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ɊȿɎȿɊȺɌ 

 Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ: «Ȼɢɨɫɢɧɬɟɡ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 

ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɛɚɤɬɟɪɢɹɦɢ Cupriavidus eutrophus B-10646 ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɜɵɯ ɩɪɟɤɭɪɫɨɪɨɜ», ɫɨɞɟɪɠɢɬ 42 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 26 ɢɥɥɸɫɬɪɚɰɢɣ, 2 ɬɚɛɥɢɰɵ, 39 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

 Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ), ɫɟɪɨɫɨɞɟɪɠɚɳɢɟ 

ɦɨɧɨɦɟɪɵ, ɧɨɜɵɟ ɩɪɟɤɭɪɫɨɪɵ, ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ/3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ/4 

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ),ɩɨɥɢ(3 ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ/2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ ɚɰɟɬɚɬ),ɩɨɥɢ(3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ). 

 ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɛɚɤɬɟɪɢɣ ɲɬɚɦɦɚ 

Cupriavidus eutrophus B-10646 ɪɚɫɬɢ ɢ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɨɥɢɦɟɪ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɪɚɡɥɢɱɧɵɯ ɩɪɟɤɭɪɫɨɪɨɜ ɜ ɫɪɟɞɟ, ɜ ɭɫɥɨɜɢɹɯ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɨɫɬɚ ɢ 

ɧɚɤɨɩɥɟɧɢɹ ɉȽȺ ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɬɶ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ. Ɂɚɞɚɱɢ ɡɚɤɥɸɱɚɥɢ ɜ ɫɟɛɟ: 1. ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɨɫɬɚ 

ɛɚɤɬɟɪɢɣ ɢ ɧɚɤɨɩɥɟɧɢɹ ɩɨɥɢɦɟɪɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɧɨɜɵɯ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɫɢɧɬɟɡɚ ɉȽȺ; 2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ 4- ɢ 5-ɝɢɞɪɨɤɫɢɩɟɧɬɚɧɨɜɨɣ ɤɢɫɥɨɬɵ; 3. ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɵɯ ɩɨɥɢɦɟɪɨɜ (ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɫɬɪɭɤɬɭɪɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɟɧɨɤ). 

 Ɍɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɹɡɚɧɚ ɫ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ – ɩɨɥɭɱɟɧɢɟ 

ɧɨɜɵɯ, ɩɨɥɢɦɟɪɨɜ ɞɥɹ ɢɡɭɱɟɧɢɹ ɢɯ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ. ȼ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɭɞɚɥɨɫɶ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɨɥɢɦɟɪɵ, ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ ɉ(3ȽȻ/3Ƚȼ/4Ƚȼ) 

ɉ(3ȽȻ/2ȽɗɌȺ), ɉ(3ȽȻ).   
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ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) – ɬɟɪɦɨɩɥɚɫɬɢɱɟɫɤɢɟ ɩɨɥɢɷɮɢɪɵ, 

ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɪɚɡɥɢɱɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ ɜ ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ 

ɡɚɩɚɫɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɭɫɥɨɜɢɹɯ ɥɢɦɢɬɢɪɨɜɚɧɢɹ ɪɨɫɬɚ ɩɢɬɚɬɟɥɶɧɵɦɢ 

ɷɥɟɦɟɧɬɚɦɢ (ɧɚɩɪɢɦɟɪ, ɚɡɨɬɨɦ, ɮɨɫɮɨɪɨɦ) ɢ ɩɪɢ ɢɡɛɵɬɨɱɧɨɦ ɫɨɞɟɪɠɚɧɢɢ 

ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ. əɜɥɹɸɬɫɹ ɛɢɨɪɚɡɥɚɝɚɟɦɵɦɢ, ɛɢɨɫɨɜɦɟɫɬɢɦɵɦɢ ɢ 

ɜɨɡɨɛɧɨɜɥɹɟɦɵɦɢ ɛɢɨɩɥɚɫɬɢɤɚɦɢ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɡɚɦɟɧɢɬɶ ɩɥɚɫɬɦɚɫɫɵ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɩɪɢɦɟɧɟɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɩɪɨɞɭɰɟɧɬɚɦɢ ɞɥɹ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ ɩɥɚɫɬɢɤɨɜ ɹɜɥɹɸɬɫɹ ɜɨɞɨɪɨɞɨɤɢɫɥɹɸɳɢɟ 

ɛɚɤɬɟɪɢɢ Cupriavidus eutrophus B-10646, ɝɪɭɩɩɚ ɝɪɚɦ-ɨɬɪɢɰɚɬɟɥɶɧɵɯ 

ɛɚɤɬɟɪɢɣ, ɫɩɨɫɨɛɧɵɯ ɧɚɤɚɩɥɢɜɚɬɶ ɞɨ 80-90% ɩɨɥɢɦɟɪɚ ɨɬ ɜɟɫɚ ɫɭɯɨɣ 

ɛɢɨɦɚɫɫɵ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɜɨɞɨɪɨɞɨɤɢɫɥɹɸɳɢɯ 

ɛɚɤɬɟɪɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɯ ɜɵɫɨɤɢɦ ɨɪɝɚɧɨɬɪɨɮɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɫɜɵɲɟ 100 ɪɚɡɥɢɱɧɵɯ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ, ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɵɟ ɢ ɢɫɫɥɟɞɭɟɦɵɟ ɉȽȺ – ɷɬɨ 

ɝɨɦɨɝɟɧɧɵɣ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ) ɢ ɫɨɩɨɥɢɦɟɪɵ 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɢ 3-

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ (ɉ-3ȽȻ-ɫɨ-3Ƚȼ). ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɜ ɜɢɞɟ ɝɪɚɧɭɥ, ɤɨɬɨɪɵɟ ɩɪɢ ɨɤɪɚɲɢɜɚɧɢɢ ɯɨɪɨɲɨ 

ɜɢɡɭɚɥɢɡɢɪɭɸɬɫɹ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢ. Ɋɚɡɜɟɪɧɭɬɵ ɲɢɪɨɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ 

ɜɵɹɜɥɟɧɢɸ ɧɨɜɵɯ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ, ɢɡɭɱɟɧɢɸ ɭɫɥɨɜɢɣ ɢɯ ɫɢɧɬɟɡɚ ɢ 

ɫɜɨɣɫɬɜ.ɗɬɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɞɟɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɜ 

ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɞɚɠɟ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ 

ɦɨɧɨɦɟɪɧɵɯ ɟɞɢɧɢɰ ɜ ɉȽȺ ɦɨɝɭɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɛɪɚɡɨɦ ɢɡɦɟɧɹɬɶɫɹ ɢɯ 

ɫɜɨɣɫɬɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɞɥɹ 

ɩɪɚɤɬɢɤɢ(ɦɟɞɢɰɢɧɟ, ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɥɚɫɬɢɤɨɜ ɢ ɬ.ɞ) [1]. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɛɚɤɬɟɪɢɣ 

ɲɬɚɦɦɚ Cupriavidus eutrophus B-10646 ɪɚɫɬɢ ɢ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɨɥɢɦɟɪ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɡɥɢɱɧɵɯ ɩɪɟɤɭɪɫɨɪɨɜ ɜ ɫɪɟɞɟ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɬɶ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ. 
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Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1. ɂɫɫɥɟɞɨɜɚɬɶ ɪɨɫɬ ɛɚɤɬɟɪɢɣ ɢ ɧɚɤɨɩɥɟɧɢɟ ɩɨɥɢɦɟɪɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɧɨɜɵɯ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɫɢɧɬɟɡɚ ɉȽȺ; 

2. ɂɫɫɥɟɞɨɜɚɬɶ ɪɨɫɬ ɛɚɤɬɟɪɢɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 4- ɢ 5-ɝɢɞɪɨɤɫɢɩɟɧɬɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ. 

3. ɂɫɫɥɟɞɨɜɚɬɶ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɩɨɥɢɦɟɪɨɜ 

(ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɫɬɪɭɤɬɭɪɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 

ɩɥɟɧɨɤ) 
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ȽɅȺȼȺ 1 ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

1.1 Ȼɢɨɪɚɡɪɭɲɚɟɦɵɟ ɩɨɥɢɦɟɪɵ 
 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɥɚɫɬɢɱɟɫɤɢɯ ɦɚɫɫ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ 

ɜɨɡɪɚɫɬɚɟɬ ɜ ɫɪɟɞɧɟɦ ɧɚ 5 – 6% ɟɠɟɝɨɞɧɨ ɢ, ɩɨ ɩɪɨɝɧɨɡɚɦ, ɤ 2020 ɝ. ɞɨɫɬɢɝɧɟɬ 

250 ɦɥɧ. ɬɨɧɧ. ɂɯ ɩɨɬɪɟɛɥɟɧɢɟ ɧɚ ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ ɜ ɢɧɞɭɫɬɪɢɚɥɶɧɨ ɪɚɡɜɢɬɵɯ 

ɫɬɪɚɧɚɯ ɡɚ ɩɨɫɥɟɞɧɢɟ 30 ɥɟɬ ɭɞɜɨɢɥɨɫɶ, ɞɨɫɬɢɝɧɭɜ 85 – 90 ɤɝ. Ʉ ɤɨɧɰɭ 

ɞɟɫɹɬɢɥɟɬɢɹ, ɤɚɤ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɷɬɚ ɰɢɮɪɚ ɩɨɜɵɫɢɬɫɹ ɧɚ 45-50% [5]. 

