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tific bases of engineering solutions in the area of tech-
nique and technology of CO2 – processing have been re-
vealed.  

2. The full-scale chemical and biological researches 
on more than 100 kinds of domestic and imported fruit-
vegetable,  spicy,  aromatic,  oily  and  other  kinds  of  raw  
material, including nontraditional kinds of raw material 
and byproducts of food raw material have been carried 
out, the adaptability of this raw material for industrial ap-
plication has been revealed, the raw material most suita-
ble for the CO2 – technology has been tested. 

3. The scientific basis for new areas of food and 
cooling techniques, such as selective extraction and line-
spray treatment in gasdynamic chillers has been elaborat-
ed and the peculiarities of substance crystallization in the 
“CO2 – component” complex systems have been revealed.     

4. Using the methods of system analysis, a concep-
tion of a new scientific direction in the application of CO2 

– technologies in food industry for processing various 
kinds of food raw material has been formulated. 

5. The scientific basis of selective extraction has 
been worked out and the conditions of “coextraction” ef-
fect have been described. 

6. The combined methods of process thermodynam-
ic effectiveness analysis (directed line spray crystalliza-
tion, selective extraction etc.) have been worked out.  

7. The methodology of selecting and determining 
the sequence of designing have been worked out to esti-
mate the interdependent mode and technological charac-
teristics of the new equipment for CO2 – extraction.   

8. The generalized approaches to the processes have 
been worked out, which made it possible to find out the 
interactive factors in the development of new technologi-
cal solutions, to formulate the directions of scientific re-
searches and to sum up the ways of the solving problems. 
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Ɉɞɟɫɶɤɚ�ɧɚɰɿɨɧɚɥɶɧɚ�ɚɤɚɞɟɦɿɹ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ 

ȼɉɅɂȼ�ȿɅȿɄɌɊɈɆȺȽɇȱɌɇɈȽɈ�ɈȻɊɈȻɅȿɇɇə  
ɇȺ�ɆɈɅɈɑɇɈɄɂɋɅȱ�ȻȺɄɌȿɊȱȲ 

ɉɨɤɚɡɚɧɨ� ɜɩɥɢɜ� ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ� ɨɛɪɨɛɥɟɧɧɹ� ɦɨɥɨɤɚ� ɧɚ 
ɦɨɥɨɱɧɨɤɢɫɥɿ� ɛɚɤɬɟɪɿʀ Lactobacillus acidophilus ɬɚ Lactobacillus 
plantarum. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ�ɞɚɧɢɣ�ɜɢɞ�ɨɛɪɨɛɥɟɧɧɹ�ɧɟ�ɩɪɢɝɧɿɱɭɽ�ɪɨ-
ɡɜɢɬɨɤ�ɤɨɪɢɫɧɨʀ�ɦɿɤɪɨɮɥɨɪɢ, ɚ�ɩɪɢ�ɫɢɥɿ�ɫɬɪɭɦɭ 0,6 Ⱥ (93 ɤȺ�ɦ) ɿ 1 Ⱥ 
(165 ɤȺ�ɦ) ɧɚɜɿɬɶ�ɜɢɹɜɥɹɽ�ɧɟɡɧɚɱɧɭ�ɫɬɢɦɭɥɸɸɱɭ�ɞɿɸ.  

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ: ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɟ�ɨɛɪɨɛɥɟɧɧɹ, ɦɨɥɨɱɧɨɤɢɫɥɿ 
ɛɚɤɬɟɪɿʀ, ɧɚɤɨɩɢɱɟɧɧɹ�ɛɿɨɦɚɫɢ, ɥɿɩɿɞɢ�ɦɨɥɨɤɚ. 

It is showed influence of electromagnetic treatment on lactobacil-
luss of Lactobacillus acidophilus and Lactobacillus plantarum. It is set 
that the type of treatment is given not represses development of useful 
microflora, but at strength of current 0,6A (93 kA/m) and1A (165 kA/m) 
even finds out an insignificant stimulant an action in relation to some 
lactobacillus. 

Keywords: electromagnetic treatment, lactobacillus, biomass ac-
cumulation, milk fats. 

Ʌɸɞɢɧɚ�ɿ�ɫɟɪɟɞɨɜɢɳɟ,  ɳɨ�ʀʀ�ɨɬɨɱɭɽ,  ɡɧɚɯɨɞɹɬɶɫɹ 
ɭ�ɩɨɫɬɿɣɧɿɣ�ɛɿɨɥɨɝɿɱɧɿɣ�ɪɿɜɧɨɜɚɡɿ. Ɂɚɝɚɥɶɧɨɜɿɞɨɦɨ, ɳɨ 
ɡɞɨɪɨɜ¶ɹ� ɥɸɞɢɧɢ� ɡɧɚɱɧɨɸ�ɦɿɪɨɸ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɹɤɨɫɬɿ 
ɜɨɞɢ�ɬɚ�ɧɚɩɨʀɜ, ɪɿɜɧɹ�ʀɯ�ɦɿɧɟɪɚɥɿɡɚɰɿʀ�ɬɚ�ɜɟɥɢɱɢɧɢ�ɤɪɢ-
ɫɬɚɥɨɝɿɞɪɚɬɿɜ. 

ɋɶɨɝɨɞɧɿ� ɨɞɧɿɽɸ� ɿɡ� ɧɚɣɜɚɠɥɢɜɿɲɢɯ� ɩɪɨɛɥɟɦ� ɽ 
ɜɞɨɫɤɨɧɚɥɟɧɧɹ� ɦɟɬɨɞɿɜ� ɨɛɪɨɛɥɟɧɧɹ� ɜɨɞɢ� ɿ� ɯɚɪɱɨɜɢɯ 
ɫɢɫɬɟɦ. ɉɨɫɬɚɽ� ɩɢɬɚɧɧɹ� ɩɪɨ� ɧɟɨɛɯɿɞɧɿɫɬɶ� ɜɩɪɨɜɚ-
ɞɠɟɧɧɹ�ɧɨɜɢɯ�ɫɩɨɫɨɛɿɜ�ɿ�ɬɟɯɧɨɥɨɝɿɣ.  

Ɉɞɧɢɦ� ɿɡ� ɧɚɣɛɿɥɶɲ� ɪɟɚɥɶɧɢɯ� ɧɚɩɪɹɦɿɜ� ɨɛɪɨɛ-
ɥɟɧɧɹ� ɧɚɩɨʀɜ� ɡ� ɦɟɬɨɸ� ɩɨɥɿɩɲɟɧɧɹ� ɡɚɫɜɨɽɧɧɹ� ɦɿɧɟɪɚ-
ɥɶɧɢɯ�ɪɟɱɨɜɢɧ�ɽ� ɡɚɫɬɨɫɭɜɚɧɧɹ�ɟɥɟɤɬɪɨɮɿɡɢɱɧɢɯ�ɦɟɬɨ-
ɞɿɜ.  Ɋɨɡɜɢɬɨɤ  ɰɶɨɝɨ� ɧɚɩɪɹɦɭ� ɡɭɦɨɜɥɸɽɬɶɫɹ  ɟɥɟɤ-
ɬɪɢɱɧɨɸ� ɩɪɢɪɨɞɨɸ� ɩɪɨɞɭɤɬɿɜ� ɫɩɨɠɢɜɚɧɧɹ. ȼɿɞɨɦɨ, 
ɳɨ� ɧɚɣɚɤɬɢɜɧɿɲɟ� ɧɚ� ɟɥɟɤɬɪɢɱɧɨ� ɡɚɪɹɞɠɟɧɿ� ɱɚɫɬɢɧɤɢ 

ɦɨɠɧɚ� ɜɩɥɢɜɚɬɢ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɟɥɟɤɬɪɢɱɧɢɯ, ɦɚɝɧɿɬ-
ɧɢɯ� ɿ� ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ� ɩɨɥɿɜ [1]. ȿɥɟɤɬɪɨɦɚɝɧɿɬɧɟ 
ɨɛɪɨɛɥɟɧɧɹ  ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ�ɜ�ɛɚɝɚɬɶɨɯ�ɝɚɥɭɡɹɯ�ɩɪɨɦɢ-
ɫɥɨɜɨɫɬɿ� ɡ� ɦɟɬɨɸ� ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ� ɬɟɯɧɨɥɨɝɿɱɧɢɯ� ɩɪɨ-
ɰɟɫɿɜ. ȼɨɧɨ� ɬɟɯɧɨɥɨɝɿɱɧɟ, ɩɪɨɫɬɟ� ɜ� ɚɩɚɪɚɬɭɪɧɨɦɭ 
ɨɮɨɪɦɥɟɧɧɿ, ɟɤɨɥɨɝɿɱɧɟ, ɧɟ� ɜɢɦɚɝɚɽ� ɡɧɚɱɧɢɯ� ɟɧɟɪɝɟ-
ɬɢɱɧɢɯ�ɜɢɬɪɚɬ. 

ȼɿɞɨɦɨ [1], ɳɨ�ɩɪɢ�ɟɥɟɤɬɪɨɮɿɡɢɱɧɨɦɭ�ɨɛɪɨɛɥɟɧ-
ɧɿ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɿ�ɩɨɥɹ�ɪɿɡɧɨʀ�ɱɚɫɬɨ-
ɬɢ, ɟɥɟɤɬɪɢɱɧɿ� ɩɨɥɹ� ɜɢɫɨɤɨʀ� ɧɚɩɪɭɠɟɧɨɫɬɿ, ɩɨɫɬɿɣɧɿ� ɿ 
ɩɭɥɶɫɭɸɱɿ�ɦɚɝɧɿɬɧɿ� ɩɨɥɹ. Ɍɚɤ, ɧɚɩɪɢɤɥɚɞ, ɜ�ɇɚɰɿɨɧɚ-
ɥɶɧɨɦɭ�ɭɧɿɜɟɪɫɢɬɟɬɿ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ�ɩɿɞ�ɤɟɪɿɜɧɢ-
ɰɬɜɨɦ  ɩɪɨɮɟɫɨɪɚ�ɍɤɪɚʀɧɰɹ�Ⱥ�ȱ. ɩɪɨɜɨɞɢɥɢɫɶ� ɪɨɛɨɬɢ 
ɩɨ�ɞɨɫɥɿɞɠɟɧɧɸ�ɿ�ɜɩɪɨɜɚɞɠɟɧɧɸ�ɭ�ɜɢɪɨɛɧɢɰɬɜɨ�ɟɥɟɤ-
ɬɪɨɿɫɤɪɨɜɢɯ�ɿ�ɦɚɝɧɿɬɨ�ɿɦɩɭɥɶɫɧɢɯ�ɦɟɬɨɞɿɜ�ɨɛɪɨɛɥɟɧɧɹ 
ɯɚɪɱɨɜɢɯ�ɩɪɨɞɭɤɬɿɜ, ɬɚɤɨɠ�ɜ�ɨɤɪɟɦɢɯ�ɜɢɩɚɞɤɚɯ�ɜɢɤɨ-
ɪɢɫɬɨɜɭɜɚɥɢɫɶ�ɭɥɶɬɪɚɡɜɭɤɨɜɿ�ɭɫɬɚɧɨɜɤɢ [2].  

