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ȼɜɟɞɟɧɢɟ 

Ɍɤɚɧɟɜɚɹ ɢɧɠɟɧɟɪɢɹ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɭɬɟɣ ɪɚɡɜɢɬɢɹ 

ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɦɟɞɢɰɢɧɵ, ɰɟɥɶɸ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɡɚɦɟɧɢɬɟɥɟɣ, ɩɭɬɟɦ ɨɛɴɟɞɢɧɟɧɢɹ ɤɥɟɬɨɤ ɫ ɤɚɪɤɚɫɧɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɞɥɹ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɡɚɦɟɧɵ ɢɥɢ ɪɟɝɟɧɟɪɚɰɢɢ ɞɟɮɟɤɬɧɵɯ ɬɤɚɧɟɣ.  Ⱦɥɹ ɫɨɡɞɚɧɢɹ 

ɤɥɟɬɨɱɧɵɯ ɤɚɪɤɚɫɨɜ ɢɫɩɨɥɶɡɭɸɬ ɛɢɨɦɚɬɟɪɢɚɥɵ. Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɞɨɥɠɧɵ ɛɵɬɶ 

ɛɢɨɪɚɡɥɚɝɚɟɦɵɦɢ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɵɦɢ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ 

ɪɟɚɤɰɢɢ ɯɨɡɹɢɧɚ, ɜɤɥɸɱɚɹ ɜɨɫɩɚɥɟɧɢɟ. Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ 

ɩɨɞɞɟɪɠɢɜɚɬɶ ɚɞɝɟɡɢɸ ɢ ɪɨɫɬ ɤɥɟɬɨɤ, ɱɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ  ɧɚ 

ɩɪɨɥɢɮɟɪɚɰɢɸ ɤɥɟɬɨɤ [1]. ɋɪɟɞɢ ɚɤɬɢɜɧɨ ɢɫɫɥɟɞɭɟɦɵɯ ɛɢɨɩɨɥɢɦɟɪɨɜ: 

ɩɨɥɢɥɚɤɬɢɞɨɜ, ɩɨɥɢɝɥɢɤɨɥɢɞɨɜ, ɩɪɢɪɨɞɧɵɯ ɩɨɥɢɦɟɪɨɜ (ɯɢɬɨɡɚɧ, ɤɨɥɥɚɝɟɧ ɢ 

ɞɪ.), ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) ɡɚɧɢɦɚɸɬ ɨɫɨɛɨɟ ɦɟɫɬɨ.  ɉȽȺ ɢɫɩɨɥɶɡɭɸɬ 

ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɜ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ 

ɥɟɤɚɪɫɬɜ, ɢɦɩɥɚɧɬɚɬɨɜ ɢ ɫɨɫɭɞɢɫɬɵɯ ɷɧɞɨɩɪɨɬɟɡɨɜ. ȼ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 

ɩɭɛɥɢɤɚɰɢɹɯ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɦɚɬɪɢɤɫɵ ɢɡ ɉȽȺ ɨɛɥɟɝɱɚɸɬ ɩɪɨɥɢɮɟɪɚɰɢɸ ɤɥɟɬɨɤ, 

ɬɚɤɢɯ ɤɚɤ: ɨɫɬɟɨɛɥɚɫɬɵ, ɯɨɧɞɪɨɰɢɬɵ, ɮɢɛɪɨɛɥɚɫɬɵ,  ɧɟɣɪɨɧɵ ɢ ɫɬɜɨɥɨɜɵɟ 

ɤɥɟɬɤɢ [2]. Ɇɚɬɪɢɤɫɵ ɧɚ ɨɫɧɨɜɟ ɉȽȺ ɛɥɚɝɨɩɪɢɹɬɧɨ ɜɥɢɹɸɬ ɧɚ ɚɞɝɟɡɢɸ 

ɮɢɛɪɨɛɥɚɫɬɨɜ ɢ ɤɟɪɚɬɢɧɨɰɢɬɨɜ  ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɥɢɥɚɤɬɢɞɧɵɯ ɩɨɞɥɨɠɟɤ [3],[4].  

ȼ ɡɚɜɢɫɢɦɨɫɬ ɢ ɨɬ ɪɚɡɦɟɪ ɚ ɚɥɤɢɥɶɧɨ ɣ ɝɪɭɩɩɵ ɉ ȽȺ ɪɚɡɞɟɥɹ ɸɬ ɧɚ ɤɨɪɨɬ ɤɨ-

, ɫɪɟɞɧɟ- ɢ ɞ ɥɢɧɧɨɰɟɩɨɱɟɱ ɧɵɟ. Ʉ ɧɚɢɛɨ ɥɟɟ ɪɚɫɩɪɨɫɬɪ ɚɧɟɧɧɵɦ ɢ ɢɡɭɱɟ ɧɧɵɦ 

ɤɨɪɨɬ ɤɨɰɟɩɨɱɟɱɧ ɵɦ ɩɨɥɢɦɟɪ ɚɦ ɨɬɧɨɫɹɬ: ɝɨ ɦɨɩɨɥɢɦɟɪ ɩɨ ɥɢ(3-

ɝɢɞɪɨ ɤɫɢɛɭɬɢɪɚɬ ɚ) ɉ3ȽȻ ɢ ɟ ɝɨ ɫɨɩɨɥɢɦɟɪ ɵ ɫ ɪɚɡɥɢɱ ɧɵɦ ɜɤɥɸɱɟ ɧɢɟɦ 3-

ɝɢɞɪɨ ɤɫɢɜɚɥɟɪɚɬ ɚ ɉ3ȽȻ/3Ƚȼ ɢ ɥɢ 4-ɝɢɞɪɨ ɤɫɢɛɭɬɢɪɚɬ ɚ ɉ3ȽȻ/4ȽȻ; ɤ 

ɫɪɟ ɞɧɟɰɟɩɨɱɟɱ ɧɵɦ – ɫɨɩɨ ɥɢɦɟɪɵ ɫ ɪ ɚɡɥɢɱɧɵɦ ɜ ɤɥɸɱɟɧɢɟɦ 3-
 ɝɢɞɪɨɤɫɢɝɟ ɤɫɚɧɨɚɬɚ ɉ 3ȽȻ/3ȽȽ. Ɋɚɡɧɨɨɛɪɚɡɢɟ ɫɨɫɬɚɜɚ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ 

ɩɨɥɢɦɟɪɨɜ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɤɚɤ ɢɯ ɫɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ (ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ, 

ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɫɤɨɪɨɫɬɢ ɛɢɨɪɚɫɩɚɞɚ) 

ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ ɧɚ ɪɨɫɬ ɢ ɚɞɝɟɡɢɸ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɨɤ.  
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ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɨɩɢɫɚɧɧɵɦ ɰɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɬɶ 

ɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɧɚ ɨɫɧɨɜɟ ɉȽȺ ɪɚɡɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 

ɩɨɞɞɟɪɠɢɜɚɬɶ ɪɨɫɬ ɢ ɚɞɝɟɡɢɸ ɦɵɲɢɧɵɯ ɮɢɛɪɨɛɥɚɫɬɨɜ ɥɢɧɢɢ NIH 3T3 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1. Ɇɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɫɩɚɪɟɧɢɟɦ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɨɥɭɱɢɬɶ ɩɥɟɧɨɱɧɵɟ ɦɚɬɪɢɤɫɵ ɢɡ ɉȽȺ ɪɚɡɧɨɝɨ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 

2. ɂɫɫɥɟɞɨɜɚɬɶ ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ (ɤɪɚɟɜɨɣ ɭɝɨɥ, ɬɨɩɨɥɨɝɢɸ ɢ 

ɦɨɪɮɨɥɨɝɢɸ) ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɵɯ 

ɩɥɟɧɨɤ ɧɚ ɨɫɧɨɜɟ ɉȽȺ 

3. ɂɫɫɥɟɞɨɜɚɬɶ ɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɧɚ ɨɫɧɨɜɟ ɉȽȺ 

ɩɨɞɞɟɪɠɢɜɚɬɶ ɪɨɫɬ ɢ ɚɞɝɟɡɢɸ ɦɵɲɢɧɵɯ ɮɢɛɪɨɛɥɚɫɬɨɜ ɥɢɧɢɢ NIH 3T3 
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1. Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

1.1 Кɥɟɬɨɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ 

Ʉɥɟɬɨɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫ 

ɜɵɫɨɤɢɦ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ. ȼ ɫ ɜɹɡɢ ɫ ɪɚɡ ɜɢɬɢɟɦ ɬɟɯ ɧɨɥɨɝɢɣ ɫɬ ɚɥɨ 

ɜɨɡɦɨɠ ɧɨ ɩɪɨɜɨɞɢɬ ɶ ɥɟɱɟɧɢɟ ɪ ɚɡɥɢɱɧɨɝɨ ɫ ɩɟɤɬɪɚ ɡɚɛɨ ɥɟɜɚɧɢɣ. 

ȼɨɫɫɬ ɚɧɨɜɥɟɧɢɟ ɤɨ ɠɢ ɩɪɢ ɨɠɨ ɝɚɯ, ɥɟɱɟɧ ɢɟ ɨɱɚɝɨɜ ɧɟ ɤɪɨɡɚ ɩɪɢ ɢ ɲɟɦɢɢ 

ɦɢɨɤ ɚɪɞɚ, ɜɨɫɫɬ ɚɧɨɜɥɟɧɢɟ ɯɪ ɹɳɚ ɩɪɢ ɬɪ ɚɜɦɚɯ ɫɭɫɬ ɚɜɨɜ [4]. Ʉɥɟɬɨɱɧɵɟ 

ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟ ɬɨɥɶɤɨ ɪɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ ɢ ɦɟɬɨɞɵ, ɧɨ ɢ 

ɫɨɡɞɚɧɢɟ ɫɥɨɠɧɵɯ ɤɨɦɩɨɡɢɰɢɣ – ɬɤɚɧɟɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ (ɌɂɄ), 

ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ, ɩɨɦɢɦɨ ɤɥɟɬɨɤ, ɛɢɨɩɨɥɢɦɟɪɵ, ɫ ɰɟɥɶɸ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɰɟɥɨɫɬɧɨɫɬɢ ɢ ɮɭɧɤɰɢɣ ɬɤɚɧɟɣ ɢ/ɢɥɢ ɨɪɝɚɧɨɜ. Ʉ ɦɟɬɨɞɚɦ 

ɨɬɧɨɫɹɬ – ɜɵɞɟɥɟɧɢɟ ɤɥɟɬɨɤ ɢɡ ɪɚɡɥɢɱɧɵɯ ɬɤɚɧɟɣ ɢ ɨɪɝɚɧɨɜ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɨɫɬɚ 

ɢ ɪɚɡɜɢɬɢɹ ɤɥɟɬɨɤ, ɫɜɨɛɨɞɧɵɯ ɨɬ ɦɢɤɪɨɛɧɨɣ ɤɨɧɬɚɦɢɧɚɰɢɢ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɌɂɄ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɬɪɢ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɚ: ɤɥɟɬɤɢ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ 

ɮɨɪɦɢɪɨɜɚɬɶ ɜɧɟɤɥɟɬɨɱɧɵɣ ɦɚɬɪɢɤɫ (ȼɄɆ); ɩɨɞɯɨɞɹɳɢɣ ɫɭɛɫɬɪɚɬ ɞɥɹ 

ɬɪɚɧɫɩɥɚɧɬɚɰɢɢ ɤɥɟɬɨɤ ɢɡ ɛɢɨɪɚɡɪɭɲɚɟɦɨɝɨ ɢɥɢ ɛɢɨɫɬɚɛɢɥɶɧɨɝɨ ɩɨɥɢɦɟɪɚ; 

ɪɨɫɬɨɜɵɟ ɮɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɫɬɢɦɭɥɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɧɚ ɤɥɟɬɤɢ 

ɩɨɜɪɟɠɞɟɧɧɨɣ ɬɤɚɧɢ [5];  

Ɍɤɚɧɟɢɧɠɟɧɟɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɜɢɞɚ:  

– ɢɦɩɥɚɧɬɚɬɵ ɢɡ «ɧɟɠɢɡɧɟɫɩɨɫɨɛɧɵɯ» ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɟɣ, ɤ ɤɨɬɨɪɵɦ, 

ɧɚɩɪɢɦɟɪ, ɨɬɧɨɫɹɬɫɹ ɛɢɨɤɥɚɩɚɧɵ ɫɟɪɞɰɚ, ɛɢɨɩɪɨɬɟɡɵ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ – 

ɦɟɞɢɰɢɧɫɤɢɟ ɢɡɞɟɥɢɹ; 

– ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɫɨɫɬɨɹɬ ɢɡ ɛɢɨɫɬɚɛɢɥɶɧɨɝɨ ɢɥɢ ɛɢɨɪɚɡɥɚɝɚɟɦɨɝɨ 

ɦɚɬɪɢɤɫɚ, ɠɢɡɧɟɞɟɹɬɟɥɶɧɵɯ ɫɬɜɨɥɨɜɵɯ ɢɥɢ ɬɤɚɧɟɫɩɟɰɢɮɢɱɟɫɤɢɯ ɚɭɬɨɥɨɝɢɱɧɵɯ 

ɢɥɢ ɚɥɥɨɝɟɧɧɵɯ ɤɥɟɬɨɤ ɢ ɛɢɨɚɤɬɢɜɧɵɯ ɦɨɥɟɤɭɥ (ɰɢɬɨɤɢɧɵ, ɮɚɤɬɨɪɵ ɪɨɫɬɚ ɢ 

ɞɪ.)  

ɋɩɢɫɨɤ ɬɢɩɨ ɜ ɤɥɟɬɨɤ, ɜ ɜɟɞɟɧɧɵɯ ɜ ɤɭ ɥɶɬɭɪɭ, ɞɨɫɬ ɚɬɨɱɧɨ ɲɢɪɨ ɤ. ɗɬɨ 

ɷɥɟ ɦɟɧɬɵ ɫɤɟɥɟɬ ɧɨɣ ɬɤɚɧɢ, ɫ ɤɟɥɟɬɧɵɟ, ɝ ɥɚɞɤɢɟ ɢ ɫɟɪ ɞɟɱɧɵɟ ɦɵɲ ɰɵ, 
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ɫɨɟɞɢɧ ɢɬɟɥɶɧɨɣ ɬ ɤɚɧɢ ɱɟɥɨɜɟ ɤɚ (ɮɢɛɪɨɛ ɥɚɫɬɵ), ɷɩ ɢɬɟɥɢɚɥɶɧɵɟ ɬ ɤɚɧɢ (ɩɟɱɟ ɧɶ, 

ɥɟɝɤɢɟ, ɩɨɱ ɤɢ ɢ ɞɪ.), ɦɟ ɥɚɧɨɰɢɬɵ, ɷ ɧɞɨɤɪɢɧɧɵɟ ɤ ɥɟɬɤɢ (ɧɚɞ ɩɨɱɟɱɧɢɤɢ, ɤ ɥɟɬɤɢ 

ɨɫɬɪɨ ɜɤɨɜ Ʌɚɧɝɟɪ ɝɚɧɫɚ) ɢ ɨ ɩɭɯɨɥɟɜɵɟ ɤ ɥɟɬɤɢ (ɧɚɩɪ ɢɦɟɪ, HeLa). ȼ ɤɚɱɟɫɬɜɟ 

ɤɥɟɬɨɱɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɢɫɩɨɥɶɡɭɸɬ ɤɥɟɬɤɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɢ ɪɚɡɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɦɟɧɟɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɦɢ, ɧɚɩɪɢɦɟɪ, 

ɦɟɡɟɧɯɢɦɚɥɶɧɵɟ ɫɬɜɨɥɨɜɵɟ ɤɥɟɬɤɢ (ɆɋɄ) ɢ ɛɨɥɟɟ – ɮɢɛɪɨɛɥɚɫɬɵ, 

ɤɟɪɚɬɢɧɨɰɢɬɵ ɢ ɞɪ [1].  

Ɏɢɛɪɨɛɥɚɫɬɵ ɹɜɥɹɸɬɫɹ ɤɥɟɬɤɚɦɢ ɪɵɯɥɨɣ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ, ɤɨɬɨɪɵɟ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɬɤɚɧɟɣ, ɩɪɨɞɭɰɢɪɭɹ ɜɧɟɤɥɟɬɨɱɧɵɣ 

ɦɚɬɪɢɤɫ (ȼɄɆ), ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬ ɨɩɨɪɧɭɸ ɫɬɪɭɤɬɭɪɭ. Ɇɨɪɮɨɥɨɝɢɹ ɤɥɟɬɨɤ 

ɪɚɡɥɢɱɧɚ, ɜɫɟ ɡɚɜɢɫɢɬ ɨɬ ɭɪɨɜɧɹ ɢɯ ɚɤɬɢɜɧɨɫɬɢ ɢ ɧɚɯɨɠɞɟɧɢɹ ɜ ɨɪɝɚɧɢɡɦɟ, ɩɨ 

ɮɨɪɦɟ ɨɧɢ ɛɵɜɚɸɬ ɨɬɪɨɫɱɚɬɵɟ, ɜɟɪɟɬɟɧɨɜɢɞɧɵɟ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɤɨɥɟɛɥɟɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ 20-25 ɦɤɦ ɭ ɧɟɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɯ ɮɨɪɦ, ɢ 40-45 ɦɤɦ ɭ ɡɪɟɥɵɯ. 

