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ɊȿɎȿɊȺɌ 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɧɚ ɬɟɦɭ: «ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɢ ɤɢɧɟɬɢɤɢ 

ɛɢɨɞɟɫɬɪɭɤɰɢɢ ɩɨɥɢɦɟɪɧɵɯ ɝɪɚɧɭɥ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɚ ɩɨɥɢ(3-

ɝɢɞɪɨɤɢɫɛɭɬɢɪɚɬɚ-ɫɨ-3ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ) ɢ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ» ɫɨɞɟɪɠɢɬ 51 

ɫɬɪɚɧɢɰɭ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 5 ɬɚɛɥɢɰ, 20 ɢɥɥɸɫɬɪɚɰɢɣ, 51 ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ 

ɢɫɬɨɱɧɢɤ. Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɥɢ(3-ɝɢɞɪɨɤɢɫɛɭɬɢɪɚɬɚ-ɫɨ-3ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ), 

ɛɢɨɞɟɝɪɚɞɚɰɢɹ, ɩɥɚɫɬɢɮɢɤɚɬɨɪɵ, ɬɪɢɚɰɟɬɢɧ, ɛɢɨɩɨɥɢɦɟɪɵ, ɷɤɫɬɪɭɡɢɹ 

ɛɢɨɩɨɥɢɦɟɪɨɜ. 

 ɐɟɥɶɸ ɪɚɛɨɬɵ ɫɬɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɢ ɤɢɧɟɬɢɤɢ ɛɢɨɞɟɫɬɪɭɤɰɢɢ 

ɩɨɥɢɦɟɪɧɵɯ ɝɪɚɧɭɥ ɩɨɥɢ(3-ɝɢɞɪɨɤɢɫɛɭɬɢɪɚɬɚ-ɫɨ-3ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ) ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ ɢ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ. ȼ ɡɚɞɚɱɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɯɨɞɢɥɨ: 1) ɋɢɧɬɟɡ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɉ(3ȽȻ/3Ƚȼ) ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ 3Ƚȼ 10% ɢ 18% ɲɬɚɦɦɨɦ ɩɪɨɞɭɰɟɧɬɨɦ Cupriavidus eutrophus ɜ 

ɝɟɬɟɪɨɬɪɨɮɧɵɯ ɭɫɥɨɜɢɹɯ; 2) ɉɨɞɝɨɬɨɜɤɚ ɝɪɚɧɭɥɹɬɚ ɢɡ ɉ(3ȽȻ/3Ƚȼ), ɉ(3ȽȻ/3Ƚȼ) 

ɫ ɬɪɢɚɰɢɬɢɧɨɦ ɦɟɬɨɞɨɦ ɜɥɚɠɧɨɝɨ ɝɪɚɧɭɥɢɪɨɜɚɧɢɹ; 3) ɉɨɥɭɱɟɧɢɟ ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɪɚɧɭɥ ɢɡ ɉ(3ȽȻ/3Ƚȼ), ɉ(3ȽȻ/3Ƚȼ) ɫ ɬɪɢɚɰɢɬɢɧɨɦ ɦɟɬɨɞɨɦ 

ɷɤɫɬɪɭɡɢɢ; 4) ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɛɢɨɞɟɫɬɪɭɤɰɢɢ ɷɤɫɬɪɭɞɢɪɨɜɚɧɧɵɯ ɝɪɚɧɭɥ 

ɢɡ ɉ(3ȽȻ/3Ƚȼ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 3Ƚȼ ɢ ɬɪɢɚɰɢɬɢɧɚ. 

Ɍɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɹɡɚɧɚ ɫ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ – ɪɚɡɪɚɛɨɬɤɚ 

ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɩɨɥɢɦɟɪɧɵɯ ɭɩɚɤɨɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɢɦɢ 

ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɭɩɚɤɨɜɤɚ ɢɡ ɩɥɚɫɬɢɤɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɥɟɤɚɪɫɬɜ, ɷɥɟɤɬɪɨɧɢɤɢ, ɨɩɚɫɧɵɯ 

ɠɢɞɤɨɫɬɟɣ ɢ ɬ. ɞ. Ȼɨɥɶɲɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɥɚɫɬɢɤɨɜɨɣ ɭɩɚɤɨɜɤɢ ɨɛɭɫɥɨɜɥɟɧɨ 

ɬɟɦ, ɱɬɨ ɨɧɢ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɡɚɳɢɬɭ ɩɪɨɞɭɤɬɚ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ, ɩɨɜɪɟɠɞɟɧɢɹ, 

ɪɚɡɥɨɠɟɧɢɹ. Ɉɛɥɚɞɚɹ ɧɟɨɫɩɨɪɢɦɵɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ, ɷɬɢ ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɪɹɞ 

ɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ: ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ ɜ ɧɨɪɦɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɞɥɢɬɟɥɶɧɨ ɪɚɡɥɚɝɚɸɬɫɹ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 

ɹɜɥɹɟɬɫɹ – ɷɤɫɬɪɭɡɢɹ ɩɨɥɢɦɟɪɧɵɯ ɪɚɧɭɥ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɝɪɚɧɭɥɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ, ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɭɲɚɸɬɫɹ ɜ ɩɨɱɜɟ, ɚ ɬɚɤɠɟ 

ɫɬɢɦɭɥɢɪɭɸɬ ɪɚɡɜɢɬɢɟ ɩɨɱɜɟɧɧɨɣ ɦɢɤɪɨɮɥɨɪɵ. 
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ȼɜɟɞɟɧɢɟ 

Ɂɧɚɱɢɬɟɥɶɧɭɸ ɨɛɟɫɩɨɤɨɟɧɧɨɫɬɶ ɜɵɡɵɜɚɟɬ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ 

ɫɬɪɟɦɢɬɟɥɶɧɵɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɪɨɫɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɥɚɫɬɦɚɫɫ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɷɤɨɧɨɦɢɤɢ. ȼ ɧɚɲɟ ɜɪɟɦɹ 

ɭɩɚɤɨɜɤɚ ɢɡ ɩɥɚɫɬɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, 

ɥɟɤɚɪɫɬɜ, ɷɥɟɤɬɪɨɧɢɤɢ, ɨɩɚɫɧɵɯ ɠɢɞɤɨɫɬɟɣ ɢ ɬ. ɞ. Ɉɛɲɢɪɧɨɟ ɩɪɢɦɟɧɟɧɢɟ 

ɩɥɚɫɬɢɤɨɜɨɣ ɭɩɚɤɨɜɤɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɧɢ ɝɚɪɚɧɬɢɪɭɸɬ ɡɚɳɢɬɭ 

ɭɩɚɤɨɜɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɨɬ ɡɚɫɨɪɟɧɢɹ, ɩɨɜɪɟɠɞɟɧɢɹ, ɪɚɫɩɚɞɚ, ɧɨ ɤɪɨɦɟ ɬɨɝɨ 

ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɮɨɪɦ ɢ ɰɜɟɬɨɜɨɣ ɩɚɥɢɬɪɵ, ɥɟɝɤɨɫɬɶɸ, 

ɧɟɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ ɦɚɬɟɪɢɚɥɚ, ɧɟɛɨɥɶɲɨɣ ɷɧɟɪɝɨɟɦɤɨɫɬɶɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɟɤɥɨɦ, ɦɟɬɚɥɥɨɦ ɢ ɛɭɦɚɝɨɣ. ȼɥɚɞɟɹ ɨɱɟɜɢɞɧɵɦɢ ɩɥɸɫɚɦɢ, 

ɞɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɞɨɱɟɬɨɜ: ɫɢɧɬɟɬɢɱɟɫɤɢɟ 

ɩɨɥɢɦɟɪɵ ɜ ɧɨɪɦɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢɦɟɸɬ ɞɥɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɪɚɫɩɚɞɚ. 

Ⱥɤɬɢɜɧɵɟ ɬɟɦɩɵ ɭɜɟɥɢɱɟɧɢɹ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɭɩɚɤɨɜɤɢ ɩɪɢɜɨɞɹɬ ɤ 

ɜɧɟɡɚɩɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɱɢɫɥɚ ɨɫɬɚɬɤɨɜ. Ʉɥɚɫɫɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɛɪɚɳɟɧɢɹ ɫ 

ɧɢɦɢ – ɡɚɯɨɪɨɧɟɧɢɟ, ɫɠɢɝɚɧɢɟ, ɜɬɨɪɢɱɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɢ ɞɪ. – ɷɤɨɥɨɝɢɱɟɫɤɢ ɢ 

ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɵ (Ʌɢɬɜɹɤ, 2019). 

ȼ ɪɟɡɭɥɶɬɚɬɟ, ɧɭɠɧɨ ɩɨɥɭɱɢɬɶ ɩɨɥɢɦɟɪɵ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɫɨɯɪɚɧɹɬɶ 

ɪɚɛɨɱɢɟ ɫɜɨɣɫɬɜɚ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɩɟɪɢɨɞɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɚ ɡɚɬɟɦ ɢɫɩɵɬɵɜɚɸɬ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɮɚɤɬɨɪɨɜ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɥɟɝɤɨ ɜɤɥɸɱɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɵ ɦɟɬɚɛɨɥɢɡɦɚ ɩɪɢɪɨɞɧɵɯ 

ɷɤɨɫɢɫɬɟɦ [2]. 

Ȼɢɨɩɥɚɫɬɦɚɫɫɵ ɡɚɧɢɦɚɸɬ ɩɪɢɦɟɪɧɨ 10–15 % ɨɛɳɟɝɨ ɨɛɴɟɦɚ 

ɫɨɜɪɟɦɟɧɧɨɝɨ ɪɵɧɤɚ ɩɥɚɫɬɦɚɫɫ. Ȼɢɨɪɚɡɥɚɝɚɟɦɵɟ ɩɨɥɢɦɟɪɵ ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɭɩɚɤɨɜɤɢ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɥɟɧɨɤ, ɤɨɧɬɟɣɧɟɪɨɜ, ɩɟɧɨɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ 

ɨɞɧɨɪɚɡɨɜɨɣ ɩɨɫɭɞɵ (Pinchuk et al, 2014). 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɢɡɞɟɥɢɣ ɦɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ 

ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɟ ɩɨɥɢɦɟɪɵ, ɩɨɞɨɛɧɨ ɬɪɚɞɢɰɢɨɧɧɵɦ, ɞɨɥɠɧɵ ɛɵɬɶ 
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ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɮɨɪɦɟ ɝɪɚɧɭɥɹɬɚ. Ƚɪɚɧɭɥɵ ɩɨɥɢɦɟɪɚ, ɜ ɨɬɥɢɱɢɟ, ɧɚɩɪɢɦɟɪ, ɨɬ 

ɩɨɪɨɲɤɚ, ɧɟ ɩɪɢɥɢɩɚɸɬ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɤɫɬɪɭɞɟɪɚ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɰɢɥɢɧɞɪɟ ɷɤɫɬɪɭɞɟɪɚ [2]. 

ɇɟɜɡɢɪɚɹ ɧɚ ɬɟɯɧɢɱɟɫɤɭɸ ɩɪɨɫɬɨɬɭ ɷɤɫɬɪɭɡɢɨɧɧɵɯ ɦɟɬɨɞɨɜ, ɡɧɚɱɢɬɟɥɶɧɵɦ 

ɜɨɩɪɨɫɨɦ ɜ ɫɥɭɱɚɟ ɉȽȺ ɹɜɥɹɟɬɫɹ ɢɯ ɬɟɩɥɨɜɚɹ ɞɟɝɪɚɞɚɰɢɹ ɨɤɨɥɨ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɜɥɟɧɢɹ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɩɟɪɟɪɚɛɨɬɤɭ ɦɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ (Hablot, 2008). 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɢ ɤɢɧɟɬɢɤɢ ɛɢɨɞɟɫɬɪɭɤɰɢɢ 

ɩɨɥɢɦɟɪɧɵɯ ɝɪɚɧɭɥ ɩɨɥɢ(3-ɝɢɞɪɨɤɢɫɛɭɬɢɪɚɬɚ-ɫɨ-3ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ) ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ ɢ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ. 

ɂɫɯɨɞɹ ɢɡ ɰɟɥɢ, ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɋɢɧɬɟɡ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɉ(3ȽȻ/3Ƚȼ) ɫ ɫɨɞɟɪɠɚɧɢɟɦ 3Ƚȼ 

10% ɢ 18% ɲɬɚɦɦɨɦ ɩɪɨɞɭɰɟɧɬɨɦ Cupriavidus eutrophus ɜ 

ɝɟɬɟɪɨɬɪɨɮɧɵɯ ɭɫɥɨɜɢɹɯ; 

2. ɉɨɞɝɨɬɨɜɤɚ ɝɪɚɧɭɥɹɬɚ ɢɡ ɉ(3ȽȻ/3Ƚȼ), ɉ(3ȽȻ/3Ƚȼ) ɫ ɬɪɢɚɰɢɬɢɧɨɦ 

ɦɟɬɨɞɨɦ ɜɥɚɠɧɨɝɨ ɝɪɚɧɭɥɢɪɨɜɚɧɢɹ; 

3. ɉɨɥɭɱɟɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɪɚɧɭɥ ɢɡ ɉ(3ȽȻ/3Ƚȼ), ɉ(3ȽȻ/3Ƚȼ) ɫ 

ɬɪɢɚɰɢɬɢɧɨɦ ɦɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ; 

4. ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɛɢɨɞɟɫɬɪɭɤɰɢɢ ɷɤɫɬɪɭɞɢɪɨɜɚɧɧɵɯ ɝɪɚɧɭɥ 

ɢɡ ɉ(3ȽȻ/3Ƚȼ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 3Ƚȼ ɢ ɬɪɢɚɰɢɬɢɧɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɤɚɮɟɞɪɟ Ɇɢɤɪɨɛɢɨɥɨɝɢɢ ɢ Ȼɢɨɬɟɯɧɨɥɨɝɢɢ, 

ɂɧɫɬɢɬɭɬɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɋɢɛɢɪɫɤɨɝɨ 

Ɏɟɞɟɪɚɥɶɧɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ. 

 



7 

1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

1.1 ɍɩɚɤɨɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ 

ɍɩɚɤɨɜɤɚ ɤɚɠɞɵɣ ɞɟɧɶ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɚɛɫɨɥɸɬɧɨ ɜɫɟɯ ɨɛɥɚɫɬɹɯ 

ɢɧɞɭɫɬɪɢɢ ɫ ɰɟɥɶɸ ɞɨɥɝɨɜɪɟɦɟɧɧɨɝɨ ɬɚɤɠɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɫɨɯɪɚɧɟɧɢɹ 

ɩɪɨɞɭɤɬɨɜ, ɢɯ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ, ɧɨ ɤɪɨɦɟ ɬɨɝɨ ɪɟɚɥɢɡɚɰɢɢ ɩɨɤɭɩɚɬɟɥɹɦ. ɉɪɢ 

ɷɬɨɦ ɫɚɦɚ ɬɚɪɚ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɪɚɡɧɨɨɛɪɚɡɧɨɣ: ɫɬɟɤɥɹɧɧɵɟ ɢɥɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 

ɛɚɧɤɢ, ɤɚɪɬɨɧɧɵɟ ɤɨɪɨɛɤɢ, ɩɨɥɢɷɬɢɥɟɧɨɜɵɟ ɩɚɤɟɬɵ. Ȼɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɜ 

ɧɚɫɬɨɹɳɢɣ ɩɟɪɢɨɞ ɫɱɢɬɚɟɬɫɹ ɩɨɥɢɦɟɪɧɚɹ ɭɩɚɤɨɜɤɚ (Ⱥɫɹɤɢɧɚ ɢ ɞɪ., 2017). 

ɉɨɥɢɦɟɪɵ ɢɦɟɸɬ ɨɛɲɢɪɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ, ɢɡɧɚɱɚɥɶɧɨ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɭɩɚɤɨɜɤɢ. ɗɬɨ ɦɨɝɭɬ ɛɵɬɶ ɩɥɟɧɤɢ 

ɞɥɹ ɪɚɡɧɵɯ ɫɮɟɪ ɩɪɢɦɟɧɟɧɢɹ: ɬɟɩɥɢɰ, ɦɧɨɝɨɫɥɨɣɧɵɟ ɭɤɪɵɜɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɚ 

ɬɚɤɠɟ ɞɥɹ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɢ (Ȼɨɝɚɬɨɜɚ, 2015). ɉɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ – ɷɬɨ 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢ 

ɨɪɝɚɧɢɱɟɫɤɢɯ, ɚɦɨɪɮɧɵɯ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ 

ɪɚɡɞɟɥɹɟɬ ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɪɝɚɧɢɱɟɫɤɢɟ, ɷɥɟɦɟɧɬɨɨɪɝɚɧɢɱɟɫɤɢɟ, 

ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ (Ɂɭɛɨɜɚ, 2018). ɉɨɥɢɦɟɪɵ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ɢɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ 

ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɭɩɚɤɨɜɤɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪ ɩɢɳɟɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɫɥɭɠɢɬɶ ɡɚɳɢɬɨɣ ɞɥɹ ɦɹɫɚ, ɪɵɛɵ, ɨɜɨɳɟɣ ɢ ɞɪɭɝɢɯ 

ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ. ɉɨɥɢɦɟɪɧɵɟ ɩɥɟɧɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜ 

ɢɡɝɨɬɨɜɥɟɧɢɢ ɬɨɜɚɪɨɜ ɤɨɪɦɥɟɧɢɹ ɩɨɜɵɫɢɬɶ ɜɪɟɦɹ ɢɯ ɯɪɚɧɟɧɢɹ ɢ ɭɦɟɧɶɲɢɬɶ 

ɩɨɪɱɭ ɩɪɨɞɭɤɬɨɜ (Ȼɨɝɚɬɨɜɚ, 2015). 

Ɍɚɤ ɤɚɤ ɭɩɚɤɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɫɨɯɪɚɧɢɬɶ ɧɟ ɬɨɥɶɤɨ ɜɧɟɲɧɢɣ ɜɢɞ ɩɪɨɞɭɤɬɚ, 

ɧɨ ɢ ɩɨɥɟɡɧɵɟ ɤɚɱɟɫɬɜɚ, ɬɨ ɨɧɚ ɫɱɢɬɚɟɬɫɹ ɡɧɚɱɢɦɵɦ ɡɜɟɧɨɦ ɜ ɩɢɳɟɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɩɨɷɬɨɦɭ ɤ ɧɟɣ ɩɪɢɦɟɧɹɸɬɫɹ ɠɟɫɬɤɢɟ ɤɪɢɬɟɪɢɢ. 

ɍɩɚɤɨɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɚɧɢɬɚɪɧɨ-

ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɫɟɪɬɢɮɢɤɚɬɚɦ ɫɨɨɬɜɟɬɫɬɜɢɹ ɢ 

ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ (ȽɈɋɌ 12302-2013), ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɧɨɪɦɚɬɢɜɚɦ ɢ 

ɢɧɫɬɪɭɤɰɢɹɦ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɆɁ 

Ɋɨɫɫɢɢ № 880-71). ɗɬɢ ɞɨɤɭɦɟɧɬɵ ɨɩɪɟɞɟɥɹɸɬ ɭɫɥɨɜɢɹ ɤ ɤɚɱɟɫɬɜɭ ɢ ɫɨɫɬɚɜɭ 
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ɦɚɬɟɪɢɚɥɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɭɩɚɤɨɜɤɢ, ɩɨɜɟɪɯɧɨɫɬɢ ɭɩɚɤɨɜɤɢ, 

ɪɚɡɦɟɪɭ ɢ ɤɚɱɟɫɬɜɭ ɛɨɤɨɜɵɯ ɲɜɨɜ, ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɭɩɚɤɨɜɤɢ. Ɍɚɤ 

ɨɞɧɨ ɢɡ ɜɚɠɧɵɯ ɭɫɥɨɜɢɣ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɩɚɤɨɜɤɢ ɜ ɩɢɳɟɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɫɟɪɬɢɮɢɤɚɬɚ ɫɨɨɬɜɟɬɫɬɜɢɹ, ɜɵɞɚɧɧɨɝɨ 

Ɇɢɧɢɫɬɟɪɫɬɜɨɦ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɨɞɬɜɟɪɞɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ 

ɦɚɬɟɪɢɚɥ ɹɜɥɹɟɬɫɹ ɛɟɡɨɩɚɫɧɵɦ (Ⱥɫɹɤɢɧɚ, 2016). 

Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɭɩɚɤɨɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɹɜɥɹɟɬɫɹ 

ɝɢɛɤɚɹ ɭɩɚɤɨɜɤɚ. 

Ȼɢɪɠɚ ɬɨɜɚɪɨɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɞɧɚ ɢɡ 

ɫɚɦɵɯ ɝɥɨɛɚɥɶɧɵɯ ɫɮɟɪ, ɜ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɨɥɢɦɟɪɧɨɣ ɝɢɛɤɨɣ ɭɩɚɤɨɜɤɢ. Ɉɛɵɱɧɨ ɟё ɩɨɥɭɱɚɸɬ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ 

ɥɚɦɢɧɚɰɢɢ ɢ ɷɤɫɬɪɭɡɢɢ. Ɉɫɧɨɜɧɵɦ ɫɵɪɶɟɦ ɜ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɝɢɛɤɨɣ 

ɭɩɚɤɨɜɤɢ ɫɥɭɠɚɬ ɩɨɥɢɷɮɢɪɵ, ɩɨɥɢɷɬɢɥɟɧɨɜɚɹ ɩɥɟɧɤɚ, ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɚɹ 

ɩɥɟɧɤɚ, ɩɨɥɢɩɪɨɩɢɥɟɧɨɜɚɹ ɩɥɟɧɤɚ, ɛɭɦɚɝɚ, ɚɞɝɟɡɢɜɧɵɣ ɤɥɟɟɜɨɣ ɫɨɫɬɚɜ ɢ ɬ.ɞ. 

Ʉɨɦɩɚɧɢɢ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɩɨɥɢɦɟɪɧɵɟ ɭɩɚɤɨɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ, 

ɜɵɧɭɠɞɟɧɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɧɨɝɨɫɥɨɣɧɭɸ ɩɥɟɧɤɭ, ɬɚɤ ɤɚɤ ɬɨɥɶɤɨ ɷɬɨ ɫɦɨɠɟɬ 

ɨɛɟɫɩɟɱɢɬɶ ɫɨɯɪɚɧɟɧɢɟ ɬɨɜɚɪɚ ɨɬ ɩɨɪɱɢ, ɬɚɤ ɤɚɤ ɫɨɥɧɟɱɧɵɣ ɫɜɟɬ, ɤɢɫɥɨɪɨɞ ɢ 

ɡɚɝɪɹɡɧɟɧɢɹ ɫɩɨɫɨɛɫɬɜɭɸɬ ɫɨɤɪɚɳɟɧɢɸ ɫɪɨɤɚ ɝɨɞɧɨɫɬɢ ɢɡɞɟɥɢɹ. Ɍɚɤɭɸ 

ɦɧɨɝɨɫɥɨɣɧɭɸ ɭɩɚɤɨɜɤɭ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɫɥɨɹ ɚɥɸɦɢɧɢɟɜɨɣ ɮɨɥɶɝɢ, 

ɤɨɬɨɪɚɹ ɩɨɦɟɳɚɟɬɫɹ ɦɟɠɞɭ ɧɟɫɤɨɥɶɤɢɦɢ ɫɥɨɹɦɢ ɩɨɥɢɦɟɪɧɨɣ ɩɥɟɧɤɢ, 

ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɩɪɢ ɩɨɦɨɳɢ ɥɚɦɢɧɚɰɢɢ ɢɥɢ ɤɥɟɹ. Ɇɢɧɭɫɨɦ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɨɢɡɜɨɞɢɬɟɥɢ, ɩɵɬɚɹɫɶ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ 

ɭɩɚɤɨɜɤɢ, ɫɨɡɞɚɸɬ ɩɪɨɛɥɟɦɭ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ 

ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɂɡ-ɡɚ ɨɝɪɨɦɧɨɝɨ ɱɢɫɥɚ ɜɚɪɢɚɰɢɣ ɩɨɥɢɦɟɪɧɵɯ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɫɬɪɭɤɬɭɪ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɝɢɛɤɨɣ 

ɭɩɚɤɨɜɤɢ, ɩɪɨɰɟɫɫ ɩɟɪɟɪɚɛɨɬɤɢ (ɩɪɚɤɬɢɱɟɫɤɢ) ɧɟ ɜɵɩɨɥɧɢɦ. ȼɫɟ ɜɟɳɟɫɬɜɚ, 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɡɚɬɪɭɞɧɹɸɬ ɪɚɡɞɟɥɟɧɢɟ ɢ ɩɟɪɟɪɚɛɨɬɤɭ 

ɝɢɛɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤ ɠɟ ɢɯ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɢɟ (ȽɈɋɌ 12302-2013).  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɫɟ ɨɫɬɪɟɟ ɜɫɬɚёɬ ɜɨɩɪɨɫ ɨ ɧɚɤɨɩɥɟɧɢɢ ɜ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɨɬɯɨɞɨɜ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ, ɨɛɥɚɞɚɸɳɢɯ 
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ɢɫɤɥɸɱɢɬɟɥɶɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɦɭ ɢ ɛɢɨɥɨɝɢɱɟɫɤɨɦɭ 

ɪɚɡɥɨɠɟɧɢɸ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɟɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 

ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɨɣ ɫ ɡɚɝɪɹɡɧɟɧɢɟɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ 

ɩɨɥɢɦɟɪɚɦɢ, ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 

ɩɨɥɢɦɟɪɨɜ ɢ ɪɚɡɥɢɱɧɵɯ ɞɨɛɚɜɨɤ, ɫɩɨɫɨɛɧɵɯ ɤ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (Ʉɚɞɵɪɨɜ, 2017). ȿɫɥɢ ɩɨɥɢɦɟɪɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɝɢɛɤɨɣ 

ɭɩɚɤɨɜɤɢ ɛɭɞɟɬ ɩɨɞɜɟɪɠɟɧɚ ɛɢɨɪɚɡɥɨɠɟɧɢɸ, ɬɨ ɷɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɪɟɲɢɬ ɡɚɞɚɱɭ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ.  

ɉɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 

ɬɪɟɛɨɜɚɧɢɹɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ, ɯɢɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ 

ɤɨɦɩɨɧɟɧɬɨɜ ɩɢɳɟɜɨɝɨ ɩɪɨɞɭɤɬɚ, ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɞɨɫɬɭɩɧɨɫɬɢ, ɧɟ ɜɵɫɨɤɨɣ 

ɫɬɨɢɦɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ (ȽɈɋɌ 12302-2013). ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɩɚɤɨɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɥɢɦɟɪɧɵɟ 

ɦɚɬɟɪɢɚɥɵ, ɬɚɤɢɟ ɤɚɤ ɩɨɥɢɷɬɢɥɟɧ (ɉɗ) ɢ ɩɨɥɢɩɪɨɩɢɥɟɧ (ɉɉ). ɋɪɨɤ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɩɚɤɨɜɨɱɧɵɯ ɢɡɞɟɥɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ, 

ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɬɨɜɚɪɨɜ, ɡɚɤɥɸɱɟɧɧɵɯ ɜ ɷɬɢ 

ɦɚɬɟɪɢɚɥɵ. ɉɨɷɬɨɦɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɥɢɦɟɪɧɚɹ ɭɩɚɤɨɜɤɚ ɩɨɩɚɞɚɟɬ ɜ ɬɜɟɪɞɵɟ 

ɛɵɬɨɜɵɟ ɨɬɯɨɞɵ ɪɚɧɶɲɟ, ɱɟɦ ɬɟɪɹɟɬ ɫɜɨɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɟ ɫɜɨɣɫɬɜɚ (Ʉɚɞɵɪɨɜɚ 

ɢ ɞɪ, 2017). Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɜɨɢ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ, ɩɨɥɢɦɟɪɧɵɟ 

ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ. Ⱦɜɚ ɨɫɧɨɜɧɵɯ ɢɡ ɧɢɯ ɡɚɤɥɸɱɚɸɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ: ɜɨ-ɩɟɪɜɵɯ, ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɪɨɢɡɜɨɞɹɬɫɹ ɢɡ 

ɧɟɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ – ɧɟɮɬɢ, ɭɝɥɹ, ɝɚɡɚ ɢ, ɜɨ-ɜɬɨɪɵɯ, ɢɯ 

ɞɨɥɝɨɜɟɱɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɜ ɞɨɥɝɨɫɪɨɱɧɨɣ ɩɟɪɫɩɟɤɬɢɜɟ ɨɛɟɪɧɭɥɚɫɶ ɨɞɧɢɦ ɢɡ 

ɝɥɚɜɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ. ɋ ɪɨɫɬɨɦ ɦɢɪɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɦɟɪɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɜɫɟ ɛɨɥɟɟ ɨɛɨɫɬɪɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɡɚɳɢɬɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ 

ɩɨɥɢɦɟɪɧɨɝɨ ɦɭɫɨɪɚ, ɤɨɬɨɪɵɦ ɹɜɥɹɸɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɢɡɞɟɥɢɹ ɢɡ ɉɆ ɢ 

ɨɬɯɨɞɵ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ (ȽɈɋɌ 12302-2013).  

ɉɨ ɢɬɨɝɚɦ 2015 ɝɨɞɚ ɜɫɟɝɨ ɜ ɦɢɪɟ ɛɵɥɨ ɩɨɬɪɟɛɥɟɧɨ ɩɪɢɦɟɪɧɨ 225 ɦɥɧ. 

ɬɨɧɧ ɬɚɪɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ 2000 ɝɨɞɭ ɨɛɴɟɦ ɩɨɬɪɟɛɥɟɧɢɹ 

ɫɨɫɬɚɜɥɹɥ 150 ɦɥɧ ɬɨɧɧ. Ʉɪɭɩɧɟɣɲɢɦ ɩɨɬɪɟɛɢɬɟɥɟɦ ɹɜɥɹɟɬɫɹ Ʉɢɬɚɣ, ɨɛɴɟɦ 
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ɪɵɧɤɚ ɭɩɚɤɨɜɤɢ, ɤɨɬɨɪɨɝɨ ɜ 2015 ɝɨɞɭ ɫɨɫɬɚɜɢɥ 68 ɦɥɧ. ɬɨɧɧ; ɨɛɴɟɦ ɪɵɧɤɚ 

Ɋɨɫɫɢɢ ɜ ɬɨɦ ɠɟ ɝɨɞɭ ɨɰɟɧɢɜɚɥɫɹ ɜ 4,6 ɦɥɧ ɬɨɧɧ. Ʉ 2030 ɝɨɞɭ ɩɪɨɝɧɨɡɢɪɭɟɬɫɹ 

ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɨɜ ɪɵɧɤɚ ɧɚ 30% (Ʉɭɪɦɚɧɛɚɟɜɚ, 2018). ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ 

ɪɚɡɜɢɬɢɹ ɨɛɳɟɫɬɜɚ ɜɨɡɧɢɤ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɪɚɡɪɚɛɨɬɤɟ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ɉɧ ɢɦɟɟɬ ɰɟɥɶɸ 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 (ȽɈɋɌ 12302-2013). 

Ɉɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɢɬɭɚɰɢɹ ɦɟɧɹɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ 

ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɩɨɬɪɟɛɢɬɟɥɶ ɧɚɱɢɧɚɟɬ ɛɨɥɟɟ ɨɫɨɡɧɚɧɧɨ ɩɨɞɯɨɞɢɬɶ ɤ ɜɵɛɨɪɭ 

ɩɪɨɞɭɤɰɢɢ ɢ ɨɬɞɚɜɚɬɶ ɩɪɟɞɩɨɱɬɟɧɢɟ ɛɨɥɟɟ ɷɤɨɥɨɝɢɱɧɵɦ ɬɨɜɚɪɚɦ, ɱɬɨ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɡɚɫɬɚɜɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɟɪɟɫɦɚɬɪɢɜɚɬɶ ɫɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ 

ɨɛɪɚɳɚɬɶɫɹ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɛɢɪɚɡɪɭɲɚɟɦɵɯ ɩɨɥɢɦɟɪɨɜ ɞɥɹ ɭɩɚɤɨɜɤɢ. 

ɇɚɢɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ 

ɫɨɡɞɚɧɢɹ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɩɨɥɢɦɟɪɨɜ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ ɢ ɪɚɡɥɢɱɧɵɯ 

ɞɨɛɚɜɨɤ, ɭɫɤɨɪɹɸɳɢɯ ɩɪɨɰɟɫɫ ɛɢɨɪɚɡɥɨɠɟɧɢɹ (Ʉɚɞɵɪɨɜɚ, 2017). Ⱦɥɹ ɨɰɟɧɤɢ 

ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤ ɞɟɫɬɪɭɤɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ ɦɨɞɟɥɶɧɵɟ 

ɷɤɫɩɟɪɢɦɟɧɬɵ (Ʉɭɪɦɚɧɛɚɟɜɚ, 2018). 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɛɢɨɤɨɪɪɨɡɢɹ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɪɹɦɨɦɭ ɪɚɡɪɭɲɟɧɢɸ 

ɭɩɚɤɨɜɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɟɫɥɢ ɫɚɦ ɩɨɥɢɦɟɪ ɢɥɢ ɟɝɨ ɤɨɦɩɨɧɟɧɬɵ ɹɜɥɹɸɬɫɹ 

ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɨɣ. ɉɨɜɟɪɯɧɨɫɬɶ ɩɨɥɢɦɟɪɚ ɬɚɤɠɟ ɦɨɠɟɬ ɫɬɚɬɶ ɧɨɫɢɬɟɥɟɦ 

ɤɨɥɨɧɢɣ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ, ɤɚɤ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɬɚɤ ɢ ɜ 

ɤɨɧɬɚɤɬɟ ɫ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɨɣ, ɬɨ ɟɫɬɶ ɜ ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɡɚɳɢɬɟ ɱɚɫɬɨ 

ɧɭɠɞɚɸɬɫɹ ɢ ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ. ɇɨ ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ 

ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɚɧɬɢɦɢɤɪɨɛɧɚɹ ɞɨɛɚɜɤɚ ɢ ɩɨɥɢɦɟɪɧɚɹ 

ɫɨɫɬɚɜɥɹɸɳɚɹ ɦɚɬɟɪɢɚɥɚ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɚɜɢɥɶɧɨ ɢ ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɨɛɪɚɧɵ ɫ 

ɭɱɟɬɨɦ ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɞɨɫɬɭɩɧɨɫɬɢ, ɷɤɨɧɨɦɢɱɟɫɤɨɣ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɢ ɤɪɨɦɟ ɬɨɝɨ, ɩɨɞɨɛɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɨɥɠɧɵ ɫɨɯɪɚɧɹɬɶ ɫɜɨɸ 



11 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (Ⱦɵɲɥɸɤ, 

2019). 

1.2 Ȼɢɨɪɚɡɪɭɲɚɟɦɵɟ ɩɨɥɢɦɟɪɵ – ɚɥɶɬɟɪɧɚɬɢɜɚ ɩɨɥɢɩɪɨɩɢɥɟɧɭ 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɥɚɫɬɢɱɟɫɤɢɯ ɦɚɫɫ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ 

ɜɨɡɪɚɫɬɚɟɬ ɜ ɫɪɟɞɧɟɦ ɧɚ 5-6 % ɟɠɟɝɨɞɧɨ ɢ ɤ 2010 ɝ. ɞɨɫɬɢɝɥɚ 250 ɦɥɧ. ɬ. ɂɯ 

ɩɨɬɪɟɛɥɟɧɢɟ ɧɚ ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ ɜ ɢɧɞɭɫɬɪɢɚɥɶɧɨ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ ɡɚ 

ɩɨɫɥɟɞɧɢɟ 20 ɥɟɬ ɭɞɜɨɢɥɨɫɶ, ɞɨɫɬɢɝɧɭɜ 85-90 ɤɝ (Ʉɥɢɧɤɨɜ, 2005; ɉɨɧɨɦɚɪɟɜɚ, 

2002). 

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

ɪɚɡɥɢɱɧɵɯ ɩɨɥɢɦɟɪɨɜ. ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɜɨɣɫɬɜ, ɥɭɱɲɟɣ 

ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɩɨɥɢɦɟɪɵ ɜɜɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɞɨɛɚɜɤɢ, ɤɨɬɨɪɵɯ ɭɠɟ 

ɛɨɥɟɟ 20, ɚ ɪɹɞ ɢɡ ɧɢɯ ɨɬɧɨɫɹɬɫɹ ɤ ɬɨɤɫɢɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ. ȼɵɩɭɫɤ ɞɨɛɚɜɨɤ 

ɧɟɩɪɟɪɵɜɧɨ ɜɨɡɪɚɫɬɚɟɬ, ɢ ɜɫɟ ɨɧɢ ɛɭɞɭɬ ɜɜɟɞɟɧɵ ɜ ɩɥɚɫɬɢɤɢ, ɚ ɫɨ ɜɪɟɦɟɧɟɦ 

ɩɨɬɪɟɛɥɹɟɦɵɟ ɩɥɚɫɬɢɤɢ ɧɟɢɡɛɟɠɧɨ ɩɟɪɟɯɨɞɹɬ ɜ ɨɬɯɨɞɵ (Ʉɥɢɧɤɨɜ, 2005). 

