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ɉɪɢɜɟɞɟɧ� ɨɛɡɨɪ� ɮɟɪɦɟɧɬɨɜ� ɢ� ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ� ɩɪɨɰɟɫɫɨɜ, 
ɩɪɢɜɨɞɹɳɢɯ� ɤ� ɨɛɪɚɡɨɜɚɧɢɸ cross – links ɜɡɚɢɦɨɞɟɣɫɬɜɢɰɣ, ɩɪɢɦɟ-
ɧɢɬɟɥɶɧɨ�ɤ�ɩɢɳɟɜɵɦ�ɫɢɫɬɟɦɚɦ. 

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ: Ɍɪɚɧɫɝɥɭɬɚɦɢɧɚɡɚ, ɩɟɪɨɤɫɢɞɚɡɚ, ɥɚɤɤɚɡɚ, 
ɬɢɪɨɡɢɧɚɡɚ, ɫɭɥɶɮɝɢɞɪɢɥɶɧɵɟ� ɨɤɫɢɞɚɡɵ, ɥɢɩɨɤɫɢɝɟɧɚɡɵ, ɝɥɸɤɨɡɚ 
ɨɤɫɢɞɚɡɵ, ɝɟɤɫɨɡɨ�ɨɤɫɢɞɚɡɵ. 

ȿnzyme and enzymatic processes leading to the formation of 
cross – links interactions in food system revied. 

Keywords: Transglutaminase, peroxidase, laccase, tyrosinase, 
sulfhydryl oxidase, lipoksygenase, glucose oxidase, hexose oxidase. 

ɋɨɜɪɟɦɟɧɧɨɟ� ɦɢɪɨɜɨɟ� ɪɵɛɨɥɨɜɫɬɜɨ� ɢ� ɚɤɜɚɤɭɥɶ-
ɬɭɪɚ�ɩɪɨɢɡɜɨɞɹɬ�ɜ�ɝɨɞ�ɨɤɨɥɨ 150 ɦɥɧ. ɬɨɧɧ�ɪɚɡɥɢɱɧɵɯ 
ɜɢɞɨɜ�ɝɢɞɪɨɛɢɨɧɬɨɜ, ɱɬɨ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɨɤɨɥɨ 20% ɩɨ-
ɬɪɟɛɥɟɧɢɹ� ɠɢɜɨɬɧɵɯ� ɛɟɥɤɨɜ� ɧɚ� ɩɥɚɧɟɬɟ. ɂɡ� ɜɫɟɯ 
ɧɚɩɪɚɜɥɟɧɢɣ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɩɢɳɟɜɨɝɨ�ɫɵɪɶɹ�ɠɢɜɨɬɧɨ-
ɝɨ�ɩɪɨɢɫɯɨɠɞɟɧɢɹ�ɚɤɜɚɤɭɥɶɬɭɪɚ�ɹɜɥɹɟɬɫɹ�ɫɚɦɨɣ�ɛɵɫɬ-
ɪɨɪɚɫɬɭɳɟɣ�ɜ�ɦɢɪɟ� ɨɬɪɚɫɥɶɸ� ɫɨ� ɫɪɟɞɧɢɦ� ɟɠɟɝɨɞɧɵɦ 
ɩɪɢɪɨɫɬɨɦ�ɨɤɨɥɨ 7 %. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ�ɧɚ�ɧɟɤɨɬɨɪɵɟ 
ɭɫɩɟɯɢ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɫɟɤɬɨɪɚɯ� ɩɪɨɢɡɜɨɞɫɬɜɚ, ɜ� ɦɢɪɟ 
ɩɪɨɞɨɥɠɚɟɬɫɹ� ɪɨɫɬ� ɞɟɮɢɰɢɬɚ�ɩɢɳɟɜɨɝɨ�ɛɟɥɤɚ�ɠɢɜɨɬ-
ɧɨɝɨ�ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɗɬɨ�ɫɜɹɡɚɧɨ�ɫ�ɨɩɟɪɟɠɚɸɳɢɦ�ɪɨ-
ɫɬɨɦ� ɱɢɫɥɟɧɧɨɫɬɢ� ɧɚɫɟɥɟɧɢɹ� ɢ� ɜɵɫɨɤɢɦ� ɭɪɨɜɧɟɦ� ɨɬ-
ɯɨɞɨɜ� ɢ� ɩɨɬɟɪɶ� ɫɵɪɶɹ� ɩɪɢ� ɩɟɪɟɪɚɛɨɬɤɟ� ɢ� ɯɪɚɧɟɧɢɢ 
ɩɢɳɟɜɵɯ�ɩɪɨɞɭɤɬɨɜ. Ɍɚɤ, ɤ�ɩɪɢɦɟɪɭ, ɜ�ɩɪɨɰɟɫɫɟ�ɩɨɪ-
ɰɢɨɧɢɪɨɜɚɧɢɹ�ɮɢɥɟ�ɥɨɫɨɫɹ�ɧɚ�ɮɢɥɟ - ɤɭɫɨɱɤɢ�ɢ�ɮɢɥɟ - 
ɥɨɦɬɢɤɢ� ɨɛɪɚɡɭɸɬɫɹ� ɨɬɯɨɞɵ – «ɨɛɪɟɡɶ», ɤɨɥɢɱɟɫɬɜɨ 
ɤɨɬɨɪɵɯ, ɫɨɫɬɚɜɥɹɟɬ 12…14 % ɨɬ� ɦɚɫɫɵ� ɢɫɯɨɞɧɨɝɨ 
ɫɵɪɶɹ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ�ɩɨɞɨɛɧɵɟ�ɨɬɯɨɞɵ�ɦɨɝɭɬ�ɛɵɬɶ�ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ�ɞɥɹ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɪɚɡɥɢɱɧɵɯ�ɜɢɞɨɜ�ɩɢɳɟ-
ɜɨɣ�ɩɪɨɞɭɤɰɢɢ, ɧɨ�ɨɫɨɛɵɣ�ɢɧɬɟɪɟɫ�ɩɪɟɞɫɬɚɜɥɹɸɬ� ɪɟ-
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ� ɩɪɨɞɭɤɬɵ, ɛɥɢɡɤɢɟ� ɩɨ� ɫɜɨɢɦ 
ɫɜɨɣɫɬɜɚɦ�ɤ�ɢɫɯɨɞɧɨɦɭ�ɫɵɪɶɸ. 

