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1. Ȼɢɬɵ ɢ ɤɭɛɢɬɵ

ɋɥɨɜɚɦɢ ’’ɛɢɬ” ɢ ’’ɤɭɛɢɬ” ɨɛɨɡɧɚɱɚɸɬ ɤɚɤ ɟɞɢɧɢɰɵ ɤɥɚɫɫɢɱɟɫɤɨɣ ɢ ɤɜɚɧɬɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ,
ɬɚɤ ɢ ɤɥɚɫɫɢɱɟɫɤɢɟ ɢ ɤɜɚɧɬɨɜɵɟ ɫɢɫɬɟɦɵ, ɹɜɥɹɸɳɢɟɫɹ ɧɨɫɢɬɟɥɹɦɢ 1 ɛɢɬɚ (ɤɭɛɢɬɚ) ɢɧɮɨɪɦɚɰɢɢ.

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɤɥɚɫɫɢɱɟɫɤɢɯ ɤɨɦɩɶɸɬɟɪɚɯ ɫɭɳɟɫɬɜɭɸɬ ɛɢɬɵ ɩɚɦɹɬɢ, ɯɪɚɧɹɳɢɟ
ɢɧɮɨɪɦɚɰɢɸ, ɢ ɭɩɪɚɜɥɹɟɦɵɟ ɛɢɬɵ ɜ ’’ɫɯɟɦɚɯ”, ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɢɧɮɨɪɦɚɰɢɸ. ȼ ɦɚɝɧɢɬɧɨɣ
ɩɚɦɹɬɢ ɗȼɆ ɛɢɬɨɦ ɹɜɥɹɟɬɫɹ ɧɚɦɚɝɧɢɱɟɧɧɚɹ ɨɛɥɚɫɬɶ ɦɚɝɧɢɬɧɨɣ ɩɥɟɧɤɢ: ɞɜɭɦ ɧɚɩɪɚɜɥɟɧɢɹɦ
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɧɚɱɟɧɢɹ ”0” ɢ ”1” ɛɢɬ ɢɧɮɨɪɦɚɰɢɢ. ɉɟɪɟɤɥɸɱɟɧɢɟ ”0”→”1”
ɢɥɢ ”1”→”0” ɬɪɟɛɭɟɬ ɩɪɟɨɞɨɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɬɨɹɧɢɹɦɢ
ɧɚɦɚɝɧɢɱɟɧɧɨɣ ɩɥɟɧɤɢ; ɢɦɟɧɧɨ ɧɚɥɢɱɢɟ ɛɚɪɶɟɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɯɪɚɧɟɧɢɹ ɢɧɮɨɪɦɚ-

ɰɢɢ.

Ǫ ȖȗȍȘȈȚȐȊȕȖȑ ȗȈȔȧȚȐ ЭǪǴ ȕȖșȐȚȍȓȍȔ ȐȕȜȖȘȔȈȞȐȐ ȧȊȓȧȍȚșȧ ȚȘȐȋȋȍȘȕȈȧ
ȚȘȈȕȏȐșȚȖȘȕȈȧ șȝȍȔȈ. Ǫ ȖȗȐșȈȕȕȣȝ ȧȟȍȑȒȈȝ ȗȈȔȧȚȐ șȖșȚȖȧȕȐȧ ”0” Ȑ ”1” ȘȈȏȌȍȓȍȕȣ
ȥȕȍȘȋȍȚȐȟȍșȒȐȔ ȉȈȘȤȍȘȖȔ . ǩȖȓȍȍ ȚȖȋȖз șȖșȚȖȧȕȐȧ ș ȔȐȕȐȔȈȓȤȕȖȑ ȥȕȍȘȋȐȍȑ ȧȊȓȧȦȚșȧ
ȈȚȚȘȈȒȚȖȘȈȔȐз Ȓ ȒȖȚȖȘȣȔ șȐșȚȍȔȈ ȥȊȖȓȦȞȐȖȕȐȘțȍȚ Ȑȏ ȔȕȖȎȍșȚȊȈ șȖșȚȖȧȕȐȑз
ȖȒȘțȎȈȦȡȐȝ ȈȚȚȘȈȒȚȖȘ. ǵȈȌȍȎȕȖșȚȤ ȝȘȈȕȍȕȐȧ ȐȕȜȖȘȔȈȞȐȐ Ȋ ȒȓȈșșȐɱɟɫɤɢɯ ɤɨɦɩɶɸɬɟɪɚɯ
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɥɢɱɢɟɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ, ɤɨɬɨɪɵɣ ɪɚɡɞɟɥɹɟɬ ɞɜɚ ɚɬɬɪɚɤɬɨɪɚ,
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɫɬɨɹɧɢɹ ”0” ɢ ”1”.

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.1. Ȼɢɬɵ ɢ ɤɭɛɢɬɵ. 2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ
ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ. 2.3. Ʉɜɚɧɬɨɜɚɹ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɟɤɬɨɪɨɜ
ɫɨɫɬɨɹɧɢɹ.



1. Ȼɢɬɵ ɢ ɤɭɛɢɬɵ
ɉɪɢɦɟɪɨɦ ɭɩɪɚɜɥɹɟɦɨɝɨ ɛɢɬɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɫɢɫɬɟɦɚɯ ɨɛɪɚɛɨɬɤɢ

ɢɧɮɨɪɦɚɰɢɢ ɜ ɗȼɆɹɜɥɹɟɬɫɹ ɢɧɜɟɪɬɨɪ, ɩɨɫɬɪɨɟɧɧɵɣ ɧɚ ɞɜɭɯ ɬɪɚɧɡɢɫɬɨɪɚɯ
(ɪɢɫ. 1). ȼ ɢɧɜɟɪɬɨɪɟ ɜɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Vin ’’ɭɩɪɚɜɥɹɟɬ” ɧɚɩɪɹɠɟɧɢɟɦ Vout

ɧɚ ɜɵɯɨɞɟ: ɟɫɥɢ Vin ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ”0” (”1”), ɬɨ Vout — ”1” (”0”).
ɂɧɜɟɪɬɨɪ ɜɵɩɨɥɧɹɟɬ ɥɨɝɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ ɇȿ (NOT). ɉɪɢ ɷɬɨɦ
ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɥɢɧɟɣɧɨɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ

Vout =f ( Vin),

ɨɩɪɟɞɟɥɹɟɦɨɟ ɫɜɨɣɫɬɜɚɦɢ ɬɪɚɧɡɢɫɬɨɪɨɜ ɢ ɢɯ ɫɜɹɡɹɦɢ ɜ ɫɯɟɦɟ.

Ȼɚɡɨɜɵɦ ɷɥɟɦɟɧɬɨɦ ɤɜɚɧɬɨɜɨɝɨ ɤɨɦɩɶɸɬɟɪɚ (ɧɨɫɢɬɟɥɟɦ ɤɜɚɧɬɨɜɨɣ
ɢɧɮɨɪɦɚɰɢɢ) ɹɜɥɹɟɬɫɹ ɤɜɚɧɬɨɜɵɣ ɛɢɬ — ɤɭɛɢɬ. ȼ ɫɢɫɬɟɦɚɯ ɤɜɚɧɬɨɜɨɣ ɫɜɹɡɢ
ɢɧɮɨɪɦɚɰɢɹ ɩɟɪɟɞɚɟɬɫɹ ɩɭɬɟɦ ɮɢɡɢɱɟɫɤɨɝɨ ɩɟɪɟɧɨɫɚ ɤɭɛɢɬɚ — ɧɨɫɢɬɟɥɹ
ɢɧɮɨɪɦɚɰɢɢ ɢɥɢ ɦɟɬɨɞɨɦ ɬɟɥɟɩɨɪɬɚɰɢɢ ɤɜɚɧɬɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɭɛɢɬɚ.

