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ɊȿɎȿɊАɌ  

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ⱥɧɚɥɢɡ ɫɜɹɡɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɜɪɟɦɹ-ɪɚɡɪɟɲɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɛɟɥɤɨɜ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 

ɦɢɤɪɨɨɤɪɭɠɟɧɢɹ ɢɯ ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɨɜ» ɫɨɞɟɪɠɢɬ 53 ɫɬɪɚɧɢɰɵ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ ɢ 34 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɨɩɪɟɞɟɥɢɬɶ ɫɬɪɭɤɬɭɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɨɜ ɤɚɪɛɨɤɫɢɚɧɝɢɞɪɚɡɵ Ȼ ɛɵɤɚ (BCA II) ɢ ɢɯ 

ɨɤɪɭɠɟɧɢɹ,  ɜɥɢɹɸɳɢɟ ɧɚ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɜɤɥɚɞ ɷɬɢɯ ɨɫɬɚɬɤɨɜ ɜ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɪɟɦɹ-ɪɚɡɪɟɲɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɛɟɥɤɚ. 

ɉɪɨɜɨɞɢɥɫɹ ɚɧɚɥɢɡ ɫɬɪɭɤɬɭɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɟɥɤɚ 

ɤɚɪɛɨɤɫɢɚɧɝɢɞɪɚɡɵ Ȼ ɛɵɤɚ. Ȼɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɜɥɢɹɧɢɟ ɦɢɤɪɨɨɤɪɭɠɟɧɢɟ 

ɬɪɢɩɬɨɮɚɧɨɜ ɞɚɧɧɨɝɨ ɛɟɥɤɚ ɧɚ ɢɯ ɜɤɥɚɞ ɜ ɨɛɳɭɸ ɮɥɭɨɪɟɫɰɟɧɰɢɸ 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɌɊɂɉɌɈɎȺɇ, ɎɅɍɈɊȿɋɐȿɇɐɂə, Ȼɂ-

ɗɄɋɉɈɇȿɇɐɂȺɅɖɇɕɃ ɋɉȺȾ, ɄȼȺɇɌɈȼɕɃ ȼɕɏɈȾ, 

ɆɈɅȿɄɍɅəɊɇȺə ȾɂɇȺɆɂɄȺ, Ɍɍɒȿɇɂȿ ɎɅɍɈɊɋɐȿɇɐɂɂ. 
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ȼȼȿȾȿɇɂȿ 

Ɏɥɭɨɪɟɫɰɟɧɬɧɵɟ ɦɟɬɨɞɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɢɡɭɱɟɧɢɹ ɤɥɟɬɨɱɧɨɣ 

ɛɢɨɥɨɝɢɢ ɧɚ ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ, ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɢ ɢɦɟɸɬ ɜɫɟ 

ɪɚɫɬɭɳɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ. 

Ɍɪɢ ɚɦɢɧɨɤɢɫɥɨɬɵ ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɤɨɥɶɰɚɦɢ ɜ ɛɨɤɨɜɨɣ ɰɟɩɢ – 

ɮɟɧɢɥɚɥɚɧɢɧ, ɬɢɪɨɡɢɧ ɢ ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɬɪɢɩɬɨɮɚɧ – ɢɝɪɚɸɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ 

ɩɨɧɢɦɚɧɢɢ ɩɨɜɟɞɟɧɢɹ ɛɟɥɤɨɜ. Ɍɪɢɩɬɨɮɚɧ ɨɛɥɚɞɚɟɬ ɫɚɦɨɣ ɛɨɥɶɲɨɣ π-

ɫɢɫɬɟɦɨɣ ɫɪɟɞɢ ɧɢɯ. Ɍɚɤɢɟ ɫɩɟɤɬɪɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɬɪɢɩɬɨɮɚɧɚ ɤɚɤ ɤɜɚɧɬɨɜɵɣ 

ɜɵɯɨɞ, ɜɪɟɦɹ ɠɢɡɧɢ ɢ ɩɨɡɢɰɢɹ ɦɚɤɫɢɦɭɦɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɹɬ 

ɨɬ ɟɝɨ ɥɨɤɚɥɶɧɨɝɨ ɨɤɪɭɠɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɭɱɚɬɶ ɫɬɪɭɤɬɭɪɧɨ-

ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɟɥɤɨɜ ɦɟɬɨɞɚɦɢ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ʉ 

ɫɨɠɚɥɟɧɢɸ, ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 

ɬɪɢɩɬɨɮɚɧɚ ɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɟɝɨ ɨɤɪɭɠɟɧɢɹ – ɨɱɟɧɶ ɡɚɩɭɬɚɧɨ ɢ ɫ ɬɪɭɞɨɦ 

ɤɚɬɟɝɨɪɢɪɭɟɬɫɹ. ɇɚɩɪɢɦɟɪ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɝɢɩɨɬɟɡ, ɨɛɴɹɫɧɹɸɳɢɯ ɧɟ 

ɦɨɧɨ-ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɫɩɚɞ ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. Ɍɚɤɠɟ 

ɜɨɡɧɢɤɚɸɬ ɫɥɨɠɧɨɫɬɢ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɪɨɥɢ ɷɥɟɦɟɧɬɨɜ ɨɤɪɭɠɟɧɢɹ ɜ ɩɟɪɟɧɨɫɟ 

ɷɥɟɤɬɪɨɧɚ ɢɡ ɜɨɡɛɭɠɞɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɬɪɢɩɬɨɮɚɧɚ. ɇɚɢɛɨɥɟɟ ɱɟɬɤɨ ɷɬɢ 

ɬɪɭɞɧɨɫɬɢ ɩɪɨɹɜɥɹɸɬɫɹ ɩɪɢ ɚɧɚɥɢɡɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɦɧɨɝɨɬɪɢɩɬɨɮɚɧɨɜɵɯ 

ɛɟɥɤɨɜ. Ʉɚɠɞɵɣ ɬɪɢɩɬɨɮɚɧ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɢɦɟɬɶ ɭɧɢɤɚɥɶɧɭɸ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɤɨɧɮɨɪɦɚɰɢɸ ɢ ɨɤɪɭɠɟɧɢɟ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɨɩɪɟɞɟɥɢɬɶ ɫɬɪɭɤɬɭɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɨɜ ɤɚɪɛɨɤɫɢɚɧɝɢɞɪɚɡɵ Ȼ ɛɵɤɚ (BCA II) ɢ ɢɯ 

ɨɤɪɭɠɟɧɢɹ,  ɜɥɢɹɸɳɢɟ ɧɚ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɜɤɥɚɞ ɷɬɢɯ ɨɫɬɚɬɤɨɜ ɜ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɪɟɦɹ-ɪɚɡɪɟɲɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɛɟɥɤɚ. 

ȼ ɪɚɛɨɬɟ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1) ɧɚ ɨɫɧɨɜɟ ɬɪɟɯɦɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɛɟɥɤɚ BCA II ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ: 

• ɤɨɧɮɨɪɦɚɰɢɸ ɬɪɢɩɬɨɮɚɧɨɜ, 

• ɞɨɫɬɭɩɧɨɫɬɶ ɬɪɢɩɬɨɮɚɧɨɜ ɪɚɫɬɜɨɪɢɬɟɥɸ, 

• ɧɚɥɢɱɢɟ ɚɦɢɧɨɤɢɫɥɨɬ-ɬɭɲɢɬɟɥɟɣ, 
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• ɜɨɡɦɨɠɧɨɫɬɶ ɛɟɡɵɡɥɭɱɚɬɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɷɧɟɪɝɢɢ ɜɨɡɛɭɠɞɟɧɢɹ 

(FRET), 

• ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɜɨɤɪɭɝ ɬɪɢɩɬɨɮɚɧɨɜ. 

2) ɫɨɩɨɫɬɚɜɢɬɶ ɫɬɪɭɤɬɭɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 

ɞɚɧɧɵɦɢ ɩɨ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ  BCA II ɫ ɡɚɦɟɧɚɦɢ 

ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɨɜ.  
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1 Ɏɨɬɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɢɩɬɨɮɚɧɚ ɜ ɪɚɫɬɜɨɪɟ ɢ ɜ 

ɫɨɫɬɚɜɟ ɛɟɥɤɨɜ (ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ) 

1.1 Ɏɥɭɨɪɟɫɰɟɧɰɢя 

Ʌɸɦɢɧɟɫɰɟɧɰɢɹ – ɷɬɨ ɢɡɥɭɱɟɧɢɟ ɫɜɟɬɚ ɥɸɛɨɝɨ ɨɛɴɟɤɬɚ, ɤɨɬɨɪɨɟ 

ɩɪɨɢɫɯɨɞɢɬ ɢɡ ɷɥɟɤɬɪɨɧɧɨ-ɜɨɡɛɭɠɞɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɨɥɟɤɭɥ. 

Ʌɸɦɢɧɟɫɰɟɧɰɢɹ ɮɨɪɦɚɥɶɧɨ ɞɟɥɢɬɫɹ ɧɚ ɞɜɟ ɤɚɬɟɝɨɪɢɢ – ɮɥɭɨɪɟɫɰɟɧɰɢɹ ɢ 

ɮɨɫɮɨɪɟɫɰɟɧɰɢɹ – ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɜɨɡɛɭɠɞɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɉɪɢ 

ɮɨɫɮɨɪɟɫɰɟɧɰɢɢ ɢɫɩɭɫɤɚɧɢɟ ɮɨɬɨɧɚ ɩɪɨɢɫɯɨɞɢɬ ɫ ɡɚɞɟɪɠɤɨɣ. ȿɫɥɢ ɜ 

ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɷɥɟɤɬɪɨɧ ɫɩɚɪɟɧ ɫ ɷɥɟɤɬɪɨɧɨɦ ɜ ɨɫɧɨɜɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɫɩɢɧɨɦ, ɬɨ ɨɛɪɚɬɧɵɣ ɩɟɪɟɯɨɞ ɜ ɨɫɧɨɜɧɨɟ 

ɫɨɫɬɨɹɧɢɟ ɪɚɡɪɟɲɟɧ ɩɨ ɩɪɢɧɰɢɩɭ ɉɚɭɥɢ ɢ ɩɪɨɢɫɯɨɞɢɬ ɫ ɢɫɩɭɫɤɚɧɢɟɦ ɮɨɬɨɧɚ. 

ɉɪɨɰɟɫɫ ɢɫɩɭɫɤɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɫɤɨɪɨɫɬɶɸ ɩɨɪɹɞɤɚ 108 ɫ-1, ɬɚɤ ɱɬɨ 

ɬɢɩɢɱɧɨɟ ɜɪɟɦɹ ɠɢɡɧɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɨɪɹɞɤɚ 10 ɧɫ [1]. 

Ɏɥɭɨɪɟɫɰɟɧɰɢɹ ɨɛɵɱɧɨ ɩɪɨɢɫɯɨɞɢɬ ɨɬ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɉɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɩɪɨɢɫɯɨɞɢɬ ɦɟɠɞɭ ɩɨɝɥɨɳɟɧɢɟɦ ɢ ɢɡɥɭɱɟɧɢɟɦ ɫɜɟɬɚ, 

ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ ɞɢɚɝɪɚɦɦɨɣ əɛɥɨɧɫɤɨɝɨ (ɪɢɫ. 1). ɇɚ ɞɢɚɝɪɚɦɦɟ ɩɨɤɚɡɚɧɨ, 

ɱɬɨ ɩɨɝɥɨɳɟɧɧɚɹ ɷɧɟɪɝɢɹ ɛɨɥɶɲɟ ɢɫɩɭɫɤɚɟɦɨɣ. Ɏɥɭɨɪɟɫɰɟɧɰɢɹ ɨɛɵɱɧɨ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɷɧɟɪɝɢɢ ɢ c ɛɨɥɶɲɟɣ ɞɥɢɧɨɣ ɜɨɥɧɵ. ɗɬɨɬ 

ɮɟɧɨɦɟɧ ɧɚɡɵɜɚɟɬɫɹ ɋɬɨɤɫɨɜ ɋɞɜɢɝ. Ɍɚɤɠɟ ɞɥɢɧɚ ɜɨɥɧɵ ɢɫɩɭɫɤɚɧɢɹ ɧɟ 

ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ ɜɨɡɛɭɠɞɟɧɢɹ [1]. 

 

 
Ɋɢɫɭɧɨɤ 1 – ɍɩɪɨɳɟɧɧɚɹ ɮɨɪɦɚ ɞɢɚɝɪɚɦɦɵ əɛɥɨɧɫɤɨɝɨ [1]. 



8 
 

 

Ƚɥɚɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɮɥɭɨɪɨɮɨɪɚ ɹɜɥɹɸɬɫɹ 

ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɢ ɜɪɟɦɹ ɠɢɡɧɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. Ʉɜɚɧɬɨɜɵɣ ɜɵɯɨɞ – ɷɬɨ 

ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɢɫɩɭɳɟɧɧɵɯ ɮɨɬɨɧɨɜ ɤ ɤɨɥɢɱɟɫɬɜɭ ɩɨɝɥɨɳɟɧɧɵɯ 

ɮɨɬɨɧɨɜ. ȼɪɟɦɹ ɠɢɡɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ 

ɦɨɥɟɤɭɥɵ ɜ ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ [1]. Ɍɚɤɠɟ ɜɚɠɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

ɹɜɥɹɸɬɫɹ ɮɨɪɦɵ ɫɩɟɤɬɪɨɜ ɢɡɥɭɱɟɧɢɹ ɢ ɩɨɝɥɨɳɟɧɢɹ ɢ ɢɯ ɦɚɤɫɢɦɭɦɵ. 

1.2 Ɍɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ȼ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ ɥɸɛɨɣ ɩɪɨɰɟɫɫ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɤɜɚɧɬɨɜɨɝɨ ɜɵɯɨɞɚ (Ɏf) ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɚɡɵɜɚɟɬɫɹ ɬɭɲɟɧɢɟɦ. Ɍɭɲɟɧɢɟ 

ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɟɪɟɫɬɚɧɨɜɨɤ, ɩɟɪɟɧɨɫɚ ɷɧɟɪɝɢɢ, 

ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɪɟɚɤɰɢɣ ɜ ɜɨɡɛɭɠɞɟɧɧɨɦ 

ɫɨɫɬɨɹɧɢɢ [1].  

