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ȼȼȿȾȿɇɂȿ 

 

Ȼɚɤɬɟɪɢɚɥɶɧɭɸ ɰɟɥɥɸɥɨɡɭ ɫɱɢɬɚɸɬ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɨɦ 

ɛɭɞɭɳɟɝɨ. ɍɠɟ ɫɟɣɱɚɫ ɟɟ ɢɫɩɨɥɶɡɭɸɬ ɜ ɯɢɪɭɪɝɢɢ, ɤɭɥɢɧɚɪɢɢ, ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɮɚɪɦɚɤɨɥɨɝɢɢ.  

Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨ ɩɨɯɨɠɚ ɧɚ ɪɚɫɬɢɬɟɥɶɧɭɸ, ɧɨ 

ɟɟ ɨɬɥɢɱɚɟɬ ɬɨ, ɱɬɨ ɨɧɚ ɧɟ ɭɱɚɫɬɜɭɟɬ ɜ ɫɬɪɨɟɧɢɢ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ, ɚ ɬɚɤɠɟ ɧɟɬ 

ɩɪɢɫɭɬɫɬɜɢɹ ɥɢɝɧɢɧɚ ɢ ɞɪɭɝɢɯ ɩɪɢɦɟɫɟɣ, ɨɧɚ ɯɢɦɢɱɟɫɤɢ ɛɨɥɟɟ ɱɢɫɬɚɹ, ɧɟɠɟɥɢ 

ɪɚɫɬɢɬɟɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ.  Ȼɐ ɦɨɝɭɬ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɪɨɞɨɜ: 

 Agrobacterium; 

 Komagataebacter; 

 Acetobacter, Achromobacter; 

 Aerobacter; 

 Sarcina; 

 Achromobacter; 

  Pseudomonas; 

  Salmonella; 

  Enterobacter; 

  Rhizobium; 

 Alcaligenes; 

 Mycodema. 

Ȼɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɩɥɚɧɟɬɟ Ɂɟɦɥɹ ɫɪɟɞɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ 

ɩɨɥɭɱɢɥɚ ɪɚɫɬɢɬɟɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ (Ɋɐ). ȼ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ Ɋɐ ɧɚɯɨɞɢɬɫɹ ɜ 

ɬɤɚɧɹɯ ɞɪɟɜɟɫɢɧɵ (40-50%), ɜ ɜɨɥɨɤɧɚɯ ɥɶɧɚ (60-80%) ɢ ɯɥɨɩɤɚ (92-98%). 

əɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɱɚɫɬɟɣ ɨɛɨɥɨɱɤɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ. ɂɡ ɧɟё 

ɩɪɨɢɡɜɨɞɹɬ ɯɥɨɩɨɤ, ɬɤɚɧɢ, ɰɟɥɥɨɮɚɧ ɢ ɞɪɭɝɢɟ ɩɥɚɫɬɢɱɧɵɟ ɦɚɬɟɪɢɚɥɵ, 

ɧɚɩɪɢɦɟɪ, ɛɭɦɚɝɭ. Ȼɐ ɨɛɥɚɞɚɟɬ ɬɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ ɜ 

Ɋɐ. Ɉɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɟɧɢɣ ɩɨɝɢɛɚɟɬ, ɪɚɞɢ ɩɪɨɢɡɜɨɞɫɬɜɚ Ɋɐ. Ɋɚɫɬɭɳɢɣ 

ɫɩɪɨɫ ɧɚ Ɋɐ ɩɪɢɜɟɥ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɬɪɟɛɥɟɧɢɹ ɞɪɟɜɟɫɢɧɵ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ, 
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ɜɵɡɵɜɚɹ ɨɛɟɡɥɟɫɟɧɢɟ ɢ ɝɥɨɛɚɥɶɧɭɸ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɩɪɨɛɥɟɦɭ. ɉɨɷɬɨɦɭ 

ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɫɢɧɬɟɡɚ Ȼɐ ɜɚɠɧɨ ɞɥɹ ɷɤɨɥɨɝɢɢ ɧɚɲɟɣ 

ɩɥɚɧɟɬɵ [4]. 

ɍ Ȼɐ ɟɫɬɶ ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ ɜ ɛɭɞɭɳɟɦ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ, ɬɚɤɢɯ 

ɤɚɤ ɛɢɨɦɟɞɢɰɢɧɚ, ɷɥɟɤɬɪɨɧɧɚɹ ɢ ɩɢɳɟɜɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɤɚ ɢ ɨɩɬɢɦɢɡɚɰɢɹ ɫɨɫɬɚɜɚ ɫɪɟɞɵ ɞɥɹ 

ɫɢɧɬɟɡɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ ɲɬɚɦɦɨɦ Komagataebacter xylinus B-12068. 

ɂɫɯɨɞɹ ɢɡ ɰɟɥɢ, ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

• ɂɫɫɥɟɞɨɜɚɬɶ ɩɪɨɰɟɫɫ ɫɢɧɬɟɡɚ Ȼɐ ɩɪɢ ɡɚɦɟɧɟ ɩɟɩɬɨɧɚ ɧɚ ɯɥɨɪɢɫɬɵɣ 

ɚɦɦɨɧɢɣ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɚɡɨɬɧɨɝɨ ɩɢɬɚɧɢɹ; 

• ɂɡɭɱɢɬɶ ɩɪɨɰɟɫɫ ɫɢɧɬɟɡɚ Ȼɐ ɩɪɢ ɡɚɦɟɧɟ ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ 

ɜɢɬɚɦɢɧɚɦɢ ȼ2, ȼ3, ȼ12; 

• Ɉɰɟɧɢɬɶ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɢ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 

ɫɢɧɬɟɡɚ Ȼɐ ɧɚ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫɨɫɬɚɜɚɯ ɫɪɟɞɵ. Ⱦɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ 

ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɫɪɟɞɵ. 
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1 ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

 

1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢ ɫɜɨɣɫɬɜɚ Ȼɐ 

 

ɉɟɪɜɵɟ ɭɩɨɦɢɧɚɧɢɹ ɨ Ȼɐ ɛɵɥɢ ɜ 1886 ɝɨɞɭ ɜ ɫɬɚɬɶɟ Ⱥ. Ȼɪɚɭɧɚ, ɤɨɬɨɪɵɣ 

ɭɜɢɞɟɥ ɫɬɭɞɟɧɢɫɬɭɸ ɩɥɟɧɤɭ, ɩɨɤɪɵɜɚɸɳɭɸ ɜɫɸ ɩɨɜɟɪɯɧɨɫɬɶ 

ɝɥɸɤɨɡɨɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. ɉɨɫɥɟ Ⱦɠ. Ȼɚɪɲɚ ɢ ɏ. ɏɢɛɛɟɪɬ ɞɨɤɚɡɚɥɢ, ɱɬɨ ɩɨ 

ɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɨɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɬɢɬɟɥɶɧɨɣ ɰɟɥɥɸɥɨɡɟ [1,2]. 