ȼ ɤɚɱɟɫɬɜɟ ɤɭɛɢɬɚ ɦɨɠɟɬ ɛɵɬɶ ɢɡɛɪɚɧɚ ɥɸɛɚɹ ɤɜɚɧɬɨɜɚɹ
ɫɢɫɬɟɦɚ ɫ ɞɜɭɦɹ ɫɨɫɬɨɹɧɢɹɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɦɢ ɨɪɬɨ-

ɧɨɪɦɢɪɨɜɚɧɧɵɦɢ ɜɨɥɧɨɜɵɦɢ ɮɭɧɤɰɢɹɦɢ �|ۄ ɢ ଵ�|ۄ ɍɞɨɛɧɵɦ
ɩɪɢɦɟɪɨɦ ɤɭɛɢɬɚ ɹɜɥɹɟɬɫɹ ɹɞɟɪɧɵɣ (ɢɥɢ ɷɥɟɤɬɪɨɧɧɵɣ) ɫɩɢɧ I =

1/2, ɤɨɬɨɪɵɣ ɜ ɩɨɫɬɨɹɧɧɨɦ ɜɧɟɲɧɟɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ В ɢɦɟɟɬ ɞɜɚ
ɭɪɨɜɧɹ ɷɧɟɪɝɢɢ:� = − ଵଶ ℏߛ� , �ଵ = − ଵଶ ℏߛ�
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɚɩɪɚɜɥɟɧɢɹɦ ɫɩɢɧɚ ɜɞɨɥɶ ɩɨɥɹ ɢɥɢ ɩɪɨɬɢɜ 
ɩɨɥɹ (ɪɢɫ. 2).

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.1. Ȼɢɬɵ ɢ ɤɭɛɢɬɵ.

Ɋɢɫ. 1. ɋɯɟɦɚ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɢɧɜɟɪɬɨɪɚ ɧɚ ɞɜɭɯ
ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɚɯ (ɚ) ɢ ɩɟɪɟɞɚɬɨɱɧɚɹ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɜɟɪɬɨɪɚ (ɛ). ɋɨɫɬɨɹɧɢɹ ”0” ɢ ”1”
ɧɚ ɜɯɨɞɟ (Vin) ɢ ɜɵɯɨɞɟ (Vout) ɤɨɞɢɪɭɸɬɫɹ
ɡɧɚɱɟɧɢɹɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ.

Ɋɢɫ. 2. ɋɯɟɦɚ ɤɜɚɧɬɨɜɨɝɨ ɛɢɬɚ — ɤɭɛɢɬɚ.

Ʌɨɝɢɱɟɫɤɢɟ ɫɨɫɬɨɹɧɢɹ |0) ɢ |1) ɤɭɛɢɬɚ
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɨɛɫɬɜɟɧɧɵɦ ɮɭɧɤɰɢɹɦ
ɷɧɟɪɝɢɢ ɫɩɢɧɚ = 1/2 ɢɥɢ ɩɪɨɟɤɰɢɢ 12 ɜ
ɩɨɫɬɨɹɧɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ В.



1. Ȼɢɬɵ ɢ ɤɭɛɢɬɵ. ȼɚɪɢɚɧɬɵ ɜɵɛɨɪɚ ɫɨɫɬɨɹɧɢɣ ɤɭɛɢɬɚ

ȿɫɥɢ ɨɫɧɨɜɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢɨɧɚ ɜɵɪɨɠɞɟɧɨ ɩɨ ɫɩɢɧɭ S = 1/2, ɜ ɩɨɫɬɨɹɧɧɨɦ ɦɚɝɧɢɬɧɨɦ
ɩɨɥɟ В ɨɧɨ ɪɚɫɳɟɩɥɹɟɬɫɹ ɧɚ ɞɜɚ ɫɩɢɧɨɜɵɯ ɩɨɞɭɪɨɜɧɹ |ۄ ± ͳ/ʹ , ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɜ
ɤɚɱɟɫɬɜɟ ɫɨɫɬɨɹɧɢɣ | Ͳۄ ɢ ͳ|ۄ ɤɭɛɢɬɚ. ɍɩɪɚɜɥɹɬɶ ɩɟɪɟɯɨɞɚɦɢ |ۄ + ͳ/ʹ ↔ |ۄ − ͳ/ʹ ɦɨɠɧɨ ɫ
ɩɨɦɨɳɶɸ ɫɨɜɨɤɭɩɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɨɥɟɣ ɞɜɭɯ ɥɚɡɟɪɨɜ, ɧɚɫɬɪɨɟɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɩɨ ɬɚɤ
ɧɚɡɵɜɚɟɦɨɣ ɪɚɦɚɧɨɜɫɤɨɣ ɫɯɟɦɟ. Ɋɚɡɧɨɫɬɶ ɱɚɫɬɨɬ ɥɚɡɟɪɨɜ ɜ ɪɚɦɚɧɨɜɫɤɨɣ ɫɯɟɦɟ ɪɚɜɧɚ
ɱɚɫɬɨɬɟ ɩɟɪɟɯɨɞɚ ɦɟɠɞɭ ɩɨɞɭɪɨɜɧɹɦɢ |ۄ ± ͳ/ʹ : ɮɨɬɨɧ ɛɨɥɶɲɟɣ ɱɚɫɬɨɬɵ (ɥɚɡɟɪɚ ɧɚɤɚɱɤɢ)
ɩɨɝɥɨɳɚɟɬɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɫ ɭɪɨɜɧɹ Ͳ|ۄ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɜɢɪɬɭɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɫ
ɷɧɟɪɝɢɟɣ ɜɛɥɢɡɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɭɪɨɜɧɹ ʹ|ۄ , ɚ ɧɚ ɦɟɧɶɲɟɣ ɱɚɫɬɨɬɟ ɫɬɨɤɫɨɜɚ ɥɚɡɟɪɚ
ɩɪɨɢɫɯɨɞɢɬ ɜɵɧɭɠɞɟɧɧɨɟ ɢɡɥɭɱɟɧɢɟ ɮɨɬɨɧɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɫ ɜɢɪɬɭɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɚ
ɭɪɨɜɟɧɶ ͳ|ۄ .