 

)/( nrrrf kkkФ  (1) 

 

ɝɞɟ kr – ɷɬɨ ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɢɡɥɭɱɟɧɢɹ, knr – ɷɬɨ ɤɨɧɫɬɚɧɬɚ 

ɛɟɡɵɡɥɭɱɚɬɟɥɶɧɨɣ ɪɟɥɚɤɫɚɰɢɢ ɜɨɡɛɭɠɞɟɧɢɹ [2]. ȼɪɟɦɹ ɠɢɡɧɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

τ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɜɚɧɬɨɜɨɦɭ ɜɵɯɨɞɭ ɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɤɚɤ 

 

1)( nrr kk  (2) 

 

Ɍɭɲɟɧɢɟ ɪɚɡɞɟɥɹɸɬ ɧɚ ɞɢɧɚɦɢɱɟɫɤɨɟ (ɬɭɲɟɧɢɟ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ) ɢ 

ɫɬɚɬɢɱɟɫɤɨɟ. ɉɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɬɭɲɟɧɢɢ ɨɛɪɚɡɭɟɬɫɹ ɧɟ ɮɥɭɨɪɟɫɰɢɪɭɸɳɢɣ 

ɤɨɦɩɥɟɤɫ ɬɭɲɢɬɟɥɹ ɫ ɮɥɭɨɪɨɮɨɪɨɦ. ȼ ɫɥɭɱɚɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ 

ɬɭɲɢɬɟɥɶ ɞɢɮɮɭɧɞɢɪɭɟɬ ɤ ɮɥɭɨɪɨɮɨɪɭ ɜɨ ɜɪɟɦɹ ɠɢɡɧɢ ɜɨɡɛɭɠɞɟɧɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ. ɉɪɢ ɬɚɤɨɦ ɤɨɧɬɚɤɬɟ ɮɥɭɨɪɨɮɨɪ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɟ 

ɫɨɫɬɨɹɧɢɟ ɛɟɡ ɢɡɥɭɱɟɧɢɹ (Ɋɢɫɭɧɨɤ 2).  
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Ɋɢɫɭɧɨɤ 2 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ. 
 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɬɭɲɟɧɢɟ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ: 

 

Qk
F

F
q 0

0 1  (3) 

 

ɡɞɟɫɶ F0 ɢ F – ɷɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɛɟɡ ɢ ɫ ɬɭɲɢɬɟɥɟɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. kq – ɷɬɨ 

ɤɨɧɫɬɚɧɬɚ ɬɭɲɟɧɢɹ (ɩɨɤɚɡɚɬɟɥɶ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ), Q – ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɬɭɲɢɬɟɥɹ [1]. 

ɉɨ ɚɧɚɥɢɡɭ ɨɞɧɨɣ ɬɨɥɶɤɨ ɫɬɪɭɤɬɭɪɵ ɛɟɥɤɚ ɧɟɥɶɡɹ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ 

ɩɪɨɢɫɯɨɞɢɬ ɥɢ ɬɭɲɟɧɢɟ ɟɝɨ ɮɥɭɨɪɨɮɨɪɨɜ. ȼɨ-ɩɟɪɜɵɯ, ɩɪɢɫɭɬɫɬɜɢɟ ɩɨɱɬɢ 

ɥɸɛɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɜɨɡɥɟ ɮɥɭɨɪɨɮɨɪɚ ɛɟɥɤɚ (ɧɚɩɪɢɦɟɪ, ɬɪɢɩɬɨɮɚɧɚ), 

ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɜɟɥɢɱɢɧɭ ɤɜɚɧɬɨɜɨɝɨ ɜɵɯɨɞɚ. ȼɨ-ɜɬɨɪɵɯ, ɩɨɬɟɧɰɢɚɥɶɧɵɟ 

ɬɭɲɢɬɟɥɢ ɦɨɝɭɬ ɬɭɲɢɬɶ, ɚ ɦɨɝɭɬ ɧɟ ɬɭɲɢɬɶ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɨɤɪɭɠɟɧɢɟɦ ɬɭɲɢɬɟɥɹ ɢ 

ɬɪɢɩɬɨɮɚɧɨɜɨɝɨ ɨɫɬɚɬɤɚ. Ʉ ɬɨɦɭ ɠɟ ɜ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ 

ɨɫɬɚɬɤɢ ɫɭɳɟɫɬɜɭɸɬ ɜ ɪɚɡɧɵɯ ɮɨɪɦɚɯ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ ɝɢɫɬɢɞɢɧɨɜɵɣ ɤɚɬɢɨɧ 

ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɫɢɥɶɧɵɣ ɬɭɲɢɬɟɥɶ, ɱɟɦ ɟɝɨ ɧɟɩɪɨɬɨɧɢɪɨɜɚɧɧɚɹ ɮɨɪɦɚ [3]. 
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Ɍɪɢɩɬɨɮɚɧ, ɤɨɬɨɪɵɣ ɜ ɨɫɧɨɜɧɨɦ ɢ ɨɬɜɟɬɫɬɜɟɧɟɧ ɡɚ ɮɥɭɨɪɟɫɰɟɧɰɢɸ ɜ 

ɛɟɥɤɟ, ɜɫɟɝɞɚ «ɩɪɟ-ɬɭɲɟɧ». Ʉɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɬɪɢɩɬɨɮɚɧɨɜɨɝɨ ɨɫɬɚɬɤɚ ɜ 

ɛɟɥɤɟ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0.35 ɞɨ 0.01 (ɢɥɢ ɞɚɠɟ ɦɟɧɶɲɟ) [1,4]. 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɬɪɢɩɬɨɮɚɧ ɧɚɯɨɞɢɬɫɹ ɜ ɦɟɫɬɟ, ɝɞɟ ɤ ɛɟɥɤɭ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ 

ɥɢɝɚɧɞ, ɬɨ ɟɝɨ ɮɥɭɨɪɟɫɰɟɧɰɢɹ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶɫɹ ɜ ɦɨɦɟɧɬ ɩɪɢɫɨɟɞɢɧɟɧɢɹ. 

Ʌɢɝɚɧɞ ɦɨɠɟɬ ɭɜɟɥɢɱɢɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɸ, ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɭɛɪɚɜ 

ɦɟɯɚɧɢɡɦ ɬɭɲɟɧɢɹ [4]. 

ȼɵɞɟɥɹɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɦɟɯɚɧɢɡɦɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ 

ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. ɉɟɪɜɵɣ – ɬɭɲɟɧɢɟ ɩɪɢ ɩɟɪɟɧɨɫɟ ɷɥɟɤɬɪɨɧɚ 

ɨɬ ɜɨɡɛɭɠɞɟɧɧɨɝɨ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɤ ɛɥɢɡɥɟɠɚɳɟɣ ɛɨɤɨɜɨɣ ɰɟɩɢ [2,5]. 

ȼɬɨɪɨɣ – ɩɟɪɟɧɨɫ ɩɪɨɬɨɧɚ ɧɚ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɭɸ ɱɚɫɬɶ ɢɧɞɨɥɶɧɨɝɨ 

ɤɨɥɶɰɚ [4]. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɵɦ ɦɟɯɚɧɢɡɦɨɦ ɬɭɲɟɧɢɹ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɬɪɢɩɬɨɮɚɧɚ ɜ ɛɟɥɤɟ – ɷɬɨ ɩɟɪɟɧɨɫ ɷɥɟɤɬɪɨɧɚ [4].  

 

Ɍɚɛɥɢɰɚ 1 – Ɍɭɲɢɬɟɥɢ ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɪɚɛɨɬɚɸɳɢɟ 

ɩɨɫɪɟɞɫɬɜɨɦ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ [4] 

Ɍɭɲɢɬɟɥɶ  

Ⱦɢɫɭɥɶɮɢɞɧɵɟ ɫɜɹɡɢ >1000 

Ⱥɤɪɢɥɚɦɢɞ 720 

Ƚɢɫɬɢɞɢɧɨɜɵɣ ɤɚɬɢɨɧ (ɪɇ 5,3) 240 

ɐɢɫɬɟɢɧɨɜɵɣ ɚɧɢɨɧ (ɪɇ 10,4) 190 

ɇɟɣɬɪɚɥɶɧɵɣ ɰɢɫɬɟɢɧ (ɪɇ = 7,6) 140 

ɇɟɣɬɪɚɥɶɧɚɹ ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ 43 

ɇɟɣɬɪɚɥɶɧɚɹ ɝɥɭɬɚɦɢɧɨɜɚɹ ɤɢɫɥɨɬɚ (ɪɇ 4,5) 43 

ɇɟɣɬɪɚɥɶɧɚɹ ɚɫɩɚɪɚɝɢɧɨɜɚɹ ɤɢɫɥɨɬɚ (ɪɇ 4,5) 43 

ɇɟɣɬɪɚɥɶɧɵɣ ɋ-ɤɨɧɰɟɜɨɣ ɤɚɪɛɨɤɫɢɥ 43 

N-acetylasparagine 8.8 

N-acetylglutamine 6.5 

Ⱥɦɢɞɵ ɝɥɚɜɧɨɣ ɰɟɩɢ ɨɬ ~0.1 ɞɨ ~500 

ɇɟɣɬɪɚɥɶɧɵɣ ɝɢɫɬɢɞɢɧ (ɪɇ> 6) 3.7 
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Ɍɚɛɥɢɰɚ 2 – ɉɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɩɟɪɟɫɬɪɨɣɤɭ ɷɥɟɤɬɪɨɧɧɨɣ 

ɫɬɪɭɤɬɭɪɵ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɬɪɢɩɬɨɮɚɧɚ ɜ ɮɨɬɨ-ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ  

Ɏɨɬɨɮɢɡɢɱɟɫɤɢɣ 

ɩɪɨɰɟɫɫ 

Ɉɛɴяɫɧɟɧɢɟ ȼɪɟɦɟɧɧɚя 

ɲɤɚɥɚ (ɫ) 

Ⱥɛɫɨɪɛɰɢɹ Ɉɩɬɢɱɟɫɤɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɮɥɭɨɪɨɮɨɪɚ 10-15 

Ɏɥɭɨɪɟɫɰɟɧɰɢɹ ɂɡɥɭɱɚɬɟɥɶɧɚɹ ɞɟɚɤɬɢɜɚɰɢɹ 1La 

ɫɨɫɬɨɹɧɢɹ 

10-8 

ȼɧɭɬɪɟɧɧɹɹ ɤɨɧɜɟɪɫɢɹ Ȼɟɡɵɡɥɭɱɚɬɟɥɶɧɚɹ ɞɟɚɤɬɢɜɚɰɢɹ ɫ 1Lb  

ɧɚ 1La 

10-14 

Ɇɟɠɫɢɫɬɟɦɧɵɣ 

ɤɪɨɫɫɢɧɝ 

Ɋɟɥɚɤɫɚɰɢɹ ɞɨ ɧɢɡɤɨɭɪɨɜɧɟɜɨɝɨ 

ɬɪɢɩɥɟɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

10-8 

Ɍɭɲɟɧɢɟ ɩɟɪɟɧɨɫɨɦ 

ɷɥɟɤɬɪɨɧɚ 

Ɉɛɪɚɡɨɜɚɧɢɟ ɭɪɨɜɧɹ ɞɥɹ ɩɟɪɟɧɨɫɚ 

ɡɚɪɹɞɚ (CT) 

10-9 

Ɍɭɲɟɧɢɟ ɩɟɪɟɧɨɫɨɦ 

ɩɪɨɬɨɧɚ 

Ɍɭɲɟɧɢɟ ɩɪɢɧɹɬɢɟɦ/ɨɬɞɚɱɟɣ ɩɪɨɬɨɧɚ 10-7 

Ɋɟɡɨɧɚɧɫɧɵɣ ɩɟɪɟɧɨɫ 

ɷɧɟɪɝɢɢ 

ɉɟɪɟɧɨɫ ɷɧɟɪɝɢɢ ɜɨɡɛɭɠɞɟɧɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɧɚ ɚɤɰɟɩɬɨɪ 

10-9 

 

1.3 ɋɬɪɭɤɬɭɪɚ ɛɟɥɤɨɜ 

Ȼɟɥɤɢ – ɷɬɨ ɢ ɦɨɥɟɤɭɥɹɪɧɵɟ ɦɚɲɢɧɵ, ɢ ɫɬɪɨɢɬɟɥɶɧɵɟ ɛɥɨɤɢ, ɢ ɨɪɭɠɢɟ 

ɠɢɜɨɣ ɤɥɟɬɤɢ. ɉɪɢ ɜɫɟɦ ɪɚɡɧɨɨɛɪɚɡɢɢ, ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɛɟɥɤɨɜ ɜɫɟɝɞɚ 

ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɜɵɫɨɤɨ ɫɩɟɰɢɮɢɱɟɫɤɨɦ – ɤɚɤ ɭ ɤɥɸɱɚ ɫ ɡɚɦɤɨɦ (ɬɨɱɧɟɟ: ɤɚɤ ɭ 

ɝɢɛɤɨɝɨ ɤɥɸɱɚ ɫ ɝɢɛɤɢɦ ɡɚɦɤɨɦ) – ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɛɟɥɤɚ ɫ ɥɢɝɚɧɞɨɦ. Ⱦɥɹ 

ɬɚɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɟɥɤɭ ɧɟɨɛɯɨɞɢɦɨ ɨɛɥɚɞɚɬɶ ɮɢɤɫɢɪɨɜɚɧɧɨɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. ɉɨɷɬɨɦɭ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɛɟɥɤɨɜ ɬɟɫɧɨ 

ɫɜɹɡɚɧɚ ɫ ɨɩɪɟɞɟɥɟɧɧɨɫɬɶɸ ɢɯ ɬɪɟɯɦɟɪɧɵɯ ɫɬɪɭɤɬɭɪ. ɇɟ ɬɨɥɶɤɨ ɪɚɡɪɭɲɟɧɢɟ, 

ɧɨ ɞɚɠɟ ɧɟɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢɹ ɷɬɢɯ ɫɬɪɭɤɬɭɪ ɱɚɫɬɨ ɜɟɞɭɬ ɤ ɭɬɟɪɟ ɢɥɢ ɪɟɡɤɨɦɭ 

ɢɡɦɟɧɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɛɟɥɤɨɜ. Ɂɧɚɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɬɪɟɯɦɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɛɟɥɤɚ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ [6]. 
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ȼ ɨɫɧɨɜɟ ɛɟɥɤɚ ɥɟɠɢɬ ɩɨɥɢɦɟɪ – ɩɨɥɢɩɟɩɬɢɞɧɚɹ ɰɟɩɶ, ɫɨɫɬɨɹɳɚɹ ɢɡ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ. «Ɉɫɬɚɬɨɤ» – ɷɬɨ ɬɨ, ɱɬɨ ɨɫɬɚɥɨɫɶ ɨɬ ɫɜɨɛɨɞɧɨɣ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɩɨɫɥɟ ɟɟ ɜɫɬɪɚɢɜɚɧɢɹ ɜ ɛɟɥɤɨɜɭɸ ɰɟɩɶ. ɗɬɚ ɰɟɩɶ ɢɦɟɟɬ 

ɯɢɦɢɱɟɫɤɢ ɪɟɝɭɥɹɪɧɵɣ ɨɫɬɨɜ («ɝɥɚɜɧɭɸ ɰɟɩɶ»), ɨɬ ɤɨɬɨɪɨɝɨ ɨɬɯɨɞɹɬ 

ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɛɨɤɨɜɵɟ ɝɪɭɩɩɵ ɚɦɢɧɨɤɢɫɥɨɬ – ɪɚɞɢɤɚɥɵ [6]. 