ɋɬɪɭɤɬɭɪɚ Ȼɐ ɫɭɳɟɫɬɜɭɟɬ ɤɚɤ ɨɫɧɨɜɧɚɹ ɫɬɪɭɤɬɭɪɚ ɮɢɛɪɢɥɥ, ɤɨɬɨɪɚɹ 

ɫɨɫɬɨɢɬ ɢɡ β-1 → 4 ɝɥɸɤɚɧɨɜɨɣ ɰɟɩɢ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɭɥɨɣ 

(C6H10O5)n. Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ ɢɦɟɟɬ ɬɚɤɭɸ ɠɟ ɯɢɦɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ, 

ɱɬɨ ɢ ɰɟɥɥɸɥɨɡɚ, ɩɨɥɭɱɟɧɧɚɹ ɢɡ ɪɚɫɬɟɧɢɣ (ɪɢɫ. 1.) [7]. 

 

 
Ɋɢɫɭɧɨɤ 1 - ɏɢɦɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ. 

 

Ȼɐ ɫɨɫɬɨɢɬ ɢɡ ɦɚɥɟɧɶɤɢɯ ɜɨɥɨɤɨɧ, ɤɨɬɨɪɵɟ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɛɚɤɬɟɪɢɹɦɢ. 

Ɉɞɢɧɨɱɧɵɟ ɜɨɥɨɤɧɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ ɢɦɟɸɬ ɞɢɚɦɟɬɪ 50 ɧɦ. Ⱦɥɢɧɭ 

ɜɨɥɨɤɨɧ ɨɩɪɟɞɟɥɢɬɶ ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ ɤɚɤ ɩɭɱɤɢ ɢ ɜɨɥɨɤɧɚ ɩɟɪɟɩɥɟɬɟɧɵ ɦɟɠɞɭ 

ɫɨɛɨɣ ɢ ɨɛɪɚɡɭɸɬ ɫɬɪɭɤɬɭɪɭ ɫɟɬɤɢ [18]. 

Acetobacter - ɫɚɦɵɣ ɪɚɧɧɢɣ ɲɬɚɦɦ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɫɢɧɬɟɡɚ Ȼɐ.  ɉɨɬɨɦ 

ɭɠɟ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ Ȼɐ ɦɨɠɟɬ ɬɚɤɠɟ ɫɢɧɬɟɡɢɪɨɜɚɬɶɫɹ ɢ ɞɪɭɝɢɦɢ 

ɛɚɤɬɟɪɢɹɦɢ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɦɢ ɤɚɤ Agrobacterium, Pseudomonas, Rhizobium ɢ 

Escherichia [26]. 
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ɋɪɟɞɢ ɧɢɯ Acetobacter xylinus (ɢɥɢ Gluconacetobacter xylinus, 

Komagataeibacter xylinus) ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɱɢɬɚɟɬɫɹ ɲɬɚɦɦɨɦ ɫ ɫɚɦɨɣ 

ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɰɟɥɥɸɥɨɡɭ. 

Ⱦɥɹ ɫɢɧɬɟɡɚ Ȼɐ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɫɪɟɞɵ, ɧɚɩɪɢɦɟɪ, ɞɥɹ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɛɚɤɬɟɪɢɣ ɲɬɚɦɦɚ Gluconacetobacter hansenii GH-1/2008 

ɢɫɩɨɥɶɡɭɸɬ ɫɥɟɞɭɸɳɢɣ ɫɨɫɬɚɜ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ (ɜ ɩɪɨɰɟɧɬɧɨɦ 

ɫɨɨɬɧɨɲɟɧɢɢ):  

 ɋɚɯɚɪɨɡɵ - 7; 

 Ƚɭɫɬɨɝɨ ɤɨɤɨɫɨɜɨɝɨ ɦɨɥɨɤɚ - 0,1;  

 Ⱦɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ - 0,5;  

 Na2HPO4 - 0,27; 

 K2HPO4 - 0,2; 

 (NH4)2SO4 - 0,3; 

 Ɇɨɧɨɝɢɞɪɚɬɚ ɥɢɦɨɧɧɨɣ ɤɢɫɥɨɬɵ - 0,115; 

 ɋɩɢɪɬɚ - 0,5. 

Ⱦɥɹ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ ɜɢɞɚ Gluconacetobacter hansenii ɢɫɫɥɟɞɨɜɚɧɵ 

ɩɢɬɚɬɟɥɶɧɵɟ ɫɪɟɞɵ, ɨɫɧɨɜɧɨɣ ɱɚɫɬɶɸ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɨɬɯɨɞɵ ɤɚɤɨɝɨ-ɬɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ, ɜ ɨɫɧɨɜɧɨɦ ɩɢɳɟɜɨɝɨ. ȼ ɫɨɫɬɚɜ ɫɪɟɞɵ ɜɯɨɞɢɥɢ ɫɥɟɞɭɸɳɢɟ 

ɤɨɦɩɨɧɟɧɬɵ: 

 10% ɤɭɤɭɪɭɡɧɨɝɨ ɷɤɫɬɪɚɤɬɚ; 

 0.5% ɫɩɢɪɬɚ; 

 1.13% ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ; 

 ɗɤɫɬɪɚɤɬɵ ɤɨɠɭɪɵ ɩɥɨɞɨɜ ɤɨɮɟɣɧɨɝɨ ɞɟɪɟɜɚ (CCH – coffee cherry 

husk, ɨɬɧɨɲɟɧɢɟ ɜɨɞɵ ɢ 1:1). 

