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ȺɇɇɈɌȺɐɂə 

ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɧɚɤɨɩɥɟɧɢɟ ɮɬɨɪɢɞɨɜ ɜ ɫɤɟɥɟɬɧɨɣ ɬɤɚɧɢ, ɩɟɱɟɧɢ ɢ 

ɩɨɱɤɚɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ, ɚ ɬɚɤɠɟ ɜɥɢɹɧɢɟ ɮɬɨɪɢɞɨɜ ɧɚ ɦɟɬɚɛɨɥɢɱɟɫɤɢɣ 

ɫɬɚɬɭɫ ɩɟɱɟɧɢ ɢ ɩɨɱɟɤ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ. Ɉɩɵɬɧɵɟ ɝɪɭɩɩɵ ɦɵɲɟɣ ɜ 

ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ ɩɨɢɥɢ ɜɨɞɨɣ ɫ ɮɬɨɪɢɞɨɦ ɧɚɬɪɢɹ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 50 ɦɝ/ɥ. 

ɉɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɭɪɨɜɟɧɶ ɮɬɨɪɢɞɚ ɜ 

ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ, ɩɟɱɟɧɢ ɢ ɩɨɱɤɚɯ ɜ ɨɩɵɬɧɨɣ ɝɪɭɩɩɟ ɛɵɥ ɞɨɫɬɨɜɟɪɧɨ ɜɵɲɟ, 

ɱɟɦ ɜ ɤɨɧɬɪɨɥɶɧɨɣ (ɪ <0,05). Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɦ ɦɟɬɨɞɨɦ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ 

ɝɨɦɨɝɟɧɚɬɟ ɩɟɱɟɧɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɮɬɨɪɢɫɬɨɣ 

ɢɧɬɨɤɫɢɤɚɰɢɢ ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɩɨɜɵɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ Ƚ6ɎȾȽ ɢ ȽɊ 

ɢ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɅȾȽ, ɇȺȾɎȽȾȽ, ɇȺȾȽȾȽ ɢ ɇȺȾɂɐȾȽ, ɚ 

ɝɨɦɨɝɟɧɚɬɟ ɩɨɱɟɤ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɮɬɨɪɢɫɬɨɣ 

ɢɧɬɨɤɫɢɤɚɰɢɢ ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɩɨɜɵɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ Ƚ6ɎȾȽ, 

Ƚ3ɎȾȽ, ɆȾȽ, ɇȺȾɎɂɐȾȽ ɢ ɇȺȾɎɆȾȽ, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

ɅȾȽ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɎɌɈɊɂȾ ɇȺɌɊɂə, ɇȺɄɈɉɅȿɇɂȿ, ɉȿɑȿɇɖ, 

ɉɈɑɄɂ, ɈɄɋɂȾɈɊȿȾɍɄɌȺɁɕ. 

    



 

ɊȿɎȿɊȺɌ 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «ɂɡɭɱɟɧɢɟ ɦɟɬɚɛɨɥɢɱɟɫɤɨɝɨ ɫɬɚɬɭɫɚ 

ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ in vivo» ɫɨɞɟɪɠɢɬ 58 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 13 ɢɥɥɸɫɬɪɚɰɢɣ, 4 ɬɚɛɥɢɰɵ, 75 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɎɌɈɊɂȾ ɇȺɌɊɂə, ɉȿɑȿɇɖ, ɉɈɑɄɂ, ɈɄɋɂȾɈɊȿȾɍɄɌȺɁɕ, 

ɇȺɄɈɉɅȿɇɂȿ. 

Ɉɛɴɟɤɬ: ɩɟɱɟɧɶ, ɩɨɱɤɢ ɢ ɛɟɞɪɟɧɧɚɹ ɤɨɫɬɶ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ ɢɡ 

ɜɢɜɚɪɢɹ ɋɢɛɢɪɫɤɨɝɨ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ, ɤɚɮɟɞɪɵ ɦɟɞɢɰɢɧɫɤɨɣ 

ɛɢɨɥɨɝɢɢ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɢɡɭɱɢɬɶ ɦɟɬɚɛɨɥɢɱɟɫɤɢɣ ɫɬɚɬɭɫ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ in vivo. 

Ɂɚɞɚɱɢ: 

1. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɨɞɟɪɠɚɧɢɹ ɮɬɨɪɢɞɨɜ ɜ ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ, ɩɟɱɟɧɢ ɢ 

ɩɨɱɤɚɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ ɢɡ ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɨɩɵɬɧɨɣ ɝɪɭɩɩ. 

2. Ɉɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɚɤɬɢɜɧɨɫɬɢ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɜ 

ɝɨɦɨɝɟɧɚɬɟ ɩɟɱɟɧɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ ɢɡ ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɨɩɵɬɧɨɣ ɝɪɭɩɩ. 

3. Ɉɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɚɤɬɢɜɧɨɫɬɢ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɜ 

ɝɨɦɨɝɟɧɚɬɟ ɩɨɱɟɤ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ ɢɡ ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɨɩɵɬɧɨɣ ɝɪɭɩɩ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɦɵ ɩɪɨɠɢɜɚɟɦ ɜ ɪɟɝɢɨɧɟ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 

ɮɬɨɪɢɞɨɜ, ɚɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɹɡɚɧɚ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ 

ɢɡɭɱɟɧɢɹ ɧɚɤɨɩɥɟɧɢɹ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɚɯ ɠɢɜɨɬɧɵɯ, ɚ 

ɬɚɤɠɟ ɦɟɯɚɧɢɡɦɨɜ ɢɯ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɭ ɦɵɲɟɣ, 

ɩɨɞɜɟɪɝɲɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ ɭɪɨɜɟɧɶ ɮɬɨɪɚ ɜ ɛɟɞɪɟɧɧɨɣ 

ɤɨɫɬɢ, ɩɟɱɟɧɢ ɢ ɩɨɱɤɚɯ ɛɵɥ ɞɨɫɬɨɜɟɪɧɨ ɜɵɲɟ, ɱɟɦ ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ (ɪ 

<0,05): ɜ 3,8 ɪɚɡɚ ɜ ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ, ɜ 2,8 ɪɚɡɚ ɩɟɱɟɧɢ ɢ ɜ 1,6 ɪɚɡ ɩɨɱɤɚɯ. ɇɚɲ 

ɚɧɚɥɢɡ ɩɨɞɬɜɟɪɞɢɥ, ɱɬɨ ɮɬɨɪ ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɨɧɢɤɚɬɶ ɱɟɪɟɡ 

ɤɥɟɬɨɱɧɵɟ ɦɟɦɛɪɚɧɵ, ɚ ɜɨɡɞɟɣɫɬɜɢɟ ɩɨɜɵɲɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɪɢɜɨɞɢɬ ɤ 

ɧɚɤɨɩɥɟɧɢɸ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɬɤɚɧɹɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɦɹɝɤɢɯ ɬɤɚɧɹɯ. 



 

Ɍɚɤɠɟ ɜ ɝɨɦɨɝɟɧɚɬɟ ɩɟɱɟɧɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ, ɩɨɞɜɟɪɝɲɢɯɫɹ 

ɮɬɨɪɢɫɬɨɣ ɢɧɬɨɤɫɢɤɚɰɢɢ ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɩɨɜɵɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

Ƚ6ɎȾȽ ɢ ȽɊ ɢ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɅȾȽ, ɇȺȾɎȽȾȽ, ɇȺȾȽȾȽ ɢ 

ɇȺȾɂɐȾȽ, ɚ ɜ ɝɨɦɨɝɟɧɚɬɟ ɩɨɱɟɤ ɩɨɜɵɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ Ƚ6ɎȾȽ, Ƚ3ɎȾȽ, 

ɆȾȽ, ɇȺȾɎɂɐȾȽ ɢ ɇȺȾɎɆȾȽ, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɅȾȽ. 



 

ABSTRACT 

The master's thesis on the topic "Study of the metabolic status under the 

influence of sodium fluoride in vivo" contains 58 pages of a text document, 13 

illustrations, 4 tables, 75 sources used. 

SODIUM FLUORIDE, LIVER, KIDNEY, OXIDOREDUCTASE, 

ACCUMULATION. 

Object: liver, kidneys, and femur of laboratory mice from the vivarium of 

the Siberian Federal University, the Department of Medical Biology. 

The purpose: to study the metabolic status under the influence of sodium 

fluoride in vivo. 

Research objectives: 

1. To analyze the fluoride content in the femur, liver, and kidneys of 

laboratory mice from the control and experimental groups. 

2. To evaluate the activity level of NAD (F)-dependent dehydrogenases in 

the liver homogenate of laboratory mice from the control and experimental groups. 

3. To evaluate the activity level of NAD (F)-dependent dehydrogenases in 

the kidney homogenate of laboratory mice from the control and experimental 

groups. 

The relevance of the dissertation 

Because we live in a region with a high content of fluorides, the relevance of 

this study is associated with the need to study the accumulation of this element in 

various animal organs, as well as the mechanisms of their effect on the activity of 

enzymes. 

As a result of the study, it was found that in mice exposed to sodium 

fluoride, the level of fluoride in the femur, liver and kidneys was significantly 

higher than in the control group (p <0.05): 3.8 times in the femur, 2.8 times in the 

liver and 1.6 times in the kidneys. Our analysis confirmed that fluoride can 

penetrate cell membranes, and exposure to elevated concentrations leads to the 

accumulation of this element in tissues, including soft tissues. 



 

Also, in the liver homogenate of laboratory mice subjected to fluoride 

intoxication, a significant increase in the activity of G6FDH and GR and a 

decrease in the activity of LDH, NADPHDH, NADHDH and NADICDH were 

found, and in the kidney homogenate, an increase in the activity of G6FDH, 

G3FDH, MDH, NADPHDH and NADPHMDH, as well as a decrease in the 

activity of LDH. 
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ȼɜɟɞɟɧɢɟ 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɦɟɞɢɤɨ-ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ 

ɜɵɹɫɧɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɵɯ ɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɦɟɯɚɧɢɡɦɨɜ ɜɥɢɹɧɢɹ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɨɜɪɟɠɞɚɸɳɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɨɪɝɚɧɢɡɦ, ɜ ɬɨɦ ɱɢɫɥɟ, ɮɬɨɪɚ ɢ 

eɝɨ ɫɨɟɞɢɧɟɧɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ. Ɋɟɲɟɧɢɟ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ 

ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɡɚɳɢɬɧɵɯ 

ɦɟɯɚɧɢɡɦɨɜ ɨɪɝɚɧɢɡɦɚ.  

ȼɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɯɪɨɧɢɱɟɫɤɨɝɨ ɩɨɫɬɭɩɥɟɧɢɹ 

ɮɬɨɪɢɞɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ ɜɵɡɵɜɚɬɶ 

ɪɚɡɥɢɱɧɵɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɢ ɫɢɫɬɟɦɧɵɟ ɪɚɫɫɬɪɨɣɫɬɜɚ ɜ ɨɪɝɚɧɢɡɦɟ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɹɡɚɧɚ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ 

ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɩɪɨɝɧɨɡɚ ɪɢɫɤɨɜ ɞɥɹ ɡɞɨɪɨɜɶɹ ɥɸɞɟɣ, ɩɪɨɠɢɜɚɸɳɢɯ ɜ 

ɪɟɝɢɨɧɚɯ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɬɨɪɢɞɨɜ ɜ ɩɢɬɶɟɜɨɣ ɜɨɞɟ, ɜɨɡɞɭɯɟ, ɚ ɬɚɤɠɟ 

ɢɦɟɸɳɢɯ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ ɤɨɧɬɚɤɬɵ ɫ ɧɢɦɢ [3].  

ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɤɨɥɨɫɫɚɥɶɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɡɚɝɪɹɡɧɟɧɢɹ 

ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɮɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɚɥɸɦɢɧɢɟɜɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ (ɨɬ 

7,4 ɞɨ 292 ɤɝ/ɬ ɚɥɸɦɢɧɢɹ ɩɨɫɬɭɩɚɟɬ ɜ ɜɨɡɞɭɲɧɭɸ ɫɪɟɞɭ) [3]. Ɋɨɫɫɢɣɫɤɢɟ 

ɡɚɜɨɞɵ ɹɜɥɹɸɬɫɹ ɦɢɪɨɜɵɦɢ ɥɢɞɟɪɚɦɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɚɥɸɦɢɧɢɹ ɫ ɨɛɳɢɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɜɵɩɭɫɤɚɟɦɨɝɨ ɩɟɪɜɢɱɧɨɝɨ ɚɥɸɦɢɧɢɹ 3966350 ɬɨɧɧ ɜ ɝɨɞ. ɇɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ Ʉɪɚɫɧɨɹɪɫɤɢɣ ɢ Ȼɪɚɬɫɤɢɣ ɚɥɸɦɢɧɢɟɜɵɟ ɡɚɜɨɞɵ, 

ɩɨɫɬɪɨɟɧɧɵɟ ɛɨɥɟɟ 40 ɥɟɬ ɧɚɡɚɞ, ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ ɤɪɭɩɧɵɦɢ ɜ ɦɢɪɟ ɢ 

ɨɛɟɫɩɟɱɢɜɚɸɬ 57% ɪɨɫɫɢɣɫɤɨɝɨ ɢ 7% ɦɢɪɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ [4].  

ȼɫɟɝɨ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 

ɚɥɸɦɢɧɢɹ ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɨɤɨɥɨ 60 ɬɵɫ. ɬ. ɩɚɪɨɝɚɡɨɨɛɪɚɡɧɵɯ ɢ ɬɜɟɪɞɵɯ 

ɩɪɢɦɟɫɟɣ, ɢɡ ɧɢɯ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɮɬɨɪɚ – 4 ɬɵɫ. ɬ. ɜ ɝɨɞ, ɜ ɤɨɬɨɪɨɦ ɞɨɥɹ 

ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɮɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ ɩɨɱɬɢ 50 % [5]. ɇɚɢɛɨɥɟɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɟ 

ɞɟɣɫɬɜɢɟ ɜɵɛɪɨɫɵ ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɤɚɡɵɜɚɸɬ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 

0,5–1,5 ɤɦ ɨɬ ɡɚɜɨɞɨɜ, ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɮɬɨɪɚ ɨɫɟɞɚɸɬ ɧɚ 
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ɪɚɫɫɬɨɹɧɢɢ ɞɨ 5 ɤɦ, ɚ ɝɚɡɨɨɛɪɚɡɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɢ ɜ 30 ɤɦ ɨɬ 

ɢɫɬɨɱɧɢɤɚ [6]. ȼɨɡɞɟɣɫɬɜɢɟ ɮɬɨɪɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢɜɨɞɢɬ ɤ ɚɛɫɨɪɛɰɢɢ 

ɮɬɨɪɢɞɚ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɱɟɪɟɡ ɤɪɨɜɶ ɤ ɬɤɚɧɹɦ ɢ ɨɪɝɚɧɚɦ, ɜɵɡɵɜɚɹ ɜ ɧɢɯ 

ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɧɚɪɭɲɟɧɢɹ [8, 9, 10, 11, 12]. 

ɉɨɷɬɨɦɭ ɨɰɟɧɤɚ ɫɨɞɟɪɠɚɧɢɹ ɮɬɨɪɚ ɢ ɟɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɬɤɚɧɹɯ ɱɟɥɨɜɟɤɚ ɢ 

ɠɢɜɨɬɧɵɯ ɦɨɠɟɬ ɢɦɟɬɶ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɰɟɥɟɜɵɟ ɩɪɨɝɪɚɦɦɵ ɩɨ ɭɥɭɱɲɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 

ɨɛɫɬɚɧɨɜɤɢ ɜ ɫɬɪɚɧɟ, ɩɨ-ɩɪɟɠɧɟɦɭ, ɜɵɛɪɨɫɵ ɮɬɨɪɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɨɫɬɚɸɬɫɹ ɜɵɫɨɤɢɦɢ. 

ɐɟɥɶ: ɢɡɭɱɢɬɶ ɦɟɬɚɛɨɥɢɱɟɫɤɢɣ ɫɬɚɬɭɫ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ 

in vivo. 

ɂɫɯɨɞɹ ɢɡ ɰɟɥɢ, ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɨɞɟɪɠɚɧɢɹ ɮɬɨɪɢɞɨɜ ɜ ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ, ɩɟɱɟɧɢ ɢ 

ɩɨɱɤɚɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ ɢɡ ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɨɩɵɬɧɨɣ ɝɪɭɩɩ. 

2. Ɉɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɚɤɬɢɜɧɨɫɬɢ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɜ 

ɝɨɦɨɝɟɧɚɬɟ ɩɟɱɟɧɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ ɢɡ ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɨɩɵɬɧɨɣ 

ɝɪɭɩɩ. 

3. Ɉɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɚɤɬɢɜɧɨɫɬɢ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɜ 

ɝɨɦɨɝɟɧɚɬɟ ɩɨɱɟɤ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ ɢɡ ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɨɩɵɬɧɨɣ 

ɝɪɭɩɩ 

ɉɨɥɭɱɟɧɧɵɟ ɚɜɬɨɪɨɦ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 

ɪɚɡɪɚɛɨɬɤɚɯ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɨɯɪɚɧɟɧɢɸ ɡɞɨɪɨɜɶɹ 

ɧɚɫɟɥɟɧɢɹ ɝɨɪɨɞɚ Ʉɪɚɫɧɨɹɪɫɤɚ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɫɨɞɟɪɠɚɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɮɬɨɪɚ ɜ 

ɬɤɚɧɢ ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɡ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ Ʌɟɫɤɨɜɨɣ 

ɂɪɢɧɵ Ȼɨɪɢɫɨɜɧɵ (2018ɝ). ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɮɬɨɪɢɞɨɜ ɜ 
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ɝɨɦɨɝɟɧɚɬɟ ɩɨɱɟɤ ɩɪɨɜɟɞɟɧɨ ɫɨɜɦɟɫɬɧɨ ɫ ɛɚɤɚɥɚɜɪɨɦ Ɋɨɝɚɱɟɜɨɣ Ɍɚɬɶɹɧɨɣ 

Ⱥɥɟɤɫɟɟɜɧɨɣ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɹɥɚɫɶ ɧɚ ɛɚɡɟ ɤɚɮɟɞɪɵ ɦɟɞɢɰɢɧɫɤɨɣ ɛɢɨɥɨɝɢɢ 

ɢɧɫɬɢɬɭɬɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɋɢɛɢɪɫɤɨɝɨ 

Ɏɟɞɟɪɚɥɶɧɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ, ɫɨɜɦɟɫɬɧɨ ɫ ɎȽȻɍ "ɇɂɂ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɛɥɟɦ 

ɫɟɜɟɪɚ " ɋɈ ɊȺɆɇ. 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

1.1 Ɋɨɥɶ ɮɬɨɪɚ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ 

Ɏɬɨɪ ɹɜɥɹɟɬɫɹ ɦɢɤɪɨɷɥɟɦɟɧɬɨɦ, ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ 

ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ. ɋɭɬɨɱɧɚɹ ɞɨɡɚ ɮɬɨɪɚ ɞɥɹ ɜɡɪɨɫɥɨɝɨ ɱɟɥɨɜɟɤɚ 

ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 4 ɦɝ, ɩɪɢ ɷɬɨɦ 20–25% ɟɝɨ ɩɨɫɬɭɩɚɟɬ ɫ ɩɢɳɟɣ, ɚ ɨɫɬɚɥɶɧɨɟ – 

ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɟɧɧɵɯ ɮɬɨɪɢɞɨɜ ɫ ɩɢɬɶɟɜɨɣ ɜɨɞɨɣ ɢ ɢɥɢ ɜ ɜɢɞɟ ɪɚɫɫɟɹɧɧɵɯ 

ɮɬɨɪɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɚɬɦɨɫɮɟɪɟ. 