ȼ�ɪɟɡɭɥɶɬɚɬɟ� ɪɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɹ� ɢɡ� ɪɚɡɪɨɡɧɟɧ-
ɧɵɯ� ɮɪɚɝɦɟɧɬɨɜ� ɬɤɚɧɢ,  ɜ� ɬɨɦ� ɱɢɫɥɟ� ɮɚɪɲɚ,  ɭɞɚɟɬɫɹ 
ɩɨɥɭɱɢɬɶ� ɩɪɨɞɭɤɬ� ɫ� ɦɨɧɨɥɢɬɧɨɣ, ɫɨɱɧɨɣ� ɢ� ɧɟɠɧɨɣ 
ɫɬɪɭɤɬɭɪɨɣ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɬɟɯɧɨɥɨɝɢɣ� ɪɟɫɬɪɭɤɬɭɪɢ-
ɪɨɜɚɧɢɹ� ɭɥɭɱɲɚɟɬ� ɮɭɧɤɰɢɨɧɚɥɶɧɨ - ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ� ɫɵɪɶɹ, ɫɩɨɫɨɛɫɬɜɭɟɬ� ɪɚɫɲɢɪɟɧɢɸ� ɚɫɫɨɪɬɢ-
ɦɟɧɬɚ, ɫɨɡɞɚɧɢɸ�ɩɪɨɞɭɤɬɨɜ�ɭɩɪɚɜɥɹɟɦɨɝɨ�ɯɢɦɢɱɟɫɤɨ-
ɝɨ� ɫɨɫɬɚɜɚ, ɩɨɜɵɲɟɧɢɸ� ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ� ɢ� ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ�ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ� ɧɚɩɪɚɜɥɟɧɢɟɦ� ɜ� ɬɟɯɧɨɥɨɝɢɢ� ɪɟ-
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ� ɩɪɨɞɭɤɬɨɜ, ɹɜɥɹɟɬɫɹ� ɮɟɪɦɟɧɬɚ-
ɬɢɜɧɚɹ�ɫɲɢɜɤɚ (cross – links) ɩɨɥɢɦɟɪɧɵɯ�ɦɚɤɪɨɦɨɥɟ-
ɤɭɥ�ɫɵɪɶɹ, ɤɨɬɨɪɚɹ�ɫ�ɭɫɩɟɯɨɦ�ɦɨɠɟɬ�ɛɵɬɶ�ɪɟɚɥɢɡɨɜɚɧɚ 
ɤɚɤ�ɧɚ�ɛɟɥɤɨɜɵɯ, ɬɚɤ�ɢ�ɧɚ�ɭɝɥɟɜɨɞɧɵɯ�ɫɭɛɫɬɪɚɬɚɯ. 

Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ� ɫɲɢɜɤɚ� ɦɚɤɪɨɦɨɥɟɤɭɥ� ɦɨɠɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ� ɫ� ɭɱɚɫɬɢɟɦ� ɚɪɨɦɚɬɢɱɟɫɤɢɯ� ɝɪɭɩɩ, ɩɪɢ-
ɫɭɬɫɬɜɭɸɳɢɯ� ɜ� ɛɟɥɤɚɯ� ɢ� ɭɝɥɟɜɨɞɚɯ� ɢɥɢ� ɫ� ɭɱɚɫɬɢɟɦ 
ɨɩɪɟɞɟɥɟɧɧɵɯ�ɚɦɢɧɨɤɢɫɥɨɬ, ɜɯɨɞɹɳɢɯ�ɜ�ɫɨɫɬɚɜ�ɛɟɥɤɚ. 
ɋross – links ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�ɦɨɠɟɬ�ɛɵɬɶ�ɪɟɡɭɥɶɬɚɬɨɦ 
ɩɪɹɦɨɝɨ� ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ� ɤɚɬɚɥɢɡɚ� ɢɥɢ� ɤɨɫɜɟɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɩɪɢ�ɤɨɬɨɪɨɦ�ɮɟɪɦɟɧɬ�ɤɚɬɚɥɢɡɢɪɭɟɬ�ɨɛɪɚɡɨ-
ɜɚɧɢɟ cross – links ɚɝɟɧɬɨɜ,  ɬɚɤɢɯ�ɤɚɤ  ɩɟɪɟɤɢɫɶ�ɜɨɞɨ-
ɪɨɞɚ,  ɤɨɬɨɪɚɹ,  ɜ� ɫɜɨɸ�ɨɱɟɪɟɞɶ� ɫɩɨɫɨɛɧɚ� ɨɤɢɫɥɹɬɶ� ɚɤ-

ɬɢɜɧɵɟ� ɮɪɚɝɦɟɧɬɵ�ɦɚɤɪɨɦɨɥɟɤɭɥ� ɫ� ɢɯ� ɩɨɫɥɟɞɭɸɳɟɣ 
ɫɲɢɜɤɨɣ. 

ȼ� ɫɬɪɭɤɬɭɪɟ� ɛɟɥɤɨɜ� ɜɵɞɟɥɹɸɬ� ɧɟɫɤɨɥɶɤɨ� ɚɤɬɢɜ-
ɧɵɯ� ɝɪɭɩɩ, ɩɪɢɧɢɦɚɸɳɢɯ� ɭɱɚɫɬɢɟ� ɜ� ɮɟɪɦɟɧɬɧɵɯ 
cross – links ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ. ɗɬɨ� ɝɥɭɬɚɦɢɧ, ɥɢɡɢɧ, 
ɬɢɪɨɡɢɧ� ɢ� ɨɫɬɚɬɤɨɜ� ɰɢɫɬɟɢɧɚ. ɋɪɟɞɢ� ɩɨɥɢɫɚɯɚɪɢɞɨɜ, 
ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ cross – links ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɨɬɦɟɱɟ-
ɧɵ�ɞɥɹ�ɚɪɚɛɢɧɨɤɫɢɥɚɧɨɜ�ɢ�ɩɟɤɬɢɧɨɜ. 

ɇɚɢɛɨɥɟɟ� ɢɡɭɱɟɧɧɵɦ� ɫɩɨɫɨɛɨɦ� ɮɟɪɦɟɧɬɚɬɢɜɧɨ-
ɝɨ� ɪɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɹ�ɪɵɛɧɨɝɨ�ɢ�ɦɹɫɧɨɝɨ� ɫɵɪɶɹ� ɹɜ-
ɥɹɟɬɫɹ� ɩɪɢɦɟɧɟɧɢɟ� ɬɪɚɧɫɝɥɭɬɚɦɢɧɚɡɵ (ȿɋ 2.3.2.13). 
[1]. ɗɬɨɬ� ɮɟɪɦɟɧɬ� ɤɚɬɚɥɢɡɢɪɭɟɬ� ɩɪɹɦɨɟ� ɨɛɪɚɡɨɜɚɧɢɟ 
ɤɨɜɚɥɟɧɬɧɵɯ� ɩɨɩɟɪɟɱɧɵɯ� ɫɜɹɡɟɣ� ɦɟɠɞɭ� ɛɟɥɤɨɜɵɦɢ 
ɰɟɩɨɱɤɚɦɢ (cross – links ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ). ɗɬɢ� ɫɜɹɡɢ 
ɜɨɡɧɢɤɚɸɬ�ɜ�ɪɟɡɭɥɶɬɚɬɟ�ɚɰɢɥɶɧɨɝɨ�ɩɟɪɟɧɨɫɚ�ɦɟɠɞɭ�Ȗ - 
ɤɚɪɛɨɤɫɢɚɦɢɞɧɨɣ� ɝɪɭɩɩɨɣ� ɝɥɭɬɚɦɢɧɨɜɨɝɨ� ɨɫɬɚɬɤɚ 
ɛɟɥɤɚ�ɢɥɢ�ɩɟɩɬɢɞɚ (ɚɰɢɥ - ɞɨɧɨɪ) ɢ�ɩɟɪɜɢɱɧɵɦɢ�ɚɦɢ-
ɧɨɝɪɭɩɩɚɦɢ�ɪɚɡɧɨɨɛɪɚɡɧɵɯ�ɚɦɢɧɨɫɨɟɞɢɧɟɧɢɣ (ɚɰɢɥ - 
ɚɤɰɟɩɬɨɪ), ɜɤɥɸɱɚɹ�İ�ɚɦɢɧɨɝɪɭɩɩɭ�ɥɢɡɢɧɨɜɨɝɨ� ɨɫɬɚɬ-
ɤɚ�ɩɟɩɬɢɞɚ�ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫɨ�ɫɯɟɦɨɣ�ɪɟɚɤɰɢɢ: 
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ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɫɜɹɡɵɜɚɧɢɹ�ɨɫɬɚɬɤɨɜ�ɝɥɭɬɚɦɢɧɚ�ɢ�ɥɢɡɢɧɚ 
ɩɟɩɬɢɞɨɜ� ɢɥɢ� ɛɟɥɤɨɜ� ɨɛɪɚɡɭɸɬɫɹ� ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪ-
ɧɵɟ�ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ�İ-(Ȗ�ɝɥɭɬɚɦɢɥ) - ɥɢɡɢɧɨ-
ɜɵɟ�ɜɧɭɬɪɢ- ɢ�ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ�ɢɡɨɩɟɩɬɢɞɧɵɟ�ɫɜɹɡɢ. 
Ɉɛɪɚɡɨɜɚɧɢɟ�ɷɬɢɯ�ɫɜɹɡɟɣ�ɨɤɚɡɵɜɚɟɬ�ɜɥɢɹɧɢɟ�ɧɚ�ɫɬɪɭɤ-
ɬɭɪɭ� ɢ� ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ� ɫɜɨɣɫɬɜɚ� ɛɟɥɤɨɜ 
[1, 2, 3, 4, 5, 6]. 

