Ŕĺśĳňă ć ĘİŠŤ, šőň 76, ćżŕ. 7, ś. 559 { 561 © 2002 č. 10 őłš£ąř£

Łőŕĺřőćăŋĺě łşąĺšőć łćăŋšőćőčő łőňŕĳ¿šěřă

Ć. Ŋ. Ďşňăůěć^{1)}, Ś. Ć. Őřńőć

Ćőřőŋěęśłĺľ ĺŋśšĺšşš ŇĆĎ ŘŤ, 394065 Ćőřőŋěę, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 29 ĺ¿ń£ 2002 č. Ŕőśńě ŕěřěřăąőšłĺ 9 śěŋš£ąř£ 2002 č.

Ŕőńşůěŋă śĺśšěňă şŋĺšăřŋżţ ŕřěőąřăğőćăŋĺľ, ŕřőĺğćőď£źă£ ďćě őŕšĺňăńĳŋżě łőŕĺĺ ŕřőĺğćőńĳŋőčő ćţőďŋőčő łşąĺšă. Ŕřěďńőęěŋ ăńčőřĺšň, ŕőğćőń£¿źĺľ ś ŕőňőźĳ¿ łńăśśĺůěśłőľ ąşńěćőľ ăńčěąřż ŋăţőďĺšĳ ń¿ążě şŋĺšăřŋżě ŕřěőąřăğőćăŋĺ£, řěăńĺğşěňżě łćăŋšőćżňĺ őŕěřăšőřăňĺ CNOT.

PACS: 03.67.−a, 89.70.+c

Ĺğćěśšŋő, ůšő ŕřőĺğćőńĳŋőě łćăŋšőćőě śőśšő£ŋĺě

|ψ⟩_0 = α|0⟩_0 + β|1⟩_0 (1)

ŋě ňőęěš ążšĳ šőůŋő śłőŕĺřőćăŋő. Ďőłăğăšěńĳśšćő šěőřěňż ŋěłńőŋĺřşěňőśšĺ łşąĺšőć ďăŋő ć řăąőšě [1]. Őďŋăłő Ąşęěł ĺ Ţĺńńěřĺ ć řăąőšě [2] ŋăÿńĺ şŋĺšăřŋőě ŕřěőąřăğőćăŋĺě, łőšőřőě ğăŕşšżćăěš ďćă łşąĺšă |ψ⟩_{12} = |00⟩_{12} ś ćţőďŋżň |ψ⟩_0 šăłĺň őąřăğőň, ůšőąż ŕőńşůĺšĳ ŋă ćżţőďě śőśšő£ŋĺě

|¯^{out}⟩ = |˘_0⟩_{01}|0⟩_2 + |˘_1⟩_{01}|1⟩_2, (2) čďě |˘_0⟩ = √ 1 6 (2α|00⟩ + β|01⟩ + β|10⟩), |˘_1⟩ = √ 1 6 (2β|11⟩ + α|01⟩ + α|10⟩). (3)

