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ɫ ɷɧɟɪɝɢɹɦɢ ɨɬ 10 ɞɨ 50 Ɇɷȼ  
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ɋɨɭɱɚɫɬɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜ ɦɚɪɤɟɬɢɧɝɟ ɬɟɪɪɢɬɨɪɢɣ ɪɚɡɦɟɳɟɧɢɹ Ⱥɗɋ ɤɚɤ ɮɚɤɬɨɪ 
ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 
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ɇɨɪɦɵ ɆȺȽȺɌɗ ɩɨ ɢɫɩɵɬɚɧɢɹɦ ɧɚ ɫɬɨɥɤɧɨɜɟɧɢɟ ɜɤɥɸɱɚɸɬ ɩɪɨɜɟɞɟɧɢɟ ɨɩɵɬɚ ɫ ɦɚɤɟɬɨɦ 
ɭɩɚɤɨɜɤɢ ɌɍɄ ɜ ɭɫɥɨɜɢɹɯ, ɢɦɢɬɢɪɭɸɳɢɯ ɚɜɢɚɰɢɨɧɧɭɸ ɚɜɚɪɢɸ. Ɉɛɪɚɡɟɰ ɞɨɥɠɟɧ ɛɵɬɶ 
ɩɨɞɜɟɪɝɧɭɬ ɫɬɨɥɤɧɨɜɟɧɢɸ ɫ ɠɟɫɬɤɨɣ ɩɪɟɝɪɚɞɨɣ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɟ ɦɟɧɟɟ λ0 ɦ/ɫ, ɩɪɢɱɟɦ ɜ 
ɬɚɤɨɦ ɩɨɥɨɠɟɧɢɢ, ɱɬɨɛɵ ɟɦɭ ɛɵɥɨ ɧɚɧɟɫɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨɜɪɟɠɞɟɧɢɟ. Ɇɢɲɟɧɶ ɬɚɤɠɟ 
ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɪɟɞɩɢɫɚɧɢɹɦ ɧɨɪɦ – ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɩɥɨɫɤɭɸ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɬɚɤɨɝɨ ɪɨɞɚ, ɱɬɨɛɵ ɥɸɛɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɢ ɫɦɟɳɟɧɢɸ ɢɥɢ 
ɞɟɮɨɪɦɚɰɢɢ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ ɧɟɟ ɨɛɪɚɡɰɚ ɧɟ ɩɪɢɜɨɞɢɥɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 
ɭɜɟɥɢɱɟɧɢɸ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɷɬɨɝɨ ɨɛɪɚɡɰɚ. ɉɨɜɟɪɯɧɨɫɬɶ ɦɢɲɟɧɢ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ 
ɥɸɛɨɦ ɩɨɥɨɠɟɧɢɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 
ɨɛɪɚɡɰɚ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ɢɫɩɵɬɚɧɢɣ ɫ ɭɩɚɤɨɜɤɚɦɢ ɜɟɫɨɦ ɞɨ ɩɨɥɭɬɨɧɧɵ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɤɟɬɧɵɟ ɬɪɟɤɢ. ɉɨɫɤɨɥɶɤɭ ɩɨɞɨɛɧɵɟ ɨɩɵɬɵ ɟɞɢɧɢɱɧɵɟ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɟ, 
ɬɪɟɛɭɟɬɫɹ ɠɟɫɬɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɭɝɥɭ ɫɨɭɞɚɪɟɧɢɹ ɬɟɦ 
ɩɚɪɚɦɟɬɪɚɦ, ɱɬɨ ɛɵɥɢ ɮɚɤɬɢɱɟɫɤɢ ɪɟɚɥɢɡɨɜɚɧɵ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɣ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɯ ɬɨɱɧɨɫɬɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɩɚɤɨɜɤɚ, ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɨɬɪɚɛɨɬɚɧɧɨɟ ɹɞɟɪɧɨɟ ɬɨɩɥɢɜɨ, 
ɜɨɡɞɭɲɧɚɹ ɩɟɪɟɜɨɡɤɚ, ɚɜɚɪɢɹ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ, ɭɝɨɥ ɫɨɭɞɚɪɟɧɢɹ. 

 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ β5.10.β01λ 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 16.0β.β0β0 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ β0.0β.β0β0 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɆȺȽȺɌɗ Д1-5Ж, ɭɩɚɤɨɜɤɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɜɨɡɞɭɲɧɵɯ ɩɟɪɟɜɨɡɨɤ ɞɟɥɹɳɢɯɫɹ ɦɚɬɟɪɢɚɥɨɜ, ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɩɨɫɥɟ ɭɫɢɥɟɧɧɵɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɢɦɢɬɢɪɭɸɳɢɯ ɚɜɢɚɰɢɨɧɧɭɸ ɚɜɚɪɢɸ ɢ 
ɜɤɥɸɱɚɸɳɢɯ ɫɥɟɞɭɸɳɢɟ ɞɜɟ ɫɟɪɢɢμ 

ɉɟɪɜɚɹ ɫɟɪɢɹ (ɤɨɦɩɥɟɤɫɧɵɟ ɢɫɩɵɬɚɧɢɹ)μ 
 ɩɚɞɟɧɢɟ ɭɩɚɤɨɜɤɢ ɫ ɜɵɫɨɬɵ λɦ; 
 ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɡɪɭɲɟɧɢɟ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ ɭɩɚɤɨɜɤɭ ɬɟɥɚ ɦɚɫɫɨɣ 500ɤɝ ɫ ɜɵɫɨɬɵ λɦ; 
 ɢɫɩɵɬɚɧɢɟ ɧɚ ɩɪɨɤɨɥ/ɪɚɡɪɵɜ ɩɪɢ ɩɚɞɟɧɢɢ ɭɩɚɤɨɜɤɢ ɫ ɜɵɫɨɬɵ γɦ ɧɚ ɲɬɵɪɶ (ɢɥɢ 

ɲɬɵɪɹ ɧɚ ɭɩɚɤɨɜɤɭ) ɦɚɫɫɨɣ β50 ɤɝ; 
 ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɭɩɚɤɨɜɤɭ ɜɧɟɲɧɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ ɫɨ ɫɪɟɞɧɟɨɛɴɟɦɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ Ɍ  800
ɨɋ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ 60 ɦɢɧɭɬ. 

ȼɬɨɪɚɹ ɫɟɪɢɹμ 
 ɫɬɨɥɤɧɨɜɟɧɢɟ ɭɩɚɤɨɜɤɢ ɫ ɦɢɲɟɧɶɸ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɟ ɦɟɧɟɟ λ0ɦ/ɫ. 

Ɂɚɞɚɱɟɣ ɢɫɩɵɬɚɧɢɹ ɜɬɨɪɨɣ ɫɟɪɢɢ, ɩɪɨɜɨɞɢɦɨɝɨ ɧɚ ɪɚɤɟɬɧɨɦ ɬɪɟɤɟ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ: ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɞɟɦɩɮɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɌɍɄ; ɨɬɫɭɬɫɬɜɢɟ ɜɵɯɨɞɚ ɩɟɪɟɜɨɡɢɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɌɍɄ Д6-7].  

Ɉɛɴɟɤɬɨɦ ɢɫɩɵɬɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɬɭɪɧɵɣ ɌɍɄ (ɫ ɦɚɫɫɨɣ ɜ ɡɚɝɪɭɠɟɧɧɨɦ ɜɚɪɢɚɧɬɟ 
ɞɨ 500 ɤɝ), ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɰɢɸ, ɫɨɫɬɨɹɳɭɸ ɢɡμ ɤɨɪɩɭɫɚ ɫɢɥɨɜɨɝɨ; 



8  ȽȿɊȺɋɂɆɈȼ ɢ ɞɪ. 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɤɨɪɩɭɫɚ ɜɧɭɬɪɟɧɧɟɝɨ; ɱɟɯɥɚ; ɟɦɤɨɫɬɢ ɫ ɪɚɡɦɟɳɟɧɧɵɦ ɜɧɭɬɪɢ ɧɟɟ ɭɪɚɧɨɫɨɞɟɪɠɚɳɢɦ 
ɦɚɬɟɪɢɚɥɨɦ. ȿɦɤɨɫɬɶ ɫɨɫɬɨɢɬ ɢɡ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɫɬɚɥɶɧɨɝɨ ɤɨɪɩɭɫɚ ɢ ɫɬɚɥɶɧɨɣ 
ɤɪɵɲɤɢ, ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɪɟɡɶɛɨɣ, ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɭɩɚɤɨɜɵɜɚɧɢɹ 
ɩɟɪɟɜɨɡɢɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼɧɭɬɪɢ ɟɦɤɨɫɬɢ ɡɚɤɥɸɱɟɧ ɢɦɢɬɚɬɨɪ ɢɡ ɢɧɟɪɬɧɨɝɨ 
ɧɟɚɤɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɇɚ ɌɍɄ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɛɚɲɦɚɤɢ (ɪɢɫ. 1), ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɜɹɡɶ ɨɛɴɟɤɬɚ ɢɫɩɵɬɚɧɢɣ ɫ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ 
[8-10Ж. ɗɥɟɦɟɧɬɵ ɤɪɟɩɥɟɧɢɹ ɛɚɲɦɚɤɨɜ ɤ ɤɨɧɬɟɣɧɟɪɭ ɢ ɛɚɲɦɚɤɢ ɨɩɪɟɞɟɥɹɸɬ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɌɍɄ ɧɚ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɟɝɨ 
ɜɫɬɪɟɱɭ ɫ ɦɢɲɟɧɶɸ ɜ ɡɚɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɩɨɞ ɡɚɞɚɧɧɵɦ ɭɝɥɨɦ. 

 

 
                                                 ɚ) ɜɢɞ ɫɛɨɤɭ                                      ɛ) ɜɢɞ ɫɧɢɡɭ 

Ɋɢɫɭɧɨɤ 1 – Ɉɛɳɢɣ ɜɢɞ ɌɍɄ ɫ ɛɚɲɦɚɤɚɦɢ [General view of the TUK with clogs] 

 

Ɂɚɞɚɸɬɫɹ ɫɤɨɪɨɫɬɶ ɫɬɨɥɤɧɨɜɟɧɢɹ ɌɍɄ ɫ ɦɢɲɟɧɶɸ – λ5±5 ɦ/ɫ ɢ ɭɝɨɥ ɜɫɬɪɟɱɢ 
ɦɚɤɟɬɚ ɫ ɦɢɲɟɧɶɸ 475º. 

Ɋɚɡɝɨɧ ɌɍɄ ɞɨ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ ɢ 
ɟɝɨ ɫɬɨɥɤɧɨɜɟɧɢɟ ɫ ɦɢɲɟɧɶɸ ɩɪɢ ɡɚɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɭɝɥɟ ɜɫɬɪɟɱɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɤɨɦɩɥɟɤɬɨɦ ɫɩɟɰɢɚɥɶɧɨɣ ɨɫɧɚɫɬɤɢ Д6-10Ж. Ʉɨɦɩɥɟɤɬ ɫɩɟɰɢɚɥɶɧɨɣ ɨɫɧɚɫɬɤɢ ɜɤɥɸɱɚɟɬ ɜ 
ɫɟɛɹ ɪɚɤɟɬɧɭɸ ɬɟɥɟɠɤɭ (ɊɌ) ɢ ɷɥɟɦɟɧɬɵ (ɛɚɲɦɚɤɢ), ɫɜɹɡɵɜɚɸɳɢɟ ɌɍɄ ɫ ɪɟɥɶɫɨɜɨɣ 
ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ. ɋɢɥɚ ɬɹɝɢ ɨɬ ɊɌ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɌɍɄ ɱɟɪɟɡ ɭɩɨɪ. ɊɌ ɢ 
ɌɍɄ (ɫ ɛɚɲɦɚɤɚɦɢ) ɫɨɫɬɚɜɥɹɸɬ ɪɚɤɟɬɧɵɣ ɩɨɟɡɞ, ɨɛɳɢɣ ɜɢɞ (ɫɜɟɪɯɭ ɢ ɫɛɨɤɭ) ɤɨɬɨɪɨɝɨ 
ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β. 

 

 
Ɋɢɫɭɧɨɤ 2 – Ɉɛɳɢɣ ɜɢɞ ɪɚɤɟɬɧɨɝɨ ɩɨɟɡɞɚ [General view of the rocket train] 

 

Ɋɚɤɟɬɧɚɹ ɬɟɥɟɠɤɚ ɫɧɚɛɠɟɧɚ ɬɨɪɦɨɡɧɵɦ ɛɚɲɦɚɤɨɦ, ɤɨɬɨɪɵɣ ɨɫɧɚɳɟɧ ɩɨɪɨɯɨɜɵɦɢ 
ɚɤɤɭɦɭɥɹɬɨɪɚɦɢ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɬɚɧɨɜɤɢ ɪɚɤɟɬɧɨɣ ɬɟɥɟɠɤɢ ɧɚ ɡɚɞɚɧɧɨɦ ɨɬɪɟɡɤɟ ɩɭɬɢ 
ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ. Ɋɚɡɝɨɧ ɪɚɤɟɬɧɨɝɨ ɩɨɟɡɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɦɢ 
ɪɚɤɟɬɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɪɚɤɟɬɧɨɣ ɬɟɥɟɠɤɟ Д11-12]. 
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ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɪɚɤɟɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɪɚɤɟɬɧɵɣ ɩɨɟɡɞ ɧɚɱɢɧɚɟɬ ɞɜɢɠɟɧɢɟ ɩɨ 
ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɚɛɨɬɵ ɪɚɤɟɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 
ɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɪɚɤɟɬɧɵɦ ɩɨɟɡɞɨɦ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɡɚɞɟɣɫɬɜɨɜɚɧɢɟ ɩɨɪɨɯɨɜɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɞɚɜɥɟɧɢɹ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ ɪɚɤɟɬɧɨɣ 
ɬɟɥɟɠɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɊɌ ɤ ɨɫɬɚɧɨɜɤɟ ɧɚ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ. 
ɉɪɢ ɷɬɨɦ ɌɍɄ, ɡɚ ɫɱɟɬ ɫɨɨɛɳɟɧɧɨɝɨ ɟɦɭ ɢɦɩɭɥɶɫɚ, ɩɪɨɞɨɥɠɚɟɬ ɞɜɢɝɚɬɶɫɹ ɩɨ ɪɟɥɶɫɨɜɨɣ 
ɧɚɩɪɚɜɥɹɸɳɟɣ. ɉɨɫɥɟ ɫɯɨɞɚ ɫ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ ɞɜɢɠɟɧɢɟ 
ɌɍɄ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɜɨɛɨɞɧɨɦ ɩɨɥɟɬɟ ɞɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ ɦɢɲɟɧɶɸ. 

Ɇɢɲɟɧɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɛɥɨɤ, ɨɛɥɢɰɨɜɚɧɧɵɣ ɫɨ ɫɬɨɪɨɧɵ 
ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɫɬɚɥɶɧɵɦ ɥɢɫɬɨɦ ɬɨɥɳɢɧɨɣ 100 ɦɦ. Ƚɚɛɚɪɢɬɵ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ 
2,4 ɦ ɯ 3,6 ɦ. Ɇɢɲɟɧɶ ɫɦɨɧɬɢɪɨɜɚɧɚ ɫ ɭɩɨɪɨɦ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɜ ɩɪɨɬɹɠɟɧɧɵɣ ɧɚɫɵɩɧɨɣ 
ɜɚɥ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ, ɫ ɛɨɤɨɜɵɯ ɫɬɨɪɨɧ ɢ ɫɜɟɪɯɭ, ɨɛɜɚɥɨɜɚɧɚ ɝɪɭɧɬɨɦ. ɉɨɥɧɚɹ ɦɚɫɫɚ 
ɦɢɲɟɧɢ ɫ ɭɱɟɬɨɦ ɨɛɜɚɥɨɜɤɢ ɝɪɭɧɬɨɦ ɫɨɫɬɚɜɥɹɟɬ ≈ 600 ɬ. ɋɯɟɦɚ ɦɢɲɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ γ. 

 

 
Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ ɦɢɲɟɧɢ [Target pattern] 

 

ɉɪɨɰɟɫɫ ɞɜɢɠɟɧɢɹ ɪɚɤɟɬɧɨɝɨ ɩɨɟɡɞɚ ɩɨ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ 
ɬɪɟɤɚ, ɩɨɥɟɬ ɌɍɄ ɢ ɩɪɨɰɟɫɫ ɟɝɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ ɦɢɲɟɧɶɸ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɮɨɬɨ- ɢ ɜɢɞɟɨɚɩɩɚɪɚɬɭɪɵ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɹ ɢɡɦɟɪɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɌɍɄ: 

- ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨ ɪɟɥɶɫɨɜɵɦ ɧɚɩɪɚɜɥɹɸɳɢɦ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ; 
- ɫɤɨɪɨɫɬɶ ɢ ɭɝɨɥ ɜɫɬɪɟɱɢ ɩɟɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ ɫ ɠɟɫɬɤɨɣ ɩɪɟɝɪɚɞɨɣ. 

 

Ɏɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ ɜɫɬɪɟɱɢ ɭɩɚɤɨɜɨɱɧɨɝɨ ɤɨɧɬɟɣɧɟɪɚ 
ɩɟɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ ɫ ɠɟɫɬɤɨɣ ɩɪɟɝɪɚɞɨɣ 

ɋɪɟɞɫɬɜɨ ɢɡɦɟɪɟɧɢɹ (ɚɷɪɨɮɨɬɨɤɚɦɟɪɚ ȺɎȺ) ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ 
ɭɫɥɨɜɢɹɯμ 

- ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɬ -10 ɋ °ɞɨ 40 ɋ°; 
- ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ – ɨɫɨɛɵɯ ɬɪɟɛɨɜɚɧɢɣ ɧɟ ɩɪɟɞɴɹɜɥɹɟɬɫɹ; 
- ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɧɟ ɛɨɥɟɟ λ8 %; 
- ɧɚɩɪɹɠɟɧɢɟ ɨɞɧɨɮɚɡɧɨɣ ɫɟɬɢ ββ0 ȼ ± 10 %; 
- ɱɚɫɬɨɬɚ ɫɟɬɢ 50Ƚɰ ± 2%. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɚ ɜɫɬɪɟɱɢ ɫ ɩɪɟɝɪɚɞɨɣ ɢɫɩɵɬɵɜɚɟɦɵɯ ɌɍɄ 
ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɮɨɬɨɫɧɢɦɤɚ ɜ ɦɨɦɟɧɬ 
ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɤ ɥɨɛɨɜɨɣ ɫɬɟɧɤɟ ɩɪɟɝɪɚɞɵ, ɩɨɫɪɟɞɫɬɜɨɦ ɢɦɩɭɥɶɫɧɨɣ ɮɨɬɨɫɴɟɦɤɢ 
ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɚ. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɭɝɥɚ ɜɫɬɪɟɱɢ ɤɨɧɬɟɣɧɟɪɚ 
ɫ ɩɪɟɝɪɚɞɨɣ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 

ɉɨ ɭɫɥɨɜɢɹɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɫɥɟɞɭɟɦɵɣ ɤɨɧɬɟɣɧɟɪ ɩɨɫɥɟ ɟɝɨ ɫɯɨɞɚ ɫ ɪɟɥɶɫɨɜɵɯ 
ɧɚɩɪɚɜɥɹɸɳɢɯ ɬɪɟɤɚ ɫɨɜɟɪɲɚɟɬ ɞɜɢɠɟɧɢɟ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ⱦɥɹ 
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ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɮɚɤɬɢɱɟɫɤɨɦɭ 
ɡɧɚɱɟɧɢɸ ɭɝɥɚ ɜɫɬɪɟɱɢ ɫ ɩɪɟɝɪɚɞɨɣ, ɩɥɨɫɤɨɫɬɶ ɮɨɬɨɫɴɟɦɤɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɨɧɬɟɣɧɟɪɚ. ɉɪɢ ɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ 
ɨɩɬɢɱɟɫɤɚɹ ɨɫɶ ɫɴɟɦɨɱɧɨɣ ɤɚɦɟɪɵ ɛɭɞɟɬ ɧɚɩɪɚɜɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɬɪɚɟɤɬɨɪɢɢ 
ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ. 

Ʉɚɦɟɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɜɟɪɯɭ ɧɚ ɫɩɟɰɢɚɥɶɧɨɣ ɧɟɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɟ 
ɨɛɴɟɤɬɢɜɨɦ ɜɧɢɡ ɬɚɤ, ɱɬɨɛɵ ɟɟ ɨɩɬɢɱɟɫɤɚɹ ɨɫɶ ɛɵɥɚ ɨɬɜɟɫɧɚ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ 
ɝɨɪɢɡɨɧɬɢɪɨɜɚɧɢɟɦ ɩɥɨɫɤɨɫɬɢ ɜɵɪɚɜɧɢɜɚɸɳɟɝɨ ɫɬɟɤɥɚ ɤɚɦɟɪɵ (ɩɥɨɫɤɨɫɬɢ 
ɮɨɬɨɦɚɬɟɪɢɚɥɚ) ɫ ɩɨɦɨɳɶɸ ɧɚɤɥɚɞɧɨɝɨ ɭɪɨɜɧɹ ɫ ɰɟɧɨɣ ɞɟɥɟɧɢɹ 10 ɫɟɤɭɧɞ. 

ȼɵɫɨɬɭ ɫɴɟɦɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɜɵɛɢɪɚɸɬ ɫ ɭɱɺɬɨɦ 
ɬɨɝɨ, ɱɬɨɛɵ ɮɨɬɨɝɪɚɮɢɪɭɟɦɵɣ ɤɨɧɬɟɣɧɟɪ ɧɚɯɨɞɢɥɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɧɚɢɥɭɱɲɟɣ 
ɮɨɤɭɫɢɪɨɜɤɢ ɚɷɪɨɮɨɬɨɚɩɩɚɪɚɬɚ. 

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɥɨɛɨɜɚɹ ɫɬɟɧɤɚ ɩɪɟɝɪɚɞɵ ɢ 
ɛɨɤɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɟɣɧɟɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɦɚɪɤɢɪɭɸɬɫɹ. ɇɚ ɩɪɟɝɪɚɞɟ, 
ɧɚ ɪɚɜɧɵɯ ɪɚɫɬɨɹɧɢɹɯ ɨɬ ɩɥɨɫɤɨɫɬɢ ɟɟ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ, ɠɟɫɬɤɨ ɤɪɟɩɹɬɫɹ ɞɜɟ 
ɫɩɟɰɢɚɥɶɧɵɟ ɪɟɩɟɪɧɵɟ ɦɚɪɤɢ, ɤɨɬɨɪɵɟ ɡɚɞɚɸɬ ɨɫɟɜɭɸ ɥɢɧɢɸ ɨɬɫɱɺɬɚ (ɨɫɶ OГ), 
ɩɚɪɚɥɥɟɥɶɧɭɸ ɩɥɨɫɤɨɫɬɢ ɩɪɟɝɪɚɞɵ. Ɇɚɪɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɜɵɫɨɬɟ ɬɨɱɤɢ 
ɫɨɭɞɚɪɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɫ ɩɪɟɝɪɚɞɨɣ ɜ ɨɞɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ⱦɜɟ ɪɟɩɟɪɧɵɟ 
ɦɚɪɤɢ ɧɚɧɨɫɹɬɫɹ ɧɚ ɨɛɪɚɡɭɸɳɭɸ ɫɚɦɨɝɨ ɤɨɧɬɟɣɧɟɪɚ. ɋ ɩɨɦɨɳɶɸ ɷɬɢɯ ɦɚɪɨɤ ɡɚɞɚɟɬɫɹ 
ɨɫɟɜɚɹ ɥɢɧɢɹ ɤɨɧɬɟɣɧɟɪɚ (ɏɤ) ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɜɫɬɪɟɱɢ ɫ ɩɪɟɝɪɚɞɨɣ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɮɨɬɨɫɴɟɦɤɢ. 

ɉɨɞ ɭɝɥɨɦ ɜɫɬɪɟɱɢ ɌɍɄ ɫ ɩɪɟɝɪɚɞɨɣ ɩɨɧɢɦɚɟɬɫɹ ɭɝɨɥ φ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɤɨɧɬɟɣɧɟɪɚ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɨɦ ɤ ɩɥɨɫɤɨɫɬɢ 
ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɩɪɟɝɪɚɞɵ (ɪɢɫ. 4). 

 

 
                                                     ɚ)     ɛ) 

Ɋɢɫɭɧɨɤ 4 – Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɟɬɨɞɚ ɎȽɂ [Geometric photogrammetric angle measurement method] 

 

ɇɚ ɪɢɫɭɧɤɟ 4ɛ ɨɫɶ OГ ɩɚɪɚɥɥɟɥɶɧɚ ɩɥɨɫɤɨɫɬɢ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɩɪɟɝɪɚɞɵ;  
ɏɤ – ɨɫɟɜɚɹ ɥɢɧɢɹ ɤɨɧɬɟɣɧɟɪɚ, ɡɚɞɚɜɚɟɦɚɹ ɪɟɩɟɪɧɵɦɢ ɦɚɪɤɚɦɢ ɧɚ ɨɛɪɚɡɭɸɳɟɣ 
ɤɨɧɬɟɣɧɟɪɚ; ɯɯ ɢ гг – ɨɫɢ ɩɥɨɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɮɨɬɨɫɧɢɦɤɚ. Ɉɧɢ ɡɚɞɚɸɬɫɹ 
ɫɢɫɬɟɦɨɣ ɩɟɪɟɤɪɟɫɬɢɣ ɜɵɝɪɚɜɢɪɨɜɚɧɧɵɯ ɧɚ ɜɵɪɚɜɧɢɜɚɸɳɟɦ ɫɬɟɤɥɟ ɫɴɺɦɨɱɧɨɣ ɤɚɦɟɪɵ 
(ɜ ɩɥɨɫɤɨɫɬɢ ɮɨɬɨɦɚɬɟɪɢɚɥɚ). 

ɍɝɨɥ ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɤ ɩɪɟɝɪɚɞɟ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɬɨɫɧɢɦɤɭ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 

φ=α±ȕ, ɝɞɟ φ – ɮɚɤɬɢɱɟɫɤɢɣ ɭɝɨɥ ɜɫɬɪɟɱɢ ɤɨɧɬɟɣɧɟɪɚ ɫ ɩɪɟɝɪɚɞɨɣ; ߚ ,ߙ – 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɝɨɥ ɤɨɧɬɟɣɧɟɪɚ ɢ ɭɝɨɥ ɩɪɟɝɪɚɞɵ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɮɨɬɨɫɧɢɦɤɚ 

(ɪɢɫ. 5). 
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Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɢɡɦɟɪɟɧɢɣ ɩɨ ɮɨɬɨɫɧɢɦɤɭ [Measurement scheme from a photograph] 

 

Ɏɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɚɹ ɤɚɦɟɪɚ (ȺɎȺ) ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɧɚ 
ɩɥɚɬɮɨɪɦɟ, ɨɛɴɟɤɬɢɜɨɦ ɜɧɢɡ. ȼɵɩɨɥɧɹɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɤɚɦɟɪɵ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɝɨɪɢɡɨɧɬɢɪɨɜɚɧɢɟ ɩɪɢɤɥɚɞɧɨɣ ɪɚɦɤɢ ɤɚɦɟɪɵ (ɩɥɨɫɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ) ɩɨɫɪɟɞɫɬɜɨɦ 
ɧɚɤɥɚɞɧɨɝɨ 10-β0 ɫɟɤɭɧɞɧɨɝɨ ɭɪɨɜɧɹ. Ɇɚɪɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ 
ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɧɚ ɜɵɫɨɬɟ ɬɨɱɤɢ ɫɨɭɞɚɪɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɫ ɩɪɟɝɪɚɞɨɣ, ɜ ɨɞɧɨɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. ɉɪɨɢɡɜɨɞɢɬɫɹ ɝɟɨɞɟɡɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɦɚɪɨɤ ɧɚ 
ɩɪɟɝɪɚɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨɝɨ ɬɚɯɟɨɦɟɬɪɚ. ɂɡɦɟɪɹɸɬɫɹμ ɪɚɫɫɬɨɹɧɢɟ ɦɚɪɨɤ ɨɬ 
ɩɥɨɫɤɨɫɬɢ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɩɪɟɝɪɚɞɵ, ɜɵɫɨɬɚ ɭɫɬɚɧɨɜɤɢ ɦɚɪɨɤ ɢ ɛɚɡɚ ɦɟɠɞɭ ɦɚɪɤɚɦɢ. 
ɉɨɫɥɟ ɩɪɢɜɟɞɟɧɢɹ Ɉɂ ɜ ɫɨɫɬɨɹɧɢɟ ɝɨɬɨɜɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɩɭɫɤ (ɫɬɚɪɬ) 
ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ ɢ ɨɬɤɪɵɬɢɟ ɡɚɬɜɨɪɚ ȺɎȺ ɫ ɡɚɞɟɪɠɤɨɣ, ɡɚɞɚɜɚɟɦɨɣ ɧɚ ɨɫɧɨɜɟ 

ɩɪɨɝɧɨɡɢɪɭɟɦɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ. ɉɪɢ ɧɚɯɨɠɞɟɧɢɢ ɤɨɧɬɟɣɧɟɪɚ ɜ 0,5-1,5 

ɦ ɨɬ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɩɪɟɝɪɚɞɵ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɩɭɫɤ ɢɦɩɭɥɶɫɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ 
(ɂɂɋ), ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɬɪɟɛɭɟɦɭɸ ɨɫɜɟɳɟɧɧɨɫɬɶ ɢ ɧɟɨɛɯɨɞɢɦɭɸ ɷɤɫɩɨɡɢɰɢɸ 
ɮɨɬɨɫɴɟɦɤɢ. ɇɚ ɚɷɪɨɮɨɬɨɩɥɟɧɤɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɤɨɧɬɟɣɧɟɪɚ 
ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɩɪɟɝɪɚɞɵ.  

ɉɨɥɭɱɚɟɦɵɟ ɚɧɚɥɨɝɨɜɵɟ ɮɨɬɨɫɧɢɦɤɢ (ɧɟɝɚɬɢɜɵ) ɨɰɢɮɪɨɜɵɜɚɸɬɫɹ – 

ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɪɚɫɬɪɨɜɭɸ ɮɨɪɦɭ ɧɚ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɦ ɫɤɚɧɟɪɟ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɜɜɨɞɨɦ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɜ PC. ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɰɢɮɪɨɜɵɯ 
ɮɨɬɨɤɚɦɟɪ ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɫɴɟɦɤɟ ɰɢɮɪɨɜɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɫɪɚɡɭ ɜɜɨɞɹɬɫɹ ɜ 
ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɞɥɹ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɦɢɧɭɹ ɩɪɨɰɟɫɫ 
ɫɤɚɧɢɪɨɜɚɧɢɹ. 

Ɏɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɰɢɮɪɨɜɵɯ ɫɧɢɦɤɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ ɢ ɪɟɲɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 
ɚɥɝɨɪɢɬɦɭ. 

ɋ ɭɱɟɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ ɨɪɢɟɧɬɚɰɢɢ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ȺɎȺ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɧɚɛɥɸɞɚɟɬɫɹ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɧɟɣɧɨɣ ɩɟɪɫɩɟɤɬɢɜɟ, ɱɬɨ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ, ɧɟ ɩɪɨɜɨɞɹ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɢɹ ɫɧɢɦɤɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɩɨɥɭɱɢɬɶ ɮɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɩɨɞɯɨɞɚ 
ɤɨɧɬɟɣɧɟɪɚ ɤ ɩɪɟɝɪɚɞɟ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɢɡɦɟɪɟɧɢɣ ɮɨɬɨɫɧɢɦɤɚ. 

ȼɩɟɱɚɬɵɜɚɟɦɵɟ ɜɨ ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ ɩɟɪɟɤɪɟɫɬɢɹ ɩɪɢɤɥɚɞɧɨɣ ɪɚɦɤɢ ɤɚɦɟɪɵ 
ɨɛɪɚɡɭɸɬ ɧɚ ɫɧɢɦɤɟ ɩɥɨɫɤɭɸ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ (ɯɯ, гг, ɫɦ. ɪɢɫ. 5). 
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ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨ ɢɡɜɟɫɬɧɵɦ ɪɚɫɫɬɨɹɧɢɹɦ ɦɟɠɞɭ ɤɚɥɢɛɪɨɜɚɧɧɵɦɢ 
ɩɟɪɟɤɪɟɫɬɢɹɦɢ ɧɚ ɮɨɬɨɢɡɨɛɪɚɠɟɧɢɢ, ɧɚɯɨɞɹɬ ɩɨɩɪɚɜɤɢ ɜ ɢɡɦɟɪɹɟɦɵɟ ɤɨɨɪɞɢɧɚɬɵ ɯ, г 
ɬɨɱɟɤ ɫɧɢɦɤɚ ɡɚ ɞɟɮɨɪɦɚɰɢɸ ɢ ɧɟɜɵɪɚɜɧɢɜɚɧɢɟ ɩɥɺɧɤɢ ɜ ɩɥɨɫɤɨɫɬɶ. Ɍɟɦ ɫɚɦɵɦ 
ɭɱɢɬɵɜɚɸɬɫɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɫɧɢɦɤɚ – ɢɡɦɟɪɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ 
ɩɪɢɜɨɞɹɬɫɹ ɤ ɤɨɨɪɞɢɧɚɬɚɦ ɢɞɟɧɬɢɱɧɵɯ ɬɨɱɟɤ ɨɪɬɨɫɤɨɩɢɱɟɫɤɨɣ ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɪɟɝɪɚɞɟ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 

– ɂɡɦɟɪɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɯ, г ɢɡɨɛɪɚɠɟɧɢɣ ɞɜɭɯ ɬɨɱɟɤ – ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ 
ɩɪɟɝɪɚɞɟ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɫɧɢɦɤɚ. ɉɨ ɪɚɡɧɨɫɬɢ ɤɨɨɪɞɢɧɚɬ ɷɬɢɯ ɬɨɱɟɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɭɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɩɪɟɝɪɚɞɵ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɮɨɬɨɫɧɢɦɤɚ (1): 

ߚ                         ሺ   ሻ    ሺ   ሻ                                                    (1) 

 

ɝɞɟ ɯɩ1, ɯɩβ, zɩ1, zɩβ – ɢɡɦɟɪɹɟɦɵɟ ɧɚ ɫɧɢɦɤɟ ɤɨɨɪɞɢɧɚɬɵ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɩɪɟɝɪɚɞɵ. 
– ɂɡɦɟɪɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɢɡɨɛɪɚɠɟɧɢɣ ɞɜɭɯ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ ɨɛɪɚɡɭɸɳɟɣ ɜ 

ɩɥɨɫɤɨɫɬɢ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ. ɉɨ ɪɚɡɧɨɫɬɢ ɤɨɨɪɞɢɧɚɬ ɷɬɢɯ ɬɨɱɟɤ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɤɨɧɬɟɣɧɟɪɚ ɜ ɨɫɹɯ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɮɨɬɨɫɧɢɦɤɚ (2): 

ߙ                        ሺ   ሻ    ሺ   ሻ                                                   (2) 

 

ɝɞɟ ɯk1, xk2, zk1, zk2 – ɢɡɦɟɪɹɟɦɵɟ ɧɚ ɫɧɢɦɤɟ ɤɨɨɪɞɢɧɚɬɵ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ ɛɨɤɨɜɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɟɣɧɟɪɚ, ɡɚɞɚɸɳɢɯ ɨɫɟɜɭɸ ɥɢɧɢɸ ɤɨɧɬɟɣɧɟɪɚ. 

– ɍɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɤɨɧɬɟɣɧɟɪɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɥɨɛɨɜɨɣ ɫɬɟɧɤɟ ɩɪɟɝɪɚɞɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3): 

ߙ           (3)                                                      .ߚ       

 

Ɉɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɢ ɭɝɥɚ ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ ɤ ɩɪɟɝɪɚɞɟ ɞɚɧɧɵɦ ɦɟɬɨɞɨɦ ɜ 
ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɜ ɨɰɟɧɤɟ ɤɨɨɪɞɢɧɚɬ ɯ, г ɩɨ ɮɨɬɨɫɧɢɦɤɭ, 
ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɤɨɬɨɪɵɯ ɫɱɢɬɚɸɬɫɹ ɩɨɞɱɢɧɹɸɳɢɦɢɫɹ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ȼɥɢɹɧɢɟ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɚ ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 
ɫɧɢɦɤɚ, ɬɚɤɢɯ ɤɚɤ ɨɪɢɟɧɬɚɰɢɹ ɮɨɬɨɤɚɦɟɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɞɜɢɠɟɧɢɹ 
ɤɨɧɬɟɣɧɟɪɚ, ɭɫɬɚɧɨɜɤɚ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ ɩɪɟɝɪɚɞɟ ɢ ɦɚɪɤɢɪɨɜɤɚ ɨɛɪɚɡɭɸɳɟɣ 

ɤɨɧɬɟɣɧɟɪɚ, ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɟɬɨɞɢɤɨɣ ɪɚɛɨɬ ɜ 
ɩɪɨɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɍɚɤ, ɨɪɢɟɧɬɚɰɢɹ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɮɨɬɨɤɚɦɟɪɵ, 
ɜɵɩɨɥɧɹɟɦɚɹ ɫ ɩɨɦɨɳɶɸ ɧɚɤɥɚɞɧɨɝɨ ɭɪɨɜɧɹ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 10-20 

ɭɝɥɨɜɵɯ ɫɟɤɭɧɞ. Ƚɟɨɞɟɡɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɡɚ ɭɫɬɚɧɨɜɤɨɣ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ ɩɪɟɝɪɚɞɟ, 
ɪɚɜɧɨ ɤɚɤ ɢ ɦɚɪɤɢɪɨɜɤɚ ɨɛɪɚɡɭɸɳɟɣ ɤɨɧɬɟɣɧɟɪɚ, ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɫ 
ɩɨɝɪɟɲɧɨɫɬɶɸ з0,5-1,5 ɭɝɥɨɜɵɯ ɦɢɧɭɬ. ɋɥɭɱɚɣɧɭɸ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɭɸ 
ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ ɫɧɢɦɤɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ (4): 

    √               ,                                                   (4) 

 

ɝɞɟ σ1 – ɩɨɝɪɟɲɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɫɩɨɫɨɛɧɨɫɬɹɦɢ ɫɧɢɦɤɚ;  
       σ2 – ɩɨɝɪɟɲɧɨɫɬɶ ɫɪɟɞɫɬɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɚ;  
       σ3 – ɩɨɝɪɟɲɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɧɟɜɵɪɚɜɧɢɜɚɧɢɟɦ ɩɥɟɧɤɢ ɜ ɦɨɦɟɧɬ ɷɤɫɩɨɡɢɰɢɢ ɢ 
ɟɟ ɞɟɮɨɪɦɚɰɢɟɣ ɜ ɩɪɨɰɟɫɫɟ ɮɨɬɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ; 
      σ4 – ɩɨɝɪɟɲɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɞɢɫɬɨɪɫɢɟɣ ɨɛɴɟɤɬɢɜɚ ɫɴɟɦɨɱɧɨɣ ɤɚɦɟɪɵ. 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ σ1 ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɩɨ ɦɚɪɤɢɪɨɜɚɧɧɵɦ 
ɬɨɱɤɚɦ ɜ ɫɪɟɞɧɟɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,0β ɦɦ. ɉɨɝɪɟɲɧɨɫɬɶ σ2 ɰɢɮɪɨɜɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 5-10 ɦɤɦ. ȼɥɢɹɧɢɟɦ ɩɨɝɪɟɲɧɨɫɬɢ σ3 ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟɱɶ, ɬ.ɤ. ɞɚɧɧɵɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɨɲɢɛɤɢ ɢɫɤɥɸɱɚɸɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɫɟɬɤɢ 
ɤɚɥɢɛɪɨɜɚɧɧɵɯ ɩɟɪɟɤɪɟɫɬɢɣ, ɜɩɟɱɚɬɵɜɚɟɦɵɯ ɧɚ ɫɧɢɦɨɤ ɜ ɦɨɦɟɧɬ ɷɤɫɩɨɡɢɰɢɢ ɩɥɺɧɤɢ. 
Ɂɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ σ4 ɞɥɹ ɨɛɴɟɤɬɢɜɚ ȺɎȺ ɫɨɫɬɚɜɥɹɸɬ 0,00γ-0,01 ɦɦ. 

ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɩɨɥɭɱɢɦ ɫɭɦɦɚɪɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ ɫɧɢɦɤɚ σб (σг) = 0.0β5 ɦɦ.  

Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɥɭɱɚɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ φ ɩɪɢɦɟɧɹɟɬɫɹ ɮɨɪɦɭɥɚ (5): 

    ቀ          √                    ቁ  √ .                         (5) 

 

Ⱦɥɢɧɵ ɯɚɪɚɤɬɟɪɧɵɯ ɢɫɩɵɬɵɜɚɟɦɵɯ ɜ ɭɫɥɨɜɢɹɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɪɚɤɟɬɧɵɯ ɬɪɟɤɨɜ 
ɤɨɧɬɟɣɧɟɪɨɜ ɌɍɄ ɫɨɫɬɚɜɥɹɸɬ L≈ 4,0 ɦ, ɱɬɨ ɧɚ ɫɧɢɦɤɟ ɩɪɢ ɦɚɫɲɬɚɛɟ ɫɴɺɦɤɢ 1μ55 ɢ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɭɝɥɚ ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɤ ɩɪɟɝɪɚɞɟ з 10° ɛɭɞɟɬ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɚɡɦɟɪɭ     ሺ   ሻ~72,0 ɦɦ ɢ ɪɚɡɦɟɪɭ     ሺ   ሻ~12,5 ɦɦ. 

Ɍɨɝɞɚ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ φ ɫɨɫɬɚɜɢɬ 

          . 

Ɉɫɧɨɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ, ɜɥɢɹɸɳɟɣ ɧɚ ɜɟɥɢɱɢɧɭ 
ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɭɝɥɚ φ, ɹɜɥɹɟɬɫɹ ɬɚɧɝɚɠ υ ɤɨɧɬɟɣɧɟɪɚ (ɭɝɨɥ ɧɚɤɥɨɧɚ ɜ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ), ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɩɪɢ ɩɨɞɯɨɞɟ ɤ ɩɪɟɝɪɚɞɟ 
ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ зγ°. ȼɥɢɹɧɢɟ ɬɚɧɝɚɠɚ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɭɝɥɚ φ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɵɣ ɡɧɚɤ, ɧɨ ɦɨɠɟɬ ɪɚɡɥɢɱɚɬɶɫɹ 
ɩɨ ɜɟɥɢɱɢɧɟ ɨɬ ɨɩɵɬɚ ɤ ɨɩɵɬɭ. ɋ ɭɱɺɬɨɦ ɷɬɨɝɨ ɜɥɢɹɧɢɹ ɢɡɦɟɪɹɟɦɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ φ 
ɜɫɟɝɞɚ ɛɭɞɟɬ ɛɨɥɶɲɟ ɮɚɤɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ < 0,4°. Ⱦɚɧɧɚɹ 
ɫɢɫɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɜɧɟɫɟɧɢɹ ɩɨɩɪɚɜɤɢ ɜ 
ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɭɝɥɚ φ. Ⱦɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɢɡɦɟɪɢɬɶ ɮɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ 
υ ɬɚɧɝɚɠɚ ɤɨɧɬɟɣɧɟɪɚ. 

ɉɨɫɤɨɥɶɤɭ ɫɢɫɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɦɟɟɬ ɝɪɚɧɢɰɵ ɨɬ 0° ɞɨ 0,4° ɢ ɧɟ 
ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ 0,4°, ɚ ɫɥɭɱɚɣɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɚ, 
ɬɨ ɩɪɟɞɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ Ɇȼɂ ɭɝɥɚ φ ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɤ ɩɪɟɝɪɚɞɟ ɜ ɤɨɧɟɱɧɨɦ 
ɢɬɨɝɟ ɧɟ ɩɪɟɜɵɫɢɬ 0,4°. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɨɬɟɱɟɫɬɜɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ ɜɫɬɪɟɱɢ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɭɩɚɤɨɜɨɱɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɫ ɩɪɟɝɪɚɞɨɣ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ɆȺȽȺɌɗ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ № ɆɄ-2078.2019.8. 
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Abstract – IAEA standards for collision testing include conducting an experiment with a mock-up 

of a TUK package in conditions simulating an aviation accident. The sample should be subjected 

to a collision with a rigid barrier at a speed of not less than 90 m/s, and in such a position as to 

cause maximum damage. The target must also comply with the requirements of the norms-to be a 

flat horizontal surface of such a kind that any increase in the resistance to displacement or 

deformation of this surface when the sample falls on it does not lead to a significant increase in the 

damage of this sample. The surface of the target can be in any position, but it must be 

perpendicular to the trajectory of the sample. Rocket tracks are used to carry out such tests with 

packages weighing up to half a ton. AS such experiments are isolated and expensive, a strict 

justification of compliance with the requirements for the impact angle of the parameters that are 

actually implemented during the tests is required. The paper presents methods of measuring these 

parameters in the experiment and determines their accuracy. 

 

Keywords: packaging, radioactive materials, spent nuclear fuel, air transportation, accident, missile 

track equipment, impact angle. 
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ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ (ȾɇɄ), ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɨɪɝɚɧɢɡɦɟ ɧɚ ɤɥɟɬɨɱɧɨɦ ɭɪɨɜɧɟ 
ɩɪɢ ɟɝɨ ɩɨɝɥɨɳɟɧɢɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɦɨɳɧɨɫɬɟɣ ɞɨɡ, ɫɨɡɞɚɜɚɟɦɵɯ 
ɢɨɧɢɡɢɪɭɸɳɢɦ ɢɡɥɭɱɟɧɢɟɦ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɩɨɫɥɟɞɧɟɝɨ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɢ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɧɚ ɱɟɥɨɜɟɤɚ, ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɹɜɥɹɸɬɫɹ ɝɟɧɟɬɢɱɟɫɤɢɟ ɩɨɫɥɟɞɫɬɜɢɹ, ɢɝɪɚɸɳɢɟ 
ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɞɥɹ ɧɚɫɟɥɟɧɢɹ ɫɬɪɚɧ, ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɳɢɯ ɢɨɧɢɡɢɪɭɸɳɟɟ ɢɡɥɭɱɟɧɢɟ 
ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɦɟɞɢɰɢɧɟ, ɨɫɨɛɵɯ ɜɢɞɚɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɜ ɪɚɛɨɬɟ ɭɞɟɥɹɟɬɫɹ 
ɜɨɡɞɟɣɫɬɜɢɸ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɞɟɬɟɣ, ɬɪɟɛɭɹ ɩɨɜɵɲɟɧɧɨɝɨ ɜɧɢɦɚɧɢɹ ɩɪɢ 
ɞɢɚɝɧɨɫɬɢɤɟ ɡɚɛɨɥɟɜɚɧɢɣ ɩɪɢ ɩɨɫɬɴɹɞɟɪɧɵɯ ɚɜɚɪɢɹɯ, ɚ ɬɚɤɠɟ ɜɨ ɜɪɟɦɹ ɞɢɚɝɧɨɫɬɢɤɢ ɢɥɢ 
ɥɟɱɟɧɢɹ ɪɚɞɢɚɰɢɟɣ. ȼ ɤɚɱɟɫɬɜɟ ɦɟɪ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɞɨɡɨɜɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɱɟɥɨɜɟɤɚ ɜ ɫɬɚɬɶɟ ɩɪɢɜɨɞɢɬɫɹ ɤɪɚɬɤɨɟ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɫ 
ɟɺ ɰɟɥɹɦɢ, ɡɚɞɚɱɚɦɢ ɢ ɦɟɬɨɞɚɦɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ, ɩɨɡɜɨɥɹɸɳɢɦɢ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ 
ɩɨɫɥɟɞɫɬɜɢɹ ɪɚɞɢɚɰɢɨɧɧɵɯ ɚɜɚɪɢɣ ɢ ɨɰɟɧɢɬɶ ɞɨɡɨɜɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɟɪɫɨɧɚɥ Ⱥɗɋ ɢ 
ɧɚɫɟɥɟɧɢɟ.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɨɧɢɡɢɪɭɸɳɟɟ ɢɡɥɭɱɟɧɢɟ, ɪɚɞɢɚɰɢɨɧɧɨɟ ɩɨɜɪɟɠɞɟɧɢɟ, 
ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ȾɇɄ, ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ 
ɫɢɫɬɟɦɚ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ȺɋɄɊɈ), ɞɨɡɚ ɢ ɦɨɳɧɨɫɬɶ ɞɨɡɵ 
ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ.  
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 24.03.2020 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 0β.06.β0β0     
ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 08.06.β0β0 

 
ȼɜɟɞɟɧɢɟ 
ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ (ɂɂ) ɱɟɪɟɡ ɤɚɤɭɸ-ɥɢɛɨ 

ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɫɪɟɞɭ ɢɥɢ ɬɤɚɧɶ ɤɚɤɨɝɨ-ɥɢɛɨ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɩɪɟɠɞɟ ɜɫɟɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɢɞ ɂɂ (α, ȕ, Ȗ, n0, p ɢ ɩɪ.), ɩɨɫɤɨɥɶɤɭ ɟɝɨ ɩɨɝɥɨɳɟɧɧɚɹ ɞɨɡɚ 
ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɤɚɱɟɫɬɜɚ ɢɡɥɭɱɟɧɢɹ, ɬ.ɟ. ɫɜɨɣɫɬɜ ɢɨɧɢɡɢɪɭɸɳɢɯ ɱɚɫɬɢɰ, 
ɡɚɜɢɫɹɳɢɯ ɨɬ ɢɯ ɢɨɧɢɡɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɹɬ ɨɬ 
ɦɚɫɫɵ ɱɚɫɬɢɰɵ ɟɟ ɡɚɪɹɞɚ ɢ ɷɧɟɪɝɢɢ, ɪɚɜɧɨ ɤɚɤ ɨɬ ɡɚɪɹɞɚ ɢ ɩɥɨɬɧɨɫɬɢ ɜɟɳɟɫɬɜɚ, ɜ 
ɤɨɬɨɪɨɦ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɂɂ. ȼɟɥɢɱɢɧɚ ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵ – ɷɧɟɪɝɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ 
ɢɡɥɭɱɟɧɢɹ, ɩɨɝɥɨɳɟɧɧɚɹ ɜ ɨɛɴɟɦɟ ɜɟɳɟɫɬɜɚ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɦɚɫɫɟ ɨɛɴɟɦɚ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ, 
ɟɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɝɪɟɣ (1 Ƚɪ=1 Ⱦɠ/ɤɝ).  

ɗɤɫɩɨɡɢɰɢɨɧɧɚɹ ɞɨɡɚ X ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɷɧɟɪɝɢɢ ɮɨɬɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, 
ɡɚɬɪɚɱɟɧɧɨɣ ɧɚ ɢɨɧɢɡɚɰɢɸ ɦɨɥɟɤɭɥ ɜɨɡɞɭɯɚ ɢ ɪɚɜɧɚ ɨɬɧɨɲɟɧɢɸ ɫɪɟɞɧɟɣ ɜɟɥɢɱɢɧɵ 
ɫɭɦɦɚɪɧɨɝɨ ɡɚɪɹɞɚ ɜɫɟɯ ɢɨɧɨɜ ɨɞɧɨɝɨ ɡɧɚɤɚ, ɫɨɡɞɚɧɧɵɯ ɜ ɜɨɡɞɭɯɟ, ɤɨɝɞɚ ɜɫɟ ɷɥɟɤɬɪɨɧɵ 
ɢ ɩɨɡɢɬɪɨɧɵ, ɨɫɜɨɛɨɠɞɟɧɧɵɟ ɮɨɬɨɧɚɦɢ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ ɨɛɴɟɦɟ dm, ɩɨɥɧɨɫɬɶɸ 

Ɋɢɫ ɚ



 ɈɋɈȻȿɇɇɈɋɌɂ ȼɈɁȾȿɃɋɌȼɂə ɂɈɇɂɁɂɊɍɘɓȿȽɈ ɂɁɅɍɑȿɇɂə 17 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɩɨɬɟɪɹɥɢ ɫɜɨɸ ɷɧɟɪɝɢɸ, ɤ ɦɚɫɫɟ ɷɬɨɝɨ ɨɛɴɟɦɚ dm. ȿɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ ɷɤɫɩɨɡɢɰɢɨɧɧɨɣ 
ɞɨɡɵ – Ʉɥ/ɤɝ (ɜɧɟɫɢɫɬɟɦɧɨɣ – ɪɟɧɬɝɟɧ (Ɋ)). ɏɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɤɨɫɜɟɧɧɨ ɢɨɧɢɡɢɪɭɸɳɟɝɨ 
ɢɡɥɭɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɤɟɪɦɚ – ɨɬɧɨɲɟɧɢɟ ɫɭɦɦɵ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɧɟɪɝɢɣ 
ɜɫɟɯ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɡɥɭɱɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ 
ɨɛɴɟɦɟ ɜɟɳɟɫɬɜɚ, ɤ ɦɚɫɫɟ ɜ ɷɬɨɦ ɨɛɴɟɦɟ. ȼ ɤɚɱɟɫɬɜɟ ɜɟɳɟɫɬɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɞɭɯ, 
ɟɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ – ɝɪɟɣ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɢ ɯɪɨɧɢɱɟɫɤɨɦ ɨɛɥɭɱɟɧɢɢ ɱɟɥɨɜɟɤɚ ɜ 
ɦɚɥɵɯ ɞɨɡɚɯ ɫɥɭɠɢɬ ɜɟɥɢɱɢɧɚ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɨɡɵ. Ⱦɨɡɚ ɷɤɜɢɜɚɥɟɧɬɧɚɹ HT,R – 

ɩɨɝɥɨɳɟɧɧɚɹ ɞɨɡɚ ɜ ɨɪɝɚɧɟ ɢɥɢ ɬɤɚɧɢ, ɭɦɧɨɠɟɧɧɚɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɜɡɜɟɲɢɜɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ (ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɱɟɫɬɜɚ) ɞɥɹ ɞɚɧɧɨɝɨ ɜɢɞɚ ɢɡɥɭɱɟɧɢɹ, 
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1), Д1, β, γЖ, ɟɞɢɧɢɰɟɣ ɢɡɦɟɪɟɧɢɹ ɤɨɬɨɪɨɣ ɫɥɭɠɢɬ ɡɢɜɟɪɬ5

 (Ɂɜ). 
 

                                                    HT, R = WR × DT, R ,                                                           (1)  
                                                       

ɝɞɟ DT, R – ɫɪɟɞɧɹɹ ɩɨɝɥɨɳɟɧɧɚɹ ɞɨɡɚ ɜ ɨɪɝɚɧɟ ɢɥɢ ɬɤɚɧɢ T;  

      WR – ɜɡɜɟɲɢɜɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɢɡɥɭɱɟɧɢɹ R, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɝɨ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɂɂ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ 
ɢɡɥɭɱɟɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɡɜɟɲɢɜɚɸɳɢɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɞɨɡɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɭɦɦɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɞɨɡ ɞɥɹ ɷɬɢɯ ɜɢɞɨɜ ɢɡɥɭɱɟɧɢɹ.  
 
Ɍɚɛɥɢɰɚ 1 – ȼɡɜɟɲɢɜɚɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ WR ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ ɢɡɥɭɱɟɧɢɹ Д1Ж ДАОТРСЭТЧР ПКМЭШЫЬ WR 

for individual types of radiation] 

 

ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɂɂ ɧɚ ɤɚɤɨɣ-ɥɢɛɨ ɛɢɨɥɨɝɢɱɟɫɤɢɣ ɨɛɴɟɤɬ ɧɚɯɨɞɹɬ ɷɮɮɟɤɬɢɜɧɭɸ 
ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɞɨɡɭ (Hȿ), ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɦɟɪɚ ɪɢɫɤɚ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɬɞɚɥɟɧɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɨɛɥɭɱɟɧɢɹ ɜɫɟɝɨ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ ɨɬɞɟɥɶɧɵɯ 
ɟɝɨ ɨɪɝɚɧɨɜ ɢ ɬɤɚɧɟɣ ɫ ɭɱɟɬɨɦ ɢɯ ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ДβЖ. Ɉɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɭɦɦɭ 
ɩɪɨɢɡɜɟɞɟɧɢɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɨɡɵ ɜ ɨɪɝɚɧɚɯ ɢ ɬɤɚɧɹɯ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɜɡɜɟɲɢɜɚɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ (2):  

 

                                                               ,E T T

T

H W H                                                   (2) 

 

ɝɞɟ HT – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɞɨɡɚ ɜ T-ɦ ɨɪɝɚɧɟ ɢɥɢ ɬɤɚɧɢ;  
      WT – ɜɡɜɟɲɢɜɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɨɪɝɚɧɚ ɢɥɢ ɬɤɚɧɢ T (ɫɦ. ɬɚɛɥ. 1, ɪɢɫ. 1), 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ ɫɬɨɯɚɫɬɢɱɟɫɤɨɝɨ ɪɢɫɤɚ ɫɦɟɪɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɨɛɥɭɱɟɧɢɹ Ɍ-ɝɨ ɨɪɝɚɧɚ ɢɥɢ ɬɤɚɧɢ ɤ ɪɢɫɤɭ ɫɦɟɪɬɢ ɨɬ ɪɚɜɧɨɦɟɪɧɨɝɨ ɨɛɥɭɱɟɧɢɹ ɬɟɥɚ ɩɪɢ 

                                                             
5
 Ɋɨɥɶɮ Ɂɢɜɟɪɬ (ɧɟɦ. Rolf Maximilian Sievert; 06.05.18λ6 ɝɨɞɚ — 0γ.10.1λ66 ɝɨɞɚ) – ɢɡɜɟɫɬɧɵɣ ɲɜɟɞɫɤɢɣ ɭɱɟɧɵɣ, ɜɧɟɫɲɢɣ 

ɛɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɪɚɡɥɢɱɧɵɟ ɨɛɥɚɫɬɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɟɫɬɟɫɬɜɟɧɧɨɝɨ Ȗ-ɢɡɥɭɱɟɧɢɹ. 

ȼɢɞ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ȼɡɜɟɲɢɜɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ WR 

Ɏɨɬɨɧɵ ɥɸɛɵɯ ɷɧɟɪɝɢɣ 1 

ɗɥɟɤɬɪɨɧɵ ɢ ɦɸɨɧɵ ɥɸɛɵɯ ɷɧɟɪɝɢɣ 1 

ɇɟɣɬɪɨɧɵ ɫ ɷɧɟɪɝɢɟɣμ 
ɦɟɧɟɟ 10 ɤɷȼ 5 

ɨɬ 10 ɞɨ 100 ɤɷȼ 10 

ɨɬ 100 ɤɷȼ ɞɨ β Ɇɷȼ 20 

ɨɬ β ɞɨ β0 Ɇɷȼ 10 

ɛɨɥɟɟ β0 Ɇɷȼ 5 

ɉɪɨɬɨɧɵ ɫ ɷɧɟɪɝɢɟɣ ɛɨɥɟɟ β Ɇɷȼ, ɤɪɨɦɟ ɩɪɨɬɨɧɨɜ ɨɬɞɚɱɢ 5 

Ⱥɥɶɮɚ-ɱɚɫɬɢɰɵ, ɨɫɤɨɥɤɢ ɞɟɥɟɧɢɹ, ɬɹɠɟɥɵɟ ɹɞɪɚ 20 

ɉɪɢɦɟɱɚɧɢɟ. ȼɫɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɹɬɫɹ ɤ ɢɡɥɭɱɟɧɢɸ, ɩɚɞɚɸɳɟɦɭ ɧɚ ɬɟɥɨ, ɚ ɜ ɫɥɭɱɚɟ ɜɧɭɬɪɟɧɧɟɝɨ 
ɨɛɥɭɱɟɧɢɹ – ɢɫɩɭɫɤɚɟɦɨɦɭ ɩɪɢ ɹɞɟɪɧɨɦ ɩɪɟɜɪɚɳɟɧɢɢ. 



18 ɈɊɍɆɈ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɨɞɢɧɚɤɨɜɵɯ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɞɨɡɚɯ (ɪɢɫ. 1), ɜɟɥɢɱɢɧɚ WT = 0,γ0, ɨɬɜɟɞɟɧɧɚɹ ɧɚ ɜɫɟ 
ɞɪɭɝɢɟ ɨɪɝɚɧɵ, ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨɪɨɜɧɭ ɦɟɠɞɭ ɩɹɬɶɸ ɨɫɬɚɜɲɢɦɢɫɹ ɨɪɝɚɧɚɦɢ ɢ 
ɬɤɚɧɹɦɢ, ɧɟ ɭɤɚɡɚɧɧɵɦɢ ɧɚ ɪɢɫɭɧɤɟ 1, ɤɨɬɨɪɵɟ ɩɨɥɭɱɢɥɢ ɫɚɦɭɸ ɜɵɫɨɤɭɸ 
ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɞɨɡɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, WT ɨɩɪɟɞɟɥɹɟɬ ɜɟɫɨɜɨɣ ɜɤɥɚɞ ɞɚɧɧɨɝɨ ɨɪɝɚɧɚ ɢɥɢ 
ɬɤɚɧɢ ɜ ɪɢɫɤ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɞɥɹ ɨɪɝɚɧɢɡɦɚ, ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ 
ɨɛɥɭɱɟɧɢɢμ 1.T

T

W                                                                      

 

 
Ɋɢɫɭɧɨɤ 1 – ȼɡɜɟɲɢɜɚɸɳɢɟ ɮɚɤɬɨɪɵ WT ɢ ɪɢɫɤ ɫɦɟɪɬɢ RT ɨɬ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɨɩɭɯɨɥɟɣ ɢ 

ɧɚɫɥɟɞɫɬɜɟɧɧɵɯ ɞɟɮɟɤɬɨɜ (ɭ ɩɟɪɜɵɯ ɞɜɭɯ ɩɨɤɨɥɟɧɢɣ ɨɛɥɭɱɟɧɧɵɯ ɥɢɰ) ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɥɭɱɟɧɢɹ ɧɚ 1 
ɱɟɥɨɜɟɤɚ ɩɪɢ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɨɡɟ 1 Ɂɜ ɞɥɹ ɡɚɞɚɱ ɪɚɞɢɚɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ДβЖ ДАОТРСТЧР ПКМЭШЫЬ WT and RT 

death risk from malignant tumors and hereditary defects (in the first two generations of exposed individuals) as a 

result of exposure to 1 person at an equivalent dose of 1 Sv for radiation protection tasks] 
 

Ɉɰɟɧɤɨɣ ɩɨɫɥɟɞɫɬɜɢɣ ɨɛɥɭɱɟɧɢɹ ɝɪɭɩɩɵ ɥɢɰ ɞɥɹ ɰɟɥɟɣ ɨɩɬɢɦɢɡɚɰɢɢ 
ɪɚɞɢɚɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɜɜɨɞɢɬɫɹ ɜɟɥɢɱɢɧɚ – ɤɨɥɥɟɤɬɢɜɧɚɹ ɷɮɮɟɤɬɢɜɧɚɹ ɞɨɡɚ, ɟɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɣ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɱɟɥɨɜɟɤɨ-ɡɢɜɟɪɬ (ɱɟɥ-Ɂɜ). 

ɇɨɪɦɢɪɭɟɦɵɟ ɜɟɥɢɱɢɧɵ (ɨɫɧɨɜɧɵɟ ɞɨɡɨɜɵɟ ɩɪɟɞɟɥɵ) ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡɦɟɪɢɬɶ 
ɧɟɜɨɡɦɨɠɧɨ. Ⱦɥɹ ɨɰɟɧɤɢ ɧɨɪɦɢɪɭɟɦɵɯ ɜɟɥɢɱɢɧ ɩɪɢ ɪɚɞɢɚɰɢɨɧɧɨɦ ɤɨɧɬɪɨɥɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɨɩɟɪɚɰɢɨɧɧɵɟ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɨɩɪɟɞɟɥɹɟɦɵɦɢ ɜ ɢɡɦɟɪɟɧɢɹɯ ɜɟɥɢɱɢɧɚɦɢ. ɗɬɢ ɜɟɥɢɱɢɧɵ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɵ ɤ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɧɨɪɦɢɪɭɟɦɵɦ ɜɟɥɢɱɢɧɚɦ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɥɭɱɟɧɢɹ ɢ 
ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɤɨɧɫɟɪɜɚɬɢɜɧɨɣ ɨɰɟɧɤɢ ɧɨɪɦɢɪɭɟɦɵɯ ɜɟɥɢɱɢɧ. 

ɉɪɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɦ ɤɨɧɬɪɨɥɟ ɡɚ ɡɧɚɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɞɨɡɵ 
ɜɧɟɲɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɞɨɡɵ Hp(d), ɪɚɜɧɵɣ 
ɷɤɜɢɜɚɥɟɧɬɭ ɞɨɡɵ ɜ ɦɹɝɤɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɬɤɚɧɢ ɧɚ ɝɥɭɛɢɧɟ d(ɦɦ) ɩɨɞ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɨɣ ɧɚ ɬɟɥɟ ɜɡɪɨɫɥɨɝɨ ɱɟɥɨɜɟɤɚ. 

ɉɪɢ ɤɨɧɬɪɨɥɟ ɪɚɞɢɚɰɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɜ ɤɚɱɟɫɬɜɟ ɨɩɟɪɚɰɢɨɧɧɨɣ ɜɟɥɢɱɢɧɵ 
ɜɧɟɲɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɩɪɢɧɹɬ ɚɦɛɢɟɧɬɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɞɨɡɵ (ɚɦɛɢɟɧɬɧɚɹ ɞɨɡɚ) H*

(d). 

ɉɚɪɚɦɟɬɪ d ɨɩɪɟɞɟɥɹɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɨɩɟɪɚɰɢɨɧɧɨɣ ɢ ɧɨɪɦɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧμ 
- ɩɪɢ Н = 10 ɦɦ ɜɟɥɢɱɢɧɵ H*(10) ɢ HP(10) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɮɮɟɤɬɢɜɧɨɣ ɞɨɡɟ 

ɜɧɟɲɧɟɝɨ ɨɛɥɭɱɟɧɢɹ; 
- ɩɪɢ Н = γ ɦɦ ɜɟɥɢɱɢɧɵ H*(3) ɢ HP(3) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɨɡɟ ɜɧɟɲɧɟɝɨ 

ɨɛɥɭɱɟɧɢɹ ɯɪɭɫɬɚɥɢɤɚ ɝɥɚɡɚ; 
- ɩɪɢ Н = 0,07 ɦɦ ɜɟɥɢɱɢɧɵ H*(0,07) ɢ HP(0,07) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɨɡɟ 

ɜɧɟɲɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɤɨɠɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɟɪɚɰɢɨɧɧɵɟ ɜɟɥɢɱɢɧɵ ɞɨɥɠɧɵ ɩɨɡɜɨɥɹɬɶ ɨɰɟɧɢɜɚɬɶ ɞɜɚ ɬɢɩɚ 

ɞɨɡ ɨɛɥɭɱɟɧɢɹμ ɞɥɹ ɫɢɥɶɧɨ ɩɪɨɧɢɤɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ – ɷɮɮɟɤɬɢɜɧɭɸ ɞɨɡɭ, ɞɥɹ ɫɥɚɛɨ 
ɩɪɨɧɢɤɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ – ɥɨɤɚɥɶɧɭɸ ɞɨɡɭ ɞɥɹ ɤɨɠɢ ɢɥɢ ɞɨɡɭ ɞɥɹ ɯɪɭɫɬɚɥɢɤɚ ɝɥɚɡɚ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɣ ɞɨɡɵ ɩɪɢ ɜɧɭɬɪɟɧɧɟɦ ɨɛɥɭɱɟɧɢɢ ɜɜɨɞɢɬɫɹ ɜɟɥɢɱɢɧɚ 
ɨɠɢɞɚɟɦɨɣ ɷɮɮɟɤɬɢɜɧɨɣ ɞɨɡɵ (committed dose). Ɉɧɚ ɢɫɩɨɥɶɡɭɟɦɚɹ ɤɚɤ ɦɟɪɚ ɪɢɫɤɚ 



 ɈɋɈȻȿɇɇɈɋɌɂ ȼɈɁȾȿɃɋɌȼɂə ɂɈɇɂɁɂɊɍɘɓȿȽɈ ɂɁɅɍɑȿɇɂə 19 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɬɞɚɥɟɧɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɜɧɭɬɪɟɧɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɜɫɟɝɨ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ 
ɨɬɞɟɥɶɧɵɯ ɟɝɨ ɨɪɝɚɧɨɜ ɢ ɬɤɚɧɟɣ ɫ ɭɱɟɬɨɦ ɢɯ ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ 
ɷɮɮɟɤɬɵ) ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɭɦɦɭ ɩɪɨɢɡɜɟɞɟɧɢɣ ɨɠɢɞɚɟɦɨɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɨɡɵ ɜ 
ɨɪɝɚɧɚɯ ɢ ɬɤɚɧɹɯ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɡɜɟɲɢɜɚɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. ȿɞɢɧɢɰɚ 
ɨɠɢɞɚɟɦɨɣ ɷɮɮɟɤɬɢɜɧɨɣ ɞɨɡɵ – ɡɢɜɟɪɬ (Ɂɜ). Ɉɰɟɧɤɨɣ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɧɟɲɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɨɪɝɚɧɚ ɹɜɥɹɟɬɫɹ ɈȻɗ-ɜɡɜɟɲɟɧɧɚɹ ɞɨɡɚ, ɤɨɬɨɪɚɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɩɪɨɢɡɜɟɞɟɧɢɟ ɞɨɡɵ ɜ ɨɪɝɚɧɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɈȻɗ ɢɡɥɭɱɟɧɢɹ. 
ȿɞɢɧɢɰɟɣ ɢɡɦɟɪɟɧɢɹ ɫɥɭɠɢɬ ɝɪɷɣ-ɷɤɜɢɜɚɥɟɧɬ (Ƚɪ-ɗɤɜ). ɈȻɗ-ɜɡɜɟɲɟɧɧɚɹ ɞɨɡɚ ɹɜɥɹɟɬɫɹ 
ɧɨɜɨɣ ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɨɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɜɚɪɢɣɧɨɝɨ 
ɨɛɥɭɱɟɧɢɹ ɢ ɟɟ ɜɜɟɞɟɧɢɹ ɜ ɩɪɚɤɬɢɤɭ, ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɚɧɚɥɢɡɚ ɭɪɨɤɨɜ 
ɪɟɚɝɢɪɨɜɚɧɢɹ ɧɚ ɪɚɞɢɚɰɢɨɧɧɵɟ ɚɜɚɪɢɢ. 

ȼ ɫɨɜɪɟɦɟɧɧɭɸ ɫɢɫɬɟɦɭ ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɜɜɟɞɟɧɨ ɩɨɧɹɬɢɟ 
ɷɤɜɢɞɨɡɢɦɟɬɪɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ, ɤɨɬɨɪɵɟ ɫɥɭɠɚɬ ɞɥɹ ɨɰɟɧɤɢ ɜɨɡɞɟɣɫɬɜɢɹ 
ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɤɨɧɤɪɟɬɧɨ ɧɚ ɱɟɥɨɜɟɤɚ. ɉɨ ɫɜɨɟɦɭ ɧɚɡɧɚɱɟɧɢɸ ɨɧɢ 
ɪɚɡɞɟɥɟɧɵ ɧɚ ɬɪɢ ɝɪɭɩɩɵμ 
- ɜɟɥɢɱɢɧɵ ɞɥɹ ɨɰɟɧɤɢ ɪɢɫɤɨɜ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɷɮɮɟɤɬɨɜ ɨɬ ɢɡɥɭɱɟɧɢɹ 

(ɩɨɝɥɨɳɟɧɧɚɹ ɞɨɡɚ ɜ ɨɪɝɚɧɟ ɢɥɢ ɬɤɚɧɢ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɞɨɡɚ ɜ ɨɪɝɚɧɟ ɢɥɢ ɬɤɚɧɢ ɢ ɈȻɗ-

ɜɡɜɟɲɟɧɧɚɹ ɞɨɡɚ); 
- ɜɟɥɢɱɢɧɵ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤ ɫɨɫɬɨɹɧɢɸ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɨ ɜɟɪɨɹɬɧɨɦ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɷɮɮɟɤɬɨɜ (ɷɮɮɟɤɬɢɜɧɚɹ ɞɨɡɚ); 
- ɜɟɥɢɱɢɧɵ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

(ɷɤɜɢɜɚɥɟɧɬ ɞɨɡɵ, ɚɦɛɢɟɧɬɧɵɣ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɷɤɜɢɜɚɥɟɧɬɵ ɞɨɡɵ ɢ ɨɠɢɞɚɟɦɚɹ 
ɷɮɮɟɤɬɢɜɧɚɹ ɞɨɡɚ ɜɧɭɬɪɟɧɧɟɝɨ ɨɛɥɭɱɟɧɢɹ). 

ɇɚɪɹɞɭ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɨɬɧɨɫɹɳɢɦɢɫɹ ɤ ɨɫɨɛɟɧɧɨɫɬɹɦ 
ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ ɧɚ ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɵ ɱɟɥɨɜɟɤɚ, ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɞɚɧɧɵɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɢɡɥɭɱɟɧɢɹ ɧɚ ɤɥɟɬɨɱɧɵɣ 
ɦɚɬɟɪɢɚɥ ɛɢɨɦɚɫɫɵ. Ɂɧɚɧɢɟ ɷɬɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɦɟɯɚɧɢɡɦɨɜ ɢɯ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɧɹɬɶ, ɩɨɱɟɦɭ ɨɞɧɢ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɠɢɜɨɬɧɨɝɨ ɦɢɪɚ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ 
ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɂɂ, ɞɪɭɝɢɟ – ɦɟɧɟɟ (ɬɚɛɥ. β), ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɚ ɫ ɞɪɭɝɨɣ – 

ɫɮɨɪɦɢɪɨɜɚɬɶ ɡɚɳɢɬɧɵɣ ɦɟɯɚɧɢɡɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɜɵɞɟɪɠɢɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɟ ɞɨɡɨɜɵɟ 
ɧɚɝɪɭɡɤɢ ɛɟɡ ɥɟɬɚɥɶɧɨɝɨ ɢɫɯɨɞɚ.  

 

Ɍɚɛɥɢɰɚ β – Ʌɟɬɚɥɶɧɵɟ ɞɨɡɵ ɨɛɥɭɱɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɠɢɜɨɬɧɵɯ Д4Ж (ɩɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ) ɢ 
ɱɟɥɨɜɟɤɚ Д5Ж ДLОЭСКХ ЫКНТКЭТШЧ НШЬОЬ ПШЫ ЯКЫТШЮЬ КЧТЦКХ ЬЩОМТОЬ (КММШЫНТЧР ЭШ ЩЮЛХТЬСОН НКЭК) КЧН СЮЦКЧЬЖ 

 

 

ȼɢɞ ɠɢɜɨɬɧɨɝɨ 

ɢɥɢ ɱɟɥɨɜɟɤ 

Ɇɢɧɢɦɚɥɶɧɚɹ 
ɫɦɟɪɬɟɥɶɧɚɹ ɞɨɡɚ ɜ Ɂɜ 

Ⱦɨɡɚ 50 % ɜɵɠɢɜɚɟɦɨɫɬɢ 
ɜ Ɂɜ 

Ɇɢɧɢɦɚɥɶɧɚɹ ɚɛɫɨɥɸɬɧɚɹ 
ɫɦɟɪɬɟɥɶɧɚɹ ɞɨɡɚ ɜ Ɂɜ 

ɍɥɢɬɤɢ - 2000 - 

Ⱥɦɟɛɵ (ɩɪɨɫɬɟɣɲɢɟ) 1000 - 3000 1000 - 

ɇɚɫɟɤɨɦɵɟ 10 - 100  - - 

Ⱦɪɨɡɨɮɢɥɵ - 8 - 

ɉɬɢɰɵ, ɪɵɛɵ  8 - 20 - - 

Ʉɪɨɥɢɤɢ 8 8,5 - 11 14 

ɏɨɦɹɤɢ - 7 - 8,8 - 

Ʉɪɵɫɵ 2,5 - 3,0 4,5 - 6 6,5 - 8 

Ɉɛɟɡɶɹɧɵ - 5 - 6 - 

Ɇɵɲɢ 2 3,5 - 4 5,5 - 8 

ɋɨɛɚɤɢ 2,75 3,25 - 4 6 

Ɇɨɪɫɤɢɟ ɫɜɢɧɤɢ - 2 - 4 4 

Ʉɨɡɵ - 3,5 - 

ɋɜɢɧɶɢ - 4 - 5 - 

ɑɟɥɨɜɟɤ 6  3 - 5 6 - 7 



20 ɈɊɍɆɈ ɢ ɞɪ.  
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ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɥɢɬɟɪɚɬɭɪɟ, ɨɫɜɟɳɚɸɳɟɣ ɩɪɨɛɥɟɦɵ 
ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɷɬɢɦ ɜɨɩɪɨɫɚɦ ɭɞɟɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɜɧɢɦɚɧɢɹ 
ɜɨɡɦɨɠɧɨ ɩɨ ɬɨɣ ɩɪɢɱɢɧɟ, ɱɬɨ ɨɧɢ ɫɤɨɪɟɟ ɨɬɧɨɫɹɬɫɹ ɤ ɨɛɥɚɫɬɢ ɛɢɨɥɨɝɢɢ, ɧɟɠɟɥɢ ɤ 
ɬɟɯɧɢɱɟɫɤɢɦ ɩɪɨɛɥɟɦɚɦ. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɞɚɥɶɧɟɣɲɟɟ ɧɚɲɟ ɜɧɢɦɚɧɢɟ ɛɭɞɟɬ ɭɞɟɥɟɧɨ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɦɭ 
ɚɧɚɥɢɡɭ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɂɂ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ. ɗɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ ɧɚ ɱɟɥɨɜɟɤɚ ɢ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ 
ɪɚɦɤɚɯ ɪɟɲɟɧɢɹ ɜɨɟɧɧɵɯ ɤɨɧɮɥɢɤɬɨɜ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɹɞɟɪɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɢ, 
ɜɩɟɪɜɵɟ ɜ ɢɫɬɨɪɢɢ ɱɟɥɨɜɟɱɟɫɬɜɚ, ɫɧɚɱɚɥɚ ɜ ɏɢɪɨɫɢɦɟ, ɚ ɜɫɤɨɪɟ ɩɨɫɥɟ ɷɬɨɝɨ ɢ ɜ 
ɇɚɝɚɫɚɤɢ Д6Ж, ɩɪɟɞɨɫɬɚɜɢɥɢ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɨɝɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɂɂ 
ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ. ɗɬɨ ɩɪɨɹɜɥɹɥɨɫɶ ɭ ɜɵɠɢɜɲɢɯ 
ɩɨɫɥɟ ɚɬɨɦɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɢ ɠɟɧɳɢɧ, ɭ ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɥɨɫɶ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɭɜɟɥɢɱɟɧɢɟ ɡɚɛɨɥɟɜɚɧɢɣ ɤɪɨɜɢ, ɪɚɤɚ ɦɨɥɨɱɧɵɯ ɠɟɥɟɡ ɢ ɞɪɭɝɢɯ ɡɚɛɨɥɟɜɚɧɢɣ.  

Ⱦɚɥɶɧɟɣɲɢɟ ɪɟɡɭɥɶɬɚɬɵ Д6Ж ɬɚɤɠɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɢɨɧɢɡɢɪɭɸɳɟɝɨ 
ɢɡɥɭɱɟɧɢɹ ɜ ɞɟɬɫɤɨɦ ɜɨɡɪɚɫɬɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɡɛɵɬɨɱɧɨɝɨ ɪɢɫɤɚ 
ɪɚɡɜɢɬɢɹ ɪɚɤɚ ɭ ɞɟɬɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɡɪɨɫɥɵɦɢ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɢɯ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɪɚɞɢɚɰɢɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɨɩɭɯɨɥɟɣ. ɗɬɨ ɩɨɤɚɡɚɥɢ ɢ 
ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɑɟɪɧɨɛɵɥɟ ɝɪɭɩɩɨɣ ɚɜɬɨɪɨɜ ɭɤɚɡɚɧɧɨɣ 
ɪɚɛɨɬɵ, ɜ ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɜɨɩɪɨɫ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɳɢɬɨɜɢɞɧɨɣ 
ɠɟɥɟɡɵ ɭ ɞɟɬɟɣ ɢ ɜɡɪɨɫɥɵɯ, ɤɨɬɨɪɵɟ ɩɨɞɜɟɪɝɚɥɢɫɶ ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ ɞɨɡ ɨɛɥɭɱɟɧɢɹ 
ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ (ɛɨɥɟɟ 1 Ƚɪ). Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɩɪɨɰɟɫɫɵ, 
ɫɨɩɪɨɜɨɠɞɚɸɳɢɟ ɩɪɨɯɨɠɞɟɧɢɟ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɟ. 

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ 

Ⱦɨɡɚ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ, ɩɨɝɥɨɳɟɧɧɚɹ ɜ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɟ, ɢɧɢɰɢɢɪɭɟɬ 
ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ ɪɚɡɥɢɱɧɵɯ ɫɨɛɵɬɢɣ. ȼɨ-ɩɟɪɜɵɯ, ɷɬɨ ɮɢɡɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɫ 
ɩɟɪɟɞɚɱɟɣ ɷɧɟɪɝɢɢ ɨɬ ɢɨɧɢɡɢɪɭɸɳɢɯ ɱɚɫɬɢɰ ɤ ɚɬɨɦɚɦ ɢ ɦɨɥɟɤɭɥɚɦ ɨɤɪɭɠɚɸɳɢɯ 
ɬɤɚɧɟɣ, ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɡɚɧɢɦɚɟɬ ɨɤɨɥɨ 10-13

 ɫ. Ⱦɚɥɟɟ ɫɥɟɞɭɸɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ, ɬɚɤɢɟ ɤɚɤ ɩɟɪɟɞɚɱɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɷɧɟɪɝɢɢ, ɜɨɡɛɭɠɞɟɧɢɟ ɢ ɢɨɧɢɡɚɰɢɹ 
ɚɬɨɦɨɜ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɨɤɨɥɨ 10-10

 ɫ. Ɂɚɬɟɦ ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢ ɜ ɷɬɨɬ ɦɨɦɟɧɬ 
ɩɟɪɜɢɱɧɨɟ ɩɨɜɪɟɠɞɟɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɧɚɱɢɧɚɟɬɫɹ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 
ɨɤɨɥɨ 10-6

 ɫ. Ⱦɚɥɟɟ ɫɥɟɞɭɸɬ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɩɨɜɪɟɠɞɟɧɧɵɟ 
ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ ɦɨɝɭɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɵ ɢɥɢ ɧɟɨɛɪɚɬɢɦɨ ɩɨɜɪɟɠɞɟɧɵ. 
ɇɚɛɥɸɞɚɟɦɨɟ ɩɨɜɪɟɠɞɟɧɢɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɝɢɛɟɥɢ ɤɥɟɬɨɤ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɬɟɱɟɧɢɟ ɩɟɪɢɨɞɨɜ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɫɟɤɭɧɞ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ. ȼɫɟ ɷɬɢ 
ɩɪɨɰɟɫɫɵ ɩɪɢɜɨɞɹɬ ɤ ɨɤɨɧɱɚɬɟɥɶɧɨɦɭ ɪɚɞɢɨɛɢɨɥɨɝɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɪɚɞɢɚɰɢɢ ɧɚ 
ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ Д7Ж. 

Ȼɢɨɥɨɝɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ 

ȼɫɤɨɪɟ ɩɨɫɥɟ ɨɬɤɪɵɬɢɹ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɥɸɛɨɣ ɠɢɜɨɣ ɨɛɴɟɤɬ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɨɡɟ ɨɛɥɭɱɟɧɢɹ ɩɨɝɢɛɚɟɬ. 
ɉɨɝɥɨɳɟɧɧɵɟ ɞɨɡɵ ɮɨɬɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ D, ɩɪɢɜɨɞɹɳɢɟ ɤ ɝɢɛɟɥɢ ɪɚɡɧɵɯ ɨɛɴɟɤɬɨɜ ɜ 
ɨɛɥɭɱɟɧɧɨɣ ɩɨɩɭɥɹɰɢɢ, ɪɚɡɥɢɱɚɸɬɫɹ ɜ ɨɱɟɧɶ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. Ⱦɥɹ ɱɟɥɨɜɟɤɚ ɞɨɡɚ 
ɮɨɬɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɜɵɡɵɜɚɸɳɚɹ 50 %-ɸ ɜɟɪɨɹɬɧɨɫɬɶ ɝɢɛɟɥɢ, ɪɚɜɧɚ 4,5 Ƚɪ  
(450 Ɋ, ɫɦ. ɬɚɛɥ. β). 

Ʉɚɠɞɨɦɭ ɛɢɨɥɨɝɢɱɟɫɤɨɦɭ ɜɢɞɭ ɫɜɨɣɫɬɜɟɧɧɚ ɫɜɨɹ ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ. ɋɬɟɩɟɧɶ 
ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɢɥɶɧɨ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɜɢɞɚ, ɚ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɧɞɢɜɢɞɭɭɦɚ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ ɜɨɡɪɚɫɬɚ ɢ ɩɨɥɚ, ɞɚɠɟ ɜ ɨɞɧɨɦ ɨɪɝɚɧɢɡɦɟ 
ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɵ ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɤɚɤ ɷɬɨ ɫɥɟɞɭɟɬ ɢɡ 
ɪɢɫɭɧɤɚ 1.   

ɇɚ ɪɢɫɭɧɤɟ β ɩɪɢɜɟɞɟɧɵ ɤɥɟɬɤɢ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɨɝɨ. ɋɨɫɬɚɜɥɹɸɳɢɟ 
ɤɨɦɩɨɧɟɧɬɵ ɤɥɟɬɤɢ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ ɪɚɡɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. Ȼɨɥɶɲɢɧɫɬɜɨ 
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ɤɥɟɬɨɤ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɢɦɟɸɬ ɬɢɩɢɱɧɵɟ ɪɚɡɦɟɪɵ 10-γ0 ɦɤɦ. Ʉɥɟɬɤɚ ɜ ɨɫɧɨɜɧɨɦ 
ɫɨɫɬɨɢɬ ɢɡ ɤɥɟɬɨɱɧɨɣ ɢɥɢ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ 
ɬɨɧɤɭɸ ɩɥɟɧɤɭ, ɩɨɤɪɵɜɚɸɳɭɸ ɜɫɸ ɤɥɟɬɤɭ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɦɟɧ 
ɜɟɳɟɫɬɜ; ɹɞɪɚ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ȾɇɄ – ɝɟɧɟɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɤɥɟɬɤɢ, 
ɨɛɴɟɞɢɧɟɧɧɵɣ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɛɟɥɤɚ ɜ ɫɬɪɭɤɬɭɪɵ, ɧɚɡɵɜɚɟɦɵɦɢ ɯɪɨɦɨɫɨɦɚɦɢ; 
ɰɢɬɨɩɥɚɡɦɵ – ɫɪɟɞɵ, ɫɨɞɟɪɠɚɳɟɣ ɜɨɞɭ, ɪɚɡɥɢɱɧɵɟ ɫɨɥɢ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɪɹɞ ɨɪɝɚɧɟɥɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɪɚɛɨɱɢɟ ɱɚɫɬɢ ɤɥɟɬɤɢ Д8Ж. ȼ ɤɚɠɞɨɣ ɤɥɟɬɤɟ 
ɦɧɨɝɢɟ ɬɵɫɹɱɢ ɦɨɥɟɤɭɥ ɮɟɪɦɟɧɬɨɜ ɭɩɪɚɜɥɹɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɯɢɦɢɱɟɫɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣ. ȼɫɟ ɩɪɨɰɟɫɫɵ ɜ ɤɥɟɬɤɟ ɫɬɪɨɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɵ. ȼ ɹɞɪɟ 
ɤɥɟɬɤɢ, ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɝɢɝɚɧɬɫɤɢɟ ɛɢɨɩɨɥɢɦɟɪɧɵɟ ɦɨɥɟɤɭɥɵ 
ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ (ȾɇɄ), ɤɨɬɨɪɵɟ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɜ ɩɟɪɢɨɞ ɞɟɥɟɧɢɹ, 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɜɟ ɫɩɢɪɚɥɟɜɢɞɧɵɟ ɧɢɬɢ. ȼ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɜɟ ɧɢɬɢ ɫɜɹɡɚɧɵ ɱɟɪɟɞɭɸɳɢɦɢɫɹ ɦɨɥɟɤɭɥɚɦɢ ɱɟɬɵɪɟɯ ɬɢɩɨɜ 
ɨɫɧɨɜɚɧɢɣ. ɏɪɨɦɨɫɨɦɵ (ɨɬ ɝɪɟɱ. Chroma – ɰɜɟɬ, ɨɤɪɚɫɤɚ; soma – ɬɟɥɨ) – ɫɬɪɭɤɬɭɪɧɵɟ 
ɷɥɟɦɟɧɬɵ ɹɞɪɚ ɤɥɟɬɤɢ, ɫɨɞɟɪɠɚɳɢɟ ȾɇɄ, ɜ ɤɨɬɨɪɨɣ ɡɚɤɥɸɱɟɧɚ ɧɚɫɥɟɞɫɬɜɟɧɧɚɹ 
ɢɧɮɨɪɦɚɰɢɹ ɨɪɝɚɧɢɡɦɚ. ȼ ɯɪɨɦɨɫɨɦɚɯ ɜ ɥɢɧɟɣɧɨɦ ɩɨɪɹɞɤɟ ɪɚɫɩɨɥɨɠɟɧɵ ɝɟɧɵ (ɨɬ ɝɪɟɱ. 
genos – ɪɨɞ, ɩɪɨɢɫɯɨɠɞɟɧɢɟ) – ɟɞɢɧɢɰɵ ɧɚɫɥɟɞɫɬɜɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɨɬɜɟɱɚɸɳɢɟ ɡɚ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɚɤɨɝɨ-ɥɢɛɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɢɡɧɚɤɚ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɝɟɧɨɜ, 
ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɨɞɢɧɚɪɧɨɦ ɧɚɛɨɪɟ ɯɪɨɦɨɫɨɦ ɞɚɧɧɨɝɨ ɨɪɝɚɧɢɡɦɚ, ɧɚɡɵɜɚɟɬɫɹ ɝɟɧɨɦɨɦ. 

 

 
Ɋɢɫɭɧɨɤ β – Ɉɫɧɨɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɤɥɟɬɤɢ ɠɢɜɨɬɧɨɝɨ (ɚ) ɢ ɱɟɥɨɜɟɤɚ (ɛ)  

[The main cell components of the animal (ɚ) and human (ɛ)] 

 

Ʉɥɟɬɤɢ – ɷɬɨ ɟɞɢɧɢɰɵ ɠɢɜɨɝɨ, ɦɟɥɶɱɚɣɲɢɟ ɫɬɪɭɤɬɭɪɵ, ɜɵɩɨɥɧɹɸɳɢɟ ɮɭɧɤɰɢɢ, 
ɤɨɬɨɪɵɟ ɢ ɨɩɪɟɞɟɥɹɸɬ ɫɨɫɬɨɹɧɢɟ, ɢɦɟɧɭɟɦɨɟ ɠɢɡɧɶɸ Д8Ж. Ʉ ɬɚɤɢɦ ɮɭɧɤɰɢɹɦ ɨɬɧɨɫɹɬɫɹμ 
ɩɨɝɥɨɳɟɧɢɟ ɜɟɳɟɫɬɜ ɢ ɷɧɟɪɝɢɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɧɟɪɝɢɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɥɨɠɧɵɯ 
ɫɬɪɭɤɬɭɪ ɢɡ ɛɨɥɟɟ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɪɨɫɬ ɢ ɪɚɡɦɧɨɠɟɧɢɟ. ȼ ɫɪɟɞɧɟɦ ɜ ɨɪɝɚɧɢɡɦɟ 
ɱɟɥɨɜɟɤɚ ɧɚɫɱɢɬɵɜɚɟɬɫɹ 5·1013

 ɤɥɟɬɨɤ, ɢɡ ɤɨɬɨɪɵɯ ɞɨ β0 % ɤɥɟɬɨɤ ɨɪɝɚɧɢɡɦɚ 
ɢɧɬɟɧɫɢɜɧɨ ɞɟɥɹɬɫɹ. ȼɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɞɟɥɟɧɢɹ ɤɥɟɬɨɤ ɩɪɢɫɭɳɚ ɤɨɫɬɧɨɦɭ ɦɨɡɝɭ, 
ɤɢɲɟɱɧɢɤɭ, ɤɨɠɟ, ɪɨɝɨɜɢɰɟ ɝɥɚɡɚ, ɩɨɥɨɜɵɦ ɠɟɥɟɡɚɦ. Ɉɞɧɚɤɨ ɛόɥɶɲɚɹ ɱɚɫɬɶ ɨɪɝɚɧɨɜ 
ɫɨɫɬɨɢɬ ɢɡ ɪɟɞɤɨ ɞɟɥɹɳɢɯɫɹ ɤɥɟɬɨɤ (ɩɟɱɟɧɶ, ɥɟɝɤɢɟ, ɫɟɪɞɰɟ, ɫɨɫɭɞɵ, ɤɨɫɬɢ, 
ɷɧɞɨɤɪɢɧɧɵɟ ɠɟɥɟɡɵ). Ʉɥɟɬɤɢ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɞɟɥɹɬɫɹ. Ɍɚɤɢɟ ɨɪɝɚɧɵ 
ɧɚɡɵɜɚɸɬ ɫɬɚɰɢɨɧɚɪɧɵɦɢ ɫɢɫɬɟɦɚɦɢ Д8Ж. 

ȼɨɡɞɟɣɫɬɜɢɟ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɤɥɟɬɤɭ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Ȗ- ɢɥɢ ȕ-ɢɡɥɭɱɟɧɢɹ ɫ ɚɬɨɦɚɦɢ ɢɥɢ 
ɦɨɥɟɤɭɥɚɦɢ ɯɪɨɦɨɫɨɦ, ɢɥɢ ɨɩɨɫɪɟɞɨɜɚɧɧɨ ɩɪɢ ɪɚɞɢɨɥɢɡɟ ɜɨɞɵ ɢɥɢ ɞɪɭɝɢɯ ɯɢɦɢɱɟɫɤɢɯ 
ɜɟɳɟɫɬɜ, ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ ɤɥɟɬɤɢ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɩɪɢ ɧɟɜɵɫɨɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɂɂ, ȾɇɄ ɦɨɠɟɬ ɜɨɫɫɬɚɧɨɜɢɬɶɫɹ, ɟɫɥɢ ɪɚɡɪɵɜ ɫɜɹɡɢ ɩɪɨɢɡɨɲɟɥ ɬɨɥɶɤɨ ɧɚ 
ɨɞɧɨɣ ɧɢɬɢ, ɟɫɥɢ ɠɟ ɷɮɮɟɤɬ ɪɚɡɪɵɜɚ ɫɜɹɡɢ ɩɪɨɢɡɨɲɟɥ ɧɚ ɞɜɭɯ ɧɢɬɹɯ ȾɇɄ, ɬɨ ɨɧɚ ɧɟ 
ɩɨɞɥɟɠɢɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ (ɪɢɫ. γ), ɧɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɭɱɚɫɬɢɟ ɜ 
ɫɨɡɞɚɧɢɢ ɧɟɩɨɥɧɨɰɟɧɧɵɯ ɦɨɥɟɤɭɥ, ɫɨɡɞɚɜɚɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɱɚɝ ɩɨɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɣ 



22 ɈɊɍɆɈ ɢ ɞɪ.  
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ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɤ ɧɟɝɚɬɢɜɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ. ɇɚ ɪɢɫɭɧɤɚɯ γ, 4 
ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ȾɇɄ. ɉɨɫɥɟ 
ɩɪɨɯɨɠɞɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɫɜɹɡɢ ɦɨɝɭɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɵ, ɧɨ ɧɟɩɪɚɜɢɥɶɧɨ (ɪɢɫ. 4). 

