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Ƚɢɛɪɢɞɢɡɚɰɢɹ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɯ ɡɨɧɞɨɜ ɫ ɦɢɲɟɧɹɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɛɢɨɱɢɩɨɜ ɨɩɢɫɚɧɚ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɪɚɜɧɨɜɟɫɧɨɣ ɚɞɫɨɪɛɰɢɢ. Ɋɚɫɫɦɨɬɪɟ-
ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɢɡɨɬɟɪɦɚ ɝɢɛɪɢɞɢɡɚɰɢɢ (ɗɂȽ) — ɡɚɜɢɫɢɦɨɫɬɶ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɹɱɟɣɤɢ ɛɢɨɱɢɩɚ ɨɬ ɷɧɟɪɝɢɢ ɝɢɛɪɢɞɢɡɚɰɢɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɡɨɧɞɚ ɢ ɦɢɲɟɧɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɚɪɶɢɪɨɜɚɧɢɟ ɨɬ-

ɧɨɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɨɧɞɨɜ ɢ ɦɢɲɟɧɟɣ ɫɞɜɢɝɚɟɬ ɬɨɱɤɭ ɩɟɪɟɝɢɛɚ S-

ɨɛɪɚɡɧɨɝɨ ɝɪɚɮɢɤɚ ɗɂȽ ɤɚɤ ɜɞɨɥɶ ɨɫɢ ɷɧɟɪɝɢɣ ɝɢɛɪɢɞɢɡɚɰɢɢ, ɬɚɤ ɢ 
ɜɞɨɥɶ ɨɫɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɹɱɟɣɤɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɨɛɴɹɫ-
ɧɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ɤɪɢɜɵɯ ɗɂȽ, ɧɚɛɥɸɞɚɟɦɵɟ ɜ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɯ ɧɚ ɛɢɨɱɢɩɚɯ. 
 

 

ȼɜɟɞɟɧɢɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɝɢɛɪɢɞɢɡɚɰɢɹ ɧɚ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ-

ɧɵɯ ɛɢɨɱɢɩɚɯ ɩɪɢɨɛɪɟɬɚɟɬ ɜɫɟ ɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɧɚɱɢɧɚɟɬ ɧɚɯɨɞɢɬɶ ɩɪɢɦɟɧɟɧɢɟ ɜ ɦɟɞɢɰɢɧɟ. Ȼɢɨɱɢɩɵ 

ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɝɟɧɨɦɨɜ ɦɟɬɨɞɨɦ ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɨɝɨ ɩɨ-
ɥɢɦɨɪɮɢɡɦɚ (SNP), ɩɪɢ ɚɧɚɥɢɡɟ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ (Schena and Shalon, 

1995), ɩɪɢ ɞɟɬɟɤɰɢɢ ɢ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ ɛɨɥɟɡɧɟɬɜɨɪɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡ-
ɦɨɜ (Kozal et al., 1996; Mikhailovich et al., 2008) ɢ ɬ.ɞ.  

Ɉɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɟ ɡɨɧɞɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɧɚ ɩɨɞɥɨɠɤɚɯ 
ɛɢɨɱɢɩɨɜ, ɨɛɵɱɧɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɧɨɧɢɬɟɜɵɟ ȾɇɄ ɞɥɢɧɨɣ 20–70 

ɧɭɤɥɟɨɬɢɞɨɜ. Ɂɨɧɞɵ ɫɩɨɫɨɛɧɵ ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɨɦɩɥɟɤɫɵ ɫ ɤɨɦɩɥɟɦɟɧ-

ɬɚɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ȾɇɄ ɢ ɊɇɄ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɪɚɫ-
ɬɜɨɪɟ. Ɇɨɥɟɤɭɥɵ ɦɢɲɟɧɟɣ ɦɟɬɹɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɮɥɭɨɪɟɫɰɢɪɭɸɳɟɣ (ɢɥɢ 

ɪɚɞɢɨɚɤɬɢɜɧɨɣ) ɦɟɬɤɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨ ɭɪɨɜɧɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟ-
ɧɢɹ ɨɬ ɭɱɚɫɬɤɚ ɛɢɨɱɢɩɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɦɢɲɟɧɹɦ ɡɨɧ-

ɞɵ, ɨɩɪɟɞɟɥɹɬɶ ɩɚɪɚɦɟɬɪɵ ɝɢɛɪɢɞɢɡɚɰɢɢ ɡɨɧɞɨɜ ɫ ɦɢɲɟɧɹɦɢ. ȿɫɥɢ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɦɢɲɟɧɢ ɩɨɥɧɨɫɬɶɸ ɤɨɦɩɥɟɦɟɧɬɚɪɧɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɡɨɧɞɚ, ɬɨ ɷɬɢ ɦɨɥɟɤɭɥɵ ɝɢɛɪɢɞɢɡɭɸɬɫɹ ɫ ɨɛɪɚɡɨɜɚ-
ɧɢɟɦ ɫɬɚɛɢɥɶɧɨɝɨ «ɫɨɜɟɪɲɟɧɧɨɝɨ ɞɭɩɥɟɤɫɚ» (perfect-match duplex). 

