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ɊȿɎȿɊȺɌ 

 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɧɚ ɬɟɦɭ «Ɉɰɟɧɤɚ ɚɧɬɢɦɢɤɪɨɛɧɵɯ ɫɜɨɣɫɬɜ 

ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɢ ɛɨɪɝɢɞɪɢɞɧɵɦ 

ɦɟɬɨɞɨɦ» ɫɨɞɟɪɠɢɬ 43 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 11 ɢɥɥɸɫɬɪɚɰɢɣ, 6 

ɬɚɛɥɢɰ, 36 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ, 

ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ, ɚɧɬɢɦɢɤɪɨɛɧɵɟ ɫɜɨɣɫɬɜɚ, ɩɨɥɭɱɟɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɨɰɟɧɢɬɶ ɚɧɬɢɦɢɤɪɨɛɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɚɫɬɜɨɪɨɜ ɢ 

ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɤɬɪɨ-

ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɦɟɬɨɞɨɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɛɨɪɝɢɞɪɢɞɨɦ. ȼ ɡɚɞɚɱɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɯɨɞɢɥɨ: 1) ɨɰɟɧɢɬɶ ɚɧɬɢɦɢɤɪɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ ɢ 

ɦɚɬɟɪɢɚɥɨɜ (ɦɟɥɶɬɛɥɚɭɧ), ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ 

ɷɥɟɤɬɪɨ-ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɜ ɨɬɧɨɲɟɧɢɢ ɬɢɩɢɱɧɵɯ ɲɬɚɦɦɨɜ ɛɚɤɬɟɪɢɣ, 

ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɢ ɫɚɧɢɬɚɪɧɨ-ɩɨɤɚɡɚɬɟɥɶɧɵɯ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 2) Ɉɰɟɧɢɬɶ ɚɧɬɢɦɢɤɪɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ ɢ 

ɦɚɬɟɪɢɚɥɨɜ (ɨɛɪɚɡɰɵ ɬɤɚɧɢ ɦɟɞɢɰɢɧɫɤɢɯ ɦɚɫɨɤ ɢ ɨɛɪɚɬɧɨ-ɨɫɦɨɬɢɱɟɫɤɢɯ 

ɦɟɦɛɪɚɧ), ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ ɛɨɪɝɢɞɪɢɞɧɵɦ 

ɦɟɬɨɞɨɦ, ɜ ɨɬɧɨɲɟɧɢɢ ɬɢɩɢɱɧɵɯ ɲɬɚɦɦɨɜ ɛɚɤɬɟɪɢɣ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɢ ɫɚɧɢɬɚɪɧɨ-ɩɨɤɚɡɚɬɟɥɶɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 3) 

ɉɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɚɧɬɢɦɢɤɪɨɛɧɵɯ ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɭɟɦɵɯ 

ɪɚɫɬɜɨɪɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

Ɍɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɹɡɚɧɚ ɫ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ – 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪɚɯ ɢ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ,  

ɩɪɨɹɜɥɹɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɚɧɬɢɦɢɤɪɨɛɧɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɱɟɦ ɧɚɧɨɱɚɫɬɢɰɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɛɨɪɝɢɞɪɢɞɧɵɦ ɦɟɬɨɞɨɦ. 
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ȼȼȿȾȿɇɂȿ 

 

ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ, ɧɟɞɨɪɨɝɢɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ 

ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɵɯ ɚɝɟɧɬɨɜ, ɧɟ ɡɚɜɢɫɹɳɢɯ ɨɬ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, 

ɜɨɡɪɨɞɢɥɚ ɢɧɬɟɪɟɫ ɧɚɭɱɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ ɤ ɢɡɭɱɟɧɢɸ ɚɧɬɢɦɢɤɪɨɛɧɵɯ ɫɜɨɣɫɬɜ 

ɫɟɪɟɛɪɚ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ. 

ɇɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ (AgNP) ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜɟɳɟɫɬɜ. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɭɧɢɤɚɥɶɧɵɦ 

ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ, ɨɧɨ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɪɚɞɢɰɢɨɧɧɵɯ 

ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɧɨɜɵɯ ɨɛɥɚɫɬɹɯ, ɬɚɤɢɯ ɤɚɤ ɚɧɬɢɦɢɤɪɨɛɧɵɟ 

ɩɨɤɪɵɬɢɹ, ɭɩɚɤɨɜɤɚ ɞɥɹ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ, ɬɟɤɫɬɢɥɶ, ɤɨɫɦɟɬɢɤɚ, ɨɱɢɫɬɤɚ 

ɜɨɞɵ, ɥɟɱɟɧɢɟ ɪɚɧ ɢ ɞɪ.[1]. 

Ɇɚɬɟɪɢɚɥɵ ɧɚɧɨɪɚɡɦɟɪɨɜ (1 - 100 ɧɦ) ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɚɡɧɢɰɭ ɜ 

ɫɜɨɣɫɬɜɚɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɦ ɠɟ ɦɚɬɟɪɢɚɥɨɦ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ. 

ɗɬɢ ɪɚɡɥɢɱɢɹ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɮɢɡɢɱɟɫɤɢɯ ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɜɨɣɫɬɜɚɯ ɚɬɨɦɨɜ, 

ɦɨɥɟɤɭɥ ɢ ɨɛɴɟɦɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɷɥɟɦɟɧɬɚ ɢɡ-ɡɚ ɪɚɡɥɢɱɢɣ ɜ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɢ ɫɨɨɬɧɨɲɟɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɨɛɴɟɦɭ. ɋ ɪɚɡɜɢɬɢɟɦ 

ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɩɨɹɜɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɫ 

ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɬɤɪɵɜɚɹ ɫɩɟɤɬɪ ɩɪɢɥɨɠɟɧɢɣ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ 

ɜɨɡɦɨɠɧɨɫɬɟɣ [2]. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɦɨɠɟɬ ɛɵɬɶ ɨɫɨɛɟɧɧɨ ɜɵɝɨɞɧɵɦ, 

ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɵɫɨɤɨɟ ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤ 

ɨɛɴɟɦɭ, ɱɬɨ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɥɭɱɲɢɣ ɤɨɧɬɚɤɬ ɫ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ. Ɇɚɥɵɣ 

ɪɚɡɦɟɪ ɩɪɢɞɚɟɬ ɧɚɧɨɱɚɫɬɢɰɚɦ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɨɫɧɨɜɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ, ɬɨ ɟɫɬɶ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɯɢɦɢɱɟɫɤɭɸ ɪɟɚɤɬɢɜɧɨɫɬɶ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ, ɜɨɡɦɨɠɧɨ, ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɛɢɨɥɨɝɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ [1]. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɨɰɟɧɢɬɶ ɚɧɬɢɦɢɤɪɨɛɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɚɫɬɜɨɪɨɜ ɢ 

ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɤɬɪɨ-

ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɦɟɬɨɞɨɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɛɨɪɝɢɞɪɢɞɨɦ. 
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Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ɉɰɟɧɢɬɶ ɚɧɬɢɦɢɤɪɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ 

(ɦɟɥɶɬɛɥɚɭɧ), ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɤɬɪɨ-

ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɜ ɨɬɧɨɲɟɧɢɢ ɬɢɩɢɱɧɵɯ ɲɬɚɦɦɨɜ ɛɚɤɬɟɪɢɣ, 

ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɢ ɫɚɧɢɬɚɪɧɨ-ɩɨɤɚɡɚɬɟɥɶɧɵɯ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 

2. Ɉɰɟɧɢɬɶ ɚɧɬɢɦɢɤɪɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ 

(ɨɛɪɚɡɰɵ ɬɤɚɧɢ ɦɟɞɢɰɢɧɫɤɢɯ ɦɚɫɨɤ ɢ ɨɛɪɚɬɧɨ-ɨɫɦɨɬɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ), 

ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ ɛɨɪɝɢɞɪɢɞɧɵɦ ɦɟɬɨɞɨɦ , ɜ 

ɨɬɧɨɲɟɧɢɢ ɬɢɩɢɱɧɵɯ ɲɬɚɦɦɨɜ ɛɚɤɬɟɪɢɣ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ, ɢ ɫɚɧɢɬɚɪɧɨ-ɩɨɤɚɡɚɬɟɥɶɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 

3. ɉɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɚɧɬɢɦɢɤɪɨɛɧɵɯ ɫɜɨɣɫɬɜ 

ɢɫɫɥɟɞɭɟɦɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ.  
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1. ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

 

1.1 Ɇɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ 

 

ɋɢɧɬɟɡ ɧɚɧɨɱɚɫɬɢɰ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɮɢɡɢɱɟɫɤɢɦɢ, ɯɢɦɢɱɟɫɤɢɦɢ ɢ 

ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ.  

ȼɨɫɫɬɚɧɨɜɢɬɟɥɶ, ɪɟɚɤɰɢɨɧɧɚɹ ɫɪɟɞɚ ɢ ɫɬɚɛɢɥɢɡɚɬɨɪɵ - ɬɪɢ ɨɫɧɨɜɧɵɯ 

ɮɚɤɬɨɪɚ ɜ ɫɢɧɬɟɡɟ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɚɧɨɱɚɫɬɢɰ [3, 4]. 

ɏɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɷɧɟɪɝɨɟɦɤɢ ɢ ɦɨɝɭɬ ɩɨɬɪɟɛɨɜɚɬɶ ɬɨɤɫɢɱɧɵɯ 

ɯɢɦɢɤɚɬɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɹɜɥɹɸɬɫɹ ɪɟɧɬɚɛɟɥɶɧɵɦɢ, 

ɱɢɫɬɵɦɢ, ɧɟɬɨɤɫɢɱɧɵɦɢ ɢ ɷɤɨɥɨɝɢɱɧɵɦɢ, ɧɨ ɢɦ ɬɪɭɞɧɨ ɞɨɫɬɢɱɶ 

ɦɨɧɨɞɢɫɩɟɪɫɧɨɫɬɢ ɢ ɤɨɧɬɪɨɥɹ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɚ ɧɚɧɨɱɚɫɬɢɰ [5]. 

AgNP, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ, 

ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ ɢɥɢ ɞɪɭɝɢɟ ɯɢɦɢɱɟɫɤɢɟ ɨɫɬɚɬɤɢ, ɤɨɬɨɪɵɟ 

ɨɫɬɚɸɬɫɹ ɜ ɪɚɫɬɜɨɪɟ. ɗɬɢ ɯɢɦɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɫɨɛɫɬɜɟɧɧɨɣ 

ɬɨɤɫɢɱɧɨɫɬɶɸ ɞɥɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ (ɧɚɩɪɢɦɟɪ, NaBH4, Na3ɋ6ɇ5Ɉ7), ɱɬɨ 

ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɫɧɢɠɟɧɢɸ ɡɧɚɱɟɧɢɣ ɦɢɧɢɦɚɥɶɧɨɣ ɢɧɝɢɛɢɪɭɸɳɟɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ. ɐɢɬɪɚɬɧɵɣ ɫɬɚɛɢɥɢɡɚɬɨɪ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɚɝɥɨɦɟɪɚɰɢɸ ɡɚ ɫɱɟɬ 

ɫɢɥɶɧɨɣ ɚɛɫɨɪɛɰɢɢ ɧɚ ɢɨɧɚɯ Ag ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ Ag+ ɞɨ AgNP [3]. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɜ ɩɪɨɰɟɫɫɚɯ ɫɢɧɬɟɡɚ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɫ 

ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɮɨɪɦɨɣ ɢ ɪɚɡɦɟɪɚɦɢ ɹɜɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɬɟɬɪɚɝɢɞɪɢɞɨɛɨɪɚɬɨɦ ɧɚɬɪɢɹ (ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ). ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, 

ɱɬɨ ɛɨɪɝɢɞɪɢɞ ɧɚɬɪɢɹ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɩɪɢɦɟɧɹɟɦɵɦɢ ɪɟɚɝɟɧɬɚɦɢ, 

ɥɟɝɤɨɫɬɶɸ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢ ɧɟɜɵɫɨɤɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ. ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 

ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɥɥɨɢɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɟɪɟɛɪɚ ɠɟɥɬɨɝɨ ɢɥɢ 

ɠɟɥɬɨɜɚɬɨ-ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɨɥɟɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ 

ɪɚɫɬɜɨɪɨɜ ɫɟɪɟɛɪɚ (≥ 1.10-3 ɦɨɥɶ/ɥ) ɩɪɨɢɫɯɨɞɢɬ ɚɝɪɟɝɚɰɢɹ ɱɚɫɬɢɰ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɟɪɨɣ ɫɭɫɩɟɧɡɢɢ. ɇɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ 

ɛɨɪɝɢɞɪɢɞɧɵɦ ɦɟɬɨɞɨɦ, ɥɟɝɤɨ ɨɤɢɫɥɹɸɬɫɹ ɢ ɧɚɱɢɧɚɸɬ ɚɝɪɟɝɢɪɨɜɚɬɶɫɹ ɩɪɢ 
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ɧɟɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɨɷɬɨɦɭ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɛɟɪɭɬ ɢɡɛɵɬɨɤ 

ɛɨɪɝɢɞɪɢɞɚ ɧɚɬɪɢɹ, ɩɪɟɜɵɳɚɸɳɢɣ ɤɨɧɰɟɧɬɪɚɰɢɸ ɢɨɧɨɜ ɫɟɪɟɛɪɚ, ɬ.ɤ. 