ɇɟɤɨɜɚɥɟɧɬɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ 

ɫɬɪɨɟɧɢɟ ɛɟɥɤɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɚɛɟɟ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ, ɮɢɤɫɢɪɭɸɳɢɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɦɨɧɨɦɟɪɨɜ. ɗɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (ɢɥɢ ɩɟɪɜɢɱɧɚɹ 

ɫɬɪɭɤɬɭɪɚ) ɫɨɡɞɚɟɬɫɹ ɜ ɯɨɞɟ ɦɚɬɪɢɱɧɨɝɨ ɫɢɧɬɟɡɚ. Ɉɛɪɚɡɨɜɚɧɧɚɹ ɩɟɪɜɢɱɧɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɨɫɬɚɬɤɨɜ ɫɜɨɪɚɱɢɜɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪɚɡɨɦ ɫ 

ɩɨɦɨɳɶɸ ɧɟɤɨɜɚɥɟɧɬɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ (Ɋɢɫɭɧɨɤ 3).  

 

 
Ɋɢɫɭɧɨɤ 3 – ɍɪɨɜɧɢ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɥɤɨɜɨɣ ɫɬɪɭɤɬɭɪɵ: ɩɟɪɜɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ 
(ɚɦɢɧɨɤɢɫɥɨɬɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ); ɜɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ (ɩɨɤɚɡɚɧɵ α-

ɫɩɢɪɚɥɶ ɢ ɨɞɢɧ ɬɹɠ β-ɫɬɪɭɤɬɭɪɵ); ɬɪɟɬɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ – ɝɥɨɛɭɥɚ, ɫɥɨɠɟɧɧɚɹ 
ɨɞɧɨɣ ɰɟɩɶɸ; ɢ ɱɟɬɜɟɪɬɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɨɥɢɝɨɦɟɪɧɨɝɨ, ɫɥɨɠɟɧɧɨɝɨ ɢɡ 

ɧɟɫɤɨɥɶɤɢɯ ɰɟɩɟɣ ɛɟɥɤɚ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – ɞɢɦɟɪɧɨɝɨ cro-ɪɟɩɪɟɫɫɨɪɚ) [6]. 
 

Ɉɛɪɚɡɨɜɚɧɢɟ ɬɪɟɯɦɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɛɟɥɤɚ in vivo ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 

ɛɢɨɫɢɧɬɟɡɟ ɢɥɢ ɫɪɚɡɭ ɩɨɫɥɟ ɧɟɝɨ. ɉɪɢ ɩɨɞɯɨɞɹɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɪɇ 

ɚɦɢɧɨɤɢɫɥɨɬɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɚɦɚ ɨɩɪɟɞɟɥɹɟɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ 

ɫɬɪɭɤɬɭɪɭ ɛɟɥɤɚ, ɬ.ɟ. ɛɟɥɨɤ ɫɩɨɫɨɛɟɧ ɤ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ. Ⱥ ɫɬɪɭɤɬɭɪɚ ɭɠɟ 

ɨɩɪɟɞɟɥɹɟɬ ɟɝɨ ɮɭɧɤɰɢɸ, ɬ.ɟ. ɫ ɤɟɦ ɛɟɥɨɤ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ, ɢ ɱɬɨ ɩɪɢ ɷɬɨɦ 

ɞɟɥɚɟɬ (Ɋɢɫɭɧɨɤ 3) [6].  

 
1.3.1 Аɦɢɧɨɤɢɫɥɨɬɵ 
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Ⱥɦɢɧɨɤɢɫɥɨɬɵ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɞɜɭɯ ɫɬɟɪɢɱɟɫɤɢɯ ɮɨɪɦɚɯ: L ɢ D, 

ɷɬɢ ɮɨɪɦɵ ɡɟɪɤɚɥɶɧɨ-ɫɢɦɦɟɬɪɢɱɧɵ. ɉɪɢɪɨɞɧɵɟ ɛɟɥɤɨɜɵɟ ɰɟɩɢ ɫɥɨɠɟɧɵ 

ɬɨɥɶɤɨ ɢɡ ɨɫɬɚɬɤɨɜ L-ɚɦɢɧɨɤɢɫɥɨɬ. D-ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ ɜɫɬɪɟɱɚɸɬɫɹ ɜ 

ɩɟɩɬɢɞɚɯ. Ɉɧɢ ɧɟ ɤɨɞɢɪɭɸɬɫɹ ɩɪɢ ɦɚɬɪɢɱɧɨɦ ɫɢɧɬɟɡɟ, ɚ ɫɢɧɬɟɡɢɪɭɸɬɫɹ 

ɮɟɪɦɟɧɬɚɦɢ. Ɋɚɰɟɦɢɡɚɰɢɹ ɫɩɨɧɬɚɧɧɨ ɜ ɛɟɥɤɚɯ ɩɨɱɬɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 

Ⱥɦɢɧɨɤɢɫɥɨɬɵ ɜ ɛɟɥɤɨɜɨɣ ɰɟɩɢ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɟɩɬɢɞɧɵɦɢ 

ɫɜɹɡɹɦɢ ɦɟɠɞɭ C ɢ N ɚɬɨɦɚɦɢ (Ɋɢɫɭɧɨɤ 4). 

 

 
Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɭɱɚɫɬɤɚ ɰɟɩɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ 

ɨɫɬɚɬɤɨɜ ɫ ɩɨɞɩɢɫɚɧɧɵɦɢ ɭɝɥɚɦɢ ɩɨɜɨɪɨɬɚ [7]. 
 

 
Ɋɢɫɭɧɨɤ 5 – Ⱦɜɚɞɰɚɬɶ ɨɫɧɨɜɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ, ɜɯɨɞɹɳɢɣ ɜ ɫɨɫɬɚɜ ɛɟɥɤɨɜ. 
Ⱦɚɧɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɚ ɨɬɪɚɠɚɸɬ ɫɨɫɬɨɹɧɢɟ ɢɨɧɢɡɚɰɢɢ, ɜ ɤɨɬɨɪɨɦ 

ɧɚɯɨɞɢɬɫɹ ɩɪɟɨɛɥɚɞɚɸɳɚɹ ɱɚɫɬɶ ɦɨɥɟɤɭɥ ɩɪɢ ɪɇ 7,0. Ɋɨɡɨɜɵɦ ɰɜɟɬɨɦ 
ɜɵɞɟɥɟɧɵ ɛɨɤɨɜɵɟ ɝɪɭɩɩɵ [7]. 
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Ɉɬɞɟɥɶɧɨ ɫɬɨɢɬ ɭɩɨɦɹɧɭɬɶ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɛɨɤɨɜɵɟ ɝɪɭɩɩɵ. Ɍɚɤɢɟ 

ɝɪɭɩɩɵ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɢɦɟɟɬ ɮɟɧɢɥɚɥɚɧɢɧ, ɬɢɪɨɡɢɧ ɢ ɬɪɢɩɬɨɮɚɧ. ɗɬɨ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɩɨɥɹɪɧɵɟ ɢ ɝɢɞɪɨɮɨɛɧɵɟ ɦɨɥɟɤɭɥɵ. Ɉɧɢ ɜɫɟ ɦɨɝɭɬ 

ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɝɢɞɪɨɮɨɛɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ. Ɍɢɪɨɡɢɧ ɢ ɬɪɢɩɬɨɮɚɧ – 

ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɩɨɥɹɪɧɵɟ ɦɨɥɟɤɭɥɵ, ɱɟɦ ɮɟɧɢɥɚɥɚɧɢɧ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ 

ɭ ɬɢɪɨɡɢɧɚ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɚ ɭ ɬɪɢɩɬɨɮɚɧɚ – ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ [7]. 

 
1.3.2 ȼɨɞɧɨɟ ɨɤɪɭɠɟɧɢɟ 

ȼɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɨɛɪɚɡɨɜɵɜɚɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɜɨɞɵ. 

Ɉɧɢ ɧɚɛɥɸɞɚɸɬɫɹ ɜɫɟɝɞɚ, ɤɨɝɞɚ ɜɨɞɨɪɨɞ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧ ɫ ɨɞɧɢɦ 

ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɵɦ ɚɬɨɦɨɦ ɢ ɩɪɢ ɷɬɨɦ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɞɪɭɝɨɦɭ 

ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɚɬɨɦɭ (ɪɢɫ. 6) [6]. 

 

 
Ɋɢɫɭɧɨɤ 6 – ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ. ɚ) Ȼɢɩɨɥɹɪɧɚɹ ɩɪɢɪɨɞɚ ɦɨɥɟɤɭɥɵ 

ɜɨɞɵ ɩɨɤɚɡɚɧɚ ɫ ɩɨɦɨɳɶɸ ɲɚɪɨɫɬɟɪɠɧɟɜɨɣ ɦɨɞɟɥɢ. ɉɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ 
ɨɛɨɡɧɚɱɟɧɵ ɧɟ ɫɜɹɡɵɜɚɸɳɢɟ ɨɪɛɢɬɚɥɢ. ɗɥɟɤɬɪɨɧɧɵɟ ɩɚɪɵ ɪɚɫɩɨɥɨɠɟɧɧɵɟ 

ɧɚ ɜɧɟɲɧɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɨɪɛɢɪɚɥɹɯ ɨɛɪɚɡɭɸɬ ɜɨɤɪɭɝ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ 
ɧɟɩɪɚɜɢɥɶɧɵɣ ɬɟɬɪɚɷɞɪ. ɛ) Ⱦɜɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɫɜɹɡɚɧɵ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ 

(ɨɛɨɡɧɚɱɚɟɬɫɹ ɱɟɪɬɨɱɤɚɦɢ). ȼɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɞɥɢɧɧɟɟ ɢ ɫɥɚɛɟɟ, ɱɟɦ 
ɤɨɜɚɥɟɧɬɧɵɟ ɫɜɹɡɢ [7]. 

 
ɗɥɟɤɬɪɨɧɧɨɟ ɨɛɥɚɤɨ ɩɪɢ ɇ-ɚɬɨɦɟ – ɫɚɦɨɟ ɫɥɚɛɨɟ, ɢ ɨɧɨ ɫɢɥɶɧɨ 

ɫɦɢɧɚɟɬɫɹ ɩɪɢ ɩɪɢɬɹɠɟɧɢɢ ɩɚɪɰɢɚɥɶɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɇ+ ɤ 

ɩɚɪɰɢɚɥɶɧɨɦɭ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɡɚɪɹɞɭ ɤɢɫɥɨɪɨɞɚ. ɍ ɤɚɠɞɨɣ ɇ-ɫɜɹɡɢ ɟɫɬɶ 

ɨɞɢɧ ɞɨɧɨɪ ɢ ɨɞɢɧ ɚɤɰɟɩɬɨɪ. ɉɪɢ ɷɬɨɦ ɇ ɩɨɱɬɢ ɜɫɟɝɞɚ ɜɵɫɬɭɩɚɟɬ ɞɨɧɨɪɨɦ 

ɬɨɥɶɤɨ ɨɞɧɨɣ ɇ-ɫɜɹɡɢ, ɚ ɤɢɫɥɨɪɨɞ ɦɨɠɟɬ ɛɵɬɶ ɚɤɰɟɩɬɨɪɨɦ ɞɜɭɯ ɇ-ɫɜɹɡɟɣ [6]. 
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1.4 ɋɨɛɫɬɜɟɧɧɚя ɮɥɭɨɪɟɫɰɟɧɰɢя ɛɟɥɤɨɜ  

Ɍɪɢ ɚɦɢɧɨɤɢɫɥɨɬɵ: ɬɪɢɩɬɨɮɚɧ (Trp), ɮɟɧɢɥɚɥɚɧɢɧ (Phe) ɢ ɬɢɪɨɡɢɧ 

(Tyr) – ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɤɨɥɶɰɚɦɢ ɜ ɫɨɫɬɚɜɟ ɛɨɤɨɜɵɯ ɰɟɩɟɣ (Ɋɢɫɭɧɨɤ 5) 

ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɚɧɚɥɢɡɟ ɫɬɪɭɤɬɭɪɵ ɢ ɩɨɜɟɞɟɧɢɹ ɛɟɥɤɨɜ [1,4,8–10]. 

Ɍɪɢɩɬɨɮɚɧ ɜɵɡɵɜɚɟɬ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɫɪɟɞɢ ɜɫɟɯ ɬɪɟɯ (Ɋɢɫɭɧɨɤ 12). Ɉɧ 

ɨɛɥɚɞɚɟɬ ɫɚɦɨɣ ɛɨɥɶɲɨɣ π-ɫɢɫɬɟɦɨɣ, ɢɡ-ɡɚ ɱɟɝɨ ɟɝɨ ɫɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɢ 

ɢɡɥɭɱɟɧɢɹ ɛɨɥɶɲɟ ɜɫɟɝɨ ɫɞɜɢɧɭɬɵ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ (ɩɨɱɬɢ 

ɜɢɞɢɦɚɹ ɱɚɫɬɶ ɫɩɟɤɬɪɚ). Ⱦɥɢɧɚ ɜɨɥɧɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɢ/ɢɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɬɪɢɩɬɨɮɚɧɚ ɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ 

ɤɨɬɨɪɵɯ ɭɱɚɫɬɜɭɟɬ ɛɟɥɨɤ [4]. 

 

 

Ɋɢɫɭɧɨɤ 7 – ɋɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ (Ⱥ) ɢ ɢɫɩɭɫɤɚɧɢɹ (ȿ) ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɚɦɢɧɨɤɢɫɥɨɬ ɩɪɢ ɪɇ 7 ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ. 
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1.4.1 π-ɫɢɫɬɟɦɚ ɬɪɢɩɬɨɮɚɧɚ 

Ɏɥɭɨɪɟɫɰɟɧɰɢɹ ɬɪɢɩɬɨɮɚɧɚ ɞɨ ɫɢɯ ɩɨɪ ɞɨ ɤɨɧɰɚ ɧɟ ɢɡɭɱɟɧɚ. Ɍɪɭɞɧɨɫɬɢ 

ɜ ɟё ɚɧɚɥɢɡɟ ɩɪɨɢɫɯɨɞɹɬ ɢɡ-ɡɚ ɩɪɢɪɨɞɵ ɩɢɪɨɥɶɧɨ-ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ, 

ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɞɜɚ ɧɢɠɧɢɯ ɜɨɡɛɭɠɞɟɧɧɵɯ ɫɢɧɝɥɟɬɧɵɯ ɫɨɫɬɨɹɧɢɹ (1La ɢ 
1Lb) ɨɤɚɡɵɜɚɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɵɪɨɠɞɟɧɧɵɦɢ, ɱɟɝɨ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭ Phe ɢ 

Tyr, ɜ ɤɨɬɨɪɵɯ ɨɧɢ ɱɟɬɤɨ ɪɚɡɞɟɥɟɧɵ. 

