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ɋɩɟɤɬɪɵ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ (ɄȾ) ɞɜɭɝɟɦɨɜɨɝɨ ɮɟɪɦɟɧɬɚ ɰɢɬɨɯɪɨɦ ɫ 
ɨɤɫɢɞɚɡɵ ɨɛɴɹɫɧɹɸɬɫɹ ɫ ɩɨɡɢɰɢɣ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ. 
Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɨɛɴɹɫɧɢɬɶ ɷɮɮɟɤɬ ɧɟɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ 
ɫɩɟɤɬɪɨɜ ɄȾ ɜ ɨɛɥɚɫɬɢ ɋɨɪɟ (400–470 ɧɦ). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɪɚɳɚɬɟɥɶ-
ɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɛɭ-
ɫɥɨɜɥɟɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɝɟɦɨɜ ɫ ɛɨɤɨɜɵɦɢ ɝɪɭɩɩɚɦɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ. 

 
ȼɜɟɞɟɧɢɟ. ɐɢɬɨɯɪɨɦ c ɨɤɫɢɞɚɡɚ — ɨɞɢɧ ɢɡ ɤɥɸɱɟɜɵɯ ɮɟɪɦɟɧɬɨɜ 

ɚɷɪɨɛɧɨɝɨ ɞɵɯɚɧɢɹ. ȿɟ ɮɭɧɤɰɢɹ ɫɨɫɬɨɢɬ ɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɦɨɥɟɤɭɥɹɪ-
ɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɞɨ ɜɨɞɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɟɬɵɪɟɯ ɷɥɟɤɬɪɨɧɨɜ ɢ ɱɟɬɵ-
ɪɟɯ ɩɪɨɬɨɧɨɜ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɟɪɟɧɨɫɨɦ ɩɪɨɬɨɧɨɜ ɫ ɨɞ-
ɧɨɣ ɫɬɨɪɨɧɵ ɦɟɦɛɪɚɧɵ ɧɚ ɞɪɭɝɭɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɚ 
ɫɥɭɠɢɬ ɝɟɧɟɪɚɬɨɪɨɦ ɩɪɨɬɨɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. ɉɪɟɞɦɟɬɨɦ ɦɧɨɝɢɯ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ ɫɥɭɠɢɬ ɦɟɯɚɧɢɡɦ ɫɨɩɪɹɠɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢ ɩɪɨɬɨɧɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɚ ɜ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɟ. ɉɪɢɧɰɢɩɢɚɥɶɧɵɦ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɝɨ 
ɜɨɩɪɨɫɚ ɹɜɥɹɟɬɫɹ ɪɟɝɢɫɬɪɚɰɢɹ ɫɨɫɬɨɹɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɨɤɪɭɠɟɧɢɹ 
ɝɟɦɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɨɬɨɧɢɪɨɜɚɧɧɨɫɬɶ ɢɥɢ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɧɨɫɬɶ ɚɦɢ-
ɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɟɪɟɧɨɫɟ 
ɩɪɨɬɨɧɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ. 

Ɇɟɬɨɞ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ 
ɩɨɝɥɨɳɚɸɳɟɣ ɦɨɥɟɤɭɥɵ. ȿɫɥɢ ɦɨɥɟɤɭɥɚ ɧɟ ɢɦɟɟɬ ɧɢ ɰɟɧɬɪɚ ɢɧɜɟɪɫɢɢ, 
ɧɢ ɩɥɨɫɤɨɫɬɢ ɫɢɦɦɟɬɪɢɢ, ɬɨ ɨɧɚ ɧɟɨɞɢɧɚɤɨɜɨ ɩɨɝɥɨɳɚɟɬ ɩɪɚɜɨɩɨɥɹɪɢ-
ɡɨɜɚɧɧɵɟ ɢ ɥɟɜɨɩɨɥɹɪɢɡɨɜɚɧɧɵɟ ɫɜɟɬɨɜɵɟ ɜɨɥɧɵ ɢ ɧɚɡɵɜɚɟɬɫɹ ɨɩɬɢɱɟ-
ɫɤɢ ɚɤɬɢɜɧɨɣ. ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɦɟɯɚɧɢɡɦɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɩ-
ɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɉɟɪɜɵɣ ɦɟɯɚɧɢɡɦ (ɨɞɧɨɷɥɟɤɬɪɨɧɧɵɣ) — ɷɬɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɦɚɝɧɢɬɧɨɝɨ ɞɢɩɨɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɩɟ-
ɪɟɯɨɞɨɜ ɜ ɯɪɨɦɨɮɨɪɟ ɦɨɥɟɤɭɥɵ. Ɍɚɤɢɟ ɦɨɥɟɤɭɥɵ ɧɚɡɵɜɚɸɬɫɹ ɯɢɪɚɥɶ-
ɧɵɦɢ. Ⱦɪɭɝɨɣ ɦɟɯɚɧɢɡɦ (ɞɢɩɨɥɶ-ɞɢɩɨɥɶɧɵɣ) ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɫɥɨɠɧɵɯ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɨɥɟɤɭɥɚɯ (ɚɝɪɟɝɚɬɚɯ). ȼ ɟɝɨ ɨɫɧɨɜɟ ɥɟɠɢɬ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɞɢɩɨɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɜ 
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ɫɜɨɟɣ ɨɫɧɨɜɟ ɧɟ ɹɜɥɹɸɬɫɹ ɚɫɢɦɦɟɬɪɢɱɧɵɦɢ (ɯɢɪɚɥɶɧɵɦɢ). ɂɦɟɧɧɨ ɬɚ-
ɤɨɣ ɦɟɯɚɧɢɡɦ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɟ. ȼ ɦɨɥɟɤɭɥɟ ɰɢɬɨɯɪɨ-
ɦɨɤɫɢɞɚɡɵ ɬɚɤɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɢɡ ɞɜɭɯ ɝɟɦɨɜ, ɧɢɡ-
ɤɨɫɩɢɧɨɜɨɝɨ ɝɟɦɚ ɚ ɢ ɜɵɫɨɤɨɫɩɢɧɨɜɨɝɨ ɝɟɦɦɚ ɚ3, ɚ ɬɚɤɠɟ ɪɚɫɩɨɥɨɠɟɧ-
ɧɵɟ ɜɛɥɢɡɢ ɧɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ. ɋɢɝɧɚɥ ɄȾ  ɜ 
ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɛɥɢɠɧɟɣ ɍɎ ɢ ɜɢɞɢɦɨɣ ɨɛɥɚɫɬɹɯ 
ɫɩɟɤɬɪɚ (400-600 ɧɦ) — ɬɚɦ, ɝɞɟ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɠɟ-
ɥɟɡɨɩɨɪɮɢɪɢɧɨɜ. ɉɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ ɢ ɦɢɧɢɦɭɦɨɜ ɤɪɭɝɨɜɨɝɨ ɞɢɯ-
ɪɨɢɡɦɚ, ɮɨɪɦɚ ɫɩɟɤɬɪɚ ɄȾ ɨɩɪɟɞɟɥɹɟɬɫɹ: 1) ɷɧɟɪɝɢɹɦɢ ɨɬɞɟɥɶɧɵɯ ɷɥɟɤ-
ɬɪɨɧɧɵɯ ɩɟɪɟɯɨɞɨɜ ɜ ɝɟɦɚɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɚɯ, 
2) ɫɢɥɨɣ ɷɬɢɯ ɩɟɪɟɯɨɞɨɜ, 3) ɜɡɚɢɦɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢ-
ɟɦ ɝɟɦɨɜ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɨɫɬɚɬɤɨɜ ɢ 4) ɜɢɛɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫɩɟɤɬɪɨɜ 
ɩɨɝɥɨɳɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ. Ʉɚɤ ɹɫɧɨ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɫɩɟɤɬɪɵ ɄȾ 
ɨɬɥɢɱɚɸɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦɭ ɪɚɫɩɨɥɨɠɟɧɢɸ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɨɷɬɨɦɭ ɦɨɝɭɬ ɞɚɬɶ ɩɨɥɟɡɧɭɸ ɢɧɮɨɪ-
ɦɚɰɢɸ ɨ ɫɬɪɭɤɬɭɪɧɵɯ ɩɟɪɟɫɬɪɨɣɤɚɯ ɜɧɭɬɪɢ ɮɟɪɦɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. 

