ŔŘĚŔŘĹŊŠ ŔŐŇĹ — 21/2005

ĆŻŮĹŚŃĚŊĹĚ ŔĂŘĂŇĚŠŘĂ ŇĂŊĎĚŃ§ ĎŃ§ ŐĄŐĄŹĚŊŊŻŢ ŁŐČĚŘĚŊŠŊŻŢ ŚŐŚŠŐ§ŊĹĽ ĎĚŤŐŘŇĹŘŐĆĂŊŊŻŢ ŐŚŰĹŃŃ§ŠŐŘŐĆ, ŚĆ§ĞĂŊŊŻŢ Ś ŐŘŠŐČŐŊĂŃĲŊŻŇĹ ŔŐŃĹŊŐŇĂŇĹ^1

Ć. Ć. ĄŐŘĞŐĆ

Łăäěďàă Ňăâěňăâĺłĺ Ś.-Ŕěâěàąãàčáłĺľ ãŋĺćěàáĺâěâ

âěńěłőňňãŋĺłăæĺľ

Ě. Ć. ĎĂŇĂŚŁĹŊŚŁĹĽ

Łăäěďàă Ňăâěňăâĺłĺ Ćőěŋŋëľ Ĺŋęěŋěàŋëľ Šěåŋĺçěáłĺľ Şŋĺćěàáĺâěâ

19 ďěłăąàï 2005

Ďńï ŕőáâàőěŋŋëå àăŋěě őáæĺńńïâőàő - ŕőďőąŋëå áĺáâěň, áćïğăŋŋëå á ğăďăŋŋëň áěňěľáâćőň őàâőčőŋăńìŋëå ňŋőčőçńěŋőć, ĺ áőőâćěâáâćãîéĺå őąőąéěŋŋëå łőčěàěŋâŋëå áőáâőïŋĺľ ćëçĺáńěŋő ğŋăçěŋĺě ŕăàăňěâàă Ňăŋďěńï QM . Łăł ĺğćěáâŋő, ğŋăł íâőčő ŕăàăňěâàă őŕàěďěńïěâ åăàăłâěà őâłńőŋěŋĺï áâăâĺáâĺłĺ ćőğąãęďěŋĺľ őâ ŕãăááőŋőćáłőľ, ć áńãçăě łőâőàőľ QM = 0. Ŕőłăğăŋő, çâő ďńï ďěäőàňĺàőćăŋŋëå őáæĺńńïâőàőć, ŕőàőęďăěňëå ĺğćěáâŋëňĺ łńăááăňĺ őàâőčőŋăńìŋëå ňŋőčőçńěŋőć, ŕăàăňěâà Ňăŋďěńï ňőęěâ ŕàĺŋĺňăâì łăł őâàĺæăâěńìŋëě ğŋăçěŋĺï (áãą-ŕãăááőŋőćáłăï áâăâĺáâĺłă), âăł ĺ ŕőńőęĺâěńìŋëě, áőőâćěâáâćãîéĺě áãŕěà-ŕãăááőŋőćáłőľ áâăâĺáâĺłě.

1Řăąőâă ćëŕőńŋïńăáì ŕàĺ ŕőďďěàęłě ŘŤŤĹ, čàăŋâë 03-01-00593, 03-01-00837

1 Ććěďěŋĺě

Ć ŕőáńěďŋěě ćàěňï ğăňěâŋő ãáĺńĺńáï ĺŋâěàěá ł ŕőáâàőěŋĺî ĺ ĺááńěďőćăŋĺî łőčěàěŋâŋëå áőáâőïŋĺľ ďńï őáæĺńńïâőàő-ŕőďőąŋëå áĺáâěň (őąőąéěŋŋëå őáæĺńńïâőàőć), áćïğăŋŋëå á áěňěľáâćăňĺ őàâőčőŋăńìŋëå ňŋőčőçńěŋőć (őąèĺàŋăï ąĺąńĺőčàăäĺï ĺňěěâáï ć őąğőàăå [1]-

[2]).

Ć ŕàěďëďãéĺå àăąőâăå ăćâőàőć [3]-[13] ąëń ŕàěďńőęěŋ ŋőćëľ ňěâőď ŕőáâàőěŋĺï őáæĺńńïâőàő-ŕőďőąŋëå áĺáâěň ć łőâőàëå ĺáåőďŋëň őąêěłâőň ïćńïěâáï áěňěľáâćő őàâőčőŋăńìŋëå ňŋőčőçńěŋőć, áćïğăŋŋëå á őąőąéěŋŋëň őáæĺńńïâőàőň ŕőďőąŋő âőňã, łăł őąëçŋëľ ąőğőŋŋëľ őáæĺńńïâőà áćïğăŋ á ŕőńĺŋőňăňĺ İàňĺâă. Ć àăňłăå íâőčő ŕőďåőďă ąëńĺ àăááňőâàěŋë őąőąéěŋŋëě őáæĺńńïâőàë, ŕőàőęďăěňëě łńăááĺçěáłĺňĺ ňŋőčőçńěŋăňĺ łăł ŋěŕàěàëćŋőčő âăł ĺ ďĺáłàěâŋőčő ŕěàěňěŋŋőčő, ă âăłęě őáæĺńńïâőà áćïğăŋŋëľ á (ąăğĺáŋëňĺ) q-ŕőńĺŋőňăňĺ İàňĺâă [9]-[11]. Ďńï áőőâćěâáâćãîéĺå őáæĺńńïâőàő-ŕőďőąŋëå áĺáâěň őŕàěďěńïńĺáì łőčěàěŋâŋëě áőáâőïŋĺï ĺ ĺááńěďőćăńĺáì ĺå áćőľáâćă.

Śãéěáâćěŋŋëň ďńï ŕàĺńőęěŋĺľ ïćńïěâáï âő őąáâőïâěńìáâćő, çâő ŕàěďńőęěŋŋăï łőŋáâàãłæĺï ŕőáâàőěŋĺï őáæĺńńïâőàő-ŕőďőąŋëå áĺáâěň ĺ áőőâćěâáâćãîéĺå ĺň łőčěàěŋâŋëå áőáâőïŋĺľ ŕőğćőńïěâ ŕő ğăďăŋŋőňã íŋěàčěâĺçěáłőňã áŕěłâàã ŕőďőąàăâì ŕőďåőďïéěě áěňěľáâćő őàâőčőŋăńìŋëå ňŋőčőçńěŋőć (łőěääĺæĺěŋâë àěłãààěŋâŋőčő áőőâŋőèěŋĺï łőâőàëå őŕàěďěńïîâ áŕěłâà čăňĺńìâőŋĺăŋă) ďĺăčőŋăńĺĺğĺàãîéěě čăňĺńìâőŋĺăŋ áőőâćěâáâćãîéěľ áĺáâěňë ĺ, âěň áăňëň, őąőľâĺ âàãďŋãî ğăďăçã äăłâőàĺğăæĺĺ čăňĺńìâőŋĺăŋă. Ŕőńãçěŋŋëě ŋăňĺ ïćŋëě ćëàăęěŋĺï ďńï łőčěàěŋâŋëå áőáâőïŋĺľ őąőąéěŋŋëå őáæĺńńïâőàőć, ăááőæĺĺàőćăŋŋëå á őàâőčőŋăńìŋëňĺ ŕőńĺŋőňăňĺ, ŕőğćőńïîâ ďńï âăłĺå áĺáâěň ćëçĺáńïâì ğŋăçěŋĺï àïďă äĺğĺçěáłĺ ĺŋâěàěáŋëå ćěńĺçĺŋ, âăłĺå łăł, ŋăŕàĺňěà, ŕăàăňěâà Ňăŋďěńï

Q_M , ğŋăł łőâőàőčő őŕàěďěńïěâ åăàăłâěà őâłńőŋěŋĺï áâăâĺáâĺłĺ ćőğąãęďěŋĺľ őâ ŕãăááő-

ŋőćáłőľ. Ćëçĺáńěŋŋëľ ć łőčěàěŋâŋëå áőáâőïŋĺïå áâăŋďăàâŋőčő ąőğőŋŋőčő őáæĺńńïâőàă íâőâ ŕăàăňěâà ŕàĺŋĺňăěâ ŋãńěćőě ğŋăçěŋĺě, çâő áőőâćěâáâćãěâ ŕãăááőŋőćáłőňã àăáŕàěďěńěŋĺî. Ć áńãçăě, łőčďă íâőâ ŕăàăňěâà ŕàĺŋĺňăěâ ŕőńőęĺâěńìŋëě ğŋăçěŋĺï čőćőàïâ ő áãŕěà-ŕãăááőŋőćáłőľ áâăâĺáâĺłě ćőğąãęďěŋĺľ, ă ŕàĺ őâàĺæăâěńìŋëå - ő áãą-ŕãăááőŋőćáłőľ.