ɇɟ ɫɬɨɢɬ ɩɭɬɚɬɶ ɢɡɦɟɧɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɞɢɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɦɨɥɟɤɭɥɵ 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɯɨɞɚ ɜ ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫ ɦɨɦɟɧɬɨɦ ɩɟɪɟɯɨɞɚ. 

Ⱦɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɩɟɪɟɯɨɞɚ ɢɥɢ ɩɪɨɫɬɨ ɦɨɦɟɧɬ ɩɟɪɟɯɨɞɚ – ɷɬɨ ɞɢɩɨɥɶɧɵɣ 

ɦɨɦɟɧɬ ɨɫɰɢɥɥɢɪɭɸɳɟɣ ɩɥɨɬɧɨɫɬɢ ɡɚɪɹɞɚ ɢ ɦɟɪɚ ɷɥɟɤɬɪɨɧɧɨɝɨ ɡɚɪɹɞɚ, 

ɤɨɬɨɪɚɹ ɫɞɜɢɝɚɟɬɫɹ ɜɨ ɜɪɟɦɹ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɧɨɜɧɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɜ ɫɨɫɬɨɹɧɢɢ 1La ɷɥɟɤɬɪɨɧɧɚɹ 

ɩɥɨɬɧɨɫɬɶ ɫɞɜɢɧɭɬɚ ɨɬ ɩɢɪɪɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɤ ɛɟɧɡɨɥɶɧɨɦɭ. ɗɥɟɤɬɪɨɧɧɚɹ 

ɩɥɨɬɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɚɬɨɦɚɯ NE1 ɢ CG ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ ɚɬɨɦɚɯ CE3, 

CZ2 ɢ CD2. Ɉɪɢɟɧɬɚɰɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɞɢɩɨɥɹ ɩɨɱɬɢ ɧɟ ɦɟɧɹɟɬɫɹ (Ɋɢɫɭɧɨɤ 8). 

 

 

Ɋɢɫɭɧɨɤ 8 – ɋɯɟɦɚɬɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɬɪɢɩɬɨɮɚɧɚ ɫ ɢɧɞɟɤɫɚɦɢ ɚɬɨɦɨɜ [11].  
 

Ɍɪɢɩɬɨɮɚɧ ɢ ɟɝɨ ɚɧɚɥɨɝɢ ɫ ɢɧɞɨɥɶɧɵɦ ɤɨɥɶɰɨɦ ɦɨɝɭɬ ɞɚɜɚɬɶ ɫɥɨɠɧɵɟ 

ɫɩɟɤɬɪɵ ɚɧɢɡɨɬɪɨɩɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɢɡ-ɡɚ ɞɜɭɯ ɜɨɡɦɨɠɧɵɯ ɫɢɧɝɥɟɬɧɵɯ 

ɫɨɫɬɨɹɧɢɣ. Ⱥɧɢɡɨɬɪɨɩɢɹ ɪɟɡɤɨ ɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ 

ɜɨɡɛɭɠɞɟɧɢɹ. «ɉɥɟɱɨ» ɩɪɢ 290 ɧɦ ɩɨɥɭɱɚɟɬɫɹ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɩɟɪɟɯɨɞɚ 1Lb 

(Ɋɢɫɭɧɨɤ 9) [1].  
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Ɋɢɫɭɧɨɤ 9 – ɋɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɫɨɫɬɨɹɧɢɣ 1La ɢ 1Lb [1,12]. 
 

1.4.2 Ɏɥɭɨɪɟɫɰɟɧɰɢя ɬɪɢɩɬɨɮɚɧɚ ɜ ɪɚɫɬɜɨɪɟ 

Ⱦɜɚ ɩɟɪɜɵɯ ɜɨɡɛɭɠɞɟɧɧɵɣ ɫɨɫɬɨɹɧɢɹ 1Lb (S1) ɢ 1La (S2) ɩɪɚɤɬɢɱɟɫɤɢ 

ɜɵɪɨɠɞɟɧɵ ɜ ɜɚɤɭɭɦɟ ɢ ɢɦɟɸɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ ɦɨɦɟɧɬɵ ɩɟɪɟɯɨɞɚ 

(Ɋɢɫɭɧɨɤ 10) [13]. ɋɨɫɬɨɹɧɢɟ 1La ɢɦɟɟɬ ɛɨɥɶɲɢɣ ɫɬɚɬɢɱɟɫɤɢɣ ɞɢɩɨɥɶ – 6.12 Ⱦ, 

ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɨɫɬɨɹɧɢɸ 1Lb ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1.55 Ⱦ. ɉɨɷɬɨɦɭ, ɜ ɩɨɥɹɪɧɨɦ 

ɪɚɫɬɜɨɪɢɬɟɥɟ 1La ɭɠɟ ɥɟɠɢɬ ɧɢɠɟ 1Lb, ɢ ɮɥɭɨɪɟɫɰɟɧɰɢɹ ɬɪɢɩɬɨɮɚɧɚ ɜ 

ɨɫɧɨɜɧɨɦ ɩɪɨɢɫɯɨɞɢɬ ɢɡ ɫɨɫɬɨɹɧɢɹ 1La (Ɋɢɫɭɧɨɤ 11) [4,13,14]. 

 

 

Ɋɢɫɭɧɨɤ 10 – ɋɬɪɭɤɬɭɪɚ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɛɨɤɨɜɨɣ ɰɟɩɢ ɬɪɢɩɬɨɮɚɧɚ. Ȼɟɥɵɦ 
ɰɜɟɬɨɦ ɜɵɞɟɥɟɧɵ ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ, ɱɟɪɧɵɦ ɜɵɞɟɥɟɧ ɚɬɨɦ ɚɡɨɬɚ. 

ɉɟɪɦɚɧɟɧɬɧɵɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɢɧɞɨɥɹ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ S0 ɢ ɞɜɚ 
ɫɚɦɵɯ ɧɢɡɤɢɯ ɜɨɡɛɭɠɞɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ (1Lb ɢ 1La) ɩɨɤɚɡɚɧɵ ɤɚɤ 

ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɟ ɫɬɪɟɥɤɢ (ɚ). Ⱦɢɩɨɥɶɧɵɟ ɦɨɦɟɧɬɵ ɩɟɪɟɯɨɞɚ ɦɟɠɞɭ 
ɨɫɧɨɜɧɵɦ ɢ ɜɨɡɛɭɠɞɟɧɧɵɦ ɫɨɫɬɨɹɧɢɹɦɢ ɩɨɤɚɡɚɧɵ ɞɜɭɧɚɩɪɚɜɥɟɧɧɵɦɢ 

ɫɬɪɟɥɤɚɦɢ (b) [13]. 
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Ɋɢɫɭɧɨɤ 11 – ɋɯɟɦɚɬɢɱɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɭɲɢɪɟɧɢɹ ɢ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɭɪɨɜɧɟɣ ɷɧɟɪɝɢɢ ɫɨɫɬɨɹɧɢɣ 1Lb ɢ 1La (ɚ) ɜ ɜɚɤɭɭɦɟ, (b) ɜ 

ɧɟɩɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ, (ɫ) ɜ ɩɨɥɹɪɧɨɣ ɜɨɞɟ ɩɪɢ ɦɝɧɨɜɟɧɧɨɣ ɚɛɨɪɛɰɢɢ ɢ 
(d) ɜ ɩɨɥɹɪɧɨɣ ɜɨɞɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɜɪɟɦɟɧɢ ɫɨɥɶɜɚɬɚɰɢɢ [13]. 
 

ɋɜɨɛɨɞɧɵɣ ɬɪɢɩɬɨɮɚɧ ɜ ɪɚɫɬɜɨɪɟ ɜɟɞɟɬ ɫɟɛɹ ɩɨ-ɪɚɡɧɨɦɭ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɬɨɝɨ ɪɚɫɬɜɨɪɚ [15]. Ʉɨɝɞɚ ɬɪɢɩɬɨɮɚɧ ɪɚɫɬɜɨɪɟɧ ɜ ɷɬɚɧɨɥɟ 

(ɝɢɞɪɨɮɨɛɧɨ/ɮɢɥɶɧɵɟ ɭɫɥɨɜɢɹ), ɟɝɨ ɢɡɥɭɱɟɧɢɟ ɥɭɱɲɟ ɜɫɟɝɨ ɨɩɢɫɵɜɚɟɬɫɹ 

ɬɪɟɦɹ ɜɪɟɦɟɧɚɦɢ ɠɢɡɧɢ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɪɢɩɬɨɮɚɧɚ ɫ ɷɬɚɧɨɥɨɦ, 

ɨɛɥɚɞɚɸɳɢɦ ɞɜɨɣɫɬɜɟɧɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɨɣ (ɝɢɞɪɨɮɨɛɧɨɫɬɶ ɝɪɭɩɩɵ 

CH3 ɢ ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ ɝɪɭɩɩɵ Ɉɇ), ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɬɪɟɬɶɟɝɨ ɜɪɟɦɟɧɢ 

ɠɢɡɧɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɞɚɠɟ ɩɪɢ ɧɢɡɤɨɦ ɫɨɞɟɪɠɚɧɢɢ ɷɬɚɧɨɥɚ (10%) [15]. 

ɋɩɚɞ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɬɪɢɩɬɨɮɚɧɚ ɜ ɱɢɫɬɨ ɝɢɞɪɨɮɨɛɧɵɯ 

ɭɫɥɨɜɢɹɯ (CCl4 ɢɥɢ ɋɇɋl3) ɥɭɱɲɟ ɜɫɟɝɨ ɨɩɢɫɵɜɚɟɬɫɹ ɞɜɭɦɹ ɜɪɟɦɟɧɚɦɢ 

ɠɢɡɧɢ. ɏɨɬɹ ɡɧɚɱɟɧɢɟ ɫɚɦɨɝɨ ɤɨɪɨɬɤɨɝɨ ɜɪɟɦɟɧɢ ɢ ɮɥɭɤɬɭɢɪɭɟɬ ɡɚ ɫɱɟɬ 

ɫɥɚɛɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɬɪɢɩɬɨɮɚɧɨɦ ɢ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹ, 

ɜɤɥɚɞɵ ɞɜɭɯ ɜɪɟɦɟɧ ɠɢɡɧɢ ɢɞɟɧɬɢɱɧɵ ɬɟɦ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɸɬɫɹ ɞɥɹ 

ɬɪɢɩɬɨɮɚɧɚ, ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɜɨɞɟ (ɝɢɞɪɨɮɢɥɶɧɚɹ ɫɪɟɞɚ). ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ 

ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜ ɬɨɥɶɤɨ ɝɢɞɪɨɮɨɛɧɨɦ ɢɥɢ ɬɨɥɶɤɨ ɝɢɞɪɨɮɢɥɶɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ 

ɢɫɩɭɫɤɚɧɢɟ ɬɪɢɩɬɨɮɚɧɚ ɩɪɨɢɫɯɨɞɢɬ ɢɡ ɞɜɭɯ ɩɨɩɭɥɹɰɢɣ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɜ 

ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɳɢ ɫɚɦɨɣ ɫɬɪɭɤɬɭɪɟ ɮɥɭɨɪɨɮɨɪɚ, 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɭɫɥɨɜɢɣ ɨɤɪɭɠɟɧɢɹ [15]. 
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1.4.3 ȼɪɟɦɟɧɚ ɠɢɡɧɢ ɢ ɪɨɬɚɦɟɪɵ 

ɋɩɚɞ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɟɤɨɬɨɪɵɯ ɮɥɭɨɪɨɮɨɪɨɜ ɜ ɧɟɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɣ 

ɪɚɫɬɜɨɪɚɯ ɨɩɢɫɵɜɚɟɬɫɹ ɦɨɧɨ-ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ. ȼ ɫɥɭɱɚɟ ɠɟ 

ɛɢɨɦɨɥɟɤɭɥ ɞɚɠɟ ɫ ɨɞɧɢɦ ɬɪɢɩɬɨɮɚɧɨɜɵɦ ɨɫɬɚɬɤɨɦ ɨɛɵɱɧɨ ɧɚɛɥɸɞɚɟɬɫɹ 

ɦɭɥɶɬɢ-ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɫɩɚɞ [16]. ɋɩɚɞ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɬɪɢɩɬɨɮɚɧɚ ɜ ɛɟɥɤɟ ɨɩɢɫɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ[16–18]: 

 

i
ii ttI )/exp()(  (4) 

 

ɝɞɟ αi ɢ τi – ɷɬɨ ɚɦɩɥɢɬɭɞɚ ɢ ɜɪɟɦɹ ɠɢɡɧɢ ɤɨɦɩɨɧɟɧɬɵ i, ɚ ɫɭɦɦɚ αi ɪɚɜɧɚ 

ɟɞɢɧɢɰɟ. 

ȼ ɧɟɣɬɪɚɥɶɧɵɯ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫɩɚɞ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɪɢɩɬɨɮɚɧɚ 

ɨɩɢɫɵɜɚɟɬɫɹ ɫɭɦɦɨɣ ɞɜɭɯ ɷɤɫɩɨɧɟɧɬ ɫ ɜɪɟɦɟɧɚɦɢ ɫɩɚɞɚ ɨɤɨɥɨ 3.1 ɢ 0.5 ɧɫ [1]. 

