Ŕĺśĳňă ć ĘİŠŤ, šőň 73, ćżŕ. 12, ś. 767 { 771 cfl 2001 č. 25 ĺ¿ŋ£

Řőńĳ ŕřĺůĺŋŋőśšĺ ć őąěśŕěůěŋĺĺ ąěğşśńőćŋőľ śěłřěšŋőśšĺ řěń£šĺćĺśšśłőľ łćăŋšőćőľ łřĺŕšőčřăťĺĺ

Ś. Ŋ. Ňőńőšłőć, Ś. Ś. Ŋăğĺŋ

Ĺŋśšĺšşš ťĺğĺłĺ šćěřďőčő šěńă ŘĂŊ, 142432 Ůěřŋőčőńőćłă, Ňőśłőćśłă£ őąń., Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 15 ňă£ 2001 č.

Ćőŕřőś ő ąěğşśńőćŋőľ śěłřěšŋőśšĺ łćăŋšőćőľ łřĺŕšőčřăťĺĺ (śěłřěšŋőśšĺ, łőšőřă£ čăřăŋšĺřşěšś£ ńĺÿĳ ťşŋďăňěŋšăńĳŋżňĺ ğăłőŋăňĺ ŕřĺřőďż, ă ŋě šěţŋĺůěśłĺňĺ őčřăŋĺůěŋĺ£ňĺ) £ćń£ěšś£ őďŋĺň ĺğ űěŋšřăńĳŋżţ ć łćăŋšőćőľ šěőřĺĺ ĺŋťőřňăűĺĺ. Ŕřěďńőęěŋă řěń£šĺćĺśšśłă£ łćăŋšőćă£ łřĺŕšőśĺśšěňă ĺ ŕőłăğăŋă ěě ąěğşśńőćŋă£ śěłřěšŋőśšĳ őšŋőśĺšěńĳŋő ń¿ążţ ŕőŕżšőł ŕőďśńşÿĺćăŋĺ£. Śőőąřăęěŋĺ£ řěń£- šĺćĺśšśłőľ ŕřĺůĺŋŋőśšĺ ŕőğćőń£¿š ŕőłăğăšĳ śěłřěšŋőśšĳ łřĺŕšőśĺśšěňż ŕřőśšżňĺ śřěďśšćăňĺ. Łřőňě šőčő, ŕőśłőńĳłş śţěňă ŋě ĺśŕőńĳğşěš łőńńěłšĺćŋżě ĺğňěřěŋĺ£ ĺ łćăŋšőćżě łőďż, šő őŋă ňőęěš ążšĳ řěăńĺğőćăŋă ¡łśŕěřĺňěŋšăńĳŋő şęě ŋă śěčőďŋ£ÿŋěň şřőćŋě őŕšőćőńőłőŋŋżţ šěţŋőńőčĺľ.

PACS: 03.65.Bz, 42.50.Dv, 89.70.+c

Ĺďě£ łćăŋšőćőľ łřĺŕšőčřăťĺĺ ążńă ćŕěřćżě ćżśłăğăŋă ć řăąőšě [1]. Ĺďě£ ¡šă śšăńă őąźěďőśšşŕŋőľ ŕőśńě őŕşąńĺłőćăŋĺ£ řăąőšż [2]. Śşźěśšćěŋŋőě ŕřőďćĺęěŋĺě ćőğŋĺłńő ŕőśńě řăąőš [3, 4]. Ć [3] ŕřěďńőęěŋ ćăřĺăŋš łřĺŕšőśĺśšěňż ŋă EPR-¡ťťěłšě [5]. Ć řăąőšě [4] ążńő ŕőłăğăŋő, ůšő ďń£ ďěšěłšĺřőćăŋĺ£ ŕőŕżšőł ŕőďśńşÿĺćăŋĺ£ ďőśšăšőůŋő ĺśŕőńĳğőćăšĳ ń¿ąş¿ ŕăřş ŋěőřšőčőŋăńĳŋżţ śőśšő£ŋĺľ. Ć ďăńĳŋěľÿěň ążńő ŕřěďńőęěŋő ąőńĳÿőě ůĺśńő ćăřĺăŋšőć łćăŋšőćżţ łřĺŕšőśĺśšěň ĺ ĺţ řěăńĺğăűĺľ [6]. Ŋă śěčőďŋ£ÿŋĺľ ďěŋĳ śşźěśšćş¿š šřĺ ćăřĺăŋšă ďőłăğăšěńĳśšćă ąěğşśńőćŋőľ śěłřěšŋőśšĺ. Ďőłăğăšěńĳśšćő [7] őšŋőśĺšś£ ł šăł ŋăğżćăěňőňş ŕřőšőłőńş BB84 [2], ¡šőňş ęě ŕřőšőłőńş ŕőść£źěŋă řăąőšă [8]. Ďőłăğăšěńĳśšćő [9] őšŋőśĺšś£ ł ŕřőšőłőńş ŋă EPR-¡ťťěłšě [3], ĺ ć őšńĺůĺě őš [7] šřěąşěš ŋăńĺůĺ£ ş ńěčĺšĺňŋżţ ŕőńĳğőćăšěńěľ łćăŋšőćőčő łőňŕĳ¿šěřă. Ć [10] śďěńăŋă ŕőŕżšłă şŕřőźěŋĺ£ şŕőň£ŋşšżţ ďőłăğăšěńĳśšć ŕşšěň £ćŋőčő ććěďěŋĺ£ ć śţěňş łćăŋšőćżţ łőďőć. Ŕěřćă£ řěń£šĺćĺśšśłă£ śţěňă łćăŋšőćőľ łřĺŕšőčřăťĺĺ ążńă ŕřěďńőęěŋă ć [11]. Ŋăąřőśőł ďőłăğăšěńĳśšćă ąěğşśńőćŋőľ śěłřěšŋőśšĺ ďăŋŋőľ śţěňż śőďěřęĺšś£ ć [12]. Ćŕěřćżě őčřăŋĺůěŋĺ£, ŋăłńăďżćăěňżě ŋă ĺğňěřĺňőśšĳ łćăŋšőćżţ śőśšő£ŋĺľ ć řěń£šĺćĺśšśłőľ őąńăśšĺ őąśşęďăńĺśĳ ć řăąőšě Ńăŋďăş ĺ Ŕăľěřńśă ěźě ć 1931 č. [13]. Ďăńĳŋěľÿěě ĺśśńěďőćăŋĺě ążńő ŕřěďŕřĺŋ£šő ć řăąőšě Ąőřă ĺ Řőğěŋťěńĳďă [14].

