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Аɧɧɨɬɚɰɢя 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɵɯ ɧɚɧɨ 

- ɢ ɦɢɤɪɨɧɨɫɢɬɟɥɟɣ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɧɚɩɪɚɜɥɟɧɧɨɝɨ 

ɢɥɢ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɝɨ ɞɟɣɫɬɜɢɹ.ȼɚɠɧɨ, ɱɬɨɛɵ ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɛɵɥɢ 

ɧɟɬɨɤɫɢɱɧɵ ɞɥɹ ɨɪɝɚɧɢɡɦɚ ɢ ɛɢɨɪɚɡɪɭɲɚɟɦɵ. ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ – ɷɬɨ 

ɩɨɥɢɷɮɢɪɵ ɚɥɤɚɧɨɜɵɯ ɤɢɫɥɨɬ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ,ɛɥɚɝɨɞɚɪɹ 

ɫɜɨɢɦ ɯɨɪɨɲɢɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ, ɉȽȺ ɹɜɥɹɸɬɫɹ ɯɨɪɨɲɢɦɢ 

ɤɚɧɞɢɞɚɬɚɦɢ ɜ ɤɚɱɟɫɬɜɟ ɦɢɤɪɨ - ɢ ɧɚɧɨɱɚɫɬɢɰ – ɧɨɫɢɬɟɥɟɣ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ.ȼ  

ɪɚɛɨɬɟ ɛɵɥɢ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɦɢɤɪɨ- ɢ ɧɚɧɨɱɚɫɬɢɰɵɢɡ ɉȽȺɞɜɭɦɹ ɦɟɬɨɞɚɦɢ. 

ɉɨɞɯɨɞ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɡɹɬɵ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ, ɫ 

ɩɚɪɚɥɥɟɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɧɵɯɦɨɞɢɮɢɤɚɰɢɣ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɚ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɭɦɟɧɶɲɟɧɢɹ ɟɝɨ ɢɫɯɨɞɧɨɝɨ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ, ɞɥɹ ɩɪɢɦɟɧɢɦɨɫɬɢ ɜ 

ɮɚɪɦɚɰɟɜɬɢɤɟ, ɪɚɫɲɢɪɹɟɬ ɫɩɟɤɬɪ ɩɨɥɭɱɚɟɦɵɯ ɩɪɨɞɭɤɬɨɜ. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚɉ(3ȽȻ) ɩɪɨɜɨɞɢɥɢ ɪɟɚɤɰɢɢ 

ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɨɪɝɢɞɪɢɞɚ ɧɚɬɪɢɹ, ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ, ɚ 

ɬɚɤɠɟ ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɢɡ «ɨɛɥɟɝɱɟɧɧɵɯ» 

ɨɛɪɚɡɰɨɜ ɉ(3ȽȻ) ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɚɦɟɬɨɞɚ: ɨɞɧɨɷɬɚɩɧɨɝɨ ɷɦɭɥɶɝɢɪɨɜɚɧɢɹ 

ɢ ɦɟɬɨɞ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜɦɨɠɧɨ 

ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɬɶ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɉȽȺ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɥɢɹɟɬ ɧɚ 

ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ.  ȼɵɛɨɪ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, 

ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɢɯɫɜɨɣɫɬɜɚ, ɚ ɢɦɟɧɧɨ - ɧɚ ɪɚɡɦɟɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɡɧɚɱɟɧɢɟ ɷɥɟɤɬɪɨɤɢɧɟɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢ ɜɵɯɨɞ. 

ȼ ɢɬɨɝɟ  ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɚ ɫɟɪɢɹ ɧɚɧɨ – ɢ ɦɢɤɪɨɱɚɫɬɢɰ ɯɨɪɨɲɟɝɨ ɤɚɱɟɫɬɜɚ 

ɷɦɭɥɶɫɢɨɧɧɵɦ ɦɟɬɨɞɨɦ, ɪɚɡɦɟɪɚɦɢ ɨɬ 250 ɧɦ ɞɨ 2700 ɧɦ, ɢ ɦɟɬɨɞɨɦ 

ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹ, ɪɚɡɦɟɪɚɦɢɨɬ 40 ɧɦ ɞɨ 1100 ɧɦ. ɉɪɢɦɟɧɟɧɢɟ 

ɦɟɬɨɞɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɮɪɚɤɰɢɸ 

ɧɚɧɨɱɚɫɬɢɰ ɞɢɚɦɟɬɪɨɦ ɨɬ40 ɞɨ 120 ɧɦ. 
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ɊȿФȿɊАɌ 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ "ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɪɚɡɥɢɱɧɵɯ 

ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɢɡ ɧɢɡɤɨ- ɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɮɪɚɤɰɢɣ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ" ɫɨɞɟɪɠɢɬ 68 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 8 

ɢɥɥɸɫɬɪɚɰɢɣ, 8 ɬɚɛɥɢɰ, 80 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɉɈɅɂȽɂȾɊɈɄɋɂȺɅɄȺɇɈȺɌɕ (ɉȽȺ), ɉɈɅɂ-3-ȽɂȾɊɈɄɋɂȻɍɌɂɊȺɌ 

(ɉ(3ȽȻ)), ȾȿɉɈɅɂɆȿɊɂɁȺɐɂə, ɆɂɄɊɈɑȺɋɌɂɐɕ, ɇȺɇɈɑȺɋɌɂɐɕ, 

ȻɂɈɋɈȼɆȿɋɌɂɆɈɋɌɖ. 

Цɟɥɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ:ɉɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ 

ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɢɡ ɧɢɡɤɨ- ɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ 

ɮɪɚɤɰɢɣ ɉ3ȽȻ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢя: 

1. Ɉɬɪɚɛɨɬɚɬɶ ɦɟɬɨɞɵ ɫɧɢɠɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɉ3ȽȻ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ (ɨɛɪɚɛɨɬɤɚ ɛɨɪɨɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ, 

ɝɢɞɪɨɤɫɢɞɨɦ ɧɚɬɪɢɹ ɢ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ) 

2. ɉɨɥɭɱɢɬɶ ɦɢɤɪɨɱɚɫɬɢɰɵ ɦɟɬɨɞɨɦ ɨɞɧɨɷɬɚɩɧɨɝɨ ɷɦɭɥɶɝɢɪɨɜɚɧɢɹ ɢɡ 

ɉ(3ȽȻ) ɫ ɪɚɡɥɢɱɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 

3. ɉɨɥɭɱɢɬɶ ɦɢɤɪɨɱɚɫɬɢɰɵ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹ ɢɡ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɨɥɢɦɟɪɚ 

4. Ɉɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɦɢɤɪɨɱɚɫɬɢɰɵ ɩɨ ɫɪɟɞɧɟɦɭ 

ɞɢɚɦɟɬɪɭ, ɷɥɟɤɬɪɨɤɢɧɟɬɢɱɟɫɤɨɦɭ ɩɨɬɟɧɰɢɚɥɭ, ɦɨɪɮɨɥɨɝɢɢ 

5. Ɉɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɧɚ ɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Аɤɬɭɚɥɶɧɨɫɬɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɜ ɬɨɦ, ɱɬɨɧɚ ɫɨɜɪɟɦɟɧɧɨɦ 

ɦɟɬɨɞɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɫɬɟɩɟɧɢ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ ɦɢɤɪɨɛɧɵɯ 

ɉȽȺ ɧɚ ɪɚɡɦɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɢɤɪɨɱɚɫɬɢɰ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɜɵɛɨɪ ɦɟɬɨɞɚ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɱɚɫɬɢɰ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɢɯɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

(ɷɥɟɤɬɪɨɤɢɧɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, ɪɚɡɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɜɵɯɨɞ 

ɦɢɤɪɨɱɚɫɬɢɰ). ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ,ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɲɢɪɨɤɢɣ 

ɫɩɟɤɬɪ ɩɪɨɞɭɤɬɨɜ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɛɢɨɦɟɞɢɰɢɧɟ ɢ ɮɚɪɦɚɰɟɜɬɢɤɟ. 
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ABSTRACT 

The master's thesis on the topic "Comparative evaluation of different methods 

for obtaining microparticles based on low and high molecular fractions of 

polyhydroxyalkanoates" contains 68 pages of a text document, 8 illustrations, 8 

tables, 80 sources used. 

POLYHYDROXYALCANOATES (PHA), POLY-3-HYDROXYBUTYRATE 

(P (3HB)), DEPOLIMERIZATION, MICROPARTICLES, NANOPARTICLES, 

BIOCOMPATIBILITY. 

The purpose of the dissertation work: To carry out a comparative evaluation of 

various methods for obtaining microparticles from low and highmolecular fractions 

of P(3HB). 

Objectives of the study: 

1. To work out methods to reduce the molecular weight of P(3HB) of 

microbiological origin (treatment with sodium borohydride, sodium hydroxide and 

heat treatment) 

2. Obtain microparticles by the method of one-stage emulsification from P 

(3HB) with different molecular weight 

3. Obtain microparticles by spray drying from a low molecular weight polymer 

4. Characterize the resulting microparticles by mean diameter, electrokinetic 

potential, morphology 

5. To evaluate the influence of different methods of obtaining microparticles on 

their characteristics 

The relevance of the thesis work is that at the modern methodical level shows 

the effect of the degree of depolymerization of microbial PHAs on the size 

characteristics of microparticles. In addition, the choice of the production method 

affects their characteristics (electrokinetic potential, size distribution and yield of 

microparticles). On this basis, it is possible to obtain a wide range of products for use 

in biomedicine and pharmaceuticals.  
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ʑʑʔʓʔʜʗʔ 

 
ɋɨɜɪɟɦɟɧɧɵɣ ɭɪɨɜɟɧɶ ɧɚɭɤɢ  ɪɚɫɩɨɥɚɝɚɟɬ ɤ ɲɢɪɨɤɨɦɭ ɜɧɟɞɪɟɧɢɸ 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɤɥɸɱɚɹ ɩɨɥɢɷɮɢɪɵ, ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɠɢɜɵɦɢ 

ɫɢɫɬɟɦɚɦɢ,ɜ ɦɟɞɢɰɢɧɭ ɢ ɞɪɭɝɢɟ ɨɬɪɚɫɥɢ.ɋɬɪɭɤɬɭɪɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɩɨɥɢɦɟɪɨɜ 

ɨɩɪɟɞɟɥɹɟɬ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɨɬɤɪɵɬɢɹ ɧɨɜɵɯ ɩɟɪɫɩɟɤɬɢɜɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɦɟɞɢɰɢɧɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɮɚɪɦɚɤɨɥɨɝɢɢ ɢ 

ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ. Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɩɨɥɢɦɟɪɚɦɢ ɜ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ, ɧɚɪɹɞɭ ɫ  

ɩɨɥɢɥɚɤɬɢɞɚɦɢ ɢ ɩɨɥɢɝɥɢɤɨɥɢɞɚɦɢ,  ɫɱɢɬɚɸɬɫɹ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) 

– ɩɨɥɢɷɮɢɪɵ ɚɥɤɚɧɨɜɵɯ ɤɢɫɥɨɬ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɢɦɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɬɚɤɢɦɢ,ɤɚɤ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ, ɚ ɬɚɤɠɟ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɨɞɯɨɞɹɳɢɦɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɧɟɧɢɣ ɜ 

ɛɢɨɦɟɞɢɰɢɧɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɦɢɤɪɨ- ɢ ɧɚɧɨɧɨɫɢɬɟɥɟɣ 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ [1, 2].   

 ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɜ ɤɚɱɟɫɬɜɟɦɚɬɟɪɢ-

ɚɥɨɜ ɞɥɹ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ, ɬɚɤ ɤɚɤ ɹɜɥɹɸɬɫɹ ɧɟ ɬɨɤɫɢɱɧɵɦɢ ɢ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɫɨɜɦɟɫɬɢɦɵɦɢ.ɂɧɬɟɪɟɫɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɉȽȺ ɪɚɫɬɟɬ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɛɥɚɫɬɹɯ, ɤɚɤ ɜ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ, ɞɥɹ ɢɫɩɪɚɜɥɟɧɢɹ ɩɟɪɟɥɨɦɨɜ, ɞɥɹ 

ɢɦɩɥɚɧɬɚɧɬɨɜ, ɬɚɤ ɢ ɜ ɮɚɪɦɚɤɨɥɨɝɢɢ – ɞɥɹ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɦɢɤɪɨ- ɢ ɧɚɧɨɧɨɫɢɬɟɥɹɦɢ, ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɬɚɤɢɯ ɫɢɫɬɟɦ 

ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɢɬɟɥɶɧɨɝɨ ɩɨɞɞɟɪɠɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɪɨɜɧɹ ɥɟɤɚɪ-

ɫɬɜɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɤɪɨɜɢ ɢ ɬɤɚɧɹɯ. ɉȽȺ ɦɨɝɭɬ ɛɵɬɶ ɯɢɦɢɱɟɫɤɢ ɦɨɞɢɮɢɰɢɪɨ-

ɜɚɧɵ, ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ, ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɹɬɶ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɚɦɢ ɧɨɫɢɬɟɥɟɣ ɢɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɞɥɹ ɚɞɪɟɫɧɨɣ ɞɨɫɬɚɜɤɢ [3, 4]. 

Ⱦɥɹ ɪɚɡɧɵɯ ɰɟɥɟɣ ɬɪɟɛɭɟɬɫɹ ɩɨɥɢɦɟɪ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɤɨɬɨɪɵɟ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɦ 

ɫɨɫɬɚɜɨɦ ɦɨɧɨɦɟɪɨɜ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɩɨɥɢɦɟɪɚ, ɚ ɭɦɟɧɢɟ ɜɥɢɹɬɶ ɧɚ ɟё 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨɞɭɤɬ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 
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ɦɨɥɟɤɭɥ - ɩɨɥɢɦɟɪɧɵɯ ɰɟɩɟɣ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɤɨɧɫɬɪɭɢɪɨɜɚɬɶ 

ɧɚɧɨ- ɢ ɦɢɤɪɨɱɚɫɬɢɰɵ ɪɚɡɥɢɱɧɨɝɨ ɞɢɚɦɟɬɪɚ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ: ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɢ 

ɫɭɛɫɬɚɧɰɢɹɯ ɞɥɹ ɛɢɨɦɟɞɢɰɢɧɵ, ɨɛɥɚɞɚɸɳɢɯ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɞɥɹ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɨɛɥɚɞɚɸɬ ɨɩɬɢɦɚɥɶɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɩɨɞɯɨɞɹɳɢɦɢ ɞɥɹ   ɩɪɢɦɟɧɟɧɢɹ ɜ ɛɢɨɦɟɞɢɰɢɧɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ 

ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɦɢɤɪɨ - ɢ ɧɚɧɨɱɚɫɬɢɰ – ɧɨɫɢɬɟɥɟɣ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ. ɉɪɢ 

ɷɬɨɦ ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɉȽȺ ɨɛɥɚɞɚɸɬ ɬɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɚɤ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɛɢɨɪɚɡɪɭɲɚɟɦɨɫɬɶ.ȼɨɡɦɨɠɧɨɫɬɶ  ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ 

ɫɬɪɭɤɬɭɪɭ ɢ ɫɧɢɠɚɬɶ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɉȽȺ ɩɪɢɪɨɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ 

ɨɬɤɪɵɜɚɟɬ ɛɨɥɟɟ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɧɨɫɢɬɟɥɟɣ 

ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ. ɇɚ ɫɟɝɨɞɧɹ ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ, ɭɦɟɧɶɲɚɬɶ ɢɯ 

ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɢ, ɜ ɩɟɪɫɩɟɤɬɢɜɟ,   ɭɩɪɚɜɥɹɬɶ ɫɤɨɪɨɫɬɶɸ ɛɢɨɞɟɝɪɚɞɚɰɢɢ. 

Цɟɥɶ ɪɚɛɨɬɵ:ɉɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ 

ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɢɡ ɧɢɡɤɨ- ɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɮɪɚɤɰɢɣ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. 

ɂɫɯɨɞɹ ɢɡ ɡɚɞɚɧɧɨɣ ɰɟɥɢ, ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ɉɬɪɚɛɨɬɚɬɶ ɦɟɬɨɞɵ ɫɧɢɠɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɉ3ȽȻ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ (ɨɛɪɚɛɨɬɤɚ ɛɨɪɨɝɢɞɪɢɞɨɦ 

ɧɚɬɪɢɹ, ɝɢɞɪɨɤɫɢɞɨɦ ɧɚɬɪɢɹ ɢ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ) 

2. ɉɨɥɭɱɢɬɶ ɦɢɤɪɨɱɚɫɬɢɰɵ ɦɟɬɨɞɨɦ ɨɞɧɨɷɬɚɩɧɨɝɨ ɷɦɭɥɶɝɢɪɨɜɚɧɢɹ ɢɡ 

ɉ(3ȽȻ) ɫ ɪɚɡɥɢɱɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 

3. ɉɨɥɭɱɢɬɶ ɦɢɤɪɨɱɚɫɬɢɰɵ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹ ɢɡ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɨɥɢɦɟɪɚ 

4. Ɉɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɦɢɤɪɨɱɚɫɬɢɰɵ ɩɨ ɫɪɟɞɧɟɦɭ ɞɢɚɦɟɬɪɭ, 

ɷɥɟɤɬɪɨɤɢɧɟɬɢɱɟɫɤɨɦɭ ɩɨɬɟɧɰɢɚɥɭ, ɦɨɪɮɨɥɨɝɢɢ 

5. Ɉɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɧɚ ɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 
 

1.1 ʐˋˑ˓˃ˊ˓˖˛˃ˈˏ˞ˈ ˒ˑˎˋˏˈ˓˞ ˇˎя ˏˈˇˋ˙ˋː˔ˍˋ˘ ˒˓ˋˏˈːˈːˋˌ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ 

ɩɪɢɦɟɧɢɦɵ ɜ ɫɮɟɪɟ ɛɢɨɦɟɞɢɰɢɧɵ. Ʉ ɬɚɤɢɦ ɦɚɬɟɪɢɚɥɚɦ, ɨɬɧɨɫɹɬ 

ɛɢɨɪɚɡɪɭɲɚɟɦɵɟ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɢ ɩɪɢɪɨɞɧɵɟ ɩɨɥɢɦɟɪɵ. ɇɚɢɛɨɥɟɟ 

ɢɡɜɟɫɬɧɵɦɢɜɢɞɚɦɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ ɹɜɥɹɸɬɫɹ ɩɨɥɢɷɬɢɥɟɧ, 

ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬ, ɩɨɥɢɚɦɢɞɵ, ɩɨɥɢɭɪɟɬɚɧɵ (ɉɍ), ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ 

(ɉȼɋ), ɫɢɥɢɤɨɧɵ, ɩɨɥɢɝɥɢɤɨɥɢɞɵ (ɉȽɄ), ɩɨɥɢɥɚɤɬɢɞɵ (ɉɅɄ). ɇɨ ɢɯ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɧɟɢɞɟɚɥɶɧɚ [6,7]. 

ɋɨɩɨɥɢɦɟɪɵ ɩɨɥɢɥɚɤɬɢɞɚ ɫ ɩɨɥɢɝɥɢɤɨɥɢɞɨɦ ɢɥɢ ɩɨ-ɞɪɭɝɨɦɭ ɢɯ ɧɚɡɵɜɚ-

ɸɬ ɫɨɩɨɥɢɦɟɪɵ ɦɨɥɨɱɧɨɣ ɢ ɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬ (ɉɅȽɄ) (PLGA)– ɷɬɨ ɧɚɢɛɨɥɟɟ 

ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɟ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦ ɩɪɨɥɨɧɝɢ-

ɪɨɜɚɧɧɨɝɨ ɞɟɣɫɬɜɢɹ. ɉɅȽɄ ɢɦɟɸɬ ɥɭɱɲɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ, 

ɫɪɨɤɭ ɛɢɨɪɚɡɪɭɲɟɧɢɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ. Ⱦɚɧɧɵɟ ɫɨɩɨɥɢɦɟɪɵ ɨɛɥɚɞɚ-

ɸɬ ɧɢɡɤɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ[8]. 

ɋɜɨɣɫɬɜɚ ɢ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɉɅȽɄ ɦɨɝɭɬ ɛɵɬɶ ɨɱɟɧɶ ɪɚɡɥɢɱɧɵɦɢ ɡɚ 

ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ ɢ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ 

ɫɨɨɬɧɨɲɟɧɢɹ ɦɨɧɨɦɟɪɧɵɯ ɡɜɟɧɶɟɜ ɜ ɩɨɥɢɦɟɪɟ [9].ȼɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ 

ɫɨɩɨɥɢɦɟɪɵ ɦɨɥɨɱɧɨɣ ɢ ɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɟɫɰɜɟɬɧɵɟ 

ɫɬɟɤɥɨɩɨɞɨɛɧɵɟ ɩɨɥɢɦɟɪɵ, ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɯɥɨɪɢɪɨɜɚɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ, ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧɟ, 

ɚɰɟɬɨɧɟ ɢ ɷɬɢɥɚɰɟɬɚɬɟ. ɉɅȽɄ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɱɚɫɬɢɱɧɨ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ 

ɥɢɛɨ ɚɦɨɪɮɧɨɦ ɫɨɫɬɨɹɧɢɹɯ [10]. Ɇɚɬɟɪɢɚɥɚɦ ɢɡ ɉɅȽɄ ɫɜɨɣɫɬɜɟɧɧɨ ɨɛɴɟɦɧɨɟ 

ɪɚɡɪɭɲɟɧɢɟ. ɉɪɢ ɨɛɴɟɦɧɨɦ ɪɚɡɪɭɲɟɧɢɢ ɦɨɥɟɤɭɥɵ ɫɪɟɞɵ ɩɪɨɧɢɤɚɸɬ ɜ 

ɩɨɥɢɦɟɪɧɭɸ ɦɚɬɪɢɰɭ ɛɵɫɬɪɟɟ, ɱɟɦ ɩɪɨɢɫɯɨɞɢɬ ɞɟɫɬɪɭɤɰɢɹ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ 

ɝɢɞɪɨɥɢɡ ɩɨɥɢɦɟɪɚ ɩɪɨɬɟɤɚɟɬ ɢ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɢ ɜ ɨɛɴɟɦɟ, ɚ ɚɤɬɢɜɧɨɟ 

ɜɟɳɟɫɬɜɨ ɜɵɫɜɨɛɨɠɞɚɟɬɫɹ ɡɚ ɫɱɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɢ ɞɢɮɮɭɡɢɢ, ɢ 

ɪɚɫɬɜɨɪɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɥɢɦɟɪɧɚɹ ɦɚɬɪɢɰɚ ɦɨɠɟɬ ɪɚɡɪɭɲɢɬɶɫɹ ɧɚ ɱɚɫɬɢ ɟɳɟ 

ɞɨ ɩɨɥɧɨɝɨ ɜɵɯɨɞɚ ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɩɪɢɱɢɧ 
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«ɜɡɪɵɜɧɨɝɨ ɷɮɮɟɤɬɚ» ɩɪɢ ɜɵɫɜɨɛɨɠɞɟɧɢɢ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɧɟɝɚɬɢɜɧɨ 

ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢɡɞɟɥɢɣ [11,12]. 

ȼ ɨɪɝɚɧɢɡɦɟ ɫɨɩɨɥɢɦɟɪɵ ɦɨɥɨɱɧɨɣ ɢ ɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬ ɞɟɝɪɚɞɢɪɭɸɬ ɜ 

ɨɫɧɨɜɧɨɦ ɩɭɬɟɦ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ. ɇɚ ɛɢɨɞɟɝɪɚɞɚɰɢɸ ɜɥɢɹɟɬ ɡɧɚ-

ɱɟɧɢɟ pH. ɉɪɨɰɟɫɫ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɩɨɥɢɦɟɪɨɜ ɩɨɞɚɜɥɹɟɬɫɹ ɜ ɤɢɫɥɨɬɧɨɣ ɢ ɭɫɤɨ-

ɪɹɟɬɫɹ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ. Ƚɢɞɪɨɥɢɬɢɱɟɫɤɚɹ ɞɟɝɪɚɞɚɰɢɹ ɢɡɞɟɥɢɣ ɢɡ ɷɬɢɯ ɩɨɥɢ-

ɦɟɪɨɜ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɞɢɮɮɭɡɢɟɣ ɜɨɞɵ, ɩɪɨɧɢɤɚɸɳɟɣ ɜ ɩɨɪɵ ɢɡɞɟɥɢɹ ɢ ɪɟɥɢ-

ɡɨɦ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɤɢɫɥɨɬɧɵɯ ɨɥɢɝɨɦɟɪɧɵɯ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɚɡɪɭɲɟ-

ɧɢɹ ɩɨɥɢɦɟɪɨɜ. Ɋɨɥɶ ɮɟɪɦɟɧɬɨɜ ɜ ɛɢɨɞɟɫɬɪɭɤɰɢɢ ɉɅȽɄ ɞɨ ɤɨɧɰɚ ɧɟ ɹɫɧɚ. Ɉɞɧɢ 

ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɝɨɜɨɪɹɬ, ɱɬɨ ɞɟɫɬɪɭɤɰɢɹ ɉɅȽɄ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɝɢɞɪɨ-

ɥɢɡɚ, ɚ ɞɪɭɝɢɟ – ɱɬɨ ɮɟɪɦɟɧɬɵ ɜɫɟ-ɬɚɤɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɛɢɨɞɟɫɬɪɭɤɰɢɢ ɉɅȽɄ, 

ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɪɚɡɥɢɱɢɢ ɫɤɨɪɨɫɬɟɣ ɞɟɫɬɪɭɤɰɢɢ invitro ɢ invivo [13]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɛɢɨɩɨɥɢɦɟɪɵ, ɢɦɟɸɳɢɟ ɯɨɪɨɲɨ 

ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɟ ɫɜɨɣɫɬɜɚ ɢ ɨɛɥɚɞɚɸɳɢɟ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ – ɨɬ ɝɢɞɪɨɝɟɥɟɣ ɞɨ ɠɟɫɬɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɜɫɟ – ɠɟ ɢɦɟɸɬ ɛɨɥɶɲɨɣ 

ɧɟɞɨɫɬɚɬɨɤ, ɚ ɢɦɟɧɧɨ ɧɟɢɞɟɚɥɶɧɭɸ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ. ɗɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ 

ɨɬɧɟɫɬɢ ɢɯ ɤ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ[5].Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɞɚɧɧɵɯ 

ɩɨɥɢɦɟɪɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɤɢɫɥɵɟ ɩɪɨɞɭɤɬɵ ɢɯ ɝɢɞɪɨɥɢɡɚ ɦɨɝɭɬ 

ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɢɧɤɚɩɫɭɥɢɪɭɟɦɨɝɨ ɩɪɟɩɚɪɚɬɚ, ɚ ɬɚɤɠɟ ɜɵɡɵɜɚɬɶ ɞɟɝɪɚɞɚɰɢɸ ɛɟɥɤɨɜ. Ⱥ ɢɦɟɧɧɨ 

ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɤɨɧɰɟɜɵɯ ɰɟɩɟɣ ɩɪɢ ɞɟɝɪɚɞɚɰɢɢ ɩɨɥɢɦɟɪɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɦɢ ɛɟɥɤɚɦɢ, ɩɪɢɜɨɞɹ ɤ ɢɡɦɟɧɟɧɢɸ 

ɢɯ ɫɬɪɭɤɬɭɪɵ.ɋɨɝɥɚɫɧɨ US FDA (Food and Drug Administration), ɱɢɫɬɚɹ L-

ɦɨɥɨɱɧɚɹ ɤɢɫɥɨɬɚ ɨɮɢɰɢɚɥɶɧɨ ɩɪɢɡɧɚɧɚ ɛɟɡɜɪɟɞɧɨɣ ɩɢɳɟɜɨɣ ɞɨɛɚɜɤɨɣ, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ D-ɮɨɪɦɚ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɦɟɬɚɛɨɥɢɡɦ, 

ɜɵɡɵɜɚɬɶ ɚɰɢɞɨɡ ɢ ɞɟɤɚɥɶɰɢɮɢɤɚɰɢɸ.Ɋɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ (ɜ 2—3 ɪɚɡɚ) ɭɪɨɜɧɹ 

ɥɚɤɬɚɬɚ ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɹɠёɥɵɯ ɪɚɫɫɬɪɨɣɫɬɜɚɯ 

ɤɪɨɜɨɨɛɪɚɳɟɧɢɹ, ɬɚɤɢɯ ɤɚɤ ɝɟɦɨɪɪɚɝɢɱɟɫɤɢɣ ɲɨɤ, ɨɫɬɪɚɹ ɥɟɜɨɠɟɥɭɞɨɱɤɨɜɚɹ 

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɢ ɞɪ., ɤɨɝɞɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɬɪɚɞɚɟɬ ɢ ɩɨɫɬɭɩɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ 

ɬɤɚɧɢ, ɢ ɩɟɱёɧɨɱɧɵɣ ɤɪɨɜɨɬɨɤ[14]. 
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ɏɨɪɨɲɟɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɩɨɥɢɦɟɪɚɦ ɹɜɥɹɸɬɫɹ 

ɛɢɨɪɚɡɪɭɲɚɟɦɵɟ ɩɪɢɪɨɞɧɵɟ ɩɨɥɢɦɟɪɵ, ɤɧɢɦ ɨɬɧɨɫɹɬɫɹɩɨɥɢɫɚɯɚɪɢɞɵ ɢ ɢɯ 

ɩɪɨɢɡɜɨɞɧɵɟ (ɚɥɶɝɢɧɚɬɵ, ɰɟɥɥɸɥɨɡɚ, ɯɢɬɨɡɚɧ, ɞɟɤɫɬɪɚɧ, ɝɟɩɚɪɢɧ, ɝɢɚɥɭɪɨɧɨɜɚɹ 

ɤɢɫɥɨɬɚ, ɯɨɧɞɪɨɢɬɢɧɫɭɥɶɮɚɬ); ɛɟɥɤɢ (ɤɨɥɥɚɝɟɧ, ɷɥɚɫɬɢɧ, ɮɢɛɪɢɧ, ɮɢɛɪɨɧɟɤɬɢɧ, 

ɲɟɥɤ); ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɩɪɨɢɡɜɨɞɧɵɟ ɝɢɞɪɨɤɫɢɤɢɫɥɨɬ, ɫɢɧɬɟɡɢɪɭɟɦɵɟ 

ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɦɢ ɨɪɝɚɧɢɡɦɚɦɢ ɜ ɤɚɱɟɫɬɜɟ ɡɚɩɚɫɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 

ɜɟɳɟɫɬɜɚ) [13]. 

Ⱦɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɦɟɞɢɰɢɧɟ ɧɚɲɥɢ ɩɪɢɪɨɞɧɵɟ 

ɩɨɥɢɫɚɯɚɪɢɞɵ ɯɢɬɨɡɚɧ ɢ ɚɥɶɝɢɧɚɬ. ɏɢɬɨɡɚɧ ɱɚɳɟ ɜɫɟɝɨ ɩɨɥɭɱɚɸɬ ɝɢɞɪɨɥɢɡɨɦ 

ɯɢɬɢɧɚ, ɤɨɬɨɪɵɣ ɜɵɞɟɥɹɸɬ ɢɡ ɩɚɧɰɢɪɟɣ ɪɚɤɨɨɛɪɚɡɧɵɯ. Ⱥɥɶɝɢɧɚɬ – ɩɪɢɪɨɞɧɵɣ 

ɥɢɧɟɣɧɵɣ ɩɨɥɢɫɚɯɚɪɢɞ, ɩɨɥɭɱɚɟɦɵɣ ɢɡ ɦɨɪɫɤɢɯ ɜɨɞɨɪɨɫɥɟɣ ɢɥɢ 

ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɮɟɪɦɟɧɬɚɰɢɟɣ. ȼ ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɚɤɬɢɤɟ ɷɬɢ ɩɨɥɢɫɚɯɚɪɢɞɵ 

ɜ ɜɢɞɟ ɩɥɟɧɨɤ, ɝɭɛɨɤ ɢ ɝɢɞɪɨɝɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬ ɤɚɤ ɪɚɧɟɜɵɟ, ɨɠɨɝɨɜɵɟ ɢ 

ɡɚɠɢɜɥɹɸɳɢɟ ɩɨɤɪɵɬɢɹ, ɜ ɫɢɫɬɟɦɚɯ ɞɨɫɬɚɜɤɢ ɤɥɟɬɨɤ, ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜ ɢ 

ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɪɨɫɬɚ [15]. 

Ƚɢɚɥɭɪɨɧɨɜɚɹ ɤɢɫɥɨɬɚ (ȽɄ) – ɝɥɢɤɨɡɚɦɢɧɨɝɥɢɤɚɧ, ɹɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ 

ɤɨɦɩɨɧɟɧɬɨɦ ɦɟɠɤɥɟɬɨɱɧɨɝɨ ɜɟɳɟɫɬɜɚ ɦɹɝɤɢɯ ɬɤɚɧɟɣɩɨɡɜɨɧɨɱɧɵɯ, ɷɬɨ 

ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɦɚɬɟɪɢɚɥ ɞɥɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɯɢɪɭɪɝɢɢ ɢ ɬɤɚɧɟɜɨɣ 

ɢɧɠɟɧɟɪɢɢ. Ƚɥɢɤɨɡɚɦɢɧɨɝɥɢɤɚɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɟɞɢɰɢɧɟ ɩɪɢ ɡɚɛɨɥɟɜɚɧɢɹɯ 

ɫɭɫɬɚɜɨɜ, ɜ ɤɚɱɟɫɬɜɟ ɛɚɪɶɟɪɧɵɯ ɦɟɦɛɪɚɧ, ɨɠɨɝɨɜɵɯ ɩɨɤɪɵɬɢɣ ɢ ɜ ɤɨɫɦɟɬɨɥɨɝɢɢ 

[7]. 

Ʉɨɥɥɚɝɟɧ ɢ ɮɢɛɪɢɧ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɩɨɥɢɦɟɪɧɵɦɢ 

ɦɚɬɟɪɢɚɥɚɦɢ ɜ ɩɪɢɪɨɞɟ ɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɦɟɞɢɰɢɧɟ. Ʉɨɥɥɚɝɟɧ 

ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɦɟɞɢɰɢɧɟ ɜ ɤɚɱɟɫɬɜɟ ɷɧɞɨɩɪɨɬɟɡɨɜ ɦɹɝɤɢɯ ɬɤɚɧɟɣ, ɤɨɦɩɨɧɟɧɬɨɜ 

ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɥɟɱɟɧɢɹ ɩɨɪɚɠɟɧɢɣ ɤɨɠɧɨɝɨ ɩɨɤɪɨɜɚ ɢ ɞɪ. Ɏɢɛɪɢɧ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɜɢɞɟ ɮɢɛɪɢɧ-ɩɨɥɢɦɟɪɧɨɝɨ ɫɝɭɫɬɤɚ ɞɥɹ ɩɨɤɪɵɬɢɹ ɩɨɪɚɠɟɧɧɵɯ 

ɭɱɚɫɬɤɨɜ ɤɨɠɧɨɝɨ ɩɨɤɪɨɜɚ, ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɜ ɤɚɱɟɫɬɜɟ ɝɟɦɨɫɬɚɬɢɱɟɤɨɝɨ ɚɝɟɧɬɚ 

ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɪɚɧ [7].  
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1.2 ʡ˓ˈ˄ˑ˅˃ːˋя, ˒˓ˈˇ˝я˅ˎяˈˏ˞ˈ ˍ ˄ˋˑˏ˃˕ˈ˓ˋ˃ˎ˃ˏˇˎя ˗˃˓ˏ˃ˍˑˎˑˆˋˋ 

 
Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɛɢɨɦɚɬɟɪɢɚɥɚɦ ɹɜɥɹɸɬɫɹ  ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ, 

ɥɢɛɨ ɢɧɟɪɬɧɨɫɬɶ ɞɥɹ ɨɪɝɚɧɢɡɦɚ,  ɢ ɛɢɨɪɚɡɪɭɲɚɟɦɨɫɬɶ. 

Ȼɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ – ɷɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɧɚɯɨɞɢɬɶɫɹ ɜɧɭɬɪɢ 

ɨɪɝɚɧɢɡɦɚ ɛɟɡ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɢ ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ 

ɫɭɳɟɫɬɜɭɟɬ ɚɛɫɨɥɸɬɧɨ ɛɢɨɫɨɜɦɟɫɬɢɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɪɚɡɧɵɯ 

ɤɥɢɧɢɱɟɫɤɢɯ ɡɚɞɚɱ ɧɟɨɛɯɨɞɢɦɚ ɪɚɡɧɚɹ ɫɬɟɩɟɧɶ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ.ɇɚ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɫɨɫɬɚɜ ɢ ɮɨɪɦɚ ɦɚɬɟɪɢɚɥɚ. 

Ɇɚɬɪɢɤɫɵ ɞɥɹ ɤɥɟɬɨɤ ɦɨɝɭɬ ɛɵɬɶ ɜ ɮɨɪɦɟ ɝɟɥɟɣ, ɦɢɤɪɨ - ɢ ɧɚɧɨɱɚɫɬɢɰ, ɜɨɥɨɤɨɧ, 

ɩɥɟɧɨɤ, ɪɚɡɥɢɱɧɵɯ ɬɪɟɯɦɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ [11]. 

ɇɚ ɬɟɤɭɳɢɣ ɞɟɧɶ ɜɚɠɧɭɸ ɪɨɥɶ ɞɥɹ ɪɚɡɜɢɬɢɹ ɮɚɪɦɚɤɨɥɨɝɢɢ ɢɝɪɚɟɬ 

ɪɚɡɪɚɛɨɬɤɚ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɨ ɟɫɬɶ ɫɩɨɫɨɛɧɵɯ ɩɨɫɬɟɩɟɧɧɨ 

ɪɚɡɥɚɝɚɬɶɫɹ ɜ ɨɪɝɚɧɢɡɦɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɬɨɤɫɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ, ɤɨɬɨɪɵɟ 

ɜɨɜɥɟɤɚɸɬɫɹ ɜ ɦɟɬɚɛɨɥɢɡɦ ɢɥɢ ɥɟɝɤɨ ɜɵɜɨɞɹɬɫɹ ɢɡ ɨɪɝɚɧɢɡɦɚ. Ⱦɟɝɪɚɞɚɰɢɹ 

ɦɚɬɟɪɢɚɥɨɜ ɜ ɨɪɝɚɧɢɡɦɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɝɢɞɪɨɥɢɬɢɱɟɫɤɢ ɢɥɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨ, 

ɩɨɜɟɪɯɧɨɫɬɧɨ ɢɥɢ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɦɚɬɪɢɤɫɚ [12]. 

Ɇɢɤɪɨ - ɢ ɧɚɧɨɱɚɫɬɢɰɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɢɥɢ 

ɧɚɬɭɪɚɥɶɧɵɯ ɛɢɨɩɨɥɢɦɟɪɨɜ, ɱɚɳɟ ɜɫɟɝɨ ɧɭɠɧɵ ɜ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ 

ɩɪɟɩɚɪɚɬɨɜ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɧɨ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɤɫɨɜ ɞɥɹ ɞɨɫɬɚɜɤɢ ɤɥɟɬɨɤ ɜ ɬɪɟɛɭɟɦɨɟ ɦɟɫɬɨ [12].  

ȼɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɩɪɢ ɜɵɛɨɪɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɧɨɫɢɬɟɥɹ ɜ 

ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ  ɹɜɥɹɸɬɫɹ ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ: 

ɝɢɞɪɨɮɢɥɶɧɨ-ɝɢɞɪɨɮɨɛɧɵɣ ɛɚɥɚɧɫ ɩɨɜɟɪɯɧɨɫɬɢ, ɲɟɪɨɯɨɜɚɬɨɫɬɶ, ɡɚɪɹɞ [12]. 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɚɞɝɟɡɢɢ ɢ ɩɪɨɥɢɮɟɪɚɰɢɢ ɤɥɟɬɨɤ ɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ ɫɨ ɫɪɟɞɧɟɣ ɝɢɞɪɨɮɨɛɧɨɫɬɶɸ. Ȼɨɥɟɟ ɝɢɞɪɨɮɢɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 

ɥɭɱɲɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɚɞɝɟɡɢɢ ɛɟɥɤɨɜ, ɬɚɤɢɯ ɤɚɤ ɮɢɛɪɨɧɟɤɬɢɧ ɢɥɢ ɤɨɥɥɚɝɟɧ, 

ɫɜɹɡɵɜɚɸɳɢɯ ɤɥɟɬɤɢ ɫ ɫɭɛɫɬɪɚɬɨɦ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɨɫɢɬɟɥɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ 

ɦɚɬɟɪɢɚɥɨɜ ɫ ɝɢɞɪɨɮɢɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɨɛɥɚɞɚɸɬ ɥɭɱɲɢɦɢ 

ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ 
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ɩɨɥɢɦɟɪɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɪɢɟɦɵ – ɨɛɪɚɛɨɬɤɚ ɩɥɚɡɦɨɣ ɤɢɫɥɨɪɨɞɚ, 

ɜɨɞɨɪɨɞɚ, ɚɡɨɬɚ, ɨɛɪɚɛɨɬɤɚ ɳɟɥɨɱɶɸ, ɥɢɩɚɡɨɣ, ɛɟɥɤɚɦɢ, ɩɨɤɪɵɬɢɟ ɦɚɬɟɪɢɚɥɚ 

ɫɬɟɪɢɧɨɦ, ɚɤɪɢɥɚɦɢɞɨɦ ɢ ɞɪɭɝɢɦɢ ɜɟɳɟɫɬɜɚɦɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɝɨ 

ɪɟɡɭɥɶɬɚɬɚ [13]. Ⱦɥɹ ɷɬɨɣ ɠɟ ɰɟɥɢ ɩɪɢɦɟɧɹɸɬ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ (ɉɗȽ) ɤ ɩɨɥɢɷɮɢɪɚɦ. ɉɨɥɢɦɟɪɵ, ɧɟ ɫɨɞɟɪɠɚɳɢɟ ɉɗȽ 

ɹɜɥɹɸɬɫɹ ɝɢɞɪɨɮɨɛɧɵɦɢ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ. ȼɤɥɸɱɟɧɢɟ ɧɢɡɤɢɯ ɩɪɨɰɟɧɬɨɜ ɉɗȽ 

(5-30%) ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɝɢɞɪɨɮɢɥɶɧɵɦ, ɧɨ ɜɫɟ ɟɳɟ ɧɟɪɚɫɬɜɨɪɢɦɵɦ 

ɩɨɥɢɦɟɪɚɦ. ɉɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɵ ɜɧɭɬɪɢ ɩɨɥɢɦɟɪɚ ɨɛɪɚɡɭɟɬɫɹ 

ɝɢɞɪɨɝɟɥɟɩɨɞɨɛɧɚɹ ɫɬɪɭɤɬɭɪɚ. ɉɨɥɢɦɟɪɵ ɫ ɧɢɡɤɢɦ ɩɪɨɰɟɧɬɨɦ ɉɗȽ ɨɛɵɱɧɨ ɧɟ 

ɩɨɞɯɨɞɹɬ ɞɥɹ ɤɨɧɬɪɨɥɹ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɝɢɞɪɨɮɢɥɶɧɵɯ ɥɟɤɚɪɫɬɜ, ɧɨ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɛɟɥɤɨɜ. 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ – ɫɥɟɞɭɸɳɢɣ ɜɚɠɧɵɣ ɩɚɪɚɦɟɬɪ, ɜɥɢɹɸɳɢɣ 

ɧɚ ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɚɞɫɨɪɛɰɢɸ ɛɟɥɤɨɜ, ɩɪɢɤɪɟɩɥɹɟɦɨɫɬɶ ɤɥɟɬɨɤ ɢ 

ɢɯ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ, ɚ ɬɚɤɠɟ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɜɨɫɩɚɥɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ. Ⱦɥɹ 

ɪɚɡɧɵɯ ɬɢɩɨɜ ɤɥɟɬɨɤ ɩɨɞɯɨɞɹɬ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

ɲɟɪɨɯɨɜɚɬɨɫɬɢ [15]. 

Ɂɚɪɹɞ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɜɥɢɹɟɬ ɧɚ ɚɞɝɟɡɢɸ ɤɥɟɬɨɤ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ 

ɫ ɡɚɪɹɞɨɦ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɭɫɢɥɢɜɚɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɦɟɠɞɭ ɤɥɟɬɤɨɣ ɢ ɫɭɛɫɬɪɚɬɨɦ/ɦɚɬɟɪɢɚɥɨɦ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 

ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɥɟɤɚɪɫɬɜɚ, ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɤɨɧɬɚɤɬɚ ɫ ɤɪɨɜɶɸ 

ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɦɨɥɟɤɭɥɵ ɦɚɬɟɪɢɚɥɚ ɛɵɥɢ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɵ, ɤɚɤ 

ɤɥɟɬɤɢ ɤɪɨɜɢ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɬɪɨɦɛɨɨɛɪɚɡɨɜɚɧɢɹ. Ɂɚɪɹɞ ɩɨɜɟɪɯɧɨɫɬɢ 

ɦɚɬɟɪɢɚɥɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɦɟɫɬɧɨɣ ɜɨɫɩɚɥɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ-

ɬɤɚɧɟɣ[13].   
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1.3 ʐˋˑ˔ˑ˅ˏˈ˔˕ˋˏˑ˔˕˟ ˋ ˄ˋˑˇˈˆ˓˃ˇ˃˙ˋя˒ˑˎˋˆˋˇ˓ˑˍ˔ˋ˃ˎˍ˃ːˑ˃˕ˑ˅ 

 
ɏɢɦɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɢɯ 

ɯɨɪɨɲɭɸ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɛɢɨɪɚɡɪɭɲɚɟɦɨɫɬɶ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɢɞɟɚɥɶɧɨ 

ɩɨɞɯɨɞɹɳɢɦɢ ɞɥɹ ɩɨɬɪɟɛɧɨɫɬɟɣ ɫɨɜɪɟɦɟɧɧɨɣ ɦɟɞɢɰɢɧɵ.ȼ ɨɬɥɢɱɢɟ ɨɬ 

ɩɪɢɪɨɞɧɵɯ ɩɨɥɢɦɟɪɨɜ (ɯɢɬɨɡɚɧ, ɚɥɶɝɢɧɚɬ, ɞɟɤɫɬɪɚɧ, ɤɨɥɥɚɝɟɧ ɢ ɬ.ɞ.) ɢ 

ɯɢɦɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɉȽȺ ɩɪɨɢɡɜɨɞɹɬɫɹ 

ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɞɨɫɬɢɱɶ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ 

ɱɢɫɬɨɬɵ, ɚ ɬɚɤɠɟ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢ ɭɤɚɡɚɬɶ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɛɢɨɩɨɥɢɦɟɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɛɢɨɫɢɧɬɟɡɚ[4]. ɉȽȺ ɢɦɟɸɬ ɧɚɛɨɪ ɭɧɢɤɚɥɶɧɵɯ 

ɫɜɨɣɫɬɜ: ɜɵɫɨɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶɢ ɬɟɪɦɢɱɟɫɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ,ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɨɛɪɚɛɚɬɵɜɚɬɶ ɢ ɩɨɥɭɱɚɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪɩɪɨɞɭɤɬɨɜ, 

ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɨɦɩɨɡɢɬɵ ɫ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɩɨɥɢɦɟɪɚɦɢ, 

ɧɟɨɪɝɚɧɢɱɟɫɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɚ ɬɚɤɠɟ ɫ ɥɟɤɚɪɫɬɜɟɧɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ, ɩɨɥɧɚɹ 

ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ ɞɨ ɧɟɬɨɤɫɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ (ɜɤɥɸɱɚɹ 

ɝɟɦɨɫɨɜɦɟɫɬɢɦɨɫɬɶ) ɫ ɬɤɚɧɹɦɢ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ, ɚ ɬɚɤɠɟ ɷɤɨɥɨɝɢɱɟɫɤɚɹ 

ɛɟɡɨɩɚɫɧɨɫɬɶ [4]. 