ɛɨɪɝɢɞɪɢɞ ɧɚɬɪɢɹ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɪɨɥɶ ɧɟ ɬɨɥɶɤɨ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ, ɧɨ ɢ 

ɫɬɚɛɢɥɢɡɚɬɨɪɚ. ɋɬɚɛɢɥɢɡɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɛɨɪɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɧɟɜɟɥɢɤɨ, ɢ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɭɫɬɨɣɱɢɜɵɯ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚɧɨɱɚɫɬɢɰ 

ɫɟɪɟɛɪɚ ɟɝɨ ɛɵɜɚɟɬ ɧɟɞɨɫɬɚɬɨɱɧɨ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɚɝɪɟɝɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɟɪɟɛɪɚ ɩɪɨɜɨɞɹɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɡɥɢɱɧɵɯ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ, 

ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɜ 

ɪɚɫɬɜɨɪɟ ɡɚ ɫɱɟɬ ɮɢɡɢɱɟɫɤɨɣ ɚɞɫɨɪɛɰɢɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɫɢɥɚɦɢ ȼɚɧ-ɞɟɪ-

ȼɚɚɥɶɫɚ, ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ ɢ ɞɢɩɨɥɶɧɵɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ. 

ɋɢɧɬɟɡ AgNP ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ 

ɩɪɢɫɭɬɫɬɜɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ 

ɤɚɤ ɭɝɥɟɜɨɞɵ, ɠɢɪɵ, ɛɟɥɤɢ, ɮɟɪɦɟɧɬɵ ɢ ɤɨɮɟɪɦɟɧɬɵ, ɮɟɧɨɥɵ, ɮɥɚɜɚɧɨɢɞɵ, 

ɬɟɪɩɟɧɨɢɞɵ, ɚɥɤɚɥɨɢɞɵ, ɤɚɦɟɞɶ ɢ ɬ.ɞ., ɫɩɨɫɨɛɧɵɯ ɨɬɞɚɜɚɬɶ ɷɥɟɤɬɪɨɧɵ ɞɥɹ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ Ag+ ɞɨ Ag0. Ⱥɤɬɢɜɧɵɣ ɢɧɝɪɟɞɢɟɧɬ, ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɡɚ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɨɧɨɜ Ag+ , ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɝɨ 

ɨɪɝɚɧɢɡɦɚ/ɷɤɫɬɪɚɤɬɚ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɥɹ ɧɚɧɨɬɪɚɧɫɮɨɪɦɚɰɢɢ AgNP 

ɷɥɟɤɬɪɨɧɵ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɤɢɫɥɨɬ (ɚɫɤɨɪɛɢɧɨɜɚɹ 

ɤɢɫɥɨɬɚ) ɢ ɫɩɢɪɬɨɜ (ɤɚɬɟɯɨɥ) ɜ ɝɢɞɪɨɮɢɬɚɯ, ɩɪɟɜɪɚɳɟɧɢɹ -ɤɟɬɨ ɜ -ɟɧɨɥ 

(ɰɢɩɟɪɚɯɢɧɨɧ, ɞɢɟɬɟɯɢɧɨɧ, ɪɟɦɢɪɢɧ) ɜ ɦɟɡɨɮɢɬɚɯ ɢɥɢ ɨɛɨɢɯ ɦɟɯɚɧɢɡɦɨɜ ɭ 

ɪɚɫɬɟɧɢɣ-ɤɫɟɪɨɮɢɬɨɜ. Ɇɢɤɪɨɛɧɵɟ ɤɥɟɬɨɱɧɵɟ ɢ ɜɧɟɤɥɟɬɨɱɧɵɟ ɮɟɪɦɟɧɬɵ 

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶ ɚɧɚɥɨɝɢɱɧɵɟ ɩɪɨɰɟɫɫɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

[7].  

Ɉɫɧɨɜɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɢ ɯɢɦɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ 

ɫɢɧɬɟɡ AgNP, ɹɜɥɹɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɚɤɰɢɢ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɦɟɬɚɥɥɚ, 

ɫɨɞɟɪɠɚɧɢɟ ɷɤɫɬɪɚɤɬɚ, pH ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɢ ɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɟ. Ɍɚɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɤɚɤ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ, ɫɨɫɬɚɜ 

ɷɤɫɬɪɚɤɬɚ ɢ ɩɟɪɢɨɞ ɪɟɚɤɰɢɢ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɜɥɢɹɸɬ ɧɚ ɪɚɡɦɟɪ, 

ɮɨɪɦɭ ɢ ɦɨɪɮɨɥɨɝɢɸ AgNPs [7]. 
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Ɉɬɤɪɵɬɢɟ ɦɟɬɨɞɨɥɨɝɢɢ ɫɢɧɬɟɡɚ ɡɟɥɟɧɵɯ AgNP ɜɤɥɸɱɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɛɚɤɬɟɪɢɣ, ɝɪɢɛɨɜ, ɞɪɨɠɠɟɣ, ɜɨɞɨɪɨɫɥɟɣ ɢɥɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɜ 

ɤɚɱɟɫɬɜɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɯ ɢ/ɢɥɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ 

ɪɚɛɨɬɵ ɫ ɫɨɥɹɦɢ ɫɟɪɟɛɪɚ, ɱɬɨ ɭɫɬɪɚɧɹɟɬ ɧɟɞɨɫɬɚɬɤɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 

ɦɟɬɨɞɨɜ [6]. 

Ɋɚɫɬɟɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɫɢɧɬɟɡɚ AgNps, ɜɚɪɶɢɪɭɸɬɫɹ ɨɬ ɜɨɞɨɪɨɫɥɟɣ 

ɞɨ ɩɨɤɪɵɬɨɫɟɦɟɧɧɵɯ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɤɫɬɪɚɤɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɬɚɤɢɟ ɱɚɫɬɢ, 

ɤɚɤ ɥɢɫɬ, ɤɨɪɚ, ɤɨɪɟɧɶ ɢ ɫɬɟɛɟɥɶ. ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɞɥɹ 

ɷɤɫɬɪɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɢɡ ɪɚɫɬɟɧɢɣ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɹɜɥɹɟɬɫɹ 

ɜɨɞɚ, ɨɞɧɚɤɨ ɢɦɟɟɬɫɹ ɦɚɥɨ ɫɨɨɛɳɟɧɢɣ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ ɦɟɬɚɧɨɥ, ɷɬɚɧɨɥ ɢ ɷɬɢɥɚɰɟɬɚɬ [7]. ɋɢɧɬɟɡ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɬɢɬɟɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɞɚɟɬ ɧɚɧɨɱɚɫɬɢɰɵ ɱɟɬɤɨ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɵ, ɫɬɪɭɤɬɭɪɵ ɢ ɦɨɪɮɨɥɨɝɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɧɚɧɨɱɚɫɬɢɰɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɪɵ, ɬɤɚɧɟɣ ɢ ɜɫɟɝɨ 

ɪɚɫɬɟɧɢɹ [7,8].  

Ɇɢɤɨɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ AgNP ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ 

ɢɧɝɢɛɢɬɨɪɚɦɢ ɪɨɫɬɚ E. coli ɢ S. aureus. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 

ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɮɢɥɶɬɪɚɬɟ ɝɪɢɛɤɨɜɵɯ ɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɛɟɥɤɨɜ, ɤɨɬɨɪɵɟ 

ɭɱɚɫɬɜɭɸɬ ɜ ɛɥɨɤɢɪɨɜɚɧɢɢ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ. Ɇɟɯɚɧɢɡɦ, ɥɟɠɚɳɢɣ 

ɜ ɨɫɧɨɜɟ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ AgNP, ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɤɷɩɩɢɧɝɚ ɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ ɢ ɫɩɨɫɨɛɚ ɢɯ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɛɚɤɬɟɪɢɚɥɶɧɭɸ 

ɤɥɟɬɤɭ. Ɋɚɧɟɟ ɫɨɨɛɳɚɥɨɫɶ, ɱɬɨ AgNP ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɬ ɦɟɦɛɪɚɧɧɵɟ ɛɟɥɤɢ, 

ɢɧɝɢɛɢɪɭɸɬ ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɮɟɪɦɟɧɬɵ, ɧɚɪɭɲɚɸɬ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɦɟɦɛɪɚɧɵ 

ɞɥɹ ɩɪɨɬɨɧɨɜ ɢ ɮɨɫɮɚɬɨɜ, ɤɨɥɥɚɩɫɢɪɭɟɬ ɩɨɬɟɧɰɢɚɥ ɩɥɚɡɦɚɬɢɱɟɫɤɨɣ 

ɦɟɦɛɪɚɧɵ ɢ ɢɫɬɨɳɚɟɬ ɭɪɨɜɟɧɶ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ȺɌɎ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɜɵɡɵɜɚɟɬ ɝɢɛɟɥɶ ɤɥɟɬɨɤ. [5] 

ɋɢɧɬɟɡ AgNP c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫɥɨɠɧɟɟ, ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɫɬɢɬɟɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɜ ɤɚɱɟɫɬɜɟ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ, ɜ ɨɫɧɨɜɧɨɦ ɢɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɪɨɫɬɚ, 

ɩɨɞɞɟɪɠɚɧɢɹ ɤɭɥɶɬɭɪɵ ɢ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ ɪɚɡɦɟɪɨɜ ɩɨɫɟɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ [7]. 
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1.2 Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ 

 

Ɋɚɡɥɢɱɧɵɟ ɩɪɨɰɟɫɫɵ ɫɢɧɬɟɡɚ ɩɪɢɜɨɞɹɬ ɤ ɪɚɡɥɢɱɧɵɦ ɬɢɩɚɦ AgNP, 

ɧɚɩɪɢɦɟɪ ɫɮɟɪɢɱɟɫɤɢɦ, ɬɪɟɭɝɨɥɶɧɵɦ, ɤɜɚɞɪɚɬɧɵɦ, ɤɭɛɢɱɟɫɤɢɦ, 

ɩɪɹɦɨɭɝɨɥɶɧɵɦ, ɫɬɟɪɠɧɟɜɵɦ, ɨɜɚɥɶɧɵɦ ɢ ɰɜɟɬɨɱɧɵɦ [10]. 

 

 

Ɋɢɫɭɧɨɤ 1 – ɮɨɪɦɵ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ 

ɦɟɬɨɞɚɦɢ [9]. 

 

AgNP ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɚɝɪɟɝɢɪɨɜɚɧɢɹ ɢɥɢ ɚɝɥɨɦɟɪɚɰɢɢ 

ɜ ɪɚɫɬɜɨɪɟ ɢ ɜ ɨɤɪɭɠɚɸɳɟɦ ɜɨɡɞɭɯɟ. ɉɨɬɟɧɰɢɚɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ AgNP ɫ 

ɤɥɟɬɤɚɦɢ ɡɚɜɢɫɢɬ ɨɬ ɫɢɥ ɞɢɮɮɭɡɢɢ, ɝɪɚɜɢɬɚɰɢɢ ɢ ɤɨɧɜɟɤɰɢɢ [10]. ɇɚ ɩɪɨɰɟɫɫ 

ɚɝɥɨɦɟɪɚɰɢɢ ɦɨɝɭɬ ɜɥɢɹɬɶ pH, ɫɨɞɟɪɠɚɧɢɟ ɷɥɟɤɬɪɨɥɢɬɚ ɢɥɢ ɫɨɥɢ, ɚ ɬɚɤɠɟ 

ɫɨɫɬɚɜ ɛɟɥɤɚ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ. ɇɟɫɤɨɥɶɤɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɫɜɹɡɵɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ AgNP ɫ ɛɟɥɤɨɦ ɪɚɡɥɢɱɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɨɫɬɚɜɚ ɤɚɤ AgNP, ɬɚɤ ɢ ɛɟɥɤɚ [11]. 