Ŕřőšőłőń śěłřěšěŋ, ěśńĺ ďń£ ń¿ąőčő N ≥ 1 ĺ ń¿- ążţ ε_1 > 0 ĺ ε_2 > 0 ěčő ŕăřăňěšřż (ĺśŕőńĳğşěňżě śőśšő£ŋĺ£, ĺğňěřěŋĺ£ ĺ š.ď.) ňőčşš ążšĳ ćżąřăŋż šăł, ůšő:

1) Ćěřő£šŋőśšĳ šőčő, ůšő śšřőłĺ s_A(N) ĺ s_B (N) őšńĺůă¿šś£ ţőš£ ąż ć őďŋőň ąĺšě, ňěŋĳÿě ε_1 > 0, šő ěśšĳ

Pr{s_A(N) ≠ s_B (N)} ≤ ε_1, (1)

ďřşčĺňĺ śńőćăňĺ (ć šěřňĺŋăţ ćğăĺňŋőľ ĺŋťőřňăűĺĺ ňěęďş A ĺ B), ďń£ ń¿ąőčő ε^′_1 > 0 ňőęŋő ďőąĺšĳś£ šőčő, ůšőąż ćżŕőńŋ£ńőśĳ ŋěřăćěŋśšćő

I(A; B) ≥ N − ε^′_1; (2)

2) ćěřő£šŋőśšĳ šőčő, ůšő ŕőďśńşÿĺćăšěń¿ E ĺğćěśšŋă śšřőłă s_A(N), ŕřěćőśţőďĺš ćěřő£šŋőśšĳ ŕřőśšőčő şčăďżćăŋĺ£ 2^{−N} ŋě ąőńěě ůěň ŋă ε_2:

Pr{s_A(N) = s_E (N)} ≤ 2^{−N} + ε_2, (3)

¡šő ¡łćĺćăńěŋšŋő šőňş, ůšő őŋ ĺňěěš śłőńĳ şčőďŋő ňăńş¿ ĺŋťőřňăűĺ¿ ő śšřőłăţ s_A(N) ĺ s_B (N), ŕřĺŋ£šżţ łăł łń¿ů ďńĺŋż N ńěčĺšĺňŋżňĺ ŕőńĳğőćăšěń£ňĺ:

I(A; E) ≤ ε_2, I(B; E) ≤ ε_2. (4)

Ěśńĺ šřěąşěšś£ ŕěřěďăšĳ őďĺŋ ąĺš łńăśśĺůěśłőľ ĺŋťőřňăűĺĺ, šő śőśšő£ŋĺ£ň łńăśśĺůěśłĺţ ąĺšőć 0 ĺ 1 şůăśšŋĺł A śőŕőśšăćń£ěš łćăŋšőćżě śőśšő£ŋĺ£ ś ňăšřĺűăňĺ ŕńőšŋőśšĺ ρ_0 ĺ ρ_1 (łőšőřżě ňőčşš ćżąĺřăšĳś£ ś ăŕřĺőřŋżňĺ ćěřő£šŋőśš£ňĺ π_0 ĺ π_1, π_0 + π_1 = 1. Ĺğňěřěŋĺ£ őŕĺśżćă¿šś£ řăğńőęěŋĺ£ňĺ ěďĺŋĺűż ć ŕřőśšřăŋśšćě śőśšő£ŋĺľ { ∑ i E_i = I. Ďőśšşŕŋă£ ĺŋťőřňăűĺ£ ş B ő ąĺšě A ć řěğşńĳšăšě ĺğňěřěŋĺľ őŕřěďěń£ěšś£ łăł ňăłśĺňăńĳŋă£ ćğăĺňŋă£ ĺŋťőřňăűĺ£ ŕő ćśěćőğňőęŋżň ĺğňěřěŋĺ£ň:

I(A; B, ρ_0; ρ_1) = = max_{{Ei}} ∑ i { π_0Tr{ρ_0E_i}log_2 ( Tr{ρ_0E_i} Tr{ρE_i} ) + +π_1Tr{ρ_1E_i}log_2 ( Tr{ρ_1E_i} Tr{ρE_i} )} . (5)

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 11 { 12 2001 767

Śşźěśšćşěš ťşŋďăňěŋšăńĳŋă£ ćěřţŋ££ čřăŋĺűă ŋă ďőśšşŕŋş¿ ĺŋťőřňăűĺ¿, łőšőřă£ ďăěšś£ ŋěřăćěŋśšćőň, ďőłăğăŋŋżň ć řăąőšě Ţőńěćő [15] (śň. šăłęě [16]):

I(A; B, ρ_0; ρ_1) ≤ S_{vN} (ρ) − ∑ i=0,1 πiSvN (ρi), S_{vN} (ρ) = −Tr{ρlog(ρ)}, (6) S_{vN} (ρ) { ¡ŋšřőŕĺ£ ťőŋ Ŋěľňăŋă [17], ŕřĺůěň řăćěŋśšćő ďőśšĺčăěšś£ šőčďă, ĺ šőńĳłő šőčďă, łőčďă ňăšřĺűż ŕńőšŋőśšĺ ρ_0 ĺ ρ_1 łőňňşšĺřş¿š. Ďń£ ůĺśšżţ śőśšő£ŋĺľ ŕőśńěďŋěě őğŋăůăěš, ůšő řăćěŋśšćő ć (4) ďőśšĺčăěšś£ šőńĳłő ďń£ őřšőčőŋăńĳŋżţ śőśšő£ŋĺľ (ρ_{0,1} = |ψ_{0,1}⟩⟨ψ_{0,1}| ĺ ⟨ψ_0|ψ_1⟩ = 0). Ć ¡šőň śńşůăě ďőśšşŕŋă£ ĺŋťőřňăűĺ£ ďőśšĺčăěš ňăłśĺňăńĳŋőčő ğŋăůěŋĺ£ I^{max}(A; B, ρ_0; ρ_1) = 1

E_0 = P_0 = |ψ_0⟩⟨ψ_0|, E_1 = P_1 = |ψ_1⟩⟨ψ_1|. (7) Ŕő¡šőňş ŋĺęě ňż ŕřĺňěň ŕřőśšş¿ őďŋőňěřŋş¿ ňőďěńĳ, łőšőřă£ śőďěřęĺš ŋěőąţőďĺňżě őčřăŋĺůěŋĺ£, ďĺłšşěňżě śőőąřăęěŋĺ£ňĺ řěń£šĺćĺśšśłőľ ŕřĺůĺŋŋőśšĺ [18].

