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ɉȿɊɋɉȿɄɌɂȼɕ ɂɋɉɈɅɖɁɈȼȺɇɂə ɇȺɇɈɀɂȾɄɈɋɌȿɃ ȼ 
ɋɂɋɌȿɆȺɏ ɈɌȼɈȾȺ ɌȿɉɅȺ ȼ ɁȺɉɊɈȿɄɌɇɕɏ ȺȼȺɊɂəɏ, 
ɋɈɉɊɈȼɈɀȾȺȿɆɕɏ ɉɅȺȼɅȿɇɂȿɆ ȺɄɌɂȼɇɈɃ ɁɈɇɕ 
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ɋаɧкɬ-ɉɟɬɟɪɛɭɪɝскɢɣ пɨɥɢɬɟɯɧɢɱɟскɢɣ ɭɧɢɜɟɪсɢɬɟɬ ɉɟɬɪа Вɟɥɢкɨɝɨ, ɋаɧкɬ-ɉɟɬɟɪɛɭɪɝ, Ɋɨссɢɹ 

 
ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɩɟɪɫɩɟɤɬɢɜ ɩɪɢɦɟɧɟɧɢɹ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ 
ɠɢɞɤɨɫɬɟɣ (ɧɚɧɨɠɢɞɤɨɫɬɟɣ, ɇɀ) ɜ ɫɢɫɬɟɦɚɯ ɛɟɡɨɩɚɫɧɨɫɬɢ Ⱥɗɋ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɫɢɫɬɟɦɟ 
ɚɜɚɪɢɣɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɤɨɪɩɭɫɚ ɪɟɚɤɬɨɪɚ ɜ ɡɚɩɪɨɟɤɬɧɵɯ ɚɜɚɪɢɹɯ, ɫɨɩɪɨɜɨɠɞɚɟɦɵɯ 
ɩɥɚɜɥɟɧɢɟɦ ɚɤɬɢɜɧɨɣ ɡɨɧɵ. Ɉɰɟɧɤɚ ɨɫɧɨɜɚɧɚ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ ɩɪɨɜɟɞɟɧɧɵɯ ɚɜɬɨɪɚɦɢ ɞɨɤɥɚɞɚ 
эɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɤɨɬɨɪɵɯ ɞɚɧɨ ɜ ɧɚɱɚɥɟ 
ɫɬɚɬɶɢ.  
 

Кɥɸɱɟɜɵɟ сɥɨɜа: ɭɞɟɪɠɚɧɢɟ ɤɨɪɢɭɦɚ, ɧɚɧɨɠɢɞɤɨɫɬɶ, ɫɢɫɬɟɦɵ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɪɢɡɢɫ 
ɤɢɩɟɧɢɹ, ɤɪɢɬɢɱɟɫɤɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ. 
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ȼ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɪɚɡɜɢɬɢɹ ɬɟɯɧɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ ɱɟɥɨɜɟɤ ɫɬɪɟɦɢɥɫɹ ɤ 
ɬɨɦɭ, ɱɬɨɛɵ ɫɨɡɞɚɜɚɟɦɨɟ ɢɦ эɧɟɪɝɟɬɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢɦɟɥɨ ɛяɥɶɲɭɸ ɦɨɳɧɨɫɬɶ 
ɩɪɢ ɦɟɧɶɲɢɯ ɪɚɡɦɟɪɚɯ, ɱɟɦ ɨɛɭɫɥɨɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɫɬɨɹɧɧɨɝɨ ɩɨɢɫɤɚ ɜɫɟ ɧɨɜɵɯ 
ɫɩɨɫɨɛɨɜ ɢɧɬɟɧɫɢфɢɤɚɰɢɢ ɬɟɩɥɨɨɛɦɟɧɚ. Ɉɫɨɛɭɸ ɜɚɠɧɨɫɬɶ ɩɪɨɛɥɟɦɚ ɢɦɟɟɬ ɜ ɚɬɨɦɧɨɣ 
эɧɟɪɝɟɬɢɤɟ ɢ ɚɬɨɦɧɨɣ ɬɟɯɧɢɤɟ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɫɢɫɬɟɦɚɯ ɛɟɡɨɩɚɫɧɨɫɬɢ Ⱥɗɋ, ɱɶɟɣ 
ɨɫɧɨɜɧɨɣ фɭɧɤɰɢɟɣ ɹɜɥɹɟɬɫɹ ɧɟɞɨɩɭɳɟɧɢɟ ɩɟɪɟɝɪɟɜɚ ɢ ɩɟɪɟɠɨɝɚ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ 
эɥɟɦɟɧɬɨɜ (ɬɜэɥɨɜ), ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ ɢ ɫɦɹɝɱɟɧɢɟ ɩɨɫɥɟɞɫɬɜɢɣ ɚɜɚɪɢɣ.  