Řěďşűĺřőćăŋŋżě őŕěřăšőřż ŕńőšŋőśšĺ łşąĺšőć ρ^{out}_0 , ρ^{out}_1 ĺ ρ^{out}_2 ŋă ćżţőďě ść£ğăŋż ś őŕěřăšőřőň ŕńőšŋőśšĺ ćţőďă ρ^{in} śőőšŋőÿěŋĺ£ňĺ ρ^{out}_{0,1} = 5 6 ρ^{in} + 1 6 ρ^{in}? , ρ^{out}_2 = 2 3 ρ^{in} + 1 3 ρ^{in}? . Ğďěśĳ ρ^{in}? = |ψ?⟩_0⟨ψ?|; |ψ?⟩_0 = α|1⟩_0 − β|0⟩_0 { śőśšő£ŋĺě, őřšőčőŋăńĳŋőě ĺśţőďŋőňş; α = e^{iφ} sin (ϑ/2), β = cos (ϑ/2). Ő łăůěśšćě ŕőńşůěŋŋżţ łőŕĺľ ňőęŋő śşďĺšĳ ŕő šőůŋőśšĺ łőŕĺřőćăŋĺ£ F , łőšőřă£ őŕřěďěń£ěšś£ ŕěřěłřżšĺěň ćţőďŋőčő ĺ ćżţőďŋőčő śőśšő£ŋĺľ [3]: F = 1 4π 2π∫ 0 dφ π∫ 0 ⟨ψ^{in}|ρ^{out}|ψ^{in}⟩ sin ϑ dϑ. Šăłĺň őąřăğőň, ćżţőďŋżě łşąĺšż ρ^{out}_0 ĺ ρ^{out}_1 ŋă^5_6 śőćŕăďă¿š ś ćţőďŋżň ρ^{in} ĺ ĺňě¿š^1_6 ůăśšĳ ŕřĺňěśĺ.

1)e-mail: dum@comch.ru

Łşąĺš |ψ⟩_2 £ćń£ěšś£ ćśŕőňőčăšěńĳŋżň ĺ ŋőśĺš ŋăğćăŋĺě łńőŋĺřş¿źěčő. Ăŋăńĺšĺůěśłőě ďőłăğăšěńĳśšćő őŕšĺňăńĳŋőśšĺ ŕřěďśšăćńěŋĺ£ ćżţőďŋżţ łşąĺšőć ć ćĺďě (3) ďăŋő ć řăąőšě [4]. Őŕšĺňăńĳŋőśšĳ ŕőŋĺňăěšś£ ć šőň śňżśńě, ůšő śřěďŋ££ šőůŋőśšĳ śőőšćěšśšćĺ£ ňěęďş ćţőďŋżň ĺ ćżţőďŋżň łşąĺšăňĺ £ćń£ěšś£ ňăłśĺňăńĳŋőľ.

Ŕőśńěďőćăšěńĳŋőśšĳ ďěľśšćĺ£ ďń£ łőŕĺřőćăŋĺ£ łşąĺšőć ŕřěďśšăćń£ěšś£ ć ćĺďě şŋĺćěřśăńĳŋőľ łćăŋšőćőľ łńőŋĺřş¿źěľ ňăÿĺŋż. Ďń£ ěě řăąőšż ŕřěďćăřĺšěńĳŋő ŋěőąţőďĺňő ŕřĺčőšőćĺšĳ ğăŕşšăŋŋőě śőśšő- £ŋĺě ďćşţ łşąĺšőć:

|¯^{prep}⟩ = C_1|00⟩ + C_2|01⟩ + C_3|10⟩ + C_4|11⟩ (4)

ś ŕőňőźĳ¿ ŕőśńěďőćăšěńĳŋőśšĺ ďěľśšćĺ£ şŋĺšăřŋżňĺ őŕěřăšőřăňĺ ŋă ŋşńěćżě łşąĺšż:

|¯^{prep}⟩ = R_1(θ_3)P_{21}R_2(θ_2)P_{12}R_1(θ_1)|00⟩_{12}.

Ğďěśĳ R(θ) = ( cos θ sin θ − sin θ cos θ )

{ őŕěřăšőř ŕőćőřőšă łşąĺšă; P_{12}|x, y⟩ = |x, x ⊕ y⟩ (5) { őŕěřăšőř CNOT, ⊕ { śńőęěŋĺě ŕő ňőďşń¿ ďćă. Ŕőńşůěŋŋă£ ć řěğşńĳšăšě ¡šőčő śĺśšěňă şřăćŋěŋĺľ

cos θ_1 cos θ_2 cos θ_3 + sin θ_1 sin θ_2 sin θ_3 = C_1,

sin θ_1 cos θ_2 cos θ_3 − cos θ_1 sin θ_2 sin θ_3 = C_2,

cos θ_1 cos θ_2 sin θ_3 − sin θ_1 sin θ_2 cos θ_3 = C_3,

cos θ_1 sin θ_2 cos θ_3 + sin θ_1 cos θ_2 sin θ_3 = C_4, (6)