Ɏɢɛɪɨɛɥɚɫɬɵ ɫɢɧɬɟɡɢɪɭɸɬ ɤɨɥɥɚɝɟɧ, ɷɥɚɫɬɢɧ, ɩɪɨɬɟɨɝɥɢɤɚɧɵ ɢ ɝɥɢɤɨɩɪɨɬɟɢɧɵ.  

ȼɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦ ɝɥɢɤɨɩɪɨɬɟɢɧɨɦ ɹɜɥɹɟɬɫɹ – ɮɢɛɪɨɧɟɤɬɢɧ. ȼ 

ɦɟɠɤɥɟɬɨɱɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɧ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɤɨɥɥɚɝɟɧɨɦ. ɂɦɟɟɬɫɹ ɫɭɠɞɟɧɢɟ, 

ɱɬɨ ɮɢɛɪɨɧɟɤɬɢɧ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɩɨɞɜɢɠɧɨɫɬɶ ɤɥɟɬɨɤ, ɚ ɬɚɤɠɟ ɪɨɫɬ ɢ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɭ ɤɥɟɬɨɤ [6]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɥɟɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɡɚɛɨɥɟɜɚɧɢɣ ɤɨɠɢ, ɬɹɠɟɥɵɯ ɢ ɨɛɲɢɪɧɵɯ ɨɠɨɝɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɤ ɚɥɥɨɝɟɧɧɵɟ 

(ɤɥɟɬɤɢ, ɢɦɟɸɳɢɟ ɩɪɨɢɫɯɨɠɞɟɧɢɟ ɢɡ ɨɪɝɚɧɢɡɦɚ, ɨɬɥɢɱɧɨɝɨ ɨɬ ɨɪɝɚɧɢɡɦɚ 

ɫɚɦɨɝɨ ɩɚɰɢɟɧɬɚ), ɬɚɤ ɢ ɚɭɬɨɥɨɝɢɱɧɵɟ ɮɢɛɪɨɛɥɚɫɬɵ (ɤɥɟɬɤɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɫɚɦɨɝɨ ɩɚɰɢɟɧɬɚ). ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɚɭɬɨɮɢɛɪɨɛɥɚɫɬɨɜ ɢɫɤɥɸɱɚɟɬɫɹ ɩɪɨɹɜɥɟɧɢɟ 

ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢ ɧɟɬ ɩɪɨɛɥɟɦɵ ɜ ɩɨɢɫɤɚɯ ɞɨɧɨɪɚ, ɚ ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ 

ɞɥɢɬɟɥɶɧɵɣ ɤɥɢɧɢɱɟɫɤɢɣ ɷɮɮɟɤɬ [7]. Ɉɞɧɚɤɨ, ɩɪɢɦɟɧɟɧɢɟ ɚɥɥɨɝɟɧɧɵɯ ɤɥɟɬɨɤ 

ɬɚɤ ɠɟ ɷɮɮɟɤɬɢɜɧɨ, ɤɚɤ ɢ ɩɪɢɦɟɧɟɧɢɟ ɚɭɬɨɥɨɝɢɱɧɵɯ. 

Ɍɟɯɧɨɥɨɝɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɯ in vitro ɞɚɧɧɵɯ 

ɮɢɛɪɨɛɥɚɫɬɨɜ ɢɦɟɟɬ ɛɨɥɶɲɢɟ ɩɟɪɫɩɟɤɬɢɜɵ. ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɜ ɧɚɭɱɧɨɣ 

ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɤɭɥɶɬɭɪ 

ɤɥɟɬɨɤ ɮɢɛɪɨɛɥɚɫɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ [7]. ɑɚɳɟ ɜɫɟɝɨ ɜɫɬɪɟɱɚɟɬɫɹ 
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ɢɧɮɨɪɦɚɰɢɹ ɨ ɩɪɢɦɟɧɟɧɢɢ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɦɟɞɢɰɢɧɟ, ɚ ɬɚɤɠɟ ɜ 

ɤɨɫɦɟɬɨɥɨɝɢɱɟɫɤɢɯ ɰɟɥɹɯ: ɞɥɹ ɜɨɡɪɚɫɬɧɵɯ ɢɡɦɟɧɟɧɢɣ ɤɨɠɢ, ɧɟɯɢɪɭɪɝɢɱɟɫɤɨɣ 

ɤɨɪɪɟɤɰɢɢ.  

Ɍɚɤɠɟ ɤɥɟɬɤɢ ɮɢɛɪɨɛɥɚɫɬɨɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɫɬɟɣɲɟɣ 

ɚɞɝɟɡɢɨɧɧɨɣ ɤɭɥɶɬɭɪɵ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, 

ɢɫɩɨɥɶɡɭɸɬ ɦɵɲɢɧɵɟ ɮɢɛɪɨɛɥɚɫɬɵ ɥɢɧɢɢ NIH 3T3. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɢɯ ɤɥɟɬɨɤ 

ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɯ ɥɟɝɤɨ ɪɚɡɜɨɞɢɬɶ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ 

ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɜɵɫɨɤɨɣ ɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɥɟɬɨɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɥɟɱɟɧɢɹ 

ɩɚɬɨɥɨɝɢɣ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ ɫɢɫɬɟɦɵ, ɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɦɵɲɟɱɧɨɣ ɬɤɚɧɢ ɢ 

ɤɨɠɢ, ɚ ɬɚɤɠɟ ɤɥɟɬɨɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɫɫɥɟɞɭɸɬ ɞɥɹ ɰɟɥɟɣ ɩɨɜɵɲɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɪɚɩɢɢ ɩɪɢ ɢɲɟɦɢɢ ɧɢɠɧɢɯ ɤɨɧɟɱɧɨɫɬɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɧɨɟ ɜɧɟɞɪɟɧɢɟ 

ɤɥɟɬɨɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɜɫɟɦɟɫɬɧɨ [1].  

 

1.2 Ȼɢɨɩɨɥɢɦɟɪɵ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥя ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɨɤ 

ȼ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɨɫɧɨɜɧɨɣ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɤɨɩɢɪɨɜɚɧɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ (ȼɄɆ) ɬɤɚɧɢ-ɦɢɲɟɧɢ. ɗɬɨ ɞɟɥɚɸɬ ɫ 

ɩɨɦɨɳɶɸ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɪɢɰ, ɡɚɫɟɹɧɧɵɯ ɤɥɟɬɤɚɦɢ.  Ʉɚɪɤɚɫɵ ɧɟ ɬɨɥɶɤɨ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɪɟɦɟɧɧɭɸ ɬɪɟɯɦɟɪɧɭɸ ɩɨɞɞɟɪɠɤɭ ɜɨ ɜɪɟɦɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɬɤɚɧɟɣ, ɧɨ ɬɚɤɠɟ ɪɟɝɭɥɢɪɭɸɬ ɩɨɜɟɞɟɧɢɟ ɤɥɟɬɨɤ [8]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ 

ɤɚɱɟɫɬɜɟ ɤɥɟɬɨɱɧɵɯ ɧɨɫɢɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɢɨɦɚɬɟɪɢɚɥɵ, ɬɚɤ ɤɚɤ ɨɧɢ 

ɹɜɥɹɸɬɫɹ ɩɨɞɯɨɞɹɳɢɦ ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɤɥɟɬɨɱɧɨɣ ɚɞɝɟɡɢɢ, 

ɦɢɝɪɚɰɢɢ, ɩɪɨɥɢɮɟɪɚɰɢɢ ɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɤɥɟɬɨɤ. Ɍɚɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 

ɤɚɤ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ, ɛɢɨɞɟɝɪɚɞɚɰɢɹ ɢ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɫɢɱɧɨɫɬɢ ɞɟɥɚɸɬ ɷɬɢ 

ɦɚɬɟɪɢɚɥɵ ɩɪɟɜɨɫɯɨɞɧɵɦɢ ɤɚɧɞɢɞɚɬɚɦɢ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɤɫɨɜ ɞɥɹ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɥɟɬɨɤ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɧɢ ɞɟɥɹɬɫɹ ɧɚ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɢ 

ɩɪɢɪɨɞɧɵɟ ɛɢɨɩɨɥɢɦɟɪɵ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɧɟɩɪɟɪɵɜɧɨ ɪɚɫɬɟɬ ɢɧɬɟɪɟɫ ɤ 
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ɛɢɨɪɚɡɪɭɲɚɟɦɵɦ ɩɪɢɪɨɞɧɵɦ ɩɨɥɢɦɟɪɚɦ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ: ɛɟɥɤɢ 

(ɤɨɥɥɚɝɟɧ, ɲɟɥ, ɮɢɛɪɢɧ), ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ,  ɩɨɥɢɫɚɯɚɪɢɞɵ 

(ɝɢɚɥɭɪɨɧɨɜɚɹ ɤɢɫɥɨɬɚ, ɯɢɬɨɡɚɧ, ɞɟɤɫɬɪɚɧ, ɚɥɶɝɢɧɚɬ) [1],[9]. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ 

ɩɪɢɪɨɞɧɵɯ ɩɨɥɢɦɟɪɨɜ ɨɬɧɨɫɹɬ ɫɥɨɠɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ, ɧɟɞɨɫɬɚɬɨɱɧɭɸ 

ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɢɯ ɩɨɥɭɱɟɧɢɹ [1]. 

ɉɪɢɪɨɞɧɵɣ ɩɨɥɢɫɚɯɚɪɢɞ – ɯɢɬɨɡɚɧ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɟɞɢɰɢɧɟ. Ɉɧ 

ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɧɵɦ ɯɢɬɢɧɚ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɜ ɩɪɢɪɨɞɟ ɛɢɨɩɨɥɢɦɟɪɚ. 

ɏɢɬɢɧ ɞɨɛɵɜɚɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɩɚɧɰɢɪɟɣ ɩɪɨɦɵɫɥɨɜɵɯ ɪɚɤɨɨɛɪɚɡɧɵɯ. 

ɉɨɥɭɱɟɧɢɟ ɯɢɬɨɡɚɧɚ ɩɪɨɬɟɤɚɟɬ ɩɭɬɟɦ ɩɨɥɧɨɝɨ ɢɥɢ ɱɚɫɬɢɱɧɨɝɨ 

ɞɟɚɰɟɬɢɥɢɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɳɟɥɨɱɟɣ. ȼ ɬɜɟɪɞɨɦ 

ɫɨɫɬɨɹɧɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɨɥɢɦɟɪ, ɤɨɬɨɪɵɣ 

ɫɭɳɟɫɬɜɭɟɬ ɜ ɧɟɫɤɨɥɶɤɢɯ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɹɯ [10],[11]. Ɉɛɥɚɞɚɹ 

ɧɚɛɨɪɨɦ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɨ ɤɨɬɨɪɵɯ ɭɩɨɦɢɧɚɥɨɫɶ ɜɵɲɟ, ɯɢɬɨɡɚɧ 

ɨɤɚɡɚɥɫɹ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɥɟɱɟɧɢɹ ɪɚɧ, ɞɟɣɫɬɜɭɟɬ ɤɚɤ 

ɭɫɤɨɪɢɬɟɥɶ ɢɯ ɡɚɠɢɜɥɟɧɢɹ. Ȼɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɧɟɫɤɨɥɶɤɨ ɩɨɥɢɦɟɪɧɵɯ ɦɟɦɛɪɚɧ 

ɞɥɹ ɩɟɪɟɜɹɡɤɢ ɪɚɧ ɫ ɤɨɦɛɢɧɚɰɢɟɣ ɪɚɡɥɢɱɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɜɤɥɸɱɚɹ ɠɟɥɚɬɢɧ ɢ 

ɚɥɶɝɢɧɚɬ [12].  

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɝɞɟ ɢɡɭɱɚɥɢ in vitro ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ 

ɝɢɞɪɨɝɟɥɟɣ ɯɢɬɨɡɚɧɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɞɟɪɦɚɥɶɧɵɟ ɮɢɛɪɨɛɥɚɫɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɤɨɠɢ ɤɪɵɫɵ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ, ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɯɢɬɨɡɚɧ ɧɟ ɨɤɚɡɵɜɚɥ ɨɫɬɪɨɣ ɬɨɤɫɢɱɧɨɫɬɢ.  Ɍɚɤ 

ɠɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɯɢɬɨɡɚɧɨɜɵɟ ɩɨɜɹɡɤɢ ɜɵɡɵɜɚɸɬ ɦɢɧɢɦɚɥɶɧɵɟ 

ɩɨɛɨɱɧɵɟ ɪɟɚɤɰɢɢ ɢ, ɤɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɡɚɳɢɬɭ ɨɬ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɢɧɮɟɤɰɢɣ [13]. ɋɭɦɦɢɪɭɹ ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ, ɯɢɬɨɡɚɧ ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɤɚɧɞɢɞɚɬɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɬɤɚɧɟɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ.  

Ⱥɥɶɝɢɧɚɬ ɹɜɥɹɟɬɫɹ ɩɪɢɪɨɞɧɵɦ ɩɨɥɢɫɚɯɚɪɢɞɨɦ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɚɸɬ ɥɢɛɨ 

ɩɭɬɟɦ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɮɟɪɦɟɧɬɚɰɢɢ, ɥɢɛɨ ɢɡ ɦɨɪɫɤɢɯ ɜɨɞɨɪɨɫɥɟɣ. 

Ɉɞɨɛɪɟɧɧɵɣ ɍɩɪɚɜɥɟɧɢɟɦ ɩɨ ɤɨɧɬɪɨɥɸ ɡɚ ɩɪɨɞɭɤɬɚɦɢ ɢ ɥɟɤɚɪɫɬɜɚɦɢ ɋɒȺ (F. 
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D. A.) ɜ ɤ ɚɱɟɫɬɜɟ ɦɚɬɟɪ ɢɚɥɚ ɞɥɹ ɡ ɚɠɢɜɥɟɧɢɹ ɪ ɚɧ, ɨɧ ɢɫɩɨ ɥɶɡɭɟɬɫɹ ɜ ɜ ɢɞɟ 

ɜɨɥɨɤɨɧ ɢ ɩɥɟɧɨɤ ɞ ɥɹ ɩɟɪɜɢɱɧɨ ɣ ɨɛɪɚɛɨɬɤ ɢ ɪɚɧ ɢ ɨɠɨ ɝɨɜ. Ⱥɥɶɝɢ ɧɚɬɵ ɦɨɝɭɬ 

ɩɨ ɥɢɦɟɪɢɡɨɜɚɬ ɶɫɹ ɢ ɨɛɪɚɡɨ ɜɵɜɚɬɶ ɝɟɥ ɢ ɜ ɩɪɢɫɭɬɫɬ ɜɢɢ ɞɜɭɯɜɚ ɥɟɧɬɧɵɯ 

ɦɟɬ ɚɥɥɨɜ (ɦɚɝ ɧɢɹ, ɤɚɥɶɰ ɢɹ), ɩɨɥɭɱɟ ɧɧɵɟ ɝɟɥɢ ɢɫ ɩɨɥɶɡɭɸɬɫɹ ɜ ɤ ɚɱɟɫɬɜɟ ɦɚɬɪ ɢɰ 

ɞɥɹ ɤɭɥ ɶɬɢɜɢɪɨɜɚɧ ɢɹ ɤɥɟɬɨɤ [1]. 

Ʉɨɥɥɚɝɟɧ – ɫɚɦɵɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɛɟɥɨɤ ɜ ɨɪɝɚɧɢɡɦɟ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ 

ɢɡ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ. Ɉɧ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɜ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ, 

ɬɚɤɢɦɢ ɤɚɤ ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ, ɩɨɪɢɫɬɨɫɬɶ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ.  

Ʉɨɥɥɚɝɟɧ ɢɫɩɨɥɶɡɭɸɬ ɜ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɛɢɨɝɢɛɪɢɞɧɵɯ ɩɟɪɟɜɹɡɨɱɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɡɚɠɢɜɥɟɧɢɹ ɪɚɧ ɢ ɪɟɝɟɧɟɪɚɰɢɢ ɤɨɠɧɵɯ 

ɬɤɚɧɟɣ. ɍɱɟɧɵɦɢ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɛɢɨɝɢɛɪɢɞɧɵɟ ɩɨɜɹɡɤɢ ɧɚ ɨɫɧɨɜɟ 

ɤɨɥɥɚɝɟɧɚ ɢ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɨɣ ɦɨɞɟɥɢ ɩɟɪɟɜɹɡɤɢ ɪɚɧ. 

ɗɬɨɬ ɤɚɪɤɚɫ ɩɪɢ ɡɚɝɪɭɡɤɟ ɫ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦ ɩɪɟɩɚɪɚɬɨɦ (ɧɚɩɪɢɦɟɪ, 

ɢɧɞɨɦɟɬɚɰɢɧɨɦ) ɟɳɟ ɛɨɥɶɲɟ ɭɥɭɱɲɚɥ ɡɚɠɢɜɥɟɧɢɟ ɪɚɧ [14]. Ʉɨɥɥɚɝɟɧɨɜɵɟ 

ɤɚɪɤɚɫɵ ɢɞɟɚɥɶɧɨ ɩɨɞɯɨɞɹɬ ɞɥɹ ɩɨɫɟɜɚ ɤɥɟɬɨɤ, ɬɚɤɢɯ ɤɚɤ ɨɫɬɟɨɛɥɚɫɬɵ ɢ 

ɮɢɛɪɨɛɥɚɫɬɵ, ɨɛɟɫɩɟɱɢɜɚɹ ɧɨɪɦɚɥɶɧɵɣ ɪɨɫɬ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɜ ɬɤɚɧɶ.  

ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɛɢɨɩɨɥɢɦɟɪɵ ɩɪɟɞɥɚɝɚɸɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɞɥɹ 

ɩɪɢɦɟɧɟɧɢɹ ɜ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɢ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɦɟɞɢɰɢɧɟ. Ȼɢɨɦɚɬɟɪɢɚɥɵ 

ɦɨɝɭɬ ɛɵɬɶ ɥɟɝɤɨ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢ ɢɡɝɨɬɨɜɥɟɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦɚɯ, ɫ 

ɠɟɥɚɟɦɵɦɢ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [15]. ɋɪɟɞɢ ɞɚɧɧɵɯ 

ɛɢɨɩɨɥɢɦɟɪɨɜ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɝɥɢɤɨɥɢɞɵ (ɩɨɥɢɝɥɢɤɨɥɟɜɚɹ 

ɤɢɫɥɨɬɚ, ɉȽɄ) ɢ ɩɨɥɢɥɚɤɬɢɞɵ (ɩɨɥɢɦɨɥɨɱɧɚɹ ɤɢɫɥɨɬɚ, ɉɆɄ). ɉɨɥɢɝɥɢɤɨɥɢɞ 

ɫɱɢɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ, 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɦɟɧɟɧɢɹɯ.  ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɠɟɫɬɤɢɣ 

ɬɟɪɦɨɩɥɚɫɬ, ɜɩɟɪɜɵɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɜ ɦɟɞɢɰɢɧɟ ɜ ɤɚɱɟɫɬɜɟ ɲɨɜɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɜ 1962 ɝɨɞɭ ɩɨɞ ɬɨɪɝɨɜɨɣ ɦɚɪɤɨɣ Dexon [16].  ɒɜɵ ɛɵɫɬɪɨ 

ɪɟɚɛɫɨɪɛɢɪɭɸɬɫɹ ɨɪɝɚɧɢɡɦɨɦ. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɩɪɨɫɬɨɣ ɫɬɪɭɤɬɭɪɟ ɢ 

ɫɬɟɪɟɨɯɢɦɢɢ, ɩɨɥɢɝɥɢɤɨɥɢɞ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɩɨɥɧɨɫɬɶɸ ɚɦɨɪɮɧɵɦ, ɬɚɤ ɢ ɢɦɟɬɶ 
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ɪɚɡɥɢɱɧɭɸ ɫɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɜɩɥɨɬɶ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɣ, ɢɡ-ɡɚ ɜɵɫɨɤɨɣ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɨɧ ɧɟɪɚɫɬɜɨɪɢɦ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɬɚɤɠɟ 

ɨɛɥɚɞɚɟɬ ɥɭɱɲɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɪɟɞɢ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ  

ɩɨɥɢɷɮɢɪɨɜ [17].  Ɋɚɡɥɨɠɟɧɢɟ ɩɨɥɢɦɟɪɚ ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ 

ɜɨɞɵ, ɜɵɜɨɞɢɬɫɹ ɜ ɜɢɞɟ ɦɨɧɨɦɟɪɚ. ɉɪɢ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɧɚɛɥɸɞɚɟɬɫɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ pH ɨɤɪɭɠɚɸɳɢɯ ɬɤɚɧɟɣ. Ȼɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ 

ɦɚɬɟɪɢɚɥ ɩɨɞɞɟɪɠɢɜɚɟɬ ɩɪɨɥɢɮɟɪɚɰɢɸ ɤɥɟɬɨɤ ɢ ɢɯ ɚɞɝɟɡɢɸ, ɧɟ ɨɛɧɚɪɭɠɟɧɨ 

ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɨɬ ɦɚɬɟɪɢɚɥɚ [18].  

 ɉɨɥɢɥɚɤɬɢɞ ɩɨ ɫɜɨɢɦ ɮɢɡɢɱɟɫɤɢɦ, ɯɢɦɢɱɟɫɤɢɦ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦ 

ɫɜɨɣɫɬɜɚɦ ɛɥɢɡɨɤ ɤ ɩɨɥɢɝɥɢɤɨɥɢɞɭ, ɧɨ ɩɪɢ ɷɬɨɦ ɭɫɬɭɩɚɟɬ ɟɦɭ ɜ ɩɪɨɱɧɨɫɬɢ ɢ 

ɫɤɨɪɨɫɬɢ ɞɟɝɪɚɞɚɰɢɢ, ɤɨɬɨɪɚɹ ɭ ɧɟɝɨ ɧɢɠɟ. ɉɨɥɢɥɚɤɬɢɞ ɨɛɥɚɞɚɟɬ ɨɱɟɧɶ 

ɯɨɪɨɲɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ. Ɉɞɧɚɤɨ ɨɧ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ 

ɧɟɞɨɫɬɚɬɤɢ, ɜɤɥɸɱɚɹ ɱɪɟɡɦɟɪɧɭɸ ɯɪɭɩɤɨɫɬɶ ɢ ɦɟɞɥɟɧɧɭɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ, ɷɬɢ 

ɞɜɚ ɫɜɨɣɫɬɜɚ ɨɝɪɚɧɢɱɢɜɚɸɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨ ɦɧɨɝɢɯ 

ɩɪɢɥɨɠɟɧɢɹɯ. ɉɨɷɬɨɦɭ ɟɝɨ ɱɚɫɬɨ ɫɨɩɨɥɢɦɟɪɢɡɭɸɬ ɫ ɝɢɞɪɨɤɫɢɚɥɤɚɧɨɜɵɦɢ 

ɤɢɫɥɨɬɚɦɢ ɢɥɢ ɫɦɟɲɢɜɚɸɬ ɫ ɞɪɭɝɢɦɢ ɩɨɥɢɦɟɪɚɦɢ, ɧɚɩɨɥɧɢɬɟɥɹɦɢ 

ɢɥɢ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚɦɢ  [19].  

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚɢɥɭɱɲɢɦɢ 

ɩɨɤɚɡɚɬɟɥɹɦɢ ɨɛɥɚɞɚɸɬ ɫɨɩɨɥɢɦɟɪɵ ɩɨɥɢɥɚɤɬɢɞɚ ɢ ɝɥɢɤɨɥɢɞɚ – ɩɨɥɢ(ɦɨɥɨɱɧɨ-

ɝɥɢɤɨɥɟɜɚɹ ɤɢɫɥɨɬɚ, ɉɆȽɄ). ȼɚɪɶɢɪɭɸ ɩɪɨɰɟɧɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɨɥɨɱɧɨɣ ɢ 

ɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬ, ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɬɚɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɨɞɭɤɬɚ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, 

ɩɪɨɱɧɨɫɬɶ, ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ ɛɢɨɞɟɝɪɚɞɚɰɢɢ, ɢ ɞɪ. ɉɪɨɢɡɜɨɞɢɥɨɫɶ 

ɬɟɫɬɢɪɨɜɚɧɢɟ ɷɬɢɯ ɫɨɩɨɥɢɦɟɪɨɜ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɬɟɫɬ-ɤɭɥɶɬɭɪ [18]. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɞɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɦɚɬɟɪɢɚɥ ɢɡ ɉɆȽɄ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ,  ɧɚɛɥɸɞɚɟɬɫɹ ɚɞɝɟɡɢɹ ɢ ɩɪɨɥɢɮɟɪɚɰɢɹ ɤɥɟɬɨɤ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ 

ɨɞɧɢɦ ɢɡ ɩɨɞɯɨɞɹɳɢɯ ɛɢɨɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɬɤɚɧɟɣ [20].  

ɋɭɳɟɫɬɜɭɸɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɤɚɤ ɩɪɢɪɨɞɧɨɝɨ, ɬɚɤ ɢ 

ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɩɨɥɢɦɟɪɚ, ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɦɚɬɟɪɢɚɥɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɝɨɞɧɵ ɞɥɹ 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/crystallization
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/plasticizer
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/plasticizer
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ɨɞɧɢɯ ɩɪɢɦɟɧɟɧɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ. ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɩɪɢɪɨɞɧɵɟ 

ɩɨɥɢɦɟɪɵ ɢɦɟɸɬ ɫɨɫɬɚɜ, ɚɧɚɥɨɝɢɱɧɵɣ ɬɤɚɧɹɦ, ɤɨɬɨɪɵɟ ɨɧɢ ɡɚɦɟɧɹɸɬ.   

ɂɧɬɟɪɟɫ ɤ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɚɦ (ɉȽȺ) ɪɚɫɬɟɬ ɫ ɤɨɧɰɚ 1980-ɯ ɝɨɞɨɜ. 

ɗɬɨ ɧɨɜɵɣ ɤɥɚɫɫ ɛɢɨɫɨɜɦɟɫɬɢɦɵɯ ɢ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ ɩɨɥɢɷɮɢɪɨɜ [1].  ɉȽȺ 

ɢɦɟɸɬ ɥɢɧɟɣɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɬɚɧɨɜɹɬɫɹ ɩɥɚɫɬɢɱɧɵɦɢ, 

ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ ɉȽȺ ɪɚɡɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɜ ɪɚɡɥɢɱɧɵɟ 

ɢɡɞɟɥɢɹ, ɧɚɩɪɢɦɟɪ, ɩɪɟɫɫɨɜɚɧɢɟ, ɩɨɥɭɱɟɧɢɟ ɦɢɤɪɨɱɚɫɬɢɰ ɢɡ ɷɦɭɥɶɫɢɣ, 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɮɨɪɦɨɜɚɧɢɟ, ɷɤɫɬɪɭɡɢɹ. ɉɨɷɬɨɦɭ ɞɚɧɧɵɣ ɜɢɞ ɩɨɥɢɦɟɪɨɜ 

ɹɜɥɹɟɬɫɹ ɧɚɢɥɭɱɲɢɦ ɤɚɧɞɢɞɚɬɨɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ 

ɦɟɞɢɰɢɧɵ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɧɞɨɩɪɨɬɟɡɨɜ, ɲɨɜɧɵɯ ɢ ɩɟɪɟɜɹɡɨɱɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ [9]. Ɉɧɢ ɯɨɪɨɲɨ ɩɟɪɟɧɨɫɹɬɫɹ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɨɣ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, 

ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɧɢɬɢ ɢɡ ɉ3ȽȻ ɢ ɉ3ȽȻ/3Ƚȼ, ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɵɟ 

ɜɧɭɬɪɢɦɵɲɟɱɧɨ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ  

ɞɚɧɧɵɟ ɧɢɬɢ ɢɡ ɉȽȺ ɧɟ ɜɵɡɵɜɚɸɬ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ, ɬɚɤɢɯ ɤɚɤ ɝɧɨɣɧɨɟ 

ɜɨɫɩɚɥɟɧɢɟ, ɧɟɤɪɨɡ ɢɥɢ ɨɛɪɚɡɨɜɚɧɢɟ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɨɩɭɯɨɥɢ [21]. 

 

1.3 ɉȽȺ ɜ ɤɚɱɟɫɬɜɟ ɤɥɟɬɨɱɧɵɯ ɧɨɫɢɬɟɥɟɣ 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) – ɤɥɚɫɫ ɩɪɢɪɨɞɧɵɯ ɫɥɨɠɧɵɯ ɩɨɥɢɷɮɢɪɨɜ, 

ɤɨɬɨɪɵɟ ɩɪɨɞɭɰɢɪɭɸɬɫɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɜ ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ 

ɡɚɩɚɫɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɭɫɥɨɜɢɹɯ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɪɨɫɬɚ. Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɉȽȺ ɢɫɩɨɥɶɡɭɸɬ ɦɢɤɪɨɛɧɭɸ ɮɟɪɦɟɧɬɚɰɢɸ, ɧɚɱɢɧɚɹ ɫ 1980-ɯ ɝɨɞɨɜ. ȼ ɦɢɪɟ 

ɢɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɩɪɨɞɭɰɟɧɬɨɜ ɉȽȺ, ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ 

ɛɚɤɬɟɪɢɢ ɫɟɦɟɣɫɬɜɚ Pseudomonas, Ralstonia eutropha (ɩɪɟɠɧɟɟ ɧɚɡɜɚɧɢɟ 

Alcaligenes eutrophus, Wautersia eutropha ɢɥɢ Cupriavidus necator) ɢ 

ɪɟɤɨɦɛɢɧɚɧɬɧɚɹ E. Coli [22].  
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Ɋɢɫɭɧɨɤ 1 – Ƚɪɚɧɭɥɵ ɉȽȺ ɜ ɰɢɬɨɡɨɥɟ ɤɥɟɬɤɢ ɛɚɤɬɟɪɢɢ [23] 

 

ɋɬɪɭɤɬɭɪɵ ɉȽȺ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

 

Ɋɢɫɭɧɨɤ 2 – Ɉɛɳɚɹ ɮɨɪɦɭɥɚ ɉȽȺ [24] 

ɂɫɯɨɞɹ ɢɡ ɪɚɡɦɟɪɚ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɢ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ 

ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: 

1. Ʉɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ, ɫɨɫɬɨɹɬ ɢɡ ɤɢɫɥɨɬ ɫ ɞɥɢɧɨɣ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɢ 

ɨɬ 3-ɯ ɞɨ 5-ɬɢ ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ; 

2.   ɋɪɟɞɧɟɰɟɩɨɱɟɱɧɵɟ, ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɵɯ ɨɬ 6 ɞɨ 14 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ; 
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3. Ⱦɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ,  ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɬ ɋ17 ɢ ɋ18 [24]. 

ɂɡ-ɡɚ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɦɨɧɨɦɟɪɨɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɉȽȺ, ɨɧɢ 

ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɫɜɨɣɫɬɜɚɦ ɢ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɤɚɤ ɝɨɦɨ- ɢɥɢ ɫɨɩɨɥɢɦɟɪɵ.  

Ƚɨɦɨɩɨɥɢɦɟɪɵ – ɷɬɨ ɬɚɤɢɟ ɩɨɥɢɦɟɪɵ, ɦɚɤɪɨɦɨɥɟɤɭɥɵ ɤɨɬɨɪɵɯ ɫɨɫɬɨɹɬ ɢɡ 

ɨɞɢɧɚɤɨɜɵɯ ɩɨ ɫɬɪɨɟɧɢɸ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ (ɦɨɧɨɦɟɪɨɜ). 

ɇɚɩɪɢɦɟɪ, ɦɨɧɨɦɟɪɨɦ ɹɜɥɹɸɬɫɹ 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ (3ȽȻ), 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ 

(3Ƚȼ) ɢ ɞɪ. ɋɨɩɨɥɢɦɟɪɚɦɢ ɧɚɡɵɜɚɸɬɫɹ ɩɨɥɢɦɟɪɵ, ɦɨɥɟɤɭɥɵ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɬ 

ɦɨɧɨɦɟɪɧɵɟ ɡɜɟɧɶɹ ɪɚɡɧɵɯ ɬɢɩɨɜ. ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɧɟ ɪɚɫɬɜɨɪɢɦɵ ɜ 

ɜɨɞɟ, ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, 

ɭɫɬɨɣɱɢɜɵ ɤ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦɭ ɢɡɥɭɱɟɧɢɸ. Ɋɚɫɬɜɨɪɢɦɵ ɜ ɯɥɨɪɨɮɨɪɦɟ ɢ 

ɞɪɭɝɢɯ ɯɥɨɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. ɂɯ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ 

ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ -50 ɞɨ 4 ° C, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɨɬ 40 ɞɨ 180 ° C [24].  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɵɹɜɥɟɧɨ ɫɜɵɲɟ 150 ɉȽȺ.  ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ 

ɦɧɨɝɨɨɛɪɚɡɢɟ, ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɩɪɢɜɥɟɤɚɟɬ ɜɫɟɝɨ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ 

ɉȽȺ: ɝɨɦɨɩɨɥɢɦɟɪ 3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɫɨɩɨɥɢɦɟɪɵ  ɩɨɥɢ-3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3-ɝɢɞɪɨɤɫɢɩɪɨɩɢɨɧɚɬ, ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-4-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ, ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ, ɩɨɥɢ-3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3-ɝɢɞɪɨɤɫɢɝɟɤɫɚɧɨɚɬ, ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3-

ɝɢɞɪɨɤɫɢɞɟɤɚɧɨɚɬ [25].  

