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1 Ȼɢɣɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ (ɮɢɥɢɚɥ)  
Ⱥɥɬɚɣɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. ɂ. ɂ. ɉɨɥɡɭɧɨɜɚ, Ȼɢɣɫɤ 
2 ɋɢɛɢɪɫɤɢɣ ɢɧɫɬɢɬɭɬ ɮɢɡɢɨɥɨɝɢɢ ɢ ɛɢɨɯɢɦɢɢ ɪɚɫɬɟɧɢɣ ɋɈ ɊȺɇ, ɂɪɤɭɬɫɤ 
3 ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɂɪɤɭɬɫɤ 
E-mail: val@bti.secna.ru 

. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ – ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɰɢɤɥɚ Ʉɪɟɛɫɚ (ɥɢɦɨɧɧɨɣ, α-ɤɟɬɨ-
ɝɥɭɬɚɪɨɜɨɣ, ɹɧɬɚɪɧɨɣ, ɹɛɥɨɱɧɨɣ, ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬ) ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɨɬ 10-9 ɞɨ 10-11 Ɇ ɧɚ ɛɚɪɶɟɪɧɭɸ ɮɭɧɤ-
ɰɢɸ ɦɟɦɛɪɚɧɵ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɜɚɤɭɨɥɢ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɚ 
ɩɨɤɚɡɚɬɟɥɹ: ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɚɤɭɨɥɟɣ ɢ ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɪɚɫɩɚɞɚ ɜɚ-
ɤɭɨɥɟɣ. Ɉɛɧɚɪɭɠɟɧɨ ɜɵɪɚɠɟɧɧɨɟ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɟ ɜɥɢɹɧɢɟ ɹɧɬɚɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɧɚɧɨ- ɢ ɮɟɦɬɨɦɨɥɹɪɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɧɚ ɦɟɦɛɪɚɧɵ, ɚ ɳɚɜɟɥɟɜɚɹ ɤɢɫɥɨɬɚ, ɧɚɨɛɨɪɨɬ, ɩɨɜɵɲɚɥɚ ɫɤɨɪɨɫɬɶ ɪɚɫɩɚɞɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ 
ɜɚɤɭɨɥɟɣ. Ⱦɟɣɫɬɜɢɟ ɫɦɟɫɟɣ ɤɢɫɥɨɬ ɧɟɨɞɧɨɡɧɚɱɧɨ ɢ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ. ȼɵɫɤɚɡɚɧɵ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ 
ɮɚɤɬɨɪɚɯ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɚɤɭɨɥɟɣ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ ɜ ɤɚ-
ɱɟɫɬɜɟ ɦɟɦɛɪɚɧɨɬɪɨɩɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɜɟɪɯɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɦɨɝɭɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɪɚɡɥɢɱɧɵɟ ɦɟɯɚɧɢɡɦɵ, ɨɞɧɚɤɨ ɞɨɦɢɧɢɪɭɸɳɢɣ ɫɜɹɡɚɧ ɫ ɢɯ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. 

 : ɫɜɟɪɯɦɚɥɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɢɧɬɟɪɦɟɞɢɚɬɵ ɰɢɤɥɚ Ʉɪɟɛɫɚ, ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɜɚɤɭɨɥɢ, ɛɚɪɶ-
ɟɪɧɚɹ ɮɭɧɤɰɢɹ ɦɟɦɛɪɚɧɵ. 

 