ɇɚɫɱɢɬɵɜɚɟɬɫɹ ɨɤɨɥɨ 150 ɜɢɞɨɜ ɩɥɚɫɬɢɤɨɜ, 30 % ɢɡ ɧɢɯ – ɷɬɨ ɫɦɟɫɢ 

ɪɚɡɥɢɱɧɵɯ ɩɨɥɢɦɟɪɨɜ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɜɨɣɫɬɜ ɢ ɥɭɱɲɟɣ 

ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɩɨɥɢɦɟɪɵ ɜɜɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɞɨɛɚɜɤɢ, ɪɹɞ ɢɡ ɧɢɯ 

ɨɬɧɨɫɢɬɫɹ ɤ ɬɨɤɫɢɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ [6]. Ɍɚɤɚɹ ɜɵɫɨɤɚɹ ɩɨɩɭɥɹɪɧɨɫɬɶ 

ɩɥɚɫɬɦɚɫɫ ɨɛɴɹɫɧɹɟɬɫɹ ɢɯ ɥɟɝɤɨɫɬɶɸ, ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ ɢ ɧɚɛɨɪɨɦ ɰɟɧɧɟɣɲɢɯ 

ɫɥɭɠɟɛɧɵɯ ɫɜɨɣɫɬɜ. ɉɥɚɫɬɢɤɢ ɹɜɥɹɸɬɫɹ ɫɟɪɶɟɡɧɵɦɢ ɤɨɧɤɭɪɟɧɬɚɦɢ ɦɟɬɚɥɥɭ, 

ɫɬɟɤɥɭ, ɤɟɪɚɦɢɤɟ. ɇɨ ɧɚɪɹɞɭ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɫ ɭɬɢɥɢɡɚɰɢɟɣ 

ɨɬɯɨɞɨɜ, ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɭɟɬ ɫɜɵɲɟ 400 ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ, ɩɨɹɜɥɹɸɳɢɯɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɞɭɤɰɢɢ ɩɨɥɢɦɟɪɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɍɱɢɬɵɜɚɹ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɨɧɢ ɧɟ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɝɧɢɟɧɢɸ, ɤɨɪɪɨɡɢɢ, ɨɞɧɚɤɨ ɩɪɨɛɥɟɦɚ ɢɯ ɭɬɢɥɢɡɚɰɢɢ ɧɨɫɢɬ, 

ɩɪɟɠɞɟ ɜɫɟɝɨ, ɷɤɨɥɨɝɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɛɥɟɦɚ 

ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɯɨɞɨɜ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɛɪɟɬɚɟɬ ɚɤɬɭɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɧɟ ɬɨɥɶɤɨ ɫ ɩɨɡɢɰɢɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɨ ɢ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɜ 

ɭɫɥɨɜɢɹɯ ɞɟɮɢɰɢɬɚ ɩɨɥɢɦɟɪɧɨɝɨ ɫɵɪɶɹ, ɩɥɚɫɬɦɚɫɫɨɜɵɟ ɨɬɯɨɞɵ ɫɬɚɧɨɜɹɬɫɹ 

ɦɨɳɧɵɦ ɫɵɪɶɟɜɵɦ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɪɟɫɭɪɫɨɦ [7]. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɩɨɥɢɦɟɪɨɜ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɷɤɨɧɨɦɢɬɶ ɩɟɪɜɢɱɧɨɟ ɫɵɪɶɟ (ɩɪɟɠɞɟ ɜɫɟɝɨ 

ɧɟɮɬɶ) ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ [8]. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɪɟɲɟɧɢɟ ɜɨɩɪɨɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɯɪɚɧɨɣ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ, ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ. ɋɬɨɢɦɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɢ 
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ɭɧɢɱɬɨɠɟɧɢɹ ɨɬɯɨɞɨɜ ɩɥɚɫɬɦɚɫɫ ɩɪɢɦɟɪɧɨ ɜ 8 ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɪɚɫɯɨɞɵ ɧɚ 

ɨɛɪɚɛɨɬɤɭ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɩɨɱɬɢ ɜ 3 ɪɚɡɚ – ɧɚ ɭɧɢɱɬɨɠɟɧɢɟ 

ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ. ɗɬɨ ɫɜɹɡɚɧɨ ɫɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɩɥɚɫɬɦɚɫɫ, 

ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɬɪɭɞɧɹɸɳɢɦɢ ɢɥɢ ɞɟɥɚɸɳɢɦɢ ɧɟɩɪɢɝɨɞɧɵɦɢ ɢɡɜɟɫɬɧɵɟ 

ɦɟɬɨɞɵ ɭɧɢɱɬɨɠɟɧɢɹ ɬɜɟɪɞɵɯ ɨɬɯɨɞɨɜ. ɉɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɬɢɥɢɡɚɰɢɟɣ 

ɩɨɥɢɦɟɪɧɵɯ ɨɬɯɨɞɨɜ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ. Ɉɧɢ ɢɦɟɸɬ ɫɜɨɸ ɫɩɟɰɢɮɢɤɭ, ɧɨ ɢɯ 

ɧɟɥɶɡɹ ɧɚɡɜɚɬɶ ɧɟɪɚɡɪɟɲɢɦɢɦɢ.  

ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ ɨɛɳɟɫɬɜɚ ɜɨɡɧɢɤ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ 

ɪɚɡɪɚɛɨɬɤɟ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɞɢɚɦɟɬɪɚɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ 

ɬɪɚɞɢɰɢɨɧɧɨɦɭ. ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɩɨɥɢɦɟɪɨɜ, 

ɤɨɬɨɪɵɟ ɫɨɯɪɚɧɹɸɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɥɶɤɨ ɜ ɬɟɱɟɧɢɟ 

ɩɟɪɢɨɞɚ ɩɨɬɪɟɛɥɟɧɢɹ, ɚ ɡɚɬɟɦ ɩɪɟɬɟɪɩɟɜɚɸɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ 

ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɮɚɤɬɨɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ 

ɥɟɝɤɨ ɜɤɥɸɱɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɵ ɦɟɬɚɛɨɥɢɡɦɚ ɩɪɢɪɨɞɧɵɯ ɛɢɨɫɢɫɬɟɦ. 

ɋɩɨɫɨɛɧɨɫɬɶ ɩɨɥɢɦɟɪɨɜ ɪɚɡɥɚɝɚɬɶɫɹ ɢ ɭɫɜɚɢɜɚɬɶɫɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ 

ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɹɜɥɹɸɬɫɹ 

ɯɢɦɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɩɨɥɢɦɟɪɚ, ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɪɚɡɜɟɬɜɥɟɧɧɨɫɬɶ 

ɦɚɤɪɨɰɟɩɢ (ɧɚɥɢɱɢɟ ɢ ɩɪɢɪɨɞɚ ɛɨɤɨɜɵɯ ɝɪɭɩɩ), ɧɚɞɦɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ 

[9]. 

ɉɪɢɪɨɞɧɵɟ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɫɜɹɡɢ, ɤɨɬɨɪɵɟ ɥɟɝɤɨ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɝɢɞɪɨɥɢɡɭ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɛɢɨɞɟɫɬɪɭɤɰɢɢ. 

ɉɪɢɫɭɬɫɬɜɢɟ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ ɱɚɫɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɩɨɜɵɲɟɧɢɸ ɛɢɨɪɚɡɪɭɲɚɟɦɨɫɬɢ. ɉɨɫɥɟɞɧɹɹ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ ɫɬɟɩɟɧɢ ɢ 

ɞɥɢɧɵ ɟɟ ɭɱɚɫɬɤɨɜ ɦɟɠɞɭ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɝɢɛɤɨɫɬɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥ. ȼɚɠɧɵɦ ɮɚɤɬɨɪɨɦ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɫɬɨɣɤɨɫɬɶ ɩɨɥɢɦɟɪɚ ɤ 

ɛɢɨɪɚɡɥɨɠɟɧɢɸ, ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɟɝɨ ɦɨɥɟɤɭɥ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɨɧɨɦɟɪɵ 

ɢɥɢ ɨɥɢɝɨɦɟɪɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɪɚɠɟɧɵ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɢ ɫɥɭɠɚɬ ɞɥɹ ɧɢɯ 

ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ, ɩɨɥɢɦɟɪɵ ɫ ɛɨɥɶɲɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɹɜɥɹɸɬɫɹ 

ɫɬɨɣɤɢɦɢ ɤ ɞɟɣɫɬɜɢɸ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. Ȼɢɨɞɟɫɬɪɭɤɰɢɸ ɛɨɥɶɲɢɧɫɬɜɚ 

ɬɟɯɧɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɧɢɰɢɢɪɭɸɬ ɩɪɨɰɟɫɫɚɦɢ 
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ɧɟɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ (ɬɟɪɦɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ ɢ ɮɨɬɨɨɤɢɫɥɟɧɢɟ, 

ɬɟɪɦɨɥɢɡ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɞɟɝɪɚɞɚɰɢɹ ɢ ɬ.ɩ.). ɍɩɨɦɹɧɭɬɵɟ ɞɟɝɪɚɞɚɰɢɨɧɧɵɟ 

ɩɪɨɰɟɫɫɵ ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ. ɉɪɢ ɷɬɨɦ 

ɜɨɡɧɢɤɚɸɬ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɛɢɨɚɫɫɢɦɢɥɢɪɭɟɦɵɟ ɮɪɚɝɦɟɧɬɵ, ɢɦɟɸɳɢɟ ɧɚ 

ɤɨɧɰɚɯ ɰɟɩɢ ɝɢɞɪɨɤɫɢɥɶɧɵɟ, ɤɚɪɛɨɧɢɥɶɧɵɟ ɢɥɢ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ. 

ɋɨɡɞɚɧɢɟ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ ɩɥɚɫɬɦɚɫɫ ɨɫɧɨɜɚɧɨ ɧɚ ɜɜɟɞɟɧɢɢ ɜ ɰɟɩɶ 

ɩɨɥɢɦɟɪɚ ɛɢɨɚɤɬɢɜɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ, ɫɩɨɫɨɛɧɵɟ ɪɚɡɥɚɝɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɛɚɤɬɟɪɢɣ. 

Ɍɪɭɞɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɨɛɚɜɤɢ ɜɯɨɞɹɬ ɜ ɩɨɥɢɦɟɪ ɧɚ ɫɬɚɞɢɢ 

ɫɢɧɬɟɡɚ ɢɥɢ ɩɟɪɟɪɚɛɨɬɤɢ, ɚ ɪɚɡɪɭɲɟɧɢɟ ɟɝɨ ɞɨɥɠɧɨ ɩɪɨɬɟɤɚɬɶ ɩɨɫɥɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɧɨ ɧɟ ɜɨ ɜɪɟɦɹ ɩɟɪɟɪɚɛɨɬɤɢ. ɉɨɷɬɨɦɭ ɩɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ 

ɜ ɫɨɡɞɚɧɢɢ ɚɤɬɢɜɚɬɨɪɨɜ ɪɚɡɪɭɲɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɨɩɪɟɞɟɥɟɧɧɵɣ ɫɪɨɤ 

ɫɥɭɠɛɵ ɩɥɚɫɬɦɚɫɫɨɜɵɯ ɢɡɞɟɥɢɣ ɛɟɡ ɭɯɭɞɲɟɧɢɹ ɢɯ ɤɚɱɟɫɬɜɚ. Ⱥɤɬɢɜɚɬɨɪɵ 

ɞɨɥɠɧɵ ɛɵɬɶ ɬɚɤɠɟ ɧɟɬɨɤɫɢɱɧɵɦɢ ɢ ɧɟ ɩɨɜɵɲɚɬɶ ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɚ [10]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤ ɛɢɨɞɟɫɬɪɭɤɰɢɢ 

ɨɛɭɫɥɨɜɥɟɧɚ ɢɯ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ, ɫɬɪɭɤɬɭɪɨɣ ɢ ɫɜɨɣɫɬɜɚɦɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥ. 

ɐɟɥɸ ɧɨɜɟɣɲɢɯ ɪɚɡɪɚɛɨɬɨɤ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɨɛɳɢɯ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜ ɩɨɞɛɨɪɟ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ 

ɢɡɝɨɬɨɜɥɟɧɢɢ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɱɟɬɚɸɳɢɯ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɩɪɨɱɧɨɫɬɶ, ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɧɢɡɤɭɸ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɢ ɞɪ.) ɫɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɛɢɨɪɚɡɥɨɠɟɧɢɸ, ɢ ɧɚɭɱɢɬɶɫɹ 

ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɢɯ ɞɟɫɬɪɭɤɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ ɩɨɥɢɦɟɪɨɜ ɜɚɠɧɵ ɞɥɹ 

ɪɟɲɟɧɢɹ ɝɥɨɛɚɥɶɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɡɚɝɪɹɡɧɟɧɢɟɦ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬɯɨɞɚɦɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
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1.2 ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɢ ɢɯ ɨɫɨɛɟɧɧɨɫɬɢ 

 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) – ɩɨɥɢɦɟɪɵ ɝɢɞɪɨɩɪɨɢɡɜɨɞɧɵɯ 

ɚɥɤɚɧɨɜɵɯ ɤɢɫɥɨɬ, ɤɨɬɨɪɵɟ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɜ 

ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɪɨɫɬɚ [10]. Ɉɛɳɚɹ ɮɨɪɦɭɥɚ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɜɵɝɥɹɞɢɬ ɬɚɤ – ɪɢɫɭɧɨɤ 1. 

 

Ɋɢɫɭɧɨɤ 1- Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɉȽȺ. 

ɉȽȺ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɬɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, 

ɤɚɤ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ. ɇɚɤɨɩɥɟɧɢɟ ɉȽȺ ɜɵɡɜɚɧɨ 

ɞɢɫɛɚɥɚɧɫɨɦ ɜ ɭɫɥɨɜɢɹɯ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɨɝɪɚɧɢɱɟɧɧɚɹ 

ɞɨɫɬɭɩɧɨɫɬɶ ɚɡɨɬɚ. ɉȽȺ ɞɟɝɪɚɞɢɪɭɟɬ ɜ ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɢɹ ɢɫɬɨɱɧɢɤɨɜ 

ɭɝɥɟɪɨɞɚ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɝɨɦɟɨɫɬɚɡɚ ɤɥɟɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɛɚɤɬɟɪɢɣ. 

ɂɫɬɨɱɧɢɤɚɦɢ ɭɝɥɟɪɨɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɉȽȺ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɱɢɬɚɸɬ 

ɨɥɢɜɤɨɜɨɟ, ɤɭɤɭɪɭɡɧɨɟ, ɫɨɟɜɨɟ, ɪɚɩɫɨɜɨɟ, ɩɚɥɶɦɨɜɨɟ, ɩɨɞɫɨɥɧɟɱɧɨɟ ɦɚɫɥɚ, 

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ, ɚ ɬɚɤ ɠɟ ɨɬɯɨɞɵ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɫɨɞɟɪɠɚɳɢɟ 

ɥɢɩɢɞɵ [20]. ɉɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɛɨɥɟɟ ɧɢɡɤɨɣ 

ɫɬɨɢɦɨɫɬɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ, ɬɚɤɢɯ ɤɚɤ, ɧɚɩɪɢɦɟɪ, 

ɫɚɯɚɪɚ [21].  

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɝɪɭɩɩɭ ɭɧɢɜɟɪɫɚɥɶɧɵɯ 

ɫɥɨɠɧɵɯ ɩɨɥɢɷɮɢɪɨɜ, ɩɪɨɞɭɰɢɪɭɟɦɵɟ ɦɧɨɝɢɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɜ 

ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɭɝɥɟɪɨɞɚ ɢ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɯɪɚɧɟɧɢɹ 

ɷɧɟɪɝɢɢ ɩɪɢ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɪɨɫɬɚ. ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦ 

ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ ɉȽȺ ɹɜɥɹɟɬɫɹ ɝɨɦɨɩɨɥɢɦɟɪ ɉ3ȽȻ (ɩɨɥɢ-3ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ) 

[25]. 
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ȼ ɰɟɥɨɦ, ɢɫɯɨɞɹ ɢɡ ɞɥɢɧɵ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɢ ɝɢɞɪɨɤɫɢɤɢɫɥɨɬ, ɨɛɪɚɡɭɸɳɢɯ 

ɩɨɥɢɦɟɪɵ, ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: 

1) ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ (short-chain-length, SCL), ɫɨɫɬɨɹɳɢɟ ɢɡ ɤɢɫɥɨɬ ɫ 

ɞɥɢɧɨɣ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɢ ɨɬ 3-ɯ ɞɨ 5-ɬɢ ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ; 2) 

ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɟ (medium-chain-length, MCL), ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɵɯ ɨɬ 6 ɞɨ 14 

ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ; 3) ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ (long-chain-length, LCL) ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɬ ɋ17 ɢ ɋ18 [26]. 

Ɍɚɤɠɟ ɉȽȺ ɦɨɠɧɨ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɩɨ ɤɨɦɩɨɧɟɧɬɧɨɦɭ ɫɨɫɬɚɜɭ: 

1)Ɉɞɧɨɤɨɦɩɨɧɟɧɬɵɟ, ɫɨɫɬɨɹɳɢɟ ɬɨɥɶɤɨ ɢɡ ɨɞɧɨɝɨ ɬɢɩɚ ɦɨɧɨɦɟɪɨɜ. 

2) Ɇɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ, ɫɨɫɬɨɹɬ ɪɚɡɧɵɯ, ɜɤɥɸɱɚɹ ɤɨɪɨɬɤɨ-, ɫɪɟɞɧɟ- ɢ 

ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ ɦɨɧɨɦɟɪɵ[27]. 

Ʉɚɠɞɵɣ ɬɢɩ ɉȽȺ ɨɛɵɱɧɨ ɫɨɫɬɨɢɬ ɢɡ 1000-10000 ɦɨɧɨɦɟɪɨɜ [22]. 

Ʉɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ ɉȽȺ – ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɦɢ: 

ɜɵɫɨɤɨɤɪɢɫɬɚɥɥɢɱɧɵɣ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ), ɭ ɤɨɬɨɪɨɝɨ ɫɬɟɩɟɧɶ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ (ɋɏ) 70-80 %. Ⱦɚɧɧɵɣ ɩɨɥɢɦɟɪ ɧɟ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ 

ɭɩɨɪɹɞɨɱɟɧɧɨ, ɩɨɥɭɱɟɧɧɨɟ ɢɡɞɟɥɢɟ ɨɛɥɚɞɚɟɬ ɧɢɡɤɨɣ ɭɞɚɪɧɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɚ 

ɬɚɤɠɟ ɫɨɩɨɥɢɦɟɪɵ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) ɫ 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɨɦ, 

ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɫɧɢɠɟɧɧɨɣ ɫɬɟɩɟɧɶɸ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ (40-50 %) [23]. 

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɩɨɥɢɦɟɪɚɦɢ ɹɜɥɹɸɬɫɹ ɬɟ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ 

ɧɢɡɤɨɣ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶɸ ɢ ɢɦɟɸɬ ɫɜɨɣɫɬɜɚ ɷɥɚɫɬɨɦɟɪɨɜ. ɗɬɨ 

ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ ɫɨɩɨɥɢɦɟɪɵ 3- ɢ 4-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɢ ɫɨɩɨɥɢɦɟɪɵ, 

ɫɨɫɬɨɹɳɢɟ ɧɟ ɬɨɥɶɤɨ ɢɡ ɤɨɪɨɬɤɨ-, ɧɨ ɢ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɯ ɦɨɧɨɦɟɪɨɜ 3-

ɝɢɞɪɨɤɫɢɝɟɤɫɚɧɨɚɬɚ (3ȽȽ) ɢɥɢ 3-ɝɢɞɪɨɤɫɢɨɤɬɚɨɧɚɬɚ (3ȽɈ) [24]. 