Ɏɪɚɧɰɭɡɫɤɢɣ ɭɱɟɧɵɣ Ʌɟɦɭɚɧɶ ɜɩɟɪɜɵɟ ɨɬɤɪɵɥ ɉȽA ɜ Bacillus megaterium 

ɜ ɮɨɪɦɟ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) ɉ3ȽȻ ɜ 1925 ɝɨɞɭ – ɷɬɨ ɝɨɦɨɩɨɥɢɦɟɪ 3-

ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɡɨɬɚɤɬɢɱɟɫɤɢɣ 

ɩɨɥɢɷɮɢɪ ɫ ɩɨɜɬɨɪɹɸɳɢɦɢ ɟɞɢɧɢɰɚɦɢ (ɋ4ɇ6Ɉ2) [26]. ɉ3ȽȻ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɬɳɚɬɟɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɧɵɦ ɱɥɟɧɨɦ ɫɟɦɟɣɫɬɜɚ ɉȽȺ. Ɇɨɧɨɦɟɪ ɹɜɥɹɟɬɫɹ ɨɛɵɱɧɵɦ 

ɫɨɟɞɢɧɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɜ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ ɜ ɧɢɡɤɢɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɢ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɝɪɭɩɩɟ ɤɟɬɨɧɨɜɵɯ ɬɟɥ. Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ ɉ3ȽȻ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɥɟɬɨɱɧɨɣ ɢɧɠɟɧɟɪɢɢ. Ɋɚɡɥɢɱ ɧɵɟ ɤɥɟɬɤɢ ɦ ɥɟɤɨɩɢɬɚɸɳ ɢɯ 

(ɮɢɛɪɨɛ ɥɚɫɬɵ ɱɟɥɨ ɜɟɤɚ ɢ ɦɵɲ ɢ, ɦɟɡɟɧɯɢ ɦɚɥɶɧɵɟ ɫɬ ɜɨɥɨɜɵɟ ɤɥɟɬ ɤɢ (ɆɋɄ) 
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ɤɪ ɵɫɵ, ɦɵɲɢ ɢ ɱɟ ɥɨɜɟɤɚ, ɢ ɞɪ.,) ɞɟ ɦɨɧɫɬɪɢɪɭɸɬ ɯɨɪɨ ɲɢɣ ɭɪɨɜɟɧ ɶ ɚɞɝɟɡɢɢ 

ɤ ɥɟɬɨɤ, ɩɪɨ ɥɢɮɟɪɚɰɢɢ ɢ ɠ ɢɡɧɟɫɩɨɫɨɛ ɧɨɫɬɢ ɩɪɢ ɤɭ ɥɶɬɢɜɢɪɨɜɚ ɧɢɢ in vitro ɧɚ 

ɩɥɟɧɤɚɯ ɧ ɚ ɨɫɧɨɜɟ ɉ 3ȽȻ [27]. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɨɬɧɨɫɹɬ ɯɪɭɩɤɨɫɬɶ ɩɨɥɢɦɟɪɚ, ɟɝɨ 

ɠɟɫɬɤɨɫɬɶ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɛɨɥɶɲɨɣ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶɸ (70 %), ɢ ɦɟɞɥɟɧɧɭɸ 

ɫɤɨɪɨɫɬɶ ɞɟɝɪɚɞɚɰɢɢ in vivo [9].  Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɥɭɱɲɢɬɶ ɫɜɨɣɫɬɜɚ ɦɚɬɪɢɤɫɚ 

ɢɡ ɉ(3ȽȻ), ɟɝɨ ɬɚɤɠɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɞɪɭɝɢɦɢ ɩɨɥɢɦɟɪɚɦɢ, 

ɧɚɩɪɢɦɟɪ, ɫ ɝɢɞɪɨɤɫɢɚɩɚɬɢɬɨɦ, ɞɚɧɧɵɟ ɤɨɦɩɨɡɢɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɨɫɬɧɨɣ ɬɤɚɧɢ [4].   

Ɍɚɤ ɠɟ ɜ ɢɫɫɥɟɞɨɜ ɚɧɢɢ ɩɪɨɜɨɞɢɥɢ ɫɬ ɚɧɞɚɪɬɧɵɣ ɬɟɫɬ ɧ ɚ ɪɟɚɤɰɢɸ ɬ ɤɚɧɢ ɧɚ 

ɩɨ ɞɤɨɠɧɭɸ ɢɦ ɩɥɚɧɬɚɰɢɸ ɉ 3ȽȻ ɢ ɟɝɨ ɫɨ ɩɨɥɢɦɟɪɨɜ ɜ ɮɨɪ ɦɟ ɩɥɟɧɤɢ, 

ɪɟɡɭ ɥɶɬɚɬɵ ɢɫɫ ɥɟɞɨɜɚɧɢɹ ɩɨ ɤɚɡɚɥɢ, ɱɬɨ ɞ ɚɧɧɵɣ ɬɟɫɬ ɜɵɹɜɥɹɟɬ ɦ ɹɝɤɢɣ ɢɥɢ 

ɭ ɦɟɪɟɧɧɵɣ ɨɬ ɜɟɬ ɧɚ ɢɧɨɪɨ ɞɧɵɣ ɦɚɬɟɪ ɢɚɥ. Ɍɨɧɤɚ ɹ ɮɢɛɪɨɡɧɚ ɹ ɤɚɩɫɭɥɚ (~ 100 

ɦ ɤɦ) ɨɛɪɚɡɭɟɬɫ ɹ ɜ ɬɟɱɟɧɢɟ ɦɟɫ ɹɰɚ ɢ ɪɟɡɨɪɛ ɢɪɭɟɬɫɹ ɩɨɫɥɟ ɛ ɢɨɞɟɝɪɚɞɚɰ ɢɢ 

ɨɛɪɚɡɰɨ ɜ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜ ɵɹɜɢɥɨ ɧɢɡɤɢɣ ɭɪɨ  ɜɟɧɶ ɥɢɦɮɨ ɰɢɬɨɜ ɢɥɢ ɩɪ ɚɤɬɢɱɟɫɤɢ 

ɨɬɫɭɬɫɬ ɜɢɟ ɥɢɦɮɨɰ ɢɬɨɜ (ɜ ɱɚɫɬ ɧɨɫɬɢ, Ɍ-ɥ ɢɦɮɨɰɢɬɨɜ) ɜ ɦɟɫɬɟ ɜ ɜɟɞɟɧɢɹ ɉ3ȽȻ, 

ɱɬɨ ɭɤɚɡ ɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɢ ɦɦɭɧɧɚɹ ɪɟ ɚɤɰɢɹ ɧɚ ɷɬɨɬ ɩɨ ɥɢɦɟɪɧɵɣ ɛ ɢɨɦɚɬɟɪɢɚɥ 

ɥ ɢɛɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɟ ɧɚ, ɥɢɛɨ ɨɬɫɭɬɫɬ ɜɭɟɬ [26].  

ȼɬɨɪɵɦ ɩɨ ɢɡɭɱɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɫɨɩɨɥɢɦɟɪ ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɢ 

3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ ɉ3ȽȻ/3Ƚȼ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɤɥɸɱɟɧɢɹ ɦɨɧɨɦɟɪɚ 3Ƚȼ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɚ ɢɡɦɟɧɹɸɬɫɹ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɜɤɥɸɱɟɧɢɹ 

ɦɨɧɨɦɟɪɚ ɦɚɬɟɪɢɚɥ ɫɬɚɧɨɜɢɬɫɹ ɷɥɚɫɬɢɱɧɵɦ ɢ ɦɟɧɟɟ ɤɪɢɫɬɚɥɥɢɱɧɵɦ, 

ɫɧɢɠɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɢ ɞɟɝɪɚɞɚɰɢɢ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ ɫɨɩɨɥɢɦɟɪɚ ɉ3ȽȻ/3Ƚȼ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚ ɛɚɡɟ 

ɂɧɫɬɢɬɭɬɚ ɛɢɨɮɢɡɢɤɢ ɋɈ ɊȺɇ, ɜ ɤɨɬɨɪɨɦ ɩɨɥɭɱɚɥɢ ɤɥɟɬɨɱɧɵɟ ɦɚɬɪɢɤɫɵ ɜ 

ɜɢɞɟ ɩɥɟɧɨɤ. Ȼɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɫɨɩɨɥɢɦɟɪ ɨɛɥɚɞɚɟɬ 

ɛɢɨɫɨɜɦɟɫɬɢɦɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɭɥɶɬɢɜɢɪɭɟɦɵɦ ɤɥɟɬɤɚɦ. ȼ 

ɤɚɱɟɫɬɜɟ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɥɟɬɨɱɧɭɸ ɥɢɧɢɸ ɮɢɛɪɨɛɥɚɫɬɨɜ ɦɵɲɢ 

NIH 3Ɍ3 ɞɥɹ ɨɰɟɧɤɢ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɦɚɬɪɢɤɫɨɜ [28].  
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ɍɥɭɱɲɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɫɨɩɨɥɢɦɟɪɚ ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɫ ɩɨɥɢ-3-

ɝɢɞɪɨɤɫɢɝɟɤɫɚɧɨɚɬɨɦ ɉ3ȽȻ/3ȽȽ ɬɚɤɢɟ ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɫɪɨɞɫɬɜɨ ɤ 

ɪɚɡɥɢɱɧɵɦ ɬɢɩɚɦ ɤɥɟɬɨɤ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɛɢɨɥɨɝɢɱɟɫɤɨɦɭ 

ɪɚɡɥɨɠɟɧɢɸ in vitro, ɨɤɚɡɚɥɢɫɶ ɥɭɱɲɟ, ɱɟɦ ɭ  ɉ3ȽȻ ɢ ɉ3ȽȻ/3Ƚȼ [27]. Ɍɚɤɠɟ 

ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɥɟɧɤɢ ɉ3ȽȻ/3ȽȽ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 3ȽȽ 

ɭɫɢɥɢɜɚɸɬ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɭ ɤɥɟɬɨɤ.  Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚ 

ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɜ ɭɫɥɨɜɢɹɯ in vivo. Ɇɚɬɟɪɢɚɥ ɛɵɥ ɢɦɩɥɚɧɬɢɪɨɜɚɧ ɩɨɞ ɤɨɠɭ ɢ ɧɟ 

ɨɤɚɡɵɜɚɥ ɬɨɤɫɢɱɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɪɝɚɧɢɡɦ, ɧɟ ɛɵɥɨ ɧɢɤɚɤɢɯ ɩɪɢɡɧɚɤɨɜ 

ɦɚɤɪɨɮɚɝɨɜ, ɢ ɪɟɚɤɰɢɹ ɬɤɚɧɟɣ ɨɫɬɚɜɚɥɚɫɶ ɨɱɟɧɶ ɦɹɝɤɨɣ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ 

ɬɟɫɬɢɪɨɜɚɧɢɹ [29].  

Ɉɫɨɛɟɧɧɨ ɩɪɢɜɥɟɤɚɬɟɥɟɧ ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɉȽȺ ɦɨɧɨɦɟɪ 

4ȽȻ.  Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɢɫɨɜɦɟɫɬɢɦɨɫɬɢ 

ɫɨɩɨɥɢɦɟɪɚ ɉ3ȽȻ/4ȽȻ ɧɚ ɬɟɫɬɢɪɭɟɦɨɣ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɟ ɮɢɛɪɨɛɥɚɫɬɨɜ ɦɵɲɢ 

L929. ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ, ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɧɚ ɦɚɬɪɢɤɫɚɯ, ɭɜɟɥɢɱɢɜɚɥɚɫɶ 

ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨɥɢ 4ȽȻ [30]. Ɍɚɤ ɠɟ ɜ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɋɢɛɢɪɫɤɨɝɨ 

Ɏɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢ ɇɂɂ ɫɤɨɪɨɣ ɩɨɦɨɳɢ ɢɦ. ɇ.ȼ ɋɤɥɢɮɨɫɨɜɫɤɨɝɨ 

ɛɵɥɢ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ ɩɥɟɧɨɱɧɨɝɨ ɨɛɪɚɡɰɚ ɢɡ 

ɉ3ȽȻ/4ȽȻ. ȼ ɤɚɱɟɫɬɜɟ ɨɰɟɧɤɢ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɵɲɢɧɵɟ 

ɮɢɛɪɨɛɥɚɫɬɵ ɥɢɧɢɢ NIH 3T3 ɢ ɤɭɥɶɬɭɪɭ ɞɢɩɥɨɢɞɧɵɯ ɤɥɟɬɨɤ ɷɦɛɪɢɨɧɚ 

ɱɟɥɨɜɟɤɚ – ɮɢɛɪɨɛɥɚɫɬɵ ɥɢɧɢɢ Ɇ-22. ɉɪɢ ɩɪɹɦɨɦ ɤɨɧɬɚɤɬɟ ɫ ɢɫɫɥɟɞɭɟɦɵɦɢ 

ɨɛɪɚɡɰɚɦɢ ɜ ɤɭɥɶɬɭɪɚɯ ɤɥɟɬɨɤ ɨɬɫɭɬɫɬɜɨɜɚɥɚ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ, ɤɥɟɬɤɢ ɢɦɟɥɢ 

ɯɚɪɚɤɬɟɪɧɭɸ ɞɥɹ ɤɭɥɶɬɭɪɵ ɦɨɪɮɨɥɨɝɢɸ, ɫɨɯɪɚɧɹɥɢ ɫɜɨɸ ɢɫɯɨɞɧɭɸ 

ɫɬɪɭɤɬɭɪɧɭɸ ɰɟɥɨɫɬɧɨɫɬɶ, ɬɚɤɠɟ ɩɪɨɥɢɮɟɪɚɬɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɧɟ ɩɪɟɬɟɪɩɟɜɚɥɚ 

ɢɡɦɟɧɟɧɢɣ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ [31]. 

Ɍɪɟɯɤɨɦɩɨɧɟɧɬɧɵɣ ɩɨɥɢɦɟɪ ɉ3ȽȻ/3Ƚȼ/3ȽȽ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɝɢɛɤɨɫɬɶɸ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɱɟɦ ɉ3ȽȻ/Ƚȼ ɢ 

ɉ3ȽȻ/ȽȽ ɢ ɦɨɠɟɬ ɛɵɬɶ ɯɨɪɨɲɢɦ ɛɢɨɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ. Ɍɚɤ, 

ɜ ɪɚɛɨɬɟ Ya-Jun ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɚɬɪɢɤɫɵ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ 

ɢɯ ɉ3ȽȻ/3Ƚȼ/3ȽȽ. ɐɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɦɚɬɪɢɤɫɨɜ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɤɥɟɬɨɤ – 

https://www.sciencedirect.com/science/article/pii/S1742706108003012#!
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ɆɋɄ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ. Ⱦɚɧɧɵɣ ɜɢɞ ɦɚɬɪɢɤɫɚ ɩɨɤɚɡɚɥ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɫɢɱɧɨɫɬɢ, 

ɯɨɪɨɲɭɸ ɚɞɝɟɡɢɸ ɤɥɟɬɨɤ, ɩɨɞɞɟɪɠɢɜɚɥ ɨɫɬɟɨɝɟɧɧɭɸ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɭ ɆɋɄ 

[32].  

ȼ ɫɪɚɜɧɢɬɟɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ, ɤɨɬɨɪɵɟ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɜ ɂɧɫɬɢɬɭɬɟ ɛ ɢɨɮɢɡɢɤɢ ɋɈ Ɋ Ⱥɇ, ɢɫɩɨɥɶɡɨ ɜɚɥɢ ɝɨɦɨɩɨ ɥɢɦɟɪ 3-

ɝɢ ɞɪɨɤɫɢɦɚɫɥ ɹɧɨɣ ɤɢɫɥɨɬ ɵ ɉ3ȽȻ, ɞɜɭ ɯɤɨɦɩɨɧɟɧɬ ɧɵɟ ɫɨɩɨɥɢ ɦɟɪɵ: ɉ3ȽȻ/ 3Ƚȼ, 

ɉ3ȽȻ/ 3ȽȽ, ɉ3ȽȻ/4 ȽȻ ɢ ɩɨɥɢɥ ɚɤɬɢɞ. Ʉɥɟɬɨɱɧɵɟ ɦɚɬɪɢɤɫɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ. ȼ ɤɚɱɟɫɬɜɟ ɬɟɫɬ ɤɭɥɶɬɭɪɵ ɧɚ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɨɤɫɢɱɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɢɛɪɨɛɥɚɫɬɵ ɦɵɲɢ NIH 3T3. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɬɟɱɟ ɧɢɟ 96 ɱɚɫɨ ɜ ɤɭɥɶɬɢɜɢɪɨ ɜɚɧɢɹ 

ɤɨɥɢɱɟɫɬ ɜɨ ɤɥɟɬɨɤ ɧ ɚ ɜɫɟɯ ɦɚɬɪ ɢɤɫɚɯ ɢɡ ɉ ȽȺ ɢ ɧɚ ɤɨ ɧɬɪɨɥɟ ɛɵɥɨ ɫɨ ɩɨɫɬɚɜɢɦɨ; 

ɧ ɚ ɩɨɥɢɥɚɤɬ ɢɞɟ ɤɨɥɢɱɟɫɬ ɜɨ ɤɥɟɬɨɤ ɛ ɵɥɨ ɜɞɜɨɟ ɦɟ ɧɶɲɟ. ɇɚ 7 ɫɭɬ ɤɢ ɤɨɥɢɱɟɫɬ ɜɨ 

ɤɥɟɬɨɤ ɧ ɚ ɦɚɬɪɢɤɫɟ ɢɡ ɉ 3ȽȻ, ɉ3ȽȻ/4 ȽȻ ɢ ɉ3ȽȻ/ 3Ƚȼ ɛɵɥɨ ɫɪɚɜɧɢɦɨ, ɱɭɬɶ 

ɦɟɧɶɲɟ ɤɥɟɬɨɱɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɧɚɛɥɸɞɚɥɚɫɶ ɧɚ ɦɚɬɪɢɤɫɟ ɢɡ ɉ3ȽȻ/3ȽȽ. Ɇɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɚɧɧɵɟ ɤɥɟɬɨɱɧɵɟ ɦɚɬɪɢɤɫɵ ɢɡ ɉȽȺ ɩɪɢɝɨɞɧɵ ɞɥɹ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɥɟɬɨɤ [25]. 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 