Ɍɚɤɚɹ ɜɵɫɨɤɚɹ ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɥɚɫɬɦɚɫɫ ɨɛɴɹɫɧɹɟɬɫɹ ɢɯ ɥɟɝɤɨɫɬɶɸ, 

ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ ɢ ɧɚɛɨɪɨɦ ɰɟɧɧɟɣɲɢɯ ɫɥɭɠɟɛɧɵɯ ɫɜɨɣɫɬɜ. ɉɥɚɫɬɢɤɢ ɹɜɥɹɸɬɫɹ 

ɫɟɪɶɟɡɧɵɦɢ ɤɨɧɤɭɪɟɧɬɚɦɢ ɦɟɬɚɥɥɭ, ɫɬɟɤɥɭ, ɤɟɪɚɦɢɤɟ. ɇɚɩɪɢɦɟɪ, ɩɪɢ 

ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɬɟɤɥɹɧɧɵɯ ɛɭɬɵɥɟɣ ɬɪɟɛɭɟɬɫɹ ɧɚ 21 % ɛɨɥɶɲɟ ɷɧɟɪɝɢɢ, ɱɟɦ ɧɚ 

ɩɥɚɫɬɦɚɫɫɨɜɵɟ. ɇɨ ɧɚɪɹɞɭ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɫ ɭɬɢɥɢɡɚɰɢɟɣ ɨɬɯɨɞɨɜ, 

ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɭɟɬ ɫɜɵɲɟ 400 ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ, ɩɨɹɜɥɹɸɳɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɞɭɤɰɢɢ ɩɨɥɢɦɟɪɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ (Ʉɥɢɧɤɨɜ, 2005). 

Ȼɢɨɪɚɡɪɭɲɚɟɦɵɟ ɩɨɥɢɦɟɪɵ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɬɪɚɞɢɰɢɨɧɧɵɯ 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɥɚɫɬɢɤɨɜ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɛɢɨɪɚɡɥɚɝɚɸɳɢɯɫɹ ɞɨɛɚɜɨɤ, 

ɤɨɬɨɪɵɟ ɭɫɤɨɪɹɸɬ ɪɚɡɥɨɠɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɟɫɬɟɫɬɜɟɧɧɨɣ ɫɪɟɞɟ ɢɥɢ ɫ ɩɨɦɨɳɶɸ 

ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ. ȼ ɩɟɪɨɜɨɦ ɫɥɭɱɚɟ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ 

ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɩɨɥɢɦɟɪ ɞɨɛɚɜɨɤ, ɭɫɤɨɪɹɸɳɢɯ ɨɤɫɨ-, ɮɨɬɨ- ɢɥɢ 

ɝɢɞɪɨɪɚɡɥɨɠɟɧɢɟ. Ɍɚɤ, ɞɨɛɚɜɥɟɧɢɟ 1–2 % ɞɨɛɚɜɤɢ OX 5854 PE 

(ɨɤɫɨɛɢɨɪɚɡɥɚɝɚɟɦɚɹ ɞɨɛɚɜɤɚ) ɜɵɡɵɜɚɟɬ ɪɚɡɪɭɲɟɧɢɟ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɦɨɥɟɤɭɥɹɪɧɵɯ ɰɟɩɟɣ ɩɨɥɢɷɬɢɥɟɧɚ ɢ ɞɪɭɝɢɯ ɩɨɥɢɨɥɟɮɢɧɨɜ, ɫɪɨɤɢ ɤɨɬɨɪɨɝɨ 

ɡɚɜɢɫɹɬ ɨɬ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɡɨɧɵ ɢ ɦɨɝɭɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ [5]. Ʉ ɫɨɠɚɥɟɧɢɸ, 
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ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɤɫɨɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɛɢɨɩɨɥɢɦɟɪɨɜ ɧɟɥɶɡɹ ɧɚɡɜɚɬɶ ɩɨɥɧɨɫɬɶɸ 

ɷɤɨɥɨɝɢɱɧɵɦ: ɜ ɩɪɨɰɟɫɫɟ ɫɜɨɟɝɨ ɪɚɡɪɭɲɟɧɢɹ, ɬɚɤɨɣ ɦɚɬɟɪɢɚɥ ɨɛɪɚɡɭɟɬ ɱɚɫɬɢɰɵ 

ɦɢɤɪɨɩɥɚɫɬɢɤɚ, ɤɨɬɨɪɵɣ ɜɵɡɵɜɚɟɬ ɡɚɝɪɹɡɧɟɧɢɟ ɩɨɱɜɵ ɢ ɜɨɞɵ, ɚ ɬɚɤ ɠɟ ɦɨɠɟɬ 

ɛɵɬɶ ɫɥɭɱɚɣɧɨ ɩɪɨɝɥɨɱɟɧ ɨɪɝɚɧɢɡɦɚɦɢ, ɠɢɜɭɳɢɦɢ ɜɧɟ ɩɨɱɜɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɟɝɨ ɧɚɤɨɩɥɟɧɢɸ ɜ ɬɟɥɚɯ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ [6]. 

ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɚɡɜɢɬɵɟ ɫɬɪɚɧɵ ɦɢɪɚ ɢɳɭɬ ɪɟɲɟɧɢɟ 

ɩɪɨɛɥɟɦɵ «ɩɨɥɢɦɟɪɧɨɝɨ ɦɭɫɨɪɚ». ɉɪɨɛɥɟɦɚ ɭɬɢɥɢɡɚɰɢɢ ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ 

ɡɚɯɨɪɨɧɟɧɢɹ, ɫɠɢɝɚɧɢɹ, ɩɢɪɨɥɢɡɚ ɢɥɢ ɜɬɨɪɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ (ɪɟɰɢɤɥɢɧɝɚ), ɱɬɨ 

ɧɟ ɜɫɟɝɞɚ ɷɤɨɧɨɦɢɱɟɫɤɢ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɨ (Ɍɟɪɬɵɲɧɚɹ, 2015). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ 

ɭɬɢɥɢɡɚɰɢɢ «ɩɨɥɢɦɟɪɧɨɝɨ ɦɭɫɨɪɚ» ɜ Ɋɨɫɫɢɢ, ɋɒȺ, ɫɬɪɚɧɚɯ ȿɜɪɨɩɵ ɹɜɥɹɟɬɫɹ 

ɫɨɡɞɚɧɢɟ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɉɆ) (Ɍɟɪɬɵɲɧɚɹ, 2015). 

ɇɚɭɤɚ ɜ ɨɛɥɚɫɬɢ ɯɢɦɢɢ ɢ ɮɢɡɢɤɢ ɩɨɥɢɦɟɪɨɜ ɧɟ ɫɬɨɢɬ ɧɚ ɦɟɫɬɟ. ȼ ɤɨɧɰɟ 

ɏɏ ɜ. ɧɟɫɤɨɥɶɤɨ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɢɡ Ƚɟɪɦɚɧɢɢ, ɇɢɞɟɪɥɚɧɞɨɜ, ɋɒȺ ɩɪɟɞɫɬɚɜɢɥɢ 

ɧɚ ɪɵɧɨɤ ɛɢɨ- ɢ ɮɨɬɨɪɚɡɪɭɲɚɟɦɵɟ ɩɨɥɢɦɟɪɵ ɧɚ ɨɫɧɨɜɟ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ (ɉȽȺ), ɩɨɥɢɥɚɤɬɢɞɨɜ (ɉɅȺ) ɢ ɩɨɥɢɤɚɩɪɨɥɚɤɬɨɧɨɜ 

(ɉɄɅ). Ɍɚɤɢɟ ɩɨɥɢɦɟɪɵ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ, ɧɚɩɪɢɦɟɪ ɉȽȺ, ɢɥɢ ɠɟ ɩɨɫɬɚɞɢɣɧɨ, ɢɫɩɨɥɶɡɭɹ 

ɩɪɨɰɟɫɫ ɩɨɥɢɦɟɪɢɡɚɰɢɢ (ɉɅȺ, ɉɄɅ) (Ɍɟɪɬɵɲɧɚɹ ɢ ɞɪ., 2016). 

ɋɨɡɞɚɧɢɟ ɛɢɨ- ɢ ɮɨɬɨɪɚɡɪɭɲɚɟɦɵɯ ɩɥɚɫɬɦɚɫɫ ɨɫɧɨɜɚɧɨ ɧɚ ɜɜɟɞɟɧɢɢ ɜ 

ɰɟɩɶ ɩɨɥɢɦɟɪɚ ɚɤɬɢɜɧɵɯ ɞɨɛɚɜɨɤ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 

ɝɪɭɩɩɵ, ɫɩɨɫɨɛɧɵɟ ɪɚɡɥɚɝɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɍɎ-

ɢɡɥɭɱɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɦɚɥɨ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ 

ɩɨɥɭɱɟɧɢɸ ɢ ɢɫɫɥɟɞɨɜɚɧɢɸ ɛɢɨɩɥɚɫɬɢɤɨɜ (Ɍɟɪɬɵɲɧɚɹ ɢ ɞɪ., 2016). 

ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ ɨɛɳɟɫɬɜɚ ɜɨɡɧɢɤ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ 

ɪɚɡɪɚɛɨɬɤɟ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɞɢɚɦɟɬɪɚɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ 

ɬɪɚɞɢɰɢɨɧɧɨɦɭ. Ɉɧ ɢɦɟɟɬ ɰɟɥɶɸ 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 
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ɦɟɬɚɛɨɥɢɡɦɚ ɩɪɢɪɨɞɧɵɯ ɛɢɨɫɢɫɬɟɦ. ɍɩɚɤɨɜɤɚ ɢɡ ɬɚɤɢɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ ɛɢɨɪɚɡɪɭɲɚɟɦɨɣ ɢɥɢ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɨɣ (Ɇɹɥɟɧɤɨ, 2010) 

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 ɛɨɥɶɲɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɭɫɬɨɣɱɢɜɵ ɤ 

ɞɟɣɫɬɜɢɸ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ (Ʉɪɭɬɶɤɨ, 2014). 

Ȼɢɨɞɟɫɬɪɭɤɰɢɸ ɛɨɥɶɲɢɧɫɬɜɚ ɬɟɯɧɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɢɧɢɰɢɢɪɭɸɬ ɩɪɨɰɟɫɫɚɦɢ ɧɟɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ (ɬɟɪɦɢɱɟɫɤɚɹ, 

ɮɨɬɨɨɤɢɫɥɢɬɟɥɶɧɚɹ, 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 (Ʉɪɭɬɶɤɨ, 2014). 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɩɨɥɢɦɟɪɨɜ: 

3 ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ, ɤɚɤ ɢ ɨɛɵɱɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɧɚ ɫɬɚɧɞɚɪɬɧɨɦ 

ɨɛɨɪɭɞɨɜɚɧɢɢ; 

4 ɧɢɡɤɢɣ ɛɚɪɶɟɪ ɩɪɨɩɭɫɤɚɧɢɹ ɤɢɫɥɨɪɨɞɚ, ɜɨɞɹɧɨɝɨ ɩɚɪɚ (ɨɩɬɢɦɚɥɶɧɨ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɩɢɳɟɜɨɣ ɭɩɚɤɨɜɤɢ); 

5 ɫɬɨɣɤɨɫɬɶ ɤ ɪɚɡɥɨɠɟɧɢɸ ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ; 

6 ɛɵɫɬɪɚɹ ɢ ɩɨɥɧɚɹ ɪɚɡɥɚɝɚɟɦɨɫɬɶ ɩɪɢ ɫɩɟɰɢɚɥɶɧɨ ɫɨɡɞɚɧɧɵɯ ɢɥɢ 

ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ – ɨɬɫɭɬɫɬɜɢɟ ɩɪɨɛɥɟɦ ɫ ɭɬɢɥɢɡɚɰɢɟɣ ɨɬɯɨɞɨɜ; 

ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɵɪɶɹ (Ʉɪɭɬɶɤɨ, 2014). 

Ȼɢɨɪɚɡɥɚɝɚɟɦɵɟ ɩɨɥɢɦɟɪɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɪɚɡɞɟɥɟɧɵ ɧɚ ɬɪɢ ɤɚɬɟɝɨɪɢɢ 

(Ɋɢɫɭɧɨɤ 1). Ȼɢɨɩɨɥɢɦɟɪɵ, ɜɯɨɞɹɳɢɟ ɜ ɤɚɬɟɝɨɪɢɸ I – ɤɪɚɯɦɚɥ, ɰɟɥɥɸɥɨɡɚ, 

ɯɢɬɢɧ-ɯɢɬɨɡɚɧ, ɞɚɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɢ ɞɥɹ ɦɨɞɢɮɢɤɚɰɢɢ 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ, ɨɞɧɚɤɨ ɤ ɭɥɭɱɲɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɢɯ 

ɩɪɢɦɟɧɟɧɢɟ ɧɟ ɩɪɢɜɟɥɨ. ɂɡ ɩɨɥɢɦɟɪɨɜ ɤɚɬɟɝɨɪɢɣ II ɢ III ɧɚɢɛɨɥɶɲɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɩɨɥɢɥɚɤɬɢɞ (ɉɅȺ) ɢ ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ 

(ɉ3ȽȻ). ɗɬɢ ɩɨɥɢɦɟɪɵ – ɥɢɧɟɣɧɵɟ ɩɨɥɢɷɮɢɪɵ (Ɍɟɪɬɵɲɧɚɹ, 2015). 
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Ɋɢɫɭɧɨɤ 1 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɩɨɥɢɦɟɪɨɜ (Ɍɟɪɬɵɲɧɚɹ, 

2015) 

1.2.2 ɉɪɢɪɨɞɧɵɟ ɛɢɨɪɚɡɥɚɝɚɟɦɵɟ ɩɨɥɢɦɟɪɵ 

1.2.2.1 ɉɨɥɢɫɚɯɚɪɢɞɵ 

ɇɚɩɪɚɜɥɟɧɢɟ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɩɪɢɪɨɞɧɵɯ ɩɨɥɢɦɟɪɨɜ – ɩɨɥɢɫɚɯɚɪɢɞɨɜ, 

ɛɟɥɤɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɩɥɚɫɬɢɤɨɜ ɢɧɬɟɪɟɫɧɨ ɩɪɟɠɞɟ ɜɫɟɝɨ 

ɬɟɦ, ɱɬɨ ɪɟɫɭɪɫɵ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɩɨɫɬɨɹɧɧɨ ɜɨɡɨɛɧɨɜɥɹɟɦɵ ɢ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, 

ɧɟ ɨɝɪɚɧɢɱɟɧɵ. Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ – ɷɬɨ ɪɚɡɪɚɛɨɬɤɚ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɧɟɨɛɯɨɞɢɦɵɟ ɫɜɨɣɫɬɜɚ, ɩɪɢɛɥɢɠɚɸɳɢɟɫɹ ɤ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɦɧɨɝɨɬɨɧɧɚɠɧɵɦ 

ɩɨɥɢɦɟɪɚɦ. 

1.2.2.2 Кɪɚɯɦɚɥ 

Ʉɪɚɯɦɚɥ – ɩɨɥɢɫɚɯɚɪɢɞ, ɧɚɤɚɩɥɢɜɚɟɦɵɣ ɜ ɩɪɨɰɟɫɫɟ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

ɪɚɫɬɟɧɢɣ ɜ ɢɯ ɤɥɭɛɧɹɯ, ɫɟɦɟɧɚɯ, ɫɬɟɛɥɹɯ ɢ ɥɢɫɬɶɹɯ. ȼ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɦɚɫɲɬɚɛɚɯ ɟɝɨ ɩɨɥɭɱɚɸɬ ɢɡ ɤɚɪɬɨɮɟɥɹ, ɤɭɤɭɪɭɡɵ, ɩɲɟɧɢɰɵ, ɪɢɫɚ. 

ȼɵɛɨɪ ɤɪɚɯɦɚɥɚ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɛɭɫɥɨɜɥɟɧ ɪɹɞɨɦ ɩɪɢɱɢɧ: 

3 ɞɨɫɬɭɩɧɨɫɬɶɸ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɫɱɟɪɩɚɟɦɨɣ ɫɵɪɶɟɜɨɣ ɛɚɡɨɣ; 
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4 ɧɚɥɢɱɢɟɦ ɬɚɤɢɯ ɩɨɥɟɡɧɵɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɨɬɫɭɬɫɬɜɭɸɬ ɭ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 

ɩɨɥɢɦɟɪɨɜ (ɩɨɜɵɲɟɧɧɚɹ ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɞɟɣɫɬɜɢɸ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɥɟɝɤɨɫɬɶ ɛɢɨɯɢɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ, 

ɛɨɥɶɲɚɹ ɩɨɝɥɨɳɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɟɤɨɬɨɪɵɦ 

ɪɟɚɝɟɧɬɚɦ); 

5 ɜɨɡɦɨɠɧɨɫɬɶɸ ɫɢɧɬɟɡɚ ɩɪɨɢɡɜɨɞɧɵɯ ɤɪɚɯɦɚɥɚ. 

ɏɨɬɹ ɤɪɚɯɦɚɥ ɹɜɥɹɟɬɫɹ ɛɢɨɪɚɡɥɚɝɚɟɦɵɦ ɩɨɥɢɦɟɪɨɦ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ 

ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɜ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɡɚɬɪɚɬɚɯ, ɥɟɝɤɨ 

ɨɛɪɚɛɚɬɵɜɚɬɶ ɢ ɩɨɥɭɱɚɬɶ ɢɡ ɧɟɝɨ ɩɥɟɧɤɢ ɫ ɧɢɡɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɞɥɹ 

ɤɢɫɥɨɪɨɞɚ, ɨɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɫ ɧɚɬɢɜɧɵɦ ɤɪɚɯɦɚɥɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɨɧ ɹɜɥɹɟɬɫɹ ɯɪɭɩɤɢɦ ɢ ɝɢɞɪɨɮɢɥɶɧɵɦ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɟɝɨ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɭɩɚɤɨɜɤɟ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɝɢɛɤɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɹ ɥɟɝɤɨɫɬɢ 

ɨɛɪɚɛɨɬɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɥɚɫɬɢɮɢɤɚɬɨɪɵ (ɝɥɢɰɟɪɢɧ, ɝɥɢɤɨɥɶ, 

ɫɨɪɛɢɬ) ɞɥɹ ɩɪɟɜɪɚɳɟɧɢɹ ɧɚɬɢɜɧɨɝɨ ɤɪɚɯɦɚɥɚ ɜ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɣ ɤɪɚɯɦɚɥ 

(TPS), ɤɨɬɨɪɵɣ ɭɫɬɨɣɱɢɜ ɤ ɩɟɪɟɪɚɛɨɬɤɟ ɷɤɫɬɪɭɡɢɟɣ, ɧɨ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɜɥɚɝɟ [9].   

1.2.2.3 ɐɟɥɥɸɥɨɡɚ 

ɐɟɥɥɸɥɨɡɧɵɟ ɜɨɥɨɤɧɚ ɨɬɥɢɱɚɸɬɫɹ ɛɟɥɢɡɧɨɣ, ɝɢɛɤɨɫɬɶɸ, ɩɪɨɱɧɨɫɬɶɸ, 

ɭɩɪɭɝɨɷɥɚɫɬɢɱɧɨɫɬɶɸ, ɬ. ɟ. ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨ ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ ɛɟɡ 

ɪɚɡɪɭɲɟɧɢɹ ɞɚɠɟ ɩɪɢ ɛɨɥɶɲɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɶɸ 

ɜ ɜɨɞɟ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɩɥɚɜɤɨɫɬɶɸ. 