ĺňěěš řěÿěŋĺě

cos^2 θ_1 =

C^2_2 − C^2_3 1 − 2C^2_3 − 2C^2_4

+ cos^2 θ_2

1 − 2C^2_2 − 2C^2_4 1 − 2C^2_3 − 2C^2_4 , Ŕĺśĳňă ć ĘİŠŤ šőň 76 ćżŕ. 7 { 8 2002 559

560 Ć. Ŋ. Ďşňăůěć, Ś. Ć. Őřńőć

Šăąńĺűă 1

N (C1, C2, C3, C4) cos2 θ1 cos2 θ2 cos2 θ3 sign (cos θ_i, sin θ_i) |¯^{out}⟩ 1 2 3 4 5 6 7 1 1 √ 6 (2, 1, 1, 0) 1 2 ( 1 ∓ 1 √ 2 ) 1 2 ∓ √ 2 3 1 2 ( 1 ∓ 1 √ 2 ) (- - -, + + +) P21P02P10|¯^{in}⟩

(+ + +, + - +) P12P20P01|¯^{in}⟩ 2 1 √ 6 (2, 1, 0, 1) 1 2 ( 1 ∓ 1 √ 5 ) 1 2 ( 1 ∓ √ 5 3 ) 1 2 ( 1 ∓ 2 √ 5 ) (+ + +, - + -) P21P10P02|¯^{in}⟩

(+ + +, + + +) P10P20P02P01|¯^{in}⟩ 3 1 √ 6 (2, 0, 1, 1) 1 2 ( 1 ∓ 2 √ 5 ) 1 2 ( 1 ∓ √ 5 3 ) 1 2 ( 1 ∓ 1 √ 5 ) (+ + +, - + -) P12P01P20|¯^{in}⟩

(+ + +, + + +) P01P02P20P10|¯^{in}⟩ 4 1 √ 6 (1, 2, 1, 0) 1 2 ( 1 ± 1 √ 5 ) 1 2 ( 1 ∓ √ 5 3 ) 1 2 ( 1 ∓ 2 √ 5 ) (- - -, + + +) P20P10P01P0¯2|¯^{in}⟩

(+ + +, + - +) P21P10P0¯2|¯^{in}⟩ 5 1 √ 6 (1, 2, 0, 1) 1 2 ( 1 ± 1 √ 2 ) 1 2 ∓ √ 2 3 1 2 ( 1 ∓ 1 √ 2 ) (+ + +, - + -) P12P¯20P01|¯^{in}⟩

(+ + +, + + +) P21P0¯2P10|¯^{in}⟩ 6 1 √ 6 (1, 1, 2, 0) 1 2 ( 1 ∓ 2 √ 5 ) 1 2 ( 1 ∓ √ 5 3 ) 1 2 ( 1 ± 1 √ 5 ) (- - -, + + +) P01P02P20P¯10|¯^{in}⟩

(+ + +, + - +) P12P0¯1P20|¯^{in}⟩ 7 1 √ 6 (1, 1, 0, 2) 1 2 ( 1 ± 2 √ 5 ) 1 2 ( 1 ∓ √ 5 3 ) 1 2 ( 1 ± 1 √ 5 ) (+ + +, - + -) P12P0¯1P¯20|¯^{in}⟩

(+ + +, + + +) P01P0¯2P20P10|¯^{in}⟩ 8 1 √ 6 (1, 0, 2, 1) 1 2 ( 1 ∓ 1 √ 2 ) 1 2 ∓ √ 2 3 1 2 ( 1 ± 1 √ 2 ) (+ + +, - + -) P21P02P¯10|¯^{in}⟩

