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ɊȿɎȿɊАɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ⱥɞɫɨɪɛɰɢɹ ɤɪɚɫɢɬɟɥɹ 

ɷɨɡɢɧɚ Y ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɦɩɥɟɤɫɨɜ ɢɡ ɪɚɡɧɨɡɚɪɹɠɟɧɧɵɯ ɩɪɢɪɨɞɧɵɯ 

ɩɨɥɢɫɚɯɚɪɢɞɨɜ» ɫɨɞɟɪɠɢɬ 39 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 34 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ, 6 ɭɪɚɜɧɟɧɢɣ, 3 ɬɚɛɥɢɰɵ, 11 ɪɢɫɭɧɤɨɜ. 

ɉɈɅɂɗɅȿɄɌɊɈɅɂɌɇɕɃ ɄɈɆɉɅȿɄɋ, ɏɂɌɈɁȺɇ, ɋɍɅɖɎȺɌ 

ȺɊȺȻɂɇɈȽȺɅȺɄɌȺɇȺ, ȺȾɋɈɊȻɐɂə, ɗɈɁɂɇ Y, ɆɈȾȿɅɖ ȺȾɋɈɊȻɐɂɂ 

ɅȿɇȽɆɘɊȺ-ɎɊȿɃɇȾɅɂɏȺ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɧɨɜɵɣ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɣ ɤɨɦɩɥɟɤɫ, ɤɚɤ 

ɚɞɫɨɪɛɟɧɬ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɤɚɱɟɫɬɜɟɧɧɚɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ 

ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɉɗɄ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɧɢɨɧɧɨɦɭ ɤɪɚɫɢɬɟɥɸ ɷɨɡɢɧɭ Y 

ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɦɟɬɨɞɨɜ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ, ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɚɞɫɨɪɛɰɢɹ ɤɪɚɫɢɬɟɥɹ ɷɨɡɢɧɚ Y ɫɩɟɤɬɪɚɥɶɧɵɦɢ 

ɦɟɬɨɞɚɦɢ, ɨɩɪɟɞɟɥɟɧɨ ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, 

ɩɨɥɭɱɟɧɵ ɢɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɢ ɜɵɩɨɥɧɟɧ ɩɨɞɛɨɪ ɦɨɞɟɥɢ. Ɉɩɪɟɞɟɥɟɧɵ 

ɤɨɧɫɬɚɧɬɵ ɚɞɫɨɪɛɰɢɢ ɩɪɢ ɜɚɪɢɚɰɢɢ pH ɪɚɫɬɜɨɪɨɜ ɢ ɢɨɧɧɨɣ ɫɢɥɵ, ɩɪɨɢɡɜɟɞɟɧɨ 

ɫɪɚɜɧɟɧɢɟ ɫ ɚɧɚɥɨɝɚɦɢ. 
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ȼȼȿȾȿɇɂȿ 

 

ɋɩɟɤɬɪɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ. Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɫɨɫɬɚɜ ɢ 

ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɨɬɤɥɢɤɭ ɫɪɟɞɵ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 

ɢɡɥɭɱɟɧɢɹ. ɋɟɣɱɚɫ ɜ ɦɢɪɟ ɚɤɬɢɜɧɨ ɜɟɞɟɬɫɹ ɩɨɢɫɤ ɢ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɬɜɟɱɚɬɶ ɪɚɡɥɢɱɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɩɨɡɜɨɥɹɬ 

ɪɟɲɢɬɶ ɦɧɨɝɢɟ ɡɚɞɚɱɢ, ɩɨɷɬɨɦɭ ɜɚɠɧɨ ɭɦɟɬɶ ɷɮɮɟɤɬɢɜɧɨ ɨɩɪɟɞɟɥɹɬɶ ɫɜɨɣɫɬɜɚ 

ɷɬɢɯ ɜɟɳɟɫɬɜ ɧɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ ɢ ɞɚɜɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɩɪɨɢɫɯɨɞɹɳɢɦ ɫ 

ɧɢɦɢ ɩɪɨɰɟɫɫɚɦ. 

Ɉɞɧɢɦ ɢɡ ɨɛɲɢɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɚɞɫɨɪɛɢɪɭɸɳɢɯ ɫɩɨɫɨɛɧɨɫɬɟɣ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ. 

ɗɬɚ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɦɟɬɨɞɚɦɢ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 

ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɚɠɧɵɟ ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ-

ɚɞɫɨɪɛɟɧɬɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɡɥɢɱɧɵɦ ɤɥɚɫɫɚɦ ɜɟɳɟɫɬɜ. ɋɥɨɠɧɨ ɩɪɟɭɜɟɥɢɱɢɬɶ 

ɪɨɥɶ ɚɞɫɨɪɛɟɧɬɨɜ (ɤɨɬɨɪɵɦɢ ɜ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ ɹɜɥɹɟɬɫɹ ɥɸɛɨɟ ɬɜɟɪɞɨɟ ɬɟɥɨ) ɜ 

ɠɢɡɧɢ ɱɟɥɨɜɟɤɚ, ɧɨ ɱɬɨ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɩɨɧɹɬɢɟ ɚɞɫɨɪɛɰɢɢ ɢ ɤɚɤɢɟ ɦɚɬɟɪɢɚɥɵ 

ɦɨɠɧɨ ɧɚɡɵɜɚɬɶ ɚɞɫɨɪɛɟɧɬɚɦɢ? ɋɬɪɨɝɨ ɝɨɜɨɪɹ, ɚɞɫɨɪɛɰɢɹ – ɷɬɨ ɨɛɨɝɚɳɟɧɢɟ ɢɥɢ 

ɨɛɟɞɧɟɧɢɟ ɨɞɧɨɝɨ ɢɥɢ ɛɨɥɟɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɦɟɠɮɚɡɧɨɦ ɫɥɨɟ (ɧɚɩɪɢɦɟɪ, 

ɬɜёɪɞɨɟ ɬɟɥɨ – ɠɢɞɤɨɫɬɶ). Ɉɬɫɸɞɚ, ɚɞɫɨɪɛɟɧɬ – ɬɜɟɪɞɨɟ ɬɟɥɨ, ɧɚ ɤɨɬɨɪɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɚɞɫɨɪɛɰɢɹ. Ⱥɞɫɨɪɛɚɬɨɦ ɧɚɡɵɜɚɸɬ ɜɟɳɟɫɬɜɨ, ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɟ 

ɬɜɟɪɞɵɦ ɬɟɥɨɦ, ɚ ɚɞɫɨɪɛɬɢɜɨɦ – ɜɟɳɟɫɬɜɨ ɫɩɨɫɨɛɧɨɟ ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ, ɧɨ ɟɳё 

ɧɚɯɨɞɹɳɟɟɫɹ ɜ ɨɛɴɟɦɟ ɮɚɡɵ [1]. ȼ ɫɪɟɞɚɯ, ɝɞɟ ɜɨɡɦɨɠɧɨ ɩɪɨɬɟɤɚɧɢɟ ɚɞɫɨɪɛɰɢɢ, 

ɦɨɠɟɬ ɭɫɬɚɧɨɜɢɬɶɫɹ ɚɞɫɨɪɛɰɢɨɧɧɨɟ ɪɚɜɧɨɜɟɫɢɟ – ɷɬɨ ɬɨɬ ɫɥɭɱɚɣ, ɤɨɝɞɚ 

ɫɤɨɪɨɫɬɢ ɚɞɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ ɫɬɚɧɨɜɹɬɫɹ ɪɚɜɧɵɦɢ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜ ɦɢɪɟ ɧɚɫɱɢɬɵɜɚɟɬɫɹ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɚɞɫɨɪɛɢɪɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. ȼɫɟ 

ɨɧɢ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɫɩɨɫɨɛɚɦɢ 

ɩɨɥɭɱɟɧɢɹ, ɦɟɯɚɧɢɡɦɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɤɪɭɠɚɸɳɢɦɢ ɢɯ ɜɟɳɟɫɬɜɚɦɢ. Ⱦɥɹ 

ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɫɥɭɱɚɹ ɧɟɨɛɯɨɞɢɦ ɨɩɪɟɞɟɥɟɧɧɵɣ ɚɞɫɨɪɛɟɧɬ, ɤɨɬɨɪɵɣ 
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ɛɭɞɟɬ ɨɛɥɚɞɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɦɟɸɳɟɦɭɫɹ 

ɬɢɩɭ ɫɨɟɞɢɧɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɫɜɨɣɫɬɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɪɚɡɪɚɛɨɬɤɚ ɢ ɩɨɢɫɤ ɧɨɜɵɯ ɚɞɫɨɪɛɢɪɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ 

ɡɚɞɚɱɟɣ ɪɚɡɧɵɯ ɨɛɥɚɫɬɟɣ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɢ, ɚ ɫɩɟɤɬɪɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ – 

ɧɟɡɚɦɟɧɢɦɵɦ ɢ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɭɞɨɛɧɵɯ ɢ ɞɟɣɫɬɜɟɧɧɵɯ ɫɩɨɫɨɛɨɜ, 

ɩɨɡɜɨɥɹɸɳɢɯ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ. 

Ɉɛɥɚɫɬɶ ɧɚɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɤɥɸɱɟɧɚ ɜ ɪɚɦɤɚɯ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɤɨɬɨɪɚɹ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɨɩɢɫɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɦɨɥɟɤɭɥɚɦɢ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɜɟɳɟɫɬɜɚ. ȼ ɪɨɥɢ ɚɞɫɨɪɛɟɧɬɚ ɜɵɫɬɭɩɚɟɬ ɜɩɟɪɜɵɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ 

ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɣ ɤɨɦɩɥɟɤɫ (ɉɗɄ) ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ; ɩɪɨɬɨɬɢɩɨɦ 

ɡɚɝɪɹɡɧɢɬɟɥɹ - ɤɪɚɫɢɬɟɥɶ ɷɨɡɢɧ Y. ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ 

ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɚɞɫɨɪɛɰɢɢ ɧɚ ɧɨɜɨɦ ɚɞɫɨɪɛɟɧɬɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶ 

ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɤɚɱɟɫɬɜɟɧɧɚɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɚɞɫɨɪɛɰɢɨɧɧɵɯ 

ɫɜɨɣɫɬɜ ɉɗɄ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɧɢɨɧɧɨɦɭ ɤɪɚɫɢɬɟɥɸ ɷɨɡɢɧɭ Y ɩɪɢ ɩɨɦɨɳɢ 

ɫɩɟɤɬɪɚɥɶɧɵɯ ɦɟɬɨɞɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

ɭɫɬɚɧɨɜɢɬɶ ɮɚɤɬ ɚɞɫɨɪɛɰɢɢ ɤɪɚɫɢɬɟɥɹ, ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ 

ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɪɚɫɫɦɨɬɪɟɬɶ ɜɥɢɹɧɢɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɧɚ 

ɩɪɨɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɚ ɚɞɫɨɪɛɰɢɢ, ɬɚɤɢɯ ɤɚɤ pH ɢ ɢɨɧɧɚɹ ɫɢɥɚ ɪɚɫɬɜɨɪɚ.  

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɨɩɢɫɚɧɵ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ, 

ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɫɩɟɤɬɪɚɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɤɪɚɫɢɬɟɥɹ ɩɪɢ ɫɜɹɡɵɜɚɧɢɢ ɫ ɉɗɄ, 

ɨɫɭɳɟɫɬɜɥɟɧɚ ɜɚɪɢɚɰɢɹ ɭɫɥɨɜɢɣ ɩɪɨɬɟɤɚɧɢɹ ɚɞɫɨɪɛɰɢɢ ɢ ɜɵɩɨɥɧɟɧ ɩɨɞɛɨɪ 

ɦɨɞɟɥɟɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɫɥɭɱɚɹ.  
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1 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 

1.1 Ɉɛщɢɟ ɩɨɞɯɨɞɵ ɤ ɨɩɢɫɚɧɢɸ ɩɪɨɰɟɫɫɚ ɚɞɫɨɪɛɰɢɢ 

 

Ɍɟɨɪɢɹ ɚɞɫɨɪɛɰɢɢ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɡɧɚɧɢɢ ɦɚɬɟɦɚɬɢɤɢ, ɮɢɡɢɤɢ, ɯɢɦɢɢ, 

ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɨɣ ɯɢɦɢɢ, ɛɢɨɥɨɝɢɢ, ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɹɜɥɹɟɬɫɹ 

ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɮɢɡɢɱɟɫɤɨɣ ɢ ɤɨɥɥɨɢɞɧɨɣ ɯɢɦɢɢ, ɧɚɡɵɜɚɟɦɨɣ ɜ ɫɨɜɪɟɦɟɧɧɨɣ 

ɥɢɬɟɪɚɬɭɪɟ, ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɟɣ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɹɜɥɟɧɢɣ 

[2].  

ɂɡ ɨɛɳɟɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɥɸɛɨɣ ɩɚɪɚɦɟɬɪ ɫɢɫɬɟɦɵ 

ɨɞɧɨɡɧɚɱɧɨ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɤɚɤ ɦɢɧɢɦɭɦ ɱɟɪɟɡ ɞɜɚ ɞɪɭɝɢɯ. 

Ɉɬɧɨɫɢɬɟɥɶɧɨ ɚɞɫɨɪɛɰɢɢ ɷɬɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɞɚɜɥɟɧɢɟ ݌ 

(ɤɨɧɰɟɧɬɪɚɰɢɹ 𝑐) ɚɞɫɨɪɛɚɬɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ܶ. Ɍɨɝɞɚ ɜ ɨɛɳɟɦ ɜɢɞɟ ɡɚɩɢɫɵɜɚɸɬ 

ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ: а = 𝑓ሺ݌, ܶሻ, ɢɥɢ а = 𝑓ሺ˔, ܶሻ [3].  

Ɉɛɵɱɧɨ ɨɞɢɧ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɩɨɞɞɟɪɠɢɜɚɸɬ ɩɨɫɬɨɹɧɧɵɦ ɢ ɚɞɫɨɪɛɰɢɸ 

ɝɪɚɮɢɱɟɫɤɢ ɢɡɨɛɪɚɠɚɸɬ ɜ ɜɢɞɟ ɫɥɟɞɭɸɳɢɯ ɤɪɢɜɵɯ:  

- ɢɡɨɬɟɪɦɚ – ɷɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɚɞɫɨɪɛɰɢɢ ɨɬ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɢɥɢ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ; 

- ɢɡɨɛɚɪɚ – ɷɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɚɞɫɨɪɛɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɝɚɡɚ (ɢɡɨɩɢɤɧɚ - ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ); 

- ɢɡɨɫɬɟɪɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ (ɢɥɢ ɤɨɧɰɟɧɬɪɚɰɢɢ) ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɚɞɫɨɪɛɰɢɢ [2].  

Ɍɚɤɠɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɞɚɬɶ ɨɩɢɫɚɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ ɫɥɨɸ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ: ɦɟɬɨɞɨɦ ɢɡɛɵɬɨɱɧɵɯ ɜɟɥɢɱɢɧ Ƚɢɛɛɫɚ ɢ 

ɦɟɬɨɞɨɦ ɫɥɨɹ ɤɨɧɟɱɧɨɣ ɬɨɥɳɢɧɵ. ɉɟɪɜɵɣ ɹɜɥɹɟɬɫɹ ɧɚɝɥɹɞɧɵɦ ɢ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɜɨɞɢɬɶ ɨɩɢɫɚɧɢɟ ɧɟɨɞɧɨɪɨɞɧɨɣ ɮɚɡɵ ߚߙ (ɝɟɬɟɪɨɝɟɧɧɵɣ ɫɥɨɣ ɫ ɪɟɚɥɶɧɨɣ 

ɬɨɥɳɢɧɨɣ 𝛿, ɦɟɠɞɭ ɝɨɦɨɝɟɧɧɵɦɢ ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ ɮɚɡɚɦɢ ߙ ɢ ߚ) ɢ ɩɨɥɭɱɚɬɶ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶɫɹ ɩɨɥɧɵɟ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɍɚɤɠɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɳɢɧɵ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ, ɢɡɦɟɪɢɬɶ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɩɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ, 
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ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɫɨɫɬɚɜ ɦɟɠɮɚɡɧɨɝɨ ɫɥɨɹ. Ɇɟɬɨɞ ɫɥɨɹ ɤɨɧɟɱɧɨɣ ɬɨɥɳɢɧɵ ɢ ɟɝɨ 

ɪɚɡɥɢɱɧɵɟ ɦɨɞɟɥɶɧɵɟ ɩɪɢɛɥɢɠɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɦɨɞɟɥɶ ɦɨɧɨɫɥɨɹ, ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɚɞɫɨɪɛɰɢɢ ɢɡ ɪɚɫɬɜɨɪɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɵɯ ɬɟɥ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜɟɳɟɫɬɜɚ ɜ ɫɥɨɟ ɤɨɧɟɱɧɨɣ ɬɨɥɳɢɧɵ. ȼ ɦɟɬɨɞɟ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢɡɛɵɬɤɨɜ Ƚɢɛɛɫɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɢɡɛɵɬɤɢ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ: ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ – 𝑠ܷ, ɷɧɬɪɨɩɢɹ – ܵ𝑠, 

ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ – ܩ𝑠 ɢ Ƚɟɥɶɦɝɨɥɶɰɚ – ܨ𝑠, ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ – 𝜇 ɢ 

ɞɪ. [3] ɂɡɦɟɧɟɧɢɟ ɷɬɢɯ ɜɟɥɢɱɢɧ ɦɨɠɟɬ ɞɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɦɟɯɚɧɢɡɦɚɦ, ɩɨ 

ɤɨɬɨɪɵɦ ɩɪɨɬɟɤɚɟɬ ɚɞɫɨɪɛɰɢɹ.  

Ʉɪɨɦɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɞɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ 

ɚɞɫɨɪɛɰɢɢ ɩɪɨɜɨɞɹɬɫɹ ɤɢɧɟɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ 

ɜɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɚ ɬɚɤɠɟ ɞɚɸɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɷɬɚɩɵ ɩɪɨɬɟɤɚɧɢɹ ɚɞɫɨɪɛɰɢɢ. Ɍɚɤɢɟ ɞɚɧɧɵɟ ɦɨɝɭɬ 

ɞɚɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɦɟɯɚɧɢɡɦɚɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɫɢɫɬɟɦɟ ɚɞɫɨɪɛɚɬ-ɚɞɫɨɪɛɟɧɬ. 

ȼɟɥɢɱɢɧɵ ɚɞɫɨɪɛɰɢɢ ɝɚɡɨɜ ɢ ɩɚɪɨɜ ɧɚ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɢɡɨɬɟɪɦɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɬɚɬɢɱɟɫɤɢɦɢ ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 

ɋɬɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɫɨɫɬɨɹɬ ɜ ɬɨɦ, ɱɬɨ ɚɞɫɨɪɛɟɧɬ ɩɨɦɟɳɚɟɬɫɹ ɜ ɫɪɟɞɭ (ɝɚɡ ɢɥɢ 

ɠɢɞɤɨɫɬɶ), ɢ, ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ, ɢɡɦɟɪɹɟɬɫɹ ɪɚɜɧɨɜɟɫɧɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ (ɢɥɢ ɞɚɜɥɟɧɢɟ) ɢ ɤɨɥɢɱɟɫɬɜɨ ɩɨɝɥɨɳɟɧɧɨɝɨ ɚɞɫɨɪɛɚɬɚ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɩɭɫɤɚɧɢɢ ɱɟɪɟɡ ɫɥɨɣ ɚɞɫɨɪɛɟɧɬɚ ɩɨɬɨɤɚ 

ɠɢɞɤɨɫɬɢ (ɝɚɡɚ) ɢ ɜ ɮɢɤɫɢɪɨɜɚɧɢɢ ɩɨɹɜɥɟɧɢɹ «ɩɪɨɫɤɨɤɚ» ɚɞɫɨɪɛɬɢɜɚ ɡɚ ɫɥɨɟɦ 

ɚɞɫɨɪɛɟɧɬɚ. Ⱥ ɜ ɛɨɥɟɟ ɬɨɱɧɵɯ ɪɚɛɨɬɚɯ – ɜ ɢɡɦɟɪɟɧɢɢ ɧɚɪɚɫɬɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɚɞɫɨɪɛɬɢɜɚ ɡɚ ɫɥɨɟɦ ɚɞɫɨɪɛɟɧɬɚ ɩɨɫɥɟ ɩɪɨɫɤɨɤɚ [4].  

Ɉɬɞɟɥɟɧɢɟ ɚɞɫɨɪɛɚɬɚ ɫ ɚɞɫɨɪɛɟɧɬɨɦ ɨɬ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ, ɦɨɠɟɬ 

ɩɪɨɢɫɯɨɞɢɬɶ ɩɭɬёɦ ɫɟɞɢɦɟɧɬɚɰɢɢ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ, ɞɢɚɥɢɡɚ, ɜɵɫɚɥɢɜɚɧɢɹ, 

ɮɢɥɶɬɪɚɰɢɢ ɢ ɬ.ɞ. Ɍɚɤɨɟ ɪɚɡɞɟɥɟɧɢɟ ɮɚɡ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ 

ɪɚɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɟɳɟɫɬɜɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 

(ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɚɦɢ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɜɵɫɭɲɢɜɚɧɢɟɦ ɢ ɞɪ.). 
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Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 𝐶𝑒 ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ 

ɜɟɳɟɫɬɜɚ ݍ𝑒, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɭɪɚɜɧɟɧɢɢ (1). 

𝑒ݍ  = ሺ𝐶଴ − 𝐶𝑒ሻܸ݉ , (1) 

 

ɝɞɟ  𝐶଴ − ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɞɫɨɪɛɚɬɚ ɜ ɦɨɥɶ/ɥ;  V − ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ ɜ ɦɥ;  ݉ − ɦɚɫɫɚ ɚɞɫɨɪɛɟɧɬɚ ɜ ɦɝ/ɦɥ.  

Ɉɬɤɪɵɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ ɚɞɫɨɪɛɰɢɢ 

(ɧɚɩɪɢɦɟɪ, ɜ ɜɢɞɟ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɬɟɪɦ ɚɞɫɨɪɛɰɢɢ) ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɧɫɬɚɧɬ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɞɚɧɧɵɣ ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ.  

 

1.2 Ɇɟɯɚɧɢɡɦɵ ɚɞɫɨɪɛɰɢɢ ɢ ɨɫɧɨɜɧɵɟ ɬɢɩɵ ɚɞɫɨɪɛɟɧɬɨɜ 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ 

(ɦɨɥɟɤɭɥɚɦɢ, ɚɬɨɦɚɦɢ, ɢɨɧɚɦɢ) ɚɞɫɨɪɛɚɬɚ ɢ ɚɞɫɨɪɛɟɧɬɚ, ɪɚɡɥɢɱɚɸɬ ɮɢɡɢɱɟɫɤɭɸ 

ɢɥɢ ɜɚɧ-ɞɟɪ-ɜɚɚɥɶɫɨɜɭ ɚɞɫɨɪɛɰɢɸ ɢ ɯɢɦɢɱɟɫɤɭɸ ɢɥɢ ɯɟɦɨɫɨɪɛɰɢɸ. 

Ɋɚɡɝɪɚɧɢɱɟɧɢɟ ɷɬɢɯ ɞɜɭɯ ɜɢɞɨɜ ɚɞɫɨɪɛɰɢɢ ɱɚɫɬɨ ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦɢ 

ɬɪɭɞɧɨɫɬɹɦɢ. ɉɪɢɪɨɞɭ ɚɞɫɨɪɛɰɢɢ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ, ɢɫɫɥɟɞɨɜɚɜ ɟё ɤɢɧɟɬɢɤɭ ɢ 

ɷɧɟɪɝɟɬɢɤɭ.  

Ɏɢɡɢɱɟɫɤɚɹ ɚɞɫɨɪɛɰɢɹ ɧɚ ɧɟɩɨɪɢɫɬɵɯ ɚɞɫɨɪɛɟɧɬɚɯ ɩɪɨɬɟɤɚɟɬ 

ɩɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ, ɢ ɫɤɨɪɨɫɬɶ ɟё ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɏɟɦɨɫɨɪɛɰɢɹ, ɤɚɤ ɢ ɥɸɛɚɹ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ, ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ ɨɛɪɚɡɨɜɚɧɢɟ 

ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫ ɩɪɟɨɞɨɥɟɧɢɟɦ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ, ɬ.ɟ. ɹɜɥɹɟɬɫɹ 

ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɚɞɫɨɪɛɰɢɟɣ. ɋɤɨɪɨɫɬɶ ɬɚɤɨɣ ɚɞɫɨɪɛɰɢɢ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɞɧɚɤɨ ɛɵɜɚɸɬ ɫɥɭɱɚɢ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɯɟɦɨɫɨɪɛɰɢɢ ɤɢɫɥɨɪɨɞɚ ɢ 

ɜɨɞɨɪɨɞɚ ɧɚ ɱɢɫɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɨɜ, ɤɨɝɞɚ ɚɞɫɨɪɛɰɢɹ ɩɪɨɬɟɤɚɟɬ ɨɱɟɧɶ 

ɛɵɫɬɪɨ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɟё ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
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ɉɨ ɯɚɪɚɤɬɟɪɭ ɦɨɥɟɤɭɥɹɪɧɨɣ ɚɞɫɨɪɛɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɦɭ ɯɢɦɢɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɚɞɫɨɪɛɟɧɬɵ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɬɢɩɚ. ɉɟɪɜɵɣ ɬɢɩ – ɷɬɨ 

«ɧɟɫɩɟɰɢɮɢɱɟɫɤɢɟ» ɚɞɫɨɪɛɟɧɬɵ. ɂɯ ɩɨɜɟɪɯɧɨɫɬɶ ɧɟ ɧɟɫɟɬ ɧɢ ɢɨɧɨɜ, ɧɢ 

ɚɤɬɢɜɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɧɢ ɫɜɹɡɟɣ ɢɥɢ ɤɚɤɢɯ-ɥɢɛɨ ɰɟɧɬɪɨɜ ɫ 

ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɦɢ ɢɥɢ ɷɥɟɤɬɪɨɧɚɤɰɟɩɬɨɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɋɸɞɚ ɨɬɧɨɫɹɬɫɹ, 

ɧɚɩɪɢɦɟɪ, ɝɪɚɮɢɬɢɪɨɜɚɧɧɵɟ ɫɚɠɢ, ɧɢɬɪɢɞ ɛɨɪɚ, ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɬɧɵɯ 

ɦɨɧɨɫɥɨɟɜ ɧɚɫɵɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɩɨɥɢɦɟɪɧɵɯ ɧɚɫɵɳɟɧɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɚ ɬɚɤɠɟ ɨɤɢɫɥɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɩɪɢɜɢɜɤɨɣ ɤ ɢɯ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɬɧɨɝɨ ɫɥɨɹ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɝɪɭɩɩ ɢ ɬ.ɩ. 

ȼɬɨɪɨɣ ɬɢɩ – ɷɬɨ «ɫɩɟɰɢɮɢɱɟɫɤɢɟ» ɚɞɫɨɪɛɟɧɬɵ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɧɟɫɭɳɟɣ 

ɜɵɞɜɢɧɭɬɵɟ ɧɚɪɭɠɭ ɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ ɜ ɱɚɫɬɢɰɚɯ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ 

ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɚɪɹɞɵ, ɧɚɩɪɢɦɟɪ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɢɥɢ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɫ 

ɱɚɫɬɢɱɧɨ ɩɪɨɬɨɧɢɡɢɪɨɜɚɧɧɵɦ ɜɨɞɨɪɨɞɨɦ (ɩɪɨɬɨɧɧɵɟ ɤɢɫɥɨɬɧɵɟ ɰɟɧɬɪɵ) ɢɥɢ 

ɨɛɦɟɧɧɵɟ ɤɚɬɢɨɧɵ ɦɚɥɨɝɨ ɪɚɞɢɭɫɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɨɤɨɥɨ ɛɨɥɶɲɢɯ 

ɤɨɦɩɥɟɤɫɧɵɯ ɚɧɢɨɧɨɜ, ɤɚɤ ɜ ɰɟɨɥɢɬɚɯ, BaSOସ ɢ ɞɪɭɝɢɯ ɩɨɞɨɛɧɵɯ ɫɨɥɹɯ, ɚ ɬɚɤɠɟ 

ɪɚɡɥɢɱɧɵɟ ɚɩɪɨɬɨɧɧɵɟ ɤɢɫɥɨɬɧɵɟ ɰɟɧɬɪɵ.  

Ɍɪɟɬɢɣ ɬɢɩ ɚɞɫɨɪɛɟɧɬɨɜ – ɷɬɨ ɬɚɤɠɟ «ɫɩɟɰɢɮɢɱɟɫɤɢɟ» ɚɞɫɨɪɛɟɧɬɵ, ɧɨ ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɚɞɫɨɪɛɟɧɬɨɜ ɜɬɨɪɨɝɨ ɬɢɩɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɶ ɧɟɫɟɬ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ ɜ 

ɡɜɟɧɶɹɯ ɦɚɥɨɝɨ ɪɚɞɢɭɫɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɚɪɹɞɵ, ɧɚɩɪɢɦɟɪ ɝɪɭɩɩɵ CN, CO ɢ ɬ.ɩ. 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɬɧɵɯ ɦɨɧɨɫɥɨɟɜ ɢɥɢ ɩɨɥɢɦɟɪɨɜ ɢɥɢ ɜɵɞɜɢɧɭɬɵɟ ɧɚɪɭɠɭ 

ɚɧɢɨɧɵ ɦɚɥɨɝɨ ɪɚɞɢɭɫɚ ɢ ɪɚɡɥɢɱɧɵɟ ɞɪɭɝɢɟ ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɟ ɰɟɧɬɪɵ [5].  

ɋɜɹɡɵɜɚɧɢɟ ɦɨɥɟɤɭɥ ɡɚɝɪɹɡɧɢɬɟɥɹ ɫ ɚɞɫɨɪɛɟɧɬɨɦ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ 

ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɦɟɯɚɧɢɡɦɚɦ:  

- ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ; 

- ɝɢɞɪɨɮɨɛɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ; 

- ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɜɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ; 

- ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ.  

ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɚɞɫɨɪɛɰɢɸ ɩɨɥɹɪɧɵɯ 

ɦɨɥɟɤɭɥ ɧɚ ɚɞɫɨɪɛɟɧɬɟ, ɢɦɟɸɳɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɨɧɵ ɢɥɢ ɞɢɩɨɥɢ. ȼ ɬɚɤɨɦ 

ɫɥɭɱɚɟ ɜɨɡɧɢɤɚɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɧɨɜ ɢɥɢ ɞɢɩɨɥɟɣ ɚɞɫɨɪɛɬɢɜɚ ɫ 
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ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦ ɩɨɥɟɦ ɚɞɫɨɪɛɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɦɨɥɟɤɭɥɵ ɚɞɫɨɪɛɬɢɜɚ ɦɨɝɭɬ 

ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɜ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɦ ɩɨɥɟ ɚɞɫɨɪɛɟɧɬɚ, ɬ.ɟ. ɩɪɨɢɫɯɨɞɢɬ 

ɨɪɢɟɧɬɚɰɢɨɧɧɨɟ ɤɭɥɨɧɨɜɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ. 

ȼɨɞɨɪɨɞɧɚɹ ɫɜɹɡɶ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɚɞɫɨɪɛɰɢɢ ɧɚ ɚɞɫɨɪɛɟɧɬɚɯ, ɫɨɞɟɪɠɚɳɢɯ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɬɚɤɢɯ ɦɨɥɟɤɭɥ, ɤɚɤ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, 

ɫɩɢɪɬɨɜ, ɚɦɦɢɚɤɚ ɢ ɚɦɢɧɨɜ [6].  