Ɉɫɧɨɜɧɚɹ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɪɨɥɶ ɮɬɨɪɚ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ – 

ɤɨɫɬɟɨɛɪɚɡɨɜɚɧɢɟ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɟɧɬɢɧɚ, ɡɭɛɧɨɣ ɷɦɚɥɢ, ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ 

ɪɚɡɜɢɬɢɹ ɫɬɚɪɱɟɫɤɨɝɨ ɨɫɬɟɨɩɨɪɨɡɚ. Ɏɬɨɪ ɭɱɚɫɬɜɭɟɬ ɢ ɜɨ ɦɧɨɝɢɯ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɤɚɤ ɚɤɬɢɜɚɬɨɪɚ ɮɟɪɦɟɧɬɨɜ 

(ɚɞɟɧɢɥɚɬɰɢɤɥɚɡɵ), ɬɚɤ ɢ ɢɧɝɢɛɢɬɨɪɚ ɮɟɪɦɟɧɬɨɜ (ɥɢɩɚɡɵ, ɷɫɬɟɪɚɡɵ ɢ 

ɥɚɤɬɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ), ɦɟɬɚɛɨɥɢɡɦɚ ɣɨɞɚ ɢ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ, ɫɢɧɬɟɡɚ 

ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ, ɛɟɥɤɨɜ ɢ ɥɢɩɢɞɨɜ [14]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɟɟ 300 

ɦɢɥɥɢɨɧɨɜ ɱɟɥɨɜɟɤ ɚɥɢɦɟɧɬɚɪɧɵɦ ɩɭɬɟɦ (ɩɪɢ ɟɠɟɞɧɟɜɧɨɦ ɭɩɨɬɪɟɛɥɟɧɢɢ 

ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɢ ɫɬɨɦɚɬɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ) ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ 

ɮɬɨɪɚ [15]. 

ȼ ɨɪɝɚɧɢɡɦɟ ɜɡɪɨɫɥɨɝɨ ɱɟɥɨɜɟɤɚ ɫɨɞɟɪɠɢɬɫɹ ɨɤɨɥɨ 2,5–3ɝ ɮɬɨɪɚ. 

ɇɚɰɢɨɧɚɥɶɧɚɹ ɚɤɚɞɟɦɢɹ ɧɚɭɤ ɋɒȺ ɫɱɢɬɚɟɬ ɛɟɡɨɩɚɫɧɵɦ ɩɪɢɟɦ ɨɬ 1,5 ɞɨ 4 ɦɝ 

ɮɬɨɪɚ ɜ ɫɭɬɤɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɭɬɨɱɧɨɝɨ ɩɨɫɬɭɩɥɟɧɢɹ ɮɬɨɪɚ ɜ 

ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɩɪɨɛɥɟɦɨɣ ɢ ɜɵɡɵɜɚɟɬ ɢɧɬɟɪɟɫ ɭ ɦɧɨɝɢɯ 

ɭɱɟɧɵɯ. Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɡɚɪɭɛɟɠɧɵɯ ɚɜɬɨɪɨɜ ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ 

ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɧɚ ɜɥɢɹɧɢɢ ɮɬɨɪɚ ɧɚ ɡɞɨɪɨɜɶɟ ɞɟɬɟɣ ɤɚɤ ɧɚɢɛɨɥɟɟ 

ɜɨɫɩɪɢɢɦɱɢɜɨɣ ɝɪɭɩɩɵ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɢɡɭɱɟɧɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɚɪɢɟɫɚ ɢ 

ɮɥɸɨɪɨɡɚ [15]. 

Ȼɢɨɥɨɝɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ ɮɬɨɪɢɞ-ɢɨɧɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ 

ɷɮɮɟɤɬɢɜɧɨ ɡɚɦɟɳɚɬɶ ɝɢɞɪɨɤɫɢɥɶɧɵɣ ɢɨɧ ɧɟ ɬɨɥɶɤɨ ɜ ɚɩɚɬɢɬɟ ɤɨɫɬɧɨɣ ɬɤɚɧɢ, 
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ɧɨ ɢ ɜ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɬɤɚɧɢ, ɚ ɬɚɤɠɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ 

ɮɟɪɦɟɧɬɨɜ. 

ɉɨɱɬɢ 99% ɜɫɟɝɨ ɮɬɨɪɚ ɨɪɝɚɧɢɡɦɚ ɫɨɞɟɪɠɢɬɫɹ ɜ ɬɜɟɪɞɵɯ ɬɤɚɧɹɯ ɜ 

ɫɨɫɬɚɜɟ ɚɩɚɬɢɬɚ — ɨɫɧɨɜɧɨɝɨ ɮɨɫɮɚɬɚ ɤɚɥɶɰɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɮɨɪɦɭɥɟ 

Cɚ10(RO4)6(OH)2. ɂɨɧ ɮɬɨɪɚ ɩɪɟɜɨɫɯɨɞɢɬ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɢɨɧɵ ɩɨ ɫɜɨɟɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɡɚɦɟɳɚɬɶ ɝɢɞɪɨɤɫɢɥ ɡɚ ɫɱɟɬ ɛɥɢɡɨɫɬɢ ɢɯ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ, 

ɨɞɢɧɚɤɨɜɨɝɨ ɡɚɪɹɞɚ ɢ ɫɬɟɩɟɧɢ ɝɢɞɪɚɬɚɰɢɢ, ɪɚɜɧɨɣ ɞɜɭɦ. Ɏɬɨɪ ɜɯɨɞɢɬ ɜ 

ɫɨɫɬɚɜ ɚɩɚɬɢɬɚ ɥɢɛɨ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɩɟɪɜɢɱɧɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɥɢɛɨ ɩɭɬɟɦ 

ɡɚɦɟɧɵ Ɉɇ- ɜ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɨɦ ɦɢɧɟɪɚɥɟ. ɂɧɜɢɜɨ ɩɪɟɨɛɥɚɞɚɟɬ ɜɬɨɪɨɣ ɢɡ 

ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɫɨɛɟɧɧɨ ɭ ɜɡɪɨɫɥɵɯ. Ɋɟɚɤɰɢɹ ɡɚɦɟɳɟɧɢɹ ɨɛɪɚɡɭɟɬ 

ɫɦɟɲɚɧɧɭɸ ɮɨɪɦɭ ɚɩɚɬɢɬɚ, ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɨɪɦɭɥɟ Ca5F(PO4)3. 

ɋɨɞɟɪɠɚɧɢɟ ɮɬɨɪɚ ɜ ɤɨɫɬɧɨɣ ɢ ɡɭɛɧɨɣ ɷɦɚɥɢ ɫɨɫɬɚɜɥɹɟɬ 0,05 ɦɨɥɶ / ɤɝ ɢ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ Ɉɇ- ɤ ɮɬɨɪɭ ɜ ɦɨɥɟɤɭɥɟ ɚɩɚɬɢɬɚ ɤɚɤ 40:1. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɵɯ ɬɤɚɧɟɣ ɫɨɞɟɪɠɢɬ ɦɟɧɟɟ 0,5 ɦɨɥɶ/ɤɝ ɮɬɨɪɚ, 

ɨɞɧɚɤɨ ɷɦɚɥɨɢɞ ɪɵɛ ɨɱɟɧɶ ɛɨɝɚɬ ɷɬɢɦ ɦɢɤɪɨɷɥɟɦɟɧɬɨɦ, ɬɚɦ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟ 

ɜɵɲɟ. 

ɉɟɪɜɨɟ ɦɟɫɬɨ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɮɬɨɪɚ, ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɜɟɪɞɵɟ 

ɬɤɚɧɢ, ɡɚɧɢɦɚɸɬ ɡɭɛɧɨɣ ɰɟɦɟɧɬ, ɩɨɬɨɦ ɤɨɫɬɧɚɹ ɬɤɚɧɶ, ɞɟɧɬɢɧ ɢ ɷɦɚɥɶ. Ɍɚɤ ɭ 

ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ ɮɬɨɪ ɜɦɟɫɬɟ ɫ ɤɚɥɶɰɢɟɦ ɢ ɮɨɫɮɨɪɨɦ ɨɛɪɚɡɭɟɬ ɢ 

ɭɤɪɟɩɥɹɟɬ ɤɨɫɬɧɵɣ ɫɤɟɥɟɬ ɢ ɡɭɛɧɭɸ ɷɦɚɥɶ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɨɪɦɚɥɶɧɵɣ ɪɨɫɬ 

ɜɨɥɨɫ ɢ ɧɨɝɬɟɣ, ɭɤɪɟɩɥɹɟɬ ɢɦɦɭɧɢɬɟɬ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɵɜɟɞɟɧɢɸ ɫɨɥɟɣ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɩɪɟɞɭɩɪɟɠɞɚɟɬ ɪɚɡɜɢɬɢɟ ɨɫɬɟɨɩɨɪɨɡɚ 

[16]. 

Ʉɨɫɬɶ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɱɚɫɬɢɟ ɜ ɤɨɧɬɪɨɥɟ ɡɚ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

ɮɬɨɪɚ ɜɨ ɜɧɟɤɥɟɬɨɱɧɨɣ ɠɢɞɤɨɫɬɢ ɡɚ ɫɱɟɬ ɫɩɨɫɨɛɧɨɫɬɢ ɛɵɫɬɪɨ ɫɜɹɡɵɜɚɬɶ ɟɝɨ 

ɢɡɛɵɬɨɤ ɢ ɧɚɩɪɚɜɥɹɬɶ ɜɨ ɜɧɟɤɥɟɬɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɩɪɢ ɧɟɞɨɫɬɚɬɤɟ. 

ɉɪɢ ɫɧɢɠɟɧɢɢ ɪɇ ɤɨɧɰɟɧɬɪɚɰɢɹ ɮɬɨɪɚ ɭɦɟɧɶɲɚɟɬɫɹ. Ɏɬɨɪ, 

ɩɪɢɫɨɟɞɢɧɹɹɫɶ ɤ ɝɢɞɪɨɤɫɢɚɩɚɬɢɬɭ, ɨɛɪɚɡɭɟɬ ɮɬɨɪɚɩɚɬɢɬ, ɯɨɬɶ ɧɚ ɟɝɨ ɞɨɥɸ ɢ 
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ɩɪɢɯɨɞɢɬɫɹ ɜɫɟɝɨ 1/40 ɚɩɚɬɢɬɚ, ɨɞɧɚɤɨ ɢɦɟɧɧɨ ɨɧ ɩɪɢɞɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ 

ɤɢɫɥɨɬɟ ɢ ɩɪɨɱɧɨɫɬɶ ɡɭɛɚɦ ɢ ɤɨɫɬɹɦ. Ɏɬɨɪɢɞɵ ɫɩɨɫɨɛɫɬɜɭɸɬ ɮɢɤɫɚɰɢɢ 

ɤɚɥɶɰɢɹ ɜ ɬɜɟɪɞɵɯ ɬɤɚɧɹɯ ɢ ɢɯ ɦɢɧɟɪɚɥɢɡɚɰɢɢ, ɢɧɝɢɛɢɪɭɸɬ ɥɢɩɚɡɭ, ɅȾȽ, 

ɟɧɨɥɚɡɭ, ɚɤɬɢɜɢɪɭɸɬ ɚɞɟɧɢɥɚɬɰɢɤɥɚɡɭ [17, 18, 19]. 

1.1.1 ȼɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɮɬɨɪɚ ɧɚ ɨɪɝɚɧɢɡɦ 

ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ 

Ɏɬɨɪ ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ ɜ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɹɯ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɬɜɟɪɞɵɯ 

ɬɤɚɧɟɣ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɢɤɚɤɢɯ ɧɚɪɭɲɟɧɢɣ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɠɢɜɨɬɧɵɯ, ɫɨɞɟɪɠɚɜɲɢɯɫɹ ɧɚ ɞɟɮɢɰɢɬɧɨɦ ɩɨ ɮɬɨɪɭ 

ɪɚɰɢɨɧɟ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɩɨɤɨɥɟɧɢɣ ɩɨɞɪɹɞ, ɨɛɧɚɪɭɠɢɬɶ ɧɟ ɭɞɚɥɨɫɶ, ɤɚɤ 

ɢ ɞɨɛɢɬɶɫɹ ɫɧɢɠɟɧɢɹ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɤɨɫɬɹɯ ɧɢɠɟ ɭɪɨɜɧɹ, ɧɟɨɛɯɨɞɢɦɨɝɨ, 

ɩɨ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ, ɞɥɹ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɦɢɧɟɪɚɥɢɡɚɰɢɢ. (0.01–0.1 

ɦɤɦɨɥɶ/ɥ). Ɏɬɨɪ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦ ɫɪɨɞɫɬɜɨɦ ɤ ɛɟɥɤɭ ɷɦɚɥɟɜɨɝɨ ɦɚɬɪɢɤɫɚ ɢ, 

ɛɭɞɭɱɢ ɜɤɥɸɱɟɧɧɵɦ ɜ ɷɦɚɥɶ ɡɭɛɧɨɝɨ ɡɚɪɨɞɵɲɚ ɞɨ ɟɟ ɦɢɧɟɪɚɥɢɡɚɰɢɢ, ɦɨɠɟɬ 

ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɨɛɪɚɡɨɜɚɧɢɸ ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɩɚɬɢɬɚ [20]. 

Ʉ ɩɪɨɹɜɥɟɧɢɹɦ ɞɟɮɢɰɢɬɚ ɮɬɨɪɚ ɛɨɥɶɲɢɧɫɬɜɨ ɭɱɟɧɵɯ ɨɬɧɨɫɹɬ 

ɨɫɬɟɨɩɨɪɨɡ ɢ ɤɚɪɢɟɫ ɡɭɛɨɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɥɨɠɧɭɸ ɩɪɢɪɨɞɭ. 

ɉɪɟɞɭɩɪɟɠɞɚɟɬ ɢɯ ɤɚɤ ɞɟɮɢɰɢɬ, ɬɚɤ ɢ ɢɡɛɵɬɨɤ ɮɬɨɪɚ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 

ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɦɵ ɢɦɟɟɦ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 

ɡɚɳɢɬɧɵɣ ɷɮɮɟɤɬ ɮɬɨɪɚ ɩɪɢ ɷɬɢɯ ɡɚɛɨɥɟɜɚɧɢɹɯ ɤɚɤ ɪɟɡɭɥɶɬɚɬ 

ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɝɨ, ɚ ɧɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɷɬɨɝɨ ɦɢɤɪɨɷɥɟɦɟɧɬɚ. 

Ɍɚɤ ɠɟ, ɜ ɦɟɞɢɰɢɧɟ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɬɨɱɤɚ ɡɪɟɧɢɹ, ɱɬɨ ɤɚɪɢɟɫ ɡɭɛɨɜ 

ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɡɚɦɟɬɧɵɦ ɦɚɪɤɟɪɨɦ ɝɢɩɨɮɬɨɪɨɡɚ ɭ ɱɟɥɨɜɟɤɚ. 

ɍ ɠɢɜɨɬɧɵɯ, ɢɫɩɵɬɵɜɚɸɳɢɯ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɮɬɨɪɚ, ɨɬɦɟɱɚɟɬɫɹ 

ɫɧɢɠɟɧɢɟ ɬɚɤɢɯ ɮɟɪɦɟɧɬɨɜ, ɤɚɤ ɳɟɥɨɱɧɚɹ ɢ ɤɢɫɥɚɹ ɮɨɫɮɚɬɚɡɚ ɤɨɫɬɧɨɣ ɬɤɚɧɢ, 

ɢɡɨɰɢɬɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ ɩɟɱɟɧɢ ɢ ɞɪ., ɧɚ 10—20%. Ɉɞɧɚɤɨ, ɞɚɧɧɵɟ ɪɚɡɥɢɱɢɹ 

ɜ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ ɩɨɤɚ ɧɟ ɭɞɚɥɨɫɶ ɫɜɹɡɚɬɶ ɫ ɤɥɢɧɢɱɟɫɤɢɦɢ 
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ɩɪɨɹɜɥɟɧɢɹɦɢ ɞɟɮɢɰɢɬɚ ɮɬɨɪɚ, ɱɬɨ ɹɜɢɥɨɫɶ ɛɵ ɪɟɲɚɸɳɢɦ ɤɪɢɬɟɪɢɟɦ ɟɝɨ 

ɠɢɡɧɟɧɧɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɢ [21]. 

ȼɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɬɨɪɚ ɹɜɥɹɸɬɫɹ ɬɨɤɫɢɱɧɵɦɢ ɞɥɹ ɨɪɝɚɧɢɡɦɚ. 

ɋɢɦɩɬɨɦɵ, ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɩɪɢ ɜɫɚɫɵɜɚɧɢɢ ɢɡɛɵɬɤɚ ɮɬɨɪɚ, ɦɧɨɝɨɱɢɫɥɟɧɧɵ: 

ɮɥɸɨɪɨɡ, ɢɡɦɟɧɟɧɢɹ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ ɠɟɥɭɞɤɚ, ɫɧɢɠɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɱɟɤ. ɉɟɪɜɵɦɢ ɩɪɢɡɧɚɤɚɦɢ ɨɬɪɚɜɥɟɧɢɹ 

ɮɬɨɪɢɞɨɦ ɹɜɥɹɸɬɫɹ ɬɨɲɧɨɬɚ, ɪɜɨɬɚ, ɛɨɥɶ ɜ ɨɛɥɚɫɬɢ ɠɢɜɨɬɚ. ȿɫɥɢ ɩɪɢɧɹɬɚ 

ɞɨɡɚ ɦɟɧɟɟ 5 ɦɝ/ɤɝ ɦɚɫɫɵ ɬɟɥɚ, ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɢɜɨɹɞɢɹ ɢɫɩɨɥɶɡɭɸɬ ɤɚɥɶɰɢɣ – 

ɦɨɥɨɤɨ ɢɥɢ ɢɡɜɟɫɬɤɨɜɭɸ ɜɨɞɭ. ȿɫɥɢ ɞɨɡɚ ɩɪɟɜɵɲɚɟɬ ɷɬɭ ɜɟɥɢɱɢɧɭ, 

ɧɟɨɛɯɨɞɢɦɚ ɝɨɫɩɢɬɚɥɢɡɚɰɢɹ.  

Ɍɨɤɫɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɮɬɨɪɢɞɨɜ ɧɚɦɧɨɝɨ ɱɚɳɟ ɜɫɬɪɟɱɚɟɬɫɹ ɩɪɢ 

ɞɥɢɬɟɥɶɧɨɦ ɯɪɨɧɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ. ɉɪɢ 

ɢɡɛɵɬɨɱɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɮɬɨɪɢɞɨɜ ɪɚɡɜɢɜɚɟɬɫɹ ɯɪɨɧɢɱɟɫɤɚɹ ɮɬɨɪɢɫɬɚɹ 

ɢɧɬɨɤɫɢɤɚɰɢɹ — ɮɥɸɨɪɨɡ. ɍ ɥɢɰ, ɩɪɨɠɢɜɚɸɳɢɯ ɨɤɨɥɨ ɡɚɜɨɞɚ ɛɨɥɟɟ 5 ɥɟɬ, ɧɨ 

ɧɢɤɨɝɞɚ ɧɟ ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɧɟɦ, ɨɬɦɟɱɚɟɬɫɹ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɫɨɞɟɪɠɚɧɢɹ 

ɮɬɨɪɚ ɜ ɜɨɥɨɫɚɯ ɢ ɧɨɝɬɹɯ, ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɮɥɸɨɪɨɡɚ [22]. 

