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Tema 4.

4.1. ɋɦɟɲɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɤɜɚɧɬɨɜɵɯ 
ɫɢɫɬɟɦ

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɱɚɫɬɨ ɢɦɟɸɬ ɞɟɥɨ ɫ ɚɧɫɚɦɛɥɹɦɢ ɤɜɚɧɬɨɜɵɯ
ɫɢɫɬɟɦ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɨɩɪɟɞɟɥɟɧɧɵɦ ɫɩɨɫɨɛɨɦ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ
ɨɩɢɫɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɱɚɫɬɢɰ ɜ ɚɧɫɚɦɛɥɟ ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɫɢɫɬɟɦ
ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: 1) ɫ ɩɨɥɭɱɟɧɢɟɦ ɩɨɥɧɨɣ
ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɨɫɬɨɹɧɢɢ ɤɜɚɧɬɨɜɨɣ ɫɢɫɬɟɦɵ; 2) ɫ ɩɨɥɭɱɟɧɢɟɦ
ɬɨɥɶɤɨ ɜɟɪɨɹɬɧɨɫɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɨɫɬɨɹɧɢɢ ɤɜɚɧɬɨɜɨɣ ɫɢɫɬɟɦɵ.

ɉɪɢɦɟɪ ɬɚɤɢɯ ɫɩɨɫɨɛɨɜ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 8. ɉɟɱɶ
ɫɨɡɞɚɟɬ ɩɨɬɨɤ ɚɬɨɦɨɜ (ɤɭɛɢɬɨɜ) ɫɨ ɫɩɢɧɨɦ I — 1/2; ɫɨɫɬɨɹɧɢɹ Ͳ|ۄ
(ɫɩɢɧ ɜɜɟɪɯ) ɢ ͳ|ۄ (ɫɩɢɧ ɜɧɢɡ) ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɚɧɫɚɦɛɥɟ ɚɬɨɦɨɜ ɫ
ɜɟɪɨɹɬɧɨɫɬɹɦɢ ɛɨɥɶɰɦɚɧɨɜɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ.

ȼ ɩɟɪɜɨɦ ɫɩɨɫɨɛɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɚɧɫɚɦɛɥɶ ɚɬɨɦɨɜ ɩɪɨɯɨɞɢɬ
ɱɟɪɟɡ ɫɟɩɚɪɚɬɨɪ (ɩɪɢɛɨɪ ɒɬɟɪɧɚ-Ƚɟɪɥɚɯɚ), ɤɨɬɨɪɵɣ
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɪɚɡɞɟɥɹɟɬ ɟɝɨ ɧɚ ɞɜɚ ɩɨɬɨɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ
ɫɨɫɬɨɹɧɢɹɦ Ͳ|ۄ ɢ ͳ|ۄ . Ⱥɧɫɚɦɛɥɶ ɚɬɨɦɨɜ ɜ ɫɨɫɬɨɹɧɢɢ ͳ|ۄ ɩɨɝɥɨɳɚɟɬɫɹ
ɚɞɫɨɪɛɟɪɨɦ; ɨɫɬɚɜɲɢɣɫɹ ɚɧɫɚɦɛɥɶ ɚɬɨɦɨɜ ɧɚɯɨɞɢɬɫɹ ɜ ɱɢɫɬɨɦ
ɫɨɫɬɨɹɧɢɢ Ͳ|ۄ . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɢɦɟɟɦ ɩɨɥɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ
ɫɨɫɬɨɹɧɢɢ ɚɬɨɦɨɜ ɜ ɚɧɫɚɦɛɥɟ. ȼɨ ɜɬɨɪɨɦ ɫɩɨɫɨɛɟ ɫɟɩɚɪɚɬɨɪ
ɨɬɫɭɬɫɬɜɭɟɬ; ɚɧɫɚɦɛɥɶ ɚɬɨɦɨɜ ɫɨɫɬɨɢɬ ɢɡ ɚɬɨɦɨɜ ɜ ɫɨɫɬɨɹɧɢɹɯ Ͳ|ۄ
ɢɥɢ ͳ|ۄ ɫ ɜɟɪɨɹɬɧɨɫɬɹɦɢ ɪе0) ɢɥɢ Ɋеɪ. Ɍɚɤɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ
ɫɨɛɨɣ ɫɦɟɫɶ ɱɢɫɬɵɯ ɫɨɫɬɨɹɧɢɣ Ͳ|ۄ ɢ ͳ|ۄ .

Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɫɦɟɲɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ
ɤɜɚɧɬɨɜɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɬɨɥɶɤɨ
ɦɚɬɪɢɰɟɣ ɩɥɨɬɧɨɫɬɢ:

(39)

— ɩɪɨɟɤɬɨɪɵ ɧɚ ɫɨɫɬɨɹɧɢɹ Ͳ|ۄ ɢ ͳ|ۄ . Ɇɨɠɧɨ
ɬɚɤɠɟ ɫɤɚɡɚɬɶ, ɱɬɨ ɤɜɚɧɬɨɜɚɹ ɫɢɫɬɟɦɚ ɜ
ɫɦɟɲɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟ ɨɛɥɚɞɚɟɬ ɜɨɥɧɨɜɨɣ
ɮɭɧɤɰɢɟɣ.



Tema 4.

4.2. ɋɦɟɲɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ

ɋɦɟɲɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɤɚɤ ɛɥɢɡɤɢɟ ɤ ɤɥɚɫɫɢɱɟɫɤɢɦ
ɫɨɫɬɨɹɧɢɹɦ, ɩɨɫɤɨɥɶɤɭ ɢɯ ɨɩɢɫɚɧɢɟ ɦɚɬɪɢɰɟɣ ɩɥɨɬɧɨɫɬɢ ɛɥɢɡɤɨ ɤ
ɫɬɚɬɢɫɬɢɱɟɫɤɨɦɭ ɨɩɢɫɚɧɢɸ ɤɥɚɫɫɢɱɟɫɤɢɯ ɫɢɫɬɟɦ.

ɉɪɨɰɟɫɫɵ ɩɟɪɟɯɨɞɚ ɨɬ ɱɢɫɬɵɯ ɫɨɫɬɨɹɧɢɣ ɤ ɫɦɟɲɚɧɧɵɦ ɫɨɫɬɨɹɧɢɹɦ
ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɩɪɨɰɟɫɫɵ ɤɥɚɫɫɢɰɢɡɚɰɢɢ (classicization) ɤɜɚɧɬɨɜɨ-ɤɨɝɟ-

ɪɟɧɬɧɵɯ ɫɢɫɬɟɦ. Ɉɞɧɚɤɨ ɫɨɫɬɨɹɧɢɹ, ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɦɟɫɶ, ɹɜɥɹɸɬɫɹ ɤɜɚɧɬɨɜɨ-

ɤɨɝɟɪɟɧɬɧɵɦɢ; ɜ ɱɚɫɬɧɨɫɬɢ, ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɭɬɚɧɧɵɦɢ, ɢ ɷɬɚ ɡɚɩɭɬɚɧɧɨɫɬɶ
ɦɨɠɟɬ ɛɵɬɶ ɢɡɜɥɟɱɟɧɚ ɢɡ ɫɦɟɲɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (entanglement purification) ɢ
ɩɟɪɟɞɚɧɚ ɞɪɭɝɨɣ ɤɜɚɧɬɨɜɨɣ ɫɢɫɬɟɦɟ ɜ ɱɢɫɬɨɦ ɫɨɫɬɨɹɧɢɢ.

ɉɪɨɰɟɫɫ ɩɟɪɟɯɨɞɚ ɫɢɫɬɟɦɵ ɨɬ ɤɜɚɧɬɨɜɨ-ɤɨɝɟɪɟɧɬɧɨɝɨ ɱɢɫɬɨɝɨ ɫɨɫɬɨɹɧɢɹ,
ɨɩɢɫɵɜɚɟɦɨɝɨ ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɟɣ, ɤ ɧɟɤɨɝɟɪɟɧɬɧɨɦɭ ɫɨɫɬɨɹɧɢɸ,
ɨɩɢɫɵɜɚɟɦɨɦɭ ɦɚɬɪɢɰɟɣ ɩɥɨɬɧɨɫɬɢ, ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɩɪɨɰɟɫɫɨɦ
ɞɟɤɨɝɟɪɟɧɬɢɡɚɰɢɢ (decoherence) ɫɢɫɬɟɦɵ.