Ǫ ȌȘțȋȐȝ ȗȖȗțȓȧȘȕȣȝ ȘȍȈȓȐȏȈȞȐȧȝ șȖșȚȖȧȕȐȧȔȐ ȒțȉȐȚȈ ȊȣȉȐȘȈȦȚ ȖȘȉȐȚȈȓȤȕȣȍ 
șȖșȚȖȧȕȐȧ ȥȓȍȒȚȘȖȕȈ Ȋ ȒȊȈȕȚȖȊȣȝ ȧȔ Ȉȝ ȐȓȐ ȒȊȈȕȚȖȊȣȝ ȚȖȟȒȈȝй ǹȖșȚȖȧȕȐȧ ”л” Ȑ ”м” 
ȥȓȍȒȚȘȖȕȈ Ȋ ȒȊȈȕȚȖȊȣȝ ȚȖȟȒȈȝ Ȕ ȖȋțȚ ȉȣȚȤ ȘȈȏȌȍȓȍȕȣ ȗȖȚȍȕȞȐȈȓȤȕȣȔ ȉȈȘȤȍȘȖȔз 
ȒȈȒ Ȋ ȘȍȈȓȐȏȈȞȐȐ ȒȓȈșșȐȟȍșȒȖȋȖ ȉȐȚȈй ǺȍȔ ȕȍ Ȕȍȕȍȍ Ȋ ȒȊȈȕȚȖȊȖȔ șȓțȟȈȍ 
șȖșȚȖȧȕȐȍ ”м” șȖȝȘȈȕȧȍȚ ȕȍțșȚȖȑȟȐȊȖșȚȤ ȗȖ ȖȚȕȖȠȍȕȐȦ Ȓ ȘȈșȗȈȌț ”м”→”л” 
ȉȓȈȋȖȌȈȘȧ ȊȖȏȔȖȎȕȖșȚȐ ȚțȕȕȍȓȤȕȖȋȖ ȗȍȘȍȝȖȌȈ șȒȊȖȏȤ ȉȈȘȤȍȘй ǻ ȗȘȈȊȓȍȕȐȍ 
ȌȐȕȈȔȐȒȖȑ ȒțȉȐȚȈ ȊȣȗȖȓȕȧȍȚșȧ ȓȈȏȍȘȕȣȔȐ ȐȔȗțȓȤșȈȔȐ ȟȍȘȍȏ ȊȖȏȉțȎȌȍȕȕȣȍ 
țȘȖȊȕȐ ȥȕȍȘȋȐȐ ȥȓȍȒȚȘȖȕȈй

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.1. Ȼɢɬɵ ɢ ɤɭɛɢɬɵ.



1. Ȼɢɬɵ ɢ ɤɭɛɢɬɵ. ȼɚɪɢɚɧɬɵ ɜɵɛɨɪɚ ɫɨɫɬɨɹɧɢɣ ɤɭɛɢɬɚ

Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɸɬ ɪɟɚɥɢɡɚɰɢɢ ɤɭɛɢɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɬɪɭɤɬɭɪ. ȼ ɡɚɪɹɞɨɜɨɦ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɨɜɨɦ ɤɭɛɢɬɟ
ɫɨɫɬɨɹɧɢɹɦ Ͳ|ۄ ɢ ͳ|ۄ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɬɫɭɬɫɬɜɢɟ ɢ ɧɚɥɢɱɢɟ ɡɚɪɹɞɚ ɨɞɧɨɣ
ɤɭɩɟɪɨɜɫɤɨɣ ɩɚɪɵ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɣ ɤɜɚɧɬɨɜɨɣ ɬɨɱɤɟ.

ɋɨɫɬɨɹɧɢɹɦ Ͳ|ۄ ɢ ͳ|ۄ ɤɭɛɢɬɚ ɜ ɫɤɜɢɞɟ (ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɨɜɨɟ ɤɨɥɶɰɨ ɫ ɩɟɪɟɯɨɞɚɦɢ
Ⱦɠɨɡɟɮɫɨɧɚ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɨɜɵɟ ɬɨɤɢ ɜ
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ .

ǩȖȓȤȠȖȍ ȟȐșȓȖ ȥȒșȗȍȘȐȔȍȕȚȖȊ ȊȣȗȖȓȕȍȕȖ ȕȈ ȒțȉȐȚȍ — ȖȌȐȕȖȟȕȖȔ ȜȖȚȖȕȍй 
ǳȦȉȣȍ ȌȊȈ șȖșȚȖȧȕȐȧ ȜȖȚȖȕȈ ș ȖȘȚȖȋȖȕȈȓȤȕȣȔȐ ȗȖȓȧȘȐȏȈȞȐȧȔȐ ȔȖȋțȚ 
ȉȣȚȤ ȊȣȉȘȈȕȣ ȒȈȒ șȖșȚȖȧȕȐȧ ۄ|Ͳ Ȑ ۄ|ͳ ȒțȉȐȚȈй ǪȖȏȔȖȎȍȕ ȚȈȒȎȍ ȊȣȉȖȘ ȌȊțȝ 
ȜȖȚȖȕȕȣȝ șȖșȚȖȧȕȐȑз ȘȈȏȓȐȟȈȦȡȐȝșȧ ȜȈȏȖȑ πй ǹȐșȚȍȔȣ Ȑȏ ȜȖȚȖȕȕȖȋȖ Ȑ 
ȈȚȖȔȕȖȋȖ ȒțȉȐȚȖȊ Ȋ ȘȍȏȖȕȈȚȖȘȍ șȖșȚȈȊȓȧȦȚ ȉȈȏȐșȕțȦ șȐșȚȍȔț Ȍȓȧ 
ȥȒșȗȍȘȐȔȍȕȚȖȊ Ȋ ȘȈȏȌȍȓȍ ȒȊȈȕȚȖȊȖȑ ȖȗȚȐȒȐз ȕȈȏȣȊȈȍȔȖȑ ȘȍȏȖȕȈȚȖȘȕȖȑ 
ȒȊȈȕȚȖȊȖȑ ȥȓȍȒȚȘȖȌȐȕȈȔȐȒȖȑ гcavity QED).

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.1. Ȼɢɬɵ ɢ ɤɭɛɢɬɵ.



2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ
ȼɵɲɟ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɜɵɛɨɪɚ ɞɜɭɯ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ

ɪɚɡɥɢɱɧɵɯ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɢɫɧɵɯ ɫɨɫɬɨɹɧɢɣ Ͳ|ۄ ɢ ͳ|ۄ ɤɭɛɢɬɚ. ɉɨ
ɷɬɨɦɭ ɛɚɡɢɫɭ ɦɨɠɧɨ ɪɚɡɥɨɠɢɬɶ ɥɸɛɨɟ ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɤ ɟɞɢɧɢɰɟ ɫɨɫɬɨɹɧɢɟ �|ۄ
ɤɭɛɢɬɚ:ۄ|� = ܽ Ͳ|ۄ +b ͳ|ۄ , ܽ ଶ + ܾ ଶ = 1.                 (1)

ɋɨɫɬɨɹɧɢɟ (1) ɜɵɪɚɠɚɟɬ ɩɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ ɤɚɤ
ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ: ɟɫɥɢ ɫɨɫɬɨɹɧɢɹ Ͳ|ۄ ɢ ͳ|ۄ ɫɭɬɶ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɒɪёɞɢɧɝɟɪɚ
ɞɥɹ ɫɢɫɬɟɦɵ, ɬɨ ɥɸɛɚɹ ɫɭɩɟɪɩɨɡɢɰɢɹ ɷɬɢɯ ɪɟɲɟɧɢɣ ɬɚɤɠɟ ɟɫɬɶ ɪɟɲɟɧɢɟ
ɭɪɚɜɧɟɧɢɹ.

