Ŕĺśĳňă ć ĘİŠŤ, šőň 96, ćżŕ. 5, ś. 374 { 380 © 2012 č. 10 śěŋš£ąř£

Ő śšőľłőśšĺ řěń£šĺćĺśšśłőľ łćăŋšőćőľ łřĺŕšőčřăťĺĺ ć őšłřżšőň ŕřőśšřăŋśšćě ŕřĺ łőŋěůŋżţ řěśşřśăţ

Ś. Ŋ. Ňőńőšłőć

Ăłăďěňĺ£ łřĺŕšőčřăťĺĺ ŘŤ, 103025 Ňőśłćă, Řőśśĺ£

Ĺŋśšĺšşš ťĺğĺłĺ šćěřďőčő šěńă ŘĂŊ, 142432 Ůěřŋőčőńőćłă, Řőśśĺ£

Ťăłşńĳšěš ćżůĺśńĺšěńĳŋőľ ňăšěňăšĺłĺ ĺ łĺąěřŋěšĺłĺ, ŇČŞ ĺň. Ńőňőŋőśőćă, 119991 Ňőśłćă, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 1 ĺ¿ŋ£ 2012 č.

Ŕőśńě ŕěřěřăąőšłĺ 10 ĺ¿ń£ 2012 č.

Śěłřěšŋőśšĳ łń¿ůěľ ďń£ ąăğőćőčő ŋěřěń£šĺćĺśšśłőčő ŕřőšőłőńă BB84 ĺśśńěďőćăńăśĳ ąőńěě ŕőńşšőřă ďěś£šłőć ńěš. Šőńĳłő ŋěďăćŋő ążńő ŕőńşůěŋő ŕřőśšőě ďőłăğăšěńĳśšćő śěłřěšŋőśšĺ ć śńşůăě őďŋőťőšőŋŋőčő ĺśšőůŋĺłă łćăŋšőćżţ śőśšő£ŋĺľ ĺ łőŋěůŋżţ ŕőśńěďőćăšěńĳŋőśšěľ ś ĺśŕőńĳğőćăŋĺěň ¡ŋšřőŕĺľŋżţ śőőšŋőÿěŋĺľ ŋěőŕřěďěńěŋŋőśšěľ. Őďŋăłő ŋă śěčőďŋ£ÿŋĺľ ďěŋĳ ĺśšőůŋĺłĺ śőśšő£ŋĺľ ŋě £ćń£¿šś£ śšřőčő őďŋőťőšőŋŋżňĺ. Ŋěőďŋőťőšőŋŋőśšĳ ćňěśšě ś ğăřăŋěě ŋěĺğćěśšŋżňĺ ĺ ňěŋ£¿źĺňĺś£ ŕőšěř£ňĺ ć łćăŋšőćőň łăŋăńě { őšłřżšőň ŕřőśšřăŋśšćě { ŕřĺćőďĺš ł šőňş, ůšő ŋěřěń£šĺćĺśšśłĺě śĺśšěňż łćăŋšőćőľ łřĺŕšőčřăťĺĺ ć őšłřżšőň ŕřőśšřăŋśšćě ŋě ňőčşš čăřăŋšĺřőćăšĳ ąěğşśńőćŋş¿ (unconditional) śěłřěšŋőśšĳ łń¿ůěľ. Ŕřěďńőęěŋŋă£ ŋěďăćŋő řěń£šĺćĺśšśłă£ łćăŋšőćă£ łřĺŕšőčřăťĺ£ śŋĺňăěš ŕřĺŋűĺŕĺăńĳŋżě őčřăŋĺůěŋĺ£, ść£ğăŋŋżě ś ŋěőďŋőťőšőŋŋőśšĳ¿ ĺśšőůŋĺłă ĺ ŕőšěř£ňĺ ć őšłřżšőň ŕřőśšřăŋśšćě. Ĺśśńěďőćăŋă śšőľłőśšĳ ŕřĺŋűĺŕĺăńĳŋő ŋőćőčő śěňěľśšćă ŕřőšőłőńőć řěń£šĺćĺśšśłőčő łćăŋšőćőčő řăśŕřěďěńěŋĺ£ łń¿- ůěľ ůěřěğ őšłřżšőě ŕřőśšřăŋśšćő ć řěăńĳŋőľ śĺšşăűĺĺ łőŋěůŋżţ ďńĺŋ ŕěřěďăćăěňżţ ŕőśńěďőćăšěńĳŋőśšěľ łćăŋšőćżţ śőśšő£ŋĺľ. Ďăŋŋă£ śĺśšěňă őłăğżćăěšś£ śšőľłőľ ŕřĺ řěăńĳŋżţ ĺśšőůŋĺłăţ ŋěőďŋőťőšőŋŋżţ śőśšő£ŋĺľ (őśńăąńěŋŋőň ńăğěřŋőň ĺğńşůěŋĺĺ) ĺ ŕřőĺğćőńĳŋżţ ŕőšěř£ţ ć őšłřżšőň ŕřőśšřăŋśšćě.

Ććěďěŋĺě. Śěłřěšŋőśšĳ łń¿ůěľ ć łćăŋšőćőľ

łřĺŕšőčřăťĺĺ čăřăŋšĺřşěšś£ ťşŋďăňěŋšăńĳŋżňĺ ğăŕřěšăňĺ łćăŋšőćőľ ňěţăŋĺłĺ [1, 2]. Őśŋőćŋă£ ňőšĺćăűĺ£ ĺśŕőńĳğőćăŋĺ£ ďőŕőńŋĺšěńĳŋżţ ťşŋďăňěŋšăńĳŋżţ řěń£šĺćĺśšśłĺţ őčřăŋĺůěŋĺľ ć łćăŋšőćőľ łřĺŕšőčřăťĺĺ [3] ďń£ őšłřżšőčő ŕřőśšřăŋśšćă ść£ğăŋă ś šěň, ůšő ćśě ŕřőšőłőńż, śěłřěšŋőśšĳ łőšőřżţ ąăğĺřşěšś£ šőńĳłő ŋă őčřăŋĺůěŋĺ£ţ łćăŋšőćőľ ňěţăŋĺłĺ, ŋě ňőčşš čăřăŋšĺřőćăšĳ śěłřěšŋőśšĺ łń¿ůěľ ŕřĺ ŋěőďŋőťőšőŋŋőň ĺśšőůŋĺłě, ąőńĳÿĺţ ĺ ğăřăŋěě ŋě ĺğćěśšŋżţ ŕőšěř£ţ ć łćăŋšőćőň łăŋăńě ść£ğĺ [4]. Řěń£šĺćĺśšśłă£ łćăŋšőćă£ łřĺŕšőčřăťĺ£ čăřăŋšĺřşěš śěłřěšŋőśšĳ łń¿ůěľ ŕřĺ ń¿ążţ ŕőšěř£ţ (ń¿ąőľ ďăńĳŋőśšĺ [5]).

Ďřşčă£ ŕřőąńěňă śő ćśěňĺ ąăğőćżňĺ ŕřőšőłőńăňĺ, ćłń¿ůă£ BB84 [6], ść£ğăŋă ś ĺţ ş£ğćĺňőśšĳ¿ ŕő őšŋőÿěŋĺ¿ ł ăšăłě ś \őśńěŕńěŋĺěň" ďěšěłšőřőć [7]. İšő ążńő ŕřőďěňőŋśšřĺřőćăŋő łăł ďń£ őŕšőćőńőłőŋŋżţ śĺśšěň, šăł ĺ ďń£ śĺśšěň ć őšłřżšőň ŕřőśšřăŋśšćě [8]. Řěń£šĺćĺśšśłă£ łćăŋšőćă£ łřĺŕšőčřăťĺ£ őłăğżćăěšś£ şśšőľůĺćőľ ĺ ł ăšăłě ś \őśńěŕńěŋĺěň" ťőšőďěšěłšőřőć [9]. Śšőľłőśšĳ ąăğőćżţ ŕřőšőłőńőć łćăŋšőćőčő řăśŕřěďěńěŋĺ£ łń¿ůěľ ć ăśĺňŕšőšĺůěśłőň ŕřěďěńě ąěśłőŋěůŋő ďńĺŋŋżţ ŕőśńěďőćăšěńĳŋőśšěľ ążńă ďőłăğăŋă ć ř£ďě řăąőš [10, 11]. Ć řěăńĳŋőľ śĺšşăűĺĺ ďńĺŋă ŕěřěďăćăěňőľ ŕőśńěďőćăšěńĳŋőśšĺ ćśěčďă łőŋěůŋă. Ďőłăğăšěńĳśšćő śšőľłőśšĺ ŕřĺ łőŋěůŋżţ řěśşřśăţ (ďńĺŋě ŕőśńěďőćăšěńĳŋőśšĺ) ążńő ŋěďăćŋő ďăŋő ć řăąőšăţ [12, 13] ďń£ ąăğőćőčő ŕřőšőłőńă BB84.

Ŕřĺŋűĺŕĺăńĳŋőě őšńĺůĺě řěń£šĺćĺśšśłőľ łćăŋšőćőľ łřĺŕšőčřăťĺĺ őš śĺśšěň ŋěřěń£šĺćĺśšśłőľ łćăŋšőćőľ łřĺŕšőčřăťĺĺ ść£ğăŋő ś šěň, ůšő ć ŕőśńěďŋĺţ ćăęŋż šőńĳłő čěőňěšřĺůěśłĺě śćőľśšćă łćăŋšőćżţ śőśšő£ŋĺľ, šőůŋěě ŋěőřšőčőŋăńĳŋőśšĳ ĺŋťőřňăűĺőŋŋżţ śőśšő£ŋĺľ ťőšőŋőć. Ŕřőśšřăŋśšćěŋŋőćřěňěŋŋă£ śšřşłšşřă ĺ ťăłš řăśŕřőśšřăŋěŋĺ£ śőśšő£ŋĺľ ś ŕřěďěńĳŋő ďőŕşśšĺňőľ śłőřőśšĳ¿ śćěšă ć ŕřőśšřăŋśšćě-ćřěňěŋĺ Ňĺŋłőćśłőčő ŋĺłăł ŋě ĺśŕőńĳğşěšś£.