ɂɨɧɵ ɫɟɪɟɛɪɚ ɬɚɤɠɟ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦ ɫɪɨɞɫɬɜɨɦ ɤ 

ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɦ ɝɪɭɩɩɚɦ, ɬɚɤɢɦ ɤɚɤ ɫɭɥɶɮɝɢɞɪɢɥɶɧɵɟ, ɚɦɢɧɨ, 

ɢɦɢɞɚɡɨɥɶɧɵɟ, ɮɨɫɮɚɬɧɵɟ ɢ ɤɚɪɛɨɧɢɥɶɧɵɟ ɝɪɭɩɩɵ, ɤɨɬɨɪɵɟ ɲɢɪɨɤɨ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɧɚ ɦɟɦɛɪɚɧɟ ɢɥɢ ɛɟɥɤɚɯ. ɂɨɧɵ ɫɟɪɟɛɪɚ ɦɨɝɭɬ ɫɜɹɡɵɜɚɬɶɫɹ ɫ 
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ɬɢɨɥɨɜɵɦɢ ɝɪɭɩɩɚɦɢ (ASH) ɛɟɥɤɚ, ɨɛɪɚɡɭɹ ɫɬɚɛɢɥɶɧɵɟ ɫɜɹɡɢ AS – Ag, 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶ ɬɪɟɯɦɟɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɛɟɥɤɨɜ ɢ ɛɥɨɤɢɪɨɜɚɬɶ 

ɚɤɬɢɜɧɵɟ ɫɚɣɬɵ ɫɜɹɡɵɜɚɧɢɹ. ɂɬɚɤ, ɢɨɧɵ ɫɟɪɟɛɪɚ ɦɨɝɭɬ ɧɚɪɭɲɚɬɶ ɬɪɚɧɫɩɨɪɬ ɢ 

ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɤɚɥɢɹ (K+) ɢɨɧɵ ɢɡ ɦɢɤɪɨɛɧɵɯ ɤɥɟɬɨɤ ɢ ɛɥɨɤɢɪɭɸɬ ɫɢɧɬɟɡ 

ɚɞɟɧɨɡɢɧɬɪɢɮɨɫɮɚɬɚ (ȺɌɎ) [12].  

 

1.2 ȼɥɢɹɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɧɚ ɤɥɟɬɨɱɧɭɸ ɦɟɦɛɪɚɧɭ 

 

Ɉɫɧɨɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɵ ɹɜɥɹɸɬɫɹ ɛɟɥɤɢ ɢ 

ɥɢɩɢɞɵ, ɚ AgNP ɦɨɝɭɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɛɟɥɤɚɦɢ, ɨɛɪɚɡɭɹ ɤɨɦɩɥɟɤɫɵ ɫ 

ɜɟɳɟɫɬɜɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ, ɮɨɫɮɨɪɚ, ɫɟɪɵ ɢɥɢ ɚɡɨɬɚ [13]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɟɚɤɰɢɹ AgNP ɫ ɫɟɪɨɫɨɞɟɪɠɚɳɢɦɢ 

ɦɟɦɛɪɚɧɧɵɦɢ ɛɟɥɤɚɦɢ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɢɧɚɤɬɢɜɚɰɢɢ ɦɟɦɛɪɚɧɨɫɜɹɡɚɧɧɵɯ 

ɮɟɪɦɟɧɬɨɜ ɢ ɛɟɥɤɨɜ [25, 13]. AgNP ɬɚɤɠɟ ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɞɵɯɚɬɟɥɶɧɭɸ ɰɟɩɶ ɢ 

ɫɧɢɠɚɬɶ ɜɵɪɚɛɨɬɤɭ ɷɧɟɪɝɢɢ ɩɪɢ ɚɬɚɤɟ ɧɚ ɦɟɦɛɪɚɧɭ. ȼ ɧɟɫɤɨɥɶɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɫɨɨɛɳɚɥɨɫɶ, ɱɬɨ AgNP ɦɨɝɭɬ ɚɬɚɤɨɜɚɬɶ ɧɟɧɚɫɵɳɟɧɧɵɟ 

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɧɚ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧɚɯ ɢ ɢɡɦɟɧɹɬɶ ɬɟɤɭɱɟɫɬɶ ɦɟɦɛɪɚɧ, ɱɬɨ 

ɦɨɠɟɬ ɩɪɟɩɹɬɫɬɜɨɜɚɬɶ ɪɚɛɨɬɟ ɦɟɦɛɪɚɧ, ɪɚɡɪɭɲɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɢ 

ɰɟɥɨɫɬɧɨɫɬɶ ɦɟɦɛɪɚɧ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɥɟɬɤɢ, 

ɨɛɪɚɛɨɬɚɧɧɵɟ AgNP, ɞɟɮɨɪɦɢɪɭɸɬɫɹ [14]. 

 

 
Ɋɢɫɭɧɨɤ 2 – Ⱦɟɣɫɬɜɢɟ AgNP ɧɚ ɤɥɟɬɤɢ E. coli, ɧɚɛɥɸɞɚɟɦɨɟ ɫ ɩɨɦɨɳɶɸ SEM ( a , b ) 

ɢ TEM (c ,d); ɚ, c – ɤɥɟɬɨɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɧɚɬɢɜɧɵɯ ɤɥɟɬɨɤ E. coli; b, d – ɤɥɟɬɨɱɧɚɹ 
ɫɬɪɭɤɬɭɪɚ ɤɥɟɬɨɤ E. coli, ɨɛɪɚɛɨɬɚɧɧɵɯ AgNP 50 ɦɤɝ/ɦɥ. 
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Ɇɢɯɟɥɶɫ ɢ ɞɪ. [15]. ɢɡɭɱɢɥɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɫɟɪɟɛɪɚ ɢ 

ɦɚɝɧɟɬɢɬɚ ɧɚ ɛɚɤɬɟɪɢɢ, ɨɤɢɫɥɹɸɳɢɟ ɚɦɦɢɚɤ, ɢ ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ 

ɧɚɧɨɦɚɬɟɪɢɚɥɵ ɛɭɞɭɬ ɩɪɨɞɨɥɠɚɬɶ ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɦɟɦɛɪɚɧɵ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɤɥɟɬɤɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɦɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɧɟ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɭɲɟɧɚ. ɗɬɨɬ ɜɵɜɨɞ ɛɵɥ ɩɨɞɬɜɟɪɠɞɟɧ Ⱦɠɚɨ ɢ ɞɪ. 

[16]. AgNPs ɜɵɡɜɚɥɢ ɫɟɪɶɟɡɧɵɟ ɢɡɦɟɧɟɧɢɹ ɤɥɟɬɨɱɧɨɣ ɦɨɪɮɨɥɨɝɢɢ 

ɚɦɦɢɚɤɨɤɢɫɥɹɸɳɢɯ ɛɚɤɬɟɪɢɣ ɢ ɦɨɝɥɢ ɜɵɡɜɚɬɶ ɝɢɛɟɥɶ ɛɚɤɬɟɪɢɣ, ɩɨɜɪɟɠɞɚɹ 

ɤɥɟɬɨɱɧɭɸ ɦɟɦɛɪɚɧɭ. Ʌɢ ɢ ɫɨɚɜɬɨɪɵ ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ 

AgNPs ɧɚ ɤɥɟɬɤɢ E. coli ɛɵɥɚ ɧɚɪɭɲɟɧɚ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɧɟɲɧɟɣ ɦɟɦɛɪɚɧɵ 

(Ɋɢɫ.2)[17], ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜ ɧɟɤɨɬɨɪɵɯ ɦɟɫɬɚɯ ɧɚɛɥɸɞɚɥɚɫɶ ɭɬɟɱɤɚ 

ɤɥɟɬɨɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɨɲɥɚ ɢɧɚɤɬɢɜɚɰɢɹ ɞɢɝɢɞɪɨɝɟɧɚɡ ɜɨ 

ɜɧɭɬɪɟɧɧɟɣ ɦɟɦɛɪɚɧɟ ɤɥɟɬɨɤ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɩɨɞɚɜɥɟɧɢɸ ɞɵɯɚɧɢɹ ɢ ɪɨɫɬɚ 

ɢɫɫɥɟɞɭɟɦɵɯ ɤɥɟɬɨɤ [17].  

ɂɫɫɥɟɞɨɜɚɧɢɟ Mody (2010 ɝ.) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɤɥɟɬɤɢ, ɩɨɞɜɟɪɝɧɭɬɵɟ 

ɜɨɡɞɟɣɫɬɜɢɸ AgNP, ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɥɢɫɶ ɨɬ ɤɨɧɬɪɨɥɹ. Ɋɟɡɭɥɶɬɚɬɵ SEM 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɤ, ɨɛɪɚɛɨɬɚɧɧɵɯ AgNP, ɛɵɥɢ ɧɟɛɨɥɶɲɢɟ 

ɨɬɜɟɪɫɬɢɹ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɛɵɥɚ 

ɩɨɜɪɟɠɞɟɧɚ ɩɨɫɥɟ 12 ɱɚɫɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ AgNP. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɧɚɛɥɸɞɟɧɢɹ ɌȿɆ ɩɨɞɬɜɟɪɞɢɥɢ ɷɬɨɬ ɜɵɜɨɞ, ɬɚɤ ɤɚɤ ɢɡɦɟɪɟɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɤɥɟɬɨɱɧɵɟ ɦɟɦɛɪɚɧɵ ɤɪɨɦɨɤ Azotobacter vinelandii ɛɵɥɢ ɝɪɭɛɵɦɢ ɢ 

ɧɟɱɟɬɤɢɦɢ, ɢ ɜɧɭɬɪɢ ɤɥɟɬɨɤ ɩɪɨɢɫɯɨɞɢɥɚ ɭɬɟɱɤɚ ɜɟɳɟɫɬɜ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ 

ɫɜɹɡɚɧɨ ɫ ɩɪɢɤɪɟɩɥɟɧɢɟɦ AgNP ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɵ, 

ɪɚɡɪɭɲɚɸɳɢɦ ɤɥɟɬɨɱɧɭɸ ɦɟɦɛɪɚɧɭ ɢ ɤɥɟɬɨɱɧɭɸ ɫɬɟɧɤɭ. ɑɚɫɬɶ AgNP ɦɨɠɟɬ 

ɞɚɠɟ ɞɨɫɬɢɝɚɬɶ ɰɢɬɨɩɥɚɡɦɵ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ, ɜɵɡɵɜɚɹ ɭɬɟɱɤɭ ɫɨɞɟɪɠɢɦɨɝɨ. [26] 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɹɦɨɟ ɪɚɡɪɭɲɟɧɢɟ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ ɢ ɤɥɟɬɨɱɧɨɣ 

ɦɟɦɛɪɚɧɵ AgNPs ɦɨɠɟɬ ɛɵɬɶ ɜɚɠɧɵɦ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɦ ɦɟɯɚɧɢɡɦɨɦ, 

ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɩɨɞɪɨɛɧɨɝɨ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ. 

ɉɪɢɫɭɬɫɬɜɢɟ AgNP ɫɬɢɦɭɥɢɪɭɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɚɤɬɢɜɧɵɯ ɮɨɪɦ 

ɤɢɫɥɨɪɨɞɚ (ȺɎɄ), ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɫɬɪɟɫɫɭ ɭ ɛɚɤɬɟɪɢɣ, 
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ɩɨɜɪɟɠɞɟɧɢɸ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɵ ɢ ɪɟɚɤɰɢɢ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɛɟɥɤɚɦɢ ɢ ȾɇɄ, ɧɚɪɭɲɚɹ ɦɟɬɚɛɨɥɢɡɦ ɢ ɫɢɧɬɟɡ ȾɇɄ. 

ɉɨɜɪɟɠɞɟɧɢɟ ɷɬɢɯ ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɨɤ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɢɜɨɞɢɬ ɤ 

ɚɩɨɩɬɨɡɭ[18]. DCFH2-DA (2,7-ɞɢɯɥɨɪɮɥɭɨɪɟɫɰɟɢɧɞɢɚɰɟɬɚɬ) ɦɨɠɟɬ 

ɨɛɧɚɪɭɠɢɜɚɬɶ ȺɎɄ ɢ ɫɜɨɛɨɞɧɨ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɤɥɟɬɨɱɧɵɟ ɦɟɦɛɪɚɧɵ, 

ɜɫɬɭɩɚɹ ɜ ɪɟɚɤɰɢɸ ɫ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦɢ ȺɎɄ ɢ ɩɪɨɢɡɜɨɞɹ ɮɥɭɨɪɟɫɰɟɧɬɧɨɟ 

ɫɨɟɞɢɧɟɧɢɟ ɞɢɯɥɨɪɮɥɭɨɪɟɫɰɟɢɧ (DCF). ɍɪɨɜɟɧɶ ȺɎɄ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ DCF. [19] 

AgNP ɦɨɝɭɬ ɩɪɨɧɢɤɚɬɶ ɜ ɤɥɟɬɤɭ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɰɟɫɫɚ ɞɢɮɮɭɡɢɢ, 

ɮɚɝɨɰɢɬɨɡɚ ɢɥɢ ɷɧɞɨɰɢɬɨɡɚ. ȼɧɭɬɪɢ ɤɥɟɬɤɢ ɫɚɦɢ AgNP ɢɥɢ ɢɨɧɢɡɢɪɨɜɚɧɧɵɣ 

Ag+ ɝɟɧɟɪɢɪɭɸɬ ȺɎɄ, ɜɵɡɵɜɚɹ ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ. ɂɡɛɵɬɨɱɧɚɹ 

ɩɪɨɞɭɤɰɢɹ ȺɎɄ ɦɨɠɟɬ ɞɟɧɚɬɭɪɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɢɟ ɛɟɥɤɢ 

ɢ ɢɧɢɰɢɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ ɩɪɨɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɷɤɫɩɪɟɫɫɢɹ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ ɢɧɢɰɢɢɪɭɟɬ ɫɢɝɧɚɥɶɧɵɣ ɩɭɬɶ ɚɩɨɩɬɨɡɚ 

[6]. 

