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Нɟɮɟɥɨɦɟɬɪɢчɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɮɢɡɢчɟɫɤɢх  
ɩаɪаɦɟɬɪɨв ɷɪɢɬɪɨɰɢɬɨв ɤɪɨвɢ 

Д. А. ɋɦɭɧɟɜ, Ɇ. Ɇ. Кɭɝɟɣɤɨ 

а Беɥɨɪуɫɫкиɣ гɨɫуɞаɪɫɬвенныɣ унивеɪɫиɬеɬ, Минɫк, Беɥаɪуɫь, e-mail:kugeiko@bsu.by; 

ɉɨɥɭɱɟɧɵ ɪɟɝɪɟɫɫɢɨɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢя ɦɟɠɞɭ ɦɢɤɪɨɮɢɡɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɷɪɢɬɪɨɰɢɬɨɜ ɤɪɨ-
ɜɢ ɱɟɥɨɜɟɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɮɨɪɦɟ ɫɮɟɪɨɢɞɨɜ, ɢ ɦɚɥɨɭɝɥɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɚɫ-
ɫɟяɧɢя β(Θ) ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢя ɜ ɨɤɧɟ ɩɪɨɡɪɚɱɧɨɫɬɢ ɤɪɨɜɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɫ ɦɢɤɪɨɮɢ-
ɡɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɷɪɢɬɪɨɰɢɬɨɜ, ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟɥɨɦɥɟɧɢя ɦɨɠɧɨ ɨɩɪɟɞɟɥяɬɶ ɢ ɩɚɪɚɦɟɬɪɵ ɮɨɪɦɵ 
— ɚɫɮɟɪɢɱɧɨɫɬɶ ɷɪɢɬɪɨɰɢɬɨɜ, ɪɚɡɦɟɪ ɛɨɥɶɲɟɣ ɨɫɢ ɫɮɟɪɨɢɞɚ ɫ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɪяɞɤɚ ɟɞɢɧɢɰ ɩɪɨɰɟɧɬɨɜ. 
ɉɪɢɜɟɞɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ, ɪɟɚɥɢɡɭɸɳɟɝɨ ɦɟɬɨɞ. 

Кɥючɟвыɟ ɫɥɨва: ɷɪɢɬɪɨɰɢɬɵ, ɦɢɤɪɨɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɚɫ-
ɫɟяɧɢя, ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɪɟɝɪɟɫɫɢɢ, ɩɚɪɚɦɟɬɪɵ ɮɨɪɦɵ, ɥɚɡɟɪ, ɧɟɮɟɥɨɦɟɬɪ-ɩɪɨɡɪɚɱɧɨɦɟɪ. 