Ć řěń£šĺćĺśšśłőň śńşůăě ŕřĺŋűĺŕĺăńĳŋő ćăęŋă ŕřőśšřăŋśšćěŋŋă£ ŕřőš£ęěŋŋőśšĳ śőśšő£ŋĺľ ć ŕřőśšřăŋśšćě-ćřěňěŋĺ. Ĺğ-ğă ŋőřňĺřőćłĺ łćăŋšőćőčő śőśšő£ŋĺ£ ćěřő£šŋőśšĳ ĺśţőďă ć ŋěłőšőřőľ ŕřőśšřăŋśšćěŋŋő-ćřěňěŋŋőľ őąńăśšĺ ďń£ ń¿ąőčő ĺğňěřěŋĺ£ ŋě ňőęěš ŕřěćżÿăšĳ ďőń¿ ŋőřňĺřőćłĺ, łőšőřă£ ŋăąĺřăěšś£ ć ¡šőľ őąńăśšĺ. Ďőśšşŕ ł őąńăśšĺ ŕřőśšřăŋśšćă-ćřěňěŋĺ, ć łőšőřőľ śőśřěďőšőůěŋő łćăŋšőćőě śőśšő£ŋĺě, ĺğ-ğă śşźěśšćőćăŋĺ£ ŕřěďěńĳŋőľ śłőřőśšĺ śćěšă šřěąşěš łőŋěůŋőčő ćřěňěŋĺ. İšő ŋěĺğąěęŋő ŕřĺćőďĺš ł ğăďěřęłăň ŕřĺ ŕőďśńşÿĺćăŋĺĺ ŕěřěďăćăěňżţ śőśšő£ŋĺľ [5].

Ăŋăńĺğ śěłřěšŋőśšĺ łń¿ůěľ ć łćăŋšőćőľ łřĺŕšőčřăťĺĺ ťăłšĺůěśłĺ śćőďĺšś£ ł şśšăŋőćńěŋĺ¿ łőńĺ-

374 Ŕĺśĳňă ć ĘİŠŤ šőň 96 ćżŕ. 5 { 6 2012 ůěśšćěŋŋőľ ść£ğĺ ňěęďş ćőğňşźěŋĺěň łćăŋšőćżţ śőśšő£ŋĺľ, ŕřĺćőď£źĺň ł őÿĺąłăň ŋă ŕřĺěňŋőľ śšőřőŋě, ĺ ĺŋťőřňăűĺěľ, łőšőřş¿ ŕőńşůăěš ŕőďśńşÿĺćăšěńĳ, ŕřőĺğćőď£ ďăŋŋżě ćőğňşźěŋĺ£. Ŋă řěÿěŋĺě ďăŋŋőľ ğăďăůĺ, łőšőřă£ £ćń£ěšś£ łřăľŋě ŋěšřĺćĺăńĳŋőľ, ążńő ğăšřăůěŋő ŋěňăńő şśĺńĺľ šěőřěšĺłőć [2, 4, 6, 10{14]. Ś ňőňěŋšă ŕő£ćńěŋĺ£ ŕřőšőłőńă BB84 [6], ćśěň ĺŋšşĺšĺćŋő ążńő ŕőŋ£šŋő, ůšő śěłřěšŋőśšĳ ŕřőšőłőńă ąăğĺřşěšś£ ŋă ŋěćőğňőęŋőśšĺ ąěğőÿĺąőůŋőčő ĺğňěřěŋĺ£ ŋěőřšőčőŋăńĳŋżţ śőśšő£ŋĺľ, łőšőřă£, ć śćő¿ őůěřěďĳ, čăřăŋšĺřşěšś£ śőőšŋőÿěŋĺ- £ňĺ ŋěőŕřěďěńěŋŋőśšěľ. Őďŋăłő şśšăŋőćĺšĳ ďăŋŋş¿ ść£ğĳ £ćŋő ĺ ć ŕřőğřăůŋőľ ťőřňě ďőńčőě ćřěň£ ŋě şďăćăńőśĳ. Ć ğŋăůĺšěńĳŋőľ śšěŕěŋĺ ¡šő ążńő ść£ğăŋő ś šěň, ůšő śőőšŋőÿěŋĺ£ ŋěőŕřěďěńěŋŋőśšěľ ć ťőřňě Čăľğěŋąěřčă{Řőąěřšśőŋă [15, 16] ŋě ĺňě¿š šěőřěšĺłőĺŋťőřňăűĺőŋŋőľ ĺŋšěřŕřěšăűĺĺ. Ŕő¡šőňş őŋĺ ŋěŕřĺňěŋĺňż ł ďőłăğăšěńĳśšćş śěłřěšŋőśšĺ.

Śőćśěň ŋěďăćŋő ść£ğĳ ňěęďş śěłřěšŋőśšĳ¿ łń¿- ůěľ ďń£ ŕřőšőłőńă BB84 ĺ ¡ŋšřőŕĺľŋżňĺ śőőšŋőÿěŋĺ£ňĺ ŋěőŕřěďěńěŋŋőśšěľ [17{22] ążńă şśšăŋőćńěŋă ć £ćŋőľ ťőřňě śŋăůăńă ć ăśĺňŕšőšĺůěśłőň ŕřěďěńě ąěśłőŋěůŋő ďńĺŋŋżţ ŕőśńěďőćăšěńĳŋőśšěľ, ă ğăšěň ďń£ řěăńĺśšĺůěśłőčő śńşůă£ { łőŋěůŋżţ ŕěřěďăćăěňżţ ŕőśńěďőćăšěńĳŋőśšěľ [13].

Őśŋőćŋżňĺ ćěńĺůĺŋăňĺ, ťĺčşřĺřş¿źĺňĺ ć ďőłăğăšěńĳśšćě [13], £ćń£¿šś£ šăł ŋăğżćăěňżě śčńăęěŋŋżě şśńőćŋżě ¡ŋšřőŕĺĺ Řěŋĳĺ ďń£ śőśšăćŋżţ łćăŋšőćżţ śĺśšěň^{1)} ŋşńěćőčő (ňĺŋĺňăńĳŋă£ { max, H^ε_{max}(A|B)) ĺ ąěśłőŋěůŋőčő (ňăłśĺňăńĳŋă£ { min, H^ε_{min}(X|B)) ŕőř£ďłőć [13]. Ďăŋŋżě ¡ŋšřőŕĺĺ ĺňě¿š ŕřőğřăůŋżľ őŕěřăűĺőŋăńĳŋżľ śňżśń [23], ěśńĺ őďŋă ĺğ ŕőďśĺśšěň, ŋăŕřĺňěř A, £ćń£ěšś£ łńăśśĺůěśłőľ ąĺšőćőľ śšřőłőľ X ĺ ε → 0. Šőčďă H^ε_{min}(X|B) řăćŋă ůĺśńş śńşůăľŋżţ řăćŋőňěřŋő řăśŕřěďěńěŋŋżţ ąĺš, łőšőřżě ňőęŋő ŕőńşůĺšĳ ĺğ śšřőłĺ X ĺ łőšőřżě šěŕěřĳ ŋĺłăł ŋě łőřřěńĺřőćăŋż ś ŕőďśĺśšěňőľ B. Ăŋăńőčĺůŋő H^ε_{max}(X|B) řăćŋă ňĺŋĺňăńĳŋőňş ůĺśńş ąĺš, łőšőřżţ ŋě ţćăšăěš ŕőńĳğőćăšěń¿, őąńăďă¿źěňş ŕőďśĺśšěňőľ B, ůšőąż ŕőńŋőśšĳ¿ şğŋăšĳ ąĺšőćş¿ śšřőłş X, ŋě ĺňě£ ł ŋěľ ŕř£ňőčő ďőśšşŕă.

Ć ďńĺŋş śěłřěšŋőčő łń¿ůă ćţőď£š (śň. ŋĺęě) ćěńĺůĺŋă H^ε_{min}(X|E), čďě X { ąĺšőćă£ śšřőłă Ăńĺśż (ŕěřěďă¿źă£ śšőřőŋă), E { łćăŋšőćă£ śĺśšěňă ŕőďśńşÿĺćăšěń£ (Ěćż), ĺ ćěńĺůĺŋă H^ε_{max}(X|B), čďě B { łćăŋšőćă£ śĺśšěňă ŋă ŕřĺěňŋőľ śšőřőŋě (Ąőą). Ŋăĺąőńěě śńőęŋőľ ďń£ ćżůĺśńěŋĺ£ £ćń£ěšś£ ćěńĺůĺŋă H^ε_{min}(X|E). Őąě şŕőň£ŋşšżě ćěńĺůĺŋż ćţőď£š ć śőőšŋőÿěŋĺ£ ŋěőŕřěďěńěŋŋőśšěľ, ůšő ĺ ŕőğćőń£ěš ŋă-

1)Łćăŋšőćă£ śĺśšěňă śőśšőĺš ĺğ ďćşţ ŕőďśĺśšěň, A ĺ B, ćőőąźě čőćőř£ ŋăţőď£źĺţś£ ć ğăŕşšăŋŋőň łőřřěńĺřőćăŋŋőň śőśšő£ŋĺĺ.

ŕř£ňş¿ ść£ğăšĳ ďńĺŋş śěłřěšŋőčő łń¿ůă ś ¡ŋšřőŕĺľŋżňĺ śőőšŋőÿěŋĺ£ňĺ ŋěőŕřěďěńěŋŋőśšěľ.

