åàăŋïï ăďĺăąăâĺçŋőáâì ŕěàěáěçěŋĺï áĺńìŋëå àěğőŋăŋáőć.

Őáőąëě âàěąőćăŋĺï ŕàĺ ŕàĺňěŋěŋĺĺ Śĺąĺàáłĺå ğňěěł ŕàěďêïćńïîâáï ł ćëąőàã ćěàâĺłăńìŋőľ ąěâăâàőŋŋőľ çăáâőâë _z, âăł łăł ŕàĺáãâáâćĺě àěğőŋăŋáőć ćëáőłőčő ŕőàïďłă ňőęěâ ŋăàãèĺâì ăďĺăąăâĺçŋőáâì ŕěàěáěçěŋĺï őáŋőćŋőčő àěğőŋăŋáă ĺ ŕàĺćěáâĺ ł ŕőâěàĺ ŕőńïàĺğăæĺĺ.

5.1 Śńãçăľ ďćãå Śĺąĺàáłĺå ğňěěł

Łăł ąëńő ŕőłăğăŋő ć čńăćě 2, çâőąë őąěáŕěçĺâì ŋěğăćĺáĺňőáâì áŕĺŋőćőľ çăáâőâë őâ íŋěàčĺĺ ć áńãçăě ďćãå ğňěěł, ğňěľłĺ ďőńęŋë ąëâì àăğňěéěŋë ŋă ŕàőâĺćőŕőńőęŋëå ăğĺňãâăå ãáłőàĺâěńï. Ğŋăçěŋĺě = 1=2 őąěáŕěçĺćăěâáï áőőâćěâáâćãîéěľ ćğăĺňŋőľ őàĺěŋâăæĺěľ őáěľ ćàăéěŋĺï áŕĺŋă ć ğňěľłăå (ňë ąãďěň ŋăğëćăâì ĺå âăłęě őáïňĺ ğňěěł) ¸_1, ¸_2:

¸_2 − ¸_1 = ±ı=2

Řăááňőâàĺň őâďěńìŋëľ áŕĺŋőćëľ àěğőŋăŋá, őŕàěďěńïěňëľ őďŋőľ čăàňőŋĺłőľ ćőğňãéěŋĺï:

w_n = |w_n|e^{iffin} e^{in„} (5.1) n = n ± _z | ďńï àěğőŋăŋáőć, őąãáńőćńěŋŋëå ćěàâĺłăńìŋëň ąěâăâàőŋŋëň ďćĺęěŋĺěň, _n = n | ďńï àěğőŋăŋáőć, őąãáńőćńěŋŋëå ĺáłăęěŋĺïňĺ ćěàâĺłăńìŋőľ őàąĺâë (n { æěńőě çĺáńő). Ć őâáãâáâćĺĺ ğňěěł áŕĺŋ ğăňěâŋő őâłńőŋïěâáï őâ ćěàâĺłăńìŋőčő ŋăŕàăćńěŋĺï ć àěğőŋăŋáŋőľ ğőŋě: |‹| ≤ |w_n|.

Ŕàĺ ăŋăńĺğě ćőğďěľáâćĺï ćőğňãéěŋĺï ŋă ďćĺęěŋĺě áŕĺŋă ãďőąŋő àăąőâăâì ć áĺáâěňě łőőàďĺŋăâ, łőâőàăï ćàăéăěâáï á çăáâőâőľ _0 = ‚a ćőłàãč ćěàâĺłăńìŋőľ őáĺ ć ćěďãéĺå ďĺŕőńìŋëå ňăčŋĺâăå ĺ ŕőćőàăçĺćăěâáï ŋă ãčőń ı ćőłàãč őáĺ ğňěľłĺ ć ğňěľłăå. Ŕàĺ őâáãâáâćĺĺ ćőğňãéěŋĺï ŋăŕàăćńěŋĺě áŕĺŋă őáâăěâáï ŕőáâőïŋŋëň ć âăłőľ ćàăéăîéěľáï áĺáâěňě. Ŕàĺ ŋăąńîďěŋĺĺ ŋă äĺłáĺàőćăŋŋőň ăğĺňãâě ãáłőàĺâěńï őáĺ ćàăéăîéěľáï áĺáâěňë ąãďãâ ŕőćâőàïâì áěąï çěàěğ łăęďëě ďćă őąőàőâă.

Ŕàěőąàăğőćëćăï ćőğňãéěŋĺě w_n ćő ćàăéăîéãîáï áĺáâěňã, ŋăåőďĺň:

~w_n = |w_n|(e^{iffin} e^{−i‹„}A_1(„) + e^{i(2¸1−ı0)}e^{−iffin} e^{i‹„}A_2(„)) (5.2)

čďě ‹ = _0 − _n, ă A_1(„), A_2(„) őŕàěďěńěŋë łăł:

A_1 = { 1 0 ≤ „ < ı 0 ı ≤ „ < 2ı

A_2 = { 0 0 ≤ „ < ı 1 ı ≤ „ < 2ı ĺ A_1(„ + 2ı) = −e^{2ıi0} A_1(„) A_2(„ + 2ı) = −e^{−2ıi0} A_2(„)

Śńěďãï ŕěàĺőďĺçŋőáâĺ ~w_n, ŕàőĺğćěďěň ŕàěőąàăğőćăŋĺě ćëàăęěŋĺï (5.2) ć àïď Ťãàìě. İâő ŕàĺćőďĺâ ł áãňňě ńĺŋěľŋëå čăàňőŋĺł:

~w_n = −e^{i~¸ ∑}_k i^k ~w_{nk} sin(´_k„ + ~ffi_n) (5.3) čďě ~w_{nk} = |w_n| sin(ffl_kı=2) ffl_kı=2