Ć ďăŋŋőľ àăąőâě ňë ŕőłăęěň, çâő ć łőčěàěŋâŋëå áőáâőïŋĺïå őáæĺńńïâőàő-ŕőďőąŋëå áĺáâěň, ŕőàőęďăěňëå ĺğćěáâŋëňĺ łńăááăňĺ őàâőčőŋăńìŋëå ňŋőčőçńěŋőć, ŕăàăňěâà Ňăŋďěńï ňőęěâ ŕàĺŋĺňăâì łăł őâàĺæăâěńìŋëě, âăł ĺ ŕőńőęĺâěńìŋëě ğŋăçěŋĺï. Ć áńãçăě łńăááĺçěáłĺå őàâőčőŋăńìŋëå ŕőńĺŋőňőć ŋěŕàěàëćŋőčő ĺ ďĺáłàěâŋőčő ăàčãňěŋâă ŋăňĺ ŕőńãçěŋë áńěďãîéĺě àěğãńìâăâë. Ďńï őáæĺńńïâőàőć, ŕőàőęďăěňëå ŕőńĺŋőňăňĺ Ÿăàńìě

[12], âăłęě łăł ĺ ďńï áâăŋďăàâŋőčő őáæĺńńïâőàă (ňŋőčőçńěŋë İàňĺâă) ŕăàăňěâà Ňăŋďěńï

ŕàĺŋĺňăěâ ŋãńěćőě ğŋăçěŋĺě (QM = 0; áâăâĺáâĺłă – ŕãăááőŋőćáłăï). Ďńï ňŋőčőçńěŋőć Ńăčěààă ĺ Ňěľłáŋěàă QM < 0 (áãą-ŕãăááőŋőćáłăï áâăâĺáâĺłă). Ć áńãçăě ŕőńĺŋőňőć Čěčěŋąăãěàă ĺ Łàăćçãłă ğŋăł ŕăàăňěâàă Ňăŋďěńï ğăćĺáĺâ őâ ğŋăçěŋĺï áőąáâćěŋŋőčő çĺáńă őŕěàăâőàă ãŋĺçâőęěŋĺï, áőőâćěâáâćãîéěčő łőčěàěŋâŋőčő áőáâőïŋĺï. Ć áńãçăě ďěäőàňĺàőćăŋŋëå q-ŕőńĺŋőňőć İàňĺâă ğŋăł QM őŕàěďěńïěâáï ćěńĺçĺŋőľ ŕăàăňěâàă ďěäőàňăæĺĺ q. Ĺňěŋŋő, QM < 0 ŕàĺ 0 < q < 1, ă ŕàĺ q > 1 ğŋăçěŋĺě ŕăàăňěâàă Ňăŋďěńï ŕőńőęĺâěńìŋő

(Q_M > 0).

Őâňěâĺň, çâő ć ďăŋŋőľ àăąőâě ňë ĺáŕőńìğãěň łőčěàěŋâŋëě áőáâőïŋĺï âĺŕă Ąăàãâă - Ęĺàăàďěńńő [14], łőâőàëě ňőęŋő őŕàěďěńĺâì ďńï őąőąéěŋŋőčő őáæĺńńïâőàă, áćïğăŋŋőčő á łńăááĺçěáłĺňĺ őàâőčőŋăńìŋëňĺ ňŋőčőçńěŋăňĺ ĺ ĺå q-ăŋăńőčăňĺ, ć áńãçăě, łőčďă áőőâćěâáâćãîéěě čĺńìąěàâőćő ŕàőáâàăŋáâćő ąěáłőŋěçŋőňěàŋő. Łńîçěćëň ňőňěŋâőň ŕàĺ ćëçĺáńěŋĺĺ ŕăàăňěâàă Ňăŋďěńï ïćńïěâáï âőâ äăłâ, çâő ďńï łőčěàěŋâŋëå áőáâőïŋĺľ âĺŕă Ąăàãâă - Ęĺàăàďěńńő áŕàăćěďńĺćă ŕàőáâăï äőàňãńă (8), áőćŕăďăîéăï á äőàňãńőľ, ŕőńãçěŋŋőľ ć àăąőâě [15] ć áńãçăě łőčěàěŋâŋëå áőáâőïŋĺľ Łńăãďěàă - Čăğő.

2 Ćëçĺáńěŋĺě ŕăàăňěâàă Ňăŋďěńï ďńï őąőąéěŋŋőčő őáæĺńńïâőàă

Ć ăąáâàăłâŋőň ŕàőáâàăŋáâćě Ťőłă HF á ąăğĺáőň {|n⟩_F }^∞_{n=0} câăŋďăàâŋëľ ąőğőŋŋëľ őáæĺńńïâőà őŕàěďěńïěâáï őŕěàăâőàăňĺ àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï a^+_F , a^−_F c ŕěàěáâăŋőćőçŋëňĺ áőőâŋőèěŋĺïňĺ

[a^+_F , a^−_F ] = 1; (1)

ĺ őŕěàăâőàőň çĺáńă çăáâĺæ (čăňĺńìâőŋĺăŋőň)

N_F = H_F = a^+_F a^−_F . (2)

İâĺ őŕěàăâőàë ďěľáâćãîâ ć HF ŕő äőàňãńăň

a^−_F |0⟩_F = 0, a^−_F |n⟩_F = √ n|n − 1⟩_F , n ≥ 1; a^+_F |n⟩_F = √ n + 1|n + 1⟩_F , n ≥ 0; (3) N_F |n⟩_F = H_F |n⟩_F = n|n⟩_F . Řěăńĺğãěň ŕàőáâàăŋáâćő Ťőłă łăł čĺńìąěàâőćő ŕàőáâàăŋáâćő F = L^2(R, μ0) ŕő čăãááőćőľ ňěàě μ0 = π^{− 1}2 e^{−x2} dx, á ąăğĺáőň ĺğ ŋőàňĺàőćăŋŋëå ŕőńĺŋőňőć İàňĺâă |n⟩_0 =^{√ n!}_2n Hn(x). Ć íâőľ àěăńĺğăæĺĺ łőčěàěŋâŋëě áőáâőïŋĺï âĺŕă Łńăãďěàă - Čăğő [16] őŕàěďěńïîâáï áőőâŋőèěŋĺěň [15]

||z⟩ := N^{− 12}_0 (|z|^2) ∞∑ n=0 z^n √ ρ(n) |n⟩_0, (4)

ďńï ŋěłőâőàőčő ŋăąőàă {ρ(n)}^∞_{n=0} ŕőńőęĺâěńìŋëå ŕăàăňěâàőć (ρ(0) = 1). Ŋőàňĺàőćőçŋëľ ňŋőęĺâěńì ćëçĺáńïěâáï ŕő äőàňãńě

N_0(|z|^2) = ∞∑ n=0 |z|^{2n} ρ(n) , |z|^2 < R; (5)

àăďĺãá áåőďĺňőáâĺ àïďă ć łőâőàőľ őŕàěďěńïěâ ďĺăŕăğőŋ ďőŕãáâĺňëå ğŋăçěŋĺľ łőňŕńěłáŋőčő ŕăàăňěâàă z (ć áńãçăě őąëçŋëå łőčěàěŋâŋëå áőáâőïŋĺľ ρ(n) = n! ĺ z ŕàőąěčăěâ ćáî łőňŕńěłáŋãî ŕńőáłőáâì). Ďőŕãáâĺňë ŋăąőàë ŕăàăňěâàőć ďńï łőâőàëå ćëŕőńŋïěâáï áőőâŋőèěŋĺě ŕőńŋőâë_{∫∫}

C_R ||z⟩W (|z|^2)⟨z||d^2z = I= ∞∑ n=0 |n⟩_{00}⟨n|, (6) â.ě. áãéěáâćãěâ ŕőńőęĺâěńìŋăï äãŋłæĺï W (|z|^2) ďńï łőâőàőľ íâő áőőâŋőèěŋĺě ćëŕőńŋěŋő.

Ďńï ćëçĺáńěŋĺï ć łőčěàěŋâŋëå áőáâőïŋĺïå ||z⟩ ŕăàăňěâàă Ňăŋďěńï

Q_M (x) := ⟨z||N^2_F ||z⟩ − (⟨z||N_F ||z⟩)^2 ⟨z||N_0||z⟩ − 1, (7)

åăàăłâěàĺğãîéěčő őâłńőŋěŋĺě àăáŕàěďěńěŋĺï çĺáńă ćőğąãęďěŋĺľ őâ ŕãăááőŋőćáłőľ áâăâĺáâĺłĺ, ć àăąőâě [15] ąëńă ŕőńãçěŋă äőàňãńă

Q_M (x) = x ( N^{′′}_0 (x) N^′_0(x) − N^′_0(x) N_0(x) ) , (|z|^2 = x). (8)

Řăááňőâàĺň âěŕěàì áńãçăľ őąőąéěŋŋőčő őáæĺńńïâőàă [13]. Ć łăçěáâćě čĺńìąěàâőćă ŕàőáâàăŋáâćă ąãďěň ĺáŕőńìğőćăâì ŕàőáâàăŋáâćő F = L^2(R, μ), čďě μ ŕőńőęĺâěńìŋăï ąőàěńěćáłăï ňěàă ŋă ćěéěáâćěŋŋőľ ŕàïňőľ R. Ąãďěň ŕàěďŕőńőčăâì çâő μ — ćěàőïâŋőáâŋăï ňěàă_{∫ ∞} −∞ μ(dx) = 1, (9)

á ŋãńěćëňĺ ňőňěŋâăňĺ ŋěçěâŋőčő ŕőàïďłă

μ_{2k+1} = ∫_∞ −∞ x^{2k+1}μ(dx) = 0, k = 0, 1, . . . . (10)

(Ŕőáńěďŋěě ŕàěďŕőńőęěŋĺě áńãęĺâ ďńï ãŕàőéěŋĺï äőàňãń ĺ ćáě ŕàĺćőďĺňëě ŋĺęě àěğãńìâăâë áőåàăŋïîâ áĺńã ĺ ć ąőńěě őąéěň áńãçăě ŕàőĺğćőńìŋëå ňőňěŋâőć). İâőľ ňěàě áőŕőáâăćĺň ŕőáńěďőćăâěńìŋőáâì ŕőńőęĺâěńìŋëå çĺáěń {bn}^∞_{n=0} , őŕàěďěńĺć ĺå łăł àěèěŋĺï áĺáâěňë ăńčěąàăĺçěáłĺå ãàăćŋěŋĺľ

[ 12 n]∑

m=0

[ 12 n]∑

s=0 (−1)^{n+s} α_{2m−1,n−1}α_{2s−1,n−1} (b^2_{n−1})!