Ć řěń£šĺćĺśšśłőň śńşůăě őčřăŋĺůěŋĺ£ ŋă řăğńĺůĺňőśšĳ śőśšő£ŋĺľ, ďĺłšşěňżě śőőšŋőÿěŋĺ£ňĺ ŋěőŕřěďěńěŋŋőśšěľ, őłăğżćă¿šś£ ąőńěě ň£čłĺňĺ, ůěň őčřăŋĺůěŋĺ£, ść£ğăŋŋżě ś řěń£šĺćĺśšśłőľ ŕřĺůĺŋŋőśšĳ¿. Śőőąřăęěŋĺ£, ść£ğăŋŋżě ś řěń£šĺćĺśšśłőľ ŕřĺůĺŋŋőśšĳ¿, ŕőğćőń£¿š ŕőńşůĺšĳ ŋĺęŋ¿¿ čřăŋĺűş ďń£ ćěńĺůĺŋż H^ε_{min}(X|E), łőšőřă£ őŕřěďěń£ěš ŋěďőśšăšőł ĺŋťőřňăűĺĺ Ěćż ő ąĺšőćőľ śšřőłě X, ŕřőśšżň śŕőśőąőň.

Ŋĺęě ąşďěš ŕřĺćěďěŋő ďőłăğăšěńĳśšćő śěłřěšŋőśšĺ řěń£šĺćĺśšśłőľ łćăŋšőćőľ łřĺŕšőčřăťĺĺ ć řěăńĳŋőľ śĺšşăűĺĺ łőŋěůŋżţ ďńĺŋ ŕěřěďăćăěňżţ ŕőśńěďőćăšěńĳŋőśšěľ łăł ďń£ őďŋőŕřőţőďŋőľ řěăńĺğăűĺĺ ś śĺŋţřőŋĺğăűĺěľ ůăśőć ŋă ŕěřěďă¿źěľ ĺ ŕřĺěňŋőľ śšőřőŋăţ [5], šăł ĺ ďń£ ďćşţŕřőţőďŋőľ, łőčďă śĺŋţřőŋĺğăűĺĺ ůăśőć (őąźěčő ŋăůăńă őšśůěšă ćřěňěŋĺ) ŋě šřěąşěšś£ [5].

Min ĺ max ¡ŋšřőŕĺĺ. Ŋăĺąőńěě ăďěłćăšŋżň

ĺ şďőąŋżň £ćń£ěšś£ ĺśŕőńĳğőćăŋĺě šăł ŋăğżćăěňżţ min ĺ max śčńăęěŋŋżţ łćăŋšőćżţ ¡ŋšřőŕĺľ (¡ŋšřőŕĺĺ Řěŋĳĺ ąěśłőŋěůŋőčő ĺ ŋşńěćőčő ŕőř£ďłă [14]). Ďăŋŋżě ćěńĺůĺŋż £ćń£¿šś£ őąőąźěŋĺěň ¡ŋšřőŕĺľ Ÿěŋŋőŋă ć łńăśśĺůěśłőň śńşůăě ĺ ťőŋ Ŋěľňăŋă ć łćăŋšőćőň ĺ ĺňě¿š ŕřőğřăůŋş¿ šěőřěšĺłőĺŋťőřňăűĺőŋŋş¿ ĺŋšěřŕřěšăűĺ¿ [23]. Őŋĺ şďőąŋż, łőčďă ĺśšĺŋŋă£ ňăšřĺűă ŕńőšŋőśšĺ šőůŋő ŋě ĺğćěśšŋă, ŋő ĺğćěśšŋő, ůšő ć őŕřěďěńěŋŋőň śňżśńě (ňěšřĺłě) ňăšřĺűă ŕńőšŋőśšĺ ąńĺğłă ł ĺśšĺŋŋőľ. Ĺňěŋŋő šăłă£ śĺšşăűĺ£ ĺňěěš ňěśšő ć łćăŋšőćőľ łřĺŕšőčřăťĺĺ, łőčďă ňăšřĺűă ŕńőšŋőśšĺ őűěŋĺćăěšś£ ŕő łőŋěůŋőľ ŕőśńěďőćăšěńĳŋőśšĺ ĺğňěřěŋĺľ. Ŕő őŕřěďěńěŋĺ¿ min ĺ max ¡ŋšřőŕĺľ ĺňěěň (ŕőďřőąŋőśšĺ śň. ć [14])

H_{min}(A|B) = − sup_{σB} log λ,

H_{max}(A|B) = sup_{σB} log{Tr[ρ^0_{AB} (I_A ⊗ σ_B )]}, (1) čďě λ { ňĺŋĺňăńĳŋőě ůĺśńő, ŕřĺ łőšőřőň őŕěřăšőř λI_A ⊗ σ_B − ρ_{AB} > 0. Ğďěśĳ σ_B ĺ ρ_{AB} { ňăšřĺűż ŕńőšŋőśšĺ, ďěľśšćş¿źĺě ć H_B ĺ H_A ⊗ H_B , I_A { ěďĺŋĺůŋżľ őŕěřăšőř ć H_A, ρ^0_{AB} = supp(ρ_{AB} ) { ŕřőěłšőř (ŋőśĺšěńĳ ňăšřĺűż ŕńőšŋőśšĺ) ŋă ŕřőśšřăŋśšćő, čďě ďěľśšćşěš őŕěřăšőř ρ_{AB} . Ŕő őŕřěďěńěŋĺ¿ [14] śčńăęěŋŋżě min ĺ max łćăŋšőćżě ¡ŋšřőŕĺĺ řăćŋż

H^ε_{min}(A|B) = sup ρ_{AB} ∈B^ε(ρ_{AB} ) H_{min}(A|B)_{ρAB} , H^ε_{max}(A|B) = inf ρ_{AB} ∈B^ε(ρ_{AB} ) H_{max}(A|B)_{ρAB} , (2) čďě šőůŋżě ćěřţŋ££ ĺ ŋĺęŋ££ čřăŋĺ ąěřşšś£ ŕő ćśěň ňăšřĺűăň ŕńőšŋőśšĺ ρ_{AB} , ŋăţőď£źĺňś£ ć ÿăřě

Ŕĺśĳňă ć ĘİŠŤ šőň 96 ćżŕ. 5 { 6 2012

B^ε(ρ_{AB} ) řăďĺşśă ε ś űěŋšřőň ć ρ_{AB} , B^ε(ρ_{AB} ) = {ρ_{AB} : ||ρ_{AB} − ρ_{AB} ||_1 ≤ Tr{ρ_{AB} } · ε}. Şďőąŋőľ ňěřőľ ąńĺğőśšĺ ňěęďş ŕăřőľ ňăšřĺű ŕńőšŋőśšĺ £ćń£ěšś£ śńěďőćőě řăśśšő£ŋĺě [14]:

d_1(ρ, ρ) = 1 2 ||ρ − ρ||_1 = 1 2 Tr[|ρ − ρ|] = 1 2 Tr[ √ (ρ − ρ)^2]. (3) Ďń£ ďăńĳŋěľÿěčő ŋăň ŕőšřěąşěšś£ ěźě őďŋă ćěńĺůĺŋă, őŕĺśżćă¿źă£ ňěřş ąńĺğőśšĺ ňěęďş ňăšřĺűăňĺ ŕńőšŋőśšĺ, śőőšćěšśšćĺě (˛delity). Ŕřĺ ¡šőň ĺňě- ¿š ňěśšő śőőšŋőÿěŋĺ£ (śň., ŋăŕřĺňěř, [24]) F (ρ, ρ) = Tr[| √ ρ √ ρ|], 1 − F (ρ, ρ) ≤ d_1(ρ, ρ) ≤ √ 1 − F^2(ρ, ρ). (4) Łřĺšěřĺľ śšőľłőśšĺ ŕřĺ łőŋěůŋżţ řěśşřśăţ. Ŕőśńě ĺğňěřěŋĺľ śĺšşăűĺ£ őŕĺśżćăěšś£ ňăš-

řĺűěľ ŕńőšŋőśšĺ ρ_{XY E} , čďě ąĺšőćżě śšřőłĺ Ăńĺśż ĺ Ąőąă X, Y = {0, 1}^n. Łőřřěń£űĺĺ ňěęďş Ăńĺśőľ (X) ĺ Ąőąőň (Y ) őŕĺśżćă¿šś£ śőćňěśšŋőľ ťşŋłűĺěľ řăśŕřěďěńěŋĺ£ ρ_{XY E} = ∑ x,y ρ^{xy}_E |x⟩⟨x| ⊗ |y⟩⟨y|, ρ_{XY} = = ∑ x,y P_{XY} (x, y)|x⟩⟨x|⊗|y⟩⟨y|, P_{XY} (x, y) = Tr_E {ρ^{xy}_E }, ρ^{xy}_E { łőřřěń£űĺĺ ňěęďş X, Y ĺ Ěćőľ, łőšőřżě ğăłń¿ůěŋż ć łćăŋšőćőľ śĺśšěňě Ěćż. Ŕőď śšőľłőśšĳ¿ ŕőŋĺňăěšś£ łőřřěłšŋőśšĳ ĺ śěłřěšŋőśšĳ ŕřőšőłőńă řăśŕřěďěńěŋĺ£ łń¿ůěľ [14]. Ŕřőšőłőń ε_{EC} łőřřěłšěŋ, ěśńĺ ŕőśńě ĺśŕřăćńěŋĺ£ őÿĺąőł ćěřő£šŋőśšĳ šőčő, ůšő ąĺšőćă£ śšřőłă Ăńĺśż x őšńĺůăěšś£ őš ąĺšőćőľ śšřőłĺ Ąőąă ^x, őłăğżćăěšś£ ŋě ąőńěě ε_{EC} . Ŕřőšőłőń ´ śěłřěšěŋ, ěśńĺ ŕőśńě śęăšĺ£ őůĺźěŋŋőčő łń¿ůă x → z. Ğďěśĳ z { řăśśšő£ŋĺě ďő ĺďěăńĳŋőľ śĺšşăűĺĺ, łőčďă łőřřěń£űĺĺ ňěęďş łń¿ůőň ńěčĺšĺňŋżţ ŕőńĳğőćăšěńěľ ĺ łćăŋšőćőľ śĺśšěňőľ Ěćż Pr[^x ≠ x] = d_1(ρ_X b_X , ρ_{XX} ) = d_1(P_X b_X , P_{XX} ) < ε_{EC} , d_1(ρ_{ZF E} , ρ_{UZ} ⊗ ρ_{F E} ) < ´, (5) čďě P_X b_X , P_{XX} { śőćňěśšŋă£ ťşŋłűĺ£ řăśŕřěďěńěŋĺ£ ŕőśńě łőřřěłűĺĺ őÿĺąőł, őŕĺśżćă¿źă£ ĺďěăńĳŋżě łőřřěń£űĺĺ, ρ_{ZF E} ĺ ρ_{UZ} { ňăšřĺűă ŕńőšŋőśšĺ ŕőśńě śęăšĺ£ őůĺźěŋŋőčő łń¿ůă ĺ ňăšřĺűă, őšćěůă¿źă£ őďŋőřőďŋőňş řăśŕřěďěńěŋĺ¿ łń¿ůěľ. Őłăğżćăěšś£, ůšő łřĺšěřĺĺ łőřřěłšŋőśšĺ ĺ śěłřěšŋőśšĺ ŕřőšőłőńă ćżřăęă¿šś£ ůěřěğ śčńăęěŋŋżě max ĺ min ¡ŋšřőŕĺĺ śőőšćěšśšćěŋŋő.