Ɋɚɧɟɟ ɛɵɥɚ ɞɨɤɚɡɚɧɚ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɥɟɤɚɪɫɬɜɟɧɧɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɢɤɪɨɱɚɫɬɢɰ ɢɡ ɉȽȺ ɜ ɤɭɥɶɬɭɪɚɯ ɤɥɟɬɨɤ, ɚ ɬɚɤɠɟ ɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɧɚ ɠɢɜɨɬɧɵɯ [16]. 

ɉȽȺ ɛɵɥɢ ɜɨ ɜɧɢɦɚɧɢɢ ɦɧɨɝɢɯ ɤɨɦɩɚɧɢɣ, ɤɚɤ ɛɢɨɪɚɡɥɚɝɚɟɦɵɟ ɢ 

ɛɢɨɫɨɜɦɟɫɬɢɦɵɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɩɨɥɢɦɟɪɚɦ ɜ ɬɟɱɟɧɢɟ ɨɱɟɧɶ 

ɞɨɥɝɨɝɨ ɜɪɟɦɟɧɢ. ȼ 1976 ɝɨɞɭ Imperial Chemical Industries (ICI Ltd., 

ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) ɩɪɢɡɧɚɥɚ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɩɪɢɦɟɧɢɦɨɫɬɶ ɩɨɥɢ(3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ), ɱɬɨɛɵ ɡɚɦɟɧɢɬɶ ɧɟɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɧɟɮɬɢ 

ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ. Ɉɞɧɢɦ ɢɡ ɜɤɥɚɞɨɜ ɉȽȺ ɜ ɦɟɞɢɰɢɧɟ ɛɵɥ ɜ ɫɟɪɞɟɱɧɨ -

 ɫɨɫɭɞɢɫɬɨɣ ɨɛɥɚɫɬɢ. Tepha Inc., ɛɚɡɢɪɭɸɳɚɹɫɹ ɜ Ʉɟɦɛɪɢɞɠɟ, ɲɬɚɬ Ɇɚɫɫɚɱɭɫɟɬɫ, 

ɛɵɥɚ ɩɨɫɜɹɳɟɧɚ ɩɪɨɢɡɜɨɞɫɬɜɭ ɩɥɚɫɬɵɪɹ ɩɟɪɢɤɚɪɞɚ, ɤɚɪɞɢɨɥɨɝɢɱɟɫɤɢɯ ɫɬɟɧɬɚɦ, 

ɫɨɫɭɞɢɫɬɵɯ ɬɪɚɧɫɩɥɚɧɬɚɬɨɜ, ɫɟɪɞɟɱɧɵɯ ɤɥɚɩɚɧɨɜ, ɢɦɩɥɚɧɬɚɧɬɨɜ, ɬɚɛɥɟɬɨɤ, 

ɧɚɥɨɠɟɧɢɹ ɲɜɨɜ, ɩɟɪɟɜɹɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɫɵɩɨɤ, ɩɪɨɥɟɤɚɪɫɬɜ ɢ 
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ɦɢɤɪɨɱɚɫɬɢɰ ɧɨɫɢɬɟɥɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉȽȺ [17]. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɢɫɬɟɦɵ 

ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɩɨɞɯɨɞɹɳɟɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɵɣ 

ɞɨɥɠɟɧ ɛɵɬɶ ɚɛɫɨɥɸɬɧɨ ɛɟɡɜɪɟɞɧɵɦ ɞɥɹ ɨɪɝɚɧɢɡɦɚ ɢ ɨɛɥɚɞɚɬɶ ɧɟɨɛɯɨɞɢɦɵɦɢ 

ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɢ ɛɢɨɦɟɞɢɰɢɧɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɛɢɨɞɟɝɪɚɞɚɰɢɟɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɱɢɬɵɜɚɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɉȽȺ ɹɜɥɹɸɬɫɹ ɯɨɪɨɲɢɦ ɦɚɬɟ-

ɪɢɚɥɨɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ, ɬɚɤ ɤɚɤ ɨɛɥɚ-

ɞɚɸɬ ɜɫɟɦɢ ɬɪɟɛɭɟɦɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɗɬɢ ɩɨɥɢɦɟɪɵ ɹɜɥɹɸɬɫɹ ɛɢɨɥɨɝɢɱɟɫɤɢ 

ɫɨɜɦɟɫɬɢɦɵɦɢ ɢ ɢɧɟɪɬɧɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɤɚɧɹɦ ɠɢɜɨɬɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟ-

ɧɢɹ; ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞɚɯ ɨɧɢ ɞɟɝɪɚɞɢɪɭɸɬ ɞɨ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ (ɋɈ2 ɢ 

ɇ2Ɉ). Ʉ ɩɪɢɦɟɪɭ, ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɟ ɪɚɡɥɨɠɟɧɢɟ ɉȽȻ in vitro ɩɟɪɟɯɨɞɢɬ ɤ ɦɨɧɨ-

ɦɟɪɭ D-3-ɝɢɞɪɨɤɫɢɛɭɬɚɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɧɨɪɦɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹ-

ɸɳɟɣ ɤɪɨɜɢ, ɤɚɤ ɚɰɟɬɨɚɰɟɬɚɬ ɢ ɚɰɟɬɨɧ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨ ɢɡ ɬɪɟɯ ɤɟɬɨɧɨ-

ɜɵɯ ɬɟɥ, ɜɵɡɵɜɚɟɦɵɟ ɷɧɞɨɝɟɧɧɨ ɩɪɨɰɟɫɫɨɦ ɤɟɬɨɝɟɧɟɡɚ. ɉɨɷɬɨɦɭ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ 

ɉȽȻ ɦɨɠɧɨ ɯɨɪɨɲɨ ɩɟɪɟɧɨɫɢɬɶ invivo [18].  Ɉɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɪɹɞ  ɪɚ-

ɛɨɬ, ɜ ɤɨɬɨɪɵɯ ɜɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɚ ɪɟɚɤɰɢɹ ɬɤɚɧɟɣ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢ-

ɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɥɨɤɚɥɢɡɚɰɢɹ ɩɪɨɞɭɤɬɨɜ ɞɟɝɪɚɞɚɰɢɢ ɉȽȺ ɩɪɢ ɢɦɩɥɚɧɬɚɰɢɢ ɩɨ-

ɥɢɦɟɪɧɵɯ ɦɢɤɪɨɱɚɫɬɢɰ ɜɧɭɬɪɢɦɵɲɟɱɧɨ ɢ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɤɪɨɜɨɬɨɤ. Ɇɨɧɨɰɢɬɵ 

ɭɱɚɫɬɜɭɸɬ ɜ 

ɨɬɜɟɬ ɬɟɥɚ ɧɚ ɩɨɥɢɦɟɪɧɵɣ ɢɦɩɥɚɧɬɚɬ. Ɉɧɢ ɦɢɝɪɢɪɭɸɬ ɧɚ ɫɚɣɬ ɢɦɩɥɚɧɬɚɰɢɢ, ɝɞɟ 

ɨɧɢ ɞɢɮɮɟɪɟɧɰɢɪɭɸɬɫɹ ɜ ɦɚɤɪɨɮɚɝɢ, ɤɨɬɨɪɵɟ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ 

ɪɟɡɨɪɛɰɢɢ ɮɚɝɨɰɢɬɨɡɨɦ ɮɪɚɝɦɟɧɬɨɜ ɢɦɩɥɚɧɬɚɬɚ ɢ ɩɨɷɬɨɦɭ ɭɱɚɫɬɜɭɸɬ ɜ 

ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɩɨɫɬɨɪɨɧɧɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɩɵɬɵ ɧɚ ɤɪɵɫɚɯ, ɤɨɬɨɪɵɦ ɛɵɥɢ 

ɜɧɭɬɪɢɦɵɲɟɱɧɨ ɜɜɟɞɟɧɵ ɦɢɤɪɨɱɚɫɬɢɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɉ(3ȽȻ) ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɚɹɤɚɪɬɢɧɚ ɜ ɦɟɫɬɟ ɜɜɟɞɟɧɢɹ ɢɡɦɟɧɹɥɚɫɶ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɢ 

ɢɡɦɟɧɟɧɢɹ ɤɚɫɚɥɢɫɶ ɪɟɚɤɰɢɢ ɬɤɚɧɟɣ ɧɚ ɜɜɟɞɟɧɢɟ ɦɢɤɪɨɱɚɫɬɢɰ, ɢɯ ɫɪɟɞɧɟɝɨ 

ɞɢɚɦɟɬɪɚ ɢ ɤɨɥɢɱɟɫɬɜɚ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɢɯ ɰɟɥɨɫɬɧɨɫɬɢ. ɋɩɭɫɬɹ 2 ɧɟɞɟɥɢ ɜ ɬɤɚ-

ɧɹɯ ɜɦɟɫɬɟ ɜɜɟɞɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɧɚɛɥɸɞɚɥɢɩɪɢɫɭɬɫɬɜɢɟ ɦɨɧɨɹɞɟɪɧɵɯ ɦɚɤɪɨ-
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ɮɚɝɚɥɶɧɵɯɤɥɟɬɨɤ ɫɟɤɪɟɬɨɪɧɨ-ɮɚɝɨɰɢɬɚɪɧɨɝɨ ɬɢɩɚ, ɚɬɚɤɠɟ ɧɚɥɢɱɢɟ ɧɟɫɤɨɥɶɤɢɯ 

ɝɢɝɚɧɬɫɤɢɯ ɤɥɟɬɨɤɢɧɨɪɨɞɧɵɯ ɬɟɥ (ȽɄɂɌ). ȼ ɷɬɢɫɪɨɤɢ ɤɨɥɢɱɟɫɬɜɨ ɤɪɭɩɧɵɯ 

(ɫɜɵɲɟ 10-15 ɦɤɦ)ɱɚɫɬɢɰ ɫɬɚɥɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɢ ɧɟ ɩɪɟɜɵɲɚɥɨ 14 % ɜ 

ɩɨɥɟ ɡɪɟɧɢɹ. ȼ ɯɨɞɟ ɞɚɥɶɧɟɣɲɟɝɨ ɧɚɛɥɸɞɟɧɢɹ ɨɬɦɟɱɟɧɨ ɧɚɪɚɫɬɚɧɢɟɦɚɤɪɨ-

ɮɚɝɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢɧɚɪɹɞɭ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɮɪɚɤɰɢɢ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɞɨ 4-5 % 

ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɜ ɩɨɥɟ ɡɪɟɧɢɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɨɬɟɤɚɧɢɢ ɩɪɨɰɟɫɫɚ ɪɚɡ-

ɪɭɲɟɧɢɹ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɪɢɤɫɚ ɱɚɫɬɢɰ. Ɉɞɧɚɤɨ ɜ ɰɟɥɨɦ ɜ ɬɟɱɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ 

ɞɥɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɧɚɛɥɸɞɟɧɢɹ ɛɨɥɶɲɢɧɫɬɜɨ ɧɟɪɚɡɪɭɲɟɧɧɵɯ ɦɢɤɪɨɫɮɟɪ 

ɩɪɢɫɭɬɫɬɜɨɜɚɥɨ ɜ ɬɤɚɧɹɯ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɞɨɫɬɚɬɨɱɧɨɞɥɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫ-

ɫɟ ɛɢɨɪɟɡɨɪɛɰɢɢ ɦɢɤɪɨɱɚɫɬɢɰ in vivo, ɧɟɫɦɨɬɪɹ ɧɚ ɢɯ ɦɚɥɵɟ ɪɚɡɦɟɪɵ, ɱɬɨ ɝɨɜɨ-

ɪɢɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɨɥ-

ɝɨɜɪɟɦɟɧɧɨɣ ɥɟɤɚɪɫɬɜɟɧɧɨɣ ɮɨɪɦɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɜɧɭɬɪɢɦɵɲɟɱɧɨɝɨ 

ɜɜɟɞɟɧɢɹ [44, 46]. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɜ ɤɨɧɬɪɨɥɢɪɭ-

ɟɦɨɣ ɞɨɫɬɚɜɤɟ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɠɟɥɚɬɢɧ, ɛɟɥɤɢ, ɩɨɥɢɥɚɤɬɢɞ ɢ 

ɩɨɥɢ (ɷɬɢɥɟɧɝɥɢɤɨɥɶ) - ɩɨɥɢ (D, L-ɥɚɤɬɢɞɚ), ɉȽȺ ɞɨɫɬɭɩɧɵ ɜ ɯɢɦɢɱɟɫɤɢ ɱɢɫɬɨɣ 

ɮɨɪɦɟ ɢ ɢɦɟɸɬ ɧɢɡɤɭɸ ɫɤɨɪɨɫɬɶ ɪɚɡɥɨɠɟɧɢɹ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞɚɯ. 

Ȼɢɨɪɚɡɥɚɝɚɟɦɵɟ ɧɨɫɢɬɟɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞɝɨɬɨɜɢɬɶ ɛɨ-

ɥɟɭɬɨɥɹɸɳɢɟ ɫɪɟɞɫɬɜɚ, ɚɧɬɢɞɟɩɪɟɫɫɚɧɬɵ, ɩɪɨɬɢɜɨɡɚɱɚɬɨɱɧɵɟ ɫɪɟɞɫɬɜɚ, ɩɪɨɬɢ-

ɜɨɪɚɤɨɜɵɟ ɢ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɩɪɟɩɚɪɚɬɵ [18].   
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1.4 ʞˑˎˋˆˋˇ˓ˑˍ˔ˋ˃ˎˍ˃ːˑ˃˕˞ – ˒˓ˋ˓ˑˇː˞ˈ ˒ˑˎˋˠ˗ˋ˓˞, ˋ˘ ˔˅ˑˌ˔˕˅˃ 

 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɹɜɥɹɸɬɫɹ ɩɪɢɪɨɞɧɵɦɢ 

ɩɨɥɢɷɮɢɪɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɢ ɧɚɤɨɩɥɟɧɧɵɦɢ ɪɚɡɥɢɱɧɵɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ 

ɰɚɪɫɬɜɚ ɛɚɤɬɟɪɢɣ ɢ ɚɪɯɟɣ,  ɤɨɬɨɪɵɟ  ɚɤɤɭɦɭɥɢɪɭɸɬ ɷɧɟɪɝɢɸ ɜ ɜɢɞɟ ɯɪɚɧɟɧɢɹ 

ɭɝɥɟɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɩɢɬɚɧɢɹ (ɬ.ɟ. ɚɡɨɬ, ɤɢɫɥɨɪɨɞ 

ɢɥɢ ɮɨɫɮɨɪ), ɧɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɡɛɵɬɤɚ ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ. Ɉɛɪɚɡɭɸɬɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɦɢɤɪɨɛɧɨɝɨ ɛɢɨɫɢɧɬɟɡɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɲɬɚɦɦɨɜ-ɩɪɨɞɭɰɟɧɬɨɜ: 

Wautersia eutropha B5786, Ralstonia eutropha H16, Pseudomonas putida KT2442, 

Azotobacter chroococcum 7B,Rhodococcus ruber, Aeromonas caviae,Paracoccus 

denitrifican ɢ ɞɪ [20].  

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, ɩɨɥɢɭɪɟɬɚɧɵ ɢ ɩɪɨɢɡɜɨɞɧɵɟ ɢɡ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ 

(ɉɗȽ), ɤɨɬɨɪɵɟ ɫɱɢɬɚɥɢɫɶ "ɡɨɥɨɬɵɦ ɫɬɚɧɞɚɪɬɨɦ" ɞɥɹ ɩɨɥɢɦɟɪɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ 

ɜ ɦɟɞɢɰɢɧɟ, ɩɨɫɬɨɹɧɧɨ ɡɚɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɩɨɥɢɦɟɪɚɦɢ ɢ ɫɨɩɨɥɢɦɟɪɚɦɢ 

ɢɡ ɧɚɬɭɪɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɜ ɫɢɥɭ ɢɯ ɩɪɟɜɨɫɯɨɞɧɨɣ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ ɢ 

ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɢ. ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɧɨɜɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɢɥɢ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɫ ɦɨɦɟɧɬɚ ɢɯ ɨɬɤɪɵɬɢɹ ɜ 

1926 ɝɨɞɭ M. Lemoigne [21]. ɋ ɬɟɯ ɩɨɪ ɛɨɥɟɟ 300 ɜɢɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɝɪɚɦ-

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢ ɝɪɚɦ-ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɨɩɢɫɚɧɵ ɫ 

ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɉȽȺ [25]. 

Ɏɢɡɢɱɟɫɤɢɟ ɢ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɢ ɢɯ 

ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ ɞɟɥɚɸɬ ɢɯ ɥɭɱɲɟɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɫɢɧɬɟɬɢɱɟɫɤɢɦ 

ɩɥɚɫɬɦɚɫɫɚɦ. ɉȽȺ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɫɬɚɜɨɦ, ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ 

ɮɟɪɦɟɧɬɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɧɚɛɨɪɚ ɫɭɛɫɬɪɚɬɨɜ [22]. 

 ȼɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɬɪɭɞɧɨɫɬɶ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 

ɝɨɦɨɩɨɥɢɦɟɪɨɜ ɉȽȺ ɞɟɥɚɸɬ ɢɯ ɦɟɧɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɦɢ ɞɥɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ [23, 24]. 

 Ɋɚɛɨɬɵ ɩɨ ɢɡɦɟɧɟɧɢɸ ɦɨɧɨɦɟɪɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɢɯ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɟ 

(MW), ɩɪɢɜɟɥɢ ɤ ɩɨɥɢɦɟɪɚɦ, ɤɨɬɨɪɵɟ ɛɨɥɟɟ ɩɪɢɝɨɞɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ 

ɩɟɪɟɪɚɛɨɬɤɢ. ɗɬɢ ɚɫɩɟɤɬɵ ɡɚɜɢɫɹɬ ɨɬ ɜɢɞɚ ɛɚɤɬɟɪɢɣ, ɫɭɛɫɬɪɚɬɚ, ɫɬɪɚɬɟɝɢɢ 
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ɩɢɬɚɧɢɹ ɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. ɗɬɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɦɨɠɧɨ 

ɦɚɧɢɩɭɥɢɪɨɜɚɬɶ, ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɚ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 

[26, 27]. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɚɥɤɢɥɶɧɨɣ ɝɪɭɩɩɵ ɉȽȺ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ 

ɤɨɪɨɬɤɨ-, ɫɪɟɞɧɟ- ɢ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ: 

 ɝɢɞɪɨɤɫɢɚɥɤɚɧɨɜɵɟ ɤɢɫɥɨɬɵ ɫ ɤɨɪɨɬɤɨɣ ɞɥɢɧɨɣ ɰɟɩɢ, ɬɚɤɢɟ ɤɚɤ ɤɨ-

ɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ ɉȽȺ (sclPHA – “Short chain length“), ɫ ɚɥɤɢɥɶɧɨɣ ɛɨɤɨɜɨɣ 

ɰɟɩɶɸ, ɤɨɬɨɪɵɟ ɩɪɨɞɭɰɢɪɭɸɬɫɹ Ralstonia eutropha ɢ ɦɧɨɝɢɦɢ ɞɪɭɝɢɦɢ ɛɚɤɬɟɪɢ-

ɹɦɢ.  Cɨɞɟɪɠɚɬ 3-5 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɧɚɩɪɢɦɟɪ ɉ3ȽȻ, ɉ4ȽȻ.  

 ɝɢɞɪɨɤɫɢɚɥɤɚɧɨɜɵɟ ɤɢɫɥɨɬɵ ɫɨ ɫɪɟɞɧɟɣ ɞɥɢɧɨɣ ɰɟɩɢ, ɬɚɤɢɟ ɤɚɤ 

mclPHA (“Medium chain length“) ɫ ɚɥɤɢɥɶɧɨɣ ɛɨɤɨɜɨɣ ɰɟɩɶɸ, ɤɨɬɨɪɵɟ 

ɩɪɨɞɭɰɢɪɭɸɬɫɹ Pseudomonas oleovorans ɢ ɞɪ. ɆclPHAs ɫɨɞɟɪɠɚɬ 6-14 ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ, ɧɚɩɪɢɦɟɪ, P3HHx, P3HO, P3HD, P3HDD, P3HTD ɢ P3HHD.  

 lclPHAs, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɫ ɞɥɢɧɧɨɣ ɰɟɩɶɸ ɤɢɫɥɨɬɵ, 

ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɛɨɥɟɟ 14 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. 

ɉɨɫɤɨɥɶɤɭ ɷɬɢ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɉȽȺ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɢ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɨɧɢ ɞɨɥɠɧɵ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ 

ɫɜɨɣɫɬɜɚɦɢ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɵ ɞɥɹ ɥɟɝɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɦɟɞɢɰɢɧɫɤɢɯ 

ɰɟɥɹɯ. Ʉ ɱɢɫɥɭ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɢ ɢɡɭɱɟɧɧɵɯ ɨɬɧɨɫɹɬɫɹ ɤɨɪɨɬɤɨɰɟ-

ɩɨɱɟɱɧɵɟ ɩɨɥɢɦɟɪɵ: ɝɨɦɨɩɨɥɢɦɟɪ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) (ɉ(3ȽȻ)) ɢ ɨɛɪɚ-

ɡɨɜɚɧɧɵɟ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɵ ɫ ɪɚɡɥɢɱɧɵɦ ɜɤɥɸɱɟɧɢɟɦ                               

3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ (ɉ(3ȽȻ-ɫɨ-3Ƚȼ)) ɢɥɢ4-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ (ɉ(3ȽȻ-ɫɨ-4ȽȻ)); ɢ 

ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɟ: ɫɨɩɨɥɢɦɟɪɵ ɫ ɪɚɡɥɢɱɧɵɦ ɜɤɥɸɱɟɧɢɟɦ 3-

ɝɢɞɪɨɤɫɢɝɟɤɫɚɧɨɚɬɚ (ɉ(3ȽȻ-ɫɨ-3ȽȽ)) ɢɥɢ 3-ɝɢɞɪɨɤɫɢɨɤɬɚɧɨɚɬɚ (ɉ(3ȽȻ-ɫɨ-3ȽɈ)) 

[2]. 

Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɉȽȺɧɚɯɨɞɹɬɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɢɯ ɦɨɧɨɦɟɪɧɨɝɨ 

ɫɨɫɬɚɜɚ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ[15-17]. ɇɟɤɨɬɨɪɵɟ sclPHAs ɦɨɝɭɬ ɛɵɬɶ 

ɫɥɢɲɤɨɦ ɠɟɫɬɤɢɦɢ ɢ ɥɨɦɤɢɦɢ, ɢ ɦɨɝɭɬ ɧɟ ɨɛɥɚɞɚɬɶ ɯɨɪɨɲɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥɹ ɛɢɨɦɟɞɢɰɢɧɵ. ɇɚɩɪɨɬɢɜ, mclPHAs ɦɨɝɭɬ ɛɵɬɶ 

ɷɥɚɫɬɨɦɟɪɧɵɦɢ, ɧɨ ɢɦɟɸɬ ɨɱɟɧɶ ɧɢɡɤɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɞɥɹ 
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ɭɩɚɤɨɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɢ ɞɪɭɝɢɯ ɩɪɢɦɟɧɟɧɢɣ, 

ɮɢɡɢɱɟɫɤɢɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɢɤɪɨɛɧɵɯ ɩɨɥɢɷɮɢɪɨɜ ɞɨɥɠɧɵ ɛɵɬɶ 

ɪɚɡɧɨɨɛɪɚɡɧɵɦɢɢ ɭɥɭɱɲɟɧɧɵɦɢ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɷɬɨɦɭ, ɧɟɨɛɯɨɞɢɦɨ ɱɬɨɛɵ 

ɜɵɫɨɤɨɝɢɞɪɨɮɨɛɧɵɟ ɉȽȺ ɢɦɟɥɢ ɝɢɞɪɨɮɢɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɞɥɹ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ 

ɩɪɢɦɟɧɟɧɢɣ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜ [2]. 

ɋɪɟɞɢ ɛɨɥɟɟ ɱɟɦ 150 ɦɨɧɨɦɟɪɨɜ, ɨ ɤɨɬɨɪɵɯ ɫɨɨɛɳɚɥɨɫɶ ɞɨ ɫɢɯ ɩɨɪ, 

ɬɨɥɶɤɨ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɨɦɨɩɨɥɢɦɟɪɨɜ ɢ ɫɨɩɨɥɢɦɟɪɨɜ ɉȽȺ 

ɩɪɨɞɭɰɢɪɭɸɬɫɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 

[28,29,30]. 

ȼɛɨɥɶɲɢɧɫɬɜɟɫɥɭɱɚɟɜɩɪɨɞɭɰɢɪɭɸɬɫɹɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟɉȽȺ, ɫɪɟɞɢ 

ɤɨɬɨɪɵɯ ɉȽȻ, ɉ(3ȽȻ:3Ƚȼ), ɉ(3ȽȻ:4ȽȻ), ɉ(3ȽȻ:3Ƚɉ) ɢɉ(3ȽȻ:3Ƚȼ:4ȽȻ) [32]. 

ɉȽȺ ɩɨɥɢɦɟɪɵ, ɤɨɬɨɪɵɟ ɜɫɬɪɟɱɚɸɬɫɹ ɪɟɠɟ, ɜɤɥɸɱɚɸɬ ɞɪɭɝɢɟ 

ɝɨɦɨɩɨɥɢɦɟɪɵ 4ȽȻ, 3Ƚȼ, 

3Ƚ5ɉȼ.ɆɨɥɟɤɭɥɹɪɧɚɹɦɚɫɫɚɉȽȺɨɯɜɚɬɵɜɚɟɬɲɢɪɨɤɢɣɞɢɚɩɚɡɨɧɨɬ 0,5ɯ105ɞɨ 

35ɯ105Ⱦɚɢɢɯɢɧɞɟɤɫɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ (ɂɉȾ) ɜɚɪɶɢɪɭɟɬɫɹɨɬ 1,1 ɞɨ 6,0 [26]. 

ɂɉȾ ɹɜɥɹɟɬɫɹ ɢɧɞɟɤɫɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɥɟɤɭɥ ɜ ɩɪɟɞɟɥɚɯ ɩɨɥɢɦɟɪɧɨɝɨ 

ɨɛɪɚɡɰɚ, ɤɨɬɨɪɵɣ ɢɡɦɟɪɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɜɟɫɨɜɨɝɨ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɜɟɫɚ(Mw)  ɤ ɫɪɟɞɧɟɱɢɫɥɨɜɨɦɭ ɦɨɥɟɤɭɥɹɪɧɨɦɭ ɜɟɫɭ ɩɨɥɢɦɟɪɚ (Mn). Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɨɧ ɨɩɪɟɞɟɥɹɟɬ ɝɟɬɟɪɨɝɟɧɧɨɫɬɶ ɩɨɥɢɦɟɪɧɨɣ ɫɦɟɫɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɪɚɡɦɟɪɭ ɦɨɥɟɤɭɥ. Ȼɨɥɟɟ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ 

ɡɚɬɪɭɞɧɹɟɬ ɭɫɬɚɧɨɜɥɟɧɢɟ ɝɨɦɨɝɟɧɧɨɫɬɢ ɫɨɩɨɥɢɦɟɪɚ, ɨɫɨɛɟɧɧɨ ɬɟɯ, ɤɨɬɨɪɵɟ 

ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɡɧɚɱɟɧɢɹ Mw ɢ Mn. ɗɬɨ ɫɜɹɡɚɧɨ ɫ 

ɧɟɨɩɪɟɞɟɥɟɧɧɵɦɢ ɬɟɪɦɢɱɟɫɤɢɦɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ɍɟɪɦɨɩɥɚɫɬɢɱɧɨɫɬɶ, ɫɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɷɥɚɫɬɢɱɧɨɫɬɶ, ɦɟɯɚɧɢɱɟɫɤɚɹ 

ɩɪɨɱɧɨɫɬɶ ɉȽȺ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ ɫɨɫɬɚɜɚ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɵ (ɦ.ɦ.) [31]. Ɍɚɤɢɦɨɛɪɚɡɨɦ, ɝɨɦɨɩɨɥɢɦɟɪ-ɉȽȻ, ɤɨɬɨɪɵɣɢɦɟɟɬɧɢɡɤɭɸɦ.ɦ 

(5-10ɯ105Ⱦɚ), ɹɜɥɹɟɬɫɹɩɨɥɭɤɪɢɫɬɚɥɢɱɟɫɤɢɦ ɢɯɪɭɩɤɢɦɜɩɪɢɪɨɞɟ [32]. Ɉɞɧɚɤɨ 

ɧɟɤɨɬɨɪɵɟ ɮɚɤɬɨɪɵ ɪɟɝɭɥɢɪɭɸɬ ɷɬɢ ɚɫɩɟɤɬɵ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 

ɧɚɫɬɪɨɣɤɢ ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɠɟɥɚɬɟɥɶɧɵɯ.  
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ɉɨ ɫɜɨɣɫɬɜɚɦ ɩɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ (ɉȽȻ) ɩɨɯɨɠ ɧɚ ɬɚɤɢɟ ɫɢɧɬɟɬɢɱɟɫɤɢɟ 

ɬɟɪɦɨɩɥɚɫɬɵ, ɤɚɤ ɩɨɥɢɷɬɢɥɟɧ ɢ ɩɨɥɢɩɪɨɩɢɥɟɧ, ɧɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɢɯ ɢɦɟɟɬ ɩɪɟ-

ɢɦɭɳɟɫɬɜɨ - ɪɚɡɥɚɝɚɟɬɫɹ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞɚɯ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɬɨɤɫɢɱɧɵɯ 

ɩɪɨɞɭɤɬɨɜ. ɗɬɨ ɫɜɨɣɫɬɜɨ ɡɚɫɥɭɠɢɥɨ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɤ ɉȽȻ ɢ ɟɝɨ 

ɫɬɪɭɤɬɭɪɧɵɦ ɚɧɚɥɨɝɚɦ, ɤɚɤ ɤ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɦ ɩɥɚɫɬɢɤɚɦ 

ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ.Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɉȽȻ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɪɚɡ-

ɧɵɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, ɜɚɪɶɢɪɭɟɬ; ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɜɟɥɢɱɢɧɵ 

ɫɨɫɬɚɜɥɹɟɬ 157 °ɋ, ɦɚɤɫɢɦɚɥɶɧɨɟ — ɨɤɨɥɨ 188 °ɋ. [33].  

ɋɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ (ɉȽȻ) 

ɪɚɡɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ (Mw) ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɭɫɥɨɜɢɣ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

ɲɬɚɦɦɚ-ɩɪɨɞɭɰɟɧɬɚ Azotobacter chroococcum 7B: ɪɇ ɫɪɟɞɵ, ɬɟɦɩɟɪɚɬɭɪɚ, 

ɭɪɨɜɟɧɶ ɚɷɪɚɰɢɢ, ɜɧɟɫɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ - ɚɰɟɬɚɬ 

ɧɚɬɪɢɹ, ɚ ɬɚɤɠɟ ɩɪɢ ɪɨɫɬɟ ɧɚ ɧɟɨɱɢɳɟɧɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɭɝɥɟɪɨɞɚ 

(ɦɟɥɚɫɫɚ, ɜɢɧɚɫɫɚ, ɤɪɚɯɦɚɥ). ɉɨɥɢɦɟɪ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɞɥɹ ɪɨɫɬɚ ɤɭɥɶɬɭɪɵ ɧɟɣɬɪɚɥɶɧɨɦ ɪɇ 

ɫɪɟɞɵ (1 485 ɤȾa), ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 30-37°ɋ (1600-1450 ɤȾa 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɩɪɢ ɧɢɡɤɨɦ ɭɪɨɜɧɟ ɚɷɪɚɰɢɢ (2215 ɤȾa). Ʉ ɫɧɢɠɟɧɢɸ ɫɬɟɩɟɧɢ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɉȽȻ ɩɪɢɜɨɞɢɬ ɨɬɤɥɨɧɟɧɢɟ ɪɇ ɫɪɟɞɵ ɜ ɤɢɫɥɭɸ (ɪɇ 6.0, 476 ɤȾa) 

ɢɥɢ ɳɟɥɨɱɧɭɸ ɨɛɥɚɫɬɶ(ɪɇ 8.0, 354 ɤȾa), ɚ ɬɚɤɠɟ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɞɨ 20°ɋ (897 ɤȾa). Ɉɩɢɫɚɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɉȽȻ ɡɚɞɚɧɧɨɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ ɨɬ 270 ɞɨ 1515 

ɤȾa ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɉȽȻ ɜ ɤɥɟɬɤɟ ɩɭɬɟɦ ɜɧɟɫɟɧɢɹ ɜ ɫɪɟɞɭ ɚɰɟɬɚɬɚ 

ɧɚɬɪɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɟɝɨ ɝɪɚɞɢɟɧɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ [34]. 

ɋ ɪɚɡɜɢɬɢɟɦ ɩɨɥɢɦɟɪɧɨɣ ɯɢɦɢɢ ɭɜɟɥɢɱɢɥɫɹɜɵɛɨɪ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɝɨɞ-

ɧɵɯ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɜ ɫɨɫɬɚɜɟ ɧɚɧɨ- ɢ 

ɦɢɤɪɨɱɚɫɬɢɰ. ɋɬɪɭɤɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɢɦɟɪɨɜ ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɹɸ-

ɳɢɦɢɫɨɫɬɚɜɥɹɸɳɢɦɢ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɋȾ ɢ ɜɵɫɜɨɛɨɠɞɟɧɢɹ Ʌɉ 

ɢɡ ɧɢɯ. Ʉ ɩɪɢɦɟɪɭ, ɨɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ, ɨɤɚɡɵɜɚɸɳɢɯ ɜɥɢɹɧɢɟ ɧɚ ɤɢɧɟɬɢɤɭ ɜɵ-

ɫɜɨɛɨɠɞɟɧɢɹ ɩɪɟɩɚɪɚɬɚ, ɹɜɥɹɸɬɫɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ 

ɩɨɥɢɦɟɪɚ [35]. 
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ȼɚɠɧɨ ɭɱɢɬɵɜɚɬɶ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɩɨɥɢɦɟɪɚ, ɜɵɛɪɚɧɧɨɝɨ ɞɥɹ ɢɫɫɥɟ-

ɞɨɜɚɧɢɹ. ɍɜɟɥɢɱɟɧɢɟ ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ [36]. ɂɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɩɟɪɟɩɥɟɬɟɧɢɣ ɦɟɠɞɭ ɰɟɩɹɦɢ 

ɩɨɥɢɦɟɪɵ ɫ ɬɹɠɟɥɵɦɢ ɰɟɩɹɦɢ ɱɚɫɬɨ ɨɤɚɡɵɜɚɸɬɫɹ ɠɟɫɬɱɟ, ɱɟɦ ɩɨɥɢɦɟɪɵ ɫ ɥɟɝ-

ɤɢɦɢ. Ʉ ɬɨɦɭ ɠɟ ɩɟɪɟɩɥɟɬɟɧɢɹ ɦɨɝɭɬ ɩɪɟɩɹɬɫɬɜɨɜɚɬɶ ɜɫɚɫɵɜɚɧɢɸ ɜɨɞɵ ɜ ɨɛɴɟɦ, 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɪɚɫɬɜɨɪɟɧɢɟ ɩɪɟɩɚɪɚɬɚ ɡɚɦɟɞɥɹɟɬɫɹ, ɢ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɩɪɨɢɫ-

ɯɨɞɢɬ ɝɨɪɚɡɞɨ ɦɟɞɥɟɧɧɟɟ [35,37]. 

ɇɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɮɚɤɬɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢ-

ɦɟɪɨɜ ɡɚɜɢɫɢɬɢɯ ɞɢɧɚɦɢɤɚ ɪɚɡɥɨɠɟɧɢɹ[36]. ɉɨɥɢɦɟɪɧɵɟ ɰɟɩɢ ɪɚɫɳɟɩɥɹɸɬɫɹ ɞɨ 

ɬɟɯ ɩɨɪ, ɩɨɤɚ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɧɟ ɞɨɫɬɢɝɧɟɬ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɪɢ ɤɨ-

ɬɨɪɨɦ ɦɨɠɟɬ ɞɢɮɮɭɧɞɢɪɨɜɚɬɶ ɩɪɟɩɚɪɚɬ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɪɚɡɪɭ-

ɲɟɧɢɸ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪ ɜ ɦɢɤɪɨɱɚɫɬɢɰɚɯ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɜɫɚɫɵɜɚɟɬɫɹ ɜɨɞɚ, 

ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɵɫɜɨɛɨɠɞɟɧɢɸ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ. Ɍɚɤɢɦ ɨɛɪɚ-

ɡɨɦ, ɩɪɢ ɜɵɫɨɤɨɣ ɧɚɱɚɥɶɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɟ ɩɨɥɢɦɟɪɚ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟ-

ɧɢɹ ɛɭɞɟɬ ɩɪɨɬɟɤɚɬɶ ɦɟɞɥɟɧɧɟɟ, ɜɟɞɶ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɱɢɧɚɟɬɫɹ ɜɵɯɨɞ ɩɪɟɩɚɪɚɬɚ, ɬɪɟɛɭɟɬɫɹ 

ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ. ɂ, ɧɚɩɪɨɬɢɜ, ɩɪɢ ɧɢɡɤɢɯ ɧɚɱɚɥɶɧɵɯ ɜɟɥɢɱɢɧɚɯ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɵ (ɨɤɨɥɨ 4000 ɝ/ɦɨɥɶ) ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɩɪɟɩɚɪɚɬɚ ɩɪɨɢɫɯɨɞɢɬ ɧɟɡɚɦɟɞɥɢ-

ɬɟɥɶɧɨ [37]. 

ɉȽȺ ɢɦɟɸɬ ɧɚɛɨɪ ɫɜɨɣɫɬɜ: ɜɵɫɨɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶɢ ɬɟɪɦɢɱɟ-

ɫɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ,ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɨɛɪɚɛɚɬɵɜɚɬɶ ɢ ɩɨɥɭɱɚɬɶ ɲɢɪɨɤɢɣ 

ɫɩɟɤɬɪɩɪɨɞɭɤɬɨɜ, ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɨɦɩɨɡɢɬɵ ɫ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ 

ɩɨɥɢɦɟɪɚɦɢ, ɧɟɨɪɝɚɧɢɱɟɫɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɚ ɬɚɤɠɟ ɫ ɥɟɤɚɪɫɬɜɟɧɧɵɦɢ ɫɪɟɞ-

ɫɬɜɚɦɢ, ɩɨɥɧɚɹ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ ɞɨ ɧɟɬɨɤɫɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ (ɜɤɥɸɱɚɹ ɝɟɦɨɫɨɜɦɟɫɬɢɦɨɫɬɶ) ɫ ɬɤɚɧɹɦɢ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬ-

ɧɵɯ, ɚ ɬɚɤɠɟ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ [4]. Ɋɚɧɟɟ ɞɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨ-

ɥɭɱɟɧɢɹ ɜɵɫɨɤɨɨɱɢɳɟɧɧɵɯ ɩɚɪɬɢɣɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ, ɩɪɢɝɨɞɧɵɯ ɞɥɹ 

ɤɨɧɬɚɤɬɚ ɫ ɤɪɨɜɶɸ [49]. 

ȿɫɥɢ ɛɢɨɦɚɬɟɪɢɚɥ ɢɡ ɉȽȺ ɩɪɨɩɢɬɚɧ ɫɨɟɞɢɧɟɧɢɟɦ, ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɥɨɠɟɧɢɹ 

ɦɚɬɟɪɢɚɥɚ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ ɜɵɫɜɨɛɨɠɞɚɟɬɫɹ, ɞɟɣɫɬɜɭɹ ɤɚɤ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ 
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ɞɨɡɢɪɭɸɳɢɣ ɚɝɟɧɬ. Ʉɢɧɟɬɢɤɭ ɞɨɡɢɪɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɹ ɢɡ ɦɚɬɪɢɰɵ ɉȽȺ ɦɨɠɧɨ 

ɧɚɫɬɪɨɢɬɶ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɚ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɉȽȺ ɫ ɪɚɡɥɢɱɧɵɦɢ ɦɨɧɨɦɟɪɧɵɦɢ ɛɨɤɨɜɵɦɢ ɰɟɩɹɦɢ. 

ɇɚ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɚ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɟ ɮɚɤɬɨɪɵ: ɫɬɟɩɟɧɶ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ, ɦɨɧɨɦɟɪɧɵɣ ɫɨɫɬɚɜ, ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɢ ɞɪɭɝɢɟ. 

ɑɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɉȽȺ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɡɚɬɪɭɞɧɹɟɬ ɜɜɟɞɟɧɢɟ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɩɨɥɢɦɟɪɨɜ ɜ ɫɨɜɪɟɦɟɧɧɭɸ 

ɮɚɪɦɚɤɨɥɨɝɢɸ, ɭɫɥɨɠɧɹɟɬ ɩɪɨɰɟɫɫ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɧɚɧɨ- ɢ ɦɢɤɪɨɫɮɟɪɢɱɟɫɤɢɟ 

ɧɨɫɢɬɟɥɢ ɚɤɬɢɜɧɵɯ ɚɝɟɧɬɨɜ. Ʉ ɬɨɦɭ ɠɟ ɩɪɢɪɨɞɧɵɟ ɛɢɨɩɨɥɢɦɟɪɵ ɢɦɟɸɬ 

ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɢ ɞɨɫɬɚɬɨɱɧɨ ɬɪɭɞɨɟɦɤɢɣ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ. 

ɇɚ ɜɟɥɢɱɢɧɭ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɦɨɠɧɨ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɫ ɩɨɦɨɳɶɸ 

ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɫɧɢɠɟɧɢɟ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ ɫɨɩɨɥɢɦɟɪɚ ɉ(3-ȽȻ-3-Ƚȼ) (ɩɨɥɢ (3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3-

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ) ɜ 14 ɪɚɡ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ 

(NaBH4)ɜ ɬɟɱɟɧɢɟ 4 ɱɚɫɨɜ. Ȼɨɪɨɝɢɞɪɢɞ ɧɚɬɪɢɹ - ɧɟɨɪɝɚɧɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫ 

ɦɨɥɹɪɧɨɣ ɦɚɫɫɨɣ 37,833 ɝ/ɦɨɥɶ. ɏɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦ ɜ ɩɨɥɹɪɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɢ ɜɨɞɟ.Ȼɨɪɨɝɢɞɪɢɞ ɧɚɬɪɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ 

ɤɚɤ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɚɝɟɧɬ. ɋ ɟɝɨ ɩɨɦɨɳɶɸ ɩɪɨɜɨɞɹɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɤɚɪɛɨɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨ ɫɩɢɪɬɨɜ, ɢɦɢɧɨɜ ɞɨ 

ɜɬɨɪɢɱɧɵɯ ɚɦɢɧɨɜ, ɧɢɬɪɨɫɨɟɞɢɧɟɧɢɣ ɢ ɬ. ɩ.[38]. 

ɂɡɭɱɟɧɚ ɬɟɪɦɢɱɟɫɤɚɹ ɞɟɝɪɚɞɚɰɢɹɬɚɤɢɯ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ ɩɨɥɢɷɮɢɪɨɜ, 

ɤɚɤɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ), ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ) ɢ ɢɯ ɫɨɩɨɥɢɦɟɪɚ.  Ɉɫ-

ɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɹɜɥɹɥɫɹ ɱɟɬɤɨ ɨɩɪɟɞɟɥɟɧɧɵɣ ɨɥɢɝɨɦɟɪ, ɨɫɨɛɟɧɧɨ ɦɚɤɪɨɦɨ-

ɥɟɤɭɥɚ 500-10 000 ɝ / ɦɨɥɶ, ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɨɞɧɭ ɧɟɧɚɫɵɳɟɧɧɭɸ ɤɨɧɰɟɜɭɸ 

ɝɪɭɩɩɭ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɬɪɚɧɫɚɥɤɟɧɢɥɶɧɭɸ ɤɨɧɰɟɜɭɸ ɝɪɭɩɩɭ, ɚ ɬɚɤɠɟ ɜ ɜɢɞɟ 

ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɤɨɧɰɟɜɨɣ ɝɪɭɩɩɵ. ɂɡɭɱɚɥɢ ɩɪɨɰɟɫɫ ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɫɨɩɨɥɢɦɟɪɚ 

ɢ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɩɪɢ 190 ° C. ȼ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ ɪɟɚɤɰɢɢ 

ɬɟɪɦɢɱɟɫɤɚɹ ɞɟɝɪɚɞɚɰɢɹ ɉȽȻ ɢ ɉȽȼ ɫɥɟɞɨɜɚɥɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɥɭɱɚɣɧɨ-

ɝɨ ɪɚɡɪɵɜɚ, ɧɨ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɫɤɨɪɹɥɚɫɶ ɨɬ ɩɢɪɨɥɢɡɚ, ɜɟɪɨɹɬ-

ɧɨ, ɢɡ-ɡɚ ɜɥɢɹɧɢɹ ɤɨɧɰɟɜɵɯ ɤɪɨɬɨɧɨɜɵɯ ɝɪɭɩɩ ɨɛɪɚɡɨɜɚɧɧɵɯ ɨɥɢɝɨɦɟɪɨɜ [45].  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɦɟɬɨɞɵ ɨɱɢɫɬɤɢ 

ɛɢɨɩɨɥɢɦɟɪɨɜ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟɚɜɬɨɪɨɜ Daniel M. Horowitzɢ Elaine M. 