μ_{2(n−m−s+1)} = b^2_{n−1} + b^2_n, n ≥ 0, (11) čďě α_{−1,−1} = 1, α_{2p−1,n−1} := n−1∑ k1=2p−1 b^2_{k1} k1−2∑

k2=2p−3 b^2_{k2} . . . k_p�1−2∑

kp=1 b^2_{kp} ; (12) ĺ μ_0 = 1, μ_{2k} = ∫_∞ −∞ x^{2k}μ(dx), k = 0, 1, . . . , (13) İâă áĺáâěňă ĺňěěâ ěďĺŋáâćěŋŋőě àěèěŋĺě

b^2_0 = μ_2, b^2_1 = μ_4 μ_2

− μ_2, . . . . (14)

Śőŕőáâăćĺň ďăńěě ňěàě μ áĺáâěňã ňŋőčőçńěŋőć {ψn(x)}^∞_{n=0} , ãďőćńěâćőàïîéĺå àěłãààěŋâŋëň áőőâŋőèěŋĺïň^2

xψ_n(x) = b_nψ_{n+1}(x) + b_{n−1}ψ_{n−1}(x), n ≥ 0, b_{−1} = 0, ψ_0(x) = 1, (15)

čďě ć łăçěáâćě łőěääĺæĺěŋâőć ĺáŕőńìğãîâáï íńěňěŋâë ŕőáâàőěŋŋőľ ćëèě çĺáńőćőľ ŕőáńěďőćăâěńìŋőáâĺ. Ś àěłãààěŋâŋëňĺ áőőâŋőèěŋĺïňĺ áćïğăŋă âàĺďĺăčőŋăńìŋăï ňăâàĺæă

2Ğăňěâĺň, çâő àěłãààěŋâŋëě áőőâŋőèěŋĺï ćáěå łńăááĺçěáłĺå őàâőčőŋăńìŋëå ňŋőčőçńěŋőć ŕőáńě áőőâćěâáâćãîéěľ ŕěàěŋőàňĺàőćłĺ ňőčãâ ąëâì ğăŕĺáăŋë ć âăłőľ áĺňňěâàĺğőćăŋŋőľ äőàňě. Ŋăŕàĺňěà, őŕàěďěńĺć ψn = (2nn!)�^1=^2Hn, čďě Hn – áâăŋďăàâŋëě ňŋőčőçńěŋë İàňĺâă, ňë ŕàĺćěďěň àěłãààěŋâŋőě áőőâŋőèěŋĺě xHn = 1 2 Hn_{+1} + nHn�_1

ł ćĺďã (15) c bn = qn^{+1}_2 .

§łőąĺ á ŋãńěćőľ čńăćŋőľ ďĺăčőŋăńìî

J =

0 b_0 0 0 · · · b_0 0 b_1 0 · · · 0 b_1 0 b_2 · · · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. (16)

Ĺğćěáâŋő [17], çâő ěáńĺ łńăááĺçěáłăï ŕàőąńěňă ňőňěŋâőć ďńï ňăâàĺæë §łőąĺ J őŕàěďěńěŋă, âő őŕĺáăŋŋăï ćëèě áĺáâěňă ňŋőčőçńěŋőć ŕőńŋă ć F = L^2(R, μ). Ěáńĺ ęě ŕàőąńěňă ňőňěŋâőć ïćńïěâáï ŋěőŕàěďěńěŋŋőľ, âő íâă áĺáâěňă ňŋőčőçńěŋőć ąãďěâ ŕőńŋőľ ć F ć âőň ĺ âőńìłő ć âőň áńãçăě, łőčďă ňěàă μ ïćńïěâáï N-íłáâàěňăńìŋëň àěèěŋĺěň łńăááĺçěáłőľ ŕàőąńěňë ňőňěŋâőć ďńï ňăâàĺæë §łőąĺ J. Ĺğćěáâŋő [17] âăłęě, çâő ŕőáâàőěŋŋăï ãłăğăŋŋëň ćëèě áŕőáőąőň áĺáâěňă ňŋőčőçńěŋőć őàâőčőŋăńìŋă ŕő ňěàě μ. Ć ďăńìŋěľèěň ňë ąãďěň ŕàěďŕőńőčăâì, çâő áĺáâěňă ňŋőčőçńěŋőć {ψn(x)}^∞_{n=0} ŕőńŋă ć F ĺ őŕàěďěńïěâ ŕőáńě ŋőàňĺàőćłĺ őàâőŋőàňĺàőćăŋŋëľ ąăğĺá {en(x)}^∞_{n=0} ć íâőň ŕàőáâàăŋáâćě.

Śőŕőáâăćĺň ňăâàĺæě §łőąĺ J őŕěàăâőà X ć F őŕàěďěńĺć á ŕőňőéìî àěłłãàěŋâŋőčő áőőâŋőèěŋĺï (15) ěčő ďěľáâćĺě ŋă íńěňěŋâë ąăğĺáă äőàňãńőľ

Xe_n = xe_n = b_ne_{n+1} + b_{n−1}e_{n−1}, Xe_0 = b_0e_1. (17)

Ňë ąãďěň ĺŋâěàŕàěâĺàőćăâì íâőâ őŕěàăâőà łăł őŕěàăâőà łőőàďĺŋăâë ć ŕàőáâàăŋáâćě F. Őŕàěďěńĺň âăłęě őŕěàăâőà ĺňŕãńìáă P, ŕőńőęĺć

P e_n = i (b_{n−1}e_{n−1} − b_ne_{n+1}) , P e_0 = −ib_0e_1. (18)

İâĺ őŕěàăâőàë ãďőćńěâćőàïîâ ŕěàěáâăŋőćőçŋëň áőőâŋőèěŋĺïň [X, P ] = 2i ( b^2_{n−1} − b^2_n ) . (19)

Ć łăçěáâćě čăňĺńìâőŋĺăŋă ćëąěàěň áăňőáőŕàïęěŋŋëľ őŕěàăâőà

H = X^2 + P^2, (20)

ďńï łőâőàőčő ňŋőčőçńěŋë en ïćńïîâáï áőąáâćěŋŋëňĺ äãŋłæĺïňĺ á áőąáâćěŋŋëňĺ ğŋăçěŋĺïňĺ λn :

He_n = λ_ne_n λ_0 = 2b^2_0, λ_n = 2(b^2_{n−1} + b^2_n), n ≥ 1. (21)

Ŕőáâàőěŋŋãî őáæĺńńïâőàő-ŕőďőąŋãî áĺáâěňã ňë ąãďěň ŋăğëćăâì őąőąéěŋŋëň őáæĺńńïâőàőň, áćïğăŋŋëň á áĺáâěňőľ őàâőčőŋăńìŋëå ňŋőčőçńěŋőć {ψn(x)}^∞_{n=0} . Őŕàěďěńĺň őŕěàăâőàë àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï ŕőńőęĺć

a^+ = 1 √ 2 (X + iP ) , a = 1 √ 2 (X − iP ) . (22)

İâĺ őŕěàăâőàë áőŕàïęěŋë ďàãč ďàãčã ĺ ďěľáâćãîâ ŋă íńěňěŋâë ąăğĺáă ŕő äőàňãńăň

a^+e_n = √ 2 b_n e_{n+1}(x), ae_n(x) = √ 2 b_{n−1}e_{n−1}(x) (23)

ĺ ãďőćńěâćőàïîâ łőňňãâăæĺőŋŋëň áőőâŋőèěŋĺïň

[a, a^+] = i[X, P ] = 2 ( b^2_n − b^2_{n−1} ) . (24)

Ňë őâáëńăěň çĺâăâěńï ł àăąőâě [13] ğă ďőłăğăâěńìáâćăňĺ ãâćěàęďěŋĺľ ĺ ňăâěňăâĺçěáłĺňĺ ďěâăńïňĺ (âăłĺňĺ łăł őŕàěďěńěŋĺě őąńăáâěľ őŕàěďěńěŋĺï ĺ â.ŕ.) ŕàőćěďěŋŋőčő ćëèě ŕőáâàőěŋĺï őąőąéěŋŋőčő őáæĺńńïâőàă, áćïğăŋŋőčő á ğăďăŋŋőľ áĺáâěňőľ őàâőčőŋăńìŋëå ňŋőčőçńěŋőć ĺ ł àăąőâě [3] ğă àěăńĺğăæĺěľ íâĺå őŕěàăâőàőć ďĺääěàěŋæĺăńìŋëňĺ őŕěàăâőàăňĺ ć F.

Ŋăńĺçĺě őŕěàăâőàőć ãŋĺçâőęěŋĺï ŕőğćőńïěâ őŕàěďěńĺâì ďńï ŋĺå łőčěàěŋâŋëě áőáâőïŋĺï âĺŕă Ąăàãâă - Ęĺàăàďěńńő áâăŋďăàâŋëň őąàăğőň a|z⟩ = z|z⟩, |z⟩ = N^{− 12} (|z|^2) ∞∑ n=0 z^n ( √ 2 b_{n−1})!

e_n, (25)

čďě N ŋőàňĺàãîéĺľ ňŋőęĺâěńì, ă (^√2 bn−1)! ŕőŋĺňăěâáï łăł äăłâőàĺăń ŕő ĺŋďěłáã â.ě. ( √ 2 b_n)! = ( √ 2 b_1) · ( √ 2 b_2) · . . . · ( √ 2 b_n), ĺ ( √ 2 b_{−1})! = 0! = 1 âăł łăł b_{−1} = 0. Ŕőńőęĺć ρ(n) = (2b^2_{n−1})!, ãąěęďăěňáï ć âőň, çâő íâĺ áőáâőïŋĺï ïćńïîâáï âăłęě ĺ łőčěàěŋâŋëňĺ

áőáâőïŋĺïňĺ âĺŕă Łńăãďěàă - Čăğő.

Ŕőłăęěň çâő ďńï íâĺå łőčěàěŋâŋëå áőáâőïŋĺľ áŕàăćěďńĺćă äőàňãńă (8). Őŕàěďěńĺň őŕěàăâőà N ŋãňěàãîéĺľ áőáâőïŋĺï äőàňãńőľ Nen = nen âăł çâő ŕàĺ |n⟩ = en ĺňěěň ⟨n|N|m⟩ = nδ_{m,n}. Šőčďă ⟨z|N|z⟩ = N^{−1} ∞∑ n,m=0 z̄^nz^m ( √ 2b_{n−1})! ( √ 2b_{m−1})! ⟨n|N|m⟩ = N^{−1} ∞∑ n=0 n|z|^{2n} (2b^2_{n−1})!