 

 
Ɋɢɫɭɧɨɤ γ – ȼɢɞɵ ɪɚɡɪɵɜɨɜ ȾɇɄ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ Д8Ж ДTвЩОЬ ШП DNA 
breaks when exposed to ionizing radiation] 

 
Ɋɢɫɭɧɨɤ 4 – Ɋɟɡɭɥɶɬɚɬ ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ 

ɢɡɥɭɱɟɧɢɹ ɧɚ ȾɇɄ Д8Ж [The result of ionizing 

radiation on DNA] 
 

ȼ ɩɪɨɰɟɫɫɟ ɞɟɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɯɨɠɞɟɧɢɟ ɧɢɬɟɣ ȾɇɄ ɢ ɫɢɧɬɟɡ ɧɚ ɤɚɠɞɨɣ 
ɧɢɬɢ, ɤɚɤ ɧɚ ɦɚɬɪɢɰɟ ɟɳɟ ɩɨ ɨɞɧɨɣ ɧɢɬɢ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɚɧɢɣ. 
ȼ ɨɬɥɢɱɢɟ ɨɬ ɹɞɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɭɧɢɤɚɥɶɧɵɟ ɦɨɥɟɤɭɥɵ ȾɇɄ, ɜ ɰɢɬɨɩɥɚɡɦɟ ɫɨɞɟɪɠɚɬɫɹ 
ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɞɭɛɥɢɪɭɸɳɢɟ ɫɬɪɭɤɬɭɪɵ, ɨɬɜɟɱɚɸɳɢɟ ɡɚ ɷɧɟɪɝɟɬɢɤɭ ɤɥɟɬɤɢ, ɫɢɧɬɟɡ 
ɛɟɥɤɚ, ɬɪɚɧɫɩɨɪɬ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɢ ɬ.ɞ.  

ȼ ɚɤɬɢɜɧɨ ɞɟɥɹɳɢɯɫɹ ɤɥɟɬɤɚɯ ɩɟɪɢɨɞ ɦɟɠɞɭ ɞɜɭɦɹ ɤɥɟɬɨɱɧɵɦɢ ɞɟɥɟɧɢɹɦɢ 
ɡɚɧɢɦɚɟɬ ɨɬ 1β ɞɨ 48 ɱ. ɉɪɢ ɷɬɨɦ ɧɚ ɫɚɦ ɩɪɨɰɟɫɫ ɞɟɥɟɧɢɹ ɩɪɢɯɨɞɢɬɫɹ ɧɟ ɛɨɥɟɟ ɱɚɫɚ. 
ɉɨɤɚ ɤɥɟɬɤɚ ɧɟ ɞɟɥɢɬɫɹ, ɟɟ ɫɢɫɬɟɦɵ ɧɟ ɜɨɫɩɪɢɧɢɦɚɸɬ ɮɚɤɬ ɧɚɪɭɲɟɧɢɣ, ɤɨɬɨɪɵɣ ɜɨɡɧɢɤ 
ɨɬ ɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ (ɢɥɢ ɨɬ ɧɟɤɨɬɨɪɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ). 
Ɉɞɧɚɤɨ ɜ ɩɪɨɰɟɫɫɟ ɞɟɥɟɧɢɹ ɜ ɦɟɫɬɟ ɩɨɜɪɟɠɞɟɧɧɨɣ ȾɇɄ ɨɛɪɚɡɭɟɬɫɹ ɪɚɡɪɵɜ ɯɪɨɦɨɫɨɦɵ 
ɢ ɨɛɪɚɡɭɸɬɫɹ ɮɪɚɝɦɟɧɬɵ, ɨɛɪɵɜɤɢ ɯɪɨɦɨɫɨɦ. ɇɨɜɨɨɛɪɚɡɨɜɚɧɧɚɹ ɤɥɟɬɤɚ, ɥɢɲɟɧɧɚɹ 
ɱɚɫɬɢ ȾɇɄ, ɭɬɪɚɱɢɜɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɫɢɧɬɟɡɭ ɠɢɡɧɟɧɧɨ ɜɚɠɧɵɯ ɜɟɳɟɫɬɜ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɨɛɪɟɱɟɧɚ ɧɚ ɝɢɛɟɥɶ. ɉɨɷɬɨɦɭ ɢɧɬɟɧɫɢɜɧɨ ɞɟɥɹɳɢɟɫɹ ɤɥɟɬɤɢ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ 
ɩɨɞɜɟɪɠɟɧɵ ɞɟɣɫɬɜɢɸ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜ ɨɪɝɚɧɢɡɦɟ ɞɟɣɫɬɜɭɟɬ 
ɦɟɯɚɧɢɡɦ ɪɟɩɚɪɚɰɢɣ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ «ɡɚɥɟɱɢɜɚɬɶ» ɧɟɤɨɬɨɪɵɟ ɩɨɜɪɟɠɞɟɧɢɹ. ɗɬɨ 
ɨɬɧɨɫɢɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɤ ɨɞɧɨɪɚɡɪɵɜɧɵɦ ɞɟɮɟɤɬɚɦ ɜ ɧɢɬɹɯ ɯɪɨɦɨɫɨɦ. ɇɚɩɪɢɦɟɪ, 
ɟɫɥɢ ɩɪɨɜɟɫɬɢ ɨɛɥɭɱɟɧɢɟ ɛɨɥɶɲɨɣ ɞɨɡɨɣ ɜ ɞɜɚ ɷɬɚɩɚ ɫ ɢɧɬɟɪɜɚɥɨɦ ɦɟɠɞɭ ɧɢɦɢ ɨɤɨɥɨ 
ɱɟɬɵɪɟɯ ɱɚɫɨɜ, ɬɨ ɱɢɫɥɨ ɜɵɠɢɜɲɢɯ ɤɥɟɬɨɤ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɜɨɡɪɚɫɬɚɟɬ ɜ β-3 ɪɚɡɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɨɛɥɭɱɟɧɢɟɦ ɬɨɣ ɠɟ ɞɨɡɨɣ. Ⱦɜɭɪɚɡɪɵɜɧɵɟ ɧɚɪɭɲɟɧɢɹ 
ɦɨɥɟɤɭɥ ȾɇɄ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɱɚɫɬɢɰ, ɫɨɡɞɚɸɳɢɯ ɧɚ ɩɪɨɛɟɝɟ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ 
ɢɨɧɢɡɚɰɢɢ, ɢɥɢ ɩɪɢ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ɦɨɳɧɨɫɬɹɯ ɞɨɡ. Ɍɚɤɢɟ ɪɚɡɪɵɜɵ ɩɨɱɬɢ ɧɟ 
«ɡɚɥɟɱɢɜɚɸɬɫɹ». ɉɪɢɦɟɪɵ ɨɞɧɨ- ɢ ɞɜɭɪɚɡɪɵɜɵɯ ɫɜɹɡɟɣ ȾɇɄ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ γ. 
ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɢ ɨɩɨɫɪɟɞɨɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɂɂ ɧɚ ȾɇɄ ɤɥɟɬɤɢ. 

Ɇɟɯɚɧɢɡɦ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɭɸ 
ɬɤɚɧɶ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɟɫɤɨɥɶɤɢɦɢ ɚɤɬɚɦɢ. ȼ ɩɟɪɜɨɦ (ɮɢɡɢɱɟɫɤɨɦ ɚɤɬɟ) ɷɧɟɪɝɢɹ 
ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɬɤɚɧɶ ɩɟɪɟɞɚɟɬɫɹ 
ɚɬɨɦɚɦ ɢ ɦɨɥɟɤɭɥɚɦ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɢɨɧɨɜ ɢ ɜɨɡɛɭɠɞɟɧɧɵɯ ɦɨɥɟɤɭɥ. 
ɋɥɟɞɭɸɳɢɣ ɚɤɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦ ɷɬɚɩɨɦ ɩɨɪɚɠɟɧɢɹ ɤɥɟɬɤɢ. 



 ɈɋɈȻȿɇɇɈɋɌɂ ȼɈɁȾȿɃɋɌȼɂə ɂɈɇɂɁɂɊɍɘɓȿȽɈ ɂɁɅɍɑȿɇɂə 23 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

 
Ɋɢɫɭɧɨɤ 5 – Ɋɟɡɭɥɶɬɚɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɢ ɨɩɨɫɪɟɞɨɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ 

ȾɇɄ ДTСО ЫОЬЮХЭ ШП НТЫОМЭ КЧН ТЧНТЫОМЭ ОППОМЭЬ ШП ТШЧТгТЧР ЫКНТКЭТШЧ ШЧ DNAЖ 
 

ȼ ɨɫɧɨɜɟ ɩɟɪɜɢɱɧɵɯ ɪɚɞɢɚɰɢɨɧɧɨ-ɯɢɦɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɦɨɥɟɤɭɥ ɦɨɝɭɬ ɥɟɠɚɬɶ 
ɞɜɚ ɦɟɯɚɧɢɡɦɚμ 1) ɩɪɹɦɨɟ ɞɟɣɫɬɜɢɟ, ɤɨɝɞɚ ɞɚɧɧɚɹ ɦɨɥɟɤɭɥɚ ɢɫɩɵɬɵɜɚɟɬ ɢɡɦɟɧɟɧɢɹ ɡɚ 
ɫɱɟɬ ɢɨɧɢɡɚɰɢɢ ɢɥɢ ɜɨɡɛɭɠɞɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɢɡɥɭɱɟɧɢɟɦ; 
β) ɤɨɫɜɟɧɧɨɟ ɞɟɣɫɬɜɢɟ, ɤɨɝɞɚ ɦɨɥɟɤɭɥɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɟ ɩɨɝɥɨɳɚɟɬ ɷɧɟɪɝɢɸ 
ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ, ɚ ɩɨɥɭɱɚɟɬ ɟɟ ɩɭɬɟɦ ɩɟɪɟɞɚɱɢ ɨɬ ɞɪɭɝɨɣ ɦɨɥɟɤɭɥɵ. 

ɉɨɫɤɨɥɶɤɭ 60-70 % ɦɚɫɫɵ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɬɤɚɧɢ ɫɨɫɬɚɜɥɹɟɬ ɜɨɞɚ, ɪɚɫɫɦɨɬɪɢɦ 
ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɩɪɹɦɵɦ ɢ ɤɨɫɜɟɧɧɵɦ ɞɟɣɫɬɜɢɟɦ ɢɡɥɭɱɟɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɨɛɥɭɱɟɧɢɹ 
ɜɨɞɵ Д8Ж. ɇɚɱɚɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɪɚɞɢɨɥɢɡɚ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɞɢɤɚɥɨɜ ɇ*

 ɢ 
Ɉɇ*, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɫɯɟɦɟμ 

 

ɇ2Ɉ → ɇ2Ɉ+ + ɟ; 
ɇ2Ɉ+

 → ɇ+
 + Ɉɇ

 

e

 → ɟaq

 

 

ɂɨɧɢɡɢɪɨɜɚɧɧɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ ɪɟɚɝɢɪɭɟɬ ɫ ɞɪɭɝɨɣ ɧɟɣɬɪɚɥɶɧɨɣ ɦɨɥɟɤɭɥɨɣ ɜɨɞɵ, 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ ɜɵɫɨɤɨɪɟɚɤɬɢɜɧɵɣ ɪɚɞɢɤɚɥ ɝɢɞɪɨɤɫɢɥɚ Ɉɇ

:  

 

ɇ2Ɉ+
 + ɇ2Ɉ → ɇ3Ɉ+

 + Ɉɇ 

 

ȼɵɪɜɚɧɧɵɣ ɷɥɟɤɬɪɨɧ ɬɚɤɠɟ ɨɱɟɧɶ ɛɵɫɬɪɨ ɩɟɪɟɞɚɟɬ ɷɧɟɪɝɢɸ ɨɤɪɭɠɚɸɳɢɦ 
ɦɨɥɟɤɭɥɚɦ ɜɨɞɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɨɡɧɢɤɚɟɬ ɫɢɥɶɧɨ ɜɨɡɛɭɠɞɟɧɧɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ 
ɇ2Ɉ*, ɤɨɬɨɪɚɹ ɞɢɫɫɨɰɢɢɪɭɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɜɭɯ ɪɚɞɢɤɚɥɨɜ ɇ

 ɢ Ɉɇ
: 

 

ɇ2Ɉ+
 + ɟ → ɇ2Ɉ*

 → ɇ·
 + Ɉɇ 

 

ɋɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɫɨɞɟɪɠɚɬ ɧɟɫɩɚɪɟɧɧɵɟ ɷɥɟɤɬɪɨɧɵ ɢ ɨɬɥɢɱɚɸɬɫɹ 
ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ȼɪɟɦɹ ɢɯ ɠɢɡɧɢ ɜ ɜɨɞɟ ɧɟ ɛɨɥɟɟ  
10

5ɫ. Ɂɚ ɷɬɨ ɜɪɟɦɹ ɨɧɢ ɥɢɛɨ ɪɟɤɨɦɛɢɧɢɪɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɥɢɛɨ ɪɟɚɝɢɪɭɸɬ ɫ 
ɫɭɛɫɬɪɚɬɨɦμ 

 

e
 

+ eaq
→ H2 + 2OH


; 

H
• 
+ H

•→ H2; 

OH
* 
+ OH

*→ H2O2 

 

ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɜɨɞɟ ɤɢɫɥɨɪɨɞɚ ɨɛɪɚɡɭɸɬɫɹ ɢ ɞɪɭɝɢɟ ɩɪɨɞɭɤɬɵ 

ɪɚɞɢɨɥɢɡɚμ ɫɜɨɛɨɞɧɵɣ ɪɚɞɢɤɚɥ ɝɢɞɪɨɩɟɪɟɤɢɫɢ ɇɈ2
·, ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɇ2Ɉ2, 



24 ɈɊɍɆɈ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɚɬɨɦɚɪɧɵɣ ɤɢɫɥɨɪɨɞ ɢ ɪɚɞɢɤɚɥ ɤɢɫɥɨɪɨɞɚ Ɉ2
•, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɟɬɫɹ ɫɭɩɟɪɨɤɫɢɞɧɵɦ 

ɪɚɞɢɤɚɥɨɦμ 
ɇ· + Ɉ2 → ɇɈ2


; 

ɇɈ2

 + ɇɈ2


 → ɇ2Ɉ2 + βɈ; 

eaq
 + Ɉ2 → Ɉ2

•
; 

Ɉɇ + ɇɈ2
 → ɇ2Ɉ + Ɉ2

• 

 

ɋɭɩɟɪɨɤɫɢɞɧɵɣ ɢ ɝɢɞɪɨɩɟɪɨɤɫɢɞɧɵɣ ɪɚɞɢɤɚɥɵ ɦɨɝɭɬ ɧɚɧɨɫɢɬɶ ɨɱɟɧɶ ɫɟɪɶɟɡɧɵɟ 
ɩɨɜɪɟɠɞɟɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɜɚɠɧɵɦ ɦɨɥɟɤɭɥɚɦ. 

ȼ ɤɥɟɬɤɟ ɨɪɝɚɧɢɡɦɚ ɫɢɬɭɚɰɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɫɥɨɠɧɚɹ, ɱɟɦ ɩɪɢ ɨɛɥɭɱɟɧɢɢ 
ɜɨɞɵ, ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɩɨɝɥɨɳɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɹɜɥɹɸɬɫɹ ɤɪɭɩɧɵɟ ɢ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɦɨɥɟɤɭɥɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɪɚɡɭɸɬɫɹ ɨɪɝɚɧɢɱɟɫɤɢɟ 
ɪɚɞɢɤɚɥɵ D

, ɨɬɥɢɱɚɸɳɢɟɫɹ ɬɚɤɠɟ ɤɪɚɣɧɟ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. 
Ɋɚɫɩɨɥɚɝɚɹ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɷɧɟɪɝɢɢ, ɨɧɢ ɥɟɝɤɨ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɪɵɜɭ 
ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ. ɂɦɟɧɧɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɢ ɩɪɨɢɫɯɨɞɢɬ ɱɚɳɟ ɜɫɟɝɨ ɜ ɩɪɨɦɟɠɭɬɤɟ 
ɦɟɠɞɭ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɨɧɧɵɯ ɩɚɪ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɤɨɧɟɱɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɛɢɨɥɨɝɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɭɫɢɥɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɤɢɫɥɨɪɨɞɧɨɝɨ ɷɮɮɟɤɬɚ. 
Ɉɛɪɚɡɭɸɳɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɜɨɛɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ ɫ ɤɢɫɥɨɪɨɞɨɦ 
ɜɵɫɨɤɨɪɟɚɤɰɢɨɧɧɵɣ ɩɪɨɞɭɤɬ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɨɜɵɯ ɦɨɥɟɤɭɥ ɜ ɨɛɥɭɱɚɟɦɨɣ 
ɫɢɫɬɟɦɟ. ɉɨɥɭɱɚɸɳɢɟɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɞɢɨɥɢɡɚ ɜɨɞɵ ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɢ ɨɤɢɫɥɢɬɟɥɢ, 
ɨɛɥɚɞɚɹ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɜɫɬɭɩɚɸɬ ɜ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɫ 
ɦɨɥɟɤɭɥɚɦɢ ɛɟɥɤɚ, ɮɟɪɦɟɧɬɨɜ ɢ ɞɪɭɝɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɬɤɚɧɢ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɨɪɝɚɧɢɡɦɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ-

ɪɭɲɚɸɬɫɹ ɨɛɦɟɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɨɞɚɜɥɹɟɬɫɹ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɧɵɯ ɫɢɫɬɟɦ, 
ɡɚɦɟɞɥɹɟɬɫɹ ɢ ɩɪɟɤɪɚɳɚɟɬɫɹ ɪɨɫɬ ɬɤɚɧɟɣ, ɜɨɡɧɢɤɚɸɬ ɧɨɜɵɟ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɧɟ 
ɫɜɨɣɫɬɜɟɧɧɵɟ ɨɪɝɚɧɢɡɦɭ, – ɬɨɤɫɢɧɵ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 
ɨɬɞɟɥɶɧɵɯ ɫɢɫɬɟɦ ɢɥɢ ɨɪɝɚɧɢɡɦɚ ɜ ɰɟɥɨɦ. 

ɂɧɞɭɰɢɪɨɜɚɧɧɵɟ ɫɜɨɛɨɞɧɵɦɢ ɪɚɞɢɤɚɥɚɦɢ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɜɨɜɥɟɤɚɸɬ ɜ ɷɬɨɬ 
ɩɪɨɰɟɫɫ ɦɧɨɝɢɟ ɫɨɬɧɢ ɢ ɬɵɫɹɱɢ ɦɨɥɟɤɭɥ, ɧɟ ɡɚɬɪɨɧɭɬɵɯ ɢɡɥɭɱɟɧɢɟɦ. ȼ ɷɬɨɦ ɫɨɫɬɨɢɬ 
ɫɩɟɰɢɮɢɤɚ ɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ. ɇɢɤɚɤɨɣ 
ɞɪɭɝɨɣ ɜɢɞ ɷɧɟɪɝɢɢ (ɬɟɩɥɨɜɨɣ, ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɞɪ.), ɩɨɝɥɨɳɟɧɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɢɦ 
ɨɛɴɟɤɬɨɦ ɜ ɬɨɦ ɠɟ ɤɨɥɢɱɟɫɬɜɟ, ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɬɚɤɢɦ ɢɡɦɟɧɟɧɢɹɦ, ɤɚɤɢɟ ɜɵɡɵɜɚɟɬ 
ɢɨɧɢɡɢɪɭɸɳɟɟ ɢɡɥɭɱɟɧɢɟ. ɇɚɩɪɢɦɟɪ, ɫɦɟɪɬɟɥɶɧɚɹ ɞɨɡɚ ɮɨɬɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɞɥɹ 
ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɪɚɜɧɚ 10 Ƚɪ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɝɥɨɳɟɧɧɨɣ ɷɧɟɪɝɢɢ 10 Ⱦɠ/ɤɝ. ȿɫɥɢ 
ɷɬɭ ɷɧɟɪɝɢɸ ɩɨɞɜɟɫɬɢ ɜ ɜɢɞɟ ɬɟɩɥɚ, ɬɨ ɨɧɚ ɧɚɝɪɟɥɚ ɛɵ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɥɢɲɶ  
ɧɚ 0,00β °ɋ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɤ ɜɢɞɧɨ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ ɧɚ 
ɤɥɟɬɤɭ, ɡɚ ɢɨɧɢɡɚɰɢɟɣ ɱɚɫɬɨ ɫɥɟɞɭɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɤɨɬɨɪɵɟ ɜɟɫɶɦɚ 
ɷɮɮɟɤɬɢɜɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɦɨɥɟɤɭɥɚɦɢ, ɜɤɥɸɱɚɹ ɨɱɟɧɶ 
ɜɨɫɩɪɢɢɦɱɢɜɵɣ ɝɟɧɟɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ. ɗɬɢɦɢ ɭɹɡɜɢɦɵɦɢ ɭɱɚɫɬɤɚɦɢ ɜ ɹɞɪɟ ɹɜɥɹɸɬɫɹ 
ɯɪɨɦɨɫɨɦɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɞɜɭɫɩɢɪɚɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ȾɇɄ ɢ 
ɛɟɥɤɚ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɜɚɪɶɢɪɭɟɬɫɹ ɭ ɪɚɡɧɵɯ ɨɪɝɚɧɢɡɦɨɜ, ɜɵɡɵɜɚɹ ɧɚɢɛɨɥɶɲɟɟ 
ɩɨɜɪɟɠɞɟɧɢɟ ɜ ɞɟɥɹɳɢɯɫɹ ɤɥɟɬɤɚɯ. ɂɡ ɩɨɫɥɟɞɧɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɟɝɚɬɢɜɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨɬ 
ɤɨɫɜɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ, ɱɟɦ ɨɬ ɟɝɨ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɞɥɹ ɢɡɥɭɱɟɧɢɹ ɫ ɧɢɡɤɨɣ ɭɞɟɥɶɧɨɣ 
ɢɨɧɢɡɚɰɢɟɣ ДλЖ. 

Ɏɨɪɦɵ ɩɨɪɚɠɟɧɢɹ ɨɪɝɚɧɢɡɦɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ 
ɂɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɨɛɡɨɪɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɷɮɮɟɤɬ ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ ɧɚ ɱɟɥɨɜɟɤɚ 

ɨɛɭɫɥɨɜɥɟɧ ɢɨɧɢɡɚɰɢɨɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɩɪɨɬɟɤɚɸɳɢɦɢ ɜ ɟɝɨ ɨɪɝɚɧɢɡɦɟ, ɦɟɪɨɣ 

                                                             
 Ɋɚɞɢɤɚɥ – ɚɬɨɦ ɢɥɢ ɝɪɭɩɩɚ ɚɬɨɦɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɫɜɨɛɨɞɧɨɣ ɜɚɥɟɧɬɧɨɫɬɶɸ. 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɢɡɦɟɪɟɧɢɹ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɩɨɝɥɨɳɟɧɧɚɹ ɞɨɡɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɟɞɢɧɢɰɟɣ Ƚɪɟɣ (Ƚɪ) 
(Ⱦɠ/ɤɝ). Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɜɢɞɚ ɂɂ ɜɜɨɞɹɬ, ɤɚɤ 
ɭɤɚɡɵɜɚɥɨɫɶ ɪɚɧɟɟ, ɜɟɥɢɱɢɧɭ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɨɡɵ, ɜɵɱɢɫɥɹɟɦɨɣ ɩɨ ɮɨɪɦɭɥɟ (1), 
ɟɞɢɧɢɰɟɣ ɤɨɬɨɪɨɣ ɫɥɭɠɢɬ Ɂɢɜɟɪɬ. ɉɪɢ ɨɰɟɧɤɟ ɨɬɞɚɥɟɧɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɜɨɡɞɟɣɫɬɜɢɹ 
ɂɂ ɧɚ ɱɟɥɨɜɟɤɚ ɧɚɯɨɞɹɬ ɷɮɮɟɤɬɢɜɧɭɸ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɞɨɡɭ (Hȿ), ɨɩɪɟɞɟɥɹɟɦɭɸ 
ɮɨɪɦɭɥɨɣ (β), ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɦɟɪɚ ɪɢɫɤɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɨɬɞɚɥɟɧɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɨɛɥɭɱɟɧɢɹ ɜɫɟɝɨ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ ɨɬɞɟɥɶɧɵɯ ɟɝɨ ɨɪɝɚɧɨɜ ɢ 
ɬɤɚɧɟɣ ɫ ɭɱɟɬɨɦ ɢɯ ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ ɧɚ ɪɢɫɭɧɤɟ β. ȼɨ 
ɜɫɟɦ ɦɢɪɟ ɪɚɞɢɚɰɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɱɟɥɨɜɟɤɚ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɟɬ ɨɬ ɞɜɭɯ ɞɨ ɬɪɟɯ 
ɦɁɜ. ɗɬɚ ɫɭɦɦɚ ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɩɨɬɨɦɭ, 
ɱɬɨ ɨɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɨɛɥɭɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɮɨɧɨɜɵɦ 
ɢɡɥɭɱɟɧɢɟɦ, ɹɜɥɹɟɬɫɹ ɞɢɚɩɚɡɨɧ ɨɬ 1 ɞɨ 100 ɦȽɪ ɜ ɝɨɞ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɱɟɥɨɜɟɤɚ. ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɪɚɡɥɢɱɧɵɯ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɟɦ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ.  

 

 
Ɋɢɫɭɧɨɤ 6 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɟɦ ɢɨɧɢɡɢɪɭɸɳɟɝɨ 
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Ɋɟɡɭɥɶɬɚɬɵ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɤɚɤ ɪɚɧɧɢɟ ɢɥɢ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ, ɤɨɬɨɪɵɟ 
ɢɦɟɸɬ ɩɨɪɨɝ, ɡɚɞɟɪɠɚɧɧɵɣ ɢɥɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ, ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɞɚɥɟɟ 
ɞɟɥɹɬɫɹ ɧɚ ɫɨɦɚɬɢɱɟɫɤɢɟ ɢ ɧɚɫɥɟɞɫɬɜɟɧɧɵɟ. ɋɨɦɚɬɢɱɟɫɤɢɟ ɜɤɥɸɱɚɸɬ ɪɚɧɧɢɟ ɢ 
ɨɬɫɪɨɱɟɧɧɵɟ ɷɮɮɟɤɬɵ (ɪɚɤ). 

ȼɧɟɲɧɟɟ ɢ ɜɧɭɬɪɟɧɧɟɟ ɜɨɡɞɟɣɫɬɜɢɟ 

ȼɧɟɲɧɟɟ ɢɡɥɭɱɟɧɢɟ – ɷɬɨ ɢɡɥɭɱɟɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɪɚɛɨɬɨɣ ɪɟɧɬɝɟɧɨɜɫɤɢɯ 
ɚɩɩɚɪɚɬɨɜ ɜ ɦɟɞɢɰɢɧɫɤɢɯ ɭɱɪɟɠɞɟɧɢɹɯ ɩɪɢ ɞɢɚɝɧɨɫɬɢɤɟ ɩɚɰɢɟɧɬɨɜ, ɧɚ 
ɫɭɞɨɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɜɨɞɚɯ, ɡɚɜɨɞɚɯ ɬɹɠɟɥɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɝɞɟ ɷɬɢ ɚɩɩɚɪɚɬɵ 
ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɪɨɜɟɪɤɢ ɧɚ ɧɚɥɢɱɢɟ ɤɚɜɟɪɧ (ɝɚɡɨɜɵɯ ɩɨɥɨɫɬɟɣ) ɜ ɫɜɚɪɨɱɧɵɯ ɲɜɚɯ; 
ɢɡɥɭɱɟɧɢɟ ɫɥɭɱɚɣɧɨ ɜɵɛɪɨɲɟɧɧɵɯ ɤɨɧɬɟɣɧɟɪɨɜ ɫ ɪɚɞɢɨɚɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ; 
ɢɡɥɭɱɟɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜ ɚɬɦɨɫɮɟɪɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɞɢɚɰɢɨɧɧɨɣ ɚɜɚɪɢɢ ɢ ɬ.ɞ. ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɧɟɲɧɟɝɨ ɨɛɥɭɱɟɧɢɹ, ɩɨɦɢɦɨ 
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢ Ȗ-ɢɡɥɭɱɟɧɢɹ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɟɝɨ ɨɛɳɭɸ ɞɨɡɭ, ɤɨɬɨɪɭɸ ɦɨɠɟɬ 
ɩɨɥɭɱɢɬɶ ɫɭɛɴɟɤɬ, ɨɤɚɡɚɜɲɢɣɫɹ ɜ ɩɨɥɟ ɂɂ, ɨɧ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ ɟɳɟ ɢ ɞɨɡɭ, 
ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɜɨɡɞɟɣɫɬɜɢɟɦ α- ɢ ȕ-ɱɚɫɬɢɰ, ɜɵɡɵɜɚɸɳɢɯ ɤɨɠɧɵɣ ɨɠɨɝ, ɚ ɩɪɢ 
ɜɞɵɯɚɧɢɢ ɡɚɝɪɹɡɧɟɧɧɨɝɨ ɜɨɡɞɭɯɚ – ɨɠɨɝ ɜɟɪɯɧɢɯ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ 
ȕ-ɥɨɪɢɧɝɢɬ – ɯɚɪɚɤɬɟɪɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ ɝɨɪɥɚ, ɢɦɟɜɲɟɟ ɦɟɫɬɨ ɭ ɥɢɤɜɢɞɚɬɨɪɨɜ ɜ 
ɑɟɪɧɨɛɵɥɟ ɜ ɩɟɪɜɵɟ ɦɟɫɹɰɵ ɩɨɫɥɟ ɚɜɚɪɢɢ ɧɚ ɑȺɗɋ.  

Ɉɩɚɫɧɨɫɬɶ ɜɧɭɬɪɟɧɧɟɝɨ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɨɛɥɭɱɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ ɦɢɤɪɨɱɚɫɬɢɰ 
ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɩɨɩɚɞɚɟɬ ɜ ɨɪɝɚɧɢɡɦ ɱɟɪɟɡ ɞɵɯɚɧɢɟ ɢɥɢ ɩɢɳɭ, 
ɢɥɢ, ɤɨɝɞɚ ɨɧɢ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɤɨɠɭ. ɗɬɢ ɱɚɫɬɢɰɵ, ɩɨɩɚɞɚɹ ɜ ɨɪɝɚɧɢɡɦ, ɩɪɨɢɡɜɨɞɹɬ 
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ɪɚɞɢɚɰɢɨɧɧɨɟ ɨɛɥɭɱɟɧɢɟ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɜɪɟɦɟɧɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɨɧɢ ɟɫɬɟɫɬɜɟɧɧɵɦ 
ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɧɟ ɛɭɞɭɬ ɭɞɚɥɟɧɵ ɢɡ ɨɪɝɚɧɢɡɦɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɧɚɢɛɨɥɶɲɢɣ ɜɪɟɞ ɧɚ ɨɪɝɚɧɢɡɦ ɨɤɚɡɵɜɚɸɬ α-ɱɚɫɬɢɰɵ, ɩɨɫɤɨɥɶɤɭ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 
ɢɨɧɢɡɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɢɦɟɹ ɦɚɥɵɣ ɩɪɨɛɟɝ ɜ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɟ, ɫɨɡɞɚɜɚɹ, 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɵɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɝɢɛɟɥɢ ɤɥɟɬɨɤ ɡɚ ɫɱɟɬ 
ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɦɟɯɚɧɢɡɦɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɬɤɚɧɶ. 

ɏɪɨɧɢɱɟɫɤɚɹ ɞɨɡɚ (ɞɨɥɝɨɫɪɨɱɧɚɹ ɞɨɡɚ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ) 
ɏɪɨɧɢɱɟɫɤɨɟ ɨɛɥɭɱɟɧɢɟ – ɷɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɚɹ ɞɨɡɚ ɪɚɞɢɚɰɢɢ, 

ɩɨɥɭɱɟɧɧɚɹ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɪɚɞɢɚɰɢɢ. Ɂɚ ɬɵɫɹɱɟɥɟɬɢɹ 
ɪɚɡɜɢɬɢɹ ɱɟɥɨɜɟɱɟɫɬɜɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɩɪɢɫɩɨɫɨɛɢɥɫɹ ɜɵɞɟɪɠɢɜɚɬɶ ɯɪɨɧɢɱɟɫɤɭɸ 
ɞɨɡɭ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɝɢɨɧɚ ɨɛɢɬɚɧɢɹ 
ɱɟɥɨɜɟɤɚ. ɗɬɚ ɞɨɡɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɤɨɫɦɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɜɵɫɨɬɵ

 (ɧɚ ɪɚɜɧɢɧɟ з 0,01-0,015 ɦɤɁɜ/ɱ, ɜ ɝɨɪɚɯ ɛɨɥɶɲɟμ 
0,020-0,0β5 ɦɤɁɜ/ɱ) ɢ ɫɩɟɰɢɮɢɤɟ ɨɛɥɚɫɬɢ ɨɛɢɬɚɧɢɹ ɱɟɥɨɜɟɤɚ, ɨɩɪɟɞɟɥɹɟɦɨɣ, ɧɚɩɪɢɦɟɪ, 
ɜɵɯɨɞɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɡɟɦɥɢ ɪɭɞ, ɫɨɞɟɪɠɚɳɢɯ ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɢɡɨɬɨɩɵ. Ɇɟɫɬɧɨɟ 
ɧɚɫɟɥɟɧɢɟ ɬɚɤɢɟ ɦɟɫɬɚ ɧɚɡɵɜɚɟɬ «ɧɟɯɨɪɨɲɢɦ ɦɟɫɬɨɦ» ɢ ɩɪɟɞɩɨɱɢɬɚɟɬ ɬɚɦ ɧɟ ɫɟɥɢɬɫɹ. 
Ɉɫɨɛɟɧɧɨɫɬɶ ɩɨɞɨɛɧɨɣ ɚɞɚɩɬɚɰɢɢ ɧɚɫɟɥɟɧɢɹ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɪɚɞɢɚɰɢɨɧɧɨɦɭ ɮɨɧɭ ɜ 
ɝɨɪɚɯ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɚ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɣ ɜ 
ɛɢɨɥɨɝɢɱɟɫɤɨɦ ɦɚɬɟɪɢɚɥɟ, ɩɨɞɜɟɪɠɟɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɸ ɂɂ, ɨ ɱɟɦ ɫɨɨɛɳɚɥɨɫɶ ɪɚɧɟɟ. 
Ɉɞɧɚɤɨ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɞɢɚɰɢɢ ɧɚ ɪɚɛɨɬɧɢɤɨɜ 
ɝɨɪɧɨɞɨɛɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɪɚɞɢɨɥɨɝɨɜ ɢɥɢ ɧɚɭɱɧɵɯ ɪɚɛɨɬɧɢɤɨɜ, 
ɪɚɛɨɬɚɸɳɢɯ ɫ ɪɚɞɢɚɰɢɟɣ ɢɥɢ ɪɚɞɢɨɚɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɬɚɤɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭ 
ɨɪɝɚɧɢɡɦɚ ɡɚɦɟɬɧɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɨɤɪɚɳɟɧɢɸ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɠɢɡɧɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɭɱɟɧɧɨɣ ɞɨɡɵ ɪɚɞɢɚɰɢɢ. 

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɢɯ ɭɪɨɜɧɟɣ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ з 4 Ƚɪ 
ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵ, ɨɞɧɚɤɨ ɷɮɮɟɤɬɵ ɧɢɡɤɢɯ ɭɪɨɜɧɟɣ ɪɚɞɢɚɰɢɢ ɫɥɨɠɧɨ 
ɨɛɧɚɪɭɠɢɬɶ, ɩɨɫɤɨɥɶɤɭ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɷɮɮɟɤɬɵ ɧɟ ɜɨɡɧɢɤɚɸɬ ɧɚ ɷɬɢɯ ɭɪɨɜɧɹɯ. 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɥɸɞɹɯ, ɩɨɥɭɱɢɜɲɢɯ ɜɵɫɨɤɢɟ ɞɨɡɨɜɵɟ ɧɚɝɪɭɡɤɢ, ɨɩɪɟɞɟɥɟɧɧɵɦ 
ɨɛɪɚɡɨɦ ɩɨɤɚɡɚɥɢ ɧɚ ɫɜɹɡɶ ɦɟɠɞɭ ɞɨɡɨɣ ɨɛɥɭɱɟɧɢɹ ɢ ɧɟɤɨɬɨɪɵɦɢ ɨɬɫɪɨɱɟɧɧɵɦɢ 
ɷɮɮɟɤɬɚɦɢ. Ʉ ɷɬɢɦ ɷɮɮɟɤɬɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɪɚɤ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɨɜ ɢ ɧɟɤɨɬɨɪɵɟ 
ɝɟɧɟɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ. ȼ ɷɬɢɯ ɨɰɟɧɤɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ 
ɡɚɛɨɥɟɜɚɟɦɨɫɬɶɸ ɩɪɢ ɜɵɫɨɤɢɯ ɞɨɡɚɯ ɨɛɥɭɱɟɧɢɹ ɢ ɜɟɪɨɹɬɧɨɫɬɶɸ ɡɚɛɨɥɟɜɚɧɢɹ ɩɪɢ 
ɧɢɡɤɢɯ ɞɨɡɚɯ. ɉɨɫɤɨɥɶɤɭ ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɛɨɥɟɜɚɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɫ ɪɨɫɬɨɦ ɞɨɡɨɜɵɯ 
ɧɚɝɪɭɡɨɤ, ɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɨɞɨɛɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɢ ɩɪɢ ɦɚɥɵɯ 
ɞɨɡɚɯ, ɬ.ɟ. ɷɮɮɟɤɬ ɜɨɡɦɨɠɧɵɯ ɥɭɱɟɜɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɩɪɢ ɧɢɡɤɢɯ ɞɨɡɚɯ ɛɭɞɟɬ ɧɨɫɢɬɶ ɧɟ 
ɩɨɪɨɝɨɜɵɣ, ɚ ɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ. 

ɋɨɦɚɬɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɪɚɞɢɚɰɢɢ ɪɚɡɜɢɜɚɟɬɫɹ ɭ ɥɸɞɟɣ ɫ ɩɨɜɵɲɟɧɧɨɣ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɂɂ ɢ ɫɨɫɬɨɢɬ ɜ ɢɡɦɟɧɟɧɢɹɯ ɜ ɤɥɟɬɤɚɯ ɨɪɝɚɧɢɡɦɚ, ɤɨɬɨɪɵɟ ɧɟ 
ɩɟɪɟɞɚɸɬɫɹ ɛɭɞɭɳɢɦ ɩɨɤɨɥɟɧɢɹɦ. ɗɬɢ ɷɮɮɟɤɬɵ ɦɨɝɭɬ ɛɵɬɶ ɛɵɫɬɪɵɦɢ ɢɥɢ 
ɨɬɫɪɨɱɟɧɧɵɦɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɢ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ, ɜ 
ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɭɛɴɟɤɬ ɧɚɛɢɪɚɟɬ ɷɬɭ ɞɨɡɭ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɂɧɞɢɢ ɠɢɬɟɥɢ Ʉɟɪɚɥɵ 
ɫɬɚɧɨɜɹɬɫɹ ɜ 5-10 ɪɚɡ ɛɨɥɟɟ ɜɨɫɩɪɢɢɦɱɢɜɵɦɢ ɤ ɪɚɞɢɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɠɢɬɟɥɹɦɢ 
ɞɪɭɝɢɯ ɨɛɥɚɫɬɟɣ, ɩɨɫɤɨɥɶɤɭ ɩɨɱɜɚ ɜ Ʉɟɪɚɥɟ ɫɨɞɟɪɠɢɬ ɦɢɧɟɪɚɥ ɦɨɧɚɰɢɬ, ɜ ɤɨɬɨɪɨɦ 
ɧɚɯɨɞɹɬ ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɷɥɟɦɟɧɬ ɬɨɪɢɣ, ɩɪɢɫɭɬɫɬɜɢɟ ɤɨɬɨɪɨɝɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ 

                                                             
Ɇɨɳɧɨɫɬɶ ɤɨɫɦɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɟɨɞɧɨɪɨɞɧɚ. Ȼɥɢɠɟ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɨɧɚ ɭɦɟɧɶɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɷɤɪɚɧɢɪɭɸɳɟɝɨ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɫɥɨɹ. ɂ, ɧɚɨɛɨɪɨɬ, ɜ ɝɨɪɚɯ ɨɧɚ ɫɢɥɶɧɟɟ, ɩɨɫɤɨɥɶɤɭ ɡɚɳɢɬɧɵɣ ɷɤɪɚɧ ɚɬɦɨɫɮɟɪɵ ɫɥɚɛɟɟ. ɇɚɩɪɢɦɟɪ, ɜ ɫɚɦɨɥɟɬɟ, 
ɤɨɬɨɪɵɣ ɥɟɬɢɬ ɜ ɧɟɛɟ ɧɚ ɜɵɫɨɬɟ 10 000 ɦɟɬɪɨɜ, ɭɪɨɜɟɧɶ ɪɚɞɢɚɰɢɢ ɩɪɟɜɵɲɚɟɬ ɩɪɢɡɟɦɧɭɸ ɪɚɞɢɚɰɢɸ ɩɨɱɬɢ ɜ 10 ɪɚɡ. ȼ ɬɟɱɟɧɢɟ ɨɫɬɪɨɣ ɥɭɱɟɜɨɣ ɛɨɥɟɡɧɢ ɪɚɡɥɢɱɚɸɬ ɱɟɬɵɪɟ ɩɟɪɢɨɞɚ. ȼ ɩɟɪɜɨɦ ɩɟɪɢɨɞɟ, ɢɥɢ ɩɟɪɢɨɞɟ «ɧɚɱɚɥɶɧɵɯ ɪɟɚɤɰɢɣ», ɩɪɢɡɧɚɤɢ 
ɥɭɱɟɜɨɝɨ ɩɨɪɚɠɟɧɢɹ ɩɨɹɜɥɹɸɬɫɹ ɨɛɵɱɧɨ ɱɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɱɚɫɨɜ ɩɨɫɥɟ ɨɛɥɭɱɟɧɢɹ. ɉɨɪɚɠɟɧɧɵɣ ɧɚɱɢɧɚɟɬ ɢɫɩɵɬɵɜɚɬɶ ɫɜɨɟɨɛɪɚɡɧɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɧɚɩɨɦɢɧɚɸɳɟɟ ɨɩɶɹɧɟɧɢɟ ɢɥɢ ɨɝɥɭɲɟɧɢɟ. ɉɨɹɜɥɹɸɬɫɹ ɝɨɥɨɜɧɵɟ ɛɨɥɢ, ɝɨɥɨɜɨɤɪɭɠɟɧɢɟ, ɷɣɮɨɪɢɹ, ɝɢɩɟɪɟɦɢɹ ɥɢɰɚ, 
ɧɟɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɟ ɞɜɢɠɟɧɢɹ, ɬɨɲɧɨɬɚ ɢ ɪɜɨɬɚ, ɛɨɥɢ ɜ ɠɢɜɨɬɟ. Ɍɟɦɩɟɪɚɬɭɪɚ ɬɟɥɚ – ɫɭɛɮɟɛɪɢɥɶɧɚɹ 
(ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɥɚ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜ ɩɪɟɞɟɥɚɯ γ7,1 ‒ γ8,0 °C). ȼ ɬɹɠɟɥɵɯ ɫɥɭɱɚɹɯ ɪɜɨɬɚ ɩɪɢɧɢɦɚɟɬ 
ɧɟɭɤɪɨɬɢɦɵɣ ɯɚɪɚɤɬɟɪ, ɩɨɹɜɥɹɟɬɫɹ ɩɨɧɨɫ ɫ ɤɪɨɜɶɸ. ɉɪɢ ɨɛɥɭɱɟɧɢɢ ɛɨɥɶɲɢɦɢ ɞɨɡɚɦɢ ɩɨɪɚɠɟɧɧɵɣ ɜɩɚɞɚɟɬ ɜ ɛɟɫɫɨɡɧɚɬɟɥɶɧɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɪɚɡɜɢɜɚɸɬɫɹ ɨɛɳɢɟ ɫɭɞɨɪɨɝɢ, ɢ ɧɚɫɬɭɩɚɟɬ ɥɟɬɚɥɶɧɵɣ ɢɫɯɨɞ – ɫɦɟɪɬɶ. 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɮɨɧɨɜɭɸ ɪɚɞɢɚɰɢɸ. ɉɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɤɨɩɥɟɧɢɹ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜ ɨɪɝɚɧɚɯ ɬɟɥɚ, ɨɬɫɪɨɱɟɧɧɵɟ ɫɨɦɚɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ, ɜɵɪɚɠɚɸɳɢɟɫɹ ɜ 
ɜɢɞɟ ɪɚɤɨɜɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɢɥɢ ɜɪɨɠɞɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ, ɞɨɜɨɥɶɧɨ ɨɱɟɜɢɞɧɵ. 

Ɋɚɞɢɚɰɢɨɧɧɵɣ ɭɳɟɪɛ 

Ɋɚɞɢɚɰɢɨɧɧɵɣ ɭɳɟɪɛ ɧɚɱɢɧɚɟɬɫɹ ɧɚ ɤɥɟɬɨɱɧɨɦ ɭɪɨɜɧɟ. ɗɬɨ ɦɨɠɟɬ ɩɨɜɥɢɹɬɶ ɧɚ 
ɪɚɡɥɢɱɧɵɟ ɤɪɢɬɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɜ ɤɥɟɬɤɟ, ɧɚɢɛɨɥɟɟ ɜɚɠɧɨɣ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ȾɇɄ. 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ, ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ 
ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɝɢɛɟɥɢ, ɦɭɬɚɰɢɢ ɢ ɤɚɧɰɟɪɨɝɟɧɟɡɚ ɤɥɟɬɨɤ ДλЖ.  

ɉɨɫɤɨɥɶɤɭ ɪɚɞɢɚɰɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɥɸɞɟɣ ɨɤɚɡɵɜɚɟɬɫɹ ɪɚɡɥɢɱɧɵɦ, 
ɧɟɜɨɡɦɨɠɧɨ ɩɪɟɞɫɤɚɡɚɬɶ, ɤɚɤɚɹ ɞɨɡɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɥɟɬɚɥɶɧɨɦɭ ɢɫɯɨɞɭ. ɗɤɫɩɟɪɬɵ 
ɫɱɢɬɚɸɬ, ɱɬɨ 50 ɩɪɨɰɟɧɬɨɜ ɥɸɞɟɣ ɭɦɪɭɬ ɜ ɬɟɱɟɧɢɟ ɬɪɢɞɰɚɬɢ ɞɧɟɣ ɩɨɫɥɟ ɥɟɱɟɧɢɹ ɜɫɟɝɨ 
ɬɟɥɚ ɨɬ γ500 ɞɨ 5000 ɦȽɪ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ ɢɥɢ ɱɚɫɨɜ (ɫɦ. ɬɚɛɥ. β). ɇɟɫɦɨɬɪɹ 
ɧɚ ɷɬɨ, ɪɟɡɭɥɶɬɚɬɵ ɜ ɨɬɧɨɲɟɧɢɢ ɡɞɨɪɨɜɶɹ ɛɭɞɭɬ ɪɚɡɥɢɱɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, 
ɧɚɫɤɨɥɶɤɨ ɱɟɥɨɜɟɤ ɡɞɨɪɨɜ ɞɨ ɡɚɪɚɠɟɧɢɹ ɢ ɤɚɤɭɸ ɦɟɞɢɰɢɧɫɤɭɸ ɩɨɦɨɳɶ ɨɧ ɩɨɥɭɱɚɟɬ. 
ȿɫɥɢ ɜɨɡɞɟɣɫɬɜɢɟ ɂɂ ɨɝɪɚɧɢɱɟɧɨ ɬɨɥɶɤɨ ɱɚɫɬɹɦɢ ɬɟɥɚ, ɧɚɩɪɢɦɟɪ, ɪɭɤɚɦɢ, ɬɨɝɞɚ ɬɚɤɢɟ 
ɷɮɮɟɤɬɵ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɛɭɞɭɬ ɛɨɥɟɟ ɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɨɠɨɝɚɦ ɤɨɠɢ.  

Ɋɚɞɢɚɰɢɨɧɧɵɣ ɭɳɟɪɛ ɪɟɩɪɨɞɭɤɬɢɜɧɵɦ ɤɥɟɬɤɚɦ 

ɗɬɨɬ ɷɮɮɟɤɬ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɥɟɬɚɥɶɧɵɯ ɢ ɧɟ ɥɟɬɚɥɶɧɵɯ ɦɭɬɚɰɢɣ. 
Ʌɟɬɚɥɶɧɵɟ ɦɭɬɚɰɢɢ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɢɜɨɞɹɬ ɤ ɝɢɛɟɥɢ ɤɥɟɬɤɢ, ɬɨɝɞɚ ɤɚɤ ɧɟ 

ɥɟɬɚɥɶɧɵɟ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɪɚɤ ɢɥɢ ɧɟɪɟɝɭɥɹɪɧɵɣ ɪɨɫɬ ɤɥɟɬɨɤ. Ɉɫɬɪɵɟ ɞɨɡɵ ɪɚɞɢɚɰɢɢ, 
ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɪɟɩɪɨɞɭɤɬɢɜɧɵɟ ɨɪɝɚɧɵ, ɩɪɢɜɨɞɹɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɝɚɦɟɬ, 
ɫɨɞɟɪɠɚɳɢɯ ɜɪɟɞɧɵɟ ɝɟɧɧɵɟ ɦɭɬɚɰɢɢ, ɤɨɬɨɪɵɟ ɩɟɪɟɞɚɸɬɫɹ ɧɟ ɪɨɠɞɟɧɧɨɦɭ ɩɨɬɨɦɫɬɜɭ. 
Ɋɚɞɢɨɚɤɬɢɜɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ 
ɪɚɡɪɭɲɟɧɢɹ ɢɥɢ ɪɚɫɩɚɞɚ ɦɨɥɟɤɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ ɜɧɭɬɪɢ ɝɚɦɟɬ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɧɚɪɭɲɚɟɬɫɹ ɝɟɧɟɬɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɯɪɨɦɨɫɨɦ. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɞɟɬɚɥɢ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ, 
ɡɚɦɟɬɢɦ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɜɵɡɵɜɚɟɬ ɚɧɨɦɚɥɢɢ ɜ ɪɚɫɬɭɳɢɯ 
ɤɥɟɬɤɚɯ, ɡɚɤɚɧɱɢɜɚɹ, ɬɟɦ ɫɚɦɵɦ, ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɞɟɥɢɬɶɫɹ ɢ ɪɚɫɬɢ. ɂɧɨɝɞɚ ɷɬɢ ɤɥɟɬɤɢ 
ɩɪɨɞɨɥɠɚɸɬ ɪɚɫɬɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɫɬɚɧɭɬ ɝɢɝɚɧɬɫɤɢɦɢ ɢ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, 
ɩɨɝɢɛɧɭɬ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɨɦɭ, ɱɬɨ ɨɧɢ ɫɬɚɧɨɜɹɬɫɹ ɧɟɷɮɮɟɤɬɢɜɧɵɦɢ ɢɡ-ɡɚ ɫɜɨɟɝɨ 
ɧɟɪɟɝɭɥɹɪɧɨɝɨ ɪɚɡɦɟɪɚ, ɚ ɧɟɨɞɢɧɚɤɨɜɵɟ ɝɟɧɟɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ 
ɝɢɛɟɥɢ ɷɦɛɪɢɨɧɨɜ, ɦɥɚɞɟɧɰɟɜ ɢɥɢ ɦɨɝɭɬ ɜɵɡɜɚɬɶ ɭɪɨɞɫɬɜɚ ɭ ɞɟɬɟɣ. Ʉɚɤ ɜɢɞɧɨ ɢɡ 
ɜɵɠɢɜɲɢɯ ɜ ɏɢɪɨɫɢɦɟ ɢ ɇɚɝɚɫɚɤɢ, ɞɚɠɟ ɫɩɭɫɬɹ ɛɨɥɟɟ ɲɟɫɬɢ ɞɟɫɹɬɢɥɟɬɢɣ ɝɟɧɟɬɢɱɟɫɤɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɪɚɞɢɚɰɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɢɯ ɞɟɬɟɣ ɢ ɜɧɭɤɨɜ. 

ȼɧɭɬɪɢɭɬɪɨɛɧɨɟ ɨɛɥɭɱɟɧɢɟ ɢ ɟɝɨ ɜɥɢɹɧɢɟ ɧɚ ɧɟ ɪɨɠɞɟɧɧɨɝɨ ɪɟɛɟɧɤɚ 

Ʉɚɤ ɨɛɴɹɫɧɹɟɬɫɹ ɜ ɛɸɥɥɟɬɟɧɟ ɆȺȽȺɌɗ Д10Жμ ɜɨɡɞɟɣɫɬɜɢɟ ɪɚɞɢɚɰɢɢ ɧɚ ɩɥɨɞ, 
ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɭɬɪɨɛɟ ɦɚɬɟɪɢ, ɧɚɡɵɜɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɷɦɛɪɢɨɧ. ɗɬɨ ɜɨɡɞɟɣɫɬɜɢɟ 
ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɷɦɛɪɢɨɧɚɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ, ɨɬ ɡɢɝɨɬɵ ɞɨ ɩɥɨɞɚ, ɢ 
ɦɨɠɟɬ ɜɤɥɸɱɚɬɶ ɥɟɬɚɥɶɧɵɟ ɷɮɮɟɤɬɵ, ɩɨɪɨɤɢ ɪɚɡɜɢɬɢɹ, ɭɦɫɬɜɟɧɧɭɸ ɨɬɫɬɚɥɨɫɬɶ ɢ 
ɩɪɨɜɨɰɢɪɨɜɚɧɢɟ ɪɚɤɚ. ɉɟɪɜɵɟ ɬɪɢ ɦɨɝɭɬ ɛɵɬɶ ɜɨɡɦɨɠɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɷɮɮɟɤɬɨɜ ɜɨ ɜɪɟɦɹ ɷɦɛɪɢɨɧɚɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ, ɨɫɨɛɟɧɧɨ ɜ ɩɟɪɢɨɞ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɪɝɚɧɨɜ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɪɨɫɬ ɢ ɪɚɡɜɢɬɢɟ 
ɦɨɡɝɚ ɩɨɹɜɢɥɢɫɶ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɭ ɧɟɤɨɬɨɪɵɯ ɞɟɬɟɣ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ 
ɜɧɭɬɪɢɭɬɪɨɛɧɨɝɨ ɪɚɡɜɢɬɢɹ ɜ ɏɢɪɨɫɢɦɟ ɢ ɇɚɝɚɫɚɤɢ, ɧɚɛɥɸɞɚɥɚɫɶ ɬɹɠɟɥɚɹ ɭɦɫɬɜɟɧɧɚɹ 
ɨɬɫɬɚɥɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɯ ɜ ɪɹɞɟ 
ɞɟɪɟɜɟɧɶ Ɋɚɞɠɚɫɬɯɚɧɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɛɥɢɡɢ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ Ʉɨɬɚ, ɛɵɥɨ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɪɨɠɞɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɱɢɫɥɚ ɞɟɬɟɣ, ɫ ɮɢɡɢɱɟɫɤɢɦɢ ɞɟɮɟɤɬɚɦɢ. 
ɉɪɢɱɟɦ ɜ ɞɟɪɟɜɧɹɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɭɞɚɥɟɧɢɢ ɨɬ ɭɤɚɡɚɧɧɨɣ Ⱥɗɋ 
ɤɨɥɢɱɟɫɬɜɨ ɪɨɠɞɟɧɧɵɯ ɞɟɬɟɣ ɫ ɮɢɡɢɱɟɫɤɢɦɢ ɞɟɮɟɤɬɚɦɢ ɛɵɥɨ ɜ ɪɚɡɵ ɦɟɧɶɲɟ. 
                                                             
 Ƚɚɦɟɬɵ, ɢɥɢ ɩɨɥɨɜɵɟ ɤɥɟɬɤɢ ‒ ɪɟɩɪɨɞɭɤɬɢɜɧɵɟ ɤɥɟɬɤɢ, ɢɦɟɸɳɢɟ ɝɚɩɥɨɢɞɧɵɣ (ɨɞɢɧɚɪɧɵɣ) ɧɚɛɨɪ ɯɪɨɦɨɫɨɦ ɢ ɭɱɚɫɬɜɭɸɳɢɟ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɜ ɩɨɥɨɜɨɦ ɪɚɡɦɧɨɠɟɧɢɢ. ɉɪɢ ɫɥɢɹɧɢɢ ɞɜɭɯ ɝɚɦɟɬ ɜ ɩɨɥɨɜɨɦ ɩɪɨɰɟɫɫɟ ɪɟɡɭɥɶɬɚɬɟ ɨɩɥɨɞɨɬɜɨɪɟɧɢɹ (ɫɥɢɹɧɢɹ ɹɣɰɟɤɥɟɬɤɢ ɢ 
ɫɩɟɪɦɚɬɨɡɨɢɞɚ) ɨɛɪɚɡɭɟɬɫɹ ɡɢɝɨɬɚ ‒ ɞɢɩɥɨɢɞɧɚɹ ɤɥɟɬɤɚ, ɫɨɞɟɪɠɚɳɚɹ ɩɨɥɧɵɣ (ɞɜɨɣɧɨɣ ɧɚɛɨɪ ɯɪɨɦɨɫɨɦ). 
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ, ɱɬɨ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɜɵɛɪɨɫɨɦ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɫ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ Д11Ж. 

Ƚɟɧɟɬɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜ ɩɨɤɨɥɟɧɢɹɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɟɟ 
ɫɟɪɶɟɡɧɵɦ. ɗɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɩɨɬɨɦɤɨɜ ɠɟɪɬɜ ɚɬɨɦɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɢ, ɜɵɠɢɜɲɢɯ ɜ 
ɏɢɪɨɫɢɦɟ ɢ ɇɚɝɚɫɚɤɢ, ɤɨɬɨɪɵɟ ɞɨ ɫɢɯ ɩɨɪ ɫɬɪɚɞɚɸɬ ɨɬ ɝɟɧɟɬɢɱɟɫɤɢɯ ɞɟɮɟɤɬɨɜ ɢɡ-ɡɚ 
ɪɚɞɢɚɰɢɢ. Ʉɨɦɢɫɫɢɹ ɩɨ ɩɪɢɱɢɧɧɨ-ɫɥɟɞɫɬɜɟɧɧɨɣ ɫɜɹɡɢ ɚɬɨɦɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɢ 
ɫɨɨɛɳɢɥɚ ɨ ɩɫɢɯɢɱɟɫɤɨɦ ɫɛɨɟ, ɦɟɞɥɟɧɧɨɦ ɮɢɡɢɱɟɫɤɨɦ ɪɨɫɬɟ ɢ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ 
ɥɟɣɤɟɦɢɢ ɭ ɞɟɬɟɣ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɦɚɬɤɟ ɜɨ 
ɜɪɟɦɹ ɜɡɪɵɜɚ ɹɞɟɪɧɨɣ ɛɨɦɛɵ. ɗɦɛɪɢɨɧ ɢɥɢ ɩɥɨɞ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɦɚɬɟɪɶɸ ɱɟɪɟɡ ɩɢɳɭ ɢ ɩɢɬɶɟ 
(ɜɧɭɬɪɟɧɧɟɟ ɨɛɥɭɱɟɧɢɟ) ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɱɟɪɟɡ ɜɧɟɲɧɟɟ ɨɛɥɭɱɟɧɢɟ. ɉɨɫɤɨɥɶɤɭ ɭ 
ɩɥɨɞɚ ɟɫɬɶ ɡɚɳɢɬɚ ɜ ɦɚɬɤɟ, ɟɝɨ ɞɨɡɚ ɨɛɥɭɱɟɧɢɹ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɛɵɬɶ ɧɢɠɟ, ɱɟɦ ɞɨɡɚ 
ɞɥɹ ɦɚɬɟɪɢ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɛɥɭɱɟɧɢɹ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɷɦɛɪɢɨɧ ɢ ɩɥɨɞ ɨɫɨɛɟɧɧɨ 
ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɪɚɞɢɚɰɢɢ, ɢ ɩɨɫɥɟɞɫɬɜɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɡɞɨɪɨɜɶɟ ɦɨɝɭɬ ɛɵɬɶ 
ɫɟɪɶɟɡɧɵɦɢ, ɞɚɠɟ ɩɪɢ ɞɨɡɚɯ ɨɛɥɭɱɟɧɢɹ, ɦɟɧɶɲɢɯ, ɱɟɦ ɬɟ, ɤɨɬɨɪɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɜɥɢɹɸɬ ɧɚ ɦɚɬɶ. Ɍɚɤɢɟ ɷɮɮɟɤɬɵ ɦɨɝɭɬ ɜɤɥɸɱɚɬɶ ɡɚɞɟɪɠɤɭ ɪɨɫɬɚ, ɩɨɪɨɤɢ ɪɚɡɜɢɬɢɹ, 
ɧɚɪɭɲɟɧɢɟ ɮɭɧɤɰɢɢ ɦɨɡɝɚ ɢ ɪɚɤ ДλЖ. ɇɚ ɪɢɫɭɧɤɟ 7 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɩɭɬɢ ɞɨɡɨɜɨɝɨ 
ɨɛɥɭɱɟɧɢɹ ɷɦɛɪɢɨɧɚ. 
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Ɋɚɡɜɢɬɢɟ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɜ ɭɬɪɨɛɟ ɦɚɬɟɪɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɦɟɪɧɨ ɜ ɬɪɢ ɷɬɚɩɚ. Ʉɚɤ 
ɢɡɜɟɫɬɧɨ, ɪɚɞɢɚɰɢɹ ɦɨɠɟɬ ɭɛɢɬɶ ɷɦɛɪɢɨɧ ɜ ɦɚɬɤɟ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ, ɤɨɬɨɪɵɣ ɞɥɢɬɫɹ ɨɬ 
ɡɚɱɚɬɢɹ ɞɨ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɨɧ ɨɫɟɞɚɟɬ ɧɚ ɫɬɟɧɤɟ ɦɚɬɤɢ ɢ ɨɯɜɚɬɵɜɚɟɬ ɩɟɪɜɵɟ ɞɜɟ ɧɟɞɟɥɢ 
ɛɟɪɟɦɟɧɧɨɫɬɢ ɭ ɠɟɧɳɢɧ. Ɍɪɭɞɧɨ ɢɡɭɱɢɬɶ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɷɬɨɦ ɷɬɚɩɟ; ɨɞɧɚɤɨ 
ɢɧɮɨɪɦɚɰɢɹ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɠɢɜɨɬɧɵɯ ɩɨɞɬɜɟɪɠɞɚɟɬ ɮɚɬɚɥɶɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɪɚɧɧɢɣ ɷɦɛɪɢɨɧ ɞɨɡ ɨɛɥɭɱɟɧɢɹ ɜɵɲɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɨɪɨɝɨɜ. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ, ɤɨɬɨɪɵɣ ɞɥɢɬɫɹ ɭ ɱɟɥɨɜɟɤɚ ɫɨ ɜɬɨɪɨɣ ɩɨ ɜɨɫɶɦɭɸ ɧɟɞɟɥɸ, 
ɨɩɚɫɧɨɫɬɶ ɜ ɬɨɦ, ɱɬɨ ɪɚɞɢɚɰɢɹ ɩɪɢɜɟɞɟɬ ɤ ɞɟɮɨɪɦɚɰɢɢ ɪɚɫɬɭɳɢɯ ɨɪɝɚɧɨɜ, ɚ ɷɬɨ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɫɦɟɪɬɢ, ɧɚɩɪɢɦɟɪ, ɜɨ ɜɪɟɦɹ ɪɨɠɞɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɩɨɜɪɟɠɞɟɧɢɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɪɨɢɫɯɨɞɢɬ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɟ ɩɨɫɥɟ ɜɨɫɶɦɨɣ 
ɧɟɞɟɥɢ, ɤɨɝɞɚ ɧɚɱɢɧɚɟɬɫɹ ɬɪɟɬɶɹ ɢ ɩɨɫɥɟɞɧɹɹ ɫɬɚɞɢɹ ɛɟɪɟɦɟɧɧɨɫɬɢ. Ɂɧɚɱɢɬɟɥɶɧɵɣ 
ɩɪɨɝɪɟɫɫ ɞɨɫɬɢɝɧɭɬ ɜ ɩɨɧɢɦɚɧɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɨɛɥɭɱɟɧɢɹ ɧɚ ɦɨɡɝ 
ɧɟɪɨɞɢɜɲɢɯɫɹ ɞɟɬɟɣ. ɇɚɩɪɢɦɟɪ, γ0 ɞɟɬɟɣ, ɜɵɠɢɜɲɢɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɬɨɦɧɵɯ 
ɛɨɦɛɚɪɞɢɪɨɜɨɤ ɢɡ ɩɪɢɦɟɪɧɨ 1 600, ɩɨɞɜɟɪɝɲɢɯɫɹ ɞɨ ɪɨɠɞɟɧɢɹ ɞɨɡɟ ɜ 1 Ƚɪ, ɢɦɟɥɢ 
ɤɪɚɣɧɸɸ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɭɸ ɢɧɜɚɥɢɞɧɨɫɬɶ. Ɋɚɡɥɢɱɧɵɟ ɷɬɚɩɵ ɢ ɜɨɡɦɨɠɧɵɟ ɷɮɮɟɤɬɵ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ γ.  



 ɈɋɈȻȿɇɇɈɋɌɂ ȼɈɁȾȿɃɋɌȼɂə ɂɈɇɂɁɂɊɍɘɓȿȽɈ ɂɁɅɍɑȿɇɂə 29 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

Ɍɚɛɥɢɰɚ γ – Ɋɚɡɥɢɱɧɵɟ ɷɬɚɩɵ ɢ ɜɨɡɦɨɠɧɵɟ ɧɟɝɚɬɢɜɧɵɟ ɷɮɮɟɤɬɵ ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ ɡɚɪɨɞɵɲɚ ɛɟɪɟɦɟɧɧɵɯ 
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Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɡɞɟɣɫɬɜɢɟ ɦɨɠɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɜɪɟɞɢɬɶ ɷɦɛɪɢɨɧ ɢɥɢ ɩɥɨɞ, 
ɭɠɟ ɪɚɡɜɢɜɚɸɳɢɣɫɹ ɜ ɭɬɪɨɛɟ ɦɚɬɟɪɢ. ɉɨɷɬɨɦɭ ɜɚɠɧɨ ɪɚɡɥɢɱɚɬɶ ɪɚɞɢɚɰɢɨɧɧɨɟ 
ɨɛɥɭɱɟɧɢɟ, ɤɚɤ ɜɡɪɨɫɥɵɯ, ɞɟɬɟɣ, ɷɦɛɪɢɨɧɨɜ, ɬɚɤ ɢ ɩɥɨɞɨɜ. ɍɱɢɬɵɜɚɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɷɬɢɯ 
ɩɪɨɛɥɟɦ UNSCEAR


 ɜ ɷɬɢɯ ɝɪɭɩɩɚɯ ɩɪɨɜɟɥ ɜɫɟɫɬɨɪɨɧɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ 

ɂɂ ɤɚɤ ɧɚ ɡɞɨɪɨɜɶɟ ɦɚɬɟɪɟɣ, ɬɚɤ ɢ ɧɚ ɧɚɫɥɟɞɫɬɜɟɧɧɵɟ ɷɮɮɟɤɬɵ ɷɦɛɪɢɨɧɨɜ Дλ]. 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɢ ɢɡ-ɡɚ ɢɯ 
ɚɧɚɬɨɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɥɢɱɢɣ ɜɨɡɞɟɣɫɬɜɢɟ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɨɛɥɭɱɟɧɢɹ ɧɚ 
ɞɟɬɟɣ ɢ ɜɡɪɨɫɥɵɯ ɪɚɡɥɢɱɧɨ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɫɤɨɥɶɤɭ ɭ ɞɟɬɟɣ ɛɨɥɟɟ ɦɟɥɤɢɟ ɬɟɥɚ, ɢ ɨɧɢ 
ɦɟɧɟɟ ɡɚɳɢɳɟɧɵ ɷɤɪɚɧɢɪɭɸɳɢɦɢ ɬɤɚɧɹɦɢ, ɞɨɡɚ ɞɥɹ ɢɯ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ ɛɭɞɟɬ 
ɜɵɲɟ, ɱɟɦ ɞɥɹ ɜɡɪɨɫɥɵɯ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɜɧɟɲɧɟɦ ɜɨɡɞɟɣɫɬɜɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɟɬɢ 
ɦɟɧɶɲɟ ɜɡɪɨɫɥɵɯ, ɩɨɷɬɨɦɭ ɨɧɢ ɦɨɝɭɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɞɨɡɨɜɭɸ ɧɚɝɪɭɡɤɭ ɨɬ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɨɫɟɜɲɢɯ ɧɚ ɩɨɞɫɬɢɥɚɸɳɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ДλЖ. ɑɬɨ ɠɟ ɤɚɫɚɟɬɫɹ 
ɜɧɭɬɪɟɧɧɟɝɨ ɨɛɥɭɱɟɧɢɹ, ɬɨ ɢɡ-ɡɚ ɦɟɧɶɲɟɝɨ ɪɨɫɬɚ ɢ ɨɛɴɟɦɚ ɞɟɬɟɣ, ɤɨɝɞɚ ɢɯ ɨɪɝɚɧɵ 
ɪɚɫɩɨɥɨɠɟɧɵ ɛɥɢɠɟ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜ ɨɞɧɨɦ ɨɪɝɚɧɟ 
ɜɨɡɞɟɣɫɬɜɭɟɬ ɢ ɧɚ ɞɪɭɝɢɟ ɨɪɝɚɧɵ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɷɬɨ ɢɦɟɥɨ ɛɵ ɦɟɫɬɨ ɞɥɹ 
ɜɡɪɨɫɥɵɯ.  

ɉɪɢ ɞɵɯɚɬɟɥɶɧɨɦ ɩɭɬɢ ɩɨɫɬɭɩɥɟɧɢɹ ɣɨɞɚ-1γ1 ɜ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɜɟɥɢɱɢɧɚ ɞɨɡɵ 
ɂɂ, ɫɨɡɞɚɜɚɟɦɨɣ ɷɬɢɦ ɪɚɞɢɨɧɭɤɥɢɞɨɦ ɧɚ ɳɢɬɨɜɢɞɧɭɸ ɠɟɥɟɡɭ ɭ ɞɟɬɟɣ, ɩɪɢɦɟɪɧɨ ɜ 
ɞɟɜɹɬɶ ɪɚɡ ɜɵɲɟ, ɱɟɦ ɭ ɜɡɪɨɫɥɵɯ ДλЖ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɚɜɚɪɢɢ ɧɚ ɑɟɪɧɨɛɵɥɶɫɤɨɣ Ⱥɗɋ 
ɩɨɞɬɜɟɪɞɢɥɢ ɫɜɹɡɶ ɦɟɠɞɭ ɪɚɤɨɦ ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ ɢ ɣɨɞɨɦ-1γ1, ɤɨɬɨɪɵɣ 
ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɷɬɨɦ ɨɪɝɚɧɟ. ɗɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɚɤɠɟ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭ ɦɨɥɨɞɵɯ ɥɸɞɟɣ ɜ ɜɨɡɪɚɫɬɟ ɞɨ β0 ɥɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɥɟɣɤɟɦɢɢ 
ɩɨɫɥɟ ɬɚɤɨɝɨ ɠɟ ɨɛɥɭɱɟɧɢɹ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɭ ɜɡɪɨɫɥɵɯ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɞɟɬɢ ɜ ɜɨɡɪɚɫɬɟ ɞɨ ɞɟɫɹɬɢ ɥɟɬ ɨɫɨɛɟɧɧɨ ɜɨɫɩɪɢɢɦɱɢɜɵ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɂɂ. ɇɟɤɨɬɨɪɵɟ 
ɞɪɭɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɟɬɢ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɱɚɳɟ ɭɦɢɪɚɸɬ ɨɬ ɥɟɣɤɟɦɢɢ, 
ɱɟɦ ɜɡɪɨɫɥɵɟ. Ⱦɪɭɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭ ɞɟɜɨɱɟɤ ɜ ɜɨɡɪɚɫɬɟ ɞɨ β0 ɥɟɬ 
ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɭ ɜɡɪɨɫɥɵɯ 
ɠɟɧɳɢɧ (ɪɢɫ. 8). ȼ ɞɨɤɥɚɞɟ UNSCEAR ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɧɚɭɱɧɵɣ ɦɚɬɟɪɢɚɥ, 
ɭɤɚɡɵɜɚɸɳɢɣ ɧɚ ɬɨ, ɱɬɨ ɨɧɤɨɥɨɝɢɱɟɫɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɭ ɞɟɬɟɣ ɢɦɟɸɬ ɛɨɥɟɟ ɲɢɪɨɤɢɣ 
ɫɩɟɤɬɪ, ɱɟɦ ɭ ɜɡɪɨɫɥɵɯ, ɢ ɡɚɜɢɫɹɬ ɨɬ ɬɢɩɚ ɨɩɭɯɨɥɢ, ɚ ɬɚɤɠɟ ɨɬ ɜɨɡɪɚɫɬɚ ɢ ɩɨɥɚ  
ɪɟɛɟɧɤɚ Дλ]. Ɋɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɱɟɥɨɜɟɤɚ, ɢɝɪɚɸɳɚɹ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ 
ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɹɯ, ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɭ ɪɚɡɧɵɯ ɥɸɞɟɣ ɢ ɹɜɥɹɟɬɫɹ ɬɟɦ 
ɫɩɭɫɤɨɜɵɦ ɦɟɯɚɧɢɡɦɨɦ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɬɟɯ ɢɥɢ ɢɧɵɯ ɨɩɭɯɨɥɟɣ, 
ɜɵɡɜɚɧɧɵɯ ɨɛɥɭɱɟɧɢɟɦ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɥɢɱɢɣ ɜ ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɭ ɜɡɪɨɫɥɵɯ ɢ 
ɞɟɬɟɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɟɬɢ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɪɚɡɜɢɬɢɸ ɪɚɤɚ ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ, 
ɦɨɡɝɚ, ɤɨɠɢ ɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ, ɚ ɬɚɤɠɟ ɥɟɣɤɟɦɢɢ. ɂɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɚɧɚɥɢɡɚ 
(ɪɢɫ. 8) ɫɬɚɧɨɜɢɬɫɹ ɹɫɧɨ, ɱɬɨ ɝɟɧɟɬɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɢ ɨɧɤɨɥɨɝɢɱɟɫɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ 
ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɩɪɨɛɥɟɦɚɦɢ ɞɥɹ ɡɞɨɪɨɜɶɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɂɂ.  
                                                             

 [United Nations Scientific Committee on the Effects of Atomic Radiation]. ɇɚɭɱɧɵɣ ɤɨɦɢɬɟɬ ɈɈɇ ɩɨ ɩɨɫɥɟɞɫɬɜɢɹɦ ɚɬɨɦɧɨɣ 

ɪɚɞɢɚɰɢɢ. 

ɋɬɚɞɢɹ 

ɛɟɪɟɦɟɧɧɨɫɬɢ (ɞɧɢ) ȼɨɡɦɨɠɧɵɟ ɩɨɫɥɟɞɫɬɜɢɹ 

1 – 9 ɋɦɟɪɬɶ ɡɚɪɨɞɵɲɚ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫ ɧɟɛɨɥɶɲɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɩɨɪɨɤɚ ɪɚɡɜɢɬɢɹ 

10 – 12 ɋɧɢɠɟɧɢɟ ɥɟɬɚɥɶɧɨɝɨ ɷɮɮɟɤɬɚ ɫ ɧɟɛɨɥɶɲɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɩɨɪɨɤɚ ɪɚɡɜɢɬɢɹ 

13 – 56 ɉɪɨɢɡɜɨɞɫɬɜɨ ɜɪɨɠɞɟɧɧɵɯ ɩɨɪɨɤɨɜ ɪɚɡɜɢɬɢɹ ɢ ɡɚɞɟɪɠɤɢ ɪɨɫɬɚ 

57 – 112 
ɗɤɫɬɪɟɦɚɥɶɧɚɹ ɭɦɫɬɜɟɧɧɚɹ ɨɬɫɬɚɥɨɫɬɶ (ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɫɟɪɶɟɡɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɐɇɋ) 

113– 175 Ɇɟɧɟɟ ɱɚɫɬɨɟ ɜɥɢɹɧɢɟ ɧɚ ɐɇɋ 

ɉɨɫɥɟ 175 
Ɉɱɟɧɶ ɧɢɡɤɚɹ ɱɚɫɬɨɬɚ ɷɮɮɟɤɬɨɜ ɐɇɋ (ɧɢ ɨɞɢɧ ɢɡ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɫɥɭɱɚɟɜ 
ɬɹɠɟɥɨɣ ɡɚɞɟɪɠɤɢ) 



30 ɈɊɍɆɈ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

 
Ɋɢɫɭɧɨɤ 8 – Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɨɪɝɚɧɨɜ ɭ ɞɟɬɟɣ Д9]  

[Features of radiosensitive organs in children] 
 

Ɉɧɢ ɦɨɝɭɬ ɛɵɬɶ ɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ, ɱɟɦ ɝɟɧɟɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɜ 
ɫɮɨɪɦɢɪɨɜɚɜɲɟɦɫɹ ɨɪɝɚɧɢɡɦɟ. Ƚɟɧɟɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ ɦɨɝɭɬ ɜɤɥɸɱɚɬɶ 
ɦɟɪɬɜɨɪɨɠɞɟɧɢɟ, ɜɪɨɠɞɟɧɧɵɟ ɚɧɨɦɚɥɢɢ, ɫɧɢɠɟɧɢɟ ɦɚɫɫɵ ɬɟɥɚ ɩɪɢ ɪɨɠɞɟɧɢɢ, 
ɦɥɚɞɟɧɱɟɫɤɭɸ ɢ ɞɟɬɫɤɭɸ ɫɦɟɪɬɧɨɫɬɶ. ɗɬɨ ɪɟɡɭɥɶɬɚɬɵ ɦɭɬɚɰɢɢ ɜ ɤɥɟɬɤɚɯ ɥɸɞɟɣ, 
ɩɨɞɜɟɪɝɲɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɂɂ, ɤɨɬɨɪɵɟ ɩɟɪɟɞɚɸɬɫɹ ɢɯ ɩɨɬɨɦɫɬɜɭ. ɗɬɢ ɷɮɮɟɤɬɵ ɦɨɝɭɬ 
ɩɪɨɹɜɢɬɶɫɹ ɜ ɩɪɹɦɨɣ ɫɟɦɶɟ, ɟɫɥɢ ɩɨɜɪɟɠɞɟɧɧɵɟ ɝɟɧɵ ɹɜɥɹɸɬɫɹ ɞɨɦɢɧɢɪɭɸɳɢɦɢ, ɢɥɢ 
ɦɨɝɭɬ ɩɨɹɜɢɬɶɫɹ ɜɨ ɦɧɨɝɢɯ ɩɨɤɨɥɟɧɢɹɯ ɩɨɡɠɟ, ɟɫɥɢ ɝɟɧɵ ɪɟɰɟɫɫɢɜɧɵ. 

ɍɦɟɧɶɲɟɧɢɟ ɫɬɟɩɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɞɟɬɟɣ 
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɬɚɧɞɚɪɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɭɦɟɧɶɲɢɬɶ ɪɢɫɤɢ ɪɚɡɜɢɬɢɹ 

ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɂɂ ɧɢɡɤɢɯ ɭɪɨɜɧɟɣ ɞɨɡ Д1βЖ, 
ɧɚɭɱɧɵɟ ɤɨɧɫɟɧɫɭɫɧɵɟ ɝɪɭɩɩɵ ɢ ɞɪɭɝɢɟ ɪɟɝɭɥɢɪɭɸɳɢɟ ɨɪɝɚɧɵ ɪɟɤɨɦɟɧɞɨɜɚɥɢ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɢɧɟɣɧɭɸ ɛɟɫɩɨɪɨɝɨɜɭɸ ɦɨɞɟɥɶ.  

ȼ ɪɟɤɨɦɟɧɞɚɰɢɹɯ ɩɨɞɱɟɪɤɢɜɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɧɰɢɩɚ ALARA 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɟɣ ɂɂ, ɨɤɚɡɵɜɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɞɟɬɟɣ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɩɨɞɝɪɭɩɩɭ ɧɚɫɟɥɟɧɢɹ, ɨɛɥɚɞɚɸɳɟɝɨ ɩɨɜɵɲɟɧɧɨɣ 
ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ. Ɂɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɨɞɯɨɞɚ ɜɨɡɪɨɫɥɨ ɫ ɪɨɫɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɪɨɰɟɞɭɪ, ɜɤɥɸɱɚɸɳɢɯ ɨɛɥɭɱɟɧɢɟ ɜ ɧɢɡɤɢɯ ɞɨɡɚɯ, ɨɫɨɛɟɧɧɨ ɩɪɢ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɨɦɨɝɪɚɮɢɢ (ɄT), ɩɪɢ ɤɨɬɨɪɨɣ ɫɨɡɞɚɟɬɫɹ ɞɨɡɚ ɜ γ0-90 mSv ɧɚ β-3 

ɫɤɚɧɢɪɨɜɚɧɢɹ. ɗɬɭ ɞɨɡɭ ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɫ ɧɢɡɤɢɦɢ ɞɨɡɚɦɢ ɪɚɞɢɚɰɢɢ (5-150 mSv), 

ɤɨɬɨɪɵɦ ɩɨɞɜɟɪɝɥɢɫɶ ɩɨɞɝɪɭɩɩɵ ɧɚɫɟɥɟɧɢɹ ɏɢɪɨɫɢɦɵ ɢɡ β5 000, ɜɵɠɢɜɲɢɯ ɩɨɫɥɟ 
ɚɬɨɦɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɢ. ɉɨɷɬɨɦɭ ɩɪɢɦɟɧɹɹ ɥɢɧɟɣɧɭɸ ɛɟɫɩɨɪɨɝɨɜɭɸ ɦɨɞɟɥɶ, 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɂɂ ɧɚ 
ɱɟɥɨɜɟɤɚ, Ȼɪɟɧɧɟɪ Ⱦ.ɀ. Д1γЖ ɤɨɧɫɬɚɬɢɪɭɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɪɢɫɤɚ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ 
ɡɚɛɨɥɟɜɚɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɟɥɢɱɢɧɚɦɢ ɭɤɚɡɚɧɧɵɯ ɞɨɡ, ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, 
ɱɬɨ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɪɝɚɧɵ ɞɟɬɟɣ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ ɄɌ-ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɦɨɠɟɬ 
ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɬɶ ɪɢɫɤ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ. ɇɚ ɨɩɚɫɧɨɫɬɶ ɫɬɢɦɭɥɢɪɨɜɚɧɢɹ 
ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɭ ɞɟɬɟɣ, ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɂɂ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬɦɟɱɚɸɬ ɬɚɤɠɟ ɚɜɬɨɪɵ ɪɚɛɨɬɵ Д14Ж. 

ɇɟɝɚɬɢɜɧɵɟ ɩɨɫɥɟɞɫɬɜɢɹ ɪɚɛɨɬɵ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 

Ʉ ɧɟɝɚɬɢɜɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ ɪɚɛɨɬɵ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, 
ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɧɟɢɫɤɥɸɱɚɸɳɭɸɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɪɹɞɚ ɫɨɛɵɬɢɣ ɧɚ Ⱥɗɋ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɞɢɚɰɢɨɧɧɵɦ ɚɜɚɪɢɹɦ, ɪɚɡɜɢɬɢɟ ɤɨɬɨɪɵɯ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ 
ɫɬɟɩɟɧɢ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɡɞɨɪɨɜɶɹ ɩɟɪɫɨɧɚɥɚ Ⱥɗɋ ɢ ɧɚɫɟɥɟɧɢɹ, ɩɪɨɠɢɜɚɸɳɟɟ 
ɜɛɥɢɡɢ ɫɬɚɧɰɢɢ. ɉɪɢ ɜɫɟɦ ɦɧɨɠɟɫɬɜɟ ɪɚɞɢɚɰɢɨɧɧɵɯ ɚɜɚɪɢɣ, ɫɥɭɱɢɜɲɢɯɫɹ ɜ ɦɢɪɟ ɡɚ 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɪɚɡɜɢɜɚɥɚɫɶ ɚɬɨɦɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɚɬɨɦɧɨɝɨ ɨɪɭɠɢɹ, ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɩɨ ɩɪɢɱɢɧɟ ɤɨɬɨɪɨɝɨ ɩɪɨɢɡɨɲɥɢ ɪɚɞɢɚɰɢɨɧɧɵɟ 
ɚɜɚɪɢɢ, ɹɜɥɹɟɬɫɹ ɱɟɥɨɜɟɱɟɫɤɢɣ ɮɚɤɬɨɪ. Ɉɫɧɨɜɧɵɟ ɱɟɪɬɵ ɷɬɨɝɨ ɮɚɤɬɨɪɚμ ɯɚɥɚɬɧɨɫɬɶ, 
ɧɟɜɧɢɦɚɬɟɥɶɧɨɫɬɶ, ɫɚɦɨɧɚɞɟɹɧɧɨɫɬɶ, ɮɢɡɢɱɟɫɤɚɹ ɢɥɢ ɩɫɢɯɨɥɨɝɢɱɟɫɤɚɹ ɭɫɬɚɥɨɫɬɶ ɢ ɬ.ɞ. 
ɗɬɢ ɱɟɪɬɵ ɢɥɢ ɧɟɞɨɫɬɚɬɤɢ, ɩɨ ɫɭɬɢ, ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɤɚɠɞɨɝɨ ɱɟɥɨɜɟɤɚ, ɧɨ ɩɪɨɹɜɥɹɬɶɫɹ 
ɨɧɢ ɦɨɝɭɬ ɥɢɲɶ ɜ ɤɪɚɣɧɢɯ ɫɥɭɱɚɹɯ ɩɨ ɩɪɢɱɢɧɟ ɮɢɡɢɱɟɫɤɨɣ, ɩɫɢɯɨɥɨɝɢɱɟɫɤɨɣ ɭɫɬɚɥɨɫɬɢ 
ɢɥɢ ɫɚɦɨɧɚɞɟɹɧɧɨɫɬɢ. ȼɨɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɨɛɵɬɢɣ, ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɜ ɷɬɨɦ ɤɪɚɣɧɟɦ 
ɫɥɭɱɚɟ, ɢ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɪɚɞɢɚɰɢɨɧɧɚɹ ɚɜɚɪɢɹ. 

ȼɬɨɪɵɦ ɧɟɝɚɬɢɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɩɨ ɟɝɨ ɡɧɚɱɢɦɨɫɬɢ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɧɟɝɚɬɢɜɧɵɟ 
ɩɨɫɥɟɞɫɬɜɢɹ ɪɚɛɨɬɵ Ⱥɗɋ, ɹɜɥɹɸɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɞɢɚɰɢɨɧɧɨɣ ɚɜɚɪɢɢ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɣɫɹ ɜɵɛɪɨɫɨɦ ɪɚɞɢɨɚɤɬɢɜɧɵɯ 
ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, 
ɥɢɤɜɢɞɚɰɢɹ ɤɨɬɨɪɨɝɨ ɬɪɟɛɭɟɬ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɥɸɞɟɣ, 
ɬɟɯɧɢɤɢ, ɮɢɧɚɧɫɨɜɵɯ ɫɪɟɞɫɬɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɤɚɤ ɞɥɹ ɨɩɥɚɬɵ ɪɚɛɨɬ ɩɨ ɥɢɤɜɢɞɚɰɢɢ 
ɩɨɫɥɟɞɫɬɜɢɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɚɜɚɪɢɢ, ɬɚɤ ɢ ɞɥɹ ɨɩɥɚɬɵ ɠɢɥɶɹ ɧɚɫɟɥɟɧɢɸ ɩɪɢ ɟɝɨ 
ɷɜɚɤɭɚɰɢɢ ɢɡ ɡɚɝɪɹɡɧɟɧɧɨɝɨ ɪɚɣɨɧɚ ɢ ɬ.ɞ. ȼ ɪɚɛɨɬɟ Д15Ж ɚɜɬɨɪɚɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɥɢɤɜɢɞɚɰɢɹ ɩɨɫɥɟɞɫɬɜɢɣ ɑɟɪɧɨɛɵɥɶɫɤɨɣ ɚɜɚɪɢɢ ɞɥɹ ɋɋɋɊ ɨɛɨɲɥɚɫɶ ɜ $700 ɦɥɪɞ, ɚ 
ɡɚɬɪɚɬɵ ɧɚ ɥɢɤɜɢɞɚɰɢɸ ɩɨɫɥɟɞɫɬɜɢɣ ɧɚ Ⱥɗɋ Ɏɭɤɭɫɢɦɚ-1 ɜ əɩɨɧɢɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɫɨɫɬɚɜɥɹɸɬ $180 ɦɥɪɞ. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɪɚɞɢɨɚɤɬɢɜɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɧɟɝɚɬɢɜɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɪɚɛɨɬɵ Ⱥɗɋ Ʉɨɬɚ ɧɚ ɧɚɫɟɥɟɧɢɟ, ɩɪɨɠɢɜɚɸɳɟɟ ɜ ɪɹɞɟ ɞɟɪɟɜɟɧɶ 
Ɋɚɞɠɚɫɬɯɚɧɚ (ɂɧɞɢɹ), ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɛɥɢɡɢ ɷɬɨɣ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɨ ɤɨɬɨɪɨɦ 
ɨɬɦɟɱɚɥɨɫɶ ɚɜɬɨɪɚɦɢ ɪɚɧɟɟ Д11Ж ɧɟɥɶɡɹ ɨɬɧɟɫɬɢ ɤ ɭɤɚɡɚɧɧɵɦ ɮɚɤɬɨɪɚɦ. ɉɨ ɦɧɟɧɢɸ 
ɚɜɬɨɪɨɜ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɢ, ɧɚ Ⱥɗɋ Ʉɨɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɦɨɞɟɪɧɢɡɚɰɢɸ ɫɢɫɬɟɦ 
ɨɱɢɫɬɤɢ ɜɵɛɪɨɫɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɭɦɟɧɶɲɢɬɶ ɢɯ ɜɟɥɢɱɢɧɭ ɜ ɭɫɥɨɜɢɹɯ ɲɬɚɬɧɨɣ ɪɚɛɨɬɵ, 
ɧɨ ɩɨɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ, ɜ ɱɟɦ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɟ 
ɡɚɢɧɬɟɪɟɫɨɜɚɧɨ ɪɭɤɨɜɨɞɫɬɜɨ Ⱥɗɋ. Ɉɞɧɚɤɨ ɷɬɢ ɩɪɨɛɥɟɦɵ ɨɬɧɨɫɹɬɫɹ ɤ ɨɛɥɚɫɬɢ 
ɫɨɰɢɚɥɶɧɵɯ ɢ ɜɧɭɬɪɢɩɨɥɢɬɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɂɧɞɢɢ, ɚ ɧɟ ɤ ɨɫɨɛɟɧɧɨɫɬɹɦ ɜɨɡɞɟɣɫɬɜɢɹ 
ɂɂ ɧɚ ɛɢɨɨɛɴɟɤɬɵ, ɯɨɬɹ ɜ ɨɫɧɨɜɟ ɢ ɷɬɢɯ ɩɪɨɛɥɟɦ ɬɚɤɠɟ ɥɟɠɢɬ ɱɟɥɨɜɟɱɟɫɤɢɣ ɮɚɤɬɨɪ. 

Ɇɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜɚ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɧɚ ɹɞɟɪɧɵɯ 
ɨɛɴɟɤɬɚɯ 

Ɋɚɞɢɚɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɞɥɟɠɚɳɟɝɨ ɭɪɨɜɧɹ ɡɚɳɢɬɵ 
ɥɸɞɟɣ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɛɟɡ ɱɪɟɡɦɟɪɧɨɝɨ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨɥɟɡɧɵɯ ɞɟɣɫɬɜɢɣ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɞɢɚɰɢɢ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɞɟɹɬɟɥɶɧɨɫɬɢ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɬɪɭɞɚ (ILO/ɆɈɌ) ɩɨ ɡɚɳɢɬɟ ɪɚɛɨɬɧɢɤɨɜ ɨɬ ɛɨɥɟɡɧɟɣ, ɛɨɥɟɡɧɟɣ ɢ ɬɪɚɜɦ, 
ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɫɜɹɡɢ ɫ ɢɯ ɪɚɛɨɬɨɣ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɬɚɜɨɦ Ɉɪɝɚɧɢɡɚɰɢɢ. ɉɪɨɝɪɚɦɦɵ 
ILO ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɵ, ɱɬɨ ɞɚɟɬ ɩɪɚɜɢɬɟɥɶɫɬɜɚɦ, ɨɪɝɚɧɢɡɚɰɢɹɦ ɪɚɛɨɬɨɞɚɬɟɥɟɣ ɢ 
ɪɚɛɨɬɧɢɤɨɜ ɧɟɨɛɯɨɞɢɦɭɸ ɩɨɦɨɳɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦ ɩɨ ɭɥɭɱɲɟɧɢɸ 
ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɉɧɢ ɫɨɬɪɭɞɧɢɱɚɸɬ ɫ ɞɪɭɝɢɦɢ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ 
ɨɪɝɚɧɢɡɚɰɢɹɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɆȺȽȺɌɗ ɢ ȼɫɟɦɢɪɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ 
(WHO/ȼɈɁ), ɚ ɬɚɤɠɟ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ, ɬɚɤɢɦɢ 
ɤɚɤ Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɚɫɫɨɰɢɚɰɢɹ ɩɨ ɪɚɞɢɚɰɢɨɧɧɨɣ ɡɚɳɢɬɟ (IRPA), Ɇɟɠɞɭɧɚɪɨɞɧɚɹ 
ɤɨɦɢɫɫɢɹ ɩɨ ɪɚɞɢɨɥɨɝɢɱɟɫɤɨɣ ɡɚɳɢɬɟ (ICRP) ɢ Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɦɢɫɫɢɹ ɩɨ ɡɚɳɢɬɟ ɨɬ 
ɧɟɢɨɧɢɡɢɪɭɸɳɟɣ ɪɚɞɢɚɰɢɢ. (ICNIRP). 

ɉɨɜɵɲɟɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɞɪɭɝɢɯ 
ɩɪɟɞɩɪɢɹɬɢɣ ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɩɪɨɛɥɟɦ 
ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɪɨɛɥɟɦɭ ɤɨɧɬɪɨɥɹ ɜɧɟɲɧɟɣ ɫɪɟɞɵ, 
ɜɨɡɞɭɲɧɵɯ ɢ ɜɨɞɧɵɯ ɛɚɫɫɟɣɧɨɜ, ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɡɨɜɵɯ 
ɧɚɝɪɭɡɨɤ ɧɚ ɧɚɫɟɥɟɧɢɟ, ɩɪɨɠɢɜɚɸɳɟɟ ɜɛɥɢɡɢ Ⱥɗɋ, ɢ ɞɪɭɝɢɟ ɡɚɞɚɱɢ. Ɋɟɲɟɧɢɟ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɜ ɪɟɝɢɨɧɟ Ⱥɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɦɨɧɢɬɨɪɢɧɝɚ 
ɪɚɞɢɚɰɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɜ ɪɚɣɨɧɟ, ɞɥɹ ɱɟɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɫɬɟɦɵ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɤɨɧɬɪɨɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ⱦɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ Д16Ж ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɚɤɢɟ ɡɚɳɢɬɧɵɟ 



32 ɈɊɍɆɈ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɫɢɫɬɟɦɵ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɛɥɨɤɢ ɢɡɦɟɪɟɧɢɹ ɞɚɧɧɵɯ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɯ ɪɚɛɨɬɭ, ɩɨɥɭɱɚɟɬ ɢ ɨɛɪɚɛɚɬɵɜɚɟɬ ɞɚɧɧɵɟ ɨɛ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɚɯ ɢɡɥɭɱɟɧɢɹ ɜ ɡɨɧɟ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɞɨɫɬɭɩɚ ɤ Ⱥɗɋ, ɧɚ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɥɨɳɚɞɤɟ, ɜ ɫɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɨɣ ɡɨɧɟ, ɢ ɜ ɡɨɧɟ ɧɚɛɥɸɞɟɧɢɹ ɜɨ ɜɫɟɯ 
ɪɟɠɢɦɚɯ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥɗɋ, ɜɤɥɸɱɚɹ ɩɪɨɟɤɬɧɵɟ ɢ ɡɚɩɪɨɟɤɬɧɵɟ ɚɜɚɪɢɢ, ɚ ɬɚɤɠɟ 
ɫɨɫɬɨɹɧɢɟ Ⱥɗɋ ɩɪɢ ɜɵɜɨɞɟ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɧɟɪɝɨɛɥɨɤɨɜ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɨɞɟɥɶɸ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ Д17Ж ɪɚɞɢɚɰɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɧɚ 
Ⱥɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɭɠɛɚɦɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ Ⱥɗɋ, ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɚɝɟɧɬɫɬɜɚ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɸ 
ɢ ɦɟɬɟɨɪɨɥɨɝɢɢ. Ɉɪɝɚɧɢɡɚɰɢɹ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ Ⱥɗɋ (ɨɛɴɟɦ, ɱɚɫɬɨɬɚ, 
ɤɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ, ɢɫɩɨɥɧɢɬɟɥɢ ɢ ɭɱɟɬ ɪɟɡɭɥɶɬɚɬɨɜ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɪɚɜɢɥɚɦ, ɭɬɜɟɪɠɞɟɧɧɵɦ ɪɟɝɢɨɧɚɥɶɧɨɣ ɞɢɪɟɤɰɢɟɣ Ɏɟɞɟɪɚɥɶɧɨɝɨ 
Ɇɟɞɢɤɨ-Ȼɢɨɥɨɝɢɱɟɫɤɨɝɨ Ⱥɝɟɧɬɫɬɜɚ (ɎɆȻȺ) Ɋɨɫɫɢɢ. Ɍɚɤɠɟ ɪɟɝɢɨɧɚɥɶɧɵɟ ɭɩɪɚɜɥɟɧɢɹ 
ɎɆȻȺ Ɋɨɫɫɢɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɧɟɡɚɜɢɫɢɦɵɣ, ɢɡɛɢɪɚɬɟɥɶɧɵɣ ɪɚɞɢɚɰɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ 
ɨɛɴɟɤɬɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ ɦɟɫɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɪɢɧɰɢɩɚɯ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɢɧɹɬɵɯ ɦɢɪɨɜɵɦ 
ɫɨɨɛɳɟɫɬɜɨɦ, ɤɨɧɰɟɪɧ «Ɋɨɫɷɧɟɪɝɨɚɬɨɦ» ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬ ɩɨɥɢɬɢɤɭ ɩɨ 
ɜɧɟɞɪɟɧɢɸ ɢ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɡɜɢɬɢɸ ɦɟɬɨɞɨɥɨɝɢɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 
ɧɚ Ⱥɗɋ. Ɇɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɞɨɡ ɨɛɥɭɱɟɧɢɹ ɢ 
ɤɨɥɢɱɟɫɬɜɚ ɨɛɥɭɱɟɧɧɵɯ ɥɢɰ ɧɚ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɯ ɭɪɨɜɧɹɯ ɫ ɭɱɟɬɨɦ 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɫɨɰɢɚɥɶɧɵɯ ɮɚɤɬɨɪɨɜ, ɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɞɨɡɚɯ ɨɛɥɭɱɟɧɢɹ ɡɚɧɨɫɢɬɫɹ ɜ 
ɭɱɟɬɧɵɟ ɤɚɪɬɨɱɤɢ ɩɟɪɫɨɧɚɥɚ ɞɥɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɞɨɡ ɨɛɥɭɱɟɧɢɹ ɢ ɜ ɷɥɟɤɬɪɨɧɧɵɟ ɛɚɡɵ 
ɞɚɧɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ 
(AɋɂȾɄ), ɫɨɡɞɚɧɧɨɝɨ ɜ ɤɨɧɰɟɪɧɟ Ɋɨɫɷɧɟɪɝɨɚɬɨɦ Д17Ж. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɪɚɞɢɚɰɢɨɧɧɨ-ɱɢɫɬɵɯ ɩɚɫɩɨɪɬɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢ ɝɨɞɨɜɵɯ ɨɬɱɟɬɚɯ ɨ 
ɪɚɞɢɚɰɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɟ ɧɚ ɩɥɨɳɚɞɤɚɯ Ⱥɗɋ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ 
ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɨɬɫɭɬɫɬɜɢɹ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Ⱥɗɋ ɧɚ 

ɧɚɫɟɥɟɧɢɟ ɢ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɩɭɬɟɦ ɤɨɧɬɪɨɥɹ ɢ ɚɧɚɥɢɡɚ ɢɡɦɟɧɟɧɢɣ ɪɚɞɢɚɰɢɨɧɧɨɣ 
ɨɛɫɬɚɧɨɜɤɢ ɜ ɫɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɨɣ ɡɨɧɟ ɢ ɡɨɧɟ ɧɚɛɥɸɞɟɧɢɹ ɧɚ Ⱥɗɋ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɡɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɞɨɡɢɪɨɜɤɢ ɜ ɦɟɫɬɟ 
ɪɚɫɩɨɥɨɠɟɧɢɹ Ⱥɗɋ ɜɨɤɪɭɝ ɤɚɠɞɨɣ Ⱥɗɋ ɞɟɣɫɬɜɭɟɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ 
ɤɨɧɬɪɨɥɹ ɪɚɞɢɚɰɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ (ȺɋɄɊɈ) Д18Ж. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɤɨɪɟɣɫɤɨɣ ɦɨɞɟɥɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɯ ɪɚɞɢɚɰɢɨɧɧɵɣ ɦɨɧɢɬɨɪɢɧɝ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣμ ɨɛɳɟɧɚɰɢɨɧɚɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ 
ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɩɪɨɝɪɚɦɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɹɞɟɪɧɵɯ ɭɫɬɚɧɨɜɨɤ. ɇɚɰɢɨɧɚɥɶɧɨɟ 
ɨɬɫɥɟɠɢɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɪɟɝɢɨɧɚɥɶɧɵɯ ɫɬɚɧɰɢɹɯ ɦɨɧɢɬɨɪɢɧɝɚ (RMS), ɚ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɩɨɫɬɵ ɦɨɧɢɬɨɪɢɧɝɚ (RMP) ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɜɫɟɣ ɫɬɪɚɧɟ, ɚ ɬɚɤɠɟ ɜ 
ɐɟɧɬɪɚɥɶɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ (CML), ɭɩɪɚɜɥɹɟɦɨɣ Ʉɨɪɟɣɫɤɢɦ ɢɧɫɬɢɬɭɬɨɦ 
ɹɞɟɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ (KINS). Ɇɨɧɢɬɨɪɢɧɝ ɹɞɟɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɱɟɬɵɪɟɯ 
ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɢ ɧɚ ɞɜɭɯ ɩɥɨɳɚɞɤɚɯ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɟɚɤɬɨɪɨɜ. ȼɫɟ 
ɞɚɧɧɵɟ, ɫɨɛɪɚɧɧɵɟ ɜ RMS ɢ RMP, ɚ ɬɚɤɠɟ ɧɚ ɩɥɨɳɚɞɤɚɯ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ, ɞɨɫɬɭɩɧɵ 
ɞɥɹ KINS ɱɟɪɟɡ ɢɧɬɟɝɪɢɪɨɜɚɧɧɭɸ ɫɟɬɶ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
(IERMN). ɉɨɦɨɝɚɟɬ ɜ ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜ ɫɬɪɚɧɟ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɋɨɟɞɢɧɟɧɧɵɯ ɒɬɚɬɚɯ, ɞɨ ɜɵɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢɥɢ 
ɥɢɰɟɧɡɢɢ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɮɟɞɟɪɚɥɶɧɵɟ ɚɝɟɧɬɫɬɜɚ (ɧɚɩɪɢɦɟɪ, 
USNRC) ɨɛɹɡɚɧɵ ɨɰɟɧɢɜɚɬɶ ɩɨɬɟɧɰɢɚɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɷɬɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɱɬɨɛɵ ɝɚɪɚɧɬɢɪɨɜɚɬɶ, ɱɬɨ ɜɵɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɢɥɢ ɥɢɰɟɧɡɢɹ ɛɭɞɟɬ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɧɚɰɢɨɧɚɥɶɧɵɦ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɦ ɰɟɥɹɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ Ɂɚɤɨɧɟ ɨ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɟ (NEPA) 1λ6λ ɝɨɞɚ ɢ ɜ Ɏɟɞɟɪɚɥɶɧɨɦ ɡɚɤɨɧɟ ɨ 
ɤɨɧɬɪɨɥɟ ɡɚ ɡɚɝɪɹɡɧɟɧɢɟɦ ɜɨɞɵ. ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɷɬɨɣ ɨɰɟɧɤɢ, 
ɡɚɹɜɢɬɟɥɢ ɞɨɥɠɧɵ ɩɪɟɞɫɬɚɜɢɬɶ ɨɬɱɟɬ ɨ ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɫɬɚɧɰɢɢ ɢ 
ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɣ ɨɛɴɟɤɬɨɜ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ⱥ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɫɬɚɧɰɢɹ ɧɚɱɧɟɬ 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɫɬɚɜɢɬɶ ɟɠɟɝɨɞɧɵɣ ɷɤɨɥɨɝɢɱɟɫɤɢɣ ɨɬɱɟɬ, ɱɬɨɛɵ 
ɨɛɟɫɩɟɱɢɬɶ ɩɨɫɬɨɹɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɪɟɛɨɜɚɧɢɹɦ, ɢɡɥɨɠɟɧɧɵɦ ɜ ɥɢɰɟɧɡɢɢ ɧɚ 
ɭɫɬɚɧɨɜɤɭ, ɢ ɚɤɬɚɦ, ɭɤɚɡɚɧɧɵɦ ɪɚɧɟɟ Д1λЖ. ɂɜɚɧɱɭɤ Дβ0Ж, ɩɨɫɬɭɥɢɪɨɜɚɥμ ɱɬɨ ɪɟɲɟɧɢɟ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɟɦɥɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɞɥɹ 
ɡɞɨɪɨɜɶɹ ɢ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ) ɧɚɞ ɚɧɬɪɨɩɨɝɟɧɧɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɦɨɠɟɬ ɛɵɬɶ 
ɞɨɫɬɢɝɧɭɬɨ ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ ɢ ɜɧɟɞɪɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ 
ɤɨɧɬɪɨɥɹ ɪɚɞɢɚɰɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (AɋɄɊɈ). 

ȼɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɪɚɞɢɚɰɢɨɧɧɨ-ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

Ʉɚɤ ɫɨɨɛɳɚɟɬɫɹ ɜ ɪɚɛɨɬɚɯ Д16, 17Жμ ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ȺɋɄɊɈ ɩɨɡɜɨɥɹɸɬ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɬɶ ɫɢɬɭɚɰɢɸ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɩɪɟɞɩɪɢɹɬɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɨɤɪɟɫɬɧɨɫɬɹɯ, ɞɟɣɫɬɜɭɸɳɢɯ Ⱥɗɋ, ɯɢɦɢɱɟɫɤɢɯ ɢ 
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. ɗɬɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɧɚɛɨɪ 
ɞɚɬɱɢɤɨɜ, ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɢɬɭɚɰɢɸ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ ɜ ɪɟɠɢɦɟ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɩɪɨɢɡɜɨɞɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɱɟɬɵ ɢ ɩɪɟɞɫɬɚɜɥɹɬɶ ɪɟɡɭɥɶɬɚɬɵ ɧɚ 
ɰɟɧɬɪɚɥɶɧɵɣ ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ɢ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ ɜ ɜɢɞɟ ɩɪɨɫɬɵɯ ɢ ɩɨɧɹɬɧɵɯ 
ɬɟɪɦɢɧɚɯ. ɉɨɞɨɛɧɵɟ ɫɢɫɬɟɦɵ ɜ ɜɢɞɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɤɨɧɬɪɨɥɹ (ARMS) ɛɵɥɢ ɭɫɩɟɲɧɨ ɜɧɟɞɪɟɧɵ ɢ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɧɚ ɜɫɟɯ ɚɬɨɦɧɵɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɜ Ɋɨɫɫɢɢ. Ɉɫɧɨɜɧɵɟ ɰɟɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɶɸɬɟɪɢɡɢɪɨɜɚɧɧɵɯ 
ɫɢɫɬɟɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɫɨɫɬɨɹɬ ɜ 
ɫɥɟɞɭɸɳɟɦ Д16, 17, β1-24]: 

- Ɉɛɟɫɩɟɱɢɜɚɬɶ ɪɚɧɧɟɟ ɨɛɧɚɪɭɠɟɧɢɟ ɩɨɜɵɲɟɧɧɨɝɨ ɢɥɢ ɚɜɚɪɢɣɧɨɝɨ ɜɵɛɪɨɫɨɜ 

ɝɚɡɨɚɷɪɨɡɨɥɶɧɵɯ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 
ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɢ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ;  

- ɉɪɨɝɧɨɡɢɪɨɜɚɬɶ ɜɨɡɦɨɠɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɨɡɞɭɲɧɨɝɨ 
ɛɚɫɫɟɣɧɚ, ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɨɞɤɢɫɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ ɪɚɣɨɧɚ; 

- Ɉɫɭɳɟɫɬɜɥɹɬɶ ɢɡɦɟɪɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɹɞɨɜɢɬɵɯ ɢ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ ɜ ɩɨɥɟɜɵɯ 
ɭɫɥɨɜɢɹɯ; 

- Ɉɰɟɧɢɜɚɬɶ ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɢɟ ɢ ɯɢɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɟɪɫɨɧɚɥ ɨɛɴɟɤɬɚ ɢ 
ɧɚɯɨɞɹɳɟɟɫɹ ɩɨɛɥɢɡɨɫɬɢ ɧɚɫɟɥɟɧɢɟ;  

- ɉɪɟɞɨɫɬɚɜɥɹɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɪɭɤɨɜɨɞɫɬɜɭ ɩɪɟɞɩɪɢɹɬɢɹ, Ɇɢɧɢɫɬɟɪɫɬɜɭ ɩɨ 
ɱɪɟɡɜɵɱɚɣɧɵɦ ɫɢɬɭɚɰɢɹɦ ɢ ɞɪɭɝɢɦ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɥɢɰɚɦ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɡɚɳɢɬɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɦɟɫɬɧɨɝɨ ɧɚɫɟɥɟɧɢɹ, 
ɢ ɦɢɧɢɦɢɡɚɰɢɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɫɥɟɞɫɬɜɢɣ. 
ɋɢɫɬɟɦɚ ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ 

ɞɨɫɬɢɝɧɭɬɨ ɡɚ ɫɱɟɬ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɛɨɪɚ ɪɚɞɢɚɰɢɨɧɧɵɯ, ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɢɯ, 
ɯɢɦɢɱɟɫɤɢɯ ɢ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɨɬ ɤɨɬɨɪɵɯ ɡɚɜɢɫɹɬ ɪɚɫɱɟɬɵ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɝɚɡɨɚɷɪɨɡɨɥɶɧɵɯ ɩɪɢɦɟɫɟɣ ɜ ɚɬɦɨɫɮɟɪɟ. ɉɪɢɱɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɨɥɠɧɚ 
ɭɱɢɬɵɜɚɬɶ ɪɟɚɥɶɧɨɟ ɝɟɨɝɪɚɮɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ Ⱥɗɋ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɝɟɨɮɢɡɢɱɟɫɤɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɪɟɝɢɨɧɚ Дβ5Ж. 

ɍɫɥɨɜɢɹ ɪɚɡɦɟɳɟɧɢɹ ARMS 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɜ ɪɚɛɨɬɚɯ Д16, 17, β1-β4Ж ɫɢɫɬɟɦɵ ȺɋɄɊɈ, ɨɫɧɨɜɭ ɤɨɬɨɪɵɯ 
ɫɨɫɬɚɜɥɹɸɬ Ȗ-ɞɟɬɟɤɬɨɪɵ, ɞɚɬɱɢɤɢ ɦɟɬɟɨɩɚɪɚɦɟɬɪɨɜ ɢɥɢ ɞɟɬɟɤɬɨɪɵ ɯɢɦɢɱɟɫɤɨɝɨ 
ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɞɪ., ɫɥɟɞɭɟɬ ɪɚɡɦɟɳɚɬɶ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɥɨɳɚɞɤɟ 
ɢ ɜ ɫɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɨɣ ɡɨɧɟ (ɋɁɁ). Ⱦɥɹ ɨɰɟɧɤɢ ɯɢɦɢɱɟɫɤɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɞɨɫɬɚɬɨɱɧɨ ɪɚɡɦɟɫɬɢɬɶ ɞɚɬɱɢɤɢ ɩɨ ɩɟɪɢɦɟɬɪɭ ɩɪɨɦɵɲɥɟɧɧɨɣ 
ɩɥɨɳɚɞɤɢ. Ɉɞɧɚɤɨ ɞɥɹ ɫɢɫɬɟɦ ȺɋɄɊɈ, ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɞɥɹ Ⱥɗɋ, ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ 
                                                             

 ɋɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɚɹ ɡɨɧɚ-ɷɬɨ ɬɟɪɪɢɬɨɪɢɹ ɜɨɤɪɭɝ ɩɪɟɞɩɪɢɹɬɢɹ, ɨɬɞɟɥɹɸɳɚɹ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ ɨɬ ɠɢɥɵɯ 

ɤɜɚɪɬɚɥɨɜ ɢɥɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɭɝɨɞɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɚɫɟɥɟɧɢɟɦ ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɯɨɡɹɣɫɬɜɟɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ. 



34 ɈɊɍɆɈ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɞɟɬɟɤɬɨɪɨɜ ɜɨɤɪɭɝ Ⱥɗɋ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɬɚɤɢɟ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɪɟɝɢɨɧɚ, ɤɚɤ ɫɨɫɬɨɹɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɬɦɨɫɮɟɪɵ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɦɟɬɨɞɢɤɟ 
ɝɪɚɞɢɟɧɬɧɵɯ ɧɚɛɥɸɞɟɧɢɣ Д16, ββ-β4Ж, ɬɪɟɛɭɸɳɟɣ ɞɚɧɧɵɯ ɩɨ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, 
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜɥɚɠɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɟ ɫɟɡɨɧɵ ɢ ɪɚɡɥɢɱɧɨɟ ɜɪɟɦɹ ɞɧɹ ɢ ɧɚ ɪɚɡɥɢɱɧɵɯ 
ɭɪɨɜɧɹɯ ɩɨ ɜɵɫɨɬɟ. Ɂɧɚɧɢɟ ɷɬɢɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɡɜɨɥɢɬ 
ɨɩɪɟɞɟɥɢɬɶ ɧɚɢɯɭɞɲɟɟ ɫɨɫɬɨɹɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɬɦɨɫɮɟɪɵ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɹɬ 
ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɞɟɬɟɤɬɨɪɨɜ, ɪɚɡɦɟɳɚɟɦɵɯ ɜɨɤɪɭɝ Ⱥɗɋ. ɗɬɨ 
ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɮɢɧɚɧɫɨɜɵɟ ɢ ɦɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɪɢ ɭɫɬɚɧɨɜɤɟ 
ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɫɢɫɬɟɦɚ ɞɚɬɱɢɤɨɜ 
ɞɭɛɥɢɪɭɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɢɯ ɤɨɥɢɱɟɫɬɜɨɦ, ɧɨ ɢ ɩɨ ɤɚɧɚɥɭ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢμ 
ɪɚɞɢɨɫɜɹɡɶ, ɫɜɹɡɶ ɱɟɪɟɡ ɤɚɛɟɥɶ, ɨɩɬɨɜɨɥɨɤɨɧɧɚɹ ɫɜɹɡɶ ɢ ɞɪ. ȼ ɪɚɛɨɬɚɯ ɭɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ 
ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɚɫɫɬɨɹɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɝɪɚɧɢɰɭ ɋɁɁ ɨɬ ɜɨɡɦɨɠɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɡɚɝɪɹɡɧɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɮɚɤɬɨɪɨɜ. ɗɬɢ ɮɚɤɬɨɪɵ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ 
ɦɨɳɧɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɹ, ɭɫɥɨɜɢɹ ɟɝɨ ɪɚɛɨɬɵ, ɯɚɪɚɤɬɟɪ ɢ ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɫɨɫɬɨɹɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɬɦɨɫɮɟɪɵ, 
ɨɛɪɚɡɨɜɚɧɢɟ ɲɭɦɚ, ɜɢɛɪɚɰɢɢ ɢ ɞɪɭɝɢɟ ɜɪɟɞɧɵɟ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɪɵ, ɚ ɬɚɤɠɟ ɦɟɪɵ, 
ɩɪɢɧɢɦɚɟɦɵɟ ɞɥɹ ɫɧɢɠɟɧɢɹ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ ɢ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɚɧɢɬɚɪɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɟɣ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɢ ɨɛɴɟɤɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɬɨɦɧɨɣ ɷɧɟɪɝɢɢ, ɋɁɁ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 50-1000 ɦɟɬɪɨɜ (ɦ) ɨɬ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɡɚɝɪɹɡɧɟɧɢɹ. ɗɬɨ ɫɥɟɞɭɟɬ ɪɨɫɫɢɣɫɤɨɦɭ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɭ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɜɫɟɦ 
ɩɪɟɞɩɪɢɹɬɢɹɦ ɜ Ɋɨɫɫɢɢ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɥɚɫɫ ɨɬ I ɞɨ V, ɩɪɢɱɟɦ 
ɤɚɠɞɵɣ ɤɥɚɫɫ ɢɦɟɟɬ ɫɜɨɣ ɪɚɡɦɟɪ ɋɁɁ Дβ6Ж. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɟɪɟɧɨɫɚ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɜ ɚɬɦɨɫɮɟɪɟ 

  ȼ ɪɚɛɨɬɚɯ Дβγ, β4Ж ɚɜɬɨɪɵ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɫɯɨɠɟɫɬɢ ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɪɟɝɢɨɧɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ⱥɗɋ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ 
ɪɚɛɨɬɵ Дβ5Ж, ɞɥɹ ɨɰɟɧɤɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɜɨɡɞɭɲɧɨɝɨ 
ɛɚɫɫɟɣɧɚ ɢ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ) ɜ ɭɫɥɨɜɢɹɯ ɪɚɞɢɚɰɢɨɧɧɨɣ ɚɜɚɪɢɢ, 
ɫɨɩɪɨɜɨɠɞɚɸɳɟɣɫɹ ɜɵɛɪɨɫɨɦ ɜ ɚɬɦɨɫɮɟɪɭ ɝɚɡɨɚɷɪɨɡɨɥɶɧɨɣ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɞɟɥɶ ɩɟɪɟɧɨɫɚ ɩɪɢɦɟɫɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɭɪɚɜɧɟɧɢɢ ɬɭɪɛɭɥɟɧɬɧɨɣ 
ɞɢɮɮɭɡɢɢ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɩɟɪɟɧɨɫ ɟɟ ɤɨɧɰɟɧɬɪɚɰɢɢ q (x, y, z) Ʉɢ/ɦ3

 ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɚɬɦɨɫɮɟɪɧɵɦɢ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɥɢ, ɢɫɩɨɥɶɡɭɹ 
ɦɟɬɨɞ ɝɪɚɞɢɟɧɬɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɧɚɞ ɫɤɨɪɨɫɬɶɸ ɜɟɬɪɚ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ Дββ, 27]: 

- u(z) – ɩɪɨɞɨɥɶɧɨɣ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɦ/ɫ (ɩɨɩɟɪɟɱɧɭɸ ɫɤɨɪɨɫɬɶ 
ɩɪɢɧɢɦɚɥɢ ɪɚɜɧɨɣ ɧɭɥɸ);  

- k(z) – ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢɮɮɭɡɢɢ ɦ2/ɫ;  
- b(z) – ɷɧɟɪɝɢɹ ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ 

ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫɮɟɪɵ.  
Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɬɚɬɶɟ ɫɨɨɛɳɚɥɨɫɶ, ɱɬɨ ɪɚɫɱɟɬ ɚɬɦɨɫɮɟɪɧɨɝɨ ɩɟɪɟɧɨɫɚ ɩɪɢɦɟɫɢ ɝɚɡ 

– ɚɷɪɨɡɨɥɶ, ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɨɩɢɫɵɜɚɟɬɫɹ ɬɪɟɯɦɟɪɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɬɭɪɛɭɥɟɧɬɧɨɣ 
ɞɢɮɮɭɡɢɢ, ɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɫɬɢɬɶ, ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɫɭɛɫɬɚɧɰɢɹ ɜɞɨɥɶ ɨɫɢ Y, 

ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɩɨ ɡɚɤɨɧɭ Ƚɚɭɫɫɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɦ ɨɩɪɟɞɟɥɢɬɶ 
ɨɛɴɟɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɫɢ, ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ (3): 

 

                                                        ሺ     ሻ   ሺ   ሻ√      ሺ ሻ                                                        (3) 

 

ɝɞɟ  y(x) – ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ; ɮɭɧɤɰɢɹ S(x, z) ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ (4): 
 

                                        ሺ   ሻ  ∫  ሺ     ሻ        ∫  ሺ     ሻ                                (4) 

 



 ɈɋɈȻȿɇɇɈɋɌɂ ȼɈɁȾȿɃɋɌȼɂə ɂɈɇɂɁɂɊɍɘɓȿȽɈ ɂɁɅɍɑȿɇɂə 35 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɝɚɡɚ ɢɥɢ ɚɷɪɨɡɨɥɹ, ɩɨɥɭɱɚɸɬ 
ɭɪɚɜɧɟɧɢɟ (5): 

              = 
    ቂ ሺ ሻ     ቃ                                             (5) 

 

ɝɞɟ  ሺ   ሻ  ∫  ሺ     ሻ       = M�(x)�(z-    ); f = M�(x)�(y)�(z-    ) ɢɫɬɨɱɧɢɤ 
ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɝɚɡɚ ɢɥɢ ɚɷɪɨɡɨɥɶɧɨɣ ɩɪɢɦɟɫɢ; Ɇ – ɦɨɳɧɨɫɬɶ ɜɵɛɪɨɫɚ ɜ (Ʉɢ/ɫ);  
hɷɮ – ɷɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɜɵɛɪɨɫɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɫɭɦɦɭ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɜɵɫɨɬɵ ɜɟɧɬɬɪɭɛɵ HT ɢ ɩɪɢɪɚɳɟɧɢɹ Δh, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɤɨɧɜɟɤɬɢɜɧɵɦ ɩɨɞɴɟɦɨɦ 
ɝɚɡɨɚɷɪɨɡɨɥɶɧɨɣ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɫɬɪɭɢ, ɜɵɛɪɨɲɟɧɧɨɣ ɢɡ ɜɟɧɬɬɪɭɛɵ; σ – ɩɨɫɬɨɹɧɧɚɹ 
ɪɟɥɚɤɫɚɰɢɢ ɡɚɝɪɹɡɧɹɸ-ɳɟɝɨ ɝɚɡɚ ɢɥɢ ɚɷɪɨɡɨɥɶɧɨɣ ɩɪɢɦɟɫɢ (σ = σ0+ Ȝ), ɤɨɬɨɪɚɹ 
ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɭɦɦɵμ ɤɨɧɫɬɚɧɬɵ ɜɵɦɵɜɚɧɢɹ ɩɪɢɦɟɫɟɣ ɢɡ ɚɬɦɨɫɮɟɪɵ  0 ɫ−1

 ɢ 
ɩɨɫɬɨɹɧɧɨɣ ɟɟ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɪɚɫɩɚɞɚ Ȝ. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɞɨɥɝɨɠɢɜɭɳɭɸ ɪɚɞɢɨɚɤɬɢɜɧɭɸ 
ɩɪɢɦɟɫɶ, ɩɨɥɚɝɚɸɬ, ɱɬɨ ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɫɥɢɲɤɨɦ ɜɟɥɢɤ, ɚ ɩɨɬɨɦɭ Ȝ = 0, ɬɚɤ ɱɬɨ    =  0; w – ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɩɪɢɦɟɫɟɣ, ɦ/ɫ. 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ɩɟɪɟɧɨɫɚ ɜɟɥɢɱɢɧɚ    ሺ ሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ (6): 
     (x) =   ̅    ̅ ሺ     ̅ ̅ ̅ ሻ,                                                       (6) 

 

ɝɞɟ  ̅,   ̅  ̅ ɡɧɚɱɟɧɢɹ b(z), k(z), u(z), a = 0,015, ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ ɩɪɢɡɟɦɧɨɦɭ ɫɥɨɸ ɜɵɫɨɬɨɣ     з 75 ɦ ɫ ɜɟɫɨɦ S(x, z). 
            ̅ = 

∫  ሺ ሻ    ሺ∫  ሺ   ሻ    ሻ  ∫ ሺ∫  ሺ   ሻ    ሻ      ;   ̅ = 
∫  ሺ ሻ    ሺ∫  ሺ   ሻ    ሻ  ∫ ሺ∫  ሺ   ሻ    ሻ       ;  ̅ =

∫  ሺ ሻ    ሺ∫  ሺ   ሻ    ሻ  ∫ ሺ∫  ሺ   ሻ    ሻ      . (7) 

 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ (8)-(11): 
 

S(x, z) |x=0   = 0;                                                                              (8) 
 

S(x, z) |x→∞ = 0;                                                                              (9) 
 

S(x, z) |z→∞ = 0;                                                                              (10) 
                                             ሺ ሻ     |    =ሺߚ   ሻ     ,                                                          (11) 

 

ɝɞɟ ߚ – ɫɤɨɪɨɫɬɶ ɫɭɯɨɝɨ ɨɫɚɠɞɟɧɢɹ ɩɪɢɦɟɫɟɣ ɝɚɡɚ ɢ ɚɷɪɨɡɨɥɹ ɧɚ ɩɨɞɫɬɢɥɚɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɚ z0 – ɩɚɪɚɦɟɬɪ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (5), (6), (8)-(11) ɞɚɟɬɫɹ ɮɨɪɦɭɥɨɣ (12), ɚ ɨɛɴɟɦɧɭɸ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɢɦɟɫɢ ɝɚɡɚ ɢ ɚɷɪɨɡɨɥɹ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ (3), ɜ ɤɨɬɨɪɨɣ 
S(x, z) ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɲɟɧɢɟ ɭɤɚɡɚɧɧɨɣ ɡɚɞɚɱɢ; 
 

                         ሺ   ሻ       ቀ ቂ    ̅        ̅ ̅   (     )  ̅ ቃቁ{  
     ቌ ቂ     ቃ  ̅  ̅ ቍ    ቌ ቂ     ቃ  ̅  ̅ ቍ

√  ̅ ̅  
                       ̅ ̅    [ሺ    ሻ(     )  ̅  ቀ      ̅ ቁ  ̅  ̅ ]     [ቀ      ̅ ቁ√ ̅  ̅  (     ) √ ̅  ̅ ]}  

  
 .      (12)  
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ɇɚ ɪɢɫɭɧɤɟ 9 ɚ, ɛ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɢɡɨɥɢɧɢɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ ɚɬɦɨɫɮɟɪɵ (ɧɚ ɜɵɫɨɬɟ z = 1,5 

ɦ) ɞɥɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ (ɚ) ɢ ɭɫɬɨɣɱɢɜɨɝɨ (ɛ) ɫɨɫɬɨɹɧɢɣ ɚɬɦɨɫɮɟɪɵ. ɗɬɢ ɪɚɫɱɟɬɵ 
ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɸɬ, ɤɚɤɭɸ ɜɚɠɧɭɸ ɪɨɥɶ ɦɨɠɟɬ ɢɝɪɚɬɶ ɫɨɫɬɨɹɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɚɬɦɨɫɮɟɪɵ ɩɪɢ ɨɰɟɧɤɟ ɩɥɨɳɚɞɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ, ɩɨɞɫɬɢɥɚɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɧɚɧɟɫɟɧɢɹ ɭɳɟɪɛɚ ɧɚɫɟɥɟɧɧɵɦ ɩɭɧɤɬɚɦ, ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɦ ɭɝɨɞɶɹ ɢ 
ɷɤɨɥɨɝɢɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɰɟɥɨɦ, ɟɫɥɢ ɷɬɢ ɧɚɫɟɥɟɧɧɵɟ ɩɭɧɤɬɵ ɩɨɩɚɞɭɬ ɜ ɡɨɧɭ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ.  

 

  

Ɋɢɫɭɧɨɤ λ ɚ – ɍɪɨɜɧɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɚ) ɞɥɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɚɬɦɨɫɮɟɪɵ ɩɪɢ ɩɚɪɚɦɟɬɪɟ ɭɫɬɨɣɱɢɜɨɫɬɢ L = -5, z = 1,5 ɦ, 129,1b ; ɛ) ɞɥɹ ɭɫɬɨɣɱɢɜɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɚɬɦɨɫɮɟɪɵ ɩɪɢ ɩɚɪɚɦɟɬɪɟ ɭɫɬɨɣɱɢɜɨɫɬɢ L = 17, z = 1,5 ɦ, 041,0b  
[24] [Levels of surface 

contamination of the underlying surface a) for an unstable state of the atmosphere with a stability parameter  

L = -5, z = 1.5 m,; b) for a stable state of the atmosphere with a stability parameter L = 17, z = 1.5 m] 

 

Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɦɟɬɨɞɚ 

Ɋɚɫɱɟɬɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɨɡɵ ɢɧɬɟɝɪɚɥɶɧɵɦ ɦɟɬɨɞɨɦ Д16, ββ-β4Ж ɨɫɧɨɜɚɧɵ ɧɚ 
ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɨɛɴɟɦɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɷɥɟɦɟɧɬɚɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɤɨɨɪɞɢɧɚɬɵ ɤɨɬɨɪɵɯ ɡɚɞɚɸɬɫɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɜɢɞɚ (1), ɜ ɤɚɠɞɨɦ ɢɡ ɤɨɬɨɪɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɡɚɝɪɹɡɧɢɬɟɥɹ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɵɦ. Ɋɚɫɫɬɨɹɧɢɟ r ɦɟɠɞɭ ɬɨɱɤɨɣ ɧɚɛɥɸɞɟɧɢɹ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɷɥɟɦɟɧɬɚɪɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (13), ɚ ɡɧɚɱɟɧɢɟ 
ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɢɧɬɟɝɪɚɥ ɨɬ ɧɚɛɨɪɚ ɬɨɱɟɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨ 
ɮɨɪɦɭɥɟ (14). 

 

r = √ሺ    ሻ ሺ    ሻ  ሺ    ሻ                                                      (13) 
 

ɝɞɟ x, y, z – ɬɟɤɭɳɢɟ ɤɨɨɪɞɢɧɚɬɵ; x0, y0, z0 – ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ɧɚɛɥɸɞɟɧɢɹ. 
   ሺ        ሻ                      ∫  ሺ   ሻ  ሺ     ሻ                ,           (14) 

 

ɝɞɟ ȿ – ɷɧɟɪɝɢɹ ɮɨɬɨɧɨɜ;   – ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ; B(E, r) – ɮɚɤɬɨɪ ɧɚɤɨɩɥɟɧɢɹ; ȝɚ, 

       ȝ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢ ɨɫɥɚɛɥɟɧɢɹ Ȗ-ɢɡɥɭɱɟɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 
       V – ɨɛɥɚɫɬɶ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 

Ɂɚɤɥɸɱɟɧɢɟ 

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ, ɤɨɬɨɪɵɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ, ɦɨɝɭɬ 
ɛɵɬɶ ɜɵɡɜɚɧɵ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɱɢɧɚɦɢμ ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɱɟɥɨɜɟɤɚ, ɬɹɠɟɥɵɦɢ ɦɟɬɚɥɥɚɦɢ, ɢɧɬɟɧɫɢɜɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɬ.ɞ. ȼɨɡɞɟɣɫɬɜɢɟ ɢɨɧɢɡɢɪɭɸɳɟɝɨ 
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ɢɡɥɭɱɟɧɢɹ ɦɨɠɟɬ ɩɨɜɪɟɠɞɚɬɶ ɤɥɟɬɤɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɨɫɥɟɞɧɟɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɨɧɤɨɥɨɝɢɱɟɫɤɢɦ ɡɚɛɨɥɟɜɚɧɢɹɦ. ɗɬɨɬ ɧɟɝɚɬɢɜɧɵɣ ɷɮɮɟɤɬ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧ 

ɩɪɹɦɵɦɢ ɢɥɢ ɤɨɫɜɟɧɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ, ɚ ɬɚɤɠɟ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɨɫɬɪɵɯ 
ɢɥɢ ɡɚɦɟɞɥɟɧɧɵɯ ɷɮɮɟɤɬɨɜ. Ɉɫɬɪɵɟ ɷɮɮɟɤɬɵ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɪɚɞɢɚɰɢɢ 
ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɬɨɝɞɚ ɤɚɤ ɨɬɫɪɨɱɟɧɧɵɟ ɷɮɮɟɤɬɵ ɦɨɝɭɬ ɩɨɹɜɢɬɶɫɹ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɨɟ 
ɜɪɟɦɹ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɨɧɤɨɥɨɝɢɱɟɫɤɢɟ, ɝɟɧɟɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ, ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɷɦɛɪɢɨɧ, ɚ ɬɚɤɠɟ, ɬɚɤɢɟ ɤɚɤ ɤɚɬɚɪɚɤɬɚ ɢ ɝɢɩɨɬɢɪɟɨɡ (ɫɨɫɬɨɹɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ 
ɞɥɢɬɟɥɶɧɵɦ, ɫɬɨɣɤɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɝɨɪɦɨɧɨɜ ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ). Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ 
ɪɟɡɭɥɶɬɚɬɚɯ ɚɧɚɥɢɡɚ ɜ ɪɚɛɨɬɟ, ɦɨɠɧɨ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɱɬɨ ɧɢ ɨɞɢɧ ɭɪɨɜɟɧɶ ɨɛɥɭɱɟɧɢɹ 
ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɤɚɤ ɚɛɫɨɥɸɬɧɨ ɛɟɡɨɩɚɫɧɵɣ, ɢ ɧɢ ɨɞɢɧ ɭɪɨɜɟɧɶ ɧɟ 
ɹɜɥɹɟɬɫɹ ɨɞɢɧɚɤɨɜɨ ɨɩɚɫɧɵɦ. 

Ɋɚɞɢɚɰɢɨɧɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɚɧɚɥɢɡɢɪɭɟɦɨɟ ɜ ɫɬɚɬɶɟ, ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɪɟɞɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ, ɩɨɫɤɨɥɶɤɭ 
ɧɟɝɚɬɢɜɧɵɟ ɷɮɮɟɤɬɵ ɜɨɡɞɟɣɫɬɜɢɹ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɨɛɵɱɧɨ ɪɚɡɜɢɜɚɸɬɫɹ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɧɟ ɫɪɚɡɭ, ɚ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɬɨɝɞɚ ɤɚɤ ɪɚɞɢɚɰɢɨɧɧɨɟ 
ɡɚɝɪɹɡɧɟɧɢɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɩɨɩɪɚɜɢɦɵɦ ɩɨɬɟɪɹɦ ɞɚɠɟ ɩɨɫɥɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɚɬɨɦɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɢ ɏɢɪɨɫɢɦɵ ɢ ɇɚɝɚɫɚɤɢ ɩɪɟɞɨɫɬɚɜɢɥɢ 
ɱɟɬɤɢɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɨɝɨ, ɱɬɨ ɢɨɧɢɡɢɪɭɸɳɟɟ ɢɡɥɭɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɤɚɧɰɟɪɨɝɟɧɨɦ ɞɥɹ 
ɱɟɥɨɜɟɤɚ. Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɏɢɪɨɫɢɦɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɥɢɹɧɢɟ ɧɚ ɪɨɫɬ ɦɨɡɝɚ ɭ 
ɞɟɬɟɣ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɜɧɭɬɪɢɭɬɪɨɛɧɨɝɨ ɪɚɡɜɢɬɢɹ ɜ ɏɢɪɨɫɢɦɟ, ɚ ɬɚɤɠɟ 
ɞɟɮɟɤɬɧɵɟ ɪɨɞɵ, ɧɚɛɥɸɞɚɟɦɵɟ ɜ ɧɟɤɨɬɨɪɵɯ ɞɟɪɟɜɧɹɯ ɜ Ɋɚɞɠɚɫɬɯɚɧɟ ɢɡ-ɡɚ 
ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ. Ɋɚɡɭɦɟɟɬɫɹ, ɷɬɨɝɨ 
ɛɵ ɧɟ ɩɪɨɢɡɨɲɥɨ, ɟɫɥɢ ɛɵ ɧɟ ɛɵɥɨ ɪɚɞɢɚɰɢɨɧɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɵ ɚɞɟɤɜɚɬɧɵɟ ɡɚɳɢɬɧɵɟ ɦɟɪɵ, ɢɫɤɥɸɱɚɸɳɢɟ ɩɨɞɨɛɧɵɟ 
ɫɨɛɵɬɢɹ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɚɤɠɟ ɛɵɥɨ ɨɛɪɚɳɟɧɨ ɜɧɢɦɚɧɢɟ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɧɢɠɟɧɢɹ 
ɞɨɡ ɢɡɥɭɱɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɨɦɨɝɪɚɮɢɢ ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɞɟɬɟɣ. 

ɐɟɥɶ ɪɚɞɢɚɰɢɨɧɧɨɣ ɡɚɳɢɬɵ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ, ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ 
ɨɛɟɫɩɟɱɢɬɶ ɫɬɚɧɞɚɪɬ ɡɚɳɢɬɵ ɞɥɹ ɥɸɞɟɣ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɂɂ, 
ɜɨɡɧɢɤɚɸɳɟɝɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɞɢɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɬ.ɟ. ɪɟɱɶ ɢɞɟɬ ɨɛ 
ɷɮɮɟɤɬɢɜɧɨɦ ɩɪɢɦɟɧɟɧɢɢ ɩɪɢɧɰɢɩɚ ȺɅȺɊȺ ɩɪɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. ɍɱɢɬɵɜɚɹ 
ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɩɨɥɧɨɝɨ 
ɢɫɤɥɸɱɟɧɢɹ ɢɡ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɞɪɹɬɶ ɷɮɮɟɤɬɢɜɧɵɟ 
ɡɚɳɢɬɧɵɟ ɦɟɪɵ ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɵɯ, ɧɚɩɪɢɦɟɪ, ɧɚ Ⱥɗɋ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ȺɋɊɄ Ⱥɗɋ, ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ 
ɩɪɟɞɭɩɪɟɞɢɬɶ ɪɚɡɜɢɬɢɟ ɪɚɞɢɚɰɢɨɧɧɨɣ ɚɜɚɪɢɢ ɧɚ Ⱥɗɋ, ɧɨ ɢ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɢɯ 
ɩɨɫɥɟɞɫɬɜɢɹ, ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɢ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦɭ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ȺɋɄɊɈ.  
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ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɞɨɡɨɜɵɯ ɧɚɝɪɭɡɨɤ ɧɚ 
ɩɟɪɫɨɧɚɥ ɢ ɧɚɫɟɥɟɧɢɟ / Ⱥ. ɉ. ȿɥɨɯɢɧ, Ɇ. ȼ. ɀɢɥɢɧɚ (ɇɌɐ əɊȻ), Ⱦ. Ɏ. Ɋɚɭ, ȿ. Ⱥ. ɂɜɚɧɨɜ 
(ȼɇɂɂȺɗɋ) // Ɇɢɧɢɫɬɟɪɫɬɜɨ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢ ɷɤɨɥɨɝɢɢ ɪɨɫɫɢɣɫɤɨɣ ɮɟɞɟɪɚɰɢɢ 
ɮɟɞɟɪɚɥɶɧɚɹ ɫɥɭɠɛɚ ɩɨ ɷɤɨɥɨɝɢɱɟɫɤɨɦɭ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɢ ɚɬɨɦɧɨɦɭ ɧɚɞɡɨɪɭ. ɊȻ – 053 – 

09. – ɍɬɜɟɪɠɞɟɧɨ ɩɪɢɤɚɡɨɦ ɮɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɵ ɩɨ ɷɤɨɥɨɝɢɱɟɫɤɨɦɭ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɢ 
ɚɬɨɦɧɨɦɭ ɧɚɞɡɨɪɭ ɨɬ 8 ɢɸɧɹ β010 ɝ. – № 465. – 7λ ɫ. 

27. ɋɚɧɉɢɇ β.β.1/β.1.1.1β00-0γ ɋɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɵɟ ɡɨɧɵ ɢ ɫɚɧɢɬɚɪɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɧɵɯ ɨɛɴɟɤɬɨɜ. Ƚɥɚɜɧɵɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɚɧɢɬɚɪɧɵɣ ɜɪɚɱ 
ɪɨɫɫɢɣɫɤɨɣ ɮɟɞɟɪɚɰɢɢ. ɉɨɫɬɚɧɨɜɥɟɧɢɟ. «Ɉ ɜɜɟɞɟɧɢɢ ɜ ɞɟɣɫɬɜɢɟ ɧɨɜɨɣ ɪɟɞɚɤɰɢɢ ɫɚɧɢɬɚɪɧɨ-

ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɚɜɢɥ ɢ ɧɨɪɦɚɬɢɜɨɜ ɋȺɇɉɂɇ β.β.1/β.1.1.1β00-0γ «ɋɚɧɢɬɚɪɧɨ-

ɡɚɳɢɬɧɵɟ ɡɨɧɵ ɢ ɫɚɧɢɬɚɪɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɧɵɯ ɨɛɴɟɤɬɨɜ» (ɫ 
ɢɡɦɟɧɟɧɢɹɦɢ ɧɚ β5 ɚɩɪɟɥɹ β014 ɝɨɞɚ). – URL : https://base.garant.ru/12158477/. 

http://www.greencross.ch/uploads/media/
http://www.greencross.ch/uploads/media/2016_chernobyl_costs_report.pdf
http://books.google.com/books?hl=en&lr=&id=-OqcDwAAQBAJ&oi=fnd&pg=PA237&dq=info:LLknanz_LB0J:scholar.google.com&ots=mAl-eokjpy&sig=_WRoKja7q-cb2p-y7AyXhU1U480
http://books.google.com/books?hl=en&lr=&id=-OqcDwAAQBAJ&oi=fnd&pg=PA237&dq=info:LLknanz_LB0J:scholar.google.com&ots=mAl-eokjpy&sig=_WRoKja7q-cb2p-y7AyXhU1U480
https://elibrary.ru/author_items.asp?authorid=143923
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28. Ʌɚɣɯɬɦɚɧ, Ⱦ. Ʌ. Ɏɢɡɢɤɚ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫɮɟɪɵ / Ⱦ. Ʌ. Ʌɚɣɯɬɦɚɧ. – Ʌɟɧɢɧɝɪɚɞ μ 
Ƚɢɞɪɨɦɟɬɢɡɞɚɬ, 1λ70. – γ41 ɫ. 
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Abstract – The article provides a brief analytical review of radiation effects associated with the 

impact of ionizing radiation on biological objects. The processes of the action of ionizing radiation 

on molecules of deoxyribonucleic acid (DNA), which occur in the body at the cellular level during 

its absorption, are considered. It is shown that in a wide range of dose rates generated by ionizing 

radiation when the latter acts on biological objects and, in particular, on humans, the most 

dangerous are the genetic consequences, which play an essential role for the population of 

countries that actively use ionizing radiation in industry. Other uses include medicine, particular 

types of production, as well as in the production of electricity at nuclear power plants. Particular 

attention is paid to the effects of ionizing radiation on children, requiring increased attention in the 

diagnosis of diseases in post-nuclear accidents, as well as during the diagnosis or treatment of 

radiation. As methods of radiation monitoring of ionizing radiation, the article provides a brief 

presentation of an automated system of radiation monitoring of the environment with its goals, 

objectives, and methods to minimize the consequences of radiation accidents at existing nuclear 

power plants.  
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ȼ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɇȾɋ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɜɛɥɢɡɢ ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫ ɤɭɩɨɥɨɦ ɢ 
ɜ ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɤɪɚɧɨɜɵɯ ɩɭɬɟɣ ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ ɧɚ ɷɬɚɩɟ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ 
ɢɫɩɵɬɚɧɢɣ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɡɚɳɢɬɧɚɹ ɨɛɨɥɨɱɤɚ, ɩɟɪɟɦɟɳɟɧɢɹ, ɞɟɮɨɪɦɚɰɢɢ, ɧɚɩɪɹɠɟɧɢɹ, ɭɫɢɥɢɹ.   
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 1γ.1β.β01λ 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 16.1β.β01λ 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 1λ.1β.β01λ 
 

ȼɜɟɞɟɧɢɟ 

ɉɪɢɦɟɧɟɧɢɟ ɝɟɨɞɟɡɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɩɟɪɟɦɟɳɟɧɢɣ ɡɚɳɢɬɧɵɯ ɨɛɨɥɨɱɟɤ Ⱥɗɋ ɧɚ 
ɷɬɚɩɟ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɢ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɲɬɚɬɧɨɣ 
ɫɢɫɬɟɦɟ ɤɨɧɬɪɨɥɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɇȾɋ) ɩɨɡɜɨɥɢɥɨ 
ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɩɨɥɧɭɸ ɤɚɪɬɢɧɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɡɨɧɚɯ 
ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ, ɝɞɟ ɞɚɬɱɢɤɢ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ (ɄɂȺ) 
ɨɬɫɭɬɫɬɜɭɸɬ. ɇɚ ɩɪɢɦɟɪɟ ɷɧɟɪɝɨɛɥɨɤɚ № γ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɞɟɬɚɥɶɧɨ ɪɚɫɫɦɨɬɪɟɧɵ 
ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɇȾɋ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɜɛɥɢɡɢ 
ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫ ɤɭɩɨɥɨɦ ɢ ɜ ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɤɪɚɧɨɜɵɯ 
ɩɭɬɟɣ ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ.  

 

ȼɥɢɹɧɢɟ ɫɭɬɨɱɧɵɯ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ ɩɨɤɚɡɚɧɢɹ 
ɞɚɬɱɢɤɨɜ ɫɢɥɵ  

ɇɚ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ Ⱥɗɋ 
ɧɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɫɥɟ ɟɟ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɤɪɨɦɟ ɞɟɮɨɪɦɚɰɢɣ ɩɨɥɡɭɱɟɫɬɢ 
ɠɟɥɟɡɨɛɟɬɨɧɚ ɢ ɪɟɥɚɤɫɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɪɨɜɨɥɨɤɚɯ ɚɪɦɚɬɭɪɧɵɯ ɤɚɧɚɬɨɜ ɨɤɚɡɵɜɚɸɬ 
ɜɥɢɹɧɢɟ ɫɭɬɨɱɧɵɟ ɢ ɫɟɡɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɞɚɧɚ ɨɰɟɧɤɚ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɣ ɧɚ ɬɹɠɧɵɯ ɚɧɤɟɪɚɯ ɚɪɦɚɬɭɪɧɵɯ 
ɤɚɧɚɬɨɜ ɰɢɥɢɧɞɪɚ ɢ ɤɭɩɨɥɚ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ γ-ɝɨ ɷɧɟɪɝɨɛɥɨɤɚ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɞɨ 
ɧɚɱɚɥɚ ɩɪɢɟɦɨɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ (ɞɨ 08.08.β014 ɝ.) ɨɬ ɜɥɢɹɧɢɹ ɫɭɬɨɱɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜɤɥɸɱɚɹ ɫɨɥɧɟɱɧɨɟ ɢɡɥɭɱɟɧɢɟ. Ʉɨɧɬɪɨɥɶ ɭɫɢɥɢɣ ɧɚ 
ɤɨɧɰɚɯ ɚɪɦɚɬɭɪɧɵɯ ɤɚɧɚɬɨɜ ɋɉɁɈ ɜɵɩɨɥɧɹɥɫɹ ɩɪɢ ɩɨɦɨɳɢ ɞɚɬɱɢɤɨɜ ɫɢɥɵ ɉɋɂ-01.  

ȼ ɡɚɳɢɬɧɵɯ ɨɛɨɥɨɱɤɚɯ Ⱥɗɋ ɄɂȺ ɪɚɫɩɨɥɚɝɚɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɱɟɬɵɪɟɯ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɜɨɪɚɯ, ɜ ɫɬɜɨɪɚɯ № 1, β ɢ 4 ɞɚɬɱɢɤɢ ɪɚɫɩɨɥɨɠɟɧɵ ɫɨ ɫɦɟɳɟɧɢɟɦ ɧɚ β0  

ɨɬ ɨɫɟɣ, ɚ ɜ ɫɬɜɨɪɟ № γ ɫɦɟɳɟɧɢɟ ɨɬ ɨɫɢ ɫɨɫɬɚɜɥɹɟɬ 40  (ɪɢɫ. 1).  
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Ɋɢɫɭɧɨɤ 1 – Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɫɬɜɨɪɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɵ ɞɚɬɱɢɤɢ ɤɨɧɬɪɨɥɶɧɨ-

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ДLocation of the sections relative to the axes where the control sensors of 

instrumentation are located] 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɚɡɥɢɱɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ γ1.07.β014 ɝ., 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɤɨɥɟɛɚɧɢɹ ɭɫɢɥɢɣ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɦɨɝɭɬ ɫɨɫɬɚɜɥɹɬɶ ɨɤɨɥɨ 10 ɬɫ.  

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ ɭɫɢɥɢɣ ɧɚɛɥɸɞɚɥɢɫɶ ɜ ɚɪɦɨɤɚɧɚɬɚɯ ɤɭɩɨɥɚ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɜɛɥɢɡɢ ɨɫɢ II (ɸɝɨ-ɡɚɩɚɞɧɚɹ ɫɬɨɪɨɧɚ). ɇɚɩɪɢɦɟɪ, ɭɫɢɥɢɹ ɜ ɚɪɦɨɤɚɧɚɬɟ ɤɭɩɨɥɚ 
Ʉ1γȺ ɜ 15 ɱɚɫɨɜ 55 ɦɢɧɭɬ ɫɨɫɬɚɜɥɹɥɢ 8γ7,4 ɬɫ, ɚ ɜ βγ ɱɚɫɚ 5β ɦɢɧɭɬɵ – 8γ0,1 ɬɫ, ɬ.ɟ. ɡɚ 8 

ɱɚɫɨɜ ɭɫɢɥɢɹ ɫɧɢɡɢɥɢɫɶ ɧɚ 7,γ ɬɫ (ɫɦ. ɬɚɛɥ. 1).   

Ɇɢɧɢɦɚɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ ɭɫɢɥɢɣ ɧɚɛɥɸɞɚɥɢɫɶ ɜ ɚɪɦɨɤɚɧɚɬɚɯ ɤɭɩɨɥɚ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɜɛɥɢɡɢ ɨɫɢ IV (ɫɟɜɟɪɨ-ɜɨɫɬɨɱɧɚɹ ɫɬɨɪɨɧɚ). ɇɚɩɪɢɦɟɪ, ɭɫɢɥɢɹ ɜ ɚɪɦɨɤɚɧɚɬɟ 
ɤɭɩɨɥɚ ɄγβȺ ɜ 15 ɱɚɫɨɜ 55 ɦɢɧɭɬ ɫɨɫɬɚɜɥɹɥɢ 8γγ,7 ɬɫ, ɚ ɜ βγ ɱɚɫɚ 5β ɦɢɧɭɬɵ – 8γ1,λ ɬɫ, 
ɬ.ɟ. ɡɚ 8 ɱɚɫɨɜ ɭɫɢɥɢɹ ɫɧɢɡɢɥɢɫɶ ɧɚ 1,8 ɬɫ (ɫɦ. ɬɚɛɥɢɰɭ 1). 

ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɡɚ ɷɬɨɬ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɫɧɢɡɢɥɚɫɶ ɫ γ1,λ °ɋ ɞɨ β5,4 
°ɋ ɧɚ 6,5 °ɋ (ɫɦ. ɬɚɛɥɢɰɭ β). ȼɟɪɨɹɬɧɨ, ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɢɡɦɟɧɟɧɢɟ 
ɭɫɢɥɢɣ ɜ ɚɪɦɨɤɚɧɚɬɚɯ ɜɧɨɫɢɬ ɫɨɥɧɟɱɧɨɟ ɢɡɥɭɱɟɧɢɟ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɚɡɧɨɫɬɶɸ 
ɩɪɢɪɚɳɟɧɢɹ ɭɫɢɥɢɣ ɜ ɚɪɦɨɤɚɧɚɬɚɯ ɫ ɸɝɨ-ɡɚɩɚɞɧɨɣ ɢ ɫɟɜɟɪɨ-ɜɨɫɬɨɱɧɨɣ ɫɬɨɪɨɧ 
ɫɨɨɪɭɠɟɧɢɹ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɰɟɧɤɚ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɣ ɧɚ ɬɹɠɧɵɯ ɚɧɤɟɪɚɯ ɚɪɦɚɬɭɪɧɵɯ ɤɚɧɚɬɨɜ 
ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ 3-ɝɨ ɷɧɟɪɝɨɛɥɨɤɚ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɨɬ ɜɥɢɹɧɢɹ ɫɭɬɨɱɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɤɨɥɟɛɚɧɢɹ 
ɭɫɢɥɢɣ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɦɨɝɭɬ ɫɨɫɬɚɜɥɹɬɶ ɨɤɨɥɨ 10 ɬɫ. ɗɬɢ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɣ ɧɨɫɹɬ 
ɰɢɤɥɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɢ ɦɨɝɭɬ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɬɶ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ 
ɋɉɁɈ ɜ ɱɚɫɬɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɞɬɹɠɤɢ ɢ ɡɚɦɟɧɵ ɚɪɦɨɤɚɧɚɬɨɜ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɦɟɠɞɭ ɰɚɧɝɚɦɢ ɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɜ ɨɬɜɟɪɫɬɢɹɯ ɚɧɤɟɪɧɨɝɨ ɛɥɨɤɚ.   

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬ ɩɨ ɪɟɦɨɧɬɭ ɚɪɦɚɬɭɪɧɵɯ ɤɚɧɚɬɨɜ, ɢɦɟɜɲɢɯ ɨɛɪɵɜɵ ɢ 
ɞɟɮɟɤɬɵ ɜ ɩɟɪɢɨɞ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ, ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɪɚɡɝɪɭɡɤɟ 
ɚɪɦɚɬɭɪɧɵɯ ɤɚɧɚɬɨɜ ɛɵɥɢ ɫɥɭɱɚɢ ɢɯ ɨɛɪɵɜɚ.  

ɉɪɢɱɢɧɨɣ ɨɛɪɵɜɚ ɩɪɨɜɨɥɨɤ ɚɪɦɨɤɚɧɚɬɚ ɩɪɢ ɟɝɨ ɪɚɡɝɪɭɡɤɟ ɹɜɥɹɟɬɫɹ ɬɨ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɩɪɢ ɷɬɨɦ ɤ ɚɪɦɨɤɚɧɚɬɭ ɬɪɟɛɭɟɬɫɹ ɩɪɢɥɨɠɢɬɶ ɛɨɥɶɲɟɟ ɭɫɢɥɢɟ, ɱɟɦ 
ɩɪɢ ɩɪɟɞɧɚɩɪɹɠɟɧɢɢ. ɑɬɨɛɵ ɜɵɪɜɚɬɶ ɤɚɧɚɬ ɫ ɰɚɧɝɨɜɵɦ ɡɚɠɢɦɨɦ ɢɡ ɝɧɟɡɞɚ ɚɧɤɟɪɧɨɝɨ 
ɛɥɨɤɚ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɢɥɢɟ ɩɨɪɹɞɤɚ 5 ɬɫ. ȿɫɥɢ ɩɪɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ 



44 ɆȿȾȼȿȾȿȼ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɩɪɟɞɧɚɩɪɹɠɟɧɢɢ ɭɫɢɥɢɟ ɜ ɚɪɦɨɤɚɧɚɬɟ ɫɨɫɬɚɜɥɹɥɨ ɩɨɪɹɞɤɚ β0 ɬɫ, ɬɨ ɩɪɢ ɞɟɦɨɧɬɚɠɟ – 

ɩɨɪɹɞɤɚ β5 ɬɫ (600 ɛɚɪ), ɬ.ɟ. ɛɨɥɶɲɟ ɧɚ β5 %.  
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɞɬɹɠɤɢ ɢɥɢ ɡɚɦɟɧɵ ɚɪɦɨɤɚɧɚɬɨɜ ɩɪɢ 

ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɉɁɈ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɦɟɠɞɭ 
ɰɚɧɝɚɦɢ ɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɜ ɨɬɜɟɪɫɬɢɹɯ ɚɧɤɟɪɧɨɝɨ ɛɥɨɤɚ ɩɨɬɪɟɛɭɟɬɫɹ ɩɪɢɥɨɠɢɬɶ 
ɭɫɢɥɢɟ, ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɟ, ɱɟɦ ɩɪɢ ɩɪɟɞɧɚɩɪɹɠɟɧɢɢ. ɉɨɷɬɨɦɭ ɜɨɩɪɨɫ ɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɞɬɹɠɤɢ ɚɪɦɨɤɚɧɚɬɨɜ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ 
ɪɚɫɫɦɨɬɪɟɧ ɫ ɭɱɟɬɨɦ ɞɟɣɫɬɜɢɹ ɰɢɤɥɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ.  

 
Ɍɚɛɥɢɰɚ 1 – Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɭɫɢɥɢɣ (ɬɫ) ɜ ɚɪɦɨɤɚɧɚɬɚɯ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɨɜ ɫɢɥɵ 
ɉɋɂ-01 ɜ ɪɚɡɥɢɱɧɨɦ ɜɪɟɦɟɧɢ ɫɭɬɨɤ γ1.07.β014 ɝ. ДThe results of tendon forces measurements with the force 

sensors PSI-01 at various time instants of the day 07/31/2014] 

№ ɚɪɦɨ-

ɤɚɧɚɬɚ 
10:49 14:52 15:55 16:57 17:59 19:01 21:06 23:52 

Ʉ-1βȻ 804,9 809,2 809,5 809,3 808,9 807,6 804,2 802,3 

Ʉ-1γȺ 833,1 837,2 837,4 837,2 836,8 835,7 832 830,1 

Ʉ-14Ⱥ 852 856,3 856,6 856,5 856 855 851,1 849,3 

Ʉ-15Ⱥ 845,8 849,4 849,6 849,3 848,6 847,2 843,6 842,4 

Ʉ-16Ȼ 814,1 817,7 817,7 817,5 816,8 815 812 810,4 

Ʉ-γ0Ⱥ 856,8 856 856 856,1 856 856 855,1 854,1 

Ʉ-γβȺ 834,1 833,6 833,7 833,7 833,7 833,7 832,7 831,9 

Ʉ-γ4Ⱥ 824,2 824,5 824,6 824,8 824,6 824,7 823,7 822,8 

Ʉ-γȺ 820,5 822,6 823,7 824,1 824,1 824,2 820,7 818,8 

Ʉ-γȻ 820,5 822,4 823,7 824,6 824,8 825,1 821,5 819 

Ʉ-7Ⱥ 816,3 818,1 819,3 819,6 819,8 819,9 816,7 814,8 

 

Ɍɚɛɥɢɰɚ β – Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɝ. ȼɨɥɝɨɞɨɧɫɤɟ γ1.07.β014 ɝ. ДAir temperature in Volgodonsk 

07/31/2014] 

ȼɪɟɦɹ Ɍɟɦɩɟɪɚɬɭɪɚ, ºɋ Ɉɛɥɚɱɧɨɫɬɶ, % Ⱦɚɜɥɟɧɢɟ, ɦɦ ɪɬ. ɫɬ. ȼɟɬɟɪ, ɦ/ɫɟɤ 

0:00 +24.8 əɫɧɚɹ ɩɨɝɨɞɚ 756 
ɘɝɨ-ɜɨɫɬɨɱɧɵɣ, 

β ɦ/ɫɟɤ 

3:00 +23.2 əɫɧɚɹ ɩɨɝɨɞɚ 756 
ɘɝɨ-ɜɨɫɬɨɱɧɵɣ, 

1 ɦ/ɫɟɤ 

6:00 +22.2 əɫɧɚɹ ɩɨɝɨɞɚ 756 ȼɨɫɬɨɱɧɵɣ, β ɦ/ɫɟɤ 

9:00 +25.6 Ɇɚɥɨɨɛɥɚɱɧɨ (β0%) 757 ȼɨɫɬɨɱɧɵɣ, β ɦ/ɫɟɤ 

12:00 +28.7 Ɇɚɥɨɨɛɥɚɱɧɨ (β0%) 756 
ɋɟɜɟɪɨ-ɜɨɫɬɨɱɧɵɣ, 

γ ɦ/ɫɟɤ 

15:00 +31.9 Ɇɚɥɨɨɛɥɚɱɧɨ (β0%) 755 
ɋɟɜɟɪɨ-ɜɨɫɬɨɱɧɵɣ, 

β ɦ/ɫɟɤ 

18:00 +30.3 
ɇɟɛɨɥɶɲɚɹ 

ɨɛɥɚɱɧɨɫɬɶ (γ0%) 754 
ɋɟɜɟɪɨ-ɜɨɫɬɨɱɧɵɣ, 

β ɦ/ɫɟɤ 

21:00 +25.4 
ɇɟɛɨɥɶɲɚɹ 

ɨɛɥɚɱɧɨɫɬɶ (γ0%) 754 
ɋɟɜɟɪɨ-ɜɨɫɬɨɱɧɵɣ, 

β ɦ/ɫɟɤ 

 

Ɉɫɨɛɟɧɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɇȾɋ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɜɛɥɢɡɢ ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫ ɤɭɩɨɥɨɦ  

Ɉɰɟɧɤɚ ɇȾɋ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɷɧɟɪɝɨɛɥɨɤɚ № γ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɜɵɩɨɥɧɹɥɚɫɶ 
ɫ ɭɱɟɬɨɦ ɩɨɤɚɡɚɧɢɣ ɞɚɬɱɢɤɨɜ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ (ɄɂȺ), 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɬɟɥɟ ɫɨɨɪɭɠɟɧɢɹ ɜ ɩɟɪɢɨɞ ɜɨɡɜɟɞɟɧɢɹ, ɩɨɤɚɡɚɧɢɣ ɞɚɬɱɢɤɨɜ ɫɢɥɵ 
ɉɋɂ-01, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɚɧɤɟɪɚɯ ɚɪɦɨɤɚɧɚɬɨɜ ɫɢɫɬɟɦɵ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ, ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɩɟɪɟɦɟɳɟɧɢɣ ɫɬɟɧɤɢ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɩɪɢ 
ɩɨɦɨɳɢ ɞɚɬɱɢɤɨɜ ɬɢɩɚ ɉɅɉɋ, ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɝɟɨɞɟɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ Д1Ж. 



 Ʉ ȼɈɉɊɈɋɍ Ɉ ɄɈɇɌɊɈɅȿ ɁȺɓɂɌɇɕɏ ɈȻɈɅɈɑȿɄ Ⱥɗɋ 45 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

Ɋɟɡɭɥɶɬɚɬɵ ɤɨɧɬɪɨɥɹ ɇȾɋ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ 
ɜɛɥɢɡɢ ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫ ɤɭɩɨɥɨɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɹ 
ɩɪɢ ɩɨɞɴɟɦɟ ɞɚɜɥɟɧɢɹ ɪɚɛɨɬɚɟɬ ɧɟɥɢɧɟɣɧɨ.  

ɇɚ ɪɢɫɭɧɤɟ γ ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɩɪɢɪɚɳɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɟɪɢɞɢɨɧɚɥɶɧɨɣ 
ɫɬɟɪɠɧɟɜɨɣ ɚɪɦɚɬɭɪɟ ɜ ɩɟɪɢɨɞ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ 
ɷɧɟɪɝɨɛɥɨɤɚ №γ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɭɩɨɥɶɧɚɹ ɱɚɫɬɶ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɧɚ ɪɚɞɢɭɫɟ R = 1λ ɦ. Ɇɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɭ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɵ 
ɨɛɨɥɨɱɤɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɩɨɞɴɟɦɚ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ 
ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɚ ɭ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɩɟɪɜɨɦ ɲɚɝɟ ɩɪɢ ɞɚɜɥɟɧɢɢ 
0,07 Ɇɉɚ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɡɚɬɟɦ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɟɛɚɧɢɟ ɧɚɩɪɹɠɟɧɢɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɛɨɬɚ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɜ 
ɡɨɧɟ ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɧɨɫɢɬ ɦɨɦɟɧɬɧɵɣ ɯɚɪɚɤɬɟɪμ ɪɚɫɬɹɠɟɧɢɟ ɭ ɜɧɭɬɪɟɧɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɠɚɬɢɟ ɭ ɧɚɪɭɠɧɨɣ. ДβЖ ɉɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɜ ɡɨɧɟ ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɰɢɥɢɧɞɪɚ ɫ ɤɭɩɨɥɨɦ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ.  

ȼ ɩɟɪɢɨɞ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɁɈ ɷɧɟɪɝɨɛɥɨɤɚ №γ ɊɨȺɗɋ ɩɪɨɜɨɞɢɥɢɫɶ 
ɢɡɦɟɪɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɝɟɨɞɟɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɢɫɫɥɟɞɭɟɦɵɯ ɬɨɱɟɤ ɧɚ ɤɭɩɨɥɶɧɨɣ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɹɯ ɨɛɨɥɨɱɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ β. 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɩɪɢɪɚɳɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ɤɭɩɨɥɚ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɜ ɩɟɪɢɨɞ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ ɫɬɜɨɪɟ I-II. Ɍɨɱɤɚ № 1 ɪɚɫɩɨɥɨɠɟɧɚ 
ɜ ɪɚɣɨɧɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɪɢɦɵɤɚɧɢɹ ɤ ɨɩɨɪɧɨɦɭ ɤɨɥɶɰɭ. Ⱦɚɥɟɟ ɬɨɱɤɢ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɲɚɝɨɦ ɨɬ ɨɩɨɪɧɨɝɨ ɤɨɥɶɰɚ ɞɨ ɜɟɪɲɢɧɵ ɤɭɩɨɥɚ Дγ-5Ж. ɇɚ 
ɜɟɪɲɢɧɟ ɤɭɩɨɥɚ ɪɚɫɩɨɥɨɠɟɧɚ ɬɨɱɤɚ № 0. ɇɚ ɪɢɫɭɧɤɟ 4 ɬɚɤɠɟ ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɪɚɛɨɬɚ 
ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɜ ɡɨɧɟ ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɧɨɫɢɬ ɦɨɦɟɧɬɧɵɣ ɯɚɪɚɤɬɟɪ. ɇɚɢɛɨɥɶɲɟɟ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɫ 0,1λ ɞɨ 0,βλ 
Ɇɉɚ.  
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Ɋɢɫɭɧɨɤ β – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɬɨɱɟɤ ɧɚ ɤɭɩɨɥɶɧɨɣ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɹɯ ɨɛɨɥɨɱɤɢ 
(ɬɨɱɤɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɦɟɫɬɚɯ ɩɟɪɟɫɟɱɟɧɢɣ ɨɤɪɭɠɧɵɯ ɢ ɦɟɪɢɞɢɨɧɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ) ДThe location 

scheme of the observable points on the dome and cylindrical parts of the containment (points are located at the 

intersections of circular and meridional directions)] 



46 ɆȿȾȼȿȾȿȼ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

 
Ɋɢɫɭɧɨɤ γ – ɉɪɢɪɚɳɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɟɪɢɞɢɨɧɚɥɶɧɨɣ ɫɬɟɪɠɧɟɜɨɣ ɚɪɦɚɬɭɪɟ ɜ ɩɟɪɢɨɞ ɩɪɢɟɦɨ-

ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ, ɷɧɟɪɝɨɛɥɨɤ №γ ɊɨȺɗɋ, ɫɬɜɨɪ №1, ɤɭɩɨɥ, R = 1λ ɦ  
(1128-1133 – ɧɨɦɟɪɚ ɞɚɬɱɢɤɨɜ ɜ ɁɈ, ɦ.ɜ – ɦɟɪɢɞɢɨɧɚɥɶɧɵɣ ɜɧɭɬɪɟɧɧɢɣ, ɦ.ɧ. – ɦɟɪɢɞɢɨɧɚɥɶɧɵɣ 

ɧɚɪɭɠɧɵɣ) ДThe stress increments in the meridional steel reinforcing rods during the acceptance test of the 

containment, power unit No. 3 of the Rostov NPP, section No. 1, dome, R = 19 m (1128-1133 – sensor numbers 

in the containment, m.v. – meridional internal, m.n. –meridional outer)] 

 

Ɍɚɤɨɣ ɯɚɪɚɤɬɟɪ ɩɨɜɟɞɟɧɢɹ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɜ ɩɟɪɢɨɞ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɩɨɜɥɢɹɥ ɧɚ ɩɨɤɚɡɚɧɢɹ ɞɚɬɱɢɤɨɜ ɫɢɥɵ ɉɋɂ-01. 

ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ №γ ɩɪɢɪɚɳɟɧɢɹ ɭɫɢɥɢɣ ɜ ɨɬɞɟɥɶɧɵɯ ɚɪɦɨɤɚɧɚɬɚɯ ɤɭɩɨɥɚ 
ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɫɟ 
ɞɚɬɱɢɤɢ ɪɚɛɨɬɚɥɢ ɢɫɩɪɚɜɧɨ. ɉɪɢ ɩɨɞɴɟɦɟ ɞɚɜɥɟɧɢɹ ɞɨ 0,07 Ɇɉɚ ɡɚɮɢɤɫɢɪɨɜɚɧɨ 
ɭɜɟɥɢɱɟɧɢɟ ɭɫɢɥɢɣ ɨɬ β,5 ɞɨ 4 ɬɫ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɢɫɯɨɞɢɥɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ 
ɭɜɟɥɢɱɟɧɢɟ ɢɥɢ ɫɧɢɠɟɧɢɟ ɭɫɢɥɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɢ ɁɈ.  

 

 
Ɋɢɫɭɧɨɤ 4 – ɉɪɢɪɚɳɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ɤɭɩɨɥɚ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɜ ɩɟɪɢɨɞ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ 

ɢɫɩɵɬɚɧɢɣ, ɷɧɟɪɝɨɛɥɨɤ №γ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ, ɫɬɜɨɪ I-II (1/2-0 – ɜɟɪɲɢɧɚ ɤɭɩɨɥɚ, 1/β-9 – ɪɚɞɢɭɫ γ ɦ,  
1/2-6 – ɪɚɞɢɭɫ 10 ɦ, 1/β-4 – ɪɚɞɢɭɫ 1β,5 ɦ, 1/β-1 – ɜɛɥɢɡɢ ɨɩɨɪɧɨɝɨ ɤɨɥɶɰɚ) ДDisplacement increments of the 

containment dome during the acceptance tests, power unit No. 3 of the Rostov NPP, section I-II (1/2-0 – the top 

of the dome, 1/2-9 – radius 3 m, 1/2-6 – radius 10 m, 1/2-4 – radius 12.5 m, 1/2-1 – near the support ring)] 

https://www.multitran.com/m.exe?s=steel+reinforcing+rod&l1=1&l2=2
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɤɚɡɚɧɢɹ ɞɚɬɱɢɤɨɜ ɉɋɂ-01 ɜ ɩɟɪɢɨɞ ɢɫɩɵɬɚɧɢɣ ɡɚɜɢɫɹɬ ɨɬ 
ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɨɪɭɠɟɧɢɹ.  

 
Ɍɚɛɥɢɰɚ γ – ɉɪɢɪɚɳɟɧɢɹ ɭɫɢɥɢɣ ɜ ɨɬɞɟɥɶɧɵɯ ɚɪɦɨɤɚɧɚɬɚɯ ɤɭɩɨɥɚ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ 
ɧɚ ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ДForce increments in individual tendons of the containment dome during tests 

for tightness and strength] 

№ 
Ⱥɪɦɨɤɚ-

ɧɚɬɚ 

Ⱦɚɬɚ 
08.08.14, 

ɞɚɜɥɟɧɢɟ 
0,0 Ɇɉɚ 

Ⱦɚɬɚ 
10.08.14, 

ɞɚɜɥɟɧɢɟ 
0,07 Ɇɉɚ 

Ⱦɚɬɚ 
10.08.14, 

ɞɚɜɥɟɧɢɟ 
0,1λ Ɇɉɚ 

Ⱦɚɬɚ 
10.08.14, 

ɞɚɜɥɟɧɢɟ 
0,βλ Ɇɉɚ 

Ⱦɚɬɚ 
11.08.14, 

ɞɚɜɥɟɧɢɟ 
0,γλ Ɇɉɚ 

Ⱦɚɬɚ 
12.08.14, 

ɞɚɜɥɟɧɢɟ 
0,45 Ɇɉɚ 

Ⱦɚɬɚ 
13.08.14, 

ɞɚɜɥɟɧɢɟ 
0,γλ Ɇɉɚ 

Ⱦɚɬɚ 
13.08.14, 

ɞɚɜɥɟɧɢɟ 
0,07 Ɇɉɚ 

Ⱦɚɬɚ 
14.08.14, 

ɞɚɜɥɟɧɢɟ 
0,0 Ɇɉɚ 

ɉɪɢɪɚɳɟɧɢɹ ɭɫɢɥɢɣ, ɬɫ 

Ʉ-11Ⱥ 0 2,7 -0,7 2,3 0,7 1,4 3 0,9 -2 

Ʉ-1βȻ 0 2,6 -0,6 1,8 0,3 1,2 2,4 0,8 -3 

Ʉ-1γȺ 0 2,8 -1,3 2 0,2 1,6 3,1 0,1 -3 

Ʉ-14Ⱥ 0 2,5 -0,7 1,7 0,2 1,5 2,6 0,5 -2,2 

Ʉ-14Ȼ 0 3,4 0,2 3 1 1,5 3,4 1,3 -1,4 

Ʉ-15Ⱥ 0 3,6 -0,4 3,1 0,8 1,8 3,5 0,6 -2,1 

Ʉ-16Ȼ 0 4 -0,8 3,4 1 2,2 4,3 0,7 -2 

 

Ɉɫɨɛɟɧɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɇȾɋ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɜ ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɤɪɚɧɨɜɵɯ ɩɭɬɟɣ ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ 

ɉɨɞɤɪɚɧɨɜɚɹ ɤɨɧɫɨɥɶ ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ ɨɛɥɚɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ, 
ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɪɢ ɩɪɟɞɧɚɩɪɹɠɟɧɢɢ ɢ ɢɫɩɵɬɚɧɢɹɯ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɜ ɷɬɨɣ ɡɨɧɟ 
ɩɟɪɟɦɟɳɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɨɞɧɨɪɨɞɧɨɣ ɡɨɧɟ. ɇɚɩɪɢɦɟɪ, ɩɟɪɟɦɟɳɟɧɢɹ ɨɬ 
ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɜ ɫɬɜɨɪɟ №1 ɧɚ ɨɬɦɟɬɤɟ γ6,λ ɦ ɫɨɫɬɚɜɢɥɢ -10,7 ɦɦ, ɚ ɧɚ ɨɬɦɟɬɤɟ 47 ɦ 
ɩɨɪɹɞɤɚ -6,8 ɦɦ. ȼ ɩɟɪɢɨɞ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɞɚɜɥɟɧɢɢ 0,45 Ɇɉɚ ɧɚ ɨɬɦɟɬɤɟ γ6,λ ɦ 
ɩɟɪɟɦɟɳɟɧɢɹ ɛɵɥɢ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɢ ɫɨɫɬɚɜɢɥɢ 7,λ5 ɦɦ, ɩɨɫɥɟ ɫɛɪɨɫɚ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɁɈ ɜɟɪɧɭɥɢɫɶ ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ.  

ȼ ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ ɧɚ ɨɬɦɟɬɤɟ 47 ɦ ɜ ɩɟɪɢɨɞ ɢɫɩɵɬɚɧɢɣ ɩɪɢ 
ɞɚɜɥɟɧɢɢ 0,45 Ɇɉɚ ɩɟɪɟɦɟɳɟɧɢɹ ɧɟ ɛɵɥɢ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɢ ɫɨɫɬɚɜɥɹɥɢ 4,4 ɦɦ, ɩɪɢ 
ɫɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ ɞɨ 0,γλ Ɇɉɚ ɩɟɪɟɦɟɳɟɧɢɹ ɭɜɟɥɢɱɢɥɢɫɶ ɞɨ 4,λ8 ɦɦ, ɚ ɩɨɫɥɟ ɫɛɪɨɫɚ 
ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɭɦɟɧɶɲɢɥɚɫɶ 
ɟɳɟ ɧɚ β,γγ ɦɦ (ɫɦ. ɪɢɫ. 5). ɋɭɦɦɚɪɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɫɥɟ ɫɛɪɨɫɚ ɞɚɜɥɟɧɢɹ ɫɨɫɬɚɜɢɥɢ 
7,γ ɦɦ, ɱɬɨ ɫɨɩɨɫɬɚɜɢɦɨ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚ ɨɬɦɟɬɤɟ γ6,λ ɦ.  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚ ɫɱɟɬ ɠɟɫɬɤɨɫɬɢ ɩɨɞɤɪɚɧɨɜɨɣ ɤɨɧɫɨɥɢ ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ ɧɚ ɷɬɚɩɟ 
ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɛɵɥɢ ɧɢɠɟ ɨɠɢɞɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚ 
β,λ ɦɦ, ɚ ɩɪɢ ɩɨɞɴɟɦɟ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɟɪɢɨɞ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ 
ɠɟɫɬɤɨɫɬɶ ɛɵɥɚ ɫɧɢɠɟɧɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟ ɫɛɪɨɫɚ ɞɚɜɥɟɧɢɹ ɨɛɨɥɨɱɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɩɟɪɟɦɟɫɬɢɥɚɫɶ ɧɚ β,γγ ɦɦ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɪɨɢɡɨɲɥɨ ɫɧɢɠɟɧɢɟ ɭɫɢɥɢɣ ɜ ɚɪɦɨɤɚɧɚɬɚɯ 
ɜ ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɤɪɚɧɨɜɨɣ ɤɨɧɫɨɥɢ.  
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

 
Ɋɢɫɭɧɨɤ 5 – ɉɪɢɪɚɳɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ɫɬɟɧɤɢ ɁɈ ɜ ɩɟɪɢɨɞ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɷɧɟɪɝɨɛɥɨɤ 

№γ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ, ɨɬɦɟɬɤɚ 47.0, 48.0 ɢ 50 ɦ, ɫɬɜɨɪ №1 ДDisplacement increments of the wall of the 

containment during the acceptance tests, power unit No. 3 of the Rostov NPP, mark 47.0, 48.0 and 50 m, section 

No. 1] 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɤɪɚɧɨɜɚɹ ɤɨɧɫɨɥɶ ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ ɨɛɥɚɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɠɟɫɬɤɨɫɬɶɸ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɟɪɟɦɟɳɟɧɢɸ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɩɪɢ ɩɪɟɞɧɚɩɪɹɠɟɧɢɢ, 
ɂɡɦɟɧɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɠɟɫɬɤɨɫɬɢ. ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɨɞɢɬɶ ɪɢɯɬɨɜɤɭ ɩɨɞɤɪɚɧɨɜɵɯ ɩɭɬɟɣ 
ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ ɬɨɥɶɤɨ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɇȾɋ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɷɧɟɪɝɨɛɥɨɤɚ 

ȼɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɇȾɋ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ γ-ɝɨ ɛɥɨɤɚ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɜ 
ɩɟɪɢɨɞ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɢ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɩɪɢɥɨɠɟɧɢɹ 
ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɭɱɟɬɨɦ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɷɬɨɬ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɭɫɢɥɢɣ ɜ 
ɚɪɦɨɤɚɧɚɬɚɯ ɋɉɁɈ ɢ ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ 
ɧɟɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɟ (ɫ ɭɱɟɬɨɦ ɩɪɨɰɟɫɫɨɜ ɩɨɥɡɭɱɟɫɬɢ ɜ ɛɟɬɨɧɟ) ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɥɭɱɲɟɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ.  

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ 
ɢ ɩɚɪɚɦɟɬɪɨɜ ɇȾɋ ɁɈ ɷɧɟɪɝɨɛɥɨɤɚ № γ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɩɪɢ ɟɺ ɩɪɟɞɧɚɩɪɹɠɟɧɢɢ ɢ ɜ 
ɩɪɨɰɟɫɫɟ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɤɚɱɟɫɬɜɟɧɧɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɢɡɦɟɪɟɧɧɵɦ Д6, 7Ж. 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɢɜɟɞɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɞɢɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɢ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ Ɋ = 0,45 Ɇɉɚ. 
Ɂɚ ɢɫɤɥɸɱɟɧɢɟɦ ɥɨɤɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɧɚ ɤɭɩɨɥɟ ɛɟɬɨɧ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɪɚɛɨɬɚɟɬ ɜ 
ɫɨɫɬɨɹɧɢɢ ɞɜɭɯɨɫɧɨɝɨ ɫɠɚɬɢɹ (ɫɦ. ɪɢɫ. 7 ɢ 8), ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 
ɞɚɠɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ. 

Ɉɞɧɚɤɨ ɜ ɪɚɫɱɟɬɚɯ ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ ɠɟɫɬɤɨɫɬɢ ɩɨɞɤɪɚɧɨɜɨɣ ɤɨɧɫɨɥɢ ɩɨɥɹɪɧɨɝɨ 
ɤɪɚɧɚ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨ, ɩɨɷɬɨɦɭ ɜɥɢɹɧɢɟ ɞɚɧɧɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɪɢɫɭɧɤɟ 6 ɧɟ 
ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ Д8-12]. 
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Ɍɚɛɥɢɰɚ 4 – ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɳɟɧɢɣ ɫɬɟɧɤɢ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɧɚ 
ɨɬɦɟɬɤɟ γ6,λ ɦ ДComparison of the calculated and experimental values of the displacements of the wall of the 

containment under the influence of prestress and maximum test internal pressure at 36.9 m] 

№ ɋɬɜɨɪɚ 

ɉɪɢɪɚɳɟɧɢɹ ɪɚɞɢɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ 

ɫɬɟɧɤɢ ɨɛɨɥɨɱɤɢ ɨɬ ɨɛɠɚɬɢɹ, ɦɦ 

ɉɪɢɪɚɳɟɧɢɹ ɪɚɞɢɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ 

ɫɬɟɧɤɢ ɨɛɨɥɨɱɤɢ ɩɪɢ ɞɚɜɥɟɧɢɢ 0,45 Ɇɉɚ, 

ɦɦ 

ɂɡɦɟɪɟɧɧɵɟ / ɪɚɫɱɟɬɧɵɟ 

1 -10,7 / -9,8 7,95 / 7,6 

2 -9,53 / -9,62 7,39 / 6,9 

3 -12,96 / -12,4 7,24 / 7,1 

4 -12,15 / -12,6 7,22 / 6,8 

 

 

 
Ɋɢɫɭɧɨɤ 6 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɞɢɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ДɦɦЖ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɢ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ Ɋ=0,45 Ɇɩɚ ДDistribution of radial displacements [mm] of the 

containment under loads induced by the prestressing and test pressure P = 0.45 MPa] 

 



50 ɆȿȾȼȿȾȿȼ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

 
Ɋɢɫɭɧɨɤ 7 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɦɟɪɢɞɢɨɧɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ДɆɉɚЖ ɧɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ Ɋ = 0,45 Ɇɉɚ [Distribution of meridional stresses 

[MPa] on the outer surface of the containment exposed to test pressure P = 0.45 MPa] 

 

 
Ɋɢɫɭɧɨɤ 8 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɤɪɭɠɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ДɆɉɚЖ ɧɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ 
ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ Ɋ = 0,45 Ɇɉɚ ДThe distribution of circular stresses on the outer 

surface of the containment exposed to test pressure P = 0.45 MPa] 
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ȼɵɜɨɞɵ 

1. Ɉɰɟɧɤɚ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɣ ɧɚ ɬɹɠɧɵɯ ɚɧɤɟɪɚɯ ɚɪɦɚɬɭɪɧɵɯ ɤɚɧɚɬɨɜ ɡɚɳɢɬɧɨɣ 
ɨɛɨɥɨɱɤɢ γ-ɝɨ ɷɧɟɪɝɨɛɥɨɤɚ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɨɬ ɜɥɢɹɧɢɹ ɫɭɬɨɱɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɤɨɥɟɛɚɧɢɹ 
ɭɫɢɥɢɣ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɦɨɝɭɬ ɫɨɫɬɚɜɥɹɬɶ ɨɤɨɥɨ 10 ɬɫ, ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ 
ɢɡɦɟɧɟɧɢɟ ɭɫɢɥɢɣ ɜ ɚɪɦɨɤɚɧɚɬɚɯ ɜɧɨɫɢɬ ɫɨɥɧɟɱɧɨɟ ɢɡɥɭɱɟɧɢɟ 

β. ȼ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɞɬɹɠɤɢ ɢɥɢ ɡɚɦɟɧɵ ɚɪɦɨɤɚɧɚɬɨɜ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɉɁɈ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɦɟɠɞɭ ɰɚɧɝɚɦɢ ɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɜ ɨɬɜɟɪɫɬɢɹɯ ɚɧɤɟɪɧɨɝɨ ɛɥɨɤɚ ɩɨɬɪɟɛɭɟɬɫɹ ɩɪɢɥɨɠɢɬɶ ɭɫɢɥɢɟ, 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɟ, ɱɟɦ ɩɪɢ ɩɪɟɞɧɚɩɪɹɠɟɧɢɢ. ɉɨɷɬɨɦɭ ɜɨɩɪɨɫ ɨ ɜɨɡɦɨɠɧɨɫɬɢ 
ɩɨɞɬɹɠɤɢ ɚɪɦɨɤɚɧɚɬɨɜ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧ ɫ ɭɱɟɬɨɦ 
ɞɟɣɫɬɜɢɹ ɰɢɤɥɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ. 

γ. ɂɡɦɟɪɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɷɧɟɪɝɨɛɥɨɤɚ №γ 
Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɝɟɨɞɟɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɢ ɢɯ ɚɧɚɥɢɡ ɜ ɩɪɨɰɟɫɫɟ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɢ ɜ 
ɩɟɪɢɨɞ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɢ ɭɫɬɚɧɨɜɢɬɶ ɯɚɪɚɤɬɟɪ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɣ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɜɛɥɢɡɢ ɨɩɨɪɧɨɝɨ ɤɨɥɶɰɚ.  

4. Ɋɟɡɭɥɶɬɚɬɵ ɤɨɧɬɪɨɥɹ ɇȾɋ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ 
ɜɛɥɢɡɢ ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫ ɤɭɩɨɥɨɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɹ 
ɩɪɢ ɩɨɞɴɟɦɟ ɞɚɜɥɟɧɢɹ ɪɚɛɨɬɚɟɬ ɧɟɥɢɧɟɣɧɨ, ɧɚɢɛɨɥɶɲɟɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɫ 0,1λ ɞɨ 0,βλ Ɇɉɚ, ɩɪɢ ɷɬɨɦ 
ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɷɬɨɣ ɡɨɧɟ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɧɟ 
ɧɚɛɥɸɞɚɸɬɫɹ.  

5. ɉɨɤɚɡɚɧɢɹ ɞɚɬɱɢɤɨɜ ɉɋɂ-01 ɜ ɩɟɪɢɨɞ ɢɫɩɵɬɚɧɢɣ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɹɬ ɨɬ 
ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɨɪɭɠɟɧɢɹ, ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɢɥɢ 
ɫɧɢɠɟɧɢɟ ɭɫɢɥɢɣ ɜ ɚɪɦɨɤɚɧɚɬɚɯ ɩɪɨɢɫɯɨɞɢɥɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɢ 
ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ.  

6. ɉɨɞɤɪɚɧɨɜɚɹ ɤɨɧɫɨɥɶ ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ ɨɛɥɚɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ, ɱɬɨ 
ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɟɪɟɦɟɳɟɧɢɸ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɩɪɢ ɩɪɟɞɧɚɩɪɹɠɟɧɢɢ. ɂɡɦɟɧɟɧɢɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɫɧɢɠɟɧɢɸ ɠɟɫɬɤɨɫɬɢ, ɩɨɷɬɨɦɭ ɪɢɯɬɨɜɤɭ ɩɨɞɤɪɚɧɨɜɵɯ ɩɭɬɟɣ ɩɨɥɹɪɧɨɝɨ ɤɪɚɧɚ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɨɞɢɬɶ ɬɨɥɶɤɨ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ.  

7. ɉɪɨɜɟɞɟɧɧɵɣ ɪɚɫɱɟɬɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ 
ɩɟɪɟɦɟɳɟɧɢɣ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɰɢɥɢɧɞɪɚ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɩɪɢ ɟɟ ɩɪɟɞɧɚɩɪɹɠɟɧɢɢ ɢ ɜ 
ɩɪɨɰɟɫɫɟ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɤɚɱɟɫɬɜɟɧɧɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɢɡɦɟɪɟɧɧɵɦ.  

8. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɟɦ ɩ. 156 ɇɉ 010-16 , ɚ ɬɚɤɠɟ ɭɱɢɬɵɜɚɹ, ɱɬɨ ɜ 
ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬɞɟɥɶɧɵɟ ɞɚɬɱɢɤɢ ɄɂȺ ɬɟɪɹɸɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɜ ɩɟɪɢɨɞ 
ɢɫɩɵɬɚɧɢɹ ɧɚ ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɡɚɳɢɬɧɵɯ ɨɛɨɥɨɱɟɤ ɧɟɨɛɯɨɞɢɦɨ 
ɜɵɩɨɥɧɹɬɶ ɝɟɨɞɟɡɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɩɟɪɟɦɟɳɟɧɢɣ ɫɨɨɪɭɠɟɧɢɹ, ɫɪɚɜɧɢɜɚɹ ɪɟɡɭɥɶɬɚɬɵ 
ɢɡɦɟɪɟɧɢɣ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɚ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɩɨɞɴɟɦɚ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ. 
Ƚɟɨɞɟɡɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɩɟɪɟɦɟɳɟɧɢɣ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɩɨɥɧɹɬɶ ɞɨ ɧɚɱɚɥɚ ɢɫɩɵɬɚɧɢɣ ɢ ɩɨɫɥɟ ɢɯ ɩɪɨɜɟɞɟɧɢɹ. 
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Ɇɟɬɨɞ ɫɤɚɧɢɪɭɸɳɟɣ ɤɨɧɬɚɤɬɧɨɣ ɩɨɬɟɧɰɢɨɦɟɬɪɢɢ (ɋɄɉ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 
ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɤɨɨɪɞɢɧɚɬ. Ⱦɥɹ 
ɷɬɨɝɨ ɛɵɥ ɩɨɞɝɨɬɨɜɥɟɧ ɫɩɟɰɢɚɥɶɧɵɣ ɨɛɪɚɡɟɰ, ɫɜɚɪɟɧɧɵɣ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɨɣ ɢɡ ɞɜɭɯ 
ɩɨɥɨɜɢɧ ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ 1βɏ18ɇ10Ɍ ɪɚɡɦɟɪɨɦ β00×110×1γ,5 ɦɦ ɫ ɪɚɛɨɱɟɣ ɲɢɪɢɧɨɣ ɲɜɚ 
1β ɦɦ. ɉɨɫɥɟ ɫɜɚɪɤɢ ɲɨɜ ɛɵɥ ɩɪɨɫɜɟɱɟɧ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɢ ɩɨɥɭɱɟɧ ɫɧɢɦɨɤ 
ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɩɨɫɬɪɨɟɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɟ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ ɢ ɩɪɨɜɟɞɟɧɚ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ 
ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɫ ɢɯ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɧɚ ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. 
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ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ β8.11.β01λ 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ γ0.0γ.β0β0 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 07.04.β0β0 

 

ȼɜɟɞɟɧɢɟ 

ȼɫɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɦɨɠɧɨ 
ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɤɨɧɬɚɤɬɧɵɟ ɦɟɬɨɞɵ ɢ ɛɟɫɤɨɧɬɚɤɬɧɵɟ. ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɤɨɧɬɚɤɬɧɨɝɨ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ – 

ɦɟɬɨɞɚ ɋɄɉ ɞɥɹ ɤɨɧɬɪɨɥɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ Д1, 2]. 