ɐɟɥɥɸɥɨɡɭ ɢ ɥɢɝɧɢɧ, ɹɜɥɹɸɳɢɟɫɹ ɨɬɯɨɞɚɦɢ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɨɥɭɱɚɸɬ ɧɚɩɪɹɦɭɸ ɢɡ ɛɢɨɦɚɫɫɵ, ɢ ɨɧɢ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵ, 

ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɜɨɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɩɨɞɜɟɪɠɟɧɧɨɫɬɶɸ ɤ ɛɢɨɞɟɝɪɚɞɚɰɢɢ 

ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ [7]. 

1.2.2.4 ɏɢɬɢɧ 

ɏɢɬɢɧ – ɩɪɢɪɨɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɢɡ ɝɪɭɩɩɵ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ 

ɩɨɥɢɫɚɯɚɪɢɞɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɠɟɫɬɤɢɣ ɩɨɥɭɩɪɨɡɪɚɱɧɵɣ ɦɚɬɟɪɢɚɥ. 

Ȼɥɚɝɨɞɚɪɹ ɪɟɝɭɥɹɪɧɨɫɬɢ ɫɬɪɨɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ ɯɢɬɢɧɚ ɮɨɪɦɢɪɭɟɬɫɹ 

ɜɵɫɨɤɨɭɩɨɪɹɞɨɱɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɨɛɥɚɞɚɸɳɚɹ ɩɪɢɡɧɚɤɚɦɢ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ 
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ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɥɢɦɟɪɨɜ. ɉɪɢ ɷɬɨɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 

ɨɛɥɚɫɬɢ ɫɬɪɭɤɬɭɪɵ ɯɢɬɢɧɚ ɦɨɝɭɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɬɪɟɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ 

(ɫɬɪɭɤɬɭɪɧɵɯ) ɦɨɞɢɮɢɤɚɰɢɹɯ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɵɯ 

ɰɟɩɟɣ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ ɤɪɢɫɬɚɥɥɢɬɚ (ɹɜɥɟɧɢɟ, ɢɡɜɟɫɬɧɨɟ ɩɨɞ ɧɚɡɜɚɧɢɟɦ 

ɩɨɥɢɦɨɪɮɢɡɦɚ). 

1.2.2.5 ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ – ɩɪɨɢɡɜɨɞɧɵɟ ɩɨɥɢɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ. 

Ɉɧɢ ɹɜɥɹɸɬɫɹ ɩɨɥɢɦɟɪɚɦɢ ɩɪɢɪɨɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɫɩɨɫɨɛɧɵɦɢ ɛɵɫɬɪɨ 

ɪɚɡɥɚɝɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɨɱɜɵ ɢ ɜɨɞɵ. 

ɋɩɨɫɨɛɧɨɫɬɶ ɉȽȺ ɤ ɛɢɨɪɚɡɥɨɠɟɧɢɸ – ɨɩɪɟɞɟɥɹɸɳɚɹ ɨɫɨɛɟɧɧɨɫɬɶ, ɧɚ 

ɤɨɬɨɪɨɣ ɨɫɧɨɜɚɧɨ ɟɝɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɜ ɱɢɫɬɨɦ ɜɢɞɟ, ɬɚɤ ɢ ɜ ɜɢɞɟ 

ɤɨɦɩɨɧɟɧɬɚ ɫɦɟɫɟɣ ɢ ɫɨɩɨɥɢɦɟɪɨɜ ɧɚ ɟɝɨ ɨɫɧɨɜɟ. ɉɨɷɬɨɦɭ ɢɡɞɟɥɢɹ, 

ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɉȽȻ, ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɟ ɢ ɧɟ ɬɪɟɛɭɸɬ ɫɩɟɰɢɚɥɶɧɨɣ 

ɭɬɢɥɢɡɚɰɢɢ ɩɨɫɥɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɜɥɟɤɚɬɟɥɶɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɯɨɪɨɧɟɧɢɹ ɢɡɞɟɥɢɣ ɢɡ ɉȽȻ 

ɩɨɫɥɟ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɨɱɜɟ ɢɥɢ ɦɨɪɫɤɨɣ ɜɨɞɟ, ɝɞɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɯ 

ɩɨɥɧɨɟ ɛɢɨɪɚɡɥɨɠɟɧɢɟ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

(Ʉɪɭɬɶɤɨ, 2014). 

1.3 ɉȽȺ ɢ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɇɚɢɛɨɥɟɟ ɢɡɭɱɚɟɦɵɦɢ ɫɪɟɞɢ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ ɩɥɚɫɬɢɤɨɜ ɹɜɥɹɸɬɫɹ 

ɚɥɢɮɚɬɢɱɟɫɤɢɟ ɩɨɥɢɷɮɢɪɵ, ɨɫɨɛɟɧɧɨ ɛɚɤɬɟɪɢɚɥɶɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ, ɬɚɤ 

ɧɚɡɵɜɚɟɦɵɟ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) (ȼɨɥɨɜɚ, 2013). 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) – ɷɬɨ ɩɨɥɢɷɮɢɪɵ, ɫɢɧɬɟɡɢɪɭɟɦɵɟ 

ɦɧɨɠɟɫɬɜɨɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 

ɩɢɬɚɧɢɹ ɢ ɨɤɪɭɠɟɧɢɹ (ɨɛɵɱɧɨ ɩɪɢ ɥɢɦɢɬɢɪɨɜɚɧɢɢ ɚɡɨɬɚ, ɮɨɫɮɨɪɚ, ɫɟɪɵ, 

ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɦɚɝɧɢɹ, ɢɥɢ ɩɪɢ ɢɡɛɵɬɤɟ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɩɨɥɢɦɟɪɨɜ). 

ɉɨɥɢɦɟɪɵ ɉȽȺ ɦɨɝɭɬ ɪɚɡɥɢɱɚɬɶɫɹ ɩɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. Ɉɧɢ ɧɟɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ, ɭɫɬɨɣɱɢɜɵ ɤ ɍɎ-ɢɡɥɭɱɟɧɢɸ. Ʉ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦ, ɫɢɧɬɟɡɢɪɭɟɦɵɦ ɉȽȺ ɨɬɧɨɫɹɬɫɹ ɧɟɤɨɬɨɪɵɟ Archaea ɢ 
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ɨɩɪɟɞɟɥɟɧɧɵɟ ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɟ ɛɚɤɬɟɪɢɢ.  ɇɟɤɨɬɨɪɵɟ 

ɞɪɭɝɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɫɩɨɫɨɛɧɵ ɧɚɤɚɩɥɢɜɚɬɶ ɉȽȺ ɞɚɠɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ (ɧɚɩɪɢɦɟɪ, Pseudomonasputida, 

Sphaerotilusnatans, Bacillusmycoides, Azotobactervinelandii, Alcaligeneslatus). 

ɉɪɨɞɭɰɟɧɬɵ ɉȽȺ ɧɚɤɚɩɥɢɜɚɸɬ ɷɬɢ ɩɨɥɢɷɮɢɪɵ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨ ɜ ɜɢɞɟ 

ɩɨɞɜɢɠɧɵɯ, ɚɦɨɪɮɧɵɯ, ɠɢɞɤɢɯ ɝɪɚɧɭɥ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɧɚɛɥɸɞɚɬɶɫɹ ɤɚɤ 

ɫɜɟɬɨɨɬɪɚɠɚɸɳɢɟ ɨɬɥɨɠɟɧɢɹ ɢɥɢ ɷɥɟɤɬɪɨɫɜɟɬɹɳɢɟɫɹ ɬɟɥɶɰɚ, ɤɨɬɨɪɵɟ, ɩɪɢ 

ɫɜɟɪɯɩɪɨɞɭɤɰɢɢ, ɦɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɬɶ ɤɚɤ ɪɚɡɦɟɪ, ɬɚɤ ɢ ɦɨɪɮɨɥɨɝɢɸ 

ɷɬɢɯ ɛɚɤɬɟɪɢɣ (Ȼɟɫɫɨɧɨɜɚ, 2016; Chen, 2015). 

ɗɬɨ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ ɥɢɧɟɣɧɵɟ ɩɨɥɢɷɮɢɪɵ 

ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯɚɥɤɚɧɨɜɵɯɤɢɫɥɨɬ (ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ, ɉȽȺ; ɜ 

ɚɧɝɥɨɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ PHA). ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɨɥɢɥɚɤɬɢɞɨɜ ɢ ɩɨɥɢɝɥɢɤɨɥɢɞɨɜ 

ɉȽȺ ɧɟ ɩɨɞɜɟɪɠɟɧɵ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ ɞɟɝɪɚɞɚɰɢɢ ɜ ɜɨɞɧɵɯ ɫɪɟɞɚɯ, ɩɨɷɬɨɦɭ 

ɨɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɟɞɥɟɧɧɨɣ (ɦɟɫɹɰɵ ɢ ɝɨɞɵ) ɤɢɧɟɬɢɤɨɣ ɛɢɨɪɟɡɨɪɛɰɢɢ 

(Ȼɟɫɫɨɧɨɜɚ, 2016; Chen, 2010). 

Ƚɥɚɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɹɜɥɹɸɬɫɹ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ. ɋɜɨɣɫɬɜɚ ɉȽȺ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɯ 

ɫɬɪɨɟɧɢɟɦ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɨɧɢ ɡɚɜɢɫɹɬ ɨɬ ɫɬɪɨɟɧɢɹ ɛɨɤɨɜɵɯ ɝɪɭɩɩ ɜ ɩɨɥɢɦɟɪɧɨɣ 

ɰɟɩɢ, ɚ ɬɚɤɠɟ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɷɮɢɪɧɵɦɢ ɝɪɭɩɩɚɦɢ ɜ ɦɨɥɟɤɭɥɟ. ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɨ ɫɜɵɲɟ 150 ɉȽȺ.  ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ 

ɦɧɨɝɨɨɛɪɚɡɢɟ, ɜ ɫɮɟɪɟ ɜɧɢɦɚɧɢɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɟɝɨ 

ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɉȽȺ: ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ, 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. ɋɜɨɣɫɬɜɚ 

ɷɬɢɯ ɩɨɥɢɦɟɪɨɜ ɦɟɧɹɸɬɫɹ ɨɱɟɧɶ ɡɧɚɱɢɬɟɥɶɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɢ 

ɫɨɨɬɧɨɲɟɧɢɹ ɦɨɧɨɦɟɪɨɜ ɜ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɧɚ ɛɚɡɟ ɉȽȺ 

ɦɨɠɧɨ ɢɦɟɬɶ ɫɩɟɤɬɪ ɦɚɬɟɪɢɚɥɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɩɪɢɝɨɞɧɵɦɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɧɟɧɢɣ (Ȼɟɫɫɨɧɨɜɚ, 2016; 

Williams, 2005). 
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Ɉɫɧɨɜɧɵɟ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɦɨɠɧɨ ɢɥɥɸɫɬɪɢɪɨɜɚɬɶ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

 

ɉɨɥɢɨɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ, ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɩɪɢɪɨɞɧɵɦɢ ɢ ɝɟɧɟɬɢɱɟɫɤɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɨɪɝɚɧɢɡɦɚɦɢ ɱɪɟɡɜɵɱɚɣɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ 

ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɦ (ɝɢɛɤɨɫɬɢ, ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɢ 

ɞɪ.) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɚɤɫɨɧɨɦɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɢ ɮɢɡɢɨɥɨɝɨ-

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ-ɩɪɨɞɭɰɟɧɬɨɜ, ɭɫɥɨɜɢɣ ɛɢɨɫɢɧɬɟɡɚ ɢ 

ɬɢɩɚ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ (Williams, 2005; ɒɬɢɥɶɦɚɧ, 2010). 

Ʌɢɧɟɣɧɚɹ ɫɬɪɭɤɬɭɪɚ ɦɨɥɟɤɭɥ ɉȽȺ ɩɪɢɞɚɟɬ ɢɦ ɫɜɨɣɫɬɜɨ 

ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɢɡɦɟɧɟɧɢɹ ɩɪɨɱɧɨɫɬɢ (ɜɨɡɪɚɫɬɚɧɢɟ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ 

ɪɚɫɬɹɠɟɧɢɹ). ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɦɨɥɟɤɭɥɹɪɧɵɟ ɰɟɩɢ ɜ ɉȽȺ ɥɟɝɤɨ ɫɞɜɢɝɚɸɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥ ɪɚɡɦɹɝɱɚɟɬɫɹ ɢ 

ɩɪɢɨɛɪɟɬɚɟɬ ɬɟɤɭɱɟɫɬɶ (ɉɚɯɨɦɨɜ, 2018). 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɉ3ȽȻ ɫɬɚɥɚ ɛɨɥɟɟ ɲɢɪɨɤɨɣ: ɨɬ 

ɦɟɞɢɰɢɧɫɤɢɯ ɢɦɩɥɚɧɬɚɬɨɜ, ɦɟɦɛɪɚɧ, ɩɥɚɫɬɢɧ, ɤɥɟɬɨɱɧɵɯ ɧɨɫɢɬɟɥɟɣ ɞɥɹ 

ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɤ ɚɤɬɢɜɧɨɦɭ ɪɚɡɜɢɬɢɸ ɧɨɜɵɯ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ (ɋɬɚɰɟɧɤɨ, 2016). 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɩɢɫɚɧɢɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɉȽȺ, ɨɫɧɨɜɚɧɚ ɧɚ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɪɨɰɟɫɫɨɜ ɛɢɨɫɢɧɬɟɡɚ, ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɋɪɟɞɢ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɩɨɥɢɦɟɪɨɜ ɯɨɪɨɲɨ 

ɢɡɭɱɟɧɵ ɝɨɦɨɩɨɥɢɦɟɪ – 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ ɢ ɟɝɨ ɫɨɩɨɥɢɦɟɪ ɫ 3-

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɨɦ. ɂɡ-ɡɚ ɜɵɫɨɤɨɣ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɞɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ ɜ 

ɥɢɬɟɪɚɬɭɪɟ ɜ ɨɫɧɨɜɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɛɨɬɵ ɩɨ ɩɥɟɧɨɱɧɵɦ ɦɚɬɪɢɤɫɚɦ ɢ ɢɯ 

ɛɢɨɞɟɫɬɪɭɤɰɢɢ ɜ ɩɟɪɢɨɞ ɨɬ 90 ɞɨ 180 ɫɭɬɨɤ.  Ɉɝɪɚɧɢɱɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɞɚɧɧɵɯ 
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ɩɨ ɷɤɫɬɪɭɡɢɢ ɫɨɩɨɥɢɦɟɪɚ ɢ ɜɥɢɹɧɢɟ ɦɟɬɨɞɚ ɧɚ ɟɝɨ ɞɟɝɪɚɞɚɰɢɸ ɨɫɬɚɟɬɫɹ 

ɧɟɪɟɲɟɧɧɨɣ ɡɚɞɚɱɟɣ, ɞɥɹ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɩɨɥɢɦɟɪɵ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ. 

1.3.1 ɋɢɧɬɟɡ ɉȽȺ 

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɨɫɬɵɟ, 

ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɪɟɫɭɪɫɵ, ɬɚɤɢɟ ɤɚɤ ɫɚɯɚɪɨɡɚ, ɤɪɚɯɦɚɥ ɢ ɰɟɥɥɸɥɨɡɚ. ɇɚɩɪɨɬɢɜ, 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɥɚɫɬɦɚɫɫ ɬɪɟɛɭɟɬ ɡɚɬɪɚɬ ɧɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ 

ɢɫɤɨɩɚɟɦɵɯ ɪɟɫɭɪɫɨɜ, ɬɚɤɢɯ ɤɚɤ ɧɟɮɬɶ. 

 Ⱦɥɹ ɜɵɛɨɪɚ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɩɪɨɞɭɰɟɧɬɚ ɉȽȺ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ 

ɩɪɢɧɹɬɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɜɵɯɨɞ 

ɩɨɥɢɦɟɪɚ, ɡɚɬɪɚɬɵ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɤɨɧɰɟɧɬɪɚɰɢɸ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ ɜ 

ɤɭɥɶɬɭɪɟ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ.  

ɉȽȺ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɜ ɯɨɞɟ ɫɥɨɠɧɨɝɨ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ 

ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɚɠɞɭɸ ɫɬɚɞɢɸ ɤɨɬɨɪɨɝɨ ɤɚɬɚɥɢɡɢɪɭɸɬ 

ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɮɟɪɦɟɧɬɵ. Ɂɧɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɫɬɪɭɤɬɭɪɧɨ-

ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɉȽȺ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ 

ɭɩɪɚɜɥɟɧɢɹ ɷɬɢɦ ɩɪɨɰɟɫɫɨɦ ɢ ɨɫɧɨɜɭ ɞɥɹ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɨɜ ɫ ɧɨɜɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɩɭɬɢ ɛɢɨɫɢɧɬɟɡɚ ɧɚ ɩɪɢɦɟɪɟ ɧɚɢɛɨɥɟɟ 

ɢɡɭɱɟɧɧɨɝɨ ɢɡ ɩɨɥɢɨɤɫɢɚɥɤɚɧɨɚɬɨɜ – ɩɨɥɢɦɟɪɚ ȕ-ɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ. ɗɬɢ 

ɩɭɬɢ ɹɜɥɹɸɬɫɹ ɨɛɳɢɦɢ ɩɪɚɤɬɢɱɟɫɤɢ ɞɥɹ ɜɫɟɯ ɛɚɤɬɟɪɢɣ-ɩɪɨɞɭɰɟɧɬɨɜ. Ɏɟɪɦɟɧɬ 

ȕ-ɤɟɬɨɬɢɨɥɚɡɚ ɤɚɬɚɥɢɡɢɪɭɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɨɣ ɫɜɹɡɢ ɞɜɭɯ 

ɚɰɟɬɢɥ-ɄɨȺ ɨɫɬɚɬɤɨɜ ɩɭɬɟɦ ɤɨɞɟɧɫɚɰɢɢ Ʉɥɹɣɡɟɧɚ. Ɇɨɥɟɤɭɥɵ ɚɰɟɬɢɥ-ɄɨȺ 

ɩɨɫɬɭɩɚɸɬ ɩɪɢ ɷɬɨɦ ɢɡ ɝɥɢɤɨɥɢɡɚ ɱɟɪɟɡ ɨɛɪɚɡɨɜɚɧɢɟ ɩɢɪɭɜɚɬɚ. Ⱦɚɥɟɟ ɇȺȾɎɇ-

ɡɚɜɢɫɢɦɚɹ ɚɰɟɬɨɚɰɟɬɢɥ- ɄɨȺ-ɪɟɞɭɤɬɚɡɚ ɩɪɟɜɪɚɳɚɟɬ ɚɰɟɬɨɚɰɟɬɢɥ-ɄɨȺ ɜ 3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɢɥ-ɄɨȺ (Findlay R. H., 1983). ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɦɨɥɟɤɭɥɵ 3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɢɥ-ɄɨȺ ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɉȽȻ-ɩɨɥɢɦɟɪɚɡɨɣ (ɪɢɫɭɧɨɤ 2). ȼ 

ɧɟɚɤɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɧɨɦɟɪɧɵɟ ɫɭɛɴɟɞɢɧɢɰɵ, 

ɤɨɬɨɪɵɟ ɪɚɫɬɜɨɪɟɧɵ ɜ ɰɢɬɨɩɥɚɡɦɟ. ɉɪɢ ɫɜɹɡɵɜɚɧɢɢ ɫɭɛɫɬɪɚɬɚ ɷɬɢ ɫɭɛɴɟɞɢɧɢɰɵ 

ɞɢɦɟɪɢɡɭɸɬɫɹ ɢ ɫ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɝɨɦɨɞɢɦɟɪɚ ɧɚɱɢɧɚɟɬɫɹ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ. 