Ɏɥɸɨɪɨɡ ɨɬɧɨɫɢɬɫɹ ɤ ɩɨɥɢɫɢɫɬɟɦɧɨɦɭ ɡɚɛɨɥɟɜɚɧɢɸ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɧɚɛɥɸɞɚɸɬɫɹ ɩɚɬɨɥɨɝɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɜɨ ɦɧɨɝɢɯ ɨɪɝɚɧɚɯ ɢ ɫɢɫɬɟɦɚɯ. ɉɪɢ 

ɮɥɸɨɪɨɡɟ ɩɨɪɚɠɚɸɬɫɹ ɩɟɱɟɧɶ, ɩɨɱɤɢ, ɡɭɛɵ, ɧɟɣɪɨɷɧɞɨɤɪɢɧɧɚɹ, 

ɫɟɪɞɟɱɧɨɫɨɫɭɞɢɫɬɚɹ, ɤɨɫɬɧɚɹ ɫɢɫɬɟɦɵ [23]. 

ɂɡɛɵɬɨɱɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ ɮɬɨɪɢɞɨɜ ɧɚɪɭɲɚɟɬ ɛɟɥɤɨɜɨɨɛɪɚɡɭɸɳɢɟ 

ɮɭɧɤɰɢɢ ɩɟɱɟɧɢ [24]. ȼ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɩɨɜɵɲɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ȼ-

ɝɥɨɛɭɥɢɧɨɜ ɢ ɚɥɶɛɭɦɢɧɨɜ, ɝɚɩɬɨɝɥɨɛɢɧɚ. 

Ɍɟɩɟɪɶ ɫɬɚɥɨ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɱɪɟɡɦɟɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɢ 

ɜɨɡɞɟɣɫɬɜɢɟ ɮɬɨɪɚ ɩɪɨɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɤɚɱɟɫɬɜɟ ɡɭɛɧɨɝɨ ɢ ɫɤɟɥɟɬɧɨɝɨ 

ɮɥɸɨɪɨɡɚ, ɧɨ ɦɨɠɟɬ, ɬɚɤɠɟ, ɜɥɢɹɬɶ ɧɚ ɦɹɝɤɢɟ ɬɤɚɧɢ. Ɏɬɨɪ ɨɬɧɨɫɢɬɟɥɶɧɨ 
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ɥɟɝɤɨ ɩɟɪɟɫɟɤɚɟɬ ɤɥɟɬɨɱɧɭɸ ɦɟɦɛɪɚɧɭ ɢ ɜɵɡɵɜɚɟɬ ɫɬɪɭɤɬɭɪɧɵɟ ɢ 

ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɩɟɱɟɧɢ, ɩɨɱɤɚɯ ɢ ɝɨɥɨɜɧɨɦ ɦɨɡɝɟ [7, 11, 14, 25]. 

Ʌɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɮɬɨɪ ɚɤɬɢɜɢɪɭɟɬ ɩɟɪɟɤɢɫɧɨɟ 

ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ ɢ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɡɚɳɢɬɵ ɜɨ ɜɫɟɯ 

ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɪɝɚɧɢɡɦɚɯ [8, 26, 27]. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧ ɦɨɠɟɬ ɫɧɢɠɚɬɶ 

ɚɤɬɢɜɧɨɫɬɶ ɤɢɫɥɨɣ ɮɨɫɮɚɬɚɡɵ [28]. ɇɚ ɮɬɨɪ ɜɵɫɨɤɨ ɫɨɞɟɪɠɚɳɟɣ ɞɢɟɬɟ ɭ 

ɛɪɨɣɥɟɪɨɜ ɛɵɥ ɡɚɮɢɤɫɢɪɨɜɚɧ ɫɧɢɠɟɧɧɵɣ ɭɪɨɜɟɧɶ ɝɟɦɨɝɥɨɛɢɧɚ, ɨɛɳɟɝɨ ɱɢɫɥɚ 

ɷɪɢɬɪɨɰɢɬɨɜ (ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɚɧɟɦɢɢ) ɢ ɢɦɦɭɧɧɵɯ ɮɭɧɤɰɢɣ 

ɷɪɢɬɪɨɰɢɬɨɜ [9], ɚ ɭ ɦɵɲɟɣ ɜɵɹɜɥɟɧɨ ɫɧɢɠɟɧɢɟ ɨɛɳɟɝɨ ɱɢɫɥɚ ɥɟɣɤɨɰɢɬɨɜ ɢ 

ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ ɢ ɭɥɶɬɪɚɫɬɪɭɤɬɭɪɵ ɢɦɦɭɧɨɰɢɬɨɜ [11]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɬɨɪ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɩɪɨɧɢɤɚɹ ɜ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ, 

ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɚɡɜɢɬɢɸ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɧɚɪɭɲɟɧɢɣ, ɤɚɫɚɸɳɢɯɫɹ ɜɫɟɯ 

ɫɢɫɬɟɦ ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ. 

1.2 Ɇɟɬɚɛɨɥɢɱɟɫɤɢɟ ɧɚɪɭɲɟɧɢɹ ɩɪɢ ɢɧɬɨɤɫɢɤɚɰɢɢ ɮɬɨɪɨɦ ɢ ɟɝɨ 

ɫɨɟɞɢɧɟɧɢɹɦɢ  

ɂɡɛɵɬɨɱɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɢ ɜɨɡɞɟɣɫɬɜɢɟ ɮɬɨɪɚ ɩɪɨɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ 

ɤɚɱɟɫɬɜɟ ɡɭɛɧɨɝɨ ɢ ɫɤɟɥɟɬɧɨɝɨ ɮɥɸɨɪɨɡɚ, ɧɨ ɦɨɠɟɬ, ɬɚɤɠɟ, ɜɥɢɹɬɶ ɧɚ ɦɹɝɤɢɟ 

ɬɤɚɧɢ. Ɏɬɨɪ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɟɝɤɨ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɤɥɟɬɨɱɧɭɸ ɦɟɦɛɪɚɧɭ ɢ 

ɜɵɡɵɜɚɟɬ ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɩɟɱɟɧɢ, ɩɨɱɤɚɯ ɢ 

ɝɨɥɨɜɧɨɦ ɦɨɡɝɟ [7, 11, 14, 25]. 

ɉɨɦɢɦɨ ɷɬɨɝɨ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɧɚɛɥɸɞɟɧɢɟ ɡɚ ɩɫɢɯɢɤɨɣ ɦɵɲɟɣ ɩɨɞ 

ɜɥɢɹɧɢɟɦ ɮɬɨɪɚ, ɚ ɢɦɟɧɧɨ ɡɚ ɬɪɟɜɨɠɧɨɫɬɶɸ ɢ ɞɟɩɪɟɫɫɢɟɣ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɞɨɛɚɜɥɟɧɢɟ ɮɬɨɪɚ ɜ ɩɢɬɶɟɜɭɸ ɜɨɞɭ ɜɵɡɵɜɚɟɬ ɬɪɟɜɨɝɭ ɢ ɫɬɪɟɫɫ ɭ ɦɵɲɟɣ [12].  

ɂɡɭɱɟɧɢɟ ɦɭɠɫɤɨɣ ɪɟɩɪɨɞɭɤɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞ ɜɥɢɹɧɢɟɦ ɮɬɨɪɢɞɚ 

ɧɚɬɪɢɹ ɟɳɟ ɪɚɡ ɞɨɤɚɡɚɥɨ ɩɪɨɹɜɥɟɧɢɟ ɮɥɸɨɪɨɡɚ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ 

ɜɨɡɞɟɣɫɬɜɢɹ ɬɨɤɫɢɤɚɧɬɚ ɧɚ ɷɬɭ ɫɢɫɬɟɦɭ [29]. 
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Ɉɝɪɨɦɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɞɟɥɹɟɬɫɹ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ 

ɮɬɨɪɚ ɧɚ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɨɪɝɚɧɢɡɦɟ. Ɍɚɤ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɮɬɨɪɢɞ 

ɧɚɬɪɢɹ ɫɧɢɠɚɟɬ ɚɤɬɢɜɧɨɫɬɶ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ, ɤɚɬɚɥɚɡɵ ɢ 

ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ ɜ ɤɥɟɬɤɚɯ ɩɟɱɟɧɢ ɦɵɲɟɣ [31, 32]. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɨɧɵ ɮɬɨɪɚ ɢɡɦɟɧɹɸɬ ɝɨɦɟɨɫɬɚɡ ɋɚ2+ ɜ ɤɥɟɬɤɚɯ. Ɍɚɤ, ɩɪɢ 

ɮɬɨɪɢɫɬɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɫɨɤɪɚɳɚɟɬɫɹ ɬɪɚɧɫɩɨɪɬ ɋɚ2+ ɩɨ ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɨɦɭ 

ɪɟɬɢɤɭɥɭɦɭ ɢ ɱɟɪɟɡ ɩɥɚɡɦɚɬɢɱɟɫɤɢɟ ɦɟɦɛɪɚɧɵ ɜ ɤɥɟɬɤɚɯ ɩɨɱɟɤ, ɚ ɬɚɤɠɟ ɜ 

ɫɚɪɤɨɩɥɚɡɦɚɬɢɱɟɫɤɨɦ ɪɟɬɢɤɭɥɭɦɟ ɤɚɪɞɢɨɦɢɨɰɢɬɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɦɟɧɶɲɟɧɢɹ 

ɤɨɥɢɱɟɫɬɜɚ ɋɚ2+ ɬɪɚɧɫɩɨɪɬɢɪɭɸɳɢɯ ɛɟɥɤɨɜ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɋɚ2+ ɧɚɫɨɫɨɜ.  

ȼ ɤɥɟɬɤɚɯ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ ɮɬɨɪ ɢɧɝɢɛɢɪɭɟɬ ɮɟɪɦɟɧɬ ɮɨɫɮɨɥɢɩɚɡɭ ɋ, 

ɩɨɞɚɜɥɹɹ ɨɛɪɚɡɨɜɚɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɦɟɫɫɟɧɞɠɟɪɚ ɞɢɚɰɢɥɝɥɢɰɟɪɢɧɚ (ȾȺȽ) ɢ 

ɩɨɫɬɭɩɥɟɧɢɟ ɋɚ2+ ɜ ɤɥɟɬɤɭ. Ɉɞɧɚɤɨ ɜ ɰɢɬɨɡɨɥɟ ɤɥɟɬɨɤ ɞɪɭɝɢɯ ɬɤɚɧɟɣ 

(ɷɪɢɬɪɨɰɢɬɵ, ɨɫɬɟɨɛɥɚɫɬɵ, ɩɪɨɤɫɢɦɚɥɶɧɵɟ ɬɪɭɛɨɱɤɢ, ɮɢɛɪɨɛɥɚɫɬɵ, 

ɷɧɞɨɬɟɥɢɚɥɶɧɵɟ ɤɥɟɬɤɢ) ɮɬɨɪɢɫɬɚɹ ɢɧɬɨɤɫɢɤɚɰɢɹ ɭɜɟɥɢɱɢɜɚɥɚ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɋɚ2+ [2]. 

ɋ ɨɛɦɟɧɨɦ ɋɚ2+ ɬɟɫɧɨ ɫɜɹɡɚɧ ɨɛɦɟɧ ɮɨɫɮɨɪɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ 

ɮɬɨɪɚ ɢɧɝɢɛɢɪɭɸɬ ɮɟɪɦɟɧɬɵ, ɪɟɝɭɥɢɪɭɸɳɢɟ ɮɨɫɮɨɪɧɨ-ɤɚɥɶɰɢɟɜɵɣ ɨɛɦɟɧ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɢɧɝɢɛɢɪɭɟɬɫɹ ɚɤɬɢɜɧɨɫɬɶ 1α ɝɢɞɪɨɤɫɢɥɚɡɵ ɜ ɩɪɨɤɫɢɦɚɥɶɧɵɯ 

ɤɚɧɚɥɶɰɚɯ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɧɢɠɚɟɬɫɹ ɩɪɨɞɭɤɰɢɹ ɢ ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɵɜɨɪɨɬɤɟ 

ɤɪɨɜɢ 1,25(Ɉɇ)2D3 ɤɚɥɶɰɢɬɪɢɨɥɚ [2, 3]. ɋɨɟɞɢɧɟɧɢɹ ɮɬɨɪɚ ɜ ɷɪɢɬɪɨɰɢɬɚɯ, 

ɦɨɡɝɟ, ɩɨɱɤɚɯ ɢɧɝɢɛɢɪɭɸɬ Na+, K+ȺɌɎɚɡɭ, ɥɢɛɨ ɜɵɫɬɭɩɚɸɬ ɜ ɪɨɥɢ ɤɨ 

ɬɪɚɧɫɩɨɪɬёɪɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɫɬɭɩɥɟɧɢɟ ɮɨɫɮɨɪɚ ɜ ɤɥɟɬɤɭ ɦɨɠɟɬ 

ɫɧɢɠɚɬɶɫɹ. 

ɋɨɟɞɢɧɟɧɢɹ ɮɬɨɪɚ ɧɚɪɭɲɚɸɬ ɮɭɧɤɰɢɢ ɦɢɬɨɯɨɧɞɪɢɣ, ɜɵɡɵɜɚɹ ɩɚɞɟɧɢɟ 

ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɝɢɝɚɧɬɫɤɨɣ ɩɨɪɵ ɜ ɢɯ ɧɚɪɭɠɧɨɣ 

ɦɟɦɛɪɚɧɟ [20]. ɋɥɟɞɫɬɜɢɟɦ ɪɚɫɤɪɵɬɢɹ ɩɨɪɵ ɹɜɥɹɟɬɫɹ ɧɚɛɭɯɚɧɢɟ 

ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɝɨ ɦɚɬɪɢɤɫɚ, ɪɚɡɪɵɜ ɧɚɪɭɠɧɨɣ ɦɟɦɛɪɚɧɵ ɦɢɬɨɯɨɧɞɪɢɣ ɢ 

ɜɵɯɨɞ ɰɢɬɨɯɪɨɦɚ ɋ ɢɡ ɦɟɠɦɟɦɛɪɚɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɉɨɬɟɪɹ 
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ɦɢɬɨɯɨɧɞɪɢɹɦɢ ɰɢɬɨɯɪɨɦɚ ɋ ɩɪɢɜɨɞɢɬ ɤ ɬɨɪɦɨɠɟɧɢɸ ɞɵɯɚɬɟɥɶɧɨɣ ɰɟɩɢ, 

ɩɨɞɚɜɥɟɧɢɸ ɫɢɧɬɟɡɚ ȺɌɎ ɢ ɭɫɢɥɟɧɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɚɤɬɢɜɧɵɯ ɮɨɪɦ 

ɤɢɫɥɨɪɨɞɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɪɭɲɟɧɢɟ ɛɚɪɶɟɪɧɵɯ ɫɜɨɣɫɬɜ ɦɟɦɛɪɚɧ ɦɢɬɨɯɨɧɞɪɢɣ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɨɧɨɜ ɮɬɨɪɚ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɚɩɨɩɬɨɡɚ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ ɮɬɨɪɚ ɢɦɟɸɬ ɜɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ ɤ ɧɟɤɨɬɨɪɵɦ 

ɢɨɧɚɦ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɢɝɪɚɸɬ ɪɨɥɶ ɤɨɮɚɤɬɨɪɨɜ ɜ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ 

ɝɥɚɜɧɵɯ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɭɬɟɣ ɨɪɝɚɧɢɡɦɚ. ȼ ɨɫɧɨɜɧɨɦ ɮɬɨɪ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ 

ɮɟɪɦɟɧɬɵ ɤɚɤ ɢɧɝɢɛɢɬɨɪ, ɧɨ ɢɧɨɝɞɚ ɨɧ ɦɨɠɟɬ ɩɨɜɵɲɚɬɶ ɢɯ ɚɤɬɢɜɧɨɫɬɶ. ɗɬɨ 

ɡɚɜɢɫɢɬ ɨɬ ɬɚɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɚɤ: ɬɢɩɚ ɮɟɪɦɟɧɬɚ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɮɬɨɪɚ [1, 3].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɦɢɤɪɨɦɨɥɹɪɧɵɯ ɞɨɡɚɯ ɮɬɨɪ ɫɱɢɬɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ 

ɚɧɚɛɨɥɢɱɟɫɤɢɦ ɚɝɟɧɬɨɦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɢɥɥɢɦɨɥɹɪɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɬɨɪɚ 

ɜɵɡɵɜɚɸɬ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɟɪɦɟɧɬɨɜ, ɧɚɩɪɢɦɟɪ ɮɨɫɮɚɬɚɡ(ɬɚɛɥ.1). 

Ɍɚɛɥɢɰɚ 1 – ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɦɟɬɚɥɥɫɨɞɟɪɠɚɳɢɯ ɮɟɪɦɟɧɬɨɜ ɜɵɫɨɤɢɦɢ 

ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɮɬɨɪɚ 

ɂɨɧ ɦɟɬɚɥɥɚ Ɏɟɪɦɟɧɬ Ɇɟɬɚɛɨɥɢɱɟɫɤɢɣ ɩɭɬɶ 

Ɇɚɝɧɢɣ Ɏɨcɮɨɝɥɸɤɨɦɭɬɚɡɚ 

Ƚɟɤcɨɤɢɧɚɡɚ 

Ƚɥɸɤɨɡɨ-6-ɮɨcɮɚɬɚɡɚ 

ȿɧɨɥɚɡɚ 

αɄɟɬɨɝɥɭɬɚɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

ɉɢɪɭɜɚɬɤɢɧɚɡɚ 

Ƚɥɭɬɚɦɢɧcɢɧɬɟɬɚɡɚ 

ɋɢɧɬɟɡ ɝɥɢɤɨɝɟɧɚ 

Ɏɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɝɥɸɤɨɡɵ 

Ɋɚɫɩɚɞ ɝɥɢɤɨɝɟɧɚ 

Ƚɥɢɤɨɥɢɡ 

ɐɢɤɥ Ʉɪɟɛcɚ 

Ƚɥɢɤɨɥɢɡ 

ɋɢɧɬɟɡ ɚɦɢɧɨɤɢcɥɨɬ, ɨɛɦɟɧ 

ɚɦɦɢɚɤɚ 

Ʉɚɥɶɰɢɣ  Ⱥɞɟɧɨɡɢɧɬɪɢɮɨcɮɚɬɚɡɚ 

Ɍɪɚɧcɤɟɬɨɥɚɡɚ 

Ⱥɤɬɢɜɧɵɣ ɬɪɚɧɫɩɨɪɬ ɢɨɧɨɜ 

ɉɟɧɬɨɡɨɮɨcɮɚɬɧɵɣ ɩɭɬɶ 
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Ɍɚɤ ɠɟ, ɢɨɧɵ ɮɬɨɪɚ ɢɦɟɸɬ ɫɩɨɫɨɛɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ 

ɮɟɪɦɟɧɬɨɜ, ɱɬɨ ɬɚɤɠɟ ɜɵɡɵɜɚɟɬ ɢɯ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɢɯ ɚɤɬɢɜɧɨɫɬɶ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɢɧɝɢɛɢɪɭɟɬɫɹ ɚɤɬɢɜɧɨɫɬɶ Na+, K+ȺɌɎɚɡɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɢɫɱɟɪɩɚɧɢɸ ɭɪɨɜɧɹ ȺɌɎ ɜ ɤɥɟɬɤɟ ɢ ɧɚɪɭɲɟɧɢɸ ɤɥɟɬɨɱɧɨɝɨ ɦɟɦɛɪɚɧɧɨɝɨ 

ɩɨɬɟɧɰɢɚɥɚ [1, 2]. ɍɝɧɟɬɟɧɢɟ ɜɵɪɚɛɨɬɤɢ ȺɌɎ ɜɵɡɵɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɜ 

ɤɥɟɬɤɟ ȺɆɎ, ȽȾɎ ɢ ɮɨɫɮɨɪɚ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ [8]. 