 

1.3 Ɇɟɯɚɧɢɡɦ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ 

 

Ɇɟɯɚɧɢɡɦ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɱɚɫɬɢɰ ɧɚɧɨɫɟɪɟɛɪɚ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɪɚɡɦɟɪɚ. Ʉɨɝɞɚ ɱɚɫɬɢɰɵ ɧɚɧɨɫɟɪɟɛɪɚ ɦɚɥɵ ɢ 

ɜɵɞɟɥɹɸɬ ɦɧɨɝɨ ɢɨɧɨɜ Ag + , ɜ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɟɨɛɥɚɞɚɸɬ 

ɷɬɢ ɢɨɧɵ, ɚ ɧɟ ɱɚɫɬɢɰɵ ɧɚɧɨɫɟɪɟɛɪɚ. Ɍɚɤɚɹ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɜɵɫɜɨɛɨɠɞɟɧɢɹ 

ɬɚɤɢɯ ɦɟɥɤɢɯ ɱɚɫɬɢɰ ɧɚɧɨɫɟɪɟɛɪɚ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɚ ɫ ɢɯ ɩɨɜɵɲɟɧɧɨɣ 

ɤɪɢɜɢɡɧɨɣ, ɤɨɬɨɪɚɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɦɚɫɫɨɩɟɪɟɧɨɫɭ ɫ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ (ɷɮɮɟɤɬ 

Ʉɟɥɶɜɢɧɚ)[20]. 

ɂɡ-ɡɚ ɜɵɫɨɤɨɝɨ ɨɬɧɨɲɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɨɛɴɟɦɭ ɧɚɧɨɱɚɫɬɢɰɵ 

ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ ɜɵɫɜɨɛɨɠɞɚɥɢ ɛɨɥɶɲɟ ɤɚɬɢɨɧɨɜ ɫɟɪɟɛɪɚ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɨɤɚɡɚɥɢɫɶ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɛɚɤɬɟɪɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɱɚɫɬɢɰɚɦɢ ɛɨɥɶɲɟɝɨ ɪɚɡɦɟɪɚ [21].  
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AgNP ɩɪɟɪɵɜɚɸɬ ɪɟɚɤɰɢɸ ɞɵɯɚɬɟɥɶɧɨɣ ɰɟɩɢ, ɨɛɴɟɞɢɧɹɹ ɫɭɥɶɮɝɢɞɪɢɥ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɤɢɫɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɥɢɩɢɞɨɜ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ 

ɩɨɜɪɟɠɞɟɧɢɸ ȾɇɄ ɢ ɛɟɥɤɨɜ, ɚ ɡɚɬɟɦ ɤ ɝɢɛɟɥɢ ɤɥɟɬɨɤ; AgNP ɫɜɹɡɵɜɚɸɬɫɹ ɫ 

ɫɟɪɧɵɦɢ ɢ ɮɨɫɮɨɪɧɵɦɢ ɝɪɭɩɩɚɦɢ ȾɇɄ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɪɟɠɞɟɧɢɸ ɢ 

ɚɝɪɟɝɚɰɢɢ ȾɇɄ ɢ ɧɚɪɭɲɚɟɬ ɟɟ ɬɪɚɧɫɤɪɢɩɰɢɸ ɢ ɬɪɚɧɫɥɹɰɢɸ[22]. 

Ɉɞɧɚɤɨ AgNP ɢ ɢɨɧɵ ɫɟɪɟɛɪɚ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ 

ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ; ɫ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɨɧɢ ɬɚɤɠɟ ɦɨɝɭɬ ɧɚɪɭɲɢɬɶ ɦɟɯɚɧɢɡɦɵ ɨɱɢɫɬɤɢ ɩɭɬɟɦ 

ɩɪɹɦɨɝɨ ɫɜɹɡɵɜɚɧɢɹ ɫ ɬɢɨɥɨɜɵɦɢ ɝɪɭɩɩɚɦɢ ɜ ɪɨɞɫɬɜɟɧɧɵɯ ɮɟɪɦɟɧɬɚɯ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ROS ɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. 

ɂɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɪɹɦɨɟ 

ɩɨɜɪɟɠɞɟɧɢɟ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ ɢ ɜɫɬɭɩɢɬɶ ɜ ɪɟɚɤɰɢɸ ɫ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ȾɇɄ, ɜɵɡɵɜɚɹ ɪɚɡɪɵɜ ɨɞɧɨɧɢɬɟɜɨɣ ȾɇɄ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ȺɎɄ ɜ ɤɥɟɬɤɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɝɢɩɟɪɨɤɢɫɥɟɧɢɸ 

ɛɟɥɤɨɜ, ɥɢɩɢɞɨɜ, ȾɇɄ ɢ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɵ [23]. 

 

 
Ɋɢɫɭɧɨɤ 3 – Ɇɟɯɚɧɢɡɦ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ AgNPs  

1a: ɛɢɨɝɟɧɧɵɟ ɇɑ, ɩɪɨɧɢɤɚɸɳɢɟ ɜ ɤɥɟɬɤɭ ɱɟɪɟɡ ɩɨɪɢɧɵ, 1b: ɯɢɦɢɱɟɫɤɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɇɑ, ɩɪɨɧɢɤɚɸɳɢɟ ɜ ɤɥɟɬɤɭ ɱɟɪɟɡ ɩɨɪɢɧɵ; 

2: ɇɑ, ɫɜɹɡɵɜɚɸɳɢɟɫɹ ɫ ɤɨɦɩɨɧɟɧɬɚɦɢ ɛɚɪɶɟɪɚ ɜɧɟɲɧɟɣ ɦɟɦɛɪɚɧɵ, 

ɬɚɤɢɦɢ ɤɚɤ ɥɢɩɩɨɩɨɥɢɫɚɯɚɪɢɞɵ, ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɛɟɥɤɢ ɢɥɢ ɩɨɪɢɧɵ; 

3: ɭɬɟɱɤɚ ɩɪɨɬɨɧɨɜ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɤɨɥɥɚɩɫɭ ɦɟɦɛɪɚɧɧɵɣ ɩɨɬɟɧɰɢɚɥ; 
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4: ɢɧɞɭɰɢɪɨɜɚɬɶ ɨɬɬɨɤ ɮɨɫɮɚɬɚ; 

5: ɫɧɢɠɟɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɭɪɨɜɧɹ ȺɌɎ; 

6: ɇɑ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɫ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ 

ɩɭɬɟɦ ɫɜɹɡɵɜɚɧɢɹ ɫ ɫɭɥɶɮɚɝɢɞɪɢɥɶɧɵɦɢ ɢ ɬɢɨɥɨɜɵɦɢ ɝɪɭɩɩɚɦɢ ɛɟɥɤɨɜ,; 

7: ɇɑ, ɢɧɝɢɛɢɪɭɸɳɢɟ ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɮɟɪɦɟɧɬɵ ɢ ɛɥɨɤɢɪɭɸɳɢɟ 

ɞɵɯɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ; 

8: ɇɑ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɫ ɨɫɧɨɜɚɧɢɹɦɢ ȾɇɄ, ɛɥɨɤɢɪɭɸɳɢɦɢ 

ɪɚɫɤɪɭɱɢɜɚɧɢɟ ɢ ɪɟɩɥɢɤɚɰɢɸ [24]. 

Ɍɨɤɫɢɱɧɨɫɬɶ AgNPs ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɧɨɝɢɦɢ ɮɚɤɬɨɪɚɦɢ, ɜɤɥɸɱɚɹ ɪɚɡɦɟɪ 

ɱɚɫɬɢɰ, ɬɢɩ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ [25].  

ȼɟɞɭɬɫɹ ɫɩɨɪɵ ɨ ɬɨɦ, ɜɵɡɜɚɧɚ ɥɢ ɬɨɤɫɢɱɧɨɫɬɶ ɬɨɥɶɤɨ ɧɚɧɨɱɚɫɬɢɰɚɦɢ 

ɫɟɪɟɛɪɚ ɢɥɢ ɨɧɚ ɫɜɹɡɚɧɚ ɫ ɢɨɧɚɦɢ ɫɟɪɟɛɪɚ, ɜɵɫɜɨɛɨɠɞɚɟɦɵɦɢ ɢɡ ɷɬɢɯ 

ɧɚɧɨɱɚɫɬɢɰ. ɋɨɨɛɳɚɥɨɫɶ, ɱɬɨ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɢɡ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɹɞɪɚ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɚɤɬɟɪɢɰɢɞɧɨɦɭ 

ɷɮɮɟɤɬɭ. ȼ ɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ ɨɤɢɫɥɹɸɬɫɹ ɫ 

ɜɵɞɟɥɟɧɢɟɦ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪɟ, ɤɨɬɨɪɵɣ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɛɟɥɤɚɦɢ, ɜɵɡɵɜɚɹ ɛɚɤɬɟɪɢɰɢɞɧɵɟ ɷɮɮɟɤɬɵ. 

Ⱥɧɬɢɛɚɤɬɟɪɢɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɦɢɤɪɨɦɨɥɹɪɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɫɟɪɟɛɪɚ 

ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɚ ɫ ɪɚɡɴɟɞɢɧɟɧɢɟɦ ɪɟɫɩɢɪɚɬɨɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɷɥɟɤɬɪɨɧɨɜ 

ɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ, ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɮɟɪɦɟɧɬɨɜ 

ɞɵɯɚɬɟɥɶɧɨɣ ɰɟɩɢ ɢ ɧɚɪɭɲɟɧɢɟ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɟɦɛɪɚɧɵ ɢɥɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɤɨɦɩɨɧɟɧɬɚɦɢ ɰɢɬɨɩɥɚɡɦɵ ɢ ɧɭɤɥɟɢɧɨɜɵɦɢ 

ɤɢɫɥɨɬɚɦɢ[26]. 

Ƚɚɦɛɢɧɨ ɢ ɞɪ. ɢɫɫɥɟɞɨɜɚɥɢ ɬɨɤɫɢɱɧɨɫɬɶ AgNPs (10 ɧɦ) ɧɚ ɩɨɱɜɟɧɧɵɯ 

ɛɚɤɬɟɪɢɹɯ A. vinelandii ɢ Bacillus subtilis. Ⱥɜɬɨɪɵ ɨɛɧɚɪɭɠɢɥɢ , ɱɬɨ 0,1 ɦɝ / ɥ 

AgNP ɡɧɚɱɢɬɟɥɶɧɨ ɢɧɝɢɛɢɪɭɟɬ ɪɨɫɬ А . vinelandii ; ɨɞɧɚɤɨ, ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ B. 

subtilis ɩɨɤɚɡɚɥ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɬɨɥɶɤɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ AgNP 100 ɦɝ / ɥ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɩɨɜɵɲɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

AgNP ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɣ ɮɨɪɦɨɣ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ[27]. 
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ɉɨɦɢɦɨ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɜɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɞɥɹ ɨɰɟɧɤɢ 

ɛɢɨɬɨɤɫɢɱɧɨɫɬɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɪɚɡɦɟɪ. ɉɪɟɞɵɞɭɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɟɧɶɲɢɟ ɪɚɡɦɟɪɵ AgNP ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɬɨɤɫɢɱɧɨɫɬɶɸ. ɉɨɫɤɨɥɶɤɭ ɛɨɥɟɟ ɦɟɥɤɢɟ AgNP ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɩɥɨɳɚɞɶ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ ɧɚ ɟɞɢɧɢɰɭ ɦɚɫɫɵ, ɩɥɨɳɚɞɶ 

ɤɨɧɬɚɤɬɚ ɫ ɨɪɝɚɧɢɡɦɚɦɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɢ ɜɵɞɟɥɹɟɬɫɹ ɛɨɥɶɲɟ ɢɨɧɨɜ ɫɟɪɟɛɪɚ. 

Ȼɨɥɟɟ ɬɨɝɨ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɛɨɥɟɟ ɦɟɥɤɢɟ AgNP ɥɟɝɱɟ ɩɪɨɧɢɤɚɸɬ ɱɟɪɟɡ 

ɤɥɟɬɨɱɧɭɸ ɦɟɦɛɪɚɧɭ [26]. 

Ɏɨɪɦɚ AgNP ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɦɟɯɚɧɢɡɦ ɤɥɟɬɨɱɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ, 

ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɞɭɥɢɪɭɟɬ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ. ɋɨɨɛɳɚɟɬɫɹ, ɱɬɨ 

ɮɨɪɦɚ ɧɚɧɨɱɚɫɬɢɰ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɟ 

ɩɚɪɚɦɟɬɪɵ. ɇɚɩɪɢɦɟɪ, ɫɮɟɪɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ ɧɟ ɨɤɚɡɵɜɚɥɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜ ɤɥɟɬɤɚɯ A549, ɬɨɝɞɚ ɤɚɤ 

ɩɪɨɜɨɥɨɤɚ ɜɵɡɵɜɚɥɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ [28]. 