Tema 4.

4.3. Ɂɚɩɭɬɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ
Ɍɟɨɪɢɹ ɡɚɩɭɬɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɤɨɦɩɨɡɢɬɧɵɯ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ 
ɪɚɡɪɚɛɨɬɤɢ. ȼ ɨɬɧɨɲɟɧɢɢ ɫɢɫɬɟɦ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ (А ɢ В) ɞɨɫɬɢɝɧɭɬɨ ɛɨɥɟɟ ɢɥɢ 
ɦɟɧɟɟ ɩɨɥɧɨɟ ɩɨɧɢɦɚɧɢɟ ɢ ɨɩɢɫɚɧɢɟ ɡɚɩɭɬɚɧɧɨɫɬɢ. ȼ ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɢɡɢɤɟ ɢɧɮɨɪɦɚɰɢɹ, 
ɞɚɸɳɚɹ ɩɨɥɧɨɟ ɨɩɢɫɚɧɢɟ ɫɢɫɬɟɦɵ ɤɚɤ ɰɟɥɨɝɨ, ɞɨɫɬɚɬɨɱɧɚ ɞɥɹ ɩɨɥɧɨɝɨ ɨɩɢɫɚɧɢɹ ɢ ɱɚɫɬɟɣ 
ɰɟɥɨɝɨ. ȼ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɟ ɷɬɨ ɩɪɚɜɢɥɨ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɟɫɥɢ ɰɟɥɨɟ ɧɚɯɨɞɢɬɫɹ ɜ ɬɚɤ 
ɧɚɡɵɜɚɟɦɨɦ ɡɚɩɭɬɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ: ɢɧɮɨɪɦɚɰɢɹ, ɞɚɸɳɚɹ ɩɨɥɧɨɟ ɨɩɢɫɚɧɢɟ ɰɟɥɨɝɨ, 
ɧɟɞɨɫɬɚɬɨɱɧɚ ɞɥɹ ɩɨɥɧɨɝɨ ɨɩɢɫɚɧɢɹ ɱɚɫɬɟɣ, ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɰɟɥɨɟ.

Ɂɚɩɭɬɚɧɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɫɟɪɞɰɟɜɢɧɧɵɦ ɫɜɨɣɫɬɜɨɦ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ. ɂɡ
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɡɚɩɭɬɚɧɧɵɯ ɫɢɫɬɟɦ ɜɵɬɟɤɚɟɬ ɧɟɥɨɤɚɥɶɧɨɫɬɶ ɤɜɚɧɬɨɜɨɝɨ ɨɩɢɫɚɧɢɹ
ɩɪɢɪɨɞɵ.

ǯȈȗțȚȈȕȕȖșȚȤ șȓțȎ ȐȚ ȊȈȎȕȍȑȠȐȔ ȘȍșțȘșȖȔ Ȋ ȒȊȈȕȚȖȊȖȑ ȐȕȜȖȘȔȈȚȐȒȍх 
ȐșȗȖȓȤȏȖȊȈȕȐȍ ȏȈȗțȚȈȕȕȣȝ șȖșȚȖȧȕȐȑ ȖȉȍșȗȍȟȐȊȈȍȚ ȊȣȗȖȓȕȍȕȐȍ ȗȘȖȚȖȒȖȓȖȊ 
ȒȊȈȕȚȖȊȖȑ ȚȍȓȍȗȖȘȚȈȞȐȐз ȒȘȐȗȚȖȋȘȈȜȐȐ Ȑ ȒȊȈȕȚȖȊȣȝ ȊȣȟȐșȓȍȕȐȑй ǯȈȗțȚȈȕȕȣȍ 
șȖșȚȖȧȕȐȧ ȉȣȓȐ ȖȉȕȈȘțȎȍȕȣ ȍȡȍ Ȋ мфор ȋй Ȋ ȖșȕȖȊȖȗȖȓȈȋȈȦȡȐȝ ȘȈȉȖȚȈȝ ШȘёȌȐȕȋȍȘȈ
Ȑ ЭȑȕȠȚȍȑȕȈ ș șȖȚȘțȌȕȐȒȈȔȐй 



Tema 4.

4.3. Ɂɚɩɭɬɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɭɸ ɤɜɚɧɬɨɜɭɸ ɫɢɫɬɟɦɭ А и В ɜ ɱɢɫɬɨɦ ɫɨɫɬɨɹɧɢɢ ஺஻߰|ۄ . ɉɭɫɬɶ

А ɢ В ɪɚɡɥɢɱɢɦɵ (ɧɟɬɨɠɞɟɫɬɜɟɧɧɵɟ ɱɚɫɬɢɰɵ) ɢ ɩɭɫɬɶ ɪɚɡɦɟɪɧɨɫɬɢ ɩɨɞɫɢɫɬɟɦ А ɢ В ɪɚɜɧɵ М
ɢ N (M ≤ N).

ȼɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ ஺஻߰|ۄ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɨɠɟɧ ɩɨ ɛɚɡɢɫɧɵɦ ɮɭɧɤɰɢɹɦ ௜ݑ ɢ ௜ݒ ɩɨɞɫɢɫɬɟɦ А
ɢ В (ɪɚɡɥɨɠɟɧɢɟ ɒɦɢɞɬɚ):ۄ|߰஺஻ = σ௜=ଵெ ܿ௜ ௜ݑ|ۄ ௜ݒ|ۄ . (43)

Ɍɨɠɞɟɫɬɜɟɧɧɨɫɬɶ ɱɚɫɬɢɰ ɜɧɨɫɢɬ ɧɨɜɵɟ ɷɥɟɦɟɧɬɵ ɜ ɬɟɨɪɢɸ ɡɚɩɭɬɚɧɧɨɫɬɢ ɞɥɹ ɮɟɪɦɢɨɧɨɜ ɢ
ɛɨɡɨɧɨɜ.

ɑɢɫɥɨ ɧɟ ɪɚɜɧɵɯ ɧɭɥɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ܿ௜ ɜ ɪɚɡɥɨɠɟɧɢɢ ɟɫɬɶ ɱɢɫɥɨ ɒɦɢɞɬɚ Sch. ȿɫɥɢ 
Sch = 1, ɫɨɫɬɨɹɧɢɟ ۄ|߰஺஻ = ݑ|ۄ ݒ|ۄ ɧɟ ɡɚɩɭɬɚɧɨ, ɬɚɤ ɤɚɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɢɡɜɟɞɟɧɢɟ 
ɫɨɫɬɨɹɧɢɣ и ɢ v ɩɨɞɫɢɫɬɟɦ. ȿɫɥɢ Sch ≥ 2, ɫɨɫɬɨɹɧɢɟ ۄ|߰஺஻ = ݑ|ۄ ݒ|ۄ ɡɚɩɭɬɚɧɨ.

Ⱦɥɹ ɫɢɫɬɟɦɵ, ɨɩɢɫɵɜɚɟɦɨɣ ɦɚɬɪɢɰɟɣ ɩɥɨɬɧɨɫɬɢ ρ, ɷɧɬɪɨɩɢɹ ɮɨɧ ɇɟɣɦɚɧɚ:ܵ ߩ = ݎܶ− ߩ logଶ ߩ (44)

Ⱦɚɟɬ ɦɟɪɭ (ɤɨɥɢɱɟɫɬɜɨ) ɡɚɩɭɬɚɧɧɨɫɬɢ ɜ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ.



Tema 4.

4.3. Ɂɚɩɭɬɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ

ǿȐșȚȖȍ șȖșȚȖȧȕȐȍ ۄ|߰஺஻ ȖȗȘȍȌȍȓȍȕȖ ȗȖȓȕȖșȚȤȦз ȚȈȒ ȟȚȖ ȥȕȚȘȖȗȐȧ ШȍȕȕȖȕȈ ܵ ஺஻ߩ = Ͳ.
ǶȌȕȈȒȖ șȖșȚȖȧȕȐȧ ȗȖȌșȐșȚȍȔ Ǩ Ȑ Ǫ ȗȖ ȖȚȌȍȓȤȕȖșȚȐ ȝȈȘȈȒȚȍȘȐȏțȦȚșȧ ș 
ȕȍȖȗȘȍȌȍȓȍȕȕȖșȚȤȦз ȊȣȘȈȎȍȕȕȖȑ ȊȍȘȖȧȚȕȖșȚȧȔȐ  ܿ௜ ଶ Ȋ Ȕ ȈȚȘȐȞȈȝ ȗȓȖȚȕȖșȚȐхߩ஺ = Tr஻ߩ஺஻ = σ௜ۃ ௜ݒ| ஺஻ߩ ௜ݒ|ۄ = σ௜ ܿ௜ ଶ ௜ݑ|ۄ ۃ ௜ݑ| ,                              (45)