Brennanɭɩɨɦɢɧɚɟɬɫɹ ɨ ɜɨɞɧɵɯ ɫɩɨɫɨɛɚɯ ɨɱɢɫɬɤɢ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ 3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɧɨɝɨ ɩɨɥɢɦɟɪɚ, ɜ ɤɨɬɨɪɨɦ ɤɥɟɬɤɢ ɩɨɞɜɟɪɝɚɸɬ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 80 ° ɋ, ɚ ɡɚɬɟɦ ɪɚɫɳɟɩɥɹɸɬ ɮɟɪɦɟɧɬɚɦɢ, ɩɨɜɟɪɯɧɨɫɬɧɨ-

ɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɢ ɩɟɪɟɤɢɫɶɸ ɜɨɞɨɪɨɞɚ.Ⱥɜɬɨɪɵ ɪɚɫɤɪɵɜɚɸɬ ɫɩɨɫɨɛ 

ɨɱɢɫɬɤɢ ɦɢɤɪɨɛɧɵɯ ɩɨɥɢɷɮɢɪɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɛɢɧɚɰɢɢ ɩɟɪɟɤɢɫɢ 

ɜɨɞɨɪɨɞɚ ɫ ɯɟɥɚɬɨɨɛɪɚɡɭɸɳɢɦ ɚɝɟɧɬɨɦ. ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 

ɩɟɪɨɤɫɢɞɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɨɥɠɧɚ ɩɪɨɜɨɞɢɬɶɫɹ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, 

ɧɚɩɪɢɦɟɪ, 80-180° C, ɱɬɨ ɬɪɟɛɭɟɬ ɢɧɬɟɧɫɢɜɧɨɝɨ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɨɞɭɤɬɚ, 

ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɬɪɟɛɭɟɬɫɹ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ ɱɚɫɬɨ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɭɫɬɨɣɱɢɜɵɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɵɫɨɤɢɯ 

ɭɪɨɜɧɟɣ ɤɥɟɬɨɱɧɨɣ ɛɢɨɦɚɫɫɵ, ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ 

ɧɟɩɪɨɞɭɤɬɢɜɧɨ ɪɚɡɥɚɝɚɟɬɫɹ ɧɚ ɜɨɞɭ ɢ ɤɢɫɥɨɪɨɞ, ɨɛɪɚɡɭɹ ɨɛɴɟɦɧɭɸ ɩɟɧɭ.ɉɨɦɢɦɨ 

ɷɬɨɝɨ, ɚɜɬɨɪɵ ɫɱɢɬɚɸɬ ɧɟɞɨɫɬɚɬɤɨɦɬɨ, ɱɬɨ ɞɥɢɬɟɥɶɧɵɟ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɬɚɤɠɟ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɭɦɟɧɶɲɟɧɢɸ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ 

ɩɨɥɢɦɟɪɨɜ ɢ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɦɨɝɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɩɨɥɢɦɟɪɨɜ[46]. 

ȼ ɞɪɭɝɨɣ ɪɚɛɨɬɟ ɚɜɬɨɪɨɦ Williams ɫɨɜɦɟɫɬɧɨ ɫ ɞɪɭɝɢɦɢ ɚɜɬɨɪɚɦɢ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɉȽȺ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ50 % 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɭɪɨɜɧɹ ɩɢɪɨɝɟɧɚ (ɷɧɞɨɬɨɤɫɢɧɚ). ɉɢɪɨɝɟɧɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɝɟɬɟɪɨɝɟɧɧɭɸ ɝɪɭɩɩɭ ɜɵɡɵɜɚɸɳɢɯ ɥɢɯɨɪɚɞɤɭ ɜɟɳɟɫɬɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ 

ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ, ɝɪɢɛɨɜ ɢ ɜɢɪɭɫɨɜ. Ɉɧɢ 

ɫɬɢɦɭɥɢɪɭɸɬ ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ, ɩɪɨɞɭɰɢɪɭɹ ɷɧɞɨɝɟɧɧɵɟ ɩɢɪɨɝɟɧɵ, 

ɩɪɨɫɬɚɝɥɚɧɞɢɧɵ ɢ ɞɪɭɝɢɟ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɰɢɬɨɤɢɧɵ ɬɚɤɢɟ, ɤɚɤ IL-1ȕ, IL-6 ɢ 

TNF-α [47].  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɛɢɨɪɚɡɥɚɝɚɟɦɵɟ ɩɨɥɢɦɟɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ  ɞɥɹ ɦɟɞɢɰɢɧ-

ɫɤɢɯ ɰɟɥɟɣ ɞɨɥɠɧɵ ɛɵɬɶ ɛɢɨɫɨɜɦɟɫɬɢɦɵɦɢ ɢ ɞɟɝɪɚɞɢɪɨɜɚɬɶ ɞɨ ɧɟɬɨɤɫɢɱɧɵɯ 

ɦɟɬɚɛɨɥɢɬɨɜ. Ɇɟɞɢɰɢɧɫɤɢɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɬɚɤɠɟ ɧɟ ɞɨɥɠɧɵ ɛɵɬɶ ɩɢɪɨɝɟɧ-

ɧɵɦɢ, ɬɨ ɟɫɬɶ ɩɪɨɞɭɤɬɵ ɧɟ ɞɨɥɠɧɵ ɜɵɡɵɜɚɬɶ ɥɢɯɨɪɚɞɨɱɧɵɟ ɪɟɚɤɰɢɢ  ɭ ɩɚɰɢɟɧ-

https://patents.google.com/?inventor=Daniel+M.+Horowitz
https://patents.google.com/?inventor=Elaine+M.+Brennan
https://patents.google.com/?inventor=Elaine+M.+Brennan
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ɬɨɜ. ɇɚɥɢɱɢɟ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɷɧɞɨɬɨɤɫɢɧɚ (ɧɟɨɬɴɟɦɥɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚɧɚɪɭɠ-

ɧɨɣ ɦɟɦɛɪɚɧɵ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ) ɜ ɩɪɨɞɭɤɬɟ, ɛɟɡɭɫɥɨɜɧɨ, ɹɜɥɹɟɬɫɹ 

ɫɚɦɨɣ ɛɨɥɶɲɨɣ ɩɪɨɛɥɟɦɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɦɢɧɢɦɚɥɶɧɨɝɨ 

ɭɪɨɜɧɹ ɩɢɪɨɝɟɧɚ.Ɉɛɪɚɛɨɬɤɚ ɉȽȺ 50 % ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 

ɭɪɨɜɟɧɶ ɷɧɨɞɨɬɨɤɫɢɧɚ ɞɨ ɡɧɚɱɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɟ ɜɨɡɧɢɤɚɟɬ ɨɫɬɪɨɣ ɨɬɜɟɬɧɨɣ 

ɪɟɚɤɰɢɢ ɜ ɨɪɝɚɧɢɡɦɟ ɠɢɜɨɬɧɵɯ ɩɪɢ ɢɦɩɥɚɧɬɚɰɢɢ ɦɚɬɟɪɢɚɥɚ. ɑɬɨ ɜ ɛɭɞɭɳɟɦ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜɵɞɟɥɟɧɧɵɣ ɩɨɫɥɟ ɮɟɪɦɟɧɬɚɰɢɢ ɩɨɥɢ-

ɦɟɪ ɧɟ ɛɭɞɟɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɨɛɪɚɛɨɬɤɟ ɚɝɪɟɫɫɢɜɧɵɦɢ ɨɝɪɚɧɢɱɟɫɤɢɦɢ ɪɚɫɬɜɨɪɢ-

ɬɟɥɹɦɢ [47]. 

Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɩɪɨ-

ɜɨɞɹɬ ɳɟɥɨɱɧɨɣ ɝɢɞɪɨɥɢɡ ɝɢɞɪɨɤɫɢɞɨɦ ɤɚɥɢɹ, ɧɚɬɪɢɹ ɢ ɞɪ.ɋ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ-

ɫɬɶɸ ɝɢɞɪɨɥɢɡɚ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɤɚɪɛɨɤɫɢɥɶɧɵɯ 

ɝɪɭɩɩ. ɉɨɥɢɦɟɪ ɩɪɢɨɛɪɟɬɚɟɬ ɝɢɞɪɨɮɢɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɪɹɞ ɢɫ-

ɫɥɟɞɨɜɚɧɢɣ, ɩɨɦɢɦɨ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɧɚ ɚɞɝɟɡɢɸ 

ɤɥɟɬɤɢ-ɯɨɡɹɢɧɚ ɤ ɛɢɨɦɚɬɟɪɢɚɥɭ ɜɥɢɹɟɬ ɫɬɟɩɟɧɶ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ ɩɨɥɢɦɟ-

ɪɚ.ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɨ ɦɟɪɟ ɝɢɞɪɨɥɢɡɚ ɩɨɥɢɦɟɪɚ ɜɨɡɪɚɫɬɚɟɬɚɞɫɨɪɛɰɢɹ ɛɟɥɤɨɜ, ɚ 

ɬɚɤɠɟɚɞɝɟɡɢɹ ɢ ɩɪɨɥɢɮɟɪɚɰɢɹ ɦɨɧɨɰɢɬɨɜ-ɦɚɤɪɨɮɚɝɨɜ. 

Ɉɛɳɟɩɪɢɡɧɚɧɨ, ɱɬɨ ɛɟɥɤɢ ɩɥɚɡɦɵ ɦɝɧɨɜɟɧɧɨ ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɧɚ 

ɛɢɨɦɚɬɟɪɢɚɥɟ, ɤɨɝɞɚ ɨɧ ɜɫɬɭɩɚɟɬɜ ɤɨɧɬɚɤɬ ɫ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɠɢɞɤɨɫɬɹɦɢ ɢ ɱɬɨ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ ɦɟɠɞɭ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɦɢ 

ɛɟɥɤɚɦɢ ɢ ɪɟɰɟɩɬɨɪɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɤ. Ɇɧɨɝɢɟ 

ɚɜɬɨɪɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɟ ɛɟɥɤɢ ɬɚɤɢɟ, ɤɚɤ ɮɢɛɪɨɧɟɤɬɢɧ, 

ɚɥɶɛɭɦɢɧ, ɥɚɦɢɧɢɧ, ɤɨɥɥɚɝɟɧ ɢ ɜɢɬɪɨɧɟɤɬɢɧ ɭɱɚɫɬɜɭɸɬ ɜ ɤɥɟɬɨɱɧɨɣ ɚɞɝɟ-

ɡɢɢ[48].  
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1.5 ʞ˓ˋˏˈːˈːˋˈ ˒ˑˎˋˆˋˇ˓ˑˍ˔ˋ˃ˎˍ˃ːˑ˃˕ˑ˅ ˅˗˃˓ˏ˃ˍˑˎˑˆˋˋ 

 

Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɛɢɨɩɨɥɢɦɟɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɫɟɦ ɪɚɧɟɟ ɢɡɥɨɠɟɧɧɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɛɢɨɦɚɬɟɪɢɚɥɚɦɜ ɮɚɪɦɚɤɨɥɨɝɢɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ, 

ɩɪɨɜɨɞɢɦɵɟ ɜ ɂɧɫɬɢɬɭɬɟ ɛɢɨɮɢɡɢɤɢ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ ɊȺɇ, ɩɨɤɚɡɚɥɢ ɜɵ-

ɫɨɤɭɸ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɜɵɫɨɤɨɨɱɢɳɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɉȽȺ ɧɚ ɤɥɟɬɨɱɧɨɦ, ɬɤɚ-

ɧɟɜɨɦ ɭɪɨɜɧɟ, ɜɤɥɸɱɚɹ ɢɯ ɩɪɢɝɨɞɧɨɫɬɶ ɞɥɹ ɤɨɧɬɚɤɬɚɫ ɤɪɨɜɶɸ ɢ ɞɥɹ ɞɟɩɨɧɢɪɨ-

ɜɚɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜɜ ɦɢɤɪɨɧɨɫɢɬɟɥɹɯ [49,50]. 

Ʉɚɤ ɭɩɨɦɢɧɚɥɨɫɶ ɪɚɧɟɟ, ɦɨɥɟɤɭɥɵ ɉȽȺ ɩɪɢɪɨɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɨɛɥɚ-

ɞɚɸɬ ɢɡɛɵɬɨɱɧɵɦ ɦɨɥɟɤɭɥɹɪɧɵɦ ɜɟɫɨɦ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɬɟɯ-

ɧɨɥɨɝɢɹɯ, ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɦɢɤɪɨ- ɢ ɧɚɧɨɧɨɫɢɬɟɥɟɣ.Ɇɚɬɟɪɢɚɥɵ ɢɡ 

ɉȽȺ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɚɦɵɯ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ. ȼɦɟɞɢɰɢɧɟ ɢ ɯɢɪɭɪɝɢɢ 

(ɢɡɝɨɬɨɜɥɟɧɢɟ ɪɚɫɫɚɫɵɜɚɸɳɢɯɫɹ ɲɨɜɧɵɯ ɧɢɬɟɣ, ɯɢɪɭɪɝɢɱɟɫɤɢɯ ɩɥɚɫɬɢɧ, 

ɩɥɟɧɨɤ ɞɥɹ ɩɨɤɪɵɬɢɹ ɪɚɧ, ɷɧɞɨɩɪɨɬɟɡɨɜ ɢ ɞɪ.). ȼ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

(ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɩɨɪɱɢ ɧɚɩɢɬɤɨɜ ɢ ɩɪɨɞɭɤɬɨɜ, ɭɩɚɤɨɜɨɱɧɵɟ 

ɦɚɬɟɪɢɚɥɵ), ɜ ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ (ɩɨɤɪɵɬɢɟ ɫɟɦɹɧ, ɭɞɨɛɪɟɧɢɣ ɢ ɩɟɫɬɢɰɢɞɨɜ), 

ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɟ, ɤɨɦɦɭɧɚɥɶɧɨɦ ɯɨɡɹɣɫɬɜɟ (ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɟ ɭɩɚɤɨɜɨɱɧɵɟ 

ɦɚɬɟɪɢɚɥɵ, ɬɚɪɚ). Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɮɚɪɦɚɤɨɥɨɝɢɢɞɥɹ ɞɟɩɨɧɢɪɨɜɚɧɢɹ 

ɢ ɞɨɫɬɚɜɤɢ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ[19]. 

ɂɡ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɩɥɟɧɤɢ, ɩɨɪɢɫɬɵɟ 

ɦɚɬɪɢɰɵ. Ⱥ ɬɚɤɠɟ ɦɢɤɪɨɫɮɟɪɵ ɢ ɧɚɧɨɱɚɫɬɢɰɵ, ɤɚɤ ɧɨɫɢɬɟɥɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 

ɫɪɟɞɫɬɜ (Ʌɋ).Ʌɟɤɚɪɫɬɜɟɧɧɵɟ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɵ ɜ 

ɦɢɤɪɨɧɨɫɢɬɟɥɢ ɢɡ ɝɨɦɨɩɨɥɢɦɟɪɚ ɢɥɢ ɫɨɩɨɥɢɦɟɪɚ ɢɡ ɉȽȺ. ɋɢɫɬɟɦɵ ɞɨɫɬɚɜɤɢ 

Ʌɋ ɜ ɜɢɞɟ ɦɢɤɪɨ- ɢ ɧɚɧɨɱɚɫɬɢɰ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹɞɨɫɬɚɜɤɢ ɪɹɞɚ 

ɩɪɟɩɚɪɚɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɚɧɟɫɬɟɬɢɤɨɜ, ɚɧɬɢɛɢɨɬɢɤɨɜ, ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 

ɫɪɟɞɫɬɜ, ɩɪɨɬɢɜɨɪɚɤɨɜɵɯ ɚɝɟɧɬɨɜ, ɝɨɪɦɨɧɨɜ, ɫɬɟɪɨɢɞɨɜ ɢ ɜɚɤɰɢɧ [52, 53]. 

ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɢɧɬɟɪɟɫɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɢɤɪɨɱɚɫɬɢɰ, ɤɨɬɨɪɵɟ ɞɟɥɚɸɬ 

ɢɯ ɨɫɨɛɟɧɧɨ ɩɨɞɯɨɞɹɳɢɦɢ ɞɥɹ ɦɢɤɪɨɤɚɩɫɭɥɢɪɨɜɚɧɢɹ:  

 ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɜɵɩɭɫɤ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 ɡɚɳɢɬɚ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɬ ɪɚɡɪɭɲɚɸɳɢɯ ɪɟɚɤɰɢɣ 
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(ɧɚɩɪɢɦɟɪ, ɨɤɢɫɥɟɧɢɟ, ɞɟɝɢɞɪɚɬɚɰɢɹ, ɍɎ, ɬɟɩɥɨ, ɤɢɫɥɨɬɵ ɢ ɨɫɧɨɜɚɧɢɹ) ɜɨ 

ɜɧɟɲɧɟɣ ɫɪɟɞɟ, ɱɬɨ ɬɚɤɠɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɪɨɤɚ ɝɨɞɧɨɫɬɢ 

 ɦɚɫɤɢɪɨɜɚɧɢɟ ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɰɜɟɬ, ɜɤɭɫ ɢ 

ɡɚɩɚɯ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 ɥɟɝɤɨɟ ɨɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 ɛɟɡɨɩɚɫɧɨɟ ɨɛɪɚɳɟɧɢɟ ɫ ɬɨɤɫɢɱɧɵɦɢ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɧɵɦɢ ɦɚɬɟɪɢ-

ɚɥɚɦɢ [54]. 

ɉɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ ɢ ɟɝɨ ɫɨɩɨɥɢɦɟɪɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɦɢɤɪɨɫɮɟɪ, ɫɨɞɟɪɠɚɳɢɯ ɩɪɨɝɟɫɬɟɪɨɧɤɚɤ ɦɨɞɟɥɶɧɵɣ ɩɪɟɩɚɪɚɬ. 

ȼɤɥɸɱɟɧɢɟ ɩɪɨɝɟɫɬɟɪɨɧɚ ɜɦɢɤɪɨɫɮɟɪɵ ɛɵɥɨ ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɵɦ, ɢ ɛɨɥɟɟ 

80%ɛɵɥɨ ɜɤɥɸɱɟɧɨ. ȼɵɞɟɥɟɧɢɟ ɩɪɟɩɚɪɚɬɚ in vitroɢɡ ɦɢɤɪɨɫɮɟɪ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ 

ɫɨɩɨɥɢɦɟɪɚ,ɫɨɞɟɪɠɚɳɟɝɨ 9% ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ ɛɵɥɨ ɫɚɦɵɦ ɦɟɞɥɟɧɧɵɦ, ɷɬɢ 

ɦɢɤɪɨɫɮɟɪɵ ɛɵɥɢ ɦɟɧɟɟ ɩɨɪɢɫɬɵɦɢ, ɱɟɦ ɦɢɤɪɨɫɮɟɪɵɩɨɥɭɱɟɧɧɵɟ ɢɡ ɞɪɭɝɢɯ 

ɩɨɥɢɦɟɪɨɜ. ȼ ɧɚɱɚɥɟ 1990-ɯ ɝɝ. ɉȽȺ ɫɬɚɥɢ ɤɚɧɞɢɞɚɬɚɦɢ ɞɥɹ ɧɨɫɢɬɟɥɟɣ Ʌɋ ɢɡ-ɡɚ 

ɢɯ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɢ, ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɢ ɢɯ ɞɟɝɪɚɞɚɰɢɢ ɩɨɫɪɟɞɫɬɜɨɦ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. ɉɨɬɟɧɰɢɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɩɨɥɢɦɟɪɚ ɉ(3ȽȻ) 

ɫ ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɨɦ ɜ ɞɨɫɬɚɜɤɟ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɛɵɥɚ ɨɰɟɧɟɧɚ ɜ ɪɹɞɟ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉȽȺ ɦɨɝɭɬ ɛɵɬɶ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɤɚɧɞɢɞɚɬɨɦɜ ɥɟɱɟɧɢɢ 

ɜɵɫɨɤɨɪɟɡɢɫɬɟɧɬɧɵɯ ɢɧɮɟɤɰɢɣ [53, 55]. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɢɤɪɨɫɮɟɪ ɢɡ ɉȽȻ ɩɨɤɚɡɚɥɨ, ɱɬɨɜɵɫɜɨɛɨɠɞɟɧɢɟ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɩɪɟɩɚɪɚɬɚ 

ɪɭɛɨɦɢɰɢɧɚ ɢɧɝɢɛɢɪɭɟɬ ɩɪɨɥɢɮɟɪɚɬɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɤɚɪɰɢɧɨɦɵ ɗɪɥɢɯɚ ɭ 

ɦɵɲɟɣ [49]. ȼɫɟ ɷɬɢ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɜɵɫɨɤɨɣ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɜɧɟɞ-

ɪɟɧɢɹ ɉȽȺ ɜ ɮɚɪɦɚɤɨɥɨɝɢɸ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜ. 
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1.6 ʛˈ˕ˑˇ˞ ˒ˑˎ˖˚ˈːˋя ˏˋˍ˓ˑ- ˋ ː˃ːˑ˚˃˔˕ˋ˙ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɢɤɪɨ- ɢ ɧɚɧɨɱɚɫɬɢɰɵɦɨɝɭɬ ɛɵɬɶ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɢɡ 

ɦɧɨɠɟɫɬɜɚ ɩɪɢɪɨɞɧɵɯ ɢɥɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬ ɩɨɥɢɭɪɟɬɚɧɵ, 

ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞ, ɫɢɥɚɧɵ, ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ,  ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ ɢ 

ɦɟɬɚɤɪɢɥɚɬɵ. ɂɡ ɩɪɢɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬ ɰɟɥɥɸɥɨɡɭ, ɤɪɚɯɦɚɥ, 

ɯɢɬɨɡɚɧ, ɥɢɝɧɢɧ, ɡɟɢɧ, ɚɥɶɛɭɦɢɧ. ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨ- ɢ ɧɚɧɨɱɚɫɬɢɰ ɹɜɥɹɸɬɫɹ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɟ ɫɥɨɠɧɵɟ 

ɩɨɥɢɷɮɢɪɵ, ɬɚɤɢɟ ɤɚɤ ɩɨɥɢɥɚɤɬɢɞ, ɩɨɥɢ (ɥɚɤɬɢɞ-ɫɨ-ɝɥɢɤɨɥɢɞ), ɩɨɥɢɤɚɩɪɨɥɚɤɬɨɧ 

ɢ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ [57, 58]. 