. (26)

Ŕőńőęĺć x = |z|^{2n} ĺňěěň ⟨z|N|z⟩ = x N ∞∑ n=0 nx^{n−1} (2b^2_{n−1})! = x N^′(x) N (x) . (27)

Ďăńěě ãçĺâëćăï, çâő n^2 = n(n − 1) + n ŕőńãçăěň ⟨z|N^2|z⟩ = x N ∞∑ n=0 n^2x^n (2b^2_{n−1})! = 1 N ∞∑ n=0 n(n − 1)x^n (2b^2_{n−1})! + 1 N ∞∑ n=0 nx^n (2b^2_{n−1})! = x^2N^{′′}(x) N^′(x) + xN^′(x) N (x) . (28)

Ŕőďáâăćńïï (27)-(28) ć (7) ĺňěěň âàěąãěňőě ćëàăęěŋĺě

Q_M (x) = x ( N^{′′}(x) N^′(x) − N^′(x) N (x) ) . (29)

3 Ćëçĺáńěŋĺě ŕăàăňěâàă Ňăŋďěńï ďńï łőŋłàěâŋëå ŕàĺňěàőć őąőąéěŋŋőčő őáæĺńńïâőàă

Ĺáŕőńìğãï äőàňãńã (29) ćëçĺáńĺň ŕăàăňěâà Ňăŋďěńï ďńï ŕőáâàőěŋŋëå àăŋěě őąőąéěŋŋëå őáæĺńńïâőàőć [4]-[12]. Ć áńãçăě őáæĺńńïâőàőć, áćïğăŋŋëå á ŕőńĺŋőňăňĺ Čěčěŋąăãěàă, Ńěęăŋďàă ĺ Ůěąëèěćă, äãŋłæĺï N (x) ĺňěěâ ćĺď [6]-[8]

N_G(x) = F (α + 1 2 , α + 3 2 ; 2α + 1; 2x); α > − 1 2 (30)

N_L(x) = F ( 1 2 , 3 2 ; 1; 2x); (31)

N_{Ch}(x) = (1 − 2x)^{−1}, (32) čďě F (a, b; c; x) =_2F_1 (_{a,b} c | | | |x ) . (33)

ĺáŕőńìğãï ĺğćěáâŋőě ćëàăęěŋĺě ďńï ŕàőĺğćőďŋőľ őâ čĺŕěàčěőňěâàĺçěáłőľ äãŋłæĺĺ Čăãááă

[18] ( d dx )_n F (a, b; c; x) = (a)_n(b)_n (c)_n F (a + n, b + n; c + n; x); (34)

ĺňěěň

N^′_G(x) = 2

(α +^1_2 )(α +^3_2 ) 2α + 1 F (α + 3 2 , α + 5 2 ; 2α + 2; 2x); (35)

N^{′′}_G(x) = 4

(α +^1_2 )(α +^3_2 )^2(α +^5_2 ) (2α + 1)(2α + 2) F (α + 5 2 , α + 7 2 ; 2α + 3; 2x). (36)

Ŕőďáâăćńïï ć (29) ŕőńãçăěň áńěďãîéěě ćëàăęěŋĺě ďńï ŕăàăňěâàă Ňăŋďěńï ć łőčěàěâŋëå áőáâőïŋĺïå âĺŕă Ąăàãâă - Ęĺàăàďěńńő ďńï őáæĺńńïâőàă Čěčěŋąăãěàă

Q^G_M (x) =

= 2x ( (α +^3_2 )(α +^5_2 ) 2α + 2

F (α +^5_2 , α +^7_2 ; 2α + 3; 2x) F (α +^3_2 , α +^5_2 ; 2α + 2; 2x) − − (α +^1_2 )(α +^3_2 )

2α + 1

F (α +^3_2 , α +^5_2 ; 2α + 2; 2x) F (α +^1_2 , α +^3_2 ; 2α + 1; 2x) ) . (37)

Ăŋăńőčĺçŋő ć áńãçăě őáæĺńńïâőàőć Ńěęăŋďàă ĺ Ůěąëèěćă ŕőńãçăěň

Q^L_M (x) = 2x ( 15 2 F (^5_2 ,^7_2 ; 3; 2x) F (^3_2 ,^5_2 ; 2; 2x) − 3 4 F (^3_2 ,^5_2 ; 2; 2x) F (^1_2 ,^3_2 ; 1; 2x) ) ; (38) Q^{Ch}_M (x) = x ( 4 1 − 2x − 2 1 − 2x ) = 2x 1 − 2x . (39)

Ĺğ (39) áńěďãěâ, çâő ŕàĺ 0 < x <^1_2 Q^{Ch}_M (x) > 0, (α = 1 2 ) (40)

Ŕőłăęěň, çâő ďńï ćáěå ŕőńĺŋőňőć Čěčěŋąăãěàă ŕàĺ 0 < x <^1_2 ćëŕőńŋïěâáï ŋěàăćěŋáâćő

Q^G_M (x) > 0. Ďńï íâőčő ŕěàěŕĺèěň (37) ć ćĺďě

Q^G_M (x) =

2x(α +^3_2 ) (2α + 2)F (α +^3_2 , α +^5_2 ; 2α + 2; 2x)F (α +^1_2 , α +^3_2 ; 2α + 1; 2x) T

, (41) čďě T = (α +^5_2 )F (α +^5_2 , α +^7_2 ; 2α + 3; 2x)F (α +^1_2 , α +^3_2 ; 2α + 1; 2x)−

− (α + 1)F^2(α +^3_2 , α +^5_2 ; 2α + 2; 2x). (42)

Ŕőáłőńìłã ŕàĺ α > −^1_2 , ĺ x > 0 ć (41) ćáě áőňŋőęĺâěńĺ ŕěàěď T ŕőńőęĺâěńìŋë, âő ğŋăł

Q^G_M (x) őŕàěďěńïěâáï ğŋăłőň T.

Ĺáŕőńìğãï ĺğćěáâŋőě áőőâŋőèěŋĺě [18] F (a, b; c; x) = (1 − x)^{(c−b−a)}F (c − a, c − b; c; x); (43) ŕàĺ |α| <^1_2 ĺńĺ α >^1_2 ŕőńãçăěň

F (α +^5_2 , α +^7_2 ; 2α + 3; x) = (1 − x)^{−3}F (α +^1_2 , α −^1_2 ; 2α + 3; x); (44)

F (α +^3_2 , α +^5_2 ; 2α + 2; x) = (1 − x)^{−2}F (α +^1_2 , α −^1_2 ; 2α + 2; x); (45)

F (α +^1_2 , α +^3_2 ; 2α + 1; x) = (1 − x)^{−1}F (α +^1_2 , α −^1_2 ; 2α + 1; x); (46)

Ŕőďáâăćńïï (44) - (46) ć (41) ĺ (42) ŕőńãçăěň

Q^G_M (x) = α + 3/2 (α + 1) ~F (2α + 1) ~F (2α + 2) · 2x 1 − 2x · S, (47) čďě S= (α +^5_2 )^~F (2α + 1)^~F (2α + 3) − (α + 1)^~F^2(2α + 2), (48)

ĺ ňë ććěńĺ őąőğŋăçěŋĺě

~F (β) = F (α +^1_2 , α −^1_2 ; β; 2x). (49)

Šăł łăł ŕàĺ àăááňăâàĺćăěňëå ğŋăçěŋĺïå ŕěàěňěŋŋëå: 0 < x < 1 2 , α > − 1 2 , α ≠ 1 2 , (50)

łőíääĺæĺěŋâ ŕàĺ Sć (41) ŕőńőęĺâěńěŋ, âő

sign { Q^G_M (x) } = sign {S}. (51)

Śŋăçăńă àăááňőâàĺň áńãçăľ α >^1_2 . Ś íâőľ æěńìî ŕàěďáâăćĺň Sć ćĺďě

S=^{∞∑}_{k,n=0} x^{n+k (α + 12 )n(α − 12 )n(α + 12 )k(α − 12 )k}

(2α + 2)_n(2α + 2)_kn!k!

(α + 1) (2α + 1)(2α + n + 2) K(n, k) (52) čďě K(n, k) = (2α + 3)(k − n) + 2(n + k) + 3(2α + 1) (53)

ĺ ĺááńěďãěň ğŋăł Sŕàĺ x > 0, α >^1_2 . Ŕěàěŕĺèěň àïď (52) ŕő áâěŕěŋïň t = n + k

S=^{∞∑}_{t=0} atx^t. (54)

Ćëçĺáńïï, ĺňěěň

a_0 = 3 2 , a_1 =

(α −^1_2 )(6α + 7) 2(2α + 3)

> 0, (55)

a_t = α + 1 2α + 1

[^t_2 ]∑ k=0 (α +^1_2 )_{t−k}(α −^1_2 )_{t−k} (t − k)!(2α + 2)_{t−k} (α +^1_2 )_k(α −^1_2 )_k k!(2α + 2)_k A_{t,k}, t ≥ 2. (56) čďě A_{t,k} = (2α + 3)(t − k)(t − 2k) + k^2(2α + 3) + 2t^2 + 3t(2α + 1) + 12(α + 1)(2α + 1). (57)

İâő ćëàăęěŋĺě ŕőńőęĺâěńìŋő ŕàĺ t ≥ 2 ĺ, áńěďőćăâěńìŋő a_t ≥ 0, t ≥ 0, α > 1 2 . (58)

Ĺâăł S> 0 ĺ ňë ŕőłăğăńĺ, çâő

Q^G_M (x) > 0 ŕàĺ x ≥ 0, α > 1 2 . (59)

Šěŕěàì àăááňőâàĺň áńãçăľ |α| <^1_2 . Ŕőłăęěň, çâő ŋă ŕàőňěęãâłě (0;^1_2 ) äãŋłæĺï S(x) ňěŋïěâ ğŋăł á ”+” ŋă ”-”. Ďńï íâőčő ĺááńěďãěň ğŋăłĺ łőíääĺæĺěŋâőć at ć (54). Ĺğ (56) áńěďãěâ, çâő

a_0 = 3 2 > 0, a_1 =

(2α − 1)(6α + 7) 4(2α + 3)

< 0. (60)

Ďăńěě, ĺğ (57) ĺňěěň

a_2 =^3_{16} (α −^1_2 )_2

24α^3 + 52α^2 + 34α + 3 α + 1

, (61)

âăł çâő_a

2 > 0, ŕàĺ α ∈ ( −^1_2 ; α^∗) ) a_2 < 0, ŕàĺ α ∈ ( α^∗;^1_2 )

) , (62)

čďě α^∗ ∈^(−^1_8 ; −^1_{16}^) .