Ɍɪɚɧɫɝɥɭɬɚɦɢɧɚɡɵ�ɩɪɢɫɭɬɫɬɜɭɬɫɬɜɭɸɬ�ɜ� ɪɚɡɥɢɱ-
ɧɵɯ�ɬɜɟɪɞɵɯ�ɢ�ɠɢɞɤɢɯ�ɬɤɚɧɹɯ�ɫɭɯɨɩɭɬɧɵɯ�ɠɢɜɨɬɧɵɯ, 
ɪɵɛ, ɩɬɢɰ, ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ, ɡɟɦɧɨɜɨɞɧɵɯ, ɪɚɫɬɟɧɢɣ. 
ɗɬɢ� ɮɟɪɦɟɧɬɵ� ɫɨɞɟɪɠɚɬ� ɤɥɟɬɤɢ� ɦɧɨɝɢɯ� ɦɢɤɪɨɨɪɝɚ-
ɧɢɡɦɨɜ. ȼ� ɨɪɝɚɧɢɡɦɟ� ɬɪɚɧɫɝɭɬɚɦɢɧɚɡɵ� ɭɱɚɫɬɜɭɸɬ� ɜ 
ɩɪɨɰɟɫɫɚɯ� ɫɜɟɪɬɵɜɚɧɢɹ� ɤɪɨɜɢ, ɡɚɠɢɜɥɟɧɢɹ� ɪɚɧ, ɷɩɢ-
ɞɟɪɦɚɥɶɧɨɝɨ� ɨɪɨɝɨɜɟɧɢɹ� ɢ� ɞɪ. [1, 7]. ɋɜɨɣɫɬɜɚ� ɬɚɧɫ-
ɝɥɭɬɚɦɢɧɚɡ� ɫɭɳɟɫɬɜɟɧɧɨ� ɪɚɡɥɢɱɚɸɬɫɹ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ� ɢɫɬɨɱɧɢɤɚ� ɩɨɥɭɱɟɧɢɹ. Ɍɚɤ, ɢɡ� ɩɟɱɟɧɢ� ɦɨɪɫɤɨɣ 
ɫɜɢɧɤɢ� ɩɨɥɭɱɟɧɚ Ca2+� ɡɚɜɢɫɢɦɚɹ� ɬɪɚɧɫɝɥɭɬɚɦɢɧɚɡɚ� ɫ 
ɦɨɥɟɤɭɥɹɪɧɨɣ�ɦɚɫɫɨɣ� ɨɤɨɥɨ 75 ɤȾɚ, ɚ� ɬɪɚɧɫɝɥɭɬɚɦɢ-
ɧɚɡɚ� ɧɚ� ɨɫɧɨɜɟ� ɤɭɥɶɬɭɪɵ Streptomyces mobaraensis 
ɢɦɟɟɬ� ɦɨɥɟɤɭɥɹɪɧɭɸ� ɦɚɫɫɭ 38  ɤȾɚ� ɢ� ɧɟ� ɡɚɜɢɫɢɬ� ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ�ɢɨɧɨɜ�ɋɚ2+. ɗɬɨɬ�ɮɟɪɦɟɧɬ�ɢɦɟɟɬ�ɪɇ�ɨɩ-
ɬɢɦɭɦ�ɦɟɠɞɭ 5  ɢ 8,  ɧɨ� ɩɪɨɹɜɥɹɟɬ� ɫɭɳɟɫɬɜɟɧɧɵɟ� ɚɤ-
ɬɢɜɧɨɫɬɶ�ɩɪɢ�ɪɇ 4…9. Ɏɟɪɦɟɧɬ�ɫɨɯɪɚɧɹɟɬ�ɩɨɥɧɭɸ�ɚɤ-
ɬɢɜɧɨɫɬɶ�ɜ 40 ºɋ�ɜ�ɬɟɱɟɧɢɟ 10 ɦɢɧɭɬ. Ɍɟɩɥɨɜɚɹ�ɢɧɚɤ-
ɬɢɜɚɰɢɹ� ɧɚɛɥɸɞɚɟɬɫɹ� ɩɨɫɥɟ� ɧɚɝɪɟɜɚ, ɜ� ɬɟɱɟɧɢɟ� ɧɟ-
ɫɤɨɥɶɤɢɯ�ɦɢɧɭɬ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ 70 ºC.[8, 9]. 

Ʉɪɨɦɟ� ɬɪɚɧɫɝɥɭɬɚɦɢɧɚɡɵ, ɩɪɹɦɨɣ� ɤɚɬɚɥɢɡ� ɮɟɪ-
ɦɟɧɬɚɬɢɜɧɨɝɨ�ɫross – links ɩɪɨɰɟɫɫɚ, ɦɨɝɭɬ�ɨɫɭɳɟɫɬɜ-
ɥɹɬɶ� ɪɚɡɥɢɱɧɵɟ� ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ – ɬɢɪɨɡɢɧɚɡɵ, ɥɚɤ-
ɤɚɡɵ, ɩɟɪɨɤɫɢɞɚɡɵ, ɫɭɥɶɮɝɢɞɪɢɥɶɧɵɟ� ɨɤɫɢɞɚɡɵ. ȼ 
ɷɬɨɦ� ɫɥɭɱɚɟ� ɫross – links ɩɪɨɰɟɫɫ�ɩɪɨɬɟɤɚɟɬ� ɩɨ� ɨɤɢɫ-
ɥɢɬɟɥɶɧɨɦɭ�ɦɟɯɚɧɢɡɦɭ. 
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Ɍɢɪɨɡɢɧɚɡɚ (ȿɋ 1.14.18.1) ɤɚɬɚɥɢɡɢɪɭɸɬ�ɨɤɢɫɥɟ-
ɧɢɟ�ɫɜɨɛɨɞɧɨɝɨ�ɢ�ɩɟɩɬɢɞ�ɫɜɹɡɚɧɧɨɝɨ�ɬɢɪɨɡɢɧɚ�ɜ�ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɟ�ɯɢɧɨɧɵ�ɩɨ�ɫɯɟɦɟ: 