ɋɜɹɡɵɜɚɧɢɟ ɨɫɬɚɬɤɨɜ 3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
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ɤɨɧɫɬɢɬɭɬɢɜɧɵɦ ɨɫɬɚɬɤɨɦ ɰɢɫɬɟɢɧɚ. ɉɨ ɦɟɪɟ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɚ ɢ ɪɨɫɬɚ ɰɟɩɢ, 

ɬɚɤɢɟ ɤɨɦɩɥɟɤɫɵ ɨɪɝɚɧɢɡɭɸɬɫɹ ɜ ɝɪɚɧɭɥɵ, ɜɧɭɬɪɢ ɤɨɬɨɪɵɯ ɧɚɯɨɞɹɬɫɹ 

ɝɢɞɪɨɮɨɛɧɚɹ ɰɟɩɶ ɪɚɫɬɭɳɟɝɨ ɉȽȻ, ɚ ɫɧɚɪɭɠɢ ɪɚɫɩɨɥɨɠɟɧɵ ɦɨɥɟɤɭɥɵ ɉȽȻ-

ɩɨɥɢɦɟɪɚɡɵ ɫɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ ɛɟɥɤɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɨɞɨɥɠɚɸɬ ɫɢɧɬɟɡ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ (ɪɢɫɭɧɨɤ 3). ɉɪɢ ɷɬɨɦ ɧɚ ɨɞɧɭ ɦɨɥɟɤɭɥɭ ɦɨɧɨɦɟɪɚ – 3-

ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ – ɩɪɢɯɨɞɹɬɫɹ 2 ɦɨɥɟɤɭɥɵ ɚɰɟɬɢɥ-ɄɨȺ (Shrivastav 

A., 2013). ɉȽȻ- ɩɨɥɢɦɟɪɚɡɚ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɞɜɭɯ ɮɨɪɦɚɯ: ɫɜɨɛɨɞɧɨɣ, 

ɪɚɫɬɜɨɪɟɧɧɨɣ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɝɢɞɪɨɮɨɛɧɨɣ, ɫɜɹɡɚɧɧɨɣ ɫ ɩɨɥɢɦɟɪɧɵɦɢ 

ɝɪɚɧɭɥɚɦɢ. ȼɨ ɜɪɟɦɹ ɪɨɫɬɚ ɩɪɢ ɞɟɮɢɰɢɬɟ ɭɝɥɟɪɨɞɚ ɮɟɪɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɜ 

ɪɚɫɬɜɨɪɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɞɧɚɤɨ ɩɪɢ ɧɚɫɬɭɩɥɟɧɢɢ ɫɬɪɟɫɫɨɜɨɣ ɫɢɬɭɚɰɢɢ 

(ɧɚɩɪɢɦɟɪ, ɚɡɨɬɧɨɝɨ ɝɨɥɨɞɚɧɢɹ) ɨɧ ɩɟɪɟɯɨɞɢɬ ɜ ɚɫɫɨɰɢɢɪɨɜɚɧɧɭɸ ɫ ɝɪɚɧɭɥɚɦɢ 

ɮɨɪɦɭ ɢ ɩɪɢɫɬɭɩɚɟɬ ɤ ɫɢɧɬɟɡɭ ɡɚɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ – ɉȽȻ. Ȼɢɨɯɢɦɢɱɟɫɤɢ ɫɢɧɬɟɡ 

ɉȽȻ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɇȺȾɎɇ ɤ ɇȺȾɎ + ɜ ɰɢɬɨɩɥɚɡɦɟ. Ʉɨɝɞɚ 

ɢɫɬɨɱɧɢɤ ɚɡɨɬɚ ɢɫɫɹɤɚɟɬ, ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɢɧɝɢɛɢɪɭɟɬ 

ɮɟɪɦɟɧɬɵ ɰɢɤɥɚ ɬɪɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ. Ʉɨɝɞɚ ɩɨɬɨɤ ɚɰɟɬɢɥ-ɄɨȺ ɭɦɟɧɶɲɚɟɬɫɹ, 

ɩɨɧɢɠɚɟɬɫɹ ɭɪɨɜɟɧɶ ɤɨɮɟɪɦɟɧɬɚ Ⱥ ɢ ɫɧɢɦɚɟɬɫɹ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ȕ-ɤɟɬɨɬɢɨɥɚɡɵ ɢ 

ɧɚɱɢɧɚɟɬɫɹ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ (Lageveen R. G., 1988; Holmes P. A, 1985). Ɉɞɧɚɤɨ 

ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɚɧɚɛɨɥɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɩɪɨɬɟɤɚɸɬ ɢ ɤɚɬɚɛɨɥɢɱɟɫɤɢɟ 

ɪɟɚɤɰɢɢ, ɬɨ ɟɫɬɶ ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɠɟ ɧɟɩɪɟɪɵɜɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɉȽȻ ɞɨ ɦɨɧɨɦɟɪɨɜ 

ɮɟɪɦɟɧɬɨɜ ɉȽȻ- ɞɟɩɨɥɢɦɟɪɚɡɨɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɝɭɥɹɰɢɹ ɩɪɨɰɟɫɫɚ 

ɩɨɥɢɦɟɪɧɨɝɨ ɛɢɨɫɢɧɬɟɡɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɫɦɟɳɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɦɟɠɞɭ 

ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɹɦɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɛɢɨɫɢɧɬɟɡɚ ɉ(3ȽȻ), ɩɪɨɯɨɞɹɳɟɝɨ ɜ ɛɚɤɬɟɪɢɚɥɶɧɵɯ 

ɤɥɟɬɤɚɯ 

 

Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɝɪɚɧɭɥ ɜ ɰɢɬɨɩɥɚɡɦɟ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɩɪɢ ɫɢɧɬɟɡɟ ɉ(3ȽȻ) 

Ɏɟɪɦɟɧɬ ɉȽȻ-ɫɢɧɬɚɡɚ ɫɬɟɪɟɨɫɩɟɰɢɮɢɱɟɧ – ɬɨɥɶɤɨ R-ɢɡɨɦɟɪɵ 3- 

ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɦɨɝɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɪɟɚɤɰɢɢ. Ɍɚɤɠɟ, ɭ ɉȽȻ-

ɫɢɧɬɚɡɵ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɦɨɝɭɬ ɜɤɥɸɱɚɬɶ ɜ ɩɨɥɢɦɟɪɧɭɸ ɰɟɩɶ ɧɟ ɬɨɥɶɤɨ 

ɨɫɬɚɬɤɢ 3- ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ, ɧɨ ɢ, ɧɚɩɪɢɦɟɪ, 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ ɢ ɛɨɥɟɟ 

ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɯ 3-ɝɢɞɪɨɤɫɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ (Shiraki M., 2006; Rehm B.H., 
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2002; Tsuge T., 2000). ɂɦɟɧɧɨ ɡɚ ɫɱɟɬ ɷɬɨɝɨ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɟɧɢɟ ɫɨɩɨɥɢɦɟɪɨɜ 

ɉȽȺ, ɨɛɥɚɞɚɸɳɢɯ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ȼɚɥɟɪɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ ɜɤɥɸɱɚɟɬɫɹ ɜ ɫɨɫɬɚɜ ɫɨɩɨɥɢɦɟɪɚ ɱɟɪɟɡ ɩɭɬɶ ȕ 

ɨɤɢɫɥɟɧɢɹ: ɜɚɥɟɪɢɥ ɄɨȺ > 3 ɤɟɬɨɜɚɥɟɪɢɥ ɄɨȺ > D 3 ɝɢɞɪɨɤɫɜɚɥɟɪɢɥ ɄɨȺ > Ƚȼ, 

ɬɨ ɟɫɬɶ 3 ɤɟɬɨɜɚɥɟɪɢɥ ɄɨȺ, ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɪɨɞɭɤɬ ȕ ɨɤɢɫɥɟɧɢɹ ɜɚɥɟɪɢɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ, ɧɟ ɪɚɫɳɟɩɥɹɟɬɫɹ ɞɚɥɟɟ ɧɚ ɚɰɟɬɢɥ ɄɨȺ ɢ ɩɪɨɩɢɨɧɢɥ ɄɨȺ, ɚ 

ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɫɢɧɬɟɡ ɉȽȺ ɩɪɢ ɭɱɚɫɬɢɢ ɚɰɟɬɨɚɰɟɬɢɥ ɄɨȺ ɪɟɞɭɤɬɚɡɵ. 

1.3.2 ȼɚɥɟɪɶɹɧɨɜɚɹ  ɤɢɫɥɨɬɚ  ɜ ɛɢɨɫɢɧɬɟɡɟ ɉȽȺ 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɩɨɥɢɦɟɪɚ ɩɭɬɟɦ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ 

ɫɢɧɬɟɡɚ, ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ, ɥɢɛɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ 

ɢɫɩɨɥɶɡɭɸɬ ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ ɢɥɢ ɫɩɢɪɬɵ ɫ ɧɟɱɟɬɧɵɦ ɱɢɫɥɨɦ ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ. 

 ɉ(3ȽȻ-co-3Ƚȼ) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɡɭɱɟɧɧɵɦ ɉȽȺ-

ɫɨɩɨɥɢɦɟɪɨɦ. ȿɝɨ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɚɜɢɫɹɬ ɨɬ ɦɨɥɶɧɨɣ ɞɨɥɢ 3ȽȻ. 

ȼɜɟɞɟɧɢɟ ɦɨɧɨɦɟɪɨɜ ɫ 3-5 ɭɝɥɟɪɨɞɧɵɦɢ ɚɬɨɦɚɦɢ ɜ ɩɨɥɢɦɟɪ, ɫɨɫɬɨɹɳɢɣ ɜ 

ɨɫɧɨɜɧɨɦ ɢɡ 3ȽȻ, ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɜɥɟɧɢɹ, ɧɨ ɭɥɭɱɲɚɟɬ ɝɢɛɤɨɫɬɶ, ɩɪɨɱɧɨɫɬɶ ɢ ɭɩɪɨɳɚɟɬ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ, 

ɛɟɡ ɭɳɟɪɛɚ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɥɨɠɟɧɢɹ (Lee, 1996). ɉ(3ȽȻ-co-3Ƚȼ) ɫɨɩɨɥɢɦɟɪ 

ɧɚɦɧɨɝɨ ɛɨɥɟɟ ɝɢɛɨɤ, ɱɟɦ ɝɨɦɨɩɨɥɢɦɟɪ ɉ(3ȽȻ), ɩɨɫɤɨɥɶɤɭ ɨɧ ɞɟɦɨɧɫɬɪɢɪɭɟɬ 

ɩɹɬɢɤɪɚɬɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɦɨɞɭɥɹ ɘɧɝɚ ɞɨ 0,7 Ƚɉɚ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɞɨɥɢ 

3Ƚȼ-ɡɜɟɧɶɟɜ (Williams and Peoples, 1996). ɋɨɨɛɳɚɟɬɫɹ ɬɚɤɠɟ, ɱɬɨ ɩɨ ɦɟɪɟ 

ɭɜɟɥɢɱɟɧɢɹ ɞɨɥɢ ɫɨɦɨɧɨɦɟɪɚ ɜɨɡɪɚɫɬɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɩɪɢ ɪɚɡɪɵɜɟ 

(Lee, 1996). 

 Ⱦɥɹ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɩɨɥɢɦɟɪ 3Ƚȼ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɰɟɧɧɵɦ, 

ɱɟɦ ɝɨɦɨɩɨɥɢɦɟɪɚ ɉȽȻ ɩɨɬɨɦɭ ɱɬɨ, ɢɦɟɟɬ ɛɨɥɶɲɟ ɩɨɥɟɡɧɵɯ ɫɜɨɣɫɬɜ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ, ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ, ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ 

ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɛɢɨɞɟɝɪɚɞɚɰɢɢ. 

ȼɚɥɟɪɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ ɜɤɥɸɱɚɟɬɫɹ ɜ ɫɨɫɬɚɜ ɫɨɩɨɥɢɦɟɪɚ ɱɟɪɟɡ ɩɭɬɶ ȕ 

ɨɤɢɫɥɟɧɢɹ: ɜɚɥɟɪɢɥ ɄɨȺ > 3 ɤɟɬɨɜɚɥɟɪɢɥ ɄɨȺ > D 3 ɝɢɞɪɨɤɫɜɚɥɟɪɢɥ ɄɨȺ > Ƚȼ, 

ɬɨ ɟɫɬɶ 3 ɤɟɬɨɜɚɥɟɪɢɥ ɄɨȺ, ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɪɨɞɭɤɬ ȕ ɨɤɢɫɥɟɧɢɹ ɜɚɥɟɪɢɚɧɨɜɨɣ 
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ɤɢɫɥɨɬɵ, ɧɟ ɪɚɫɳɟɩɥɹɟɬɫɹ ɞɚɥɟɟ ɧɚ ɚɰɟɬɢɥ ɄɨȺ ɢ ɩɪɨɩɢɨɧɢɥ ɄɨȺ, ɚ 

ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɫɢɧɬɟɡ ɉȽȺ ɩɪɢ ɭɱɚɫɬɢɢ ɚɰɟɬɨɚɰɟɬɢɥ ɄɨȺ ɪɟɞɭɤɬɚɡɵ. 

 Ɉɩɢɫɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɫɢɧɬɟɡɚ 3Ƚȼ  ɛɚɤɬɟɪɢɹɦɢ  Ralstonia eutropha ɜ 

ɮɟɪɦɟɧɬёɪɟ ɨɛɴɟɦɨɦ 5 ɥ  ɧɚ ɫɪɟɞɟ c ɝɥɸɤɨɡɨɣ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ  ɪɨɫɬɨɜɨɝɨ 

ɫɭɛɫɬɪɚɬɚ ɢ ɫɨɥɢ ɜɚɥɟɪɚɬɚ ɧɚɬɪɢɹ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ. 

ɂɫɩɨɥɶɡɨɜɚɥɨɫɶ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɞɨɛɚɜɥɟɧɢɹ ɜɚɥɟɪɚɬɚ,  ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ 

ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɪɨɫɬɚ ɤɥɟɬɨɤ. ȼɚɪɶɢɪɭɹ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɥɸɤɨɡɵ, ɚ ɬɚɤɠɟ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɫɨɥɢ ɜɚɥɟɪɶɹɧɨɜɨɣ ɤɢɥɨɬɵ, ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɭɞɚɥɨɫɶ 

ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɭɱɚɬɶ ɨɛɳɢɣ ɭɪɨɠɚɣ ɛɢɨɦɚɫɫɵ ɢ 

ɜɵɯɨɞ ɩɨɥɢɦɟɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨ 50 ɢ 25 ɝ/ɥ; ɜɤɥɸɱɟɧɢɟ ɜɚɥɟɪɚɬɚ ɜ ɩɨɥɢɦɟɪ 

ɫɨɫɬɚɜɢɥɨ ɨɤɨɥɨ 11 ɦɨɥ. %. 

         Ɍɚɤ ɠɟ ɢɡɜɟɫɬɟɧ ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ 3-ɤɨɦɩɨɧɟɧɬɧɵɯ ɉȽȺ - 

ɉ(3ȽȻ/3Ƚȼ/4ȽȻ) ɜ ɤɭɥɶɬɭɪɟ Ralstonia eutropha ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɜ 

ɮɟɪɦɟɧɬɟɪɟ ɧɚ ɝɥɸɤɨɡɟ; ɨɛɟɩɟɱɢɜɲɢɣ ɜɵɫɨɤɢɣ ɜɵɯɨɞ ɩɨ ɛɢɨɦɚɫɫɟ (136 ɝ/ɥ) ɢ 

ɫɨɩɨɥɢɦɟɪɚ (62%). Ⱦɨɦɢɧɢɪɭɸɳɢɦɢ ɜ 3-ɤɨɦɩɨɧɟɧɬɧɨɦ ɫɨɩɨɥɢɦɟɪɟ ɛɵɥɢ 

ɦɨɧɨɦɟɪɵ 3ȽȻ, ɚ ɫɨɞɟɪɠɚɧɢɟ ɦɨɧɨɦɟɪɨɜ 3Ƚȼ ɢ 4ȽȻ ɛɵɥɢ ɧɚ ɧɢɡɤɨɦ ɭɪɨɜɧɟ, 2 ɢ 

5 ɦɨɥ. % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 ɉɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɭɥɶɬɭɪɭ 

Alcaligenes eutrophus H16. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɤɭɥɶɬɭɪɭ ɛɚɤɬɟɪɢɣ ɜɵɪɚɳɢɜɚɥɢ ɜ 

ɨɛɨɝɚɳɟɧɧɨɣ ɚɡɨɬɨɦ ɫɪɟɞɟ, ɫɨɞɟɪɠɚɳɟɣ 10 ɝ / ɥ ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ, 10 ɝ / ɥ 

ɩɨɥɢɩɟɩɬɨɧɚ, 5 ɝ / ɥ ɦɹɫɧɨɝɨ ɷɤɫɬɪɚɤɬɚ ɢ 5 ɝ / ɥ ɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ, ɜ ɤɨɥɛɚɯ 

ɨɛɴёɦɨɦ 500 ɦɥ. Ʉɥɟɬɤɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɢ ɩɪɨɦɵɜɚɥɢ ɞɥɹ ɭɞɚɥɟɧɢɹ 

ɨɫɬɚɬɨɱɧɨɝɨ ɚɡɨɬɚ. Ⱦɚɥɟɟ ɤɥɟɬɤɢ ɢɧɨɤɭɥɢɪɨɜɚɥɢ ɧɚ ɫɪɟɞɭ ɬɨɝɨ ɠɟ ɫɨɫɬɚɜɚ ɜ 5-

ɥɢɬɪɨɜɨɦ ɮɟɪɦɟɧɬɟɪɟ (KMJ-5B, Mitsuwa, Japan). ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɨɜ 

ɭɝɥɟɪɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɚɫɥɹɧɭɸ ɢ ɜɚɥɟɪɢɚɧɨɜɭɸ ɤɢɫɥɨɬɭ, ɢ ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɚ ɚɡɨɬɚ ɜ ɤɭɥɶɬɭɪɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɭɥɶɮɚɬ ɚɦɦɨɧɢɹ. ɉɪɢ ɜɧɟɫɟɧɢɢ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ, ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 1,5 ɝ/ɥ ɜɤɥɸɱɟɧɢɟ ɦɨɧɨɦɟɪɨɜ 3Ƚȼ ɜ 

ɫɨɩɨɥɢɦɟɪɟ ɫɨɫɬɚɜɢɥɨ ɢ 6,7 ɦɨɥ. %, ɨɛɳɢɣ ɜɵɯɨɞ ɫɨɩɨɥɢɦɟɪɚ – 40 %. 