ȼɫɿ� ɩɟɪɟɪɚɯɨɜɚɧɿ� ɱɢɧɧɢɤɢ� ɜ� ɪɟɚɥɶɧɢɯ� ɭɦɨɜɚɯ 
ɞɿɸɬɶ�ɧɚ� ɛɿɨɥɨɝɿɱɧɿ� ɨɛ
ɽɤɬɢ� ɜ� ɬɨɦɭ� ɚɛɨ� ɿɧɲɨɦɭ�ɩɨɽɞ-
ɧɚɧɧɿ�ɫɩɿɥɶɧɨ,  ɿ� ɬɨɦɭ�ɜɚɠɤɨ,  ɚ�ɱɚɫɨɦ�ɧɟɦɨɠɥɢɜɨ�ɪɨɡ-
ɞɿɥɶɧɨ�ɞɨɫɥɿɞɠɭɜɚɬɢ�ɩɪɨɰɟɫɢ, ɳɨ�ɦɚɸɬɶ�ɪɿɡɧɭ�ɮɿɡɢɱ-
ɧɭ�ɩɪɢɪɨɞɭ. Ɉɛ¶ɽɤɬɢɜɧɨɸ�ɨɰɿɧɤɨɸ�ɜɩɥɢɜɭ�ɪɿɡɧɢɯ�ɮɚ-
ɤɬɨɪɿɜ� ɧɚ� ɛɿɨɥɨɝɿɱɧɿ� ɨɛ
ɽɤɬɢ� ɦɨɠɟ� ɛɭɬɢ� ɞɨɫɥɿɞɠɟɧɧɹ 
ɫɬɿɣɤɨɫɬɿ�ɤɭɥɶɬɭɪ�ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ�ɞɨ�ʀɯ�ɞɿʀ. 

Ⱦɨɫɥɿɞɧɢɤɢ [2] ɜɢɜɱɚɥɢ�ɜɩɥɢɜ� ɟɥɟɤɬɪɨɿɫɤɪɨɜɨɝɨ 
ɨɛɪɨɛɥɟɧɧɹ�ɧɚ�ɞɪɿɠɞɠɿ�ɪɨɞɭ Saccharomyces cerevisiaɟ; 
ɨɰɬɨɜɨɤɢɫɥɿ�ɛɚɤɬɟɪɿʀ Acetobacter aceti ɿ�ɦɨɥɨɱɧɨɤɢɫɥɿ  
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ɛɚɤɬɟɪɿʀ�ɪɨɞɭ Lactobacillus,  ɨɫɤɿɥɶɤɢ�ɱɟɪɟɡ�ɧɢɯ�ɩɨɝɿɪ-
ɲɭɸɬɶɫɹ�ɯɚɪɱɨ�ɫɦɚɤɨɜɿ�ɜɥɚɫɬɢɜɨɫɬɿ�ɩɪɨɞɭɤɬɿɜ. Ɍɟɯɧɨ-
ɥɨɝɿɱɧɿ�ɩɟɪɟɜɚɝɢ�ɟɥɟɤɬɪɨɿɫɤɪɨɜɨɝɨ�ɨɛɪɨɛɥɟɧɧɹ�ɦɨɥɨɤɚ 
ɦɨɠɭɬɶ�ɛɭɬɢ�ɧɿɜɟɥɶɨɜɚɧɿ�ɣɨɝɨ�ɪɭɣɧɿɜɧɢɦ�ɜɩɥɢɜɨɦ�ɧɚ 
ɦɨɥɨɱɧɨɤɢɫɥɿ� ɛɚɤɬɟɪɿɣ (ɛɿɨɦɚɫɚ� ɹɤɢɯ� ɡɦɟɧɲɭɽɬɶɫɹ� ɜ 
1,5…2 ɪɚɡɢ), ɳɨ�ɧɟɝɚɬɢɜɧɨ�ɦɨɠɟ�ɜɿɞɡɧɚɱɢɬɢɫɹ�ɧɚ�ɦɿɤ-
ɪɨɮɥɨɪɿ� ɲɥɭɧɤɭ� ɿ� ɤɢɲɤɿɜɧɢɤɚ. Ʉɪɿɦ� ɬɨɝɨ, ɭɫɬɚɧɨɜɤɢ 
ɞɥɹ� ɡɞɿɣɫɧɟɧɧɹ� ɬɚɤɨɝɨ� ɨɛɪɨɛɥɟɧɧɹ� ɫɤɥɚɞɧɿ� ɿ� ɟɥɟɤɬɪɨ-
ɧɟɛɟɡɩɟɱɧɿ,  ɳɨ�ɩɨɬɪɟɛɭɽ�ɞɨɞɚɬɤɨɜɢɯ�ɡɚɯɨɞɿɜ,  ɿ�ɰɟ�ɽ�ʀɯ 
ɧɟɞɨɥɿɤɨɦ. 

Ȼɿɨɥɨɝɿɱɧɚ� ɞɿɹ� ɭɥɶɬɪɚɡɜɭɤɭ� ɜɢɡɧɚɱɚɽɬɶɫɹ� ɝɨɥɨɜ-
ɧɢɦ�ɱɢɧɨɦ�ɿɧɬɟɧɫɢɜɧɿɫɬɸ�ɿ�ɬɪɢɜɚɥɿɫɬɸ�ɨɛɪɨɛɥɟɧɧɹ�ɬɚ 
ɦɨɠɟ�ɜɩɥɢɜɚɬɢ�ɹɤ�ɩɨɡɢɬɢɜɧɨ, ɬɚɤ�ɿ�ɧɟɝɚɬɢɜɧɨ  ɧɚ�ɠɢɬ-
ɬɽɞɿɹɥɶɧɿɫɬɶ� ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ. ɉɪɢ� ɩɨɪɿɜɧɹɧɨ� ɧɟɜɟɥɢ-
ɤɿɣ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ� ɭɥɶɬɪɚɡɜɭɤɭ (1…2 ȼɬ�ɫɦ2) ɜɢɧɢɤɚ-
ɸɬɶ� ɦɟɯɚɧɿɱɧɿ� ɤɨɥɢɜɚɧɧɹ� ɱɚɫɬɢɧɨɤ� ɿ� ɰɟ� ɜɢɤɥɢɤɚɽ 
ɫɜɨɽɪɿɞɧɢɣ� ɦɿɤɪɨɦɚɫɚɠ� ɬɤɚɧɢɧ, ɳɨ� ɫɩɪɢɹɽ� ɤɪɚɳɨɦɭ 
ɨɛɦɿɧɭ� ɪɟɱɨɜɢɧ. ɉɿɞɜɢɳɟɧɧɹ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ� ɭɥɶɬɪɚ-
ɡɜɭɤɭ� ɦɨɠɟ� ɩɪɢɡɜɟɫɬɢ� ɞɨ� ɜɢɧɢɤɧɟɧɧɹ� ɜ� ɛɿɨɥɨɝɿɱɧɢɯ 
ɫɟɪɟɞɨɜɢɳɚɯ� ɚɤɭɫɬɢɱɧɨʀ� ɤɚɜɿɬɚɰɿʀ� ɿ� ɧɚɝɪɿɜɚɧɧɹ,  ɳɨ 
ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ�ɦɟɯɚɧɿɱɧɢɦ�ɪɭɣɧɭɜɚɧɧɹɦ�ɤɥɿɬɢɧ [2].  

ȿɥɟɤɬɪɨɦɚɝɧɿɬɧɟ�ɨɛɪɨɛɥɟɧɧɹ�ɯɚɪɱɨɜɢɯ�ɩɪɨɞɭɤɬɿɜ 
ɦɚɽ� ɫɭɬɬɽɜɭ�ɩɟɪɟɜɚɝɭ�ɳɨɞɨ�ɧɚɜɟɞɟɧɢɯ�ɦɟɬɨɞɿɜ�ɮɿɡɢɱ-
ɧɨɝɨ� ɨɛɪɨɛɥɟɧɧɹ. ɋɶɨɝɨɞɧɿ� ɧɟ� ɜɢɹɜɥɟɧɨ�ɣɨɝɨ� ɪɭɣɧɿɜ-
ɧɨʀ�ɞɿʀ�ɧɚ�ɛɿɨɥɨɝɿɱɧɿ�ɨɛ¶ɽɤɬɢ. ɉɪɨɬɟ, ɧɟɨɛɯɿɞɧɨ�ɜɫɬɚɧɨ-
ɜɢɬɢ, ɧɚɫɤɿɥɶɤɢ� ɫɭɬɬɽɜɢɦ� ɽ� ɜɩɥɢɜ� ɟɥɟɤɬɪɨɦɚɧɿɬɧɨɝɨ 
ɨɛɪɨɛɥɟɧɧɹ� ɧɚ� ɦɨɥɨɱɧɨɤɢɫɥɿ� ɛɚɤɬɟɪɿʀ, ɡɨɤɪɟɦɚ 
Lactobacillus acidophilus ɬɚ Lactobacillus plantarum ɜ 
ɡɚɥɟɠɧɨɫɬɿ�ɜɿɞ�ɜɟɥɢɱɢɧɢ� ɿ�ɯɚɪɚɤɬɟɪɭ�ɦɚɝɧɿɬɧɨɝɨ�ɩɨɥɹ 
ɬɚ�ɿɧɲɢɯ�ɮɚɤɬɨɪɿɜ. 