Ɉɞɧɚɤɨ ɩɪɟɠɞɟ ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ ɞɥɹ 
ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɪɟɨɪɝɚɧɢɡɚɰɢɢ ɮɟɪɦɟɧɬɚ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɹɫɧɢɬɶ, 
ɱɟɦ ɨɛɭɫɥɨɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɛɥɸɞɚɟɦɵɟ ɫɩɟɤɬɪɵ ɄȾ ɰɢɬɨ-
ɯɪɨɦɨɤɫɢɞɚɡɵ. ɐɟɥɶɸ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɢɥɨɫɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɫɩɟɤɬɪɚ ɄȾ ɩɨɥɧɨɫɬɶɸ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɵ ɫ ɩɨɡɢɰɢɣ 
ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ. 

Ɍɟɨɪɢɹ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ. ɂɡ ɱɟɬɵɪɟɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɮɚɤɬɨ-
ɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɫɩɟɤɬɪ ɄȾ, ɤɥɚɫɫɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ 
(DeVoe, 1965) ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɩɟɪɜɵɟ ɬɪɢ.  

Ʉɜɚɧɬɨɜɚɹ ɬɟɨɪɢɹ ɨɩɢɫɵɜɚɟɬ ɩɨɝɥɨɳɟɧɢɟ ɫɜɟɬɚ ɤɚɤ ɩɟɪɟɯɨɞ ɷɥɟɤ-
ɬɪɨɧɚ ɫ ɨɫɧɨɜɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɣ, ɜɨɡɛɭɠ-
ɞɟɧɧɵɣ ɭɪɨɜɟɧɶ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɤɚɠɞɨɝɨ ɩɟɪɟɯɨɞɚ ɨɩɪɟɞɟɥɟɧ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɩɟɪɟɯɨɞɚ — ɦɚɬɪɢɱɧɵɣ ɷɥɟɦɟɧɬ ɨɩɟɪɚɬɨɪɚ ɞɢ-
ɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ: 

0 | |= Ψ Ψi

e e i ,  (1) 
ɝɞɟ i

e
μ  — ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɩɟɪɟɯɨɞɚ ɜ i-ɟ ɫɨɫɬɨɹɧɢɟ, 0Ψ  — ɜɨɥɧɨɜɚɹ 

ɮɭɧɤɰɢɹ ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, Ψ
i
 — ɜɨɥɧɨɜɚɹ ɮɭɧɤɰɢɹ i-ɝɨ ɜɨɡɛɭɠ-

ɞɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 
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ɋ ɩɨɡɢɰɢɣ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ, ɦɨɥɟɤɭɥɚ ɩɨɞ 
ɜɥɢɹɧɢɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ (ɧɚɩɪɢɦɟɪ, ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ) 
ɩɪɢɨɛɪɟɬɚɟɬ ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɜɫɟ-
ɦɢ ɩɪɨɢɡɨɲɟɞɲɢɦɢ ɜ ɧɟɣ ɷɥɟɤɬɪɨɧɧɵɦɢ ɩɟɪɟɯɨɞɚɦɢ. ȿɫɥɢ ɩɪɟɧɟɛɪɟɱɶ 
ɦɚɝɧɢɬɧɵɦ ɞɢɩɨɥɶɧɵɦ ɦɨɦɟɧɬɨɦ ɩɟɪɟɯɨɞɨɜ (ɱɬɨ ɜɩɨɥɧɟ ɫɩɪɚɜɟɞɥɢɜɨ ɜ 
ɫɥɭɱɚɟ ɝɟɦɨɜ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫɥɨɬ), ɬɨ ɜɤɥɚɞ ɤɚɠɞɨɝɨ ɷɥɟɤ-
ɬɪɨɧɧɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɦɨɥɟɤɭɥɵ 
ɨɩɢɫɵɜɚɟɬɫɹ ɤɚɤ ɨɫɰɢɥɥɢɪɭɸɳɢɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ iȝ , 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɧɚ ɞɢ-
ɩɨɥɟ `iE : 

( ) .i i i i iα=ȝ E ` e ei  (2) 

Ɂɞɟɫɶ ie  — ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɢɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɩɟɪɟ-
ɯɨɞɚ i

eȝ , ɨɬɜɟɱɚɸɳɟɦɭ ɞɚɧɧɨɦɭ ɤɜɚɧɬɨɜɨɦɭ ɩɟɪɟɯɨɞɭ. Ʉɚɤ ɜɢɞɧɨ, ɞɢ-

ɩɨɥɶ iȝ ɧɚɩɪɚɜɥɟɧ ɬɚɤ ɠɟ, ɤɚɤ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɩɟɪɟɯɨɞɚ i

eȝ . 