� � ɯɢɧɨɧȾɈɎȺȾɈɎȺ-L ɧɮɟɧɢɥɚɥɚɧɢɞɢɝɢɞɪɨɤɫɢLTyr �o�o
 

Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ� ɧɚ� ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ� ɫɬɚɞɢɢ� ɢɡ 
ɩɟɩɬɢɞ - ɫɜɹɡɚɧɧɨɝɨ� ɬɢɪɨɡɢɧɚ� ɯɢɧɨɧɵ� ɧɟɮɟɪɦɟɧɬɚ-
ɬɢɜɧɨ� ɪɟɚɝɢɪɭɸɬ� ɫɨ� ɫɜɨɛɨɞɧɵɯ� ɫɭɥɶɮɝɢɞɪɢɥɶɧɵɯ� ɢ 
ɚɦɢɧɨɝɪɭɩɩɚɦɢ�ɛɟɥɤɨɜ� ɩɨ�ɦɟɯɚɧɢɡɦɭ�ɛɥɢɡɤɨɦɭ�ɤ� ɪɟ-
ɚɤɰɢɢ�ɦɟɥɚɧɨɢɞɢɪɨɜɚɧɢɹ�ɫ�ɨɛɪɚɡɨɜɚɧɢɟ�ɬɢɪɨɡɢɧ – ɰɢ-
ɫɬɟɢɧ, ɬɢɪɨɡɢɧ – ɥɢɡɢɧ�ɢ�ɬɢɪɨɡɢɧ - ɬɢɪɨɡɢɧ�ɦɟɠɦɨɥɟ-
ɤɭɥɹɪɧɵɯ�ɤɨɜɚɥɟɧɬɧɵɯ�ɫɜɹɡɟɣ [10, 11,12].  

Ɍɢɪɨɡɢɧɚɡɚ�ɨɬɧɨɫɢɬɫɹ�ɤ�ɝɪɭɩɩɟ�ɦɟɞɶɫɨɞɟɪɠɚɳɢɣ 
ɨɤɫɢɞɨɪɟɞɭɤɬɚɡ. Ɉɧɚ� ɜɵɞɟɥɟɧɚ� ɢɡ� ɬɤɚɧɟɣ� ɪɚɫɬɟɧɢɣ� ɢ 
ɠɢɜɨɬɧɵɯ, ɤɥɟɬɨɤ� ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ [13]. Ȼɨɥɶɲɢɧ-
ɫɬɜɨ� ɢɡɜɟɫɬɧɵɯ� ɬɢɪɨɡɢɧɚɡ� ɩɪɨɹɜɥɹɸɬ� ɪɇ� ɨɩɬɢɦɭɦ� ɜ 
ɫɥɚɛɨɤɢɫɥɨɣ� ɫɪɟɞɟ, ɧɨ� ɬɢɪɨɡɢɧɚɡɵ, ɜɵɞɟɥɟɧɧɵɟ� ɢɡ 
ɤɭɥɶɬɭɪ Trichoderma reesei ɢ Thermomicrobium roseum 
ɢɦɟɸɬ�ɡɧɚɱɟɧɢɹ�ɪɇ�ɨɩɬɢɦɭɦɚ�ɜ�ɞɢɚɩɚɡɨɧɟ 9…9,5. Ɍɢ-
ɪɨɡɢɧɚɡɵ, ɜ� ɨɫɧɨɜɧɨɦ, ɬɟɪɹɸɬ� ɫɜɨɸ�ɚɤɬɢɜɧɨɫɬɶ� ɜ� ɬɟ-
ɱɟɧɢɟ� ɧɟɫɤɨɥɶɤɢɯ� ɦɢɧɭɬ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ 70…90 ºC 
[14, 15]. 

ȿɳɟ� ɨɞɧɢɦ� ɜɨɡɦɨɠɧɵɦ� ɜɚɪɢɚɧɬɨɦ� ɩɪɹɦɨɝɨ� ɤɚ-
ɬɚɥɢɡɚ� ɫross – links ɩɪɨɰɟɫɫɚ� ɹɜɥɹɟɬɫɹ� ɩɪɢɦɟɧɟɧɢɟ 
ɥɚɤɤɚɡɵ (ȿɋ 1.10.3.2) [16, 17]. Ɇɨɥɟɤɭɥɹɪɧɚɹ� ɦɚɫɫɚ 
ɥɚɤɤɚɡ�ɪɚɡɥɢɱɧɨɝɨ�ɩɪɨɢɫɯɨɠɞɟɧɝɢɹ�ɤɨɥɟɛɥɟɬɫɹ�ɦɟɠɞɭ 
40 ɢ 100 ɤȾɚ.  Ɉɧɢ�ɫɨɞɟɪɠɚɬ�ɱɟɬɵɪɟ�ɚɬɨɦɚ�ɦɟɞɢ�ɜ�ɚɤ-
ɬɢɜɧɨɦ� ɰɟɧɬɪɟ� ɢ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɦɨɥɟɤɭɥɹɪɧɵɣ� ɤɢɫɥɨ-
ɪɨɞ�ɜ�ɤɚɱɟɫɬɜɟ�ɚɤɰɟɩɬɨɪɚ�ɷɥɟɤɬɪɨɧɨɜ. Ʌɚɤɤɚɡɵ�ɢɦɟɸɬ 
ɲɢɪɨɤɭɸ�ɫɭɛɫɬɪɚɬɧɭɸ�ɫɩɟɰɢɮɢɱɧɨɫɬɶ. Ɉɧɢ�ɫɩɨɫɨɛɧɵ 
ɨɤɢɫɥɹɬɶ� ɪɚɡɥɢɱɧɵɟ� ɮɟɧɨɥɵ, ɧɚɩɪɢɦɟɪ� ɞɢɮɟɧɨɥɵ, 
ɩɨɥɢɮɟɧɨɥɵ, ɚɪɨɦɚɬɢɱɟɫɤɢɟ� ɚɦɢɧɵ, ɢ� ɞɚɠɟ� ɧɟɤɨɬɨ-
ɪɵɟ�ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ� ɫɨɟɞɢɧɟɧɢɹ. ɋɩɨɫɨɛɧɨɫɬɶ� ɥɚɤɤɚɡ 
ɨɤɢɫɥɹɬɶ�ɮɟɧɨɥɵ�ɩɪɟɞɩɨɥɚɝɚɟɬ� ɢɯ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɩɨ 
ɨɬɧɨɲɟɧɢɸ�ɤ�ɪɚɫɬɢɬɟɥɶɧɵɦ�ɫɭɛɫɬɪɚɬɚɦ, ɫɨɞɟɪɠɚɳɢɯ 
ɩɨɥɢɮɟɧɨɥ - ɥɢɝɧɢɧ. Ɇɟɯɚɧɢɡɦ� ɫɨɛɫɬɜɟɧɧɨ� ɫross – 
links ɩɪɨɰɟɫɫɚ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɝɨ�ɥɚɤɤɚɡɨɣ, ɨɫɧɨɜɚɧ�ɧɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ� ɮɟɧɨɥɶɧɵɯ� ɨɤɫɢɪɚɞɢɤɚɥɨɜ. ɉɨɥɭ-
ɱɟɧɧɵɟ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ� ɨɤɢɫɥɟɧɢɹ� ɪɟ-
ɚɤɰɢɨɧɧɨɚɤɬɢɜɧɵɟ�ɪɚɞɢɤɚɥɵ�ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨ�ɭɱɚɫɬ-
ɜɭɸɬ� ɜ� ɦɟɠɰɟɩɨɱɧɵɯ� ɪɟɚɤɰɢɹɯ� ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɝɢɞ-
ɪɚɬɚɰɢɢ�ɢ�ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ (ɞɢɫɦɭɬɚɰɢɢ), ɫɨ-
ɡɞɚɜɚɹ� ɭɫɬɨɣɱɢɜɵɟ� ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ� ɫɬɪɭɤɬɭɪɵ 
[18]. 