 

1.5 ɉɪɢɦɟɧɟɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ  

 

ɇɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ ɢɦɟɸɬ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɵɟ ɢ 

ɩɪɨɬɢɜɨɝɪɢɛɤɨɜɵɟ ɩɪɢɦɟɧɟɧɢɹ. ɇɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɹɯ, 

ɬɚɤɢɯ ɤɚɤ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɵɟ ɢɦɩɥɚɧɬɚɬɵ, ɩɟɪɟɜɹɡɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ, 

ɤɚɬɟɬɟɪɵ, ɨɪɬɨɩɟɞɢɱɟɫɤɢɟ ɢɦɩɥɚɧɬɚɬɵ, ɡɭɛɧɵɟ ɤɨɦɩɨɡɢɬɵ, ɧɚɧɨ-ɛɢɨɫɟɧɫɨɪɵ 

ɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɚɹ ɢɧɠɟɧɟɪɢɹ [29].  

Ⱥɧɬɢɦɢɤɪɨɛɧɵɟ ɩɪɨɞɭɤɬɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɢɦɟɸɬɫɹ 

ɜ ɩɪɨɞɚɠɟ. Ɇɟɫɬɧɨɟ ɧɚɧɟɫɟɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɧɚ ɪɚɧɵ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɭɫɤɨɪɟɧɢɸ ɢ ɭɫɤɨɪɟɧɢɸ ɩɪɨɰɟɫɫɚ ɡɚɠɢɜɥɟɧɢɹ; ɤɪɨɦɟ ɬɨɝɨ, ɨɧ ɞɟɣɫɬɜɭɟɬ ɤɚɤ 

ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɣ ɚɝɟɧɬ, ɢɝɪɚɸɳɢɣ ɪɨɥɶ ɜ ɦɨɞɭɥɹɰɢɢ ɰɢɬɨɤɢɧɨɜ, 

ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɬɤɚɧɟɣ[30].  

Nakazato ɢ ɞɪ. [31] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ ɢ ɮɟɧɚɡɢɧ-1-

ɤɚɪɛɨɤɫɚɦɢɞ ɜɦɟɫɬɟ ɭɫɢɥɢɜɚɸɬ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɣ ɷɮɮɟɤɬ ɩɪɨɬɢɜ 
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ɦɟɬɢɰɢɥɥɢɧ-ɪɟɡɢɫɬɟɧɬɧɵɯ ɲɬɚɦɦɨɜ Staphylococcus aureus ɜ 32 ɪɚɡɚ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɢɡɦɟɧɟɧɢɹɦ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ ɛɚɤɬɟɪɢɣ. AgNP 

ɨɱɟɧɶ ɦɚɥɵ ɩɨ ɪɚɡɦɟɪɭ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1–100 ɧɦ, ɢ ɢɦɟɸɬ ɛɨɥɶɲɭɸ 

ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɟɦ ɞɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ ɫɟɪɟɛɪɚ, ɬɚɤɢɟ ɤɚɤ ɧɢɬɪɚɬ 

ɫɟɪɟɛɪɚ. Ɇɢɤɪɨɛɵ ɦɨɝɭɬ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɨɞɜɟɪɝɚɬɶɫɹ ɜɨɡɞɟɣɫɬɜɢɸ AgNP, 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɵɞɟɥɹɬɶ ɦɧɨɝɨ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɩɪɢ 

ɛɨɥɟɟ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. ɗɬɢ ɫɜɨɣɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶ ɢɯ 

ɞɥɹ ɩɪɨɮɢɥɚɤɬɢɤɢ ɢ ɥɟɱɟɧɢɹ ɩɚɬɨɝɟɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɵɯ ɢ ɫɚɦɨɨɱɢɳɚɸɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ [32]. 
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2. ɈȻɔȿɄɌɕ ɂ ɆȿɌɈȾɕ 

 

2.1 Ɉɛɴɟɤɬɵ ɢ ɦɚɬɟɪɢɚɥɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɚɧɬɢɦɢɤɪɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ ɢ 

ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ AgNP, ɜ ɨɬɧɨɲɟɧɢɢ ɬɟɫɬɨɜɵɯ ɤɭɥɶɬɭɪ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ - ɛɚɤɬɟɪɢɣ ɢ ɦɢɰɟɥɢɚɥɶɧɵɯ ɝɪɢɛɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɪɚɡɧɵɯ 

ɨɛɴɟɤɬɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ.  

ȼ ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɵɯ ɤɭɥɶɬɭɪ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɜɨɡɞɭɯɚ ɭɱɟɛɧɵɯ ɚɭɞɢɬɨɪɢɣ ɋɢɛɢɪɫɤɨɝɨ 

ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɢɡ ɩɨɥɟɜɨɣ ɩɨɱɜɵ, ɢɡ ɫɟɦɹɧ ɩɲɟɧɢɰɵ, ɚ ɬɚɤɠɟ 

ɫɚɧɢɬɚɪɧɨ-ɩɨɤɚɡɚɬɟɥɶɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ - ɪɟɮɟɪɟɧɬɧɵɟ ɲɬɚɦɦɵ E. сoli 

25922 ɢ Staphylococcus aureus 25923. 

ȼɫɟɝɨ ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ 12 ɢɡɨɥɹɬɨɜ ɛɚɤɬɟɪɢɣ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɢɡ ɜɨɡɞɭɯɚ - 6 ɢɡɨɥɹɬɨɜ, ɢɡ ɩɨɱɜɵ - 2, ɢɡ ɫɟɦɹɧ ɩɲɟɧɢɰɵ- 4 ɢɡɨɥɹɬɚ 

ɛɚɤɬɟɪɢɣ. 

ɂɫɫɥɟɞɭɟɦɵɟ ɪɚɫɬɜɨɪɵ, ɦɚɬɟɪɢɚɥɵ ɢ ɨɛɪɚɡɰɵ ɦɟɦɛɪɚɧɧɨ-

ɨɫɦɨɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɫɟɪɟɛɪɚ, ɚ ɬɚɤɠɟ ɜɨɞɨɷɦɭɥɶɫɢɨɧɧɚɹ 

ɤɪɚɫɤɚ ɢ ɷɦɚɥɶ, ɫɨɞɟɪɠɚɳɢɟ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ 

ɂɧɫɬɢɬɭɬɟ ɹɞɟɪɧɨɣ ɮɢɡɢɤɢ Ⱥɇ ɍɡɛɟɤɢɫɬɚɧɚ (ɝ. Ɍɚɲɤɟɧɬ). ɉɨɥɭɱɟɧɢɟ 

ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɩɪɨɜɨɞɢɥɨɫɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ [33], ɚ ɬɚɤɠɟ 

ɦɟɬɨɞɨɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ. Ɉɛɪɚɛɨɬɤɭ ɬɤɚɧɢ ɩɪɨɜɨɞɢɥɢ 

ɧɚɧɟɫɟɧɢɟɦ ɪɚɫɬɜɨɪɨɜ ɫɩɪɟɟɦ (ɨɩɪɵɫɤɢɜɚɧɢɟ) ɥɢɛɨ ɦɟɬɨɞɨɦ ɩɨɝɪɭɠɟɧɢɹ ɜ 

ɫɩɢɪɬɨɜɨ-ɜɨɞɧɵɣ ɤɨɥɥɨɢɞɧɵɣ ɪɚɫɬɜɨɪ ɫɟɪɟɛɪɚ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɵɯ 

ɪɚɫɬɜɨɪɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 1 ɢ 2. 

ɂɡɴɹɬɚ 1 ɫɬɪɚɧɢɰɚ 

 

 

 



19 
 

2.2 Ɇɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ 

 

ɇɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɢɫɫɥɟɞɭɟɦɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ 

ɂɧɫɬɢɬɭɬɟ ɹɞɟɪɧɨɣ ɮɢɡɢɤɢ Ⱥɇ ɍɡɛɟɤɢɫɬɚɧɚ (ɝ. Ɍɚɲɤɟɧɬ).  

 

2.2.1 Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢя ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ 

 

ɂɨɧɵ ɫɟɪɟɛɪɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɫɟɪɟɛɪɹɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɧɟɪɚɬɨɪɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɩɢɬɚɧɢɟɦ ɨɬ ɛɚɬɚɪɟɢ 12 ȼ. 

Ʉɨɥɥɨɢɞɧɵɣ ɪɚɫɬɜɨɪ ɫɟɪɟɛɪɚ ɧɚ ɜɨɞɧɨɣ ɨɫɧɨɜɟ ɛɵɥ ɩɨɥɭɱɟɧ ɬɪɟɯɫɬɚɞɢɣɧɵɦ 

ɫɩɨɫɨɛɨɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɷɥɟɤɬɪɨɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɜ ɜɨɞɟ [33]. 

ɑɚɫɬɢɰɵ ɧɚɧɨɫɟɪɟɛɪɚ ɢɦɟɥɢ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɫɨ ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ 7 ± 3 

ɧɦ (ɪɢɫ. 4). Ʉɨɧɰɟɧɬɪɚɰɢɹ ɧɚɧɨɱɚɫɬɢɰ ɢ ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪɚɯ ɛɵɥɚ 

ɨɩɪɟɞɟɥɟɧɚ ɧɟɣɬɪɨɧɧɨ-ɚɤɬɢɜɚɰɢɨɧɧɵɦ ɚɧɚɥɢɡɨɦ. Ɇɨɪɮɨɥɨɝɢɹ ɧɚɧɨɱɚɫɬɢɰ 

ɫɟɪɟɛɪɚ ɧɚ ɯɥɨɩɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɪɚɡɰɚɯ ɤɪɚɫɨɤ ɧɚɛɥɸɞɚɥɢ ɫ ɩɨɦɨɳɶɸ 

ɚɜɬɨɷɦɢɫɫɢɨɧɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (FE-SEM; 

JSM6700F, JEOL, əɩɨɧɢɹ). Ɋɚɡɦɟɪ ɢ ɮɨɪɦɚ ɧɚɧɨɱɚɫɬɢɰ ɜ ɪɚɫɬɜɨɪɟ ɛɵɥɢ 

ɨɩɪɟɞɟɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɌȿɆ) 

(LEO-912-OMEGA, Ʉɚɪɥ ɐɟɣɫɫ, Ƚɟɪɦɚɧɢɹ). 

 

 
Ɋɢɫɭɧɨɤ 4 – ɋɗɆ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, 

ɲɤɚɥɚ ɢɡɦɟɪɟɧɢɹ 50 ɧɦ [33] 
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2.2.2 Пɨɥɭɱɟɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɦɟɬɨɞɨɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢя 

ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢя 

 

ɂɡɴɹɬɨ 2 ɫɬɪɚɧɢɰɵ 
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2.3 Ɇɟɬɨɞ ɨɰɟɧɤɢ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ  

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɨɥɥɨɢɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɯ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɥɭɧɨɤ ɜ ɱɚɲɤɚɯ ɉɟɬɪɢ ɧɚ ɩɥɨɬɧɨɣ 

ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ (Nutrient Agar, HiMedia). Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ 

ɫɭɫɩɟɧɡɢɢ ɤɚɠɞɨɝɨ ɲɬɚɦɦɚ ɛɚɤɬɟɪɢɣ ɜ ɩɪɨɛɢɪɤɚɯ ɫɨ ɫɬɟɪɢɥɶɧɨɣ ɜɨɞɨɣ (10 

ɦɥ ɜ ɤɚɠɞɨɣ ɩɪɨɛɢɪɤɟ) ɢ ɞɨɜɟɞɟɧɵ ɞɨ 0,5 ɩɨ ɫɬɚɧɞɚɪɬɭ ɦɭɬɧɨɫɬɢ 

ɆɚɤɎɚɪɥɚɧɞɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1,0 × 108 ɤɥɟɬɨɤ ɜ 1 ɦɥ. ɉɨɫɟɜ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɫɭɫɩɟɧɡɢɢ ɧɚ ɱɚɲɤɢ ɫ ɩɢɬɚɬɟɥɶɧɵɦ ɚɝɚɪɨɦ ɩɪɨɜɨɞɢɥɢ ɫ 

ɩɨɦɨɳɶɸ ɫɬɟɪɢɥɶɧɵɯ ɜɚɬɧɵɯ ɬɚɦɩɨɧɨɜ ɲɬɪɢɯɨɜɚɧɢɟɦ ɜ ɬɪёɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, 

ɜɪɚɳɚɹ ɱɚɲɤɭ ɉɟɬɪɢ. ɉɨɫɥɟ ɡɚɫɟɜɚ ɜ ɰɟɧɬɪɟ ɱɚɲɤɢ ɡɚɪɚɧɟɟ 

ɩɪɨɫɬɟɪɢɥɢɡɨɜɚɧɧɵɦ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɰɢɥɢɧɞɪɨɦ ɜɵɪɟɡɚɥɢ ɥɭɧɤɭ ɞɢɚɦɟɬɪɨɦ 

1 ɫɦ ɜ ɩɢɬɚɬɟɥɶɧɨɦ ɚɝɚɪɟ, ɡɚɬɟɦ ɜ ɤɚɠɞɭɸ ɥɭɧɤɭ ɜɧɨɫɢɥɢ ɩɨ 150 ɦɤɥ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ. 