Ʉɨɷɮɮɢɰɢɟɧɬ iα  ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɹɪɢɡɭɟɦɨɫɬɶɸ ɨɫɰɢɥɥɢɪɭɸɳɟɝɨ 
ɞɢɩɨɥɹ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɬɨ ɤɨɦɩɥɟɤɫɧɚɹ ɜɟɥɢɱɢɧɚ. ȿɟ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ 
ɞɥɢɧɵ ɜɨɥɧɵ ɫɜɟɬɚ ɧɚɡɵɜɚɟɬɫɹ ɞɢɫɩɟɪɫɢɟɣ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ. Ɂɧɚɹ ɞɢɫ-
ɩɟɪɫɢɸ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ ɞɥɹ ɜɫɟɯ ɩɪɢɫɭɳɢɯ ɦɨɥɟɤɭɥɟ ɨɫɰɢɥɥɢɪɭɸɳɢɯ 
ɞɢɩɨɥɟɣ ɢ ɢɯ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ, ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪ ɩɨɝɥɨ-
ɳɟɧɢɹ ɢ ɫɩɟɤɬɪ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ ɦɨɥɟɤɭɥɵ. 

Ⱦɥɹ ɭɱɟɬɚ ɩɨɥɹɪɢɡɚɰɢɢ ɨɤɪɭɠɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɧɚ ɨɬɞɟɥɶɧɵɣ 
ɞɢɩɨɥɶ ɞɟɣɫɬɜɭɟɬ ɩɨɥɟ Ʌɨɪɟɧɬɰɚ: 

( ) (4 / 3) ( )L

i i iz zπ= +E E P ,  (3) 
ɝɞɟ ( )izE  — ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ ɜ ɬɨɱɤɟ 

iz , ( )izP  — ɩɨɥɹɪɢɡɚɰɢɹ ɜ ɬɨɱɤɟ iz . 

Ⱦɢɩɨɥɶ-ɞɢɩɨɥɶɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜ ɩɪɢɛɥɢɠɟ-
ɧɢɢ ɬɨɱɟɱɧɵɯ ɞɢɩɨɥɟɣ. ɋ ɭɱɟɬɨɦ ɷɬɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɷɮɮɟɤɬɢɜɧɨɟ ɩɨ-
ɥɟ ɧɚ ɞɢɩɨɥɟ: 

` ( ) (4 / 3) ( ) ,i i i ij j

j

z zπ= + −∑E E P T ȝi  (4) 

Ɂɞɟɫɶ 
ijT  — ɬɟɧɡɨɪ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɢɩɨɥɟɣ: 

3 5
, , ,| | 3 | | ,ij ij ij ij ijT r rαβ αβ α βδ− −= −r r  (5) 
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r— ɜɟɤɬɨɪ, ɫɨɟɞɢɧɹɸɳɢɣ ɞɢɩɨɥɢ i ɢ j, ɝɪɟɱɟɫɤɢɟ ɢɧɞɟɤɫɵ ɫɢɦɜɨɥɢɡɢ-
ɪɭɸɬ ɞɟɤɚɪɬɨɜɵ ɤɨɦɩɨɧɟɧɬɵ. 

Ⱦɢɩɨɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɦɚɬɪɢɱɧɵɦ 
ɭɪɚɜɧɟɧɢɟɦ: 

,Aȝ = E   (6) 

ɝɞɟ ȝ  — ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ, ɫɨɫɬɚɜɥɟɧɧɵɣ ɢɡ ɷɥɟɦɟɧɬɨɜ ,i i iμ = ȝ ei E  — 

ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɢɡ ɷɥɟɦɟɧɬɨɜ `i i iE = E ei , A  — ɦɚɬɪɢɰɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɞɢɩɨɥɟɣ: 

1 .ij i ij i ij jA e eα δ−= + T  (7) 

Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ ɢɦɟɟɬ ɜɢɞ: 

1

2 2

( 2)1
( ) Im ,

3300 3

,

24 ( ) .

s
ij ij

ij A

n
D B

D N

ε ν

π ν

−

+
Δ =

=

= ×

∑

i

i, j

i j ij

B A

e e r

 (8) 

Ɂɞɟɫɶ L Rε ε εΔ = −  — ɪɚɡɧɢɰɚ ɜ ɩɨɤɚɡɚɬɟɥɹɯ ɩɨɝɥɨɳɟɧɢɹ ɞɥɹ ɥɟɜɨ- ɢ 

ɩɪɚɜɨɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɫɜɟɬɚ, ν  — ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ, sn  — ɩɨɤɚɡɚɬɟɥɶ 
ɩɪɟɥɨɦɥɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ, AN  — ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ. 

Ʉɚɤ ɜɢɞɧɨ, ɜ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɩɟɤɬɪɚ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ ɜɯɨɞɢɬ 
ɦɚɬɪɢɰɚ B, ɨɛɪɚɬɧɚɹ ɤ ɦɚɬɪɢɰɟ A. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɩɨ ɞɚɧɧɨɣ ɫɯɟɦɟ ɪɚɫ-
ɱɟɬɚ ɧɟɬ ɹɜɧɨɝɨ ɜɢɞɚ ɡɚɜɢɫɢɦɨɫɬɢ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ ɨɬ ɜɨɥɧɨɜɨɝɨ 
ɱɢɫɥɚ, ɢ ɨɩɟɪɚɰɢɸ ɨɛɪɚɳɟɧɢɹ ɦɚɬɪɢɰɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɞɥɹ 
ɤɚɠɞɨɝɨ ɜɨɥɧɨɜɨɝɨ ɱɢɫɥɚ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɪɚɫɱɟɬɚ. 
ɉɨɷɬɨɦɭ ɜ ɧɚɲɟɣ ɪɚɛɨɬɟ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɜɚɪɢɚɧɬ 
ɬɟɨɪɢɢ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ, ɢɡɥɨɠɟɧɧɵɣ ɜ ɪɚɛɨɬɟ (Applequist et al., 1979). 
ɗɬɚ ɦɨɞɢɮɢɤɚɰɢɹ ɬɟɨɪɢɢ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ:  

1. Ⱦɢɫɩɟɪɫɢɹ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ ɤɚɠɞɨɝɨ ɨɫɰɢɥɥɹɬɨɪɚ ɢɦɟɟɬ ɜɢɞ ɥɨ-
ɪɟɧɬɰɢɚɧɚ: 

2 2 1( ) ,i i i ic iα ν ν ν −= − + Γ  (9) 
ɝɞɟ ic  — ɤɨɧɫɬɚɧɬɚ (ɫɦ), ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɫɢɥɟ ɨɫɰɢɥɥɹɬɨɪɚ ɞɥɹ ɞɚɧ-

ɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ, iν  — ɫɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ ɩɟɪɟɯɨɞɚ, iΓ  — ɩɨ-
ɥɭɲɢɪɢɧɚ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ, i  — ɦɧɢɦɚɹ ɟɞɢɧɢɰɚ. 