Ɍɚɤɢɣ�ɩɿɞɯɿɞ�ɩɨɜ¶ɹɡɚɧɢɣ�ɡ�ɬɢɦ, ɳɨ�ɨɪɝɚɧɿɡɦ�ɥɸ-
ɞɢɧɢ�ɦɿɫɬɢɬɶ�ɜɟɥɢɤɭ�ɤɿɥɶɤɿɫɬɶ�ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ, ɡɧɚɱɧɚ 
ɱɚɫɬɢɧɚ�ɹɤɢɯ�ɽ�ɧɟɨɛɯɿɞɧɢɦɢ�ɞɥɹ�ɧɨɪɦɚɥɶɧɨɝɨ�ɨɛɦɿɧɭ 
ɪɟɱɨɜɢɧ.   

Ɇɿɤɪɨɛɢ�ɫɢɦɛɿɨɧɬɢ, ɹɤɿ� ɽ� ɫɤɥɚɞɨɜɨɸ� ɱɚɫɬɢɧɨɸ 
ɦɚɤɪɨɨɪɝɚɧɿɡɦɭ, ɧɟ� ɬɿɥɶɤɢ�ɮɨɪɦɭɸɬɶ�ɦɿɤɪɨɮɥɨɪɭ� ɨɪ-
ɝɚɧɿɡɦɭ� ɥɸɞɢɧɢ, ɚɥɟ� ɣ� ɛɟɡɩɨɫɟɪɟɞɧɶɨ� ɩɪɢɣɦɚɸɬɶ 
ɭɱɚɫɬɶ�ɭ�ɪɟɝɭɥɸɜɚɧɧɿ�ɛɚɝɚɬɶɨɯ�ɮɿɡɿɨɥɨɝɿɱɧɢɯ�ɪɟɚɤɰɿɣ�ɿ 
ɩɪɨɰɟɫɿɜ,  ɳɨ�ɩɪɨɯɨɞɹɬɶ�ɭ�ɧɶɨɦɭ,  ɡɚɯɢɳɚɸɬɶ�ɜɿɞ�ɡɚɫɟ-
ɥɟɧɧɹ� ɩɚɬɨɝɟɧɧɢɦɢ� ɛɚɤɬɟɪɿɹɦɢ, ɞɨɩɨɦɚɝɚɸɬɶ� ɩɪɨɰɟ-
ɫɚɦ�ɬɪɚɜɥɟɧɧɹ, ɪɟɝɭɥɸɸɬɶ�ɨɛɦɿɧ�ɪɟɱɨɜɢɧ, ɫɢɧɬɟɡɭɸɬɶ 
ɜɿɬɚɦɿɧɢ� ɿ� ɞɟɹɤɿ� ɧɟɡɚɦɿɧɧɿ� ɚɦɿɧɨɤɢɫɥɨɬɢ, ɧɟɣɬɪɚɥɿɡɭ-
ɸɬɶ�ɬɨɤɫɢɱɧɿ�ɪɟɱɨɜɢɧɢ�ɬɨɳɨ [3].  

ȼɧɚɫɥɿɞɨɤ�ɧɟɫɩɪɢɹɬɥɢɜɢɯ� ɟɤɨɥɨɝɿɱɧɢɯ�ɮɚɤɬɨɪɿɜ, 
ɚɧɬɢɛɿɨɬɢɤɨɬɟɪɚɩɿʀ, ɿɧɮɟɤɰɿɣɧɢɯ� ɿ� ɧɟɿɧɮɟɤɰɿɣɧɢɯ� ɡɚ-
ɯɜɨɪɸɜɚɧɶ, ɿɦɭɧɨɞɟɮɿɰɢɬɧɢɯ� ɫɬɚɧɿɜ, ɚ� ɬɚɤɨɠ� ɧɟɡɛɚ-
ɥɚɧɫɨɜɚɧɨɝɨ� ɯɚɪɱɭɜɚɧɧɹ� ɩɨɪɭɲɭɽɬɶɫɹ� ɦɿɤɪɨɛɿɨɰɟɧɨɡ 
ɲɥɭɧɤɨɜɨ�ɤɢɲɤɨɜɨɝɨ�ɬɪɚɤɬɭ�ɥɸɞɢɧɢ, ɳɨ�ɭ�ɫɜɨɸ�ɱɟɪ-
ɝɭ�ɩɪɢɡɜɨɞɢɬɶ�ɞɨ�ɪɨɡɜɢɬɤɭ�ɪɿɡɧɢɯ�ɡɚɯɜɨɪɸɜɚɧɶ.  

Ɉɫɬɚɧɧɿɦɢ�ɪɨɤɚɦɢ�ɥɿɤɚɪɿ�ɜɫɟ�ɱɚɫɬɿɲɟ�ɧɚɡɢɜɚɸɬɶ 
ɧɨɪɦɚɥɶɧɭ (ɫɢɦɛɿɨɬɢɱɧɭ) ɦɿɤɪɨɮɥɨɪɭ�ɫɜɨɽɪɿɞɧɢɦ�ɟɤɫ-
ɬɪɚɤɨɪɩɨɪɚɥɶɧɢɦ�ɨɪɝɚɧɨɦ, ɳɨ�ɽ� ɿɧɬɟɝɪɚɥɶɧɨɸ� ɱɚɫɬɢ-

ɧɨɸ�ɨɪɝɚɧɿɡɦɭ (ɭ�ɬɨɦɭ�ɱɢɫɥɿ, ɿ�ɨɪɝɚɧɨɦ�ɫɢɫɬɟɦɢ�ɬɪɚɜ-
ɥɟɧɧɹ), ɳɨɛ� ɩɿɞɤɪɟɫɥɢɬɢ� ɜɟɥɢɤɟ� ɡɧɚɱɟɧɧɹ, ɹɤɟ� ɜɨɧɚ 
ɦɚɽ�ɞɥɹ�ɡɞɨɪɨɜ¶ɹ�ɥɸɞɢɧɢ.   

ɍ� ɡɜ¶ɹɡɤɭ� ɡ� ɰɢɦ� ɧɚɦɢ� ɛɭɥɨ� ɞɨɫɥɿɞɠɟɧɨ� ɜɩɥɢɜ 
ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨʀ�ɨɛɪɨɛɤɢ�ɧɚ�ɞɟɹɤɿ�ɜɢɞɢ�ɦɨɥɨɱɧɨɤɢɫ-
ɥɢɯ�ɛɚɤɬɟɪɿɣ, ɨɫɤɿɥɶɤɢ�ɜɨɧɢ�ɫɭɬɬɽɜɨ�ɜɩɥɢɜɚɸɬɶ�ɧɚ�ɦɿ-
ɤɥɨɮɥɨɪɭ�ɲɥɭɧɤɭ�ɿ�ɤɢɲɤɿɜɧɢɤɚ.  

/ɜɫ. acidophilus -  ɰɟ�ɚɰɢɞɨɮɿɥɶɧɿ�ɛɚɤɬɟɪɿʀ,  ɹɤɿ�ɹɤ 
ɩɪɚɜɢɥɨ�ɩɪɢɫɭɬɧɿ�ɜ�ɬɪɚɜɧɨɦɭ�ɬɪɚɤɬɿ�ɥɸɞɢɧɢ. Ⱥɰɢɞɨ-
ɮɿɥɶɧɚ� ɩɚɥɢɱɤɚ, ɹɤɚ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɞɥɹ� ɜɢɝɨɬɨɜ-
ɥɟɧɧɹ� ɚɰɢɞɨɮɿɥɿɧɭ� ɿ� ɿɧɲɢɯ� ɚɰɢɞɨɮɿɥɶɧɢɯ� ɧɚɩɨʀɜ, ɧɚ-
ɥɟɠɢɬɶ� ɞɨ� ɦɨɥɨɱɧɨɤɢɫɥɢɯ� ɛɚɤɬɟɪɿɣ. ȼɨɧɚ� ɧɟ� ɪɭɣɧɭ-
ɽɬɶɫɹ�ɩɿɞ�ɞɿɽɸ�ɬɪɚɜɧɢɯ�ɫɨɤɿɜ, ɤɪɚɳɟ, ɧɿɠ�ɿɧɲɿ�ɦɨɥɨɱ-
ɧɨɤɢɫɥɿ�ɛɚɤɬɟɪɿʀ, ɩɪɢɠɢɜɚɽɬɶɫɹ�ɜ�ɬɨɜɫɬɨɦɭ�ɤɢɲɤɿɜɧɢ-
ɤɭ�ɥɸɞɢɧɢ, ɚ�ɩɪɨɞɭɤɬɢ� ʀʀ�ɠɢɬɬɽɞɿɹɥɶɧɨɫɬɿ�ɦɚɸɬɶ�ɲɢ-
ɪɨɤɭ�ɛɚɤɬɟɪɢɰɢɞɧɭ�ɞɿɸ.  

ɇɚɭɤɨɜɨ�ɞɨɜɟɞɟɧɨ, ɳɨ�ɚɰɢɞɨɮɿɥɶɧɿ�ɩɚɥɢɱɤɢ�ɿ�ɛɿ-
ɮɿɞɨɛɚɤɬɟɪɿʀ�ɽ�ɩɪɟɞɫɬɚɜɧɢɤɚɦɢ�ɧɨɪɦɚɥɶɧɨʀ�ɦɿɤɪɨɮɥɨ-
ɪɢ� ɤɢɲɤɿɜɧɢɤɚ. Ⱥɰɢɞɨɮɿɥɶɧɿ� ɩɚɥɢɱɤɢ – ɚɤɬɢɜɧɿ� ɤɢɫ-
ɥɨɬɨɭɬɜɨɪɸɜɚɱɿ, ɳɨ�ɡɧɢɠɭɸɬɶ�ɪɇ�ɩɨɠɢɜɧɨɝɨ�ɫɟɪɟɞɨ-
ɜɢɳɚ�ɜ�ɩɪɨɰɟɫɿ�ɪɨɡɜɢɬɤɭ�ɞɨ 4,3…3,8. Ɉɤɪɿɦ�ɰɶɨɝɨ, ɜɨ-
ɧɢ�ɡɞɚɬɧɿ�ɩɪɨɞɭɤɭɜɚɬɢ�ɚɧɬɢɛɿɨɬɢɱɧɿ�ɪɟɱɨɜɢɧɢ: ɚɰɢɞɨ-
ɮɿɥɿɧ�ɿ�ɥɚɤɬɨɰɢɞɿɧ, ɳɨ�ɩɪɢɝɧɿɱɭɸɬɶ�ɪɿɫɬ�ɝɧɢɥɿɫɧɢɯ�ɛɚ-
ɤɬɟɪɿɣ, ɫɬɪɟɩɬɨɤɨɤɿɜ� ɿ� ɫɬɚɮɿɥɨɤɨɤɿɜ, ɡɛɭɞɧɢɤɿɜ� ɱɟɪɟɜ-
ɧɨɝɨ�ɬɢɮɭ, ɩɚɪɚɬɢɮɿɜ, ɬɭɛɟɪɤɭɥɶɨɡɭ, ɞɢɡɟɧɬɟɪɿʀ, ɞɢɮ-
ɬɟɪɿʀ [3].  