Ńěčĺšĺňŋżě ŕőńĳğőćăšěńĺ łőŋšřőńĺřş¿š ŕřőśšřăŋśšćěŋŋő-şďăńěŋŋżě őąńăśšĺ ˙_A ĺ ˙_B ŕřőš£- ęěŋŋőśšĺ L. Şůăśšŋĺł A ć ňőňěŋš ŋăůăńă ŕřőšőłőńă t_A = 0 ŕřĺčőšăćńĺćăěš řăćŋőćěřő£šŋő őďŋő ĺğ ďćşţ őřšőčőŋăńĳŋżţ śőśšő£ŋĺľ, őšćěůă¿źĺţ 0 ĺńĺ 1, śńěďş¿źěčő ćĺďă: |ψ_{0,1}⟩ = ∞∫ 0 dkF(k)a^+_{0,1}(k)|0⟩ =

= ∞∫ 0 dkF(k)|k, e_{0,1}⟩ = |F, e_{0,1}⟩, |k, e_{0,1}⟩ = a^+_{0,1}(k)|0⟩, ⟨k, e_i|k^′, e_j ⟩ = δ(k − k^′)δ_{ij} , (8) čďě a^+_{0,1}(k) { őŕěřăšőř řőęďěŋĺ£ ťőšőŋă ś ĺňŕşńĳśőň k > 0 ĺ őďŋĺň ĺğ őřšőčőŋăńĳŋżţ śőśšő£ŋĺľ ŕőń£řĺğăűĺĺ e_0 ĺ e_1, F(k) { ăňŕńĺšşďă śőśšő£ŋĺ£ ć k-ŕřěď-śšăćńěŋĺĺ, i, j = 0, 1, k ∈ (0, ∞). Ć łőőřďĺŋăšŋőň ŕřěďśšăćńěŋĺĺ śőśšő£ŋĺ£ ĺňě¿š ćĺď |ψ_{0,1}⟩ = ∞∫ −∞ F(x − t)|x, t⟩ ⊗ |e_{0,1}⟩, (9)

F(x − t) = ∞∫ 0 dkF(k)e^{ik(x−t)}, ⟨k|x, t⟩ = 1 √ 2π e^{ik(x−t)}, x, t ∈ (−∞, ∞). (10)

Ŋőřňĺřőćłă ćěłšőřőć śőśšő£ŋĺľ ć łőőřďĺŋăšŋőň ŕřěďśšăćńěŋĺĺ ś şůěšőň [19]

∞∫ −∞ dxe^{ik(x−t)} 1 x − t + a = iπ sgn(k)e^{−ika}, (11) ⟨ψ_{0,1}|ψ_{0,1}⟩ = ⟨F|F⟩ = = ∞∫ −∞ ∞∫ −∞ dxdx^′F(x − t)F^∗(x^′ − t)[ 1 2 δ(x − x^′) +

+ i π 1 x − x^′ ] = ∞∫ −∞ |F(x − t)|^2dx. (12) Śőśšő£ŋĺ£ ćżąĺřă¿šś£ ŕőůšĺ \ňőŋőţřőňăšĺůěśłĺňĺ" šăł, ůšő ăňŕńĺšşďă F(τ) ≈ const ≈ 1/ √ L ŕřěďśšăćń£ěš śőąőľ \ŕőńőůłş" ś šőůŋőśšĳ¿ ďő ţćőśšőć ŋă łőŋűăţ, ĺ ∫

{L} dx|F(x − t)|^2 = 1 − δ, δ → 0. (13) Śŕăďăŋĺě ŋă łőŋűăţ ňőęěš ążšĳ ćżąřăŋő śłőńĳ şčőďŋő řěğłĺň ĺ šăłĺň, ůšőąż śďěńăšĳ δ śłőńĳ şčőďŋő ňăńżň. Ŕőśńěďŋěě ąşďěň śůĺšăšĳ ćżŕőńŋěŋŋżň, ĺ ŕăřăňěšř δ ąşďěš ś ń¿ążň ğăŕăśőň śăňżň ňăńżň ć ğăďăůě (śň. ďěšăńĺ ć [20 { 22]).

Ďń£ ŕřőšőłőńă śşźěśšćěŋŋő, ůšő ďńĺŋă łćăŋšőćőčő łăŋăńă L_{ch} ďőńęŋă ążšĳ ňěŋĳÿě ¡ťťěłšĺćŋőľ ŕřőš£ęěŋŋőśšĺ śőśšő£ŋĺľ L_{ch} < L.

Şůăśšŋĺł B, łőŋšřőńĺřş£ őąńăśšĳ ˙_B řăğňěřă L, ć ąőńěě ŕőğďŋĺľ ňőňěŋš ćřěňěŋĺ t_B , łőčďă śőśšő£ŋĺě űěńĺłőň ďőśšĺčăěš ¡šőľ őąńăśšĺ, ŕřőĺğćőďĺš ĺğňěřěŋĺ£, łőšőřżě őŕĺśżćă¿šś£ řăğńőęěŋĺěň ěďĺŋĺűż: I = ∞∫ −∞ dx|x, t_B ⟩⟨x, t_B | ⊗ IC2 = = P_0(t_B ) + P_1(t_B ) + P_⊥(t_B ), P_{0,1}(t_B ) = |F_{tB} , e_{0,1}⟩⟨F_{tB} , e_{0,1}|, (14)

|F_{tB} , e_{0,1}⟩ = ∞∫ −∞ dxF(x − t_B )|x, t_B ⟩ ⊗ |e_{0,1}⟩, x ∈ ˙_B , P_⊥(t_B ) = I − P_0(t_B ) − P_1(t_B ).