2. ɉɨɥɭɲɢɪɢɧɵ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɭ ɜɫɟɯ ɞɢɩɨɥɟɣ ɫɱɢɬɚɸɬɫɹ ɪɚɜ-
ɧɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ (ɢ ɪɚɜɧɹɸɬɫɹ Γ ). 
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3. Ɂɚɞɚɱɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɢɩɨɥɟɣ ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɧɨɪɦɚɥɶɧɵɯ 
ɦɨɞ. Ʉɚɠɞɚɹ ɧɨɪɦɚɥɶɧɚɹ ɦɨɞɚ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɫɨɞɟɪɠɢɬ ɜɤɥɚɞ ɨɬ ɜɫɟɯ 
ɧɚɱɚɥɶɧɵɯ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ, ɢ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɚɦɚ ɞɚɟɬ ɜɤɥɚɞ ɜ 
ɫɩɟɤɬɪ ɩɨɝɥɨɳɟɧɢɹ ɢ ɫɩɟɤɬɪ ɄȾ ɪɚɫɫɱɢɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɵ. ɉɪɢ ɷɬɨɦ ɪɚɫ-
ɫɱɢɬɚɧɧɵɟ ɫɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɢ ɄȾ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɭɦɦɭ ɥɨɪɟɧɬ-
ɰɟɜɵɯ ɤɪɢɜɵɯ ɫ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɶɧɵɯ) ɡɧɚɱɟ-
ɧɢɹɦɢ ɰɟɧɬɪɨɜ ɩɨɥɨɫ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ, ɢ ɩɨɥɭɲɢɪɢɧɚɦɢ, ɪɚɜɧɵɦɢ Γ . 

ɋɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɢ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ (ɩɨɞɪɨɛɧɵɣ ɜɵɜɨɞ ɫɦ. (Applequist, 1973; Applequist et al., 
1979)): 

2(8 / 2303) Im ,ANε π ν α= −   (10) 
3 2(64 / 2303) Im .ANε π ν βΔ = −  (11) 

Ɂɞɟɫɶ ε  — ɩɨɤɚɡɚɬɟɥɶ ɩɨɝɥɨɳɟɧɢɹ ɦɨɥɟɤɭɥɵ; α  ɨɡɧɚɱɚɟɬ ɫɪɟɞɧɸɸ 
ɪɚɫɫɱɢɬɚɧɧɭɸ ɩɨɥɹɪɢɡɭɟɦɨɫɬɶ ɦɨɥɟɤɭɥɵ ( ) / 3,xx yy zzα α α α= + +  ɝɞɟ  

, ,

,

,ij i j

i j

B e eαβ α βα =∑   (12) 

1
( ) ,

12
ij i j ij

i, j

Bβ = ×∑ ie e r   (13) 

ijB — ɷɬɨ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ 1−≡B A , ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɨɬ ɜɨɥɧɨɜɨ-
ɝɨ ɱɢɫɥɚ ɬɟɩɟɪɶ ɜɵɪɚɠɚɟɬɫɹ ɜ ɹɜɧɨɦ ɜɢɞɟ: 

( ) ( ) 2 2

2 2 2 2 2
1

( )
.

( )

n np
i j n

ij

n n

t t i
B

ν ν ν
ν ν ν=

− − Γ
=

− + Γ∑   (14) 

Ɂɞɟɫɶ p — ɤɨɥɢɱɟɫɬɜɨ ɨɫɰɢɥɥɹɬɨɪɨɜ ɜ ɫɢɫɬɟɦɟ, ɚ ( )nt  ɢ 2
nν — ɫɨɛɫɬɜɟɧ-

ɧɵɟ ɜɟɤɬɨɪɚ ɢ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ( 1, 2,...,n p= ), ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ 
ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɹɦ: 

0 ( ) 2 ( )

0 2

( ) ( )

,

0,

,

n n

n

n

m T n

mn

ν

ν

δ

=

− =

=

A t Ct

A C

t Ct

 (15) 

ɩɪɢɱɟɦ 0
A — ɷɬɨ ɦɚɬɪɢɰɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ A  ɩɪɢ 0ν = : 

2
0 / ,

,
,

i i

ij

i ij j

c i j
A

e e i j

ν⎧ =⎪= ⎨ ≠⎪⎩ T
  (16) 
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C — ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ ɫ ɷɥɟɦɟɧɬɚɦɢ / .ij iC ij cδ=  

ɉɪɢɦɟɧɟɧɢɟ ɬɟɨɪɢɢ ɤ ɪɚɫɱɟɬɭ ɫɩɟɤɬɪɨɜ ɄȾ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚ-
ɡɵ. Ɋɚɫɱɟɬ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɵ ɩɪɨɜɨɞɢɥɫɹ ɫɥɟɞɭɸ-
ɳɢɦ ɨɛɪɚɡɨɦ. Ɇɨɥɟɤɭɥɚ ɮɟɪɦɟɧɬɚ (ɤɨɞ PDB ɬɪɟɯɦɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ɩɨɥɧɨɫɬɶɸ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɮɟɪɦɟɧɬɚ 1V55) ɪɚɡɛɢɜɚɥɚɫɶ ɧɚ ɧɟɫɤɨɥɶɤɨ 
ɤɨɦɩɨɧɟɧɬɨɜ: ɞɜɚ ɝɟɦɚ ɢ ɛɨɤɨɜɵɟ ɝɪɭɩɩɵ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫɥɨɬ 
(ɬɢɪɨɡɢɧɵ, ɮɟɧɢɥɚɥɚɧɢɧɵ, ɬɪɢɩɬɨɮɚɧɵ ɢ ɝɢɫɬɢɞɢɧɵ). Ⱦɥɹ ɤɚɠɞɨɝɨ 
ɤɨɦɩɨɧɟɧɬɚ ɜɵɛɢɪɚɥɚɫɶ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ) 
ɫɢɫɬɟɦɚ ɨɫɰɢɥɥɢɪɭɸɳɢɯ ɞɢɩɨɥɟɣ: ɡɚɞɚɜɚɥɚɫɶ ɨɪɢɟɧɬɚɰɢɹ ɞɢɩɨɥɟɣ ɜ 
ɞɚɧɧɨɦ ɤɨɦɩɨɧɟɧɬɟ, ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɧɟɪɝɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɟɪɟɯɨ-
ɞɨɜ, ɜɵɱɢɫɥɹɥɢɫɶ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ ic , ɢɫɩɨɥɶɡɭɹ ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɥɢɬɟ-
ɪɚɬɭɪɟ ɡɧɚɱɟɧɢɹ ɫɢɥ ɨɫɰɢɥɥɹɬɨɪɚ ɩɨ ɮɨɪɦɭɥɟ (Applequist et al., 1979): 