஻ߩ =෍௜ ܿ௜ ଶ ௜ݒ|ۄ ۃ ௜ݒ|
Ɂɧɚɱɟɧɢɹ ɷɧɬɪɨɩɢɢ ɮɨɧ ɇɟɣɦɚɧɚ ɞɥɹ ɩɨɞɫɢɫɬɟɦ А ɢ В ɩɨɥɨɠɢɬɟɥɶɧɵ:ܵ ஺ߩ = ܵ ஻ߩ = −σ௜ ܿ௜ ଶ logଶ ܿ௜ ଶ > Ͳ.                                                                                  (46)

ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜ ɫɨɫɬɨɹɧɢɹɯ, ɨɩɢɫɵɜɚɟɦɵɯ ɦɚɬɪɢɰɚɦɢ ɩɥɨɬɧɨɫɬɢ ߩ஺ ɢ ߩ஻ ɫɭɳɟɫɬɜɭɟɬ ɞɨ 
ɢɡɦɟɪɟɧɢɹ ɫɨɫɬɨɹɧɢɣ ɩɨɞɫɢɫɬɟɦ А ɢ В. ɑɟɦ ɛɨɥɶɲɟ ɷɬɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, ɬɟɦ ɛɨɥɶɲɟ 
ɡɚɩɭɬɚɧɧɨɫɬɶ ɜ ɫɨɫɬɨɹɧɢɢ ۄ|߰஺஻ ɤɨɦɩɨɡɢɬɧɨɣ ɫɢɫɬɟɦɵ АВ.
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4.3. Ɂɚɩɭɬɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ

Ⱦɥɹ ɤɭɛɢɬɚ ɜ ɫɨɫɬɨɹɧɢɢ, ɨɩɢɫɵɜɚɟɦɨɦ ɦɚɬɪɢɰɟɣ ɩɥɨɬɧɨɫɬɢߩ஺ = ܿ଴ ଶ Ͳ|ۄ ۃ |Ͳ + ܿଵ ଶ ͳ|ۄ ۃ |ͳ ,

ɞɜɭɯɤɭɛɢɬɨɜɨɣ ɤɨɦɩɨɡɢɬɧɨɣ ɫɢɫɬɟɦɵ, ɢɦɟɸɳɟɦɭ ɦɚɤɫɢɦɚɥɶɧɭɸ ɡɚɩɭɬɚɧɧɨɫɬɶ ɜ ɫɢɫɬɟɦɟ
ɤɭɛɢɬɨɜ А ɢ В.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɪɨɣ ɡɚɩɭɬɚɧɧɨɫɬɢ ɜ ɱɢɫɬɨɦ ɫɨɫɬɨɹɧɢɢ      ۄ|߰஺஻ ɤɨɦɩɨɡɢɬɧɨɣ ɫɢɫɬɟɦɵ 
АВ ɫɥɭɠɢɬ ɦɟɪɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɫɨɫɬɨɹɧɢɣ ɩɨɞɫɢɫɬɟɦ А ɢ В — ɷɧɬɪɨɩɢɹ ɮɨɧ ɇɟɣɦɚɧɚ. 
Ⱦɥɹ ɪɚɡɥɢɱɢɦɵɯ ɩɨɞɫɢɫɬɟɦ ɜɫɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜ ߩ஺ ɢ ߩ஻ ɨɛɭɫɥɨɜɥɟɧɚ ɡɚɩɭɬɚɧɧɨɫɬɶɸ ɜ 
ɫɨɫɬɨɹɧɢɢ ஺஻߰|ۄ .