; ´_k = _n − (k + 1=2);

ffl_k = _0 − (k + 1=2); ~¸ = ¸_1 − _0^ı_2 −^ı_4 ; ~ffi_n = ffi_n − ¸_1

Őâňěâĺň, çâő ćáě čăàňőŋĺłĺ ~w_{nk} á ŋěçěâŋëň (çěâŋëň) ŋőňěàőň k ĺňěîâ âã ęě áăňãî őáì łőńěąăŋĺľ, łőâőàăï őàâőčőŋăńìŋă őáĺ łőńěąăŋĺľ ďńï čăàňőŋĺł á çěâŋëň (ŋěçěâŋëň) k. Ŋăŕàăćńěŋĺě őáěľ łőńěąăŋĺľ ńĺŋěľŋëå čăàňőŋĺł őŕàěďěńïěâáï âőńìłő âěłãéěľ íŋěàčĺěľ ĺ őàĺěŋâăæĺěľ őáěľ ğňěěł.

Ŕàĺ ŕěàěáěçěŋĺĺ àěğőŋăŋáă ćő ćàěňï ãáłőàěŋĺï ćěńĺçĺŋë àăááâàőěł ´_k őáâăîâáï ŕőáâőïŋŋëňĺ, ć âő ćàěňï łăł ~w_{nk} ĺğňěŋïîâáï áńőęŋëň ŕãâěň, ďőáâĺčăï ňăłáĺňăńìŋőľ ćěńĺçĺŋë ŕàĺ _0 = k + 1=2.

Ŋěáňőâàï ŋă âő, çâő ŕàěďáâăćńěŋĺě ćőğňãéěŋĺï ćő ćàăéăîéěľáï áĺáâěňě áőáâőĺâ ĺğ ąěáłőŋěçŋőľ áãňňë čăàňőŋĺł, áâěŕěŋì ćńĺïŋĺï àăğńĺçŋëå çńěŋőć íâőľ áãňňë ŋă ďćĺęěŋĺě áŕĺŋă őłăğëćăěâáï őçěŋì àăğŋőľ. Ňěàőľ, őŕĺáëćăîéěľ ćěńĺçĺŋã őâłńőŋěŋĺï áŕĺŋă ŕőď ćőğďěľáâćĺěň čăàňőŋĺłĺ ~w_{nk}, ïćńïěâáï ćěńĺçĺŋă ~w_{nk}=´_k. Šăłĺň őąàăğőň, ŋăĺąőńěě áĺńìŋőě ćńĺïŋĺě ŋă ďćĺęěŋĺě áŕĺŋă őłăğëćăîâ čăàňőŋĺłĺ á ŋőňěàăňĺ k, ąńĺğłĺňĺ ł k_0 = [_n] (æěńőľ çăáâĺ _n).

Ďńï őŕĺáăŋĺï ďćĺęěŋĺï áŕĺŋă ć ďăŋŋőň áńãçăě ãďőąŋő ĺáŕőńìğőćăâì áäěàĺçěáłĺě łőőàďĺŋăâë ȷ ĺ ffi:

S_x = sin ȷ cos ffi; S_y = sin ȷ sin ffi; S_z = cos ȷ; (5.4)

ŕőğćőńïï ŕàĺŋĺňăâì łőőàďĺŋăâě ȷ, łăł ŕőńőęĺâěńìŋëě, âăł ĺ őâàĺæăâěńìŋëě ğŋăçěŋĺï, ŕàĺ ãáńőćĺĺ, çâő łőőàďĺŋăâă ffi őáâăěâáï ŋěĺğňěŋŋőľ ć ňőňěŋâ, łőčďă ȷ ňěŋïěâ ğŋăł. Ćőğŋĺłăîéăï ŕàĺ íâőň ďćãğŋăçŋőáâì, łőčďă őďŋőňã ĺ âőňã ęě ŋăŕàăćńěŋĺî áŕĺŋă áőőâćěâáâćãěâ ďćă ŋăąőàă łőőàďĺŋăâ (ȷ,ffi) ĺ (−ȷ,ffi + ı), ŋě áłăğëćăěâáï ŋă ŕőáńěďãîéěň àăááňőâàěŋĺĺ.

Ŕőńăčăï ďàőąŋãî çăáâì àěğőŋăŋáŋőľ çăáâőâë _n ďőáâăâőçŋő ãďăńěŋŋőľ őâ æěńőčő ğŋăçěŋĺï, àăááňőâàĺň ďćĺęěŋĺě áŕĺŋă ŕőď ćőğďěľáâćĺěň ŋăĺąőńěě áĺńìŋőľ čăàňőŋĺłĺ ~w_{nk0} . Ąěğ ŕőâěàĺ őąéŋőáâĺ ňőęŋő ŕőńőęĺâì ŋăŕàăćńěŋĺě őáĺ łőńěąăŋĺľ čăàňőŋĺłĺ ~w_{nk0} ćďőńì őáĺ x. Šőčďă ffi = const, ă ďńï ȷ ŋăåőďĺň:

ȷ = − ~w^{nk0}

´_{k0} cos(´_{k0} „ + ~ffi_n) + ~ȷ (5.5)