ɑɚɲɤɢ ɫ ɨɛɪɚɡɰɚɦɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ 30ɋ. Ɉɰɟɧɤɭ 

ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɧɚ 1-ɟ ɢ 3-ɢ ɫɭɬɤɢ ɢɧɤɭɛɢɪɨɜɚɧɢɹ, 

ɢɡɦɟɪɹɹ ɞɢɚɦɟɬɪ ɡɨɧɵ ɨɬɫɭɬɫɬɜɢɹ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ ɜɨɤɪɭɝ ɥɭɧɨɤ. ɉɨ 

ɩɪɨɲɟɫɬɜɢɢ ɩɟɪɜɵɯ ɢ ɬɪɟɬɶɢɯ ɫɭɬɨɤ ɜɫɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɫ 

ɩɨɦɨɳɶɸ ɮɨɬɨɫɴɟɦɤɢ. 

 

2.4 Ɇɟɬɨɞɵ ɨɰɟɧɤɢ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ 

 

2.3.1 Мɟɬɨɞ ɞɢɮɮɭɡɢɢ ɜ ɚɝɚɪ 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɟɬɤɚɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɩɪɨɩɢɬɚɧɧɵɯ ɤɨɥɥɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɪɚɡɥɢɱɧɨɝɨ 

ɫɨɫɬɚɜɚ, ɩɪɨɜɨɞɢɥɢ ɧɚɥɨɠɟɧɢɟɦ ɨɛɪɚɡɰɨɜ ɦɚɬɟɪɢɚɥɚ ɜ ɱɚɲɤɢ ɉɟɬɪɢ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ (Nutrient Agar, HiMedia), 

ɡɚɫɟɹɧɧɨɣ ɫɭɫɩɟɧɡɢɟɣ ɬɟɫɬɨɜɵɯ ɤɭɥɶɬɭɪ ɛɚɤɬɟɪɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ 

ɩɨɞɝɨɬɨɜɥɟɧɵ ɫɭɫɩɟɧɡɢɢ ɤɚɠɞɨɝɨ ɲɬɚɦɦɚ ɛɚɤɬɟɪɢɣ ɜ ɩɪɨɛɢɪɤɚɯ ɫɨ 



22 
 

ɫɬɟɪɢɥɶɧɨɣ ɜɨɞɨɣ (10 ɦɥ ɜ ɤɚɠɞɨɣ ɩɪɨɛɢɪɤɟ) ɢ ɞɨɜɟɞɟɧɵ ɞɨ 0,5 ɩɨ ɫɬɚɧɞɚɪɬɭ 

ɦɭɬɧɨɫɬɢ ɆɚɤɎɚɪɥɚɧɞɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1,0 × 108 ɤɥɟɬɨɤ ɜ 1 ɦɥ. ɉɨɫɟɜ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɫɭɫɩɟɧɡɢɢ ɧɚ ɱɚɲɤɢ ɫ ɩɢɬɚɬɟɥɶɧɵɦ ɚɝɚɪɨɦ ɩɪɨɜɨɞɢɥɢ ɫ 

ɩɨɦɨɳɶɸ ɫɬɟɪɢɥɶɧɵɯ ɜɚɬɧɵɯ ɬɚɦɩɨɧɨɜ ɲɬɪɢɯɨɜɚɧɢɟɦ ɜ ɬɪёɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, 

ɜɪɚɳɚɹ ɱɚɲɤɭ ɉɟɬɪɢ. ɉɨɫɥɟ ɡɚɫɟɜɚ ɜ ɤɚɠɞɭɸ ɱɚɲɤɭ ɧɚ ɪɚɜɧɨɦ ɪɚɫɫɬɨɹɧɢɢ 

ɛɵɥɢ ɜɵɥɨɠɟɧɵ ɩɨ 3 ɨɛɪɚɡɰɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɚɡɦɟɪɨɦ 1010 ɦɦ, 

ɡɚɪɚɧɟɟ ɩɨɞɝɨɬɨɜɥɟɧɧɵɯ ɜ ɚɫɟɩɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 

ɑɚɲɤɢ ɫ ɨɛɪɚɡɰɚɦɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30 ɋ. 

Ɉɰɟɧɤɭ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɧɚ 1-ɟ ɢ 3-ɢ ɫɭɬɤɢ 

ɷɤɫɩɨɡɢɰɢɢ, ɢɡɦɟɪɹɹ ɞɢɚɦɟɬɪ ɡɨɧɵ ɨɬɫɭɬɫɬɜɢɹ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ ɜɨɤɪɭɝ 

ɦɚɬɟɪɢɚɥɨɜ. ɉɨ ɩɪɨɲɟɫɬɜɢɢ ɩɟɪɜɵɯ ɢ ɬɪɟɬɶɢɯ ɫɭɬɨɤ ɜɫɟ ɨɛɪɚɡɰɵ ɛɵɥɢ 

ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɮɨɬɨɫɴɟɦɤɢ. 

 

2.3.2 Мɟɬɨɞ «time-kill» 

 

Time-kill – ɷɬɨ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ 

ɤɨɥɢɱɟɫɬɜɨ ɤɨɥɨɧɢɟɨɛɪɚɡɭɸɳɢɯ ɟɞɢɧɢɰ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɨɫɥɟ 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɢɧɤɭɛɚɰɢɢ ɫɭɫɩɟɧɡɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 

ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɫɤɨɪɨɫɬɶ ɝɢɛɟɥɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. 

Ɇɟɬɨɞɨɥɨɝɢɹ Time-kill ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɥɶɬɛɥɚɭɧɚ – ɮɢɥɶɬɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 

ɦɟɞɢɰɢɧɫɤɨɣ ɦɚɫɤɢ, ɜ ɨɬɧɨɲɟɧɢɢ ɪɟɮɟɪɟɧɬɧɨɝɨ ɲɬɚɦɦɚ E. coli. 

Ɉɛɪɚɛɨɬɚɧɧɵɟ ɨɛɪɚɡɰɵ ɦɚɬɟɪɢɚɥɚ ɚɫɟɩɬɢɱɟɫɤɢ ɪɚɡɪɟɡɚɥɢ ɧɚ ɤɭɫɨɱɤɢ 

ɪɚɡɦɟɪɨɦ 1 ɫɦ × 1 ɫɦ ɢ ɢɧɨɤɭɥɢɪɨɜɚɥɢ 100 ɦɤɥ ɫɭɫɩɟɧɡɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

E. coli (0,5 ɩɨ ɫɬɚɧɞɚɪɬɭ ɦɭɬɧɨɫɬɢ ɆɚɤɎɚɪɥɚɧɞɚ) ɜ ɫɬɟɪɢɥɶɧɵɯ ɱɚɲɤɚɯ 

ɉɟɬɪɢ. Ⱥɧɬɢɛɚɤɬɟɪɢɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɥɢ ɜ ɦɨɦɟɧɬ ɤɨɧɬɚɤɬɚ 

ɨɛɪɚɡɰɚ ɫ ɫɭɫɩɟɧɡɢɟɣ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ (0 ɱɚɫɨɜ) ɢ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɜ 

ɬɟɱɟɧɢɟ 3 ɱɚɫɨɜ, 6 ɱɚɫɨɜ ɢ 24 ɱɚɫɨɜ ɩɪɢ 37 ° C. Ɂɚɬɟɦ ɫ ɩɨɦɨɳɶɸ ɫɬɟɪɢɥɶɧɨɝɨ 

ɩɢɧɰɟɬɚ ɡɚɫɟɹɧɧɵɟ ɨɛɪɚɡɰɵ ɩɟɪɟɧɨɫɢɥɢ ɜ ɩɪɨɛɢɪɤɢ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
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ɡɚɩɨɥɧɟɧɧɵɟ 1 ɦɥ ɫɬɟɪɢɥɶɧɨɣ ɜɨɞɵ. Ⱦɚɥɟɟ ɩɟɪɟɦɟɲɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 

ɜɢɛɪɨɦɢɤɫɟɪɚ (Vortex Genius 3, Ika, Germany) ɜ ɬɟɱɟɧɢɟ 30 ɫɟɤɭɧɞ 100 ɦɤɥ 

ɪɚɫɬɜɨɪɚ ɩɟɪɟɧɨɫɢɥɢ ɜ 2 ɦɥ ɩɪɨɛɢɪɤɭ ɗɩɩɟɧɞɨɪɮɚ, ɤɨɬɨɪɚɹ ɛɵɥɚ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɩɨɥɧɟɧɚ 900 ɦɤɥ ɫɬɟɪɢɥɶɧɨɣ ɜɨɞɵ. Ɍɚɤɢɦ ɫɩɨɫɨɛɨɦ 

ɪɚɫɬɜɨɪ ɛɵɥ ɪɚɡɛɚɜɥɟɧ ɜ 10 ɪɚɡ. Ɂɚɬɟɦ ɷɬɨɬ ɪɚɫɬɜɨɪ ɫɟɪɢɣɧɨ ɪɚɡɛɚɜɥɹɥɢ ɢ 

ɚɥɢɤɜɨɬɵ ɫɟɪɢɢ ɪɚɡɜɟɞɟɧɢɣ ɧɚɧɨɫɢɥɢ ɧɚ ɚɝɚɪɨɜɭɸ ɫɪɟɞɭ, ɱɬɨɛɵ ɦɨɠɧɨ ɛɵɥɨ 

ɩɨɞɫɱɢɬɚɬɶ ɤɨɥɨɧɢɢ ɛɚɤɬɟɪɢɣ. ɉɢɬɚɬɟɥɶɧɵɣ ɚɝɚɪ (Nutrient Agar, HiMedia) 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɤɚɱɟɫɬɜɟ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ, ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 

ɤɨɥɨɧɢɟɨɛɪɚɡɭɸɳɢɯ ɟɞɢɧɢɰ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ 

ɩɪɢ 37 ° C ɜ ɬɟɪɦɨɫɬɚɬɟ.  

 

 

Ɋɢɫɭɧɨɤ 7 – ɫɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɨɰɟɫɫɚ ɦɟɬɨɞɚ Time-kill [34] 

 

2.4 Ɇɟɬɨɞɵ ɜɵɞɟɥɟɧɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

2.4.1 Выɞɟɥɟɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢɡ ɜɨɡɞɭɯɚ 

ȼ ɪɚɛɨɬɟ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɩɨɫɟɜɚ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɧɚ 

ɚɝɚɪɢɡɢɪɨɜɚɧɧɭɸ ɩɢɬɚɬɟɥɶɧɭɸ ɫɪɟɞɭ. Ⱦɥɹ ɷɬɨɝɨ ɞɟɫɹɬɶ ɫɬɟɪɢɥɶɧɵɯ ɱɚɲɟɤ 
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ɉɟɬɪɢ ɫ ɩɢɬɚɬɟɥɶɧɵɦ ɚɝɚɪɨɦ (Nutrient Agar, HiMedia) ɛɵɥɢ ɪɚɫɫɬɚɜɥɟɧɵ ɜ 

ɩɨɦɟɳɟɧɢɹɯ ɫ ɪɚɡɧɨɣ ɩɨɫɟɳɚɟɦɨɫɬɶɸ ɢ ɚɤɬɢɜɧɨɫɬɶɸ ɥɸɞɟɣ. Ɇɟɫɬɚɦɢ ɩɨɫɟɜɚ 

ɛɵɥɢ ɜɵɛɪɚɧɵ ɭɱɟɛɧɵɟ ɚɭɞɢɬɨɪɢɢ ɛɚɡɨɜɨɣ ɤɚɮɟɞɪɵ ɛɢɨɬɟɯɧɨɥɨɝɢɢ. ɑɚɲɤɢ 

ɷɤɫɩɨɧɢɪɨɜɚɥɢ 40 ɦɢɧɭɬ ɜ ɨɬɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɨɫɥɟ ɱɟɝɨ ɡɚɤɪɵɜɚɥɢ ɢ 

ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ ɬɪɟɯ ɫɭɬɨɤ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ 30 ɨɋ. ɑɢɫɬɵɟ ɤɭɥɶɬɭɪɵ 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɢɫɬɨɳɚɸɳɟɝɨ ɩɨɫɟɜɚ ɧɚ ɩɢɬɚɬɟɥɶɧɵɣ ɚɝɚɪ ɞɨ 

ɩɨɥɭɱɟɧɢɹ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɤɨɥɨɧɢɣ, ɢ ɬɚɤ ɠɟ ɢɧɤɭɛɢɪɨɜɚɥɢɫɶ ɜ ɬɟɪɦɨɫɬɚɬɟ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30 ɨɋ [35].  