ɉɪɢ ɷɬɨɦ ɩɪɢɦɟɧɟɧ ɧɨɜɵɣ ɮɢɡɢɱɟɫɤɢɣ ɩɨɞɯɨɞ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ 
ɪɚɡɞɟɥɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ-ɨɛɪɚɡɟɰ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. Ⱦɚɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ, ɧɚɩɪɢɦɟɪ, ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɤɚɤ ɪɟɡɭɥɶɬɚɬ 
ɜɥɢɹɧɢɹ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɜɨɥɧ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɢɡɥɭɱɚɟɦɵɯ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɤɨɧɬɚɤɬɵ, ɢɡɝɨɬɨɜɥɹɟɦɵɟ ɢɡ ɪɚɡɥɢɱɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢɥɢ ɫɩɥɚɜɨɜ. Ɋɚɡɥɢɱɚɸɬɫɹ ɩɨɧɹɬɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɤɨɧɬɚɤɬɨɜ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɤɨɧɬɚɤɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ 
ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ. ȿɫɥɢ ɞɜɚ ɦɟɬɚɥɥɚ ɫɨɩɪɢɤɚɫɚɸɬɫɹ, ɨɛɪɚɡɭɸɬɫɹ ɞɜɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɷɮɮɟɤɬɢɜɧɵɟ ɛɚɪɶɟɪɵ ɞɥɹ 
ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ. Ɇɟɠɞɭ ɚɬɨɦɚɦɢ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɨɡɧɢɤɚɸɬ ɫɢɥɵ, 
ɩɪɢɜɨɞɹɳɢɟ ɤ ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɨɛɨɥɨɱɟɤ, ɢ ɡɚɜɢɫɹɳɢɟ ɨɬ 
ɜɟɥɢɱɢɧɵ ɡɚɡɨɪɚ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. ȼ ɡɨɧɟ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɤɨɧɬɚɤɬɚ ɜɨɡɦɨɠɧɨ 
ɩɪɨɬɟɤɚɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ Дγ-4]: 
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- ɯɟɦɨɫɨɪɛɰɢɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɚɞɫɨɪɛɰɢɹ ɝɚɡɨɜ, ɩɚɪɨɜ, 
ɜɟɳɟɫɬɜɚ ɢɡ ɪɚɫɬɜɨɪɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɯɢɦɢɱɟɫɤɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɯɟɦɨɫɨɪɛɰɢɹ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɬɨɬɵ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ, ɢ ɜɨɡɦɨɠɧɚ ɩɪɢ ɧɚɥɢɱɢɢ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ; 
- ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɢ ɛɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɚɞɝɟɡɢɹ; 
- ɤɨɝɟɡɢɜɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɚɥɥɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ 

ɫɰɟɩɥɟɧɢɟ ɦɨɥɟɤɭɥ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ ɤɨɜɚɥɟɧɬɧɨɣ, ɢɨɧɧɨɣ ɢɥɢ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɬɶ ɧɚ ɪɟɡɭɥɶɬɚɬ 
ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ, ɨɞɧɚɤɨ, ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɧɢ ɧɟ ɢɝɪɚɸɬ ɡɚɦɟɬɧɨɣ 
ɪɨɥɢ. Ɉɛɵɱɧɨ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ 
ɫɜɹɡɵɜɚɸɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɡɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ (ɩɨɬɟɧɰɢɚɥɨɜ ȼɨɥɶɬɚ), 
ɤɨɬɨɪɚɹ ɜɨɡɧɢɤɚɟɬ ɦɟɠɞɭ ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ ɬɟɥɚɦɢ ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɪɚɡɧɨɫɬɢ ɪɚɛɨɬ ɜɵɯɨɞɚ ɦɟɬɚɥɥɨɜ, ɨɬɧɟɫɺɧɧɨɣ ɤ 
ɡɚɪɹɞɭ ɷɥɟɤɬɪɨɧɚ. 

ɉɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɤɨɧɬɚɤɬɟ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɦɨɠɟɬ 
ɨɬɫɭɬɫɬɜɨɜɚɬɶ ɥɢɛɨ ɛɵɬɶ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵɦ, ɤɚɤ ɧɚɩɪɢɦɟɪ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɭɱɚɟ 
ɤɨɧɬɚɤɬɚ «ɩɪɨɜɨɞɧɢɤ-ɢɡɨɥɹɬɨɪ», «ɢɡɨɥɹɬɨɪ-ɢɡɨɥɹɬɨɪ» ɢ ɜ ɪɹɞɟ ɞɪɭɝɢɯ ɫɥɭɱɚɟɜ. 
ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɤɨɧɬɚɤɬɚ ɡɚɜɢɫɹɬ ɨɬ ɤɚɱɟɫɬɜɚ ɨɛɪɚɛɨɬɤɢ ɢ 
ɱɢɫɬɨɬɵ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɫɨɛɟɧɧɨɫɬɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɨɜ ɢ ɪɹɞɚ ɞɪɭɝɢɯ 
ɮɚɤɬɨɪɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɨɧɬɚɤɬ ɜ ɤɚɱɟɫɬɜɟ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɩɪɟɨɛɪɚɡɭɟɬ ɜɧɟɲɧɟɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɨɩɢɫɵɜɚɟɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɡɚɤɨɧɚɦɢ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɩɪɢɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɪɚɡɦɟɪ ɩɹɬɟɧ ɪɟɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 
0,1 ɞɨ 10-40 ɦɤɦ. ɇɚ ɷɬɢɯ ɩɹɬɧɚɯ ɜɨɡɧɢɤɚɸɬ ɞɚɜɥɟɧɢɹ, ɞɨɫɬɢɝɚɸɳɢɟ 10-β0% ɨɬ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɝɪɭɡɤɢ ɪɨɫɬ ɩɥɨɳɚɞɢ ɪɟɚɥɶɧɨɝɨ 
ɤɨɧɬɚɤɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɩɹɬɟɧ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ 
ɜɨɡɪɚɫɬɚɧɢɢ ɢɯ ɪɚɡɦɟɪɨɜ. 

ɉɥɨɳɚɞɶ ɪɟɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 10-4
 ɞɨ 10-1

 ɧɨɦɢɧɚɥɶɧɨɣ ɩɥɨɳɚɞɢ 
ɤɚɫɚɧɢɹ S0 ɢ ɞɚɠɟ ɩɪɢ ɛɨɥɶɲɢɯ ɧɚɝɪɭɡɤɚɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 40%. Ⱦɥɹ ɩɚɪɵ ɦɟɬɚɥɥɨɜ ɫ 
ɪɚɡɥɢɱɧɨɣ ɬɜɟɪɞɨɫɬɶɸ ɩɥɨɳɚɞɶ ɮɚɤɬɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɛɨɥɟɟ 
ɦɹɝɤɨɝɨ ɦɟɬɚɥɥɚ ɢ ɝɟɨɦɟɬɪɢɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ Д5-7].  

ɋɨɜɪɟɦɟɧɧɚɹ ɬɟɨɪɢɹ ɦɟɯɚɧɢɤɢ ɤɨɧɬɚɤɬɨɜ ɬɜɟɪɞɵɯ ɬɟɥ ɫɩɪɚɜɟɞɥɢɜɚ ɩɪɢ ɭɫɥɨɜɢɢ 
ɜɵɩɨɥɧɟɧɢɹ ɧɟɪɚɜɟɧɫɬɜɚ S<<S0, ɝɞɟ S – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ. ȼ 
ɨɫɧɨɜɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɪɚɛɨɬ ɩɨ ɦɟɯɚɧɢɤɟ ɤɨɧɬɚɤɬɨɜ ɬɜɟɪɞɵɯ ɬɟɥ ɥɟɠɢɬ ɩɪɢɛɥɢɠɟɧɢɟ 
«ɝɪɭɛɨɣ» ɩɨɜɟɪɯɧɨɫɬɢ ɫɨ ɫɥɭɱɚɣɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɧɟɪɨɜɧɨɫɬɟɣ ɜ ɜɢɞɟ ɫɮɟɪɢɱɟɫɤɢɯ 
ɢɥɢ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɜɵɫɬɭɩɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɩɪɚɜɟɞɥɢɜɚ ɤɨɧɬɚɤɬɧɚɹ ɬɟɨɪɢɹ Ƚɟɪɰɚ. ȼ 
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɭɩɪɭɝɢɦ ɤɨɧɬɚɤɬɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 
ɧɟɪɨɜɧɨɫɬɟɣ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ, ɟɫɥɢ ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ 
ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ ɨɛɥɚɫɬɹɦɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ. 

 

ɗɤɫɩɟɪɢɦɟɧɬ. ɉɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɰɚ ɤɨɧɬɪɨɥɶɧɨɝɨ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɟɝɨ 
ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ 

ɇɚ ɩɪɟɞɩɪɢɹɬɢɢ ɈɈɈ «Ɍɟɯɧɨɫɤɚɧ» ɜ ɝɨɪɨɞɟ ȼɨɥɝɨɞɨɧɫɤɟ (Ɋɨɫɫɢɹ) ɩɨɞɝɨɬɨɜɥɟɧ 
ɫɩɟɰɢɚɥɶɧɵɣ ɨɛɪɚɡɟɰ – ɤɨɧɬɪɨɥɶɧɨɟ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ (Ʉɋɋ) ɢ ɩɪɨɜɟɞɟɧ 
ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɨɛɪɚɡɰɚ. Ɉɛɪɚɡɟɰ Ʉɋɋ ɫɜɚɪɟɧ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɨɣ ɢɡ 
ɞɜɭɯ ɩɨɥɨɜɢɧ ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ 1βɏ18ɇ10Ɍ ɪɚɡɦɟɪɨɦ β00×110×1γ,5 ɦɦ (ɪɢɫ. 1). ȼ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɝɪɚɦɦɨɣ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ ɫɜɚɪɳɢɤɨɦ 



 ȼɕəȼɅȿɇɂȿ ɋɌɊɍɄɌɍɊɇɕɏ ɇȿɈȾɇɈɊɈȾɇɈɋɌȿɃ ȼ ɋȼȺɊɇɕɏ ɋɈȿȾɂɇȿɇɂəɏ 57 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɛɵɥɢ ɞɨɩɭɳɟɧɵ ɧɚɪɭɲɟɧɢɹ ɩɪɚɜɢɥ ɫɜɚɪɢɜɚɧɢɹ ɢɡɞɟɥɢɣ ɢ ɜɜɟɞɟɧɵ ɜ Ʉɋɋ ɪɚɡɥɢɱɧɵɟ 
ɫɬɪɭɤɬɭɪɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ (ɞɟɮɟɤɬɵ), ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 1. Ɍɢɩɨɪɚɡɦɟɪ Ʉɋɋ 
ɢɦɟɟɬ ɲɢɪɢɧɭ ɲɜɚ ɪɚɜɧɭɸ 1β ɦɦ ɢ ɜɨɝɧɭɬɨɫɬɶ ɜɚɥɢɤɚ – ɨɬ 40 ɞɨ 55 ɦɦ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Ɋɢɫɭɧɨɤ 1 – ȼɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɚ Ʉɋɋ ɩɨɫɥɟ ɫɜɚɪɤɢ (ɫɥɟɜɚ). ɇɚ ɮɨɬɨ ɫɩɪɚɜɚ ɩɨɤɚɡɚɧ ɨɛɪɚɡɟɰ ɩɨɫɥɟ 
ɫɧɹɬɢɹ ɭɫɢɥɟɧɢɹ ɲɜɚ. ȼɜɟɪɯɭ ɧɚ ɜɫɬɚɜɤɟ ɜɵɞɟɥɟɧ ɭɱɚɫɬɨɤ, ɧɚ ɤɨɬɨɪɨɦ ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ 

ɩɨɜɟɪɯɧɨɫɬɢ Ra, ɫ ɭɤɚɡɚɧɧɵɦɢ ɱɢɫɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜ ɦɤɦ ДAЩЩОКЫКЧМО ШП МШЧЭЫШХ ЬКЦЩХО КПЭОЫ аОХНТЧР 
(left). The photo on the right shows the sample after removing the reinforcement of the seam. At the top of the 

inset, the area where the surface roughness Ra was measured with the indicated numerical values in ȝm] 
 

Ɍɚɛɥɢɰɚ 1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɟɮɟɤɬɨɜ Ʉɋɋ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 7512-82 [Characteristics of control 

sample defects in accordance with 7512-82 All-Union State Standart] 

№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɞɟɮɟɤɬɚ 

Ɉɛɨɡɧɚɱɟɧɢɟ Ɉɩɢɫɚɧɢɟ ɞɟɮɟɤɬɚ Ɋɢɫɭɧɨɤ 

ɪɭɫ. ɚɧɝɥ. 
1 ɋɦɟɳɟɧɢɟ 

ɤɪɨɦɨɤ 

ɋɤɪ45 FН45 ɇɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɚɪɟɧɧɵɣ 
ɫɜɚɪɧɨɣ ɲɨɜ. ȼɵɪɚɠɟɧɧɚɹ 
ɥɢɧɢɹ ɩɨɱɟɪɧɟɧɢɹ ɜ ɡɨɧɟ 
ɞɟɮɟɤɬɚ. 
 

 

 

β ɉɪɟɪɵɜɢɫɬɵɣ 
ɧɟɩɪɨɜɚɪ 

ɜ ɤɨɪɧɟ 

ɇɤ1β 

 

DК1β ɇɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɚɪɟɧɧɵɣ 
ɫɜɚɪɧɨɣ ɲɨɜ. ȼɵɪɚɠɟɧɧɚɹ 
ɥɢɧɢɹ ɩɨɱɟɪɧɟɧɢɹ ɜ ɡɨɧɟ 
ɞɟɮɟɤɬɚ. 

 

γ ɉɪɟɪɵɜɢɫɬɵɣ 
ɧɟɩɪɨɜɚɪ 

ɜ ɤɨɪɧɟ 

ɇɤ100 

 

DК100 

4 ɇɟɩɪɨɜɚɪ 

ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ 

ɇɪλ5 DМλ5 ɇɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɚɪɟɧɧɵɣ 
ɫɜɚɪɧɨɣ ɲɨɜ. Ɍɨɧɤɚɹ ɥɢɧɢɹ 
ɩɨɱɟɪɧɟɧɢɹ, ɫɦɟɳɟɧɧɚɹ ɨɬ ɨɫɢ 
ɲɜɚ. 

 

 

 
5 ɇɟɩɪɨɜɚɪ 

ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ 

ɇɪβ0 DМβ0 

6 ɇɟɩɪɨɜɚɪ 

ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ 

ɇɪ45 DМ45 

7 ɉɨɪɚ (ɞɜɟ ɩɨɪɵ) βɉ0,7 βȺɚ0,7 Ɉɬɞɟɥɶɧɨɟ ɲɚɪɨɨɛɪɚɡɧɨɟ 
ɜɤɥɸɱɟɧɢɟ ɝɚɡɚ. Ɍɟɦɧɵɟ 
ɤɪɭɝɥɵɟ ɬɨɱɤɢ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. 

 

 

 

 

8 ɇɟɩɪɨɜɚɪ 

ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ 

ɇɪ15 DМ15 ɇɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɚɪɟɧɧɵɣ 
ɫɜɚɪɧɨɣ ɲɨɜ. Ɍɨɧɤɚɹ ɥɢɧɢɹ 
ɩɨɱɟɪɧɟɧɢɹ, ɫɦɟɳɟɧɧɚɹ ɨɬ ɨɫɢ 
ɲɜɚ. 
 

 

 

  



58 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 

№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɞɟɮɟɤɬɚ 

Ɉɛɨɡɧɚɱɟɧɢɟ Ɉɩɢɫɚɧɢɟ ɞɟɮɟɤɬɚ Ɋɢɫɭɧɨɤ 

ɪɭɫ. ɚɧɝɥ. 
λ ɉɨɪɚ ɉ0,8 Ⱥɚ0,8 Ɉɬɞɟɥɶɧɨɟ ɲɚɪɨɨɛɪɚɡɧɨɟ 

ɜɤɥɸɱɟɧɢɟ ɝɚɡɚ. Ɍɟɦɧɵɟ 
ɤɪɭɝɥɵɟ ɬɨɱɤɢ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. 

 

10 ɉɨɪɚ ɉ0,γ Ⱥɚ0,γ Ɉɬɞɟɥɶɧɨɟ ɲɚɪɨɨɛɪɚɡɧɨɟ 
ɜɤɥɸɱɟɧɢɟ ɝɚɡɚ. Ɍɟɦɧɵɟ 
ɤɪɭɝɥɵɟ ɬɨɱɤɢ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. 

 

 

11 ɋɤɨɩɥɟɧɢɟ ɩɨɪ 
(ɞɥɢɧɚ ɫɤɨɩɥɟɧɢɹ 
β ɦɦ) 

ɋβɉ0,4 ȺɫβȺɚ0,
4 

ɇɟɪɟɝɭɥɹɪɧɨ ɪɚɡɛɪɨɫɚɧɧɵɟ 
ɲɚɪɨɨɛɪɚɡɧɵɟ ɜɤɥɸɱɟɧɢɹ ɝɚɡɚ. 
Ɍɟɦɧɵɟ ɤɪɭɝɥɵɟ ɬɨɱɤɢ ɪɚɡɧɨɝɨ 
ɪɚɡɦɟɪɚ. 

 

 

 

1β ɋɜɢɳ ɧɟ 
ɫɬɚɧɞɚɪɬ
ɢɡɢɪɨɜɚɧ 

– Ɍɪɭɛɱɚɬɨɟ ɢɥɢ 
ɜɨɪɨɧɤɨɨɛɪɚɡɧɨɟ ɭɝɥɭɛɥɟɧɢɟ ɜ 
ɲɜɟ. Ɍɟɦɧɨɟ ɩɹɬɧɨ ɫ 
ɧɟɪɨɜɧɵɦɢ ɤɪɚɹɦɢ ɜ ɰɟɧɬɪɟ 
ɲɜɚ. 

 

 

1γ ȼɨɥɶɮɪɚɦɨɜɨɟ 
ɜɤɥɸɱɟɧɢɟ 

ȼ ɋɚ  ɋɜɟɬɥɨɟ ɩɹɬɧɨ ɩɪɨɢɡɜɨɥɶɧɨɣ 
ɮɨɪɦɵ. 
 

 

 

 

Ɋɚɞɢɨɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ Ʉɋɋ ɜɵɩɨɥɧɟɧ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɊȺɉȺɇ Ɇ β00/100, 
ɡɚɜ. № 10γγβ6 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ ɩɨ ɧɨɪɦɚɬɢɜɭ ɉɇȺɗ Ƚ-7-017-8λ. Ɉɰɟɧɤɚ 
ɤɚɱɟɫɬɜɚ Ʉɋɋ ɩɪɨɜɟɞɟɧɚ ɩɨ ɉɇȺɗ Ƚ-7-010-8λ, ɬɢɩ ɩɥɟɧɤɢ AGFA D7 (100×β40), 
ɤɚɬɟɝɨɪɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ – 0,2. 

ɇɚ ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ (ɪɢɫ. β) ɩɪɢɫɭɬɫɬɜɭɸɬ ɢɡɨɛɪɚɠɟɧɢɹ 
ɫɥɟɞɭɸɳɢɯ ɞɟɮɟɤɬɨɜμ 
 ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ (ɇɤ); 

 ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ (ɇɪ); 

 ɫɦɟɳɟɧɢɟ ɤɪɨɦɨɤ (ɋɤɪ); 

 ɫɤɨɩɥɟɧɢɟ ɩɨɪ ɢ ɨɬɞɟɥɶɧɵɟ ɩɨɪɵ (ɋɩ, ɉ); 

 ɫɜɢɳ; 
 ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ). 

Ɋɢɫɭɧɨɤ β – ɋɧɢɦɨɤ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ Ʉɋɋ ДCШЧЭЫШХ ЬКЦЩХО ЫКНТШРЫКЩСТМ ТЧЬЩОМЭТШЧЖ 

 

ɉɨ ɨɫɢ Ʉɋɋ ɪɚɫɩɨɥɨɠɟɧɵ ɬɟɦɧɵɟ ɩɪɨɬɹɠɟɧɧɵɟ ɩɹɬɧɚ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɧɚ ɩɥɟɧɤɟ ɨɬ 
ɧɟɫɩɥɚɜɥɟɧɧɨɝɨ ɤɨɪɧɹ ɲɜɚ. ȼ ɧɟɤɨɬɨɪɵɯ ɦɟɫɬɚɯ ɨɧɢ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɵɟ 



 ȼɕəȼɅȿɇɂȿ ɋɌɊɍɄɌɍɊɇɕɏ ɇȿɈȾɇɈɊɈȾɇɈɋɌȿɃ ȼ ɋȼȺɊɇɕɏ ɋɈȿȾɂɇȿɇɂəɏ 59 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɨɱɟɪɬɚɧɢɹ, ɜ ɞɪɭɝɢɯ – ɦɟɧɟɟ ɜɵɪɚɠɟɧɧɵɟ. Ⱦɚɧɧɵɣ ɞɟɮɟɤɬ ɨɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɚɦɢ (ɇɤ). 

Ɍɨɧɤɚɹ ɬɟɦɧɚɹ ɥɢɧɢɹ ɩɨ ɤɪɚɸ ɲɜɚ ɩɨɤɚɡɵɜɚɟɬ ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ. ɇɚɱɚɥɨ 
ɤɨɨɪɞɢɧɚɬ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɫɧɢɦɤɟ ɫɥɟɜɚ, ɭɤɚɡɚɧɧɨɟ ɫɬɪɟɥɤɚɦɢ, ɢ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɱɚɥɨɦ 
ɤɨɨɪɞɢɧɚɬ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ. 

ȼɢɞɧɵ ɬɚɤɠɟ ɛɨɥɶɲɢɟ ɫɤɨɩɥɟɧɢɹ ɩɨɪμ ɜɧɢɡɭ ɨɬ ɡɧɚɤɚ «11» ɢ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ. 
Ɍɟɦɧɨɟ ɩɹɬɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ, ɩɪɚɤɬɢɱɟɫɤɢ, ɩɨɫɟɪɟɞɢɧɟ ɲɜɚ – ɷɬɨ 
ɢɡɨɛɪɚɠɟɧɢɟ «ɫɜɢɳɚ». Ⱦɚɧɧɵɣ ɞɟɮɟɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɡɚɩɨɥɧɟɧɧɭɸ ɦɟɬɚɥɥɨɦ 
ɬɪɭɛɱɚɬɭɸ ɜɨɡɞɭɲɧɭɸ ɩɨɥɨɫɬɶ, ɩɨɥɭɱɟɧɧɭɸ ɩɪɢ ɫɜɚɪɤɟ ɩɨɫɥɟ ɜɫɩɥɵɬɢɹ ɝɚɡɨɜɨɝɨ 
ɩɭɡɵɪɹ ɤ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɟɮɟɤɬ ɧɚɩɪɚɜɥɟɧ ɜɝɥɭɛɶ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ Ʉɋɋ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɝɥɭɛɢɧɚ ɟɝɨ ɡɚɥɟɝɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 5 ɦɢɥɥɢɦɟɬɪɨɜ. ɉɪɚɜɟɟ ɨɬ ɫɜɢɳɚ 
ɧɚɛɥɸɞɚɟɬɫɹ ɫɤɨɩɥɟɧɢɟ ɩɨɪ, ɨɛɴɟɞɢɧɟɧɧɵɯ ɜ ɤɥɚɫɬɟɪɵ, ɚ ɬɚɤɠɟ ɢɦɟɸɬɫɹ ɨɬɞɟɥɶɧɵɟ 
ɩɨɪɵ. 

ɇɚ ɫɧɢɦɤɟ ɦɨɠɧɨ ɬɚɤɠɟ ɜɢɞɟɬɶ ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ ɜ ɜɢɞɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 
ɜɵɬɹɧɭɬɨɝɨ ɜɞɨɥɶ ɨɫɢ ɲɜɚ ɫɜɟɬɥɨɝɨ ɩɹɬɧɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɫ ɥɟɜɨɣ ɫɬɨɪɨɧɵ ɨɬ ɞɟɮɟɤɬɚ 
«ɫɜɢɳ». Ƚɥɭɛɢɧɚ ɟɝɨ ɡɚɥɟɝɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɦɟɬɨɞɨɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɪɨɥɹ, 
ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 10 ɦɦ. 

 

Ɇɟɬɨɞɢɤɚ ɜɵɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ (ɗɎɄ) 
ɗɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɜɵɩɨɥɧɟɧɵ ɧɚ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɦ ɤɨɦɩɥɟɤɫɟ 

«ElphysLAB-ɂȾɋ» ɦɨɛɢɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɪɚɡɦɟɳɟɧɧɨɣ 
ɧɚ ɧɨɭɬɛɭɤɟ AЬЮЬ Б554L. Ɇɟɬɨɞɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɬɟɯɧɨɥɨɝɢɢ ɢɡɦɟɪɟɧɢɣ ɩɨɞɪɨɛɧɨ 
ɢɡɥɨɠɟɧɵ ɜ ɪɚɛɨɬɟ Д8Ж. ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ ɜ 
Ʉɋɋ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɢɡɦɟɪɟɧɢɹɦɢ, ɲɥɢɮɨɜɤɨɣ ɛɵɥɨ ɭɞɚɥɟɧɨ ɭɫɢɥɟɧɢɟ 
ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨɫɥɟ ɱɟɝɨ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɪɭɱɧɨɟ ɩɨɬɨɱɟɱɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ Ʉɋɋ ɩɨ ɜɨɫɶɦɢ ɩɪɨɞɨɥɶɧɵɦ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɞɨɪɨɠɤɚɦ (ɪɢɫ. γ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ γ – Ɋɭɱɧɨɟ ɩɨɬɨɱɟɱɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɨ ɜɨɫɶɦɢ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɞɨɪɨɠɤɚɦ ДMКЧЮКХ ЩШТЧЭ-by-point scanning of the weld surface along eight measuring tracks] 
 

Ⱥɧɚɥɢɡ ɩɨɬɟɧɰɢɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ 
ɚɦɩɥɢɬɭɞɧɨɝɨ ɞɢɫɤɪɢɦɢɧɚɬɨɪɚ (ɉȺȾ) ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ ɲɤɚɥɨɣ 
ɚɦɩɥɢɬɭɞɧɨɣ ɞɢɫɤɪɢɦɢɧɚɰɢɢ ɜ ɞɢɚɩɚɡɨɧɟ 40 ɞȻ. ɇɚɡɧɚɱɟɧɢɟ ɞɢɫɤɪɢɦɢɧɚɬɨɪɚ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɫɟɱɤɟ ɬɟɯ ɡɧɚɱɟɧɢɣ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɵɟ ɩɪɟɜɵɲɚɸɬ 
ɤɨɧɬɪɨɥɶɧɵɣ ɭɪɨɜɟɧɶ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ ɜ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɚɯ. ɍɡɤɨɩɨɥɨɫɧɵɣ ɮɢɥɶɬɪ ɩɨɡɜɨɥɹɟɬ ɧɚɫɬɪɚɢɜɚɬɶ ɉȺȾ ɩɨ 
ɚɦɩɥɢɬɭɞɟ, ɧɚɱɢɧɚɹ ɫ ɭɪɨɜɧɹ ɞɟɫɹɬɵɯ ɦɢɤɪɨɜɨɥɶɬ, ɫ ɲɚɝɨɦ 0,1 ɦɤȼ, ɲɢɪɨɤɨɩɨɥɨɫɧɵɣ – 

ɨɬ ɟɞɢɧɢɰ ɢ ɞɨ ɞɟɫɹɬɤɨɜ ɦɢɥɥɢɜɨɥɶɬ. ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɤɨɦɩɥɟɤɫɚ «ElphysLAB-

ɂȾɋ» ɭɩɪɚɜɥɹɟɬɫɹ OS Windows, ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ 1 Ƚɰ. 



60 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɗɎɄ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɨɧɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫ ɭɝɥɨɦ 
ɤɨɧɭɫɚ, ɛɥɢɡɤɢɦ ɤ λ0 ɝɪɚɞɭɫɨɜ ɢ ɪɚɞɢɭɫɨɦ ɫɤɪɭɝɥɟɧɢɹ ɜɟɪɲɢɧɵ, ɪɚɜɧɵɦ ɩɪɢɦɟɪɧɨ 0,γ 
ɦɦ. ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ (Ra) ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ 
ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ ɏ18ɇ10Ɍ, ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɩɪɨɮɢɥɨɦɟɬɪɨɦ, ɩɨɪɬɚɬɢɜɧɵɦ ɰɢɮɪɨɜɵɦ, 
ɮɢɪɦɵ Vogel, ɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɡɧɚɱɟɧɢɸ 0,15 ɦɤɦ. 

Ɇɟɯɚɧɢɱɟɫɤɨɟ ɪɭɱɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ Ʉɋɋ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫ ɰɟɥɶɸ 
ɨɛɧɚɪɭɠɟɧɢɹ ɜɜɟɞɟɧɧɵɯ ɩɪɢ ɫɜɚɪɤɟ ɞɟɮɟɤɬɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɤɨɨɪɞɢɧɚɬ. 
ɉɨɬɟɧɰɢɨɝɪɚɦɦɵ ɩɨɫɬɪɨɟɧɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɭɪɨɜɧɟɣ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ 
ɫɢɝɧɚɥɚ (SLS) (SLS=|lg|φее, ɝɞɟ φ – ɮɭɧɤɰɢɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ). Ɍɨɱɟɱɧɨɟ 
ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ ɢɡɦɟɪɟɧɢɣ ɨɤɨɥɨ β ɦɦ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨ ɜɨɫɶɦɢ 
ɞɨɪɨɠɤɚɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɫɨɫɬɚɜɥɹɥɨ 1,5 ɦɦ. ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶɸ 
ɫɤɚɧɢɪɨɜɚɧɢɹ ɛɵɥɚ ɪɚɜɧɚ, ɩɪɢɦɟɪɧɨ, β ɦɦ/ɫɟɤ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɞɟɮɟɤɬɨɜ ɩɪɢ ɪɭɱɧɨɦ ɫɤɚɧɢɪɨɜɚɧɢɢ 
ɫɨɫɬɚɜɥɹɟɬ ɨɬ ɨɞɧɨɝɨ ɞɨ ɞɜɭɯ ɦɢɥɥɢɦɟɬɪɨɜ. ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɚɧɨɜɨɤ ɞɚɧɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ 
ɭɦɟɧɶɲɟɧɚ ɞɨ ɡɧɚɱɟɧɢɹ 0,1 ɦɦ ɢ ɦɟɧɟɟ ДλЖ. 

ȼ ɬɚɛɥɢɰɟ β ɩɪɢɜɟɞɟɧɨ ɧɚɢɦɟɧɨɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɢ 
ɉɄ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «ElphysLAB-ɂȾɋ». 

 
Ɍɚɛɥɢɰɚ β – ɇɚɢɦɟɧɨɜɚɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɢ ɧɨɭɬɛɭɤɚ ДNКЦО ШП ЦОКЬЮЫТЧР НОЯТМО КЧН ХКЩЭШЩЖ 

№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ 

Ɍɢɩ Ɂɚɜɨɞɫɤɨɣ ɧɨɦɟɪ Ⱦɢɚɩɚɡɨɧ 
ɢɡɦɟɪɟɧɢɣ 

Ɉɫɧɨɜɧɚɹ ɩɪɟɞɟɥɶɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ ɜ 

ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ 

1 Ɇɭɥɶɬɢɦɟɬɪ 
AРТХОЧЭ 

ɧɚɫɬɨɥɶɧɵɣ MВ 450407β4 

γ4401Ⱥ 

ɞɨ 1 ɦȼ 0,5 ɦɤȼ 

β ɇɨɭɬɛɭɤ AЬЮЬ 
Б554L 

ɧɚɫɬɨɥɶɧɵɣ FBN0CVγ661γ7460 – – 

 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɞɟɣɫɬɜɢɹ ɉȺȾ ɧɚ ɚɦɩɥɢɬɭɞɭ ɮɭɧɤɰɢɢ φ(Э), ɤɨɬɨɪɚɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɫɢɧɭɫɨɢɞɚɥɶɧɵɦɢ ɮɭɧɤɰɢɹɦɢ. ɋɢɦɦɟɬɪɢɱɧɨɟ ɜɨ 
ɜɪɟɦɟɧɢ ɨɝɪɚɧɢɱɟɧɢɟ ɫɢɝɧɚɥɚ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɚɦɩɥɢɬɭɞ. 
Ƚɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɩɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɩɨɤɚɡɚɧɵ ɡɧɚɱɟɧɢɹ SLS ɬɨɥɶɤɨ ɞɥɹ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɩɨɥɭɜɨɥɧ ɜɵɲɟ ɧɭɥɟɜɨɣ ɨɬɦɟɬɤɢ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɨɝɪɚɧɢɱɟɧɢɹ ɫɢɝɧɚɥɚ ɩɨ ɚɦɩɥɢɬɭɞɟ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ SLS [The 

scheme of the symmetric limitation of the signal in amplitude for different SLS values] 



 ȼɕəȼɅȿɇɂȿ ɋɌɊɍɄɌɍɊɇɕɏ ɇȿɈȾɇɈɊɈȾɇɈɋɌȿɃ ȼ ɋȼȺɊɇɕɏ ɋɈȿȾɂɇȿɇɂəɏ 61 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦ ɩɨɡɜɨɥɹɟɬ 
ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ ɨɬɞɟɥɶɧɵɯ ɞɟɮɟɤɬɨɜ, ɧɨ ɢ ɜɫɟ 
ɢɡɨɛɪɚɠɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɞɥɹ ɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ SLS. ɗɮɮɟɤɬ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɧɚɛɥɸɞɚɟɦɵɯ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɜɢɡɭɚɥɶɧɨ ɩɨɯɨɠ ɧɚ 
ɷɮɮɟɤɬ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɪɟɲɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ɩɪɢ ɧɚɛɥɸɞɟɧɢɢ ɱɟɪɟɡ ɨɤɭɥɹɪ 
ɡɚ ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɛɪɚɡɰɚ. ȼɢɞ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɟɣ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɢ ɧɚɤɥɚɞɵɜɚɟɦɵɦɢ ɧɚ ɧɟɟ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. 
ɉɪɨɝɪɚɦɦɚ ɮɪɚɝɦɟɧɬɢɪɭɟɬ ɭɱɚɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɩɪɢɧɰɢɩɭ ɪɚɜɧɵɯ ɡɧɚɱɟɧɢɣ 
ɚɦɩɥɢɬɭɞɵ, ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɯ ɡɚɦɤɧɭɬɵɦ ɤɨɧɬɭɪɨɦ ɢ ɨɤɪɚɲɢɜɚɟɬ ɷɬɢ ɭɱɚɫɬɤɢ ɜ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɰɜɟɬ. ɍɱɚɫɬɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɦɩɥɢɬɭɞɨɣ ɫɢɝɧɚɥɚ, ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ SLS, ɨɤɪɚɲɢɜɚɸɬɫɹ ɜ ɤɪɚɫɧɨ-ɨɪɚɧɠɟɜɵɟ ɬɨɧɚ, ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɢɥɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ – ɜ ɫɢɧɟ-ɝɨɥɭɛɵɟ ɬɨɧɚ. 

 

Ɇɟɬɨɞɢɤɚ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɫ ɨɤɧɨɦ ɏɟɦɦɢɧɝɚ 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ ɋɄɉ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɜɨɩɪɨɫɨɜ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɨɛ 
ɨɛɧɚɪɭɠɟɧɢɢ ɦɟɥɤɢɯ ɞɟɮɟɤɬɨɜ ɧɚ ɮɨɧɟ ɛɨɥɟɟ ɤɪɭɩɧɵɯ. Ɉɩɵɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɤɨɧɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɜɨ 
ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɨɜ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɯ, ɤɚɤ ɩɨɥɡɭɱɟɫɬɶ ɦɟɬɚɥɥɨɜ ɢɥɢ ɭɫɬɚɥɨɫɬɧɚɹ 
ɩɪɨɱɧɨɫɬɶ Д10, 11]. 

 

Ɋɚɫɫɦɨɬɪɢɦ ɮɭɧɤɰɢɸ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ φ(Э) ɤɨɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɧɚ 
ɤɨɧɟɱɧɨɦ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ Дt1, t2Ж. Ɍɨɝɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɢɧɬɟɝɪɚɥɶɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɨɬ ɮɭɧɤɰɢɢ φ(Э) ɢɦɟɟɬ ɜɢɞ (1):  

 

                               ሺ ሻ  ∫  ሺ ሻ                                                             (1) 

 

ɉɨɫɤɨɥɶɤɭ ɷɤɫɩɨɧɟɧɬɚ e-ТωЭ
 ɜ (1) ɨɩɪɟɞɟɥɟɧɚ ɧɚ ɜɫɟɣ ɜɟɳɟɫɬɜɟɧɧɨɣ ɨɫɢ, ɡɧɚɱɟɧɢɹ 

 ሺ ሻ ɛɭɞɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɤɨɧɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ φ(Э) ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 
ȼ ɞɚɧɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɥɨɤɚɥɢɡɨɜɚɬɶ ɫɬɪɭɤɬɭɪɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨ ɱɚɫɬɨɬɟ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɤɨɧɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɪɚɫɤɥɚɞɵɜɚɟɬ ɮɭɧɤɰɢɸ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɝɚɪɦɨɧɢɤɢ.  

Ɋɟɡɭɥɶɬɢɪɭɸɳɟɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɫ ɨɤɧɨɦ ɨɬ ɮɭɧɤɰɢɢ φ(Э) ɡɚɩɢɲɟɦ  
ɜ ɜɢɞɟ (2):  

                                   ሺ   ሻ  ∫  ሺ ሻ ሺ   ሻ                                                    ሺ ሻ 
 

Ɍɚɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ɏɭɪɶɟ, 
ɩɨɫɤɨɥɶɤɭ ɭɦɧɨɠɟɧɢɟ ɧɚ ɮɭɧɤɰɢɸ q(t-u) ɥɨɤɚɥɢɡɭɟɬ ɢɧɬɟɝɪɚɥ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ t=u. 

Ɂɚɩɢɫɶ ɮɭɧɤɰɢɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɜ ɜɢɞɟ ɞɢɫɤɪɟɬɧɨɝɨ ɪɹɞɚ Ɏɭɪɶɟ 
ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. ȿɫɥɢ ɮɭɧɤɰɢɸ φ(Э) 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ (3) [12]:  

                                      ሺ ሻ  ∑  [ ]�ሺ   ሻ                                                  ሺ ሻ       

 

ɝɞɟ δ(   ) – ɞɟɥɶɬɚ ɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ, ɬɨɝɞɚ  
  ሺ ሻ  ∑  [ ]                 



62 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  
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Ⱦɥɹ ɥɸɛɨɝɨ Ч∈Z, ɝɞɟ Z – ɦɧɨɠɟɫɬɜɨ ɰɟɥɵɯ ɱɢɫɟɥ, ɷɤɫɩɨɧɟɧɬɚ e-ТωЧ
 ɢɦɟɟɬ ɩɟɪɢɨɞ, 

ɪɚɜɧɵɣ β, ɩɨɷɬɨɦɭ ɢ ɪɹɞ Ɏɭɪɶɟ ɢɦɟɟɬ ɬɚɤɠɟ ɩɟɪɢɨɞ, ɪɚɜɧɵɣ β. ȼɫɟ ɮɭɧɤɰɢɢ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ ∫| ሺ ሻ|       

 

ɢ ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɩɪɨɫɬɪɚɧɫɬɜɭ ɮɭɧɤɰɢɣ ɫ ɤɨɧɟɱɧɨɣ ɷɧɟɪɝɢɟɣ L2, ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɢɫɚɧɵ 
ɜ ɜɢɞɟ ɪɹɞɚ Ɏɭɪɶɟ. ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ (ȾɉɎ) ɮɭɧɤɰɢɢ 
φ ɟɫɬɶμ  

 [ ]  ∑ [ ]    ሺ       ሻ   
     

 

Ɉɛɪɚɬɧɨɟ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɢɦɟɟɬ ɜɢɞ (4):  

                                                             [ ]    ∑  [ ]    (      )     
                                              ሺ ሻ 

 

Ⱦɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɮɭɧɤɰɢɢ φ ɫ ɩɟɪɢɨɞɨɦ N ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɟɟ 
ɡɧɚɱɟɧɢɹɦ ɜ ɢɧɬɟɪɜɚɥɟ 0 ≤ n < N. ȼɚɠɧɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɭɧɤɰɢɹ 
ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɞɨɥɠɧɚ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɸ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɫ ɩɟɪɢɨɞɨɦ 
N, ɚ ɧɟ ɛɵɬɶ ɩɪɨɫɬɨ ɮɭɧɤɰɢɟɣ ɤɨɧɟɱɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨ N ɨɬɫɱɟɬɚɦ. Ⱦɢɫɤɪɟɬɧɚɹ ɫɭɦɦɚ 
Ɏɭɪɶɟ (4) ɨɩɪɟɞɟɥɹɟɬ ɫɢɝɧɚɥ ɫ ɩɟɪɢɨɞɨɦ N, ɭ ɤɨɬɨɪɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚ ɤɨɧɰɚɯ ɢɧɬɟɪɜɚɥɚ 
φД0Ж ɢ  [   ] ɞɨɥɠɧɵ ɛɵɬɶ ɟɫɥɢ ɧɟ ɪɚɜɧɵɦɢ, ɬɨ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɛɥɢɡɤɢɦɢ. ȿɫɥɢ 
ɡɧɚɱɟɧɢɹ φД0Ж ɢ  [   ] ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɬɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ 
ɫɤɚɱɤɭ ɜɫɟɣ ɫɭɦɦɵ Ɏɭɪɶɟ, ɚ ɬɚɤɠɟ ɩɨɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɢɦɢ ɚɦɩɥɢɬɭɞɚɦɢ. 

Ⱦɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɫ ɨɤɧɨɦ  [ ] ɞɥɹ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ  [ ] 
ɫ ɩɟɪɢɨɞɨɦ N ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ (5): 

                                                       [   ]  ∑  [ ] [   ]    ሺ       ሻ   
                                 ሺ ሻ 

 

ɢ ɜɵɱɢɫɥɹɟɬɫɹ ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ m ɜ ɢɧɬɟɪɜɚɥɟ       ɢ ɡɧɚɱɟɧɢɹ l ɜ ɢɧɬɟɪɜɚɥɟ       ɫ ɩɨɦɨɳɶɸ ɩɪɨɢɡɜɟɞɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɮɭɧɤɰɢɣ  [ ] [   ]. 
ȼ ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɢ ɨɤɧɚ  ሺ ሻ  ɜɵɛɪɚɧɚ ɮɭɧɤɰɢɹ ɏɟɦɦɢɧɝɚ ɫ ɩɟɪɢɨɞɨɦ,  

ɪɚɜɧɵɦ T (6): 

                                                                  ሺ ሻ              (    )                                           ሺ ሻ 
 

ɤɨɬɨɪɚɹ, ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɟ Д1βЖ ɜ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ Д-1/β,1/βЖ ɢɦɟɟɬ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɭɸ ɲɢɪɢɧɭ ɞɢɚɩɚɡɨɧɚ, ɪɚɜɧɭɸ 0,5. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɚɦɩɥɢɬɭɞɚ 
ɩɟɪɜɵɯ ɛɨɤɨɜɵɯ ɦɚɤɫɢɦɭɦɨɜ ɷɬɨɣ ɮɭɧɤɰɢɢ ɪɚɜɧɚ –4γ ɞȻ, ɲɢɪɢɧɚ ɞɢɚɩɚɡɨɧɚ   = 1,36 

ɢ ɫɬɟɩɟɧɶ ɚɫɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɭɛɵɜɚɧɢɹ ɧɚ ɛɨɥɶɲɢɯ ɱɚɫɬɨɬɚɯ ɪɚɜɧɚ ɧɭɥɸ. Ɉɤɧɨ  [ ] 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɦɦɟɬɪɢɱɧɵɣ ɞɢɫɤɪɟɬɧɵɣ ɫɢɝɧɚɥ ɫ ɩɟɪɢɨɞɨɦ N ɢ ɟɞɢɧɢɱɧɨɣ 
ɧɨɪɦɨɣ ‖ ‖   , ɝɞɟ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɧɨɪɦɵμ 
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‖ ‖  ቆ∫ | ሺ ሻ|     
  ቇ  ⁄   

 

Ⱦɥɹ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɮɭɧɤɰɢɹ ɨɤɧɚ ɏɟɦɦɢɧɝɚ ɩɪɢɧɢɦɚɟɬ  
ɜɢɞ (7):                                                      [ ]              (       )                                               ሺ ሻ 

 

Ƚɪɚɮɢɤ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ N = 100 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 5.  
 

 

 

 

 

 

 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ 5 – Ƚɪɚɮɢɤ ɨɤɧɚ ɏɟɦɦɢɧɝɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɗɎɄ Ʉɋɋ [The graph of the Hamming window 

used for the electrophysical testing of control sample] 
 

Ʉɚɠɞɵɣ ɞɟɮɟɤɬ ɫɬɪɭɤɬɭɪɵ ɨɛɥɚɞɚɟɬ ɫɜɨɟɣ ɢɡɥɭɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɜɨɥɧ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ. Ȼɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɢɡɥɭɱɟɧɢɟ ɞɟɮɟɤɬɚ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ 
ɞɚɟɬ ɢɡɨɛɪɚɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ. Ⱦɥɹ 
ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɵ ɩɪɢɦɟɧɹɟɦ ɮɢɡɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɫɨɝɥɚɫɧɨ 
ɤɨɬɨɪɨɣ ɤɚɠɞɨɦɭ ɞɟɮɟɤɬɭ, ɧɚɯɨɞɹɳɟɦɭɫɹ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ, ɩɨɫɬɚɜɥɟɧ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɧɟɤɢɣ ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɨɫɰɢɥɥɹɬɨɪ, ɚɦɩɥɢɬɭɞɚ ɤɨɬɨɪɨɝɨ ɨɩɢɫɵɜɚɟɬɫɹ 
ɮɭɧɤɰɢɟɣ C(t) (8):  

                             ሺ ሻ      ∑ ቆ      (    )       (    )ቇ                                   ሺ ሻ 
 

ɝɞɟ    – ɩɨɫɬɨɹɧɧɚɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɭɫɪɟɞɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ 
ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɟɮɟɤɬɚ;     ɢ    – ɤɨɷɮɮɢɰɢɟɧɬɵ ɝɚɪɦɨɧɢɤ. ɍɩɪɭɝɢɟ ɜɨɥɧɵ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɞɟɮɟɤɬɚ, ɞɨɯɨɞɹɳɢɟ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ ɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɤɨɧɬɚɤɬɚ, ɢɡɦɟɧɹɸɬ ɪɚɜɧɨɜɟɫɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɷɬɨɣ 
ɨɛɥɚɫɬɢ, ɱɬɨ ɦɝɧɨɜɟɧɧɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɡɧɚɤɟ ɢ ɚɦɩɥɢɬɭɞɟ ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɫɢɝɧɚɥɚ. 
ȼɨɥɧɵ ɧɟɨɛɪɚɬɢɦɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɧɟɧɢɸ ɱɢɫɥɚ ɩɹɬɟɧ 
ɤɨɧɬɚɤɬɚ ɢ ɢɯ ɩɥɨɳɚɞɢ, ɱɬɨ ɬɚɤɠɟ ɜɥɢɹɟɬ ɧɚ ɜɢɞ ɮɭɧɤɰɢɢ   (t) [13]. 

 

Ɋɟɡɭɥɶɬɚɬɵ 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ Ʉɋɋ ɞɥɹ ɧɢɡɤɨɝɨ 
ɭɪɨɜɧɹ SLS=1,8β4 ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɦɩɥɢɬɭɞɨɣ   = 0,015 ȼ. ɉɨ ɨɫɢ ɯ ɨɛɨɡɧɚɱɟɧɚ 
ɤɨɨɪɞɢɧɚɬɚ ɜɞɨɥɶ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɞɨɪɨɠɟɤ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɡɧɚɱɟɧɢɸ ɞɥɢɧɵ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨ ɨɫɢ ɭ ɩɨɤɚɡɚɧ ɧɨɦɟɪ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɞɨɪɨɠɤɢ. ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ ɩɪɢɜɟɞɟɧ ɮɪɚɝɦɟɧɬ ɫɧɢɦɤɚ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ 
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ɤɨɧɬɪɨɥɹ Ʉɋɋ (ɫɦ. ɪɢɫ. β). ɇɚ ɞɚɧɧɨɦ ɫɬɪɭɤɬɭɪɧɨɦ ɭɪɨɜɧɟ ɜɢɞɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɫɚɦɵɯ 
ɦɨɳɧɵɯ ɩɨ ɚɦɩɥɢɬɭɞɟ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɯɨɪɨɲɨ ɜɢɞɧɨ 
ɫɦɟɳɟɧɢɟ ɤɪɨɦɨɤ Ʉɋɋ (ɨɛɨɡɧɚɱɟɧɢɟ ɩɨ ȽɈɋɌ 751β-8β «ɋɤɪ») – ɲɢɪɨɤɢɟ ɩɨɥɨɫɵ 
ɫɜɟɬɥɨ-ɡɟɥɟɧɨɝɨ ɰɜɟɬɚ. ɇɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɦɨɠɧɨ ɜɢɞɟɬɶ ɬɚɤɠɟ ɞɜɚ ɥɨɤɚɥɶɧɵɯ 
ɧɟɩɪɨɜɚɪɚ ɩɨ ɪɚɡɞɟɥɤɟ (ɇɪ-ɇɪ, ɫɥɟɜɚ ɜɧɢɡɭ) ɢ ɞɟɮɟɤɬ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɰɟɧɬɪɚɥɶɧɨɣ 

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɟ (ɇɤ). ȼ ɧɢɠɧɟɦ ɩɪɚɜɨɦ ɭɝɥɭ ɪɢɫɭɧɤɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɜɚ 
ɢɡɨɛɪɚɠɟɧɢɹμ ɩɨɪɵ (ɉ) ɢ ɧɟɩɪɨɜɚɪɚ ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ (ɇɪ). ɐɢɮɪɵ, ɩɨɤɚɡɚɧɧɵɟ ɨɤɨɥɨ 
ɞɟɮɟɤɬɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɝɪɚɞɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɰɜɟɬɭ ɢɡɨɛɪɚɠɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 6 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 1,824 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 1,824] 

 

ɇɚ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɫɬɪɭɤɬɭɪɧɨɦ ɭɪɨɜɧɟ SLS = β,4β (ɪɢɫ. 7) ɜɢɞɧɵ ɩɪɨɬɹɠɟɧɧɵɟ 
ɲɢɪɨɤɢɟ ɩɨɥɨɫɵ ɫɜɟɬɥɨ-ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ (ɜɞɨɥɶ ɞɨɪɨɠɟɤ γ ɢ 4) ɜ ɜɢɞɟ ɫɬɭɩɟɧɶɤɢ, 
ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɟ ɤɚɤ ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ Ʉɋɋ (ɇɪ). 

 

Ɋɢɫɭɧɨɤ 7 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 2,42 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 2,42] 
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Ɍɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɧɟɩɪɨɜɚɪɚ ɩɨ ɪɚɡɞɟɥɤɟ (ɇɪ) ɜɢɞɧɚ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ  
SLS = β,λ5λ (ɪɢɫ. 8)μ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɡɤɢɣ ɩɨ ɲɢɪɢɧɟ ɝɪɟɛɟɧɶ ɧɟɩɪɨɜɚɪɚ, ɠɟɥɬɨ-

ɨɪɚɧɠɟɜɨɝɨ ɰɜɟɬɚ, ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ   = 600 ɦɤȼ. Ɇɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɨɩɢɫɚɧɢɟ ɞɚɧɧɨɝɨ 
ɞɟɮɟɤɬɚ ɜ ɨɛɴɟɦɟμ ɩɥɚɜɧɵɟ ɧɢɫɩɚɞɚɸɳɢɟ ɫɤɥɨɧɵ ɪɚɫɩɨɥɨɠɟɧɵ ɫɢɦɦɟɬɪɢɱɧɨ ɫ ɨɛɟɢɯ 
ɟɝɨ ɫɬɨɪɨɧ (ɜɫɬɚɜɤɚ ɜ ɩɪɚɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ). Ɂɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ 
ɭɦɟɧɶɲɚɸɬɫɹ ɧɚ ɫɤɥɨɧɚɯ ɢ ɞɨɫɬɢɝɚɸɬ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ   = 100 ɦɤȼ. 

Ɋɢɫɭɧɨɤ 8 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 2,959 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 2,959] 

 

ɉɟɪɟɯɨɞ ɧɚ ɩɨɫɥɟɞɭɸɳɢɣ ɭɪɨɜɟɧɶ ɫɨ ɡɧɚɱɟɧɢɟɦ SLS=4,155 ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɪɚɡɪɟɲɟɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. ɇɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɩɨɹɜɥɹɸɬɫɹ 
ɞɟɮɟɤɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɩɪɨɜɚɪɨɦ ɤɨɪɧɹ (ɇɤ). ɉɪɟɪɵɜɢɫɬɵɣ ɯɚɪɚɤɬɟɪ ɞɚɧɧɨɝɨ ɞɟɮɟɤɬɚ 
ɯɨɪɨɲɨ ɡɚɦɟɬɟɧ ɜɛɥɢɡɢ ɰɟɧɬɪɚɥɶɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɢ (ɧɨɦɟɪ 5). ɇɚ ɞɚɧɧɨɦ 
ɪɢɫɭɧɤɟ ɦɨɠɧɨ ɬɚɤɠɟ ɜɢɞɟɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɬɨɝɨ ɦɟɫɬɚ, ɝɞɟ ɧɚ ɫɧɢɦɤɟ ɧɚɯɨɞɢɬɫɹ 
ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ) ɢ ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ ɞɟɮɟɤɬɵ. ɂɡɨɛɪɚɠɟɧɢɹ ɞɟɮɟɤɬɨɜ (ɇɤ) 

ɢ (ȼ) ɢɦɟɸɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɰɜɟɬ – ɠɟɥɬɵɣ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɨɧɢ ɜɫɟ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɤɨɬɨɪɭɸ ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɧɚɡɜɚɬɶ «ɩɥɨɫɤɨɫɬɶɸ 
ɫɟɱɟɧɢɹ», ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɡɧɚɱɟɧɢɟɦ SLS. Ⱦɟɮɟɤɬ ɠɟ (ɋɤɪ) ɢɦɟɟɬ «ɜɧɭɬɪɟɧɧɟɟ 
ɭɝɥɭɛɥɟɧɢɟ», ɱɬɨ ɨɫɨɛɟɧɧɨ ɯɨɪɨɲɨ ɡɚɦɟɬɧɨ ɧɚ ɪɢɫɭɧɤɚɯ λ ɢ 10. 

 

Ɋɢɫɭɧɨɤ 9 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS=4,155 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS =4,155] 
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Ɋɢɫɭɧɨɤ 10 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 5 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 5] 
 

ɉɪɢ ɫɜɚɪɢɜɚɧɢɢ ɝɥɭɛɨɤɢɯ ɲɜɨɜ ɩɪɢɯɨɞɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɫɥɨɣɧɨɟ ɫɜɚɪɢɜɚɧɢɟ. 
ɉɟɪɜɵɣ ɫɥɨɣ ɧɚɩɥɚɜɥɹɸɬ ɜɵɫɨɬɨɣ γ-5 ɦɦ, ɲɢɪɢɧɚ ɤɨɬɨɪɨɝɨ γ-4 ɦɦ. ɉɨɫɥɟɞɭɸɳɢɟ ɫɥɨɢ 
ɜɵɩɨɥɧɹɟɬ ɷɥɟɤɬɪɨɞɚɦɢ ɛɨɥɶɲɟɝɨ ɞɢɚɦɟɬɪɚ 4-5 ɦɦ. ɉɟɪɟɞ ɧɚɩɥɚɜɤɨɣ ɨɱɟɪɟɞɧɨɝɨ ɫɥɨɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɤɢ ɲɜɚ ɡɚɱɢɳɚɟɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɳɟɬɤɨɣ ɨɬ ɲɥɚɤɚ ɢ ɛɪɵɡɝ 
ɦɟɬɚɥɥɚ. ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ɫɩɟɰɢɚɥɶɧɨ ɧɟ ɩɪɨɝɪɟɜɚɬɶ ɫɜɚɪɢɜɚɟɦɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɬɨ 
ɩɨɫɥɟɞɭɸɳɢɣ ɫɥɨɹ ɦɟɬɚɥɥɚ ɥɨɠɢɬɫɹ ɧɚ ɨɫɬɵɜɚɸɳɢɣ ɫɥɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɨɡɧɢɤɚɸɬ 
ɥɨɤɚɥɶɧɵɟ ɝɪɚɞɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɭɫɬɨɬ 
ɢɥɢ ɦɢɤɪɨɬɪɟɳɢɧ. 

Ɋɢɫɭɧɨɤ 11 ɞɚɟɬ ɢɡɨɛɪɚɠɟɧɢɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɭɪɨɜɧɟ SLS = 5 ɢ ɢɯ ɨɛɴɟɦɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ. ɋɪɚɜɧɢɜɚɹ ɷɬɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɧɚ ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɦɨɠɧɨ ɩɨɧɹɬɶ ɤ 
ɤɚɤɢɦ ɢɦɟɧɧɨ ɞɟɮɟɤɬɚɦ ɨɬɧɨɫɹɬɫɹ ɷɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɨɩɪɟɞɟɥɢɬɶ ɢɯ ɤɨɨɪɞɢɧɚɬɵ. 
Ɉɛɪɚɬɢɦ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɧɚ ɞɚɧɧɨɦ ɫɬɪɭɤɬɭɪɧɨɦ ɭɪɨɜɧɟ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ, ɩɨ-ɩɪɟɠɧɟɦɭ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ (ɋɤɪ), ɱɬɨ ɝɨɜɨɪɢɬ ɨ 
ɲɢɪɨɤɨɦ ɩɨ ɚɦɩɥɢɬɭɞɟ ɞɢɚɩɚɡɨɧɟ ɢɡɥɭɱɟɧɢɹ ɞɚɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 
ɪɢɫɭɧɤɚ 10 ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɡɟɥɟɧɵɯ ɨɬɬɟɧɤɨɜ ɜɢɞɟɧ ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ 
(ɇɪ).  

Ɋɢɫɭɧɨɤ 11 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS =5,398 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS =5,398] 
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ɇɚ ɪɢɫɭɧɤɟ 12 ɯɨɪɨɲɨ ɜɢɞɧɚ ɬɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɧɟɩɪɨɜɚɪɚ ɤɨɪɧɹ (ɇɤ) ɜɞɨɥɶ 
ɰɟɧɬɪɚɥɶɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɢ ɢ ɬɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɫɦɟɳɟɧɢɹ ɤɪɨɦɨɤ ɞɥɹ  
SLS = 5,γλ8. ȼ ɱɚɫɬɧɨɫɬɢ, ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɝɥɭɛɢɧɚ ɞɟɮɟɤɬɚ ɋɤɪ ɧɟɪɚɜɧɨɦɟɪɧɚ ɩɨ ɟɝɨ 
ɞɥɢɧɟ, ɚ ɫɚɦ ɞɟɮɟɤɬ ɫɨɫɬɨɢɬ ɢɡ ɨɬɞɟɥɶɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɨɜɚɥɢɫɶ ɜ 
ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɢ ɲɢɪɨɤɭɸ ɥɢɧɢɸ ɧɟɩɪɨɜɚɪɚ ɩɨ ɪɚɡɞɟɥɤɟ 
ɜɟɪɯɧɟɣ ɱɚɫɬɢ Ʉɋɋ. ɋɪɚɜɧɢɜɚɹ ɞɚɧɧɵɣ ɪɢɫɭɧɨɤ ɫ ɩɪɟɞɵɞɭɳɢɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 
ɧɚ ɧɟɦ ɧɟɬ ɞɟɮɟɤɬɚ (ȼ) ɜɫɥɟɞɫɬɜɢɟ ɨɬɫɭɬɫɬɜɢɹ ɜɨɥɧ ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɢɧɬɟɪɜɚɥɟ ɚɦɩɥɢɬɭɞ. Ʌɨɤɚɥɢɡɚɰɢɹ ɞɟɮɟɤɬɚ «ɫɜɢɳ» ɢ ɩɨɥɟ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ 
ɨɤɨɥɨ ɜɨɥɶɮɪɚɦɨɜɨɝɨ ɜɤɥɸɱɟɧɢɹ (ȼ) ɩɪɢ SLS = 5,6λλ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1β. Ⱦɟɮɟɤɬ 
(ɋɤɪ) ɮɪɚɝɦɟɧɬɢɪɨɜɚɧ ɧɚ ɞɚɧɧɨɦ ɪɢɫɭɧɤɟ ɧɚ ɨɬɞɟɥɶɧɵɟ ɰɜɟɬɨɜɵɟ ɩɹɬɧɚ ɫɢɧɟ-ɝɨɥɭɛɵɯ 
ɨɬɬɟɧɤɨɜ ɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɨɫɬɪɨɤɨɧɟɱɧɵɟ ɬɪɟɭɝɨɥɶɧɢɤɢ ɧɟɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ. 
Ɍɪɟɭɝɨɥɶɧɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɵ ɜɞɨɥɶ ɜɬɨɪɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɢ, ɫ ɤɨɨɪɞɢɧɚɬɚɦɢμ 
ɧɚɱɚɥɨ     , ɤɨɧɟɰ     .  

 

Ɋɢɫɭɧɨɤ 1β – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 5,699 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 5,699] 
 

ɇɚ ɪɢɫɭɧɤɟ 1γ ɩɪɢɜɟɞɟɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ ɫ ɜɵɫɨɤɢɦ ɚɦɩɥɢɬɭɞɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ 
ɞɥɹ SLS = 6, ɧɚ ɤɨɬɨɪɨɣ ɥɨɤɚɥɢɡɨɜɚɧɵ ɞɟɮɟɤɬɵ «ɫɜɢɳ», ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ (ɇɤ), ɩɨɪɚ (ɉ), 

ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ) ɢ ɫɦɟɳɟɧɢɟ ɤɪɨɦɨɤ (ɋɤɪ) ɩɨ ɜɫɟɣ ɞɥɢɧɟ Ʉɋɋ. ȼɢɞɧɵ 
ɬɚɤɠɟ ɤɨɨɪɞɢɧɚɬɵ ɷɬɢɯ ɞɟɮɟɤɬɨɜ. Ʉɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɧɢɠɟ ɞɟɮɟɤɬ ɩɨɪɚ (ɉ) ɢ 
ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ) ɨɤɚɠɭɬɫɹ ɧɟ ɨɞɢɧɨɱɧɵɦɢ, ɚ ɫɩɚɪɟɧɧɵɦɢ ɞɟɮɟɤɬɚɦɢ. 

Ɋɢɫɭɧɨɤ 1γ – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 6 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 6] 



68 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɢɫɭɧɤɨɜ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɞɟɮɟɤɬ (ɋɤɪ) ɞɚɟɬ ɢɡɥɭɱɟɧɢɟ 
ɜɨɥɧ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɚɦɩɥɢɬɭɞ. ɇɚ ɷɬɨɦ ɮɨɧɟ 
ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɛɨɥɟɟ ɦɟɥɤɢɯ ɩɨ ɪɚɡɦɟɪɚɦ ɞɟɮɟɤɬɨɜ. Ʉɪɨɦɟ ɷɬɨɝɨ 
ɢɡɥɭɱɟɧɢɟ ɨɬ ɦɟɥɤɢɯ ɞɟɮɟɤɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɝɥɭɛɨɤɨ ɜ Ʉɋɋ, ɨɫɥɚɛɥɹɟɬɫɹ ɡɚ ɫɱɟɬ 
ɡɚɬɭɯɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɨɥɧ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ. Ɉɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɜɨɡɧɢɤɚɸɬ 
ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɞɜɭɯ ɧɟɛɨɥɶɲɢɯ ɩɨ ɪɚɡɦɟɪɚɦ ɞɟɮɟɤɬɨɜ, ɧɚɯɨɞɹɳɢɣɫɹ ɨɞɢɧ ɩɨɞ 
ɞɪɭɝɢɦ. 

ȼɨɩɪɨɫ ɨ ɮɢɡɢɱɟɫɤɨɦ ɦɟɯɚɧɢɡɦɟ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɥɧ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɞɟɮɟɤɬɨɜ ɜ 
ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ, ɚ ɬɚɤɠɟ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɜɨɥɧɵ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜɥɢɹɸɬ 
ɧɚ ɜɟɥɢɱɢɧɭ ɢ ɡɧɚɤ ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɩɨɤɚ ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɵɦ. Ɍɚɤ ɩɪɢ ɚɧɚɥɢɡɟ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɬɟɧɰɢɨɝɪɚɦɦ ɫɬɚɥɶɧɨɝɨ ɛɪɭɫɚ ɫ ɩɪɨɫɜɟɪɥɟɧɧɵɦɢ ɝɥɭɯɢɦɢ 
ɨɬɜɟɪɫɬɢɹɦɢ ɪɚɡɧɨɣ ɝɥɭɛɢɧɵ, ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɤɪɨɦɨɤ 
ɨɬɜɟɪɫɬɢɣ ɩɪɨɢɫɯɨɞɹɬ ɨɬ ɜɨɥɧ ɧɚɩɪɹɠɟɧɢɣ, ɢɡɥɭɱɚɟɦɵɯ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɨɬɜɟɪɫɬɢɹ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɩɪɢ ɫɜɟɪɥɟɧɢɢ ɤɪɨɦɤɨɣ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 

 

ȼɵɹɜɥɟɧɢɟ ɞɟɮɟɤɬɨɜ ɫ ɩɨɦɨɳɶɸ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

ɋɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɡɤɨɩɨɥɨɫɧɨɝɨ ɮɢɥɶɬɪɚ ɉȺȾ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ 
ɩɨ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ ɢ ɮɨɪɦɚɥɢɡɦɚ ȾɉɎ ɫ ɱɚɫɬɨɬɧɨ-ɜɪɟɦɟɧɧɵɦɢ ɨɤɧɚɦɢ ɩɨɡɜɨɥɹɟɬ 
ɷɮɮɟɤɬɢɜɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɞɟɮɟɤɬɵ Ʉɋɋ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɨɛɪɚɡɭɸɳɢɟɫɹ ɫɩɚɪɟɧɧɵɟ 
ɞɟɮɟɤɬɵ. 

ɇɚ ɪɢɫɭɧɤɚɯ 14 ɢ 15 ɩɨɤɚɡɚɧɵ ɩɪɢɦɟɪɵ ɱɚɫɬɨɬɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɞɟɮɟɤɬɨɜ ɜ Ʉɋɋ. 
ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ 14 ɩɪɢɜɨɞɢɬɫɹ ɜɢɞ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɞɟɮɟɤɬɚ ɧɚ ɥɢɧɟɣɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ (ɪɨɡɨɜɵɣ ɰɜɟɬ) ɢ ɟɝɨ ɝɚɪɦɨɧɢɤɚ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ȾɉɎ (ɤɨɫɢɧɭɫɨɢɞɚ 
ɫɢɧɟɝɨ ɰɜɟɬɚ). ɒɤɚɥɚ ɩɨ ɨɫɢ ɭ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɟɢɦ ɤɪɢɜɵɦ ɨɞɧɨɜɪɟɦɟɧɧɨ. Ⱦɟɮɟɤɬ ɛɵɥ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɤɚɤ ɥɨɤɚɥɶɧɵɣ ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ ɧɚ ɭɪɨɜɧɟ SLS = 1,8β4 (ɫɦ. ɪɢɫ. 6), 

ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɩɹɬɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɟ. ɇɚ ɪɢɫɭɧɤɟ 15 ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ 
ɨɛɧɚɪɭɠɟɧɢɹ ɧɚ ɬɪɟɬɶɟɣ ɞɨɪɨɠɤɟ ɧɟɩɪɨɜɚɪɚ ɤɨɪɧɹ ɢ ɞɟɮɟɤɬɚ (ɋɤɪ) ɧɚ ɩɹɬɨɣ ɞɨɪɨɠɤɟ ɧɚ 
ɭɪɨɜɧɟ SLS = 4,155 (ɫɦ. ɪɢɫ. λ), ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɬɢɦ ɞɟɮɟɤɬɚɦ ɫɩɟɤɬɪɵ 
Ɏɭɪɶɟ. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Ɋɢɫɭɧɨɤ 14 – ɑɚɫɬɨɬɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. Ɉɞɢɧɨɱɧɵɣ ɞɟɮɟɤɬ ɧɟɩɪɨɜɚɪɚ ɤɨɪɧɹ 
(ɇɤ) ɥɨɤɚɥɢɡɨɜɚɧ ɧɚ ɥɢɧɟɣɧɨɣ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ 

ɞɚɧɧɵɣ ɞɟɮɟɤɬ ɜɵɞɟɥɟɧ ɪɨɡɨɜɵɦ ɰɜɟɬɨɦ. Ƚɚɪɦɨɧɢɤɚ, ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɤɨɫɢɧɭɫɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɚɧɧɨɦɭ ɞɟɮɟɤɬɭ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ȾɉɎ, ɩɨɤɚɡɚɧɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ ɫɢɧɢɦ 

ɰɜɟɬɨɦ ДFЫОqЮОЧМв ХШМКХТгКЭТШЧ ШП ЬЭЫЮМЭЮЫКХ СОЭОЫШРОЧОТЭТОЬ. A single root deficiency defect (ɇɤ) is localized on 

a linear potentiogram in the upper part of the figure. At the bottom of the figure, this defect is highlighted in 

pink. Harmonics, the trigonometric cosine function corresponding to a given defect in the DFT representation is 

shown in blue at the bottom of the figure] 
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Ɋɢɫɭɧɨɤ 15 – ɑɚɫɬɨɬɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. ȼ ɰɟɧɬɪɟ ɪɢɫɭɧɤɚ ɩɨɤɚɡɚɧɚ 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ. ȼɜɟɪɯɭ ɨɬ ɧɟɟ ɩɪɢɜɟɞɟɧɚ ɥɢɧɟɣɧɚɹ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ ɢ ɫɩɟɤɬɪ Ɏɭɪɶɟ ɫ 

ɨɤɧɨɦ ɏɟɦɦɢɧɝɚ ɞɥɹ ɞɟɮɟɤɬɚ ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ (ɇɤ), ɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ ɩɪɢɜɟɞɟɧɚ ɥɢɧɟɣɧɚɹ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ ɢ ɫɩɟɤɬɪ Ɏɭɪɶɟ ɫ ɨɤɧɨɦ ɏɟɦɦɢɧɝɚ ɞɥɹ ɞɟɮɟɤɬɚ ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ (ɇɪ) [Frequency 

localization of structural heterogeneities. In the center of the figure, a surface potentiogram is shown. At the top 

of it is a linear potentiogram and Fourier spectrum with a Hamming window for a root penetration defect (ɇɤ), 

and at the bottom of the figure, a linear potentiogram and a Fourier spectrum with a Hamming window for a root 

penetration defect (ɇɪ) are shown] 

 

ɇɚ ɪɢɫɭɧɤɟ 16 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ ɨɛɧɚɪɭɠɟɧɢɹ ɞɜɭɯ ɫɩɚɪɟɧɧɵɯ ɞɟɮɟɤɬɨɜ 
(ɞɜɨɣɧɢɤɨɜ), ɨɛɪɚɡɨɜɚɧɧɵɯ ɧɚ 4-ɬɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɟ, ɩɟɪɜɨɧɚɱɚɥɶɧɨ 
ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɯ ɤɚɤ ɩɨɪɚ (ɉ) ɢ ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ, ɫɦ. ɪɢɫ. 1γ). ɇɚ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɜɢɞɧɚ ɬɚɤɠɟ ɞɟɬɚɥɢɡɚɰɢɹ ɞɟɮɟɤɬɨɜ ɋɤɪ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ, ɫɥɟɞɭɹ ɪɢɫɭɧɤɭ 16 ɚ ɩɪɢ SLS = 6, ɛɵɥ ɫɞɟɥɚɧ ɨɲɢɛɨɱɧɵɣ ɜɵɜɨɞ ɨ ɬɨɦ, 
ɱɬɨ ɧɚ ɥɢɧɟɣɧɨɣ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ (ɪɢɫ.16 ɚ, ɫɥɟɜɚ) ɩɪɢɫɭɬɫɬɜɭɸɬ ɢɡɨɛɪɚɠɟɧɢɹ ɱɟɬɵɪɟɯ 
ɨɬɞɟɥɶɧɵɯ ɞɟɮɟɤɬɨɜ ɧɚ 4-ɬɨɣ ɢ 5-ɬɨɣ ɞɨɪɨɠɤɚɯ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɶɸ 
(ɮɨɪɦɭɥɚ 8) ȾɉɎ ɞɚɟɬ ɥɨɤɚɥɢɡɚɰɢɸ ɱɟɬɵɪɟɯ ɝɚɪɦɨɧɢɤ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɨɬ ɱɟɬɵɪɟɯ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ. Ɉɞɧɚɤɨ, ɩɪɢ ɛɨɥɟɟ ɜɧɢɦɚɬɟɥɶɧɨɦ 
ɪɚɫɫɦɨɬɪɟɧɢɢ ɝɪɚɮɢɤɨɜ ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɬɨɥɶɤɨ ɞɜɚ ɞɟɮɟɤɬɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ 4-

ɬɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɟ, ɚ ɞɜɚ ɞɪɭɝɢɯ – ɧɚ ɫɨɫɟɞɧɟɣ ɩɹɬɨɣ ɞɨɪɨɠɤɟ. ɉɪɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ SLS ɨɬ 6 ɞɨ 6,β6 ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɧɚ ɤɨɬɨɪɵɯ ɞɜɨɣɧɢɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ 4-ɬɨɣ ɞɨɪɨɠɤɟ, ɧɚɱɢɧɚɸɬ ɪɚɫɩɚɞɚɬɶɫɹ ɧɚ 
ɨɞɢɧɨɱɧɵɟ ɞɟɮɟɤɬɵ ɢ ɡɚɬɟɦ ɢɫɱɟɡɚɸɬ ɩɪɢ SLS = 6,β6 (ɪɢɫ. 16 ɞ). ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɨɫɬɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɞɟɮɟɤɬ ɧɚ 5-ɬɨɣ ɞɨɪɨɠɤɟ, 
ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɣ ɤɚɤ ɥɨɤɚɥɶɧɵɣ ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ (ɇɤ). ɂɡɨɛɪɚɠɟɧɢɟ ɷɬɨɝɨ ɞɟɮɟɤɬɚ 
ɢɫɱɟɡɚɟɬ ɫ ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ ɩɪɢ SLS = 6,31. 
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Ɋɢɫɭɧɨɤ 16 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɩɚɪɟɧɧɵɯ ɞɜɨɣɧɢɤɨɜ ɜ Ʉɋɋ. Ⱦɜɨɣɧɢɤɢ ɜɵɞɟɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ, ɚ ɜ ɛɟɥɵɣ ɤɪɭɝ 
ɢ ɩɨɤɚɡɚɧɵ ɫɬɪɟɥɤɨɣ. ɋ ɥɟɜɨɣ ɫɬɨɪɨɧɵ ɪɢɫɭɧɤɨɜ ɩɪɢɜɟɞɟɧɵ ɥɢɧɟɣɧɵɟ ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ (ɪɨɡɨɜɨɝɨ ɰɜɟɬɚ) 

ɢ ɤɪɢɜɵɟ ȾɉɎ ɫ ɨɤɧɨɦ ɏɟɦɦɢɧɝɚ (ɫɢɧɟɝɨ ɰɜɟɬɚ). ɂɡɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɟɧɵ ɞɥɹ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ SLS:  

ɚ – 6; ɛ – 6,046; ɜ – 6,097; ɝ – 6,155; ɞ – 6,26 [Images of twin counterparts in control sample. Doubles are 

highlighted in figure a in a white circle and are shown by an arrow. On the left side of the figures are linear 

potentiograms (pink) and DFT curves with a Hamming window (blue). Images were obtained for high SLS 

values: ɚ – 6; ɛ – 6,046; ɜ – 6,097; ɝ – 6,155; ɞ – 6,26] 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɨɫɧɨɜɟ 
ɭɡɤɨɩɨɥɨɫɧɨɝɨ ɮɢɥɶɬɪɚ ɉȺȾ ɫ ɲɚɝɨɦ 0,1 ɦɤȼ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɩɚɪɟɧɧɵɟ ɞɟɮɟɤɬɵ 
(ɞɜɨɣɧɵɟ, ɬɪɨɣɧɵɟ ɢ ɬ.ɞ.), ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ, ɥɢɛɨ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɞɪɭɝ ɩɨɞ ɞɪɭɝɨɦ). 

 

ȼɵɜɨɞ 

Ɇɟɬɨɞ ɫɤɚɧɢɪɭɸɳɟɣ ɤɨɧɬɚɤɬɧɨɣ ɩɨɬɟɧɰɢɨɦɟɬɪɢɢ (ɋɄɉ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ 
ɨɛɧɚɪɭɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ 
ɤɨɨɪɞɢɧɚɬ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥ ɩɨɞɝɨɬɨɜɥɟɧ ɫɩɟɰɢɚɥɶɧɵɣ ɨɛɪɚɡɟɰ, ɫɜɚɪɟɧɧɵɣ ɪɭɱɧɨɣ 
ɞɭɝɨɜɨɣ ɫɜɚɪɤɨɣ ɢɡ ɞɜɭɯ ɩɨɥɨɜɢɧ ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ 1βɏ18ɇ10Ɍ ɪɚɡɦɟɪɨɦ 
200×110×1γ,5 ɦɦ ɫ ɪɚɛɨɱɟɣ ɲɢɪɢɧɨɣ ɲɜɚ 1β ɦɦ. ɉɨɫɥɟ ɫɜɚɪɤɢ ɲɨɜ ɛɵɥ ɩɪɨɫɜɟɱɟɧ ɧɚ 
ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɢ ɩɨɥɭɱɟɧ ɫɧɢɦɨɤ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɉɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɩɨɫɬɪɨɟɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ ɢ ɩɪɨɜɟɞɟɧɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɞɟɮɟɤɬɨɜ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɫ ɢɯ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɧɚ 
ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɞɚɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɷɬɢɯ ɠɟ 
ɞɟɮɟɤɬɨɜ ɧɚ ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɨɛɴɹɫɧɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɞɟɮɟɤɬ ɫɦɟɳɟɧɢɹ ɤɪɨɦɨɤ ɞɚɟɬ ɢɡɥɭɱɟɧɢɟ ɜɨɥɧ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɚɦɩɥɢɬɭɞ. ɇɚ ɷɬɨɦ ɮɨɧɟ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ 
ɨɛɧɚɪɭɠɟɧɢɹ ɛɨɥɟɟ ɦɟɥɤɢɯ ɩɨ ɪɚɡɦɟɪɚɦ ɞɟɮɟɤɬɨɜ. Ʉɪɨɦɟ ɷɬɨɝɨ ɢɡɥɭɱɟɧɢɟ ɨɬ ɦɟɥɤɢɯ 
ɞɟɮɟɤɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɝɥɭɛɨɤɨ ɜ Ʉɋɋ, ɨɫɥɚɛɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɡɚɬɭɯɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɜɨɥɧ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ. Ɉɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɞɜɭɯ 
ɧɟɛɨɥɶɲɢɯ ɩɨ ɪɚɡɦɟɪɚɦ ɞɟɮɟɤɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɪɹɞɨɦ ɢɥɢ ɨɞɢɧ ɩɨɞ ɞɪɭɝɢɦ. 
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ɋɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɡɤɨɩɨɥɨɫɧɨɝɨ ɮɢɥɶɬɪɚ ɉȺȾ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ 
ɩɨ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɮɨɪɦɚɥɢɡɦɚ ȾɉɎ ɫ ɱɚɫɬɨɬɧɨ-ɜɪɟɦɟɧɧɵɦɢ 
ɨɤɧɚɦɢ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɞɟɮɟɤɬɵ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɢ ɨɛɪɚɡɭɸɳɢɟɫɹ ɫɩɚɪɟɧɧɵɟ ɞɟɮɟɤɬɵ. 

 
Ȼɥɚɝɨɞɚɪɧɨɫɬɶ 

Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ ɫɜɚɪɳɢɤɚ ɈɈɈ «Ɍɟɯɧɨɫɤɚɧ» Ʉɨɥɵɯɚɥɨɜɚ ɘ. Ⱥ. ɡɚ ɩɨɞɝɨɬɨɜɤɭ ɨɛɪɚɡɰɚ 
ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɨɦ ɊɎɎɂ ɩɨ ɞɨɝɨɜɨɪɭ №1λ-08-00β66/1λ ɨɬ 10.01.β01λ. 
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ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ / ȼ. ɂ. ɋɭɪɢɧ, ɂ. Ⱥ. ȿɪɨɮɟɟɜ, ɂ. ɋ. Ʉɪɸɤɨɜ, ȼ. ɂ. ɋɚɜɢɧ // VII 

Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ (ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɮɢɡɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɢ) 
– Ɇɨɫɤɜɚ μ ɇɂəɍ ɆɂɎɂ, β018. – ɋ. β07-208. 

11. ɋɭɪɢɧ, ȼ. ɂ. ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɩɨɬɟɧɰɢɨɦɟɬɪɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɞɥɢɬɟɥɶɧɵɯ 
ɭɫɬɚɥɨɫɬɧɵɯ ɢɫɩɵɬɚɧɢɹɯ / ȼ. ɂ. ɋɭɪɢɧ, Ɍ. ɇ. Ɂɨɪɢɧɚ, Ⱥ. Ɏ. Ʉɨɪɨɬɢɧ // ɇɚɭɱɧɚɹ ɫɟɫɫɢɹ ɇɂəɍ 
ɆɂɎɂ-β010, Ɍɨɦ β. ɇɚɧɨɮɢɡɢɤɚ ɢ ɧɚɧɨɬɟɯɧɨɥɨɝɢɢ. Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɧɚɭɤɢ. – 

Ɇɨɫɤɜɚ μ ɇɂəɍ ɆɂɎɂ, β010. – γ44 ɫ. 
12. Mallat, S. A wavelet tour of signal processing. Second Edition. Academic Press, 1999. 

13. Persson, B.N.J. Contact mechanics for randomly rough surfaces. Surface Science Reports. 2006. 

V.61. P. 201-227. 
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Abstract – Scanning contact potentiometry (SCP) is used for defects detection and for determine 

the coordinates of the defects localized in welded joints. Studied samples are welded by manual 

arc welding of two halves austenitic steel 321H (Chromium-Nickel-titanium stainless Steel) 

НТЦОЧЬТШЧ ШП ОКМС β00×110×1γ.5 ЦЦ. TСОЫОКПЭОЫ аОХНТЧР, ЬОКЦ аТНЭС ТЬ КЛШЮЭ 1β ЦЦ. 
Subsequently welded sample is inspected using X-ray radiographic testing system. In order to 

compare techniques capabilities, plotted potentiograms and weld radiograph are compared. 

Experimental outcomes prove that defects can be detected by SCP technique. SCP results are 

complied with mathematical signal analysis of defects. This method may substitute some 

destructive or nondestructive methods. 

 

Keywords: Scanning contact potentiometry, nondestructive testing, welded joints, X-ray 

radiographic testing, Signal discrete transformation, Chromium-Nickel-titanium stainless Steel. 
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ȼɫɟ ɜɨɡɪɚɫɬɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɨɜ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɜɵɞɜɢɝɚɸɬ 
ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɷɥɟɦɟɧɬɨɜ ɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɠɟɫɬɤɨɫɬɶ. ȼɩɟɪɜɵɟ ɬɟɨɪɢɹ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ 
ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɥɚɫɬɢɧ, ɲɚɪɧɢɪɧɨ ɨɩɟɪɬɵɯ ɜ ɭɝɥɨɜɵɯ ɬɨɱɤɚɯ, ɨɛɨɛɳɟɧɚ ɧɚ ɫɥɭɱɚɣ ɢɯ 
ɢɡɝɢɛɚ ɤɚɤ ɩɪɢ ɲɚɪɧɢɪɧɨɦ ɨɩɢɪɚɧɢɢ ɩɥɚɫɬɢɧ ɩɨ ɩɟɪɢɦɟɬɪɭ, ɬɚɤ ɢ ɡɚɳɟɦɥɟɧɢɢ 
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɩɨ ɞɜɭɦ ɫɦɟɠɧɵɦ ɫɬɨɪɨɧɚɦ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɚɹ 
ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɨɜɟɫɢɹ ɧɟ ɩɨɡɜɨɥɹɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɬɨɱɧɨ, ɚ 
ɬɨɥɶɤɨ ɜ ɫɦɵɫɥɟ ɫɪɟɞɧɟɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ɉɞɧɚɤɨ ɚɜɬɨɪɚɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɷɬɨɬ 
ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɝɢɛɚ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɢ ɮɢɡɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɦ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɩɨɬɟɡ Ʉɢɪɯɝɨɮɚ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɩɪɨɬɢɜɨɪɟɱɢɹɦ, ɤɨɝɞɚ 
ɧɭɥɟɜɵɟ ɩɟɪɟɪɟɡɵɜɚɸɳɢɟ ɫɢɥɵ ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ ɧɟɧɭɥɟɜɵɦɢ, ɬɨɥɶɤɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ. ɉɪɟɞɥɚɝɚɟɦɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɩɪɨɝɢɛɵ 
ɩɥɚɫɬɢɧɵ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɝɥɚɜɧɵɣ ɜɟɤɬɨɪ ɫɢɥ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɩɥɚɫɬɢɧɟ, ɦɨɠɧɨ ɩɪɢɥɨɠɢɬɶ 
ɤ ɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦɭ ɰɟɧɬɪɭ. ȼ ɫɬɚɬɶɟ ɭɤɚɡɚɧɵ ɭɫɥɨɜɢɹ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨɣ 

ɧɚɝɪɭɡɤɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɝɥɚɜɧɵɣ ɜɟɤɬɨɪ ɫɢɥ ɦɨɠɧɨ ɩɪɢɥɨɠɢɬɶ ɤ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɦɭ ɰɟɧɬɪɭ ɩɥɚɫɬɢɧɵ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɨɜ ɪɟɲɟɧɵ ɡɚɞɚɱɢ ɩɪɨɝɢɛɚ 
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɩɨɞ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɫɨɦ ɤɚɤ ɩɪɢ ɲɚɪɧɢɪɧɨɦ ɨɩɢɪɚɧɢɢ ɩɨ 
ɩɟɪɢɦɟɬɪɭ, ɬɚɤ ɢ ɩɪɢ ɡɚɳɟɦɥɟɧɢɢ ɩɨ ɞɜɭɦ ɫɦɟɠɧɵɦ ɫɬɨɪɨɧɚɦ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɩɥɚɫɬɢɧɚ, ɱɢɫɬɵɣ ɢɡɝɢɛ, ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ, 
ɬɟɯɧɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɢɡɝɢɛɚ, ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɠɟɫɬɤɨɫɬɶ. 
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ȼɜɟɞɟɧɢɟ 

Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɜɨɩɪɨɫɨɜ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɨɛɴɟɤɬɨɜ 
ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɋɟɲɟɧɢɟ ɷɬɨɝɨ ɜɨɩɪɨɫɚ ɜɨ 
ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɱɧɨɫɬɶɸ ɢ ɠɟɫɬɤɨɫɬɶɸ ɤɨɧɫɬɪɭɤɰɢɣ, ɤɚɤ ɨɫɧɨɜɧɨɝɨ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɤ ɢ ɫɨɨɪɭɠɟɧɢɣ. ɉɪɨɱɧɨɫɬɶ ɢ ɠɟɫɬɤɨɫɬɶ – ɝɥɚɜɧɵɟ 
ɫɜɨɣɫɬɜɚ ɥɸɛɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɟɟ ɧɨɪɦɚɥɶɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ, ɚ 
ɬɚɤɠɟ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɭɬɟɦ ɫɨɯɪɚɧɟɧɢɹ ɧɟ ɬɨɥɶɤɨ ɰɟɥɨɫɬɧɨɫɬɢ, ɧɨ, ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ, ɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. Ʉɚɱɟɫɬɜɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɜɵɱɢɫɥɹɟɬɫɹ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɠɟɫɬɤɨɫɬɶ ɷɥɟɦɟɧɬɨɜ, ɤɚɤ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ, ɬɚɤ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɞɟɪɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɧɚɩɪɹɦɭɸ 
ɨɩɪɟɞɟɥɹɟɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥɗɋ ɢ ɞɪɭɝɢɯ ɨɛɴɟɤɬɨɜ ɹɞɟɪɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ ɜ ɰɟɥɨɦ. ȼɫɟ ɜɨɡɪɚɫɬɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɨɜ ɹɞɟɪɧɨɣ 
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ɷɧɟɪɝɟɬɢɤɢ ɜɵɞɜɢɝɚɸɬ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɷɥɟɦɟɧɬɨɜ 
ɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɉɞɧɢɦ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɜɢɞɨɜ ɧɚɝɪɭɠɟɧɢɹ ɬɨɧɤɨɫɬɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɹɜɥɹɟɬɫɹ ɢɡɝɢɛ. 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɦɟɯɚɧɢɤɟ ɢɦɟɟɬ ɨɝɪɨɦɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ  
ɡɧɚɱɟɧɢɟ [1-γЖ. Ɇɧɨɠɟɫɬɜɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɢɡɝɢɛɚ ɤɨɧɫɬɪɭɤɰɢɣ 
ɜɨɨɛɳɟ Д4, 5Ж ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɥɚɫɬɢɧ Д6-λЖ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɨ 
ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɛɵɥɨ ɫɨɡɞɚɧɨ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɣ ɬɟɨɪɢɢ ɢɡɝɢɛɚ ɩɪɹɦɨɭɝɨɥɶɧɵɯ 
ɩɥɚɫɬɢɧ, ɲɚɪɧɢɪɧɨ ɡɚɤɪɟɩɥɟɧɧɵɯ ɩɨ ɩɟɪɢɦɟɬɪɭ ɩɨɩɟɪɟɱɧɨɣ ɧɚɝɪɭɡɤɨɣ. ɂɡɜɟɫɬɧɵɟ 
ɬɟɨɪɢɢ, ɤɨɬɨɪɵɟ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɫɱɢɬɚɸɬɫɹ «ɤɥɚɫɫɢɱɟɫɤɢɦɢ», ɩɪɢ ɛɥɢɠɚɣɲɟɦ 
ɪɚɫɫɦɨɬɪɟɧɢɢ ɹɜɥɹɸɬɫɹ ɧɟɤɨɪɪɟɤɬɧɵɦɢ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɢ ɮɢɡɢɱɟɫɤɨɣ ɬɨɱɟɤ ɡɪɟɧɢɹ 
Д10Ж. ȼ ɨɫɧɨɜɧɨɦ ɨɧɢ ɨɫɧɨɜɚɧɵ ɧɚ ɝɢɩɨɬɟɡɚɯ Ʉɢɪɯɝɨɮɚ, ɢ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɭɪɚɜɧɟɧɢɣ 
ɪɚɜɧɨɜɟɫɢɹ ɜ ɪɹɞɟ ɷɬɢɯ ɬɟɨɪɢɣ ɧɭɥɟɜɵɟ ɩɨ ɢɫɯɨɞɧɵɦ ɩɪɟɞɩɨɥɨɠɟɧɢɹɦ 
ɩɟɪɟɪɟɡɵɜɚɸɳɢɟ ɫɢɥɵ (ɪɚɜɧɵɟ ɩɪɨɢɡɜɟɞɟɧɢɸ ɧɟɧɭɥɟɜɨɝɨ ɦɨɞɭɥɹ ɫɞɜɢɝɚ ɧɚ ɢɧɬɟɝɪɚɥ ɨɬ 
ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ ɫɞɜɢɝɚ ɩɨ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ), ɛɭɤɜɚɥɶɧɨ ɱɟɪɟɡ ɫɬɪɚɧɢɰɭ ɭɠɟ 
ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ ɧɟɧɭɥɟɜɵɦɢ ɫ ɬɟɦ ɨɛɨɫɧɨɜɚɧɢɟɦ, ɱɬɨ «ɢɧɚɱɟ ɭɪɚɜɧɟɧɢɟ ɢɡɝɢɛɚ 
ɜɵɜɟɫɬɢ ɧɟ ɩɨɥɭɱɢɬɶɫɹ» Д10, 11Ж. 

ɗɬɨ ɢɡɥɚɝɚɟɬɫɹ ɜɨ ɜɫɟɯ ɭɱɟɛɧɢɤɚɯ ɩɨ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ, ɝɞɟ ɡɚɬɪɚɝɢɜɚɟɬɫɹ ɬɟɦɚ 
ɢɡɝɢɛɚ ɩɥɚɫɬɢɧ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɟɳɟ ɫɨ ɜɪɟɦɟɧ Ɍɢɦɨɲɟɧɤɨ ɋ.ɉ. ɞɟɥɚɥɢɫɶ ɩɨɩɵɬɤɢ 
ɧɟɫɤɨɥɶɤɨ ɫɦɹɝɱɢɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɫɞɜɢɝɨɜ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɩɟɪɟɪɟɡɵɜɚɸɳɢɟ ɫɢɥɵ ɫɬɚɥɢ ɧɟɧɭɥɟɜɵɦɢ. Ɉɞɧɚɤɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɢɡ-ɡɚ 
ɫɜɨɣɫɬɜɚ ɩɚɪɧɨɫɬɢ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɫɬɢɧɵ ɩɪɢ ɩɨɞɨɛɧɨɦ 
ɩɨɞɯɨɞɟ ɞɟɣɫɬɜɭɸɬ ɧɟ ɬɨɥɶɤɨ ɧɨɪɦɚɥɶɧɵɟ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɫɬɢɧɵ ɧɚɝɪɭɡɤɢ, ɧɨ ɢ 
ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ ɬɚɤɠɟ ɧɚɩɪɹɦɭɸ ɩɪɨɬɢɜɨɪɟɱɢɬ ɢɫɯɨɞɧɨɣ ɩɨɫɬɚɧɨɜɤɟ 
ɡɚɞɚɱɢ. 

Ⱥɜɬɨɪɚɦ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɨɛɨɛɳɢɬɶ 
ɢɡɜɟɫɬɧɭɸ ɬɟɨɪɢɢ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ ɩɥɚɫɬɢɧ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɭɸ ɋ.ɉ. Ɍɢɦɨɲɟɧɤɨ Д1βЖ. 
Ɉɛɨɛɳɟɧɢɟ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɨɜɟɫɢɹ ɛɭɞɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɝɥɚɜɧɵɯ ɤɪɢɜɢɡɧ ɢɡɨɝɧɭɬɨɣ ɩɥɚɫɬɢɧɵ. 