čďě ~ȷ { łőŋáâăŋâă, őŕàěďěńïěňăï ŋăçăńìŋőľ őàĺěŋâăæĺěľ áŕĺŋă. Ďńï àěèěŋĺï, áőőâćěâáâćãîéěčő ćěłâőàã ^n ć ńăąőàăâőàŋőľ áĺáâěňě, ŋăåőďĺň: ffi = ı=2, ~ȷ = 0 ĺ, áńěďőćăâěńìŋő:

n_x = 0; n_y = − sin ( ~w_{nk0} ´_{k0} cos˘ ) ; n_z = cos ( ~w_{nk0} ´_{k0} cos˘ ) (5.6) čďě ˘ = ´_{k0} „ + ~ffi_n, Ć őâńĺçĺĺ őâ łăàâĺŋë ãěďĺŋěŋŋőčő àěğőŋăŋáă ć ãáłőàĺâěńě ąěğ Śĺąĺàáłĺå ğňěěł, čďě ćěłâőà ^n őŕĺáëćăěâ łàãčőćãî âàăěłâőàĺî ŋă áäěàě (áň. àăğďěń 1.2.2), ć ďăŋŋőň áńãçăě ćěłâőà ^n őŕĺáëćăěâ ŕàőáâãî ďãčã, ŕàőěłæĺï łőâőàőľ ŋă čőàĺğőŋâăńìŋãî ŕńőáłőáâì ěáâì őâàěğőł.

Řěèěŋĺě ć ćĺďě (5.6) ďěňőŋáâàĺàãěâ ãćěńĺçěŋĺě őâłńőŋěŋĺï áŕĺŋă őâ ćěàâĺłăńìŋőčő ŋăŕàăćńěŋĺï ŕàĺ áâàěňńěŋĺĺ ďàőąŋőľ çăáâĺ _n ł 1=2 ĺ ãďőąŋő ďńï łăçěáâćěŋŋőčő ŕőŋĺňăŋĺï ďćĺęěŋĺï áŕĺŋă ć ğőŋě àěğőŋăŋáă. Őďŋăłő, ďńï ŕőńãçěŋĺï ąőńěě âőçŋőčő ŕőćěďěŋĺï ŕőńïàĺğăæĺĺ ć àěğőŋăŋáŋőľ ğőŋě ŋěőąåőďĺň ãçěâ łăł ňőęŋő ąőńìèěčő çĺáńă čăàňőŋĺł ć àăğńőęěŋĺĺ (5.3).

5.1.1 Ăŋăńĺğ ďćĺęěŋĺï áŕĺŋă ć ŕěàćőň ŕàĺąńĺęěŋĺĺ

Ŕàĺ ãáńőćĺĺ, çâő őâłńőŋěŋĺě áŕĺŋă őâ ćěàâĺłăńìŋőčő ŋăŕàăćńěŋĺï ŕőď ćőğďěľáâćĺěň ćőğňãéěŋĺï ďőáâăâőçŋő ňăńő, ćőğňőęŋő ŕőńãçĺâì àěèěŋĺě ďńï ćěłâőàă ^n á ãçěâőň ćáěå čăàňőŋĺł ć àăğńőęěŋĺĺ (5.3).

Ććőďï łőňŕńěłáŋãî ŕěàěňěŋŋãî ¯ = ȷ exp(iffi), ŋăåőďĺň ďńï ŋěě áńěďãîéěě ãàăćŋěŋĺě:

¯^′ = 1 2i ( W_⊥(1 + ȷ ctg ȷ) − W_⊥(1 − ȷ ctg ȷ)e^{2iffi)} + iW_zȷe^{iffi} (5.7)

á W_⊥ = W_x + iW_y. Ć àăááňăâàĺćăěňőň áńãçăě: W_z = 0, W_⊥ = ~w_n.

Ŕőńăčăï (|ȷ| ≪ 1), ŕőńãçăěň ãàăćŋěŋĺě ŕěàćőčő ŕàĺąńĺęěŋĺï:

¯^′ = −i ~w_n (5.8)

Řěèěŋĺě ãàăćŋěŋĺï (5.8), áőőâćěâáâćãîéěě ŕěàĺőďĺçěáłőňã áŕĺŋőćőňã àěèěŋĺî ^n, ěáâì: ¯ = |w_n| sin(´ı) e^{i~¸} 1 ‹ ( B_1(„)e^{iΦ} + B_2(„)e^{−iΦ)} (5.9)

čďě ˘ = ´„ + ~ffi_n, ´ = ´_{k0} .

B_{1;2} ŕàěďáâăćńïîâ áőąőľ ŕěàĺőďĺçěáłĺě äãŋłæĺĺ ăğĺňãâă ãáłőàĺâěńï „: { B_1(„) = sin(´ı + ‹^ı_2 )e^{i Δ}2^{~„} − sin(´ı)e^{i χ}2^{~„} B_2(„) = sin(‹^ı_2 )e^{−i Δ}2^{~„} } ŕàĺ 0 ≤ „ ≤ ı; { B_1(„) = B^∗_2 („ − ı) B_2(„) = B^∗_1 („ − ı) } ŕàĺ ı ≤ „ ≤ 2ı;

čďě ~„ = ı − 2„, ffl = ffl_{k0}.

Řěèěŋĺě ć ćĺďě (5.9) ŕőğćőńïěâ őŕàěďěńĺâì ŋăąńîďăěňãî ŕőńïàĺğăæĺî ć àěğőŋăŋáŋőľ ğőŋě ŋă ńîąőň ăğĺňãâě ãáłőàĺâěńï. Ŋăĺąőńěě ŕàőáâőě ŕőćěďěŋĺě áŕĺŋă ňőęŋő ŋăąńîďăâì ŋěŕőáàěďáâćěŋŋő ŋă ćåőďě ĺńĺ ćëåőďě Śĺąĺàáłĺå ğňěěł. Ŋăŕàĺňěà, ćëąĺàăï âőçłã ŋăąńîďěŋĺï áàăğã ŕőáńě ğňěľłĺ (ŕàĺ „ = 0) ŕőńãçăěň:

B_1 = sin(‹ ı 2 )e^{−iΔ π2} ; B_2 = sin(‹ ı 2 )e^{−iΔ π2} (5.10)

Řĺá. 5.1: Ğăćĺáĺňőáâì ňăłáĺňăńìŋőčő őâłńőŋěŋĺï áŕĺŋă ć ğőŋě àěğőŋăŋáă őâ áĺńë àěğőŋăŋáă |w_n| ďńï ďćãå ğŋăçěŋĺľ àăááâàőľłĺ: ´ = 0:5 (áŕńőèŋăï ńĺŋĺï) ĺ ´ = 0:2 (ŕãŋłâĺà).