ɦɚɤɫɢɦɭɦ ܵ ஺ߩ = ͳ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ܿ଴ ଶ = ଵܿ ଶ = ͳ/ʹ . ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɢɫɬɨɦɭ
ɫɨɫɬɨɹɧɢɸ ஺஻߰|ۄ = ͳʹ ͲͲ|ۄ + ͳͳ|ۄ
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4.4. Ɂɚɩɭɬɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ
ɉɪɟɨɛɪɚɡɨɜɚɧɢɹ ɡɚɩɭɬɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ

ǸȈșșȔ ȈȚ ȘȐȊȈȧ ȏȈȗțȚ ȈȕȕȖșȚ Ȥ ȒțȉȐȚ ȖȊ ȒȈȒ ȘȍșțȘșз Ȕ ȣ ȌȖȓȎ ȕȣ țȔ ȍȚȤ ȍȍ șȖȏȌȈȊȈȚ Ȥ гȋȍȕȍȘȐȘȖȊȈȚ Ȥдз 
ȝȘȈȕȐȚ Ȥз ȗȘȍȖȉȘȈȏȖȊȣȊȈȚ Ȥз ȐșȗȖȓȤȏȖȊȈȚ Ȥй ǷȍȘȍȑȌȍȔ  Ȓ ȊȖȗȘȖșț Ȗ ȗȘȍȖȉȘȈȏȖȊȈȕȐȧȝ ȏȈȗțȚ Ȉȕȕȣȝ 
șȖșȚ ȖȧȕȐȑй 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɡɚɩɭɬɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɬɪɟɯ ɢ ɛɨɥɟɟ ɱɚɫɬɢɰ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ: ɜ ɤɚɤɨɣ
ɦɟɪɟ ɨɛɴɟɤɬ (ɤɭɛɢɬ) ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɭɬɚɧ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɞɜɭɦɹ (ɢ ɛɨɥɟɟ) ɞɪɭɝɢɦɢ ɨɛɴɟɤɬɚɦɢ?
Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɤɜɚɧɬɨɜɚɹ ɡɚɩɭɬɚɧɧɨɫɬɶ (ɤɜɚɧɬɨɜɵɟ ɤɨɪɪɟɥɹɰɢɢ) ɧɟ ɦɨɠɟɬ ɫɜɨɛɨɞɧɨ
ɜɨɡɧɢɤɚɬɶ (ɫɨɡɞɚɜɚɬɶɫɹ) ɦɟɠɞɭ ɨɞɧɢɦ ɨɛɴɟɤɬɨɦ ɢ ɦɧɨɝɢɦɢ ɞɪɭɝɢɦɢ - ɜ ɨɬɥɢɱɢɟ ɨɬ
ɤɥɚɫɫɢɱɟɫɤɢɯ ɤɨɪɪɟɥɹɰɢɣ. ɇɚɩɪɢɦɟɪ, ɜ ɫɢɫɬɟɦɟ ɢɡ ɬɪɟɯ ɱɚɫɬɢɰ Ⱥ, В, С ɧɚɥɢɱɢɟ ɡɚɩɭɬɚɧɧɨɫɬɢ
А и В ɨɝɪɚɧɢɱɢɜɚɟɬ ɫɜɟɪɯɭ ɡɚɩɭɬɚɧɧɨɫɬɶ А ɫ С .

Ɉɛɨɛɳɚɹ ɫɨɫɬɨɹɧɢɟ ɡɚɩɭɬɚɧɧɨɫɬɢ ɧɚ ɫɥɭɱɚɣ ɩ>>1 ɤɭɛɢɬɨɜ, ɩɨɥɭɱɚɟɦ ɫɨɫɬɨɹɧɢɟ ɬɢɩɚ
’’ɲɪёɞɢɧɝɟɪɨɜɫɤɨɝɨ ɤɨɬɚ”:

- ɹɜɥɹɸɳɟɟɫɹ ɦɨɞɟɥɶɸ ɫɨɫɬɨɹɧɢɹ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɬɟɥɚ ɜ ɫɭɩɟɪɩɨɡɢɰɢɨɧɧɨɦ ɤɜɚɧɬɨɜɨɦ
ɫɨɫɬɨɹɧɢɢ. ɂɫɫɥɟɞɭɹ ɩɪɨɰɟɫɫɵ ɞɟɤɨɝɟɪɟɧɬɢɡɚɰɢɢ ɫɨɫɬɨɹɧɢɹ ɭɞɚɟɬɫɹ ɨɬɜɟɬɢɬɶ ɧɚ
ɜɨɩɪɨɫ ɤɚɪɞɢɧɚɥɶɧɨɣ ɜɚɠɧɨɫɬɢ: ɩɨɱɟɦɭ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɬɟɥɚ ɜɟɞɭɬ ɫɟɛɹ ɤɚɤ
ɤɥɚɫɫɢɱɟɫɤɢɟ, ɬɨɝɞɚ ɤɚɤ ɩɨ ɫɭɳɟɫɬɜɭ ɨɧɢ ɤɜɚɧɬɨɜɵɟ - ɜ ɬɨɦ ɫɦɵɫɥɟ, ɱɬɨ ɧɟɬ ɡɚɩɪɟɬɚ ɧɚ
ɤɜɚɧɬɨɜɨɟ ɨɩɢɫɚɧɢɟ ɬɟɥ ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ.

ห߰௡ۄ = ͳʹ หͲଵ…Ͳ௡ۄ + …หͳଵۄ ͳ௡
௡߰|ۄ ,
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4.5. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɡɚɩɭɬɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ

Ɂɚɩɭɬɚɧɧɨɫɬɶ ɤɚɤ ɪɟɫɭɪɫ ɹɜɥɹɟɬɫɹ ɪɚɫɯɨɞɭɟɦɵɦ ɮɚɤɬɨɪɨɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɵ
ɦɟɬɨɞɵ ’’ɢɡɝɨɬɨɜɥɟɧɢɹ” ɡɚɩɭɬɚɧɧɵɯ ɩɚɪ. ɂɫɩɨɥɶɡɭɹ ɭɧɢɬɚɪɧɨɟ ɞɜɭɯɤɭɛɢɬɨɜɨɟ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ CNOT, ɢɡ ɧɚɱɚɥɶɧɨɝɨ ɧɟɡɚɩɭɝɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɜɭɯ ɤɭɛɢɬɨɜͳʹ Ͳ஺|ۄ + ͳ஺|ۄ Ͳ஻|ۄ

ɩɨɥɭɱɚɟɦ ɦɚɤɫɢɦɚɥɶɧɨ ɡɚɩɭɬɚɧɧɭɸ ɩɚɪɭ ɤɭɛɢɬɨɜ:ଵଶ Ͳ஺|ۄ Ͳ஻|ۄ + ͳ஺|ۄ Ͳ஻|ۄ େ୒୓୘ಲಳ ଵଶ Ͳ஺|ۄ Ͳ஺|ۄ + ͳ஺|ۄ ͳ஻|ۄ (52)

Ɍɚɤɨɣ ɫɩɨɫɨɛ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɦ, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɭɟɦɵɟ ɨɩɟɪɚɰɢɢ ɜɡɹɬɵ ɢɡ
ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɧɚɛɨɪɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɤɜɚɧɬɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ.

Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɵ ɡɚɩɭɬɚɧɧɵɟ ɤɭɛɢɬɵ ɧɚ ɢɨɧɚɯ ɜ ɥɨɜɭɲɤɟ ɢ ɹɞɟɪɧɵɯ
ɫɩɢɧɚɯ ɜ əɆɊ-ɤɜɚɧɬɨɜɨɦ ɤɨɦɩɶɸɬɟɪɟ.

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɡɚɩɭɬɚɧɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɸɬ ɩɚɪɵ ɮɨɬɨɧɨɜ, ɩɨɥɭɱɚɟɦɵɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɫɩɨɧɬɚɧɧɨɝɨ ɪɚɫɩɚɞɚ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɮɨɬɨɧɚ ɧɚɤɚɱɤɢ ɜ ɧɟɥɢɧɟɣɧɨɦ ɤɪɢɫɬɚɥɥɟ, 
— ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ «ɜɧɢɡ-ɤɨɧɜɟɪɫɢɸ» (down-conversion). 