ɏɨɬɹ ɩɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɬɚɤɠɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɬɨɱɧɨ ɪɟɲɢɬɶ 
ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ, ɨɞɧɚɤɨ ɨɧɚ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɯɨɬɹ ɛɵ ɩɨɡɜɨɥɹɟɬ ɛɟɡ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɢ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɬɢɜɨɪɟɱɢɣ ɨɰɟɧɢɬɶ ɩɪɨɝɢɛɵ ɩɥɚɫɬɢɧɵ ɩɨ ɜɟɥɢɱɢɧɟ ɝɥɚɜɧɨɝɨ ɜɟɤɬɨɪɚ 
ɫɢɥ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɩɥɚɫɬɢɧɟ. ɗɬɚ ɨɰɟɧɤɚ ɫɩɪɚɜɟɞɥɢɜɚ, ɟɫɥɢ ɝɥɚɜɧɵɣ ɜɟɤɬɨɪ ɫɢɥ 
ɩɪɢɥɨɠɟɧ ɜ ɰɟɧɬɪɟ ɩɥɚɫɬɢɧɵ. Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɷɬɨɝɨ ɮɚɤɬɚ ɚɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧɨ 
ɨɩɪɟɞɟɥɹɬɶ ɪɚɡɞɟɥɶɧɨ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɨɬ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 
ɧɚɝɪɭɡɤɢ ɧɚ ɤɚɠɞɨɣ ɢɡ ɩɨɥɨɜɢɧ ɩɥɚɫɬɢɧɵ. ȿɫɥɢ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɦɨɦɟɧɬɵ ɧɚ ɤɚɠɞɨɦ ɢɡ 
ɤɪɚɟɜ ɫɨɜɩɚɞɚɸɬ, ɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɝɥɚɜɧɵɣ ɜɟɤɬɨɪ ɫɢɥ ɩɪɢɥɨɠɟɧ ɤ ɰɟɧɬɪɭ 
ɩɥɚɫɬɢɧɵ. 

Ɉɫɧɨɜɧɵɟ ɝɢɩɨɬɟɡɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɦɨɞɟɥɢ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 
ɩɥɚɫɬɢɧɵ ɩɨɫɬɨɹɧɧɨɣ ɬɨɥɳɢɧɵ  

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɨɛɨɛɳɟɧɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ ɩɪɹɦɨɭɝɨɥɶɧɭɸ 
ɩɥɚɫɬɢɧɭ ɩɨɫɬɨɹɧɧɨɣ ɬɨɥɳɢɧɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɷɥɟɦɟɧɬɚɪɧɵɟ ɫɥɨɢ (ɪɢɫ. 1). Ȼɭɞɟɦ 
ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɪɨɞɨɥɶɧɵɟ ɫɥɨɢ ɜ ɩɥɚɫɬɢɧɟ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɜ ɩɨɩɟɪɟɱɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ. 

Ƚɥɚɜɧɵɟ ɦɨɦɟɧɬɵ, ɩɪɢɥɨɠɟɧɧɵɟ ɤ ɤɪɚɹɦ ɩɥɚɫɬɢɧɵ ɨɛɨɡɧɚɱɢɦ ɱɟɪɟɡ xM  ɢ yM . 

Ɉɧɢ ɞɟɣɫɬɜɭɸɬ ɜ ɩɥɨɫɤɨɫɬɹɯ zx0  ɢ zy0  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɂɧɬɟɧɫɢɜɧɨɫɬɢ ɝɥɚɜɧɵɯ 
ɦɨɦɟɧɬɨɜ aM x  ɢ bM y  – ɜɟɥɢɱɢɧɵ ɩɨɫɬɨɹɧɧɵɟ ɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɨ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɬɨɪɨɧɚɦ ɩɥɚɫɬɢɧɵ. 
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ɉɭɫɬɶ ɩɥɚɫɬɢɧɚ ɢɦɟɟɬ ɲɢɪɢɧɭ a  (ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ x0 ), ɞɥɢɧɭ b  (ɜɞɨɥɶ 
ɧɚɩɪɚɜɥɟɧɢɹ y0 ), ɚ ɬɚɤɠɟ ɩɨɫɬɨɹɧɧɭɸ ɜɵɫɨɬɭ h . ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɩɪɢ ɧɚɝɪɭɠɟɧɧɵɯ 
ɦɨɦɟɧɬɚɦɢ ɩɨɫɬɨɹɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɥɨɧɟɧɢɹ ɜ ɜɵɫɨɬɟ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɦɚɥɵ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɞɢɭɫɚɦɢ ɤɪɢɜɢɡɧɵ ɩɥɚɫɬɢɧɵ ɢ ɧɟ ɜɧɨɫɹɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɩɨɩɪɚɜɤɭ ɜ 
ɨɩɪɟɞɟɥɟɧɢɟ ɟɝɨ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ȼɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɭ 
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɩɨɫɬɨɹɧɧɨɣ ɬɨɥɳɢɧɵ ɩɪɢ ɱɢɫɬɨɦ ɢɡɝɢɛɟ ɫɭɳɟɫɬɜɭɟɬ 
ɧɟɣɬɪɚɥɶɧɵɣ ɫɥɨɣ – ɫɥɨɣ, ɞɥɢɧɚ ɤɨɬɨɪɨɝɨ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɩɪɢ ɢɡɝɢɛɟ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, 
ɱɬɨ ɩɥɚɫɬɢɧɭ ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɨɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɬɨɥɳɢɧɨɣ   (ɪɢɫ. 1).  

 

 
Ɋɢɫɭɧɨɤ 1 – ɑɢɫɬɵɣ ɢɡɝɢɛ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɩɨɫɬɨɹɧɧɨɣ ɬɨɥɳɢɧɵ ДPЮЫО ЛОЧНТЧР ШП К Ыectangular 

plate of constant thickness] 

 

ɋɥɟɞɭɹ ɦɨɧɨɝɪɚɮɢɢ ɋ.ɉ. Ɍɢɦɨɲɟɧɤɨ [1βЖ, ɢɫɯɨɞɹ ɢɡ ɨɱɟɜɢɞɧɵɯ ɪɚɫɫɭɠɞɟɧɢɣ ɨ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɩɨɞɨɛɢɢ ɩɪɨɞɨɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɥɨɟɜ ɪɚɡɦɟɪɚɦ 
ɧɟɣɬɪɚɥɶɧɨɝɨ ɫɥɨɹ, ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɧɨɪɦɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɷɥɟɦɟɧɬɚɪɧɨɝɨ 
ɫɥɨɹ x , y  ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɧɟɣɬɪɚɥɶɧɨɝɨ ɫɥɨɹ 

ɪɚɫɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ Д1βЖ (1)μ 
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ɝɞɟ   – ɤɨɨɪɞɢɧɚɬɚ ɧɟɣɬɪɚɥɶɧɨɝɨ ɫɥɨɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɟɪɟɞɢɧɵ 
ɩɥɚɫɬɢɧɵ; x , y  – ɪɚɞɢɭɫɵ ɤɪɢɜɢɡɧɵ ɧɟɣɬɪɚɥɶɧɨɝɨ ɫɥɨɹ ɜ ɩɥɨɫɤɨɫɬɹɯ zx0  ɢ zy0  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɥɚɫɬɢɧɚ ɢɡɝɢɛɚɟɬɫɹ ɩɪɢɥɨɠɟɧɧɵɦɢ ɩɨ ɩɪɹɦɨɭɝɨɥɶɧɵɦ ɤɪɚɹɦ 

ɦɨɦɟɧɬɚɦɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɢ ɞɟɣɫɬɜɭɸɳɢɦɢ ɜɨ ɜɡɚɢɦɧɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɥɨɫɤɨɫɬɹɯ zx0  ɢ zy0 , ɞɥɹ ɩɥɨɫɤɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɬ.ɟ. 

0z ) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɫ ɭɱɟɬɨɦ ɝɢɩɨɬɟɡ ɨ ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɫɞɜɢɝɨɜ  
( 0 yzxzxy ), ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɧɨɪɦɚɥɶɧɵɯ  

ɧɚɩɪɹɠɟɧɢɣ x , y  [12, 13]: 
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ɝɞɟ E  – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ,   – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫ ɭɱɟɬɨɦ (1) ɞɥɹ ɨɞɧɨɪɨɞɧɨɝɨ ɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɨɠɧɨ 

ɡɚɩɢɫɚɬɶ (β)μ 
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ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɧɚɲɟɦɭ ɩɪɟɞɩɨɥɨɠɟɧɢɸ 
ɨɬɫɭɬɫɬɜɭɸɬ, ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɱɟɬɵɪɟ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ Д1βЖ (γ)μ 
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ɍɪɚɜɧɟɧɢɹ ɨɛɨɛɳɟɧɧɨɣ ɬɟɨɪɢɢ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ  

Ȼɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ x , y , x , y , x , y , ɹɜɥɹɸɬɫɹ 

ɮɭɧɤɰɢɹɦɢ ɨɬ ɞɜɭɯ ɤɨɨɪɞɢɧɚɬ x  ɢ y , ɞɥɹ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹμ 
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ɝɞɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ    
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 yxw ,  – ɩɪɨɝɢɛɵ ɩɥɚɫɬɢɧɵ. 
Ɍɨɝɞɚ, ɢɫɯɨɞɹ ɢɡ ɡɚɤɨɧɚ Ƚɭɤɚ ɞɥɹ ɩɥɨɫɤɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (4)μ 
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Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɝɥɚɜɧɵɯ ɦɨɦɟɧɬɨɜ xM , yM  ɩɪɢɦɭɬ ɜɢɞ (5): 

  0
2

2

0

 


dydzx,y

h

h

b

x
,    0

2

2

0

 


dxdzx,y

h

h

a

y
,  

              (5) 



 ɌȿɏɇɂɑȿɋɄȺə ɌȿɈɊɂə ɂɁȽɂȻȺ ɍɉɊɍȽɂɏ ɉɊəɆɈɍȽɈɅɖɇɕɏ ɉɅȺɋɌɂɇ 77 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

   x

h

h

b

x Mdydzzx,y  


2

2

0

,     y

h

h

a

y Mdxdzzx,y  


2

2

0

. 

ɉɨɞɫɬɚɜɥɹɟɦ (4) ɜ (5) ɢ ɩɨɥɭɱɚɟɦ (6)μ 
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɟɪɜɵɟ ɞɜɚ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (6) ɭɞɨɜɥɟɬɜɨɪɹɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɩɪɢ 0 . Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (6) ɪɚɡɪɟɲɢɦɵ ɬɨɥɶɤɨ 

ɤɨɝɞɚ  
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  ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɚɧɬɚɦɢ. 

Ɉɞɧɚɤɨ ɫɢɫɬɟɦɭ ɢɡ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɦɨɠɧɨ ɪɚɡɪɟɡɪɟɲɢɬɶ ɜ ɫɦɵɫɥɟ 

ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ  
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ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɧɚ ɢɧɬɟɪɜɚɥɟ  a,0  ɩɨ x , ɚ ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɧɚ ɢɧɬɟɪɜɚɥɟ  b,0  ɩɨ y .  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ (7)μ 
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ɋɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (7) ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɭɪɚɜɧɟɧɢɹɦɢ ɪɚɜɧɨɜɟɫɢɹ ɨɛɨɛɳɟɧɧɨɣ 
ɬɟɨɪɢɢ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ (ɬ.ɟ. ɬɟɨɪɢɢ ɜ ɫɦɵɫɥɟ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ).  

Ȼɟɡɭɫɥɨɜɧɨ, ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (7) ɧɟ ɩɨɡɜɨɥɹɟɬ ɬɨɱɧɨ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɭɪɚɜɧɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ, ɚ ɬɨɥɶɤɨ ɜ ɫɦɵɫɥɟ ɫɪɟɞɧɟɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɧɨ ɚɜɬɨɪɚɦ 
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ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɷɬɨɬ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɝɢɛɚ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɢ 
ɮɢɡɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɩɨɬɟɡ Ʉɢɪɯɝɨɮɚ Д14Ж, 
ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɩɪɨɬɢɜɨɪɟɱɢɹɦ, ɤɨɝɞɚ ɧɭɥɟɜɵɟ ɩɟɪɟɪɟɡɵɜɚɸɳɢɟ ɫɢɥɵ 
ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ ɧɟɧɭɥɟɜɵɦɢ Д10Ж ɬɨɥɶɤɨ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ 
ɪɚɜɧɨɜɟɫɢɹ. 

Ɋɟɲɚɹ (7), ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ (8)μ 
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Ɉɛɨɛɳɟɧɧɵɣ ɱɢɫɬɵɣ ɢɡɝɢɛ ɜɹɡɤɨɭɩɪɭɝɨɣ ɩɥɚɫɬɢɧɵ ɜ ɫɥɭɱɚɟ ɲɚɪɧɢɪɧɨ 
ɡɚɤɪɟɩɥɟɧɧɵɯ ɫɬɨɪɨɧ  

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (8) ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɚɜɢɬɶ ɢ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ ɬɚɤɠɟ 
ɞɥɹ ɩɥɚɫɬɢɧ, ɲɚɪɧɢɪɧɨ ɡɚɤɪɟɩɥɟɧɧɵɯ ɩɨ ɩɟɪɢɦɟɬɪɭ.  

ɉɭɫɬɶ  yxw ,  ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ (λ)μ 
 

     byyaxxCyxw , .    (9) 

 

ɉɨɞɫɬɚɜɥɹɹ (λ) ɜ (8), ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɜɚ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ  
ɤɨɧɫɬɚɧɬɵ C  (10): 
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ɂɡ ɷɬɨɣ ɫɢɫɬɟɦɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɲɚɪɧɢɪɧɨɝɨ ɨɩɢɪɚɧɢɹ ɩɥɚɫɬɢɧɵ ɩɨ 
ɫɬɨɪɨɧɚɦ (λ) ɝɥɚɜɧɵɟ ɦɨɦɟɧɬɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɫɬɨɪɨɧɚɯ, ɞɨɥɠɧɵ ɛɵɬɶ ɫɜɹɡɚɧɵ 
ɭɪɚɜɧɟɧɢɟɦμ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɲɚɪɧɢɪɧɨ ɨɩɟɪɬɚɹ ɩɥɚɫɬɢɧɚ ɧɚɯɨɞɢɥɚɫɶ ɜ 
ɫɨɫɬɨɹɧɢɢ ɨɛɨɛɳɟɧɧɨɝɨ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ ɜ ɫɦɵɫɥɟ ɭɪɚɜɧɟɧɢɣ (8) ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ 
ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɦɨɦɟɧɬɵ, ɩɪɢɥɨɠɟɧɧɵɟ ɩɨ ɫɬɨɪɨɧɚɦ, ɧɚɯɨɞɢɥɢɫɶ ɜ ɨɬɧɨɲɟɧɢɢ (11)μ 
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Ɂɚɦɟɧɚ ɩɨɩɟɪɟɱɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɦɨɦɟɧɬɚɦɢ 

ɉɭɫɬɶ ɩɨɩɟɪɟɤ ɩɥɚɫɬɢɧɵ, ɲɚɪɧɢɪɧɨ ɡɚɤɪɟɩɥɟɧɧɨɣ ɩɨ ɫɬɨɪɨɧɚɦ ɧɚ ɟɟ ɜɟɪɯɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɞɟɣɫɬɜɭɟɬ ɜɧɟɲɧɹɹ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 
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  0, yxq . Ȼɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɧɚɝɪɭɡɤɚ ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ ɭɱɚɫɬɤɭ S  ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɥɚɫɬɢɧɵ   0, yxq  ɩɪɢ   Syx ,  ɢ   0, yxq  ɩɪɢ       Sbayx \,0,0,   (ɬ.ɟ.  yx,  

ɩɪɢɧɚɞɥɟɠɢɬ ɞɨɩɨɥɧɟɧɢɸ S  ɞɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ    ba ,0,0  , ɡɚɧɹɬɨɝɨ ɩɥɚɫɬɢɧɨɣ). 
Ȼɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɜɵɩɨɥɧɟɧɵ ɞɜɚ ɭɫɥɨɜɢɹ ɫɢɦɦɟɬɪɢɢ, ɫɨɡɞɚɜɚɟɦɵɯ ɧɚɝɪɭɡɤɨɣ 
 yxq ,  ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɪɟɞɢɧɵ ɩɥɚɫɬɢɧɵ (1β)μ 
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Ɋɢɫɭɧɨɤ β – Ⱦɟɣɫɬɜɢɟ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɩɨɩɟɪɟɱɧɨɣ ɧɚɝɪɭɡɤɢ  yxq ,  ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɚɫɬɢɧɵ  

[The effect of distributed lateral load  yxq ,  on the plate surface] 

 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɣ (1β) ɝɥɚɜɧɵɣ ɜɟɤɬɨɪ ɫɢɥ ɜɟɥɢɱɢɧɨɣ 
Q  (ɨɬ ɞɟɣɫɬɜɭɸɳɟɣ ɩɨɩɟɪɟɱɧɨɣ ɧɚɝɪɭɡɤɢ  yxq , ) ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɥɨɠɟɧ ɜ ɰɟɧɬɪɟ 
ɩɥɚɫɬɢɧɵ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɪɟɚɤɰɢɢ 
ɩɪɢ ɨɩɨɪɟ ɩɨ ɩɟɪɢɦɟɬɪɭ ɪɚɜɧɚ   baQ 2 . 

ɉɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɦɨɦɟɧɬɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɜ ɩɥɨɫɤɨɫɬɹɯ x0z ɢ y0z, ɪɚɜɧɨɩɪɚɜɧɵ 
(ɬ.ɟ. ɤɚɠɞɵɣ ɤɨɦɩɟɧɫɢɪɭɟɬ ɩɨɥɨɜɢɧɭ ɜɟɥɢɱɢɧɵ ɝɥɚɜɧɨɝɨ ɜɟɤɬɨɪɚ ɫɢɥ), ɬɨ ɞɨɥɠɧɨ 
ɜɵɩɨɥɧɹɬɶɫɹ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹμ 
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ɋ ɭɱɟɬɨɦ (11) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ (1γ)μ 
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ɋɤɥɚɞɵɜɚɹ ɞɜɚ ɭɪɚɜɧɟɧɢɹ (10), ɢɫɩɨɥɶɡɭɹ ɪɚɜɟɧɫɬɜɚ (11) ɢ (1γ), ɦɨɠɧɨ ɩɨɥɭɱɢɬɶμ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɢɡɝɢɛ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ 
ɫɨɫɬɨɹɧɢɢ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ, ɥɸɛɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɫ ɝɥɚɜɧɵɦ ɜɟɤɬɨɪɨɦ ɫɢɥ 
ɜɟɥɢɱɢɧɨɣ Q , ɩɪɢɥɨɠɟɧɧɵɦ ɜ ɰɟɧɬɪɟ ɩɥɚɫɬɢɧɵ ɢ ɧɚɩɪɚɜɥɟɧɧɵɦ ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ, 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤμ 
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Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɨɝɢɛ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ 
ɫɨɫɬɚɜɥɹɟɬμ 

 

   
       byyaxxg

ba

ba

hE
yxw 










222 1

118
, . 

 

Ɉɛɨɛɳɟɧɧɵɣ ɱɢɫɬɵɣ ɢɡɝɢɛ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ, ɡɚɳɟɦɥɟɧɧɨɣ ɩɨ ɞɜɭɦ 
ɫɨɫɟɞɧɢɦ ɫɬɨɪɨɧɚɦ  

ɉɭɫɬɶ, ɤɚɤ ɢ ɪɚɧɟɟ, ɝɥɚɜɧɵɣ ɜɟɤɬɨɪ Q  ɫɢɥ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢɥɨɠɟɧ ɤ 
ɰɟɧɬɪɭ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɪɚɡɦɟɪɚɦɢ ba . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɪɟɚɤɰɢɢ ɩɪɢ ɨɩɨɪɟ ɩɨ ɞɜɭɦ ɫɦɟɠɧɵɦ ɫɬɨɪɨɧɚɦ ɪɚɜɧɚ 
 baQ  . 

ɉɟɪɟɦɟɳɟɧɢɹ ɩɥɚɫɬɢɧɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟμ 
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ɉɪɨɜɢɫɚɧɢɟ ɠɟ ɡɚɳɟɦɥɟɧɧɨɣ ɩɨ ɞɜɭɦ ɫɬɨɪɨɧɚɦ ɩɥɚɫɬɢɧɵ ɩɨɞ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɫɨɦ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤμ 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɜɵɜɨɞɵ  
ȼɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɨ ɨɛɨɛɳɟɧɢɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɱɢɫɬɨɝɨ ɢɡɝɢɛɚ ɩɥɚɫɬɢɧɵ, 

ɡɚɤɪɟɩɥɟɧɧɨɣ ɜ ɭɝɥɨɜɵɯ ɬɨɱɤɚɯ ɧɚ ɫɥɭɱɚɣ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ, ɲɚɪɧɢɪɧɨ ɨɩɟɪɬɨɣ 
ɩɨ ɩɟɪɢɦɟɬɪɭ. 

ɋ ɩɨɦɨɳɶɸ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɢ ɜɩɟɪɜɵɟ ɪɟɲɟɧɚ ɡɚɞɚɱɚ ɢɡɝɢɛɚ 
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɩɥɚɫɬɢɧɵ, ɡɚɳɟɦɥɟɧɧɨɣ ɩɨ ɞɜɭɦ ɫɦɟɠɧɵɦ ɫɬɨɪɨɧɚɦɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɨɜ ɪɟɲɟɧɵ ɡɚɞɚɱɢ ɩɪɨɝɢɛɚ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɩɨɞ 

ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɫɨɦ, ɤɚɤ ɩɪɢ ɲɚɪɧɢɪɧɨɦ ɨɩɢɪɚɧɢɢ ɩɨ ɩɟɪɢɦɟɬɪɭ, ɬɚɤ ɢ ɩɪɢ ɡɚɳɟɦɥɟɧɢɢ 
ɩɨ ɞɜɭɦ ɫɦɟɠɧɵɦ ɫɬɨɪɨɧɚɦ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɪɚɫɱɟɬɚ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɠɟɫɬɤɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɱɬɨ ɧɚɩɪɹɦɭɸ ɨɩɪɟɞɟɥɹɟɬ 
ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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Abstract – There is a need to improve methods for calculating elements of engineering structures 

and equipment for strength and stiffness, which directly affects the safety of nuclear power 

facilities. For the first time the theory of pure bending of rectangular plates pivotally supported at 

corner points is generalized to the case of their bending both when the plates are hinged around the 

perimeter and when a rectangular plate is pinched on two adjacent sides. It should be noted that the 

obtained system of equilibrium equations does not allow satisfying the equilibrium equations 

exactly, but only in the sense of the average integral value. However, the authors think this method 

of solving the deflection problem is much more mathematically and physically justified in 

comparison with the use of Kirchhoff hypotheses, which lead to contradictions when zero shear 

forces are assumed to be nonzero, only in order to obtain a deliberately equilibrium equation. The 

proposed approach allows us to evaluate the deflection of the plate in the case when the main 

vector of forces applied to the plate can be applied to its geometric center. The article indicates the 

conditions for the distribution of the transverse load under which it can be assumed that the main 

vector of forces can be applied to the geometric center of the plate. As examples, the problems of 

deflection of a rectangular plate under its own weight have been solved both when hinged around 

the perimeter and when pinched on two adjacent sides. 

 

Keywords: rectangular plate, pure bending, distributed load, technical theory of bending, stress-

strain state, stiffness. 
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Introduction 

The main requirement associated with the development and operation of nuclear 

reactors is the control and containment of neutrons that sustain, and are also produced during 

fission reaction. Boron is one of the few elements to possess nuclear properties, which proves 

its consideration as neutron absorber material. Boron and its compounds boric acid, boron 

carbide, rare-earth etc. Boron has two principal isotopes, 
10

B and 
11

B the effectiveness of 

boron as neutron absorber is due to the high absorption cross-sections. The thermal neutron 

absorption cross-section for 
10

B and 
11

B are 3837 barns and 0.005 barns respectively. The 

neutron absorption of natural boron-containing 20% 
10

B is sufficiently high ~ (4000 barns) in 

the low neutron energy range to make it an excellent candidate for use in VVER reactors. In 

addition to a high absorption cross-section, boron has another advantage over other potential 

neutron absorber materials. The reaction products, helium and lithium are formed as stable, 

non-radioactive isotopes. As they do not emit nuclear radiation, decay heating problems 

НЮЫТЧР ЫОКМЭШЫ ЬСЮЭНШаЧЬ КЧН ЭЫКЧЬПОЫ ШП НОЩХОЭОН МШЧЭЫШХ ЫШНЬ КЫО ЦТЧТЦКХ. TСО (Ч α) ЫОКМЭТШЧ  
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Short description of using program GETERA-93, WIMS-D/4 and SERPENT 

The GETERA-93 program can be used to solve a wide range of tasks, both research and 

applied. With its help, it is possible to study the neutron-physical characteristics of the 

reactors at the cell and poly cell level. The algorithm for the multiplicity of the cell makes it 

possible to simulate sufficiently large fragments of the reactor on a small number of cells. In 

addition to calculations of the fragments of the reactor, the built-in algorithms allow modeling 
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the burnup processes in the reactor and calculating the characteristics of fuel cycles: for 

example, the coarse fuel burnup in reactors with cyclic and in reactors with continuous fuel 

overload. 

On the other hand, WIMS – the Winfrith improved multigroup scheme is a general code 

for reactor lattice cell calculation on a wide range of reactor systems. In particular, the code 

will accept rod or plate fuel geometries in either regular arrays or in clusters and the energy 

group structure has been chosen primarily for thermal calculations. The basic library has been 

compiled with 14 fast groups, 13 resonance groups, and 42 thermal groups, but the user is 

offered the choice of accurate solutions in many groups or rapid calculations in few groups. 

Temperature-dependent thermal scattering matrices for a variety of scattering laws are 

included in the library for the principal moderators which include hydrogen, deuterium, 

graphite, beryllium, and oxygen. The treatment of resonances is based on the use of 

equivalence theorems with a library of accurately evaluated resonance integrals for equivalent 

homogeneous systems at a variety of temperatures. The collision theory procedure gives 

accurate spectrum computations in the 69 groups of the library for the principal regions of the 

lattice using a simplified geometric representation of complicated lattice cells. The computed 

spectra are then used for the condensation of cross-sections to the number of groups selected 

for the solution of the transport equation in detailed geometry. The solution of the transport 

equation is provided either by the use of the Carlson DSN method or by collision probability 

methods. Leakage calculations including an allowance for streaming asymmetries may be 

made using either diffusion theory or the more elaborate B1-method. The output of the code 

provides eigenvalues for the cases where a simple buckling mode is applicable or cell-

averaged parameters for use in overall reactor calculations. Various reaction rate edits are 

provided for direct comparison with experimental measurements.  

Isotope 
238

U is described in the library by the recommended nuclide 2238 and has three 

versions with different tables of resonance parameters – 2238.2, 2238.3, 2238.4. Resonance 

tables 2238.2 were obtained from the UKNDL files, which are close to the corresponding 

ENDF / B-4 data. Correction of this nuclide by the authors in the direction of decreasing the 

resonant integral uniformly in all groups outside the connection with the files of the estimated 

data led to the nuclide 2238.4. Calculations with its use gave more satisfactory results on the 

criticality of experimental assemblies. In the library, there are two versions of the resonance 

tables of the 235U - 235.2 and 235.4 isotopes. The authors recommend using nuclide 235.4. 

Source of nuclide 235.2 is the UKNDL estimated data system. Nuclide 235.4 differs 

from the nuclide 235.2 by a correction toward a decrease in the fission source in the resonant 

groups by ~ 15%. 

The SERPENT – Serpent code is written in standard ANSI-C language. The code is 

mainly developed in the Linux operator system, but it has also been compiled and tested in 

MAC OS X and some UNIX machines. The Monte Carlo method is a computing-intensive 

calculation technique and raw computing power has a direct impact on the overall calculation 

time. 

Serpent was originally developed to be a simplified neutron transport code for reactor 

physics application. The urnup calculation capability for the reactor was included. In present 

time Serpent is used in a wide range of applications from the group constant generation to 

coupled multi-physics application.  
 

Description of the calculation model:  

Active zone of the VVER-1000 contains 163 fuel assemblies. Every fuel assembly 

contains 312 fuel rods. These 312 fuel rods are divided in four types Figure 1a. 1) Fuel rod 

(UO2). 2) Fuel with gadolinium rod (UO2+Gd). 3) Guide channel. 4) Central tube. Absorber 

materials (B, Dy, Ag etc) are put through the guide channel Figure 1b. In this calculation 

model only calculated two dimensional cells without any height and compare the 
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characteristics of Boron with Dysprosium, Silver etc. Fuel composition, which is used in the 

calculation of reactor cell by the programs (GETERA, WIMS and SERPENT) shown in the 

table 1. 
 

       

Fuel rod 

(285)

Fuel+Gd 

(27)

Guide channel

(18)

Central rod

                

Guide channel

B, Dy, Ag etc

           
                  Figure 1a: Fuel assembly                            Figure 1b: Fuel assembly with absorber element 

 

Table 1 – Fuel composition 

Parameter Name Value 

Fuel enrichment 
235U, ɜɟɫ. % 4.95 

The number of fuel rods, material, internal and external diameter of 

the cladding of the fuel rod accordingly 

β85, AХХШв E110,7.80∙10-3 Ц, λ.10∙10-3 

m
 

Number of tegs (fuel+Gd), material, internal and external diameter 

of the cladding of the tegs (fuel+ Gd) rod accordingly 

β7, AХХШв E110,7.80∙10-3 Ц, λ.10∙10-3 
m 

The internal diameter of the cladding of a fuel rod / teg (Fuel+Gd) 7.λγ∙10-3 
m 

Fuel enrichment of tegs,
 235U, ɜɟɫ. % 4.0 

ContentGd2O3, ɜɟɫ. % 8 

Lattice pitch of fuel elements, 1β.75∙10-3 
m 

Guide channel: Its materials, internal and external diameter 

accordingly 

AХХШв E6γ5, 1γ.0∙10-3Ц, 11.0∙10-3
m

 

Central rod : Its materials, internal and external diameter 

accordingly 

AХХШв E6γ5, 1γ.0∙10-3Ц, 11.0∙10-3
m 

 

Calculation of the problems  

In normal operation, the VVER-1000 reactor is operated by a nominal 100% power  

(qv = 110 MWt/m
3
). It means that in 1m

3
 volume power is approximately 110 MWt. If in this 

time control (B4C) rods are inserted the reactor core then (
10

B) absorbs neutrons strongly. For 

this reason, 
10

B absorber concentration is very low after 300 days. But when changed the 

nominal power 90% (qv = 99 MWt/M
3
), 80% (qv = 88MWt/M

3
) and 50% (qv = 55MWt/M

3
) 

accordingly (Figure 2a), then in the reactor core number of neutrons are decreasing. 

Consequently, the concentration of boron (
10

B) was burned slowly. The result was calculated 

by the program GETERA, WIMS and shown in Figure 2b. 
 

  

Figure 2a: Power vs time Figure  
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When inserting the boron control rod in tСО ЫОКМЭШЫ МШЫО, ЭСОЧ ЬЭЫШЧРХв ШММЮЫЫОН ЭСО ―α‖ 
radiation (5B

10
+0n

1⟶2He
4
+3Li

7+β.4MОV). TСТЬ ―α‖ ЫКНТКЭТШЧ СОКЭОН КЧН ЬМЫКЦЦОН ЭСО ЛШЫШЧ 
control rod. That is why; Boron carbide is very good for scram. For this reason in the 

emergency situation all boron carbide control rods insert the reactor core and stop the fission 

reaction. But in the case of maneuvering mode heating up the boron control rod and destroyed 

it. Consequently, the control rod needed the elementally change in the maneuvering mode.  

Maneuvering is the process in which changes the power of a reactor. Without 

maneuvering operation, in the reactor core, all control rods stay top level of the reactor core. 

But in the maneuvering mode control rods are inserted in the reactor core. In maneuvering 

mode within 1 day (24h), 8h insert the control rod in the reactor core as a reactor work by 

50% power (55 MWt/m
3
); another 16h lifts up the control rod as a reactor work by 100% 

power (110 MWt/m
3
) which is shown in Figure 3a. For the full company (300 days) result 

was calculated by the program GETERA and WIMS and shown in Figure 3b. 

 

 
Figure 3a – power vs time 

 

 

 

 

 

 

Figure 3b – Boron concentration vs time by the 

programs GETERA and WIMS 

 

But in this graph, it was seen that, if the control rod was made of only boron carbide 

(B4C) and it was used in the maneuvering mode then the concentration of boron in the boron 

control rod also lower after the full company. It is unpleasant for the reactor which discussed 

above. For this reason, in the control rod mixed another chemical element Dysprosium (Dy) 

Silver (Ag) etc. 

Dysprosium (Dy) acts as a neutron absorber in nuclear fuel or in a reactor control rod; 

moreover, Dy isotopes after neutron capture have a large capture cross-section. Therefore, Dy 

can absorb neutrons continuously and effectively. This slow-burnout property is necessary for 

a reactor control rod material. Dysprosium has seven isotopes, 
158

Dy, 
159

Dy, 
160

Dy, 
161

Dy, 
162

Dy, 
163

Dy, and 
164

Dy have 0.056, 0.095, 2.34, 18.9, 25.5, 24.9, and 28.2% in natural 

abundance respectively. The thermal capture cross-sections of Dy isotopes range from; 60 b 

~
158

Dy to 2500 b ~
164Dв. IЧ ЭСО ЩЫОЬОЧЭ ЭТЦО ТЧ ЭСО VVER ЫОКМЭШЫ’Ь МШЧЭЫШХ ЫШН ЮЬОН 50 МЦ 

Dy2O3 as a neutrons absorber Figure 4a.  

Silver (Ag) is used in the control rods of nuclear reactors, acting as a very effective 

neutron poison to control neutron flux in nuclear fission. When silver rods are inserted in the 

core of a nuclear reactor, silver absorbs neutrons, preventing them from creating additional 

fission events, thus controlling the amount of reactivity. As like Dysprosium; Silver is used 

50 cm in the control rod Figure 4a. 
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Absorber result for the B4C was calculated by the programs GETERA and WIMS 

(Figure 4b). On the other hand Dysprosium and Silver absorber result was calculated by the 

programs SERPENT and WIMS (Figure 4b).  

 

                     
Figure 4a – Boron carbide and Silver 

oxide control rod with Dysprosium oxide 

 

 Figure 4b – Concentration of absorber (B, Dy and Ag) vs time by 

the programs SERPENT, WIMS and GETERA 

 

Compare of the scram efficiency 

Boron carbide has a high absorption cross-section. So scram efficiency is also high. It is 

used in the safety purpose. On the other hand, Dysprosium or Silver has low absorption cross-

section and scram efficiency is also low. For this reason control rod, which is used in the 

maneuvering mode, is made of Dysprosium or Silver (Figure 4a). To compare the scram 

efficiency of these elements need to calculate the next step. 

In the first time without (B4C) absorber (Figure 5a) multiplying coefficient                   was calculated for the (300 days) full company and the calculated result was 

shown in Figure 6a. Then with (B4C) absorber (Figure 5b) multiplying coefficient                 was calculated for the full company and the result was shown in figure 6b.  
 

 
Figure 5a – Fuel assembly without absorber (in around 

central circle 18 big circles are empty absorber) 

 
Figure 5b – Fuel assembly with absorber ( in 

around central circle 18 big circles are absorber) 

 

Then the scram efficiency of boron was calculated by the formula 
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and the result was calculated by the program GETERA and WIMS and shown in Figure 6c. In 

the same way; multiplying coefficient and scram efficiency for the Dysprosium and Silver 

was calculated by the programs SERPENT and WIMS and shown in Figure 7a,7b,7c, and 

8a,8b,8c accordingly. In here calculated only for a cell, not for the full reactor. 
 

 
Figure 6a – Multiplying 

coefficient without Boron 

carbide vs time by the program 

GETERA and WIMS 

 
Figure 6b – Multiplying coefficient 

with Boron carbide vs time by the 

program GETERA and WIMS 

 
Figure 6c – Efficiency of Boron vs 

time by the program GETERA and 

WIMS 

Figure 7a – Multiplying 

coefficient without Dysprosium 

oxide vs time by the program 

SERPENT and WIMS 

Figure 7b – Multiplying coefficient 

with Dysprosium oxide vs time by 

the program SERPENT and WIMS 

Figure 7c – Efficiency of 

Dysprosium vs time by the 

program SERPENT and WIMS 

 
Figure 8a – Multiplying 

coefficient without Silver oxide 

vs time by the  program 

SERPENT and WIMS 

 
Figure 8b – Multiplying coefficient 

with Silver oxide vs time by the 

program SERPENT and WIMS 

Figure 8c – Efficiency of Silver vs 

time by the program SERPENT 

and WIMS 
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Resultant Graph 

The efficiency of Boron, Dysprosium and Silver are presented in one graph (Figure 9). 

But in here seen that efficiency of Boron at the end of the company (EOC) is approximately 

similar to the beginning of the company (BOC) of Dysprosium or Silver. In this point, it is 

clear that in the bottom part of the control rod use the Dysprosium or Silver in the view of 

maneuvering mode of a reactor.  
 

 
Figure 9 – Efficiency of Boron, Dysprosium and Silver vs Time by the programs SERPENT, WIMS and 

GETERA 

 

Observation  
In this work was used three programs GETERA, WIMS and SERPENT. The GETERA 

program is used to calculate neutron physics at department No. 5 of the Moscow Engineering 

Physics Institute (MEPhI). On the other hand, WIMS and SERPENT is an international 

program. But the result shows that GETERA, WIMS and SERPENT are the same programs, 

but slightly different for their own library system. 

 

Result  
The result shows that only the boron carbide (B4C) control rod (Figure 3b) is also 

stronger absorber neutron in the maneuvering mode. That is why it is needed to modify the 

control rod with the chemical element Dysprosium oxide (Dy2O3) or Silver oxide (Ag2O3) or 

other chemical elements. 

 

Conclusion  

In this paper investigated the control rod burring in the maneuvering mode. In here used 

two dimensional models. Calculation shows the flowing result- 

- BШЫШЧ МШЧМОЧЭЫКЭТШЧ ρ(B) is decreased, for this reason effectiveness of Boron also 

decreased. 

- Dysprosium, Silver is better, because concentration of these materials decreased 

slowly. 

- Dysprosium, Silver is good materials for the power regulation during maneuvering. 

The maneuvering method will allow operating a nuclear power plant to maintain the 

balance of power in the energy system of a country weekly, monthly and yearly. For this 

ЫОКЬШЧ, ЧШа К НКв’Ь ЦКЧОЮЯОЫТЧР ТЬ ЯОЫв ТЦЩШЫЭКЧЭ ПШЫ ЭСО VVER ЫОКМЭШЫ. TСО МКХМЮХКЭОН 
result was showed that boron carbide burning is very high during the maneuvering period. 

That is why; must improve the construction of the boron control rod with other materials Dy, 

Ag, etc as if burn slowly in the time of maneuvering. The VVER reactor has 12 regulator 

groups that maintain the power of a reactor. Group numbers 1 to 8 (made of only boron 

carbide) used in the emergency situation of the reactor. On the other hand, group numbers 9 to 

12 (made of boron with Dy or Ag or other elements) used in the maneuvering operation 

(when need the change the power of a reactor). 
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Abstract – Boron carbide, Dysprosium, Silver, etc have a lot of unique properties, high neutron 

absorption, chemical stability, high melting temperature, low density, and low price. These 

elements are widely using in the VVER power reactors. In this article was investigated the 

absorber cross-section, burring behavior and scram efficiency of these elements. If the control rod 

(CR) is made of only boron carbide chemical element and it will be used in the maneuvering mode 

then the power of a reactor will fall down drastically. But in this work main goal is that, which 

element will be required in the control rod, as a result, the reactor in the maneuvering mode work 

with different power without fall down power drastically. The result was calculated by the three 

programs GETERA, WIMS and SERPENT. 
 

Keywords: Boron carbide, neutron, absorber cross-section, VVER-1000, control rod, maneuvering, 

reactor. GETERA, WIMS, SERPENT. 
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Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɧɚ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɹɯ ɨɛɭɫɥɨɜɥɟɧɚ ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɭɜɟɥɢɱɟɧɢɟɦ ɢɯ ɩɪɨɬɹɠɺɧɧɨɫɬɢ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɘɠɧɨɝɨ ɪɟɝɢɨɧɚ ɜ 
ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ 4-ɯ ɛɥɨɤɨɜ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ. ɉɪɨɢɡɜɟɞɺɧ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ 
ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɧɚ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɧɚɩɪɹɠɟɧɢɟɦ 110-ββ0 ɤȼ, 
ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɞɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɢɯ ɩɪɢɦɟɧɟɧɢɸ ɜ ɞɚɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɥɟɞɨɨɛɪɚɡɨɜɚɧɢɟ, ɨɛɪɵɜ ɩɪɨɜɨɞɨɜ, ɚɜɚɪɢɢ, ɩɥɚɜɤɚ ɝɨɥɨɥɟɞɚ, ɤɨɪɨɬɤɨɟ 
ɡɚɦɵɤɚɧɢɟ, ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɨɟ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɜɢɛɪɚɰɢɹ ɩɪɨɜɨɞɨɜ. 
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ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 26.03.2020 

 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɚɛɟɥɶɧɵɯ, ɜɨɡɞɭɲɧɵɟ ɥɢɧɢɢ ɛɨɥɶɲɟ ɜɫɟɝɨ ɩɨɞɜɟɪɠɟɧɵ ɜɥɢɹɧɢɸ 
ɪɚɡɥɢɱɧɵɯ ɩɪɢɪɨɞɧɵɯ ɹɜɥɟɧɢɣ (ɝɪɨɡɨɜɵɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɩɪɹɦɵɟ ɭɞɚɪɵ ɦɨɥɧɢɣ, 
ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ, ɨɛɪɚɡɨɜɚɧɢɟ ɧɚ ɩɪɨɜɨɞɚɯ ɥɶɞɚ ɢ ɩɪɨɱɟɟ). ȼɫɟ ɷɬɢ ɹɜɥɟɧɢɹ ɧɟ ɬɨɥɶɤɨ 
ɫɧɢɠɚɸɬ ɧɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɧɨ ɢ ɹɜɥɹɸɬɫɹ ɩɪɹɦɨɣ ɩɪɢɱɢɧɨɣ 
ɚɜɚɪɢɣ, ɤɪɭɩɧɵɯ ɭɳɟɪɛɨɜ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɷɤɨɧɨɦɢɤɢ ɜ ɰɟɥɨɦ Д1Ж. 

ɉɪɨɛɥɟɦɚ ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɩɪɨɜɨɞɨɜ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ (ɪɢɫ.1) 
ɨɛɳɟɢɡɜɟɫɬɧɚ ɢ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɚ. ȼ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ, 4 ɛɥɨɤɚ 
ɤɨɬɨɪɨɣ ɦɨɳɧɨɫɬɶɸ ɩɨ 1000 ɦȼɬ ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɩɨɬɪɟɛɢɬɟɥɟɣ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɪɚɞɢɭɫɟ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɤɢɥɨɦɟɬɪɨɜ. ɗɬɨ ɋɬɚɜɪɨɩɨɥɶɫɤɢɟ ɢ 
Ʉɪɚɫɧɨɞɚɪɫɤɢɟ ɤɪɚɹ, Ɋɟɫɩɭɛɥɢɤɚ Ʉɪɵɦ, Ⱥɫɬɪɚɯɚɧɫɤɚɹ, ȼɨɥɝɨɝɪɚɞɫɤɚɹ, Ɋɨɫɬɨɜɫɤɚɹ 
ɨɛɥɚɫɬɢ, ɞɥɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɧɵ ɩɨɜɵɲɟɧɧɚɹ ɜɥɚɠɧɨɫɬɶ, 
ɜɟɬɪɵ, ɜɧɟɡɚɩɧɨɟ ɩɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɪɢɱɢɧɵ ɧɟɠɟɥɚɬɟɥɶɧɵɯ 
ɩɨɫɥɟɞɫɬɜɢɣ ɥɟɞɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɪɨɜɨɞɚɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ. Ʌɟɞɹɧɵɟ ɨɬɥɨɠɟɧɢɹ 
ɭɜɟɥɢɱɢɜɚɸɬ ɜɟɫ ɩɪɨɜɨɞɚ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɚ ɬɨɥɳɢɧɚ ɥɟɞɹɧɨɝɨ ɫɥɨɹ ɢɧɨɝɞɚ ɞɨɫɬɢɝɚɟɬ 
100 ɦɦ. Ʌɟɞɹɧɨɣ ɩɨɤɪɨɜ ɜɵɡɵɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɜɫɟ 
ɷɥɟɦɟɧɬɵ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ. 

 

     
                                                    (ɚ)                                                   (ɛ) 

Ɋɢɫɭɧɨɤ 1 – Ƚɨɥɨɥɟɞɧɵɟ ɨɬɥɨɠɟɧɢɹμ ɚ) ȼɅ ββ0ɤȼ ɊɨȺɗɋ-ȼɨɥɝɨɞɨɧɫɤ II ɰɟɩɶ, ɛ) ȼɅ 110ɤȼ 
Ɂɢɦɨɜɧɢɤɢ-Ɋɟɦɨɧɬɧɨɟ ДGХКгОН ЛХКЧФОЭЬμ К) VL ββ0ФV RШNPP-Volgodonsk II circuit, b) VL 110kV 
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ɉɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɨɬɥɨɠɟɧɢɹɯ ɥɶɞɚ ɨɛɪɵɜɚɸɬɫɹ ɩɪɨɜɨɞɚ, ɩɪɨɢɫɯɨɞɹɬ ɪɚɡɪɭɲɟɧɢɹ 
ɢɡɨɥɹɬɨɪɨɜ ɢ ɞɚɠɟ ɨɩɨɪ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. Ʌɟɞɹɧɵɟ ɨɬɥɨɠɟɧɢɹ ɩɨ ɜɫɟɣ ɞɥɢɧɟ 
ɥɢɧɢɢ ɦɨɝɭɬ ɛɵɬɶ ɞɨɜɨɥɶɧɨ ɧɟɪɚɜɧɨɦɟɪɧɵɦɢ ДβЖ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɟɬɟɜɚɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɤɨɦɩɚɧɢɹ ɢ ɩɨɬɪɟɛɢɬɟɥɢ ɧɟɫɭɬ ɛɨɥɶɲɢɟ ɩɨɬɟɪɢ. Ɋɟɦɨɧɬ ɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ – ɷɬɨ ɞɨɪɨɝɨɫɬɨɹɳɢɣ ɢ ɞɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ, 
ɷɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɚɠɧɨɫɬɶ ɩɪɨɛɥɟɦɵ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɝɨɥɨɥɟɞɧɵɟ ɨɬɥɨɠɟɧɢɹ ɧɚ ɩɪɨɜɨɞɚɯ ɜɨɡɞɭɲɧɵɯ 
ɥɢɧɢɣ ɩɪɨɢɫɯɨɞɹɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɨɤɨɥɨ ɦɢɧɭɫ 5°ɋ ɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 5-10 ɦ/ɫ. 
ɋɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɢ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ. 

Ɏɢɡɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɨɫɬμ ɤɚɩɟɥɢ ɜɨɞɵ ɢɡ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɫɚɠɞɚɸɬɫɹ ɢ 
ɡɚɦɟɪɡɚɸɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɨɜ. ɂɦɟɧɧɨ ɬɚɤ ɢ ɨɛɪɚɡɭɟɬɫɹ ɢɧɟɣ ɢ ɧɚɥɟɞɶ (ɪɢɫ. β). 

 

 
Ɋɢɫɭɧɨɤ 2 – ɂɞɟɚɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɝɨɥɨɥɟɞɚ ɧɚ ɩɪɨɜɨɞɚɯ  

[An idealized view of ice on wires] 
 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ДγЖ. ɇɚ ɦɚɥɵɯ ɭɱɚɫɬɤɚɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
ɩɪɨɜɨɞɢɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɦɟɯɚɧɢɱɟɫɤɨɟ ɭɞɚɥɟɧɢɟ ɥɶɞɚ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɲɟɫɬɵ ɢɡ ɛɚɤɟɥɢɬɚ, ɫɬɟɤɥɨɜɨɥɨɤɧɚ ɢ ɞɪɭɝɨɝɨ ɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɞɧɚɤɨ ɷɬɨɬ 
ɦɟɬɨɞ ɬɪɟɛɭɟɬ ɭɱɚɫɬɢɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɪɚɛɨɱɢɯ, ɦɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɞɚɥɟɤɨ ɧɟ ɜɫɟɝɞɚ 
ɬɟɯɧɢɱɟɫɤɢ ɩɪɢɦɟɧɢɦ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɟɥɶɫɤɨɣ ɦɟɫɬɧɨɫɬɢ ɧɚ ɬɭɩɢɤɨɜɵɯ ɩɨɞɫɬɚɧɰɢɹɯ 
ɧɟɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ. 

ȼ β008 ɝ. ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɥɢɧɢɣ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ. ɋɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ, ɧɟ ɨɬɤɥɸɱɚɹ ɥɢɧɢɸ, ɧɚ ɧɟɟ ɩɨɞɚɟɬɫɹ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɣ ɬɨɤ (50÷500 ɆȽɰ), ɤɨɬɨɪɵɣ ɧɚɝɪɟɜɚɟɬ ɩɪɨɜɨɞ. Ⱦɥɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ 
ɤɨɦɩɨɧɟɧɬɵ ɬɨɤɚ ɜɨɡɧɢɤɚɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɫɤɢɧ-ɷɮɮɟɤɬ» ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɧɵɣ 
ɷɮɮɟɤɬ. ɉɪɨɬɟɤɚɸɳɢɣ ɩɨ ɩɪɨɜɨɞɭ ɬɨɤ ɫɦɟɳɚɟɬɫɹ ɤ ɜɧɟɲɧɟɦɭ ɫɥɨɸ ɩɪɨɜɨɞɧɢɤɚ ɢ 
ɪɚɡɨɝɪɟɜɚɟɬ ɟɝɨ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɫɬɪɚɧɟɧɢɸ ɥɟɞɹɧɨɝɨ ɩɨɤɪɨɜɚ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɢ ɢɧɨɝɨ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ Д4Ж. 

Ɍɨɥɳɢɧɚ ɫɥɨɹ, ɩɨ ɤɨɬɨɪɨɦɭ ɦɨɠɟɬ ɩɪɨɯɨɞɢɬɶ ɬɨɤ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1)μ 
 �ሺ ሻ      √          ,                                                (1) 

 

ɝɞɟ σ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ;  
          – ɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ; 
       ȝ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ; 
       f – ɱɚɫɬɨɬɚ. 

ɍɬɨɧɱɟɧɢɟ ɩɭɬɢ ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɤɚ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɱɚɫɬɨɬɵ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɨɣ ɱɚɫɬɢ ɩɪɨɜɨɞɧɢɤɚ, ɩɨ ɤɨɬɨɪɨɣ ɬɟɱɟɬ ɬɨɤ (ɩɨ ɫɭɬɢ ɷɬɨ ɬɨɧɤɨɫɬɟɧɧɚɹ 
ɬɪɭɛɤɚ). Ɍɨ ɟɫɬɶ, ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɜɟɥɢɱɢɧɟ ɩɪɨɯɨɞɹɳɟɝɨ ɬɨɤɚ, ɱɟɦ ɜɵɲɟ ɱɚɫɬɨɬɚ 
ɫɢɝɧɚɥɚ, ɬɟɦ ɜɵɲɟ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɚ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɨɣ ɦɟɬɨɞ 
ɬɪɟɛɭɟɬ ɨɤɨɥɨ β-ɯ ȼɚɬɬ ɧɚ 1 ɦ ɩɪɨɜɨɞɚ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɥɶɞɚ. Ɉɞɧɚɤɨ 
ɢɦɟɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢμ 
 ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɪɨɝɪɟɜɚ ɩɪɨɜɨɞɨɜ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɨɛɥɟɞɟɧɟɧɢɹ; 



94 ȺɇȺɅɂɁ ɆȿɌɈȾɈȼ ɉɅȺȼɄɂ ȽɈɅɈɅȿȾȺ ɇȺ ȼɈɁȾɍɒɇɕɏ Ʌɂɇɂəɏ  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

 ɛɨɥɶɲɚɹ ɫɬɨɢɦɨɫɬɶ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɬɪɟɛɭɟɦɨɣ ɦɨɳɧɨɫɬɢ; 
 ɪɟɚɥɢɡɚɰɢɹ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɚɫɬɨɬ 

ɞɢɚɩɚɡɨɧɨɦ 87,5…108 ɆȽɰ, ɬɚɤ ɤɚɤ ɩɪɢ ɞɪɭɝɢɯ ɱɚɫɬɨɬɚɯ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɨɦɟɯ ɢ ɞɚɠɟ ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞɚɧɢɹ Ɉȼɑ-ɪɚɞɢɨɫɜɹɡɢ ɢ  
ɍȼɑ-ɫɜɹɡɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɷɤɫɬɪɟɧɧɵɯ ɫɥɭɠɛ; 

 ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɧɢɠɚɟɬɫɹ ɢɡ-ɡɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɦɧɨɝɨɩɪɨɜɨɥɨɱɧɵɯ ɩɪɨɜɨɞɨɜ, ɬɚɤ ɤɚɤ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫɤɢɧ-ɷɮɮɟɤɬ. 
ɉɚɫɫɢɜɧɨɣ ɦɟɪɨɣ ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɩɪɨɜɨɞɨɜ. ɉɨ ɫɭɬɢ, ɷɬɨ ɧɟ ɛɨɪɶɛɚ ɫ ɝɨɥɨɥɟɞɨɦ ɤɚɤ ɬɚɤɨɜɚɹ, ɚ 
ɩɨɜɵɲɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɞɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥɢɱɟɧɢɟ 
ɞɨɩɭɫɬɢɦɨɣ ɬɨɥɳɢɧɵ ɥɶɞɚ. ɉɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɜɪɟɦɟɧɧɵɯ 
ɩɪɨɜɨɞɨɜ ɩɪɨɢɫɯɨɞɢɬ, ɜ ɨɫɧɨɜɧɨɦ, ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ ɤɨɦɩɨɡɢɬɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. Ɍɚɤɢɟ ɩɪɨɜɨɞɚ ɦɨɝɭɬ ɜɵɞɟɪɠɚɬɶ ɛɨɥɶɲɢɟ ɧɚɝɪɭɡɤɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 
ɫɬɚɧɞɚɪɬɧɵɦ ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɦ ɩɪɨɜɨɞɨɦ, ɢ ɦɨɝɭɬ ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɤɪɢɬɢɱɟɫɤɨɦɭ 
ɜɨɡɞɟɣɫɬɜɢɸ, ɨɤɚɡɵɜɚɟɦɨɦɭ ɧɚ ɧɢɯ ɥɶɞɨɦ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ 
ɬɚɤɢɯ ɩɪɨɜɨɞɨɜ ɧɟ ɛɟɫɤɨɧɟɱɧɚ, ɚ ɡɧɚɱɢɬ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɜ ɪɟɝɢɨɧɟ ɫ 
ɢɧɬɟɧɫɢɜɧɵɦ ɝɨɥɨɥɟɞɨɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɠɟɬ ɛɵɬɶ ɧɟɷɮɮɟɤɬɢɜɧɵɦ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ 
ɫɥɭɱɚɹɯ ɜɨɜɫɟ ɧɟɜɨɡɦɨɠɧɵɦ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɯ ɬɢɩɨɜ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɩɪɨɜɨɞɨɜ ɹɜɥɹɸɬɫɹ ɩɪɨɜɨɞɚ 
ɢ ɤɚɛɟɥɢ ɫ ɧɟɫɭɳɢɦ ɫɟɪɞɟɱɧɢɤɨɦ ɢɡ ɤɨɦɩɨɡɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɛɳɟɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɫɬɚɧɞɚɪɬɧɵɟ ɫɬɚɥɶɧɵɟ ɫɟɪɞɟɱɧɢɤɢ ɩɟɪɟɝɪɟɜɚɸɬɫɹ ɩɪɢ ɩɢɤɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɤɚɯ, ɚ ɷɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɬɹɠɟɧɢɸ ɩɪɨɜɨɞɚ ɢ ɟɝɨ ɩɪɨɜɢɫɚɧɢɸ 
ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ. ɇɚɩɪɨɬɢɜ, ɩɪɨɜɨɞ ɫ ɫɟɪɞɟɱɧɢɤɨɦ ɢɡ ɤɨɦɩɨɡɢɬɨɜ ɢɦɟɟɬ ɛɨɥɟɟ 
ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢ ɩɨɷɬɨɦɭ ɨɧɢ ɦɟɧɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ 
ɬɟɩɥɨɜɨɦɭ ɪɚɫɲɢɪɟɧɢɸ, ɱɟɦ ɩɪɨɜɨɞɧɢɤɢ ɫɨ ɫɬɚɥɶɧɵɦɢ ɫɟɪɞɟɱɧɢɤɚɦɢ. ɉɭɬɟɦ ɡɚɦɟɧɵ 
ɩɪɨɜɨɞɚ ɫɨ ɫɬɚɥɶɧɵɦ ɫɟɪɞɟɱɧɢɤɨɦ ɧɚ ɩɪɨɜɨɞ ɫ ɤɨɦɩɨɡɢɬɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɦɨɠɧɨ ɜ 
ɪɚɡɵ ɭɜɟɥɢɱɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɥɢɧɢɣ. 

 ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɩɪɨɜɨɞɚ ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɦɨɠɧɨ ɜɞɜɨɟ ɭɜɟɥɢɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ 
ɷɧɟɪɝɢɢ ɜ ɥɢɧɢɢ ɛɟɡ ɪɢɫɤɚ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɜɟɫɚ ɢ ɨɛɪɵɜɚ ɩɪɨɜɨɞɨɜ. ɍɱɢɬɵɜɚɹ 
ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɜɵɫɨɤɨɟ ɨɬɧɨɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɤ ɦɚɫɫɟ ɢ 
ɧɟɛɨɥɶɲɚɹ ɜɟɥɢɱɢɧɚ ɩɪɨɜɢɫɚɧɢɹ) ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɩɪɨɦɟɠɭɬɨɤ ɦɟɠɞɭ ɨɩɨɪɚɦɢ, 
ɩɨɫɪɟɞɫɬɜɨɦ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɨɩɨɪ ɜ ɥɢɧɢɢ ɧɚ 15%. Ɋɟɚɥɢɡɚɰɢɹ ɷɬɨɝɨ 
ɩɪɟɢɦɭɳɟɫɬɜɚ, ɤɨɧɟɱɧɨ, ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɜɜɨɞɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɧɨɜɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ. Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɬɚɪɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɤɢ ɫɜɹɡɚɧɚ ɫɨ 
ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ. Ɉɛɪɚɬɢɦ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɫɬɨɢɦɨɫɬɶ ɬɚɤɢɯ ɤɨɦɩɨɡɢɬɧɵɯ 
ɩɪɨɜɨɞɨɜ ɜɫɟ ɟɳɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɨɛɵɱɧɵɯ. 

Ⱦɥɹ ɛɨɪɶɛɵ ɫ ɨɛɥɟɞɟɧɟɧɢɟɦ ɢɫɩɨɥɶɡɭɸɬ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ: 

ɦɚɥɟɧɶɤɢɟ ɦɨɛɢɥɶɧɵɟ ɪɨɛɨɬɵ, ɩɭɬɟɲɟɫɬɜɭɸɳɢɟ ɩɨ ɩɪɨɜɨɞɚɦ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɥɢɧɢɣ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɢ ɜɵɩɨɥɧɹɸɳɢɟ ɪɹɞ ɩɪɨɫɬɵɯ ɨɩɟɪɚɰɢɣ, ɜɤɥɸɱɚɹ ɭɞɚɥɟɧɢɟ ɥɶɞɚ. 
ɋɭɳɟɫɬɜɭɟɬ ɨɛɪɚɡɟɰ ɬɚɤɨɝɨ ɪɨɛɨɬɚ (LТЧОSМШЮЭ, Ʉɚɧɚɞɚ), ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ, 
ɦɚɧɟɜɪɢɪɭɹ ɩɨ ɥɢɧɢɹɦ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ ɩɪɟɞɨɫɬɚɜɥɹɹ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɨɫɬɨɹɧɢɢ 
ɥɢɧɢɣ Д5Ж. ɗɤɫɩɟɪɬɵ ɞɢɫɬɚɧɰɢɨɧɧɨ ɭɩɪɚɜɥɹɸɬ ɪɨɛɨɬɚɦɢ, ɧɚɯɨɞɹɫɶ ɧɚ ɡɟɦɥɟ, ɱɬɨɛɵ ɨɧɢ 
ɦɨɝɥɢ ɨɛɧɚɪɭɠɢɬɶ ɩɨɜɪɟɠɞɟɧɢɹ, ɭɞɚɥɢɬɶ ɥɟɞ ɫ ɩɪɨɜɨɞɚ ɢ ɜɵɩɨɥɧɢɬɶ ɩɪɨɫɬɵɟ ɨɩɟɪɚɰɢɢ 
ɩɨ ɪɟɦɨɧɬɭ. ɗɬɨɬ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɪɢɫɤ, ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɪɚɛɨɬɭ ɢ 
ɩɨɜɵɫɢɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɥɸɞɟɣ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɪɨɛɨɬɚ LТЧОSМШЮЭ – ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɩɪɚɜɥɟɧɢɹ ɢɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ɉɧɚɤɨ ɟɫɬɶ ɢ ɧɟɞɨɫɬɚɬɤɢμ 
 ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɚɫɬɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɚ ɬɚɤɠɟ ɫɩɟɰɢɚɥɶɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ (ɜɵɫɨɬɧɵɟ ɪɚɛɨɱɢɟ ɦɚɲɢɧɵ) ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɪɨɛɨɬɚ ɧɚ ɩɪɨɜɨɞɚ ɢ 
ɭɩɪɚɜɥɟɧɢɟ ɢɦ; 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

 ɩɪɨɬɹɠɟɧɧɵɟ ɥɢɧɢɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɨɛɨɬɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ; 

 ɧɟɜɵɫɨɤɚɹ ɚɜɬɨɧɨɦɧɨɫɬɶ ɪɚɛɨɬɵ ɢ ɫɥɨɠɧɨɫɬɢ ɜ ɪɟɦɨɧɬɟ. 
ɉɥɚɜɤɚ ɝɨɥɨɥɟɞɚ ɧɚ ɩɪɨɜɨɞɚɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɜ ɭɫɥɨɜɢɹɯ ɄɁ. 
Ɉɫɧɨɜɧɨɣ ɩɭɬɶ ɛɨɪɶɛɵ ɫɨ ɥɶɞɨɦ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɬɹɠɟɧɧɵɯ ɜɨɡɞɭɲɧɵɯ 

ɥɢɧɢɣ – ɷɬɨ ɟɝɨ ɬɚɹɧɢɟ ɡɚ ɫɱɟɬ ɩɪɨɯɨɞɹɳɟɝɨ ɬɨɤɚ, ɤɨɬɨɪɵɣ ɧɚɝɪɟɜɚɟɬ ɩɪɨɜɨɞ. ɍɱɢɬɵɜɚɹ 
ɛɨɥɶɲɭɸ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɜ ɘɠɧɨɦ ɪɟɝɢɨɧɟ, ɷɬɨɬ 
ɦɟɬɨɞ ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɟɧ, ɩɨɫɤɨɥɶɤɭ ɩɨɡɜɨɥɹɟɬ ɭɞɚɥɢɬɶ ɞɟɫɹɬɤɢ ɤɢɥɨɦɟɬɪɨɜ ɥɶɞɚ 
ɡɚ 0,5-1 ɱɚɫ, ɩɪɟɞɨɬɜɪɚɳɚɹ ɨɩɚɫɧɵɟ ɬɹɠɟɥɵɟ ɧɚɝɪɭɡɤɢ ɢ ɭɫɬɪɚɧɹɹ «ɩɥɹɫɤɭ» ɩɪɨɜɨɞɨɜ. 

Ɏɢɡɢɤɚ ɩɪɨɰɟɫɫɚ ɩɥɚɜɤɢ ɩɪɨɫɬɚ ɢ ɧɢɱɟɦ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɪɚɛɨɬɵ ɥɸɛɨɝɨ 
ɧɚɝɪɟɜɚɬɟɥɹ. Ɇɨɳɧɨɫɬɶ, ɜɵɞɟɥɹɟɦɚɹ ɧɚ ɭɱɚɫɬɤɟ ɰɟɩɢ ɫ ɚɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɢ 
ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2):  

                                                                     (2) 

 

ɝɞɟ P – ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ; 
      R – ɫɨɩɪɨɬɢɜɥɟɧɢɟ; 
      I – ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ. 

ȼɵɞɟɥɹɟɦɨɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɬɟɩɥɨ ɩɥɚɜɢɬ ɝɨɥɨɥɟɞ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɩɪɨɜɨɞɨɜ. 
Ƚɥɚɜɧɨɟ ɜ ɷɬɨɦ ɫɩɨɫɨɛɟ – ɫɨɡɞɚɧɢɟ ɤɨɧɬɭɪɚ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɩɥɚɜɤɢ. ɑɚɳɟ ɜɫɟɝɨ ɷɬɨ 
ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ ɧɚ ɨɬɞɟɥɶɧɨ ɜɵɞɟɥɟɧɧɨɦ ɭɱɚɫɬɤɟ ɥɢɧɢɢ. 
ɋɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɯɟɦɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ Д6Ж, 
ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɯɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ, ɧɚɝɪɭɡɤɨɣ ɩɨɬɪɟɛɢɬɟɥɟɣ, 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɣ ɢ ɞɪɭɝɢɦɢ ɮɚɤɬɨɪɚɦɢ (ɪɢɫ. γ). 

 

 
(ɚ) 

 

 

 
(ɛ) 

 
 

Ɋɢɫɭɧɨɤ γ – ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɩɟɪɟɦɟɧɧɵɦ ɚ) ɢ ɜɵɩɪɹɦɥɟɧɧɵɦ ɛ) ɬɨɤɨɦ 
[Schematic diagrams of ice melting with alternating a) and rectified b) current] 

 

ɋɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚɱɚɥɨ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ ɩɨɞɤɥɸɱɚɟɬɫɹ 
ɤ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ 6-10 ɤȼ, ɚ ɤɨɧɰɵ ɥɢɧɢɢ ɡɚɦɵɤɚɸɬɫɹ ɧɚɤɨɪɨɬɤɨ [7]. Ⱦɥɹ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɥɢɧɢɣ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɬɞɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫ 
ɜɵɯɨɞɨɦ 6-10 ɤȼ, ɟɫɥɢ ɧɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɥɚɜɤɚ 
ɝɨɥɨɥɟɞɚ. ɉɥɚɜɤɚ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ ɢɦɟɟɬ ɫɜɨɢ ɨɝɪɚɧɢɱɟɧɢɹ. Ɂɧɚɱɟɧɢɟ ɬɨɤɚ, 
ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɡɚɦɤɧɭɬɨɦɭ ɤɨɧɬɭɪɭ ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ɉɦɚ, ɪɚɜɧɨ (3):  

     ;   √     ,                                                        (3) 

 

ɝɞɟ   – ɧɚɩɪɹɠɟɧɢɟ, ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɤɨɧɬɭɪɭ;  
   – ɦɨɞɭɥɶ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɬɭɪɚ;  
       – ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɱɚɫɬɤɚ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ. 

ɂɦɟɧɧɨ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɪɟɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɜ ɤɨɧɬɭɪɟ ɛɭɞɟɬ 
ɦɟɧɶɲɟ ɱɟɦ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɪɟɛɭɟɬɫɹ ɢ ɛɨɥɶɲɚɹ ɦɨɳɧɨɫɬɶ 
ɢɫɬɨɱɧɢɤɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɬɨɤɚ ɩɥɚɜɤɢ. 
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ɉɪɢ ɚɧɚɥɢɡɟ ɫɩɨɫɨɛɚ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɩɨɫɬɨɹɧɧɵɦ ɢɥɢ ɩɟɪɟɦɟɧɧɵɦ ɬɨɤɨɦ ɛɵɥ 
ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɢ ɜɵɛɨɪ ɧɚɩɪɹɠɟɧɢɣ (ɬɚɛɥ. 1), ɚ ɬɚɤɠɟ ɚɧɚɥɢɡ ɬɟɩɥɨɝɪɚɦɦ 
ɩɪɢ ɩɥɚɜɤɟ ɝɨɥɨɥɟɞɚ ɧɚ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 110 ɢ ββ0ɤȼ (ɪɢɫ. 4, 5) 
ɩɨɞɫɬɚɧɰɢɣ 110/10 «Ɋɟɦɨɧɬɧɟɧɫɤɚɹ» ɢ ββ0/110/10ɤȼ Ɂɢɦɨɜɧɢɤɢ, ɚ ɬɚɤɠɟ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɷɬɢɯ ɦɟɬɨɞɨɜ [8].  
 

Ɍɚɛɥɢɰɚ 1– Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ДEЬЭТЦКЭОН ТМО ЦОХЭТЧР ЯКХЮОЬЖ 

ɉɥɚɜɤɚ ɩɨɫɬɨɹɧɧɵɦ 
ɬɨɤɨɦ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɣ ɮɚɡɵ, Ɉɦ 7,5 

ɋɯɟɦɚ ɩɥɚɜɤɢ ɮɚɡɚ–ɮɚɡɚ 

ɇɚɩɪɹɠɟɧɢɟ ɩɥɚɜɤɢ, ɤȼ 6 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɆȼȺ 4,7 

ɉɥɚɜɤɚ ɩɟɪɟɦɟɧɧɵɦ 
ɬɨɤɨɦ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɣ ɮɚɡɵ, Ɉɦ 14,7 

ɋɯɟɦɚ ɩɥɚɜɤɢ ɬɪɟɯɮɚɡɧɨɟ ɄɁ 

ɇɚɩɪɹɠɟɧɢɟ ɩɥɚɜɤɢ, ɤȼ 10 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɆȼȺ 6,8 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɍɟɩɥɨɝɪɚɦɦɚ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɩɨɫɬɨɹɧɧɵɦ ɬɨɤɨɦ. ȼɅ 220 ɤȼ Ɋɉ 220ɤȼ ȼɨɥɝɨɞɨɧɫɤ-

Ɂɢɦɨɜɧɢɤɢ [Thermogram of smelting ice with direct current. VL 220 kV RP 220kV Volgodonsk-Zimovniki]  

 

 
Ɋɢɫɭɧɨɤ 5 – Ɍɟɩɥɨɝɪɚɦɦɚ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɩɟɪɟɦɟɧɧɵɦ ɬɨɤɨɦ. ȼɅ 110 ɤȼ Ɂɢɦɨɜɧɢɤɢ-Ɋɟɦɨɧɬɧɨɟ 

[Thermogram of ice melting by alternating current. VL 110 kV Zimovniki-Remontnoye] 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɚɧɚɥɢɡɚ ɜɢɞɧɨ [9], ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 
ɰɟɥɟɫɨɨɛɪɚɡɧɟɣ ɧɚ ɥɢɧɢɹɯ ɧɟ ɛɨɥɟɟ 110ɤȼ, ɞɥɹ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ββ0ɤȼ ɢ ɜɵɲɟ ɩɥɚɜɤɚ 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɝɨɥɨɥɟɞɚ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɜɵɝɨɞɧɨɣ, ɬɚɤ ɤɚɤ ɥɢɧɟɣɧɵɟ ɩɪɨɜɨɞɚ 
ɢɦɟɸɬ ɛɨɥɶɲɟɟ ɫɟɱɟɧɢɟ ɢ ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɩɟɪɟɦɟɧɧɨɦ 
ɬɨɤɟ ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɷɮɮɟɤɬɚ, 
ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɩɨ ɜɫɟɦɭ ɫɟɱɟɧɢɸ ɩɪɨɜɨɞɧɢɤɚ 
ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɚ ɢ ɬɟɩɥɨɨɬɞɚɱɚ ɫɬɚɥɶɧɨɝɨ ɬɪɨɫɚ ɭɥɭɱɲɚɟɬ ɤɚɱɟɫɬɜɨ ɩɥɚɜɤɢ. 

ɇɟɞɨɫɬɚɬɤɢ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚμ  
- ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɢ ɧɚ ɜɪɟɦɹ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ, ɱɬɨ ɬɪɟɛɭɟɬ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɞɥɹ ɨɫɬɚɥɶɧɨɣ ɫɢɫɬɟɦɵ;  
- ɧɟɨɛɯɨɞɢɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɚ ɞɥɹ ɩɥɚɜɤɢ ɩɨɫɬɨɹɧɧɵɦ ɬɨɤɨɦ ɟɳɟ 

ɢ ɜɵɩɪɹɦɢɬɟɥɶ; 
- ɬɨɤɚ ɩɥɚɜɤɢ ɩɪɟɜɵɲɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɜ 1,5-β ɪɚɡɚ. 

Ɍɟɩɥɨɝɪɚɦɦɵ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚɝɥɹɞɧɨ 
ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɧɚɝɪɟɜɚɧɢɟ ɩɪɨɜɨɞɨɜ. ɉɥɚɜɤɚ ɝɨɥɨɥɟɞɚ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɦɨɠɟɬ ɛɵɬɶ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɚ, ɬɚɤ ɤɚɤ ɜ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ ɘɠɧɨɝɨ ɪɟɝɢɨɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɫɟɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 
ɡɚɱɚɫɬɭɸ ɧɟɨɞɢɧɚɤɨɜɚ ɢ ɧɚɥɟɞɶ ɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ. ɇɟɤɨɬɨɪɵɟ ɭɱɚɫɬɤɢ 
ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɜɨɨɛɳɟ ɛɟɡ ɝɨɥɨɥɟɞɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ. ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɩɥɚɜɤɢ ɷɬɢ 
ɭɱɚɫɬɤɢ ɛɭɞɭɬ ɩɨɞɜɟɪɠɟɧɵ ɱɪɟɡɦɟɪɧɨɦɭ ɧɚɝɪɟɜɭ, ɬɚɤ ɤɚɤ ɧɚ ɧɢɯ ɧɟɬ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɧɚ 
ɩɥɚɜɤɭ ɝɨɥɨɥɟɞɚ. ɗɬɨ ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɨɝɨ 
ɫɩɨɫɨɛɚ Д10]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɣ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɦɟɬɨɞ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɤɨɬɨɪɨɝɨ ɜɨɡɧɢɤɚɸɬ ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɞɜɢɠɟɧɢɹ ɩɪɨɜɨɞɨɜ, ɪɚɡɪɭɲɚɸɳɢɟ ɝɨɥɨɥɟɞɧɵɟ 
ɨɛɪɚɡɨɜɚɧɢɹ. ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɩɥɚɜɤɢ 
ɝɨɥɨɥɟɞɚ, ɚ ɬɚɤɠɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɢ ɫɚɦɨɟ ɝɥɚɜɧɨɟ ɧɟ ɬɪɟɛɭɟɬ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɣ. 
 

 

 

 
 

 
 

Ɋɢɫɭɧɨɤ 6 – ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɭɞɚɪɧɵɣ ɷɥɟɦɟɧɬ, ɝɞɟ 1-ɩɪɨɜɨɞ, β-ɩɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ, γ-ɩɪɢɠɢɦɧɵɟ 
ɩɥɚɫɬɢɧɵ ДEХОМЭЫШЦОМСКЧТМКХ ЬСШМФ ОХОЦОЧЭ, аСОЫО 1-wire, 2-permanent magnets, 3-pressure plates] 

 

ɋɭɬɶ ɟɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦμ ɧɚ ɩɪɨɜɨɞɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɟ 
ɦɚɝɧɢɬɵ, ɜ ɡɚɡɨɪɟ ɤɨɬɨɪɵɯ, ɪɚɜɧɨɦ ɞɢɚɦɟɬɪɭ ɩɪɨɜɨɞɚ, ɫɨɡɞɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɟ ɦɚɝɧɢɬɧɨɟ 
ɩɨɥɟ, ɤɨɬɨɪɨɟ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɩɪɨɜɨɞɭ, ɫ ɫɢɥɨɣ 
Ⱥɦɩɟɪɚ. ɇɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɢɹ ɷɬɨɣ ɫɢɥɵ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɞɜɚɠɞɵ ɡɚ ɩɟɪɢɨɞ ɢ 
ɜɵɡɨɜɟɬ ɫɦɟɳɟɧɢɟ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɢɛɪɚɰɢɸ ɩɪɨɜɨɞɚ ɫ 
ɱɚɫɬɨɬɨɣ 50Ƚɰ, ɱɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɜɫɬɪɹɯɢɜɚɧɢɸ ɜɥɚɝɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɨɜ 
ɞɨ ɬɨɝɨ, ɤɚɤ ɨɧɚ ɩɪɟɜɪɚɬɢɬɫɹ ɜ ɧɚɥɟɞɶ. ɗɬɨɬ ɧɟɩɪɟɪɵɜɧɵɣ ɩɪɨɰɟɫɫ ɨɛɟɫɩɟɱɢɬ ɭɞɚɥɟɧɢɟ 
ɤɚɩɟɥɶ ɜɨɞɵ ɢ ɧɚɥɟɞɢ ɧɚ ɪɚɧɧɟɣ ɫɬɚɞɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɨɥɨɥɟɞɚ. Ɉɞɧɚɤɨ, ɩɪɢ ɛɨɥɟɟ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɟɫɥɢ ɝɨɥɨɥɟɞ ɜɫɟ ɠɟ ɨɛɪɚɡɨɜɚɥɫɹ, ɭɫɢɥɢɬɶ ɜɫɬɪɹɯɢɜɚɸɳɟɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɪɨɜɨɞɚ ɫ ɰɟɥɶɸ ɪɚɡɪɭɲɟɧɢɹ ɧɚɥɢɩɲɟɝɨ ɥɶɞɚ, ɦɨɠɧɨ ɩɪɨɩɭɫɬɢɜ ɩɨ 
ɩɪɨɜɨɞɚɦ ɢɦɩɭɥɶɫɵ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ ɞɨ 5 Ƚɰ ɨɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɩɢɬɚɧɢɹ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɚɦɩɥɢɬɭɞɭ ɤɨɥɟɛɚɧɢɹ ɞɨ β0-γ0 ɫɦ ɫ ɭɫɤɨɪɟɧɢɟɦ 
(0,5÷14Р), ɱɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɫɛɪɚɫɵɜɚɧɢɸ ɥɶɞɚ ɫ ɩɪɨɜɨɞɨɜ ɩɨ ɜɫɟɣ ɞɥɢɧɟ 
ɩɪɨɥɟɬɨɜ Д11Ж. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɧɟ ɩɪɢɯɨɞɢɬɫɹ ɜɵɜɨɞɢɬɶ ɥɢɧɢɸ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɢɡ ɪɚɛɨɬɵ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜɨɦ. ȼɪɟɦɹ 
ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɨɱɢɫɬɤɢ ɥɢɧɢɢ ɫɨɫɬɚɜɥɹɸɬ ɨɬ 0.5 ɞɨ 1 ɱɚɫɚ.   

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢμ 
 ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɢɦɩɭɥɶɫɨɜ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 
 ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ 

ɧɚɝɪɭɡɤɭ ɨɬ ɜɢɛɪɚɰɢɢ ɩɪɨɜɨɞɨɜ.  
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɉɨɞɜɟɞɹ ɢɬɨɝ ɩɪɨɜɟɞɟɧɧɨɦɭ ɚɧɚɥɢɡɭ ɫɩɨɫɨɛɨɜ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ ɞɥɹ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɘɠɧɨɝɨ ɪɟɝɢɨɧɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɩɪɢɦɟɧɹɟɦɵɣ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɞɚɥɟɤɨ ɧɟ ɜɫɟɝɞɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɞɨɫɬɚɬɨɱɧɨ 
ɷɮɮɟɤɬɢɜɧɵɦ, ɬɚɤ ɤɚɤ ɬɪɟɛɭɟɬ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɢ ɧɚ ɜɪɟɦɹ ɩɥɚɜɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ-ɡɚ 
ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɝɨɥɨɥɟɞɧɵɯ ɨɬɥɨɠɟɧɢɣ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɟɞɨɩɭɫɬɢɦɵɣ ɧɚɝɪɟɜ 
ɩɪɨɜɨɞɨɜ. ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɦɟɬɨɞ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ 
ɦɟɧɟɟ ɡɚɬɪɚɬɧɵɦ, ɬɚɤ ɤɚɤ ɧɟ ɬɪɟɛɭɟɬ ɨɬɤɥɸɱɟɧɢɹ ɥɢɧɢɢ ɢ ɩɪɢɦɟɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɚɩɩɚɪɚɬɨɜ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɩɥɚɜɤɢ ɝɨɥɨɥɟɞɚ-ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ 
ɜɵɩɪɹɦɢɬɟɥɟɣ. ȼɵɛɨɪ ɦɟɬɨɞɚ ɞɨɥɠɟɧ ɨɛɨɫɧɨɜɵɜɚɬɶɫɹ ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɢ ɢ ɯɚɪɚɤɬɟɪɨɦ ɝɨɥɨɥɟɞɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ. ȼɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɝɨɥɨɥɟɞɨɦ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɟɫɬɢ ɤɪɭɝɥɨɫɭɬɨɱɧɵɣ 
ɦɨɧɢɬɨɪɢɧɝ ɡɚ ɝɨɥɨɥɟɞɨɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚ ɛɨɥɶɲɨɣ ɬɟɪɪɢɬɨɪɢɢ Д1βЖ.  
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Abstract – The relevance of ice melting on air lines is due to a significant increase in their length 

in the electric power system of the Southern region under the conditions of operation of Rostov 

NPP 4 units. The paper makes the analysis of various methods of combating icing on overhead 

power lines with a voltage of 110-220 kV, on the basis of which recommendations for their use in 

these climatic conditions are given. 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɷɧɟɪɝɢɢ 
ɮɨɬɨɧɨɜ ɜ ɫɜɢɧɰɟ ɨɬ ɬɨɱɟɱɧɵɯ ɢɡɨɬɪɨɩɧɵɯ ɢ ɩɥɨɫɤɢɯ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ 
ɦɨɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɫ ɷɧɟɪɝɢɹɦɢ 10-50 Ɇɷȼ ɨɩɪɟɞɟɥɟɧɧɵɟ ɤɪɚɬɧɨɫɬɢ 
ɨɫɥɚɛɥɟɧɢɹ ɜɨɡɞɭɲɧɨɣ ɤɟɪɦɵ ɢ ɞɨɡɨɜɵɟ ɮɚɤɬɨɪɵ ɧɚɤɨɩɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ 
ɦɚɬɟɪɢɚɥɚɦ. ȼ ɪɚɫɱɟɬɚɯ ɭɱɢɬɵɜɚɟɬɫɹ ɜɤɥɚɞ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɚɧɧɢɝɢɥɹɰɢɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ 
ɬɨɪɦɨɡɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. ɉɨɤɚɡɚɧɚ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɮɚɤɬɨɪɨɜ ɧɚɤɨɩɥɟɧɢɹ ɢ ɤɪɚɬɧɨɫɬɟɣ 
ɨɫɥɚɛɥɟɧɢɹ ɨɬ ɭɝɥɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɢ ɫɥɚɛɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɤɪɚɬɧɨɫɬɟɣ ɨɫɥɚɛɥɟɧɢɹ ɨɬ ɟɝɨ ɷɧɟɪɝɢɢ ɜ ɞɢɚɩɚɡɨɧɟ ɷɧɟɪɝɢɣ γ0-50 Ɇɷȼ. Ɉɩɪɟɞɟɥɟɧɵ 
ɩɨɩɪɚɜɤɢ ɧɚ ɛɚɪɶɟɪɧɭɸ ɡɚɳɢɬɭ ɢ ɨɬɦɟɱɟɧɚ ɢɯ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɬɨɥɳɢɧɵ ɡɚɳɢɬɵ ɢ 
ɷɧɟɪɝɢɢ ɮɨɬɨɧɨɜ ɢɫɬɨɱɧɢɤɚ. ɉɨɥɭɱɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɜ 
ɪɟɡɭɥɶɬɚɬɚɯ ɪɚɫɱɟɬɨɜ ɬɨɥɳɢɧɵ ɩɪɨɬɢɜɨɪɚɞɢɚɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɤɨɪɢɬɟɥɟɣ 
ɩɪɢ ɜɵɫɨɤɢɯ ɷɧɟɪɝɢɹɯ, ɢɫɩɨɥɶɡɭɹ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɢɧɠɟɧɟɪɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ. ɉɨɥɭɱɟɧɧɚɹ 
ɢɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɪɚɫɱɟɬɚɯ ɡɚɳɢɬɵ ɨɬ ɬɨɪɦɨɡɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɤɨɪɢɬɟɥɟɣ ɢɧɠɟɧɟɪɧɵɦɢ ɦɟɬɨɞɚɦɢ. 
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Introduction 

The linear electron accelerators use with primary electron beam energy in the range of 

up to 50 MeV for remote radiation therapy , defectoscopy and an increase in the requirements 

for ensuring the radiation safety of personnel and the population necessitate the improvement 

of the methodological base for designing the protection of such installations [1]. It is 

important to obtain the attenuation characteristics of the bremsstrahlung photons used in their 

protection materials for this energy range, taking into account the scattered radiation. 

Accounting to scattered radiation in developed engineering methods for calculating photon 

protection is usually carried out using the attenuation factor and accumulation factors. 

The information available in the literature on the transmission of photon radiation in 

various protective materials [2, 3, 4] is limited for the photon energies of the source below  

15 MeV. The electron accelerators use in industry and medicine with primary electron beam 

energy in the range up to 50 MeV leads to serious demand to obtain data on the attenuation 

characteristics of bremsstrahlung photons for this energy range. Concrete, iron, and lead are 

used as shielding materials from the bremsstrahlung of electron accelerators, so the goal of 

this research was to obtain the characteristics of the photon radiation fields for one of these 

materials. The material that was studied in this article is lead. 

The geometries of the studied compositions, differing only in size for different 

materials, were identical and are shown in figure 1. 

ȼ.Ʉ. ɋɚɯɚɪɨɜ 
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a)                                                          b) 

Figure1 – Geometries of the considered compositions: a) – point source, b) – mono-directional source) 

 

To assess the influence of the composition geometry on the characteristics of the photon 

fields, two cases were considered: spherical geometry with a point isotropic source in the 

center of the sphere and cylindrical geometry with a flat mono-directional source whose 

radiation falls normally on the end surface of the cylinder. The dimensions of the defenses 

were chosen so that the geometry could be considered infinite. The thickness of the material 

was 45 mean free path for the photon energy source. The radius of the cylindrical protection 

was 300 cm for Lead. The radius of the mono-directional source was assumed to be 200 cm 

for Lead shield. 

The shielding material under study is Lead with a density of 11.3 g/cm
3
 [3]. The photon 

energies of the source were chosen equal to 10, 20, 30, 40, and 50 MeV. 

Calculations of the characteristics of photon fields were performed using the Monte 

Carlo- FLUKA program [5]. An estimate was used for the intersections of the surfaces shown 

in Fig.1, located at different distances from the radiation source, and local estimation of the 

flow at a point isotropic source. 

The absorbed dose rates in the air, dose accumulation factors, and energy distributions 

of the photon flux density at different distances from the source were taken as characteristics 

of the photon radiation fields. At the same time, the average of these values on the cylinder 

axis were estimated for a mono-directional source. The FLUKA program calculates the 

energy distributions of the photon flux density in the material under consideration. These 

distributions were calculated at distances from the source from 0.25 to 30 mean free path. In 

this case, the photon mass attenuation coefficients [2, 6] given in table 1 were used for the 

transition from the mean free path to the true distance in linear dimensions. 
 

Table 1 – photon mass attenuation coefficient for lead, cm
2
/g 

 

The transition from the energy distributions of the photon flux density to the power of 

the dose absorbed in the air was carried out on the basis of specific dose factors calculated by 

the formula (1): 

δ = 10
5
 ȿγ  1,6 ·10-13 μm

eni (ȿγ) ,   c Gy cm
2
 / photon,                                (1) 

 

in which EȖ is the photon energy, in MeV;    

μm
en, (ȿγ ) – photon energy-absorption coefficient for air with energy ȿγ;  

in cm
2
/g, 1,6·10-13 

J/Ɇɷȼ – transition coefficient from joules to MeV. 

Energy of photons shielding material 

Source, MeV Lead 

10 [2] 0.0497 

20 [2] 0.0621 

30 [2] 0.0702 

40 [6] 0.0765 

50 [6] 0.0811 
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The values of δ for photon energy less than 10 MeV were taken from article [3], and for 

large photon energies are calculated using the formula (1.1) using μm
en, (ȿγ ), taken from 

article [6]. The obtained values δ are shown in table 2. 
 

Table 2 – Specific dose coefficients for photons of different energies, c Gy cm
2
 / photon*10

-9
 

ȿȖ 0.1 0.2 0,5 1 2 3 4 5 6 8 10 15 20 30 40 50 

δ, 0.0037 0.0086 0.238 0.45 0.756 1 1.22 1.43 1.62 2.01 2.33 3.26 4.26 6.19 8.13 10.6 

 

The total absorbed dose rate was then calculated using the formula (2): 
 




dEEED )()(  ,                                                         (2) 

 

Using linear interpolation.              

Obtaining the characteristics of the photon fields at source energy of 10 MeV allowed 

us to compare the results obtained in this study with the available literature data and thus was 

used to test the calculation methodology and software used in this study. 

 

Spatial distributions of the absorbed dose 

Figure 2 and figure 3 show the spatial distribution of the total absorbed dose rate in air, 

taking into account the scattered radiation in Lead for two types of photon radiation sources, 

normalized to the unit source dose. Moreover, in the figure 1 for a point isotropic source, the 

ЫОЬЮХЭЬ КЫО ЦЮХЭТЩХТОН Лв 4πR2
, where R is the distance from the source to the detection point, 

to take into account geometric attenuation. 
 

 
Figure 2 – Spatial distributions in Lead of the power of the absorbed dose of photons in the air from point 

isotropic photon sources with different energies with a power of 1 photon./s (results multiplied by 4πR2) 

 
Figure 3 – Spatial distributions in lead of of the absorbed dose of photons in the air from flat mononirectional 

photon sources with different power energies 1 photon / s. cm
2
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The attenuation character of the total absorbed dose rate in Lead is close to exponential, 

but still different from it, as can be seen from the exponential trend lines shown in the figures 

for sources with different emitted photon energies. For a more visual representation of this 

fact as an example in figure 4. The data on the distribution of the total dose rate and dose rate 

of unscattered radiation for a source with photon energy of 30 MeV are presented. 
 

 
a) 

 
b) 

Figure 4 – Spatial distribution of the absorbed dose rate of photons in lead at thicknesses (0-9) cm (a) and (0-40) 

cm (b) from a point isotropic power of 1 s
-1

 and a flat mono-directional power of 1 cm
-2

.s
-1

 sources with photon 

energy of 30 MeV (for a point source, the results are multiplied by 4πR
2
) 

 

The attenuation characteristics of the total dose rate for a point isotropic and a flat 

mono-directional source practically coincide. The drawn trend lines show that upon 

interpolation of distributions in the 0–10 cm section of Lead thickness, the exponent is 0.389 

cm 
–1

, and in the 0–40 cm section, it is 0.425 cm 
–1

 and the intersection points of these 

exponentials with Y axis do not coincide. 

The dose rate generated by the undistracted radiation of the source was calculated 

analytically and Fig. 3 shows, for example, these data for a photon source with energy of 30 

MeV. 

In the data practical use, the attenuation of photons in Lead, it seems advisable to use 

dose factors for the accumulation of photons that take into account the difference in the nature 
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of attenuation from exponential or to use the Exposure Buildup Factors of the power of the 

total absorbed dose. These results are consistent with those reported in [10]. 

 

Attenuation coefficient of absorbed dose rate 

These data show that in almost the entire range of Lead shielding thicknesses 

considered, regardless of the source photon energy, the attenuation coefficient of the absorbed 

dose, does not depend on the angular distribution of the source photons with an error less than 

10-15%. Only when the shielding thickness is 30 fmp, the difference increases, which is 

explained by errors in the calculation of doses for a mono-directional source.  

The dependence of the power attenuation coefficient of the absorbed dose on the Lead 

thickness for point isotropic photon sources of different energies is shown in figure 5. 
 

 
Figure 5 – Dependence of the attenuation coefficient of the absorbed dose in lead on the protection thickness for 

point isotropic photon sources with different initial energy 

 

It can be noted that the attenuation coefficient of the absorbed photon dose at source 

energies from 10 to 50 MeV practically does not depend on this energy, if Lead thickness is 

measured in linear dimensions, and not in mean free path lengths of the source photons. These 

results are consistent with the results given in the [10]. 
 

Tenfold attenuation layer 

Often, the values of the tenfold attenuation layer are used to calculate the thickness of 

the shield that provides a given attenuation coefficient, and their dependence on the thickness 

of the shielding is often neglected. The inadmissibility of this approach is shown in table 3. 

Calculated tenfold attenuation layer of dose rate attenuation at different Lead shielding 

thicknesses for a point isotropic source with different photon energies. 
 

Table 3 – Tenfold attenuation layer of the absorbed dose power by lead shielding, cm 

No.  

layer's 
Thickness, cm 

Source energy, MeV 

10 20 30 40 50 

1 0-6 6 6 6.2 6.4 6.4 

2 6-12 5.4 5.5 5.6 5.6 5.6 

3 12-18 5.5 5.5 5.5 5.4 5.4 

4 18-23 5.4 5.4 5.4 5.4 5.4 

5 23-28 5.3 5.4 5.4 5.4 5.4 

6 28-34 5.3 5.4 5.4 5.4 5.4 
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Data analysis shows that the first two layers of tenfold attenuation are weaker than the 

next, and this is most clearly visible when the first layer differs from the rest. Starting with a 

layer thickness of 12 cm, the value of the tenfold attenuation layer is almost independent of 

the thickness of the Lead shielding and the photon energy of the source. In this range, it can 

ЛО КЬЬЮЦОН ЭШ ЛО ОqЮКХ ЭШ 5.4 ± 0.1 МЦ. AЬ К ЫОЬЮХЭ, ЭКЛХО γ МКЧ ЛО ЫОНЮМОН ЭШ ЭКЛХО 4. 
 
Table 4 – Averaged tenfold attenuation layer of the absorbed dose power by Lead shielding, cm 

No.  
Thickness, cm 

The energy of source photons, MeV 

layer's 10 20 30 40 50 

1 0-6 6 6.2 6.4 

2 6-12 5.6±0,1         

others 12-60 5.4±0,1         

 

Exposure Buildup Factors 
In practical data use for photon attenuation in Lead, it seems appropriate, as for concrete 

and iron, to use dose buildup factors of photon that take into account the difference in the 

nature of the attenuation from the exponential one, or to use attenuation coefficient of the total 

absorbed dose [1]. On the basis of data on the total dose rate and the dose of non-scattered 

radiation, the Exposure Buildup Factors of photon in Lead were calculated, given for two 

types of sources in table 5. 
 