Ȼɢɨɫɢɧɬɟɡ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɸ 

ɍȾɎ-ɝɥɸɤɨɡɵ ɜ α-1,4-ɝɥɸɤɚɧɨɜɵɟ ɰɟɩɢ ɩɭɬɟɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɡɧɵɯ 

ɮɟɪɦɟɧɬɨɜ, ɚ ɩɨɫɥɟ ɨɛɪɚɡɭɸɬɫɹ ɦɢɤɪɨɜɨɥɨɤɧɚ, ɩɭɬɟɦ ɡɚɱɢɫɬɤɢ ɩɨɪ 

ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȿɫɬɶ ɬɪɢ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɧɚ ɤɚɠɞɨɦ 

ɝɥɸɤɨɡɢɥɶɧɨɦ ɤɨɥɶɰɟ Ȼɐ, ɬɚɤ ɱɬɨ ɦɢɤɪɨɜɨɥɨɤɧɚ ɫɚɦɨɫɨɛɢɪɚɸɬɫɹ ɜ 
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ɜɨɥɨɤɧɢɫɬɵɣ ɩɭɱɨɤ ɞɢɚɦɟɬɪɨɦ 10-100 ɧɦ. Ɂɚ ɫɱɟɬ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɚ ɡɚɬɟɦ ɨɛɪɚɡɭɸɬ ɬɪɟɯɦɟɪɧɨɟ ɧɚɧɨɜɨɥɨɤɧɨ ɫ ɛɨɥɶɲɢɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɪ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɬɢɜɧɨɣ Ȼɐ. 

Ȼɐ ɧɟɪɚɫɬɜɨɪɢɦɚ ɜ ɜɨɞɟ, ɧɨ ɦɨɠɟɬ ɛɵɬɶ ɞɢɫɩɟɪɝɢɪɨɜɚɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɫɟɬɤɢ, ɨɛɥɚɞɚɸɳɟɣ ɯɨɪɨɲɢɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɜ 

ɜɨɞɭ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɩɪɟɪɵɜɧɨɣ ɬɪɟɯɦɟɪɧɨɣ ɫɟɬɤɢ, ɜ ɤɨɬɨɪɨɣ 

ɜɨɥɨɤɧɚ ɰɟɥɥɸɥɨɡɵ ɱɚɫɬɢɱɧɨ ɫɨɟɞɢɧɹɸɬɫɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. Ɍɚɤɚɹ ɬɪɟɯɦɟɪɧɚɹ 

ɫɟɬɤɚ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɜɥɚɝɨɭɞɟɪɠɢɜɚɸɳɟɣ ɢ ɡɚɝɭɳɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ [10]. 

Ȼɐ ɩɪɢ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɢ ɜ ɜɨɞɟ ɩɨɫɥɟ ɨɛɪɚɡɨɜɚɧɢɹ ɬɪɟɯɦɟɪɧɨɣ ɫɟɬɤɢ 

ɩɪɨɹɜɥɹɟɬ ɩɫɟɜɞɨɩɥɚɫɬɢɱɧɵɟ ɫɜɨɣɫɬɜɚ. ȼ ɫɜɹɡɢ ɫ ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɜɨɞɟ Ȼɐ 

ɩɨɱɬɢ ɧɟ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɪɚɡɧɵɦɢ ɞɨɛɚɜɤɚɦɢ. ɇɚ ɬɪɟɯɦɟɪɧɭɸ ɫɟɬɤɭ, 

ɨɛɪɚɡɨɜɚɧɧɭɸ ɯɨɪɨɲɨ ɫɨɟɞɢɧɟɧɧɵɦɢ ɱɚɫɬɹɦɢ ɜɨɥɨɤɨɧ ɰɟɥɥɸɥɨɡɵ, ɩɨɱɬɢ ɧɟ 

ɨɤɚɡɵɜɚɸɬ ɜɨɡɞɟɣɫɬɜɢɹ ɤɢɫɥɨɬɵ, ɫɨɥɢ ɢ ɧɚɝɪɟɜɚɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, Ȼɐ ɨɛɥɚɞɚɟɬ 

ɩɪɟɤɪɚɫɧɵɦ ɫɜɨɣɫɬɜɨɦ ɩɪɢɞɚɧɢɹ ɯɨɪɨɲɟɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɞɢɫɩɟɪɫɢɹɦ ɢ 

ɷɦɭɥɶɫɢɹɦ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɜɟɳɟɫɬɜ, ɦɚɫɟɥ ɢ ɬ.ɞ. [23]. 

ɀɢɞɤɨɫɬɢ, ɫɨɞɟɪɠɚɳɢɟ ɧɚɛɭɯɲɭɸ Ȼɐ, ɢɦɟɸɬ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɩɪɟɞɟɥ 

ɬɟɤɭɱɟɫɬɢ ɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɫɭɫɩɟɧɡɢɢ ɢ ɞɢɫɩɟɪɫɢɢ. ɗɬɨ 

ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɬɟɦ, ɱɬɨ Ȼɐ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɨɱɟɧɶ ɦɟɥɤɢɯ ɰɟɥɥɸɥɨɡɧɵɯ 

ɜɨɥɨɤɨɧ, ɜ ɠɢɞɤɨɫɬɢ ɨɛɪɚɡɭɟɬ ɧɟɩɪɟɪɵɜɧɭɸ ɢ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɭɸ ɬɪɟɯɦɟɪɧɭɸ 

ɫɟɬɤɭ ɩɨɫɪɟɞɫɬɜɨɦ ɰɟɥɥɸɥɨɡɵ, ɫɨɟɞɢɧɟɧɧɨɣ ɦɟɠɞɭ ɫɨɛɨɣ [6]. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɟɬɤɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɷɬɢɦ ɨɛɪɚɡɨɦ, ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɩɪɨɱɧɨɣ ɢ 

ɜ ɜɨɞɟ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ, ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɫɬɪɭɤɬɭɪɚ ɧɟ ɦɟɧɹɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɧɚɝɪɟɜɚɧɢɹ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɞɢɫɩɟɪɫɢɢ ɢ ɫɭɫɩɟɧɡɢɢ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

 

1.2 ɋɢɧɬɟɡ Ȼɐ 

 

ɋɢɧɬɟɡ Ȼɐ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɢɥɢ ɝɥɭɛɢɧɧɵɯ ɭɫɥɨɜɢɹɯ. ȼ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɢɯ ɰɟɥɥɸɥɨɡɚ ɩɪɢɧɢɦɚɟɬ ɪɚɡɥɢɱɧɭɸ ɮɨɪɦɭ. ɉɪɨɰɟɫɫ 

ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɥɥɸɥɨɡɵ ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜɨɡɞɭɯɨɦ, ɚ 
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ɜɵɯɨɞ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ. ɍɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɪɨɫɬɚ 

ɭɜɟɥɢɱɢɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ Ȼɐ. ȼ ɭɫɥɨɜɢɹɯ ɝɥɭɛɢɧɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ Ȼɐ 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɜ ɜɢɞɟ ɫɮɟɪ ɫ ɪɚɡɥɢɱɧɵɦ ɞɢɚɦɟɬɪɨɦ, ɥɢɛɨ ɜ ɜɢɞɟ ɜɨɥɨɤɨɧ. Ɍɚɤɨɣ 

ɫɩɨɫɨɛ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɚɤ ɤɚɤ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɮɟɪɦɟɧɬɟɪɚɯ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨ 

ɚɜɬɨɦɚɬɢɡɢɪɭɟɬ ɩɪɨɰɟɫɫ ɢ ɢɫɤɥɸɱɚɟɬ ɪɭɱɧɨɣ ɬɪɭɞ. ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫ ɜ 

ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Ȼɐ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɝɥɭɛɢɧɧɵɦ ɩɪɨɰɟɫɫɨɦ. ɋɢɧɬɟɡ Ȼɐ ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɩɪɟɞɟɥɚ, ɜ ɬɨɬ 

ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɥɟɧɤɚ ɪɚɫɬɟɬ ɜɧɢɡ ɢ ɡɚɯɜɚɬɵɜɚɟɬ ɜɫɟ ɛɚɤɬɟɪɢɢ.  

Ȼɚɤɬɟɪɢɢ ɫɬɚɧɨɜɹɬɫɹ ɧɟɚɤɬɢɜɧɵɦɢ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɤɢɫɥɨɪɨɞɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ, ɩɨɥɭɱɟɧɧɚɹ ɜ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɣ ɤɭɥɶɬɭɪɟ, ɢɦɟɟɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ, ɬɚɤɢɟ ɤɚɤ, 

ɧɢɡɤɚɹ ɫɬɟɩɟɧɶ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɧɢɡɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ. Ʉ ɬɨɦɭ 

ɠɟ ɭ ɬɚɤɨɣ Ȼɐ ɛɨɥɟɟ ɧɢɡɤɢɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɘɧɝɚ, ɧɨ ɩɪɢ ɷɬɨɦ ɛɨɥɟɟ 

ɜɵɫɨɤɚɹ ɜɨɞɨɭɞɟɪɠɢɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɜɹɡɤɨɫɬɶ ɫɭɫɩɟɧɡɢɢ ɜ 

ɞɟɡɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɮɨɪɦɟ, ɱɟɦ ɭ ɬɨɣ, ɤɨɬɨɪɚɹ ɩɨɥɭɱɟɧɚ ɜ ɫɬɚɬɢɱɟɫɤɨɣ 

ɤɭɥɶɬɭɪɟ [5]. 

 

1.3 ɉɨɬɟɧɰɢɚɥɶɧɵɟ ɢɫɬɨɱɧɢɤɢ ɭɝɥɟɪɨɞɚ ɞɥɹ ɫɢɧɬɟɡɚ Ȼɐ 

 

Ɉɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɜɵɯɨɞ, 

ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ ɫɢɧɬɟɡɚ Ȼɐ – ɢɫɬɨɱɧɢɤ ɭɝɥɟɪɨɞɚ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɩɪɢ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɰɟɥɥɸɥɨɡɨɫɢɧɬɟɡɢɪɭɸɳɢɯ ɛɚɤɬɟɪɢɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨ 

ɜɵɯɨɞɭ Ȼɐ ɫɚɯɚɪɚ ɦɨɠɧɨ ɪɚɫɩɨɥɨɠɢɬɶ ɜ ɫɥɟɞɭɸɳɢɣ ɪɹɞ: ɫɚɯɚɪɨɡɚ > ɝɥɸɤɨɡɚ > 

ɤɫɢɥɨɡɚ > ɥɚɤɬɨɡɚ. ɂɡɭɱɟɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɦɨɧɨ-, ɞɢ- ɢ ɩɨɥɢɫɚɯɚɪɢɞɵ, 

ɫɩɢɪɬɵ (ɷɬɚɧɨɥ, ɝɥɢɰɟɪɢɧ, ɷɬɢɥɟɧɝɥɢɤɨɥɶ), ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ (ɥɢɦɨɧɧɚɹ, 

ɝɥɸɤɨɧɨɜɚɹ) ɢ ɞɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ (ɝɥɸɤɨɧɨ-ɥɚɤɬɨɧ ɢ ɨɦɟɬɢɥ-ɝɥɸɤɨɡɚ) [11].  

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɝɥɸɤɨɡɚ ɫɥɭɠɢɬ ɦɨɧɨɦɟɪɨɦ ɜ ɨɛɪɚɡɨɜɚɧɢɢ Ȼɐ ɢ 

ɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɞɥɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

ɰɟɥɥɸɥɨɡɨɫɢɧɬɟɡɢɪɭɸɳɢɯ ɲɬɚɦɦɨɜ, ɟё ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɪɟɞɤɨɟ, ɬɚɤ 
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ɤɚɤ ɩɚɪɚɥɥɟɥɶɧɨ ɫ Ȼɐ ɦɨɠɟɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɜɬɨɪɢɱɧɵɣ ɩɪɨɞɭɤɬ – ɝɥɸɤɨɧɨɜɚɹ 

ɤɢɫɥɨɬɚ [8].  

Ƚɥɸɤɨɧɨɜɚɹ ɤɢɫɥɨɬɚ ɫɧɢɠɚɟɬ ɭɪɨɜɟɧɶ pH ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ, ɢɡ-ɡɚ ɱɟɝɨ 

ɭɦɟɧɶɲɚɟɬɫɹ ɜɵɯɨɞ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɝɥɸɤɨɡɵ – ɨɱɟɧɶ ɜɚɠɧɵɣ ɩɚɪɚɦɟɬɪ. ȼɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɥɸɤɨɡɵ ɜ ɫɪɟɞɟ 

ɫɧɢɠɚɟɬ ɜɵɯɨɞ Ȼɐ, ɧɢɡɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɥɸɤɨɡɵ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɞɥɹ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ 

ɭɝɥɟɪɨɞɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ Ȼɐ ɹɜɥɹɸɬɫɹ D-ɚɪɚɛɢɬ ɢ D-ɦɚɧɧɢɬ, ɤɨɬɨɪɵɟ 

ɩɨɤɚɡɚɥɢ ɜ 6,2- ɢ 3,8- ɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɚ Ȼɐ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɥɸɤɨɡɨɣ.  

ɉɪɢɜɟɞɟɧɨ ɫɪɚɜɧɢɬɟɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚ ɛɢɨɫɢɧɬɟɡ Ȼɐ ɲɟɫɬɢ 

ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ, ɬɚɤɢɯ ɤɚɤ ɝɥɸɤɨɡɚ, ɝɥɢɰɟɪɢɧ, ɦɚɧɧɢɬ, 

ɮɪɭɤɬɨɡɚ, ɫɚɯɚɪɨɡɚ, ɝɚɥɚɤɬɨɡɚ. ɇɚɢɛɨɥɟɟ ɛɨɥɶɲɨɣ ɜɵɯɨɞ Ȼɐ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɫɚɯɚɪɨɡɚ, ɡɚɬɟɦ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɫɥɟɞɭɸɬ ɝɥɢɰɟɪɢɧ, ɦɚɧɧɢɬ, ɝɥɸɤɨɡɚ ɢ 

ɮɪɭɤɬɨɡɚ [12].  

Ƚɚɥɚɤɬɨɡɚ ɫɱɢɬɚɟɬɫɹ ɧɚɢɦɟɧɟɟ ɩɨɞɯɨɞɹɳɢɦ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ. 

Ɇɚɧɧɢɬ, ɮɪɭɤɬɨɡɚ ɢɥɢ ɝɥɸɤɨɡɚ ɩɨɤɚɡɚɥɢ ɩɨɫɬɨɹɧɧɵɟ ɫɤɨɪɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ. 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɫɚɯɚɪɨɡɵ-ɧɢɡɤɢɣ ɜɵɯɨɞ, ɷɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɫɚɯɚɪɨɡɚ ɧɟ 

ɦɨɠɟɬ ɛɵɬɶ ɭɬɢɥɢɡɢɪɨɜɚɧɚ ɧɚɩɪɹɦɭɸ. Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɷɬɢɯ ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ ɨɛɪɚɡɰɨɜ Ȼɐ ɨɱɟɧɶ ɩɨɯɨɠɢ. ȼɫɟ 

ɨɛɪɚɡɰɵ ɢɦɟɥɢ ɨɞɢɧɚɤɨɜɭɸ ɫɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, 

ɤɨɝɞɚ ɝɥɢɰɟɪɢɧ ɛɵɥ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɞɟɥɢɥɢɫɶ. ɉɪɢ 

ɫɬɚɬɢɱɟɫɤɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɜɵɯɨɞ Ȼɐ ɧɚ ɝɥɢɰɟɪɢɧɨɜɵɯ ɫɪɟɞɚɯ ɧɢɠɟ, ɱɟɦ ɧɚ 

ɝɥɸɤɨɡɧɵɯ.  

Ɉɞɧɚɤɨ, ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜɵɯɨɞ Ȼɐ ɧɚ 

ɝɥɢɰɟɪɢɧɨɜɨɣ ɫɪɟɞɟ ɩɨɜɵɲɚɥɫɹ ɜɵɲɟ, ɱɟɦ ɧɚ ɝɥɸɤɨɡɧɨɣ ɫɪɟɞɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɦɚɥɶɬɨɡɵ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɞɥɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ Ȼɐ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 

ɜɵɯɨɞɚ Ȼɐ ɜ 10 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɥɸɤɨɡɨɣ [25]. 
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1.4 Ɋɚɡɥɢɱɢɹ ɦɟɠɞɭ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɢ ɪɚɫɬɢɬɟɥɶɧɨɣ ɰɟɥɥɸɥɨɡɨɣ 

 

ɐɟɥɥɸɥɨɡɭ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɪɚɫɬɢɬɟɥɶɧɭɸ ɢ ɛɚɤɬɟɪɢɚɥɶɧɭɸ, ɨɛɟ ɢɡ 

ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɭɸɬ ɜ ɩɪɢɪɨɞɟ. ȼ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɱɬɨ Ȼɐ ɢɦɟɟɬ ɬɚɤɭɸ 

ɠɟ ɦɨɥɟɤɭɥɹɪɧɭɸ ɮɨɪɦɭɥɭ ɱɬɨ ɢ ɪɚɫɬɢɬɟɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ ɨɧɢ ɢɦɟɸɬ 

ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɟ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ [17]. 

ɉɪɟɢɦɭɳɟɫɬɜɚ Ȼɐ ɧɚɞ ɪɚɫɬɢɬɟɥɶɧɨɣ ɰɟɥɥɸɥɨɡɨɣ: 

 ɏɢɦɢɱɟɫɤɢ ɱɢɫɬɚɹ, ɧɟ ɫɨɞɟɪɠɢɬ ɝɟɦɢɰɟɥɥɸɥɨɡ ɢɥɢ ɥɢɝɧɢɧɚ; 

 Ȼɨɥɶɲɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɭɞɟɪɠɢɜɚɬɶ ɜɨɞɭ ɢ ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ; 

 ȼɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɧɚ ɪɚɡɪɵɜɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ; 

 ɍɥɶɬɪɚɞɢɫɩɟɪɫɧɚɹ ɫɟɬɟɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ.  

Ʉ ɬɨɦɭ ɠɟ Ȼɐ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɧɚ ɪɚɡɥɢɱɧɵɯ ɫɭɛɫɬɪɚɬɚɯ, ɢ 

ɜɵɪɚɳɢɜɚɟɬɫɹ ɥɸɛɨɣ ɮɨɪɦɵ ɢɡ-ɡɚ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ 

ɫɨɯɪɚɧɹɟɬ ɜɫɟ ɫɜɨɢ ɫɜɨɣɫɬɜɚ. Ɍɚɤ ɠɟ Ȼɐ ɢɦɟɟɬ ɛɨɥɟɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 

ɫɬɪɭɤɬɭɪɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɬɢɬɟɥɶɧɨɣ ɰɟɥɥɸɥɨɡɨɣ ɢ ɨɛɪɚɡɭɟɬ ɯɚɪɚɤɬɟɪɧɵɟ 

ɥɟɧɬɨɜɢɞɧɵɟ ɦɢɤɪɨɮɢɛɪɢɥɥɵ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ Ȼɐ ɬɚɤ ɠɟ ɹɜɥɹɸɬɫɹ 

ɛɨɥɟɟ ɬɨɧɤɢɟ ɦɢɤɪɨɮɢɛɪɢɥɥɵ, ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɜ 

ɪɚɫɬɢɬɟɥɶɧɨɣ ɰɟɥɥɸɥɨɡɟ ɢ-ɡɚ ɷɬɨɝɨ Ȼɐ ɛɨɥɟɟ ɩɨɪɢɫɬɚɹ, ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɨɧɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɢ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɚɯ. 