Šőčďă ĺğ ćëàăęěŋĺï (5.9) ŋăåőďĺň àěèěŋĺě ć ćĺďě: ¯ = ı|w_n| sin(´ı) e^{i(~¸−Δ π2 )} sin(‹^ı_2 )

‹^ı_2 cos ˘ (5.11)

Ťăğă ˘ ĺğňěŋïěâáï ŋă łăęďőň őąőàőâě ŋă ćěńĺçĺŋã 2ı_n − ı. Ć áńãçăě àěğőŋăŋáă á ćěàâĺłăńìŋőľ ąěâăâàőŋŋőľ çăáâőâőľ, łőčďă _n = n ± _z, ćěłâőà ^n, ŕőďőąŋő àěèěŋĺî ć ćĺďě (5.6), őŕĺáëćăěâ ŋă áäěàě ďãčã, ŕàőěłæĺï łőâőàőľ ŋă čőàĺğőŋâăńìŋãî ŕńőáłőáâì ěáâì őâàěğőł.

Ňăłáĺňăńìŋőě őâłńőŋěŋĺě ȷ őâ ŋãńěćőčő ğŋăçěŋĺï:

|ȷ|_{max} = ı|w_n| | sin(´ı)|

(5.12)

ňőęěâ ąëâì ŋăğćăŋő čńãąĺŋőľ àěğőŋăŋáă, âăł łăł őŋő őŕĺáëćăěâ ňăłáĺňăńìŋőě őâłńőŋěŋĺě áŕĺŋă őâ ćěàâĺłăńìŋőčő ŋăŕàăćńěŋĺï ć ğőŋě àěğőŋăŋáă. Čńãąĺŋă àěğőŋăŋáă ňĺŋĺňăńìŋă ďńï æěńőčő àěğőŋăŋáă (´ = ±1=2) ĺ ćőğàăáâăěâ ŕàĺ ŕàĺąńĺęěŋĺĺ ďàőąŋőľ çăáâĺ àěğőŋăŋáŋőľ çăáâőâë _n ł 1=2.

Ŋă àĺáãŋłě 5.1 ĺğőąàăęěŋă ğăćĺáĺňőáâì ňăłáĺňăńìŋőčő őâłńőŋěŋĺï áŕĺŋă ć ğőŋě àěğőŋăŋáă, 1 − cos(ȷ_{max}), őâ áĺńë àěğőŋăŋáă |w_n|. Ćĺďŋő, çâő ŕàĺňěŋěŋĺě ŕăàë Śĺąĺàáłĺå ğňěěł ŕàĺćőďĺâ ł íääěłâĺćŋőňã ŕőďăćńěŋĺî àěğőŋăŋáőć á |w_n| ≤ 0:1.

Ŕàĺ ŋěłőâőàëå ğŋăçěŋĺïå íŋěàčĺĺ, łőčďă ‹ = 2m, čďě m | ŋě àăćŋőě ŋãńî æěńőě çĺáńő, őâłńőŋěŋĺě ćěłâőàă ^n őâ ćěàâĺłăńĺ àăćŋő ŋãńî (âăł ŋăğëćăěňëě

Řĺá. 5.2: Ŕőńïàĺğăæĺï, ŋăąńîďăěňăï ŕàĺ ăğĺňãâě „ = 0 (áàăğã ŕőáńě ğňěľłĺ) ŕàĺ ŕěàěáěçěŋĺĺ àěğőŋăŋáőć á ćěńĺçĺŋőľ |w_n| = 0:12; 0:25; 0:5. Ŕãŋłâĺàŋëě ńĺŋĺĺ áőőâćěâáâćãîâ ăŋăńĺâĺçěáłĺň àěğãńìâăâăň. _n = 59:23.

ãğńőćëě âőçłĺ). Ĺďï ďăńìèě ŕàĺąńĺęěŋĺï ŕěàćőčő ŕőàïďłă, âőçŋőě àăáŕőńőęěŋĺě ãğńőćëå âőçěł ďăěâáï ãáńőćĺěň – =^√‹^2 + |w_n|^2 = 2m [34]. Ďăŋŋőě ãáńőćĺě ĺňěěâ őçěćĺďŋëľ äĺğĺçěáłĺľ áňëáń { áŕĺŋ, ĺňěîéĺľ ćěàâĺłăńìŋőě ŋăŕàăćńěŋĺě ŋă ćëåőďě ĺğ őďŋőľ ğňěľłĺ, ŕàěőąàăğãěâáï áŋőćă ć ćěàâĺłăńìŋëľ áŕĺŋ ŋă ćåőďě ć ďàãčãî ğňěľłã ŋěğăćĺáĺňő őâ äăğë čăàňőŋĺłĺ ćőğňãéěŋĺï.