1.3 Ɉɫɨɛɟɧɧɨɫɬɢ ɦɟɬɚɛɨɥɢɡɦɚ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɜ ɧɨɪɦɟ ɢ ɩɪɢ 

ɩɚɬɨɥɨɝɢɢ 

ȼ ɦɨɪɮɨɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɨɬɧɨɲɟɧɢɢ ɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ 

ɫɥɨɠɧɵɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɬɤɚɧɟɣ. ɉɨ ɦɧɨɝɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɧɚ 

ɩɪɟɜɨɫɯɨɞɢɬ ɞɪɭɝɢɟ ɫɢɫɬɟɦɵ ɨɪɝɚɧɢɡɦɚ ɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɦɚɫɫɢɜɧɨɣ, 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɣ, ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ ɢ ɪɟɩɚɪɚɬɢɜɧɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ. Ʉɨɫɬɧɚɹ ɬɤɚɧɶ ɜ ɪɚɡɧɵɯ ɭɱɚɫɬɤɚɯ ɧɚ 20–25 % ɫɨɫɬɨɢɬ ɢɡ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɦɚɬɪɢɤɫɚ. Ɉɤɨɥɨ 60–65 % ɦɚɫɫɵ ɫɭɯɨɝɨ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɝɨ 

ɦɚɬɪɢɤɫɚ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɤɨɥɥɚɝɟɧ ɢ 17–18 % ɧɚ ɧɟɤɨɥɥɚɝɟɧɨɜɵɟ ɛɟɥɤɢ, ɩɨ 

ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ, ɹɜɥɹɸɳɢɟɫɹ ɝɥɢɤɨɩɪɨɬɟɢɧɚɦɢ. ȼ ɫɨɫɬɚɜ ɫɬɪɨɦɵ ɤɨɫɬɧɨɝɨ 

ɦɨɡɝɚ ɜɯɨɞɹɬ ɧɟɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɟ ɫɬɜɨɥɨɜɵɟ ɦɟɡɟɧɯɢɦɚɥɶɧɵɟ ɤɥɟɬɤɢ – 

ɪɟɬɢɤɭɥɹɪɧɵɟ, ɫɨɟɞɢɧɢɬɟɥɶɧɨɬɤɚɧɧɵɟ, ɷɧɞɨɫɬɚɥɶɧɵɟ ɮɢɛɪɨɛɥɚɫɬɨɩɨɞɨɛɧɵɟ, 

ɷɧɞɨɬɟɥɢɚɥɶɧɵɟ ɤɥɟɬɤɢ, ɚɞɢɩɨɰɢɬɵ, ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɟ ɤɨɫɬɧɵɟ ɤɥɟɬɤɢ 

(ɨɫɬɟɨɛɥɚɫɬɵ, ɨɫɬɟɨɤɥɚɫɬɵ, ɨɫɬɟɨɰɢɬɵ), ɦɟɠɤɥɟɬɨɱɧɨɟ ɜɟɳɟɫɬɜɨ, ɤɥɟɬɤɢ 

ɷɧɞɨɫɬɚ ɢ ɩɟɪɢɨɫɬɚ, ɤɨɫɬɧɵɣ ɦɨɡɝ, ɫɨɫɭɞɢɫɬɵɟ, ɥɢɦɮɚɬɢɱɟɫɤɢɟ ɢ ɧɟɪɜɧɵɟ 

ɨɛɪɚɡɨɜɚɧɢɹ, ɢɧɬɢɦɧɨ ɫɜɹɡɚɧɧɵɟ ɫ ɨɤɪɭɠɚɸɳɢɦɢ ɦɹɝɤɢɦɢ ɬɤɚɧɹɦɢ [13, 28, 

36, 52]. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɨɫɬɟɨɛɥɚɫɬɨɜ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɦɨɳɧɨɝɨ 

ɚɩɩɚɪɚɬɚ ɛɟɥɤɨɜɨɝɨ ɫɢɧɬɟɡɚ. Ɇɟɬɚɛɨɥɢɡɦ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɧɚɩɪɚɜɥɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ - ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɨɣ ɤɨɫɬɢ 

ɨɫɬɟɨɛɥɚɫɬɚɦɢ ɢ ɪɚɫɫɚɫɵɜɚɧɢɹ ɫɬɚɪɨɣ ɤɨɫɬɢ ɨɫɬɟɨɤɥɚɫɬɚɦɢ. ȼ ɢɬɨɝɟ ɨɛɳɚɹ 
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ɦɚɫɫɚ ɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɛɨɢɯ ɧɚɡɜɚɧɧɵɯ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɩɪɟɞɟɥɚɯ ɭɱɚɫɬɤɨɜ ɨɛɧɨɜɥɟɧɢɹ ɤɨɫɬɧɨɣ ɬɤɚɧɢ. 

ɇɨɜɨɨɛɪɚɡɨɜɚɧɢɟ ɤɨɫɬɢ ɩɪɨɬɟɤɚɟɬ ɜ ɞɜɟ ɫɬɚɞɢɢ. ɉɟɪɜɚɹ ɫɬɚɞɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɤɬɢɜɧɨɫɬɶɸ ɨɫɬɟɨɛɥɚɫɬɨɜ ɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɣ ɫɢɧɬɟɡ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɨɫɧɨɜɧɨɝɨ 

ɜɟɳɟɫɬɜɚ (ɤɨɥɥɚɝɟɧɚ I ɬɢɩɚ, ɨɫɬɟɨɤɚɥɶɰɢɧɚ, ɫɢɚɥɨɩɪɨɬɟɢɧɨɜ ɢ 

ɩɪɨɬɟɨɝɥɢɤɚɧɨɜ, ɚ ɬɚɤɠɟ ɳɟɥɨɱɧɨɣ ɮɨɫɮɚɬɚɡɵ). Ɇɧɨɝɢɟ ɢɡ ɧɢɯ ɜ ɞɚɥɶɧɟɣɲɟɦ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ 

ɝɩɞɪɨɤɫɢɥɢɪɨɜɚɧɢɟ ɩɪɨɥɢɧɚ ɢ ɥɢɡɢɧɚ ɜ ɫɨɫɬɚɜɟ ɩɪɨɤɨɥɥɚɝɟɧɚ, 

ɝɥɢɤɨɡɢɥɢɪɨɜɚɧɢɟ ɳɟɥɨɱɧɨɣ ɮɨɫɮɚɬɚɡɵ ɢ ɝɢɞɪɨɤɫɢɥɢɡɢɪɨɜɚɧɧɵɯ ɨɫɬɚɬɤɨɜ ɜ 

ɫɬɪɭɤɬɭɪɟ ɤɨɥɥɚɝɟɧɚ ɢ, ɧɚɤɨɧɟɰ, Ȗ-ɤɚɪɛɨɤɫɢɥɢɪɨɜɚɧɢɟ ɨɫɬɚɬɤɨɜ 

ɝɥɸɬɚɦɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɦɨɥɟɤɭɥɟ ɨɫɬɟɨɤɚɥɶɰɢɧɚ. Ɂɚɬɟɦ 

ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜɟɳɟɫɬɜɚ ɫɟɤɪɟɬɢɪɭɸɬɫɹ ɨɫɬɟɨɛɥɚɫɬɚɦɢ ɜɨ 

ɜɧɟɤɥɟɬɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɝɞɟ ɢ ɩɪɨɢɫɯɨɞɢɬ ɫɛɨɪɤɚ ɤɨɥɥɚɝɟɧɨɜɵɯ ɮɢɛɪɢɥɥ. 

ɉɪɢ ɷɬɨɦ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɧɟɤɥɟɬɨɱɧɨɣ ɥɢɡɢɥɤɫɢɞɚɡɵ ɨɛɪɚɡɭɸɬɫɹ ɯɚɪɚɤɬɟɪɧɵɟ 

ɞɥɹ ɡɪɟɥɨɝɨ ɤɨɥɥɚɝɟɧɚ ɦɟɠɮɢɛɪɢɥɥɹɪɧɵɟ ɫɲɢɜɤɢ - ɩɢɪɢɞɢɧɨɥɢɧɨɜɵɟ 

ɦɨɫɬɢɤɢ. ɉɪɨɰɟɫɫ ɫɨɡɪɟɜɚɧɢɹ ɨɫɧɨɜɧɨɝɨ ɜɟɳɟɫɬɜɚ ɡɚɧɢɦɚɟɬ 5–10 ɫɭɬ, ɩɨɫɥɟ 

ɱɟɝɨ ɧɚɫɬɭɩɚɟɬ ɜɬɨɪɚɹ ɫɬɚɞɢɹ - ɫɬɚɞɢɹ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɨɫɧɨɜɧɨɝɨ ɜɟɳɟɫɬɜɚ. 

ɉɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɝɭɛɱɚɬɨɟ ɜɟɳɟɫɬɜɨ ɡɚɦɟɳɚɟɬɫɹ ɤɚɠɞɵɟ 3–4 ɝɨɞɚ, ɚ 

ɤɨɦɩɚɤɬɧɨɟ ɜɟɳɟɫɬɜɨ ɤɚɠɞɵɟ 10 ɥɟɬ [49]. 

ȼ ɫɨɫɬɚɜ ɤɪɢɫɬɚɥɥɨɜ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɜɯɨɞɹɬ ɝɢɞɪɨɤɫɢɚɩɚɬɢɬɵ - 

ɋɚl0(Ɋ04)6(Ɉɇ)2, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɮɨɪɦɭ ɩɥɚɫɬɢɧ ɢɥɢ ɩɚɥɨɱɟɤ. Ʉɪɢɫɬɚɥɥɵ 

ɝɢɞɪɨɤɫɢɚɩɚɬɢɬɚ ɫɨɫɬɚɜɥɹɸɬ ɥɢɲɶ ɱɚɫɬɶ ɦɢɧɟɪɚɥɶɧɨɣ ɮɚɡɵ ɨɛɪɚɡɨɜɚɧɢɹ 

ɤɨɫɬɧɨɣ ɬɤɚɧɢ, ɞɪɭɝɚɹ ɱɚɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɦɨɪɮɧɵɦ ɮɨɫɮɚɬɨɦ ɤɚɥɶɰɢɹ – 

ɋɚ3(ɊɈ4)2. ɋɨɞɟɪɠɚɧɢɟ ɚɦɨɪɮɧɨɝɨ ɋɚ3(ɊɈ4)2ɩɨɞɜɟɪɠɟɧɨ ɡɧɚɱɢɬɟɥɶɧɵɦ 

ɜɨɡɪɚɫɬɧɵɦ ɤɨɥɟɛɚɧɢɹɦ. ɉɪɟɨɛɥɚɞɚɸɳɟɟ ɟɝɨ ɤɨɥɢɱɟɫɬɜɨ ɧɚɛɥɸɞɚɟɬɫɹ ɜ 

ɪɚɧɧɟɦ ɞɟɬɫɤɨɦ ɜɨɡɪɚɫɬɟ. ȼ ɡɪɟɥɨɣ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ 

ɫɬɚɧɨɜɢɬɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɝɢɞɪɨɤɫɢɚɩɚɬɢɬ. Ɉɛɵɱɧɨ ɚɦɨɪɮɧɵɣ ɮɨɫɮɚɬ 

ɤɚɥɶɰɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɥɚɛɢɥɶɧɵɣ ɪɟɡɟɪɜ ɢɨɧɨɜ ɤɚɥɶɰɢɹ ɢ ɮɨɫɮɨɪɚ. ȼ 
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ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɮɚɡɵ ɤɨɫɬɢ ɜɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɨɧɨɜ, 

ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ ɧɟ ɫɨɞɟɪɠɚɬɫɹ ɜ ɱɢɫɬɨɦ ɝɢɞɪɨɤɫɢɚɩɚɬɢɬɟ (ɧɚɩɪɢɦɟɪ, Na+, 

Mg2+, Ʉ+, ɋ1- ɢ ɧɟɤɨɬɨɪɵɟ ɞɪ.). ȼɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ ɝɢɞɪɨɤɫɢɚɩɚɬɢɬɚ ɤɚɥɶɰɢɣ ɦɨɠɟɬ ɡɚɦɟɳɚɬɶɫɹ 

ɞɪɭɝɢɦɢ ɞɜɭɯɜɚɥɟɧɬɧɵɦɢ ɤɚɬɢɨɧɚɦɢ [50, 54]. 

Ʉɨɥɢɱɟɫɬɜɨ ɧɚɤɨɩɥɟɧɢɹ ɮɬɨɪɚ ɫɤɟɥɟɬɨɦ ɬɟɫɧɨ ɫɜɹɡɚɧɨ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

ɮɬɨɪɚ ɜ ɩɢɬɶɟɜɨɣ ɜɨɞɟ, ɯɨɬɹ ɧɚ ɷɬɨ ɩɨɜɥɢɹɥɢ ɛɵ ɛɨɥɶɲɢɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ 

ɧɨɪɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɮɬɨɪɚ ɜ ɪɚɰɢɨɧɟ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɮɬɨɪɢɞ ɫɜɹɡɵɜɚɟɬɫɹ ɜɧɭɬɪɢ ɤɨɫɬɢ, ɡɚɦɟɳɚɹ ɝɢɞɪɨɤɫɢɥɶɧɵɟ 

ɢɥɢ ɛɢɤɚɪɛɨɧɚɬɧɵɟ ɝɪɭɩɩɵ, ɨɛɵɱɧɨ ɫɜɹɡɚɧɧɵɟ ɫɨ ɫɬɪɭɤɬɭɪɚɦɢ 

ɝɢɞɪɨɤɫɢɚɩɚɬɢɬɚ, ɢ ɷɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ ɢɥɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 

ɫɬɪɭɤɬɭɪɭ ɚɩɚɬɢɬɚ. Ɍɚɤɠɟ ɛɵɥɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɮɬɨɪɢɞ ɧɟɪɚɜɧɨɦɟɪɧɨ 

ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɫɟɣ ɤɨɫɬɢ, ɢ ɧɚɢɛɨɥɶɲɚɹ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɫɬɢ [70]. 

ɉɪɢ ɯɪɨɧɢɱɟɫɤɨɦ ɮɥɸɪɨɡɟ ɤɥɟɬɤɚɦɢ-ɦɢɲɟɧɹɦɢ ɜ ɤɨɫɬɧɨɣ ɬɤɚɧɢ-ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɹɜɥɹɸɬɫɹ ɪɟɡɨɪɛɢɪɭɸɳɢɟ ɨɫɬɟɨɰɢɬɵ, ɚ ɬɚɤɠɟ ɨɫɬɟɨɛɥɚɫɬɵ. 

Ɋɟɡɨɪɛɢɪɭɸɳɢɟ ɨɫɬɟɨɰɢɬɵ ɫɬɚɧɨɜɹɬɫɹ ɧɟɚɤɬɢɜɧɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɨɫɬɟɨɫɤɥɟɪɨɡɭ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɹɪɤɨ ɜɵɪɚɠɟɧɨ ɜ ɦɟɬɚɮɢɡɚɯ. ɗɩɢɮɢɡɚɪɧɚɹ 

ɩɥɚɫɬɢɧɤɚ ɨɤɚɡɵɜɚɟɬɫɹ ɡɚɠɚɬɨɣ ɦɟɠɞɭ ɩɟɬɪɨɡɚɜɨɞɧɵɦɢ ɤɨɫɬɹɦɢ, ɢ ɪɨɫɬ 

ɡɚɦɟɞɥɹɟɬɫɹ. ɂɧɬɟɪɮɟɪɟɧɰɢɹ ɫ ɪɟɡɨɪɛɢɪɭɸɳɢɦɢ ɨɫɬɟɨɰɢɬɚɦɢ ɜɨ 

ɮɥɸɨɪɨɬɢɱɟɫɤɨɣ ɤɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɬɟɪɟɣ ɞɜɭɥɭɱɟɩɪɟɥɨɦɥɟɧɢɹ 

ɤɨɥɥɚɝɟɧɚ ɜ ɬɚɤɨɣ ɤɨɫɬɢ. ɇɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɤɨɫɬɧɨɣ ɪɟɡɨɪɛɰɢɢ ɬɚɤɠɟ 

ɩɪɢɜɨɞɢɬ ɤ ɡɚɞɟɪɠɤɟ ɬɪɚɛɟɤɭɥɹɪɧɨɣ ɤɨɫɬɢ ɜ ɤɨɪɟ. Ɍɨɤɫɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ 

ɮɬɨɪɚ ɧɚ ɨɫɬɟɨɰɢɬɵ ɬɚɤɠɟ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɝɢɛɟɥɢ ɤɥɟɬɨɤ. Ɍɚɤɨɣ 

ɨɫɬɟɨɧɟɤɪɨɡ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɫɧɨɜɧɨɦ ɜ ɝɧɚɬɢɱɟɫɤɨɣ ɤɨɫɬɢ. ɇɚɛɥɸɞɚɥɚɫɶ 

ɚɬɪɨɮɢɹ ɨɫɬɟɨɛɥɚɫɬɨɜ. Ɉɫɬɟɨɩɟɧɢɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɨɫɬɟɨɧɟɤɪɨɡɚ ɢ ɨɫɬɟɨɩɨɪɨɡɚ [49]. 
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ɏɨɬɹ ɜɤɥɸɱɟɧɢɟ ɜ ɤɨɫɬɧɭɸ ɬɤɚɧɶ ɩɪɨɢɫɯɨɞɢɬ ɦɝɧɨɜɟɧɧɨ, ɨɧɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ, ɞɨɫɬɢɝɚɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢɦɟɪɧɨ 

ɱɟɪɟɡ 4 ɱ ɫ ɦɨɦɟɧɬɚ ɜɜɟɞɟɧɢɹ ɞɨɡɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɱɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ 

ɞɨɡɵ ɤɨɧɰɟɧɬɪɚɰɢɹ ɮɬɨɪɚ ɜ ɤɨɫɬɢ ɧɚɱɢɧɚɟɬ ɫɧɢɠɚɬɶɫɹ ɛɥɚɝɨɞɚɪɹ ɩɪɨɰɟɫɫɭ 

ɪɟɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɫɬɢ ɢ ɮɢɡɢɤɨ–ɯɢɦɢɱɟɫɤɨɦɭ ɮɬɨɪɢɞɧɨɦɭ ɨɛɦɟɧɭ ɦɟɠɞɭ 

ɤɪɢɫɬɚɥɥɢɬɚɦɢ ɢ ɜɧɟɤɥɟɬɨɱɧɨɣ ɠɢɞɤɨɫɬɶɸ [50, 63]. ɉɪɨɰɟɫɫ ɨɛɦɟɧɚ ɮɬɨɪɚ ɜ 

ɤɨɫɬɹɯ ɩɪɨɬɟɤɚɟɬ ɛɵɫɬɪɨ ɢ ɩɪɟɤɪɚɳɚɟɬɫɹ ɫɨ ɫɦɟɪɬɶɸ ɠɢɜɨɬɧɨɝɨ. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɯɨɬɹ ɤɨɫɬɶ ɢɦɟɟɬ ɜɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ ɤ ɮɬɨɪɭ, 

ɩɨɝɥɨɳɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɦɟɬɚɛɨɥɢɡɦɚ ɤɨɫɬɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɮɬɨɪɚ, ɤɨɬɨɪɨɟ 

ɞɨɫɬɢɝɚɟɬ ɬɤɚɧɢ. ɉɨɷɬɨɦɭ, ɟɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɮɬɨɪɚ ɩɪɟɜɵɲɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶ 

ɬɤɚɧɢ ɤ ɩɨɝɥɨɳɟɧɢɸ, ɞɨɫɬɢɝɚɟɬɫɹ ɩɥɚɬɨ, ɢ ɞɚɥɶɧɟɣɲɟɝɨ ɭɜɟɥɢɱɟɧɢɹ 

ɢɧɤɨɪɩɨɪɚɰɢɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. ɗɬɨ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɜ ɨɬɧɨɲɟɧɢɢ 

ɯɪɨɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɮɬɨɪɚ [51, 52]. 