Łőřřěłšŋőśšĳ ŕřőšőłőńă, ĺśŕřăćńěŋĺě őÿĺąőł. Ĺśŕřăćńěŋĺě őÿĺąőł ŕřőĺśţőďĺš ůěřěğ ăşšěŋ-

šĺůŋżľ őšłřżšżľ łăŋăń ść£ğĺ. Ĺŋťőřňăűĺ£ ŕřĺ őąňěŋě ďőśšşŕŋă Ěćě. Ŋăľďěň ść£ğĳ şšěůłĺ ĺŋťőřňăűĺĺ ś ŕăřăňěšřőň łőřřěłšŋőśšĺ (5). Ĺśŕřăćńěŋĺě őÿĺąőł ňőęŋő řăśśňăšřĺćăšĳ łăł ţ¡ÿĺřőćăŋĺě.

İšőš ŕőďţőď řăğćĺćăńś£ ć [25], ă ŕřĺňěŋĺšěńĳŋő ł łćăŋšőćőľ łřĺŕšőčřăťĺĺ { ć [14]. Ăńĺśă, ĺňě£ ąĺšőćş¿ śšřőłş x, ćżůĺśń£ěš ţ¡ÿ-ğŋăůěŋĺě z = f(x). Ŕřĺ ¡šőň ţ¡ÿ-ťşŋłűĺĺ ćżąĺřă¿šś£ őšłřżšő, śńşůăľŋő ĺ řăćŋőćěřő£šŋő ĺğ ňŋőęěśšćă şŋĺćěřśăńĳŋżţ ţ¡ÿ-ťşŋłűĺľ ćšőřőčő ŕőř£ďłă [26], łőšőřżě őąńăďă- ¿š šěň śćőľśšćőň, ůšő ćěřő£šŋőśšĳ śőćŕăďěŋĺ£ ţ¡ÿğŋăůěŋĺľ ŕřĺ ŋěśőćŕăďă¿źĺţ ğŋăůěŋĺ£ţ ăřčşňěŋšă ŋě ąőńěě f ∈ F : X = {0, 1}^N → Z = {0, 1}^k, Pr_f [f(^x) = f(x)] ≤ 1/|Z| = 2^{−k}, ^x ≠ x. Ăńĺśă śőőąźăěš ůěřěğ őšłřżšżľ łăŋăń Ąőąş (f, f(x)). Ŕőśłőńĳłş ćżąőř ţ¡ÿ-ťşŋłűĺĺ £ćń£ěšś£ őšłřżšżň, ůĺśńő ąĺš ďőŕőńŋĺšěńĳŋőľ ĺŋťőřňăűĺĺ, ďőśšşŕŋőě Ěćě, ěśšĳ ůĺśńő ąĺš ďń£ śőőąźěŋĺ£ ţ¡ÿ-ğŋăůěŋĺ£ f(x), š.ě. k ąĺš. Şšěůłă ĺŋťőřňăűĺĺ leak_{EC} ć ąĺšăţ řăćŋă k. Şšěůłă ĺŋťőřňăűĺĺ ćżřăęăěšś£ ůěřěğ max ¡ŋšřőŕĺ¿ (ďěšăńĺ śň. ć [14]):

k = leak_{EC} ≤ H_{max}(P_{XY} |Y ) + log 1/ε_{EC},

H_{max}(P_{XY} |Y ) = log max_{y∈Y} |supp(P^y_X )|. (6) Max ¡ŋšřőŕĺ£ ćżůĺśń£ěšś£ ŕő řăśŕřěďěńěŋĺ¿ P_{XY} (x, y), čďě ^X_y = supp(P^y_X ) { ňŋőęěśšćő ğŋăůěŋĺľ y, ć łőšőřżě ňőčşš ŕěřěľšĺ řăğńĺůŋżě x. Śőőšćěšśšćěŋŋő |supp(P^y_X )| { ŋăĺąőńĳÿěě ůĺśńő ¡ńěňěŋšőć ŕő y ĺ ŕő x ŕřĺ ćśěţ x. Űěńĳ Ąőąă, ĺňě£ ţ¡ÿ-ğŋăůěŋĺě z = f(x) őš Ăńĺśż, ŋăľšĺ šăłőě ^x_y ∈ ^X_y = supp(P^y_X ), ş łőšőřőčő f(^x_y) = f(x). Ąőą ŕőńşůăěš ^x ĺğ śćőěľ ąĺšőćőľ śšřőłĺ y, ňěŋ££ 0 ŋă 1 ĺ ŋăőąőřőš ć ůăśšĺ ŕőğĺűĺľ, ůĺśńő łőšőřżţ ğăćĺśĺš őš ćěřő£šŋőśšĺ ŋăąń¿ďăěňőľ őÿĺąłĺ. Ťăłšĺůěśłĺ šăłă£ ŕřőűěďşřă śćőďĺšś£ ł ŕěřěąőřş, ŋő ŕőłă ¡šő ŋě ćăęŋő.

Őÿĺąłă ŕřĺ ďěłőďĺřőćăŋĺĺ őŕřěďěń£ěšś£ ćěřő- £šŋőśšĳ¿ šőčő, ůšő śşźěśšćşěš šăłőě ^x_y ∈ ^X_y = = supp(P^y_X ), ŋě řăćŋőě x, ŕřĺ łőšőřőň ţ¡ÿ-ğŋăůěŋĺ£ f(^x) = f(x). Ĺňěěň (śň. šăłęě [14, 26])

Pr[x ≠ ^x] ≤ Pr_f [∃x ∈ ^X_y = = supp(P^y_X ), ^x ≠ x ∧ f(^x) = f(x)] ≤

≤ |supp(P^y_X )|2^{−k}. (7)

Ĺğ (6) ćĺďŋő, ůšő max_y |supp(P^y_X )| = 2^{Hmax(PXY |Y )}. Ŕőńşůăěň

Pr[^x ≠ x] ≤ ≤ 2^{Hmax(PXY |Y )−[Hmax(PXY |Y )+log(1/εEC )]} ≤ ε_{EC} . (8) Ĺśšĺŋŋă£ ňăšřĺűă ŕńőšŋőśšĺ ρ_{XY} ĺ řăśŕřěďěńěŋĺě P_{XY} (x, y) ŋěĺğćěśšŋż. Ĺţ őűěŋłĺ ρ_{XY} ĺ P_{XY} (x, y) ćőğŋĺłă¿š ŕřĺ ŕőďśůěšě ůĺśńă ŋăąń¿ďăěňżţ őÿĺąőł. Ěśńĺ ĺğ ¡šőľ őűěŋłĺ śńěďşěš, ůšő (śň. ŋĺęě) d_1[P_{XY} (x, y), P_{XY} (x, y)] ≤ ε_{EC} , (9) Ŕĺśĳňă ć ĘİŠŤ šőň 96 ćżŕ. 5 { 6 2012 šő, ŕőśłőńĳłş H^ε 0 (P_{XY} |Y ) = min P_{XY} (x,i)∈B^ε0 [P_{XY} (x,y)] H(P_{XY} |Y ), şšěůłă ĺŋťőřňăűĺĺ ďń£ ń¿ąőčő řăśŕřěďěńěŋĺ£ P_{XY} (x, y) ε^′-ąńĺğłőčő ł P_{XY} (x, y), őłăğżćăěšś£ ŋě ąőńěě leak_{EC} ≤ H(P_{XY} |Y ) + log(2/ε_{EC} ). Ć ĺšőčě şšěůłă ĺŋťőřňăűĺĺ

leak_{EC} ≤ H^ε 0 (P_{XY} |Y ) + log(2/ε_{EC} ), ε^′ = ε_{EC} /2 (10)

(ňŋőęĺšěńĳ 2 ŕőď ńőčăřĺťňőň ćőğŋĺłăěš ĺğ ďőŕőńŋĺšěńĳŋőčő ťăłšőřă 1/2 ć őŕřěďěńěŋĺĺ śńěďőćőčő řăśśšő- £ŋĺ£, ć őšńĺůĺě őš řăśśšő£ŋĺ£ ć ÿăřě).