ɑɚɳɟ ɜɫɟɝɨ ɧɟ ɦɨɧɨɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɫɬɶ ɫɩɚɞɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɬɪɢɩɬɨɮɚɧɚ ɫɜɹɡɵɜɚɸɬ ɫ ɟɝɨ ɜɨɡɦɨɠɧɨɫɬɶɸ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨɧɮɨɪɦɚɰɢɹɯ (ɪɨɬɚɦɟɪɚɯ), ɨɬɧɨɫɢɬɟɥɶɧɨ ɋα–ɋβ ɫɜɹɡɢ 

(Ɋɢɫɭɧɨɤ 13). Ʉɚɠɞɵɣ ɢɡ ɬɪёɯ ɤɨɧɮɨɪɦɟɪɨɜ (g+, g-, t) ɢɦɟɟɬ ɞɜɟ ɜɨɡɦɨɠɧɵɯ 

ɤɨɧɮɢɝɭɪɚɰɢɢ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ (ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɢ ɚɧɬɢ-

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ), ɬ.ɟ. ɜɫɟɝɨ ɢɡɜɟɫɬɧɨ 6 ɪɨɬɚɦɟɪɧɵɯ ɮɨɪɦ ɬɪɢɩɬɨɮɚɧɚ. ɂ 

ɤɚɠɞɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɦɭɥɶɬɢ-ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɫɜɹɡɵɜɚɸɬ ɫ ɨɞɧɨɣ 

ɢɡ ɪɚɡɪɟɲɟɧɧɵɯ ɤɨɧɮɨɪɦɚɰɢɣ [16]. Ɉɞɧɚɤɨ ɫɟɣɱɚɫ ɪɨɬɚɦɟɪɧɚɹ ɦɨɞɟɥɶ 

ɩɨɞɜɟɪɝɚɟɬɫɹ ɤɪɢɬɢɤɟ ɢ ɩɟɪɟɫɦɨɬɪɭ. Ɇɧɨɝɢɟ ɬɪɢɩɬɨɮɚɧɵ, ɢɦɟɸɳɢɟ ɬɨɥɶɤɨ 

ɨɞɧɭ ɤɨɧɮɨɪɦɚɰɢɸ, ɦɨɝɭɬ ɢɦɟɬɶ 2 ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ [19]. 
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Ɋɢɫɭɧɨɤ 12 – ɋɬɪɭɤɬɭɪɚ ɬɪɢɩɬɨɮɚɧɚ. ɋɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ ɭɝɥɵ ɩɨɜɨɪɨɬɚ 
ɝɥɚɜɧɨɣ (φ,ȥ) ɢ ɛɨɤɨɜɨɣ (Ȥ1, Ȥ2) ɰɟɩɟɣ. 

 

ɉɪɢɧɢɦɚɬɶ ɧɟɤɨɬɨɪɭɸ ɤɨɧɮɨɪɦɚɰɢɸ ɜ ɛɟɥɤɟ ɬɪɢɩɬɨɮɚɧɭ ɩɨɡɜɨɥɹɟɬ 

(ɢɥɢ ɧɟ ɩɨɡɜɨɥɹɟɬ) ɟɝɨ ɦɢɤɪɨɨɤɪɭɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɬɚɤɠɟ ɜɥɢɹɟɬ ɢ ɧɚ ɜɟɥɢɱɢɧɭ 

ɜɪɟɦɟɧ ɠɢɡɧɢ [20].  

 

 

Ɋɢɫɭɧɨɤ 13 – Ȥ1 ɪɨɬɚɦɟɪɵ ɬɪɢɩɬɨɮɚɧɨɜɨɝɨ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ. 
ɇɶɸɦɚɧɨɜɫɤɢɟ ɩɪɨɟɤɰɢɢ ɩɨɤɚɡɵɜɚɸɬ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɹɡɢ ɋα-ɋβ [21]. 
 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɢɦɟɟɬɫɹ ɦɧɨɝɨɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɫɩɚɞ, ɩɪɢɱɟɦ ɨɧ 

ɪɚɡɧɵɣ ɧɚ ɪɚɡɧɵɣ ɞɥɢɧɚɯ ɜɨɥɧ ɢɫɩɭɫɤɚɧɢɹ. Ɍɨɝɞɚ ɫɩɚɞ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ [1]: 
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ii ttItI )/exp()()(),(  (5) 

 

Ɂɞɟɫɶ ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧ ɠɢɡɧɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ 

ɪɟɝɢɫɬɪɚɰɢɢ ɫɩɚɞɚ. Ɍɨɝɞɚ ɫɩɟɤɬɪ ɤɚɠɞɨɣ ɤɨɦɩɨɧɟɧɬɵ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [1]: 

 

jj
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)()(

)(  (6) 

 

Ɍɚɤɢɟ ɫɩɟɤɬɪɵ Ii(λ) ɧɚɡɵɜɚɸɬɫɹ decay-associated spectra (DAS) (Ɋɢɫɭɧɨɤ 14). 

Ɉɧɢ ɨɬɨɛɪɚɠɚɸɬ ɫɩɟɤɬɪ i-ɨɣ ɤɨɦɩɨɧɟɧɬɵ ɢɫɩɭɫɤɚɧɢɹ ɫ ɜɪɟɦɟɧɟɦ ɠɢɡɧɢ τi 

[1]. 

 

 

Ɋɢɫɭɧɨɤ 14 – ɋɩɟɤɬɪɚɥɶɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɤɨɪɨɬɤɨɣ ɢ ɞɥɢɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ 
ɫɩɚɞɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɬɪɢɩɬɨɮɚɧɚ [1]. 

 

Ɇɧɨɝɨɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɟ ɫɩɚɞɵ, ɢɡɦɟɪɟɧɧɵɟ ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɞɥɢɧɵ ɜɨɥɧɵ ɢɫɩɭɫɤɚɧɢɹ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɚ ɢɫɩɭɫɤɚɧɢɹ, 

ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɤɨɦɩɨɧɟɧɬɵ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɜɪɟɦɟɧɟɦ ɠɢɡɧɢ [1]. 
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1.5 Ʉɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɢ ɨɤɪɭɠɟɧɢɟ ɬɪɢɩɬɨɮɚɧɚ ɜ ɛɟɥɤɟ 

 Ɋɚɡɧɢɰɚ ɜ ɫɩɚɞɚɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɛɟɥɤɨɜ – ɷɬɨ ɫɥɟɞɫɬɜɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɯ ɫɬɪɭɤɬɭɪɵ ɢ ɞɢɧɚɦɢɤɢ. ɂɡ-ɡɚ 

ɬɭɲɟɧɢɹ ɢ ɤɨɧɮɨɪɦɚɰɢɨɧɧɨɣ ɝɢɛɤɨɫɬɢ 1La ɫɨɫɬɨɹɧɢɟ ɬɪɢɩɬɨɮɚɧɚ ɜ ɛɟɥɤɟ 

ɦɨɠɟɬ ɢɦɟɬɶ ɤɚɤ ɦɢɧɢɦɭɦ 2 ɜɪɟɦɟɧɢ ɠɢɡɧɢ (500 ɩɫ ɢ 3 ɧɫ) ɢɡ-ɡɚ ɩɟɪɟɧɨɫɚ 

ɩɪɨɬɨɧɚ ɢɥɢ ɷɥɟɤɬɪɨɧɚ ɜ ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (Ɋɢɫɭɧɨɤ 15) [19]. 

 

 

Ɋɢɫɭɧɨɤ 15 – ɋɯɟɦɚ ɜɨɡɦɨɠɧɨɝɨ ɩɟɪɟɧɨɫɚ ɩɪɨɬɨɧɚ (PT) ɢ ɷɥɟɤɬɪɨɧɚ (ET) ɫ/ɧɚ 
ɢɧɞɨɥɶɧɨɟ ɤɨɥɶɰɨ ɜɨ ɜɪɟɦɹ ɜɨɡɛɭɠɞɟɧɢɹ. ȼɟɪɨɹɬɧɨɫɬɶ ɬɚɤɨɝɨ ɩɟɪɟɧɨɫɚ ɧɟ 

ɩɨɫɬɨɹɧɧɚ ɢɡ-ɡɚ ɞɢɧɚɦɢɤɢ ɛɟɥɤɚ. 
 

Ɋɚɡɧɨɨɛɪɚɡɢɟ ɢ ɫɢɥɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɛɢɨɩɨɥɢɦɟɪɨɜ ɹɜɥɹɟɬɫɹ 

ɤɥɸɱɨɦ ɤ ɢɯ ɮɭɧɤɰɢɢ. ɋɩɨɫɨɛɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ ɤ ɛɵɫɬɪɨɣ ɫɦɟɧɟ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɧɮɨɪɦɚɰɢɣ ɩɪɢɡɧɚёɬɫɹ ɜɚɠɧɨɣ ɱɚɫɬɶɸ ɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ [22,23]. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɟɫɭɬ ɜ ɫɟɛɟ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɤɨɪɪɟɥɢɪɭɸɬ ɫ ɞɢɧɚɦɢɤɨɣ ɛɟɥɤɨɜ [22]. 

ɍɩɨɪɹɞɨɱɟɧɧɨɟ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɨɤɪɭɠɟɧɢɟ ɮɥɭɨɪɨɮɨɪɚ ɜɦɟɫɬɟ ɫ 

ɚɦɩɥɢɬɭɞɨɣ ɮɥɭɤɬɭɚɰɢɣ – ɷɬɨ ɬɨ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬ ɛɭɞɟɬ ɥɢ ɮɥɭɨɪɟɫɰɟɧɰɢɹ 

ɫɢɥɶɧɨɣ ɢɥɢ ɫɥɚɛɨɣ, ɛɭɞɟɬ ɥɢ ɞɥɢɧɚ ɜɨɥɧɵ ɢɫɩɭɫɤɚɧɢɹ ɫɞɜɢɧɭɬɚ ɛɚɬɨɯɪɨɦɧɨ 

ɢɥɢ ɝɢɩɫɨɯɪɨɦɧɨ [22]. ɋɨɝɥɚɫɧɨ ɩɨɫɥɟɞɧɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ, ɩɨɜɫɟɦɟɫɬɧɨ 

ɧɚɛɥɸɞɚɟɦɵɣ ɧɟɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɫɩɚɞ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɬɪɢɩɬɨɮɚɧɚ ɟɫɬɶ 
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ɩɪɹɦɨɟ ɫɥɟɞɫɬɜɢɟ ɟɝɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɦɭ ɨɤɪɭɠɟɧɢɸ 

[22]. 

ɂɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɟ ɮɥɭɨɪɨɮɨɪɨɜ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟ ɢɫɩɭɫɤɚɧɢɟ ɮɨɬɨɧɚ, ɜɫɟɝɞɚ ɫɜɹɡɚɧɨ ɫ 

ɛɨɥɶɲɢɦ ɦɝɧɨɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɡɚɪɹɞɚ. ȼ 

ɪɚɫɬɜɨɪɟ ɢɥɢ ɛɟɥɤɟ ɫɭɳɟɫɬɜɭɸɬ ɫɢɥɶɧɵɟ ɤɭɥɨɧɨɜɫɤɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ 

ɷɥɟɤɬɪɨɧɚɦɢ ɮɥɭɨɪɨɮɨɪɚ ɢ ɜɫɟɦɢ ɚɬɨɦɚɦɢ ɛɟɥɤɚ, ɢɡ-ɡɚ ɱɟɝɨ ɷɧɟɪɝɢɹ 

ɢɫɩɭɫɤɚɟɦɨɝɨ ɮɨɬɨɧɚ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɢɡɦɟɧɟɧɢɹ ɩɨɡɢɰɢɣ ɷɥɟɤɬɪɨɧɨɜ ɜ 

ɮɥɭɨɪɨɮɨɪɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɥɟɤɬɪɨɧɨɜ ɜ ɛɟɥɤɟ. Ʉɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɜɵɱɢɫɥɟɧɢɹ ɩɪɟɞɫɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɟɪɟɯɨɞ ɬɪɢɩɬɨɮɚɧɚ ɢɡ ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɜ 1La ɜɤɥɸɱɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɞɢɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɢɡ-

ɡɚ ɫɦɟɳɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɚ ɢɧɞɨɥɟ ɨɬ ɩɢɪɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɤ 

ɛɟɧɡɨɥɶɧɨɦɭ [22]. 

Ɍɨ ɠɟ ɦɨɠɟɬ ɛɵɬɶ ɫɤɚɡɚɧɨ ɢ ɨ ɪɚɡɧɢɰɟ ɜ ɷɧɟɪɝɢɢ ɦɟɠɞɭ 1La ɢ 

ɫɨɫɬɨɹɧɢɟɦ ɫ ɩɟɪɟɧɨɫɨɦ ɡɚɪɹɞɚ (ɋɌ). Ʉɨɷɮɮɢɰɢɟɧɬ ɬɭɲɟɧɢɹ ɢ ɫɞɜɢɝ ɞɥɢɧɵ 

ɜɨɥɧɵ ɢɫɩɭɫɤɚɧɢɹ ɜɵɡɜɚɧɵ ɬɟɦ ɠɟ ɮɚɤɬɨɪɚɦɢ, ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɚ ɪɚɡɧɵɟ 

ɷɥɟɤɬɪɨɧɧɵɟ ɫɨɫɬɨɹɧɢɹ: ɞɥɢɧɚ ɜɨɥɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɡɢɰɢɟɣ ɡɚɪɹɞɨɜ, 

ɜɥɢɹɸɳɢɯ ɧɚ ɪɚɡɧɢɰɭ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɦɟɠɞɭ ɨɫɧɨɜɧɵɦ ɢ 

ɮɥɭɨɪɟɫɰɢɪɭɸɳɢɦ ɫɨɫɬɨɹɧɢɟɦ; ɬɭɲɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɡɢɰɢɟɣ ɡɚɪɹɞɨɜ, 

ɜɥɢɹɸɳɢɯ ɧɚ ɪɚɡɧɢɰɭ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɦɟɠɞɭ ɮɥɭɨɪɟɫɰɢɪɭɸɳɢɦ 

ɫɨɫɬɨɹɧɢɟɦ ɢ ɫɨɫɬɨɹɧɢɟɦ ɫ ɩɟɪɟɧɨɫɨɦ ɡɚɪɹɞɚ (Ɋɢɫɭɧɨɤ 17) [22]. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ CT, ɭɱɚɫɬɜɭɸɳɟɟ ɜ ɭɦɟɧɶɲɟɧɢɢ 

ɤɜɚɧɬɨɜɨɝɨ ɜɵɯɨɞɚ ɬɪɢɩɬɨɮɚɧɚ ɜ ɛɟɥɤɚɯ, ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɩɟɪɟɧɨɫɟ ɷɥɟɤɬɪɨɧɚ 

ɨɬ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɧɚ ɨɞɢɧ ɢɥɢ ɞɜɚ ɪɹɞɨɦ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɚɦɢɞɚ ɧɚ 

ɛɟɥɤɨɜɨɦ ɨɫɬɨɜɟ [22]. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧ ɩɨ ɮɨɪɦɭɥɟ: 
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ɝɞɟ kr ɷɬɨ ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɢɡɥɭɱɚɬɟɥɶɧɨɝɨ ɩɟɪɟɯɨɞɚ, knr – ɷɬɨ ɤɨɧɫɬɚɧɬɚ 

ɫɤɨɪɨɫɬɢ ɛɟɡɵɡɥɭɱɚɬɟɥɶɧɵɯ ɩɟɪɟɯɨɞɨɜ, ɢɫɤɥɸɱɚɹ ɩɟɪɟɧɨ ɷɥɟɤɬɪɨɧɚ. 

Ʉɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ, ket,i(t) ɜɤɥɸɱɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ 

ɜɪɟɦɟɧɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ ɫ ɢɧɞɟɤɫɨɦ i, ɤɨɬɨɪɵɣ ɭɤɚɡɵɜɚɟɬ ɧɚ i-

ɵɣ «ɜɢɞ» [22]. 