ɬɨɦ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɹɜɥɹɸɬɫɹ ɩɨɞɯɨɞɹɳɢɦɢ ɞɥɹ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɥɟɬɨɤ. Ȼɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɩɨɥɢɦɟɪɚ ɡɚɜɢɫɢɬ ɨɬ ɰɟɥɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɫɜɨɣɫɬɜ – ɨɬ ɟɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɫɬɪɭɤɬɭɪɵ, ɱɢɫɬɨɬɵ 

ɩɨɥɢɦɟɪɚ, ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɚ ɝɥɚɜɧɨɟ ɨɬ ɦɟɬɨɞɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɢɡɞɟɥɢɹ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɢɦɩɥɚɧɬɚɰɢɢ. ȼɨɩɪɨɫ ɨ ɬɨɦ, ɤɚɤɨɣ ɢɡ ɜɫɟɯ ɜɢɞɨɜ 

ɉȽȺ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɛɟɡɨɩɚɫɧɵɦ ɢ ɩɪɢɟɦɥɟɦɵɦ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɬɤɚɧɟɢɧɠɟɧɟɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɜɫɟ ɟɳɟ ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɵɦ [12]. 
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2 Мɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

2.1 Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢя 

Ⱦɥɹ ɢɫɫɥɟɞɨ ɜɚɧɢɣ ɛɵɥɢ ɜɡ ɹɬɵ ɨɛɪɚɡɰ ɵ ɝɨɦɨɝɟɧɧɨ ɝɨ ɩɨɥɢɦɟɪ ɚ 3-

ɝɢɞɪɨɤɫ ɢɦɚɫɥɹɧɨɣ ɤ ɢɫɥɨɬɵ ɉ3Ƚ Ȼ ɢ ɞɜɭɯɤɨ ɦɩɨɧɟɧɬɧɵɟ ɫɨ ɩɨɥɢɦɟɪɵ: 

ɉ 3ȽȻ/3Ƚȼ ɫ ɜ ɤɥɸɱɟɧɢɟɦ 3 Ƚȼ 13% ɢ 23%; ɉ 3ȽȻ/4ȽȻ ɫ ɜ ɤɥɸɱɟɧɢɟɦ 4 ȽȻ 10% ɢ 

23%; ɉ3 ȽȻ/3ȽȽ ɫ ɜ ɤɥɸɱɟɧɢɟɦ 3 ȽȽ 14%. ȼɫɟ ɩɨ ɥɢɦɟɪɧɵɟ ɨɛɪ ɚɡɰɵ ɛɵɥɢ 

ɥ ɸɛɟɡɧɨ ɩɪɟ ɞɨɫɬɚɜɥɟɧɵ ɫɨɬɪɭ ɞɧɢɤɚɦɢ Ʌɚɛɨɪ ɚɬɨɪɢɢ ɧɨɜ ɵɯ ɛɢɨɦɚɬɟɪ ɢɚɥɨɜ 

ɋɢɛɢɪɫ ɤɨɝɨ Ɏɟɞɟɪ ɚɥɶɧɨɝɨ ɍɧ ɢɜɟɪɫɢɬɟɬɚ.   

Ɍɚɛɥɢɰɚ 1 – Ɂɧɚɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɉȽȺ 

Ɉɛɪɚɡɟɰ ɋɪɟɞɧɟɱɢɫɥɨɜɚɹ 

ɦɚɫɫɚ Ɇɱ, ɤȾɚ 

ɋɪɟɞɧɟɜɟɫɨɜɚɹ 

ɦɚɫɫɚ Ɇɜ, ɤȾɚ 

ɉɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶ, 

Ɇɜ/Ɇɱ 

ɉ3ȽȻ 723 ± 14 1200 ± 47  1,66 ± 0,03 

ɉ3ȽȻ/3Ƚȼ 13% 840 ± 9 1500 ± 22 1,79 ± 0,01 

ɉ3ȽȻ/3Ƚȼ 23% 660 ± 19 1500 ± 42 2,27 ± 0,03 

ɉ3ȽȻ/3ȽȽ 14% 340 ± 9 1000 ± 16 2,94 ± 0,04 

ɉ3ȽȻ/4ȽȻ 10% 477 ± 4 810 ± 11 1,70 ± 0,04 

ɉ3ȽȻ/4ȽȻ 23% 290 ± 5 550 ± 10 1,90 ± 0,01 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɞɝɟɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɧɚ ɦɚɬɪɢɤɫɚɯ ɢɡ ɉȽȺ, 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɥɟɬɨɱɧɭɸ ɥɢɧɢɸ ɦɵɲɢɧɵɯ ɮɢɛɪɨɛɥɚɫɬɨɜ NIH 3T3. 

Ʉɭɥɶɬɢɜ ɢɪɨɜɚɧɢɟ ɤ ɥɟɬɨɤ ɩɪɨɜɨ ɞɢɥɢ ɩɨ ɫɬ ɚɧɞɚɪɬɧɵɦ ɦɟɬɨ ɞɢɤɚɦ ɜ ɩɨ ɥɧɨɣ 

ɩɢɬɚɬɟ ɥɶɧɨɣ ɫɪɟɞɟ: D MEM (Gibco), F BS (Gibco) – 10 %, ɪ ɚɫɬɜɨɪ ɚɧɬ ɢɛɢɨɬɢɤɨɜ 

– 1% (Gibco) Ⱦɚɥɟɟ ɮɥɚɤɨɧ ɩɨɦɟɳɚɥɢ ɜ ɋɈ2-ɢɧɤɭɛɚɬɨɪ ɩɪɢ 37°C ɫ 5% CO2.   
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Ɋɢɫɭɧɨɤ 3 – ɤɥɟɬɨɱɧɚɹ ɥɢɧɢɹ NIH 3T3 

 

2.2 Мɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢя 

2.2.1 Иɡɝɨɬɨɜɥɟɧɢɟ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ  

Ʉɥɟɬɨɱɧɵɟ ɦ ɚɬɪɢɤɫɵ, ɜ ɜɢɞɟ ɩɥɟɧɨɤ, ɩɨ ɥɭɱɚɥɢ ɩɭɬɟ ɦ ɩɨɥɢɜɚ ɪ ɚɡɨɝɪɟɬɨɝɨ 

ɞɨ 45ɨɋ 2% ɪɚɫɬɜɨɪɚ ɩɨɥɢɦɟɪɚ ɧ ɚ ɨɛɟɡɠɢɪɟ ɧɧɭɸ ɩɨɜɟɪ ɯɧɨɫɬɶ ɱɚɲɟ ɤ ɉɟɬɪɢ. ȼ 

ɤ ɚɱɟɫɬɜɟ ɪɚɫɬ ɜɨɪɢɬɟɥɹ ɢɫ ɩɨɥɶɡɨɜɚɥɢ ɞ ɢɯɥɨɪɦɟɬɚɧ. ɉ ɥɟɧɤɢ ɜɵɫɭ ɲɢɜɚɥɢ ɜ 

ɜɚɤɭɭɦɧɨɦ ɷɤɫɢɤɚɬɨɪɟ ɞ ɥɹ ɢɫɩɚɪɟɧ ɢɹ ɪɚɫɬɜɨɪ ɢɬɟɥɹ. Ⱦɚɥɟɟ ɫ ɩɨ ɦɨɳɶɸ 

ɫɩɟɰ ɢɚɥɶɧɨɣ ɮɨɪ ɦɵ ɜɵɫɟɤɚɥ ɢ ɞɢɫɤɢ ɞɢ ɚɦɟɬɪɨɦ 15 ɦ ɦ, ɬɨɥɳɢɧɭ ɢɡ ɦɟɪɹɥɢ ɫ 

ɢɫ ɩɨɥɶɡɨɜɚɧɢɟ ɦ ɦɟɯɚɧɢɱɟɫ ɤɨɝɨ ɷɥɟɤɬɪɨ ɧɧɨ-ɰɢɮɪɨɜɨ ɝɨ ɦɢɤɪɨɦɟɬɪ ɚ Legioner 

EDM-25-0.001, ɩɨɫ ɥɟ ɱɟɝɨ ɦɚɬɪ ɢɤɫɵ ɛɵɥɢ ɪ ɚɡɥɨɠɟɧɵ ɜ 24- ɯ ɥɭɧɨɱɧɵɣ 

ɩ ɥɚɧɲɟɬ ɢ ɩɨ ɞɜɟɪɝɧɭɬɵ ɭ ɥɶɬɪɚɮɢɨɥɟɬɨ ɜɨɣ ɫɬɟɪɢɥ ɢɡɚɰɢɢ ɜ 70% ɷɬ ɚɧɨɥɟ ɜ 

ɬɟɱɟ ɧɢɟ 15 ɦɢɧɭɬ. Ⱦ ɚɥɟɟ ɦɚɬɪɢ ɤɫɵ ɬɪɢɠɞɵ ɩɪɨ ɦɵɜɚɥɢ ɜ ɮɨɫɮ ɚɬɧɨ-ɛɭɮɟɪ ɧɨɦ 

ɪɚɫɬɜɨɪɟ.  

 

2.2.2 Иɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɂɡɦɟɪɟɧɢɟ ɭɝɥɚ ɤɨɧɬɚɤɬɚ ɫ ɜɨɞɨɣ ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɨɦ, 

ɢɫɩɨɥɶɡɭɟɦɵɦ ɞɥɹ ɢɡɭɱɟɧɢɹ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɛɢɨɦɚɬɟɪɢɚɥɚ, ɢ 

ɦɨɠɟɬ ɩɨɦɨɱɶ ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɟ ɜɥɢɹɧɢɟ ɛɢɨɦɚɬɟɪɢɚɥɚ ɧɚ ɚɞɝɟɡɢɸ ɢ ɪɨɫɬ 

ɤɥɟɬɨɤ. Ƚɢɞɪɨɮɢɥɶɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɟɞɟɥɹɥɢ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ 
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ɤɨɧɬɚɤɬɚ ɫ ɜɨɞɨɣ, ɞɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɢɛɨɪ «KRUSS» ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ DSA – 4 ɞɥɹ Windows.  

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧ ɚɧɨɫɢɥɢ ɧɚ ɩɨ ɜɟɪɯɧɨɫɬɶ ɩɨ ɥɢɦɟɪɧɵɯ ɨɛɪ ɚɡɰɨɜ ɩɪɢ 

ɩɨ ɦɨɳɢ ɲɩɪɢɰɨ ɜ ɤɚɩɥɢ ɞɢ ɣɨɞɨɦɟɬɚɧɚ ɢ ɜɨ ɞɵ, ɨɫɭɳɟɫɬ ɜɥɹɥɚɫɶ ɜɢ ɞɟɨɡɚɩɢɫɶ 

ɦɨ ɦɟɧɬɨɜ ɜɡɚ ɢɦɨɞɟɣɫɬɜɢ ɹ ɤɚɠɞɨɣ ɠ ɢɞɤɨɫɬɢ ɫ ɩɨ ɜɟɪɯɧɨɫɬɶɸ ɨɛɪ ɚɡɰɚ, ɡɚɬɟ ɦ 

ɨɧɚ ɨɛɪɚɛ ɚɬɵɜɚɥɚɫɶ ɜ ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ «Circle», ɢɧɬɟɝɪɢɪɨ ɜɚɧɧɵɦ 

ɜ ɩɪɨ ɝɪɚɦɦɧɵɣ ɤɨ ɦɩɥɟɤɫ. Ⱦɥ ɹ ɤɚɠɞɨɝɨ ɩɨ ɥɢɦɟɪɧɨɝɨ ɨɛɪ ɚɡɰɚ ɛɵɥɨ 

ɩɪɨ ɢɡɜɟɞɟɧɨ 10 ɢɡ ɦɟɪɟɧɢɣ, ɩɨ ɩɨ ɥɭɱɟɧɧɵɦ ɡ ɧɚɱɟɧɢɹɦ ɤɨ ɧɬɚɤɬɧɵɯ ɭ ɝɥɨɜ 

ɫɦɚɱɢ ɜɚɧɢɹ ɪɚɫɫɱ ɢɬɵɜɚɥɢɫɶ ɫɪɟ ɞɧɟɟ ɡɧɚɱɟ ɧɢɟ ɢ ɫɬɚɧ ɞɚɪɬɧɨɟ ɨɬ ɤɥɨɧɟɧɢɟ, ɚ 

ɬ ɚɤɠɟ ɞɢɫɩɟɪɫ ɧɚɹ ɢ ɩɨɥɹɪ ɧɚɹ ɫɨɫɬɚɜ ɥɹɸɳɢɟ. 

 

 
Ɋɢɫɭɧɨɤ – 4 ɉɪɢɛɨɪ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

 

ɋ ɩɪɢɦɟɧɟɧɢɟɦ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɦɢɤɪɨɫɤɨɩ S 

5500, Hitachi, Japan) ɢɫɫɥɟɞɨɜɚɥɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɢɦɟɪɧɵɯ 

ɢɡɞɟɥɢɣ. Ɉɛɪɚɡɰɵ 5 × 5 ɦɦ ɩɨɦɟɳɚɥɢ ɧɚ ɩɪɟɞɦɟɬɧɵɣ ɫɬɨɥɢɤ ɢ ɩɨɤɪɵɜɚɥɢ 

ɧɚɩɵɥɟɧɢɟɦ. Ⱦɚɥɟɟ ɩɨɥɭɱɟɧɧɵɟ ɫɧɢɦɤɢ ɡɚɝɪɭɠɚɥɢ ɜ ɩɪɨɝɪɚɦɦɭ ɞɥɹ ɚɧɚɥɢɡɚ 

ɢɡɨɛɪɚɠɟɧɢɣ «ImageJ».  
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ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɬɨɦɧɨ-ɫɢɥɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ («SmartSPM™», ɈɈɈ 

«ȺɂɋɌ-ɇɌ», Ɋɨɫɫɢɹ) ɨɩɪɟɞɟɥɹɥɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɱɧɵɯ 

ɦɚɬɪɢɤɫɨɜ. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɛɪɚɡɰɨɜ ɜɵɱɢɫɥɹɥɢ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɭɸ ɲɟɪɨɯɨɜɚɬɨɫɬɶ, ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɵɫɨɬɭ ɩɢɤɚ ɢ 

ɦɚɤɫɢɦɚɥɶɧɭɸ ɝɥɭɛɢɧɭ ɜɩɚɞɢɧɵ. 

 

2.2.3 Иɫɫɥɟɞɨɜɚɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɟɧɨɤ ɨɩɪɟɞɟɥɹɥɢ ɧɚ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɚɲɢɧɟ «Instron». ɂɫɫɥɟɞɨɜɚɥɢ ɦɨɞɭɥɶ ɘɧɝɚ (Ɇɉɚ), 

ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ (Ɇɉɚ) ɢ ɭɞɥɢɧɟɧɢɟ ɩɪɢ ɪɚɡɪɵɜɟ (%). 

 

 

Ɋɢɫɭɧɨɤ 5 – ɉɪɢɛɨɪ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

 

2.2.4 Кɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɤɥɟɬɨɤ ɧɚ ɦɚɬɪɢɤɫɚɯ ɢɡ ɉȽȺ 

ɇɚ ɩɨɥɭɱɟɧɧɵɟ ɦɚɬɪɢɤɫɵ, ɜ ɚɫɟɩɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɛɵɥɢ ɪɚɫɫɟɹɧɵ 

ɤɥɟɬɤɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ. ɇɚ ɤɚɠɞɭɸ ɥɭɧɤɭ ɜɵɫɟɜɚɥɢ ɤɥɟɬɤɢ 
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ɩɥɨɬɧɨɫɬɶɸ 104ɤɥ/ɫɦ2 ɢ ɞɨɛɚɜɥɹɥɢ 1 ɦɥ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ, ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ 

ɬɟɱɟɧɢɟ 3 ɫɭɬɨɤ.  

ɉɟɪɟɞ ɬɟɦ, ɤɚɤ ɩɪɨɢɡɜɟɫɬɢ ɩɨɫɟɜ, ɤ ɥɟɬɤɢ ɨɬɞɟ ɥɹɥɢ ɨɬ ɤɭ ɥɶɬɭɪɚɥɶɧɨ ɝɨ 

ɮɥɚɤɨɧɚ ɫ ɩɨ ɦɨɳɶɸ ɪɚɫɬ ɜɨɪɚ ɬɪɢɩɫɢɧɚ (3 ɦɥ), ɞ ɚɥɟɟ ɮɥɚɤɨ ɧ ɛɵɥ ɩɨɦɟ ɳɟɧ ɜ 

ɋɈ2-ɧɤɭɛɚɬɨɪ ɧ ɚ 5-7 ɦɢɧɭɬ. Ɂ ɚɬɟɦ ɞɨɛɚɜ ɥɹɥɢ ɩɢɬɚɬɟ ɥɶɧɭɸ ɫɪɟɞɭ ( 3 ɦɥ), ɞɥɹ 

ɬɨ ɝɨ ɱɬɨɛɵ ɧɟ ɣɬɪɚɥɢɡɨɜɚɬ ɶ ɬɪɢɩɫɢɧ ( 3 ɦɥ). Ⱦɚɥɟɟ ɫɭɫ ɩɟɧɡɢɸ ɩɟɪɟɧɨɫɢɥɢ ɜ 

ɰɟɧɬɪɢɮɭɠɧɵɟ ɩɪɨɛɢɪɤɢ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 3000 ɨɛ/ɦɢɧ ɜ 

ɬɟɱɟɧɢɟ 5 ɦɢɧɭɬ, ɫɭɩɟɪɧɚɬɚɧɬ ɨɬɛɢɪɚɥɢ, ɤɥɟɬɨɱɧɵɣ ɨɫɚɞɨɤ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ, ɤ 

10 ɦɤɥ ɤɥɟɬɨɱɧɨɣ ɫɭɫɩɟɧɡɢɢ ɞɨɛɚɜɥɹɥɢ ɬɚɤɨɣ ɠɟ ɨɛɴɟɦ ɬɪɢ ɩɚɧ ɨɜɨ ɝɨ ɫɢɧɟɝɨ, 

ɩɨɫɥɟ ɱɟɝɨ ɡɚɩɨɥɧɹɥɢ ɤɚɦɟɪɭ Ƚɨɪɹɟɜɚ ɢ ɩɪɨɢɡɜɨɞɢɥɢ ɩɨɞɫɱɟɬ ɠɢɜɵɯ 

(ɧɟɨɤɪɚɲɟɧɧɵɯ) ɢ ɦɟɪɬɜɵɯ (ɨɤɪɚɲɟɧɧɵɯ) ɤɥɟɬɨɤ ɩɨ ɮɨɪɦɭɥɟ: 

ɏ = N·0,05·106·m 

ɝɞɟ: ɏ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɥɟɬɨɤ ɜ ɨɞɧɨɦ ɦɥ (ɦɥɧ/ɦɥ), N – ɤɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ ɜ 5 

ɛɨɥɶɲɢɯ ɤɜɚɞɪɚɬɚɯ, m – ɪɚɡɛɚɜɥɟɧɢɟ.  