(15)

Ŋă śńőćăţ ďăŋŋőě ĺğňěřěŋĺě őğŋăůăěš, ůšő şůăśšŋĺł B őśşźěśšćń£ěš ĺğňěřěŋĺě, śćőď£źěěś£ ł ćğ£šĺ¿ ŕřőěłűĺĺ ŋă őďŋő ĺğ śőśšő£ŋĺľ, ăňŕńĺšşďă łőšőřőčő űěńĺłőň ąşďěš ć őąńăśšĺ ˙_B . Ćěřő£šŋőśšĺ ĺśţőďőć ć ňőňěŋš ćřěňěŋĺ t_B řăćŋż Pr{i, t_B; j} = Tr{|ψ_i⟩⟨ψ_i|P_j (t_B )} = = δ_{ij} ∫ {L} dx|F(x − t_B )|^2 = δ_{ij} , x ∈ ˙_B . (16)

Ŕőńŋă£ ćěřő£šŋőśšĳ őÿĺąłĺ śłńăďżćăěšś£ ĺğ ďćşţ śőśšăćń£¿źĺţ. Ŕěřćă£ őšćěůăěš śĺšşăűĺĺ, łőčďă

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 11 { 12 2001 ŕřĺąőř ş ŕőďśńşÿĺćăšěń£ ćőőąźě ŋě śřăąőšăń. Ŕřĺ ¡šőň ćěřő£šŋőśšĳ őÿĺąłĺ řăćŋă 1/2 (řăćŋă ŕřőśšő ćěřő£šŋőśšĺ őÿĺąłĺ ŕřĺ ŕřőśšőň şčăďżćăŋĺĺ). Ćšőřă£ ůăśšĳ őÿĺąłĺ śłńăďżćăěšś£ ĺğ őÿĺąłĺ, łőčďă ŕřĺąőř ş ŕőďśńşÿĺćăšěń£ ć ďőśšşŕŋőľ ěňş őąńăśšĺ śřăąőšăń. Ĺğ-ğă ńőłăńĳŋőľ őřšőčőŋăńĳŋőśšĺ ćěřő£šŋőśšĳ ¡šőľ őÿĺąłĺ řăćŋă ŋşń¿. Ąőńěě ťőřňăńĳŋő, ŕőńŋă£ őÿĺąłă ěśšĳ

P_e(t_E ) = P_e(˙_E , t_E) + P_e(˙_E , t_E), (17)

čďě ˙_E { őąńăśšĳ, ďőśšşŕŋă£ ďń£ ŕőďśńşÿĺćăšěń£ (śőőšćěšśšćěŋŋő ˙_E { ŋěďőśšşŕŋă£ őąńăśšĳ, šő ěśšĳ ďőŕőńŋěŋĺě ˙_E ďő ŕőńŋőčő łőőřďĺŋăšŋőčő ŕřőśšřăŋśšćă); t_E { ňőňěŋš ćřěňěŋĺ, ł łőšőřőňş őšŋőśĺšś£ ĺğňěřěŋĺě ć őąńăśšĺ ˙_E . Ŕőńŋőě řăğńőęěŋĺě ěďĺŋĺűż ěśšĳ I = I(˙_E , t_E ) + I(˙_E , t_E ),

I(˙_E , t_E ) = ∑ i=0,1 ∫ Ω_E dx|x, t_E , e_i⟩⟨x, t_E , e_i|,

I(˙_E , t_E ) = ∑ i=0,1 ∫ Ω_B dx|x, t_E , e_i⟩⟨x, t_E , e_i|. (18)

Ňĺŋĺňăńĳŋă£ ćěřő£šŋőśšĳ őÿĺąłĺ P_e(˙_E , t_E ) őŕřěďěń£ěšś£ ňĺŋĺňĺğăűĺěľ ŕő ćśěćőğňőęŋżň řăğńőęěŋĺ£ň ěďĺŋĺűż I(˙_E ) [16]:

P_e(˙_E , t_E ) = (19)

= min_{E0,E1} { 1 2 Tr{|ψ_0⟩⟨ψ_0|E_1} + 1 2 Tr{|ψ_1⟩⟨ψ_1|E_0} } . E_{0,1} ńěčłő ŋăţőď£šś£, ĺ ŕőńŋă£ őÿĺąłă P_e(˙_E , t_E ) ≡ 0 ŕřĺ řăğńĺůěŋĺĺ řăćŋă

E_{0,1} = ∫ Ω_E dx|x, t_E ; e_{0,1}⟩⟨x, t_E ; e_{0,1}|, P_e(˙_E t_E ) =^1_2 N(˙_E , t_E ) = 1 2 ∫ Ω_E dx|F(x − t_E )|^2. (20)

Śőőšćěšśšćěŋŋő, ćěřő£šŋőśšĳ ŕřăćĺńĳŋőľ ĺďěŋšĺťĺłăűĺĺ ąĺšă A ŕőďśńşÿĺćăšěńěň E ŕřĺ ťĺłśĺřőćăŋŋőň řăğňěřě ďőśšşŕŋőľ őąńăśšĺ ˙_E řăćŋă

P_{OK} (t_E ) = 1 − P_e(˙_E t_E ) − P_e(˙_E t_E ) = = 1 2 1 + ∫ Ω_E dx|F(x − t_E )|^2 . (21)

Ďőśšşŕŋă£ ĺŋťőřňăűĺ£ ŕőďśńşÿĺćăšěń£ ő ąĺšě A ňőęěš ążšĳ ćżůĺśńěŋă ŕő ťőřňşńě (5) ś şůěšőň šőčő, ůšő ĺğňěřěŋĺě őŕĺśżćăěšś£ řăğńőęěŋĺěň ěďĺŋĺűż {E_i} = {I_{ΩE} , E_0, E_1}. Ďőśšşŕŋă£ ĺŋťőřňăűĺ£ śłńăďżćăěšś£ ĺğ ďćşţ ůăśšěľ. Ŕěřćă£ őŕĺśżćăěš šş ůăśšĳ ćğăĺňŋőľ ĺŋťőřňăűĺĺ, łőšőřş¿ ďă¿š ĺśţőďż ć ŋěďőśšşŕŋőľ őąńăśšĺ. Ćšőřă£ { ĺśţőďż ć ďőśšşŕŋőľ őąńăśšĺ ˙_E . Ĺňěěň