Ʌɚɤɤɚɡɵ� ɜɵɞɟɥɟɧɵ� ɢɡ� ɪɚɫɬɟɧɢɣ� ɢ� ɩɥɟɫɧɟɜɵɯ 
ɝɪɢɛɨɜ, ɚ� ɬɚɤɠɟ� ɢɡ� ɧɟɤɨɬɨɪɵɯ� ɜɢɞɨɜ� ɛɚɤɬɟɪɢɣ�ɢ� ɬɤɚ-
ɧɟɣ� ɧɚɫɟɤɨɦɵɯ. Ȼɨɥɶɲɢɧɫɬɜɨ� ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɥɚɤɤɚɡ 
ɢɦɟɸɬ� ɪɇ� ɨɩɬɢɦɭɦ� ɜ� ɤɢɫɥɨɣ� ɨɛɥɚɫɬɢ, ɧɨ� ɢɡɜɟɫɬɧɵ 
ɮɟɪɦɟɧɬɵ� ɫ� ɪɇ� ɨɩɬɢɦɭɦɨɦ� ɜ� ɧɟɣɬɪɚɥɶɧɵɯ� ɢ�ɳɟɥɨɱ-
ɧɵɯ� ɡɨɧɚɯ.[19, 20]. Ɍɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɶ�ɥɚɤɤɚɡ� ɡɧɚɱɢ-
ɬɟɥɶɧɨ�ɪɚɡɥɢɱɚɟɬɫɹ, ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɢɫɬɨɱɧɢɤɚ�ɮɟɪ-
ɦɟɧɬɚ. Ƚɪɢɛɤɨɜɵɟ�ɥɚɤɤɚɡɵ�ɫɬɚɛɢɥɶɧɵ�ɩɪɢ 30…60 ºɋ, 
ɧɨ� ɛɵɫɬɪɨ� ɬɟɪɹɸɬ� ɫɜɨɸ� ɚɤɬɢɜɧɨɫɬɶ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ 
ɜɵɲɟ 60 ºɋ. Ʌɚɤɤɚɡɵ�ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ�ɩɪɨɢɫɯɨɠɞɟɧɢɹ 
ɜɵɞɟɥɟɧɧɵɟ� ɢɡ� ɤɭɥɶɬɭɪɵ Streptomyces lavendulae ɫɨ-

ɯɪɚɧɹɸɬ�ɫɜɨɸ�ɚɤɬɢɜɧɨɫɬɶ 100 ɦɢɧ�ɩɪɢ 70 ºɋ, ɚ�ɜɵɞɟ-
ɥɟɧɧɵɟ� ɢɡ� ɤɭɥɶɬɭɪɵ Bacillus subtilis - 112 ɦɢɧɭɬ�ɩɪɢ 
80 ºɋ [21,22]. 

ɉɟɪɨɤɫɢɞɚɡɵ�ɬɚɤɠɟ�ɫɩɨɫɨɛɧɵ�ɤ�ɩɪɹɦɨɦɭ�ɤɚɬɚɥɢ-
ɡɭ�ɫross – links ɩɪɨɰɟɫɫɨɜ. ɗɬɢ�ɮɟɪɦɟɧɬɵ�ɩɪɟɞɫɬɚɜɥɹ-
ɸɬ� ɪɚɡɥɢɱɧɵɟ� ɝɪɭɩɩɵ� ɨɤɫɢɞɨɪɟɞɭɤɬɚɡ, ɤɨɬɨɪɵɟ� ɢɫ-
ɩɨɥɶɡɭɸɬ� ɩɟɪɟɤɢɫɶ� ɜɨɞɨɪɨɞɚ� ɜ� ɤɚɱɟɫɬɜɟ� ɚɤɰɟɩɬɨɪɚ 
ɷɥɟɤɬɪɨɧɨɜ� ɞɥɹ� ɨɤɢɫɥɟɧɢɹ� ɫɭɛɫɬɪɚɬɨɜ. ȼ� ɪɟɡɭɥɶɬɚɬɟ 
ɨɤɢɫɥɟɧɢɹ, ɨɛɪɚɡɭɸɬɫɹ�ɜɧɭɬɪɢɰɟɩɨɱɧɵɟ�ɚɤɬɢɜɧɵɟ�ɪɚ-
ɞɢɤɚɥɵ, ɤɨɬɨɪɵɟ� ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ 
ɫ�ɨɫɬɚɬɤɚɦɢ�ɥɢɡɢɧɚ, ɬɢɪɨɡɢɧɚ�ɢɥɢ�ɰɢɫɬɟɢɧɚ�ɫ�ɫɨɡɞɚɧɢ-
ɟɦ�ɦɟɠɰɟɩɨɱɧɵɯ�ɤɨɜɚɥɟɧɬɧɵɯ�ɫɜɹɡɟɣ [23, 24]. 

ɋɭɥɶɮɝɢɞɪɢɥɶɧɵɟ� ɨɤɫɢɞɚɡɵ (SOX) ɤɚɬɚɥɢɡɢɪɭ-
ɸɬ�ɩɪɹɦɨɟ�ɫross – links  ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�ɩɨ�ɦɟɯɚɧɢɡɦɭ 
ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɞɢɫɭɥɶɮɢɞɧɵɯ� ɫɜɹɡɟɣ 
ɦɟɠɞɭ� ɞɜɭɦɹ� ɦɨɥɟɤɭɥɚɦɢ� ɰɢɫɬɟɢɧɚ. ɇɟɤɨɬɨɪɵɟ 
ɫɭɥɶɮɝɢɞɪɢɥɶɧɵɟ�ɨɤɫɢɞɚɡɵ�ɨɬɧɨɫɹɬɫɹ�ɤ�ɝɥɭɬɚɬɢɨɧ�ɨɤ-
ɫɢɞɚɡɚɦ (GTOX, EC 1.8.3.3), ɞɪɭɝɢɟ�ɤ�ɬɢɨɥ�ɨɤɫɢɞɚɡɚɦ 
(EC 1.8.3.2). Ƚɥɭɬɚɬɢɨɧ� ɨɤɫɢɞɚɡɵ� ɜ� ɩɪɨɰɟɫɫɟ� ɤɚɬɚɥɢ-
ɬɢɱɟɫɤɨɝɨ� ɨɤɢɫɥɟɧɢɹ� ɰɢɫɬɟɢɧɚ� ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ� ɦɨ-
ɥɟɤɭɥɹɪɧɵɣ�ɤɢɫɥɨɪɨɞ�ɞɨ�ɩɟɪɟɤɢɫɢ�ɜɨɞɨɪɨɞɚ, ɚ�ɬɢɨɥɨ-
ɜɵɟ�ɨɤɫɢɞɚɡɵ�ɞɨ�ɜɨɞɵ. Ɉɤɢɫɥɟɧɧɵɟ�ɨɫɬɚɬɤɢ�ɰɢɫɬɟɢɧɚ 
ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ� ɫ� ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɜɧɭɬɪɢ - ɢ� ɦɟɠɰɟɩɨɱɧɵɯ� ɞɢɫɭɥɶɮɢɞɧɵɯ� ɫɜɹ-
ɡɟɣ [25,26]. 