1.4 Ɉɫɨɛɟɧɧɨɫɬɢ ɦɟɬɚɛɨɥɢɡɦɚ ɩɨɱɟɤ ɜ ɧɨɪɦɟ ɢ ɩɪɢ ɩɚɬɨɥɨɝɢɢ 

ɉɨɱɤɢ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨ ɦɟɬɚɛɨɥɢɱɟɫɤɢɦɢ ɨɪɝɚɧɚɦɢ. ȼ ɩɨɱɤɚɯ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɪɚɳɟɧɢɟ ɢ ɫɢɧɬɟɡ ɦɧɨɝɢɯ ɜɟɳɟɫɬɜ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 

ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɪɝɚɧɢɡɦɚ (ɧɚɩɪɢɦɟɪ ɩɪɟɜɪɚɳɟɧɢɟ 

ɜɢɬɚɦɢɧɚ D ɜ ɟɝɨ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɭɸ ɮɨɪɦɭ - ɜɢɬɚɦɢɧ D3) [68]. 

ɉɨɱɤɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɚɦɵɦ ɜɵɫɨɤɢɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɨɛɦɟɧɨɦ. 

ȺɌɎ ɨɛɪɚɡɭɟɬɫɹ ɜ ɩɨɱɤɚɯ ɜ ɨɫɧɨɜɧɨɦ ɜ ɪɟɚɤɰɢɹɯ ɚɷɪɨɛɧɨɝɨ ɨɤɢɫɥɟɧɢɹ, 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɨɬɪɚɠɚɟɬ ɩɨɬɪɟɛɥɟɧɢɟ Ɉ2. ɉɪɢ ɦɚɫɫɟ ɜɫɟɝɨ 0,5% ɨɬ 

ɨɛɳɟɣ ɦɚɫɫɵ ɬɟɥɚ, ɩɨɱɤɢ ɩɨɬɪɟɛɥɹɸɬ 10% ɨɬ ɜɫɟɝɨ ɩɨɫɬɭɩɢɜɲɟɝɨ ɜ ɨɪɝɚɧɢɡɦ 

Ɉ2. ɉɪɢ ɷɬɨɦ, ɜ ɤɨɪɤɨɜɨɦ ɜɟɳɟɫɬɜɟ ɩɨɱɟɤ ɜɵɪɚɠɟɧ ɚɷɪɨɛɧɵɣ ɩɪɨɰɟɫɫ, ɜ 

ɦɨɡɝɨɜɨɦ ɩɪɟɨɛɥɚɞɚɟɬ ɚɧɚɷɪɨɛɧɵɣ. Ɉɫɧɨɜɧɵɦɢ ɫɭɛɫɬɪɚɬɚɦɢ ɞɥɹ ɪɟɚɤɰɢɣ 

ɚɷɪɨɛɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɹɜɥɹɸɬɫɹ: ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ; ɤɟɬɨɧɨɜɵɟ ɬɟɥɚ ɢ ɝɥɸɤɨɡɚ. 

Ɉɫɧɨɜɧɨɣ ɪɚɫɯɨɞ ȺɌɎ ɫɜɹɡɚɧ ɫ ɩɪɨɰɟɫɫɚɦɢ ɚɤɬɢɜɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɩɪɢ 

ɪɟɚɛɫɨɪɛɰɢɢ, ɫɟɤɪɟɰɢɢ, ɚ ɬɚɤɠɟ ɫ ɛɢɨɫɢɧɬɟɡɨɦ ɛɟɥɤɨɜ [58]. 
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ɉɨɱɤɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɢɦ ɨɛɦɟɧɨɦ ɛɟɥɤɨɜ. ȼ ɩɨɱɤɚɯ ɨɛɪɚɡɭɟɬɫɹ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɮɟɪɦɟɧɬɨɜ (ɅȾȽ, ȺɋɌ, ȺɅɌ, ȽȾȽ (ɢɥɢ 

ɝɥɭɬɚɦɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ), ɝɥɢɰɢɧ-ɚɦɢɞɢɧɨɬɪɚɧɫɮɟɪɚɡɵ), ɫɢɧɬɟɡɢɪɭɸɬɫɹ 

ɨɬɞɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɫɢɫɬɟɦ ɫɜɟɪɬɵɜɚɧɢɹ, ɮɢɛɪɢɧɨɥɢɡɚ ɢ ɤɨɦɩɥɟɦɟɧɬɚ 

ɤɪɨɜɢ. 

ȼ ɩɨɱɤɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɜɵɫɨɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɢɯ 

ɮɟɪɦɟɧɬɨɜ. Ɉɧɢ ɭɱɚɫɬɜɭɸɬ ɜ ɤɚɬɚɛɨɥɢɡɦɟ ɛɟɥɤɨɜ ɫ ɧɢɡɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɨɣ (5–6 ɤȾɚ) ɢ ɩɟɩɬɢɞɨɜ, ɤɨɬɨɪɵɟ ɮɢɥɶɬɪɭɸɬɫɹ ɜ ɩɟɪɜɢɱɧɭɸ ɦɨɱɭ. ȼ 

ɤɥɟɬɤɚɯ ɤɚɧɚɥɶɰɟɜ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɥɢɡɨɫɨɦɚɥɶɧɵɯ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɢɯ 

ɮɟɪɦɟɧɬɨɜ ɷɬɢ ɛɟɥɤɢ ɢ ɩɟɩɬɢɞɵ ɝɢɞɪɨɥɢɡɭɸɬɫɹ ɞɨ ɚɦɢɧɨɤɢɫɥɨɬ, ɤɨɬɨɪɵɟ 

ɢɞɭɬ ɧɚ ɝɥɸɤɨɧɟɨɝɟɧɟɡ ɢɥɢ ɩɨɫɬɭɩɚɸɬ ɜ ɤɪɨɜɶ [54, 59]. 

ȼ ɩɨɱɤɚɯ ɚɤɬɢɜɧɨ ɩɪɨɢɫɯɨɞɢɬ ɚɦɦɨɧɢɨɝɟɧɟɡ. ɉɨɱɤɢ ɩɨɝɥɨɳɚɸɬ ɢɡ 

ɤɪɨɜɢ ɦɧɨɝɨ ɝɥɭɬɚɦɢɧɚ, ɤɨɬɨɪɵɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɥɭɬɚɦɢɧɚɡɵ ɝɢɞɪɨɥɢɡɭɟɬɫɹ 

ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɦɦɢɚɤɚ ɢ ɝɥɭɬɚɦɚɬɚ. Ƚɥɭɬɚɦɢɧɚɡɚ ɩɨɱɟɤ ɡɧɚɱɢɬɟɥɶɧɨ 

ɢɧɞɭɰɢɪɭɟɬɫɹ ɩɪɢ ɚɰɢɞɨɡɟ, ɢɧɝɢɛɢɪɭɟɬɫɹ ɩɪɢ ɚɥɤɚɥɨɡɟ. 

Ƚɥɭɬɚɦɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ ɞɟɡɚɦɢɧɢɪɭɟɬ ɝɥɭɬɚɦɚɬ ɞɨ α-ɤɟɬɨɝɥɭɬɚɪɚɬɚ. 

Ⱥɦɦɢɚɤ ɫ ɩɪɨɬɨɧɚɦɢ ɢ ɚɧɢɨɧɚɦɢ ɨɛɪɚɡɭɟɬ ɫɨɥɢ ɚɦɦɨɧɢɹ (0,5 ɝ/ɫɭɬ), 

ɤɨɬɨɪɵɟ ɜɵɞɟɥɹɸɬɫɹ ɫ ɦɨɱɨɣ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɝɭɥɹɰɢɢ 

ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɨɝɨ ɛɚɥɚɧɫɚ ɢ ɫɨɯɪɚɧɟɧɢɹ ɜ ɨɪɝɚɧɢɡɦɟ ɜɚɠɧɟɣɲɢɯ ɤɚɬɢɨɧɨɜ 

Na+ ɢ Ʉ+. 

ɉɨɱɤɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɢɦ ɨɛɦɟɧɨɦ ɭɝɥɟɜɨɞɨɜ. Ȼɨɥɶɲɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɚɷɪɨɛɧɨɝɨ ɝɥɢɤɨɥɢɡɚ ɫɜɹɡɚɧɚ ɫ ɢɧɬɟɧɫɢɜɧɵɦ ɷɧɟɪɝɨɨɛɦɟɧɨɦ. 

Ⱥɤɬɢɜɧɵɣ ɩɟɧɬɨɡɨɮɨɫɮɚɬɧɵɣ ɲɭɧɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɚɤɰɢɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɫɢɫɬɟɦɵ ɢ ɦɢɤɪɨɫɨɦɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ. 

ɉɨɱɤɢ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦɢ ɪɟɝɭɥɹɬɨɪɚɦɢ ɝɨɦɟɨɫɬɚɡɚ ɝɥɸɤɨɡɵ ɜ ɤɪɨɜɢ. 

ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɨɦɭ, ɱɬɨ ɨɧɢ ɧɟ ɬɨɥɶɤɨ ɚɤɬɢɜɧɨ ɪɟɚɛɫɨɪɛɢɪɭɸɬ 

ɨɬɮɢɥɶɬɪɨɜɚɧɧɭɸ ɝɥɸɤɨɡɭ ɜ ɤɪɨɜɨɬɨɤ, ɧɨ ɢ ɩɪɨɢɡɜɨɞɹɬ ɝɥɸɤɨɡɭ ɱɟɪɟɡ 
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ɝɥɸɤɨɧɟɨɝɟɧɟɡ. Ȼɵɥɨ ɩɨɞɫɱɢɬɚɧɨ, ɱɬɨ ɜ ɩɨɫɬ-ɚɛɫɨɪɛɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɱɤɢ 

ɨɬɜɟɱɚɸɬ ɡɚ ~20-25% ɨɛɳɟɝɨ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɝɥɸɤɨɡɵ ɨɪɝɚɧɢɡɦɨɦ, ɱɬɨ 

ɞɟɥɚɟɬ ɩɨɱɤɢ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɡɚ ~40% ɜɫɟɝɨ ɝɥɸɤɨɧɟɨɝɟɧɟɡɚ ɜ ɨɪɝɚɧɢɡɦɟ 

[53]. De novo ɫɢɧɬɟɡ ɝɥɸɤɨɡɵ ɢɡ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɚɪɬɦɟɧɬɚɯ ɩɨɱɟɤ. Ʉɪɨɦɟ ɬɨɝɨ, ɝɥɸɤɨɡɚ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɜ ɩɨɱɤɚɯ ɤɚɤ ɩɨ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɸ, ɬɚɤ 

ɢ ɩɨ ɝɥɢɤɨɥɢɬɢɱɟɫɤɢɦ ɩɭɬɹɦ [54].  

1,25-ɞɢɨɤɫɢɯɨɥɟɤɚɥɶɰɢɮɟɪɨɥ (ȼɢɬɚɦɢɧ Ⱦ3) ɪɟɝɭɥɢɪɭɟɬ ɨɛɦɟɧ ɮɨɫɮɨɪɚ, 

ɤɚɥɶɰɢɹ ɢ ɦɚɝɧɢɹ ɜ ɨɪɝɚɧɢɡɦɟ. ɉɨɷɬɨɦɭ ɩɪɢ ɡɚɛɨɥɟɜɚɧɢɹɯ ɩɨɱɟɤ, ɦɨɠɟɬ 

ɪɚɡɜɢɬɶɫɹ ɨɫɬɟɨɞɢɫɬɪɨɮɢɹ. ȼ ɩɨɱɤɚɯ ɚɤɬɢɜɧɨ ɩɪɨɬɟɤɚɟɬ ȕ-ɨɤɢɫɥɟɧɢɟ ɀɄ. 

ɍɪɨɜɧɢ ɝɥɢɤɨɝɟɧɚ ɜ ɩɨɱɟɱɧɨɣ ɬɤɚɧɢ ɨɛɵɱɧɨ ɧɢɱɬɨɠɧɨ ɦɚɥɵ. 

ɇɚɤɨɩɥɟɧɢɟ ɝɥɢɤɨɝɟɧɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɡɭɥɶɬɚɬɨɦ ɞɟɮɟɤɬɨɜ ɜ ɮɟɪɦɟɧɬɚɯ, 

ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɫɢɧɬɟɡ ɢ ɪɚɫɳɟɩɥɟɧɢɟ ɝɥɢɤɨɝɟɧɚ, ɧɚɩɪɢɦɟɪ ɩɪɢ 

ɝɢɩɟɪɝɥɢɤɟɦɢɢ [55]. 

1.5 Ɉɫɨɛɟɧɧɨɫɬɢ ɦɟɬɚɛɨɥɢɡɦɚ ɩɟɱɟɧɢ ɜ ɧɨɪɦɟ ɢ ɩɪɢ ɩɚɬɨɥɨɝɢɢ 

ɉɟɱɟɧɶ ɹɜɥɹɟɬɫɹ ɰɟɧɬɪɚɥɶɧɵɦ ɨɪɝɚɧɨɦ ɦɟɬɚɛɨɥɢɡɦɚ, ɢɝɪɚɸɳɢɦ ɬɚɤɠɟ 

ɛɨɥɶɲɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɚɞɚɩɬɢɜɧɨ-ɤɨɦɩɟɧɫɚɬɨɪɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɱɟɦ 

ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɤ ɧɟɣ ɩɪɢ ɢɡɭɱɟɧɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɪɚɡɥɢɱɧɵɯ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. 

ɉɟɱɟɧɶ ɢɝɪɚɟɬ ɭɧɢɤɚɥɶɧɭɸ ɪɨɥɶ ɜ ɤɨɧɬɪɨɥɟ ɭɝɥɟɜɨɞɧɨɝɨ ɨɛɦɟɧɚ, 

ɩɨɞɞɟɪɠɢɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɥɸɤɨɡɵ ɜ ɧɨɪɦɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ. ɗɬɨ 

ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɠɟɫɬɤɨ ɪɟɝɭɥɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ ɮɟɪɦɟɧɬɨɜ ɢ ɤɢɧɚɡ, 

ɪɟɝɭɥɢɪɭɸɳɢɯ ɥɢɛɨ ɪɚɫɳɟɩɥɟɧɢɟ ɝɥɸɤɨɡɵ, ɥɢɛɨ ɟɟ ɫɢɧɬɟɡ ɜ ɝɟɩɚɬɨɰɢɬɚɯ. 

ɗɬɨɬ ɩɪɨɰɟɫɫ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɤɨɧɬɪɨɥɟɦ ɝɥɸɤɨɪɟɝɭɥɹɬɨɪɧɵɯ ɦɟɞɢɚɬɨɪɨɜ, 

ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɢɧɫɭɥɢɧ ɢɝɪɚɟɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ. [56, 67]. ɇɚɪɭɲɟɧɢɹ 

ɭɝɥɟɜɨɞɨɜ ɢ ɠɢɪɨɜ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɪɟɡɢɫɬɟɧɬɧɨɫɬɢ ɩɟɱɟɧɢ ɤ ɢɧɫɭɥɢɧɭ. 

Ɇɟɬɚɛɨɥɢɱɟɫɤɢɣ ɞɢɫɛɚɥɚɧɫ ɦɨɠɟɬ ɞɚɠɟ ɩɪɢɜɟɫɬɢ ɤ ɨɩɚɫɧɵɦ ɞɥɹ ɠɢɡɧɢ 
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ɫɨɫɬɨɹɧɢɹɦ. ɉɨɷɬɨɦɭ ɨɱɟɧɶ ɜɚɠɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɧɨɪɦɚɥɶɧɭɸ 

ɦɟɬɚɛɨɥɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ ɩɟɱɟɧɢ. Ʉɨɝɞɚ ɩɟɱɟɧɶ ɧɚɯɨɞɢɬɫɹ ɜ ɩɚɬɨɥɨɝɢɱɟɫɤɨɦ 

ɫɨɫɬɨɹɧɢɢ, ɧɚɪɭɲɚɟɬɫɹ ɝɨɦɟɨɫɬɚɡ ɦɟɬɚɛɨɥɢɡɦɚ ɩɟɱɟɧɢ, ɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ 

ɧɚɪɭɲɟɧɢɹ ɟɳɟ ɛɨɥɶɲɟ ɭɫɭɝɭɛɥɹɸɬ ɡɚɛɨɥɟɜɚɧɢɟ ɩɟɱɟɧɢ [69]. 