I(A; E, ˙_E , t_E ) = I(A; E, ρ_0, ρ_1, ˙_E , t_E ) +

+ I(A; E, ρ_0, ρ_1, ˙_E , t_E ). (22)

Ćżůĺśńěŋĺě ŕő ťőřňşńě (5) ś şůěšőň {E_i} = = {I_{ΩE} , E_0, E_1} ĺ π_0 = π_1 = 1/2 ďăěš

I(A; E, ρ_0, ρ_1, ˙_E , t_E ) = 0,

Tr{ρ_{0,1}I_{ΩE} } = 1 2 Tr{ρI_{ΩE} }, ρ = 1 2 (ρ_0 + ρ_1),

(23)

I(A; E, ρ_0, ρ_1, ˙_E , t_E ) = ∫ Ω_E dx|F(x − t_E )|^2, Tr{ρ_0E_0} = Tr{ρ_1E_1} = Tr{ρE_{0,1}}.

(24)

Ŕşśšĳ ¡ťťěłšĺćŋőě şćěńĺůěŋĺě őąńăśšĺ ŕőďśńşÿĺćăšěń£ (ŕő śřăćŋěŋĺ¿ ś ďőśšşŕŋőľ ěňş ďńĺŋőľ łăŋăńă ść£ğĺ) ěśšĳ χ. Ćěřő£šŋőśšĳ őÿĺąłĺ ŕőďśńşÿĺćăšěń£ ŕřĺ řăğńĺůěŋĺĺ śőśšő£ŋĺľ řăćŋă

Pr_E {χ} = 1 2 1 + ∫ {L_{ch}+χ} dx|F(x − t_E )|^2 =

= 1 2 ( 1 + L_{ch} + χ L ) . (25)

Ćěřő£šŋőśšĳ ŕřőľšĺ šěśš ŋă ğăďěřęłş ş ńěčĺšĺňŋőčő ŕőńĳğőćăšěń£ B ŕřĺ ěčő ĺğňěřěŋĺĺ (14), (15) ďń£ ń¿ąőčő śőśšő£ŋĺ£ | ~F⟩, ğăďěřęăŋŋőčő ŋă ćřěň£ (řăśśšő£ŋĺě) χ, őŕřěďěń£ěšś£ łăł

Pr_B {χ} = Tr{| ~F⟩⟨ ~F|(P_0(t_B ) + P_1(t_B ))} = = | | | ∫ {L−χ} dxF(x − t_B ) ~F^∗(x − t_B ) | | |^2 ≤

≤ ∫ {L−χ} dx|F(x−t_B )|^2 ∫ {L−χ} dx| ~F(x−t_B )|^2 ≤

≤ ( 1 −^χ_L ) . (26)

Ďőśšăšőůŋő őčřăŋĺůĺšĳś£ ůĺśšżňĺ ğăďěřęăŋŋżňĺ śőśšő£ŋĺ£ňĺ ~F. Őčřăŋĺůěŋĺě ŕřěďěńőć ĺŋšěčřĺřőćăŋĺ£ őąńăśšĳ¿ L−χ ść£ğăŋő ś šěň, ůšő ĺğ-ğă śşźěśšćőćăŋĺ£ ŕřěďěńĳŋőľ śłőřőśšĺ řăśŕřőśšřăŋěŋĺ£ ŋĺ őďŋő ğăďěřęăŋŋőě ŋă ćřěň£ χ śőśšő£ŋĺě ŋě ňőęěš ďőśšĺůĳ ł ňőňěŋšş ĺğňěřěŋĺ£ t_B ŕřăćőľ łřăľŋěľ ůăśšĺ őąńăśšĺ L.

Šăłĺň őąřăğőň, ďń£ ŕőďśńşÿĺćăšěń£ ćěřő£šŋőśšĳ şğŋăšĳ ŕěřěďăćăěňżľ ąĺš ĺ ŕřőľšĺ ŕřĺ ¡šőň šěśš ş B řăćŋă

8 Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 11 { 12 2001

Pr{bit_E =bit_A ⋀ pass test, χ}=Pr_E {χ} · Pr_B {χ}= = 1 2 ( 1 + L_{ch} + χ L ) · ( 1 − χ L ) , Pr = 1 2 ( 1 + L_{ch} L ) . (27) Ňăłśĺňşň ćěřő£šŋőśšĺ ć (27) ďőśšĺčăěšś£ ŋă łřă¿ ĺŋšěřćăńă ŕřĺ χ = 0.

Ŕőłăęěň šěŕěřĳ, ůšő ć łăŋăńě ś ÿşňőň ćěřő£šŋőśšĳ (27) ŋě ňőęěš ŕřěćżÿăšĳ śőőšćěšśšćş¿źěčő ğŋăůěŋĺ£ ć ĺďěăńĳŋőň łăŋăńě. Ĺğňěŋěŋĺě śőśšő£ŋĺ£ ŕőď ďěľśšćĺěň ÿşňă ňőęěš ążšĳ őŕĺśăŋő ŕřĺ ŕőňőźĺ ĺŋśšřşňěŋšă ś şůěšőň řěń£šĺćĺśšśłĺţ őčřăŋĺůěŋĺľ ŋă ŋěčő. Őąźĺľ ćĺď ĺŋśšřşňěŋšă ěśšĳ [24 { 27] T [...] = ∑ k S_k[...]S^+_k , S_k = √ λ_k|ϕ_k⟩⟨φ_k |, ∑ k λ_kS_kS^+_k ≤ 1, λ_k ≥ 0,