Ʉɚɤ ɢɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɬɚɤ ɢ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ 

ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɢɤɪɨɱɚɫɬɢɰ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɪɚɡɦɟɪɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ, ɫɨɫɬɚɜɚ, ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ,  

ɦɨɪɮɨɥɨɝɢɢ ɢ ɫɤɨɪɨɫɬɢ ɞɟɝɪɚɞɚɰɢɢ.ɉɨɥɢ (ɥɚɤɬɢɞ-ɫɨ-ɝɥɢɤɨɥɢɞ)(ɉɅȽɄ) ɫ 

ɫɨɨɬɧɨɲɟɧɢɟɦ 50:50 ɞɟɝɪɚɞɢɪɭɸɬ ɛɵɫɬɪɟɟ, ɱɟɦ ɉɅȽɄ-ɩɨɥɢɦɟɪɵ ɫ ɛɨɥɟɟ 

ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ ɢɥɢ ɫɨ ɫɬɨɩɪɨɰɟɧɬɧɵɦ ɟё 

ɫɨɞɟɪɠɚɧɢɟɦ. ɉɨɥɢɦɟɪɵ ɩɨɥɢɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬɵ ɢɥɢ ɉɅȽɄ ɫ ɜɵɫɨɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬɵ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜ ɢɡ-ɡɚ 

ɢɯ ɨɝɪɚɧɢɱɟɧɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɢɥɢ ɧɚɧɨɱɚɫɬɢɰ 

[59]. 

Ɇɨɥɨɱɧɚɹ ɢ ɝɥɢɤɨɥɟɜɚɹ ɤɢɫɥɨɬɵ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɤɢɫɥɨɬɧɵɦɢ ɢɡ-ɡɚ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣɛɥɢɡɨɫɬɢ ɝɪɭɩɩ -OH ɢ -COOH. 

Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɞɤɨɠɧɵɟ ɢɦɩɥɚɧɬɚɬɵ ɢɡɉɅȽɄ ɪɚɡɜɢɜɚɸɬ ɨɱɟɧɶ ɤɢɫɥɵɟ 

ɦɢɤɪɨɫɪɟɞɵ (pH 2) in vivo[60]. 

ȼɚɠɧɵɦ ɩɪɢɪɨɞɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɧɚɧɨɱɚɫɬɢɰ ɹɜɥɹɟɬɫɹ ɚɥɶɛɭɦɢɧ. 

ɇɚɧɨɱɚɫɬɢɰɵɢɡ ɧɟɝɨ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɯɢɦɢɱɟɫɤɨɝɨ 

ɫɲɢɜɚɧɢɹ(ɝɥɭɬɚɪɚɥɶɞɟɝɢɞɨɦ), ɥɢɛɨ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɧɚɬɭɪɚɰɢɢ. 

Ƚɥɭɬɚɪɚɥɶɞɟɝɢɞɧɵɟ ɫɲɢɬɵɟ ɱɚɫɬɢɰɵ ɩɪɨɹɜɥɹɥɢ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ in vitro, ɜ 
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ɨɬɥɢɱɢɟ ɨɬ ɬɟɪɦɢɱɟɫɤɢ ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɵɯ[61]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɚɬɟɪɢɚɥɨɜɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɢɤɪɨ- ɢ ɧɚɧɨɱɚɫɬɢɰ, 

ɤɨɬɨɪɵɟ ɫɱɢɬɚɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 

ɫɪɟɞɫɬɜ, ɧɨ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɟɬɫɹ ɛɢɨɪɚɡɪɭɲɚɟɦɵɦ ɢ ɧɢɡɤɨɬɨɤɫɢɱɧɵɦ 

ɢɫɯɨɞɧɵɦ ɦɚɬɟɪɢɚɥɚɦ.  

Ɇɢɤɪɨɱɚɫɬɢɰɵ ɢɡ ɛɢɨɫɨɜɦɟɫɬɢɦɵɯ ɢ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɯ ɩɨɥɢɦɟɪɨɜ – ɷɬɨ 

ɫɨɜɪɟɦɟɧɧɵɟ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɮɨɪɦɵ, ɫɩɨɫɨɛɧɵɟ ɷɥɢɦɢɧɢɪɨɜɚɬɶ ɩɨɛɨɱɧɵɟ 

ɷɮɮɟɤɬɵ ɢ ɧɟɢɞɟɚɥɶɧɭɸ ɮɚɪɦɚɤɨɤɢɧɟɬɢɤɭ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 

ɩɪɟɩɚɪɚɬɨɜ [39]. 

Ɍɚɤɢɟ ɦɢɤɪɨɱɚɫɬɢɰɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦ 

ɞɨɫɬɚɜɤɢ ɞɥɹ ɨɱɟɧɶ ɲɢɪɨɤɨɝɨ ɞɢɚɩɚɡɨɧɚɩɪɟɩɚɪɚɬɨɜ; ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɜɜɟɞɟɧɵ ɜ 

ɤɪɨɜɨɬɨɤ, ɩɨɞɤɨɠɧɨ,ɜɧɭɬɪɢɦɵɲɟɱɧɨɢɥɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɟɪɨɪɚɥɶɧɨɝɨ 

ɜɜɟɞɟɧɢɹ ɢɥɢɜɞɵɯɚɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɩɢɫɚɧɵ ɪɚɡɥɢɱɧɵɟ 

ɫɩɨɫɨɛɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɢɤɪɨɫɮɟɪ ɢɡ ɉȽȺ,ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɢɡ 

ɩɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɢ ɟɝɨ ɫɨɩɨɥɢɦɟɪɨɜ ɫ ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɨɦ,ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɢɤɢ ɢɫɩɚɪɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɤɰɢɢ 

ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɢɥɢɩɨɥɢɦɟɪɢɡɚɰɢɢɦɨɧɨɦɟɪɨɜ. 

Ɇɢɤɪɨɫɮɟɪɵ ɫɱɢɬɚɸɬɫɹ ɥɭɱɲɟɣ ɮɨɪɦɨɣ ɞɥɹɢɧɴɟɤɰɢɨɧɧɨɣ ɞɨɫɬɚɜɤɢ 

ɩɪɟɩɚɪɚɬɚ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɝɨ ɞɟɣɫɬɜɢɹ. Ɇɢɤɪɨɫɮɟɪɵ, ɯɨɬɹ ɢ ɫɨɞɟɪɠɚɳɢɟ 

ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɢɨɦɚɬɟɪɢɚɥɚ,ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɢ, 

ɩɪɢ ɜɜɟɞɟɧɢɢ ɩɨɞɤɨɠɧɨ ɢɥɢ ɜɧɭɬɪɢɦɵɲɟɱɧɨ, ɨɧɢ ɜɫɬɭɩɚɸɬ ɜ ɤɨɧɬɚɤɬ 

ɫɨɛɲɢɪɧɵɦɢ ɨɛɥɚɫɬɹɦɢ ɜɧɭɬɪɢ ɨɪɝɚɧɢɡɦɚ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɛɨɥɟɟ ɫɢɥɶɧɨɣ 

ɪɟɚɤɰɢɢ ɬɤɚɧɢ. 

Ȼɢɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɥɟɤɚɪɫɬɜɟɧɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɦɢɤɪɨɱɚɫɬɢɰ ɢɡ ɉȽȺ ɛɵɥɚ ɞɨɤɚɡɚɧɚ.Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɢɡɜɟɫɬɧɨ,ɱɬɨɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬɯɢɦɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɵ ɢ ɱɢɫɬɨɬɵ ɨɛɪɚɡɰɨɜ, ɧɨ ɢ ɨɬ ɪɚɡɦɟɪɚ, ɚ ɬɚɤɠɟ ɮɨɪɦɵ ɢɦɩɥɚɧɬɚɬɚ, ɬ.ɟ. 

ɱɚɫɬɢɰɵ ɢɥɢ ɤɥɚɫɬɟɪɚ ɱɚɫɬɢɰ[16]. 
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Ɇɟɬɨɞ ɭɞɚɥɟɧɢя/ɢɫɩɚɪɟɧɢя ɪɚɫɬɜɨɪɢɬɟɥя.  
Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 

ɭɞɚɥɟɧɢɹ/ɢɫɩɚɪɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɡ ɞɜɭɯ- ɢɥɢ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɷɦɭɥɶɫɢɢ. 

ɗɦɭɥɶɫɢɨɧɧɵɣ ɦɟɬɨɞ ɨcɧɨɜɚɧ ɧɚ ɢcɩɚpɟɧɢɢ pɚcɬɜɨpɢɬɟɥɹ ɢɡ ɷɦɭɥɶɫɢɢ ɩɨ ɬɢɩɭ 

«ɦɚɫɥɨ ɜ ɜɨɞɟ»ɜ ɩɪɨɰɟɫɫɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ.ɉɟɪɟɦɟɲɢɜɚɧɢɟ 

ɩɨɥɢɦɟɪɧɵɯ ɷɦɭɥɶɫɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɚɝɧɢɬɧɨɣ ɦɟɲɚɥɤɢ, 

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ ɝɨɦɨɝɟɧɢɡɚɬɨɪɚ. ȼ ɤɚɱɟɫɬɜɟ ɦɚɫɥɹɧɨɣ ɮɚɡɵ ɜɵɫɬɭɩɚɟɬ 

ɪɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ.ȼ ɤɚɱɟɫɬɜɟ ɜɨɞɧɨɣ ɮɚɡɵ 

ɜɵɫɬɭɩɚɟɬ ɪɚɫɬɜɨɪ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ. Ɇɟɬɨɞ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɢɹ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɢɥɢ ɩɥɨɯɨ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɥɟɤɚɪɫɬɜ. 

Ɇɟɬɨɞ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ:  

 ɪɚɫɬɜɨɪɟɧɢɟ ɩɨɥɢɦɟɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ  

ɥɟɬɭɱɟɦ ɨɪɝɚɧɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɞɨɛɚɜɥɟɧɢɟɦ ɚɤɬɢɜɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ;  

 ɷɦɭɥɶɝɢɪɨɜɚɧɢɟɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɵ ɜ ɜɨɞɧɨɣ ɮɚɡɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɷɦɭɥɶɫɢɢ O / W;  

 ɭɞɚɥɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɡ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɩɭɬɟɦ ɢɫɩɚɪɟɧɢɹ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɷɦɭɥɶɫɢɢ;  

 ɫɛɨɪ, ɩɪɨɦɵɜɤɚ ɢ ɜɵɫɭɲɢɜɚɧɢɟ 

ɦɢɤɪɨɱɚɫɬɢɰ. 

Ⱦɚɧɧɵɦ ɦɟɬɨɞɨɦ ɪɚɧɟɟ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɦɢɤɪɨɫɮɟɪɵ ɢɡ ɩɨɥɢ (3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ)ɪɚɡɦɟɪɨɦ, ɫɪɚɜɧɢɦɵɦ ɫ ɞɢɚɦɟɬɪɨɦ ɤɚɩɢɥɥɹɪɚ (5-10 ɦɤɦ) ɫ ɰɟ-

ɥɶɸ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɢɹ ɛɵɱɶɟɝɨ ɫɵɜɨɪɨɬɨɱɧɵɨɝɨ ɚɥɶɛɭɦɢɧɚ[80]. 

ɉɨɦɢɦɨ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɨɝɨ ɷɦɭɥɶɫɢɨɧɧɨɝɨ ɦɟɬɨɞɚ, ɦɢɤɪɨɱɚɫɬɢɰɵ 

ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɢɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɦɨɧɨɦɟɪɨɜ, ɩɭɬɟɦ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɲɢɜɚɧɢɹ, ɢɨɧɧɵɦ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɟɦ, ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɮɚɡɨɜɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ, ɬɟɯɧɨɥɨɝɢɟɣ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ, ɦɟɬɨɞɨɦ ɚɬɨɦɢɡɚɰɢɢ, 

ɜɵɫɭɲɢɜɚɧɢɟɦ ɪɚɫɬɜɨɪɨɜ ɢ ɬ.ɞ.  

Ɇɟɬɨɞ ɯɢɦɢɱɟɫɤɨɝɨ ɫɲɢɜɚɧɢя. ȼ ɩɟɪɜɨɣ ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɪɚɛɨɬɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɲɢɜɚɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ 
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ɡɟɢɧɚ ɚɜɬɨɪɵ ɡɚɹɜɢɥɢ, ɱɬɨ ɩɪɨɰɟɫɫ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɝɥɭɬɚɪɚɥɶɞɟ-

ɝɢɞ ɨɩɨɫɪɟɞɨɜɚɧɧɨɣ ɪɟɚɤɰɢɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɲɢɜɚɧɢɹ ɦɟɠɞɭ ɡɟɢɧɨɦ ɢ 

ɪɚɡɥɢɱɧɵɦɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɦɢ ɩɪɟɩɚɪɚɬɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɩɨɥɢɫɚɯɚɪɢɞ-Ʉ, 

ɦɢɬɨɦɢɰɢɧ, ɞɚɭɧɨɦɢɰɢɧ ɢɥɢ ɩɟɩɥɨɦɢɰɢɧ. Ɉɞɧɚɤɨ ɪɟɚɤɰɢɹ ɫɲɢɜɚɧɢɹ ɦɨɠɟɬ 

ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬɶ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɡɟɢɧɚ, ɩɨɫɤɨɥɶɤɭ ɝɥɭɬɚɪɨɜɵɣ ɚɥɶɞɟɝɢɞ 

ɹɜɥɹɟɬɫɹ ɚɝɪɟɫɫɢɜɧɵɦ ɢ ɧɟɪɚɡɛɨɪɱɢɜɵɦ ɫɲɢɜɚɸɳɢɦ ɪɟɚɝɟɧɬɨɦ, ɤɨɬɨɪɵɣ 

ɦɨɠɟɬ ɥɟɝɤɨ ɪɟɚɝɢɪɨɜɚɬɶ ɫ ɮɟɧɨɥɶɧɵɦɢ, ɢɦɢɞɚɡɨɥɶɧɵɦɢ, ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ ɢ 

ɚɦɢɧɨɝɪɭɩɩɚɦɢ ɜ ɛɟɥɤɚɯ. ɂɡ-ɡɚ ɝɢɞɪɨɮɨɛɧɨɫɬɢ ɡɟɢɧɚ ɢ ɜɨɡɪɚɫɬɚɸɳɟɣ ɦɨɥɟɤɭ-

ɥɹɪɧɨɣ ɦɚɫɫɵ ɪɟɚɤɰɢɹ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɲɢɜɚɧɢɹ ɧɚɞɟɥɹɟɬ ɡɟɢɧ ɜɵɫɨɤɨɣ 

ɬɟɧɞɟɧɰɢɟɣ ɤ ɚɝɪɟɝɚɰɢɢ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɥɟɝɱɚɟɬ ɦɨɥɟɤɭɥɹɪɧɭɸ ɫɚɦɨɫɛɨɪɤɭ 

ɜ ɦɢɤɪɨɱɚɫɬɢɰɵ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ.ɉɨɥɭɱɟɧɧɵɟ ɦɢɤɪɨɱɚɫɬɢɰɵ 

ɢɦɟɸɬ ɬɟɧɞɟɧɰɢɸ ɤ ɚɝɪɟɝɚɰɢɢ ɜ ɤɪɭɩɧɵɟ ɱɚɫɬɢɰɵ ɩɨɫɥɟ ɥɢɨɮɢɥɢɡɚɰɢɢ ɢ 

ɨɛɵɱɧɨ ɩɪɨɹɜɥɹɸɬ ɦɟɞɥɟɧɧɨɟ ɢ ɧɟɩɨɥɧɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ 

ɫɪɟɞɫɬɜɚ ɢɡ-ɡɚ ɡɚɞɟɪɠɤɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɫɪɟɞɵ ɢ ɫɲɢɬɨɣ ɦɚɬɪɢɰɵɡɟɢɧɚ. 

ɍɱɢɬɵɜɚɹ ɜɨɡɦɨɠɧɨɟ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɫɲɢɜɚɧɢɹ ɧɚ ɚɤɬɢɜɧɨɫɬɶ 

ɥɟɤɚɪɫɬɜ, ɯɢɦɢɱɟɫɤɨɟ ɫɲɢɜɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɥɟɤɚɪɫɬɜ ɛɟɡ 

ɪɟɚɤɬɢɜɧɵɯ ɝɪɭɩɩ ɢɥɢ ɬɟɯ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɫɜɨɸ ɚɤɬɢɜɧɨɫɬɶ in 

vivo ɩɨɫɪɟɞɫɬɜɨɦ ɝɢɞɪɨɥɢɡɚ ɢɥɢ ɪɚɡɪɭɲɟɧɢɹ ɤɨɜɚɥɟɧɬɧɵɯ ɫɜɹɡɟɣ,ɨɛɪɚɡɨɜɚɧɧɵɯ 

ɫɲɢɜɚɧɢɟɦ.Ʉɪɨɦɟ ɬɨɝɨ, ɯɢɦɢɱɟɫɤɨɟ ɫɲɢɜɚɧɢɟ ɜɤɥɸɱɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɬɨɤɫɢɱɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɬɟɧɰɢɚɥɶɧɨɦɭ ɪɢɫɤɭ 

ɬɨɤɫɢɱɧɨɫɬɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɢ ɨɰɟɧɤɟ ɩɪɨɞɭɤɬɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɵ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɫɲɢɜɚɸɳɢɟ ɚɝɟɧɬɵ ɢ ɧɨɜɵɟ 

ɦɟɬɨɞɵ ɫɲɢɜɚɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɨɰɟɞɭɪɵ ɢ ɤɨɧɟɱɧɵɯ 

ɩɪɨɞɭɤɬɨɜ. 

Эɦɭɥɶɝɢɪɨɜɚɧɢɟ / ɨɫɚɠɞɟɧɢɟ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɧɚ ɨɫɧɨɜɟ 

ɬɨɝɨ ɠɟ ɛɟɥɤɚ ɡɟɢɧɚ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɷɦɭɥɶɝɢɪɨɜɚɧɢɟ / ɨɫɚɠɞɟɧɢɟ, ɤɨɬɨɪɵɣ 

ɜɤɥɸɱɚɟɬ ɷɦɭɥɶɝɢɪɭɸɳɢɟ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɥɟɤɚɪɫɬɜɟɧɧɨɟ 

ɫɪɟɞɫɬɜɨ ɢ ɡɟɢɧ ɜ ɦɚɫɥɟ, ɡɚɝɪɭɠɟɧɧɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɦ ɜɟɳɟɫɬɜɨɦ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɷɦɭɥɶɫɢɢ ɜɨɞɚ-ɜ-ɦɚɫɥɟ, ɩɪɢɱɟɦ ɜɨɞɧɚɹ ɮɚɡɚ ɫɥɭɠɢɬ ɜ ɤɚɱɟɫɬɜɟ 

ɦɚɬɪɢɰɵ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɧɨɫɢɬɟɥɹ. 
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ɉɨɫɤɨɥɶɤɭ ɡɟɢɧ ɧɟɪɚɫɬɜɨɪɢɦ ɜ ɧɟɣɬɪɚɥɶɧɨɦ ɪɚɫɬɜɨɪɟ ɢ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɧɟ 

ɫɨɞɟɪɠɢɬɫɹ ɫɩɢɪɬ, ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɳɟɥɨɱɶɸ ɜ 

ɩɪɨɰɟɫɫɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɷɦɭɥɶɫɢɢ. 

ȼɜɨɞɹɬ ɤɢɫɥɨɬɭ, ɪɚɫɬɜɨɪɢɦɭɸ ɜ ɦɚɫɥɟ (ɧɚɩɪɢɦɟɪ, ɯɨɥɨɞɧɭɸ ɭɤɫɭɫɧɭɸ ɤɢɫɥɨɬɭ), 

ɱɬɨɛɵ ɞɨɜɟɫɬɢ ɟɟ ɪɇ ɞɨ ɧɟɣɬɪɚɥɶɧɨɣ (6,0). ȼɨ ɜɪɟɦɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɡɟɢɧ 

ɨɫɚɠɞɚɟɬɫɹ ɢ ɨɛɴɟɞɢɧɹɟɬɫɹ ɜ ɱɚɫɬɢɰɵ ɫ ɪɚɡɥɢɱɧɵɦɢɪɚɡɦɟɪɚɦɢ. 

Ɇɟɬɨɞɢɤɚ ɷɦɭɥɶɝɢɪɨɜɚɧɢя / ɨɫɚɠɞɟɧɢя / ɝɟɥɟɨɛɪɚɡɨɜɚɧɢя. ɉɨ 

ɫɭɳɟɫɬɜɭ ɹɜɥɹɟɬɫɹ ɫɨɱɟɬɚɧɢɟɦ ɷɦɭɥɶɝɢɪɨɜɚɧɢɹ / ɨɫɚɠɞɟɧɢɹ ɢ ɷɦɭɥɶɝɢɪɨɜɚɧɢɹ / 

ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ 

ɝɢɛɪɢɞɧɨɝɨ ɡɟɢɧɚ ɢɥɢ, ɧɚɩɪɢɦɟɪ, ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɢɤɪɨɱɚɫɬɢɰɵ ɢɡ ɯɢɬɨɡɚɧɚ 

ɢ ɩɨɥɢ-(Ȗ-ɝɥɭɬɚɦɢɧɨɜɨɣ ɤɢɫɥɨɬɵ)[58]. 

Ɇɟɯɚɧɢɡɦ ɜɧɭɬɪɟɧɧɟɝɨ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɜɵɫɜɨɛɨɠɞɟɧɢɢ ɢɨɧɚ 

ɤɚɥɶɰɢɹ ɢɧɢɰɢɪɨɜɚɧɧɨɦ ɤɢɫɥɨɬɨɣ ɪɚɫɬɜɨɪɢɦɨɣ ɜ ɦɚɫɥɟ ɢ ɫɜɹɡɚɧɧɨɝɨ ɫ ɤɚɥɶɰɢɟɦ 

ɢɨɧɧɨɝɨ ɫɲɢɜɚɧɢɹ ɩɨɥɢɦɟɪɚ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɜ ɫɨɫɬɚɜ ɞɨɥɠɧɵ ɛɵɬɶ ɜɤɥɸɱɟɧɵ 

ɤɚɥɶɰɢɟɜɚɹ ɫɨɥɶ ɢ ɞɪɭɝɨɣ ɩɨɥɢɦɟɪ (ɧɚɩɪɢɦɟɪ, ɚɥɶɝɢɧɚɬ ɢɥɢ ɬɟɪɦɢɱɟɫɤɢ 

ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɵɣ ɢɡɨɥɹɬ ɫɨɟɜɨɝɨ ɛɟɥɤɚ), ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɫɲɢɬ ɢɨɧɚɦɢ 

ɤɚɥɶɰɢɹ.ȼ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ ɢɦɟɟɬ ɞɜɟ ɪɨɥɢ: ɨɞɧɚ - 

ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ ɪɇ, ɱɬɨɛɵ ɨɫɚɞɢɬɶ ɦɨɥɟɤɭɥɵ ɡɟɢɧɚ, ɚ ɞɪɭɝɚɹ - ɜɵɫɜɨɛɨɞɢɬɶ 

ɢɨɧɵ ɤɚɥɶɰɢɹ ɞɥɹ ɢɧɢɰɢɚɰɢɢ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɦɟɪɚ. 