ɋɢɥɵ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɡɚɜɢɫɹɬ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ, ɢɯ 

ɜɡɚɢɦɧɨɣ ɨɪɢɟɧɬɚɰɢɢ, ɫɬɪɨɟɧɢɹ ɢ ɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɨɬ 

ɫɨɛɫɬɜɟɧɧɨɝɨ ɞɢɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɢ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ ɦɨɥɟɤɭɥ. ɂɯ 

ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɥɟɞɭɸɳɢɟ ɤɚɬɟɝɨɪɢɢ:  

- ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ – ɦɟɠɞɭ ɩɨɥɹɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ (ɞɢɩɨɥɶ-ɞɢɩɨɥɶ). 

ɗɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɭɛɭ ɨɛɪɚɬɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

ɦɨɥɟɤɭɥɚɦɢ; 

- ɢɧɞɭɤɰɢɨɧɧɵɟ (ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ) – ɦɟɠɞɭ ɩɨɥɹɪɧɨɣ ɢ ɧɟɩɨɥɹɪɧɨɣ 

ɦɨɥɟɤɭɥɚɦɢ (ɩɨɫɬɨɹɧɧɵɣ ɞɢɩɨɥɶ – ɧɚɜɟɞёɧɧɵɣ ɞɢɩɨɥɶ). ɗɧɟɪɝɢɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɨɛɪɚɬɧɨɦɭ ɪɚɫɫɬɨɹɧɢɸ ɜ ɲɟɫɬɨɣ ɫɬɟɩɟɧɢ; 

- ɞɢɫɩɟɪɫɢɨɧɧɵɟ – ɦɟɠɞɭ ɧɟɩɨɥɹɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ (ɧɚɜɟɞɟɧɧɵɣ 

ɞɢɩɨɥɶ – ɧɚɜɟɞёɧɧɵɣ ɞɢɩɨɥɶ). ɗɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɨɛɪɚɬɧɨɦɭ ɪɚɫɫɬɨɹɧɢɸ ɜ ɲɟɫɬɨɣ ɫɬɟɩɟɧɢ [7]. 

Ƚɢɞɪɨɮɨɛɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ – ɫɢɥɶɧɨɟ ɩɪɢɬɹɠɟɧɢɟ ɜ ɜɨɞɟ ɦɟɠɞɭ 

ɧɟɩɨɥɹɪɧɵɦɢ ɱɚɫɬɢɰɚɦɢ. ɉɪɢɱɢɧɚ ɝɢɞɪɨɮɨɛɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ – ɛɨɥɶɲɚɹ 

ɷɧɟɪɝɢɹ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ, ɩɪɟɜɨɫɯɨɞɹɳɚɹ ɷɧɟɪɝɢɸ ɢɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɧɟɩɨɥɹɪɧɵɦɢ ɱɚɫɬɢɰɚɦɢ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɧɟɜɵɝɨɞɧɨɫɬɶ 

ɤɨɧɬɚɤɬɚ ɜɨɞɵ ɫ ɧɟɩɨɥɹɪɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɢ ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ ɫɢɥɶɧɨɟ 

ɩɪɢɬɹɠɟɧɢɟ ɢɯ ɦɨɥɟɤɭɥ ɞɪɭɝ ɤ ɞɪɭɝɭ [8].  

Ʉɚɤ ɩɪɚɜɢɥɨ ɜ ɢɡɭɱɚɟɦɨɣ ɫɢɫɬɟɦɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɡɜɨɪɚɱɢɜɚɟɬɫɹ ɫɪɚɡɭ 

ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɪɚɡɝɪɚɧɢɱɟɧɢɟ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ 

ɧɟɩɪɨɫɬɨɣ ɡɚɞɚɱɟɣ. Ⱦɥɹ ɷɬɨɝɨ ɫɢɫɬɟɦɭ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ ɜɨɡɦɭɳɚɸɬ ɩɭɬɟɦ 

ɢɡɦɟɧɟɧɢɹ ɩɨɥɹɪɧɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɦɟɬɨɞ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɫɞɜɢɝɨɜ [9]), ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ, ɷɤɪɚɧɢɪɭɸɳɢɯ ɡɚɪɹɞ. ȼɚɠɧɚɹ 
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ɢɧɮɨɪɦɚɰɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɫ ɩɨɦɨɳɶɸ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɢ ɦɟɬɨɞɨɜ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ, ɜ ɪɚɦɤɚɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ, ɫ ɩɨɦɨɳɶɸ 

ɦɟɬɨɞɨɜ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɬ.ɞ. [10].  

 

1.3 ɂɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɢ ɦɨɞɟɥɢ ɢɯ ɨɩɢɫɚɧɢɹ 

 

ɋɥɨɠɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɚɞɫɨɪɛɰɢɢ ɢɡ ɪɚɫɬɜɨɪɨɜ ɨɛɭɫɥɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɚɞɫɨɪɛɰɢɢ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɯɚɪɚɤɬɟɪ ɢɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɢ 

ɩɪɢɜɨɞɢɬ ɤ ɢɯ ɪɚɡɧɨɨɛɪɚɡɢɸ.  

ɑɚɪɥɶɡ Ƚɢɥɶɫ (C.H. Giles) ɩɪɟɞɥɨɠɢɥ ɪɚɡɞɟɥɢɬɶ ɢɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɧɚ 4 

ɤɥɚɫɫɚ (S, L, H, C) ɩɨ ɮɨɪɦɟ ɧɚɱɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɢɡɨɬɟɪɦɵ ɢ ɧɚ 5 ɬɢɩɨɜ ɩɨ 

ɢɡɦɟɧɟɧɢɸ ɮɨɪɦɵ ɤɪɢɜɨɣ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. ɋɯɟɦɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1 

 

 
Ɋɢɫɭɧɨɤ 1 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɢɡɨɬɟɪɦ ɚɞɫɨɪɛɰɢɢ ɢɡ ɪɚɫɬɜɨɪɨɜ 
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ɑɚɳɟ ɜɫɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɢɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɪɚɫɬɜɨɪɟɧɧɵɯ 

ɜɟɳɟɫɬɜ ɢɡ ɪɚɫɬɜɨɪɨɜ ɢɦɟɸɬ ɜɢɞ L1 ɢɥɢ L2, ɩɨɷɬɨɦɭ ɞɥɹ ɢɯ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɭɸɬ 

ɭɪɚɜɧɟɧɢɹ Ʌɟɧɝɦɸɪɚ, Ɏɪɟɧɞɥɢɯɚ ɢɥɢ Ⱦɭɛɢɧɢɧɚ – Ⱥɫɬɚɯɨɜɚ, ɚ ɞɥɹ ɚɧɚɥɢɡɚ 

ɥɢɧɟɣɧɵɯ ɢɡɨɬɟɪɦ – ɭɪɚɜɧɟɧɢɟ Ƚɟɧɪɢ. Ɉ ɩɪɢɟɦɥɟɦɨɫɬɢ ɷɬɢɯ ɦɨɞɟɥɟɣ ɦɨɠɧɨ 

ɫɭɞɢɬɶ ɩɨ ɡɧɚɱɟɧɢɸ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ܴଶ.  

 

1.3.1 ɍɪɚɜɧɟɧɢɟ Ƚɟɧɪɢ 

 

ɉɪɢ ɚɞɫɨɪɛɰɢɢ ɢɡ ɧɢɡɤɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɤɨɥɢɱɟɫɬɜɨ 

ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɨɞɟɪɠɚɧɢɸ ɚɞɫɨɪɛɬɢɜɚ ɜ 

ɪɚɫɬɜɨɪɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɢɡɨɬɟɪɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɩɪɹɦɭɸ ɥɢɧɢɸ, ɜɵɯɨɞɹɳɭɸ ɢɡ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ. ɗɬɢ ɧɚɱɚɥɶɧɵɟ ɭɱɚɫɬɤɢ 

ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɢɡɨɬɟɪɦɵ Ƚɟɧɪɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜ 

ɜɵɪɚɠɟɧɢɢ (2): 

 𝛤 = 𝐾𝐻𝐶, (2) 

 

ɝɞɟ 𝛤 – ɜɟɥɢɱɢɧɚ ɚɞɫɨɪɛɰɢɢ (ɦɨɥɶ/ɝ);  𝐶 – ɪɚɜɧɨɜɟɫɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ (ɦɨɥɶ/ɥ);  𝐾𝐻 – ɤɨɧɫɬɚɧɬɚ Ƚɟɧɪɢ (ɥ/ɝ), ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɳɟɫɬɜɚ 

ɦɟɠɞɭ ɚɞɫɨɪɛɟɧɬɨɦ ɢ ɪɚɫɬɜɨɪɨɦ. ɇɚ ɟё ɜɟɥɢɱɢɧɭ ɜɥɢɹɸɬ ɬɟɦɩɟɪɚɬɭɪɚ ɢ 

ɩɪɢɪɨɞɚ ɜɟɳɟɫɬɜ, ɧɨ ɨɧɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɞɫɨɪɛɬɢɜɚ.  

 

1.3.2 ɍɪɚɜɧɟɧɢɟ Ɏɪɟɣɧɞɥɢɯɚ 

 

ɇɟɦɟɰɤɢɣ ɯɢɦɢɤ Ƚɟɪɛɟɪɬ Ɇɚɤɫ Ɏɪɟɣɧɞɥɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɥ, 

ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɱɚɫɬɨ ɜɨɡɪɚɫɬɚɟɬ ɧɟ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ, ɚ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɞɥɟɧɧɟɟ, 

ɫɨɝɥɚɫɧɨ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɜɵɪɚɠɟɧɢɢ (3): 
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 𝛤 = 𝐾𝐹𝐶 భ೙, (3) 

 

ɝɞɟ 𝐾𝐹 – ɤɨɧɫɬɚɧɬɚ Ɏɪɟɣɧɞɥɢɯɚ. ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɜ ɨɛɥɚɫɬɢ ɫɪɟɞɧɢɯ ɡɚɩɨɥɧɟɧɢɣ ɜ 

ɫɥɭɱɚɟ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɚɞɫɨɪɛɟɧɬɚ. 

 

1.3.3 ɍɪɚɜɧɟɧɢɟ Ʌɟɧɝɦɸɪɚ  
 

ȿɫɥɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ ɦɨɠɟɬ ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ ɬɨɥɶɤɨ ɨɞɢɧ 

ɫɥɨɣ ɦɨɥɟɤɭɥ, ɬɨ ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɨɢɫɯɨɞɢɬ 

ɧɚɫɵɳɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɥɟɤɭɥɚɦɢ ɚɞɫɨɪɛɚɬɚ. ɗɬɚ ɬɟɨɪɢɹ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ 

ɫɥɟɞɭɸɳɢɯ ɩɨɥɨɠɟɧɢɹɯ: 

- ɚɞɫɨɪɛɰɢɹ ɥɨɤɚɥɢɡɨɜɚɧɚ; 

- ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɰɟɧɬɪɵ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɷɤɜɢɜɚɥɟɧɬɧɵ; 

- ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɟ ɦɨɥɟɤɭɥɵ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. 

ɍɪɚɜɧɟɧɢɟ Ʌɟɧɝɦɸɪɚ (4) ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɩɢɫɚɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɨɬɟɪɦ ɚɞɫɨɪɛɰɢɢ: 

 𝛤 = 𝛤௠𝑎𝑥 ௄𝐿ሺ 𝐶𝐶బሻଵ+௄𝐿ሺ 𝐶𝐶బሻ, (4) 

 

ɝɞɟ 𝛤௠𝑎𝑥 – ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɚɞɫɨɪɛɰɢɢ (ɦɨɥɶ/ɝ);  𝐶଴ – ɫɬɚɧɞɚɪɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ, ɪɚɜɧɚɹ 1 ɦɨɥɶ/ɥ;  𝐾௅ – ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɞɫɨɪɛɚɬɚ ɫ 

ɚɞɫɨɪɛɟɧɬɨɦ (ɤɨɧɫɬɚɧɬɚ Ʌɟɧɝɦɸɪɚ). 
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1.3.4 ɍɪɚɜɧɟɧɢɟ Ⱦɭɛɢɧɢɧɚ – Аɫɬɚɯɨɜɚ 

 

ɍɪɚɜɧɟɧɢɹ Ƚɟɧɪɢ, Ʌɟɧɝɦɸɪɚ – Ɏɪɟɣɧɞɥɢɯɚ ɢ Ɏɪɟɣɧɞɥɢɯɚ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɢɫɚɧɢɹ ɚɞɫɨɪɛɰɢɢ ɧɚ ɤɪɭɩɧɨɩɨɪɢɫɬɵɯ ɚɞɫɨɪɛɟɧɬɚɯ, ɤɨɝɞɚ 

ɞɢɚɦɟɬɪ ɩɨɪ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ ɪɚɡɦɟɪɚ ɦɨɥɟɤɭɥ ɚɞɫɨɪɛɚɬɚ. ȼ ɫɥɭɱɚɟ ɦɢɤɪɨɩɨɪ 

(ɪɚɞɢɭɫ ɤɨɬɨɪɵɯ ɦɟɧɟɟ 2 ɧɦ), ɩɪɨɢɫɯɨɞɢɬ ɨɛɴɟɦɧɨɟ ɡɚɩɨɥɧɟɧɢɟ 

ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɉɪɢ ɷɬɨɦ ɢɦɟɟɬ ɦɟɫɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ, ɤɚɤ ɦɟɠɞɭ ɫɨɛɨɣ, ɬɚɤ ɢ ɫ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɨɪɛɟɧɬɚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 

ɭɪɚɜɧɟɧɢɢ (5): 

 𝛤 = 𝛤௠𝑎𝑥 exp ቞− ቞ ˓аˇ˔хаܧܴܶ ln (𝐶௠𝑎𝑥𝐶 )቟௡቟. (5) 

 

ɝɞɟ 𝐶௠𝑎𝑥 – ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɦɨɥɶ/ɥ);  ܧаˇ˔ха˓ – ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɚɞɫɨɪɛɰɢɢ (Ⱦɠ/ɦɨɥɶ);  ݊ – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, ɜɵɪɚɠɟɧɧɵɣ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ ɨɬ 1 ɞɨ 6 ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɚɞɫɨɪɛɟɧɬɚ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɦɢɤɪɨɩɨɪɚɯ ɦɨɝɭɬ ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ ɬɨɥɶɤɨ ɬɟ 

ɦɨɥɟɤɭɥɵ, ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ ɦɟɧɶɲɟ ɪɚɡɦɟɪɨɜ ɦɢɤɪɨɩɨɪ ɢɥɢ ɪɚɜɧɵ ɢɦ (ɫɢɬɨɜɨɣ 

ɷɮɮɟɤɬ), ɩɨɷɬɨɦɭ ɦɢɤɪɨɩɨɪɢɫɬɵɟ ɚɞɫɨɪɛɟɧɬɵ ɫ ɭɡɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨɪ ɩɨ 

ɪɚɡɦɟɪɚɦ ɧɚɡɵɜɚɸɬ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɫɢɬɚɦɢ. ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦɢ, ɧɨ ɧɟ 

ɟɞɢɧɫɬɜɟɧɧɵɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɷɬɨɣ ɝɪɭɩɩɵ ɚɞɫɨɪɛɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɰɟɨɥɢɬɵ 

[11]. 

 

1.3.5 ɍɪɚɜɧɟɧɢɟ Ʌɟɧɝɦɸɪɚ – Ɏɪɟɣɧɞɥɢɯɚ 

 

ɗɬɨ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɢɡɨɬɟɪɦɚ, ɤɨɬɨɪɚɹ ɨɛɴɟɞɢɧɹɟɬ ɦɨɞɟɥɢ Ʌɟɧɝɦɸɪɚ ɢ 

Ɏɪɟɣɧɞɥɢɯɚ (6): 
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ݍ = 𝑞೘ሺ௄𝐿𝐹𝐶𝑒ሻ೙𝐿𝐹ଵ+ሺ௄𝐿𝐹𝐶𝑒ሻ೙𝐿𝐹 , (6) 

 

ɝɞɟ ݍ௠ ɢ 𝐾௅𝐹 ɨɛɨɡɧɚɱɚɸɬ ɚɞɫɨɪɛɰɢɨɧɧɭɸ ɟɦɤɨɫɬɶ ɢ ɤɨɧɫɬɚɧɬɭ ɚɮɮɢɧɧɨɫɬɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  ݊௅𝐹 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɢɥɢ ɦɟɪɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɚɞɫɨɪɛɰɢɢ.  