 

2.4.2 Выɞɟɥɟɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢɡ ɩɨɱɜы  

 

ɉɨɱɜɟɧɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɦɟɬɨɞɨɦ ɫɟɪɢɣɧɵɯ 

ɪɚɡɜɟɞɟɧɢɣ ɩɨɱɜɟɧɧɨɣ ɫɭɫɩɟɧɡɢɢ. ɉɨɫɟɜ ɩɪɨɢɡɜɨɞɢɥɢ ɢɡ ɪɚɡɜɟɞɟɧɢɣ 10-2-10-4 

ɧɚ ɱɚɲɤɢ ɉɟɬɪɢ ɫ ɩɢɬɚɬɟɥɶɧɵɦ ɚɝɚɪɨɦ, ɧɚɧɨɫɹ ɩɨ 100 ɦɤɥ ɫɭɫɩɟɧɡɢɢ ɧɚ 

ɱɚɲɤɭ. ɋɭɫɩɟɧɡɢɹ ɛɵɥɚ ɪɚɫɩɪɟɞɟɥɟɧɚ ɫɬɟɪɢɥɶɧɵɦ ɫɬɟɤɥɹɧɧɵɦ ɲɩɚɬɟɥɟɦ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɤɨɥɨɧɢɣ. Ⱦɚɥɟɟ ɱɚɲɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30 ɨɋ ɞɨ ɩɨɥɭɱɟɧɢɹ ɜɢɞɢɦɵɯ ɤɨɥɨɧɢɣ [23]. 

 

2.4.3 Выɞɟɥɟɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫ ɫɟɦяɧ ɩɲɟɧɢɰы 

 

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɷɩɢɮɢɬɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɟɦɹɧ 

ɩɲɟɧɢɰɵ ɫɟɦɟɧɚ ɩɪɨɪɚɳɢɜɚɥɢ ɜɨ ɜɥɚɠɧɵɯ ɤɚɦɟɪɚɯ ɢ ɧɚ ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞɚɯ 

ɩɨ ȽɈɋɌ 12044-93 [36]. ɋɟɦɟɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɦɵɜɚɥɢ ɜɨɞɨɩɪɨɜɨɞɧɨɣ 

ɜɨɞɨɣ ɢ ɞɟɡɢɧɮɢɰɢɪɨɜɚɥɢ 96 %-ɧɵɦ ɫɩɢɪɬɨɦ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧ. Ⱦɚɥɟɟ ɫɟɦɟɧɚ 

ɩɪɨɦɵɜɚɥɢ ɜ ɫɬɟɪɢɥɶɧɨɣ ɜɨɞɟ ɢ ɪɚɫɤɥɚɞɵɜɚɥɢ ɜ ɱɚɲɤɢ ɉɟɬɪɢ ɞɥɹ 

ɩɪɨɪɚɳɢɜɚɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɜ 1ɲɬ ɫɬɟɪɢɥɶɧɵɯ ɱɚɲɟɤ ɉɟɬɪɢ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɡɚɝɨɬɨɜɥɟɧɧɨɣ ɜ ɧɢɯ 2-ɫɥɨɣɧɨɣ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɨɣ, ɭɜɥɚɠɧɟɧɧɨɣ ɞɨ 

ɩɨɥɧɨɣ ɜɥɚɝɨɟɦɤɨɫɬɢ ɫɬɟɪɢɥɶɧɨɣ ɜɨɞɨɣ, ɛɵɥɢ ɪɚɡɥɨɠɟɧɵ ɫɟɦɟɧɚ ɩɲɟɧɢɰɵ, 

ɩɨ 5 ɲɬɭɤ ɜ ɤɚɠɞɭɸ ɱɚɲɤɭ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 2-3 ɫɦ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. Ɂɚɤɪɵɬɵɟ 
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ɱɚɲɤɢ ɉɟɬɪɢ ɩɨɦɟɳɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 21-22 ɨɋ. ɉɨɫɥɟ 

ɩɪɨɪɚɫɬɚɧɢɹ ɫɟɦɹɧ (7 ɫɭɬɨɤ) ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɱɚɲɤɢ ɫ ɩɪɨɪɨɫɬɤɚɦɢ, 

ɡɚɪɚɠɟɧɧɵɦɢ ɛɚɤɬɟɪɢɚɥɶɧɵɦɢ ɤɭɥɶɬɭɪɚɦɢ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɨɬɫɟɹɧɵ ɜ ɱɚɲɤɢ 

ɉɟɬɪɢ ɧɚ ɩɢɬɚɬɟɥɶɧɵɣ ɚɝɚɪ (ɜ ɬɪɟɯ ɩɨɜɬɨɪɧɨɫɬɹɯ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɢɧɤɭɛɢɪɨɜɚɧɢɟɦ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30 ɨɋ ɜ ɬɟɱɟɧɢɟ ɬɪɟɯ ɫɭɬɨɤ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɵɯ ɤɭɥɶɬɭɪ. 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɨɥɨɧɢɣ ɢɡ ɜɨɡɞɭɯɚ, 

ɩɨɱɜɵ ɢ ɫɟɦɹɧ ɩɲɟɧɢɰɵ, ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɱɢɫɬɵɟ ɤɭɥɶɬɭɪɵ ɛɚɤɬɟɪɢɣ, 

ɤɨɬɨɪɵɟ ɯɪɚɧɢɥɢ ɜ ɩɪɨɛɢɪɤɚɯ ɧɚ ɫɤɨɲɟɧɧɨɦ ɩɢɬɚɬɟɥɶɧɨɦ ɚɝɚɪɟ. 

2.5 Ɇɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɵɞɟɥɟɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

 

ɂɞɟɧɬɢɮɢɤɚɰɢɸ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɆȺɅȾɂ 

ɜɪɟɦɹɩɪɨɥɟɬɧɨɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ (MALDI TOF MS). Ɇɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ MALDI-TOF ɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɚ Microflex («BrukerDaltonics», Ƚɟɪɦɚɧɢɹ) ɜ ɤɥɢɧɢɤɨ-

ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ Ʉɪɚɟɜɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ 

ɭɱɪɟɠɞɟɧɢɟ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ "Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɟɜɨɣ ɤɥɢɧɢɱɟɫɤɢɣ ɰɟɧɬɪ 

ɨɯɪɚɧɵ ɦɚɬɟɪɢɧɫɬɜɚ ɢ ɞɟɬɫɬɜɚ" (ɄȽȻɍɁ ɄɄɄɐɈɆȾ). 

ɂɫɫɥɟɞɭɟɦɵɟ ɲɬɚɦɦɵ ɛɚɤɬɟɪɢɣ ɜ ɱɢɫɬɨɣ ɤɭɥɶɬɭɪɟ ɨɬɛɢɪɚɥɢ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɩɟɬɥɟɣ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɨɲɟɧɧɨɝɨ ɚɝɚɪɚ ɢ ɧɚɧɨɫɢɥɢ ɧɚ 

ɫɬɚɥɶɧɨɣ ɩɥɚɧɲɟɬ ɞɥɹ MALDI-TOF ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ (ɆɌɊ 384 massive, 

«BrukerDaltonics», Ƚɟɪɦɚɧɢɹ). Ⱦɚɥɟɟ ɧɚ ɤɚɠɞɵɣ ɨɛɪɚɡɟɰ ɧɚɫɥɚɢɜɚɥɢ ɩɨ 2 ɦɤɥ 

ɦɚɬɪɢɰɵ - a-ɋɇɋȺ («BrukerDaltonics», Ƚɟɪɦɚɧɢɹ) ɜ ɪɚɫɬɜɨɪɟ ɦɚɬɪɢɰɵ, 

ɫɨɞɟɪɠɚɳɟɦ 2,5% ɬɪɢɮɬɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ 50% ɚɰɟɬɨɧɢɬɪɢɥɚ. ɉɥɚɧɲɟɬ ɫ 

ɫɨɞɟɪɠɢɦɵɦ ɩɨɞɜɟɪɝɚɥɫɹ ɜɵɫɭɲɢɜɚɧɢɸ ɞɨ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ (5 

ɦɢɧɭɬ). ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɶɧɨɝɨ ɨɛɪɚɡɰɚ, ɚ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɜɧɟɲɧɟɝɨ 

ɤɚɥɢɛɪɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɷɤɫɬɪɚɤɬ ɲɬɚɦɦɚ E. coli DH5a. 

Ȼɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ 50 ɢɦɩɭɥɶɫɨɜ ɥɚɡɟɪɚ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɠɞɨɝɨ ɦɚɫɫ-

ɫɩɟɤɬɪɚ, ɫ ɦɨɳɧɨɫɬɶɸ ɢɡɥɭɱɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɭɪɨɜɧɟ ɦɢɧɢɦɚɥɶɧɨɝɨ 

ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ. ɉɚɪɚɦɟɬɪɵ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɚ ɨɩɬɢɦɢɡɢɪɨɜɚɥɢ ɞɥɹ 
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ɞɢɚɩɚɡɨɧɚ m/z (ɨɬɧɨɲɟɧɢɟ ɦɚɫɫɵ ɤ ɡɚɪɹɞɭ) ɨɬ 2000 ɞɨ 20 000. ȼɧɭɬɪɟɧɧɸɸ 

ɤɚɥɢɛɪɨɜɤɭ ɭɤɚɡɚɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɱɧɵɯ 

ɡɧɚɱɟɧɢɣ ɦɚɫɫ ɢɡɜɟɫɬɧɵɯ ɛɟɥɤɨɜ E. coli. Ɉɛɪɚɡɟɰ ɧɚɧɨɫɢɥɢ ɧɚ ɬɪɢ ɹɱɟɣɤɢ 

ɩɥɚɧɲɟɬɚ, ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɡɚɩɢɫɵɜɚɥɢ ɫɩɟɤɬɪ, ɩɨɥɭɱɟɧɧɵɣ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɫɭɦɦɢɪɨɜɚɧɢɹ 10 ɨɞɢɧɨɱɧɵɯ ɫɩɟɤɬɪɨɜ (500 ɢɦɩɭɥɶɫɨɜ ɥɚɡɟɪɚ). 

Ⱦɥɹ ɡɚɩɢɫɢ, ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ ɮɢɪɦɵ «BrukerDaltonics» (Ƚɟɪɦɚɧɢɹ): flexControl 2.4 (Build 38). 

ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɛɚɤɬɟɪɢɣ ɩɪɨɜɨɞɢɥɚɫɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
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3. ɊȿɁɍɅɖɌȺɌɕ 

 

Ⱥɧɬɢɦɢɤɪɨɛɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɪɚɫɬɜɨɪɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ, 

ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɨɬɧɨɲɟɧɢɢ 14 ɢɡɨɥɹɬɨɜ ɬɟɫɬɨɜɵɯ 

ɤɭɥɶɬɭɪ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ; 50% ɜɵɞɟɥɟɧɧɵɯ ɢɡɨɥɹɬɨɜ ɛɵɥɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ 

ɢɫɫɥɟɞɭɟɦɵɦ ɪɚɫɬɜɨɪɚɦ ɢ 40%  – ɤ ɦɚɬɟɪɢɚɥɚɦ ɜ ɩɟɪɜɵɟ ɫɭɬɤɢ ɧɚɛɥɸɞɟɧɢɹ, 

ɬɟɧɞɟɧɰɢɹ ɤ ɫɧɢɠɟɧɢɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɨɬɦɟɱɟɧɚ ɧɚ ɬɪɟɬɶɢ ɫɭɬɤɢ 

ɷɤɫɩɨɡɢɰɢɢ.  

 

3.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɵɞɟɥɟɧɧɵɯ ɛɚɤɬɟɪɢɣ  
 

ɂɡ ɨɛɴɟɤɬɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɢ ɨɩɪɟɞɟɥɟɧɨ 12 ɢɡɨɥɹɬɨɜ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ 6 – ɢɡ ɜɨɡɞɭɯɚ, 2 – ɢɡ ɩɨɱɜɵ ɢ 4 – ɫ ɫɟɦɹɧ 

ɩɲɟɧɢɰɵ (ɬɚɛɥ. 3). ȼɵɞɟɥɟɧɧɵɟ ɢɡɨɥɹɬɵ ɨɬɧɨɫɢɥɢɫɶ ɤ ɜɢɞɚɦ: Bacillus spp., 

Bacillus cereus, Bacillus pumilus, Bacillus subtilis, Bacillus patagoniensis, 

Micrococcus luteus. 