(+ + +, + + +) P12P20P0¯1|¯^{in}⟩ 9 1 √ 6 (1, 0, 1, 2) 1 2 ( 1 ± 1 √ 5 ) 1 2 ( ∓ √ 5 3 ) 1 2 ( 1 ± 2 √ 5 ) (+ + +, - + -) P21P¯10P0¯2|¯^{in}⟩

(+ + +, + + +) P20P10P0¯1P0¯2|¯^{in}⟩ 10 1 √ 6 (0, 1, 1, 2) 1 2 ( 1 ± 1 √ 2 ) 1 2 ∓ √ 2 3 1 2 ( 1 ± 1 √ 2 ) (- - -, + + +) P2¯1P¯02P¯10|¯^{in}⟩

(+ + +, + - +) P12P¯20P0¯1|¯^{in}⟩ 11 1 √ 6 (0, 1, 2, 1) 1 2 ( 1 ∓ 1 √ 5 ) 1 2 ( 1 ∓ √ 5 3 ) 1 2 ( 1 ± 2 √ 5 ) (- - -, + + +) P20P¯10P02|¯^{in}⟩

(+ + +, + - +) P20P10P0¯1P02|¯^{in}⟩ 12 1 √ 6 (0, 2, 1, 1) 1 2 ( 1 ± 2 √ 5 ) 1 2 ( 1 ∓ √ 5 3 ) 1 2 ( 1 ∓ 1 √ 5 ) (- - -, + + +) P12P01P¯20|¯^{in}⟩

(+ + +, + - +) P01P02P¯20P10|¯^{in}⟩

cos^2 θ_2 =

C^2_3 + C^2_4 − cos^2 θ_3 1 − 2 cos^2 θ_3

, (7)

cos^2 θ_3 = 1 2 ( 1 ± 1 − 2C^2_3 − 2C^2_4 1 − 4(C^2_1 C^2_4 + C^2_2 C^2_3 ) ×

× √ 1 − 4(C^2_1 C^2_4 + C^2_2 C^2_3 ) + 8C_1C_2C_3C_4 ) . Ŋă ćšőřőň ¡šăŕě łćăŋšőćă£ łőŕĺřş¿źă£ ňăÿĺŋă śňěÿĺćăěš ćţőďŋőľ łşąĺš (1) ś ŕřĺčőšőćńěŋŋżň śőśšő£ŋĺěň (4)

|¯^{in}⟩ = |ψ⟩_0|¯^{prep}⟩ = α(C_1|000⟩ + C_2|001⟩ + C_3|010⟩+

+C_4|011⟩) + β(C_1|100⟩ + C_2|101⟩ + C_3|110⟩ + C_4|111⟩), (8) šăłĺň őąřăğőň, ůšőąż ŋă ćżţőďě ŕőńşůĺšĳ őŕšĺňăńĳŋőě śőśšő£ŋĺě (2):

|¯^{out}⟩ = |˘_0⟩_{01}|0⟩_2 + |˘_1⟩_{01}|1⟩_2 = = √ 1 6 (2α|000⟩ + β|010⟩ + β|100⟩+ +2β|111⟩ + α|011⟩ + α|101⟩). (9)

Śřăćŋĺćă£ (3) ĺ (9), ňż ŕőńşůĺň šőńĳłő 12 řăğńĺůŋżţ łőňąĺŋăűĺľ ďőŕşśšĺňżţ ŕăřăňěšřőć C_1, C_2,

Ŕĺśĳňă ć ĘİŠŤ šőň 76 ćżŕ. 7 { 8 2002

Łőŕĺřőćăŋĺě łşąĺšőć łćăŋšőćőčő łőňŕĳ¿šěřă 561

C_3, C_4, ďń£ łőšőřżţ řěÿěŋĺě (7) ďăěš şčńż őŕěřăšőřőć R_1(θ_1, R_2(θ_2), R_1(θ_3) (śň. 2, 3, 4 ĺ 5 łőńőŋłĺ šăąń.1). Ÿěśšă£ łőńőŋłă šăąń.1 őŕřěďěń£ěš ğŋăłĺ şčńőć őŕěřăšőřőć ŕőćőřőšă R(θ).