Ʉɨɧɫɬɚɧɬɚ knr ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɢɫɚɧɚ ɤɚɤ 

 

FRETPTSolISCnr kkkkk  
(8) 

 

ɡɞɟɫɶ kISC – ɷɬɨ ɢɧɬɟɪɤɨɦɛɢɧɚɰɢɨɧɧɨɚɹ ɤɨɧɜɟɪɫɢɹ, kSol – ɬɭɲɟɧɢɟ 

ɪɚɫɬɜɨɪɢɬɟɥɟɦ, kPT – ɩɟɪɟɧɨɫ ɩɪɨɬɨɧɚ ɜ ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ [2]. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɜɢɞɵ ɬɭɲɟɧɢɹ ɜɫɬɪɟɱɚɸɬɫɹ ɝɨɪɚɡɞɨ ɪɟɠɟ, ɱɟɦ ɬɭɲɟɧɢɟ 

ɩɟɪɟɧɨɫɨɦ ɷɥɟɤɬɪɨɧɚ. ɉɟɪɟɧɨɫ ɩɪɨɬɨɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɢɤɨɝɞɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ 

[22].  

Ɏёɫɬɟɪɨɜɫɤɢɣ ɪɟɡɨɧɚɧɫɧɵɣ ɩɟɪɟɧɨɫ ɷɧɟɪɝɢɢ (FRET) ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɹɯ ɛɥɢɡɤɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɜɭɯ ɬɪɢɩɬɨɮɚɧɨɜ ɜ ɛɟɥɤɟ (ɩɟɪɟɧɨɫ 

ɦɟɠɞɭ ɩɚɪɨɣ Tyr-Trp ɦɨɠɧɨ ɢɫɤɥɸɱɢɬɶ ɧɚ ɫɬɚɞɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɜɵɛɪɚɜ 

ɨɩɪɟɞɟɥɟɧɧɭɸ ɞɥɢɧɭ ɜɨɥɧɵ ɜɨɡɛɭɠɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ 

ɮɥɭɨɪɟɫɰɟɧɰɢɹ ɬɨɥɶɤɨ ɨɬ ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɨɜ). 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɟɪɟɧɨɫɚ ɦɟɠɞɭ ɞɜɭɦɹ ɯɪɨɦɨɮɨɪɚɦɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ 

ɮɨɪɦɭɥɟ [24]: 

 

 
(9) 

 

R0 – ɷɬɨ ɪɚɞɢɭɫ Ɏёɫɬɟɪɚ ɞɥɹ ɞɚɧɧɨɣ ɩɚɪɵ ɞɨɧɨɪ-ɚɤɰɟɩɬɨɪ (ɬ.ɟ. ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɰɟɧɬɪɚɦɢ ɢɧɞɨɥɶɧɵɯ (ɮɟɧɨɥɶɧɵɯ) ɤɨɥɟɰ, ɧɚ 

ɤɨɬɨɪɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɟɪɟɧɨɫɚ ɫɨɫɬɚɜɥɹɟɬ 50%). Ⱦɥɹ ɩɚɪɵ ɞɜɭɯ 

ɬɪɢɩɬɨɮɚɧɨɜ ɜ ɛɟɥɤɟ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ R0 = 7-8 Å [25].   – 
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ɨɪɢɟɧɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪ, ɨɬɪɚɠɚɸɳɢɣ ɜɡɚɢɦɧɭɸ ɨɪɢɟɧɬɚɰɢɸ ɦɨɦɟɧɬɨɜ 

ɩɟɪɟɯɨɞɚ ɞɨɧɨɪɚ ɢ ɚɤɰɟɩɬɨɪɚ ɷɧɟɪɝɢɢ (ɪɢɫ. 16).  

 

 

Ɋɢɫɭɧɨɤ 16 – ȼɡɚɢɦɧɚɹ ɨɪɢɟɧɬɚɰɢɹ ɜɟɤɬɨɪɨɜ ɦɨɦɟɧɬɚ ɩɟɪɟɧɨɫɚ ɜ 
ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɨɧɨɪɚ ɢ ɚɤɰɟɩɬɨɪɚ [1]. 

 

ȼ ɫɥɭɱɚɟ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɞɨɧɨɪɨɜ ɢ ɚɤɰɟɩɬɨɪɨɜ ɜ 

ɪɚɫɬɜɨɪɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ  ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ 2/3 [1]. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɪɟɦɟɧɚ ɫɩɚɞɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (τf,i) ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 

ɤɚɤ 

 

1
)(,, )( tietnrrif kkk  (10) 

 

ȼɫɟ ɪɚɡɧɨɨɛɪɚɡɢɟ τfi ɢ Ɏfi ɢɫɯɨɞɢɬ ɨɬ ket,i(t). Ʉɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɢ ɜɪɟɦɹ 

ɠɢɡɧɢ ɬɪɢɩɬɨɮɚɧɚ ɜ ɛɟɥɤɟ ɩɨɱɬɢ ɜɫɟɝɞɚ ɞɢɤɬɭɸɬɫɹ ɪɚɡɧɢɰɟɣ ɷɧɟɪɝɢɢ ɦɟɠɞɭ 

ɭɪɨɜɧɹɦɢ CT ɢ 1La (ɪɢɫ. 17). ɗɬɨ ɬɚɤ ɩɨ ɬɪɟɦ ɩɪɢɱɢɧɚɦ: (1) ɬɨɥɶɤɨ ɞɜɚ 

ɛɥɢɠɚɣɲɢɯ ɚɦɢɞɚ ɹɜɥɹɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɬɭɲɢɬɟɥɹɦɢ (2) CT ɫɨɫɬɨɹɧɢɟ 

ɚɦɢɞɚ ɩɨɱɬɢ ɜɫɟɝɞɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɩɨ ɷɧɟɪɝɢɢ ɱɟɦ 1La, ɢ (3) ɢɯ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ket,i(t), ɢ ɬɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ 

ɨɱɟɧɶ ɤɨɪɨɬɤɢɟ ɩɟɪɢɨɞɵ ɪɟɡɨɧɚɧɫɚ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ 

ɮɚɤɬɨɪɨɦ ɜ ɬɭɲɟɧɢɢ ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɮɥɭɤɬɭɚɰɢɣ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ 

ɪɟɡɨɧɚɧɫ. ɉɪɢɱɢɧɚ, ɩɨ ɤɨɬɨɪɨɣ ɜ ɬɭɲɟɧɢɢ ɩɪɟɨɛɥɚɞɚɸɬ ɞɜɚ ɛɥɢɠɚɣɲɢɯ 
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ɚɦɢɞɚ, ɫɜɹɡɚɧɚ ɫ ɛɨɥɶɲɟɣ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɟɣ ɧɚ ~ 1 ɷȼ ɢɡ-ɡɚ 

ɩɪɢɬɹɠɟɧɢɹ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɝɨ ɚɦɢɞɚ ɢ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɝɨ 

ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ [22]. 

 

 

Ɋɢɫɭɧɨɤ 17 – Ʌɨɤɚɥɢɡɚɰɢɹ ɡɚɪɹɞɨɜ ɨɤɪɭɠɟɧɢɹ (ɨɛɜɟɞɟɧɵ) ɨɩɪɟɞɟɥɹɟɬ 
ɬɭɲɟɧɢɟ ɩɟɪɟɧɨɫɨɦ ɷɥɟɤɬɪɨɧɚ ɚɦɢɞɨɦ ɨɫɬɨɜɚ. ɇɟ ɨɛɜɟɞɟɧɧɵɟ ɡɚɪɹɞɵ 

ɩɨɤɚɡɵɜɚɸɬ ɞɢɩɨɥɢ, ɫɨɡɞɚɧɧɵɟ ɩɟɪɟɧɨɫɨɦ ɷɥɟɤɬɪɨɧɚ ɨɬ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ 
ɧɚ ɚɦɢɞ. ȼ (Ⱥ), ɡɚɪɹɞɵ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɞɢɩɨɥɶ CT-ɫɨɫɬɨɹɧɢɹ ɫ ɩɟɪɟɧɨɫɨɦ 
ɷɥɟɤɬɪɨɧɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɨɬ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ. ɋɌ 
ɫɨɫɬɨɹɧɢɟ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɡɨɧɚɧɫɟ ɫ 1La ɫɨɫɬɨɹɧɢɟɦ, ɷɥɟɤɬɪɨɧɧɵɣ ɩɟɪɟɧɨɫ 
ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɨ ɢ ɮɥɭɨɪɟɫɰɟɧɰɢɹ ɫɥɚɛɚɹ. ȼ (B), ɡɚɪɹɞɵ ɪɚɫɩɨɥɨɠɟɧɵ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɫɥɭɱɚɸ A, ɫɢɥɶɧɨ ɞɟɫɬɚɛɢɥɢɡɢɪɭɹ CT-ɫɨɫɬɨɹɧɢɟ. 
ȼɨɡɦɨɠɧɨɫɬɶ ɪɟɡɨɧɚɧɫɚ ɦɚɥɚ; ɬɭɲɟɧɢɟ ɨɱɟɧɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢ 

ɮɥɭɨɪɟɫɰɟɧɰɢɹ ɫɢɥɶɧɚɹ. ȼɨɞɚ ɢ ɞɪɭɝɢɟ ɩɨɥɹɪɧɵɟ ɝɪɭɩɩɵ ɨɞɢɧɚɤɨɜɨ ɜɚɠɧɵ ɜ 
ɨɛɨɢɯ ɫɥɭɱɚɹɯ [4]. 

 

ɉɨ-ɞɪɭɝɨɦɭ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɨ ɜ ɬɟɪɦɢɧɚɯ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ȿɫɥɢ ɧɚ ɷɥɟɤɬɪɨɧ ɞɟɣɫɬɜɭɟɬ ɩɨɥɟ, ɤɨɬɨɪɨɟ ɜɵɧɭɠɞɚɟɬ 

ɟɝɨ ɩɟɪɟɦɟɫɬɢɬɶɫɹ ɨɬ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɤ ɚɦɢɞɭ, ɬɨ ɩɟɪɟɧɨɫ ɷɬɨɝɨ ɷɥɟɤɬɪɨɧɚ 

ɡɚɬɪɟɛɭɟɬ ɦɟɧɶɲɟ ɷɧɟɪɝɢɢ. ɇɚɩɪɢɦɟɪ, ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ ɜɨɡɥɟ 

ɚɦɢɞɚ/ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɬɪɢɩɬɨɮɚɧɚ ɢ/ɢɥɢ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ ɜɨɡɥɟ 

ɤɨɥɶɰɚ ɬɪɢɩɬɨɮɚɧɚ ɫɨɡɞɚɫɬ ɦɟɧɶɲɭɸ ɪɚɡɧɢɰɭ ɷɧɟɪɝɢɢ ɱɟɦ ɨɛɪɚɬɧɵɣ ɫɥɭɱɚɣ 

(ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ ɜɨɡɥɟ ɚɦɢɞɚ ɢ/ɢɥɢ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ ɜɨɡɥɟ ɤɨɥɶɰɚ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɞɨɪɨɞɧɚɹ ɫɜɹɡɶ ɫ ɤɢɫɥɨɪɨɞɨɦ ɚɦɢɞɚ ɬɪɢɩɬɨɮɚɧɚ ( -

ɫɩɢɪɚɥɶ, -ɥɢɫɬ ɢɥɢ ɦɨɥɟɤɭɥɵ ɜɨɞɵ) ɩɨɱɬɢ ɜɫɟɝɞɚ ɭɦɟɧɶɲɚɟɬ ɷɬɨɬ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɡɚɡɨɪ. ɏɨɬɹ ɢ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɨɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɧɵ, ɷɬɨɬ 
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ɩɪɢɧɰɢɩ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɢ ɧɚ ɨɛɳɢɣ ɫɥɭɱɚɣ – ɧɚ ɜɫɟ ɨɤɪɭɠɚɸɳɢɟ ɚɬɨɦɵ ɫɨ 

ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɨɪɰɢɨɧɧɵɦ ɡɚɪɹɞɨɦ. ȼ ɨɫɨɛɟɧɧɨɫɬɢ ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɢ ɜɨɞɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɛɥɢɡɤɨ 

ɤ ɬɪɢɩɬɨɮɚɧɨɜɨɦɭ ɤɨɥɶɰɭ, ɫɬɚɛɢɥɢɡɢɪɭɸɬ CT-ɫɨɫɬɨɹɧɢɟ [22]. 

Ʌɟɝɤɨ ɩɪɢɣɬɢ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɪɨɬɚɦɟɪɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɬɪɢɩɬɨɮɚɧɚ 

ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɡɚɡɨɪ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɤɨɧɫɬɚɧɬɭ 

ɫɤɨɪɨɫɬɢ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ ɧɚ ɫɨɫɟɞɧɢɣ ɚɦɢɞ. ɇɨ ɪɨɬɚɦɟɪɧɵɟ ɜɚɪɢɚɰɢɢ – 

ɷɬɨ ɧɟ ɟɞɢɧɫɬɜɟɧɧɵɣ ɫɩɨɫɨɛ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɫɛɥɢɠɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɫɨɫɬɨɹɧɢɣ [22]. 

Ⱦɜɚ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɬɪɢɩɬɨɮɚɧɚ ɜ ɛɟɥɤɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɩɢɫɚɧɵ ɞɜɭɦ 

«ɜɢɞɚɦ» ɷɬɨɝɨ ɬɪɢɩɬɨɮɚɧɚ: ɜɢɞ «F» (far), ɩɪɢ ɤɨɬɨɪɨɦ ɷɧɟɪɝɢɢ 1La ɢ CT 

ɫɥɢɲɤɨɦ ɞɚɥɟɤɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɭɲɟɧɢɹ, ɢ ɜɢɞ «ɋ» (close), 

ɩɪɢ ɤɨɬɨɪɨɦ ɷɧɟɪɝɢɢ 1La ɢ CT ɛɥɢɡɤɢ, ɢ ɮɥɭɨɪɟɫɰɟɧɰɢɹ ɫɢɥɶɧɨ ɡɚɬɭɲɟɧɚ 

ɩɟɪɟɧɨɫɨɦ ɷɥɟɤɬɪɨɧɚ ɧɚ ɚɦɢɞ. ɂɯ ɜɡɚɢɦɨɫɜɹɡɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɫɯɟɦɟ 

(Ɋɢɫɭɧɨɤ 18) [22]. 