(28) Tr{T [|ψ_{0,1}⟩⟨ψ_{0,1}|]I(˙_E , t_e)} = = ∑ k Tr{|ψ_{0,1}⟩⟨ψ_{0,1}|(S_k I(˙_E , t_e)S^+_k )} ≤ ≤ ∑ k λ_kTr{|ψ_{0,1}⟩⟨ψ_{0,1}|(|φ_k ⟩⟨φ_k|)} ≤ ≤ ∑ k λ_k|⟨φ_k |ψ_{0,1}⟩|^2 ≤ ≤ ∑ k λ_k⟨φ_k |φ_k⟩⟨ψ_{0,1}|ψ_{0,1}⟩ ≤ ⟨ψ_{0,1}|ψ_{0,1}⟩ = = ∫ Ω_A dx | | |F(x − tA) | | |^2 = ∫ Ω_E dx | | |F(x − tE ) | | |^2. (29)

Ŕőśńěďŋěě řăćěŋśšćő ć (29) ćżřăęăěš šőš ťăłš, ůšő ăňŕńĺšşďă śőśšő£ŋĺ£ |ψ_{0,1}⟩ = ∫ Ω_A dxF(x − t_A)|x, t_A⟩ ⊗ |e_{0,1}⟩ =

= ∫ Ω_E dxF(x − t_E )|x, t_E ⟩ ⊗ |e_{0,1}⟩, (30)

F(x − t_A) ć ňőňěŋš ćřěňěŋĺ t_A űěńĺłőň ńőłăńĺğőćăŋă ć őąńăśšĺ x ∈ ˙_A ĺ ąşďěš űěńĺłőň ńőłăńĺğőćăŋă ć őąńăśšĺ x ∈ ˙_E ć ňőňěŋš ćřěňěŋĺ, ŋě ąőńěě řăŋŋĺľ, ůěň t_E , łőšőřżľ ŋě ňőęěš ążšĳ ążśšřěě, ůěň t_E = t_A + dist(˙_E , ˙_A). Šăłĺň őąřăğőň, ćěřő£šŋőśšĳ şğŋăšĳ őšďěńĳŋżľ ŕěřěďăćăěňżľ ąĺš ĺ ŕřőľšĺ šěśš ş ńěčĺšĺňŋőčő ŕőńĳğőćăšěń£ B ďń£ ŕőďśńşÿĺćăšěń£ ŋě ŕřěćżÿăěš ćěńĺůĺŋż Pr = 1/2(1 + L_{ch}/L) ć ĺďěăńĳŋőň łăŋăńě.

• Ć ğăřăŋěě őčőćőřěŋŋżě ňőňěŋšż ćřěňěŋĺ şůăśšŋĺł A ŕřĺčőšăćńĺćăěš ĺ ŕőśżńăěš ć łăŋăń ść£ğĺ ŕőśńěďőćăšěńĳŋő śőcšő£ŋĺ£ |ψ_{0,1}⟩, ă şůăśšŋĺł B őśşźěśšćń£ěš ĺğňěřěŋĺ£, őŕĺśżćăěňżě řăğńőęěŋĺěň ěďĺŋĺűż (14), (15). Őśšă¿šś£ šőńĳłő šě ŕőśżńłĺ, łőšőřżě ŕřőÿńĺ šěśš.

• Şůăśšŋĺłĺ A ĺ B řăśłřżćă¿š ůăśšĳ ŕőśżńőł, ŕőďśůĺšżćă¿š łőńĺůěśšćő ŋěśőőšćěšśšćĺľ ĺ ŕőńşůă¿š őűěŋłş ćěřő£šŋőśšĺ őÿĺąłĺ { p_{err}.

• Şůăśšŋĺł A ć őśšăćÿěľś£ ŕőśńěďőćăšěńĳŋőśšĺ ąĺšőć ŋăğżćăěš ŋőňěřă šěţ ŕőśżńőł, ć łőšőřżţ ŕőśżńăńĺśĳ ńĺąő šőńĳłő 0, ńĺąő šőńĳłő 1. Ďăŋŋżě ŋőňěřă ŕőśżńőł őąžěďĺŋ£¿šś£ ć čřşŕŕż ŕő k ÿšşł. Ŕřĺ ¡šőň şůăśšŋĺł B őśşźěśšćń£ěš łőřřěłűĺ¿ őÿĺąőł ć łăęďőň ąńőłě ŕő ňăęőřĺšăřŋőňş ŕřĺŋűĺŕş [28]. Ćěńĺůĺŋă k ćżąĺřăěšś£ šăłőľ, ůšőąż şňěŋĳÿĺšĳ ¡ťťěłšĺćŋş¿ őÿĺąłş ć łăęďőň ąńőłőćőň ąĺ-

šě ~bit(i) (~0 = k {0, 0, ...0} ĺ ~1 = k {1, 1, ...1}) ďő şřőćŋ£ ≈ p^k_{err} ≪ p_{err}. Ŕőśńě ¡šőčő ŕřőĺśţőďĺš ŋşňěřăűĺ£ şęě ąńőłőćżţ ąĺšőć.

• Şůăśšŋĺłĺ ĺğ ąńőłőćżţ ąĺšőć ťőřňĺřş¿š N + M ąĺšőć ůěšŋőśšĺ Bit = ∑_n i=1 ⊕ ~bit(i). Ďń£ ¡šőčő şůăśšŋĺł A ŋăğżćăěš ŋőňěřă (ć ŋőćőľ ŋşňěřăűĺĺ ąńőłőćżţ ąĺšőć), łőšőřżě ąşďşš ćłń¿ůěŋż ć łăęďżľ ąĺš ůěšŋőśšĺ.