Ⱥɧɬɚɝɨɧɿɫɬɢɱɧɚ� ɚɤɬɢɜɧɿɫɬɶ� ɛɿɮɿɞɨɛɚɤɬɟɪɿɣ 
ɩɨɜ¶ɹɡɚɧɚ� ɡ� ɩɪɨɞɭɤɭɜɚɧɧɹɦ� ɧɢɦɢ� ɨɪɝɚɧɿɱɧɢɯ� ɤɢɫɥɨɬ 
�ɚɰɟɬɚɬɭ� ɿ� ɥɚɤɬɚɬɭ)  ɿ� ɛɚɤɬɟɪɿɨɰɢɧɿɜ� ɡ�ɲɢɪɨɤɢɦ� ɫɩɟɤɬ-
ɪɨɦ� ɚɧɬɢɦɿɤɪɨɛɧɨʀ� ɞɿʀ (ɿɧɝɿɛɭɜɚɧɧɹ� ɪɨɫɬɭ� ɤɢɲɤɨɜɢɯ 
ɩɚɥɢɱɨɤ, ɤɥɨɫɬɪɿɞɿɣ, ɫɚɥɶɦɨɧɟɥ, ɲɢɝɟɥ, ɥɿɫɬɟɪɿɣ, ɜɿɛ-
ɪɿɨɧɿɜ� ɬɨɳɨ), ɛɥɨɤɭɜɚɧɧɹɦ� ɪɟɰɟɩɬɨɪɿɜ� ɧɚ� ɫɥɢɡɨɜɿɣ 
ɤɢɲɤɿɜɧɢɤɚ, ɳɨ�ɡɚɩɨɛɿɝɚɽ�ɮɿɤɫɚɰɿʀ�ɧɚ�ɧɢɯ�ɩɨɬɟɧɰɿɚɥɶ-
ɧɨ�ɩɚɬɨɝɟɧɧɢɯ�ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ [4 – 6]. ȼɿɞɨɦɨ�ɬɚɤɨɠ, 
ɳɨ� ɤɭɥɶɬɭɪɢ /ɜɫ. plantarum ɭɬɜɨɪɸɸɬɶ� ɪɟɱɨɜɢɧɭ – 
ɥɚɤɬɨɥɿɧ, ɳɨ�ɡɚɬɪɢɦɭɽ�ɪɿɫɬ�ɛɚɤɬɟɪɿɣ�ɪɨɞɭ Clostridia, ɚ 
/ɜɫ. ɫasei�ɜɨɥɨɞɿɽ� ɚɧɬɚɝɨɧɿɫɬɢɱɧɢɦɢ�ɜɥɚɫɬɢɜɨɫɬɹɦɢ� ɭ 
ɜɿɞɧɨɲɟɧɧɿ�ɫɿɧɧɨʀ�ɩɚɥɢɱɤɢ, ɛɚɤɬɟɪɿɣ�ɬɢɮɭ, ɞɢɡɟɧɬɟɪɿʀ�ɿ 

ɞɪɿɠɞɠɚɦ�ɪɨɞɭ Candida. 
Ⱦɥɹ�ɜɢɡɧɚɱɟɧɧɹ�ɜɩɥɢɜɭ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ�ɨɛɪɨ-

ɛɥɟɧɧɹ� ɧɚ� ɦɨɥɨɱɧɨɤɢɫɥɿ� ɛɚɤɬɟɪɿʀ Lɜɫ. acidophilus 
317/402 ɪɨɛɢɥɢ�ɡɚɤɜɚɫɤɭ�ɧɚ�ɦɨɥɨɰɿ. Ⱦɨɫɥɿɞɠɟɧɧɹ�ɜɥɚ-
ɫɬɢɜɨɫɬɟɣ� ɥɚɤɬɨɛɚɰɢɥ� ɩɪɨɜɨɞɢɥɢ� ɩɿɫɥɹ� ʀɯ� ɤɭɥɶɬɢɜɭ-
ɜɚɧɧɹ� ɜ� ɦɨɥɨɰɿ� ɩɪɨɬɹɝɨɦ 24  ±  1  ɝɨɞ.  ɩɪɢ� ɿɧɨɤɭɥɹɰɿʀ 
0,5 % ɩɨɫɿɜɧɨɝɨ  ɦɚɬɟɪɿɚɥɭ. Ⱦɥɹ�ɩɪɨɜɟɞɟɧɧɹ� ɤɨɠɧɨɝɨ 
ɞɨɫɥɿɞɭ�ɦɨɥɨɤɨ�ɿɡ�ɜɧɟɫɟɧɨɸ�ɜ�ɧɶɨɝɨ�ɡɚɤɜɚɫɤɨɸ�ɤɨɪɨɬ- 

Ɍɚɛɥɢɰɹ 1  
ɇɚɣɛɿɥɶɲ�ɜɿɪɨɝɿɞɧɟ�ɱɢɫɥɨ�ɦɨɥɨɱɧɨɤɢɫɥɢɯ�ɛɚɤɬɟɪɿɣ�ɜ 

ɦɨɥɨɰɿ�ɜ�ɡɚɥɟɠɧɨɫɬɿ�ɜɿɞ�ɪɟɠɢɦɿɜ�ɨɛɪɨɛɥɟɧɧɹ 

ʋ�ɞɨɫɥɿɞɭ 
Ɋɟɠɢɦɢ�ɨɛɪɨɛ-
ɥɟɧɧɹ�ɦɨɥɨɤɚ ɇȼɑ�ɦɨɥɨɱɧɨɤɢɫɥɢɯ  

ɛɚɤɬɟɪɿɣ ȱ, Ⱥ Ĳ, ɫɟɤ 
ɤɨɧɬɪɨɥɶ 0 0 7×107 
ɩɟɪɲɢɣ 0,4 5 7×107 
ɞɪɭɝɢɣ 0,6 5 1,1×108 
ɬɪɟɬɿɣ 1,0 5 1,1×108 

 

Ɍɚɛɥɢɰɹ 2  
ȿɮɟɤɬ�ɞɿʀ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨʀ�ɨɛɪɨɛɤɢ�ɧɚ�ɦɨɥɨɱɧɨɤɢɫɥɿ 

ɛɚɤɬɟɪɿʀ 

ʋ�ɲɬɚɦɭ� Ȼɿɨɦɚɫɚ�ɦɨɥɨɱɧɨɤɢɫɥɢɯ�ɛɚɤɬɟɪɿɣ�ɩɿɫɥɹ�ɞɿʀ 
ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨʀ�ɨɛɪɨɛɤɢ  

ɩɪɢ�ɫɢɥɿ�ɫɬɪɭɦɭ 
0,4 Ⱥ 0,6 Ⱥ 1,0 Ⱥ 

 Lactobacillus acidophilus 
12 ++ +++ +++ 

29/8 ++ +++ +++ 
37/4 ++ +++ +++ 

 Lactobacillus plantarum 
30/1 ++ +++ +++ 
31/1 ++ +++ +++ 
29 ++ +++ +++ 

+   –  ɧɚɤɨɩɢɱɟɧɧɹ�ɛɿɨɦɚɫɢ�ɦɨɥɨɱɧɨɤɢɫɥɢɯ�ɛɚɤɬɟɪɿɣ 
 



ǽȞȜȤȓȟȖ, ȜȏșȎȒțȎțțȭ, ȎȐȠȜȚȎȠȖȕȎȤȳȭ, ȡȝȞȎȐșȳțțȭ�ȳ�ȓȘȜțȜȚȳȘȎ  
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ɤɨɱɚɫɧɨ�ɩɪɨɬɹɝɨɦ 5 ɫ. ɨɛɪɨɛɥɹɥɢ�ɭ�ɨɛɟɪɬɨɜɨɦɭ�ɟɥɟɤɬ-
ɪɨɦɚɝɧɿɬɧɨɦɭ� ɩɨɥɿ� ɧɚ� ɞɨɫɥɿɞɧɿɣ� ɭɫɬɚɧɨɜɰɿ� ɜɥɚɫɧɨʀ 
ɤɨɧɫɬɪɭɤɰɿʀ [7] ɩɪɢ�ɪɿɡɧɢɯ�ɡɧɚɱɟɧɧɹɯ�ɫɢɥɢ�ɫɬɪɭɦɭ: ɩɟ-
ɪɲɢɣ� ɡɪɚɡɨɤ�ɨɛɪɨɛɥɹɥɢ�ɩɪɢ� ɡɧɚɱɟɧɧɿ 0,4 Ⱥ, ɞɪɭɝɢɣ – 
0,6 Ⱥ, ɬɪɟɬɿɣ – 1 Ⱥ�ɿ  ɤɨɧɬɪɨɥɶɧɢɣ�ɡɪɚɡɨɤ – ɛɟɡ�ɨɛɪɨɛ-
ɥɟɧɧɹ.  

ɉɿɫɥɹ� ɰɶɨɝɨ� ɞɥɹ� ɤɨɠɧɨɝɨ� ɡ� ɞɨɫɥɿɞɧɢɯ� ɡɪɚɡɤɿɜ 
ɩɪɨɜɨɞɢɥɢ� ɩɨɫɥɿɞɨɜɧɿ� ɞɟɫɹɬɢɤɪɚɬɧɿ� ɪɨɡɜɟɞɟɧɧɹ. Ɂ 
ɨɬɪɢɦɚɧɢɯ� ɪɨɡɜɟɞɟɧɶ� ɪɨɛɢɥɢ� ɩɨɫɿɜ� ɭ� ɞɜɿ� ɩɪɨɛɿɪɤɢ� ɿɡ 
ɫɬɟɪɢɥɿɡɨɜɚɧɢɦ� ɦɨɥɨɤɨɦ� ɿ� ɩɨɦɿɳɚɥɢ� ɭ� ɬɟɪɦɨɫɬɚɬ� ɧɚ 
72 ɝɨɞ. ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɿ 37 °ɋ. 