Šěŕěřĳ ŋăľďěň ŕřěőąřăğőćăŋĺ£, ŕőğćőń£¿źĺě ŕőńşůĺšĳ ĺğ ćţőďŋőčő śőśšő£ŋĺ£ (8) (ŕřĺ ĺğćěśšŋżţ C_1, C_2, C_3, C_4) ćżţőďŋőě śőśšő£ŋĺě (9), ĺśŕőńĳğş£ šőńĳłő őŕěřăšőřż (5) CNOT. Ŕřěďśšăćĺň ŕőńŋżľ őŕěřăšőř ŕřěőąřăğőćăŋĺ£ łăł |¯^{out}⟩_{xyz} = P (x, y, z)|¯^{in}⟩_{xyz} = = |p_1(x, y, z), p_2(x, y, z), p_3(x, y, z)⟩, čďě p_i(x, y, z) { ńőčĺůěśłĺě ťşŋłűĺĺ šřěţ ąşńěćżţ ŕěřěňěŋŋżţ.

Ŋăľďěň ďăŋŋş¿ ťşŋłűĺ¿ ďń£ ŕěřćőľ śšřőłĺ šăąń.1.

Šăąńĺűă 2

Ĺśšĺŋŋőśšĺ ďń£ ťşŋłűĺĺ pi x y z p1 p2 p3 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 1 0 1 0 1 1 * * * 1 0 0 1 1 1 1 0 1 1 0 0 1 1 0 0 1 0 1 1 1 * * *

Ćňěśšő ğćěğďőůěł ğďěśĳ ňőčşš ążšĳ ń¿ążě ğŋăůěŋĺ£.

Ŕőśłőńĳłş őŕěřăšőřőň CNOT ćőğňőęŋő řěăńĺğőćăšĳ šőńĳłő ńĺŋěľŋżě ąşńěćż ťşŋłűĺĺ, šő ĺğ 8 řăğńĺůŋżţ łőňąĺŋăűĺľ ŋăś şďőćńěšćőř£¿š šőńĳłő ďćě. Ďń£ őďŋőľ ĺğ ŋĺţ ğăŕĺÿěň śĺśšěňş ďĺğĳ¿ŋłšĺćŋżţ ŋőřňăńĳŋżţ ťőřň ĺ ŕřěďśšăćĺň ć ćĺďě ŕőńĺŋőňőć Ęěčăńłĺŋă: p_1 = —x&y&—z ∨ —x&y&z ∨ x&—y&—z ∨ x&—y&z = x ⊕ y, p_2 = —x&—y&z ∨ —x&y&z ∨ x&—y&—z ∨ x&y&—z = x ⊕ z, p_3 = —x&—y&z ∨ —x&y&—z ∨ x&—y&—z ∨ x&y&z = x ⊕ y ⊕ z. Šőčďă |¯^{out}⟩_{xyz} = |p_1, p_2, p_3⟩ = = |x ⊕ y, x ⊕ z, x ⊕ y ⊕ z⟩ = P_{21}P_{02}P_{10}|¯^{in}⟩_{xyz}. Őśšăńĳŋżě śšřőłĺ šăąńĺűż ğăŕőńŋ£¿šś£ ăŋăńőčĺůŋő. Ďń£ őŕĺśăŋĺ£ őŕěřăšőřă CNOT ś ĺŋćěřśĺěľ ňż ŕřĺŋ£ńĺ őąőğŋăůěŋĺě P_1¯_2|x, y⟩ = P_{12}|x, —y⟩ = |x, x ⊕ —y⟩ = P_{12}R_2 ( π 2 ) |x, y⟩,

čďě R ( π 2 ) = ( 0 1 −1 0 ) { őŕěřăűĺ£ NOT.