Őűěŋłă ŕăřăňěšřőć. Ďń£ ďćşţŕřőţőďŋőľ śţěňż

őűěŋĺćă¿šś£ ďćă ŕăřăňěšřă: ďőń£ η ğăďěřęăŋŋżţ őšśůěšőć ĺ ćěřő£šŋőśšĳ őÿĺąłĺ Q. Ďń£ őďŋőŕřőţőďŋőľ śţěňż őűěŋĺćăěšś£ šőńĳłő ćěřő£šŋőśšĳ őÿĺąłĺ. Śŋăůăńă śďěńăěň őűěŋłĺ ďń£ ďćşţŕřőţőďŋőľ śţěňż. Ŕřĺňěřŋő ć ŕőńőćĺŋě śńşůăěć Ěćă őÿĺąăěšś£, ůšő ŕřĺćőďĺš ł ğăďěřęłě łńăśśĺůěśłőčő śĺčŋăńă. İšĺ ŕőśżńłĺ őšąřăśżćă¿šś£. Ŕřĺňěřŋő ć ŕőńőćĺŋě őŋă şčăďżćăěš. Őűěŋłă η ďőńĺ şčăďăŋŋżţ ŕřőĺğćőďĺšś£ ŕő ďőńě őÿĺąőł. İšő ďăěš ďőń¿ ŕőśżńőł ś ŕőďňěŋőľ łńăśśĺůěśłőčő śĺčŋăńă. Ćěřő£šŋőśšĳ šőčő, ůšő ŋăąń¿ďăěňőě ůĺśńő η ŕřěćżÿăěš šőůŋőě ğŋăůěŋĺě η ŋă ćěńĺůĺŋş ξ, őłăğżćăěšś£ ŋě ąőńěě (ďăŋŋă£ őűěŋłă śńěďşěš ĺğ ćěřő£šŋőśšĺ ąőńĳÿĺţ şłńőŋěŋĺľ; ďěšăńĺ śň. ć [27])

Pr[η ≥ η + ξ] ≤ e^{−2nξ2} = ε^2_ξ . (11)

Ććěďěň řăśŕřěďěńěŋĺě P (X, Y )_{η,Q}, łőšőřőě ďăěš η < η + ξ ğăďěřęăŋŋżţ őšśůěšőć ĺ £ćń£- ěšś£ ε_ξ-ąńĺğłĺň ł ĺśšĺŋŋőňş (ńěęĺš ć ÿăřě P (X, Y )_{η,Q} ∈ B^{εξ} [P (X, Y )_{η,Q}]). Ĺňěěň P (X, Y )_{η,Q} = P (X, Y )_{η,Q}/Pr[η < η + ξ], η < η + ξ; P (X, Y )_{η,Q} = 0, η ≥ η + ξ. (12) Ćżřăęă£ śńěďőćőě řăśśšő£ŋĺě d_1 ůěřěğ śőőšćěšśšćĺě (˛delity) (4) ĺ şůĺšżćă£, ůšő

Pr[η ≥ η + ξ] + Pr[η < η + ξ] = 1, ĺ F [P (X, Y )_{η,Q}, P (X, Y )_{η,Q}] = = ∑ η<η+ξ √ P (X, Y )_{η,Q}P (X, Y )_{η,Q} = = √ Pr[η < η + ξ] = √ 1 − ε^2_ξ ,

ŕőńşůăěň d_1[P (X, Y )_{η,Q}, P (X, Y )_{η,Q}] ≤ ≤ √ 1 − F^2[P (X, Y )_{η,Q}, P (X, Y )_{η,Q}] < ε_ξ. (13)

Őšś¿ďă śńěďşěš, ůšő řăśŕřěďěńěŋĺ£ P (X, Y )_{η,Q} ĺ P (X, Y )_{η,Q} £ćń£¿šś£ ε_ξ-ąńĺğłĺňĺ: d_1[P (X, Y )_{η,Q}, P (X, Y )_{η,Q}] ≤ ε_ξ. (14) Śńěďş¿źĺľ ÿăč śőśšőĺš ć őűěŋłě ćěńĺůĺŋż ĺśšĺŋŋőľ ćěřő£šŋőśšĺ őÿĺąłĺ ŕő ŋăąń¿ďăěňőľ ć řăśłřżšőľ ůăśšĺ ŕőśńěďőćăšěńĳŋőśšĺ ďń£ řăśŕřěďěńěŋĺ£ P (X, Y )_{η,Q}. Ŕşśšĳ řăśłřżćăěňă£ ďőń£ ĺğ N ŕőśżńőł ěśšĳ ν, ă ŋě řăśłřżćăěňă£ ďń£ łń¿ůă { (1 − ν). Šőčďă ŕőńŋă£ őÿĺąłă ć ŕőśńěďőćăšěńĳŋőśšĺ Q = νQ_{obs} + (1 − ν)Q_{key}. Ŕő řăśłřżšőľ ůăśšĺ ďěńăěšś£ őűěŋłă ćěřő£šŋőśšĺ őÿĺąłĺ. Śőčńăśŋő ŋěřăćěŋśšćş ďń£ ćěřő£šŋőśšĺ şłńőŋěŋĺ£ ŋăąń¿ďăěňőčő ğŋăůěŋĺ£ őš ĺśšĺŋŋőčő ŕő ćżąőřłě ąěğ ćőğćřăźěŋĺ£ (ďěšăńĺ śň. ć [28]) ŕőńşůăěň

Pr[Q_{key} ≥ Q + ζ] ≤ e^{−2 knN kk+1 ζ2} = ε^2_ζ , k = νN, n = (1 − ν)N. (15)

Ŕřőšőłőń ŋě ŕřěřżćăěšś£, ěśńĺ ćěńĺůĺŋă őÿĺąłĺ Q ŋě ŕřěćőśţőďĺš łřĺšĺůěśłőľ ćěńĺůĺŋż ďń£ ŕřőšőłőńă. Ććěďěň ŋőćőě řăśŕřěďěńěŋĺě ćěřő£šŋőśšěľ: ^P (X, Y )_{η,Q} = P (X, Y )_{η,Q}/Pr[Q_{key} < Q + ζ], Q_{key} < Q + ζ, ^P (X, Y )_{η,Q} = 0, Q_{key} ≥ Q + ζ.

(16)

Ďăŋŋőě řăśŕřěďěńěŋĺě ŕřőĺğćőďĺš ŋě ąőńěě Q+ζ őÿĺąőł ŕřĺ ğăďăŋŋőň ğŋăůěŋĺĺ η. Ăŋăńőčĺůŋő ăŋăńĺğş, śďěńăŋŋőňş ćżÿě (śň. (12){(14)), ŕőńşůăěň, ůšő řăśŕřěďěńěŋĺ£ P (X, Y )_{η,Q} ĺ ^P (X, Y )_{η,Q} £ćń£¿šś£ ε_ζ - ąńĺğłĺňĺ: d_1[P (X, Y )_{η,Q}, ^P (X, Y )_{η,Q}] ≤ ε_ζ . (17) Ďń£ řăśśšő£ŋĺ£ ňěęďş ĺśšĺŋŋżň ĺ ¡ňŕĺřĺůěśłĺň řăśŕřěďěńěŋĺ£ňĺ ś şůěšőň (16), (17) ĺňěěň d_1[P (X, Y )_{η,Q}, ^P (X, Y )_{η,Q}] ≤ ≤ √ 1 − F^2[P (X, Y )_{η,Q}, ^P (X, Y )_{η,Q}] = ε_ζ . (18)

Őłőŋůăšěńĳŋő ŋăţőďĺň, ůšő řăśŕřěďěńěŋĺě ^P (X, Y )_{η,Q} őłăğżćăěšś£ ε_{ξ,ζ} = ε_ξ + ε_ζ -ąńĺğłĺň

ł ĺśšĺŋŋőňş. Ďěľśšćĺšěńĳŋő, ĺśŕőńĳğş£ (14), (17), (18) ĺ ŋěřăćěŋśšćő šřěşčőńĳŋĺłă, ĺňěěň d_1[P (X, Y )_{η,Q}, ^P (X, Y )_{η,Q}] ≤ ≤ d_1[P (X, Y )_{η,Q}, P (X, Y )_{η,Q}] + + d_1(P (X, Y )_{η,Q}, ^P (X, Y )_{η,Q}) ≤ ε_{ξ,ζ} . (19) Őŕřěďěńěŋĺě şšěůłĺ ĺŋťőřňăűĺĺ. Ŋăľ-

ďěň ćěńĺůĺŋş H^{εξ,ζ}max[P (X, Y )_{η,Q}|Y ], őŕřěďěń£¿źş¿ śőčńăśŋő (10) şšěůłş ĺŋťőřňăűĺĺ ć ąĺšăţ ŕřĺ

Ŕĺśĳňă ć ĘİŠŤ šőň 96 ćżŕ. 5 { 6 2012 łőřřěłűĺĺ őÿĺąőł ć łőŋěůŋőľ ŕőśńěďőćăšěńĳŋőśšĺ. Ťăłšĺůěśłĺ H_{max}[P_{η,Q}(X, Y )|Y )] řăćŋă ńőčăřĺťňş ŕřőĺğćěďěŋĺ£ ůĺśńă śŕőśőąőć řăśłĺďăšĳ ŋě ąőńěě nQ_{key} = n(Q + ζ) őÿĺąőł ŕő n ŕőğĺűĺ£ň. Ćěńĺůĺŋă H^{εξ,ζ}_{max}[P (X, Y )_{η,Q}] £ćń£ěšś£ šőůŋőľ ŋĺęŋěľ čřăŋĺűěľ (ć ŋăÿěň śńşůăě ňĺŋĺňşňőň) ŕő ćśěň řăśŕřěďěńěŋĺ£ň ć ÿăřě P (X, Y )_{η,Q} ∈ B^{εη,ζ} [P (X, Y )_{η,Q}]. Ćőśŕőńĳğőćăćÿĺśĳ ŋěřăćěŋśšćăňĺ (śň., ŋăŕřĺňěř, [29]) ∑_x k=0 n! (n−i)!i! ≤ 2 nH(x), ŕőńşůăěň H^{εξ,ζ}_{max}[P (X, Y )_{η,Q}|Y ] ≤ H_{max}[P_{η,Q}(X, Y )|Y )] ≤ ≤ log nQkey∑

i=0 n! (n − i)!i! ≤ nH(Q + ζ), (20) čďě H(x) = −x log x−(1−x) log(1−x), ε_{ξ,ζ} = (ε_ξ +ε_ζ )/2 ďń£ ďćşţŕřőţőďŋőľ ĺ ε_{ξ,ζ} = ε_ζ /2 ďń£ őďŋőŕřőţőďŋőľ śţěňż. Őšňěšĺň, ůšő ďőń£ η ŕőśżńőł, čďě Ěćă şčăďăńă ňőňěŋš ŕőśżńłĺ łńăśśĺůěśłőčő śĺčŋăńă, \ŋěćĺďĺňă" ďń£ ńěčĺšĺňŋżţ ŕőńĳğőćăšěńěľ, š.ł. ŋě ďăěš őÿĺąőł.

