] M. Piestrup, M. Powell, and W. Lombardo, Int. Conf. Electron – Beam, X–ray, EUV and Ion-Beam Submicrometer Lithographies, 11–13 March, 1996, Santa Clara, California, 11–13 March, 1996.

[34] M. Piestrup, D. Boyers, C. Pincus, et al., Proc. Int. Conf. Short- Wavelength Radiation Sources, San Diego, California, 24–25 July, 1991.

[35] M. Piestrup, M. Powell, S. Mrowka, et al., Nucl. Instr. Meth. B145, 230 (1998).

[36] M. Piestrup, M. Powell, J. Cremer, et al., Proc. Int. Conf. Emerging Lithographic Technologies, Santa Clara, California, 23–25 February, 1998.

[37] D. Saskin, B. Susky, and C. Pearsall C., IEEE Trans. on Medical Imaging 12 (1993) [38] G. Barnes, X. Wu, and A. Wagner, Medical Progress through Technology 19, 7 (1993) [39] E. Burattini, M. Gamarccini, M. Marziani, et al., Rev. Sci. Instr. 63, 638 (1992) [40] E. Rubenstein, J. Giacomini, and H. Gordon, et al., Nucl. Instr. Meth.

A291, 80 (1990) [41] E. Dementyev, E. Divga, G. Kulipanov, et al., Nucl. Instr. Meth. A246, 726 (1986) [42] W. Dix, K. Engelke, C. Gluer, et al., Nucl. Instr. Meth. A246, 702 (1986) [43] R. Carr, Nucl. Instr. Meth. A347, 510 (1994)