Ʉɨɫɜɟɧɧɵɣ� ɦɟɯɚɧɢɡɦ� ɮɟɪɦɟɬɚɬɢɜɧɨɝɨ cross – 
links ɩɪɨɰɟɫɫɚ� ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ� ɮɟɪɦɟɧɬɚɦɢ� ɤɥɚɫɫɨɜ 
ɥɢɩɨɤɫɢɝɟɧɚɡ (LOX, EC 1.13.11.12), ɝɥɸɤɨɡɚ� ɨɤɫɢɞɚɡ 
(EC 1.1.3.4),  ɝɟɤɫɨɡ�ɨɤɫɢɞɚɡ (EC 1.1.3.5). ȼɨ�ɜɫɟɯ�ɫɥɭ-
ɱɚɹɯ�ɜɟɞɭɳɭɸ�ɪɨɥɶ�ɢɝɪɚɟɬ�ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ�ɫɢɧɬɟɡ�ɩɟ-
ɪɟɤɢɫɢ� ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɚɹ� ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨ� ɫɨɡɞɚɟɬ 
ɚɤɬɢɜɧɵɟ�ɫɜɨɛɨɞɧɵɟ�ɪɚɞɢɤɚɥɵ,  ɤɨɬɨɪɵɟ�ɜ�ɫɜɨɸ�ɨɱɟ-
ɪɟɞɶ� ɪɟɤɨɦɛɢɧɢɪɭɸɬ� ɨɛɪɚɡɭɹ� ɤɚɤ� ɦɟɠ� ɬɚɤ� ɢ� ɜɧɭɬɪɢ-
ɰɟɩɨɱɧɵɟ�ɤɨɜɚɥɟɧɬɧɵɟ�ɫɜɹɡɢ [27]. 

ɉɪɨɦɵɲɥɟɧɧɨɟ� ɩɪɢɦɟɧɟɧɢɟ� ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ 
ɪɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɹ� ɜ� ɩɢɳɟɜɨɣ� ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
ɧɚɱɚɥɨɫɶ� ɜ� ɤɨɧɰɟ� ɏɏ�ɝɨ� ɜɟɤɚ� ɫ� ɩɨɹɜɥɟɧɢɹ� ɧɚ� ɪɵɧɤɟ 
ɦɢɤɪɨɛɧɵɯ� ɬɪɚɧɫɝɥɭɬɚɦɢɧɚɡ� ɩɪɨɢɡɜɨɞɫɬɜɚ� ɤɨɦɩɚɧɢɢ 
Ajinomoto Co. Inc. (əɩɨɧɢɹ), ɤɨɬɨɪɚɹ�ɩɨɥɧɨɫɬɶɸ�ɤɨɧ-
ɬɪɨɥɢɪɭɟɬ�ɪɵɧɨɤ�ɢ� ɞɨɦɢɧɢɪɭɟɬ�ɜ�ɩɪɨɢɡɜɨɞɫɬɜɟ�ɷɬɨɝɨ 
ɮɟɪɦɟɧɬɧɨɝɨ� ɩɪɟɩɚɪɚɬɚ [1]. Ɍɟɯɧɨɥɨɝɢɹ� ɩɪɨɦɵɲɥɟɧ-
ɧɨɝɨ� ɩɨɥɭɱɟɧɢɹ� ɦɢɤɪɨɛɧɨɣ� ɬɪɚɧɫɝɥɭɬɚɦɢɧɚɡɵ� ɧɚ� ɨɫ-
ɧɨɜɟ� ɤɭɥɶɬɭɪɵ Streptomyces mobaraensis Ajinomoto 
Co. Inc, ɷɮɮɟɤɬɢɜɧɨ�ɡɚɳɢɳɟɧɚ�ɫɟɪɢɟɣ�ɩɚɬɟɧɬɨɜ, ɤɨɬɨ-
ɪɵɟ�ɩɨɤɚ�ɨɛɨɣɬɢ�ɧɟ�ɭɞɚɥɨɫɶ . 

ȼ� ɬɨɠɟ� ɜɪɟɦɹ� ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ� ɞɥɹ� ɪɟɲɟɧɢɹ 
ɩɪɢɤɥɚɞɧɵɯ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɡɚɞɚɱ�ɹɜɥɹɸɬɫɹ�ɦɚɥɨɢɫ-
ɫɥɟɞɨɜɚɧɧɵɟ�ɦɟɬɨɞɵ� ɭɩɪɚɜɥɟɧɢɹ� ɚɤɬɢɜɧɨɫɬɶɸ� ɬɪɚɧɫ-
ɝɥɭɬɚɦɢɧɚɡɵ� ɟɫɬɟɫɬɜɟɧɧɨ� ɩɪɢɫɭɬɫɬɜɭɸɳɟɣ� ɜ� ɬɤɚɧɹɯ 
ɫɵɪɶɹ, ɫɩɨɫɨɛɵ�ɩɨɥɭɱɟɧɢɹ�ɢ�ɩɪɢɦɟɧɟɧɢɹ�ɞɪɭɝɢɯ�ɮɟɪ-
ɦɟɧɬɨɜ, ɤɚɬɚɥɢɡɢɪɭɸɳɢɯ�ɫross – links ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɩɨ�ɩɪɹɦɨɣ�ɢɥɢ�ɤɨɫɜɟɧɧɨɣ�ɫɯɟɦɟ. 
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ȽȿɈɄ�ȼ�ɇ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ 
ɘɠɧɵɣ�ɮɢɥɢɚɥ�ɇɚɰɢɨɧɚɥɶɧɨɝɨ�ɭɧɢɜɟɪɫɢɬɟɬɚ�ɛɢɨɪɟɫɭɪɫɨɜ�ɢ�ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ�ɍɤɪɚɢɧɵ  

©Ʉɪɵɦɫɤɢɣ�ɚɝɪɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ» 
ȼɅɂəɇɂȿ�ɋɉɈɋɈȻȺ�ɗɄɋɌɊȺȽɂɊɈȼȺɇɂə�ɆȿɁȽɂ�ɇȺ�ɋɈȾȿɊɀȺɇɂȿ 
ȺɁɈɌɂɋɌɕɏ�ȼȿɓȿɋɌȼ�ȼ�ɄɊȺɋɇɕɏ�ɋɌɈɅɈȼɕɏ�ȼɂɇɈɆȺɌȿɊɂȺɅȺɏ 

ȼ� ɫɬɚɬɶɟ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɣ, ɤɨɬɨɪɵɟ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ�ɬɟɪɦɨɜɢɧɢɮɢɤɚɰɢɹ�ɫɩɨɫɨɛɫɬɜɭɟɬ�ɫɧɢɠɟɧɢɸ�ɦɚɫɫɨɜɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ�ɨɛɳɟɝɨ�ɢ�ɚɦɢɧɧɨɝɨ�ɚɡɨɬɚ, ɨɞɧɚɤɨ�ɫɩɨɫɨɛ�ɷɤɫɬɪɚɝɢɪɨ-
ɜɚɧɢɹ�ɦɟɡɝɢ�ɧɟɨɛɯɨɞɢɦɨ�ɜɵɛɢɪɚɬɶ�ɫ�ɭɱɺɬɨɦ�ɞɟɝɭɫɬɚɰɢɨɧɧɨɣ�ɨɰɟɧɤɢ 
ɞɥɹ�ɤɚɠɞɨɝɨ�ɫɨɪɬɚ�ɜɢɧɨɝɪɚɞɚ�ɨɬɞɟɥɶɧɨ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ�ɩɪɢ�ɩɟɪɟ-
ɪɚɛɨɬɤɟ� ɜɢɧɨɝɪɚɞɚ� ɫɨɪɬɨɜ� ɋɚɩɟɪɚɜɢ� ɢ�Ɇɟɪɥɨ� ɥɭɱɲɟ� ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɛɪɨɠɟɧɢɟ�ɦɟɡɝɢ�ɞɨ 50 % ɫɚɯɚɪɨɜ, ɚ�ɫɨɪɬɨɜ�Ȼɚɫɬɚɪɞɨ�ɦɚɝɚɪɚɱɫɤɢɣ�ɢ 
Ʉɚɛɟɪɧɟ�ɋɨɜɢɧɶɨɧ – ɧɚɝɪɟɜɚɧɢɟ�ɞɨ 40 0ɋ�ɫ�ɩɨɞɛɪɚɠɢɜɚɧɢɟɦ. 