Ɉɫɚɠɞɟɧɢɟ ɡɟɢɧɚ ɢ ɜɵɛɪɨɫ ɢɨɧɨɜ ɤɚɥɶɰɢɹ ɨɛɵɱɧɨ ɩɪɨɢɫɯɨɞɹɬ 

ɨɞɧɨɜɪɟɦɟɧɧɨ, ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɞɟɥɟɧɢɟ ɮɚɡ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɦɢɤɪɨɱɚɫɬɢɰɚɯ ɝɢɛɪɢɞɧɨɝɨ ɡɟɢɧɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɚ 

ɯɥɨɪɢɞɚ ɤɚɥɶɰɢɹ ɩɨɡɜɨɥɹɟɬ ɦɢɤɪɨɱɚɫɬɢɰɚɦ ɩɟɪɟɯɨɞɢɬɶ ɜ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɢ, 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ,ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɚɥɶɧɟɣɲɟɦɭ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɸ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɸ 

ɱɚɫɬɢɰ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɯɢɦɢɱɟɫɤɢɦ ɫɲɢɜɚɧɢɟɦ ɢ ɷɦɭɥɶɝɢɪɨɜɚɧɢɟɦ / 

ɜɵɩɚɪɢɜɚɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɷɬɨɬ ɫɩɨɫɨɛ ɧɟ ɢɫɩɨɥɶɡɭɟɬ ɬɨɤɫɢɱɧɵɟ 

ɪɚɫɬɜɨɪɢɬɟɥɢ ɢɥɢ ɫɲɢɜɚɸɳɢɟ ɚɝɟɧɬɵ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ 

ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɬɨɤɫɢɱɧɨɫɬɢ ɪɟɚɝɟɧɬɨɜ ɢ ɞɪɭɝɢɯ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɩɨɛɨɱɧɵɯ 

ɷɮɮɟɤɬɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧ ɨɛɥɚɞɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ 

ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɢɹ ɤɚɤ 
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ɝɢɞɪɨɮɨɛɧɵɯ, ɬɚɤ ɢ ɝɢɞɪɨɮɢɥɶɧɵɯ ɚɝɟɧɬɨɜ. 

Ɇɟɬɨɞ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢя. ɉɪɨɰɟɞɭɪɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ 

ɫɭɲɤɢ ɨɛɵɱɧɨ ɜɤɥɸɱɚɟɬ: ɪɚɫɩɵɥɟɧɢɟ ɢɫɯɨɞɧɨɣ ɠɢɞɤɨɫɬɢ,ɢɫɩɚɪɟɧɢɟ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɱɚɫɬɢɰ, ɡɚɬɟɦ ɫɛɨɪ ɱɚɫɬɢɰ. 

ȼ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɥɟɠɢɬ ɪɚɫɩɵɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɫɢɫɬɟɦɟ. 

ȼɵɫɭɲɢɜɚɟɦɵɣ ɩɪɨɞɭɤɬ ɫ ɩɨɦɨɳɶɸ ɮɨɪɫɭɧɨɤ ɞɢɫɩɟɪɝɢɪɭɟɬɫɹ ɜ ɫɭɲɢɥɶɧɭɸ 

ɤɚɦɟɪɭ, ɜ ɤɨɬɨɪɨɣ ɨɧ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ (ɝɨɪɹɱɢɦ ɜɨɡɞɭɯɨɦ ɢɥɢ 

ɢɧɟɪɬɧɵɦ ɝɚɡɨɦ). Ɇɟɬɨɞ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ:  

• ɧɟɛɨɥɶɲɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ (ɫɭɲɤɚ ɩɪɨɯɨɞɢɬ 

ɩɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ); 

• ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɜɵɫɭɲɟɧɧɨɝɨ 

ɩɪɨɞɭɤɬɚ ɩɭɬёɦ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɭɲɤɢ (ɨɛɴёɦɧɵɣ ɜɟɫ ɫɭɯɨɝɨ 

ɩɨɪɨɲɤɚ, ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɨɫɬɚɬɨɱɧɚɹ ɜɥɚɠɧɨɫɬɶ ɢ ɞɪ.);  

• ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɜɨɡɦɨɠɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɡɨɧɟ ɫɭɲɤɢ: ɨɬ 50 ɞɨ 220 

°ɋ;  

• ɪɚɫɩɵɥɢɬɟɥɶɧɨɟ ɜɵɫɭɲɢɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ ɫɭɯɨɣ ɩɪɨɞɭɤɬ, 

ɫɨɫɬɨɹɳɢɣ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ;  

• ɱɚɫɬɢɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɨɛɥɚɞɚɸɬ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɞɚɠɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɱɢɬɚɟɬɫɹ ɞɨɜɨɥɶɧɨ ɧɢɡɤɢɣ ɜɵɯɨɞ 

ɦɢɤɪɨɱɚɫɬɢɰ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 20-50 % ɨɬ ɢɫɯɨɞɧɨɣ ɦɚɫɫɵ 

ɜɟɳɟɫɬɜɚ. Ɉɞɧɚɤɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ ɞɨ 

70-90 % ɡɚ ɫɱɟɬ ɜɧɟɞɪɟɧɢɹ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɰɢɤɥɨɧɨɜ ɞɥɹ ɫɛɨɪɚ 

ɜɵɫɭɲɟɧɧɵɯ ɦɢɤɪɨɱɚɫɬɢɰ ɢ ɬɳɚɬɟɥɶɧɨɝɨ ɩɨɞɛɨɪɚ ɪɚɛɨɱɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ 

ɢɝɪɚɸɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɩɨɥɭɱɟɧɢɢ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ[1]. 

ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɚɧɬɢɪɚɫɬɜɨɪɢɦɨɫɬɢ. ɉɨɞɨɛɧɨ 

ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɟ, ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɚɧɬɢɪɚɫɬɜɨɪɢɦɨɫɬɢ 

(Supercritical anti-solvent - SAS) ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɢɤɪɨ / ɧɚɧɨɱɚɫɬɢɰ ɢ ɤɚɩɫɭɥ. Ɋɚɡɧɢɰɚ ɜ ɷɬɢɯ ɞɜɭɯ ɦɟɬɨɞɚɯ ɜ 
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ɨɫɧɨɜɧɨɦ ɤɚɫɚɟɬɫɹ ɩɪɨɰɟɫɫɚ ɭɞɚɥɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ.ɋɩɪɟɣ-ɫɭɲɤɚ ɨɛɵɱɧɨ 

ɭɞɚɥɹɟɬ ɪɚɫɬɜɨɪɢɬɟɥɶ ɫ ɩɨɦɨɳɶɸ ɬɟɩɥɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɬɨɝɞɚ ɤɚɤSAS ɜ 

ɨɫɧɨɜɧɨɦ ɜɤɥɸɱɚɟɬ ɩɪɨɰɟɫɫ ɷɤɫɬɪɚɤɰɢɢ ɚɷɪɨɡɨɥɶɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ, 

ɨɩɨɫɪɟɞɨɜɚɧɧɵɣ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2.ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ 

ɚɧɬɢɪɚɫɬɜɨɪɢɦɨɫɬɢ ɬɪɟɛɭɟɬ ɪɚɫɬɜɨɪɟɧɢɹ ɛɢɨɦɚɬɟɪɢɚɥɚ ɢ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ 

ɫɪɟɞɫɬɜɚ ɜ ɫɢɫɬɟɦɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɫɨɫɬɨɢɬ ɢɡ ɜɨɞɵ ɢ ɫɩɢɪɬɨɜ. 

Ɂɚɬɟɦ ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɪɚɫɩɵɥɹɟɬɫɹ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ CO2. ɉɪɢ 

ɧɟɩɪɟɪɵɜɧɨɦɢɡɜɥɟɱɟɧɢɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɢɡ ɪɚɫɩɵɥɟɧɧɵɯ ɤɚɩɟɥɶ, ɩɨɥɢɦɟɪ ɢɥɢ 

ɠɟ ɛɟɥɨɤ ɢ ɥɟɤɚɪɫɬɜɟɧɧɨɟ ɫɪɟɞɫɬɜɨ ɩɨɫɬɟɩɟɧɧɨ ɬɟɪɹɸɬ ɫɜɨɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ, 

ɨɛɪɚɡɭɸɬ ɹɞɪɚ ɢ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɬɜɟɪɞɵɟ ɦɢɤɪɨɱɚɫɬɢɰɵ. ȼɟɫɶ ɩɪɨɰɟɫɫ 

ɚɧɚɥɨɝɢɱɟɧ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɟ, ɧɨ ɛɨɥɟɟ ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ 

ɛɟɡɤɢɫɥɨɪɨɞɧɚɹ ɫɪɟɞɚ ɞɚɸɬ ɛɨɥɶɲɟ ɩɪɟɢɦɭɳɟɫɬɜ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɬɟɩɥɨ- ɢɥɢ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɧɟɫɬɚɛɢɥɶɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɦɟɬɨɞ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ 

ɜɵɫɭɲɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɨɫɬɵɦ, ɧɟɞɨɪɨɝɢɦ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɦ 

ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ. Ⱥ ɬɚɤɠɟ ɧɚɢɛɨɥɟɟ ɩɪɢɦɟɧɹɟɦɵɦ ɹɜɥɹɟɬɫɹ 

ɷɦɭɥɶɫɢɨɧɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨ- ɢ ɧɚɧɨɧɨɫɢɬɟɥɟɣ. 

Ɇɟɧɶɲɢɟ ɱɚɫɬɢɰɵ ɫ ɛɨɥɟɟ ɭɡɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ 

ɩɪɢɜɨɞɹɬ ɤ ɥɭɱɲɟɣ ɝɢɛɤɨɫɬɢ ɜɜɟɞɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɜɟɥɢɱɟɧɢɟ ɛɢɨɞɨɫɬɭɩɧɨɫɬɢ 

ɭɦɟɧɶɲɚɟɬ ɬɪɟɛɭɟɦɭɸ ɞɨɡɢɪɨɜɤɭ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɢ ɩɨɜɵɲɚɟɬ ɤɨɧɬɪɨɥɶ 

ɡɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ ɩɟɪɢɨɞɨɦ [65-68].  

ɑɚɫɬɢɰɵ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ ɦɨɝɭɬ ɭɫɤɨɪɹɬɶɫɹ ɤ ɨɪɝɚɧɚɦ-ɦɢɲɟɧɹɦ ɢ 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɬɶ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɫɪɟɞɫɬɜɚ ɩɨ ɜɫɟɦɭ ɬɟɥɭ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɞɨɡɢɪɨɜɤɚ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɦɨɠɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ ɛɢɨɪɚɡɥɚɝɚɟɦɵɦɢ 

ɩɨɥɢɦɟɪɚɦɢ, ɬɚɤ ɱɬɨ ɩɨɥɢɦɟɪɵ ɦɨɝɭɬ ɮɚɤɬɢɱɟɫɤɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 

ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɜɪɟɦɹ ɜɵɫɜɨɛɨɠɞɟɧɢɹ. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɬɶ ɨɬ 1 ɞɨ 

5 ɦɤɦ ɞɥɹ ɞɨɫɬɚɜɤɢ ɩɪɢ ɜɞɵɯɚɧɢɢ, ɨɬ 0,1 ɞɨ 0,3 ɦɤɦ ɞɥɹ ɜɧɭɬɪɢɜɟɧɧɨɣ ɞɨɫɬɚɜɤɢ 

ɢ ɨɬ 0,1 ɞɨ 100 ɦɤɦ ɞɥɹ ɩɟɪɨɪɚɥɶɧɨɣ ɞɨɫɬɚɜɤɢ[69].   
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1.7 ʞ˓ˋˏˈːˈːˋˈ ˏˋˍ˓ˑ- ˋ ː˃ːˑ˚˃˔˕ˋ˙ ˋˊ ʞʒʏ 

 

Ȼɨɥɶɲɢɧɫɬɜɨ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɨɫɧɨɜɚɧɵ ɧɚ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɢ ɧɚɬɭɪɚɥɶɧɵɯ ɩɨɥɢɦɟɪɨɜ ɧɚ ɨɫɧɨɜɟ ɛɟɥɤɨɜ, ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɢ ɩɪɢ-

ɪɨɞɧɵɯ ɩɨɥɢɷɮɢɪɚɯ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɥɢ 

(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) ɢ ɪɨɞɫɬɜɟɧɧɵɯ ɫɨɩɨɥɢɦɟɪɨɜ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɩɨɥɢ (3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ) ɞɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ[42].  

Ɇɢɤɪɨɧɨɫɢɬɟɥɢɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜɦɨɝɭɬ ɛɵɬɶ ɜɜɟɞɟɧɵ ɢɧɴɟɤɰɢɟɣ 

ɜ ɤɪɨɜɨɬɨɤ, ɩɨɞɤɨɠɧɨ ɢɥɢ ɜɧɭɬɪɢɦɵɲɟɱɧɨ, ɚ ɬɚɤɠɟ ɚɞɚɩɬɢɪɨɜɚɧɵ ɞɥɹ ɨɪɚɥɶɧɨ-

ɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢɥɢ ɞɥɹ ɢɧɝɚɥɹɰɢɣ.ɇɟɡɚɳɢɳɟɧɧɵɟ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɛɟɥɤɢ ɢ 

ɩɨɥɢɩɟɩɬɢɞɵ ɩɨɤɚɡɵɜɚɸɬ ɤɨɪɨɬɤɢɣ ɩɟɪɢɨɞ ɩɨɥɭɜɵɜɟɞɟɧɢɹ in vivo ɢ 

ɩɪɨɹɜɥɹɸɬɚɧɬɢɝɟɧɧɵɟ ɫɜɨɣɫɬɜɚ 

ɤɨɝɞɚ ɨɧɢ ɜɜɨɞɹɬɫɹ ɜ ɨɪɝɚɧɢɡɦ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɷɮɮɟɤɬɢɜɧɚɹ ɞɨɫɬɚɜɤɚ 

ɛɟɥɤɨɜɵɯ ɩɪɟɩɚɪɚɬɨɜ ɬɪɟɛɭɟɬ ɡɚɳɢɬɵ ɨɬ ɜɪɚɠɞɟɛɧɨɣ ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵɨɪɝɚɧɢɡɦɚ. ɉɨɥɢɦɟɪɵ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɞɨɫɬɚɜɤɟ ɪɚɡɥɢɱɧɵɯ ɚɝɟɧɬɨɜ (ɨɫɨɛɟɧɧɨ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 

ɫɪɟɞɫɬɜ) ɤ ɤɚɤɨɦɭ-ɥɢɛɨ ɭɱɚɫɬɤɭ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɯɢɦɢɱɟ-

ɫɤɢ ɩɨɥɭɱɟɧɧɵɦɢ ɩɨɥɢɦɟɪɚɦɢ, ɬɚɤɢɟ ɤɚɤ ɩɨɥɢɝɥɢɤɨɥɹɬ (PGA), ɩɨɥɢɥɚɤɬɚɬ 

(PLA) ɢ ɩɨɥɢ (ɥɚɤɬɢɞ-ɫɨ-ɝɥɢɤɨɥɢɞ) (PLGA), ɤɨɬɨɪɵɟ ɜ ɨɫɧɨɜɧɨɦ ɯɨɪɨɲɨ ɢɡ-

ɜɟɫɬɧɵ ɤɚɤ ɛɢɨɥɨɝɢɱɟɫɤɢ ɪɚɡɥɚɝɚɟɦɵɟ ɧɨɫɢɬɟɥɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ, ɨɛɥɚ-

ɞɚɸɳɢɯ ɯɨɪɨɲɢɦɢ ɡɚɦɟɞɥɹɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɉȽȻ ɢ ɢɯ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɜɹɡɚ-

ɧɵ ɫ ɛɨɥɶɲɟɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ, ɨɬɥɢɱɧɨɣ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ ɢ ɫɤɥɨɧɧɨɫɬɶɸ 

ɤ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ ɉȽȺ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɩɨɪɵ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɤɪɨɱɚɫɬɢɰ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɵɫɬɪɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɥɟɤɚɪɫɬɜɚ 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɤɨɪɨɫɬɢ ɞɟɝɪɚɞɚɰɢɢ ɩɨɥɢɦɟɪɚ. Ɍɚɤ, ɪɚɧɟɟ ɜ ɪɚɛɨɬɟ Gangrade 

ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ 3-Ƚȼ ɜ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ (ɨɬ 

9 ɞɨ 24 ɦɨɥ.%) ɜɨɡɪɚɫɬɚɥ ɨɬɬɨɤ ɩɪɟɩɚɪɚɬɚ, ɱɬɨ ɨɛɴɹɫɧɹɥɨɫɶ ɢɡɦɟɧɟɧɢɟɦ 

ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɪ [40]. 

ɇɟɞɚɜɧɨ ɬɚɤɠɟ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɨɬɬɨɤɚ 
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ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɩɪɟɩɚɪɚɬɚ ɷɥɥɢɩɬɢɰɢɧɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 3-Ƚȼ 

ɜ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ [41]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɧɚɧɨɱɚɫɬɢɰ ɜ ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɢɫɨɫɭɞɢɫɬɵɯ ɩɪɟɩɚɪɚɬɨɜ ɞɥɹ 

ɜɥɢɜɚɧɢɹ,ɢɧɴɟɤɰɢɨɧɧɵɯ ɷɦɭɥɶɫɢɣ ɞɥɹ ɩɚɪɟɧɬɟɪɚɥɶɧɨɝɨ ɢ ɷɧɬɟɪɚɥɶɧɨɝɨ 

ɜɜɟɞɟɧɢɹ, ɚ ɬɚɤɠɟɜ ɤɚɱɟɫɬɜɟ ɜɚɤɰɢɧɧɵɯ ɞɨɡɢɪɨɜɚɧɧɵɯ ɮɨɪɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɢ ɩɨɞɤɨɠɧɵɯ ɢɥɢ ɜɧɭɬɪɢɦɵɲɟɱɧɵɯ ɢɧɴɟɤɰɢɹɯ[74-76]. 

ɇɚɢɛɨɥɟɟɢɧɬɟɪɟɫɧɵɦɹɜɥɹɟɬɫɹɮɚɤɬɨɜɨɡɦɨɠɧɨɫɬɢɭɩɪɚɜɥɟɧɢɹ ɤɢɧɟɬɢɤɨɣ 

ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɫ ɩɨɦɨɳɶɸ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɵ ɉȽȺ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɫɬɚɜɤɢɩɪɟɩɚɪɚɬɚ. Ʉ ɩɪɢɦɟɪɭ, 

ɪɚɡɥɨɠɟɧɢɟ ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɯ ɉȽȺ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɪɨɡɢɢ, 

ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɤɚɱɟɫɬɜɟ ɩɨɥɢɦɟɪɧɵɯ ɧɨ-

ɫɢɬɟɥɟɣ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ [2]. 

Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ ɞɨɫɬɚɜɤɢ ɩɪɟɩɚɪɚɬɨɜ ɜ 

ɮɚɪɦɚɤɨɥɨɝɢɢ ɜ ɬɨɦ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ ɜ ɤɪɨɜɢ ɢ / ɢɥɢ ɬɤɚɧɹɯ 

ɩɚɰɢɟɧɬɚ ɦɨɝɭɬ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɧɚ ɰɟɥɟɜɨɦ ɭɪɨɜɧɟ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ 

ɜɪɟɦɟɧɢ [16]. 

Ʉɪɨɦɟ ɬɨɝɨ, ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɬɨɪɦɨɡɹɳɢɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ ɞɨɫɬɚɜɤɢ ɧɚ 

ɨɫɧɨɜɟ ɉȽȻ ɢ ɉȽȻȼ ɦɨɝɭɬ ɦɨɞɭɥɢɪɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɰɢɹɦɢ ɜ 

ɨɛɪɚɛɨɬɤɟ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɩɨɥɢɦɟɪɚ, ɤɚɤ ɭɠɟ ɭɩɨɦɢɧɚɥɨɫɶ ɪɚɧɟɟ, ɢ 

ɫɨɩɨɥɢɦɟɪɚ [3]. 

ɂɡɜɟɫɬɧɵ ɟɞɢɧɢɱɧɵɟ ɩɪɢɦɟɪɵ ɜɤɥɸɱɟɧɢɹ ɛɟɥɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 

ɤɨɦɩɨɡɢɬɧɵɟ ɦɢɤɪɨɱɚɫɬɢɰɵ ɢɡ ɉȽȺ ɫ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɦ, ɩɨɥɢɥɚɤɬɢɞɚɦɢ [44]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɢɦ 

ɤɚɧɞɢɞɚɬɨɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɟɩɚɪɚɬɨɜ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɜ ɜɢɞɟ 

ɦɢɤɪɨɱɚɫɬɢɰɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯɞɥɹɜɧɭɬɪɢɦɵɲɟɱɧɨɣɢɧɴɟɤɰɢɢ [44]. 

Ɍɚɤ, ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɧɚɩɪɚɜɥɟɧɧɨɦ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɝɨ 

ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ, ɡɚɝɪɭɠɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɦ ɩɚɤɥɢɬɚɤɫɟɥɨɦ, ɧɚ 

ɨɫɧɨɜɟ ɩɨɥɢ-(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) (ɉȽȻ).ɑɚɫɬɢɰɵ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɩɶɟɡɨ-

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹ. ɉɪɚɜɢɥɶɧɚɹ ɫɮɟɪɢɱɟɫɤɚɹ ɮɨɪ-
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ɦɚ, ɭɡɤɨɟ ɪɚɡɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɚ ɬɚɤɠɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɩɪɟɩɚɪɚɬɚ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɦɢɤɪɨɧɨɫɢɬɟɥɟɣ in vitro ɟɳɟ ɪɚɡ ɞɨ-

ɤɚɡɵɜɚɸɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɬɚɤɨɣ ɥɟɤɚɪɫɬɜɟɧɧɨɣ ɮɨɪɦɵɞɥɹ ɟɟ ɛɭɞɭɳɟɝɨ ɩɪɢɦɟ-

ɧɟɧɢɹ ɜ ɮɚɪɦɚɤɨɥɨɝɢɢ. ɗɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɚɥɨ ɩɟɪɜɵɦ ɷɬɚɩɨɦ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɩɪɟɩɚɪɚɬɚ ɩɚɤɥɢɬɚɤɫɟɥɚ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɝɨ ɞɟɣɫɬɜɢɹ[70]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɧɟɫɤɨɥɶɤɨ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ɩɪɨɢɡɜɨɞɹɬ ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ. ȿё ɧɚɤɨɩɥɟɧɢɟ ɜ ɤɥɟɬɤɚɯ ɜɥɢɹɟɬ ɧɚ ɢɯ 

ɧɨɪɦɚɥɶɧɭɸ ɮɭɧɤɰɢɸ, ɫɩɨɫɨɛɫɬɜɭɹ ɨɤɢɫɥɢɬɟɥɶɧɵɦ ɩɪɨɰɟɫɫɚɦ, ɩɨɜɪɟɠɞɚɸɳɢɦ 

ȾɇɄ, ɛɟɥɤɢ ɢ ɥɢɩɢɞɵ. Ʉɚɬɚɥɚɡɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɣ ɮɟɪɦɟɧɬ, 

ɫɩɨɫɨɛɧɵɣ ɪɚɡɥɚɝɚɬɶ ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɧɚ ɤɢɫɥɨɪɨɞ ɢ ɜɨɞɭ, ɛɟɡɨɛɪɚɡɨɜɚɧɢɹ 

ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɬɟɦ ɫɚɦɵɦ ɡɚɳɢɳɚɹ ɤɥɟɬɤɢ ɨɬ ɬɨɤɫɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ 

ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ [77]. 

Ȼɵɥɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɨɛɪɚɡɭɸɬɫɹ ɜ ɨɩɭɯɨɥɟɜɵɯ ɬɤɚɧɹɯ. ɗɬɚ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɚɤɬɢɜɢɪɭɟɬ ɬɪɚɧɫɤɪɢɩɰɢɸ ɪɚɡɥɢɱɧɵɯ ɝɟɧɨɜ, ɱɬɨ ɦɨɠɟɬ 

ɭɫɤɨɪɢɬɶ ɪɨɫɬ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɪɢ ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɭɫɬɨɣɱɢɜɚɹ ɞɨɫɬɚɜɤɚ ɤɚɬɚɥɚɡɵ ɤ ɦɟɬɚɫɬɚɡɚɦ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ, ɩɨ-ɜɢɞɢɦɨɦɭ, 

ɹɜɥɟɸɬɫɹ ɦɧɨɝɨɨɛɟɳɚɸɳɢɦ ɩɨɞɯɨɞɨɦ ɞɥɹ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɢɥɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɦɟɬɚɫɬɚɡɨɜ ɨɩɭɯɨɥɟɣ. 

ɂɧɤɚɩɫɭɥɹɰɢɹɤɚɬɚɥɚɡɵɜɩɪɨɧɢɰɚɟɦɵɣɢɛɢɨɪɚɡɪɭɲɚɟɦɵɣɩɨɥɢɦɟɪɡɚɳɢɬɢɬɮɟɪɦɟ

ɧɬɨɬɜɧɟɲɧɢɯɭɫɥɨɜɢɣɢɩɨɡɜɨɥɢɬɞɨɫɬɚɜɢɬɶɟɝɨɤɪɚɤɨɜɵɦ ɤɥɟɬɤɚɦ. Ⱦɥɹ ɬɚɤɨɣ ɰɟɥɢ 

ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ ɭɠɟ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɫɨɩɨɥɢɦɟɪ ɩɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɫ 

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɨɦ (ɉȽȻȼ) [78].  

Ɋɟɡɭɥɶɬɚɬ ɪɚɡɪɚɛɨɬɤɢɦɢɤɪɨɱɚɫɬɢɰ ɢɡ ɉȽȻ, ɧɚɝɪɭɠɟɧɧɵɯȻɋȺ, ɩɨɤɚɡɚɥ, ɱɬɨ 

ɨɧɢ ɹɜɥɹɸɬɫɹ ɯɨɪɨɲɟɣ ɦɨɞɟɥɶɸ ɛɟɥɤɨɜɵɯ ɩɪɟɩɚɪɚɬɨɜ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɝɨ 

ɞɟɣɫɬɜɢɹ[80]. 

Ɍɚɤɢɦɨɛɪɚɡɨɦ, ɛɢɨɪɚɡɥɚɝɚɟɦɵɟɧɨɫɢɬɟɥɢɢɫɩɨɥɶɡɭɸɬɫɹɞɥɹɬɨɝɨ, ɱɬɨɛɵɩɨɞ-

ɝɨɬɨɜɢɬɶ ɛɨɥɟɭɬɨɥɹɸɳɢɟ ɫɪɟɞɫɬɜɚ, ɚɧɬɢɞɟɩɪɟɫɫɚɧɬɵ, ɩɪɨɬɢɜɨɡɚɱɚɬɨɱɧɵɟ ɫɪɟɞ-

ɫɬɜɚ, ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ, ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ, ɛɟɥɤɨɜɵɟ ɩɪɟɩɚɪɚɬɵ ɢ ɦɧɨ-

ɝɢɟ ɞɪɭɝɢɟ.  



36 
 

2 ʛ˃˕ˈ˓ˋ˃ˎ˞ ˋ ˏˈ˕ˑˇ˞ 

 

2.1 ʝ˄˝ˈˍ˕˞ ˋ˔˔ˎˈˇˑ˅˃ːˋя 

 
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɥɭɠɢɥɢ ɜɵɫɨɤɨɨɱɢɳɟɧɧɵɟ ɨɛɪɚɡɰɵ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ (ɉȽȺ): ɝɨɦɨɩɨɥɢɦɟɪ 3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ 

(ɉ(3ȽȻ)) ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ «Ȼɢɨɬɟɯɧɨɥɨɝɢɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ» 

ɋɎɍ. Ⱦɥɹ ɫɢɧɬɟɡɚ ɉȽȺ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɨɞɭɤɬɢɜɧɵɣ ɲɬɚɦɦ Cupriavi-

duseutrophusB10646, ɞɟɩɨɧɢɪɨɜɚɧɧɵɣ ɜɨ ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɤɨɥɥɟɤɰɢɢ ɩɪɨɦɵɲ-

ɥɟɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. ɒɬɚɦɦ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɧɚ ɫɬɚɧɞɚɪɬɧɨɣ ɫɨɥɟɜɨɣ ɫɪɟ-

ɞɟ ɒɥɟɝɟɥɹ ɧɚ ɝɥɸɤɨɡɟ. 

ȼ ɪɚɛɨɬɟ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɜɟ ɩɚɪɬɢɢ ɉȽȺ ɨɬ ɮɟɪɦɟɧɬɚɰɢɢ 2013, 

2016.ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ  ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 – Ȼɢɨɪɚɡɪɭɲɚɟɦɵɟ ɉȽȺ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ 

ɋɨɫɬɚɜ 
ɩɨɥɢɦɟɪɚ, 
ɦɨɥ. % 

 
 
ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ 

 

ɋɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɚ 
 

Mn, ɤȾɚ Mw, ɤȾɚ PD 
 

Cx% Tm° ɋ 

ɉ(3ȽȻ) 
(ɋ4ɇ6Ɉ2)

n 
100 

 

616 1500   2,40 72 178 

111 400 3,65 63 178 

Ɋɟɧɬɝɟɧɨɜɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ 

ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɹɬɫɹ ɧɚ ɩɨɪɨɲɤɨɜɨɦ ɞɟɮɪɚɤɬɨɦɟɬɪɟD&ADVANCE 

(“BrukerAXS”, Ƚɟɪɦɚɧɢɹ) ɫ ɥɢɧɟɣɧɵɦ ɞɟɬɟɤɬɨɪɨɦ VANTEC. 

 

2.1.1 ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ 
 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧ ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ (ɉȼɋ) ɫ Mw 31–50 ɤȾɚ 

(Sigma-Aldrich, ɋɒȺ), ɜ ɤɚɱɟɫɬɜɟ ɞɟɩɨɥɢɦɟɪɢɡɭɸɳɟɝɨ ɚɝɟɧɬɚɛɨɪɨɝɢɞɪɢɞ 

ɧɚɬɪɢɹ (NaBH4) (Panreac, ɂɫɩɚɧɢɹ)ɢ ɝɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ (NaOH).ɏɥɨɪɨɮɨɪɦ, ɞɢ-

ɯɥɨɪɦɟɬɚɧ, ɦɟɬɚɧɨɥ, ɝɟɤɫɚɧ, ɷɬɢɥɨɜɵɣ ɫɩɢɪɬ.  
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2.2 ʛˈ˕ˑˇ˞ ˋ˔˔ˎˈˇˑ˅˃ːˋя 

 

2.2.1 Ɇɟɬɨɞɵ ɫɧɢɠɟɧɢя ɦɨɥɟɤɭɥяɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ 
 

Ⱥ) Ȼɨɪɨɝɢɞɪɢɞ ɧɚɬɪɢɹ ɜ ɤɚɱɟɫɬɜɟ ɞɟɩɨɥɢɦɟɪɢɡɭɸɳɟɝɨ ɚɝɟɧɬɚ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ 12 ɦɝ NaBH4 ɪɚɫɬɜɨɪɹɥɢ ɜ 2 ɦɥɦɟɬɚɧɨɥɚ. 

ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɩɨ ɤɚɩɥɹɦ ɞɨɛɚɜɥɹɥɢ ɜ 3 % ɪɚɫɬɜɨɪ ɉ(3ȽȻ)(300 ɦɝ 

ɩɨɥɢɦɟɪɚ  ɜ 10 ɦɥ ɯɥɨɪɨɮɨɪɦɚ), ɡɚɬɟɦ ɷɦɭɥɶɫɢɸɦɟɯɚɧɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 

(250 ɨɛ/ɦɢɧ) ɜ ɬɟɱɟɧɢɟ 3 ɢ 48 ɱɚɫɨɜ(Heipolph RZR1, Ƚɟɪɦɚɧɢɹ). Ⱦɚɥɟɟ 

ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ ɨɫɚɠɞɚɥɢ ɜ 40ɦɥ ɯɨɥɨɞɧɨɝɨ ɷɬɚɧɨɥɚ. ɉɨɫɥɟ 

ɷɬɨɝɨ ɩɪɨɩɭɫɤɚɥɢ ɩɨɥɢɦɟɪɧɵɣ ɪɚɫɬɜɨɪ ɱɟɪɟɡ ɮɢɥɶɬɪ ɢ ɨɫɬɚɜɥɹɥɢ ɞɨ ɩɨɥɧɨɝɨ 

ɢɫɩɚɪɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ [38]. 

Ȼ) Ɍɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ  

ɉɟɪɟɞ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɛɵɥɢ ɨɬɥɢɬɵ ɩɥɟɧɤɢ ɢɡ 2% ɪɚɫɬɜɨɪɚ 

ɉ(3ȽȻ). Ⱦɚɥɟɟ ɞɟɥɚɥɢ ɧɚɜɟɫɤɢ ɩɥɟɧɨɤ ɩɨ 750ɦɝ ɢ ɪɚɫɫɩɥɚɜɥɹɥɢ  ɫ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɟɦ  ɤɨɥɛɨɧɚɝɪɟɜɚɬɟɥɹ (LH 125) ɩɪɢ 190°ɋ. Ʉɨɥɛɚ ɧɚɝɪɟɜɚɥɚɫɶ ɜ ɬɟɱɟɧɢɟ 10; 20 

ɢ 30 ɦɢɧɭɬ.Ɂɚɬɟɦ ɪɚɫɬɜɨɪɹɥɢ ɩɨɥɢɦɟɪ ɜ ɤɨɥɛɟ 20ɦɥ ɯɥɨɪɨɮɨɪɦɚ ɢ ɨɫɚɠɞɚɥɢ  ɜ 

100ɦɥ ɝɟɤɫɚɧɚ. Ⱦɚɥɟɟɪɚɫɬɜɨɪɩɨɥɢɦɟɪɚɛɵɥɩɪɨɮɢɥɶɬɪɨɜɚɧ [45]. 

ȼ) Ƚɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ ɜ ɤɚɱɟɫɬɜɟ ɞɟɩɨɥɢɦɟɪɢɡɭɸɳɟɝɨ ɚɝɟɧɬɚ 

Ȼɵɥ ɩɪɢɝɨɬɨɜɥɟɧ 2,5Ɇ ɪɚɫɬɜɨɪNaOH. Ⱦɚɥɟɟ ɤ 10ɦɝ ɦɨɥɨɬɨɝɨ ɉ(3ȽȻ) ɞɨ-

ɛɚɜɥɹɥɢ ɩɨ 2,5 ɦɥ ɪɚɫɬɜɨɪɚ NaOH. Ɋɟɚɤɰɢɹ ɩɪɨɯɨɞɢɥɚ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɩɟɪɟ-

ɦɟɲɢɜɚɧɢɢ ɪɚɫɬɜɨɪɨɜ ɜ ɬɟɱɟɧɢɟ  15;30;40;50 ɢ 60 ɦɢɧɭɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɂɚɬɟɦ 

ɩɪɨɜɨɞɢɥɚɫɶ ɧɟɣɬɪɚɥɢɡɚɰɢɹ ɪɟɚɤɰɢɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ. 

ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜɵɲɟɩɟɪɟɱɢɫɥɢɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɢɦɟɪɚ ɢɫɫɥɟɞɨɜɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɪɨɦɚɬɨɝɪɚɮɚ ɞɥɹ 

ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ Agilent Technologies 1260 Infinity (ɋɒȺ). 

ɇɚɯɨɞɢɥɢ ɫɪɟɞɧɟɜɟɫɨɜɭɸ (Mw), ɫɪɟɞɧɟɱɢɫɥɨɜɭɸ (Mn) ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ, ɚ 

ɬɚɤɠɟ ɢɧɞɟɤɫ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ (D = Mw/Mn). 1H əɆɊ ɫɩɟɤɬɪɦɨɥɟɤɭɥɹɪɧɨɣ 

ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɨɜ ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ Bruker-AvanceIII-600MHz 

(ɋɒȺ).  
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2.2.2 ɉɨɥɭɱɟɧɢɟ ɦɢɤɪɨɱɚɫɬɢɰ ɷɦɭɥɶɫɢɨɧɧɵɦ ɦɟɬɨɞɨɦ 
 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɢɡ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɷɦɭɥɶɫɢɢ ɛɵɥ ɜɡɹɬ ɜɵ-

ɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɨɛɪɚɡɟɰ ɉ(3ȽȻ)ɫ ɢɫɯɨɞɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 1500 ɤȾȺ.  

ɂɡ ɧɟɝɨ ɩɨɫɪɟɞɫɬɜɨɦ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɨɛɪɚɛɨɬɤɢ ɛɨɪɨɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɨɛɪɚɡɰɵ, ɢɡ ɤɨɬɨɪɵɯ ɬɚɤɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɦɢɤɪɨɱɚɫɬɢɰɵ ɷɦɭɥɶɫɢɨɧɧɵɦ ɦɟɬɨɞɨɦ. Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɚɪɟɧɢɢ ɪɚɫɬɜɨɪɢ-

ɬɟɥɹ ɢɡ ɷɦɭɥɶɫɢɢ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ.  

ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɭɸ ɷɦɭɥɶɫɢɸ «ɦɚɫɥɨ-ɜɨɞɚ» ɛɵɥ ɩɪɢɝɨ-

ɬɨɜɥɟɧ 1%-ɧɵɣ ɪɚɫɬɜɨɪɉ(3ȽȻ) (100 ɦɝɩɨɥɢɦɟɪɚ ɜ 10 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ). Ɋɚɫɬɜɨɪ 

ɜɧɨɫɢɥɢ ɜ 100 ɦɥ 1%-ɧɨɝɨɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɉȼɋ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜɵɫɨɤɨ-

ɫɤɨɪɨɫɬɧɵɦ ɝɨɦɨɝɟɧɢɡɚɬɨɪɨɦ (24000 ɨɛ/ɦɢɧ)(Heidolph, Ƚɟɪɦɚɧɢɹ)ɜ ɬɟɱɟɧɢɟ 5 

ɦɢɧ; ɩɨɥɭɱɟɧɧɭɸ ɷɦɭɥɶɫɢɸɦɟɯɚɧɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɧɚ ɦɚɝɧɢɬɧɨɣ ɦɟɲɚɥɤɟ 

Heipolph RZR1 (Ƚɟɪɦɚɧɢɹ) ɞɨɩɨɥɧɨɝɨ ɢɫɩɚɪɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɇɢɤɪɨɱɚɫɬɢɰɵ 

ɫɨɛɢɪɚɥɢ ɩɨɫɥɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ (5 ɦɢɧɭɬ 10000 ɨɛ/ɦɢɧ). Ɂɚɬɟɦ ɦɢɤɪɨɱɚ-

ɫɬɢɰɵ ɩɪɨɦɵɜɚɥɢ ɞɢɫɬɢɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢɜɵɫɭɲɢɜɚɥɢ ɜ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɟ. 
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2.2.2 ʞˑˎ˖˚ˈːˋˈ ˏˋˍ˓ˑ˚˃˔˕ˋ˙ ˏˈ˕ˑˇˑˏ ˓˃˔˒˞ˎˋ˕ˈˎ˟ːˑˆˑ 
˅˞˔˖˛ˋ˅˃ːˋя 

 

Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɚɹ 

ɦɚɫɫɚ ɩɨɥɢɦɟɪɚ ɞɨɥɠɧɚ  ɛɵɬɶ ɧɟ ɜɵɲɟ 100 ɤȾɚ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ 

ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹ ɛɵɥɢ ɜɡɹɬɵ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɨɛ-

ɪɚɡɰɵ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɛɨɪɨɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ 

ɉ(3ȽȻ) ɫ ɧɚɱɚɥɶɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 400 000 Ⱦɚ.  

Ȼɵɥ ɩɪɢɝɨɬɨɜɥɟɧ 1% ɪɚɫɬɜɨɪ ɉ(3ȽȻ)  (400ɦɝ ɩɨɥɢɦɟɪɚ ɪɚɫɬɜɨɪɹɥɢ ɜ 40 

ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ). ɍɫɬɚɧɨɜɥɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɜ ɫɢɫɬɟɦɭ 95°ɋ ɢ ɫɤɨ-

ɪɨɫɬɶ ɩɨɞɚɱɢ ɪɚɫɬɜɨɪɚ 1,5ɦɥ/ɦɢɧ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɜɵɫɭɲɢɜɚɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ 

MiniSprayDrierB-290 (BUCHILaboratoryEquipment, ɒɜɟɣɰɚɪɢɹ) ɩɪɨɢɫɯɨɞɢɬ 

ɛɵɫɬɪɨɟ ɭɞɚɥɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɭɫɤɨɪɟɧɧɨɦɭ ɨɛɪɚɡɨɜɚɧɢɸ 

ɦɢɤɪɨɱɚɫɬɢɰ. ȼ ɭɫɬɚɧɨɜɤɟ ɱɟɪɟɡ ɫɨɩɥɨ ɪɚɫɩɵɥɢɬɟɥɹ (ɨɬɜɟɪɫɬɢɟ ɞɢɚɦɟɬɪɨɦ 0,7 

ɦɦ) ɩɨɞɚɟɬɫɹ ɢɧɟɪɬɧɵɣ ɝɚɡ (ɚɪɝɨɧ) ɢ ɫ ɬɨɤɨɦ ɝɚɡɚ ɩɨɞɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨɛɟɠɧɵɯ 

ɫɢɥ ɫɭɯɢɟ ɱɚɫɬɢɰɵ ɨɫɚɠɞɚɸɬɫɹ ɜɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɰɢɤɥɨɧɵ.  Ȼɵɥ ɩɪɢ-

ɝɨɬɨɜɥɟɧ 1%-ɧɵɣ ɪɚɫɬɜɨɪ ɉ(3ȽȻ) (100 ɦɝ ɩɨɥɢɦɟɪɚ ɜ 10 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ).  
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2.2.3 Аɧɚɥɢɡ ɫɜɨɣɫɬɜ ɦɢɤɪɨɱɚɫɬɢɰ 
 

ɋɜɨɣɫɬɜɚ ɦɢɤɪɨɱɚɫɬɢɰ ɩɨɥɭɱɟɧɧɵɯ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ, ɛɵɥɢ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɞɥɹ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ: 

ZetasizerNanoZS (Malvern, ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ). Ȼɵɥ ɨɩɪɟɞɟɥɟɧ 

ɷɥɟɤɬɪɨɤɢɧɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɢɥɢ ζ-ɩɨɬɟɧɰɢɚɥ, ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɢ ɪɚɡɦɟɪɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɱɚɫɬɢɰ.Ʉɚɠɞɵɣ ɨɛɪɚɡɟɰ ɛɵɥ ɢɡɦɟɪɟɧ ɜ ɬɪɟɯ 

ɩɨɜɬɨɪɚɯ.ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɫɪɟɞɧɢɣ 

ɞɢɚɦɟɬɪ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɚɡɦɟɪɚ ɦɢɤɪɨɱɚɫɬɢɰ.  

ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɡɚɪɹɞ ɦɢɤɪɨɱɚɫɬɢɰ ɛɵɥ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɜɟɥɢɱɢɧɨɣ 

ɷɥɟɤɬɪɨɤɢɧɟɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ), ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ ɱɚɫɬɢɰ ɜ ɫɭɫɩɟɧɡɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɭɪɚɜɧɟɧɢɹ Ƚɟɧɪɢ  ɧɚ  ɚɧɚɥɢɡɚɬɨɪɟ  ɱɚɫɬɢɰ Zetasizer  Nano  ZS.   

ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɢɤɪɨɱɚɫɬɢɰ ɢɡɭɱɚɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɧɚ ɦɢɤɪɨɫɤɨɩɚɯ  S-5500  ɢ  TM-3000  

(Hitachi,  əɩɨɧɢɹ).   

ȼɵɯɨɞ ɦɢɤɪɨɱɚɫɬɢɰ ɪɚɫɫɱɢɬɵɜɚɥɢ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɦɚɫɫɵ ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ 

ɞɥɹ ɢɯ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɚ:  

 

ɝɞɟ Wm – ɦɚɫɫɚ ɩɨɥɭɱɟɧɧɵɯ ɦɢɤɪɨɱɚɫɬɢɰ, ɦɝ;   

Wp – ɦɚɫɫɚ ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɩɨɥɢɦɟɪɚ, ɦɝ.  
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3 ʟʔʖʢʚʫʡʏʡʪ ʗ ʝʐʠʢʕʓʔʜʗЯ 

 
ɂɡ ɬɟɤɫɬɚ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɢɡɴɹɬɵ ɪɟɡɭɥɶɬɚɬɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɤɨɦɦɟɪɱɟɫɤɭɸ ɧɚɭɱɧɭɸ ɰɟɧɧɨɫɬɶ 

ɜ ɫɢɥɭ ɧɟɢɡɜɟɫɬɧɨɫɬɢ ɢɯ ɬɪɟɬɶɢɦ ɥɢɰɚɦ. 
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ɋɉɂɋɈɄ ɋɈɄɊАЩȿɇɂɃ 
 

ɉȽȺ – ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ 

ɉȽȻ – ɩɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ 

ɉȽȼ – ɩɨɥɢɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ  

ɋȾ – ɫɢɫɬɟɦɚ ɞɨɫɬɚɜɤɢ 

Ʌɉ – ɥɟɤɚɪɫɬɜɟɧɧɵɣ ɩɪɟɩɚɪɚɬ 

Ʌɋ – ɥɟɤɚɪɫɬɜɟɧɧɨɟ ɫɪɟɞɫɬɜɨ 

Mw – ɫɪɟɞɧɟɜɟɫɨɜɨɣ ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ 

Mn – ɫɪɟɞɧɟɱɢɫɥɨɜɨɣ ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ 

ɂɉȾ – ɢɧɞɟɤɫ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ 

ɦ.ɦ. – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ 

IL-1ȕ, IL-6 – ɢɧɬɟɪɥɟɣɤɢɧ-1, ɢɧɬɟɪɥɟɣɤɢɧ - 6 

TNF-α - ɬɭɦɨɪɨɧɟɤɪɨɬɢɱɟɫɤɢɣ ɮɚɤɬɨɪ-ɚɥɶɮɚ 
1H-əɆɊ – ɩɪɨɬɨɧ ɹɞɟɪɧɵɣ ɦɚɝɧɢɬɧɵɣ ɪɟɡɨɧɚɧɫ 
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