2 2 23 / 4 ,i s ec e f m cπ=  (17) 

ɝɞɟ sf  — ɫɢɥɚ ɨɫɰɢɥɥɹɬɨɪɚ, e  ɢ em  — ɡɚɪɹɞ ɢ ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ, c  — 

ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ. 
Ɂɧɚɱɟɧɢɟ ɩɨɥɭɲɢɪɢɧ ɩɟɪɟɯɨɞɨɜ Γ  ɩɪɢ-

ɧɢɦɚɥɨɫɶ ɪɚɜɧɵɦ 800 ɫɦ-1. 
Ɋɚɫɫɱɢɬɚɧɧɚɹ ɫɢɫɬɟɦɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɪɚɡɦɟɪɚ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɝɟɦɵ ɢ ɚɪɨɦɚɬɢɱɟ-
ɫɤɢɟ ɚɦɢɧɨɤɢɫɥɨɬɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɩɪɟɞɟ-
ɥɚɯ 12 Å ɨɬ ɚɬɨɦɨɜ ɠɟɥɟɡɚ ɨɛɨɢɯ ɝɟɦɨɜ (ɜɫɟɝɨ 
22 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɚ). 

ȼɚɠɧɨɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɪɟɞɩɨɥɨɠɟ-
ɧɢɟ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɞɢɩɨɥɢ, ɩɪɢɧɚɞɥɟɠɚ-
ɳɢɟ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɤɨɦɩɨɧɟɧɬɭ (ɧɚɩɪɢ-
ɦɟɪ, ɨɞɧɨɦɭ ɝɟɦɭ ɢɥɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɚɦɢɧɨ-
ɤɢɫɥɨɬɟ), ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, 
ɩɨɷɬɨɦɭ ɜ ɦɚɬɪɢɰɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɦɟɧɬ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɷɬɢɯ ɞɢ-
ɩɨɥɟɣ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ. 

 
ɋɨɝɥɚɫɧɨ ɦɨɞɟɥɹɦ ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɪɮɢɪɢɧɨɜ 

(Simpson,1949; Gouterman,1959), ɩɨɥɨɫɟ ɋɨɪɟ ɨɬɜɟɱɚɸɬ ɞɜɚ ɩɟɪɟɯɨɞɚ 
(ɜɵɪɨɠɞɟɧɧɵɟ ɥɢɛɨ ɛɥɢɡɤɢɟ ɩɨ ɷɧɟɪɝɢɢ, ɬ.ɧ. xB -ɢ

yB -ɩɟɪɟɯɨɞɵ), ɞɢ-

ɩɨɥɶɧɵɟ ɦɨɦɟɧɬɵ ɤɨɬɨɪɵɯ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɩɨɪɮɢɪɢɧɨɜɨɝɨ 
ɤɨɥɶɰɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɪɭɝ ɞɪɭɝɭ (ɫɦ. ɪɢɫ. 1). ɉɪɢ ɷɬɨɦ ɨɪɢɟɧɬɚɰɢɹ 

 
Ɋɢɫ. 1. Ɉɪɢɟɧɬɚɰɢɹ ɞɢɩɨ-
ɥɟɣ ɜ ɦɨɥɟɤɭɥɟ ɠɟɥɟɡɨ-
ɩɨɪɮɢɪɢɧɚ. 
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ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɩɨɪɮɢɪɢɧɨɜɨɦ ɤɨɥɶɰɟ ɨɞɧɨɡɧɚɱɧɨ ɧɟ 
ɭɫɬɚɧɨɜɥɟɧɚ; ɨɞɧɚɤɨ, ɤɚɤ ɩɨɤɚɡɚɥɢ ɧɚɲɢ ɪɚɫɱɟɬɵ, ɫɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ 
ɢ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɨɪɢɟɧɬɚɰɢɢ ɞɢɩɨɥɟɣ ɜ ɩɨɪɮɢɪɢɧɨ-
ɜɨɦ ɤɨɥɶɰɟ, ɟɫɥɢ ɞɢɩɨɥɢ ɥɟɠɚɬ ɜ ɩɥɨɫɤɨɫɬɢ ɤɨɥɶɰɚ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ 
ɞɪɭɝ ɞɪɭɝɭ (ɞɚɧɧɵɟ ɧɟ ɩɪɢɜɟɞɟɧɵ). ȼ ɧɚɲɟɣ ɦɨɞɟɥɢ ɞɢɩɨɥɶɧɵɟ ɦɨɦɟɧ-
ɬɵ ɩɟɪɟɯɨɞɨɜ ɜ ɝɟɦɟ ɧɚɩɪɚɜɥɟɧɵ ɜɞɨɥɶ ɥɢɧɢɣ, ɫɨɟɞɢɧɹɸɳɢɯ ɩɪɨɬɢɜɨ-
ɩɨɥɨɠɧɵɟ ɚɬɨɦɵ ɚɡɨɬɚ ɜ ɬɟɬɪɚɩɢɪɪɨɥɶɧɨɦ ɤɨɥɶɰɟ (ɤɚɤ ɧɚ ɪɢɫ. 1). ɑɚɫɬɨ-
ɬɵ  xB -ɢ

yB -ɩɟɪɟɯɨɞɨɜ ɩɪɢɧɹɬɵ ɪɚɜɧɵɦɢ 22472 ɫɦ-1 (445 ɧɦ), ɤɨɧɫɬɚɧɬɵ 

ic  — ɪɚɜɧɵɦɢ 6.5*10-15ɫɦ. 

Ɉɪɢɟɧɬɚɰɢɢ ɞɢɩɨɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɩɟɪɟɯɨɞɨɜ ɢ ɫɢɥɵ ɨɫɰɢɥɥɹɬɨɪɨɜ 
ɞɥɹ ɛɟɧɡɨɥɚ, ɮɟɧɨɥɚ ɢ ɢɧɞɨɥɚ (ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɛɨɤɨɜɵɦ ɝɪɭɩɩɚɦ 
ɮɟɧɢɥɚɥɚɧɢɧɚ, ɬɢɪɨɡɢɧɚ ɢ ɬɪɢɩɬɨɮɚɧɚ) ɡɚɢɦɫɬɜɨɜɚɧɵ ɢɡ ɪɚɛɨɬɵ (Rogers 
and Hirst, 2003), ɞɥɹ ɢɦɢɞɚɡɨɥɚ (ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɢɫɬɢɞɢɧɭ) — ɢɡ ɪɚ-
ɛɨɬɵ (Hsu and Woody, 1971). 