Ⱦɥɹ�ɩɿɞɪɚɯɭɧɤɭ�ɡɚɝɚɥɶɧɨʀ�ɤɿɥɶɤɨɫɬɿ�ɦɨɥɨɱɧɨɤɢɫ-
ɥɢɯ�ɛɚɤɬɟɪɿɣ�ɤɨɪɢɫɬɭɜɚɥɢɫɹ�ȽɈɋɌ 10444.11 – 89 [8]. 

Ɂɚ�ɱɢɫɥɨɜɨɸ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ�ɡɚ�ɬɚɛɥɢɰɟɸ [8] ɡɧɚɯɨ-
ɞɢɥɢ�ɧɚɣɛɿɥɶɲ�ɜɿɪɨɝɿɞɧɟ�ɱɢɫɥɨ�ɦɨɥɨɱɧɨɤɢɫɥɢɯ�ɦɿɤɪɨ-
ɨɪɝɚɧɿɡɦɿɜ, ɹɤɿ�ɧɚɤɨɩɢɱɭɜɚɥɢɫɶ�ɜ�ɦɨɥɨɰɿ�ɩɿɫɥɹ�ɨɛɪɨɛ-
ɥɟɧɧɹ. 

Ⱦɨɫɥɿɞɠɟɧɧɹ�ɩɨɤɚɡɚɥɢ, ɳɨ�ɧɚɜɟɞɟɧɢɣ�ɲɬɚɦ�ɦɨ-
ɥɨɱɧɨɤɢɫɥɢɯ�ɛɚɤɬɟɪɿɣ�ɽ�ɫɬɿɣɤɢɦ�ɞɨ�ɞɿʀ�ɟɥɟɤɬɪɨɦɚɝɧɿɬ-
ɧɨɝɨ� ɨɛɪɨɛɥɟɧɧɹ�ɩɪɢ� ɫɢɥɿ� ɫɬɪɭɦɭ 0,4 Ⱥ, ɚ� ɩɪɢ�ɪɟɠɢ-
ɦɚɯ 0,6 Ⱥ�ɿ 1 Ⱥ�ɧɚɜɿɬɶ�ɜɢɹɜɥɟɧɚ�ɧɟɡɧɚɱɧɚ�ɫɬɢɦɭɥɸɸɱɚ 
ɞɿɹ�ɳɨɞɨ Lactobacillus acidophilus.  

Ɋɟɡɭɥɶɬɚɬɢ� ɞɨɫɥɿɞɠɟɧɶ� ɫɬɿɣɤɨɫɬɿ� ɞɟɹɤɢɯ� ɿɧɲɢɯ 
ɲɬɚɦɿɜ�ɤɭɥɶɬɭɪ�ɦɨɥɨɱɧɨɤɢɫɥɢɯ�ɛɚɤɬɟɪɿɣ�ɞɨ�ɞɿʀ�ɟɥɟɤɬ-
ɪɨɦɚɝɧɿɬɧɨɝɨ�ɨɩɪɨɦɿɧɸɜɚɧɧɹ�ɡɚ�ɬɢɯ�ɠɟ�ɭɦɨɜ�ɧɚɜɟɞɟɧɿ 
ɭ�ɬɚɛɥ.2. 

Ɍɚɤɢɦ� ɱɢɧɨɦ, ɜ� ɪɟɡɭɥɶɬɚɬɿ� ɩɪɨɜɟɞɟɧɧɹ� ɞɨɫɥɿɞɿɜ 
ɜɫɬɚɧɨɜɥɟɧɨ�ɩɨɡɢɬɢɜɧɢɣ�ɜɩɥɢɜ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ�ɨɛ-
ɪɨɛɥɟɧɧɹ�ɧɚ�ɦɨɥɨɱɧɨɤɢɫɥɿ�ɛɚɤɬɟɪɿʀ.  Ⱦɨɜɟɞɟɧɨ,  ɳɨ�ɞɚ-
ɧɢɣ� ɜɢɞ� ɨɛɪɨɛɥɟɧɧɹ� ɧɟ� ɩɪɢɝɧɿɱɭɽ� ɪɨɡɜɢɬɨɤ� ɤɨɪɢɫɧɨʀ 
ɦɿɤɪɨɮɥɨɪɢ. 

Ɍɚɤɨɠ�ɛɭɥɨ�ɩɪɨɜɟɞɟɧɨ�ɜɢɡɧɚɱɟɧɧɹ�ɬɢɬɪɭ�ɤɥɿɬɢɧ, 
ɡɚɝɚɥɶɧɨʀ (ɚɛɨ� ɬɢɬɪɨɜɚɧɨʀ) ɿ�ɚɤɬɢɜɧɨʀ�ɤɢɫɥɨɬɧɨɫɬɿ�ɦɨ-
ɥɨɤɚ�ɞɨ�ɬɚ�ɩɿɫɥɹ�ɨɛɪɨɛɥɟɧɧɹ�ɭ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɦɭ�ɩɨɥɿ 
�ɬɚɛɥ.  3)  .  Ɂ�ɧɚɜɟɞɟɧɢɯ� ɞɚɧɢɯ� ɜɢɞɧɨ,  ɳɨ�ɪɿɡɧɿ�ɲɬɚɦɢ 
ɤɭɥɶɬɭɪ�ɜɢɞɭ Lactobacillus acidophilus�ɡɧɢɠɭɜɚɥɢ�ɤɢɫ-
ɥɨɬɧɿɫɬɶ�ɩɪɨɞɭɤɬɭ�ɞɨ�ɡɧɚɱɟɧɧɹ�ɪɇ 4,3…4,4, ɩɪɢ�ɰɶɨɦɭ 
ɬɢɬɪ� ɤɥɿɬɢɧ� ɩɿɞɜɢɳɭɜɚɜɫɹ� ɞɨ 9,0×108…3,0×109 
ɄɍɈ�ɫɦ³. Ȼɚɤɬɟɪɿʀ� ɜɢɞɭ /ɜɫ. plantarum� ɩɪɨɞɭɤɭɜɚɥɢ 
ɦɟɧɲɟ�ɦɨɥɨɱɧɨʀ�ɤɢɫɥɨɬɢ, ɚɥɟ�ɧɚɤɨɩɢɱɭɜɚɥɢɫɶ�ɭ�ɬɢɬɪɿ 
8,0×108…4,0×109. Ɍɪɟɛɚ� ɜɿɞɡɧɚɱɢɬɢ, ɳɨ�ɧɚɤɨɩɢɱɟɧɧɹ 
ɤɢɫɥɨɬɢ�ɧɟ�ɤɨɪɟɥɸɽ�ɿɡ�ɪɨɫɬɨɦ�ɱɢɫɥɚ�ɤɥɿɬɢɧ, ɚ�ɚɤɬɢɜɧɚ 
ɤɢɫɥɨɬɧɿɫɬɶ�ɩɪɨɞɭɤɬɭ�ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɡɚɫɬɨɫɨɜɚɧɨʀ�ɤɭɥɶ-
ɬɭɪɢ. 

ɇɚɜɟɞɟɧɿ�ɞɚɧɿ�ɫɜɿɞɱɚɬɶ�ɩɪɨ�ɬɟ,  ɳɨ�ɜɫɿ�ɞɨɫɥɿɞɠɭ-
ɜɚɧɿ�ɲɬɚɦɢ�ɦɨɥɨɱɧɨɤɢɫɥɢɯ�ɛɚɤɬɟɪɿɣ�ɩɿɫɥɹ�ɨɛɪɨɛɥɟɧɧɹ 
ɨɛɟɪɬɨɜɢɦ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɦ�ɩɨɥɟɦ, ɳɨ�ɫɬɜɨɪɸɜɚɥɨɫɶ 
ɫɬɪɭɦɨɦ 0,4 Ⱥ, 0,6 Ⱥ�ɿ 1,0 Ⱥ�ɧɚɤɨɩɢɱɭɜɚɥɢɫɶ�ɭ�ɞɨɫɬɚɬ-
ɧɶɨ�ɜɢɫɨɤɨɦɭ�ɬɢɬɪɿ. Ʉɢɫɥɨɬɧɿɫɬɶ�ɦɨɥɨɤɚ� ɡ�ɭɜɟɞɟɧɢɦɢ 
ɦɨɥɨɱɧɨɤɢɫɥɢɦɢ�ɛɚɤɬɟɪɿɹɦɢ�ɩɿɫɥɹ�ɨɛɪɨɛɥɟɧɧɹ�ɭ�ɟɥɟɤ-
ɬɪɨɦɚɝɧɿɬɧɨɦɭ� ɩɨɥɿ� ɡ� ɱɚɫɨɦ� ɡɪɨɫɬɚɥɚ� ɡɚ� ɪɚɯɭɧɨɤ� ɞɿʀ 
ɦɨɥɨɱɧɨɤɢɫɥɢɯ�ɛɚɤɬɟɪɿɣ. 

Ⱦɥɹ�ɬɨɝɨ, ɳɨɛ�ɜɢɤɥɸɱɢɬɢ�ɦɨɠɥɢɜɿɫɬɶ�ɡɛɿɥɶɲɟɧ-
ɧɹ� ɤɢɫɥɨɬɧɨɫɬɿ� ɱɟɪɟɡ� ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɟ� ɪɭɣɧɭɜɚɧɧɹ 
ɿɧɝɪɟɞɿɽɧɬɿɜ�ɫɢɪɨɜɢɧɢ, ɚ�ɫɚɦɟ�ɱɟɪɟɡ�ɝɿɞɪɨɥɿɡ�ɠɢɪɿɜ, 
ɧɚɦɢ�ɛɭɥɢ�ɞɨɫɥɿɞɠɟɧɿ�ɩɨɤɚɡɧɢɤɢ�ɹɤɨɫɬɿ�ɥɿɩɿɞɿɜ�ɦɨ-
ɥɨɤɚ, ɳɨ�ɛɭɥɨ�ɨɛɪɨɛɥɟɧɟ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɦ�ɩɨɥɟɦ. 