1.3 Ȼɢɨɫɢɧɬɟɡ ɉȽȺ 
 

 ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɛɢɨɫɢɧɬɟɡɚ ɉȽȺ. 

Ɉɞɢɧ ɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜɚɪɢɚɧɬɨɜ ɞɟɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧ ɧɚ ɲɬɚɦɦɟ Ralstonia 

eutropha.     

ȕ-ɤɟɬɨɬɢɨɥɚɡɚ, ɇȺȾɎɇ-ɡɚɜɢɫɢɦɚɹ ɚɰɟɬɨɚɰɟɬɢɥ-ɄɨȺ ɪɟɞɭɤɬɚɡɚ ɢ ɉȽȺ-

ɫɢɧɬɚɡɚ – ɬɪɢ ɤɥɸɱɟɜɵɯ ɮɟɪɦɟɧɬɚ, ɹɜɥɹɸɳɢɟɫɹ ɨɫɧɨɜɧɵɦɢ ɞɥɹ 
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ɛɢɨɫɢɧɬɟɡɚɉȽȺ. Ⱦɚɧɧɵɟ ɮɟɪɦɟɧɬɵ, ɤɨɞɢɪɭɟɦɵɟ ɫɥɟɞɭɸɳɢɦɢ ɝɟɧɚɦɢ: phaA, 

phaB ɢ phaC, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɨɞɧɨɦ ɨɩɟɪɨɧɟ [15]. 

 ȼɟɞɭɳɭɸ ɪɨɥɶ ȕ-ɤɟɬɨɥɚɡɵ ɜ ɡɚɩɭɫɤɟ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɚ ɨɩɪɟɞɟɥɹɟɬ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɄɨȺ, ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɬɨɪɨɣ ɢɧɝɢɛɢɪɭɸɬ 

ɤɟɬɨɬɢɨɥɚɡɧɭɸ ɪɟɚɤɰɢɸ ɭ Zoogloearamigera , Azotobacterbeijerinckii, Ralstonia 

eutropha. ȺȺ-ɄɨȺ-ɪɟɞɭɤɬɚɡɚ – ɮɟɪɦɟɧɬ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɤɨɪɨɫɬɶ ɫɢɧɬɟɡɚ 

ɩɨɥɢɦɟɪɨɜ. Ɉ ɤɨɧɫɬɢɬɭɬɢɜɧɨɦ ɫɢɧɬɟɡɟ ɮɟɪɦɟɧɬɚ ɝɨɜɨɪɢɬ ɬɨ, ɱɬɨ ɭɪɨɜɟɧɶ 

ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɜ ɛɚɤɬɟɪɢɹɯ, ɜɵɪɚɳɟɧɧɵɯ ɩɪɢ ɞɟɮɢɰɢɬɟ ɚɡɨɬɚ ɢ 

ɭɝɥɟɪɨɞɚ, ɨɤɚɡɚɥɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɦ [16]. 

 ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɧɨ, ɩɪɢɦɟɪɧɨ, 88 ɉȽȺ-ɫɢɧɬɚɡ, ɤɨɬɨɪɵɟ 

ɨɛɴɟɞɢɧɢɥɢ ɜ 4 ɨɫɧɨɜɧɵɯ ɤɥɚɫɫɚ. Ʉɥɚɫɫ 1 – ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɫ ɚɬɨɦɚɦɢ 

ɭɝɥɟɪɨɞɚ ɨɬ 3 ɞɨ 5, ɤɥɚɫɫ 2 – ɞɥɢɧɚ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɢ ɨɬ 6 ɞɨ 14, ɤɥɚɫɫɵ 3 ɢ 4 

ɩɪɨɢɡɜɨɞɹɬ ɫɢɧɬɟɡ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɯ ɉȽȺ. Ɋɟɚɤɰɢɢ ɞɟɩɨɥɢɦɟɪɚɡɨɣ 

(ɤɨɞɢɪɭɟɦɨɣ phaZ) ɜ 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ (3ȽȻ), ɞɚɥɟɟ ɜɨɡɦɨɠɧɨ ɩɪɟɜɪɚɳɟɧɢɟ 

ɨɛɪɚɬɧɨ ɜ ɚɰɟɬɨɚɰɟɬɢɥ-ɄɨȺ [17]. 

 ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɬɢɩɚ ɭɝɥɟɪɨɞɧɵɯ ɫɭɛɫɬɪɚɬɨɜ, ɩɨɬɪɟɛɥɟɧɢɟ 

ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɯ ɉȽȺ: ɫɭɛɫɬɪɚɬɵ, 

ɫɬɪɭɤɬɭɪɧɨ ɫɜɹɡɚɧɧɵɟ ɫ ɦɨɧɨɦɟɪɚɦɢ ɢ ɫɭɛɫɬɪɚɬɵ, ɧɟ ɢɦɟɸɳɢɟ ɨɬɧɨɲɟɧɢɹ ɤ 

ɫɬɪɭɤɬɭɪɟ ɦɨɧɨɦɟɪɨɜ. Ɉɛɵɱɧɨ ɨ ɩɪɨɞɭɤɰɢɢ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɯ ɉȽȺ, 

ɫɬɪɭɤɬɭɪɧɨ ɫɜɹɡɚɧɧɵɯ ɫ ɦɨɧɨɦɟɪɚɦɢ, ɝɨɜɨɪɹɬ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ 

ɦɨɧɨɦɟɪɧɵɣ ɫɨɫɬɚɜ ɩɨɥɢɦɟɪɚ ɩɨɞɨɛɟɧ ɫɨɫɬɚɜɭ ɫɭɛɫɬɪɚɬɚ. ɋɭɛɫɬɪɚɬɵ, 

ɫɬɪɭɤɬɭɪɧɨ ɫɜɹɡɚɧɧɵɟ ɫ ɦɨɧɨɦɟɪɚɦɢ ɉȽȺ, ɹɜɥɹɸɬɫɹ ɫɭɛɫɬɪɚɬɚɦɢ (ɨɛɵɱɧɨ 

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ), ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ ɫɢɧɬɟɡɭ 

ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɯ ɉȽȺ ɫ ɨɱɟɧɶ ɫɯɨɞɧɵɦɢ (R)-3-ɝɢɞɪɨɤɫɢ ɤɢɫɥɨɬɚɦɢ, ɧɨ ɫ 

ɬɨɣ ɠɟ ɫɚɦɨɣ ɞɥɢɧɨɣ ɋ-ɰɟɩɢ ɢɥɢ ɫ ɛɨɥɟɟ ɤɨɪɨɬɤɨɣ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɶɸ [49] 
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 Ɉɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɛɢɨɫɢɧɬɟɡɚ ɉȽȺ  – ȕ-ɨɤɢɫɥɟɧɢɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. Ɉɧ 

ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɞɥɹ ɫɢɧɬɟɡɚ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɯ ɉȽȺ ɢ ɞɟɦɨɧɫɬɪɢɪɭɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ. Pseudomonas 

oleovorans ɢ Pseudomonas fragii – ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ, ɭ ɤɨɬɨɪɵɯ ɛɵɥ  

ɨɛɧɚɪɭɠɟɧ ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ, ɛɚɤɬɟɪɢɢ ɫɢɧɬɟɡɢɪɭɸɬ ɉȽȺ ɢɡ ɚɥɤɚɧɨɜɵɯ ɢɥɢ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ [18]. 

ɉɨɦɢɦɨ ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ, ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɫɩɨɫɨɛɧɵ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɝɟɬɟɪɨɩɨɥɢɦɟɪɧɵɟ ɉȽȺ – ɫɨɩɨɥɢɦɟɪɵ 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɢ 

3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ (ɜɬɨɪɨɣ ɜɢɞ ɉȽȺ), 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɢ 3-

ɝɢɞɪɨɤɫɢɝɟɤɫɚɧɨɚɬɚ ɢ ɞɪɭɝɢɟ, ɚ ɬɚɤɠɟɬɪɟɯ-, ɱɟɬɵɪɟɯ- ɢ ɛɨɥɟɟ ɤɨɦɩɨɧɟɧɬɧɵɟ 

ɩɨɥɢɦɟɪɵ. 

ɋɢɧɬɟɡ ɉ3ȽȻ ɢ ɞɪɭɝɢɯ ɉȽȺ ɜ ɩɪɢɧɰɢɩɟ ɜɨɡɦɨɠɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɚɡɥɢɱɧɨɝɨ ɫɵɪɶɹ: ɫɚɯɚɪɨɜ,ɫɩɢɪɬɨɜ, ɚɰɟɬɚɬɚ, ɚ ɬɚɤɠɟ ɜɨɞɨɪɨɞɚ ɢ ɭɝɥɟɤɢɫɥɨɬɵ. 

ȼɵɛɨɪ ɫɭɛɫɬɪɚɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ 

ɮɚɤɬɨɪɚɦɢ. Ʌɭɱɲɢɦɢ ɫɭɛɫɬɪɚɬɚɦɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɦɟɪɚ 

ɹɜɥɹɸɬɫɹɦɟɥɚɫɫɚ ɢ ɬɪɨɫɬɧɢɤɨɜɵɣ ɫɚɯɚɪ. ɉɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ ɦɨɠɧɨ 

ɩɨɥɭɱɚɬɶ ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɪɢɜɵɪɚɳɢɜɚɧɢɢ Azotobacter ɧɚ ɝɥɸɤɨɡɟ ɢ 

ɥɢɦɢɬɚɰɢɢ ɤɢɫɥɨɪɨɞɨɦ, ɚ ɬɚɤɠɟ Alcaligenes ɩɪɢ ɞɟɮɢɰɢɬɟ ɚɡɨɬɚ ɜ ɫɪɟɞɟ [28]. 