Śţěňă őŕšĺňĺğĺřőćăŋŋőčő ćăřĺăŋšă łńőŋĺřş¿źěľ ňăÿĺŋż Ąşęěłă{Ţĺńńěřĺ. Ďń£ ŕőńşůěŋĺ£ ćżţőďŋőčő śőśšő£ŋĺ£ |¯⟩^{out}_{012} ĺğ |⟩0 ĺ |¯⟩^{prep} šőńĳłő ďćă őŕěřăšőřă CNOT ğăďěľśšćş¿š ĺśţőďŋżľ łşąĺš |⟩0. Śšřěńłă şłăğżćăěš łşąĺš-űěńĳ őŕěřăšőřă CNOT

Śšřőłă 2.2 ĺğ šăąń.1 őŕĺśżćăěš řăąőšş łćăŋšőćőľ łőŕĺřş¿źěľ ňăÿĺŋż Ąşęěłă ĺ Ţĺńńěřĺ [5]. Śšřőłőľ 2.1 őŕĺśżćăěšś£ ěě őŕšĺňĺğĺřőćăŋŋżľ ćăřĺăŋš. Ćĺďŋő, ůšő ďń£ ŕőńşůěŋĺ£ ćżţőďŋőčő śőśšő£ŋĺ£ |¯^{out}⟩ ďőśšăšőůŋő šřěţ ŕřěőąřăğőćăŋĺľ CNOT, ĺğ łőšőřżţ šőńĳłő ďćă P_{10}P_{02} ğăďěľśšćş¿š ĺśţőďŋżľ łşąĺš (śň. řĺśşŋőł). İłćăšőřĺăńĳŋżě łşąĺšż ŕěřćőľ śšřőłĺ ĺśśńěďőćăŋż ć řăąőšě [6] ąěğ őąśşęďěŋĺ£ śŕőśőąă ĺţ ŕőńşůěŋĺ£.

Šăłĺň őąřăğőň, ňż ŕőńşůĺńĺ śĺśšěňş şŋĺšăřŋżţ ŕřěőąřăğőćăŋĺľ, ŕőğćőń£¿źĺţ ŕřőĺğćěśšĺ ďćě łőŕĺĺ ŕřőĺğćőńĳŋőčő ćţőďŋőčő łşąĺšă. İšő ŕřěőąřăğőćăŋĺě £ćń£ěšś£ őŕšĺňăńĳŋżň, ŕőśłőńĳłş ňăłśĺňĺğĺřşěš śřěďŋ¿¿ šőůŋőśšĳ śőőšćěšśšćĺ£ ňěęďş ŋăůăńĳŋżňĺ ĺ łőŋěůŋżňĺ łşąĺšăňĺ. Ć řăąőšě ŕřěďńőęěŋ ăńčőřĺšň, ŕőğćőń£¿źĺľ ś ŕőňőźĳ¿ łńăśśĺůěśłőľ ąşńěćőľ ăńčěąřż ŋăţőďĺšĳ ń¿ążě şŋĺšăřŋżě ŕřěőąřăğőćăŋĺ£, řěăńĺğşěňżě łćăŋšőćżňĺ őŕěřăšőřăňĺ CNOT.

1. W. K. Wooters and W. H. Zuker, Nature 299, 802 (1982). 2. V. Buzek and M. Hillery, Phys. Rev. A54, 1844 (1996). 3. R. F. Werner, quant-ph/9804001.

4. N. Gisin and S. Massar, Phys. Rev. Lett. 79, 2153 (1997). 5. V. Buzek and M. Hillery, Phys. Rev. A56, 1244 (1997). 6. Heng Fan, Keiji Matsumoto, Xiang-Bin Wang, quantph/0101101.

6 Ŕĺśĳňă ć ĘİŠŤ šőň 76 ćżŕ. 7 { 8 2002