ɋɬɚɛɿɥɶɧɿɫɬɶ�ɩɨɤɚɡɧɢɤɿɜ�ɹɤɨɫɬɿ�ɥɿɩɿɞɿɜ�ɦɨɥɨɤɚ 
ɩɨɤɚɡɭɽ, ɳɨ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɟ�ɨɛɪɨɛɥɟɧɧɹ�ɧɟ�ɜɢɤɥɢ-
ɤɚɽ�ɝɿɞɪɨɥɿɡɭ�ɠɢɪɭ�ɚɛɨ�ɨɤɢɫɧɟɧɧɹ�ɧɟɧɚɫɢɱɟɧɢɯ�ɠɢ-
ɪɧɢɯ�ɤɢɫɥɨɬ. Ɍɨɦɭ�ɩɿɞɜɢɳɟɧɧɹ�ɤɢɫɥɨɬɧɨɫɬɿ�ɦɨɥɨɤɚ 
ɩɪɢ�ɜɢɬɪɢɦɰɿ�ɜɢɡɧɚɱɚɽɬɶɫɹ�ɥɢɲɟ�ɪɨɡɜɢɬɤɨɦ�ɦɨɥɨɱ-
ɧɨɤɢɫɥɢɯ�ɛɚɤɬɟɪɿɣ, ɚ�ɧɟ�ɩɪɨɰɟɫɚɦɢ�ɪɨɡɩɚɞɭ�ɫɤɥɚɞɨ-
ɜɢɯ�ɦɨɥɨɤɚ. 

ȼɢɫɧɨɜɤɢ 
ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɩɪɨɜɟɞɟɧɧɹ� ɞɨɫɥɿɞɿɜ� ɩɨ� ɜɢɡɧɚ-

ɱɟɧɧɸ� ɜɩɥɢɜɭ� ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ� ɨɛɪɨɛɥɟɧɧɹ� ɧɚ 
ɦɨɥɨɱɧɨɤɢɫɥɿ�ɛɚɤɬɟɪɿʀ�ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ: 

1. Ɉɛɪɨɛɥɟɧɧɹ�ɭ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɦɭ�ɩɨɥɿ�ɧɟ�ɩɪɢ-
ɝɧɿɱɭɽ�ɪɨɡɜɢɬɤɭ, ɚ�ɡɚ�ɞɟɹɤɢɯ�ɪɟɠɢɦɿɜ�ɧɚɜɿɬɶ�ɦɚɽ�ɩɨɡɢ-
ɬɢɜɧɢɣ�ɜɩɥɢɜ�ɧɚ�ɦɨɥɨɱɧɨɤɢɫɥɿ�ɛɚɤɬɟɪɿʀ.  

2. ɒɬɚɦɢ�ɦɨɥɨɱɧɨɤɢɫɥɢɯ�ɛɚɤɬɟɪɿɣ Lactobacillus 
acidophilus� ɿ Lactobacillus plantarum�ɽ�ɫɬɿɣɤɢɦɢ�ɞɨ�ɞɿʀ 
ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ�ɨɛɪɨɛɤɢ. 

3. ȿɥɟɤɬɪɨɦɚɝɧɿɬɧɟ�ɨɛɪɨɛɥɟɧɧɹ�ɧɟ�ɜɢɤɥɢɤɚɽ� ɝɿɞ-
ɪɨɥɿɡɭ�ɠɢɪɭ�ɦɨɥɨɤɚ�ɚɛɨ�ɨɤɢɫɧɟɧɧɹ�ɧɟɧɚɫɢɱɟɧɢɯ�ɠɢɪ-
ɧɢɯ�ɤɢɫɥɨɬ, ɳɨ�ɜɯɨɞɹɬɶ�ɞɨ�ɣɨɝɨ�ɫɤɥɚɞɭ.  

 
ɉɨɫɬɭɩɢɥɚ 06.2011 

	ɋɉɂɋɈɄ�ɅȱɌȿɊȺɌɍɊɂ 
1. Ʉɚɩɥɿɧɚ, Ɍ�ȼ. ɉɪɨɝɪɟɫɢɜɧɿ�ɬɟɯɧɨɥɨɝɿʀ�ɩɪɨɞɭɤɬɿɜ�ɯɚɪɱɭɜɚɧɧɹ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ�ɩɨɥɿɜ [Ɍɟɤɫɬ] / Ɍ�ȼ. Ʉɚɩɥɿɧɚ; ɉɨɥɬɚɜɫɶɤɢɣ 
ɭɧɿɜɟɪɫɢɬɟɬ�ɫɩɨɠɢɜɱɨʀ�ɤɨɨɩɟɪɚɰɿʀ�ɍɤɪɚʀɧɢ. – ɉɨɥɬɚɜɚ : ɉɍɋɄɍ, 2008.– 212 ɫ. 
2. Ɍɟɯɧɨɥɨɝɢɹ�ɩɢɳɟɜɵɯ�ɩɪɨɞɭɤɬɨɜ: ɍɱɟɛɧɢɤ [Ɍɟɤɫɬ] / ɉɨɞ�ɪɟɞ. ɞ�ɪɚ�ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. Ⱥ�ɂ. ɍɤɪɚɢɧɰɚ. – Ʉ.: ɂɡɞɚɬɟɥɶɫɤɢɣ�ɞɨɦ «Ⱥɫɤɚɧɢɹ», 
2008. – 736 ɫ. 
3. Ʉɜɚɫɧɢɤɨɜ, ȿ�ɂ. Ɇɨɥɨɱɧɨɤɢɫɥɵɟ�ɛɚɤɬɟɪɢɢ�ɢ�ɩɭɬɢ�ɢɯ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ [Ɍɟɤɫɬ] / ȿ�ɂ. Ʉɜɚɫɧɢɤɨɜ, Ɉ�Ⱥ�ɇɟɫɬɟɪɟɧɤɨ. – Ɇ.: ɇɚɭɤɚ – 1975,  - ɋ. 32 
– 45, 58 – 65. 
4. Ȼɨɣɰɨɜ, Ⱥ�Ƚ. Ʉɚɤ�ɩɨɛɟɞɢɬɶ�ɞɢɫɛɚɤɬɟɪɢɨɡ�ɭ�ɞɟɬɟɣ�ɢ�ɜɡɪɨɫɥɵɯ [Ɍɟɤɫɬ] / Ⱥ�Ƚ. Ȼɨɣɰɨɜ, ȼ�Ƚ. Ʌɢɮɥɹɧɞɫɤɢɣ. – Ɇ.: Ɉɥɦɚ�ɉɪɟɫɫ, - 2002. 
5. Ʌɹɧɧɚɹ, Ⱥ�Ɇ. Ȼɢɨɥɨɝɢɱɟɫɤɢɟ�ɢ�ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɟ�ɨɫɨɛɟɧɧɨɫɬɢ�ɪɨɞɚ Bifidobacterium [Ɍɟɤɫɬ] / Ⱥ�Ɇ. Ʌɹɧɧɚɹ, Ɇ�Ɇ. ɂɧɬɢɡɚɪɨɜ, ȿ�ȿ. Ⱦɨɧ-
ɫɤɢɯ // Ȼɢɮɢɞɨɛɚɤɬɟɪɢɢ�ɢ�ɢɯ�ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɜ�ɤɥɢɧɢɤɟ, ɦɟɞɢɰɢɧɫɤɨɣ�ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ�ɢ�ɫɟɥɶɫɤɨɦ�ɯɨɡɹɣɫɬɜɟ. – Ɇ., 1986. – ɋ. 32 – 38. 
6. ɒɟɧɞɟɪɨɜ, Ȼ�Ⱥ. Ɇɟɞɢɰɢɧɫɤɚɹ�ɦɢɤɪɨɛɧɚɹ�ɷɤɨɥɨɝɢɹ�ɢ�ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ�ɩɢɬɚɧɢɟ [Ɍɟɤɫɬ] / Ȼ�Ⱥ. ɒɟɧɞɟɪɨɜ. – Ɇ.: Ƚɪɚɧɬɴ, - 1998, Ɍ.2.  

Ɍɚɛɥɢɰɹ 3  
Ɉɫɧɨɜɧɿ�ɩɨɤɚɡɧɢɤɢ�ɡɪɚɡɤɿɜ�ɦɨɥɨɤɚ�ɡ�ɥɚɤɬɨɛɚɰɢɥɚɦɢ 

ʋ�ɲɬɚɦɭ 
Ɍɢɬɪ�ɤɥɿɬɢɧ, 
ɄɍɈ�ɫɦ3 

Ʉɢɫɥɨɬɧɿɫɬɶ 
Ⱥɤɬɢɜɧɚ 
�ɪɇ) 

Ɍɢɬɪɨɜɚɧɚ, 
�Ɍ 

Lactobacillus acidophilus 
12 3,0×109 4,3 85,5 

29/8 9,0×108 4,4 83,0 
37/4 2,5×109 4,3 86,0 

 Lactobacillus plantarum 
30/1 4,0×109 4,5 75,5 
31/1 3,5×109 4,7 73,0 
29 8,0×108 4,6 74,5 

 

Ɍɚɛɥɢɰɹ 4  
Ɂɦɿɧɚ�ɩɨɤɚɡɧɢɤɿɜ�ɹɤɨɫɬɿ�ɥɿɩɿɞɿɜ�ɦɨɥɨɤɚ�ɩɪɢ  

ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɦɭ�ɨɛɪɨɛɥɟɧɧɿ ( n = 3, p  � 0,95) 

 ɋɢɥɚ 
ɫɬɪɭɦɭ, 

Ⱥ 

ɉɨɤɚɡɧɢɤɢ�ɹɤɨɫɬɿ�ɥɿɩɿɞɿɜ�ɩɿɫɥɹ  
ɨɛɪɨɛɥɟɧɧɹ�ɩɪɨɬɹɝɨɦ�ɡɛɟɪɿɝɚɧɧɹ  

Ʉɢɫɥɨɬɧɟ�ɱɢɫɥɨ, 
ɦɝ�ɄɈɇ 

ɉɟɪɨɤɫɢɞɧɟ�ɱɢɫɥɨ, ɝ 
ȱ2/100 ɝ�ɩɪɨɞɭɤɬɭ 

0 24 0 24 

Ɇɨɥɨɤɨ 
ɫɜɿɠɟ 

0 0,56 0,56 0,02 0,02 

Ɇɨɥɨɤɨ 
ɨɛɪɨɛ-
ɥɟɧɟ 

0,4 0,56 0,56 0,02 0,02 
0,6 0,56 0,56 0,02 0,02 
1,0 0,56 0,56 0,02 0,02 
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ɍȾɄ 664.035:678:532.72 