Вɜɟɞɟɧɢɟ 
ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɛɥɚɝɨɞɚɪɹ ɪɚɛɨɬɚɦ 

ȿ. Ȼ. Ȼɭɪɥɚɤɨɜɨɣ ɫ ɫɨɬɪɭɞɧɢɤɚɦɢ [1; 10] ɫɬɚɥɢ 
ɚɤɬɢɜɧɨ ɢɫɫɥɟɞɨɜɚɬɶɫɹ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɷɮ-
ɮɟɤɬɵ ɪɚɡɥɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɜɟɪɯɦɚɥɵɯ 
ɞɨɡɚɯ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ (ɋɆɄ). ɉɪɨɜɟɞёɧɧɵɟ 
ɚɜɬɨɪɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɹɜɢɥɢ, ɱɬɨ ɛɢɨɥɨɝɢ-
ɱɟɫɤɢ ɚɤɬɢɜɧɵɦɢ ɨɤɚɡɚɥɢɫɶ ɧɚɧɨ- ɢ ɮɟɦɬɨɤɨɧ-
ɰɟɧɬɪɚɰɢɢ ɪɹɞɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ [2] – ɳɚ-
ɜɟɥɟɜɨɣ, ɦɚɥɨɧɨɜɨɣ, ɥɢɦɨɧɧɨɣ, ɹɛɥɨɱɧɨɣ, ɹɧ-
ɬɚɪɧɨɣ, ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɨɣ (ɗȾɌȺ). 
ȼɫɟ ɨɧɢ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɗȾɌȺ, ɹɜɥɹɸɬɫɹ ɫɭɛ-
ɫɬɪɚɬɚɦɢ ɰɢɤɥɚ Ʉɪɟɛɫɚ – ɤɥɸɱɟɜɨɝɨ ɷɬɚɩɚ ɞɵ-
ɯɚɧɢɹ ɜɫɟɯ ɤɥɟɬɨɤ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɤɢɫɥɨɪɨɞ. 
Ɉɪɝɚɧɢɱɟɫɤɢɦ ɤɢɫɥɨɬɚɦ, ɭɱɚɫɬɜɭɸɳɢɦ ɜ ɰɢɤɥɟ 
Ʉɪɟɛɫɚ, ɭɞɟɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɩɪɢ ɢɡɭ-
ɱɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɪɚɫɬɢɬɟɥɶɧɨɣ ɤɥɟɬɤɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ 
ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ, ɜɜɟɞёɧɧɵɟ ɷɤɡɨɝɟɧɧɨ, 
ɥɟɝɤɨ ɩɪɨɧɢɤɚɸɬ ɜɧɭɬɪɶ ɤɥɟɬɨɤ ɢ, ɩɨɩɚɞɚɹ ɜ 
ɦɢɬɨɯɨɧɞɪɢɢ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɚɤ ɠɟ ɛɵɫɬɪɨ, ɤɚɤ 
ɢ ɢɯ ɷɧɞɨɝɟɧɧɵɟ ɮɨɪɦɵ [3]. ɉɪɢɦɟɧɟɧɢɟ ɷɬɢɯ 
ɜɟɳɟɫɬɜ ɩɪɢ ɜɧɟɤɨɪɧɟɜɨɣ ɨɛɪɚɛɨɬɤɟ (ɨɛɪɚɛɨɬɤɟ 
ɥɢɫɬɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ) ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ 
ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɪɟɞɢɫɚ ɜ ɞɜɚ ɪɚɡɚ [10]. ɍɥɶɬɪɚ-
ɡɜɭɤɨɜɨɟ ɨɛɥɭɱɟɧɢɟ ɱɟɪɟɧɤɨɜ ɧɟɤɨɬɨɪɵɯ ɫɨɪ-