Ввɟɞɟɧɢɟ 
ɇɟɨɫɥɚɛɟɜɚɸɳɢɣ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɤ ɷɪɢɬɪɨɰɢɬɚɦ ɤɪɨɜɢ ɨɛɴяɫɧяɟɬɫя ɢɯ ɜɵɫɨɤɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɩɚɬɨɥɨɝɢɱɟɫɤɢɦ ɢɡɦɟɧɟɧɢяɦ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ. ɋɭɳɟɫɬɜɟɧɧɵɟ ɧɚɪɭ-
ɲɟɧɢя, ɫɜяɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɪɢɬɪɨɰɢɬɨɜ, ɧɚɛɥɸɞɚɸɬɫя ɩɪɢ ɢɫɬɢɧɧɨɣ ɩɨɥɢ-
ɰɢɬɟɦɢɢ, ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɦɢɟɥɨɦɟ, ɨɫɬɪɵɯ ɢ ɯɪɨɧɢɱɟɫɤɢɯ ɥɟɣɤɨɡɚɯ, ɚɧɟɦɢяɯ. Вɵɫɨɤɨɣ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɦɢɤɪɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɆФɉ) ɷɪɢɬɪɨɰɢɬɨɜ (ɫɱɟɬɧɨɣ (N) ɢ 
ɨɛɴɟɦɧɨɣ (CV) ɤɨɧɰɟɧɬɪɚɰɢɢ; ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢя ɩɨ ɪɚɡɦɟɪɚɦ — ɪɚɞɢɭɫɚ r ɢ 
ɩɨɥɭɲɢɪɢɧɵ r; ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɩɨɤɚɡɚɬɟɥя ɩɪɟɥɨɦɥɟɧɢя n) ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɨɩɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢя. Ɉɞɧɨ ɢɡ ɩɪɟɢɦɭɳɟɫɬɜ ɬɚɤɢɯ ɦɟɬɨɞɨɜ — ɛɟɫɤɨɧɬɚɤɬ-
ɧɵɣ ɫɩɨɫɨɛ ɤɨɧɬɪɨɥя. Ɋɚɡɦɟɪ ɢ ɮɨɪɦɚ ɷɪɢɬɪɨɰɢɬɨɜ ɬɚɤɠɟ ɢɦɟɸɬ ɜɚɠɧɨɟ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɟ ɡɧɚ-
ɱɟɧɢɟ. Ɍɚɤ, ɩɪɟɨɛɥɚɞɚɧɢɟ ɜ ɤɪɨɜɢ ɷɪɢɬɪɨɰɢɬɨɜ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ (ɦɢɤɪɨɰɢɬɨɡ) ɧɚɛɥɸɞɚɟɬɫя ɩɪɢ 
ɝɟɦɨɥɢɬɢɱɟɫɤɨɣ ɛɨɥɟɡɧɢ, ɚɧɟɦɢɢ, ɩɨɫɥɟ ɯɪɨɧɢɱɟɫɤɨɣ ɤɪɨɜɨɩɨɬɟɪɢ ɢ ɧɟɪɟɞɤɨ ɩɪɢ ɡɥɨɤɚɱɟɫɬɜɟɧ-
ɧɵɯ ɡɚɛɨɥɟɜɚɧɢяɯ. Уɜɟɥɢɱɟɧɢɟ ɷɪɢɬɪɨɰɢɬɨɜ (ɦɚɤɪɨɰɢɬɨɡ) ɜɫɬɪɟɱɚɟɬɫя ɩɪɢ ɦɧɨɝɢɯ ɡɚɛɨɥɟɜɚɧɢ-
яɯ ɩɟɱɟɧɢ, ɚɥɤɨɝɨɥɢɡɦɟ, ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢяɯ, ɩɨɧɢɠɟɧɢɢ ɮɭɧɤɰɢɢ ɳɢɬɨɜɢɞɧɨɣ 
ɠɟɥɟɡɵ, ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɯ ɡɚɛɨɥɟɜɚɧɢяɯ, ɩɨɫɥɟ ɫɩɥɟɧɷɤɬɨɦɢɢ ɢ ɬ. ɞ.  

В ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫя ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɧɰɢɩɨɜ ɤɨɪɪɟɥяɰɢɨɧɧɨɣ ɫɩɟɤɬɪɨɧɟɮɟ-
ɥɨɦɟɬɪɢɢ ɞɥя ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢя ɤɚɤ ɆФɉ ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢя 
ɷɪɢɬɪɨɰɢɬɨɜ ɩɨ ɪɚɡɦɟɪɚɦ, ɬɚɤ ɢ ɩɚɪɚɦɟɬɪɚ ɮɨɪɦɵ — ɚɫɮɟɪɢɱɧɨɫɬɢ ɷɪɢɬɪɨɰɢɬɨɜ, ɚ ɬɚɤɠɟ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɭɩɪɨɳɟɧɢя ɩɪɨɰɟɫɫɚ ɢɡɦɟɪɟɧɢɣ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢя ɬɨɥɶɤɨ ɞɜɭɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɚɫɫɟяɧɢя . 

Раɫчɟɬ ɨɩɬɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɷɪɢɬɪɨɰɢɬɨв 

ɉɨɫɤɨɥɶɤɭ яɞɪɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢя ɟɞɢɧɢɱɧɨɝɨ ɷɪɢɬɪɨɰɢɬɚ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɨɪɢɟɧ-
ɬɚɰɢɢ, ɨɛɵɱɧɨ ɩɪɢ ɪɚɫɱɟɬɚɯ ɈХ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɧɵɟ ɩɪɢɛɥɢɠɟɧɢя. ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɟɬɫя, ɱɬɨ 
ɭɝɥɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɜɟɬɚ, ɪɚɫɫɟяɧɧɨɝɨ ɧɚ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɯɚɨɬɢɱɟɫɤɢ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɟ-
ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ, ɬɚɤɨɟ ɠɟ, ɤɚɤ ɩɪɢ ɪɚɫɫɟяɧɢɢ ɧɚ ɲɚɪɚɯ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɨɛɴɟɦɚ, ɚ ɷɪɢɬɪɨɰɢ-
ɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɮɟɪɢɱɟɫɤɨ-ɫɢɦɦɟɬɪɢɱɧɨɦ ɜɢɞɟ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫя ɢɧɞɢɤɚɬɪɢɫɨɣ ɪɚɫɫɟя-
ɧɢя, ɪɚɫɫɱɢɬɵɜɚɟɦɨɣ ɩɨ ɮɨɪɦɭɥɚɦ Ɇɢ. Иɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɜ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ ɢ ɫɪɚɜ-
ɧɟɧɢɟ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɚɤɨɟ ɩɪɢɛɥɢɠɟ-
ɧɢɟ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬ ɫɜɨɣɫɬɜɚ ɛɨɥɶɲɢɧɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɟɣ, ɜɤɥɸɱɚя ɤɪɨɜɶ. Ɉɬɦɟɬɢɦ 
ɬɚɤɠɟ, ɱɬɨ ɞɥя ɧɟɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɩɨ ɩɥɨɳɚɞɢ ɢ ɩɨ ɨɛɴɟɦɭ ɪɚɞɢɭɫɵ ɧɟ ɫɨɜ-
ɩɚɞɚɸɬ, ɨɞɧɚɤɨ ɞɥя ɭɦɟɪɟɧɧɨ ɜɵɬяɧɭɬɵɯ (ɫɩɥɸɫɧɭɬɵɯ) ɫɮɟɪɨɢɞɨɜ ɢ ɰɢɥɢɧɞɪɨɜ (0.5    2) ɷɬɚ 
ɪɚɡɧɢɰɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 5 %. ȿɫɥɢ ɞɥя ɦɨɞɟɥɢ ɷɪɢɬɪɨɰɢɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɜɢɞɟ ɷɤɜɢɜɚɥɟɧɬ-
ɧɵɯ ɩɨ ɨɛɴɟɦɭ ɫɮɟɪ, ɜ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɚ ɮɨɪɦɵ ɦɨɠɧɨ ɫɱɢɬɚɬɶ r, ɬɨ ɞɥя ɦɨɞɟɥɢ, ɝɞɟ ɷɪɢɬɪɨ-
ɰɢɬɵ ɩɪɟɞɫɬɚɜɥяɸɬɫя ɜ ɜɢɞɟ ɫɮɟɪɨɢɞɨɜ, ɜ ɤɚɱɟɫɬɜɟ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ ɮɨɪɦɵ ɷɪɢɬ-
ɪɨɰɢɬɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɚɪɚɦɟɬɪ ɚɫɮɟɪɢɱɧɨɫɬɢ e = D/d, ɝɞɟ D ɢ d — ɛɨɥɶɲɚя ɢ ɦɚɥɚя ɨɫɢ 
ɷɥɥɢɩɫɚ.  
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В ɧɚɫɬɨяɳɟɣ ɪɚɛɨɬɟ ɷɪɢɬɪɨɰɢɬɵ ɦɨɞɟɥɢɪɭɸɬɫя ɫɩɥɸɫɧɭɬɵɦɢ ɫɮɟɪɨɢɞɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɟɧ-
ɧɨ, ɚɧɫɚɦɛɥɶ ɷɪɢɬɪɨɰɢɬɨɜ ɢ ɟɝɨ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɨɞɟɥɢɪɭɸɬɫя ɚɧɫɚɦɛɥɟɦ ɫɮɟɪɨɢɞɨɜ ɫɨ 
ɫɥɭɱɚɣɧɨ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɛɨɥɶɲɟɣ ɨɫɢ D, ɩɚɪɚɦɟɬɪɚ ɚɫɮɟɪɢɱɧɨɫɬɢ e, ɩɨɤɚɡɚɬɟɥя 
ɩɪɟɥɨɦɥɟɧɢя n ɢ ɭɝɥɚ ɨɪɢɟɧɬɚɰɢɢ α. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɪɢɬɪɨɰɢɬɨɜ ɩɨ ɨɛɴɟɦɭ f(V) ɦɨɞɟɥɢɪɭɟɬɫя 
ɨɛɨɛɳɟɧɧɵɦ ɝɚɦɦɚ-ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ ɞɚɧɧɵɟ ɦɧɨ-
ɝɨɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɪɢɬɨɰɢɬɨɦɟɬɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɨɛɪɚɡɰɨɜ ɤɪɨɜɢ:  
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ɝɞɟ N – ɫɱɟɬɧɚя ɤɨɧɰɟɧɬɪɚɰɢя ɷɪɢɬɪɨɰɢɬɨɜ; V0 — ɦɨɞɚɥɶɧɵɣ ɨɛɴɟɦ; k — ɩɚɪɚɦɟɬɪ ɩɨɥɭɲɢɪɢɧɵ 
ɪɚɫɩɪɟɞɟɥɟɧɢя, ɫɜяɡɚɧɧɵɣ ɫ V (ɪɚɫɫɬɨяɧɢɟɦ ɦɟɠɞɭ ɜɟɬɜяɦɢ f(V) ɧɚ ɭɪɨɜɧɟ 0.5 f(V)) ɫɨɨɬɧɨɲɟ-
ɧɢɟɦ k  5.63(V/V)–1.99. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɪɢɬɪɨɰɢɬɨɜ (ɬɚɛɥ. 1) ɜɚɪɶɢɪɭɸɬɫя ɜ ɞɢɚɩɚɡɨɧɚɯ ɢɯ ɜɨɡ-
ɦɨɠɧɵɯ ɢɡɦɟɧɟɧɢɣ, ɜɵɛɪɚɧɧɵɯ ɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ. ɉɚɪɚɦɟɬɪɵ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢя 
ɩɨ ɪɚɡɦɟɪɚɦ V0 ɢ k ɡɚɞɚɸɬɫя ɢɡ ɞɢɚɩɚɡɨɧɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 2. Дɟɣɫɬɜɢɬɟɥɶɧɚя (n) ɢ ɦɧɢ-
ɦɚя () ɱɚɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥя ɩɪɟɥɨɦɥɟɧɢя ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɥɢɧɟ ɜɨɥɧɵ λ = 0.65 ɦɤɦ 
( = 0.495 ɦɤɦ ɜ ɮɢɡɪɚɫɬɜɨɪɟ ɫ n = 1.332, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧяɟɬɫя ɞɥя ɪɚɡɛɚɜɥɟɧɢя).  

Ɋɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ Ɇɸɥɥɟɪɚ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɫɟɱɟɧɢɣ ɪɚɫɫɟяɧɢя ɢ ɩɨɝɥɨɳɟɧɢя 
ɩɪɨɜɟɞɟɧ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ ADDA ɧɚ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɟ ɋКИФ ɞɥя ɷɪɢɬɪɨɰɢɬɨɜ ɫɨ ɫɥɭ-
ɱɚɣɧɨ ɡɚɞɚɧɧɵɦɢ ɆФɉ ɢɡ ɬɚɛɥ. 1 ɢ 2. Вɫɟɝɨ ɪɚɫɫɱɢɬɚɧɨ ɢ ɡɚɧɟɫɟɧɨ ɜ ɛɚɡɭ ɞɚɧɧɵɯ ɨɤɨɥɨ 
180 000 000 ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ Ɇɸɥɥɟɪɚ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɫɟɱɟɧɢɣ ɪɚɫɫɟяɧɢя ɢ ɩɨɝɥɨɳɟɧɢя 
ɟɞɢɧɢɱɧɵɯ ɷɪɢɬɪɨɰɢɬɨɜ. Иɡ ɷɬɨɝɨ ɧɚɛɨɪɚ ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɚɧɫɚɦɛɥɢ ɱɚɫɬɢɰ, ɝɞɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫ-
ɫɟɢɜɚɬɟɥɟɣ ɡɚɞɚɜɚɥɨɫɶ ɢɡ ɢɧɬɟɪɜɚɥɚ 70—120 ɬɵɫяɱ (0.02 ɦɥ ɤɪɨɜɢ ɩɪɢ ɫɪɟɞɧɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 
(3.5—6)  106 ɦɥ–1), ɚ ɤɚɠɞɨɦɭ ɪɚɫɫɟɢɜɚɬɟɥɸ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɡɚɞɚɜɚɥɚɫɶ ɨɪɢɟɧɬɚɰɢя ɢ ɆФɉ. 
Кɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɫɟяɧɢя ɩɨɞ ɭɝɥɨɦ () ɞɥя ɚɧɫɚɦɛɥя ɱɚɫɬɢɰ ɢɡ ɨɬɦɟɱɟɧɧɨɝɨ ɜɵɲɟ ɢɧɬɟɪɜɚɥɚ 
ɪɚɫɫɱɢɬɚɧɵ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɨɞɧɨɤɪɚɬɧɨɝɨ ɪɚɫɫɟяɧɢя ɩɨ ɩɪɚɜɢɥɭ ɫɥɨɠɟɧɢя ɢɧɞɢɤɚɬɪɢɫ.  