ɋȿɊȽȯȯȼȺ�Ɉ�ȯ., ɞ�ɪ�ɮɿɡ.-ɦɚɬ. ɧɚɭɤ, ɩɪɨɮɟɫɨɪ, ɎȿȾɈɋɈȼ�ɋ�ɇ., ɞ�ɪ�ɮɿɡ.-ɦɚɬ. ɧɚɭɤ, ɩɪɨɮɟɫɨɪ 
Ɉɞɟɫɶɤɚ�ɧɚɰɿɨɧɚɥɶɧɚ�ɚɤɚɞɟɦɿɹ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ 

ȺɇȺɅȱɁ�əȼɂɓ�ȾɂɎɍɁȱȲ�ȱ�ɄɈɇȼȿɄɐȱȲ�ȼ�ɊȺɁȱ�ɊȱȾɄɈȽɈ�ɏȺɊɑɈȼɈȽɈ 
ɉɊɈȾɍɄɌɍ�ȼ�ɈȾɇɈɒȺɊɈȼȱɃ�ɉɅȺɋɌɂɄɈȼȱɃ�ɍɉȺɄɈȼɐȱ 

ɉɪɨɚɧɚɥɿɡɨɜɚɧɿ� ɹɜɢɳɚ� ɞɢɮɭɡɿʀ� ɿ� ɤɨɧɜɟɤɰɿʀ� ɞɨɦɿɲɨɤ� ɡ 
ɩɨɥɿɦɟɪɧɨʀ� ɨɞɧɨɲɚɪɨɜɨʀ� ɭɩɚɤɨɜɤɢ� ɜ� ɪɿɞɤɢɣ� ɯɚɪɱɨɜɢɣ� ɩɪɨɞɭɤɬ. ɇɚ 
ɨɫɧɨɜɿ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɪɿɜɧɹɧɧɹ� ɞɢɮɭɡɿʀ� ɞɥɹ� ɰɶɨɝɨ� ɜɢɩɚɞɤɭ� ɨɬɪɢɦɚɧɿ 
ɩɪɨɮɿɥɿ� ɤɨɧɰɟɧɬɪɚɰɿʀ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɩɿɫɥɹ� ɪɿɡɧɨʀ� ɬɪɢɜɚ-
ɥɨɫɬɿ�ɤɨɧɬɚɤɬɭ�ɭɩɚɤɨɜɤɢ�ɡ�ɯɚɪɱɨɜɢɦ�ɩɪɨɞɭɤɬɨɦ. 

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ:�ɯɚɪɱɨɜɚ�ɭɩɚɤɨɜɤɚ, ɞɢɮɭɡɿɹ, ɤɨɧɜɟɤɰɿɹ. 
Diffusion and convection of impurities are analyzed from one 

layer plastic packaging into a liquid food. On the basis of solving the 
diffusion equation for this case, the concentration profiles of diffusing 
substance are obtained after different duration of contact with the food 
packaging.  

Keywords: food packaging, diffusion, convection. 

Ɇɨɠɥɢɜɿɫɬɶ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɨɥɿɦɟɪɧɨɝɨ� ɦɚ-
ɬɟɪɿɚɥɭ� ɜ� ɤɨɧɬɚɤɬɿ� ɡ� ɯɚɪɱɨɜɢɦɢ� ɩɪɨɞɭɤɬɚɦɢ� ɜɢɡɧɚ-
ɱɚɽɬɶɫɹ� ɜ� ɨɫɧɨɜɧɨɦɭ� ɞɜɨɦɚ� ɮɚɤɬɨɪɚɦɢ: ɬɨɤɫɢɱɧɿɫɬɸ 
ɦɿɝɪɨɜɚɧɢɯ�ɭ�ɩɪɨɞɭɤɬ�ɪɟɱɨɜɢɧ� ɬɚ� ʀɯ�ɤɨɧɰɟɧɬɪɚɰɿɽɸ�ɜ 
ɩɪɨɞɭɤɬɿ. ȼɦɿɫɬ� ɧɚɜɿɬɶ� ɛɿɨɥɨɝɿɱɧɨ� ɧɟɲɤɿɞɥɢɜɢɯ� ɪɟ-
ɱɨɜɢɧ�ɭ�ɩɪɨɞɭɤɬɚɯ�ɯɚɪɱɭɜɚɧɧɹ�ɩɨɜɢɧɟɧ�ɛɭɬɢ�ɱɿɬɤɨ�ɪɟ-
ɝɥɚɦɟɧɬɨɜɚɧɢɣ. ɏɨɱɚ�ɬɚɤɿ�ɪɟɱɨɜɢɧɢ�ɿ�ɧɟ�ɲɤɿɞɥɢɜɿ�ɞɥɹ 
ɡɞɨɪɨɜ¶ɹ, ɚɥɟ�ɩɿɞɜɢɳɟɧɢɣ�ɜɦɿɫɬ�ʀɯ�ɦɨɠɟ�ɩɪɢɡɜɟɫɬɢ�ɞɨ 
ɡɧɢɠɟɧɧɹ� ɯɚɪɱɨɜɨʀ� ɰɿɧɧɨɫɬɿ� ɩɪɨɞɭɤɬɿɜ [1]. ɉɪɨɛɥɟɦɚ 
ɧɚɹɜɧɨɫɬɿ� ɜ� ɯɚɪɱɨɜɨɦɭ� ɩɪɨɞɭɤɬɿ� ɞɨɦɿɲɨɤ� ɩɨɥɿɦɟɪɭ, ɡ 
ɹɤɨɝɨ� ɜɢɪɨɛɥɟɧɚ� ɭɩɚɤɨɜɤɚ, ɽ� ɞɭɠɟ� ɜɚɠɥɢɜɨɸ. Ɍɨɦɭ 
ɚɧɚɥɿɡ� ɹɜɢɳ� ɞɢɮɭɡɿʀ� ɿ� ɤɨɧɜɟɤɰɿʀ� ɪɟɱɨɜɢɧɢ� ɜ� ɩɥɚɫɬɢ-
ɤɨɜɿɣ�ɭɩɚɤɨɜɰɿ�ɩɪɟɞɫɬɚɜɥɹɽ�ɡɧɚɱɧɢɣ�ɿɧɬɟɪɟɫ. 

ɉɟɪɟɧɟɫɟɧɧɹ� ɪɟɱɨɜɢɧɢ, ɹɤɟ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɦɿɠ 
ɩɨɥɿɦɟɪɧɨɸ�ɭɩɚɤɨɜɤɨɸ�ɿ�ɪɿɞɤɢɦ�ɯɚɪɱɨɜɢɦ�ɩɪɨɞɭɤɬɨɦ, 
ɤɨɧɬɪɨɥɸɽɬɶɫɹ� ɚɛɨ� ɲɥɹɯɨɦ� ɤɨɧɜɟɤɰɿʀ� ɧɚ� ɝɪɚɧɢɰɿ 
ɪɿɞɢɧɚ�ɬɜɟɪɞɟ�ɬɿɥɨ, ɚɛɨ�ɲɥɹɯɨɦ�ɞɢɮɭɡɿʀ�ɱɟɪɟɡ�ɩɨɥɿɦɟɪ. 
Ʉɨɧɜɟɤɰɿɹ� ɡɚɜɞɹɤɢ� ɪɭɯɭ� ɪɿɞɢɧɢ� ɦɨɠɟ� ɛɭɬɢ� ɪɟɡɭɥɶɬɚ-
ɬɨɦ�ɜɿɞɦɿɧɧɨɫɬɟɣ�ɜ�ɝɭɫɬɢɧɿ�ɚɛɨ�ɤɨɧɰɟɧɬɪɚɰɿʀ, ɹɤ�ɭ�ɪɚɡɿ 
ɩɪɢɪɨɞɧɨʀ� ɤɨɧɜɟɤɰɿʀ, ɚɛɨ�ɰɟɣ�ɪɭɯ�ɦɨɠɟ�ɛɭɬɢ� ɿɧɿɰɿɣɨ-
ɜɚɧɢɣ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɦɟɯɚɧɿɱɧɢɯ� ɡɚɫɨɛɿɜ,  ɹɤ� ɭ� ɪɚɡɿ 
ɩɪɢɦɭɫɨɜɨʀ�ɤɨɧɜɟɤɰɿʀ.  

Ɇɚɬɟɦɚɬɢɱɧɚ� ɬɟɨɪɿɹ� ɞɢɮɭɡɿʀ� ɜ� ɿɡɨɬɪɨɩɧɢɯ� ɦɚ-
ɬɟɪɿɚɥɚɯ� ɡɚɫɧɨɜɚɧɚ�ɧɚ�ɩɪɢɩɭɳɟɧɧɿ, ɳɨ�ɲɜɢɞɤɿɫɬɶ� ɩɟ-
ɪɟɧɟɫɟɧɧɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɱɟɪɟɡ� ɨɞɢɧɢɰɸ 
ɩɥɨɳɿ�ɩɟɪɟɪɿɡɭ�ɦɚɬɟɪɿɚɥɭ�ɩɪɨɩɨɪɰɿɣɧɚ�ɝɪɚɞɿɽɧɬɭ�ɤɨɧ-
ɰɟɧɬɪɚɰɿʀ, ɹɤ�ɩɨɤɚɡɚɧɨ�ɜ�ɪɿɜɧɹɧɧɿ   

x
C

DF
¶
¶

-= ,                                                  (1.1) 

ɞɟ F – ɲɜɢɞɤɿɫɬɶ� ɩɟɪɟɧɟɫɟɧɧɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟ-
ɱɨɜɢɧɢ�ɱɟɪɟɡ�ɨɞɢɧɢɰɸ�ɩɥɨɳɿ�ɩɟɪɟɪɿɡɭ,  

ɋ – ɤɨɧɰɟɧɬɪɚɰɿɹ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ,  
ɯ – ɤɨɨɪɞɢɧɚɬɚ, ɧɨɪɦɚɥɶɧɚ� ɞɨ� ɩɟɪɟɪɿɡɭ, ɭɡɞɨɜɠ 

ɹɤɨʀ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɞɢɮɭɡɿɹ,  
D – ɤɨɟɮɿɰɿɽɧɬ�ɞɢɮɭɡɿʀ.  
ɇɚ� ɝɪɚɧɢɰɿ� ɭɩɚɤɨɜɤɚ�ɪɿɞɤɚ� ɯɚɪɱɨɜɚ� ɪɟɱɨɜɢɧɚ 