ɬɨɜ ɜɢɧɨɝɪɚɞɚ ɜ ɪɚɫɬɜɨɪɟ ɹɧɬɚɪɧɨɣ ɤɢɫɥɨɬɵ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ 10-11 Ɇ ɩɨɡɜɨɥɢɥɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɫɤɨɪɢɬɶ ɩɨɹɜɥɟɧɢɟ ɤɨɪɧɟɣ (ɪɢɡɨɝɟɧɟɡ) [4]. 
ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɢɯ ɯɢɦɢɱɟɫɤɭɸ ɩɪɢɪɨ-
ɞɭ (ɞɢ- ɢ ɬɪɢɤɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ), ɛɵɥɨ ɜɵ-
ɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɷɬɢ ɤɢɫɥɨɬɵ ɜ 
ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 10-7 Ɇ ɢ 
ɦɟɧɟɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ ɪɚɡɛɚɜɥɟɧɢɹ 
Ɉɫɜɚɥɶɞɚ ɞɨɥɠɧɵ ɩɨɥɧɨɫɬɶɸ ɞɢɫɫɨɰɢɢɪɨɜɚɬɶ 
[5]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɬɜɨɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɜɟ-
ɳɟɫɬɜ ɜ ɋɆɄ, ɜɨɡɦɨɠɧɨ, ɫɨɞɟɪɠɚɬ ɞɢɚɧɢɨɧɵ 
ɞɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ, ɨɬɫɭɬɫɬɜɭɸɳɢɟ ɜ ɪɚɫ-
ɬɜɨɪɚɯ ɫ ɨɛɵɱɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ. ɍɱɢɬɵɜɚɹ 
ɨɬɦɟɱɟɧɧɨɟ ɜɵɲɟ, ɧɟɥɶɡɹ ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ 
ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɦɟɦɛɪɚ-
ɧɵ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɛɚɪɶɟɪɧɨɣ ɮɭɧɤɰɢɢ ɦɟɦ-
ɛɪɚɧ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɚɪɭɲɟɧɢɟ ɦɟɬɚɛɨ-
ɥɢɡɦɚ ɢ ɝɢɛɟɥɶ ɤɥɟɬɨɤ ɢɥɢ, ɧɚɩɪɨɬɢɜ, ɢɯ ɫɬɚɛɢ-
ɥɢɡɚɰɢɹ ɢ ɩɨɞɞɟɪɠɚɧɢɟ ɜɵɫɨɤɨɣ ɮɭɧɤɰɢɨɧɚɥɶ-
ɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɚɪɶɟɪɧɨɣ ɮɭɧɤɰɢɢ 
ɦɟɦɛɪɚɧ ɩɪɢ ɨɰɟɧɤɟ ɦɟɦɛɪɚɧɨɬɪɨɩɧɨɣ ɚɤɬɢɜ-
ɧɨɫɬɢ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, 
ɱɬɨ ɜɟɳɟɫɬɜɚ ɩɨ ɦɟɦɛɪɚɧɨɬɪɨɩɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɞɟɣɫɬɜɢɹ ɢ ɤɨɧɰɟɧ-
ɬɪɚɰɢɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: ɫɩɨ-



Ⱥ. Ʌ. ȼȿɊȿɓȺȽɂɇ, ȼ. ɇ. ɇɍɊɆɂɇɋɄɂɃ ɂ ȾɊ. 
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ɫɨɛɫɬɜɭɸɳɢɟ ɪɚɡɪɭɲɟɧɢɸ ɦɟɦɛɪɚɧɵ; ɧɟ ɨɤɚ-
ɡɵɜɚɸɳɢɟ ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɛɚɪɶɟɪɧɭɸ 
ɮɭɧɤɰɢɸ ɦɟɦɛɪɚɧɵ; ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɟ ɟё [7]. 
ȼ ɫɜɹɡɢ ɷɬɢɦ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ 
ɢɡɭɱɟɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɞɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɜ 
ɋɆɄ, ɤɨɝɞɚ ɨɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɢɚɧɢɨɧɚɦɢ, ɧɚ 
ɛɚɪɶɟɪɧɵɟ ɫɜɨɣɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ. 

Мɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɟɣɫɬɜɢɟ ɦɟɦɛɪɚɧɨɬɪɨɩɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɨɰɟɧɢɜɚɥɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɞɢɧɚɦɢɤɢ ɪɚɡɪɭɲɟ-
ɧɢɹ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɚɤɭɨɥɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɤɨɧɬɪɨɥɟɦ [7] ɦɟɬɨɞɨɦ ɰɟɣɬɪɚɮɮɟɪɧɨɣ ɤɨɦɩɶ-
ɸɬɟɪɧɨɣ ɜɢɞɟɨɫɴёɦɤɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɨɛɴ-
ɟɤɬɨɜ, ɨɬɪɚɠɚɸɳɟɣ ɩɪɨɰɟɫɫ ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ 
ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɚɤɭɨɥɟɣ. ɉɨɥɭɱɟɧɧɚɹ ɫɟɪɢɹ 
ɢɡɨɛɪɚɠɟɧɢɣ ɨɛɪɚɛɚɬɵɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɩɪɨ-
ɝɪɚɦɦɵ CellsPro v. 1.0, ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɣ ɜ 
ɫɪɟɞɟ Matlab [9]. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɪɚɛɨɬɤɢ 
ɫɨɫɬɚɜɥɹɥɢɫɶ ɬɚɛɥɢɰɵ ɢ ɫɬɪɨɢɥɢɫɶ ɝɪɚɮɢɤɢ ɜɨ 