 

2.2.5 Ɉɰɟɧɤɚ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɮɢɛɪɨɛɥɚɫɬɨɜ 

ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤ ɥɟɬɨɤ ɧɚ ɩɨ ɥɢɦɟɪɧɵɯ ɦ ɚɬɪɢɤɫɚɯ ɢɡɭɱ ɚɥɢ ɜ ɪɟɚɤ ɰɢɢ ɫ 

ɆɌɌ [ 3-(4,5-ɞɢɦɟɬ ɢɥɬɢɚɡɨɥ-2- ɢɥ)-2,5-ɞɢɮɟ ɧɢɥɬɟɬɪɚɡɨ ɥ ɛɪɨɦɢɞɨɦ], ɤɨɬɨɪ ɚɹ 

ɨɫɧɨɜɵɜ ɚɟɬɫɹ ɧɚ ɫ ɩɨɫɨɛɧɨɫɬɢ ɞɟ ɝɢɞɪɨɝɟɧɚɡ ɠ ɢɜɵɯ ɤɥɟɬɨ ɤ ɜɨɫɫɬɚɧɚ ɜɥɢɜɚɬɶ 3-

(4,5- ɞɢɦɟɬɢɥɬɢɚɡɨ ɥ-2-ɢɥ)-2,5- ɞɢɮɟɧɢɥɬɟɬɪ ɚɡɨɥ ɛɪɨɦɢ ɞ ɞɨ ɮɨɪɦɚɡ ɚɧɚ, ɷɬɨ 

ɯ ɚɪɚɤɬɟɪɢɡɭɟɬ ɚ ɤɬɢɜɧɨɫɬɶ ɦ ɢɬɨɯɨɧɞɪɢɣ ɠ ɢɜɵɯ ɤɥɟɬɨ ɤ ɢ ɤɨɫɜɟɧ ɧɨ ɨɬɪɚɠɚɟɬ 

ɤɨ ɥɢɱɟɫɬɜɨ ɠ ɢɡɧɟɫɩɨɫɨɛ ɧɵɯ ɤɥɟɬɨɤ ɢ ɫ ɩɨɫɨɛɧɵɯ ɤ ɩɪɨ ɥɢɮɟɪɚɰɢɢ.  Ɉɰɟɧɢɜɚɥɢ 

1 ɢ 3 ɫɭɬɤɢ. ɉɨɫɥɟ 24-ɯ ɱɚɫɨɜ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɦɟɧɹɥɢ ɫɪɟɞɭ, ɞɨɛɚɜɥɹɥɢ ɧɨɜɭɸ 

950 ɦɤɥ ɢ 50 ɦɤɥ ɆɌɌ. Ɂɚɬɟɦ ɭɛɢɪɚɥɢ ɩɥɚɧɲɟɬ ɜ ɢɧɤɭɛɚɬɨɪ ɧɚ 4 ɱɚɫɚ. ɉɨ 

ɢɫɬɟɱɟɧɢɸ ɜɪɟɦɟɧɢ ɞɨɫɬɚɜɚɥɢ ɩɥɚɧɲɟɬ, ɭɛɢɪɚɥɢ ɫɪɟɞɭ ɞɨɫɭɯɚ, ɡɚɬɟɦ ɞɨɛɚɜɥɹɥɢ 

150 ɦɤɥ ȾɆɋɈ.  ɉɨɫɥɟ ɱɟɝɨ ɩɟɪɟɧɨɫɢɥɢ ɫɨɞɟɪɠɢɦɨɟ ɩɨ 100 ɦɤɥ ɜ 

ɞɟɜɹɧɨɫɬɨɲɟɫɬɢɥɭɧɨɱɧɵɣ ɩɥɚɧɲɟɬ ɢ ɢɡɦɟɪɹɥɢ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɧɚ 

ɮɨɬɨɦɟɬɪɟ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 550 ɧɦ. Ɍɚɤɢɟ ɠɟ ɢɡ ɦɟɪɟɧɢɹ ɩɪɨ ɢɡɜɨɞɢɥɢ ɧ ɚ 
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ɬɪɟɬɶɢ ɫɭɬ ɤɢ. Ʉɚɠɞɵɣ ɨɛɪ ɚɡɟɰ ɢɦɟɥ ɬɪ ɢ ɩɨɜɬɨɪɧɨɫɬ ɢ. Ʉɨɥɢɱɟɫɬ ɜɨ ɤɥɟɬɨɤ 

ɪ ɚɫɫɱɢɬɵɜɚɥ ɢ ɩɨ ɤɚɥɢɛɪɨ ɜɨɱɧɨɦɭ ɝɪ ɚɮɢɤɭ.  

  

 
Ɋɢɫɭɧɨɤ 6 – ɩɪɢɛɨɪ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ «Bio-RAD» 

 

2.2.6 Ɏɥɭɨɪɟɫɰɟɧɬɧɨɟ ɨɤɪɚɲɢɜɚɧɢɟ ɤɪɚɫɢɬɟɥɟɦ DAPI  

Ⱦɥɹ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɨɤɪɚɲɢɜɚɧɢɹ ɤɥɟɬɨɤ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɪɚɫɢɬɟɥɶ DAPI 

(ɨɤɪɚɲɢɜɚɟɬ ɹɞɪɚ ɠɢɜɵɯ ɤɥɟɬɨɤ).  Ⱦɥɹ ɧɚɱɚɥɚ ɞɨɫɭɯɚ ɭɛɢɪɚɥɢ ɩɢɬɚɬɟɥɶɧɭɸ 

ɫɪɟɞɭ, ɩɨɫɥɟ ɤɥɟɬɤɢ ɩɪɨɦɵɥɢ ɮɨɫɮɚɬɧɨ-ɛɭɮɟɪɧɵɦ ɪɚɫɬɜɨɪɨɦ, ɡɚɬɟɦ 

ɮɢɤɫɢɪɨɜɚɥɢ 4% ɪɚɫɬɜɨɪɨɦ ɮɨɪɦɚɥɢɧɚ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɱɚɫɚ, ɞɚɥɟɟ ɫɧɨɜɚ 

ɩɪɨɦɵɥɢ ɮɨɫɮɚɬɧɨ-ɛɭɮɟɪɧɵɦ ɪɚɫɬɜɨɪɨɦ, ɨɛɪɚɛɨɬɚɥɢ ɪɚɫɬɜɨɪɨɦ Triton-X ɜ 

ɬɟɱɟɧɢɟ 5 ɦɢɧɭɬ, ɩɨɬɨɦ ɨɩɹɬɶ ɩɪɨɦɵɥɢ ɮɨɫɮɚɬɧɨ-ɛɭɮɟɪɧɵɦ ɪɚɫɬɜɨɪɨɦ. ɉɨɫɥɟ 

ɷɬɨ ɝɨ ɤɥɟɬɤɢ ɨ ɤɪɚɫɢɥɢ DA PI (ɤɨɧɰɟɧɬɪ ɚɰɢɹ ɪɚɛɨɱɟ ɝɨ ɪɚɫɬɜɨɪ ɚ 1 ɦɤɝ/ɦɥ, ɩɨ 50 

ɦ ɤɥ ɪɚɫɬɜɨɪ ɚ ɧɚ ɨɛɪɚɡɟ ɰ) ɜ ɬɟɱɟɧ ɢɟ 15 ɦɢɧɭɬ. ɉɨɫɥɟ ɨɤɪɚɲɢɜɚɧɢɹ ɤɚɠɞɵɣ 

ɨɛɪɚɡɟɰ ɬɳɚɬɟɥɶɧɨ ɩɪɨɦɵɜɚɥɢ ɮɨɫɮɚɬɧɨ-ɛɭɮɟɪɧɵɦ ɪɚɫɬɜɨɪɨɦ ɢ ɪɟɡɭɥɶɬɚɬɵ 

ɧɚɛɥɸɞɚɥɢ ɜ ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɦɢɤɪɨɫɤɨɩ.   
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2.2.7 ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪ ɚɛɨɬɤɚ ɪɟɡɭ ɥɶɬɚɬɨɜ ɛɵ ɥɚ ɩɪɨɜɟɞɟ ɧɚ ɫ ɢɫɩɨɥ ɶɡɨɜɚɧɢɟɦ 

ɫɬ ɚɧɞɚɪɬɧɨɝɨ ɩ ɚɤɟɬɚ ɩɪɨɝɪ ɚɦɦ Microso ft Excel. Ɋɟɡɭ ɥɶɬɚɬɵ ɩɪɟ ɞɫɬɚɜɥɟɧɵ ɤ ɚɤ 

ɫɪɟɞɧɢɟ ɚɪ ɢɮɦɟɬɢɱɟɫɤ ɢɟ ɫɨ ɫɬɚɧ ɞɚɪɬɧɵɦɢ ɨɬ ɤɥɨɧɟɧɢɹɦɢ.  
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3. Ɋɟɡɭɥɶɬɚɬɵ 

3.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɥɭɱɟɧɧɵɯ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɢɡ ɉȽȺ  

ɉɨɥɭɱɟɧɚ ɫɟɪɢɹ ɨɛɪɚɡɰɨɜ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɜ ɜɢɞɟ ɩ ɥɟɧɨɤ ɧɚ ɨɫ ɧɨɜɟ 

ɝɨɦɨɩɨ ɥɢɦɟɪɚ ɉ3Ƚ Ȼ ɢ ɫɨɩɨɥɢ ɦɟɪɨɜ: ɉ3Ƚ Ȼ/3Ƚȼ ɫ ɜɤ ɥɸɱɟɧɢɟɦ 3-
 ɝɢɞɪɨɤɫɢɜɚ ɥɟɪɚɬɚ 13%, 2 3%, ɉ3ȽȻ/3 ȽȽ ɫ ɜɤɥɸɱɟ ɧɢɟɦ 3-ɝɢɞɪɨ ɤɫɢɝɟɤɫɚɧɨ ɚɬɚ 

14%, ɉ 3ȽȻ/4ȽȻ ɫ ɜ ɤɥɸɱɟɧɢɟɦ 4- ɝɢɞɪɨɤɫɢɛɭɬ ɢɪɚɬɚ 10% ɢ 23%,  ɞɢɚɦɟɬɪɨɦ  15 

ɦɦ, ɬɨɥɳɢɧɨɣ  ɨɬ  23,5 ± 3 ɞɨ 56,7 ± 2,3  ɦɤɦ (Ɍɚɛɥɢɰɚ 2 – Ɍɨɥɳɢɧɚ 

ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɤ ɉȽȺ. 

 

Ɋɢɫɭɧɨɤ 7 – ɉɨɥɢɦɟɪɧɵɟ ɦɚɬɪɢɤɫɵ ɢɡ ɉȽȺ. 1 - ɉ3ȽȻ; 2 - ɉ3ȽȻ/3Ƚȼ 13 %; 3 - ɉ3ȽȻ/3Ƚȼ 23 

%; 4 - ɉ3ȽȻ/4ȽȻ 10 %; 5 - ɉ3ȽȻ/4ȽȻ 23 %; 6 - ɉ3ȽȻ/3ȽȽ 14, % 

Ȼɨɥɶɲɢɧɫɬɜɨ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɤ ɢɦɟɥɢ ɝɥɚɞɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɛɵɥɢ 

ɩɪɨɡɪɚɱɧɵɦɢ ɛɟɡ ɜɢɞɢɦɵɯ ɞɟɮɟɤɬɨɜ. ɉɥɟɧɤɚ ɧɚ ɨɫɧɨɜɟ ɉ3ȽȻ/4ȽȻ ɢɦɟɥɚ ɦɚɬɨɜɨ 

ɛɟɥɵɣ ɰɜɟɬ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɤɥɸɱɟɧɢɹ 4ȽȻ ɞɨ 23 %. 

Ɍɚɛɥɢɰɚ 2 – Ɍɨɥɳɢɧɚ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɤ ɉȽȺ 

Ɉɛɪɚɡɟɰ ɉ3ȽȻ 
ɉ3ȽȻ/3Ƚȼ 

13% 
ɉ3ȽȻ/3Ƚ
ȼ 23% 

ɉ3ȽȻ/3Ƚ
Ƚ 14% 

ɉ3ȽȻ/4ȽȻ 
10% 

ɉ3ȽȻ/4
ȽȻ 23% 

Ɍɨɥɳɢɧɚ, 

ɦɤɦ 
56,7±2,3 29,4 ± 3,05 54,3 ± 2,8 30,1 ± 2 33,2 ± 2,9 23,5 ± 3 
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 ɂɡɦɟɧɟɧɢɟ ɬɨɥɳɢɧɵ ɩɨɥɭɱɟɧɧɵɯ ɩɥɟɧɨɤ ɫɜɹɡɚɧɨ ɫ ɪɚɡɥɢɱɧɨɣ ɜɹɡɤɨɫɬɶɸ 

ɪɚɫɬɜɨɪɨɜ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɨɫɬɚɜɟ ɦɨɧɨɦɟɪɨɜ ɉȽȺ. ȼɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɨɜ 

ɨɬɞɟɥɶɧɨ ɜ ɪɚɛɨɬɟ ɧɟ ɢɡɭɱɚɥɢ. ɉɨ ɨɩɭɛɥɢɤɨɜɚɧɧɵɦ ɞɚɧɧɵɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɯɥɨɪɨɮɨɪɦ, ɞɢɯɥɨɪɦɟɬɚɧ) ɪɚɫɬɜɨɪɵ ɉȽȺ ɩɨ 

ɭɛɵɜɚɧɢɸ ɜɟɥɢɱɢɧɵ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɦɨɠɧɨ ɪɚɫɩɨɥɨɠɢɬɶ ɜ ɫɥɟɞɭɸɳɟɦ 

ɩɨɪɹɞɤɟ: ɉ(3ȽȻ) – ɉ(3ȽȻ-3Ƚȼ) – ɉ(3ȽȻ-3ȽȽ) – ɉ(3ȽȻ-4ȽȻ) [Ⱦɢɫɫɟɪɬɚɰɢɹ 

Ƚɨɧɱɚɪɨɜɚ Ⱦɦɢɬɪɢɹ].  

 

3.2 ɋɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢɡɞɟɥɢɣ ɢɡ ɉȽȺ  

ɋɪɟɞɢ ɩɚɪɚɦɟɬɪɨɜ (ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨɥɢɦɟɪɚ, ɤɪɚɟɜɨɣ ɭɝɨɥ, 

ɩɨɪɢɫɬɨɫɬɶ ɢ ɬ.ɞ.) ɨɩɪɟɞɟɥɹɸɳɢɯ ɚɞɝɟɡɢɸ ɤɥɟɬɨɤ ɤ ɩɨɥɢɦɟɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ 

ɦɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ, ɬɚɤ ɤɚɤ ɜɥɢɹɟɬ ɧɚ 

ɩɪɢɤɪɟɩɥɟɧɢɟ, ɪɚɫɩɥɚɫɬɵɜɚɧɢɟ ɢ ɞɜɢɝɚɬɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɤɥɟɬɨɤ. Ʉɥɟɬɨɱɧɵɟ 

ɦɚɬɪɢɤɫɵ ɜ ɜɢɞɟ ɩɥɟɧɨɤ ɢɫɫɥɟɞɨɜɚɧɵ  ɫ ɩɨɦɨɳɶɸ  ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ, ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɤɚɡɚɧɵ ɧɚ Ɋɢɫɭɧɨɤ 18.  

 
Ɋɢɫɭɧɨɤ 18 – ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɩɨɥɢɦɟɪɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɉȽȺ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ 

https://www.sciencedirect.com/topics/materials-science/scanning-electron-microscopy
https://www.sciencedirect.com/topics/materials-science/scanning-electron-microscopy
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɋɗɆ ɫɧɢɦɤɨɜ ɩɨɥɢɦɟɪɧɵɯ ɨɛɪɚɡɰɨɜ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɜɫɟ 

ɦɚɬɪɢɤɫɵ ɢɦɟɸɬ ɩɨɪɵ, ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɪɚɡɦɟɪɨɦ ɨɬ 2 ± 0,5 

ɦɤɦ ɞɨ 8 ± 2,4 ɦɤɦ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɧɚ ɩɥɟɧɤɚɯ ɉ3ȽȻ/4ȽȻ 23% ɢ ɉ3ȽȻ/3Ƚȼ. 