ɉɪɢ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɚɞɫɨɪɛɚɬɚ ɦɨɞɟɥɶ Ʌɟɧɝɦɸɪɚ – Ɏɪɟɣɧɞɥɢɯɚ 

ɫɜɨɞɢɬɫɹ ɤ ɢɡɨɬɟɪɦɟ Ɏɪɟɣɧɞɥɢɯɚ; ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 

ɨɧɚ ɩɪɟɞɫɤɚɡɵɜɚɟɬ ɚɞɫɨɪɛɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɦɨɧɨɫɥɨɹ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɧɚ 

ɞɥɹ ɢɡɨɬɟɪɦɵ Ʌɟɧɝɦɸɪɚ. ɉɪɢ ݊௅𝐹 = ͳ ɭɪɚɜɧɟɧɢɟ (6) ɫɜɨɞɢɬɫɹ ɤ ɢɡɨɬɟɪɦɟ 

Ʌɟɧɝɦɸɪɚ [12]. 

 

1.4 ɉɪɟɢɦɭщɟɫɬɜɚ ɚɞɫɨɪɛɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɵɯ ɩɨɥɢɦɟɪɨɜ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫё ɛɨɥɶɲɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɨɛɪɟɬɚɟɬ ɪɚɡɪɚɛɨɬɤɚ ɢ 

ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɚɞɫɨɪɛɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ƚɥɚɜɧɨɟ 

ɩɪɟɢɦɭɳɟɫɬɜɨ ɬɚɤɢɯ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɢɡɤɨɣ 

ɬɨɤɫɢɱɧɨɫɬɢ, ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɨɣ 

ɫɬɨɢɦɨɫɬɢ, ɜɜɢɞɭ ɞɨɫɬɭɩɧɨɫɬɢ ɫɵɪɶɟɜɵɯ ɪɟɫɭɪɫɨɜ, ɤɨɬɨɪɵɟ ɡɚɱɚɫɬɭɸ ɹɜɥɹɸɬɫɹ 

ɨɬɯɨɞɚɦɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɞɪɭɝɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ. Ɍɚɤɨɣ ɩɨɞɯɨɞ 

ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ ɦɧɨɝɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɨɥɟɟ ɷɤɨɥɨɝɢɱɧɵɦɢ ɢ ɫɧɢɠɚɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɭɬɢɥɢɡɚɰɢɸ, ɱɬɨ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 

ɞɚɥɶɧɟɣɲɟɦ ɰɟɧɨɨɛɪɚɡɨɜɚɧɢɢ. ȿɳё ɨɞɧɨ ɩɪɟɢɦɭɳɟɫɬɜɨ ɬɚɤɢɯ ɚɞɫɨɪɛɟɧɬɨɜ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɨɡɨɛɧɨɜɥɹɟɦɨɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪɢɦɟɪɵ 

ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ – ɷɬɨ ɚɞɫɨɪɛɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɨɬɯɨɞɨɜ ɞɪɟɜɟɫɢɧɵ, ɚɞɫɨɪɛɟɧɬɵ 

ɧɚ ɨɫɧɨɜɟ ɰɟɥɥɸɥɨɡɨɫɨɞɟɪɠɚɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɢ ɞɪ. [13,14] 

Ɍɚɤɠɟ, ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɜɢɞɭ ɩɨɥɭɱɟɧɧɵɯ 

ɫɜɨɣɫɬɜ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ 

ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɨ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɨ 
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ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ, ɧɚɩɪɢɦɟɪ, ɜ ɦɟɞɢɰɢɧɟ ɞɥɹ ɚɞɪɟɫɧɨɣ ɞɨɫɬɚɜɤɢ 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜ ɤ ɤɥɟɬɨɱɧɵɦ ɦɢɲɟɧɹɦ [15,16].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɩɪɢɪɨɞɧɵɯ 

ɚɞɫɨɪɛɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɧɟ ɨɞɧɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ, ɚ ɢɯ ɤɨɦɩɥɟɤɫ ɢ 

ɩɪɢɪɨɞɭ ɦɚɬɟɪɢɚɥɚ. 

 

1.5 ɋɜɨɣɫɬɜɚ ɯɢɬɨɡɚɧɚ, ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɢ ɷɨɡɢɧɚ Y 

 

1.5.1 ɏɢɬɨɡɚɧ 

 

ɏɢɬɨɡɚɧ – ɷɬɨ ɩɪɢɪɨɞɧɵɣ ɤɚɬɢɨɧɧɵɣ ɩɨɥɢɫɚɯɚɪɢɞ, ɩɨɥɭɱɚɟɦɵɣ ɩɭɬёɦ 

ɞɟɚɰɟɬɢɥɢɪɨɜɚɧɢɹ ɯɢɬɢɧɚ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɨɛɵɜɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɨɛɪɚɛɨɬɤɢ ɩɚɧɰɢɪɟɣ ɪɚɤɨɨɛɪɚɡɧɵɯ. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ, 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɭɫɜɨɹɟɦɨɫɬɢ ɢ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ ɨɧ ɫɱɢɬɚɟɬɫɹ 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɩɨɥɢɦɟɪɨɦ, ɩɪɢɦɟɧɢɦɵɦ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɰɟɥɟɣ, ɚ ɟɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɤ ɬɨɦɭ ɠɟ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ, ɬɚɤ ɤɚɤ ɪɟɲɚɟɬ 

ɩɪɨɛɥɟɦɭ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ ɞɪɭɝɢɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɢɫɯɨɞɧɨɟ 

ɫɵɪɶɟ – ɷɬɨ ɩɨɛɨɱɧɵɟ ɧɟɜɨɫɬɪɟɛɨɜɚɧɧɵɟ ɩɪɨɞɭɤɬɵ ɢɧɵɯ ɫɮɟɪ ɩɪɨɦɵɲɥɟɧɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ. ɏɢɬɨɡɚɧ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɨɛɥɚɫɬɢ ɷɤɨɥɨɝɢɢ ɢ 

ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ ɢɧɠɟɧɟɪɢɢ [17], ɬɚɤɠɟ ɨɧ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɨɥɢɦɟɪɨɜ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɨɜɟ ɞɥɹ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜ, 

ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ, ɝɟɧɧɨɣ ɬɟɪɚɩɢɢ [18]. ɋɨɫɬɨɢɬ ɢɡ β-(1 → 4)-2-ɚɰɟɬɚɦɢɞɨ-D-

ɝɥɸɤɨɡɵ ɢ β-(1 → 4) -2-ɚɦɢɧɨ-D-ɝɥɸɤɨɡɵ. ɂɦɟɟɬ ɨɞɢɧ ɩɟɪɜɢɱɧɵɣ ɚɦɢɧ ɢ ɞɜɟ 

ɫɜɨɛɨɞɧɵɟ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɧɨɦɟɪɚ ɫ ɟɞɢɧɢɱɧɨɣ 

ɮɨɪɦɭɥɨɣ C଺HଵଵOସN [19]. ɏɢɦɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 
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Ɋɢɫɭɧɨɤ 2 – ɏɢɦɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ ɢ ɫɵɪɶɟ-ɢɫɬɨɱɧɢɤ ɯɢɬɨɡɚɧɚ 

 

1.5.2 ɋɭɥɶɮɚɬɢɪɨɜɚɧɧɵɣ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧ 

 

ɋɭɥɶɮɚɬɢɪɨɜɚɧɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ (ȺȽ) ɹɜɥɹɸɬɫɹ 

ɚɧɚɥɨɝɨɦ ɝɟɩɚɪɢɧɚ – ɜɟɳɟɫɬɜɚ ɠɢɜɨɬɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɨɛɥɚɞɚɸɳɟɝɨ 

ɚɧɬɢɤɨɚɝɭɥɹɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [20]. Ɉɞɧɚɤɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɝɟɩɚɪɢɧɚ, ɨɧɢ ɦɨɝɭɬ 

ɧɟ ɛɵɬɶ ɩɨɞɜɟɪɠɟɧɵ ɡɚɪɚɠɟɧɢɸ ɩɚɬɨɝɟɧɚɦɢ ɢ ɜɢɪɭɫɚɦɢ. ɋɭɥɶɮɚɬɢɪɨɜɚɧɧɵɟ 

ɩɪɨɢɡɜɨɞɧɵɟ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɩɪɨɹɜɥɹɸɬ ɜɵɫɨɤɭɸ ɚɧɬɢɤɨɚɝɭɥɹɧɬɧɭɸ ɢ 

ɝɢɩɨɥɢɩɢɞɟɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɱɬɨ ɞɟɥɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɯ ɩɪɢɦɟɧɟɧɢɟ 

ɞɥɹ ɩɪɨɮɢɥɚɤɬɢɤɢ ɢ ɥɟɱɟɧɢɹ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɵɯ ɡɚɛɨɥɟɜɚɧɢɣ [21] 

ɋɭɥɶɮɚɬ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ [22], ɜɵɞɟɥɟɧɧɵɣ ɢɡ ɫɢɛɢɪɫɤɨɣ ɥɢɫɬɜɟɧɧɢɰɵ, 

ɹɜɥɹɟɬɫɹ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɚɪɹɞɨɦ 

ɩɨɜɟɪɯɧɨɫɬɢ. ȿɝɨ ɯɢɦɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. 

 

 
Ɋɢɫɭɧɨɤ 3 – ɏɢɦɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ ɢ ɫɵɪɶɟ-ɢɫɬɨɱɧɢɤ ɫɭɥɶɮɚɬɚ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ 
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1.5.3 ɗɨɡɢɧ Y 

 

ɗɨɡɢɧ Y (ɷɨɡɢɧ ɇ; ɚɧɝɥ. Eosin Yellowish) — ɮɨɪɦɚ ɷɨɡɢɧɚ, ɞɢɧɚɬɪɢɟɜɚɹ 

ɫɨɥɶ 2,4,5,7-ɬɟɬɪɚɛɪɨɦɮɥɭɨɪɟɫɰɟɢɧɚ, ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɛɪɨɦɢɪɨɜɚɧɢɢ 

ɮɥɭɨɪɟɫɰɟɢɧɚ. ɉɪɟɞɫɬɚɜɢɬɟɥɶ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɋɩɨɫɨɛɟɧ ɤ 

ɮɨɬɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɨɛɪɚɡɨɜɚɧɢɸ ɫɢɧɝɥɟɬɧɨɝɨ ɤɢɫɥɨɪɨɞɚ. ɋɬɪɭɤɬɭɪɧɚɹ 

ɮɨɪɦɭɥɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. ɒɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɝɢɫɬɨɥɨɝɢɢ ɢ 

ɰɢɬɨɥɨɝɢɢ ɜ ɤɚɱɟɫɬɜɟ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ ɤɪɚɫɢɬɟɥɹ. ɞɥɹ ɫɟɧɫɢɛɢɥɢɡɚɰɢɢ 

ɮɨɬɨɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɢɧɞɢɤɚɬɨɪ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ; ɬɚɤɠɟ ɤɚɤ ɤɪɚɫɢɬɟɥɶ 

ɞɥɹ ɨɤɪɚɫɤɢ ɛɟɥɤɨɜ ɩɪɢ ɷɥɟɤɬɪɨɮɨɪɟɡɟ ɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ. Ʉɪɚɫɧɨɜɚɬɨ-

ɤɨɪɢɱɧɟɜɵɣ ɩɨɪɨɲɨɤ, ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ.  

 

 
Ɋɢɫɭɧɨɤ 4 – ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɷɨɡɢɧɚ Y 

 

1.6 Ɋɨɥɶ ɫɩɟɤɬɪɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɜ ɢɡɭɱɟɧɢɢ ɚɞɫɨɪɛɰɢɢ 

 

ɂɡɭɱɟɧɢɟ ɚɞɫɨɪɛɰɢɢ – ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɢɡɭɱɟɧɢɹ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ 

ɫɜɹɡɟɣ ɜ ɜɟɳɟɫɬɜɟ, ɩɨɷɬɨɦɭ ɞɥɹ ɟё ɨɩɢɫɚɧɢɹ ɩɪɢɦɟɧɢɦɵ ɜɫɟ ɬɟ ɠɟ ɦɟɬɨɞɵ, 

ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɜɨɣɫɬɜ ɥɸɛɵɯ ɜɟɳɟɫɬɜ.  

ɋɩɟɤɬɪɚɥɶɧɵɟ ɦɟɬɨɞɵ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɭɱɚɟɦɨɝɨ 

ɞɢɚɩɚɡɨɧɚ ɷɧɟɪɝɢɣ (ɞɥɢɧ ɜɨɥɧ) ɢ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɭ 

ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚɧɨɪɚɡɦɟɪɧɵɯ, ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɫɩɟɤɬɪɚɥɶɧɵɦɢ 

ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɚ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɜɢɞɢɦɨɝɨ, ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ 

ɢ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɞɢɚɩɚɡɨɧɨɜ, ɪɚɦɚɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɚ ɬɚɤɠɟ 
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ɥɸɦɢɧɟɫɰɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ. ȼɫɟ ɷɬɢ ɦɟɬɨɞɵ ɩɨɡɜɨɥɹɸɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 

ɚɬɨɦɵ, ɦɨɥɟɤɭɥɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɝɪɭɩɩɵ ɦɨɥɟɤɭɥ, ɢ ɪɚɡɞɟɥɹɸɬɫɹ ɩɨ ɫɩɨɫɨɛɭ 

ɢɡɦɟɪɟɧɢɹ ɫɩɟɤɬɪɨɜ. Ɍɚɤ ɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɚɧɚɥɢɡ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɛɨɬɟ ɫɨ 

ɫɩɟɤɬɪɚɦɢ ɥɸɦɢɧɟɫɰɟɧɰɢɢ; ɚɛɫɨɪɛɰɢɨɧɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɬ 

ɩɨɝɥɨɳɟɧɢɟ (ɨɬɪɚɠɟɧɢɟ) ɫɜɟɬɚ, ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɟɝɨ ɱɟɪɟɡ ɜɟɳɟɫɬɜɨ; 

ɧɟɮɢɥɨɦɟɬɪɢɹ ɫɜɹɡɚɧɚ ɫ ɪɚɫɫɟɹɧɢɟɦ ɫɜɟɬɚ ɧɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɯ ɦɚɬɟɪɢɚɥɚ, ɚ 

ɬɚɤɠɟ ɧɚ ɦɨɥɟɤɭɥɚɯ.  

Ⱥɬɨɦɧɚɹ, ɦɨɥɟɤɭɥɹɪɧɚɹ ɢ ɹɞɟɪɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɞɚɸɬ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɩɟɪɟɯɨɞɚɯ ɜ ɚɬɨɦɚɯ ɢ ɦɨɥɟɤɭɥɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɩɨɫɥɟɞɧɹɹ ɩɨɡɜɨɥɹɟɬ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɷɥɟɦɟɧɬɵ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. 

ɋɩɟɤɬɪɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɦɨɠɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɪɚɡɧɵɟ ɬɢɩɵ ɩɟɪɟɯɨɞɨɜ, 

ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɛɨɥɶɲɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɞɢɚɩɚɡɨɧɟ. ɗɥɟɤɬɪɨɧɧɵɟ ɭɪɨɜɧɢ 

ɜɧɭɬɪɟɧɧɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɨɛɨɥɨɱɟɤ ɢɡɦɟɪɹɸɬ ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɜɫɤɨɣ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ (ɨɤɨɥɨ 10 ɷȼ); ɷɥɟɤɬɪɨɧɧɵɟ ɭɪɨɜɧɢ ɜɧɟɲɧɢɯ ɨɛɨɥɨɱɟɤ - 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɜ ɛɥɢɠɧɟɣ ɍɎ, ɜɢɞɢɦɨɣ ɢ ɛɥɢɠɧɟɣ ɂɄ ɨɛɥɚɫɬɹɯ - ɷɬɨ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɧɚ ɭɪɨɜɧɟ ɟɞɢɧɢɰ ɷȼ; ɤɨɥɟɛɚɧɢɹ ɹɞɟɪ ɜ 

ɦɨɥɟɤɭɥɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ – ɢɧɮɪɚɤɪɚɫɧɚɹ (ɂɄ) 

ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɢ ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ (ɄɊ) (ɞɟɫɹɬɵɟ 

ɞɨɥɢ ɷȼ, ɬɚɤɠɟ ɨɱɟɧɶ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ). ȼɪɚɳɚɬɟɥɶɧɵɟ ɭɪɨɜɧɢ 

ɤɨɥɟɛɚɧɢɹ ɜ ɦɨɥɟɤɭɥɚɯ – ɷɬɨ ɭɠɟ ɦɟɧɶɲɢɟ ɜɟɥɢɱɢɧɵ, ɫɨɬɵɟ ɷȼ, ɢ ɦɟɧɶɲɚɹ ɂɄ 

ɫɩɟɤɬɪɨɫɤɨɩɢɹ; ɫɩɢɧɨɜɨɟ ɪɚɫɳɟɩɥɟɧɢɟ ɷɥɟɤɬɪɨɧɧɵɯ ɭɪɨɜɧɟɣ ɩɨɪɹɞɤɚ ɫɨɬɵɯ ɢ 

ɬɵɫɹɱɧɵɯ ɷȼ – ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɚɪɚɦɚɝɧɢɬɧɨɝɨ ɪɟɡɨɧɚɧɫɚ (ɗɉɊ); 

ɹɞɟɪɧɵɟ ɫɩɢɧɵ – ɹɞɟɪɧɵɣ ɦɚɝɧɢɬɧɵɣ ɪɟɡɨɧɚɧɫ.  

ȼɫɟ ɷɬɢ ɦɟɬɨɞɵ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɵɟ ɫɜɟɞɟɧɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɪɨɟɧɢɹ ɜɟɳɟɫɬɜɚ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɟɝɨ ɤɨɦɩɨɧɟɧɬɚɦɢ. 

Ɋɟɚɥɶɧɵɣ ɫɩɟɤɬɪ ɩɨɝɥɨɳɟɧɢɹ ɞɨɜɨɥɶɧɨ ɫɥɨɠɟɧ, ɧɨ ɩɪɢ ɚɧɚɥɢɡɟ ɞɚёɬ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜɨɣɫɬɜɚɯ ɜɟɳɟɫɬɜɚ, ɩɨɡɜɨɥɹɟɬ ɩɨɧɹɬɶ ɟɝɨ ɫɬɪɨɟɧɢɟ, ɫɬɪɭɤɬɭɪɭ, 

ɧɚɥɢɱɢɟ ɫɜɹɡɟɣ ɢ ɞɚɠɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɫɥɨɠɧɨɟ ɜɟɳɟɫɬɜɨ ɩɨ 

ɫɩɟɰɢɮɢɱɟɫɤɨɦɭ ɫɩɟɤɬɪɭ. 
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2 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

 

2.1 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

 

2.1.1 Ɇɚɬɟɪɢɚɥɵ 

 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɚ ɡɚɝɪɹɡɧɢɬɟɥɹ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɟɞɫɬɚɜɢɬɟɥɶ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ - ɤɪɚɫɢɬɟɥɶ ɷɨɡɢɧ Y (ɩɪɨɢɡɜɨɞɫɬɜɨ Sigma-Aldrich). 

ɏɢɦɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ Cଶ଴H8BrସOହ.  Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ 647,89 ɝ/ɦɨɥɶ.  

Ⱦɥɹ ɫɢɧɬɟɡɚ ɧɨɜɨɝɨ ɚɞɫɨɪɛɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɡɧɨɡɚɪɹɠɟɧɧɵɟ 

ɩɨɥɢɫɚɯɚɪɢɞɵ. ɉɨɥɢɤɚɬɢɨɧ ɯɢɬɨɡɚɧ ɢɡ ɩɚɧɰɢɪɹ ɤɪɟɜɟɬɤɢ (ɩɪɨɢɡɜɨɞɫɬɜɨ Sigma–

Aldrich, CAS Number 9012-76-4) ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 20-200 ɤȾɚ ɢ ɫɬɟɩɟɧɶɸ 

ɞɟɚɰɟɬɢɥɢɪɨɜɚɧɢɹ 88%. ɉɨɥɢɚɧɢɨɧ ɫɭɥɶɮɚɬ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ, ɩɨɥɭɱɟɧɧɵɣ ɢɡ 

ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɞɪɟɜɟɫɢɧɵ ɥɢɫɬɜɟɧɧɢɰɵ ɫɢɛɢɪɫɤɨɣ (Larix sibirica Ledeb.) 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ «ɏɢɦɢɹ ɞɪɟɜɟɫɢɧɵ» (Ɋɨɫɫɢɹ) ɩɨɞ ɧɚɢɦɟɧɨɜɚɧɢɟɦ ɩɪɟɩɚɪɚɬɚ 

«Ɏɢɛɪɨɥɚɪɋ» ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɪɚɧɟɟ [12]. ɋɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ 

ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ~17 ɤȾɚ [23], ɫɬɟɩɟɧɶ ɫɭɥɶɮɚɬɢɪɨɜɚɧɢɹ 

32,4% [12]. 

Ȼɚɡɨɜɵɟ ɪɚɫɬɜɨɪɵ ɤɪɚɫɢɬɟɥɹ ɢɦɟɥɢ ɤɨɧɰɟɧɬɪɚɰɢɸ 1383,8 ɦɝ/ɥ. Ⱦɥɹ 

ɢɡɦɟɧɟɧɢɹ ɢɨɧɧɨɣ ɫɢɥɵ ɪɚɫɬɜɨɪɨɜ ɩɪɢɦɟɧɹɥɫɹ ɯɥɨɪɢɞ ɧɚɬɪɢɹ ɫ ɛɚɡɨɜɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ 4 M, ɞɥɹ ɢɡɦɟɧɟɧɢɹ pH ɜ ɪɚɫɬɜɨɪɵ ɞɨɛɚɜɥɹɥɚɫɶ ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ 

ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 0,05 Ɇ.  

 

2.1.2 Ɉɛɨɪɭɞɨɜɚɧɢɟ 

 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɉɗɄ ɩɨ ɪɚɡɦɟɪɚɦ ɢɡɦɟɪɟɧɨ ɦɟɬɨɞɨɦ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Zetasizer Nano ZS (Malvern 

Instruments Ltd., ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ). ɍɝɨɥ ɪɚɫɫɟɹɧɢɹ ɫɨɫɬɚɜɥɹɥ 173°; ɞɥɢɧɚ ɜɨɥɧɵ 

ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 532 ɧɦ. Ⱥɧɚɥɢɡ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɩɪɨɜɟɞɟɧ 

ɦɟɬɨɞɨɦ ɤɭɦɭɥɹɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. ɂɡɦɟɪɟɧɢɟ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ ɩɪɨɜɨɞɢɥɨɫɶ ɜ 3 
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ɫɟɪɢɹɯ ɫ 20 ɩɨɜɬɨɪɟɧɢɹɦɢ ɜ ɤɚɠɞɨɣ ɫɟɪɢɢ. Ⱦɡɟɬɚ-ɩɨɬɟɧɰɢɚɥ ɱɚɫɬɢɰ ɛɵɥ 

ɢɡɦɟɪɟɧ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ; ɞɚɧɧɵɟ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɜ 4 ɫɟɪɢɹɯ ɩɨ 50 ɩɨɜɬɨɪɟɧɢɣ ɜ ɤɚɠɞɨɣ.  

SEM-ɢɡɨɛɪɚɠɟɧɢɹ ɉɗɄ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ 

ɦɢɤɪɨɫɤɨɩɟ S-5500 (Hitachi, əɩɨɧɢɹ).  

ɋɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɢɡɦɟɪɹɥɢɫɶ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ Lambda 35 (Perkin 

Elmer, ɋɒȺ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɬɟɝɪɢɪɭɸɳɟɣ ɫɮɟɪɵ ɞɥɹ ɭɱɟɬɚ ɜɤɥɚɞɚ 

ɪɚɫɫɟɹɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɫɩɟɤɬɪɨɜ ɤɪɚɫɢɬɟɥɟɣ ɜ ɢɧɬɟɪɜɚɥɟ ɟɝɨ 

ɤɨɧɰɟɧɬɪɚɰɢɣ (2-235 ɦɝ/ɥ) ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɧɚɛɨɪ ɤɸɜɟɬ, ɨɩɬɢɱɟɫɤɢɣ ɩɭɬɶ 

ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɥ 1, 2, 4 ɢ 10 ɦɦ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɛɵɫɬɪɨɣ ɤɢɧɟɬɢɤɢ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɢɚɩɚɡɨɧɚɯ ɍɎ-

ɜɢɞɢɦɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɦɟɬɨɞɨɦ ɨɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ SX20 

(Applied Photophysics), ɨɫɧɚɳɟɧɧɨɦ ɮɨɬɨɞɢɨɞɧɨɣ ɥɢɧɟɣɤɨɣ (PDA) ɢ 

ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T=20℃. 

ɋɦɟɲɢɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1. ɋɩɟɤɬɪɵ 

ɩɨɝɥɨɳɟɧɢɹ ɜ ɫɥɟɞɭɸɳɢɯ ɢɧɬɟɪɜɚɥɚɯ: 0,25 ÷ 180 ɫ ɛɵɥɢ ɫɧɹɬɵ ɫ ɲɚɝɨɦ ɜ 250 

ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ. Ⱦɨɥɝɚɹ ɤɢɧɟɬɢɤɚ ɢɡɦɟɪɹɥɚɫɶ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ 

Lambda 35 (Perkin Elmer, ɋɒȺ) ɜ ɬɟɱɟɧɢɟ 6 ɱɚɫɨɜ. 

 

2.1.3 ɋɢɧɬɟɡ ɉɗɄ 

 

Ɂɚ ɨɫɧɨɜɭ ɫɢɧɬɟɡɚ ɛɵɥɚ ɜɡɹɬɚ ɦɟɬɨɞɢɤɚ, ɨɩɢɫɚɧɧɚɹ ɪɚɧɟɟ ɞɥɹ ɯɢɬɨɡɚɧɚ ɢ 

ɞɪɭɝɨɝɨ ɫɭɥɶɮɚɬɢɪɨɜɚɧɧɨɝɨ ɛɢɨɩɨɥɢɦɟɪɚ – ɯɨɧɞɪɨɢɬɢɧ ɫɭɥɶɮɚɬɚ [24,25]. 

ɋɢɧɬɟɡ ɉɗɄ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɭɬɟɦ ɫɚɦɨɫɛɨɪɤɢ: ɤ 0,1% ɦɚɫɫ. ɪɚɫɬɜɨɪɭ ɯɢɬɨɡɚɧɚ ɫ 

ɢɨɧɧɨɣ ɫɢɥɨɣ 0,15Ɇ ɢ pH 5.46 ɞɨɛɚɜɥɹɥɫɹ 0,1% ɦɚɫɫ. ɪɚɫɬɜɨɪ 

ɫɭɥɶɮɚɬɢɪɨɜɚɧɧɨɝɨ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɜ ɩɪɨɩɨɪɰɢɢ 2:1. ɋɯɟɦɚ ɫɢɧɬɟɡɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.  
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Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɫɢɧɬɟɡɚ ɉɗɄ 

 

Ⱥɤɬɢɜɧɨɟ ɫɦɟɲɢɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ 

ɞɜɭɯ ɱɚɫɨɜ. Ɂɚɬɟɦ ɪɚɫɬɜɨɪ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɫɹ, ɚ ɨɫɚɞɨɤ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɫɹ ɜ 

ɞɢɫɬɢɥɥɹɬɟ ɫ pH 5.5. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɛɵɥ ɩɨɥɭɱɟɧ ɤɨɥɥɨɢɞɧɵɣ ɪɚɫɬɜɨɪ ɉɗɄ. 

ɋɢɧɬɟɡ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɨɥɥɨɢɞɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɧɟ 

ɦɟɧɟɟ ɨɞɧɨɝɨ ɦɟɫɹɰɚ, ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ.  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɟɥɚɸɬ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ 

ɦɚɬɟɪɢɚɥ ɭɧɢɤɚɥɶɧɵɦ - ɨɧ ɹɜɥɹɟɬɫɹ ɛɟɡɨɩɚɫɧɵɦ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɢ ɩɪɢ ɭɬɢɥɢɡɚɰɢɢ; ɨɛɥɚɞɚɟɬ ɞɟɲɟɜɢɡɧɨɣ ɢ ɞɨɫɬɭɩɧɨɫɬɶ, ɨɫɨɛɟɧɧɨ ɜ 

ɫɢɛɢɪɫɤɨɦ ɪɟɝɢɨɧɟ. 

 

2.1.4 ɉɪɨɜɟɞɟɧɢɟ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɉɗɄ (ɜ ɝ/ɥ) ɨɰɟɧɢɜɚɥɚɫɶ ɩɭɬɟɦ ɜɡɜɟɲɢɜɚɧɢɹ ɫɭɯɨɝɨ 

ɨɫɬɚɬɤɚ. ȼɫɟ ɦɚɧɢɩɭɥɹɰɢɢ ɫ ɉɗɄ ɩɪɨɜɨɞɢɥɢɫɶ ɧɟ ɩɨɡɠɟ ɬɪɟɯ ɞɧɟɣ ɫ ɦɨɦɟɧɬɚ 

ɫɢɧɬɟɡɚ. 

Ɉɛɪɚɛɨɬɤɚ ɢ ɚɧɚɥɢɡ ɫɩɟɤɬɪɨɜ ɩɨɝɥɨɳɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨɫɪɟɞɫɬɜɨɦ 

ɩɪɨɝɪɚɦɦɵ Origin. ɉɪɢ ɚɧɚɥɢɡɟ ɫɩɟɤɬɪɨɜ ɷɨɡɢɧɚ Y ɜ ɤɨɥɥɨɢɞɧɨɦ ɪɚɫɬɜɨɪɟ ɛɵɥɢ 

ɭɱɬɟɧɵ ɩɚɪɚɦɟɬɪɵ, ɢɫɤɚɠɚɸɳɢɟ ɮɨɪɦɭ ɤɨɧɬɭɪɚ: ɫɩɟɤɬɪɚɥɶɧɚɹ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ Ɏɗɍ, ɮɨɧ ɨɬ ɪɚɫɬɜɨɪɢɬɟɥɹ.  

ɉɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɰɨɜ ɢ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ܶ =ʹͲ℃.  



23 

ȼɫɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɨɥɥɨɢɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɉɗɄ 

ɪɚɜɧɨɣ Ͳ,ͷ ± Ͳ,ͳ ˆ/л.  

Ⱦɥɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɫɟ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɹɜɥɹɸɬɫɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɦɢ.  

 

2.2 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

2.2.1  ɋɜɨɣɫɬɜɚ ɉɗɄ 

 

Ⱥɬɬɟɫɬɚɰɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɉɗɄ ɩɨɤɚɡɚɥɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ 

ɪɚɡɦɟɪɚɦ ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɜ 400 ɧɦ. ɂɧɞɟɤɫ ɩɨɥɢɞɢɫɩɟɪɧɨɫɬɢ, 

ɹɜɥɹɸɳɢɣɫɹ ɦɟɪɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ, ɫɨɫɬɚɜɢɥ PDI = 0,13 – 0,14. 

ȼɟɥɢɱɢɧɚ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ 𝜁 = +ͶͲ ɦȼ ɨɩɪɟɞɟɥɹɟɬ ɡɚɪɹɞ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 

ɤɨɥɥɨɢɞɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɱɚɫɬɢɰ. ɉɨɥɭɱɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɩɨɞɬɜɟɪɠɞɚɟɬ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɤɨɦɩɥɟɤɫɨɜ, ɤɚɤ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ. Ɏɨɬɨɝɪɚɮɢɹ, ɫɞɟɥɚɧɧɚɹ ɫ 

ɩɨɦɨɳɶɸ SEM-ɦɢɤɪɨɫɤɨɩɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɢɫɭɧɤɟ 6. 

 

 
Ɋɢɫɭɧɨɤ 6 – Ɏɨɬɨɝɪɚɮɢɹ ɉɗɄ ɫ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ 

 

2.2.2 ɋɩɟɤɬɪɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɤɪɚɫɢɬɟɥɹ ɩɪɢ ɫɜɹɡɵɜɚɧɢɢ 

 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤɪɚɫɢɬɟɥɹ ɤ ɪɚɫɬɜɨɪɭ ɉɗɄ ɞɥɹ ɷɨɡɢɧɚ Y ɧɚɛɥɸɞɚɟɬɫɹ 

ɫɦɟɳɟɧɢɟ ɫɩɟɤɬɪɚ ɩɨɝɥɨɳɟɧɢɹ ɜ ɤɪɚɫɧɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ, ɧɚɪɹɞɭ ɫ ɷɬɢɦ 
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ɩɪɨɢɫɯɨɞɢɬ ɭɲɢɪɟɧɢɟ ɫɩɟɤɬɪɚ ɢ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɮɨɪɦɵ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 

ɫɩɟɤɬɪɨɦ ɷɨɡɢɧɚ Y ɜ ɛɭɮɟɪɧɨɦ ɪɚɫɬɜɨɪɟ ɫ pH 5.6. Ɂɚɮɢɤɫɢɪɨɜɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 7.  

 

 

Ɋɢɫɭɧɨɤ 7 – ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɨɡɢɧɚ Y 

 

ɗɬɢ ɫɩɟɤɬɪɚɥɶɧɵɟ ɪɚɡɥɢɱɢɹ, ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 8, ɝɨɜɨɪɹɬ 

ɨɛ ɢɡɦɟɧɟɧɢɢ ɫɨɫɬɨɹɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɹɬɫɹ ɦɨɥɟɤɭɥɵ ɷɨɡɢɧɚ Y, ɬ.ɟ. 

ɫɩɪɚɜɟɞɥɢɜɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɜ ɪɚɫɬɜɨɪɟ ɩɪɨɬɟɤɚɟɬ ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ 

ɤɪɚɫɢɬɟɥɹ ɧɚ ɱɚɫɬɢɰɚɯ ɉɗɄ, ɚ ɩɨɥɭɱɟɧɧɵɟ ɫɩɟɤɬɪɵ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɪɚɠɚɸɬ 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɩɟɤɬɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɢɫɭɳɢɯ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɫɜɹɡɚɧɧɵɦ ɢ ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɨɥɟɤɭɥɚɦ ɷɨɡɢɧɚ Y.  

 

 

Ɋɢɫɭɧɨɤ 8 – ɂɡɦɟɧɟɧɢɟ ɰɜɟɬɚ ɪɚɫɬɜɨɪɚ. ɋɥɟɜɚ – ɷɨɡɢɧ Y ɜ ɉɗɄ; ɫɩɪɚɜɚ – ɷɨɡɢɧ Y ɜ ɛɭɮɟɪɟ 

 
 
 
 
 

[ɢɡɴɹɬɨ] 
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ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɟɟ ɫɦɟɳɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 516 ɧɦ, 

ɤɨɬɨɪɚɹ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɢɤɨɦ ɩɨɝɥɨɳɟɧɢɹ ɞɥɹ ɷɨɡɢɧɚ Y. ɗɬɨ ɡɧɚɱɟɧɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ 

ɞɚɥɶɧɟɣɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢ ɪɚɫɱɟɬɚɯ.  

ȿɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ, 

ɬɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɯɚɪɚɤɬɟɪɧɨɦ ɜɪɟɦɟɧɢ ɭɫɬɚɧɨɜɥɟɧɢɹ 

ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɜɵɛɪɚɧɧɨɣ ɫɢɫɬɟɦɟ. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɞɥɹ ɪɚɫɬɜɨɪɚ ɉɗɄ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɷɨɡɢɧɚ Y ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 516 ɧɦ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɛɵɫɬɪɨɣ ɤɢɧɟɬɢɤɢ, ɫ ɩɨɦɨɳɶɸ 

ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɨɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɨɬɨɤɚ, ɜɨ ɜɪɟɦɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ 0,001 ÷ 

180 ɫ. Ⱦɨɥɝɚɹ ɤɢɧɟɬɢɤɚ ɮɢɤɫɢɪɨɜɚɥɚɫɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 6 ɱɚɫɨɜ. ɉɨɥɭɱɟɧɧɵɟ 

ɞɚɧɧɵɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 9, ɩɨɫɥɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, 

ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ 3 ɨɫɧɨɜɧɵɯ ɜɪɟɦɟɧɢ:  

 

 
Ɋɢɫɭɧɨɤ 9 – Ʉɢɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 𝑡 = ͳ,͹ ± Ͳ,ͳ ɫ – ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɡɤɨɦɭ ɩɚɞɟɧɢɸ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 15% ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɨ ɫɦɟɳɟɧɢɟɦ ɫɩɟɤɬɪɚ ɜ ɤɪɚɫɧɭɸ 

ɨɛɥɚɫɬɶ; ɡɚ ɫɥɟɞɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɢ 𝑡 = Ͷͳ ± Ͷ  c ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ 

ɩɪɨɞɨɥɠɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɬɶɫɹ, ɫɞɜɢɝɚ ɫɩɟɤɬɪɚ ɭɠɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ; 

 
 
 
 
 

[ɢɡɴɹɬɨ] 
 
 
 

[ɢɡɴɹɬɨ] 
 

[ɢɡɴɹɬɨ] 
 

[ɢɡɴɹɬɨ] 
 

[ɢɡɴɹɬɨ] 
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ɡɚ ɜɪɟɦɹ t = ͷ͵ ± ͵ ɦɢɧ ɩɪɨɢɫɯɨɞɢɬ ɩɚɞɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɧɚ 

ɜɟɥɢɱɢɧɭ ɟɳё ɨɤɨɥɨ 8-9% ɢ ɞɚɥɟɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ – ɷɬɨ ɢ 

ɨɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɥɧɨɝɨ ɭɫɬɚɧɨɜɥɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ.  

Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɤɚɡɚɥɚ ɞɨɜɨɥɶɧɨ ɛɵɫɬɪɭɸ ɤɢɧɟɬɢɤɭ ɫɜɹɡɵɜɚɧɢɹ, ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɤɚɤ ɫ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɦɢ ɚɧɚɥɨɝɚɦɢ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ, ɬɚɤ ɢ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɚɞɫɨɪɛɟɧɬɚɦɢ [12]. ɗɬɨ ɨɬɤɪɵɜɚɟɬ ɧɨɜɵɟ ɫɢɬɭɚɬɢɜɧɵɟ 

ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɧɟ ɬɨɥɶɤɨ ɜ ɤɚɱɟɫɬɜɟ ɛɵɫɬɪɨɪɟɚɝɢɪɭɸɳɟɝɨ 

ɚɞɫɨɪɛɟɧɬɚ, ɧɨ ɢ ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

 

2.2.3 Аɞɫɨɪɛɰɢɹ ɷɨɡɢɧɚ Y ɩɪɢ ɜɚɪɢɚɰɢɢ pH 

 

ɂɫɩɨɥɶɡɭɹ ɜ ɪɚɛɨɬɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɱɚɫɬɢɰɵ ɚɞɫɨɪɛɟɧɬɚ ɢ 

ɚɧɢɨɧɧɵɣ ɤɪɚɫɢɬɟɥɶ ɷɨɡɢɧ Y ɜ ɤɚɱɟɫɬɜɟ ɚɞɫɨɪɛɬɢɜɚ, ɪɚɡɭɦɧɨ ɩɪɟɞɩɨɥɚɝɚɬɶ 

ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɦɟɠɞɭ ɷɬɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɜɨɡɦɨɠɧɨ ɞɚɠɟ ɤɚɤ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɯ. ɋ ɰɟɥɶɸ ɩɪɨɜɟɪɤɢ 

ɷɬɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɜ ɩɪɚɤɬɢɤɟ ɢɡɭɱɟɧɢɹ ɚɞɫɨɪɛɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɢɡɦɟɧɟɧɢɟ 

ɜɟɥɢɱɢɧɵ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ёɦɤɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ, 

ɨɫɨɛɟɧɧɨ ɯɚɪɚɤɬɟɪɧɵ ɬɚɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ. 

ȼɚɪɢɚɰɢɹ pH ɞɚёɬ ɢɡɛɵɬɨɤ ɤɚɬɢɨɧɨɜ ɜɨɞɨɪɨɞɚ ɢɥɢ ɝɢɞɪɨɤɫɨɝɪɭɩɩ: ɨɞɧɢ ɦɨɝɭɬ 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɚɣɬɨɜ ɫɜɹɡɵɜɚɧɢɹ ɧɚ ɚɞɫɨɪɛɟɧɬɟ, 

ɭɜɟɥɢɱɢɜɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɟɝɨ ɦɚɤɫɢɦɚɥɶɧɭɸ ёɦɤɨɫɬɶ; ɚ ɜɬɨɪɵɟ ɜɵɫɬɭɩɚɬɶ 

ɤɨɧɤɭɪɟɧɬɚɦɢ ɡɚ ɦɟɫɬɚ ɩɨɫɚɞɤɢ ɧɚ ɚɞɫɨɪɛɟɧɬɟ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɚɞɫɨɪɛɰɢɨɧɧɚɹ 

ёɦɤɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɭɦɟɧɶɲɚɟɬɫɹ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɪɨɥɟɣ ɞɥɹ 

ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ ɞɢɫɫɨɰɢɚɰɢɢ ɤɢɫɥɨɬɵ ɢɥɢ ɳɟɥɨɱɢ (ɧɚɩɪɢɦɟɪ, ɤɚɤ ɜ ɧɚɲɟɦ 

ɫɥɭɱɚɟ, HCl) ɡɚɜɢɫɢɬ ɨɬ ɡɚɪɹɞɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɟɚɥɶɧɵɟ 

ɭɫɥɨɜɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɗɄ ɤɚɤ ɚɞɫɨɪɛɟɧɬɚ, ɦɨɝɭɬ ɧɟ ɛɵɬɶ ɧɟɣɬɪɚɥɶɧɵɦɢ, 

ɩɨɷɬɨɦɭ ɜɚɠɧɨ ɡɧɚɬɶ, ɤɚɤ ɛɭɞɭɬ ɜɟɫɬɢ ɫɟɛɹ ɱɚɫɬɢɰɵ ɉɗɄ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɷɨɡɢɧɭ Y, ɧɚɩɪɢɦɟɪ, ɜ ɜɨɞɟ ɫ ɪɚɡɥɢɱɧɵɦ ɡɧɚɱɟɧɢɟɦ pH ɢɥɢ ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ 

ɠɢɞɤɨɫɬɹɯ ɨɪɝɚɧɢɡɦɚ ɱɟɥɨɜɟɤɚ.  

[ɢɡɴɹɬɨ] 
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Ⱦɥɹ ɧɚɲɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɵ ɜ ɞɢɚɩɚɡɨɧɟ 9,8 ÷ 980 ɦɤɆ, Ɋɟɚɥɶɧɨɟ pH ɪɚɫɬɜɨɪɨɜ ɨɤɚɡɚɥɨɫɶ 

ɨɬɥɢɱɧɵɦ ɨɬ ɪɚɫɱёɬɧɵɯ (pH 5; 4; 3) ɢ ɫɨɫɬɚɜɢɥɨ ɡɧɚɱɟɧɢɹ 5,5; 5,4 ɢ 4,4. 

ɋɩɨɫɨɛɧɨɫɬɶ ɭɞɟɪɠɢɜɚɬɶ ɡɧɚɱɟɧɢɟ pH ɫɪɟɞɵ ɝɨɜɨɪɢɬ ɨ ɛɭɮɟɪɧɵɯ ɫɜɨɣɫɬɜɚɯ 

ɪɚɫɬɜɨɪɚ ɉɗɄ. Ⱦɚɥɟɟ ɤ ɩɨɞɝɨɬɨɜɥɟɧɧɵɦ ɨɛɪɚɡɰɚɦ ɫ ɪɚɡɥɢɱɧɵɦ ɡɧɚɱɟɧɢɟɦ pH 

ɞɨɛɚɜɥɹɥɫɹ ɤɪɚɫɢɬɟɥɶ ɜ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ 0,8÷180 ɦɝ/ɥ. Ɉɛɪɚɡɰɵ 

ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɧɟ ɦɟɧɟɟ 17 ɱɚɫɨɜ. Ⱦɚɥɟɟ ɩɭɬёɦ ɮɢɡɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɮɚɡ, ɚ 

ɢɦɟɧɧɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ, ɉɗɄ, ɫɜɹɡɚɧɧɵɣ ɫ ɤɪɚɫɢɬɟɥɟɦ, ɛɵɥ ɨɫɚɠɞёɧ. 

ɋɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɧɚɞɨɫɚɞɨɱɧɨɣ ɠɢɞɤɨɫɬɢ, ɫɨɞɟɪɠɚɳɟɣ ɜ ɫɟɛɟ ɨɫɬɚɬɨɱɧɭɸ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɷɨɡɢɧɚ Y ɜ ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɞɥɹ ɜɫɟɯ 

ɢɫɫɥɟɞɭɟɦɵɯ ɞɨɛɚɜɥɟɧɢɣ ɤɪɚɫɢɬɟɥɹ. Ⱦɚɥɟɟ, ɢɫɩɨɥɶɡɭɹ ɡɚɤɨɧ Ȼɭɝɟɪɚ-Ʌɚɦɛɟɪɬɚ-

Ȼɟɪɚ ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɥɢɱɟɫɬɜɚ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɚɞɫɨɪɛɚɬɚ ɨɬ ɪɚɜɧɨɜɟɫɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ (1), ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ, ɨɬɪɚɠɚɸɳɢɟ ɬɟɱɟɧɢɟ ɩɪɨɰɟɫɫɚ 

ɚɞɫɨɪɛɰɢɢ, ɨɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 10.  

 

 
Ɋɢɫɭɧɨɤ 10 – ɂɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɩɪɢ ɜɚɪɢɚɰɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ  

 

ȼɫɟ ɢɡɨɬɟɪɦɵ ɨɩɢɫɵɜɚɸɬɫɹ ɜ ɪɚɦɤɚɯ ɬɟɨɪɢɢ ɦɨɞɟɥɢ Ʌɟɧɝɦɸɪɚ-

Ɏɪɟɣɧɞɥɢɯɚ. ɋɨɨɬɜɟɬɫɬɜɢɟ ɟё ɬɟɨɪɢɢ, ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ 

 
 
 
 
 

[ɢɡɴɹɬɨ] 
 
 
 

[ɢɡɴɹɬɨ] 
 

[ɢɡɴɹɬɨ] 
 

[ɢɡɴɹɬɨ] 
 

[ɢɡɴɹɬɨ] 
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ɯɚɪɚɤɬɟɪɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦɵ ɚɞɫɨɪɛɟɧɬ-ɚɞɫɨɪɛɚɬ. ɋɜɹɡɵɜɚɧɢɟ ɤɪɚɫɢɬɟɥɹ 

ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɨɞɧɨɫɥɨɣɧɵɦ. Ɍɚɤɠɟ ɢɡ ɪɢɫɭɧɤɚ 10 ɜɢɞɧɨ 

ɭɜɟɥɢɱɟɧɢɟ ɡɧɚɱɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ёɦɤɨɫɬɢ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ pH, 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ݍ௠ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɥɨ 465 ± 93 ɦɝ/ɝ. 

ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɞɢɫɫɨɰɢɚɰɢɢ HCl, 

ɤɚɬɢɨɧɵ ɜɨɞɨɪɨɞɚ ɨɛɪɚɡɭɸɬ ɫ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ NHଷ+ ɫɜɹɡɢ, ɤɨɬɨɪɵɟ ɜ ɞɚɧɧɨɣ ɫɢɬɭɚɰɢɢ ɹɜɥɹɸɬɫɹ ɞɥɹ 

ɚɧɢɨɧɧɨɝɨ ɷɨɡɢɧɚ Y ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɚɞɫɨɪɛɰɢɨɧɧɵɦɢ ɰɟɧɬɪɚɦɢ. Ʉɪɨɦɟ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɤɨɧɫɬɚɧɬɵ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ёɦɤɨɫɬɢ, ɦɨɞɟɥɶ ɢɡɨɬɟɪɦɵ ɞɚёɬ 

ɡɧɚɱɟɧɢɹ ɞɥɹ ɞɜɭɯ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ – ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɢ 

ɤɨɧɫɬɚɧɬɵ ɚɮɮɢɧɧɨɫɬɢ. Ⱥɞɫɨɪɛɰɢɨɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ݊ ɢɥɢ, ɢɧɚɱɟ ɟɝɨ ɟɳё 

ɧɚɡɵɜɚɸɬ, ɮɚɤɬɨɪ ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ, ɩɪɢɧɢɦɚɹ ɡɧɚɱɟɧɢɟ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ – 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɨɪɦɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ, ɪɚɜɧɨɟ ɟɞɢɧɢɰɟ – ɩɪɢɜɨɞɢɬ 

ɢɡɨɬɟɪɦɭ Ʌɟɧɝɦɸɪɚ-Ɏɪɟɣɧɞɥɢɯɚ ɤ ɢɡɨɬɟɪɦɟ Ʌɟɧɝɦɸɪɚ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ ɤɚɤ ɨɞɧɨɫɥɨɣɧɵɣ, ɚ ɡɧɚɱɟɧɢɟ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ ɝɨɜɨɪɢɬ ɨ 

ɧɚɥɢɱɢɢ ɤɨɨɩɟɪɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɢɦɟɧɧɨ, ɩɪɢɫɭɬɫɬɜɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɚɞɫɨɪɛɚɬ-ɚɞɫɨɪɛɚɬ. Ɍɚɤɠɟ ɡɧɚɱɟɧɢɟ ɨɬ 0 ɞɨ 1 ɩɨɤɚɡɵɜɚɟɬ ɫɬɟɩɟɧɶ ɨɞɧɨɪɨɞɧɨɫɬɢ 

ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ – ɱɟɦ ɛɥɢɠɟ ɤ 0, ɬɟɦ ɨɧɚ ɦɟɧɶɲɟ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɨɧɨ 

ɫɨɫɬɚɜɢɥɨ ݊ = Ͳ.ͺ ÷ Ͳ.ͻͺ ɞɥɹ ɜɫɟɯ ɢɡɨɬɟɪɦ, ɱɬɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ 

ɩɪɨɬɟɤɚɧɢɹ ɚɞɫɨɪɛɰɢɢ ɤɚɤ ɧɨɪɦɚɥɶɧɵɣ. Ʉɨɧɫɬɚɧɬɚ ɚɮɮɢɧɧɨɫɬɢ  𝐾 (ɥ/ɦɝ) 

ɜɟɥɢɱɢɧɚ, ɨɛɪɚɬɧɚɹ ɤɨɧɫɬɚɧɬɟ ɞɢɫɫɨɰɢɚɰɢɢ ɤɨɦɩɥɟɤɫɚ, ɨɬɪɚɠɚɟɬ ɫɬɟɩɟɧɶ 

ɫɪɨɞɫɬɜɚ ɚɞɫɨɪɛɚɬɚ ɢ ɚɞɫɨɪɛɟɧɬɚ. ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.  

 

Ɍɚɛɥɢɰɚ 1 – Ʉɨɧɫɬɚɧɬɵ ɚɞɫɨɪɛɰɢɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ HCl 𝐶𝐻𝐶௟, ɦɤɆ pH ݍ௠, ɦɝ/ɝ 
Ⱥɞɫɨɪɛɰɢɨɧɧɚɹ 

ёɦɤɨɫɬɶ 

𝐾, ɦɥ/ɦɝ 
Ʉɨɧɫɬɚɧɬɚ 
ɚɞɫɨɪɛɰɢɢ 

݊ 
ɉɨɤɚɡɚɬɟɥɶ 
ɚɞɫɨɪɛɰɢɢ 

ܴଶ 

0 5.6 227 ± 45 113 ± 23 0,80 ± 0,20 0,992 
9,8 5.5 233 ± 47 164 ± 33 0,98 ± 0,19 0,993 
98 5.4 313 ± 63 128 ± 26 0,97 ± 0,19 0,996 
980 4.4 465 ± 93 206 ± 41 0,93 ± 0,18 0,999 

 
 

[ɢɡɴɹɬɨ] 
 
 
 

[ɢɡɴɹɬɨ] 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɢɡɨɬɟɪɦɵ Ʌɟɧɝɦɸɪɚ-Ɏɪɟɣɧɞɥɢɯɚ ɨɩɢɫɵɜɚɸɬ 

ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɦɟɠɞɭ ɉɗɄ ɢ ɷɨɡɢɧɨɦ Y, ɤɚɤ ɫɢɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɦɟɠɞɭ ɚɞɫɨɪɛɚɬɨɦ ɢ ɚɞɫɨɪɛɟɧɬɨɦ, ɭɜɟɥɢɱɢɜɚɸɳɟɟɫɹ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ pH 

ɫɪɟɞɵ; ɭɜɟɥɢɱɟɧɢɟ ɡɧɚɱɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ёɦɤɨɫɬɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ (ɢɥɢ ɭɦɟɧɶɲɟɧɢɟɦ ɡɧɚɱɟɧɢɹ pH ɪɚɫɬɜɨɪɚ) 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɚɞɫɨɪɛɰɢɸ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɫɢɥ 

ɦɟɠɞɭ ɡɚɪɹɠɟɧɧɵɦɢ ɱɚɫɬɹɦɢ ɦɨɥɟɤɭɥ ɡɚɝɪɹɡɧɢɬɟɥɹ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰɵ-

ɚɞɫɨɪɛɟɧɬɚ, ɩɪɢ ɷɬɨɦ ɫɨɡɞɚɧɧɵɟ ɤɚɬɢɨɧɚɦɢ ɜɨɞɨɪɨɞɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɚɣɬɵ 

ɫɜɹɡɵɜɚɧɢɹ, ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɹɸɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɩɪɨɬɟɤɚɧɢɹ 

ɚɞɫɨɪɛɰɢɢ.  

 

2.2.4 Аɞɫɨɪɛɰɢɹ ɷɨɡɢɧɚ Y ɩɪɢ ɜɚɪɢɚɰɢɢ ɢɨɧɧɨɣ ɫɢɥɵ ɪɚɫɬɜɨɪɚ 

 

ȼɚɪɶɢɪɨɜɚɧɢɟ ɢɨɧɧɨɣ ɫɢɥɵ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 0 ÷ 0,5 Ɇ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 11, ɨɩɢɫɵɜɚɸɬɫɹ, ɤɚɤ ɢ ɜ 

ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ, ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ Ʌɟɧɝɦɸɪɚ-Ɏɪɟɣɧɞɥɢɯɚ.  

 
Ɋɢɫɭɧɨɤ 11 – ɂɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɩɪɢ ɜɚɪɢɚɰɢɢ ɢɨɧɧɨɣ ɫɢɥɵ ɪɚɫɬɜɨɪɚ 

 

 
 
 
 
 

[ɢɡɴɹɬɨ] 
 
 
 

[ɢɡɴɹɬɨ] 
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ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ ɩɪɢɜɨɞɢɬ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɤ ɢɡɦɟɧɟɧɢɸ 

ɮɨɪɦɵ ɢɡɨɬɟɪɦ, ɚ ɢɦɟɧɧɨ: ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɞɨɛɚɜɥɟɧɢɹ ɷɨɡɢɧɚ Y ɩɨɹɜɥɹɟɬɫɹ ɜɨɝɧɭɬɵɣ ɭɱɚɫɬɨɤ, ɤɨɬɨɪɵɣ ɬɟɦ ɫɢɥɶɧɟɟ ɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɟɟ, ɱɟɦ ɛɨɥɶɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ NaCl. Ɉɞɧɚɤɨ, ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɧɚɫɵɳɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɉɗɄ ɤɪɚɫɢɬɟɥɟɦ, ɢɡɦɟɧɹɟɬɫɹ ɜ 

ɧɟɛɨɥɶɲɨɦ ɞɢɚɩɚɡɨɧɟ. ɑɬɨ ɤɚɫɚɟɬɫɹ ɤɨɧɫɬɚɧɬ, ɬɨ ɡɧɚɱɟɧɢɟ ɮɚɤɬɨɪɚ 

ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ ݊ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ – ɫɨ ɡɧɚɱɟɧɢɹ 0,8 

ɞɨ 2,7. Ɍɨ ɟɫɬɶ ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɧɟɧɭɥɟɜɨɣ ɢɨɧɧɨɣ ɫɢɥɵ, ɚɞɫɨɪɛɰɢɹ ɩɪɨɯɨɞɢɬ 

ɱɟɪɟɡ ɜɫɟ ɫɬɚɞɢɢ - ɨɬ ɧɨɪɦɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɚɞɫɨɪɛɰɢɢ, ɞɨ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 

ɤɨɨɩɟɪɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ʉɨɧɫɬɚɧɬɚ ɚɮɮɢɧɧɨɫɬɢ 𝐾 ɩɪɢ ɷɬɨɦ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 

ɪɨɫɬɨɦ ɢɨɧɧɨɣ ɫɢɥɵ ɪɚɫɬɜɨɪɚ, ɱɬɨ ɝɨɜɨɪɢɬ ɨɛ ɨɫɥɚɛɥɟɧɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 

ɦɟɠɞɭ ɚɞɫɨɪɛɟɧɬɨɦ ɢ ɚɞɫɨɪɛɚɬɨɦ. ɉɨɹɜɥɟɧɢɟ ɜɨɝɧɭɬɨɫɬɢ ɧɚ ɢɡɨɬɟɪɦɚɯ 

ɨɬɪɚɠɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɡɧɚɱɟɧɢɣ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɚɞɫɨɪɛɚɬɚ ɞɥɹ ɤɚɠɞɨɝɨ 

ɞɨɛɚɜɥɟɧɢɹ NaCl, ɢ ɨɧɨ ɬɟɦ ɦɟɧɶɲɟ, ɱɟɦ ɛɨɥɶɲɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɥɢ ɛɵɥɚ 

ɞɨɛɚɜɥɟɧɚ ɜ ɪɚɫɬɜɨɪ ɢɡɧɚɱɚɥɶɧɨ. Ɍɚɤɨɟ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɢɡ-ɡɚ ɭɫɢɥɟɧɢɹ 

ɞɜɨɣɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɥɨɹ ɜɨɤɪɭɝ ɱɚɫɬɢɰ ɚɞɫɨɪɛɟɧɬɚ, ɤɨɬɨɪɵɣ ɩɪɟɩɹɬɫɬɜɭɟɬ 

ɞɨɫɬɭɩɭ ɦɨɥɟɤɭɥ ɚɧɢɨɧɧɨɝɨ ɤɪɚɫɢɬɟɥɹ ɤ ɉɗɄ. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɜɩɨɥɧɟ 

ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦ ɦɟɯɚɧɢɡɦɚɦ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɷɥɟɤɬɪɨɫɬɚɬɢɤɚ ɛɵɥɚ ɨɫɥɨɠɧɟɧɚ ɩɨɹɜɥɟɧɢɟɦ ɜ ɫɢɫɬɟɦɟ 

ɫɨɥɢ, ɫɬɚɥɨ ɜɢɞɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ ɜɤɥɸɱɟɧɵ ɢ ɞɪɭɝɢɟ ɦɟɯɚɧɢɡɦɵ, ɬ.ɤ. 

ɚɞɫɨɪɛɰɢɹ ɩɨɥɧɨɫɬɶɸ ɧɟ ɩɪɟɤɪɚɳɚɟɬɫɹ. ɍɜɟɥɢɱɟɧɢɟ ɮɚɤɬɨɪɚ ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ 

ɮɢɤɫɢɪɭɟɬ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɤɨɨɩɟɪɚɬɢɜɧɵɯ ɷɮɮɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɝɨɜɨɪɹɬ ɨ ɬɨɦ, ɱɬɨ 

ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɷɨɡɢɧɚ Y ɫɜɹɡɚɜɲɢɫɶ ɫ ɉɗɄ, ɦɨɠɟɬ ɨɛɥɟɝɱɚɬɶ ɩɨɫɚɞɤɭ ɞɪɭɝɨɣ 

ɦɨɥɟɤɭɥɟ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɨɥɟɤɭɥɵ ɷɨɡɢɧɚ Y ɦɨɝɭɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɦɟɠɞɭ 

ɫɨɛɨɣ ɩɨ ɝɢɞɪɨɮɨɛɧɨɦɭ ɩɪɢɧɰɢɩɭ, ɨɬɫɸɞɚ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɝɢɞɪɨɮɨɛɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɧɨɫɹɬ ɫɜɨɣ ɜɤɥɚɞ ɜ ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ. Ɉɞɧɚɤɨ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɩɨɹɜɥɟɧɢɟ ɛɨɥɶɲɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ ɜ ɜɢɞɟ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɡɚɪɹɞɨɜ, 

ɦɟɲɚɸɳɟɝɨ ɩɨɫɚɞɤɟ ɤɪɚɫɢɬɟɥɹ ɧɚ ɉɗɄ, ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɞɨɫɬɚɬɨɱɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɨɡɢɧɚ Y ɜ ɪɚɫɬɜɨɪɟ, ɫɧɢɠɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ёɦɤɨɫɬɢ 

[ɢɡɴɹɬɨ] 
 

[ɢɡɴɹɬɨ] 
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ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ - ɫ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɷɬɢ ɞɢɚɩɚɡɨɧɵ 

ɩɟɪɟɤɪɵɜɚɸɬɫɹ. Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.  

 

Ɍɚɛɥɢɰɚ 2 – Ʉɨɧɫɬɚɧɬɵ ɚɞɫɨɪɛɰɢɢ 𝐶𝑁𝑎𝐶௟, Ɇ ݍ௠, ɦɝ/ɝ 
Ⱥɞɫɨɪɛɰɢɨɧɧɚɹ 

ёɦɤɨɫɬɶ 

𝐾, ɦɥ/ɦɝ 
Ʉɨɧɫɬɚɧɬɚ 
ɚɞɫɨɪɛɰɢɢ 

݊ 
ɉɨɤɚɡɚɬɟɥɶ 
ɚɞɫɨɪɛɰɢɢ 

ܴଶ 

0 227±45 113±27 0,8±0,2 0,992 
0,05 223±44 28±8 1,3±0,3 0,981 
0,15 208±42 28±6 2,3±0,4 0,993 
0,25 196±40 13±3 2,5±0,5 0,993 
0,5 155±31 13±3 2,7±0,6 0,998 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɢɨɧɧɨɣ ɫɢɥɵ, ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɚɞɫɨɪɛɚɬɨɦ ɢ ɚɞɫɨɪɛɟɧɬɨɦ ɭɦɟɧɶɲɚɸɬɫɹ ɢ ɧɚɱɢɧɚɸɬ 

ɩɪɨɹɜɥɹɬɶɫɹ ɤɨɨɩɟɪɚɬɢɜɧɵɟ ɷɮɮɟɤɬɵ, ɧɨ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɪɚɫɢɬɟɥɹ ɜ ɪɚɫɬɜɨɪɟ, ɚɞɫɨɪɛɰɢɨɧɧɚɹ ёɦɤɨɫɬɶ ݍ௠ ɞɥɹ ɤɚɠɞɨɝɨ 

ɞɨɛɚɜɥɟɧɢɹ ɫɨɥɢ ɜɚɪɶɢɪɭɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ: ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɟɬ 

227 ± 45 ɦɝ/ɝ ɞɥɹ 0 Ɇ, ɦɢɧɢɦɚɥɶɧɚɹ ݍ௠ ɫɨɫɬɚɜɥɹɟɬ 155 ± 31 ɦɝ/ɝ ɞɥɹ 0,5 Ɇ. ɉɪɢ 

ɷɬɨɦ ɜɫɟ ɢɡɨɬɟɪɦɵ ɨɩɢɫɵɜɚɸɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ, ɨɬɪɚɠɚɸɳɟɦ 

ɬɨɱɧɨɫɬɶ ɨɩɢɫɚɧɢɹ ɞɚɧɧɵɯ (ɝɞɟ ܴ >  Ͳ,ͻͷ - ɯɨɪɨɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ), ܴ =Ͳ,ͻͺͳ ÷ Ͳ,ͻͻͺ. 