Ćżůĺśńěŋĺě ďńĺŋż śěłřěšŋőčő łń¿ůă. Ŕőś-

ńě ĺśŕřăćńěŋĺ£ őÿĺąőł ŕřőĺśţőďĺš śęăšĺě (şśĺńěŋĺě śěłřěšŋőśšĺ { privacy ampli˛cation [30]) őůĺźěŋŋőčő łń¿ůă ďő ťĺŋăńĳŋőčő śěłřěšŋőčő łń¿ůă ŕřĺ ŕőňőźĺ śńşůăľŋżţ şŋĺćěřśăńĳŋżţ ţ¡ÿ-ťşŋłűĺľ ćšőřőčő ŕőř£ďłă f [26]: X = {0, 1}^N → Z = {0, 1}^{lsecr} (ňŋőęěśšćő ţ¡ÿ-ťşŋłűĺľ F ). Śšěŕěŋĳ śęăšĺ£ őŕřěďěń£ěšś£ śčńăęěŋŋőľ min ¡ŋšřőŕĺěľ, łőšőřă£ ğăćĺśĺš őš ŕřőšőłőńă łćăŋšőćőčő řăśŕřěďěńěŋĺ£ łń¿ůěľ. Śőčńăśŋő šěőřěňě ő ţ¡ÿĺřőćăŋĺĺ (Leftover Hash [31]) řăśśšő£- ŋĺě ďő ĺďěăńĳŋőľ śĺšşăűĺĺ ŕőśńě śęăšĺ£ śšăŋőćĺšś£ řăćŋżň d_1(ρ_{F ZEF} , ρ_{UZ} ⊗ ρ_{EF} ) = = 1 2 ||ρ_{F ZEF} − ρ_{UZ} ⊗ ρ_{EF} ||_1 = = ´ < ε +^1_2 √ 2^{−[lsecr−Hε}min^{(X|EC)]}. (21)

Ňăšřĺűă ŕńőšŋőśšĺ ŕőśńě ţ¡ÿĺřőćăŋĺ£ ρ_{F ZEF} = ∑ f ∑ z p_f |f⟩⟨f| ⊗ |z⟩⟨z| ⊗ ρ^{f z}_E , čďě ρ^{f z}_E = = ∑ x:f �1_{(x)=z} ρ^x_E , pf = 1/|F |, ρ^{f z}_E = ∑ x,x=f �1(z) ρ x E . ρ_{EF} = Tr_Z {ρ_{F ZEF} } { ňăšřĺűă ŕńőšŋőśšĺ Ěćż ŕőśńě ţ¡ÿĺřőćăŋĺ£, ρ_{UZ} { ňăšřĺűă ŕńőšŋőśšĺ, őšćěůă¿- źă£ őďŋőřőďŋőňş řăśŕřěďěńěŋĺ¿. Ŋăŕőňŋĺň, ůšő ğďěśĳ ε = ε_ζ ďń£ őďŋőŕřőţőďŋőľ ĺ ε = ε_ζ + ε_ζ ďń£ ďćşţŕřőţőďŋőľ śţěňż. Min ¡ŋšřőŕĺ£, őąşśńőćńěŋŋă£ łńăśśĺůěśłĺňĺ śőőąźěŋĺ£ňĺ C, ěśšĳ (ďěšăńĺ śň. ć [14]) H^ε_{min}(X|EC) ≥ H^ε_{min}(X|E) − leak_{EC} . Ěśńĺ ďńĺŋă śěłřěšŋőčő łń¿ůă ćżąřăŋă łăł

l_{secr} ≤ H^ε_{min}(X|E) − leak_{EC} − 2 log(1/2ε), (22)

šő řăśśšő£ŋĺě ďő ĺďěăńĳŋőľ śĺšşăűĺĺ ´ < ε + + ε. Őśšăěšś£ őűěŋĺšĳ H^ε_{min}(X|E) ďő śęăšĺ£ łń¿- ůă. Ŕřĺ ¡šőň ąşďşš ŕřĺŋűĺŕĺăńĳŋő ćăęŋż řěń£- šĺćĺśšśłĺě őčřăŋĺůěŋĺ£. Ŕőśłőńĳłş H^ε_{min}(X|E) = = sup_{ρXE ∈B}ε_{(ρXE )} H_{min}(X|E)_{ρXE} , ďń£ ń¿ąőčő ρ_{XE} ∈ B^ε(ρ_{XE} ) śčńăęěŋŋă£ min ¡ŋšřőŕĺ£ ŋě ňěŋĳÿě ůěň H_{min}(X|E)_{ρXE} . Őűěŋłă ďń£ ρ_{XE} ŕőńşůăěšś£ ŕőśńě śšăďĺĺ őűěŋłĺ ŕăřăňěšřőć.

Őďŋőŕřőţőďŋă£ śţěňă (ďěšăńĺ śň. ć [5]). Ůăśż śĺŋţřőŋĺğĺřőćăŋż. Ăńĺśă ŕőśżńăěš ŕăřş őśńăąńěŋŋżţ łőčěřěŋšŋżţ śőśšő£ŋĺľ, őšćěůă¿źĺţ 0 ĺ 1: |φ_{0,1}⟩ = |e^{iθ0,1A} α⟩_1 ⊗ |α⟩_2 (|α|^2 ≪ 1). Śőśšő£ŋĺ£ |e^{iθ0,1A} α⟩_1 ĺ |α⟩_2 řăğŋěśěŋż ćő ćřěňěŋĺ. Ťăğă łőňŕńěłśŋőčő ŕăřăňěšřă α łőčěřěŋšŋőčő śőśšő£ŋĺ£ ć łăęďőľ ŕőśżńłě śńşůăľŋă. Ćšőřőě śőśšő£ŋĺě, |α⟩_2, śńşęĺš řěŕěřŋżň ďń£ ŕěřćőčő [5]. Ąőą, ğŋă£ ňőňěŋš ŕőśżńłĺ ĺ řăśśšő£ŋĺě, ďőąăćń£ěš śćő¿ őšŋőśĺšěńĳŋş¿ ťăğş |e^{i(θ0,1}A^{−θ0,1}B^)α⟩_1 ŋă ŕěřćş¿ ŕőńőćĺŋłş, ğăšěň śćőďĺš śőśšő£ŋĺ£ ćňěśšě ĺ ŕřőĺğćőďĺš ĺğňěřěŋĺ£. Őšśůěšż ś ğăďěřęłőľ ŕő ćřěňěŋĺ őšąřăśżćă- ¿šś£. Ŕőśłőńĳłş ĺğňěřěŋĺ£ ś őŕřěďěńěŋŋżň ĺśţőďőň ŕřĺćőď£š ł ğăďěřęłăň ĺğ-ğă ŋěőąţőďĺňőśšĺ ďőśšşŕă ł őąěĺň ŕőńőćĺŋłăň [5], őŕšĺňăńĳŋőľ £ćń£ěšś£ ăšăłă śő śćěšőďěńĺšěńěň [5]. Ğăďěřęłĺ ŕřĺ ¡šőň ŋě ćőğŋĺłă¿š. Ŕřĺ šăłőľ ăšăłě ĺŋťőřňăűĺ£ Ěćż őčřăŋĺůěŋă ťşŋďăňěŋšăńĳŋőľ ćěřţŋěľ čřăŋĺűěľ ĺŋťőřňăűĺĺ, łőšőřş¿ ňőęŋő ĺğćńěůĳ ĺğ łćăŋšőćőčő ăŋśăňąń£ {|φ_0⟩, |φ_1⟩}. Ďăŋŋă£ čřăŋĺűă śőćŕăďăěš ś čřăŋĺűěľ Ţőńěćő [32]. Ć ŋăÿěň śńşůăě ¡šő őğŋăůăěš, ůšő ł łăęďőňş ąĺšş x Ăńĺśż \ŕřĺć£ğăŋő" śőśšő£ŋĺě |φ_{0,1}⟩, š.ě. ρ_{XE} = σ^{⊗n}_{XE} , čďě σ_{XE} =^1_2 ∑ x |x⟩⟨x| ⊗ |φ_x⟩_{E E} ⟨φ_x| (x = 0, 1). Ĺśŕőńĳğş£ ŋěřăćěŋśšćő ďń£ min ¡ŋšřőŕĺĺ őš šěŋğőřŋőčő ŕřőĺğćěďěŋĺ£ [14], ŋăţőďĺň

H^ε_{min}(X|E) ≥ H_{min}(σ^{⊗n}_{XE} |σ^{⊗n}_E ) = = n [H(σ_{XE} ) − H(σ_E )] = n [ 1 − C(φ_{0,1}) ] , (23)

čďě H(σ) = −Tr{σ log σ} { ¡ŋšřőŕĺ£ ťőŋ Ŋěľňăŋă, C(φ_{0,1}) = −λ_+ log λ_+ − λ_− log λ_− { łńăśśĺůěśłă£ ŕřőŕşśłŋă£ śŕőśőąŋőśšĳ łćăŋšőćőčő łăŋăńă ść£ğĺ śő ćţőďŋżň ăŋśăňąńěň {|φ_0⟩, |φ_1⟩} (λ_± = (1 ± λ)/2, λ = |⟨φ_0|φ_1⟩|) [32]. Őłőŋůăšěńĳŋő ďń£ ďńĺŋż łń¿ůă ś şůěšőň (21){(23) ŕőńşůăěň

l_{secr} ≤ n[1 − C(φ_{0,1}) − H(Q + ζ)] − log(2/ε_{EC} ) − − 2 log(1/2ε), čďě ε_{EC} = ε_ζ . (24)