ɉɪɢɫɭɬɫɬɜɢɟ ɠɟ ɜ ɞɭɩɥɟɤɫɟ ɞɚɠɟ ɨɞɧɨɣ ɧɟɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ɩɚɪɵ ɩɪɢ-
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ɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɚɡɞɨ ɦɟɧɟɟ ɫɬɚɛɢɥɶɧɨɝɨ, ɬ.ɧ. «ɧɟɫɨɜɟɪɲɟɧɧɨɝɨ 
ɞɭɩɥɟɤɫɚ» (mismatch duplex). ȼɫɟɝɨ ɧɚ ɨɞɧɨɦ ɱɢɩɟ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɨɬ 
ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɬɵɫɹɱ ɹɱɟɟɤ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨ-
ɪɵɯ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɡɨɧɞɵ ɤɚɤ ɫ ɪɚɡɥɢɱɧɨɣ ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɶɸ, ɬɚɤ ɢ ɪɚɡɥɢɱɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɱɢɩɚ (ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ). ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɞɧɨɝɨ-
ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ ɨ ɫɨɞɟɪɠɚɧɢɢ ɜ 
ɦɢɲɟɧɹɯ ɭɱɚɫɬɤɨɜ, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ ɡɨɧɞɚɦ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɸɳɚɹ 
ɫɜɹɡɵɜɚɧɢɟ ɧɚ ɱɢɩɚɯ ɤɚɤ ɩɪɨɰɟɫɫ ɪɚɜɧɨɜɟɫɧɨɣ ɚɞɫɨɪɛɰɢɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɩɪɢɛɥɢɡɢɬɶɫɹ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, ɩɨ-
ɥɭɱɚɟɦɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ ɛɢɨɱɢɩɚɦɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɡɨɬɟɪɦɚ Ʌɟɧ-

ɝɦɸɪɚ, ɤɨɬɨɪɨɣ ɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɚɞɫɨɪɛɰɢɢ ȾɇɄ ɢ ɊɇɄ ɦɢɲɟ-
ɧɟɣ ɧɚ ɛɢɨɱɢɩɚɯ, ɫɜɹɡɚɧɚ ɫ ɭɪɚɜɧɟɧɢɹɦɢ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɪɚɫ-
ɬɜɨɪɟ (ɷɬɚ ɢɡɨɬɟɪɦɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɜɟɞɟɧɚ ɢɡ ɭɫɥɨɜɢɣ ɪɚɜɧɨɜɟɫɢɹ). Ɂɞɟɫɶ 
ɦɵ ɩɪɨɫɥɟɞɢɦ ɷɬɭ ɫɜɹɡɶ, ɱɬɨɛɵ ɞɚɥɟɟ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɢɡɨ-
ɬɟɪɦɵ Ʌɟɧɝɦɸɪɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɝɢɛɪɢɞɢɡɚɰɢɢ ɦɢɲɟɧɟɣ ɧɚ 
ɛɢɨɱɢɩɚɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɦɨɥɟɤɭɥ ɦɢɲɟ-
ɧɟɣ ɢ ɡɨɧɞɨɜ. Ɇɵ ɪɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɟɣɲɢɣ ɫɥɭɱɚɣ: ɜɨ-ɩɟɪɜɵɯ, ɧɚɛɨɪ 
ɹɱɟɟɤ ɫ ɡɨɧɞɚɦɢ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦɢ ɞɥɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɦɨɥɟɤɭɥɵ ɦɢ-

ɲɟɧɢ, ɜɨ-ɜɬɨɪɵɯ, ɛɭɞɟɦ ɩɪɟɧɟɛɪɟɝɚɬɶ ɤɪɨɫɫ-ɝɢɛɪɢɞɢɡɚɰɢɟɣ (ɧɟɫɩɟɰɢ-

ɮɢɱɟɫɤɢɦ ɫɜɹɡɵɜɚɧɢɟɦ ɢ ɫɜɹɡɵɜɚɧɢɟɦ ɫ ɧɟɩɨɥɧɨɣ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɫɬɶɸ 

ɦɟɠɞɭ ɡɨɧɞɨɦ ɢ ɦɢɲɟɧɶɸ).  

Ɇɵ ɢɫɫɥɟɞɭɟɦ ɡɞɟɫɶ ɩɨɜɟɞɟɧɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ «ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 

ɢɡɨɬɟɪɦɵ ɝɢɛɪɢɞɢɡɚɰɢɢ» (ɗɂȽ) — ɤɪɢɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɞɚɧɧɨɣ ɹɱɟɣɤɢ ɛɢɨɱɢɩɚ ɨɬ ɷɧɟɪɝɢɢ ɝɢɛɪɢɞɢɡɚɰɢɢ ɦɢ-

ɲɟɧɢ ɢ ɡɨɧɞɚ, ɪɚɫɫɱɢɬɚɧɧɨɣ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɩɨɥɧɨɣ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨ-
ɫɬɢ. ɇɚ ɨɫɧɨɜɟ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɗɂȽ ɫ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɛɢɨɱɢɩɚɯ, 
ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɦɨɠɧɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɝɢɛɪɢɞɢɡɚɰɢɢ 

(ɧɚɩɪɢɦɟɪ, ɢɫɯɨɞɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɢɲɟɧɟɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ). 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɚɞɫɨɪɛɰɢɢ. 