 

2.2.5 ɋɪɚɜɧɟɧɢɟ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɫ ɚɧɚɥɨɝɚɦɢ 

 

ȼ ɦɢɪɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɨɥɶɲɨɟ ɦɧɨɠɟɫɬɜɨ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ. 

ȼ ɬɚɛɥɢɰɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɱɶɢ ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ 

ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɧɢɨɧɧɵɦ ɤɪɚɫɢɬɟɥɹɦ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɭɱɟɧɵɦɢ. ɗɬɚ 

ɢɧɮɨɪɦɚɰɢɹ ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɬɟɤɭɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɪɚɧɟɟ 

ɩɨɥɭɱɟɧɧɵɦɢ ɤɨɧɫɬɚɧɬɚɦɢ ɢ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɡɭɱɚɟɦɨɝɨ ɉɗɄ. 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɫɬɨɢɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɚɤɢɟ ɠɟ 

ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɫɨɡɞɚɧɧɵɟ ɦɟɬɨɞɨɦ ɫɚɦɨɫɛɨɪɤɢ, ɧɨ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɨɧɞɪɨɢɬɢɧ ɫɭɥɶɮɚɬɚ, ɥɢɛɨ ɝɢɚɥɭɪɨɧɚɬɚ. ɗɬɢ ɱɚɫɬɢɰɵ 

 
 

[ɢɡɴɹɬɨ] 
 
 
 

[ɢɡɴɹɬɨ] 
 

[ɢɡɴɹɬɨ] 
 

[ɢɡɴɹɬɨ] 
 [ɢɡɴɹɬɨ] 

 
[ɢɡɴɹɬɨ] 
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ɩɨɤɚɡɚɥɢ ɦɚɤɫɢɦɚɥɶɧɭɸ ɚɞɫɨɪɛɰɢɨɧɧɭɸ ɟɦɤɨɫɬɶ ɞɥɹ pH 5.6 115 ± 58 ɦɝ/ɝ ɢ 63 

± 28 ɦɝ/ɝ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɗɄ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ ɢ ɫɭɥɶɮɚɬɚ 

ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɩɨɤɚɡɵɜɚɟɬ ɜ ɧɟɫɤɨɥɶɤɨ 

ɪɚɡ ɩɪɟɜɵɲɚɸɳɢɟ ɡɧɚɱɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ёɦɤɨɫɬɢ (227 ɦɝ/ɝ), ɱɬɨ ɝɨɜɨɪɢɬ ɨ 

ɛɨɥɶɲɟɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɨɡɢɧɭ Y. 

ɏɢɦɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɯɢɬɨɡɚɧɚ ɬɟɬɪɚɷɬɢɥɟɧɩɟɧɬɚɦɢɧɨɦ ɩɨɤɚɡɵɜɚɟɬ 

ɭɞɚɥɟɧɢɟ 292,4 ɦɝ ɷɨɡɢɧɚ Y ɨɞɧɢɦ ɝɪɚɦɦɨɦ ɜɟɳɟɫɬɜɚ, ɱɬɨ ɧɟɦɧɨɝɨ ɩɪɟɜɵɲɚɟɬ 

ɧɚɲɢ ɪɟɡɭɥɶɬɚɬɵ. Ɉɫɬɚɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɯɢɬɨɡɚɧɚ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɧɢɨɧɧɵɦ ɤɪɚɫɢɬɟɥɹɦ ɩɨɤɚɡɵɜɚɸɬ ɡɧɚɱɟɧɢɹ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 71÷305 ɦɝ/ɝ. ɂɫɤɥɸɱɟɧɢɟ 

ɫɨɫɬɚɜɥɹɸɬ ɩɨɪɢɫɬɵɟ ɱɚɫɬɢɰɵ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ – ɞɥɹ ɧɢɯ ɩɪɢ pH 3 ɢ ܶ =͵Ͳ℃ ݍ௠ ɫɨɫɬɚɜɢɥɨ 1498 ɦɝ/ɝ. Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɉɗɄ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɟɝɨ ɤɚɤ ɨɛɥɚɞɚɬɟɥɹ ɯɨɪɨɲɢɯ ɚɞɫɨɪɛɰɢɨɧɧɵɯ 

ɫɩɨɫɨɛɧɨɫɬɟɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɧɢɨɧɧɨɦɭ ɤɪɚɫɢɬɟɥɸ ɷɨɡɢɧɭ Y, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɩɪɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ pH, ɞɥɹ ɤɨɬɨɪɵɯ ݍ௠ ɫɨɫɬɚɜɢɥɨ 493 ɦɝ/ɝ, ɢ ɩɪɢ ɷɬɨɦ, ɷɬɨ 

ɧɟ ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɫɥɭɱɚɟɦ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɫɥɟ 

ɫɪɚɜɧɟɧɢɹ ɫ ɦɚɬɟɪɢɚɥɚɦɢ-ɚɧɚɥɨɝɚɦɢ ɩɨɤɚɡɵɜɚɸɬ ɯɨɪɨɲɭɸ ɤɨɧɤɭɪɟɧɬɧɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɨɬɤɪɵɜɚɸɬ ɞɚɥɶɧɟɣɲɢɟ ɩɟɪɫɩɟɤɬɢɜɵ ɞɥɹ ɢɡɭɱɟɧɢɹ. 

 

Ɍɚɛɥɢɰɚ 3 – ɚɞɫɨɪɛɰɢɹ ɚɧɢɨɧɧɵɯ ɤɪɚɫɢɬɟɥɟɣ ɚɞɫɨɪɛɟɧɬɚɦɢ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ 
Ⱥɞɫɨɪɛɟɧɬ Ɂɚɝɪɹɡɧɢɬɟɥɶ 

(ɚɧɢɨɧɧɵɣ ɤɪɚɫɢɬɟɥɶ) 
 ௠, ɦɝ/ɝ ɂɫɬɨɱɧɢɤݍ

ɉɗɄ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ ɢ 
ɯɨɧɞɪɨɢɬɢɧ ɫɭɥɶɮɚɬɚ 

ɗɨɡɢɧ Y 31 ± 2 (pH 4.6) 
115 ± 58 (pH 5.6) 

[24] 

ɉɗɄ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ ɢ 
ɝɢɚɥɭɪɨɧɚɬɚ 

ɗɨɡɢɧ Y 43 ± 7 (pH 4.6) 
63 ± 28 (pH 5.6) 

[24] 

ɏɢɦɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ 
ɯɢɬɨɡɚɧɚ 
ɬɟɬɪɚɷɬɢɥɟɧɩɟɧɬɚɦɢɧɨɦ 

ɗɨɡɢɧ Y 292, 4 [4] 

Ʉɨɦɩɨɡɢɬɧɵɟ ɲɚɪɢɤɢ ɧɚ 
ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ 

Ʉɨɧɝɨ ɤɪɚɫɧɵɣ 135  [27] 

Ɇɟɡɨɩɨɪɢɫɬɵɟ ɤɨɦɩɨɡɢɬɵ 
ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɟ 
ɯɢɬɨɡɚɧɨɦ  

Ʉɢɫɥɨɬɧɵɣ ɤɪɚɫɧɵɣ 18 201,2 (30 °C) [28] 

ɉɨɪɢɫɬɵɟ ɱɚɫɬɢɰɵ ɧɚ ɨɫɧɨɜɟ 
ɯɢɬɨɡɚɧɚ 

Ɋɟɚɤɬɢɜɧɵɣ ɫɢɧɢɣ 19 1498 (30 °C, pH 3) [29] 

ɏɢɬɨɡɚɧ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ 
ɰɟɨɥɢɬɨɦ 

Ȼɟɡɚɤɬɢɜɧɵɣ 
ɨɪɚɧɠɟɜɵɣ 16 

305,8 (pH 6) [30] 

[ɢɡɴɹɬɨ] 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3 
ɏɢɬɨɡɚɧ-ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ 
ɩɚɥɵɝɨɪɫɤɢɬ 

Ɋɟɚɤɬɢɜɧɵɣ ɠɟɥɬɵɣ 
3RS 

71,38  [31] 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɯɢɬɨɡɚɧɨɦ 
ɦɚɝɧɢɬɧɵɟ ɝɪɚɮɢɬɢɪɨɜɚɧɧɵɟ 
ɦɧɨɝɨɫɬɟɧɧɵɟ ɭɝɥɟɪɨɞɧɵɟ 
ɧɚɧɨɬɪɭɛɤɢ 

Ʉɨɧɝɨ ɤɪɚɫɧɵɣ 263,3 (pH 6.3) [32] 

ɏɢɬɨɡɚɧɨɜɵɟ ɝɢɞɪɨɛɭɫɵ Ʉɨɧɝɨ ɤɪɚɫɧɵɣ 92,59 [33] 
N,O-ɤɚɪɛɨɤɫɢɦɟɬɢɥ-
ɯɢɬɨɡɚɧɨɜɵɣ ɧɚɧɨɤɨɦɩɨɡɢɬ 

Ʉɨɧɝɨ ɤɪɚɫɧɵɣ 74,24 [34] 

ɋɲɢɜɚɟɦɵɟ ɦɢɤɪɨɝɪɚɧɭɥɵ ɢɡ 
ɝɢɞɪɨɝɟɥɹ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ 

Ʉɢɫɥɨɬɧɵɣ ɨɪɚɧɠɟɜɵɣ 
7 

1670  [35] 
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ɁАɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ:  

1) ɩɨ ɨɬɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɧɨɜɵɟ ɫɬɚɛɢɥɶɧɵɟ ɱɚɫɬɢɰɵ 

ɢɡ ɩɪɢɪɨɞɧɵɯ ɩɨɥɢɦɟɪɨɜ: ɯɢɬɨɡɚɧɚ ɢ ɫɭɥɶɮɚɬɢɪɨɜɚɧɧɨɝɨ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ; 

2) ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɢɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɪɚɫɢɬɟɥɹ 

ɷɨɡɢɧɚ Y (ɩɪɨɬɨɬɢɩɚ ɡɚɝɪɹɡɧɢɬɟɥɹ), ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɬɟɱɟɧɢɢ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɧɚ ɉɗɄ; 

3) ɜɵɩɨɥɧɟɧɨ ɮɢɡɢɱɟɫɤɨɟ ɪɚɡɞɟɥɟɧɢɟ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɤɪɚɫɢɬɟɥɹ ɫ 

ɉɗɄ ɢ ɧɟɚɞɫɨɪɛɢɪɨɜɚɧɧɨɣ ɱɚɫɬɢ ɩɭɬёɦ ɫɟɞɢɦɟɧɬɚɰɢɢ; 

4) ɩɪɨɜɟɞɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɜɪɟɦɟɧɢ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. ɉɨɥɭɱɟɧɵ ɬɪɢ ɤɨɧɫɬɚɧɬɵ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɷɬɚɩɵ ɚɞɫɨɪɛɰɢɢ (1,7 ɫ, 41 ɫ ɢ 53 ɦɢɧ). Ɉɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɝɨ ɉɗɄ ɹɜɥɹɟɬɫɹ ɛɵɫɬɪɚɹ ɤɢɧɟɬɢɤɚ; 

5) ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ pH ɫɪɟɞɵ ɧɚ ɬɟɱɟɧɢɟ ɚɞɫɨɪɛɰɢɢ. 

ȼɵɹɜɥɟɧɚ ɬɟɧɞɟɧɰɢɹ ɤ ɭɜɟɥɢɱɟɧɢɸ ɚɞɫɨɪɛɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɉɗɄ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ; 

6) ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɢɨɧɧɨɣ ɫɢɥɵ ɫɪɟɞɵ ɧɚ ɩɪɨɬɟɤɚɧɢɟ 

ɚɞɫɨɪɛɰɢɢ. Ɂɚɮɢɤɫɢɪɨɜɚɧɵ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ 

ɩɨɹɜɥɟɧɢɟ ɷɮɮɟɤɬɚ ɤɨɨɩɟɪɚɬɢɜɧɨɫɬɢ;  

7) ɩɨɞɛɨɪ ɦɨɞɟɥɢ ɚɞɫɨɪɛɰɢɢ ɩɨɤɚɡɚɥ ɯɨɪɨɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ (ܴ =Ͳ,ͻͺͳ ÷ Ͳ,ͻͻͻ) ɫ ɢɡɨɬɟɪɦɚɦɢ Ʌɟɧɝɦɸɪɚ-Ɏɪɟɣɧɞɥɢɯɚ ɞɥɹ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ 

ɞɚɧɧɵɯ;  

8) ɦɚɤɫɢɦɚɥɶɧɚɹ ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 465 ± 93 ɦɝ/ɝ ɩɪɢ 

pH 4.6, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɯɨɪɨɲɢɯ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɫɩɨɫɨɛɧɨɫɬɹɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɚɧɚɥɨɝɚɦɢ ɧɚ ɨɫɧɨɜɟ ɯɢɬɨɡɚɧɚ; 

9) ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɧɟ ɨɩɪɨɜɟɪɝɚɸɬ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨɛ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɦ ɯɚɪɚɤɬɟɪɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɚɞɫɨɪɛɚɬɨɦ ɢ 

ɚɞɫɨɪɛɟɧɬɨɦ; 

[ɢɡɴɹɬɨ] 
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10) ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ ɚɞɫɨɪɛɰɢɢ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ 

ɩɪɟɞɩɨɥɚɝɚɟɦɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɢ ɛɵɫɬɪɨɣ ɤɢɧɟɬɢɤɨɣ ɨɬɤɪɵɜɚɸɬ ɩɟɪɫɩɟɤɬɢɜɵ 

ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɉɗɄ ɧɟ ɬɨɥɶɤɨ ɜ ɤɚɱɟɫɬɜɟ 

ɚɞɫɨɪɛɟɧɬɚ, ɫɩɨɫɨɛɧɨɝɨ ɧɚ ɛɵɫɬɪɭɸ ɪɟɚɤɰɢɸ ɤ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ, ɧɨ ɢ ɜ 

ɤɚɱɟɫɬɜɟ ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ, ɨɛɥɚɞɚɸɳɟɣ ɞɨɫɬɚɬɨɱɧɨɣ ёɦɤɨɫɬɶɸ, ɤɨɬɨɪɚɹ 

ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ ɩɪɢɦɟɧɟɧɢɟ ɧɟ ɬɨɥɶɤɨ ɜ ɷɤɨɥɨɝɢɢ, ɧɨ ɢ, ɧɚɩɪɢɦɟɪ, ɜ 

ɦɟɞɢɰɢɧɫɤɨɣ ɫɮɟɪɟ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ, 

ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɟɜɨɝɨ ɮɨɧɞɚ ɧɚɭɤɢ, 

ɩɪɨɟɤɬ № 18-43-242003 

Ɋɟɡɭɥɶɬɚɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ ɬɪёɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ: 

- XV Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ 

ɭɱёɧɵɯ «ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ – 2019» (ɞɢɩɥɨɦ II ɫɬɟɩɟɧɢ); 

- 58-ɹ Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɚɹ ɫɬɭɞɟɧɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɆɇɋɄ-2020 

(ɞɢɩɥɨɦ II ɫɬɟɩɟɧɢ); 

- ɘɛɢɥɟɣɧɚɹ ɦɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ 

ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɢ ɥɚɡɟɪɧɨɣ ɮɢɡɢɤɟ, ɩɨɫɜɹɳɟɧɧɚɹ 50-ɥɟɬɢɸ ɩɪɨɜɟɞɟɧɢɹ ɉɟɪɜɨɣ 

ɥɟɬɧɟɣ ɲɤɨɥɵ ɩɨ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɜ ɂɪɤɭɬɫɤɟ (LLPh-2019). 

ɋɬɚɬɶɹ «Adsorption of eosin Y on polyelectrolyte complexes based on 

chitosan and arabinogalactan sulfate» ɧɚɩɪɚɜɥɟɧɚ ɜ ɩɟɱɚɬɶ. 
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