ȼɚɠɧɨɣ ɮɭɧɤɰɢɟɣ ɩɟɱɟɧɢ ɹɜɥɹɟɬɫɹ ɥɢɩɢɞɧɵɣ ɨɛɦɟɧ. ɉɨɬɪɟɛɥɟɧɢɟ 

ɥɢɩɢɞɨɜ, ɷɬɟɪɢɮɢɤɚɰɢɹ, ɨɤɢɫɥɟɧɢɟ ɢ ɫɟɤɪɟɰɢɹ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɩɪɨɢɫɯɨɞɹɬ ɜ 

ɝɟɩɚɬɨɰɢɬɚɯ. ɉɟɱɟɧɶ ɬɚɤɠɟ ɢɝɪɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɦɟɬɚɛɨɥɢɡɦɟ ɫɚɯɚɪɚ, 

ɤɨɬɨɪɵɣ ɨɬɜɟɱɚɟɬ ɡɚ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɯɪɚɧɟɧɢɟ ɝɥɸɤɨɡɵ. ɉɨɫɥɟ ɩɨɬɪɟɛɥɟɧɢɹ 

ɩɢɳɢ ɦɟɬɚɛɨɥɢɡɦ ɝɥɸɤɨɡɵ ɜ ɩɟɱɟɧɢ ɩɪɢɜɨɞɢɬ ɤ ɛɵɫɬɪɨɦɭ ɩɟɪɟɯɨɞɭ ɨɬ 

ɫɢɧɬɟɡɚ ɝɥɸɤɨɡɵ ɤ ɯɪɚɧɟɧɢɸ ɝɥɸɤɨɡɵ ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɢɧɫɭɥɢɧɨɦ, ɤɥɸɱɟɜɵɦ 

ɪɟɝɭɥɹɬɨɪɨɦ [57, 64]. ɂɧɫɭɥɢɧ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɚɤɨɩɥɟɧɢɸ ɝɥɸɤɨɡɵ, ɚɤɬɢɜɢɪɭɹ 

ɝɥɢɤɨɝɟɧɫɢɧɬɚɡɭ, ɤɨɬɨɪɚɹ ɨɩɨɫɪɟɞɭɟɬ ɫɢɧɬɟɡ ɩɟɱɟɧɨɱɧɨɝɨ ɝɥɢɤɨɝɟɧɚ. Ʉɨɝɞɚ 

ɫɟɤɪɟɰɢɹ ɢɧɫɭɥɢɧɚ ɧɟɞɨɫɬɚɬɨɱɧɚ, ɫɢɧɬɟɡ ɩɟɱɟɧɨɱɧɨɝɨ ɝɥɢɤɨɝɟɧɚ ɩɨɞɚɜɥɹɟɬɫɹ. 

Ɇɟɬɚɛɨɥɢɡɦ ɫɚɯɚɪɚ ɬɟɫɧɨ ɫɜɹɡɚɧ ɫ ɦɟɬɚɛɨɥɢɡɦɨɦ 

ɥɢɩɢɞɨɜ. ɂɧɫɭɥɢɧɨɪɟɡɢɫɬɟɧɬɧɨɫɬɶ ɨɛɵɱɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɬɟɚɬɨɡɨɦ 

ɩɟɱɟɧɢ. Ʉɨɝɞɚ ɜɨɡɧɢɤɚɟɬ ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ ɤ ɢɧɫɭɥɢɧɭ, ɥɢɩɨɥɢɡ ɩɨɞɚɜɥɹɟɬɫɹ, ɚ 

ɫɢɧɬɟɡ ɥɢɩɢɞɨɜ ɭɫɢɥɢɜɚɟɬɫɹ ɢɡ-ɡɚ ɷɮɮɟɤɬɚ ɝɢɩɟɪɢɧɫɭɥɢɧɟɦɢɢ. ɇɚɪɭɲɟɧɢɟ 

ɥɢɩɢɞɧɨɝɨ ɨɛɦɟɧɚ, ɨɫɨɛɟɧɧɨ ɧɚɤɨɩɥɟɧɢɟ ɜɧɟɦɚɬɨɱɧɵɯ ɥɢɩɢɞɨɜ, ɬɟɫɧɨ 

ɫɜɹɡɚɧɨ ɫ ɢɧɫɭɥɢɧɨɪɟɡɢɫɬɟɧɬɧɨɫɬɶɸ [58, 66]. 

ɉɟɱɟɧɶ ɬɚɤɠɟ ɢɝɪɚɟɬ ɰɟɧɬɪɚɥɶɧɭɸ ɪɨɥɶ ɜ ɤɚɱɟɫɬɜɟ ɞɟɬɨɤɫɢɰɢɪɭɸɳɟɝɨ 

ɨɪɝɚɧɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɫɟɧɨɛɢɨɬɢɤɚɦ ɢ ɯɢɦɢɱɟɫɤɢɦ ɜɟɳɟɫɬɜɚɦ. Ɉɞɧɢɦ ɢɡ 

ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɦɟɫɬ ɧɚɤɨɩɥɟɧɢɹ ɮɬɨɪɚ ɹɜɥɹɟɬɫɹ ɩɟɱɟɧɶ, ɩɨɥɭɱɚɸɳɚɹ 70% 

ɤɪɨɜɨɫɧɚɛɠɟɧɢɹ ɢɡ ɤɢɲɟɱɧɨɝɨ ɨɬɬɨɤɚ. ɉɟɱɟɧɶ ɹɜɥɹɟɬɫɹ ɩɟɪɜɨɣ ɥɢɧɢɟɣ 

ɡɚɳɢɬɵ ɨɬ ɬɨɤɫɢɤɚɧɬɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɢɡ ɤɢɲɟɱɧɢɤɚ. Ⱦɥɢɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 

ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɫɬɢɦɭɥɢɪɭɟɬ ɝɟɩɚɬɨɰɟɥɥɸɥɹɪɧɵɣ ɧɟɤɪɨɡ ɢ ɚɩɨɩɬɨɡ, 

ɞɟɝɟɧɟɪɚɰɢɸ ɬɤɚɧɟɣ, ɜɨɫɩɚɥɟɧɢɟ ɢ ɤɚɧɰɟɪɨɝɟɧɟɡ. ɏɪɨɧɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 

ɢɨɧɨɜ ɮɬɨɪɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɜɢɬɢɹ ɜɵɡɵɜɚɟɬ ɧɚɤɨɩɥɟɧɢɟ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɜ 

ɩɟɱɟɧɢ ɢ ɢɡɦɟɧɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɇȺȾ(Ɏ)ɇ-ɡɚɜɢɫɢɦɵɯ ɮɟɪɦɟɧɬɨɜ. 
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Ⱦɥɢɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɬɨɤɫɢɱɧɨ ɞɥɹ ɩɟɱɟɧɢ ɢ ɦɨɠɟɬ 

ɜɵɡɜɚɬɶ ɧɚɪɭɲɟɧɢɹ ɟɟ ɝɨɦɟɨɫɬɚɡɚ [59]. 

Ʉɨɝɞɚ ɩɟɱɟɧɶ ɧɚɯɨɞɢɬɫɹ ɜ ɩɚɬɨɥɨɝɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɧɚɪɭɲɚɟɬɫɹ 

ɝɨɦɟɨɫɬɚɡ ɦɟɬɚɛɨɥɢɡɦɚ ɩɟɱɟɧɢ, ɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɧɚɪɭɲɟɧɢɹ ɟɳɟ ɛɨɥɶɲɟ 

ɭɫɭɝɭɛɥɹɸɬ ɡɚɛɨɥɟɜɚɧɢɟ ɩɟɱɟɧɢ [60, 69]. 

1.6 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɇȺȾ(Ɏ)ɇ – ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ 

ɇȺȾ(Ɏ)ɇ - ɡɚɜɢɫɢɦɵɟ ɞɟɝɢɞɪɨɝɟɧɚɡɵ – ɮɟɪɦɟɧɬɵ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɤ 

ɤɥɚɫɫɭ ɨɤɫɢɞɨɪɟɞɭɤɬɚɡ, ɤɨɬɨɪɵɟ ɜ ɤɚɱɟɫɬɜɟ ɤɨɮɟɪɦɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬ ɇȺȾ ɢ 

ɇȺȾɎ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɜɢɞɚ ɩɨɞɨɛɧɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ: ɚɷɪɨɛɧɵɟ ɢ 

ɚɧɚɷɪɨɛɧɵɟ. Ⱥɷɪɨɛɧɵɟ ɞɟɝɢɞɪɨɝɟɧɚɡɵ ɢɥɢ ɨɤɫɢɞɚɡɵ ɤɚɬɚɥɢɡɢɪɭɸɬ ɩɟɪɟɧɨɫ 

ɩɪɨɬɨɧɨɜ (ɷɥɟɤɬɪɨɧɨɜ) ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɤɢɫɥɨɪɨɞ. Ⱥɧɚɷɪɨɛɧɵɟ 

ɞɟɝɢɞɪɨɝɟɧɚɡɵ ɭɫɤɨɪɹɸɬ ɩɟɪɟɧɨɫ ɩɪɨɬɨɧɨɜ (ɷɥɟɤɬɪɨɧɨɜ) ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ 

ɫɭɛɫɬɪɚɬ, ɧɨ ɧɟ ɧɚ ɤɢɫɥɨɪɨɞ [15]. 

Ƚɥɸɤɨɡɨ-6-ɮɨɫɮɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ (Ƚ6ɎȾȽ, ɄɎ 1.1.1.49) ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɞɟɝɢɞɪɢɪɨɜɚɧɢɟ ɝɥɸɤɨɡɨ-6-ɮɨɫɮɚɬɚ ɢ ɤɨɮɟɪɦɟɧɬɚ ɇȺȾɎ. ɗɬɨɬ ɮɟɪɦɟɧɬ 

ɤɚɬɚɥɢɡɢɪɭɟɬ ɢɧɢɰɢɢɪɭɸɳɭɸ ɢ ɤɥɸɱɟɜɭɸ ɪɟɚɤɰɢɸ ɩɟɧɬɨɡɨɮɨɫɮɚɬɧɨɝɨ 

ɰɢɤɥɚ. 

ɍ ɱɟɥɨɜɟɤɚ ɚɤɬɢɜɧɨɫɬɶ ɩɟɧɬɨɡɨɮɨɫɮɚɬɧɨɝɨ ɰɢɤɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɚ 

ɜ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ, ɧɚɞɩɨɱɟɱɧɢɤɚɯ, ɩɟɱɟɧɢ, 

ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɟ ɜ ɩɟɪɢɨɞ ɥɚɤɬɚɰɢɢ ɢ ɜ ɷɦɛɪɢɨɧɚɥɶɧɨɣ ɬɤɚɧɢ. 

ɉɟɧɬɨɡɨɮɨɫɮɚɬɧɵɣ ɰɢɤɥ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɢɫɬɟɦɵ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ. Ɉɧ ɩɨɫɬɚɜɥɹɟɬ ɇȺȾɎɇ ɞɥɹ ɪɟɚɤɰɢɣ 

ɛɢɨɫɢɧɬɟɡɚ ɯɨɥɟɫɬɟɪɢɧɚ, ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ ɞɪ. ɉɨɱɬɢ ɧɚ 50% ɩɨɤɪɵɜɚɟɬɫɹ 

ɩɨɬɪɟɛɧɨɫɬɶ ɤɥɟɬɨɤ ɜ ɇȺȾɎɇ ɡɚ ɫɱɟɬ ɩɟɧɬɨɡɨɮɨɫɮɚɬɧɨɝɨ ɰɢɤɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɩɪɨɞɭɤɬɚɦɢ ɩɟɧɬɨɡɨɮɨɫɮɚɬɧɨɝɨ ɰɢɤɥɚ ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɟɧɬɨɡɨɮɨɫɮɚɬɵ, 

ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɟɚɤɰɢɣ ɫɢɧɬɟɡɚ ɧɟɤɨɬɨɪɵɯ ɤɨɮɟɪɦɟɧɬɨɜ ɢ ɧɭɤɥɟɢɧɨɜɵɯ 

ɤɢɫɥɨɬ [15]. 
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Ƚɥɢɰɟɪɨɥ-3-ɮɨɫɮɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ (Ƚ3ɎȾȽ, ɄɎ 1.1.1.8) ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɨɛɪɚɬɢɦɨɟ ɨɤɢɫɥɟɧɢɟ ɝɥɢɰɟɪɨ-3-ɮɨɫɮɚɬɚ ɜ ɞɢɨɤɫɢɚɰɟɬɨɧɮɨɫɮɚɬ. Ɏɟɪɦɟɧɬ 

ɡɚɧɢɦɚɟɬ ɰɟɧɬɪɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ ɪɟɚɤɰɢɹɯ ɥɢɩɢɞɧɨɝɨ ɨɛɦɟɧɚ ɢ ɭɱɚɫɬɜɭɟɬ ɜ 

ɪɚɛɨɬɟ -ɝɥɢɰɟɪɨɮɨɫɮɚɬɧɨɝɨ ɜɨɞɨɪɨɞɧɨɝɨ ɲɭɧɬɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ 

ɷɥɟɤɬɪɨɧɵ ɇȺȾɇ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɜ ɰɢɬɨɩɥɚɡɦɟ, ɫɩɨɫɨɛɧɵ ɜɤɥɸɱɚɬɶɫɹ ɜ 

ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɭɸ ɞɵɯɚɬɟɥɶɧɭɸ ɰɟɩɶ [15]. 

Ʌɚɤɬɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ (ɅȾȽ, ɄɎ 1.1.1.27) ɮɟɪɦɟɧɬ ɝɥɢɤɨɥɢɡɚ, ɤɨɬɨɪɵɣ 

ɨɛɪɚɬɢɦɨ ɤɚɬɚɥɢɡɢɪɭɟɬ ɨɤɢɫɥɟɧɢɟ ɥɚɤɬɚɬɚ ɜ ɩɢɪɭɜɚɬ ɢ ɢɫɩɨɥɶɡɭɟɬ ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɮɟɪɦɟɧɬɚ ɇȺȾ. Ⱦɚɧɧɵɣ ɮɟɪɦɟɧɬ ɡɚɧɢɦɚɟɬ ɰɟɧɬɪɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ 

ɪɟɝɭɥɹɰɢɢ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɇȺȾ/ɇȺȾH. Ⱥɧɚɷɪɨɛɧɚɹ ɪɟɚɤɰɢɹ 

ɅȾȽ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɢɡɛɵɬɤɚ ɇȺȾH ɜ ɰɢɬɨɩɥɚɡɦɟ ɅȾȽ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɩɢɪɨɜɢɧɨɝɪɚɞɧɭɸ ɤɢɫɥɨɬɭ ɞɨ ɥɚɤɬɚɬɚ, ɤɨɬɨɪɵɣ ɡɚɬɟɦ 

ɭɞɚɥɹɟɬɫɹ ɢɡ ɤɥɟɬɤɢ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɩɪɢ ɭɫɢɥɟɧɢɢ ɚɷɪɨɛɧɵɯ ɩɪɨɰɟɫɫɨɜ ɅȾȽ 

ɦɨɠɟɬ ɨɤɢɫɥɹɬɶ ɥɚɤɬɚɬ ɞɨ ɩɢɪɭɜɚɬɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɇȺȾH (ɚɷɪɨɛɧɚɹ ɪɟɚɤɰɢɹ 

ɅȾȽ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɢɪɭɜɚɬ, ɤɨɬɨɪɵɣ ɨɛɪɚɡɨɜɚɥɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɥɚɤɬɚɬɚ, 

ɩɨɫɬɭɩɚɟɬ ɧɚ ɪɟɚɤɰɢɢ ɰɢɤɥɚ ɬɪɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɱɟɪɟɡ 

ɩɢɪɭɜɚɬɞɟɝɢɞɪɨɝɟɧɚɡɧɵɣ ɤɨɦɩɥɟɤɫ [15]. 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɬɢɩɚ ɢɡɨɰɢɬɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ ɜ ɤɥɟɬɤɚɯ. HAȾ-

ɡɚɜɢɫɢɦɚɹ ɢɡɨɰɢɬɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ (ɇȺȾɂɐȾȽ, ɄɎ 1.1.1.41) ɧɚɯɨɞɢɬɫɹ 

ɬɨɥɶɤɨ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ, ɚ ɇȺȾɎ-ɡɚɜɢɫɢɦɚɹ ɢɡɨɰɢɬɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

(ɇȺȾɎɂɐȾȽ, ɄɎ1.1.1.42) ɟɫɬɶ ɤɚɤ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ, ɬɚɤ ɢ ɜ ɰɢɬɨɩɥɚɡɦɟ. 

ɇȺȾɂɐȾȽ ɨɫɭɳɟɫɬɜɥɹɟɬ ɬɪɟɬɶɸ ɪɟɚɤɰɢɸ ɜ ɰɢɤɥɟ ɬɪɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ, 

ɤɨɬɨɪɚɹ, ɹɜɥɹɟɬɫɹ ɥɢɦɢɬɢɪɭɸɳɟɣ [15]. ɇȺȾ- ɢ ɇȺȾɎ-ɡɚɜɢɫɢɦɚɹ 

ɢɡɨɰɢɬɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ ɤɨɧɬɪɨɥɢɪɭɸɬ ɦɟɬɚɛɨɥɢɡɦ ɢɡɨɰɢɬɪɚɬɚ ɜ ɐɌɄ, 

ɩɪɟɜɪɚɳɚɹ ɟɝɨ ɜ α-ɤɟɬɨɝɥɭɬɚɪɚɬ. Ⱥɤɬɢɜɧɨɫɬɶ ɇȺȾɂɐȾȽ ɨɬɪɚɠɚɟɬ ɨɛɴɟɦ 

ɫɭɛɫɬɪɚɬɧɨɝɨ ɩɨɬɨɤɚ ɩɨ ɰɢɤɥɭ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɞɟɪɠɚɧɢɟ 

ɧɟɨɛɯɨɞɢɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɇȺȾɇ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 

ɦɢɬɨɯɨɧɞɪɢɣ. ɉɪɢ ɫɧɢɠɟɧɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɭɛɫɬɪɚɬɧɨɝɨ ɩɨɬɨɤɚ ɢ 

ɧɟɞɨɫɬɚɬɤɟ ɜɨɞɨɪɨɞɚ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɦɨɠɟɬ ɜɤɥɸɱɚɬɶɫɹ ɨɞɧɚ ɢɡ 



 

27 
 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ ɰɢɤɥɚ, ɪɟɝɭɥɢɪɭɟɦɚɹ ɇȺȾɎɂɐȾȽ; ɤɨɬɨɪɚɹ 

ɤɚɬɚɥɢɡɢɪɭɟɬ ɩɪɢɬɨɤ ɜ ɰɢɤɥ ɫɭɛɫɬɪɚɬɚ ɢɡ ɰɢɬɨɡɨɥɹ ɤɥɟɬɤɢ [4, 16, 58]. 

Ƚɥɭɬɚɦɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ (ȽȾȽ) ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɤɢɫɥɢɬɟɥɶɧɨɟ 

ɞɟɡɚɦɢɧɢɪɨɜɚɧɢɟ L-ɝɥɭɬɚɦɢɧɨɜɨɣ ɤɢɫɥɨɬɵ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɮɟɪɦɟɧɬɚ 

ɝɥɭɬɚɦɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ ɢɫɩɨɥɶɡɭɟɬ ɇȺȾ (ɄɎ 1.4.1.2) ɢɥɢ ɇȺȾɎ (ɄɎ 1.4.1.4). 

Ɋɟɚɤɰɢɹ ɜɤɥɸɱɚɟɬ ɚɧɚɷɪɨɛɧɭɸ ɮɚɡɭ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɝɥɭɬɚɦɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ – ɢɦɢɧɨɝɥɭɬɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɦ ɝɢɞɪɨɥɢɡɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɦɦɢɚɤɚ ɢ -

ɤɟɬɨɝɥɭɬɚɪɨɜɨɣ ɤɢɫɥɨɬɵ. ɗɬɢ ɪɟɚɤɰɢɢ ɨɛɪɚɬɢɦɵ [15].



 

2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɟɱɟɧɶ, ɩɨɱɤɢ ɢ ɛɟɞɪɟɧɧɚɹ ɤɨɫɬɶ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɦɵɲɟɣ ɢɡ ɜɢɜɚɪɢɹ ɋɢɛɢɪɫɤɨɝɨ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ, ɤɚɮɟɞɪɵ 

ɦɟɞɢɰɢɧɫɤɨɣ ɛɢɨɥɨɝɢɢ ɢ ɥɚɛɨɪɚɬɨɪɢɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɥɟɬɨɱɧɨɣ ɮɢɡɢɨɥɨɝɢɢ ɢ 

ɩɚɬɨɥɨɝɢɢ Ƚɍ ɇɂɂ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɛɥɟɦ ɋɟɜɟɪɚ ɋɈ ɊȺɆɇ. 