Ďńï őŕàěďěńěŋĺï ŋăąńîďăěňőľ ŕőńïàĺğăæĺĺ ŕàĺ àěğőŋăŋáě á ąěâăâàőŋŋőľ çăáâőâőľ ŋěőąåőďĺňő ŕàőĺğćěáâĺ ãáàěďŋěŋĺě ŕő ąěâăâàőŋŋőľ äăğě (äăğě čăàňőŋĺłĺ ffi_n). Ŕàĺ „ = 0 ŕőńãçăěň ŋăąńîďăěňãî ŕőńïàĺğăæĺî ć ćĺďě:

⟨n_z⟩ = ⟨cos ȷ⟩ = J_0 ( ı|w_n| sin(´ı) sin(–^ı_2 ) –^ı_2 ) (5.13)

čďě, łőààěłâĺàãï ŕěàćőě ŕàĺąńĺęěŋĺě, ňë ĺáŕőńìğãěň – ćňěáâő ‹.

İâőâ ăŋăńĺâĺçěáłĺľ àěğãńìâăâ áàăćŋĺćăńáï á àěğãńìâăâăňĺ, ŕőńãçěŋŋëňĺ çĺáńěŋŋëň ŕãâěň á ĺáŕőńìğőćăŋĺěň âàěłĺŋčőćőľ ŕàőčàăňňë SPINK [35] ŋă ŕàĺňěàŋőľ ŤŐĎŐ áâàãłâãàě. Ăŋăńĺğ ŕőłăğăń åőàőèěě áőčńăáĺě ăŋăńĺâĺçěáłĺå ĺ çĺáńěŋŋëå àěğãńìâăâőć ďăęě ŕàĺ ďőáâăâőçŋő ąőńìèőľ ćěńĺçĺŋě áĺńë àěğőŋăŋáă (|w_n| = 0.5) ŕàĺ ãáńőćĺĺ, çâő ćěàâĺłăńìŋăï ąěâăâàőŋŋăï çăáâőâă ŋăåőďĺâáï ďőáâăâőçŋő ďăńěłő őâ ğŋăçěŋĺľ, áőőâćěâáâćãîéĺå àěğőŋăŋáăň ćëáőłőčő ŕőàïďłă. Ŋă àĺáãŋłě 5.2 ŕàĺćěďěŋë àěğãńìâăâë ďńï ŋăąńîďăěňőľ ŕőńïàĺğăæĺĺ ć ğăćĺáĺňőáâĺ őâ _0 ŕàĺ àăğŋëå áĺńăå àěğőŋăŋáă.

Ŕàĺ ŋăąńîďěŋĺĺ ŋă ďàãčőň ăğĺňãâě ãáłőàĺâěńï ŕőćěďěŋĺě ŕőńïàĺğăæĺĺ ąãďěâ őâńĺçăâìáï őâ ŕőłăğăŋŋőčő ćëèě. Ćëąěàěň, ŋăŕàĺňěà, ďńï ŋăąńîďěŋĺï

Řĺá. 5.3: Ŕőńïàĺğăæĺï, ŋăąńîďăěňăï ŕàĺ ăğĺňãâě „ = ı=2 (ŋă ŕőńőćĺŋě ŕãâĺ ňěęďã ğňěľłăňĺ), ŕàĺ ŕěàěáěçěŋĺĺ àěğőŋăŋáőć á ćěńĺçĺŋőľ |w_n| = 0:25; 0:5. Ŕãŋłâĺàŋăï ńĺŋĺï áőőâćěâáâćãěâ ăŋăńĺâĺçěáłőňã àěğãńìâăâã. _n = 59:23

ăğĺňãâ ŋă ŕőńőćĺŋě ŕãâĺ ňěęďã ğňěľłăňĺ ( „ = ı=2 ). Šőčďă ĺğ (5.9) (áŋőćă ĺáŕőńìğãï – ćňěáâő ‹) ŕőńãçăěň: ȷ = 2|w| sin(–^ı_4 ) sin(´ı)– √ cos^2(– ı 4 ) + cos^2( ~´ı) + 2 cos(– ı 4 ) cos( ~´ı) cos(2˘) (5.14)

čďě ~´ = ´ + –=4. Ĺğ íâőľ äőàňãńë ćĺďŋő ąőńěě àěďłőě àăáŕőńőęěŋĺě ãğńőćëå âőçěł, çěň ć ŕàěďëďãéěň áńãçăě, ĺ ŋěáĺňňěâàĺçŋăï ğăćĺáĺňőáâì ŕőńïàĺğăæĺĺ őâ íŋěàčĺĺ. Řĺáãŋőł 5.3 áŋőćă ďěňőŋáâàĺàãěâ åőàőèěě áőčńăáĺě ňěęďã çĺáńěŋŋëňĺ àěğãńìâăâăňĺ ĺ ćěńĺçĺŋőľ ⟨cos ȷ⟩ ŕàĺ ŕěàěáěçěŋĺĺ àěğőŋăŋáă.