Ɇɧɨɠɟɫɬɜɨ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɣ �|ۄ ɨɛɪɚɡɭɟɬ ɞɜɭɦɟɪɧɨɟ ɜɟɤɬɨɪɧɨɟ
ɩɪɨɫɬɪɚɧɫɬɜɨ Ƚɢɥɶɛɟɪɬɚ ɤɭɛɢɬɚ. Ʉɨɦɩɨɧɟɧɬɵ ɞɜɭɦɟɪɧɵɯ ɜɟɤɬɨɪɨɜ Ͳ|ۄ , ͳ|ۄ , ߰|ۄ
ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɜɢɞɟ ɫɬɨɥɛɰɨɜ:ۄ|Ͳ = ͳͲ , ͳ|ۄ = Ͳͳ , ߰|ۄ = ܽ ͳͲ + ܾ Ͳͳ = ܾܽ

(2)

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.



2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ

ɋɨɫɬɨɹɧɢɹ Ͳ|ۄ ɢ ͳ|ۄ ɫɥɭɠɚɬ ɨɪɬɚɦɢ ɜ ɞɜɭɦɟɪɧɨɦ ɝɢɥɶɛɟɪɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ
ɤɭɛɢɬɚ. ɉɪɨɟɤɰɢɢ ߰|ۄ ɧɚ ɨɪɬɵ ɪɚɜɧɵ ɚɦɩɥɢɬɭɞɚɦ a ɢ b ɜ ɫɭɩɟɪɩɨɡɰɢɢ:Ͳ/߰ = ܽ , ͳ/߰ = ܾ

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɚɦɩɥɢɬɭɞɵ а ɢ b — ɧɟɤɨɬɨɪɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ:ܽ = ܽ exp i� , ܾ = ܾܽ exp �� .

Ɍɨɝɞɚۄ|߰ = exp i� ܽ + ܾ exp i �− � .

Ɉɛɳɢɣ ɮɚɡɨɜɵɣ ɦɧɨɠɢɬɟɥɶ exp i� ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ
ɫɨɫɬɨɹɧɢɹ ɤɭɛɢɬɚ, ɢ ɮɚɡɚ � ɦɨɠɟɬ ɢɦɟɬɶ ɩɪɨɢɡɜɨɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. Ɉɬɫɸɞɚ
ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɤɬɨɪ ߰|ۄ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɜɭɦɹ ɜɟɳɟɫɬɜɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɧɚɩɪɢ-

ɦɟɪ ܽ ɢ � − � . Ɂɧɚɱɟɧɢɹ ܽ ଶ ɢ ܾ ଶ = ͳ − ܽ ଶ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɭɬɟɦ
ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɜ ɛɚɡɢɫɟ Ͳ|ۄ , ͳ|ۄ ɤɭɛɢɬɨɜ ɢɡ ɚɧɫɚɦɛɥɹ, ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ
ɜ ɫɨɫɬɨɹɧɢɢ ߰|ۄ , ɤɚɤ ɜɟɪɨɹɬɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ: Ͳ|ۄ = ܽ ଶ        , ͳ|ۄ = ܾܽ ଶ .

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.



2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ

Ɋɚɡɧɨɫɬɶ ɮɚɡ � −� ɚɦɩɥɢɬɭɞ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɨɜ
ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɝɨ ɬɢɩɚ .

ɉɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɟɤɬɨɪɚۄ|߰ = ܾܽ
ɜ ɜɟɤɬɨɪۄ|߰′ = ܽ′ܾ′
ɹɜɥɹɸɬɫɹ ɨɞɧɨɤɭɛɢɬɨɜɵɦɢ ɤɜɚɧɬɨɜɵɦɢ ɨɩɟɪɚɰɢɹɦɢ ɜ ɤɜɚɧɬɨɜɵɯ ɜɵɱɢɫɥɟɧɢɹɯ.

Ƚɟɨɦɟɬɪɢɱɟɫɤɢ ɬɚɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɟɫɬɶ ɜɪɚɳɟɧɢɟ ɜɟɤɬɨɪɚۄ|߰ = ܾܽ
ɞɨ ɫɨɜɩɚɞɟɧɢɹ ɫ ɜɟɤɬɨɪɨɦۄ|߰′ = ܽ′ܾ′
Ɉɩɟɪɚɬɨɪ ɜɪɚɳɟɧɢɹ U ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɧɢɬɚɪɧɭɸ ɦɚɬɪɢɰɭ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 2x2:ܽ′ܾ′ = U ʹ × ʹ ܾܽ

.

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.



2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ

ɂɡ ɨɛɳɟɝɨ ɜɢɞɚ ɦɚɬɪɢɰɵܷ = ܿ �݁ −iߙ �݁ݐ− −iݐߚ �݁ −iߚ ܿ �݁ iߙ
ɝɞɟ ɫ, t. α, ȕ — ɜɟɳɟɫɬɜɟɧɧɵɟ ɱɢɫɥɚ, ɫɥɟɞɭɟɬ ɟɟ ɭɧɢɬɚɪɧɨɫɬɶ, ɟɫɥɢ ܿଶ+ݐଶ = ͳ.

ȼɪɚɳɟɧɢɟ ɜɟɤɬɨɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ Ƚɢɥɶɛɟɪɬɚ ɧɟɩɪɟɪɵɜɧɨ: ɩɪɢ ɫɜɨɟɦ
ɜɪɚɳɟɧɢɢ ɧɚ ɤɨɧɟɱɧɵɣ ɭɝɨɥ ɜɟɤɬɨɪ ߰|ۄ ) ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɧɟɩɪɟɪɵɜɧɭɸ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɨɪɢɟɧɬɚɰɢɣ. Ɇɚɬɪɢɰɚ ɩɨɜɨɪɨɬɚ ɧɚ
ɤɨɧɟɱɧɵɣ ɭɝɨɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɦɚɬɪɢɰ
ɩɨɜɨɪɨɬɨɜ ɧɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɟ ɭɝɥɵ.

ɇɟɩɪɟɪɵɜɧɨɫɬɶ ɩɟɪɟɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɬɥɢɱɢɟɦ
ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ, ɩɨɥɨɠɟɧɧɵɦ ɜ ɨɫɧɨɜɭ ɟɟ ɚɤɫɢɨɦɚɬɢɱɟɫɤɨɣ
ɮɨɪɦɭɥɢɪɨɜɤɢ .

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.