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  1. Вɚɪɢɚɰɢɢ ɦɢɤɪɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɪɢɬɪɨɰɢɬɨɜ 

D e N n  
5.2—9.6 ɦɤɦ 2—4 (3.5—6.0) 1012 ɥ–1 1.035—1.059 10–4—10–5 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  2. Вɚɪɢɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢя ɩɨ ɪɚɡɦɟɪɚɦ 

k V0 
6—10 75—95 ɦɤɦ3 

 
ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɧɚ ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢя ɈХ 

ɧɚɤɥɚɞɵɜɚɥɢɫɶ ɩɨɝɪɟɲɧɨɫɬɢ (ɞɥя β(Θ): 10 % ɧɚ ɭɝɥɵ 1—10º, 5 % — ɧɚ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɭɝɥɵ), 
ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɢ ɡɚɞɚɜɚɟɦɵɯ ɡɧɚɱɟɧɢɣ ɞɥя ɤɚɠɞɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ ɜɵɛɨɪɤɢ 

(ɆФɉ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɨɩɬɢɱɟɫɤɢɟ). Уɪɚɜɧɟɧɢя ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢ ɞɥя ɤɚɠɞɨɝɨ 
ɆФɉ ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɚɫɫɟяɧɢя ɢ ɢɦɟɸɬ ɜɢɞ: 

  lgp = a0 + a1lg(1) + a2lg(2),     (2) 

ɝɞɟ ai ɢ i ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3 ɢ 4; pi — ɆФɉ. Ɉɩɪɟɞɟɥяɟɦɵɟ ɆФɉ pi ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɭɪɚɜɧɟɧɢɸ (2) ɡɧɚɱɟɧɢя ɨɩɬɢɦɚɥɶɧɵɯ ɭɝɥɨɜ i, ɜɵɛɪɚɧɧɵɯ ɩɭɬɟɦ ɩɪяɦɨɝɨ ɩɟɪɟɛɨɪɚ (ɤɪɢɬɟɪɢɣ 
ɨɬɛɨɪɚ — ɦɢɧɢɦɚɥɶɧɚя ɫɪɟɞɧяя ɩɨɝɪɟɲɧɨɫɬɶ ɩɨ ɜɵɛɨɪɤɟ) ɢɡ ɨɬɦɟɱɟɧɧɵɯ ɜɵɲɟ ɩɪɢ ɚɧɚɥɢɡɟ 
ɤɨɪɪɟɥяɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɧɬɟɪɜɚɥɨɜ ɭɝɥɨɜ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3.  

    Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  3. Ɉɩɬɢɦɚɥɶɧɵɟ ɭɝɥɵ   Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  4. Кɨɷɮɮɢɰɢɟɧɬɵ ɪɟɝɪɟɫɫɢɣ 

ɆФɉ 1 2 ɆФɉ а0 а1 а2 
D 5 12  D 2.1892 –0.3208 0.2216 
e 5 12  e 4.0179 –0.7815 0.4941 
V0 3 9  V0 0.5708 0.2190 –0.1093 
ΔV 3 9  ΔV 1.0552 0.4365 –0.2140 
n 7 14  n –4.3541 0.3054 0.0283 
N 3 14 N 11.4514 –0.8315 0.3205 
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ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɝɢɫɬɨɝɪɚɦɦɵ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢя ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɦɵ — ɚɫɮɟ-
ɪɢɱɧɨɫɬɢ ɷɪɢɬɪɨɰɢɬɨɜ e, ɪɚɡɦɟɪ ɛɨɥɶɲɨɣ ɨɫɢ ɷɥɥɢɩɫɚ D ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ (2), ɝɞɟ ɩɨ ɨɫɢ OY 
ɨɬɥɨɠɟɧɚ ɱɚɫɬɨɬɚ ɩɨɜɬɨɪяɟɦɨɫɬɢ P ɨɲɢɛɨɤ  = (х – х*)/х (ɱɢɫɥɨ ɪɟɚɥɢɡɚɰɢɣ P ɆФɉ ɷɪɢɬɪɨɰɢ-
ɬɨɜ, ɞɥя ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ), x ɢ х* — ɡɚɞɚɧɧɵɟ ɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ (2) ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɢɡ ɬɚɛɥ. 1 ɢ 2 ɡɧɚɱɟɧɢя ɆФɉ. ɇɚ ɪɢ-
ɫɭɧɤɟ ɬɚɤɠɟ ɭɤɚɡɚɧɵ ɫɪɟɞɧɢɟ ɩɨ ɜɵɛɨɪɤɟ ɨɲɢɛɤɢ ɨɩɪɟɞɟɥɟɧɢя ɨɬɦɟɱɟɧɧɵɯ ɜɟɥɢɱɢɧ. ɋ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɭɝɥɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɪɚɫɫɟяɧɢя ɢ ɆФɉ 
ɷɪɢɬɪɨɰɢɬɨɜ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ n, N, Δr, V0, ɚ ɡɧɚɱɢɬ, ɢ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢя 
ɩɨ ɨɛɴɟɦɭ ɜ ɩɪɟɞɟɥɚɯ 10 %. Хɨɬя ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɨɞɚɦɢ, ɫɨɜɦɟɫɬɧɨ ɫ ɭɝɥɨɜɵɦɢ ɢɫɩɨɥɶɡɭɸ-
ɳɢɦɢ ɩɨɥяɪɢɡɚɰɢɨɧɧɵɟ ɢɡɦɟɪɟɧɢя, ɬɨɱɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢя ɆФɉ ɧɟɫɤɨɥɶɤɨ ɭɯɭɞɲɚɟɬɫя, 
ɜɚɠɧɵɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɟɬɨɞɚ яɜɥяɸɬɫя ɪɚɫɲɢɪɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɜɨɡɦɨɠɧɨɫɬɟɣ, ɩɪɨɫɬɨɬɚ ɬɟɯɧɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɨɩɟɪɚɬɢɜɧɨɫɬɶ. 
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Ɋɢɫ. 1. Ƚɢɫɬɨɝɪɚɦɦɵ ɨɲɢɛɨɤ ɨɩɪɟɞɟɥɟɧɢя e (а) ɢ D (ɛ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢя (6) ɫ ɧɚɥɨ-

ɠɟɧɢɟɦ 10%-ɧɵɯ ɫɥɭɱɚɣɧɵɯ ɨɲɢɛɨɤ ɧɚ (k) 