 

1.5 ɉɪɢɦɟɧɟɧɢɟ Ȼɐ 

 

ɉɨɫɥɟɞɧɟɟ ɜɪɟɦɹ Ȼɐ ɫɬɚɥɚ ɚɤɬɭɚɥɶɧɨɣ ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɫɮɟɪɟ. ȿɟ 

ɩɪɨɬɟɫɬɢɪɨɜɚɥɢ ɢ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɪɚɧɟɜɵɯ ɩɨɜɹɡɨɤ (ɱɚɳɟ ɩɪɢ 

ɨɠɨɝɚɯ). ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɵɹɜɢɥɢ, ɱɬɨ ɨɠɨɝɢ, ɨɛɪɚɛɨɬɚɧɧɵɟ Ȼɐ ɡɚɠɢɜɚɥɢ 

ɛɵɫɬɪɟɟ, ɱɟɦ ɩɨɫɥɟ ɨɛɵɱɧɨɝɨ ɥɟɱɟɧɢɹ ɢ ɢɦɟɥɢ ɦɟɧɶɲɟ ɪɭɛɰɨɜ [24]. 

Ȼɐ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɜɧɟɲɧɟɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɧɨ ɢ ɞɥɹ 

ɜɧɭɬɪɟɧɧɢɯ ɨɛɪɚɛɨɬɨɤ, ɧɚɩɪɢɦɟɪ, ɤɨɫɬɧɵɯ ɬɪɚɧɫɩɥɚɧɬɚɬɨɜ, ɬɤɚɧɟɜɨɣ 
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ɢɧɠɟɧɟɪɢɢ ɢ ɪɟɝɟɧɟɪɚɰɢɢ. ɉɪɢ ɮɨɪɦɨɜɚɧɢɢ Ȼɐ ɜ ɞɥɢɧɧɵɟ ɩɨɥɵɟ ɬɪɭɛɤɢ, ɨɧɚ 

ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɡɚɦɟɧɵ ɫɬɪɭɤɬɭɪ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ 

ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɟɣ: 

 ɋɟɪɞɟɱɧɨ - ɫɨɫɭɞɢɫɬɚɹ ɫɢɫɬɟɦɚ; 

 ɀɟɥɭɞɨɱɧɨ - ɤɢɲɟɱɧɵɣ ɬɪɚɤɬ;  

 Ɇɨɱɟɜɵɟ ɩɭɬɢ; 

 Ɍɪɚɯɟɹ.  

Ɍɚɤɠɟ Ȼɐ ɦɨɠɟɬ ɛɵɬɶ ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɜ ɫɟɬɱɚɬɵɟ ɦɟɦɛɪɚɧɵ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɜɧɭɬɪɟɧɧɢɯ ɡɚɩɚɫɧɵɯ ɫɬɪɭɤɬɭɪ, ɧɚɩɪɢɦɟɪ, 

ɧɚɪɭɠɧɚɹ ɦɟɦɛɪɚɧɚ ɦɨɡɝɚ, ɜ ɬɜɟɪɞɨɣ ɦɨɡɝɨɜɨɣ ɨɛɨɥɨɱɤɟ, ɷɬɚ ɫɬɪɭɤɬɭɪɚ ɬɚɤɠɟ 

ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɬɪɚɧɫɩɥɚɧɬɚɬɨɜ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 

ɫɭɳɟɫɬɜɭɸɳɢɦ ɜɧɭɬɪɟɧɧɢɦ ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɦ [19]. 

Ȼɐ ɟɳɟ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɭɩɪɚɜɥɹɟɦɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɬɤɚɧɟɣ ɢ 

ɢɦɩɥɚɧɬɚɰɢɢ ɡɭɛɨɜ. Ɉɞɧɢɦ ɢɡ ɩɪɢɦɟɪɨɜ — ɷɬɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɬɤɚɧɢ 

ɩɚɪɨɞɨɧɬɚ ɩɭɬɟɦ ɨɬɞɟɥɟɧɢɹ ɨɪɚɥɶɧɵɯ ɷɩɢɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɢ ɞɟɫɧɟɜɨɣ 

ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ ɨɬ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɧɹ. 
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2. ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 

 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɲɬɚɦɦ ɭɤɫɭɫɧɨɤɢɫɥɵɯ 

ɛɚɤɬɟɪɢɣ Komagataebacter xylinus B-12068, ɜɵɞɟɥɟɧɧɨɝɨ ɧɚ ɛɚɡɨɜɨɣ ɤɚɮɟɞɪɟ 

ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɋɎɍ, ɫɩɨɫɨɛɧɵɣ ɫɢɧɬɟɡɢɪɨɜɚɬɶ Ȼɐ.  ɉɪɨɰɟɫɫ ɜɤɥɸɱɚɟɬ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɛɚɤɬɟɪɢɣ-ɩɪɨɞɭɰɟɧɬɨɜ ɧɚ ɫɪɟɞɟ, ɫ ɫɨɞɟɪɠɚɧɢɟɦ 

ɭɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɟɝɨ ɪɨɫɬɨɜɨɝɨ ɫɭɛɫɬɪɚɬɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ.   

Ʉɭɥɶɬɭɪɚɥɶɧɨ - ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɲɬɚɦɦɚ: 

ɝɪɚɦɨɬɪɢɰɚɬɟɥɟɧɵɟ, ɫɥɚɛɨ ɩɨɞɜɢɠɧɵɟ ɤɥɟɬɤɢ. 

Ɋɨɫɬɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɲɬɚɦɦ ɪɚɫɬɟɬ ɜ ɠɢɞɤɨɣ ɫɪɟɞɟ ɫ ɢɫɬɨɱɧɢɤɨɦ 

ɭɝɥɟɪɨɞɚ. Ɉɩɬɢɦɭɦ ɪɨɫɬɚ 30°C, pH 4-4,5. 