Кɢɩɟɧɢɟ, ɨɫɨɛɟɧɧɨ ɩɭɡɵɪɶɤɨɜɨɟ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ эффɟɤɬɢɜɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɬɟɩɥɨɨɬɜɨɞɚ ɨɬ ɜɵɫɨɤɨɧɚɩɪɹɠɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. ɉɪɢ эɬɨɦ 
ɢɦɟɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɨɬɜɨɞɢɦɨɦɭ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɤɪɢɡɢɫɚ ɬɟɩɥɨɨɛɦɟɧɚ (ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɩɨɞ ɫɥɨɜɨɦ «ɤɪɢɡɢɫ» ɢɦɟɟɬɫɹ 
ɜɜɢɞɭ ɤɪɢɡɢɫ ɤɢɩɟɧɢɹ 1-ɝɨ ɪɨɞɚ – ɪɟɡɤɢɣ ɩɟɪɟɯɨɞ ɨɬ ɩɭɡɵɪɶɤɨɜɨɝɨ ɤɢɩɟɧɢɹ ɤ 
ɩɥɟɧɨɱɧɨɦɭ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɣɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɵɦ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫ 
ɜɨɡɦɨɠɧɵɦ ɟɟ ɩɟɪɟɠɨɝɨɦ). Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɤɢɩɟɧɢɹ ɢ 
ɤɪɢɡɢɫɚ ɤɢɩɟɧɢɹ – ɱɪɟɡɜɵɱɚɣɧɨ ɫɥɨɠɧɨ, ɩɨɫɤɨɥɶɤɭ, фɚɤɬɢɱɟɫɤɢ, ɢɦɟɟɬ ɦɟɫɬɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɪɟɯ фɚɡ – ɠɢɞɤɨɫɬɢ, ɩɚɪɚ ɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ 
ɤɢɩɟɧɢɟ. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɩɨɞɯɨɞɵ ɤ ɨɩɢɫɚɧɢɸ эɬɢɯ ɹɜɥɟɧɢɣ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɬɨɥɶɤɨ 
ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚν ɫɜɨɣɫɬɜɚ ɬɜɟɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɱɢɬɵɜɚɸɬɫɹ ɧɟɤɨɬɨɪɵɦɢ 
ɩɨɩɪɚɜɤɚɦɢ, ɛɚɡɢɪɭɸɳɢɦɢɫɹ ɧɚ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɥɢɛɨ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ 
ɜɨɜɫɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɥɢɹɧɢɟ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɩɪɢ ɤɢɩɟɧɢɢ ɢ 
ɤɪɢɡɢɫ ɨɬɦɟɱɚɥɨɫɶ ɟɳɟ ɜ ɪɚɛɨɬɚɯ ɋ.ɋ. Кɭɬɚɬɟɥɚɞɡɟ Д1Ж.  

ɉɪɨɛɥɟɦɚ ɜɤɥɸɱɟɧɢɹ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɨɛɦɟɧɚ 
ɩɪɢ ɤɢɩɟɧɢɢ ɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ (КɌɉ) ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɫɬɚɥɚ 
ɱɪɟɡɜɵɱɚɣɧɨ ɚɤɬɭɚɥɶɧɨɣ (ɧɚɩɪɢɦɟɪ, ɫɦ. Д2-3Ж) ɢɡ-ɡɚ ɩɨɹɜɥɟɧɢɹ ɧɨɜɨɝɨ ɬɢɩɚ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ, ɨɤɚɡɵɜɚɸɳɢɯ ɜɥɢɹɧɢɟ ɧɚ ɬɟɩɥɨɨɛɦɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. К ɬɚɤɢɦ 
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ɬɟɩɥɨɧɨɫɢɬɟɥɹɦ ɨɬɧɨɫɹɬ ɧɚɧɨɞɢɫɩɟɪɫɧɵɟ ɠɢɞɤɨɫɬɢ (ɧɚɧɨɠɢɞɤɨɫɬɢ, ɇɀ) – ɱɚɳɟ ɜɫɟɝɨ 
ɜɨɞɧɵɟ (ɥɢɛɨ ɧɚ ɨɫɧɨɜɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ) ɞɢɫɩɟɪɫɢɢ ɧɚɧɨɱɚɫɬɢɰ (ɱɚɫɬɢɰ ɫ 
ɪɚɡɦɟɪɚɦɢ 100 ɧɦ ɢ ɦɟɧɟɟ).  

Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɯ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɇɀ 
ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ (ɞɨ ɞɜɭɯ ɢ ɛɨɥɟɟ ɪɚɡ) ɭɜɟɥɢɱɢɜɚɬɶ ɤɪɢɬɢɱɟɫɤɭɸ 
ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɤɢɩɟɧɢɢ. Ɂɚɦɟɱɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ эɬɨɝɨ 
ɹɜɥɹɟɬɫɹ ɫɥɨɣ ɧɚ ɬɟɩɥɨɨɛɦɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɯɨɞɟ 
ɤɢɩɟɧɢɹ Д2-5Ж. ȼɥɢɹɧɢɟ эɬɨɝɨ ɫɥɨɹ ɫɜɨɞɢɬɫɹ ɤ ɬɪɟɦ ɨɫɧɨɜɧɵɦ фɚɤɬɨɪɚɦ: 

– ɡɚ ɫɱɟɬ ɫɩɟɰɢфɢɱɟɫɤɨɣ ɦɨɪфɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɢ ɭɥɭɱɲɚɟɬɫɹ ɫɦɚɱɢɜɚɟɦɨɫɬɶν 

– ɫɬɪɭɤɬɭɪɚ ɩɨɤɪɵɬɢɹ – ɩɨɪɢɫɬɚɹ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɞɜɨɞ 
ɠɢɞɤɨɫɬɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɡɚ ɫɱɟɬ ɤɚɩɢɥɥɹɪɧɵɯ ɫɢɥν 

– ɧɚɧɨɫɥɨɣ ɫɚɦ ɩɨ ɫɟɛɟ ɡɚɱɚɫɬɭɸ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɜɧɨɫɢɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɠɞɭ 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɠɢɞɤɨɫɬɶɸν ɨɞɧɚɤɨ, ɭɱɢɬɵɜɚɹ ɦɢɤɪɨɧɧɭɸ ɬɨɥɳɢɧɭ ɫɥɨɹ, 
эɬɨɬ фɚɤɬɨɪ ɧɟɜɟɥɢɤ. 

Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ эɧɟɪɝɟɬɢɱɟɫɤɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɢɧɬɟɪɟɫɧɵ ɧɟ 
ɫɬɨɥɶɤɨ ɫɚɦɢ ɧɚɧɨɠɢɞɤɨɫɬɢ, ɫɤɨɥɶɤɨ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ 
(ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɪɢɫɬɵɦ ɩɨɤɪɵɬɢɟɦ ɢɡ ɧɚɧɨɱɚɫɬɢɰ). ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
фɨɪɦɢɪɨɜɚɧɢɟ ɩɨɤɪɵɬɢɣ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɜɨɡɦɨɠɧɨ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɤɢɩɟɧɢɢ ɇɀ: 

– ɝɪɭɩɩɚ Ⱦɠ. Ȼɭɨɧɞɠɢɨɪɧɨ ɜ Ɇɚɫɫɚɱɭɫɟɬɫɤɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ 
(ɋɒȺ) ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɩɨɪɢɫɬɵɣ ɫɥɨɣ, ɩɨ фɨɪɦɟ ɚɧɚɥɨɝɢɱɧɵɣ ɨɫɚɞɤɭ, ɨɛɪɚɡɭɸɳɟɦɭɫɹ 
ɧɚ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ эɥɟɦɟɧɬɚɯ ɜ ɯɨɞɟ эɤɫɩɥɭɚɬɚɰɢɢ, ɩɭɬɟɦ ɩɨɫɥɨɣɧɨɝɨ ɨɫɚɠɞɟɧɢɹ 
ɱɚɫɬɢɰ ɧɚ ɩɨɞɥɨɠɤɭ Д6Жν 

– ɜ ɪɚɛɨɬɟ Д7Ж ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɨɤɪɵɬɢɹ ɩɨɞɨɛɧɨɝɨ 
ɬɢɩɚ эɥɟɤɬɪɨфɨɪɟɡɧɵɦ ɦɟɬɨɞɨɦ (ElectroPhoretic Deposition, EPD). 

Ɉɞɧɚɤɨ ɞɚɧɧɵɟ ɦɟɬɨɞɵ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ ɢ ɧɟ ɩɨɡɜɨɥɹɸɬ 
ɩɨɥɭɱɢɬɶ ɬɚɤɢɟ ɠɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ КɌɉ, ɤɚɤ ɜ ɫɥɭɱɚɟ ɫɥɨɹ, ɫфɨɪɦɢɪɨɜɚɧɧɨɝɨ ɩɪɢ 
ɤɢɩɟɧɢɢ ɇɀ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɢ 
ɫɜɨɣɫɬɜ ɧɚɧɨɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɚɟɦɨɝɨ ɩɭɬɟɦ ɨɫɚɠɞɟɧɢɹ ɩɪɢ ɤɢɩɟɧɢɢ ɇɀ, ɚ ɬɚɤɠɟ 
ɜɨɡɪɚɫɬɚɧɢɹ КɌɉ ɜ эɥɟɦɟɧɬɚɯ эɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɧɚɝɪɟɜɚ, 
ɨɛɪɚɛɨɬɚɧɧɵɦɢ ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ, ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɚɤɬɭɚɥɶɧɨɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ 
эɧɟɪɝɟɬɢɤɟ ɢ ɬɟɯɧɢɤɟ.  

 

1 ɐȿɅɖ ɂ ɆȿɌɈȾ 

 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɢɡɥɨɠɟɧɵ ɜ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ, 
ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɜɨɡɦɨɠɧɨɝɨ ɩɨɜɵɲɟɧɢɹ эффɟɤɬɢɜɧɨɫɬɢ ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ ɤɨɪɩɭɫɚ 
ɪɟɚɤɬɨɪɚ ɜ ɡɚɩɪɨɟɤɬɧɵɯ ɚɜɚɪɢɹɯ, ɫɨɩɪɨɜɨɠɞɚɟɦɵɯ ɩɥɚɜɥɟɧɢɟɦ ɚɤɬɢɜɧɨɣ ɡɨɧɵ 
(ɫɬɪɚɬɟɝɢɹ ɭɞɟɪɠɚɧɢɹ ɤɨɪɢɭɦɚ ɜɧɭɬɪɢ ɤɨɪɩɭɫɚ – «In-Vessel Retention Strategy»), ɜ ɞɜɭɯ 
ɜɚɪɢɚɧɬɚɯ: 

– ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɇɀ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫɢɫɬɟɦɵν 
– ɩɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɧɚɧɟɫɟɧɢɢ ɧɚɧɨɩɨɤɪɵɬɢɹ ɧɚ ɤɨɪɩɭɫ ɪɟɚɤɬɨɪɚ (ɚ ɜ 

ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫɢɫɬɟɦɵ – ɞɢɫɬɢɥɥɹɬ). 
ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ ɤɨɪɩɭɫɚ ɪɟɚɤɬɨɪɚ ɜ 

ɡɚɩɪɨɟɤɬɧɵɯ ɚɜɚɪɢɹɯ, ɫɨɩɪɨɜɨɠɞɚɟɦɵɯ ɩɥɚɜɥɟɧɢɟɦ ɚɤɬɢɜɧɨɣ ɡɨɧɵ (ɧɚ ɩɪɢɦɟɪɟ 
ɥɟɝɤɨɜɨɞɧɨɝɨ ɤɨɪɩɭɫɧɨɝɨ ɪɟɚɤɬɨɪɚ ДκЖ). 

Ⱦɨɫɬɢɠɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɤɨɪɢɭɦɚ ɤ ɨɯɥɚɠɞɚɸɳɟɣ 
ɫɪɟɞɟ ɩɪɢɜɟɞɟɬ ɤ ɩɪɨɩɥɚɜɥɟɧɢɸ ɤɨɪɩɭɫɚ ɢ ɜɵɯɨɞɭ ɜɵɫɨɤɨɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɜ 
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ɝɟɪɦɟɬɢɱɧɭɸ ɨɛɨɥɨɱɤɭ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ (ɢ 
ɜɨɨɛɳɟ ɪɟɚɥɢɡɚɰɢɹ «ɫɬɪɚɬɟɝɢɢ ɭɞɟɪɠɚɧɢɹ») ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ КɌɉ. 

 

 
 

Ɋɢɫ. 1. – ɋɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ ɤɨɪɩɭɫɚ ɪɟɚɤɬɨɪɚ ɜ ɡɚɩɪɨɟɤɬɧɵɯ ɚɜɚɪɢɹɯ Д2Ж 

 

Ɉɰɟɧка пɨɜɵɲɟɧɢɹ КɌɉ пɪɢ ɢспɨɥɶɡɨɜаɧɢɢ ɧаɧɨɠɢɞкɨсɬɢ как ɬɟпɥɨɧɨсɢɬɟɥɹ 
сɢсɬɟɦɵ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɚɦɢ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɫɜɹɡɵɜɚɸɳɟɣ 
ɪɟɠɢɦɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɢɩɟɧɢɹ (ɜɟɥɢɱɢɧɭ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɇɀ, ɜɪɟɦɹ ɤɢɩɟɧɢɹ) ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɧɚɧɨɩɨɤɪɵɬɢɹ ɢ ɜɟɥɢɱɢɧɨɣ КɌɉ. 
ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɤɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢ. 

ɉɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɧɨɫɥɨɹ ɧɚ ɨɛɨɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɤɢɩɟɧɢɢ ɇɀ 
ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ 4 ɫɬɚɞɢɢ: 

 

ɋɌȺȾɂə 1. «ɂɋɏɈȾɇɈȿ ɋɈɋɌɈəɇɂȿ» 

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɨɛɨɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɞɢɫɩɟɪɫɢɢ 
ɧɚɧɨɱɚɫɬɢɰ (ɧɚɧɨɠɢɞɤɨɫɬɢ) ɦɚɥɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɧɢɠɟ 0,1% ɨɛ.). 

ɂɡɧɚɱɚɥɶɧɨ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚɬɟɥɹ – ɝɥɚɞɤɚɹ, ɫ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ 
ɰɟɧɬɪɚɦɢ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ (ɧɚɩɪɢɦɟɪ, ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɦɢ ɚɬɨɦɚɦɢ/ɦɨɥɟɤɭɥɚɦɢ ɝɚɡɨɜ). 
ɉɨɜɟɪɯɧɨɫɬɶ ɨɛɨɝɪɟɜɚɟɬɫɹν ɟɟ ɩɟɪɟɝɪɟɜ ɞɨɫɬɚɬɨɱɟɧ ɞɥɹ ɧɚɱɚɥɚ ɩɭɡɵɪɶɤɨɜɨɝɨ ɤɢɩɟɧɢɹ. 

Ⱦɢɫɩɟɪɫɢɹ ɩɪɨɝɪɟɬɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ. ɇɟɜɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɩɨɡɜɨɥɹɟɬ ɩɪɢɧɹɬɶ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɬɟɩɥɨфɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɢɫɩɟɪɫɢɢ ɧɟ ɨɬɥɢɱɚɸɬɫɹ 
ɨɬ ɫɜɨɣɫɬɜ ɛɚɡɨɜɨɣ ɠɢɞɤɨɫɬɢ (ɞɢɫɬɢɥɥɹɬɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ). 

Ɉɫɚɠɞɟɧɢɟ ɱɚɫɬɢɰ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɢ ɨɞɧɨфɚɡɧɨɣ ɤɨɧɜɟɤɰɢɢ ɧɚɧɨɠɢɞɤɨɫɬɢ 
ɨɬɫɭɬɫɬɜɭɟɬ (ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɦɢ ɜ ɥɢɬɟɪɚɬɭɪɟ, ɢ 
ɫɨɛɫɬɜɟɧɧɵɦɢ ɧɚɛɥɸɞɟɧɢɹɦɢ ɚɜɬɨɪɚ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ).  
ɗɬɨ ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɱɚɫɬɢɰɵ ɜ ɞɢɫɩɟɪɫɢɢ 
ɞɜɢɠɭɬɫɹ ɯɚɨɬɢɱɟɫɤɢ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɯ ɦɚɥɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɚɥɚ ɢ ɜɟɪɨɹɬɧɨɫɬɶ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

 

ɋɌȺȾɂə 2. «ɉȿɊȼɕȿ ɉȺɊɈȼɕȿ ɉɍɁɕɊɂ» 

 

Ɋɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɢɫɯɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɝɪɟɜɚ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɭɡɵɪɹ ɪɚɜɧɨɜɟɪɨɹɬɧɨ ɜ ɥɸɛɨɦ ɦɟɫɬɟ 
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ɩɨɜɟɪɯɧɨɫɬɢ. ɉɭɡɵɪɶ ɜɨɡɧɢɤɚɟɬ ɫ ɪɚɞɢɭɫɨɦ, ɪɚɜɧɵɦ ɤɪɢɬɢɱɟɫɤɨɦɭ R*, ɢ ɪɚɫɬɟɬ ɞɨ 
ɪɚɡɦɟɪɚ, ɪɚɜɧɨɝɨ ɨɬɪɵɜɧɨɦɭ ɞɢɚɦɟɬɪɭ D0. ɇɚ эɬɨɣ ɫɬɚɞɢɢ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ D0 ɟɳɟ 
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɚɹ ɦɨɞɟɥɶ Ɏɪɢɬɰɚ ДλЖ. 

ɉɪɢ ɢɫɩɚɪɟɧɢɢ ɞɢɫɩɟɪɫɢɢ ɜ ɩɭɡɵɪɶ ɇɑ, ɧɚɯɨɞɢɜɲɢɟɫɹ ɜ ɞɚɧɧɨɦ ɨɛɴɟɦɟ 
ɞɢɫɩɟɪɫɢɢ, ɱɚɫɬɢɱɧɨ ɩɟɪɟɯɨɞɹɬ ɜ ɠɢɞɤɢɣ ɦɢɤɪɨɫɥɨɣ ɩɨɞ ɩɭɡɵɪɟɦ, ɨɬɤɭɞɚ ɨɫɟɞɚɸɬ ɩɪɢ 
ɜɵɩɚɪɢɜɚɧɢɢ эɬɨɝɨ ɦɢɤɪɨɫɥɨɹ (ɪɢɫ. 2): 

 

 
Ɋɢɫ. 2. – Ɉɞɢɧɨɱɧɵɟ ɩɚɪɨɜɵɟ ɩɭɡɵɪɢ ɜ ɇɀ (ɋɬɚɞɢɹ  2 ɩɪɨɰɟɫɫɚ) 

 

Кɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ, ɩɟɪɟɲɟɞɲɢɯ ɢɡ ɩɚɪɚ ɜ ɦɢɤɪɨɫɥɨɣ ɩɨɞ ɩɭɡɵɪɟɦ, ɭɱɬɟɦ 
ɤɨэффɢɰɢɟɧɬɨɦ ȟ, ɪɚɜɧɵɦ ɨɬɧɨɲɟɧɢɸ ɜɪɟɦɟɧɢ ɨɛɪɚɡɨɜɚɧɢɹ ɦɨɧɨɫɥɨɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɝɪɟɜɚɬɟɥɹ ɩɪɢ 100%-ɧɨɦ ɨɫɟɞɚɧɢɢ ɱɚɫɬɢɰ ɤ ɪɟɚɥɶɧɨɦɭ ɜɪɟɦɟɧɢ ɨɛɪɚɡɨɜɚɧɢɹ ɫɥɨɹ. 
ɗɬɨɬ ɤɨэффɢɰɢɟɧɬ ɞɚɥɟɟ ɛɭɞɟɬ ɜɵɱɢɫɥɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɚɜɬɨɪɚɦɢ 
ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɢ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɨɥɳɢɧɟ ɧɚɧɨɫɥɨɹ, ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɜɪɟɦɹ, ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, 
ɤɨɧɰɟɧɬɪɚɰɢɹ). 

 

ɋɌȺȾɂə 3. «ɈȻɊȺɁɈȼȺɇɂȿ ɉȿɊȼɈȽɈ ɋɅɈə. ȼɁȺɂɆɈȾȿɃɋɌȼɂȿ 

ɑȺɋɌɂɐȺ – ɉɈȼȿɊɏɇɈɋɌɖ» 

 

ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɭɳɟɧɢɹ ɩɪɢɧɹɬɨ, ɱɬɨ ɱɚɫɬɢɰɵ, ɧɚɯɨɞɹɫɶ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 
ɜ ɞɢɫɩɟɪɫɢɢ, ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ (ɢɧɵɦɢ ɫɥɨɜɚɦɢ, ɧɟ «ɫɥɢɩɚɸɬɫɹ», 
ɧɚɯɨɞɹɫɶ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ). Ɍɚɤɠɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɧɟ ɛɭɞɟɦ 
ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɧɟ ɜɫɟ ɱɚɫɬɢɰɵ ɢɡ ɞɢɫɩɟɪɫɢɢ ɨɫɟɞɚɸɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ – ɭɱɬɟɦ эɬɨ ɩɨɫɥɟ, 
ɜɜɟɞɟɧɢɟɦ ɤɨэффɢɰɢɟɧɬɚ ȟ ɜ ɢɬɨɝɨɜɨɟ ɭɪɚɜɧɟɧɢɟ. 