Ğăňěâĺň, çâő áőčńăáŋő (58) ŕàĺ |α| <^1_2 ĺ k ≤^{[ t}_2^] ĺňěěň

A_{t,k} − A_{t,0} = 3k(2α + 3)(k − t) < 0, (63)

âăł çâő 0 < A_{t,k} < A_{t,0}, ŕàĺ 0 < k ≤ [ t 2 ] t ≥ 3. (64)

Ŕěàěŕĺèěň (57) ć ćĺďě

a_t = α + 1 2α + 1

(α +^{12} )^t(α −^{12} )^t t!(2α + 2)_t

A_{t,0} +

[^t2 ]∑

k=1 A_{t,k}B_{t,k}C_{t,k} , (65) čďě B_{t,k} = (2t)!!

(2α + 1)(2α + 3) · · · (2α + 2t − 1) · (2α + 1)(2α + 3) · · · (2α + 2(t − k) − 1) (2t − 2k)!! · · (2α + 1)(2α + 3) · · · (2α + 2k − 1) (2k)!!

> 0, (66)

C_{t,k} = (4α + 4)(4α + 6) · · · (4α + 2t + 2) (2α − 1)(2α + 1)(2α + 3) · · · (2α + 2t − 3) · · (2α − 1)(2α + 1)(2α + 3) · · · (2α + 2(t − k) − 3) (4α + 4)(4α + 6) · · · (4α + 2(t − k) + 2) · · (2α − 1)(2α + 1)(2α + 3) · · · (2α + 2k − 3) (4α + 4)(4α + 6) · · · (4α + 2k + 2)

< 0, (67)

Őąőğŋăçĺň D_{α,t} := − [t/2]∑

k=1 B_{t,k}C_{t,k} . (68) Šőčďă ĺğ (64)-(68) ŕàĺ t ≥ 3 ŕőńãçăěň áńěďãîéãî őæěŋłã łőíääĺæĺěŋâőć at a_t < α + 1 2α + 1 · (α +^1_2 )_t(α −^1_2 )_t

t!(2α + 2)_t

· A_{t,0} (1 − D_{α,t}) . (69)

Ŋěâàãďŋő ŕőłăğăâì, çâő ďńï t = 3, 4, 5, 6 D_{α,t} < 1 , |α| < 1 2 . (70)

Ďěľáâćĺâěńìŋő, âăł łăł ŕàĺ |α| <^1_2 ĺňěěň 16α^3 + 44α^2 + 28α + 9 > 0, âő

D_{α,3} =

3(1 − 2α)(1 + 2α)(2 + α) (1 + α)(3 + 2α)(5 + 2α)

< 1 . (71)

Ĺğ ŋěàăćěŋáâćă 88α^3 + 228α^2 + 122α + 63 > 0, ŕàĺ |α| <^1_2 ŕőńãçăěň

D_{α,4} =

2(1 − 4α^2)(21 + 10α) (3 + 2α)(5 + 2α)(7 + 2α)

< 1 . (72)

Ďăńěě ĺğ ŋěàăćěŋáâćă 64α^4 + 320α^3 + 476α^2 + 328α + 153 > 0, ŕàĺ |α| <^1_2 , áńěďãěâ, çâő

D_{α,5} =

15(1 − 4α^2)(3 + α)(3 + 2α) (1 + α)(7 + 2α)^2(9 + 2α)

< 1 . (73)

Ŋăłőŋěæ, ŕàĺ |α| <^1_2 , ĺğ ŋěàăćěŋáâćă

P_4(α) = 124α^4 + 1244α^3 + 3893α^2 + 6373α + 3546 > 0,

ćëâěłăěâ

D_{α,6} =

(1 − 4α^2)P_4(α)) (1 + α)(2 + α)(7 + 2α)(9 + 2α)^2(11 + 2α)

< 1 . (74)

Šěŕěàì ďőłăęěň ŋěàăćěŋáâćő (70) ŕàĺ t ≥ 7. Ďńï íâőčő ğăŕĺèěň ňŋőęĺâěńĺ Bt,k, ććěďěŋŋëě ć (66) ć ćĺďě B_{t,k} = k∏ s=1 b_s, čďě b_s =

2(t − s) + 2 2(t − s) + 2α + 1 · 2(k − s) + 2α + 1

2(k − s) + 2

. (75)

Ŋěáńőęŋő ŕàőćěàĺâì, çâő ŕàĺ α <^1_2 , ĺ k < t b_s < 1, s = 1, . . . , k. (76) Šőčďă ĺğ (75) ĺ (76) ŕàĺ t ≥ 7 ĺňěěň B_{t,k} < 1, |α| < 1 2 , k ≤ [ t 2 ]. (77)

Ďăńěě, ŕàĺ t ≥ 7 ğăŕĺèěň ňŋőęĺâěńì Ct,k, őŕàěďěńěŋŋëľ ć (67), ć ćĺďě

C_{t,k} = (α^2 − 1 4 )a_{t,α} ~C_{t,k} (2α + t)(2α + t + 1) (2α + t − k)(2α + t − k + 1)(2α + k)(2α + k + 1)

, (78) čďě a_{t,α} = (4α + 2t − 4)(4α + 2t − 2) (2α + 2t − 5)(2α + 2t − 3)

(79) ĺ ~C_{t,k} =^k ∏ s=1 c_s, čďě c_s =

2(t − s) + 4α 2(t − s) + 2α − 1 · 2(k − s) + 2α + 3 2(k − s) + 4α + 4 , s = 3, . . . , k. (80) Ńěčłő ŕàőćěàĺâì, çâő ŕàĺ t ≥ 6 ĺ α <^1_2 , k <^{[ t}_2^] c_s < 1, s = 3, . . . , k.. (81) Šőčďă ĺğ (80) ĺ (81) ďńï t ≥ 7 ĺňěěň ~C_{t,k} < 1, α < 1 2 , k < [ t 2 ] . (82)

Ďăńěě, ŋěáńőęŋő ŕőłăğăâì, çâő ŕàĺ t > 3 (a_{t,α})^′_α > 0, α ∈ ( − 1 2 , 1 2 ) (83)

ĺ âőčďă

a_{t,α} ≤ a_{t,} 1_2 = t t − 2 , |α| < 1 2 , t > 3. (84)

Ĺğ (68), (77), (81), (82), (84) ćëâěłăěâ ŋěàăćěŋáâćő D_{α,t} < ~D_{α,t} = 1 − 4α^2 4 · t t − 2 [^t2 ]∑

k=1 (2α + t)(2α + t) + 1 (2α + t − k)(2α + t − k + 1)(2α + k)(2α + k + 1)

. (85)

Ŕàĺ t ≥ 7, |α| <^1_2 , ĺňěěň_( ~D_{α,t} )_′ α < 0 . (86)

Šőčďă ĺğ (85), (86) ŕàĺ t ≥ 7 ŕőńãçăěň D_{α,t} < ~D_− 1_{2 ,t} = 1 2 ( t t − 2 )_2 < 1 (87)

Ĺğ (69), (81), (87) áńěďãěâ, çâő ŕàĺ t ≥ 3, |α| <^1_2

a_t < 0. (88)

Ŕőłăęěň âěŕěàì, çâő ŕàĺ |α| <^1_2 ŋă ĺŋâěàćăńě (0,^1_2 ) ćëŕőńŋïěâáï ŋěàăćěŋáâćő

S^′_x < 0. (89)

Ĺğ áőőâŋőèěŋĺï (52) áńěďãěâ

S^′_x = a1 + 4a2 · 2x +^{∞∑}_{t=3} 2tat(2x)^{t−1}. (90)

Ć áĺńã ŋěàăćěŋáâć (88) ŕàĺ x ∈ (0,^1_2 ) ŕőáńěďŋěě áńăčăěňőě ć ŕàăćőľ çăáâĺ (90) őâàĺæăâěńìŋő ĺ ďńï ďőłăğăâěńìáâćă ŋěàăćěŋáâćă (89) ďőáâăâőçŋő ŕőłăğăâì, çâő

a_1 + 4a_2 · 1 < 0 ŕàĺ |α| < 1 2 , x ∈ (0, 1 2 ) (91)

Ĺğ (60) - (61) ĺňěěň

a_1 + 4a_2 = α −^1_2 2 · ( 6α + 7 2α + 3 + 2α + 1 α + 1

(24α^3 + 52α^2 + 34α + 3) ) . (92)

Ŕěàćëľ ňŋőęĺâěńì ć ŕàăćőľ çăáâĺ (92) őâàĺæăâěńěŋ ŕàĺ α <^1_2 , ă ćâőàőľ ĺňěěâ ŕőńőęĺâěńìŋãî ŕàőĺğćőďŋãî ŕő α ŋă ĺŋâěàćăńě (−^1_2 ,^1_2 ). Šăł łăł ŕàĺ α = −^1_2 ćâőàőľ áőňŋőęĺâěńì ć (92) àăćěŋ 2 > 0, âő ŋěàăćěŋáâćő (91) áŕàăćěďńĺćő.