 

 

Ɋɢɫɭɧɨɤ 2 - Ɇɢɤɪɨɤɨɩɢɪɨɜɚɧɢɟ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ 
 

2.2 Ɉɛɨɪɭɞɨɜɚɧɢɟ 

 

Ɉɛɨɪɭɞɨɜɚɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɜɨɞɢɥɚɫɶ ɪɚɛɨɬɚ (ɪɢɫ. 3.): 

1. ɒɟɣɤɟɪ ɢɧɤɭɛɚɬɨɪ Incubator Shaker Innova® ɫɟɪɢɢ «New 

Brunswick Scientific»; 

2. ɋɭɲɢɥɶɧɵɣ ɲɤɚɮ Memmert UF260, ɫ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ 

ɤɨɧɜɟɤɰɢɟɣ ɢ ɪɟɝɭɥɢɪɨɜɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ; 
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3. Ʌɚɦɢɧɚɪɧɵɣ ɛɨɤɫ; 

4. ɋɩɟɤɬɪɨɮɨɬɨɦɟɬɪ UNICO 2150. 

 

1   2  

3  4  

Ɋɢɫɭɧɨɤ 3 - Ɉɛɨɪɭɞɨɜɚɧɢɟ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ 

 

2.3 ɉɪɨɰɟɫɫ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ Ȼɐ 

 

Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɜ ɤɨɥɛɚɯ. ɉɨɞɝɨɬɨɜɤɚ ɢɧɨɤɭɥɹɬɚ.  

Ȼɚɤɬɟɪɢɢ ɜɵɪɚɳɢɜɚɥɢ ɜ ɭɫɥɨɜɢɹɯ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɫɢɧɬɟɡɚ Ȼɐ. 

ɉɨɫɟɜɧɨɣ ɦɚɬɟɪɢɚɥ ɩɨɥɭɱɚɥɢ ɜ ɫɬɪɨɝɨ ɫɬɟɪɢɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɭɬɟɦ 

ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɹ ɦɭɡɟɣɧɨɣ ɤɭɥɶɬɭɪɵ, ɯɪɚɧɹɳɟɣɫɹ ɧɚ ɫɤɨɲɟɧɧɨɣ 

ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɫɪɟɞɟ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɤɭɥɶɬɭɪɭ ɜɵɪɚɳɢɜɚɥɢ ɜ ɠɢɞɤɨɣ ɫɪɟɞɟ 

Hestrin-Schramm ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɝɥɸɤɨɡɵ 20 ɝ/ɥ (ɧɚ 1 ɥ. ɤɭɥɶɬɭɪɵ).   

ɂɧɨɤɭɥɹɬ ɩɨɥɭɱɚɥɢ ɜ ɫɬɪɨɝɨ ɫɬɟɪɢɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɦ 
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ɪɟɠɢɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɟɣɤɟɪɚ-ɢɧɤɭɛɚɬɨɪɚ «Incubator Shaker Innova®» 

ɫɟɪɢɢ 44 («New Brunswick Scientific», ɋɒȺ) ɜ ɫɬɟɤɥɹɧɧɵɯ ɤɨɥɛɚɯ ɨɛɴɟɦɨɦ 2,0 ɥ 

ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ 1/4 ɩɪɢ 30 °ɋ ɢ 150 ɨɛ/ɦɢɧ.  

Ⱦɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɛɚɤɬɟɪɢɣ ɡɚ ɨɫɧɨɜɭ ɩɪɢɧɹɬɚ ɫɪɟɞɚ Hestrin-Schramm. 

Ⱦɟɥɚɥɢ ɜ 3-ɯ ɩɨɜɬɨɪɚɯ ɞɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɉɢɬɚɬɟɥɶɧɚɹ ɫɪɟɞɚ 

ɫɨɞɟɪɠɢɬ [9]:  

 Ⱦɪɨɠɠɟɜɨɣ ɷɤɫɬɪɚɤɬ- 5,0 ɝ/ɥ; 

 ɉɟɩɬɨɧ- 5,0 ɝ/ɥ; 

 Na2PHO4 – 2,7 ɝ/ɥ; 

 Ʌɢɦɨɧɧɚɹ ɤɢɫɥɨɬɚ- 1,15 ɝ/ɥ; 

 Ƚɥɸɤɨɡɚ- 10 ɝ/ɥ. 

 

2.4 Ⱥɧɚɥɢɡ ɩɪɨɛ 

 

2.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ 

 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɛɢɨɦɚɫɫɭ ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ ɮɢɥɶɬɪ ɧɚ 

ɜɚɤɭɭɦɧɨɦ ɧɚɫɨɫɟ (ɪɢɫ.4ɚ) ɢ ɫɭɲɢɥɢ ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100 

°ɋ ɜ ɬɟɱɟɧɢɟ 12 ɱɚɫɨɜ. 

Ɇɚɫɫɭ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ 4-ɝɨ 

ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 4 - ȼɵɫɭɲɢɜɚɧɢɟ ɞɨ ɫɭɯɨɝɨ ɜɟɫɚ (ɚ), ɜɡɜɟɲɢɜɚɧɢɟ ɫɭɯɨɝɨ ɜɟɫɚ (ɛ) 

 

2.4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɸɤɨɡɵ 

 

Ɍɚɛɥɢɰɚ 1 – ɉɪɨɩɢɫɶ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɸɤɨɡɵ 

1-ɚɹ ɩɪɨɛɢɪɤɚ Ɉɩɵɬɧɚɹ ɩɪɨɛɚ 40 ɦɤɥ ɪɚɡɛɚɜɥɟɧɧɨɣ ɧɚɞɨɫɚɞɨɱɧɨɣ 

ɠɢɞɤɨɫɬɢ + 2 ɦɥ Ɏɏɋ1 

2-ɚɹ ɩɪɨɛɢɪɤɚ Ʉɚɥɢɛɪɚɬɨɪ 40 ɦɤɥ ɤɚɥɢɛɪɚɬɨɪɚ ɢɡ ɧɚɛɨɪɚ 

«Ƚɥɸɤɨɡɚ – ɎɄȾ» + 2 ɦɥ Ɏɏɋ 

3-ɚɹ ɩɪɨɛɢɪɤɚ ɏɨɥɨɫɬɚɹ ɩɪɨɛɚ 40 ɦɤɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ + 2 ɦɥ 

Ɏɏɋ 

 

ɏɨɪɨɲɨ ɜɫɬɪɹɯɧɭɬɶ ɩɪɨɛɢɪɤɢ ɱɟɪɟɡ 5 ɦɢɧɭɬ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ Ɏɏɋ ɢ 

ɨɫɬɚɜɢɬɶ ɢɯ ɧɚ 25 ɦɢɧɭɬ. 