 ɇɟɞɨɫɬɚɬɨɤ ɫɩɨɫɨɛɨɜ ɚɧɚɥɨɝɨɜ – ɧɟɜɵɫɨɤɢɣ ɨɛɳɢɣ ɜɵɯɨɞ 

ɫɨɩɨɥɢɦɟɪɚ ɢ ɧɟɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɧɢɯ ɦɨɧɨɦɟɪɨɜ 3Ƚȼ. 
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1.4 Эɤɫɬɪɭɡɢɹ ɛɢɨɩɨɥɢɦɟɪɨɜ 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɭɩɚɤɨɜɤɢ ɹɜɥɹɟɬɫɹ 

ɷɤɫɬɪɭɡɢɹ, ɧɨ ɢ ɬɭɬ ɟɫɬɶ ɫɜɨɢ ɩɪɨɛɥɟɦɵ (ȿɪɲɨɜ, 2015). 

ɗɤɫɬɪɭɞɢɪɨɜɚɧɢɟ (ɷɤɫɬɪɭɡɢɹ) – ɷɬɨ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɞɭɤɬɨɜ 

(ɷɤɫɬɪɭɞɚɬɨɜ) ɩɭɬɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ɢɡ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɜɹɡɤɨɝɨ ɪɚɫɩɥɚɜɚ ɢ ɟɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɨɞɚɜɥɢɜɚɧɢɹ 

ɲɧɟɤɨɦ ɱɟɪɟɡ ɮɨɪɦɭɸɳɟɟ ɨɬɜɟɪɫɬɢɟ (ɉɚɯɨɦɨɜ, 2018). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɬɟɱɟɧɢɹ ɪɚɫɩɥɚɜɚ ɩɨɥɢɦɟɪɚ ɜ 

ɡɨɧɟ ɞɨɡɢɪɨɜɚɧɢɹ ɲɧɟɤɚ ɷɤɫɬɪɭɞɟɪɚ ɬɪɟɛɭɟɬ ɞɨɪɚɛɨɬɨɤ ɢ ɭɬɨɱɧɟɧɢɣ 

(Ʌɟɜɚɧɢɱɟɜ, 2015). 

 ȼ ɨɞɧɨɡɚɯɨɞɧɨɦ (ɤɥɚɫɫɢɱɟɫɤɨɦ) ɲɧɟɤɟ ɬɜɟɪɞɚɹ ɮɚɡɚ ɩɥɚɜɢɬɫɹ, ɫɨɯɪɚɧɹɹ 

ɰɟɥɨɫɬɧɨɫɬɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɫɬɚɧɟɬ ɮɢɡɢɱɟɫɤɢ ɧɟɫɬɚɛɢɥɶɧɨɣ ɢ ɧɟ 

ɪɚɡɪɭɲɢɬɫɹ. Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ ɱɚɫɬɢɰɵ ɩɨɥɢɦɟɪɚ ɫɦɟɲɢɜɚɸɬɫɹ ɫ ɪɚɫɩɥɚɜɨɦ ɢ 

ɩɪɨɞɨɥɠɚɸɬ ɩɥɚɜɢɬɶɫɹ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɨɫɤɨɥɶɤɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 

ɩɨɥɢɦɟɪɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚ, ɩɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ ɩɪɨɬɟɤɚɟɬ ɦɟɞɥɟɧɧɨ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɦɨɠɧɚ ɫɢɬɭɚɰɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɱɚɫɬɢɰɵ ɧɟɪɚɫɩɥɚɜɥɟɧɧɨɝɨ 

ɩɨɥɢɦɟɪɚ ɞɨɫɬɢɝɧɭɬ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɲɧɟɤɚ ɢ ɩɨɩɚɞɭɬ ɜ ɝɨɥɨɜɤɭ, ɜɵɡɵɜɚɹ 

ɤɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɩɥɚɜɚ, ɱɬɨ ɫɤɚɠɟɬɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ 

(ȿɪɲɨɜ, 2015). 

Ɉɱɟɧɶ ɱɚɫɬɨ ɬɟɨɪɢɹ ɜ ɩɪɨɰɟɫɫɚɯ ɩɟɪɟɪɚɛɨɬɤɢ ɩɥɚɫɬɦɚɫɫ ɨɬɫɬɚɟɬ ɨɬ 

ɩɪɚɤɬɢɤɢ, ɜɨɡɦɨɠɧɨ ɨɞɧɚ ɢɡ ɩɪɢɱɢɧ ɜ ɬɨɦ, ɱɬɨ ɪɚɫɩɥɚɜ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 

ɠɢɞɤɨɫɬɶ, ɚ ɪɟɚɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɛɥɢɠɟ ɤ ɫɤɨɥɶɠɟɧɢɸ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɩɨ 

ɩɨɜɟɪɯɧɨɫɬɢ (Ʌɟɜɚɧɢɱɟɜ, 2015). 

ɋɥɟɠɟɧɢɟ ɡɚ ɩɪɨɰɟɫɫɨɦ ɷɤɫɬɪɭɡɢɢ ɛɢɨɩɨɥɢɦɟɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ 

ɤɨɧɬɪɨɥɹ, ɤɚɤ ɦɢɧɢɦɭɦ, ɬɪɟɯ ɩɚɪɚɦɟɬɪɨɜ: ɜɥɚɠɧɨɫɬɢ ɷɤɫɬɪɭɞɢɪɭɟɦɨɝɨ ɫɵɪɶɹ, 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɡɥɢɱɧɵɯ ɡɨɧɚɯ ɷɤɫɬɪɭɞɟɪɚ, ɚ ɬɚɤɠɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɲɧɟɤɚ 

ɷɤɫɬɪɭɞɟɪɚ. ɉɪɢ ɷɬɨɦ ɜ ɷɤɫɬɪɭɞɟɪɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɞɟɥɹɸɬ ɧɟɫɤɨɥɶɤɨ ɡɨɧ – 

ɡɨɧɭ ɩɢɬɚɧɢɹ, ɡɨɧɵ ɩɥɚɜɥɟɧɢɹ ɢ ɞɨɡɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɝɨɥɨɜɤɭ ɷɤɫɬɪɭɞɟɪɚ ɫ 

ɮɢɥɶɟɪɨɣ (ɍɪɭɛɤɨɜ, 2018). 
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Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɷɤɫɬɪɭɡɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɍɪɭɛɤɨɜ, 2018) 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɞɧɨɲɧɟɤɨɜɵɯ ɦɚɲɢɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɜɥɚɠɧɟɧɧɨɟ 

ɢ ɩɟɪɟɦɟɲɚɧɧɨɟ ɫɵɪɶɟ ɩɨɩɚɞɚɟɬ ɜ ɡɨɧɭ ɩɢɬɚɧɢɹ, ɝɞɟ ɨɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 

ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ ɢ ɫɠɢɦɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɲɧɟɤɚ. ȼ ɡɨɧɟ ɩɢɬɚɧɢɹ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɝɪɟɜ ɷɤɫɬɪɭɞɢɪɭɟɦɨɝɨ ɫɵɪɶɹ. ȼ ɡɨɧɟ ɩɥɚɜɥɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ 

ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɵɱɧɨ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɨɤɨɥɨ 190 °ɋ, ɦɚɬɟɪɢɚɥ ɩɟɪɟɯɨɞɢɬ ɜ 

ɜɹɡɤɨ-ɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɨɛɪɚɡɭɹ ɪɚɫɩɥɚɜ ɛɢɨɩɨɥɢɦɟɪɨɜ. ȼ ɡɨɧɟ ɞɨɡɢɪɨɜɚɧɢɹ 

ɡɚɜɟɪɲɚɸɬɫɹ ɩɪɨɰɟɫɫɵ ɩɟɪɟɯɨɞɚ ɛɢɨɩɨɥɢɦɟɪɨɜ ɜ ɜɹɡɤɨ-ɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ 

(ɍɪɭɛɤɨɜ, 2018). 

ɇɟɨɛɯɨɞɢɦɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɨɥɭɱɟɧɢɹ ɷɤɫɬɪɭɡɢɨɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ 

ɹɜɥɹɸɬɫɹ: ɭɜɥɚɠɧɟɧɢɟ ɢ ɩɥɚɫɬɢɮɢɤɚɰɢɹ ɫɵɪɶɹ, ɩɨɥɭɱɟɧɢɟ ɪɚɫɩɥɚɜɚ 

ɛɢɨɩɨɥɢɦɟɪɨɜ, ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ ɪɚɫɩɥɚɜɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɫɞɜɢɝɚ ɢ 

ɪɚɫɬɹɠɟɧɢɹ, ɟɝɨ ɨɯɥɚɠɞɟɧɢɟ ɢ ɮɨɪɦɨɜɚɧɢɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɟɟ 

ɜɚɠɧɵɦ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɭɫɥɨɜɢɣ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɪɚɫɩɥɚɜɚ 

ɛɢɨɩɨɥɢɦɟɪɨɜ, ɬɨ ɟɫɬɶ ɩɟɪɟɯɨɞ ɛɢɨɩɨɥɢɦɟɪɨɜ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɬɪɭɡɢɢ ɜ ɜɹɡɤɨ-

ɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ. ɋɩɨɫɨɛɧɨɫɬɶ ɛɢɨɩɨɥɢɦɟɪɨɜ ɩɟɪɟɯɨɞɢɬɶ ɜ ɜɹɡɤɨ-ɬɟɤɭɱɟɟ 

ɫɨɫɬɨɹɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɜɟɞɟɧɢɟ ɫɚɦɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɨɬɪɚɠɟɧɨ ɜ ɧɚɡɜɚɧɢɢ 

ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɭɡɢɢ ɤɚɤ ɬɟɪɦɨɩɥɚɫɬɢɱɟɫɤɨɣ (ɍɪɭɛɤɨɜ, 2018). 

ɉɟɪɟɯɨɞ ɢɡ ɨɞɧɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɨɰɟɫɫɵ ɩɥɚɜɥɟɧɢɹ ɢ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɨɢɫɯɨɞɹɬ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪ, ɡɧɚɧɢɟ ɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɜɵɛɨɪɟ ɪɟɠɢɦɨɜ ɩɟɪɟɪɚɛɨɬɤɢ 

ɩɨɥɢɦɟɪɨɜ. Ɍɚɤ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɢ ɩɥɚɜɥɟɧɢɹ 
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(ɬɟɤɭɱɟɫɬɢ) ɢɡɦɟɧɹɸɬɫɹ ɜɪɟɦɹ ɨɯɥɚɠɞɟɧɢɹ ɢɡɞɟɥɢɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɮɨɪɦɵ ɢ 

ɪɚɛɨɱɢɯ ɭɡɥɨɜ ɷɤɫɬɪɭɡɢɨɧɧɵɯ ɚɝɪɟɝɚɬɨɜ. Ȼɨɥɶɲɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 

ɢɦɟɸɬ ɬɚɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɤɚɤ ɫɤɨɪɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɥɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɨɜ ɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɬɪɭɤɬɭɪɧɵɯ 

ɨɛɪɚɡɨɜɚɧɢɣ ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɯɫɹ ɩɨɥɢɦɟɪɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ 

ɮɨɪɦɨɜɚɧɢɹ ɢ ɨɯɥɚɠɞɟɧɢɹ ɢɡɞɟɥɢɣ (Ȼɨɪɬɧɢɤɨɜ, 1983). 
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2 Мɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

2.1 ɋɢɧɬɟɡ ɢ ɜɵɞɟɥɟɧɢɟ ɉȽȺ 

Ȼɚɤɬɟɪɢɢ ɜɵɪɚɳɢɜɚɥɢ ɜ ɭɫɥɨɜɢɹɯ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɫɢɧɬɟɡɚ ɉȽȺ 

(ȼɨɥɨɜɚ ɫ ɫɨɚɜɬ.,1992). ɂɧɨɤɭɥɹɬ ɩɨɥɭɱɚɥɢ ɜ ɫɬɪɨɝɨ ɫɬɟɪɢɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜ 

ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɟɣɤɟɪɚ-ɢɧɤɭɛɚɬɨɪɚ «Incubator 

Shaker Innova®» ɫɟɪɢɢ 44 («New Brunswick Scientific», ɋɒȺ) ɜ ɫɬɟɤɥɹɧɧɵɯ 

ɤɨɥɛɚɯ. ɉɨɫɟɜɧɨɣ ɦɚɬɟɪɢɚɥ ɩɨɥɭɱɚɥɢ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɟɦ ɦɭɡɟɣɧɨɣ ɤɭɥɶɬɭɪɵ, 

ɯɪɚɧɹɳɟɣɫɹ ɧɚ ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɫɪɟɞɟ. Ɇɭɡɟɣɧɭɸ ɤɭɥɶɬɭɪɭ ɜɵɪɚɳɢɜɚɥɢ ɜ ɠɢɞɤɨɣ 

ɫɨɥɟɜɨɣ ɫɪɟɞɟ ɒɥɟɝɟɥɹ ɩɪɢ ɫɬɚɪɬɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɸɤɨɡɵ ɢɥɢ ɮɪɭɤɬɨɡɵ 10 

ɝ/ɥ. 

Ⱦɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɛɚɤɬɟɪɢɣ ɡɚ ɨɫɧɨɜɭ ɩɪɢɧɹɬɚ ɫɨɥɟɜɚɹ ɫɪɟɞɚ ɒɥɟɝɟɥɹ: 

Na2HPO4H2O – 9.1; KH2PO4 – 1.5; MgSO4H2O – 0.2; Fe3C6H5O77H2O – 0.025 

(ɝ/ɥ) ɢ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɚɹ ɤɢɫɥɨɬɧɨ-ɫɨɥɟɜɚɹ ɫɪɟɞɚ, ɝɨɬɨɜɹɳɚɹɫɹ ɧɚ ɨɫɧɨɜɟ 

(ȼɨɥɨɜɚ, 2004). ɂɫɬɨɱɧɢɤɨɦ ɠɟɥɟɡɚ ɫɥɭɠɢɥ ɪɚɫɬɜɨɪ ɠɟɥɟɡɚ ɥɢɦɨɧɧɨɤɢɫɥɨɝɨ (5 

ɝ/ɥ), ɤɨɬɨɪɵɣ ɜɜɨɞɹɬ ɢɡ ɪɚɫɱɟɬɚ 5 ɦɥ/ɥ. Ɇɢɤɪɨɷɥɟɦɟɧɬɵ ɜɜɨɞɢɥɢ ɩɨ ɩɪɨɩɢɫɢ 

ɏɨɚɝɥɚɧɞɚ ɢɡ ɪɚɫɱёɬɚ 3 ɦɥ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ 1 ɥɢɬɪ ɫɪɟɞɵ. 

ɋɬɚɧɞɚɪɬɧɵɣ ɪɚɫɬɜɨɪ ɫɨɞɟɪɠɢɬ: H3BO3 – 0.288; CoCl26H2O – 0.030; 

CuSO45H2O – 0.08; MnCl24H2O – 0.008; ZnSO47H2O – 0.176; NaMoO42H2O – 

0.050; NiCl2 – 0.008 (ɝ/ɥ). ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɚɡɨɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɯɥɨɪɢɫɬɵɣ 

ɚɦɦɨɧɢɣ ɢ ɦɨɱɟɜɢɧɭ. 

ɋɜɟɞɟɧɢɹ ɨ ɫɵɪɶɟ ɢ ɦɚɬɟɪɢɚɥɚɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɩɪɨɰɟɫɫɟ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ Ɍɚɛɥɢɰɚ 1. 

Ɍɚɛɥɢɰɚ 1 – ɋɜɟɞɟɧɢɹ ɨ ɫɵɪɶɟ ɢ ɦɚɬɟɪɢɚɥɚɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ ɇɨɪɦɚɬɢɜɧɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ 

Ƚɥɸɤɨɡɚ (ɋ6ɇ12Ɉɛ) ȽɈɋɌ 975-88 

Ʉɚɪɛɚɦɢɞ ((NH2)2CO) ȽɈɋɌ 6691-77 

ɇɚɬɪɢɣ ɮɨɫɮɨɪɧɨɤɢɫɥɵɣ ɞɜɭɡɚɦɟɳɟɧɵɣ 

(Na2HP04⋅l2H20) 

ȽɈɋɌ 4172-76 
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ȼɵɞɟɥɟɧɢɟ ɢ ɦɧɨɝɨɤɪɚɬɧɭɸ ɨɱɢɫɬɤɭ ɩɨɥɢɦɟɪɚ ɢɡ ɷɤɫɬɪɚɤɬɚ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɛɢɨɦɚɫɫɵ Cupriavidus eutrophus ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ 

ɯɥɨɪɨɮɨɪɦɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɫɚɠɞɟɧɢɟɦ ɩɨɥɢɦɟɪɚ ɝɟɤɫɚɧɨɦ ɢ ɜɵɫɭɲɢɜɚɥɢ ɩɪɢ 

40 ºɋ. 

2.2 Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɫɨɩɨɥɢɦɟɪ 3-

ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɢ 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɫ ɜɤɥɸɱɟɧɢɟɦ 3-

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ 10% ɢ 18%. ɉɨɥɢ (3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ) 

[ɉ(3ȽȻ-ɫɨ-3Ƚȼ)] ɫɢɧɬɟɡɢɪɨɜɚɧ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ – ɛɚɤɬɟɪɢɹɦɢ Capriavidus 

eutrophus.  

Ɉɫɧɨɜɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨɥɢɦɟɪɚ ɫɨɫɬɚɜɚ 

ɉ(3ȽȻ/3Ƚȼ) 90-10 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɹɜɥɹɸɬɫɹ: ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ (Ɇɱ) ɪɚɜɧɚɹ 

300 ± 4,7 ɤȾɚ; ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ (Ɍɩɥ) ɪɚɜɧɚɹ 169,0 ± 0,5; ɚ ɬɚɤɠɟ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ (ɋɯ) ɪɚɜɧɚɹ 58 ± 1,0 %; 

Ʉɚɥɢɣ ɮɨɫɮɨɪɧɨɤɢɫɥɵɣ ɨɞɧɨɡɚɦɟɳɟɧɧɵɣ 

(Ʉɇ2Ɋ04) 

ȽɈɋɌ 4198-75 

Ɇɚɝɧɢɣ ɫɟɪɧɨɤɢɫɥɵɣ (MgS04⋅7H20) ȽɈɋɌ 4523-77 

ɀɟɥɟɡɨ ɥɢɦɨɧɧɨɤɢɫɥɨɟ (C6H507Fe⋅H20) Ɍɍ6-09-01719-87 

Ʉɭɩɨɪɨɫ ɦɟɞɧɵɣ (CuS04⋅5H20) ȽɈɋɌ 19347-99 

Ɇɚɪɝɚɧɟɰ ɯɥɨɪɢɫɬɵɣ (Ɇɩɋ12⋅4ɇ20) ȽɈɋɌ 612-75 

ɇɢɤɟɥɶ ɯɥɨɪɢɫɬɵɣ (NiCl2) ȽɈɋɌ 4038-79 

Ʉɭɩɨɪɨɫ ɰɢɧɤɨɜɵɣ (ZnS04⋅7H20) ȽɈɋɌ 8723-75 

Ʉɨɛɚɥɶɬ ɯɥɨɪɢɫɬɵɣ (ɋɨɋ12⋅6ɇ20) ȽɈɋɌ 4525-77 

Ʉɢɫɥɨɬɚ ɛɨɪɧɚɹ (ɇ3ȼ03) ȽɈɋɌ 9656 

Ⱦɢɯɥɨɪɦɟɬɚɧ (ɋɇ2ɋ12) ȽɈɋɌ 9968-86 

Ƚɟɤɫɚɧ (C6H14) Ɍɍ 2631-003-05807999-98 

Ȼɭɬɚɧɞɢɨɥ-1,4 (ɋ4ɇ10Ɉ2) Ɍɍ 6-09-2822-78 
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Ɉɫɧɨɜɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨɥɢɦɟɪɚ ɫɨɫɬɚɜɚ 

ɉ(3ȽȻ/3Ƚȼ) 82-18 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɹɜɥɹɸɬɫɹ: ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ (Ɇɱ) ɪɚɜɧɚɹ 

315±4,2 ɤȾɚ; ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ (Ɍɩɥ) ɪɚɜɧɚɹ 166,0 ± 0,5; ɚ ɬɚɤɠɟ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ (ɋɯ) ɪɚɜɧɚɹ 48 ± 1,0 %; 

 

Ɋɢɫɭɧɨɤ 5 – ɋɬɪɭɤɬɭɪɚ ɩɨɥɢ(3ȽȻ-ɫɨ-3Ƚȼ) 

ɉɥɚɫɬɢɮɢɤɚɬɨɪ ɬɪɢɚɰɟɬɢɧ («Acros organics», Ƚɟɪɦɚɧɢɹ) ɞɨɛɚɜɥɹɥɢ ɤ 

ɉ(3ȽȻ/3Ƚȼ) ɞɥɹ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɉɥɨɬɧɨɫɬɶ 

– 1,16 ɝ/ɦɥ; Ɍɤɢɩ = 258 °ɋ;  M = 218,21.  

 ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ ɉ(3ȽȻ/3Ƚȼ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɢɯɥɨɪɦɟɬɚɧ.  

Ⱦɥɹ ɨɫɚɠɞɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɉ(3ȽȻ/3Ƚȼ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɯɥɚɠɞɟɧɧɵɣ 

ɷɬɢɥɨɜɵɣ ɫɩɢɪɬ (3 ɱɚɫɬɢ ɫɩɢɪɬɚ ɤ 1 ɱɚɫɬɢ ɪɚɫɬɜɨɪɚ). 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɱɟɬɵɪɟ ɫɨɫɬɚɜɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɝɪɚɧɭɥ: №1 – 

ɉ(3ȽȻ/3Ƚȼ) ɫɨɫɬɚɜɚ 90-10, №2 – ɉ(3ȽȻ/3Ƚȼ) ɫɨɫɬɚɜɚ 82-18, №3 – ɉ(3ȽȻ/3Ƚȼ) 

ɫɨɫɬɚɜɚ 90-10 + ɬɪɢɚɰɟɬɢɧ, ɉ(3ȽȻ/3Ƚȼ) ɫɨɫɬɚɜɚ 82-18 + ɬɪɢɚɰɟɬɢɧ. 

2.2 ɉɨɥɭɱɟɧɢɟ ɝɪɚɧɭɥ ɦɟɬɨɞɨɦ ɜɥɚɠɧɨɝɨ ɝɪɚɧɭɥɢɪɨɜɚɧɢɹ 

ɉɪɨɰɟɞɭɪɚ ɩɨɥɭɱɟɧɢɹ ɝɪɚɧɭɥ ɞɥɹ ɷɤɫɬɪɭɡɢɢ ɫɨɫɬɨɹɥɚ ɢɡ ɧɟɫɤɨɥɶɤɢɯ 

ɷɬɚɩɨɜ. ɋɧɚɱɚɥɚ ɩɨɥɢɦɟɪ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɪɚɫɬɜɨɪɹɥɢ ɜ 400 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ 

(5% ɪɚɫɬɜɨɪ) ɢ ɫɬɚɜɢɥɢ ɧɚ ɦɟɲɚɥɤɭ ɫ ɩɨɞɨɝɪɟɜɨɦ (40°ɋ) ɞɨ ɩɨɥɧɨɝɨ 

ɪɚɫɬɜɨɪɟɧɢɹ ɩɨɥɢɦɟɪɚ. Ⱦɚɥɟɟ ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɨɫɚɠɞɚɥɢ ɩɨ ɱɚɫɬɹɦ ɜ 

ɨɯɥɚɠɞɟɧɧɨɦ ɷɬɚɧɨɥɟ. ɉɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɫɬɚɜɢɥɢ 

ɜ ɯɨɥɨɞɢɥɶɧɢɤ ɧɚ ɫɭɬɤɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɥɧɨɝɨ ɨɫɚɠɞɟɧɢɹ.  

Ɂɚɬɟɦ ɩɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɩɪɢ ɩɨɦɨɳɢ ɜɚɤɭɭɦɧɨɝɨ ɧɚɫɨɫɚ ɩɨ ɱɚɫɬɹɦ 

ɮɢɥɶɬɪɨɜɚɥɢ ɱɟɪɟɡ ɜɨɪɨɧɤɭ Ȼɸɯɧɟɪɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɥɚɠɧɨɣ ɩɨɥɢɦɟɪɧɨɣ 

ɦɚɫɫɵ. Ⱦɚɥɟɟ ɢɡ ɩɨɥɭɱɟɧɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɫɫɵ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɝɪɚɧɭɥɵ ɩɪɢ 
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ɩɨɦɨɳɢ ɪɭɱɧɨɝɨ ɝɪɚɧɭɥɹɬɨɪɚ. Ƚɪɚɧɭɥɵ ɩɨɦɟɳɚɥɢ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɩɨɞɧɨɫɵ ɢ 

ɜɵɫɭɲɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ. 

2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɝɪɚɧɭɥ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɝɪɚɧɭɥ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ ɜɵɬɟɫɧɟɧɢɹ ɜɨɞɵ. 

Ⱦɥɹ ɷɬɨɝɨ ɧɟɫɤɨɥɶɤɨ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɧɭɥ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɡɜɟɫɢɜ, ɩɨɦɟɳɚɥɢ ɜ 

ɦɟɪɧɭɸ ɩɪɨɛɢɪɤɭ ɫ 15 ɦɥ ɜɨɞɵ ɢ ɨɬɦɟɱɚɥɢ, ɧɚ ɫɤɨɥɶɤɨ ɞɟɥɟɧɢɣ ɩɨɞɧɹɥɫɹ ɨɛɴɟɦ 

ɜɨɞɵ. ɉɥɨɬɧɨɫɬɶ ɝɪɚɧɭɥ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ: p = m/V, ɝɞɟ m – ɦɚɫɫɚ ɝɪɚɧɭɥ 

ɜ ɝɪɚɦɦɚɯ, V – ɨɛɴɟɦ ɜɵɬɟɫɧɟɧɧɨɣ ɝɪɚɧɭɥɨɣ ɠɢɞɤɨɫɬɢ ɜ ɦɢɥɥɢɥɢɬɪɚɯ. 

2.4 ɉɨɞɛɨɪ ɪɟɠɢɦɚ ɷɤɫɬɪɭɞɢɪɨɜɚɧɢɹ 

ɗɤɫɬɪɭɡɢɸ ɜɵɩɨɥɧɹɥɢ ɧɚ ɨɞɧɨɲɧɟɤɨɜɨɦ ɷɤɫɬɪɭɞɟɪɟ Brabender 

Kompaktextruder KE19 ɫ ɩɨɞɛɨɪɨɦ ɪɟɠɢɦɚ ɷɤɫɬɪɭɞɢɪɨɜɚɧɢɹ. 

Ɉɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɷɤɫɬɪɭɡɢɢ ɞɥɹ ɉ(3ȽȻ-ɫɨ-3Ƚȼ), ɛɵɥ ɧɚɣɞɟɧ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɫɨɝɥɚɫɧɨ ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɬɟɦɟ (Vandi, 

2019; Rivas, 2017; Wang, 1996). 

2.5 ɉɨɥɭɱɟɧɢɟ ɮɢɥɚɦɟɧɬɚ ɢ ɝɪɚɧɭɥ ɦɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ 

ɉɨɥɭɱɟɧɧɵɟ ɝɪɚɧɭɥɵ ɦɟɬɨɞɨɦ ɜɥɚɠɧɨɝɨ ɝɪɚɧɭɥɢɪɨɜɚɧɢɹ ɞɚɥɟɟ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɢɥɚɦɟɧɬɚ ɧɚ ɨɞɧɨɲɧɟɤɨɜɨɦ ɷɤɫɬɪɭɞɟɪɟ Brabender 

Kompaktextruder KE19 (Ƚɟɪɦɚɧɢɹ) (Ɋɢɫɭɧɨɤ 6). 

 

Ɋɢɫɭɧɨɤ 6 – ɨɞɧɨɲɧɟɤɨɜɵɣ ɷɤɫɬɪɭɞɟɪ Brabender Kompaktextruder KE19 ɫ 

ɥɢɧɢɟɣ ɬɪɚɧɫɩɨɪɬɟɪɚ 

ɇɚ ɤɨɦɩɶɸɬɟɪɟ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ WINEXT ɞɥɹ Windows 

ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɨɮɢɥɹ ɷɤɫɬɪɭɡɢɢ ɜ 4 ɡɨɧɚɯ, 
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ɨɪɢɟɧɬɢɪɭɹɫɶ ɧɚ ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ (Rivas, 2017; Giles, 2004; Asrar, 2003) 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɧɚɱɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ 

ɮɢɥɚɦɟɧɬɵ. 

ɉɨɥɢɦɟɪ ɜ ɜɢɞɟ ɝɪɚɧɭɥ ɡɚɫɵɩɚɥɢ ɜ ɡɚɝɪɭɡɨɱɧɵɣ ɛɭɧɤɟɪ. ɑɟɪɟɡ ɜɪɟɦɹ, 

ɤɨɝɞɚ ɝɪɚɧɭɥɵ ɪɚɫɩɥɚɜɥɹɥɢɫɶ, ɢɡ ɫɨɩɥɚ ɷɤɫɬɪɭɞɟɪɚ ɜɵɯɨɞɢɥ ɮɢɥɚɦɟɧɬ, ɤɨɬɨɪɵɣ 

ɩɨɫɬɭɩɚɥ ɧɚ ɞɜɢɠɭɳɢɣɫɹ ɬɪɚɧɫɩɨɪɬɟɪ.  

Ɉɪɢɟɧɬɢɪɭɹɫɶ ɧɚ ɰɜɟɬ, ɤɨɧɫɢɫɬɟɧɰɢɸ ɢ ɫɬɪɭɤɬɭɪɭ ɩɪɭɬɤɚ, ɩɪɨɢɡɜɨɞɢɥɢ 

ɪɟɝɭɥɢɪɨɜɤɭ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɨɮɢɥɹ ɢ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɲɧɟɤɚ ɜ ɯɨɞɟ 

ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɭɡɢɢ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɛɥɸɞɚɥɨɫɶ 

ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɩɥɚɜɥɟɧɢɟ ɝɪɚɧɭɥɹɬɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɮɢɥɚɦɟɧɬ ɜɵɯɨɞɢɥ ɫ 

ɧɟɪɚɫɩɥɚɜɥɟɧɧɵɦ ɩɨɥɢɦɟɪɨɦ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɛɥɸɞɚɥɚɫɶ 

ɞɟɝɪɚɞɚɰɢɹ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɨɩɪɨɜɨɠɞɚɜɲɚɹɫɹ ɩɨɬɟɦɧɟɧɢɟɦ 

ɩɨɥɢɦɟɪɧɨɝɨ ɩɪɭɬɤɚ.  

ɉɨɫɥɟ ɷɤɫɬɪɭɡɢɢ, ɩɨɥɭɱɟɧɧɵɟ ɮɢɥɚɦɟɧɬɵ (Ɋɢɫɭɧɨɤ 7) ɜɢɡɭɚɥɶɧɨ 

ɫɪɚɜɧɢɜɚɥɢɫɶ ɧɚ ɧɚɥɢɱɢɟ ɩɭɡɵɪɶɤɨɜ ɜɨɡɞɭɯɚ, ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ. 

 

Ɋɢɫɭɧɨɤ 7 – ɉɨɥɭɱɟɧɢɟ ɮɢɥɚɦɟɧɬɚ ɦɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ 

ɉɨɥɭɱɟɧɧɵɣ ɷɤɫɬɪɭɡɢɟɣ ɮɢɥɚɦɟɧɬ ɢɡ ɉ(3ȽȻ/3Ƚȼ) 90-10 ɛɵɥ ɧɟɦɧɨɝɨ 

ɠɟɥɬɨɜɚɬɨɝɨ ɰɜɟɬɚ, ɧɟ ɢɦɟɥ ɜɤɪɚɩɥɟɧɢɣ, ɝɥɚɞɤɢɣ ɢ ɛɥɟɫɬɹɳɢɣ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɞɨɛɚɜɥɟɧɢɹ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ. 

Ɏɢɥɚɦɟɧɬ ɢɡ ɉ(3ȽȻ/3Ƚȼ) 82-18 ɢɦɟɥ ɩɨɱɬɢ ɩɪɨɡɪɚɱɧɵɣ, ɧɟɦɧɨɝɨ 

ɛɟɥɨɜɚɬɵɣ ɨɬɬɟɧɨɤ, ɪɚɜɧɨɦɟɪɧɵɣ ɛɟɡ ɜɤɪɚɩɥɟɧɢɣ, ɝɥɚɣɞɤɢɣ ɢ ɛɥɟɫɬɹɳɢɣ, ɜɧɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɛɚɜɥɟɧɢɹ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ. 
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ɉɨɥɭɱɟɧɧɵɟ ɮɢɥɚɦɟɧɬɵ ɞɚɥɟɟ ɝɪɚɧɭɥɢɪɨɜɚɥɢ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 

ɝɪɚɧɭɥɹɬɨɪɟ Brabender (Ɋɢɫɭɧɨɤ 8).  

 

Ɋɢɫɭɧɨɤ 8 – Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɝɪɚɧɭɥɹɬɨɪ Brabender 

 

ɇɚ ɞɚɧɧɨɦ ɝɪɚɧɭɥɹɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɭɩɪɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɶɸ ɨɬɪɟɡɤɢ, ɚ 

ɬɚɤɠɟ ɫɤɨɪɨɫɬɶɸ ɫɴɟɦɚ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɦɟɪɚ 

ɝɪɚɧɭɥ. ɂɡɦɟɥɶɱɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɫɤɨɪɨɫɬɢ ɨɬɪɟɡɤɢ 2 ɦ/ɫ. 

2.6 Иɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɧɭɥ ɢɡ ɉ(3ȽȻ/3Ƚȼ) 

2.6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɨɥɢɦɟɪɧɵɯ ɝɪɚɧɭɥ 

Ɉɩɪɟɞɟɥɹɥɢ ɩɥɨɬɧɨɫɬɶ ɝɪɚɧɭɥ ɦɟɬɨɞɨɦ ɨɛɦɟɪɚ ɢ ɜɡɜɟɲɢɜɚɧɢɹ, 

ɨɩɢɫɚɧɧɵɦ ɜ ȽɈɋɌ 15139-69 [52]. Ⱦɥɹ ɷɬɨɝɨ ɧɟɫɤɨɥɶɤɨ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɧɭɥ 

ɨɞɧɨɝɨ ɨɛɪɚɡɰɚ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɡɜɟɫɢɜ, ɩɨɦɟɳɚɥɢ ɜ ɦɟɪɧɭɸ ɩɪɨɛɢɪɤɭ ɫ 15 ɦɥ 

ɜɨɞɵ ɢ ɨɬɦɟɱɚɥɢ, ɧɚ ɫɤɨɥɶɤɨ ɞɟɥɟɧɢɣ ɩɨɞɧɹɥɫɹ ɨɛɴɟɦ ɜɨɞɵ. ɉɥɨɬɧɨɫɬɶ ɝɪɚɧɭɥ 

ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ:  

p=m/V  (1) 

ɝɞɟ m – ɦɚɫɫɚ ɝɪɚɧɭɥɵ ɜ ɝɪɚɦɦɚɯ, V – ɨɛɴɟɦ ɜɵɬɟɫɧɟɧɧɨɣ ɝɪɚɧɭɥɨɣ 

ɠɢɞɤɨɫɬɢ ɜ ɦɢɥɥɢɥɢɬɪɚɯ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɤɚɠɞɨɦɭ ɨɛɪɚɡɰɭ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɨɛɪɚɛɚɬɵɜɚɥɢ ɢ ɜɵɱɢɫɥɹɥɢ ɫɬɚɧɞɚɪɬɧɭɸ ɨɲɢɛɤɭ. 

2.6.2 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɫɤɚɧɢɪɭɸɳɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ (ȾɋК) 

Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɝɪɚɧɭɥ ɫ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɦ ɢ ɛɟɡ ɛɵɥ 

ɩɪɨɜɟɞɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɫɤɚɧɢɪɭɸɳɟɝɨ ɤɚɥɨɪɢɦɟɬɪɚ 

DSC-1 («METTLER TOLEDO», ɒɜɟɣɰɚɪɢɹ). ɂɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ ɩɨɦɟɳɚɥɢ ɜ 
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ɚɥɸɦɢɧɢɟɜɵɣ ɬɢɝɟɥɶ ɢ ɫɠɢɦɚɥɢ ɩɟɪɟɞ ɢɡɦɟɪɟɧɢɟɦ. Ʉɚɠɞɵɣ ɨɛɪɚɡɟɰ ɢɡɦɟɪɹɥɢ 

ɧɟ ɦɟɧɟɟ 3 ɪɚɡ. Ɉɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢɫɶ ɨɞɧɨɤɪɚɬɧɨɦɭ ɧɚɝɪɟɜɭ ɨɬ –20 ° ɋ ɞɨ 320 ° 

ɋ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɬɟɪɦɨɝɪɚɦɦɵ, ɨɬɪɚɠɚɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɟɪɟɯɨɞɚ ɢɡ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ, ɜ ɱɚɫɬɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (Ɍɤɪ), ɩɥɚɜɥɟɧɢɹ (Ɍɩɥ) ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ (Ɍɞɟɝɪ). 