 

 

Ɋɢɫɭɧɨɤ 18 – ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɦɟɞɥɟɧɧɨɝɨ ɫɩɚɞɚ, ɛɨɥɶɲɨɣ 
ɪɚɡɧɢɰɵ ɩɨ ɷɧɟɪɝɢɢ (F) ɢ ɛɵɫɬɪɨɝɨ ɫɩɚɞɚ, ɦɚɥɨɣ ɪɚɡɧɢɰɟ ɩɨ ɷɧɟɪɝɢɢ (ɋ). 
ȼɢɞɵ C ɢ F ɦɟɧɹɸɬɫɹ ɩɨ ɤɨɧɫɬɚɧɬɚɦ kCF (C → F, ɦɟɞɥɟɧɧɨ), kFC (F → C, 

ɛɵɫɬɪɨ), kDC (ɛɵɫɬɪɨ) ɢ kDF (ɦɟɞɥɟɧɧɨ). 
 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ kET ɨɬ ɪɚɫɫɬɨɹɧɢɹ 

ɦɟɠɞɭ ɞɨɧɨɪɨɦ ɢ ɚɤɰɟɩɬɨɪɨɦ ɫɩɨɪɧɚ [22]. ɗɥɟɦɟɧɬ ɫɩɚɪɢɜɚɧɢɹ ɷɥɟɤɬɪɨɧɨɜ 

ɫɱɢɬɚɟɬɫɹ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ ɭɦɟɧɶɲɟɧɢɹ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɩɪɢ ɛɨɥɶɲɟɣ 

ɞɢɫɬɚɧɰɢɢ. Ⱦɢɫɬɚɧɰɢɹ – ɷɬɨ ɧɟ ɜɫɟɝɞɚ ɤɪɚɬɱɚɣɲɢɣ ɩɭɬɶ ɱɟɪɟɡ ɩɪɨɫɬɪɚɧɫɬɜɨ, 
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ɤɨɬɨɪɵɣ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɬɭɧɧɟɥɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɧɚ. ɑɚɳɟ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɦɨɞɟɥɢ, ɜ ɤɨɬɨɪɵɯ ɷɥɟɤɬɪɨɧ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɬɪɭɤɬɭɪɭ ɛɟɥɤɚ [26]. 

Ɉɞɧɚɤɨ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɫɟ ɠɟ ɢɧɨɝɞɚ ɢɫɩɨɥɶɡɭɸɬ ɮɨɪɦɭɥɭ 

[27–29]: 

 

)(exp 00 RRkkET  
(11) 

 

ɡɞɟɫɶ k0 – ɤɨɧɫɬɚɧɬɚ ɩɟɪɟɧɨɫɚ ɧɚ ɞɢɫɬɚɧɰɢɢ R0 (3 Å) (ɪɚɞɢɭɫ ȼɚɧ-ɞɟɪ-

ȼɚɚɥɶɫɚ). ɮɚɤɬɨɪ β ɨɩɢɫɵɜɚɟɬ ɜɥɢɹɧɢɟ ɫɪɟɞɵ ɦɟɠɞɭ ɞɨɧɨɪɨɦ ɢ ɚɤɰɟɩɬɨɪɨɦ. 

Ɉɧ ɜɚɪɶɢɪɭɟɬ ɦɟɠɞɭ 0.7 Ⱥ-1 (ɱɟɪɟɡ ɫɜɹɡɢ) ɢ 2.8 Ⱥ-1 (ɱɟɪɟɡ ɩɪɨɫɬɪɚɧɫɬɜɨ). 

ɉɨɦɢɦɨ ɪɚɫɫɬɨɹɧɢɹ ɫɬɨɢɬ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ 

ɨɪɢɟɧɬɚɰɢɸ ɬɭɲɢɬɟɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ. ɇɟɤɨɬɨɪɵɟ ɝɪɭɩɩɵ 

ɤɪɚɣɧɟ ɛɵɫɬɪɨ ɩɨɝɥɨɳɚɸɬ ɜɨɡɛɭɠɞɟɧɢɟ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ (~10-100 ɩɫ) 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɬɚɥɶɧɵɯ. Ʉ ɬɚɤɢɦ «ɭɥɶɬɪɚ-ɛɵɫɬɪɵɦ» ɬɭɲɢɬɟɥɹɦ ɨɬɧɨɫɹɬ 

ɤɚɪɛɨɧɢɥɶɧɭɸ ɝɪɭɩɩɭ ɝɥɭɬɚɦɢɧɚ, ɝɥɭɬɚɦɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɩɟɩɬɢɞɧɨɣ ɫɜɹɡɢ 

(-C=O), ɚ ɬɚɤɠɟ ɫɟɪɭ ɰɢɫɬɟɢɧɚ (-SH) ɢ ɞɢɫɭɥɶɮɢɞɧɵɟ ɫɜɹɡɢ. Ɉɞɧɚɤɨ ɬɚɤɨɟ 

ɬɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 

ɢɧɞɨɥɟɦ ɢ ɚɤɰɟɩɬɨɪɨɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 3.5 Å (ɢɫɤɥɸɱɟɧɢɟ – ɞɢɫɭɥɶɮɢɞɧɚɹ 

ɫɜɹɡɶ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɫɫɬɨɹɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɟɟ 5 Å), ɚ ɬɭɲɢɬɟɥɶ 

ɨɪɢɟɧɬɢɪɨɜɚɧ ɤ ɛɟɧɡɨɥɶɧɨɦɭ ɤɨɥɶɰɭ [30]. 

ɉɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ ɫɤɨɪɨɫɬɶ ɭɥɶɬɪɚ-ɛɵɫɬɪɨɝɨ ɬɭɲɟɧɢɹ ɢ ɟɝɨ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɩɪɨɰɟɧɬɚɯ ɤɨɪɪɟɥɢɪɭɸɬ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɚɤɰɟɩɬɨɪɚ 

ɷɥɟɤɬɪɨɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɧɞɨɥɶɧɨɝɨ ɤɨɥɶɰɚ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɭɲɟɧɢɹ ɡɚɜɢɫɢɬ 

ɨɬ ɨɪɢɟɧɬɚɰɢɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ – ɞɥɹ 

ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɭɲɟɧɢɹ ɬɭɲɢɬɟɥɶ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɫɹ «ɧɚɞ» ɧɢɦ [30]. Ɍɨ 

ɟɫɬɶ ɫɬɨɢɬ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɬɭɲɢɬɟɥɶ ɨɪɢɟɧɬɢɪɨɜɚɧ ɤ 

ɢɧɞɨɥɶɧɨɦɭ ɤɨɥɶɰɭ ɢ ɫ ɤɚɤɨɣ ɟɝɨ ɱɚɫɬɶɸ ɬɭɲɢɬɟɥɶ ɦɨɠɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨ 

ɤɨɧɬɚɤɬɢɪɨɜɚɬɶ [30]. 
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2 Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢя 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢя 

ɂɫɫɥɟɞɭɟɦɵɟ ɫɬɪɭɤɬɭɪɵ: 

• Ȼɟɥɨɤ ɤɚɪɛɨɤɫɢɚɧɝɢɞɪɚɡɚ ɛɵɤɚ II (PDB: 1V9E) (ɪɢɫ. 19), BCA II, ɢ ɟɝɨ 

ɦɭɬɚɧɬɵ ɫ ɡɚɦɟɧɨɣ ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɨɜ: W4F, W15F, W96F, W122F, 

W190F, W207F, W243F. 

 

 

Ɋɢɫɭɧɨɤ 19 – PDB: 1V9E, Ʉɚɪɛɨɤɫɢɚɧɝɢɞɪɚɡɚ ɛɵɤɚ II. Ɍɪɢɩɬɨɮɚɧɨɜɵɟ 
ɨɫɬɚɬɤɢ ɜɵɞɟɥɟɧɵ ɮɢɨɥɟɬɨɜɵɦ ɰɜɟɬɨɦ ɢ ɩɨɞɩɢɫɚɧɵ. Ɍɚɤɠɟ ɭɤɚɡɚɧɨ ɤ ɤɚɤɨɣ 

ɜɬɨɪɢɱɧɨɣ ɫɬɪɭɤɬɭɪɟ ɨɬɧɨɫɢɬɫɹ ɤɚɠɞɵɣ ɢɡ ɧɢɯ. 

 

2.2 ɉɪɨɝɪɚɦɦɧɵɟ ɩɚɤɟɬɵ 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɪɨɝɪɚɦɦɧɵɟ ɩɚɤɟɬɵ: 

– GROMACS – ɩɚɤɟɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɟ; 

– VMD – ɩɚɤɟɬ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɞɢɧɚɦɢɤɢ; 
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– Chimera UCSF – ɩɚɤɟɬ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɛɟɥɤɚ ɢ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ; 

– Swiss-PDB Viewer – ɩɚɤɟɬ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ 

ɛɟɥɤɚ. 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɜɵɱɢɫɥɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ 

ɜɵɛɪɚɧɚ 30 ɧɫ. 

2.3 Ɉɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ 

Ɋɚɫɱɟɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɮɥɭɤɬɭɚɰɢɢ Cα ɚɬɨɦɨɜ ɛɟɥɤɚ ɨɬ ɩɨɥɨɠɟɧɢɹ 

ɪɚɜɧɨɜɟɫɢɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ: 
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ɝɞɟ Ɍ – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ; xi – ɤɨɨɪɞɢɧɚɬɚ i-ɨɝɨ ɚɬɨɦɚ ɜ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ tj; ix – ɭɫɪɟɞɧɟɧɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɤɨɨɪɞɢɧɚɬɚ i-ɨɝɨ ɚɬɨɦɚ. 

ɑɟɦ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ RMSF ɞɥɹ Cα ɚɬɨɦɨɜ, ɬɟɦ ɦɟɧɶɲɟ ɢɯ 

ɩɨɞɜɢɠɧɨɫɬɶ ɢ ɜɵɲɟ ɠɟɫɬɤɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɮɟɪɦɟɧɬɚ. RMSF ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
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ɝɞɟ i – ɧɨɦɟɪ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ, ui ɢ vi – ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬɵ Cα-

ɚɬɨɦɚ [31].
 Ɋɚɞɢɭɫ ɝɢɪɚɰɢɢ ɨɬɪɚɠɚɟɬ ɫɬɟɩɟɧɶ ɤɨɦɩɚɤɬɧɨɫɬɢ ɛɟɥɤɨɜɨɣ ɦɨɥɟɤɭɥɵ. 

Ʉɜɚɞɪɚɬ ɪɚɞɢɭɫɚ ɝɢɪɚɰɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ 

 



31 
 

N

i
i

N

i
CMii

RG

m

rrm
R

1

1

2

2

)(

 
(13) 

 

ɝɞɟ ri – ɩɨɡɢɰɢɹ ɚɬɨɦɚ ɫ ɢɧɞɟɤɫɨɦ i, mi – ɦɚɫɫɚ ɚɬɨɦɚ ɫ ɢɧɞɟɤɫɨɦ i, rCM – ɰɟɧɬɪ 

ɦɚɫɫ, N – ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ.  

SASA (solvent accessible surface area) – ɜɟɥɢɱɢɧɚ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ 

ɮɥɭɨɪɨɮɨɪɚ, ɞɨɫɬɭɩɧɚɹ ɪɚɫɬɜɨɪɢɬɟɥɸ (ɞɥɹ ɬɪɢɩɬɨɮɚɧɚ ɦɚɤɫɢɦɭɦ – 264 Å). 

Ɇɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧ ɤɚɤ ɞɥɹ ɜɫɟɝɨ ɛɟɥɤɚ, ɬɚɤ ɢ ɞɥɹ ɟɝɨ ɱɚɫɬɢ [32]. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɟɪɜɟɪɵ 

APBS ɢ PDB2PQR [33,34]. 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɂɡɴɹɬɨ 16 ɫɬɪɚɧɢɰ ɜ ɫɜɹɡɢ ɫ ɧɚɩɢɫɚɧɢɟɦ ɩɭɛɥɢɤɚɰɢɢ. 
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ɁАɄɅɘɑȿɇɂȿ 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɮɨɪɦɚɰɢɢ 

ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɨɜ ɢ ɫɬɪɭɤɬɭɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɯ 

ɦɢɤɪɨɨɤɪɭɠɟɧɢɹ ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɤɥɚɞɨɜ 

ɨɬɞɟɥɶɧɵɯ ɢɡɥɭɱɚɬɟɥɟɣ ɜ ɥɸɦɢɧɟɫɰɟɧɰɢɸ ɛɟɥɤɚ. 

Trp4 ɢɦɟɟɬ ɫɚɦɭɸ ɛɨɥɶɲɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɨɬɤɪɵɬɭɸ ɞɥɹ ɪɚɫɬɜɨɪɢɬɟɥɹ. 

Ʉ ɬɨɦɭ ɠɟ ɜɨɡɥɟ ɚɬɨɦɨɜ NE1 ɢ Ɉ Trp4 ɩɨɱɬɢ ɩɨɫɬɨɹɧɧɨ ɧɚɯɨɞɹɬɫɹ ɦɨɥɟɤɭɥɵ 

ɜɨɞɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɫ ɷɬɢɦɢ ɚɬɨɦɚɦɢ 

ɬɪɢɩɬɨɮɚɧɚ, ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɹ ɟɝɨ ɡɚɪɹɞ ɜ ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɟɦ 

ɫɚɦɵɦ ɫɬɚɛɢɥɢɡɢɪɭɹ ɩɟɪɟɧɨɫ ɷɥɟɤɬɪɨɧɚ ɫ ɢɧɞɨɥɹ ɧɚ ɤɚɪɛɨɤɫɢɥ. 

ɍɜɟɥɢɱɟɧɢɟ ɤɜɚɧɬɨɜɨɝɨ ɜɵɯɨɞɚ ɩɪɢ ɡɚɦɟɧɟ Trp4 ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ 

ɪɟɡɨɧɚɧɫɧɵɦ ɩɟɪɟɧɨɫɨɦ ɷɧɟɪɝɢɢ Trp15→Trp4. ɋɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 

ɮɥɭɨɪɨɮɨɪɚɦɢ ɫɨɫɬɚɜɥɹɟɬ 5.7 Å. Trp15, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢɦɟɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɦɚɥɨɟ ɡɧɚɱɟɧɢɟ τ1 ɢ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ τ2. ɇɚɥɢɱɢɟ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬ ɜɪɟɦɟɧɢ 

ɠɢɡɧɢ ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɪɚɫɬɜɨɪɟ FRET-ɚɤɬɢɜɧɵɯ ɢ FRET-

ɧɟɚɤɬɢɜɧɵɯ ɦɨɥɟɤɭɥ. ȿɫɥɢ ɩɟɪɟɧɨɫ ɩɪɨɢɫɯɨɞɢɬ, ɬɨ ɜɪɟɦɹ ɠɢɡɧɢ ɢɦɟɟɬ ɦɚɥɨɟ 

ɡɧɚɱɟɧɢɟ (τ1), ɟɫɥɢ ɧɟɬ, ɬɨ ɛɨɥɶɲɨɟ (τ2). 