�ɧɚɩɪɢɤɥɚɞ,  ɜɨɞɚ� ɚɛɨ� ɦɨɥɨɤɨ)  ɲɜɢɞɤɿɫɬɶ,  ɡ� ɹɤɨɸ� ɪɟ-
ɱɨɜɢɧɚ� ɭɩɚɤɨɜɤɢ (ɧɚɩɪɢɤɥɚɞ, ɞɨɦɿɲɤɚ� ɞɨ� ɩɨɥɿɦɟɪɭ) 
ɩɟɪɟɯɨɞɢɬɶ� ɭ� ɪɿɞɢɧɭ� ɞɨɪɿɜɧɸɽ�ɲɜɢɞɤɨɫɬɿ, ɡ� ɹɤɨɸ� ɰɹ 
ɞɨɦɿɲɤɚ� ɩɪɢɯɨɞɢɬɶ� ɞɨ� ɩɨɜɟɪɯɧɿ� ɡɚɜɞɹɤɢ� ɜɧɭɬɪɿɲɧɿɣ 
ɞɢɮɭɡɿʀ�ɱɟɪɟɡ�ɩɨɥɿɦɟɪɧɭ�ɭɩɚɤɨɜɤɭ, ɳɨ�ɩɪɢɡɜɨɞɢɬɶ�ɞɨ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ:  

),( eqCtLCh
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- ,                        (1.3) 

ɞɟ h – ɤɨɟɮɿɰɿɽɧɬ�ɩɟɪɟɞɚɱɿ�ɡɚ�ɪɚɯɭɧɨɤ�ɤɨɧɜɟɤɰɿʀ�ɜ 
ɪɿɞɢɧɿ�ɩɨɪɹɞ�ɡ�ɩɨɜɟɪɯɧɟɸ,  

CL,t – ɤɨɧɰɟɧɬɪɚɰɿɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɧɚ 
ɩɨɜɟɪɯɧɿ�ɬɜɟɪɞɨɝɨ�ɬɿɥɚ,   

Ceq – ɤɨɧɰɟɧɬɪɚɰɿɹ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ�ɧɚ�ɰɿɣ 
ɩɨɜɟɪɯɧɿ, ɹɤɚ� ɧɟɨɛɯɿɞɧɚ� ɞɥɹ� ɩɿɞɬɪɢɦɤɢ� ɪɿɜɧɨɜɚɝɢ� ɡ 
ɤɨɧɰɟɧɬɪɚɰɿɽɸ�ɰɿɽʀ�ɠ�ɪɟɱɨɜɢɧɢ�ɜ�ɪɿɞɢɧɿ, ɜ�ɦɨɦɟɧɬ�ɱɚ-
ɫɭ t.  

Ɉɫɤɿɥɶɤɢ� ɩɟɪɟɞɚɱɚ� ɲɥɹɯɨɦ� ɤɨɧɜɟɤɰɿʀ� ɜ� ɪɿɞɢɧɿ 
ɩɪɨɯɨɞɢɬɶ�ɧɚɛɚɝɚɬɨ�ɲɜɢɞɲɟ, ɧɿɠ�ɩɟɪɟɞɚɱɚ�ɡɚ�ɪɚɯɭɧɨɤ 
ɞɢɮɭɡɿʀ� ɱɟɪɟɡ� ɬɜɟɪɞɢɣ� ɩɨɥɿɦɟɪ, ɬɨ� ɤɨɧɰɟɧɬɪɚɰɿɸ 
ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɜ� ɪɿɞɢɧɿ� ɦɨɠɧɚ� ɜɜɚɠɚɬɢ 
ɩɨɫɬɿɣɧɨɸ�ɿ�ɪɿɜɧɨɦɿɪɧɨɸ.  

Ʉɨɟɮɿɰɿɽɧɬ� ɤɨɧɜɟɤɰɿʀ� ɞɨɫɢɬɶ� ɧɢɡɶɤɢɣ� ɜ� ɧɟɪɭ-
ɯɨɦɿɣ� ɪɿɞɢɧɿ, ɚɥɟ� ɜɿɧ� ɡɛɿɥɶɲɭɽɬɶɫɹ� ɿɡ� ɡɪɨɫɬɚɧɧɹɦ 
ɲɜɢɞɤɨɫɬɿ� ɩɟɪɟɦɿɲɭɜɚɧɧɹ� ɪɿɞɢɧɢ� ɞɨ� ɞɭɠɟ� ɜɟɥɢɤɢɯ 
ɡɧɚɱɟɧɶ. Ʉɨɥɢ�ɤɨɟɮɿɰɿɽɧɬ�ɤɨɧɜɟɤɰɿʀ h ɽ�ɧɟɫɤɿɧɱɟɧɧɨɸ 
ɜɟɥɢɱɢɧɨɸ, ɬɨ� ɤɨɧɰɟɧɬɪɚɰɿɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ 
ɧɚ�ɩɨɜɟɪɯɧɿ�ɬɜɟɪɞɨɝɨ�ɬɿɥɚ�ɦɢɬɬɽɜɨ�ɞɨɫɹɝɚɽ�ɜɿɞɩɨɜɿɞɧɨ-
ɝɨ� ɡɧɚɱɟɧɧɹ� ɜ� ɪɿɜɧɨɜɚɡɿ� ɡ� ɤɨɧɰɟɧɬɪɚɰɿɽɸ� ɜ� ɪɿɞɢɧɿ, ɹɤ 
ɬɿɥɶɤɢ� ɩɨɱɧɟɬɶɫɹ� ɩɪɨɰɟɫ. ɐɟɣ� ɮɚɤɬ� ɜɢɪɚɠɚɽɬɶɫɹ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ:  

¥®== heqCLCt ,0,,0 .          (1.4) 
Ɂɧɚɱɟɧɧɹ� ɩɨɬɨɤɭ� ɞɭɠɟ� ɜɢɫɨɤɟ, ɳɨ� ɩɨɹɫɧɸɽ� ɧɚ-

ɹɜɧɿɫɬɶ� ɜɟɪɬɢɤɚɥɶɧɨʀ� ɞɨɬɢɱɧɨʀ� ɧɚ� ɩɨɱɚɬɤɭ� ɤɿɧɟɬɢɤɢ 
ɩɟɪɟɧɨɫɭ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ  

¥®= 0,,0 LFt .            (1.5) 
ȼɿɞɛɭɜɚɽɬɶɫɹ� ɬɚɤɨɠ� ɩɪɨɰɟɫ� ɩɨɝɥɢɧɚɧɧɹ� ɚɛɨ� ɜɢ-

ɯɨɞɭ. Ɋɿɜɧɹɧɧɹ (1.3) ɜɿɞɩɨɜɿɞɚɽ� ɹɤ� ɜɢɯɨɞɭ� ɞɨɛɚɜɤɢ� ɡ 
ɩɨɥɿɦɟɪɭ� ɜ� ɪɿɞɢɧɭ, ɬɚɤ� ɿ� ɩɨɝɥɢɧɚɧɧɸ� ɪɿɞɢɧɢ� ɩɨɥɿɦɟ-
ɪɨɦ. ȼɿɞɧɨɫɧɿ� ɡɧɚɱɟɧɧɹ� ɞɜɨɯ� ɤɨɧɰɟɧɬɪɚɰɿɣ� ɜɬɪɭɱɚ-
ɸɬɶɫɹ� ɜ� ɩɪɨɰɟɫ� ɜɿɞɩɨɜɿɞɧɨ� ɞɨ� ɧɚɫɬɭɩɧɢɯ� ɫɩɿɜɜɿɞɧɨ-
ɲɟɧɶ:  

eqCtLC >,  – ɜɢɯɿɞ�ɞɨɛɚɜɨɤ�ɜ�ɪɿɞɢɧɭ.  (1.6') 

eqCtLC <,  – ɩɨɝɥɢɧɚɧɧɹ�ɪɿɞɢɧɢ�ɩɨɥɿɦɟɪɨɦ. (1.6") 
Ɍɪɟɛɚ�ɫɤɚɡɚɬɢ, ɳɨ�ɩɪɢɩɭɳɟɧɧɹ� ɩɪɨ�ɧɟɫɤɿɧɱɟɧɧɟ 

ɡɧɚɱɟɧɧɹ� ɤɨɟɮɿɰɿɽɧɬɚ� ɤɨɧɜɟɤɰɿʀ� ɡɚɧɚɞɬɨ� ɱɚɫɬɨ 
ɡɭɫɬɪɿɱɚɽɬɶɫɹ� ɜ� ɧɚɭɤɨɜɢɯ� ɩɪɚɰɹɯ� ɛɟɡ� ɛɭɞɶ�ɹɤɢɯ 
ɜɿɞɩɨɜɿɞɧɢɯ�ɞɨɤɚɡɿɜ.  

Ɂ� ɪɿɡɧɢɯ� ɩɪɢɱɢɧ, ɩɨ� ɫɭɬɿ� ɯɿɦɿɱɧɢɯ, ɭ� ɡɜ
ɹɡɤɭ� ɡ 
ɬɢɦ, ɳɨ�ɪɨɡɱɢɧɧɿɫɬɶ�ɞɨɛɚɜɨɤ�ɡɧɚɱɧɨ�ɛɿɥɶɲɚ�ɜ�ɨɞɧɨɦɭ 
ɡ�ɞɜɨɯ�ɫɟɪɟɞɨɜɢɳ «ɩɨɥɿɦɟɪ�ɪɿɞɢɧɚ», ɤɨɧɰɟɧɬɪɚɰɿʀ�ɞɨ-
ɛɚɜɤɢ�ɧɟ�ɨɞɧɚɤɨɜɿ�ɜ�ɩɨɥɿɦɟɪɿ�ɿ�ɪɿɞɢɧɿ�ɜ�ɫɬɚɧɿ�ɪɿɜɧɨɜɚ-
ɝɢ. ɐɟɣ�ɮɚɤɬ�ɦɨɠɧɚ�ɡɚɩɢɫɚɬɢ�ɭ�ɜɢɝɥɹɞɿ�ɫɩɿɜɜɿɞɧɨɲɟɧ-
ɧɹ�ɤɨɧɰɟɧɬɪɚɰɿɣ:  

¥

¥=
,
,

pC
LC

K ,                                  (1.7) 