Ⱦɚɥɟɟ ɢɡɦɟɪɢɬɶ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɫɨɞɟɪɠɢɦɨɝɨ ɜɫɟɯ 3-ɯ ɩɪɨɛɢɪɨɤ ɜ 

ɮɨɬɨɦɟɬɪɟ, ɢɫɩɨɥɶɡɭɹ ɤɸɜɟɬɵ ɧɚ 5 ɦɦ (ɞɥɢɧɚ ɜɨɥɧɵ 490 ɧɦ). ȼ ɤɚɱɟɫɬɜɟ 

ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɯɨɥɨɫɬɭɸ ɩɪɨɛɭ. 

Ɋɟɡɭɥɶɬɚɬ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ:                                                                                    (1) 

                                           
1 Ɏɏɋ – ɮɟɪɦɟɧɬɧɨ-ɯɪɨɦɨɝɟɧɧɚɹ ɫɦɟɫɶ. 
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2.4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɡɨɬɚ (ɤɚɱɟɫɬɜɟɧɧɨ) 

 

1 ɦɥ ɩɪɨɛɵ + 10 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ.  Ⱦɨɛɚɜɢɬɶ 1-2 ɤɚɩɥɢ 33% 

KOH ɢ 0,5 ɦɥ ɪɟɚɤɬɢɜɚ ɇɟɫɥɟɪɚ. ɂɫɯɨɞɹ ɢɡ ɰɜɟɬɚ ɪɟɚɤɰɢɢ ɨɩɪɟɞɟɥɢɬɶ 

ɤɨɧɰɟɧɬɪɚɰɢɸ.  

 

2.4.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɫɪɟɞɵ 

 

 ɉɪɨɞɭɤɬɢɜɧɨɫɬɶ ɫɪɟɞɵ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

                                                                  (2) 

 

2.5 Ɇɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ  

 

ɋɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ 

ɦɟɬɨɞɢɤɚɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ Microsoft Excel ɞɥɹ Windows 

7. 
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3 ɊȺɁɊȺȻɈɌɄȺ ɂ ɈɉɌɂɆɂɁȺɐɂə ɋɈɋɌȺȼȺ ɋɊȿȾɕ ȾɅə ɋɂɇɌȿɁȺ 
Ȼɐ 

ɂɡɴɹɬɨ ɫɬɪ. 17-33 
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ȼɕȼɈȾɕ 

 

1. ɂɫɫɥɟɞɨɜɚɧ ɩɪɨɰɟɫɫ ɫɢɧɬɟɡɚ Ȼɐ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɯɥɨɪɢɫɬɨɝɨ 

ɚɦɦɨɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɚɡɨɬɧɨɝɨ ɩɢɬɚɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɨɩɬɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 2 ɝ/ɥ ɢ ɜɵɯɨɞ Ȼɐ ɪɚɜɟɧ 0,31, ɱɬɨ ɧɚ 0,07 ɭɫɬɭɩɚɟɬ 

ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɪɟɞɟ Hestrin-Schramm. ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨ 6 ɝ/ɥ 

ɩɪɢɜɨɞɢɬ ɤ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɩɪɨɰɟɫɫɚ ɛɢɨɫɢɧɬɟɡɚ; 

2. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɜɢɬɚɦɢɧɨɜ ɝɪɭɩɩɵ ȼ ɧɚ ɛɢɨɫɢɧɬɟɡ Ȼɐ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɜɢɬɚɦɢɧ ȼ3 ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 1 

ɦɥ/ɥ, ɤɨɥɢɱɟɫɬɜɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɰɟɥɥɸɥɨɡɵ ɫɨɫɬɚɜɢɥɨ 0,38 ɝ, ɱɬɨ 

ɫɨɩɨɫɬɚɜɢɦɨ ɫ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɪɟɞɨɣ Hestrin-Schramm, ɝɞɟ ɜɵɯɨɞ Ȼɐ ɬɚɤ ɠɟ ɛɵɥ 

ɪɚɜɟɧ 0,38ɝ, ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɩɪɨɰɟɫɫɚ 

ɛɢɨɫɢɧɬɟɡɚ. ȼɢɬɚɦɢɧ ȼ12 ɜɥɢɹɧɢɹ ɧɚ ɛɢɨɫɢɧɬɟɡ ɧɟ ɨɤɚɡɵɜɚɟɬ; 

3. ɂɫɫɥɟɞɨɜɚɧɚ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɛɢɨɫɢɧɬɟɡɚ Ȼɐ ɧɚ ɪɚɡɥɢɱɧɵɯ 

ɫɪɟɞɚɯ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɚɦɚɹ ɛɨɥɶɲɚɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɭ ɫɪɟɞɵ ɫ ɡɚɦɟɧɨɣ 

ɚɡɨɬɧɨɝɨ ɩɢɬɚɧɢɹ ɫ ɩɟɩɬɨɧɚ ɧɚ ɯɥɨɪɢɫɬɵɣ ɚɦɦɨɧɢɣ - 0,646*10-2 ɝ/ɥ*ɱ, ɚ 

ɫɬɨɢɦɨɫɬɶ ɡɚ 1 ɤɝ Ȼɐ ɩɪɢ ɷɬɨɦ 224803,3 ɪɭɛ. ɇɨ ɩɪɢ ɷɬɨɦ ɫɚɦɚɹ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɜɵɝɨɞɧɚɹ ɫɪɟɞɚ ɩɨɥɭɱɢɥɚɫɶ ɫ ɡɚɦɟɧɨɣ ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ ɧɚ ɜɢɬɚɦɢɧ ȼ3 ɢ 

ɩɟɩɬɨɧɚ ɧɚ ɤɨɦɩɥɟɤɫ NH4CL+MgSO4, ɰɟɧɚ ɡɚ ɤɝ Ȼɐ ɪɚɜɟɧ 13493,1 ɪɭɛ. ɱɬɨ ɧɚ 

96,2% ɧɢɠɭ, ɱɟɦ ɭ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɪɟɞɵ Hestrin-Schramm. Ⱥ ɟɟ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ 

ɪɚɜɧɚ 0,600*10-2 ɝ/ɥ*ɱ. 
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