Ĺâăł, ňë ŕőłăğăńĺ, çâő

S(0) = a0 =^3_2 > 0, S^′_x < 0, x ∈ (0,^1_2). (93)

Ďńï âőčő, çâőąë ďőłăğăâì, çâő S (ă ğŋăçĺâ ĺ ŕăàăňěâà Ňăŋďěńï Q^G_M (x)) ňěŋïěâ ğŋăł ŋă ĺŋâěàćăńě (0,^1_2 ) őáâăńőáì ŕőłăğăâì, çâő ŕàĺ x →^1_2 ćëŕőńŋïěâáï ŋěàăćěŋáâćő

S(^1_2 − 0) < 0. (94)

Ďńï ěčő ďőłăğăâěńìáâćă ňë ĺáŕőńìğãěň ŕőńãçěŋŋãî á ŕőňőéìî (52), (69), (87) őæěŋłã S ŕàĺ |α| <^1_2 , x ∈ (0,^1_2 )

S(x) = a0 + a1(2x) + a2(2x)^2 + a3(2x)^3 + a4(2x)^4 + a5(2x)^5 + a6(2x)^6+ + (α − 1 2 )_2(α + 1 2 )(α + 1) × × ∞∑ t=7 (α − 3/2)_{t−1}(α + 3/2)_{t−2}

t!(2α + 2)_t

(t^2 + 3t + 1) ( 1 − 1 2 ( t t − 2 )_2)

(2x)^t. (95)

Ğăňěâĺň, çâő ć ŕàăćőľ çăáâĺ (95) ŕőńőęĺâěńìŋëňĺ áńăčăěňëňĺ ïćńïîâáï âőńìłő a0 =^3_2 ĺ a2 ŋă ŕàőňěęãâłě α ∈ (−^1_2 , α^∗). Ďńï ďăńìŋěľèěčő ãŕàőéěŋĺï çńěŋőć àïďă ć (95) ãçâěň, çâő t^2 + 3t + 1 ≥ t(t + 1), çâő 1 −^1_2^{( t}_{t−2}^{)2} , ŕàĺ t ≥ 7 ĺ, çâő

t(t + 1)(α + 3/2)_{t−1}(α + 3/2)_{t−2} t!(2α + 2)_t = = (α + 3/2)^2 1 · (2α + 2)

(α + 5/2)^2 2(2α + 3) · · · (α + t − 3/2)^2 (t − 2)(2α + t − 1) · (t + 1)(2α + 2t − 1/2) (t − 1)(2α + t)(2α + t + 1) = = 1 2(2α + t + 1) t−2∏ s=1 β_s t + 1 t − 1 2α + t − 1 2α + t . (96)

Ńěčłő ŕőłăğăâì, çâő

β_s − 1 =

(α + 1/2)^2 s(2α + s + 1)

≥ 0 ŕàĺ α > −^1_2, s = 1, 2, . . . , (t − 2). (97)

Šăł łăł ŕőáńěďŋĺě ňŋőęĺâěńĺ ć (97) őçěćĺďŋő ąőńìèě ěďĺŋĺæë, âő ĺğ íâĺå áőőâŋőèěŋĺľ

ďńï Sŕőńãçăěň áńěďãîéěě ŋěàăćěŋáâćő

S(x) <^{6∑}_{t=0} at(2x)^t +^{(α + 12 )(α + 1)(α2 − 1/4)}

2 · 50 ∞∑ t=7 (2x)^t 2α + t + 1 <

< 6∑ t=0 a_t(2x)^t +

(α +^1_2 )(α + 1)(α^2 − 1/4) 100 ∞∑ s=9 (2x)^s s = 6∑ t=0 a_t(2x)^t +

(α +^1_2 )(α + 1)(α^2 − 1/4) 100 [ − ln(1 − 2x) + 8∑ m=1 (−1)^m ( 8 m ) 1 − (1 − 2x)^m m ] . (98)

Ĺğ íâőčő ŋěàăćěŋáâćă ŕàĺ |α| <^1_2 ĺ x →^1_2 − 0 á őçěćĺďŋőáâìî áńěďãěâ áŕàăćěďńĺćőáâì ďőłăğëćăěňőčő ŋěàăćěŋáâćă (94).

Ďńï ŕàĺńőęěŋĺľ ąëńő ąë ĺŋâěàěáŋő ŋăľâĺ xłà ∈ (0;^1_2 ) ŕàĺ łőâőàőň

S(xłà) = 0. (99)

Śńěďãîéěě àăááãęďěŋĺě ŕőğćőńïěâ ãłăğăâì ŕàőňěęãâőł ďńï xłà

x^∗_α < xłà < 1. (100)

Ďńï ŋăåőęďěŋĺï xłà ĺáŕőńìğãěň ĺğćěáâŋőě áőőâŋőèěŋĺě [18] ďńï čĺŕěàčěőňěâàĺçěáłőľ äãŋłæĺĺ (49) ŕàĺ β = 2α + 2 :

(2α + 2) (2α + 1 − (2α + 3)2x) ~F (2α + 2)+

(α + 3 2 )(α + 5 2 )2x ~F (2α + 3) + (2α + 2)(2α + 1)(2x − 1) ~F (2α + 1) = 0 . (101)

Ććěďěň ćáŕőňőčăâěńìŋëě ŕěàěňěŋŋëě

X_α =

~F (2α + 3) ~F (2α + 2)

, Y_α =

~F (2α + 1) ~F (2α + 2)

, (102)

Šőčďă ďńï ŕőńőęĺâěńìŋőáâĺ Sŋěőąåőďĺňő ĺ ďőáâăâőçŋő ćëŕőńŋěŋĺï ŋěàăćěŋáâćă X_α Y_α > α + 1 α + 5/2

(103)

Ĺğ (101) ĺ (102) ŕőńãçăěň

(2α + 2)(2α + 1)(1 − 2x)Y_α = (α + 3 2 )(α + 5 2 )2xX_α + (2α + 2) (2α + 1 − (2α + 3)2x) . (104)

Šăł łăł ŕàĺ ãáńőćĺïå (50) łőíääĺæĺěŋâ ŕàĺ Yα ć (104) ŕőńőęĺâěńěŋ, âő ĺáŕőńìğãï (104) ŋěàăćěŋáâćő (103) ňőęŋő ŕěàěŕĺáăâì ć ćĺďě

AX^2_α + BX_α − C > 0, (105) čďě A = (α + 3 2 )(α + 5 2 )2x, B = (2α + 2) (2α + 1 − (2α + 3)2x) , C = 2(α + 1)^2(2α + 1)(1 − 2x)

(α +^5_2 )

. (106)

Őâňěâĺň, çâő ŕàĺ ãáńőćĺïå (50)

A > 0, C > 0. (107)

Ŋěàăćěŋáâćő (105) àăćŋőáĺńìŋő ŋěàăćěŋáâćã

U = 2A ~F (2α + 3) − (√ B^2 + 4AC − B ) ~F (2α + 2) > 0. (108)

Şçĺâëćăï áőőâŋőèěŋĺě

(2α + 3)_n =

(2α + n + 2)

(2α + 2)

(2α + 2)_n,

ĺ őŕàěďěńěŋĺě čĺŕěàčěőňěâàĺçěáłőľ äãŋłæĺĺ, ŕőńãçăěň U = 2A ∞∑ n=0 (α +^1_2 )_n(α −^1_2 )_n (2α + 3)_n

(2x)^n n! − (√ B^2 + 4AC − B )^∞∑ n=0 (α +^1_2 )_n(α −^1_2 )_n (2α + 2)_n = ( 2A + B − √ B^2 + 4AC ) + ∞∑ n=1 [ (α +^1_2 )_n(α −^1_2 )_n (2α + 2)_n

(2x)^n n! ( 2A (2α + 2) (2α + n + 2) + B − √ B^2 + 4AC )] (109)

Šăł łăł 2A > 0, 2A (2α + 2) (2α + n + 2) > 0, √ B^2 + 4AC > B, (110)

âő ŕàĺ |α| <^1_2 ãçĺâëćăï, çâő (α −^1_2 )n < 0, n ≥ 1, ďńï U ŕőńãçăěň őæěŋłã U ≥ ( 2A + B − √ B^2 + 4AC ) ( 1 + ∞∑ n=1 [ (α +^1_2 )_n(α −^1_2 )_n

(2α + 2)_n

(2x)^n n! ]) = ( 2A + B − √ B^2 + 4AC ) ~F (2α + 2). (111)

Šăł łăł ŕàĺ ãáńőćĺïå (50)^~F (2α + 2) > 0, âő ďńï ďőłăğăâěńìáâćă (108) ďőáâăâőçŋő ŕàőćěàĺâì, çâő

A + B > C. (112)

Šăł łăł A + B − C = (α +^1_2 ) (α +^5_2 )

(6(α + 1) + 2x(α^2 − 4α − 29/4))

âő ŕàĺ 0 < x^∗_α <^3_5 , čďě

x^∗_α =

6(α + 1) 29 4 + 4α − α^2

ĺ α ∈ (−^1_2 ,^1_2 ) (112) ćëŕőńŋěŋő (ğăňěâĺň, çâő ŕàĺ α ≥^1_2 x^∗_α ≥ 1 ĺ ňë ŕőłăğăńĺ, çâő Q^G_M (x) > 0, if |α| < 1 2 , 0 < x < x^∗_α. (113)

4 Ćëçĺáńěŋĺě ŕăàăňěâàă Ňăŋďěńï ďńï q-őáæĺńńïâőàă

4.1 q-őáæĺńńïâőà Ăàĺłă-Łãŋă Ďńï q-őáæĺńńïâőàă Ăàĺłă-Łãŋă [19, 20, 21] őŕěàăâőàë àőęďěŋĺï ĺ ãŋĺçâőęěŋĺï łőâőàőčő ãďőćńěâćőàïîâ ŕěàěáâăŋőćőçŋëň áőőâŋőèěŋĺïň

a^†a − qaa^† = 1, (114)

ĺňěěň

N (x) = ∞∑ n=0 x^n [n]_q!