ɜɪɟɦɟɧɢ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɳɚɞɢ, ɡɚɧɢɦɚɟɦɨɣ 
ɧɟɪɚɡɪɭɲɟɧɧɵɦɢ ɜɚɤɭɨɥɹɦɢ (ɨɰɟɧɢɜɚɟɦɨɣ ɜ 
ɩɪɨɰɟɧɬɚɯ). Ɂɚɬɟɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɨɝɨ, ɱɬɨ ɤɨ-
ɥɢɱɟɫɬɜɨ ɫɨɯɪɚɧɢɜɲɢɯɫɹ ɜɚɤɭɨɥɟɣ ɤɨɪɪɟɥɢɪɭɟɬ 
ɫ ɡɚɧɢɦɚɟɦɨɣ ɢɦɢ ɩɥɨɳɚɞɶɸ, ɜɵɩɨɥɧɹɥɚɫɶ 
ɨɰɟɧɤɚ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɢɨɞɚ ɩɨɥɭɪɚɫɩɚɞɚ 
ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɚɤɭɨɥɟɣ (τ1/2). 
ɂɡɨɥɢɪɨɜɚɧɧɵɟ ɜɚɤɭɨɥɢ ɩɨɥɭɱɚɥɢ ɩɨ ɦɟɬɨ-

ɞɭ [8] ɢɡ ɤɥɟɬɨɤ ɤɨɪɧɟɩɥɨɞɨɜ ɫɬɨɥɨɜɨɣ ɫɜɟɤɥɵ 
(Beta vulgaris L.) ɜ ɪɚɫɬɜɨɪɟ ɜɵɞɟɥɟɧɢɹ ɢ ɢɧɤɭ-
ɛɚɰɢɢ, ɫɨɞɟɪɠɚɳɟɦ (ɦɆ): 400 KCl, 10 ɗȾɌȺ, 
25 Na2PO4, pH 8,0, β-ɚɥɚɧɢɧ (1000 ɦɈɫɦ·ɤɝ-1 
H2O), ɩɟɪɟɧɨɫɢɥɢ ɜ ɦɢɤɪɨɤɚɦɟɪɵ ɢ ɩɨɦɟɳɚɥɢ 
ɜ ɤɨɥɥɟɤɬɨɪ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɞɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ, ɢɧ-
ɬɟɪɦɟɞɢɚɬɨɜ ɰɢɤɥɚ Ʉɪɟɛɫɚ (ɹɧɬɚɪɧɨɣ ɢ ɳɚɜɟɥɟ-
ɜɨɣ), ɚ ɬɚɤɠɟ ɫɦɟɫɢ, ɩɪɨɹɜɢɜɲɢɟ ɜɵɫɨɤɭɸ ɪɨɫ-
ɬɨɫɬɢɦɭɥɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ (ɬɚɛɥ. 1). 

Ɍɚɛɥɢɰɚ 1 
ɋɨɫɬɚɜ ɫɦɟɫɟɣ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ 

Ɋɚɫɬɜɨɪ 
ɋɨɨɬɧɨɲɟɧɢɟ ɤɢɫɥɨɬ, ɦɨɥɶ 

Ʌɢɦɨɧɧɚɹ  
ɤɢɫɥɨɬɚ 

α-ɤɟɬɨ-ɝɥɭɬɚɪɨɜɚɹ 
ɤɢɫɥɨɬɚ 

əɧɬɚɪɧɚɹ  
ɤɢɫɥɨɬɚ 

əɛɥɨɱɧɚɹ  
ɤɢɫɥɨɬɚ 

ɓɚɜɟɥɟɜɚɹ 
ɤɢɫɥɨɬɚ 

№ 1 1 1 1 1 1 

№ 2 1 2 3 4 5 

  

ȼɨ ɜɫɟɯ ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɪɚɫɬɜɨɪ ɜɵɞɟɥɟɧɢɹ ɢ ɢɧɤɭɛɚɰɢɢ. 
ɉɚɪɚɥɥɟɥɶɧɨ ɩɪɨɜɨɞɢɥɢ ɬɪɢ ɚɧɚɥɨɝɢɱɧɵɯ 

ɨɩɵɬɚ ɫ 3–4-ɤɪɚɬɧɨɣ ɩɨɜɬɨɪɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɣ 
ɞɥɹ ɤɚɠɞɨɝɨ ɜɚɪɢɚɧɬɚ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɚɡɥɢɱɢɣ 
ɩɚɪɚɦɟɬɪɨɜ (ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚ-
ɞɚ (Ɍ1/2, ɨɬɧ.) ɢ ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɪɚɫɩɚɞɚ ɜɚ-
ɤɭɨɥɟɣ (τ1/2)) ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɮɚɤ-
ɬɨɪɧɨɝɨ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ (ANOVA) ɜ 

ɬɚɛɥɢɱɧɨɦ ɩɪɨɰɟɫɫɨɪɟ Excel ɢɡ ɩɚɤɟɬɚ MS  
Office 2007.  

Рɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ ɛɚɪɶɟɪɧɵɟ ɫɜɨɣɫɬɜɚ 
ɬɨɧɨɩɥɚɫɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ. 

 

 – ɳɚɜɟɥɟɜɚɹ ɤɢɫɥɨɬɚ;  – ɹɧɬɚɪɧɚɹ ɤɢɫɥɨɬɚ;  – ɪɚɫɬɜɨɪ № 1;  – ɪɚɫɬɜɨɪ № 2 

Ɋɢɫ. ȼɥɢɹɧɢɟ ɪɚɫɬɜɨɪɨɜ ɞɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɢɯ ɫɦɟɫɟɣ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɢɨ-
ɞɚ ɩɨɥɭɪɚɫɩɚɞɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɚɤɭɨɥɟɣ. ɇɚ ɝɪɚɮɢɤɚɯ ɨɛɨɡɧɚɱɟɧɨ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 

 

  ɤɨɧɬɪɨɥɶ              10-7 Ɇ             10-9 Ɇ                 10-11 Ɇ
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɫ ɪɚɡɜɟɞɟɧɢɟɦ ɜ ɢɡɭ-

ɱɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɞɢɚɧɢɨɧɵ ɳɚ-
ɜɟɥɟɜɨɣ ɤɢɫɥɨɬɵ ɞɨɫɬɨɜɟɪɧɨ (ɪ < 0,05) ɩɨɜɵ-

ɲɚɸɬ ɫɤɨɪɨɫɬɶ ɪɚɫɩɚɞɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɚɤɭɨ-
ɥɟɣ (ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɩɨ-
ɥɭɪɚɫɩɚɞɚ Ɍ1/2, ɨɬɧ. ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,49 

ɞɨ 0,68). 

ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɚɧɧɵɟ ɞɨɫ-
ɬɨɜɟɪɧɨ ɩɨɤɚɡɵɜɚɸɬ ɜɵɪɚɠɟɧɧɭɸ ɫɬɚɛɢɥɢɡɢ-

ɪɭɸɳɭɸ ɮɭɧɤɰɢɸ ɪɚɫɬɜɨɪɨɜ ɹɧɬɚɪɧɨɣ ɤɢɫɥɨ-
ɬɵ ɜ ɧɚɧɨ- ɢ ɮɟɦɬɨɤɨɧɰɟɧɬɪɚɰɢɹɯ (Ɍ1/2, ɨɬɧ. ɢɡ-
ɦɟɧɹɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɡɧɚɱɟɧɢɣ ɨɬ 1,31 ɞɨ 1,68). 

Ⱦɟɣɫɬɜɢɟ ɫɦɟɫɟɣ ɤɢɫɥɨɬ ɪɚɡɥɢɱɧɨ. Ɍɚɤ, ɪɚɫ-
ɬɜɨɪ № 1 ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɧɟ ɨɤɚ-
ɡɵɜɚɸɳɢɣ ɞɨɫɬɨɜɟɪɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɫɤɨɪɨɫɬɶ 

ɪɚɫɩɚɞɚ ɦɟɦɛɪɚɧ (Ɍ1/2, ɨɬɧ. ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨ-
ɧɟ ɨɬ 1,01 ɞɨ 1,08). ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɪɚɫɬɜɨɪ № 2 

ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 10-7 ɢ 10-9 Ɇ ɨɤɚɡɵɜɚɟɬ ɞɟɫ-
ɬɚɛɢɥɢɡɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ, ɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 

10-11 Ɇ – ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɣ ɷɮɮɟɤɬ (Ɍ1/2, ɨɬɧ. = 1,75) 