ɉɨɜɟɪɯɧɨɫɬɶ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɢɡ ɝɨɦɨɩɨɥɢɦɟɪɚ ɢ ɉ3ȽȻ/3ȽȽ 14% ɛɵɥɚ 

ɛɨɥɟɟ ɝɥɚɞɤɨɣ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɪ.  

Ɋɟɥɶɟɮ ɩɨɜɟɪɯɧɨɫɬɢ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɚɬɨɦɧɨ-ɫɢɥɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Ɍɚɛɥɢɰɚ13 ɢ ɧɚ Ɋɢɫɭɧɨɤ 29.  

Ɍɚɛɥɢɰɚ13 – ɉɨɤɚɡɚɬɟɥɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɱɧɵɯ 
ɦɚɬɪɢɤɫɨɜ ɢɡ ɉȽȺ 

Ɉɛɪɚɡɟɰ 
ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ 
ɲɟɪɨɯɨɜɚɬɨɫɬɶ (Sq), 

ɧɦ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɜɵɫɨɬɚ ɩɢɤɚ 

(Sp), ɧɦ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɝɥɭɛɢɧɚ ɜɩɚɞɢɧɵ 

(Sv), ɧɦ 

ɉ3ȽȻ 176,9 ± 8,4 639 ± 2,5 593,8 ± 3,7 

ɉ3ȽȻ/3Ƚȼ 13% 360,6 ± 3,3 1256 ± 2,6 1055,6 ± 2,8 

ɉ3ȽȻ/3Ƚȼ 23% 249,6 ± 5,2 814,1 ± 2 751,4 ± 1,6 

ɉ3ȽȻ/3ȽȽ 14% 297 ± 3,1 850,6 ± 1,4 1015,6 ± 2,3 

ɉ3ȽȻ/4ȽȻ 10% 363,8 ± 2,1 1223,4 ± 2,6 1055,5 ± 2,4 

ɉ3ȽȻ/4ȽȻ 23% 281,6 ± 1,5 779,1 ± 1,6 1400,1 ± 2,9 

 

Ɍɨɩɨɝɪɚɮɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɢɦɟɥɚ ɨɬɥɢɱɢɹ. 

Ɇɚɬɪɢɤɫ ɧɚ ɨɫɧɨɜɟ ɉ3ȽȻ ɢɦɟɥ ɦɢɧɢɦɚɥɶɧɭɸ ɪɟɥɶɟɮɧɨɫɬɶ, ɨ ɱɟɦ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɞɚɧɧɵɟ ɫɚɦɵɯ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ, ɚ ɬɚɤɠɟ 

ɜɵɫɨɬɵ ɩɢɤɚ ɢ ɝɥɭɛɢɧɵ ɜɩɚɞɢɧɵ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 

ɛɵɥɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɞɥɹ ɩɥɟɧɨɤ ɉ3ȽȻ/3Ƚȼ 13% ɢ ɉ3ȽȻ/4ȽȻ 10%, ɬɚɤɠɟ ɷɬɢ 

ɞɜɚ ɫɨɩɨɥɢɦɟɪɚ ɢɦɟɸɬ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨ ɞɪɭɝɢɦ ɢɫɫɥɟɞɭɟɦɵɦ ɩɚɪɚɦɟɬɪɚɦ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɦɨɧɨɦɟɪɨɜ 3Ƚȼ ɢ 4ȽȻ ɫ 13% ɢ 

10%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɨ 23% ɭɦɟɧɶɲɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɫ 360 ɢ 
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363 ɧɦ ɞɨ 249 ɢ 281 ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɩɢɤɚ ɫ 1256 ɢ 

1223 ɧɦ ɞɨ 814 ɢ 779 ɧɦ.  

 

 

Ɋɢɫɭɧɨɤ 29 – ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɪɟɥɶɟɮɚ ɩɨɥɢɦɟɪɧɵɯ ɨɛɪɚɡɰɨɜ 

 

Ɂɧɚɱɢɦɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɫɩɨɫɨɛɧɵɦ ɩɨɜɥɢɹɬɶ ɧɚ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ 

ɤɥɟɬɨɱɧɵɯ ɧɨɫɢɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 

ɫɨɨɬɧɨɲɟɧɢɹ ɝɢɞɪɨɮɢɥɶɧɨɣ ɢ ɝɢɞɪɨɮɨɛɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ.   

Ɍɚɛɥɢɰɚ 4 – ɋɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɢɡ ɉȽȺ  

ɋɨɫɬɚɜ Ʉɪɚɟɜɨɣ ɭɝɨɥ 
(ɜɨɞɚ), ɝɪɚɞ 

Ⱦɢɫɩɟɪɫɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ, 

ɦɇ/ɦ 

ɉɨɥɹɪɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ, 

ɦɇ\ɦ 
ɉ3ȽȻ 79,7 ± 2,5 44,8 ± 1,1 4,9 ± 0,2 

ɉ3ȽȻ/3Ƚȼ 13% 77,0 ± 2,3 47,25 ± 0,5 6,9 ± 0,5 

ɉ3ȽȻ/3Ƚȼ 23% 68,5 ± 1,5 45,4 ± 1,8 9,8 ± 0,7 

ɉ3ȽȻ/3ȽȽ 14% 73,4 ± 1,7 44,1 ± 0,4 7,0 ± 0,9 

ɉ3ȽȻ/4ȽȻ 10% 67,4 ± 2,9 44,0 ± 0,8 11,5 ± 1,9 

ɉ3ȽȻ/4ȽȻ 23% 66,0 ± 3,1 34,8 ± 0,8 9,6 ± 0,3 
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ɇɚɢɛɨɥɶɲɢɣ ɤɪɚɟɜɨɣ ɭɝɨɥ ɢɦɟɥɢ ɩɥɟɧɤɢ ɉ3ȽȻ – 79,7 ± 2,50; ɉ3ȽȻ/3Ƚȼ ɫ 

ɜɤɥɸɱɟɧɢɟɦ 3Ƚȼ 13% 77,0 ± 2,30; ɉ3ȽȻ/3ȽȽ ɫ ɜɤɥɸɱɟɧɢɟɦ 3ȽȽ 14% 73,4 ± 1,70, 

ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɢɯ ɝɢɞɪɨɮɨɛɧɵɟ ɫɜɨɣɫɬɜɚ. ɇɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɤɪɚɟɜɨɝɨ 

ɭɝɥɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɞɥɹ  ɨɛɪɚɡɰɨɜ ɫ ɜɤɥɸɱɟɧɢɟɦ 4ȽȻ 10% ɢ 23%, ɢɯ ɭɝɥɵ 

ɫɨɫɬɚɜɢɥɢ 67,4 ± 2,90 ɢ 66,0 ± 3,10 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ ɢɡ 

ɉ3ȽȻ/3Ƚȼ ɫ ɜɤɥɸɱɟɧɢɟɦ 3Ƚȼ 23% 68,5 ± 1,50, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɝɢɞɪɨɮɢɥɶɧɵɯ ɫɜɨɣɫɬɜɚɯ. Ɂɧɚɱɟɧɢɹ ɩɨɥɹɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɛɪɚɬɧɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɭɝɥɭ ɫɦɚɱɢɜɚɧɢɹ.  

 

3.3 Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɢɡ ɉȽȺ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɪɢɤɫɨɜ ɢɡ ɉȽȺ, 

ɩɥɟɧɤɢ ɛɵɥɢ ɧɚɪɟɡɚɧɵ ɧɚ ɩɨɥɨɫɤɢ ɪɚɡɦɟɪɨɦ 60 × 10 ɦɦ. Ɋɟɡɭɥɶɬɚɬɵ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ  Ɍɚɛɥɢɰɚ 5 – Фɢɡɢɤɨ-ɦехаɧɢчеɫɤɢе ɫвɨɣɫɬва 

ɤɥеɬɨчɧых ɦаɬɪɢɤɫɨв ɢɡ ПГА. 

Ɍɚɛɥɢɰɚ 5 – Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɢɡ ɉȽȺ 

Ɉɛɪɚɡɟɰ 
Ɇɨɞɭɥɶ ɘɧɝɚ, 

[Mɉa] 
ɉɪɟɞɟɥ 

ɩɪɨɱɧɨɫɬɢ, [Ɇɉɚ] 
ɍɞɥɢɧɟɧɢɟ ɩɪɢ 

ɪɚɡɪɵɜɟ, [%] 

ɉ3ȽȻ 2956,7 ± 150,2 30,5 ± 2,1 2,2 ± 0,4 

ɉ3ȽȻ/3Ƚȼ 13% 2808,1 ± 161,4 37,4 ± 1,7 1,9 ± 0,2 

ɉ3ȽȻ/3Ƚȼ 23% 2334,7 ± 121,6 35,2 ± 2,7 2,6 ± 0,6 

ɉ3ȽȻ/3ȽȽ 14% 2310,6 ± 98,7 32,8 ± 2,2 2,1 ± 1,1 

ɉ3ȽȻ/4ȽȻ 10% 1183,4 ± 62,1 27,3 ± 1,3 10,8 ± 1,4 

ɉ3ȽȻ/4ȽȻ 23% 950 ± 57,1 3,9 ± 1,2 11,7 ± 0,6 
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Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɩɥɟɧɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɩɨɤɚɡɚɥɢ 

ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ Ɇɨɞɭɥɹ ɘɧɝɚ ɞɥɹ ɩɥɟɧɨɤ ɢɡ ɉ3ȽȻ (2956,7 Ɇɉɚ), ɱɬɨ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɞɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɤɚɤ ɛɨɥɟɟ ɠɟɫɬɤɢɣ. ɍ ɦɚɬɪɢɤɫɚ ɢɡ ɉ3ȽȻ/4ȽȻ ɫ 

ɜɤɥɸɱɟɧɢɟɦ 4ȽȻ 23% ɧɚɛɥɸɞɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ 

ɪɚɫɬɹɠɟɧɢɸ, ɟɝɨ ɡɧɚɱɟɧɢɟ Ɇɨɞɭɥɹ ɘɧɝɚ ɫɨɫɬɚɜɥɹɟɬ 950 Ɇɉɚ, ɞɚɧɧɵɣ ɦɚɬɪɢɤɫ 

ɢɦɟɟɬ ɧɢɡɤɢɣ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 3,9 Ɇɉɚ, ɜɵɲɟ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 

ɪɚɡɪɭɲɟɧɢɟ ɦɚɬɟɪɢɚɥɚ. Ɇɚɬɪɢɤɫ ɢɡ ɉ3ȽȻ/3Ƚȼ ɫ ɜɤɥɸɱɟɧɢɟ 3Ƚȼ 13% ɢɦɟɟɬ 

ɫɚɦɵɣ ɜɵɫɨɤɢɣ ɢɡ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 37,4 Ɇɉɚ, ɧɨ ɩɪɢ ɷɬɨɦ ɭ 

ɧɟɝɨ ɫɚɦɵɣ ɧɢɡɤɢɣ ɩɪɨɰɟɧɬ ɭɞɥɢɧɟɧɢɹ ɩɪɢ ɪɚɡɪɵɜɟ 1,9 %. ɉɪɢ ɜɤɥɸɱɟɧɢɢ 

ɦɨɧɨɦɟɪɚ 4ȽȻ ɧɚɛɥɸɞɚɟɬɫɹ ɹɜɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɭɞɥɢɧɟɧɢɹ ɩɪɢ ɪɚɡɪɵɜɟ 

(10 – 11%) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ ɨɛɪɚɡɰɚɦɢ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɷɥɚɫɬɢɱɧɵɯ 

ɫɜɨɣɫɬɜɚɯ ɦɚɬɪɢɤɫɨɜ ɧɚ ɨɫɧɨɜɟ ɉ3ȽȻ/4ȽȻ.  

 

3.4 Иɫɫɥɟɞɨɜɚɧɢɟ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɮɢɛɪɨɛɥɚɫɬɨɜ ɧɚ ɤɥɟɬɨɱɧɵɯ 
ɦɚɬɪɢɤɫɚɯ 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɪɢɨɤɨɧɫɟɪɜɢɪɨɜɚɧɧɵɟ ɤɥɟɬɤɢ – 

ɮɢɛɪɨɛɥɚɫɬɵ ɦɵɲɢ ɥɢɧɢɢ NIH 3T3 (Ɋɢɫɭɧɨɤ310). ɉɨɫɥɟ ɪɚɡɦɨɪɨɡɤɢ ɤɥɟɬɤɢ 

ɛɵɥɢ ɩɨɦɟɳɟɧɵ ɜ ɤɭɥɶɬɭɪɚɥɶɧɵɣ ɮɥɚɤɨɧ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ, 

ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ CO2-ɢɧɤɭɛɚɬɨɪɟ ɜ ɚɬɦɨɫɮɟɪɟ 5% ɋɈ2 ɩɪɢ 370ɋ. ɉɪɢ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɨɰɟɧɢɥɢ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɦɨɧɨɫɥɨɹ, ɤɨɬɨɪɨɟ 

ɩɨɞɬɜɟɪɠɞɟɧɨ ɩɚɞɟɧɢɟɦ pH, ɬɚɤ ɤɚɤ ɩɪɨɢɫɯɨɞɢɥɨ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɤɥɟɬɨɤ, 

ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɫɭɛɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ 

(ɩɟɪɟɫɟɜɟ).  ɉɪɢɡɧɚɤɨɜ ɤɨɧɬɚɦɢɧɚɰɢɢ ɜ ɤɭɥɶɬɭɪɟ ɧɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ.  
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Ɋɢɫɭɧɨɤ310 – Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɦɵɲɢɧɵɯ ɮɢɛɪɨɛɥɚɫɬɨɜ NIH 3T3. ɚ - ɫɩɭɫɬɹ 24 ɱɚɫɚ ɩɨɫɥɟ 

ɪɚɡɦɨɪɨɡɤɢ; ɛ - ɨɛɪɚɡɨɜɚɧɢɟ ɦɨɧɨɫɥɨɹ ɜ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ 

 

ɍɪɨɜɟɧɶ ɤɥɟɬɨɱɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɨɤ ɧɚ ɦɚɬɪɢɤɫɚɯ 

ɢɡɭɱɚɥɢ ɜ ɪɟɚɤɰɢɢ ɫ ɆɌɌ. Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɝɪɚɮɢɤɟ ɢ ɨɬɪɚɠɚɸɬ 

ɤɨɥɢɱɟɫɬɜɨ ɠɢɡɧɟɫɩɨɫɨɛɧɵɯ ɤɥɟɬɨɤ.  

 

Ɋɢɫɭɧɨɤ 11 – Ɋɟɡɭɥɶɬɚɬɵ ɆɌɌ-ɬɟɫɬɚ 
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ȼ ɩɟɪɜɵɟ ɫɭɬɤɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɚɛɨɥɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɮɢɛɪɨɛɥɚɫɬɨɜ 

NIH 3Ɍ3 ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɉȽȺ ɛɵɥɚ ɜɵɲɟ, ɱɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɨɧɬɪɨɥɹ. Ʉɨɥɢɱɟɫɬɜɨ ɠɢɡɧɟɫɩɨɫɨɛɧɵɯ ɤɥɟɬɨɤ ɧɚ ɦɚɬɪɢɤɫɚɯ ɫɨɫɬɚɜɢɥɨ: ɉ3ȽȻ – 

n = 15,58 ± 4,25; ɉ3ȽȻ/3ȽȽ – n = 16,49 ± 4,88; ɉ3ȽȻ/3Ƚȼ (13 ɢ 23%) – n = 15,99 ± 

3,84  ɢ n = 18,43 ± 4,38; ɉ3ȽȻ/4ȽȻ (10 ɢ 23%) – n = 17,45 ± 4,90  ɢ 18,25 ± 3,10. 

ɇɚ ɬɪɟɬɶɢ ɫɭɬɤɢ ɫɚɦɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɨɫɬ ɛɵɥ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɧɚ ɉ3ȽȻ/3Ƚȼ ɫ 

ɜɤɥɸɱɟɧɢɟɦ 3Ƚȼ 23% (n = 78,72 ± 4,81). Ⱥ ɧɚɢɦɟɧɶɲɢɣ – ɉ3ȽȻ/3Ƚȼ ɫ 

ɜɤɥɸɱɟɧɢɟɦ 3Ƚȼ 13% (n = 62,96 ± 6,60). ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɦɨɧɨɦɟɪɚ 

3Ƚȼ ɤɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ ɩɨɜɵɲɚɥɨɫɶ. 

 

3.5 Ɉɤɪɚɲɢɜɚɧɢɟ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ ɤɪɚɫɢɬɟɥɟɦ   

ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɭɞɚɥɨɫɶ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɢɤɪɟɩɥɟɧɢɟ ɤɥɟɬɨɤ ɤ ɫɭɛɫɬɪɚɬɭ ɢ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ. ɂɫɩɨɥɶɡɨɜɚɥɢ ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɤɪɚɫɢɬɟɥɶ DAPI.  