Дɥя ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɩɪɟɞɥɚɝɚɟɬɫя ɫɯɟɦɚ ɧɟɮɟɥɨɦɟɬɪɚ-ɩɪɨɡɪɚɱɧɨɦɟɪɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚя 
ɧɚ ɪɢɫ. 2. В ɧɟɟ ɜɯɨɞяɬ ɢɫɬɨɱɧɢɤɢ И1 ɢ И2 (ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɥɚɡɟɪɵ), ɩɪɢɟɦɧɢɤɢ ɉ1 ɢ ɉ2, 
ɛɥɨɤ ɭɩɪɚɜɥɟɧɢя ɩɨɫɵɥɤɢ ɢɡɥɭɱɟɧɢя 3, ɭɫɬɪɨɣɫɬɜɨ ɜɪɚɳɟɧɢя, ɮɨɪɦɢɪɨɜɚɬɟɥɢ ɫɜɟɬɨɜɵɯ ɩɨɬɨɤɨɜ 
4, ɛɥɨɤ ɪɟɝɢɫɬɪɚɰɢɢ, ɨɛɪɚɛɨɬɤɢ ɢ ɯɪɚɧɟɧɢя ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ 5. Иɫɬɨɱɧɢɤɚɦɢ И1 ɢ 
И2 ɩɨ-ɩɟɪɟɦɟɧɧɨ ɩɨ ɫɢɝɧɚɥɚɦ, ɩɨɫɬɭɩɚɸɳɢɦ ɫ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢя 3, ɩɨɫɵɥɚɸɬɫя ɫɜɟɬɨɜɵɟ ɩɨ-
ɬɨɤɢ ɜ ɢɫɫɥɟɞɭɟɦɭɸ ɪɚɫɫɟɢɜɚɸɳɭɸ ɫɪɟɞɭ (ɜ ɬɨɱɤɭ R). Чɚɫɬɶ ɢɡɥɭɱɟɧɢя ɜ ɬɨɱɤɟ R ɪɚɫɫɟɢɜɚɟɬɫя ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɢɟɦɧɢɤɚ ɉ2, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɩɨɞ ɭɝɥɨɦ  ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɫɵɥɤɢ ɢɡɥɭɱɟɧɢя, 
ɱɚɫɬɶ ɩɪɨɯɨɞɢɬ ɧɚ ɩɪɢɟɦɧɢɤ ɉ1, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ, ɢ ɪɟɝɢɫɬɪɢɪɭɟɬɫя ɛɥɨɤɨɦ 6.  
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Ɋɢɫ. 2. ɋɯɟɦɚ ɧɟɮɟɥɨɦɟɬɪɚ-ɩɪɨɡɪɚɱɧɨɦɟɪɚ 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɧɟɮɟɥɨɦɟɬɪɚ-ɩɪɨɡɪɚɱɧɨɦɟɪɚ ɡɧɚɱɟɧɢя  ɢɡɦɟɪяɸɬɫя ɫ 
ɢɫɤɥɸɱɟɧɢɟɦ ɦɟɬɨɞɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶɸ ɚɩɩɚɪɚɬɭɪɧɵɯ 
ɤɨɧɫɬɚɧɬ ɢɫɬɨɱɧɢɤɨɜ, ɩɪɢɟɦɧɢɤɨɜ, ɮɨɪɦɢɪɨɜɚɬɟɥɟɣ ɢɡɥɭɱɟɧɢя, ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɚ ɬɚɤɠɟ 
ɡɚɝɪяɡɧɟɧɢɣ ɨɩɬɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɩɨɷɬɨɦɭ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ g

 

ɬɨɱɧɨɫɬɶ ɟɟ ɩɨɥɭɱɟɧɢя ɛɭɞɟɬ 
ɛɨɥɟɟ ɜɵɫɨɤɨɣ. 
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We obtained the regression relations between the microphysical parameters of erythrocytes in human 
blood presented in form of spheroids and the low-angle directional scattering coefficients () in the spectral 
window of blood. The efficiency of using these regression relations for double-angle measurements was esti-
mated. It is shown that we can, concurrently with microphysical parameters of erythrocytes, refraction index, 
determine shape parameter, such as asphericity of erythrocytes, and dimension of the large axis of spheroid to a 
precision of a few percent. 

Keywords: erythrocytes, microphysical parameters, directional scattering coefficients, multiple regres-
sions, shape parameters. 


	51n-smunev