ɂɫɯɨɞɹ ɢɡ ɫɨɨɛɪɚɠɟɧɢɣ, ɱɬɨ ɩɪɢ ɨɬɪɵɜɟ ɩɭɡɵɪɹ ɱɚɫɬɢɰɵ ɩɨɤɪɵɜɚɸɬ ɩɥɨɳɚɞɶ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɜɧɭɸ 0,25πD0

2, ɫ ɭɱɟɬɨɦ ɜɟɪɨɹɬɧɨɫɬɢ ɞɥɹ ɩɭɡɵɪɹ ɨɛɪɚɡɨɜɚɬɶɫɹ ɜ ɦɟɫɬɟ, 
ɝɞɟ ɭɠɟ ɟɫɬɶ ɱɚɫɬɢɰɵ, ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɜɪɟɦɟɧɢ ɨɛɪɚɡɨɜɚɧɢɹ «ɦɨɧɨɫɥɨɹ» 
(ɟɞɢɧɢɱɧɨɝɨ ɫɥɨɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ) ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 
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ɝɞɟ Fɩɨɜ  – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢν 
 D0  – ɨɬɪɵɜɧɨɣ ɞɢɚɦɟɬɪ ɩɭɡɵɪɹν 
 ρ”  – ɩɥɨɬɧɨɫɬɶ ɩɚɪɚν 
 r  – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹν 
 ΔɌ – ɩɟɪɟɝɪɟɜ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ (ɜ ɝɪɚɞɭɫɚɯ 

Кɟɥɶɜɢɧɚ)ν 
 ȟ  – ɤɨэффɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɧɟ ɜɫɟ ɱɚɫɬɢɰɵ ɩɟɪɟɯɨɞɹɬ ɢɡ ɨɛɴɟɦɚ 



 ɉȿɊɋɉȿКɌɂȼɕ ɂɋɉɈɅɖɁɈȼȺɇɂə ɇȺɇɈɀɂȾКɈɋɌȿɃ ȼ ɋɂɋɌȿɆȺɏ ɈɌȼɈȾȺ 85 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 2(23) 2017 

ɢɫɩɚɪɢɜɲɟɣɫɹ ɞɢɫɩɟɪɫɢɢ ɜ ɦɢɤɪɨɫɥɨɣ ɩɨɞ ɩɭɡɵɪɟɦν 
 q – ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɤɢɩɟɧɢɢν 
 σ – ɤɨэффɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹν 
 Ɍɧɚɫ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ. 

 

ɋɌȺȾɂə 4. «ɈȻɊȺɁɈȼȺɇɂȿ ȼɌɈɊɈȽɈ ɂ ȾȺɅȿȿ ɋɅɈə ɑȺɋɌɂɐ. 
ȼɁȺɂɆɈȾȿɃɋɌȼɂȿ ɑȺɋɌɂɐȺ – ɑȺɋɌɂɐȺ» 

 

Ɇɨɞɟɥɶ Ɏɪɢɬɰɚ ɞɥɹ ɨɬɪɵɜɧɨɝɨ ɞɢɚɦɟɬɪɚ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ ɩɪɢɦɟɧɢɦɚ ɬɨɥɶɤɨ ɞɥɹ 
ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɨɫɥɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɚ ɧɟɣ ɩɟɪɜɨɝɨ ɫɥɨɹ ɧɚɧɨɱɚɫɬɢɰ 
ɩɨɜɟɪɯɧɨɫɬɶ ɭɠɟ ɧɟ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɝɥɚɞɤɨɣ. ɋ ɭɱɟɬɨɦ ɧɚɥɢɱɢɹ ɜɩɚɞɢɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ ɭɫɬɶɹ dɤ ɨɬɪɵɜɧɨɣ ɞɢɚɦɟɬɪ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ ɤɚɤ Д10Ж: 
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ɝɞɟ dɤ – ɞɢɚɦɟɬɪ ɭɫɬɶɹν 
 σ – ɤɨэффɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹν 
 g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹν 
 ρ’ – ɩɥɨɬɧɨɫɬɶ ɜɨɞɵν 
 ρ” – ɩɥɨɬɧɨɫɬɶ ɩɚɪɚ. 
 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ ȥ, ɫɭɬɶ ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɩɥɨɳɚɞɢ 
ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ ɤɚɤ: 
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ɝɞɟ δɜɩ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɜɩɚɞɢɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢν 
 θ – ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ. 
 

Ɇɨɠɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɝɥɭɛɢɧɚ ɜɩɚɞɢɧɵ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɚ ɬɨɥɳɢɧɟ ɩɨɤɪɵɬɢɹ 
δɩɨɤɪ. Ɍɨɝɞɚ, ɭɱɢɬɵɜɚɹ δɩɨɤɪ = dɤ/(2tgθ), ɜ ɫɤɨɛɤɚɯ ɜɵɪɚɠɟɧɢɹ (3) ɩɨɞ ɤɨɪɧɟɦ ɩɨɥɭɱɚɟɦ 
ɨɬɧɨɲɟɧɢɟ dɤ

2/(4 δɩɨɤɪ
2
). 

ɋ ɭɱɟɬɨɦ ɧɚɛɥɸɞɚɟɦɨɣ ɚɜɬɨɪɚɦɢ ɜ эɤɫɩɟɪɢɦɟɧɬɚɯ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ 
ɩɨɤɪɵɬɢɹ (dɤ, δɩɨɤɪ) ɨɬ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɢɩɟɧɢɹ (ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɇɀ ɋ0, 

ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ Ĳэɤ, ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ q0) ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨэффɢɰɢɟɧɬɚ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ ȥ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
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ɝɞɟ К1, К2 – ɤɨɧɫɬɚɧɬɵ, ɫɜɹɡɚɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɫɨɨɬɧɨɲɟɧɢɟɦ К1 = К2·π·ȼ2/δɜɩ
2
. 