2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ

Ʉɭɛɢɬ ’’ɠɢɜɟɬ” ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɚɛɫɬɪɚɤɬɧɨɦ ɞɜɭɦɟɪɧɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ
Ƚɢɥɶɛɟɪɬɚ ɢ ɜ ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ȿɜɤɥɢɞɚ. (Ⱥɧɚɥɨɝɢɱɧɨɟ ɭɬɜɟɪɠɞɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɢ
ɜ ɨɬɧɨɲɟɧɢɢ ɤɜɚɧɬɨɜɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɢ ɤɭɛɢɬɨɜ.) ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ
ɫɨɜɟɪɲɚɸɬɫɹ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɚɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ:ۄ|߰′ = U ʹ × ʹ ߰|ۄ
ǶȌȕȖȊȘȍȔȍȕȕȖз ȜȐȏȐȟȍșȒȐȍ ȗȘȖȞȍșșȣ Ȋ ȒȊȈȕȚȖȊȖȑ șȐșȚȍȔȍз ȐȏȉȘȈȕȕȖȑ Ȋ ȒȈȟȍșȚȊȍ 
ȒțȉȐȚȈз ȖȗȐșȣȊȈȦȚșȧ Ȋ ȚȘȍȝȔȍȘȕȖȔ ȍȊȒȓȐȌȖȊȖȔ ȗȘȖșȚȘȈȕșȚȊȍй Ǵȣ ȌȖȓȎȕȣ țȔ ȍȚȤ 
ȊȣȗȖȓȕȧȚȤ ȜȐȏȐȟȍșȒȐȍ ȖȗȍȘȈȞȐȐ Ȋ ȓȈȉȖȘȈȚȖȘȕȖȑ șȐșȚȍȔȍ ȒȖȖȘȌȐȕȈȚ Ƕȝțz,
ȗȘȐȊȖȌȧȡȐȍ Ȓ ȕȍȖȉȝȖȌȐȔȖȔț ȗȘȍȖȉȘȈȏȖȊȈȕȐȦ Ȑ ȊȍȒȚȖȘȈ șȖșȚȖȧȕȐȧ ȒțȉȐȚȈ Ȋ 
ȋȐȓȤȉȍȘȚȖȊȖȔ ȗȘȖșȚȘȈȕșȚȊȍй

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.

ɋɮɟ́ɪɚ Ȼɥɨ́ɯɚ — ɫɩɨɫɨɛ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɬɵɯ 
ɫɨɫɬɨɹɧɢɣ ɤɭɛɢɬɚ ɜ ɜɢɞɟ ɬɨɱɟɤ ɧɚ ɫɮɟɪɟ.

ȼɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ ɢɥɢ ɜɨɥɧɨɜɚɹ ɮɭɧɤɰɢɹ ߰|ۄ , 

ɨɩɢɫɵɜɚɸɳɚɹ ɱɢɫɬɨɟ ɫɨɫɬɨɹɧɢɟ ɤɭɛɢɬɚ, ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɫɭɩɟɪɩɨɡɢɰɢɹ ɞɜɭɯ ɟɝɨ ɛɚɡɨɜɵɯ 
ɫɨɫɬɨɹɧɢɣ Ͳ|ۄ = ͳͲ ɢ  ۄ|ͳ = Ͳͳ ߰|ۄ, = ܽ Ͳ|ۄ +b ͳ|ۄ , ܽ ଶ+ ܾ ଶ = 1. 

https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%BE%D0%B5_%D1%81%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5#%D0%A7%D0%B8%D1%81%D1%82%D0%BE%D0%B5_%D1%81%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B1%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%BE%D0%B5_%D1%81%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D1%83%D0%BF%D0%B5%D1%80%D0%BF%D0%BE%D0%B7%D0%B8%D1%86%D0%B8%D1%8F


2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ
ɗɬɭ ɡɚɞɚɱɭ ɪɟɲɚɟɬ ɫɥɟɞɭɸɳɚɹ ɬɟɨɪɟɦɚ .

Ɇɚɬɪɢɰɚ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɭɛɢɬɚ U ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ
ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɩɪɨɢɡɜɟɞɟɧɢɟ ɬɪɟɯ ɦɚɬɪɢɰ, ɨɩɢɫɵɜɚɸɳɢɯ ɜɪɚɳɟɧɢɹ ɜɟɤɬɨɪɚ
ɫɨɫɬɨɹɧɢɹ:U = exp iα ܖ� ߚ ܕ� ߛ ܖ� ߜ ,

ɝɞɟ n, m — ɞɜɚ ɧɟɩɚɪɚɥɥɟɥɶɧɵɯ ɟɞɢɧɢɱɧɵɯ ɜɟɤɬɨɪɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ Охɭz, ɚ ܖ� � —
ɦɚɬɪɢɰɚ (ɨɩɟɪɚɬɨɪ) ɜɪɚɳɟɧɢɹ ɜɨɤɪɭɝ ɨɫɢ n ɧɚ ɭɝɨɥ �.

ȼ ɭɫɥɨɜɢɹɯ ɪɟɚɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɫɢ ɩ, ɬ ɭɞɨɛɧɨ ɫɨɜɦɟɫɬɢɬɶ ɫ ɨɫɹɦɢ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ
Охɭz. Ɍɨɝɞɚ ɜɨɡɦɨɠɧɵ zy- ɢ xy-ɪɚɡɥɨɠɟɧɢɹ:U = exp iα ܢ� ߚ ܡ� ߛ ܢ� ߜ (zy-ɪɚɡɥɨɠɟɧɢɟ),U = exp iα ܠ� ߚ ܡ� ߛ ܠ� ߜ (хɭ-ɪɚɡɥɨɠɟɧɢɟ).

Ɇɚɬɪɢɰɵ ɜɪɚɳɟɧɢɣ ɜɨɤɪɭɝ ɨɫɟɣ х, ɭ, z ɢɦɟɸɬ ɜɢɞ:�௫ � = ܿ −iݏ−iݏ ܿ ,�௬ � = ܿ ݏݏ− ܿ ,                                            (4)�௭ � = ܿ + iݏ ͲͲ ܿ − iݏ ,

ȋȌȍ ܿ = ݏܿ �/ʹ ݏ , = ݊�ݏ �/ʹ .
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ɉɨɞɫɬɚɜɥɹɹ ɜ zy-ɪɚɡɥɨɠɟɧɢɟ ɦɚɬɪɢɰɵ ɜɪɚɳɟɧɢɣ �௭, �௬ ɢ ɩɟɪɟɦɧɨɠɚɹ ɦɚɬɪɢɰɵ,
ɩɨɥɭɱɚɟɦU = exp iα ×× cos ఊଶ exp −i ఉ+ఋଶ −sinఊଶ exp −i ఉ−ఋଶsinఊଶ exp i ఉ−ఋଶ cos ఊଶ exp i ఉ+ఋଶ (5)

ȿɫɥɢ ɡɚɞɚɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ U ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɚɬɪɢɰɟɣU = exp iߙ ܽexp −iݑ −ܾexp −iܾݒexp −iݒ ܽexp iݑ (6)

ɢ ɩɨɬɪɟɛɨɜɚɬɶ ɬɨɠɞɟɫɬɜɚ ɦɚɬɪɢɰ (5) ɢ (6), ɬɨܽ = cosఊଶ, ܾ = sinఊଶ, ߜ = ௨+௩ଶ , ߚ = ௨−௩ଶ . (7)

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.



2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɡɜɨɥɶɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ ɤɭɛɢɬɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ
ɫɨɝɥɚɫɧɨ (6) ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɤɚɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɜɪɚɳɟɧɢɹ ɷɬɨɝɨ ɜɟɤɬɨɪɚ ɜɨɤɪɭɝ
ɨɫɟɣ z, ɭ, z ɥɚɛɨɪɚɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɧɚ ɭɝɥɵ δ, Ȗ, ȕ, ɫɨɝɥɚɫɧɨ (7).