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ: ɫɭɫɥɨ, ɦɟɡɝɚ, ɬɟɪɦɨɜɢɧɢɮɢɤɚɰɢɹ, ɛɪɨɠɟ-
ɧɢɟ�ɦɟɡɝɢ, ɨɛɳɢɣ�ɚɡɨɬ, ɚɦɢɧɧɵɣ�ɚɡɨɬ, ɮɟɧɨɥɶɧɵɟ�ɜɟɳɟɫɬɜɚ. 

The results of studying are showed, that termovinification helps 
reduce the mass concentration of total and amino-nitrogen, but a way to 
extract the pomace, should be chosen taking into account the tasting 
scores for each grape variety separately. It is established that in the pro-
cessing of grapes Saperavi and Merlot is better to use up the pomace 
fermentation  to 50 % of sugar and varieties Bastardo Magarach and 
Cabernet Sauvignon - heating to 40 0 C with fermentation. 

Keywords: mast, pomace, termovinification, pomace fermenta-
tion, general nitrogen, amino- nitrogen, and phenolic substances. 

ȼ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɨɫɬɚɺɬɫɹ�ɚɤɬɭɚɥɶɧɨɣ�ɩɪɨɛɥɟɦɚ 
ɫɬɚɛɢɥɢɡɚɰɢɢ�ɫɬɨɥɨɜɵɯ�ɩɨɥɭɫɭɯɢɯ�ɢ�ɩɨɥɭɫɥɚɞɤɢɯ�ɜɢɧ, 
ɤɨɬɨɪɵɟ�ɨɬɧɨɫɹɬɫɹ�ɤ�ɤɚɬɟɝɨɪɢɢ�ɛɢɨɥɨɝɢɱɟɫɤɢ�ɧɟɭɫɬɨɣ-
ɱɢɜɵɯ,  ɬ.  ɟ.  ɫɤɥɨɧɧɵɯ�ɤ�ɡɚɛɪɚɠɢɜɚɧɢɸ.  Ⱥɦɦɢɚɱɧɵɣ�ɢ 
ɚɦɢɧɧɵɣ� ɚɡɨɬ� ɹɜɥɹɟɬɫɹ� ɢɫɬɨɱɧɢɤɨɦ� ɩɢɬɚɧɢɹ� ɞɪɨɠɠɟ-
ɜɵɯ�ɤɥɟɬɨɤ,  ɩɨɷɬɨɦɭ�ɜɵɫɨɤɚɹ�ɟɝɨ�ɤɨɧɰɟɧɬɪɚɰɢɹ�ɦɨɠɟɬ 
ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ� ɡɚɛɪɚɠɢɜɚɧɢɸ� ɝɨɬɨɜɨɝɨ� ɜɢɧɚ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɩɨɜɵɲɟɧɧɨɟ� ɫɨɞɟɪɠɚɧɢɟ� ɚɡɨɬɢɫɬɵɯ� ɜɟɳɟɫɬɜ� ɜ 
ɫɬɨɥɨɜɵɯ�ɜɢɧɚɯ�ɦɨɠɟɬ�ɫɬɚɬɶ�ɩɪɢɱɢɧɨɣ�ɩɨɹɜɥɟɧɢɹ�ɜ�ɧɢɯ 
ɨɤɢɫɥɟɧɧɵɯ� ɦɚɞɟɪɧɵɯ� ɬɨɧɨɜ� ɜɫɥɟɞɫɬɜɢɟ� ɨɛɪɚɡɨɜɚɧɢɹ 
ɚɥɶɞɟɝɢɞɨɜ�ɩɪɢ�ɨɤɢɫɥɟɧɢɢ�ɚɦɢɧɨɤɢɫɥɨɬ. ɉɨ�ɷɬɢɦ�ɩɪɢ-
ɱɢɧɚɦ� ɭɱɺɧɵɦɢ� ɩɪɟɞɥɨɠɟɧɵ� ɪɚɡɥɢɱɧɵɟ� ɫɩɨɫɨɛɵ� ɫɧɢ-
ɠɟɧɢɹ  ɦɚɫɫɨɜɨɣ�ɤɨɧɰɟɧɬɪɚɰɢɢ� ɚɡɨɬɢɫɬɵɯ�ɜɟɳɟɫɬɜ�ɧɚ 
ɫɬɚɞɢɢ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɜɢɧɨɦɚɬɟɪɢɚɥɨɜ. 

Ɂɧɚɱɢɬɟɥɶɧɨɝɨ� ɫɧɢɠɟɧɢɹ� ɫɨɞɟɪɠɚɧɢɹ� ɚɡɨɬɢɫɬɵɯ 
ɜɟɳɟɫɬɜ� ɭɞɚɺɬɫɹ� ɞɨɛɢɬɶɫɹ� ɨɛɪɚɛɨɬɤɨɣ� ɫɭɫɥɚ� ɩɟɪɟɞ 
ɛɪɨɠɟɧɢɟɦ� ɨɤɥɟɢɜɚɸɳɢɦɢ� ɜɟɳɟɫɬɜɚɦɢ, ɬɟɩɥɨɜɨɣ� ɨɛ-
ɪɚɛɨɬɤɨɣ� ɢ� ɜɧɟɫɟɧɢɟɦ� ɮɟɪɦɟɧɬɧɵɯ� ɩɪɟɩɚɪɚɬɨɜ [1]. 
ɇɚɢɛɨɥɶɲɢɣ� ɷɮɮɟɤɬ� ɭɞɚɥɟɧɢɹ� ɨɛɳɟɝɨ, ɚɦɢɧɧɨɝɨ� ɢ 

ɛɟɥɤɨɜɨɝɨ�ɚɡɨɬɚ�ɩɨɥɭɱɟɧ�ɩɪɢ�ɨɤɥɟɣɤɚɯ�ɫɭɫɥɚ�ɛɟɧɬɨɧɢ-
ɬɨɦ, ɉȼɉ. 