ȼ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ 20 ɫɚɦɰɨɜ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ: ɨɩɵɬɧɚɹ ɝɪɭɩɩɚ – 10 ɩɨɥɨɜɨɡɪɟɥɵɯ ɦɵɲɟɣ (7 ɦɟɫɹɰɟɜ) 

ɢ ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ - 10 ɩɨɥɨɜɨɡɪɟɥɵɯ ɦɵɲɟɣ (7 ɦɟɫɹɰɟɜ). Ɉɩɵɬɧɭɸ 

ɝɪɭɩɩɭ ɜ ɬɟɱɟɧɢɟ 30 ɞɧɟɣ ɩɨɢɥɢ ɜɨɞɨɣ ɫ ɮɬɨɪɢɞɨɦ ɧɚɬɪɢɹ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 50 

ɦɝ/ɥ. Ɇɵ ɜɵɛɪɚɥɢ ɦɟɬɨɞ ɩɟɪɨɪɚɥɶɧɨɝɨ ɜɜɟɞɟɧɢɹ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ, ɬɚɤ ɤɚɤ ɨɧ 

ɨɬɪɚɠɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɦɵɲɟɣ ɢɨɧɨɜ 

ɮɬɨɪɚ ɜ ɩɢɬɶɟɜɨɣ ɜɨɞɟ ɫ ɮɬɨɪɢɞɨɦ-ɧɚɬɪɢɹ ɜ ɞɨɡɟ 50 ɦɝ/ɥ ɨɫɧɨɜɚɧɨ ɧɚ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɨɞɟɥɹɯ ɚɧɚɥɢɡɚ ɮɬɨɪ-ɬɨɤɫɢɱɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɮɮɟɤɬɚ, ɚɧɚɥɨɝɢɱɧɨɝɨ ɧɚɛɥɸɞɚɟɦɨɦɭ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ, 

ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 5 ɪɚɡ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɭ 

ɦɵɲɟɣ. ɋɨɝɥɚɫɧɨ ɷɬɨɣ ɦɨɞɟɥɢ, ɞɨɡɚ 50 ɦɝ/ɥ ɭ ɦɵɲɟɣ ɷɤɜɢɜɚɥɟɧɬɧɚ 

ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɱɟɥɨɜɟɤɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɬɨɪɚ ɜ ɩɢɬɶɟɜɨɣ ɜɨɞɟ ɜ 10 ɦɝ/ɥ [61]. 

Ɇɵɲɢ ɧɚɯɨɞɢɥɢɫɶ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɫɦɟɧɨɣ 

ɨɫɜɟɳɟɧɢɹ, ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɰɢɨɧɚ ɩɢɬɚɧɢɹ. ɍ ɜɫɟɯ ɠɢɜɨɬɧɵɯ 

ɛɵɥ ɫɜɨɛɨɞɧɵɣ ɞɨɫɬɭɩ ɤ ɩɢɳɟ ɢ ɜɨɞɟ.  

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɱɟɫɤɢɦɢ ɧɨɪɦɚɦɢ ɢ 

ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɩɨ ɪɚɛɨɬɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɠɢɜɨɬɧɵɦɢ, ɩɪɢɧɹɬɵɦɢ ɜ 

ɏɟɥɶɫɢɧɫɤɨɣ ɞɟɤɥɚɪɚɰɢɢ. 

 

 



 

29 
 

2.2 ɉɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɢɨɧɨɜ ɮɬɨɪɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɨɧɫɟɥɟɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɨɞɚ 

ɋɨɞɟɪɠɚɧɢɟ ɮɬɨɪɢɞ-ɢɨɧɚ ɨɩɪɟɞɟɥɹɥɢ ɜ ɩɟɱɟɧɢ ɢ ɩɨɱɤɚɯ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɦɵɲɟɣ. 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɨɛɪɚɡɰɵ ɫɥɟɞɭɟɬ ɩɨɞɝɨɬɨɜɢɬɶ. 

ɇɚ ɷɥɟɤɬɪɨɧɧɵɯ ɜɟɫɚɯ ɨɬɜɟɲɢɜɚɥɢ 0,2 ɝ ɨɪɝɚɧɚ, ɡɚɬɟɦ ɞɨɛɚɜɥɹɥɢ ɩɨ 1 ɦɥ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ ɢ ɨɫɬɚɜɥɹɥɢ ɜ ɯɨɥɨɞɢɥɶɧɢɤɟ ɧɚ 12 ɱɚɫɨɜ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ + ɋ. ɉɪɨɛɵ ɫɠɢɝɚɥɢ ɩɪɢ 1200 ɋ ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ.  

ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɪɇ ɩɪɨɛ ɞɨɜɨɞɢɥɢ ɞɨ 3 ɰɢɬɪɚɬɨɦ ɧɚɬɪɢɹ (1,5 Ɇ, ɪɇ=5,25). 

ɋɨɞɟɪɠɚɧɢɟ ɮɬɨɪɢɞ-ɢɨɧɚ ɜ ɩɪɨɛɚɯ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɮɬɨɪ-

ɫɟɥɟɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɢ ɜɵɪɚɠɚɥɢ ɜ ɦɝ/ɤɝ. 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɢ ɷɤɫɩɪɟɫɫɧɵɦ ɫɩɨɫɨɛɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɢɨɧɨɜ ɮɬɨɪɚ 

ɜ ɜɨɞɟ ɹɜɥɹɟɬɫɹ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɢɨɧɨɫɟɥɟɤɬɢɜɧɵɯ ɷɥɟɤɬɪɨɞɨɜ. ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɡɦɟɪɟɧɢɢ 

ɩɨɬɟɧɰɢɚɥɚ ɷɥɟɤɬɪɨɞɧɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɮɬɨɪɢɞ-

ɫɟɥɟɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɨɞɚ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɤ ɢɨɧɚɦ ɮɬɨɪɚ, ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 

ɯɥɨɪɫɟɪɟɛɪɹɧɨɝɨ ɷɥɟɤɬɪɨɞɚ. Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɫɨɞɟɪɠɚɧɢɟ ɢɨɧɨɜ 

ɮɬɨɪɚ ɜ ɜɨɞɟ ɜ ɞɢɚɩɚɡɨɧɟ 0,19–190 ɦɝ/ɥ ɞɚɠɟ ɜ ɦɭɬɧɵɯ ɢ ɨɤɪɚɲɟɧɧɵɯ ɩɪɨɛɚɯ 

ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɂɨɧɵ Ⱥ13+ ɢ Fe3+ ɨɤɚɡɵɜɚɸɬ ɦɟɲɚɸɳɟɟ 

ɞɟɣɫɬɜɢɟ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɮɬɨɪɢɞ-ɢɨɧɨɜ, ɬ. ɤ. ɫɜɹɡɵɜɚɸɬ ɢɨɧɵ ɮɬɨɪɚ ɜ 

ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɟɞɢɧɟɧɢɟ. ɉɨɷɬɨɦɭ ɜ ɫɨɫɬɚɜ ɛɭɮɟɪɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɛɳɟɣ 

ɢɨɧɧɨɣ ɫɢɥɵ ɞɨɛɚɜɥɹɸɬ ɰɢɬɪɚɬ ɧɚɬɪɢɹ, ɤɨɬɨɪɵɣ ɜɵɬɟɫɧɹɟɬ ɮɬɨɪɢɞ-ɢɨɧɵ ɢɡ 

ɢɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɦɟɬɚɥɥɚɦɢ. 

Ɏɬɨɪɢɞɧɵɣ ɷɥɟɤɬɪɨɞ ɢɦɟɟɬ ɮɨɪɦɭ ɰɢɥɢɧɞɪɚ ɢ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ, 

ɢɨɧɨɫɟɥɟɤɬɢɜɧɨɣ ɦɟɦɛɪɚɧɵ ɢ ɤɨɧɬɚɤɬɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɞɚ. Ⱥɤɬɢɜɧɨɣ 

ɱɚɫɬɶɸ ɷɥɟɤɬɪɨɞɚ ɹɜɥɹɟɬɫɹ ɦɟɦɛɪɚɧɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɦɨɧɨɤɪɢɫɬɚɥɥ 

ɮɬɨɪɢɞɚ ɥɚɧɬɚɧɚ ɫ ɞɨɛɚɜɤɨɣ ɮɬɨɪɢɞɚ ɟɜɪɨɩɢɹ [36]. 
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɬɨɪɢɞ-ɢɨɧɨɜ ɜ ɩɪɨɛɟ ɜ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 

ɫɬɚɤɚɧɱɢɤ ɩɨɦɟɳɚɸɬ ɩɪɨɛɭ ɢ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ (58,45 ɝ NaCl, 0,357 ɝ 

ɰɢɬɪɚɬɚ ɧɚɬɪɢɹ (Na3C6H5O7•5H2O), 102,06 ɝ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ 

(CH3COONa•3H2O) ɢ 14,4 ɦɥ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1. 

ɋɬɚɤɚɧɱɢɤ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɦɚɝɧɢɬɧɭɸ ɦɟɲɚɥɤɭ ɢ ɩɨɝɪɭɠɚɸɬ ɜ ɪɚɫɬɜɨɪ 

ɷɥɟɤɬɪɨɞɵ. ɑɟɪɟɡ 1 ɦɢɧɭɬɭ ɡɚɩɢɫɵɜɚɸɬ ɩɨɤɚɡɚɧɢɹ ɩɪɢɛɨɪɚ - ɪɚɡɧɨɫɬɶ 

ɷɥɟɤɬɪɨɞɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ȿ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɪɚɫɬɜɨɪɟ. ɉɨ ɤɚɥɢɛɪɨɜɨɱɧɨɦɭ 

ɝɪɚɮɢɤɭ ɧɚɯɨɞɹɬ lg CF, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɡɦɟɪɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɪɚɡɧɨɫɬɢ 

ɷɥɟɤɬɪɨɞɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɤɪɢɜɨɣ ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 

ɪɚɡɛɚɜɥɟɧɢɹ ɢɡ ɨɫɧɨɜɧɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ ɝɨɬɨɜɹɬ 

ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɪɚɫɬɜɨɪɵ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɮɬɨɪɢɞɨɜ 10-2; 10-3; 10-4; 10-5; 10-6 

Ɇ. 

ȼɵɩɨɥɧɟɧɢɟ ɢɡɦɟɪɟɧɢɣ ɨɫɧɨɜɚɧɨ ɧɚ ɢɡɦɟɧɟɧɢɢ ɩɨɬɟɧɰɢɚɥɚ 

ɢɨɧɫɟɥɟɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɤɬɢɜɧɨɫɬɢ ɮɬɨɪɢɞ-ɢɨɧɨɜ ɜ 

ɪɚɫɬɜɨɪɟ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɹɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ - 

ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ, ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ ɜ ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɪɚɫɬɜɨɪɟ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɇ ɢ ɢɨɧɧɨɣ ɫɢɥɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɝɪɚɞɭɢɪɨɜɚɬɶ 

ɩɪɢɛɨɪ ɜ ɟɞɢɧɢɰɚɯ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɚ ɧɟ ɚɤɬɢɜɧɨɫɬɢ ɮɬɨɪɢɞ-ɢɨɧɨɜ. 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɮɬɨɪɢɞɨɜ ɜ ɩɪɨɛɟ ɧɚɯɨɞɹɬ, ɢɫɯɨɞɹ ɢɡ ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ ɷɥɟɤɬɪɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɬ ɡɧɚɱɟɧɢɹ ɨɛɪɚɬɧɨɝɨ 

ɥɨɝɚɪɢɮɦɚ ɚɤɬɢɜɧɨɫɬɢ (ɤɨɧɰɟɧɬɪɚɰɢɢ) ɮɬɨɪɢɞ-ɢɨɧɨɜ (pF). ɉɨɬɟɧɰɢɚɥ 

ɢɨɧɨɫɟɥɟɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ 

ɮɬɨɪɢɞ-ɢɨɧɨɜ. Ɏɬɨɪɢɞɵ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜɨ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜɚɯ, ɥɢɛɨ 

ɫɜɹɡɚɧɧɵɟ ɜ ɩɪɨɱɧɵɟ ɤɨɦɩɥɟɤɫɵ ɧɟ ɜɥɢɹɸɬ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɬɟɧɰɢɚɥɚ 

ɷɥɟɤɬɪɨɞɚ [34]. 
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2.3 Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɇȺȾ(Ɏ)-

ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɜ ɝɨɦɨɝɟɧɚɬɟ ɩɟɱɟɧɢ ɢ ɩɨɱɤɚɯ 

ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɬɤɚɧɢ ɧɭɦɟɪɨɜɚɥɢ ɢ ɡɚɦɨɪɚɠɢɜɚɥɢ. ɉɟɪɟɞ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɬɤɚɧɟɣ 

ɪɚɡɦɨɪɚɠɢɜɚɥɢ ɢ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɥɢ. Ƚɨɦɨɝɟɧɢɡɚɰɢɸ ɨɫɭɳɟɫɬɜɥɹɥɢ ɪɭɱɧɵɦ 

ɝɨɦɨɝɟɧɢɡɚɬɨɪɨɦ ɜ ɬɟɱɟɧɢɢ 10 ɦɢɧ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɛɢɞɢɫɬɢɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, 

ɩɨɥɭɱɟɧɧɵɣ ɝɨɦɨɝɟɧɚɬ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɩɪɢ 400 g ɜ ɬɟɱɟɧɢɢ 10 ɦɢɧ. 

ɋɭɩɟɪɧɚɬɚɧɬ ɩɪɨɩɭɫɤɚɥɫɹ ɱɟɪɟɡ ɦɚɪɥɟɜɵɣ ɮɢɥɶɬɪ, ɩɨɥɭɱɟɧɧɵɣ ɝɨɦɨɝɟɧɚɬ 

ɡɚɦɨɪɚɠɢɜɚɥɢ. ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ 

ɚɧɚɥɢɡɚ. 

Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ 

ɞɟɝɢɞɪɨɝɟɧɚɡ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɦɟɬɨɞɢɤɚɦ [37]. Ⱦɥɹ ɷɬɨɝɨ 

ɝɨɦɨɝɟɧɚɬ ɨɪɝɚɧɚ (ɪɚɡɜɟɞɟɧɢɟ ɜ 16 ɪɚɡ). ɉɨɫɥɟ ɨɞɧɨɤɪɚɬɧɨɝɨ ɡɚɦɨɪɚɠɢɜɚɧɢɹ-

ɪɚɡɦɨɪɚɠɢɜɚɧɢɹ ɨɪɝɚɧ ɪɚɡɪɭɲɚɥɢ ɩɭɬɟɦ ɨɫɦɨɬɢɱɟɫɤɨɝɨ ɥɢɡɢɫɚ ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ (1:5 ɩɨ ɨɛɴɟɦɭ) ɢ 1,0–2,0 ɦɆ 

ɞɢɬɢɨɬɪɟɢɬɨɥɚ. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ. Ⱦɥɹ ɷɬɨɝɨ ɜ 150 ɦɤɥ 

ɢɧɤɭɛɚɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɟɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɭɛɫɬɪɚɬ ɢ ɤɨɮɚɤɬɨɪ, 

ɜɧɨɫɢɥɢ 50 ɦɤɥ ɫɭɫɩɟɧɡɢɢ ɝɨɦɨɝɟɧɚɬɚ. Ʉɨɧɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɫɭɛɫɬɪɚɬɨɜ ɢ ɤɨɮɚɤɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɪɇ ɫɪɟɞɵ ɞɥɹ ɨɩɪɟɞɟɥɹɟɦɵɯ ɮɟɪɦɟɧɬɨɜ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. Ʉɪɨɦɟ ɬɨɝɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 

ɢɧɤɭɛɚɰɢɨɧɧɭɸ ɫɦɟɫɶ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɇȺȾɎɂɐȾȽ ɢ ɇȺȾɂɐȾȽ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɞɨɛɚɜɥɹɥɢ ȺȾɎ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 2,15 ɢ 1,3 ɦɆ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɫɪɟɞɭ ɢɧɤɭɛɚɰɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜɧɟɣ ɇȺȾɇȽȾȽ ɢ 

ɇȺȾɎɇȽȾȽ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɧɨɫɢɥɢ NH4Cl ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 5,0 ɦɆ, ɚ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ȽɊ – ɗȾɌȺ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,5 ɦɆ. 

ɉɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɢɫɫɥɟɞɭɟɦɵɯ ɩɪɨɛ ɩɪɢ 37ɨɋ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧɭɬ (ɞɥɹ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɣ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɇȺȾ(Ɏ)+) ɢɥɢ 5 ɦɢɧɭɬ (ɞɥɹ 
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ɪɟɚɤɰɢɣ ɫ ɨɤɢɫɥɟɧɢɟɦ ɇȺȾ(Ɏ)ɇ) ɤ 200 ɦɤɥ ɩɪɨɛɵ ɞɨɛɚɜɥɹɥɢ 50 ɦɤɥ 

ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ (ɎɆɇ) ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 1,5ɯ10-5Ɇ, 50 ɦɤɥ 0,0005% 

ɦɢɪɢɫɬɢɧɨɜɨɝɨ ɚɥɶɞɟɝɢɞɚ ɢ 10 ɦɤɥ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɇȺȾ(Ɏ)ɇ: 

ɎɆɇɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ (ɜɫɟ ɪɟɚɤɬɢɜɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ 

ɫɢɫɬɟɦɵ ɪɚɡɜɟɞɟɧɵ ɜ 0,1 Ɇ Ʉ+, Na+-ɮɨɫɮɚɬɧɨɦ ɛɭɮɟɪɟ ɫ ɪɇ 7,0).  

ɉɨɫɥɟ ɫɦɟɲɢɜɚɧɢɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɚɤɬɢɜɨɜ ɢ ɢɧɤɭɛɚɰɢɨɧɧɨɣ 

ɩɪɨɛɵ ɫ ɩɨɦɨɳɶɸ ɛɢɨɥɸɦɢɧɨɦɟɬɪɚ “ȻɅɆ-8803” (ɫɤɨɧɫɬɪɭɢɪɨɜɚɧ ɜ ɋɄɌȻ 

“ɇɚɭɤɚ”, ɝ. Ʉɪɚɫɧɨɹɪɫɤ) ɩɪɨɢɡɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɟ ɫɜɟɱɟɧɢɹ. 

Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ ɫɢɫɬɟɦɚ ɇȺȾ(Ɏ)ɇ: ɎɆɇ-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-

ɥɸɰɢɮɟɪɚɡɚ ɢɡɝɨɬɨɜɥɟɧɚ ɢɡ ɨɱɢɳɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɢɨɧɨɨɛɦɟɧɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɢ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ ɥɸɰɢɮɟɪɚɡɵ ɢɡ Photobacterium leiognathid 

ɢ ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɢɡ Vibrio fishery ɜ ɂɧɫɬɢɬɭɬɟ ɛɢɨɮɢɡɢɤɢ ɋɈ ɊȺɇ ɝ. 