ɩɪɢ ɭɪɨɜɧɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ 0,95. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 
ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɚ ɩɨɤɚɡɚɬɟɥɹ – ɨɬɧɨɫɢ-

ɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ 

ɜɚɤɭɨɥɟɣ (Ɍ1/2 ɨɬɧ. – ɨɬɧɨɲɟɧɢɟ ɨɩɵɬɧɨɝɨ ɡɧɚɱɟ-
ɧɢɹ Ɍ1/2 ɤ ɤɨɧɬɪɨɥɶɧɨɦɭ) ɢ ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ 

ɪɚɫɩɚɞɚ ɜɚɤɭɨɥɟɣ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɜ ɩɪɟɞɩɨɥɨɠɟ-
ɧɢɢ ɪɟɚɤɰɢɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɩɨ ɭɪɚɜɧɟɧɢɸ  

τ1/2 = ln2/k1 (ɬɚɛɥ. 2). 

 

Ɍɚɛɥɢɰɚ 2 

ɉɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɪɚɫɩɚɞɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɚɤɭɨɥɟɣ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ  

ɫɜɟɪɯɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɹɞɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ ɢ ɢɯ ɫɦɟɫɟɣ 

Ɋɟɚɝɟɧɬ Ʉɨɧɰɟɧɬɪɚɰɢɹ, Ɇ k1, ɦɢɧ-1 T1/2, ɨɬɧ. 

ɓɚɜɟɥɟɜɚɹ ɤɢɫɥɨɬɚ 
10-7 6,4·10-3 0,49 

10-9 4,7·10-3 0,66 

10-11 4,6·10-3 0,68 

əɧɬɚɪɧɚɹ ɤɢɫɥɨɬɚ 
10-7 2,4·10-3 1,31 

10-9 2,3·10-3 1,37 

10-11 1,9·10-3 1,68 

ɋɦɟɫɶ ɤɢɫɥɨɬ № 1 

10-7 3,2·10-3 1,05 

10-9 3,2·10-3 1,08 

10-11 3,4·10-3 1,01 

ɋɦɟɫɶ ɤɢɫɥɨɬ № 2 

10-7 4,6·10-3 0,68 

10-9 3,9·10-3 0,81 

10-11 1,7·10-3 1,75 

 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɪɟ-
ɚɤɰɢɹ ɪɚɫɩɚɞɚ ɜɚɤɭɨɥɟɣ ɜ ɪɚɫɬɜɨɪɚɯ ɨɪɝɚɧɢɱɟ-
ɫɤɢɯ ɤɢɫɥɨɬ ɜ ɢɡɭɱɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚ-
ɰɢɣ ɩɨɞɱɢɧɹɟɬɫɹ ɭɫɥɨɜɢɹɦ ɭɪɚɜɧɟɧɢɹ ɩɟɪɜɨɝɨ 
ɩɨɪɹɞɤɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ ɨ ɦɟ-
ɯɚɧɢɡɦɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɜɚɤɭɨɥɟɣ ɢɧɬɟɪɦɟɞɢɚɬɚ-
ɦɢ ɰɢɤɥɚ Ʉɪɟɛɫɚ ɜ ɧɚɧɨ- ɢ ɮɟɦɬɨɤɨɧɰɟɧɬɪɚɰɢɹɯ. 

ȼɨɡɦɨɠɧɨ, ɜ ɦɟɯɚɧɢɡɦɟ ɞɟɣɫɬɜɢɹ ɢɡɭɱɚɟ-
ɦɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨɦɢɧɢɪɭɸɳɟɣ ɹɜɥɹɟɬɫɹ ɚɧ-

ɬɢɨɤɫɢɞɚɧɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ. ȼ ɬɚɛɥ. 3 ɩɪɨɜɟɞɟɧɨ 

ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɢɡɭɱɚɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɪɚɧɟɟ 
ɞɚɧɧɵɦɢ ɩɨ ɜɥɢɹɧɢɸ ɦɨɳɧɨɝɨ ɚɧɬɢɨɤɫɢɞɚɧɬɚ 
ɮɥɚɜɨɧɨɢɞɧɨɣ ɩɪɢɪɨɞɵ ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧɚ [6]. 