Ɍɚɛɥɢɰɚ 1. Ⱥɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ, ɜɤɥɸɱɟɧɧɵɟ ɜ ɪɚɫɱɟɬɵ. 
ʋ ɪɚɫɱɟ-
ɬɚ Ɉɩɢɫɚɧɢɟ Ⱥɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ 

1 Ɍɨɥɶɤɨ ɝɟɦɵ — 

2 
Ƚɟɦɵ+ɚɤɫɢɚɥɶɧɵɟ 

ɝɢɫɬɢɞɢɧɵ 
His: 61, 376, 378 

3 Ƚɟɦɵ+ɬɢɪ244 Tyr 244 

4 

Ƚɟɦɵ+ɜɫɟ ȺɄ ɜ ɨɤɪɟ-
ɫɬɧɨɫɬɢ 12 Ⱥ, ɤɪɨɦɟ 
ɚɤɫɢɚɥɶɧɵɯ ɝɢɫɬɢɞɢ-

ɧɨɜ 

Tyr: 54, 244, 371 372, 379 
Trp: 126, 236, 288 

His: 240, 290, 291, 368, 429 
Phe: 63, 251, 293, 348, 377, 425 

5 
Ƚɟɦɵ+ɜɫɟ ȺɄ ɜ ɨɤɪɟ-

ɫɬɧɨɫɬɢ 12 Ⱥ 

Tyr: 54, 244, 371 372, 379 
Trp: 126, 236, 288 

His: 61, 240, 290, 291, 368, 376, 378, 
429 

Phe: 63, 251, 293, 348, 377, 425 

Дюба А. В., Красильников П. М., Шаронов Ю. А. — МКО – 2009, т. 2, стр. 123–134
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Ɋɟɡɭɥɶɬɚɬɵ. ɉɪɟɪɵɜɢɫɬɵɟ ɥɢɧɢɢ ɧɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ  
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɧɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɩɟɤɬɪɵ ɄȾ ɢ ɩɨɝɥɨɳɟ-
ɧɢɹ ɩɨɥɧɨɫɬɶɸ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɮɟɪɦɟɧɬɚ (ɬ.ɟ. ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɠɟ-
ɥɟɡɚ ɜ ɨɛɨɢɯ ɝɟɦɚɯ ɪɚɜɧɚ +2). ȼɢɞɧɨ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɋɨɪɟ ɫɩɟɤɬɪ ɄȾ ɧɟ-
ɤɨɧɫɟɪɜɚɬɢɜɟɧ: ɩɥɨɳɚɞɶ ɩɨɞ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɱɚɫɬɶɸ ɤɪɢɜɨɣ ɩɪɟɜɵɲɚɟɬ 
ɩɥɨɳɚɞɶ ɩɨɞ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɱɚɫɬɶɸ ɤɪɢɜɨɣ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɢɝɧɚɥ 
ɄȾ ɜ ɋɨɪɟ-ɨɛɥɚɫɬɢ ɨɛɭɫɥɨɜɥɟɧ ɧɟ ɬɨɥɶɤɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɞɢɩɨɥɟɣ, ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɝɥɨɳɟɧɢɸ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ, ɧɨ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ 
ɞɢɩɨɥɹɦɢ, ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɡɚ ɩɨɝɥɨɳɟɧɢɟ ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ ɫɩɟɤɬɪɚ 
(ɧɚɩɪɢɦɟɪ, ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ). 

ɋɩɥɨɲɧɵɟ ɤɪɢɜɵɟ ɧɚ ɪɢɫ. 2Ⱥ ɢ 2Ȼ ɩɨɤɚɡɵɜɚɸɬ ɪɚɫɫɱɢɬɚɧɧɵɟ 
ɫɩɟɤɬɪɵ ɄȾ ɢ ɩɨɝɥɨɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɫɢɫɬɟɦɵ ɢɡ ɞɜɭɯ ɝɟɦɨɜ. 
Ɂɚɦɟɬɧɵ ɧɟɞɨɫɬɚɬɤɢ ɷɬɢɯ ɪɚɫɫɱɢɬɚɧɧɵɯ ɫɩɟɤɬɪɨɜ: 

Ⱥ) ɋɩɟɤɬɪ ɄȾ ɤɨɧɫɟɪɜɚɬɢɜɟɧ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ. 
Ȼ) Ɉɬɧɨɲɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɄȾ ɤ ɚɦɩɥɢɬɭɞɟ ɩɨɝɥɨɳɟɧɢɹ ɦɟɧɶɲɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ (ɚɦɩɥɢɬɭɞɚ ɄȾ ɫɥɢɲɤɨɦ ɦɚɥɚ, ɚ ɩɨɝɥɨɳɟɧɢɹ — 
ɫɥɢɲɤɨɦ ɜɟɥɢɤɚ). 

Ɍɚɛɥɢɰɚ 2. ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢ ɪɚɫɫɱɢɬɚɧɧɵɯ 
ɫɩɟɤɬɪɨɜ. ɇɨɦɟɪɚ ɪɚɫɱɟɬɨɜ ɫɨɜɩɚɞɚɸɬ ɫ ɬɚɤɨɜɵɦɢ ɜ ɬɚɛɥ. 1. 

ɉɚɪɚɦɟɬɪɵ 
 Ɋɚɫɱɟɬɵ, ʋ 

ɗɤɫɩɟ-
ɪɢɦɟɧɬ 1 2 3 4 5 

Ɇɚɤɫɢɦɭɦ 
ɄȾ 

ɉɨɥɨɠɟɧɢɟ,
ɧɦ 

447,0 450,5 446,4 444,4 446,4 446,4

Ɂɧɚɱɟɧɢɟ, 
ǻȺ*ɦɨɥɶ-1ɫɦ-1 90,5 12,4 37,8 20,2 79,7 96,8 

Ɇɢɧɢɦɭɦ 
ɄȾ 

ɉɨɥɨɠɟɧɢɟ,
ɧɦ 

432,0 440,5 438,6 — — 436,7

Ɂɧɚɱɟɧɢɟ, 
ǻȺ*ɦɨɥɶ-1ɫɦ-1 -7,8 -12,6 -23,8 — — -0,2 

(Ⱥɦɩɥɢɬɭɞɚ ɄȾ/Ⱥɦɩɥɢɬɭɞɚ 
ɩɨɝɥ.)*103 

0,504 0,116 0,354 0,092 0,374 0,586

ɉɨɥɨɠɟɧɢɹ 
ɪɚɫɫɱɢɬɚɧ-
ɧɵɯ ɩɨɥɨɫ, 

ɧɦ 

1 — 443,2 443,5 443,3 444,1 444,2
2 — 443,9 446,4 444,0 444,8 447,1
3 — 446,2 447,7 446,3 446,7 449,0
4 — 446,8 456,2 447,0 448,8 457,4