Ʉɪɚɫɧɨɹɪɫɤɚ. ɇɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɪɚɡɪɭɲɟɧɧɵɯ ɤɥɟɬɤɚɯ ɩɪɢɫɭɬɫɬɜɭɟɬ 

ɧɟɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɭɛɫɬɪɚɬɚ ɞɥɹ ɪɚɛɨɬɵ ɢɫɫɥɟɞɭɟɦɵɯ ɮɟɪɦɟɧɬɨɜ. ɉɨɷɬɨɦɭ 

ɦɵ ɨɩɪɟɞɟɥɹɥɢ ɩɨɤɚɡɚɬɟɥɢ, ɧɚɡɜɚɧɧɵɟ «ɫɭɛɫɬɪɚɬɧɵɣ ɮɨɧ ɮɟɪɦɟɧɬɨɜ» [36]. 

Ɉɩɪɟɞɟɥɹɥɢ ɩɪɢ ɬɚɤɢɯ ɠɟ ɭɫɥɨɜɢɹɯ, ɱɬɨ ɢ ɞɥɹ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ 

ɞɟɝɢɞɪɨɝɟɧɚɡ, ɨɞɧɚɤɨ ɜ ɢɧɤɭɛɚɰɢɨɧɧɭɸ ɩɪɨɛɭ ɜɦɟɫɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɫɭɛɫɬɪɚɬɚ ɞɨɛɚɜɥɹɥɢ ɛɭɮɟɪ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɪɟɧɢɹ ɫɜɟɱɟɧɢɹ ɧɚ 

ɛɢɨɥɸɦɢɧɨɦɟɬɪɟ ɩɨɥɭɱɚɟɦ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ 

ɢɫɫɥɟɞɭɟɦɵɯ ɮɟɪɦɟɧɬɨɜ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ ɚɤɬɢɜɧɨɫɬɢ 

ɧɭɠɧɨ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɇȺȾ(Ɏ)ɇ (ɤɚɥɢɛɪɨɜɨɱɧɵɣ ɝɪɚɮɢɤ). Ⱦɥɹ ɷɬɨɝɨ 200 ɦɤɥ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɇȺȾ(Ɏ)ɇ ɜ ɞɢɚɩɚɡɨɧɟ 10–9–10-4 Ɇ ɜɧɨɫɢɥɢ ɜ ɤɸɜɟɬɭ 

ɛɢɨɥɸɦɢɧɨɦɟɬɪɚ, ɫɨɞɟɪɠɚɳɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɪɟɚɤɬɢɜɵ ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɢɡɦɟɪɟɧɢɟ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ. ȼ ɫɜɹɡɢ ɫ ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ ɪɇ 

ɛɭɮɟɪɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɝɢɞɪɨɝɟɧɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɚ 
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ɬɚɤɠɟ ɪɇ-ɡɚɜɢɫɢɦɨɫɬɶɸ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɫɢɫɬɟɦɵ, 

ɤɚɥɢɛɪɨɜɨɱɧɵɟ ɝɪɚɮɢɤɢ ɫɬɪɨɢɥɢɫɶ ɞɥɹ ɤɚɠɞɨɝɨ ɪɇ ɛɭɮɟɪɚ [37, 48]. 

Ɍɚɛɥɢɰɚ 2 - Ʉɨɧɰɟɧɬɪɚɰɢɹ ɫɭɛɫɬɪɚɬɨɜ, ɤɨɮɚɤɬɨɪɨɜ ɢ ɩɨɤɚɡɚɬɟɥɢ ɪɇ ɫɪɟɞɵ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɜ ɝɨɦɨɝɟɧɚɬɟ 

ɩɟɱɟɧɢ ɢ ɩɨɱɟɤ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɦ ɦɟɬɨɞɨɦ 

Ɏɟɪɦɟɧɬ ɋɭɛɫɬɪɚɬ – ɦɆ Ʉɨɮɚɤɬɨɪ – ɦɆ ɪɇ ɛɭɮɟɪɚ 

Ƚ6ɎȾȽ Ƚ6Ɏ – 1,5 ɇȺȾɎ – 0,025 9,8 

Ƚ3ɎȾȽ Ƚ3Ɏ – 0,5 ɇȺȾ – 0,35 9,8 

ɅȾȽ Ʌɚɤɬɚɬ – 2,0 ɇȺȾ – 0,50 9,0 

ɆȾȽ Ɇɚɥɚɬ – 2,0 ɇȺȾ – 2,50 9,8 

ɇȺȾɎɆȾȽ Ɇɚɥɚɬ – 7,5 ɇȺȾɎ – 0,375 9,8 

ɇȺȾɎȽȾȽ Ƚɥɭɬɚɦɚɬ – 0,5 ɇȺȾɎ – 1,65 9,8 

ɇȺȾȽȾȽ Ƚɥɭɬɚɦɚɬ – 8,7 ɇȺȾ – 8,10 9,8 

ɇȺȾɂɐȾȽ ɂɡɨɰɢɬɪɚɬ – 5,0 ɇȺȾ – 5,0 7,8 

ɇȺȾɎɂɐȾȽ ɂɡɨɰɢɬɪɚɬ – 1,375 ɇȺȾɎ – 0,075 7,4 

ɇȺȾɇɅȾȽ ɉɢɪɭɜɚɬ – 0,25 ɇȺȾɇ – 0,005 7,0 

ɇȺȾɇɆȾȽ Ɉɤɫɚɥɨɚɰɟɬɚɬ – 0,5 ɇȺȾɇ – 0,005 7,0 

ȽɊ GSH – 0,5 ɇȺȾɎɇ – 0,0025 7,4 

ɇȺȾɎɇȽȾȽ Ɉɤɫɨɝɥɭɬɚɪɚɬ – 100 ɇȺȾɎɇ – 0,0025 7,4 

ɇȺȾɇȽȾȽ Ɉɤɫɨɝɥɭɬɚɪɚɬ – 100 ɇȺȾɇ – 0,0025 7,0 

ɉɪɢɦɟɱɚɧɢɟ: ɫɪɟɞɵ ɫ ɪɇ 9,0 ɢ 9,8 ɩɨɞɝɨɬɨɜɢɥɢ ɧɚ Ɍɪɢɫ-HCl ɛɭɮɟɪɟ; ɫ 

ɪɇ 7,0, 7,4 ɢ 7,8 – ɧɚ Ʉ+, Na+-ɮɨɫɮɚɬɧɨɦ ɛɭɮɟɪɟ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ 

ɮɨɪɦɭɥɟ:  , ɝɞɟ:  

Ⱥ – ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ; 

[C] – ɪɚɡɧɢɰɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɇȺȾ(Ɏ)ɇ ɜ ɩɪɨɛɚɯ “ɮɟɪɦɟɧɬ” ɢ “ɮɨɧ 

ɮɟɪɦɟɧɬɚ”; 
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V – ɨɛɴɟɦ ɩɪɨɛɵ ɜ ɦɢɥɥɢɥɢɬɪɚɯ;  

Ɍ – ɜɪɟɦɹ ɢɧɤɭɛɚɰɢɢ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɜɵɪɚɠɚɥɢ ɜ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɟɞɢɧɢɰɚɯ ɧɚ 104 ɤɥɟɬɨɤ, ɝɞɟ 1 ȿ=1 ɦɤɦɨɥɶ/ɦɢɧ [39]. 

Ⱥɤɬɢɜɧɨɫɬɶ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɢɡ ɝɨɦɨɝɟɧɚɬɚ ɩɟɱɟɧɢ ɜ 

ɩɟɪɟɫɱɟɬɟ ɧɚ ɛɟɥɨɤ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ: ,             

ɝɞɟ: 

 Ⱥ(ɛɟɥ.) –  ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɛɟɥɨɤ; 

Ⱥ – ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ; 

ɋ ɛɟɥ  – ɤɨɥɢɱɟɫɬɜɨ ɛɟɥɤɚ ɜ ɩɪɨɛɟ [48]. 

2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɛɳɟɝɨ ɛɟɥɤɚ ɜ ɝɨɦɨɝɟɧɚɬɟ ɩɟɱɟɧɢ ɢ 

ɩɨɱɤɚɯ 

ɋɨɞɟɪɠɚɧɢɟ ɛɟɥɤɚ ɨɩɪɟɞɟɥɹɸɬ ɛɢɭɪɟɬɨɜɵɦ ɦɟɬɨɞɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɟɚɤɬɢɜɨɜ ɮɢɪɦɵ «Ⱥɝɚɬ-Ɇɟɞ». 

Ɍɚɛɥɢɰɚ 3 - ɋɯɟɦɚ ɜɧɟɫɟɧɢɹ ɪɟɚɤɬɢɜɨɜ ɜ ɩɪɨɛɢɪɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɳɟɝɨ 

ɛɟɥɤɚ ɜ ɝɨɦɨɝɟɧɚɬɟ ɩɟɱɟɧɢ ɢ ɩɨɱɟɤ 

Ɉɬɦɟɪɢɬɶ, ɦɥ Ɉɩɵɬɧɚɹ ɩɪɨɛɚ 
Ʉɚɥɢɛɪɨɜɚɱɧɚɹ 

ɩɪɨɛɚ Ʉɨɧɬɪɨɥɶɧɚɹ ɩɪɨɛɚ 

Ƚɨɦɨɝɟɧɚɬ 0,10 - - 
Ʉɚɥɢɛɪɨɜɨɱɧɵɣ 
ɪɚɫɬɜɨɪ ɨɛɳɟɝɨ 
ɛɟɥɤɚ 

- 0,10 - 

ȼɨɞɚ 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ 

- - 0,10 

Ɋɚɛɨɱɢɣ ɪɚɫɬɜɨɪ 
ɛɢɭɪɟɬɨɜɨɝɨ 
ɪɟɚɝɟɧɬɚ 

5,00 5,00 5,00 

 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ: ɢɨɧɵ ɦɟɞɢ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ 

ɩɟɩɬɢɞɧɵɦɢ ɫɜɹɡɹɦɢ ɛɟɥɤɨɜ ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɚ 

ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɤɪɚɫɤɢ ɤɨɬɨɪɨɝɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɛɳɟɝɨ ɛɟɥɤɚ ɢ ɢɡɦɟɪɹɟɬɫɹ ɮɨɬɨɦɟɬɪɢɱɟɫɤɢ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 
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540 (500–560) ɧɦ [47].ȼ ɩɪɨɛɢɪɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɫɬɢ ɪɟɚɤɬɢɜɵ ɩɨ ɫɯɟɦɟ 

ɭɤɚɡɚɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 3. 

ɋɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɨɤ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɬɶ, ɢɡɛɟɝɚɹ ɨɛɪɚɡɨɜɚɧɢɹ 

ɩɟɧɵ,  ɢɧɤɭɛɢɪɨɜɚɬɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (+18–25° ɋ) ɜ ɬɟɱɟɧɢɟ 30 

ɦɢɧɭɬ, ɩɨɫɥɟ ɱɟɝɨ ɢɡɦɟɪɢɬɶ ɜɟɥɢɱɢɧɭ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɤɚɥɢɛɪɨɜɨɱɧɨɣ 

ɢ ɨɩɵɬɧɵɯ ɩɪɨɛ ɩɪɨɬɢɜ ɤɨɧɬɪɨɥɶɧɨɣ (ɯɨɥɨɫɬɨɣ) ɩɪɨɛɵ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 540 

(500–560) ɧɦ ɜ ɤɸɜɟɬɟ ɫ ɬɨɥɳɢɧɨɣ ɩɨɝɥɨɳɚɸɳɟɝɨ ɫɜɟɬ ɫɥɨɹ 1 ɫɦ. 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɨɛɳɟɝɨ ɛɟɥɤɚ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ: 

, 

ɝɞɟ: ɋ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɛɳɟɝɨ ɛɟɥɤɚ ɜ ɨɩɵɬɧɨɣ ɩɪɨɛɟ, ɝ/ɥ; 

Eɨ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ, ɟɞ.ɨɩɬ.ɩɥɨɬɧ.;  

Eɤ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɩɪɨɛɵ, ɟɞ.ɨɩɬ.ɩɥɨɬɧ.; 

60 – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɛɳɟɝɨ ɛɟɥɤɚ ɜ ɤɚɥɢɛɪɨɜɨɱɧɨɦ ɪɚɫɬɜɨɪɟ, ɝ/ɥ [36, 37]. 

2.6 ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɩɚɤɟɬɟ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ MS Excel 

ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɛɚɡɚ ɞɚɧɧɵɯ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɨɜ 

ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ SPSS 8,0 ɢ “Statistica 7,0” ɩɪɨɢɡɜɨɞɢɥɫɹ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. Ⱦɥɹ ɜɫɟɯ ɞɚɧɧɵɯ ɨɩɪɟɞɟɥɹɥɢ ɦɟɞɢɚɧɭ (Ɇɟ) ɢ 

ɢɧɬɟɪɤɜɚɪɬɚɥɶɧɵɣ ɪɚɡɛɪɨɫ ɜ ɜɢɞɟ ɩɨɞɫɱɟɬɚ 25- (ɋ25) ɢ 75-ɩɟɪɰɟɧɬɢɥɟɣ (ɋ75). 

ɉɪɨɜɟɪɤɭ ɝɢɩɨɬɟɡɵ ɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɞɜɭɯ ɜɵɛɨɪɨɤ ɩɪɨɜɨɞɢɥɢ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɹ Ɇɚɧɧɚ-ɍɢɬɧɢ. Ɋɚɡɥɢɱɢɹ 

ɫɱɢɬɚɥɢɫɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɦɢ ɩɪɢ ɪ ≤ 0.05 [13].  

Ɋɟɡɭɥɶɬɚɬɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɵ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɝɪɚɮɢɤɚɯ. 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɹ 

3.1 Ⱥɧɚɥɢɡ ɫɨɞɟɪɠɚɧɢɹ ɮɬɨɪɢɞ-ɢɨɧɨɜ ɜ ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ, ɩɟɱɟɧɢ ɢ 

ɩɨɱɤɚɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ 

[ɢɡɴɹɬɨ 2 ɫɬɪɚɧɢɰɵ] 

3.2 Ⱥɤɬɢɜɧɨɫɬɶ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɜ ɝɨɦɨɝɟɧɚɬɟ 

ɩɟɱɟɧɢ  

[ɢɡɴɹɬɨ 7 ɫɬɪɚɧɢɰ] 

3.3 Ⱥɤɬɢɜɧɨɫɬɶ ɇȺȾ(Ɏ)-ɡɚɜɢɫɢɦɵɯ ɞɟɝɢɞɪɨɝɟɧɚɡ ɜ ɝɨɦɨɝɟɧɚɬɟ 

ɩɨɱɟɤ  

[ɢɡɴɹɬɨ 5 ɫɬɪɚɧɢɰ] 

ɁȺɄɅɘɑȿɇɂȿ 

1. Ɉɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɮɬɨɪɚ ɜ 3,8 

ɪɚɡɚ ɜ ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ, ɜ 2,8 ɪɚɡɚ ɩɟɱɟɧɢ ɢ ɜ 1,6 ɪɚɡ ɩɨɱɤɚɯ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɝɪɭɩɩɨɣ ɤɨɧɬɪɨɥɹ. 

2. ȼ ɝɨɦɨɝɟɧɚɬɟ ɩɟɱɟɧɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɮɬɨɪɢɫɬɨɣ 

ɢɧɬɨɤɫɢɤɚɰɢɢ ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɩɨɜɵɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ Ƚ6ɎȾȽ 

ɢ ȽɊ ɢ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɅȾȽ, ɇȺȾɎȽȾȽ, ɇȺȾȽȾȽ ɢ ɇȺȾɂɐȾȽ. 

3. ȼ ɝɨɦɨɝɟɧɚɬɟ ɩɨɱɟɤ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɟɣ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɮɬɨɪɢɫɬɨɣ 

ɢɧɬɨɤɫɢɤɚɰɢɢ ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɩɨɜɵɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ Ƚ6ɎȾȽ, 

Ƚ3ɎȾȽ, ɆȾȽ, ɇȺȾɎɂɐȾȽ ɢ ɇȺȾɎɆȾȽ, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɅȾȽ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

ȺɎɄ – ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ 

ȺɌɎ – ɚɞɟɧɨɡɢɧ-5’-ɬɪɢɮɨɫɮɚɬ 

ȺȾɎ– ɚɞɟɧɨɡɢɧ-5’-ɞɢɮɨɫɮɚɬ 

Ƚ3ɎȾȽ – ɝɥɢɰɟɪɨɥ-3-ɮɨɫɮɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

Ƚ6ɎȾȽ – ɝɥɸɤɨɡɨ-6-ɮɨɫɮɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

ȽȾȽ – ɝɥɭɬɚɦɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

ȽɊ – ɝɥɭɬɚɬɢɨɧɪɟɞɭɤɬɚɡɚ 

ɅȾȽ – ɥɚɤɬɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

ɆȾȽ–ɦɚɥɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

ɇȺȾ+ – ɧɢɤɨɬɢɚɦɢɞɚɞɟɧɢɧɞɢɧɭɤɥɟɨɬɢɞ ɨɤɢɫɥɟɧɧɵɣ 

ɇȺȾɇ –ɧɢɤɨɬɢɧɚɦɢɞɚɞɟɧɢɧɞɢɧɭɤɥɟɨɬɢɞ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ 

ɇȺȾɎ+– ɧɢɤɨɬɢɧɚɦɢɞɚɞɟɧɢɧɞɢɧɭɤɥɟɨɬɢɞɮɨɫɮɚɬ ɨɤɢɫɥɟɧɧɵɣ 

ɇȺȾȽȾȽ–ɇȺȾ-ɡɚɜɢɫɢɦɚɹ ɝɥɭɬɚɦɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

ɇȺȾɂɐȾȽ – ɇȺȾ-ɡɚɜɢɫɢɦɚɹɢɡɨɰɟɧɬɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

ɇȺȾɎɂɐȾȽ – ɇȺȾɎ-ɡɚɜɢɫɢɦɚɹ ɢɡɨɰɟɬɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ 

ɇȺȾɎɆȾȽ– ɇȺȾɎ-ɞɟɤɚɪɛɨɤɫɢɥɢɪɭɸɳɚɹɦɚɥɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ (ɦɚɥɢɤ-

ɮɟɪɦɟɧɬ) 

ɇȺȾɎȽȾȽ – ɇȺȾɎ-ɡɚɜɢɫɢɦɚɹ ɝɥɭɬɚɦɚɬɞɟɝɢɪɨɝɟɧɚɡɵ 

ɇȺȾɇȽȾȽ – ɇȺȾɇ-ɡɚɜɢɫɢɦɚɹ ɪɟɚɤɰɢɹ ɝɥɭɬɚɦɚɬɞɟɝɢɪɨɝɟɧɚɡɵ 

ɇȺȾɇɆȾȽ – ɇȺȾɇ-ɡɚɜɢɫɢɦɚɹ ɪɟɚɤɰɢɹ ɦɚɥɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ 

ɇȺȾɎɇȽȾȽ– ɇȺȾɎ-ɡɚɜɢɫɢɦɚɹ ɪɟɚɤɰɢɹ ɝɥɭɬɚɦɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ 

ɇȺȾɎɇ–ɧɢɤɨɬɢɚɦɢɞɚɞɟɧɢɧɞɢɧɭɤɥɟɨɬɢɞɮɨɫɮɚɬ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ 

ɉȾɄ – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɐɌɄ – ɰɢɤɥ ɬɪɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ  
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