 

Ɍɚɛɥɢɰɚ 3 

ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɪɹɞɚ ɩɪɟɩɚɪɚɬɨɜ 

 Ɋɟɚɝɟɧɬ Ɋɟɚɤɰɢɹ ɨɤɢɫɥɟɧɢɹ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɚɧɬɢɨɤ-
ɫɢɞɚɧɬɧɚɹ ёɦɤɨɫɬɶ,  
ɦɨɥɶ O/ɦɨɥɶ ɨɛɪɚɡɰɚ, 
ɧɨɪɦɢɪɨɜɚɧɧɚɹ  

ɩɨ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɟ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɜɪɟɦɹ 
ɩɨɥɭɩɪɟɜɪɚɳɟɧɢɹ, 
ɟɞ., ɧɨɪɦɢɪɨɜɚɧɧɨɟ 
ɩɨ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɟ 

ɓɚɜɟɥɟɜɚɹ ɤɢɫɥɨɬɚ  ɇ2ɋ2Ɉ4 +  = ɇ2Ɉ + 2ɋɈ2 1 1 

əɧɬɚɪɧɚɹ ɤɢɫɥɨɬɚ ɋ4ɇ6Ɉ4 + 7  = 3ɇ2Ɉ + 4ɋɈ2 3,5 2,5 

Ⱦɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ ɋ15ɇ12Ɉ7 + 29  = 6ɇ2Ɉ + 15ɋɈ2 14,5 11,0 

 



Ⱥ. Ʌ. ȼȿɊȿɓȺȽɂɇ, ȼ. ɇ. ɇɍɊɆɂɇɋɄɂɃ ɂ ȾɊ. 

ɂɡɜɟɫɬɢɹ ɂɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

6

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠ-

ɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɚɤɬɢɜ-
ɧɨɫɬɶ ɢɡɭɱɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɜ ɞɢɚɩɚɡɨɧɟ ɤɨɧ-

ɰɟɧɬɪɚɰɢɣ 10-7–10-9 Ɇ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɩɟɪɢɨɞɨɦ 

ɩɨɥɭɪɚɫɩɚɞɚ ɜɚɤɭɨɥɟɣ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɫɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɫɬɚɜ ɫɦɟɫɢ ɤɢɫɥɨɬ № 2 ɩɪɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 10-11 Ɇ ɞɨɫɬɨɜɟɪɧɨ ɩɨɜɵɲɚɟɬ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɜɚɤɭɨɥɟɣ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, 
ɱɬɨ ɷɬɨ ɫɜɹɡɚɧɨ ɧɟ ɫ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨ-
ɫɬɶɸ ɜɟɳɟɫɬɜ, ɚ ɫ ɞɪɭɝɢɦ ɦɟɯɚɧɢɡɦɨɦ ɫɬɚɛɢɥɢ-

ɡɚɰɢɢ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɬɪɟɛɭɟɬ ɞɚɥɶ-
ɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɪɢ ɞɟɣ-

ɫɬɜɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ ɤɚɤ ɦɟɦɛɪɚɧɨɬɪɨɩ-

ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚ-
ɰɢɢ ɦɨɝɭɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɯɚ-
ɧɢɡɦɵ ɫɬɚɛɢɥɢɡɚɰɢɢ ɜɚɤɭɨɥɟɣ. 
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Influence of a number of dicarbonic acids in super-small concentrations upon 

the barrier function of isolated vacuole membranes 
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Abstract. Influence of organic acids, Krebbs cycle intermediates (citric, α-keto-glutar, succinic, malic, oxalic acids), 

in concentrations of 10-9 to 10-11 Ɇ upon the isolated vacuole membrane barrier function. For the purpose of com-

parative analysis we used the two indicators: the relative period of isolated vacuole half-life and the constant of va-

cuole cytolysis rate. An expressed stabilizing influence of succinic acid upon membranes (in nano- and phemto-

molar concentrations) has been revealed, while oxalic acid, vice versa, increased the rate of isolated vacuole cytoly-

sis. The effect of acid mixtures was ambiguous. It was dependent on the concentration. The following assumption on 

the factors, which determine stability of isolated vacuoles, was made: it is possible that under the effect of organic 

acids in the capacity of membranotropic compounds represented in super-small concentrations various mechanisms 

may probably be realized, while the dominant mechanism is bound up with the antioxidant activity of these com-

pounds. 

Key words: super-small concentrations, Krebbs cycle intermediates, isolated vacuoles, membrane barrier function. 
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