• Ďń£ N + M ąĺšőć ůěšŋőśšĺ Bit(j), j = 1..N + M, ŕřőĺğćőďĺšś£ ŕřőűěďşřă ĺğ M řăşŋďőć ţ¡ÿĺřőćăŋĺ£. Ďń£ ¡šőčő ć łăęďőň řăşŋďě şůăśšŋĺł A ćżąĺřăěš śńşůăľŋş¿ śšřőłş s_l ďńĺŋőľ N + M − l (l = 1...M) ĺ śőőąźăěš ěě őšłřżšő B. Ğăšěň A ĺ B ŕřőćěř£¿š ůěšŋőśšĺ ŕőďňŋőęěśšćă ąĺšőć ć śćőĺţ śšřőłăţ (Bit_A ĺ Bit_B ) śřăćŋĺćă£ ůěšŋőśšĺ śő śšřőłőľ s_l, ŕőśłőńĳ- łş s_l · Bit_A = s_l · Bit_B = (s_l · Bit_A) ⊕ (s_l · Bit_B ) = s_l · (Bit_A ⊕ Bit_B ). Ěśńĺ ůěšŋőśšĺ ŕőďśšřőł śőćŕăďă- ¿š, šő ĺğ ŕőśńěďőćăšěńĳŋőśšěľ Bit_A ĺ Bit_B őšąřăśżćăěšś£ ŕő őďŋőňş ąĺšş ĺğ őčőćőřěŋŋőľ ŕőğĺűĺĺ. Ŕřőćőďĺšś£ M řăşŋďőć. Ć ĺšőčě ćěřő£šŋőśšĳ šőčő, ůšő šěśšż ŋă ůěšŋőśšĳ ć M řăşŋďăţ ŕřőÿńĺ şśŕěÿŋő, ă őśšăćÿĺěś£ śšřőłĺ ĺğ N ąĺšőć ůěšŋőśšĺ Bit_A ĺ Bit_B ŋě śőćŕăďă¿š, řăćŋă [29]

Pr{s_A(N) ≠ s_B (N)} = 2^{−M} . (31)

Ćżąőřőň ŋăďńěęăźěčő M ćśěčďă ňőęŋő ďőąĺšĳś£ šőčő, ůšőąż ćěřő£šŋőśšĳ őšńĺůĺ£ śšřőłĺ ĺğ N ąĺšőć ążńă śłőńĳ şčőďŋő ňăńőľ.

• Łăęďżľ ąĺš ůěšŋőśšĺ ňőęěš ążšĳ śőśšăćńěŋ ĺğ ąńőłőćżţ ąĺšőć ůĺśńőň śŕőśőąőć, řăćŋżň [30] 1 2 n∑ i=0 C^{i·k}_{n·k} = 2^{n·k} 2k k∑ l=1 cos^{n·k} ( lπ k ) cos (nlπ) ≈ 1 2k 2^{n·k}. (32)

Ĺŋťőřňăűĺ£ Ţăřšńĺ I ňŋőęěśšćă ąńőłőćżţ śšřőł ŕřěďśšăćń£ěš śőąőľ (ś šőůŋőśšĳ¿ ďő őłřşčńěŋĺ£) ůĺśńő ďćőĺůŋżţ śĺňćőńőć, ŋěőąţőďĺňżţ ďń£ ĺďěŋšĺťĺłăűĺĺ ůěšŋőśšĺ śšřőłĺ, ĺ ŕřăłšĺůěśłĺ řăćŋa ŕőńŋőňş ůĺśńş ďćőĺůŋżţ śšřőł ďńĺŋőľ n · k:

I = log_2( 2^{n·k} 2k ∑_k l=1 cos^{n·k} ( lπ k ) cos (nlπ)) ≈ η n · k, η ≈ 1, (33)

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 11 { 12 2001 šő ěśšĳ šřěąşěšś£ ğŋăŋĺě ŕőůšĺ ćśěţ ąĺšőć ć śšřőłě. Ćěřő£šŋőśšĳ şğŋăšĳ łăęďżľ ąĺš ĺ ŕřőľšĺ šěśš ŋě ŕřěćżÿăěš (27), ŕő¡šőňş şśńőćŋă£ ćěřő£šŋőśšĳ šőčő, ůšő ŕőďśńşÿĺćăšěńĳ ğŋăěš N řěğşńĳšĺřş¿źĺţ ąĺšőć, ŕěřěďăŋŋżţ A ĺ ŕřĺŋ£šżţ łăł łń¿ů, ěśšĳ (ŋăŕőňŋĺň, ůšő (1 + L_{ch}/L)/2 < 1) Pr{s_A(N) = s_E (N)} = 2^{−N} {1 + 2 · 2^{−ηn·k}[(1 + L_{ch}/L)]^{η·n·k}}^N = = 2^{−N} (1 + 2ζ)^N , ζ = 2^{−ηn·k}[(1 + L_{ch}/L)]^{η·n·k}. (34)

Ćğăĺňŋă£ ĺŋťőřňăűĺ£ ŕőďśńşÿĺćăšěń£ ő śšřőłě řěğşńĳšĺřş¿źĺţ ąĺšőć A ěśšĳ I(A; E) = I(A) − I(A|E), I(A) = −log_22^{−N} , I(A|E) = −log_2Pr{s_A(N) = s_E (N)},

(35)

čďě I(A) { śőąśšćěŋŋă£ ĺŋťőřňăűĺ£ śšřőłĺ řěğşńĳšĺřş¿źĺţ ąĺšőć ďńĺŋőľ N, I(A|E) { şśńőćŋă£ ĺŋťőřňăűĺ£ E ő śšřőłě ąĺšőć A. Ďń£ ćğăĺňŋőľ ĺŋťőřňăűĺĺ [31] ňěęďş A ĺ E ś şůěšőň (34), (35) ĺňěěň

I(A; E) = N − N + Nlog_2(1 + 2ζ) ≈ 2N · ζ ln 2 = = 2N · 2^{−ηn·k}[(1 + L_{ch}/L)]^{η·n·k}/ln 2 ≪ 1. (36) Ŕřĺ ğăďăŋŋżţ N, L_{ch}, L (L_{ch} < L) (śň. (36)) ňőęěš ążšĳ śďěńăŋă ¡łśŕőŋěŋűĺăńĳŋő ňăńőľ ŕő ŕăřăňěšřş n · k: • Ŕőłăęěň šěŕěřĳ, ůšő ćğăĺňŋă£ ĺŋťőřňăűĺ£ E ő śšřőłě řěğşńĳšĺřş¿źĺţ ąĺšőć ş B šăłęě ¡łśŕőŋěŋűĺăńĳŋő ňăńă. Ćğăĺňŋă£ ĺŋťőřňăűĺ£ ňěęďş A ĺ B ěśšĳ I(A; B) = I(A) − I(A|B) = = −log_22^{−N} + log_2 Pr{s_A(N) = s_B (N)} = = N + log_2(1 − 2^{−M} ) ≈ N − 2^{−M} /ln 2. (37) Ćőśŕőńĳğşěňś£ šěŕěřĳ ŋěřăćěŋśšćőň šřěşčőńĳŋĺłă ďń£ şśńőćŋżţ ĺŋťőřňăűĺľ, ĺ őłőŋůăšěńĳŋő ĺňěěň I(A|E) ≤ I(A|B) + I(B|E), I(B|E) ≥ N − (2N · ζ − 2^{−M} )/ln 2, I(B; E) ≤ (2N · ζ − 2^{−M} )/ln 2 ≪ 1. (38)