 Ɍɚɤ, ɜɨɞɨɪɨɞɧɵɟ ɛɚɤɬɟɪɢɢ A. eutrophus, ɩɨɦɢɦɨ ɝɨɦɨɝɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ 

3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ  ɢ ɫɨɩɨɥɢɦɟɪɚ 3- ɢ 4-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɵɯ ɤɢɫɥɨɬ, 

ɫɩɨɫɨɛɧɵ ɧɚɤɚɩɥɢɜɚɬɶ ɝɟɬɟɪɨɩɨɥɢɦɟɪ, ɹɜɥɹɸɳɢɣɫɹ ɩɪɨɞɭɤɬɨɦ 

ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ 3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɢ 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɢɚɧɨɜɨɣ ɤɢɫɥɨɬ. 

ȼɜɟɞɟɧɢɟ ɜ ɩɨɥɢɦɟɪ 3Ƚȼ ɢ 4ȽȻ ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɩɨɥɢɦɟɪɚ.  

ɋɨɫɬɚɜ ɫɨɩɨɥɢɦɟɪɚ, ɟɝɨ ɜɵɯɨɞ ɡɚɜɢɫɹɬ ɨɬ ɜɢɞɚ ɫɨɟɞɢɧɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ. 

 Ƚɟɬɟɪɨɩɨɥɢɦɟɪɵ, ɬɚɤɢɟ ɤɚɤ ɫɨɩɨɥɢɦɟɪɵ ɫ ɦɨɧɨɦɟɪɚɦɢ 3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ (3ȽȻ), 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ (3Ƚȼ), 3-ɝɢɞɪɨɤɫɢɝɟɤɫɚɧɨɚɬɚ 

ɢɥɢ 4-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ (4ȽȻ), ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɛɚɤɬɟɪɢɹɦɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢɉȽȺ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ [30].  Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɜ ɧɟɤɨɬɨɪɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɫɨɨɛɳɚɥɨɫɶ, ɱɬɨ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ 
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ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ ɩɨɥɭɱɟɧɢɸ ɦɨɧɨɦɟɪɧɨɣ ɟɞɢɧɢɰɵ 4-

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ (4Ƚȼ).  ɋɪɟɞɢ ɢɫɬɨɱɧɢɤɨɜ - ɥɟɜɭɥɢɧɨɜɚɹ ɤɢɫɥɨɬɚ (4-

ɤɟɬɨɜɚɥɟɪɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ) ɢ 4-ɝɢɞɪɨɤɫɢɜɚɥɟɪɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ, ɤɨɬɨɪɵɟ 

ɩɨɥɭɱɚɸɬ ɢɡ Ȗ-ɜɚɥɟɪɨɥɚɤɬɨɧɚ ɩɭɬɟɦ ɳɟɥɨɱɧɨɝɨ ɨɦɵɥɟɧɢɹ [31].  ɗɬɢ 

ɢɫɬɨɱɧɢɤɢ ɭɝɥɟɪɨɞɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɢɥɢ ɜ 

ɫɨɱɟɬɚɧɢɢ ɫ ɞɪɭɝɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɭɝɥɟɪɨɞɚ, ɬɚɤɢɦɢ ɤɚɤɨɤɬɚɧɨɜɚɹ ɤɢɫɥɨɬɚ, 

ɫɚɯɚɪɨɡɚ ɢ ɝɥɸɤɨɡɚ.  ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯɫɬɚɞɢɣɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɢ 

ɞɜɭɯɫɬɚɞɢɣɧɨɝɨ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɩɨɞɩɢɬɤɨɣ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɩɨɥɭɱɟɧɢɸ ɠɟɥɚɟɦɨɝɨ ɩɨɥɢɦɟɪɚ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɦɨɧɨɦɟɪɧɭɸ 

ɟɞɢɧɢɰɭ 4Ƚȼ [32]. 

1.4 ɋɟɪɨɫɨɞɟɪɠɚɳɢɟ ɩɨɥɢɦɟɪɵ 

 ɏɢɦɢɱɟɫɤɢɣ ɫɢɧɬɟɡ ɩɨɥɢɬɢɨɷɮɢɪɨɜ ɛɵɥ ɜɩɟɪɜɵɟ ɪɚɡɪɚɛɨɬɚɧ Marvel ɢ 

Kotch [35], ɧɨ ɦɟɬɨɞ ɬɚɤ ɢ ɧɟ ɛɵɥ ɭɥɭɱɲɟɧ ɢɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ[36]. Ȼɨɥɟɟ ɬɨɝɨ, ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɟ 

ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɩɭɬɟɦ, ɧɟ ɫɬɢɦɭɥɢɪɨɜɚɥɢ ɞɚɥɶɧɟɣɲɢɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ.  Ȼɢɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɤ ɩɨɥɢɬɢɨɷɮɢɪɚɦ 

ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɯɢɦɢɱɟɫɤɢɦ ɩɭɬɟɦ. ɋɚɦɨɣ ɝɥɚɜɧɨɣ 

ɩɪɢɫɢɧɨɣ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɮɟɪɦɟɧɬɚɰɢɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɪɟɫɭɪɫɵ, ɬɚɤɢɟ ɤɚɤ ɭɝɥɟɜɨɞɵ ɢ ɪɚɫɬɢɬɟɥɶɧɵɟ 

ɦɚɫɥɚ [37]. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɬɢɨɷɮɢɪɵ 

ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɝɨɦɨɝɟɧɧɵɦɢ ɢɨɧɢ ɧɚ 100% ɢɡɨɬɚɤɬɢɱɧɵ (ɜɫɟ ɯɢɪɚɥɶɧɵɟ 

ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ), ɨɧɢ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ 

ɜɵɫɨɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ (Mw = 1,6 × 105), ɢ, ɟɫɥɢ ɧɟɨɛɯɨɞɢɦɨ, ɢɯ 

ɦɨɠɧɨ ɥɟɝɤɨ ɫɨɩɨɥɢɦɟɪɢɡɨɜɚɬɶ ɫ ɩɨɥɢɨɤɫɢɷɮɢɪɚɦɢ.  Ʉɚɤ ɢ ɢɯ ɨɤɫɨ-ɚɧɚɥɨɝɢ, 

ɩɪɨɫɬɵɟ ɩɨɥɢɬɢɨɷɮɢɪɵ ɹɜɥɹɸɬɫɹ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɦɢ ɢ ɩɨɷɬɨɦɭ ɦɨɝɭɬ ɛɵɬɶ 

ɨɛɪɚɛɨɬɚɧɵ ɫ ɩɨɦɨɳɶɸ ɷɤɫɬɪɭɡɢɨɧɧɨɝɨ ɢ ɮɨɪɦɨɜɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɚɧɚɥɨɝɢɱɧɨɝɨ ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɞɥɹ ɩɨɥɢɨɤɫɢɫɥɨɠɧɵɯ ɷɮɢɪɨɜ. ɉɨɥɢɨɤɫɢɷɮɢɪɵ 

ɹɜɥɹɸɬɫɹ ɛɢɨɪɚɡɥɚɝɚɟɦɵɦɢ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɵɦɢ ɢ ɫɬɚɥɢ ɤɨɦɦɟɪɱɟɫɤɢ 
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ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ. ɇɚɩɪɢɦɟɪ, ɨɧɢ 

ɨɤɚɡɚɥɢɫɶ ɩɨɥɟɡɧɵɦɢ ɜ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɦɟɧɟɧɢɹɯ, ɬɚɤɢɯ ɤɚɤ ɡɚɦɟɧɚ 

ɫɟɪɞɟɱɧɨɝɨ ɤɥɚɩɚɧɚ, ɝɞɟ ɠɟɥɚɬɟɥɶɧɚ ɩɨɫɬɟɩɟɧɧɚɹ ɛɢɨɫɨɪɛɰɢɹ ɢ ɤɨɥɨɧɢɡɚɰɢɹ 

ɤɥɟɬɨɤ [36]. 

 Ɇɢɤɪɨɛɧɵɟ ɬɟɪɩɨɥɢɬɢɨɷɮɢɪɵ ɹɜɥɹɸɬɫɹ ɢɧɬɟɪɟɫɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɢɡ-

ɡɚ ɢɯ ɪɚɡɥɢɱɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɫɪɚɜɧɟɧɢɢ ɫ  

ɫɨɩɨɥɢɨɤɫɢɷɮɢɪɚɦɢ ɢ ɬɟɪɩɨɥɢɨɤɫɨɷɮɢɪɚɦɢ.  ɂɡɜɟɫɬɧɵ ɞɚɧɧɵɟ, ɨ ɬɨɦ, ɱɬɨ 

ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɩɨɥɢɬɢɨɷɮɢɪɚɯɜɵɲɟ, ɱɟɦ ɭ ɩɨɥɢɨɤɫɢɷɮɢɪɨɜ[38]. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɢɥɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɪɚɡɥɨɠɟɧɢɹ ɞɥɹ ɬɟɪɩɨɥɢɬɢɨɷɮɢɪɨɜ ɛɭɞɭɬ ɪɚɫɬɢ ɞɚɥɶɲɟ[39]. 

 ɉɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɨɥɭɱɟɧɢɸ ɧɨɜɵɯ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ 

ɩɨɥɢɦɟɪɨɜ, ɧɚɩɪɢɦɟɪ, ɹɩɨɧɫɤɢɦɢ ɭɱɟɧɵɦɢ Hiroshi Kimura,y Kiminari Mouri, 

ɢ Yasutaka Kamei [39]. Ȼɵɥɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɩɨɥɭɱɟɧɢɟ ɧɨɜɵɯ 

ɬɟɪɩɨɥɢɬɢɨɷɮɢɪɵ, ɚ ɢɦɟɧɧɨ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3-

ɦɟɪɤɚɩɬɨɩɪɨɩɢɨɧɚɬ-ɫɨ-4-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ) ɢ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3-

ɦɟɪɤɚɩɬɨɩɪɨɩɢɨɧɚɬ-ɫɨ-3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ), ɤɨɬɨɪɵɟ ɛɵɥɢ ɛɢɨɫɢɧɬɟɡɢɪɨɜɚɧɵ 

Ralstoniaeutropha H16 ɞɢɤɨɝɨ ɬɢɩɚ, ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɮɪɚɤɰɢɹ 3Mɉ ɜ 

ɬɟɪɩɨɥɢɬɢɨɷɮɢɪɚɯ ɪɟɡɤɨ ɭɜɟɥɢɱɢɥɨɫɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɦɟɲɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ. 
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ȽɅȺȼȺ 2 ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 

2.1Ʉɭɥɶɬɭɪɚɥɶɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɲɬɚɦɦɚ 

 
ɐɚɪɫɬɜɨ Procariotae 

Ʉɥɚɫɫ Betaproteobacteria 

ɋɟɦɟɣɫɬɜɨ Burkholderiaceae 

Ɋɨɞ Cupriavidus 

ȼɢɞC. Eutrophus 

ШɬɚɦɦC. eutrophusB-10646 

 Ȼɚɤɬɟɪɢɢ Cupriavidus eutrophus B-10646 – ɷɬɨ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɟ 

ɤɥɟɬɤɢ-ɩɚɥɨɱɤɢ (ɦɨɥɨɞɵɟ – ɤɨɪɨɬɤɢɟ, ɜ ɫɬɚɰɢɨɧɚɪɧɨɣ ɮɚɡɟ – ɪɚɡɧɨɣ ɞɥɢɧɵ, 

ɪɚɡɦɟɪɵ  0.3-0.5×1.2-2.0 ɦɤ), ɩɨɞɜɢɠɧɵɟ (ɦɨɥɨɞɵɟ – ɦɨɧɨɬɪɢɯɢ,  ɫ ɜɨɡɪɚɫɬɨɦ 

– ɩɟɪɟɬɪɢɯɢ). ɋɥɚɛɨɩɨɞɜɢɠɧɵɟ. Ɉɩɬɢɦɭɦ ɪɨɫɬɚ 30-31 ɋ̊, pH 6,7-7,2. ɇɚ 

ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɫɪɟɞɟ ɫ ɩɟɩɬɨɧɨɦ (ɝɟɬɟɪɨɬɪɨɮɧɵɟ ɭɫɥɨɜɢɹ ɪɨɫɬɚ) ɨɛɪɚɡɭɸɬ 

ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɣ ɨɞɧɨɪɨɞɧɵɟ ɨɤɪɭɝɥɵɟ ɤɨɥɨɧɢɢ, ɫɜɟɬɥɨ-ɤɪɟɦɨɜɵɟ, 

ɧɟɩɪɨɡɪɚɱɧɵɟ ɫɨ ɫɥɟɝɤɚ ɜɨɥɧɢɫɬɵɦ ɤɪɚɟɦ ɞɢɚɦɟɬɪɨɦ 2-4 ɦɦ. ɇɚ 

ɦɢɧɟɪɚɥɶɧɨɣ ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɫɪɟɞɟ (ɚɜɬɨɬɪɨɮɧɵɟ ɭɫɥɨɜɢɹ ɪɨɫɬɚ) ɤɨɥɨɧɢɢ 

ɦɟɥɤɢɟ (1,5-2,5 ɦɦ), ɫɜɟɬɥɨ-ɫɟɪɵɟ, ɩɨɥɭɩɪɨɡɪɚɱɧɵɟ. ȼ ɠɢɞɤɨɣ ɩɢɬɚɬɟɥɶɧɨɣ 

ɫɪɟɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɞɧɨɪɨɞɧɭɸ ɫɭɫɩɟɧɡɢɸ ɩɪɢ ɝɟɬɟɪɨɬɪɨɮɧɨɦ ɢ 

ɚɜɬɨɬɪɨɮɧɨɦ ɪɨɫɬɟ. 

 Cupriavidus eutrophus B-10646 – ɨɛɥɢɝɚɬɧɵɣ ɚɷɪɨɛ, ɮɚɤɭɥɶɬɚɬɢɜɧɵɣ 

ɯɟɦɨɥɢɬɨɚɜɬɨɬɪɨɮ, ɨɤɫɢɞɚɡɨɩɨɥɨɠɢɬɟɥɟɧ. Ƚɢɞɪɨɥɢɬɢɱɟɫɤɢɦɢ ɮɟɪɦɟɧɬɚɦɢ ɧɟ 

ɨɛɥɚɞɚɟɬ, ɠɟɥɚɬɢɧɭ ɧɟ ɪɚɡɠɢɠɚɟɬ, ɤɪɚɯɦɚɥ ɧɟ ɝɢɞɪɨɥɢɡɭɟɬ. Ɉɛɥɚɞɚɟɬ 

ɲɢɪɨɤɢɦ ɨɝɪɚɧɨɬɪɨɩɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɢ  ɫɩɨɫɨɛɟɧ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ 

ɭɝɥɟɪɨɞɚ ɢ ɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɨɜɚɬɶ: ɫɚɯɚɪɚ (ɝɥɸɤɨɡɚ, ɮɪɭɤɬɨɡɚ), ɚɦɢɧɨɤɢɫɥɨɬɵ 

(ɚɥɚɧɢɧ, ɫɟɪɢɧ, ɥɟɣɰɢɧ, ɝɢɫɬɢɞɢɧ, ɬɪɢɩɬɨɮɚɧ, ɝɥɭɬɚɦɢɧɨɜɭɸ, ɚɫɩɚɪɚɝɢɧɨɜɭɸ, 

ɥɢɡɢɧ), ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ (ɳɚɜɟɥɟɜɭɸ, ɥɢɦɨɧɧɭɸ, ɹɧɬɚɪɧɭɸ, 

ɮɭɦɚɪɨɜɭɸ, ɭɤɫɭɫɧɭɸ, 3-Ɉɇ- ɢ 4-Ɉɇ-ɦɚɫɥɹɧɭɸ ɤɢɫɥɨɬɭ, ɩɟɧɬɚɧɨɜɭɸ, 
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ɝɟɤɫɚɧɨɜɭɸ, ɨɤɬɚɧɨɜɭɸ, ɧɨɧɚɧɨɜɭɸ), ɫɩɢɪɬɵ (ɷɬɚɧɨɥ, ɝɥɢɰɟɪɢɧ), Ȗ-

ɛɭɬɢɪɨɥɚɤɬɨɧ ɩɪɢ ɝɟɬɟɪɨɬɪɨɮɧɨɦ ɪɨɫɬɟ, ɢ H2 (ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɫɭɛɫɬɪɚɬ), CO2 

ɢ CO ɩɪɢ ɚɜɬɨɬɪɨɮɧɨɦ ɪɨɫɬɟ. 

 

2.2Шɬɚɦɦ Cupriavidus eutrophus B-10646 

 

 Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ ɛɚɤɬɟɪɢɣ ɫɪɟɞɢ ɉȽȺ-

ɩɪɨɞɭɰɢɪɭɸɳɢɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫɱɢɬɚɸɬ Cupriavidus necator (ɪɚɧɟɟ 

Ralstonia eutropha, Wautersia eutrophа (ɟɳɟ ɪɚɧɟɟ Hydrogenomonas, 

Alcanigenes, Ralstonia)). Шɬɚɦɦ Cupriavidus eutrophusB-10646 ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ 

ɢɡ ɜɚɪɢɚɧɬɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɤɭɥɶɬɭɪɵ ɝɥɸɤɨɡɨɭɫɜɚɢɜɚɸɳɟɝɨ ɲɬɚɦɦɚ 

Ralstonia eutropha B-8562 ( ɲɬɚɦɦ ɩɨɥɭɱɟɧ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɥɢɬɟɥɶɧɨɣ ɫɟɥɟɤɰɢɢ 

ɲɬɚɦɦɚ  B5786 ɧɚ ɫɪɟɞɚɯ ɫ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ – ɝɥɸɤɨɡɨɣ, 

ɞɟɩɨɧɢɪɨɜɚɧ ɜ ȼɄɉɆ) ɜ ɩɪɨɰɟɫɫɟ ɞɥɢɬɟɥɶɧɨɣ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɫɟɥɟɤɰɢɢ ɩɨ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɉȽȺ, ɨɛɪɚɡɜɚɧɧɵɯ ɦɨɧɨɦɟɪɚɦɢ 

ɫ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɨɣ ɋ-ɰɟɩɢ, ɧɚ ɪɨɫɬɨɜɨɣ ɫɪɟɞɟ, ɫɨɞɟɪɠɚɳɟɣ ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɝɥɸɤɨɡɭ ɢɥɢ ɫɦɟɫɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ. Шɬɚɦɦ ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɩɪɨɬɨɬɢɩɚ ɭɫɬɨɣɱɢɜ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɤɨɧɰɟɬɪɚɰɢɣ 

ɬɨɤɫɢɱɧɵɯ ɫɭɛɫɬɪɚɬɨɜ (ɋɈ, ɫɨɥɢ ɚɥɤɚɧɨɜɵɯ ɤɢɫɥɨɬ, 4-ɛɭɬɭɪɨɥɚɤɬɨɧ). 

2.3 Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɛɚɤɬɟɪɢɣ ɢ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. 
 