5.2 Ğňěěçŋëě àěğőŋăŋáë

Ććĺďã âőčő, çâő ŕàĺ ŕàĺňěŋěŋĺĺ Śĺąĺàáłĺå ğňěěł áŕĺŋőćăï çăáâőâă őáâăěâáï ŕőáâőïŋŋőľ ćő ćàěňï ãáłőàěŋĺï, őáőąőě ćŋĺňăŋĺě ŋěőąåőďĺňő ãďěńïâì àěğőŋăŋáăň ćëáőłőčő ŕőàïďłă. Ć ďăŋŋőň àăğďěńě ňë àăááňőâàĺň ňěåăŋĺğň ćőğŋĺłŋőćěŋĺï àěğőŋăŋáőć ćëáőłőčő ŕőàïďłă, ĺňěŋãěňëå ğňěěçŋëňĺ àěğőŋăŋáăňĺ. Ŕőïćńěŋĺě ğňěěçŋëå àěğőŋăŋáőć őąãáńőćńěŋő âěň, çâő čăàňőŋĺłă ãěďĺŋěŋŋőčő àěğőŋăŋáă w_n (5.1) ć őâáãâáâćĺě ğňěěł ŕàĺćőďĺâ ł æěńőľ áãňňě čăàňőŋĺł (5.2) ŕàĺ ćłńîçěŋŋëå ğňěľłăå. Łăł ąãďěâ ŕőłăğăŋő ŋĺęě, ćěńĺçĺŋă íâĺå àěğőŋăŋáőć ćőğàăáâăěâ ŕàĺ ãćěńĺçěŋĺĺ ćěńĺçĺŋë čăàňőŋĺłĺ |w_n|, âăł çâő ŕàĺ ďőáâăâőçŋő ćëáőłőľ íŋěàčĺĺ âăłĺě àěğőŋăŋáë ňőčãâ ŕàĺćěáâĺ ł ğăňěâŋőňã ãňěŋìèěŋĺî őąńăáâĺ ğŋăçěŋĺľ ćěàâĺłăńìŋëå ąěâăâàőŋŋëå çăáâőâ, ŕàĺčőďŋëå ďńï áőåàăŋěŋĺï ŕőńïàĺğăæĺĺ ŕãçłă.

Ďńï łăçěáâćěŋŋőčő őŕĺáăŋĺï ğňěěçŋëå àěğőŋăŋáőć ňë ĺáŕőńìğãěň ŕàĺąńĺęěŋŋőě àěèěŋĺě ć äőàňě (5.6), őŕĺáëćăîéěě ďćĺęěŋĺě áŕĺŋă ŕőď ćőğďěľáâćĺěň ŋăĺąőńěě áĺńìŋőľ čăàňőŋĺłĺ (á ŋőňěàőň k_0) ć àăğńőęěŋĺĺ (5.2), ĺ àăááňőâàĺň ćőğňãéěŋĺě íâőčő àěèěŋĺï ŕőď ćőğďěľáâćĺěň áńěďãîéĺå ŕő áĺńě čăàňőŋĺł (á ŋőňěàăňĺ k_0 ± 1).

Ŕěàěľďěň ć áĺáâěňã łőőàďĺŋăâ, ćàăéăîéãîáï ćňěáâě á àěèěŋĺěň (5.6). Ć íâőľ áĺáâěňě Ťãàìě àăğńőęěŋĺě őàâőčőŋăńìŋőľ ł àěèěŋĺî (5.6) łőňŕőŋěŋâë ćőğňãéěŋĺï ĺňěěâ ćĺď:

~W_⊥ =^( ~w_{k0+1} cos^((´ − 1)„ + ~ffi_n^) + ~w_{k0−1} cos^((´ + 1)„ + ~ffi_n^{))} · · ( J_0

( ~w_{k0} ´ ) + 2 ∞∑ p=1 (−1)^pJ_{2p}

( ~w_{k0} ´ ) cos^(2p´„ + 2p~ffi_n^) ) (5.15)

čďě ´ = ´_{k0} , ~ffi_n = ffi_n − ¸_1. Ĺğ ďăŋŋőčő Ťãàìě ŕàěďáâăćńěŋĺï ňőęŋő ğăłńîçĺâì, çâő ćőğňãéěŋĺě ~W_⊥ ŕàĺćőďĺâ ł ŋăĺąőńěě áĺńìŋőňã őâłńőŋěŋĺî áŕĺŋă őâ àěèěŋĺï (5.6) ŕàĺ ćëŕőńŋěŋĺĺ ãáńőćĺľ: (2p + 1)´ ± 1 = 0. Őâáîďă, ĺáŕőńìğãï őŕàěďěńěŋĺě ďńï ´_k, ŕőńãçăěň àěğőŋăŋáŋëě ãáńőćĺï ďńï ďàőąŋőľ çăáâĺ ąěâăâàőŋŋőľ çăáâőâë {_z}: {_z} = 1 2 ± 1 1 + 2p čďě p > 0 { æěńőě çĺáńő. Ćěńĺçĺŋă p åăàăłâěàĺğãěâ ŕőàïďőł àěğőŋăŋáă.

Řăááňőâàĺň ďćĺęěŋĺě áŕĺŋă ćąńĺğĺ àěğőŋăŋáă {_z} = 1=6 (p = 1). Őáâăćĺć ć àăğńőęěŋĺĺ (5.15) âőńìłő çńěŋë, áőőâćěâáâćãîéĺě ďăŋŋőňã àěğőŋăŋáã: 1 2 ( ~w_{k0−1}J_2

( ~w_{k0} ´ ) − ~w_{k0+1}J_4

( ~w_{k0} ´ )) sin^((3´ + 1)„ + 3~ffi_n^) =

= —w sin^((3´ + 1)„ + 3~ffi_n^) (5.16)

ňőęŋő ŕőńãçĺâì áńěďãîéěě àěèěŋĺě ďńï ćěłâőàă ^n ć ńăąőàăâőàŋőľ áĺáâěňě:

n_x = sin —ȷ; n_y = cos —ȷ sin ȷ; n_z = cos —ȷ cos ȷ (5.17) čďě —ȷ = —w —´ sin ( —´„ + 3~ffi_n^) (5.18)

čďě —´ = 3´+1, ă ȷ őŕàěďěńïěâáï ćëàăęěŋĺěň (5.5). Ŕàőěłæĺï ďăŋŋőčő àěèěŋĺï ŋă čőàĺğőŋâăńìŋãî ŕńőáłőáâì ĺňěěâ åăàăłâěàŋãî áâàãłâãàã, ŕàěďáâăćńěŋŋãî ŋă àĺáãŋłě 5.4.