= e_q ((1 − q)x) , [n]_q = 1 − q^n 1 − q . (115)

Ŕăàăňěâà Ňăŋďěńï ĺňěěâ ćĺď

Q_M (x) = x ( N^{′′} N^′ − N^′ N ) = x N N^′ ( N^{′′}N − (N^′)^2 ) = x N N^′ ∞∑ n,k=0 x^{n+k−2} k(k − n − 1) [n]_q! [k]_q! = x N N^′ ∞∑ t=0 x^tα_t, (116)

čďě ňë ććěńĺ ŕàĺ ŕěàěáãňňĺàőćăŋĺĺ ŋőćëľ ĺŋďěłá t = n + k − 2, őąőğŋăçĺńĺ

α_t = t+1∑ n=0 (t − n + 2)(t − 2n + 1)

[n]_q! [t − n + 2]_q!

, (117)

ĺ ŕàěďŕőńőčăěň, çâő ŕàĺ t = 2s + 1 áńăčăěňëě á ŋőňěàőň n =^1_2 (t + 1) ć (116) àăćŋë ŋãńî, âăł łăł t + 1 − 2^{t+1}_2 = 0.

Ŕőłăęěň, çâő αt > 0. Ŕàĺ n ≤^1_2 (t + 1) áãňňă áńăčăěňëå, àăćŋőőâáâőïéĺå őâ ŋăçăńă ĺ łőŋæă áãňňë (117) ŕőńőęĺâěńìŋă

(t − n + 2)(t − 2n + 1) [n]_q! [t − n + 2]_q! + (n + 1)(2n − t − 1) [n + 1]_q! [t − n + 1]_q! =

= (t − 2n + 1) [n]_q! [t − n + 1]_q! ( t − n + 2 [t − n + 2]_q − n + 1 [n + 1]_q ) > 0. (118)

Ďěľáâćĺâěńìŋő ŕàĺ 0 < q < 1 ďńï m > k_( m [m]_q − k [k]_q ) > 0. (119)

Ďńï âőčő çâőąë ãąěďĺâìáï ć áŕàăćěďńĺćőáâĺ ŕőáńěďŋěčő ŋěàăćěŋáâćă ďőáâăâőçŋő ŕàőćěàĺâì ( m + 1 [m + 1]_q − m [m]_q ) > 0, (120)

çâő, ć áćőî őçěàěďì, áńěďãěâ ĺğ 1 [m + 1]_q [m]_q ( (m + 1)(1 + q + . . . + q^{m+1}) − m(1 + q + . . . + q^m) ) = == (1 − q^m) + (q − q^m) + . . . + (q^{m−1} − q^m) [m + 1]_q [m]_q

> 0, (121)

(čďě ãçâěŋő, çâő 0 < q < 1 âăł łăł ŕàĺ q > 1 ńěćăï çăáâì ŋěàăćěŋáâćă (121) őâàĺæăâěńìŋă).

4.2 q-őáæĺńńïâőà, áćïğăŋŋëľ á ďĺáłàěâŋëňĺ q-ŕőńĺŋőňăňĺ

İàňĺâă 2-čő àőďă

N (x) = ∞∑ n=0 q^{n2} (q, q)_n ( 1 − q q )_n x^n (122)

Őąőğŋăĺň βn =^{( 1−q}_q^{)n} ĺ ŋăŕőňŋĺň, çâő

(q, q)_n = n−1∏ s=0 ( 1 − q^{s+1} ) (1 − q)(1 − q^2) . . . (1 − q^n)

Łăł ĺ ćëèě ğŋăł ŕăàăňěâàă Ňăŋďěńï őŕàěďěńïěâáï ğŋăłőň ćëàăęěŋĺï ( N^{′′} N^′ − N^′ N ) = ∞∑ n,k=0 x^{(n+k−2)}β_nβ_kk(k − n − 1) = ∞∑ t=0 γ_tx^t, (123)

čďě ňë ććěńĺ ŕàĺ ŕěàěáãňňĺàőćăŋĺĺ ŋőćëľ ĺŋďěłá t = n + k − 2 ĺ őąőğŋăçĺńĺ

γ_t = t+1∑ n=0 β_nβ_{t−n+2}(t − n + 2)(t − 2n + 1) (124)

ĺ ŕàěďŕőńőčăěň, çâő ŕàĺ t = 2s + 1 áńăčăěňëě á ŋőňěàőň n =^1_2 (t + 1) ć (123) àăćŋë ŋãńî, âăł łăł t + 1 − 2^{t+1}_2 = 0. Ŕàĺ n ≤^1_2 (t + 1) áãňňă áńăčăěňëå, àăćŋőőâáâőïéĺå őâ ŋăçăńă ĺ łőŋæă áãňňë (124) ĺňěěâ ćĺď

β_nβ_{t−n+2}(t − n + 2)(t − 2n + 1) + β_{t−n+1}β_{n+1}(n + 1)(2n − t − 1) = (t − 2n + 1)β_nβ_{t−n+1} 1 − q q ( q^{2(t−n+1)+1} 1 − q^{t−n+2} (t − n + 2) − q^{2n+1} 1 − q^{n+1}

(n + 1) ) = β_nβ_{t−n+1} (t − 2n + 1) q [t + 2 − n]_q [n + 1]_q [ (t − n + 2)(1 + q + . . . + q^n)q^{2(t−n+1)+1}−

−(n + 1)(1 + q + . . . + q^{t−n+1})q^{2n+1} ] . (125)

Šăł łăł n ≤^1_2 (t + 1) âő ŕàĺ m > k ćëàăęěŋĺě ć łćăďàăâŋëå áłőąłăå ňőęěâ ąëâì ğăŕĺáăŋő

ć ćĺďě

Δ_{m,k} = (m + 1)(1 + q + . . . + q^k)q^{2m+1} − (k + 1)(1 + q + . . . + q^m)q^{2k+1}, (126)

ĺ ďőáâăâőçŋő ĺááńěďőćăâì ğŋăł íâőľ àăğŋőáâĺ ŕàĺ m = k + 1. Ć íâőň áńãçăě ĺňěěň

Δ_{k+1,k} = (k + 2)(1 + q + . . . + q^k)q^{2k+3} − (k + 1)(1 + q + . . . + q^{k+1})q^{2k+1} =

= −q^{2k+1}(1 − q) [ (k + 2)q^{k+1} + (k + 3)q^k + . . . + (2k + 2)q^2 + (k + 1)q + (k + 1) ] . (127)

Őçěćĺďŋő, çâő ğŋăł íâőčő ćëàăęěŋĺï (ă ğŋăçĺâ ĺ ğŋăł ŕăàăňěâàă Ňăŋďěńï QM (x)) őâàĺ-

æăâěńěŋ ŕàĺ 0 < q < 1 ĺ ŕőńőęĺâěńěŋ ŕàĺ q > 1.

5 Ćëçĺáńěŋĺě ŕăàăňěâàă Ňăŋďěńï ďńï őáæĺńńïâőàă

Ňěľłáŋěàă

Ďńï őáæĺńńïâőàă Ňěľłáŋěàă ĺňěěň N(x) = Γ(β) I_{β−1}(2ε √ x) (ε √ x)^{(β−1)} , ε = 1 − γ √ 2γ > 0, x = |z|^2 , (128)

ĺńĺ ĺáŕőńìğãï àăćěŋáâćő (11) ĺğ [?]

Q_M (x) = x ( N^{′′}(x) N^′(x) − N^′(x) N(x) ) (129)

ŕőńãçăěň

Q_M (x) = ε √ x ( I_{β+1}(2ε √ x) I_β(2ε √ x) − I_β(2ε √ x) I_{β−1}(2ε √ x) ) . (130)

Ŕőáłőńìłã ćáě äãŋłæĺĺ Ąěááěńï ŕőńőęĺâěńìŋë ŕàĺ x > 0 , β > 0 , ε > 0, ğŋăł QM (x)

áőćŕăďăěâ áő ğŋăłőň ćěńĺçĺŋë A = I_{β−1}(2ε √ x)I_{β+1}(2ε √ x) − I^2_{β−1}(2ε √ x) . (131)

Şçĺâëćăï ïćŋëľ ćĺď ňőďĺäĺæĺàőćăŋŋőľ äãŋłæĺĺ Ąěááěńï

I_α(2 √ z) := z^{12 α} ∞∑ m=0 z^m m!Γ(m + α + 1)

, (132)

ŕőńãçăěň A = z^β ∞∑ n=0 ∞∑ m=0 z^mz^n m!n!Γ(m + 1 + β)Γ(n + β) ( 1 m + β + 1 − 1 n + β ) < 0 , (133)

Řĺá. 1: Čàăäĺł QM ŕàĺ β = 2 (áńěćă) ĺ ŕàĺ β = 3 (áŕàăćă) ďńï

x ∈ [0; 5], ε = y ∈ [0.02; 2.45]

Řĺá. 2: Čàăäĺł QM ŕàĺ β = 10, ďńï x ∈ [0; 50], ε = y ∈ [0.1; 0.2]

čďě ććěďěŋő őąőğŋăçěŋĺě z = ε^2x. Ĺâăł QM (x) < 0, çâő őğŋăçăěâ çâő łőčěàěŋâŋëě áőáâőïŋĺï âĺŕă Ąăàãâă - Ęĺàăàďěńńő ďńï őáæĺńńïâőàă Ňěľáŋěàă ĺňěîâ áãą-ŕãăááőŋőćáłĺľ åăàăłâěà.