Ʉɨɷɮ-ɬ ɧɟɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ 0,78 -0,01 0 1,00 1,00 1,00 
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ȼ) ɉɨɥɨɠɟɧɢɟ ɦɢɧɢɦɭɦɚ ɧɚ ɫɩɟɤɬɪɟ ɄȾ ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɨ ɧɚɛɥɸɞɚɟɦɵɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɜɭɯ ɝɟɦɨɜ ɧɟ ɦɨɠɟɬ ɨɛɴɹɫɧɢɬɶ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɛɥɸɞɚɟɦɨɝɨ ɫɩɟɤɬɪɚ ɄȾ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɵ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɜɟɫɬɢ ɜ ɫɢɫɬɟɦɭ ɨɫɰɢɥɥɹɬɨɪɵ, ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɚɦɢɧɨɤɢɫɥɨɬɚɦ. Ⱥɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫ-
ɬɚɬɤɢ, ɜɤɥɸɱɟɧɧɵɟ ɜ ɫɢɫɬɟɦɭ ɜ ɩɹɬɢ ɜɚɪɢɚɧɬɚɯ ɪɚɫɱɟɬɚ, ɩɟɪɟɱɢɫɥɟɧɵ ɜ 
ɬɚɛɥ. 1. ɉɨɥɧɚɹ ɫɜɨɞɤɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɫɫɱɢɬɚɧɧɵɯ ɫɩɟɤɬɪɨɜ ɩɪɢɜɟɞɟɧɚ 
ɜ ɬɚɛɥ. 2. ɉɨɥɨɠɟɧɢɹ ɩɨɥɨɫ ɞɥɹ ɭɞɨɛɫɬɜɚ ɞɚɧɵ ɜ ɧɦ. Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟ-
ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ — ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɞ ɤɪɢɜɨɣ ɄȾ (ɫ ɭɱɟɬɨɦ 
ɡɧɚɤɚ) ɤ ɩɥɨɳɚɞɢ ɩɨɞ ɤɪɢɜɨɣ ɄȾ, ɜɡɹɬɨɣ ɩɨ ɦɨɞɭɥɸ. ȿɫɥɢ ɄȾ ɜɫɸɞɭ 
ɩɨɥɨɠɢɬɟɥɟɧ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ ɪɚɜɟɧ +1, ɟɫɥɢ ɜɫɸ-
ɞɭ ɨɬɪɢɰɚɬɟɥɟɧ, ɪɚɜɟɧ -1, ɟɫɥɢ ɫɩɟɤɬɪ ɤɨɧɫɟɪɜɚɬɢɜɟɧ, ɪɚɜɟɧ ɧɭɥɸ. 

Ɋɢɫ. 3 (ɫɩɥɨɲɧɵɟ ɤɪɢɜɵɟ) ɢɥɥɸɫɬɪɢɪɭɟɬ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ, ɜ ɤɨ-
ɬɨɪɨɦ ɭɱɚɫɬɜɭɸɬ ɬɨɥɶɤɨ ɝɟɦɵ ɢ ɢɯ ɚɤɫɢɚɥɶɧɵɟ ɝɢɫɬɢɞɢɧɵ (ɨɞɢɧ, ɧɢɡɤɨ-
ɫɩɢɧɨɜɵɣ ɝɟɦ ɚ ɤɨɨɪɞɢɧɢɪɨɜɚɧ ɞɜɭɦɹ ɝɢɫɬɢɞɢɧɚɦɢ, ɞɪɭɝɨɣ, ɜɵɫɨɤɨ-
ɫɩɢɧɨɜɵɣ ɚ3 — ɨɞɧɢɦ). ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɫɩɟɤɬɪ ɨɫɬɚɟɬɫɹ ɜ ɜɵɫɨ-
ɤɨɣ ɫɬɟɩɟɧɢ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦ, ɧɨ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɣ ɩɨɥɨɠɢ-
ɬɟɥɶɧɨɣ ɱɚɫɬɶɸ. 

 
Ɋɢɫ. 2. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɩɟɤɬɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɵ (---), 
ɪɚɫɫɱɢɬɚɧɧɵɟ ɫɩɟɤɬɪɵ ɞɥɹ ɫɢɫɬɟɦɵ ɢɡ ɞɜɭɯ ɝɟɦɨɜ (—) ɢ ɧɨɪɦɚɥɶɧɵɟ ɦɨɞɵ 
(…). ȼɜɟɪɯɭ: ɤɪɭɝɨɜɨɣ ɞɢɯɪɨɢɡɦ, ɜɧɢɡɭ: ɩɨɝɥɨɳɟɧɢɟ. 
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Ɍɢɪɨɡɢɧ 244 (ɪɢɫ. 3, -.-), ɛɭɞɭɱɢ ɟɞɢɧɫɬɜɟɧɧɵɦ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ 
ɨɫɬɚɬɤɨɦ, ɜɜɟɞɟɧɧɵɦ ɜ ɫɢɫɬɟɦɭ, ɞɟɥɚɟɬ ɫɩɟɤɬɪ ɄȾ ɜ ɨɛɥɚɫɬɢ ɋɨɪɟ ɩɨɥ-
ɧɨɫɬɶɸ ɧɟɤɨɧɫɟɪɜɚɬɢɜɧɵɦ ɢ ɜɫɸɞɭ ɩɨɥɨɠɢɬɟɥɶɧɵɦ. Ɍɚɤɢɦ ɠɟ ɷɮɮɟɤ-
ɬɨɦ ɨɛɥɚɞɚɸɬ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ 12 
Å, ɤɪɨɦɟ ɚɤɫɢɚɥɶɧɵɯ ɝɢɫɬɢɞɢɧɨɜ (ɪɢɫ. 4, -.-). ɉɪɢ ɷɬɨɦ ɚɦɩɥɢɬɭɞɚ ɫɩɟɤ-
ɬɪɚ ɄȾ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ, ɨɞɧɚɤɨ ɩɨ-
ɝɥɨɳɟɧɢɟ ɜ ɦɚɤɫɢɦɭɦɟ ɜɫɟ ɟɳɟ ɨɫɬɚɟɬɫɹ ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɦ. 