Şçěâ ąőńìèěčő çĺáńă čăàňőŋĺł ć àăğńőęěŋĺĺ (5.2) ŕàĺćőďĺâ ł ãćěńĺçěŋĺî łőńĺçěáâćă ğňěěçŋëå àěğőŋăŋáőć. Ć őąéěň áńãçăě àěğőŋăŋáŋőě ãáńőćĺě ŕàĺőąàěâăěâ ćĺď: {_z} = 1 2 ± m 1 + 2p

Řĺá. 5.4: Ŕàőěłæĺï ćěłâőàă ^n ŋă čőàĺğőŋâăńìŋãî ŕńőáłőáâì ćąńĺğĺ àěğőŋăŋáă {_z} = 1=6 ŕő àěğãńìâăâăň çĺáńěŋŋőčő ňőďěńĺàőćăŋĺï. Šőçłă ŋăąńîďěŋĺï { ŕàĺ „ = 0.

čďě m; p > 0. Ŋăŕàĺňěà, ğňěěçŋëě àěğőŋăŋáë ŋĺğèĺå ŕőàïďłőć (p = 1; 2) áőőâćěâáâćãîâ áńěďãîéĺň ğŋăçěŋĺïň ďàőąŋőľ çăáâĺ _z:

p = 1 : _z = 1 6 ; 5 6 p = 2 : _z = 1 10 ; 3 10 ; 7 10 ; 9 10 Ůĺáńěŋŋëě ĺááńěďőćăŋĺï [34, 36] ŕőłăğăńĺ, çâő ğňěěçŋëě àěğőŋăŋáë áŕőáőąŋë ŋăàãèĺâì ăďĺăąăâĺçŋőáâì ŕěàěáěçěŋĺï őáŋőćŋőčő àěğőŋăŋáă ĺ ŕàĺćěáâĺ ł ŕőâěàě ŕőńïàĺğăæĺĺ ŕãçłă. Ŋěőąåőďĺňőě ãňěŋìèěŋĺě čńãąĺŋë ğňěěçŋőčő àěğőŋăŋáă |—ȷ|_{max} ňőęěâ ąëâì ďőáâĺčŋãâő, áőčńăáŋő ćëàăęěŋĺïň (5.16),(5.18), ńĺąő ãćěńĺçěŋĺěň àăááâàőľłĺ —´ őâ àěğőŋăŋáŋőčő ğŋăçěŋĺï, ńĺąő ãňěŋìèěŋĺěň čńãąĺŋë őáŋőćŋőčő àěğőŋăŋáă. Ŕőáńěďŋěě ňőęěâ ąëâì ďőáâĺčŋãâő ãćěńĺçěŋĺěň çĺáńă Śĺąĺàáłĺå ğňěěł ć ãáłőàĺâěńě.

5.3 Śńãçăľ çěâëàěå ğňěěł

Şćěńĺçěŋĺě çĺáńă ŕàĺňěŋïěňëå Śĺąĺàáłĺå ğňěěł ŕőğćőńïěâ ãňěŋìèĺâì čńãąĺŋã àěğőŋăŋáă. Řăááňőâàĺň áńãçăľ çěâëàěå ğňěěł, àăğňěéěŋŋëå ć ãáłőàĺâěńě ŕàĺ „ = 0; ı=2; ı ĺ 3ı=2. Ďńï âőčő, çâőąë ďěàęăâì áŕĺŋőćãî çăáâőâã àăćŋőľ

1=2, őáĺ ğňěěł ďőńęŋë ãďőćńěâćőàïâì áőőâŋőèěŋĺî

¸_1 + ¸_3 − ¸_2 − ¸_4 = ± ı 2 Ć őâńĺçĺě őâ áńãçăï ďćãå ğňěěł ďăŋŋőě ãáńőćĺě ŕőğćőńïěâ ňŋőęěáâćő ćőğňőęŋëå łőŋäĺčãàăæĺľ á àăğńĺçŋőľ ćğăĺňŋőľ őàĺěŋâăæĺěľ őáěľ ğňěěł. Ŕàĺ íâőň ćőğŋĺłăěâ ćőŕàőá ő ŋăåőęďěŋĺĺ ŋăĺąőńěě őŕâĺňăńìŋőľ łőŋäĺčãàăæĺĺ, ŕàĺćőďïéěľ ł ŋăĺąőńěě áĺńìŋőňã ãňěŋìèěŋĺî čńãąĺŋë àěğőŋăŋáă.

Ăŋăńőčĺçŋő àăááňőâàěŋĺî, ŕàőćěďěŋŋőňã ďńï ďćãå Śĺąĺàáłĺå ğňěěł, ŕàěőąàăğãěň čăàňőŋĺłã w_n ãěďĺŋěŋŋőčő àěğőŋăŋáă ćő ćàăéăîéãîáï áĺáâěňã łőőàďĺŋăâ, ŋăåőďĺň:

~w_n = 1 2 ie^{i~¸ ∑}_k ~w_{nk}e^{−ikı=4}(−1)^{k (}C_{1k}e^{i(Δk„+ffĩn)} + C_{2k}e^{−i(Δk„+ffĩn))} (5.19) čďě ~w_{nk} = |w_n| sin(ffl_kı=4)

ffl_kı=4

; ~ffi_n = ffi_n −^1_2 (¸_1 + ¸_3)