 

Ɍɚɛɥɢɰɚ 3 – ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɜɢɞɵ ɛɚɤɬɟɪɢɣ  

ɋɪɟɞɚ 
ɜɵɞɟɥɟɧɢɹ 

ȼɢɞ 
ɢ ɲɬɚɦɦ ɢɡɨɥɹɬɚ 

ȼɨɡɞɭɯ 

Bacillus subtilis ȼ 3 
Bacillus cereus ȼ 1 
Bacillus cereus ȼ 4 

Bacillus pumilus ȼ 2 
Bacillus pumilus ȼ 5 
Bacillus pumilus ȼ 6 

ɉɨɱɜɚ 
Bacillus spp. ɉ 8 

Bacillus subtilis ɉ 7 

ɋɟɦɟɧɚ 
ɩɲɟɧɢɰɵ 

Micrococcus luteus ɋ 9 
Micrococcus luteus ɋ 12 

Bacillus subtilis ɋ 13 
Bacillus patagoniensis ɋ 14 
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Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɨɞɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɛɚɤɬɟɪɢɣ: 

Ɋɨɞ Bacillus: ɩɪɹɦɵɟ ɩɚɥɨɱɤɢ, ɱɚɫɬɨ ɜ ɩɚɪɚɯ ɢɥɢ ɰɟɩɨɱɤɚɯ, 

ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɩɨ Ƚɪɚɦɭ, ɩɨɞɜɢɠɧɵɟ ɡɚ ɫɱёɬ ɩɟɪɢɬɪɢɯɚɥɶɧɵɯ ɠɝɭɬɢɤɨɜ. 

ɗɧɞɨɫɩɨɪɵ ɨɜɚɥɶɧɵɟ ɢɥɢ ɰɟɥɢɧɞɪɢɱɟɫɤɢɟ, ɜɵɫɨɤɨɭɫɬɨɣɱɢɜɵɟ ɤ ɭɫɥɨɜɢɹɦ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜ ɤɥɟɬɤɟ ɨɛɪɚɡɭɟɬɫɹ ɧɟ ɛɨɥɟɟ ɨɞɧɨɣ ɫɩɨɪɵ. ɉɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɤɢɫɥɨɪɨɞɭ ɚɷɪɨɛɵ ɢɥɢ ɮɚɤɭɥɶɬɚɬɢɜɧɵɟ ɚɧɚɷɪɨɛɵ. ɉɨ ɬɢɩɭ 

ɩɢɬɚɧɢɹ ɯɟɦɨɨɪɝɚɧɨɬɪɨɮɵ: ɦɟɬɚɛɨɥɢɡɦ ɛɪɨɞɢɥɶɧɨɝɨ ɢɥɢ ɞɵɯɚɬɟɥɶɧɨɝɨ ɬɢɩɚ. 

Ɉɛɵɱɧɨ ɤɚɬɚɥɚɡɨɩɨɥɨɠɢɬɟɥɶɧɵɟ.  

Ɋɨɞ Micrococcus: ɤɥɟɬɤɢ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɩɚɪɚɯ, 

ɬɟɬɪɚɞɚɯ ɢɥɢ ɫɤɨɩɥɟɧɢɹɯ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ, ɧɨ ɧɟ ɜ ɰɟɩɨɱɤɚɯ. 

Ƚɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɪɟɞɤɨ ɩɨɞɜɢɠɧɵɟ, ɧɟɫɩɨɪɨɨɛɪɚɡɭɸɳɢɟ. ɉɨ ɨɬɧɨɲɟɧɢɸ 

ɤ ɤɢɫɥɨɪɨɞɭ ɨɛɥɢɝɚɬɧɵɟ ɚɷɪɨɛɵ. Ʉɨɥɨɧɢɢ ɨɛɵɱɧɨ ɠɟɥɬɨɝɨ ɢɥɢ ɤɪɚɫɧɨɝɨ 

ɰɜɟɬɚ. ɏɟɦɨɨɪɝɚɧɨɬɪɨɮɵ: ɦɟɬɚɛɨɥɢɡɦ ɞɵɯɚɬɟɥɶɧɨɝɨ ɬɢɩɚ. Ɉɛɵɱɧɨ ɪɚɫɬɭɬ ɧɚ 

ɩɪɨɫɬɵɯ ɫɪɟɞɚɯ. Ʉɚɬɚɥɚɡɨɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɢ ɱɚɫɬɨ ɫɥɚɛɨ-

ɨɤɫɢɞɚɡɨɩɨɥɨɠɢɬɟɥɶɧɵɟ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɝɚɥɨɬɨɥɟɪɚɧɬɧɵɟ, ɪɚɫɬɭɬ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ 5% NaCl. ȼɫɬɪɟɱɚɸɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɧɚ ɤɨɠɟ 

ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɜ ɩɨɱɜɟ, ɨɞɧɚɤɨ ɜɵɞɟɥɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɩɢɳɟɜɵɯ 

ɩɪɨɞɭɤɬɨɜ ɢ ɢɡ ɜɨɡɞɭɯɚ.  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɨɞɨɜ ɪɟɮɟɪɟɧɬɧɵɯ ɲɬɚɦɦɨɜ: 

Ɋɨɞ Staphylococcus: ɤɥɟɬɤɢ ɫɮɟɪɢɱɟɫɤɢɟ, ɨɞɢɧɨɱɧɵɟ, ɢ ɩɚɪɚɯ ɢɥɢ 

ɝɪɭɩɩɚɯ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ. Ƚɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɧɟɩɨɞɜɢɠɧɵɟ, 

ɧɟɫɩɨɪɨɨɛɪɚɡɸɳɢɟ. Ɏɚɤɭɥɶɬɚɬɢɜɧɵɟ ɚɧɚɷɪɨɛɵ. ɏɟɦɨɨɪɝɚɧɨɬɪɨɮɵ, 

ɨɛɥɚɞɚɸɳɢɟ ɞɵɯɚɬɟɥɶɧɵɦ ɢ ɛɪɨɞɢɥɶɧɵɦ ɬɢɩɨɦ ɦɟɬɚɛɨɥɢɡɦɚ. Ʉɨɥɨɧɢɢ 

ɨɛɵɱɧɨ ɧɟɩɪɨɡɪɚɱɧɵɟ, ɛɟɥɵɟ ɢɥɢ ɤɪɟɦɨɜɵɟ, ɢɧɨɝɞɚ ɨɬ ɠɟɥɬɵɯ ɞɨ ɨɪɚɧɠɟɜɵɯ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɤɚɬɚɥɚɡɨɩɥɨɠɢɬɟɥɶɧɵɟ, ɨɤɫɢɞɚɡɨɨɬɪɢɰɚɬɟɥɶɧɵɟ. Ɇɨɝɭɬ ɛɵɬɶ 

ɜɵɞɟɥɟɧɵ ɫ ɤɨɠɧɵɯ ɩɨɤɪɨɜɨɜ ɢ ɫɥɢɡɢɫɬɵɯ ɨɛɨɥɨɱɟɤ ɬɟɩɥɨɤɪɨɜɧɵɯ 

ɩɨɡɜɨɧɨɱɧɵɯ, ɢɡ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɩɵɥɢ ɢ ɜɨɞɵ.  

Ɋɨɞ Escherichia: ɩɪɹɦɵɟ ɩɚɥɨɱɤɢ, ɨɞɢɧɨɱɧɵɟ ɢɥɢ ɜ ɩɚɪɚɯ. Ⱦɥɹ ɦɧɨɝɢɯ 

ɲɬɚɦɦɨɜ ɯɚɪɚɤɬɟɪɧɵ ɤɚɩɫɭɥɵ ɢɥɢ ɦɢɤɪɨɤɚɩɫɭɥɵ. Ƚɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɟ. 
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ɉɨɞɜɢɠɧɵɟ ɡɚ ɫɱɟɬ ɩɟɪɢɬɪɢɯɢɚɥɶɧɵɯ ɠɝɭɬɢɤɨɜ ɢɥɢ ɧɟɩɨɞɜɢɠɧɵɟ. 

Ɏɚɤɭɥɶɬɚɬɢɜɧɵɟ ɚɧɚɷɪɨɛɵ, ɨɛɥɚɞɚɸɳɢɟ ɞɵɯɚɬɟɥɶɧɵɦ ɢ ɛɪɨɞɢɥɶɧɵɦ ɬɢɩɚɦɢ 

ɦɟɬɚɛɨɥɢɡɦɚ. Ɉɫɢɞɚɡɨɨɬɪɢɰɚɬɟɥɶɧɵɟ, ɤɚɬɚɥɚɡɨɩɥɨɠɢɬɟɥɶɧɵɟ, ɩɪɨɛɚ ɫ 

ɦɟɬɢɥɨɜɵɦ ɤɪɚɫɧɵɦ ɩɨɥɨɠɢɬɟɥɶɧɚɹ. ȼɫɬɪɟɱɚɟɬɫɹ ɤɚɤ ɧɨɪɦɚɥɶɧɚɹ ɮɥɨɪɚ ɜ 

ɧɢɠɧɟɦ ɨɬɞɟɥɟ ɤɢɲɟɱɧɢɤɚ ɝɨɦɨɣɨɬɟɪɦɧɵɯ ɠɢɜɨɬɧɵɯ.  

 

 

ɂɡɴɹɬɨ 8 ɫɬɪɚɧɢɰ 
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ȼɕȼɈȾɕ 

 

1. Ɋɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɨɛɥɚɞɚɥɢ ɫɪɟɞɧɟɣ ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ 

ɜ ɨɬɧɨɲɟɧɢɢ ɬɟɫɬ-ɤɭɥɶɬɭɪ Bacillus cereus ȼ 1, Micrococcus luteus ɋ 9 ɢ E. coli 

25922. Ⱦɨɛɚɜɥɟɧɢɟ ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧɚ ɧɟ ɩɪɢɜɟɥɨ ɤ ɭɫɢɥɟɧɢɸ 

ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ. Ɇɚɤɫɢɦɚɥɶɧɨɣ ɚɧɬɢɦɢɤɪɨɛɧɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɥɢ ɪɚɫɬɜɨɪɵ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ 

ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ: ɡɨɧɵ ɨɬɫɭɬɫɬɜɢɹ ɪɨɫɬɚ ɭ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ 

ɫɨɫɬɚɜɥɹɥɢ ɨɬ 35 ɞɨ 61 ɦɦ. Ɇɟɥɶɬɛɥɚɭɧ, ɨɛɪɚɛɨɬɚɧɧɵɣ ɪɚɫɬɜɨɪɨɦ ɫ 

ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɦɢ ɷɥɟɤɬɪɨ-ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, 

ɩɨɞɚɜɥɹɥ ɪɨɫɬ 5 ɢɡ 12 ɢɡɨɥɹɬɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɛɚɤɬɟɪɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɪɟɮɟɪɟɧɬɧɨɝɨ ɲɬɚɦɦɚ E. coli, ɩɨɫɥɟ 6 ɱɚɫɨɜ ɷɤɫɩɨɡɢɰɢɢ ɠɢɡɧɟɫɩɨɫɨɛɧɵɯ 

ɤɥɟɬɨɤ ɨɛɧɚɪɭɠɟɧɨ ɧɟ ɛɵɥɨ 

2. Ɋɚɫɬɜɨɪɵ ɧɚɧɨɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ ɛɨɪɝɢɞɪɢɞɧɵɦ ɦɟɬɨɞɨɦ 

ɨɛɥɚɞɚɥɢ ɫɥɚɛɨɣ ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ: ɡɨɧɵ ɨɬɫɭɬɫɬɜɢɹ ɪɨɫɬɚ ɬɟɫɬ-

ɤɭɥɶɬɭɪ ɛɚɤɬɟɪɢɣ ɫɨɫɬɚɜɥɹɥɢ ɨɬ 1 ɞɨ 7 ɦɦ, ɧɚɢɛɨɥɶɲɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ 

ɫɪɟɞɢ ɬɟɫɬ-ɤɭɥɶɬɭɪ ɨɛɥɚɞɚɥɢ ɷɩɢɮɢɬɧɵɟ ɛɚɤɬɟɪɢɢ ɫɟɦɹɧ ɩɲɟɧɢɰɵ. Ɋɚɫɬɜɨɪ ɫ 

ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɬɚɛɢɥɢɡɚɬɨɪɚ (1,5 ɦɝ/ɥ) ɩɪɨɹɜɥɹɥ ɦɢɧɢɦɚɥɶɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ. Ⱥɧɚɥɢɡ, ɩɪɨɜɟɞɟɧɧɵɣ ɞɢɮɮɭɡɢɨɧɧɵɦ ɦɟɬɨɞɨɦ, ɧɟ ɜɵɹɜɢɥ 

ɚɧɬɢɦɢɤɪɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɜɧɭɬɪɟɧɧɟɣ ɱɚɫɬɢ ɦɟɞɢɰɢɧɫɤɨɣ ɦɚɫɤɢ ɢ 

ɨɛɪɚɡɰɨɜ ɨɛɪɚɬɧɨ-ɨɫɦɨɬɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ. 

3. ɗɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɷɥɟɤɬɪɨ-ɯɢɦɢɱɟɫɤɢɣ 

ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɪɟɛɪɚ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ (3-10 ɧɦ), 

ɱɟɦ ɛɨɪɝɢɞɪɢɞɧɵɣ ɦɟɬɨɞ (10-100 ɧɦ). ɗɬɨ ɨɛɴɹɫɧɹɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 

ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɚɫɬɜɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ 

ɫɟɪɟɛɪɚ, ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ.  
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