Ďćşţŕřőţőďŋă£ śţěňă [5]. Ğďěśĳ śĺŋţřőŋĺğăűĺĺ ůăśőć ŋě šřěąşěšś£. Ăńĺśă ŕőśżńăěš ć őďĺŋ ĺğ ďćşţ śńşůăľŋżţ ňőňěŋšőć ćřěňěŋĺ, t_0 ĺńĺ t_1, ŕăřş ĺŋšěŋśĺćŋżţ (łńăśśĺůěśłĺţ) łőčěřěŋšŋżţ śőśšő£ŋĺľ, |φ^{clas}_{t0,1} ⟩ = |α_c⟩_{t0,1,1} ⊗ |α_c⟩_{t0,1,2} (|α_c|^2 ≫ 1), śďćĺŋşšżţ ďřşč őšŋőśĺšěńĳŋő ďřşčă šăł ęě, łăł ĺ ć őďŋőŕřőţőďŋőľ śţěňě. Ąőą řěčĺśšřĺřşěš ćřěň£ ŕřĺńěšă łńăśśĺůěśłőčő śőśšő£ŋĺ£ ć ďăŋŋőľ ŕőśżńłě ĺ ćřěň£ ňěęďş śőśěďŋĺňĺ ŕőśżńłăňĺ. Ğăšěň őŋ őśńăąń£ěš (ŕřőŕşś-

Ŕĺśĳňă ć ĘİŠŤ šőň 96 ćżŕ. 5 { 6 2012

Ğăćĺśĺňőśšĺ őšŋőÿěŋĺ£ ďńĺŋż łń¿ůă ł ďńĺŋě ŕőśńěďőćăšěńĳŋőśšĺ őš ńőčăřĺťňă ďńĺŋż ŕěřěďăŋŋőľ ŕőśńěďőćăšěńĳŋőśšĺ N (M = log_{10} N) (a, b) ĺ ŋăąń¿ďăěňőľ ďőńĺ őÿĺąőł Q (b, d). Ŕăŋěńĺ a, b őšŋőś£šś£ ł őďŋőŕřőţőďŋőľ śţěňě, ă c, d { ł ďćşţŕřőţőďŋőľ. Ďőń£ řăśłřżćăěňőľ ůăśšĺ ŕőśńěďőćăšěńĳŋőśšĺ ďń£ őűěŋłĺ ŕăřăňěšřőć ν = 1/2 (n = k = νN). Őśšăńĳŋżě ŕăřăňěšřż ŕřĺćěďěŋż ŋă řĺśşŋłě. Śłăń£řŋőě ŕřőĺğćěďěŋĺě ĺŋťőřňăűĺőŋŋżţ śőśšő£ŋĺľ |⟨φ0|φ1⟩| = 0.9

łă£, ŋăŕřĺňěř, ůěřěğ śĺńĳŋő ăśĺňňěšřĺůŋżľ śćěšőďěńĺšěńĳ) ĺţ ďő łćăğĺőďŋőťőšőŋŋőčő şřőćŋ£, łőďĺřşěš ĺţ (ďőąăćń£ěš őšŋőśĺšěńĳŋş¿ ťăğş ňěęďş ŕăřőľ śőśšő£ŋĺľ) ĺ ŕőśżńăěš Ăńĺśě. Ăńĺśă šăłęě ďőąăćń£ěš śćő¿ őšŋőśĺšěńĳŋş¿ ťăğş, łőňŕěŋśĺřş£ ťăğş Ąőąă, ĺ śćőďĺš ŕőńőćĺŋłĺ ćňěśšě, ă ğăšěň řěčĺśšřĺřşěš ťőšőďěšěłšőřőň ăŋăńőčĺůŋő őďŋőŕřőţőďŋőľ śţěňě. Łřőňě šőčő, Ăńĺśă ťĺłśĺřşěš ňőňěŋšż ŕőśżńłĺ ĺ ŕřĺńěšă śőśšő£ŋĺľ. Ğăďěřęăŋŋżě śőśšő£ŋĺ£ őšąřăśżćă¿šś£. Őšąřăśżćă¿šś£ šăłęě ĺ ŕőśżńłĺ, ć łőšőřżţ śőśšő£ŋĺě ŕřĺążńő ł Ąőąş ŋě ćőćřěň£. Ć ¡šőľ śţěňě, ć őšńĺůĺě őš őďŋőŕřőţőďŋőľ, Ěćă ňőęěš ŕőŕżšăšĳś£ şčăďăšĳ őďĺŋ ĺğ ďćşţ śńşůăľŋżţ ňőňěŋšőć ŕőśżńłĺ łńăśśĺůěśłőčő śőśšő£ŋĺ£. Ŕřĺňěřŋő ć ŕőńőćĺŋě śńşůăěć Ěćă ňőęěš şčăďăšĳ ĺ ŕřőľšĺ šěśš ŋă ğăďěřęłş. Ěśńĺ ďőń£ šăłĺţ ŕőśżńőł 2η, šő őŋă ąşďěš ğŋăšĳ ŕřĺňěřŋő η ąĺš łń¿ůă (ďěšăńĺ śň. ć [5]). Ďń£ őśšăńĳŋőľ ďőńĺ ŕőśżńőł őŕšĺňăńĳŋőľ £ćń£ěšś£ śšřăšěčĺ£, ăŋăńőčĺůŋă£ őďŋőŕřőţőďŋőľ śţěňě. Őűěŋłă ňăšřĺűż ŕńőšŋőśšĺ ďăěš ρ_{XE} = (σ_{XX} )^{⊗nη} ⊗ σ^{⊗n(1−η)}_{XE} (σ_{XX} =^1_2 ∑ x |x⟩⟨x| ⊗ |x⟩_{E E} ⟨x|). Ŕěřćżľ śőňŋőęĺ- šěńĳ őšřăęăěš šőš ťăłš, ůšő Ěćă ďőśšőćěřŋő ğŋăěš ąĺš Ăńĺśż{Ąőąă ć nη ŕőśżńłăţ. Łőŋśěřćăšĺćŋő śůĺšăěň, ůšő ćśě ¡šĺ ŕőśżńłĺ śőśřěďőšőůěŋż ć ŋěřăśłřżćăěňőľ ŕřĺ łőřřěłűĺĺ őÿĺąőł ůăśšĺ ŕőśńěďőćăšěńĳŋőśšĺ, ťĺčşřĺřş¿źěľ ć őůĺźěŋŋőň łń¿ůě. Ďń£ min ¡ŋšřőŕĺĺ ĺňěěň

H^ε_{min}(X|E) ≥ H_{min}(ρ_{XE} ) = n[1 − η][1 − C(φ_{0,1})] − η. (25)

Šőčďă ďń£ ďńĺŋż śěłřěšŋőčő łń¿ůă ś şůěšőň (21), (22), (25) ŋăţőďĺň (ŋĺęě ε_{EC} = (ε_η + ε_ζ )/2)

l_{secr} ≤ n { 1 − η)[1 − C(φ_{0,1})] − η − H(Q + ζ) } − − log(2/ε_{EC} ) − 2 log(1/2ε). (26)

Őšňěšĺň, ůšő ŕőšěřĺ ć łćăŋšőćőň łăŋăńě ść£ğĺ ŋě ćţőď£š ć ďńĺŋş śěłřěšŋőčő łń¿ůă (24), (26).

Ůĺśńěŋŋżě řěğşńĳšăšż. Łőŋěůŋă£ űěńĳ ŕřőšő-

łőńă { ŕőńşůĺšĳ ğăďăŋŋş¿ ďńĺŋş łń¿ůă ŕřĺ ğăďăćăěňżţ ńěčĺšĺňŋżňĺ ŕőńĳğőćăšěń£ňĺ ŕăřăňěšřăţ (łőřřěłšŋőśšĺ, śěłřěšŋőśšĺ ŕřőšőłőńă ĺ ďńĺŋě ŕěřěďăćăěňőľ ŕőśńěďőćăšěńĳŋőśšĺ N).

Őďŋőŕřőţőďŋă£ śţěňă. Ćżřăğĺň ĺğ (15) ćěńĺůĺŋş şłńőŋěŋĺ£ ζ őš ŕăřăňěšřőć łőřřěłšŋőśšĺ (ε_{EC} = = ε_ζ ) ĺ śěłřěšŋőśšĺ (´ = ε + ε_ζ ) ŕřőšőłőńă (ζ = = √ N(k + 1) ln(1/ε_ζ )/k^2n) ĺ őš ŋăąń¿ďăěňőčő ůĺśńă őÿĺąőł QN ć ŕőśńěďőćăšěńĳŋőśšĺ. Ŕőďśšăćń££ ěě ć (24), ŕőńşůăěň ğăćĺśĺňőśšĳ ďńĺŋż śěłřěšŋőčő łń¿ůă őš ŕăřăňěšřőć łőřřěłšŋőśšĺ, śěłřěšŋőśšĺ, ŋăąń¿ďăěňőľ őÿĺąłĺ ĺ ďńĺŋż ŕőśńěďőćăšěńĳŋőśšĺ N.

Ďćşţŕřőţőďŋă£ śţěňă. Ŕăřăňěšřż łőřřěłšŋőśšĺ ε_{EC} = ε_ξ + ε_ζ , ă ŕăřăňěšř śěłřěšŋőśšĺ ŕřőšőłőńă ´ = ε + ε_ξ + ε_ζ . Ŋăţőď£ ĺğ (11) ćěńĺůĺŋş şłńőŋěŋĺ£ ďń£ ůĺśńă ğăďěřęăŋŋżţ ŕőśżńőł ξ (ξ = = √ ln(1/ε_ξ)/N) ĺ ŋăąń¿ďăěňőčő ůĺśńă őÿĺąőł ζ (ζ = = √ N(k + 1) ln[1/(ε_ξ + ε_ζ )/k^2n]) ĺ ğăšěň ŕőďśšăćń££ ĺţ ć (24), ŕőńşůăěň ğăćĺśĺňőśšĳ ďńĺŋż śěłřěšŋőčő łń¿ůă őš ŕăřăňěšřőć ŕřőšőłőńă.