ȼɪɚɳɟɧɢɹ �௫ሺ�ሻ , �௬ሺ�ሻ , �௭ሺ�ሻ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ �|ۄ ɤɭɛɢɬɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ
ɷɥɟɦɟɧɬɚɪɧɵɟ ɨɞɧɨɤɭɛɢɬɨɜɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ. ɂɯ ɧɟɨɛɯɨɞɢɦɨ ɫɜɹɡɚɬɶ ɫ ɩɚɪɚ-

ɦɟɬɪɚɦɢ ɮɢɡɢɱɟɫɤɢɯ ɩɨɥɟɣ, ɭɩɪɚɜɥɹɸɳɢɯ ɞɢɧɚɦɢɤɨɣ ɤɜɚɧɬɨɜɨɣ ɫɢɫɬɟɦɵ, ɢɡɛɪɚɧɧɨɣ ɜ
ɤɚɱɟɫɬɜɟ ɤɭɛɢɬɚ. ɇɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ ɤɭɛɢɬɚ — ɫɩɢɧɚ ܫ = ͳ/ʹ ɜɪɚɳɟɧɢɟ ɟɝɨ ɜɟɤɬɨɪɚ
ɫɨɫɬɨɹɧɢɹ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ� = �� + �ଵܠcos �ߛݐ߱ ≡ ߱, ଵ�ߛ = � ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ:ۄ|� ݐ = exp i ఠ−ఠబଶ ܼ + �� ݐ �|ۄ Ͳ . (8)

Ɂɞɟɫɶ Z, X — ɦɚɬɪɢɰɵ ɉɚɭɥɢ, z, ɯ — ɨɪɬɵ ɜɞɨɥɶ ɨɫɟɣ z, х ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ Охɭz.

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.
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2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ

ɍɪɚɜɧɟɧɢɟ (8) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɪɚɳɟɧɢɸ �|ۄ ɜɨɤɪɭɝ ɨɫɢ ܖ = ଵ+λమܠλ+ܢ భమ
ɧɚ ɭɝɨɥ:

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.

� = ݐ� ͳ + ଵ�మ ଵ/ଶ
, � = ଶ�ωబ−ω.

ɉɪɢ ɬɨɱɧɨɦ ɪɟɡɨɧɚɧɫɟ ߱ −߱ ɨɫɶ ɜɪɚɳɟɧɢɹ n ɜɟɤɬɨɪɚ ۄ|� ɫɨɜɩɚɞɚɟɬ ɫ ɨɫɶɸ ɯ, ɚ ɭɝɥɨɜɚɹ 
ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ — ɫ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɱɚɫɬɨɬɨɣ Ɋɚɛɢ Ω :

n=x,       θ=Ωt.
ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɵɯ ɨɞɧɨɤɭɛɢɬɨɜɵɯ ɨɩɟɪɚɰɢɣ ɜ ɤɜɚɧɬɨɜɵɯ ɜɵɱɢɫɥɟɧɢɹɯ ɱɚɫɬɨ 

ɢɫɩɨɥɶɡɭɸɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ, ɜɵɪɚɠɟɧɧɵɟ ɦɚɬɪɢɰɚɦɢ ɉɚɭɥɢ:�௫ π ≡ X = Ͳ ͳͳ Ͳ ,   �௬ π ≡ X = Ͳ ͳͳ Ͳ ,                        (9)�௭ π ≡ X = Ͳ ͳͳ Ͳ .

(

9)



Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.

(

9)

Ɇɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɮɚɡɵ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ (ɮɚɡɨɜɵɣ
ɜɟɧɬɢɥɶ) ɢɦɟɟɬ ɜɢɞU � = ͳ ͲͲ exp i� (10)

ɚ ɦɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ⱥɞɚɦɚɪɚ   � =    − (11)

Ʌɟɝɤɨ ɩɪɨɜɟɪɢɬɶ, ɱɬɨ� ܾܽ = ܾܽ = NOT ܾܽ
,     Z ܾܽ = −ܾܽ , 

U � ܾܽ = ܾܽexp i� ,

� Ͳ|ۄ = � ͳͲ = ଵଶ Ͳ|ۄ + ͳ|ۄ ,� ͳ|ۄ = � Ͳͳ = ଵଶ Ͳ|ۄ − ͳ|ۄ .   

ǹ ȚȖȟȕȖșȚȤȦ ȌȖ ȖȉȡȍȋȖ ȜȈȏȖȊȖȋȖ ȔȕȖȎȐȚȍȓȧ X = NOT = �௫ ߨ : ȖȗȍȘȈȞȐȧ 
ȖȚȘȐȞȈȕȐȧ ǵЕ гNOTд ȊȣȗȖȓȕȧȍȚșȧ ȊȘȈȡȍȕȐȍȔ гȗȖȊȖȘȖȚȖȔд ȊȍȒȚȖȘȈ șȖșȚȖȧȕȐȧ ȒțȉȐȚȈ
ȊȖȒȘțȋ ȖșȐ ȝ ȕȈ țȋȖȓ ߨ.
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ɉɪɢɜɟɞɟɦ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɜɟɤɬɨɪɨɜ �|ۄ = ܽ Ͳ|ۄ + ܾ ͳ|ۄ ɢۄ|� = ܽ Ͳ|ۄ + ܾ ͳ|ۄ :�\� = ܽ∗ܽ + ܾ∗ ܾ .
Ƚɟɨɦɟɬɪɢɱɟɫɤɢ ɨɧɨ ɨɩɪɟɞɟɥɹɟɬ ’’ɭɝɨɥ” � ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ: cos � = �\� .

ɋɨɫɬɨɹɧɢɟ ɤɭɛɢɬɚ = ܽ Ͳ|ۄ + ܾ ͳ|ۄ ɦɨɠɟɬ ɛɵɬɶ ɨɬɨɛɪɚɠɟɧɨ ɜ ɬɨɱɤɭ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ
ɬɪɟɯɦɟɪɧɨɣ ɟɞɢɧɢɱɧɨɣ ɫɮɟɪɵ Ȼɥɨɯɚ ɜ ɟɜɤɥɢɞɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɋɮɟɪɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ �,� ɬɨɱɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ ɫɜɹɡɚɧɵ ɫ ɚɦɩɥɢɬɭɞɚɦɢ а, b ɪɚɜɟɧɫɬɜɚɦɢcos �ଶ = ܽ, exp i� sin �ଶ = b

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɤɜɚɧɬɨɜɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɨɞɧɨɝɨ ɤɭɛɢɬɚ, ɦɨɠɟɬ
ɛɵɬɶ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɨɛɪɚɡɨɦ ɨɩɢɫɚɧɨ ɫ ɩɨɦɨɳɶɸ ɜɫɟɝɨ ɥɢɲɶ ɞɜɭɯ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ —
ɭɝɥɨɜ ϕ ɢ θ :

Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.2. Ʉɭɛɢɬ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɜɟɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.

ɋɮɟɪɚ Ȼɥɨɯɚ ɹɜɥɹɟɬɫɹ ɟɞɢɧɢɱɧɨɣ ɫɮɟɪɨɣ, ɤɚɠɞɚɹ ɩɚɪɚ ɞɢɚɦɟɬɪɚɥɶɧɨ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɬɨɱɟɤ ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɡɚɢɦɧɨ ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɜɟɤɬɨɪɚɦ 
ɫɨɫɬɨɹɧɢɹ. ɋɟɜɟɪɧɵɣ ɢ ɸɠɧɵɣ ɩɨɥɸɫɵ ɫɮɟɪɵ Ȼɥɨɯɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɛɚɡɢɫɧɵɦ 
ɜɟɤɬɨɪɚɦ Ͳ|ۄ ɢ ͳ|ۄ , ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɝɭɬ ɨɬɜɟɱɚɬɶ, ɧɚɩɪɢɦɟɪ, 
ɞɜɭɦ ɫɩɢɧɨɜɵɦ ɫɨɫɬɨɹɧɢɹɦ ɷɥɟɤɬɪɨɧɚ («ɫɩɢɧ ɜɜɟɪɯ» ɢ «ɫɩɢɧ ɜɧɢɡ»).Ɍɨɱɤɢ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɱɢɫɬɵɦ ɫɨɫɬɨɹɧɢɹɦ ɤɜɚɧɬɨɜɨɣ ɫɢɫɬɟɦɵ, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɬɨɱɤɢ ɜɧɭɬɪɢ ɫɮɟɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɦɟɲɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ.

https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D0%BD


Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.3. Ʉɜɚɧɬɨɜɚɹ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɹ.