1. Ɋɚɜɧɨɜɟɫɧɚɹ ɫɢɫɬɟɦɚ ɜ ɪɚɫɬɜɨɪɟ. Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ, ɜ ɤɨɬɨ-
ɪɨɣ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɜ ɪɚɫɬɜɨɪɟ ɧɚ-
ɯɨɞɹɬɫɹ ɦɨɥɟɤɭɥɵ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ-«ɦɢɲɟɧɟɣ». ɗɬɢ ɦɢɲɟɧɢ ɦɨɝɭɬ 
ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɨɦɩɥɟɤɫɵ ɫ ɦɨɥɟɤɭɥɚɦɢ «ɡɨɧɞɨɜ» (ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ ɫ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ, ɯɢɦɢɱɟɫɤɢ ɩɪɢɲɢɬɵɦɢ ɧɚ ɩɨɞ-
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ɥɨɠɤɟ ɱɢɩɚ). ɉɭɫɬɶ ɷɬɚ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ: ɱɢɫɥɨ ɨɛɪɚɡɨ-
ɜɚɜɲɢɯɫɹ ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɤɨɦɩɥɟɤɫɨɜ ɡɨɧɞɨɜ ɢ ɦɢɲɟɧɟɣ ɪɚɜɧɨ ɱɢɫ-
ɥɭ ɪɚɫɩɚɜɲɢɯɫɹ ɤɨɦɩɥɟɤɫɨɜ. ɉɪɟɞɩɨɥɨɠɢɦ ɬɚɤɠɟ, ɱɬɨ ɫ ɤɚɠɞɵɦ ɡɨɧɞɨɦ 

ɦɨɠɟɬ ɫɜɹɡɚɬɶɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɦɢɲɟɧɢ.  

ɉɭɫɬɶ [A] — ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟ ɫɜɹɡɚɧɧɵɯ (ɫɜɨɛɨɞɧɵɯ) ɡɨɧɞɨɜ ɜ 
ɪɚɫɬɜɨɪɟ, [B] — ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟ ɫɜɹɡɚɧɧɵɯ ɦɨɥɟɤɭɥ-ɦɢɲɟɧɟɣ, [AB] — 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɢɲɟɧɟɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɡɨɧɞɚɦɢ (ɬɨ ɟɫɬɶ, ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɤɨɦɩɥɟɤɫɨɜ), Ca — ɨɛɳɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɧɞɨɜ, Cb — ɨɛɳɚɹ ɤɨɧɰɟɧɬɪɚ-
ɰɢɹ ɦɢɲɟɧɟɣ.  

ȼ ɪɚɫɬɜɨɪɟ ɩɪɨɢɫɯɨɞɢɬ ɪɟɚɤɰɢɹ: [ ] [ ] [ ]
K

A B AB⎯⎯→+ ←⎯⎯ . Ʉɨɧɫɬɚɧɬɚ 
ɪɚɜɧɨɜɟɫɢɹ ɜ ɷɬɨɣ ɪɟɚɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 

[ ]

[ ] [ ]

A B
K

A B
= . (1) 

ɉɨɫɤɨɥɶɤɭ 
[ ] [ ],

[ ] [ ],

a

b

A C AB

B C AB

= −

= −
   (2) 

ɬɨ  
[ ]

( [ ])( [ ])a b

AB
K

C AB C AB
=

− −
. 

Ɉɛɨɡɧɚɱɢɦ ɩɨɫɪɟɞɫɬɜɨɦ R ɞɨɥɸ ɡɚɧɹɬɵɯ ɡɨɧɞɨɜ: 
[ ]

a

AB
R

C
= . (3) 

Ɍɨɝɞɚ ɢɡ (1) – (3) ɩɨɥɭɱɚɟɦ: 

( )( ) (1 )( )

a

a a b a b a

R C R
K

C R C C R C R C R C

⋅
= =

− ⋅ − ⋅ − − ⋅
. 

Ɉɬɫɸɞɚ: 
( )

1 ( )

b a

b a

K C R C
R

K C R C

− ⋅
=

+ − ⋅
  (4) 

ɢɥɢ, ɩɨɞɫɬɚɜɥɹɹ ɜ (4) ɭɪɚɜɧɟɧɢɹ (2) ɢ (3), ɩɨɥɭɱɚɟɦ: 

[ ]

1 [ ]

K B
R

K B

⋅
=

+ ⋅
.  (5) 

ɍɪɚɜɧɟɧɢɟ (5) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɡɨɬɟɪɦɟ ɚɞɫɨɪɛɰɢɢ Ʌɟɧɝɦɸɪɚ, ɤɨɬɨ-
ɪɭɸ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɩɢɫɚɧɢɹ ɚɞɫɨɪɛɰɢɢ ɦɢɲɟɧɟɣ ɧɚ ɛɢɨɱɢɩɚɯ (Mei 
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et al., 2003; Hekstra et al., 2003; Burden et al., 2004; Halperin et al., 2004). ȼ 