 Ȼɚɤɬɟɪɢɢ ɜɵɪɚɳɢɜɚɥɢ ɜ ɫɬɟɤɥɹɧɧɵɯ ɤɨɥɛɚɯ ɨɛɴɟɦɨɦ 200 ɦɥ, 

ɡɚɩɨɥɧɟɧɧɵɯ ɤɭɥɶɬɭɪɨɣ ɧɚ 50-60% ɨɛɴɟɦɚ ɧɚ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ ɤɚɱɚɥɤɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 30 C̊. Ⱦɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɛɚɤɬɟɪɢɣ ɡɚ ɨɫɧɨɜɭ ɛɵɥɚ ɩɪɢɧɹɬɚ 

ɦɢɧɟɪɚɥɶɧɚɹ ɫɪɟɞɚ Шɥɟɝɟɥɹ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: Na2HPO4*H2O 9,1; 

KH2PO4-1,5; MgSO4*H2O-0,2; Fe3C6H5O7*H2O-0,025, NH4CI-1,0 (ɝ/ɥ) ɢ 

ɪɚɫɬɜɨɪ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ (H3BO3-0,288; CoCI2*6H2O-0,030; CuSO4*5H2O-

0,008; MnCI2*4H2O-0,008;  ZnSO4*7H2O-0,176;  NaMoO4-0,050; NiCI2-0,008 

(ɝ/ɥ)). ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɪɭɤɬɨɡɭ (7-10 ɝ/ɥ). 
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 Ɍɚɤɠɟ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɝɟɬɟɪɨɩɨɥɢɦɟɪɨɜ, ɞɨɛɚɜɥɹɥɢ ɫɥɟɞɭɸɳɢɟ 

ɜɟɳɟɫɬɜɚ: 5-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ ɧɚɬɪɢɹ;(2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɛɭɬɢɪɚɬ ɧɚɬɪɢɹ ɢ 

ɦɟɬɢɥ-(2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɚɰɟɬɚɬ,ɦɟɬɢɥ-4-(2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɛɭɬɢɪɚɬ, ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɨɬ 0,1 ɞɨ 3 ɝ/ɥ. ɉɟɪɢɨɞɢɱɟɫɤɢ ɨɬɛɢɪɚɥɢ ɩɪɨɛɵ ɤɭɥɶɬɭɪɵ ɢ 

ɢɡɦɟɪɹɥɢ ɢɯ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɧɚ ɮɨɬɨɤɨɥɨɪɢɦɟɬɪɟ ɄɎɄ-2Ɇɉ, ɩɪɢ 

ɪɚɡɜɟɞɟɧɢɢ ɩɪɨɛɵ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ 1:5 ɢ λ=440 ɧɦ (ɞɥɢɧɚ 

ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 1ɦɦ). 

 Ȼɢɨɦɚɫɫɭ ɛɚɤɬɟɪɢɣ ɧɚ ɫɭɯɨɣ ɜɟɫ ɜ ɤɭɥɶɬɭɪɟ ɨɩɪɟɞɟɥɹɥɢ ɜɟɫɨɜɵɦ 

ɫɩɨɫɨɛɨɦ. Ⱦɥɹ ɷɬɨɝɨ ɚɥɢɤɜɨɬɵ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɫɭɫɩɟɧɡɢɢ ɨɛɴɟɦɨɦ 20 ɦɥ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 8 ɦɢɧ ɩɪɢ 6000g. Ɂɚɬɟɦ ɞɜɚɠɞɵ ɨɬɦɵɜɚɥɢ ɤɥɟɬɤɢ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ ɫɧɨɜɚ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ. Ɉɬɦɵɬɵɟ ɤɥɟɬɤɢ 

ɩɟɪɟɧɨɫɢɥɢ ɜ ɛɸɤɫɵ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨɜɟɞɟɧɧɵɟ ɞɨ ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ. 

Ȼɸɤɫɵ ɫɭɲɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 105 ɋ̊ ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, 

ɨɯɥɚɠɞɚɥɢ ɜ ɷɤɫɢɤɚɬɨɪɟ ɢ ɜɡɜɟɲɢɜɚɥɢ. Ȼɢɨɦɚɫɫɭ ɛɚɤɬɟɪɢɣ ɨɩɪɟɞɟɥɹɥɢ ɤɚɤ 

ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɟɫɨɦ ɛɸɤɫɚ ɫ ɤɥɟɬɤɚɦɢ ɢ ɜɟɫɨɦ ɱɢɫɬɨɝɨ ɛɸɤɫɚ. 

Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ (4-ɢ5-

ɝɢɞɪɨɤɫɢɩɟɧɬɚɧɨɜɚɹ ɤɢɫɥɨɬɚ; (2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɛɭɬɢɪɚɬ ɧɚɬɪɢɹ; ɦɟɬɢɥ-(2-

ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɚɰɟɬɚɬ ɢ ɦɟɬɢɥ-4-(2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɛɭɬɢɪɚɬ). 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɪɭɤɬɨɡɵ 

 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɮɪɭɤɬɨɡɵ ɨɩɪɟɞɟɥɹɥɢ ɪɟɡɨɪɰɢɧɨɜɵɦ ɦɟɬɨɞɨɦ. Ⱦɥɹ ɷɬɨɝɨ 

ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɫɪɟɞɭ, ɨɬɞɟɥɟɧɧɭɸ ɨɬ ɤɥɟɬɨɤ ɛɚɤɬɟɪɢɣ ɩɪɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɢ, ɪɚɡɜɨɞɢɥɢ ɜ 25 ɪɚɡ. 1 ɦɥ ɩɪɨɛɵ ɧɚɥɢɜɚɥɢ ɜ ɩɪɨɛɢɪɤɭ, 

ɤɭɞɚ ɞɨɛɚɜɥɹɥɢ 1 ɦɥ ɫɩɢɪɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɪɟɡɨɪɰɢɧɚ (1 ɝ ɪɟɡɨɪɰɢɧɚ 

ɪɚɫɬɜɨɪɹɥɢ ɜ 1000 ɦɥ 95%-ɧɨɝɨ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ); 3 ɦɥ ɪɚɫɬɜɨɪɚ ɫɨɥɹɧɚɹ 

ɤɢɫɥɨɬɚ:ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 5:1. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ 

ɜɦɟɫɬɨ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ. 

ɉɪɨɛɢɪɤɢ ɫ ɤɨɧɬɪɨɥɟɦ ɢ ɩɪɨɛɨɣ ɩɨɦɟɳɚɥɢ ɧɚ ɜɨɞɹɧɭɸ ɛɚɧɸ ɧɚ 20 ɦɢɧ, ɩɪɢ 

t=80 ̊C. ɉɨ ɢɫɬɟɱɟɧɢɢ ɷɬɨɝɨ ɜɪɟɦɟɧɢ ɩɪɨɛɢɪɤɢ ɨɯɥɚɠɞɚɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ 
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ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɢɡɦɟɪɹɥɢ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɧɚ ɮɨɬɨɤɨɥɨɪɢɦɟɬɪɟ Unico 

ɩɪɢ λ=540 ɧɦ (ɞɥɢɧɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 5 ɦɦ). Ʉɨɧɰɟɧɬɪɚɰɢɸ ɮɪɭɤɬɨɡɵ 

ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɤɚɥɢɛɪɨɜɨɱɧɨɦɭ ɝɪɚɮɢɤɭ. 

2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜ ɤɥɟɬɤɚɯ ɫɨɫɬɚɜɚ ɉȽȺ 

 
ȼɧɭɬɪɢɤɥɟɬɨɱɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɢ ɫɨɫɬɚɜ ɉȽȺ ɨɩɪɟɞɟɥɹɥɢ 

ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɦɟɬɚɧɨɥɢɡɚ ɨɛɪɚɡɰɨɜ (ɧɚɜɟɫɤɚ 3,9-4,5 ɦɝ) ɧɚ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ GCD 

plus (―Hewlett Packard‖, USA). Ɇɟɬɚɧɨɥɢɡ ɩɪɨɛ ɩɨɥɢɦɟɪɚ ɩɪɨɜɨɞɢɥɢ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɤ ɧɚɜɟɫɤɟ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ (3,9-4,5 ɦɝ) ɞɨɛɚɜɥɹɥɢ 1 ɦɥ 

ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ (0,5 ɦɝ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ/1 ɦɥ ɯɥɨɪɨɮɨɪɦɚ), 0,85 ɦɥ 

ɦɟɬɚɧɨɥɚ ɢ 0,15 ɦɥ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɤɢɩɹɬɢɥɢ ɫ 

ɨɛɪɚɬɧɵɦɢ ɯɨɥɨɞɢɥɶɧɢɤɚɦɢ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ 40 ɦɢɧɭɬ. ɉɨ ɨɤɨɧɱɚɧɢɢ 

ɦɟɬɚɧɨɥɢɡɚ ɜ ɤɨɥɛɭ ɞɨɛɚɜɥɹɥɢ 1ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. 

2.6 Выˇˈˎˈːиˈ ˒ˑˎиˏˈ˓а 

 

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɩɨɥɢɦɟɪɚ ɜɡɹɥɢ 50 ɦɥ ɤɭɥɶɬɭɪɵ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 8 

ɦɢɧɭɬ ɩɪɢ 6000g. Ȼɢɨɦɚɫɫɭ ɩɨɦɟɳɚɥɢ ɜ ɤɨɥɛɵ ɧɚ 100 ɦɥ, ɤɭɞɚ ɞɨɛɚɜɥɹɥɢ 10 

ɦɥ ɫɩɢɪɬɚ ɢ 25 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ, ɨɫɬɚɜɥɹɥɢ ɧɚ 24 ɱ. Ⱦɚɥɟɟ ɛɢɨɦɚɫɫɭ ɨɬɞɟɥɹɥɢ 

ɨɬ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɨɩɭɫɤɚɧɢɟɦ ɱɟɪɟɡ ɮɢɥɶɬɪɨɜɚɥɶɧɭɸ ɛɭɦɚɝɭ. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɞɚɥɹɥɢ ɧɚ ɪɨɬɨɪɧɨɦ ɢɫɩɚɪɢɬɟɥɟ ɩɪɢ t=45 ̊ɋ. Ⱦɚɥɟɟ ɜ ɤɨɥɛɵ ɞɨɛɚɜɥɹɥɢ 

ɞɢɯɥɨɪɦɟɬɚɧ ɞɥɹ ɩɟɪɟɪɚɫɬɜɨɪɟɧɢɹ ɩɨɥɢɦɟɪɚ ɢ ɡɚɬɟɦ ɩɨɥɢɦɟɪ ɨɫɚɠɞɚɥɢ 

ɞɨɛɚɜɥɟɧɢɟɦ ɞɨɣɧɨɝɨ ɨɛɴɟɦɚ ɝɟɤɫɚɧɚ.  