Trp96 ɧɟ ɢɦɟɟɬ ɜɵɯɨɞɚ ɤ ɜɨɞɟ, ɱɶɢ ɦɨɥɟɤɭɥɵ ɦɨɝɥɢ ɛɵ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ 

ɩɟɪɟɧɨɫ ɷɥɟɤɬɪɨɧɚ ɢ ɭɦɟɧɶɲɢɬɶ ɤɜɚɧɬɨɜɵɯ ɜɵɯɨɞ. ȼ ɟɝɨ ɨɤɪɭɠɟɧɢɢ (< 7.5 Å) 

ɟɫɬɶ ɬɨɥɶɤɨ ɨɞɢɧ ɫɥɚɛɵɣ ɬɭɲɢɬɟɥɶ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɪɚɫɫɬɨɹɧɢɢ (5 Å). 

Ɋɚɡɧɢɰɚ ɩɨɬɟɧɰɢɚɥɨɜ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɛɟɧɡɨɥ→ɩɢɪɪɨɥ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ 

ɨɤɪɭɠɟɧɢɟ ɬɪɢɩɬɨɮɚɧɚ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɤɜɚɧɬɨɜɨɝɨ ɜɵɯɨɞɚ. 

ɉɪɢ ɡɚɦɟɧɟ Trp122 ɢ Trp190 ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɩɚɞɚɟɬ ɧɚ 15%. 

ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɩɨɥɹ ɜɨɡɥɟ ɷɬɢɯ ɬɪɢɩɬɨɮɚɧɨɜ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, 

ɱɬɨ ɢɯ ɨɤɪɭɠɟɧɢɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. ȼɛɥɢɡɢ Trp122 ɧɚɯɨɞɢɬɫɹ 

ɬɭɲɢɬɟɥɶ Asp71, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɫɧɢɠɟɧɢɟ ɤɜɚɧɬɨɜɨɝɨ ɜɵɯɨɞɚ ɨɬ 

ɬɪɢɩɬɨɮɚɧɚ. Ɍɚɤɠɟ ɭ Trp122 ɨɞɧɨ ɢɡ ɫɚɦɵɯ ɤɨɪɨɬɤɢɯ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ 

ɚɬɨɦɚɦɢ CE3 ɢ ɋ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ 2-ɦ ɤɨɦɩɨɧɟɧɬɚɦ ɜɪɟɦɟɧɢ ɠɢɡɧɢ. 
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 Trp190 ɧɟ ɢɦɟɟɬ ɬɭɲɢɬɟɥɟɣ ɜ ɫɜɨɟɦ ɨɤɪɭɠɟɧɢɢ, ɨɞɧɚɤɨ ɠɟ ɹɜɥɹɟɬɫɹ 

ɞɨɧɨɪɨɦ FRET (Trp190→Trp207), ɢɡ-ɡɚ ɱɟɝɨ ɟɝɨ ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɦɨɠɟɬ 

ɛɵɬɶ ɭɦɟɧɶɲɟɧ. ɏɨɬɹ ɞɚɠɟ ɟɫɥɢ ɬɚɤɨɣ ɩɟɪɟɧɨɫ ɢ ɢɦɟɟɬ ɦɟɫɬɨ, ɬɨ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɫɨɝɥɚɫɧɨ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɪɚɫɫɱɟɬɚɦ ɢ ɷɤɫɩɟɪɢɦɟɧɬɭ, 

ɧɟɜɟɥɢɤɚ. Trp207 ɩɨɱɬɢ (ɢɥɢ ɫɨɜɫɟɦ) ɧɟ ɢɡɥɭɱɚɟɬ, ɬ.ɤ. ɧɚɞ ɟɝɨ ɢɧɞɨɥɶɧɵɦ 

ɤɨɥɶɰɨɦ ɧɚɯɨɞɢɬɫɹ ɩɪɨɬɨɧɢɪɨɜɚɧɧɨɟ ɤɨɥɶɰɨ ɝɢɫɬɢɞɢɧɚ (ɚɤɰɟɩɬɨɪ ɷɥɟɤɬɪɨɧɚ) 

ɢ ɞɜɟ ɝɥɭɬɚɦɢɧɨɜɵɯ ɤɢɫɥɨɬɵ (Glu105 ɢ Glu116), ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɦɨɝɭɬ ɬɭɲɢɬɶ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɬɪɢɩɬɨɮɚɧɚ. 

ȼ ɨɤɪɭɠɟɧɢɢ Trp243 ɨɬɫɭɬɫɬɜɭɸɬ ɬɭɲɢɬɟɥɢ, ɧɨ ɟɫɬɶ ɚɬɨɦ Ɉ Gln102, 

ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ ɧɚ 

ɤɚɪɛɨɤɫɢɥ ɨɫɬɨɜɚ. Ɉɞɧɚɤɨ, ɩɨɬɟɧɰɢɚɥ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Trp243 ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɛɨɥɶɲɨɣ ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ (ɱɬɨ ɜɢɞɧɨ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚ). Ɇɨɥɟɤɭɥɵ ɜɨɞɵ ɧɟ 

ɢɦɟɸɬ ɩɨɫɬɨɹɧɧɨɝɨ ɞɨɫɬɭɩɚ ɤ ɚɬɨɦɚɦ NE1 ɢ Ɉ, ɱɬɨɛɵ ɬɚɤɠɟ ɫɢɥɶɧɨ ɜɥɢɹɬɶ ɧɚ 

ɫɬɚɛɢɥɢɡɚɰɢɸ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ. Ɉɞɧɚɤɨ ɢɯ ɩɪɢɫɭɬɫɬɜɢɟ, ɜɦɟɫɬɟ ɫ ɚɬɨɦɨɦ Ɉ 

Gln102 ɢ ɦɚɥɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɬɨɦɚɦɢ CE3 ɢ ɋ ɩɪɢɜɨɞɢɬ ɤ ɧɚɥɢɱɢɸ 

ɞɜɭɯ ɤɨɦɩɨɧɟɧɬ ɜɪɟɦɟɧɢ ɠɢɡɧɢ. 
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ɋɉɂɋɈɄ ɋɈɄɊАЩȿɇɂɃ 

Trp/W – Ɍɪɢɩɬɨɮɚɧ 

His/H – Ƚɢɫɬɢɞɢɧ 

S=S – Ⱦɢɫɭɥɶɮɢɞɧɚɹ ɫɜɹɡɶ 

Cys – ɐɢɫɬɟɢɧ 

Asp/D – Ⱥɫɩɚɪɚɝɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

Asn/N – Ⱥɫɩɚɪɚɝɢɧ 

Glu/E – Ƚɥɭɬɚɦɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

Gln/Q – Ƚɥɭɬɚɦɢɧ 

FRET – Ɏёɫɬɟɪɨɜɫɤɢɣ ɪɟɡɨɧɚɧɫɧɵɣ ɩɟɪɟɧɨɫ ɷɧɟɪɝɢɢ 

CT – ɉɟɪɟɧɨɫ ɡɚɪɹɞɚ 

EP/ɗɉ – ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ 
1La ɢ 1Lb – Ⱦɜɚ ɩɟɪɜɵɯ ɜɨɡɛɭɠɞɟɧɧɵɣ ɫɨɫɬɨɹɧɢɹ ɬɪɢɩɬɨɮɚɧɚ 

 

  



36 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼАɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

1. Lakowicz J.R. Principles of Fluorescence Spectroscopy. 3rd ed. 

Baltimore: Springer, 2006. 

2. Chen Y., Barkley M.D. Toward Understanding Tryptophan 

Fluorescence in Proteins †. 1998. Vol. 2960, № 4. P. 9976–9982. 

3. Gilst M. Van, Hudson B.S. Histidine-tryptophan interactions in T4 

lysozyme฀: pH dependence of fluorescence Anomalous ’ // Biophys. Chem. 1996. 

Vol. 05, № 63. P. 17–25. 

4. Callis P.R. Binding phenomena and fluorescence quenching. II: 

Photophysics of aromatic residues and dependence of fluorescence spectra on 

protein conformation // J. Mol. Struct. Elsevier B.V., 2014. Vol. 1077. P. 22–29. 

5. Chen Y. et al. The Peptide Bond Quenches Indole Fluorescence. 1996. 

Vol. 7863, № 16. P. 9271–9278. 

6. Ɏɢɧɤɟɥɶɲɬɟɣɧ, Ⱥ.ȼ., ɉɬɢɰɵɧ Ɉ.Ȼ. Ɏɢɡɢɤɚ ɛɟɥɤɚ. 4th ed. Ɇɨɫɤɜɚ: 

ɄȾɍ, 2012. 

7. ɇɟɥɶɫɨɧ, Ⱦ., Ʉɨɤɫ Ɇ. Ɉɫɧɨɜɵ ɛɢɨɯɢɦɢɢ Ʌɟɧɢɧɞɠɟɪɚ฀: ɜ 3ɬ. Ɍ. 1 / 

ed. ɉɨɱɤɚɟɜɚ Ɍ.ɂ. Ɍ.Ɍ.ȿ. ȻɂɇɈɆ. Ʌɚɛɨɪɚɬɨɪɢɹ ɡɧɚɧɢɣ, 2011. 

8. Clegg R.M. Fluorescence resonance energy transfer and nucleic acids 

// Methods Enzymol. 1992. Vol. 211, № C. P. 353–388. 

9. Demchenko A.P. Ultraviolet spectroscopy of proteins // Biochemical 

Education. Springer-V. 1988. Vol. 16, № 2. 112 p. 

10. WEBER G. Fluorescence-polarization spectrum and electronic-energy 

transfer in tyrosine, tryptophan and related compounds. // Biochem. J. 1960. Vol. 

75, № 1952. P. 335–345. 

11. Engelborghs Y. The analysis of time resolved protein fluorescence in 

multi-tryptophan proteins // Spectrochim. Acta - Part A Mol. Biomol. Spectrosc. 

2001. Vol. 57, № 11. P. 2255–2270. 

12. Weber G. Resolution o f the fluorescence excitation spectrum. 1977. 

Vol. 25, № 1966. P. 441–444. 



37 
 

13. Zhong D. HYDRATION DYNAMICS AND COUPLED WATER–

PROTEIN FLUCTUATIONS PROBED BY INTRINSIC TRYPTOPHAN // 

Advances in Chemical Physics. 143rd ed. / ed. Rice S.A. WILEY, 2009. Vol. 143. 

14. Beierlein F.R. et al. Simulating FRET from Tryptophan฀: Is the 

Rotamer Model Correct฀? // J. Am. Chem. Soc. 2006. Vol. 128, № 15. P. 5142–

5152. 

15. Albani J.R. Origin of tryptophan fluorescence lifetimes part 1. 

Fluorescence lifetimes origin of tryptophan free in solution // J. Fluoresc. 2014. 

Vol. 24, № 1. P. 93–104. 

16. Beechem J.M., Brand L. TIME-RESOLVED FLUORESCENCE IN 

PROTEINS // Annu. Rev. Biochem. 1985. Vol. 54. P. 43–71. 

17. Szabo A.G., Rayner D.M. Fluorescence Decay of Tryptophan 

Conformers in Aqueous Solution1 // J. Am. Chem. Soc. 1980. P. 554–563. 

18. Bajzer Z., Prendergast F.G. A Model for Multiexponential Tryptophan 

Fluorescence Intensity Decay in Proteins // Biophys. J. Elsevier, 1993. Vol. 65, № 

6. P. 2313–2323. 

19. Zhang L. et al. Femtosecond studies of tryptophan fluorescence 

dynamics in proteins: Local solvation and electronic quenching // J. Phys. Chem. 

B. 2006. Vol. 110, № 37. P. 18097–18103. 

20. Grinvald A., Steinberg I.Z. The fluorescence decay of tryptophan 

residues in native and denatured proteins // BBA - Protein Struct. 1976. Vol. 427, 

№ 2. P. 663–678. 

21. Clayton A.H.A., Sawyer W.H. Tryptophan Rotamer Distributions in 

Amphipathic Peptides at a Lipid Surface // Biophys. J. Elsevier, 1999. Vol. 76, № 

6. P. 3235–3242. 

22. Callis P.R., Tusell J.R. MD + QM Correlations with Tryptophan 

Fluorescence Spectral Shifts and Lifetimes // Methods in Molecular Biology. New 

York: Springer, 2014. Vol. 1076. P. 171–215. 

23. D-crystallin H. et al. Mechanism of the Highly Efficient Quenching of 

Tryptophan Fluorescence // Biochemistry. 2006. Vol. 45, № 38. P. 11552–11563. 



38 
 

24. Forster T. Transfer Mechanisms of Electronic Excitation Energy // 

Radiat. Res. Suppl. 1960. Vol. 2. P. 326–339. 

25. Eisinger J., Feuer B., Lamola A.A. Intramolecular Singlet Excitation 

Transfer. Applications to Polypeptides // Biochemistry. 1969. Vol. 8, № 10. P. 

3908–3915. 

26. Prytkova T.R., Kurnikov I. V., Beratan D.N. Coupling Coherence 

Distinguishes Structure Sensitivity in Protein Electron Transfer // Science (80-. ). 

2008. Vol. 315, № 5812. P. 622–625. 

27. Moors S. et al. How Do Rotameric Conformations Influence the 

Time-Resolved Fluorescence of Tryptophan in Proteins? A Perspective Based on 

Molecular Modeling and Quantum Chemistry // Curr. Protein Pept. Sci. 2008. Vol. 

9, № 5. P. 427–446. 

28. Adams P.D. et al. Intramolecular quenching of tryptophan 

fluorescence by the peptide bond in cyclic hexapeptides // J. Am. Chem. Soc. 

2002. Vol. 124, № 31. P. 9278–9286. 

29. Prokopowicz M. et al. Advanced spectroscopy and apbs modeling for 

determination of the role of his190 and trp103 in mouse thymidylate synthase 

interaction with selected dump analogues // Int. J. Mol. Sci. 2021. Vol. 22, № 5. P. 

1–29. 

30. Qiu W. et al. Ultrafast quenching of tryptophan fluorescence in 

proteins: Interresidue and intrahelical electron transfer // Chem. Phys. 2008. Vol. 

350, № 1–3. P. 154–164. 

31. Maiorov V.N., Crippen G.M. Size‐ independent comparison of 

protein three‐ dimensional structures // Proteins Struct. Funct. Bioinforma. 1995. 

Vol. 22, № 3. P. 273–283. 

32. Eisenhaber F. et al. The Double Cubic Lattice Method: Efficient 

Approaches to Numerical Integration of Surface Area and Volume and to Dot 

Surface Contouring of Molecular Assemblies // J. Comput. Chem. 1995. Vol. 16, 

№ 3. P. 273–284. 

33. Baker N.A. et al. Electrostatics of nanosystems฀: Application to 



39 
 

microtubules and the ribosome // Proc. Natl. Acad. Sci. 2001. Vol. 98, № 18. P. 

10037–10041. 

34. Dolinsky T.J. et al. PDB2PQR฀: an automated pipeline for the setup 

of Poisson – Boltzmann electrostatics calculations // Nucleic Acids Res. 2004. Vol. 

32, № 2. P. 665–667. 

 