Ğăňěâĺň, çâő ŕàĺ α = β − 1 ĺ γ = 2 −^√3 áćőľáâćă íâĺå łőčěàěŋâŋëå áőáâőïŋĺľ áőčńăáãîâáï áő áćőľáâćăňĺ łőčěàěŋâŋëå áőáâőïŋĺľ, áćïğăŋŋëå á ňŋőčőçńěŋăňĺ Ńăčěààă L^α_n. Ŋěáńőęŋő ŕàőćěàĺâì, çâő àïď ć (133) ăąáőńîâŋő áåőďĺâáï.

Ććěďï őąőğŋăçěŋĺě |m + 1 − n| = t, ňë ňőęěň ŕàěďáâăćĺâì ćëàăęěŋĺě ďńï A ć ćĺďě A = z^β ∞∑ t=0 (−t) ( z^mz^{m+1−t} m!(m + 1 − t)!Γ(m + 2 + β)Γ(m + 2 + β − t) − z^mz^{m+1−t} m!(m + 1 − t)!Γ(m + 2 + β)Γ(m + 2 + β − t) )

− z^β ∞∑ m=0 (m + 1)z^m βm!(m + 1 + β)Γ(β)Γ(m + 1 + β) = − z^β Γ(β + 1) ∞∑ m=0 (m + 1)z^m m!Γ(m + 2 + β) =

= − 1 Γ(β + 1) ( z^{12 (β−1)}I_{β+1}(2 √ z) + z^{β+1} ∞∑ m=1 z^{m−1} (m − 1)!Γ(m + 2 + β) ) =

= − 1 Γ(β + 1) ( z^{12 (β−1)}I_{β+1}(2 √ z) + z^{β+1} ∞∑ k=0 z^k k!Γ(k + 1 + (β + 2)) ) . Šăłĺň őąàăğőň ĺňěěň A = − (ε √ x)^12^{(β−1)} Γ(β + 1) ( I_{β+1}(2ε √ x) + ε √ xI_{β+2}(2ε √ x) ) , ε = 1 − γ √ 2γ . (134) ĺ Q_M (x) = − (ε √ x)^{(β+1)/2} Γ(β + 1)

I_{β+1}(2ε √ x) + ε √ xI_{β+2}(2ε √ x) I_β(2ε √ x)I_{β−1}(2ε √ x) . (135)

Ğăňěâĺň, çâő

Ďńï β → 0 A = −(ε^√x)^{− 12 (}I1(^{2(1−γ)√x}√_{2γ} ) +^{(1−γ)√x}√_{2γ} I2(^{2(1−γ)√x}√_{2γ} )^) ; Ďńï β = 0, γ = 1 A = −(ε^√x)^{− 1}2 I1(0); Ďńï β > 0, γ → 1 A → 0;

Ďńï β = 1, γ = ε =^1_2 A = −^(I2(^√x) + I3(^√x)^) .

Ŋă äĺč.1 ĺ äĺč.2 ŕàĺćěďěŋă ğăćĺáĺňőáâì ŕăàăňěâàă Ňăŋďěńï QM őâ x ĺ ε ŕàĺ àăğŋëå ğŋăçěŋĺïå β (β = 2, 3, 10). Ĺğ íâĺå čàăäĺłőć áńěďãěâ çâő QM → 0, ŕàĺ x → ∞, ε → ∞, ĺ çâő ňăłáĺňăńìŋőě őâłńőŋěŋĺě őâ ŕãăááőŋőćáłőľ áâăâĺáâĺłĺ ďőáâĺčăěâáï ŋă ŋěłőâőàőľ ńĺŋĺĺ x, ε–ŕńőáłőáâĺ.

Śŕĺáőł ńĺâěàăâãàë

[1] S.T.Ali, J.-P.Antoine, J.-P.Gazeau, U.A.Mueller, Coherent states and their generalizations: A mathematical overview, Rev. Math. Phys. 7:7, 1013-1104 (1995);

[2] V.V.Dodonov, ”Nonclassical” states in quantum optics: a ’squeezed’ review of the first 75 years, J. Opt. B. 4:1, R1-R33 (2002);

[3] V.V.Borzov, E.V.Damaskinsky, Realization of the annihilation operator for an oscillatorlike system by a differential operator and Hermite-Chihara polynomials, Integral Transforms and Special Functions, 13, no 6, 547-554 (2002), [math.QA/0101215];

[4] Ć.Ć.Ąőàğőć, Ě.Ć.Ďăňăáłĺŋáłĺľ, Łőčěàěŋâŋëě áőáâőïŋĺï ďńï őáæĺńńïâőàă Ńěęăŋďàă,

ĞŊŚ ŔŐŇĹ, 285, 39-52 (2002), [math.QA/0307187];

[5] Ć.Ć.Ąőàğőć, Ě.Ć.Ďăňăáłĺŋáłĺľ, Kőčěàěŋâŋëě áőáâőïŋĺï ĺ ŕőńĺŋőňë Ůěąëèěćă, áą.

âàãďőć ňěęďãŋăàőďŋőľ łőŋäěàěŋæĺĺ Ňăâěňăâĺçěáłĺě ĺďěĺ Ŕ.Ń.Ůěąëèěćă ĺ ĺå ŕàĺńőęěŋĺï ł áőćàěňěŋŋëň ŕàőąńěňăň ěáâěáâćőğŋăŋĺï, Őąŋĺŋáł, 14-18 ňăï 2002č. [quant-

ph/0307133];

[6] Ć.Ć.Ąőàğőć, Ě.Ć.Ďăňăáłĺŋáłĺľ, Łőčěàěŋâŋëě áőáâőïŋĺï ĺ őàâőčőŋăńìŋëě ňŋőčő-

çńěŋë, Šàãďë łőŋäěàěŋæĺĺ ”Ďěŋì Ďĺäàăłæĺĺ 2002”, ŚŔą. 2002, [math.QA/0209181];

[7] Ć.Ć.Ąőàğőć, Ě.Ć.Ďăňăáłĺŋáłĺľ, Łőčěàěŋâŋëě áőáâőïŋĺï Ąăàãâă - Ęĺàăàďěńńő ďńï

őáæĺńńïâőàă Čěčěŋąăãěàă, ĞŊŚ ŔŐŇĹ, 291, 43-63 (2002);

[8] V.V.Borzov, E.V.Damaskinsky, Generalized Coherent states: A Novel Approach, ĞŊŚ ŔŐŇĹ, 300, 65-70 (2003);

[9] V.V.Borzov, E.V.Damaskinsky, Generalized Coherent States for q-oscillator connected with q-Hermite Polynomials, Day on Diffraction 2003, SPb 2003, [math.QA/0307356];

[10] Ć.Ć.Ąőàğőć, Ě.Ć.Ďăňăáłĺŋáłĺľ, Őąőąéěŋŋëě łőčěàěŋâŋëě áőáâőïŋĺï ďńï qőáæĺńńïâőàă, ăááőæĺĺàőćăŋŋőčő á ďĺáłàěâŋëňĺ q-ŕőńĺŋőňăňĺ İàňĺâă, ĞŊŚ ŔŐŇĹ, 308, 48-66 (2004);

[11] Ć.Ć.Ąőàğőć, Ě.Ć.Ďăňăáłĺŋáłĺľ, Őáæĺńńïâőàő-ŕőďőąŋëě áĺáâěňë, áćïğăŋŋëě á őàâőčőŋăńìŋëňĺ ňŋőčőçńěŋăňĺ, ĺ ĺå łőčěàěŋâŋëě áőáâőïŋĺï, áâà.9-19 ć áą. ”Čàăćĺâăæĺï, łőáňőńőčĺï ĺ íńěňěŋâăàŋëě çăáâĺæë” Śăŋłâ-Ŕěâěàąãàč, 2004;

[12] Ć.Ć.Ąőàğőć, Ě.Ć.Ďăňăáłĺŋáłĺľ, Ŕőńĺŋőňë Ÿăàńìě ĺ őáæĺńńïâőà Ÿăàńìě łăł ďĺáłàěâŋăï àěăńĺğăæĺï čăàňőŋĺçěáłőčő őáæńńïâőàă, Ŕàőąńěňë Ňăâěňăâĺçěáłőčő Ăŋăńĺğă 30, 3-15 (2005);

[13] V.V.Borzov, Orthogonal polynomials and generalized oscillator algebras, Integral Transf. and Special Funct., 12, no 2, 115–138 (2001), [math.CA/0002226];

[14] A.O.Barut, L.Girardello, New ”Coherent States” Associated with Non-Compact Groups, Commun. Math. Phys. 21, no.1, 41-55 (1972);

[15] J.R.Klauder, K.A.Penson, J.-M.Sixdeniers, Constructing coherent states through solutions of Stieltjes and Hausdorff moment problems, Phys. Rev. A. 64, no.1, 013817 (2001);;

[16] J-P.Gazeau, J.R.Klauder, Coherent states for systems with discrete and continuous spectrum, J. Phys. A., 32, no.1, 123-132 (1999);

[17] Ŋ.Ĺ.Ăåĺěğěà, Łńăááĺçěáłăï ŕàőąńěňă ňőňěŋâőć ĺ ŋěłőâőàëě ćőŕàőáë ăŋăńĺğă, áćïğăŋŋëě á ŋěî, ŤŇ, Ňőáłćă, 1961.

[18] A.Erdélyi, W.Magnus, F.Oberhetinger, F.Tricomi, (H.Bateman Manuscript Project), Ed. A.Erdélyi, Higher transcendental functions, Vol 1-3, McGraw-Hill Book Company, Inc., New York, 1953-1955;

[19] M.Arik, D.D.Coon, Hilbert space of analytic functions and generalized coherent states, J. Math.

Phys. 17, no. 4, 524–527 (1976)

[20] L.C.Biedenharn, The quantum group su_q(2) and q-analog of the boson operators, J. Phys. A.

22, no.no. 18, L 873-878 (1989);;

[21] A.J.Macfarlane, On q-analogues of the quantum harmonic oscillator and the quantum group su_q(2), J. Phys. A., 22, no 21 (1989) 4581-4586;