ɪɚɛɨɬɚɯ (Burden et al., 2004; Burdenet al., 2006; Zhanget al., 2005) ɩɨɤɚɡɚ-
ɧɨ, ɱɬɨ ɞɚɠɟ ɜ ɬɟɯ ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɫɢɫɬɟɦɚ ɧɟ ɞɨɫɬɢɝɥɚ ɪɚɜɧɨɜɟɫɢɹ, ɧɨ 
ɫɬɪɟɦɢɬɫɹ ɤ ɧɟɦɭ (ɱɬɨ ɨɛɵɱɧɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɧɚ ɛɢɨɱɢ-

ɩɚɯ), ɭɱɺɬ ɤɢɧɟɬɢɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ ɠɟ ɬɢɩɭ ɭɪɚɜɧɟ-
ɧɢɣ, ɱɬɨ ɢ ɢɡɨɬɟɪɦɚ Ʌɟɧɝɦɸɪɚ. 

Ɇɟɬɨɞɢɤɚ ɛɢɨɱɢɩɨɜ ɩɨɡɜɨɥɹɟɬ ɜ ɨɞɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɨɥɭɱɚɬɶ 
ɫɪɚɡɭ ɫɨɬɧɢ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ ɞɥɹ ɪɚɡɧɵɯ ɡɨɧɞɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ 
ɪɚɡɧɵɦɢ ɷɧɟɪɝɢɹɦɢ ɫɜɹɡɵɜɚɧɢɹ ɫ ɦɢɲɟɧɶɸ. ɗɬɨɬ ɮɚɤɬ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɨɣ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɞɪɭɝɨɝɨ ɬɢɩɚ, ɱɟɦ ɢɡɨɬɟɪɦɚ 
Ʌɟɧɝɦɸɪɚ — ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɵ ɝɢɛɪɢɞɢɡɚɰɢɢ (ɗɂȽ). Ʉɪɢɜɚɹ 
ɗɂȽ, ɤɚɤ ɦɵ ɩɨɤɚɠɟɦ ɞɚɥɶɲɟ, ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɢ-

ɲɟɧɟɣ ɜ ɪɚɫɬɜɨɪɟ.  

2. ɍɪɚɜɧɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɵ ɝɢɛɪɢɞɢɡɚɰɢɢ. Ɋɚɫɫɦɨɬɪɢɦ 

ɜɧɚɱɚɥɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɤɨɦɩɥɟɤɫɨɜ ɜ ɨɬɞɟɥɶɧɨɣ ɹɱɟɣɤɟ 
ɱɢɩɚ, ɩɪɟɧɟɛɪɟɝɚɹ ɮɨɧɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ ɧɭɥɟ-
ɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɢɲɟɧɢ ɜ ɪɚɫɬɜɨɪɟ. ɉɭɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ ɤɨɦɩɥɟɤɫɨɜ ɜ ɨɬɞɟɥɶɧɨɣ ɹɱɟɣɤɟ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɞɨɥɟ 
ɡɚɧɹɬɵɯ (ɫɜɹɡɚɧɧɵɯ ɫ ɦɢɲɟɧɹɦɢ) ɡɨɧɞɨɜ ɜ ɷɬɨɣ ɹɱɟɣɤɟ: maxI I R= ⋅ , ɝɞɟ 
Imax — ɤɨɧɫɬɚɧɬɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɞɥɹ ɞɚɧɧɨɣ ɹɱɟɣɤɢ, ɪɚɜɧɚɹ ɢɧ-

ɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɫɟ ɡɨɧɞɵ ɹɱɟɣɤɢ ɨɛɪɚɡɨɜɚ-
ɥɢ ɤɨɦɩɥɟɤɫɵ ɫ ɦɨɥɟɤɭɥɚɦɢ ɦɢɲɟɧɢ, ɬɨ ɟɫɬɶ R = 1. Ɍɨɝɞɚ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɹɱɟɣɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɢɡɨɬɟɪɦɟ Ʌɟɧɝɦɸɪɚ (5), 

ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ: 

max

[ ]

1 [ ]

K B
I I

K B

⋅
=

+ ⋅
. (6) 

ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɦɢɲɟɧɶ ɢ ɡɨɧɞ ɫɜɹɡɵɜɚɸɬɫɹ ɬɨɥɶɤɨ ɟɞɢɧɫɬɜɟɧɧɵɦ, 

«ɩɪɚɜɢɥɶɧɵɦ» ɨɛɪɚɡɨɦ, ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɜ ɪɟɚɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɤɨɧɫɬɚɧɬɟ ɝɢɛɪɢɞɢɡɚɰɢɢ ɦɢɲɟɧɢ ɧɚ ɱɢɩɟ ɢ ɫɜɹɡɚɧɚ ɫ ɷɧɟɪɝɢɟɣ ɝɢɛɪɢɞɢ-

ɡɚɰɢɢ ɦɢɲɟɧɢ ɢ ɡɨɧɞɵ ɜ ɪɚɫɬɜɨɪɟ ǻGpm ɫɨɨɬɧɨɲɟɧɢɟɦ:  

pmexp  ( )K b G= − ×Δ . 