Table 5 – Exposure Buildup Factors for photons in lead for point isotropic and flat mono-directional sources of 

photons with different energies 

ȝН 

The energy of source photons, MeV 

20 30 40 50 

point 

isotropic 

source. 

flat mono-

directional 

source 

point 

isotropic 

source 

flat mono-

directional 

source . 

point 

isotropic 

source 

flat mono-

directional 

source 

point 

isotropic 

source 

flat mono-

directional 

source 

0.25 1.16 1.19 1.17 1.21 1.22 1.23 1.25 1.23 

0.5 1.37 1.36 1.42 1.42 1.45 1.46 1.44 1.47 

1 1.71 1.72 1.9 1.89 2.01 2.02 2.06 2.06 

2 2.68 2.67 3.24 3.23 3.68 3.67 3.85 3.84 

3 4.06 4.06 5.38 5.37 6.42 6.42 6.94 6.92 

4 6.17 6.13 8.82 8.78 11.04 11.03 12.31 12.26 

5 9.26 9.15 14.34 14.22 18.95 18.8 21.44 21.39 

6 13.94 13.63 23.23 22.88 32.04 31.67 37.46 37.17 

7 20.81 20.19 37.48 36.67 54.03 53.11 65.15 64.28 

8 31.2 29.92 60.32 58.52 91.4 89 112.92 111 

10 69.3 62.3 154 147 256 246 337 326 

15 497 440 1603 1451 3345 3072 5049 4685 

20 3488 2908 16207 13802 42327 36963 74254 6.55E+04 

25 2.38E+04 1.95E+04 1.60E+05 1.29E+05 5.28E+05 4.35E+05 1.07E+06 9.06E+05 

30 1.60E+05 1.34E+05 1.55E+06 1.20E+06 6.49E+06 4.73E+06 1.51E+07 1.20E+07 

 

Comparison of the Buildup Factors obtained in this study with similar data given in [2, 

3, 8] for the photon energy of a 10 MeV point isotropic source (tab. 6) showed their consent 

within 5%. This indicates the reliability of the calculated results obtained and the acceptability 

of the calculation method used. 
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Table 6 – Exposure Buildup Factors of photon accumulation for lead for point isotropic and planar mono-

directional photon sources with an energy of 10 MeV 
The energy of source photons, MeV 

ȝН 

10 

point isotropic 

source 
[2] [3] [8] 

flat monodirectional 

source 

0.25 1.13    1.16 

0.5 1.27 1.28 1.29 1.32 1.27 

1 1.49 1.51 1.51 1.55 1.48 

2 1.97 2.01 1.97 2 1.97 

3 2.57 2.63 2.54 2.51 2.55 

4 3.33 3.42 3.26 3.13 3.27 

5 4.29 4.45 4.17 3.89 4.16 

6 5.51 5.73 5.32 4.82 5.26 

7 7.06 7.37 6.78 5.97 6.63 

8 9.02 9.44 8.6 7.4 8.33 

10 14.55 15.4 13.8 11.4 12.96 

15 47.46 50.8 42.8 33.7 38.46 

20 150 161 128 100 108 

25 461 495 369 294 389 

30 1378 1470 1030 852 2869 

 

Data in tables 5 and 6 indicate a weak dependence of exposure buildup factors of 

photons in Lead for the considered energy range of the source on the angular distribution of 

the source radiation. The difference between the data about buildup factors for a point 

isotropic source and the results for a flat mono-directional source does not exceed 10% for a 

Lead thickness below 20 mfp, which allows using any of them when performing approximate 

shielding calculations. As the thickness increases, the difference increases to 30% and the 

buildup factors for a point isotropic source is higher than the buildup factors for a flat mono-

directional source. 

Depending on the photon energy of the source, the expected growth of Buildup Factors 

is observed, and at large thicknesses of shielding, its values reach 10
6
-10

7
 at the source photon 

energy of 40-50 MeV. This is due to an increase in the photon attenuation coefficient with an 

increase in their energy due to the vaporization effect, which leads to a decrease in the 

contribution of non-scattered radiation, on the other hand, the accumulation of scattered 

photons with energies in the range of 2-3 MeV, at which there is a minimum in the full cross-

section of the interaction of photons with Lead. 

In figure, 6 the results obtained for a point isotropic photon source with an energy of 10 

MeV are compared with the available literature data. It can be seen that they coincide with an 

error not exceeding 10%, which is a criterion for the reliability of the calculation method 

used. 
 

 
Figure 6 – Comparison of Exposure Buildup Factors of photon in lead for a point isotropic photon source 

(FLUKA) with an energy of 10 MeV obtained in different literatures 
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Comparison of the exposure buildup factors obtained in this study with similar data 

given in [2, 3, 8] for the photon energy of a 10 MeV point isotropic source (table 5.) showed 

their agreement within 5% . This indicates the reliability of the calculated results obtained and 

the acceptability of the calculation method used. 

In figure 7 the calculated Buildup Factors for Lead are compared with similar data 

obtained in [9] for sources of bremsstrahlung photon radiation generated by electrons with 

different energies. For all source photon energies, the buildup factors for mono-directional 

sources are higher than the corresponding buildup factors for bremsstrahlung radiation 

sources. 
 

 
Figure 7 – Comparison of Buildup Factors of photon for lead obtained for monoenergetic photon sources in this 

article and sources of bremsstrahlung [9] 

 
Table 7 – Lead Barrier Corrections 

mfp 5 10 

ȿ, ɆeV 10 20 30 40 50 10 20 30 40 50 

δ 0.979 0.979 0.980 0.980 0.980 0.982 0.978 0.982 0.978 0.976 

 

In the considered range of material thicknesses, these corrections are independent of the 

photon enerРв ШП ЭСО ЬШЮЫМО КЧН ЭСО ЭСТМФЧОЬЬ ШП ЭСО ЬСТОХН КЧН КЫО ОqЮКХ ЭШ 0.λ80 ± 0.00β ПШЫ 
lead. 

 

Conclusion 

Based on the results calculations of the dose characteristics of photon fields in the 

materials under consideration in the barrier geometry at shield thicknesses above 3 mfp, 

corrections for the barrier shielding were determined in the form of the ratio of buildup 

factors in the barrier geometry to similar ones in an infinite medium. In the considered range 

of material thicknesses, these corrections do not depend on the photon energy of the source 

КЧН ЭСО ЬСТОХН ЭСТМФЧОЬЬ, аСТМС КЫО ОqЮКХ ЭШ 0.λ80±0.00β ПШЫ LОКН. AЬвЦЩЭШЭТМ TОЧПШХН 
attenuation layer for Lead was obtained in [9, 11] depending on the energy of the electrons 

accelerators. In the range of electron energies of 20-100 MeV, which corresponds to the 

effective photon energy of the bremsstrahlung radiation of about 6-33 MeV [7], they are 

practically independent of the electron energy. The obtained characteristics of the photon dose 

attenuation in various shielding materials for photon sources with energies in the range from 

10 to 50 MeV Supplement the data that are not available in the literature for photon energies 

of sources above 30 MeV and provide more accurate estimates of the required thickness of 

shielding against the bremsstrahlung radiation of electronic accelerators. 
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Abstract – According to Monte Carlo calculations of spatial distributions of photon energy in 

Lead from point isotropic and plane mon-directional monoenergetic sources with energies of 

10-50 MeV, define the attenuation coefficient of air Kerma and the dose buildup factors are 

determined for the studied material. The calculations take into account the contribution of 

fluorescence, annihilation radiation, and bremsstrahlung radiation. The independence of the 

Buildup Factors and attenuation coefficient from the angular distribution of the source radiation 

and the weak dependence of the attenuation coefficient on its energy in the range of 30-50 MeV 

are shown. Corrections for barrier protection were determined and their independence from the 

thickness of the shielding material and the photon energy of the source was noted. The obtained 

information makes it possible to reduce errors in the results of calculations of the thickness for 

anti-radiation protection of electronic accelerators at high energies, using the developed 

engineering methods of calculation. The obtained information can also be used in calculations of 

protection against bremsstrahlung radiation of electronic accelerators by engineering methods. 

 

Keywords: electronic accelerators, bremsstrahlung radiation, protection, dose, accumulation factor, 

attenuation Multiplicity, Monte Carlo.  
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*ȼɨɥɝɨɞɨɧɫɤɢɣ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 
ɹɞɟɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ «ɆɂɎɂ», ȼɨɥɝɨɞɨɧɫɤ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥ., Ɋɨɫɫɢɹ 

**ȼɨɥɝɨɞɨɧɫɤɢɣ ɮɢɥɢɚɥ ɎȽɄɈɍ ȼɈ «Ɋɨɫɬɨɜɫɤɢɣ ɸɪɢɞɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɜɧɭɬɪɟɧɧɢɯ ɞɟɥ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ», ȼɨɥɝɨɞɨɧɫɤ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥ., Ɋɨɫɫɢɹ 

 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɩɪɨɛɥɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɟɪɪɢɬɨɪɢɣ ɪɚɡɦɟɳɟɧɢɹ ɨɛɴɟɤɬɨɜ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɧɚ ɩɪɢɦɟɪɟ 

ɝ. ȼɨɥɝɨɞɨɧɫɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɯ ɞɢɧɚɦɢɤɚ. Ⱥɜɬɨɪɵ ɩɪɟɡɟɧɬɭɸɬ ɫɬɚɪɬɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɩɪɨɟɤɬɧɨɣ ɪɚɛɨɬɵ ɢɧɢɰɢɚɬɢɜɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ ɝɨɪɨɞɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɧɚ ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɨ 
ɬɟɪɪɢɬɨɪɢɢ. Ɉɬɦɟɱɟɧɚ ɜɚɠɧɨɫɬɶ ɫɥɟɞɨɜɚɧɢɹ ɩɪɢɧɰɢɩɚɦ ɦɚɪɤɟɬɢɧɝɚ, ɫɨɭɱɚɫɬɧɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɦɟɬɨɞɢɤɢ ɬɚɤɬɢɱɟɫɤɨɝɨ ɭɪɛɚɧɢɡɦɚ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɬɪɚɬɟɝɢɣ ɪɚɡɜɢɬɢɹ 
ɬɟɪɪɢɬɨɪɢɣ. Ɉɩɪɟɞɟɥɟɧɵ ɰɟɥɟɜɵɟ ɢ ɦɨɬɢɜɚɰɢɨɧɧɵɟ ɨɪɢɟɧɬɢɪɵ ɞɥɹ ɜɫɟɯ ɝɪɭɩɩ 
ɫɬɟɣɤɯɨɥɞɟɪɨɜ. ɉɨɫɬɚɜɥɟɧɵ ɡɚɞɚɱɢ ɢ ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɨɭɱɚɫɬɢɹ ɜ ɩɪɨɟɤɬɟ. 
Ɉɛɨɡɧɚɱɟɧɚ ɪɨɥɶ ɤɥɸɱɟɜɨɝɨ ɩɚɪɬɧɟɪɚ ɢ ɷɤɫɩɟɪɬɚ ɩɪɨɟɤɬɚ – Ⱥɝɟɧɬɫɬɜɚ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ 
ɢɧɢɰɢɚɬɢɜ.    
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɛɴɟɤɬɵ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, Ⱥɗɋ, ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɬɟɪɪɢɬɨɪɢɹ, ȽɄ «Ɋɨɫɚɬɨɦ», ɫɬɟɣɤɯɨɥɞɟɪɵ, Ⱥɝɟɧɬɫɬɜɨ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ 
ɢɧɢɰɢɚɬɢɜ, ɜɨɜɥɟɱɟɧɢɟ ɠɢɬɟɥɟɣ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 03.03.2020 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 12.03.2020 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ β6.0γ.β0β0 

 

Ɉɛɟɫɩɟɱɟɧɢɟ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɬɟɪɪɢɬɨɪɢɣ, ɩɨɫɤɨɥɶɤɭ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɫɬɚɛɢɥɶɧɨɝɨ 
ɢ ɜ ɞɥɢɬɟɥɶɧɨɣ ɩɟɪɫɩɟɤɬɢɜɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɛɥɚɝ ɧɚ ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ. Ɋɨɫɬ ɭɪɨɜɧɹ ɛɥɚɝɨɫɨɫɬɨɹɧɢɹ ɧɚɫɟɥɟɧɢɹ ɢ ɪɚɡɜɢɬɢɟ 
ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɤɚɩɢɬɚɥɚ ɫɨɫɬɚɜɥɹɟɬ ɫɬɪɚɬɟɝɢɱɟɫɤɭɸ ɰɟɥɶ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɢ 
ɦɭɧɢɰɢɩɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɬɫɭɬɫɬɜɢɟ ɞɟɣɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɨ ɟɟ ɪɟɚɥɢɡɚɰɢɢ 
ɦɨɠɟɬ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɚɬɶɫɹ ɧɚ ɫɨɰɢɚɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɞɨɜɟɪɢɢ ɞɟɣɫɬɜɭɸɳɟɣ 
ɜɥɚɫɬɢ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɜ ɰɟɥɹɯ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɱɟɬɤɨ ɨɩɪɟɞɟɥɹɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɭɝɪɨɡɵ ɢ ɢɫɬɨɱɧɢɤɢ ɢɯ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ ɩɪɢɧɢɦɚɬɶ ɦɟɪɵ ɩɨ ɢɯ ɧɢɜɟɥɢɪɨɜɚɧɢɸ. Ɇɧɨɝɢɟ ɚɜɬɨɪɵ ɨɬɦɟɱɚɸɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɦɚɬɟɪɢɚɥɶɧɵɯ, ɧɨ ɢ ɫɨɰɢɚɥɶɧɨ-ɤɭɥɶɬɭɪɧɵɯ 
ɭɫɥɨɜɢɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɬɟɪɪɢɬɨɪɢɢ, ɱɬɨ ɛɨɥɟɟ 
ɬɨɱɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɨɠɧɨɫɬɢ ɢ ɦɧɨɝɨɚɫɩɟɤɬɧɨɫɬɢ ɭɤɚɡɚɧɧɨɝɨ ɰɟɥɟɜɨɝɨ ɨɪɢɟɧɬɢɪɚ, 
ɩɨɡɜɨɥɹɟɬ ɩɪɟɨɞɨɥɟɬɶ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɫɨɰɢɚɥɶɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ, ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɢ 
ɤɪɢɦɢɧɚɥɢɡɚɰɢɢ ɨɛɳɟɫɬɜɚ Д1-4].  

Ɉɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɪɟɲɟɧɢɟ ɭɤɚɡɚɧɧɵɯ ɡɚɞɚɱ ɩɪɢɨɛɪɟɬɚɟɬ ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ 
ɪɚɡɦɟɳɟɧɢɹ ɨɛɴɟɤɬɨɜ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɝɞɟ ɤɪɚɣɧɟ ɚɤɬɭɚɥɶɧɨ ɫɨɡɞɚɧɢɟ ɭɫɥɨɜɢɣ ɞɥɹ 
ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ ɚɬɨɦɧɨɣ 



110 ɊɍȾȿɇɄɈ ɢ ɞɪ.  
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ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɪɚɡɜɢɬɢɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨ-ɱɚɫɬɧɨɝɨ ɩɚɪɬɧɟɪɫɬɜɚ, ɩɨɞɝɨɬɨɜɤɢ ɢ 
ɩɟɪɟɩɨɞɝɨɬɨɜɤɢ ɤɚɞɪɨɜ, ɫɬɢɦɭɥɢɪɨɜɚɧɢɹ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɢ ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɶɫɤɨɣ 
ɚɤɬɢɜɧɨɫɬɢ. Ɉɞɧɢɦ ɢɡ ɩɨɬɟɧɰɢɚɥɶɧɨ-ɨɩɚɫɧɵɯ ɢ ɩɪɢɨɪɢɬɟɬɧɵɯ ɮɚɤɬɨɪɨɜ, ɫɩɨɫɨɛɧɵɯ 
ɩɨɫɥɭɠɢɬɶ ɩɪɢɱɢɧɨɣ ɬɹɠɟɥɨɣ ɚɜɚɪɢɢ ɧɚ Ⱥɗɋ ɜ ɫɨɜɪɟɦɟɧɧɨɣ Ɋɨɫɫɢɢ, ɹɜɥɹɟɬɫɹ ɮɚɤɬɨɪ 
ɫɨɰɢɚɥɶɧɵɣ. Ʌɸɞɢ, ɩɨɫɬɚɜɥɟɧɧɵɟ ɜ ɭɫɥɨɜɢɹ ɜɵɠɢɜɚɧɢɹ, ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɩɪɨɹɜɥɹɬɶ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ, ɨɛɟɫɩɟɱɢɜɚɬɶ ɞɨɥɠɧɭɸ ɤɭɥɶɬɭɪɭ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥɗɋ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ 
ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɜ ɚɬɨɦɝɪɚɞɚɯ ɬɚɤɢɟ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ, ɱɬɨɛɵ 
ɥɭɱɲɢɟ ɤɚɞɪɵ ɫɬɪɚɧɵ ɫɬɪɟɦɢɥɢɫɶ ɪɚɛɨɬɚɬɶ ɧɚ ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɚɯ ɚɬɨɦɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ. Ʉɚɤ ɨɬɦɟɬɢɥ ɝɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ ȽɄ «Ɋɨɫɚɬɨɦ» Ⱥ.ȿ. Ʌɢɯɚɱɟɜ, 
ɧɟɨɛɯɨɞɢɦɨ «ɪɚɛɨɬɚɬɶ ɧɚɞ ɩɨɜɵɲɟɧɢɟɦ ɤɚɱɟɫɬɜɚ ɠɢɡɧɢ ɜ β0 ɝɨɪɨɞɚɯ ɩɪɢɫɭɬɫɬɜɢɹ 
ɩɪɟɞɩɪɢɹɬɢɣ «Ɋɨɫɚɬɨɦɚ», ɨɛɟɫɩɟɱɢɜɚɹ «ɡɞɨɪɨɜɵɣ ɨɛɪɚɡ ɠɢɡɧɢ, ɟɝɨ ɩɪɨɩɚɝɚɧɞɭ, 
ɪɚɡɜɢɬɢɟ, ɩɨɞɞɟɪɠɤɭ» Д5Ж. 

Ɋɟɲɟɧɢɟ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɜɨɩɪɨɫɨɜ ɪɚɡɜɢɬɢɹ ɬɟɪɪɢɬɨɪɢɣ ɪɚɡɦɟɳɟɧɢɹ Ⱥɗɋ ɛɟɡ 
ɭɱɚɫɬɢɹ ɢɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ/ɩɨɥɶɡɨɜɚɬɟɥɹ – ɧɚɫɟɥɟɧɢɹ, – ɧɟɜɨɡɦɨɠɧɨ. 
Ɍɟɪɪɢɬɨɪɢɹ – ɷɬɨ ɩɪɨɞɭɤɬ, ɤɨɬɨɪɵɦ ɩɨɥɶɡɭɸɬɫɹ ɥɸɞɢ, ɧɚ ɧɟɣ ɩɪɨɠɢɜɚɸɳɢɟ, ɢ, 
ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɚɦ ɦɚɪɤɟɬɢɧɝɚ, ɢɦɟɧɧɨ ɨɧɢ ɨɰɟɧɢɜɚɸɬ ɟɟ ɩɨɥɟɡɧɨɫɬɶ ɢ ɰɟɧɧɨɫɬɶ, 
ɢɧɜɟɫɬɢɰɢɨɧɧɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɢ ɩɪɢɝɨɞɧɨɫɬɶ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɢɧɰɢɩ ɞɟɦɨɤɪɚɬɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɡɞɟɫɶ ɞɨɥɠɟɧ 
ɞɨɦɢɧɢɪɨɜɚɬɶ, ɚ ɩɪɨɰɟɫɫ ɚɜɬɨɪɢɬɚɪɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɢ ɦɭɧɢɰɢɩɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ – ɭɫɬɭɩɚɬɶ ɦɟɫɬɨ ɦɟɧɟɞɠɦɟɧɬɭ ɬɟɪɪɢɬɨɪɢɣ, ɪɭɤɨɜɨɞɫɬɜɭɸɳɟɦɭɫɹ 
ɨɛɴɟɤɬɢɜɧɵɦɢ ɪɵɧɨɱɧɵɦɢ ɡɚɤɨɧɚɦɢ Д6Ж.  

ȼɨɜɥɟɱɟɧɢɟ ɠɢɬɟɥɟɣ ɜ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦ ɚɞɚɩɬɚɰɢɢ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɨɣ ɫɪɟɞɵ ɬɟɪɪɢɬɨɪɢɢ ɹɜɥɹɟɬɫɹ ɡɚɥɨɝɨɦ ɭɫɩɟɲɧɨɝɨ ɪɚɡɜɢɬɢɹ 
ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ Д7-11Ж. ɗɬɨ ɫɨɡɞɚɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɞɥɹ ɭɱɚɫɬɢɹ ɜɫɟɯ ɫɬɟɣɤɯɨɥɞɟɪɨɜ ɜ 
ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɣ, ɪɚɡɪɚɛɨɬɤɟ ɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɨɜ ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ. ȿɝɨ ɫɭɬɶ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɨɨɛɳɟɫɬɜɚ ɥɸɞɟɣ, ɞɨɜɟɪɹɸɳɢɯ ɞɪɭɝ ɞɪɭɝɭ ɢ 
ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɚɡɜɢɬɢɢ ɬɟɪɪɢɬɨɪɢɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɪɨɟɤɬɚ ɢ ɩɨɫɥɟ ɟɝɨ 
ɪɟɚɥɢɡɚɰɢɢ, ɚ ɧɟ ɜ ɩɪɨɜɟɞɟɧɢɢ ɜɫɬɪɟɱ ɫ ɝɨɪɨɠɚɧɚɦɢ ɞɥɹ ɮɨɪɦɚɥɶɧɨɝɨ ɫɨɝɥɚɫɨɜɚɧɢɹ 
ɪɟɲɟɧɢɣ ɷɤɫɩɟɪɬɨɜ ɢ ɦɭɧɢɰɢɩɚɥɢɬɟɬɚ. ȼ ɱɢɫɥɨ ɫɬɟɣɤɯɨɥɞɟɪɨɜ ɜɯɨɞɹɬ ɠɢɬɟɥɢ, ɧɚ 
ɤɨɬɨɪɵɯ ɜɥɢɹɸɬ ɢɥɢ ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ, ɩɨɥɶɡɨɜɚɬɟɥɢ ɬɟɪɪɢɬɨɪɢɢ, 
ɥɸɞɢ, ɩɪɨɠɢɜɚɸɳɢɟ ɪɹɞɨɦ, ɝɨɪɨɞɫɤɢɟ ɫɨɨɛɳɟɫɬɜɚ, ɨɛɳɟɫɬɜɟɧɧɵɟ ɨɛɴɟɞɢɧɟɧɢɹ, 
ɚɤɬɢɜɢɫɬɵ, ɨɪɝɚɧɢɡɚɬɨɪɵ ɦɟɪɨɩɪɢɹɬɢɣ, ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɢ, ɢɧɜɟɫɬɨɪɵ, ɫɨɛɫɬɜɟɧɧɢɤɢ 
ɧɟɞɜɢɠɢɦɨɫɬɢ ɢ ɡɟɦɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ.  

ȼɨɜɥɟɱɟɧɢɟ ɠɢɬɟɥɟɣ ɜ ɩɪɨɟɤɬɵ ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ ɨɛɳɟɫɬɜɟɧɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜ 
ɫɨɡɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɭɱɚɫɬɢɹ ɥɸɞɟɣ ɜ ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɣ ɨ ɪɚɡɜɢɬɢɢ ɫɜɨɟɝɨ ɝɨɪɨɞɚ, 
ɩɨɡɜɨɥɹɟɬ ɦɭɧɢɰɢɩɚɥɢɬɟɬɭ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɪɚɫɩɪɟɞɟɥɹɬɶ ɪɟɫɭɪɫɵ ɫ ɭɱɟɬɨɦ 
ɢɧɬɟɪɟɫɨɜ ɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɟɫɬɧɵɯ ɠɢɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɨɦɭ, ɱɬɨɛɵ 
ɩɨɹɜɥɹɸɳɢɟɫɹ ɨɛɳɟɫɬɜɟɧɧɵɟ ɦɟɫɬɚ ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ ɭɥɭɱɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɠɢɡɧɢ ɢ 
ɩɪɟɞɨɫɬɚɜɥɹɥɢ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɝɨɪɨɠɚɧ. Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ – ɩɪɢɦɟɧɢɬɶ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɩɨɞɯɨɞ ɤ ɫɨɡɞɚɧɢɸ ɩɪɨɟɤɬɨɜ ɝɨɪɨɞɫɤɨɝɨ ɪɚɡɜɢɬɢɹ (ɪɢɫ. 1). 

 

 
Ɋɢɫɭɧɨɤ 1 – Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɩɨɞɯɨɞ ɤ ɫɨɡɞɚɧɢɸ ɩɪɨɟɤɬɨɜ ɝɨɪɨɞɫɤɨɝɨ ɪɚɡɜɢɬɢɹ Д8Ж  

[An alternative approach to creating urban development projects] 
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Ɍɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɨɜ ɪɚɡɦɟɳɟɧɢɹ ɨɛɴɟɤɬɨɜ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɞɨɥɠɧɵ ɹɜɥɹɬɶɫɹ 
ɨɛɴɟɤɬɨɦ ɩɪɢɫɬɚɥɶɧɨɝɨ ɜɧɢɦɚɧɢɹ ɢ ɨɪɝɚɧɨɜ ɜɥɚɫɬɢ, ɢ ȽɄ «Ɋɨɫɚɬɨɦ» ɜ ɫɢɥɭ ɫɩɟɰɢɮɢɤɢ 
ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɫɟɤɬɨɪɚ. 

Ɉɛ ɭɧɢɤɚɥɶɧɨɫɬɢ ɨɞɧɨɝɨ ɢɡ ɚɬɨɦɝɪɚɞɨɜ – ɝ. ȼɨɥɝɨɞɨɧɫɤɚ, – ɨɬɦɟɱɟɧɨ ɜ ɪɹɞɟ 
ɩɭɛɥɢɤɚɰɢɣ Д1βЖ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɩɪɨɛɥɟɦ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɪɚɡɜɢɬɢɹ, ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɪɟɥɟɜɚɧɬɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɢɯ ɪɚɡɪɟɲɟɧɢɹ ɜ 
ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɋɪɟɞɢ ɧɢɯμ  
 ɢɡɧɨɫ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ (ɛɨɥɟɟ 70%); 
 ɢɡɧɨɫ ɤɚɧɚɥɢɡɚɰɢɨɧɧɨɣ ɫɟɬɢ (ɛɨɥɟɟ 70%); 
 ɨɬɫɭɬɫɬɜɢɟ ɬɜɟɪɞɨɝɨ ɩɨɤɪɵɬɢɹ ɞɨɪɨɝ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ ɛɨɥɟɟ 11β ɤɦ; 
 ɧɟɯɜɚɬɤɚ ɦɟɫɬ ɜ ɞɟɬɫɤɢɯ ɫɚɞɚɯ, ɲɤɨɥɚɯ; 
 ɞɟɮɢɰɢɬ ɤɚɞɪɨɜ ɜ ɦɟɞɢɰɢɧɫɤɢɯ ɭɱɪɟɠɞɟɧɢɹɯ.  

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɟɫɭɪɫɵ ɦɭɧɢɰɢɩɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ ɹɜɥɹɸɬɫɹ 
ɧɟɞɨɫɬɚɬɨɱɧɵɦɢ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɫɥɨɠɧɨɫɬɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ, ɜ ɫɢɥɭ 
ɢɡɦɟɧɟɧɢɹ ɟɝɨ ɞɨɯɨɞɧɨɣ ɱɚɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟμ  
 ɨɬɦɟɧɵ ɫ β015 ɝ. ɩɟɪɟɞɚɱɢ ɜ ɦɭɧɢɰɢɩɚɥɶɧɵɣ ɛɸɞɠɟɬ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ 5,5%; 
 ɨɬɦɟɧɵ ɫ β016 ɝ. ɩɟɪɟɞɚɱɢ ɜ ɦɭɧɢɰɢɩɚɥɶɧɵɣ ɛɸɞɠɟɬ ɧɚɥɨɝɨɜ, ɜɡɢɦɚɟɦɵɯ ɩɨ 

ɭɩɪɨɳɟɧɧɨɣ ɫɢɫɬɟɦɟ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ (γγ,75%); 
 ɫɧɢɠɟɧɢɹ ɤɚɞɚɫɬɪɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɡɟɦɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ; 
 ɫɧɢɠɟɧɢɹ ɧɨɪɦɚɬɢɜɚ ɨɬɱɢɫɥɟɧɢɣ ɇȾɎɅ ɫ γ0% ɞɨ β5%, 

Ⱦɢɧɚɦɢɤɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬɱɢɫɥɟɧɢɣ ɩɨ ɝ. ȼɨɥɝɨɞɨɧɫɤɭ ɩɪɟɞɫɬɚɜɥɟɧɚ  
ɧɚ ɪɢɫɭɧɤɟ β.  
 

 
Ɋɢɫɭɧɨɤ β – Ⱦɢɧɚɦɢɤɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɧɚɥɨɝɨɜɵɯ ɨɬɱɢɫɥɟɧɢɣ ɩɨ ɝ. ȼɨɥɝɨɞɨɧɫɤɭ (ɜ % ɤ β010 ɝ.) [13] 

[Dynamics of production and tax deductions for the city of Volgodonsk (as% of 2010)] 

 

ȼ ɱɢɫɥɟ ɩɪɨɛɥɟɦ ɨɬɦɟɱɟɧɚ ɢ ɧɟɛɥɚɝɨɭɫɬɪɨɟɧɧɨɫɬɶ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ, ɧɟɫɦɨɬɪɹ 
ɧɚ ɪɚɡɦɟɳɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɤɪɭɩɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ȽɄ «Ɋɨɫɚɬɨɦ» ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ 
ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɤɥɚɫɬɟɪɚ, ɧɚ ɤɨɬɨɪɵɯ ɬɪɭɞɨɭɫɬɪɨɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɱɢɫɥɨ 
ɝɨɪɨɠɚɧ. Ɉɬɫɭɬɫɬɜɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɵɯ ɨɛɴɟɤɬɨɜ, ɡɨɧ ɨɪɝɚɧɢɡɚɰɢɢ 
ɞɨɫɭɝɚ ɢ ɨɬɞɵɯɚ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɫɧɢɠɚɟɬ ɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɞɥɹ ɦɨɥɨɞɵɯ, 
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ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɢɧɜɟɫɬɨɪɨɜ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɧɟɨɛɯɨɞɢɦɵɦ 
ɹɜɥɹɟɬɫɹ ɨɛɴɟɞɢɧɟɧɢɟ ɭɫɢɥɢɣ ɜɫɟɯ ɝɪɭɩɩ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɯ ɥɢɰ, ɧɚɩɪɢɦɟɪ, ɜ ɮɨɪɦɚɬɟ 
ɫɨɭɱɚɫɬɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ ɩɪɟɞɥɨɠɟɧɧɵɣ 
ɚɜɬɨɪɚɦɢ ɚɥɝɨɪɢɬɦ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɩɪɢɦɟɪɟ ɨɬɞɟɥɶɧɨɝɨ ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɨɝɨ ɨɛɴɟɤɬɚ, 
ɤɨɬɨɪɵɣ, ɩɪɢ ɟɝɨ ɭɫɩɟɲɧɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɦɨɠɟɬ ɛɵɬɶ ɬɢɪɚɠɢɪɨɜɚɧ ɞɥɹ ɞɪɭɝɢɯ 
ɫɨɰɢɚɥɶɧɵɯ ɩɪɨɟɤɬɨɜ. 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɭɫɬɪɨɟɧɧɵɣ ɭɱɚɫɬɨɤ, 
ɜɵɞɟɥɟɧɧɵɣ ɜ ɝɟɧɟɪɚɥɶɧɨɦ ɩɥɚɧɟ ɞɥɹ ɞɟɬɫɤɨɝɨ ɩɚɪɤɚ. Ɉɞɧɚɤɨ, ɜ ɫɢɥɭ ɪɹɞɚ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜ, ɜɵɡɜɚɧɧɵɯ ɮɢɧɚɧɫɨɜɵɦɢ ɫɥɨɠɧɨɫɬɹɦɢ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ ɦɧɨɝɢɯ 
ɦɭɧɢɰɢɩɚɥɢɬɟɬɨɜ, ɟɝɨ ɨɫɜɨɟɧɢɟ ɢɞɟɬ ɤɪɚɣɧɟ ɦɟɞɥɟɧɧɵɦɢ ɬɟɦɩɚɦɢ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, 
ɩɪɨɟɤɬɧɵɣ ɢ ɫɢɬɭɚɬɢɜɧɵɣ ɩɨɞɯɨɞ, ɪɟɚɥɢɡɭɟɦɵɣ ɧɚ ɮɟɞɟɪɚɥɶɧɨɦ ɭɪɨɜɧɟ ɞɥɹ 
ɫɬɢɦɭɥɢɪɨɜɚɧɢɹ ɢ ɩɨɞɞɟɪɠɤɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɟɪɪɢɬɨɪɢɣ, ɩɨɡɜɨɥɹɟɬ ɡɚɞɟɣɫɬɜɨɜɚɬɶ 
ɷɮɮɟɤɬɢɜɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɜ ɪɚɦɤɚɯ ɦɭɧɢɰɢɩɚɥɶɧɨɝɨ ɦɟɧɟɞɠɦɟɧɬɚ. Ɍɚɤ, 
ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɊɎ ɫɨɡɞɚɧɚ ɪɨɫɫɢɣɫɤɚɹ ɚɜɬɨɧɨɦɧɚɹ ɧɟɤɨɦɦɟɪɱɟɫɤɚɹ ɨɪɝɚɧɢɡɚɰɢɹ 
«Ⱥɝɟɧɬɫɬɜɨ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɢɧɢɰɢɚɬɢɜ» (ɞɚɥɟɟ – Ⱥɋɂ) ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɤɨɦɩɥɟɤɫɚ 
ɦɟɪ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɢ ɫɨɰɢɚɥɶɧɨɣ ɫɮɟɪɚɯ. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɩɪɨɞɜɢɠɟɧɢɹ 
ɩɪɢɨɪɢɬɟɬɧɵɯ ɩɪɨɟɤɬɨɜ, ɪɟɚɥɢɡɚɰɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɭɥɭɱɲɟɧɢɸ 
ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɶɫɤɨɣ ɫɪɟɞɵ ɜ ɫɬɪɚɧɟ, ɪɚɡɜɢɬɢɸ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɤɚɞɪɨɜ ɢ ɬ.ɩ. Д14Ж. 
Ⱥɋɂ ɨɤɚɡɵɜɚɟɬ ɩɨɞɞɟɪɠɤɭ ɝɨɪɨɞɫɤɢɦ ɥɢɞɟɪɚɦ ɜ ɪɚɛɨɬɟ ɧɚɞ ɢɧɢɰɢɚɬɢɜɧɵɦɢ ɩɪɨɟɤɬɚɦɢ 
ɧɚ ɤɨɧɤɭɪɫɧɨɣ ɨɫɧɨɜɟ, ɨɪɢɟɧɬɢɪɨɜɚɧɨ ɧɚ ɨɛɴɟɞɢɧɟɧɢɟ ɭɫɢɥɢɣ ɨɛɳɟɫɬɜɚ, ɛɢɡɧɟɫɚ ɢ 
ɝɨɫɭɞɚɪɫɬɜɚ.  

ɂɧɢɰɢɚɬɢɜɧɚɹ ɝɪɭɩɩɚ ɨɛɳɟɫɬɜɟɧɧɵɯ ɞɟɹɬɟɥɟɣ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ, ɜɤɥɸɱɚɸɳɚɹ 
ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ȼɨɥɝɨɞɨɧɫɤɨɝɨ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ – ɮɢɥɢɚɥɚ  
ɎȽȺɈɍ ȼɈ «ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɹɞɟɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆɂɎɂ», 
Ɏɢɥɢɚɥɚ ȺɈ «Ʉɨɧɰɟɪɧ Ɋɨɫɷɧɟɪɝɨɚɬɨɦ» «Ɋɨɫɬɨɜɫɤɚɹ ɚɬɨɦɧɚɹ ɫɬɚɧɰɢɹ», ɫɨɬɪɭɞɧɢɤɨɜ 
ɚɞɦɢɧɢɫɬɪɚɰɢɢ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ, ɩɪɢɧɹɥɚ ɪɟɲɟɧɢɟ ɨɛ ɭɱɚɫɬɢɢ ɜ ɤɨɧɤɭɪɫɟ Ⱥɋɂ ɩɨ 
ɰɟɥɟɜɨɦɭ ɨɬɛɨɪɭ ɜ ɩɪɨɝɪɚɦɦɭ ɚɤɫɟɥɟɪɚɰɢɢ ɝɨɪɨɞɫɤɢɯ ɢɧɢɰɢɚɬɢɜ ɜ β0β0 ɝ. ɫ ɩɪɨɟɤɬɨɦ 
ɫɨɡɞɚɧɢɹ ɞɟɬɫɤɨɝɨ ɩɚɪɤɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ.  

Ⱦɥɹ ɭɱɚɫɬɢɹ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹμ 
 ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɟɤɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɨɥɧɟɧɢɹ ɝɨɪɨɞɫɤɢɯ 

ɬɟɪɪɢɬɨɪɢɣ ɩɪɢɫɭɬɫɬɜɢɹ ȽɄ «Ɋɨɫɚɬɨɦ»; 
 ɫɮɨɪɦɢɪɨɜɚɧɚ ɤɨɦɚɧɞɚ ɢɡ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪ (ɦɭɧɢɰɢɩɚɥɶɧɨɣ 

ɜɥɚɫɬɢ, ɛɢɡɧɟɫɚ ɢ ɨɛɳɟɫɬɜɚ); 
 ɡɚɩɢɫɚɧɨ ɦɨɬɢɜɚɰɢɨɧɧɨɟ ɜɢɞɟɨ [15]. 

ȼɵɩɨɥɧɟɧɢɟ ɛɚɡɨɜɵɯ ɤɪɢɬɟɪɢɟɜ ɨɬɛɨɪɚ (ɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬɶ, ɧɨɜɢɡɧɚ ɢ 
ɨɪɢɝɢɧɚɥɶɧɨɫɬɶ, ɨɯɜɚɬ ɧɚɫɟɥɟɧɢɹ, ɨɩɬɢɦɚɥɶɧɨɫɬɶ ɛɸɞɠɟɬɧɵɯ ɡɚɬɪɚɬ) ɩɨɡɜɨɥɢɥɨ 
ɜɤɥɸɱɢɬɶ ɩɪɨɟɤɬ ɜ ɩɪɨɝɪɚɦɦɭ ɚɤɫɟɥɟɪɚɰɢɢ ɢ ɫɨɩɪɨɜɨɠɞɟɧɢɹ Ⱥɋɂ ɫɨɜɦɟɫɬɧɨ ɫ  
ȽɄ «Ɋɨɫɚɬɨɦ», ɤɨɬɨɪɚɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɵ ɩɨɞɞɟɪɠɤɢμ 

 ɫɛɨɪ ɢɞɟɣ ɢ ɢɯ ɨɰɟɧɤɚ ɜ ɪɚɦɤɚɯ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɷɤɫɩɟɪɬɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ; 
 ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɞɨɫɬɭɩɚ ɜ ɩɭɛɥɢɱɧɵɟ ɢ ɚɤɬɭɚɥɢɡɢɪɭɟɦɵɟ ɛɚɡɵ ɡɧɚɧɢɣ; 
 ɪɚɡɪɚɛɨɬɤɚ ɤɨɧɰɟɩɰɢɣ ɫɢɫɬɟɦɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɢ ɢɯ ɞɨɪɚɛɨɬɤɚ; 
 ɨɪɝɚɧɢɡɚɰɢɹ ɝɨɥɨɫɨɜɚɧɢɹ ɡɚ ɩɪɨɟɤɬɵ ɢ ɩɪɨɜɟɞɟɧɢɟ ɨɩɪɨɫɨɜ ɫɪɟɞɢ ɠɢɬɟɥɟɣ ɝɨɪɨɞɚ 

(ɨɩɪɨɫ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɦɭ ɢɧɢɰɢɚɬɢɜɧɨɣ ɝɪɭɩɩɨɣ ɩɪɨɟɤɬɭ ɡɚɩɭɳɟɧ ɧɚ 
ɤɪɚɭɞɩɥɚɬɮɨɪɦɟ «100 ɝɨɪɨɞɨɜ» Д16Ж; 

 ɩɪɨɜɟɞɟɧɢɟ ɤɨɧɤɭɪɫɧɵɯ ɩɪɨɰɟɞɭɪ ɫ ɨɬɤɪɵɬɨɣ ɢ ɡɚɤɪɵɬɨɣ ɩɨɞɚɱɟɣ ɡɚɹɜɨɤ; 
 ɩɨɦɨɳɶ ɫ ɷɤɫɩɟɪɬɢɡɨɣ ɡɚɹɜɨɤ, ɩɨɞɚɧɧɵɯ ɧɚ ɤɨɧɤɭɪɫɵ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɫ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ Ⱥɋɂ ɷɤɫɩɟɪɬɧɨɝɨ ɩɢɬɱɢɧɝɚ, 
ɢɧɢɰɢɚɬɢɜɧɨɣ ɝɪɭɩɩɨɣ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɯɚɧɢɡɦɨɜ 
ɫɨɭɱɚɫɬɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɥɹ ɰɟɥɟɣ ɪɚɡɪɚɛɨɬɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɫɨɡɞɚɧɢɹ 
ɞɟɬɫɤɨɝɨ ɩɚɪɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɰɟɥɟɜɚɹ ɚɭɞɢɬɨɪɢɹ ɢ ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ, 



 ɋɈɍɑȺɋɌɇɈȿ ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ ȼ ɆȺɊɄȿɌɂɇȽȿ 113 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɤɨɬɨɪɵɟ ɛɭɞɟɬ ɩɪɢɡɜɚɧ ɪɚɡɪɟɲɢɬɶ ɞɚɧɧɵɣ ɩɪɨɟɤɬ, ɩɨɫɬɚɜɥɟɧɚ ɰɟɥɶ ɢ ɜɵɹɜɥɟɧɵ ɝɪɭɩɩɵ 
ɫɬɟɣɤɯɨɥɞɟɪɨɜ.  

Ʉɪɢɡɢɫɧɵɣ ɩɟɪɢɨɞ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɦɧɨɝɢɯ ɪɨɫɫɢɣɫɤɢɯ ɝɨɪɨɞɨɜ, ɩɪɢɜɟɥ ɤ 
ɮɨɪɦɢɪɨɜɚɧɢɸ «ɛɨɥɟɜɵɯ ɬɨɱɟɤ» ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɯ ɝɪɭɩɩ, ɬɚɤɢɯ ɤɚɤμ 
 ɦɟɫɬɧɚɹ ɜɥɚɫɬɶ (ɜɡɚɢɦɧɨɟ ɨɬɱɭɠɞɟɧɢɟ ɢ ɧɟɞɨɜɟɪɢɟ ɦɟɠɞɭ ɦɟɫɬɧɨɣ ɜɥɚɫɬɶɸ ɢ 

ɧɚɫɟɥɟɧɢɟɦ; ɧɟɯɜɚɬɤɚ ɮɢɧɚɧɫɨɜɵɯ ɪɟɫɭɪɫɨɜ ɞɥɹ ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ ɬɟɪɪɢɬɨɪɢɢ 
ɝɨɪɨɞɚ; ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ ɝɨɪɨɞɚ); 

 ɦɟɫɬɧɵɟ ɠɢɬɟɥɢ (ɨɬɫɭɬɫɬɜɢɟ ɤɨɦɮɨɪɬɧɨɣ ɫɪɟɞɵ ɞɥɹ ɨɬɞɵɯɚ ɢ ɫɚɦɨɪɟɚɥɢɡɚɰɢɢ); 
 ɦɟɫɬɧɵɣ ɛɢɡɧɟɫ (ɧɟɯɜɚɬɤɚ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɤɚɞɪɨɜ; ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ 

ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ; ɫɧɢɠɟɧɢɟ ɟɦɤɨɫɬɢ ɪɵɧɤɚ ɫɛɵɬɚ). 
Ɉɬɫɭɬɫɬɜɢɟ ɞɟɣɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɩɪɨɛɥɟɦ 

ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɯɜɚɬɤɨɣ ɮɢɧɚɧɫɨɜɵɯ ɪɟɫɭɪɫɨɜ ɜ ɦɟɫɬɧɨɦ ɛɸɞɠɟɬɟ, ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɦ 
ɭɪɨɜɧɟɦ ɢɧɢɰɢɚɬɢɜɵ ɫɨ ɫɬɨɪɨɧɵ ɜɫɟɯ ɫɬɟɣɤɯɨɥɞɟɪɨɜ, ɚɩɚɬɢɟɣ ɢ ɧɟɪɚɡɜɢɬɨɣ 
ɝɪɚɠɞɚɧɫɤɨɣ ɩɨɡɢɰɢɟɣ ɭ ɧɚɫɟɥɟɧɢɹ. ȼ ɩɨɞɨɛɧɵɯ ɭɫɥɨɜɢɹɯ, ɜɡɚɢɦɧɚɹ ɪɚɛɨɬɚ ɧɚɞ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɜ ɫɬɚɬɶɟ ɩɪɨɟɤɬɨɦ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɬɟɪɪɢɬɨɪɢɸ, ɚɞɚɩɬɢɪɨɜɚɧɧɭɸ 
ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɞɨɫɭɝɚ ɢ ɨɬɞɵɯɚ ɝɨɪɨɠɚɧ ɫ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ ɡɨɧɚɦɢ ɚɤɬɢɜɧɨɫɬɢ, 
ɩɪɢɝɨɞɧɚɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɛɳɟɝɨɪɨɞɫɤɢɯ ɢ ɤɨɪɩɨɪɚɬɢɜɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ. Ⱥɤɬɢɜɧɨɫɬɶ, 
ɨɪɝɚɧɢɡɨɜɚɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɩɚɪɢɬɟɬɚ ɢɧɬɟɪɟɫɨɜ, ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɪɚɡɜɢɬɢɸ 
ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɞɟɣɫɬɜɢɣ ɛɢɡɧɟɫɚ, ɧɚɫɟɥɟɧɢɹ ɢ ɜɥɚɫɬɢ, ɚ ɪɨɫɬ ɭɪɨɜɧɹ ɜɡɚɢɦɧɨɝɨ 
ɞɨɜɟɪɢɹ ɩɪɢɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɨɜ ɧɚ ɤɨɧɬɪɨɥɢɪɭɸɳɢɟ ɢ ɩɪɚɜɨɨɯɪɚɧɢɬɟɥɶɧɵɟ 
ɦɟɪɨɩɪɢɹɬɢɹ. Ɋɚɫɲɢɪɟɧɢɟ ɪɵɧɤɚ ɬɪɭɞɚ, ɫɧɢɠɟɧɢɟ «ɤɚɞɪɨɜɨɝɨ ɝɨɥɨɞɚ» ɛɭɞɟɬ 
ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɩɨɜɵɲɟɧɢɟ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɝɨɪɨɞɚ, ɩɨɜɵɲɚɹ ɬɟɦ 
ɫɚɦɵɦ ɢɧɜɟɫɬɢɰɢɨɧɧɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɬɟɪɪɢɬɨɪɢɢ. 

ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɪɨɛɥɟɦɵ ɩɨɡɜɨɥɢɥɚ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɰɟɥɶ ɩɪɨɟɤɬɚ – ɪɚɡɪɚɛɨɬɤɚ 
ɩɪɨɟɤɬɚ ɫɨɡɞɚɧɢɹ ɩɚɪɤɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ȼɨɥɝɨɞɨɧɫɤɚ ɫ ɰɟɥɶɸ ɢɧɬɟɝɪɚɰɢɢ 
ɢɧɬɟɪɟɫɨɜ ɝɨɪɨɠɚɧ, ɦɟɫɬɧɨɣ ɜɥɚɫɬɢ ɢ ɛɢɡɧɟɫɚ ɧɚ ɩɪɢɧɰɢɩɚɯ ɤɨɧɫɨɥɢɞɚɰɢɢ ɢɧɬɟɪɟɫɨɜ, 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɭɪɨɜɟɧɶ ɫɨɰɢɚɥɶɧɨɣ 
ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɜ ɝɨɪɨɞɟ, ɨɛɟɫɩɟɱɢɬɶ ɢɧɜɟɫɬɢɰɢɨɧɧɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɬɟɪɪɢɬɨɪɢɢ ɢ 
ɪɨɫɬ ɛɥɚɝɨɫɨɫɬɨɹɧɢɹ ɦɟɫɬɧɨɝɨ ɧɚɫɟɥɟɧɢɹ. 

Ɂɚɞɚɱɚɦɢ ɜɨɜɥɟɱɟɧɢɹ ɦɟɫɬɧɵɯ ɠɢɬɟɥɟɣ ɹɜɢɥɢɫɶ ɫɥɟɞɭɸɳɢɟμ 
 ɫɧɢɠɟɧɢɟ ɨɬɬɨɤɚ ɦɨɥɨɞɟɠɢ ɢɡ ɝɨɪɨɞɚ, ɩɪɟɨɞɨɥɟɧɢɟ «ɤɚɞɪɨɜɨɝɨ ɝɨɥɨɞɚ» 

ɩɪɟɞɩɪɢɹɬɢɣ; 
 ɫɧɢɠɟɧɢɟ ɫɨɰɢɚɥɶɧɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɜ ɝɨɪɨɞɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɭɧɢɰɢɩɚɥɶɧɨɣ ɡɟɦɥɢ ɧɟ ɩɨ ɧɚɡɧɚɱɟɧɢɸ; 
 ɪɚɡɜɢɬɢɟ ɪɟɤɪɟɚɰɢɨɧɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ; 
 ɫɨɡɞɚɧɢɟ ɟɞɢɧɨɣ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ ɫɨɰɢɚɥɶɧɨɣ ɫɪɟɞɵ, ɩɪɟɨɞɨɥɟɧɢɟ ɚɩɚɬɢɢ ɢ 

ɞɢɫɬɚɧɰɢɪɨɜɚɧɢɹ ɝɨɪɨɠɚɧ; 
 ɜɵɹɜɥɟɧɢɟ ɩɪɨɛɥɟɦ, ɡɚɩɪɨɫɨɜ ɢ ɢɧɬɟɪɟɫɨɜ ɜɫɟɯ ɝɪɭɩɩ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɪɨɞɭɤɬɚ. 

Ɍɟɦɚɦɢ ɢ ɢɞɟɹɦɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɛɴɟɞɢɧɢɬɶ ɧɚɫɟɥɟɧɢɟ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ, 
ɨɬɦɟɱɟɧɵ ɫɥɟɞɭɸɳɢɟμ 
 ɨɪɝɚɧɢɡɚɰɢɹ ɦɟɫɬɚ ɞɥɹ ɫɟɦɟɣɧɨɝɨ ɢ ɦɨɥɨɞɟɠɧɨɝɨ ɨɬɞɵɯɚ; 
 ɢɧɬɟɪɚɤɬɢɜɧɵɟ ɩɥɨɳɚɞɤɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɬɜɨɪɱɟɫɤɢɯ ɩɪɨɟɤɬɨɜ ɝɨɪɨɠɚɧ 

(ɥɟɤɬɨɪɢɭɦ, ɤɨɜɨɪɤɢɧɝ-ɡɨɧɚ, «ɝɨɪɨɞ ɦɚɫɬɟɪɨɜ», ɦɨɥɨɞɟɠɧɵɟ ɪɟɝɢɨɧɚɥɶɧɵɟ 
ɮɟɫɬɢɜɚɥɢ («Ɏɟɫɬɢɜɚɥɶ ɧɚɪɨɞɨɜ Ⱦɨɧɚ», «ɘɠɧɵɣ ȼɟɬɟɪ» ɢ ɬ.ɩ.); 

 ɫɨɡɞɚɧɢɟ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɣ ɷɤɨɡɨɧɵ; 
 ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɛɢɡɧɟɫ-ɢɧɢɰɢɚɬɢɜ ɜ ɫɮɟɪɟ ɞɨɫɭɝɚ ɢ ɨɬɞɵɯɚ. 

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɢɦ ɜɵɹɜɥɟɧɧɵɟ ɜ ɝ. ȼɨɥɝɨɞɨɧɫɤɟ ɝɪɭɩɩɵ ɢɧɬɟɪɟɫɚɧɬɨɜ ɢ ɩɚɪɬɧɟɪɨɜ 
ɩɪɨɟɤɬɚ, ɨɬɦɟɬɢɜ ɢɯ ɦɨɬɢɜɚɰɢɸ ɢ ɫɩɨɫɨɛɵ ɭɱɚɫɬɢɹ ɜ ɪɟɚɥɢɡɚɰɢɢ. ɂɦɟɧɧɨ ɷɬɢ 
ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɫɬɟɣɤɯɨɥɟɞɟɪɨɜ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɭɬ ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ ɪɟɚɥɢɡɚɰɢɢ 
ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ.  
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Ɍɚɛɥɢɰɚ 1 – ɂɧɬɟɪɟɫɚɧɬɵ ɢ ɩɚɪɬɧɟɪɵ ɩɪɨɟɤɬɚ ɫɨɡɞɚɧɢɹ ɞɟɬɫɤɨɝɨ ɩɚɪɤɚ [Interesters and partners of the 

project for creating a children park] 

Ʉɬɨ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ? 
(ɤɨɧɤɪɟɬɧɵɟ ɥɸɞɢ, 

ɫɨɨɛɳɟɫɬɜɚ, 
ɨɛɴɟɞɢɧɟɧɢɹ, 

ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɬ.ɩ.) 

Ɇɨɬɢɜɚɰɢɹ 

ȼ ɱɟɦ ɦɨɠɟɬ ɛɵɬɶ ɟɝɨ ɢɧɬɟɪɟɫ ɢ ɥɢɱɧɚɹ 
ɰɟɧɧɨɫɬɶ ɭɱɚɫɬɢɹ ɜ ɩɪɨɟɤɬɟ? 

ɍɱɚɫɬɢɟ ɢ ɜɤɥɚɞ 

ɤɚɤ ɷɬɨɬ ɫɭɛɴɟɤɬ ɦɨɠɟɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ 
ɩɪɨɟɤɬɟ?  

(ɤɨɧɤɪɟɬɧɵɟ ɞɟɣɫɬɜɢɹ ɢ ɦɟɪɨɩɪɢɹɬɢɹ) 

ɋɨɨɛɳɟɫɬɜɚ (ɚɤɬɢɜɢɫɬɵ ɥɢɞɟɪɵ ɦɧɟɧɢɣ, ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɟ, ɬɜɨɪɱɟɫɤɢɟ, ɫɩɨɪɬɢɜɧɵɟ, ɷɤɨɥɨɝɢɱɟɫɤɢɟ, ɫɨɨɛɳɟɫɬɜɚ 
ɩɨ ɢɧɬɟɪɟɫɚɦ ɢ ɬ.ɩ.) 

ȼɨɥɝɨɞɨɧɫɤɢɣ 
ɢɧɠɟɧɟɪɧɨ-

ɬɟɯɧɢɱɟɫɤɢɣ 
ɢɧɫɬɢɬɭɬ «ɆɂɎɂ» 

ɩɪɨɮɨɪɢɟɧɬɚɰɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɟ 
ɤɨɧɬɢɧɝɟɧɬɚ, ɨɪɝɚɧɢɡɚɰɢɹ ɞɨɫɭɝɚ ɢ ɨɬɞɵɯɚ 
ɫɬɭɞɟɧɬɨɜ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɪɚɡɜɢɬɢɹ 
ɚɫɨɰɢɚɥɶɧɵɯ ɩɪɢɜɵɱɟɤ ɢ ɢɧɢɰɢɚɬɢɜ 

ɥɢɱɧɨɟ ɭɱɚɫɬɢɟ ɜ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɟɤɬɚ, 
ɭɱɚɫɬɢɟ ɜ ɨɩɪɨɫɚɯ, ɜɨɥɨɧɬɟɪɫɬɜɨ 

Ɇɨɥɨɞɟɠɧɵɣ 
ɩɚɪɥɚɦɟɧɬ 

ɫɚɦɨɪɟɚɥɢɡɚɰɢɹ, ɧɚɩɨɥɧɟɧɢɟ ɩɨɪɬɮɨɥɢɨ ɥɢɱɧɨɟ ɭɱɚɫɬɢɟ ɜ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɟɤɬɚ, ɜ 
ɩɪɢɜɥɟɱɟɧɢɢ ɢ ɨɛɴɟɞɢɧɟɧɢɢ ɦɨɥɨɞɟɠɢ 
ɝɨɪɨɞɚ, ɤɪɟɚɬɢɜɧɵɟ ɢɞɟɢ, ɜɨɥɨɧɬɟɪɫɬɜɨ 

ɋɨɜɟɬɵ 
ɦɢɤɪɨɪɚɣɨɧɨɜ  

ɨɛɥɚɝɨɪɚɠɢɜɚɧɢɟ ɬɟɪɪɢɬɨɪɢɣ, 
ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɢɯ ɦɢɤɪɨɪɚɣɨɧɚɦ 

ɢɧɢɰɢɢɪɨɜɚɧɢɟ ɩɟɪɟɦɟɧ ɢ ɜɨɜɥɟɱɟɧɢɟ 
ɠɢɬɟɥɟɣ ɞɥɹ ɢɯ ɥɢɱɧɨɝɨ ɭɱɚɫɬɢɹ 
ɜ ɜɨɥɨɧɬɟɪɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɹɯ 

ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɫɭɛɴɟɤɬɵ (ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɢ (ɤɨɦɦɟɪɱɟɫɤɢɟ ɢ ɫɨɰɢɚɥɶɧɵɟ), ɩɪɟɞɩɪɢɹɬɢɹ (ɦɚɥɵɟ, ɫɪɟɞɧɢɟ, 
ɤɪɭɩɧɵɟ), ɝɪɚɞɨɨɛɪɚɡɭɸɳɢɟ ɩɪɟɞɩɪɢɹɬɢɹ) 

ɉɪɟɞɩɪɢɹɬɢɹ ȽɄ 
―Ɋɨɫɚɬɨɦ‖ 

ɢɦɢɞɠɟɜɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɜɧɟɲɧɹɹ 
ɤɨɪɩɨɪɚɬɢɜɧɚɹ ɫɨɰɢɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ 

ɭɱɚɫɬɢɟ ɜ ɪɚɡɪɚɛɨɬɤɟ ɢ ɮɢɧɚɧɫɢɪɨɜɚɧɢɢ 
ɩɪɨɟɤɬɚ 

ɉɪɟɞɩɪɢɹɬɢɹ ɆɋȻ ɤɨɧɬɪɚɤɬɵ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɡɚɤɚɡɨɜ, ɪɟɤɥɚɦɚ 
ɢ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɤɥɢɟɧɬɨɜ 

ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɩɨ ɨɡɟɥɟɧɟɧɢɸ ɢ 
ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɭ, ɩɨɠɟɪɬɜɨɜɚɧɢɹ 

ɉɨɥɢɬɢɱɟɫɤɢɟ ɫɭɛɴɟɤɬɵ (ɦɭɧɢɰɢɩɚɥɢɬɟɬ, ɪɚɣɨɧ, ɨɛɥɚɫɬɶ, ɞɟɩɭɬɚɬɵ) 

Ⱥɞɦɢɧɢɫɬɪɚɰɢɹ 
ɝ.ȼɨɥɝɨɞɨɧɫɤɚ ɢ 
ȼɨɥɝɨɞɨɧɫɤɨɝɨ 
ɪɚɣɨɧɚ, 
ɪɭɤɨɜɨɞɢɬɟɥɢ 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɞɟɩɚɪɬɚɦɟɧɬɨɜ, 
ɚɪɯɢɬɟɤɬɭɪɵ ɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, PR-

ɫɥɭɠɛɵ 

ɫɧɢɠɟɧɢɟ ɫɨɰɢɚɥɶɧɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ, 
ɪɟɲɟɧɢɟ ɞɟɦɨɝɪɚɮɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɵ 
ɝɨɪɨɞɚ, ɢɦɢɞɠ ɞɟɣɫɬɜɭɸɳɟɣ ɜɥɚɫɬɢ, 

ɚɤɬɭɚɥɢɡɚɰɢɹ ɝɟɧɩɥɚɧɚ ɝɨɪɨɞɚ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ ɬɟɧɞɟɧɰɢɹɦɢ 
ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɧɨɪɦɚɬɢɜɧɨ-

ɫɩɪɚɜɨɱɧɨɣ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-

ɪɚɫɩɨɪɹɞɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, 
ɜɨɜɥɟɱɟɧɢɟ ɫɨɬɪɭɞɧɢɤɨɜ ɤɥɸɱɟɜɵɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɚɞɦɢɧɢɫɬɪɚɰɢɢ ɜ 
ɩɨɞɝɨɬɨɜɤɭ ɩɪɨɟɤɬɚ 

Ⱦɟɩɭɬɚɬɵ 
Ɂɚɤɨɧɨɞɚɬɟɥɶɧɨɝɨ 
ɋɨɛɪɚɧɢɹ Ɋɨɫɬɨɜɫɤɨɣ 
ɨɛɥɚɫɬɢ ɢ ɝɨɪɨɞɫɤɢɯ 
ɨɤɪɭɝɨɜ 

ɚɤɬɢɜɧɚɹ ɝɪɚɠɞɚɧɫɤɚɹ ɩɨɡɢɰɢɹ, ɜɵɫɨɤɢɣ 
ɭɪɨɜɟɧɶ ɫɨɰɢɚɥɶɧɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, 
ɩɨɞɞɟɪɠɚɧɢɟ ɢɦɢɞɠɚ «ɚɬɨɦɝɪɚɞɚ» ɜ 
ɪɟɝɢɨɧɟ, ɪɟɩɭɬɚɰɢɨɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, 
ɩɨɞɝɨɬɨɜɤɚ ɤ ɜɵɛɨɪɚɦ ɜ ɝɨɪɨɞɫɤɭɸ ɞɭɦɭ 

ɤɨɦɦɭɧɢɤɚɰɢɢ ɫ Ɋɨɫɚɬɨɦɨɦ, 
ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɆɋȻ, ɝɥɚɜɚɦɢ 
ɚɞɦɢɧɢɫɬɪɚɰɢɣ ɪɚɣɨɧɨɜ, 
ɤɨɧɫɭɥɶɬɚɬɢɜɧɚɹ ɩɨɦɨɳɶ, ɬɪɚɧɫɥɹɰɢɹ 
ɢɧɬɟɪɟɫɨɜ ɝɨɪɨɠɚɧ ɤɨɦɚɧɞɟ ɩɪɨɟɤɬɚ ɢ 
ɮɢɧɚɧɫɨɜɚɹ ɩɨɞɞɟɪɠɤɚ ɜ ɪɚɦɤɚɯ 
ɞɟɩɭɬɚɬɫɤɢɯ ɛɸɞɠɟɬɨɜ 

 

Ⱦɟɩɚɪɬɚɦɟɧɬ 
ɝɨɪɨɞɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ 
ɝ.ȼɨɥɝɨɞɨɧɫɤɚ 

ɜɵɩɨɥɧɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɩɨ 
ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɭ ɬɟɪɪɢɬɨɪɢɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɋɚɧɉɢɇ 

 

ɬɟɯɧɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɫɩɟɰɢɚɥɢɫɬɵ 
ɭɩɪɚɜɥɟɧɢɹ ɝɨɪɨɞɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 

ɗɤɫɩɟɪɬɵ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɵ ɚɪɯɢɬɟɤɬɨɪɵ, ɫɨɰɢɨɥɨɝɢ, ɤɪɚɟɜɟɞɵ, ɢɫɬɨɪɢɤɢ, ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɜɭɡɨɜ, ɨɪɝɚɧɢɡɚɬɨɪɵ 
ɫɨɛɵɬɢɣ, ɷɤɨɥɨɝɢ, IT-ɫɩɟɰɢɚɥɢɫɬɵ ɢ ɬ.ɩ. 

Ʉɚɮɟɞɪɵ ɷɤɨɧɨɦɢɤɢ 
ɢ ɫɨɰɢɚɥɶɧɨ-

ɝɭɦɚɧɢɬɚɪɧɵɯ 
ɞɢɫɰɢɩɥɢɧ, 
ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜ, 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢ 
ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦ 
ȼɂɌɂ ɇɂəɍ ɆɂɎɂ  

ɩɨɞɝɨɬɨɜɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɟɤɬɨɜ ɜ ɪɚɦɤɚɯ 
ɤɭɪɫɨɜɵɯ ɢ ɜɵɩɭɫɤɧɵɯ ɪɚɛɨɬ, ɩɨɞɝɨɬɨɜɤɚ 
ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɧɚ ɨɫɧɨɜɟ 
ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ  

ɬɨɩɨɝɪɚɮɢɱɟɫɤɚɹ ɫɴɟɦɤɚ, ɡɚɦɟɪɵ, 
ɪɚɡɪɚɛɨɬɤɚ γȾ-ɦɨɞɟɥɟɣ, ɷɤɨɧɨɦɢɱɟɫɤɨɟ 
ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ, ɩɨɞɝɨɬɨɜɤɚ, 
ɩɪɨɜɟɞɟɧɢɟ ɢ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 
ɫɨɰɢɨɥɨɝɢɱɟɫɤɢɯ ɨɩɪɨɫɨɜ, ɪɟɚɥɢɡɚɰɢɹ 
ɢɧɫɬɪɭɦɟɧɬɨɜ ɜɨɜɥɟɱɟɧɢɹ ɧɚɫɟɥɟɧɢɹ ɜ 
ɩɪɨɟɤɬ 

ɨɬɞɟɥ ɚɪɯɢɬɟɤɬɭɪɵ ɢ 
ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɝ. ȼɨɥɝɨɞɨɧɫɤɚ, 
ɚɪɯɢɬɟɤɬɭɪɧɵɟ ɛɸɪɨ 
ɝɨɪɨɞɚ 

ɪɚɡɜɢɬɢɟ ɝɨɪɨɞɫɤɨɣ ɫɪɟɞɵ ɩɨɞɝɨɬɨɜɤɚ ɩɪɨɟɤɬɧɨ-ɫɦɟɬɧɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ 

Ⱥɝɟɧɬɫɬɜɨ 
ɋɬɪɚɬɟɝɢɱɟɫɤɢɯ 
ɢɧɢɰɢɚɬɢɜ, ɝ.Ɇɨɫɤɜɚ 

ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɵ «100ɝɨɪɨɞɨɜ» ɨɛɭɱɟɧɢɟ ɤɨɦɚɧɞɵ ɩɪɨɟɤɬɚ, ɷɤɫɩɟɪɬɢɡɚ 
ɩɪɨɟɤɬɚ, ɩɨɦɨɳɶ ɜ ɩɨɢɫɤɟ ɢɧɜɟɫɬɨɪɨɜ, 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ 
ɩɪɨɟɤɬɚ 

ɇɚɰɢɨɧɚɥɶɧɚɹ ɩɚɥɚɬɚ 
ɢɧɠɟɧɟɪɨɜ, ɝ. Ɇɨɫɤɜɚ 

ɥɢɱɧɨɟ ɭɱɚɫɬɢɟ ɨɬɞɟɥɶɧɵɯ ɷɤɫɩɟɪɬɨɜ, 
ɜɵɯɨɞɰɟɜ ɢɡ ɝ.ȼɨɥɝɨɞɨɧɫɤɚ, ɷɦɨɰɢɨɧɚɥɶɧɚɹ 
ɫɜɹɡɶ ɫ ɝɨɪɨɞɨɦ 

ɷɤɫɩɟɪɬɢɡɚ ɩɪɨɟɤɬɚ, ɤɨɧɫɭɥɶɬɚɬɢɜɧɚɹ 
ɩɨɦɨɳɶ 

ɉɨɥɶɡɨɜɚɬɟɥɢ (ɦɟɫɬɧɵɟ ɠɢɬɟɥɢ, ɪɚɡɥɢɱɧɵɟ ɫɨɰɢɚɥɶɧɵɟ ɝɪɭɩɩɵ, ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ, ɨɛɴɟɤɬɨɜ 
ɫɨɰɢɚɥɶɧɨɣ ɢ ɤɭɥɶɬɭɪɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɜɛɥɢɡɢ ɦɟɫɬɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

Ƚɨɪɨɞɫɤɢɟ 
ɫɨɨɛɳɟɫɬɜɚ  

ɨɳɭɳɟɧɢɟ ɫɨɩɪɢɱɚɫɬɧɨɫɬɢ ɤ ɪɚɡɪɚɛɨɬɤɟ 
ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ ɩɪɨɟɤɬɨɜ ɢ 
ɦɟɪɨɩɪɢɹɬɢɣ ɝɨɪɨɞɚ, ɩɚɬɪɢɨɬɢɡɦ, ɝɨɪɞɨɫɬɶ 
ɨɬ ɜɨɜɥɟɱɟɧɧɨɫɬɢ 

ɭɱɚɫɬɢɟ ɜ ɨɛɳɟɫɬɜɟɧɧɵɯ ɫɥɭɲɚɧɢɹɯ, 
ɩɨɞɞɟɪɠɤɚ, ɜɨɥɨɧɬɟɪɫɬɜɨ 

Ɇɨɥɨɞɟɠɶ ɢ 
ɫɬɭɞɟɧɬɵ 

ɩɨɥɭɱɟɧɢɟ ɧɨɜɨɝɨ, ɢɧɬɟɪɟɫɧɨɝɨ ɦɟɫɬɚ ɞɥɹ 
ɨɪɝɚɧɢɡɚɰɢɢ ɜɫɬɪɟɱ, ɞɨɫɭɝɚ, ɨɬɞɵɯɚ, 
ɤɭɥɶɬɭɪɧɨ-ɬɜɨɪɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɫɨɰɫɟɬɹɯ, ɩɪɨɞɜɢɠɟɧɢɟ 
ɩɪɨɟɤɬɚ ɫ ɢɧɬɟɪɧɟɬ-ɫɨɨɛɳɟɫɬɜɚɯ, 
ɭɱɚɫɬɢɟ ɜ ɨɛɳɟɫɬɜɟɧɧɵɯ ɫɥɭɲɚɧɢɹɯ, 
ɩɨɞɞɟɪɠɤɚ, ɜɨɥɨɧɬɟɪɫɬɜɨ 

  

ȼɨɜɥɟɱɟɧɢɟ ɭɤɚɡɚɧɧɵɯ ɝɪɭɩɩ ɫɬɟɣɤɯɨɥɞɟɪɨɜ ɜ ɪɚɡɪɚɛɨɬɤɭ ɢ ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɟɤɬɚ 
ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɧɟ ɩɪɨɫɬɨ ɢɧɢɰɢɚɬɢɜɭ, ɧɨ ɢ ɪɟɚɥɶɧɵɟ ɞɟɣɫɬɜɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɤɚɱɟɫɬɜɚ ɩɪɨɜɟɞɟɧɢɹ ɜɪɟɦɟɧɢ ɜ ɝɨɪɨɞɟ, ɫɩɨɫɨɛɧɨɝɨ ɪɟɲɢɬɶ 
ɩɪɨɛɥɟɦɵ ɢ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɩɨɬɪɟɛɧɨɫɬɢ ɝɨɪɨɠɚɧ. Ɂɚɩɭɫɤ ɩɪɨɰɟɞɭɪɵ ɬɚɤɬɢɱɟɫɤɨɝɨ 
ɭɪɛɚɧɢɡɦɚ ɛɭɞɟɬ ɨɪɢɟɧɬɢɪɨɜɚɧɨ ɧɚ ɛɵɫɬɪɨɟ ɢ ɤɚɱɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɝɨɪɨɞɫɤɨɣ ɫɪɟɞɵ 
ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ, ɧɟ ɫɜɹɡɚɧɧɵɦɢ ɫ ɤɚɩɢɬɚɥɶɧɵɦ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ, ɧɨ 
ɩɨɡɜɨɥɹɸɳɟɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɨɡɞɚɬɶ ɚɬɦɨɫɮɟɪɭ ɩɚɪɬɧɟɪɫɬɜɚ ɢ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ 
ɦɟɫɬɧɨɣ ɜɥɚɫɬɢ, ɧɚɫɟɥɟɧɢɹ ɢ ɛɢɡɧɟɫɚ ɜ ɤɨɧɤɪɟɬɧɨɦ ɦɭɧɢɰɢɩɚɥɶɧɨɦ ɨɛɪɚɡɨɜɚɧɢɢ [17-

18Ж. ɗɬɨ ɫɨɡɞɚɫɬ ɩɪɟɞɩɨɫɵɥɤɢ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɟɪɪɢɬɨɪɢɢ 
ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɜɵɫɢɬ ɭɪɨɜɟɧɶ 
ɞɨɜɟɪɢɹ ɧɚɫɟɥɟɧɢɹ ɤ ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɨɛɴɟɤɬɚɦ, ɥɹɠɟɬ ɜ 
ɨɫɧɨɜɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.  
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Abstract – The article discusses some problems of providing the socio-economic security of the 

territories where nuclear facilities are located using the example of Volgodonsk, their dynamics 

are presented. The authors present the starting results of the project work of the initiative 

community of the city focused on the improvement of the territory. The importance of adhering to 

the principles of marketing, collaborative design, and tactical urbanism in the development of 

territorial development strategies is noted. Target and motivational guidelines for all groups of 

stakeholders are defined. The tasks and main directions of complicity in the project are set. The 

role of the key partner and project expert, the Agency for Strategic Initiatives, is outlined. 

 

Keywords: nuclear energy facilities, nuclear power plants, social and economic security, territory, 
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ɋɮɟɪɚ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ – ɜɚɠɧɵɣ ɨɛɴɟɤɬ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɩɨɥɢɬɢɤɢ. ɉɪɢ ɭɩɪɚɜɥɟɧɢɢ ɟɸ ɜɵɞɟɥɹɸɬɫɹ ɫɬɪɚɬɟɝɢɱɟɫɤɢɣ ɢ ɬɚɤɬɢɱɟɫɤɢɣ ɭɪɨɜɧɢ, ɤɚɠɞɵɣ 
ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɫɜɨɟ ɢɧɫɬɢɬɭɰɢɨɧɚɥɶɧɨɟ ɡɚɤɪɟɩɥɟɧɢɟ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɦɨɝɭɬ ɛɵɬɶ 
ɜɵɞɟɥɟɧɵ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɹɞɟɪɧɚɹ ɢ 
ɪɚɞɢɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. ȼ ɫɬɚɬɶɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɬɟɤɫɬɵ ɋɬɪɚɬɟɝɢɢ ɧɚɰɢɨɧɚɥɶɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢ Ɉɫɧɨɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ 
ɨɛɟɫɩɟɱɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɫ ɩɨɡɢɰɢɣ 
ɚɧɚɥɢɡɚ ɩɨɬɟɧɰɢɚɥɚ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɷɬɢɯ ɞɨɤɭɦɟɧɬɨɜ. 

Ɉɬɦɟɱɟɧɚ ɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ ɢ ɧɟɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɯ ɬɟɤɫɬɨɜ, ɨɬɫɭɬɫɬɜɢɟ ɤɨɦɩɥɟɤɫɧɨɫɬɢ 
ɤ ɪɟɝɥɚɦɟɧɬɚɰɢɢ ɢɧɫɬɢɬɭɰɢɨɧɚɥɶɧɵɯ ɪɚɦɨɤ ɪɟɚɥɢɡɚɰɢɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɜ ɫɮɟɪɟ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɍɚɤɠɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɠɞɭ ɷɬɢɦɢ ɜɚɠɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ 
ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɬɫɭɬɫɬɜɭɟɬ ɤɚɤɚɹ-ɥɢɛɨ ɜɡɚɢɦɨɫɜɹɡɶ. ɉɪɨɜɟɞɟɧɧɨɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɡɜɨɥɢɥɨ ɚɜɬɨɪɚɦ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɬɪɚɬɟɝɢɱɟɫɤɢɟ ɞɨɤɭɦɟɧɬɵ ɜ ɫɮɟɪɟ ɱɬɨ 
ɫɮɟɪɟ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɬɪɟɛɭɸɬ ɟɝɨ 
ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ. 
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ȼɜɟɞɟɧɢɟ 

ȼ ɫɢɫɬɟɦɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɤɚɤ ɢ ɜ ɫɢɫɬɟɦɟ ɦɟɧɟɞɠɦɟɧɬɚ 
ɨɪɝɚɧɢɡɚɰɢɣ, ɩɪɢɧɹɬɨ ɜɵɞɟɥɹɬɶ ɫɬɪɚɬɟɝɢɱɟɫɤɢɣ ɢ ɬɚɤɬɢɱɟɫɤɢɣ ɭɪɨɜɧɢ Д1-5 ɢ ɞɪ.Ж. ɉɪɢ 
ɷɬɨɦ, ɫɬɪɚɬɟɝɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɹɜɥɹɟɬɫɹ, ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɦ, ɬ.ɤ. 
ɢɦɟɧɧɨ ɨɧ ɡɚɞɚɟɬ ɪɚɦɤɢ ɢ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɧɚ ɭɪɨɜɧɟ ɬɚɤɬɢɱɟɫɤɨɦ. ȿɫɥɢ 
ɨɲɢɛɤɢ ɬɚɤɬɢɱɟɫɤɢɟ ɞɨɫɬɚɬɨɱɧɨ ɥɟɝɤɨ ɭɫɬɪɚɧɢɦɵ, ɬɨ ɨɲɢɛɤɢ ɫɬɪɚɬɟɝɢɱɟɫɤɢɟ ɞɥɹ 
ɨɪɝɚɧɢɡɚɰɢɣ ɦɨɝɭɬ ɢɦɟɬɶ ɮɚɬɚɥɶɧɵɟ ɩɨɫɥɟɞɫɬɜɢɹ, ɚ ɛɨɥɟɟ ɤɪɭɩɧɵɟ ɢɧɫɬɢɬɭɰɢɨɧɚɥɶɧɵɟ 
ɨɛɪɚɡɨɜɚɧɢɹ – ɝɨɫɭɞɚɪɫɬɜɚ ɢ ɪɟɝɢɨɧɵ – ɩɪɢɜɨɞɢɬɶ ɤ ɤɪɢɡɢɫɭ Д6, 7 ɢ ɞɪ.Ж, ɜɵɯɨɞ ɢɡ 
ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶ ɫɭɳɟɫɬɜɟɧɧɵɯ ɪɟɫɭɪɫɧɵɯ ɡɚɬɪɚɬ.  

ȼ ɷɬɨɣ ɫɜɹɡɢ, ɫɬɪɚɬɟɝɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɜ ɪɟɚɥɢɡɚɰɢɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ 
ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ, ɛɨɥɟɟ ɜɚɠɧɵɦ. ɗɬɨ ɬɪɟɛɭɟɬ ɟɝɨ ɱɟɬɤɨɝɨ ɢɧɫɬɢɬɭɰɢɨɧɚɥɶɧɨɝɨ 
ɡɚɤɪɟɩɥɟɧɢɹ ɜ ɞɨɤɭɦɟɧɬɚɯ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɫɬɪɚɬɟɝɢɹɯ, ɤɨɧɰɟɩɰɢɹɯ, 
ɩɪɨɝɪɚɦɦɚɯ, ɞɨɤɬɪɢɧɚɯ ɢ ɬ.ɩ.). ȼɚɠɧɨɟ ɬɪɟɛɨɜɚɧɢɟ ɤ ɷɬɢɦ ɞɨɤɭɦɟɧɬɚɦ – ɢɯ ɥɨɝɢɱɧɨɫɬɶ 
ɢ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ. ɇɟɫɦɨɬɪɹ ɧɚ ɤɚɠɭɳɭɸɫɹ ɨɱɟɜɢɞɧɨɫɬɶ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ, ɧɚ 
ɩɪɚɤɬɢɤɟ, ɤ ɫɨɠɚɥɟɧɢɸ, ɨɧɢ ɧɟ ɜɫɟɝɞɚ ɫɨɛɥɸɞɚɸɬɫɹ. 
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Ⱥɧɚɥɢɡ ɫɬɪɚɬɟɝɢɱɟɫɤɨɣ ɤɨɦɩɨɧɟɧɬɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɢ 

Ʉɥɸɱɟɜɵɦ ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɞɨɤɭɦɟɧɬɨɦ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɦ ɩɪɨɰɟɫɫɵ 
ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɢ, ɹɜɥɹɟɬɫɹ ɋɬɪɚɬɟɝɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɤɨɬɨɪɚɹ ɜɜɟɞɟɧɚ ɜ ɞɟɣɫɬɜɢɟ ɍɤɚɡɨɦ ɉɪɟɡɢɞɟɧɬɚ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ γ1.1β.β015 ɝ. № 68γ. Ȼɟɡɭɫɥɨɜɧɨ, ɭɤɚɡɚɧɧɚɹ ɋɬɪɚɬɟɝɢɹ – 

ɪɚɦɨɱɧɵɣ ɞɨɤɭɦɟɧɬ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɟ ɞɨɫɬɚɬɨɱɧɨ ɨɛɳɢɦ ɯɚɪɚɤɬɟɪɨɦ, ɚ ɬɚɤɠɟ ɬɟɦ, 
ɱɬɨ ɩɪɟɞɦɟɬɧɨɟ ɩɨɥɟ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɲɢɪɨɤɢɦ, ɨɧɨ 
ɨɯɜɚɬɵɜɚɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɜɨɩɪɨɫɨɜ ɢ ɧɚɩɪɚɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ, ɜ ɪɚɦɤɚɯ 
ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɥɨɝɢɤɢ ɨɪɝɚɧɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ «ɫɬɪɚɬɟɝɢɹ → ɬɚɤɬɢɤɚ», ɜ ɞɚɥɶɧɟɣɲɟɦ 
ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɫɤɪɵɬɵ ɢ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɞɨɤɭɦɟɧɬɚɯ ɢ ɪɟɲɟɧɢɹɯ 
ɬɚɤɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ.  

ɋɨɝɥɚɫɧɨ ɬɟɤɫɬɭ ɋɬɪɚɬɟɝɢɢ, ɧɚɰɢɨɧɚɥɶɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɫɬɪɚɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
«ɫɨɫɬɨɹɧɢɟ ɡɚɳɢɳɟɧɧɨɫɬɢ ɥɢɱɧɨɫɬɢ, ɨɛɳɟɫɬɜɚ ɢ ɝɨɫɭɞɚɪɫɬɜɚ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɢ ɜɧɟɲɧɢɯ 
ɭɝɪɨɡ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɤɨɧɫɬɢɬɭɰɢɨɧɧɵɯ ɩɪɚɜ ɢ ɫɜɨɛɨɞ 
ɝɪɚɠɞɚɧ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ…, ɞɨɫɬɨɣɧɵɟ ɤɚɱɟɫɬɜɨ ɢ ɭɪɨɜɟɧɶ ɢɯ ɠɢɡɧɢ, 
ɫɭɜɟɪɟɧɢɬɟɬ, ɧɟɡɚɜɢɫɢɦɨɫɬɶ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɢ ɬɟɪɪɢɬɨɪɢɚɥɶɧɚɹ ɰɟɥɨɫɬɧɨɫɬɶ, 
ɭɫɬɨɣɱɢɜɨɟ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. ɇɚɰɢɨɧɚɥɶɧɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɛɨɪɨɧɭ ɫɬɪɚɧɵ ɢ ɜɫɟ ɜɢɞɵ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ Ʉɨɧɫɬɢɬɭɰɢɟɣ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɭɸ, ɨɛɳɟɫɬɜɟɧɧɭɸ, 
ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ, ɷɤɨɥɨɝɢɱɟɫɤɭɸ, ɷɤɨɧɨɦɢɱɟɫɤɭɸ, ɬɪɚɧɫɩɨɪɬɧɭɸ, ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɥɢɱɧɨɫɬɢ».  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɣ ɰɢɬɚɬɵ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 
ɋɬɪɚɬɟɝɢɹ ɨɩɪɟɞɟɥɹɟɬ λ ɜɢɞɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ (ɯɨɬɹ ɫɞɟɥɚɧɧɚɹ ɜ ɬɟɤɫɬɟ ɞɨɤɭɦɟɧɬɚ 
ɨɝɨɜɨɪɤɚ «ɩɪɟɠɞɟ ɜɫɟɝɨ», ɩɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɩɨɡɜɨɥɹɟɬ ɬɪɚɤɬɨɜɚɬɶ ɷɬɨɬ ɫɩɢɫɨɤ 
ɪɚɫɲɢɪɢɬɟɥɶɧɨ)μ 
 ɜɨɟɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ (ɜ ɞɨɤɭɦɟɧɬɟ ɭɤɚɡɚɧɚ «ɨɛɨɪɨɧɚ ɫɬɪɚɧɵ»); 
 ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
 ɨɛɳɟɫɬɜɟɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
 ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
 ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
 ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
 ɬɪɚɧɫɩɨɪɬɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
 ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
 ɛɟɡɨɩɚɫɧɨɫɬɶ ɥɢɱɧɨɫɬɢ. 

Ʉɚɡɚɥɨɫɶ ɛɵ, ɫɩɟɤɬɪ ɜɢɞɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɋɬɪɚɬɟɝɢɢ, ɞɨɜɨɥɶɧɨ 
ɨɛɲɢɪɟɧ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɞɟɹɬɶɫɹ ɧɚ ɤɨɦɩɥɟɤɫɧɵɣ ɨɯɜɚɬ ɪɟɚɥɢɡɭɟɦɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɩɨɥɢɬɢɤɨɣ ɜɫɟɯ ɢɦɟɸɳɢɯɫɹ ɜ ɷɬɨɣ ɫɮɟɪɟ ɩɪɨɛɥɟɦ, ɜɵɡɨɜɨɜ ɢ ɭɝɪɨɡ. ɉɨɩɵɬɚɟɦɫɹ 
ɨɰɟɧɢɬɶμ ɬɚɤ ɥɢ ɷɬɨ ɧɚ ɫɚɦɨɦ ɞɟɥɟ.  

ȼ ɬɟɤɫɬɟ ɋɬɪɚɬɟɝɢɢ ɬɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧɵ ɧɚɩɪɚɜɥɟɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɪɚɡɪɟɡɟ ɧɚɰɢɨɧɚɥɶɧɵɯ ɢɧɬɟɪɟɫɨɜ, ɤɨɬɨɪɵɟ ɧɟ 
ɢɦɟɸɬ ɩɨɥɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɩɪɢɜɟɞɟɧɧɨɦɭ ɜɵɲɟ ɩɟɪɟɱɧɸ (ɧɢɠɟ 
ɩɪɢɜɨɞɹɬɫɹ ɰɢɬɚɬɵ ɢɡ ɬɟɤɫɬɚ ɋɬɪɚɬɟɝɢɢ, ɟɫɥɢ ɢɧɨɟ ɧɟ ɨɛɝɨɜɨɪɟɧɨ ɫɩɟɰɢɚɥɶɧɨ)μ 

1. ȼɨɟɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɋɬɪɚɬɟɝɢɢ ɜ ɹɜɧɨɦ ɜɢɞɟ ɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ, ɜ ɬɟɤɫɬɟ ɞɨɤɭɦɟɧɬɚ ɞɚɧɚ ɨɬɫɵɥɤɚ ɤ ɨɬɪɚɫɥɟɜɨɦɭ ɫɬɪɚɬɟɝɢɱɟɫɤɨɦɭ ɞɨɤɭɦɟɧɬɭ – 

ȼɨɟɧɧɨɣ ɞɨɤɬɪɢɧɟ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɭɬɜ. ɉɪɟɡɢɞɟɧɬɨɦ ɊɎ β5.1β.β014 ɝ. № ɉɪ-

βλ76), ɝɞɟ ɨɧɚ ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ «ɫɨɫɬɨɹɧɢɟ ɡɚɳɢɳɟɧɧɨɫɬɢ ɠɢɡɧɟɧɧɨ ɜɚɠɧɵɯ ɢɧɬɟɪɟɫɨɜ 
ɥɢɱɧɨɫɬɢ, ɨɛɳɟɫɬɜɚ ɢ ɝɨɫɭɞɚɪɫɬɜɚ ɨɬ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ ɜɨɟɧɧɵɯ ɭɝɪɨɡ, ɫɜɹɡɚɧɧɵɯ 
ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɨɟɧɧɨɣ ɫɢɥɵ ɢɥɢ ɭɝɪɨɡɨɣ ɟɟ ɩɪɢɦɟɧɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɟ 
ɨɬɫɭɬɫɬɜɢɟɦ ɜɨɟɧɧɨɣ ɭɝɪɨɡɵ ɥɢɛɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɟɣ ɩɪɨɬɢɜɨɫɬɨɹɬɶ». Ɍɚɤɚɹ ɬɪɚɤɬɨɜɤɚ 



 ɂɇɋɌɂɌɍɐɂɈɇȺɅɖɇɈ-ɋɌɊȺɌȿȽɂɑȿɋɄɂȿ ȺɋɉȿɄɌɕ 121 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɹɜɥɹɟɬɫɹ ɩɪɨɬɢɜɨɪɟɱɢɜɨɣ ɢ ɩɨ ɫɜɨɟɣ ɫɭɬɢ – ɬɚɜɬɨɥɨɝɢɱɧɨɣ, ɬ.ɤ. ɜ ɋɬɪɚɬɟɝɢɢ ɜɨɟɧɧɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɜɯɨɞɹɳɢɟ (ɫɨɝɥɚɫɧɨ Ⱦɨɤɬɪɢɧɟ) ɜ ɧɟɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ, 
ɨɛɳɟɫɬɜɟɧɧɚɹ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɥɢɱɧɨɫɬɢ, ɨɩɪɟɞɟɥɟɧɵ ɤɚɤ ɨɞɧɨɭɪɨɜɧɟɜɵɟ ɤɚɬɟɝɨɪɢɢ. 
ȼɨɡɧɢɤɚɟɬ ɥɨɝɢɱɟɫɤɢɣ ɩɚɪɚɞɨɤɫμ ɜɨɟɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɫɨɝɥɚɫɧɨ 
ɋɬɪɚɬɟɝɢɢ, ɹɜɥɹɟɬɫɹ ɨɞɧɨɭɪɨɜɧɟɜɵɦ ɩɨɧɹɬɢɟɦ ɫ ɛɟɡɨɩɚɫɧɨɫɬɶɸ, ɧɚɩɪɢɦɟɪ, 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɨɝɥɚɫɧɨ ɩɨɥɨɠɟɧɢɹɦ ȼɨɟɧɧɨɣ ɞɨɤɬɪɢɧɵ, ɨɧɚ 
ɩɪɢɡɜɚɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɡɚɳɢɬɭ ɢɧɬɟɪɟɫɨɜ ɝɨɫɭɞɚɪɫɬɜɚ, ɬ.ɟ. ɨɛɟɫɩɟɱɢɜɚɬɶ ɞɨɫɬɢɠɟɧɢɟ 
ɧɟɤɨɝɨ ɡɚɞɚɧɧɨɝɨ ɭɪɨɜɧɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɚɡɧɵɯ 
ɢɟɪɚɪɯɢɱɟɫɤɢɯ ɭɪɨɜɧɹɯ ɷɬɢɯ ɤɚɬɟɝɨɪɢɣ ɜ ɫɢɫɬɟɦɟ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

2. Ƚɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɢ ɨɛɳɟɫɬɜɟɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɷɬɨ – «ɡɚɳɢɬɚ 
ɤɨɧɫɬɢɬɭɰɢɨɧɧɨɝɨ ɫɬɪɨɹ, ɫɭɜɟɪɟɧɢɬɟɬɚ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɢ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɣ 
ɰɟɥɨɫɬɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɨɫɧɨɜɧɵɯ ɩɪɚɜ ɢ ɫɜɨɛɨɞ ɱɟɥɨɜɟɤɚ ɢ ɝɪɚɠɞɚɧɢɧɚ, 
ɫɨɯɪɚɧɟɧɢɟ ɝɪɚɠɞɚɧɫɤɨɝɨ ɦɢɪɚ, ɩɨɥɢɬɢɱɟɫɤɨɣ ɢ ɫɨɰɢɚɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜ ɨɛɳɟɫɬɜɟ, 
ɡɚɳɢɬɚ ɧɚɫɟɥɟɧɢɹ ɢ ɬɟɪɪɢɬɨɪɢɣ ɨɬ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ ɩɪɢɪɨɞɧɨɝɨ ɢ ɬɟɯɧɨɝɟɧɧɨɝɨ 
ɯɚɪɚɤɬɟɪɚ». Ɍɚɤɚɹ ɬɪɚɤɬɨɜɤɚ, ɤɚɤ ɢ ɪɚɧɟɟ ɨɬɦɟɱɟɧɧɚɹ, ɩɪɨɬɢɜɨɪɟɱɢɜɚ, ɬ.ɤ. ɧɟ ɫɨɞɟɪɠɢɬ 
ɧɢɤɚɤɨɝɨ ɪɚɡɝɪɚɧɢɱɟɧɢɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɢ ɨɛɳɟɫɬɜɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɧɢ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɟɞɢɧɨɟ ɰɟɥɨɟ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɧɟɩɨɧɢɦɚɧɢɟ – ɡɚɱɟɦ ɬɨɝɞɚ ɨɧɢ 
ɪɚɡɝɪɚɧɢɱɟɧɵ ɜ ɋɬɪɚɬɟɝɢɢ ɩɪɢ ɩɟɪɟɱɢɫɥɟɧɢɢ ɜɢɞɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɟɫɥɢ ɨɧɢ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɨɬɪɵɜɟ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ɉɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɫɥɟɞɨɜɚɥɨ ɞɚɬɶ ɢɦ ɥɢɛɨ 
ɩɨɥɧɭɸ ɫɨɞɟɪɠɚɬɟɥɶɧɭɸ ɬɪɚɤɬɨɜɤɭ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɥɢɛɨ ɨɛɴɟɞɢɧɢɬɶ ɜ ɨɞɢɧ ɜɢɞ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɧɚɡɜɚɜ ɷɬɭ ɤɚɬɟɝɨɪɢɸ «ɨɛɳɟɫɬɜɟɧɧɨ-ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ» ɢɥɢ ɤɚɤ-ɬɨ ɢɧɚɱɟ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɤɚɤ ɧɚɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ, ɨɛɴɟɞɢɧɟɧɢɟ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɢ ɨɛɳɟɫɬɜɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɨɞɢɧ ɜɢɞ ɧɟ ɜɩɨɥɧɟ ɤɨɪɪɟɤɬɧɨ, ɬ.ɤ. 
ɪɚɡɥɢɱɚɸɬɫɹ ɢɯ ɨɛɴɟɤɬɵ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɨɛɴɟɤɬɨɦ ɜɵɫɬɭɩɚɟɬ ɝɨɫɭɞɚɪɫɬɜɨ, ɜ ɜɢɞɟ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɪɝɚɧɨɜ ɜɥɚɫɬɢ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɢɯ ɜɟɞɟɧɢɢ 
ɨɪɝɚɧɢɡɚɰɢɣ, ɚ ɜɨ ɜɬɨɪɨɦ – ɨɛɳɟɫɬɜɨ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɫɨɰɢɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ (ɫɬɪɚɬɵ, 
ɤɥɚɫɫɵ, ɞɟɦɨɝɪɚɮɢɱɟɫɤɢɟ, ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ, ɷɬɧɢɱɟɫɤɢɟ ɢ ɞɪɭɝɢɟ ɝɪɭɩɩɵ, 
ɨɛɳɟɫɬɜɟɧɧɵɟ ɢɧɫɬɢɬɭɬɵ). 

3. ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɋɬɪɚɬɟɝɢɢ ɜɨɜɫɟ ɧɟ ɜɵɞɟɥɟɧɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɜ 
Ɋɨɫɫɢɢ ɞɟɣɫɬɜɭɟɬ Ⱦɨɤɬɪɢɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 
ɤɨɬɨɪɚɹ ɛɵɥɚ ɭɬɜɟɪɠɞɟɧɚ ɍɤɚɡɨɦ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 5 ɞɟɤɚɛɪɹ β016 
ɝ. № 646. ȼ ɧɟɣ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɫɤɪɵɬɚ ɞɨɫɬɚɬɨɱɧɨ ɞɟɬɚɥɶɧɨ. 
ȼɟɪɨɹɬɧɨ, ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɜɨɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɶɸ (ɫɦ. ɜɵɲɟ) ɫɥɟɞɨɜɚɥɨ ɜ ɋɬɪɚɬɟɝɢɢ ɞɚɬɶ 
ɫɫɵɥɤɭ ɧɚ ɷɬɭ Ⱦɨɤɬɪɢɧɭ, ɱɬɨ ɩɪɢɞɚɥɨ ɛɵ ɋɬɪɚɬɟɝɢɢ ɤɨɧɰɟɩɬɭɚɥɶɧɭɸ ɰɟɥɶɧɨɫɬɶ. ɇɨ 
ɷɬɨɝɨ ɩɨ ɤɚɤɨɣ-ɬɨ ɩɪɢɱɢɧɟ ɧɟ ɫɞɟɥɚɧɨ. Ɇɨɠɧɨ ɛɵɥɨ ɛɵ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ Ⱦɨɤɬɪɢɧɚ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɬɜɟɪɠɞɟɧɚ ɜ β016 ɝɨɞɭ, ɚ ɋɬɪɚɬɟɝɢɹ – ɪɚɧɟɟ, ɜ β015 
ɝɨɞɭ. ɂ ɷɬɢɦ ɨɛɴɹɫɧɢɬɶ ɨɩɢɫɵɜɚɟɦɭɸ ɧɚɦɢ ɧɟɫɬɵɤɨɜɤɭ. ɇɨ ɢ ɷɬɨɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɧɟ 
ɹɜɥɹɟɬɫɹ ɤɨɪɪɟɤɬɧɵɦ, ɬ.ɤ. ɧɚ ɦɨɦɟɧɬ ɭɬɜɟɪɠɞɟɧɢɹ ɋɬɪɚɬɟɝɢɢ ɞɟɣɫɬɜɨɜɚɥɚ ɩɪɟɞɵɞɭɳɚɹ 
ɜɟɪɫɢɹ Ⱦɨɤɬɪɢɧɵ, ɭɬɜɟɪɠɞɟɧɧɚɹ ɉɪɟɡɢɞɟɧɬɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ λ ɫɟɧɬɹɛɪɹ β000 
ɝ. № ɉɪ-1895. 

4. ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɬɟɤɫɬɟ ɋɬɪɚɬɟɝɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɬɟɫɧɨɣ ɫɜɹɡɢ 
ɫ ɪɚɰɢɨɧɚɥɶɧɵɦ ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɟɦ, ɬ.ɟ. ɫ ɨɬɞɟɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɯɨɡɹɣɫɬɜɟɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ. ɗɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ «ɫɨɯɪɚɧɟɧɢɟ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɩɪɢɪɨɞɧɵɯ ɫɢɫɬɟɦ, ɨɛɟɫɩɟɱɟɧɢɟ ɤɚɱɟɫɬɜɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɠɢɡɧɢ 
ɱɟɥɨɜɟɤɚ ɢ ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɡɜɢɬɢɹ ɷɤɨɧɨɦɢɤɢ; ɥɢɤɜɢɞɚɰɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɭɳɟɪɛɚ ɨɬ 
ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɪɚɫɬɚɸɳɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ 
ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɤɥɢɦɚɬɚ». ɋ ɩɨɡɢɰɢɣ ɫɨɜɪɟɦɟɧɧɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɧɚɭɤɢ, ɚ 
ɬɚɤɠɟ ɦɟɠɞɭɧɚɪɨɞɧɨ ɩɪɢɡɧɚɧɧɨɣ Ʉɨɧɰɟɩɰɢɢ ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɡɜɢɬɢɹ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
ɈɈɇ ɤɚɤ ɨɫɧɨɜɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɧɚɰɢɨɧɚɥɶɧɨɣ ɩɨɥɢɬɢɤɢ ɜ ɫɬɪɚɧɚɯ ɦɢɪɚ, ɫɨɜɦɟɫɬɧɨɟ 
ɪɚɫɫɦɨɬɪɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢ ɯɨɡɹɣɫɬɜɟɧɧɵɯ ɜɨɩɪɨɫɨɜ, ɤɨɧɟɱɧɨ, ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɪɚɜɞɚɧɧɵɦ Д8-10 ɢ ɞɪ.Ж. ɉɪɨɛɥɟɦɚɬɢɤɟ ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɡɜɢɬɢɹ ɫɨɰɢɚɥɶɧɨ-
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ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɡɟɥɟɧɨɝɨ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɩɨɫɜɹɳɟɧɨ 
ɦɧɨɠɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɪɢɤɥɚɞɧɵɯ ɪɚɡɪɚɛɨɬɨɤ. ɇɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ 
ɜɨɡɧɢɤɚɟɬ ɧɟɨɩɪɚɜɞɚɧɧɨɟ «ɩɟɪɟɫɟɱɟɧɢɟ» ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɩɪɟɞɦɟɬɧɵɦ 
ɩɨɥɟɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɱɬɨ, ɫ ɩɨɡɢɰɢɣ ɫɭɝɭɛɨ ɤɥɚɫɫɢɮɢɤɚɰɢɨɧɧɵɯ, ɧɟ 
ɜɩɨɥɧɟ ɤɨɪɪɟɤɬɧɨ, ɬ.ɤ. ɫɬɚɜɢɬ ɦɧɨɠɟɫɬɜɨ ɧɨɜɵɯ ɜɨɩɪɨɫɨɜ ɨ ɫɨɨɬɧɨɲɟɧɢɢ ɭɤɚɡɚɧɧɵɯ 
ɤɚɬɟɝɨɪɢɣ, ɚɧɚɥɨɝɢɱɧɨ ɬɨɦɭ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɧɚɦɢ ɜɵɲɟ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ 
ɫɨɨɬɧɨɲɟɧɢɹ ɜɨɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

5. ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. ɗɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɬɟɤɫɬɟ ɋɬɪɚɬɟɝɢɢ, ɧɟɫɦɨɬɪɹ ɧɚ 
ɫɢɫɬɟɦɨɨɛɪɚɡɭɸɳɢɣ ɯɚɪɚɤɬɟɪ ɷɬɨɝɨ ɜɢɞɚ ɛɟɡɨɩɚɫɧɨɫɬɢ Д11-13 ɢ ɞɪ.Ж, ɧɟ ɩɨɥɭɱɢɥɨ, ɧɚ 
ɧɚɲ ɜɡɝɥɹɞ, ɞɨɥɠɧɨɝɨ ɨɬɪɚɠɟɧɢɹ. ȼ ɋɬɪɚɬɟɝɢɢ ɨɩɪɟɞɟɥɟɧɚ ɥɢɲɶ ɧɚɰɢɨɧɚɥɶɧɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ. ɗɬɨ – «ɪɚɡɜɢɬɢɟ ɷɤɨɧɨɦɢɤɢ ɫɬɪɚɧɵ, 
ɨɛɟɫɩɟɱɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɫɨɡɞɚɧɢɟ ɭɫɥɨɜɢɣ ɞɥɹ ɪɚɡɜɢɬɢɹ ɥɢɱɧɨɫɬɢ, 
ɩɟɪɟɯɨɞɚ ɷɤɨɧɨɦɢɤɢ ɧɚ ɧɨɜɵɣ ɭɪɨɜɟɧɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ, ɜɯɨɠɞɟɧɢɹ Ɋɨɫɫɢɢ ɜ 
ɱɢɫɥɨ ɫɬɪɚɧ-ɥɢɞɟɪɨɜ ɩɨ ɨɛɴɟɦɭ ɜɚɥɨɜɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɨɞɭɤɬɚ ɢ ɭɫɩɟɲɧɨɝɨ 
ɩɪɨɬɢɜɨɫɬɨɹɧɢɹ ɜɥɢɹɧɢɸ ɜɧɭɬɪɟɧɧɢɯ ɢ ɜɧɟɲɧɢɯ ɭɝɪɨɡ». Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɷɬɨɣ ɬɪɚɤɬɨɜɤɢ, 
«ɧɚɰɢɨɧɚɥɶɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ», ɧɟ ɹɜɥɹɹɫɶ ɜɢɞɨɦ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ 
ɷɥɟɦɟɧɬɨɜ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɇɟɠɞɭ ɬɟɦ, ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ – ɷɬɨ 
ɫɬɪɭɤɬɭɪɧɵɣ ɷɥɟɦɟɧɬ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɋɚɡɭɦɧɨɝɨ ɨɛɴɹɫɧɟɧɢɹ ɬɚɤɨɣ 
ɩɭɬɚɧɢɰɟ ɚɜɬɨɪɵ ɞɚɬɶ ɧɟ ɫɦɨɝɥɢ. ɂ ɨɩɹɬɶ ɠɟ ɧɟɹɫɧɨ, ɩɨɱɟɦɭ ɧɟɬ ɫɫɵɥɤɢ ɧɚ ɋɬɪɚɬɟɝɢɸ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɜɜɟɞɟɧɚ ɍɤɚɡɨɦ ɉɪɟɡɢɞɟɧɬɚ ɊɎ 
ɨɬ 1γ ɦɚɹ β017 ɝ. № β08; ɧɚ ɦɨɦɟɧɬ ɩɨɞɩɢɫɚɧɢɹ ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɋɬɪɚɬɟɝɢɢ ɞɟɣɫɬɜɨɜɚɥ 
ɍɤɚɡ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ βλ ɚɩɪɟɥɹ 1λλ6 ɝ. № 608 «Ɉ 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɫɬɪɚɬɟɝɢɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 
(Ɉɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɹɯ)»). 

6. Ɍɪɚɧɫɩɨɪɬɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɤɚɤ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ (ɫɦ. ɜɵɲɟ), ɜ ɋɬɪɚɬɟɝɢɢ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ, ɯɨɬɹ ɢ ɡɚɹɜɥɟɧɚ ɤɚɤ ɜɢɞ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ, ɜ 
Ɋɨɫɫɢɢ ɞɟɣɫɬɜɭɟɬ Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɨɬ 0λ.0β.β007 ɝ. № 16-ɎɁ «Ɉ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ» – ɚɤɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɸɪɢɞɢɱɟɫɤɨɣ ɫɢɥɵ, ɱɟɦ ɭɤɚɡ ɩɪɟɡɢɞɟɧɬɚ, ɧɨ ɫɫɵɥɤɢ 
ɧɚ ɧɟɝɨ ɜ ɋɬɪɚɬɟɝɢɢ ɨɬɫɭɬɫɬɜɭɸɬ. ɂɦɟɟɬɫɹ ɜ ɡɚɤɨɧɟ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɤɚɬɟɝɨɪɢɢ, ɧɚɞɨ ɨɬɦɟɬɢɬɶ – ɞɨɜɨɥɶɧɨ ɨɛɳɟɟμ «Ɍɪɚɧɫɩɨɪɬɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ – ɫɨɫɬɨɹɧɢɟ 
ɡɚɳɢɳɟɧɧɨɫɬɢ ɨɛɴɟɤɬɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɨɬ 
ɚɤɬɨɜ ɧɟɡɚɤɨɧɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ». Ɍɨ ɟɫɬɶ, ɜ ɡɚɤɨɧɟ ɬɪɚɧɫɩɨɪɬɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɚ ɬɚɤɬɢɱɟɫɤɨɦ, ɨɛɴɟɤɬɨɜɨɦ ɭɪɨɜɧɟ. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɜ 
ɢɧɫɬɢɬɭɰɢɨɧɚɥɶɧɨɦ ɩɨɥɟ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ 
ɬɪɚɧɫɩɨɪɬɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜɨɨɛɳɟ ɧɟ ɢɦɟɟɬ ɧɢɤɚɤɨɣ ɬɪɚɤɬɨɜɤɢ. 

7. ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɬɚɤɠɟ ɧɟ ɢɦɟɟɬ ɨɩɢɫɚɧɢɹ ɜ ɬɟɤɫɬɟ ɋɬɪɚɬɟɝɢɢ. ȿɣ 
ɩɨɫɜɹɳɚɟɬɫɹ ɨɬɞɟɥɶɧɵɣ ɞɨɤɭɦɟɧɬμ ɍɤɚɡ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɨɬ 1γ.05.β01λ ɝ. № β16 «Ɉɛ 
ɭɬɜɟɪɠɞɟɧɢɢ Ⱦɨɤɬɪɢɧɵ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» (ɧɚ 
ɦɨɦɟɧɬ ɩɨɞɩɢɫɚɧɢɹ ɋɬɪɚɬɟɝɢɢ ɞɟɣɫɬɜɨɜɚɥɚ ɟɝɨ ɩɪɟɞɵɞɭɳɚɹ ɜɟɪɫɢɹ – Ⱦɨɤɬɪɢɧɚ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɭɬɜɟɪɠɞɟɧɧɚɹ ɉɪɟɡɢɞɟɧɬɨɦ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ βλ ɧɨɹɛɪɹ β01β ɝ. ɉɪ-γ167). ɇɨ ɧɢ ɪɚɫɲɢɮɪɨɜɤɢ ɞɚɧɧɨɣ 
ɤɚɬɟɝɨɪɢɢ (ɜ Ⱦɨɤɬɪɢɧɟ ɞɚɧɨ ɨɩɪɟɞɟɥɟɧɢɟμ «ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ – ɫɨɫɬɨɹɧɢɟ 
ɡɚɳɢɳɟɧɧɨɫɬɢ ɷɤɨɧɨɦɢɤɢ ɢ ɧɚɫɟɥɟɧɢɹ ɫɬɪɚɧɵ ɨɬ ɭɝɪɨɡ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ 
ɫɮɟɪɟ ɷɧɟɪɝɟɬɢɤɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ 
ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɨɩɥɢɜɨ- ɢ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɸ 
ɩɨɬɪɟɛɢɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɟɧɢɟ ɷɤɫɩɨɪɬɧɵɯ ɤɨɧɬɪɚɤɬɨɜ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ 
ɨɛɹɡɚɬɟɥɶɫɬɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ»), ɧɢ ɫɫɵɥɨɤ ɧɚ Ⱦɨɤɬɪɢɧɭ ɜ ɋɬɪɚɬɟɝɢɢ ɩɨɱɟɦɭ-ɬɨ 
ɧɟɬ. Ɍɨ ɟɫɬɶ ɩɨɜɬɨɪɹɟɬɫɹ ɫɢɬɭɚɰɢɹ, ɧɟɨɞɧɨɤɪɚɬɧɨ ɪɚɫɫɦɨɬɪɟɧɧɚɹ ɧɚɦɢ ɜɵɲɟ. 
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8. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɥɢɱɧɨɫɬɢ. ɗɬɚ ɤɚɬɟɝɨɪɢɹ ɬɚɤɠɟ ɜ ɋɬɪɚɬɟɝɢɢ ɧɟ ɢɦɟɟɬ ɜɧɹɬɧɨɣ 
ɬɪɚɤɬɨɜɤɢ ɢ ɨɛɴɹɫɧɟɧɢɹ. ɉɪɢ ɷɬɨɦ, ɜɜɨɞɢɬɫɹ ɪɹɞ ɞɪɭɝɢɯ ɤɚɬɟɝɨɪɢɣ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɤ 
ɧɟɣ, ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɞɨɜɨɥɶɧɨ-ɬɚɤɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɨɬɧɨɲɟɧɢɟμ 
 ɧɚɰɢɨɧɚɥɶɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɤɚɱɟɫɬɜɚ ɠɢɡɧɢ, ɤɨɬɨɪɚɹ ɩɨɧɢɦɚɟɬɫɹ ɤɚɤ 

«ɪɚɡɜɢɬɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɵɯ, ɫɨɰɢɚɥɶɧɵɯ ɢ 
ɞɭɯɨɜɧɵɯ ɩɨɬɪɟɛɧɨɫɬɟɣ ɝɪɚɠɞɚɧ, ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɫɨɰɢɚɥɶɧɨɝɨ ɢ ɢɦɭɳɟɫɬɜɟɧɧɨɝɨ 
ɧɟɪɚɜɟɧɫɬɜɚ ɧɚɫɟɥɟɧɢɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɡɚ ɫɱɟɬ ɪɨɫɬɚ ɟɝɨ ɞɨɯɨɞɨɜ»; 
 ɧɚɰɢɨɧɚɥɶɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɤɭɥɶɬɭɪɵ. ɗɬɨ – «ɫɨɯɪɚɧɟɧɢɟ ɢ 

ɩɪɢɭɦɧɨɠɟɧɢɟ ɬɪɚɞɢɰɢɨɧɧɵɯ ɪɨɫɫɢɣɫɤɢɯ ɞɭɯɨɜɧɨ-ɧɪɚɜɫɬɜɟɧɧɵɯ ɰɟɧɧɨɫɬɟɣ ɤɚɤ 
ɨɫɧɨɜɵ ɪɨɫɫɢɣɫɤɨɝɨ ɨɛɳɟɫɬɜɚ, ɜɨɫɩɢɬɚɧɢɟ ɞɟɬɟɣ ɢ ɦɨɥɨɞɟɠɢ ɜ ɞɭɯɟ 
ɝɪɚɠɞɚɧɫɬɜɟɧɧɨɫɬɢ; ɫɨɯɪɚɧɟɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɨɛɳɟɪɨɫɫɢɣɫɤɨɣ ɢɞɟɧɬɢɱɧɨɫɬɢ ɧɚɪɨɞɨɜ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɟɞɢɧɨɝɨ ɤɭɥɶɬɭɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɬɪɚɧɵ; ɩɨɜɵɲɟɧɢɟ ɪɨɥɢ 
Ɋɨɫɫɢɢ ɜ ɦɢɪɨɜɨɦ ɝɭɦɚɧɢɬɚɪɧɨɦ ɢ ɤɭɥɶɬɭɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ»; 
 ɧɚɰɢɨɧɚɥɶɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɧɚɭɤɢ, ɬɟɯɧɨɥɨɝɢɣ ɢ ɨɛɪɚɡɨɜɚɧɢɹ. Ɉɧɚ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ «ɪɚɡɜɢɬɢɟ ɫɢɫɬɟɦɵ ɧɚɭɱɧɵɯ, ɩɪɨɟɤɬɧɵɯ ɢ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɪɝɚɧɢɡɚɰɢɣ, ɫɩɨɫɨɛɧɨɣ ɨɛɟɫɩɟɱɢɬɶ ɦɨɞɟɪɧɢɡɚɰɢɸ ɧɚɰɢɨɧɚɥɶɧɨɣ ɷɤɨɧɨɦɢɤɢ, 
ɪɟɚɥɢɡɚɰɢɸ ɤɨɧɤɭɪɟɧɬɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɨɛɨɪɨɧɭ ɫɬɪɚɧɵ, 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɭɸ ɢ ɨɛɳɟɫɬɜɟɧɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɟɥɨɜ ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ; ɩɨɜɵɲɟɧɢɟ ɫɨɰɢɚɥɶɧɨɣ ɦɨɛɢɥɶɧɨɫɬɢ, ɤɚɱɟɫɬɜɚ 
ɨɛɳɟɝɨ, ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ, ɟɝɨ ɞɨɫɬɭɩɧɨɫɬɢ ɞɥɹ ɜɫɟɯ 
ɤɚɬɟɝɨɪɢɣ ɝɪɚɠɞɚɧ, ɚ ɬɚɤɠɟ ɪɚɡɜɢɬɢɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ»; 
 ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɪɢɟɧɬɢɪɨɜɚɧɨ ɧɚμ «ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

ɠɢɡɧɢ, ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɢɧɜɚɥɢɞɧɨɫɬɢ ɢ ɫɦɟɪɬɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ, ɭɜɟɥɢɱɟɧɢɟ 
ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ; ɩɨɜɵɲɟɧɢɟ ɞɨɫɬɭɩɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ; 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ, ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ; ɫɨɛɥɸɞɟɧɢɟ ɩɪɚɜ ɝɪɚɠɞɚɧ ɜ ɫɮɟɪɟ ɨɯɪɚɧɵ 
ɡɞɨɪɨɜɶɹ ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɫɜɹɡɚɧɧɵɯ ɫ ɷɬɢɦɢ ɩɪɚɜɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɝɚɪɚɧɬɢɣ». 

Ʉɪɨɦɟ ɬɨɝɨ, ɜɵɞɟɥɟɧɚ ɬɚɤɚɹ ɨɛɥɚɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɚɤ 
ɫɬɪɚɬɟɝɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɪɚɜɧɨɩɪɚɜɧɨɟ ɫɬɪɚɬɟɝɢɱɟɫɤɨɟ ɩɚɪɬɧɟɪɫɬɜɨ. Ɉɧɚ 
ɩɨɞɪɚɡɭɦɟɜɚɟɬ «ɫɨɡɞɚɧɢɟ ɫɬɚɛɢɥɶɧɨɣ ɢ ɭɫɬɨɣɱɢɜɨɣ ɫɢɫɬɟɦɵ ɦɟɠɞɭɧɚɪɨɞɧɵɯ 
ɨɬɧɨɲɟɧɢɣ, ɨɩɢɪɚɸɳɟɣɫɹ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɨɟ ɩɪɚɜɨ ɢ ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɩɪɢɧɰɢɩɚɯ 
ɪɚɜɧɨɩɪɚɜɢɹ, ɜɡɚɢɦɧɨɝɨ ɭɜɚɠɟɧɢɹ, ɧɟɜɦɟɲɚɬɟɥɶɫɬɜɚ ɜɨ ɜɧɭɬɪɟɧɧɢɟ ɞɟɥɚ ɝɨɫɭɞɚɪɫɬɜ, 
ɜɡɚɢɦɨɜɵɝɨɞɧɨɝɨ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ, ɩɨɥɢɬɢɱɟɫɤɨɝɨ ɭɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɥɨɛɚɥɶɧɵɯ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɯ ɤɪɢɡɢɫɧɵɯ ɫɢɬɭɚɰɢɣ». Ʉɚɤ ɷɬɚ ɨɛɥɚɫɬɶ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɜɢɞɚɦɢ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɟɩɨɧɹɬɧɨ, ɢɡ ɬɟɤɫɬɚ ɋɬɪɚɬɟɝɢɢ ɨɬɜɟɬɚ ɧɚ ɞɚɧɧɵɣ ɜɨɩɪɨɫ 
ɧɟ ɜɵɬɟɤɚɟɬ. 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɪɚɡɞɟɥɨɜ 
«ɋɬɪɚɬɟɝɢɢ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» ɧɢ ɩɨ ɫɨɫɬɚɜɭ, ɧɢ ɩɨ 
ɫɨɞɟɪɠɚɧɢɸ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɟɱɧɸ ɜɢɞɨɜ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜ ɧɚɱɚɥɟ ɷɬɨɝɨ ɞɨɤɭɦɟɧɬɚ. Ɍ.ɟ. ɛɥɨɤɢ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɪɟɝɥɚɦɟɧɬɢɪɭɟɦɵɟ ɋɬɪɚɬɟɝɢɟɣ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɟɣ ɧɚɰɢɨɧɚɥɶɧɵɦ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɢɧɬɟɪɟɫɚɦ, ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɢɞɚɦ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɜɵɞɟɥɹɟɦɵɦ ɜ ɷɬɨɦ ɞɨɤɭɦɟɧɬɟ, ɚ ɫɚɦ ɫɨɫɬɚɜ ɷɬɢɯ ɛɥɨɤɨɜ «ɨɫɬɚɥɫɹ ɜɵɧɟɫɟɧ ɡɚ ɫɤɨɛɤɢ», 
ɨɧ ɧɢɝɞɟ ɧɟ ɨɩɢɫɵɜɚɟɬɫɹ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɩɨɥɧɨɬɨɣ (ɩɨɞɨɛɧɵɟ ɜɵɜɨɞɵ ɞɟɥɚɸɬ ɢ ɞɪɭɝɢɟ 
ɫɩɟɰɢɚɥɢɫɬɵ Д14Ж).  

ɍɤɚɡɚɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɞɚɧɧɨɝɨ ɞɨɤɭɦɟɧɬɚ, ɤ ɫɨɠɚɥɟɧɢɸ, ɩɪɢɜɨɞɹɬ ɤ ɟɝɨ 
ɩɭɬɚɧɧɨɫɬɢ ɢ ɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɢ, ɩɪɟɜɪɚɳɚɸɬ ɟɝɨ ɧɟ ɜ ɫɬɪɚɬɟɝɢɸ, ɤɚɤ ɝɟɧɟɪɚɥɶɧɭɸ 
ɩɪɨɝɪɚɦɦɭ ɩɪɚɤɬɢɱɟɫɤɢɯ ɞɟɣɫɬɜɢɣ, ɚ ɜ ɫɬɪɚɬɟɝɢɸ, ɤɚɤ ɩɭɛɥɢɱɧɨɟ ɡɚɹɜɥɟɧɢɟ ɫ 
ɞɟɤɥɚɪɚɰɢɟɣ ɧɚɦɟɪɟɧɢɣ. ɂɡ-ɡɚ ɷɬɨɝɨ ɫɥɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɩɪɢ ɩɨɦɨɳɢ ɤɚɤɢɯ 
ɢɧɫɬɪɭɦɟɧɬɨɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɪɚɡɥɢɱɧɵɟ 
ɜɢɞɵ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɚɤɢɟ ɤɨɧɤɪɟɬɧɵɟ ɲɚɝɢ ɞɨɥɠɧɵ ɩɪɟɞɩɪɢɧɢɦɚɬɶ 
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ɞɨɥɠɧɨɫɬɧɵɟ ɥɢɰɚ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɢ ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɨɪɝɚɧɨɜ, ɤɚɤ ɨɧɢ ɞɨɥɠɧɵ 
ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ, ɚ ɬɚɤɠɟ ɫ ɛɢɡɧɟɫɨɦ ɢ ɧɚɫɟɥɟɧɢɟɦ Д15Ж ɩɪɢ 
ɨɛɟɫɩɟɱɟɧɢɢ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɢ. 

ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɷɬɨɦɭ ɦɵ ɧɚɯɨɞɢɦ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ, ɜɫɥɟɞɫɬɜɢɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɚɧɞɟɦɢɢ CШЯТН-1λ ɧɚ Ɋɨɫɫɢɣɫɤɭɸ Ɏɟɞɟɪɚɰɢɸ, ɫ ɦɚɪɬɚ β0β0 ɝɨɞɚ 
ɜɥɚɫɬɹɦɢ ɜɫɟɯ ɭɪɨɜɧɟɣ (ɮɟɞɟɪɚɥɶɧɨɝɨ, ɪɟɝɢɨɧɚɥɶɧɨɝɨ, ɦɭɧɢɰɢɩɚɥɶɧɨɝɨ) 
ɩɪɟɞɩɪɢɧɢɦɚɸɬɫɹ ɚɤɬɢɜɧɵɟ ɞɟɣɫɬɜɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɥɢɤɜɢɞɚɰɢɸ ɢ 
ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɟ ɷɬɨɣ ɭɝɪɨɡɟ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɇɨ ɧɢ ɜ ɩɭɛɥɢɱɧɵɯ 
ɡɚɹɜɥɟɧɢɹɯ, ɧɢ ɜ ɧɨɪɦɚɬɢɜɧɵɯ ɢ ɧɟɧɨɪɦɚɬɢɜɧɵɯ ɩɪɚɜɨɜɵɯ ɚɤɬɚɯ, ɩɪɢɧɢɦɚɟɦɵɯ ɜ 
ɪɚɦɤɚɯ ɷɬɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɋɬɪɚɬɟɝɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ ɞɚɠɟ ɧɟ ɭɩɨɦɢɧɚɟɬɫɹ. ɏɨɬɹ, ɤɚɡɚɥɨɫɶ ɛɵ, ɫɬɨɥɶ ɜɚɠɧɵɣ ɞɨɤɭɦɟɧɬ ɞɨɥɠɟɧ 
ɛɵɥ ɫɵɝɪɚɬɶ ɫɢɫɬɟɦɨɨɛɪɚɡɭɸɳɭɸ ɪɨɥɶ ɜ ɫɬɪɭɤɬɭɪɢɡɚɰɢɢ ɢ ɭɩɨɪɹɞɨɱɟɧɢɢ ɞɟɣɫɬɜɢɣ 
ɜɥɚɫɬɟɣ. 

Ⱥɧɚɥɢɡ ɫɬɪɚɬɟɝɢɱɟɫɤɨɣ ɤɨɦɩɨɧɟɧɬɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɨɞɫɢɫɬɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɢ (ɧɚ ɩɪɢɦɟɪɟ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ)  

Ʉɚɤ ɦɵ ɭɤɚɡɵɜɚɥɢ ɜɵɲɟ, ɜ Ɋɨɫɫɢɢ ɩɪɢɧɹɬɨ ɦɧɨɠɟɫɬɜɨ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ 
ɞɨɤɭɦɟɧɬɨɜ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɯ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɛɥɚɫɬɹɯ. Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɧɚ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɦɟɪɚɯ, ɷɬɢ 
ɞɨɤɭɦɟɧɬɵ ɧɟ ɫɨɡɞɚɸɬ ɟɞɢɧɨɝɨ ɢɧɫɬɢɬɭɰɢɨɧɚɥɶɧɨɝɨ ɩɨɥɹ, ɧɨ, ɡɚɱɚɫɬɭɸ, ɡɚɩɭɬɵɜɚɸɬ 
ɫɢɬɭɚɰɢɸ, ɬ.ɤ. ɩɪɨɬɢɜɨɪɟɱɚɬ ɞɪɭɝ ɞɪɭɝɭ, ɞɚɸɬ ɪɚɡɥɢɱɧɵɟ ɬɪɚɤɬɨɜɤɢ ɨɞɢɧɚɤɨɜɵɦ 
ɤɚɬɟɝɨɪɢɹɦ. Ɍɚɤɨɜɚ ɫɢɬɭɚɰɢɹ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɬɪɚɧɵ ɜ 
ɰɟɥɨɦ. 

Ⱦɚɥɟɟ ɢɫɫɥɟɞɭɟɦ ɟɟ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɨɛɥɚɫɬɹɦ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɱɬɨ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ ɧɚ ɩɪɢɦɟɪɟ ɢɡɭɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ 
ɍɤɚɡɚ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 1γ.10.β018 ɝ. № 585 «Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ 
Ɉɫɧɨɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0β5 ɝɨɞɚ ɢ ɞɚɥɶɧɟɣɲɭɸ 
ɩɟɪɫɩɟɤɬɢɜɭ» (ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɫɦɨɬɪɟɧɢɢ – Ɉɫɧɨɜɵ). ɗɬɨɬ ɞɨɤɭɦɟɧɬ ɩɪɢɡɜɚɧ 
ɨɩɪɟɞɟɥɢɬɶ «ɰɟɥɢ, ɡɚɞɚɱɢ, ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɢɧɫɬɪɭɦɟɧɬɵ ɪɟɚɥɢɡɚɰɢɢ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» (ɰɢɬɢɪɭɟɬɫɹ ɩɨ ɬɟɤɫɬɭ Ɉɫɧɨɜ, ɜ ɞɚɥɶɧɟɣɲɟɦ, 
ɟɫɥɢ ɧɟ ɨɝɨɜɨɪɟɧɨ ɫɩɟɰɢɚɥɶɧɨ, ɩɪɢɜɨɞɹɬɫɹ ɰɢɬɚɬɵ ɢɡ ɷɬɨɝɨ ɞɨɤɭɦɟɧɬɚ). 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ «Ɉɫɧɨɜɵ ɹɜɥɹɸɬɫɹ ɞɨɤɭɦɟɧɬɨɦ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ», ɬ.ɟ. ɞɨɥɠɧɵ, ɢɫɯɨɞɹ ɢɡ ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɥɨɝɢɤɢ ɩɨɫɬɪɨɟɧɢɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɨɩɢɪɚɬɶɫɹ ɧɚ ɋɬɪɚɬɟɝɢɸ, ɷɬɨ 
ɧɟ ɬɚɤ. «ɇɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɭɸ ɛɚɡɭ ɧɚɫɬɨɹɳɢɯ Ɉɫɧɨɜ ɫɨɫɬɚɜɥɹɸɬ Ʉɨɧɫɬɢɬɭɰɢɹ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɞɨɝɨɜɨɪɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 
ɮɟɞɟɪɚɥɶɧɵɟ ɡɚɤɨɧɵ ɢ ɢɧɵɟ ɧɨɪɦɚɬɢɜɧɵɟ ɩɪɚɜɨɜɵɟ ɚɤɬɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ 
ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ».  

Ɍɨ ɟɫɬɶ, ɧɚɥɢɰɨ ɥɨɝɢɱɟɫɤɨɟ ɩɪɨɬɢɜɨɪɟɱɢɟμ Ɉɫɧɨɜɵ ɨɬɧɨɫɹɬɫɹ ɤ ɫɮɟɪɟ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɨ ɢɝɧɨɪɢɪɭɸɬ ɬɪɟɛɨɜɚɧɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ ɋɬɪɚɬɟɝɢɢ ɜ 
ɷɬɨɣ ɨɛɥɚɫɬɢ. Ɍɚɤɨɟ ɩɪɨɬɢɜɨɪɟɱɢɟ ɮɨɪɦɚɥɶɧɨ-ɢɧɫɬɢɬɭɰɢɨɧɚɥɶɧɨɝɨ ɩɥɚɧɚ, ɛɟɡɭɫɥɨɜɧɨ, 
ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɩɪɚɤɬɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɮɟɪɟ, ɬ.ɤ. 
ɡɚɬɪɭɞɧɹɟɬ ɪɟɚɥɢɡɚɰɢɸ ɬɚɤɢɯ ɮɭɧɤɰɢɣ ɦɟɧɟɞɠɦɟɧɬɚ, ɤɚɤ ɰɟɥɟɩɨɥɚɝɚɧɢɟ ɢ 
ɤɨɨɪɞɢɧɚɰɢɹ. 

ɉɪɢ ɷɬɨɦ, ɜ ɋɬɪɚɬɟɝɢɢ ɤɚɬɟɝɨɪɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɨɩɪɨɫɬɭ 
ɨɬɫɭɬɫɬɜɭɟɬ. ȿɟ ɤɚɤ ɛɵ ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɧɟɩɨɧɢɦɚɧɢɟ ɢ ɧɟɞɨɭɦɟɧɢɟ ɭ 
ɚɜɬɨɪɨɜ ɞɚɧɧɨɣ ɫɬɚɬɶɢ. ɉɪɨɜɟɞɟɧɧɵɣ ɤɨɧɬɟɧɬ-ɚɧɚɥɢɡ ɬɟɤɫɬɚ ɋɬɪɚɬɟɝɢɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ 
ɧɟɣ ɟɫɬɶ ɭɩɨɦɢɧɚɧɢɹ ɪɢɫɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɹɞɟɪɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ (ɧɚɩɪɢɦɟɪ, ɜ ɩ. 1λ 
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ɭɤɚɡɚɧɨ, ɱɬɨ ɢɦɟɟɬɫɹ «ɪɢɫɤ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɫɬɪɚɧ – ɨɛɥɚɞɚɬɟɥɟɣ ɹɞɟɪɧɨɝɨ ɨɪɭɠɢɹ», ɚ 
ɜ ɩ. 4γ ɫɪɟɞɢ ɭɝɪɨɡ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɢ ɨɛɳɟɫɬɜɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɩɨɦɹɧɭɬɚ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ «ɹɞɟɪɧɨɝɨ ɬɟɪɪɨɪɢɡɦɚ»), ɧɨ ɷɬɢ ɭɩɨɦɢɧɚɧɢɹ ɜɟɫɶɦɚ 
ɤɨɫɜɟɧɧɵɟ (ɜɫɟɝɨ ɢɯ 10) ɢ ɧɟ ɡɚɬɪɚɝɢɜɚɸɬ ɩɪɨɛɥɟɦɚɬɢɤɭ ɫɨɛɫɬɜɟɧɧɨ ɹɞɟɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɍɨ ɠɟ ɤɚɫɚɟɬɫɹ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɤɨɫɜɟɧɧɨɦ ɤɥɸɱɟ ɨɧɚ 
ɭɩɨɦɢɧɚɟɬɫɹ (ɧɟ ɫɚɦɚ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɚ ɧɟɤɨɬɨɪɵɟ ɚɫɩɟɤɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɛɪɚɳɟɧɢɟɦ 
ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ) ɥɢɲɶ γ ɪɚɡɚ (ɧɚɩɪɢɦɟɪ, ɜ ɬɨɦ ɠɟ ɩ. 4γ ɫɪɟɞɢ ɭɝɪɨɡ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɢ ɨɛɳɟɫɬɜɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɦɟɱɚɟɬɫɹ ɪɢɫɤ ɬɨɝɨ, ɱɬɨ ɬɟɪɪɨɪɢɫɬɵ 
«ɡɚɜɥɚɞɟɸɬ ɪɚɞɢɨɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ»). 

Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɫɭɳɧɨɫɬɶ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɥɚɫɬɢ, 
ɜɧɨɜɶ ɨɛɪɚɬɢɜɲɢɫɶ ɤ ɬɟɤɫɬɭ Ɉɫɧɨɜ. «Ƚɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɩɨɥɢɬɢɤɚ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɟɪ ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɰɢɨɧɚɥɶɧɵɯ ɢɧɬɟɪɟɫɨɜ, ɪɟɚɥɢɡɚɰɢɸ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɧɚɰɢɨɧɚɥɶɧɵɯ ɩɪɢɨɪɢɬɟɬɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɡɚɳɢɬɭ ɠɢɡɧɢ ɢ 
ɡɞɨɪɨɜɶɹ ɝɪɚɠɞɚɧ, ɫɨɛɫɬɜɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɚ ɨɯɪɚɧɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ». ɉɪɢɜɟɞɟɧɧɨɟ 
ɨɩɪɟɞɟɥɟɧɢɟ ɹɜɥɹɟɬɫɹ, ɟɫɥɢ ɦɨɠɧɨ ɬɚɤ ɜɵɪɚɡɢɬɶɫɹ, ɤɥɚɫɫɢɱɟɫɤɢɦ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɩɨ 
ɫɨɞɟɪɠɚɧɢɸ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɨɤɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɥɢɬɟɪɚɬɭɪɟ Д16-18 ɢ ɞɪ.Ж, ɝɞɟ ɩɨɞ 
ɩɨɥɢɬɢɤɨɣ ɩɨɧɢɦɚɟɬɫɹ ɫɢɫɬɟɦɚ ɦɟɪ (ɦɟɪɨɩɪɢɹɬɢɣ), ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɞɨɫɬɢɠɟɧɢɟ ɬɨɣ 
ɢɥɢ ɢɧɨɣ ɰɟɥɢ. 

ɋ ɫɭɛɴɟɤɬɨɦ ɷɬɨɣ ɩɨɥɢɬɢɤɢ ɜɫɟ ɹɫɧɨ – ɷɬɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɢ ɦɭɧɢɰɢɩɚɥɶɧɵɟ 
ɜɥɚɫɬɢ, «Ɋɨɫɚɬɨɦ», ɚ ɬɚɤɠɟ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɟ ɝɪɚɠɞɚɧɟ ɢ ɨɪɝɚɧɢɡɚɰɢɢ. Ɉɛɴɟɤɬ, 
ɤɚɡɚɥɨɫɶ ɛɵ, ɱɟɬɤɨ ɨɩɪɟɞɟɥɟɧ ɜ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɣ ɰɢɬɚɬɟ, ɝɞɟ ɟɫɬɶ ɭɤɚɡɚɧɢɟ ɧɚ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɰɢɨɧɚɥɶɧɵɟ ɩɪɢɨɪɢɬɟɬɵ, ɡɚɳɢɬɭ ɝɪɚɠɞɚɧ ɨɬ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ ɢ ɬ.ɞ. 
Ɍɨ ɟɫɬɶ, ɪɟɱɶ ɢɞɟɬ ɨ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɰɟɥɨɦ. ɗɬɨ ɟɫɬɟɫɬɜɟɧɧɨ, ɬ.ɤ. Ɉɫɧɨɜɵ – 

ɞɨɤɭɦɟɧɬ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ.  
Ʉ ɫɨɠɚɥɟɧɢɸ, ɨɧ ɬɨɠɟ ɧɟ ɥɢɲɟɧ ɧɟɞɨɫɬɚɬɤɨɜ ɢ ɩɪɨɬɢɜɨɪɟɱɢɣ. ȼ ɩ. 6 Ɉɫɧɨɜ 

ɭɤɚɡɚɧɨ, ɱɬɨ «ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɹɞɟɪɧɚɹ ɢ ɪɚɞɢɚɰɢɨɧɧɚɹ 

ɛɟɡɨɩɚɫɧɨɫɬɶ» ɨɛɴɟɤɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɬɨɦɧɨɣ ɷɧɟɪɝɢɢ ɜ ɦɢɪɧɵɯ ɢ ɨɛɨɪɨɧɧɵɯ ɰɟɥɹɯ, 
ɨɛɴɟɤɬɨɜ ɹɞɟɪɧɨɝɨ ɧɚɫɥɟɞɢɹ ɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɪɨɞɧɵɯ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ. ɇɨ ɷɬɨ – ɱɚɫɬɧɨɫɬɢ, ɪɟɱɶ, ɩɨ ɫɭɬɢ, ɢɞɟɬ ɨɛ ɨɛɴɟɤɬɚɯ ɧɟ ɦɚɤɪɨ-, ɚ 
ɦɢɤɪɨɭɪɨɜɧɹ, ɭɪɨɜɧɹ ɬɚɤɬɢɱɟɫɤɨɝɨ, ɧɨ ɧɢɤɚɤ ɧɟ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ Ɉɫɧɨɜ, ɤɨɬɨɪɵɟ, ɢɫɯɨɞɹ ɢɡ ɥɨɝɢɤɢ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ, ɞɨɥɠɧɵ ɡɚɞɚɜɚɬɶ ɨɛɳɢɟ «ɩɪɚɜɢɥɚ ɢɝɪɵ», ɢɧɫɬɢɬɭɰɢɨɧɚɥɶɧɵɟ ɪɚɦɤɢ 
ɪɟɚɥɢɡɚɰɢɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɬɪɚɧɵ, ɜɵɯɨɥɚɳɢɜɚɟɬɫɹ. 

ɉɨɞɨɛɧɵɟ ɥɨɝɢɱɟɫɤɢɟ ɧɟɫɬɵɤɨɜɤɢ ɞɨɫɬɚɬɨɱɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ ɬɟɤɫɬɟ Ɉɫɧɨɜ, 
ɱɬɨ ɞɟɥɚɟɬ ɷɬɨɬ ɞɨɤɭɦɟɧɬ, ɤɚɤ ɢ ɪɚɧɟɟ ɪɚɫɫɦɨɬɪɟɧɧɭɸ ɋɬɪɚɬɟɝɢɸ, ɞɟɤɥɚɪɚɬɢɜɧɵɦ, 
ɧɟɞɟɣɫɬɜɟɧɧɵɦ. ɇɚɩɪɢɦɟɪ, ɜɨ ɜɬɨɪɨɦ ɪɚɡɞɟɥɟ Ɉɫɧɨɜ ɡɚɹɜɥɟɧɨ, ɱɬɨ ɛɭɞɭɬ ɨɩɢɫɚɧɵ 
«ɬɟɧɞɟɧɰɢɢ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɨɡɦɨɠɧɵɟ 
ɫɰɟɧɚɪɢɢ ɪɚɡɜɢɬɢɹ ɫɢɬɭɚɰɢɢ». ɇɨ ɧɢɤɚɤɢɯ ɬɟɧɞɟɧɰɢɣ ɧɚ ɫɚɦɨɦ ɞɟɥɟ ɜ ɬɟɤɫɬɟ ɧɟ 
ɩɪɟɞɫɬɚɜɥɟɧɨ, ɩɟɪɟɱɢɫɥɟɧɵ ɥɢɲɶ ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɟ ɢɯ ɮɚɤɬɨɪɵ. Ʉɚɤɨɜɵ ɠɟ ɬɟɧɞɟɧɰɢɢ 
ɜ ɷɬɨɣ ɫɮɟɪɟ – ɨɫɬɚɟɬɫɹ ɥɢɲɶ ɩɪɟɞɩɨɥɚɝɚɬɶ ɢ ɞɨɝɚɞɵɜɚɬɶɫɹ.  

ɋɥɨɠɧɨ ɧɚɡɜɚɬɶ ɤɚɱɟɫɬɜɟɧɧɵɦ ɞɨɤɭɦɟɧɬ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɜɦɟɫɬɨ ɱɟɬɤɨɝɨ 
ɩɪɟɞɩɢɫɚɧɢɹ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɩɨɫɵɥ ɞɥɹ ɪɚɡɦɵɲɥɟɧɢɣ ɢɫɩɨɥɧɢɬɟɥɸ. Ɍɨ ɠɟ ɤɚɫɚɟɬɫɹ ɢ 
ɫɰɟɧɚɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɜ Ɉɫɧɨɜɚɯ ɡɚɹɜɥɟɧɵ, ɧɨ ɧɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɚɦɨɨɱɟɜɢɞɧɨɣ ɞɥɹ ɥɸɛɨɝɨ ɡɞɪɚɜɨɦɵɫɥɹɳɟɝɨ ɱɟɥɨɜɟɤɚ 
ɤɨɧɫɬɚɬɚɰɢɢ ɬɨɝɨ ɮɚɤɬɚ, ɱɬɨ «ɟɫɥɢ ɧɢɱɟɝɨ ɧɟ ɞɟɥɚɬɶ, ɬɨ ɜɫɺ ɛɭɞɟɬ ɩɥɨɯɨ». 
ɍɩɪɚɜɥɟɧɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ ɭ ɬɚɤɨɝɨ ɪɨɞɚ ɤɨɧɫɬɚɬɚɰɢɢ, ɩɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɨɬɫɭɬɫɬɜɭɟɬ. 

Ʉɥɸɱɟɜɨɣ ɤɨɦɩɨɧɟɧɬ ɥɸɛɨɝɨ ɞɨɤɭɦɟɧɬɚ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ – ɷɬɨ 
ɮɨɪɦɭɥɢɪɨɜɤɢ ɰɟɥɟɣ ɢ ɡɚɞɚɱ. Ʉ ɧɢɦ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɞɜɚ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜɚɧɢɹ Д1λ-β1 ɢ 
ɞɪ.Жμ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ (ɟɫɥɢ ɷɬɨ ɬɪɟɛɨɜɚɧɢɟ ɧɟ ɜɵɩɨɥɧɟɧɨ, ɫɢɫɬɟɦɚ ɩɪɚɤɬɢɱɟɫɤɢɯ 



126 ɉɅɈɌɇɂɄɈȼ ɢ ɞɪ. 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɞɟɣɫɬɜɢɣ ɬɚɤɠɟ ɛɭɞɟɬ ɩɪɨɬɢɜɨɪɟɱɢɜɨɣ, ɱɬɨ ɧɟɢɡɛɟɠɧɨ ɩɪɢɜɟɞɟɬ ɤ ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɷɬɢɯ ɞɟɣɫɬɜɢɣ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɞɨɫɬɢɠɟɧɢɹ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɯ ɰɟɥɟɣ ɢ ɩɨɫɬɚɜɥɟɧɧɵɯ 
ɡɚɞɚɱ) ɢ ɢɟɪɚɪɯɢɱɧɨɫɬɶ (ɢɦɟɟɬɫɹ ɜ ɜɢɞɭ, ɱɬɨ ɞɨɥɠɧɨ ɛɵɬɶ ɱɟɬɤɨɟ ɢɟɪɚɪɯɢɱɟɫɤɨɟ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɰɟɥɹɦɢ ɢ ɡɚɞɚɱɚɦɢ, ɤɚɠɞɚɹ ɰɟɥɶ, ɢɫɯɨɞɹ ɢɡ ɩɪɢɧɰɢɩɨɜ 
ɩɪɨɝɪɚɦɦɧɨ-ɰɟɥɟɜɨɝɨ ɩɨɞɯɨɞɚ, ɞɨɥɠɧɚ ɛɵɬɶ ɞɟɤɨɦɩɨɡɢɪɨɜɚɧɚ ɜ ɫɨɜɨɤɭɩɧɨɫɬɶ ɡɚɞɚɱ). 

ɐɟɥɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɟɱɢɫɥɟɧɵ ɜ ɩ. 11 Ɉɫɧɨɜ, ɩɪɢ ɷɬɨɦ ɨɧɢ ɧɟɨɞɧɨɤɪɚɬɧɨ ɩɨɜɬɨɪɹɸɬ ɞɪɭɝ 
ɞɪɭɝɚ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨɛ ɢɯ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɢ ɢ ɥɨɝɢɱɧɨɫɬɢ ɢɡɥɨɠɟɧɢɹ. 
ɑɬɨɛɵ ɧɟ ɛɵɬɶ ɝɨɥɨɫɥɨɜɧɵɦɢ, ɩɪɢɜɟɞɟɦ ɤɨɧɤɪɟɬɧɵɣ ɩɪɢɦɟɪ. ɋɪɟɞɢ ɰɟɥɟɣ ɭɤɚɡɚɧɵμ 
«ɝ) ɨɛɟɫɩɟɱɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɡɚɳɢɬɵ ɧɚɫɟɥɟɧɢɹ ɢ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ»; «ɡ) ɦɢɧɢɦɢɡɚɰɢɹ ɪɚɞɢɚɰɢɨɧɧɵɯ 
ɪɢɫɤɨɜ ɞɥɹ ɧɚɫɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɜɨɡɧɢɤɚɸɳɢɯ ɜɫɥɟɞɫɬɜɢɟ ɪɚɞɢɚɰɢɨɧɧɵɯ 
ɚɜɚɪɢɣ ɢ ɤɚɬɚɫɬɪɨɮ, ɢɫɩɵɬɚɧɢɣ ɹɞɟɪɧɨɝɨ ɨɪɭɠɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ ɢɧɨɫɬɪɚɧɧɵɯ 
ɝɨɫɭɞɚɪɫɬɜ»; «ɢ) ɭɦɟɧɶɲɟɧɢɟ ɨɩɚɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɞɢɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ 
ɧɚɫɟɥɟɧɢɟ, ɩɪɨɠɢɜɚɸɳɟɟ ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 
ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɮɨɧɚ». 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɰɟɥɢ ɡ) ɢ ɢ) ɩɨɥɧɨɫɬɶɸ ɩɨɝɥɨɳɚɸɬɫɹ ɰɟɥɶɸ ɝ). Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, 
ɟɫɥɢ ɦɵ ɨɛɟɫɩɟɱɢɦ ɞɨɫɬɢɠɟɧɢɟ ɰɟɥɢ ɝ), ɬɨ ɟɫɬɶ ɞɨɛɶɟɦɫɹ ɷɮɮɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ 
ɧɚɫɟɥɟɧɢɹ ɨɬ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɛɟɡ ɜɫɹɤɢɯ ɭɫɥɨɜɢɣ ɢ ɨɝɪɚɧɢɱɟɧɢɣ, ɬɨ ɷɬɨ 
ɡɧɚɱɢɬ, ɱɬɨ ɷɬɚ ɡɚɳɢɬɚ ɛɭɞɟɬ ɨɛɟɫɩɟɱɟɧɚ ɢ ɜ ɫɥɭɱɚɟ ɪɟɚɥɢɡɚɰɢɢ ɪɢɫɤɨɜ ɢɡ-ɡɚ 
ɪɚɞɢɚɰɢɨɧɧɵɯ ɚɜɚɪɢɣ ɢ ɤɚɬɚɫɬɪɨɮ, ɢɫɩɵɬɚɧɢɣ ɹɞɟɪɧɨɝɨ ɨɪɭɠɢɹ – ɰɟɥɶ ɡ), ɢ ɧɚ 
ɬɟɪɪɢɬɨɪɢɹɯ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɮɨɧɚ – ɰɟɥɶ ɢ).  

ɂɫɯɨɞɹ ɢɡ ɥɨɝɢɤɢ ɞɟɣɫɬɜɢɣ ɜ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɫɮɟɪɟ, ɩɪɚɜɢɥɶɧɨ ɛɵɥɨ ɛɵ ɨɫɬɚɜɢɬɶ 
ɫɪɟɞɢ ɰɟɥɟɣ ɜ ɬɟɤɫɬɟ Ɉɫɧɨɜ ɥɢɲɶ ɝ), ɚ ɡ) ɢ ɢ) ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɡɚɞɚɱɢ, 
ɤɨɧɤɪɟɬɢɡɢɪɭɸɳɢɟ ɞɨɫɬɢɠɟɧɢɟ ɷɬɨɣ, ɛɟɡɭɫɥɨɜɧɨ, ɜɚɠɧɨɣ ɰɟɥɢ ɜ ɨɫɨɛɵɯ ɭɫɥɨɜɢɹɯ ɢ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜɚɯ. ɉɪɢ ɷɬɨɦ, ɤɨɧɟɱɧɨ ɠɟ, ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɛɵ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ 
ɞɨɛɚɜɨɱɧɭɸ ɡɚɞɚɱɭ, ɤɨɬɨɪɚɹ ɪɚɫɤɪɵɜɚɟɬ ɞɨɫɬɢɠɟɧɢɟ ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɜ ɨɛɵɱɧɨɣ 
ɨɛɫɬɚɧɨɜɤɟ. Ɉɞɧɚɤɨ ɬɚɤɚɹ ɫɬɪɭɤɬɭɪɢɡɚɰɢɹ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɧɚ ɜɵɞɟɥɟɧɢɟ ɢɟɪɚɪɯɢɱɟɫɤɨɣ 
ɫɨɩɨɞɱɢɧɟɧɧɨɫɬɢ, ɜ ɨɫɧɨɜɚɯ ɩɨɱɟɦɭ-ɬɨ ɨɬɫɭɬɫɬɜɭɟɬ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɰɟɥɨɦ ɜ Ɉɫɧɨɜɚɯ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɰɟɥɟɣ ɤ ɡɚɞɚɱɚɦ 
ɩɪɢɧɰɢɩ ɢɟɪɚɪɯɢɱɧɨɫɬɢ ɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɡɚɞɚɱ ɰɟɥɹɦ ɧɟ ɫɨɛɥɸɞɚɟɬɫɹ. ɗɬɢ ɤɚɬɟɝɨɪɢɢ 
ɫɭɳɟɫɬɜɭɸɬ ɫɚɦɢ ɩɨ ɫɟɛɟ, ɛɟɡ ɜɫɹɤɨɣ ɫɜɹɡɢ, ɱɬɨ ɛɥɨɤɢɪɭɟɬ ɷɮɮɟɤɬɢɜɧɨɟ ɫɬɪɚɬɟɝɢɱɟɫɤɨɟ 
ɭɩɪɚɜɥɟɧɢɟ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ. ɇɚɲɟ ɦɧɟɧɢɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɪɨɫɬɟɣɲɢɦ 
ɧɚɛɥɸɞɟɧɢɟɦ. ȼ Ɉɫɧɨɜɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ λ ɰɟɥɟɣ, ɤɨɬɨɪɵɟ ɪɚɫɤɪɵɬɵ ɜ 15 ɡɚɞɚɱɚɯ. Ɍɨ 
ɟɫɬɶ, ɧɟɤɨɬɨɪɵɟ ɢɡ ɰɟɥɟɣ (λ×β=18>15) ɜɨɨɛɳɟ ɧɟ ɞɟɤɨɦɩɨɡɢɪɨɜɚɧɵ ɜ ɡɚɞɚɱɢ, ɬɨ ɟɫɬɶ, ɜ 
ɩɪɢɧɰɢɩɟ, ɧɟ ɢɞɟɬ ɪɟɱɶ ɨ ɩɪɢɧɹɬɢɢ ɤɚɤɢɯ-ɥɢɛɨ ɲɚɝɨɜ ɩɨ ɢɯ ɞɨɫɬɢɠɟɧɢɸ. ɗɬɨ ɧɟ «ɰɟɥɢ 
– ɪɭɤɨɜɨɞɫɬɜɚ ɤ ɞɟɣɫɬɜɢɸ», ɚ «ɰɟɥɢ – ɞɟɤɥɚɪɚɰɢɢ». 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ «Ɉɫɧɨɜɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ», ɤɚɤ ɞɨɤɭɦɟɧɬ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɜɟɫɶɦɚ ɧɟɫɨɜɟɪɲɟɧɧɵ, 
ɩɪɨɬɢɜɨɪɟɱɢɜɵ ɢ ɜɦɟɫɬɨ ɭɩɨɪɹɞɨɱɢɜɚɧɢɹ ɭɫɢɥɢɣ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɩɨɥɢɬɢɤɢ, ɥɢɲɶ ɡɚɩɭɬɵɜɚɸɬ ɫɢɬɭɚɰɢɸ. Ɉɧɢ ɧɟ ɬɨɥɶɤɨ ɧɟ ɜɫɬɪɨɟɧɵ ɜ ɫɢɫɬɟɦɭ 
ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ ɫɮɟɪɟ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɨ ɢ ɫɨɞɟɪɠɚɬ 
ɧɟɤɨɬɨɪɵɟ ɧɟɥɨɝɢɱɧɵɟ ɢ, ɮɨɪɦɚɥɶɧɨ ɝɨɜɨɪɹ, ɨɲɢɛɨɱɧɵɟ ɩɨɥɨɠɟɧɢɹ.  

Ɂɚɤɥɸɱɟɧɢɟ 

ɉɨɞɜɨɞɹ ɢɬɨɝ, ɨɬɦɟɬɢɦ, ɱɬɨ, ɢɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ, 
ɨɬɪɚɠɟɧɧɵɯ ɜ ɫɬɚɬɶɟ, ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɧɚ ɧɟɫɨɜɟɪɲɟɧɫɬɜɨ ɢɧɫɬɢɬɭɰɢɨɧɚɥɶɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ, ɪɟɚɥɢɡɭɟɦɨɣ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɫɮɟɪɟ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɗɬɨ ɤɚɫɚɟɬɫɹ ɢ ɫɢɬɭɚɰɢɢ ɜ ɰɟɥɨɦ, ɢ ɨɬɞɟɥɶɧɵɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɟɟ ɨɛɟɫɩɟɱɟɧɢɹ (ɜ ɱɚɫɬɧɨɫɬɢ, ɭɝɥɭɛɥɟɧɧɵɣ ɚɧɚɥɢɡ 
ɩɪɨɜɨɞɢɥɫɹ ɧɚɦɢ ɧɚ ɩɪɢɦɟɪɟ ɫɮɟɪɵ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ). 
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ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɤɨɬɨɪɨɟ ɚɪɝɭɦɟɧɬɢɪɨɜɚɧɨ ɜ ɫɬɚɬɶɟ, ɢ «ɋɬɪɚɬɟɝɢɹ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ», ɢ «Ɉɫɧɨɜɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ» ɬɪɟɛɭɸɬ ɫɟɪɶɟɡɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ 
ɫɩɟɰɢɚɥɢɫɬɨɜ, ɩɪɟɠɞɟ ɜɫɟɝɨ – ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɭɩɪɚɜɥɟɧɰɟɜ. ȼ ɫɭɳɟɫɬɜɭɸɳɟɦ 
ɜɢɞɟ, ɤ ɫɨɠɚɥɟɧɢɸ, ɧɢ ɋɬɪɚɬɟɝɢɹ, ɧɢ Ɉɫɧɨɜɵ ɧɟ ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɮɭɧɞɚɦɟɧɬɨɦ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɢ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɫɮɟɪɟ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
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Abstract – The sphere of ensuring national security is an important object of state policy. When 

managing this sphere, strategic and tactical levels are distinguished, each of which has its own 

institutional consolidation. In addition, functional areas of national security, such as nuclear and 

radiation safety, can be distinguished. The article analyzes the texts of the National Security 
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Strategy of the Russian Federation and the Fundamentals of State Policy in the Field of Nuclear 

and Radiation Safety of the Russian Federation from the perspective of analyzing the potential of 

the strategic regulatory impact of these documents. The inconsistency of their texts, the lack of 

complexity in regulating the institutional framework for the implementation of state policy in the 

field of national security is noted. It is also shown that there is no correlation between these 

important documents of strategic management. The study allowed the authors to conclude that 

strategic documents in the field of ensuring the national security of the Russian Federation require 

its processing and adjustment. 
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«RШЬКЭШЦ», RЮЬЬТКЧ ОМШЧШЦв, ЬЭЫКЭОРТМ ЦКЧКРОЦОЧЭ. 



ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, 2020 № 2(35), ɋ. 131–141 

© ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɹɞɟɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆɂɎɂ», β0β0 

ɄɍɅɖɌɍɊȺ ȻȿɁɈɉȺɋɇɈɋɌɂ ɂ 

ɋɈɐɂȺɅɖɇɈ-ɉɊȺȼɈȼɕȿ ȺɋɉȿɄɌɕ ɊȺɁȼɂɌɂə 

ɌȿɊɊɂɌɈɊɂɃ ɊȺɁɆȿɓȿɇɂə ɈȻɔȿɄɌɈȼ 

ȺɌɈɆɇɈɃ ɈɌɊȺɋɅɂ 

 
ɍȾɄ 621.039:659.3 

 

ȼɕɋɌɊȺɂȼȺɇɂȿ ɉȺɊɌɇȿɊɋɄɂɏ ɈɌɇɈɒȿɇɂɃ ȺɌɈɆɇɈɃ 
ɈɌɊȺɋɅɂ ɋ ɈȻɓȿɋɌȼȿɇɇɈɋɌɖɘ: ɂɋɌɈɊɂə ȼɈɉɊɈɋȺ ɂ 

ɉȿɊɋɉȿɄɌɂȼɕ ɊȺɁȼɂɌɂə 

 
© 2020  ȼ.Ⱥ. Ɋɭɞɟɧɤɨ, Ɍ.ɋ. ɉɨɩɨɜɚ, ɘ.Ⱥ. ȿɜɞɨɲɤɢɧɚ  

 
ȼɨɥɝɨɞɨɧɫɤɢɣ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɹɞɟɪɧɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ «ɆɂɎɂ», ȼɨɥɝɨɞɨɧɫɤ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥ., Ɋɨɫɫɢɹ 

 
ɗɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɨɛɳɟɫɬɜɟ ɪɚɫɬɟɬ ɫ ɤɚɠɞɵɦ ɞɧɟɦ, ɧɨ ɩɟɪɫɩɟɤɬɢɜɵ 
ɪɚɡɜɢɬɢɹ ɢ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɶ ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ ɫɟɝɨɞɧɹ ɢ ɜ ɞɨɥɝɨɫɪɨɱɧɨɣ ɩɟɪɫɩɟɤɬɢɜɟ 
ɜɨ ɦɧɨɝɨɦ ɫɜɹɡɚɧɵ ɫ ɨɬɧɨɲɟɧɢɟɦ ɤ ɧɟɣ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ. ɋ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɹɞɟɪɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɜɢɞɧɵɦ, ɱɬɨ ɭɫɩɟɲɧɨɟ ɪɚɡɜɢɬɢɟ ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ ɧɟ ɭɞɚɫɬɫɹ ɜ 
ɩɨɥɧɨɣ ɦɟɪɟ ɪɟɚɥɢɡɨɜɚɬɶ ɛɟɡ ɩɪɟɨɞɨɥɟɧɢɹ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɤ ɧɟɣ ɨɬɧɨɲɟɧɢɹ 
ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ. Ⱦɥɹ ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ ɜɫɟ ɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɦ ɫɬɚɧɨɜɢɬɫɹ ɧɚɥɚɠɢɜɚɧɢɟ 
ɚɤɬɢɜɧɨɝɨ ɞɢɚɥɨɝɚ ɫ ɲɢɪɨɤɢɦɢ ɦɚɫɫɚɦɢ ɫ ɰɟɥɶɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭ ɧɢɯ ɚɞɟɤɜɚɬɧɨɝɨ 
ɨɬɧɨɲɟɧɢɹ ɤ ɨɬɪɚɫɥɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɛɳɟɫɬɜɟɧɧɨɟ ɦɧɟɧɢɟ, ɥɨɹɥɶɧɨɫɬɶ, ɞɨɜɟɪɢɟ, ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɶ, 
ɫɨɰɢɨɤɭɥɶɬɭɪɧɵɣ ɚɫɩɟɤɬ, ɪɚɛɨɬɚ ɫ ɧɚɫɟɥɟɧɢɟɦ, ɭɩɪɚɜɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ 
ɫɜɹɡɟɣ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 06.03.2020 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ β3.03.2020 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ β6.03.2020 

 

ȼ ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɪɚɡɧɵɟ ɮɚɦɢɥɢɢ ɭɱɟɧɵɯ, ɤɨɬɨɪɵɯ ɫɱɢɬɚɸɬ 
ɩɢɨɧɟɪɚɦɢ ɜ ɨɛɥɚɫɬɢ ɨɬɤɪɵɬɢɹ ɢ ɢɡɭɱɟɧɢɹ ɹɜɥɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ. Ȼɨɥɶɲɢɧɫɬɜɨ ɠɟ 
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɩɪɢɞɟɪɠɢɜɚɟɬɫɹ ɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ 
ɨɬɤɪɵɥ ɟɟ ɜ 18λ6 ɝ. ɩɨɬɨɦɫɬɜɟɧɧɵɣ ɩɪɨɮɟɫɫɨɪ Ⱥɧɬɭɚɧ Ⱥɧɪɢ Ȼɟɤɤɟɪɟɥɶ, ɡɚ ɱɬɨ ɢ 
ɩɨɥɭɱɢɥ ɜ 1λ0γ ɝ. ɇɨɛɟɥɟɜɫɤɭɸ ɩɪɟɦɢɸ ɩɨ ɮɢɡɢɤɟ ɡɚ «ɨɬɤɪɵɬɢɟ ɫɩɨɧɬɚɧɧɨɣ 
ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ». Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜ ɫɱɢɬɚɥ ɨɬɤɪɵɬɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ «…ɨɞɧɢɦ ɢɡ 
ɛɥɢɫɬɚɬɟɥɶɧɟɣɲɢɯ ɢ ɧɚɢɛɨɥɟɟ ɡɚɝɚɞɨɱɧɵɯ ɨɬɤɪɵɬɢɣ ɤɨɧɰɚ БIБ – ɧɚɱɚɥɚ ɏɏ ɫɬɨɥɟɬɢɣ». 
ɇɨ ɷɬɨ ɨɬɤɪɵɬɢɟ ɛɵɥɨ ɥɢɲɶ ɩɟɪɜɵɦ ɲɚɝɨɦ ɧɚ ɩɭɬɢ ɤ ɩɨɧɢɦɚɧɢɸ ɤɨɥɨɫɫɚɥɶɧɵɯ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɚɬɨɦɧɨɣ ɷɧɟɪɝɢɢ Д1Ж. 

Ⱦɨɥɝɨɟ ɜɪɟɦɹ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɤ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ 
ɱɟɥɨɜɟɱɟɫɬɜɨ ɩɟɪɟɣɞɟɬ ɧɟɫɤɨɪɨ. ȼɫɟɝɨ ɡɚ ɩɹɬɶ ɥɟɬ ɞɨ ɡɚɩɭɫɤɚ ɩɟɪɜɨɝɨ ɜ ɢɫɬɨɪɢɢ 
ɹɞɟɪɧɨɝɨ ɪɟɚɤɬɨɪɚ ɜɟɥɢɤɢɣ ɮɢɡɢɤ ɗɪɧɟɫɬ Ɋɟɡɟɪɮɨɪɞ ɝɨɜɨɪɢɥ, ɱɬɨ ɚɬɨɦɧɚɹ ɷɧɟɪɝɢɹ 
ɧɢɤɨɝɞɚ ɧɟ ɧɚɣɞɟɬ ɫɜɨɟɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɉɟɪɟɨɫɦɵɫɥɢɬɶ ɫɜɨɟ ɨɬɧɨɲɟɧɢɟ ɤ 
ɷɧɟɪɝɢɢ, ɡɚɤɥɸɱɟɧɧɨɣ ɜ ɹɞɪɟ ɚɬɨɦɚ, ɫɩɟɰɢɚɥɢɫɬɚɦ ɭɞɚɥɨɫɶ ɜ 1λγλ ɝɨɞɭ, ɤɨɝɞɚ ɧɟɦɟɰɤɢɟ 
ɭɱɟɧɵɟ Ʌɢɡɚ Ɇɟɣɬɧɟɪ ɢ Ɉɬɬɨ Ƚɚɧ ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɹɞɪɚ ɭɪɚɧɚ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɢɯ 
ɧɟɣɬɪɨɧɚɦɢ ɞɟɥɹɬɫɹ ɧɚ ɞɜɟ ɱɚɫɬɢ ɫ ɜɵɞɟɥɟɧɢɟɦ ɨɝɪɨɦɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɧɟɪɝɢɢ – 

ɹɞɟɪɧɨɣ ɷɧɟɪɝɢɢ. 
ɂɫɬɨɪɢɱɟɫɤɢ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɡɚɪɨɠɞɟɧɢɹ ɹɞɟɪɧɨɣ ɨɬɪɚɫɥɢ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ 

ɛɵɥɨ ɫɨɡɞɚɧɢɟ ɹɞɟɪɧɨɝɨ ɨɪɭɠɢɹ. Ȼɵɥɚ ɥɢ ɜ ɷɬɨɦ ɫɭɳɟɫɬɜɟɧɧɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ? ɋɤɨɪɟɟ 
ɞɚ, ɱɟɦ ɧɟɬ. ȼ 1λ45 ɝ., ɫɛɪɨɫɢɜ ɹɞɟɪɧɵɟ ɛɨɟɡɚɪɹɞɵ ɧɚ ɏɢɪɨɫɢɦɭ ɢ ɇɚɝɚɫɚɤɢ, 
ɋɨɟɞɢɧɟɧɧɵɟ ɒɬɚɬɵ ɹɫɧɨ ɞɚɥɢ ɩɨɧɹɬɶ, ɤɬɨ ɝɥɚɜɧɵɣ ɜ «Ɍɚɛɟɥɟ ɨ ɪɚɧɝɚɯ». Ƚɨɪɨɞɚ ɋɋɋɊ 



132 ɊɍȾȿɇɄɈ ɢ ɞɪ. 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɜɩɨɥɧɟ ɦɨɝɥɢ ɪɚɡɞɟɥɢɬɶ ɭɱɚɫɬɶ ɹɩɨɧɫɤɢɯ, ɯɨɬɹ ɫɟɣɱɚɫ ɷɬɨ ɦɨɠɟɬ ɢ ɩɨɤɚɡɚɬɶɫɹ 
ɩɪɟɭɜɟɥɢɱɟɧɢɟɦ. ȼ ɤɪɚɬɱɚɣɲɢɟ ɫɪɨɤɢ ɧɚɲɢ ɭɱɟɧɵɟ ɫɦɨɝɥɢ ɫɨɡɞɚɬɶ ɫɨɛɫɬɜɟɧɧɨɟ 
ɹɞɟɪɧɨɟ ɨɪɭɠɢɟ ɢ ɜɨɫɫɬɚɧɨɜɢɬɶ ɪɚɜɧɨɜɟɫɢɟ ɫɢɥ ɧɚ ɦɢɪɨɜɨɣ ɚɪɟɧɟ, ɧɨ ɩɪɚɤɬɢɱɟɫɤɢ 
ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɹɞɟɪɧɨɣ ɨɛɨɪɨɧɧɨɣ ɫɮɟɪɨɣ ɧɚɱɚɥɚ ɪɚɡɜɢɜɚɬɶɫɹ ɹɞɟɪɧɚɹ ɷɧɟɪɝɟɬɢɤɚ, ɫɬɚɥɢ 
ɫɬɪɨɢɬɶɫɹ ɩɟɪɜɵɟ ɚɬɨɦɧɵɟ ɫɬɚɧɰɢɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɡɚ 
ɫɱɟɬ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ ɞɟɥɟɧɢɹ.  

«Ɇɢɪɧɵɣ ɚɬɨɦ» ɜ ɋɨɜɟɬɫɤɨɦ ɋɨɸɡɟ ɛɵɥ ɢɞɟɟɣ, ɨɛɴɟɞɢɧɹɸɳɟɣ ɬɵɫɹɱɢ ɥɸɞɟɣ. 
ȼɫɟɪɶɟɡ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɩɪɨɟɤɬɵ ɩɨɟɡɞɨɜ, ɤɨɪɚɛɥɟɣ, ɝɢɝɚɧɬɫɤɢɯ ɫɚɦɨɥɟɬɨɜ ɢ ɞɚɠɟ 
ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɹɞɟɪɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɢ ɩɪɨɱɢɯ ɭɫɬɪɨɣɫɬɜ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɹɞɟɪɧɭɸ 
ɷɧɟɪɝɢɸ ɜ ɦɢɪɧɵɯ ɰɟɥɹɯ. ɗɧɬɭɡɢɚɡɦ ɚɬɨɦɳɢɤɨɜ ɧɟ ɡɧɚɥ ɝɪɚɧɢɰ ДβЖ. ȼ 1λ54 ɝ., ɤɨɝɞɚ 
ɋɋɋɊ ɡɚɩɭɫɬɢɥ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɟɪɜɵɣ ɜ ɦɢɪɟ ɹɞɟɪɧɵɣ ɪɟɚɤɬɨɪ, ɛɭɞɭɳɟɟ ɧɨɜɨɣ 
ɨɬɪɚɫɥɢ ɤɚɡɚɥɨɫɶ ɛɟɡɨɛɥɚɱɧɵɦ. ȼ ɬɭ ɩɨɪɭ ɩɨɱɬɢ ɩɨɥɨɜɢɧɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɦɢɪɟ 
ɩɨɥɭɱɚɥɢ ɢɡ ɭɝɥɹ, ɚ ɬɨ, ɱɬɨ ɷɬɨ ɨɱɟɧɶ ɝɪɹɡɧɨɟ ɬɨɩɥɢɜɨ, ɛɵɥɨ ɹɫɧɨ ɭɠɟ ɜ ɬɭ ɞɚɥɟɤɭɸ 
ɷɩɨɯɭ. Ɂɚ ɱɟɬɵɪɟ ɞɧɹ ɥɨɧɞɨɧɫɤɨɝɨ ȼɟɥɢɤɨɝɨ ɫɦɨɝɚ 1λ5β ɝ. ɨɬ ɧɟɝɨ ɩɨɝɢɛɥɢ 1β ɬɵɫɹɱ 
ɥɨɧɞɨɧɰɟɜ, ɱɬɨ ɫɪɚɜɧɢɦɨ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɠɟɪɬɜ ɷɩɢɞɟɦɢɢ ɯɨɥɟɪɵ 1866 ɝ., ɢ ɜɫɟ 
ɩɪɟɤɪɚɫɧɨ ɡɧɚɥɢ, ɱɬɨ ɦɧɨɠɟɫɬɜɨ ɭɝɨɥɶɧɵɯ Ɍɗɋ ɝɨɪɨɞɚ ɫɜɹɡɚɧɵ ɫ ɷɬɢɦɢ ɧɟɩɪɢɹɬɧɵɦɢ 
ɫɨɛɵɬɢɹɦɢ. 

ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɞɟɫɹɬɤɨɜ ɥɟɬ ɚɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɨɫɬɚɜɚɥɚɫɶ ɫɚɦɨɣ ɛɟɡɨɩɚɫɧɨɣ 
ɫɪɟɞɢ ɜɫɟɯ, ɚ ɬɨɩɥɢɜɨ ɞɥɹ ɧɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɪɹɞ ɭɱɟɧɵɯ ɩɪɹɦɨ 
ɧɚɡɵɜɚɥɢ ɷɧɟɪɝɢɸ ɚɬɨɦɚ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ. Ⱦɨ ɫɟɦɢɞɟɫɹɬɵɯ ɝɨɞɨɜ «ɚɬɨɦɧɨɟ 
ɷɥɟɤɬɪɢɱɟɫɬɜɨ» ɛɵɥɨ ɟɳɟ ɢ ɨɱɟɧɶ ɞɟɲɟɜɵɦ. ɇɟɫɦɨɬɪɹ ɧɚ ɜɫɟ ɷɬɨ ɫɬɪɚɯ ɩɟɪɟɞ ɧɨɜɨɣ 
ɨɬɪɚɫɥɶɸ ɫ ɫɚɦɨɝɨ ɧɚɱɚɥɚ ɛɵɥ ɱɪɟɡɜɵɱɚɣɧɨ ɫɢɥɶɧɵɦ, ɚ ɩɨɫɥɟ ɑɟɪɧɨɛɵɥɹ ɢ 
ɩɨɪɨɠɞɟɧɧɵɯ ɢɦ ɦɢɮɨɜ ɨɧ ɨɤɚɡɚɥɫɹ ɢ ɜɨɜɫɟ ɧɟɨɛɨɪɢɦ.  

ɉɨɫɬɟɩɟɧɧɨ «ɦɢɪɧɵɣ» ɚɬɨɦ ɜɵɬɟɫɧɢɥ «ɜɨɟɧɧɵɣ», ɢ ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɭ ɧɚɲɟɣ 
ɫɬɪɚɧɵ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɧɚɪɚɛɚɬɵɜɚɬɶ ɹɞɟɪɧɵɟ ɡɚɪɹɞɵ ɞɥɹ ɨɪɭɠɢɹ. ɉɨɷɬɨɦɭ ɫɟɣɱɚɫ 
ɜɚɠɧɟɣɲɟɣ ɡɚɞɚɱɟɣ ɨɬɪɚɫɥɢ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɪɨɫɫɢɣɫɤɢɯ ɩɨɬɪɟɛɢɬɟɥɟɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɜ ɭɫɥɨɜɢɹɯ ɪɚɫɬɭɳɟɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɞɟɮɢɰɢɬɚ. ɋɪɟɞɢ ɹɜɧɵɯ 
ɩɪɟɢɦɭɳɟɫɬɜ Ⱥɗɋ ɛɵɥɨ ɬɨ, ɱɬɨ ɨɧɢ ɦɨɝɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɟɚɤɬɨɪɵ ɧɚ ɛɵɫɬɪɵɯ 
ɧɟɣɬɪɨɧɚɯ ɢ ɞɚɠɟ ɭɪɚɧ, ɞɨɛɵɜɚɟɦɵɣ ɢɡ ɦɨɪɫɤɨɣ ɜɨɞɵ. ɗɤɨɧɨɦɢɱɟɫɤɢ ɷɬɨ ɛɵɥɨ ɜɩɨɥɧɟ 
ɜɨɡɦɨɠɧɵɦ, ɩɨɬɨɦɭ ɱɬɨ ɰɟɧɚ ɬɨɩɥɢɜɚ ɜ ɚɬɨɦɧɨɦ ɤɢɥɨɜɚɬɬ-ɱɚɫɟ ɢɝɪɚɟɬ ɧɟ ɝɥɚɜɧɭɸ ɪɨɥɶ, 
ɜ ɨɬɥɢɱɢɟ ɨɬ ɰɟɧɵ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ. ɉɨɷɬɨɦɭ ɞɚɠɟ ɫɟɪɶɟɡɧɵɣ ɪɨɫɬ ɰɟɧ ɧɚ ɢɫɬɨɱɧɢɤɢ 
ɭɪɚɧɚ ɫɚɦ ɩɨ ɫɟɛɟ ɧɟ ɞɟɥɚɟɬ «ɭɪɚɧɨɜɨɟ» ɷɥɟɤɬɪɢɱɟɫɬɜɨ ɫɥɢɲɤɨɦ ɞɨɪɨɝɢɦ. ɋɨɝɥɚɫɧɨ 
ɪɚɫɱɟɬɚɦ, ɱɟɥɨɜɟɱɟɫɬɜɨ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɜɨɢ ɬɟɤɭɳɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɬɚɤɢɦ 
«ɨɤɟɚɧɫɤɢɦ» ɭɪɚɧɨɦ ɧɟ ɦɟɧɟɟ ɲɟɫɬɢ ɦɢɥɥɢɚɪɞɨɜ ɥɟɬ, ɬɨ ɟɫɬɶ ɞɨ ɫɚɦɨɝɨ ɤɨɧɰɚ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɧɵɧɟɲɧɟɣ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ – ɢ ɩɪɢ ɷɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɪɚɧɨɜɵɯ 
ɢɡɨɬɨɩɨɜ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ ɜɫɟ ɪɚɜɧɨ ɫɧɢɡɢɬɫɹ ɬɨɥɶɤɨ ɧɚ ɱɟɬɜɟɪɬɶ. ɉɨɷɬɨɦɭ ɦɧɨɝɢɟ 
ɫɩɟɰɢɚɥɢɫɬɵ ɩɪɟɞɥɚɝɚɥɢ ɫɱɢɬɚɬɶ ɚɬɨɦɧɭɸ ɷɧɟɪɝɢɸ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ – ɜɟɞɶ ɟɟ 
ɮɚɤɬɢɱɟɫɤɢɣ ɪɟɫɭɪɫ ɪɚɜɟɧ ɪɟɫɭɪɫɭ ɧɚɲɟɝɨ ɋɨɥɧɰɚ, ɬɨ ɟɫɬɶ ɹɜɧɨ ɧɟ ɧɢɠɟ, ɱɟɦ ɭ 
ɫɨɥɧɟɱɧɨɣ ɢɥɢ ɜɟɬɪɨɜɨɣ ɷɧɟɪɝɟɬɢɤɢ. 

ɇɨ «ɛɟɞɚ» ɩɪɢɲɥɚ ɨɬɤɭɞɚ ɧɟ ɠɞɚɥɢ. ɋ ɫɚɦɨɝɨ ɧɚɱɚɥɚ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɚɬɨɦɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ ɜ ɋɒȺ ɟɟ ɧɟɩɪɟɪɵɜɧɨ ɚɬɚɤɨɜɚɥɢ ɫɟɪɶɟɡɧɵɟ ɩɪɨɬɟɫɬɵ, ɢ ɱɟɦ ɛɵɫɬɪɟɟ 
ɫɬɪɨɢɥɢ Ⱥɗɋ, ɬɟɦ ɛɨɥɟɟ ɠɟɫɬɤɢɦɢ ɫɬɚɧɨɜɢɥɢɫɶ ɬɚɤɢɟ ɩɪɨɬɟɫɬɵ. ɉɟɪɜɵɟ ɜɵɫɬɭɩɥɟɧɢɹ 
ɩɪɨɬɢɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɬɨɦɧɵɯ ɪɟɚɤɬɨɪɨɜ ɬɚɦ ɧɚɱɚɥɢɫɶ ɜ 1λ58 ɝɨɞɭ. ɉɪɢɱɟɦ ɲɥɢ ɨɧɢ 
ɜɨɜɫɟ ɧɟ ɨɬ ɦɚɝɧɚɬɨɜ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɟɬɢɤɢ – ɬɟ ɬɨɝɞɚ ɩɪɨɫɬɨ ɟɳɟ ɧɟ ɨɳɭɳɚɥɢ ɭɝɪɨɡɵ ɨɬ 
ɩɨɥɭɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɧɨɜɵɯ ɭɫɬɚɧɨɜɨɤ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɞɟɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɜɨɩɪɨɫɚ, 
ɢɫɬɨɱɧɢɤɨɦ ɩɪɨɬɟɫɬɨɜ ɛɵɥɨ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɦɟɫɬɧɨɟ ɧɚɫɟɥɟɧɢɟ, ɜɨɫɩɪɢɧɢɦɚɜɲɟɟ 
ɚɬɨɦɧɭɸ ɷɧɟɪɝɟɬɢɤɭ ɤɚɤ ɨɩɚɫɧɭɸ (ɜ ɫɢɥɭ ɪɚɞɢɚɰɢɢ) ɫ ɫɚɦɨɝɨ ɧɚɱɚɥɚ – ɫ ɩɹɬɢɞɟɫɹɬɵɯ 
ɝɨɞɨɜ. Ɇɨɠɟɬ ɩɨɤɚɡɚɬɶɫɹ ɭɞɢɜɢɬɟɥɶɧɵɦ, ɨɬɤɭɞɚ ɜ ɬɭ ɩɨɪɭ ɜɨɡɧɢɤɚɥɢ ɜɨɥɧɟɧɢɹ ɦɚɫɫ, 
ɜɟɞɶ ɬɨɝɞɚ ɜ ɩɪɢɧɰɢɩɟ ɭ ɩɭɛɥɢɤɢ ɧɟ ɛɵɥɨ ɡɚɦɟɬɧɵɯ ɡɧɚɧɢɣ ɨ ɪɟɚɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ 
ɪɟɚɤɬɨɪɨɜ. Ɍɨɝɞɚ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫμ ɱɬɨ ɨɧɢ ɤɪɢɬɢɤɨɜɚɥɢ, ɧɚ ɤɚɤɨɣ ɨɫɧɨɜɟ, ɨɬɤɭɞɚ ɭ 
ɥɸɞɟɣ ɜɨɨɛɳɟ ɩɨɹɜɢɥɢɫɶ ɢɞɟɢ, ɱɬɨ ɚɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɨɩɚɫɧɚ? ɇɨ, ɤɚɤ ɧɢ ɫɬɪɚɧɧɨ, ɤ 
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1λ58 ɝ. ɷɬɨ ɛɵɥɚ ɭɠɟ ɞɨɜɨɥɶɧɨ ɢɡɛɢɬɚɹ ɬɟɦɚ. Ⱥ ɨɛɴɹɫɧɟɧɢɹ ɛɵɥɢ ɞɨɜɨɥɶɧɨ ɛɚɧɚɥɶɧɵμ ɜ 
1λ40 ɝ. ɮɚɧɬɚɫɬ Ɋɨɛɟɪɬ ɏɚɣɧɥɚɣɧ, ɩɨɱɢɬɚɜ ɞɨɫɬɭɩɧɭɸ ɧɚ ɬɨɬ ɦɨɦɟɧɬ ɢɧɮɨɪɦɚɰɢɸ ɨ 
ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɹɯ, ɧɚɩɢɫɚɥ ɪɚɫɫɤɚɡ «ȼɡɪɵɜ ɜɫɟɝɞɚ ɜɨɡɦɨɠɟɧ». ȼ ɩɪɨɢɡɜɟɞɟɧɢɢ – ɟɳɟ ɞɨ 
ɡɚɩɭɫɤɚ ɫɚɦɨɝɨ ɩɟɪɜɨɝɨ ɪɟɚɥɶɧɨɝɨ ɪɟɚɤɬɨɪɚ – ɨɩɢɫɵɜɚɟɬɫɹ ɛɭɞɭɳɟɟ, ɝɞɟ ɨɤɚɡɵɜɚɟɬɫɹ, 
ɱɬɨ ɚɬɨɦɧɵɣ ɪɟɚɤɬɨɪ, ɭɠɟ ɞɚɜɧɨ ɢɝɪɚɸɳɢɣ ɝɥɚɜɧɭɸ ɪɨɥɶ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɫɧɚɛɠɟɧɢɢ 
ɩɥɚɧɟɬɵ, ɪɚɫɫɱɢɬɚɧ ɫɥɟɝɤɚ ɧɟɜɟɪɧɨ. ɉɨ ɭɬɨɱɧɟɧɧɵɦ ɪɚɫɱɟɬɚɦ ɚɜɬɨɪɚ-ɮɚɧɬɚɫɬɚ, ɷɬɨɬ 
ɜɡɪɵɜ ɦɨɠɟɬ ɧɚɧɟɫɬɢ ɫɟɪɶɟɡɧɟɣɲɢɣ ɭɞɚɪ ɩɨ ɜɫɟɣ ɩɥɚɧɟɬɟ. Ƚɟɪɨɢ ɪɚɫɫɤɚɡɚ ɧɚɱɢɧɚɸɬ 
ɦɚɫɫɨɜɭɸ ɚɧɬɢɚɬɨɦɧɭɸ ɩɢɚɪ-ɤɚɦɩɚɧɢɸ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɣ ɫɬɨɪɨɧɧɢɤɢ ɪɟɚɤɬɨɪɚ 
ɫɬɚɧɨɜɹɬɫɹ ɢɡɝɨɹɦɢ. ȼ ɤɨɧɰɟ ɪɟɚɤɬɨɪ ɧɚ Ɂɟɦɥɟ ɡɚɤɪɵɜɚɸɬ ɢ ɜɵɧɨɫɹɬ ɧɚ Ʌɭɧɭ ДγЖ. ɗɬɨ 
ɞɚɥɟɤɨ ɧɟ ɜɫɺ, ɏɚɣɧɥɚɣɧ ɩɨɫɥɟ ɷɬɨɝɨ ɜɵɩɭɫɬɢɥ ɟɳɟ ɧɟ ɨɞɢɧ ɪɚɫɫɤɚɡ, ɤɨɬɨɪɵɟ ɜɧɟɫɥɢ ɜ 
ɦɚɫɫɵ ɫɬɪɚɯɢ ɩɟɪɟɞ ɫɥɨɜɨɦ «ɚɬɨɦ». ɋɚɦ ɏɚɣɧɥɚɣɧ ɜɩɨɫɥɟɞɫɬɜɢɢ ɨɬɤɚɡɚɥɫɹ ɨɬ ɫɜɨɢɯ 
ɜɡɝɥɹɞɨɜ ɢ ɧɟɜɟɠɟɫɬɜɟɧɧɨɝɨ ɫɬɪɚɯɚ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɭɬɜɟɪɠɞɚɹ, ɱɬɨ ɜɫɟ ɷɬɨ ɛɵɥɢ 
ɫɬɪɚɲɢɥɤɢ, ɚ ɧɟ ɧɟɱɬɨ, ɢɦɟɸɳɟɟ ɩɪɟɞɫɤɚɡɚɬɟɥɶɧɭɸ ɫɢɥɭ.  

ɏɨɬɶ ɏɚɣɧɥɚɣɧɚ ɬɨɝɞɚ ɱɢɬɚɥɢ ɧɟ ɬɚɤ ɦɧɨɝɨ, ɧɨ ɜɨɬ ɢɧɬɟɥɥɟɤɬɭɚɥɵ ɛɵɫɬɪɨ 
ɨɡɧɚɤɨɦɢɥɢɫɶ ɫ ɟɝɨ ɤɨɧɰɟɩɰɢɹɦɢ. Ʉɨɝɞɚ 1λ45 ɝ. ɩɨɤɚɡɚɥ ɪɟɚɥɶɧɵɟ ɭɞɚɪɵ ɩɨ ɏɢɪɨɫɢɦɟ ɢ 
ɇɚɝɚɫɚɤɢ, ɩɨɩ-ɤɭɥɶɬɭɪɚ ɫɬɚɥɚ ɲɬɚɦɩɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɰɢɢ ɯɨɪɪɨɪ-ɢɫɬɨɪɢɣ. Ʉ 
ɤɨɧɰɭ ɩɹɬɢɞɟɫɹɬɵɯ ɬɟɦɭ ɨɫɧɨɜɚɬɟɥɶɧɨ ɢɫɬɪɟɩɚɥ Ƚɨɥɥɢɜɭɞμ ɮɢɥɶɦ «ɇɚ ɛɟɪɟɝɭ» ɩɨɤɚɡɚɥ 
ɫɦɟɪɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɨ ɱɟɥɨɜɟɱɟɫɬɜɚ ɨɬ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɫɚɞɤɨɜ ɩɨɫɥɟ ɹɞɟɪɧɨɣ 
ɜɨɣɧɵ. ȼ 1λ57 ɝ. Ⱥɤɢɪɚ Ʉɭɪɨɫɚɜɚ ɫɧɢɦɚɟɬ ɟɳɟ ɨɞɢɧ ɮɢɥɶɦ «ə ɠɢɜɭ ɜ ɫɬɪɚɯɟ», 
ɨɩɢɫɵɜɚɸɳɢɣ ɠɟɪɬɜɭ ɚɬɨɦɧɨɣ ɢɫɬɟɪɢɢ ɜ ɟɝɨ ɬɟɪɦɢɧɚɥɶɧɨɣ ɫɬɚɞɢɢ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɤ 
1λ58 ɝ., ɤɨ ɜɪɟɦɟɧɢ ɧɚɱɚɥɚ «ɚɧɬɢɚɬɨɦɧɵɯ» ɩɪɨɬɟɫɬɨɜ ɜ ɋɒȺ, ɪɚɞɢɨɮɨɛɢɹ ɭɠɟ ɛɵɥɚ ɞɨ 
ɬɚɤɨɣ ɫɬɟɩɟɧɢ ɦɚɫɫɨɜɨɣ, ɱɬɨ ɬɚɤɢɟ ɩɪɨɬɟɫɬɵ ɛɵɥɢ ɩɪɨɫɬɨ ɧɟɢɡɛɟɠɧɵ. Ⱥ ɨɬɝɨɥɨɫɤɢ ɷɬɨɣ 
ɬɟɦɵ ɩɪɨɞɨɥɠɚɸɬ ɝɭɥɹɬɶ ɩɨ ɦɚɫɫ-ɤɭɥɶɬɭɪɟ ɢ ɫɟɝɨɞɧɹ. 

Ⱥɧɬɢɚɬɨɦɧɵɟ ɧɚɫɬɪɨɟɧɢɹ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ ɢɦɟɥɢ ɩɨɫɥɟɞɫɬɜɢɹ ɨɝɥɭɲɢɬɟɥɶɧɵɯ 
ɦɚɫɲɬɚɛɨɜ. Ɇɨɛɢɥɢɡɨɜɚɧɧɵɟ ɢɧɞɭɫɬɪɢɟɣ ɝɪɟɡ ɥɢɰɚ, ɩɨɥɚɝɚɸɳɢɟ ɫɟɛɹ ɷɤɨɚɤɬɢɜɢɫɬɚɦɢ, 
ɫɬɚɥɢ ɩɨɞɚɜɚɬɶ ɜ ɫɭɞ ɧɟɜɟɪɨɹɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɩɩɨɜɵɯ ɢɫɤɨɜ ɩɪɨɬɢɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
Ⱥɗɋ – ɭɠɟ ɩɨɫɥɟ ɜɵɞɚɱɢ ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɢɯ ɫɬɪɨɢɬɟɥɶɫɬɜɨ. ɗɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫɬɪɨɹɬ ɜ 
ɤɪɟɞɢɬ, ɩɨɬɨɦɭ ɱɬɨ ɧɟɡɚɟɦɧɵɯ ɞɟɧɟɝ ɜ ɬɚɤɢɯ ɨɛɴɟɦɚɯ ɭ ɷɧɟɪɝɟɬɢɤɨɜ ɧɢɤɨɝɞɚ ɧɟ ɛɵɥɨ. 
ɂɬɚɤ, ɤɨɦɩɚɧɢɢ ɚɬɨɦɧɨɣ ɢɧɞɭɫɬɪɢɢ ɜ ɋɒȺ ɛɪɚɥɢ ɤɪɟɞɢɬ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɧɚɱɢɧɚɥɢ 
ɟɝɨ ɜɵɩɥɚɱɢɜɚɬɶ, ɧɨ… ɝɨɞɚɦɢ ɧɟ ɦɨɝɥɢ ɬɨɥɤɨɦ ɧɚɱɚɬɶ ɫɬɪɨɢɬɶ ɫɬɚɧɰɢɸ. ȼɫɟ ɷɬɨ ɜɪɟɦɹ 
ɨɧɢ ɩɪɨɞɨɥɠɚɥɢ ɩɥɚɬɢɬɶ ɩɪɨɰɟɧɬɵ, ɡɚɪɩɥɚɬɭ ɩɟɪɫɨɧɚɥɭ ɢ ɩɪɨɱɟɟ, ɨɬɱɟɝɨ ɢɯ ɡɚɬɪɚɬɵ 
ɧɚɱɚɥɢ ɧɚɪɚɫɬɚɬɶ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢ ɛɵɫɬɪɨ. ɋɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɣ 
ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɫɟɦɢɞɟɫɹɬɵɯ ɝɨɞɨɜ ɜɵɪɨɫɥɚ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɩɨɱɬɢ ɞɨɫɬɢɝɧɭɜ 
ɫɨɜɪɟɦɟɧɧɨɝɨ ɭɪɨɜɧɹ. 