 

Ɋɢɫɭɧɨɤ 12 – Ɏɢɛɪɨɛɥɚɫɬɵ ɦɵɲɢ ɥɢɧɢɢ NIH 3T3, ɨɤɪɚɲɟɧɵ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ ɤɪɚɫɢɬɟɥɟɦ 

DAPI, ɧɚ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɚɯ ɢɡ ɉȽȺ. ɚ – ɉ3ȽȻ/4ȽȻ (23%); ɛ - ɉ3ȽȻ/3Ƚȼ (13%); ɜ – 

ɉ3ȽȻ/3Ƚȼ (23%); ɝ – ɉ3ȽȻ/3ȽȽ (14%); ɞ – ɉ3ȽȻ/4ȽȻ (10%); ɟ – ɉ3ȽȻ. 

Ɋɟɡɭɥɶɬɚɬɵ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɨɤɪɚɲɢɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɥɟɬɤɢ 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ.  ȼ ɰɟɥɨɦ, ɚɛɫɨɥɸɬɧɨ ɜɫɟ 
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ɢɫɫɥɟɞɭɟɦɵɟ ɦɚɬɪɢɤɫɵ ɩɨɞɞɟɪɠɢɜɚɸɬ ɪɨɫɬ ɢ ɤɥɟɬɨɱɧɭɸ ɚɞɝɟɡɢɸ. ɇɨ ɫɬɨɢɬ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɪɚɡɰɵ ɉ3ȽȻ/3Ƚȼ ɢ ɉ3ȽȻ/4ȽȻ (23%) ɨɛɥɚɞɚɸɬ ɧɚɢɥɭɱɲɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɞɥɹ ɚɞɝɟɡɢɢ ɢ ɩɪɨɥɢɮɟɪɚɰɢɢ ɮɢɛɪɨɛɥɚɫɬɨɜ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɨɤɪɚɲɢɜɚɧɢɹ ɢ ɆɌɌ-ɬɟɫɬɚ. 

ȼɵɹɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɪɢɝɨɞɧɨɫɬɢ ɉȽȺ ɞɥɹ 

ɜɵɪɚɳɢɜɚɧɢɹ ɤɥɟɬɨɤ in vitro.  
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ȼɵɜɨɞɵ 

1. ɉɨɥɭɱɟɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɤɥɟɬɨɱɧɵɟ ɦɚɬɪɢɤɫɵ ɜ ɜɢɞɟ ɩɥɟɧɨɤ ɧɚ 

ɨɫɧɨɜɟ ɉȽȺ ɪɚɡɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ: ɉ3ȽȻ, ɉ 3ȽȻ/3Ƚȼ ɫ ɜ ɤɥɸɱɟɧɢɟɦ 3-
 ɝɢɞɪɨɤɫɢɜɚ ɥɟɪɚɬɚ 13% ɢ 2 3%, ɉ3ȽȻ/3 ȽȽ ɫ ɜɤɥɸɱɟ ɧɢɟɦ 3-ɝɢɞɪɨ ɤɫɢɝɟɤɫɚɧɨ ɚɬɚ 

14%, ɉ 3ȽȻ/4ȽȻ ɫ ɜ ɤɥɸɱɟɧɢɟɦ 4- ɝɢɞɪɨɤɫɢɛɭɬ ɢɪɚɬɚ 10% ɢ 23%.    

2. Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɩɥɟɧɤɢ ɉȽȺ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼɤɥɸɱɟɧɢɟ 

ɦɨɧɨɦɟɪɨɜ 3Ƚȼ ɢ 4ȽȻ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ (66,05 ± 

3,14º ɢ 68,55 ± 1,51º) ɩɥɟɧɨɤ ɢ ɩɨɜɵɲɟɧɢɸ ɲɟɪɨɯɨɜɚɬɨɫɬɢ (360 ɢ 363 ɧɦ), ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɛɨɥɟɟ ɝɥɚɞɤɢɯ ɢ ɝɢɞɪɨɮɨɛɧɵɯ ɩɥɟɧɨɤ ɉ3ȽȻ ɢ ɉ3ȽȻ/3ȽȽ. ɉɨ ɞɚɧɧɵɦ 

ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɨɩɨɥɢɦɟɪɧɵɟ ɩɥɟɧɤɢ ɧɚ 

ɨɫɧɨɜɟ ɉ3ȽȻ/4ȽȻ ɨɛɥɚɞɚɸɬ ɷɥɚɫɬɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ 

ɡɧɚɱɟɧɢɹɦɢ ɭɞɥɢɧɟɧɢɹ ɩɪɢ ɪɚɡɪɵɜɟ (10 – 11%) ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɪɨɱɧɵɯ ɩɥɟɧɨɤ ɧɚ 

ɨɫɧɨɜɟ ɉ3ȽȻ, ɉ3ȽȻ/3Ƚȼ, ɉ3ȽȻ/3ȽȽ. 

3. Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɜɥɢɹɸɬ 

ɧɚ ɚɞɝɟɡɢɸ ɢ ɪɨɫɬ ɮɢɛɪɨɛɥɚɫɬɨɜ ɦɵɲɢ ɥɢɧɢɢ NIH 3T3, ɚ ɢɦɟɧɧɨ ɩɪɢ ɫɧɢɠɟɧɢɢ 

ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɢ ɭɦɟɧɶɲɟɧɢɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɞɨ ɡɧɚɱɟɧɢɣ 249 ɢ 281 ɧɦ 

ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɢɛɨɥɶɲɢɣ ɪɨɫɬ ɤɥɟɬɨɤ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɆɌɌ-ɬɟɫɬɚ 

ɢ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ 

ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɧɚ ɩɥɟɧɤɚɯ ɉ3ȽȻ/3Ƚȼ ɫ ɜɤɥɸɱɟɧɢɟɦ 3Ƚȼ 23% ɢ ɉ3ȽȻ/4ȽȻ ɫ 

ɜɤɥɸɱɟɧɢɟɦ 4ȽȻ 23%.  

 

 

 

 

 

 

 



35 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ:  

1. ȼɨɥɨɜɚ, Ɍ. Ƚ. Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɦɟɞɢɰɢɧɵ, ɤɥɟɬɨɱɧɨɣ ɢ ɬɤɚɧɟɜɨɣ 

ɢɧɠɟɧɟɪɢɢ / Ɍ. Ƚ. ȼɨɥɨɜɚ, ȿ. ɂ. ɒɢɲɚɰɤɚɹ, ɉ. ȼ. Ɇɢɪɨɧɨɜ // ɍɱɟɛ. ɉɨɫɨɛɢɟ. –  

Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɄ ɋɎɍ, 2009. – ɫ.  

2. Saad B. Development of degradable polyesterurerethans for medical 

applications: in vitro and in vivo evaluations / B. Saad, T. D. Hirt, M. Welti // J 

Biomed Mater Res. – 1997. – p. 65–74. 

3. Shishatskaya E. I. A comparative investigation of biodegradable 

polyhydroxyalkanoate films as matrices for in vitro cell cultures / E. I . Shishatskaya, 

T. G. Volova // J Mater Sci-Mater M. – 2004.  

4. Esposti M. D. Highly porous PHB-based bioactive scaffolds for bone 

tissue engineering by in situ synthesis of hydroxyapatite / M. D. Esposti, F. Chiellini 

// Materials Science and Engineering: C. – 2019. – V. 100. – p. 286-296.  

5. ɋɟɜɚɫɬɶɹɧɨɜ, ȼ. ɂ. Ɍɟɯɧɨɥɨɝɢɢ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɢ 

ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɦɟɞɢɰɢɧɵ / ȼ. ɂ. ɋɟɜɚɫɬɶɹɧɨɜ. //  –  2014. 

6. ɒɭɪɵɝɢɧɚ. ɂ.Ⱥ. Ɏɢɛɪɨɛɥɚɫɬɵ ɢ ɢɯ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ 

ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ /  ɂ. Ⱥ. ɒɭɪɵɝɢɧɚ, Ɇ. Ƚ. ɒɭɪɵɝɢɧ, ɇ. ɂ. Ⱥɸɲɢɧɨɜɚ // 

ɋɢɛɢɪɫɤɢɣ ɦɟɞɢɰɢɧɫɤɢɣ ɠɭɪɧɚɥ. – 2012. – №3.  

7. Ʌɟɜɱɟɧɤɨ ȼ. Ɇ. ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɦɨɪɮɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɫɜɨɣɫɬɜ ɮɢɛɪɨɛɥɚɫɬɨɜ: ɞɢɫ. ɤɚɧɞ. ɛɢɨɥ. ɧɚɭɤ: 06.02.01 – ɋɬɚɜ. ɝɨɫ. ɚɝɪɚɪɧ. 

ɭɧɢɜɟɪɫɢɬɟɬ, ɋɬɚɜɪɨɩɨɥɶ, 2017. – 116 ɫ.  

8. Cortizo M. S. Biodegradable Polymers for Bone Tissue Engineering / M. 

S. Cortizo, M. S. Belluzo // Industrial Applications of Renewable Biomass Products. 

– 2017. – p. 47-74. 

9. ɇɢɤɨɥɚɟɜɚ, ȿ. Ⱦ Ȼɢɨɩɨɥɢɦɟɪɵ ɞɥɹ ɤɥɟɬɨɱɧɨɣ ɢ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ 

/ ȿ. Ⱦ ɇɢɤɨɥɚɟɜɚ // - ɀɭɪɧɚɥ ɋɢɛɢɪɫɤɨɝɨ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ. ɋɟɪɢɹ: 

Ȼɢɨɥɨɝɢɹ. – 2014. – Ɍ. 7. – ɋ. 222-232.  

10.  Marguerite R. Chitin and chitosan: Properties and applications / R. 

Marguerite. // - Progress in Polymer Science. – 2006. – V. 31. – p. 603-632.  



36 

 

11.  Sevda. S. Potential applications of chitosan in veterinary medicine / S. 

Sevda.  M. C. Clure. // – 2004. – V. 56. – p. 1467-1480.  

12.  Bayón, B. Biopolymers from Wastes to High-Value Products in 

Biomedicine / B. Bayón.  I. R. Berti. A. M. Gagneten  // – 2017.  

13.  Patrulea. V Chitosan as a starting material for wound healing 

applications / V. Patrulea, V. Ostafe, G. Borchard, O. Jordan // – European Journal of 

Pharmaceutics and Biopharmaceutics. – 2015. – V. 97. – p. 417-426.  

14.  Selvan, N. K. Hydrogel based scaffolding polymeric biomaterials: 

Approaches towards skin tissue regeneration / N. K. Selvan,   T.S. Shanmugarajan  // 

– 2020.  

15.  Saurabh. B. Natural Polymers vs Synthetic Polymer / B. Saurabh // – 

Natural Polymer Drug Delivery Systems. – 2016. – p. 95-118. 

16.  William E. Synthetic Materials: Processing and Surface Modifications 

for Vascular Tissue Engineering / E. William, III  King, A. Benjamin, Minden-

Birkenmaier, L. Gary. // Tissue-Engineered Vascular Grafts. – 2020. –p. 1-50.  

17.  Benatti. B., Chapter 4 - Bioreabsorbable polymers for tissue 

engineering: PLA, PGA, and their copolymers / B.Benatti, A. F. Pattaro, A. A. 

Rodrigues, M. V. Xavier // Materials for Biomedical Engineering. Hydrogels and 

Polymer-Based Scaffolds – 2019. – p.83-116.  

18.  ȼɨɥɤɨɜ Ⱥ. ȼ. ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɛɢɨɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɦɟɪɨɜ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ ɜ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ / Ⱥ. ȼ. ȼɨɥɤɨɜ / Ʉɥɟɬɨɱɧɚɹ 

ɬɪɚɧɫɩɥɚɧɬɨɥɨɝɢɹ ɢ ɬɤɚɧɟɜɚɹ ɢɧɠɟɧɟɪɢɹ. – 2005. – № 2. – ɋ. 43-45. 

19.  Ramot. Y.  Biocompatibility and safety of PLA and its copolymers / Y. 

Ramot, A. J. Domb, A. Nyska // Advanced Drug Delivery Reviews. – 2016. – V. 107. 

– p. 153-162.  

20.  Kenneth S.  Polymeric Biomaterials for Scaffold-Based Bone 

Regenerative Engineering / S. Kenneth, L. Jorge, E. Ivirico // Regenerative 

Engineering and Translational Medicine. – 2018. – p. 128-154. 



37 

 

21.  Volova T. G.  Results of biomedical investigations of PHB and 

PHB/PHV fibers // T.G. Volova, E. I. Shishatskaya, V.Sevastyanov / Biochemical 

Engineering Journal.  – 2003. – V. 16. – p. 125-133.  

22.  Chen G. Q. A microbial polyhydroxyalkanoates (PHA) based bio-and 

materials industry / G. Q. Chen //Chemical Society Reviews. – 2009. – Ɍ. 38. – №. 8. 

– ɋ. 2434-2446.  

23.  Lalit K. Frontiers in Biomedical Engineering: PHA-Fabricated Implants 

/ K. Lalit, S. N. Dhasmana // –  p. 91-102. 

24.  ȼɨɥɨɜɚ, Ɍ. Ƚ. ɉɨɥɢɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉɈȺ) – ɛɢɨɪɚɡɪɭɲɚɟɦɵɟ 

ɩɨɥɢɦɟɪɵ ɞɥɹ ɦɟɞɢɰɢɧɵ. / Ɍ. Ƚ. ȼɨɥɨɜɚ, ȼ.ɂ ɋɟɜɚɫɬɶɹɧɨɜ, ȿ. ɂ.  ɒɢɲɚɰɤɚɹ // – 

2003. 

25.  ɇɢɤɨɥɚɟɜɚ, ȿ. Ⱦ ɋɪɚɜɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɥɟɬɨɱɧɵɯ 

ɧɨɫɢɬɟɥɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɪɟɡɨɪɛɢɪɭɟɦɵɯ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɪɚɡɥɢɱɧɨɝɨ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ / ȿ. Ⱦ ɇɢɤɨɥɚɟɜɚ, ȿ. ɂ ɒɢɲɚɰɤɚɹ, Ʉ. ȿ Ɇɨɱɚɥɨɜ, Ɍ. Ƚ 

ȼɨɥɨɜɚ, ɗ. Ⱦ ɋɢɧɫɤɢ // - Ʉɥɟɬɨɱɧɚɹ ɢ ɬɤɚɧɟɜɚɹ ɬɪɚɧɫɩɥɚɧɬɨɥɨɝɢɹ ɢ ɬɤɚɧɟɜɚɹ 

ɢɧɠɟɧɟɪɢɹ. – 2011. – Ɍ. 6. – ɋ. 54-63.  

26.  Shangguan, Y. Y. The mechanical properties and in vitro biodegradation 

and biocompatibility of UV-treated poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) 

/ Y. Y. Shangguan, Y. W. Wang,  // – 2006.  

27.  Bonartsev, A. P. Application of Polyhydroxyalkanoates in Medicine and 

the Biological Activity of Natural Poly(3-Hydroxybutyrate) / A. P. Bonartsev, G. A. 

Bonartseva, I. V. Reshetov, M. P. Kirpichnikov  K. V. Shaitan // – 2019. – p. 4-16.  

28.  ɒɢɲɚɰɤɚɹ, ȿ. ɂ. Ʉɥɟɬɨɱɧɵɟ ɦɚɬɪɢɤɫɵ ɢɡ ɪɟɡɨɪɛɢɪɭɟɦɵɯ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ / ȿ. ɂ. ɒɢɲɚɰɤɚɹ // Ʉɥɟɬɨɱɧɚɹ ɬɪɚɧɫɩɥɚɧɬɨɥɨɝɢɹ ɢ 

ɬɤɚɧɟɜɚɹ ɢɧɠɟɧɟɪɢɹ. – 2007 – Ɍ. 2, № 2 – ɋ. 68-75.  

29.  Xiang, H. In vivo studies of poly(3-hydroxybutyrate-co-3-

hydroxyhexanoate) based polymers: Biodegradation and tissue reactions / H.  Xiang, 

K. Y. Zhang, G.Q.Chen // Biomaterials. – 2006. – V. 27. – p. 3540-3548.  



38 

 

30.  Chee, J. W. The influence of copolymer ratio and drug loading level on 

the biocompatibility of P(3HB-co-4HB) synthesized by Cupriavidus sp. (USMAA2-

4) / J. W. Chee, A. A. Amirul, // Biochemical Engineering Journal. – 2008. – V. 38. – 

p. 314-318.  

31.  Ȼɨɪɨɜɤɨɜɚ ɇ. ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ 

ɩɥɟɧɨɤ ɢ ɧɟɬɤɚɧɵɯ ɦɟɦɛɪɚɧ ɢɡ ɫɨɩɨɥɢɦɟɪɚ 3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɢ 4-

ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬ ɜ ɤɭɥɶɬɭɪɚɯ in vitro / ɇ. ȼ. Ȼɨɪɨɜɤɨɜɚ, Ⱥ. Ʉ. ȿɜɫɟɟɜ, ȿ. 

Ⱦ. ɇɢɤɨɥɚɟɜɚ, Ⱦ. Ȼ. Ƚɨɧɱɚɪɨɜ // ɋɢɛɢɪɫɤɢɣ Ɏɟɞɟɪɚɥɶɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ. – 2016. – 

ɋ. 43-52. 

32.  Hu, Y. H.  Biocompatibility of poly(3-hydroxybutyrate-co-3-

hydroxyvalerate-co-3-hydroxyhexanoate) with bone marrow mesenchymal stem cells 

/Y. J. Hu, X. Wei, Y. S. Liu, G. Q. Chen // Acta Biomaterialia. – 2009. – V. 5. –1115-

1125. 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