Ɂɞɟɫɶ =
1

b
RT

, ɝɞɟ 8,3144R =  — ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, 

ǻGpm — ɷɧɟɪɝɢɹ ɝɢɛɪɢɞɢɡɚɰɢɢ ɦɢɲɟɧɢ ɢ ɡɨɧɞɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɜɟɪ-
ɲɟɧɧɨɝɨ ɞɭɩɥɟɤɫɚ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɤɨɧɫɬɚɧɬɚ ɫɜɹɡɵɜɚɧɢɹ ɦɢɲɟɧɢ ɫ ɡɨɧ-

ɞɨɦ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɣ ɮɚɡɵ ɨɛɵɱɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɤɨɧɫɬɚɧɬɚ 
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ɝɢɛɪɢɞɢɡɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ (Levicky and Horgan, 2005). ȼ ɪɚɛɨɬɟ (Carlon 

and Heim, 2006) ɬɚɤɨɟ ɭɦɟɧɶɲɟɧɢɟ ɨɛɴɹɫɧɹɸɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ 

ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɟɪɝɢɢ ɫɜɹɡɵɜɚɧɢɹ ɦɢɲɟɧɢ ɧɚ ɱɢɩɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɷɧɟɪɝɢɟɣ ɝɢɛɪɢɞɢɡɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɧɚɫ ɛɭɞɭɬ ɢɧɬɟɪɟɫɨɜɚɬɶ ɤɪɢɜɵɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɡɚɜɢɫɢɦɨɫɬɹɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɨɬ ɷɧɟɪɝɢɢ ɝɢɛɪɢɞɢɡɚɰɢɢ 

ɦɢɲɟɧɢ ɢ ɡɨɧɞɚ (ɗɂȽ). ɉɨ ɫɭɬɢ, ɤɚɠɞɚɹ ɬɚɤɚɹ ɤɪɢɜɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨ-
ɛɨɣ ɩɪɨɟɤɰɢɸ ɫɨɜɨɤɭɩɧɨɫɬɢ ɢɡɨɬɟɪɦ ɚɞɫɨɪɛɰɢɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɷɧɟɪɝɢɹ-
ɦɢ ɝɢɛɪɢɞɢɡɚɰɢɢ ɧɚ ɩɥɨɫɤɨɫɬɶ [B] = const. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜ ɩɪɟɞɟɥɟ Cb ĺ ∞ ɜɫɟ ɡɨɧɞɵ ɜ ɹɱɟɣɤɟ ɛɭɞɭɬ 
ɫɜɹɡɚɧɵ ɫ ɦɨɥɟɤɭɥɚɦɢ ɦɢɲɟɧɟɣ, R = 1 ɢ I = Imax . Ɍɨɝɞɚ 

( )

1 ( )

pm

pm

b G

b a

b G

b a

e C R C
R

e C R C

− ⋅Δ

− ⋅Δ

⋅ − ⋅
=

+ ⋅ − ⋅
. (7) 

Ɋɟɲɟɧɢɟ ɷɬɨɝɨ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

2 pmb Gb

a

C
R M M e

C

− ⋅Δ= − − ,  (8) 

ɝɞɟ 1 1

2 2 2

pm pmb G b Gb

a a

C
M e e

C C

− ⋅Δ − ⋅Δ= + + . 

ɉɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ Ca ɢ Cb ɩɚɪɚɦɟɬɪɵ ɷɬɨɣ ɤɪɢɜɨɣ ɦɨɠɧɨ 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɟɺ «ɜɟɪɯɧɟɣ» ɚɫɢɦɩɬɨɬɨɣ, ɤɨɝɞɚ ɞɨɥɹ ɡɚɧɹɬɵɯ ɡɨɧɞɨɜ 
ɫɬɪɟɦɢɬɫɹ ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ (ɩɪɢ ǻGpm ĺ ∞): 

max
2( )

b

a b

C
R

C C
=

+
, (9) 

ɢ ɡɧɚɱɟɧɢɟɦ ǻG
*
, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɨɥɨɜɢɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɮɥɭɨɪɟɫ-

ɰɟɧɰɢɢ (ɛɟɡ ɭɱɺɬɚ ɧɭɥɟɜɨɝɨ ɭɪɨɜɧɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ):  
21 2( )

* ln
2( )

a b

a b a b

C C
G

b C C C C

⎛ ⎞+
Δ = − ⎜ ⎟+ −⎝ ⎠

.  (10) 

ɂɡ ɪɢɫ. 1ɚ ɜɢɞɧɨ, ɱɬɨ ɤɪɢɜɚɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɭɪɚɜɧɟɧɢɸ (8) 

ɢɦɟɟɬ S-ɨɛɪɚɡɭɸ ɮɨɪɦɭ; ɨɬɦɟɱɟɧɚ ɬɨɱɤɚ ɩɟɪɟɝɢɛɚ ɤɪɢɜɨɣ, ɢɦɟɸɳɚɹ ɤɨ-
ɨɪɞɢɧɚɬɵ {(ǻG

*
; Rmax/2} (ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ). ɋ ɩɨɦɨɳɶɸ ɷɬɨɣ ɬɨɱɤɢ 

ɭɞɨɛɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɛɚ ɯɚɪɚɤɬɟɪɧɵɯ ɩɚɪɚɦɟɬɪɚ ɤɪɢɜɨɣ (ɫɞɜɢɝ ɩɨ ɨɫɢ 

ɚɛɫɰɢɫɫ ɢ «ɫɠɚɬɢɟ» ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ). ɉɪɢ ɡɧɚɱɟɧɢɹɯ ɚɛɫɰɢɫɫɵ, ɩɪɟɜɵ-

ɲɚɸɳɢɯ ɡɧɚɱɟɧɢɟ ǻG
*
, ɤɪɢɜɚɹ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ 

(ɪɢɫ. 1ɛ) ɢɦɟɟɬ ɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ.  
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɨɥɢ ɡɨɧɞɨɜ, ɨɛɪɚɡɨɜɚɜɲɢɯ ɤɨɦɩɥɟɤɫɵ ɫ ɦɢɲɟɧɹɦɢ ɨɬ 
ɜɟɥɢɱɢɧɵ ɷɧɟɪɝɢɢ ɝɢɛɪɢɞɢɡɚɰɢɢ ɦɢɲɟɧɢ ɢ ɡɨɧɞɵ ɜ ɪɚɫɬɜɨɪɟ R(ǻGpm ) ɩɪɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɨɧɞɨɜ, ɜ ɞɜɚ ɪɚɡɚ ɩɪɟɜɨɫɯɨɞɹɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɢɲɟɧɟɣ. ɚ) – 

ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ (ɩɭɧɤɬɢɪɨɦ ɨɬɦɟɱɟɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ 
ɚɫɢɦɩɬɨɬɚ ɤɪɢɜɨɣ Rmax); ɛ) ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɩɨɥɭɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ 

(ɩɭɧɤɬɢɪɨɦ ɨɬɦɟɱɟɧɚ ɩɪɹɦɚɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɥɢɧɟɣɧɨɦɭ ɭɱɚɫɬɤɭ ɤɪɢɜɨɣ).  

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɪɚɦɤɚɯ ɩɪɢɧɹɬɵɯ ɧɚɦɢ ɞɨɩɭɳɟɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɗɂȽ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɤɪɢɜɵɦ R(ǻGpm), ɦɟɧɹɟɬ-
ɫɹ ɥɢɲɶ ɦɚɫɲɬɚɛ: ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɚɫɢɦɩɬɨɬɚ ɤɚɠɞɨɣ ɤɪɢɜɨɣ ɛɭɞɟɬ ɪɚɜɧɚ 
Imax ·Rmax. ȼ ɞɚɥɶɧɟɣɲɟɦ ɦɵ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ ɤɪɢɜɵɟ ɗɂȽ. 

ɚ) 

ɛ) 
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Golovkin M. V., Matveeva O. V., Nechipurenko Yu. D. — MCE – 2009, v. 2, pp. 158–168

163



3. ɉɨɜɟɞɟɧɢɟ ɤɪɢɜɨɣ ɗɂȽ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɧɰɟɧ-

ɬɪɚɰɢɣ ɡɨɧɞɨɜ ɢ ɦɢɲɟɧɟɣ, ɤɨɨɪɞɢɧɚɬɵ «ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ» ɢɡɦɟɧɹɸɬ-
ɫɹ ɧɟɥɢɧɟɣɧɨ (ɫɦ. ɪɢɫ. 2). 

 
Ɋɢɫ. 2. Ʉɨɨɪɞɢɧɚɬɵ «ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ» ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɬɧɨɲɟɧɢɣ ɤɨɧɰɟɧ-

ɬɪɚɰɢɣ ɦɢɲɟɧɟɣ ɢ ɡɨɧɞɨɜ Cb/Ca . 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɬɧɨɲɟɧɢɹ Cb/Ca ɨɪɞɢɧɚɬɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɪɢ-

ɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɧɚ ɝɪɚɮɢɤɟ ɗɂȽ ɜɨɡɪɚɫɬɚɟɬ, ɩɨɤɚ ɧɟ ɞɨɫɬɢɝɧɟɬ ɡɧɚɱɟɧɢɹ 
0,5, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɸ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɚɫɢɦɩɬɨɬɵ I = Imax (ɜɫɟ 
ɦɨɥɟɤɭɥɵ ɡɨɧɞɨɜ ɧɚ ɱɢɩɟ ɨɛɪɚɡɨɜɚɥɢ ɤɨɦɩɥɟɤɫ ɫ ɦɢɲɟɧɹɦɢ). ɂɡ ɩɪɢɜɟ-
ɞɺɧɧɵɯ ɤɪɢɜɵɯ ɜɢɞɧɨ, ɱɬɨ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɡɧɚɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚ-
ɰɢɣ Ca ɢ Cb ɤɪɢɜɚɹ ɗɂȽ ɢɦɟɟɬ S-ɨɛɪɚɡɧɭɸ ɮɨɪɦɭ. 