 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ КɌɉ ɜ ɇɀ ɨɬɧɨɫɢɬɟɥɶɧɨ КɌɉ ɜ ɞɢɫɬɢɥɥɹɬɟ 
ɜɵɪɚɠɚɟɬɫɹ ɤɨэффɢɰɢɟɧɬɨɦ (ț-0,5) (ɫɦ. ɦɨɞɟɥɶ Ɍɟɨфɚɧɭɫɚ – Ⱦɢɧɚ Д11Ж): 
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ɝɞɟ К3 – ɬɚɤɠɟ ɧɟɤɨɬɨɪɚɹ ɤɨɧɫɬɚɧɬɚ. 
 

ɂɡ ɫɪɚɜɧɟɧɢɹ ɫ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨɥɭɱɚɟɦ: 
n = 2; m = -0,02; K1 = 0,001; K2 = 0,08; K3 = 0,005 

ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɨɰɟɧɤɢ ɩɨɜɵɲɟɧɢɹ КɌɉ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɇɀ ɤɚɤ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɫɢɫɬɟɦɟ ɨɬɜɨɞɚ 
ɬɟɩɥɚ ɨɬ ɤɨɪɩɭɫɚ ɪɟɚɤɬɨɪɚ ɜ ɯɨɞɟ ɡɚɩɪɨɟɤɬɧɵɯ ɚɜɚɪɢɣ ɫ ɩɥɚɜɥɟɧɢɟɦ ɚɤɬɢɜɧɨɣ ɡɨɧɵ. 

Ɉɰɟɧка пɨɜɵɲɟɧɢɹ КɌɉ пɪɢ пɪɟɞɜаɪɢɬɟɥɶɧɨɦ ɧаɧɟсɟɧɢɢ ɧаɧɨпɨкɪɵɬɢɹ ɧа кɨɪпɭс 
ɪɟакɬɨɪа ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ эɤɫɩɟɪɢɦɟɧɬɨɜ 
ɪɟɡɭɥɶɬɚɬɨɜ ɧɚ ɞɚɧɧɵɣ ɫɥɭɱɚɣ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɨɤɪɵɬɢɟ ɧɚɧɟɫɟɧɨ ɩɪɢ ɨɫɚɠɞɟɧɢɢ 
ɇɑ ɜ ɯɨɞɟ ɤɢɩɟɧɢɹ ɇɀ ɜ ɨɩɬɢɦɚɥɶɧɨɦ ɢɡ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɠɢɦɨɜν ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɫɬɢɝɧɭɬɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ КɌɉ ɜ эɬɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɥɹɟɬ 33%. 
ɉɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ – ɡɚɜɨɞɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɧɟ ɬɪɟɛɭɟɬ 
ɭɫɥɨɠɧɟɧɢɣ ɫɢɫɬɟɦɵ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɇɀ. Ɉɞɧɚɤɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɢɟ 
эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɚ ɫɥɭɱɚɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɞɵ ɤɚɤ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, 

ɤɢɩɹɳɟɝɨ ɧɚ ɩɨɤɪɵɬɢɢ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ, ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
 

2 ɊȿɁɍɅɖɌȺɌ ɈɐȿɇКɂ 

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɧɨɠɢɞɤɨɫɬɢ ɤɚɤ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫɢɫɬɟɦɵ ɩɨɥɭɱɚɟɦ 
ɫɥɟɞɭɸɳɢɟ ɨɰɟɧɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɚɜɚɪɢɢ ɧɚɧɨɠɢɞɤɨɫɬɶ ɡɚɩɨɥɧɹɟɬ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɨɤɪɭɝ 
ɤɨɪɩɭɫɚ ɪɟɚɤɬɨɪɚ. Кɨɪɩɭɫ ɨɯɥɚɠɞɚɟɬɫɹ ɡɚ ɫɱɟɬ ɤɢɩɟɧɢɹ ɧɚɧɨɠɢɞɤɨɫɬɢ. ɉɚɪ 
ɨɯɥɚɠɞɚɟɬɫɹ ɜɨ ɜɧɟɲɧɟɦ ɨɯɥɚɞɢɬɟɥɟ ɢ ɫɧɨɜɚ ɩɨɫɬɭɩɚɟɬ ɜ ɨɛɴɟɦ ɫɢɫɬɟɦɵ ɜɨɤɪɭɝ 
ɪɟɚɤɬɨɪɚ. ɋɥɭɱɚɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɢɩɟɧɢɸ ɧɚɧɨɠɢɞɤɨɫɬɢ ɜ ɛɨɥɶɲɨɦ ɨɛɴɟɦɟ. ȼ ɯɨɞɟ 
ɚɜɚɪɢɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɱɟɪɟɡ ɫɬɟɧɤɭ ɤɨɪɩɭɫɚ ɪɟɚɤɬɨɪɚ ɦɨɠɟɬ ɩɨɜɵɲɚɬɶɫɹ ɢɡ-ɡɚ: 
ɜɵɩɚɪɢɜɚɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɩɥɚɜɥɟɧɢɹ ɢ ɩɨɫɬɭɩɥɟɧɢɹ ɤɨɪɢɭɦɚ ɤ ɫɬɟɧɤɚɦ ɤɨɪɩɭɫɚ ɫ 
ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ ɢ ɬ.ɞ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɧɚɧɨɠɢɞɤɨɫɬɶ ɤɢɩɢɬ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. ɍɱɢɬɵɜɚɹ, ɱɬɨ эɬɨ ɜɪɟɦɹ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ, ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚɦɢ, ɦɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɇɀ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɧɟ ɜɵɲɟ 0,001%ɨɛ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ 
ɩɥɚɜɥɟɧɢɹ ɢ ɩɨɫɬɭɩɥɟɧɢɹ ɤɨɪɢɭɦɚ ɤ ɫɬɟɧɤɚɦ ɧɟ ɛɭɞɟɬ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧɭɬ, ɬɨ ɩɪɢ 
ɬɨɥɳɢɧɟ ɫɬɟɧɤɢ ɤɨɪɩɭɫɚ з200 ɦɦ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢз30 ȼɬ/(ɦ·К) ɢ ɪɚɡɧɢɰɟ ɬɟɦɩɟɪɚɬɭɪ 
(Ɍɜɧɭɬɪ – Ɍɜɧɟɲ) = 500 К, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ q0 = 75 ɤȼɬ/ɦ2