(
9)

1. Ʉɜɚɧɬɨɜɚɹ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɟɤɬɨɪɨɜ
ɫɨɫɬɨɹɧɢɹ

ɋɨɫɬɨɹɧɢɹ ɤɜɚɧɬɨɜɨɣ ɫɢɫɬɟɦɵ, ɨɩɢɫɵɜɚɟɦɵɟ ɜɟɤɬɨɪɚɦɢ
ɫɨɫɬɨɹɧɢɹ ߰|ۄ , ɧɚɡɵɜɚɸɬɫɹ ɱɢɫɬɵɦɢ. ɂɦ ɩɪɨɬɢɜɨɩɨɫɬɚɜ-

ɥɹɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɫɦɟɲɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɵɟ
ɧɟɥɶɡɹ ɨɩɢɫɚɬɶ ɜɟɤɬɨɪɚɦɢ ɫɨɫɬɨɹɧɢɹ. ɑɢɫɬɵɟ ɢ ɫɦɟɲɚɧɧɵɟ
ɫɨɫɬɨɹɧɢɹ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɪɚɡɥɢɱɚɸɬɫɹ
ɩɨ ɩɪɢɡɧɚɤɭ ɤɨɝɟɪɟɧɬɧɨɫɬɢ: ɱɢɫɬɵɟ ɫɨɫɬɨɹɧɢɹ ɤɨɝɟɪɟɧɬɧɵ,
ɫɦɟɲɚɧɧɵɟ — ɧɟɤɨɝɟɪɟɧɬɧɵ.

ɉɨɧɹɬɢɟ ɤɨɝɟɪɟɧɬɧɨɫɬɢ ɜ ɤɜɚɧɬɨɜɨɣ ɮɢɡɢɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ
ɚɧɚɥɨɝɢɱɧɨ ɩɨɧɹɬɢɸ ɤɨɝɟɪɟɧɬɧɨɫɬɢ ɜ ɨɩɬɢɤɟ: ɜɨɥɧɨɜɵɟ
ɮɭɧɤɰɢɢ (ɜɟɤɬɨɪɵ ɫɨɫɬɨɹɧɢɹ) ɤɜɚɧɬɨɜɨ-ɤɨɝɟɪɟɧɬɧɵɯ ɫɢɫɬɟɦ
ɫɩɨɫɨɛɧɵ ɤ ɢɧɬɟɪɮɟɪɟɧɰɢɢ. Ɂɧɚɦɟɧɢɬɵɣ ɷɤɫɩɟɪɢɦɟɧɬ
Ⱦɷɜɢɫɫɨɧɚ — Ⱦɠɟɪɦɟɪɚ, ɩɪɨɜɟɞёɧɧɵɣ ɜ 1927 ɝɨɞɭ ɩɨ
ɧɚɛɥɸɞɟɧɢɸ ɞɢɮɪɚɤɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɞɜɭɯ ɳɟɥɹɯ ɩɨ ɫɭɬɢ
ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɩɨ ɜɵɹɜɥɟɧɢɸ ɤɜɚɧɬɨɜɨɣ
ɤɨɝɟɪɟɧɬɧɨɫɬɢ ɨɪɛɢɬɚɥɶɧɨɣ ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ ߰|ۄ ݎ
ɫɜɨɛɨɞɧɨɝɨ ɷɥɟɤɬɪɨɧɚ. Ɇɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɭɟɦ
ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ ɨɞɢɧɨɱɧɨɝɨ ɮɨɬɨɧɚ ɧɚ
ɢɧɬɟɪɮɟɪɨɦɟɬɪɟ Ɇɚɯɚ-Ɂɟɧɞɟɪɚ. ɋɯɟɦɚ ɢɧɬɟɪɮɟɪɨɦɟɬɪɚ
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 4.

Ɏɨɬɨɧɵ ɢɥɢ ɷɥɟɦɟɧɬɚɪɧɵɟ ɱɚɫɬɢɰɵ 
(ɧɚɩɪɢɦɟɪ, ɷɥɟɤɬɪɨɧɵ) ɫɨɡɞɚɸɬ 
ɜɨɥɧɨɜɭɸ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɭɸ ɤɚɪɬɢɧɭ, 
ɤɨɝɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɟ ɳɟɥɢ



Tema 2. Ʉɭɛɢɬɵ: ɫɜɨɣɫɬɜɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɣ.

2.3. Ʉɜɚɧɬɨɜɚɹ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɹ.

(

9)

1. Ʉɜɚɧɬɨɜɚɹ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɹ
ȼɨɥɧɨɜɭɸ ɮɭɧɤɰɢɸ ɮɨɬɨɧɚ, ɩɚɞɚɸɳɟɝɨ ɧɚ ɞɟɥɢɬɟɥɶ BS1
ɝɨɪɢɡɨɧɬɚɥɶɧɨ (ɜɟɪɬɢɤɚɥɶɧɨ), ɩɪɢɦɟɦ ɡɚ ɛɚɡɢɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ͳ|ۄͲ|ۄ . Ⱦɟɥɢɬɟɥɶ ɩɭɱɤɚ 50/50 ɨɬɪɚɠɚɟɬ ɢɥɢ ɩɪɨɩɭɫɤɚɟɬ ɮɨɬɨɧɵ ɫ
ɪɚɜɧɵɦɢ ɚɦɩɥɢɬɭɞɚɦɢ ͳ/ ʹ. ȼ ɢɧɬɟɪɮɟɪɨɦɟɬɪɟ ɨɬɪɚɠɟɧɧɵɣ ɢ
ɩɪɨɲɟɞɲɢɣ ɮɨɬɨɧɵ ɩɪɢɨɛɪɟɬɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɜɢɝɚɬɶɫɹ ɩɨ
ɪɚɡɧɵɦ ɩɭɬɹɦ, ɬ.ɟ. ɮɨɬɨɧ ɩɪɢɨɛɪɟɬɚɟɬ ɧɨɜɭɸ ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ.