 

2.6.3 Иɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɞɟɝɪɚɞɚɰɢɢ ɩɥɟɧɨɤ ɢ ɝɪɚɧɭɥ ɢɡ ɉ(3ȽȻ/3Ƚȼ) ɢ 

ɢɡ ɉ(3ȽȻ/3Ƚȼ)/ɩɥɚɫɬɢɮɢɤɚɬɨɪ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɩɨɱɜɟɧɧɵɯ ɷɤɨɫɢɫɬɟɦɚɯ 

Ⱦɟɝɪɚɞɚɰɢɸ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɮɨɪɦ ɢɫɫɥɟɞɨɜɚɥɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɩɨɱɜɟɧɧɵɯ ɦɢɤɪɨɷɤɨɫɢɫɬɟɦɚɯ. ɉɨɱɜɚ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɚ ɨɬɨɛɪɚɧɚ ɫ 

ɨɩɵɬɧɵɯ ɩɨɥɟɣ ɭɱɟɛɧɨɝɨ ɯɨɡɹɣɫɬɜɚ «Ɇɢɧɞɟɪɥɢɧɫɤɨɟ» ɎȽȻɈɍ ȼɈ 

«Ʉɪɚɫɧɨɹɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɝɪɚɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» (ɩ. Ȼɨɪɫɤ, 

ɋɭɯɨɛɭɡɢɦɫɤɢɣ ɪɚɣɨɧ, Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ). ɉɨɱɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɱɟɪɧɨɡɟɦ ɜɵɳɟɥɨɱɟɧɧɵɣ, ɫɪɟɞɧɟɦɨɳɧɵɣ, ɥɟɝɤɨɝɥɢɧɢɫɬɵɣ ɫ ɧɟɣɬɪɚɥɶɧɨɣ 

ɪɟɚɤɰɢɟɣ ɩɨɱɜɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɪɇ - 7,2). ɉɨɱɜɚ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɝɭɦɭɫɚ (6,9 %), ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɫɭɦɦɨɣ ɨɛɦɟɧɧɵɯ ɨɫɧɨɜɚɧɢɣ (57,5 

ɦɦɨɥɶ/100ɝ), ɧɢɡɤɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ ɧɢɬɪɚɬɧɵɦ ɚɡɨɬɨɦ (4,74 ɦɝ/ɤɝ), ɨɱɟɧɶ 

ɧɢɡɤɨɣ – ɚɦɦɨɧɢɣɧɵɦ ɚɡɨɬɨɦ (0,50 ɦɝ/ɤɝ), ɫɪɟɞɧɟɣ – ɩɨɞɜɢɠɧɵɦ ɮɨɫɮɨɪɨɦ 

(175,8 ɦɝ/ɤɝ), ɨɱɟɧɶ ɜɵɫɨɤɨɣ – ɨɛɦɟɧɧɵɦ ɤɚɥɢɟɦ (291,0 ɦɝ/ɤɝ).  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɡɜɟɲɟɧɧɵɟ ɨɛɪɚɡɰɵ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɚɧɭɥ ɜ ɦɟɲɨɱɤɚɯ ɢɡ 

ɨɪɝɚɧɡɵ ɜ ɱɟɬɵɪɟɯ ɩɨɜɬɨɪɧɨɫɬɹɯ ɩɨɦɟɳɚɥɢ ɜ ɩɥɚɫɬɢɤɨɜɵɟ ɤɨɧɬɟɣɧɟɪɵ ɫɨ 180 ɝ 

ɩɨɱɜɵ ɧɚ ɝɥɭɛɢɧɭ ɧɟ ɛɨɥɟɟ 1 ɫɦ. Ʉɨɧɬɟɣɧɟɪɵ ɫ ɫɨɞɟɪɠɢɦɵɦ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ 

ɬɟɪɦɨɫɬɚɬɟ ɜɨɡɞɭɲɧɨɦ ɏɌ-3/70 (ɁȺɈ «ɉɹɬɶ ɨɤɟɚɧɨɜ», Ȼɟɥɚɪɭɫɶ) ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 26 °ɋ ɢ ɜɥɚɠɧɨɫɬɢ 60 %. ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɜ ɬɟɱɟɧɢɟ 7 

ɦɟɫɹɰɟɜ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɬɨɱɤɚɦɢ ɜ ɤɨɧɰɟ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ (ɜɫɟɝɨ 7 

ɬɨɱɟɤ). ɉɨ ɞɨɫɬɢɠɟɧɢɢ ɤɚɠɞɨɣ ɢɡ ɲɟɫɬɢ ɬɨɱɟɤ ɱɚɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡɵɦɚɥɢ ɢɡ 

ɩɨɱɜɵ, ɚɤɤɭɪɚɬɧɨ ɨɱɢɳɚɥɢ ɛɟɡ ɩɨɬɟɪɢ ɱɚɫɬɟɣ ɝɪɚɧɭɥ ɜ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɜɨɞɟ ɢ 

ɜɵɫɭɲɢɜɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ 32 °ɋ ɢ ɩɪɨɜɨɞɢɥɢ ɤɨɧɬɪɨɥɶɧɨɟ ɜɡɜɟɲɢɜɚɧɢɟ 
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ɨɛɪɚɡɰɨɜ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɰɟɧɬɚ ɭɛɵɥɢ ɦɚɫɫɵ. ɉɪɨɰɟɧɬ ɭɛɵɥɢ ɦɚɫɫɵ 

ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ:                  (2) 

ɝɞɟ m1 – ɧɚɱɚɥɶɧɚɹ ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɞɨ ɩɨɦɟɳɟɧɢɹ ɜ ɩɨɱɜɭ (ɝ), m2 –  ɦɚɫɫɚ 

ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɩɨɱɜɟ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ (ɝ). 

 2.6.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɟɧɧɨɫɬɢ ɩɨɱɜɟɧɧɵɯ ɞɟɫɬɪɭɤɬɨɪɨɜ 

ɩɥɚɫɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɝɪɚɧɭɥ 

Ɉɛɪɚɡɰɵ ɝɪɚɧɭɥ ɛɟɡ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ ɢ ɫ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɦ ɩɨɫɥɟ 

ɷɤɫɩɨɡɢɰɢɢ ɜ ɩɨɱɜɟ ɤ ɤɨɧɰɭ ɤɚɠɞɨɣ ɬɨɱɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɟɧɧɨɫɬɢ ɢɯ ɞɟɫɬɪɭɤɬɨɪɨɜ ɦɟɬɨɞɨɦ ɩɨɫɟɜɚ ɧɚ ɬɜɟɪɞɵɟ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɟ ɫɪɟɞɵ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɫɟɜɧɨɣ ɫɭɫɩɟɧɡɢɢ ɢɡɴɹɬɵɟ 

ɝɪɚɧɭɥɵ ɧɟ ɩɪɨɦɵɜɚɹ ɢ ɧɟ ɨɱɢɳɚɹ, ɩɨɦɟɳɚɥɢ ɜ ɤɨɥɛɵ ɫɨ 100 ɦɥ ɫɬɟɪɢɥɶɧɨɣ 

ɜɨɞɵ ɢ ɜɡɛɚɥɬɵɜɚɥɢ. Ⱦɚɥɟɟ ɢɡ ɨɛɟɢɯ ɫɭɫɩɟɧɡɢɣ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɫɟɪɢɹ ɪɚɡɜɟɞɟɧɢɣ 

(ɞɨ 106). Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɞɢɧɚɦɢɤɢ ɱɢɫɥɟɧɧɨɫɬɢ ɞɟɫɬɪɭɤɬɨɪɨɜ ɬɚɤɠɟ ɜɵɩɨɥɧɹɥɢ 

ɩɨɫɟɜɵ ɫɭɫɩɟɧɡɢɣ ɢɡ ɩɨɱɜɵ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɯɨɞɢɥɚ ɷɤɫɩɨɡɢɰɢɹ. Ⱦɥɹ ɷɬɨɝɨ 10 ɝ 

ɢɫɫɥɟɞɭɟɦɨɣ ɩɨɱɜɵ ɩɨɦɟɳɚɥɢ ɜ ɤɨɥɛɵ ɫɨ 100 ɦɥ ɫɬɟɪɢɥɶɧɨɣ ɜɨɞɵ, ɜɡɛɚɥɬɵɜɚɥɢ 

ɢ ɚɧɚɥɨɝɢɱɧɵɦ ɤɚɤ ɢ ɞɥɹ ɝɪɚɧɭɥ ɫɩɨɫɨɛɨɦ ɞɟɥɚɥɢ ɫɟɪɢɸ ɪɚɡɜɟɞɟɧɢɣ (ɞɨ 106). 

Ɇɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɫɟɜɚ ɫɭɫɩɟɧɡɢɣ ɜ ɤɨɥɢɱɟɫɬɜɟ 

0,1 ɦɥ ɧɚ ɱɚɲɤɭ ɩɪɨɜɨɞɢɥɢ ɨɛɳɟɩɪɢɧɹɬɵɦɢ ɦɟɬɨɞɚɦɢ ɧɚ ɷɥɟɤɬɢɜɧɵɟ ɫɪɟɞɵ 

ɫɨɞɟɪɠɚɳɢɟ ɩɨɥɢɦɟɪ ɉ(3ȽȻ/3Ƚȼ) ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɞɟɫɬɪɭɤɬɨɪɨɜ (ɪɚɡɜɟɞɟɧɢɹ 105, 

106). ɋɨɫɬɚɜ ɫɪɟɞ ɩɪɢɜɟɞɟɧ ɜ Ɍɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 – ɋɨɫɬɚɜ ɷɥɟɤɬɢɜɧɵɯ ɫɪɟɞ ɞɥɹ ɞɟɫɬɪɭɤɬɨɪɨɜ ɉȽȺ 

ɋɪɟɞɚ ɞɥɹ ɛɚɤɬɟɪɢɣ-ɞɟɫɬɪɭɤɬɨɪɨɜ ɉȽȺ 
Ʉɨɦɩɨɧɟɧɬ Ɇɚɫɫɚ (ɧɚ 1 ɥ), ɝ 
ɉ(3ȽȻ/3Ƚȼ) 2,5 
KH2PO4 4,488 
Na2HPO4 4,686 
NH4Cl 1,0 
MgSO4x7H2O 0,5 
ɐɢɬɪɚɬ ɠɟɥɟɡɚ 0,05 
CaCl2x2H2O 0,005 
Ⱦɪɨɠɠɟɜɨɣ ɷɤɫɬɪɚɤɬ 0,05 
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Ƚɢɞɪɨɥɢɡɚɬ ɤɚɡɟɢɧɚ 0,1 
Ⱥɝɚɪ 20,0 
ȼɨɞɚ ɜɨɞɨɩɪɨɜɨɞɧɚɹ 1 ɥ 

ɑɚɲɤɢ ɫ ɩɨɫɟɜɚɦɢ ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 10-14  ɫɭɬɨɤ (ɞɥɹ ɛɚɤɬɟɪɢɣ) ɜ 

ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30°ɋ ɞɥɹ ɛɚɤɬɟɪɢɣ. ɑɟɪɟɡ 3-14 ɫɭɬɨɤ ɛɵɥ ɫɞɟɥɚɧ 

ɪɭɱɧɨɣ ɩɨɞɫɱɟɬ ɜɵɪɨɫɲɢɯ ɤɨɥɨɧɢɣ ɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɛɵɥɢ 

ɜɵɱɢɫɥɟɧɵ ɜɟɥɢɱɢɧɵ ɄɈȿ ɩɨ ɮɨɪɦɭɥɟ: 

X=(a×b)/(c×d)   (3) 

ɝɞɟ a – ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɥɨɧɢɣ ɧɚ ɱɚɲɤɟ, b – ɪɚɡɜɟɞɟɧɢɟ, ɢɡ ɤɨɬɨɪɨɝɨ 

ɫɞɟɥɚɧ ɜɵɫɟɜ, ɫ – ɤɨɥɢɱɟɫɬɜɨ ɜɧɨɫɢɦɨɣ ɫɭɫɩɟɧɡɢɢ (ɦɥ), d – ɦɚɫɫɚ ɢɫɫɥɟɞɭɟɦɨɣ 

ɩɨɱɜɵ, ɝ (ɢɥɢ ɨɛɴёɦ ɫɭɫɩɟɧɡɢɢ, ɦɥ). 

2.6.5. Иɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɭ ɨɛɪɚɡɰɨɜ ɩɨɥɭɱɟɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɝɪɚɧɭɥ ɢɡɭɱɚɥɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɊɗɆ-ɫɧɢɦɤɨɜ 

ɩɨɜɟɪɯɧɨɫɬɟɣ) (Hitachi S-5500, əɩɨɧɢɹ). ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɪɚɡɰɵ ɩɨɤɪɵɜɚɥɢ 

ɩɥɚɬɢɧɨɣ (10 mA, 40 ɫɟɤɭɧɞ) ɫ ɩɨɦɨɳɶɸ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɧɚɩɵɥɟɧɢɹ Emitech 

K575X. Ɋɚɡɦɟɪɵ ɩɨɪ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɜ ɩɨɥɭɱɟɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɤɚɯ ɢ 

ɝɪɚɧɭɥɚɯ, ɢɡɦɟɪɹɥɢ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɫɧɢɦɤɨɜ ɩɪɢ ɩɨɦɨɳɢ ɢɧɫɬɪɭɦɟɧɬɨɜ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ImageJ ɞɥɹ Windows. 

2.7 ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ 

ɋɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ 

ɦɟɬɨɞɢɤɚɦ (ȼɨɥɨɜɚ, 1996) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ Microsoft 

Excel 2010 ɞɥɹ Windows 10. ȼɫɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɤɨɥɢɱɟɫɬɜɟ ɧɟ 

ɦɟɧɟɟ ɬɪɟɯ ɩɨɜɬɨɪɧɨɫɬɟɣ. Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɫɪɟɞɧɢɟ 

ɡɧɚɱɟɧɢɹ, ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɫɬɚɧɞɚɪɬɧɚɹ ɨɲɢɛɤɚ ɢ 

ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ. ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɭɱɟɬɨɦ ɭɪɨɜɧɹ 

ɡɧɚɱɢɦɨɫɬɢ α = 0,05. 
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3 Ɋɟɡɭɥɶɬɚɬɵ 

 
ɂɡɴɹɬɨ 12 ɫɬɪɚɧɢɰ 
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ȼɵɜɨɞɵ 

ȼ ɝɟɬɟɪɨɬɪɨɮɧɵɯ ɭɫɥɨɜɢɹɯ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɨɛɪɚɡɰɵ 

ɩɨɥɢɦɟɪɨɜ ɪɚɡɥɢɱɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ: ɫɨɩɨɥɢɦɟɪ ɩɨɥɢ-3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ - 3 ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ ɫ ɜɤɥɸɱɟɧɢɟɦ 3 Ƚȼ 10ɦɨɥ.% ɢ 18 

ɦɨɥ.%; Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɞɨɛɚɜɤɢ ɜɚɥɟɪɚɬɚ ɤɚɥɢɹ ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ 3Ƚȼ ɢ ɫɧɢɠɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɢɨɦɚɫɫɵ; 

ɉɨɥɭɱɟɧɚ ɫɟɪɢɹ ɝɪɚɧɭɥ ɢɡ ɫɨɩɨɥɢɦɟɪɚ ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ-3- 

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ ɫ ɜɤɥɸɱɟɧɢɟɦ 3Ƚȼ 10ɦɨɥ.% ɢ 18 ɦɨɥ.% ɫ ɞɨɛɚɜɥɟɧɢɟɦ 15 % 

ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ ɬɪɢɚɰɟɬɢɧɚ. Ⱦɨɤɚɡɚɧɨ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɩɨɱɜɟɧɧɵɯ ɷɤɨɫɢɫɬɟɦɚɯ, 

ɱɬɨ ɩɥɚɫɬɢɮɢɤɚɬɨɪ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɞɟɝɪɚɞɚɰɢɸ ɝɪɚɧɭɥ, ɨɞɧɚɤɨ 

ɜɤɥɸɱɟɧɢɟ 3Ƚȼ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɛɵɫɬɪɨɣ ɞɟɝɪɚɞɚɰɢɢ ɝɪɚɧɭɥ ɜ 1,5 ɪɚɡɚ. 

Ɇɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ ɩɨɥɭɱɟɧɵ ɝɪɚɧɭɥɵ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɚ: 

ɉ(3ȽȻ/3Ƚȼ) 10ɦɨɥ.%, ɉ(3ȽȻ/3Ƚȼ) 10ɦɨɥ.% + ɬɪɢɚɰɟɬɢɧ, ɉ(3ȽȻ/3Ƚȼ) 18ɦɨɥ.%, 

ɉ(3ȽȻ/3Ƚȼ) 18ɦɨɥ.% + ɬɪɢɚɰɟɬɢɧ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 3Ƚȼ 

ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɜɧɟɲɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɚɧɭɥ; 

ɂɡ ɨɛɪɚɡɰɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɢɨɞɟɝɪɚɞɚɰɢɢ, ɛɵɥɢ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɬɚɤɢɟ ɲɬɚɦɦɵ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɤɚɤ Aspergillus fumigatus, 

Pseudomonas putida, ɪɨɞ Penicillium, Variovorax paradoxus, Roseomonas 

massiliae, Delftia acidovorans. Ⱦɥɹ ɝɪɚɧɭɥ ɉ(3ȽȻ/3Ƚȼ) 10ɦɨɥ.% ɢ ɉ(3ȽȻ/3Ƚȼ) 

10ɦɨɥ.% + ɬɪɢɚɰɟɬɢɧ ɯɚɪɚɤɬɟɪɧɚ ɦɟɧɶɲɚɹ ɱɢɫɥɟɧɧɨɫɬɶ ɛɚɤɬɟɪɢɚɥɶɧɵɯ 

ɞɟɫɬɪɭɤɬɨɪɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɪɚɧɭɥɚɦɢ ɉ(3ȽȻ/3Ƚȼ) 18ɦɨɥ.%, ɉ(3ȽȻ/3Ƚȼ) 

18ɦɨɥ.% + ɬɪɢɚɰɟɬɢɧ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɨ ɞɟɝɪɚɞɚɰɢɢ ɝɪɚɧɭɥ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɤɢɧɟɬɢɤɭ ɪɚɡɪɭɲɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ R2, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɨɞɟɥɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɧɨ ɨɬɪɚɠɚɸɬ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ ɛɢɨɞɟɝɪɚɞɚɰɢɢ.
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