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɨɬɧɨɲɟɧɢɹ Cb/Ca ɤɪɢɜɚɹ ɗɂȽ ɛɭɞɟɬ ɫɦɟɳɚɬɶɫɹ ɜ 
ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɵ ǻGpm ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ 

ɭɦɟɧɶɲɟɧɢɢ I (ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɹɱɟɣɤɢ). 

ȼ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɷɬɢ ɠɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɝɥɹɞɹɬ ɯɚɪɚɤ-
ɬɟɪɧɵɦ ɨɛɪɚɡɨɦ: ɭ ɧɢɯ ɩɨɹɜɥɹɸɬɫɹ ɥɢɧɟɣɧɵɟ ɭɱɚɫɬɤɢ ɪɢɫ. 4ɚ ɢ ɛ). 

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɨɬɧɨɲɟɧɢɹ Cb/Ca ɥɢɧɟɣɧɚɹ ɱɚɫɬɶ ɤɪɢɜɵɯ ɬɚɤɠɟ 
ɫɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɵ ǻGpm . Ɉɩɪɟ-
ɞɟɥɢɜ ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɦɟɠɞɭ ɧɢɦɢ, ɢɫɯɨɞɹ ɢɡ (10) ɦɨɠɧɨ ɨɩ-

ɪɟɞɟɥɢɬɶ ɢ ɨɬɧɨɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɦɢɲɟɧɟɣ ɜ ɪɚɫɬɜɨɪɟ. Ɍɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɢɦɟɹ ɞɜɟ ɢɥɢ ɛɨɥɟɟ ɤɪɢɜɵɯ ɗɂȽ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɤɨɧ-

ɰɟɧɬɪɚɰɢɣ, ɦɨɠɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɜɟɫɬɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɨɧɞɨɜ ɜ ɪɚɡ-
ɥɢɱɧɵɯ ɹɱɟɣɤɚɯ, ɜɵɱɢɫɥɢɬɶ ɢɫɯɨɞɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɢɲɟɧɟɣ ɜ ɚɧɚɥɢ-

ɡɢɪɭɟɦɨɦ ɪɚɫɬɜɨɪɟ.  
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Ɋɢɫ. 3. Ʉɪɢɜɵɟ ɗɂȽ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɨɬɧɨɲɟɧɢɹɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɨɧɞɨɜ ɢ ɦɢ-

ɲɟɧɟɣ: ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɚ); ɜ ɧɨɪ-
ɦɢɪɨɜɚɧɧɵɯ ɧɚ ɟɞɢɧɢɰɭ ɡɧɚɱɟɧɢɹɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɛ). Ⱦɥɹ 
ɜɫɟɯ ɩɹɬɢ ɤɪɢɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɧɞɨɜ ɪɚɜɧɚ 10-6 Ɇ. 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɚɧɚɥɢɡɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (ɪɢɫ 2ɚ) ɜ 
ɪɚɛɨɬɟ (Hooyberghs et al.) ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɪɹɞɚ ɡɨɧɞɨɜ ɢɦɟɸɬ ɦɟ-
ɫɬɨ ɤɪɢɜɵɟ, ɫɯɨɞɧɵɟ ɫ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɪɢɫ. 3, 4. Ɉɞɧɚɤɨ ɚɜɬɨɪɵ 

ɷɬɨɣ ɪɚɛɨɬɵ ɧɟ ɫɦɨɝɥɢ ɞɚɬɶ ɚɞɟɤɜɚɬɧɭɸ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɩɨɥɭɱɟɧɧɵɯ 

ɢɦɢ ɪɟɡɭɥɶɬɚɬɨɜ.  

ɚ) 

ɛ) 
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Ɋɢɫ. 4. Ʉɪɢɜɵɟ ɗɂȽ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɨɬɧɨɲɟɧɢɹɯ Cb/Ca ɜ ɩɨɥɭɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɢ: ɚ) ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ; 

ɛ) ɜ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɧɚ ɟɞɢɧɢɰɭ ɡɧɚɱɟɧɢɹɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. 

Ⱦɥɹ ɜɫɟɯ ɩɹɬɢ ɤɪɢɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɧɞɨɜ ɪɚɜɧɚ 10-6 Ɇ 

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɩɨɜɟɞɟɧɢɟ 
ɢɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɣ ɦɢ-

ɲɟɧɶ-ɡɨɧɞ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɡɨɧɞɨɜ ɢ ɦɢɲɟɧɟɣ ɤɪɢɜɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɵ ɝɢɛɪɢɞɢɡɚɰɢɢ ɦɨ-

ɚ) 

ɛ) 
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ɠɟɬ ɫɦɟɳɚɬɶɫɹ ɤɚɤ ɩɨ ɨɫɢ ɷɧɟɪɝɢɢ ɝɢɛɪɢɞɢɡɚɰɢɢ ǻG, ɬɚɤ ɢ ɩɨ ɨɫɢ ɢɧ-