Ȼɨɥɶɲɨɟ� ɜɥɢɹɧɢɟ� ɧɚ� ɫɨɞɟɪɠɚɧɢɟ� ɚɡɨɬɢɫɬɵɯ� ɜɟ-
ɳɟɫɬɜ�ɜ�ɫɭɫɥɟ�ɢɦɟɟɬ�ɫɩɨɫɨɛ�ɩɟɪɟɪɚɛɨɬɤɢ�ɜɢɧɨɝɪɚɞɚ. ȼ 
ɬɟɯɧɨɥɨɝɢɢ� ɦɧɨɝɢɯ� ɫɬɨɥɨɜɵɯ� ɜɢɧ, ɨɫɨɛɟɧɧɨ� ɤɪɚɫɧɵɯ, 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ�ɤɨɧɬɚɤɬ�ɫɭɫɥɚ�ɫ�ɦɟɡɝɨɣ�ɞɥɹ�ɩɟɪɟɯɨ-
ɞɚ�ɜ�ɫɭɫɥɨ�ɢɡ�ɜɢɧɨɝɪɚɞɧɨɣ�ɹɝɨɞɵ�ɚɪɨɦɚɬɢɱɟɫɤɢɯ�ɢ�ɮɟ-
ɧɨɥɶɧɵɯ�ɜɟɳɟɫɬɜ. ɉɪɢ�ɞɥɢɬɟɥɶɧɨɦ�ɤɨɧɬɚɤɬɟ�ɫ�ɬɜɺɪɞɨɣ 
ɮɚɡɨɣ� ɜ� ɫɭɫɥɨ� ɩɟɪɟɯɨɞɢɬ� ɛɨɥɶɲɨɟ� ɤɨɥɢɱɟɫɬɜɨ� ɚɡɨɬɢ-
ɫɬɵɯ�ɜɟɳɟɫɬɜ. ɋ�ɞɪɭɝɨɣ�ɫɬɨɪɨɧɵ, ɛɟɥɤɢ�ɚɞɫɨɪɛɢɪɭɸɬɫɹ 
ɧɚ�ɬɜɺɪɞɵɯ�ɩɨɜɟɪɯɧɨɫɬɹɯ, ɨɛɪɚɡɭɹ�ɤɨɦɩɥɟɤɫɵ�ɫ�ɧɟɪɚɫ-
ɬɜɨɪɢɦɵɦɢ�ɩɨɥɢɫɚɯɚɪɢɞɚɦɢ (ɧɚɩɪɢɦɟɪ, ɫ�ɰɟɥɥɸɥɨɡɨɣ). 
ɉɪɢ�ɛɪɨɠɟɧɢɢ�ɦɟɡɝɢ�ɜ�ɬɟɯɧɨɥɨɝɢɢ�ɤɪɚɫɧɵɯ�ɜɢɧɨɦɚɬɟ-
ɪɢɚɥɨɜ�ɨɬɦɟɱɚɟɬɫɹ�ɫɧɢɠɟɧɢɟ�ɚɡɨɬɚ [2]. 

ɇɚɝɪɟɜɚɧɢɟ�ɦɟɡɝɢ, ɫɭɫɥɚ�ɢ�ɜɢɧɨɦɚɬɟɪɢɚɥɨɜ�ɩɨɡɜɨ-
ɥɹɟɬ�ɫɧɢɡɢɬɶ�ɫɨɞɟɪɠɚɧɢɟ�ɛɟɥɤɨɜɨɝɨ�ɢ�ɚɦɢɧɧɨɝɨ�ɚɡɨɬɚ. 
ɉɪɢ� ɧɚɝɪɟɜɚɧɢɢ� ɩɪɨɢɫɯɨɞɢɬ�ɞɟɧɚɬɭɪɚɰɢɹ� ɛɟɥɤɚ. ȼ�ɪɟ-
ɡɭɥɶɬɚɬɟ�ɝɢɞɪɨɥɢɡɚ� ɛɟɥɤɚ�ɢ�ɩɟɩɬɢɞɨɜ�ɤɨɥɢɱɟɫɬɜɨ�ɚɦɢ-
ɧɨɤɢɫɥɨɬ�ɦɨɠɟɬ�ɭɜɟɥɢɱɢɬɶɫɹ. ɉɪɢ�ɧɚɝɪɟɜɚɧɢɢ�ɢɡɦɟɧɹ-
ɟɬɫɹ�ɫɨɫɬɚɜ�ɚɦɢɧɨɤɢɫɥɨɬ [3]. Ⱥɦɢɧɧɵɣ�ɚɡɨɬ�ɫɧɢɠɚɟɬɫɹ 
ɜ�ɪɟɡɭɥɶɬɚɬɟ�ɫɚɯɚɪɨɚɦɢɧɧɵɯ�ɪɟɚɤɰɢɣ, ɜ�ɪɟɡɭɥɶɬɚɬɟ�ɤɨ-
ɬɨɪɵɯ� ɩɪɨɢɫɯɨɞɢɬ� ɨɛɪɚɡɨɜɚɧɢɟ� ɪɚɡɥɢɱɧɵɯ� ɚɪɨɦɚɬɢɱɟ-
ɫɤɢɯ�ɜɟɳɟɫɬɜ�ɢ�ɦɟɥɚɧɨɢɞɢɧɨɜ. ɗɬɨ�ɩɪɢɜɨɞɢɬ�ɤ�ɩɨɹɜɥɟ-
ɧɢɸ�ɤɚɪɚɦɟɥɶɧɵɯ�ɬɨɧɨɜ�ɢ�ɩɨɬɟɦɧɟɧɢɸ�ɫɪɟɞɵ [4]. ȼɧɟ-
ɫɟɧɢɟ� ɫɟɪɧɢɫɬɨɣ�ɤɢɫɥɨɬɵ�ɩɪɢɨɫɬɚɧɚɜɥɢɜɚɟɬ� ɯɨɞ�ɦɟɥɚ-
ɧɨɢɞɢɧɨɨɛɪɚɡɨɜɚɧɢɹ, ɡɚɳɢɳɚɹ� ɜɢɧɨ� ɨɬ� ɩɨɹɜɥɟɧɢɹ� ɤɚ-
ɪɚɦɟɥɶɧɵɯ� ɬɨɧɨɜ, ɧɨ� ɧɟ�ɩɪɟɤɪɚɳɚɟɬ� ɨɛɪɚɡɨɜɚɧɢɹ�ɩɪɨ-
ɦɟɠɭɬɨɱɧɵɯ� ɩɪɨɞɭɤɬɨɜ� ɜ� ɧɚɱɚɥɶɧɵɣ� ɩɟɪɢɨɞ� ɫɚɯɚɪɨ-
ɚɦɢɧɧɨɣ�ɪɟɚɤɰɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɫɯɨɞ�ɚɦɢɧɨɤɢɫɥɨɬ 
ɧɚ� ɷɬɭ� ɪɟɚɤɰɢɸ� ɧɟ� ɫɧɢɠɚɟɬɫɹ, ɞɢɨɤɫɢɞ� ɫɟɪɵ� ɬɨɥɶɤɨ 
ɩɪɟɩɹɬɫɬɜɭɟɬ�ɬɟɱɟɧɢɸ�ɪɟɚɤɰɢɢ�ɞɨ�ɤɨɧɟɱɧɵɯ�ɩɪɨɞɭɤɬɨɜ 
[4, 5]. ɉɪɢ�ɷɬɨɦ�ɞɨɫɬɚɬɨɱɧɨ�ɧɟɛɨɥɶɲɨɣ�ɞɨɡɵ�ɫɭɥɶɮɢɬɚ-
ɰɢɢ – 50 ɦɝ�ɞɦ3 ɨɛɳɟɣ�ɫɟɪɧɢɫɬɨɣ�ɤɢɫɥɨɬɵ. ɉɪɢ�ɚɷɪɚ-
ɰɢɢ�ɜɨɡɦɨɠɧɨ�ɨɤɢɫɥɢɬɟɥɶɧɨɟ�ɞɟɡɚɦɢɧɢɪɨɜɚɧɢɟ�ɚɦɢɧɨ-
ɤɢɫɥɨɬ. 
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