Šăłĺň őąřăğőň, ďőłăğăŋă ćšőřă£ ůăśšĳ łřĺšěřĺ£ śěłřěšŋőśšĺ (3), (4).

Řăąőšă ŕőďďěřęăŋă Řőśśĺľśłĺň ťőŋďőň ťşŋďăňěŋšăńĳŋżţ ĺśśńěďőćăŋĺľ (ŕřőěłš # 99-02-18127).

1. S. Wiesner, SIGACT News 15, 78 (1983). 2. C. H. Bennett and G.Brassard, Proc. of IEEE Int. Conf.

on Comput. Sys. and Sign. Proces., Bangalore, India, December 1984, p. 175.

3. A. K. Ekert, Phys. Rev. Lett. 67, 661 (1991). 4. C. H. Bennett, Phys. Rev. Lett. 68, 3121 (1992); C. H.

Bennett, G. Brassard, and N. D. Mermin, Phys. Rev. Lett. 68, 557 (1992).

5. A. Einstein, B. Podolsky, and N. Rosen, Phys. Rev. 47, 777 (1935).

6. N. Gisin, G. Ribordy, W. Tittel, and H. Zbinden, quantph/0101098.

7. D. Mayers and A. Yao, quant-ph/9802025. 8. E. Biham, M. Boyer, P. O. Boykin et al., quantph/9912053.

9. Hoi-Kwong Lo and H. F. Chau, quant-ph/9803006. 10. P. W. Shor and J. Preskill, quant-ph/0003004. 11. L. Goldenberg and L. Vaidman, Phys. Rev. Lett. 75, 1239 (1995); quant-ph/9506030.

12. S. N. Molotkov and S. S. Nazin, quant-ph/0008008. 13. Ń. Ď. Ńăŋďăş, Ř. Ŕăľěřńś, Zeits. f-ur Phys., 69, 56 (1931); Śőąřăŋĺě šřşďőć, š. 1, 1969, Ň.: Ŋăşłă, ś. 56.

14. Ŋ. Ąőř, Ń. Řőğěŋťěńĳď, Math.-Fys. Medd. 12, 3 (1933);

Śőąřăŋĺě ŋăşůŋżţ šřşďőć, Ň.: Ŋăşłă, 1971. 15. Ă. Ś. Ţőńěćő, Problems of Information Transmission 9, 177 (1973) [Ŕřőąńěňż ŕěřěďăůĺ ĺŋťőřňăűĺĺ 9, 3 (1973)].

16. C. A. Fuchs, quant-ph/9601020.

17. J.von Neumann, Mathematical Foundations of Quantum Mechanics, Princeton University, Princeton, NJ, 1955.

18. Ŋ. Ŋ. Ąőčőń¿ąőć, Ĺğćěśšĺ£ ĂŊ ŚŚŚŘ, śěř. ťĺğ. 19, 237 (1955); Ŋ. Ŋ. Ąőčőń¿ąőć, Ď. Ć.Ÿĺřłőć, Ććěďěŋĺě ć šěőřĺ¿ łćăŋšőćăŋŋżţ ŕőńěľ, Ň.: Ŋăşłă, 1973.

19. đ. Ă. Ąřżůłőć, Ă. Ŕ. Ŕřşďŋĺłőć, Ĺŋšěčřăńĳŋżě ŕřěőąřăğőćăŋĺ£ őąőąźěŋŋżţ ťşŋłűĺľ, Ň.: Ŋăşłă, 1977.

20. Ď. Ă. Łĺřęŋĺű, ŞŤŊ 90, 129 (1966). 21. A. M. Ja¸e, Phys. Rev. 158, 1454 (1967). 22. I. Bialynicki-Birula, Phys. Rev. Lett. 80, 5247 (1998). 23. Ŋ. Ćĺŋěř, Ř. Ŕ¡ńĺ, Ŕřěőąřăğőćăŋĺě Ťşřĳě ć łőňŕńěłśŋőľ őąńăśšĺ, Ň.: Ŋăşłă, 1964 [N. Wiener and R. Paley, Fourier Transform in the Complex Domain, New-York, 1934.]

24. E. B. Devis, Quantum Theory of Open Systems, Academic Press, London, 1976.

25. K. Kraus, States, E¸ects and Operations, Springer- Verlag, Berlin, 1983.

26. A. S. Holevo, Lectures on Statistical Structure of Quantum Theory, 1999, p. 1.

27. P. Busch, M. Grabowski, and P. J. Lahti, Operational Quantum Physics, Springer Lecture Notes in Physics, v. 31, 1995.

28. E. J. Mac Williams and N. J. A. Sloane, The Theory of Error-Correcting Codes, North-Holland Publ. Company, Amsterdam, New York, Oxord, 1977.

29. C. H. Bennett, Tal Mor, and J.Smolin, Phys. Rev. A54, 2675 (1996); Tal Mor, quant-ph/9906073.

30. Ă. Ŕ. Ŕřşďŋĺłőć, đ. Ă. Ąřżůłőć, Ő. Ă. Ňăřĺůěć, Ĺŋšěčřăńż ĺ ř£ďż, İńěňěŋšăřŋżě ťşŋłűĺĺ, Ň.: Ŋăşłă, 1981.

31. C. E. Shannon, Bell Syst. Tech. Jour. 27, 397; 27, 623 (1948).

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 11 { 12 2001 8^