ɬɟɧɫɢɜɧɨɫɬɢ ɫɢɝɧɚɥɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ I. ɉɪɢ ɩɨɦɨɳɢ ɤɪɢɜɨɣ ɗɂȽ ɜ ɫɥɭ-
ɱɚɟ, ɤɨɝɞɚ ɢɦɟɸɬɫɹ ɫɢɝɧɚɥɵ ɨɬ ɧɚɛɨɪɚ ɹɱɟɟɤ ɞɥɹ ɦɨɥɟɤɭɥɵ ɦɢɲɟɧɢ ɨɞ-

ɧɨɝɨ ɬɢɩɚ, ɦɨɠɧɨ ɜɨɫɫɬɚɧɨɜɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɷɬɨɣ ɦɨɥɟɤɭɥɵ ɜ ɪɚɫɬɜɨ-
ɪɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ 
ɯɚɪɚɤɬɟɪɧɵɟ ɫɜɨɣɫɬɜɚ ɩɚɬɬɟɪɧɨɜ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɜ ɤɥɟɬɤɟ.  
 
Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ ɡɚ ɮɢɧɚɧɫɨɜɭɸ ɩɨɞɞɟɪɠɤɭ ɉɪɨɝɪɚɦɦɭ ɉɪɟɡɢɞɢɭɦɚ ɊȺɇ ɩɨ 
ɦɨɥɟɤɭɥɹɪɧɨɣ ɢ ɤɥɟɬɨɱɧɨɣ ɛɢɨɥɨɝɢɢ ɢ Ɋɨɫɫɢɣɫɤɢɣ ɮɨɧɞ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬɵ 07-04-01031, 07-03-00492 ɢ 08-04-01739). 

 

 
ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 

 

Burden, C. J., Pittelkow, Y. and Wilson, S. R. // J. Phys.: Condens. Matter. — 

2006. — Vol. 18. — P. 5545–5565. 

Burden, C.J., Pittelkow, Y.E., Wilson, S.R. // Stat. Appl. Genet. Mol. Biol. — 

2004. — Vol. 3. — Article 35. 

Carlon, E.,  Heim, T. // Physica A. — 2006. — Vol. 362. — P. 433–449. 

Halperin, A., Buhot, A., Zhulina, E.B. // Clin. Chem. — 2004. — Vol. 7. — 

P. 2254–2262. 

Hekstra, D., Taussig, A.R., Magnasco, M., Naef, F. // Nucleic Acids Res. — 

2003. — Vol. 31. — P. 1962–1968. 

Hooyberghs, J., Van Hummelen, P. and Carlon, E. // Nucleic Acids Research. 

— doi:10.1093/nar/gkp109. 

Kozal, M. J., Shah,  N., Shen, N., Yang, R., Fucini, R., Merigan, T. C., Rich-

man, D. D., Morris, D., Hubbell, E., Chee,  M. and Gingeras, T. R. // 

Nature Medicine. — 1996. — Vol. 2. — P. 753–759. 

Levicky, R., Horgan, A. // Trends Biotechnol. — 2005. — Vol. 23. — P. 143–149. 

Mei, R., Hubbell, E., Bekiranov, S., Mittmann, M., Christians, F.C., Shen, 

M.M., Lu, G., Fang, J., Liu, W.M., Ryder, T., Kaplan, P., Kulp, D., 

Webster, T.A. // Proc. Natl. Acad. Sci. USA. — 2003. — Vol. 100. — 

P. 11237–11242. 

Mikhailovich, V., Gryadunov, D., Kolchinsky, A., Makarov, A.A.; Zasedate-

lev, A. // BioEssays: news and reviews in molecular, cellular and deve-

lopmental biology. — 2008. — Vol. 30, no. 7. — P. 673–82. 

Головкин М. В., Матвеева О. В., Нечипуренко Ю. Д. — МКО – 2009, т. 2, стр. 158–168

Golovkin M. V., Matveeva O. V., Nechipurenko Yu. D. — MCE – 2009, v. 2, pp. 158–168

167



Schena, M., Shalon, D., Davis, R.W., Brown, P.O. // Science. — 1995. — 

Vol. 270. — P. 467–70. 

Zhang, Y., Hammer, D.A., Graves, D.J. // Biophys. J. — 2005. — Vol. 89. — 

P. 2950–2959. 

 

 

PHYSICO-MATHEMATICAL MODELLING OF TARGET-PROBE 

BINDING ON MICROCHIPS AT BIOLOGICAL AND MEDICAL 
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The process of microarray oligo-target hybridization was modeled using 

equilibrium adsorption. The relationship between hybridization signal inten-

sity and Gibbs free energy change for oligo-target duplex formation was our 

function of interest. The equilibrium adsorption model predicts S-shaped 

functional relationship between these two variables. We called the respective 

curve Energetic Hybridization Isotherm (EHI). It was demonstrated that 

change of target/probe ratio could result in shifts of the inflection point of S-

shaped EHI curve along both axes. This study provides insights into EHI 

curves’ behavior observed in microarray experiments. 

 

Раздел 6. Анализ сложных биологических систем. Эксперимент и модели

Part 6. Analysis of Complex Biological Systems. Models and Experiment

168