Ʉɨɧɬɪɨɥɶɧɵɦ ɜɵɫɬɪɟɥɨɦ ɜ ɚɦɟɪɢɤɚɧɫɤɭɸ ɚɬɨɦɧɭɸ ɷɧɟɪɝɟɬɢɤɭ ɫɬɚɥ Ɍɪɢ-Ɇɚɣɥ-

Ⱥɣɥɟɧɞ, ɝɞɟ ɩɪɨɢɡɨɲɥɚ ɚɜɚɪɢɹ, ɜɵɡɜɚɜɲɚɹ ɜ ɋɒȺ ɩɚɧɢɤɭ ɢ ɜɡɪɵɜ ɩɨɩɭɥɹɪɧɨɫɬɢ 
«ɡɟɥɟɧɵɯ» ɢɞɟɣ. ȼ ɪɟɚɥɶɧɨɫɬɢ ɫɥɭɱɢɜɲɟɟɫɹ ɧɟɥɶɡɹ ɨɩɢɫɵɜɚɬɶ ɫɥɨɜɨɫɨɱɟɬɚɧɢɟɦ 
«ɚɦɟɪɢɤɚɧɫɤɢɣ ɑɟɪɧɨɛɵɥɶ», ɩɟɪɢɨɞɢɱɟɫɤɢ ɜɫɬɪɟɱɚɸɳɢɦɫɹ ɜ ɩɪɟɫɫɟ. ɉɪɟɠɞɟ ɜɫɟɝɨ 
ɩɨɬɨɦɭ, ɱɬɨ ɧɢɤɬɨ ɧɟ ɩɨɝɢɛ ɢ ɞɚɠɟ ɧɟ ɩɨɫɬɪɚɞɚɥ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɚɜɚɪɢɢ ɧɚ Ɍɪɢ-Ɇɚɣɥ-

Ⱥɣɥɟɧɞ, ɧɨ ɢ ɨɬ ɟɟ ɩɨɫɥɟɞɫɬɜɢɣ. Ɂɚɬɨ ɨɧɚ ɨɤɚɡɚɥɚ ɪɚɡɪɭɲɢɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɪɚɡɜɢɬɢɟ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɢ ɦɨɡɝ ɩɪɨɫɬɵɯ ɚɦɟɪɢɤɚɧɰɟɜ. Ɉɛɳɟɫɬɜɨ ɛɵɥɨ ɜɜɟɪɝɧɭɬɨ 
ɜɨ ɜɫɟɨɛɳɭɸ ɩɚɧɢɤɭ, ɫɨɩɪɨɜɨɠɞɚɜɲɭɸɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɵɦ ɪɨɫɬɨɦ ɚɧɬɢɹɞɟɪɧɨɝɨ 
ɞɜɢɠɟɧɢɹ. ɂ ɬɚɤ ɜɵɲɥɨ, ɱɬɨ ɜɫɟɝɨ ɡɚ ɧɟɫɤɨɥɶɤɨ ɞɧɟɣ ɞɨ ɚɜɚɪɢɢ ɧɚ Ɍɪɢ-Ɇɚɣɥ-Ⱥɣɥɟɧɞ 
Ƚɨɥɥɢɜɭɞ ɜɵɩɭɫɬɢɥ ɮɢɥɶɦ «Ʉɢɬɚɣɫɤɢɣ ɫɢɧɞɪɨɦ». ȼ ɧɟɦ ɫɰɟɧɚɪɢɫɬɵ «ɩɨɤɚɡɚɥɢ» ɤɚɤ 
ɪɚɫɩɥɚɜɥɟɧɧɨɟ ɹɞɟɪɧɨɟ ɬɨɩɥɢɜɨ ɜ ɫɥɭɱɚɟ ɚɜɚɪɢɢ ɩɪɨɠɢɝɚɟɬ Ɂɟɦɥɸ ɧɚɫɤɜɨɡɶ ɨɬ ɋɒȺ ɞɨ 
Ʉɢɬɚɹ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɥɸɞɟɣ ɭɜɥɟɤɚɸɬ ɧɟ ɯɨɥɨɞɧɵɟ ɫɭɯɢɟ (ɯɨɬɶ ɢ ɜɟɪɧɵɟ, 
ɪɟɚɥɶɧɵɟ) ɪɚɫɫɭɠɞɟɧɢɹ, ɚ ɬɨ, ɱɬɨ ɨɛɪɚɳɚɟɬɫɹ ɤ ɢɯ ɷɦɨɰɢɹɦ, ɧɚ ɱɬɨ ɢ ɛɵɥ ɫɞɟɥɚɧ ɚɤɰɟɧɬ 
ɤɢɧɟɦɚɬɨɝɪɚɮɚɦɢ. Ɇɚɥɨ ɱɬɨ ɨɛɪɚɳɚɟɬɫɹ ɤ ɷɦɨɰɢɹɦ ɫɢɥɶɧɟɟ, ɱɟɦ ɫɬɪɚɯ – ɤɚɤɢɦ ɛɵ 
ɝɥɭɩɵɦ ɢ ɢɪɪɚɰɢɨɧɚɥɶɧɵɦ ɨɧ ɧɢ ɛɵɥ. 

ɂɬɨɝɢ 1λ7λ ɝɨɞɚ ɜ ɋɒȺ ɛɵɥɢ ɩɪɟɞɫɤɚɡɭɟɦɵμ ɧɢ ɨɞɧɨɣ Ⱥɗɋ ɫ ɬɟɯ ɩɨɪ ɬɚɦ ɧɟ 
ɩɨɫɬɪɨɢɥɢ. ɇɨɜɵɟ ɩɪɨɟɤɬɵ ɛɟɫɤɨɧɟɱɧɨ ɡɚɬɹɝɢɜɚɥɢɫɶ, ɢɯ ɰɟɧɚ ɡɚ ɫɱɟɬ ɷɬɨɝɨ ɪɨɫɥɚ, ɩɨɤɚ 
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ɨɧɢ ɧɟ ɩɨɬɟɪɹɥɢ ɥɸɛɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɫɦɵɫɥ. Ⱦɚ, ɞɨ ɫɢɯ ɩɨɪ ɒɬɚɬɵ – ɦɢɪɨɜɨɣ ɥɢɞɟɪ 
ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɜɵɪɚɛɚɬɵɜɚɟɦɵɯ ɚɬɨɦɧɵɯ ɤɢɥɨɜɚɬɬ-ɱɚɫɨɜ, ɧɨ ɥɢɲɶ ɡɚ ɫɱɟɬ ɧɚɫɥɟɞɢɹ 
ɷɩɨɯɢ ɞɨ 1λ7λ ɝ., ɞɨ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɩɨɛɟɞɵ Ƚɨɥɥɢɜɭɞɚ ɧɚɞ ɡɞɪɚɜɵɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ 
ɫɦɵɫɥɨɦ. ȼ ɋɒȺ ɞɟɣɫɬɜɭɸɬ 56 ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ (ɩɨɫɬɪɨɟɧɧɵɯ ɛɨɥɶɲɟ 
ɩɨɥɭɜɟɤɚ ɧɚɡɚɞ), ɧɚ ɤɨɬɨɪɵɯ ɜ ɨɛɳɟɣ ɫɥɨɠɧɨɫɬɢ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ λ6 ɷɧɟɪɝɨɛɥɨɤɨɜ Д4Ж. 

Ɇɨɠɟɬ ɩɨɤɚɡɚɬɶɫɹ, ɷɬɨ ɜɫɺ ɩɪɨɛɥɟɦɵ ɚɦɟɪɢɤɚɧɰɟɜ, ɚ ɧɟ ɱɟɥɨɜɟɱɟɫɬɜɚ. 
Ɂɧɚɱɢɬɟɥɶɧɚɹ ɟɝɨ ɱɚɫɬɶ ɛɨɥɟɟ ɢɦɦɭɧɧɚ ɤ ɤɨɧɰɟɩɰɢɹɦ ɚɦɟɪɢɤɚɧɫɤɨɣ ɩɨɩ-ɤɭɥɶɬɭɪɵ. 
ȼɨɡɶɦɟɦ, ɤ ɩɪɢɦɟɪɭ, ɋɋɋɊ 70-80-ɯμ ɡɚ ɫɱɟɬ ɦɨɳɧɨɣ ɡɚɳɢɬɵ ɨɬ ɢɦɩɨɪɬɚ ɡɚɩɚɞɧɨɝɨ 
ɤɢɧɨ, ɚ ɬɚɤɠɟ ɧɟɞɨɫɬɭɩɧɨɫɬɢ ɚɦɟɪɢɤɚɧɫɤɨɣ ɩɪɟɫɫɵ, ɮɚɧɬɚɫɬɢɱɟɫɤɢɟ ɢɞɟɢ ɫ Ɂɚɩɚɞɚ 
ɩɪɢɯɨɞɢɥɢ ɤ ɫɨɜɟɬɫɤɢɦ ɝɪɚɠɞɚɧɚɦ ɤɪɚɣɧɟ ɨɫɥɚɛɥɟɧɧɵɦɢ ɢ ɧɢɤɚɤ ɧɟ ɜɥɢɹɥɢ ɧɚ ɪɟɲɟɧɢɟ 
ɪɭɤɨɜɨɞɫɬɜɚ ɷɬɢɯ ɫɬɪɚɧ. ɋɨɜɟɬɫɤɚɹ ɚɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɧɟ ɢɫɩɵɬɵɜɚɥɚ 
ɜɥɢɹɧɢɹ ɚɧɬɢɚɬɨɦɧɵɯ ɧɚɫɬɪɨɟɧɢɣμ ɜɩɥɨɬɶ ɞɨ 1λ86 ɝ. ɟɟ ɫɱɢɬɚɥɢ ɤɪɚɣɧɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ 
ɡɚɦɟɧɨɣ ɜɫɟɦ ɭɝɨɥɶɧɵɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦ, ɢ ɩɪɨɛɥɟɦɚ ɛɵɥɚ ɬɨɥɶɤɨ ɜ ɬɨɦ, ɱɬɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ⱥɗɋ ɧɟ ɭɫɩɟɜɚɥɨ ɡɚ ɩɨɬɪɟɛɧɨɫɬɶɸ ɜ ɧɨɜɵɯ ɫɬɚɧɰɢɹɯ. ȼɫɟ ɢɡɦɟɧɢɥɨɫɶ β6 
ɚɩɪɟɥɹ 1λ86 ɝ., ɩɪɢ ɜɡɪɵɜɟ ɜ ɱɟɬɜɟɪɬɨɦ ɷɧɟɪɝɨɛɥɨɤɟ ɑɟɪɧɨɛɵɥɶɫɤɨɣ Ⱥɗɋ. ȼɨɩɪɟɤɢ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɢɮɚɦ, ɜɡɪɵɜ ɧɟ ɛɵɥ ɢɬɨɝɨɦ «ɷɤɫɩɟɪɢɦɟɧɬɚ» ɫ ɨɬɤɥɸɱɟɧɢɟɦ 
ɚɜɚɪɢɣɧɨɣ ɡɚɳɢɬɵ ɪɟɚɤɬɨɪɚ. ɇɚɩɪɨɬɢɜ, ɜ ɬɭ ɧɨɱɶ ɬɚɦ ɜɟɥɫɹ ɩɥɚɧɨɜɨ-

ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɣ ɪɟɦɨɧɬ, ɢ ɩɪɢ ɤɚɠɞɨɦ ɬɚɤɨɦ ɪɟɦɨɧɬɟ ɡɚɳɢɬɭ ɪɟɚɤɬɨɪɚ ɨɬɤɥɸɱɚɥɢ – 

ɩɨɬɨɦɭ ɱɬɨ ɛɟɡ ɷɬɨɝɨ ɧɟɥɶɡɹ ɛɵɥɨ ɩɪɨɜɟɪɢɬɶ ɟɝɨ ɪɚɛɨɬɭ ɜɨ ɜɧɟɲɬɚɬɧɵɯ ɪɟɠɢɦɚɯ. Ɍɨ 
ɟɫɬɶ ɫɚɦɨ ɨɬɤɥɸɱɟɧɢɟ ɛɵɥɨ ɩɥɚɧɨɜɵɦ, ɧɨ ɧɢɤɚɤ ɧɟ «ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ» Д5Ж. 

ȼɫɤɨɪɟ ɩɨɫɥɟ ɑɟɪɧɨɛɵɥɹ ɋɋɋɊ ɮɚɤɬɢɱɟɫɤɢ ɨɫɬɚɧɨɜɢɥ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ 
ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɫɜɟɪɧɭɜ ɰɟɥɵɣ ɪɹɞ ɩɪɨɟɤɬɨɜ, ɧɚɯɨɞɢɜɲɢɯɫɹ ɜ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ 
ɝɨɬɨɜɧɨɫɬɢ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɫɚɦ ɩɨ ɫɟɛɟ ɮɚɤɬ ɚɜɚɪɢɢ – ɷɬɨ ɞɚɥɟɤɨ ɧɟ ɩɪɢɝɨɜɨɪ ɬɨɦɭ ɢɥɢ 
ɢɧɨɦɭ ɜɢɞɭ ɷɧɟɪɝɟɬɢɤɢ. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɪɟɞɢ ɪɚɛɨɬɚɜɲɢɯ ɧɚ ɑȺɗɋ ɭɦɟɪ γ1 ɱɟɥɨɜɟɤ 
(28 – ɨɬ ɥɭɱɟɜɨɣ ɛɨɥɟɡɧɢ). ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɤ ɩɪɢɦɟɪɭ, ɨɬ ɫɥɭɱɢɜɲɟɣɫɹ ɜ β008 ɝɨɞɭ 
ɚɜɚɪɢɢ ɧɚ ɋɚɹɧɨ-ɒɭɲɟɧɫɤɨɣ Ƚɗɋ ɭɦɟɪɥɨ 75 ɱɟɥɨɜɟɤ, ɚ ɨɬ ɛɟɡɚɜɚɪɢɣɧɨɣ ɪɚɛɨɬɵ 
ɭɝɨɥɶɧɵɯ ɢ ɝɚɡɨɜɵɯ Ɍɗɋ ɜ ɋɒȺ ɭɦɢɪɚɟɬ ɩɨ ɩɨɥɫɨɬɧɢ ɬɵɫɹɱ ɱɟɥɨɜɟɤ ɜ ɝɨɞ. Ɍɨ ɟɫɬɶ, 
ɱɬɨɛɵ ɩɨɧɹɬɶ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɑɟɪɧɨɛɵɥɹ, ɜɚɠɧɚ ɧɟ ɬɨɥɶɤɨ ɚɜɚɪɢɹ, ɧɨ ɢ ɟɟ 
ɩɨɫɥɟɞɫɬɜɢɹ. 

ɋɟɝɨɞɧɹ ɚɬɨɦɧɚɹ ɨɬɪɚɫɥɶ Ɋɨɫɫɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɳɧɵɣ ɤɨɦɩɥɟɤɫ ɢɡ ɨɤɨɥɨ 
γ50 ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ, ɜ ɤɨɬɨɪɵɯ ɡɚɧɹɬɨ ɫɜɵɲɟ β50 ɬɵɫ. ɱɟɥɨɜɟɤ. 
Ⱦɢɧɚɦɢɱɧɨɟ ɪɚɡɜɢɬɢɟ ɨɬɪɚɫɥɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɭɫɥɨɜɢɣ ɨɛɟɫɩɟɱɟɧɢɹ 
ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɨɫɬɢ ɝɨɫɭɞɚɪɫɬɜɚ ɢ ɫɬɚɛɢɥɶɧɨɝɨ ɪɨɫɬɚ ɷɤɨɧɨɦɢɤɢ ɫɬɪɚɧɵ. ȼ 
ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɚɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ – ɨɞɢɧ ɢɡ ɜɚɠɧɟɣɲɢɯ ɫɟɤɬɨɪɨɜ ɷɤɨɧɨɦɢɤɢ 
Ɋɨɫɫɢɢ. Ɋɚɡɦɟɳɟɧɢɟ ɨɩɚɫɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤ ɤɨɬɨɪɨɦɭ, ɧɟɫɨɦɧɟɧɧɨ, ɨɬɧɨɫɢɬɫɹ 
ɚɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ, ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɢ ɨɞɧɨɣ ɢɡ ɤɥɸɱɟɜɵɯ ɩɪɨɛɥɟɦ, ɥɟɠɚɳɢɯ ɜ ɨɫɧɨɜɟ 
ɛɥɚɝɨɩɨɥɭɱɢɹ ɝɨɫɭɞɚɪɫɬɜɚ ɢ ɜɟɤɬɨɪɚ ɫɨɰɢɚɥɶɧɨɝɨ ɧɚɫɬɪɨɟɧɢɹ ɨɛɳɟɫɬɜɚ.  

ɋɮɟɪɚ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɢ ɩɨɥɢɬɢɱɟɫɤɨɣ 
ɫɢɬɭɚɰɢɢ ɧɚ ɦɢɪɨɜɨɣ ɚɪɟɧɟ. Ɍɚɤ, ɪɚɡɥɢɱɧɵɟ ɫɨɛɵɬɢɹ ɩɪɨɜɨɰɢɪɭɸɬ ɜɫɩɥɟɫɤ ɢ ɩɚɞɟɧɢɟ 
ɢɧɬɟɪɟɫɚ ɤ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɫɱɟɬ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ. ɇɚ ɞɚɧɧɭɸ 
ɨɬɪɚɫɥɶ ɫɟɪɶɟɡɧɨ ɩɨɜɥɢɹɥɢ ɧɟɫɤɨɥɶɤɨ ɫɨɛɵɬɢɣμ  
 ɚɜɚɪɢɹ ɧɚ ɑɟɪɧɨɛɵɥɶɫɤɨɣ Ⱥɗɋ ɜ 1λ86 ɝ. (ɢɡ-ɡɚ ɤɚɬɚɫɬɪɨɮɵ ɪɹɞ ɩɪɨɟɤɬɨɜ ɛɵɥ 

ɩɨɥɧɨɫɬɶɸ ɫɜɟɪɧɭɬ, ɪɨɫɬ ɱɢɫɥɚ ɧɨɜɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɡɚɦɟɞɥɢɥɫɹ); 
 ɬɨɩɥɢɜɧɵɟ ɤɪɢɡɢɫɵ 1λ7γ-1λ74 ɝɝ. ɢ 1λ78-1λ7λ ɝɝ. ɫ ɪɟɡɤɢɦ ɪɨɫɬɨɦ ɰɟɧɵ ɧɚ ɧɟɮɬɶ 

(ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɢɧɬɟɪɟɫ ɤ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɪɟɡɤɨ 
ɜɨɡɪɚɫɬɚɟɬ); 

 ɚɜɚɪɢɹ ɧɚ ɹɩɨɧɫɤɨɣ ɫɬɚɧɰɢɢ Ɏɭɤɭɫɢɦɚ-1 (ɩɨɞɨɛɧɵɟ ɫɨɛɵɬɢɹ ɩɪɢɜɨɞɹɬ ɤ ɪɨɫɬɭ 
ɨɩɚɫɟɧɢɣ ɢ ɡɚɦɟɞɥɹɸɬ ɪɚɡɜɢɬɢɟ ɩɪɨɝɪɟɫɫɚ) Д6Ж. 
ɇɟɫɦɨɬɪɹ ɧɚ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ Ⱥɗɋ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɝɟɧɟɪɚɰɢɢ ɨɱɟɜɢɞɧɵ, ɜɨ ɦɧɨɝɢɯ ɫɬɪɚɧɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ Ɋɨɫɫɢɢ, ɫɪɟɞɢ 
ɧɚɫɟɥɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ «ɨɛɟɫɩɨɤɨɟɧɧɨɫɬɶ ɩɨ ɩɨɜɨɞɭ ɪɢɫɤɚ ɚɜɚɪɢɣ ɢ ɧɟɪɟɲɺɧɧɨɫɬɶɸ 



 ȼɕɋɌɊȺɂȼȺɇɂȿ ɉȺɊɌɇȿɊɋɄɂɏ ɈɌɇɈɒȿɇɂɃ ȺɌɈɆɇɈɃ ɈɌɊȺɋɅɂ 135 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɩɪɨɛɥɟɦɵ ɫ ɨɬɯɨɞɚɦɢ» Д7Ж. ɉɨ ɦɧɟɧɢɸ ɉɨɥɚ ɋɩɟɧɫɚ – ɞɢɪɟɤɬɨɪɚ ɩɨ ɫɬɪɚɬɟɝɢɢ ɢ 
ɜɧɭɬɪɢɤɨɪɩɨɪɚɬɢɜɧɵɦ ɞɟɥɚɦ EDF EЧОЫРв, «ɪɢɫɤɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɛɟɡɨɩɚɫɧɨɫɬɶɸ, 
ɡɚɱɚɫɬɭɸ ɩɟɪɟɨɰɟɧɟɧɵ». Ɂɚɦɟɫɬɢɬɟɥɶ ɞɢɪɟɤɬɨɪɚ ɐɟɧɬɪɚ ɹɞɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ Ȼɟɧ 
Ȼɪɢɬɬɨɧ, ɤɨɦɦɟɧɬɢɪɭɹ ɨɩɚɫɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ, ɨɬɦɟɬɢɥμ «ȼɫɺ 
ɨɬɧɨɫɢɬɟɥɶɧɨ. Ⱥɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɧɟ ɬɚɤ ɨɩɚɫɧɚ, ɤɚɤ ɢɡɦɟɧɟɧɢɟ ɤɥɢɦɚɬɚ...» Д8Ж. 

ɋ ɞɪɭɝɨɣ ɠɟ ɫɬɨɪɨɧɵ, ɜ ɫɢɥɭ ɜɨɡɪɚɫɬɚɸɳɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɪɟɛɧɨɫɬɟɣ 
ɧɚɫɟɥɟɧɢɹ, ɥɸɞɢ ɨɫɨɡɧɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ ɢ ɪɚɡɜɢɬɢɹ Ⱥɗɋ, ɤɚɤ ɨɞɧɨɝɨ ɢɡ 
ɫɩɨɫɨɛɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɪɚɧɵ ɷɧɟɪɝɨɪɟɫɭɪɫɚɦɢ.  

ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɞɨɜɟɪɢɹ ɥɸɞɟɣ ɤ ɹɞɟɪɧɵɦ 
ɬɟɯɧɨɥɨɝɢɹɦ ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɜɢɞɧɨɣ, ɨɫɨɛɟɧɧɨ ɜ ɨɬɧɨɲɟɧɢɢ ɝɪɚɠɞɚɧ, ɩɪɨɠɢɜɚɸɳɢɯ ɜ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɤ Ⱥɗɋ.  

Ɋɨɫɬɨɜɫɤɚɹ Ⱥɗɋ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɤɪɭɩɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɨɬɪɚɫɥɢ Ɋɨɫɬɨɜɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɘɝɚ ɫɬɪɚɧɵ. ɉɭɫɤ ɷɧɟɪɝɨɛɥɨɤɚ № 4 ɩɨɡɜɨɥɢɥ ɭɫɬɨɣɱɢɜɨ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɟ ɜɫɟɝɨ ɸɠɧɨɝɨ ɪɟɝɢɨɧɚ Ɋɨɫɫɢɢ. Ɋɨɫɬɨɜɫɤɚɹ Ⱥɗɋ 
ɹɜɥɹɟɬɫɹ ɮɢɥɢɚɥɨɦ ȺɈ «Ʉɨɧɰɟɪɧ Ɋɨɫɷɧɟɪɝɨɚɬɨɦ» (ɜɯɨɞɢɬ ɜ ɤɪɭɩɧɟɣɲɢɣ ɞɢɜɢɡɢɨɧ 
Ƚɨɫɤɨɪɩɨɪɚɰɢɢ «Ɋɨɫɚɬɨɦ» «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ»). ɉɪɟɞɩɪɢɹɬɢɟ ɪɚɫɩɨɥɨɠɟɧɨ ɧɚ 
ɛɟɪɟɝɭ ɐɢɦɥɹɧɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ 1γ,5 ɤɦ ɨɬ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ. ɇɚ Ⱥɗɋ 
ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɪɟɚɤɬɨɪɵ ɬɢɩɚ ȼȼɗɊ-1000 ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 1000 Ɇȼɬ. 
ɗɧɟɪɝɨɛɥɨɤ № 1 ɜɜɟɞɟɧ ɜ ɩɪɨɦɵɲɥɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ β001 ɝ., ɷɧɟɪɝɨɛɥɨɤ №β – ɜ 
β010 ɝ., ɷɧɟɪɝɨɛɥɨɤ №γ ɩɪɢɧɹɬ ɜ ɩɪɨɦɵɲɥɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ β015 ɝ., ɷɧɟɪɝɨɛɥɨɤ 
№4 ɜ β018 ɝɨɞɭ. Ɋɨɫɬɨɜɫɤɚɹ ɚɬɨɦɧɚɹ ɫɬɚɧɰɢɹ ɩɹɬɶ ɪɚɡ ɛɵɥɚ ɩɪɢɡɧɚɧɚ ɥɭɱɲɟɣ ɩɨ 
ɤɭɥɶɬɭɪɟ ɛɟɡɨɩɚɫɧɨɫɬɢμ ɜ β005, β008, β010, β014, β017 ɝɨɞɚɯ. 

ɇɟɥɶɡɹ ɧɟ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɜ ɝ. ȼɨɥɝɨɞɨɧɫɤɟ ɪɚɛɨɬɚ ɫ ɧɚɫɟɥɟɧɢɟɦ ɞɚɜɧɨ ɢ 
ɭɫɩɟɲɧɨ ɜɟɞɟɬɫɹ. Ɇɵ ɢɦɟɟɦ ɜ ɜɢɞɭ ɞɟɹɬɟɥɶɧɨɫɬɶ ɍɩɪɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢ 
ɨɛɳɟɫɬɜɟɧɧɵɯ ɫɜɹɡɟɣ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ. Ⱦɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɛɵɥɚ ɫɨɡɞɚɧɚ ɜ ɤɚɱɟɫɬɜɟ 
ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɊɨȺɗɋ, ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɛɥɚɝɨɩɪɢɹɬɧɨɝɨ 
ɜɨɫɩɪɢɹɬɢɹ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɜ ɝɥɚɡɚɯ ɧɚɫɟɥɟɧɢɹ.  

ɐɟɥɹɦɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɍɩɪɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɫɜɹɡɟɣ 
Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ (ɞɚɥɟɟ – ɍɂɈɋ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ) ɹɜɥɹɟɬɫɹμ ɩɨɜɵɲɟɧɢɟ ɨɛɳɟɫɬɜɟɧɧɨɣ 
ɩɪɢɟɦɥɟɦɨɫɬɢ ɩɪɨɟɤɬɨɜ ȺɈ «Ʉɨɧɰɟɪɧ Ɋɨɫɷɧɟɪɝɨɚɬɨɦ» (ɞɚɥɟɟ – Ʉɨɧɰɟɪɧɚ) ɢ 
Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɜ ɪɟɝɢɨɧɟ ɩɪɢɫɭɬɫɬɜɢɹ; ɨɛɟɫɩɟɱɟɧɢɟ ɢɧɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɛɨɬɧɢɤɨɜ ɨ 
ɩɪɨɰɟɫɫɚɯ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɯ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɧɚ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ, ɜ Ʉɨɧɰɟɪɧɟ ɢ 
Ƚɨɫɤɨɪɩɨɪɚɰɢɢ «Ɋɨɫɚɬɨɦ», ɫ ɩɨɦɨɳɶɸ ɜɵɫɬɪɨɟɧɧɨɣ ɫɢɫɬɟɦɵ ɜɧɭɬɪɟɧɧɢɯ 
ɤɨɦɦɭɧɢɤɚɰɢɣ; ɷɮɮɟɤɬɢɜɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɡɚɹɜɥɟɧɢɹ ɨ ɩɨɥɢɬɢɤɟ ȺɈ «Ʉɨɧɰɟɪɧ 
Ɋɨɫɷɧɟɪɝɨɚɬɨɦ» ɜ ɨɛɥɚɫɬɢ ɤɨɦɦɭɧɢɤɚɰɢɣ ɢ ɩɭɛɥɢɱɧɨɣ ɨɬɱɟɬɧɨɫɬɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɪɚɫɩɨɥɨɠɟɧɢɹ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ. 

Ⱦɨɫɬɢɠɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɪɟɲɟɧɢɟɦ ɧɢɠɟɫɥɟɞɭɸɳɢɯ ɜ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɍɂɈɋ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɡɚɞɚɱμ  

1) ɨɪɝɚɧɢɡɚɰɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɜ 
ɨɛɥɚɫɬɢ ɦɚɫɫɨɜɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ;  

β) ɨɪɝɚɧɢɡɚɰɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɜ 
ɨɛɥɚɫɬɢ ɜɧɭɬɪɟɧɧɢɯ ɤɨɦɦɭɧɢɤɚɰɢɣ;  

γ) ɨɪɝɚɧɢɡɚɰɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɜ 
ɨɛɥɚɫɬɢ ɦɚɪɤɟɬɢɧɝɨɜɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ;  

4) ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɪɟɝɢɨɧɚɥɶɧɵɦɢ ɨɪɝɚɧɚɦɢ ɜɥɚɫɬɢ, ɦɟɫɬɧɵɦɢ ɫɨɨɛɳɟɫɬɜɚɦɢ ɢ 
ɨɛɳɟɫɬɜɟɧɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ;  

5) ɚɧɬɢɤɪɢɡɢɫɧɨɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɪɟɚɝɢɪɨɜɚɧɢɟ. 
ɑɬɨɛɵ ɩɨɤɚɡɚɬɶ ɪɟɫɭɪɫɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɍɂɈɋ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ, ɤɚɤ 

ɫɩɟɰɢɚɥɶɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɹ, ɨɛɥɚɞɚɸɳɟɝɨ ɩɨɬɟɧɰɢɚɥɨɦ ɩɨ 
ɫɝɥɚɠɢɜɚɧɢɸ ɩɪɨɬɢɜɨɪɟɱɢɣ ɦɟɠɞɭ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɚɬɨɦɧɨɣ ɫɬɚɧɰɢɢ ɢ ɧɚɫɟɥɟɧɢɟɦ  
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ɝ. ȼɨɥɝɨɞɨɧɫɤɚ, ɪɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɜɵɞɟɥɟɧɧɵɟ ɡɚɞɚɱɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɨɝɨ, 
ɤɚɤɨɣ ɚɥɝɨɪɢɬɦ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢɦɟɟɬ ɞɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɜ ɨɛɨɡɧɚɱɟɧɧɨɦ ɧɚɦɢ ɤɚɱɟɫɬɜɟ. 

Ɍɚɤ, ɜ ɱɚɫɬɢ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ Ɋɨɫɬɨɜɫɤɨɣ 
Ⱥɗɋ ɜ ɨɛɥɚɫɬɢ ɦɚɫɫɨɜɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ ɍɂɈɋ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɩɨɥɧɨɦɨɱɢɹɦɢ ɢ 
ɩɪɟɪɨɝɚɬɢɜɚɦɢμ 
 ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɤɨɧɰɟɩɰɢɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɊɨȺɗɋ ɢ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɟɟ 

ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɜɵɫɬɚɜɨɤ, ɩɪɟɡɟɧɬɚɰɢɣ, ɩɨɞɝɨɬɨɜɤɟ ɛɭɤɥɟɬɨɜ, ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɪɨɥɢɤɨɜ, ɫɬɟɧɞɨɜ, ɩɥɚɤɚɬɨɜ ɢ ɞɪ.; 

 ɨɫɭɳɟɫɬɜɥɹɬɶ ɦɨɧɢɬɨɪɢɧɝ ɋɆɂ, ɛɥɨɝɨɫɮɟɪɵ ɧɚ ɩɪɟɞɦɟɬ ɩɨɹɜɥɟɧɢɹ 
ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɣ (ɧɟɝɚɬɢɜɧɨɣ) ɢɧɮɨɪɦɚɰɢɢ ɨ ɞɟɹɬɟɥɶɧɨɫɬɢ ɊɨȺɗɋ ɢ 
Ʉɨɧɰɟɪɧɚ ɜ ɰɟɥɨɦ; 

 ɩɨɞɝɨɬɚɜɥɢɜɚɬɶ ɩɪɟɫɫ-ɪɟɥɢɡɵ ɢ ɞɪɭɝɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨ ɪɚɛɨɬɟ 
ɊɨȺɗɋ ɢ ɪɚɡɦɟɳɟɧɢɟ ɢɯ ɜ ɋɆɂ; 

 ɨɫɭɳɟɫɬɜɥɹɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ ɢ ɫɨɞɟɪɠɚɬɟɥɶɧɨɟ ɧɚɩɨɥɧɟɧɢɟ 
ɜɢɡɢɬɨɜ ɨɮɢɰɢɚɥɶɧɵɯ ɞɟɥɟɝɚɰɢɣ ɢ ɷɤɫɤɭɪɫɢɣ ɰɟɥɟɜɵɯ ɚɭɞɢɬɨɪɢɣ (ɝɪɭɩɩ) ɧɚ 
ɊɨȺɗɋ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɦɚɪɲɪɭɬɚɦ. Ɉɮɨɪɦɥɟɧɢɟ ɞɨɤɭɦɟɧɬɨɜ ɞɥɹ ɩɪɨɯɨɞɚ ɧɚ 
Ⱥɗɋ ɢ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɨɪɝɚɧɢɡɚɰɢɸ ɫɴɟɦɨɤ; 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɪɚɡɴɹɫɧɢɬɟɥɶɧɭɸ ɪɚɛɨɬɭ ɩɨ ɜɨɩɪɨɫɚɦ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɊɨȺɗɋ ɢ ɪɚɡɜɢɬɢɹ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɜ ɢɧɬɟɪɧɟɬ-ɩɪɨɫɬɪɚɧɫɬɜɟ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɜ ɛɥɨɝɨɫɮɟɪɟ ɢ ɫɨɰɢɚɥɶɧɵɯ ɦɟɞɢɚ; 

 ɫɨɞɟɣɫɬɜɨɜɚɬɶ ɜ ɩɨɞɝɨɬɨɜɤɟ ɢ ɩɪɨɜɟɞɟɧɢɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɨɛɫɭɠɞɟɧɢɣ ɨɰɟɧɤɢ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɦɚɬɟɪɢɚɥɨɜ ɨɛɨɫɧɨɜɚɧɢɹ ɥɢɰɟɧɡɢɣ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɞɟɹɬɟɥɶɧɨɫɬɢ ɊɨȺɗɋ; 

 ɩɪɨɜɨɞɢɬɶ ɦɨɧɢɬɨɪɢɧɝ ɢ ɚɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ ɦɟɫɬɧɵɯ ɢ ɪɟɝɢɨɧɚɥɶɧɵɯ ɋɆɂ ɜ 
ɪɟɝɢɨɧɟ ɩɪɢɫɭɬɫɬɜɢɹ; 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɨɬɜɟɬɧɵɟ ɞɟɣɫɬɜɢɹ ɧɚ ɩɨɹɜɥɟɧɢɟ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɦ ɩɨɥɟ 
ɢɫɤɚɠɟɧɧɨɣ, ɥɢɛɨ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɛɨɬɟ 
Ʉɨɧɰɟɪɧɚ ɢ ɊɨȺɗɋ, ɚ ɬɚɤɠɟ ɞɟɣɫɬɜɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɩɪɨɬɢɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɚɬɚɤ; 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɢ ɩɪɨɜɨɞɢɬɶ ɰɟɥɟɜɵɟ ɢ ɫɨɛɵɬɢɣɧɵɟ PR-ɚɤɰɢɢ ɤɚɤ ɨɬɪɚɫɥɟɜɨɝɨ, 
ɬɚɤ ɢ ɫɬɚɧɰɢɨɧɧɨɝɨ ɡɧɚɱɟɧɢɹ; 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɤɨɧɤɭɪɫɵ, ɜɢɤɬɨɪɢɧɵ, ɜɤɥɸɱɚɹ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢɧɬɟɪɧɟɬ, ɚ ɬɚɤɠɟ 
ɞɪɭɝɢɟ ɢɝɪɨɜɵɟ ɮɨɪɦɵ ɪɚɛɨɬɵ ɫ ɨɛɳɟɫɬɜɟɧɧɨɫɬɶɸ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɟɟ ɭɪɨɜɧɹ 
ɡɧɚɧɢɣ ɨ ɬɟɯɧɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɊɨȺɗɋ, ɟɟ ɪɨɥɢ ɢ 
ɡɧɚɱɟɧɢɢ ɜ ɷɤɨɧɨɦɢɤɟ ɪɟɝɢɨɧɚ, ɚ ɬɚɤɠɟ ɜ ɰɟɥɹɯ ɩɨɞɞɟɪɠɚɧɢɹ ɢ ɭɤɪɟɩɥɟɧɢɹ 
ɞɪɭɠɟɥɸɛɧɵɯ ɨɬɧɨɲɟɧɢɣ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɚɬɟɝɨɪɢɹɦɢ ɧɚɫɟɥɟɧɢɹ ɢ ɋɆɂ;  

 ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɢ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɚɞɚɩɬɢɪɨɜɚɧɧɵɟ ɩɪɟɡɟɧɬɚɰɢɢ, ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɩɪɨɫɜɟɬɢɬɟɥɶɫɤɢɟ ɢ ɪɟɤɥɚɦɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɛɪɨɲɸɪɵ, ɩɪɨɫɩɟɤɬɵ, ɛɭɤɥɟɬɵ ɩɨ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ, ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɬɟɦɚɬɢɤɟ, 
ɫɨɡɞɚɜɚɬɶ ɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɩɨɥɧɹɬɶ ɛɚɧɤ ɞɚɧɧɵɯ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ, ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɚɫɩɟɤɬɚɦ ɪɚɛɨɬɵ ɊɨȺɗɋ; 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɪɚɛɨɬɭ ɩɨ ɩɨɜɵɲɟɧɢɸ ɢɧɮɨɪɦɢɪɨɜɚɧɧɨɫɬɢ ɦɟɫɬɧɵɯ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɯ ɋɆɂ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɟɫɫ-ɬɭɪɨɜ ɧɚ ɊɨȺɗɋ, ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ 
ɫɟɦɢɧɚɪɨɜ, ɤɨɧɤɭɪɫɨɜ, ɫ ɰɟɥɶɸ ɞɨɫɬɨɜɟɪɧɨɝɨ ɢ ɨɛɴɟɤɬɢɜɧɨɝɨ ɨɫɜɟɳɟɧɢɹ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɚɬɨɦɧɨɣ ɫɬɚɧɰɢɢ, ɟɟ ɪɨɥɢ ɢ ɡɧɚɱɟɧɢɹ ɜ 
ɷɤɨɧɨɦɢɤɟ ɪɟɝɢɨɧɚ. 
ɑɟɬɜɟɪɬɚɹ ɡɚɞɚɱɚ ɧɟ ɫɬɨɥɶ ɦɚɫɲɬɚɛɧɚ, ɤɚɤ ɜɬɨɪɚɹ, ɧɨ ɬɚɤɠɟ ɢɦɟɟɬ ɜɚɠɧɨɟ 

ɡɧɚɱɟɧɢɟ. Ɉɧɚ ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɜ ɫɜɨɢɯ ɤɨɦɦɭɧɢɤɚɬɢɜɧɵɯ ɢɧɬɟɧɰɢɹɯ ɧɟ ɧɚ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɍɂɈɋ, ɚ ɧɚ 
ɧɟɤɢɟ ɤɨɥɥɟɤɬɢɜɧɵɟ ɫɨɨɛɳɟɫɬɜɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɱɚɫɬɢ ɝɪɚɠɞɚɧɫɤɨɝɨ ɨɛɳɟɫɬɜɚ, 
ɫɩɨɫɨɛɧɵɟ ɡɚɧɢɦɚɬɶ ɚɤɬɢɜɧɭɸ ɫɨɰɢɚɥɶɧɭɸ ɩɨɡɢɰɢɢ ɢ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɰɟɧɧɨɫɬɢ 
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ɧɚɫɟɥɟɧɢɹ ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɊɨȺɗɋ ɬɟɪɪɢɬɨɪɢɢ. Ƚɪɚɠɞɚɧɫɤɨɟ ɨɛɳɟɫɬɜɨ ɦɨɠɟɬ ɫɬɚɬɶ 
ɨɱɟɧɶ ɜɚɠɧɨɣ ɩɥɨɳɚɞɤɨɣ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɝɪɚɠɞɚɧɫɤɨɝɨ ɞɢɚɥɨɝɚ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ 
ɨɪɝɚɧɢɡɨɜɚɧɧɵɦɢ ɝɪɭɩɩɚɦɢ ɧɚɫɟɥɟɧɢɹ ɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɚɞɦɢɧɢɫɬɪɚɰɢɢ ɊɨȺɗɋ. 
Ɍɚɤɨɣ ɞɢɚɥɨɝ ɦɨɠɟɬ ɛɵɬɶ ɨɫɧɨɜɚɧ ɬɨɥɶɤɨ ɧɚ ɞɨɜɟɪɢɢ. ɉɨɷɬɨɦɭ ɧɚ ɍɂɈɋ ɜɨɡɥɚɝɚɟɬɫɹ 
ɤɪɚɣɧɟ ɜɚɠɧɚɹ ɡɚɞɚɱɚ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɤɨɦɦɭɧɢɤɚɰɢɸ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɤɨɧɬɚɤɬ 
ɦɟɠɞɭ ɫɭɛɴɟɤɬɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɵɥ ɩɪɨɱɧɵɦ ɢ ɭɫɬɨɣɱɢɜɵɦ. ȼ ɱɚɫɬɢ ɤɨɦɦɭɧɢɤɚɰɢɢ 
ɫ ɦɟɫɬɧɵɦɢ ɫɨɨɛɳɟɫɬɜɚɦɢ ɢ ɨɛɳɟɫɬɜɟɧɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɍɂɈɋ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ 
ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɩɨɥɧɨɦɨɱɢɹμ 
 ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɦɟɫɬɧɵɦɢ ɫɨɨɛɳɟɫɬɜɚɦɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɊɨȺɗɋ; 
 ɨɫɭɳɟɫɬɜɥɹɬɶ ɦɨɧɢɬɨɪɢɧɝ ɫɨɰɢɚɥɶɧɨɝɨ ɤɥɢɦɚɬɚ ɢ ɨɛɳɟɫɬɜɟɧɧɨ-ɩɨɥɢɬɢɱɟɫɤɨɣ 

ɫɢɬɭɚɰɢɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɊɨȺɗɋ. Ɇɨɧɢɬɨɪɢɧɝ ɢ ɚɧɚɥɢɡ ɩɭɛɥɢɱɧɵɯ 
ɜɵɫɬɭɩɥɟɧɢɣ ɢ ɦɧɟɧɢɣ ɨɪɝɚɧɨɜ ɜɥɚɫɬɢ ɜ ɪɟɝɢɨɧɟ ɩɪɢɫɭɬɫɬɜɢɹ; 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɪɭɤɨɜɨɞɫɬɜɚ Ⱥɋ ɫ ɚɞɦɢɧɢɫɬɪɚɰɢɟɣ ɝɨɪɨɞɚ ɢ 
ɨɛɥɚɫɬɢ, ɩɪɟɫɫ-ɫɥɭɠɛɚɦɢ ɷɬɢɯ ɫɬɪɭɤɬɭɪ, ɨɬɞɟɥɶɧɵɦɢ ɞɟɩɭɬɚɬɚɦɢ, ɨɛɳɟɫɬɜɟɧɧɵɦɢ 
ɢ ɩɨɥɢɬɢɱɟɫɤɢɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ, ɞɟɥɨɜɵɦ ɫɨɨɛɳɟɫɬɜɨɦ. Ɉɪɝɚɧɢɡɚɰɢɹ ɢ 
ɩɪɨɜɟɞɟɧɢɟ ɫɨɜɦɟɫɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɩɪɨɟɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɥɚɝɨɬɜɨɪɢɬɟɥɶɧɵɯ. 
Ɉɛɟɫɩɟɱɢɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɫɮɟɪɟ ɊR-ɤɨɦɦɭɧɢɤɚɰɢɣ, ɫ ɜɵɛɨɪɧɵɦɢ ɨɪɝɚɧɚɦɢ 
ɦɟɫɬɧɨɝɨ ɫɚɦɨɭɩɪɚɜɥɟɧɢɹ, ɨɛɳɟɫɬɜɟɧɧɵɦɢ ɨɛɴɟɞɢɧɟɧɢɹɦɢ, ɜ ɬ.ɱ. ɦɨɥɨɞɟɠɧɵɦɢ, 
ɩɪɨɮɫɨɸɡɧɵɦɢ, ɜɟɬɟɪɚɧɫɤɢɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɩɪɟɞɩɪɢɹɬɢɹ; 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɢ ɤɨɨɪɞɢɧɢɪɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɢ ɪɚɡɴɹɫɧɢɬɟɥɶɧɭɸ ɪɚɛɨɬɭ 
ɩɨ ɜɨɩɪɨɫɚɦ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɰɟɥɟɜɵɦɢ ɚɭɞɢɬɨɪɢɹɦɢ ɜ ɪɟɝɢɨɧɟ 
ɩɪɢɫɭɬɫɬɜɢɹ ɊɨȺɗɋ, ɚ ɬɚɤɠɟ ɜ ɫɨɫɟɞɧɢɯ ɪɟɝɢɨɧɚɯ, ɪɚɡɪɚɛɚɬɵɜɚɬɶ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɩɪɨɫɜɟɬɢɬɟɥɶɫɤɢɟ ɩɪɨɝɪɚɦɦɵ; 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɪɚɛɨɬɭ ɩɨ ɩɨɜɵɲɟɧɢɸ ɢɧɮɨɪɦɢɪɨɜɚɧɧɨɫɬɢ ɧɟɩɪɚɜɢɬɟɥɶɫɬɜɟɧɧɵɯ 
ɨɪɝɚɧɢɡɚɰɢɣ, ɨɬɞɟɥɶɧɵɯ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɧɚɫɟɥɟɧɢɹ (ɦɟɞɢɤɢ, ɩɟɞɚɝɨɝɢ, 
ɦɭɧɢɰɢɩɚɥɶɧɵɟ ɫɥɭɠɚɳɢɟ ɢ ɩɪ.) ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɢɯ ɤ ɭɱɚɫɬɢɸ ɜ ɫɟɦɢɧɚɪɚɯ, 
ɤɨɧɮɟɪɟɧɰɢɹɯ, ɷɤɫɤɭɪɫɢɹɯ ɢ ɞɪɭɝɢɯ ɦɟɪɨɩɪɢɹɬɢɹɯ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢ ɫɨɜɦɟɫɬɧɵɟ 
ɩɪɨɟɤɬɵ ɫ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɰɟɧɬɪɚɦɢ ɩɨ ɚɬɨɦɧɨɣ ɷɧɟɪɝɢɢ; 

 ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɤɨɧɮɟɪɟɧɰɢɹɯ, ɫɟɦɢɧɚɪɚɯ, «ɤɪɭɝɥɵɯ ɫɬɨɥɚɯ», ɜɵɫɬɚɜɤɚɯ ɢ ɬ.ɩ., 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɨɛɦɟɧ ɨɩɵɬɨɦ, ɧɚɭɱɧɨɣ ɢ ɩɪɚɤɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɟɣ, ɪɚɡɜɢɬɢɟ 
ɤɨɨɩɟɪɚɰɢɢ, ɭɤɪɟɩɥɟɧɢɟ ɫɜɹɡɟɣ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨ ɜɨɩɪɨɫɚɦ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɩɨɥɢɬɢɤɢ ɞɨɜɟɪɢɹ ɤ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɢ ɩɨɡɢɬɢɜɧɨɝɨ ɢɦɢɞɠɚ ɊɨȺɗɋ. 
ɂ, ɧɚɤɨɧɟɰ, ɜɚɠɧɟɣɲɟɣ – ɩɹɬɨɣ ɡɚɞɚɱɟɣ, ɹɜɥɹɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ 

ɚɧɬɢɤɪɢɡɢɫɧɨɝɨ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɪɟɚɝɢɪɨɜɚɧɢɹ. Ɉɧɚ ɧɟɨɛɯɨɞɢɦɚ ɩɨɬɨɦɭ, ɱɬɨ ɟɫɬɶ 
ɦɧɟɧɢɟ, ɢ ɨɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɨɰɢɨɥɨɝɢɱɟɫɤɢɦɢ ɨɩɪɨɫɚɦɢ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɜɥɚɫɬɢ 
ɨɫɬɚɜɥɹɸɬ ɧɚɪɨɞ ɜ ɧɟɜɟɞɟɧɢɢ, ɤɨɝɞɚ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ (ɩɨ ɫɥɭɯɚɦ, ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ 
ɢɫɬɨɱɧɢɤɚɦ ɢɥɢ ɥɸɛɵɦ ɞɪɭɝɢɦ ɤɚɧɚɥɚɦ) ɢɦɟɸɬ ɦɟɫɬɨ ɜɧɟɲɬɚɬɧɵɟ ɫɢɬɭɚɰɢɢ, ɢ, 
ɜɵɛɢɪɚɹ ɦɟɠɞɭ ɫɨɯɪɚɧɟɧɢɟɦ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜ ɪɟɝɢɨɧɟ ɢ ɡɞɨɪɨɜɶɟɦ ɥɸɞɟɣ, ɜɥɚɫɬɢ 
ɧɟɢɡɦɟɧɧɨ ɜɵɛɢɪɚɸɬ ɫɬɚɛɢɥɶɧɨɫɬɶ. ɂɦɟɧɧɨ ɷɬɨ ɢ ɩɪɢɜɨɞɢɬ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɜɵɹɜɥɟɧɧɵɦ ɫɬɟɪɟɨɬɢɩɨɦ ɨɰɟɧɤɢ ɩɨɜɟɞɟɧɢɹ ɜɥɚɫɬɟɣ ɢ ɚɞɦɢɧɢɫɬɪɚɰɢɢ ɊɨȺɗɋ, ɤ 
ɭɬɚɢɜɚɧɢɸ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɪɨɢɫɯɨɞɹɳɢɯ ɜɧɟɲɬɚɬɧɵɯ ɫɢɬɭɚɰɢɹɯ. ɉɨɞɨɛɧɨɝɨ ɪɨɞɚ 
ɩɨɡɢɰɢɹ ɧɟ ɬɨɥɶɤɨ ɩɨɞɪɵɜɚɟɬ ɜɟɪɭ ɜ ɛɟɡɨɩɚɫɧɨɫɬɶ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɧɨ ɢ ɪɚɡɪɭɲɚɟɬ 
ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɣ ɮɭɧɞɚɦɟɧɬ ɟɞɢɧɫɬɜɚ ɤɭɥɶɬɭɪɵ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɫɨɧɚɥɚ ɊɨȺɗɋ ɢ 
ɧɚɫɟɥɟɧɢɹ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ. ɑɬɨɛɵ ɷɬɨɝɨ ɧɟ ɩɪɨɢɫɯɨɞɢɥɨ, ɧɟɨɛɯɨɞɢɦɚ ɨɬɤɪɵɬɚɹ, 
ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɞɨɜɟɪɢɢ ɢ ɨɩɟɪɚɬɢɜɧɨɫɬɢ ɩɨɥɢɬɢɤɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ, 
ɤɨɦɦɭɧɢɤɚɬɢɜɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ. ȼ ɷɬɨɣ ɱɚɫɬɢ ɍɂɈɋ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɨɛɥɚɞɚɟɬ 
ɫɥɟɞɭɸɳɢɦɢ ɩɨɥɧɨɦɨɱɢɹɦɢμ 
 ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɪɚɛɨɬɟ ɤɨɦɢɫɫɢɢ ɩɨ ɱɪɟɡɜɵɱɚɣɧɵɦ ɫɢɬɭɚɰɢɹɦ ɢ ɨɛɟɫɩɟɱɟɧɢɸ 

ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɚ (ɄɑɋɉȻɈ), ɜ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɢ 
ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɵɯ ɬɪɟɧɢɪɨɜɤɚɯ ɢ ɭɱɟɧɢɹɯ; 



138 ɊɍȾȿɇɄɈ ɢ ɞɪ. 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɨɩɟɪɚɬɢɜɧɨɟ ɢɧɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚɫɟɥɟɧɢɹ ɱɟɪɟɡ ɋɆɂ ɨ ɧɟɲɬɚɬɧɨɣ 
ɢɥɢ ɱɪɟɡɜɵɱɚɣɧɨɣ ɫɢɬɭɚɰɢɢ ɧɚ ɊɨȺɗɋ; 

 ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɩɟɪɚɬɢɜɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ Ɏɭɧɤɰɢɨɧɚɥɶɧɨɣ ɝɪɭɩɩɨɣ ɩɨ ɫɜɹɡɹɦ 
ɫ ɨɛɳɟɫɬɜɟɧɧɨɫɬɶɸ ɢ ɋɆɂ; 

 ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɩɪɟɫɫ-ɤɨɧɮɟɪɟɧɰɢɢ, ɛɪɢɮɢɧɝɢ, ɜɵɫɬɭɩɥɟɧɢɹ ɫ ɡɚɹɜɥɟɧɢɹɦɢ ɞɥɹ 
ɋɆɂ ɪɭɤɨɜɨɞɫɬɜɚ ɊɨȺɗɋ ɩɨ ɮɚɤɬɭ ɧɟɲɬɚɬɧɵɯ ɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ ɧɚ 
ɷɧɟɪɝɨɛɥɨɤɚɯ. 
Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɦ ɚɧɚɥɢɡ ɪɟɚɥɶɧɵɯ ɤɨɦɦɭɧɢɤɚɬɢɜɧɵɯ ɩɪɚɤɬɢɤ, ɫɜɹɡɚɧɧɵɯ ɫ 

ɩɪɚɤɬɢɱɟɫɤɢɦ ɪɟɲɟɧɢɟɦ ɜɵɞɟɥɟɧɧɵɯ ɞɥɹ ɍɂɈɋ ɡɚɞɚɱ.  
Ⱥɤɬɢɜɧɵɣ ɨɬɤɥɢɤ ɫɪɟɞɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɧɚɭɱɧɵɯ ɢ 

ɫɨɰɢɚɥɶɧɵɯ ɢɧɫɬɢɬɭɬɨɜ, ɚ ɬɚɤɠɟ ɧɚɫɟɥɟɧɢɹ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ ɢ Ɋɨɫɬɨɜɫɤɨɣ ɨɛɥɚɫɬɢ ɧɚɲɥɢ 
ɫɥɟɞɭɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ДλЖμ 

1. Ɉɛɳɟɫɬɜɟɧɧɵɟ ɫɥɭɲɚɧɢɹ. ɉɨɫɥɟɞɧɢɟ ɨɛɳɟɫɬɜɟɧɧɵɟ ɫɥɭɲɚɧɢɹ ɩɪɨɯɨɞɢɥɢ ɩɨ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɨɰɟɧɤɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɧɟɪɝɨɛɥɨɤɚ №1 ɧɚ ɦɨɳɧɨɫɬɢ ɪɟɚɤɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 104% ɨɬ 
ɧɨɦɢɧɚɥɶɧɨɣ ɜ ȼɨɥɝɨɞɨɧɫɤɟ ɢ ɨɛɳɟɫɬɜɟɧɧɵɟ ɨɛɫɭɠɞɟɧɢɹ ɩɨ ɦɚɬɟɪɢɚɥɚɦ ɨɛɨɫɧɨɜɚɧɢɹ 
ɥɢɰɟɧɡɢɢ ɧɚ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɹɞɟɪɧɨɣ ɷɧɟɪɝɢɢ 
«ɗɤɫɩɥɭɚɬɚɰɢɹ ɷɧɟɪɝɨɛɥɨɤɚ γγ №1 Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɜ 18-ɦɟɫɹɱɧɨɦ ɬɨɩɥɢɜɧɨɦ ɰɢɤɥɟ ɧɚ 
ɦɨɳɧɨɫɬɢ ɪɟɚɤɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 104% ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ». 

β. ȿɠɟɝɨɞɧɚɹ ɝɨɪɨɞɫɤɚɹ ɨɬɤɪɵɬɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ Ⱥɤɚɞɟɦɢɢ 
ɸɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. Ɍɪɚɞɢɰɢɨɧɧɨ Ɋɨɫɬɨɜɫɤɚɹ Ⱥɗɋ ɩɨɥɭɱɚɟɬ ɫɟɪɬɢɮɢɤɚɬ ɧɚ ɩɪɚɜɨ 
ɩɪɨɜɟɞɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɣ ɇɉɄ Ⱥɘɂ ɧɚ ɛɚɡɟ ɂɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɰɟɧɬɪɚ. Ʉɨɧɮɟɪɟɧɰɢɹ 
ɩɪɨɯɨɞɢɬ ɩɨ 6-ɬɢ ɧɚɩɪɚɜɥɟɧɢɹɦ, ɜ 48 ɫɟɤɰɢɹɯ, λ ɢɡ ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɹɬɫɹ ɧɚ ɛɚɡɟ 
ɂɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɰɟɧɬɪɚ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ. ȼ ɧɚɩɪɚɜɥɟɧɢɢ «ɗɤɨɥɨɝɢɹ ɢ ɠɢɡɧɶ» 
(ɫɟɤɰɢɢ «ɗɤɨɥɨɝɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ», «ɘɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶ 
ɩɪɢɪɨɞɵ») ɪɚɛɨɬɧɢɤɢ Ⱥɗɋ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜ ɪɚɛɨɬɟ ɠɸɪɢ.  

γ. ȿɠɟɝɨɞɧɵɣ ɮɟɫɬɢɜɚɥɶ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɬɭɪɢɡɦɚ «ȼɨɫɩɟɬɚɹ ɫɬɟɩɶ». Ɍɪɚɞɢɰɢɨɧɧɨ 
ɷɬɨ ɦɚɫɲɬɚɛɧɨɟ ɷɤɨɥɨɝɢɱɟɫɤɨɟ ɦɟɪɨɩɪɢɹɬɢɟ ɩɪɨɯɨɞɢɬ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɩɪɢɪɨɞɧɨɝɨ ɛɢɨɫɮɟɪɧɨɝɨ ɡɚɩɨɜɟɞɧɢɤɚ «Ɋɨɫɬɨɜɫɤɢɣ». ȼ ɪɚɦɤɚɯ ɮɟɫɬɢɜɚɥɹ ɪɚɛɨɬɚɸɬ 
ɨɤɨɥɨ ɫɨɬɧɢ ɷɤɨɥɨɝɨ-ɩɪɨɫɜɟɬɢɬɟɥɶɫɤɢɯ ɩɥɨɳɚɞɨɤ. ɇɚ ɨɞɧɨɣ ɢɡ ɧɢɯ – ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
«ɇɚɭɤɚ ɢ ɬɟɯɧɢɤɚ» – ɫɜɨɸ ɷɤɫɩɨɡɢɰɢɸ ɩɪɟɞɫɬɚɜɥɹɟɬ Ɋɨɫɬɨɜɫɤɚɹ ɚɬɨɦɧɚɹ ɫɬɚɧɰɢɹ, 
ɜɵɫɲɢɦ ɩɪɢɨɪɢɬɟɬɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɛɟɡɨɩɚɫɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ʉɚɠɞɵɣ, ɤɬɨ ɩɨɠɟɥɚɟɬ ɩɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɪɚɛɨɬɨɣ Ⱥɗɋ, ɩɨɥɭɱɚɟɬ ɜ 
ɩɨɞɚɪɨɤ ɤɧɢɝɢ ɢ ɛɪɨɲɸɪɵ ɨ ɞɟɹɬɟɥɶɧɨɫɬɢ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɢ ɟɺ ɜɤɥɚɞɟ ɜ ɪɚɡɜɢɬɢɟ 
ɪɟɝɢɨɧɚ.  

4. Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «Ȼɟɡɨɩɚɫɧɨɫɬɶ ɹɞɟɪɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ». Ɉɪɝɚɧɢɡɨɜɚɧɚ ɪɚɛɨɬɚ ɩɹɬɢ ɫɟɤɰɢɣ, ɱɟɬɵɪɟ ɢɡ ɤɨɬɨɪɵɯ ɜɨɡɝɥɚɜɥɹɸɬ 
ɪɭɤɨɜɨɞɢɬɟɥɢ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ. ɇɉɄ ɢɦɟɟɬ ɨɝɪɨɦɧɨɟ ɡɧɚɱɟɧɢɟ ɢ ɞɥɹ ɧɚɭɱɧɨɝɨ 
ɫɨɨɛɳɟɫɬɜɚ, ɢ ɞɥɹ ɫɬɭɞɟɧɬɨɜ, ɢ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɣ ɨɬɪɚɫɥɢ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɜɟɫɬɢ 
ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɟ ɞɢɫɤɭɫɫɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɢɤɨɜ, ɭɱɺɧɵɯ, ɦɨɥɨɞɺɠɢ, ɨɛɦɟɧɢɜɚɬɶɫɹ 
ɧɚɪɚɛɨɬɤɚɦɢ ɢ ɢɞɟɹɦɢ. ȼ ɪɚɛɨɬɟ ɤɨɧɮɟɪɟɧɰɢɢ ɜ β01λ ɝɨɞɭ ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ ɫɜɵɲɟ β00 
ɭɱɚɫɬɧɢɤɨɜ ɢɡ Ɋɨɫɫɢɢ, Ƚɟɪɦɚɧɢɢ, Ʉɢɬɚɹ, Ⱥɥɠɢɪɚ ɢ Ȼɟɥɨɪɭɫɫɢɢ, ɡɚɫɥɭɲɚɧɨ ɛɨɥɟɟ 70 
ɧɚɭɱɧɵɯ ɞɨɤɥɚɞɨɜ. Ɍɚɤɠɟ ɜ ɪɚɦɤɚɯ ɇɉɄ β01λ ɝɨɞɚ ɜ ɭɱɟɛɧɨ-ɬɪɟɧɢɪɨɜɨɱɧɨɦ 
ɩɨɞɪɚɡɞɟɥɟɧɢɢ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɫɨɫɬɨɹɥɫɹ «ɤɪɭɝɥɵɣ ɫɬɨɥ», ɩɨɫɜɹɳɺɧɧɵɣ ɩɪɨɛɥɟɦɚɦ ɢ 
ɩɟɪɫɩɟɤɬɢɜɚɦ ɩɪɚɤɬɢɤɨɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɢɧɨɫɬɪɚɧɧɵɯ ɢ ɪɨɫɫɢɣɫɤɢɯ 
ɫɬɭɞɟɧɬɨɜ ɧɚ ɛɚɡɟ Ɋɟɫɭɪɫɧɨɝɨ ɰɟɧɬɪɚ ɇɂəɍ ɆɂɎɂ. 

5. ɉɪɨɟɤɬ «Ⱥɬɨɦɧɵɣ ɦɚɪɚɮɨɧ», ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ Ɋɨɫɬɨɜɫɤɚɹ ɚɬɨɦɧɚɹ ɫɬɚɧɰɢɹ 
ɨɪɝɚɧɢɡɭɟɬ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɩɪɟɡɟɧɬɚɰɢɨɧɧɵɟ ɩɥɨɳɚɞɤɢ ɜ ɪɚɦɤɚɯ ɩɪɚɡɞɧɢɱɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ, ɩɨɫɜɹɳɺɧɧɵɯ ɞɚɬɚɦ ɫɨɡɞɚɧɢɹ ɩɨɫɺɥɤɨɜ, ɝɨɪɨɞɨɜ ɢ ɪɚɣɨɧɨɜ, 
ɫɨɫɟɞɫɬɜɭɸɳɢɯ ɫ Ⱥɗɋ. ɀɢɬɟɥɢ ɫ ɭɞɨɜɨɥɶɫɬɜɢɟɦ ɨɬɜɟɱɚɸɬ ɧɚ ɜɨɩɪɨɫɵ, ɭɱɚɫɬɜɭɸɬ ɜ 
ɤɨɧɤɭɪɫɚɯ, ɩɨɥɭɱɚɸɬ ɩɪɢɡɵ ɢ ɩɪɢɝɥɚɲɟɧɢɹ ɩɨɫɟɬɢɬɶ ɫ ɷɤɫɤɭɪɫɢɟɣ ɂɧɮɨɪɦɚɰɢɨɧɧɵɣ 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɰɟɧɬɪ ɚɬɨɦɧɨɣ ɫɬɚɧɰɢɢ, ɮɨɬɨɝɪɚɮɢɪɭɸɬɫɹ ɜ ɮɨɬɨɡɨɧɟ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ. Ɏɨɬɨɝɪɚɮɢɢ 
ɪɚɡɦɟɳɚɸɬɫɹ ɜ ɝɪɭɩɩɚɯ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɜ ɫɨɰɢɚɥɶɧɵɯ ɫɟɬɹɯ.  

6. ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɮɟɫɬɢɜɚɥɶ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ #ȼɦɟɫɬɟəɪɱɟ, ɜ ɤɨɬɨɪɨɦ 
ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ Ɋɨɫɬɨɜɫɤɚɹ Ⱥɗɋ. ȼ ɪɚɦɤɚɯ ɮɟɫɬɢɜɚɥɹ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɩɪɨɫɜɟɬɢɬɟɥɶɫɤɢɟ ɩɥɨɳɚɞɤɢ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɪɚɛɨɬɚɥɢ ɜ ȼɨɥɝɨɞɨɧɫɤɟ 
ɢ ɛɥɢɡɥɟɠɚɳɢɯ ɪɚɣɨɧɚɯ (ɐɢɦɥɹɧɫɤɨɦ, Ɂɢɦɨɜɧɢɤɨɜɫɤɨɦ, Ⱦɭɛɨɜɫɤɨɦ ɢ ȼɨɥɝɨɞɨɧɫɤɨɦ). 
ɋɩɟɰɢɚɥɢɫɬɵ ɭɩɪɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɫɜɹɡɟɣ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ 
ɡɧɚɤɨɦɹɬ ɩɨɫɟɬɢɬɟɥɟɣ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɢ ɫɩɟɰɢɮɢɤɨɣ ɪɚɛɨɬɵ ɚɬɨɦɧɨɣ ɫɬɚɧɰɢɢ, ɨɬɜɟɱɚɸɬ 
ɧɚ ɜɨɩɪɨɫɵ, ɩɪɨɜɨɞɹɬ ɤɨɧɤɭɪɫɵ ɢ ɜɢɤɬɨɪɢɧɵ, ɞɚɪɹɬ ɩɨɞɚɪɤɢ ɫ ɫɢɦɜɨɥɢɤɨɣ Ɋɨɫɬɨɜɫɤɨɣ 
Ⱥɗɋ. 

7. ȿɠɟɝɨɞɧɵɣ ɨɬɤɪɵɬɵɣ ɝɨɪɨɞɫɤɨɣ ɮɨɬɨɤɨɧɤɭɪɫ «Ɇɨɹ ɦɚɥɚɹ Ɋɨɞɢɧɚ». ȼ β01λ ɝ. ɜ 
ɮɨɬɨɤɨɧɤɭɪɫɟ ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ 145 ɸɧɵɯ ɮɨɬɨɯɭɞɨɠɧɢɤɨɜ. ɇɚ ɫɭɞ ɠɸɪɢ ɛɵɥɨ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɜɵɲɟ γ50 ɫɧɢɦɤɨɜ.  

8. ȿɠɟɝɨɞɧɵɣ ɨɬɤɪɵɬɵɣ ɪɟɝɢɨɧɚɥɶɧɵɣ ɤɨɧɤɭɪɫ ɪɢɫɭɧɤɨɜ «Ɋɢɫɭɸɬ ɞɟɬɢ 
ɚɬɨɦɝɪɚɞɚ». ȼ β01λ ɝ. ɜ ɤɨɧɤɭɪɫɟ ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ ɛɨɥɟɟ ɞɜɭɯɫɨɬ ɸɧɵɯ ɯɭɞɨɠɧɢɤɨɜ ɢɡ 
ȼɨɥɝɨɞɨɧɫɤɚ, ɐɢɦɥɹɧɫɤɚ, ɇɨɜɨɲɚɯɬɢɧɫɤɚ, Ɇɨɪɨɡɨɜɫɤɚ, ɉɪɨɥɟɬɚɪɫɤɚ, ɫɬɚɧɢɰɵ 
Ɋɨɦɚɧɨɜɫɤɚɹ, ɫɟɥɚ Ⱦɭɛɨɜɫɤɨɟ.  

λ. ɐɢɤɥ ɭɪɨɤɨɜ «ɚɬɨɦɧɵɯ ɡɧɚɧɢɣ». ɉɪɨɜɟɞɟɧɨ ɫɨɬɧɢ ɭɪɨɤɨɜ ɚɬɨɦɧɵɯ ɡɧɚɧɢɣ ɜ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɦ ɰɟɧɬɪɟ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɢ ɜ ɲɤɨɥɚɯ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ. 

10. ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɩɪɟɡɟɧɬɚɰɢɨɧɧɚɹ ɩɥɨɳɚɞɤɚ Ɋɨɫɬɨɜɫɤɨɣ ɚɬɨɦɧɨɣ ɫɬɚɧɰɢɢ ɧɚ 
Ɇɟɠɪɟɝɢɨɧɚɥɶɧɨɦ ɮɟɫɬɢɜɚɥɟ ɚɜɬɨɪɫɤɨɣ ɩɟɫɧɢ «ɋɬɪɭɧɵ ɞɭɲɢ».  

11. ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɚɤɰɢɹ, ɩɪɢɭɪɨɱɟɧɧɚɹ ɤ ȼɫɟɦɢɪɧɨɦɭ ɞɧɸ ɞɪɟɜɨɧɚɫɚɠɞɟɧɢɹ. ȼ 
ɪɚɦɤɚɯ ɚɤɰɢɢ ɩɪɨɢɡɜɨɞɹɬ ɩɨɫɚɞɤɭ ɞɟɪɟɜɶɟɜ ɜ ɦɢɤɪɨɪɚɣɨɧɚɯ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ.  

1β. ɗɤɨɥɨɝɢɱɟɫɤɢɟ ɫɭɛɛɨɬɧɢɤɢ.  
ȼ ɜɵɩɭɫɤɚɯ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɛɸɥɥɟɬɟɧɹ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ «ɗɧɟɪɝɢɹ ɚɬɨɦɚ» 

ɪɟɝɭɥɹɪɧɨ ɩɭɛɥɢɤɭɸɬɫɹ ɦɚɬɟɪɢɚɥɵ ɨ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɩɪɚɤɬɢɤɚɯ ɚɬɨɦɧɨɣ ɫɬɚɧɰɢɢ ɜ 
ɨɛɥɚɫɬɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɤɭɥɶɬɭɪɵ. 

Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɍɂɈɋ ɊɨȺɗɋ ɧɟɨɛɯɨɞɢɦɨ 
ɨɰɟɧɢɬɶ, ɤɚɤ ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɭɸ. ȼ ɫɚɦɨɦ ɞɟɥɟ, ɩɨ ɩɪɟɡɟɧɬɭɟɦɵɦ ɦɚɬɟɪɢɚɥɚɦ, 
ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɦɚɫɲɬɚɛ ɪɟɚɥɢɡɭɟɦɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ, ɡɚɦɟɬɧɨ, ɱɬɨ ɪɚɛɨɬɚ ɩɪɨɜɨɞɢɬɫɹ ɜɩɨɥɧɟ ɨɫɧɨɜɚɬɟɥɶɧɚɹ. Ȼɨɥɟɟ ɬɨɝɨ, ɦɵ 
ɭɛɟɠɞɟɧɵ, ɱɬɨ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɞɟɥɚɟɬɫɹ ɜɫɺ ɜɨɡɦɨɠɧɨɟ, ɟɫɥɢ ɨɬɬɚɥɤɢɜɚɬɶɫɹ ɢɦɟɧɧɨ ɨɬ 
ɬɟɯ ɜɨɡɦɨɠɧɨɫɬɟɣ, ɤɨɬɨɪɵɦɢ ɨɧɨ ɪɚɫɩɨɥɚɝɚɟɬ. ɉɟɪɫɨɧɚɥ ɍɂɈɋ ɊɨȺɗɋ ɪɚɛɨɬɚɟɬ, 
ɢɫɩɨɥɶɡɭɹ ɜɟɫɶ ɫɜɨɣ ɪɟɫɭɪɫɧɵɣ ɩɨɬɟɧɰɢɚɥ.  

Ⱥɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɨɯɪɚɧɹɟɬ ɫɨɰɢɚɥɶɧɭɸ 
ɩɪɢɟɦɥɟɦɨɫɬɶ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ. Ɍɟɦɩɵ ɟɟ ɪɚɡɜɢɬɢɹ ɡɚɜɢɫɹɬ ɧɟ ɬɨɥɶɤɨ ɨɬ 
ɬɟɯɧɢɱɟɫɤɨɣ ɨɫɧɚɳɟɧɧɨɫɬɢ, ɧɨ ɢ ɨɬ ɩɪɟɜɚɥɢɪɭɸɳɢɯ ɜ ɨɛɳɟɫɬɜɟ ɦɧɟɧɢɣ ɜ ɨɬɧɨɲɟɧɢɢ 
ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɣ 
ɜ ɪɟɝɢɨɧɚɯ ɫɬɪɚɧɵ ɧɟ ɞɨɥɠɧɵ ɩɪɨɜɨɰɢɪɨɜɚɬɶ ɪɨɫɬ ɧɟɝɚɬɢɜɧɵɯ ɧɚɫɬɪɨɟɧɢɣ ɫɪɟɞɢ 
ɧɚɫɟɥɟɧɢɹ. Ƚɨɜɨɪɹ ɨ ɫɨɰɢɨɤɭɥɶɬɭɪɧɨɦ ɚɫɩɟɤɬɟ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɝɥɚɜɧɵɣ ɜɨɩɪɨɫ ɟɟ ɪɚɡɜɢɬɢɹ – ɷɬɨ ɜɨɩɪɨɫ ɧɟ ɬɨɥɶɤɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ, ɧɨ ɢ 

ɩɫɢɯɨɥɨɝɢɱɟɫɤɢɣ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɪɚɡɜɢɬɢɹ «ɚɬɨɦɧɨɝɨ ɬɟɯɧɨ» ɹɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɦɢɪɨɜɨɡɡɪɟɧɱɟɫɤɢɯ ɢ ɫɨɰɢɚɥɶɧɨ-ɝɭɦɚɧɢɬɚɪɧɵɯ ɨɫɧɨɜɚɧɢɣ  
[10-1βЖ, ɩɪɚɜɨɜɵɯ ɧɨɪɦ Д1γЖ ɢ ɦɭɞɪɨɝɨ ɪɚɡɜɢɬɢɹ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ.  
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ɉɊȺȼɂɅȺ ȾɅə ȺȼɌɈɊɈȼ 

 

(ɭɜɚɠɚɟɦɵɟ ɚɜɬɨɪɵ, ɪɟɞɚɤɰɢɹ ɠɭɪɧɚɥɚ ɨɛɪɚɳɚɟɬ ɜɚɲɟ ɜɧɢɦɚɧɢɟ ɧɚ ɧɟɤɨɬɨɪɵɟ ɢɡɦɟɧɟɧɢɹ ɩɪɚɜɢɥ 
ɨɮɨɪɦɥɟɧɢɹ ɫɬɚɬɟɣ) 

 

ɉɨɥɧɵɣ ɬɟɤɫɬ ɫɬɚɬɶɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɨɩɭɛɥɢɤɨɜɚɧɢɹ, ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɞɩɢɫɚɧ ɚɜɬɨɪɚɦɢ ɢ 
ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɨɬ ɭɱɪɟɠɞɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɜɵɩɨɥɧɟɧɚ ɪɚɛɨɬɚ, ɢ ɷɤɫɩɟɪɬɧɵɦ 
ɡɚɤɥɸɱɟɧɢɟɦ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɭɛɥɢɤɨɜɚɧɢɹ. ȼ ɨɞɧɨɦ ɮɚɣɥɟ ɩɨɦɟɳɚɟɬɫɹ ɨɞɧɚ ɫɬɚɬɶɹ, ɱɚɫɬɶɸ ɤɨɬɨɪɨɣ 
ɹɜɥɹɟɬɫɹμ 
 ɢɧɞɟɤɫ ɍȾɄ; 
 ɧɚɡɜɚɧɢɟ, ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɚɹ ɚɧɧɨɬɚɰɢɹ (β00-β50 ɫɥɨɜ) ɢ ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ (ɧɟ ɦɟɧɟɟ 10-ɢ ɪɟɱɟɜɵɯ 

ɟɞɢɧɢɰ) ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ; 
 ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ; 
 ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯμ ɎɂɈ, ɦɟɫɬɨ ɪɚɛɨɬɵ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ 

ɫɬɟɩɟɧɶ, ɡɜɚɧɢɟ, ɞɨɦɚɲɧɢɣ, ɫɥɭɠɟɛɧɵɣ ɢ ɷɥɟɤɬɪɨɧɧɵɣ ɚɞɪɟɫɚ, ɬɟɥɟɮɨɧ; ɭɤɚɡɚɬɶ, ɫ ɤɟɦ ɜɟɫɬɢ 
ɩɟɪɟɩɢɫɤɭ; 

 ɢɧɞɟɤɫɵ ORCID ɢ Researher ID ɞɥɹ ɤɚɠɞɨɝɨ ɚɜɬɨɪɚ (http://orcid.org ɢ http://www.researcherid.com) 

ɋɬɚɬɶɹ ɞɨɥɠɧɚ ɛɵɬɶ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɚμ ɜɜɟɞɟɧɢɟ (ɨɛɡɨɪ ɩɪɨɛɥɟɦ, ɰɟɥɶ ɪɚɛɨɬɵ); ɬɟɨɪɢɹ ɜɨɩɪɨɫɚ; 
ɩɨɞɪɨɛɧɨɟ ɢɡɥɨɠɟɧɢɟ ɦɟɬɨɞɢɤɢ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ, ɨɩɢɫɚɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɢ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ, ɠɟɥɚɬɟɥɶɧɚ 
ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ; ɨɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ; ɡɚɤɥɸɱɟɧɢɟ. Ⱦɥɹ ɫɬɚɬɟɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 
ɯɚɪɚɤɬɟɪɚ ɞɨɫɬɚɬɨɱɧɨ ɨɩɢɫɚɬɶ ɰɟɥɶ ɪɚɛɨɬɵ» ɢ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ.  

ɋɬɚɬɶɹ ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶ ɥɢɲɶ ɫɚɦɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɮɨɪɦɭɥɵ, ɨɬ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɜɵɤɥɚɞɨɤ 
ɠɟɥɚɬɟɥɶɧɨ ɨɬɤɚɡɚɬɶɫɹ. Ⱦɥɹ ɡɚɩɢɫɢ ɮɨɪɦɭɥ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɪɟɞɚɤɬɨɪ EqЮКЭТШЧ γ.0. ȼɫɟ 
ɮɨɪɦɭɥɵ ɜɵɪɚɜɧɢɜɚɸɬɫɹ ɩɨ ɰɟɧɬɪɭ ɫɬɪɚɧɢɰɵ, ɧɭɦɟɪɭɸɬɫɹ ɜ ɤɪɭɝɥɵɯ ɫɤɨɛɤɚɯ ɩɨ ɩɪɚɜɨɦɭ ɤɪɚɸ ɢ 
ɭɩɨɦɢɧɚɬɶɫɹ ɜ ɬɟɤɫɬɟ ɫɬɚɬɶɢ. ȼɤɥɸɱɟɧɢɟ ɬɚɛɥɢɰ ɜ ɫɬɚɬɶɸ ɞɨɥɠɧɨ ɛɵɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. Ɍɚɛɥɢɰɵ 
ɞɨɥɠɧɵ ɢɦɟɬɶ ɧɭɦɟɪɚɰɢɸ ɢ ɡɚɝɨɥɨɜɤɢ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ (10 ɩɬ). ɀɟɥɚɬɟɥɶɧɨ, ɱɬɨɛɵ 
ɬɚɛɥɢɰɵ ɧɟ ɩɪɟɜɵɲɚɥɢ ɨɞɧɨɣ ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɚ. Ɋɢɫɭɧɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɧɹɬɧɵɦɢ ɩɪɢ ɱɟɪɧɨ-ɛɟɥɨɣ 
ɩɟɱɚɬɢ, ɫ ɧɭɦɟɪɚɰɢɟɣ, ɩɨɞɩɢɫɹɦɢ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ (10 ɩɬ), ɢɦɟɬɶ ɫɫɵɥɤɢ ɜ ɬɟɤɫɬɟ ɢ 
ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɨɛɨɫɧɨɜɚɧɢɹɦɢ ɢ ɜɵɜɨɞɚɦɢ. ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɫɥɟɞɭɟɬ ɞɚɜɚɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɫɢɫɬɟɦɨɣ (ɋɂ).  

ɋɬɚɬɶɹ ɨɮɨɪɦɥɹɟɬɫɹ ɜ MТМЫШЬШПЭ OППТɫО λ7-β00γ АШЫН 7.0 ɱɟɪɟɡ 1 ɢɧɬɟɪɜɚɥ, ɲɪɢɮɬɨɦ TТЦОЬ NОа 
RШЦКЧ, ɪɚɡɦɟɪɨɦ 1β ɩɬ, ɛɟɡ ɡɧɚɤɨɜ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɨɛɟɥɨɜ. ɉɨɥɹ ɫɨ ɜɫɟɯ 
ɫɬɨɪɨɧ – β,5 ɫɦ. Ɉɛɴɟɦ ɫɬɚɬɶɢ – ɧɟ ɛɨɥɟɟ 15 ɫɬɪɚɧɢɰ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, ɜɤɥɸɱɚɹ ɬɚɛɥɢɰɵ ɢ ɪɢɫɭɧɤɢ 
(ɧɟ ɛɨɥɟɟ 10-ɢ), ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ (1β-β0 ɢɫɬɨɱɧɢɤɨɜ). ȿɫɥɢ ɜ ɬɟɤɫɬɟ ɫɬɚɬɶɢ ɦɟɧɟɟ β500 ɡɧɚɤɨɜ, ɫɬɚɬɶɹ 
ɦɨɠɟɬ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ. ɇɟɨɛɯɨɞɢɦɚ ɩɪɨɜɟɪɤɚ ɫɬɚɬɟɣ ɱɟɪɟɡ ɩɪɨɝɪɚɦɦɭ ɚɧɬɢɩɥɚɝɢɚɬɚ, ɞɨɩɭɫɬɢɦɵɟ 
ɡɚɢɦɫɬɜɨɜɚɧɢɹ ɢ ɫɚɦɨɰɢɬɢɪɨɜɚɧɢɟ – ɧɟ ɛɨɥɟɟ β0%. 

ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɢ ɨɛɴɟɤɬɢɜɧɨɫɬɢ ɩɭɛɥɢɤɚɰɢɣ ɚɜɬɨɪɵ ɩɪɢɡɜɚɧɵ ɨɬɪɚɠɚɬɶ ɜ ɫɬɚɬɶɹɯ 
ɩɟɪɟɞɨɜɨɣ ɧɚɭɱɧɵɣ ɨɩɵɬ ɫɬɪɚɧ ɞɚɥɶɧɟɝɨ ɡɚɪɭɛɟɠɶɹ, Ɋɨɫɫɢɢ ɢ ɋɇȽ ɩɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɪɨɛɥɟɦɚɬɢɤɟ. 
Ȼɢɛɥɢɨɝɪɚɮɢɹ ɨɮɨɪɦɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ȽɈɋɌɭ 7.0.100-β018 (ɞɚɬɚ ɜɜɟɞɟɧɢɹ – 01.07.2019) 

«Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɚɹ ɡɚɩɢɫɶ ɢ ɛɢɛɥɢɨɝɪɚɮɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɢ ɩɪɚɜɢɥɚ ɫɨɫɬɚɜɥɟɧɢɹ». 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɜɤɥɸɱɚɟɬ ɜ ɧɟ ɦɟɧɟɟ 1β-ɢ ɢɫɬɨɱɧɢɤɨɜ (ɢɡ ɧɢɯ ɧɟ ɛɨɥɟɟ γ-ɯ ɫɫɵɥɨɤ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 
ɪɚɛɨɬɵ), ɫ ɨɛɹɡɚɬɟɥɶɧɵɦ ɜɤɥɸɱɟɧɢɟɦ ɤɚɤ ɦɢɧɢɦɭɦ 5-ɢ ɢɫɬɨɱɧɢɤɨɜ ɩɨɡɞɧɟɟ β016 ɝ., ɢ ɧɟ ɦɟɧɟɟ 4 ɫɫɵɥɨɤ 
ɧɚ ɡɚɪɭɛɟɠɧɵɟ (ɢɡ ɫɬɪɚɧ ɞɚɥɶɧɟɝɨ ɡɚɪɭɛɟɠɶɹ, ɡɚ ɩɪɟɞɟɥɚɦɢ ɛɵɜɲɟɝɨ ɋɋɋɊ) ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɥɟɞɧɢɯ ɥɟɬ. 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬɫɹ ɜ ɤɨɧɰɟ ɫɬɚɬɶɢ ɜ ɩɨɪɹɞɤɟ ɭɩɨɦɢɧɚɧɢɹ ɜ ɬɟɤɫɬɟ ɜ ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ 
ɧɨɦɟɪɚ ɢɫɬɨɱɧɢɤɚ. ɋɫɵɥɤɢ ɧɚ ɢɧɨɫɬɪɚɧɧɵɟ ɢɫɬɨɱɧɢɤɢ ɞɚɸɬɫɹ ɧɚ ɹɡɵɤɟ ɨɪɢɝɢɧɚɥɚ ɢ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ, ɜ 

ɫɥɭɱɚɟ ɩɟɪɟɜɨɞɚ ɧɚ ɪɭɫɫɤɢɣ ɹɡɵɤ, ɭɤɚɡɚɧɢɟɦ ɧɚ ɩɟɪɟɜɨɞ. ɍɱɟɛɧɢɤɢ, ɭɱɟɛɧɵɟ ɩɨɫɨɛɢɹ, ɚɤɚɞɟɦɢɱɟɫɤɢɟ 
ɦɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɧɟ ɜɤɥɸɱɚɸɬɫɹ ɜ ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ. RОПОЫОЧМОЬ ɩɪɢɜɨɞɹɬɫɹ 
ɩɨɫɥɟ ɫɩɢɫɤɚ ɥɢɬɟɪɚɬɭɪɵ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ (ɩɪɚɜɢɥɚ ɨɮɨɪɦɥɟɧɢɹ ɫɦ. ɜ ɪɚɡɞɟɥɟ TСО ХТЬЭ ШП ЫОПОЫОЧМОЬ 
ЬЭКЧНКЫН ТЧ EЧРХТЬС). Ȼɢɛɥɢɨɝɪɚɮɢɹ ɧɚ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɟ ɞɨɥɠɧɚ ɛɵɬɶ ɨɮɨɪɦɥɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 
ɫɬɚɧɞɚɪɬɨɦ SМШЩЮЬ. ɍɤɚɠɢɬɟ ɚɪɬɢɤɭɥ DOI, ɟɫɥɢ ɨɧ ɟɫɬɶ.  

 

Ⱦɥɹ ɩɪɢɧɹɬɢɹ ɫɬɚɬɶɢ ɜ ɧɨɦɟɪ ɠɭɪɧɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɨɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵμ  
 ɮɚɣɥ ɫɨ ɫɬɚɬɶɟɣ ɜ ɮɨɪɦɚɬɟ АШЫН;  
 ɷɬɨɬ ɠɟ ɮɚɣɥ ɜ ɮɨɪɦɚɬɟ ЩНП ɫ ɩɨɞɩɢɫɶɸ ɚɜɬɨɪɨɜ; 
 ɨɬɞɟɥɶɧɵɦɢ ɮɚɣɥɚɦɢ ɜɫɟ ɪɢɫɭɧɤɢ ɢɡ ɫɬɚɬɶɢ ɜ ɮɨɪɦɚɬɚɯ ЛЦЩ, УЩОР ɢɥɢ РТП; 
 ɷɤɫɩɟɪɬɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɭɛɥɢɤɨɜɚɧɢɹ. 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɉɊɂɆȿɊɕ ɈɎɈɊɆɅȿɇɂə ɅɂɌȿɊȺɌɍɊɕ ɇȺ ɊɍɋɋɄɈɆ əɁɕɄȿ 

 

Ⱦɥя ɤɧɢɝ ɫ ɨɞɧɢɦ ɚɜɬɨɪɨɦ:  
Ʉɟɫɫɥɟɪ, Ƚ. əɞɟɪɧɚɹ ɷɧɟɪɝɟɬɢɤɚ / Ƚ. Ʉɟɫɫɟɥɟɪ ; ɩɟɪɟɜɨɞ ɫ ɚɧɝɥɢɣɫɤɨɝɨ ɘ. ɂ. Ɇɢɬɹɟɜ. – Ɇɨɫɤɜɚ μ 
ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1λ86. – β64 ɫ. 
 

Ⱦɥя ɤɧɢɝ ɫ ɞɜɭɦя ɢ ɛɨɥɟɟ ɚɜɬɨɪɚɦɢ:  
ȿɦɟɥɶɹɧɨɜ, ɂ. ə. ɍɩɪɚɜɥɟɧɢɟ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɹɞɟɪɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɚɤɬɨɪɨɜ / ɂ. ə. ȿɦɟɥɶɹɧɨɜ,  
ɉ. Ⱥ. Ƚɚɜɪɢɥɨɜ, Ȼ. ɇ. ɋɟɥɢɜɟɫɬɪɨɜ. – Ɇɨɫɤɜɚ μ Ⱥɬɨɦɢɡɞɚɬ, 1λ75. – β80 ɫ. 
 

Ⱦɥя ɠɭɪɧɚɥɨɜ ɫ ɨɞɧɢɦ ɚɜɬɨɪɨɦ:  
ɉɚɧɬɟɥɟɣ, Ⱦ. ɋ. Ⱥɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɤɚɤ ɧɟɨɬɴɟɦɥɟɦɵɣ ɤɨɦɩɨɧɟɧɬ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ / Ⱦ. ɋ. ɉɚɧɬɟɥɟɣ // ɇɚɭɤɨɜɟɞɟɧɢɟ. – 2017. – Ɍ. λ, № 6. – ɋ. γλ. 
 

Ⱦɥя ɠɭɪɧɚɥɨɜ ɫ ɞɜɭɦя ɢ ɛɨɥɟɟ ɚɜɬɨɪɚɦɢ:  
Ɉɛɨɝɚɳɟɧɢɟ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɭɪɚɧɚ ɜ ɞɜɨɣɧɨɦ ɤɚɫɤɚɞɟ ɝɚɡɨɜɵɯ ɰɟɧɬɪɢɮɭɝ ɫ ɟɝɨ ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɜɨɡɜɪɚɬɨɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɨɩɥɢɜɚ / Ⱥ. ɘ. ɋɦɢɪɧɨɜ, ȼ. ȿ. Ƚɭɫɟɜ, Ƚ. Ⱥ. ɋɭɥɚɛɟɪɢɞɡɟ, ȼ. Ⱥ. ɇɟɜɢɧɢɰɚ,  
ɉ. Ⱥ. Ɏɨɦɢɱɟɧɤɨ // ȼɟɫɬɧɢɤ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɹɞɟɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ «ɆɂɎɂ». – 2018. – Ɍɨɦ 7, № 6. –  

ɋ. 44λ-457. 

 

Ⱦɥя ɞɢɫɫɟɪɬɚɰɢɣ:  
Ȼɟɥɢɤɨɜ, ɋ. Ɉ. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɚɤɭɫɬɢɱɟɫɤɢɯ ɪɟɡɨɧɚɧɫɨɜ ɢ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ 
ɜɢɛɪɚɰɢɣ ɜ ɝɥɚɜɧɨɦ ɩɚɪɨɩɪɨɜɨɞɟ Ⱥɗɋ ɫ ȼȼɗɊ-1000 μ ɚɜɬɨɪɟɮɟɪɚɬ ɞɢɫɫɟɪɬɚɰɢɢ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ 
ɫɬɟɩɟɧɢ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ / ɋ. Ɉ. Ȼɟɥɢɤɨɜ. – Ɇɨɫɤɜɚ, β01γ. – γ0 ɫ. 
 

Ⱦɥя ɞɟɩɨɧɢɪɨɜɚɧɧɵɯ ɪɚɛɨɬ:  
Ʉɨɧɞɪɚɲ, Ⱥ. ɇ. ɉɪɨɩɚɝɚɧɞɚ ɤɧɢɝ / Ⱥ. ɇ. Ʉɨɧɞɪɚɲ. – Ɇɨɫɤɜɚ, 1λ84. – β1 ɫ. – Ⱦɟɩɨɧɢɪɨɜɚɧɨ ɜ ɇɂɐ 
«ɂɧɮɨɪɦɩɟɱɚɬɶ» β5.07.84. Ɏɇ 176. 
 

Оɩɢɫɚɧɢɟ ɚɪɯɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ:  
ɏɚɪɢɬɨɧ, ɘ. Ȼ. ɉɢɫɶɦɨ Ȼ.Ʌ. ȼɚɧɧɢɤɨɜɭ ɨ ɥɚɛɨɪɚɬɨɪɢɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɚɬɨɦɧɵɯ ɛɨɦɛ // ɑɍ 
«ɐɟɧɬɪɚɬɨɦɚɪɯɢɜ». Ɏɨɧɞ № 1, ɨɩɢɫɶ № 1/ɫ, ɞɟɥɨ № ββ8, ɥ. 76-79. – URL : http://elib.biblioatom.ru/ 

text/carhiv_001-1s-ββ8И076/РШ,0/ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ μ β6.0γ.β01λ). 
ɋɩɢɫɨɤ ɭɱɟɧɵɯ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɚɛɨɬɟ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɚɬɨɦɧɨɣ ɷɧɟɪɝɢɢ. 17 ɹɧɜɚɪɹ 1λ46 //Ⱥɬɨɦɧɚɹ 
ɩɪɨɝɪɚɦɦɚ ɋɋɋɊ μ ɚɪɯɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ. – ɠ URL : http://elib.biblioatom.ru/text/arhiv_akademik-

КЫЭЬТЦШЯТМСИβ00λИγ86/РШ,0/ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ μ 0γ.0λ.β01λ).  
 

Мɚɬɟɪɢɚɥɵ ɤɨɧɮɟɪɟɧɰɢɣ:  
ɋɭɥɚɛɟɪɢɞɡɟ, Ƚ. Ⱥ. Ɉ ɧɟɤɨɬɨɪɵɯ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɩɪɨɛɥɟɦɚɯ ɩɪɢ ɜɨɜɥɟɱɟɧɢɢ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɭɪɚɧɚ ɜ 
ɬɨɩɥɢɜɧɵɣ ɰɢɤɥ / Ƚ. Ⱥ. ɋɭɥɚɛɟɪɢɞɡɟ, ȼ. Ⱦ. Ȼɨɪɢɫɟɜɢɱ, ɋɟ ɐɸɚɧɶɫɢɧɶ // ɋɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ IX 

ȼɫɟɪɨɫɫɢɣɫɤɨɣ (Ɇɟɠɞɭɧɚɪɨɞɧɨɣ) ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɫɟɥɟɤɰɢɢ 
ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ», Ɋɨɫɫɢɹ, Ɂɜɟɧɢɝɨɪɨɞ, 4-8 ɨɤɬɹɛɪɹ. – Ɍɪɨɢɰɤ μ ɐɇɂɂȺɌɈɆɂɇɎɈɊɆ, β004. – ɋ. 78. 
ɒɢɲɤɨɜ, ɘ. Ɋɨɫɫɢɹ ɢ ɦɢɪɨɜɨɣ ɪɵɧɨɤμ ɫɬɪɭɤɬɭɪɧɵɣ ɚɫɩɟɤɬ / ɘ. ɒɢɲɤɨɜ // ɋɨɰɢɚɥɶɧɵɟ ɩɪɢɨɪɢɬɟɬɵ ɢ 
ɦɟɯɚɧɢɡɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ Ɋɨɫɫɢɢ μ ɦɚɬɟɪɢɚɥɵ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ, Ɇɨɫɤɜɚ, 1β-1γ ɦɚɹ 1λλ8 
ɝ. – Ɇɨɫɤɜɚ μ Ɇɚɝɦɚ, 1λλγ. – ɋ. 1λ-25. 

 

Ⱦɥя ɩɚɬɟɧɬɨɜ:  
ɉɚɬɟɧɬ β187888 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 H 04 ȼ 1/γ8, ɇ 04 J 1γ/00. ɉɪɢɟɦɨɩɟɪɟɞɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 
μ ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ȼɨɪɨɧɟɠɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɫɜɹɡɢ. – № 
β0001γ17γ6/0λ ; ɡɚɹɜɥ. 18.1β.00 ; ɨɩɭɛɥ. β0.08.0β, ɑɭɝɚɟɜɚ ȼ. ɂ. – γ ɫ. 
 

Ⱦɥя ɷɥɟɤɬɪɨɧɧɵɯ ɪɟɫɭɪɫɨɜ:  
Ⱦɢɪɢɧɚ, Ⱥ. ɂ. ɉɪɚɜɨ ɜɨɟɧɧɨɫɥɭɠɚɳɢɯ ɊɎ ɧɚ ɫɜɨɛɨɞɭ ɚɫɫɨɰɢɚɰɢɣ / Ⱥ. ɂ. Ⱦɢɪɢɧɚ // ȼɨɟɧɧɨɟ ɩɪɚɜɨ μ 
ɫɟɬɟɜɨɣ ɠɭɪɧɚɥ – 2010. – № β. – URL μ СЭЭЩμ//ЯШОЧЧШОЩЫКЯШ.ЫЮ/ЧШНО/β14λ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹμ 01.08.β018). 
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γ47γ60, Ɋɨɫɫɢɹ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, ɝ. ȼɨɥɝɨɞɨɧɫɤ, ɭɥ. Ʌɟɧɢɧɚ, 7γ/λ4  
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Ƚɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ – Ɇ.ɇ. ɋɬɪɢɯɚɧɨɜ, ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ 

 

ɋɞɚɧɨ ɜ ɧɚɛɨɪ 05.06.2020 ɝ. 

Ʉɨɦɩɶɸɬɟɪɧɚɹ ɜɟɪɫɬɤɚ Ʉɚɡɚɤ ɘ.ɘ. 
ɉɨɞɩɢɫɚɧɨ ɤ ɩɟɱɚɬɢ 15.06.2020 ɝ. 

Ȼɭɦɚɝɚ «SЯОЭШCШЩв» 80 ɝ/ɦ2. Ɉɛɴɟɦ 10,25. ɩɟɱ.ɥ. 
Ƚɚɪɧɢɬɭɪɚ «TТЦОЬNОаRШЦКЧ», 

Ɍɢɪɚɠ γ00 ɷɤɡ. 
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