 
Ɋɢɫ. 3. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɩɟɤɬɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɵ (---), 
ɪɚɫɫɱɢɬɚɧɧɵɟ ɫɩɟɤɬɪɵ: ɞɥɹ ɫɢɫɬɟɦɵ ɝɟɦɨɜ ɫ ɚɤɫɢɚɥɶɧɵɦɢ ɝɢɫɬɢɞɢɧɚɦɢ (—), ɞɥɹ 
ɫɢɫɬɟɦɵ ɫ ɬɢɪɨɡɢɧɨɦ 244 (-.-). ȼɜɟɪɯɭ: ɤɪɭɝɨɜɨɣ ɞɢɯɪɨɢɡɦ, ɜɧɢɡɭ: ɩɨɝɥɨɳɟɧɢɟ. 

ɋɩɥɨɲɧɵɟ ɤɪɢɜɵɟ ɧɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɪɚɫɫɱɢɬɚɧɧɵɟ 
ɫɩɟɤɬɪɵ ɄȾ ɢ ɩɨɝɥɨɳɟɧɢɹ ɞɥɹ ɫɢɫɬɟɦɵ, ɜɤɥɸɱɚɸɳɟɣ ɝɟɦɵ ɢ ɜɫɟ ɚɦɢ-
ɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ 12 Å. Ɇɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɭɞɨɜɥɟ-
ɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɜɩɚɞɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɩɟɤ-
ɬɪɨɜ ɄȾ ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɚɦɩɥɢɬɭɞ ɄȾ ɢ ɩɨɝɥɨɳɟɧɢɹ, ɛɥɢɡɤɨɟ ɤ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɨɦɭ. Ɉɞɧɚɤɨ ɧɚ ɪɚɫɫɱɢɬɚɧɧɨɦ ɫɩɟɤɬɪɟ ɩɨɝɥɨɳɟɧɢɹ ɯɨɪɨɲɨ 
ɡɚɦɟɬɧɨ ɫɢɥɶɧɨɟ ɪɚɫɳɟɩɥɟɧɢɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɩɟɤɬɪ ɩɨɝɥɨɳɟɧɢɹ 
«ɪɚɫɩɥɵɜɚɟɬɫɹ» ɢ ɫɦɟɳɚɟɬɫɹ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ. ɇɚɢɛɨɥɟɟ ɜɟ-
ɪɨɹɬɧɨɟ ɨɛɴɹɫɧɟɧɢɟ ɷɬɨɝɨ ɷɮɮɟɤɬɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɚɤɫɢɚɥɶɧɵɟ ɝɢɫ-
ɬɢɞɢɧɵ ɪɚɫɩɨɥɨɠɟɧɵ ɫɥɢɲɤɨɦ ɛɥɢɡɤɨ ɤ ɝɟɦɚɦ, ɢ ɩɪɢɛɥɢɠɟɧɢɟ ɬɨɱɟɱ-
ɧɵɯ ɞɢɩɨɥɟɣ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɜɩɨɥɧɟ ɧɟɩɪɢɦɟɧɢɦɨ, ɬ.ɤ. ɞɚɟɬ ɧɟɨɛɨɫ-
ɧɨɜɚɧɧɨ ɛɨɥɶɲɨɟ ɪɚɫɳɟɩɥɟɧɢɟ ɩɨɥɨɫ. 
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Ɋɢɫ. 4. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɩɟɤɬɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɵ (---), 
ɪɚɫɫɱɢɬɚɧɧɵɟ ɫɩɟɤɬɪɵ: ɞɥɹ ɫɢɫɬɟɦɵ ɝɟɦɨɜ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ 12 
Ⱥ(—), ɞɥɹ ɫɢɫɬɟɦɵ ɛɟɡ ɚɤɫɢɚɥɶɧɵɯ ɝɢɫɬɢɞɢɧɨɜ (-.-). ȼɜɟɪɯɭ: ɤɪɭɝɨɜɨɣ ɞɢɯɪɨ-
ɢɡɦ, ɜɧɢɡɭ: ɩɨɝɥɨɳɟɧɢɟ. 

 

Ɂɚɤɥɸɱɟɧɢɟ. ɇɚɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɮɮɟɤɬ ɧɟɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ 
ɫɩɟɤɬɪɨɜ ɄȾ ɰɢɬɨɯɪɨɦɨɤɫɢɞɚɡɵ ɜ ɨɛɥɚɫɬɢ ɋɨɪɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫ-
ɧɟɧ ɬɨɥɶɤɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɝɟɦɨɜ. ȼɜɟɞɟɧɢɟ ɜ ɫɢɫɬɟɦɭ ɛɥɢɠɚɣɲɢɯ ɤ 
ɝɟɦɚɦ ɚɦɢɧɨɤɢɫɥɨɬ (ɤɪɨɦɟ ɚɤɫɢɚɥɶɧɵɯ ɝɢɫɬɢɞɢɧɨɜ) ɜɨɫɩɪɨɢɡɜɨɞɢɬ ɷɮ-
ɮɟɤɬ ɧɟɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ ɫɩɟɤɬɪɚ. ȼɤɥɸɱɟɧɢɟ ɜ ɫɢɫɬɟɦɭ ɬɚɤɠɟ ɢ ɚɤɫɢ-
ɚɥɶɧɵɯ ɝɢɫɬɢɞɢɧɨɜ ɭɥɭɱɲɚɟɬ ɫɨɜɩɚɞɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɫɩɟɤɬɪɚ ɄȾ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ, ɨɞɧɚɤɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɩɪɚɜɞɨɩɨɞɨɛɧɨ ɛɨɥɶɲɨɦɭ 
ɪɚɫɳɟɩɥɟɧɢɸ ɩɨɥɨɫ, ɩɨɷɬɨɦɭ ɞɥɹ ɚɤɫɢɚɥɶɧɵɯ ɝɢɫɬɢɞɢɧɨɜ ɩɪɢɛɥɢɠɟɧɢɟ 
ɬɨɱɟɱɧɵɯ ɞɢɩɨɥɟɣ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ ɫ ɨɫɬɨɪɨɠɧɨɫɬɶɸ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɤɚɮɟɞɪɟ ɛɢɨɮɢɡɢɤɢ Ȼɢɨɥɨɝɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶ-
ɬɟɬɚ ɆȽɍ ɢ ɧɚ ɛɚɡɟ ɇɂɂ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɛɢɨɥɨɝɢɢ ɢɦ. 
Ⱥ.ɇ.Ȼɟɥɨɡɟɪɫɤɨɝɨ. 
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CD spectra of cytochrome c oxidase are investigated using classical polari-

zability theory. This approach is able to explain the non-conservatism of the 

Soret region (400–470 nm) of CD spectra. The analysis suggests that optical 

activity of the enzyme in this region resulted from the interaction between the 

hemes and aromatic side chains of amino-acid residues. 
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