ȼɜɟɞɟɦ ɧɨɜɵɟ ɛɚɡɢɫɧɵɟ ɫɨɫɬɨɹɧɢɹ ɮɨɬɨɧɚ Ͳ|ۄ ɢ ͳ|ۄ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ
ɞɜɢɠɟɧɢɸ ɩɨ ɞɜɭɦ ɜɨɡɦɨɠɧɵɦ ɩɭɬɹɦ. ɋ ɭɱɟɬɨɦ ɪɚɡɧɨɫɬɢ ɮɚɡ ʹ/ߨ ɦɟɠɞɭ
ɨɬɪɚɠɟɧɧɵɦ ɢ ɩɪɨɲɟɞɲɢɦ ɜɨɥɧɚɦɢ ɞɟɥɢɬɟɥɶ ɩɭɱɤɚ BS1 ɫɨɜɟɪɲɚɟɬ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɣ Ͳ|ۄ ɢ ͳ|ۄ ɧɚ ɜɯɨɞɟ ɞɟɥɢɬɟɥɹ:

Ͳ|ۄ ୗభ ଵଶ Ͳ|ۄ + ͳ|ۄ , ͳ|ۄ ୗభ ଵଶ Ͳ|ۄ − ͳ|ۄ , (12)

ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ Ⱥɞɚɦɚɪɚ:

� = ͳʹ ͳ ͳͳ −ͳ
Ɋɢɫ. 4. ɋɯɟɦɚ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɮɨɬɨɧɚ ɜ
ɢɧɬɟɪɮɟɪɨɦɟɬɪɟ Ɇɚɯɚ-Ɂɟɧɞɟɪɚ: ȼS1, ȼS2 —
ɞɟɥɢɬɟɥɢ ɩɭɱɤɚ 50/50; Ɇ1, Ɇ2 — ɡɟɪɤɚɥɚ; �ܵ �
— ɮɚɡɨɫɞɜɢɝɚɬɟɥɶ; D1, D2 — ɞɟɬɟɤɬɨɪɵ
ɨɞɢɧɨɱɧɵɯ ɮɨɬɨɧɨɜ. ɂɧɬɟɪɮɟɪɟɧɰɢɹ ɜɵɹɜɥɹɟɬ
ɤɜɚɧɬɨɜɭɸ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɫɨɫɬɨɹɧɢɹ ɮɨɬɨɧɚ.
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2.3. Ʉɜɚɧɬɨɜɚɹ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɹ.

(

9)

1. Ʉɜɚɧɬɨɜɚɹ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɹ

ɂɧɬɟɪɮɟɪɟɧɰɢɹ ɚɦɩɥɢɬɭɞ ɫɨɫɬɨɹɧɢɣ ɹɜɥɹɟɬɫɹ ɬɢɩɢɱɧɵɦ
ɩɪɨɰɟɫɫɨɦ ɜ ɤɜɚɧɬɨɜɵɯ ɜɵɱɢɫɥɟɧɢɹɯ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɭɟɦ ɷɬɨ ɧɚ
ɩɪɢɦɟɪɟ ɩɪɨɫɬɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɞɜɭɯ ɤɭɛɢɬɚɯ ɜ ɧɚɱɚɥɶɧɨɦ
ɫɨɫɬɨɹɧɢɢ ͲͲ|ۄ (ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɧɭɥɢ ɨɬɜɟɱɚɸɬ ɫɨɫɬɨɹɧɢɹɦ ɩɟɪɜɨɝɨ
ɢ ɜɬɨɪɨɝɨ ɤɭɛɢɬɨɜ). ȼɵɱɢɫɥɟɧɢɹ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ
ɨɩɟɪɚɰɢɣ H1H2H1NOT1:ۄ|ͲͲ భ ͳͲ|ۄ Hభ ଵଶ Ͳଵ|ۄ − ͳଵ|ۄ Ͳଶ|ۄ Hమ

Hమ ͳʹ Ͳଵ|ۄ − ͳଵ|ۄ Ͳଶ|ۄ − ͳଶ|ۄ Hభ
Hభ ଵଶ ଶ ͲͲ|ۄ ͳ − ͳ + ͳͲ|ۄ ͳ + ͳ + Ͳͳ|ۄ −ͳ+ ͳ + ͳͳ|ۄ ͳ + ͳ .

ɋɭɦɦɵ ɚɦɩɥɢɬɭɞ ɩɪɢ ɫɨɫɬɨɹɧɢɹɯ ͲͲ|ۄ ɢ Ͳͳ|ۄ ɪɚɜɧɵ ɧɭɥɸ,
ɩɨɫɤɨɥɶɤɭ ɢɧɬɟɪɮɟɪɟɧɰɢɹ ɚɦɩɥɢɬɭɞ ɞɟɫɬɪɭɤɬɢɜɧɚɹ, ɬɨɝɞɚ ɤɚɤ ɞɥɹ
ɚɦɩɥɢɬɭɞ ɩɪɢ ͳͲ|ۄ ɢ | ͳͳ|ۄ ɧɚɛɥɸɞɚɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ
ɢɧɬɟɪɮɟɪɟɧɰɢɹ.
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2.3. Ʉɜɚɧɬɨɜɚɹ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɹ.

(

9)

1. Ʉɜɚɧɬɨɜɚɹ ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɹ

ɂɧɬɟɪɮɟɪɟɧɰɢɹ ɚɦɩɥɢɬɭɞ ɫɨɫɬɨɹɧɢɣ ɹɜɥɹɟɬɫɹ ɬɢɩɢɱɧɵɦ
ɩɪɨɰɟɫɫɨɦ ɜ ɤɜɚɧɬɨɜɵɯ ɜɵɱɢɫɥɟɧɢɹɯ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɭɟɦ ɷɬɨ ɧɚ
ɩɪɢɦɟɪɟ ɩɪɨɫɬɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɞɜɭɯ ɤɭɛɢɬɚɯ ɜ ɧɚɱɚɥɶɧɨɦ
ɫɨɫɬɨɹɧɢɢ ͲͲ|ۄ (ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɧɭɥɢ ɨɬɜɟɱɚɸɬ ɫɨɫɬɨɹɧɢɹɦ ɩɟɪɜɨɝɨ
ɢ ɜɬɨɪɨɝɨ ɤɭɛɢɬɨɜ). ȼɵɱɢɫɥɟɧɢɹ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ
ɨɩɟɪɚɰɢɣ H1H2H1NOT1:ۄ|ͲͲ భ ͳͲ|ۄ Hభ ଵଶ Ͳଵ|ۄ − ͳଵ|ۄ Ͳଶ|ۄ Hమ

Hమ ͳʹ Ͳଵ|ۄ − ͳଵ|ۄ Ͳଶ|ۄ − ͳଶ|ۄ Hభ
Hభ ଵଶ ଶ ͲͲ|ۄ ͳ − ͳ + ͳͲ|ۄ ͳ + ͳ + Ͳͳ|ۄ −ͳ+ ͳ + ͳͳ|ۄ ͳ + ͳ .

ɋɭɦɦɵ ɚɦɩɥɢɬɭɞ ɩɪɢ ɫɨɫɬɨɹɧɢɹɯ ͲͲ|ۄ ɢ Ͳͳ|ۄ ɪɚɜɧɵ ɧɭɥɸ,
ɩɨɫɤɨɥɶɤɭ ɢɧɬɟɪɮɟɪɟɧɰɢɹ ɚɦɩɥɢɬɭɞ ɞɟɫɬɪɭɤɬɢɜɧɚɹ, ɬɨɝɞɚ ɤɚɤ ɞɥɹ
ɚɦɩɥɢɬɭɞ ɩɪɢ ͳͲ|ۄ ɢ | ͳͳ|ۄ ɧɚɛɥɸɞɚɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ
ɢɧɬɟɪɮɟɪɟɧɰɢɹ.