 ≈ 
0,1 Ɇȼɬ/ɦ2

 ɭɜɟɥɢɱɟɧɢɟ КɌɉ ɫɨɫɬɚɜɢɬ 57%, ɬ.ɟ., ɩɪɢ qɤɪ ≈ 1,2 Ɇȼɬ/ɦ2
 ɞɥɹ ɞɢɫɬɢɥɥɹɬɚ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɇɀ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɨ qɤɪ ≈ 1,κκ Ɇȼɬ/ɦ2, ɬ.ɟ. ɞɚɠɟ ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ 
ɤɨɪɢɭɦɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 2000-3000 ºɋ ɤ ɫɬɟɧɤɚɦ ɤɨɪɩɭɫɚ ɛɭɞɟɬ ɨɛɟɫɩɟɱɟɧɨ ɧɚɞɟɠɧɨɟ 
ɨɯɥɚɠɞɟɧɢɟ. 

ȿɫɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚ ɜɧɟɲɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɪɩɭɫɚ ɪɟɚɤɬɨɪɚ ɛɵɥɨ ɧɚɧɟɫɟɧɨ 
ɩɨɤɪɵɬɢɟ (ɩɭɬɟɦ ɨɫɚɠɞɟɧɢɹ ɩɪɢ ɤɢɩɟɧɢɢ ɧɚɧɨɠɢɞɤɨɫɬɢ), ɬɨ ɩɪɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 
эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɚ эɬɨɬ ɫɥɭɱɚɣ, ɩɪɢɯɨɞɢɦ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɭɜɟɥɢɱɟɧɢɟ КɌɉ ɫɨɫɬɚɜɢɬ 33%, ɬ.ɟ. ɩɪɢ qɤɪ ≈ 1,2 Ɇȼɬ/ɦ2

 ɞɥɹ ɞɢɫɬɢɥɥɹɬɚ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɇɀ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɨ qɤɪ ≈ 1,6 Ɇȼɬ/ɦ2, ɱɬɨ ɬɨɠɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɸ 
ɧɚɞɟɠɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɞɚɠɟ ɩɪɢ ɤɨɧɬɚɤɬɟ ɤɨɪɢɭɦɚ ɫ ɤɨɪɩɭɫɨɦ. 
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Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ, ɢɡɥɨɠɟɧɧɵɯ ɜ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ (ɪɚɛɨɱɟɝɨ ɬɟɥɚ) 
ɜ ɫɢɫɬɟɦɚɯ ɢ эɧɟɪɝɟɬɢɱɟɫɤɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɫɢɫɬɟɦɚɯ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɪɟɚɤɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ Ⱥɗɋ, ɚ ɬɚɤɠɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɦɨɞɢфɢɤɚɰɢɹ 
ɜɵɫɨɤɨɧɚɩɪɹɠɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɩɭɬɟɦ фɨɪɦɢɪɨɜɚɧɢɹ ɧɚ ɧɢɯ ɧɚɧɨɩɨɤɪɵɬɢɹ 
ɫ ɡɚɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ 
ɧɚɞɟɠɧɨɫɬɢ ɢ ɪɚɫɲɢɪɟɧɢɹ ɝɪɚɧɢɰ ɛɟɡɨɩɚɫɧɨɣ эɤɫɩɥɭɚɬɚɰɢɢ эɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɚɧɰɢɣ. 

ȼɨɡɦɨɠɧɵɟ ɞɚɥɶɧɟɣɲɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɟ – 

ɜɚɪɶɢɪɨɜɚɧɢɟ ɬɢɩɚ ɧɚɧɨɱɚɫɬɢɰ ɢ ɛɚɡɨɜɨɣ ɠɢɞɤɨɫɬɢ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɱɧɨɫɬɢ ɢ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɫфɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨɤɪɵɬɢɣ, ɩɪɨɜɟɞɟɧɢɟ ɩɨɥɧɨɦɚɫɲɬɚɛɧɵɯ 
эɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɦɨɞɟɥɹɯ, ɫɯɨɞɧɵɯ ɫ ɭɡɥɚɦɢ эɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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Abstract – The article represents assessment results of prospects of nanodispersible liquids 

(nanoliquids) use in the NPP security systems, in particular, in emergency cooling system of the 

reactor vessel in the beyond design basis accidents accompanied with fissile area melting. The 

assessment is based on experiment and theoretical model operation results which short description 

is given at the beginning of article. 
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