~¸ = 1 2 (3¸_1 + ¸_3 − 2¸_2) − _0 ı 4 − ı 8 ; C_{1k} = cos(¸_2 − ¸_1 − (k + 1=2)ı=2); C_{2k} = cos(¸_3 − ¸_2 − (k + 1=2)ı=2) Ŕàěďŕőńăčăï ďàőąŋãî çăáâì àěğőŋăŋáŋőľ çăáâőâë _n ć ďĺăŕăğőŋě [0:1; 0:9], íääěłâĺćŋőě ãňěŋìèěŋĺě čńãąĺŋë àěğőŋăŋáă ňőęŋő ŕőńãçĺâì ğăŋãńěŋĺěň ŋăĺąőńěě áĺńìŋőľ čăàňőŋĺłĺ (á ŋőňěàőň k_0) ć ćëàăęěŋĺĺ (5.19). Ĺğ ãáńőćĺľ C_{1k0} = 0 ĺ C_{2k0} = 0 ŋăåőďĺň áńěďãîéĺě áőőâŋőèěŋĺï, áćïğëćăîéĺě őàĺěŋâăæĺĺ őáěľ ğňěěł:

¸_3 − ¸_1 = ı=2; ¸_4 − ¸_2 = ı=2 ďńï ńîąőčő k_0; ¸_2 − ¸_1 = −ı=4 ďńï çěâŋëå k_0; ¸_2 − ¸_1 = ı=4 ďńï ŋěçěâŋëå k_0:

Ćëçĺáńïï čńãąĺŋã àěğőŋăŋáă ŕàĺ őŕâĺňăńìŋőľ łőŋäĺčãàăæĺĺ őáěľ ğňěěł, ŋăåőďĺň:

|ȷ|_{max} = ı

|w_n| 2 1 | cos(´ı=2)|

(5.20)

čďě ´ = ´_{k0} .

Őďŋăłő, łăł ŕőłăğëćăîâ ŕàĺćěďěŋŋëě ćëèě áőőâŋőèěŋĺï ŋă őàĺěŋâăæĺî őáěľ ğňěěł, áãéěáâćãěâ àăğńĺçĺě ć őŕâĺňăńìŋëå łőŋäĺčãàăæĺïå, ŋěőąåőďĺňëå ďńï ŕőďăćńěŋĺï àěğőŋăŋáőć á çěâŋőľ ĺ ŋěçěâŋőľ æěńőľ çăáâìî àěğőŋăŋáŋőľ çăáâőâë. Ąőńěě âőčő, őŕâĺňăńìŋăï łőŋäĺčãàăæĺï ďńï ŕőďăćńěŋĺï ŋěçěâŋëå (çěâŋëå) àěğőŋăŋáőć ïćńïěâáï ŋěíääěłâĺćŋőľ ŕàĺ ŕőďăćńěŋĺĺ çěâŋëå (ŋěçěâŋëå) àěğőŋăŋáőć, áőğďăćăï čńãąĺŋã àěğőŋăŋáă:

|ȷ|_{max} = ı

|w_n| 2 1 | sin(´ı=2)|

(5.21)

Řĺá. 5.5: Ŕěàěáěçěŋĺě àěğőŋăŋáă ŕàĺ àăğńĺçŋëå łőŋäĺčãàăæĺïå őáěľ ğňěěł. Ŕãŋłâĺàŋăï ńĺŋĺï áőőâćěâáâćãěâ ŕàĺňěŋěŋĺî ďćãå ğňěěł. _n = 59:23

Ĺğ (5.19) ňőęŋő ŋăľâĺ łőňŕàőňĺááŋëľ ćăàĺăŋâ | łőŋäĺčãàăæĺî, łőâőàăï ãňěŋìèăěâ čńãąĺŋã çěâŋëå ĺ ŋěçěâŋëå àěğőŋăŋáőć ć àăćŋőľ áâěŕěŋĺ:

¸_1 = ¸_3; ¸_2 = ¸_4; ¸_1 − ¸_2 = ±ı=4

Ŕàĺ íâőň ďńï çěâŋëå ĺ ŋěçěâŋëå àěğőŋăŋáőć ďőáâĺčăěâáï čńãąĺŋă:

|ȷ|_{max} = ı|w_n| 2 √ 1 + | sin(´ı)| | sin(´ı)|

(5.22)

Řĺáãŋőł 5.5 ďěňőŋáâàĺàãěâ ğăćĺáĺňőáâì ŋăąńîďăěňőľ ŕőńïàĺğăæĺĺ őâ íŋěàčĺĺ ć ğőŋě àěğőŋăŋáă ďńï íääěłâĺćŋőčő (á čńãąĺŋőľ àěğőŋăŋáă (5.20)), ŋěíääěłâĺćŋőčő (5.21) ĺ łőňŕàőňĺááŋőčő (5.22) ćăàĺăŋâőć łőŋäĺčãàăæĺľ őáěľ ğňěěł ŕő àěğãńìâăâăň çĺáńěŋŋőčő ňőďěńĺàőćăŋĺï.

Ğăňěâĺň, çâő ďńï ŕőďăćńěŋĺï æěńëå àěğőŋăŋáőć (´ = ±1=2), ćáě ŕàĺćěďěŋŋëě łőŋäĺčãàăæĺĺ ĺňěîâ őďĺŋăłőćãî íääěłâĺćŋőáâì. Ŕàĺ íâőň čńãąĺŋă àěğőŋăŋáă: |ȷ|_{max} = ı|w_n|√ 2 ć √ 2 ňěŋìèě, çěň ŕàĺ ĺáŕőńìğőćăŋĺĺ ďćãå Śĺąĺàáłĺå ğňěěł.