2.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ ɫɨɫɬɚɜɚ ɩɨɥɢɦɟɪɚ 

Ɇɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɩɨɥɢɦɟɪɚ ɢɫɫɥɟɞɨɜɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɪɨɦɚɬɨɝɪɚɮɚ ɞɥɹ 

ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ Agilent Technologies 1260 Infinity (ɋШȺ) 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɢɫɬɢɪɨɥɨɜɵɯ ɫɬɚɧɞɚɪɬɨɜ (Fluka, Шɜɟɣɰɚɪɢɹ, Ƚɟɪɦɚɧɢɹ). 
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ɇɚɯɨɞɢɥɢ ɫɪɟɞɧɟɜɟɫɨɜɭɸ (Ɇɜ) ɢ ɫɪɟɞɧɟɱɢɫɥɨɜɭɸ (Ɇɧ) ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ, 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶ (ɉȾ=Ɇɜ/Ɇɧ). 

2.8ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ. 

 ɉɥɟɧɤɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɢɫɩɚɪɟɧɢɹ 2% ɉ(3ȽȻ/3Ƚȼ/4Ƚȼ), 

ɉ(3ȽȻ/2ȽɗɌȺ), ɉ(3ȽȻ) ɜ ɞɢɯɥɨɪɦɟɬɚɧɟ. Ɋɚɫɬɜɨɪ ɫ ɞɢɯɥɨɪɦɟɬɚɧɨɦ, 

ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɧɚ ɦɚɝɧɢɬɧɨɣ ɦɟɲɚɥɤɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, 

ɢɫɩɚɪɹɥɫɹ ɫ ɱɚɲɟɤ ɩɨɞ ɫɬɟɤɥɹɧɧɵɦ ɤɨɥɩɚɤɨɦ ɜ ɬɟɱɟɧɢɟ 24 ɱ. 

 ɋɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 

ɩɪɢɛɨɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɤɪɚɟɜɵɯ ɭɝɥɨɜ DSA-25E (Kruss, Ƚɟɪɦɚɧɢɹ), ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ DSA-4 ɞɥɹ Windows. ɇɚ 

ɜɵɪɟɡɚɧɧɭɸ ɢɡ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɥɨɫɤɭ (1 x 5 ɫɦ) ɩɨɨɱɟɪɟɞɧɨ ɧɚɧɨɫɢɥɢ 

ɤɚɩɥɢ ɜɨɞɵ ɢ ɞɢɣɨɞɦɟɬɚɧɚ ɨɛɴɟɦɨɦ 1,5 ɦɤɥ. ȼ ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 

ɦɟɬɨɞɨɦ «Circle» ɢɡɦɟɪɹɥɢ ɤɪɚɟɜɵɟ ɭɝɥɵ ɫɦɚɱɢɜɚɧɢɹ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ 

ɩɪɨɜɨɞɢɥɢ ɧɟ ɦɟɧɟ 6 ɢɡɦɟɪɟɧɢɣ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɦɟɬɨɞɨɦ Ɉɭɧɫɚ-

ȼɟɧɞɬɚ-Ɋɚɛɟɥɹ-Ʉɶɟɥɶɛɥɟ ɪɚɫɫɱɢɬɵɜɚɥɢ ɫɜɨɛɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɷɧɟɪɝɢɸ 

(ɋɉɗ), ɟɟ ɞɢɫɩɟɪɫɧɭɸ ɢ ɩɨɥɹɪɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ, ɨɩɪɟɞɟɥɹɥɢ ɫɪɟɞɧɟɟ 

ɡɧɚɱɟɧɢɟ ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ [34]. 

2.9 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-

ɫɤɚɧɢɪɭɸɳɟɝɨ ɤɚɥɨɪɢɦɟɬɪɚ DSC-1 (MettlerToledo, Шɜɟɣɰɚɪɢɹ). Ɉɛɪɚɡɰɵ 

ɦɚɫɫɨɣ 4,0±0,2 ɦɝ ɩɨɦɟɳɚɥɢ ɜ ɚɥɸɦɢɧɢɟɜɵɟ ɬɢɝɥɢ, ɧɚɝɪɟɜɚɥɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 5 

°C/ɦɢɧ ɞɨ 200 °C; ɨɛɪɚɡɟɰ ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ 200 °C ɜ ɬɟɱɟɧɢɟ 1 ɦɢɧ; 

ɨɯɥɚɠɞɚɥɢ ɞɨ -20 °C ɩɪɢ ɫɤɨɪɨɫɬɢ  5 °C/ɦɢɧ ɢ ɜɵɞɟɪɠɢɜɚɥɢ 4 ɦɢɧ. Ⱦɚɥɟɟ 

ɩɨɜɬɨɪɧɨ ɧɚɝɪɟɜɚɥɢ ɞɨ 320 °C ɩɪɢ ɫɤɨɪɨɫɬɢ  5 °C/ɦɢɧ. Ɍɟɦɩɟɪɚɬɭɪɵ 

ɫɬɟɤɥɨɜɚɧɢɹ (Ɍɫɬ), ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (Ɍɤɪ), ɩɥɚɜɥɟɧɢɹ (Ɍɩɥ) ɢ ɬɟɪɦɢɱɟɫɤɨɣ 

ɞɟɝɪɚɞɚɰɢɢ (Ɍɞɟɝɪ) ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɩɢɤɚɦ ɧɚ ɬɟɪɦɨɝɪɚɦɦɚɯ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ «StarE»  
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ɂɡъяɬɨ 17 ɫɬɪ. 

 

 

ɁȺɄɅɘЧȿɇɂȿ 

1.ɂɫɫɥɟɞɨɜɚɧ ɪɨɫɬ ɛɚɤɬɟɪɢɣ Cupriavidus eutrophus B-10646 ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɧɨɜɵɯ ɩɪɟɤɭɪɫɨɪɨɜ: 4-ɢ 5-ɝɢɞɪɨɤɫɢɩɟɧɬɚɧɨɜɨɣ ɤɢɫɥɨɬɵ;(2-

ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɛɭɬɢɪɚɬɚ ɧɚɬɪɢɹ, ɦɟɬɢɥ-(2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɚɰɟɬɚɬɚ 

ɢɦɟɬɢɥ-4-(2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɛɭɬɢɪɚɬɚ.  

2. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɚɬɪɢɟɜɨɣ ɫɨɥɢ (2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ) 

ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɦɟɬɢɥ-4-(2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɛɭɬɢɪɚɬɚ ɩɪɨɢɫɯɨɞɢɬ 

ɫɢɧɬɟɡ ɫɨɩɨɥɢɦɟɪɨɜ ɉ(3ȽȻ/3Ƚȼ) ɢ ɉ(3ȽȻ/4ȽȻ). ɋɨɞɟɪɠɚɧɢɟ ɦɨɧɨɦɟɪɨɜ 3Ƚȼ 

ɢ 4ȽȻ ɜ ɩɨɥɢɦɟɪɟ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ. 

3. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɦɟɬɢɥ-4-(2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ)ɛɭɬɢɪɚɬɚ ɩɪɨɢɫɯɨɞɢɬ ɫɢɧɬɟɡ 

ɫɨɩɨɥɢɦɟɪɚ ɉ(3ȽȻ-2-ɝɢɞɪɨɤɫɢɷɬɢɥɬɢɨ ɚɰɟɬɚɬɚ), 1,7% ɩɪɢ ɨɛɳɟɦ ɫɨɞɟɪɠɚɧɢɢ 

ɫɭɛɫɬɪɚɬɚ 1 ɝ/ɥ ɢ 1,8% ɩɪɢ 2 ɝ/ɥ, ɫɨɞɟɪɠɚɧɢɟ ɦɨɧɨɦɟɪɚ ɜ ɩɨɥɢɦɟɪɟ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ. 

4. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ Ȗ-ɜɚɥɟɪɨɥɚɤɬɨɧɚɢ 5-ɝɢɞɪɨɤɫɢɩɟɧɬɚɧɨɜɨɣ ɤɢɫɥɨɬɵ 

ɩɪɨɢɫɯɨɞɢɬ ɜɤɥɸɱɟɧɢɟ ɫɨɩɨɥɢɦɟɪɨɜ ɉ(3ȽȻ/3Ƚȼ/4Ƚȼ) ɢ ɉ(3ȽȻ/3Ƚȼ), 

ɫɨɨɬɧɨɲɟɧɢɟ ɦɨɧɨɦɟɪɨɜ 3Ƚȼ ɢ 4Ƚȼ ɫɨɫɬɚɜɥɹɟɬ 1:0,14.ɋɨɞɟɪɠɚɧɢɟ 

ɦɨɧɨɦɟɪɨɜ ɬɚɤɠɟ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ.Ɇɚɤɫɢɦɚɥɶɧɨɟ ɜɤɥɸɱɟɧɢɟ ɫɨɩɨɥɢɦɟɪɚ 3Ƚȼ (25 ɦɨɥ.%), 

4Ƚȼ (0,7 ɦɨɥ.%). 

5. ɂɫɫɥɟɞɨɜɚɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɉ(3ȽȻ/3Ƚȼ/4Ƚȼ)ɢ ɉ(3ȽȻ-

2ȽɗɌȺ). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɦɨɧɨɦɟɪɨɜ ɭɦɟɧɶɲɚɟɬɫɹ 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɳɟɝɨ ɫɨɞɟɪɠɚɧɢɹ ɦɨɧɨɦɟɪɚ. 

6. ɋɬɪɭɤɬɭɪɚ ɩɥɟɧɤɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɧɨɦɟɪɚ, ɢɡɦɟɧɹɟɬɫɹ ɜ ɫɬɨɪɨɧɭ 

ɩɨɪɢɫɬɨɫɬɢ.  
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