Ŕşśšĳ ďńĺŋă ŕěřěďăćăěňőľ ŕőśńěďőćăšěńĳŋőśšĺ N ťĺłśĺřőćăŋă. Šőčďă ůěň ňěŋĳÿě ŕăřăňěšřż śěłřěšŋőśšĺ ĺ łőřřěłšŋőśšĺ (ąőńěě ęěśšłĺě šřěąőćăŋĺ£), šěň ąőńĳÿě řăğąřőś őűěŋłĺ ďń£ ćěńĺůĺŋż şłńőŋěŋĺ£ ŕăřăňěšřőć őš ĺţ ĺśšĺŋŋżţ ğŋăůěŋĺľ. Őűěŋłă şłńőŋěŋĺ£ ďń£ ŕăřăňěšřă ξ ďń£ őÿĺąłĺ ŕřőŕőřűĺőŋăńĳŋă ńőčăřĺťňş őš őąřăšŋőľ ćěńĺůĺŋż ŕăřăňěšřőć śěłřěšŋőśšĺ ε ĺ ε_{EC} . İšő őğŋăůăěš, ůšő ůěň ňěŋĳÿě ćěńĺůĺŋż ŕăřăňěšřőć śěłřěšŋőśšĺ, šěň ąőńěě łőŋśěřćăšĺćŋőľ (ğăćżÿěŋŋőľ) £ćń£ěšś£ őűěŋłă ćěńĺůĺŋż őÿĺąłĺ ĺ ďőńĺ ğăďěřęăŋŋżţ śőśšő£ŋĺľ (ďń£ ďćşţŕřőţőďŋőľ śţěňż). Ą«őńĳÿĺě ğŋăůěŋĺ£ ¡šĺţ ŕăřăňěšřőć ŕőďřă-

Ŕĺśĳňă ć ĘİŠŤ šőň 96 ćżŕ. 5 { 6 2012 ğşňěćă¿š ğăćżÿěŋĺě ĺŋťőřňăűĺĺ Ěćż, łőšőřş¿ őŋă ŕőńşůăěš ŕřĺ ćšőřęěŋĺĺ ć łćăŋšőćżľ łăŋăń ść£ğĺ. Ćăęŋő őšňěšĺšĳ, ůšő ŕřĺ łőŋěůŋżţ ďńĺŋăţ ŕőśńěďőćăšěńĳŋőśšěľ śşźěśšćşěš ŋěłőšőřă£ ĺţ ňĺŋĺňăńĳŋă£ łřĺšĺůěśłă£ ďńĺŋă, ŋăůĺŋă£ ś łőšőřőľ ćőőąźě ňőęŋő śčěŋěřĺřőćăšĳ śěłřěšŋżľ łń¿ů (řĺś. a ĺ c). Łřőňě šőčő, ůěň ňěŋĳÿě ďńĺŋă ŕěřěďăŋŋőľ ŕőśńěďőćăšěńĳŋőśšĺ, šěň ąőńĳÿě őÿĺąłă ć őűěŋłě ŕăřăňěšřőć. İšő šăłęě ŕřĺćőďĺš ł ğăćżÿěŋĺ¿ ĺŋťőřňăűĺĺ Ěćż ŕő őšŋőÿěŋĺ¿ ł ăśĺňŕšőšĺůěśłőňş ŕřěďěńş ąěśłőŋěůŋżţ ŕőśńěďőćăšěńĳŋőśšěľ. Őšś¿ďă šăłęě ăćšőňăšĺůěśłĺ śńěďşěš, ůšő ďńĺŋă śěłřěšŋőčő łń¿ůă őąřăźăěšś£ ć ŋşńĳ ŕřĺ ňěŋĳÿĺţ ŕő śřăćŋěŋĺ¿ śő ğŋăůěŋĺ£- ňĺ ć ăśĺňŕšőšĺůěśłőň ŕřěďěńě ąěśłőŋěůŋżţ ŕőśńěďőćăšěńĳŋőśšěľ ğŋăůěŋĺ£ţ ćěřő£šŋőśšĺ őÿĺąłĺ ĺ ďőńĺ ğăďěřęăŋŋżţ śőśšő£ŋĺľ (řĺś. d).

Ğăłń¿ůěŋĺě. Ĺšăł, ŋăľďěŋż łřĺšěřĺĺ śěłřěš-

ŋőśšĺ łń¿ůěľ ďń£ śńşůă£ łőŋěůŋżţ ŕőśńěďőćăšěńĳŋőśšěľ ďń£ řěń£šĺćĺśšśłőľ łćăŋšőćőľ łřĺŕšőčřăťĺĺ. Ŋěŋşńěćă£ ďńĺŋă łń¿ůă ňőęěš ążšĳ ŕőńşůěŋă (ć ğăćĺśĺňőśšĺ őš ŕăřăňěšřőć łőřřěłšŋőśšĺ ĺ śěłřěšŋőśšĺ), šőńĳłő ěśńĺ ďńĺŋă ŕěřěďăćăěňőľ ŕőśńěďőćăšěńĳŋőśšĺ ŕřěćżÿăěš ŋěłőšőřş¿ ćěńĺůĺŋş. Śĺśšěňă őąěśŕěůĺćăěš śěłřěšŋőśšĳ łń¿ůěľ ďăęě ŕřĺ ŋě śšřőčő őďŋőťőšőŋŋőň ĺśšőůŋĺłě ĺ ŕřőĺğćőńĳŋżţ ŕőšěř£ţ ć łăŋăńě ść£ğĺ, łőšőřżě ŋě ćţőď£š ć ďńĺŋş śěłřěšŋőčő łń¿ůă.

Ćżřăęă¿ ąńăčőďăřŋőśšĳ łőńńěčăň ŕő Ăłăďěňĺĺ łřĺŕšőčřăťĺĺ Řőśśĺľśłőľ Ťěďěřăűĺĺ ğă ŕőśšő£ŋŋş¿ ŕőďďěřęłş. Řăąőšă ůăśšĺůŋő ŕőďďěřęăŋă ŕřőěłšőň ŘŤŤĹ # 11-02-00455.

1. W. K. Wootters and W. H. Zurek, Nature 299, 802 (1982).

2. C. H. Bennett, Phys. Rev. Lett. 68, 3121 (1992). 3. S. N. Molotkov and D. I. Pomozov, Relativistic No- Cloning Theorem, NATO Series for Peace and Security, Information and Communication Security (ed. by M. Zhukowski, S. Kilin, and J. Kowalik), IOS Press, Amsterdam, Berlin, Oxford, Washington, 2007, v. 11, p. 31.

4. V. Scarani, H. Bechmann-Pasquinucci, N. J. Cerf et al., Rev. Mod. Phys. 81, 1301 (2009).

5. Ś. Ŋ. Ňőńőšłőć, ĘİŠŤ 139, 429 (2011); Ŕĺśĳňă ć ĘİŠŤ 94, 504 (2011).

6. C. H. Bennett and G. Brassard, Proc. of IEEE Int. Conf.

on Comput. Sys. and Sign. Proces., Bangalore, India,

1984, p. 175.

7. L. Lydersen, C. Wiechers, C. Wittmann et al., Nature Photonics 4, 686 (2010).

8. I. Gerhardt, Q. Liu, A. Lamas-Linares et al., arXiv/quant-ph: 10110105.

9. Ś. Ŋ. Ňőńőšłőć, ĘİŠŤ 141, 812 (2012). 10. H.-K. Lo and H. F. Chau, Science 283, 2050 (1999). 11. P. Shor and J. Preskill, Phys. Rev. Lett. 85, 441 (2000). 12. V. Scarani and R. Renner, Phys. Rev. Lett. 100, 200501 (2008); arXiv/quant-ph: 08060120.

13. M. Tomamichel, C. C. Wen Lim, N. Gisin, and R.

Renner, Nature Communications 3, 634 (2011). 14. R. Renner, Security of Quantum Key Distribution, PhD Thesis, ETH Z-urich, Dec. 2005; arXiv/quant-ph: 0512258.

15. W. Heisenberg, Zeit. f-ur Phys. 43, 172 (1927). 16. H. P. Robertson, Phys. Rev. 34, 163 (1929). 17. D. Deutsch, Phys. Rev. Lett. 50, 631 (1983). 18. K. Kraus, Phys. Rev. D 35, 3070 (1987). 19. H. Maassen and J. B. M. U‹nk, Phys. Rev. Lett. 60, 1103 (1988).

20. J. M. Renes and J.-C. Boileau, Phys. Rev. Lett. 103, 020402-1 (2009).

21. M. Berta, M. Chritlandl, R. Colbeck et al., arXiv/quantph: 0909.0950.

22. M. Tomamichel and R. Renner, arXiv/quant-ph:

1009.2015.

23. R. K-onig, R. Renner, and C. Scha¸ner, arXiv/quant-ph:

08071338.

24. M. Nielsen and I. Chuang, Quantum Computation and Quantum Information, Cambridge Univ. Press, Cambridge, 2000.

25. D. R. Stinson, On the Connections Between Universal Hashing, Combinatorial Designs and Error-Correcting Codes, ECCC TR95-052, Electronic Colloquium on Computational Complexity { Reports Series, 1995.

26. J. L. Carter and M. N. Wegman, J. Comp. Syst. Sci. 18, 143 (1979).

27. W. Hoe¸ding, J. Amer. Statistical Assoc. 58, 13 (1963). 28. R. J. Ser‚ing, Ann. Stat. 2, 39 (1974).

29. Ć. Ł. Ńěőŋšĳěć, Ĺğąřăŋŋżě ğăďăůĺ łőňąĺŋăšőřŋőčő ăŋăńĺğă, Ň.: Ĺğ-ćő ŇČŠŞ, 2001.

30. C. H. Bennett, G. Brassard, C. Crepeau, and U. M.

Maurer, IEEE Trans. on Inf. Theory 41, 1915 (1995). 31. M. Tomamichel, C. Scha¸ner, A. Smith, and R. Renner, arXiv/quant-ph:10022436.

32. Ă. Ś. Ţőńěćő, Łćăŋšőćżě śĺśšěňż, łăŋăńż, ĺŋťőřňăűĺ£, Ň.: ŇŰŇŐ, 2010, ś. 327.

Ŕĺśĳňă ć ĘİŠŤ šőň 96 ćżŕ. 5 { 6 2012